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Hazard Categories and Special Symbols
Read these instructions carefully and look at the equipment to become familiar with 
the device before trying to install, operate, service or maintain it. The following 
special messages may appear throughout this bulletin or on the equipment to warn 
of potential hazards or to call attention to information that clarifies or simplifies a 
procedure.

The addition of either symbol to a “Danger” or “Warning” safety label indicates that 
an electrical hazard exists which will result in personal injury if the instructions are 
not followed.

This is the safety alert symbol. It is used to alert you to potential personal injury 
hazards. Obey all safety messages that follow this symbol to avoid possible injury 
or death.

NOTE: Provides additional information to clarify or simplify a procedure.

Please Note
Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

A qualified person is one who has skills and knowledge related to the construction, 
installation, and operation of electrical equipment and has received safety training 
to recognize and avoid the hazards involved.

DANGER
DANGER indicates an imminently hazardous situation which, if not avoided, will
result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not avoided, can
result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, can
result in minor or moderate injury.

NOTICE
NOTICE is used to address practices not related to physical injury. The safety 
alert symbol is not used with this signal word.
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Section 2— Safety Precautions

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe
electrical work practices. See NFPA 70E or CSA Z462.

• This equipment must be installed and serviced only by qualified
electrical personnel.

• Perform such work only after reading and understanding all of the instructions
contained in this bulletin.

• Turn off all power supplying this equipment before working on or
inside equipment.

• Always use a properly rated voltage sensing device to confirm  power is off.
• Before performing visual inspections, tests, or maintenance on this equipment,

disconnect all sources of electric power. Assume all circuits are live until they
are completely de-energized, tested, and tagged. Pay particular attention to
the design of the power system. Consider all sources of power, including the
possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.
• Circuit breaker and switch contacts must be open and all springs discharged

before performing maintenance work, disconnection, or removal of a
circuit breaker.

• Move circuit breakers to the disconnected position before removing rear
access panels.

• Conduct electrical testing to confirm no short-circuits were created during
installation, maintenance, or inspection.

• Never insert a circuit breaker into a circuit breaker compartment that is not
complete and functional.

• The complete assembly arrangement determines if the top or bottom contacts
are the line side; both can be energized when the circuit breaker is removed
from the compartment.

• Disconnect all high voltage to the switchgear before accessing the horizontal
bus compartment.

• Do not use liquid fire extinguishers or water on electrical fires! Before
extinguishing fires within the assembly, be absolutely certain the main power
source is disconnected and the main and all feeder circuit breakers are tripped.

• Carefully inspect your work area, and remove any tools and objects left inside
the equipment.

• Replace all devices, doors, and covers before turning on power to
this equipment.

• All instructions in this manual are written with the assumption that the customer
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.



Section 3—Receiving, Handling, and Storage Masterclad™ Metal-Clad Indoor Switchgear

11

EN
G

LI
SH

© 1996–2014 Schneider Electric All Rights Reserved6055-30

Section 3—Receiving, Handling, and Storage

Handling

NOTICE
HAZARD OF EQUIPMENT DAMAGE

• Do not remove the skids until the shipping sections are in the final location.
• Do not maneuver the switchgear directly on rollers.
• Always use the skids to prevent switchgear distortion or damage.

Failure to follow these instructions will result in equipment damage.
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Storage

DANGER
HAZARD OF PERSONAL INJURY

When energizing space heaters from a remote source, remove the primary 
current limiting fuses of the control power transformer. 

Failure to follow these instructions will result in death or serious injury.
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CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not test interlocks by hand. Test interlocks only by moving the circuit breaker over 
the cell-mounted operating cams. Do not operate interlocks in an incorrect sequence.

Failure to follow these instructions can result in equipment damage.
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WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Disconnect power to both line and load connections before removing the barrier for 
maintenance or repair. Verify the power is off with a properly rated testing device.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Section 5—Operation
Circuit Breaker–Circuit Breaker Cell Interlock System

Circuit Breaker Operation
Racking Mechanism

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• When the switchgear is energized, always open and close the circuit breaker,
and rack the circuit breaker from one position to another with the door closed.

• Never use force to move the circuit breaker inside the circuit breaker cell. If a
mechanism is not operating smoothly, look for the cause.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Manual Spring Charging Mechanism

Manual CLOSE and OPEN Push Buttons

NOTICE
HAZARD OF EQUIPMENT DAMAGE

Never manually close a circuit breaker in the connected position unless the 
opening source of power and protective relays are connected and operable.

Failure to follow these instructions can result in equipment damage.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

When the switchgear is energized, never use the manual OPEN and CLOSE 
push buttons on the front of the circuit breaker. Use the control switch with the 
front door closed.

Failure to follow these instructions can result in equipment damage.
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Section 7—Start-Up

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

All personnel involved in the start-up operation should be thoroughly familiar with 
the information in this instruction bulletin and on provided customer drawings 
before working on this equipment.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Section 8—Inspection and Maintenance

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads,

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Section 9—Accessories
Circuit Breaker Lift Truck

Figure 28 – Circuit Breaker 
Lift Truck

Safety
cable

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Check the nameplate of the lift truck before using it. Circuit breakers rated for 
50 kA, and below, require a lift truck rated for 800 lbs (363 kg) or more. Circuit 
breakers rated for 63 kA require a lift truck rated for 950 lbs (431 kg).

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Current and Voltage Transformers
Transformadores de corriente y tensión 39000-300-01A
Transformateurs de courant et de tension 02/2005

© 1999–2005 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés2

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal

protective equipment (PPE) and
follow safe electrical work
practices. See NFPA 70E.

• This equipment must only be
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this
equipment before working on or
inside equipment.

• Always use a properly rated
voltage sensing device to confirm
power is off.

• Replace all devices, doors and
covers before turning on power to
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal

(EPP) apropiado y siga las prácticas de
seguridad eléctrica establecidas por su
Compañía, consulte la norma 70E
de NFPA.

• Solamente el personal eléctrico
especializado deberá instalar y prestar
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos,
las puertas y las cubiertas antes de
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection

personnelle (ÉPP) approprié et
observez les méthodes de travail
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil
avant d'y travailler.

• Utilisez toujours un dispositif de
détection de tension ayant une valeur
nominale appropriée pour s'assurer
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect

current transformers to
low-impedance burdens. If not
connected to a burden, the
secondary of a current transformer 
must be short-circuited to prevent
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte

los transformadores de corriente a
cargas de baja impedancia. Si no está
conectado a una carga, el secundario
debe estar cortocircuitado a fin de evitar
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder

les transformateurs de courant à des
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le
secondaire du transformateur doit être
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect
voltage transformers to
high-impedance burdens. If not
connected to a burden, the
secondary of a voltage transformer 
must be open-circuited to prevent
equipment damage.

• Transformadores de tensión: Conecte los
transformadores de tensión a cargas de
alta impedancia. Si no está conectado a
una carga, se debe abrir el circuito del
secundario del transformador de tensión
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder
les transformateurs de tension à des
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le
secondaire du transformateur doit être
laissé en circuit ouvert afin d’éviter
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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DB 41-077
Page 6

TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

WARNING

Individual Current Circuit Test Plug 

WARNING

WARNING
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H46C Humidity Controller

INSTALLATION INSTRUCTIONS 

CAUTION 
Electrical Shock Hazard.
Can cause electrical shock or equipment 
damage.
Disconnect power supply before connecting 
wiring. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 

95-5367-4
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KIRK KEY INTERLOCK CO.

 

 

DUPLICATE KEY RELEASE FORM AND INDEMNITY AGREEMENT 

 

Bill To Address:     Ship To Address: 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

Telephone No. _____________________ 

 

Attn: _____________________________ 

Fax No. __________________________ 

       

P.O. No. _________________________ 
 

Credit Card Type (VISA, MC) __________________ Credit Card Expiration Date ____________ 

Credit Card No. _______________________________________________  

Name on Card ________________________________________________ 
 

Duplicate Key Number(s) 

   

End User (Company Name & Address) 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________  

Kirk Key SO No. _________________     
(Found on nameplate of lock requiring duplicate key)

 

 

 

Dear Sir/Madam,
 

 

We acknowledge your request that Kirk Key Interlock Company, LLC (“Kirk Key”) supply you 

with a duplicate or replacement key(s) for the above-noted Kirk Key interlock.   

A key interlock system operates using interlocks and a limited number of keys in a predetermined 

sequence.  The purpose of this sequential operation of a key interlock system is to safeguard your 

employees and to protect your equipment.  The use of duplicate or replacement keys could provide 

a means to circumvent the sequential operation of a key interlock system and thereby defeat the 

protections afforded by the key interlock system.  Consequently, any duplicate or replacement key 

supplied by Kirk Key to you should be secured and controlled by a responsible person to prevent 

any misuse of a duplicate or replacement key.  
 

Kirk Key understands that end users may have the need for duplicate or replacement keys, but Kirk 

Key has no way of evaluating an end user’s need for duplicate or replacement keys.  Specifically, 
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we have no way of evaluating your need for the duplicate or replacement key(s) that you have 

requested.    

 

 At this time, we must emphasize the potential dangers associated with the misuse of a duplicate or 

replacement key to circumvent the sequential operation of a key interlock system and thereby defeat 

the protections afforded by the key interlock system.  We also must insist that any duplicate or 

replacement key must be secured and controlled by a responsible person to prevent any misuse of 

the duplicate or replacement key.  

 
Before complying with your request for a duplicate or replacement key, Kirk Key requires that you 

acknowledge the potential dangers associated with the misuse of a duplicate or replacement key to 

circumvent the sequential operation of a key interlock system and that you agree that a responsible 

person shall secure and control any duplicate or replacement key supplied by Kirk Key to you.  Kirk 

Key also requires that you acknowledge that Kirk Key shall not be responsible or liable for any 

death or injury to any person, including any of your employees or third parties, or any damage to 

any property, including loss of use thereof.   

 
Under the circumstances, Kirk Key further requires that you agree to Defend, Indemnify and Hold 

Harmless Kirk Key from all claims, demands, lawsuits, including attorneys fees and costs incurred 

in defending same, arising from any actual or alleged use of any duplicate or replacement key 

supplied by Kirk Key to you that allegedly results in any death or injury to any person or damage to 

any property, or loss of use thereof, irrespective of whether it is alleged that Kirk Key was negligent 

in supplying such duplicate or replacement key. 

 
Please indicate your agreement by signing the acknowledgement below and returning the executed 

acknowledgement along with your purchase order.  Upon receipt of the executed acknowledgement 

and your purchase order for the requested duplicate or replacement keys(s), Kirk Key will 

immediately process your order for prompt shipment. 

 

 
Acknowledged and agreed: 

 
Signature: ______________________________________________ 

 
Printed name: ___________________________________________ 

 
Title: __________________________________________________ 

 
For: ___________________________________________________ 

 
Date: ____________________________ 

 

KIRK KEY INTERLOCK
 

COMPANY
 

 TELEPHONE
 

211 Wetmore Avenue S.E.
   

1-800-438-2442
  

Massillon, OH
  

44646 
  

1-330-833-8223  

USA 

  
 FAX

 
http://www.kirkkey.com

   
1-330-833-1528 

 



 

All trademarks are the property of 
Schneider Electric SE, its subsidiaries, and 
affiliated companies.

Todas las marcas comerciales son propiedad de 
Schneider Electric SE, sus filiales y compañías 
afiliadas.

Toutes les marques commerciales sont la propriété de 
Schneider Electric SE, ses filiales et compagnies 
affiliées.

Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Importado en México por:
Schneider Electric México, S.A. de C.V.
Av. Ejercito Nacional No. 904
Col. Palmas, Polanco 11560 México, D.F.
55-5804-5000
www.schneider-electric.com.mx

Schneider Electric Canada, Inc.
5985 McLaughlin Road
Mississauga, ON L5R 1B8 Canada
800-565-6699
www.schneider-electric.ca

80043-842-01
08/2018

California Proposition 65 Warning—Nickel Compounds and 
Bisphenol A (BPA)
Advertencia de la Proposición 65 de California—
compuestos de níquel y Bisfenol A (BPA)
Avertissement concernant la Proposition 65 de Californie—
composés de nickel et Bisphénol A (BPA)

 Addendum Anexo Annexe

© 2018 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés 

WARNING: This product can 
expose you to chemicals 
including Nickel compounds, 
which are known to the State of 
California to cause cancer, and 
Bisphenol A (BPA), which is 
known to the State of California 
to cause birth defects or other 
reproductive harm. For more 
information go to 
www.P65Warnings.ca.gov.

ADVERTENCIA: Este producto 
puede exponerle a químicos 
incluyendo compuestos de níquel, que 
son conocidos por el Estado de 
California como causantes de cáncer, 
y Bisfenol A (BPA), que es conocido 
por el Estado de California como 
causante de defectos de nacimiento u 
otros daños reproductivos. Para 
mayor información, visite 
www.P65Warnings.ca.gov.

AVERTISSEMENT: Ce produit peut 
vous exposer à des agents chimiques, y 
compris composés de nickel, identifiés 
par l'État de Californie comme pouvant 
causer le cancer, et Bisphénol A (BPA) 
reconnus par l'État de Californie comme 
pouvant causer des malformations 
congénitales ou autres troubles de 
l'appareil reproducteur. Pour de plus 
amples informations, prière de 
consulter www.P65Warnings.ca.gov.

http://www.p65warnings.ca.gov/
http://www.p65warnings.ca.gov/
http://www.p65warnings.ca.gov/
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Effective December 2009Instructional Leaflet IB48041

Instructions for AMPGARD 400A
medium voltage starter

� DANGER
READ AND UNDERSTAND THIS MANUAL IN ITS  
ENTIRETY BEFORE INSTALLING OR OPERATING THE 
CONTROLLER. INSTALLATION, ADJUSTMENT, REPAIR, 
AND MAINTENANCE OF THESE CONTROLLERS  
MUST BE PERFORMED BY QUALIFIED PERSONNEL.  
A QUALIFIED PERSON IS ONE WHO IS FAMILIAR  
WITH THE CONSTRUCTION AND OPERATION OF  
THIS EQUIPMENT AND THE HAZARDS INVOLVED.



2

Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
EXCEEDING THE NAMEPLATE RATINGS OF AN AMPGARD CONTROLLER 
MAY CAUSE EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.
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Instructional Leaflet IB48041
Effective December 2009

EATON CORPORATION www.eaton.com

Instructions for AMPGARD 400A
medium voltage starter

� DANGER
AMPGARD CONTROLLERS ARE SOMETIMES ENERGIZED BY A BACK-FED 
CONDITION THAT ALLOWS THE MEDIUM VOLTAGE COMPARTMENT TO BE 
ENERGIZED WITH THE ISOLATION SWITCH IN THE OPEN POSITION. STUDY 
THE PLANT SINGLE LINE DIAGRAMS TO MAKE CERTAIN THAT NO BACK-
FEED SITUATION EXISTS BEFORE ENTERING THE MEDIUM VOLTAGE  
COMPARTMENT. 
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
DO NOT ENTER THE MEDIUM VOLTAGE STARTER COMPARTMENT WITH-
OUT VISUALLY VERIFYING THAT THE ISOLATION SWITCH IS OPEN AND
THE ISOLATING SHUTTER IS IN PLACE. ENTERING A COMPARTMENT 
WITHOUT THE ISOLATING SHUTTER IN PLACE MAY RESULT IN SEVERE 
INJURY OR DEATH.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� CAUTION
APPLYING EXCESSIVE FORCE TO THE SWITCH HANDLE WITH THE 
MECHANICAL INTERLOCKS ENGAGED WILL RESULT IN DAMAGE TO  
THE SWITCH.

� DANGER
IF LOADS GREATER THAN THE INTERRUPTING RATING OF THE SWITCH 
ARE CONNECTED TO THE SWITCH, EQUIPMENT DAMAGE, PERSONAL 
INJURY, OR DEATH MAY OCCUR.

� DANGER
DO NOT CONNECT TEST POWER TO THE STARTER CONTROL CIRCUIT 
WITHOUT REMOVING THE PLUG FROM THE RECEPTACLE. FAILURE TO DO 
SO WILL RESULT IN A BACK-FEED CONDITION ON THE CONTROL POWER 
TRANSFORMER, WHICH WILL GENERATE HIGH VOLTAGE INSIDE THE  
CONTROLLER WITH THE ISOLATION DEVICE OPEN. HIGH VOLTAGE CAN 
CAUSE SEVERE INJURY OR DEATH.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.
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Effective 11/99

I.B.48021Cutler-Hammer

Instructions for 36" Wide Vacuum-Break Starters Rated 200 and
400 Amperes, 7200 Volts, Roll-Out Type with SL Contactor

HAZARDOUS VOLTAGE.

READ AND UNDERSTAND THIS MANUAL IN ITS EN-
TIRETY BEFORE INSTALLING OR OPERATING CON-
TROLLER. INSTALLATION, ADJUSTMENT, REPAIR AND 
MAINTENANCE OF THESE CONTROLLERS MUST BE 
PERFORMED BY QUALIFIED PERSONNEL. A QUALI-
FIED PERSON IS ONE WHO IS FAMILIAR WITH THE 
CONSTRUCTION AND OPERATION OF THIS EQUIP-
MENT AND THE HAZARDS INVOLVED.

Fig. 1 Ampgard® Motor Controller, 36" Wide

DANGER
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DO NOT OPERATE CONTACTOR IF THE DOOR INTER-
FERENCE PREVENTS DOOR CLOSING.

WARNING
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DUE TO ELECTRICAL CLEARANCE REQUIREMENTS, 
THE FOUR PHASE BARRIERS SUPPLIED WITH THE 
CONTACTOR MUST BE INSTALLED BEFORE THE 
CONTACTOR IS ENERGIZED. WHERE NO POWER 
FUSES ARE MOUNTED ON THE TOP OF THE 
CONTACTOR, AS IN THE CASE OF A REDUCED 
VOLTAGE CONTACTOR, NO BARRIERS ARE REQUIRED.

CAUTION
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WARNING

DO NOT ATTEMPT TO FORCE A 200 AMP CONTACTOR 
INTO A 400 AMP CELL, DAMAGE TO THE CELL AND/OR 
CONTACTOR COULD OCCUR.
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CAUTION

UNDER THESE CONDITIONS THE EXPOSED LINE
TERMINAL STABS OF THE STARTER MAY BE ENER-
GIZED AT LINE POTENTIAL.
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WARNING: ALL WORK ON THIS CONTACTOR SHOULD
BE DONE WITH THE MAIN DISCONNECT DEVICE
OPEN. AS WITH ANY CONTACTOR OF THIS VOLTAGE,
THERE IS DANGER OF ELECTROCUTION AND/OR
SEVERE BURNS. MAKE CERTAIN THAT POWER IS
OFF. CHECK FOR VOLTAGE WITH VOLTAGE SENSOR
OR A METER OF THE APPROPRIATE RANGE.

DANGER
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CAUTION

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO 
SECURE IN PLACE. READ THE HANDLING 
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
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OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL 
DOORS CLOSED AND COMPLETELY LATCHED. THE 
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS 
RATING HAS BEEN EXCEEDED BY AN UNDETECTED 
INTERNAL FAULT.

DANGER
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ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN 
CONTACTS OF A VACUUM INTERRUPTER MAY 
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE 
WITH AN INCREASE IN THE VOLTAGE OR A 
DECREASE IN THE DISTANCE BETWEEN THE OPEN 
CONTACTS.  THE LEVELS OF RADIATION 
GENERATED AT THE RECOMMENDED TEST 
VOLTAGES AND NORMAL CONTACTOR OPEN GAP 
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A 
PRECAUTIONARY MEASURE IT IS RECOMMENDED 
THAT ALL OPERATING PERSONNEL STAND AT 
LEAST THREE FEET AWAY FROM THE CONTACTOR 
WHILE PERFORMING THIS TEST.

WARNING

DANGER
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT 
SEAL THE MOVING CONTACT FROM THE 
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND 
MUST BE PROTECTED FROM ANY TORSIONAL 
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT 
THE MACHINED FLATS ON EACH END OF THE 
INTERRUPTER WHEN TIGHTENING ANY HARDWARE 
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS 
SUGGESTED FOR USE IN THIS APPLICATION.

CAUTION

CAUTION

SOME DC HIGH POTENTIAL UNITS, OPERATING AS 
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT 
SUITABLE FOR TESTING VACUUM INTERRUPTERS, 
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS 
THE INTERRUPTERS CAN BE SUBSTANTIALLY 
GREATER THAN THE VALUE INDICATED.
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WARNING

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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OPERATE THE ISOLATING SWITCH ONLY WITH ALL 
DOORS CLOSED AND COMPLETELY LATCHED. THE 
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS 
RATING HAS BEEN EXCEEDED BY AN UNDETECTED 
INTERNAL FAULT.

DANGER
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HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to
perform work described in this set of instructions. Workers must
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to
this equipment.

• Handle this equipment carefully and install, operate and maintain it
correctly in order for it to function properly. Neglecting fundamental
installation and maintenance requirements may lead to personal injury,
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system
with interlocks and safety barriers removed. Contact your local
Schneider Electric representative for additional instructions if the
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment.
Leave tags in place until the work is completed and the equipment is
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left
inside the equipment.

• All instructions in this manual are written with assumption that the
customer has taken these measures before performing maintenance or
testing.

Failure to follow this instruction will result in death or serious injury.
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CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview

Primary Disconnects 

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Section 5—Installing and 
Removing

Pre-Installation Procedures

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs
discharged before inspecting this equipment or installing the circuit
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the
circuit breaker before installing the circuit breaker into the circuit
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Hi-pot (Dielectric) Test

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury
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Installation

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit
breaker compartment to verify that the circuit breaker is installed into the
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury
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WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury
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Racking the Circuit Breaker into the 
CONNECTED Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the
circuit breaker from one position to another when the switchgear is
energized.

• Beware of potential hazards, wear personal protection equipment, and
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.
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Racking the Circuit Breaker out of the 
CONNECTED Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the
circuit breaker from one position to another when the switchgear is
energized.

• Beware of potential hazards, wear personal protection equipment, and
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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Removing the Circuit Breaker from the 
Circuit Breaker Compartment

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.
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Section 7—Maintenance

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the
power is off.

• Replace all devices, doors, and covers before turning on the power to
this equipment.

Failure to follow this instruction will result in death or serious injury
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Safety Information

Safety Information
Dangers, Warnings, and Cautions

This manual uses three kinds of hazard statements, defined as follows:

                    

Safety Symbols
The following symbols are often marked on SEL products.

                    

DANGER
Indicates an imminently hazardous situation that, if 
not avoided, will result in death or serious injury.

WARNING
Indicates a potentially hazardous situation that, if 
not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that, if 
not avoided, may result in minor or moderate injury 
or equipment damage.

                    

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

                    

Earth (ground) Terre

                    

Protective earth (ground) Terre de protection

                    

Direct current Courant continu

                    

Alternating current Courant alternatif

                    

Both direct and alternating current Courant continu et alternatif

                    

Instruction manual Manuel d’instructions
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Safety Marks
The following statements apply to this device.

                    

                    

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if mis-
treated. Do not recharge, disassemble, heat above 100°C or incinerate. 
Dispose of used batteries according to the manufacturer’s instructions. 
Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. Rem-
placez seulement avec un Rayovac no BR2335 ou un produit équivalent 
recommandé par le fabricant. Voir le guide d’utilisateur pour les instruc-
tions de sécurité. La pile utilisée dans cet appareil peut présenter un 
risque d’incendie ou de brûlure chimique si vous en faites mauvais usage. 
Ne pas recharger, démonter, chauffer à plus de 100°C ou incinérer. Élimi-
nez les vieilles piles suivant les instructions du fabricant. Gardez la pile 
hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, installa-
tion instructions, and operating instructions must be checked before 
commissioning or maintenance of the equipment. The integrity of any 
protective conductor connection must be checked before carrying out 
any other actions. It is the responsibility of the user to ensure that the 
equipment is installed, operated, and used for its intended function in the 
manner specified in this manual. If misused, any safety protection pro-
vided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Other Safety Marks (Sheet 1 of 3)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this device 
can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut cau-
ser un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not qual-
ified to service this equipment, you can injure yourself or others, or cause 
equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords should 
be changed to private passwords at installation. Failure to change each 
default password to a private password may allow unauthorized access. 
SEL shall not be responsible for any damage resulting from unauthorized 
access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A l’installa-
tion, les mots de passe par défaut devront être changés pour des mots de 
passe confidentiels. Dans le cas contraire, un accés non-autorisé á l’équi-
pement peut être possible. SEL décline toute responsabilité pour tout 
dommage résultant de cet accés non-autorisé.

WARNING
Do not look into the fiber ports/connectors.

AVERTISSEMENT
Ne pas regarder vers les ports ou connecteurs de fibres optiques.

WARNING
Do not look into the end of an optical cable connected to an optical 
output.

AVERTISSEMENT
Ne pas regarder vers l’extrémité d’un câble optique raccordé à une sortie 
optique.

WARNING
Do not perform any procedures or adjustments that this instruction man-
ual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use only 
test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.
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WARNING
Incorporated components, such as LEDs and transceivers are not user 
serviceable. Return units to SEL for repair or replacement.

AVERTISSEMENT
Les composants internes tels que les leds (diodes électroluminescentes) 
et émetteurs-récepteurs ne peuvent pas être entretenus par l'usager. 
Retourner les unités à SEL pour réparation ou remplacement.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper ESD 
procedures. Ground yourself, your work surface, and this equipment 
before removing any cover from this equipment. If your facility is not 
equipped to work with these components, contact SEL about returning 
this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges élec-
trostatiques (DES). Des dommages permanents non-décelables peuvent 
résulter de l’absence de précautions contre les DES. Raccordez-vous cor-
rectement à la terre, ainsi que la surface de travail et l’appareil avant d’en 
retirer un panneau. Si vous n’êtes pas équipés pour travailler avec ce 
type de composants, contacter SEL afin de retourner l’appareil pour un 
service en usine.

CAUTION
Equipment damage can result from connecting ac circuits to Hybrid 
(high-current interrupting) control outputs. Do not connect ac circuits to 
Hybrid control outputs. Use only dc circuits with Hybrid control outputs.

ATTENTION
Des dommages à l’appareil pourraient survenir si un circuit CA était rac-
cordé aux contacts de sortie à haut pouvoir de coupure de type “Hybrid.” 
Ne pas raccorder de circuit CA aux contacts de sortie de type “Hybrid.” 
Utiliser uniquement du CC avec les contacts de sortie de type “Hybrid.”

CAUTION
Substation battery systems that have either a high resistance to ground 
(greater than 10 k) or are ungrounded when used in conjunction with 
many direct-coupled inputs can reflect a dc voltage offset between bat-
tery rails. Similar conditions can exist for battery monitoring systems 
that have high-resistance balancing circuits or floating grounds. For 
these applications, SEL provides optional ground-isolated (optoisolated) 
contact inputs. In addition, SEL has published an application advisory on 
this issue. Contact the factory for more information.

ATTENTION
Les circuits de batterie de postes qui présentent une haute résistance à 
la terre (plus grande que 10 k) ou sont isolés peuvent présenter un biais 
de tension CC entre les deux polarités de la batterie quand utilisés avec 
plusieurs entrées à couplage direct. Des conditions similaires peuvent 
exister pour des systèmes de surveillance de batterie qui utilisent des 
circuits d’équilibrage à haute résistance ou des masses flottantes. Pour 
ce type d’applications, SEL peut fournir en option des contacts d’entrée 
isolés (par couplage optoélectronique). De surcroît, SEL a publié des 
recommandations relativement à cette application. Contacter l’usine 
pour plus d’informations.

CAUTION
If you are planning to install an INT4 I/O interface board in your relay, 
first check the firmware version of the relay. If the firmware version is 
R111 or lower, you must first upgrade the relay firmware to the newest ver-
sion and verify that the firmware upgrade was successful before install-
ing the new board. Failure to install the new firmware first will cause the 
I/O interface board to fail, and it may require factory service. Complete 
firmware upgrade instructions are provided when new firmware is 
ordered.

ATTENTION
Si vous avez l’intention d’installer une Carte d’Interface INT4 I/O dans 
votre relais, vérifiez en premier la version du logiciel du relais. Si la ver-
sion est R111 ou antérieure, vous devez mettre à jour le logiciel du relais 
avec la version la plus récente et vérifier que la mise à jour a été correc-
tement installée sur la nouvelle carte. Les instructions complètes de mise 
à jour sont fournies quand le nouveau logiciel est commandé.

CAUTION
Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8 with 
INT4 can cause I/O contact failure. The INT4 board has a pickup and 
dropout delay setting range of 0–1 cycle. For all other I/O boards, pickup 
and dropout delay settings (IN201PU–IN224PU, IN201DO–IN224DO, 
IN301PU–IN324PU, and IN301DO–IN324DO) have a range of 0–5 cycles. 
Upon replacing any I/O board with an INT4 board, manually confirm reset 
of pickup and dropout delays to within the expected range of 0–1 cycle.

ATTENTION
Le remplacement en chantier des cartes d’entrées/sorties INT1, INT2, 
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance 
du contact d’entrée/sortie. La carte INT4 présente un intervalle d’ajuste-
ment pour les délais de montée et de retombée de 0 à 1 cycle. Pour 
toutes les autres cartes, l’intervalle de réglage du délai de montée et 
retombée (IN201PU–IN224PU, IN201DO– IN224DO, IN301PU–IN324PU, et 
IN301DO–IN324DO) est de 0 à 5 cycles. Quand une carte d’entrées/sorties 
est remplacée par une carte INT4, vérifier manuellement que les délais 
de montée et retombée sont dans l’intervalle de 0 à 1 cycle.

CAUTION
Do not install a jumper on positions A or D of the main board J21 header. 
Relay misoperation can result if you install jumpers on positions J21A and 
J21D.

ATTENTION
Ne pas installer de cavalier sur les positions A ou D sur le connecteur J21 
de la carte principale. Une opération intempestive du relais pourrait 
résulter suite à l’installation d’un cavalier entre les positions J21A et 
J21D.

CAUTION
Insufficiently rated insulation can deteriorate under abnormal operating 
conditions and cause equipment damage. For external circuits, use wiring 
of sufficiently rated insulation that will not break down under abnormal 
operating conditions.

ATTENTION
Un niveau d’isolation insuffisant peut entraîner une détérioration sous 
des conditions anormales et causer des dommages à l’équipement. Pour 
les circuits externes, utiliser des conducteurs avec une isolation suffi-
sante de façon à éviter les claquages durant les conditions anormales 
d’opération.

CAUTION
Relay misoperation can result from applying other than specified second-
ary voltages and currents. Before making any secondary circuit connec-
tions, check the nominal voltage and nominal current specified on the 
rear-panel nameplate.

ATTENTION
Une opération intempestive du relais peut résulter par le branchement 
de tensions et courants secondaires non conformes aux spécifications. 
Avant de brancher un circuit secondaire, vérifier la tension ou le courant 
nominal sur la plaque signalétique à l’arrière.

Other Safety Marks (Sheet 2 of 3)
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CAUTION
Severe power and ground problems can occur on the communications 
ports of this equipment as a result of using non-SEL cables. Never use 
standard null-modem cables with this equipment.

ATTENTION
Des problèmes graves d’alimentation et de terre peuvent survenir sur les 
ports de communication de cet appareil si des câbles d’origine autre que 
SEL sont utilisés. Ne jamais utiliser de câble de modem nul avec cet équi-
pement.

CAUTION
Do not connect power to the relay until you have completed these proce-
dures and receive instruction to apply power. Equipment damage can 
result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces procé-
dures et d’avoir reçu l’instruction de brancher l’alimentation. Des dom-
mages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other than 
those specified herein, may result in hazardous radiation exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 3 of 3)
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Safety Information
Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, can result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Compliance Approvals
SEL-710-5 Relay (Hazardous Locations Approved)

The SEL-710-5 is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. 

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A or equivalent 
recommended by manufacturer. See Owner's Manual for safety 
instructions. The battery used in this device can present a fire or 
chemical burn hazard if mistreated. Do not recharge, disassemble, 
heat above 100°C or incinerate. Dispose of used batteries according 
to the manufacturer’s instructions. Keep battery out of reach of 
children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2330A ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur pour 
les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C ou 
incinérer. Éliminez les vieilles piles suivant les instructions du fabricant. 
Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be 
checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be 
checked before carrying out any other actions. It is the responsibil-
ity of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this 
manual. If misused, any safety protection provided by the equipment 
may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

Motor Overload: Class 10, 20, and 30. Surcharge du Moteur: Classe 10, 20 et 30.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l'air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Specifications des bornes

Type de filage

Utiliser seulement conducteurs en cuivre spécifiés à 75°C 
(167°F).

Tightening Torque

Terminal Block: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 0.18–0.25 Nm 
(1.6–2.2 in-lb)

Couple de serrage

Bornes : 0,9 à 1,4 Nm (8 à 12 livres-pouce)

Fiche à compression : 0,5 à 1,0 Nm (4,4 à 8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18 à 0,25 Nm (1,6 à 2,2 livres-pouce)

Hazardous Locations Safety Marks

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à Classe I, 
Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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The SEL-710-5 shall be installed in an indoor or outdoor (extended) locked 
enclosure that provides a degree of protection to personnel against access to 
hazardous parts. In either environment, the relay shall be protected from direct 
sunlight, precipitation, and full wind pressure.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-7. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements, 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.”

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening 
this device. Contact with hazardous voltages and currents inside 
this device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut 
causer un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that 
can result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

DANGER
Synchronous Motor Voltage Divider Module terminals carry high ac/
dc voltage signals. Disconnect the device from the synchronous 
motor before working on the device. Contact with live wires can 
cause electrical shock resulting in injury or death.

DANGER
Les bornes de raccordement du circuit diviseur de tension du motor 
synchrone sont alimentées par une haute tension ca/cc. Débrancher le 
module du moteur synchrone avant de le manipuler. Tout contact avec les 
fils sous tension peut être la cause d’ un choc électrique pouvant 
entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this 
manual can impair operator safety safeguards provided by this 
equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or 
others, or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
Always isolate the relay control circuits before performing any 
modifications to the relay.

AVERTISSEMENT
Il faut toujours isoler les circuits de commande du relais avant d'apporter 
des modifications au relais.

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.

WARNING
Overtightening the mounting nuts may permanently damage the 
relay chassis.

AVERTISSEMENT
Une pression excessive sur les écroux de montage peut endommager de 
façon permanente le chassis du relais
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WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour des 
mots de passe confidentiels. Dans le cas contraire, un accès non-autorisé 
á l’équipement peut être possible. SEL décline toute responsabilité pour 
tout dommage résultant de cet accès non-autorisé.

WARNING
To install an option card, the relay must be de-energized and then 
re-energized. When re-energized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option 
card to prevent damage to the motor.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut éteindre 
l’équipement protégé avant d’installer la carte à option pour empêcher 
des dégats au moteur.

WARNING
Do not attempt to synchronize the brush-type synchronous motor 
without the external voltage divider board. Severe damage to the 
relay can result if the external voltage divider board is improperly 
connected.

AVERTISSEMENT
Ne pas essayer de synchroniser le moteur synchrone à balai sans le 
circuit de diviseur de tension externe. Des dégâts importants pourraient 
survenir au relais si le diviseur de tension externe était mal connecté.

CAUTION
Equipment components are sensitive to electrostatic discharge 
(ESD). Undetectable permanent damage can result if you do not use 
proper ESD procedures. Ground yourself, your work surface, and 
this equipment before removing any cover from this equipment. If 
your facility is not equipped to work with these components, 
contact SEL about returning this device and related SEL equipment 
for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. Raccordez-
vous correctement à la terre, ainsi que la surface de travail et l’appareil 
avant d’en retirer un panneau. Si vous n’êtes pas équipés pour travailler 
avec ce type de composants, contacter SEL afin de retourner l’appareil 
pour un service en usine.

CAUTION
Looking into optical connections, fiber ends, or bulkhead 
connections can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres oules 
connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment 
damage can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

Other Safety Marks (Sheet 2 of 2)
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Safety Information

1

Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols The following symbols are often marked on SEL products.

CAUTION
To ensure proper safety and operation, the equipment ratings, installation instructions, and 
operating instructions must be checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be checked before carrying out any 
other actions. It is the responsibility of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this manual. If misused, any safety 
protection provided by the equipment may be impaired.

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, may result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Hazardous Locations Approvals
The SEL-751A is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. The SEL-751A shall be 
installed in an indoor or outdoor (extended) locked enclosure that provides a 
degree of protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

General Safety Marks 

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if 
mistreated. Do not recharge, disassemble, heat above 100°C or 
incinerate. Dispose of used batteries according to the manufacturer’s 
instructions. Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2335 ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur 
pour les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C 
ou incinérer. Éliminez les vieilles piles suivant les instructions du 
fabricant. Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be checked 
before commissioning or maintenance of the equipment. The integrity 
of any protective conductor connection must be checked before 
carrying out any other actions. It is the responsibility of the user to 
ensure that the equipment is installed, operated, and used for its 
intended function in the manner specified in this manual. If misused, 
any safety protection provided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les 
classements d’équipement ainsi que les instructions d’installation et 
d’opération avant la mise en service ou l’entretien de l’équipement. Il 
faut vérifier l’intégrité de toute connexion de conducteur de 
protection avant de réaliser d’autres actions. L’utilisateur est 
responsable d’assurer l’installation, l’opération et l’utilisation de 
l’équipement pour la fonction prévue et de la manière indiquée dans 
ce manuel. Une mauvaise utilisation pourrait diminuer toute 
protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l’air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de 
Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Tightening Torque

Terminal Blocks: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 
0.18–0.25 Nm (1.6–2.2 in-lb)

Spécifications des bornes

Type de filage

Utiliser seulement des conducteurs en cuivre spécifiés à 
75°C (167°F).

Couple de serrage

Borniers : 0,9–1,4 Nm (8–12 livres-pouce)

Fiche à compression : 0,5–1,0 Nm (4,4–8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18–0,25 Nm (1,6–2,2 livres-pouce)

Hazardous Locations Safety Marks 

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à 
Classe I, Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A must be installed in an enclosure that 
meets the requirements of an Ex n enclosure rated IP54 or better. The 
enclosure shall be limited to the surrounding air temperature range of –
20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements or 
be tested for compliance as part of the complete assembly.

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this 
device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet 
appareil. Tout contact avec des tensions ou courants internes à 
l’appareil peut causer un choc électrique pouvant entraîner des 
blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc 
électrique pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de 
celles indiquées dans ce manuel peut désarmer les dispositifs de 
protection d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or others, 
or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser 
avec d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour 
des mots de passe confidentiels. Dans le cas contraire, un accès non-
autorisé á l’équipement peut être possible. SEL décline toute 
responsabilité pour tout dommage résultant de cet accès non-
autorisé.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, 
utilisez exclusivement des équipements de test homologués comme 
produits de type laser de Classe 1.

WARNING
To install an option card, the relay must be de-energized and then 
reenergized. When reenergized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option card 
to prevent damage to the equipment.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut 
éteindre l’équipement protégé avant d’installer la carte à option pour 
empêcher des dégats à l’équipement

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper 
ESD procedures. Ground yourself, your work surface, and this 
equipment before removing any cover from this equipment. If your 
facility is not equipped to work with these components, contact SEL 
about returning this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. 
Raccordez-vous correctement à la terre, ainsi que la surface de travail 
et l’appareil avant d’en retirer un panneau. Si vous n’êtes pas équipés 
pour travailler avec ce type de composants, contacter SEL afin de 
retourner l’appareil pour un service en usine.
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CAUTION
Looking into optical connections, fiber ends, or bulkhead connections 
can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres 
oules connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment damage 
can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 2 of 2)
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Safety Precautions

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical
personnel.

• Perform such work only after reading and understanding all of the instructions
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power
is off.

• Before performing visual inspections, tests, or maintenance on the equipment,
disconnect all sources of electric power. Assume that all circuits are live until
they have been completely de-energized, tested, grounded, and tagged. Pay
particular attention to the design of the power system. Consider all sources of
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.
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Operation

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.
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Section 1—Introduction
Two-high, 4.76–15 kV, Square D™ brand Masterclad™ metal-clad, drawout 
switchgear provides medium voltage power distribution. Manufactured by Schneider 
Electric, it is designed for use with the Type VR drawout circuit breaker, which 
employs vacuum technology. A typical Masterclad switchgear assembly is shown in 
Figure 1 on page 8. The Type VR circuit breaker is shown in Figure 2 on page 9.

Refer to these instruction bulletins for complete information on the Type VR circuit 
breakers:

• 6055-31 (1200 A and 2000 A, 50 kA)
• 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA)

The switchgear assembly consists of individually-grounded, compartmentalized, 
steel structures. Each compartment has doors, barriers, and removable access 
panels to isolate the separate working functions. All circuit breakers, instrument 
and control power transformers, relays, meters, and other components are 
factory-assembled, wired, and tested as an assembly. The user normally makes 
only the external control, ground, and power connections at the terminals provided, 
and reconnects the wiring and bus bars at the shipping breaks.

Each assembly is custom-designed to specifications. Standard structures and bus 
configurations are also arranged according to customer specifications. The 
structures are then combined with the circuit breaker and other components 
necessary for the required protective scheme, metering, and number of feeders.

Complete customer drawings are furnished for each Masterclad switchgear 
assembly. The drawings include floor plans and elevations, one-line diagrams, 
control schematics, and wiring diagrams.
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Figure 1 – Typical Masterclad Metal-Clad Switchgear Assembly

Control power transformer (CPT), drawout

Voltage transformer (VT), drawout

Type VR circuit breaker, drawout

Racking mechanism
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Figure 2 – Type VR Circuit Breaker—Front and Rear Views

Front View

Rear View
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Section 3—Receiving, Handling, and Storage
Receiving

Masterclad two-high, 4.76–15 kV, metal-clad, indoor switchgear is shipped on 
skids in protective crates or wrapping. Circuit breakers are shipped in switchgear 
cells. Do not stack the circuit breakers.

Upon receipt, inspect the equipment for damage that may have occurred in transit. 
Check all items against the packing list provided. Immediately notify the carrier and 
Schneider Electric of any damages or shortages.

Handling
The switchgear is normally shipped in one or two sections. Each section has four 
lifting lugs bolted on top. If more than two bays are shipped as one section, lifting 
channels or frames may be bolted on top. Put a crane hook through each of the 
four holes to lift and move the sections. After the group has been placed in position, 
remove and discard the lifting lugs. Then, screw the bolts back into place to cover 
the mounting holes.

If a crane is not available, the sections may be unloaded and moved with a forklift. 
Rollers under the skids may be used on a relatively flat surface if other moving 
equipment is not available or space prohibits the use of other moving methods. See 
Section 6, “Installation,” for handling uncrated assemblies.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

• Do not remove the skids until the shipping sections are in the final location.
• Do not maneuver the switchgear directly on rollers.
• Always use the skids to prevent switchgear distortion or damage.

Failure to follow these instructions will result in equipment damage.
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Storage

If the assembly is stored prior to installation, keep it in a clean, dry, well-ventilated 
area with an ambient temperature of approximately 70 °F (21 °C). Place dust 
covers over circuit breakers. If space heaters are furnished in the assembly, 
energize them from an external source. Refer to schematic and wiring diagrams for 
a logical connection point and for voltage and power requirements.

If space heaters are not installed in the assembly and the area is cold and damp, 
use a temporary heating source within the assembly. A minimum of 200 watts of 
heat per cell is recommended. Avoid greasy, smoky heaters that can deposit 
carbon on insulation, causing tracking and eventual insulation breakdown.

If the space heaters are normally energized from the assembly control power 
transformer, open the control power transformer secondary circuit breaker, remove 
the primary current limiting fuses, and install an out-of-service tag before 
energizing the space heaters. This prevents backfeed to the main bus through the 
control power transformer.

DANGER
HAZARD OF PERSONAL INJURY

When energizing space heaters from a remote source, remove the primary 
current limiting fuses of the control power transformer. 

Failure to follow these instructions will result in death or serious injury.
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Section 4—Description
The number of bays in a Masterclad switchgear assembly depends on customer 
specifications. Each bay is a separate rigid, self-contained, bolted structure 
fabricated of heavy gauge steel. It consists of:

• front section with secondary control devices
• circuit breaker cell, drawout voltage transformer and control power transformer, 

and fuse drawout section
• main bus compartment
• cable compartment

Figure 3 – Upper and Lower Circuit Breaker Cells with Circuit Breakers Removed

Controls for lower
circuit breaker

Controls for upper
circuit breaker

Upper circuit
breaker cell

Lower circuit
breaker cell
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Front Section
The front section includes the front hinged doors with instruments, relays, and 
control switches, the terminal blocks, fuse blocks, and other required secondary 
control devices. It also houses the wiring space for inter-unit connection and 
customer cable connections.

Circuit Breaker Cell
The circuit breaker cell contains 16 separate, but coordinated, features, each 
necessary for circuit breaker operation:
• circuit breaker positioning rails
• racking mechanism
• circuit breaker position indicator
• disconnect position latch
• circuit breaker interlocks
• compartment rating interlocks
• control power receptacle
• ground and test unit and dummy breaker interlock
• primary high voltage contacts
• current transformers
• shutters
• barriers
• cell interlock
• ground contact bar
• mechanism-operated contacts (MOC)—optional
• truck-operated contacts (TOC)—optional

Circuit Breaker Positioning Rails
The circuit breaker is equipped with rubber wheels for moving the circuit breaker 
when it is outside the switchgear and metal rollers to guide and position the circuit 
breaker inside the circuit breaker cell. The four metal rollers are captured in rails 
(Figure 4 on page 15) which position the circuit breaker in the vertical position.

Racking Mechanism
The racking mechanism (Figure 4) is located on the circuit breaker cell floor. It is 
operated by a removable racking crank inserted into the front of the circuit breaker 
cell. The front may be either open or closed. The circuit breaker engages in a gear-
driven racking roller (Figure 4). As the roller rotates, it moves the circuit breaker 
from the test to the operating position.

Circuit Breaker Interlocks
A racking block bar (Figure 4) welded to the racking shaft will hit an interlock pin on 
the circuit breaker when it is closed. This interlock mechanism will stop a closed 
circuit breaker from being moved between the test/disconnected position and the 
connected position.

The racking roller actuates an interlock located underneath the circuit breaker. This 
interlock mechanism is designed to stop a circuit breaker from being closed when it 
is between the test/disconnected and connected positions.
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A lockout lever located on the drawout gear box stops the circuit breaker from 
being inserted into the cell when the racking roller is not in the test position.

A racking block lever will not allow the racking mechanism to operate when the 
circuit breaker is not in the cell. Without the circuit breaker in the cell, the shutter 
cannot be opened.

A spring discharge interlock will discharge the closing springs when the circuit 
breaker is inserted or withdrawn from the cell.

Compartment Rating Interlocks
These interlocks stop accidental insertion of circuit breakers with incorrect current, 
voltage, or interrupting ratings into the compartment. The stationary interference 
brackets are mounted on the floor of the compartment and the moving part of the 
interlock system is mounted on the underside of each circuit breaker.

Ground and Test Unit Dummy Circuit Breaker Interlock
Each circuit breaker cell is equipped with a ground and test unit (GTU) and dummy 
breaker permissive interlock. GTUs and dummy breakers that are not equipped with 
the required ground and test unit interlocks cannot be inserted into the circuit breaker 
cell. The permissive interlocks are located beside the position interlock on the circuit 
breaker cell floor. Refer to the specific GTU and dummy breaker instruction bulletins.

Figure 4 – Circuit Breaker Floor Plate, Racking Device, and Interlocks
A. Circuit breaker position latch bracket
B. Circuit breaker positioning rail
C. Ground contact bar
D. Racking block lever
E. Racking roller
F. Shutter actuator
G. Circuit breaker position indicator
H. Racking block bar
I. Cell key interlock provision
J. Lockout lever
K. Spring discharge bracket
L. Racking mechanism
M. Control power receptacle handle
N. Control power receptacle

F
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CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not test interlocks by hand. Test interlocks only by moving the circuit breaker over 
the cell-mounted operating cams. Do not operate interlocks in an incorrect sequence.

Failure to follow these instructions can result in equipment damage.
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Control Power Receptacle
The circuit breaker control power receptacle is located on the lower right floor of the 
compartment (Figures 4 and 5). The molded insulating receptacle contains 24 
contacts and two tapered guide pins. The control power can be connected in the 
test position by rotating the control plug handle and pulling it forward.

Disconnect Position Latch
A spring-loaded latch on the circuit breaker engages behind the circuit breaker latch 
brackets on top of the left-hand guide rail (Figure 4) when the circuit breaker is in the 
test/disconnected position. The latch is disengaged by the circuit breaker release 
handle (Figure 6) when the circuit breaker is in the test/disconnected position.

Figure 5 – Circuit Breaker Cell without Circuit Breaker

Control power 
receptacle

Racking mechanism

Control plug handle

Figure 6 – Circuit Breaker Release Handle

Release handle
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Shutters
Two steel shutters (Figure 7) are mounted directly in front of the primary high 
voltage contacts. The shutters move with a rotary motion, actuated by the racking 
mechanism. Figure 4 on page 15 shows the shutter actuator.

Circuit Breaker Position Indicator
An indicator beside the racking port (Figures 4, 8, and 9) shows which position the 
circuit breaker is in: test/disconnected, transport, or connected. When the door is 
open, two arrows which line up with the front cover are visible on the left hand rail. 
They also indicate the position of the circuit breaker.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Disconnect power to both line and load connections before removing the barrier for 
maintenance or repair. Verify the power is off with a properly rated testing device.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.

Figure 7 – Circuit Breaker Cell without Circuit Breaker

Control panel

Mechanism-operated
contacts

Truck-operated
contacts

Shutters

Racking
mechanism

Figure 8 – Racking Port, Handle, and Cell Position Indicator

Racking
port

Cell position indicator in 
connected position

Racking
handle

Cell position indicator in 
test/disconnected position
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Primary High Voltage Contacts
The primary main contacts are housed in a bell assembly (Figure 9) consisting of 
insulating tubes extending toward the front. The current transformers are mounted 
around the tubes, which are covered at the open end by the shutter when the circuit 
breaker is in the test/disconnected position or is withdrawn from the cell. The bell 
assembly is furnished with molded fiberglass polyester tubes as standard, but may 
also be equipped with porcelain tubes.

Current Transformers
Bushing-type, single- or multi-ratio current transformers (Figure 9) can be mounted 
around either the top or bottom insulating tubes. A maximum of four current 
transformers, depending on accuracy, can be mounted per phase—two on the line 
side and two on the load side.

Cell Interlock
A cell key interlock provision (Figure 4 on page 15) is provided in each circuit breaker 
cell for locking a circuit breaker out of the connected position. The cell interlock is 
located in the center of the cell floor and has padlock provisions as standard. It can 
be equipped with a key interlock when specified by the user. The cell interlock 
prevents racking the circuit breaker into the connected position. A circuit breaker can 
be stored in the test/disconnected position with the cell interlock locked.

Ground Contact Bar
A ground contact bar is located on the bottom of the circuit breaker cell. It is directly 
connected to the main ground bus. A mating set of sliding contacts is located on the 
underside of the circuit breaker. The contacts engage before the circuit breaker 
reaches the test position and stay continuously grounded to the connected position.

Figure 9 – Circuit Breaker Cell without Circuit Breaker—
Shutter Forced Open

Current transformer

Bell assemby

Primary high
voltage contact

Shutter forced open
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Mechanism-Operated Contacts (MOC) (Optional)
Mechanism-operated contacts (Figure 7 on page 17 and Figure 10) are 
compartment-mounted, auxiliary contacts operated by the circuit breaker 
mechanism. Like circuit-breaker-mounted auxiliary contacts, they indicate whether 
the circuit breaker is in the open or closed position. They operate in both the 
connected and test/disconnected positions.

The MOC unit is mounted on the left side of the circuit breaker cell. It is operated by 
a mechanism that is driven vertically by a roller on the left side of the circuit 
breaker.

Truck-Operated Contacts (TOC) (Optional)
Truck-operated contacts (Figures 7 and 10) indicate the physical position of the 
circuit breaker in the compartment. They indicate whether the circuit breaker is in 
the connected or test/disconnected position.

The TOC unit does not distinguish between the circuit breaker being in the 
test/disconnected position or withdrawn completely from the compartment.

The TOC unit is mounted on the right side of the horizontal steel barrier in the top of 
the circuit breaker cell. It is operated by a spring-loaded lever. This lever is 
activated, just before the circuit breaker reaches the connected position, by a pin 
on the upper right side of the front cover of the circuit breaker.

Figure 10 – Mechanism and Truck-Operated Contacts

Truck-operated
contact

Mechanism-operated
contact

Contact actuator
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Voltage Transformer, Control Power Transformer, and Fuse Drawout Units
The voltage transformer (VT), control power transformer (CPT), and fuse drawout 
units are self-contained drawers (Figure 11) that roll on two sliding extension rails 
from the disconnected to the connected position. The drawer front panel is 
recessed behind the front door in the connected position and is held in place by 
two thumbscrews.

An insulating barrier (Figure 11) divides the compartment. The stationary contacts 
(Figure 11) and associated high voltage parts are mounted behind the barrier. 
Floating, self-aligning line contacts engage the moving contacts as the drawer is 
inserted into the connected position. As the drawer is withdrawn, a static ground 
contact mounted on top of the compartment grounds the primary connection.

Drawout Control Power Transformer
The control power transformer (CPT), Figures 11, 12, and 13, supplies control 
voltage for circuit breaker closing, capacitor trip charging, and miscellaneous 
station auxiliary power functions. The transformer is sized for the specific order 
requirements. Do not add arbitrary non-specified loads after installation. The 
maximum capacity of the CPT in a drawout unit is 15 kVA.

The CPT, its primary current limiting fuses, and secondary molded case circuit 
breaker are mounted on the drawer and are withdrawn as an assembly. The 
secondary circuit breaker handle must be in the OFF position in order to withdraw 
or insert the drawer. To release the latch, push the secondary circuit breaker 
handle to the left (OFF position). To engage the latch, push the secondary circuit 

Figure 11 – Drawout Units in Connected Position

Control power transformer
(CPT) drawout unit

Voltage transformer (VT)
drawout unit

Insulating
barriers

Stationary
contacts

Primary contacts
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breaker handle to the right (ON position) after returning the assembly to the 
connected position.

Each drawout control power transformer is equipped with a padlock provision 
(Figure 12) which locks the unit in the engaged position.

Secondary, sliding, finger-type contacts are mounted on the front left side of the 
drawer (Figure 13). They engage fixed-mounted contacts in the connected position.

Figure 12 – Control Power Transformer—Secondary Circuit 
Breaker Interlock

Figure 13 – Control Power Transformer—Secondary Contacts

Padlock
provision

Secondary contact
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Drawout Voltage Transformer
Drawout VTs (Figure 14) supply voltage indication for metering and relaying 
purposes. Primary current limiting fuses are mounted on each voltage transformer. 
Secondary, sliding, finger-type contacts (Figure 14) are mounted on the front left 
side of the drawer and engage fixed compartment mounted contacts in the 
connected position. Secondary fuses for the voltage transformers are located in the 
front compartment.

Drawout Fuse
Drawout fuses (Figure 15) are provided for stationary control power transformers. 
Fixed-mounted CPTs are supplied when three-phase control power is required or 
control power requirements exceed 15 kVA. The current limiting fuses are mounted 
in the drawer and withdrawn as an assembly.

Figure 14 – Drawout Voltage Transformer

Grounding contact

Primary current-limiting fuses

Secondary contact

Figure 15 – Drawout Primary Fuses for Stationary Control 
Power Transformer

Primary fuses
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The fuse drawout is interlocked with the secondary circuit breaker by a key 
interlock system. One interlock locks the drawout in the connected position 
(Figure 16). A second interlock allows the fuse drawout to be withdrawn only when 
the secondary circuit breaker is in the OPEN position. The secondary circuit 
breaker with interlock is mounted above or below the drawout unit.

Main Bus Compartment
The main bus compartment is located in the center of the switchgear. It is isolated 
from other compartments by the main bus compartment cover, which consists of 
removable metal access plates (Figure 18 on page 24). The main bus 
compartment is accessible from the back (Figure 18) through the cable 
compartment and from the front through the circuit breaker cell.

1200 and 2000 A, 50 kA main buses are available in aluminum or copper. The 
3000 A, 50kA and 1200, 2000, and 3000 A, 63k A main bus is always copper.

Each bus bar has fluidized bed epoxy insulation rated for 221 °F (105 °C) operation. 
Glass polyester barriers are used to separate the bus compartments between 
adjacent cells. Optional porcelain inserts are available for 50 kA buses only.

Figure 16 – Drawout Primary Fuses Interlock with Secondary Circuit Breaker

Figure 17 – Secondary Circuit Breaker and Interlock for Drawout Primary 
Fuses

Key interlock for 
interlocking secondary 
circuit breakers

Padlock provision

Key interlock
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Polyvinyl chloride boots insulate the connection in the main bus compartment, 
overlapping the epoxy insulation on the bus bars. The busbar insulation and boots 
form an integral insulating system for the equipment to meet its dielectric ratings. 
The busbar insulation must not be damaged or modified. Boots must be in place 
before operating the equipment.

Cable Compartments
Each circuit breaker in a vertical section has a separate cable compartment 
(Figure 18), accessible by removing a steel cover on the back. Insulated load 
connectors are provided for terminating cables. As standard, the load connectors 
are punched for terminating two cables per phase with a NEMA two-hole pattern. 
Schneider Electric provides lugs upon request. Tape and associated material for 
insulating cable terminations are not supplied as standard.

A ground bus (Figure 18) in the cable compartment has lugs on each end for the 
assembly ground. This ground bus is connected to each circuit breaker 
compartment ground contact bar and to the individual ground bars in each cable 
compartment. All instrument transformer, metering, and relaying grounds are also 
connected to this common ground system. 

A typical ground bus cross section:
• up to 50 kA is 0.25 x 2.0 in. (6 x 51 mm)
• 63 kA is 0.5 x 2.0 in. (13 x 51 mm)

Figure 18 – Two Bay Assembly—Rear View

Main bus 
compartment

Zero-sequence
current

Cable
compartmen

Cable pull box

Voltage
transformer

Cable
compartmen

Ground bus
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Conduit must enter the cable compartments, in the areas shown on the customer 
drawings, from either the top or bottom of the cable compartment. A removable 
steel cable pull box (Figure 18 on page 24) is provided to isolate cables when two 
circuit breakers are installed in one vertical section.

NOTE: Conduit should be stubbed in the concrete pad as part of the site 
preparation before the assembly is installed, but top entrance conduit must be 
installed after the assembly is in place. The top covers can be removed, punched 
to fit the conduit, and put back in place.

The front conduit area is for the bottom circuit breaker when all cables enter from 
below, and for the top circuit breaker when all cables enter from above. This cable 
pull box may be removed to install the rear cables first. When required, zero-
sequence current transformers (Figure 18 on page 24) are conveniently located in 
each cable compartment.

Various cable termination systems are used. These are detailed on the plans and 
specifications. Solderless or compression lugs can be supplied on the load 
connectors. Potheads are mounted on grounded support brackets. The compound 
and tape for their internal connections are shipped in a container with other 
miscellaneous parts. Tape and insulating material necessary for completing the 
field connection at the bus pad are not supplied with the assembly.

Surge Arresters
Surge arresters are furnished only when listed in the user’s specifications. The 
vulnerability of the incoming and outgoing lines to lightning strikes or other high 
voltage transient conditions determines their type and justification. Surge arresters, 
when specified, are mounted in the incoming and outgoing cable compartments.
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels

Weld

Concrete

Weld or bolt

Concrete Concrete

1/2-13 tap-in channel

Shim between channel and 
bottom of switchgear as 
required to level.

NOTE: Consult a structural 
engineer for seismic anchoring.
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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Figure 25 – Main Bus Pass-Through, Porcelain— Optional for 50 kA and 
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support

1200 and 2000 A Bus 3000 A Bus

Fiberglass/polyester
washer

Rubber O-rings:
2 for 1200 A
3 for 2000 A

Fiberglass/polyester
washer

Rubber O-rings:
3 for each bus

Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)



Masterclad™ Metal-Clad Indoor Switchgear Section 6—Installation 

36

EN
G

LISH

© 1996–2014 Schneider Electric All Rights Reserved 6055-30

Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation
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Section 10—Outlines
Figure 30 – Masterclad 25–50 kA Indoor Switchgear Outline
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Figure 31 – Masterclad 63 kA Indoor Switchgear Outline
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Introduction This bulletin provides operation instructions for Type VR lift trucks used with 
auxiliary devices. These devices include:

• Voltage transformers (VT)

• Control power transformers (CPT) 

• Fuse drawout units stationary CPT

These evices roll on two stationary rails from the disconnected to the 
connected position.

Most routine maintenance can be performed by moving the device to its 
withdrawn position. However, during certain operations (commissioning or 
component replacement) these devices must be removed from the enclosure.

Using the Lift Truck The use of a ift ruck is required on the following device locations:

• Upper Circuit Breaker Compartment

• Auxiliary Drawout Locations A, B, C and D

For breaker insertion and removal instructions, please refer to document 
6055-30. For auxiliary device removal from the cell with the lift truck:

1. Prepare the lift truck cradle according to the location from which the 
drawout device will be withdrawn.

a. For Locations A, B and C, ensure the lift truck adapters are placed 
on the lift truck cradle sides.

b. For Location D, the auxiliary drawout rolls directly into the lift truck 
cradle sides (lift truck adapters are not required).

2. Push the lift truck toward the auxiliary compartment so the cradle is 
square with the front of the drawout device position.

3. Raise the cradle until the hook brackets on each side of the cradle clear 
the blocks on each side of the auxiliary drawout rails.

4. Push the lift truck into the equipment until the hooks are over the blocks. 
Lower the cradle until the hook brackets lock over the blocks on each 
side of the auxiliary drawout rails. The lift truck adapters and drawout 
rails should be aligned. Apply the lift device floor lock.

5. Roll the drawout device until it touches the cell stop brackets. Lift up the 
first set of wheels and roll them over the lift truck adapters. Repeat until 
all wheels are on the cradle.

6. Secure the drawout device on the lift truck using the safety 
cable provided.

7. Raise the cradle until it clears the blocks on each side of the drawout rails.

8. Remove the lift truck and drawout device from the cell and lower 
the cradle.

9. Use properly-rated lifting device to transfer the drawout device to 
a workspace.

Figure 1: Auxiliary Drawout Locations

A

B

C

D
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Retrofit Options Lift truck adapters are standard equipment for switchgear manufactured after 
3Q 2011. Retrofit kits are available for Masterclad Model 5 switchgear 
manufactured between 2007 and 2011. Retrofit work involves both auxiliary 
drawouts and switchgear. Table 1 shows the reference kit number required 
for each model. Contact Schneider Electric Services (1-888-778-2733) for 
retrofit support.

Figure 2: Lift Truck Adapter

Lift truck adapter

Figure 3: Drawout Rail Detail

Switchgear rail

Lift truck adapter

Table 1: Retrofit Options—By Switchgear Release Date

Switchgear Release Date Kit Number

Before 2007 Not available

2007–2008 46015-976-50

2008–3rd Quarter 2011 46015-977-50

After 3rd Quarter 2011 Not Required

Lift Truck Adapter Kit 46015-961-50
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Figure 4: Drawout Design (Before 2007)

NEMA secondary 
connector

Figure 5: Drawout Design (2007–2008)

A, B, C Compartment

D Compartment

Truck stop

Truck stop

Figure 6: Lift Truck Retrofit Kit Figure 7: Drawout Design 
(2008–3rd Quarter 2011)

A, B, C Compartment

D Compartment

Truck stop

Truck stop
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consequences arising out of the use of this material.
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Current and Voltage Transformers
Transformadores de corriente y tensión
Transformateurs de courant et de tension

Replaces / Reemplaza / Remplace 39000-300-01, 06/1999

Class
Clase

Classe

Type
Tipo
Type

4210 Indoor / Para interiores /
Pour usage à l’intérieur 600 V

Retain for future use. / Conservar para uso futuro. / À conserver pour usage ultérieur.

*

INTRODUCTION INTRODUCCIÓN INTRODUCTION
This document provides installation 
information for Square D® 600 V, 
indoor-type current and voltage 
instrument transformers. Square D 
voltage and current transformers are 
field-proven in well over a million 
installations where accuracy, 
dependability, and long life are 
essential. Current transformers (CTs) 
and voltage transformers (VTs), or 
potential transformers (PTs), are 
used for measurement and control of 
generation, transmission, and 
distribution equipment.

Este documento ofrece información sobre 
la instalación de transformadores de 
instrumentos de corriente y tensión 
Square D® de 600 V, para interiores. Los 
transformadores Square D de tensión y 
corriente se han probado en campo en 
más de un millón de instalaciones en las 
que la precisión, la confiabilidad y la 
durabilidad son esenciales. Los 
transformadores de corriente (TC) y los 
transformadores de tensión (TT) o 
transformadores de potencial (TP) se 
utilizan para medir y controlar equipos de 
generación, transmisión y distribución.

Ce document contient des informations sur 
l’installation des transformateurs de 
mesure de courant et de tension de 
Square D® de 600V pour usage à 
l'intérieur. Les transformateurs de courant 
et de tension Square D sont des appareils 
qui ont été prouvés dans plus d’un million 
d’installations, où des qualités telles que la 
précision, la fiabilité et une longue durée 
de vie sont essentielles. Les 
transformateurs de courant (TC) et les 
transformateurs de tension (TT) ou 
transformateurs de potentiel (TP) sont 
utilisés pour la mesure et le contrôle des 
appareils de génération, de transmission 
et de distribution.

RECEIVING RECEPCIÓN RÉCEPTION
Upon receiving the transformer, 
inspect it for possible damage. If 
damage is suspected, immediately 
file a claim with the freight carrier. 
Before returning any product to the 
factory, obtain a Return Material 
Authorization (RMA) from your 
Schneider Electric/Square D 
representative.

Al recibir el transformador, inspecciónelo 
para determinar si se ha dañado. Si existe 
sospecha de daño, de inmediato presente 
una reclamación a la compañía de 
transportes. Antes de devolver cualquier 
producto a la fábrica, obtenga una 
garantía de Autorización de devolución de 
material (ADM) de su representante de 
Schneider Electric/Square D.

Dès la réception du transformateur, 
l’examiner pour s’assurer qu’il n’est pas 
endommagé. En cas de dommages 
possibles, faire une réclamation à 
remettre immédiatement au transporteur. 
Avant de retourner l’appareil à l’usine, 
obtenir une Autorisation de retour de 
matériel (ARM) de votre représentant de 
Schneider Electric/Square D.

HANDLING MANEJO MANUTENTION
Transformer core and coil assemblies 
are housed in molded thermo-plastic 
cases. These cases offer excellent 
protection from damage; however, 
care should be taken not to drop or 
crush the units. Replacement case 
parts are not available.

Los ensambles de núcleo y bobina del 
transformador se alojan en cajas 
moldeadas de plástico térmico. Estas cajas 
brindan excelente protección contra daños; 
sin embargo, se debe tener cuidado de no 
dejar caer o aplastar las unidades. No se 
encuentran disponibles piezas de 
repuesto.

Les assemblages de noyaux et bobines du 
transformateur sont montés dans des 
boîtiers moulés en thermo-plastique. Ces 
boîtiers offrent une excellente protection 
contre les dommages; cependant, 
certaines précautions doivent être prises 
afin de ne pas laisser tomber ou écraser 
les unités. Aucune pièce de rechange pour 
boîtiers n'est disponible.

STORAGE ALMACENAMIENTO ENTREPOSAGE
When not installed, the transformers 
must be stored in a clean, dry 
location. The temperature range for 
storage is -50 °C to +85 °C.

Si no se han instalado, los 
transformadores se deben almacenar en 
una ubicación límpia y seca. La gama de 
temperatura de almacenamiento es de 
-50° C a +85° C.

Lorsqu’ils ne sont pas installés, les 
transformateurs doivent être entreposés 
dans un endroit propre et sec. La 
température d’entreposage doit être entre
-50 °C et +85 °C.

Continued on next page Continúa en la siguiente página Page suivante
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INSTALLATION INSTALACIÓN INSTALLATION
Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal 

protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal 

(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection 

personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions

Continued on next page Continúa en la siguiente página Page suivante
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect 

current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte 

los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder 

les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant
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5. Current transformers: If
installing a window-type current 
transformer over fully insulated 
cable that is surrounded by a 
current-carrying sheath or 
concentric neutral, insert the 
sheath ground wire or neutral 
through the window before 
grounding. See Figure 3.

5. Transformadores de corriente: Si se 
instala un transformador de corriente 
con abertura sobre un cable 
completamente aislado, cubierto por 
una funda conductora de corriente o 
neutro concéntrico, inserte el cable de 
tierra del cable con funda o neutro a 
través de la abertura antes de hacer la 
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas 
d’installation d’un transformateur de 
courant muni d’une fenêtre sur un 
câble électrique complètement isolé et 
protégé par une gaine conductrice ou à 
neutre concentrique, insérer le fil de 
m.à.l.t. du câble avec gaine 
conductrice ou du neutre à travers la 
fenêtre avant de procéder à la mise à la 
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique

USING A SELECTOR SWITCH UTILIZACIÓN DE UN SELECTOR UTILISATION D’UN SÉLECTEUR
If a selector switch is used on a 
current transformer in conjunction 
with one ammeter to read current on 
all three phases, the switch must 
have a “make-before-break”
contact pattern and automatic 
shorting to ensure the current 
transformer is not open-circuited 
when switching between phases. A 
voltage transformer selector switch 
must have a “break-before-make”
contact pattern to avoid shorting the 
voltage transformer secondary.

Si se usa un selector en un transformador 
de corriente en conjunto con un 
ampérmetro para leer la corriente de las 
tres fases, el interruptor debe tener un 
contacto de “cierre antes de apertura”
así como un cortocircuito automático para 
asegurar que el transformador de corriente 
no esté en circuito abierto durante la 
conmutación entre fases. El selector del 
transformador de tensión debe tener un 
contacto de “apertura antes de cierre”
para evitar cortocircuitos en el secundario 
del transformador de tensión.

Si un sélecteur est utilisé sur un 
transformateur de courant avec un 
ampèremètre pour lire le courant sur les 
trois phases, l’interrupteur doit posséder 
un contact de « fermeture-avant-
ouverture » et une mise en court-circuit 
automatique pour assurer que le 
transformateur de courant n’est pas en 
circuit ouvert pendant la commutation 
entre les phases. Un sélecteur de 
transformateur de tension doit posséder un 
contact d’« ouverture-avant-fermeture »
afin d’éviter de court-circuiter le 
secondaire du transformateur.

APPLICATION SUPPORT SOPORTE DE APLICACIÓN SUPPORT D’APPLICATION
Specifications, performance data, 
and special application 
documentation are available at 
www.us.SquareD.com. Or, call 
1-888-778-2733 for other instrument 
transformer application assistance.

Las especificaciones, los datos de 
funcionamiento y la documentación sobre 
aplicaciones especiales se encuentran 
disponibles del sitio web 
www.us.SquareD.com. Si desea obtener 
asistencia sobre otras aplicaciones de 
transformadores de instrumentos llame al 
1-888-778-2733 en los EUA.

De la documentation sur les 
caractéristiques, les données de 
performance et les applications spéciales 
est disponible à www.us.SquareD.com. Ou 
appeler le 1-888-778-2733 (É.-U.) pour 
toute autre assistance sur les applications 
de transformateurs de mesure.
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Electrical equipment should be installed, 
operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed 
by Schneider Electric for any consequences 
arising out of the use of this material. 
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hacer funcionar y prestar servicios de mantenimiento 
al equipo eléctrico. Schneider Electric no asume 
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Flexitest Switch
Type FT-1

For Multi-Circuit Testing of Switchboard
Relays, Meters and Instruments

APPLICATION
The ABB Type FT-1 Flexitest Switches and ABB Test
Plugs are designed and manufactured to allow quick
and easy multi-circuit testing of protective relays,
meters and instruments by any conventional system.

Advantages
The Type FT-1 Switches and related Test Plugs have
all the features necessary for applications involving
the measurement of individual currents and voltages
associated with substation instrumentation and pro-
tection devices. The make before break current short
circuit feature also allows test personnel to quickly
and safely isolate equipment from current trans-
former (ct) circuits. 

Safe and Convenient
The semi-flush mounted FT-1 Switch provides fast,
safe and reliable access to components and circuits
on panel boards and switchboards without discon-
necting existing wiring. All measurements and tests
can be performed at the front of the switchboard
without taking any devices out of service.

Fast and Reliable
When Test Plugs are used, any number of circuits
may be tested in rapid succession, since one plug

properly connected can test all instruments or meters
of a particular type.

Maximum Flexibility
The FT-1 Switch is built with a maximum of ten indi-
vidual poles or switch units. The switches can be
assembled in a variety of different arrangements, to
match customer requirements.

ABB Test Plugs are used in conjunction with the FT-1
Switch to enable easy measurement, calibration, ver-
ification or maintenance of relays, meters or instru-
ments.

Voltage measurements can also be made directly on
the FT-1 Switch (without disturbing existing connec-
tions). There is a test clip located on the top of each
pole that allows connection with standard spring clip
test leads.

Security
With the cover in place, a meter type lead seal can
be placed through either of the cover studs of the
FT-1 Switch to prevent unauthorized access to the
switch. As an additional feature, a clear cover is
available that can also be installed and locked with
the switchblades in the open position.

Figure 1. FT-1 Flexitest Switch (Front View)
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SPECIFICATIONS

Ratings 
The FT-1 Switch is rated at 600 volts and 30 amps. It
is UL recognized, and meets or exceeds all the
requirements in ANSI/IEEE C37-90 standard.

Mounting
FT-1 Switches are designed for semi-flush mounting
on the front of switchboard panels, facilitating inspec-
tion and accessibility.

FT-1 SWITCH CONSTRUCTION
Base
The base of the FT-1 Flexitest Switch is made of a
molded polycarbonate material, which provides a
tough, insulated enclosure. Barriers are molded into
the base (front and rear) to separate the switch units
from one another. The barriers provide insulation
between poles, and also ample wiring space
between terminals.

Cover
The cover of the FT-1 Switch provides a tough insu-
lated enclosure for the switch and is also made of a
polycarbonate material. FT-1 standard styles come
with a black opaque cover, but an optional clear
cover is also available. This clear switch cover
affords the user the unique option of intentionally
leaving switch handles in the open position and
replacing the cover. Maintaining the provision for a
meter seal when some handles are in the open posi-
tion allows the user to service electrical equipment
while still complying with OSHA tag and lock proce-
dures.

The clear cover can be ordered on new FT-1
Switches or ordered separately for retrofit to existing
FT-1 Switches. Users will maintain the same ease of
accessibility as with the black opaque cover.

The cover thumb nut has been modified so that a
1/4” nut driver can be used to loosen & tighten it.

This is the same size nut driver that is used on the
hex head terminal screws of the standard FT-1
Switch.

Poles

FT-1 Switches are available in combinations of any-
where from 1 to a maximum of 10 individual poles or
switch units. Each pole is identified by a letter (A to J)
visible along the top of the base from left to right (See
Fig. 1).The individual switch units are of a knife blade
type. There are two different types of switch units
available: potential poles and current poles. Potential
poles (P, T, . . .) are configured as single, non-short-
ing knife blades for use in potential, trip, or control
circuits. Current poles are typically configured in sets
of two, (C-C), for use with current circuits; and con-
sist of a current test jack, a shorting spring, a shorting
blade, and a non-shorting blade. (See Fig. 2) The
positions of the short circuit springs are visible from
the front of the switch. 

Switch Handles

Switch handles are made of a molded phenolic mate-
rial, and are typically black for potential and current
circuits, and red for trip circuits. They are also avail-
able in a variety of different colors. Each handle has
a dovetail indentation to hold a circuit identification
label. Knife blade switches can be operated indepen-
dently, or ganged together with a horizontal interlock-
ing bar, to suit testing needs. (See Fig. 3)

A hole runs through the middle of each switch handle
to allow insertion of interlocking bars that can
mechanically tie 2, 3, 4, 5, 6 or 10 switch handles
together. Interlocking Bars are sold separately. (See
“ACCESSORIES – ORDERING INFORMATION” on
page 8.)

Weight Net
lbs. (kg)

Shipping
lbs. (kg)

FT-1 Switch 1.75 (.79) 3 (1.4)

In Service Series Test Plug 1.5 (.68) 3 (1.4)

Separate Source Test Plug 1.5 (.68) 3 (1.4)

Individual Current Circuit Test plug 0.1 (.045) 1 (0.45)

Figure 2. Blade assembly of two position pole “C-C”
(Rear View, outside of base)
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Terminals
Connection terminals are located at the rear of the
switch. Terminals are numbered 1 to 20 for easy iden-
tification (rear view). Each pair of numbered terminals

is associated with a matching pole designated by a
letter on the front of the switch. (See Fig. 4)

Figure 3. Switch Handles Figure 4. FT-1 Switch (rear view)

FT-1 SWITCH ORDERING INFORMATION

Style Number
Prefix

Style 
Number Description Photo

None
(Standard) See Table 3 Black Cover

Screw Terminals

S See Table 3 Black Cover
Stud  & Nut Terminals

C See Table 3 Clear Cover
Screw Terminals

CS See Table 3 Clear Cover
Stud  & Nut Terminals

R, RS For FT-19R Applications only
(See DB 41-078)
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Ordering Information

• FT-1 Switches may be ordered by style number.
Table 3 starting on page 9 provides a compre-
hensive selection guide of existing styles.

• An FT-1 Switch with black cover and screw ter-
minals will be supplied when ordering the stan-
dard style number as listed on Table 3,
(Example: 129A501G01). An optional clear cover
will be supplied instead of the black cover by
using style number prefix “C”, (Example:
C129A501G01).

• Optional stud and nut terminals will be supplied
by using style number prefix “S”, (Example:
S129A501G01).

• Optional clear cover and optional stud and nut
terminals will be supplied by using style number
prefix “CS”, (Example: CS129A501G01).

• For FT-1 Switch requirements that cannot be
matched up to an existing style number on Table
3, it is recommended that the customer find a
style number that comes closest to meeting the
necessary requirements. Enter description only
to order the new FT-1 Switch as similar-to (exist-
ing style) except stating the different characteris-
tic(s) required. 

• Customers may also place the order by providing
a complete Switch Arrangement definition,
Example: P P P C-C C-C C-C P. (See Switch
Arrangement section below.)

Switch Arrangement
• FT-1 Switches are available in any combination

of 1 to 10 poles.

• Pole positions are identified from left to right on
the front view of the switch by the letters “A”
through “J”.

• Pole designations are used to identify each type
of pole. To develop a complete Switch Arrange-
ment that describes a unique FT-1 Switch,
arrange pole designation sequentially from left to
right (A-J).

• Every pole position has to be defined by a “Pole
Designation” (“X” is used to designate empty
pole positions).

• Some current Pole Designations span more than
one pole position.

• A space is the delimiter between Pole Designa-
tions, (Example: P P P C-C C-C C-C P is the
complete Switch Arrangement definition for style
number 129A514G01).

• See Tables 1 & 2 for a complete listing of avail-
able Pole Designations, and their definitions.

Note: All switch arrangements developed or ordered
should be checked for adequate current trans-
former shorting when applied to current trans-
former circuits.

Terminals
• All required terminal hardware is supplied with

each FT-1 Switch.

• Screw Terminals are provided with standard FT-1
Switch styles. They require customer connec-
tions be made with a hex washer head screw.
(See Fig. 5)

• Stud and Nut Terminals are an optional feature.
Customer connections are made with two wash-
ers and a nut. (See Fig. 5) A special nut driver
can be purchased from ABB to connect to stud
terminals. (See “ACCESSORIES – ORDERING
INFORMATION” on page 8)

Figure 5. Standard and Optional Terminals 



DB 41-077
Page 5

Table 1 - CURRENT POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

C†

†  = Current Poles C and R are special Pole Designations developed for test circuits. They are not intended for use in current transformer circuits.

BLACK
NON-SHORTING, WITH TEST JACK

R† RED

C-C ‡

‡  = Typical Pole Designations

BLACK
CURRENT, SHORTING, WITH CURRENT TEST JACK

R-R RED

C-A BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK

C-B BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK, 
WITHOUT JAW OR BLADE AT “B”

C-D BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK, 
WITHOUT BLADE AT “D”

C-E BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK 
WITH SHORTING BLADE ALSO AT “E”

C-C-C ††

††  = Also available as C-C-A, C-C-B. . . up to C-C-C-C

BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK (2 
POSITION SHORTING SPRING)

B

D

E

Table 2 - POTENTIAL POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

P ‡ BLACK

POTENTIAL, NON-SHORTING BLADE

T ‡ RED

G GREEN

Y YELLOW

Z BLUE

W WHITE

O ORANGE

L BLACK POTENTIAL, LONG BLADE

S --- --- FIXED SHORTING STRAP

J --- --- CURRENT JAW, NO BLADE

N --- --- TERMINAL STUD IN BLADE LOCATION, NO JAW

U --- --- STUD AND TEST CLIP

X --- --- EMPTY POLE POSITION

‡ = Typical Pole Designations
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TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

The “In-Service” Series Test Plug with a maximum of
10 positions is designed to match the pole configura-
tions of specific styles of FT Flexitest devices (either
FT-1 Switches or FT case relays). Not every switch
or relay pole configuration is suitable to accept an In-
Service Series Test Plug, but many FT-1 Switch
styles do have one already available, See Table 3,
page 9, “IN-SERVICE TEST PLUG”.

This Test Plug is typically used to connect devices
measuring the currents and voltages being applied to
the switchboard relays, meters and instruments with-
out interrupting or short-circuiting the circuit. Only the
current test switches with the current jack must be
opened before inserting the Series Test Plug.

Individual Current Circuit Test Plug 

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

The Individual Current Circuit Test Plug is an amme-
ter type device used to measure current. It can be
inserted in the current test jack of FT Flexitest
devices after opening the knife blade switch. This
plug consists of two conducting strips separated by
an insulating strip. The ammeter is connected to
these strips by terminal screws and leads carried out

through holes in the back of the insulated handle.
(See Figs. 7 and 8)

 

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

The 10 Position Separate Source Test Plug isolates
the external connections from the relay or equipment
under test. This test plug provides quick circuit test-
ing, by fitting into the stationary contact jaws of any
Flexitest Type FT Case or FT-1 Switch. L-shaped test
blades assure quick, accurate alignment between the
Test Plug and the stationary contact jaws.

WARNING

Figure 6. In-Service Series Test Plug

WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Plug inserted 
into Flexitest Case 

WARNING

Figure 9. Separate Source Test Plug - 10 Position
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This Test Plug connects the relay inputs and outputs
to a set of binding posts on the top of the Test Plug,
and completely isolates the relay circuits from the
external connections (ct, pt, trip, etc.) by means of an
insulated barrier along the bottom of the plug. The
external test circuits can then be connected to these
binding posts, which are staggered for easy accessi-
bility. 

Before inserting the Separate Source Test Plug, all
switch- blades must be placed in the full open posi-
tion. In a Flexitest Type FT Case, the plug is inserted
in the bottom switch jaws with the binding posts up
and in the top test switch jaws with the binding posts
down. (See Fig. 10)

Figure 10. Separate source test plug shown
inserted in FT-Case
(Bottom Switch Jaws)

TEST PLUGS – ORDERING INFORMATION

Description Style Number Photo

In-Service Series Test Plug
(Order to match Flexitest FT relay 
case or FT-1 Switch arrangement)

See Table 3

Individual Current Circuit Test Plug
(Leads not included)

7B4618G04

Separate Source Test Plug
(10 position) 1164046
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ACCESSORIES – ORDERING INFORMATION

Description Style Number Photo

Clear Cover 9676A32G01

Black Cover 128A973G01

Description Style Number Photo

Nut Driver
(For Stud & Nut Terminals only, Prefix “S”) 877A821G01

Description Style Number Photo

Interlocking Bar 2 Position 1270547

Interlocking Bar 3 Position 1164048

Interlocking Bar 4 Position 02C9834G03

Interlocking Bar 5 Position 02C9834G04

Interlocking Bar 6 Position 02C9834G06

Interlocking Bar 10 Position 02C9834G05
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           Figure 11. Typical FT-1 Switch Connection Schematic

            9666A11 SUB 2
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ABB Inc.
Coral Springs, FL

129A500 SUB 5

Figure 12. FT-1 Switch, Outline and Drilling Plan, with Standard Black Cover or Optional Clear Cover

Tel: 954-752-6700

Fax: 954-345-2620
800-523-2620

ABB Inc.
Allentown, PA
Tel: 610-395-7333

Fax: 610-395-1055
800-634-6005

Visit our website at www.abb.com























H46C Humidity Controller

INSTALLATION INSTRUCTIONS 

APPLICATION 
The H46C Humidity Controller is used with portable and 
central unit dehumidifiers to maintain relative humidity. 
The H46 has an spst, snap-acting switch designed for 
line voltage circuits and two leadwires for switch box 
mounting. 

INSTALLATION 

When Installing this Product... 
1. Read these instructions carefully. Failure to follow 

them could damage the product or cause a 
hazardous condition. 

2. Check the ratings in the instructions and on the 
product to make sure the product is suitable for 
your application. 

3. Installer must be a trained, experienced service 
technician. 

4. After installation is complete, check out product 
operation as provided in these instructions. 

CAUTION 
Electrical Shock Hazard.
Can cause electrical shock or equipment 
damage.
Disconnect power supply before connecting 
wiring. 

Location 
Select a location about 5 ft (1.5m) above the floor in an 
area with good circulation at average temperature and 
humidity for the area to be controlled. Avoid locations 
near hot or cold air ducts and discharged air from the 
controlled equipment. 

Mounting 
1. Remove the setting knob. 
2. To remove cover, pull cover forward from device. 
3. Install a 2 in. x 3 in. (51 mm x 76 mm) vertical

switch box at the selected location.
4. Using the two screws provided, fasten the adapter 

plate to the switch box, as shown. 

5. Pull the wires from the switch box through the 
opening in the adapter plate and connect to the 
H46 leadwires with the solderless connectors 
provided. See Fig. 2 and 3 for typical hookup. 

6. Push the wires back into the switch box. 
7. Place the H46 against the adapter plate, making 

certain the tab at the bottom of the plate fits into the 
notch on the H46. 

8. Fasten the H46 to the adapter plate by tightening 
the captive screw. 

9. Replace the cover and the setting knob. 

2 X 3 IN. 

H46
(COVER OFF) 

H46 CAPTIVE 
MOUNTING SCREW 

ADAPTER PLATE 
SCREWS (2) 

SWITCH BOX 

NYLON
ELEMENT H46 LEADWIRES (2) 

PLATE TAB 

ADAPTER PLATE 

WALL SURFACE 

M7907

Fig. 1. Mounting H46C on vertical switch box. 

Wiring 
Disconnect power supply before connecting wiring to 
avoid electrical shock or equipment damage. All wiring 
must comply with local codes or equipment damage. All 
wiring must comply with local codes and ordinances. Do 
not exceed contact and coil ratings when wiring into 
system. See Fig. 2. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 

95-5367-4



H46C HUMIDITY CONTROLLER 

H46C
HUMIDITY CONTROLLER
RISE DEHUMIDIFIER

L1 EXHAUST FAN
(HOT)

1

1
OR AIR 

POWER CONDITIONER
SUPPLY

L2

PROVIDE DISCONNECT MEANS AND OVERLOAD 
M7923PROTECTION AS REQUIRED. 

Fig. 2. Typical H46C wiring diagram. 

Connections and Operation 
A dehumidistat in combination with the thermostat can be 
used to run the air conditioner to control relative humidity 
levels. The dehumidistat and thermostat can be wired in 
parallel or in series. 

Wiring in parallel allows the dehumidistat to indepen-
dently control the humidity level, but could cause 
overcooling of the home. During unoccupied times, the 
homeowner should set the thermostat to a relatively high 
setting and control moisture using the dehumidistat. 

Wiring in series prevents overcooling but the air 
conditioner runs only when both the thermostat and 
dehumidistat are calling. During unoccupied times, the 
homeowner should set the thermostat to a relatively low 
setting and control moisture using the dehumidistat. 

SETTING AND ADJUSTMENT 
The H46 makes contact on a relative humidity rise to the 
setpoint to start the dehumidifier. On a decrease in 
relative humidity to the setpoint (minus the differential), 
the switch breaks contact to stop the dehumidifier. Turn 
the knob clockwise to the setting stop to place the H46 in 
the On position. Turn the knob counterclockwise to the 
setting stop to place the H46 in the Off position. 

CHECKOUT 
After completing all mounting and wiring, turn on the 
power supply. Place the system into operation by turning 
the setting knob toward the low end of the scale until the 
dehumidifier motor starts. Turn the setting knob slowly 
toward the high end of the scale until the dehumidifier 
motor stops. 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL
HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

M7913

Fig. 3. Typical parallel wiring hookup for H46C with T87F/Q539A combination
for dehumidification and mildew control. 

95-5367-4 2 



H46C HUMIDITY CONTROLLER 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL
HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1
M7914

Fig. 4. Typical series wiring hookup of H46C with T87F/Q539A combination
for dehumidification and mildew control. 

3 95-5367-4 
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Kirk Key Interlock Company

Installation Instructions

Proper installation of key interlocks is a critical element of a key interlock system. It is essential that
each interlock be installed so that the lock bolt cannot be extended unless the equipment on which it
is installed is in the proper position/condition. After installation of the interlocks, the complete interlock
system should be tested sequentially by person(s) familiar with the entire system, the key routing,
and its intended purpose. Any problems or discrepancies must be corrected prior to energization.

Each interlock is supplied with a key in each cylinder. These keys are needed during installation of
the interlocks. Once the complete interlock system is installed, all extra keys must be removed from
the system and destroyed or retained by a responsible person. There should only be enough keys to
operate the interlock system sequentially. Kirk Key Interlock Company will not be responsible for
extra keys left in the interlock system.

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be
extended or withdrawn. Likewise, transfer blocks and transfer panels (which do not have exposed
lock bolts) require insertion of all keys before the operating bolt can be extended or withdrawn
allowing release of previously held keys. Do not try to force a multiple cylinder interlock that does not
have the correct keys fully inserted in every cylinder!

INTERLOCK INSTRUCTION MANUAL

211Wetmore Ave. S.E., Massillon, OH 44646

Phone: 330.833.8223 • Fax: 330.833.1528

Toll Free: 1.800.438.2442

www.kirkkey.com

PAGE 1IB/B-T/06

Ta
b

le
o

f
C

o
n

te
n

ts:



PAGE 2IB/B-T/06

INTERLOCK INSTRUCTION MANUAL

Two Cylinder Interlock

Keys Removable Extended (EE)

Two Cylinder Interlock

Keys Removable (EW)

Lock Bolt Extended

Keys Released

Lock Bolt Withdrawn

Keys Trapped

Lock Bolt Extended

E Key Released

W Key Trapped

Lock Bolt Withdrawn

E Key Trapped

W Key Released

Lock Bolt Extended

E Keys Released

W Key Trapped

Lock Bolt Withdrawn

E Keys Trapped

W Key Released

Three Cylinder Interlock

Keys Removable (EEW)

Three Cylinder Interlock

Keys Removable (EWW)

Lock Bolt Extended

E Key Released

W Keys Trapped

Lock Bolt Withdrawn

E Key Trapped

W Keys Released

E E EE

E W E W

E WE E WE

E W W E W W

Lock Body Lock Body

Lock Bolt Lock Bolt

Lock

Cylinder

Lock

Cylinder

Type F

Terminology

Type B

Terminology

Lock Bolt Extended

Key Released

Lock Bolt Withdrawn

Key Trapped

Single Cylinder Interlock

Key Removable Extended (E)

All KIRK Key Interlocks (Type F, FN, B, NT, T, U, FR)

The key interlock should be mounted so that the 5/8" lock bolt can be extended to lock the device 
in the proper position.  In the unlocked position, the lock bolt should be blocked from extending, 
thereby trapping the key(s) in the interlock.

Multiple cylinder interlocks can be designed to retain one or more keys while the remaining keys 
are withdrawn.  

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be 
extended or withdrawn allowing release of the previously held keys.  Do not try to force a 
multiple cylinder interlock that does not have the correct keys fully inserted in every cylinder.
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INTERLOCK INSTRUCTION MANUAL

KIRK Door/Access Interlocks (Type D, Type DM, Type DY)

Type D Door Interlock
All Type D interlocks have two parts: a main body with one or more cylinders and a latch block.  Proper alignment of both 
parts is crucial to the operation of a Type D interlock.  When the main body is separated from the latch block, the lock bolt 
is retained in the withdrawn position by concealed latch pins.  Thus the key(s) is always held in the lock whenever the two 
parts are separated.  When the door on which the interlock is mounted is properly closed, the key(s) can be turned to 
extend the lock bolt into the latch block, securing the door.  Only extending the lock bolt, after properly closing the door, 
should allow release of the key(s).  An exception to this rule is a multiple cylinder Type D interlock which allows release of 
a "personnel" key when the door is opened.  The personnel key can be put in the pocket of the maintenance person 
ensuring that the door cannot be closed and locked as long as he holds the personnel key.

Type D Terminology

Lock BodyLatch Block

The key is trapped in type D interlock when the door is open.

Mounting Options for Type D Locks and Latch Blocks

KIRK door interlocks should not be used to align the door, or be the latching means for holding the door in the closed 
position.  Type DM or DY interlocks should be utilized in situations where the door and door-frame are ill-fitting, and a 
degree of latitude is required.
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INTERLOCK INSTRUCTION MANUAL

Type DM Access Door Interlock

All Type DM interlocks have two parts: a main body with one or two cylinders and a latch bolt with chain.  When the 
latch bolt is separated from the main body, the key(s) is trapped in the lock.  When the door on which the interlock is 
mounted is properly closed, the latch bolt can be inserted into the main body and the key can be turned and released.

Weld or bolt the chain to the door or door-frame allowing enough slack to insert and turn the latch bolt in the Type DM 
lock body when the door is properly closed.

DM Terminology and Operating Instructions

Insert Keys

Rotate keys 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the keys are trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate keys 90 degrees

(counterclockwise) and

remove from lock.

Two Cylinder DM

(EE) Instructions

Insert "E" Key

Rotate "E" key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the "E" key is trapped.

To Unlock

Insert the "W" key.

To Lock

Rotate "W" key 90

degrees (clockwise).

Insert latch bolt and rotate

downward to capture

latch bolt in lock body.

The "W" key is trapped.

Rotate the "W" key 90

degrees (counterclockwise)

and remove from the lock.

Rotate "E" key 90 degrees

(counterclockwise) and

remove from the lock.

Two Cylinder DM

(with Personnel Key)

(EW) Instructions

E W

E

E W

E

W

W

E

E

W

W

E

WE

W

Lock Body

Lock Cylinder

Latch Bolt

Access Door

Weld or Bolt

Chain to Door

DM Terminology

Rotate key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

Insert Key

The latch bolt is now free

from the lock body and

the key is now trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate key 90 degrees

(counterclockwise) and

remove from lock.

Single Cylinder

DM Instructions

The "E" keys can be turned and released when the latch bolt is latched and the "W" keys can be turned and released 
when the latch bolt is unlatched.
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INTERLOCK INSTRUCTION MANUAL

Type DY Access Door Interlock

All Type DY interlocks have two parts: a main body and a latch block-bolt eye.  When the main body is separated from 
the latch block-bolt eye, the key is retained and cannot turn in the lock.  Thus, the key is always held in the lock when the 
two parts are separated.  

Once the door or gate is closed and the latch block bolt-eye is engaged with the main body of the lock, the key can be 
turned and released.  

Latch Block-Bolt Eye

Engaged with Lock Body.

Door Locked

Key Removed

Latch Block-Bolt Eye

Disengaged  from Lock Body.

Door Unlocked

Key Trapped

Side View - DY Interlock & Latch Block-Bolt Eye

The latch block-bolt eye can be attached directly to the door jamb or fastened to a chain that is attached to the door 
frame as shown in the drawing below. 

DY Interlock bolted to

angle bracket attached to

fence or fence post.

Latch Block-Bolt Eye

bolted or welded to fence gate

Fence Gate



®KIRK Key Transfer Panels

A transfer panel is a group of primary and secondary locks involved in a transfer step. primary
keys must be inserted in the transfer panel and turned before secondary keys can be released.
Primary keys are generally related to power sources (such as breakers, T/R switches, level
detectors, etc.) and secondary keys are related to access doors.

In the normal operating position, all
secondary keys are “trapped” in the
transfer panel and all primary keys are
“trapped” in upstream equipment. All
upstream equipment must be locked safe
in order to release the keys for insertion in
the primary side of the transfer panel.
The secondary keys are then released
allowing access to equipment (such as
hopper doors, manholes, access doors).
Access doors must make use of key
retaining interlocks, such as the Type D,
DY, or DM so that the secondary keys are
trapped at the access point until the
access openings are properly closed.

Two or more transfer scheme systems
can be provided in one transfer panel
enclosure however most enclosures are
designed to house a single system.

It is important that the installer understand
the entire key interlock system(s) and the
intended purpose.

All
any
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Wiring of Type S Auxiliary Switches

Denoted by a “ ”, “ ”, “ ”, or “ ” in column four of the interlock part number. (EX. KFL 00010S-CM)

Wiring of Type K Auxiliary Switches

Auxiliary switches are an option for most styles of interlocks. Four different styles of slow-make, slow-break S
switches are available as shown by the chart below.

Instructions for wiring Type S switches:
1) Remove the cover.
2) Run wires into the switch housing and terminate on appropriate terminals.
3) Replace the switch cover.
4) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Denoted by a “ ” in column four of the interlock part number.

The Type K auxiliary switch is an option that is available for most styles of interlocks. The Type K is normally a
DPDT, quick-make, quick-break toggle switch. (Note: other styles of toggle switches are available by special
order)

Instructions for wiring the Type K Switch:
1) Remove the cover.
2) Remove the toggle switch (three screws).
3) Run the wires into the switch housing and terminate on the appropriate terminals.
4) Reattach the toggle switch to the housing (three screws).
5) Replace the switch cover.
6) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Note: The Type S and Type K Auxiliary switches cannot be added to existing interlocks in the field.

3 4 5 6 3

1

Contact Arrangement:

(EX. KFL 00010S-CM)1
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Type of Switch

Number of Circuits

Make Contacts

Break Contacts

Conduit Opening

Length of Switch Housing

Contact Arrangement:

Type S

2

1

1

3/4”

3-1/2”

Type SS

4

2

2

1”

5-3/4”

Type SSS

6

3

3

1”

8-1/4”

Type SSSS

8

4

4

1”

9-5/8”

INTERLOCK INSTRUCTION MANUAL

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Extended

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Withdrawn

3
6

1
4

2

5

D
P

T
D

To
g

le
g

S
w

tc
i

h

Lock Bolt

Extended

Contacts Closed:

1-2, 4-5

Lock Bolt

Withdrawn

Contacts Closed:

The Set of Contacts Nearest the

2-3, 5-6

Lock Bolt are Closed when the

Lock Bolt is Extended and Open

when the Lock Bolt is Withdrawn



Wiring of Type TPS (and TPSS) Interlock Switches

Dust Covers (Available Option)

The type TPS interlock is a key actuated switch designed for back-panel mounting. The TPS has two
normally open and two normally closed contacts and the TPSS has four normally open and four normally
closed contacts. The contact blocks are clearly marked with the status of the contacts. After wiring, the
installer must test the wiring to verify that the circuitry corresponds to the key position (trapped vs. free).

Two Styles of dust covers are available to protect the lock cylinder and key against moisture, dirt, and
sleet.

The Push On dust cover slips tightly over the lock cylinder when the key is in the held position or
removed. The Push On dust cover is supplied with a chain and mounting ring, which is secured under the
interlock mounting bolt head.

The Flip Open dust cover is designed to provide protection to the lock cylinder and key regardless of the
position of the key. The Flip Open dust cover is hinged and held closed with spring tension. A single set-
screw attaches the Flip Open dust cover to the lock cylinder.
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N
.C

.

N
.O

.

FRONT VIEW SIDE VIEW

Flip OpenPush On 2-1/8" 9/16"

1-1/2"

5/16"

1-15/32"

3/8" R

1-23/64"
Dia.

11/16"

1-1/4"

2-1/8”

Typical F Interlock



Key Control

IMPORTANT - To ensure correct operation of the KIRK interlock system it is necessary to remove all

Duplicate Keys

loosely or removable held keys before operating the equipment on which the interlocks are mounted.
There should only be enough keys to operate the interlock system sequentially.

The keys removed from the KIRK interlocks should be returned to Kirk Key Interlock Company,
Massillon, Ohio, or retained by authorized personnel for use as spare keys.

The spare keys must not be normally available to operating personnel, since the use of these keys, where
not specifically required, will result in incorrect operation of the equipment on which the interlocks are
mounted. Any spare keys should be given to operating personnel only, if and when the
corresponding operating key has been destroyed.

ADDITIONAL KEYS will be provided ONLY with proper authorization from the ultimate user to which the

®

specific key combination has been assigned.

®

Each interlock is supplied with a key in its lock. These keys are needed during installation of the
interlocks on equipment. This then provides more keys than are actually necessary for operation of
the interlock system.

When the interlocks have been installed, all extra keys should be removed from the system and
destroyed or retained by authorized personnel. If additional keys are required because of loss or
damage, they can be supplied only on the purchaser’s authorized order. To order additional or
replacement keys, please:
1) Copy the duplicate key release form on pages11 and 12 of this manual, or print from http://www.kirkkey.com.
2) Complete the form and sign your name.
3) Fax the form to Kirk Key Interlock Company for immediate delivery, at 330-833-1528.
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Instructions for AMPGARD 400A
medium voltage starter

� DANGER
READ AND UNDERSTAND THIS MANUAL IN ITS  
ENTIRETY BEFORE INSTALLING OR OPERATING THE 
CONTROLLER. INSTALLATION, ADJUSTMENT, REPAIR, 
AND MAINTENANCE OF THESE CONTROLLERS  
MUST BE PERFORMED BY QUALIFIED PERSONNEL.  
A QUALIFIED PERSON IS ONE WHO IS FAMILIAR  
WITH THE CONSTRUCTION AND OPERATION OF  
THIS EQUIPMENT AND THE HAZARDS INVOLVED.

Introduction
This instruction book is intended to cover  
the handling, installation, operation, and mainte-
nance of AMPGARD� 400A, 7.2 kV starters and 
associated equipment. The function of these  
controllers is to start, stop, and protect medium 
voltage motors, transformers, capacitors, and  
other loads. Controllers may be of full voltage, 
reduced voltage reactor, reduced voltage  
autotransformer, reduced voltage solid-state, or 
two-speed type. They may control induction or  
synchronous machines, and they may be  
non-reversing or reversing.

While this instructional leaflet is dedicated primarily 
to full-voltage starting, the other applications listed 
are an expansion of the principles identified in this 
leaflet. This leaflet does not purport to cover all 
possible contingencies, variations, and details that  
may arise during operation or maintenance of this 
equipment. If further information is desired  
regarding this product, contact your local Eaton 
sales office. 

Identification
A rating nameplate is located on the door of each 
controller. Contained on this nameplate are the  
controller type and ratings as required by industry 
standards. Also contained on this nameplate is the 
factory’s general order number. This number should 
be given to the Eaton sales office if a question 
should arise concerning the equipment or if renew-
al parts are required. Refer to Figure 1 for typical 
location of rating nameplates.
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Figure 1. Starter with Rating Nameplate

� DANGER
EXCEEDING THE NAMEPLATE RATINGS OF AN AMPGARD CONTROLLER 
MAY CAUSE EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Do not apply an AMPGARD controller beyond its nameplate ratings.

Table 1. Contractor Ratings

Rated Utilization Voltage 2200–2500V 3000–3600V 3800–4800V 6000–6900V

Interrupting rating
   NEMA� unfused (E1)
   NEMA fused (E2)

8.5 kA
50 kA
200 MVA at 2400V

8.5 kA
50 kA
295 MVA at 3300V

8.5 kA
50 kA
400 MVA at 4600V

8.5 kA
50 kA
570 MVA at 6600V

Application table
   Induction motor
   Synchronous motor (0.8 PF)
   Synchronous motor (1.0 PF)
Transformer
Capacitor three-phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum insulation voltage: 7200V

Maximum interrupting current 
   (3 operations)
Rated current
IEC make-break capability-AC1
   Make
   Break
Short-time current
   30 seconds
   1 second
   8.6 milliseconds (0.5 cycle) �
Standard service altitude
Optional service altitude

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time
   (energization to contact touch)
Operating time

8500A
400A enclosed

4000A
3200A

2400A
6000A
63 kA peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
90 milliseconds

30 to 330 milliseconds
(selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages
   AC
   DC
Control circuit burden
   Closing (AC/DC)
   Holding (AC/DC)
Auxiliary contact rating
Voltage (maximum)
Continuous current
   Making capacity (AC)
   Making capacity (DC)
   Breaking capacity (AC)
   Breaking capacity (DC)
Latch (when specified)
   Mechanical life
      Trip voltages (DC)
      Trip voltages (DC)
   Minimum trip voltage
   Trip burden
      (24 Vdc)
      (125 Vdc)
      (110/125 Vac)
   Trip Time
Weight

12 milliseconds (3/4 cycle) or less
90% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

—
30 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/120V
110/120V
90% rated coil voltage

—
—
—
30 milliseconds
60 lbs (27 kg) (rollout)

� Time-rated cycles on 60 Hz base.

Low 
Voltage 
Door

Rating 
Nameplate

Medium 
Voltage 
Door
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Description
Controller

The AMPGARD 400A, 7.2 kV controller consists of a non-loadbreak 
isolation switch, medium voltage current-limiting fuses, one or 
more Type SL vacuum-break contactors, a set of current transform-
ers, plus control and protection devices. The isolating switch has a 
limited make and break rating, suitable only for closing and opening 
limited transformer magnetizing currents. The controller is designed 
to start, stop, and protect a three-phase medium voltage motor 
within the ratings shown in Table 1. The controller may also be used 
to switch transformer windings or capacitor loads as shown. For 
applications other than those indicated, consult the factory. Each 
AMPGARD controller occupies all or a portion of a steel structure 
that may also enclose a horizontal bus system to distribute power to 
two or more sections and a vertical bus system to connect individual 
starters to the horizontal bus. The controllers are configured for full-
voltage or reduced-voltage starting, reversing or non-reversing, in 
single-speed or two-speed applications.

Starters are available with bolt-in or clip-in main fuses. Contactors 
may have bolted connections or stab-in connections to the  
starter cell.

The flow of current through a starter with bolted fuses and a  
stab-in contactor can be described as follows: The line finger  
assembly mounted at the back of the enclosure serves to connect 
the isolation switch moving stabs to the controller line terminals 
when the switch is closed. Power flows from the switch moving 
stabs through a flexible shunt to the upper fuse mountings. The 
fuses are connected to the lower fuse mountings that contain the 
line-side stab connections to the line finger assemblies for the main 
contactor. With the main contactor energized, power flows through 
the contactor’s vacuum interrupters to the contactor load fingers, 
which are engaged on to the contactor load-side stabs. Medium  
voltage cables connect the load-side stabs to the motor load  
connections. The contactor is held in place by a set of rails  
mounted in the lower part of the cell. Current transformers are  
typically mounted immediately behind the main contactor, under the 
load-side stabs. The motor load connections are mounted to the left 
of the main fuses in the rear of the compartment, facing forward. 

Figure 2. Medium Voltage Compartment

Low voltage components

The low voltage components consisting of a protective relay,  
interposing relay, test power circuit, terminal blocks, and optional 
equipment are mounted in the low voltage control compartment 
located on the front of the controller medium voltage door. The low 
voltage compartment is fabricated from steel sheets to provide iso-
lation from the medium voltage components mounted behind the 
low voltage compartment. A window is provided in the low voltage 
compartment to allow the user to view the position of the isolation 
switch before entering the medium voltage compartment. See the  
“Isolation Switch” section for further details.

Figure 3. Low Voltage Compartment

Isolation switch

The controller isolation switch is a non-loadbreak device.  
Mechanical and electrical interlocks are provided to ensure that  
the main contactor is de-energized before the switch can be  
operated. In the open position, the switch isolates medium voltage 
from the main controller compartment, allowing access to the  
controller for inspection and maintenance. For standard applications, 
the isolation switch includes ground fingers that ground the line side  
of the power fuses when the switch is in the open position. The  
isolation switch has a mechanical endurance rating of 10,000  
operations. Isolation switches in starters with double-barrel fuses 
are supplied with additional phase barriers that must be installed to 
maintain the proper dielectric rating of the starter.

� DANGER
AMPGARD CONTROLLERS ARE SOMETIMES ENERGIZED BY A BACK-FED 
CONDITION THAT ALLOWS THE MEDIUM VOLTAGE COMPARTMENT TO BE 
ENERGIZED WITH THE ISOLATION SWITCH IN THE OPEN POSITION. STUDY 
THE PLANT SINGLE LINE DIAGRAMS TO MAKE CERTAIN THAT NO BACK-
FEED SITUATION EXISTS BEFORE ENTERING THE MEDIUM VOLTAGE  
COMPARTMENT. 

All power sources must be isolated and locked out before  
servicing the equipment.

For applications where the controller is back fed, the grounding  
fingers should be removed from the isolation switch.

The switch consists of a fixed rear portion and a removable front 
portion. Refer to Figures 5 and 6. The fixed portion includes the 
controller line fingers and a moveable shutter that isolates the line 
fingers when the switch is in the open position. The removable  
portion is operated by a handle mechanism that extends through the 
controller medium voltage door. With the handle in the up position, 
the switch is closed and medium voltage is available for connection 
to the controller load. With the handle in the down position, the 
switch is open and medium voltage is isolated from the controller 
and the controller load.

An isolation switch viewing window is provided in the upper rear 
corner of the low voltage control compartment. After opening the 
isolation switch and before opening the medium voltage door, the 
switch should be visually examined through the viewing window to 
verify that it is in the open position. Three green and white “barber 
poles” will be visible when the switch is in the open position and 
the shutter assembly is in the isolating position. See Figure 4 for 
location of barber poles. The use of a flashlight will help in verifying 
the position of the barber poles. 

Isolation Switch 
Position View 
Window
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Figure 4. Shutter Closed 

� DANGER
DO NOT ENTER THE MEDIUM VOLTAGE STARTER COMPARTMENT WITH-
OUT VISUALLY VERIFYING THAT THE ISOLATION SWITCH IS OPEN AND
THE ISOLATING SHUTTER IS IN PLACE. ENTERING A COMPARTMENT 
WITHOUT THE ISOLATING SHUTTER IN PLACE MAY RESULT IN SEVERE 
INJURY OR DEATH.

Figure 5. Fixed Portion—ISO Switch

Figure 6. Removable Portion—ISO Switch

Power fuses

AMPGARD controllers are supplied with Eaton Type CLS, CLE, 
or HLE current-limiting power fuses. Fuses may be either bolt-in 
type or clip-in type. All fuses include an indicator that pops up when 
the fuse has blown. An optional blown fuse trip bar may be supplied 
with bolt-in fuses. The mechanism is mounted on the controller 
isolation switch and may be wired to trip the controller off-line in 
the event of a blown fuse.

Vacuum contactor

400A AMPGARD medium voltage controllers are supplied with 400A 
vacuum contactors. The contactors are supplied with one of two 
interrupting ratings: The standard contactor has an interrupting rating 
of 4500A, while the high-interrupting contactor has an interrupting 
rating of 8500A. The standard contactors are typically supplied on 
controllers with single-barrel main fuses (<188 FLA). They are also 
supplied when auxiliary contactors are required, such as start and 
run contactors on autotransformer starters and run contactors on 
reactor starters. High-interrupting contactors are supplied on 
controllers with double-barrel fuses. A code plate is provided in 
cells originally equipped with high-interrupting contactors to prevent 
the inadvertent installation of standard interrupting contactors into 
those cells.

Figure 7. SL Vacuum Contactor

Contactors are typically three-pole devices except in the case of the 
start contactor on autotransformer starters, which are normally two-
pole devices.

Refer to Instruction Book IB48018N for further details on the 
operation and maintenance of the vacuum contactors.

Controllers supplied as transformer feeders, or for other specialized 
applications, are sometimes supplied with contactors that include 
a mechanical latch device. Refer to Instruction Book IB48020
for further details on the operation and maintenance of the 
latch mechanism.

Safety interlocks

AMPGARD controllers are manufactured with several built-in inter-
lock provisions and safety features to reduce hazards and provide 
proper operating sequences:

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. Ensure that the medium 
voltage door is fully closed and latched using the two latches on 
the right side of the door to prevent damage to the interlock 
bracket on the back of the door

An additional interlock prevents closing of the switch unless the 
medium voltage door is closed (see MV door interlock plunger in 
Figure 8). On controllers that require two structures (reduced 
voltage starters, for example), the door to the second structure 
will also be interlocked with the switch-operating mechanism. The 
second door must be closed before the main door is closed. Both 
doors must be closed before the switch operator can be moved 
to the closed position

ote:N Attempting to close the switch with the door open can cause damage 
to the operating mechanism. 

Barber Poles 
Indicating 
Shutter 
Closed
Phase 
Barriers (4) 
for Double-
Barrel Fuses
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Figure 8. Handle Mechanism with Contactor and Door Interlocks

Mechanical and electrical interlocks are provided to ensure that the 
non-loadbreak isolation switch cannot be opened or closed unless 
the main contactor is de-energized. (See contactor interlock rod in 
Figure 8.) Do not attempt to force the switch-operating mechanism 
with the main contactor closed. The handle mechanism is designed 
to fail before the isolation switch can be opened with the main  
contactor closed. 

� CAUTION
APPLYING EXCESSIVE FORCE TO THE SWITCH HANDLE WITH THE 
MECHANICAL INTERLOCKS ENGAGED WILL RESULT IN DAMAGE TO  
THE SWITCH.

An electrical interlock is provided to disconnect the control power 
transformer secondary before the isolating switch stabs are  
disconnected from the controller line fingers. This interlock ensures 
that the switch is breaking transformer magnetizing current only.  
Do not connect additional loads to the controller isolating switch. 

� DANGER
IF LOADS GREATER THAN THE INTERRUPTING RATING OF THE SWITCH 
ARE CONNECTED TO THE SWITCH, EQUIPMENT DAMAGE, PERSONAL 
INJURY, OR DEATH MAY OCCUR.

An optional key interlock may be provided to lock the switch in the 
open position for special configurations. Refer to the specific order 
drawings to determine if key interlocks have been provided.

On reversing, two-speed, or autotransformer type starters,  
mechanical interlocks are provided to prevent two or more  
contactors from closing at the same time.

Low voltage control

The low voltage control compartment is located in a steel pocket in 
the medium voltage door. A low voltage door with up to four device 
panels provides access to the low voltage compartment with the 
medium voltage door closed. The low voltage compartment swings 
out of the way with the medium voltage door as it is opened,  
allowing access to the isolation switch, fuses, main contactor,  
and other starter components that are mounted behind the low  
voltage compartment.

A row of control terminal blocks is provided on the left side of the 
controller. They can be accessed by opening the low voltage door. 
The blocks are fixed mounted and remain in place when the medium 
voltage door is opened. Refer to Figures 9 and 10 for details.

Figure 9. Low Voltage Terminal Blocks, Medium Voltage  
Door Open

Figure 10. Low Voltage Terminal Blocks, Low Voltage  
Door Open

A test plug and receptacle are typically supplied inside the low 
voltage section. The receptacle is wired to the secondary of the 
controller control power transformer. Test power can be used to 
energize the control circuit by removing the plug from the receptacle 
and using a standard extension cord to energize the plug. Refer to 
Figure 11 for specific location.

Figure 11. Low Voltage Compartment with Test Plug

� DANGER
DO NOT CONNECT TEST POWER TO THE STARTER CONTROL CIRCUIT 
WITHOUT REMOVING THE PLUG FROM THE RECEPTACLE. FAILURE TO DO 
SO WILL RESULT IN A BACK-FEED CONDITION ON THE CONTROL POWER 
TRANSFORMER, WHICH WILL GENERATE HIGH VOLTAGE INSIDE THE  
CONTROLLER WITH THE ISOLATION DEVICE OPEN. HIGH VOLTAGE CAN 
CAUSE SEVERE INJURY OR DEATH.

Isolation 
Switch 
Drive Rod

Contactor 
Interlock 
Rod

MV Door 
Interlock 
Plunger

MV Door 
Hold-Down 
Interlock

Test Plug
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Current transformers

A three-phase current transformer (CT) is provided as standard on all 
starters. The standard mounting location for the CT is under the con-
tactor load connection assembly. The three CTs in the assembly are 
provided with the proper ratio and output burden to work properly 
with the overload relay supplied in the control compartment.

Figure 12. Standard CT Mounting

Main bus

AMPGARD lineups are typically supplied with copper main bus. The 
bus is located in a 12-inch-high bus compartment mounted at the 
top of the lineup. Bus may be rated 1000, 1200, 2000, or 3000A. 
The standard bus is uninsulated and tin plated. Optional insulation 
and silver plating are available. Bus specifications can be found on 
the job-specific order drawings.

Figure 13. Main Bus Compartment, Top View

The main bus compartment in a starter section includes vertical  
bus drops to connect the starter(s) to the main bus. Also included 
are wireways for routing of motor load and control cables to the  
starters below.

Installation
Handling

An AMPGARD controller is insulated for high voltages and must be 
protected against damage during handling. The controller should 
remain in an upright position at all times.

Exercise extreme care during any movement and placement  
operations to prevent dropping or unintentional rolling or tipping. 
AMPGARD medium voltage equipment may be moved by forklift,  
rollers, or overhead crane.

A forklift is usually the most convenient method of handling the  
controller. Use safety straps around the protective packaging  
material when handling the controller with a forklift. Insert the forks 
under the shipping skid. Do not allow the end of the forks to enter 
the bottom of the enclosure.

Rod or pipe rollers provide a simple method for moving the  
controller on a level floor. The bottom of the AMPGARD structure is 
designed to be rolled without damage on minimum 2-inch diameter 
rollers, four rollers per 36-inch section.

AMPGARD controllers are shipped with two steel lifting angles,  
one in front and one in back, running the full width of the shipping 
section. Back-to-back units also have one in the back and one in the 
front, running the full width of the shipping section. Select or adjust 
the rigging lengths to compensate for any unequal distribution  
of the load, and maintain the controller in an upright position.  
Some controller interiors may contain heavy equipment, such as 
transformers, that can make the center of gravity vary considerably 
from the center of the lineup. Do not allow the angle between 
the lifting cables and vertical to exceed 45 degrees. Do not pass 
ropes or cables through the lift holes. Use slings with safety hooks 
or shackles of adequate load rating.

Each controller is properly adjusted at the factory before  
shipment. However, vibration and mechanical stresses imposed 
by transit and installation can adversely affect mechanical  
interlocks and other adjustments; therefore, a final inspection  
is essential before energizing. If this inspection reveals any  
portion of the controller has come out of adjustment, the  
controller should be readjusted according to information in  
this instruction book or by a qualified Eaton service engineer.

Storage

If it is necessary to store an AMPGARD controller before installation, 
keep it in a clean, dry location with ample air circulation and heat  
to prevent condensation. Like all electrical apparatus, an AMPGARD 
controller contains insulation that must be protected against dirt  
and moisture.

Mounting

AMPGARD controllers should be installed on a non-combustible 
level surface of sufficient strength to properly support the control-
ler’s mass. After the lineup has been placed in position, anchor bolts  
may be installed and tightened. Refer to the job-specific order  
drawings for the bolt locations. The use of half-inch diameter bolts  
is recommended.

Equipment located in certain seismic zones must be anchored to 
meet the requirements of those zones. Refer to Eaton I.B. 48042  
for instructions on mounting in these special locations. It is the 
user’s responsibility to ensure the mounting pad is sufficiently strong 
to properly anchor and support the equipment.

When an order includes two or more shipping sections, the order 
outline drawing will show the sequence in which the sections are 
to be lined up and which shipping splits are to be joined. A bus bar 
splice kit and a connecting hardware kit are supplied for each open 
joint between sections. 

Place the first shipping split into position. Move the second  
shipping split into position alongside the first, and use the six or  
eight 3/8 x 1.50-inch bolts and companion hardware to connect the 
two sideplates. Place one flat washer under the bolt head and one 
flat washer and one lock washer under the nut. Tighten each bolt to 
25 lb-ft (33 Nm).

Bus splicing

Connect the bus bars using the splice kit, including hardware  
(3/8-inch diameter) that is provided with the equipment. Tighten 
bolts to 25 lb-ft (33 Nm).

Power connections

Incoming power connects to the lineup in a variety of ways. Cables, 
bus from other close-coupled equipment, busduct, and transformer 
shunts are some of the more common methods. Note that these 
connections may be energized even when the starter isolation 
switch or other switching devices are in the open position. 

Ground 
Fault CT

High-
Interrupting 
Contactor  
Code Plate

Phase Barriers (4)

Three-Phase CT

Ground Bus

Main Bus 
(3000A 
shown)

Vertical 
Bus

Low Voltage 
Conduit 
Space

Upper Starter 
Medium 
Voltage 
Conduit Space

Lower Starter 
Medium 
Voltage 
Conduit Space
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� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.

Review the order drawings supplied with the equipment for informa-
tion on the incoming connections for your specific equipment.

Ensure that all connections are tight and of the proper ampacity 
to carry the rated load. Cables should be properly supported and 
braced, with special attention to ensure that the insulation is  
protected from damage.

Load cable termination

Load cable terminations are typically located in the left rear of the 
controller compartment. Refer to Figure 14 for location details. 
In reduced-voltage starters, the terminations are located in the 
reduced-voltage compartment. Load cables may exit either the top 
or bottom of the structure. Ensure that the factory-supplied phase 
barriers are installed before energizing the starters. Failure to install 
the barriers can result in a flashover at the load connections.

Figure 14. Customer Load Connections, Shown with Optionally 
Supplied Lugs

In two-high controller arrangements, the cables from one controller 
must pass through the controller located either above or below. An 
isolated steel cableway is provided for these cables. Special barriers 
are provided to enhance this isolation. The order drawings will state 
if the factory construction was set up for top or for bottom entry of 
cables. If the actual entry of cables is different than the factory set-
ting, the special barriers can be removed and reinstalled in the other 
controller compartment to facilitate entry from the other direction.

Figure 15. Medium Voltage Cable Isolation Barriers

Top-exiting cables pass through the left rear area of the main bus 
compartment. For two-high construction, the cable area includes 
a barrier to isolate the cables from the two starters. The front area 
should be used for access to the top controller, the rear area should 
be used for access to the lower controller.

Figure 16. Medium Voltage Cable Conduit Area (View from Top 
Rear of Bus Compartment)

Control connections

Control wires may enter the enclosure from either the top or the 
bottom. For lineups with main bus, a low voltage wireway is located 
in the left front of the bus compartment to facilitate top entry of  
control wiring. For controllers where bottom entry is used, wires 
enter the lower left front of the enclosure. Refer to the order- 
specific drawings for specific locations for control wireways. 

Steel channels are provided for the isolation of control wires in two-
high construction. For top entry of control wires, the lower starter 
wiring should pass behind the channel in the upper compartment. 
For bottom entry of control wires, the top starter wiring should pass 
behind the channel in the lower compartment. The order drawings 
will state if the factory construction was set up for top or for bottom 
entry of control wires. If the actual entry of wires is different  
than the factory setting, the special barriers can be removed and 
reinstalled in the other controller compartment to facilitate entry 
from the other direction. Figure 17 below illustrates the barriers 
for top entry of low voltage wires. 

Figure 17. Low Voltage Terminal Blocks and Vertical Wireway

A fixed row of terminal blocks for control connections is located in 
the left front of the controller compartment. The starter isolation 
switch should be in the disconnected position and the medium  
voltage door open for wiring access to these terminal blocks.

When top entry of low voltage wiring is used, make sure that the 
wiring for the top starter is routed to the left and secured using wire 
ties as soon as possible to prevent interference with the low voltage 
control compartment when the medium voltage door is closed.

Some wiring may need to be connected to devices on the low  
voltage door or in the low voltage compartment. Wiring to these 
devices should come through one of the wire cutouts in the  
bottom left of the low voltage compartment. Make sure that there  
is sufficient slack in the wiring to allow the medium voltage door to 
open properly.

A horizontal low voltage wireway is located at the bottom front of 
each lineup. The equipment ground bus is also located in the wire-
way. This area may be used to route control wires that must pass 
from one structure to another.  

Move Barriers to Starter 
Above or Below if Cable 
Entrance is Different from 
Factory Configuration

Low Voltage 
Wireway  
Barriers (move 
to lower starter 
if bottom entry)

Low Voltage Wire 
Space from Bus  
Compartment

Terminal 
Blocks
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Figure 18. Horizontal Wireway and Ground Bus 

Setting of adjustable protective devices

AMPGARD controllers may contain protective devices, such as 
solid-state motor protection relays, overcurrent relays, incomplete 
sequence timers, and other devices, critical to the proper operation 
of the starter. Due to the wide variation in job site parameters, these 
devices are not set at the factory. It is the purchaser’s responsibility 
to ensure that all adjustable devices are properly set before energiz-
ing the equipment. Warranty is void if adjustable devices are not 
properly set prior to initially starting the equipment.

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.

Ground 
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification
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I.B.48021Cutler-Hammer

Instructions for 36" Wide Vacuum-Break Starters Rated 200 and
400 Amperes, 7200 Volts, Roll-Out Type with SL Contactor

HAZARDOUS VOLTAGE.

READ AND UNDERSTAND THIS MANUAL IN ITS EN-
TIRETY BEFORE INSTALLING OR OPERATING CON-
TROLLER. INSTALLATION, ADJUSTMENT, REPAIR AND
MAINTENANCE OF THESE CONTROLLERS MUST BE
PERFORMED BY QUALIFIED PERSONNEL. A QUALI-
FIED PERSON IS ONE WHO IS FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIP-
MENT AND THE HAZARDS INVOLVED.

THE CONTROLLER
Each Ampgard® motor starter (controller) consists of one
nonload-break isolating switch, one or more Type SLA,
vacuum-break contactors, current-limiting fuses, a set of
current transformers, and some form of overload protection.
The isolating switch has a limited make and break rating,
suitable only for closing and opening limited magnetizing
current loads.  The controller is designed to start, stop and
protect a three-phase medium-voltage motor within the
ratings shown in Table I.  The controller may also be used to
switch transformer windings or other medium voltage loads.
Each Ampgard® controller occupies all or a portion of a steel
structure that may also enclose a horizontal bus system to
distribute power to two or more sections and a vertical bus
system in each section connected to the horizontal main bus
system. The controllers are configured for full-voltage or
reduced-voltage starting, reversing or nonreversing, single-
speed or two-speed applications.

Fig. 1 Ampgard® Motor Controller, 36" Wide

DANGER

System Voltage 2400V 3300V 4160V 6600V
 SLA –200 amp

Induction Motor 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor  (0.8 PF) 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor (1.0 PF) 1000 HP 1250 HP 1750 HP 2750 HP
Transformer 7500 KVA 1000 KVA 1250 KVA 2000 KVA

 SLA – 400 amp
Induction Motor 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor  (0.8 PF) 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor (1.0 PF) 2000 HP 2500 HP 3500 HP 5500 HP
Transformer 1500 KVA 2000 KVA 2500 KVA 4000 KVA

Max. Interrupting 4500 Amps (SL-200)
  Current (3 OPS.) 8500 Amps (SL-400)
Rated Current 200 A Enclosed (SL-200)

400 A Enclosed (SL-400)
Max. Rated Voltage 7.2kV
Making/Breaking Capacity4000 amps
Short Time Current

30 Sec. 2400 A
1 Sec. 6000 A
8.7 MS (0.5 Cycle) 63kA Peak

(I2t=5.89mega-joules)

Arcing Time 12 mS (0.75 Cycle) or Less
Pickup Voltage 80% Rated Coil Voltage
Dropout Voltage 60% Rated Coil Voltage
Control Voltages Selectable:

AC 110-120, 220-240  50/60Hz
DC 125

Control Circuit Burden
Closing (AC)/(DC) 600VA (200 Milliseconds)
 Holding (AC)/(DC) 30 VA

Auxiliary Contact Rating
Voltage (Max) 600 V
Continuous Current 10 A
Making Capacity (AC) 7200 VA

(DC) 125 VA
Breaking Capacity (AC) 720 VA

(DC) 125 VA
Min. Voltage/Current 5V/100mA
Latch (when Specified)
Mechanical Life 250,000 operations
Trip Voltage (DC) 24 Volts

(DC) 125 Volts
(AC) 110/120 volts

Min.  Trip Voltage 80% Rated Coil Voltage
Trip Burden

(24 VDC) 100 VA
(125 VDC) 200 VA
(110 VAC & 120 VAC) 150 VA

Trip time 30 M sec (2 cycles)

Mechanical Life 2,500,000 Operations
Electrical Life 300,000 Operations
BIL 60 kV (1.2 x 50 Microseconds)
Dielectric Strength (60 Hz) 20 kV (1 Minute)
Closing Time 80 Milliseconds

(Energization To
Contact Touch)

Opening Times 30 to 250 Milliseconds
Dip Switch Selectable
Refer to Table IV

TABLE I: APPLICATION DATA
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THE CONTROLLER (Cont.)
While this instruction booklet is dedicated to full-voltage
starting, the other applications listed are an expansion of
the same principles shown.

MEDIUM-VOLTAGE COMPONENTS
The flow of current through a vacuum-break controller
(starter) can be traced by referring to the lower portion of
Figure 4, where the controller is shown in the energized
position.  The line stab assembly mounted at the back of
the enclosure also serves as the controller line terminals
(1).  The stabs themselves are engaged by the fuse jaws
(2) of the isolating switch which is mounted on rails at the
top of the cell compartment.  The line ferrules (3) of the
current-limiting motor-starting power circuit fuses (4) clip
into the fuse jaws, and the load ferrules (5) fit into the fuse
holders (6) which are part of the contactor line terminals.
Current flow through the contactor is from the load ferrules
of the power circuit fuses, through the contactor line bus
(7), and the vacuum interrupters (bottles) of the contactor
(8), to the contactor load terminals (9).  The contactor is
mounted on rails in the lower part of the cell, immediately
adjacent to the current transformers, which are bolted to a
panel on the side of the enclosure.  Spring loaded contact
jaws mounted on the contactor load terminals plug into the
lower stab assembly (10), providing a convenient connec-
tion through the current transformers to the motor (load)
terminals mounted on the left-hand side wall of the enclo-
sure.  Instrument quality potential transformers (when
furnished) are mounted to the right side sheet of contactor.

Fig. 2  SLA Contactor & Isolating Switch Interlock

LOW-VOLTAGE CONTROL COMPONENTS
The low-voltage components consisting of an interposing
relay,  protective relays, and optional equipment are
generally mounted on a slide-out panel.  The single-phase
control power transformer is bolted to the contactor frame.
The capacity of this transformer ranges from 600 VA to 2
kVA, depending upon voltage, frequency and extra
capacity requirements.  The primary of the control power
transformer is connected to the line through the power
circuit fuse assembly, and is protected by two additional
low rating current-limiting fuses  mounted on the contactor.
See Figure 6.  The secondary of the control power trans-
former supplies power to the 120 (or 240) volt grounded
control circuit through a secondary fuse mounted next to
the test-run plug.

The slide-out panel and attached door constitute the low-
voltage compartment for most Ampgard motor controllers.
This panel and door combination may be removed from
the base enclosure by first removing four machine screws
from the top and bottom rail bayonets on the back side of
the panel and lifting the panel until the bayonets clear their
slots.  These screws must be replaced when the panel is
reinstalled to maintain stability.  Pull-apart terminal blocks
permit mechanical and electrical separation from the
contactor.  See Figure 3.

To energize the primary of the control power transformer,
the contactor must be inserted into the enclosure, the
power circuit fuses must be installed, and the isolating
switch must be closed.
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Fig. 3  Low-Voltage Compartment

For convenience during maintenance, when it may be
desirable to energize the contactor or the control circuit, a
test-run plug is provided.  WITH THE ISOLATING SWITCH
OPEN, disconnect the plug from the socket and plug it
into a 120 volt single phase polarized extension cord (or
240 volt when specified).  See Figure 6.
Disconnect this temporary circuit and restore the plug to
its socket on the contactor before returning the unit to
service.
DOOR INTERFERENCE
The SLA contactor is equipped with a projection bar
attached to the upper front edge of the right-hand
sidesheet.  Its function is to ensure that the contactor is
properly racked into position by providing an obstacle to
door closure if the load jaws are not fully engaged with the
load stabs.

DO NOT OPERATE CONTACTOR IF THE DOOR INTER-
FERENCE PREVENTS DOOR CLOSING.
LOW-VOLTAGE CUTOFF SWITCH
Two auxiliary switches are installed behind the operating
handle housing of the isolating switch and are used to
disconnect the load of a control power transformer, space

heaters, or other auxiliary circuits.  Each of these auxiliary
switches has an inductive load rating of 20 amperes at not
greater than 250 VAC.  These auxiliary contacts operate
within the first five degrees of movement of the isolating
switch handle.  At least one of the normally-open contacts
of these switches disconnects the control power trans-
former from its load.
ISOLATING SWITCH
Each Ampgard® isolating switch is a medium-voltage,
three-pole, manually operated device.  It consists of an
operating mechanism and a sliding tray mounted between
two steel end plates.  The sliding tray is molded insulating
material and carries three sets of fuse jaw finger assem-
blies.  One end of the fuse jaw finger   assembly grips the
upper ferrule of the power fuse while the other end en-
gages the line stab.  In the switch open position, the three
fuse jaw fingers are grounded.  Arc resistant and flame
retarding insulating barriers are mounted between phases
and also between the two outside poles and the isolating
switch end plates.
This isolating switch is a nonload-break device.  It must
never close or interrupt a power load.  However, it does
have a limited capacity for interrupting the single-phase
control power and potential transformers exciting current.
In terms of transformer ratings, the maximum load is the
equivalent of an unloaded (exciting current only) 6 KVA
transformer.
An Ampgard® starter is shipped with the isolating switch in
the ON position (Figure 5, View A).  The isolating switch
handle is operated by moving it through a vertical arc from
the ON to the OFF position.  From the OFF position, it can
be rotated 90° counterclockwise to the HORIZONTAL
position, the door-open position (Figure 5, View D).
In both the ON and OFF positions, a portion of the handle
housing extends over the door to the medium-voltage
compartment, preventing this door from being opened.  To
open this door, the handle must be moved to the HORI-
ZONTAL position.
With the handle in the OFF position, up to three padlocks
can be used to lock out the switch, preventing the handle
from being moved to either the ON or the HORIZONTAL
position.  This locked position prevents both unauthorized
entry into the medium-voltage compartment and acciden-
tal closing of the isolating switch while maintenance work
is being done.  From the HORIZONTAL position, the
handle cannot be moved to the ON position without first
moving to the OFF position.
FUSE SELECTION AND COORDINATION
Fuse selection is dependent on motor locked rotor current,
acceleration time, and full load current.  To prevent fuse
fatigue it is recommended that the minimum melting time
of the fuse always exceed the locked rotor current times a
safety factor of 1.25 at the motor acceleration time.  The

WARNING
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Fig. 4  Ampgard® Components, Two Starters (Controllers) Shown
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motor full load current must always be less than the fuse
continuous current rating. Cutler-Hammer selects fuse
ratings based on the following assumptions: 1) Locked
Rotor Current is equal to 6 times Full Load Current, and 2)
Acceleration time is 10 seconds at full voltage.
During high-power testing the SL-400 contactor was
confirmed to properly coordinate with Cutler-Hammer Type
CLS current limiting motor starting fuses.  Tests were
conducted with 5.08kV-24R and 7.2kV-24R fuses.  The
contactor successfully withstood the let-through energy of
each fuse for a 50kA available symmetrical fault at the
rated voltage of the fuse.  Maximum let-through occurred
with the 5.08kV fuse.  The maximum observed current
was a 63kA peak, with I2t equal to 5.89 mega-joules. The
SL-200 Contactor will coordinate with Cutler-Hammer Type
CLS fuses rated 5.08kV-12R and 7.2kV-12R.
Proper coordination must be maintained between the
contactor interrupting rating, contactor dropout time, and
the total clearing time of the main fuse.  Care must be
exercised when selecting the dropout time setting on the
contactor control board.  The contactor must not open on
a fault greater than it’s rated interrupting current.  By
holding the contactor closed for the appropriate time, the
fuse will clear if the fault current exceeds the contactor
rating.  Delays in relay settings should not be included in
the calculation since it is likely that the voltage will
collapse and allow the contactor to drop open no matter

Fig. 6  Type SLA Contactor, Front View

CONTROL POWER
TRANSFORMER
PRIMARY FUSES (2)

CONTROL POWER
TRANSFORMER
(CPT)

TEST-RUN PLUG

CONTROL POWER
TRANSFORMER
SECONDARY FUSES

POWER CIRCUIT
FUSE CLIPS

CONTACTOR PORTION
OF MECHANICAL
INTERLOCK

CONTROL
RECEPTACLE

Fig. 5  Isolating Switch Handle Positions

The operating handle has three distinct positions.

In the ON position (A), the isolating switch is closed, the
door is interlocked shut, and the starter may be energized.

In the OFF position (B), the isolating switch is open, the
door is interlocked shut, and the starter is de-energized and
grounded.

With the handle rotated 90° counterclockwise (C) to the
HORIZONTAL position (D), the isolating switch is open, the
starter is de-energized and grounded, and the door may be
opened.

A B

C D

Four Screws

�
�

�
�
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TABLE II.  FUSE APPLICATION TABLE FOR SL-200 AND SL-400 CONTACTORS

SL-200
Motor FLA Voltage Fuse Rating Min Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 130
137-187 151D933G02 230-12R 130
187-200* 151D933G02 230-12R                    130 * For FLA > 187, Max Accel Time = 3.5 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 60
137-200 151D963G07 230-12R 250

SL-400
Motor FLA Voltage Fuse RatingMin Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 30
137-187 151D933G02 230-12R 30
187-244 151D933G03 390-18R 60
244-360 151D933G04 450-24R 130
360-400** 151D933G04 450-24R                    130 ** For FLA > 360, Max Accel Time = 6 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 30
137-187 151D963G07 230-12R 30
187-273 151D963G10 390-18R 60
273-400 151D963G11 450-24R 250

Note: Fuse selections based on LRC = FLA x 6, accleration time of 10 seconds except where noted.
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THE CONTACTOR
Magnetically Held Contactor
The  contactor consists of a base SL contactor mounted
between steel sidesheets with fuse mounting provisions,
mechanical interlocks, and other components to form an
integrated contactor truck assembly.  The base contactor is
mounted in the horizontal position between the sidesheets.
Refer to Figure 2 and 6 for details.

DUE TO ELECTRICAL CLEARANCE REQUIREMENTS,
THE FOUR PHASE BARRIERS SUPPLIED WITH THE
CONTACTOR MUST BE INSTALLED BEFORE THE
CONTACTOR IS ENERGIZED. WHERE NO POWER
FUSES ARE MOUNTED ON THE TOP OF THE
CONTACTOR, AS IN THE CASE OF A REDUCED
VOLTAGE CONTACTOR, NO BARRIERS ARE REQUIRED.
A return spring located behind the moving armature plate
(Figure 7) holds the contactor in the open position with the
main coils deenergized.
The contactor is closed by energizing the contactor control
board with the appropriate control voltage at terminals 1 and
2.  The control board rectifies the input voltage and applies a
pulse width modulated DC output voltage to the coils.  The
output voltage is approximately full voltage for the first 200
milliseconds after energization during which time the
contactor closes and seals.  The output voltage is then
automatically reduced to approximately 15 VDC to maintain
the contactor in the closed position.

CAUTION

what the setting of the relay.  The standard factory
dropout setting is 130 ms (8 cycles).  Table II lists the
minimum recommended dropout times for coordination
with the available ratings for main power fuses supplied
with Ampgard starters.
For more information, refer to Cutler-Hammer Application
Data 36-693 which includes minimum-melt, total clearing,
and let-through curves for Type CLS motor fuses.

ENCLOSURE
These Ampgard®  motor controllers are supplied in cells
assembled into floor-mounted enclosures. These enclo-
sures are 36 inches wide x 30 inches deep x 90 inches high
(92 cm wide, 76 cm deep, and 229 cm high). Each 90-inch
high enclosure accommodates one or two Ampgard®

starters depending upon the requirements. Complex
controllers such as reduced-voltage starting require more
than one 36" wide section. A 10-inch (25-cm) high horizon-
tal bus enclosure can be added at the top which increases
the total enclosure height to 100 inches (254 cm).

Fig. 8  Contactor closed

Fig. 7   Contactor open

The coil cores are magnetized which rotates the armature
shaft, moving armature, and operating plate.  As the
operating plate moves toward the coil cores, the main
contacts close.  The plate continues to move an additional
distance (known as overtravel) which allows for contact
preload and wear (Figure 8).
When control power is removed from the control board the
SL is held closed for a preset time and then opens.  The
range of time between the removal of control power and
contact opening is from 30 to 250 milliseconds.  The time
can be adjusted for such factors as fuse coordination and
voltage loss ride-through.  Unless otherwise specified, the

Operating Plate

Return Spring

Armature Shaft

Moving
Armature

Stop
Assembly
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Overtravel
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Mechanically Latched Contactor
The mechanically latched contactor is closed in the same
manner as the magnetically held contactor.  After the
contactor is electrically closed, a mechanical latch is
engaged that holds the moving armature plate in the closed
position.  Power should then be removed from the control
board by a N.C. auxiliary contact.
To open the contactor, the unlatch coil is energized with the
appropriate control voltage.  The coil engages a release lever
on the latch mechanism.  The contactor is then forced
opened by the return spring.
Auxiliary Contacts
An operating lever attached to the rotating shaft operates a
set of auxiliary contacts located on the bottom right of the
contactor.  The standard configuration is 2NO-2NC contacts.

TABLE III. CONTROL BOARD VOLTAGE SETTINGS

TABLE IV. CONTROL BOARD DROPOUT SETTINGS

Fig. 10  Coil Control Board with Dipswitch

Fig. 9  Coil Control Board Removal

factory default setting is 130 milliseconds, or approximately
8 line cycles (60Hz).  Refer to section on Fuse Selection
and Coordination for more information on selecting the
correct dropout time.
As the moving armature is rotated to the open position by
the return spring, it impacts the stop assembly located at
the front of the contactor (Figure 7).  The stop assembly
absorbs much of the kinetic energy of the moving armature
and reduces the over-travel of the vacuum interrupters as
the contactor is forced open.
A selectable dipswitch is located on the control board for
setting the control voltage level and the contactor dropout
time (Figure 10).  The control board must be removed from
its cavity in the contactor housing to gain access to the
dipswitch (Figure 9).  Table III lists the available voltage
settings and Table IV lists the available dropout settings.

Dip Switch
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The auxiliary contacts are rated 600VAC, 10 amps con-
tinuous.  Minimum ratings are 5 volts, 100 milliamps.
Grounding
A contactor ground clip is attached to the left rear sidesheet
of all main contactors.  A formed steel cover protects the
clip to help minimize the likelihood of damage to the clip.
Care should still be exercised when handling the contactor
to prevent damage.  A ground bar mounted on the rear of the
left frame rail engages the clip when the contactor is
inserted into the starter compartment.  Refer to Figure 11.

Before initial startup and after any procedure where the
contactor has been removed from the starter cell, insure that
the contactor ground clip properly contacts the ground bar.
Code Plates
200 Amp contactors should not be inserted into 400 amp
cells.  All 400 amp starters with SL contactors include a
code plate attached to the inside of the left contactor rail.
200 amp SL contactors include an interference rod that will
engage the code plate in a 400 amp starter cell, preventing
the contactor from being installed. Refer to Figure 12.

Fig. 11 Ground clip assembly

Fig. 12   Code plate in 400 amp cell preventing 200 amp
contactor from being inserted.

SWITCH-CONTACTOR INTERLOCK
Ampgard® motor control always includes a mechanical
interlock that is designed to prevent the isolating switch
from closing with the contactor already closed, and to
prevent the contactor from closing while the isolating
switch is being opened.
One of the features of Ampgard roll-out motor control is
the interlocking of the contactor and isolation switch with a
mechanical interlock that does not require mechanical
disassembly to separate the components that are inter-
locked.  See Figure 13.
With the isolation switch either fully closed or fully open
and the contactor open, all interlocks are neutral. See
Figure 13.  With the contactor closed the yoke rotates and
blocks the interlock arm from moving. The interlock arm in
turn prevents the isolation switch cam from rotating.  If

WARNING

DO NOT ATTEMPT TO FORCE A 200 AMP CONTACTOR
INTO A 400 AMP CELL, DAMAGE TO THE CELL AND/OR
CONTACTOR COULD OCCUR.

Fig. 13  Contactor Open, Interlocks Neutral
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CAUTION

OTHER MECHANICAL INTERLOCKS
Before putting an Ampgard® controller into service,
become familiar with all the mechanical interlocks.
Line Stab Insulating Shutter
When an Ampgard® isolating switch is installed, both a
shutter and a rear line stab barrier are in place in the
controller structure and are intended to prevent accidental
access to the line bus.  As the isolating switch is opened,
the sliding tray (Figure 15) mechanically drives the insulat-
ing shutter closed across the three line stab openings in the
rear barrier.  As the shutter closes the openings, green and
white striped labels are uncovered to visually indicate that
the shutter is closed.  With the isolating switch in the fully
open position, the fuse jaw finger assemblies and the line
side of the main fuses are connected to the ground bar.

When the isolating switch is removed from the starter
structure, a latch lever (“32,” Figure 16) on the shutter
assembly is activated.  It is designed to hold the insulating
shutter closed.  This latch may be deliberately bypassed
and the shutter moved to the open position.

UNDER THESE CONDITIONS THE EXPOSED LINE
TERMINAL STABS OF THE STARTER MAY BE ENER-
GIZED AT LINE POTENTIAL.

Fig. 15  Sliding Tray Mechanism of 400 Ampere Isolating
Switch

operation of the isolation switch handle is attempted,
interlocks inside the switch prevent switch operation since
the cam cannot rotate.  The handle cannot be moved.
As the isolation switch handle is operated (with the
contactor open), a cam rotates down, depressing the
interlock arm on the contactor.  The depressed interlock
arm blocks the yoke from rotating, which prevents the
contactor from closing. See Figure 14.  When the switch
reaches the fully open or closed position, the cam rotates
up, allowing the contactor to close.
The purpose of this interlocking is to prevent the
accidental closing or opening of the isolation switch while
the contactor is closed, and to prevent the closing of the
contactor if the isolation switch is not fully open or
closed.  Neither closing or opening of the isolation switch
under load is safe.
There is an auxiliary switch located behind the isolation
switch faceplate that is operated when the front switch
handle is moved from the closed to the open position.
The auxiliary switch is wired into the control circuit and
disconnects control power during the first 10 degrees of
rotation of the front handle.  Pulling on the switch handle
will operate the auxiliary switch, disconnect control power,
and allow the main contactor to drop out (if it is closed).

Fig. 14  Contactor Interlocked Open by Isolation Switch



I.B. 48021 Page 11

Effective 11/99

from the secondary of the control power transformer.  This
male test plug can be plugged into a standard polarized
120-volt (or 240-volt, depending on coil voltage rating)
extension cord socket for testing the control circuit and any
sequence without energizing the medium-voltage controller
at power circuit voltage.  When the male plug is transferred
to the extension cord, it automatically disconnects from the
control power transformer to prevent feedback of high
voltage into the power circuits.  Check to be sure no
inadvertent bypass of this arrangement has been made in
the wiring before relying on this safety feature.
CONTACTOR HANDLING
Each contactor weighs about 125 pounds (57 kilograms).
A horizontal bar is provided at the front for pulling the
contactor out of its cell, or for pushing it back into place.
When a type SLA contactor is installed in a medium-
voltage controller it can be moved to a drawout position or
removed from the enclosure as follows:

When the isolating switch is replaced in the structure, the
latch member is automatically released to allow the
shutter to operate normally.
As a final precaution before touching any of the electrical
parts of the starter, visually check to make certain that
the shutter is closed, the green and white striped labels
are visible, the grounding fingers are in contact with the
ground bar, and the tips of the fuse fingers are visible.
Door Interlock
With the isolating switch handle in the HORIZONTAL
position, the door to the medium-voltage compartment can
be opened.  As soon as the door opens, a mechanical
interlock becomes effective.  It is designed to prevent the
user from accidentally operating the isolating switch handle
and closing the starter on to the line with the door open.
This interlock is a spring-loaded plunger located just below
the handle housing.  This prevents the handle from being
accidentally returned to the OFF position.  This interlock
may be deliberately bypassed by depressing the plunger
with a screwdriver so that the handle can be moved to the
OFF position to observe the operation of the isolating
switch during installation or maintenance.  To do this, it is
necessary to deliberately bypass the interlock.  The handle
must be returned to the HORIZONTAL position by again
depressing the interlock plunger before the door can be
closed.  The operator must be aware of what he is doing
and take appropriate safety precautions.
CONTACTOR-MOUNTED COMPONENTS
To simplify installation and servicing, a number of related
components may be mounted on the Type SLA contactor
chassis:  a control power transformer with test plug and
fuses, primary fuses for the control power transformer, 3-
phase potenial transformer, and load side fuse clips for the
power circuit fuses.  See Figure 6.  The test-run plug is
used to connect to an auxiliary source of control voltage
when it is not inserted into the receptacle that is the output

Fig. 16  Shutter Operating Mechanism

WARNING: ALL WORK ON THIS CONTACTOR SHOULD
BE DONE WITH THE MAIN DISCONNECT DEVICE
OPEN. AS WITH ANY CONTACTOR OF THIS VOLTAGE,
THERE IS DANGER OF ELECTROCUTION AND/OR
SEVERE BURNS. MAKE CERTAIN THAT POWER IS
OFF. CHECK FOR VOLTAGE WITH VOLTAGE SENSOR
OR A METER OF THE APPROPRIATE RANGE.
1. If removal is planned, provide a lift truck or suitable

platform to receive the contactor as it comes out. See
that the shipping clamp is no longer in place.

2. Make sure all circuits are deenergized.
3. Remove the three power circuit fuses using the fuse

puller supplied with the starter.
4. Disconnect the 12-point control plug and stow it so

that the cable will not be damaged.  Disconnect the
two 3-point plugs on the right front of the isolating
switch. Disconnect the PT secondary plug, if supplied.

5. Release the latch on the left side by holding it upward
(using your foot if desired, when unit is at floor level).

6. While holding the latch up, pull the contactor outward.
It will roll forward and should re-latch at a detent
position, partially out of the cell.

7. To remove the contactor completely, reverse the latch,
pressing it downward.  The contactor can then be
rolled out of its cell.

Once the contactor is on the floor, it can be moved easily
by means of a short length of 0.75-inch (19.1-mm) pipe
inserted into a bracket on the front of the left side sheet.
The contactor can be pushed or pulled like a wagon in this
manner.

DANGER
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When there is access space behind the installation, the
rear panel of the enclosure can be removed to facilitate
wiring.  Adequate space has been provided at the rear of
the enclosure for medium-voltage line and load cables,
while low-voltage cables may be conveniently arranged
near the right-hand enclosure wall.

CAUTION

START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller
into service, study the wiring diagram and instruction
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.

The four lower corners of the contactor side sheets are cut
at 45°.  When the contactor is on a level firm work surface,
it can be temporarily tilted backward or forward off its
wheels onto these 45° pads for easy inspection.  Do not
leave contactor in this position unless actually being
inspected.

To reinstall, reverse the procedure.

INSTALLATION
This industrial type control is designed to be installed by
adequately trained and qualified personnel with appropriate
supervision.  These instructions do not cover all details,
variations, or combinations of the equipment, its storage,
delivery, installation, check-out, safe operation, or mainte-
nance.  Care must be exercised to comply with local,
state, and national regulations, as well as safety prac-
tices, for this class of equipment.  See START-UP PRE-
CAUTIONS. For site preparation and general information
regarding receiving, storage, and installation see I.B.
48001.

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO
SECURE IN PLACE. READ THE HANDLING
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
Medium-voltage motor controllers are extremely heavy
and the moving equipment used in handling must be
capable of handling the weight of the motor controller.

Confirm this capability prior to starting any handling
operations with the controller.

INSTALLATION

The motor controller should be kept in an upright position
unless specific instructions to the contrary are provided
with the controller.

After a level installation site has been prepared, the
Ampgard®  assemblies positioned and fastened in place,
and protective packaging removed, the individual control-
lers can be disassembled to permit access to conduit and
complete wiring.  Step-by-step disassembly procedures
are shown on Pages 14, 15, and 16.  Following the recom-
mended procedures will save time. All cable connections
can be made by access through the front of the enclosure.
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Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)
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G

F H B D A

E
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View

Manual charging handle

Close pushbutton

Open pushbutton
Open-closed indicator

Charged-discharged indicator

Pull handle

Rating Nameplate

Front cover

Figure 3: Circuit Breaker–Rear View

Vacuum Interrupter

Pole assembly

Pushrod stud

Pivot block

Primary disconnect

Code plate

Secondary disconnect
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed

Operating mechanism

Closing springs

MOC linkage

Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed

MOC roller

Terminal bar

Operating mechanism

Drive bar

Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View
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Ratchet assembly

Auxiliary switch

Gear box assembly



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 4—Product Overview

© 1996–2008 Schneider Electric All Rights Reserved. 17

E
N

G
L

IS
H

Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View
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Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Installation

The first steps in applying the SEL-487B relay are installing and connecting the 
relay. This section describes common installation features and particular installa-
tion requirements for the physical configurations of the SEL-487B. You can 
order the relay in panel-mount or rack-mount versions, in a 9U horizontal orien-
tation, with as many as four interface boards, or in a 7U version, with as many as 
two interface boards. This section contains drawings of typical ac and dc connec-
tions to the SEL-487B (Figure 2.42 and Figure 2.43). Use these drawings as a 
starting point for planning your particular relay application.

To install and connect the relay safely and effectively, you must be familiar with 
relay configuration features, options, and relay jumper configuration. You should 
plan relay placement, cable connection, and relay communication carefully.

Consider the following when installing the SEL-487B:

➤ Shared Configuration Attributes on page 2.1

➤ Plug-In Boards on page 2.13

➤ Jumpers on page 2.15

➤ Relay Placement on page 2.21

➤ Connection on page 2.23

➤ AC/DC Connection Diagrams on page 2.46

It is also very important to limit access to the SEL-487B settings and control 
functions by using passwords. For information on relay access levels and pass-
words, see Access Levels and Passwords on page 3.7 in the SEL-400 Series 
Relays Instruction Manual.

For more introductory information on using the SEL-487B, see Section 2: PC 
Software and Section 3: Basic Relay Operations in the SEL-400 Series Relays 
Instruction Manual.

Shared Configuration Attributes
There are common or shared attributes among the many possible configurations 
of the SEL-487B. This section discusses the main shared features of the relay.

Relay Sizes
SEL produces the SEL-487B in a 9U panel-mount or rack-mount version, hori-
zontal orientation, or in a 7U panel-mount or rack-mount version. The 9U version 
is capable of supporting as many as four optional I/O boards, and the 7U version 
is capable of supporting as many as two optional I/O boards.
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Front-Panel Templates
The front-panel template is shown in Figure 2.1. The SEL-487B front panel has 
three pockets for slide-in labels: one pocket for the Target LED labels and two 
pockets for the Operator Control labels. Figure 2.1 and Figure 2.2 show the front-
panel pocket areas and openings; dashed lines denote the pocket areas.

                    
                    

Figure 2.1 Front-Panel Diagram, Panel-Mount Option, 9U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3560d
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Rear Panels 
Figure 2.3 and Figure 2.4 show examples of a rear panel with fixed terminal 
block analog inputs.

Connector Types
Screw-Terminal Connectors–I/O and Battery Monitor/Power

Connection to the relay I/O and Battery Monitor/Power terminals on the rear 
panel is through screw-terminal connectors. You can remove the entire screw-ter-
minal connector from the back of the relay to disconnect relay I/O, dc battery 
monitor, and power without removing each wire connection. The screw-terminal 
connectors are keyed (see Figure 2.21), so you can replace the screw-terminal 
connector on the rear panel only where you removed the screw-terminal connec-
tor. In addition, the receptacle key prevents you from inverting the screw-terminal 
connector. This feature makes relay removal and replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom two rows of 
the relay rear panel. You cannot remove these terminal blocks from the relay rear 
panel. These terminals offer a secure high-reliability connection for PT and CT 
secondaries.

                    

Figure 2.2 Front-Panel Diagram, Panel-Mount Option, 7U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3879a
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Connectorized

The Connectorized SEL-478B features receptacles that accept plug-in/plug-out 
connectors for terminating PT and CT inputs. This requires ordering a wiring 
harness (SEL-WA0487B) with mating plugs and wire leads. Figure 2.5 shows the 
relay with Connectorized CT and PT analog inputs. (See Connectorized on 
page 2.30 for more information.)

Time-Domain Link
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The TiDL (EtherCAT) SEL-487B has eight fiber-optic EtherCAT connections 
instead of the standard CT and PT analog inputs (see TiDL (EtherCAT) Connec-
tions on page 2.32 for more information).

                    
                    

Figure 2.3 Rear-Panel Diagram of SEL-487B With Four Interface Boards (9U Version)
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Figure 2.4 Rear-Panel Diagram of SEL-487B With Two Interface Boards (7U Version)
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Secondary Circuits
The SEL-487B presents a low burden to the CT and PT secondaries (see Specifi-
cations on page 1.11). 

The relay accepts 21 analog current inputs from the power system. CT inputs are 
labeled as follows: I01, I02–I21. Because the relay impedance is low, the current 
elements can be wired in series with current elements from other relays. 

                    

Figure 2.5 Rear-Panel Diagram of SEL-487B Connectorized Boards (7U Version)

                    

Figure 2.6 EtherCAT Board for TiDL
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WARNING

Figure 2.7 shows the CT connections of the A-phase unit in a three-relay applica-
tion. Current Input IA01 enters the relay at Terminal Y01 and leaves the relay at 
Terminal Y02 for input to other relays. 

Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

                    

Figure 2.8 shows the CT connections if the SEL-487B is the last relay in the CT 
circuit. For a single-relay application, Current Input IA enters the relay at Termi-
nal Y01, Input IB at Terminal Y03, and Input IC at Terminal Y05. Form the wye 
or star point by connecting Terminals Y02, Y04, and Y06 together and include 
the return wire to the CT on any one of these three terminals.

                    

Figure 2.9 shows the CT connections for a single-relay application when other 
devices are connected downstream of the SEL-487B. Current Input IA enters the 
relay at Terminal Y01 and leaves the relay at Terminal Y02 for input to other 
devices. B-phase and C-phase are wired similarly.

                    

Figure 2.7 CT Connections for a Three-Relay Application

                    

Figure 2.8 CT Connections for a Single-Relay Application When the SEL-487B 
Is the Last in the CT Circuit

IA01 IA02 IA03

A-Phase Unit

IA IB IC IN
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For 5 A relays, the rated nominal input current, INOM, is 5 A. For 1 A relays, the 
rated nominal input current, INOM, is 1 A. Continuous input current for both relay 
types is 3 • INOM (or 4 • INOM at +55°C). See AC Current Inputs (Secondary Cir-
cuits) on page 1.11 for complete CT input specifications.

The relay also accepts one set of three, six-wire potentials from power system PT 
secondaries at inputs V01, V02, and V03. The nominal line-to-neutral input volt-
age for the PT inputs is 67 volts with a maximum voltage rating of 300 volts and 
a burden of less than 0.1 VA at 125 V, L-N. The PT inputs and elements are inde-
pendent of each other for both the single-relay or three-relay applications.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

Relays that use the TiDL (EtherCAT) system do not contain secondary circuits on 
the relay. The secondary circuit uses an SEL-2240 Axion to supply the voltages 
and currents through a direct fiber link; however, the nominal current must be 
selected to appropriately apply scaling through various protection functions. The 
relay, by default, assumes 5 A as the nominal current selection. If you use 1 A 
scaling, use the CFG CTNOM command (see Table 14.28 in the SEL-400 Series 
Relays Instruction Manual for more information). The SEL-2245-42 AC Analog 
Input Module also sets its internal calculations based on this command. The relay 
internally transmits these data to the Axion modules and adjusts the appropriate 
scaling in the Axion module when this command is used.

In addition to the CT nominal values, TiDL relays also require you to set the 
nominal frequency by issuing the CFG NFREQ command. At Access Level 2, 
issue a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a 
CFG NFREQ 50 to set the relay to 50 Hz nominal. This command changes the 
NFREQ setting and restarts the relay, and it is only available in TiDL relays. The 
relay defaults to 60 Hz, so only use this command if you want to switch to 50 Hz 
nominal. Issue this command after the CFG CTNOM command but before send-
ing settings to the relay.

Control Inputs
Inputs into the relay are high-impedance control inputs. Use these inputs for 
monitoring change-of-state conditions of power system equipment. These high-
isolation control inputs are ground-isolated circuits and are not polarity sensitive, 

                    

Figure 2.9 CT Connections for a Single-Relay Application When the SEL-487B 
Is in Series With Other Relays

IA IB IC
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i.e., the relay will detect input changes with voltage applied at either polarity. For 
more information on control input specifications, see Specifications on 
page 1.11. 

Inputs can be independent or common. Independent inputs have two separate 
ground-isolated connections, with no internal connections among inputs. Com-
mon inputs share one input leg in common; all input legs of common inputs are 
ground isolated. Each group of common inputs is isolated from all other groups. 

Nominal current drawn by these inputs is 8 mA or less with six voltage options 
covering a wide range of voltages, as published in the Specifications on 
page 1.11. You can debounce the control input pickup delay and dropout delay 
separately for each input as a global setting that applies to all the inputs.

AC Control Signals
Optoisolated control inputs can be used with ac control signals, within the ratings 
shown in Control Inputs on page 1.12. Specific pickup and dropout time-delay 
settings are required to achieve the specified ac thresholds, as shown in Table 2.1.

It is possible to mix ac and dc control signal detection on the same INT4 I/O 
interface board, provided that the two signal types are not present on the same set 
of combined inputs. Use standard debounce time settings (usually the same value 
in both the pickup and dropout settings) for the inputs being used with dc control 
voltages.

                    

The recognition times listed in Table 2.1 are only valid when:

➤ The ac signal applied is at the same frequency as the power system.

➤ The signal is within the ac threshold pickup ranges defined in 
Control Inputs on page 1.12.

➤ The signal contains no dc offset.

The SEL-487B samples the optoisolated inputs at 2 kHz.

Control Outputs
Control outputs from the relay include standard outputs and high-speed (high-
current interrupting) outputs. A Metal-Oxide Varistor (MOV) protects against 
excess voltage transients for each contact. Each output is individually isolated 
except Form C outputs, which share a common connection between the NC (nor-
mally closed) and NO (normally open) contacts.

Table 2.1 Required Settings for Use With AC Control Signalsa

a First set Global setting EICIS := Y to gain access to the individual input pickup and dropout timer 
settings (only available for installed INT4 I/O interface boards).

Global Settings Description Entryb

b These are the only setting values that SEL recommends for detecting ac control signals. Other 
values may result in inconsistent operation.

Relay Recognition Time for AC 
Control Signal State Change

IN201PU–IN224PU, 
IN301PU–IN324PU, 
IN401PU–IN424PU, 
IN501PU–IN524PU

Pickup Delay 2.0 ms at 60 Hz 
2.5 ms at 50 Hz 
(approximately
1/8 cycle)

0.625 cycles maximum 
(assertion)

IN201DO–IN224DO, 
IN301DO–IN324DO, 
IN401DO–IN424DO, 
IN501DO–IN524DO

Dropout Delay 16.5 ms at 60 Hz 
20.0 ms at 50 Hz 
(approximately 
1 cycle)

1.1875 cycles maximum 
(deassertion)
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The relay updates control outputs 12 times per cycle. Updating of relay control 
outputs does not occur when the relay is disabled. When the relay is re-enabled, 
the control outputs assume the state that reflects the present protection processing.

Standard Control Outputs
NOTE: You can use ac or dc circuits 
with standard control outputs.

The Standard control outputs are dry Form A (NO) contacts. Ratings for standard 
outputs are 30 A make, 6 A continuous, and 0.5 A or less break (depending on 
circuit voltage). Standard contact outputs have a maximum voltage rating of 
250 Vac/330 Vdc. Maximum break time is 6 ms (milliseconds) with a resistive 
load. The maximum pickup time for the Standard control outputs is 6 ms. 
Figure 2.10 shows a representative connection for a Form A Standard control 
output on the main board I/O terminals.

                    

See Control Outputs on page 1.11 for complete standard control output specifica-
tions.

Hybrid (High-Current Interrupting) Control Outputs
The hybrid (high-current interrupting) control outputs are polarity-dependent and 
are capable of interrupting high-current, inductive loads. Hybrid control outputs 
use an Insulated Gate Bipolar Junction Transistor (IGBT) in parallel with a 
mechanical contact to interrupt (break) highly inductive dc currents. The contacts 
can carry continuous current, while eliminating the need for heat sinking and pro-
viding security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit induc-
tive/resistive) ratio. As the L/R ratio increases, the time needed to interrupt the 
circuit fully increases also. The reason for this increased interruption delay is that 
circuit current continues to flow through the output MOV after the output deas-
serts, until all of the inductive energy dissipates. Maximum dropout (break) time is 
6  ms with a resistive load, the same as for the standard control outputs. The other 
ratings of these control outputs are similar to the standard control outputs, except 
that the hybrid outputs can break current as great as 10 A. Hybrid contact outputs 
have a maximum voltage rating of 330 Vdc.

The maximum contact closing time for the hybrid control outputs is 6 ms. 
Figure 2.11 shows a representative connection for a Form A hybrid control out-
put on the main board I/O terminals.

                    

Figure 2.10 Standard Control Output Connection

OUT03

O5
O6

CAUTION
Equipment damage can result from con-
necting ac circuits to hybrid (high-cur-
rent interrupting) control outputs. Do 
not connect ac circuits to Hybrid control 
outputs. Use only dc circuits with Hybrid 
control outputs.
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See Control Outputs on page 1.11 for complete hybrid control output specifications.

High-Speed, High-Current Interrupting Control Outputs
NOTE: You can use only dc circuits 
with high-speed, high-current 
interrupting outputs.

In addition to the standard control outputs, the INT4 I/O interface board offers 
high-speed, high-current interrupting control outputs. These control outputs have 
a resistive load pickup time of 10 s, which is much faster than the 6 ms pickup 
time of the standard and hybrid control outputs. The high-speed, high-current 
interrupting control outputs drop out at a maximum time of 8 ms. The maximum 
voltage rating is 330 Vdc. See Control Outputs on page 1.11 for complete high-
speed, high-current interrupting control output specifications.

Figure 2.12 shows a representative connection for a Form A high-speed, high-
current interrupting control output on the INT4 I/O interface terminals. The HS 
marks are included to indicate that this is a high-speed control output.

                    

Short transient inrush current can flow at the closing of an external switch in 
series with open high-speed, high-current interrupting contacts. This transient 
will not energize the circuits in typical relay-coil control applications (trip coils 
and close coils), and standard auxiliary relays will not pick up. However, an 
extremely sensitive digital input or light-duty, high-speed auxiliary relay can pick 
up for this condition. This false pickup transient occurs when the capacitance of 
the high-speed, high-current interrupting output circuitry charges (creating a 
momentary short circuit that a fast, sensitive device sees as a contact closure).

Figure 2.13 shows some possible connections for external resistors that will elim-
inate the false pickup transients when closing an external switch. In general, you 
must connect external resistors to the dc rail (positive or negative) that is on the 
same side as the open external switch condition. If an open switch exists on either 
side of the output contact, then you can accommodate only one condition because 
two open switches (one on each side of the contact) defeat the precharge circuit.

                    

Figure 2.11 Hybrid Control Output Connection

OUT01

+
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O2

                    

Figure 2.12 High-Speed, High-Current Interrupting Control Output Connection, 
INT4

OUT03

O5
O6

HS
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Main Board I/O
The SEL-487B has 9U and 7U chassis options with I/O interface on the main 
board. See Figure 2.3 and Figure 2.18 for representative views of the 9U chassis 
rear panel and Figure 2.4 and Figure 2.19 for representative views of the 7U 
chassis rear panel.

Every SEL-487B configuration includes the main board I/O and features these 
connections:

➤ Three hybrid (high-current interrupting) Form A outputs

➤ Two standard Form A outputs

➤ Three standard Form C outputs

➤ Seven level-sensitive optoisolated control inputs (five independent 
and two common)

IRIG-B Inputs
Supply high-accuracy time to the SEL-487B via the IRIG-B IN BNC connector 
on the rear of the relay. You can use the IRIG OUT BNC connector to output 
IRIG, but you cannot use the output signal for high-accuracy timekeeping 
because it lacks the IEEE C37.118 IRIG control bits. If you need high-accuracy 
IRIG timekeeping, do not use the IRIG OUT connection as a high-accuracy IRIG 
source. Instead, use the connections external to the relay to distribute the IRIG 
signal between relays. In a three-relay application, any one of the three units can 
be the reference relay; by connecting the IRIG-B signal to the IRIG-B terminal 
labeled IN, the relay becomes the reference relay. Connect the IRIG-B terminal 
labeled OUT from the reference relay to the IRIG-B terminal labeled IN of the 
next relay, and so on. If there is no IRIG-B available, the relays generate the syn-
chronizing signal internally to synchronize the three relays relative to each other, 
although not to an absolute time reference. You can provide IRIG-B time-code 
format signals to the relay from many sources (SEL-2030 Communications Pro-
cessor, for instance). See Section 11: Time and Date Management in the SEL-400 
Series Relays Instruction Manual for more information on the use and benefits of 
high-accuracy timekeeping.

The IRIG-B serial data format consists of a 1-second frame containing 100 pulses 
divided into fields. The relay decodes the second, minute, hour, and day fields 
and sets the internal time clock upon detecting valid time data in the IRIG time 
mode. See IRIG-B Input Connections on page 2.41 for information on enabling 
IRIG-B timekeeping.

                    

Figure 2.13 Precharging Internal Capacitance of High-Speed, High-Current 
Interrupting Output Contacts, INT4
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IRIG-B Pins of Serial Port 1
This IRIG-B input is capable of regular IRIG mode timekeeping only. Timing 
accuracy for the IRIG time mode is 500 µs.

IRIG-B BNC Connector
This IRIG-B input is capable of both modes of timekeeping. If the connected 
timekeeping source is qualified as high-accuracy, the relay enters the HIRIG 
mode, which has a timing accuracy of 1 µs. If both inputs are connected, the 
SEL-487B uses the IRIG-B signal from the BNC connection (if a signal is avail-
able).

Battery-Backed Clock
If relay input power is lost or removed, a lithium battery powers the relay clock 
providing date and time backup. The battery is a 3 V lithium coin cell, Rayovac 
no. BR2335 or equivalent. If power is lost or disconnected, the battery discharges 
to power the clock. At room temperature (25°C, 77°F), the battery will operate 
for approximately 10 years at rated load. 

When the SEL-487B is operating with power from an external source, the self-
discharge rate of the battery is very small. Thus, battery life can extend well 
beyond the nominal 10-year period. The battery cannot be recharged. Figure 2.14 
shows the clock battery location (at the front of the main board). 

If the relay does not maintain the date and time after power loss, replace the bat-
tery (see Replacing the Lithium Battery on page 10.27 in the SEL-400 Series 
Relays Instruction Manual).

Communications Interfaces
The SEL-487B has several communications interfaces you can use to communi-
cate with other intelligent electronic devices (IEDs) via EIA-232 ports: PORT 1, 
PORT 2, PORT 3, and PORT F. See Section 15: Communications Interfaces in the 
SEL-400 Series Relays Instruction Manual for more information and options for 
connecting your relay to the communications interfaces.

An optional Ethernet card provides Ethernet capability for the SEL-487B. An 
Ethernet card gives the relay access to popular Ethernet networking standards 
including TCP/IP, FTP, Telnet, DNP3, and IEC 61850 over local area and wide 
area networks. The Ethernet card with IEC 61850 support is only available at 
purchase as a factory-installed option. For information on DNP3 applications, see 
Section 16: DNP3 Communication in the SEL-400 Series Relays Instruction 
Manual. For more information on IEC 61850 applications, see Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Plug-In Boards
The SEL-487B supports as many as four interface boards. There are ordering 
options for the number of I/O boards, as well as the overall chassis size. A 9U 
chassis ordering option provides support for as many as four additional interface 
boards. A 7U chassis option provides support for as many as two additional inter-
face boards. Both chassis sizes are available in rack- or panel-mount versions.
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Plug-in communications cards are also available for the SEL-487B. The optional 
Ethernet card allows you to use TCP/IP, FTP, Telnet, DNP LAN/WAN, and 
IEC 61850 applications on an Ethernet network. This card is only available at the 
time of purchase of a new SEL-487B as a factory-installed option or as a factory-
installed conversion to an existing relay.

I/O Interface Boards 
When the 9U chassis size is ordered, you can choose as many as four INT4 inter-
face boards for a total of 96 inputs and 32 outputs (all four boards installed). 
When the 7U chassis size is ordered, you can choose as many as two INT4 inter-
face boards for a total of 48 inputs and 16 outputs (both boards installed). In addi-
tion to the inputs and outputs provided by the INT4 interface boards, there are 
also 7 inputs and 8 outputs on the main board (described in Main Board I/O on 
page 2.12). Refer to Figure 2.3 for a view of the interface boards and the rear 
screw-terminal connectors associated with the interface boards.

The I/O interface boards carry jumpers that identify the board location. See 
Jumpers on page 2.15 for more information on I/O board jumpers.

I/O Interface Board Inputs
The INT4 I/O interface board has two groups of nine common contacts (18 total) 
and six independent control inputs. All independent inputs are isolated from 
other inputs. These high-isolation control inputs are not polarity sensitive, i.e., 
you cannot damage these inputs with a reverse polarity connection.

Table 2.2 shows the I/O board input capacities and the I/O inputs on the main 
board. See Control Inputs on page 1.12 for complete control input specifications.

                    

I/O Interface Board Outputs
The INT4 I/O interface board is available with either six high-speed and two 
standard output contacts, or eight standard contact outputs. Table 2.3 shows the 
I/O board outputs; the table also shows the I/O outputs on the main board. See 
Control Outputs on page 1.11 for complete control output specifications.

                    

Table 2.2 Control Inputs

Board Independent Contact Pairs Common Contact Pairs

INT4 6 Two sets of 9

Main Board 5 2

Table 2.3 Control Outputs

Board
Standard High-Speed Hybrida

a High-current interrupting.

Form A Form C Form A Form A

INT4 with high-speed outputs 2 0 6 0

INT4 with standard outputs 8 0 0 0

Main Board 2 3 0 3



2.15

Date Code 20230830 Instruction Manual SEL-487B Relay

Installation
Jumpers

CAUTION

Ethernet Card
You can add Ethernet communications protocols to the SEL-487B by purchasing 
the Ethernet card option. Factory-installed in the rear relay Port 5, the Ethernet 
card provides Ethernet ports for industrial applications that process data traffic 
between the SEL-487B and a local area network (LAN).

Jumpers
The SEL-487B contains jumpers that configure the relay for certain operating 
modes. The jumpers are located on the main board and on each of the I/O inter-
face boards.

Main Board Jumpers 
The jumpers on the main board of the SEL-487B perform the following func-
tions:

➤ Temporary/emergency password disable

➤ Circuit breaker control enable

➤ Rear serial port +5 Vdc source enable

Figure 2.15 shows the positions of the main board jumpers. The main board 
jumpers are in two locations. The password disable jumper and circuit breaker 
control jumper are at the front of the main board. The serial port jumpers are near 
the rear-panel serial ports; each serial port jumper is directly in front of the serial 
port that it controls.

Password and Circuit Breaker Jumpers
You can access the password disable jumper and circuit breaker control jumper 
without removing the main board from the relay cabinet. Remove the SEL-487B 
front cover to view these jumpers (use appropriate ESD precautions). The pass-
word and circuit breaker jumpers are on jumper header J18 on the front of the 
main board.

Do not install a jumper on positions A 
or D of the main board J18 header. 
Relay misoperation can result if you 
install jumpers on positions J18A and 
J18D.

There are four jumpers, denoted as D, BREAKER, PASSWORD, and A, from 
left to right (position D being on the left). Positions D and A are for SEL use, 
position PASSWORD is the password disable jumper, and position BREAKER is 
the circuit breaker control enable jumper. Figure 2.15 shows the jumper header 
with the circuit breaker/control jumper in the ON position and the password 
jumper in the OFF position; these are the normal jumper positions for an in-ser-
vice relay. Table 2.4 lists the J18 jumper positions and functions.
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Figure 2.14 Major Component Locations on the SEL-487B Main Board
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The password disable jumper, PASSWORD, is for temporary or emergency sus-
pension of the relay password protection mechanisms. Under no circumstance 
should you install PASSWORD on a long-term basis. The SEL-487B ships with 
password disable jumper PASSWORD OFF (passwords enabled).

The circuit breaker control enable jumper, BREAKER, supervises the OPEN n 
command, the PULSE OUTnnn command, and front-panel local bit control. To 
use these functions, you must install Jumper BREAKER. The relay checks the 
status of the circuit breaker control jumper when you issue OPEN n, PULSE 
OUTnnn, and when you use the front panel to close or open circuit breakers, 
control a local bit, or pulse an output. The SEL-487B ships with circuit breaker 
Jumper BREAKER OFF. For commissioning and testing of the SEL-487B con-
tact outputs, it may be convenient to set BREAKER ON, so that the PULSE 
OUTnnn commands can be used to check output wiring. BREAKER must also 
be set ON if SCADA (DNP, Fast Operate, IEC 61850) control of the circuit 
breaker is required or if the LOCAL CONTROL > BREAKER CONTROL screens are 
going to be used.

                    

Figure 2.15 Jumper Location on the Main Board
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Table 2.4 Main Board Jumpers

Jumper
Jumper 
Location

Jumper 
Positiona

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Function

A Front OFF For SEL use only

PASSWORD Front OFF Enable password protection (normal and 
shipped position)

ON Disable password protection (temporary or 
emergency only)

BREAKER Front OFF Disable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb 
(shipped position)

b Also affects the availability of SCADA Control Messages and the front-panel LOCAL CONTROL 
> BREAKER CONTROL, and front-panel LOCAL CONTROL > OUTPUT TESTING screens.

ON Enable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb

D Front OFF For SEL use only
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Serial Port Jumpers
Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the three 
rear-panel EIA-232 serial ports. The maximum current available from this Pin 1 
source is 0.5 A. The Pin 1 source is useful for powering an external modem. 
Table 2.5 describes the JMP2, JMP3, and JMP4 positions. Refer to Figure 2.15 
for the locations of these jumpers. The SEL-487B ships with JMP2, JMP3, and 
JMP4 OFF (no +5 Vdc on Pin 1).

                    

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. To change the 
JMP2, JMP3, and JMP4 jumpers in an SEL-487B, perform the following steps: 

Step 1. Remove the relay from service.

a. Follow your company’s standard for removing a relay from 
service.

b. Disconnect power from the SEL-487B.

c. Retain the GND connection, if possible, and ground the 
equipment to an ESD mat.

Step 2. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 3. Remove the front panel from the SEL-487B.

Step 4. Disconnect the front-panel cable at the front panel.

Step 5. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 6. Remove rear-panel EIA-232 ports mating connectors.

a. Unscrew the keeper screws.

b. Disconnect any serial cables connected to the PORT 1, PORT 2, and 
PORT 3 rear-panel receptacles.

Step 7. Remove any Ethernet and IRIG-B connections.

Step 8. Carefully pull out the drawout assembly containing the main board.

Step 9. Locate the jumper you want to change.

Jumpers JMP2, JMP3, and JMP4 are located at the rear of the main 
board, directly in front of PORT 3, PORT 2, and PORT 1, respectively (see 
Figure 2.15).

Step 10. Install or remove the jumper as needed.

See Table 2.5 for jumper position descriptions.

Step 11. Reinstall the SEL-487B main board.

Table 2.5 Main Board Jumpers—JMP2, JMP3, and JMP4a

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Jumper
Jumper 
Location

Jumper 
Position

Pin Connections

JMP2 Rear OFF

ON

Serial Port 3, Pin 1 = not connected

Serial Port 3, Pin 1 = +5 V

JMP3 Rear OFF

ON

Serial Port 2, Pin 1 = not connected

Serial Port 2, Pin 1 = +5 V

JMP4 Rear OFF

ON

Serial Port 1, Pin 1 = not connected

Serial Port 1, Pin 1 = +5 V

WARNING
Have only qualified personnel service 
this equipment. If you are not 
qualified to service this equipment, 
you can injure yourself or others, or 
cause equipment damage.

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 12. Reconnect the power cable, the interface board cable(s), and the 
input board analog cable.

Step 13. Reattach the front panel.

Step 14. Reconnect any external cables that you removed in the disassembly 
process.

Step 15. Follow your company’s standard procedure to return the relay to 
service.

I/O Interface Board Jumpers
Jumpers on the INT4 I/O interface board identify the I/O board control address 
(see I/O Interface Boards on page 2.14 for more information on these boards). 
The jumpers on these I/O interface boards are at the front of each board, as shown 
in Figure 2.16.
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To confirm the positions of your I/O board jumpers, you can remove the front 
panel and inspect the jumper placements visually. Table 2.6 lists the four jumper 
positions for I/O interface boards. Refer to Figure 2.17 for the locations of these 
jumpers.

                    

Figure 2.16 Major Component Locations on the SEL-487B INT4 I/O Board

1
1

1

JM
P4

9

A
B ON ON ONON50

0
JU

M
PE

R 
CO

NF
IG

UR
AT

IO
N

20
0

OF
F

OF
F

OF
F

OF
F

JM
P4

9B

JM
P5

0B
JM

P5
0A

VE
R

JM
P4

9A
OF

F
ON

OF
F

ON
ONOF

F

ON30
0

OF
F

40
0

JM
P5

0

A
B

1
1

Co
nt

ro
l I

np
ut

s
Co

nt
ro

l I
np

ut
s

Co
nt

ro
l I

np
ut

s
Co

nt
ro

l I
np

ut
s

St
an

da
rd

 a
nd

 H
ig

h-
Sp

ee
d,

 H
ig

h-
Cu

rr
en

t I
nt

er
ru

pt
in

g 
Ou

tp
ut

s
Hi

gh
-S

pe
ed

, H
ig

h-
Cu

rr
en

t
In

te
rr

up
tin

g 
Ou

tp
ut

s

Co
nn

ec
to

r



2.21

Date Code 20230830 Instruction Manual SEL-487B Relay

Installation
Relay Placement

The I/O board control address has a hundreds-series prefix attached to the control 
inputs and control outputs for that particular I/O board chassis slot.

A 7U chassis has a 200-address slot for inputs IN201, IN202, etc. and outputs 
OUT201, OUT202, etc., and a 300-address slot for IN301, IN302, etc. A 9U 
chassis also has a 400-address slot and 500-address slot for as many as two addi-
tional I/O boards. The drawout tray on which each I/O board is mounted is keyed. 
See Installing Optional I/O Interface Boards on page 10.30 in the SEL-400 
Series Relays Instruction Manual for information on the key positions for the 
200-addresses slot trays and the 300-addresses slot trays.

                    

See Figure 2.3 for board location details.

Relay Placement
Proper placement of the SEL-487B helps make certain that you receive years of 
trouble-free power system protection. Use the following guidelines for proper 
physical installation of the SEL-487B.

Physical Location 
You can mount the SEL-487B in a sheltered indoor environment (a building or an 
enclosed cabinet) that does not exceed the temperature and humidity ratings for 
the relay. 

This rating allows mounting the relay indoors or in an outdoor (extended) enclo-
sure where the relay is protected against exposure to direct sunlight, precipita-
tion, and full wind pressure, but neither temperature nor humidity are controlled. 
You can place the relay in extreme temperature and humidity locations. The relay 
operates in –40° to +85°C (–40° to +185°F) temperatures (see Operating Tem-
perature on page 1.13). With no condensation present, the relay operates in 
humidity ranging from 5 percent to 95 percent. 

Rack Mounting
When mounting the SEL-487B in a rack, use the reversible front flanges to either 
semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails of 
approximately 1.1 inches (27.9 mm). The projection mount places the front panel 
approximately 3.5 inches (88.9 mm) in front of the relay rack rails.

See Figure 2.17 for exact mounting dimensions for both the horizontal and verti-
cal rack-mount relays. Use four screws of the appropriate size for your rack.

Table 2.6 I/O Board Jumpers

Description JMP49A JMP49B JMP50A JMP50B

Position A (Main Board) 1xx I/O N/A N/A N/A N/A

Position B (Expansion I/O) 2xx I/O OFF OFF OFF OFF

Position C (Expansion I/O) 3xx I/O ON OFF ON OFF

Position D (Expansion I/O) 4xx I/O OFF ON OFF ON

Position E (Expansion I/O) 5xx I/O ON ON ON ON



2.22

SEL-487B Relay Instruction Manual Date Code 20230830

Installation
Relay Placement

                    

Panel Mounting 
Place the panel-mount versions of the SEL-487B in a switchboard panel. See the 
drawings in Figure 2.17 for panel cut and drill dimensions. Use the supplied 
mounting hardware to attach the relay.

                    

Figure 2.17 Relay Chassis Dimensions
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CAUTION

Connection

Insufficiently rated insulation can 
deteriorate under abnormal operat-
ing conditions and cause equipment 
damage. For external circuits, use wir-
ing of sufficiently rated insulation that 
will not break down under abnormal 
operating conditions.

The SEL-487B is available with a main board and as many as four INT4 interface 
boards. The INT4 interface board is available to expand the control inputs and 
control outputs only. There are two relay size options: a 9U chassis capable of 
supporting as many as the maximum of four interface boards, or a 7U chassis 
capable of supporting as many as two interface boards. This subsection presents a 
representative sample of relay rear-panel configurations and the connections to 
these rear panels. 

When connecting the SEL-487B, refer to your company plan for wire routing and 
wire management. Be sure to use wire that is appropriate for your installation 
with an insulation rating of at least 90°C.

Rear-Panel Layout
Figure 2.18 and Figure 2.19 show the rear panel of the relay with only the main 
board installed, and Figure 2.3, Figure 2.4, and Figure 2.5 show the rear panel of 
the relay fully equipped. For clarity, the figures do not show a communications 
card installed in PORT 5.
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Figure 2.18 Rear Panel With Only Main Board (9U Version)
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Rear-Panel Symbols
Figure 2.20 shows important safety symbols and their descriptions. These safety 
symbols appear on the rear of the relay. Observe proper safety precautions when 
you connect the relay at terminals marked by these symbols. In particular, the 
danger symbol located on the rear panel corresponds to the following: Contact 
with instrument terminals can cause electrical shock that can result in injury or 
death. Be careful to limit access to these terminals.

                    

Screw-Terminal Connectors
Terminate connections to the SEL-487B screw-terminal connectors with ring-
type crimp lugs. Use a #8 ring lug with a maximum width of 9.1 mm (0.36 in). 
The screws in the rear-panel screw-terminal connectors are #8-32 binding head, 
slotted, nickel-plated brass screws. Tightening torque for the terminal connector 
screws is 1.0 Nm to 2.0 Nm (9 in-lb to 18 in-lb). 

                    

Figure 2.19 Rear Panel With Only Main Board (7U Version)

                    

Figure 2.20 Rear-Panel Symbols

Danger (Caution,
risk of danger)

Symbol

Grounding
Terminal
Symbol

DC Input SymbolAC/DC Input Symbol
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You can remove the screw-terminal connectors from the rear of the SEL-487B by 
unscrewing the screws at each end of the connector block. Remove the connector 
by pulling the connector block straight out. Note that the receptacle on the relay 
circuit board is keyed; you can insert each screw-terminal connector in only one 
location on the rear panel. To replace the screw-terminal connector, confirm that 
you have the correct connector, push the connector firmly onto the circuit board 
receptacle, and reattach the two screws at each end of the block.

Changing Screw-Terminal Connector Keying
You can rotate a screw-terminal connector so that the connector wire dress posi-
tion is the reverse of the factory-installed position (for example, wires entering 
the relay panel from below instead of from above). In addition, you can move 
similar function screw-terminal connectors to other locations on the rear panel. 
To move these connectors to other locations, you must change the screw-terminal 
connector keying. Inserts in the circuit board receptacles key the receptacles for 
only one screw-terminal connector in one orientation. Each screw-terminal con-
nector has a missing web into which the key fits (see Figure 2.21). If you want to 
move a screw-terminal connector to another circuit board receptacle or reverse 
the connector orientation, rearrange the receptacle keys to match the screw-termi-
nal connector block. Use long-nosed pliers to move the keys. Figure 2.22 shows 
the factory-default key positions.

                    
                    

Figure 2.21 Screw-Terminal Connector Keying

Webs Removed for Keying
(Receptacle Keys Fit Here)

Top View

Front View

A B C D E F 1 2 3 4 5 6
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Figure 2.22 Rear-Panel Receptacle Keying
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Grounding
Connect the grounding terminal (#Y31) labeled GND on the rear panel to a rack 
frame ground or main station ground for proper safety and performance. This 
protective earthing terminal is in the lower right side of the relay panel (see 
Figure 2.18. The symbol that indicates the grounding terminal is shown in 
Figure 2.20. Use 14 AWG (2.5 mm2) or larger wire, less than 2 m (6.6 feet) in 
length for this connection. This terminal connects directly to the internal chassis 
ground of the SEL-487B.

Power Connections 
The terminals labeled POWER on the rear panel (Y29 and Y30) must connect to a 
power source that matches the power supply characteristics that your SEL-487B 
specifies on the rear-panel serial number label. (See Power Supply on page 1.11 
for complete power input specifications.)

                    

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

The POWER terminals are isolated from chassis ground. Use 18 AWG (0.8 mm2) 
or larger size wire to connect to the POWER terminals. Connection to external 
power must comply with IEC 60947-1 and IEC 60947-3 and must be identified 
as the disconnect device for the equipment. Place an external disconnect device, 
either a switch/fuse combination or circuit breaker in the POWER leads for the 
SEL-487B; this device must interrupt both the hot (H/+) and neutral (N/-) power 
leads. The current rating for the power disconnect circuit breaker or fuse must be 
20 A maximum.

Operational power is internally fused by power supply fuse F1. Table 2.7 lists the 
SEL-487B power supply fuse requirements. Be sure to use fuses that comply 
with IEC 127-2. 

You can order the SEL-487B with one of three operational power input ranges 
listed in Table 2.7. Each of the three supply voltage ranges represents a power 
supply ordering option. As noted in Table 2.7, model numbers for the relay with 
these power supplies begin with 0487B1n, where n is 2, 4, or 6, to indicate low-, 
medium-, and high-voltage input power supplies, respectively. Note that each 
power supply range covers two widely used nominal input voltages. The 
SEL-487B power supply operates from 30 Hz to 120 Hz when ac power is used 
for the POWER input.

                    

Figure 2.23 Power Connection Areas of the Rear Panel

Terminal Y31
Terminal Y30Terminal Y29
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The SEL-487B accepts dc power input for all three power supply models. The 
48–125 Vdc supply also accepts 110–120 Vac; the 125–250 Vdc supply also 
accepts 110–240 Vac. When connecting a dc power source, connect the source 
with the proper polarity, as indicated by the + (Terminal Y29) and – (Terminal 
Y30) symbols on the power terminals. When connecting an ac power source, the 
+ Terminal Y29 is hot (H), and the – Terminal Y30 is neutral (N). Each model of 
the SEL-487B internal power supply exhibits low power consumption and a wide 
input voltage tolerance. For more information on the power supplies, see Power 
Supply on page 1.11.

Monitor Connections (DC Battery)
Each SEL-487B monitors one dc battery system. For information on the battery 
monitoring function, see Station DC Battery System Monitor on page 8.21 in the 
SEL-400 Series Relays Instruction Manual. Connect the positive lead of the Bat-
tery System to Terminal Y25 and the negative lead of the Battery System to Ter-
minal Y26. (Usually the Battery System is also connected to the rear panel 
POWER input terminals.) For the three-unit application and when there are two 
battery systems at a station, connect the second battery system to any one of the 
other two relays (also Terminals Y25 and Y26).

Secondary Circuit Connections
Each SEL-487B has 21 current inputs and 3 voltage inputs. Shared Configuration 
Attributes on page 2.1 describes these inputs in detail. Use appropriate safety pre-
cautions when connecting secondary circuits to these terminals. 

To verify these connections, use SEL-487B metering (see Examining Metering 
Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). You 
can also review metering data in an event report that results when you issue the 
TRIGGER command.

                    

Fixed Terminal Blocks
Connect the secondary current circuits to the first 18 terminals on the Y terminal 
block (Terminals Y01–Y18) and on the Z terminal block (Terminals Z01–Z24).

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

Connect the voltage inputs to Terminals Y19–Y24 on the Y terminal block. Note 
the polarity dots above the odd-numbered terminals (Y01 and Y03–Y23, Z01 and 
Z03–Z23) for the analog inputs.

Table 2.7 Fuse Requirements for the Power Supply

Rated Voltage
Operational 

Voltage Range
Fuse F1 Fuse Description

24–48 Vdc 18–60 Vdc T5.0AH250V 5x20 mm, time-lag, 5.0 A, 
high-break capacity, 250 V

48–125 Vdc or
110–120 Vac

38–140 Vdc or
85–140 Vac
(30–120 Hz) 

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

125–250 Vdc or
110–240 Vac

85–300 Vdc or
85–264 Vac
(30–120 Hz

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

CAUTION
Relay misoperation can result from 
applying anything other than speci-
fied secondary voltages and currents. 
Before making any secondary circuit 
connections, check the nominal volt-
age and nominal current specified on 
the rear-panel nameplate.

DANGER
Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.
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Connectorized
For the Connectorized SEL-487B, order the wiring harness kit, SEL-WA0487B. 
The wiring harness contains eight prewired connectors for the relay current and 
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact 
your local Technical Service Center or the SEL factory for ordering information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectors into terminals #Z01 through #Z24 
and #Y01 through #Y18, as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws located 
on each end of the connector.

When you remove the CT shorting connector, pull straight away 
from the relay rear panel.

As you remove the connector, internal mechanisms within the 
connector separately short each power system current transformer.

You can install these connectors in only one orientation.

Step 3. Plug the PT voltage connectors into terminals #Y19 to #Y24, as 
appropriate.

Odd numbered terminals are the polarity terminals. You can install 
these connectors in only one orientation.

Control Circuit Connections
You can configure the SEL-487B with many combinations of control inputs and 
control outputs. See Main Board I/O on page 2.12 and I/O Interface Boards on 
page 2.14 for information about I/O configurations. This subsection provides 
details about connecting these control inputs and outputs. Refer to Figure 2.3 for 
representative rear-panel screw-terminal connector locations.

Control Inputs
No control input on the relay is polarity sensitive, which means you cannot dam-
age these inputs with a reverse polarity connection. Note that the main board I/O 
control inputs have one set of two inputs that share a common input leg. These 
inputs are IN106 and IN107 found on Terminals A30, A31, and A32. To assign 
the functions of the control inputs, see Operating the Relay Inputs and Outputs 
on page 3.55 in the SEL-400 Series Relays Instruction Manual for more details. 
You can also use ACSELERATOR QuickSet SEL-5030 Software to set and verify 
operation of the inputs.

Control Outputs
The SEL-487B has three types of outputs:

➤ Standard outputs (for example: main board OUT104)

➤ Hybrid (high-current interrupting) outputs (for example: main board 
OUT101)

➤ High-speed, high-current interrupting (for example: INT4 board 
OUT01). See Control Outputs on page 2.9 for more information.
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You can connect the standard outputs and the high-speed, high-current interrupt-
ing outputs in either ac or dc circuits. Connect the high-current interrupting out-
puts to dc circuits only. The screw-terminal connector legends alert you about 
these requirements by showing polarity marks on the hybrid (high-current inter-
rupting) contacts and HS marks on the high-speed, high-current interrupting con-
tacts. Two pairs of Form C contacts are on the main board. The INT4 I/O 
interface board is available with six high-speed and two standard output contacts, 
or optionally, with eight standard output contacts.

Alarm Output

The SEL-487B monitors internal processes and hardware in continual self-tests. 
If the relay senses an out-of-tolerance condition, the relay declares a Status Warn-
ing or a Status Failure. The relay signals a Status Warning by pulsing the 
HALARM Relay Word bit (hardware alarm) to a logical 1 for five seconds. For a 
Status Failure, the relay latches the HALARM Relay Word bit at logical 1. To 
provide remote alarm status indication, connect the b contact of OUT108 to your 
control system remote alarm input. Figure 2.24 shows the configuration of the a 
and b contacts of control output OUT108.

                    

Default settings for Output OUT 107 and Output OUT108 are as follows:

OUT107 := TNS_SW #RELAY TEST MODE

OUT108 := NOT (SALARM OR HALARM)

TNS_SW is a test function programmed to Pushbutton PB4, labeled RELAY TEST 
MODE. Output OUT107 asserts when the relay is in the test mode. When the relay 
is operating normally, the NOT HALARM signal is at logical 1 and the b contact 
of control output OUT108 is open. When a Status Warning condition occurs, the 
relay pulses the NOT HALARM signal to logical 0 and the b contact of OUT108 
closes momentarily to indicate an alarm condition. For a Status Failure, the relay 
disables all control outputs and the OUT108 b contact closes to trigger an alarm. 
Also, when relay power is off, the OUT108 b contact closes to generate a power-
off alarm. See Relay Self-Tests on page 10.19 in the SEL-400 Series Relays 
Instruction Manual for information on relay self-tests.

The relay pulses the SALARM Relay Word bit for software programmed condi-
tions; these include settings changes, access level changes, alarming after three 
unsuccessful password entry attempts, and Ethernet firmware upgrade attempts.

                    

Figure 2.24 Control Output OUT108

N/C N/O

1817

OUT108

19

b a

(connect alarm here)
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Tripping and Closing Outputs

To assign the control outputs for tripping, see Setting Outputs for Tripping and 
Closing on page 3.61 in the SEL-400 Series Relays Instruction Manual. In addi-
tion, you can use the SET O command; see SET on page 9.6 for more details.

TiDL (EtherCAT) Connections
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The SEL-487B Relays that support TiDL have a 4U chassis. The relay supports 
I/O on the main board as well as one additional I/O board. The main board and 
additional I/O board map to the 100- and 200-level inputs and outputs. The Axion 
modules provide additional I/O for the 300, 400, and 500 levels and analog chan-
nels.

The protection functions remain unchanged from the standard SEL-487B Relay.

Axion Modules
The SEL-2240 Axion is a fully integrated analog and digital I/O control solution 
that is suitable for DSS. An Axion node consists of a 10-slot, 4-slot, or dual 4-slot 
chassis that is configurable to contain a power module and combinations of 
CT/PT, digital input (DI), or digital output (DO) modules.

                    

SEL-2243 Power Coupler

Each chassis requires an SEL-2243 Power Coupler (see Figure 2.26). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. Although the power coupler has two fiber-
optic ports, only PORT 1 is currently used for TiDL.

                    

Figure 2.25 Axion Chassis
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The SEL-2243 has sufficient power capacity to accommodate an entire Axion 
node. The terminal strip at the bottom of the unit (shown in Figure 2.26) is the 
connection point for incoming power. All Axion modules have a 55-position IEC 
C-style connector that provides a communications and power interface to the 
backplane. See the SEL-2240 Axion Instruction Manual for more information.

SEL-2244-2 Digital Input Module

The SEL-2244-2 Digital Input Module (see Figure 2.27) consists of 24 optoiso-
lated inputs that are not polarity dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay in the 300, 400, and 500 I/O board levels, based on the mod-
ules that occur in the network. Only the first 12 of 24 inputs are used in each 
module to help distribute the I/O around the network more efficiently. The inputs 
are mapped to the relay inputs based on the order in which the DI module occurs 
in the TiDL network.

There can be multiple DI modules in an Axion node, and the order of the DI 
modules will proceed from left to right in the node to determine the mapping of 
the inputs.

The first DI module that exists in the system, for example, on PORT 6A, will map 
to IN301–IN312, and if a second module is available on PORT 6A, it will map to 
IN313–IN324. If a second module does not exist on PORT 6A, IN313–IN324 will be 
mapped from the next module appearing in the TiDL system. Mapping order 
determination starts with PORT 6A and ends with the last port, PORT 6H.

                    

                    

Figure 2.26 SEL-2243 Power Coupler

First SEL-2244-2 DI module IN301–IN312

Second SEL-2244-2 DI module IN313–IN324

Third SEL-2244-2 DI module IN401–IN412

Fourth SEL-2244-2 DI module IN413–IN424
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SEL-2244-5 Fast High-Current Digital Output Module

The SEL-2244-5 Fast High-Current Digital Output Module consists of 10 fast, 
high-current output contacts. The outputs use the first 8 of the10 outputs and map 
as follows:

                    

Fifth SEL-2244-2 DI module IN501–IN512

Sixth SEL-2244-2 DI module IN513–IN524

                    

Figure 2.27 SEL-2244-2 Digital Input Module

First SEL-2244-5 DO Module OUT301–OUT308

Second SEL-2244-5 DO Module OUT309–OUT316

Third SEL-2244-5 DO Module OUT401–OUT408

Fourth SEL-2244-5 DO Module OUT409–OUT416

Fifth SEL-2244-5 DO Module OUT501–OUT508

Sixth SEL-2244-5 DO Module OUT509–OUT516
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For both the DI and DO modules, use 24–12 AWG (0.2–3.31 mm2) wire of suffi-
cient current capacity to connect to the digital input and output terminals for your 
application.

The order of mapping for DO modules is the same as that for DI modules.

SEL-2245-42 AC Analog Input Module

The SEL-2245-42 AC Analog Input Module (see Figure 2.29) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See Topologies on page 2.36 for more information on supported relay 
topologies and their connections.

                    

Figure 2.28 SEL-2244-5 Fast High-Current Digital Output Module
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Topologies
The SEL-487B Relay has a set of fixed topologies. These topologies map the 
voltages and currents internally in the relay to maintain existing settings and 
functionality. When the TiDL system is commissioned (see Commissioning on 
page 2.39), the firmware validates the connected Axion nodes and identifies if 
the installed CT/PT modules in the system match one of the supported topologies 
for the SEL-487B.

Ports listed as optional in the following topology diagrams do not require a 
CT/PT module to be connected to them. All other ports require a CT/PT module 
to be connected for the relay to verify the topology.

                    

Figure 2.29 SEL-2245-42 AC Analog Input Module
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Figure 2.30 Topology 1

Port
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I13, I14, I15 (optional)
I16, I17, I18 (optional)
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SEL Axion SEL Axion SEL Axion SEL Axion

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

SEL Relay

Control House

Substation Yard
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Figure 2.31 Topology 2

Port
6A
6B
6C
6D
6E
6F
6G
6H

Analogs
I01, I02, I03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
V01, V02, V03

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I01, I02, I03 I04, I05, I06 I07, I08, I09 I10, I11, I12

SEL Axion SEL AxionSEL AxionSEL AxionSEL Axion

SEL Relay

Control House

Substation Yard
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Commissioning
In TiDL applications, the relay receives currents from an Axion module. You 
must set the nominal current input of the relay to either 1 A or 5 A. Many settings 
and ranges of settings depend on the nominal current. Use the CFG CTNOM 
command to set the nominal current value. At Access level 2, issue a CFG 
CTNOM 1 to set the relay to 1 A values or use the command CFG CTNOM 5 to 
set it to 5 A values. This command is only available in relays that support TiDL 
technology. Note that after issuing this command, the relay settings are forced to 
their default values and the relay turns off and back on again to reinitialize the 
settings. The relay defaults to 5 A nominal, so only use this command if you are 
switching to a 1 A setting (see Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual for more information). The 
SEL-2245-42 AC Analog Input Module also sets its internal calculations based 
on this command. The relay internally transmits these data to the Axion modules 
and adjusts the scaling in the appropriate Axion module when this command is 
used.

In addition to the CT nominal values, TiDL relays also require that the nominal 
frequency be set by issuing the CFG NFREQ command. At Access level 2, issue 
a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a CFG NFREQ 50 
to set the relay to 50 Hz nominal. This command changes the NFREQ setting and 

                    

Note: This topology uses three or four CT/PT modules installed in one Axion node. The first module maps to the I01–I03 
currents and V01–V03 voltages, the second module maps to the I04–I06 currents, and the third maps to the I07–I09 
currents. Similar mapping occurs in the second Axion.

Figure 2.32 Topology 3

Port
6A

6B

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

Line 1

I04, I05, I06

Line 2

I07, I09, I09

Line 3 SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I10, I11, I12 I13, I14, I15 I16, I17, I18 I19, I20, I21

SEL Axion

SEL Relay

Control House

Substation Yard
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restarts the relay, and it is only available in TiDL relays. The relay defaults to 
60 Hz. This command should be issued after the CFG CTNOM command but 
before settings are sent to the relay.

The TiDL system uses a commissioning feature to identify that the connected 
Axion nodes meet the requirements of the supported topologies for the applied 
relay. These topologies are a balance between copper reduction and number of 
nodes. The nodes must be connected in one of the supported topologies so that 
the relay will map the voltages and currents accordingly.

The SEL-487B has a new interface on its back panel that replaces the original CT 
and PT input connections. These standard inputs are replaced with a module 
interface that supports eight fiber ports, labeled PORT 6A–PORT 6H (see Figure 2.33).

                    

Once all the Axion nodes are connected to the relay, press the COMMISSION push-
button on the module interface. This process verifies that the connected ports and 
Axion nodes are installed according to one of the supported topologies. Once the 
process is complete, the topology is stored in memory. At each additional startup 
of the relay, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes whether any of the CT/PT modules within the 
node have changed. If the topology needs to be changed (e.g., modules are added 
or replaced), the system will need to be recommissioned by pressing the COMMIS-
SION pushbutton.

When the commissioning and validation of the topology is complete, the voltages 
and currents map according to the topology assignments (see Topologies on 
page 2.36). Secondary injection testing takes place at each Axion node. Test 
sources must inject voltages and currents to the Axion node to verify correct 
installation and mapping. Monitoring of the voltages and currents remains in the 
control house with the relay.

LED Status
As shown in Figure 2.33, the TiDL relay provides LED status indication about 
the network and configuration. Once the system is connected, and the COMMISSION 
button pressed, the LEDs will provide the status of the commissioning process. 
Table 2.8 shows the status of the rear-panel LEDs for each commissioning state.

                    

                    

Figure 2.33 TiDL (EtherCAT) Module Interface

Commissioning 

Button

Commission LED 

for Network Status

Eight Fiber-Optic 100 Mbps 

EtherCAT Ports

LEDs for Axion 

Node Status

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 1 of 2)

State Description LED Status

Initial State Determining if topology exists Green COMMISSION LED OFF

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF

Red LED: PORT 6A–PORT 6H ON
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IRIG-B Input Connections
The SEL-487B accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are the BNC connector labeled IRIG-B 
and Pin 4 (+) and Pin 6 (–) of the DB-9 rear-panel serial port labeled PORT 1. 
When you use the PORT 1 input, ensure that you connect Pins 4 and 6 with the 
proper polarity. See Communications Ports Connections on page 2.42 for other 
DB-9 connector pinouts and additional details.

These inputs accept the dc shift time code generator output (demodulated) 
IRIG-B signal with a positive edge on the time mark. For more information on 
IRIG-B and the SEL-487B, see IRIG-B Inputs on page 2.12.

The PORT 1 IRIG-B input connects to a 2.5-k grounded resistor and goes 
through a single logic signal buffer. The PORT 1 IRIG-B is equipped with robust 
ESD and overvoltage protection but is not optically isolated. When you are using 
the PORT 1 input, ensure that you connect Pin 4 (+) and Pin 6 (–) with the proper polarity.

The IRIG Network should be properly terminated with an external termination 
resistor (SEL 240-1802, BNC Tee, and 240-1800, BNC terminator 50 ohms) 
placed on the unit that is farthest from the source. This termination provides 
impedance matching of the cable for the best possible signal-to-noise ratio.

When the distance between the SEL-487B and the IRIG-B sending device 
exceeds the cable length recommended for conventional EIA-232 metallic con-
ductor cables, you can use transceivers to provide isolation and to establish com-
munication to remote locations.

Verify Topology Determining if topology is supported Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H Blinking

Red LED: PORT 6A–PORT 6H ON

Topology Mismatch Connection does not match supported topology Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF—mismatched/unused

ON—matched

Red LED: PORT 6A–PORT 6H Blinking—mismatched

ON—matched

OFF—ports unused

Topology Matched Connection matches topology Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H OFF

N/A A commissioned port experiences an error Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H Blinking—failed port

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 2 of 2)

State Description LED Status
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Conventional fiber-optic and telephone modems do not support IRIG-B signal 
transmission. The SEL-2810 Fiber-Optic Transceiver/Modem includes a channel 
for the IRIG-B time code. These transceivers enable you to synchronize time pre-
cisely from IRIG-B time-code generators (such as the SEL-2032 Communica-
tions Processor) over a fiber-optic communications link.

For ease of connection or for runs as long as 300 feet from the IRIG-B generator 
to the SEL-487B, use the BNC IRIG-B input to connect the IRIG-B input of the 
SEL-487B to the IRIG-B generation equipment. Make this connection with a 
50  coaxial cable assembly.

Each SEL-487B provides two IRIG-B BNC connectors, labeled IN and OUT. The 
IRIG OUT connector does not support high-accuracy IRIG timekeeping. It lacks 
the C37.118 IRIG Control Bits.

Step 1. Referring to the external source connections in Figure 2.34, connect 
the IRIG-B signals to the IN connection of Relay A to update the 
clock of Relay A.

Step 2. Connect the OUT connection of Relay A to the IN connector of Relay 
B to update the clock in Relay B.

A similar connection between Relay B and Relay C updates the time 
in Relay C. 

NOTE: The IRIG OUT connection 
works regardless of the type of 
external time source connected to the 
relay.

                    

In the absence of an external IRIG-B signal, connect the relays as shown by the 
internal source connections in Figure 2.34. Connected this way, Relay B uses the 
clock of Relay A as time reference, and Relay C uses the clock of Relay B as 
time reference.

Communications Ports Connections
The SEL-487B has three rear-panel EIA-232 serial communications ports labeled 
PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For information on 
serial communications, see Establishing Communication on page 3.3 in the 
SEL-400 Series Relays Instruction Manual.

                    

Figure 2.34 Time Synchronization Connections Between Three Relays
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CAUTION

In addition, the rear panel features a PORT 5 for an optional factory-installed 
Ethernet communications card. For additional information about communica-
tions topologies and standard protocols that are available in the SEL-487B, see 
Section 10: Communications Interfaces in this manual and Section 15: Commu-
nications Interfaces, Section 16: DNP3 Communication, and Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Serial Ports
The SEL-487B serial communications ports use EIA-232 standard signal levels 
in a D-subminiature 9-pin (DB-9) connector. To establish communication 
between the relay and a DTE device (a computer terminal, for example) with a 
DB-9 connector, use an SEL-C234A cable. Alternatively, you can use an 
SEL-C662 cable to connect to a USB port.

Figure 2.34 shows the configuration of SEL-C234A cable that you can use for 
basic ASCII and binary communication with the relay. A properly configured 
ASCII terminal, terminal emulation program, or QuickSet along with the 
SEL-C234A cable provides communication with the relay in most cases.

                    

Serial Cables
Using an improper cable can cause numerous problems or failure to operate, so 
be sure to specify the proper cable for application of your SEL-487B. Several 
standard SEL communications cables are available for use with the relay. The 
following list provides rules and practices you should follow for successful com-
munication using EIA-232 serial communications devices and cables:

Severe power and ground problems 
can occur on the communications 
ports of this equipment as a result of 
using non-SEL cables. Never use stan-
dard null-modem cables with this 
equipment.

➤ Route communications cables well away from power and control 
circuits. Switching spikes and surges in power and control circuits 
can cause noise in the communications circuits if power and control 
circuits are not adequately separated from communications cables.

➤ You should keep the length of the communications cables as short as 
possible to minimize communications circuit interference and also to 
minimize the magnitude of hazardous ground potential differences 
that can develop during abnormal power system conditions.

                    

Figure 2.35 SEL-487B-to-Computer DB-9 Connector
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➤ EIA-232 communications cable lengths should never exceed 15.24 m 
(50 feet), and you should always use shielded cables for 
communications circuit lengths greater than 3.048 m (10 feet).

➤ Modems provide communication over long distances and give 
isolation from ground potential differences that are present between 
device locations. (Examples are the SEL-2800-series transceivers.)

➤ Lower data speed communication is less susceptible to interference 
and will transmit greater distances over the same medium than higher 
data speeds. You should use the lowest data speed that provides an 
adequate data transfer rate.

Ethernet Network Connections
The optional Ethernet card for the SEL-487B comes with two ports, either A and 
B or C and D. You can use either installed port. These ports can work together to 
provide a primary and backup interface. Other operating modes (FIXED and 
SWITCHED) are also available. The following list describes the Ethernet card 
port options.

➤ 10/100BASE-T. 10 Mbps or 100 Mbps communications using Cat 5 
cable (category 5 twisted-pair) and an RJ45 connector

➤ 100BASE-FX. 100 Mbps communications over multimode fiber-
optic cable using an LC connector

                    

Ethernet Card Rear-Panel Layout
Rear-panel layouts for the three Ethernet card port configurations are shown in 
Figure 2.36–Figure 2.41.

                    

                    

                    

Optional fiber-optic ports

                    

Figure 2.36 Two 100BASE-FX Port Configuration on Ports 5A and 5B

                    

Figure 2.37 Two 100BASE-T Port Configuration on Ports 5A and 5B

CAUTION
Use of controls or adjustments, or per-
formance of procedures other than 
those specified herein, may result in 
hazardous radiation exposure.

WARNING
Do not look into the end of an optical 
cable connected to an optical output.

WARNING
Do not perform any procedures or 
adjustments that this instruction man-
ual does not describe.
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Twisted-Pair Networks
NOTE: Use caution with UTP cables 
as these cables do not provide 
adequate immunity to interference in 
electrically noisy environments unless 
additional shielding measures are 
employed.

While Unshielded Twisted Pair (UTP) cables dominate office Ethernet networks, 
Shielded Twisted Pair (STP) cables are often used in industrial applications. The 
SEL-487B Ethernet card is compatible with standard UTP cables as well as STP 
cables for Ethernet networks.

Typically, UTP cables are installed in relatively low-noise environments, includ-
ing offices, homes, and schools. Where noise levels are high, you must either use 
STP cables or shield UTP cables, using grounded ferrous raceways such as steel 
conduit.

Several types of STP bulk cable and patch cables are available for use in Ethernet 
networks. If noise in your environment is severe, you should consider using fiber-
optic cables. We strongly advise against using twisted-pair cables for segments 
that leave or enter the control enclosure.

If you use twisted-pair cables, you should use care to isolate these cables from 
sources of noise to the maximum extent possible. Do not install twisted-pair 
cables in trenches, raceways, or wireways with unshielded power, instrumenta-
tion, or control cables. Do not install twisted-pair cables in parallel with power, 
instrumentation, or control wiring within panels, rather make them perpendicular 
to the other wiring.

You must use a cable and connector rated as Category 5 (Cat 5) to operate the 
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower categories 
are becoming rare and because you may upgrade a 10 Mbps network to 
100 Mbps, we recommend using all Cat 5 components.

                    

Figure 2.38 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5A 
and 5B

                    

Figure 2.39 Two 100BASE-FX Port Configuration on Ports 5C and 5D

                    

Figure 2.40 Two 10/100BASE-T Port Configuration on Ports 5C and 5D

                    

Figure 2.41 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5C 
and 5D

WARNING
During installation, maintenance, or 
testing of the optical ports, use only 
test equipment qualified for Class 1 
laser products.

WARNING
Incorporated components, such as 
LEDs and transceivers, are not user 
serviceable. Return units to SEL for 
repair or replacement.
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Some industrial Ethernet network devices use 9-pin connectors for STP cables. 
The Ethernet card RJ45 connectors are grounded, so you can ground the shielded 
cable using a standard, externally shielded jack with cables terminating at the 
Ethernet card.

AC/DC Connection Diagrams
You can apply the SEL-487B to different power system busbar layouts. 
Figure 2.42 shows one particular application scheme with connections that repre-
sent typical interfaces to the relay for a single zone layout. Figure 2.43 depicts 
typical connections for a three-relay application.
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Figure 2.42 Typical External AC/DC Connections for a Single-Relay Application
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Figure 2.43 Typical External AC/DC Connections for a Three-Relay Application
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Installation

Overview
The first steps in applying the SEL-710-5 Motor Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. Carefully plan relay placement, 
cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-710-5. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-710-5 product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Physical Location The SEL-710-5 is EN 61010-1 certified at Installation/Overvoltage 

Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-710-5 is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.15.) 
For EN 61010-1 certification, the SEL-710-5 rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations Class I, 
Division 2, Groups A, B, C, and D, and temperature class T3C with a maximum 
surrounding air temperature of 50°C.
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Relay Mounting To flush mount the SEL-710-5 in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel. The relay is rated 
IP65 when the two-line display model is enclosed in a panel and rated IP54 
when the touchscreen display model is enclosed in a panel. 

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Models, Options, and Accessories on page 1.4 for information on 
mounting accessories.

I/O Configuration
Your SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, arc-flash 
detectors, and voltage/current cards are available for the SEL-710-5. 
Figure 2.2 shows the slot allocations for the cards.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply and C, D, or E slots with 24–48 Vdc/
Vac digital input options. Relays manufactured after May 18, 2022 will be 
provided with orange Euro connector for low-voltage power supply and digital 
inputs. Refer Figure 2.13 and Figure 2.15 for orange Euro connector 
examples.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

5.47
(139.0)

7.36
(187.0)

5.80
(147.4)

5.67
(144.0)

7.56
(192.0)

1.12
(28.5)

i9089b
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Figure 2.2 Slot Allocations for Different Cards

Rear-Panel Slot

A B C D E Z

Software Reference
1 3 4 5

(e.g., OUT101) (e.g., IN301) (e.g., OUT401) (e.g., AI501)

Description
Power supply 
and I/O carda 

CPU/comm. 
cardb 

Comm. or input/
outputc card

Input/outputc 
or RTD card

Input/outputc or 
current/voltage card

Current/voltage 
card

Card Type

SELECT EIA-232/485 

SELECT DeviceNet 

SELECT 3 DI/4 DO/1 AO (one card per relay)   

SELECT 4 DI/4 DO   

SELECT 4 DI/3 DO (2 Form C, 1 Form B)   

SELECT 8 DO   

SELECT 8 DI   

SELECT 8 AI   

SELECT 14 DId   

SELECT 4 AI/4 AO (one card per relay)   

SELECT 10 RTD 

SELECT 4 AFDI/3 DIFF ACI (MOT…x74…) 

SELECT SYNCH/3 DIFF ACI (MOT…x75…) 

SELECT 8 AFDI (MOT…x76…) 

SELECT 4 ACI/3 AVI (MOT.…x81/82/83/85/86/87x…) 

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports. The IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1). IRIG-B is also supported via fiber-optic serial port 
(Port 2) and rear-panel EIA-232 serial port (Port 3). You can use only one input at a time.

c Digital or analog.
d Requires R200 or higher firmware revision.

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O or Arc Flash or ACI/AVI 
Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot Z)
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Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-710-5 relay. It has two digital 
inputs and three digital outputs (two normally open Form-A contact outputs 
and one Form-C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the base-
unit options shown in Table 2.2.

Port F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

Table 2.1 Power Supply Inputs (PSIO/2 DI/3 DO) Card Terminal Designations

Side-Panel
Connections Label

Terminal 
Number Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T 
Ethernet copper port or 100BASE-FX 
Ethernet fiber-optic port

2 Rear Panel Standard Isolated multimode fiber-optic port with 
ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or EIA-485 
serial port
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Port 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ Simple Network Time Protocol (SNTP)

➤ Parallel Redundancy Protocol (PRP)

➤ EtherNet/IP

➤ Precision Time Protocol (PTP)

➤ IEC 61850

➤ FTP

➤ Telnet

Port 2 and Port 3 support the following protocols:

➤ Modbus RTU Slave

➤ DNP3 Level 2 Outstation

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ IEC 60870-5-103

Communications Card 
(Slot C)

Either the DeviceNet (see Appendix I: DeviceNet Communications) or the 
EIA-232/EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ Port 4A, an isolated EIA-485 serial port interface

➤ Port 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Select either EIA-232 or EIA-485 functionality using the Port 4 Setting 
COMM Interface. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

NOTE: After any change, be sure to 
thoroughly test the settings.
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➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ DNP3 Level 2 Outstation

➤ IEC 60870-5-103

Current/Voltage Card 
(4 ACI/3 AVI)

MOT…x81x… (1 A phase, 1 A neutral CTs); …x85x… (5 A phase, 5 A neutral 
CTs); …x82x… (1 A phase, 5 A neutral CTs); …x86x… (5 A phase, 
1 A neutral CTs); …x83x… (1 A phase, 2.5 mA neutral CTs); or …x87x… 
(5 A phase, 2.5 mA neutral CTs). Supported in Slot Z of the SEL-710-5 relay, 
this card has current inputs for three-phase CTs, neutral current CTs, and 
voltage inputs for three-phase (wye or delta) PTs. You can order one of three 
neutral CT ratings, 1 A, 5 A, or 2.5 mA (high sensitivity).

Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number Description

Z01

Z02

IA, A-phase current input

Z03

Z04

IB, B-phase current input

Z05

Z06

IC, C-phase current input

Z07

Z08

IN, Neutral current input

Z09

Z10

Z11

Z12

VA, A-phase voltage input

VB, B-phase voltage input

VC, C-phase voltage input

N, common connection for VA, VB, VC

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

WARNING
Voltage measurement circuits have 
high input impedance and will 
respond to stray signals when left 
open (disconnected). Always isolate 
the relay control circuit before 
opening the voltage input test 
switches or performing work on the 
voltage circuit. Z03

Z04
IB

Z05

Z06
IC

Z07

Z08
IN

Z02
IA

Z01

ACI

AVI

Z09

Z 1 1

WYE

VA VA

VB VB
(COM)

VC VC

Z12 N COM

OPEN
DELTA

Z10
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Four Arc-Flash 
Detection Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(4 AFDI/3 DIFF ACI)

MOT…x74x… Supported only in Slot E of the SEL-710-5, this card has four 
arc-flash fiber-optic transmit and receive inputs (AF1–AF4) and three 
differential current inputs (IA87, IB87, and IC87). Table 2.5 shows the 
terminal designation.

Three Synchronous 
Motor Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(SYNCH/3 DIFF ACI) 

MOT…x75x… Supported only in Slot E of the SEL-710-5, this card has three 
synchronous motor inputs (VDR, VEX, and IEX) and three differential 
current inputs (IA87, IB87, and IC87). IEX can use either (0–10 V) voltage or 
(4–20 mA) current input based on the position of the DCCT switch. Table 2.6 
shows the terminal designation.

Table 2.5 Four Arc-Flash Detection Inputs and Three AC Current Inputs 
(4 AFDI/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 IA87, A-phase differential current input

E06 IB87, B-phase differential current input

E07 IC87, C-phase differential current input

E08 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

05

06

I A87

COM

I C87

I B87

07

08

0 1

TX RX

02

03

04

AF 1

AF2

AF3

AF4

Table 2.6 Three Synchronous Motor Inputs and Three AC Current Inputs 
(SYNCH/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 VDR+, Field Discharge Resistor Voltage 
(Positive)

E02 VDR-,Field Discharge Resistor Voltage 
(Negative)

E03 VEX+, Exciter Voltage (Positive)

E04 VEX-, Exciter Voltage (Negative)

E05 IEX+, Exciter Current (Positive)

E06 IEX-, Exciter Current (Negative)

IEX DCCT Type Selection Switch

E07 IA87, A-phase differential current input

E08 IB87, B-phase differential current input

E09 IC87, C-phase differential current input

E10 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

C O M

07

08

09

1 0

VDR +

VDR –

VEX +

VEX –

01

02

03

04

05

06

EX +

EX  –

A 8 7

B 8 7

C 8 7

EX DCCT  TYPE

0-10V 4-20mA

AV

AC
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Eight Arc-Flash 
Detection Inputs 
(8 AFDI)

MOT…x76x… Supported only in Slot E of the SEL-710-5, this card has eight 
arc-flash fiber-optic transmit and receive inputs (AF1–AF8). Table 2.7 shows 
the terminal designations.

Analog Inputs Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.8 shows the terminal designation.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal 
Designations

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 AF5 Channel TX and RX Inputs

E06 AF6 Channel TX and RX Inputs

E07 AF7 Channel TX and RX Inputs

E08 AF8 Channel TX and RX Inputs

TX RX

0 1

02

03

04

AF 1

AF2

AF3

AF4

05 AF5

06 AF6

07 AF7

08 AF8

Table 2.8 Eight Analog Inputs (8 AI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

NOTE: Connection lengths less than 
10 meters for analog inputs and 
outputs meet the requirements of IEC 
60255-26 and IEC 60255-27.
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I/O Card (4 AI/4 AO) Supported in only one of the nonbase unit slots (Slot C through Slot E), this 
card has four analog inputs and four analog outputs. Table 2.9 shows the 
terminal designation.

I/O Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs (normally open contact outputs), and one analog 
output. Table 2.10 shows the terminal designation.

NOTE: The analog output is self-
powered and has an isolated power 
supply.

Table 2.9 Four Analog Inputs/Four Analog Outputs (4 AI/4 AO) Card 
Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog outputs (4 AI/4 AO, 
3 DI/4 DO/1 AO) are isolated (dielectric 
level up to 1.0 kVac) from each other 
and from the chassis ground.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

Table 2.10 Three Digital Inputs/Four Digital Outputs/One Analog Output 
(3 DI/4 DO/1 AO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 3-wire RTD inputs. Table 2.11 
shows the terminal designation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form B digital output (normally closed), and two Form C 
digital output contacts. Table 2.12 shows the terminal designation.

Table 2.11 RTD Inputs (10 RTD) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

•

•

•

•

•

•

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: Use passive resistors to 
simulate temperatures. Note that 
using RTD simulators to test RTD 
inputs can damage the relay.

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

NOTE: All Comp/Shield terminals are 
internally connected to the relay 
chassis and ground. 

Table 2.12 Four Digital Inputs/Three Digital Outputs (4 DI/3 DO) 
Card Terminal Designation 

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1
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I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are normally open contact 
outputs or all fast hybrid outputs (high-speed, high-current interrupting). 
Table 2.13 shows the terminal designation.

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.14 shows the terminal designation.

Table 2.13 Four Digital Input/Four Digital Output (4 DI/4 DO) 
Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

Table 2.14 Eight Digital Input (8 DI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element

INPUTS:

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1
IN_0 1

IN_02

IN_03

IN_04

IN_05

IN_06

IN_07

IN_08
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I/O Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital outputs. Table 2.15 shows the terminal designation.

The 8 DO card, shown in Table 2.15, has all 8 Form A contacts. Refer to the 
SEL-710-5 Model Option Table for all the variants available (8A, 8B, 4A/4B, 
2A/6B, 6A/2B).

I/O Card (14 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.15 Eight Digital Output (8 DO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC 
control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC 
control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC 
control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC 
control equation

09, 10 OUTx05, driven by OUTx05 SELOGIC 
control equation

11, 12 OUTx06, driven by OUTx06 SELOGIC 
control equation

13, 14 OUTx07, driven by OUTx07 SELOGIC 
control equation

15, 16 OUTx08, driven by OUTx08 SELOGIC 
control equation

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel 
Connections Label

Terminal 
Number

Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01 

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

INx01, drives INx01 element

INx02, drives INx02 element

INx03, drives INx03 element

INx04, drives INx04 element

INx05, drives INx05 element

INx06, drives INx06 element

INx07, drives INx07 element

COM

INx08, drives INx08 element

INx09, drives INx09 element

INx10, drives INx10 element

INx11, drives INx11 element

INx12, drives INx12 element

INx13, drives INx13 element

INx14, drives INx14 element

COM
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Card Configuration 
Procedure

Changing card positions, or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to use the SET command to program the 
I/O settings).

The SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
The SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-710-5 in Slots C, D, 
and E. Optional communications cards are available only for Slot C; an RTD 
card is available only for Slot D; and synchronous motor inputs, current, and 
arc flash cards are available only on Slot E. Figure 2.2 shows the slot 
allocations for the cards.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations that provide options for an array of applications. Choose 
the combination of option cards most suited for your application.

Swapping Optional I/O Cards
When an I/O card is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 
OUT401–OUT404 are available. If OUT401 = IN101 AND 50P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-710-5 can be upgraded by adding as many as three cards.

Installation
Perform the following procedure to install or replace any one of the cards into 
Slots C, D, E, or Z of the base unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and A02–
and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material the may remain inside the SEL-710-5 case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

DANGER
Disconnect or de-energize all 
external connections before 
opening this device. Contact with 
hazardous voltages and currents 
inside this device can cause 
electrical shock resulting in injury 
or death.

NOTE: To replace the 
communications card in Slot C with 
a standard I/O card, remove the 
white, stick-on label on the back 
plate to see the correct slots for 
the selected I/O card.
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If you have a two-line display front panel, perform Step 11 
through Step 19; if you have a touchscreen display front panel, 
proceed to Step 20. 

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted in the wrong slot. Begin again at 
Step 2.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:

STATUS

Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:

Serial Num

000000000000000000000000

Step 16. Press the ENT pushbutton.

The front panel displays the following:

Confirm Hardware

Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:

Accept New Config?

No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:

Config Accepted.

Enter to Reboot

Step 19. Press ENT and proceed to Step 22.
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Step 20. Wait for the Device Status screen to appear, and then verify the 
new part number and tap Yes to confirm the new configuration.

Step 21. Tap OK on the notification screen to reboot the relay.

Step 22. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED is turned on to indicate the card was installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the digits shown below. These digits remain unchanged, 
i.e., these digits retain the same character as before the 
reconfiguration. A communications card (DeviceNet or 
EIA-232/485) installed in Slot C will be reflected as an empty 
slot in the part number. A regular 4 DI/4 DO card and a hybrid 
4 DI/4 DO card have the same device ID. When interchanging 
these two cards, the part number for the respective slots should 
be updated manually. Use the STATUS command to view the 
part number.

Step 23. Update the side-panel drawing with the drawing sticker 
provided in the option card kit. If necessary, replace the rear 
panel with the one applicable for the card and attach the 
terminal marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial number 
label with the updated part number.

Step 24. Reconnect all connection plugs and add any additional wiring/
connectors required by the new option card.

Slot B CPU Card Replacement
Before replacing the Slot B card, do the following:

 1. Ensure that the card has the latest firmware from the factory.

 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

 3. Save all the settings and event reports before replacing the card.

 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option on page B.19.

071050E1B5X1X7586000X

NOTE: If adding a SELECT 
SYNCH/3 DIFF card, perform R_S 
from Access Level C after accepting 
the configuration and rebooting the 
relay.
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Perform the following steps to replace the existing CPU card with a new card:

Step 1. Turn off the power to the relay.

Step 2. Use ground strap between yourself and relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the card from its slot and insert the new card.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via the terminal emulation 
software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the relay serial number and part number to the 
appropriate values, type END, and then save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial and part 
numbers of your relay are correct.

Slot A Power Supply Card
If you are replacing a power supply card, change the part number accordingly, 
using the PARTNO command from Access Level C. Install new side stickers 
on the relay.

Analog Input (AI) 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in Position 1–2; for a voltage channel, insert Jumper x in Position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Voltage/Current 
Jumper Selection

Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and 
10. For a voltage analog output selection, insert a jumper between Pins 3 and 
4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: There is no jumper between 
pins 5 and 6 for a voltage analog 
output selection.

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self-powered and has an 
isolated power supply.

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
(Start/Stop Control), 
and SELBOOT Jumper 
Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password Jumper, Breaker Jumper (Start/Stop Control), 
and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-710-5 experiences 
an internal failure, communication with the relay can be compromised. 
Forcing the relay to SELBOOT provides you with a way to download new 
firmware. To force the relay to SELBOOT, place the jumper in Position C, as 
shown in Figure 2.7 (SELBOOT forced). After the relay is forced to SELBOOT, 
you can only communicate with it via the front-panel port.

To gain access to Level, Level 2, and Level C command levels without 
passwords, place the jumper in Position A, as shown in Figure 2.7 (Password 
Bypassed). Note that you can only access command levels without passwords 
to the access level set for the MAXACC setting for the port through which you 
are communicating. Although you gain access to Level 2 and Level C without 
a password, the alarm contact still closes momentarily when accessing Level 2 
and Level C. See Table 2.17 for the functions of the three sets of pins and their 
jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B On (start/stop enabled) Enable breaker (start/stop 
control)a

a Enable/disable serial port, front panel, and Fast Operate commands for breaker control.
The jumper position affects the breaker control by using the STR or STO commands and 
output contact control by using the PULSE command via the serial port, the front-panel 
menu-driven user interface, or the communications protocols. The jumper position does not 
affect the operation of the local bits, the remote bits, or the front-panel programmable 
pushbuttons.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT

Forced

Remote Breaker Control
(Start/Stop)
Allowed

JMP1

A B C

JMP1

A B C
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Relay Connections
Side-Panel and 
Rear-Panel Diagrams

The physical layout of the connectors on the side-panel and rear-panel 
diagrams of three sample configurations of the SEL-710-5 are shown in 
Figure 2.8 through Figure 2.12.

Figure 2.8 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO and Synchronous 
Motor/Differential Option (Relay MOT: 071050E1AA3CA75850830)

Figure 2.9 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, 
Fast Hybrid 4 DI/4 DO and 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A6XCA74851300)

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.10 No Ethernet, Fiber-Optic Serial, EIA-232 Communications, IRIG-B, 8 DO, Fast Hybrid 4 DI/4 DO, 
8 Arc-Flash Option (Relay MOT: 071050E1A2ACA73850000)

Figure 2.11 Copper Ethernet, Fiber-Optic Serial, EIA-485 Serial Communications, IRIG-B, 8 DI, Fast Hybrid 4 DI/
4 DO, 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A3ACA74850300)

i6300a

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.12 Dual Copper Ethernet, Fiber-Optic Serial, EIA-232 Serial Communications, IRIG-B, 14 DI, 10 RTD and 
Synchronous Motor Differential Option (Relay MOT: 071050S1A4A9X7585A670)

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.13 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply options. Figure 2.13 shows the orange 
Euro connector with 24–48 Vdc power supply rating.

Figure 2.13 Slot A Euro Connector

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-710-5; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V maximum.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.49 for details. Be sure to use fuses that comply with 
IEC 60127-2.

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage 
can result if you do not use proper 
ESD procedures. Ground yourself, 
your work surface, and this 
equipment before removing any 
cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL 
about returning this device and 
related SEL equipment for service.
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Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1  mm2) to 18 AWG (0.8  mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

The relay IN input can be connected to the ground CT, as shown in 
Figure 2.24. Connecting the IN input residually requires you to select a 
relatively high overcurrent element pickup setting to avoid tripping due to 
false residual current caused by CT saturation during high starting current. 
The IN connection shown in Figure 2.24 is preferred and provides for a lower 
ratio flux-balance CT that avoids saturation and provides greater ground fault 
sensitivity.

When you use a ground CT, its placement is critical and depends on the type 
of cable used to connect the motor to the source. As Figure 2.14 shows, using 
unshielded cable requires that the CT be placed between the neutral 
connection to ground and the motor, with the neutral lead included in the CT 
window. With shielded cable, the shield connection to ground must pass 
through the CT window.

Figure 2.14 Ground CT Placement

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial Port 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the Port 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size 26 AWG through 
14 AWG. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

Load

A

B

C

N

Source

Load

A

B

C

Source

Shielded Cable

Shields Connected

to Ground on Load Side 

Unshielded Cable
x:1 or x:5 Window CT

Neutral Connected to 

Ground on Source Side Only

x:1 or x:5 Window CT

Stress

Cone Shields
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-710-5 accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but you should use only one at a time. You can use IRIG-B (B01 and 
B02) inputs, an SEL communications processor via EIA-232 serial Port 3, or 
fiber-optic serial Port 2. The available communications processors are the 
SEL-2032, SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. You 
can also use the SEL-3530 Real-Time Automation Controller (RTAC) to 
provide IRIG-B input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have 
the terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or 
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a 
fiber-optic cable pair with ST connectors (C805, C807, C808) to connect to 
Port 2 on the SEL-710-5. Refer to Section 7: Communications for details on 
IRIG-B connections examples and on SEL-2401/2407/2404 for time source.

Ethernet Port
The SEL-710-5 can be ordered with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to Port 1 of the device using a standard 
RJ45 connector for the copper port and an LC connector for the fiber-optic port.

Fiber-Optic Serial Port
The fiber-optic serial port is compatible with the SEL-2812 (with IRIG-B), the 
SEL-2814 Fiber-Optic Transceivers, or SEL-2600 RTD Modules.

I/O Connections Digital inputs, when selected with 24 Vdc/Vac or 48 Vdc/Vac input voltage 
option, come with an orange Euro connector on the slot. Figure 2.15 shows 
the orange Euro connector for the 3 DI/4 DO/1 AO digital input option on 
Slot C.

Figure 2.15 Slot C Euro Connector

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.16 and Figure 2.17.
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Figure 2.16 Control I/O Connections—4 AI/4 AO Option in Slot D

Figure 2.17 Control I/O Connections—Internal RTD Option

Fiber-Optic Cable
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Notes:

• The chassis ground connector located on the rear-panel card in Slot A must always be connected to the 

local ground mat.

• Power supply rating (110–240 Vac, 110-250 Vdc or 24–48 Vdc) depends on the relay part number.

• Optoisolated Inputs IN101 and IN102 are standard and located on the card in Slot A.

• All optoisolated inputs are single-rated: 24, 48, 110, 125, 220, or 250 Vac/Vdc. Standard Inputs IN101/102 

can have a different rating than the optional IN401/402/403/404 (not shown).

• Output Contacts OUT101, OUT102, and OUT103 are standard and located on the card in Slot A.

• The analog (transducer) outputs shown are located on the optional I/O expansion card in Slot D.

• The fiber-optic serial port is located on the card in Slot B. A Simplex 62.5/200 µm fiber-optic cable is 

required to connect the SEL-710-5 with an SEL-2600 Series RTD Module. This fiber-optic cable should be 

1000 meters or shorter.

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

NOTE: The B01–B02 
input located on the 
card in Slot B is either a 
PTC (thermistor) input 
or an IRIG-B Time-Code 
input depending on the 
SEL-710-5 model 
number. As many as six 
thermistors can be 
connected in series. 
Refer to Table 2.18 for 
PTC external cable 
length restrictions. 
Note that B01–B02 
based IRIG or PTC input 
is not available in 
SEL-710 models with 
fiber-optic or dual 
copper Ethernet port. 
Also, note that relays 
with PTC do not 
support IRIG-B. 
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PTC Wiring Table 2.18 shows the maximum cable lengths for the PTC connections.

RTD Wiring Table 2.19 shows the maximum cable lengths for the RTD connections that 
satisfy the 25-ohm limit required for connecting to SEL devices.

Refer to SEL application guide Applying Various Types of RTDs with SEL 
Devices (AG2017-09). This application guide specifies the correct connection 
of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note Wiring SEL-2400, 
SEL-2200, and SEL-700 Series Devices (AN2014-08)—and avoid fitting 
multiple wires into a single terminal, the bird-caging effect of stranded wires, 
and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.18. Also 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Table 2.18 PTC Cable Requirements

Wire Size, Twisted Pair 
AWG No.

Maximum Length (meters) 
Shielded Cable

Maximum Length (meters) 
Unshielded Cable

20 200  100

18 300  100

17 400  100

16 600  100

14 1000  100

Table 2.19 Typical Maximum RTD Lead Length 

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m

NOTE: RTD inputs are not 
internally protected for 
electrical surges. External 
protection is recommended if 
surge protection is desired.

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.
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Figure 2.18 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams for the following 
applications:

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motor

➤ Full-Voltage Reversing Starter

➤ VFD Motor 

➤ Synchronous Motor 

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.19 shows the output OUT103 relay coil and Form C contact. When the 
relay coil de-energizes, the contact between A07 and A08 opens while the 
contact between A07 and A09 closes.

Figure 2.19 Output OUT103 Relay Output Contact Configuration

The SEL-710-5 provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occur in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-710-5 is 
powered and operational.

➤ When the SEL-710-5 generates a trip signal, the relay coil is 
de-energized.

➤ The relay coil is also de-energized if the SEL-710-5 power 
supply voltage is removed or if the SEL-710-5 fails (self-test 
status is FAIL).

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time 
to open the contacts) for fast-hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).
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Figure 2.20 shows fail-safe and nonfail-safe wiring methods to control 
breakers and contactors.

Figure 2.20 Breaker Trip Coil and Contactor Connections with OUT103FS := Y and OUT103FS := N

Figure 2.21 shows a typical contactor application using the factory-default 
settings for output OUT102 and output OUT103. Note that the START Relay 
Word bit is used to start the motor in addition to the manual start pushbutton. 
This allows internal relay logic to start the motor. See Figure 4.30 for the logic 
the relay uses to initiate motor starts.

Figure 2.21 Contactor Application Using Factory-Default Settings

A07

52A

Fail-Safe
(Electrically Held Open)

OUT103FS = Y 

Nonfail-Safe
OUT103FS = Y

Nonfail-safe
OUT103FS = N

Circuit Breaker Contactor
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CR

STOP

START

52A

Breaker Trip Coil
A09

A07

A08

A07

STOP
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Contactor Coil

Contactor Coil

Breaker Trip CoilTC

TC

CR

CR

A09

A08

A07

Fail-Safe
(Electrically Held Closed)

OUT103FS = Y

Note: Contacts shown with OUT103 relay coil de-energized

Contactor

CR

CR

OUT102 := START

STOP

START

Contactor Coil

OUT103FS := Y
OUT103 := TRIP OR PB04

Fail-Safe
(electrically held)

A06

A05

A08

A07
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High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity–
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, the ac voltages can be directly connected, wye-
wye VT connected, open-delta VT connected, or a single-phase VT can be 
used. Figure 2.22 and Figure 2.23 show the methods of connecting single-
phase and three-phase voltages.

Figure 2.22 Single Phase Voltage Connections

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short 
circuit arc flash incident energy.

A B C

Single Phase-to-Neutral VT Connection

Single Phase-to-Phase VT Connection

F1

A B C
Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

SEL-710-5

SEL-710-5

F1
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The VT secondary circuit should be grounded in the relay cabinet.

For open-delta VT connections, the figure shows grounding B-phase (Z10). You can 
choose to ground A-phase or C-phase instead of B-phase, but keep the jumper 
between terminals Z10 and Z12 as is.

Figure 2.23 Voltage Connections

A B C

A B C

SEL-710-5

Z09

Z10

Z11
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Z09
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Across-the-Line 
Starting

Figure 2.24 AC Connections With Core-Balance Neutral CT

Figure 2.25 and Figure 2.26 show current circuit connections for the 
differential elements.

Figure 2.25 AC Connections With Core-Balance Differential CTs

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 chassis should be grounded in the relay cabinet.

SEL-710-5 with 4 AFDI/3 DIFF ACI Card in Slot E

A

B

C

IA87 IB87 IC87

E05 E06 E07 E08

MOTOR
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Figure 2.26 AC Connections With Source- and Neutral-Side CTs

The implementation in Figure 2.27 requires the following settings:

Figure 2.27 Control Connections for Fail-Safe Tripping
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OUT103 := TRIP OR PB04
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Star-Delta Starting The implementation in Figure 2.28 and Figure 2.29 requires the following 
settings.

Figure 2.28 AC Connections for Star-Delta Starting

Figure 2.29 Control Connections for Star-Delta Starting

NOTE: A single winding motor rated 
for Star-Delta starting is required. 
The current transformers must be 
located as shown, outside the delta.

OUT101 := SALARM OR HALARM OUT401 := DELTA

OUT103 := TRIP OR PB04 OUT402 := STAR

OUT103FS := Y
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Two-Speed Motor In Figure 2.30, contactors C1 and C2 are interlocked so that only one is 
energized to select either Speed1 or Speed2. The following setting is required.

SPEED2 := IN101

Figure 2.30 AC Connections for Two-Speed Motor—Paralleled CTs
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Full-Voltage 
Reversing Starter

Set FVR Phasing (FVR-PH) to identify the phase that is not affected by the 
Reverse contactor. For example, the FVR starter shown in Figure 2.31 
requires the following settings.

When phase CTs are located on the bus side of the contactor, set 
FVR_PH := NONE or set.

Figure 2.31 AC Connections for Full-Voltage Reversing (FVR) Starter

E2SPEED := Y FVR_PH := A SPEED2 := IN101

E2SPEED := N SPEED2 := 0

C
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VFD Motor 
Application

The implementation in Figure 2.32 requires the following group settings. 

VFDAPP := Y

LOAD_ZS must be set ≤ FLA1. This represents load at zero speed. 

Similarly, set FREQ_FL between 10 and 70 Hz. This represents the frequency 
below which the full load current is derated. Refer to Configuration Settings 
on page 4.4 for details.

In a VFD application, the SEL-710-5 uses rms currents (that include 
harmonics) instead of fundamental frequency currents for the overcurrent and 
thermal protection (50, 51, and 49 including Motor State Logic) elements. The 
SEL-710-5 with VFD tracks frequency of the phase current inputs only. When 
voltage inputs are used, they should be from the same side of the VFD as the 
current inputs (e.g., the motor side for connections shown in Figure 2.31). 
SEL strongly discourages the use of voltage-based protection, including 
under- and overvoltage, power factor, underpower, reactive power (27/59, 
55, 37, and VAR) elements unless the voltage inputs are substantially 
sinusoidal.

Figure 2.32 AC Connections for a VFD Motor Application
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Synchronous Motor 
Application 

The ac/dc connection diagram showing a brush type synchronous motor in 
Figure 2.33 requires the group setting, SYNTYPE := BRUSH. Refer to 
Synchronous Motor Settings on page 4.71 for more details on synchronous 
motor applications, including setting of loss-of-field, field resistance, current 
and voltage elements, out-of-step element, power factor, and reactive power 
elements.

Figure 2.33 AC/DC Connections for a Brush-Type Synchronous Motor Application
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Figure 2.34 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 2.35 DC Control Connection Diagram for the Synchronous Motor Application
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Synchronous Motor Voltage Divider Module
The voltage divider module (VDM) provides attenuation to the VDR and 
VEX voltages when connected to the relay.

➤ VDR Divider DC Ratio: 5.4

➤ VEX Divider DC Ratio: 2.1

Note that the cable length has a negligible impact on signal accuracy, but can 
impact noise pickup. To minimize noise coupling, SEL recommends that you 
place the module near the synchronous motor field winding and use a 
14–18 AWG shielded, twisted-pair cable with the shield grounded at the relay 
cabinet to connect the VDM to the relay.

Charging capacitance on the wiring between the VDM and the relay 
attenuates the VDR voltage magnitude measurement during the first part of 
the motor start sequence. The start sequence logic is not affected by this 
voltage magnitude attenuation.

Figure 2.36 Synchronous Motor Voltage Divider Module (SEL P/N 915900294)

Figure 2.37 DIN-Rail Mounting Dimensions for the Module

DANGER
Synchronous Motor Voltage Divider 
Module terminals carry high ac/dc 
voltage signals. Disconnect the device 
from the synchronous motor before 
working on the device. Contact with 
live wires can cause electrical shock 
resulting in injury or death.

NOTE: Connection of any test meter 
should be limited to the input side of 
the divider module. This is to avoid 
inaccuracy in voltage measurements 
due to high input impedance of the 
module.

Relay Connector 

Pin  Relay Side Connections
1 VDR+, Field Discharge Resistor Voltage 

(Positive) to E01
3 VDR—, Field Discharge Resistor Voltage 

(Negative) to E02
6 VEX+, Exciter Voltage (Positive) to E03
8 VEX—, Exciter Voltage (Negative) to E04

Motor Connector

Pin  Motor Side Connections
1 VDRM+, Field Discharge Resistor 

Voltage (Positive)
6 VDRM—, Field Discharge Resistor 

Voltage (Negative)
11 VEXM+, Exciter Voltage (Positive)
16 VEXM—, Exciter Voltage (Negative)

Use Twisted Pairs on This Side

LEGEND

in
(mm) i9313a

SIDEFRONT
5.30

(134.6)

4.75

(120.7)

1.87

(47.5)
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Arc-Flash Protection
System Installation This section describes an arc-flash system installation, the sensor 

characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 11: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also refer to SEL application 
guide Using the SEL-751 and SEL-751A for Arc-Flash Detection 
(AG2011-01) available on the SEL website, for more details.

Figure 2.38 shows main system components comprising: current input card, 
the arc-flash/differential input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.11 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 4 AFDI/3 DIFF 
ACI card for arc-flash protection. Figure 2.10 shows the rear-panel layout and 
the side-panel I/0 designations for the relay model with the 8 AFDI card. 
Installation instructions for 8 AFDI are similar to the 4 AFDI/3 DIFF ACI card.

Figure 2.38 SEL-710-5 With an Arc-Flash Option Card and Fiber-Optic-Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location varies depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 

With 4 AFDI/3 DIFF ACI Card in Slot EWith 8 AFDI Card in Slot E
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clearance and creepage requirements. Sensors should be permanently affixed 
using supplied mounting grommets or permanent cable ties. Figure 2.39 
shows an example of a typical jacketed-fiber installation. 

Figure 2.39 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept above 50 mm (2 in). Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is required to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-710-5 relay as 
shown in Figure 2.38.

Point-Sensor 
Installation 

The point sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.40 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.40 Point-Sensor Assembly

There is a standard point sensor or a window point sensor available for the 
point-sensor assembly.

The standard point sensor is optimized for mounting inside the switchgear 
compartment. Figure 2.41 shows the standard point-sensor dimensions.

Dual V-Pin
Latch

V-Pin
Terminators

Black-Jacketed Fiber Zipcord Duplex

01-35 Meters

Sensor
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Figure 2.41 Standard Point-Senor Dimensions

The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.42.

Figure 2.42 Standard Point-Sensor Installation

The window point sensor is optimized for mounting outside switchgear, 
motor control centers, or breaker cabinets to detect an arc flash inside the 
enclosure. Figure 2.43 shows the window point-sensor dimensions.

Figure 2.43 Window Point-Sensor Dimensions

1. Mounting Grommet Insertion
(1/4” diameter hole)

2. Sensor Insertion
(1/4” diameter hole)

0.519 in
(13.17 mm)
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(2.2 mm)
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(3.56 mm)
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(13.9 mm)

0.400 in
(10.16 mm)

0.250 in
(6.35 mm)

0.169 in
(4.3 mm)

1/4” diameter hole

1/4” diameter hole
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(3.67 mm)

0.479 in

(12.16 mm)

0.153 in

(3.89 mm) 1.402 in

(35.61 mm)

0.169 in

(4.3 mm)

0.087 in

(2.2 mm)0.389 in

(9.89 mm)

0.664 in

(16.86 mm)
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The window point sensor requires two holes to be drilled on the enclosure, as 
shown in Figure 2.44. The sensor must be mounted from the outside and 
secured in the correct position to the switchgear by using the self-tapping 
screws provided.

Figure 2.44 Window Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.45, Figure 2.46, and Figure 2.47 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts that are most likely to cause an arc-flash event. 

Figure 2.45 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.46 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.47 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Fiber Sensor 
Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.48 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.49 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.48 Clear-Jacketed Fiber Sensor Assembly

Figure 2.49 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.50. Two connector options (V-pin and ST) are available to transition 
from the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.51. 
The ST connector option is generally superior because of positive locking.

Figure 2.50 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. 
The maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both, clear-jacketed fiber and black-jacketed fiber sections (the 

i8004c

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
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(V-Pin)

Connector Splice 
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black-jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.51.

Figure 2.51 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section

The clear-jacketed fiber loop should be returned through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains below 35 m, irrespective of the 
SEL-710-5 dual V-pin connector orientation. 

Application Example Figure 2.52 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. Breaker 1 is protected by an 
SEL-751 relay and Breakers 2 and 3 are protected by SEL-710-5 relays. 
Radial feeder breakers 2 and 3 must be tripped for downstream faults, 
normally located in the outgoing cable termination compartment. To obtain 
better coverage, multiple sensors can be installed in the same compartment, as 
shown in the lower right corner of the figure with sensors marked LS1 and 
LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right-hand corner 
of Figure 2.52). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When desired radial feeder relays sensors (such as LS3 connected to the lower 
right-hand relay) can be used to transfer trip the upstream breaker. Logic 
equations required for this function are shown in Output Logic Programming 
in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the arc-flash 
protection system in service, first 
make sure all the sensors are 
correctly installed, and then execute 
the AFT command to initiate a self-
test.
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Figure 2.52 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 Arc-Flash 
Detection (AFD) Fiber Cables and Accessories MOT. The losses and budget 
values shown in Table 2.20 are typical values. See Table 2.21 for SEL-C804 
and SEL-C814 arc-flash detection cable specifications.

SEL-710SEL-710

SEL-751

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs with point or clear-jacketed fiber sensors.

Table 2.20 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.53.

Figure 2.53 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.54. 

Table 2.21 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40 to +85°C –55 to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

Core Diameter 980 μm 980 μm

Cladding Diameter 1000 μm 1000 μm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm 
(0.087 in x 0.17 in)

2.20 mm (0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull 
Tension

140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull 
Tension

43.8 N (3 lb/ft) 43.8 N (3 lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) .175 dB/m .175 dB/m

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.54 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for 
transportation. For multimode fiber-optic arc-flash detection sensors with 
additional splice connectors, refer to the SEL-C814 Arc-Flash Detection 
(AFD) Fiber Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.55, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.55 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.56, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

01-35 Meters

“A” Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 meters

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber



2.49

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
Field Serviceability

Figure 2.56 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 meters

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Section 2
Installation

Overview
The first steps in applying the SEL-751A Feeder Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. You should carefully plan relay 
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-751A. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-751A product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Proper placement of the SEL-751A helps to ensure years of trouble-free 
protection. Use the following guidelines for proper physical installation of the 
SEL-751A.

Physical Location The SEL-751A is EN 61010-1 certified at Installation/Overvoltage 
Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-751A is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.13.) 
For EN 61010-1 certification, the SEL-751A rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
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or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C with a 
maximum surrounding air temperature of 50°C.

Relay Mounting To flush mount the SEL-751A in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel (IP65).

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C-temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and 
Accessories for information on mounting accessories.

I/O Configuration
Your SEL-751A offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, and voltage 
cards are available for the SEL-751A. Figure  shows the slot allocations for 
the cards.

Because installations differ substantially, the SEL-751A offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

7.36 
(187.0)

5.47 
(139.0)

i9089b
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Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

SELECT EIA-232/485 ●

SELECT DeviceNet ●

SELECT 3 DI/4 DO/1 AO (one card per relay) ● ● ●

SELECT 4 DI/4 DO ● ● ●

SELECT 4 DI/3 DO (1 Form B, 2 Form C) ● ● ●

SELECT 8 DI ● ● ●

SELECT 8 AI ● ● ●

SELECT 4 AI/4 AO (one card per relay) ● ● ●

SELECT 10 RTD ●

SELECT 3 AVI (MOT… x71x…) ●

SELECT 5 AVI (MOT … x72x…) ●

SELECT 5 AVI (MOT … x73x…) ●

SELECT 3 AVI/4 AFDI (MOT … x74x…) ●

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O Expansion Card (Slot E)

SELECT 4 ACI Card (Slot Z)
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Figure 2.2 Slot Allocations for Different Cards

Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-751A Relay. It has two digital 
inputs and three digital outputs (two normally open Form A contact outputs 
and one Form C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

SELECT 5 AVI/1 ACI (MOT … x75/76x…) ●

SELECT 4 ACI ●

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1) that have PORT 3 as an EIA-232 serial port and can 
input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via PORT 2 (optional EIA-232 
fiber-optic serial port).

c Digital or analog.

Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

Table 2.1 Power Supply Card Inputs Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number

Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07
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Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the 
following base-unit options shown in Table 2.2.

PORT F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

➤ Event Messenger

➤ C37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ IEC 61850

➤ FTP

➤ Telnet

PORT 2 and PORT 3 support the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX

Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial 
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated 
EIA-485 serial port
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Communications Card 
(Slot C)

Either the DeviceNet (see Appendix G: DeviceNet Communications) or the 
EIA-232/ EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ PORT 4A, an isolated EIA-485 serial port interface

➤ PORT 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Use the PORT 4 setting, COMM Interface, to select either EIA-232 or EIA-485 
functionality. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Voltage Card Option 
(3 AVI)

MOT…x71x… Supported in Slot E only, order this card when you have 
either single or three-phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle—see Processing 
Specifications and Oscillography on page 1.14 for more information. 
Table 2.4 shows the terminal allocation.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

Table 2.4 3 AVI Voltage Card Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB,VC

06 N, Common connection for VA, VB,VC
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Enhanced Voltage 
Card Option With 
Monitoring Package 
(5 AVI)

MOT…x72x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. Table 2.5 shows the terminal allocation.

Enhanced Voltage Card 
Option With Advanced 
Metering and 
Protection Package 
(5 AVI)

MOT…x73x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. This option also provides demand and peak 
demand metering, and protection elements 32, 59G, 59Q, 81R, and 81RF (for 
Aurora mitigation). The connections are shown in Table 2.5.

Voltage Card Option 
With Arc-Flash 
Detection (AFD) 
Inputs (3 AVI/4 AFDI)

MOT…x74x… Supported in Slot E only, order this card when you have 
either single or three phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle. Table 2.6 shows the 
terminal allocation. This option also provides 4-channel arc-flash detection (AFD) 
inputs with continuous self-testing.

Table 2.5 5 AVI Voltage Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

Table 2.6 3 AVI/4 AFDI Voltage Card With Arc-Flash Detection Inputs 
Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB, VC

06 N, Common connection for VA, VB, VC

07 AF1 Channel TX and RX Inputs

08 AF2 Channel TX and RX Inputs 

09 AF3 Channel TX and RX Inputs

10 AF4 Channel TX and RX Inputs
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Enhanced Voltage 
Card Option With 
Advanced Metering and 
Protection Package and 
Residual Current Input 
(5 AVI/1 ACI)

MOT…x75/76x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input and residual current (IG) input. Order ...x75x... for 
5 A CT or ...x76x... for 1 A CT input. With this card installed, the SEL-751A 
samples the voltages and current 16 times a cycle. This option also provides 
demand and peak demand metering, and protection elements 32, 59G, 59Q, 
81R and 81RF. The connections are shown in Table 2.7.

Current Card Supported in Slot Z only, this card provides current inputs for three-phase CTs 
and one neutral CT. Secondary phase current ratings are either all 1 A or all 
5 A; you cannot order a combination of 1 A and 5 A phase CTs on one card. 
However, the phase CTs and the neutral CT can be of different current rating. 
You can order one of four neutral CT ratings, 1 A, 5 A, 50 mA, or 2.5 mA 
(high sensitivity). With a current card installed, the SEL-751A samples the 
currents 16 times a cycle—see Processing Specifications and Oscillography 
on page 1.14 for more information. Table 2.8 shows the terminal allocation.

Table 2.7 5 AVI/1 ACI Voltage/Current Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

09, 10 IG, residual current input 

Table 2.8 Current Card Terminal Designation

Terminal Number Description

01, 02 IA, Phase A current input

03, 04 IB, Phase B current input

05, 06 IC, Phase C current input

07, 08 IN, neutral current input

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.
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Analog Input Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.9 shows the terminal allocation.

Analog Input/Output 
Card (4 AI/4 AO)

Supported in any one of the nonbase unit slots (Slot C through Slot E), this card 
has four analog inputs and four analog outputs (AO). Table 2.10 shows the 
terminal allocation.

I/O Input Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs, and one analog output. Table 2.11 shows the 
terminal allocation.

Table 2.9 Eight Analog Input (8 AI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.

Table 2.10 Four Analog Input/Four Analog Output (4 AI/4 AO) Card Terminal 
Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self powered and has an 
isolated power supply.

NOTE: Connection lengths less 
than 10 meters meet the 
requirements of IEC 60255-26 and 
IEC 60255-27 for analog inputs and 
outputs.

Table 2.11 I/O (3 DI/4 DO/1 AO) Card Terminal Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high-
speed hybrid) connections are 
polarity neutral.

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.12 
shows the terminal allocation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form-B digital output (normally closed contact output) and 
two Form-C digital output contacts. Table 2.13 shows the terminal allocation.

I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are either all normally open 
contact outputs or all fast hybrid (high-speed, high-current interrupting) 
outputs. Table 2.14 shows the terminal allocation.

Table 2.12 RTD (10 RTD) Card Terminal Allocation 

Terminal Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

• •

• •

• •

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: All RTD Comp/Shield 
terminals are internally connected to 
the relay chassis and ground.

NOTE: Use passive resistors to 
simulate temperatures to test the 
RTD inputs. Use of an RTP simulator 
can damage the relay.

Table 2.13 Four Digital Inputs, One Form-B Digital Output, Two Form-C 
Digital Outputs (4 DI/3 DO) Card Terminal Allocation

Terminal Number Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC control equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element
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I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.15 shows the terminal allocation.

Card Configuration 
Procedure

Changing card positions or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to program the I/O settings using the SET 
command).

The SEL-751A offers flexibility in tailoring I/O for your specific application. 
The SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-751A in Slots C, D, 
and E. Optional communications cards are available only for Slot C, an RTD 
card is available only for Slot D, 1 A/5 A CT combinations for voltage/current 
cards are available only for Slot E, and current cards are available for Slot Z. 
Figure 2.2 shows the slot allocations for the cards. Because installations differ 
substantially, the SEL-751A offers a variety of card configurations that 
provide options for an array of applications. Choose the combination of cards 
most suited for your application.

Swapping Optional I/O Boards
When an I/O board is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 

Table 2.14 Four Digital Input/Four Digital Output (4 DI/4 DO) Card Terminal 
Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital inputs and digital 
outputs (including high-current, 
high-speed hybrid) connections are 
polarity neutral.

Table 2.15 Eight Digital Input (8 DI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element
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OUT401–OUT404 are available. If OUT401 = IN101 AND 51P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-751A Relay can be upgraded by adding as many as three cards.

Installation
Perform the following steps to install cards in Slots C, D, E, or Z of the base 
unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and 
A02–, and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the option card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material that may remain inside the SEL-751A case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL
X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted into the wrong slot. Begin again at 
Step 2.

If you do see this message, proceed to Step 12.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:
STATUS
Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:
Serial Num
000000000000000000000000

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.
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Step 16. Press the ENT pushbutton.

The front panel displays the following:
Confirm Hardware
Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?
No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 19. Press the ENT pushbutton.

Step 20. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED turns on to indicate the option card is installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the following indicated digits. These digits remain 
unchanged, i.e., these digits retain the same character as before 
the reconfiguration. Also, a communications card installed in 
Slot C is reflected as an empty slot in the part number. A regular 
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same 
device ID. When interchanging these two cards, the part 
number for the respective slots should be updated manually. 
Use the STATUS command to view the part number.

Step 21. Update the side-panel drawing with the drawing sticker 
provided in the card kit. If necessary, replace the rear panel 
with the one applicable to the option card and attach the 
terminal-marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial label 
with the updated part number.

Step 22. Reconnect all of the connection plugs and add any additional 
wiring/connectors required by the new option card.

Slot B CPU Card Replacement
When replacing the Slot B card, do the following:

Step 1. Ensure that the card has the latest firmware from the factory.

Step 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

PART NUM = 751A01B5X1X7X86020X
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Step 3. Save all the settings and event reports before replacing the card.

Step 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option in Appendix B: 
Firmware Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new 
board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the serial number and part number to the appropriate 
values, type END, and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and 
part number of your relay are correct.

Slot A Power Supply Card
If you are replacing the power supply card, change the part number 
accordingly using the PARTNO command from Access Level C. Install new 
side stickers on the side of the relay. 

Analog Input Card 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in position 1–2; for a voltage channel, insert Jumper x in position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Configuration Jumper

Figure 2.4 shows the locations of JMP1 through JMP4 on an Analog Output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

NOTE: There is no jumper between 
Pins 5 and 6 for a voltage analog 
output selection.

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between pins 1 and 2, pins 5 and 6, and pins 9 and 
10. For a voltage analog output selection, insert a jumper between pins 3 and 
4, and pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self 
powered and has an isolated power 
supply.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
Control, and SELBOOT 
Jumper Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password, Breaker Control, and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-751A suffers an 
internal failure, communications with the relay can be compromised. Forcing 
the relay to SELBOOT provides a means of downloading new firmware. To 
force the relay to SELBOOT, position the jumper in Position C, as shown in 
Figure 2.7 (SELBOOT forced). Once the relay is forced to SELBOOT, you can 
communicate with the relay only through the front-panel port.

JMP1

A B C

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT
Forced

Remote
Breaker
Control
Allowed

JMP1

(b) Card Layout for Relays With Firmware Versions R400 and Higher

(a) Card Layout for Relays With Firmware Versions Lower Than R400

A
B
C

JMP1

A
B
C

JMP1

A
B
C

JMP1

Default 
Positions

Password 
Bypassed

A
B
C

JMP1

SELBOOT

 Forced

Remote
Breaker
Control
Allowed

A
B
C

JMP1

A B C
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To gain access to Level 1 and Level 2 command levels without passwords, 
position the jumper in position A, as shown in Figure 2.7 (Password 
bypassed). Although you gain access to Level 2 without a password, the alarm 
contact still closes momentarily when you access Level 2. Table 2.16 tabulates 
the functions of the three sets of pins and jumper default positions.

Rear-Panel Connections Figure 2.8 shows the rear-panel connections for selected cards. Connections 
for additional cards are shown in Figure 2.9 through Figure 2.11.

Table 2.16 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B Off (breaker control disabled) Enable breaker controla

a Jumper position affects breaker control using the OPEN or CLOSE command via the serial 
port, front panel, or communications protocols. Jumper position does not affect breaker 
control using remote bits, which are always enabled.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

NOTE: After any 
change, be sure to 
thoroughly test the 
settings.

NOTE: All digital 
inputs and digital 
outputs (including 
high-current, high- 
speed hybrid) 
connections are 
polarity neutral.

NOTE: Analog 
outputs are isolated 
from each other and 
from the chassis 
ground.

Card 1: 
Current Card 
(4 ACI)

Card 2: 
Voltage Card 
(5 AVI)

Card 3: 
Voltage Card With 
AFD Inputs 
(3 AVI/4 AFDI)

Card 4: 
Voltage/Current 
Card (5 AVI/1 ACI)

Card 5: 
Eight Analog 
Input Card 
(8 AI)

Card 6: 
Four Digital Input/
Three Digital 
Output Card 
(4 DI/3 DO)

Card 7: 
Four Analog Input/
Four Analog 
Output Card 
(4 AI/4 AO)

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 101

02
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03

04
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08
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E07
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E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

02

03

05

06

VA

WYE

VB

VC

VB
(COM)

VC

VA

OPEN
DELTA

N COM

0 7

TX RX

08

09

1 0

AF 1

AF2

AF3

AF4

0 1

04

AI_08

AI_06

AI_05

AI_07
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AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02
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04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07
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NS
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(COM)
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E04 N COM

VA VAE 0 1

ACI

E 1 0
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Figure 2.8 Rear-Panel Connections of Selected Cards

Relay Connections
Rear-Panel and 
Side-Panel Diagrams

The physical layout of the connectors on the rear-panel and side-panel 
diagrams of three sample configurations of the SEL-751A are shown in 
Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12.

Figure 2.9 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 3 AVI Voltage Option

Card 8: 
Main Board With 
Dual, Fiber-Optic 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 9: 
Main Board With 
Single, Copper 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 10: 
Communications 
Card (EIA-232/
EIA-485)

Card 11: 
Four Digital Input/
Four Digital Output 
Card (4 DI/4 DO)

Card 12: 
RTD Card (10 RTD)

Card 13: 
Three Digital 
Input/Four Digital 
Output/One Analog 
Output Card 
(3 DI/4 DO/1 AO)

INPUTS:

AO_0 1

IN_0 1

IN_02
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08
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—
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COMP/ SHLD

+

—

RTD6
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RXD
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TXD
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1
2

4
3

6
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7
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+TX
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1
2

4
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TXD
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–IRIG–B
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1
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8 CTS
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(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 2.10 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

Figure 2.11 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option 
With Monitoring Package

i4159a

 
 

i4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4246a
i4247a

(A) Rear-Panel Layout
(B) Side-Panel Input and Output Designations
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Figure 2.12 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1AO, and 3 AVI/4 AFDI Voltage 
Option With Arc-Flash Detector Inputs

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.10 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-751A; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.42 for details. Be sure to use fuses that comply with 
IEC 60127-2.

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1 mm2) to 18 AWG (0.8 mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial PORT 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the PORT 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 26 through 
AWG 14. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.



2.21

Date Code 20220610 Instruction Manual SEL-751A Relay

Installation
Relay Connections

For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-751A accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but only one should be used at a time. You can use IRIG-B (B01 and 
B02) inputs or an SEL communications processor connected to EIA-232 serial 
PORT 3. The available communications processors are the SEL-2032, 
SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. 

The models with fiber-optic Ethernet and dual copper Ethernet do not have the 
terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 PORT 3. 
The third option for IRIG-B is via fiber-optic serial PORT 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030 or SEL-2032 and bring 
the IRIG-B signal with the EIA-232 input. Use a fiber-optic cable pair with ST 
connectors (C805, C807, C808) to connect to PORT 2 on the SEL-751A. Refer 
to Section 7: Communications for IRIG-B connection examples and for details 
about using an SEL-2401/2407/2404 as a time source.

Ethernet Port
You can order the SEL-751A with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to PORT 1 of the device by using a 
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port
The optional fiber-optic serial port is compatible with the SEL-2812 (with 
IRIG-B) or the SEL-2814 Fiber-Optic Transceivers and the SEL-2600 RTD 
Module.

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.13 and Figure 2.14.

Figure 2.13 Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic Port in Slot B

Fiber-Optic Cable
to SEL-2600 series
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high-speed hybrid) 
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Figure 2.14 Control I/O Connections—Internal RTD Option

RTD Wiring Table 2.17 shows the maximum cable lengths for the RTD connections.

NOTE: RTD inputs are not internally 
protected for electrical surges 
(IEC 60255-22-1 and IEC 60255-22-5). 
External protection is recommended if 
surge protection is necessary.

PS
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A02

–/N

+/H

External
Contacts

SEL-751A RelayIN
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1
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A10

A11

A12
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IRIG-B
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A07

A08
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03
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A09

D03
COMP/
SHLD

D02
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D01
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RTD01

D30
COMP/
SHLD

D29
—  

D28
+  

RTD10

As Many as Ten
RTD Inputs

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

Notes:

➤ The chassis ground connector located on the 
rear-panel card Slot A must always be 
connected to the local ground mat.

➤ Power supply rating (110–240 Vac, 
110–250 Vdc or 24–48 Vdc) depends on 
relay part number.

➤ Optoisolated inputs IN101 and IN102 are 
standard and located on the card in Slot A.

➤ All optoisolated inputs are single-rated: 24, 
48, 110, 125, 220, or 250 Vac/Vdc. Standard 
inputs IN101/102 can have a different rating 
than the optional IN401/402/403/404 (not 
shown).

➤ Output contacts OUT101, OUT102, and 
OUT103 are standard and are located on 
the card in Slot A.

➤ The analog (transducer) outputs shown 
are located on the optional I/O 
expansion card in Slot D.

➤ The fiber-optic serial port is optional 
and is located on the card in Slot B. A 
Simplex 62.5/125 µm fiber-optic cable is 
necessary to connect the SELOGIC with 
an SEL-2600 series RTD Module. This 
fiber-optic cable should be 1000 meters 
or shorter.

Table 2.17 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m
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Refer to SEL application guide “Applying Various Types of RTDs with SEL 
Devices” (AG2017-09). This application guide specifies the correct 
connection of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08)—and 
avoid fitting multiple wires into a single terminal, the bird-caging effect of 
stranded wires, and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.15. Also, 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Figure 2.15 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams.

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.16 shows the output OUT103 relay coil and Form C contact. When the 
relay coil is de-energized, the contact between A07 and A08 is open while the 
contact between A07 and A09 is closed.

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time to 
open the contacts) for fast hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).

Figure 2.16 Output OUT103 Relay Output Contact Configuration

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

OUT103
Relay Coil
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The SEL-751A provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occurs in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-751A is 
powered and operational.

➤ When the SEL-751A generates a trip signal, the relay coil is de-
energized.

➤ The relay coil is also de-energized if the SEL-751A power 
supply voltage is removed or if the SEL-751A fails (self-test 
status is FAIL).

Figure 2.17 shows fail-safe and nonfail-safe wiring methods to control 
breakers.

Figure 2.17 Breaker Trip Coil Connections With OUT103FS := Y and 
OUT103FS := N

High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity-
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, you can connect the ac voltages directly using 
a connected, wye-wye VT connection. Use an open-delta VT connection, or 
use a single-phase VT. Figure 2.18 and Figure 2.19 show the methods of 
connecting single-phase and three-phase voltages.

Nonfail-safe
OUT103FS = N

52A

Breaker Trip CoilTC

A08

A07A07

TC

52A

Fail-Safe
(Electrically Held)

OUT103FS= Y

Circuit Breaker

Breaker Trip Coil

A09

Note: Contacts shown with OUT103 relay coil de-energized

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short- 
circuit arc-flash incident energy.
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Figure 2.18 Single-Phase Voltage Connections

Single Phase-Neutral VT Connection

Single Phase-Phase VT Connection

A B C

EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS
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Figure 2.19 Voltage Connections

Note: This figure shows grounding Phase B (E02). You can choose to ground Phase A or 
Phase C instead of Phase B, provided all the other connections remain as shown above.

A B C

EO1

EO2

EO3

EO4

Direct Connection (Grounded System)

Wye-Wye VT Connection

Open-Delta VT Connection

SEL-751A

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1

F3

F1

F2

F3

EO5

EO6

VS

NS

EO5

EO6

VS

NS

A B C

SEL-751A

EO1

EO2

EO3

EO4

F1, F2, and F3 are fuses F1

F2

F3

EO5

EO6

VS

NS
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Station DC Battery 
Monitor

Use the station dc battery monitor (one of the options available with the 
voltage card option) in the SEL-751A to alarm for undervoltage and 
overvoltage dc battery conditions and to view how station dc battery voltage 
fluctuates during tripping, closing, and other dc control functions. The 
monitor measures station dc battery voltage applied to the rear-panel terminals 
E07 (VBAT+) and E08 (VBAT–) of the SELECT 5AVI voltage card in Slot E. 
Refer to Section 5: Metering and Monitoring for details on the station dc 
battery monitor function and settings. 

AC/DC Connections 
and Applications

Figure 2.20 shows typical phase and neutral current connections for a feeder 
application. Figure 2.21 through Figure 2.25 show ac/dc connection diagrams 
for various applications, however, wye-connected PTs are shown. See 
Figure 2.18 and Figure 2.19 for other voltage connections.

Figure 2.20 Typical Current Connections

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Figure 2.21 SEL-751A Provides Overcurrent Protection and Reclosing for a Distribution Feeder 
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.

Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit 
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with necessary 
supervision (e.g., synchronism check).

Figure 2.22 SEL-751A Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme) 
(Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.23 SEL-751A Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

Figure 2.24 SEL-751A Provides Overcurrent Protection for a Transformer Bank With a 
Tertiary Winding (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.25 SEL-751A Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Channel IN)
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Arc-Flash Protection: System Installation
This section describes an arc-flash system installation, the sensor 
characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 10: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also, refer to Application Guide 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details.

Figure 2.26 shows main system components comprising: current input card, 
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.12 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 3 AVI/4 AFDI 
card for arc-flash protection.

Figure 2.26 SEL-751A With an Arc-Flash Option Card and Fiber-Optic-
Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location will vary depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 
clearance and creepage requirements. Sensors should be permanently affixed 
through the use of supplied mounting grommets or permanent cable ties. 
Figure 2.27 shows an example of a typical black-jacketed fiber installation. 
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Figure 2.27 Black-Jacketed Fiber Installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in) Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is necessary to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-751A Relay as 
shown in Figure 2.28.

Figure 2.28 Connecting Sensor Fibers to the Relay

Point-Sensor 
Installation 

The point-sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.29 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.29 Point-Sensor Assembly

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters
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The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.30.

Figure 2.30 Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.31, Figure 2.32, and Figure 2.33 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts, which are most likely to cause an arc-flash event. 

Figure 2.31 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.32 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.33 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Clear-Jacketed Fiber 
Sensor Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.34 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.35 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.34 Clear-Jacketed Fiber Sensor Assembly

Figure 2.35 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.36. Two connector options (V-pin and ST) are available for 
transitioning from the black-jacketed to the clear-jacketed fiber section as 
shown in Figure 2.37. The ST connector option is generally superior because 
of positive locking and lower coupling loss.

Figure 2.36 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber exposed to the light. The 
maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both clear-jacketed and black-jacketed fiber sections (the black-
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jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.37.

Figure 2.37 Transition From Clear-Jacketed to Black-Jacketed Fiber Section

You should return the clear-jacketed fiber loop through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains less than 35 m, irrespective of the 
SEL-751A dual V-pin connector orientation. 

Care should be exercised not to scratch or otherwise damage the clear-
jacketed sensing fiber during installation. Surface scratches can result in 
increased light leakage that will be detected by the SEL-751A sensor 
diagnostics. Once damaged, the fiber must be replaced.

Application Example Figure 2.38 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. All three feeders are protected 
with an SEL-751A Relay controlling breakers 1, 2, and 3. Radial feeder 
breakers 2 and 3 must be tripped for downstream faults, normally located in 
the outgoing cable termination compartment. To obtain better coverage, 
multiple sensors can be installed in the same compartment, as shown in the 
lower right corner of the figure with sensors marked LS1 and LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right hand corner 
of Figure 2.38). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When necessary, you can use radial feeder relays sensors (such as LS3 
connected to the lower right hand relay) to transfer trip the upstream breaker. 
Logic equations necessary for this function are shown in Output Logic 
Programming in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 2.38 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 AFD Fiber 
Cables and Accessories MOT. The losses and budget values shown in 
Table 2.18 are typical values.

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Table 2.18 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 1 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40° to +80°C –55° to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.39.

Figure 2.39 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.40. 

Core Diameter 980 µm 980 µm

Cladding Diameter 1000 µm 1000 µm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm

(0.087 in x 0.17 in)

2.20 mm

(0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull Tension 140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull Tension 43.8 N (3.0 lb/ft) 43.8 N (lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) 0.175 dB/m 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 2 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.40 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional 
splice connectors, refer to the SEL-C814 AFD Fiber Cables and Accessories 
MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.41, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.41 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 m

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.42, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

Figure 2.42 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 m

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed”
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Installation Instructions
VP Series



1. Getting Started
Before starting, you should ensure that you have all the tools and equipment 
required to successfully complete the installation and that the window is to 

cut using either a hole saw or punch. 

• Hole saw or punch
• Electric drill
• Cone drill
• 75 mm (3/16”) drill bit
• Center punch

• Anti-corrosion metal treatment

• Safety glasses
• Working gloves (recommended)
• Comply with all site PPE   
  requirements

You must enter the data into the thermographer label that corresponds with 

8 inches               Hor=13.2     Hor=16.2            Hor=19.2
              Ver=9.9      Ver=12.9             Ver=15.9

              Ver=13.5     Ver=16.5             Ver=19.5

              Ver=18.75     Ver=21.75            Ver=21.75

2. Check the Contents
Verify your shipment contains 

the supplied cutting template to the side of the panel 

holes and 

windows.
dimensions are in inches.

Instalation Instructions
VP Series 



1. 
2. Place the body of the unit, complete with seals, on 

the front of the panel.

Champion 
Hole Saw mm

St/Steel 

VP-12

VP-75

*For best performance, we recommend 1/2” corded power 

tools.

Greenlee Hole Punch
VP-12

VP-75

Cut the correct size hole using your chosen method; 

de-burr, remove any metal shavings and the remaining 

treat all bare metal surfaces with a protective, anti-

term corrosion and protect the integrity of the panel. 

required is by using the clock face method, i.e. bus bar connections at 

to ensure the unit is used correctly.



+1 941 907 9128

info@iriss.com

iriss.com

US EMEA APAC

+44 (0) 1245 399 713

info-emea@iriss.com

+65 6572 5476

info-apac@iriss.com
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OPTIMAL CONTROL SYSTEMS, INC. 
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Section 5—Operation
Circuit Breaker–Circuit Breaker Cell Interlock System

The circuit breaker and the circuit breaker cell are equipped with an interlock 
system. The interlocks are designed to:

• not allow the circuit breaker to be pushed into the cell when the circuit breaker 
is closed

• not allow the circuit breaker to be closed while it is moved between the test and 
operating position

• not allow the circuit breaker to be moved from the operating position when 
it is closed

• discharge both the closing and trip springs when the circuit breaker is being 
moved from the circuit breaker cell

Circuit Breaker Operation
Racking Mechanism

The racking mechanism moves the circuit breaker from the test/disconnected 
position to the connected position and vice versa.

Push the circuit breaker into the compartment to the test/disconnected position, 
and the disconnect release handle engages (Figure 6 on 16).

With the front door closed, insert the racking handle and rotate it clockwise to rack 
the circuit breaker into the connected position. When in the connected position, the 
circuit breaker’s forward motion stops.

With the door closed, the position indicator (Figure 8 on 17) shows if the circuit 
breaker is in the test/disconnected, transport, or connected position. With the door 
open, two arrows on the left-hand rail show if the circuit breaker is in the 
test/disconnected position or in the connected position.

To remove a circuit breaker from the connected position to the test/disconnected 
position, open the circuit breaker electrically with the compartment door closed, and 
with the racking handle, move the circuit breaker to the test/disconnected position.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• When the switchgear is energized, always open and close the circuit breaker, 
and rack the circuit breaker from one position to another with the door closed.

• Never use force to move the circuit breaker inside the circuit breaker cell. If a 
mechanism is not operating smoothly, look for the cause.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Control Power Plug
In normal operation, the control power plug automatically connects and 
disconnects as the circuit breaker is moved into and out of the connected position.

To test the control system with the circuit breaker in the test/disconnected position, 
rotate and pull the handle of the secondary control power receptacle forward until it 
can be rotated again and locks the receptacle in position. The circuit breaker can 
now be electrically operated the same as in the connected position. After checking 
all electrical functions, push the receptacle back in its normal operating position. 
Only then, rack the circuit breaker into the connected position.

Disconnect Position Latch
The disconnect position latch prevents the circuit breaker from rolling out of the 
compartment in the test/disconnected position. To remove the circuit breaker from 
the cell, pull the release handle of the circuit breaker.

Manual Spring Charging Mechanism
In normal operation, when the control plug is engaged, the motor automatically 
charges the circuit breaker closing springs. The springs can also be charged 
manually, using the manual spring charging mechanism. This feature is provided 
for testing and maintenance purposes, and for emergency operating conditions.

Manual CLOSE and OPEN Push Buttons
Manual CLOSE and OPEN push buttons are located at the front of the circuit 
breaker. These push buttons operate the circuit breaker whether the circuit breaker 
is charged manually or electrically. Use them only when testing the circuit breaker 
during start-up or maintenance. Refer to the Type VR Circuit Breaker instruction 
bulletins 6055-31 (1200 and 2000 A, 50 kA) and 6055-33 (3000 A, 50 kA and 1200, 
2000, 3000 A, 63 kA).

NOTICE
HAZARD OF EQUIPMENT DAMAGE

Never manually close a circuit breaker in the connected position unless the 
opening source of power and protective relays are connected and operable.

Failure to follow these instructions can result in equipment damage.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

When the switchgear is energized, never use the manual OPEN and CLOSE 
push buttons on the front of the circuit breaker. Use the control switch with the 
front door closed.

Failure to follow these instructions can result in equipment damage.
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Section 7—Start-Up

Training of personnel for final start-up can be provided. Contact your local 
Schneider Electric field sales representative for information.

To start the switchgear:

1. Vacuum out every compartment. Remove all loose parts, tools, miscellaneous 
construction items, and litter.

2. Replace all the main bus covers and any other barriers or covers which were 
removed during installation.

3. Ensure all insulating boots are installed.
4. Install the cable compartment back covers.
5. Connect the battery charger and batteries (if used) to the switchgear control 

bus according to the order drawings.
6. Unblock all the relays and set to the relay schedule. Using a relay tester, verify 

the settings and electrical operation of each relay.
7. Ensure that the drawout control power transformer (or drawout fuse drawer) has 

the current limiting fuses in place. Pull the drawer out to the withdrawn position.
8. Place all circuit breakers in their compartments in the test/disconnected 

position.
9. Connect a temporary source of low-voltage power to the stationary secondary 

contact of the control power transformer or any logical point (consult the 
customer schematic and wiring diagram). Open the secondary circuit breaker 
and remove the primary fuses.

10. Rack one circuit breaker at a time into the connected position. Then, electrically 
close and open the circuit breaker with the door-mounted circuit breaker control 
switch. Open the circuit breaker by temporarily closing the contacts of each 
protective relay. Reset the relay targets after each operation and rack the 
circuit breaker into the test/disconnected position.

11. Electrically operate from remote control locations and check the remote 
indicating lights.

12. Operate all electrical interlocks, transfer schemes, lock-out relays, and other 
control functions to ensure proper operation.

13. Remove the temporary source of low voltage power and make the permanent 
connection of low voltage power. Rack all circuit breakers into the connected 
position. Insert the drawout control power transformer, drawout fuses, and 
drawout voltage transformers into the connected position.

14. Using a properly rated tester, verify again that trip voltage is available at circuit 
breaker terminals in each compartment.

15. Energize incoming high voltage circuits.
16. Close circuit breakers to establish electrical service.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

All personnel involved in the start-up operation should be thoroughly familiar with 
the information in this instruction bulletin and on provided customer drawings 
before working on this equipment.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Introduction This bulletin provides operation instructions for Type VR lift trucks used with 
auxiliary devices. These devices include:

• Voltage transformers (VT)

• Control power transformers (CPT) 

• Fuse drawout units stationary CPT

These evices roll on two stationary rails from the disconnected to the 
connected position.

Most routine maintenance can be performed by moving the device to its 
withdrawn position. However, during certain operations (commissioning or 
component replacement) these devices must be removed from the enclosure.

Using the Lift Truck The use of a ift ruck is required on the following device locations:

• Upper Circuit Breaker Compartment

• Auxiliary Drawout Locations A, B, C and D

For breaker insertion and removal instructions, please refer to document 
6055-30. For auxiliary device removal from the cell with the lift truck:

1. Prepare the lift truck cradle according to the location from which the 
drawout device will be withdrawn.

a. For Locations A, B and C, ensure the lift truck adapters are placed 
on the lift truck cradle sides.

b. For Location D, the auxiliary drawout rolls directly into the lift truck 
cradle sides (lift truck adapters are not required).

2. Push the lift truck toward the auxiliary compartment so the cradle is 
square with the front of the drawout device position.

3. Raise the cradle until the hook brackets on each side of the cradle clear 
the blocks on each side of the auxiliary drawout rails.

4. Push the lift truck into the equipment until the hooks are over the blocks. 
Lower the cradle until the hook brackets lock over the blocks on each 
side of the auxiliary drawout rails. The lift truck adapters and drawout 
rails should be aligned. Apply the lift device floor lock.

5. Roll the drawout device until it touches the cell stop brackets. Lift up the 
first set of wheels and roll them over the lift truck adapters. Repeat until 
all wheels are on the cradle.

6. Secure the drawout device on the lift truck using the safety 
cable provided.

7. Raise the cradle until it clears the blocks on each side of the drawout rails.

8. Remove the lift truck and drawout device from the cell and lower 
the cradle.

9. Use properly-rated lifting device to transfer the drawout device to 
a workspace.

Figure 1: Auxiliary Drawout Locations

A

B

C

D
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USING A SELECTOR SWITCH UTILIZACIÓN DE UN SELECTOR UTILISATION D’UN SÉLECTEUR
If a selector switch is used on a 
current transformer in conjunction 
with one ammeter to read current on 
all three phases, the switch must 
have a “make-before-break”
contact pattern and automatic 
shorting to ensure the current 
transformer is not open-circuited 
when switching between phases. A 
voltage transformer selector switch 
must have a “break-before-make”
contact pattern to avoid shorting the 
voltage transformer secondary.

Si se usa un selector en un transformador 
de corriente en conjunto con un 
ampérmetro para leer la corriente de las 
tres fases, el interruptor debe tener un 
contacto de “cierre antes de apertura”
así como un cortocircuito automático para 
asegurar que el transformador de corriente 
no esté en circuito abierto durante la 
conmutación entre fases. El selector del 
transformador de tensión debe tener un 
contacto de “apertura antes de cierre”
para evitar cortocircuitos en el secundario 
del transformador de tensión.

Si un sélecteur est utilisé sur un 
transformateur de courant avec un 
ampèremètre pour lire le courant sur les 
trois phases, l’interrupteur doit posséder 
un contact de « fermeture-avant-
ouverture » et une mise en court-circuit 
automatique pour assurer que le 
transformateur de courant n’est pas en 
circuit ouvert pendant la commutation 
entre les phases. Un sélecteur de 
transformateur de tension doit posséder un 
contact d’« ouverture-avant-fermeture »
afin d’éviter de court-circuiter le 
secondaire du transformateur.

APPLICATION SUPPORT SOPORTE DE APLICACIÓN SUPPORT D’APPLICATION
Specifications, performance data, 
and special application 
documentation are available at 
www.us.SquareD.com. Or, call 
1-888-778-2733 for other instrument
transformer application assistance.

Las especificaciones, los datos de 
funcionamiento y la documentación sobre 
aplicaciones especiales se encuentran 
disponibles del sitio web 
www.us.SquareD.com. Si desea obtener 
asistencia sobre otras aplicaciones de 
transformadores de instrumentos llame al 
1-888-778-2733 en los EUA.

De la documentation sur les 
caractéristiques, les données de 
performance et les applications spéciales 
est disponible à www.us.SquareD.com. Ou 
appeler le 1-888-778-2733 (É.-U.) pour 
toute autre assistance sur les applications 
de transformateurs de mesure.
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TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

The “In-Service” Series Test Plug with a maximum of
10 positions is designed to match the pole configura-
tions of specific styles of FT Flexitest devices (either
FT-1 Switches or FT case relays). Not every switch
or relay pole configuration is suitable to accept an In-
Service Series Test Plug, but many FT-1 Switch
styles do have one already available, See Table 3,
page 9, “IN-SERVICE TEST PLUG”.

This Test Plug is typically used to connect devices
measuring the currents and voltages being applied to
the switchboard relays, meters and instruments with-
out interrupting or short-circuiting the circuit. Only the
current test switches with the current jack must be
opened before inserting the Series Test Plug.

Individual Current Circuit Test Plug 

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

The Individual Current Circuit Test Plug is an amme-
ter type device used to measure current. It can be
inserted in the current test jack of FT Flexitest
devices after opening the knife blade switch. This
plug consists of two conducting strips separated by
an insulating strip. The ammeter is connected to
these strips by terminal screws and leads carried out

through holes in the back of the insulated handle.
(See Figs. 7 and 8)

 

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

The 10 Position Separate Source Test Plug isolates
the external connections from the relay or equipment
under test. This test plug provides quick circuit test-
ing, by fitting into the stationary contact jaws of any
Flexitest Type FT Case or FT-1 Switch. L-shaped test
blades assure quick, accurate alignment between the
Test Plug and the stationary contact jaws.

WARNING

Figure 6. In-Service Series Test Plug

WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Plug inserted 
into Flexitest Case 

WARNING

Figure 9. Separate Source Test Plug - 10 Position
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This Test Plug connects the relay inputs and outputs
to a set of binding posts on the top of the Test Plug,
and completely isolates the relay circuits from the
external connections (ct, pt, trip, etc.) by means of an
insulated barrier along the bottom of the plug. The
external test circuits can then be connected to these
binding posts, which are staggered for easy accessi-
bility. 

Before inserting the Separate Source Test Plug, all
switch- blades must be placed in the full open posi-
tion. In a Flexitest Type FT Case, the plug is inserted
in the bottom switch jaws with the binding posts up
and in the top test switch jaws with the binding posts
down. (See Fig. 10)

Figure 10. Separate source test plug shown
inserted in FT-Case
(Bottom Switch Jaws)



H46C Humidity Controller

INSTALLATION INSTRUCTIONS 

APPLICATION 
The H46C Humidity Controller is used with portable and 
central unit dehumidifiers to maintain relative humidity. 
The H46 has an spst, snap-acting switch designed for 
line voltage circuits and two leadwires for switch box 
mounting. 

INSTALLATION 

When Installing this Product... 
1. Read these instructions carefully. Failure to follow 

them could damage the product or cause a 
hazardous condition. 

2. Check the ratings in the instructions and on the 
product to make sure the product is suitable for 
your application. 

3. Installer must be a trained, experienced service 
technician. 

4. After installation is complete, check out product 
operation as provided in these instructions. 

CAUTION 
Electrical Shock Hazard.
Can cause electrical shock or equipment 
damage.
Disconnect power supply before connecting 
wiring. 

Location 
Select a location about 5 ft (1.5m) above the floor in an 
area with good circulation at average temperature and 
humidity for the area to be controlled. Avoid locations 
near hot or cold air ducts and discharged air from the 
controlled equipment. 

Mounting 
1. Remove the setting knob. 
2. To remove cover, pull cover forward from device. 
3. Install a 2 in. x 3 in. (51 mm x 76 mm) vertical

switch box at the selected location.
4. Using the two screws provided, fasten the adapter 

plate to the switch box, as shown. 

5. Pull the wires from the switch box through the 
opening in the adapter plate and connect to the 
H46 leadwires with the solderless connectors 
provided. See Fig. 2 and 3 for typical hookup. 

6. Push the wires back into the switch box. 
7. Place the H46 against the adapter plate, making 

certain the tab at the bottom of the plate fits into the 
notch on the H46. 

8. Fasten the H46 to the adapter plate by tightening 
the captive screw. 

9. Replace the cover and the setting knob. 

2 X 3 IN. 

H46
(COVER OFF) 

H46 CAPTIVE 
MOUNTING SCREW 

ADAPTER PLATE 
SCREWS (2) 

SWITCH BOX 

NYLON
ELEMENT H46 LEADWIRES (2) 

PLATE TAB 

ADAPTER PLATE 

WALL SURFACE 

M7907

Fig. 1. Mounting H46C on vertical switch box. 

Wiring 
Disconnect power supply before connecting wiring to 
avoid electrical shock or equipment damage. All wiring 
must comply with local codes or equipment damage. All 
wiring must comply with local codes and ordinances. Do 
not exceed contact and coil ratings when wiring into 
system. See Fig. 2. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 

95-5367-4



H46C HUMIDITY CONTROLLER 

H46C
HUMIDITY CONTROLLER
RISE DEHUMIDIFIER

L1 EXHAUST FAN
(HOT)

1

1
OR AIR 

POWER CONDITIONER
SUPPLY

L2

PROVIDE DISCONNECT MEANS AND OVERLOAD 
M7923PROTECTION AS REQUIRED. 

Fig. 2. Typical H46C wiring diagram. 

Connections and Operation 
A dehumidistat in combination with the thermostat can be 
used to run the air conditioner to control relative humidity 
levels. The dehumidistat and thermostat can be wired in 
parallel or in series. 

Wiring in parallel allows the dehumidistat to indepen-
dently control the humidity level, but could cause 
overcooling of the home. During unoccupied times, the 
homeowner should set the thermostat to a relatively high 
setting and control moisture using the dehumidistat. 

Wiring in series prevents overcooling but the air 
conditioner runs only when both the thermostat and 
dehumidistat are calling. During unoccupied times, the 
homeowner should set the thermostat to a relatively low 
setting and control moisture using the dehumidistat. 

SETTING AND ADJUSTMENT 
The H46 makes contact on a relative humidity rise to the 
setpoint to start the dehumidifier. On a decrease in 
relative humidity to the setpoint (minus the differential), 
the switch breaks contact to stop the dehumidifier. Turn 
the knob clockwise to the setting stop to place the H46 in 
the On position. Turn the knob counterclockwise to the 
setting stop to place the H46 in the Off position. 

CHECKOUT 
After completing all mounting and wiring, turn on the 
power supply. Place the system into operation by turning 
the setting knob toward the low end of the scale until the 
dehumidifier motor starts. Turn the setting knob slowly 
toward the high end of the scale until the dehumidifier 
motor stops. 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL
HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

M7913

Fig. 3. Typical parallel wiring hookup for H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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H46C HUMIDITY CONTROLLER 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL
HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1
M7914

Fig. 4. Typical series wiring hookup of H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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INTERLOCK INSTRUCTION MANUAL

Two Cylinder Interlock

Keys Removable Extended (EE)

Two Cylinder Interlock

Keys Removable (EW)

Lock Bolt Extended

Keys Released

Lock Bolt Withdrawn

Keys Trapped

Lock Bolt Extended

E Key Released

W Key Trapped

Lock Bolt Withdrawn

E Key Trapped

W Key Released

Lock Bolt Extended

E Keys Released

W Key Trapped

Lock Bolt Withdrawn

E Keys Trapped

W Key Released

Three Cylinder Interlock

Keys Removable (EEW)

Three Cylinder Interlock

Keys Removable (EWW)

Lock Bolt Extended

E Key Released

W Keys Trapped

Lock Bolt Withdrawn

E Key Trapped

W Keys Released

E E EE

E W E W

E WE E WE

E W W E W W

Lock Body Lock Body

Lock Bolt Lock Bolt

Lock

Cylinder

Lock

Cylinder

Type F

Terminology

Type B

Terminology

Lock Bolt Extended

Key Released

Lock Bolt Withdrawn

Key Trapped

Single Cylinder Interlock

Key Removable Extended (E)

All KIRK Key Interlocks (Type F, FN, B, NT, T, U, FR)

The key interlock should be mounted so that the 5/8" lock bolt can be extended to lock the device 
in the proper position.  In the unlocked position, the lock bolt should be blocked from extending, 
thereby trapping the key(s) in the interlock.

Multiple cylinder interlocks can be designed to retain one or more keys while the remaining keys 
are withdrawn.  

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be 
extended or withdrawn allowing release of the previously held keys.  Do not try to force a 
multiple cylinder interlock that does not have the correct keys fully inserted in every cylinder.
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INTERLOCK INSTRUCTION MANUAL

KIRK Door/Access Interlocks (Type D, Type DM, Type DY)

Type D Door Interlock
All Type D interlocks have two parts: a main body with one or more cylinders and a latch block.  Proper alignment of both 
parts is crucial to the operation of a Type D interlock.  When the main body is separated from the latch block, the lock bolt 
is retained in the withdrawn position by concealed latch pins.  Thus the key(s) is always held in the lock whenever the two 
parts are separated.  When the door on which the interlock is mounted is properly closed, the key(s) can be turned to 
extend the lock bolt into the latch block, securing the door.  Only extending the lock bolt, after properly closing the door, 
should allow release of the key(s).  An exception to this rule is a multiple cylinder Type D interlock which allows release of 
a "personnel" key when the door is opened.  The personnel key can be put in the pocket of the maintenance person 
ensuring that the door cannot be closed and locked as long as he holds the personnel key.

Type D Terminology

Lock BodyLatch Block

The key is trapped in type D interlock when the door is open.

Mounting Options for Type D Locks and Latch Blocks

KIRK door interlocks should not be used to align the door, or be the latching means for holding the door in the closed 
position.  Type DM or DY interlocks should be utilized in situations where the door and door-frame are ill-fitting, and a 
degree of latitude is required.



PAGE 4IB/B-T/06

INTERLOCK INSTRUCTION MANUAL

Type DM Access Door Interlock

All Type DM interlocks have two parts: a main body with one or two cylinders and a latch bolt with chain.  When the 
latch bolt is separated from the main body, the key(s) is trapped in the lock.  When the door on which the interlock is 
mounted is properly closed, the latch bolt can be inserted into the main body and the key can be turned and released.

Weld or bolt the chain to the door or door-frame allowing enough slack to insert and turn the latch bolt in the Type DM 
lock body when the door is properly closed.

DM Terminology and Operating Instructions

Insert Keys

Rotate keys 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the keys are trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate keys 90 degrees

(counterclockwise) and

remove from lock.

Two Cylinder DM

(EE) Instructions

Insert "E" Key

Rotate "E" key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the "E" key is trapped.

To Unlock

Insert the "W" key.

To Lock

Rotate "W" key 90

degrees (clockwise).

Insert latch bolt and rotate

downward to capture

latch bolt in lock body.

The "W" key is trapped.

Rotate the "W" key 90

degrees (counterclockwise)

and remove from the lock.

Rotate "E" key 90 degrees

(counterclockwise) and

remove from the lock.

Two Cylinder DM

(with Personnel Key)

(EW) Instructions

E W

E

E W

E

W

W

E

E

W

W

E

WE

W

Lock Body

Lock Cylinder

Latch Bolt

Access Door

Weld or Bolt

Chain to Door

DM Terminology

Rotate key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

Insert Key

The latch bolt is now free

from the lock body and

the key is now trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate key 90 degrees

(counterclockwise) and

remove from lock.

Single Cylinder

DM Instructions

The "E" keys can be turned and released when the latch bolt is latched and the "W" keys can be turned and released 
when the latch bolt is unlatched.
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Type DY Access Door Interlock

All Type DY interlocks have two parts: a main body and a latch block-bolt eye.  When the main body is separated from 
the latch block-bolt eye, the key is retained and cannot turn in the lock.  Thus, the key is always held in the lock when the 
two parts are separated.  

Once the door or gate is closed and the latch block bolt-eye is engaged with the main body of the lock, the key can be 
turned and released.  

Latch Block-Bolt Eye

Engaged with Lock Body.

Door Locked

Key Removed

Latch Block-Bolt Eye

Disengaged  from Lock Body.

Door Unlocked

Key Trapped

Side View - DY Interlock & Latch Block-Bolt Eye

The latch block-bolt eye can be attached directly to the door jamb or fastened to a chain that is attached to the door 
frame as shown in the drawing below. 

DY Interlock bolted to

angle bracket attached to

fence or fence post.

Latch Block-Bolt Eye

bolted or welded to fence gate

Fence Gate



®KIRK Key Transfer Panels

A transfer panel is a group of primary and secondary locks involved in a transfer step. primary
keys must be inserted in the transfer panel and turned before secondary keys can be released.
Primary keys are generally related to power sources (such as breakers, T/R switches, level
detectors, etc.) and secondary keys are related to access doors.

In the normal operating position, all
secondary keys are “trapped” in the
transfer panel and all primary keys are
“trapped” in upstream equipment. All
upstream equipment must be locked safe
in order to release the keys for insertion in
the primary side of the transfer panel.
The secondary keys are then released
allowing access to equipment (such as
hopper doors, manholes, access doors).
Access doors must make use of key
retaining interlocks, such as the Type D,
DY, or DM so that the secondary keys are
trapped at the access point until the
access openings are properly closed.

Two or more transfer scheme systems
can be provided in one transfer panel
enclosure however most enclosures are
designed to house a single system.

It is important that the installer understand
the entire key interlock system(s) and the
intended purpose.

All
any
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Wiring of Type S Auxiliary Switches

Denoted by a “ ”, “ ”, “ ”, or “ ” in column four of the interlock part number. (EX. KFL 00010S-CM)

Wiring of Type K Auxiliary Switches

Auxiliary switches are an option for most styles of interlocks. Four different styles of slow-make, slow-break S
switches are available as shown by the chart below.

Instructions for wiring Type S switches:
1) Remove the cover.
2) Run wires into the switch housing and terminate on appropriate terminals.
3) Replace the switch cover.
4) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Denoted by a “ ” in column four of the interlock part number.

The Type K auxiliary switch is an option that is available for most styles of interlocks. The Type K is normally a
DPDT, quick-make, quick-break toggle switch. (Note: other styles of toggle switches are available by special
order)

Instructions for wiring the Type K Switch:
1) Remove the cover.
2) Remove the toggle switch (three screws).
3) Run the wires into the switch housing and terminate on the appropriate terminals.
4) Reattach the toggle switch to the housing (three screws).
5) Replace the switch cover.
6) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Note: The Type S and Type K Auxiliary switches cannot be added to existing interlocks in the field.

3 4 5 6 3

1

Contact Arrangement:

(EX. KFL 00010S-CM)1
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Type of Switch

Number of Circuits

Make Contacts

Break Contacts

Conduit Opening

Length of Switch Housing

Contact Arrangement:

Type S

2

1

1

3/4”

3-1/2”

Type SS

4

2

2

1”

5-3/4”

Type SSS

6

3

3

1”

8-1/4”

Type SSSS

8

4

4

1”

9-5/8”

INTERLOCK INSTRUCTION MANUAL

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Extended

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Withdrawn

3
6

1
4

2

5

D
P

T
D

To
g

le
g

S
w

tc
i

h

Lock Bolt

Extended

Contacts Closed:

1-2, 4-5

Lock Bolt

Withdrawn

Contacts Closed:

The Set of Contacts Nearest the

2-3, 5-6

Lock Bolt are Closed when the

Lock Bolt is Extended and Open

when the Lock Bolt is Withdrawn



Wiring of Type TPS (and TPSS) Interlock Switches

Dust Covers (Available Option)

The type TPS interlock is a key actuated switch designed for back-panel mounting. The TPS has two
normally open and two normally closed contacts and the TPSS has four normally open and four normally
closed contacts. The contact blocks are clearly marked with the status of the contacts. After wiring, the
installer must test the wiring to verify that the circuitry corresponds to the key position (trapped vs. free).

Two Styles of dust covers are available to protect the lock cylinder and key against moisture, dirt, and
sleet.

The Push On dust cover slips tightly over the lock cylinder when the key is in the held position or
removed. The Push On dust cover is supplied with a chain and mounting ring, which is secured under the
interlock mounting bolt head.

The Flip Open dust cover is designed to provide protection to the lock cylinder and key regardless of the
position of the key. The Flip Open dust cover is hinged and held closed with spring tension. A single set-
screw attaches the Flip Open dust cover to the lock cylinder.
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N
.C

.

N
.O

.

FRONT VIEW SIDE VIEW

Flip OpenPush On 2-1/8" 9/16"

1-1/2"

5/16"

1-15/32"

3/8" R

1-23/64"
Dia.

11/16"

1-1/4"

2-1/8”

Typical F Interlock



Key Control

IMPORTANT - To ensure correct operation of the KIRK interlock system it is necessary to remove all

Duplicate Keys

loosely or removable held keys before operating the equipment on which the interlocks are mounted.
There should only be enough keys to operate the interlock system sequentially.

The keys removed from the KIRK interlocks should be returned to Kirk Key Interlock Company,
Massillon, Ohio, or retained by authorized personnel for use as spare keys.

The spare keys must not be normally available to operating personnel, since the use of these keys, where
not specifically required, will result in incorrect operation of the equipment on which the interlocks are
mounted. Any spare keys should be given to operating personnel only, if and when the
corresponding operating key has been destroyed.

ADDITIONAL KEYS will be provided ONLY with proper authorization from the ultimate user to which the

®

specific key combination has been assigned.

®

Each interlock is supplied with a key in its lock. These keys are needed during installation of the
interlocks on equipment. This then provides more keys than are actually necessary for operation of
the interlock system.

When the interlocks have been installed, all extra keys should be removed from the system and
destroyed or retained by authorized personnel. If additional keys are required because of loss or
damage, they can be supplied only on the purchaser’s authorized order. To order additional or
replacement keys, please:
1) Copy the duplicate key release form on pages11 and 12 of this manual, or print from http://www.kirkkey.com.
2) Complete the form and sign your name.
3) Fax the form to Kirk Key Interlock Company for immediate delivery, at 330-833-1528.
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Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter

EATON CORPORATION www.eaton.com

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.

Phase 
Barriers 
(4)

Hold-Down 
Bracket
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification

Switch 
Drive Rod

Contactor 
Interlock 
Rod

Door 
Interlock 
Plunger

Pivot Arm

Cam

Contactor 
Interlock 
Arm
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START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller 
into service, study the wiring diagram and instruction 
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.
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Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)

C

G

F H B D A

E

I
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Introduction and Specifications

The SEL-487B relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. Equipped with four inter-
face boards, the relay has a total of 103 inputs (74 common inputs and 29 inde-
pendent inputs) and 40 outputs. It is configurable in either a three-relay or a 
single-relay application. The relay has 21 analog current inputs and 3 analog 
voltage inputs. For buses with no more than seven terminals, use one SEL-487B 
in a single-relay application. For buses with as many as 21 terminals, use three 
SEL-487B relays in a three-relay application; each relay provides as many as six 
dedicated zones of protection.

The SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas with extensive protection and automation programming 
capabilities. You can organize automation SELOGIC control equation program-
ming into 10 blocks of 100 program lines each, for a total of 1000 lines of auto-
mation programming. Use as many as 100 lines in the separate protection 
programming area to program custom protection functions. With the flexibility of 
the expanded SELOGIC control equations, the relay is suitable for custom protec-
tion and control schemes.

Communications interfaces include standard SEL ASCII and enhanced MIR-
RORED BITS communications protocols. Establish Ethernet connectivity with the 
optional Ethernet card. With the Ethernet card, you can employ common industry 
communications tools, including Telnet, FTP, IEC 61850, and DNP3 LAN/WAN 
protocols.

Included with the SEL-487B is the ACSELERATOR QuickSet SEL-5030 Software 
program. Use QuickSet to assist you in setting, controlling, and acquiring data 
from the relays both locally and remotely. ACSELERATOR Architect SEL-5032 
Software is included with purchase of the optional Ethernet card with IEC 61850 
protocol support. Architect enables you to view and configure IEC 61850 settings 
via a graphical user interface (GUI), tightly integrated with QuickSet.

Combining the simple and robust hardware design with extensive self-testing 
provides relay reliability and enhances relay availability.

This section introduces the SEL-487B and provides information on the following 
topics:

➤ Features on page 1.2

➤ Models and Options on page 1.4

➤ Applications on page 1.5

➤ Product Characteristics on page 1.9

➤ Specifications on page 1.11
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Features
The SEL-487B contains many protection, automation, and control features. 
Figure 1.1 presents a simplified functional overview of the relay.

                    

The SEL-487B features include the following:

Bus Protection. The SEL-487B provides differential protection for the follow-
ing: single bus, double bus, double bus with transfer, breaker-and-a-half, tri-
ple bus arrangements, generators and motors, shunt capacitor banks, 
autotransformers, and reactors.

Second Trip Criterion. Each of the six elements includes a second trip crite-
rion. This criterion consists of the OR combination of a directional element 
in parallel with a fault detection element.

Check Zone Capability. If your protection philosophy calls for an overall 
check zone, use as many as three independent check zones available in the 
relay.

Voltage Elements. Phase, negative-, and/or zero-sequence elements are avail-
able as additional trip criteria for trip supervision.

Breaker Failure. Select the type of breaker failure protection (internal or 
external) on a terminal-by-terminal basis. Internal breaker failure protection 
provides breaker failure trip and breaker retrip for 21 terminals. Open-phase 
detection ensures current-element reset in less than one cycle. For the exter-
nal breaker failure protection, select the external breaker failure option. With 
this option, the relay accepts inputs from breaker failure relays installed in 
the feeder protection panels.

                    

Figure 1.1 SEL-487B Relay Basic Functions in a Double-Bus Application

ANSI NUMBERS/ACRONYMS AND FUNCTIONS 

16 SEC   Access Security (Serial, Ethernet) 

27/59 Over- and Undervoltage 

50                                 Overcurrent 

50BF                             Breaker Failure Overcurrent 

51 Time-Overcurrent 

85 RIO  SEL MIRRORED BITS Communications 

87 Current Differential 

DFR  Event Reports 

HMI  Operator Interface 

LGC  Expanded  SELOGIC Control Equations 

MET  High-Accuracy Metering 

RTU  Remote Terminal Unit 

SER  Sequential Events Recorder 

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 

1 Copper or Fiber Optic * Optional Feature

 

  

ADDITIONAL FEATURES 

Open CT Detection

Three Independent Check Zones

Disconnect Status and Monitoring Logic for 60 Disconnects

Single-Relay Application: 2 Three-Phase Zones for as many as 7 Terminals

Two-Relay Application: 3 Three-Phase Zones for as many as 10 Terminals

Three-Relay Application: 6 Single-Phase Zones for as many as 21 Terminals
4

EIA-232

2

Ethernet1*

16S
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RIO DFR HMI LGC
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1

IRIG-B
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33
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Zone 1

Zone 2
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PT898989
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8989

Tie Breaker
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Differential Protection. Innovative algorithms switch the relay to a high-secu-
rity mode during through-fault conditions. While in the high-security mode, 
the algorithm does not block the differential elements, thus avoiding unnec-
essary time delays for clearing faults evolving from external to internal 
faults.

Overcurrent Elements. Each of the 21 terminals provides one level of phase 
instantaneous (50) and one level of time-overcurrent (51) protection.

CT Open-Circuit Detection. Use the independent sensitive differential element 
in each zone to detect CT open circuit, short circuit, or incorrect CT polarity.

Minimum CT Requirement. The relay requires primary CTs that shall repro-
duce the primary current without saturation for at least 2 ms after external 
fault inception.

Dynamic Station Configuration. Wire the disconnect (89) auxiliary contacts to 
the relay to assign the current inputs dynamically to the correct differential 
measuring element. Instead of disabling bus protection during disconnect 
switching, use this feature to provide bus protection during switching opera-
tions, when the safety of personnel is at high risk.

CT Ratio Mismatch. Mismatched CTs of ratios as high as 10:1 can be installed. 
For example, this means you can install the new feeder with a CT ratio of 
2000/5 to existing bus systems that all have CT ratios of 200/5. 

Expanded SELOGIC Control Equations. Modify and set custom relay applica-
tions with PLC-style (programmable logic controller, IEC 61131-3) 
SELOGIC control equation programming that includes math and comparison 
functions. Use counters and multifunction timers for greater application flex-
ibility, i.e., perform advanced PLC functions within the relay. The 
SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas. These programming areas provide ample protection 
programming capability and 10 blocks of 100-line automation programming 
capability (1000 lines).

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making the initial programming and maintenance much easier.

Metering. View metering primary or secondary information for phase cur-
rents and angles of all 21 terminals, phase voltages and angles, CT polarities, 
and the operating and restraint values from all protection zones.

Oscillography and Event Reporting. Record raw currents of all 21 current ter-
minals and 3 voltages in a single report. Investigate relay internal logic 
points and power system performance with event report phasor analysis.

Sequential Events Recorder (SER). Record 1000 system entries from 250 mon-
itoring points, including settings changes, restarts, and Relay Word bit ele-
ments that you select. Set element names to easily understood aliases.

Digital Relay-to-Relay Communication. Use MIRRORED BITS communications 
to monitor internal element conditions between relays within a substation 
and between substations using communication channels (SEL fiber-optic 
transceivers to send a direct transfer trip, for example).

Ethernet Communications Capability. Implement control and data gathering 
capabilities via substation LANs (local area networks) and company WANs 
(wide area networks) with the optional Ethernet card. Employ the FTP proto-
col for system data acquisition.
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Increased Security. The SEL-487B divides control and settings into seven 
relay access levels; the relay has separate breaker, protection, automation, 
and output access levels, among others. Set unique passwords for each 
access level.

Computer Software. Use the rules-based settings editor, the QuickSet soft-
ware, to develop settings offline.

Settings Reduction. Internal relay programming shows only the settings for 
the functions and elements you have enabled.

Models and Options
For ease of ordering and future expansion, the SEL-487B is available in a 9U 
chassis size (U is one rack unit in height—44.45 mm [1.75 in]) that supports as 
many as four additional expansion I/O boards, or, for applications not requiring 
as many contact I/O points, in a 7U chassis size that supports as many as two 
additional expansion I/O boards. For the three-relay application, three units are 
required. Features not labeled as ordering options are standard.

➤ As many as four optional I/O boards (9U chassis size supports a 
maximum of four optional I/O boards; 7U chassis size supports a 
maximum of two optional I/O boards)

➢ INT4 with high-speed outputs: 18 common inputs (2 groups 
of 9), 6 independent inputs, 6 high-speed Form A outputs, 2 
standard Form A outputs

➢ INT4 with standard outputs: 18 common inputs (2 groups of 9), 
6 independent inputs, 8 standard Form A outputs

➤ Voltage ranges for the inputs on the main board as well as for the 
inputs on the four interface boards are as follows:

➢ 24 Vdc

➢ 48 Vdc

➢ 110 Vdc

➢ 125 Vdc

➢ 220 Vdc

➢ 250 Vdc

➤ Power supply (ordering option)

➢ 24–48 Vdc

➢ 48–125 Vdc or 110–120 Vac

➢ 125–250 Vdc or 110–240 Vac

➤ Secondary current inputs (ordering option)

➢ 1 A nominal or 5 A nominal CT inputs

➤ Communications card (ordering option)

➢ Ethernet card with combinations of 10/100BASE-T and 
100BASE-FX media connections on each of two ports

➤ Secondary voltage inputs (standard feature)

➢ 300 V maximum per voltage input
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➤ Ethernet Communication Protocols

➢ Standard (FTP, Telnet, DNP3, PRP)

➢ Standard plus IEC 61850

➤ Connector Type for PT and CT inputs

➢ Screw-terminal block inputs (standard feature)

➢ Connectorized (ordering option)

➤ Conformal Coat

➢ Conformal coating provides an additional barrier to harsh 
environments, such as high humidity and airborne contaminants. 
See selinc.com/conformalcoating/ for more information.

Contact the SEL factory or your local Technical Service Center for ordering 
information (see Technical Support on page xxvii in the Preface). You can also 
view the latest ordering information on the SEL website at selinc.com.

Applications
Use the SEL-487B for most bus protection applications. For information on con-
necting the relay, see Section 2: Installation. See Section 6: Protection Applica-
tion Examples for discussions of protection and automation applications using 
the SEL-487B. The figures in this subsection illustrate common relay applica-
tions. Each SEL-487B has 21 analog current inputs (I01–I21) and three analog 
voltage inputs (V01, V02, and V03).

The SEL-487B-1 Relay supports DSS through use of the SEL-2240 Axion. The 
Axion provides analog and digital data over an IEC 61158 EtherCAT TiDL net-
work. This technology provides very low and deterministic latency over a point-
to-point architecture. The SEL-487B-1 Relay can receive as many as eight fiber-
optic links from as many as eight Axion nodes. See Section 2: Installation for 
more details about TiDL (EtherCAT) applications.

Single Busbar—As Many As 7 Terminals
Use one SEL-487B for the application in Figure 1.2. In this application, the relay 
has 2 three-phase bus-zones available. Wire the disconnect status to the relay to 
dynamically assign the terminal currents to the differential elements for each 
zone.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

http://selinc.com/solutions/technologies/#conformal-coating
http://selinc.com/
http://selinc.com/


1.6

SEL-487B Relay Instruction Manual Date Code 20230830

Introduction and Specifications
Applications

                    
                    

Figure 1.2 Single SEL-487B Protecting Double Bus Sections With Bus Tie 
Breaker
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Breaker-and-a-Half Busbar Configuration
Figure 1.3 shows a station with a breaker-and-a-half busbar configuration. For 
this configuration, and with seven or fewer terminals on either busbar, use one 
SEL-487B per busbar.

                    
                    

Figure 1.3 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration
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Triple Busbar—As Many As 21 Terminals
Figure 1.4 shows a triple busbar layout (i.e., two main busbars and a transfer 
bus).

                    

                    

                    

Figure 1.4 Three SEL-487B Relays Protect 2 Main Busbars and a Transfer Busbar, 1 Bus Coupler, and 17 Terminals

Table 1.1 Application Highlights (Sheet 1 of 2)

Application Key Feature

High number of terminals and zones Three-relay applications provide six zones of protection for as many as 21 terminals. 

Complex busbar arrangements Flexible zone selection logic uses the disconnect auxiliary contacts to dynamically 
assign the currents to the correct zones.

Wide range of bus applications A variety of bus applications are available: single bus, double bus, double bus with trans-
fer, breaker-and-a-half, triple bus arrangements.

High-speed tripping The SEL-487B features fast differential elements and fast closing trip outputs with total 
tripping times of less than one cycle.

Minimum CT requirements The differential elements are secure when the CTs reproduce the primary current with-
out saturating for at least 2 ms after external fault inception.
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Product Characteristics
Each SEL-400 Series Relay shares common features but has unique characteris-
tics. Table 1.2 summarizes the unique characteristics of the SEL-487B Relay.

                    

Open CT detection The open CT detection elements use delta IOP/IRT to reliably detect failed CTs within 
each differential zone.

Terminals with different CT ratios The SEL-487B accepts a CT mismatch of 10:1 in any one zone or combination of zones; 
for example, 250/5 to 2500/5.

Fast resetting internal breaker failure protec-
tion

The SEL-487B includes breaker failure protection with retrip for each terminal. Open-
phase detection ensures current-element reset in less than one cycle.

External breaker failure relays Set any terminal to “external breaker failure” to still use the trip logic in the relay, but the 
breaker failure initiation is from an external breaker failure relay.

Backup overcurrent protection Each terminal has instantaneous and inverse time-overcurrent elements.

Check zone as trip criterion Configure any of the six zones as an overall check zone or use any of the three the avail-
able independent check zones.

Voltage as trip supervision Choose from phase, negative-, or zero-sequence voltage to supervise the differential ele-
ments.

End-zone protection Use SELOGIC control equations to configure end-zone protection for faults between the 
feeder circuit breaker and the CT.

Fault between tie breaker and CT The SEL-487B includes logic to accelerate tripping for a fault between the tie breaker 
and CT. Further logic ensures the security of the healthy zone when the tie breaker is 
closed onto a fault.

Direct transfer trip Use MIRRORED BITS communications to send a trip to the remote end of the line.

Auxiliary relays The SEL-487B requires no auxiliary relays for zone selection.

SCADA applications analog and digital data 
acquisition for station-wide functions

The SEL-487B can acquire analog and digital data for station-wide functions.

Communications capability These protocols are included in the relay:

SEL Compressed ASCII, SEL Fast Messaging (SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER), SEL ASCII, Enhanced MIRRORED BITS communications, Ymo-
dem File Transfer, DNP3 Serial.

Additionally, you can choose these optional protocols:

Ethernet, IEC 61850, FTP, Telnet, DNP3 LAN/WAN.

Customized protection and automation 
schemes

The SEL-487B includes separate protection and automation SELOGIC control equation 
programming areas. Use timers and counters in expanded SELOGIC control equations for 
complete flexibility.

Table 1.1 Application Highlights (Sheet 2 of 2)

Application Key Feature

Table 1.2 SEL-487B Relay Characteristics (Sheet 1 of 2)

Characteristic Value

Standard Processing Rate 12 times per cycle

Battery Monitor One

Autorecloser none

MBG Protocol Not supported

SELOGIC

Protection Free Form 100 lines

Automation Free Form 10 blocks of 100 lines each
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Additionally, the SEL-487B does not support the following typical SEL-400 
Series features:

➤ Synchrophasors

➤ One-line diagrams on the front panel

➤ Breaker close operations

➤ Circuit breaker monitor

➤ Communications with the SEL-2600A RTD Module

SELOGIC Variables 64 protection

256 automation

SELOGIC Math Variables 64 protection

256 automation

Conditioning Timers 16 protection

32 automation

Sequencing Timers 32 protection

32 automation

Counters 32 protection

32 automation

Latch Bits 32 automation

32 protection

Control

Remote Bits 96

Breakers 21: 1–21 (open control only)

Disconnects 60 (status only)

Bay Control Not supported

Metering

Maximum/Minimum Metering Not supported

Energy Metering Not supported

Table 1.2 SEL-487B Relay Characteristics (Sheet 2 of 2)

Characteristic Value
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Specifications
Section 1Introduction and SpecificationsInstruction Manual
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using 
TiDL (EtherCAT), the operating times will be delayed by 1.5 ms. Use 
caution when setting the relay coordination times to account for this added 
delay. Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits 

for a Class A digital device, pursuant to part 15 of the FCC Rules. 
These limits are designed to provide reasonable protection against 
harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal: 0.1 VA @ 1 A

5 A Nominal: 0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage 
Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden: 0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage 
Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per 
IEC 60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage 
Range:

38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage 
Range:

85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups 

of 9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km
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Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.2 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power 
Utility Automation Profile)

Synchronization 
Accuracy:

±100 ns @ 1-second Sync Intervals when 
communicating directly with master 
clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation 
delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above 
+70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and 
sized equal to or greater than any other conductor connected to the 
device, unless otherwise required by local or national wiring 
regulations.

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, 

Battery Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, 

IRIG-B, Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand 
Capability (SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)
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Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + 

A2:2010
20 V/m (>35 V/m, 80% AM, 1 kHz)

Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz

Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency 
Magnetic Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles 

(12 + 12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering
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Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay 
Application:

Single-Relay Application:
21
7

Pickup Range: 0.1–4.0 per unit

Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current 
Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating 
Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage 
Range: 0–350 Vdc
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Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)
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Installation

The first steps in applying the SEL-487B relay are installing and connecting the 
relay. This section describes common installation features and particular installa-
tion requirements for the physical configurations of the SEL-487B. You can 
order the relay in panel-mount or rack-mount versions, in a 9U horizontal orien-
tation, with as many as four interface boards, or in a 7U version, with as many as 
two interface boards. This section contains drawings of typical ac and dc connec-
tions to the SEL-487B (Figure 2.42 and Figure 2.43). Use these drawings as a 
starting point for planning your particular relay application.

To install and connect the relay safely and effectively, you must be familiar with 
relay configuration features, options, and relay jumper configuration. You should 
plan relay placement, cable connection, and relay communication carefully.

Consider the following when installing the SEL-487B:

➤ Shared Configuration Attributes on page 2.1

➤ Plug-In Boards on page 2.13

➤ Jumpers on page 2.15

➤ Relay Placement on page 2.21

➤ Connection on page 2.23

➤ AC/DC Connection Diagrams on page 2.46

It is also very important to limit access to the SEL-487B settings and control 
functions by using passwords. For information on relay access levels and pass-
words, see Access Levels and Passwords on page 3.7 in the SEL-400 Series 
Relays Instruction Manual.

For more introductory information on using the SEL-487B, see Section 2: PC 
Software and Section 3: Basic Relay Operations in the SEL-400 Series Relays 
Instruction Manual.

Shared Configuration Attributes
There are common or shared attributes among the many possible configurations 
of the SEL-487B. This section discusses the main shared features of the relay.

Relay Sizes
SEL produces the SEL-487B in a 9U panel-mount or rack-mount version, hori-
zontal orientation, or in a 7U panel-mount or rack-mount version. The 9U version 
is capable of supporting as many as four optional I/O boards, and the 7U version 
is capable of supporting as many as two optional I/O boards.
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Front-Panel Templates
The front-panel template is shown in Figure 2.1. The SEL-487B front panel has 
three pockets for slide-in labels: one pocket for the Target LED labels and two 
pockets for the Operator Control labels. Figure 2.1 and Figure 2.2 show the front-
panel pocket areas and openings; dashed lines denote the pocket areas.

                    
                    

Figure 2.1 Front-Panel Diagram, Panel-Mount Option, 9U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3560d
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Rear Panels 
Figure 2.3 and Figure 2.4 show examples of a rear panel with fixed terminal 
block analog inputs.

Connector Types
Screw-Terminal Connectors–I/O and Battery Monitor/Power

Connection to the relay I/O and Battery Monitor/Power terminals on the rear 
panel is through screw-terminal connectors. You can remove the entire screw-ter-
minal connector from the back of the relay to disconnect relay I/O, dc battery 
monitor, and power without removing each wire connection. The screw-terminal 
connectors are keyed (see Figure 2.21), so you can replace the screw-terminal 
connector on the rear panel only where you removed the screw-terminal connec-
tor. In addition, the receptacle key prevents you from inverting the screw-terminal 
connector. This feature makes relay removal and replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom two rows of 
the relay rear panel. You cannot remove these terminal blocks from the relay rear 
panel. These terminals offer a secure high-reliability connection for PT and CT 
secondaries.

                    

Figure 2.2 Front-Panel Diagram, Panel-Mount Option, 7U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3879a
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Connectorized

The Connectorized SEL-478B features receptacles that accept plug-in/plug-out 
connectors for terminating PT and CT inputs. This requires ordering a wiring 
harness (SEL-WA0487B) with mating plugs and wire leads. Figure 2.5 shows the 
relay with Connectorized CT and PT analog inputs. (See Connectorized on 
page 2.30 for more information.)

Time-Domain Link
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The TiDL (EtherCAT) SEL-487B has eight fiber-optic EtherCAT connections 
instead of the standard CT and PT analog inputs (see TiDL (EtherCAT) Connec-
tions on page 2.32 for more information).

                    
                    

Figure 2.3 Rear-Panel Diagram of SEL-487B With Four Interface Boards (9U Version)
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Figure 2.4 Rear-Panel Diagram of SEL-487B With Two Interface Boards (7U Version)
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Secondary Circuits
The SEL-487B presents a low burden to the CT and PT secondaries (see Specifi-
cations on page 1.11). 

The relay accepts 21 analog current inputs from the power system. CT inputs are 
labeled as follows: I01, I02–I21. Because the relay impedance is low, the current 
elements can be wired in series with current elements from other relays. 

                    

Figure 2.5 Rear-Panel Diagram of SEL-487B Connectorized Boards (7U Version)

                    

Figure 2.6 EtherCAT Board for TiDL
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WARNING

Figure 2.7 shows the CT connections of the A-phase unit in a three-relay applica-
tion. Current Input IA01 enters the relay at Terminal Y01 and leaves the relay at 
Terminal Y02 for input to other relays. 

Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

                    

Figure 2.8 shows the CT connections if the SEL-487B is the last relay in the CT 
circuit. For a single-relay application, Current Input IA enters the relay at Termi-
nal Y01, Input IB at Terminal Y03, and Input IC at Terminal Y05. Form the wye 
or star point by connecting Terminals Y02, Y04, and Y06 together and include 
the return wire to the CT on any one of these three terminals.

                    

Figure 2.9 shows the CT connections for a single-relay application when other 
devices are connected downstream of the SEL-487B. Current Input IA enters the 
relay at Terminal Y01 and leaves the relay at Terminal Y02 for input to other 
devices. B-phase and C-phase are wired similarly.

                    

Figure 2.7 CT Connections for a Three-Relay Application

                    

Figure 2.8 CT Connections for a Single-Relay Application When the SEL-487B 
Is the Last in the CT Circuit

IA01 IA02 IA03

A-Phase Unit

IA IB IC IN
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For 5 A relays, the rated nominal input current, INOM, is 5 A. For 1 A relays, the 
rated nominal input current, INOM, is 1 A. Continuous input current for both relay 
types is 3 • INOM (or 4 • INOM at +55°C). See AC Current Inputs (Secondary Cir-
cuits) on page 1.11 for complete CT input specifications.

The relay also accepts one set of three, six-wire potentials from power system PT 
secondaries at inputs V01, V02, and V03. The nominal line-to-neutral input volt-
age for the PT inputs is 67 volts with a maximum voltage rating of 300 volts and 
a burden of less than 0.1 VA at 125 V, L-N. The PT inputs and elements are inde-
pendent of each other for both the single-relay or three-relay applications.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

Relays that use the TiDL (EtherCAT) system do not contain secondary circuits on 
the relay. The secondary circuit uses an SEL-2240 Axion to supply the voltages 
and currents through a direct fiber link; however, the nominal current must be 
selected to appropriately apply scaling through various protection functions. The 
relay, by default, assumes 5 A as the nominal current selection. If you use 1 A 
scaling, use the CFG CTNOM command (see Table 14.28 in the SEL-400 Series 
Relays Instruction Manual for more information). The SEL-2245-42 AC Analog 
Input Module also sets its internal calculations based on this command. The relay 
internally transmits these data to the Axion modules and adjusts the appropriate 
scaling in the Axion module when this command is used.

In addition to the CT nominal values, TiDL relays also require you to set the 
nominal frequency by issuing the CFG NFREQ command. At Access Level 2, 
issue a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a 
CFG NFREQ 50 to set the relay to 50 Hz nominal. This command changes the 
NFREQ setting and restarts the relay, and it is only available in TiDL relays. The 
relay defaults to 60 Hz, so only use this command if you want to switch to 50 Hz 
nominal. Issue this command after the CFG CTNOM command but before send-
ing settings to the relay.

Control Inputs
Inputs into the relay are high-impedance control inputs. Use these inputs for 
monitoring change-of-state conditions of power system equipment. These high-
isolation control inputs are ground-isolated circuits and are not polarity sensitive, 

                    

Figure 2.9 CT Connections for a Single-Relay Application When the SEL-487B 
Is in Series With Other Relays

IA IB IC
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i.e., the relay will detect input changes with voltage applied at either polarity. For 
more information on control input specifications, see Specifications on 
page 1.11. 

Inputs can be independent or common. Independent inputs have two separate 
ground-isolated connections, with no internal connections among inputs. Com-
mon inputs share one input leg in common; all input legs of common inputs are 
ground isolated. Each group of common inputs is isolated from all other groups. 

Nominal current drawn by these inputs is 8 mA or less with six voltage options 
covering a wide range of voltages, as published in the Specifications on 
page 1.11. You can debounce the control input pickup delay and dropout delay 
separately for each input as a global setting that applies to all the inputs.

AC Control Signals
Optoisolated control inputs can be used with ac control signals, within the ratings 
shown in Control Inputs on page 1.12. Specific pickup and dropout time-delay 
settings are required to achieve the specified ac thresholds, as shown in Table 2.1.

It is possible to mix ac and dc control signal detection on the same INT4 I/O 
interface board, provided that the two signal types are not present on the same set 
of combined inputs. Use standard debounce time settings (usually the same value 
in both the pickup and dropout settings) for the inputs being used with dc control 
voltages.

                    

The recognition times listed in Table 2.1 are only valid when:

➤ The ac signal applied is at the same frequency as the power system.

➤ The signal is within the ac threshold pickup ranges defined in 
Control Inputs on page 1.12.

➤ The signal contains no dc offset.

The SEL-487B samples the optoisolated inputs at 2 kHz.

Control Outputs
Control outputs from the relay include standard outputs and high-speed (high-
current interrupting) outputs. A Metal-Oxide Varistor (MOV) protects against 
excess voltage transients for each contact. Each output is individually isolated 
except Form C outputs, which share a common connection between the NC (nor-
mally closed) and NO (normally open) contacts.

Table 2.1 Required Settings for Use With AC Control Signalsa

a First set Global setting EICIS := Y to gain access to the individual input pickup and dropout timer 
settings (only available for installed INT4 I/O interface boards).

Global Settings Description Entryb

b These are the only setting values that SEL recommends for detecting ac control signals. Other 
values may result in inconsistent operation.

Relay Recognition Time for AC 
Control Signal State Change

IN201PU–IN224PU, 
IN301PU–IN324PU, 
IN401PU–IN424PU, 
IN501PU–IN524PU

Pickup Delay 2.0 ms at 60 Hz 
2.5 ms at 50 Hz 
(approximately
1/8 cycle)

0.625 cycles maximum 
(assertion)

IN201DO–IN224DO, 
IN301DO–IN324DO, 
IN401DO–IN424DO, 
IN501DO–IN524DO

Dropout Delay 16.5 ms at 60 Hz 
20.0 ms at 50 Hz 
(approximately 
1 cycle)

1.1875 cycles maximum 
(deassertion)
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The relay updates control outputs 12 times per cycle. Updating of relay control 
outputs does not occur when the relay is disabled. When the relay is re-enabled, 
the control outputs assume the state that reflects the present protection processing.

Standard Control Outputs
NOTE: You can use ac or dc circuits 
with standard control outputs.

The Standard control outputs are dry Form A (NO) contacts. Ratings for standard 
outputs are 30 A make, 6 A continuous, and 0.5 A or less break (depending on 
circuit voltage). Standard contact outputs have a maximum voltage rating of 
250 Vac/330 Vdc. Maximum break time is 6 ms (milliseconds) with a resistive 
load. The maximum pickup time for the Standard control outputs is 6 ms. 
Figure 2.10 shows a representative connection for a Form A Standard control 
output on the main board I/O terminals.

                    

See Control Outputs on page 1.11 for complete standard control output specifica-
tions.

Hybrid (High-Current Interrupting) Control Outputs
The hybrid (high-current interrupting) control outputs are polarity-dependent and 
are capable of interrupting high-current, inductive loads. Hybrid control outputs 
use an Insulated Gate Bipolar Junction Transistor (IGBT) in parallel with a 
mechanical contact to interrupt (break) highly inductive dc currents. The contacts 
can carry continuous current, while eliminating the need for heat sinking and pro-
viding security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit induc-
tive/resistive) ratio. As the L/R ratio increases, the time needed to interrupt the 
circuit fully increases also. The reason for this increased interruption delay is that 
circuit current continues to flow through the output MOV after the output deas-
serts, until all of the inductive energy dissipates. Maximum dropout (break) time is 
6  ms with a resistive load, the same as for the standard control outputs. The other 
ratings of these control outputs are similar to the standard control outputs, except 
that the hybrid outputs can break current as great as 10 A. Hybrid contact outputs 
have a maximum voltage rating of 330 Vdc.

The maximum contact closing time for the hybrid control outputs is 6 ms. 
Figure 2.11 shows a representative connection for a Form A hybrid control out-
put on the main board I/O terminals.

                    

Figure 2.10 Standard Control Output Connection

OUT03

O5
O6

CAUTION
Equipment damage can result from con-
necting ac circuits to hybrid (high-cur-
rent interrupting) control outputs. Do 
not connect ac circuits to Hybrid control 
outputs. Use only dc circuits with Hybrid 
control outputs.
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See Control Outputs on page 1.11 for complete hybrid control output specifications.

High-Speed, High-Current Interrupting Control Outputs
NOTE: You can use only dc circuits 
with high-speed, high-current 
interrupting outputs.

In addition to the standard control outputs, the INT4 I/O interface board offers 
high-speed, high-current interrupting control outputs. These control outputs have 
a resistive load pickup time of 10 s, which is much faster than the 6 ms pickup 
time of the standard and hybrid control outputs. The high-speed, high-current 
interrupting control outputs drop out at a maximum time of 8 ms. The maximum 
voltage rating is 330 Vdc. See Control Outputs on page 1.11 for complete high-
speed, high-current interrupting control output specifications.

Figure 2.12 shows a representative connection for a Form A high-speed, high-
current interrupting control output on the INT4 I/O interface terminals. The HS 
marks are included to indicate that this is a high-speed control output.

                    

Short transient inrush current can flow at the closing of an external switch in 
series with open high-speed, high-current interrupting contacts. This transient 
will not energize the circuits in typical relay-coil control applications (trip coils 
and close coils), and standard auxiliary relays will not pick up. However, an 
extremely sensitive digital input or light-duty, high-speed auxiliary relay can pick 
up for this condition. This false pickup transient occurs when the capacitance of 
the high-speed, high-current interrupting output circuitry charges (creating a 
momentary short circuit that a fast, sensitive device sees as a contact closure).

Figure 2.13 shows some possible connections for external resistors that will elim-
inate the false pickup transients when closing an external switch. In general, you 
must connect external resistors to the dc rail (positive or negative) that is on the 
same side as the open external switch condition. If an open switch exists on either 
side of the output contact, then you can accommodate only one condition because 
two open switches (one on each side of the contact) defeat the precharge circuit.

                    

Figure 2.11 Hybrid Control Output Connection

OUT01

+

O1
O2

                    

Figure 2.12 High-Speed, High-Current Interrupting Control Output Connection, 
INT4

OUT03

O5
O6

HS



2.12

SEL-487B Relay Instruction Manual Date Code 20230830

Installation
Shared Configuration Attributes

                    

Main Board I/O
The SEL-487B has 9U and 7U chassis options with I/O interface on the main 
board. See Figure 2.3 and Figure 2.18 for representative views of the 9U chassis 
rear panel and Figure 2.4 and Figure 2.19 for representative views of the 7U 
chassis rear panel.

Every SEL-487B configuration includes the main board I/O and features these 
connections:

➤ Three hybrid (high-current interrupting) Form A outputs

➤ Two standard Form A outputs

➤ Three standard Form C outputs

➤ Seven level-sensitive optoisolated control inputs (five independent 
and two common)

IRIG-B Inputs
Supply high-accuracy time to the SEL-487B via the IRIG-B IN BNC connector 
on the rear of the relay. You can use the IRIG OUT BNC connector to output 
IRIG, but you cannot use the output signal for high-accuracy timekeeping 
because it lacks the IEEE C37.118 IRIG control bits. If you need high-accuracy 
IRIG timekeeping, do not use the IRIG OUT connection as a high-accuracy IRIG 
source. Instead, use the connections external to the relay to distribute the IRIG 
signal between relays. In a three-relay application, any one of the three units can 
be the reference relay; by connecting the IRIG-B signal to the IRIG-B terminal 
labeled IN, the relay becomes the reference relay. Connect the IRIG-B terminal 
labeled OUT from the reference relay to the IRIG-B terminal labeled IN of the 
next relay, and so on. If there is no IRIG-B available, the relays generate the syn-
chronizing signal internally to synchronize the three relays relative to each other, 
although not to an absolute time reference. You can provide IRIG-B time-code 
format signals to the relay from many sources (SEL-2030 Communications Pro-
cessor, for instance). See Section 11: Time and Date Management in the SEL-400 
Series Relays Instruction Manual for more information on the use and benefits of 
high-accuracy timekeeping.

The IRIG-B serial data format consists of a 1-second frame containing 100 pulses 
divided into fields. The relay decodes the second, minute, hour, and day fields 
and sets the internal time clock upon detecting valid time data in the IRIG time 
mode. See IRIG-B Input Connections on page 2.41 for information on enabling 
IRIG-B timekeeping.

                    

Figure 2.13 Precharging Internal Capacitance of High-Speed, High-Current 
Interrupting Output Contacts, INT4

Load

(+)

(–)

Precharge circuit
path external to high-speed 

high-current interrupting 
control output

01

02
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IRIG-B Pins of Serial Port 1
This IRIG-B input is capable of regular IRIG mode timekeeping only. Timing 
accuracy for the IRIG time mode is 500 µs.

IRIG-B BNC Connector
This IRIG-B input is capable of both modes of timekeeping. If the connected 
timekeeping source is qualified as high-accuracy, the relay enters the HIRIG 
mode, which has a timing accuracy of 1 µs. If both inputs are connected, the 
SEL-487B uses the IRIG-B signal from the BNC connection (if a signal is avail-
able).

Battery-Backed Clock
If relay input power is lost or removed, a lithium battery powers the relay clock 
providing date and time backup. The battery is a 3 V lithium coin cell, Rayovac 
no. BR2335 or equivalent. If power is lost or disconnected, the battery discharges 
to power the clock. At room temperature (25°C, 77°F), the battery will operate 
for approximately 10 years at rated load. 

When the SEL-487B is operating with power from an external source, the self-
discharge rate of the battery is very small. Thus, battery life can extend well 
beyond the nominal 10-year period. The battery cannot be recharged. Figure 2.14 
shows the clock battery location (at the front of the main board). 

If the relay does not maintain the date and time after power loss, replace the bat-
tery (see Replacing the Lithium Battery on page 10.27 in the SEL-400 Series 
Relays Instruction Manual).

Communications Interfaces
The SEL-487B has several communications interfaces you can use to communi-
cate with other intelligent electronic devices (IEDs) via EIA-232 ports: PORT 1, 
PORT 2, PORT 3, and PORT F. See Section 15: Communications Interfaces in the 
SEL-400 Series Relays Instruction Manual for more information and options for 
connecting your relay to the communications interfaces.

An optional Ethernet card provides Ethernet capability for the SEL-487B. An 
Ethernet card gives the relay access to popular Ethernet networking standards 
including TCP/IP, FTP, Telnet, DNP3, and IEC 61850 over local area and wide 
area networks. The Ethernet card with IEC 61850 support is only available at 
purchase as a factory-installed option. For information on DNP3 applications, see 
Section 16: DNP3 Communication in the SEL-400 Series Relays Instruction 
Manual. For more information on IEC 61850 applications, see Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Plug-In Boards
The SEL-487B supports as many as four interface boards. There are ordering 
options for the number of I/O boards, as well as the overall chassis size. A 9U 
chassis ordering option provides support for as many as four additional interface 
boards. A 7U chassis option provides support for as many as two additional inter-
face boards. Both chassis sizes are available in rack- or panel-mount versions.
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Plug-in communications cards are also available for the SEL-487B. The optional 
Ethernet card allows you to use TCP/IP, FTP, Telnet, DNP LAN/WAN, and 
IEC 61850 applications on an Ethernet network. This card is only available at the 
time of purchase of a new SEL-487B as a factory-installed option or as a factory-
installed conversion to an existing relay.

I/O Interface Boards 
When the 9U chassis size is ordered, you can choose as many as four INT4 inter-
face boards for a total of 96 inputs and 32 outputs (all four boards installed). 
When the 7U chassis size is ordered, you can choose as many as two INT4 inter-
face boards for a total of 48 inputs and 16 outputs (both boards installed). In addi-
tion to the inputs and outputs provided by the INT4 interface boards, there are 
also 7 inputs and 8 outputs on the main board (described in Main Board I/O on 
page 2.12). Refer to Figure 2.3 for a view of the interface boards and the rear 
screw-terminal connectors associated with the interface boards.

The I/O interface boards carry jumpers that identify the board location. See 
Jumpers on page 2.15 for more information on I/O board jumpers.

I/O Interface Board Inputs
The INT4 I/O interface board has two groups of nine common contacts (18 total) 
and six independent control inputs. All independent inputs are isolated from 
other inputs. These high-isolation control inputs are not polarity sensitive, i.e., 
you cannot damage these inputs with a reverse polarity connection.

Table 2.2 shows the I/O board input capacities and the I/O inputs on the main 
board. See Control Inputs on page 1.12 for complete control input specifications.

                    

I/O Interface Board Outputs
The INT4 I/O interface board is available with either six high-speed and two 
standard output contacts, or eight standard contact outputs. Table 2.3 shows the 
I/O board outputs; the table also shows the I/O outputs on the main board. See 
Control Outputs on page 1.11 for complete control output specifications.

                    

Table 2.2 Control Inputs

Board Independent Contact Pairs Common Contact Pairs

INT4 6 Two sets of 9

Main Board 5 2

Table 2.3 Control Outputs

Board
Standard High-Speed Hybrida

a High-current interrupting.

Form A Form C Form A Form A

INT4 with high-speed outputs 2 0 6 0

INT4 with standard outputs 8 0 0 0

Main Board 2 3 0 3
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CAUTION

Ethernet Card
You can add Ethernet communications protocols to the SEL-487B by purchasing 
the Ethernet card option. Factory-installed in the rear relay Port 5, the Ethernet 
card provides Ethernet ports for industrial applications that process data traffic 
between the SEL-487B and a local area network (LAN).

Jumpers
The SEL-487B contains jumpers that configure the relay for certain operating 
modes. The jumpers are located on the main board and on each of the I/O inter-
face boards.

Main Board Jumpers 
The jumpers on the main board of the SEL-487B perform the following func-
tions:

➤ Temporary/emergency password disable

➤ Circuit breaker control enable

➤ Rear serial port +5 Vdc source enable

Figure 2.15 shows the positions of the main board jumpers. The main board 
jumpers are in two locations. The password disable jumper and circuit breaker 
control jumper are at the front of the main board. The serial port jumpers are near 
the rear-panel serial ports; each serial port jumper is directly in front of the serial 
port that it controls.

Password and Circuit Breaker Jumpers
You can access the password disable jumper and circuit breaker control jumper 
without removing the main board from the relay cabinet. Remove the SEL-487B 
front cover to view these jumpers (use appropriate ESD precautions). The pass-
word and circuit breaker jumpers are on jumper header J18 on the front of the 
main board.

Do not install a jumper on positions A 
or D of the main board J18 header. 
Relay misoperation can result if you 
install jumpers on positions J18A and 
J18D.

There are four jumpers, denoted as D, BREAKER, PASSWORD, and A, from 
left to right (position D being on the left). Positions D and A are for SEL use, 
position PASSWORD is the password disable jumper, and position BREAKER is 
the circuit breaker control enable jumper. Figure 2.15 shows the jumper header 
with the circuit breaker/control jumper in the ON position and the password 
jumper in the OFF position; these are the normal jumper positions for an in-ser-
vice relay. Table 2.4 lists the J18 jumper positions and functions.
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Figure 2.14 Major Component Locations on the SEL-487B Main Board
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The password disable jumper, PASSWORD, is for temporary or emergency sus-
pension of the relay password protection mechanisms. Under no circumstance 
should you install PASSWORD on a long-term basis. The SEL-487B ships with 
password disable jumper PASSWORD OFF (passwords enabled).

The circuit breaker control enable jumper, BREAKER, supervises the OPEN n 
command, the PULSE OUTnnn command, and front-panel local bit control. To 
use these functions, you must install Jumper BREAKER. The relay checks the 
status of the circuit breaker control jumper when you issue OPEN n, PULSE 
OUTnnn, and when you use the front panel to close or open circuit breakers, 
control a local bit, or pulse an output. The SEL-487B ships with circuit breaker 
Jumper BREAKER OFF. For commissioning and testing of the SEL-487B con-
tact outputs, it may be convenient to set BREAKER ON, so that the PULSE 
OUTnnn commands can be used to check output wiring. BREAKER must also 
be set ON if SCADA (DNP, Fast Operate, IEC 61850) control of the circuit 
breaker is required or if the LOCAL CONTROL > BREAKER CONTROL screens are 
going to be used.

                    

Figure 2.15 Jumper Location on the Main Board
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Table 2.4 Main Board Jumpers

Jumper
Jumper 
Location

Jumper 
Positiona

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Function

A Front OFF For SEL use only

PASSWORD Front OFF Enable password protection (normal and 
shipped position)

ON Disable password protection (temporary or 
emergency only)

BREAKER Front OFF Disable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb 
(shipped position)

b Also affects the availability of SCADA Control Messages and the front-panel LOCAL CONTROL 
> BREAKER CONTROL, and front-panel LOCAL CONTROL > OUTPUT TESTING screens.

ON Enable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb

D Front OFF For SEL use only
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Serial Port Jumpers
Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the three 
rear-panel EIA-232 serial ports. The maximum current available from this Pin 1 
source is 0.5 A. The Pin 1 source is useful for powering an external modem. 
Table 2.5 describes the JMP2, JMP3, and JMP4 positions. Refer to Figure 2.15 
for the locations of these jumpers. The SEL-487B ships with JMP2, JMP3, and 
JMP4 OFF (no +5 Vdc on Pin 1).

                    

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. To change the 
JMP2, JMP3, and JMP4 jumpers in an SEL-487B, perform the following steps: 

Step 1. Remove the relay from service.

a. Follow your company’s standard for removing a relay from 
service.

b. Disconnect power from the SEL-487B.

c. Retain the GND connection, if possible, and ground the 
equipment to an ESD mat.

Step 2. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 3. Remove the front panel from the SEL-487B.

Step 4. Disconnect the front-panel cable at the front panel.

Step 5. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 6. Remove rear-panel EIA-232 ports mating connectors.

a. Unscrew the keeper screws.

b. Disconnect any serial cables connected to the PORT 1, PORT 2, and 
PORT 3 rear-panel receptacles.

Step 7. Remove any Ethernet and IRIG-B connections.

Step 8. Carefully pull out the drawout assembly containing the main board.

Step 9. Locate the jumper you want to change.

Jumpers JMP2, JMP3, and JMP4 are located at the rear of the main 
board, directly in front of PORT 3, PORT 2, and PORT 1, respectively (see 
Figure 2.15).

Step 10. Install or remove the jumper as needed.

See Table 2.5 for jumper position descriptions.

Step 11. Reinstall the SEL-487B main board.

Table 2.5 Main Board Jumpers—JMP2, JMP3, and JMP4a

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Jumper
Jumper 
Location

Jumper 
Position

Pin Connections

JMP2 Rear OFF

ON

Serial Port 3, Pin 1 = not connected

Serial Port 3, Pin 1 = +5 V

JMP3 Rear OFF

ON

Serial Port 2, Pin 1 = not connected

Serial Port 2, Pin 1 = +5 V

JMP4 Rear OFF

ON

Serial Port 1, Pin 1 = not connected

Serial Port 1, Pin 1 = +5 V

WARNING
Have only qualified personnel service 
this equipment. If you are not 
qualified to service this equipment, 
you can injure yourself or others, or 
cause equipment damage.

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 12. Reconnect the power cable, the interface board cable(s), and the 
input board analog cable.

Step 13. Reattach the front panel.

Step 14. Reconnect any external cables that you removed in the disassembly 
process.

Step 15. Follow your company’s standard procedure to return the relay to 
service.

I/O Interface Board Jumpers
Jumpers on the INT4 I/O interface board identify the I/O board control address 
(see I/O Interface Boards on page 2.14 for more information on these boards). 
The jumpers on these I/O interface boards are at the front of each board, as shown 
in Figure 2.16.
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To confirm the positions of your I/O board jumpers, you can remove the front 
panel and inspect the jumper placements visually. Table 2.6 lists the four jumper 
positions for I/O interface boards. Refer to Figure 2.17 for the locations of these 
jumpers.

                    

Figure 2.16 Major Component Locations on the SEL-487B INT4 I/O Board
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The I/O board control address has a hundreds-series prefix attached to the control 
inputs and control outputs for that particular I/O board chassis slot.

A 7U chassis has a 200-address slot for inputs IN201, IN202, etc. and outputs 
OUT201, OUT202, etc., and a 300-address slot for IN301, IN302, etc. A 9U 
chassis also has a 400-address slot and 500-address slot for as many as two addi-
tional I/O boards. The drawout tray on which each I/O board is mounted is keyed. 
See Installing Optional I/O Interface Boards on page 10.30 in the SEL-400 
Series Relays Instruction Manual for information on the key positions for the 
200-addresses slot trays and the 300-addresses slot trays.

                    

See Figure 2.3 for board location details.

Relay Placement
Proper placement of the SEL-487B helps make certain that you receive years of 
trouble-free power system protection. Use the following guidelines for proper 
physical installation of the SEL-487B.

Physical Location 
You can mount the SEL-487B in a sheltered indoor environment (a building or an 
enclosed cabinet) that does not exceed the temperature and humidity ratings for 
the relay. 

This rating allows mounting the relay indoors or in an outdoor (extended) enclo-
sure where the relay is protected against exposure to direct sunlight, precipita-
tion, and full wind pressure, but neither temperature nor humidity are controlled. 
You can place the relay in extreme temperature and humidity locations. The relay 
operates in –40° to +85°C (–40° to +185°F) temperatures (see Operating Tem-
perature on page 1.13). With no condensation present, the relay operates in 
humidity ranging from 5 percent to 95 percent. 

Rack Mounting
When mounting the SEL-487B in a rack, use the reversible front flanges to either 
semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails of 
approximately 1.1 inches (27.9 mm). The projection mount places the front panel 
approximately 3.5 inches (88.9 mm) in front of the relay rack rails.

See Figure 2.17 for exact mounting dimensions for both the horizontal and verti-
cal rack-mount relays. Use four screws of the appropriate size for your rack.

Table 2.6 I/O Board Jumpers

Description JMP49A JMP49B JMP50A JMP50B

Position A (Main Board) 1xx I/O N/A N/A N/A N/A

Position B (Expansion I/O) 2xx I/O OFF OFF OFF OFF

Position C (Expansion I/O) 3xx I/O ON OFF ON OFF

Position D (Expansion I/O) 4xx I/O OFF ON OFF ON

Position E (Expansion I/O) 5xx I/O ON ON ON ON
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Panel Mounting 
Place the panel-mount versions of the SEL-487B in a switchboard panel. See the 
drawings in Figure 2.17 for panel cut and drill dimensions. Use the supplied 
mounting hardware to attach the relay.

                    

Figure 2.17 Relay Chassis Dimensions
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CAUTION

Connection

Insufficiently rated insulation can 
deteriorate under abnormal operat-
ing conditions and cause equipment 
damage. For external circuits, use wir-
ing of sufficiently rated insulation that 
will not break down under abnormal 
operating conditions.

The SEL-487B is available with a main board and as many as four INT4 interface 
boards. The INT4 interface board is available to expand the control inputs and 
control outputs only. There are two relay size options: a 9U chassis capable of 
supporting as many as the maximum of four interface boards, or a 7U chassis 
capable of supporting as many as two interface boards. This subsection presents a 
representative sample of relay rear-panel configurations and the connections to 
these rear panels. 

When connecting the SEL-487B, refer to your company plan for wire routing and 
wire management. Be sure to use wire that is appropriate for your installation 
with an insulation rating of at least 90°C.

Rear-Panel Layout
Figure 2.18 and Figure 2.19 show the rear panel of the relay with only the main 
board installed, and Figure 2.3, Figure 2.4, and Figure 2.5 show the rear panel of 
the relay fully equipped. For clarity, the figures do not show a communications 
card installed in PORT 5.
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Figure 2.18 Rear Panel With Only Main Board (9U Version)
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Rear-Panel Symbols
Figure 2.20 shows important safety symbols and their descriptions. These safety 
symbols appear on the rear of the relay. Observe proper safety precautions when 
you connect the relay at terminals marked by these symbols. In particular, the 
danger symbol located on the rear panel corresponds to the following: Contact 
with instrument terminals can cause electrical shock that can result in injury or 
death. Be careful to limit access to these terminals.

                    

Screw-Terminal Connectors
Terminate connections to the SEL-487B screw-terminal connectors with ring-
type crimp lugs. Use a #8 ring lug with a maximum width of 9.1 mm (0.36 in). 
The screws in the rear-panel screw-terminal connectors are #8-32 binding head, 
slotted, nickel-plated brass screws. Tightening torque for the terminal connector 
screws is 1.0 Nm to 2.0 Nm (9 in-lb to 18 in-lb). 

                    

Figure 2.19 Rear Panel With Only Main Board (7U Version)

                    

Figure 2.20 Rear-Panel Symbols

Danger (Caution,
risk of danger)

Symbol

Grounding
Terminal
Symbol

DC Input SymbolAC/DC Input Symbol
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You can remove the screw-terminal connectors from the rear of the SEL-487B by 
unscrewing the screws at each end of the connector block. Remove the connector 
by pulling the connector block straight out. Note that the receptacle on the relay 
circuit board is keyed; you can insert each screw-terminal connector in only one 
location on the rear panel. To replace the screw-terminal connector, confirm that 
you have the correct connector, push the connector firmly onto the circuit board 
receptacle, and reattach the two screws at each end of the block.

Changing Screw-Terminal Connector Keying
You can rotate a screw-terminal connector so that the connector wire dress posi-
tion is the reverse of the factory-installed position (for example, wires entering 
the relay panel from below instead of from above). In addition, you can move 
similar function screw-terminal connectors to other locations on the rear panel. 
To move these connectors to other locations, you must change the screw-terminal 
connector keying. Inserts in the circuit board receptacles key the receptacles for 
only one screw-terminal connector in one orientation. Each screw-terminal con-
nector has a missing web into which the key fits (see Figure 2.21). If you want to 
move a screw-terminal connector to another circuit board receptacle or reverse 
the connector orientation, rearrange the receptacle keys to match the screw-termi-
nal connector block. Use long-nosed pliers to move the keys. Figure 2.22 shows 
the factory-default key positions.

                    
                    

Figure 2.21 Screw-Terminal Connector Keying

Webs Removed for Keying
(Receptacle Keys Fit Here)

Top View

Front View

A B C D E F 1 2 3 4 5 6
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Figure 2.22 Rear-Panel Receptacle Keying
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Grounding
Connect the grounding terminal (#Y31) labeled GND on the rear panel to a rack 
frame ground or main station ground for proper safety and performance. This 
protective earthing terminal is in the lower right side of the relay panel (see 
Figure 2.18. The symbol that indicates the grounding terminal is shown in 
Figure 2.20. Use 14 AWG (2.5 mm2) or larger wire, less than 2 m (6.6 feet) in 
length for this connection. This terminal connects directly to the internal chassis 
ground of the SEL-487B.

Power Connections 
The terminals labeled POWER on the rear panel (Y29 and Y30) must connect to a 
power source that matches the power supply characteristics that your SEL-487B 
specifies on the rear-panel serial number label. (See Power Supply on page 1.11 
for complete power input specifications.)

                    

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

The POWER terminals are isolated from chassis ground. Use 18 AWG (0.8 mm2) 
or larger size wire to connect to the POWER terminals. Connection to external 
power must comply with IEC 60947-1 and IEC 60947-3 and must be identified 
as the disconnect device for the equipment. Place an external disconnect device, 
either a switch/fuse combination or circuit breaker in the POWER leads for the 
SEL-487B; this device must interrupt both the hot (H/+) and neutral (N/-) power 
leads. The current rating for the power disconnect circuit breaker or fuse must be 
20 A maximum.

Operational power is internally fused by power supply fuse F1. Table 2.7 lists the 
SEL-487B power supply fuse requirements. Be sure to use fuses that comply 
with IEC 127-2. 

You can order the SEL-487B with one of three operational power input ranges 
listed in Table 2.7. Each of the three supply voltage ranges represents a power 
supply ordering option. As noted in Table 2.7, model numbers for the relay with 
these power supplies begin with 0487B1n, where n is 2, 4, or 6, to indicate low-, 
medium-, and high-voltage input power supplies, respectively. Note that each 
power supply range covers two widely used nominal input voltages. The 
SEL-487B power supply operates from 30 Hz to 120 Hz when ac power is used 
for the POWER input.

                    

Figure 2.23 Power Connection Areas of the Rear Panel

Terminal Y31
Terminal Y30Terminal Y29
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The SEL-487B accepts dc power input for all three power supply models. The 
48–125 Vdc supply also accepts 110–120 Vac; the 125–250 Vdc supply also 
accepts 110–240 Vac. When connecting a dc power source, connect the source 
with the proper polarity, as indicated by the + (Terminal Y29) and – (Terminal 
Y30) symbols on the power terminals. When connecting an ac power source, the 
+ Terminal Y29 is hot (H), and the – Terminal Y30 is neutral (N). Each model of 
the SEL-487B internal power supply exhibits low power consumption and a wide 
input voltage tolerance. For more information on the power supplies, see Power 
Supply on page 1.11.

Monitor Connections (DC Battery)
Each SEL-487B monitors one dc battery system. For information on the battery 
monitoring function, see Station DC Battery System Monitor on page 8.21 in the 
SEL-400 Series Relays Instruction Manual. Connect the positive lead of the Bat-
tery System to Terminal Y25 and the negative lead of the Battery System to Ter-
minal Y26. (Usually the Battery System is also connected to the rear panel 
POWER input terminals.) For the three-unit application and when there are two 
battery systems at a station, connect the second battery system to any one of the 
other two relays (also Terminals Y25 and Y26).

Secondary Circuit Connections
Each SEL-487B has 21 current inputs and 3 voltage inputs. Shared Configuration 
Attributes on page 2.1 describes these inputs in detail. Use appropriate safety pre-
cautions when connecting secondary circuits to these terminals. 

To verify these connections, use SEL-487B metering (see Examining Metering 
Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). You 
can also review metering data in an event report that results when you issue the 
TRIGGER command.

                    

Fixed Terminal Blocks
Connect the secondary current circuits to the first 18 terminals on the Y terminal 
block (Terminals Y01–Y18) and on the Z terminal block (Terminals Z01–Z24).

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

Connect the voltage inputs to Terminals Y19–Y24 on the Y terminal block. Note 
the polarity dots above the odd-numbered terminals (Y01 and Y03–Y23, Z01 and 
Z03–Z23) for the analog inputs.

Table 2.7 Fuse Requirements for the Power Supply

Rated Voltage
Operational 

Voltage Range
Fuse F1 Fuse Description

24–48 Vdc 18–60 Vdc T5.0AH250V 5x20 mm, time-lag, 5.0 A, 
high-break capacity, 250 V

48–125 Vdc or
110–120 Vac

38–140 Vdc or
85–140 Vac
(30–120 Hz) 

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

125–250 Vdc or
110–240 Vac

85–300 Vdc or
85–264 Vac
(30–120 Hz

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

CAUTION
Relay misoperation can result from 
applying anything other than speci-
fied secondary voltages and currents. 
Before making any secondary circuit 
connections, check the nominal volt-
age and nominal current specified on 
the rear-panel nameplate.

DANGER
Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.
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Connectorized
For the Connectorized SEL-487B, order the wiring harness kit, SEL-WA0487B. 
The wiring harness contains eight prewired connectors for the relay current and 
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact 
your local Technical Service Center or the SEL factory for ordering information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectors into terminals #Z01 through #Z24 
and #Y01 through #Y18, as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws located 
on each end of the connector.

When you remove the CT shorting connector, pull straight away 
from the relay rear panel.

As you remove the connector, internal mechanisms within the 
connector separately short each power system current transformer.

You can install these connectors in only one orientation.

Step 3. Plug the PT voltage connectors into terminals #Y19 to #Y24, as 
appropriate.

Odd numbered terminals are the polarity terminals. You can install 
these connectors in only one orientation.

Control Circuit Connections
You can configure the SEL-487B with many combinations of control inputs and 
control outputs. See Main Board I/O on page 2.12 and I/O Interface Boards on 
page 2.14 for information about I/O configurations. This subsection provides 
details about connecting these control inputs and outputs. Refer to Figure 2.3 for 
representative rear-panel screw-terminal connector locations.

Control Inputs
No control input on the relay is polarity sensitive, which means you cannot dam-
age these inputs with a reverse polarity connection. Note that the main board I/O 
control inputs have one set of two inputs that share a common input leg. These 
inputs are IN106 and IN107 found on Terminals A30, A31, and A32. To assign 
the functions of the control inputs, see Operating the Relay Inputs and Outputs 
on page 3.55 in the SEL-400 Series Relays Instruction Manual for more details. 
You can also use ACSELERATOR QuickSet SEL-5030 Software to set and verify 
operation of the inputs.

Control Outputs
The SEL-487B has three types of outputs:

➤ Standard outputs (for example: main board OUT104)

➤ Hybrid (high-current interrupting) outputs (for example: main board 
OUT101)

➤ High-speed, high-current interrupting (for example: INT4 board 
OUT01). See Control Outputs on page 2.9 for more information.
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You can connect the standard outputs and the high-speed, high-current interrupt-
ing outputs in either ac or dc circuits. Connect the high-current interrupting out-
puts to dc circuits only. The screw-terminal connector legends alert you about 
these requirements by showing polarity marks on the hybrid (high-current inter-
rupting) contacts and HS marks on the high-speed, high-current interrupting con-
tacts. Two pairs of Form C contacts are on the main board. The INT4 I/O 
interface board is available with six high-speed and two standard output contacts, 
or optionally, with eight standard output contacts.

Alarm Output

The SEL-487B monitors internal processes and hardware in continual self-tests. 
If the relay senses an out-of-tolerance condition, the relay declares a Status Warn-
ing or a Status Failure. The relay signals a Status Warning by pulsing the 
HALARM Relay Word bit (hardware alarm) to a logical 1 for five seconds. For a 
Status Failure, the relay latches the HALARM Relay Word bit at logical 1. To 
provide remote alarm status indication, connect the b contact of OUT108 to your 
control system remote alarm input. Figure 2.24 shows the configuration of the a 
and b contacts of control output OUT108.

                    

Default settings for Output OUT 107 and Output OUT108 are as follows:

OUT107 := TNS_SW #RELAY TEST MODE

OUT108 := NOT (SALARM OR HALARM)

TNS_SW is a test function programmed to Pushbutton PB4, labeled RELAY TEST 
MODE. Output OUT107 asserts when the relay is in the test mode. When the relay 
is operating normally, the NOT HALARM signal is at logical 1 and the b contact 
of control output OUT108 is open. When a Status Warning condition occurs, the 
relay pulses the NOT HALARM signal to logical 0 and the b contact of OUT108 
closes momentarily to indicate an alarm condition. For a Status Failure, the relay 
disables all control outputs and the OUT108 b contact closes to trigger an alarm. 
Also, when relay power is off, the OUT108 b contact closes to generate a power-
off alarm. See Relay Self-Tests on page 10.19 in the SEL-400 Series Relays 
Instruction Manual for information on relay self-tests.

The relay pulses the SALARM Relay Word bit for software programmed condi-
tions; these include settings changes, access level changes, alarming after three 
unsuccessful password entry attempts, and Ethernet firmware upgrade attempts.

                    

Figure 2.24 Control Output OUT108

N/C N/O

1817

OUT108

19

b a

(connect alarm here)
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Tripping and Closing Outputs

To assign the control outputs for tripping, see Setting Outputs for Tripping and 
Closing on page 3.61 in the SEL-400 Series Relays Instruction Manual. In addi-
tion, you can use the SET O command; see SET on page 9.6 for more details.

TiDL (EtherCAT) Connections
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The SEL-487B Relays that support TiDL have a 4U chassis. The relay supports 
I/O on the main board as well as one additional I/O board. The main board and 
additional I/O board map to the 100- and 200-level inputs and outputs. The Axion 
modules provide additional I/O for the 300, 400, and 500 levels and analog chan-
nels.

The protection functions remain unchanged from the standard SEL-487B Relay.

Axion Modules
The SEL-2240 Axion is a fully integrated analog and digital I/O control solution 
that is suitable for DSS. An Axion node consists of a 10-slot, 4-slot, or dual 4-slot 
chassis that is configurable to contain a power module and combinations of 
CT/PT, digital input (DI), or digital output (DO) modules.

                    

SEL-2243 Power Coupler

Each chassis requires an SEL-2243 Power Coupler (see Figure 2.26). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. Although the power coupler has two fiber-
optic ports, only PORT 1 is currently used for TiDL.

                    

Figure 2.25 Axion Chassis
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The SEL-2243 has sufficient power capacity to accommodate an entire Axion 
node. The terminal strip at the bottom of the unit (shown in Figure 2.26) is the 
connection point for incoming power. All Axion modules have a 55-position IEC 
C-style connector that provides a communications and power interface to the 
backplane. See the SEL-2240 Axion Instruction Manual for more information.

SEL-2244-2 Digital Input Module

The SEL-2244-2 Digital Input Module (see Figure 2.27) consists of 24 optoiso-
lated inputs that are not polarity dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay in the 300, 400, and 500 I/O board levels, based on the mod-
ules that occur in the network. Only the first 12 of 24 inputs are used in each 
module to help distribute the I/O around the network more efficiently. The inputs 
are mapped to the relay inputs based on the order in which the DI module occurs 
in the TiDL network.

There can be multiple DI modules in an Axion node, and the order of the DI 
modules will proceed from left to right in the node to determine the mapping of 
the inputs.

The first DI module that exists in the system, for example, on PORT 6A, will map 
to IN301–IN312, and if a second module is available on PORT 6A, it will map to 
IN313–IN324. If a second module does not exist on PORT 6A, IN313–IN324 will be 
mapped from the next module appearing in the TiDL system. Mapping order 
determination starts with PORT 6A and ends with the last port, PORT 6H.

                    

                    

Figure 2.26 SEL-2243 Power Coupler

First SEL-2244-2 DI module IN301–IN312

Second SEL-2244-2 DI module IN313–IN324

Third SEL-2244-2 DI module IN401–IN412

Fourth SEL-2244-2 DI module IN413–IN424
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SEL-2244-5 Fast High-Current Digital Output Module

The SEL-2244-5 Fast High-Current Digital Output Module consists of 10 fast, 
high-current output contacts. The outputs use the first 8 of the10 outputs and map 
as follows:

                    

Fifth SEL-2244-2 DI module IN501–IN512

Sixth SEL-2244-2 DI module IN513–IN524

                    

Figure 2.27 SEL-2244-2 Digital Input Module

First SEL-2244-5 DO Module OUT301–OUT308

Second SEL-2244-5 DO Module OUT309–OUT316

Third SEL-2244-5 DO Module OUT401–OUT408

Fourth SEL-2244-5 DO Module OUT409–OUT416

Fifth SEL-2244-5 DO Module OUT501–OUT508

Sixth SEL-2244-5 DO Module OUT509–OUT516
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For both the DI and DO modules, use 24–12 AWG (0.2–3.31 mm2) wire of suffi-
cient current capacity to connect to the digital input and output terminals for your 
application.

The order of mapping for DO modules is the same as that for DI modules.

SEL-2245-42 AC Analog Input Module

The SEL-2245-42 AC Analog Input Module (see Figure 2.29) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See Topologies on page 2.36 for more information on supported relay 
topologies and their connections.

                    

Figure 2.28 SEL-2244-5 Fast High-Current Digital Output Module
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Topologies
The SEL-487B Relay has a set of fixed topologies. These topologies map the 
voltages and currents internally in the relay to maintain existing settings and 
functionality. When the TiDL system is commissioned (see Commissioning on 
page 2.39), the firmware validates the connected Axion nodes and identifies if 
the installed CT/PT modules in the system match one of the supported topologies 
for the SEL-487B.

Ports listed as optional in the following topology diagrams do not require a 
CT/PT module to be connected to them. All other ports require a CT/PT module 
to be connected for the relay to verify the topology.

                    

Figure 2.29 SEL-2245-42 AC Analog Input Module
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Figure 2.30 Topology 1

Port
6A
6B
6C
6D
6E
6F
6G

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

V0,
V1,
V2

Feeder 1

I04, I05, I06

Feeder 2

I07, I08, I09

Feeder 3

I10, I11, I12

Feeder 4

SEL Axion SEL Axion SEL Axion SEL Axion

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

SEL Relay

Control House

Substation Yard
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Figure 2.31 Topology 2

Port
6A
6B
6C
6D
6E
6F
6G
6H

Analogs
I01, I02, I03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
V01, V02, V03

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I01, I02, I03 I04, I05, I06 I07, I08, I09 I10, I11, I12

SEL Axion SEL AxionSEL AxionSEL AxionSEL Axion

SEL Relay

Control House

Substation Yard
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Commissioning
In TiDL applications, the relay receives currents from an Axion module. You 
must set the nominal current input of the relay to either 1 A or 5 A. Many settings 
and ranges of settings depend on the nominal current. Use the CFG CTNOM 
command to set the nominal current value. At Access level 2, issue a CFG 
CTNOM 1 to set the relay to 1 A values or use the command CFG CTNOM 5 to 
set it to 5 A values. This command is only available in relays that support TiDL 
technology. Note that after issuing this command, the relay settings are forced to 
their default values and the relay turns off and back on again to reinitialize the 
settings. The relay defaults to 5 A nominal, so only use this command if you are 
switching to a 1 A setting (see Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual for more information). The 
SEL-2245-42 AC Analog Input Module also sets its internal calculations based 
on this command. The relay internally transmits these data to the Axion modules 
and adjusts the scaling in the appropriate Axion module when this command is 
used.

In addition to the CT nominal values, TiDL relays also require that the nominal 
frequency be set by issuing the CFG NFREQ command. At Access level 2, issue 
a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a CFG NFREQ 50 
to set the relay to 50 Hz nominal. This command changes the NFREQ setting and 

                    

Note: This topology uses three or four CT/PT modules installed in one Axion node. The first module maps to the I01–I03 
currents and V01–V03 voltages, the second module maps to the I04–I06 currents, and the third maps to the I07–I09 
currents. Similar mapping occurs in the second Axion.

Figure 2.32 Topology 3

Port
6A

6B

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

Line 1

I04, I05, I06

Line 2

I07, I09, I09

Line 3 SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I10, I11, I12 I13, I14, I15 I16, I17, I18 I19, I20, I21

SEL Axion

SEL Relay

Control House

Substation Yard
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restarts the relay, and it is only available in TiDL relays. The relay defaults to 
60 Hz. This command should be issued after the CFG CTNOM command but 
before settings are sent to the relay.

The TiDL system uses a commissioning feature to identify that the connected 
Axion nodes meet the requirements of the supported topologies for the applied 
relay. These topologies are a balance between copper reduction and number of 
nodes. The nodes must be connected in one of the supported topologies so that 
the relay will map the voltages and currents accordingly.

The SEL-487B has a new interface on its back panel that replaces the original CT 
and PT input connections. These standard inputs are replaced with a module 
interface that supports eight fiber ports, labeled PORT 6A–PORT 6H (see Figure 2.33).

                    

Once all the Axion nodes are connected to the relay, press the COMMISSION push-
button on the module interface. This process verifies that the connected ports and 
Axion nodes are installed according to one of the supported topologies. Once the 
process is complete, the topology is stored in memory. At each additional startup 
of the relay, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes whether any of the CT/PT modules within the 
node have changed. If the topology needs to be changed (e.g., modules are added 
or replaced), the system will need to be recommissioned by pressing the COMMIS-
SION pushbutton.

When the commissioning and validation of the topology is complete, the voltages 
and currents map according to the topology assignments (see Topologies on 
page 2.36). Secondary injection testing takes place at each Axion node. Test 
sources must inject voltages and currents to the Axion node to verify correct 
installation and mapping. Monitoring of the voltages and currents remains in the 
control house with the relay.

LED Status
As shown in Figure 2.33, the TiDL relay provides LED status indication about 
the network and configuration. Once the system is connected, and the COMMISSION 
button pressed, the LEDs will provide the status of the commissioning process. 
Table 2.8 shows the status of the rear-panel LEDs for each commissioning state.

                    

                    

Figure 2.33 TiDL (EtherCAT) Module Interface

Commissioning 

Button

Commission LED 

for Network Status

Eight Fiber-Optic 100 Mbps 

EtherCAT Ports

LEDs for Axion 

Node Status

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 1 of 2)

State Description LED Status

Initial State Determining if topology exists Green COMMISSION LED OFF

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF

Red LED: PORT 6A–PORT 6H ON
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IRIG-B Input Connections
The SEL-487B accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are the BNC connector labeled IRIG-B 
and Pin 4 (+) and Pin 6 (–) of the DB-9 rear-panel serial port labeled PORT 1. 
When you use the PORT 1 input, ensure that you connect Pins 4 and 6 with the 
proper polarity. See Communications Ports Connections on page 2.42 for other 
DB-9 connector pinouts and additional details.

These inputs accept the dc shift time code generator output (demodulated) 
IRIG-B signal with a positive edge on the time mark. For more information on 
IRIG-B and the SEL-487B, see IRIG-B Inputs on page 2.12.

The PORT 1 IRIG-B input connects to a 2.5-k grounded resistor and goes 
through a single logic signal buffer. The PORT 1 IRIG-B is equipped with robust 
ESD and overvoltage protection but is not optically isolated. When you are using 
the PORT 1 input, ensure that you connect Pin 4 (+) and Pin 6 (–) with the proper polarity.

The IRIG Network should be properly terminated with an external termination 
resistor (SEL 240-1802, BNC Tee, and 240-1800, BNC terminator 50 ohms) 
placed on the unit that is farthest from the source. This termination provides 
impedance matching of the cable for the best possible signal-to-noise ratio.

When the distance between the SEL-487B and the IRIG-B sending device 
exceeds the cable length recommended for conventional EIA-232 metallic con-
ductor cables, you can use transceivers to provide isolation and to establish com-
munication to remote locations.

Verify Topology Determining if topology is supported Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H Blinking

Red LED: PORT 6A–PORT 6H ON

Topology Mismatch Connection does not match supported topology Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF—mismatched/unused

ON—matched

Red LED: PORT 6A–PORT 6H Blinking—mismatched

ON—matched

OFF—ports unused

Topology Matched Connection matches topology Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H OFF

N/A A commissioned port experiences an error Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H Blinking—failed port

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 2 of 2)

State Description LED Status
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Conventional fiber-optic and telephone modems do not support IRIG-B signal 
transmission. The SEL-2810 Fiber-Optic Transceiver/Modem includes a channel 
for the IRIG-B time code. These transceivers enable you to synchronize time pre-
cisely from IRIG-B time-code generators (such as the SEL-2032 Communica-
tions Processor) over a fiber-optic communications link.

For ease of connection or for runs as long as 300 feet from the IRIG-B generator 
to the SEL-487B, use the BNC IRIG-B input to connect the IRIG-B input of the 
SEL-487B to the IRIG-B generation equipment. Make this connection with a 
50  coaxial cable assembly.

Each SEL-487B provides two IRIG-B BNC connectors, labeled IN and OUT. The 
IRIG OUT connector does not support high-accuracy IRIG timekeeping. It lacks 
the C37.118 IRIG Control Bits.

Step 1. Referring to the external source connections in Figure 2.34, connect 
the IRIG-B signals to the IN connection of Relay A to update the 
clock of Relay A.

Step 2. Connect the OUT connection of Relay A to the IN connector of Relay 
B to update the clock in Relay B.

A similar connection between Relay B and Relay C updates the time 
in Relay C. 

NOTE: The IRIG OUT connection 
works regardless of the type of 
external time source connected to the 
relay.

                    

In the absence of an external IRIG-B signal, connect the relays as shown by the 
internal source connections in Figure 2.34. Connected this way, Relay B uses the 
clock of Relay A as time reference, and Relay C uses the clock of Relay B as 
time reference.

Communications Ports Connections
The SEL-487B has three rear-panel EIA-232 serial communications ports labeled 
PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For information on 
serial communications, see Establishing Communication on page 3.3 in the 
SEL-400 Series Relays Instruction Manual.

                    

Figure 2.34 Time Synchronization Connections Between Three Relays

IN OUT

IN OUT

IN OUT

IN OUT

IN OUT

IN OUT

SEL-487B SEL-487B

SEL-487B SEL-487B

SEL-487B SEL-487B

Relay A Relay A

Relay B Relay B

Relay C Relay C

IRIG-B 
Clock Receiver

External Source Internal Source

IRIG-B IRIG-B
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CAUTION

In addition, the rear panel features a PORT 5 for an optional factory-installed 
Ethernet communications card. For additional information about communica-
tions topologies and standard protocols that are available in the SEL-487B, see 
Section 10: Communications Interfaces in this manual and Section 15: Commu-
nications Interfaces, Section 16: DNP3 Communication, and Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Serial Ports
The SEL-487B serial communications ports use EIA-232 standard signal levels 
in a D-subminiature 9-pin (DB-9) connector. To establish communication 
between the relay and a DTE device (a computer terminal, for example) with a 
DB-9 connector, use an SEL-C234A cable. Alternatively, you can use an 
SEL-C662 cable to connect to a USB port.

Figure 2.34 shows the configuration of SEL-C234A cable that you can use for 
basic ASCII and binary communication with the relay. A properly configured 
ASCII terminal, terminal emulation program, or QuickSet along with the 
SEL-C234A cable provides communication with the relay in most cases.

                    

Serial Cables
Using an improper cable can cause numerous problems or failure to operate, so 
be sure to specify the proper cable for application of your SEL-487B. Several 
standard SEL communications cables are available for use with the relay. The 
following list provides rules and practices you should follow for successful com-
munication using EIA-232 serial communications devices and cables:

Severe power and ground problems 
can occur on the communications 
ports of this equipment as a result of 
using non-SEL cables. Never use stan-
dard null-modem cables with this 
equipment.

➤ Route communications cables well away from power and control 
circuits. Switching spikes and surges in power and control circuits 
can cause noise in the communications circuits if power and control 
circuits are not adequately separated from communications cables.

➤ You should keep the length of the communications cables as short as 
possible to minimize communications circuit interference and also to 
minimize the magnitude of hazardous ground potential differences 
that can develop during abnormal power system conditions.

                    

Figure 2.35 SEL-487B-to-Computer DB-9 Connector
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➤ EIA-232 communications cable lengths should never exceed 15.24 m 
(50 feet), and you should always use shielded cables for 
communications circuit lengths greater than 3.048 m (10 feet).

➤ Modems provide communication over long distances and give 
isolation from ground potential differences that are present between 
device locations. (Examples are the SEL-2800-series transceivers.)

➤ Lower data speed communication is less susceptible to interference 
and will transmit greater distances over the same medium than higher 
data speeds. You should use the lowest data speed that provides an 
adequate data transfer rate.

Ethernet Network Connections
The optional Ethernet card for the SEL-487B comes with two ports, either A and 
B or C and D. You can use either installed port. These ports can work together to 
provide a primary and backup interface. Other operating modes (FIXED and 
SWITCHED) are also available. The following list describes the Ethernet card 
port options.

➤ 10/100BASE-T. 10 Mbps or 100 Mbps communications using Cat 5 
cable (category 5 twisted-pair) and an RJ45 connector

➤ 100BASE-FX. 100 Mbps communications over multimode fiber-
optic cable using an LC connector

                    

Ethernet Card Rear-Panel Layout
Rear-panel layouts for the three Ethernet card port configurations are shown in 
Figure 2.36–Figure 2.41.

                    

                    

                    

Optional fiber-optic ports

                    

Figure 2.36 Two 100BASE-FX Port Configuration on Ports 5A and 5B

                    

Figure 2.37 Two 100BASE-T Port Configuration on Ports 5A and 5B

CAUTION
Use of controls or adjustments, or per-
formance of procedures other than 
those specified herein, may result in 
hazardous radiation exposure.

WARNING
Do not look into the end of an optical 
cable connected to an optical output.

WARNING
Do not perform any procedures or 
adjustments that this instruction man-
ual does not describe.
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Twisted-Pair Networks
NOTE: Use caution with UTP cables 
as these cables do not provide 
adequate immunity to interference in 
electrically noisy environments unless 
additional shielding measures are 
employed.

While Unshielded Twisted Pair (UTP) cables dominate office Ethernet networks, 
Shielded Twisted Pair (STP) cables are often used in industrial applications. The 
SEL-487B Ethernet card is compatible with standard UTP cables as well as STP 
cables for Ethernet networks.

Typically, UTP cables are installed in relatively low-noise environments, includ-
ing offices, homes, and schools. Where noise levels are high, you must either use 
STP cables or shield UTP cables, using grounded ferrous raceways such as steel 
conduit.

Several types of STP bulk cable and patch cables are available for use in Ethernet 
networks. If noise in your environment is severe, you should consider using fiber-
optic cables. We strongly advise against using twisted-pair cables for segments 
that leave or enter the control enclosure.

If you use twisted-pair cables, you should use care to isolate these cables from 
sources of noise to the maximum extent possible. Do not install twisted-pair 
cables in trenches, raceways, or wireways with unshielded power, instrumenta-
tion, or control cables. Do not install twisted-pair cables in parallel with power, 
instrumentation, or control wiring within panels, rather make them perpendicular 
to the other wiring.

You must use a cable and connector rated as Category 5 (Cat 5) to operate the 
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower categories 
are becoming rare and because you may upgrade a 10 Mbps network to 
100 Mbps, we recommend using all Cat 5 components.

                    

Figure 2.38 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5A 
and 5B

                    

Figure 2.39 Two 100BASE-FX Port Configuration on Ports 5C and 5D

                    

Figure 2.40 Two 10/100BASE-T Port Configuration on Ports 5C and 5D

                    

Figure 2.41 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5C 
and 5D

WARNING
During installation, maintenance, or 
testing of the optical ports, use only 
test equipment qualified for Class 1 
laser products.

WARNING
Incorporated components, such as 
LEDs and transceivers, are not user 
serviceable. Return units to SEL for 
repair or replacement.
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Some industrial Ethernet network devices use 9-pin connectors for STP cables. 
The Ethernet card RJ45 connectors are grounded, so you can ground the shielded 
cable using a standard, externally shielded jack with cables terminating at the 
Ethernet card.

AC/DC Connection Diagrams
You can apply the SEL-487B to different power system busbar layouts. 
Figure 2.42 shows one particular application scheme with connections that repre-
sent typical interfaces to the relay for a single zone layout. Figure 2.43 depicts 
typical connections for a three-relay application.
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Figure 2.42 Typical External AC/DC Connections for a Single-Relay Application
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Figure 2.43 Typical External AC/DC Connections for a Three-Relay Application
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary
Voltage and Current Inputs

N

N

N

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary 
Voltage and Current Inputs

N

N

N
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary 
Voltage and Current Inputs

N

N

N
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings
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Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Front-Panel Operations

The SEL-487B relay front panel makes power system data collection and system 
control quick and efficient. Using the front panel, you can examine power system 
operating information, view and change port, group, and global settings, and per-
form relay control functions. The relay features a straightforward menu-driven 
control structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LED (light-emitting diodes) indicators give a quick look 
at SEL-487B operation status. You can perform often-used control actions rap-
idly by using the large direct-action pushbuttons. All of these features help you 
operate the relay from the front panel and include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing port, group, global, date, and time settings

➤ Controlling relay operations

General front-panel operations are described in Section 4: Front-Panel Opera-
tions in the SEL-400 Series Relays Instruction Manual. This section provides 
additional information that is unique to the SEL-487B. This section includes the 
following:

➤ Front-Panel LCD Default Displays on page 4.1

➤ Front-Panel Menus and Screens on page 4.5

➤ Target LEDs on page 4.7

➤ Front-Panel Operator Control Pushbuttons on page 4.9

Front-Panel LCD Default Displays
The SEL-487B has two screen scrolling modes: autoscrolling and manual scroll-
ing. After the initial relay power up, or after front-panel time out, the LCD pres-
ents each of the display screens in this sequence:

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Enabled metering screens

➤ Zone configuration screens

If enabled, the relay displays the metering and zone configuration screens in the 
order listed in Table 4.1 (see Figure 4.4 for samples of the metering screens). 
This sequence comprises the ROTATING DISPLAY.

                    

Table 4.1 Metering Screens Enable Settings (Sheet 1 of 2)

Name Description Range Default

STA_BAT Station Battery Screen Y, N N

FUND_VI Fundamental Voltage and Current Screens Y, N Y
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Use the front-panel settings (the SET F command from a communications port 
or the Front Panel settings in ACSELERATOR QuickSet SEL-5030 Software) to 
access the metering screen enable settings. Entering a Y (Yes) for a metering 
screen enable setting results in the corresponding metering screen appearing in 
the ROTATING DISPLAY. Entering an N (No) hides the metering screen from pre-
sentation in the ROTATING DISPLAY. If all metering screen enable settings are set 
to N (No) and there are no configured display points screens, the DIFF screen 
appears by default in the ROTATING DISPLAY. Figure 4.1 shows a ROTATING DIS-
PLAY example consisting of an example alarm points screen, a display points 
screen, and one of the factory-default metering screens (the screen values in 
Figure 4.1 are representative values).

                    

DIFF Differential Metering Y, N Y

ZONECFG Terminals Associated With Zones Y, N Y

                    

Figure 4.1 ROTATING DISPLAY

Table 4.1 Metering Screens Enable Settings (Sheet 2 of 2)

Name Description Range Default

Tie-Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

ZONE  IOP      IRT
 1     0.12     2.3
 2     0.05     1.0
 3     0.01     1.3
 4     0.10     2.1
 5     0.07     1.7
 6     0.06     1.5
          

          (PER UNIT)

ROTATING DISPLAY

Press  for menu

Other Screens

Buscoupler 2
   --Open--

Bus Section 1
   --Closed--

SF6 ALARM

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu
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The active alarm points are the first screens in the ROTATING DISPLAY (see Alarm 
Points on page 4.7 in the SEL-400 Series Relays Instruction Manual). Each alarm 
points screen shows as many as 11 alarm conditions. The SEL-487B can present 
a maximum of six alarm points screens. 

The active display points are the next screens in the ROTATING DISPLAY (see Dis-
play Points on page 4.10 in the SEL-400 Series Relays Instruction Manual). Each 
display points screen shows as many as 11 enabled display points. (With 94 dis-
play points, the SEL-487B can present a maximum of 9 display point screens.) If 
a display point does not have text to display, the screen space for that display 
point is maintained.

METER
Factory-enabled metering screens scroll through the following metering screens:

➤ Differential quantities

➤ Zone configuration (when active)

➤ Fundamental Current

➤ Fundamental Voltage

Figure 4.2 shows the zone specific and check zone differential metering screens. 
The display shows the Bus-Zone number and the operating and restraint current 
for each active zone. An active zone is a zone with at least one terminal in the 
zone. Zones become inactive when there are no terminals connected to the zone 
or when the zone was merged with other zones. Inactive zones are not displayed. 
Figure 4.2 shows an example with two zones active.

                    

Figure 4.3 shows the screen displaying the terminal(s) present in each active 
zone. For each active zone, the relay displays the terminals connected to that par-
ticular zone. When two zones merge, the new zone carries the zone number of the 
lower of the two zones. For example, when Zones 2 and 4 merge, the new com-
bined zone becomes Zone 2.

                    

Figure 4.4 shows the fundamental current screens, displaying the primary current 
and phase angle for each terminal.

                    

Figure 4.2 Differential Screens

                    

Figure 4.3 Terminals in Zone Screen

ZONE SPECIFIC
ZONE  IOP      IRT
 1    0.12     2.3
 2    0.05     1.0
 

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

CHECK ZONE
ZONE  IOP      IRT
 1    0.00     2.7
 2    0.00     2.71
 3    0.00     2.7

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

TERMINALS IN ZONE 1
 TRFR_1    FEEDR_3
 TRFR_2    FEEDR_5
 FEEDR_1   FEEDR_8
   •          •
   •          •
   •          •
   •          •
   •          •
   •          • 
 

ROTATING DISPLAY

Press  For Menu
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All angles are referenced to the voltage connected to voltage terminal V01. If 
voltage at terminal V01 is not available, the relay selects V02, and then V03. In 
the absence of voltage inputs, the relay references the current input of I01, pro-
vided the current is above 0.05 • INOM. If I01 is not above this current level, the 
relay references the current from I02, if available. If I02 is not available, the relay 
continues to I03, I04, and so on until it finds a current input above 0.05 • INOM.

Figure 4.5 shows the primary voltage magnitudes and angles from the three volt-
age inputs in kV.

                    

                    

Figure 4.4 Fundamental Primary Current Screens

                    

Figure 4.5 Fundamental Primary Voltage Screen

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE

FDR_1   214.45   45°
FDR_2   230.07   50°
FDR_3   121.49 -143°
TRFR_1   20.64 -119°
TB_1    212.32   75°
TB_1    321.44   49°  
  

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I13     214.45   45°
I14     230.07   50°
I15     121.49 -143°
I16      20.64 -119°
I17     212.32   75°
I18      21.44   49°

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I07     214.45   45°
I08     230.07   50°
I09     121.49 -143°
I10      20.64 -119°
I11     212.32   75°
I12     321.44   49°

ROTATING DISPLAY

Press  For Menu

Press  For Menu

Press  For Menu

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I19     214.45   45°
I20     230.07   50°
I21     121.49 -143°

ROTATING DISPLAY

Press  For Menu

PRIMARY VOLTAGE (kV)

TERM ID  MAG/ANGLE
V01     88.00    5˚
V02     88.00 –125˚
V03     88.00  115˚
          

          

ROTATING DISPLAY

Press  For Menu
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Use the SET F command and set STA_BAT = Y to enable the station battery 
screen, as displayed in Figure 4.6.

                    

Front-Panel Menus and Screens
Operate the SEL-487B front panel through a sequence of menus that you view on 
the front-panel display. The MAIN MENU is the introductory menu for other front-
panel menus. These additional menus allow you on-site access to control and port 
settings. Use the following menus and screens to set the relay and perform local 
control actions:

➤ Support Screens
➢ Adjust Contrast
➢ Password

➤ MAIN MENU 
➢ EVENTS
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST

➢ RESET ACCESS LEVEL 

See Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual for information on most of these screens. The following screen descrip-
tions are unique to the SEL-487B.

Events
Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual describes viewing summary events from the front panel. Figure 4.7 illus-
trates what a summary event report looks like in an SEL-487B.

                    

                    

Figure 4.6 Station Battery Screen

STATION BATTERY

VDC1 = 124.7 V

ROTATING DISPLAY

Press  For Menu

                    

Figure 4.7 EVENT SUMMARY Screen

12/28/2002    GROUP1 
10:45:12.738
EVENT:         87BTR
TARGETS:
87_DIFF
ZONE_1      

EVENT SUMMARY  10005
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View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the SEL-487B. In the MAIN MENU, 
highlight the VIEW CONFIGURATION option by using the navigation pushbuttons. 
The relay presents five screens in the order shown in Figure 4.8. Use the naviga-
tion pushbuttons to scroll through these screens. When finished viewing these 
screens, press ESC to return to the MAIN MENU.

                    
                    

Figure 4.8 VIEW CONFIGURATION Sample Screens

FID=SEL-487B-1-R308-
  V0-Z010005-
  D20150414
PART NUMBER: 0487B1X
  6252XC2XEH7EEXXX
S/N=0000000000
SELBOOT:
  BFID=SLBT-4XX-
  R209-V0-Z001002-
  D20150130
  CHECKSUM: 4DDF

CONFIGURATION INFO

INTERFACE BOARDS:
  BOARD 1:24 INPUTS
           8 OUTPUTS     
  BOARD 2:NOT
          INSTALLED
  BOARD 3:NOT
          INSTALLED
  BOARD 4:NOT
          INSTALLED
EXTENDED FEATURES:
  IEC 61850

CONFIGURATION INFO

COMMUNICATIONS CARD:
  ETHERNET
    PORT A: NA
    PORT B: NA
    PORT C: COPPER
    PORT D: COPPER

CONFIGURATION INFO

IF THE CONFIGURATION
IS NOT WHAT YOU 
EXPECTED, CONTACT
SEL FOR ASSISTANCE.

CONFIGURATION INFO

MAINBOARD:
  CODE FLASH: 12 MB
  DATA FLASH: 52 MB
  RAM:        64 MB
  EEPROM:    128 KB

ANALOG INPUTS:
  CURRENTS:  5 A
  VOLTAGE:  67 V

CONFIGURATION INFO
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Target LEDs
The SEL-487B gives you at-a-glance confirmation of relay conditions via opera-
tion and target LEDs. These LEDs are located in the middle of the relay front 
panel. The SEL-487B provides either 16 or 24 LEDs, depending on ordering 
options selected.

The general operation and configuration of these LEDs is described in Section 4: 
Front-Panel Operations in the SEL-400 Series Relays Instruction Manual. Please 
note that the SEL-487B has the alternate behavior on the Tn_LED bits: they latch 
independently of the trip condition. For a concise listing of the default program-
ming on the front-panel LEDs, see Front-Panel Settings on page 12.20 in the 
SEL-400 Series Relays Instruction Manual.

Use the slide-in labels to mark the LEDs with custom names. Included on the 
SEL-400 Series Product Literature DVD are Customer Label Templates to print 
labels for the slide-in label carrier. Figure 4.9 shows the arrangement of the oper-
ation and target LEDs region into several areas described in Table 4.2.

                    

                    

                    

Figure 4.9 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)

Table 4.2 Front-Panel Target LEDs

Label Function

ENABLED, TRIP Operational

87 (DIFF), BKR FAIL, ZONE 1, ZONE 2, ZONE 3, 
ZONE 4, ZONE 5, ZONE 6, 50, 51

Protection and Zone Indication

CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM

Alarms

27a, 59a, V01 ONa, V02 ONa, V03 ONa

BUS FAULTa, 52 ALARMa

IRIG LOCKa

a Only available in 24 LED models.

Voltage Status

Miscellaneous Status

Clock Status

Protection and 
Zone Indication

Alarms

Operational

Voltage 
Status

Miscellaneous 
Status

Clock Status



4.8

SEL-487B Relay Instruction Manual Date Code 20230830

Front-Panel Operations
Target LEDs

Protection and Zone Indication
The SEL-487B indicates essential information about the most recent relay trip 
event with the LEDs of the Protection and Zone Indication area. These trip types 
are 87 (DIFF), BKR FAIL, ZONE 1–6, 50, 51. 

The 87 (DIFF) target LED illuminates and latches the indication, indicating 
operation of any one of the six SEL-487B differential elements. 

The BKR FAIL target LED illuminates and latches the indication, indicating 
operation of any one of the 21 SEL-487B breaker failure elements.

The ZONE 1–6 target LEDs illuminate and latches the indication, indicating 
the zone(s) in which the fault occurred.

The 50 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, instantaneous elements.

The 51 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, time-delayed overcurrent elements.

Alarms
The alarm area target indicators are the CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM LEDs. 

The CT ALARM (current transformer) target illuminates but does not latch the 
indication when any one of the six sensitive differential elements times out.

The 87 BLOCKED target illuminates and latches the indication when any one of 
the six Zone Supervision (ZnS) SELOGIC control equations becomes a 
logical 0. 

The TOS (Terminal Out of Service) target illuminates but does not latch the 
indication when any one of the 21 terminals is out of service.

The 89 IN PROG target illuminates but does not latch the indication when a 
disconnect operation is in progress on any one of the 60 disconnects.

The 89 ALARM (Disconnect Alarm) target illuminates but does not latch the 
indication when the disconnect alarm 89AL asserts.

The PT ALARM (potential transformer) target illuminates and latches after a 
240-cycle time delay, indicating the presence of a negative- or zero-sequence 
voltage. This function works on the assumption that all three phases from the 
PTs are available in the same relay with an ABC phase rotation. In a three-
relay application, wire the three phases from the PTs to the same SEL-487B.

Voltage Status
The 27 target LED illuminates when any one of the terminal undervoltage ele-
ments operates.

The 59 target LED illuminates when any one of the terminal overvoltage ele-
ments operates.

The V01 ON, V02 ON, and V03 ON LEDs illuminate when the terminal filtered 
instantaneous voltages are greater than 55 V. See Table 8.50 for setting default 
values. The default setting of 55 V is 82 percent of the line-to-neutral nominal 
voltage of 67 V to coincide with the nominal line-to-line voltage of 115 V.
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Miscellaneous Status
The BUS FAULT target LED illuminates when a busbar fault is detected (Relay 
Word bit FAULT is asserted).

The 52 ALARM target LED illuminates when the relay detects any circuit breaker 
alarm (Relay Word bit 52AL is asserted).

Clock Status
The IRIG LOCK target LED illuminates in the SEL-487B when the relay detects 
synchronization to an external clock with less than 500 ns of jitter (Relay Word 
bit TIRIG is asserted). See IRIG-B Timekeeping on page 11.1 in the SEL-400 
Series Relays Instruction Manual for complete details.

Front-Panel Operator Control Pushbuttons
The SEL-487B front panel features large operator control pushbuttons coupled 
with amber annunciator LEDs for local control. Figure 4.10 shows this region of 
the relay front panel with factory-default configurable front-panel label text. The 
SEL-487B provides either 8 or 12 pushbuttons depending on ordering options 
selected.

                    

Factory-default programming associates specific relay functions with the push-
buttons and LEDs. The SEL-487B default setting uses only three of the pushbut-
tons, as listed in Table 4.3. For a concise listing of the default programming for 
the front-panel pushbuttons and LEDs, see Front-Panel Settings on page 8.21.

                    

Press the operator control pushbuttons momentarily to toggle on and off the func-
tions listed adjacent to each LED/pushbutton combination. The operator control 
pushbuttons and LEDs are programmable. Figure 4.11 describes the factory 
defaults for the three operator controls.

                    

Figure 4.10 Operator Control Pushbuttons and LEDs (8 Pushbutton Version)

Table 4.3 Operator Control Pushbuttons and LEDs—Factory Defaults

LED Function

87 (DIFF) ENABLED Enable the differential protection

BKR FAIL ENABLED Enable the breaker failure protection

RELAY TEST MODE Enable the differential and breaker failure 
protection, but inhibit trip outputs

Operator 
Control Pushbutton

Annunciator LED
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There are two ways to program the operator control pushbuttons. The first is 
through front-panel settings PBn_HMI. These settings allow any of the operator 
control pushbuttons to be programmed to display a particular HMI screen cate-
gory. The HMI screen categories available are Alarm Points, Display Points, 
Event Summaries, and SER. All PBn_HMI settings are OFF by default. Front-
panel setting NUM_ER allows the user to define the number of event summaries 
that are displayed via the operator control pushbutton; it has no effect on the 
event summaries automatically displayed or the event summaries available 
through the main menu. Each HMI screen category can be assigned to a single 
pushbutton. Attempting to program more than one pushbutton to a single HMI 
screen category will result in an error. After assigning a pushbutton to an HMI 
screen category, pressing the pushbutton will jump to the first available HMI 
screen in that particular category. If more than one screen is available, a naviga-
tion scroll bar will be displayed. Pressing the navigation arrows will scroll 
through the available screens. Subsequent pressing of the operator control push-
button will advance through the available screens, behaving the same as the Right 
Arrow or the Down Arrow pushbutton. Pressing the ESC pushbutton will return the 
user to the ROTATING DISPLAY. 

The second way to program the operator control pushbutton is through SELOGIC 
control equations, using the pushbutton output as a programming element. Using 
SELOGIC control equations, you can change the default pushbutton and LED 
functions. Use the slide-in labels to mark the pushbuttons and pushbutton LEDs 
with custom names to reflect any programming changes that you make. The 
labels are keyed; you can insert each Operator Control Label in only one position 
on the front of the relay. Word processor templates for printing slide-in labels are 
included on the SEL-400 Series Product Literature DVD. See Front-Panel Tem-
plates on page 2.2 for more information on changing the slide-in labels.

The SEL-487B has two types of outputs for each of the front-panel pushbuttons. 
Relay Word bits represent the pushbutton presses. One set of Relay Word bits fol-
lows the pushbutton and another set pulses for one processing interval when the 
button is pressed. Relay Word bits PB1–PB12 are the “follow” outputs of opera-
tor control pushbuttons. Relay Word bits PB1_PUL–PB12PUL are the “pulsed” 
outputs.

Annunciator LEDs for each operator control pushbutton are PB1_LED–
PB12LED. The factory defaults programmed for three LEDs used are protection 
latches (PLT01, for example), settings groups, and Relay Word bits. The asserted 
and deasserted colors for the LED are determined with settings PB1COL–
PB12COL (12-pushbutton version). Options include red, green, amber, or off. 
You can change the LED indications to fit your specific control and operational 
requirements. This programmability allows great flexibility and provides opera-
tor confidence and safety, especially in indicating the status of functions that are 
controlled both locally and remotely.
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Figure 4.11 Factory-Default Operator Control Pushbuttons

PB1_LED = DIFF_EN
# Differential

Protection Enabled

PB2_LED = BF_EN
# Breaker Failure

Enabled

PB4_LED = TNS_SW
# Test normal

Switch Enabled

PB3_LED = NA

SELOGIC

Factory
Setting

Operator
Control

Pushbutton
LED

Label Description

Press this operator control pushbutton enable differential protection. The 
corresponding 87 (DIFF) ENABLED LED is illuminated amber indicating that 
DIFF_EN=1. DIFF_EN is the default alias setting for the Relay Word bit PLT01. 
DIFF_EN is included in the Terminal to Bus Connection Logic setting for IqqBZpV 
(qq = 00–21, p = 1–6) and effectively supervises the terminal to bus-zone 
connection. Therefore, if PB1 is not pressed, DIFF_EN = 0 and the terminal Iqq will 
not be connected to bus zone BZp. To disable differential protection, press and 
hold this pushbutton for one second until the LED is no longer illuminated. If the 
LED is off, DIFF_EN = 0.

Press this operator control pushbutton enable breaker failure initiate settings. 
The corresponding BKR FAIL ENABLED LED is illuminated amber indicating that 
BF_EN = 1. BF_EN is the default alias setting for the Relay Word bit PLT02. BF_EN is 
included in the Breaker Failure Initiate setting for BFI01–BFI06. Therefore, if PB2 is 
not pressed, BF_EN = 0 and the breaker failure initiate equation cannot be true. To 
disable breaker failure protection, press and hold this pushbutton for one second 
until the LED is no longer illuminated. If the LED is off, BF_EN = 0. 

Press this operator control pushbutton to disable outputs OUT101–OUT105 and 
close OUT107. The corresponding RELAY TEST MODE LED is illuminated amber 
indicating that TNS_SW = 1. TNS_SW is the default alias setting for the Relay Word 
bit PLT03. TNS_SW is included in the output equation for OUT101–OUT105. 
Therefore, if PB4 is pressed, TNS_SW = 1 and the output equations supervised by 
this Relay Word bit cannot be true and the associated outputs will not close. This 
is useful functionality for testing TRIP01–TRIP05 equations during commissioning, 
but preventing the output operation. To disable the test mode, press and hold this 
pushbutton for one second until the LED is no longer illuminated. If the LED is off, 
TNS_SW = 0. 

PB5_LED = NA
PB6_LED = NA
PB7_LED = NA
PB8_LED = NA
PB9_LED = NA

PB10_LED = NA
PB11_LED = NA
PB12_LED = NA
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Protection Functions

This section provides a detailed explanation of the SEL-487B relay protection 
functions. Each subsection provides an explanation of the function, along with a 
list of the corresponding settings and Relay Word bits. Logic diagrams and other 
figures are included.

Functions discussed in this section are listed below.

➤ Busbar Protection Elements on page 5.1

➤ Check Zone Protection Elements on page 5.10

➤ Sensitive Differential Element on page 5.12

➤ Zone Supervision Logic on page 5.14

➤ Dynamic Zone Selection Logic on page 5.14

➤ Check Zone Selection on page 5.16

➤ Instantaneous/Delayed Overcurrent Elements on page 5.17

➤ Selectable Time-Overcurrent Elements (51) on page 5.18

➤ Over- and Undervoltage Elements on page 5.25

➤ Open-Phase Detection Logic on page 5.28

➤ Open CT Detection Logic on page 5.29

➤ Circuit Breaker Failure Protection on page 5.30

➤ Circuit Breaker Failure Trip Logic on page 5.34

➤ Bus Coupler/Bus Sectionalizer Configurations on page 5.36

➤ Coupler Security Logic on page 5.37

➤ Disconnect Monitor on page 5.43

➤ Zone-Switching Supervision Logic on page 5.45

➤ Differential Trip Logic on page 5.47

➤ Breaker Trip Logic on page 5.48

➤ Circuit Breaker Status Logic on page 5.49

Busbar Protection Elements
Busbar protection philosophy traditionally calls for two-out-of-two trip criteria, 
where two separate measuring elements must agree before protection issues a trip 
signal. Realization of the two-out-of-two trip criteria can occur by using one of 
the combinations of measuring elements listed below:

➤ Dual differential element combination (main zone and check zone)

➤ Differential element and directional element combination (main zone 
and directional element)

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Each combination has an advantage over the other; the weakness of one being the 
strength of the other. In particular, differential elements (amplitude comparators) 
are more vulnerable to CT saturation than directional elements (phase compara-
tors), but directional elements (phase comparators) are more vulnerable to high-
impedance faults.

CT saturation is a concern in networks with high fault currents. Poor CT selec-
tion increases the potential for CT saturation. In networks with impedance 
grounding, all ground faults are high-impedance faults. Although relays may 
have been correctly selected in the initial network design, changes in the network 
may adversely influence the network parameters. For example, network exten-
sions or reduced source impedance result in higher fault current, and deteriora-
tion of the substation grounding mat at the substation may result in higher fault 
impedance for ground faults.

Modern busbar protection relays should not only include protection elements to 
allow for diverse network parameters, but the implementation of these elements 
in the relays must ensure continual, uncompromising relay performance, despite 
changes in network parameters. In general, busbar protection must comply with 
the following performance requirements:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Minimum delay for evolving faults

The SEL-487B meets the above performance requirements during all system 
operating conditions. The relay includes six busbar protection elements for the 
protection of as many as six zones. Each of the six busbar protection elements 
consists of the following three elements (see Figure 5.1):

➤ Differential element using phasor values

➤ Directional element using phasor values 

➤ Fault detection logic using instantaneous values

Figure 5.1 shows a block diagram of one of the six busbar protection elements, 
with only two (I01 and I02) of the available 21 current inputs connected. The 
relay uses the highest CT ratio (CTRMAX) divided by the lowest CT ratio 
(CTRMIN) to verify that the CT ratio mismatch for the differential protection is 
less than 10:1. Only CT ratios associated with terminals that are used in the ter-
minal-to-bus-zone settings will be used to determine CTRMAX and CTRMIN. 
Because the relay accepts current inputs from CTs with a 10:1 ratio mismatch, 
the calculations for the differential elements are performed on per unit values. 
The relay uses the highest CT ratio (CTRMAX) of the installed CT ratios as a ref-
erence value in converting the input currents from ampere to per unit values. 
Using Equation 5.1, the relay calculates a normalization factor value (TAP) for 
each terminal:

                    

Equation 5.1

                    

where:

TAPnn = TAP value for each terminal to convert current from ampere to 
per unit (nn = 01–21)

CTRMAX = Highest CT ratio of the terminals used in the terminal-to-bus-
zone settings

INOM = Nominal CT secondary current (1 A or 5 A)

CTRnn = CT ratio of the specific terminal

TAPnn
CTRMAX INOM

CTRnn
--------------------------------------------=
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Using the TAPnn values, the relay calculates the current in per unit values for 
each terminal as shown in Equation 5.2:

                    

Equation 5.2

                    

Figure 5.1 shows the block diagram for Busbar Protection Element 1, one of six 
busbar protection elements available in the relay. Throughout the following ele-
ment descriptions, the numerical part of the Relay Word bits refers either to ele-
ments from a specific busbar protection element (1–6) or the specific terminal 
number (01–21). In most cases, the protection element descriptions refer to ele-
ments from Busbar Protection Element 1. For example, FDIF1 in Figure 5.1 
refers to the output from the filtered differential element of Busbar Protection 
Element 1. I01 and I02 refer to current inputs from Terminal I01 and 
Terminal I02.

                    

Referring to Figure 5.1, after the per unit conversion, the data (I01CR and 
I02CR) follow two separate paths. One path is through a digital band-pass filter 
(DBPF) to the filtered differential element and the directional element; the other 
path brings the instantaneous values to the fault detection logic.

The filtered differential element uses the input currents from each terminal in a 
protection zone to calculate the operate and restraint currents. The directional 
element compares the direction of current at a reference terminal to the direction 
of current at all other terminals in a protection zone to calculate fault direction. 
Several elements combine in the fault detection logic to distinguish between 
internal or busbar faults (FAULT1) and external faults (CON1).

where:

InnCR = Per unit current for Terminals I01–I21

Inn = Current in amperes for Terminals I01–I21

pu = per unit

                    

Figure 5.1 Block Diagram Showing the Logic for Busbar Protection Element 1
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AND Gate 1 combines the OR combination of the directional element (DE1F) 
and internal fault element (FAULT1) with the sensitive differential element 
(87ST1) to supervise the filtered differential element. P87R1, the output from 
Gate 1, drives a security timer that controls the final output (87R1) of the busbar 
protection element. 

The logic includes three dedicated check zones (see Check Zone Protection Ele-
ments on page 5.10). This flexibility provides the opportunity to configure the 
dual differential (main zone and check zone) element combination.

Filtered Differential Element
The following discussion refers to the Filtered Differential Element 1, (with only 
Terminals 01 and 02 connected to the element) but applies equally well to the 
remaining five filtered differential elements. Using the output quantities from the 
digital band-pass filter (cosine filter), the filtered differential element calculates a 
restraint quantity, IRT1, and an operating quantity, IOP1, according to 
Equation 5.3 and Equation 5.4:

                    

Equation 5.3

and

                    

Equation 5.4

                    

Figure 5.2 shows a block diagram of the elements necessary for obtaining the dif-
ferential and restraint quantities used in the filtered differential elements. Relay 
Word bit FDIF1 is the output from the differential calculation. Relay Word bit 
87O1 asserts when the differential current exceeds the O87P threshold. Together 
these two Relay Word bits form the filtered differential element characteristic.

                    

Figure 5.3 shows the characteristic of the differential element as a straight line 
through the origin of the form:

                    

Equation 5.5

where:

I01CF and I02CF = Filtered per unit current values from Terminals I01 and 
I02

                    

Figure 5.2 Filtered Differential Element 1
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For operating quantities (IOP1) exceeding the threshold level O87P and falling in 
the operate region of Figure 5.3, the filtered differential element issues an output. 
There are two slope settings. Slope 1 (SLP1) is effective for internal faults, and 
Slope 2 (SLP2) is effective for external faults. To change the slope values, first 
enable the advanced settings by setting EADVS := Y in Group Settings and then 
proceed to change the slope values. When the fault detection logic detects an 
external fault condition, Relay Word bit CON1 asserts. CON1 switches the slope 
of the differential characteristic from Slope 1 to Slope 2 to add security to the fil-
tered differential element (see Fault Detection Logic on page 5.7).

Directional Element
The relay includes directional elements that supervise the filtered differential ele-
ments. In particular, the directional elements provide additional security to the 
filtered differential elements during external faults with heavy CT saturation con-
ditions. Each of the six busbar protection elements has a directional element spe-
cific to that differential element.

The directional element compares the direction of current at the reference termi-
nal to the direction of current at all other qualifying terminals in each zone. A 
qualifying terminal is a terminal with current value greater than the 50DSP 
threshold setting; the relay selects one of these currents as a reference. For each 
calculation, the relay uses the real part of the product of the terminal current and 
the conjugate of the current at the reference terminal, as depicted in Figure 5.4.

                    

The relay declares an internal fault condition when the direction of current at all 
the remaining terminals coincides with the direction of current at the reference 
terminal. For the directional element to begin processing, the current values of at 
least two terminals within the zone must exceed the 50DSP threshold. Figure 5.5 
shows the directional element characteristic, the shaded area indicating an inter-
nal fault.

                    

Figure 5.3 Filtered Differential Element Characteristic

IRT1
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Figure 5.4 Torque Calculation Used in the Directional Element to Determine 
Fault Direction

Torque Calculation 
T = Re(IT01 • IREF*)
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The relay acquires the terminals within each specific protection zone from the 
zone selection logic. The relay determines the terminals with phase current 
greater than the 50DSP threshold and selects one of the currents greater than the 
50DSP threshold as a reference. The relay establishes fault direction by compar-
ing the direction of current at the reference terminal to that at the remaining ter-
minals in the zone with phase current greater than the 50DSP threshold.

Referring to Figure 5.6, consider the case of four terminals in Zone 1, with inputs 
labeled I01CF, I02CF, I03CF, and I04CF. Further, assume that the current magni-
tude in terminal I04CF is below the 50DSP threshold.

                    

First, the directional element determines which terminals have phase current 
magnitude greater than the 50DSP threshold. Because the current magnitude of 
input I04CF is below the 50DSP threshold, the relay selects only inputs I01CF, 
I02CF, and I03CF for further processing. The relay selects input I01CF as the ref-
erence (IREF) and compares the direction of current I02CF (IT02) and current 
I03CF (IT03) to this reference. DE1F asserts only if the direction of current at 
both IT02 and IT03 coincides with the direction of current at the reference termi-
nal according to the directional element characteristic shown in Figure 5.5. 

                    

Figure 5.5 Directional Element Characteristic, the Shaded Area Indicating an 
Internal Fault

                    

Figure 5.6 Directional Element Logic
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Fault Detection Logic
The fault detection logic distinguishes between external faults (external fault 
detection logic) and internal faults (internal fault detection logic), as shown in 
Figure 5.7. When the fault detection logic detects an external fault, Relay Word 
bit CON1 asserts, and when the fault detection logic detects an internal fault, 
Relay Word bit FAULT1 asserts.

                    

Elements in the fault detection logic use instantaneous per unit currents to calcu-
late a restraint quantity, IRT1R, and an operating quantity, IOP1R, according to 
Equation 5.6 and Equation 5.7:

                    

Equation 5.6

and

                    

Equation 5.7

                    

Figure 5.8 shows a block diagram of how the fault detection logic obtains 
restraint quantity IRT1R and operating quantity IOP1R.

                    

External Fault Detection Logic
In general, operating and restraint currents increase simultaneously for internal 
faults; for external faults, only the restraint current increases if there is no CT sat-
uration. By comparing the change in operating current (IOP1R) to the change in 
restraint current (IRT1R), the relay detects external fault conditions. Because 
CTs can saturate during external faults, the relay asserts the external fault condi-
tion (Relay Word bit CON1) for 60 cycles after detecting an external fault. 
Figure 5.9 shows the logic for detecting external fault conditions.

                    

Figure 5.7 Fault Detection Logic That Distinguishes Between External and 
Internal Faults

where:

I01CR and I02CR = Instantaneous per unit current from Terminals 01 and 02.

                    

Figure 5.8 Fault Detection Logic Obtaining Restraint and Operating Quantities
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Asserting CON1 for 60 cycles can slow relay operation for evolving faults 
(where the fault starts as an external fault and then develops into an internal 
fault). To prevent delayed tripping, CON1 resets when either the directional ele-
ment (DE1F) detects an evolving fault or the internal fault detection logic (IFAU-
LT1) confirms an internal fault condition. 

Relay Word bit CON1 controls the operating mode of the relay by asserting when 
the relay detects an external fault. The relay operates normally with CON1 deas-
serted but switches to a high-security mode when CON1 asserts. High security 
causes the following in the relay:

➤ Slope 1 changes to Slope 2.

➤ Delay time of the adaptive security timer increases.

Resetting CON1 releases the relay from the high-security mode, and the relay 
operates with the normal settings.

Internal Fault Detection Logic 
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.10 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. When the raw operate current (IOP1R) exceeds 
the active slope and the O87P setting, RDIF1 asserts. RDIF1 forms the input into 
the consecutive measurement fault detection logic and the fast fault detection 
logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the IFAULT1 Relay Word bit asserts.

                    

If surge (lightning) arresters are installed on busbars, a path to ground exists 
when these devices conduct, resulting in operating current in the differential ele-
ments. The fast fault detection logic qualifies the operating current with a time 

                    

Figure 5.9 External Fault Detection Logic
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Figure 5.10 Internal Fault Detection, Instantaneous Differential Element, 
Consecutive Measurement Fault Detection, and Fast Fault Detection Logics
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delay to differentiate between operating current resulting from surge arrester con-
duction and operating current because of internal faults. If the fast fault detection 
logic detects an internal fault, Relay Word bit GFAULT1 asserts.

Protection Element Output Logic
Figure 5.11 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
protection element output, Relay Word bit 87R1):

➤ An output from the filtered differential element, FDIF1

➤ An output from the filtered differential element threshold, 87O1

➤ An output from either the directional element (DE1F) or the internal 
fault detection logic (FAULT1)

➤ No output from the sensitive differential element (87ST1) with 
E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87R1 starts the adaptive security timer. CON1 also controls the security timer 
time setting; when CON1 asserts, the relay increases the time delay by 0.4 cycles 
to increase security for the protection element.

Table 5.1 shows operating times for the bus differential elements. Figure 5.12 
shows the average operating times (minimum of five trials) for the differential 
element. Operating times include the time it takes for the 87R element to assert 
and does not take into consideration the output contact closure time. Tests were 
performed for 1, 2, 3, 4, 5, 6, and 7 multiples of pickup setting. At 7 times the set-
ting, the deviation was 0.02 cycles. These tests do not include fault resistance. 
Operating times are the same for 50 Hz and 60 Hz.

                    

                    

q See Figure 5.47.

Figure 5.11 Differential Element Output: Final Conditions and Adaptive Security 
Timer

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
 (Sheet 1 of 2)

Multiples of Pickup Average

1 1.48

2 0.94

3 0.85

4 0.83

5 0.52

FDIF1

87O1

FAULT1

DE1F

87ST1
E87SSUP=Y

E87SSUP=N

P87R1

CON1

87R1
Adaptive
Security

Timer
q
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Check Zone Protection Elements
The SEL-487B logic includes three dedicated check zones, providing the flexibil-
ity and opportunity to configure the dual differential (main zone and check zone) 
element combination.

Figure 5.13 shows the block diagram for a Check Zone 1 Protection Element 
(Check Zones 2 and 3 are similar). Throughout the following element descrip-
tions, the numerical part of the Relay Word bits refers to the specific terminal 
number (01–21). I01 and I02 refer to current inputs from Terminal I01 and Ter-
minal I02.

                    

6 0.51

7 0.52

                    

Figure 5.12 Average 87R Operating Times

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
 (Sheet 2 of 2)

Multiples of Pickup Average
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Figure 5.13 Block Diagram Showing Logic for Check Zone Protection Element 1
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Check Zone Filtered Differential Element
Figure 5.14 shows a block diagram of the elements necessary for obtaining the 
differential and restraint quantities used in the check zone filtered differential ele-
ments. Relay Word bit FDIFCZ1 is the output from the check zone differential 
calculation. Relay Word bit 87OCZ1 asserts when the differential current 
exceeds the CZO87P threshold. Together these two Relay Word bits form the 
check zone filtered differential element characteristic.

                    

Check Zone External Fault Detection Logic
Figure 5.15 shows the logic for detecting external fault conditions.

                    

To change the threshold values, first enable the advanced settings (see Section 8: 
Settings for more information on setting the relay) by setting EADVS := Y in 
Group Settings and then enable the check zone settings by setting ECHKZN := Y. 

Check Zone Internal Fault Detection Logic
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.16 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. RDIFCZ1, the output from the instantaneous 
differential element, forms the input into the consecutive measurement fault 
detection logic and the fast fault detection logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the Relay Word bit IFLTCZ1 asserts.

                    

Figure 5.14 Check Zone Filtered Differential Element 1
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Figure 5.15 Check Zone External Fault Detection Logic
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Check Zone Protection Element Output Logic
Figure 5.17 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
Check Zone Protection Element output, Relay Word bit 87RCZ1):

➤ An output from the check zone filtered differential element 
(FDIFCZ1)

➤ An output from the check zone filtered differential element threshold 
(87OCZ1)

➤ An output from either the check zone directional element (DECZ1F) 
or the check zone internal fault detection logic (FLTCZ1)

➤ No output from the check zone sensitive differential element 
(87STCZ1) with E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87RCZ1 starts the adaptive security timer. CONCZ1 also controls the security 
timer time setting; when CONCZ1 asserts, the relay increases the time delay by 
0.4 cycles to increase security for the protection element.

Sensitive Differential Element
For each zone, sensitive differential elements detect differential current resulting 
from CT open or short circuits conditions. If such a condition exceeds a settable 
delay, the element asserts an alarm. There are two Relay Word bits per zone: an 
instantaneous Relay Word bit, 87S1, and a time-delayed Relay Word bit, 87ST1. 

                    

Figure 5.16 Check Zone Internal Fault Detection, Instantaneous Differential 
Element, Consecutive Measurements Fault Detection, and Fast Fault Detection 
Logics
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Figure 5.17 Check Zone Differential Element Output: Final Conditions and 
Adaptive Security Timer
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Use 87ST1, the time-delayed output, for alarming and supervision. Each sensi-
tive differential element compares the sensitive differential element operating 
quantity, IOP1, against the S87P threshold.

                    

The status of the sensitive differential element is one of the four conditions con-
sidered in the final output logic of the differential protection element (see 
Figure 5.18). With E87SSUP := Y, the output 87STn supervises the differential 
protection element. When E87SSUP := N the sensitive differential (87STn) ele-
ment does not supervise the differential protection elements (87Rn). Setting 
E87SSUP := N only removes the supervision function from the differential ele-
ment, but does not disable the sensitive differential elements. The sensitive differ-
ential elements are still running and available for other functions such as 
asserting an alarm.

The sensitive differential elements may assert under load conditions if not set 
properly. To prevent these elements from asserting under load conditions, set the 
differential threshold setting 50 percent higher than the natural out-of-balance 
current at the station. Be sure to measure the worst natural out-of-balance current 
at the station. For example, in a double busbar layout with bus-zone-to-bus-zone 
connections, first merge the bus-zones before making the measurement (see 
Dynamic Zone Selection Logic on page 5.14 and Bus-Zone-to-Bus-Zone Connec-
tions on page 6.33 for more information). Use the MET DIF command to read 
the per unit operating current values from each protection zone.

Check Zone Sensitive Differential Element
                    

Each check zone has an independent sensitive differential element. There are two 
Relay Word bits per zone: an instantaneous Relay Word bit, 87SCZ1, and a time-
delayed Relay Word bit, 87STCZ1. Use 87STCZ1, the time-delayed output, for 
alarming and supervision. Each sensitive differential element compares the sensi-
tive differential element operating quantity, IOPCZ1, against the CZS87P thresh-
old.

                    

Figure 5.18 Sensitive Differential Element (87S)
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Figure 5.19 Check Zone Sensitive Differential Element (87S)
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Zone Supervision Logic
This logic provides final supervision criteria before a trip signal is issued. 
Figure 5.20 shows the logic for Differential Element 1, but similar logic is avail-
able for all six differential elements. Relay Word bit 87R1 is the output from the 
differential element, and Z1S is a SELOGIC control equation in the zone configu-
ration settings. The differential trip logic uses Relay Word bit 87Z1, the output 
from this logic, to determine which terminals to trip. See Differential Trip Logic 
on page 5.47 for more detail.

                    

Setting Z1S is a SELOGIC control equation in which you can program the condi-
tions for supervising the differential element (87R1). For example, this is the set-
ting in which you enter the output from the check zone differential element 
during check zone configuration. Consider the case where a check zone is config-
ured and 87CZ1 is the check zone element output. Both the check zone and the 
sensitive differential elements must supervise the 87R1 element. With 
E87SSUP := Y, 87ST1 is already included in the differential element supervision 
(one of the four final conditions; see Figure 5.11). Only the check zone informa-
tion is required:

Z1S := 87CZ1

Dynamic Zone Selection Logic
Busbar protection involves assigning the appropriate input current values to the 
corresponding differential elements for calculation of per zone operating and 
restraint quantities and determining the breakers to trip for differential and 
breaker failure protection operation. To allow flexible substation configuration 
without compromising busbar protection, the relay dynamically reassigns input 
currents to the appropriate differential elements when the station configuration 
changes.

Disconnect and breaker auxiliary contacts typically provide station configuration 
information in the form of control inputs, entered into the relay as SELOGIC con-
trol equations. By evaluating these SELOGIC control equations, the zone selection 
logic assigns the currents to the appropriate differential elements. When discon-
nects are closed in such a way that a solid connection exists between two (or 
more) zones, the zones merge, and only one zone is active. The active zone after 
a merge is always the zone with the lowest number. For example, if Zone 3 and 
Zone 4 merge, Zone 3 encompasses Zone 4.

When the SELOGIC control equation representing the Terminal-to-Bus-Zone 
becomes a logical 1, the zone selection algorithm processes the current values 
associated with that particular terminal (see Table 5.2). When the equation is log-
ical 0, the current values are neither processed nor considered in the differential 
calculations. This is also true for the trip output. When the SELOGIC control 
equation of a terminal is a logical 0, the differential element issues no trip signals 
to that terminal.

                    

Figure 5.20 Zone and Check Zone Supervision Logic
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CAUTION
Setting E87ZSUP := Y enables the 
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do not enter any supervision condi-
tions for a particular zone, be sure to 
enter a 1 at the SELOGIC control equa-
tion prompt.
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To properly configure the station, the zone selection algorithm requires the fol-
lowing information:

➤ Terminals to bus-zones connections, IqqBZpV.

➤ Interconnections between bus-zones, BZpBZpV.

                    

Both IqqBZpV and BZpBZpV are SELOGIC control equation variables that you 
enter in the relay when using the SET Z command to set the relay. In QuickSet, 
IqqBZpV is found in Group > Zone Configuration > Terminal To Bus-Zone 
Connections and BZpBZpV is found in Group > Zone Configuration > Bus-
Zone To Bus-Zone Connections.

Selecting the Zones
The relay runs the zone selection algorithm every protection processing interval 
and sets the appropriate zone switching operation (ZSWOPp) Relay Word bits 
for one cycle when there is a status change in either IqqBZpV (terminal is con-
nected to or disconnected from a bus-zone) or BZpBZpV (two or more bus-zones 
are connected together).

Based on the SELOGIC control equations IqqBZpV and BZpBZpV, the zone 
selection logic determines the following:

➤ The bus-zone(s) to be included in each protection zone

➤ The active terminals to be included in each protection zone

➤ The terminals to trip for differential and breaker failure protection 
operations

Table 5.3 shows the Relay Word bits available in the zone selection logic with 
their descriptions.

                    

Table 5.2 Current Values Assigned to the Differential Element as a Function of 
the Disconnect Status

SELOGIC Control 
Equation

Status Meaning in the Differential Calculation

I01BZ1V := D891 D891 = 1 (closed) I01 is part of differential Bus-Zone 1

I01BZ1V := D891 D891 = 0 (open) I01 is not part of differential Bus-Zone 1

where:

I01BZ1V = SELOGIC control equation declaring the conditions when Ter-
minal 1 connects to Bus-Zone 1

D891 = input from Terminal 1 disconnect auxiliary contact that 
changes state when the disconnect switch changes state

where:

qq = 01–21 (Terminal 1 to Terminal 21)

p = 1–6 (Bus-Zone 1 to 6)

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 1 of 2)

Quantity Description

ZSWOPp Picks up following a change to either bus-zone-to-bus-zone or terminal-to-
bus-zone conditions in Zone p

ZONEp Differential Zone p is active

IqqBZpV Terminal qq connected to BZp

BZpBZpV A connection exists between BZp and BZp
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Check Zone Selection
The check zone function in the SEL-487B-1 differs in three ways from the check 
zone in the SEL-487B-0:

➤ Each SEL-487B-1 has three check zones

➤ There are no Terminal-to-Check-Zone Connection Logic settings, 
IqqCZ1V, in the SEL-487B-1

➤ The SEL-487B-1 includes Advance Check Zone settings

The single check zone in each SEL-487B-0 means that you can use the check 
zone only in a three-relay application. The three check zones in each 
SEL-487B-1 makes it possible to configure a check zone for each of the three 
phases in a single-relay application. 

On the basis that terminals in the check zone are independent of the disconnect 
auxiliary contact status, there is no need to configure Terminal-to-Check-Zone 
Connection Logic (i.e., IqqCZ1V in the SEL-487B-0) in the SEL-487B-1. There-
fore, to include a terminal in the check zone, just enter the Terminal, Check-
Zone, Polarity (P,N) settings, as shown below.

                    

In QuickSet, go to Check Zone Configuration > Terminal qq To Check Zone 
Connections and set CTqqCZp (p = 1–3) to Y to include a terminal in a check 
zone as shown in Figure 5.21. 

ZNpIqq Terminal qq connected to Zone p

ZNpIqqT Terminal qq connected to Zone p and will be tripped

BZpBZpR A connection exists between BZp and BZp and the coupler is removed

ZpBZp Bus-Zone p is part of Protective Zone p

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 2 of 2)

Quantity Description

Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ?N
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When you enter a check zone in the Terminal-to-Check-Zone settings, the corre-
sponding CZONEx (x = 1–3) Relay Word bit asserts. For example, in the above 
example, Relay Word bit CZONE1 asserts, but not Relay Word bits CZONE2 or 
CZONE3. Use the TAR ASCII command to verify the status of these Relay 
Word bits.

                    

The Advance Check Zone Settings provide a method to configure a check zone 
for applications with in-board CTs (see Example of Check Zone With In-Board 
(Bushing) CTs on page 6.23).

The SEL-487B-1 still includes Check Zone Supervision setting. Use these set-
tings to disable the entire check zone. In the following example, CZ1S is set to 1 
(the default setting), meaning that the check zone is always in service.

                    

Instantaneous/Delayed Overcurrent Elements
Each of the 21 terminals includes a single level of phase instantaneous and time-
delayed overcurrent elements. Figure 5.22 shows the logic for the 50Pnn ele-
ment. Labels FIM (Filtered, Instantaneous, Magnitude) are included for informa-
tional purposes and indicate specific processes used in the relay (see Section 12: 
Analog Quantities for more information about analog quantities).

The logic compares the magnitudes of phase input current InnFIM to a pickup 
setting 50PnnP. If the current magnitude exceeds the pickup level, Relay Word bit 
50Pnn asserts and the timer starts timing. After the time specified by the delay 

                    

Figure 5.21 Check Zone Settings

=>>TAR CZONE1<Enter>
*       *       *       *       *       CZONE3  CZONE2  CZONE1  
0       0       0       0       0       0       0       1

Check Zone Supervision
Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ?Y
Check Zone 1 Supervision (SELogic Equation)
CZ1S := 1

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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setting 50PnnD expires, a second Relay Word bit, 50PnnT, asserts. Relay Word 
bit 50PnnT only asserts if Relay Word bit 50Pnn remains asserted for the dura-
tion of the 50PnnD time setting. When Relay Word bit 50Pnn deasserts, the timer 
resets without delay, along with 50PnnT if it has asserted.

                    

The definite-time overcurrent elements are not enabled in the default settings. 
Enable the elements by setting E50 := nn (nn = 01–21). After enabling the ele-
ments, the definite-time overcurrent elements of all 21 terminals are available but 
are still set to OFF. For example, assume we want definite-time overcurrent pro-
tection for Terminal 05. Set E50 := 5, making the definite-time overcurrent ele-
ments of Terminal 01–Terminal 05 available. Because the default settings for the 
definite-time overcurrent elements are OFF, the elements are not active. Only 
enter settings at the definite-time overcurrent protection prompt of Terminal 05. 
Terminal 05 is the only terminal with definite-time overcurrent protection; the 
definite-time overcurrent protection for Terminal 01–Terminal 04 remains 
switched OFF.

Selectable Time-Overcurrent Elements (51)
Instead of having dedicated inverse-time overcurrent elements for each current 
channel, the relay offers the flexibility of an unassigned time-overcurrent ele-
ment, each with the choice of five US and five IEC operating curves. Unassigned 
means that the 51 element operating quantities are available for assignment, as 
the application requires (see Table 5.6).

The inverse-time overcurrent elements are not enabled in the default settings. 
Enable the desired number of elements by setting E51 := nn (nn = 01–21). 
Choose from any filtered instantaneous phase current quantity magnitudes 
(I01FIM–I21FIM) to set as the operate quantity, 51Onn.

Table 5.4 shows the five US characteristics, and Table 5.5 shows the five IEC 
characteristics. Each table shows the five operating time equations, together with 
the five electromechanical reset characteristic equations.

                    

                    

Figure 5.22 Phase Instantaneous and Time-Delayed Overcurrent Elements

50PnnD

0
CYC

InnFIM

50Pnn

50PnnT50PnnP
(Setting)

nn = 01, 02, . . .21

Timer 50P

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 1 of 2)

Curve Type Operating Time Reset Time

U1 (Moderately Inverse)  

U2 (Inverse)  

U3 (Very Inverse)  

Tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = TR TD 1.08
1 M2

–
---------------- 
 • =

Tp TD 0.180 5.95
M2 1–
----------------+ 

 • = TR TD 5.95
1 M2

–
---------------- 
 • =

Tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = TR TD 3.88
1 M2

–
---------------- 
 • =
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U4 (Extremely Inverse)  

U5 (Short-Time Inverse)  

a TP = Operating Time
TR = Reset Time
TD = Time-Delay Setting
M = Measured Current / Pickup Current

Table 5.5 IEC Time-Overcurrent Equations

Curve Type Operating Time Reset Time

C1 (Standard Inverse) 

C2 (Very Inverse) 

C3 (Extremely Inverse) 

C4 (Long-Time Inverse) 

C5 (Short-Time Inverse) 

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 2 of 2)

Curve Type Operating Time Reset Time

Tp TD 0.02434 5.64
M2 1–
----------------+ 

 • = TR TD 5.64
1 M2

–
---------------- 
 • =

Tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = TR TD 0.323
1 M2

–
---------------- 
 • =

Tp TD 0.14
M0.02 1–
---------------------- 
 • = TR TD 13.5

1 M2
–

---------------- 
 • =

Tp TD 13.5
M 1–
-------------- 
 • = TR TD 47.3

1 M2
–

---------------- 
 • =

Tp TD 80
M2 1–
---------------- 
 • = TR TD 80

1 M2
–

---------------- 
 • =

Tp TD 120
M 1–
-------------- 
 • = TR TD 120

1 M–
-------------- 
 • =

Tp TD 0.05
M0.04 1–
---------------------- 
 • = TR TD 4.85

1 M2
–

---------------- 
 • =
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Figure 5.23 U.S. Curves U1, U2, U3, and U4
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Figure 5.24 U.S. Curve U5 and IEC Curves C1, C2, and C3
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The 51 overcurrent elements of the relay have dynamic pickup (51Pxx) and time-
delay (51TDxx) values. Because these settings can be programmed by means of 
protection math variables (PMVs), their actual value cannot be checked at setting 
time. To ensure that the pickup and time-delay values are within their predefined 
limits, the relay uses a limit check to verify the validity of setting values. Relay 
Word bits 51TMxx (time-dial limit check) and 51MMxx (pickup-limit check) are 
used to indicate a setting that is outside of the limit check thresholds. If the maxi-
mum limit thresholds are exceeded, the relay uses the maximum limit value. If 
the minimum limit thresholds are exceeded, the relay uses the minimum limit 
value (see Figure 5.26).

                    

                    

Figure 5.25 IEC Curves C4 and C5
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Example 5.1

The Terminal 01 current channel input is 5 A nominal …. From relay part 
number

51O01 := I01FIM

 Therefore 51B101 := 0.25 (lower limit)

 And 51B201 := 16.0 (upper limit)

5 A Current Terminal: (Determined by Relay part number and the operating 
quantity)

B1 := 0.25 and B2 := 16.0
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If the calculated pickup value is greater than 3.2, the relay logic clamps the 
pickup value at 3.2. Similarly, if the value is less than 0.05, the relay logic clamps 
the pickup value at 0.05. At the same time that it clamps the values to these lim-
its, the logic sets a limit bit (51MMxx) to indicate to the user that the read-in 
value is outside the specified limits.

Logic
                    

Settings Description 
Operating Quantity

The 51 elements are unassigned, so you can select the operating quantity from 
Table 5.6.

                    

The Terminal 01 current channel input is 1 A nominal …. From relay part 
number

51O01 := I01FIM

Therefore 51B101 := 0.05 (lower limit)

And 51B201 := 3.2 (upper limit)

1 A Current Terminal: (Determined by relay part number and the operating 
quantity)

B1 := 0.05 and B2 := 3.2

Example 5.1  (Continued)

                    

Figure 5.26 Time-Overcurrent Logic
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(Torque Control)
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(Element Pickup)

SI

51TMxx (Time Dial Limits Exceeded)

51MMxx (Pickup Limits Exceeded)

Operating Quantity

51RSxx

(EM Reset)

Where: xx = 01–21

Note: If the relay is using TiDL (EtherCAT), the operating 
times will be delayed by 1.5 ms. Use caution when setting
the relay coordination times to account for this added delay.

Table 5.6 Time-Overcurrent Operating Quantity List 

Analog Quantity Description

InnFIMa

a Where nn = 01–21.

Filtered Instantaneous Terminal nn Current Magnitude
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Pickup and Time-Dial Settings
Pickup setting 51P01, operating on the ratio of the measured current to the 
pickup setting (multiple of pickup setting), moves the characteristic horizontally 
to vary the pickup current; time-dial (multiplier) setting 51TD01 moves the curve 
vertically to vary the operating time for a given multiple of pickup.

Both pickup (51P01) and time-dial (51TD01) settings are math variables instead 
of fixed settings. SEL math variables, unlike fixed settings that cannot be dynam-
ically changed, allow for the adaptive changing of pickup and time- dial settings 
without the need for changing relay setting groups. However, if your installation 
does not require adaptive pickup and/or time-dial settings changes, use the time-
overcurrent element as a conventional 51 element. For a conventional element, 
simply enter the pickup and time-dial settings as numbers, such as: 

51P01 = 1.5

51TD01 = 1

Upper and Lower Range Limits
When you use SEL math variables, the selected analog value can exceed the 
upper value of the pickup range, or it can fall below the lower value of the pickup 
range. When this happens, the relay assigns the appropriate threshold value to the 
element and continues to calculate the trip time. For the 51Pnn pickup settings, 
the upper threshold is 3.2 for 1 A relays and 16 for 5 A relays. The lower thresh-
old is 0.05 for 1 A relays and 0.25 for 5 A relays. For the 51TDnn time-dial set-
tings, the U.S. curve thresholds are 0.5 and 15, and the IEC thresholds are 0.05 
and 1.0. In addition, the relay also asserts the appropriate Relay Word bits: 
51MM01 (pickup value out of bounds) and/or 51TM01 (time-dial value out of 
bounds).

                    

Example 5.2

For example, you want a 1 A relay to pick up at 1.5 A when IN201 asserts 
and to pick up at 2 A when IN202 asserts (IN201 deasserted). Program the 
following:

51P01 := IN201 • 1.5 + IN202 • 2

With IN201 asserted (logical 1), and IN202 deasserted (logical 0), the 51P01 
setting is:

(1 • 1.5) + (0 • 2) = 1.5 + 0 = 1.5

When IN202 asserts (IN201 deasserted), the 51P01 setting is:

(0 • 1.5) + (1 • 2) = 0 + 2 = 2

If, however, IN202 asserts while IN201 is still asserted, the 51P01 setting is:

(1 • 1.5) + (1 • 2) = 1.5 + 2 = 3.5

Because 3.5 exceeds the upper range value of 3.2, the relay clamps the set-
ting at 3.2 and asserts Relay Word bit 51MM01.
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Torque Control
SELOGIC control equation 51TC01 allows you to state the conditions when the 
element must run. When 51TC01 asserts (logical 1), switch S1 in Figure 5.26 
closes, and the relay evaluates input 51O01. For example, if the element should 
only measure when the circuit breaker is closed, enter the following:

51TC01 := IN201 (Breaker auxiliary “A” contact connected to IN201)

With this setting, switch S1 closes only when IN201 is a logical 1. If the element 
must measure all the time, enter the following:

51TC01 := 1

EM Reset
Setting 51RS01 defines whether the curve resets like an electromechanical disk 
or after one power system cycle when current drops below pickup. If you set 
51RS01 = Y, then the relay resets according to the reset timer equations for that 
particular curve (see Table 5.4 or Table 5.5). If you set 51RS01 = N, then the 
relay resets after one power system cycle when current drops below pickup.

Over- and Undervoltage Elements
The SEL-487B offers as many as six undervoltage and six overvoltage elements. 
Each of these 12 elements has two levels, for a total of 24 over- and undervoltage 
elements. Figure 5.27 shows the over- and undervoltage element logic.

Use the E27 and E59 settings to enable as many over- and undervoltage elements 
as you need.

Select any operating quantity shown in Table 5.7 for the 27Ok settings, and any 
value from Table 5.8 for the 59Ok settings as an input quantity (27Ok and 59Ok 
settings). You can select the same quantity for an undervoltage element as for an 
overvoltage element.

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Settings Descriptions
E27 Enable Undervoltage Elements

Use the E27 setting to enable the number of undervoltage elements you want the 
relay to use. Each undervoltage element provides two pickup settings levels.

27Ok Undervoltage Element Operating Quantity
Select the operating quantity 27Ok (k = 1–6) you want for each voltage element 
from Table 5.7.

                    

                    

Figure 5.27 Over- and Undervoltage Logic
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∞

Table 5.7 Undervoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage
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27PkP1 Undervoltage Element Level 1 Pickup
The 27PkP1 (k = 1–6) undervoltage element Level 1 pickup setting is typically 
used for alarm level indication of undervoltage conditions. The setting is in sec-
ondary voltage. The Level 1 pickup has a definite-time delay (27PkD1) that can 
be used to provide a time delay on the assertion of the undervoltage element.

27PkP2 Undervoltage Element Level 2 Pickup
The 27PkP2 (k = 1–6) undervoltage element Level 2 pickup setting is typically 
used for undervoltage tripping conditions. The setting is in secondary voltage. 
The Level 2 pickup has no definite-time delay.

27TCk Undervoltage Element Torque Control
The 27TCk (k = 1–6) undervoltage element torque control uses a SELOGIC con-
trol equation to provide torque control of the undervoltage elements. All under-
voltage elements are blocked from operation when the 27TCk input evaluates to a 
zero. The default setting of 1 allows the undervoltage elements to always operate.

27PkD1 Undervoltage Element Level 1 Delay
When the system voltage falls below the undervoltage setting value, the under-
voltage timer starts timing. Set the delay (in cycles) for which the timer must run 
before the 27PkD1 (k = 1–6) setting asserts the output.

E59 Enable Overvoltage Elements
Use the E59 setting to enable the number of overvoltage elements you want to 
use in the relay. Each overvoltage element provides two pickup setting levels.

59Ok Overvoltage Element Operating Quantity
Select the operating quantity 59Ok (k = 1–6) you want for each voltage terminal 
from Table 5.8.

                    

59PkP1 Overvoltage Element Level 1 Pickup
Set pickup thresholds for the voltage values above which you want the Level 1 
overvoltage elements to assert. The Level 1 pickup has a definite-time delay 
(59PkD1) that can be used to provide a time delay on the assertion of the over-
voltage element.

Table 5.8 Overvoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage

3V2FIM Negative-sequence fundamental filtered voltage

3V0FIM Zero-sequence fundamental filtered voltage
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59PkP2 Overvoltage Element Level 2 Pickup
Set pickup thresholds for the voltage values above which you want the Level 2 
overvoltage elements to assert.

The 59PkP2 (k = 1–6) overvoltage element Level 2 pickup setting is typically 
used for overvoltage tripping conditions. The setting is in secondary voltage. The 
Level 2 pickup has no definite-time delay.

59TCk Overvoltage Element Torque Control
The 59TCk (k = 1–6) overvoltage element torque control uses a SELOGIC control 
equation to provide torque control of the overvoltage elements. All overvoltage 
elements are blocked from operation when the 59TCk input evaluates to a zero. 
The default setting of 1 allows the overvoltage elements to always operate.

59PkD1 Overvoltage Element Level 1 Delay
When the system voltage exceeds the overvoltage setting value, the overvoltage 
timer starts timing. Set the delay (in cycles) for which the timer must run before 
the 59PkD1 (k = 1–6) setting asserts the output.

Certain protection philosophies require voltage supervision for a trip. Each 
SEL-487B provides two levels of negative-sequence voltage and two levels of 
zero-sequence voltage elements to satisfy this requirement. In addition, the relay 
also provides two levels of phase undervoltage (27) and overvoltage (59) ele-
ments for each of the three phases.

Open-Phase Detection Logic
Subsidence current results from energy trapped in a CT magnetizing branch after 
a circuit breaker opens to clear a fault or interrupt load. This current exponen-
tially decays and delays the resetting of instantaneous overcurrent elements used 
for breaker failure protection. Breaker failure protection requires fast open-phase 
detection to ensure fast resetting of instantaneous overcurrent elements. 
Figure 5.28 shows open-phase logic that asserts SEL-487B open-phase detection 
elements OPHnn (nn = 01, 02, …21) in less than one cycle, even during subsid-
ence current conditions.

                    
                    

q See Figure 5.51.

Figure 5.28 Open-Phase Detection

NOTE: Zero Crossing Detection is 
only enabled when the current is 
greater than advanced Global setting 
OPHDO.
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q
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The logic measures the zero crossings and maximum and minimum current val-
ues of each phase. The relay declares an open phase when the logic does not 
detect a zero crossing or current value within 7/12 of a power system cycle since 
the previous measurement. The bottom path in Figure 5.28 is used to detect when 
the nominal current input for any channel is nearing the point of clipping at the 
analog to digital converter. If current channel clipping is imminent, current is 
above subsidence levels and the open-phase logic is forced to a false condition.

Open CT Detection Logic
When a CT opens, there is an incremental increase in operating current and a cor-
responding incremental decrease in restraint current. The two increments should 
result in a summation equal to zero.

Figure 5.29 shows the open current transformer detection logic. The change in 
operating current (IOPnR), the change in restraint current (IRTnR), and oper-
ating current (IOPn) are the analog inputs to the logic.

The AND gate output asserts when the following conditions are true:

➤ IOPnR is a positive value (greater than or equal to 0.05 pu)

➤ IRTnR is a negative value (less than –0.05 pu)

➤ The sum of IOPnR and IRTnR is very small (less than 0.05 pu)

➤ The filtered operating current (IOPn) is greater than or equal to 
Group Setting S87P

When the AND gate output is asserted, Relay Word bit OCTZn asserts and is 
latched. SELOGIC control equation ROCTZn resets the latch and Relay Word bit 
OCTZn clears. Reset has priority over set.

The lower portion of the logic asserts Relay Word bit RSTOCTn, the default 
value for SELOGIC control equation ROCTZn. RSTOCTn asserts when any of the 
following conditions are true:

➤ IOPn is less than 90 percent of group setting S87P

➤ IOPn is less than 0.05
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Table 5.9 shows the Relay Word bits available in the check zone selection logic 
with their descriptions.

                    

Circuit Breaker Failure Protection
The SEL-487B has complete breaker failure protection that includes retrip for 
each of the 21 terminals. This protection uses open-phase detection logic, pro-
vided with subcycle current reset, to reduce breaker failure coordination times. 
Two options are available for application of breaker failure protection:

➤ Schemes equipped with external breaker failure relays. These 
schemes send a bus trip (output from the breaker failure relay on the 
terminal panel) command to the bus protection relay (SEL-487B) 
that requires only the zone selection and output contacts to operate 
the appropriate breakers.

➤ Schemes using the internal breaker failure protection of the 
SEL-487B. These schemes send a breaker failure initiate (normally a 
trip output) command to the bus protection relay. The SEL-487B 
includes breaker failure logic, as well as zone selection and output 
contacts, to operate the appropriate breakers.

Apply either option exclusively, or use a combination of the two options at the 
same station. For example, use the breaker failure relays on the feeder panels for 
protection philosophies requiring discrete breaker failure relays, but use the built-

                    

Figure 5.29 Zone n Open CT Detector

Table 5.9 Relay Word Bits in the Open CT Detection Logic

Quantity Description

OCTZn Zone n Open CT detected

ROCTZn Reset Zone n Open CT detector (SELOGIC control equation)

RSTOCTn Zone n Open CT detection reset

ROCTZn

OCTZn

RSTOCTn

S

R

Q
0.05

—1

0.9

0.05

DIOPnR

DIRTnR

IOPn
S87P

n can be 1–6

�
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in breaker failure protection in the SEL-487B for all other terminals at the sta-
tion. Connect breaker failure initiate signals from these terminals to any one of 
six independent optoisolated inputs. These inputs are available on each INT4 
interface board. Figure 5.30 shows logic for Terminal 01; similar logic is avail-
able for all 21 terminals.

                    

Schemes Using Internal Breaker Failure Relays 
The basic breaker failure logic does not include logic to seal-in the breaker fail-
ure initiate signals. For applications where BFI seal-in and extension are 
required, alternate BFI logic is provided. Set EXBF01 := N to enable the internal 
breaker failure logic for Terminal 01. Refer to Figure 5.30.

Breaker Failure Logic
The breaker failure logic requires the trip signal to be continuously present for 
the duration of the breaker failure timer because the BFI signal is not sealed in. If 
an external BFI signal falls away for one processing interval longer than the 
debounce dropout time setting of the input, the breaker failure timers reset. Wire 
breaker failure initiate circuitry, typically a trip output contact from a protection 
relay, to one of the six independent optoisolated inputs and assign the input to 
BFI01.

When the trip contact from the protection relay closes to assert BFI01, timers 
BFPU01 (Terminal I01 circuit breaker failure timer) and RTPU01 (Terminal I01 
retrip timer) start timing. If BF101 remains asserted when the retrip timer 
expires, Relay Word bit RT01 asserts. Use this Relay Word bit as an output to 
attempt another trip pulse to the circuit breaker before the relay issues a bus trip 
command. When timer BFPU01 expires, Relay Word bit FBF01 asserts if 50F01 
is asserted. Use this Relay Word bit in the circuit breaker tripping logic to cause a 
circuit breaker failure trip.

If the circuit breaker opens successfully before timer BFPU01 or timer RTPU01 
expires, the cessation of current flow on the circuit will cause the fast breaker 
open detector element OPH01 to assert, dropping out element 50F01. This will 
block the assertion of the breaker failure Relay Word bit FBF01. If the trip con-
tact from the protection relay opens before timer RTP01 expires, the BFPU01 
timer and RTPU01 timers will drop out and neither RT01 nor FBF01 will assert.

This logic is suitable for applications where two breakers must open to interrupt 
fault current, such as in breaker-and-a-half and ring-bus configurations. For these 
applications, breaker failure logic that requires both BFI and 50F to be asserted 
before the timer starts is often not suitable. The problem occurs because the 50F 

                    

Figure 5.30 Breaker Failure Logic
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element may not assert until the first of the two breakers opens and the current 
redistributes so that all of it goes through the failed breaker. This situation results 
in a delay of the Breaker 2 breaker failure time equal to the time for Breaker 1 to 
interrupt the current. The 50 breaker failure logic does not have this problem.

Alternate Breaker Failure Initiating Input With Extension and/or Seal 
In Logic

The alternate BFI logic lets you choose to either extend the breaker failure initi-
ate signal or seal in the breaker failure initiate signal. Figure 5.31 shows the com-
bined logic for both breaker failure initiating input extension (AND Gate 1) and 
seal-in (AND Gates 1 and 2) functions. This logic can also be used for applica-
tions where it is required to have 50F01 asserted before the breaker failure timer 
can start.

                    

Breaker Failure Initiating Input Seal In

Use the seal-in option if the breaker failure initiation signal is not continuous and 
fault current is immediately available (single-breaker applications). Referring to 
Figure 5.31, set EXBF01 := N to enable the internal breaker failure logic. Set 
EBFIS01 := Y to set the top input of AND Gate 2 to a logical 1. Wire the breaker 
failure initiate signal to the SEL-487B, and assign the input to ATBFI01. Then 
assign Relay Word bit ABFIT01 to BFI01 (Figure 5.30). On receipt of the 
breaker failure initiate signal, AND Gate 1 turns on. The output from AND Gate 
1 starts the breaker failure timers (Figure 5.30) and turns AND Gate 2 on. If the 
initiate signal is present for longer than the Timer BFISP01 setting, the output 
from Gate 1 seals in for as long as the current exceeds the 50FP01 threshold. Set 
the Timer BFISP01 setting longer than a quarter cycle to prevent seal-in for spu-
rious signals, but set it shorter than the initiate signal to ensure seal-in.

Breaker Failure Initiating Input Extension

Use the extension option in conjunction with the seal in option if the breaker fail-
ure initiation signal is not continuous, but fault current is not immediately avail-
able to start the breaker failure timers (double-breaker applications). 

The logic still requires the current to be above the 50FP01 threshold after timer 
BFIDO01 times out to keep Gate 1 turned on. Set EXBF01 := N to enable the 
internal breaker failure logic. Referring to Figure 5.31, wire the breaker failure 
initiate signal to the SEL-487B, and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). In the absence of fault current, 
and on receipt of the rising edge of the breaker failure initiate signal at input 

                    

Figure 5.31 Circuit Breaker Failure Initiation Extension and Seal In
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ATBFI01, AND Gate 1 turns on. When AND Gate 1 turns on, Relay Word bit 
ABFIT01 asserts, causing timers BFPU01 and RTP01 to start timing 
(Figure 5.30). 

When Breaker 1 opens, enough current flows through Breaker 2 to assert the 
50F01 Relay Word bit. Refer to Figure 5.31 and note that the current flowing 
through Breaker 2 replaces the output from timer BFIDO01 and keeps Gate 1 
turned on, sustaining the input to the breaker failure timers. Set Timer BFIDO01 
longer than the time Breaker 1 takes to interrupt the current, but shorter than the 
Timer BFPU01setting. This setting ensures that, after Breaker 1 opens, Timer 
BFPU01 will continue to run while current greater than 50FP01 is present.

Supervising Breaker Failure Initiate With the Fault Detector

Use the alternate BFI logic if the breaker failure initiation signal must be super-
vised by current before the BFPU01 timer can start. Set EXBF01 := N to enable 
the internal breaker failure logic. Referring to Figure 5.31, wire the breaker fail-
ure initiate signal to the SEL-487B and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). Set BFIDO01 to 0.0 CYC. In 
this configuration, the upper input to AND Gate 1 is controlled by 50F01 and the 
lower input to AND Gate 1 is controlled by ATBFI01. Thus, ABFIT01 will not 
assert and start the BFPU01 and RTP01 timers (Figure 5.30) unless both ATB-
FI01 and 50F01 are asserted.

Schemes Equipped With External Breaker Failure Relays
Set EXBF01 := Y to enable the external breaker failure logic. This setting effec-
tively reduces the logic to that shown in Figure 5.32. 

                    

Wire breaker failure initiate circuitry to one of the SEL-487B inputs, and assign 
the input to XBF01. Relay Word bit FBF01 immediately asserts upon assertion of 
the input signal.

Retrip
Some circuit breakers have two separate trip coils. If one trip coil fails, local pro-
tection can attempt to energize the second trip coil (often connected to a separate 
battery) to prevent an impending circuit breaker failure operation. Configure your 
protection system to always attempt a local retrip using the second trip coil 
before the circuit breaker failure pickup timer expires. RTPU01 (Retrip Time 
Delay on Pickup Timer) begins timing when BFI01 asserts. Relay Word bit RT01 
(Breaker 1 Retrip) asserts immediately after RTPU01 times out. Assign a control 
output to trip the circuit breaker when Relay Word bit RT01 asserts. 

Breaker Failure Clearing Times
Figure 5.33 is based on actual test data at room temperature using various set-
tings. Relay element specifications given in Section 1: Introduction and Specifi-
cations include the entire temperature range of the relay. Output contact times are 
not included.

NOTE: Although BFIDO01 is set to 
0.0, the timer picks up for one 
processing interval after assertion.

                    

Figure 5.32 Breaker Failure Logic for External Breaker Failure
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Circuit Breaker Failure Trip Logic
Following a breaker failure relay operation, the SEL-487B breaker failure trip 
logic sends trip signals to all of the breakers the logic identifies as being in the 
same bus-zone as the faulted breaker. The logic uses breaker failure trip informa-
tion from the internal breaker failure logic and zone selection information to 
determine which breakers to trip. Figure 5.34 shows the processing sequence for 
tripping the breakers according to the breaker failure operation FBF01.

                    

Figure 5.33 Breaker Failure Clearing Times
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For example, assume Terminals I01, I02, I03, and I04 are in Bus-Zone 1, with 
Terminal 01 failing for an external fault. The logic determines that Terminal 01 is 
in Bus-Zone 1, just as Terminals 02, 03, and 04 are also in Bus-Zone 1. The relay 
asserts Relay Word bits SBFTR01, SBFTR02, SBFTR03, and SBFTR04. With 
the assumption that there are four breakers, assign these four Relay Word bits to 
the corresponding TR01, TR02, TR03, and TR04 trip equations.

The breaker failure trip logic asserts the breaker failure trips as shown in 
Table 5.10.

                    

                    

Figure 5.34 Station Breaker Failure Trip Logic

Table 5.10 Station Breaker Failure Trips (Sheet 1 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

I01 SBFTR01

I02 SBFTR02

I03 SBFTR03
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110 SBFTR10

I11 SBFTR11

I12 SBFTR12

Start

End
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Asserted?

Read zone(s) that 
include Terminal 01
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Read terminals
to trip within
active zone(s)

Generate trip for 
terminals in the 
involved zones 

(SBFTRkk)

No
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SBFTR is the OR combination of SBFTR01 to SBFTR21.

Bus Coupler/Bus Sectionalizer Configurations
With the flexibility of SELOGIC control equations, you can configure any one of 
the bus sectionalizer (tie breaker) configurations in Figure 5.35–Figure 5.37 
without additional wiring; it is simply a software configuration change.

CT Either Side of the Breaker With Overlap
Figure 5.35 shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in overlap. For an overlap application, con-
nect the CTs so that each zone of protection (B1 and B2) includes the tie-breaker 
circuit breaker. For example, for Fault 1, only the differential element of Busbar 
B2 operates; the differential element of Busbar B1 is stable. However, because of 
the overlap connections, both differential elements operate for Fault F2.

                    

CT Either Side of the Breaker With Breaker Differential
Figure 5.36 also shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in a breaker differential application. For a 
breaker differential application, connect the CTs so that each zone of protection 
(B1 and B2) excludes the tie-breaker circuit breaker. For example, for Fault F1, 
the differential element of Busbar B2 operates; the differential element of Busbar 
B1 is stable. The differential element of both Busbar B1 and Busbar B2 is stable 
for Fault F2. To provide protection for Fault F2, configure an additional differen-
tial zone of protection across the tie-breaker circuit breaker. 

I13 SBFTR13

I14 SBFTR14

I15 SBFTR15

I16 SBFTR16

I17 SBFTR17

I18 SBFTR18

I19 SBFTR19

I20 SBFTR20

I21 SBFTR21

Table 5.10 Station Breaker Failure Trips (Sheet 2 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

                    

Figure 5.35 Two CTs With the Busbar Protection Configured in Overlap
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Single CT, Single or Two Cores With Overlap
Figure 5.37 shows a bus sectionalizer with a single CT on one side of the circuit 
breaker with the protection arranged in overlap.

                    

Refer to the application examples in Section 6: Protection Application Examples 
for more information.

Coupler Security Logic
A fault between bus coupler circuit breaker and CT usually results in the loss of 
multiple zones as well as in delayed fault clearance, except for where the bus 
coupler has overlapping zones of protection where both zones are tripped instan-
taneously. For bus coupler configurations such as breaker differential and single 
CT applications, fault clearance time usually equals the bus coupler breaker fail-
ure time for faults between the CT and the breaker. The coupler security logic 
includes logic to shorten this time so that it equals the operating time of the bus 
coupler circuit breaker. Coupler security logic also includes logic to prevent trip-
ping of multiple bus-zones instead of just the faulted bus-zone. Although identi-
fying the faulted bus-zone introduces a trip delay, this delay is still shorter than 
the bus coupler breaker failure time.

Preventing the loss of multiple bus-zones requires two steps. First, the coupler 
security logic allows the differential elements to trip only the bus coupler circuit 
breaker, thereby interrupting the fault current from the unfaulted bus-zone. Then, 
this logic removes the bus coupler CTs from all differential calculations. Remov-
ing the bus coupler CTs from the differential calculations of the unfaulted bus-
zone has no effect on the stability of this bus-zone because it no longer contrib-
utes to the fault current. However, removing the bus coupler CTs from the differ-
ential calculations of the faulted bus-zone causes the differential elements of the 
faulted bus-zone to operate. This application trips only the faulted bus-zone, 
thereby preventing the indiscriminate loss of multiple zones, irrespective of the 
fault position or CT location.

                    

Figure 5.36 Two CTs With the Busbar Protection Configured as Breaker 
Differential

52

Bus 1 Bus 2

B1 B2

87

F2 F1

                    

Figure 5.37 Single CT With the Busbar Protection Configured in Overlap
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In most cases, breaker auxiliary contacts provide circuit breaker status informa-
tion. However, circuit breaker auxiliary contact failure or misalignment can result 
in relay misoperation instead of accelerated tripping. The following discussion 
describes network operating conditions that may result in relay misoperation and 
shows how the coupler security logic in the SEL-487B prevents these possible 
misoperations. Two examples of accelerated tripping show how to apply the cou-
pler security logic to breaker differential and single CT applications. In all cases, 
assume circuit breaker operating times to be two cycles.

Network Operating Condition 1
Figure 5.38 depicts a subset of a substation showing Bus Sectionalizer Breaker Z, 
and two terminals labeled Feeder 1 and Feeder 2. Zone 1 and Zone 2 are the two 
bus sections at the station, with the bus sectionalizer busbar protection arranged 
in overlap. Because both sectionalizer disconnects (Z891 and Z892) are closed, 
the currents from the sectionalizer CTs are considered in the differential calcula-
tions. In this example, the bus sectionalizer circuit breaker is open, and both 
feeder circuit breakers are closed. Table 5.11 summarizes the prevailing network 
operating conditions.

                    

                    

Assume now that Fault F1 occurs as indicated in Figure 5.38. Because the cur-
rents from the sectionalizer CTs are considered in the differential calculations, 
and because the bus sectionalizer busbar protection is arranged in overlap, both 
zones trip. Table 5.12 summarizes the event.

                    

One solution for overcoming this problem is to include the bus sectionalizer cir-
cuit breaker auxiliary contact together with the disconnect auxiliary contact as a 
condition for CT consideration in the differential calculations. With the bus sec-
tionalizer circuit breaker auxiliary contact included in the conditions, the current 

                    

Figure 5.38 Fault F1 Between Bus Sectionalizer and CT With the Bus 
Sectionalizer Circuit Breaker Open

Table 5.11 Summary of the Network Conditions Shown in Figure 5.38

Station Conditions Fault Description

Bus sectionalizer Circuit Breaker Z open

Both bus sectionalizer disconnects (Z891 and 
Z892) closed

All other breakers and disconnects closed

Fault F1 develops between the sectionalizer 
circuit breaker and CT

Table 5.12 Summary of the Event for Fault F1 Shown in Figure 5.38

Tripping for Fault F1 Clearing Time Zones Lost Comment

All breakers in both zones trip 
without time delay

2 cycles 2 Zone 2 tripped unneces-
sarily

Z891 Z892

Zone 1

891

5252

Zone 2

892

Z

F1

Feeder 1 Feeder 2

Overlap
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inputs from the bus sectionalizer CTs are not considered in the differential calcu-
lations when the bus sectionalizer circuit breaker is open. In this case, only 
Zone 1 trips for Fault F1 in Figure 5.38.

Including the bus sectionalizer circuit breaker auxiliary contact solves the prob-
lem in Network Operating Condition 1. However, Network Operating 
Condition 2 shows that the busbar protection is still not completely secure, 
although the conditions for CT consideration in the differential calculations now 
include the bus sectionalizer circuit breaker auxiliary contact.

Network Operating Condition 2
Figure 5.39 shows the same substation under different operating conditions. The 
bus sectionalizer circuit breaker auxiliary contact 52A forms part of the condi-
tions for CT consideration in the differential calculations. Although the discon-
nects are closed, the bus sectionalizer circuit breaker is open and the differential 
calculations do not consider the bus sectionalizer CT inputs in the differential 
calculation. Fault F2 in Figure 5.39 represents grounding straps that were inad-
vertently left on the busbars in Zone 1. The Feeder 1 circuit breaker is open, and 
the bus sectionalizing circuit breaker is about to close. Table 5.13 summarizes the 
prevailing network operating conditions.

                    

                    

If the bus sectionalizing circuit breaker auxiliary contacts are misaligned or fail 
in such a way that the CTs from the sectionalizer are not considered in the differ-
ential calculation at fault inception, the Zone 2 differential elements misoperate. 
Table 5.14 summarizes the event.

                    

                    

Figure 5.39 Closing the Bus Sectionalizing Circuit Breaker Onto a Faulted 
Busbar

Table 5.13 Summary of the Events for Fault F2 Shown in Figure 5.39

Station Conditions Fault Description

Bus sectionalizer Breaker Z closing

Both bus sectionalizer disconnects (Z891 and Z892) are closed

All Zone 2 feeder breakers and disconnects (892) are closed

All Zone 1 feeder disconnects (891) are open

Sectionalizer breaker closes 
onto Fault F2

Table 5.14 Summary of the Event for Fault F2 Shown in Figure 5.39

Tripping for F2 Clearing Time Zones Lost Comment

All breakers in Zone 2 
trip without time delay 
(Feeder 2 and Circuit 
Breaker Z)

2 cycles 1 Incorrect tripping for terminals 
connected to Zone 2; only termi-
nals connected to Zone 1 
(Breaker Z) should have tripped.

Z891 Z892

Zone 2

F2

Zone 1

52A

Overlap

891

52

Feeder 1

52

892

Feeder 2
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Use the coupler security logic (see Figure 5.40) in the SEL-487B to prevent relay 
misoperation for network conditions 1 and 2.

Coupler Security Logic
Inserting the bus sectionalizer CTs into the differential calculations before fault 
inception prevents relay misoperation for Network Operating Condition 2. 
Figure 5.40 shows one of the four coupler security logics available in the relay. 
Wire a bus sectionalizer auxiliary contact to input CB52A1, and wire the bus sec-
tionalizer circuit breaker closing signal to input CBCLS1. Inputs CB52A1 and 
CBCLS1 coordinate the bus sectionalizer CT insertion into and removal from the 
differential calculation. For breaker differential applications, enter CSL1, the 
output from the coupler security logic, instead of the bus sectionalizer circuit 
breaker auxiliary contact, as a condition for CT consideration in the differential 
calculations.

As shown in Figure 5.40, the breaker auxiliary contact (CB52A1) and the close 
signal (CBCLS1) are in parallel. Issuing the close signal to the bus sectionalizer 
circuit breaker close coil also asserts Relay Word bit CSL1. Timer CBCLD01 
maintains the close signal for five cycles (default setting), allowing ample time 
for the bus sectionalizer circuit breaker auxiliary contact to change state. When 
Relay Word bit CSL1 asserts, the CTs are immediately considered in the differ-
ential calculation. Because the bus sectionalizer CTs are considered in the differ-
ential calculation before fault inception, Zone 2 is stable for Network Operating 
Condition 2.

                    

When the bus sectionalizer circuit breaker trips, misaligned circuit breaker auxil-
iary contacts can remove the bus sectionalizer CTs from the differential calcula-
tion while current still flows through the bus sectionalizer circuit breaker. Timer 
CB52D01 maintains the status of the bus sectionalizer circuit breaker auxiliary 
contact as closed for four cycles (default setting) after the contact changes state. 
During this four-cycle time delay, the bus sectionalizer CTs are still considered in 
the differential calculation, allowing the bus sectionalizer circuit breaker ample 
time to interrupt the current.

ACTRP1, the third input into the coupler security logic provides an input to 
accelerate tripping of the bus sectionalizer circuit breaker for faults between bus 
sectionalizer circuit breaker and CT. Accelerated tripping operating time is the 
time period greater than the bus sectionalizer circuit breaker operating time (typi-
cally 2 cycles) but shorter than the breaker failure time (typically 6–10 cycles).

                    

Figure 5.40 Coupler Security Logic for Accelerated Tripping and Busbar 
Protection Security for Circuit Breaker Auxiliary Contact Misalignment
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Breaker Differential
Figure 5.41 shows an application of breaker differential protection. There are 
CTs on either side of the bus sectionalizing circuit breaker, and we configure a 
differential zone of protection across the bus sectionalizing circuit breaker. This 
is in addition to Zone 1 and Zone 2 of the busbar protection. Any of the six zones 
may be used for breaker differential protection. Breaker differential protection is 
a good choice for stations where preservation of supply is more important than a 
very fast clearing time.

                    

We use the coupler security logic (initially without an ACTRP1 input) and con-
sider the relay operation for Fault F3 in Figure 5.41. Circuit Breaker Z opens 
after two cycles, deasserting the input to CB52A1. When Circuit Breaker Z trips, 
fault current no longer flows from Zone 2, but Zone 1 still contributes to the fault. 
Four cycles after Circuit Breaker Z trips (CB52D01 default time), Relay Word bit 
CSL1 deasserts, removing both bus sectionalizing CTs from all three differential 
elements (breaker differential, Zone 1, and Zone 2). Zone 2 is stable after remov-
ing the CTs from the Zone 2 differential calculations because Zone 2 no longer 
contributes to the fault. However, Zone 1 still contributes to the fault, and remov-
ing the CTs from the Zone 1 differential calculations causes the Zone 1 differen-
tial elements to operate, clearing the fault. Only one zone is lost, although this 
loss occurs after a time delay. Table 5.15 summarizes the events.

                    

Because Fault F3 is external to Zone 1 and Zone 2, both of these zones are stable 
for as long as the sectionalizing breaker CTs are considered in the differential 
calculations. If the sectionalizing breaker fails, both Zone 1 and Zone 2 trip only 
after breaker failure time.

                    

Figure 5.41 CTs on Either Side of the Sectionalizer Circuit Breaker With 
Breaker Differential Across Breaker Z

Table 5.15 Summary of the Event for Fault F3 Shown in Figure 5.41

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer CB52A1 expires 4 cycles 0 Relay Word bit CSL1 deas-
serts, unbalancing Zone 1

SEL-487B operating time 1 cycle 0 Typical operating time is 0.75 
cycles

All circuit breakers in Zone 1 
trip

2 cycles 1 Total clearing time is 10 
cycles

Z891 Z892

Zone 2

F3

Zone 1

Z

52A

Diff
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52

Feeder 1

52

892

Feeder 2
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Function ACTRP1 provides an input for removing the bus sectionalizing CTs 
sooner. One solution is to assign 87R3, the output from the sectionalizer breaker 
differential element to input ACTRP1. Relay Word bit 87R3 asserts when there is 
a fault within the sectionalizer zone. With ACTPPU1 set to 4 cycles, Relay Word 
bit CSL1 deasserts about 2 cycles after the sectionalizing circuit breaker inter-
rupts the fault current. Table 5.16 summarizes the events.

                    

Single CT Application
Figure 5.42 shows the same substation, now with only one CT installed on the 
bus sectionalizer. The busbar protection is connected in overlap. The challenge 
for the busbar protection is to distinguish between faults F4 and F5. When Fault 
F5 occurs, Zone 1 is stable and the Zone 2 protection immediately trips Feeder 2 
and the bus sectionalizer circuit breaker. Tripping Feeder 2 and the bus sectional-
izer circuit breaker clears Fault F5.

                    

When Fault F4 occurs, Zone 1 is stable, and, as before, the Zone 2 protection 
immediately trips Feeder 2 and the bus sectionalizer circuit breaker. Tripping 
Feeder 2 and the bus sectionalizer circuit breaker, however, does not clear Fault 
F4, and fault current still flows through the bus sectionalizer CT. At the same 
time, the busbar protection also initiates breaker failure protection on Feeder 2 
and the bus sectionalizer. This fault current causes the breaker failure protection 
of the bus sectionalizer to continue timing, although the bus sectionalizer circuit 
breaker tripped. After the bus sectionalizer breaker failure timer times out, all cir-
cuit breakers in Zone 1 trip. Both Zone 1 and Zone 2 trip to clear this fault.

Table 5.16 Summary of the Event for Fault F3 Using the Accelerated Trip 
Function

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles. Timer ACTPPU1 starts 
timing

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer ACTPPU1 expires 2 cycles 0 Reduce this setting for faster 
clearance

SEL-487B operating time 1 cycle 0 Typical operating time is 
0.75 cycles

All circuit breakers in 
Zone 1 trip

2 cycles 1 Total clearing time is 8 cycles

                    

Figure 5.42 Single CT Application With Fault F4 Between the Bus Sectionalizer 
Circuit Breaker and CT
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If delayed tripping time for Zone 2 busbar faults is in order, use a combination of 
the zone supervision and coupler security logic to prevent losing both zones. 
Assign 87R2, the output from the Zone 2 differential element, to ACTRP1, the 
accelerated trip input of the coupler security logic. Assign the negated output 
from the coupler security logic (NOT CSL1) to supervise the Zone 2 differential 
element output (Z2S := NOT CSL1). For single CT applications, enter CB52A1, 
the bus sectionalizer circuit breaker auxiliary contact, as a condition for CT con-
sideration in the differential calculations for the zone supervised by CSL1 (Zone 
2 in this case). Then, enter CB52T1, the coupler status timed-out bit, as a condi-
tion for CT consideration in the differential calculations for the unsupervised 
zone (Zone 1 in this case).

For faults in Zone 2, trip only the bus sectionalizer circuit breaker. After the bus 
sectionalizer opens, remove the bus sectionalizer CT from the differential calcu-
lations of Zone 2. After a set delay of at least 2 cycles (to allow the 87R2 element 
to reset), remove the Zone 2 supervision and the bus sectionalizer CT from the 
differential calculations of Zone 1. The operation of the logic is as follows:

When either Fault F4 or Fault F5 occurs, the Zone 2 differential element 
operates to clear the fault. The Zone 2 zone supervision prevents Relay Word 
bit 87Z2 from asserting and only the bus sectionalizer circuit breaker 
receives a trip signal. The circuit breaker trips two cycles later, removing CT 
cores C1 and eventually C2 from the differential calculations for Zone 1 and 
Zone 2. 

For Fault F4, the bus sectionalizer circuit breaker is open, but fault current 
still flows through CT Cores C1 and C2. Removing the bus sectionalizer CTs 
from all differential calculations prevents Zone 2 from operating (current 
from CT Core C1 removed) but causes Zone 1 to operate (balancing current 
from CT Core C2 removed). 

For Fault F5, tripping the bus sectionalizer circuit breaker interrupts the fault 
current contribution from Zone 1, and the Zone 1 differential element is sta-
ble. The Zone 2 zone supervision prevents tripping of terminals in Zone 2, 
until Accelerate Trip Timer ACTRP1 times out. When ACTRP1 times out, 
coupler security logic output CSL1 deasserts. When Relay Word bit CSL1 
deasserts, Relay Word bit Z2S asserts, allowing the Zone 2 differential ele-
ment (87Z2) to operate and issuing a trip signal to all circuit breakers in 
Zone 2. See Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180 for an example.

Disconnect Monitor
Disconnect auxiliary contacts provide the zone selection logic with the informa-
tion required to dynamically assign current inputs to the appropriate differential 
elements. Figure 5.43 depicts the logic for Disconnect Logic Circuit 01 in the 
relay, one of 60 disconnect logic circuits available in the relay. This logic requires 
both normally open (89A) and/or normally closed (89B) disconnect auxiliary 
contacts.

Table 5.17 shows the four possible disconnect auxiliary contact combinations, 
and the way in which the relay interprets these combinations. Applying the prin-
ciple of (disconnect) NOT OPEN = (disconnect) CLOSED, the relay properly 
coordinates the primary current flow and the CT current assignment to the appro-
priate differential element.
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The following description of the contact combinations assumes the disconnect 
auxiliary contacts are the only conditions declared in the terminal-to-bus-zone 
variable settings.

                    

Case 1 occurs when disconnect auxiliary contact 89A and auxiliary contacts 89B 
are open simultaneously. This case is the intermediate position in an open-to-
close or close-to-open operation. Timer 89ALP01 times for this condition and 
asserts Relay Word bit 89AL01 when the disconnect auxiliary contacts remain in 
the intermediate position for a period exceeding the 89ALP01 timer setting. 
Relay Word bit 89OIP01 also asserts during this period, indicating a disconnect 
operation in progress condition. The relay considers the disconnect main contact 
closed during this period, and the CTs are considered in the differential calcula-
tions.

Case 2 is the only combination of disconnect auxiliary contacts for which the 
relay considers the disconnect main contact to be open. This is also the only com-
bination for which the CTs are not considered in the differential calculations.

Case 3 is the only combination of disconnect auxiliary contacts for which the 
relay confirms the disconnect main contacts to be closed. Relay Word bit 89CL01 
asserts to indicate the main contact close position. The CTs are considered in the 
differential calculations.

Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALP01 times for this condition and asserts Relay Word bit 89AL01 when the 
disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

The relay includes 60 alarm timers that provide individual time settings for 60 
disconnect logic circuits. These individual timers are useful in installations where 
the disconnect travel times differ substantially. In particular, sequentially oper-
ated devices (pantographs, for example) have travel times much longer than nor-
mal disconnects.

Relay Word bit 89OIP represents the OR combination of Relay Word bits 
89OIP01–89OIP60, and Relay Word bit 89AL (not shown) is respectively the OR 
combination of Relay Word bits 89AL01–89AL60.

Table 5.17 Disconnect 89A and 89B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89CL01)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 5.43 Disconnecting Switch Status Logic
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To ensure correct differential element operation, the contacts must comply with 
the requirements listed in Table 5.18.

                    

Figure 5.44 shows the disconnect auxiliary contact requirements with respect to 
the arcing point.

                    

Zone-Switching Supervision Logic
Because the disconnect monitoring logic requires both 89A and 89B disconnect 
auxiliary contacts, installations with only an 89A (or 89B) contact available can-
not use the disconnect monitoring logic. In these installations, there is always 
uncertainty whether the disconnect auxiliary contact actually changed status. 
This is important information because busbar protection will misoperate if input 
currents are assigned to the incorrect differential elements. Zone-switching 
supervision logic uses the ZSWOP Relay Word bit (see Dynamic Zone Selection 
Logic on page 5.14) that asserts for any terminal-to-bus-zone or bus-zone-to-bus-
zone change. In other words, the ZSWOP Relay Word bit provides an acknowl-
edgment that the relay has recognized a change in disconnect auxiliary contact 
status. Figure 5.45 shows the logic.

Table 5.18 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the arcing point (the point where primary 
current starts to flow).

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the arcing point (the point where 
primary current has stopped flowing).

                    

Figure 5.44 Disconnecting Switch Main Contact, 89a, and 89b Status for Open-to-Close and Close-to-Open 
Conditions
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Asserting Relay Word bit ZSWO activates the logic (i.e., the rising edge of 
ZSWO starts Timer ZSWOPU) and asserts the ZSWOIP bit for the period when 
the timer is timing. When the zone selection logic acknowledges a change in dis-
connect status, the ZSWOP Relay Word bit asserts and resets the timer. If the 
Zone Selection does not acknowledge the switching operation within the 
ZSWOPU time setting, the logic asserts the switching operation alarm 
ZSWOAL. SELOGIC control equation RZSWOAL provides the input to reset the 
alarm.

There is only one zone-switching supervision logic in the relay; disconnect open 
and close commands must be combined externally to the relay for electrically 
operated disconnects, as shown in Figure 5.46. 

                    

For manually operated disconnects, configure one of the SEL-487B front-panel 
pushbuttons as an input to assert the ZSWO Relay Word bit. Timer ZSWOPU has 
a range of more than 27 minutes, allowing ample time for the operating proce-
dures. 

                    

Figure 5.45 Zone-Switching Supervision Logic

                    

Figure 5.46 External Wiring and Initiation Input for Zone-Switching 
Supervision
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Differential Trip Logic
This is the final stage of the differential trip output. Figure 5.47 is the Bus-Zone 
portion of Figure 5.20 from the zone supervision logic. At this point, the differ-
ential element has operated (87R1), and all supervising criteria are met (Z1S). 
The differential trip logic now acquires all Zone 1 terminals and generates a trip 
output to the appropriate breakers.

                    

Figure 5.48 shows the processing sequence for tripping the breakers as a function 
of the differential element operation, 87Zn, where n = 1–6.

                    

The differential trip logic asserts differential trips as shown in Table 5.19.

                    

                    

q See Figure 5.11.

Figure 5.47 Differential Element Zone Supervision for Zone 1

                    

Figure 5.48 Bus Differential Trip Logic
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This is the final stage of the check zone differential trip output. Figure 5.49 is the 
check zone portion of Figure 5.20 from the zone supervision logic. At this point, 
the Check Zone Differential Element has operated (87RCZ1), and all supervising 
criteria are met (CZ1S). The supervised trip output is then asserted (87CZ1). The 
check zone output is independent of the bus zones and is not processed by the dif-
ferential trip logic shown in Figure 5.48.

                    

Breaker Trip Logic
Figure 5.50 shows the tripping logic for Terminal 01 in the SEL-487B. The 
remaining logic for Terminal 02–Terminal 21 is identical and uses variables 
TR02–TR21 and ULTR02–ULTR21, and TRIP02–TRIP21, respectively. 

NOTE: In the trip logic, the set or 
latch function (TRkk) has priority over 
the reset or unlatch (ULTRkk) function 
(kk = 1–21).

                    

Enable the trip logic settings by setting the Global setting NUMBK = kk, where 
kk is the number of breakers at the station. For example, if you have 12 terminals 
installed at a substation, set NUMBK = 12.

110 87BTR10

I11 87BTR11

I12 87BTR12

I13 87BTR13

I14 87BTR14

I15 87BTR15

I16 87BTR16

I17 87BTR17

I18 87BTR18

I19 87BTR19

I20 87BTR20

I21 87BTR21

                    

Figure 5.49 Differential Element Zone Supervision for Check Zone

Table 5.19 Differential Trips (Sheet 2 of 2)

Terminal Within a Zone Differential Trip Bit

87RCZ1

CZ1S
87CZ1

                    

Figure 5.50 Trip Logic for Breaker 1
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Asserting TR01 directly asserts TRIP01 via input OR Gate 1 and starts the Mini-
mum Trip Duration Timer (TDURD). TRIP01 asserts for a minimum of TDURD 
cycles, even if TR01 is asserted for as little as one processing interval, or if the 
unlatch portion of the logic is asserted before TDURD expires. The default set-
ting of TDURD is twelve cycles.

TRIP01 also seals itself in via AND Gate 1. This AND gate receives the negated 
inputs from the unlatching functions. As long as ULTR01 or TRGTR are not 
asserted, TRIP01 remains sealed in. TRIP01 is used to drive an output contact to 
initiate tripping of the breaker.

You can use one of four methods to unlatch the trip logic. One method is to assert 
either one of SELOGIC control equation setting ULTR01 or SELOGIC control 
equation setting RSTTRGT. You can also push the TARGET RESET pushbutton on 
the front panel or send the TAR R serial port command to assert Relay Word bit 
TRGTR for one processing interval. Relay Word bit TRGTR also resets the LED 
targets on the front panel. In the trip logic, assertion of ULTR01, RSTTRGT, or 
TRGTR places a zero input on AND Gate 1 and, thereby, breaks the TRIP01 
seal-in loop.

Note that TRIP01 is always asserted when TR01 is asserted, regardless of the 
action of ULTR01 or the TARGET RESET commands, and that TRIP01 will be 
asserted for a minimum of TDURD cycles no matter how short the length of time 
TR01 has been asserted.

Circuit Breaker Status Logic
Figure 5.51 shows the circuit breaker status logic, which uses the combination of 
breaker 52A (normally open) auxiliary contact and the open-phase detection 
function, OPH. Because 52B (normally closed) contacts are not always available 
and as a means to reduce the number of I/O required, the 52B contacts are not 
required in the logic. However, for applications where the protection philosophy 
requires a 52B (normally closed) contact, wire the 52B contact into the relay, but 
use the negated form of the 52B contact in the logic, i.e., NOT 52B (52A01 := 
NOT IN301).

Relay Word bits 52CL01–52CL21 assert when the breaker is closed. Open-phase 
detection logic (OPHnn) Relay Word bits are included in the circuit breaker sta-
tus logic to guard against delayed breaker status declaration resulting from possi-
ble breaker auxiliary contact misalignment. If a discrepancy between the open-
phase detection logic and the breaker auxiliary contact exists for as long as five 
cycles, the logic generates an alarm that indicates one of the following:

➤ Possible auxiliary contact supply voltage failure 

➤ Possible failure in an auxiliary contact connection circuit

➤ Possible failure of auxiliary contact mechanism

The logic in Figure 5.51 is generic for three-pole or single-pole breaker mecha-
nisms.
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Note that OPHnn Relay Word bits assert when no current flows through the cir-
cuit breaker and that set has priority over reset in the circuit breaker status logic. 
Table 5.20 shows the output states for all possible breaker conditions.

                    

                    

q See Figure 5.28.

Figure 5.51 Breaker Status and Alarm Logic

Table 5.20 Conditions and Results for the Circuit Breaker Status Logic
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Protection Application Examples

Configuring the system is the most challenging of the many activities associated 
with using the SEL-487B relay. System configuration includes renaming (alias-
ing) terminals and bus-zones, assigning input contacts to selected relay logics, 
declaring terminal-to-bus-zone connections, declaring bus-zone-to-bus-zone con-
nections, configuring bus couplers and check zones, and assigning logics to relay 
outputs. System configuration requires careful consideration of the following 
items because they both influence the number of SEL-487B relays and ordering 
options needed:

➤ primary layout of the substation

➤ choice of protection elements

For example, substations with seven or fewer terminals require only one relay. To 
monitor both 89A and 89B contacts, however, you must equip this relay with the 
correct number of interface boards to ensure an adequate number of input con-
tacts.

The following discussion provides general guidelines and outlines general factors 
that should be considered when using ASCII commands to configure your relay. 
The section also provides application examples for some of the more common 
busbar layouts. Included in this section are the following topics:

➤ Input, Logic, and Output Assigning Process on page 6.2

➤ Relay Differential Element Composition on page 6.3

➤ CT Requirements on page 6.12

➤ Disconnect Requirements on page 6.15

➤ Alias Names on page 6.18

➤ Bus-Zone Configurations on page 6.18

➤ Bus-Zone-to-Bus-Zone Connections on page 6.33

➤ Zone Supervision on page 6.36

➤ Trip Logic on page 6.36

➤ Output Assignments on page 6.37

➤ Summary on page 6.37

➤ Application 1: Single Bus and Tie Breaker (Three Relays) on 
page 6.39

➤ Application 2: Single Bus and Tie Breaker (Single Relay) on 
page 6.60

➤ Application 3: Breaker-and-a-Half on page 6.84

➤ Application 4: Single Bus and Transfer Bus With Bus Coupler on 
page 6.111

➤ Application 5: Double Bus With Bus Coupler on page 6.133

➤ Application 6: Double and Transfer Bus With Two Busbars on 
page 6.156
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➤ Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180

➤ Application 8: Double and Transfer Bus (Inboard CTs) on 
page 6.206

Input, Logic, and Output Assigning Process
Figure 6.1 shows a block diagram of the SEL-487B input, logic, and output 
assigning process for system configuration and protection element settings. Digi-
tal input sources include disconnect and breaker auxiliary contacts, breaker fail-
ure initiate signals, and breaker close signals. Current and potential transformers 
provide analog inputs. Use alias settings to assign more meaningful names to 
primitive Relay Word bits and/or analog names, or use the primitive names of the 
input quantities to configure and set the relay. The relay has many ready-made 
logic functions available; however, assign these functions before they become 
operative. System configuration includes terminal-to-bus-zone and bus-zone-to-
bus-zone assignments, zone supervision, and zone-switching supervision set-
tings. Scheme settings include enable settings, differential and sensitive differen-
tial element settings, directional element settings, selected relay logic settings, 
and output assignment.

                    
                    

Figure 6.1 Block Diagram of the Input, Logic, and Output Assigning Process for System Configuration Protection 
Element Settings
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Relay Differential Element Composition
Each SEL-487B accepts as many as 21 current inputs (I01–I21) and then assigns 
these inputs to any of six differential elements (BZ1–BZ6). Figure 6.2 shows a 
block diagram of the arrangement.

                    

Single-Relay Application
Because differential calculations occur on a per-phase basis, each phase of a 
three-phase system must bear a unique identification. Figure 6.3 shows a typical 
single-line diagram of a station consisting of two busbars (NORTH and SOUTH), 
a tie breaker (Z), and four terminals.

                    

Because the station has no more than seven terminals, a single SEL-487B suf-
fices. Figure 6.4 shows the SEL-487B and a three-phase representation of TD, 
one of the terminals at the station.

                    

Figure 6.2 Block Diagram Showing Nine Current Inputs and Six Differential 
Elements
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Figure 6.3 Single-Line Diagram of a Station With Two Busbars and a Tie 
Breaker
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Because differential calculations for each protection zone require an individual 
differential element, assign an individual differential element to each phase. This 
assignment uses three of the available six differential elements in the relay for 
Busbar NORTH. In this example, assign the phases and differential elements as 
shown in Figure 6.5. Each assignment is a software assignment, as indicated by 
the dotted lines; no electrical wires are required.

Assign the A-phase differential element of Busbar NORTH to differential 
element BZ1

Assign the B-phase differential element of Busbar NORTH to differential 
element BZ2

Assign the C-phase differential element of Busbar NORTH to differential 
element BZ3

                    

Figure 6.4 Three-Phase Diagram of Terminal TD, the NORTH Busbar, and the SEL-487B
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To make the bus-zone labels more substation specific, assign the following alias 
names to the bus-zones, as shown in Figure 6.6:

For the A-phase differential element BZ1, assign NORTH_A

For the B-phase differential element BZ2, assign NORTH_B

For the C-phase differential element BZ3, assign NORTH_C

                    

Figure 6.5 A Three-Phase Zone Requires Three Differential Elements

A-Phase

B-Phase

C-Phase

Disconnect

Circuit 

Breaker

NORTH

89

Terminal TD

BZ1 BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 

(partial)

Six Differential Elements

21 Analog Current Inputs (only 9 shown)

52



6.6

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Relay Differential Element Composition

                    

For the current inputs in a single-relay application, wire A-phase, B-phase, and 
C-phase to adjacent terminal connections such as I01, I02, and I03, as shown in 
Figure 6.7. These connections are copper wires connecting the CTs to the relay.

                    

Figure 6.6 Three Differential Elements With Alias Names for a Three-Phase Bus-Zone in a Single Relay Application
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Reference Figure 6.3 and continue CT connections by wiring the CT inputs from 
TE (I04–I06) and Z1 (tie breaker configured in overlap) to I07–I09. Connect the 
CTs from Z2, TF, and TG, following the same procedure to complete protection 
for both bus-zones.

Digital inputs control the dynamic assignment of input currents to differential 
elements. If you need dynamic zone selection, wire into the relay the auxiliary 
contacts from the disconnect (89), the circuit breaker (52), or any other condi-
tions that must ultimately be considered in the zone selection logic. Figure 6.8 
shows the disconnect and circuit breaker wiring for Terminal TD.

Only the differential elements are enabled for this example. If you need other 
functions such as breaker failure protection, wire those inputs to the relay. You 
need all six zones and all 21 current channels to configure the remaining termi-
nals in the same way. Figure 6.9 shows the complete station analog channel con-
figuration.

                    

Figure 6.7 Three Differential Elements and Three CT Inputs in a Single-Relay Application
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Three-Relay Application
Consider now the same station, configured with three relays instead of one. In the 
three-relay application, a total of 21 current inputs are available. As before, the 
label NORTH in the single-line diagram consists of A-phase, B-phase, and 
C-phase, and each of the three phases is assigned to a differential element. 
NORTH still requires three differential elements, but the application uses one dif-
ferential element from each of the three relays, as shown in Figure 6.10, instead 
of three elements in the same relay.

                    

Figure 6.8 Disconnect and Circuit Breaker Wiring for Terminal TD

                    

Figure 6.9 Complete Station Configuration, Using Two Three-Phase Bus-Zones and All 21 Current Inputs in a Single-
Relay Application
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Instead of wiring A-phase, B-phase, and C-phase to adjacent terminal connec-
tions on the same relay, as with the single-relay application shown in Figure 6.7, 
wire each phase to a separate relay. For example, wire A-phase to the A-Phase 
SEL-487B Terminal I01, B-phase to the B-Phase SEL-487B Terminal I01, and 
C-phase to the C-Phase SEL-487B Terminal I01, as shown in Figure 6.11.

                    

Figure 6.10 One Differential Element From Each of the Three Relays in a Three-Relay Application
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Figure 6.12 shows the CT wiring for one of the three relays with all A-phase 
inputs of the station and two bus-zones assigned. B-phase and C-phase relays 
have similar arrangements.

                    

Figure 6.11 CT Wiring in a Three-Relay Application Showing One CT Input to Each of the Three Relays
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Because the differential elements are in three different relays, each of these relays 
must receive the same information from the digital inputs. Figure 6.13 shows 
jumpers between relays for the case where only one 89 contact and one 52 auxil-
iary contact are available.

                    

Figure 6.12 CT Wiring for A-Phase Relay, With All A-Phase Inputs of the Station 
and Two Bus-Zones Assigned
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CT Requirements
CT Connections

Connect all CTs to the relay in wye configuration. The SEL-487B does not 
account for delta-connected CTs.

                    

Figure 6.13 Jumpers Between Relays From Digital Inputs 52 and 89
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CT Sizing
Sizing a CT to avoid saturation for maximum asymmetrical fault current is ideal 
but not always possible. Such sizing requires CTs with C voltage ratings greater 
than (1 + X/R) times the burden voltage for the maximum symmetrical fault cur-
rent, where X/R is the reactance-to-resistance ratio of the primary system.

As a rule of thumb, CT performance will be satisfactory if the CT secondary 
maximum symmetrical external fault current multiplied by the total secondary 
burden in ohms is less than half the C voltage rating of the CT.

For correct operation, the relay algorithm requires that the CTs not saturate for 
2 ms following an external fault inception. The IEEE Document C37.110 Guide 
for the Application of Current Transformers Used for Protective Relaying Pur-
poses contains guidelines that will provide a conservative recommendation of the 
proper CT characteristics needed for low impedance bus differential protection 
using the SEL-487B. SEL also offers an executable CT saturation program called 
SEL Two_CTs to assist in determining the CT performance. This program is 
available on the SEL-400 Series Product Literature DVD.

CT Ratio Selection
For installations with different CT ratios, be sure that the highest/lowest CT ratio 
does not exceed 10. The SEL-487B selects the highest CT ratio and calculates 
settings TAP01–TAP21, provided that the ratio TAPMAX/TAPMIN is less than or 
equal to 10. If the ratio TAPMAX/TAPMIN is greater than 10, select a different CT 
ratio.

CT Grounding
Because each of the 21 current channels is independent, be sure to apply a ground 
to each set of three CTs forming the current input from each terminal. Such 
grounding connections are usually in the form of short jumpers on the rear of the 
relay that together create a common connection among terminals. For example, 
in a three-relay application that uses all 21 terminals, apply 20 jumpers to create a 
common ground connection point (a single-relay that uses all 21 terminals 
requires 6 jumpers). Then connect this common point at one location to the sta-
tion ground mat. Be sure to make ground connections in accordance with ANSI/
IEEE C57.13.3-1983.

Polarity
IEEE Std C37.110-1996 provides the following definition of polarity:

The designation of the relative instantaneous directions of the currents enter-
ing the primary terminals and leaving the secondary terminals during most 
of each half cycle. Primary and secondary terminals are said to have the 
same polarity when, at a given instant during most of each cycle, the current 
enters the identified, similarly marked primary lead and leaves the identified, 
similarly marked secondary terminals in the same direction, as though the 
two terminals formed a continuous circuit.

Figure 6.14 shows some of the common polarity marks used to indicate CT 
polarity.
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Polarity marks are also declared on the relay analog input terminals as dots above 
the relay terminal, as shown in Figure 6.15. 

                    

Guideline for Establishing CT Polarity
Configure a CT to have a positive polarity when the primary current entering the 
zone of protection is in phase with the secondary current entering the polarity 
marked terminal on the relay. Because CTs are commonly positioned to point 
toward the zone of protection, secondary connections are generally polarity-to-
polarity or “dot-to-dot.” If a CT points away from the zone of protection, apply a 
polarity-to-nonpolarity connection to continue a positive convention. This results 
in positive polarity declarations for all CTs in software.

If a single CT has two zone boundaries or is shared by an adjacent zone, you can-
not use a positive convention for both zones. In this case, configure the CT polar-
ity to be negative for the non-conforming zone.

Figure 6.16 and Figure 6.17 show examples for determining polarity.

                    

                    

Figure 6.14 Polarity Marks

                    

Figure 6.15 Polarity Marks Above the Odd-Numbered CT Terminals at the Rear 
of the Relay
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Figure 6.16 Declare Positive Polarity in Software (Preferred)
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For simplicity, all application examples in this manual assume polarity-to-
polarity connections between the CTs and relay.

Disconnect Requirements
Disconnect auxiliary contacts provide Zone Selection Logic with the information 
required to dynamically assign the appropriate current inputs to the correct differ-
ential elements. To ensure correct differential element operation, the contacts 
must comply with the requirements listed in Table 6.1.

                    

Figure 6.18 shows the disconnect auxiliary contact requirements with respect to 
the arcing point. The position of 0% travel in Figure 6.18 indicates the position 
when the main contacts are fully open, and the 100% position indicates when the 
main contacts are fully closed.

                    

When both 89A and 89B contacts are available, use the disconnect monitoring 
logic in the SEL-487B to establish the principle of

(disconnect) NOT OPEN = (disconnect) CLOSED

                    

Figure 6.17 Declare Negative Polarity in Software
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Table 6.1 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the “arcing” point, the point where pri-
mary current starts to flow.

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the “arcing” point, the point 
where primary current has stopped flowing.

                    

Figure 6.18 Disconnect Auxiliary Contact Requirements With Respect to the 
Arcing Point for an Open-to-Close Disconnect Operation
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Applying this principle, the relay properly coordinates the primary current flow 
and the CT current assignment to the appropriate differential element. When both 
89A and 89B disconnect auxiliary contacts are available, use the disconnect mon-
itoring logic to monitor the disconnect operating time and disconnect status. 
Table 6.2 shows the four possible disconnect auxiliary contact combinations and 
the way the relay interprets these combinations.

                    

Table 6.2 (Disconnect Status column) shows that the output from the disconnect 
monitor logic interprets the disconnect as always closed, except for Case 2. With 
this interpretation, the relay assigns the input currents to the applicable differen-
tial elements for Case 1, Case 3, and Case 4. The following discussion considers 
the four cases in more detail.

Disconnect Open to Close Operation
Figure 6.19 shows the disconnect main contact starting to travel in an open-to-
close operation. Auxiliary contact B is still closed, and auxiliary contact A is 
open. Table 6.2 shows this as Case 2; the disconnect is considered open, and the 
current is removed from all differential elements. This is the only combination of 
auxiliary contacts for which the relay considers the disconnect main contacts to 
be open.

                    

Intermediate Position 
Figure 6.20 shows the intermediate position (Case 1 in Table 6.2) in a disconnect 
open-to-close operation, with both A and B auxiliary contacts open for a period 
of time. Enter this time duration as the disconnect switch alarm timer setting 
value (89ALPnn). By choosing the auxiliary contacts that will change status as 
soon as disconnect travel starts and close only near the end of travel, the interme-
diate position time duration can be accurately measured. Should the disconnect 

Table 6.2 Disconnect A and B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89 CLnn)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 6.19 Disconnect Main Contacts and Auxiliary Contact A Open, Auxiliary 
Contact B Closed; Disconnect Is Considered Open
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remain in the intermediate position for longer than the 89ALPnn (nn = 1–60) 
time setting, the disconnect switch alarm timer expires and asserts 89ALnn, the 
disconnect monitor alarm. 

NOTE: The relay includes 60 alarm 
timers that provide individual time 
settings for 60 disconnect logic 
circuits. These individual timers are 
useful in installations where the 
disconnect travel times differ 
substantially. In particular, 
sequentially operated devices 
(pantographs, for example) have 
travel times much longer than normal 
disconnects. Relay Word bit 89OIP 
represents the OR combination of 
Relay Word bits 89OIP01–89OIP60, 
and Relay Word bit 89AL is 
respectively the OR combination of 
Relay Word bits 89AL01–89AL60.

                    

When auxiliary contact B opens, the disconnect is considered closed (Case 1 in 
Table 6.2). When the disconnect is considered closed, the CT currents are 
assigned to applicable differential elements, and the disconnect switch alarm 
timer starts to time. Because disconnect auxiliary contact B opens well in 
advance of the arcing point, the CT currents are assigned to applicable differen-
tial elements before primary current flows.

Auxiliary Contact A Closes
Figure 6.21 shows contact status after auxiliary contact A closes, with the main 
contact past the arcing point and approaching the end of the close operation.

                    

When the A contact closes, the disconnect switch alarm timer stops and the Dis-
connect Monitoring Logic considers the disconnect main contact to be closed.

Disconnect Open and Closed Simultaneously
Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALPnn times for this condition and asserts Relay Word bit 89ALnn when the 

                    

Figure 6.20 Intermediate Position With Both Auxiliary Contacts Open; the 
Disconnect Is Considered Closed
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Figure 6.21 The Main Contact Has Completed 95% of Travel; Contact A Is 
Closed, Contact B Is Open, and the Disconnect Is Considered Closed
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disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

Close-to-Open Operation
For the close-to-open operation, CT currents must remain assigned to the differ-
ential elements for as long as primary current flows. When the auxiliary 
contact A opens (Case 1), we again enter the intermediate position, as depicted in 
Figure 6.20. In the intermediate position, the CT currents are still assigned to the 
differential elements, and the disconnect switch alarm timer (89ALnn) starts to 
time. Only when auxiliary contact B closes (Figure 6.19) are the CT currents 
removed from the differential elements, which are safely past the arcing point.

Many disconnect switches provide only auxiliary contact B. Table 6.3 shows the 
two possible disconnect auxiliary contact positions and status interpretations.

                    

Alias Names
Any Relay Word bit, analog quantity, or default terminal name can be renamed 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. See the description in Alias Settings on page 12.25 in the 
SEL-400 Series Relays Instruction Manual for more details.

Bus-Zone Configurations
Dynamic zone selection is the process the relay uses to assign or remove CT cur-
rents from the differential elements as a function of the Boolean value (logical 0 
or logical 1) of a particular SELOGIC control equation. The SELOGIC control 
equation is a setting in the form of InnBZkC and InnBZkV (nn = 01–21, and 
k = 1–6). When setting SELOGIC control equations, use a separate SELOGIC con-
trol equation for each busbar to which the terminal can connect.

NOTE: In Quickset, the Terminal-to-
Bus-Zone connection setting, 
InnBZkC, is broken down into two 
setting: CTnnBZk and TBZPx (x = 1–
126). CTnnBZk enables Terminal nn to 
be connected to Bus-Zone k. TBZPx 
sets the polarity of the Terminal nn to 
Bus-Zone k connection.

In general, a terminal can be identified as either a normal terminal (feeders, lines, 
transformers, etc.) or as a tie breaker (bus coupler). For terminals, typical inputs 
are disconnect auxiliary contacts and, in some cases, circuit breaker auxiliary 
contacts. Bus couplers have specific logic and configuration options that require 
inputs in addition to disconnect and circuit breaker auxiliary contacts to ensure 
security and dependability.

When configuring bus-zone protection, the goal is to accomplish the following:

➤ Protect the busbars for all operating conditions

➤ Eliminate all dead zones

➤ Open the minimum number of breakers when tripping

Table 6.3 Disconnect Auxiliary Contact Status Interpretation When Only 
Auxiliary Contact B Is Available

89B01 Disconnect Position

0 Closed

1 Open
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➤ Implement the check zone without disconnect supervision, if a check 
zone is required

When the terminal-to-bus-zone SELOGIC control equation (InnBZkV Terminal to 
Bus Connection Logic) is logical 0, differential calculations do not consider the 
CT inputs from that specific terminal, and no trip outputs from the differential 
elements are issued to that terminal. Of particular concern are instances when 
more than one disconnect for any particular terminal are closed at the same time. 
When this happens, parallel paths form, possibly resulting in the unbalance of 
multiple zones, as shown in Figure 6.22 and Figure 6.23. Under balanced condi-
tions, the current toward the busbars equals the current away from the busbars, 
and the differential current in any differential element is practically zero.

In practice, the most popular implementation for preventing misoperation when 
parallel paths form is to combine the parallel paths into a single zone and route 
the CTs to a single differential element. Another option is to use a check zone by 
combining all terminals at a specific voltage level into a single zone independent 
of the terminal-to-bus-zone SELOGIC control equations. Using the check zone as 
a second trip criterion prevents relay misoperation in the case of parallel paths.

In general, apply the following rules when setting terminal-to-bus-zone SELOGIC 
control equations:

➤ Observe the correct CT polarity

➤ Avoid parallel operating conditions

➤ When parallel paths are unavoidable, take necessary precautions

Two situations exist where parallel paths are unavoidable: when two disconnects 
are closed simultaneously and when using inboard (bushing) CTs.

Two Disconnects Closed Simultaneously
Figure 6.22 shows a double busbar layout in which two disconnects can be closed 
simultaneously. With the tie breaker (TZ) connected in overlap, CT1 and CT2 
form Differential Element 1, and CT3 and CT4 form Differential Element 2. 
There are no parallel paths in Figure 6.22, and both differential elements are bal-
anced. Calculate the differential currents with the following expression:

                    

Equation 6.1

                    

where:

IDIFF1 = The differential current calculated in Differential Element 1

In = CT currents from the n terminals assigned to Differential Ele-
ment 1

IDIFF1   In
1

n

=
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Closing 891_TA in Figure 6.23 forms a parallel path between the two busbars, 
and both differential elements are unbalanced. 

                    

Figure 6.22 Both Differential Elements Balanced

NORTH

SOUTH

891_TA

892_TA

CT1

CT3CT2

1 A 1 A

I A I A CT4

891_TB

892_TB

TA

TZ

TB

IDIFF1 = CT1 – CT2 = 1 – 1 = 0
IDIFF2 = CT3 – CT4 = 1 – 1 = 0



6.21

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Bus-Zone Configurations

                    

To prevent misoperation, combine the two bus-zones by stating the conditions 
governing the combinations during setting of bus-zones-to-bus-zones connec-
tions. When using bushing (inboard) CTs, combining bus-zones involves includ-
ing a circuit breaker as part of the connection. You can include a circuit breaker 
provided that the circuit breaker auxiliary contact is wired to the relay and 
included in the bus-zones-to-bus-zones settings.

Inboard (Bushing) CTs
Figure 6.24 shows an outboard CT, and Figure 6.25 shows an inboard CT. Defin-
ing a CT as inboard or outboard only has meaning when a terminal is on transfer. 
To define the terms, refer to the area between the circuit breaker and the CT, and 
determine the connection to the transfer bus.

➤ Outboard CT: the connection to the transfer bus is between the circuit 
breaker and the CT (Figure 6.24).

➤ Inboard CT: the connection to the transfer bus is not between the 
circuit breaker and the CT (Figure 6.25).

                    

Figure 6.23 Both Differential Elements Unbalanced
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Figure 6.24 Outboard CT

                    

Figure 6.25 Inboard CT
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Bushing CTs (typically the source of inboard CTs) present two difficulties to bus 
protection when a terminal is on transfer:

➤ A transfer differential zone cannot be formed because of a lack of CT 
inputs.

➤ The check zone is unbalanced.

Not having a transfer differential zone is not a major problem if it is understood 
that the transfer busbar becomes part of the line and forms part of the line protec-
tion when a terminal is on transfer. However, the unbalanced check zone usually 
necessitates blocking busbar protection when a terminal is on transfer.

Example of Check Zone With In-Board (Bushing) CTs
Instead of blocking the check zone protection when a terminal is on transfer, you 
can use the Advance Check Zone function to include a terminal from the bus cou-
pler in the check zone differential element calculations. Although this approach 
deviates from the practice of having the check zone CTs independent of discon-
nect auxiliary contacts, it provides an opportunity to still have a check zone for 
in-board CT applications. Figure 6.26 shows an example of an application with 
in-board CTs that includes a check zone. In Figure 6.26, Feeder 1 connects to 
Bus 1 (i.e., not on transfer). Under these conditions, Zone 1 (formed by I01 and 
I03), Zone 2 (formed by I02 and I04), and the check zone (formed by I01 and 
I04) are all balanced.

                    

In Figure 6.27, Feeder 1 connects to the Transfer busbar. When Feeder 1 con-
nects to the Transfer busbar, note the following conditions:

1. Line CT I01 of Feeder 1 is no longer in the circuit.

2. Without I01, the current to balance I03 is missing, resulting in an 
unbalanced Zone 1.

3. Without I01, the current to balance I04 is missing, resulting in an 
unbalanced check zone.

4. I02 and I04 are still available so that Zone 2 is balanced.

                    

Figure 6.26 Normal Operating Conditions
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To balance Zone 1, we need to remove I03 from the Zone 1 differential element 
calculations. You can remove I03 with existing settings; either by means of the 
Terminal-to-Bus-Zone settings, or by means of the Zone Supervision settings 
(see Application 6: Double and Transfer Bus With Two Busbars on page 6.156).

To balance the Check Zone, we need to add I02 to the Check Zone differential 
element calculations by means of the Advanced Check Zone settings. The steps 
are as follows:

1. Include I02 in the Terminal to Check Zone Connection settings.

2. Use the Advanced Check Zone settings to remove I02 from the 
Check Zone differential element calculations, except when Feeder 1 
is on transfer.

Following is an example of how to use the Advance Check Zone function to bal-
ance the Check Zone for this application.

NOTE: In Quickset, these settings are 
made in Group > Zone Configuration > 
Check Zone Configuration > Terminal nn to 
Check Zone Connections. 

                    

Table 6.4 discusses the settings mentioned above. Please pay close attention to 
the comments mentioned in Step 4.

                    

Figure 6.27 Feeder With Inboard CTs
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Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y <Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  <Enter>
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? Y <Enter>
Include coupler 1 in check zone 1 (SELogic Eq.)
CZ11R := NA
?  89CL04 <Enter>
Terminal associated with coupler 1 in CZ1 (Inn)      CZ11M   :=        ?I02 <Enter>
Include coupler 2 in check zone 1 (SELogic Eq.)
CZ12R := NA
?END <Enter>
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Table 6.5 shows the settings for the Advance Check Zone.

                    

Terminal Configurations
In essence, busbar protection is assigning the correct CT currents to the appropri-
ate differential elements. Disconnect auxiliary contacts provide the information 
necessary for busbar protection, and breaker auxiliary contacts provide the 
breaker status for refining the protection. SELOGIC control equations provide the 
mechanism for declaring the conditions when the currents are assigned to the 
appropriate differential elements. Entering data in the relay requires two steps. 
The first identifies the terminal and attributes, and the second involves creation of 
the SELOGIC control equation stating the conditions for the CTs to be considered 
in the differential calculation. Bus couplers (tie breakers) require more condition 
information when two or more bus-zones are combined.

Step 1. Identify the terminal, the bus-zone to which the terminal can connect, 
and the CT polarity when this connection is made.

The following is the relay prompt for the Step 1 entry:

                    

Table 6.4 Discussion of the Advanced Check Zone Settings

Step Number Setting Comment

Step 1 ECHKZN  := Y Enable the three Check Zones.

Step 2 Terminal, Check-Zone, Polarity 
(P,N) ?  I02 CZ1 P <Enter>

This is the non-conventional setting. Here we add the bus coupler CT to the 
Check Zone. This is the first part of the solution. Under normal operating con-
ditions (when no terminal is on transfer) the bus coupler CTs must be 
EXCLUDED from the Check Zone differential element calculations. You 
MUST complete the second part of this setting under the Advance Check Zone 
Settings.

Step 3 EADVCZ := Y Enable the Advance Check Zone Settings.

Step 4 Include coupler 1 in check 
zone 1 (SELogic Eq.)

CZ11R := NA ?  89CL04 <Enter>

This is the second part of the solution. CZ11R is similar to the Terminal to Bus-
Zone Connections (i.e., here is where you enter the conditions when the bus 
coupler CT must be included in the Check Zone differential element calcula-
tions). Assuming you assigned Disconnect Logic 89CL04 to the Transfer Dis-
connect for I02, enter 89CL04.

CZ11R defeats the Check zone setting of Step 2. This means that, although the 
list of Check Zone terminals (Step 2) includes I02, I02 is only included in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Step 5 CZ11M := I02 Enter the bus coupler terminal (I02 in this example) you want to include in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Table 6.5 Advance Check Zone Settings

Label Prompt Default Value

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqR Include Coupler q in Check Zone p (SELOGIC Eq.) NA

CZpqM Terminal associated with Coupler q in CZp (Inn)

Terminal, Bus-Zone, Polarity (P,N)

?



6.26

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Bus-Zone Configurations

Step 2. State the conditions when Terminal will be connected to the Bus-
Zone:

I01BZ2V :=

Think of Terminal as the CT of that particular terminal and Bus-
Zone as the busbar to which the CT will be connected for differential 
and restraint current calculations. In other words, assign the CT 
(Terminal) to busbar (Bus-Zone) under the following conditions: 
I01BZ2V := <conditions>.

Figure 6.28 shows Terminal NEW_YRK. The differential calculations consider 
the CT when disconnect NEW891 closes to complete the connection to Bus-Zone 
NORTH.

                    

Step 3. Enter the data as follows:

                    

Entering incorrect information may result in relay misoperation. To 
reduce potential entry of incorrect information, the relay provides a 
double check to verify that terminal and bus-zone connections are 
indeed as intended. The next prompt has two parts:

➢ The relay states terminal and bus-zone alias names just entered.

➢ The relay generates a prompt with the primitive terminal and 
bus-zone names.

Thus, the prompt now appears as follows:

                    

                    

Figure 6.28 Terminal NEW_YRK Disconnects NEW892 and NEW891 and Bus-
Zone NORTH

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := 

NORTH
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Step 4. Enter the conditions under which Terminal NEW_YRK is to be 
assigned to Busbar NORTH by specifying the particular disconnect 
(89) auxiliary contact that will connect the terminal to the busbar.

For example, when Disconnect NEW891 is closed, Terminal 
NEW_YRK is connected to Busbar NORTH. A Terminal, Bus-Zone, 
Polarity (P, N), and I01BZ1V setting is required for each 89 contact 
that results in a terminal-to-busbar connection. Consider a terminal 
that can be connected to Busbar 1, Busbar 2, and the transfer bus. 
Because the terminal connects to three busbars, provide terminal-to-
bus-zone (Terminal, Bus-Zone, Polarity) and conditions for 
consideration in the differential calculations [I01BZnV (n = 3)] for 
each of the three busbars.

Step 5. Enter the following settings for Terminal NEW_YRK:

                    

Entries here assign CT currents to differential elements. Take care to 
first investigate the position of the CT for each entry. For example, 
refer to Figure 6.24, and observe that regardless of which disconnect 
closes (A891, A892 or A898), current always flows through the CT. 
This is not the case with inboard CTs; closing B898 in Figure 6.25 
bypasses the CT, and no current flows in the inboard CT.

Step 6. Determine the CT polarity, assuming a polarity-to-polarity 
connection. Figure 6.29 shows that the CT polarity is positive.

                    

Step 7. Omit the final argument if the CT polarity is positive. For example,

                    

has the same meaning as

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Terminal Bus-Zone 
Connections > Terminal 1 To Bus-Zone Connections. Set CT01BZ1 = Y, 
TBZP1 = P, and I01BZ1V = NEW891. NEW_YRK and NORTH are automati-
cally populated into the TBZT1 and TBZB1 fields as the alias names for I01 and 
BZ1. 

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := NEW891 <Enter>

                    

Figure 6.29 Positive CT Polarity for Terminal NEW_YRK

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH <Enter>

NORTH

NEW891

NEW892

NEW_YRK

52
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Bus Coupler (Tie Breaker) Configurations
In general, bus couplers are usually configured according to one of the three 
cases shown in Figure 6.31:

➤ Case 1: Single CT, single or two cores (two cores shown) with 
overlap

➤ Case 2: CT either side of the breaker, configured in overlap

➤ Case 3: CT either side of the breaker with breaker differential

                    

A discussion on how to set the three configurations follows.

Label all CTs as indicated in Figure 6.32 (i.e., CPL1 and CPL2) with the under-
standing that CPL1 is wired to Terminal I01, and CPL2 to Terminal I02 of the 
SEL-487B.

                    

Figure 6.30 Terminal to Bus-Zone Connections Screen

                    

Figure 6.31 Three Typical Cases of Bus Coupler Configurations

Single
CT Overlap
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Case 1: Single CT, Single or Two Cores (Two Cores Shown) With Overlap
Step 1. For an overlap, establish the following relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminal CPL1, assuming a polarity-to-
polarity connection. Figure 6.33 shows that the polarity of Terminal 
CPL1 is negative.

                    

Step 3. Determine the polarity of Terminal CPL2, assuming a polarity-to-
polarity connection. Figure 6.34 shows that the polarity of Terminal 
CPL2 is positive.

                    

Figure 6.32 General Information Regarding the Three Typical Bus Coupler 
Configurations
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52
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Figure 6.33 Negative CT Polarity for Terminal CPL1
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Step 4. Figure 6.35 shows an extract from the SET Z 1 ASCII command in 
determining the terminal-to-bus-zone settings in the relay.

                    

This concludes the Case 1 configuration.

Case 2: CT Either Side of the Breaker, Configured in Overlap
Step 1. As we did before for an overlap, establish the following 

relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminals CPL1 and CPL2, assuming 
polarity-to-polarity connections. Figure 6.36 shows that the polarities 
of Terminals CPL1 and CPL2 are positive.

                    

Figure 6.34 Positive CT Polarity for Terminal CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,N <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL2 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.35 Using the SET Z 1 Command to Determine Terminal-to-Bus-Zone 
Settings

CPL892

CPL1

CPL2

CPL891
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Figure 6.37 shows an extract from use of the SET Z 1 ASCII command to set the 
terminal-to-bus-zone settings in the relay.

                    

This concludes the configuration for Case 2.

Case 3: CT Either Side of the Breaker With Breaker Differential
Step 1. Use one of the six available differential elements to configure the 

breaker differential.

For the bus coupler in the example, three differential elements are 
required; the third differential element covers only the common area 
between the two CTs.

In addition to the breaker differential, configure the same CTs (CPL1 
and CPL2) to balance SOUTH and NORTH. For the breaker 
differential, establish the following relationships:

For balancing SOUTH and NORTH:

➣ CPL1 and NORTH when CPL892 is closed

➣ CPL2 and SOUTH when CPL891 is closed

For the breaker differential:

➣ CPL1 and ZONE3 when CPL891 or CPL892 is closed

➣ CPL2 and ZONE3 when CPL891 or CPL892 is closed

                    

Figure 6.36 Positive CT Polarity for Both Terminals CPL1 and CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,P <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL21 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.37 Using the SET Z 1 Command to Set the Terminal-to-Bus-Zone 
Settings
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Considering both Terminals CPL1 and CPL2, we determine that both 
polarities are negative, when we balance SOUTH and NORTH, as 
shown in Figure 6.38.

                    

Step 2. Determine the polarity of Terminals CPL1 and CPL2 for the breaker 
differential (ZONE3), assuming polarity-to-polarity connections. 
Figure 6.39 shows that the polarities of Terminals CPL1 and CPL2 
for the breaker differential are positive.

                    

                    

Figure 6.38 Negative CT Polarities for Both Terminals CPL1 and CPL2 When 
Balancing SOUTH and NORTH

                    

Figure 6.39 Positive CT Polarities for Both Terminals CPL1 and CPL2 for the 
Breaker Differential
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Figure 6.40 shows the entries for Terminals CPL1 and CPL2.

                    

Bus-Zone-to-Bus-Zone Connections
Bus-zone-to-bus-zone settings are used only when bus-zone-to-bus-zone connec-
tions are formed between two or more busbars, particularly when the connection 
is formed without a circuit breaker between the busbars. For example, closing 
disconnects D891 and D892 in Figure 6.41 forms a solid connection between 
NORTH and SOUTH, and there is no circuit breaker between the busbars.

                    

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,NORTH,N <Enter>
CPL1 to NORTH Connection (SELogic Equation)
I01BZ1V := CPL892 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL1,ZONE3,P <Enter>
CPL1 to ZONE3 Connection (SELogic Equation)
I01BZ3V := CPL891 OR CPL892 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,SOUTH,N <Enter>
CPL2 to SOUTH Connection (SELogic Equation)
I02BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,ZONE3,P <Enter>
CPL2 to ZONE3 Connection (SELogic Equation)
I02BZ3V := CPL891 OR CPL892 <Enter>

Figure 6.40 Entries for Terminals CPL1 and CPL2

                    

Figure 6.41 Forming Bus-Zone-to-Bus-Zone Connections With and Without a 
Circuit Breaker
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By contrast, closing E892 and E898 or E891, E892, and E898 also forms a con-
nection between Busbar 1 and Busbar 2, but now there exists a circuit breaker 
between the busbars, namely the Terminal E circuit breaker. The significance of 
the bus-zone-to-bus-zone connection is twofold.

➤ Both differential zones (SOUTH and NORTH) must operate when a 
fault develops on either zone during the time when the two 
differential zones are connected via disconnects D891 and D892 (or 
similar connections).

➤ Parallel paths are formed, and both differential zones may be 
unbalanced (see Figure 6.23).

When two bus-zones are combined, bus coupler CTs are redundant and are 
removed from the differential calculations.

One protection philosophy requires the tripping of only those circuit breakers that 
can contribute fault current to optimize breaker maintenance. However, there is 
also the protection philosophy that requires all breakers in the faulted differential 
zone to be tripped. To satisfy both protection philosophies, the SEL-487B offers 
the choice of leaving the bus coupler closed or issuing a trip signal. The first 
prompt in this group asks you for the two busbars that will be combined.

Step 1. From Figure 6.41, we see that we would enter SOUTH and NORTH 
at the prompt (without spaces between the differential zone names or 
the comma).

                    

Step 2. Next, the SELOGIC control equation that declares the digital input 
conditions which must be a logical 1 for the relay to recognize the 
combination of SOUTH and NORTH. Again, the relay states the 
names you enter and then generates a prompt with the primitive 
names as a double check.

List all of the several possible combinations, separating each 
combination with the OR function. From Figure 6.41, NORTH and 
SOUTH are combined when D891 and D892 are closed, or when 
E891 and E892 are closed:

                    

NOTE: When the bus-zone-to-bus- 
zone SELOGIC control equation 
includes the circuit breaker, be sure to 
also include the breaker auxiliary 
contact status (not only the 
disconnect status) to ensure separate 
bus-zones when the circuit breaker is 
open.

This setting identifies the particular differential zones that can be 
combined and the conditions under which this combination can take 
place.

Step 3. The next setting allows you to select a subset of the conditions stated 
in the previous setting. In the present example, there is no subset, and 
the setting is a repeat of the previous setting.

                    

Step 4. Next, state the terminals to be removed when the two differential 
zones are combined. In most cases, these terminals are the bus 
coupler CTs, as is the case in Figure 6.41. You would, therefore, 
enter the bus coupler terminal names at the prompt.

Bus-Zone,Bus-Zone?

SOUTH,NORTH <Enter>

SOUTH to NORTH Connection (SELogic Equation)

BZ1BZ2V := (D891 AND D892) OR (E891 AND E892) <Enter> 

Remove Terminals when NORTH and SOUTH Bus-Zones merge (SELogic Equation)
BZ1BZ2R := NA

?  (D891 AND D892) OR (E891 AND E892) <Enter>



6.35

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Bus-Zone-to-Bus-Zone Connections

                    

Step 5. To end this group, select whether the bus coupler must be tripped (Y) 
when a fault occurs in the combined protection zone during the time 
when the two bus-zones are merged, or whether the bus coupler must 
not be issued a trip signal (N). Again, as a double check, the relay 
states the primitive names of the terminals that must be removed:

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Bus-Zone to Bus-Zone 
Connections > Bus-Zone to Bus-Zone Connections Blocks 1–5. Set 
CBZ1BZ2 = Y, BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), 
BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), CPT11 = CPL1, 
CPT21 = CPL2, and BZBZT1 = Y. NORTH and SOUTH are automatically popu-
lated into the BZBZ11 and BZBZ21 fields as the alias names for BZ1 and BZ2.

                    

Terminals Removed when NORTH and SOUTH Bus-Zone merge (Ter k,...,Ter n)
BZ1BZ2M :=

?CPL1,CPL2 <Enter>

Trip Terminals CPL1, CPL2 (Y,N)
BZ1BZ2T := N

?  Y <Enter>

                    

Figure 6.42 Bus-Zone to Bus-Zone Blocks 1–5



6.36

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Zone Supervision

Zone Supervision
This is the final check before a bus-zone trip (87Z1) is issued for each of the six 
differential zones. Figure 6.43 shows the relay logic for this function, where the 
output from the differential calculations (87R1) is ANDed with the zone supervi-
sion conditions. See Section 5: Protection Functions for more information.

                    

This is a good place to include the overall check zone differential element output, 
if one was configured.

Assume Check Zone 1 was configured. Enter the following to include the check 
zone.

                    

Trip Logic
Figure 6.44 shows the steps necessary for assigning protection functions to the 
trip logic.

Make sure all selected protection functions appear in the trip equation.

For example, having selected the breaker failure protection, assign the output 
from this logic to the output contact, or the contact will not assert when the 
breaker failure protection operates. For Terminal I06 wired to OUT201, the fol-
lowing includes differential protection, internal breaker failure protection, and 
time-overcurrent protection.

                    

                    

Figure 6.43 Zone Supervision Logic

Z1S:= 87CZ1 <Enter>

87R1

Z1S
87Z1

=>>SET TR06 <Enter>
Group 1
Trip Logic
Trip 06 (SELogic Equation)
TR06 := NA
?  87BTR06 OR SBFTR06 OR 51P01T <Enter>
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?  END <Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.44 Assign the Protection Functions to the Trip Logic
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Output Assignments
Figure 6.45 shows the steps necessary for assigning the output from the trip logic 
(TRIP06) to output contact OUT201.

                    

Summary
In general, system configuration can be summarized in the four-step approach 
shown in Figure 6.46. Use the worksheets provided on the SEL-400 Series Prod-
uct Literature DVD to collect and organize the data before configuring and set-
ting the relay.

                    

Step 1. Assess your station and select appropriate protection functions.

Inspect the substation layout to make the appropriate selection in 
terms of number of bus-zones, number of terminals, CT ratio 
mismatch, I/O count, etc.

As for protection functions, decide whether to use internal or external 
breaker failure protection, breaker differential, or an overlap coupler 
CT application (if two sets of CTs are available), etc.

Step 2. Assign alias names.

Because configuration settings use terminal names, assign alias 
names at this point.

Step 3. Configure your system.

Entries here determine the CT/differential element assignment with 
the terminal-to-bus-zone and bus-zone-to-bus-zone settings, while 
zone supervision and zone-switching supervision provide for 
additional control and information.

=>>SET O OUT201 <Enter>
Output
Interface Board #1
OUT201 := NA
?  TRIP06 <Enter>
OUT202 := NA
?  END <Enter>
Output
Main Board
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.45 Assigning the Output From the Trip Logic to an Output Contact

                    

Figure 6.46 Information Flow Diagram

Configuration:
Terminal-to-Bus-Zone
Bus-Zone-to-Bus-Zone
Zone Supervision
Zone Switching       
 Supervision

Alias Assignments:
IN206,
BER891, I03, FDR1

Outputs:
TR01 := 87BTR01
OUT301 := TRIP09

Station 
Assessment

Protection 
Function Selection

+
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Step 4. Assign outputs.

For each terminal, select the relay functions for which the terminal 
will be issued a trip signal.

Use Table 6.6–Table 6.11 to assist with Step 1 of the configuration process.

                    

                    

                    

                    

Table 6.6 Primary Plant Data 

Items Requirement for Your Plant

Number of terminals (maximum 21)

Number of busbars (maximum 6)

Number of main zones (maximum 6)

Number of check zones (maximum 3)

Number of bus couplers or tie breakers (maximum 4)a

a Mutually exclusive; sum of bus couplers and bus sections cannot exceed four.

Inboard CTs (Y,N)

Maximum/minimum CT ratio

Table 6.7 Data for Bus Coupler 1 and Bus Coupler 2

Bus Coupler 1 Data Bus Coupler 2 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.8 Data for Bus Coupler 3 and Bus Coupler 4 

Bus Coupler 3 Data Bus Coupler 4 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.9 Disconnect, Breaker, and Input Data

Items Requirement for Your Plant

Number of 89A (N/O) contacts?a

a Allocate independent optoisolated inputs to the selected logic.

Number of 89B (N/C) contacts?a

Disconnect Monitoring Logic? (maximum 60)

Zone-Switching Supervision Logic?

Number of 52A contacts
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Application 1: Single Bus and Tie Breaker (Three Relays)
This application describes the busbar arrangement shown in Figure 6.47, a single 
bus with bus sectionalizer (tie breaker), three-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Table 6.10 Breaker Failure Data

Items Requirement for Your Plant

Number of internal breaker failure circuits

Number of external breaker failure circuits

Additional security?a

a Allocate independent optoisolated inputs to the selected logic.

Table 6.11 End-Zone Protection

Items Requirement for Your Plant

Number of 52A (N/O) contacts?a

a Allocate this number of common optoisolated input contacts.

Number of communication outputs required?b

b Allocate this number of independent output contacts.

                    

Figure 6.47 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler or 
sectionalizing breaker) configuration. The classification for this application is:

➤ Description

➢ Single bus with tie breaker

➤ Current Transformers

➢ Outboard (free standing)

➤ Disconnects

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration

➢ Overlap

➤ Future expansion

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Use the Disconnect Monitoring Logic.

3. Block the busbar protection for an open-circuit CT.

4. Configure check-zone protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for a check zone, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. To properly identify and categorize the protection philos-
ophy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.61 and select the standard functions 
required for the application. Table 6.12 shows the selection of the standard func-
tions.
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Check-Zone Protection

Figure 6.48 shows a station with check-zone protection. Check-zone protection 
stems from the philosophy of providing an additional trip criterion before issuing 
a busbar protection trip signal. This philosophy encompasses additional trip crite-
ria such as directional elements and overcurrent elements.

When using check-zone protection as an additional criterion, the practice is to 
provide a measurement from a second differential element that is independent of 
the disconnect auxiliary contact status. Using a measurement independent of the 
disconnect auxiliary contact status prevents differential element misoperation 
resulting from disconnect auxiliary contact failure.

Table 6.12 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection, zone specific Check-zone 
protection

Dynamic zone selection logic Yes Use the zone selection to reconfigure the dif-
ferential protection according to the discon-
nect positions

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Enter the check zone and zone-specific con-
ditions to supervise the zone-specific differ-
ential elements

Zone-switching supervision logic No 89A and 89B disconnect contacts available; 
therefore, this logic is not required

Coupler security logic No Two CTs with overlap configuration do not 
require the coupler security logic

Circuit breaker failure protection No Not required

Instantaneous overcurrent protec-
tion

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence volt-
age elements

No Not required
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Both the Check Zone and either Zone 1 or Zone 2 differential elements must 
assert before a busbar protection trip output asserts. Use the Differential Element 
Zone Supervision setting to comply with the requirement for both check zone 
and zone-specific differential elements to assert. Figure 6.49 shows the zone 
supervision logic. Relay Word bit 87R1 is the output from the Zone 1 differential 
element and Z1S is the SELOGIC control equation where we enter conditions for 
supervising the Zone 1 differential element. (See Zone Configuration Group Set-
tings on page 6.54 for more detail.)

                    

Create the check-zone protection by configuring a check zone when entering the 
zone configuration settings (ECHKZN := Y).

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

                    

Figure 6.48 Station With Two Zone-Specific Bus-Zones and an Overall Check Zone
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Figure 6.49 Zone Supervision Logic
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Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 7 three-phase terminals (21 CTs), we can install a single 
SEL-487B. For stations with more than 21 and as many as 63 CTs, we install 3 
SEL-487B Relays. Use Equation 6.2 to calculate the number of current channels 
at the station, and use Equation 6.3 to calculate the number of zones at the sta-
tion.

                    

Equation 6.2

                    

Equation 6.3

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 2 (Zone 1 and Zone 2). The number of check zones required is 1 
(Check Zone 1). One SEL-487B suffices for these requirements, but the require-
ment for 4 future feeders increases the number of per-phase CTs to 30. Because 
each SEL-487B has 21 analog input channels, we need 3 relays. This is known as 
a three-relay application.

In a three-relay application, each relay provides six zones and three check zones 
of protection for one of the three phases of the power system. For example, wire 
all the A-phase CTs to Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hard wiring) the 
input and output contacts to the other two relays. This example shows the setting 
and configuration for the A-phase relay, so identified with an appended letter A 
(LOND_A). For the other two relays, the settings and configuration are the same 
as for the A-phase relay, but the appended letter changes according to the letter 
designation of the relay. For example, the corresponding LOND_A setting is 
LOND_B in the B-phase relay and LOND_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application.

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; therefore, the number of disconnect logics 
required is six. Each disconnect monitoring logic requires two disconnect auxil-
iary contact inputs: an 89A and an 89B contact. Use Equation 6.4 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.4

Table 6.13 summarizes the input contact required for this application.

                    

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

Table 6.13 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 6 • 2 = 12

Total number of inputs 12

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs. From the input contact perspective, 
we need one interface board. It is not necessary to include I/O for future expan-
sion with the initial order; install additional I/O if and when required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
Table 6.14 shows the breakdown and the total number of relay output contacts 
required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts.

The interface boards may have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board can be ordered with an option 
that provides six high-speed, high-interrupting output contacts and two standard 
output contacts. For fast busbar fault clearance, assign each circuit breaker trip 
output to a high-speed, high-interrupting output contact for each of the circuit 
breakers at the station. From the output contact perspective, we need one inter-
face board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Table 6.14 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Total number of relay output contacts 5
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Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

➤ Check-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.15 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie-breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.15 shows the assignment for the A-phase relay starting with the tie-
breaker CTs, followed by the four terminals, taken left to right from Figure 6.47.

                    

Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.16.

                    

Check-Zone Alias Assignment
Each SEL-487B provides three check zones. For the A-phase relay, we use the 
check zone with the alias name as shown in Table 6.17.

                    

Table 6.15 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 SEC1_A

TIE-BREAKER CT2, A-Phase I02 SEC2_A

LONDON, A-phase I03 LOND_A

BERLIN, A-phase I04 BERL_A

NEW YORK, A-phase I05 NEWY_A

CANBERRA, A-phase I06 CANB_A

Table 6.16 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 EAST_A

Table 6.17 Alias Name for the Check Zone

Check-Zone Name Description Alias

CZ1 Check Zone CHECK_A
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Input to Logic Allocation and Alias Assignment
Table 6.13 shows that we require 12 digital inputs. We now assign the 12 digital 
input contacts to the selected logic and assign alias names to the input contacts 
and logic elements. Because of the functional requirement of this application, we 
do not need to use any digital inputs on the main board.

Input Contact to Logic Allocation and Alias Assignment, Interface 
Board 1 (200)

Table 6.18 shows the disconnect auxiliary contact input allocations and the alias 
names. Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are independent 
inputs for breaker failure initiate inputs; these inputs are not used in the present 
application.

                    

Assign Alias Names to the Selected Standard Logic
Referring to Table 6.12, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.50 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements).

Table 6.18 Alias Names for the Breaker Status Logic Output Relay Word Bits

Input Description Alias

IN204 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN205 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN206 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN207 TIE-BREAKER disconnect (EAST) NC contact ISE892B

IN208 LONDON disconnect N/O contact ILON89A

IN209 LONDON disconnect N/C contact ILON89B

IN210 BERLIN disconnect N/O contact IBER89A

IN211 BERLIN disconnect N/C contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B
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Table 6.19 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets that the disconnect main contacts as closed. Use Relay 
Word bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control 
equations. We also assign alias names to the alarm Relay Word bits (89ALnn). 
Table 6.20 shows the alias names.

                    

                    

Figure 6.50 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.19 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits

Input Description Alias

89A01 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B01 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A02 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B02 TIE-BREAKER disconnect (EAST) NC contact SEC892B

89A03 LONDON disconnect NO contact LON89A

89B03 LONDON disconnect NC contact LON89B

89A04 BERLIN disconnect NO contact BER89A

89B04 BERLIN disconnect NC contact BER89B

89A05 NEW YORK disconnect NO contact NEW89A

89B05 NEW YORK disconnect NC contact NEW89B

89A06 CANBERRA disconnect NO contact CAN89A

89B06 CANBERRA disconnect NC contact CAN89B

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 1 of 2)

Primitive Name Description Alias

89CL01 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL02 TIE-BREAKER disconnect (EAST) is closed SEC289C

89CL03 LONDON disconnect is closed LOND89C

89CL04 BERLIN disconnect is closed BERL89C

89CL05 NEW YORK disconnect is closed NEWY89C

89CL06 CANBERRA disconnect is closed CANB89C

89AL01 TIE-BREAKER disconnect (WEST) alarm SEC189A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.51 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.21 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information).

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.53 for more information). Table 6.22 shows the primitive differential trip 
bit names, the alias names for the differential trip bits, and the terminal with 
which the relay associates each differential trip bit.

                    

89AL02 TIE-BREAKER disconnect (EAST) alarm SEC289A

89AL03 LONDON disconnect alarm LOND89A

89AL04 BERLIN disconnect alarm BERL89A

89AL05 NEW YORK disconnect alarm NEWY89A

89AL06 CANBERRA disconnect alarm CANB89A

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 2 of 2)

Primitive Name Description Alias

Table 6.21 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip EASTA_T

87CZ1 Check Zone differential element trip CHECA_T

                    

Figure 6.51 Differential Trip Logic for Differential Element 1

Table 6.22 Primitive Differential Trip Bit Names, Alias Names for the 
Differential Trip Bits, and Associated Terminals

Differential Trip Bit Alias Comments

87BTR01 87SEC1A Associated with Terminal 01

87BTR02 87SEC2A Associated with Terminal 02

87BTR03 87LON_A Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87NEW_A Associated with Terminal 05

87BTR06 87CAN_A Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.52 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers setting 
(NUMBK) and the number of trip equations, i.e., the number of trip equations 
(TRkk) equals the number of circuit breakers (NUMBK) setting. Table 6.23 
shows the five primitive and alias names for the trip logic of each terminal.

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.14 
shows the breakdown of the five relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.24 shows TEST and 
ALARM protection logic assigned to the output contacts of the main board out-
put contacts. Table 6.25 shows the linking of the trip logic outputs to the relay 
output contacts of Interface Board 1 and the alias names of the of the interface 
board output contacts.

                    

Figure 6.52 Breaker Trip Logic

Table 6.23 Primitive and Alias Names for the Trip Logic of Each Terminal 

Primitive Name Description Alias Name

TRIP01 Trip output of the sectionalizing breaker asserted TRSEC_A

TRIP02 Trip output of the LONDON Terminal asserted TRLON_A

TRIP03 Trip output of the BERLIN Terminal asserted TRBER_A

TRIP04 Trip output of the NEW YORK Terminal asserted TRNEW_A

TRIP05 Trip output of the CANBERRA Terminal asserted TRCAN_A

TRIPkk

Relay
Word
Bit

TRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip 
Duration Timer

kk = 01 to 05
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Output Alias Assignment, Main Board
This application requires no output contacts from the main board.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can be ordered to include six high-speed, 
high-interrupting output contacts. Table 6.25 shows the alias assignment for the 
five terminals of the A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.53.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary terminal contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals

Table 6.24 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.25 Alias Assignment for the Five Terminals in Our Example 

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output SECTR_A

OUT202a LONDON trip logic output LONTR_A

OUT203a BERLIN trip logic output BERTR_A

OUT204a NEW YORK trip logic output NEWTR_A

OUT205a CANBERRA trip logic output CANTR_A
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.54.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Figure 6.53 Substation Layout With Specific Terminal Information

WEST EAST

LOND89A
LON89B

LONTR_A

I03 = LOND_A I04 = BERL_A I05 = NEWY_A I06 = CANB_A

I01 = SEC1_A                     I02 = SEC2_A

BER89A
BER89A

BERTR_A

NEW89A
NEW89B

NEWTR_A

CAN89A
CAN89B

CANTR_A

SEC891A
SEC891B

SEC892A
SEC892BSEC_TRP

200/5 2000/5

2000/5 2000/5
52

52 52

LONDON BERLIN

2000/5

52

NEW YORK

2000/5

52
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Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.55.

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in Figure 6.56.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter> 
Alias
Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.54 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.55 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,SEC1_A <Enter>
20:
?  I02,SEC2_A <Enter>
21:
?  I03,LOND_A <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,NEWY_A <Enter>
24:
?  I06,CANB_A <Enter>
25:
?  BZ1,WEST_A <Enter>
26:
?  BZ2,EAST_A <Enter>
27:
?  CZ1,CHECK_A <Enter>
28:
?  IN204,ISE891A <Enter>
29:
?  IN205,ISE891B <Enter>
30:

•
•
•
?  OUT204,NEWTR_A <Enter>
92:
?  OUT205,CANTR_A <Enter>
93:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.56 Analog Quantities and Relay Word Bit Alias Names
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Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.57 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either alias names or prim-
itive names when entering settings.

NOTE: The relay interprets the 
number of circuit breakers (NUMBK) 
as the number of circuit breaker poles, 
not as the number of circuit breakers.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. Because we do not need circuit breaker auxiliary 
contacts for this application, set 52A01–52A05 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
06). Travel time is the time period when both disconnect auxiliary contacts are in 
the open position (see Figure 6.20 for more information). Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

=>>SET G <Enter>
Global
General Global Settings

Station Identifier (40 characters)
SID := "Station A"
?  <Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6<Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ? <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ? <Enter>
Independent Control Input Settings (Y,N)             EICIS   := N      ? <Enter>
Data Reset Control (Y,N)                             EDRSTC  := N      ? <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ><Enter>

Figure 6.57 Global Settings for Application 1
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the LONDON feeder, all three phases 
(LOND_A, LOND_B, and LOND_C) operate together. Because the relay mea-
sures the three phases in three separate relays (phase LOND_A in the A-phase 
relay, phase LOND_B in B-phase relay, etc.), we need to convey the disconnect 
status to all three relays. 

The check zone performs supervision, so you must first determine zone configu-
ration settings for the check zone before determining settings for Zone 1 and 
Zone 2. Configure the check zone by declaring all terminals but the tie-breaker 
(bus sectionalizer) CTs in the terminal-to-check-zone SELOGIC control equa-
tions. Never include the tie-breaker CTs in the check zone. Figure 6.61 shows the 
zone configuration group settings.

Disconnect Inputs and Timers

N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ISE891A<Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ISE891B<Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400<Enter>
N/O Contact Input -DS02 (SELogic Equation)

89A02 := NA
?  ISE892A<Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  ISE892B<Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400<Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  ILON89A<Enter>

.

.

.
  
DS06 Alarm Pickup Delay (0-99999 cyc)                89ALP06 := 300    ?400<Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ? <Enter>
DNP Session Time Base (LOCAL, UTC)                   DNPSRC  := UTC    ? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.57 Global Settings for Application 1 (Continued)



6.55

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 1: Single Bus and Tie Breaker (Three Relays)

Use the Differential Element Zone Supervision setting to comply with the 
requirement for both check zone and zone-specific differential elements to assert 
before a busbar protection trip output asserts. For this application, we allocated 
BZ1 for Zone 1, BZ2 for Zone 2, and CZ1 for the overall check zone (see 
Table 6.16). Because the check zone is independent from any other zone, the 
relay does not follow the differential trip logic shown in Figure 6.58 when the 
check zone asserts.

                    

The implication of this independence is that the Check Zone Supervision Logic 
can be left to its default value of 1 as seen in Figure 6.59. The same effect is 
achieved by setting E87CZSP = N.

                    

For the zone-specific elements, enter the Check Zone differential element trip 
output 87CZ1 as a supervisory condition for each zone, as shown in Figure 6.60.

                    

                    

Figure 6.58 Bus Differential Trip Logic

                    

Figure 6.59 Check-Zone Supervision Logic

                    

Figure 6.60 Zone Supervision for Zone 1 (a) and Zone 2 (b)

Start

End
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Be sure to include Relay Word bit 87CZ1 as the supervisory condition for all 
zones encompassed by the Check Zone. Set E87ZSUP = Y to enable the Differ-
ential Element Zone Supervision settings, then enter the supervision settings.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration group default settings. With the zone con-
figuration group default settings deleted, the setting prompts no longer reference 
the default settings. The zone configuration group default settings are for a spe-
cific substation with arbitrarily selected alias names, serving only as an example.

                    

=>>SET Z TE<Enter>
Zone Config Group 1
Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?400<Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?400<Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40<Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400<Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400<Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400<Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEAT_A, P
?  DELETE 100<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01 BZ2 P<Enter>
SEC1_A to EAST_A Connection (SELogic Equation)
I01BZ2V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02 BZ1 P<Enter>
SEC2_A to WEAT_A Connection (SELogic Equation)
I02BZ1V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03 BZ1 P<Enter>
LOND_A to WEAT_A Connection (SELogic Equation)
I03BZ1V := NA
?  LOND89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04 BZ1 P<Enter>
BERL_A to WEAT_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05 BZ2 P<Enter>
NEWY_A to EAST_A Connection (SELogic Equation)
I05BZ2V := NA
?  NEWY89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06 BZ2 P<Enter>
CANB_A to EAST_A Connection (SELogic Equation)
I06BZ2V := NA
?  CANB89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  <Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?  <Enter>

Zone Supervision

Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y<Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  87CZ1<Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  87CZ1<Enter>

Figure 6.61 Zone Configuration Group Settings for Application 1
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element by setting 
E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information). Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, and EVOLT := N 
because we do not use the coupler security logic, terminal out of service, breaker 
failure protection, overcurrent elements, or voltage elements in this application.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.22) when the differential 

Zone Switching Supervision

Zone Switching Supervision (Y,N)                     EZSWSUP := N      ? <Enter>

Zone Open CT Detector

Reset Zone 1 Open CT Detector (SELogic Equation)
ROCTZ1 := RSTOCT1
?  <Enter>
Reset Zone 2 Open CT Detector (SELogic Equation)
ROCTZ2 := RSTOCT2
?  <Enter>
Check Zone Configuration
Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y<Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I05 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I06 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? <Enter>

Check Zone Supervision

Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ? <Enter>

Current Normalization Factor

Normalization Factor -I01                            TAP01   := 5.00   ?
Normalization Factor -I02                            TAP02   := 5.00   ?
Normalization Factor -I03                            TAP03   := 50.00  ?
Normalization Factor -I04                            TAP04   := 5.00   ?
Normalization Factor -I05                            TAP05   := 5.00   ?
Normalization Factor -I06                            TAP06   := 5.00   ?
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.61 Zone Configuration Group Settings for Application 1 (Continued)
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element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. Because the tie breaker has two analog 
channels but only one circuit breaker, include both differential trip bits 
(87SEC1A and 87SEC2A) in trip equation TR01.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting. Set the timer TDURD longer than 
the clearing time of the slowest circuit breaker at the station. For this application, 
we use the default values for the Sensitive Differential Element, the Restrained 
Differential Element, the Directional Element, and the Trip Duration Timer. 
Figure 6.62 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration

Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element

Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>

Check Zone Sensitive Differential Element

CZ Sensitive Diff. Element Pickup (0.05-1 pu)        CZS87P  := 0.10   ?> <Enter>

Restrained Differential Element

Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Check Zone Restrained Differential Element

CZ Restrained Diff Element Pickup (0.10-4 pu)        CZO87P  := 1.00   ?> <Enter>

Directional Element

Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87SEC1A
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? 

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87SEC2A
?  87LON_A <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? 

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_A
?  87BER_A <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? 

Figure 6.62 Protection Group Settings for Application 1
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay, and connect the cable to the circuit 
breaker trip coil to any one of the three relays.

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA. Figure 6.63 shows the control output settings.

                    

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BER_A
?  87NEW_A<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? 

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87NEW_A OR SBFTR06 OR 87CAN_A
?  87CAN_A<Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? 

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.62 Protection Group Settings for Application 1 (Continued)

=>>SET O <Enter>

Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  NA <Enter>

OUT102 := TRLON_A AND NOT PLT03
?  NA <Enter>
OUT103 := TRBER_A AND NOT PLT03
?  NA <Enter>

OUT104 := TRNEW_A AND NOT PLT03
?  NA <Enter>
OUT105 := TRCAN_A AND NOT PLT03
?  NA <Enter>

OUT106 := NA
? > <Enter>

Interface Board #1
OUT201 := NA
?  TRSEC_A AND NOT PLT03 <Enter>
OUT202 := NA
?  TRLON_A AND NOT PLT03 <Enter>

Figure 6.63 Control Output Settings for Application 1
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This concludes the settings for Application 1.

Application 2: Single Bus and Tie Breaker (Single Relay)
This application describes the busbar arrangement shown in Figure 6.64, a single 
bus with bus sectionalizer (tie breaker), single-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

OUT203 := NA
?  TRBER_A AND NOT PLT03 <Enter>
OUT204 := NA
?  TRNEW_A AND NOT PLT03 <Enter>

OUT205 := NA
?  TRCAN_A AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.63 Control Output Settings for Application 1 (Continued)

                    

Figure 6.64 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie breaker (bus coupler or 
sectionalizing breaker) configuration.

➤ Description:

➢ Single bus with tie breaker

➤ Current Transformers:

➢ Outboard

➤ Disconnect:

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration:

➢ Overlap

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Block the busbar protection for an open-circuit CT.

3. Use the Disconnect Monitoring Logic.

4. Include end-zone protection with direct transfer tripping for the four 
feeders.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for end-zone protection, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. Breaker failure protection is a standard function but end-
zone protection is not. To properly identify and categorize the protection philoso-
phy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.86 and select the standard functions 
required for the application. Table 6.26 shows the selection of the standard func-
tions.



6.62

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

                    

User-Defined Functions
Identify logic functions we need for the application that are not part of the stan-
dard logic in the relay. For this application, end-zone protection for the four feed-
ers is not a standard function; we use SELOGIC control equations to create this 
logic.

End-Zone Protection

Figure 6.65 shows end-zone fault F1, which is a fault between the feeder CT and 
circuit breaker. The busbar protection at Busbar S operates for this fault and trips 
Circuit Breaker 1, but the line still feeds the fault from the source at Busbar R.

                    

Fault F1 is only cleared when Circuit Breaker 2 at Busbar R trips. In step-dis-
tance protection schemes, Circuit Breaker 2 trips after a time delay, typically on 
the order of 400 ms. Using end-zone protection, we can shorten this time by 
sending a direct transfer trip (DTT) from Station S to Circuit Breaker 2 at 
Station R to trip Circuit Breaker 2.

Table 6.26 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch.

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available.

Differential protection Yes Busbar protection (zone specific and 
check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the 
differential protection according to the 
disconnect positions

Sensitive differential protection Yes CT open circuit detection.

Zone supervision logic No Not required

Zone-switching supervision logic No 89A and 89B disconnect contacts avail-
able, so this logic is not required.

Coupler security logic No Two CTs configured in overlap configura-
tion do not require the coupler security 
logic.

Circuit breaker failure protection No Not required

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage 
elements

No Not required

                    

Figure 6.65 Fault Between Circuit Breaker 1 and the CT at Busbar S
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This logic detects faults under the following three conditions:

➤ The differential protection has issued a trip signal to the circuit 
breaker. 

➤ There is still current flowing in the feeder CT after Circuit Breaker 1 
has been open for 5 cycles. 

➤ The busbar disconnect of the feeder is closed. 

Create the above-mentioned end-zone logic by programming four protection 
SELOGIC control variables (PSV01–PSV04) when setting the protection logic, 
and assign the alias names as described in Assign Alias Names to the User-
Defined Logic.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.5 to calculate the number of current channels at the station, and 
use Equation 6.6 to calculate the number of zones at the station.

                    

Equation 6.5

                    

Equation 6.6

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 6. Because each SEL-487B has 21 analog input channels and 6 zones, 
we need only one SEL-487B. This is known as a single-relay application.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.7 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.7

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

# relay inputs required = 2 # disconnect monitoring logics• 
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The protection philosophy calls for end-zone protection. Because there are four 
feeder circuit breakers at the station the number of circuit breaker auxiliary inputs 
we need is four. Table 6.27 summarizes the input contact required for this appli-
cation. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; the six independent input contacts are 
available for breaker failure initiate inputs. Because this application has no circuit 
breaker failure protection, the independent input contacts are available for circuit 
breaker auxiliary contact inputs. However, in anticipation of future circuit 
breaker failure protection installation, instead use the grouped input contacts on 
the interface board for the circuit breaker auxiliary contact inputs and disconnect 
contact inputs. From the input contact perspective, we need one interface board.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
We also need direct transfer trip output contacts for the end-zone protection for 
each of the four feeders. Table 6.28 shows the breakdown and the total number of 
relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). 
Table 6.28 shows that we need nine output contacts; the eight main board output 
contacts are insufficient for our application. Also, the main board contacts are all 
standard output contacts.

The interface boards can have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board provides six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign the circuit breaker trip outputs to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. 
Although the standard output contacts are slightly slower (6 ms for resistive 
loads) than the high-speed, high-interrupting output contacts, we use the main 
board output contact for direct transfer tripping. From the output contact perspec-
tive, we need one interface board. If you require fast output contacts for direct 
transfer tripping, add another interface board to the relay.

Table 6.27 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 6 = 12

Number of relay inputs required for end-zone protection 4

Total number of inputs 16

Table 6.28 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Number of relay output contacts required for direct transfer tripping 4

Total number of relay output contacts 9



6.65

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

The conclusion from the preceding analysis is that we need one SEL-487B, 
equipped with a single interface board, for this application.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

NOTE: Alias names cannot exceed 
seven characters.

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.29 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.29 shows the assignment taken from Figure 6.64.

                    

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 1 of 2)

CTs Analog Channel Alias

LONDON, A-phase I01 LOND_A

LONDON, B-phase I02 LOND_B

LONDON, C-phase I03 LOND_C

BERLIN, A-phase I04 BERL_A

BERLIN, B-phase I05 BERL_B

BERLIN, C-phase I06 BERL_C

NEW YORK, A-phase I07 NEWY_A

NEW YORK, B-phase I08 NEWY_B

NEW YORK, C-phase I09 NEWY_C
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Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. In this application, we use all 
six zones with alias names as shown in Table 6.30.

                    

Input-to-Logic Allocation and Alias Assignment
Table 6.27 shows that we require 16 digital inputs. We now assign the digital 
inputs to the selected logic, and apply alias names to the inputs and logic ele-
ments. Because of the functional requirement of this application, we do not need 
to use any digital inputs on the main board. 

Input-to-Logic-Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.31 shows the circuit breaker auxiliary contact input allocations, the dis-
connect auxiliary contact input allocations, and the alias names. Inputs IN201, 
IN202, IN203, IN213, IN214, and IN215 are independent inputs for breaker fail-
ure initiate inputs; these inputs are not used in this application.

                    

CANBERRA, A-phase I10 CANB_A

CANBERRA, B-phase I11 CANB_B

CANBERRA, C-phase I12 CANB_C

TIE-BREAKER CT1, A-phase I13 SEC1_A

TIE-BREAKER CT1, B-phase I14 SEC1_B

TIE-BREAKER CT1, C-phase I15 SEC1_C

TIE-BREAKER CT2, A-phase I16 SEC2_A

TIE-BREAKER CT2, B-phase I17 SEC2_B

TIE-BREAKER CT2, C-phase I18 SEC2_C

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 2 of 2)

CTs Analog Channel Alias

Table 6.30 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 WEST_B

BZ3 Bus-Zone 3 WEST_C

BZ4 Bus-Zone 4 EAST_A

BZ5 Bus-Zone 5 EAST_B

BZ6 Bus-Zone 6 EAST_C

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 1 of 2)

Input Description Alias

IN204 LONDON circuit breaker ILON52A

IN205 BERLIN circuit breaker IBER52A

IN206 NEW YORK circuit breaker INEW52A

IN207 CANBERRA circuit breaker ICAN52A
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Assign Alias Names to the Selected Standard Logic
Referring to Table 6.26, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.66 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements.)

                    

Table 6.32 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

IN208 LONDON disconnect NO contact ILON89A

IN209 LONDON disconnect NC contact ILON89B

IN210 BERLIN disconnect NO contact IBER89A

IN211 BERLIN disconnect NC contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B

IN219 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN220 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN221 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN222 TIE-BREAKER disconnect (EAST) NC contact ISE892B

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 2 of 2)

Input Description Alias

                    

Figure 6.66 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 1 of 2)

Input Description Alias

89A01 LONDON disconnect NO contact LON89A

89B01 LONDON disconnect NC contact LON89B

89A02 BERLIN disconnect NO contact BER89A

89B02 BERLIN disconnect NC contact BER89B

89A03 NEW YORK disconnect NO contact NEW89A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. We also 
assign alias names to the alarm Relay Word bits (89ALnn). Table 6.33 shows the 
alias names.

                    

Breaker Status Logic

Figure 6.67 shows the breaker status logic circuit associated with current channel 
I01. This logic includes an OPH01 input from the open-phase detection logic. 
Open-phase detection logic asserts the OPH01 Relay Word bit when the logic 
measures no current in that specific phase. Alarm output 52AL01 asserts when 
the 52A01 and OPH01 inputs are both deasserted for longer than 5 cycles. For 
example, when the circuit breaker is open (52A01 is logical 0), Relay Word bit 
OPH01 asserts (changes to logical 1) when current stops flowing. AND Gate 2 in 
Figure 6.67 outputs a logical 0 and the timer does not run. However, if current 
still flows through the CT when the circuit breaker is open (end-zone fault, for 
example), Relay Word bit OPH01 does not assert (remains at logical 0) and the 
timer starts.

89B03 NEW YORK disconnect NC contact NEW89B

89A04 CANBERRA disconnect NO contact CAN89A

89B04 CANBERRA disconnect NC contact CAN89B

89A05 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B05 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A06 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B06 TIE-BREAKER disconnect (EAST) NC contact SEC892B

Table 6.33 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits 

Primitive Name Description Alias

89CL01 LONDON disconnect is closed LOND89C

89CL02 BERLIN disconnect is closed BERL89C

89CL03 NEW YORK disconnect is closed NEWY89C

89CL04 CANBERRA disconnect is closed CANB89C

89CL05 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL06 TIE-BREAKER disconnect (EAST) is closed SEC289C

89AL01 LONDON disconnect alarm LON89AL

89AL02 BERLIN disconnect alarm BER89AL

89AL03 NEW YORK disconnect alarm NEW89AL

89AL04 CANBERRA disconnect alarm CAN89AL

89AL05 TIE-BREAKER disconnect (WEST) alarm SE189AL

89AL06 TIE-BREAKER disconnect (EAST) alarm SE289AL

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 2 of 2)

Input Description Alias
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Wire a single, normally open circuit breaker auxiliary contact from each of the 
four feeder circuit breakers to an individual relay input (IN204, IN205, IN206, 
and IN207). In this example, we do not assign alias names to the Relay Word 
bits; we use the primitive names instead. Because this is a single-relay applica-
tion, the three phases of each terminal are in the same relay. Table 6.34 shows the 
breaker status logic input and output Relay Word bits.

                    

                    

Figure 6.67 Breaker Status Logic

Table 6.34 Breaker Status Logic Input and Output Relay Word Bits 

Primitive Name Description

52A01 LONDON A-phase NO contact

52AL01 LONDON A-phase discrepancy alarm

52A02 LONDON B-phase NO contact

52AL02 LONDON B-phase discrepancy alarm

52A03 LONDON C-phase NO contact

52AL03 LONDON C-phase discrepancy alarm

52A04 BERLIN A-phase NO contact

52AL04 BERLIN A-phase discrepancy alarm

52A05 BERLIN B-phase NO contact

52AL05 BERLIN B-phase discrepancy alarm

52A06 BERLIN C-phase NO contact

52AL06 BERLIN C-phase discrepancy alarm

52A07 NEW YORK A-phase NO contact

52AL07 NEW YORK A-phase discrepancy alarm

52A08 NEW YORK B-phase NO contact

52AL08 NEW YORK B-phase discrepancy alarm

52A09 NEW YORK C-phase NO contact

52AL09 NEW YORK C-phase discrepancy alarm

52A10 CANBERRA A-phase NO contact

52AL10 CANBERRA A-phase discrepancy alarm

52A11 CANBERRA B-phase NO contact

52AL11 CANBERRA B-phase discrepancy alarm

52A12 CANBERRA C-phase NO contact

52AL12 CANBERRA C-phase discrepancy alarm

52A01

OPH01

Relay
Word
Bits

52CL01

52AL01

Relay
Word
Bits

5
CYC 0

CYC

Alarm Timer

1

2

S

R

Q

Set has priority
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.68 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.35 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR21 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we will 
use 18 of the 87BTRmm (mm = 01–21) Relay Word bits. Table 6.36 shows the 
primitive differential trip bit names and the alias names for the differential trip 
bits.

                    

Table 6.35 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip WESTB_T

87Z3 Zone 3 differential element trip WESTC_T

87Z4 Zone 4 differential element trip EASTA_T

87Z5 Zone 5 differential element trip EASTB_T

87Z6 Zone 6 differential element trip EASTC_T

                    

Figure 6.68 Differential Trip Logic for Differential Element 1

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 1 of 2)

Differential Trip Bit Alias Comments

87BTR01 87LON_A Associated with Terminal 01

87BTR02 87LON_B Associated with Terminal 02

87BTR03 87LON_C Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87BER_B Associated with Terminal 05

87BTR06 87BER_C Associated with Terminal 06

87BTR07 87NEW_A Associated with Terminal 07

87BTR08 87NEW_B Associated with Terminal 08

87BTR09 87NEW_C Associated with Terminal 09

87BTR10 87CAN_A Associated with Terminal 10

87BTR11 87CAN_B Associated with Terminal 11

87BTR12 87CAN_C Associated with Terminal 12

87BTR13 87SEC1A Associated with Terminal 13

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip 
bits within zone

• 
• 
•

87BTRmm

87BTRnn

mm = first terminal within zone 
nn = last terminal within zone
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.69 shows the general tripping logic for the 15 trip outputs used in this 
application. (See Section 5: Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals 15.

After setting the TRnn trip equations, the relay associates each TRnn trip equa-
tion with a particular circuit breaker pole; we must combine the trip equations in 
the output settings to form a single output for the tie breaker (see the Protection 
Group Settings on page 6.80). For example, after setting TR01 := 87BTR01 and 
TR02 := 87BTR02, the relay associates Trip Equation TR01 with Terminal 01 
(LOND_A), Trip Equation TR02 with Terminal 02 (LOND_B), and so on. 
Table 6.37 shows the 15 primitive and alias names for the trip logic of each termi-
nal.

                    

87BTR14 87SEC1B Associated with Terminal 14

87BTR15 87SEC1C Associated with Terminal 15

87BTR16 87SEC2A Associated with Terminal 16

87BTR17 87SEC2B Associated with Terminal 17

87BTR18 87SEC2C Associated with Terminal 18

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 2 of 2)

Differential Trip Bit Alias Comments

                    

Figure 6.69 Breaker Trip Logic

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 1 of 2)

Primitive Name Description Alias

TRIP01 Trip output of the LONDON terminal A-Phase asserted TRLON_A

TRIP02 Trip output of the LONDON terminal B-Phase asserted TRLON_B

TRIP03 Trip output of the LONDON terminal C-Phase asserted TRLON_C

TRIP04 Trip output of the BERLIN terminal A-Phase asserted TRBER_A

TRIP05 Trip output of the BERLIN terminal B-Phase asserted TRBER_B

TRIP06 Trip output of the BERLIN terminal C-Phase asserted TRBER_C

TRIP07 Trip output of the NEW YORK terminal A-Phase asserted TRNEW_A

TRIP08 Trip output of the NEW YORK terminal B-Phase asserted TRNEW_B

TRIP09 Trip output of the NEW YORK terminal C-Phase asserted TRNEW_C

TRIPkk

Relay
Word
BitTRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip
Duration Timer

kk = 01 to 15
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Assign Alias Names to the User-Defined Logic
We created the general end-zone protection logic under User-Defined Functions 
on page 6.62. We now assign the application-specific alias names to all the 
appropriate Relay Word bits in the end-zone protection logic.

End-Zone Protection

Table 6.38 shows the alias names for the four protection SELOGIC control equa-
tion variables (PSV01–PSV04).

                    

Figure 6.70 shows the end-zone logic with the alias names instead of the primi-
tive names. The logic declares an end-zone fault when the following three condi-
tions are met: 

➤ A differential trip signal has been issued to the circuit breaker

➤ Current continues to flow through the feeder CT after a 5-cycle delay

➤ The busbar disconnect of the feeder is closed. 

Note that the second condition is met by using the built-in 5-cycle delay of 
52ALnn, which is the alarm timer output of the circuit breaker status logic. Cre-
ate similar logic for the other three feeders with the protection logic settings.

                    

TRIP10 Trip output of the CANBERRA terminal A-Phase asserted TRCAN_A

TRIP11 Trip output of the CANBERRA terminal B-Phase asserted TRCAN_B

TRIP12 Trip output of the CANBERRA terminal C-Phase asserted TRCAN_C

TRIP13 Trip output of the sectionalizing breaker A-Phase asserted TRSEC_A

TRIP14 Trip output of the sectionalizing breaker B-Phase asserted TRSEC_B

TRIP15 Trip output of the sectionalizing breaker C-Phase asserted TRSEC_C

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 2 of 2)

Primitive Name Description Alias

Table 6.38 Alias Names for the End-Zone Protection Logic

Primitive Name Description Alias

PSV01 End-zone element for LONDON terminal LOND_EZ

PSV02 End-zone element for BERLIN terminal BERL_EZ

PSV03 End-zone element for NEW YORK terminal NEWY_EZ

PSV04 End-zone element for CANBERRA terminal CANB_EZ

                    

Figure 6.70 End-Zone Logic With the Alias Names for the London Feeder

TRLON_A

TRLON_B

TRLON_C

1

52AL01

52AL02

52AL03

LOND89C

2

LOND_EZ
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Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.28 
shows the breakdown of the nine relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.39 shows the linking of 
the end-zone protection logic to the output contacts of the main board and the 
alias names of the relay main board output contacts. Table 6.40 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1 and the 
alias names of the of the interface board output contacts.

Output Alias Assignment–Main Board
We assign the outputs from the end-zone protection logics as direct transfer trip 
(DTT) functions to the output contacts of the main board. Wire the direct transfer 
trip outputs to the communications equipment or terminal panel to transmit the 
signal to the remote busbar.

                    

Output Alias Assignment–Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.40 shows the alias assignment for the five terminals 
in our example.

                    

Table 6.39 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT101 DTT for an end zone fault on LONDON Feeder LON_DTT

OUT102 DTT for an end zone fault on BERLIN Feeder BER_DTT

OUT103 DTT for an end zone fault on NEW YORK Feeder NEW_DTT

OUT104 DTT for an end zone fault on CANBERRA Feeder CAN_DTT

OUT105 NA NA

OUT106 NA NA

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.40 Alias Assignment for the Five Terminals in Our Example

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT201a

a High-speed, high-interrupting outputs.

LONDON trip logic output LON_TRP

OUT202a BERLIN trip logic output BER_TRP

OUT203a NEW YORK trip logic output NEW_TRP

OUT204a CANBERRA trip logic output CAN_TRP

OUT205a TIE-BREAKER trip logic output SEC_TRP
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Station Layout Update
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.71.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminals CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Protection Logic Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.72.

                    

Figure 6.71 Substation Layout With Specific Terminal Information
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After inspecting the list, we decide that the only useful alias names are those of 
the 16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.73.

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the 18 analog channels and Relay Word bits, as shown in 
Figure 6.74.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.72 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.73 Deletion of the First 43 Alias Names

1:OUT107,"TEST"
?  <Enter>
19:
?  I01,LOND_A <Enter>
20:
?  I02,LOND_B <Enter>

21:
?  I03,LOND_C <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,BERL_B <Enter>

24:
?  I06,BERL_C <Enter>
•
•
•
133:
?  OUT204,CAN_TRP <Enter>

134:
?  OUT205,SEC_TRP <Enter>
135:
?  END <Enter>
Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.74 Analog Quantities and Relay Word Bit Alias Names for 
Application 2
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Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Settings Group 1 to Protection Settings 
Group 2, global settings such as station name and relay name still apply. 
Figure 6.75 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either alias names or primi-
tive names when entering settings.

Carefully consider circuit breaker related settings when applying the relay in a 
single-relay application. The relay considers all applications to be three-relay 
applications; there is no setting distinguishing a single-relay application from a 
three-relay application. In particular, the relay interprets the number of circuit 
breakers (NUMBK) as the number of circuit breaker poles, not as the number of 
circuit breakers.

In this single-relay application example, there are 15 circuit breaker poles at the 
substation, and the value of NUMBK is 15. However, wire only one circuit 
breaker auxiliary contact from each circuit breaker to the relay; see the TRkk, 
TRIPkk, and the output settings for information on how to set the relay for this 
application.

There exists a direct relationship between the number of circuit breakers and the 
number of breaker status logics, i.e., the number of breaker input equations 
(52Akk) equals the number of circuit breakers (NUMBK). Enter the number of 
poles at the station for the NUMBK setting. Because the relay interprets the num-
ber of circuit breakers (NUMBK) as the number of circuit breaker poles, the set-
ting of NUMBK in this application equals 15.

Setting NUMBK equal to 15 makes 15 corresponding circuit breaker auxiliary 
input equations (52A01–52A15), and 15 corresponding trip equations (TR01–
TR15) available for setting. Although 15 circuit breaker auxiliary input equations 
are available, there are only four circuit breaker auxiliary contacts wired to the 
relay, one contact from each of the four feeder circuit breakers at the station. 
Group three circuit breaker auxiliary input equations to form an association with 
a circuit breaker, and enter the same contact name for the three circuit breaker 
auxiliary input equations. For example, group circuit breaker auxiliary input 
equations 52A01, 52A02, and 52A03 to form an association with the LONDON 
circuit breaker.

Table 6.31 shows the allocation of ILON52A, the circuit breaker auxiliary con-
tact to relay input IN204. We use relay input IN204 to monitor the status of the 
LONDON circuit breaker. All three circuit breaker auxiliary input equations 
(52A01, 52A02, and 52A03) must assert when ILON52A asserts, so ILON52A 
must appear in all three circuit breaker auxiliary input equations. Because we do 
not need a circuit breaker auxiliary contact from the tie breaker, set 52A13–
52A15 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics although 
there are 12 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPnn setting (nn = 01–06). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.
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=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?15 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?<Enter>
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>
Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ILON52A <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
?  ILON52A <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  ILON52A <Enter>
N/O Contact Input -BK04 (SELogic Equation)
52A04 := NA
?  IBER52A <Enter>

N/O Contact Input -BK05 (SELogic Equation)
52A05 := NA
?  IBER52A <Enter>
N/O Contact Input -BK06 (SELogic Equation)
52A06 := NA
?  IBER52A <Enter>
N/O Contact Input -BK07 (SELogic Equation)

•
•
•

52A13 := NA
?  <Enter>
N/O Contact Input -BK13 (SELogic Equation)
52A14 := NA
?  <Enter>
N/O Contact Input -BK14 (SELogic Equation)
52A15 := NA
?  <Enter>

N/O Contact Input -BK15 (SELogic Equation)
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ILON89A <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ILON89B <Enter>

Figure 6.75 Global Settings for Application 2
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and to assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three phases. For example, when we close the busbar disconnect on 
the LONDON feeder, all three phases (LOND_A, LOND_B, and LOND_C) 
operate together. Because the relay measures the three phases in three separate 
differential elements (phase LOND_A in differential element WEST_A, phase 
LOND_B in differential element WEST_B, etc.), we need to convey the discon-
nect status to all three differential elements. Table 6.33 shows the alias names of 
the disconnect status Relay Word bits; Figure 6.76 shows the zone configuration 
group settings.

The zone configuration group default settings are for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration group settings for the new substation, delete the exist-
ing zone configuration default settings. With the zone configuration group default 
settings deleted, the setting prompts no longer reference the default settings.

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ? <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IBER89A <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IBER89B <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ? <Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.75 Global Settings for Application 2 (Continued)
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=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?40 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?40 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40 <Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400 <Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400 <Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400 <Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?400 <Enter>
Current Transformer Ratio -I08 (1-50000)             CTR08   := 600    ?400 <Enter>
Current Transformer Ratio -I09 (1-50000)             CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)             CTR10   := 600    ?400 <Enter>
Current Transformer Ratio -I11 (1-50000)             CTR11   := 600    ?400 <Enter>

•
•
•

Current Transformer Ratio -I18 (1-50000)             CTR18   := 600    ?400 <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEST_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>

LOND_A to WEST_A Connection (SELogic Equation)
I01BZ1V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
LOND_B to WEST_B Connection (SELogic Equation)
I02BZ2V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>

LOND_C to WEST_C Connection (SELogic Equation)
I03BZ3V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BERL_A to WEST_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

BERL_B to WEST_B Connection (SELogic Equation)
I05BZ2V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
BERL_C to WEST_C Connection (SELogic Equation)
I06BZ3V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ4,P <Enter>

NEWY_A to EAST_A Connection (SELogic Equation)
I07BZ4V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ5,P <Enter>
NEWY_B to EAST_B Connection (SELogic Equation)
I08BZ5V := NA
?  NEWY89C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ6,P <Enter>
NEWY_C to EAST_C Connection (SELogic Equation)
I09BZ6V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I10,BZ4,P <Enter>

CANB_A to EAST_A Connection (SELogic Equation)
I10BZ4V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I11,BZ5,P <Enter>
CANB_B to EAST_B Connection (SELogic Equation)
I11BZ5V := NA
?  CANB89C <Enter>

Figure 6.76 Zone Configuration Group Settings for Application 2
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, and E59 := 
N because we do not use the Coupler Security Logic, terminal out of service, 
breaker failure protection, overcurrent elements, or voltage elements in this appli-
cation. Pay close attention to the trip logic (TR01–TR15) settings.

Terminal, Bus-Zone, Polarity (P,N)
?  I12,BZ6,P <Enter>
CANB_C to EAST_C Connection (SELogic Equation)
I12BZ6V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I13,BZ4,P <Enter>

SEC1_A to EAST_A Connection (SELogic Equation)
I13BZ4V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I14,BZ5,P <Enter>
SEC1_B to EAST_B Connection (SELogic Equation)
I14BZ5V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I15,BZ6,P <Enter>

SEC1_C to EAST_C Connection (SELogic Equation)
I15BZ6V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I16,BZ1,P <Enter>
SEC2_A to WEST_A Connection (SELogic Equation)
I16BZ1V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I17,BZ2,P <Enter>
SEC2_B to WEST_B Connection (SELogic Equation)
I17BZ2V := NA
?  SEC189C AND SEC298C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I18,BZ3,P <Enter>
SEC2_C to WEST_C Connection (SELogic Equation)
I18BZ3V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.76 Zone Configuration Group Settings for Application 2 (Continued)
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Because we use one SEL-487B, CTs from the three phases (A-phase, B-phase, 
and C-phase) from each terminal are assigned to three different differential ele-
ments (see Single-Relay Application on page 6.3).

Setting NUMBK (Global Settings) equal to 15 also makes 15 corresponding trip 
equations (TR01–TR15) available for setting. Table 6.36 shows the 18 differen-
tial trip bits that assert when the differential protection operates. Setting the trip 
equations involves assigning the 18 differential trip bits to the correct 15 trip 
equations. There are six differential elements in the relay, and because there are 
six bus-zones at the station, we use all six differential elements.

For the per-phase differential calculations, the relay assigns the individual phases 
of each terminal to three separate differential elements. (Strictly speaking, the 
relay assigns the phases according to the zone configuration group settings. How-
ever, correct zone configuration group settings cause the relay to assign the indi-
vidual phases of each terminal to three separate differential elements.) The tie 
breaker has six CTs; one CT assigned to each of the six differential elements. 
Because the tie breaker has only one circuit breaker, operation of any one of the 
six differential elements must trip the tie-breaker circuit breaker. For this reason, 
we include the two A-phase differential trip bits (87SEC1A and 87SEC2A) in the 
same trip equation, the two B-phase differential trip bits (87SEC1B and 
87SEC2B) in the same trip equation, and so on.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.

Although the SEL-487B includes 21 trip logics, there is only one Minimum Trip 
Duration Time Delay (TDURD) setting. Set the timer TDURD longer than the 
clearing time of the slowest circuit breaker at the station.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element, the Directional Element, and the Trip 
Duration Timer. Figure 6.77 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87LON_A
?  87LON_A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87LON_B
?  87LON_B <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Figure 6.77 Protection Group Settings for Application 2



6.82

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

This concludes the protection group settings. The next settings class is the protec-
tion logic settings.

Protection Logic Settings
Use the protection logic settings to create logics in the relay. Figure 6.78 shows 
the settings in our example. Protection Latch Bit PLT01 constitutes the differen-
tial enable function on the front-panel pushbutton labeled 87(DIFF) ENABLED. Lines 
22–27 show the programming for the end-zone protection. Figure 6.78 shows the 
protection logic settings.

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_C
?  87LON_C <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

•
•
•
Trip 12 (SELogic Equation)
TR12 := NA
?  87CAN_C <Enter>
Unlatch Trip 12 (SELogic Equation)
ULTR12 := NA
?<Enter>

Trip 13 (SELogic Equation)
TR13 := NA
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 13 (SELogic Equation)
ULTR13 := NA
?<Enter>

Trip 14 (SELogic Equation)
TR14 := NA
?  87SEC1B OR 87SEC2B <Enter>
Unlatch Trip 14 (SELogic Equation)
ULTR14 := NA
?<Enter>

Trip 15 (SELogic Equation)
TR15 := NA
?  87SEC1C AND 87SEC2C <Enter>
Unlatch Trip 15 (SELogic Equation)
ULTR15 := NA
?  <Enter>

Trip Logic
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.77 Protection Group Settings for Application 2 (Continued)
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This concludes the protection logic settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need nine output contacts for our example:

➤ four for the direct transfer trip outputs

➤ five for the bus-bar protection trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings.

Because the relay interprets the NUMBK setting as the number of poles, there are 
15 trip equations for this application. There is, of course, only one circuit breaker 
for each terminal. We, therefore, combine the appropriate trip outputs from the 
breaker trip logic (TRIP01–TRIP15, see Figure 6.69) to provide a single trip out-
put for each circuit breaker. For example, we set the trip equations (Protection 
Group Settings) for the London terminal to TR01 := 87LON_A, TR02 := 87LON_B, 
and TR03 := 87LON_C, with the corresponding breaker trip logic output alias 
names of TRLON_A, TRLON_B, and TRLON_C. Because Terminal LONDON 
has only one circuit breaker, we assign only one trip output contact (OUT201) to 
trip the circuit breaker. Therefore, assertion of any one of the three breaker trip 
logic outputs (TRLON_A, TRLON_B, or TRLON_C) must trip the circuit 
breaker of the London terminal. To achieve this tripping, set Output OUT201 
equal to the OR combination of the three breaker trip logic outputs.

=>>SET L <Enter>

Protection 1

1: PLT01S := NOT PLT01 AND PLT04 # DIFFERENTIAL ENABLED
?  ><Enter>
21: 
?  # END-ZONE PROTECTION FOR THE LONDON FEEDER <Enter>
22:
? LOND_EZ:=(TRLON_A OR TRLON_B OR TRLON_C) AND (52AL01 OR 52AL02 OR 52AL03) AND 

LOND89C <Enter>

7:
? # END-ZONE PROTECTION FOR THE BERLIN FEEDER <Enter>
23:
? BERL_EZ:=(TRBER_A OR TRBER_B OR TRBER_C) AND (52AL04 OR 52AL05 or 52AL06) AND 

BERL89C <Enter>
24:
? # END-ZONE PROTECTION FOR THE NEW YORK FEEDER <Enter>
25:
? NEWY_EZ:=(TRNEW_A OR TRNEW_B OR TRNEW_C) AND (52AL07 or 52AL08 or 52AL09) \ AND 

NEWY89C <Enter>
26:
? # END-ZONE PROTECTION FOR THE CANBERRA FEEDER <Enter>

27:
? CANB_EZ:=(TRCAN_A OR TRCAN_B OR TRCAN_C) AND (52AL10 OR 52AL11 OR 52AL12) \ AND 

CANB89C <Enter>
28:
? END <Enter>

Protection 1
•
•
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.78 Protection Logic Settings for Application 2
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NOTE: The tie-breaker trip equations 
(TR13–TR15) already include the 
combination of two differential 
elements (87SEC1A OR 87SEC2A, 
etc.).

Figure 6.79 shows the settings. We include Protection Latch Bit PLT03 in the 
output equation. With PLT03 included in every output equation, the RELAY TEST 
MODE pushbutton disables all output contacts. We assign the direct transfer trip 
outputs to the main board contacts and the bus-zone protection to the trip outputs 
of the interface board. Figure 6.79 shows the output settings.

                    

This concludes the settings for Application 2.

Application 3: Breaker-and-a-Half
This application describes the breaker-and-a-half busbar arrangement shown in 
Figure 6.80. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  LOND_EZ AND NOT PLT03 <Enter>
OUT102 := TRSEC_B AND NOT PLT03
?  BERL_EZ AND NOT PLT03 <Enter>
OUT103 := TRSEC_C AND NOT PLT03
?  NEWY_EZ AND NOT PLT03 <Enter>
OUT104 := TRLON_A AND NOT PLT03
?  CANB_EZ AND NOT PLT03 <Enter>
OUT105 := TRLON_B AND NOT PLT03
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRLON_A OR TRLON_B OR TRLON_C) AND NOT PLT03 <Enter>
OUT202 := NA
?  (TRBER_A OR TRBER_B OR TRBER_C) AND NOT PLT03 <Enter>
OUT203 := NA
?  (TRNEW_A OR TRNEW_B OR TRNEW_C) AND NOT PLT03 <Enter>
OUT204 := NA
?  (TRCAN_A OR TRCAN_B OR TRCAN_C) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TRSEC_A OR TRSEC_B OR TRSEC_C) AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.79 Control Output Settings for Application 2
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information.

➤ Description:

➢ Breaker-and-a-half

➤ Current Transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ No disconnect auxiliary contacts are available

➤ Future expansion:

➢ One feeder

                    

Figure 6.80 Breaker-and-a-Half Busbar Layout
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Use the terminal out-of-service function.

2. Use the voltage elements as an additional trip criterion, and generate 
an event report when the voltage elements assert.

3. Block the busbar protection for an open-circuit CT.

4. Use the internal breaker failure protection in the relay for Terminals 
TD, TE, and TF and include retrip for each terminal.

5. Protect the two busbars with separate relays.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. The SEL-487B offers a number of protection func-
tions as standard features, but it also includes the capability through SELOGIC 
control equations to create user-configurable functions. To properly identify and 
categorize the protection philosophy requirements, group the protection functions 
as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions necessary for 
the application. Table 6.41 shows the selection of the standard functions.

                    

Table 6.41 Section of Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic No No disconnect auxiliary contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic No No disconnect auxiliary contacts available

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Supervise tripping with the undervoltage 
elements as well as the negative- and zero-
sequence overvoltage elements

Zone-switching supervision logic No No disconnect auxiliary contacts available

Coupler security logic No Breaker-and-a-half busbar layout does not 
require this function
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.8 to calculate the number of current channels at the station, and 
use Equation 6.9 to calculate the number of zones at the station.

                    

Equation 6.8

                    

Equation 6.9

The protection philosophy calls for a separate relay for each busbar. There are 
three terminals in each zone, for a total of nine analog channels. Because of 
future expansion, however, add 3 more channels for a total of 12. Each 
SEL-487B has 21 analog channels, so that one relay has enough analog inputs to 
protect one of the busbars; we need 2 relays to protect both busbars.

Therefore, an SEL-487B protects busbar NORTH, and a separate SEL-487B pro-
tects the SOUTH busbar. This is known as a single-relay application. The follow-
ing discussion describes setting the relay that protects the NORTH busbar. 
Configuration settings for the relay protecting the SOUTH busbar are the same, 
except for the alias names. System settings such as CT ratios may be different.

Circuit breaker failure protection Yes Use the internal circuit breaker failure pro-
tection

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements Yes Use these elements as an additional trip cri-
terion

Zero- or negative-sequence voltage 
elements

Yes Use these elements as an additional trip cri-
terion

Table 6.41 Section of Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. The protec-
tion philosophy calls for breaker failure protection. We, therefore, need a breaker 
failure initiate input contact for each of the three terminals. Table 6.42 summa-
rizes the input contact requirement for this application.

                    

The relay main board has seven input contacts, sufficient for our application. 
From the input contact perspective, we only need the main board; we do not need 
an interface board.

Number of Relay Output Contacts
Circuit breakers TD, TE, and TF each need a trip output contact as well as a 
direct transfer trip (DTT). Table 6.43 shows the breakdown and the total number 
of relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). There 
are enough output contacts on the main board, but these contacts are all standard 
output contacts. The interface boards can have high-speed, high-interrupting out-
put contacts that provide faster contact closure. Each interface board provides six 
high-speed, high-interrupting output contacts and two standard output contacts. 
For fast busbar fault clearance, assign each circuit breaker trip output to a high-
speed, high-interrupting output contact. From the output contact perspective, we 
need one interface board.

The conclusion from the preceding analysis is that we need one SEL-487B per 
busbar, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ the number of SEL-487B Relays necessary for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

Table 6.42 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for circuit breaker failure protection 3

Total number of inputs 3

Table 6.43 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for differential, breaker failure trip-
ping, and direct transfer trip

3

Number of relay output contacts required for direct transfer tripping 3

Total number of relay output contacts 6
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
Table 6.44 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase CT from Terminal TD to relay channel I01, 
and assign to this CT the alias name TD_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.44 shows the assignment starting with Terminal TD, followed by Termi-
nal TE, and Terminal TF, taken left-to-right from Figure 6.80.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. In this application, we use 
three of the six zones with alias names as shown in Table 6.45.

                    

Table 6.44 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

Terminal TD, A-phase I01 TD_A

Terminal TD, B-phase I02 TD_B

Terminal TD, C-phase I03 TD_C

Terminal TE, A-phase I04 TE_A

Terminal TE, B-phase I05 TE_B

Terminal TE, C-phase I06 TE_C

Terminal TF, A-phase I07 TF_A

Terminal TF, B-phase I08 TF_B

Terminal TF, C-phase I09 TF_C

Table 6.45 Alias Names for Three of the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 NORTH_A

BZ2 Bus-Zone 2 NORTH_B

BZ3 Bus-Zone 3 NORTH_C
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Input-to-Logic Allocation and Alias Assignment
Table 6.42 shows that we require three digital inputs. We now assign the digital 
inputs to the selected logic and apply alias names to the inputs and logic ele-
ments. Because we installed an interface board, we use the independent inputs on 
the interface board for the breaker failure initiate inputs, instead of the inputs on 
the main board.

Input-to-Logic Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.46 shows the breaker failure initiate input allocations.

                    

Assign Alias Names to the Selected Standard Logic
The following explains each selected function in reference to Table 6.41. Alias 
name assignments are also included. 

Breaker Failure

This application is a breaker-and-a-half busbar layout. For such busbar layouts, 
two circuit breakers must operate to clear a fault. Figure 6.81 shows fault F1, for 
which both Circuit Breaker TD and Circuit Breaker TG must operate to clear the 
fault. For certain faults, the current distribution may be such that Circuit Breaker 
TD carries the bulk of the fault current, as shown in Figure 6.81.

                    

Because of the current distribution, Terminal TG may only have enough current 
to assert the breaker failure current element threshold (50Fnn) when Circuit 
Breaker TD opens, as shown in Figure 6.82. 

Table 6.46 Alias Names for the Breaker Failure Input Contacts

Input Description Alias

IN201 Terminal TD breaker failure initiate ITD_BFI

IN202 Terminal TE breaker failure initiate ITE_BFI

IN203 Terminal TF breaker failure initiate ITF_BFI

                    

Figure 6.81 Current Distribution for Fault F1 With Circuit Breaker TD and 
Circuit Breaker TG Closed

R

TD TG

F1
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This situation delays initiation of the breaker failure protection of Terminal TG 
until Circuit Breaker TD interrupts the current. However, both circuit breakers 
receive the trip signal at the same time and are expected to operate at the same 
time. Use breaker failure protection Scheme 2 to prevent this delay. See Circuit 
Breaker Failure Protection on page 5.30 for more information. 

Because the protection philosophy calls for use of the internal breaker failure 
protection, wire a breaker failure initiate contact from each feeder panel to an 
independent relay input contact. Table 6.47 shows the primitive names and the 
alias names of the breaker failure initiate Relay Word bits (see the Protection 
Group Settings on page 6.100 for more information).

                    

We also assign alias names to breaker failure logic output Relay Word bits. 
Table 6.48 shows the primitive names and the alias names.

                    

                    

Figure 6.82 Current Flow for Fault F1 After Circuit Breaker TD Opened

Table 6.47 Alias Names for the Breaker Failure Initiate Relay Word Bits 

Logic Name Description Alias

ATBFI01 Terminal TD A-phase breaker failure protection initiate input TDA_BFI

ATBFI02 Terminal TD B-phase breaker failure protection initiate input TDB_BFI

ATBFI03 Terminal TD C-phase breaker failure protection initiate input TDC_BFI

ATBFI04 Terminal TE A-phase breaker failure protection initiate input TEA_BFI

ATBFI05 Terminal TE B-phase breaker failure protection initiate input TEB_BFI

ATBFI06 Terminal TE C-phase breaker failure protection initiate input TEC_BFI

ATBFI07 Terminal TF A-phase breaker failure protection initiate input TFA_BFI

ATBFI08 Terminal TF B-phase breaker failure protection initiate input TFB_BFI

ATBFI09 Terminal TF C-phase breaker failure protection initiate input TFC_BFI

Table 6.48 Alias Names for the Breaker Failure Logic Output Relay Word Bits

Logic Name Description Alias

FBF01 Terminal TD A-phase breaker failure protection asserted TDA_BF

FBF02 Terminal TD B-phase breaker failure protection asserted TDB_BF

FBF03 Terminal TD C-phase breaker failure protection asserted TDC_BF

FBF04 Terminal TE A-phase breaker failure protection asserted TEA_BF

FBF05 Terminal TE B-phase breaker failure protection asserted TEB_BF

FBF06 Terminal TE C-phase breaker failure protection asserted TEC_BF

FBF07 Terminal TF A-phase breaker failure protection asserted TFA_BF

FBF08 Terminal TF B-phase breaker failure protection asserted TFB_BF

FBF09 Terminal TF C-phase breaker failure protection asserted TFC_BF

R

TD TG

F1
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Alias Assignment

Figure 6.83 shows the station breaker failure trip logic. Relay Word bits FBF01–
FBF09 are the inputs to the station breaker failure trip logic; Relay Word bits 
SBFTR01–SBFTR09 are the outputs from the station breaker failure trip logic. 
Relay Breaker failure trip bits SBFTR01–SBFTR09 assert to trip the circuit 
breakers of the terminals in the bus-zone with the failed circuit breaker. (See 
Section 5: Protection Functions for more information.)

                    

Table 6.49 shows the station breaker failure Relay Word bits and the alias names 
for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection (see the Control Out-
put Settings on page 6.110 for more information).

Differential Trip Logic and Differential Element Alias Assignment

Figure 6.84 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.)

Differential trip bits 87BTR01–87BTR09 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Table 6.50 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Figure 6.83 Station Breaker Failure Trip Logic

Table 6.49 Primitive Terminal and Station Breaker Failure Trip Relay Word Bit 
Names and the Alias Names for the Breaker Failure Trip Bits 

Primitive 
Name

Description
Alias 

Names

SBFTR01 Terminal TD A-phase station breaker failure protection asserted TDA_SBF

SBFTR02 Terminal TD B-phase station breaker failure protection asserted TDB_SBF

SBFTR03 Terminal TD C-phase station breaker failure protection asserted TDC_SBF

SBFTR04 Terminal TE A-phase station breaker failure protection asserted TEA_SBF

SBFTR05 Terminal TE B-phase station breaker failure protection asserted TEB_SBF

SBFTR06 Terminal TE C-phase station breaker failure protection asserted TEC_SBF

SBFTR07 Terminal TF A-phase station breaker failure protection asserted TFA_SBF

SBFTR08 Terminal TF B-phase station breaker failure protection asserted TFB_SBF

SBFTR09 Terminal TF C-phase station breaker failure protection asserted TFC_SBF

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR09

FBF01

FBF09

                    

Figure 6.84 Differential Trip Logic for Differential Element 1

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR09

Z1S is the setting for voltage supervision
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Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we want 
to trip three terminals. Table 6.51 shows the primitive terminal names, the differ-
ential trip bit names, and the alias names for the differential trip bits.

                    

Breaker Trip Logic and Trip Alias Assignment 

Figure 6.85 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information.)

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals nine. After setting the TRkk trip equations, 
the relay associates each TRkk trip equation with a particular circuit breaker pole; 
we must combine the trip equations in the output settings to form a single output 
for the circuit breaker (see Control Output Settings on page 6.110 for more infor-
mation). For example, after setting TR01 := 87BTR01 OR SBFTR01 and 

Table 6.50 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip NORTA_T

87Z2 Zone 2 differential element trip NORTB_T

87Z3 Zone 3 differential element trip NORTC_T

Table 6.51 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits

Primitive Name Description Alias

87BTR01 Terminal TD A-phase differential protection trip asserted TD_TA

87BTR02 Terminal TD B-phase differential protection trip asserted TD_TB

87BTR03 Terminal TD C-phase differential protection trip asserted TD_TC

87BTR04 Terminal TE A-phase differential protection trip asserted TE_TA

87BTR05 Terminal TE B-phase differential protection trip asserted TE_TB

87BTR06 Terminal TE C-phase differential protection trip asserted TE_TC

87BTR07 Terminal TF A-phase differential protection trip asserted TF_TA

87BTR08 Terminal TF B-phase differential protection trip asserted TF_TB

87BTR09 Terminal TF C-phase differential protection trip asserted TF_TC

                    

Figure 6.85 Breaker Trip Logic
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TR02 := 87BTR02 OR SBFTR02, the relay associates Trip Equation TR01 with 
Terminal 01 (TD_A), Trip Equation TR02 with Terminal 02 (TD_B), and so on. 
Table 6.52 shows the primitive and alias names for the trip logic of each terminal. 

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.43 
shows the breakdown of the relay outputs that we need for this application. We 
now assign specific relay output contacts to the relay functions and assign alias 
names to the relay output contacts. Table 6.53 shows the main board assignments 
and alias names. 

Output Alias Assignment, Main Board
This application requires no main board output contacts.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.54 shows the assignments and alias names for Inter-
face Board 1.

Table 6.52 Primitive and Alias Names for the Trip Logic of Each Terminal

Primitive Name Description Alias Name

TRIP01 Terminal TD A-phase trip output asserted TRTD_A

TRIP02 Terminal TD B-phase trip output asserted TRTD_B

TRIP03 Terminal TD C-phase trip output asserted TRTD_C

TRIP04 Terminal TE A-phase trip output asserted TRTE_A

TRIP05 Terminal TE B-phase trip output asserted TRTE_B

TRIP06 Terminal TE C-phase trip output asserted TRTE_C

TRIP07 Terminal TF A-phase trip output asserted TRTF_A

TRIP08 Terminal TF B-phase trip output asserted TRTF_B

TRIP09 Terminal TF C-phase trip output asserted TRTF_C

Table 6.53 Alias Assignment for the Trip Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update
We are now ready to set and configure the relay. Write down all the relevant 
information onto the station diagram, as shown in Figure 6.86. Figure 6.86 shows 
the updated station layout for both relays.

1. Write down the bus-zone, terminal, and disconnect names.

2. Allocate the terminals CTs to the relay input current channels.

3. Allocate the auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the station terminals.

                    

Table 6.54 Alias Assignments for the Output Contacts of Interface Board 1

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

Terminal TD trip output TD_TRIP

OUT202a Terminal TE trip output TE_TRIP

OUT203a Terminal TF trip output TF_TRIP

OUT204a Terminal TD direct transfer trip output TD_DTT

OUT205a Terminal TE direct transfer trip output TE_DTT

OUT206a Terminal TF direct transfer trip output TF_DTT

                    

Figure 6.86 Substation Layout With Specific Terminal Information
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Front Panel Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. Type SET T <Enter> to enter the alias setting class. Many 
default Relay Word bits have useful alias names ready for use. Type LIST 
<Enter> to see a list of default primitive names and associated alias names, as 
shown in Figure 6.87.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.88. 

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the analog channels and Relay Word bits, as shown in Figure 6.89.

We include the alias names for the three protection latch bits (PLT01, PLT02, and 
PLT03). We use these protection latch bits for local control of the differential ele-
ments (PLT01), the breaker fail protection (PLT02), and the relay test mode 
(PLT03). Because the protection logic default settings include these three protec-
tion latch bits as default settings, we did not select these protection latch bits as 
user-defined logic.

=>>SET T <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.87 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.88 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is the Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.90 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either the alias names or 
the primitive names when entering settings.

Enter the number of poles at the station for the NUMBK settings. There are three 
terminals in the differential equation, each with three poles. The total number of 
poles, therefore, equals nine poles, and we set NUMBK to 9.

Setting NUMBK to 9 makes 9 corresponding circuit breaker auxiliary input 
equations (52A01–52A09) and nine corresponding trip equations (TR01–TR09) 
available for setting. Because we do not need circuit breaker auxiliary inputs for 
this example, we need not enter values for the circuit breaker auxiliary input 
equations. For this example, the only Global setting change is the number of cir-
cuit breakers; all other settings remain at default settings.

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,TD_A <Enter>
20:
?  I02,TD_B <Enter>
21:
?  I03,TD_C <Enter>
22:
?  I04,TE_A <Enter>
23:
?  I05,TE_B <Enter>
24:
?  I06,TE_C <Enter>
•
•
•
136:
?  PLT01,DIFF_EN <Enter>
137:
?  PLT02,BF_EN <Enter>
138:
?  PLT03,TNS_SW <Enter>
139:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.89 Analog Quantities and Relay Word Bits Alias Names
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. In this application, there are no disconnect 
auxiliary contacts available, and we permanently assign analog channels to the 
appropriate differential elements. All 21 channels are available for setting, but 
only the first 9 are part of the differential protection. We, therefore, assign only 
the first nine analog channels to the differential elements. The protection philoso-
phy calls for the use of the voltage elements as an additional trip criterion.

Calculate the ratio settings as follows:

                    

Equation 6.10

Figure 6.91 shows the zone configuration settings.

Because there are no disconnects available at this station, we cannot use the 
dynamic zone selection logic. Because we cannot use the dynamic zone selection 
logic, the CTs are always considered in the differential equations.

When we consider only the disconnect auxiliary contacts as conditions in the ter-
minal-to-bus-zone connection settings, we would have entered a 1 for each of the 
terminal-to-bus-zone connection settings.

This example, however, also includes two other conditions that must be a logical 
1 before the relay considers the CTs in the differential equations. The two condi-
tions are

➤ the differential enable switch (Alias DIFF_EN)

➤ and the terminal-out-of-service switch (TOSnn, where nn is the 
terminal number)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?9 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?END <Enter>
Global
•
•
•
52A08 := NA
52A09 := NA
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.90 Global Settings for Application 3
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115

------------------=

1000=



6.99

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 3: Breaker-and-a-Half

Front-panel pushbutton PB1 controls DIFF_EN. The function of DIFF_EN is to 
remove all the terminals from the differential equations with a single command. 
Enter DIFF_EN at every terminal-to-bus-zone variable.

The terminal out-of-service switch, which removes individual terminals from the 
differential calculations, is part of the front-panel local controls. Include an indi-
vidual terminal out-of-service (TOSnn) for each terminal.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example. Delete the terminal-to-
bus-zone default settings for ease of setting zone configuration settings for the 
new substation. With the terminal-to-bus-zone default settings deleted, the setting 
prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.91 shows the Zone 
configuration settings for this application. Instead of entering 1 AND DIFF_EN 
AND NOT TOSnn, we omit the 1, and enter only DIFF_EN AND NOT TOSnn 
for each setting.

                    

=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)          PTR1    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V02 (1-10000)          PTR2    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V03 (1-10000)          PTR3    := 2000   ?1000 <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)            CTR01   := 600    ?400 <Enter>
Current Transformer Ratio -I02 (1-50000)            CTR02   := 600    ?400 <Enter>

•
•
•
Current Transformer Ratio -I09 (1-50000)            CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)            CTR10   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TD_A, NORTH_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TD_A to NORTH_A Connection (SELogic Equation)
I01BZ1V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
TD_B to NORTH_B Connection (SELogic Equation)
I02BZ2V := NA
?  PLT01 AND NOT TOS01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>
TD_C to NORTH_C Connection (SELogic Equation)
I03BZ3V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
TE_A to NORTH_A Connection (SELogic Equation)
I04BZ1V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

TE_B to NORTH_B Connection (SELogic Equation)
I05BZ2V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
TE_C to NORTH_C Connection (SELogic Equation)
I06BZ3V := NA
?  PLT01 AND NOT TOS02 <Enter>

Figure 6.91 Zone Configuration Group Settings for Application 3
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N because we do not use the Coupler Security Logic.

Terminal out of service is a local bit (local bits provide programming capabilities 
for functions available on the front-panel screen under LOCAL CONTROL). Include 
the terminal out of service in the trip equations to disable the outputs from indi-
vidual terminals.

This local control selectively takes a terminal out of service, whereas the 87(DIFF) 
ENABLED pushbutton disables all the trip outputs. Set ETOS := 3 because there are 
three breakers in the bus-zone differential protection.

There are nine breaker poles (NUMBK := 9), all of which need relay breaker fail-
ure protection. Set EBFL := 9 to enable nine breaker failure logics. Set E50 := N 
and E51 := N because we do not need overcurrent protection for this application.

Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ1,P <Enter>
TF_A to NORTH_A Connection (SELogic Equation)
I07BZ1V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ2,P <Enter>

TF_B to NORTH_B Connection (SELogic Equation)
I08BZ2V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ3,P <Enter>
TF_C to NORTH_C Connection (SELogic Equation)
I09BZ3V := NA
?  PLT01 AND NOT TOS03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
? DELETE 100 <Enter>
Bus-Zone, Bus-Zone
?<Enter>

Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  592P1 OR 592P1 OR 271P1 <Enter>
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.91 Zone Configuration Group Settings for Application 3 (Continued)
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The protection philosophy calls for undervoltage as an additional trip criterion. 
Because the voltage elements are enabled in the default settings, leave EVOLT := Y.

Default settings for the differential elements are 60 percent for Slope 1 and 80 
percent for Slope 2. Enable the advanced settings by setting EADVS := Y to 
change the slope setting.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available. For this application, we use the default values 
for the sensitive differential element, the restrained differential element, and the 
directional element.

The protection philosophy calls for breaker failure protection. This application 
shows an example of how to calculate breaker failure settings for the Terminal 
TD circuit breaker. In this example, we apply the settings calculated for Terminal 
TD to all the terminals at the station. Because network parameters are different, 
be sure to calculate values for the other terminals; do not assume that settings for 
one terminal apply to all other terminals at the same station.

EBFL, Enable Breaker Fail Setting

Enter the number of per-pole breaker fail logics you want to enable.

In this single-relay application, we need nine per-pole breaker fail logics, because 
we must provide breaker failure protection for three breakers.

EBFL := 9 Enable breaker fail

Figure 6.92 shows the components of breaker failure protection for line protec-
tion. Do not consider remote terminal information when considering breaker fail-
ure protection for equipment such as capacitor banks, transformers, etc.

                    

Use the SEL-487B to provide circuit breaker failure protection for Circuit 
Breaker TD in Figure 6.93.

                    

Figure 6.92 Breaker Failure Timing Diagram
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Figure 6.93 shows the power system for this example. Line 1 and Line 2 connect 
Station S and Station R. We set the breaker failure protection in the SEL-487B to 
detect circuit breaker failures for Terminal TD at Station S. This example uses a 
line with three-pole tripping, but the relay provides the flexibility to also apply 
circuit breaker failure for single-pole trip circuit breakers. This flexibility is pos-
sible because the current measurement and timers are available on a per-phase 
basis.

                    

50FP01, Phase Current Level Detector Setting 
NOTE: This is one method for 
calculating setting 50FP01. Use your 
company’s practices and policies for 
determining the pickup setting for 
your particular application.

Set the current pickup (50FP01) greater than maximum load and less than the 
fault current that flows through Terminal TD. Assume that the total load current 
(IS) is 3.25 A secondary, supplied from Substation S. Calculate setting 50FP01 
with all the load current IS through Terminal TD.

                    

Equation 6.11

A fault study shows that the minimum ground fault current, Ifault minimum, is 
4.2 A secondary when the parallel line is in service at minimum generation. Cal-
culate the 50FP01 setting for dependability at half the minimum fault current.

                    

Equation 6.12

Although the result of this setting calculation is less than maximum load, obtain 
greater dependability by using this calculation to set the 50FP01 element to 
2.10 A.

                    

Figure 6.93 Power System for Circuit Breaker Failure Scheme 2

STATION S STATION R
NORTH BUSBAR

SOUTH BUSBAR

Line 1

TD 52 52

SEL-487B

Line 2

TG 52 52

TJ 52 52

SEL-487B

50FP01 120% Percent Current IS•  =

120% 100% Current 3.25 A•  =

3.91 A secondary=

50FP01 0.5 Percent Current Ifault minimum•  =

0.5 100% Current 4.20A•  =

2.10 A secondary=
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BFPU01, Circuit Breaker Failure Time Delay Setting

BFPU01 (Breaker Failure Time Delay-Terminal TD) is the time for which the 
input (BFI01) to Timer BFPU01 must be continuously present to result in a cir-
cuit breaker failure trip operation. The recommended setting for BFPU1 is the 
sum of the following:

➤ Maximum circuit breaker operating time

➤ OPH01 maximum dropout time

➤ Safety margin

Figure 6.94 shows the timing diagram for setting Timer BFPU01. 

                    

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

To maintain system stability, you must clear the fault within the total clearing 
time, assumed to be 17 cycles for this example. Use the maximum operating time 
of the local and remote circuit breakers. The maximum circuit breaker operating 
time, tbk, is 3 cycles for this example.

Use 0.75 cycle for tOPH, the maximum assertion time of the open-phase detec-
tor, OPH01. You must also include the communications channel time, tch, for 
remote circuit breaker tripping. To determine setting BFPU1, you must find the 
safety margin, ts. Use Equation 6.13 to calculate the safety margin:

                    

Equation 6.13

                    

                    

Figure 6.94 Timing Diagram for Setting BFPU01–Scheme 2

Maximum Breaker
Operate Time tbk
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FBF01

OPH01 Assertion 
Time, tOPH

Safety
Margin Time, ts

where:

ts = safety margin

tt = total clearing time (17 cycles)

t1r = line protection maximum operating time (2 cycles)

t1bk = local circuit breaker maximum operating time (3 cycles)

ts tt – tlr tlbk t+ OPH t86 tch t+ rbk+ + + =

17 – (2 + 3 + 0.75 + 1 + 1 + 3)=

5.75 cycles=
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Use the safety margin result from Equation 6.13 to calculate BFPU01:

                    

Equation 6.14

BFPU01 := 9.50 cycles Breaker Failure Time Delay

RTPU01, Retrip Time Delay Setting

If the circuit breaker is equipped with two trip coils, the relay should attempt to 
retrip the protected circuit breaker before a circuit breaker failure trip asserts. In 
this example, local circuit breaker maximum operating time is 3 cycles, and the 
open-phase detection assertion is 0.75 cycle. Wait 4 cycles for the retrip.

RTPU01 := 4.00 Retrip Time Delay

BFI01 and ABFI01, Circuit Breaker Initiation Settings

Figure 6.95 shows the breaker failure initiate contact for Terminal TD. Wire sim-
ilar contacts for Terminal TE and Terminal TF into the SEL-487B.

                    

For this example, assume the breaker failure initiate signal is continuous. 
Because this is a breaker-and-a-half busbar layout, use the input extension option 
of Alternate Breaker Failure Initiating Input With Extension and/or Seal In Logic 
on page 5.32 (see Circuit Breaker Failure Protection on page 5.30 for more 
information).

Figure 6.96 shows the circuit breaker failure initiation extension and seal-in 
logic, and Figure 6.97 shows the circuit breaker failure logic. 

tOPH = open-phase detection OPH01 maximum assertion time (0.75 cycle)

t86 = auxiliary breaker failure relay operating time (1 cycle)

tch = communications channel maximum operating time (1 cycle)

trbk = remote circuit breaker maximum operating time (3 cycles)

BFPU01 t1bk tOPH ts+ +=

3 + 0.75 + 5.75=

9.5 cycles=

                    

Figure 6.95 Breaker Failure Protection Wiring for Terminal TD
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Scheme 2 uses a combination of the logic in Figure 6.96 and Figure 6.97 by set-
ting the output from the circuit breaker failure initiation extension and seal-in 
logic (ABFIT01, Figure 6.96) as the breaker failure initiate input of the breaker 
failure logic (BFI01, Figure 6.97).

                    

Because this is an example of a three-pole circuit breaker, enter the same breaker 
failure initiate input (IN201) for all three phases (ATBFI01–ATBFI03) for Termi-
nal TD.

Table 6.55 shows the breaker failure initiate input (IN201) and the assignment 
and setting to combine the logic for Terminal TD, stating the alias names where 
applicable. Settings for the remaining terminals are similar.

                    

                    

Figure 6.96 Circuit Breaker Failure Initiation Extension and Seal-In Logic

                    

Figure 6.97 Circuit Breaker Failure Logic

Table 6.55 Input and Relay Word Bit Assignments and Settings for the 
Combined Logic

Assignment Setting to Achieve the Assignment

IN201 to ATBFI01 TDA_BFI := ITD_BFI

IN201 to ATBFI02 TDB_BFI := ITD_BFI

IN201 to ATBFI03 TDC_BFI := ITD_BFI

ABFIT01 to BFI01 BFI01 := ABFIT01

ABFIT02 to BFI02 BFI02 := ABFIT02

ABFIT03 to BFI03 BFI03 := ABFIT03

Relay
Word
Bit

ATBFI01

EBFIS01 := Y 
(Logical 1 if EBFIS01 := Y)

50F01

SELOGIC
Setting 0

BFIDO01 
(1.5 CYC)

ABFIT01

0

(0.5 CYC) 
BFISP01

1

2

Relay
Word
BitsXBF01

EXBF01 := Y 
(Logical 1 if EXBF01 := Y)

BFI01

I01

50FP01

OPH01

SELOGIC
Settings

BFPU01

0
CYC

RTPU01

0
CYC

FBF01

50F01

BFIT01

RT01
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BFIDO01, Circuit Breaker Failure Protection Initiation Dropout Delay 
Setting

Setting EBFIS01 applies to the case where the breaker failure initiate signal is not 
continuous. Because the breaker failure initiate signal is continuous in this exam-
ple, leave EBFIS01 at the default value of N. Consider the case where the entire 
fault current initially flows through Terminal TG, and no current flows through 
Terminal TD. Timer BFIDO01 replaces the current input 50FI01 (Figure 6.96) 
for the period when the entire fault current flows through Circuit Breaker TG. 
During this period, not enough current is available to assert Relay Word bit 
50FI01 to turn AND Gate 1 on (Figure 6.96). Timer BFIDO01 extends the 
breaker failure initiate signal, waiting for Terminal TD to interrupt the fault cur-
rent. The maximum circuit breaker operating time for Terminal TG is 3 cycles; 
allow a short safety margin and set Timer BFIDO01 to 4 cycles.

BFIDO1 := 4.00 Breaker Failure Initiate Dropout Delay-BK1

Negative- and Zero-Sequence Overvoltage, Thresholds and Phase 
Undervoltage Settings

Conduct fault studies to obtain appropriate settings for the negative-sequence and 
zero-sequence overvoltage elements.

For this example, assume a setting of 15 V for both negative-sequence and zero-
sequence overvoltage elements and 45 V for the undervoltage elements. 

59P1P1 := 15 Overvoltage Element 1 pickup setting. Use 59O1 = 3V2FIM for 
the negative-sequence operating quantity.

59P2P1 := 15 Overvoltage Element 2 pickup setting. Use 59O2 = 3V0FIM for 
the zero-sequence operating quantity.

27P1P1 := 45 Undervoltage Element 1 pickup setting. Use V0nFIM (n = 1–3) 
for the undervoltage operating quantity.

TR01–TR09, Trip Equations Settings

Pay close attention to the trip logic (TR01–TR09) settings. Because this is a sin-
gle-relay application, CTs from the three phases (A-phase, B-phase, and C-phase) 
from each terminal are assigned to three different differential elements (see Sin-
gle-Relay Application on page 6.3). Setting NUMBK (Global settings) to 9 also 
makes 9 corresponding trip equations (TR01–TR09) available for setting. All 
nine channels are part of the breaker failure protection, as well as part of the bus-
zone protection. Therefore, we include the differential trip outputs as well as the 
station breaker fail trip outputs in the trip equation of each terminal. Setting the 
trip equations involves assigning the nine differential trip bits to the correct nine 
trip equations, and assigning the nine station breaker failure trip bits to the cor-
rect nine trip equations. 

TDURD, Minimum Trip Duration Time Delay Setting

Although the SEL-487B includes nine trip logics, there is only one Minimum 
Trip Duration Time Delay setting. Set the timer TDURD longer than the operat-
ing time of the slowest circuit breaker at the station, using the default value of 
12 cycles.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.
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The SEL-487B triggers an event report when any one of the following Relay 
Word bits asserts:

➤ 87BTR (any one of the differential trip bits)

➤ SBFTR (any one of the station breaker failure trip bits)

➤ TRIP (any one of the nine trip logic outputs)

➤ ER (user-defined functions)

➤ TRI (ASCII command)

The protection philosophy calls for the relay to generate an event report when the 
negative-sequence and zero-sequence overvoltage elements assert. To achieve 
this, enter Relay Word bit 591P1 and 592P1 at the ER prompt.

ER := 591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3

Protection Latch bit PLT02 enables/disables the breaker failure protection in the 
default settings. Include PLT02 in each breaker failure initiate setting for the BKR 
FAIL ENABLE pushbutton to control the breaker failure protection. Figure 6.98 
shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?3 <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?9 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?> <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Terminal Out-of-Service
Terminal 01 Out-of-Service (SELogic Equation)
TOS01 := LB01
?  > <Enter>
Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?<Enter>
Fault Current Pickup -BK01 (0.50-50 amps,sec)        50FP01  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK01 (0.00-6000 cyc)    BFPU01  := 6.00   ?9.5 <Enter>
Retrip Delay -BK01 (0.00-6000 cyc)                   RTPU01  := 3.00   ?4 <Enter>

Breaker Fail Initiate -BK01 (SELogic Equation)
BFI01 := IN101 AND BF_EN
?  ABFIT01 <Enter>
Alt Breaker Fail Initiate -BK01 (SELogic Equation)
ATBFI01 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK01 (Y,N)            EBFIS01 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ?4 <Enter>

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?<Enter>
Fault Current Pickup -BK02 (0.50-50 amps,sec)        50FP02  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK02 (0.00-6000 cyc)    BFPU02  := 6.00   ?9.5 <Enter>
Retrip Delay -BK02 (0.00-6000 cyc)                   RTPU02  := 3.00   ?4 <Enter>
Breaker Fail Initiate -BK02 (SELogic Equation)
BFI02 := IN102 AND BF_EN
?  ABFIT02 <Enter>

Alt Breaker Fail Initiate -BK02 (SELogic Equation)
ATBFI02 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK02 (Y,N)            EBFIS02 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ?4 <Enter>
•
•
•

Figure 6.98 Protection Group Settings for Application 3
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This concludes the protection group settings. The next settings class is the front-
panel settings.

Front-Panel Settings
The front-panel settings class is where we set functions visible and accessible 
from the front panel. Settings include LEDs, pushbuttons, front-panel screen 
selection, display point, and local control. All of these functions have default set-
tings, except five pushbuttons and the display points.

Because not all functions are required in this application, change the settings 
according to the protection philosophy. Remove the following LED settings:

➤ ZONE 4 trip indication (LED 6)

➤ ZONE 5 trip indication (LED 7)

➤ ZONE 6 trip indication (LED 8)

➤ 50 indication (LED 9)

Trip Logic
Trip 01 (SELogic Equation)
TR01 := TDA_SBF OR TD_TA
?<Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := TDB_SBF OR TD_TB
?<Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>
Trip 03 (SELogic Equation)
TR03 := TDC_SBF OR TD_TC
?<Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Trip 04 (SELogic Equation)
TR04 := TEA_SBF OR TE_TA
?<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := TEB_SBF OR TE_TB OR TEC_SBF OR TE_TC
?  TEB_SBF OR TE_TB <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Trip 06 (SELogic Equation)
TR06 := NA
?  TEC_SBF OR TE_TC
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?<Enter>
•
•
•
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000  ? <Enter>

Event Report Trigger Equation (SELogic Equation)
ER := R_TRIG 87ST
?  591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3 <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.98 Protection Group Settings for Application 3 (Continued)
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➤ 51 indication (LED 10)

➤ 89 IN PROG (LED 14)

➤ 89 ALARM (LED 15)

Also, change the number of Local bits for the TOS (Terminal Out of Service) 
function to the correct number, 3. Figure 6.99 shows the settings.

                    

=>>SET F <Enter>
Front Panel
Front Panel Settings
Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Enable LED Asserted Color (R,G)                      EN_LEDC := G      ? <Enter>
Trip LED Asserted Color (R,G)                        TR_LEDC := R      ? <Enter>

Pushbutton LED 1 (SELogic Equation)
PB1_LED := PLT01 # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
PB1_LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB1_COL := AO     ? <Enter>
Pushbutton LED 2 (SELogic Equation)

PB2_LED := PLT02 # BREAKER FAILURE ENABLED
.
.
.
PB12LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB12COL := AO     ? <Enter>

Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  <Enter>
Target LED 1 Latch (Y,N)                             T1LEDL  := Y      ? <Enter>
T1_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T1LEDC  := RO     ? <Enter>
Target LED 2 (SELogic Equation)
T2_LED := SBFTR
?  <Enter>
.
.
.

Target LED 6 Latch (Y,N)                             T6LEDL  := Y      ?N <Enter>
T6_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T6LEDC  := RO     ? <Enter>
Target LED 7 (SELogic Equation)
T7_LED := 87Z5
?  <Enter>
Target LED 7 Latch (Y,N)                             T7LEDL  := Y      ?N <Enter>
T7_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T7LEDC  := RO     ? <Enter>
Target LED 8 (SELogic Equation)
T8_LED := 87Z6
?  <Enter>
Target LED 8 Latch (Y,N)                             T8LEDL  := Y      ?N <Enter>
T8_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T8LEDC  := RO     ? <Enter>

Target LED 9 (SELogic Equation)
T9_LED  := 50P01T OR 50P02T OR 50P03T OR 50P04T OR 50P05T OR 50P06T OR \
            50P07T OR 50P08T OR 50P09T OR 50P10T OR 50P11T OR 50P12T OR \
            50P13T OR 50P14T OR 50P15T OR 50P16T OR 50P17T OR 50P18T OR \
            50P19T OR 50P20T OR 50P21T
?  <Enter>
Target LED 9 Latch (Y,N)                             T9LEDL  := Y      ?N <Enter>
T9_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T9LEDC  := RO     ? <Enter>
Target LED 10 (SELogic Equation)
T10_LED := 51T01 OR 51T02 OR 51T03 OR 51T04 OR 51T05 OR 51T06 OR \
            51T07 OR 51T08 OR 51T09 OR 51T10 OR 51T11 OR 51T12 OR \
            51T13 OR 51T14 OR 51T15 OR 51T16 OR 51T17 OR 51T18 OR \
            51T19 OR 51T20 OR 51T21
?  <Enter>
Target LED 10 Latch (Y,N)                            T10LEDL := Y      ?N <Enter>
T10LED Assert & Deassert Color (Enter 2: R,G,A,O)    T10LEDC := RO     ? <Enter>

Target LED 11 (SELogic Equation)
T11_LED := 87ST
?  <Enter>
.
.
.
?  <Enter>
Target LED 24 Latch (Y,N)                            T24LEDL := N      ? <Enter>
T24LED Assert & Deassert Color (Enter 2: R,G,A,O)    T24LEDC := RO     ? <Enter>

Figure 6.99 Front-Panel Settings for Application 3
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This concludes the front-panel settings. The next settings class is the control out-
put settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need six output contacts for our example:

➤ three for the differential and breaker failure trip outputs

➤ three for direct transfer trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings. 

Because the relay interprets the NUMBK setting as the number of poles, there are 
nine trip equations for this application. There is, of course, only one circuit 
breaker for each terminal. We therefore combine the appropriate trip outputs 
from the breaker trip logic (TRIP01–TRIP09, see Figure 6.85) to provide a single 
trip output for each circuit breaker. For example, we set (Group settings) the trip 
equations for Terminal TD to TR01 := TDA_SBF OR TD_TA, TR02 := 

Selectable Screens for the Front Panel

Front Panel Display Update Rate (OFF,1-15 seconds)   SCROLD  := 5      ? <Enter>
Station Battery Screen (Y,N)                         STA_BAT := N      ? <Enter>
Fundamental Voltage and Current Screen (Y,N)         FUND_VI := Y      ? <Enter>
Differential Metering (Y,N)                          DIFF    := Y      ? <Enter>
Terminals Associated with Zones (Y,N)                ZONECFG := Y      ? <Enter>

Selectable Operator Pushbuttons

Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)          PB1_HMI := OFF    ?> <Enter>

Front Panel Event Display

Enable HMI Auto Display of Event Summaries (Y,N)     DISP_ER := Y      ?> <Enter>

Display Points
(Boolean):RWB Name, "Label", "Set String", "Clear String", "Text Size"
(Analog) : Analog Quantity Name, "User Text and Formatting", "Text Size"

1: 
?  <Enter>

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB01,"F1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB01,"Terminal TD","OUT OF SERVICE","IN SERVICE",N<Enter>
2: LB02,"F2 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB02,"Terminal TE","OUT OF SERVICE","IN SERVICE",N<Enter>
3: LB03,"F3 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB03,"tERMINAL TF","OUT OF SERVICE","IN SERVICE",N<Enter>
4: LB04,"T1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  DELETE<Enter>
4: LB05,"TB OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  END<Enter>

Front Panel

Front Panel Settings

•
•
•

SER Parameters

SER_PP  := N
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.99 Front-Panel Settings for Application 3 (Continued)
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TDB_SBF OR TD_TB, and TR03 := TDC_SBF OR TD_TC, with the corre-
sponding breaker trip logic output alias names of TRTD_A, TRTD_B, and TRT-
D_C. Because Terminal TD has only one circuit breaker, assertion of any one of 
the three breaker trip logic outputs (TRTD_A, TRTD_B, or TRTD_C) must trip 
the circuit breaker of Terminal TD. To achieve this combination, enter all three of 
the breaker trip logic output Relay Word bits in the output equation of the circuit 
breaker of Terminal TD. We assign the output Relay Word bits of the breaker fail-
ure logic to output contacts OUT204, OUT205, and OUT206 for direct transfer 
tripping.

Figure 6.100 shows the output settings. We include Protection Latch Bit PLT03 
in the output equation. With PLT03 included in every output equation, the RELAY 
TEST MODE pushbutton disables all output contacts. 

                    

This concludes the settings for Application 3.

Application 4: Single Bus and Transfer Bus With Bus 
Coupler

This application describes the busbar arrangement shown in Figure 6.101, single 
bus and transfer bus with tie breaker (bus coupler). The busbar arrangement con-
sists of two busbars (main busbar and transfer busbar), four feeders and a tie 
breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

=>>SET O <Enter>
Output
Main Board
OUT101 := TRTD_A AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRTD_B AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRTD_C AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRTE_A AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRTE_B AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRTD_A OR TRTD_B OR TRTD_C) AND NOT PLTO3 <Enter>
OUT202 := NA
?  (TRTE_A OR TRTE_B OR TRTE_C) AND NOT PLTO3 <Enter>
OUT203 := NA
?  (TRTF_A OR TRTF_B OR TRTF_C) AND NOT PLTO3 <Enter>

OUT204 := NA
?  (TDA_SBF OR TDB_SBF OR TDC_SBF) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TEA_SBF OR TEB_SBF OR TEC_SBF) AND NOT PLT03 <Enter>
OUT206 := NA
?  TFA_SBF OR TFB_SBF OR TFC_SBF AND NOT PLT03 <Enter>
OUT207 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.100 Output Settings for Application 3
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➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Single bus and transfer bus with tie breaker

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ Only 89A disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one CT core for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.101 Single Bus and Transfer Bus With Bus Coupler (Tie Breaker)
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the 89B disconnect auxiliary contacts to dynamically configure 
the station.

4. Use the zone-switching supervision logic.

5. Prevent the loss of Busbar 1 for a fault between the tie breaker and 
tie-breaker CT.

6. Ensure bus-zone protection stability for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. For example, in this application the protection phi-
losophy calls for the use of the zone-switching supervision, but not for breaker 
failure protection. The SEL-487B offers a number of protection functions as stan-
dard features, but it also includes the capability through SELOGIC control equa-
tions to create user-configurable functions.

To prevent tripping of Busbar 1 when there is a fault between the tie breaker and 
tie-breaker CT, we can delay tripping of Busbar 1 and trip the tie breaker first 
(see Protection Group Settings on page 6.127). We then remove the tie-breaker 
currents from the differential calculations. To remove the tie-breaker currents 
from the differential calculations, we use the breaker auxiliary contact from the 
tie breaker and a combination of the coupler security logic and zone supervision.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.56 shows the selection of the standard functions.

                    

Table 6.56 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic No We need both 89A and 89B disconnect; only 
the 89A contact is available.
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User-Defined Functions
This application requires no user-defined functions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ and the number of interface boards (as many as four interface boards 
per relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.15 to calculate the number of current channels at the station, and 
use Equation 6.16 to calculate the number of zones at the station.

                    

Equation 6.15

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of pre-
venting the loss of Busbar 1 for a fault between 
the tie breaker and the tie-breaker CT.

Zone-switching supervision 
logic

Yes Use this logic when only one (either 89A or 
89B) disconnect contact is available.

Coupler security logic Yes Use the coupler security logic in a single CT 
application for enhanced protection for faults 
between the tie-breaker CT and circuit breaker.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.56 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs
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Equation 6.16

The number of per-phase CTs at the station is 15 (the tie breaker has three CT 
cores), and one SEL-487B suffices. However, the requirement for five future 
feeders increases the number of per-phase CTs to 30. Because each SEL-487B 
has 21 analog input channels, we need three relays. This is known as a three-relay 
application.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, identi-
fied with an appended letter A (MEXCO_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MEXCO_A setting is MEXCO_B in the B-phase relay, and 
MEXCO_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The protection philosophy calls for disconnect auxiliary contacts to dynamically 
configure the station. Because each terminal provides only one disconnect auxil-
iary contact, we cannot use the disconnect monitoring logic. Each feeder has two 
busbar disconnects (891 and 892), and the tie breaker also has two disconnects 
(891 and 892). Each feeder therefore requires two inputs, and the tie breaker 
requires two inputs, for a total number of ten disconnect logics.

The protection philosophy also calls for zone-switching supervision logic, and 
we will use the coupler security logic to prevent tripping of Busbar 1 when there 
is a fault between the tie breaker and tie-breaker CT. For the zone-switching 
supervision logic, connect the close and open signals from each disconnect in 
parallel, and wire the parallel combination as a single input into the relay (see 
Zone Configuration Group Settings on page 6.123). 

The coupler security logic requires three inputs:

➤ a close signal

➤ a circuit breaker 52A auxiliary contact

➤ an input for the accelerated tripping function (see Figure 6.110 for 
more information)

We need one input for the circuit breaker 52A auxiliary contact and one input for 
the closing signal. For the accelerated tripping input (ACTRP1), we use the out-
put from the BZ1 differential element (87R1). Table 6.57 summarizes the input 
contacts necessary for this application. 

# of bus-zones required = # of per-phase station bus sections
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The relay main board has seven inputs, insufficient inputs for our application. 
Each interface board provides two sets of nine grouped inputs and six indepen-
dent inputs. Use the grouped inputs for the disconnect auxiliary contact inputs; 
the six independent inputs are available for breaker failure initiate inputs. 
Because this application has no circuit breaker failure protection, and the circuit 
breaker closing signals are best suited for independent inputs, use the indepen-
dent inputs on the interface board for the circuit breaker closing signal. From the 
input perspective, we need one interface board. It is not necessary to include I/O 
for future expansion with the initial order; install additional I/O if and when 
required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.58 shows the breakdown and the total number of relay output 
contacts required for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts. The interface 
boards can have high-speed, high-interrupting output contacts that provide faster 
contact closure. Each interface board provides six high-speed, high-interrupting 
output contacts and two standard output contacts. For fast busbar fault clearance, 
assign each circuit breaker trip output to a high-speed, high-interrupting output 
contact for each of the circuit breakers at the station. From the output contact per-
spective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays necessary for the application

➤ The number of inputs

Table 6.57 Number of Required Relay Inputs

Input Description Inputs

Number of relay inputs required for the disconnect contacts (4 • 2) + 2 = 10

Number of relay inputs required for disconnect open/close 
signal

1

Number of relay inputs required for the coupler security 
logic on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary contact)

Total number of inputs 13

Table 6.58 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping the circuit breakers 5

Total number of relay output contacts 5
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➤ The number of output contacts

➤ The selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation, and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.59 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.59 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from Figure 6.101.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.60.

                    

Table 6.59 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MEXICO terminal, A-phase I02 MEXCO_A

RIO DE JANEIRO terminal, A-phase I03 RIODJ_A

BOGOTA terminal, A-phase I04 BOGOT_A

PANAMA terminal, A-phase I05 PANAM_A

Table 6.60 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 BUS_A

BZ2 Bus-Zone 2 TRANS_A
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Input-to-Logic Allocation 
Table 6.57 shows that we require 13 digital inputs. We now assign the 13 digital 
input contacts to the selected logic. There are 18 grouped and 6 independent 
input contacts on the interface board. We assign the 10 disconnect inputs to the 
grouped terminals and the remaining 3 inputs to the independent relay inputs on 
the interface board.

Input Contact to Logic Allocation, Main Board

This application requires no main board inputs.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.61 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because inputs IN201–IN203 and IN213–IN215 are independent inputs, 
assign the inputs for the coupler security logic and the open/closing signals to 
these relay inputs.

                    

Identification of the Selected Standard Logic
The following explains each selected function in reference to Table 6.56. Alias 
name assignments are also included.

Differential Trip Logic Identification

Figure 6.102 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if zone supervision conditions permit an output from 
the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.62 shows the Relay Word bits and description for the zone differential 
protection outputs.

Table 6.61 Relay Input-to-Relay Logic Assignment

Input Description

IN201 TIE-BREAKER circuit breaker 52A auxiliary contact

IN202 TIE-BREAKER circuit breaker closing signal

IN203 Disconnect open/closing signal

IN204 TIE-BREAKER disconnect (BUS_A) NO contact

IN205 TIE-BREAKER disconnect (TRANS_A) NO contact

IN206 MEXICO terminal disconnect (BUS_A) NO contact

IN207 MEXICO terminal disconnect (TRANS_A) NO contact

IN208 RIO DE JANEIRO terminal disconnect (BUS_A) NO contact

IN209 RIO DE JANEIRO terminal disconnect (TRANS_A) NO contact

IN210 BOGOTA terminal disconnect (BUS_A) NO contact

IN211 BOGOTA terminal disconnect (TRANS_A) NO contact

IN212 PANAMA terminal disconnect (BUS_A) NO contact

IN216 PANAMA terminal disconnect (TRANS_A) NO contact
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.122 for more information). Table 6.63 shows the differential trip bit and 
the associated terminals.

                    

Relay Logic-to-Output Contact Allocation 
Table 6.58 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.64 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.65 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Contact Allocation, Main Board
This application requires only the TEST and ALARM output contacts from the 
main board.

                    

Table 6.62 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.102 Differential Trip Logic for Differential Element 1

Table 6.63 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

Table 6.64 Alias Names and Contact Allocation of the Main Board Output 
Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Output Contact Allocation, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.65 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.103.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Table 6.65 Allocation of the Interface Board Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-breaker trip logic output

OUT202a MEXICO trip logic output

OUT203a RIO DE JANERO trip logic output

OUT204a BOGOTA trip logic output

OUT205a PANAMA trip logic output

                    

Figure 6.103 Substation Layout With Specific Information
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay.

Type SET T <Enter> to enter the alias setting class. Many default Relay Word 
bits have useful alias names ready for use. Type LIST <Enter> to see a list of 
default primitive names and associated alias names, as shown in Figure 6.104.

After inspecting the list, we decide the only useful alias names are those of the 24 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.105. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.106.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>

1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.104 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.105 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.107 shows the setting changes we need for our example. 

Because there are five circuit breakers at the station, set NUMBK to 5. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input contact for the tie-breaker auxiliary contact (52A01 := 
IN201). Set the remaining four circuit breaker auxiliary input equations (52A02–
52A05) to NA.

                    

v1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>

28:
?  I02,MEXCO_A <Enter>
29:
?  I03,RIODJ_A <Enter>
30:
?  I04,BOGOT_A <Enter>

31:
?  I05,PANAM_A <Enter>
32:
?  BZ1,BUS_A <Enter>
33:
?  BZ2,TRANS_A <Enter>

34:
?  PLT01,DIFF_EN <Enter>
35:
? PLT03,TNS_SW <Enter>
36:
? END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.106 Analog Quantities and Relay Word Bits Alias Names

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?  <Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Figure 6.107 Global Settings for Application 4
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contact status to determine the station configuration and assign the input currents 
from the CTs to the appropriate differential elements. For each terminal, wire an 
89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Mexico feeder, all three phases 
(MEXCO_A, MEXCO_B, and MEXCO_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MEXCO_A in the 
A-phase relay, phase MEXCO_B in B-phase relay, etc.), we must convey the dis-
connect status to all three relays. 

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN201<Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter> 
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ?> <Enter>
Global
•
•
•
EVELOCK := 0        DNPSRC  := UTC
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.107 Global Settings for Application 4 (Continued)
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For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the terminal to the 
transfer busbar (disconnect G892 on the Panama Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one feeder will be on transfer at any given time, i.e., the tie-
breaker disconnects and the feeder transfer disconnect (n892, n = D, 
E, F, G) of only one of the four feeders can be closed simultaneously.

➤ Only Busbar 1 can be the source busbar.

➤ The operating sequence to put a feeder on transfer is fixed.

Because the operating sequence defines a set of operating rules, settings engi-
neers can decide on appropriate terminal-to-bus-zone and bus-zone-to-bus-zone 
settings for each step.

Table 6.66 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Refer to Figure 6.103 and consider a case in which we put the PANAMA Feeder 
on transfer.

Assume the tie breaker is open and both tie-breaker disconnects are open.

                     

Because the operating sequence prevents connections that could result in relay 
misoperation, we must merge the zones during the intermediate position (Step 2 
in Table 6.66). We define this intermediate position as the time when disconnects 
n891 and n892 of any feeder are closed simultaneously.

Enter this state to merge the zones in the bus-zone-to-bus-zone connections:

BZ1BZ2V := (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 
AND IN216)

Table 6.66 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Close tie-breaker disconnects 
Z892 and Z891. Close the tie-
breaker circuit breaker.

Feeder Disconnects D891, E891, F891, and 
G891 as well as D893, E893, F893, and G893 
are now closed. Feeder Disconnects D892, E892, 
F892, and G892 are open. Closing the tie breaker 
brings both busbars to the same potential.

2 Close the Panama G892 discon-
nect.

Closing Disconnect G892 forms a bus-zone-to-
bus-zone connection, resulting in a parallel 
path between the tie breaker and the Panama 
Feeder. Merge the two zones to prevent possi-
ble relay misoperation.

3 Open the Panama circuit breaker. Although the current distribution is known at 
this point, the feeder is still considered in the 
intermediate position and the two zones are 
still merged.

4 Open the line disconnect (G893) 
of the Panama feeder. Open the 
Busbar 1 (G891) disconnect.

Opening G891 removes the bus-zone-to-bus-
zone connection, forming two independent 
zones. The Panama feeder is now on transfer.
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We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 1 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ1 differential element out-
put by the negated coupler security output (ZS1 := NOT CSL1) (see Protection 
Group Settings on page 6.127 for more information).

I01BZ1V and I01BZ2V, the tie-breaker terminal-to-bus-zone settings, comprise 
the disconnect auxiliary contacts (IN204 and IN205), the circuit breaker auxiliary 
contact (CB52A1), the circuit breaker closing signal (CBCLST1), and the cou-
pler status timed out bit (CB52T1). (See Figure 6.110 and Protection Group Set-
tings on page 6.127 for more detail.)

In this application, the disconnect provides only one (89B) disconnect auxiliary 
contact. We cannot use the disconnect monitoring logic because the disconnect 
monitoring logic requires two disconnect auxiliary contacts. For installations 
with only one disconnect auxiliary contact, use the zone-switching supervision 
logic. (See Section 5: Protection Functions for more information.) Enable the 
zone switching supervision by setting EZSWSUP := Y. Connect the open and 
close signals from the disconnects in parallel (see Figure 6.108).

In this application, we assign this parallel connection to relay input IN203. Set 
ZSWO := IN203.

Alarm ZSWOAL stays asserted indefinitely in the event of the disconnect auxil-
iary contact failing to change status. Use pushbutton PB5 to reset Alarm 
ZSWOAL when a disconnect auxiliary contact fails to change status. Set 
RZSWOAL := PB5. 

                    

Measure each disconnect travel time.

Set the zone-switching operation pickup delay (ZSWOPU) to a value longer than 
the time necessary for the slowest disconnect to complete an open-to-close, or 
close-to-open operation. Based on previous experience with similar equipment, 
we set the ZSWOPU to 3600 cycles in this example. Figure 6.109 shows the zone 
configuration settings for this application.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example.

For ease of setting zone configuration settings for the new substation, delete the 
terminal-to-bus-zone connections default settings. With the terminal-to-bus-zone 
connections default settings deleted, the setting prompts no longer reference the 
default settings.

                    

Figure 6.108 External Wiring and Initiation Input for Zone-Switching 
Supervision

Open Signal, 
Terminal 01

Close Signal, 
Terminal 01

Open Signal, 
Terminal nn

Close Signal, 
Terminal nn

• • •

IN203

+

–
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You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.109 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?600 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, BUS_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TIE_A to BUS_A Connection (SELogic Equation)
I01BZ1V := NA
?  IN204 AND IN205 AND (CB52A1 OR CBCLST1) <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ2,N <Enter>
TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ2V := NA
?  IN204 AND IN205 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ1,P <Enter>
MEXCO_A to BUS_A Connection (SELogic Equation)
I02BZ1V := NA
?  IN206 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>

MEXCO_A to TRANS_A Connection (SELogic Equation)
I02BZ2V := NA
?  IN207 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ1,P <Enter>
RIODJ_A to BUS_A Connection (SELogic Equation)
I03BZ1V := NA
?  IN208 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ2,P <Enter>

RIODJ_A to TRANS_A Connection (SELogic Equation)
I03BZ2V := NA
?  IN209 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BOGOT_A to BUS_A Connection (SELogic Equation)
I04BZ1V := NA
?  IN210 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ2,P <Enter>

BOGOT_A to TRANS_A Connection (SELogic Equation)
I04BZ2V := NA
?  IN211 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ1,P <Enter>
PANAM_A to BUS_A Connection (SELogic Equation)
I05BZ1V := NA
?  IN212 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

PANAM_A to TRANS_A Connection (SELogic Equation)
I05BZ2V := NA
?  IN216 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  BZ1,BZ2 <Enter>

BUS_A to TRANS_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>
Connection to Remove Terminals when BUS_A and TRANS_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>

Figure 6.109 Zone Configuration Group Settings for Application 4
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings. Default settings for the differential elements are 60 percent 
for Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable 
the advanced settings by setting EADVS := Y. With EADVS := Y, the slope set-
tings and incremental restrained and operating current settings become available. 
For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information).

We need one coupler security logic for this application. Set ECSL := 1. Set 
ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N because we do not use the terminal out of service function, breaker 
failure protection, overcurrent elements, voltage elements, or advanced settings 
in this application.

Setting NUMBK to 5 (Global settings) makes five corresponding circuit breaker 
auxiliary input equations (52A01–52A05), and five corresponding trip equations 
(TR01–TR05) available for setting. Each of the five analog channels has a corre-
sponding differential trip bit that asserts (Table 6.63) when the differential ele-
ment asserts.

Be sure to include these differential trip bits in the trip equations of all circuit 
breakers you want to trip. When applying the coupler security logic as in this 
example, include the differential element trip output (87R1) and the 87BTR01 
differential trip bit in the tie-breaker trip logic. 

Terminals Removed when BUS_A and TRANS_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>
Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?

Zone Supervision
Differential Element Zone Supervision (Y,N)         E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT CSL1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  > <Enter>

Zone Switching Supervision (Y,N)                    EZSWSUP := N      ?Y <Enter>
Zone Switching Operation (SELogic Equation)
ZSWO := NA
?  IN203 <Enter>
Reset Zone Switching Op Alarm (SELogic Equation)
RZSWOAL := NA
?  PB5 <Enter>
Zone Switching Op Pickup Delay (0-99999 cyc)        ZSWOPU  := 1800   ?3600 <Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.109 Zone Configuration Group Settings for Application 4 (Continued)
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The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Figure 6.110 shows the combination of the coupler security logic and the zone 
supervision with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the fixed logic.

                    

The protection philosophy calls for the loss of only one zone when a fault 
between the tie-breaker CT and circuit breaker occurs. Use the coupler security 
logic to prevent the loss of Busbar 1 for a fault between the tie-breaker CT and 
circuit breaker. Be aware, however, that using this logic delays relay operation for 
all busbar faults on Busbar 1. 

Assume for this application that the maximum circuit breaker tripping time is two 
cycles and that the maximum closing time is four cycles. Refer to Figure 6.110, 
and notice the difference in the CB52A1 and CBCLS1 inputs from the regular 
coupler security application. Input CBCLS1 provides the closing signal informa-
tion to the relay. For an open-to-close operation, Input CBCLS1 asserts when the 
operator issues a closing signal to the circuit breaker, asserting Relay Word bits 
I01BZ1V and I01BZ2V. When Relay Word bits I01BZ1V and I01BZ2V assert, 
the relay considers the CT in the differential equations. Inserting the CTs in the 
differential equations before primary current flows emulates the early make, late 
break timing requirement for the disconnect auxiliary contacts. Set the timer 
dropout time (CBCLDO1) to a value longer than the maximum breaker closing 
time. In this example, allow a short safety margin and set CBCLDO1 to 5 cycles 
(default value). A setting of five cycles allows the circuit breaker ample time to 
change state, during which time Relay Word bit CB52A1 asserts. 

When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 

                    

Figure 6.110 Coupler Security Logic With Applied Input Settings
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use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 2. However, because we supervise all Zone 1 faults, 
premature removal of the CTs does not adversely affect Zone 1 differential ele-
ments.

Figure 6.111 shows just the tie breaker and two terminals of the application. The 
single CT on the tie breaker has one core, providing CT information to both dif-
ferential elements. The challenge to the coupler security logic is to trip BZ2 and 
not BZ1 for Fault F1. This requirement contradicts the existing configuration, for 
it calls for the coupler security logic to prevent BZ1 from operating for an in-
zone fault (fault on Busbar 1) and for BZ2 to operate for an out-of-zone fault 
(fault on Busbar 1). 

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection BZ2 is stable, and differential protection BZ1 immedi-
ately trips the Mexico circuit breaker and the tie-breaker circuit breaker. How-
ever, tripping the Mexico circuit breaker and the tie-breaker circuit breaker does 
not clear Fault F1. Fault current still flows from the Rio de Janeiro Feeder, 
through the transfer bus, and into the fault. Although breaker failure protection 
will operate to trip the Rio de Janeiro circuit breaker, this operation takes place 
after the breaker failure time delay. After the tie-breaker breaker failure timer 
times out, all circuit breakers in BZ2 zone trip, resulting in both BZ1 and BZ2 
tripping to clear Fault F1. 

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in such a way that tripping of the BZ1 bus-zone is only permitted 
when the tie-breaker circuit breaker is open. To prevent tripping BZ1, configure 
the relay to achieve the following:

                    

Figure 6.111 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT

Transfer Bus (BZ2)
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➤ Check if the tie-breaker circuit breaker is closed.

➤ If the tie-breaker circuit breaker is closed, trip only the tie breaker to 
interrupt the fault current from BZ1; trip no other circuit breakers.

➤ If the tie breaker is open, allow normal busbar protection tripping.

➤ When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of BZ1 and eventually BZ2.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 1 requires the following two settings:

➤ Supervising the BZ1 differential element

➤ Issuing a trip signal to the tie breaker first

Supervise the BZ1 differential element output with the negated output from the 
coupler security logic (Z1S := NOT CSL1). We assign 87R1, the unsupervised 
output from the BZ1 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.110 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the 
supervision from the BZ1 differential element. 

Supervising the BZ1 differential element in this way prevents the tripping of all 
terminals in BZ1, including the tie breaker. To trip the tie breaker, include 87R1, 
the unsupervised output from Differential Element 1 in the trip equation of the tie 
breaker.

After the tie breaker opens (two cycles), we remove the tie-breaker CT from the 
differential calculations of BZ1, but not the BZ1 supervision. Maintain the BZ1 
supervision for at least another 1.25 cycles (add a safety margin of 0.75 cycle) to 
allow the differential element to reset. Achieve this delay by setting ACTPPU1 to 
at least 4 cycles.

For Fault F1, BZ1 operates, asserting Relay Word bit 87R1. When Relay Word 
bit 87R1 asserts, the accelerated trip timer starts timing. Because of the BZ1 zone 
supervision (NOT CSL1), 87Z1 cannot assert, and only the bus tie breaker 
receives a trip signal.

Two cycles later, the tie-breaker trips, interrupting the fault current contribution 
from BZ1. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ1V and eventually I01BZ2V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the tie 
breaker is open, but fault current still flows through the CT. Removing the tie-
breaker CTs from all differential calculations does not trip BZ1 (no fault current 
contribution from BZ1) but causes BZ2 to operate (BZ2 balancing tie-breaker CT 
removed), tripping all circuit breakers on the transfer bus. Removing the bus sec-
tionalizer CTs also deasserts Relay Word bit 87R1, causing the accelerated trip 
timer to stop timing. Fault F1 is now cleared, although there is a time delay.

For Fault F2, the initial tripping is the same as for Fault F1: BZ1 operates, assert-
ing Relay Word bit 87R1. When Relay Word bit 87R1 asserts, the accelerated trip 
timer starts timing. Because of the BZ1 zone supervision (NOT CSL1), 87Z1 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.
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Two cycles later, the tie-breaker circuit breaker trips, and the auxiliary contact 
changes state at the same time. When the auxiliary contact changes state, Relay 
Word bit CB52A1 deasserts, causing Relay Word bits I01BZ1V and eventually 
I01BZ2V to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deas-
sert, the relay removes the CTs from the differential calculations for BZ1 and 
BZ2. Because the circuit breaker is open, terminals from BZ2 no longer contrib-
ute to the fault, and BZ2 is stable. However, the BZ1 zone supervision (NOT 
CSL1) still supervises the BZ1 trip output for another two cycles. Two cycles 
later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. When 
Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the zone 
supervision from BZ1, issuing a trip signal to all circuit breakers on Busbar 1.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.112 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN201 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ?<Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN202 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ?<Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R1 <Enter>

Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ?<Enter>
Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87R1 OR 87BTR01 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR02 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR03 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Figure 6.112 Protection Group Settings for Application 4
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay. Connect the cable to the circuit breaker trip coil to any one of the 
three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.113 shows the control output settings.

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR04 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR05 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?<Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.112 Protection Group Settings for Application 4 (Continued)
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This concludes the settings for Application 4.

Application 5: Double Bus With Bus Coupler
This application describes the busbar arrangement shown in Figure 6.114, double 
bus with tie breaker (bus coupler). The busbar arrangement consists of two bus-
bars (main busbar and transfer busbar), four terminals and a tie breaker. Consider 
the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  > <Enter>

•
•
•
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.113 Control Output Settings for Application
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

                    

Figure 6.114 Double Bus With Bus Coupler (Tie Breaker)
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3. Use the disconnect auxiliary contacts to dynamically configure the 
differential protection.

4. Use the disconnect monitor logic

5. Use external breaker failure protection.

6. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 6 of the protection philosophy calls for 
stable differential protection for all operating conditions. There are two network 
conditions when the differential protection can become unstable:

➤ When disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ When the transfer disconnect of any feeder is closed

By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.67 shows the selection of the standard functions.

                    

Table 6.67 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differential 
protection according to the disconnect positions

Sensitive differential pro-
tection

Yes Use the sensitive differential element as CT open 
circuit detection

Zone supervision logic Yes Use the zone supervision logic to ensure stable dif-
ferential protection for all operating conditions

Zone-switching supervi-
sion logic

No 89A and 89B disconnect contacts available so this 
logic is not required

Coupler security logic No Two CTs in overlap configuration do not require the 
coupler security logic

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs we install 3 SEL-487B Relays. 
Use Equation 6.17 to calculate the number of current channels at the station, and 
use Equation 6.18 to calculate the number of zones at the station.

                    

Equation 6.17

                    

Equation 6.18

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays. This example shows the setting and configura-
tion for the A-phase relay, so identified with an appended letter A (MADRI_A). 
For the other two relays, the settings and configuration are the same as for the A-

Time-overcurrent protec-
tion

No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.67 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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phase relay, but the appended letter changes according to the letter designation of 
the relay. For example, the corresponding MADRI_A setting is MADRI_B in the 
B-phase relay, and MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires three disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.19 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.19

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.68 summarizes the input contact required for this application. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; and five of the six independent input 
contacts for the breaker failure inputs. From the input contact perspective, we 
need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.69 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.68 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.69 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts; high-speed, high-
interrupting output contacts provide for faster contact closure. Each interface 
board can provide six high-speed, high-interrupting output contacts, and two 
standard output contacts. For fast busbar fault clearance, assign each circuit 
breaker trip output to a high-speed, high-interrupting output contact for each of 
the circuit breakers at the station. From the output contact perspective, we need 
one interface board. 

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the number of the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and external circuit breaker failure inputs to 
specific relay input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.70 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.70 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.114.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.71.

                    

Input to Logic Allocation 
Table 6.68 shows that we require 33 digital inputs. We now assign the 33 digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact to Logic Allocation, Interface Board 1 (200)

Table 6.72 and Table 6.73 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs. 

                    

Table 6.70 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.71 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.73 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

                    

Assignment of the Selected Standard Logic
Referring to Table 6.67, the following is a discussion on each selected function. 

Disconnect Monitoring Logic 

Figure 6.115 shows one of the 60 disconnect monitor logic circuits available in 
the relay. (See Dynamic Zone Selection Logic on page 5.14 for more information 
on the disconnect auxiliary contact requirements).

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 2 of 2)

Input Description

Table 6.73 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.74 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.115 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.74 Disconnect Auxiliary Contact Relay Word Bits

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.116 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.75 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.147 for more information). Table 6.76 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.117 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

Table 6.75 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.116 Differential Trip Logic for Differential Element 1

Table 6.76 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Table 6.77 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.118 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.72 to the appropriate 
XBFnn (nn = 01–06) of the breaker failure protection logic (see Protection 
Group Settings on page 6.153). Table 6.78 shows the primitive names and assign-
ments.

                    

                    

Figure 6.117 Breaker Failure Trip Logic

Table 6.77 Station Breaker Failure Trip Bit Names and Associated Terminal 
Names

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.118 Breaker Failure Logic for External Breaker Failure

Table 6.78 Breaker Failure Logic Output Relay Word Bits

Logic Name Description

IN201 TIE1_A breaker failure protection asserted

IN201 TIE2_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFnn
EXBF01 = Y 

(Logical 1 if EXBF01 = Y)

SELOGIC
Setting

FBF01
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.69 shows the breakdown of the five relay outputs we need for Applica-
tion 5. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.79 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.80 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.80 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.119.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.79 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.80 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-Breaker trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.119 Substation Layout With Specific Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.120.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.121. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.122. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.120 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.121 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>

33:
?  BZ1,ZONE1_A <Enter>
34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.123 shows the setting changes we need for our example.

Because we declared the alias names in the previous setting class, use either the 
alias names or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–60). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>
Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

Figure 6.123 Global Settings for Application 5
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the London feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>

DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>

N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•

N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ? <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.123 Global Settings for Application 5 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected.

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., disconnect G898 on the CAIRO Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z892 or Z891) and the transfer 
disconnect (n898, n = D, E, F, and G) of only one of the four feeders 
can be closed simultaneously.

➤ Either Busbar B1 or Busbar B2 can be the source busbar.

➤ When closing the transfer disconnect, the protection of the transfer 
busbar becomes part of the line protection.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.81 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that the tie breaker and tie-breaker disconnects are closed. For brevity, 
we consider only the MADRID and CAIRO Feeders in the following discussion. 
Consider a case where we put the CAIRO Feeder on transfer, with Busbar B2 
selected as the source busbar.

                    

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 1 of 2)

Step 
Number

Description Comment

1 Switch Terminals TD, 
TE, and TF to the 
source busbar (B2).

Assume that all FDRs are connected to B1. Close the dis-
connects that connect the terminals to Busbar B2 (D892, 
E892, F892, and G892), and open the disconnects that 
connect the terminals to Busbar B1 (D891, E891, and 
F891). After Step 1, CAIRO is the only feeder connected 
to Busbar B1, see Figure 6.124. Both Bus-zone B2 (I03 + 
I01 = Is – Is = 0) and Bus-Zone B1 are balanced (I02 + 
I06 = Is – Is = 0).

2 Close the transfer dis-
connect (G898) of the 
terminal going on 
transfer.

This operation forms a parallel path, with current IS split-
ting at the G894 and G898 junction; not all current flows 
through the CAIRO CT. There are still two bus-zones (B1 
and B2), but because the current from the CAIRO CT is 
missing (worst case), Bus-Zone B1 can misoperate. 
Remove Bus-Zone B1 by removing the CAIRO CT and 
tie-breaker channel I02 from the differential calculations. 
(See the ensuing discussion and Figure 6.125). The trans-
fer busbar is now part of the line protection.
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Figure 6.124 shows the station after Step 1 in Table 6.81. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. With all trans-
fer disconnects open, all the CT secondary currents are available, and both Bus-
Zones B1 and B2 are balanced.

                    

Figure 6.125 shows the current distribution for the condition when disconnect 
G891 and disconnect G898 are both closed. Current IS enters the MADRID ter-
minal, flows through the tie breaker, busbar B1, and as far as the junction 
between disconnect G894 and G898. At this junction, the current splits into ia 
and ib. As a worst-case scenario, assume the entire current, IS, flows through dis-
connect G898, with no current flowing through the CAIRO CT. To balance the 
B1 differential element, we need the sum of the currents in the B1 element to 
equal zero. Without the CAIRO CT current contribution, the differential element 
is unbalanced and can result in misoperation. To conclude, the current input from 

3 Open the circuit 
breaker of the termi-
nal going on transfer.

Opening the CAIRO circuit breaker interrupts the current 
path through the circuit breaker. Tie-breaker channel I01 
remains part of the differential calculations to balance the 
current flow to the CAIRO Feeder.

4 Open the source bus-
bar disconnect (G894) 
and the line discon-
nect (G895) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating sequence; 
the operation has no effect on the busbar protection. 

                    

Figure 6.124 Bus-Zone B1 and Bus-Zone B2 Are Balanced When Both Transfer 
Disconnects Are Open

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 2 of 2)

Step 
Number

Description Comment

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6
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the CAIRO CT is uncertain when disconnect G891 and disconnect G898 are both 
closed, and disappears when the circuit breaker opens. For these reasons, Bus-
Zone B1 cannot form a reliable differential zone when disconnect G898 closes. 
Differential Element B2 remains stable, and the B2 Busbar protection is secure.

                    

By removing the CAIRO CT as well as the tie-breaker I02 channel from the dif-
ferential calculations, we effectively remove Differential element B1. We can 
achieve the same result in two ways:

➤ by using the zone supervision setting (ZnS)

➤ entering values for each of the terminal-to-bus-zone settings

This example uses the first option (i.e., the zone supervision setting).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

1. With no feeder on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections. 

2. A feeder is on transfer when any n898 AND n891, or any n898 AND 
n892 (n = D, E, F, and G) disconnects are closed simultaneously. 

3. When a feeder is on transfer and B2 is the source busbar, remove I02. 
B2 is the source busbar when n891 AND n898 (n = D, E, F, and G) 
disconnects are closed.

                    

Figure 6.125 Current Distribution During Transfer Procedure Using Inboard CTs

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6

D894 and
D898 Junction

Worst case: ia » Is 

Worst case: ib » 0 

Current –Is
is missing in
this CT, without 
which +Is in the
tie-breaker channel 
I02 is unbalanced
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4. When a feeder is on transfer and B1 is the source busbar, remove I01. 
B1 is the source busbar when n892 AND n898 (n = D, E, F, and G) 
disconnects are closed.

Z1S:= NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 
89CL11) OR (89CL12 AND 89CL14))

Z2S:= NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 
89CL11) OR (89CL13 AND 89CL14))

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration default settings.

With the zone configuration default settings deleted, the setting prompts no lon-
ger reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.126 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Figure 6.126 Zone Configuration Group Settings for Application 5
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available. For 
this application, we use the default values for the Sensitive Differential Element, 
the Restrained Differential Element, and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>

CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>

Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>
Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
? <Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>

Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 89CL11) OR (8\
9CL12 AND 89CL14)) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (8\
9CL13 AND 89CL14)) <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.126 Zone Configuration Group Settings for Application 5 (Continued)
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TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Select six as the number of breaker failure logics for this application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.76) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.77) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both Differential Trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01).

Figure 6.127 shows the protection group settings for this application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>

Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.127 Protection Group Settings for Application 5
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>

•
•
•
External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF06 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK06 (0.00-1000 cyc)   BFIDO06 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>
•
•
•

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>

Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.127 Protection Group Settings for Application 5 (Continued)
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We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA.

Figure 6.128 shows the control output settings.

                    

This concludes the settings for Application 5.

Application 6: Double and Transfer Bus With Two Busbars
This describes the busbar arrangement shown in Figure 6.129. The busbar 
arrangement consists of two busbars (main busbar and transfer busbar), four ter-
minals and a tie breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>

OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.128 Control Output Settings for Application 5
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

                    

Figure 6.129 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker)
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

3. Ensure stable differential protection for all operating conditions.

4. Use the disconnect auxiliary contacts to dynamically configure the 
station.

5. Use the disconnect monitor logic.

6. Use external breaker failure protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 3 of the protection philosophy calls for 
stable differential protection for all operating conditions.

There are two network conditions when the differential protection can become 
unstable: when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time, or when the transfer disconnect of any feeder is closed. 
By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.82 shows the selection of the standard functions.

                    

Table 6.82 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the station according to the dis-
connect positions.

Sensitive differential protection Yes Use the sensitive differential element as CT open circuit detection.

Zone supervision logic Yes Use the zone supervision logic to compensate for the inboard CTs 
during the bypass period, as well as when a feeder is on transfer.

Zone-switching supervision logic No 89A and 89B disconnect contacts available, so this logic is not required.

Coupler security logic No Not required

Circuit breaker failure protection Yes External breaker failure
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.20 to calculate the number of current channels at the station, and 
use Equation 6.21 to calculate the number of zones at the station.

                    

Equation 6.20

                    

Equation 6.21

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage elements No Not required

Table 6.82 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the 4 feeders requires 3 disconnect monitoring logic and 
the tie breaker requires 2; the number of disconnect logics required is therefore 
14. Each disconnect monitoring logic requires two disconnect auxiliary contact 
inputs: an 89A and an 89B contact. Use Equation 6.22 to calculate the number of 
relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.22

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.83 summarizes the input contact required for this application. 

                    

The relay main board has seven inputs, which are not enough inputs for our appli-
cation. Each interface board provides two sets of nine grouped inputs and six 
independent input contacts. Use the grouped inputs for the disconnect auxiliary 
contact inputs and the six independent inputs for the breaker failure inputs. From 
the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.84 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.83 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.84 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts, and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following: 

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ Selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay.

However, we still need to do the following:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.85 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.85 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.129.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.86.

                    

Input-to-Logic Allocation 
Table 6.83 shows that we require 33 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.87 and Table 6.88 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs.

                    

Table 6.85 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.86 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.88 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs. 

                    

Assignment of the Selected Standard Logic
Referring to Table 6.82, the following is a discussion on each selected function. 

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 2 of 2)

Input Description

Table 6.88 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Disconnect Monitoring Logic 

Figure 6.130 shows one of the 60 disconnect monitor logic circuits available in 
the relay (see Figure 6.20). 

                    

Table 6.89 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.130 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Disconnect Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 14
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.131 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.90 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.170 for more information). Table 6.91 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Disconnect Input Description

Table 6.90 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.131 Differential Trip Logic for Differential Element 1

Table 6.91 Differential Trip Bit Names and the Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.132 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.92 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.133 shows the 
logic for the external breaker failure function.

                    

Table 6.87 and Table 6.88 show the appropriate XBFqq (qq = 1–6) and relay 
input assignment (see Protection Group Settings on page 6.177).

                    

Figure 6.132 Breaker Failure Trip Logic

Table 6.92 Station Breaker Failure Trip Relay Word Bit Names and Associated 
Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.133 Breaker Failure Logic for External Breaker Failure

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.84 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.93 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.94 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.94 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.134.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.93 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.94 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.134 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.135.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.136. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.137. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.135 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.136 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.138 shows the setting changes we need for our example. Because we 
declared the alias names in the previous setting class, use either the alias names 
or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–14). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>

Figure 6.138 Global Settings for Application 6
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfiguring the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration, and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Milan feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>

DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)

•
•
•
N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.138 Global Settings for Application 6 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected (B1).

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., Disconnect G898 on the Cairo Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the 
transfer Disconnect (n898, n = D, E, F, and G) of only one of the four 
feeders can be closed at a time.

➤ Only Busbar B2 can be the source busbar.

➤ The transfer busbar (B1) becomes part of the line protection when a 
terminal is on transfer.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.95 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that Disconnects Z891 and Z892 and the tie-breaker circuit breaker are 
closed. For brevity, we consider only the MADRID and CAIRO terminals in the 
following discussion. Consider the case where we put Terminal CAIRO on trans-
fer.

                    

Table 6.95 Fixed Operating Sequence to Put a Terminal on Transfer

Step 
Number

Description Comment

1 Switch terminals TD, TE, and 
TF to the source busbar (B2).

Close all disconnects that connect the terminals to 
busbar B2 (D892, E892, F892, and G892), and 
open all disconnects that connect the terminals to 
busbar B1 (D891, E891, F891, and G891). No 
current flows through the tie breaker, see 
Figure 6.139. Bus-Zone B1 does not operate 
because no current flows through the tie breaker. 
Bus-Zone B2 is balanced because I03 + I06 = 0.

2 Close the transfer Disconnect 
(G898) of the terminal going 
on transfer.

This operation forms a parallel path, with 
(ia + ib – ia – ib) current Is splitting into ia and ib at 
the D892 and Busbar B2 junction, as shown in 
Figure 6.140. To overcome this problem, remove 
tie-breaker Channel I02 from the B1 differential 
calculations when G898 closes. (See the ensuing 
discussion and Figure 6.140). 

3 Open the circuit breaker of the 
terminal going on transfer.

Opening the CAIRO circuit breaker interrupts the 
current path through the circuit breaker. Tie-
breaker Channel I01 remains part of the B2 differ-
ential calculations to balance the current flow to 
the CAIRO Terminal.

4 Open the source busbar Dis-
connect (G892) and the line 
Disconnect (G893) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating 
sequence; the operation has no effect on the bus-
bar protection. 
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Figure 6.139 shows the station after Step 1 in Table 6.95. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. Because tie-
breaker Disconnect Z891 is still closed, both bus-zones B1 and B2 are active. 
Bus-Zone B1 has only one CT (tie-breaker Channel I02) in place, but because no 
current flows through the tie breaker, the relay does not operate. Having both 
zones active provides the benefit of detecting faults on B1 during these operating 
conditions.

                    

Closing Disconnect G898 in Step 2 of Table 6.95 forms a parallel path. Current Is 
enters at the MADRID terminal and splits into ia and ib at the D892 and Busbar 
B2 junction. This current distribution unbalances B1 because current –ia is miss-
ing in the CAIRO CT. The two differential elements calculate the differential cur-
rents as follows:

Element for Busbar B1:

Equation 6.23

Element for Busbar B2:

Equation 6.24

                    

Figure 6.139 Bus-Zones B1 and B2 Are Balanced When All Transfer Disconnects 
Are Open
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In Step 3 of Table 6.95, we open the CAIRO circuit breaker and the parallel path 
no longer exists. Current ib disappears and Is flows as shown in Figure 6.141. The 
differential element for Busbar B2 is stable (I01 + I03 = 0), but the differential 
element for Busbar B1 is unbalanced. To conclude, the differential element for 
Busbar B1 is unbalanced during the transition period (when a parallel path exists) 
as well as when the terminal is on transfer.

                    

Figure 6.140 Current Distribution During Transfer Procedure Using Inboard CTs
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Because Disconnect G898 bypasses the CAIRO CT, we cannot provide differen-
tial protection for Busbar B1. Because we cannot provide differential protection 
for Busbar B1, we need to remove the existing differential B1 element to prevent 
misoperation. We remove differential B1 element by using a zone supervision 
setting (ZnS).

In this application, the tie-breaker current assignment to the differential elements 
depends on the position of only one of the tie-breaker disconnects: current Chan-
nel I01 is assigned to B2 when Z892 is closed. Likewise, current Channel I02 is 
assigned to B1 when Z891 is closed. The assignment of the feeder currents to the 
differential elements depends solely on the corresponding B1 and B2 disconnect 
positions (n891 and n892).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
Current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

➤ With no terminal on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections.

➤ A terminal is on transfer when any n898 (n = D, E, F, and G) 
disconnect is closed.

➤ When a terminal is on transfer, disable the differential element for 
Busbar B1.

                    

Figure 6.141 Current Distribution After Opening the Circuit Breaker of the 
Terminal Going on Transfer
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Set the Zone Supervision setting for Busbar B1 as follows: Z1S := NOT (89CL05 
OR 89CL08 OR 89CL11 OR 89CL14). Figure 6.142 shows the Zone Configura-
tion settings for this application.

The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration settings for the new substation, delete the terminal-to-
bus-zone default settings. With the terminal-to-bus-zone default settings deleted, 
the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.142 
shows the Zone Configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A, <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>

Figure 6.142 Zone Configuration Group Settings for Application 6
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT(89CL05 OR 89CL08 OR 89CL11 OR 89CL14) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?<Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.142 Zone Configuration Group Settings for Application 6 (Continued)
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This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Therefore, select six as the number of breaker failure logics for this 
application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.91) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.92) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both differential trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01). Figure 6.143 shows the protection group settings for this 
application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>

Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>

Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>

Figure 6.143 Protection Group Settings for Application 6
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This concludes the protection group settings. The next settings class is control 
output settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>
•
•
•

External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF05 := NA
?  IN302<Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.143 Protection Group Settings for Application 6 (Continued)
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Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.144 shows the control output settings.

                    

Application 7: Double and Transfer Bus (Outboard CTs)
This application describes the busbar arrangement shown in Figure 6.145. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>

OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.144 Control Output Settings for Application 6
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and it declares the tie-breaker (bus coupler) 
configuration.

➤ Description:

➢ Double bus with transfer busbar

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one core used for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.145 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Outboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Use external breaker failure protection.

6. Prevent the loss of Busbar B2 for a fault between the tie breaker and 
tie-breaker CT.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. For example, in this application, the protection philosophy calls for 
the use of breaker failure protection but not for overcurrent protection. The 
SEL-487B offers a number of protection functions as standard features, but it 
also offers the capability through SELOGIC control equations for you to create 
user-configurable functions. 

To prevent tripping of Busbar B2 when there is a fault between the tie breaker 
and tie-breaker CT, we can delay tripping of Busbar B2 and trip the tie breaker 
first (see Protection Group Settings on page 6.200). We then remove the tie-
breaker currents from the differential calculations of both zones to trip Busbar B1 
and not Busbar B2.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations).

Standard Functions
Refer to Protection Philosophy on page 6.182 and select the standard functions 
necessary for the application. Table 6.96 shows the selection of standard func-
tions.

                    

Table 6.96 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay).

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards. 

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.25 to calculate the number of current channels at the station, and 
use Equation 6.26 to calculate the number of zones at the station.

                    

Equation 6.25

                    

Equation 6.26

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differen-
tial protection according to the disconnect positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of prevent-
ing the loss of Busbar B2 for a fault between the tie 
breaker and the tie-breaker CT.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so this 
logic is not required.

Coupler security logic Yes Use the coupler security logic in a single CT appli-
cation for enhanced protection for faults between 
the tie-breaker CT and the circuit breaker.

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.96 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station CTs
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The number of per-phase CTs at the station is 15 (tie breaker has three CT cores), 
so one SEL-487B suffices. However, the requirement for 5 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required therefore is 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.27 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts.

                    

Equation 6.27

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. When a circuit breaker fails, the relay uses this informa-
tion to only trip the terminals in the bus-zone with the failed circuit breaker. Wire 
a breaker failure output contact from each breaker failure relay on each of the ter-
minals to the SEL-487B. 

We will use the coupler security logic to prevent tripping of Busbar B2 when 
there is a fault between the tie breaker and the tie-breaker CT. The coupler secu-
rity logic requires three inputs: a close signal, a circuit breaker 52A auxiliary 
contact, and an input for the accelerated tripping function (see Figure 6.110 for 
more information). We need one input for the circuit breaker 52A auxiliary con-
tact and one input for the closing signal. For the accelerated tripping input 
(ACTRP1), we use the output from the B2 differential element (87R2). 
Table 6.97 summarizes the input contact necessary for this application.

# relay inputs required = 2 # disconnect monitoring logics• 



6.185

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 7: Double and Transfer Bus (Outboard CTs)

                    

The relay main board has seven input contacts, an insufficient number of inputs 
for our application. Each interface board provides two sets of nine grouped inputs 
and six independent inputs. Use the grouped inputs for the disconnect auxiliary 
contact inputs, and use the six independent inputs for the breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.98 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of inputs

➤ The number of output contacts

➤ The selected protection functions

Table 6.97 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Number of relay inputs required for breaker failure protection 5

Number of relay inputs required for the coupler security logic 
on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary 52A 
contact)

Total number of inputs 37

Table 6.98 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.99 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.99 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.145.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
three bus-zone alias names, as shown in Table 6.100.

                    

Table 6.99 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MADRID terminal, A-phase I02 MADRI_A

MILAN terminal, A-phase I03 MILAN_A

ROME terminal, A-phase I04 ROME_A

CAIRO terminal, A-phase I05 CAIRO_A

Table 6.100 Alias Names for the Three Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

BZ3 Transfer busbar TRANS_A
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Input-to-Logic Allocation 
Table 6.97 shows that we require 37 digital inputs. We now assign the digital 
inputs to the selected logic. Because of the functional requirements of this appli-
cation, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.101 and Table 6.102 show the disconnect and circuit breaker failure con-
tact input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure (only one 
breaker failure initiate input for the tie breaker) initiate input signals, tie-breaker 
52A auxiliary contact, and the tie-breaker closing signal to these relay inputs.

                    

Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.102 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

Table 6.101 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS _A) NO contact

IN209 TIE-BREAKER disconnect (TRANS _A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN213 TIE-BREAKER circuit breaker 52A auxiliary contact

IN214 TIE-BREAKER circuit breaker closing signal

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS _A) NO contact

IN218 MADRID terminal disconnect (TRANS _A) NC contact

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS _A) NO contact

IN224 MILAN terminal disconnect (TRANS _A) NC contact
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Assignment of the Selected Standard Logic
The following discussion references Table 6.96 in explaining each selected function.

Disconnect Monitoring Logic 

Figure 6.146 shows one of the 60 disconnect monitor logic circuits available in 
the relay.

                    

Table 6.103 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

Table 6.102 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact

                    

Figure 6.146 Disconnect Monitoring Logic Circuit for Terminal 01

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 TIE-BREAKER disconnect (TRANS_A) NO contact

89B03 TIE-BREAKER disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect inputs to the other 
two relays. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.147 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.104 shows Relay Word bits and description for the differential protection 
outputs.

                    

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN_A disconnect (ZONE1_A) NC contact

89A08 MILAN_A disconnect (ZONE2_A) NO contact

89B08 MILAN_A disconnect (ZONE2_A) NC contact

89A09 MILAN_A disconnect (TRANS_A) NO contact

89B09 MILAN_A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME_A disconnect (ZONE1_A) NC contact

89A11 ROME_A disconnect (ZONE2_A) NO contact

89B11 ROME_A disconnect (ZONE2_A) NC contact

89A12 ROME_A disconnect (TRANS_A) NO contact

89B12 ROME_A disconnect (TRANS_A) NC contact

89A13 CAIRO_A disconnect (ZONE1_A) NO contact

89B13 CAIRO_A disconnect (ZONE1_A) NC contact

89A14 CAIRO_A disconnect (ZONE2_A) NO contact

89B14 CAIRO_A disconnect (ZONE2_A) NC contact

89A15 CAIRO_A disconnect (TRANS_A) NO contact

89B15 CAIRO_A disconnect (TRANS_A) NC contact

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.104 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

87Z3 Transfer zone differential element trip
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.195). Table 6.105 shows the differential trip bit names and the associated 
terminal current channels.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.148 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF05 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR05 are the outputs from the station breaker failure logic. 
Breaker failure trip bits SBFTR01–SBFTR05 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.106 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip five circuit breakers. 

                    

Figure 6.147 Differential Trip Logic for Differential Element 1

Table 6.105 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

                    

Figure 6.148 Breaker Failure Trip Logic

Table 6.106 Station Breaker Failure Trip Bits and Associated Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR05

FBF01

FBF05



6.191

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 7: Double and Transfer Bus (Outboard CTs)

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.149 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.101 and Table 6.102 
to the appropriate XBFqq (qq = 01–05) of the breaker failure protection logic 
(see Protection Group Settings on page 6.200). Table 6.107 shows the relay input 
and terminal assignments.

                    

Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.98 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.108 shows TEST and ALARM protection logic output assign-
ment to the main board output contacts. Table 6.109 shows the linking of the trip 
logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.109 shows the assignments for the five terminals of 
the A-phase relay.

                    

Figure 6.149 Breaker Failure Logic for External Breaker Failure

Table 6.107 Breaker Failure Logic Input Relay Word Bits

Logic Name Description

IN201 TIE_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)

Table 6.108 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.150.

1. Write down the bus-zone, terminal, and disconnect names. 

2. Allocate the terminal CTs to the relay input current channels.

3. Allocate the terminal auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the terminals.

Table 6.109 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip output

OUT202a MADRID trip output

OUT203a MILAN trip output

OUT204a ROME trip output

OUT205a CAIRO trip output
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.150 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.151.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.152. 

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.153.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

.

.

.
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.151 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.152 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.154 shows the settings changes we need for our example. Because we 
declared the alias names in the previous settings class, use either the alias names 
or the primitive names when entering settings. 

Set NUMBK to 5 because there are five circuit breakers at the station. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input for the breaker status logic (52A01) for current channel 
I01 (52A01 := IN213). Set the remaining four circuit breaker auxiliary input 
equations (52A02–52A05) to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 15 disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
15). Travel time is the period during which both disconnect auxiliary contacts are 
in the open position. Measure the travel time during commissioning and adjust 
the settings appropriately. Based on previous experience with similar equipment, 
we set the tie-breaker disconnect travel time to 400 cycles in this example.

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>
28:
?  I02,MADRI_A <Enter>
29:
?  I03, MILAN_A <Enter>

30:
?  I04, ROME_A <Enter>
31:
?  I05, CAIRO_A <Enter>
32:
?  BZ1,ZONE1_A <Enter>
33:
?  BZ2,ZONE2_A <Enter>
34:
?  BZ3,TRANS_A <Enter>

35:
?  END <Enter>
Alias
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.153 Analog Quantities and Relay Word Bit Alias Names
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This concludes the Global settings. The next settings class is the zone configura-
tion Group settings.

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN213 <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>

N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>

N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter> 
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?400 <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>

DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.154 Global Settings
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Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes (see Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements.

For each disconnect, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays. Because we wire a disconnect auxiliary contacts 
to only one relay, jumper (hardwire) the contact to the two other relays. For 
example, when we close the busbar disconnect on the Milan feeder, all three 
phases (MILAN_A, MILAN_B, and MILAN_C) operate together. Because the 
relay measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays.

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the feeder to the 
transfer busbar (Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many possible discon-
nect combinations, we will configure the relay according to the following operat-
ing conditions:

1. Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step. 
Table 6.110 shows the operating sequence for the settings in this 
application; many other operating sequences are possible and in use.

Refer to Figure 6.157 and consider a case in which we put the CAIRO Feeder on 
transfer. Assume that the tie breaker is closed and that tie-breaker disconnect 
Z891 and disconnect Z892 are closed.
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The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names serving only as an example.

We use a combination of the zone supervision and coupler security logic to pre-
vent tripping Busbar 2 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ2 differential element out-
put by the negated coupler security output (ZS2 := NOT CSL1) see the Protec-
tion Group Settings on page 6.200 for more information.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.155 
shows the zone configuration settings for this application.

                    

Table 6.110 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Switch all terminals to the source bus-
bar (B2).

Close all the disconnects that connect the 
terminals to ZONE2_A (D892, E892, etc.)

2 Open the tie-breaker circuit breaker. 
Open Disconnect Z891, and close Dis-
connect Z898.

Closing Disconnects Z891 and Z898 
forms the path from source busbar to 
transfer busbar (Busbar B2 to Busbar T).

3 Close the tie-breaker circuit breaker. Busbar B2 and Busbar T are at the same 
potential.

4 Close the transfer disconnect of the ter-
minal going on transfer (G898).

The relay now forms a differential zone 
for the transfer busbar.

5 Open the circuit breaker of the terminal 
going on transfer (Cairo circuit 
breaker).

Terminal G is now on transfer. Operation 
of disconnect G893 does not affect the 
busbar protection, and is not mentioned.

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ? <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>

TIE_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
? (89CL01 OR 89CL03) AND 89CL02 AND (CB52A1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE1_A,N <Enter>
TIE_A to ZONE1_A Connection (SELogic Equation)
I01BZ1V := NA
?  89CL01 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,TRANS_A,N <Enter>

TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ3V := NA
?  89CL03 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL04 <Enter>

Figure 6.155 Zone Configuration Group Settings
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I02BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,TRANS_A,P <Enter>

MADRI_A to TRANS_A Connection (SELogic Equation)
I02BZ3V := NA
?  89CL06 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL08 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,TRANS_A,P <Enter>
MILAN_A to TRANS_A Connection (SELogic Equation)
I03BZ3V := NA
?  89CL09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL10 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,TRANS_A,P <Enter>
ROME_A to TRANS_A Connection (SELogic Equation)
I04BZ3V := NA
?  89CL12 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL14 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,TRANS_A,P <Enter>
CAIRO_A to TRANS_A Connection (SELogic Equation)
I05BZ3V := NA
?  89CL15 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>

ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>

Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?<Enter>

Figure 6.155 Zone Configuration Group Settings (Continued)



6.200

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 7: Double and Transfer Bus (Outboard CTs)

This concludes the zone configuration Group settings. The next settings class is 
the protection Group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17). Because we do not use 
the terminal out of service, overcurrent elements, or voltage elements in this 
application, set ETOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N. 

Because the relay associates breaker failure protection with each current channel, 
select the number of breaker failure logics (EBFL setting) equal to the number of 
current channels, not the number of circuit breakers.

This application has five circuit breakers, and also five current channels (tie 
breaker has one CT channel). Therefore, select 5 as the number of breaker failure 
logics for this application. Setting NUMBK equal to 5 makes five corresponding 
circuit breaker auxiliary input equations (52A01–52A05), and five corresponding 
trip equations (TR01–TR05) available for setting. Be sure to include the Differ-
ential Trip bits in the trip equations of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative way is to enter specific reset conditions at the ULTRkk set-
tings.

Each of the five analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.107) when the breaker failure element asserts.

Be sure to include these station breaker failure trip bits in the trip equations of all 
circuit breakers you want to trip.

We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 2 for faults between the tie-breaker circuit breaker and the 
CT.

Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT CSL1 <Enter> 
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  <Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.155 Zone Configuration Group Settings (Continued)
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Figure 6.156 shows the combination of the coupler security logic and the zone 
supervision, with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the logic.

                    

Assume for this application that the maximum circuit breaker tripping time is 2 
cycles and that the maximum closing time is 3 cycles. Refer to Figure 6.156, and 
notice that Inputs CB52A1 and CBCLS1 provide the circuit breaker status and 
the closing signal information to the relay. These two inputs are in parallel, com-
plementing each other to provide accurate circuit breaker status during open-to-
close and close-to-open circuit breaker operations.

When the operator issues a closing signal to the circuit breaker, Input CBCLS1 
asserts, asserting Relay Word bit CBCLST1. We used CBCLST1 in the 
I01BZ1V, I01BZ2V, and I01BZ3V terminal-to-bus-zone settings. When Relay 
Word bits I01BZ1V, I01BZ2V, and I01BZ3V assert, the relay considers the CT in 
the differential calculations.

Set the timer dropout time (CBCLDO1) to a value longer than the maximum 
breaker closing time. In this example, allow a short safety margin and set 
CBCLDO1 to 5 cycles (default value). 

Inserting the CTs in the differential equations before primary current flows emu-
lates the early make, late break timing requirement for the disconnect auxiliary 
contacts. A setting of 5 cycles allows the circuit breaker ample time to change 
state, during which time the CB52A1 Relay Word bit asserts.

                    

Figure 6.156 Combination of the Coupler Security Logic and the Zone 
Supervision to Prevent the Loss of Two Zones

CB52A1 := IN213
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CBCLS1 := IN214
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87R2
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87Z2CB52T1
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0
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0
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ACTPPU1
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3
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7
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When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 
use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 1 and Zone 3. However, because we supervise all Zone 
2 faults, premature removal of the CTs does not adversely affect Zone 2 differen-
tial elements.

Two tie-breaker operating conditions are possible: when the tie breaker connects 
between Busbar B1 and Busbar B2 (Disconnect Z891 and Disconnect Z892 are 
closed) or when the tie breaker connects between Busbar B2 and the Transfer 
busbar (Disconnect Z892 and Disconnect Z898 are closed).

The following discussion describes the prevention of the loss of Busbar 2 when 
the tie breaker connects between Busbar B1 and Busbar B2, but the same argu-
ment applies when a feeder is on transfer.

Figure 6.157 shows Busbar B1, Busbar B2, the tie breaker, and two of the four 
terminals at the station. The challenge to the coupler security logic is to trip Bus-
bar B1 and not Busbar B2 for Fault F1. This requirement contradicts the existing 
configuration because it calls for the coupler security logic to prevent the differ-
ential element of Busbar B2 from operating for an in-zone fault (fault on Busbar 
2), and for the differential element of Busbar B1 to operate for an out-of-zone 
fault (fault on Busbar 2).

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection B1 is stable, and differential protection B2 immediately 
trips the MADRID circuit breaker and the tie-breaker circuit breaker. However, 
tripping the MADRID circuit breaker and the tie-breaker circuit breaker does not 
clear Fault F1. Fault current still flows from the MILAN Feeder through Busbar 
B1 and into the fault. Although breaker failure protection will operate to trip the 

                    

Figure 6.157 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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MILAN circuit breaker, this operation takes place after the breaker failure time 
delay. After the tie-breaker breaker failure timer times out, all circuit breakers in 
B1 trip, resulting in both B1 and B2 tripping to clear Fault F1.

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in a way that trips bus-zone B2 only when the tie-breaker circuit 
breaker is open. To prevent tripping of bus-zone B2, configure the relay to 
achieve the following:

1. Check if the tie breaker is closed. If the tie breaker is closed, trip only 
the tie breaker to interrupt the fault current from B2; trip no other 
circuit breakers. If the tie breaker is open, allow normal busbar 
protection tripping.

2. When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of B2 and eventually B1.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 2 requires the following two settings:

➤ supervising the BZ2 differential element

➤ issuing a trip signal to the tie breaker first

Supervise the BZ2 differential element output with the negated output from the 
coupler security logic (Z2S := NOT CSL1). We assign 87R2, the unsupervised 
output from the BZ2 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.156 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
supervision from the BZ2 differential element. 

Supervising the BZ2 differential element in this way prevents the tripping of all 
terminals in BZ2, including the tie breaker. To still trip the tie breaker, include 
87R2, the unsupervised output from Differential Element 2, in the trip equation 
of the tie breaker.

After the tie breaker opens, we remove the tie-breaker CT from the differential 
calculations of BZ2, but not the BZ2 supervision. Maintain the BZ2 supervision 
for at least another 1.25 cycles (add a safety margin of 0.75 cycles) to allow the 
differential element to reset. Achieve this delay by setting ACTPPU1 to at least 4 
cycles.

For Fault F1, BZ2 operates, asserting Relay Word bit 87R2. When Relay Word 
bit 87R2 asserts, the accelerated trip timer starts timing. Because of the BZ2 zone 
supervision (NOT CSL1), 87Z2 cannot assert, and only the bus coupler circuit 
breaker receives a trip signal. 

Two cycles later, the tie breaker trips, interrupting the fault current contribution 
from BZ2. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ2V and eventually I01BZ1V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the bus 
coupler circuit breaker is open, but fault current still flows through the CT. BZ2 is 
stable when the relay removes the CTs because the bus coupler circuit breaker is 
open, and terminals from BZ2 no longer contribute to the fault. However, remov-
ing the CTs causes BZ1 to operate because the BZ1 balancing current from the 
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bus coupler CT disappeared. Removing the bus sectionalizer CTs also deasserts 
Relay Word bit 87R2, causing the accelerated trip timer to stop timing. Fault F1 
is now cleared, by tripping the correct busbar, although after a time delay. 

For Fault F2, the initial tripping is the same as for Fault F1: BZ2 operates, assert-
ing Relay Word bit 87R2. When Relay Word bit 87R2 asserts, the accelerated trip 
timer starts timing. Because of the BZ2 zone supervision (NOT CSL1), 87Z2 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.

Two cycles later, the tie breaker trips, and the auxiliary contact changes state at 
the same time. When the auxiliary contact changes state, Relay Word bit 
CB52A1 deasserts, causing Relay Word bits I01BZ2V and eventually I01BZ1V 
to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the 
relay removes the CTs from the differential calculations for BZ1 and BZ2. 
Because the bus coupler circuit breaker is open, terminals from BZ1 no longer 
contribute to the fault and BZ1 is stable. However, the BZ2 zone supervision 
(NOT CSL1) still supervises the BZ2 trip output for another two cycles. Two 
cycles later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
zone supervision from BZ2 and issuing a trip signal to all circuit breakers on 
Busbar 2.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.158 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?5 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN213 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ? <Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN214 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ? <Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R2 <Enter>
Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ? <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN202 <Enter>

Figure 6.158 Protection Group Settings for Application 7
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.159 shows the control output settings.

Breaker 03 Failure Logic
External Breaker Fail -BK03 (Y,N)                    EXBF03  := N      ?Y <Enter>
External Brkr Fail Init -BK03 (SELogic Equation)
XBF03 := NA
?  IN203 <Enter>
Breaker 04 Failure Logic
External Breaker Fail -BK04 (Y,N)                    EXBF04  := N      ?Y <Enter>
External Brkr Fail Init -BK04 (SELogic Equation)
XBF04 := NA
?  IN301<Enter>

External Breaker Fail -BK05 (Y,N)                    EXBF05  := N      ?Y <Enter>
External Brkr Fail Init -BK05 (SELogic Equation)
XBF05 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR 87R2 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.158 Protection Group Settings for Application 7 (Continued)
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This concludes the settings for Application 7.

Application 8: Double and Transfer Bus (Inboard CTs)
This application describes the busbar arrangement shown in Figure 6.160. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>

OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>

OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.159 Control Output Settings for Application 7
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description: Double bus with transfer busbar

➤ Current transformers: Bushing (inboard)

➤ Disconnects: 89A and 89B disconnect auxiliary contacts are 
available

➤ Bus coupler (tie breaker): Two CTs, configured in overlap

➤ Future expansion: Four feeders

                    

Figure 6.160 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Inboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT.

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. The SEL-487B offers a number of protection functions as standard 
features, but it also offers the capability through SELOGIC control equations for 
you to create user-configurable functions. Requirement 5 of the protection phi-
losophy calls for stable differential protection for all operating conditions. There 
are two network conditions when the differential protection can become unstable:

➤ when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ when the transfer disconnect of any feeder is closed

By following the correct operating sequence, and by declaring the appropriate 
conditions in the terminal-to-bus-zone and bus-zone-to-bus-zone connection set-
tings of the zone selection logic, the relay is stable for all operating conditions. 

Standard Functions
Refer to Protection Philosophy on page 6.208 and select the standard functions 
necessary for the application. Table 6.111 shows the selection of standard func-
tions.

                    

Table 6.111 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protection Yes Use the sensitive differential element as CT 
open-circuit detection.
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.28 to calculate the number of current channels at the station, and 
use Equation 6.29 to calculate the number of zones at the station.

                    

Equation 6.28

                    

Equation 6.29

The number of per-phase CTs at the station is 18 (tie breaker has six CT cores), 
so one SEL-487B suffices. However, the requirement for four future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need three relays. This is known as a three-relay appli-
cation. In a three-relay application, each relay provides six zones of protection 

Zone supervision logic No Not required. We achieve relay stability with 
terminal-to-bus-zone and bus-zone-to-bus-zone 
connection settings.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so 
this logic is not required.

Coupler security logic No Two CTs configured in overlap do not require 
the coupler security logic.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.111 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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for one of the three phases of the power system. For example, wire all the 
A-phase CTs to Relay 1, all the B-phase CTs to Relay 2, and all the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hardwire) the 
input and output contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required is therefore 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.30 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts. 

                    

Equation 6.30

Table 6.112 summarizes the input contact required for this application.

                    

The relay main board has seven inputs, an insufficient number of inputs for our 
application. Each interface board provides two sets of nine grouped inputs and 
six independent inputs. Use the grouped inputs for the disconnect auxiliary con-
tact inputs, and use the six independent inputs for future breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.113 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

Table 6.112 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Total number of inputs 30

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.113 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board output contacts are all standard output contacts. 
The interface boards have high-speed, high-interrupting output contacts that pro-
vide faster contact closure. Each interface board can provide six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign each circuit breaker trip output to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. From the 
output contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ The selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Assign each CT input to a specific relay analog channel

➤ Assign each disconnect input to specific relay inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.114 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.114 shows the assignment for the A-phase relay starting with 
the tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.160.



6.212

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 8: Double and Transfer Bus (Inboard CTs)

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. Although there are three bus-
bars at the station, we only provide differential protection for Busbar B1 and Bus-
bar B2. Because the feeders have bushing CTs, the transfer busbar never forms 
part of the busbar protection. For the A-phase relay, we use two bus-zones with 
alias names as shown in Table 6.115.

                    

Input-to-Logic Allocation 
Table 6.112 shows that we require 30 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.116 and Table 6.117 show the disconnect auxiliary contact input alloca-
tions. Because Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are inde-
pendent inputs, we preserve these for future circuit breaker failure inputs.

                    

Table 6.114 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.115 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.116 Disconnect Contact Input Allocations (Sheet 1 of 2)

Input Description

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS_A) NO contact

IN209 TIE-BREAKER disconnect (TRANS_A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS_A) NO contact

IN218 MADRID terminal disconnect (TRANS_A) NC contact
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Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.117 shows the disconnect and auxiliary contact input allocations. 
Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are independent 
inputs, we preserve these inputs for future circuit breaker failure inputs.

                    

Assignment of the Selected Standard Logic
The following discussion references Table 6.111 in explaining each selected 
function. 

Disconnect Monitoring Logic 

Figure 6.161 shows the disconnect monitor logic circuit available in the relay. 
See Figure 6.120 for more information.

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS_A) NO contact

IN224 MILAN terminal disconnect (TRANS_A) NC contact

Table 6.116 Disconnect Contact Input Allocations (Sheet 2 of 2)

Input Description

Table 6.117 Disconnect Contact Input Allocations

Input Description

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.118 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

                    

Figure 6.161 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 TIE-BREAKER disconnect (TRANS_A) NO

89B03 TIE-BREAKER disconnect (TRANS _A) NC

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN _A disconnect (ZONE1_A) NC contact

89A08 MILAN _A disconnect (ZONE2_A) NO contact

89B08 MILAN _A disconnect (ZONE2_A) NC contact

89A09 MILAN _A disconnect (TRANS_A) NO contact

89B09 MILAN _A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME _A disconnect (ZONE1_A) NC contact

89A11 ROME _A disconnect (ZONE2_A) NO contact

89B11 ROME _A disconnect (ZONE2_A) NC contact

89A12 ROME _A disconnect (TRANS_A) NO contact

89B12 ROME _A disconnect (TRANS_A) NC contact

89A13 CAIRO _A disconnect (ZONE1_A) NO contact

89B13 CAIRO _A disconnect (ZONE1_A) NC contact

89A14 CAIRO _A disconnect (ZONE2_A) NO contact

89B14 CAIRO _A disconnect (ZONE2_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.162 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.119 shows Relay Word bits and description for the zone differential pro-
tection outputs. Because of the bushing (inboard) CTs, we cannot provide differ-
ential protection for the transfer busbar.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.219 for more information). Table 6.120 shows the differential trip bit 
names and the associated terminal current channels.

                    

89A15 CAIRO _A disconnect (TRANS_A) NO contact

89B15 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.119 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.162 Differential Trip Logic for Differential Element 1

Table 6.120 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.113 shows the relay outputs we need for this application. We now link the 
appropriate relay logic outputs to specific relay output contacts. Table 6.121 
shows TEST and ALARM protection logic output assignment to the main board 
output contacts. Table 6.122 shows the linking of the trip logic outputs to the 
relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.122 shows the assignment of the A-phase relay out-
put terminals.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.163.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.121 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 
Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.122 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201 TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.163 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.164.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.165.

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.166.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.164 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.165 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>
29:
?  I03,MADRI_A <Enter>

30:
?  I04,MILAN_A <Enter>
31:
?  I05,ROME_A <Enter>

32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.167 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either the alias names or the 
primitive names when entering settings. 

The NUMBK setting declares the number of circuit breakers at the station. In our 
example, there are five circuit breakers at the station, and we set NUMBK to 5. 
Setting NUMBK to 5 makes five corresponding circuit breaker auxiliary input 
equations (52A01–52A05), and five corresponding trip equations (TR01–TR05) 
available for setting.

In this application, we do not require circuit breaker auxiliary contacts, therefore 
set all circuit breaker auxiliary input equations to NA. 

The NUMDS setting declares the number of disconnect monitor logics we need, 
not the number of disconnect inputs. In our example, we need 15 disconnect 
monitor logics. You can set each disconnect travel time individually with the 
89ALPpp setting (pp = 01–15). Travel time is the period during which both dis-
connect auxiliary contacts are in the open position. Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>
Alias

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>

Figure 6.167 Global Settings for Application 8
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This concludes the Global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes. In this example, the dynamic zone selection logic uses the disconnect 
auxiliary contacts status to determine the station configuration and assign the 
input currents from the CTs to the appropriate differential elements.

For each terminal, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays.

Because we wire a disconnect auxiliary contact to only one relay, jumper (hard-
wire) the contact to the two other relays. For example, when we close the busbar 
disconnect on the MILAN feeder, all three phases (MILAN_A, MILAN_B, and 

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>

N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ? <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ? <Enter>

N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.167 Global Settings for Application 8 (Continued)
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MILAN_C) operate together. Because the relay measures the three phases in 
three separate relays (phase MILAN_A in the A-phase relay, phase MILAN_B in 
B-phase relay, etc.), we need to convey the disconnect status to all three relays. 

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
feeder circuit breaker (e.g., Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to a fixed operating 
sequence. Because the operating sequence defines a set of operating rules, set-
tings engineers can decide on appropriate terminal-to-bus-zone and bus-zone-to-
bus-zone settings for each step. The following defines the operating sequence for 
this application; many other operating sequences are possible and in use:

1. Only one feeder will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, and G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. No busbar protection exists for the transfer busbar. The transfer 
busbar is always part of the line protection. This is the key statement 
from the setting viewpoint. By declaring appropriate terminal-to-bus-
zone connection conditions, we can prevent relay misoperation when 
putting a feeder on transfer. In particular, we do not assign a 
differential element for the transfer busbar. Remove channel I02 from 
Busbar B1 differential calculations when any transfer disconnect 
closes. 

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.168 shows the Zone 
configuration settings for this application. 

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>

Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Figure 6.168 Zone Configuration Group Settings for Application 8
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL02 AND 89CL01 AND NOT(89CL03 OR 89CL06 OR 89CL09 OR 89CL12 OR 89CL15) 

<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL04 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL07 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>

ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>

CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL14 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>

Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.168 Zone Configuration Group Settings for Application 8 (Continued)
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element, and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17 for more information).

Because we do not use the coupler security logic, overcurrent elements, terminal 
out of service, breaker failure protection, or voltage elements in this application, 
set ESCL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, 
and EADVS := N. 

Setting NUMBK equal to 5 makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.120) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.169 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>

Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.169 Protection Group Settings for Application 8
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.170 shows the control output settings.

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87BTR01 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>
Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR05 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? <Enter>
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.169 Protection Group Settings for Application 8 (Continued)
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This concludes the settings for Application 8.

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.170 Control Output Settings for Application 8
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Metering, Monitoring, and Reporting

The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n
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Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report
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➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.
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➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Settings

Section 12: Settings in the SEL-400 Series Relays Instruction Manual describes 
common platform settings. This section contains tables of relay settings for the 
SEL-487B relay.

The relay hides some settings based upon other settings. If you set an Enable set-
ting to OFF, for example, the relay hides all settings associated with that Enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in the applications sections of the instruction manual where appropriate.

The settings prompts in this section are similar to the ASCII terminal and 
ACSELERATOR QuickSet SEL-5030 Software prompts. The prompts in this sec-
tion are unabbreviated and show all possible setting options.

For information on using settings in protection and automation, see the examples 
in Section 6: Protection Application Examples. The section contains information 
on the following settings classes.

➤ Alias Settings on page 8.1

➤ Global Settings on page 8.3

➤ Zone Configuration Settings on page 8.7

➤ Group Settings on page 8.13

➤ Protection Freeform SELOGIC Control Equations on page 8.20

➤ Automation Freeform SELOGIC Control Equations on page 8.21

➤ Notes Settings on page 8.21

➤ Output Settings on page 8.21

➤ Front-Panel Settings on page 8.21

➤ Report Settings on page 8.24

➤ Port Settings on page 8.25

➤ DNP3 Settings—Custom Maps on page 8.25

Alias Settings
See Alias Settings on page 12.25 in the SEL-400 Series Relays Instruction Man-
ual for a complete description of alias settings. The SEL-487B supports aliases 
for terminal names and bus-zone names, in addition to Relay Word bits and ana-
log quantities. Table 8.1 lists the default alias settings for the SEL-487B.

                    

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.

Table 8.1 Default Alias Settings (Sheet 1 of 3)

Label Default Value

I01 FDR_1

I02 FDR_2

I03 FDR_3
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I04 TRFR_1

I05 TB_1

I06 TB_2

BZ1 BUS_1

BZ2 BUS_2

FBF01 F1_BF

FBF02 F2_BF

FBF03 F3_BF

FBF04 T1_BF

FBF05 TB1_BF

FBF06 TB2_BF

87Z1 Z1_TRIP

87Z2 Z2_TRIP

IN101 F1_BFI

IN102 F2_BFI

IN103 F3_BFI

IN104 T1_BFI

IN105 TB_BFI

PLT01 DIFF_EN

PLT02 BF_EN

PLT03 TNS_SW

87ST1 CTZ1_AN

87ST2 CTZ2_AN

SBFTR01 F1_BFT

SBFTR02 F2_BFT

SBFTR03 F3_BFT

SBFTR04 T1_BFT

SBFTR05 TB1_BFT

SBFTR06 TB2_BFT

87BTR01 F1_DPT

87BTR02 F2_ DPT

87BTR03 F3_ DPT

87BTR04 T1_ DPT

87BTR05 TB1_ DPT

87BTR06 TB2_ DPT

OUT101 F1_TRP

OUT102 F2_TRP

OUT103 F3_TRP

OUT104 T1_TRP

OUT105 TB_TRP

OUT107 TEST

Table 8.1 Default Alias Settings (Sheet 2 of 3)

Label Default Value



8.3

Date Code 20230830 Instruction Manual SEL-487B Relay

Settings
Global Settings

Global Settings
                    

OUT108 NOALARM

TLED_1 87_DIFF

TLED_2 BK_FAIL

TLED_3 ZONE_1

TLED_4 ZONE_2

TLED_5 ZONE_3

TLED_6 ZONE_4

TLED_7 ZONE_5

TLED_8 ZONE_6

TLED_9 50_TRIP

TLED_10 51_TRIP

TLED_11 CT_ALRM

TLED_12 87_BLK

TLED_13 TOS

TLED_14 89_OIP

TLED_15 89_ALRM

TLED_16 PT_ALRM

TLED_17 27_LED

TLED_18 59_LED

TLED_19 V01_ON

TLED_20 V02_ON

TLED_21 V03_ON

TLED_22 FLT_LED

TLED_23 52_ALRM

TLED_24 IRIGLED

Table 8.1 Default Alias Settings (Sheet 3 of 3)

Label Default Value

Table 8.2 Global Settings Categories (Sheet 1 of 2)

Settings Reference

General Global Settings Table 8.3

Global Enables Table 8.4

Station DC Monitor Table 8.5

Control Inputs (Global) Table 8.6

Main Board Control Inputs Table 8.7

Interface Board #1 Control Inputs Table 8.8

Interface Board #2 Control Inputs Table 8.9

Interface Board #3 Control Inputs Table 8.10

Interface Board #4 Control Inputs Table 8.11

Settings Group Selection Table 8.12
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Time and Date Management Table 8.13

Data Reset Control Table 8.14

Breaker Inputs Table 8.15

Disconnects Inputs and Timers Table 8.16

DNP Table 8.18

Table 8.3 General Global Settings

Label Prompt Default Value

SID Station Identifier (40 characters) Station A

RID Relay Identifier (40 characters) Relay 1

CONAM Company Name (5 characters) abcde

NUMBK Number of Breakers (N, 1–21) 5

NUMDS Number of Disconnects (N, 1–60) N

NFREQ Nominal System Frequency (50, 60 Hz) 60

Table 8.4 Global Enables

Label Prompt Default Value

EDCMON Station DC Battery Monitor (Y, N) N

EICIS Independent Control Input Settings (Y, N) N

EDRSTC Data Reset Control (Y, N) N

EGADVS Advanced Global Settings (Y, N) N

Table 8.5 Station DC Monitor

Label Prompt Default Value

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) 100

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) 127

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) 137

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) 142

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) 9

DC1GF Ground Detection Factor (1.00–2.00) 1.05

Table 8.6 Control Inputs (Global)

Label Prompt Default Value Increment

GINPU Input Pickup Delay (0.0–30 ms) 2.0 0.5

GINDO Input Dropout Delay (0.0–30 ms) 2.0 0.5

Table 8.2 Global Settings Categories (Sheet 2 of 2)

Settings Reference
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Table 8.7 Main Board Control Inputs

Label Prompt Default Value Increment

IN101PU Input IN101 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN101DO Input IN101 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN107PU Input IN107 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN107DO Input IN107 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.8 Interface Board #1 Control Inputs

Label Prompt Default Value Increment

IN201PU Input IN201 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN201DO Input IN201 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN224PU Input IN224 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN224DO Input IN224 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.9 Interface Board #2 Control Inputs

Label Prompt Default Value Increment

IN301PU Input IN301 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN301DO Input IN301 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN324PU Input IN324 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN324DO Input IN324 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.10 Interface Board #3 Control Inputs

Label Prompt Default Value Increment

IN401PU Input IN401 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN401DO Input IN401 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN424PU Input IN424 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN424DO Input IN424 Dropout Delay (0.0–30 ms) 2.0a 0.5
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Table 8.11 Interface Board #4 Control Inputs

Label Prompt Default Value Increment

IN501PU Input IN501 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN501DO Input IN501 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN524PU Input IN524 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN524DO Input IN524 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.12 Settings Group Selection

Label Prompt Default Value

SS1 Select Setting Group 1 (SELOGIC Equation) NA

SS2 Select Setting Group 2 (SELOGIC Equation) NA

SS3 Select Setting Group 3 (SELOGIC Equation) NA

SS4 Select Setting Group 4 (SELOGIC Equation) NA

SS5 Select Setting Group 5 (SELOGIC Equation) NA

SS6 Select Setting Group 6 (SELOGIC Equation) NA

TGR Group Change Delay (1–54000 cycles) 180

Table 8.13 Time and Date Management

Label Prompt Default Value

DATE_F Date Format (MDY, YMD, DMY) MDY

IRIGC IRIG-B Control Bits Definition (NONE, C37.118) NONE

UTCOFFa

a All data, reports, and commands from the relay are displayed in local time, referenced to an 
internal UTC master clock. Use the UTCOFF setting to specify the time offset from UTC time 
reference with respect to the relay location. (The only data still displayed in UTC time is 
streaming IEC 61850 data.)

Offset From UTC to Local Time (–15.5 to 15.5) –8

BEG_DSTb

b The BEG_DST (and END_DST) daylight-saving time setting consists of four fields or OFF: 
hh = local time hour (0–23); defines when daylight-saving time begins.
n = the week of the month when daylight-saving time begins (1–3, L); occurs in either the 1st, 

2nd, 3rd, or last week of the month.
d = day of week (1–7); Sunday is the first day of the week.
mm = month (1–12).
OFF = hides the daylight-saving time settings.

Begin DST (hh, n, d, mm, or OFF) "2, 2, 1, 3"

END_DST End DST (hh, n, d, or mm) "2, 1, 1, 11"

Table 8.14 Data Reset Control

Label Prompt Default Value

RST_BAT Reset Battery Monitoring (SELOGIC Equation) NA

RSTTRGT Target Reset (SELOGIC Equation) NA

RSTDNPE Reset DNP Fault Summary Data (SELOGIC Equation) TRGTR

RST_HAL Reset Warning Alarm Pulsing (SELOGIC Equation) NA
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Make Table 8.19 settings when advanced Global settings are enabled 
(EGADVS := Y) and only for unique system configurations. Changing the 
OPHDO setting affects the filtered current level that declares an open phase, 
which has effects throughout the protection logic. SEL recommends leaving the 
OPHDO setting at the default value.

                    

Zone Configuration Settings
The following zone configuration settings are the default settings for all six settings 
groups. You can set each of the six zone configuration settings groups independently.

Table 8.15 Breaker Inputs

Label Prompt Default Value

52A01 N/O Contact Input–BK01 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

52A21 N/O Contact Input–BK21 (SELOGIC Equation) NA

Table 8.16 Disconnect Inputs

Label Prompt Default Value Increment

89A01 N/O Contact Inputs–DS01 (SELOGIC Equation) NA

89B01 N/C Contact Inputs–DS01 (SELOGIC Equation) NA

89ALP01 DS01 Alarm Pickup Delay (0–99999 cyc) 300 1

•
•
•

•
•
•

•
•
•

89A60 N/O Contact Inputs–DS60 (SELOGIC Equation) NA

89B60 N/C Contact Inputs–DS60 (SELOGIC Equation) NA

89ALP60 DS60 Alarm Pickup Delay (0–99999 cyc) 300 1

Table 8.17 Access Control

Label Prompt Default Value

EACC Enable ACC access level (SELOGIC Equation) 1

E2AC Enable ACC–2AC access levels (SELOGIC Equation) 1

Table 8.18 DNP

Label Prompt Default Value Increment

EVELOCK Event Summary Lock Period (0–1000 s) 0 1

DNPSRC DNP Session Time Base (LOCAL,UTC) UTC

Table 8.19 Open-Phase Logic

Setting Prompt Default Value

OPHDOa

a Range and default value shown are for a 5 A relay. For a 1 A relay, divide the range and default 
value by 5.

Line Open Phase Threshold (0.01–5 A, sec) 0.2
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Table 8.20 Zone Configuration Settings Categories

Settings Reference

Potential Transformer Ratios Table 8.21

Current Transformer Ratios Table 8.22

Terminal-to-Bus-Zone Connections Table 8.23, Table 8.24

Bus-Zone-to-Bus-Zone Connections Table 8.25, Table 8.26

Zone Supervision Table 8.27

Zone Switching Supervision Table 8.28

Zone Open CT Detection Table 8.29

Check Zone Configuration and Terminal-to-Check-Zone Connections Table 8.30, Table 8.31

Check Zone Supervision Table 8.32

Current Normalization Factor a

a This setting is included here because it appears in the read-back information as TAPnn values 
(nn = 01–21). However, the user cannot set these values; the SEL-487B calculates these internally 
using the nominal current and CT ratios. See Section 5: Protection Functions for more 
information.

Table 8.21 Potential Transformer Ratios

Label Prompt Default Value

PTR1 Potential Transformer Ratio–V01 (1–10000) 2000

PTR2 Potential Transformer Ratio–V02 (1–10000) 2000

PTR3 Potential Transformer Ratio–V03 (1–10000) 2000

Table 8.22 Current Transformer Ratios

Label Prompt Default Value

CTR01 Current Transformer Ratio–I01 (1–50000) 600

CTR02 Current Transformer Ratio–I02 (1–50000) 600

•
•
•

•
•
•

•
•
•

CTR21 Current Transformer Ratio–I21 (1–50000) 600

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

I01BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_1, BUS_1,P

I01BZ1V FDR_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS01

I02BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_2, BUS_1,P

I02BZ1V FDR_2 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS02

I03BZ2C Terminal, Bus-Zone, Polarity (P, N) FDR_3, BUS_2,P

I03BZ2V FDR_3 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS03

I04BZ2C Terminal, Bus-Zone, Polarity (P, N) TRFR_1, BUS_2,P

I04BZ2V TRFR_1 to BUS_2 Connection (SELOGIC Equa-
tion)

DIFF_EN AND NOT TOS04

I05BZ1C Terminal, Bus-Zone, Polarity (P, N) TB_1, BUS_1,P

I05BZ1V TB_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05
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I06BZ2C Terminal, Bus-Zone, Polarity (P, N) TB_2, BUS_2,P

I06BZ2V TB_2 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05

•
•
•

•
•
•

•
•
•

InnBZpCa, b Terminal, Bus-Zone, Polarity (P, N) None

InnBZpV Inn to BZp Connection (SELOGIC Equation) NA

a nn = 1–21.
b p = 1–6.

Table 8.24 Terminal-to-Bus-Zone Connections, QuickSet View

Label Prompt Default Value

CT01BZ1 Connect Terminal 01 to Bus-Zone 1 (Select: Y, N) Y

TBZT1 Terminal I01 FDR_1d

TBZB1 Bus-Zone BZ1 BUS_1d

TBZP1 Polarity I01-BZ1 (Select: P, N) P

I01BZ1V Terminal to Bus Connection Logic (SELOGIC Equation) DIFF_EN AND 
NOT TOS01

CT01BZ2 Connect Terminal 01 to Bus-Zone 2 (Select: Y, N) N

TBZT2 Terminal I01 d

TBZB2 Bus-Zone BZ2 d

TBZP2 Polarity I01-BZ2 (Select: P,N) P

I01BZ2V Terminal to Bus Connection Logic (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

CTnnBZpa,b

a nn = 1–21.
b p = 1–6.

Connect Terminal nn to Bus-Zone p (Select: Y, N) Y

TBZTbc

c b = 1–126. The setting shown in the Terminal Emulation Program, InnBZpC, is equivalent to the 
combination of the three block settings: TBZTb, TBZBb, TBZPb. These settings are separated 
into 126 blocks in the QuickSet view to show configuration options for every terminal to bus-zone 
connection option. (21 terminals • 6 bus zones = 126 blocks). 

Terminal Inn d

d This setting is shown for clarity and not user configurable. It is active when CTnnBZp = Y and 
defaults to the terminal, bus, or alias name. 

TBZBbc Bus-Zone BZp d

TBZPbc Polarity Inn-BZp (Select: P, N) P

InnBZpVa,b Terminal to Bus Connection Logic (SELOGIC Equation) NA

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

BZpBZmCa, b Bus-Zone, Bus-Zone None

BZpBZmVa, b BZp to BZm Connection (SELOGIC Equation) NA

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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BZpBZmRa, b Connection to Remove Terminals when BZp and BZm 
merge (SELOGIC Equation)

NA

BZpBZmMa, b Terminals Removed when BZp and BZm Bus-Zones 
merge (Ter k,. . .,Ter n)c

None

BZpBZmTa, b Trip Terminals Ter k, . . ., Ter n (Y, N) N

a p = 1–6.
b m = 1–6.
c Terminal k, Terminal 1, or Terminal n (maximum of four terminals from 01–21).

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 1 of 2)

Label Prompt Default Value

CBZ1BZ2 Connect Bus-Zone 1 to Bus-Zone 2 (Select: Y, N) N

BZBZ11 Bus-Zone BZ1 BUS_1a

BZBZ21 Bus-Zone BZ2 BUS_2a

BZ1BZ2V Bus to Bus Connection Logic (SELOGIC Equation) NA

BZ1BZ2R Removed Terminal Logic (SELOGIC Equation) NA

CPT11 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT21 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT31 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT41 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

BZBZT1 Trip Selected Terminal(s) above? (Select: Y, N) N

•
•
•

•
•
•

•
•
•

CBZpBZmb, c Connect Bus-Zone p to Bus-Zone m (Select: Y, N) N

BZBZ1bd Bus-Zone BZp BZpa

BZBZ2b Bus-Zone BZm BZma

BZpBZmV Bus to Bus Connection Logic (SELOGIC Equation) NA

BZpBZmR Removed Terminal Logic (SELOGIC Equation) NA

CPT1be Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT2b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT3b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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CPT4b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

BZBZTb Trip Selected Terminal(s) above? (Select: Y, N) N

a This setting is shown for clarity and not user configurable. It is active when CBZpBZm =Y and 
defaults to the bus or alias name.

b p = 1–6.
c m = 1–6.
d b = 1–15. These settings are separated into 15 blocks in the QuickSet view to show configuration 

options for every bus-zone-to-bus-zone connection option.
e The setting shown in the Terminal Emulation Program, BZpBZmM, is equivalent to the 

combination of the four QuickSet block settings: CPT1b, CPT2b, CPT3b, CPT4b.

Table 8.27 Zone Supervision 

Label Prompt Default Value

E87ZSUP Differential Element Zone Supervision (Y, N) N

Z1S Zone 1 Supervision (SELOGIC Equation) 1

Z2S Zone 2 Supervision (SELOGIC Equation) 1

Z3S Zone 3 Supervision (SELOGIC Equation) 1

Z4S Zone 4 Supervision (SELOGIC Equation) 1

Z5S Zone 5 Supervision (SELOGIC Equation) 1

Z6S Zone 6 Supervision (SELOGIC Equation) 1

Table 8.28 Zone Switching Supervision

Label Prompt Default Value

EZSWSUP Zone Switching Supervision (Y, N) N

ZSWO Zone Switching Operation (SELOGIC Equation) NA

RZSWOAL Reset Zone Switching Op Alarm (SELOGIC Equation) NA

ZSWOPU Zone Switching Op Pickup Delay (0–99999 cyc) 1800

Table 8.29 Zone Open CT Detection

Label Prompt Default Value

ROCTZ1 Reset Zone 1 Open CT Detector (SELOGIC Equation) RSTOCT1

ROCTZ2 Reset Zone 2 Open CT Detector (SELOGIC Equation) RSTOCT2

ROCTZ3 Reset Zone 3 Open CT Detector (SELOGIC Equation) RSTOCT3

ROCTZ4 Reset Zone 4 Open CT Detector (SELOGIC Equation) RSTOCT4

ROCTZ5 Reset Zone 5 Open CT Detector (SELOGIC Equation) RSTOCT5

ROCTZ6 Reset Zone 6 Open CT Detector (SELOGIC Equation) RSTOCT6

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 2 of 2)

Label Prompt Default Value
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Table 8.30 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
Terminal Emulation Program View

Label Prompt Default Value

ECHKZN Enable Check Zones at Station (Y, N) N

InnCZpCa, b

a nn = 1–21.
b p = 1–3.

Terminal, Check-Zone, Polarity (P, N) None

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqRb, c

c q = 1–4.

Include Coupler q in Check Zone p (SELOGIC Equation) NA

CZpqMa, b, c Inn to CZp Connection (SELOGIC Equation)

Table 8.31 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
QuickSet View

Label Prompt Default Value

CT01CZ1 Connect Terminal 1 to Check-Zone 1 (Select: Y, N) N

TCZT1 Terminal I01 FDR_1a

a This setting is shown for clarity and not user configurable. It is active when CTnnCZp = Y and 
defaults to the terminal, check zone or alias name.

TCZC1 Check Zone CZ1 CZ1a

TCZP1 Polarity I01-CZ1 (Select: P, N) P

•
•
•

•
•
•

•
•
•

CTnnCZpb,c

b nn = 1–21.
c p = 1–3.

Connect Terminal Inn to Check-Zone p (Select: Y, N) N

TCZTbd

d b = 1–63. These settings are separated into 63 blocks in the QuickSet view to show configuration 
options for every terminal-to-check-zone connection option (21 terminals • 3 check zones). The 
setting shown in the Terminal Emulation Program, InnCZpC, is equivalent to the combination of 
the three QuickSet block settings: TCZTb, TCZCb, TCZPb.

Terminal Inn Inna

TCZCb Check Zone CZp CZpa

TCZPb Polarity Inn-CZp (Select: P, N) P

Table 8.32 Check Zone Supervision

Label Prompt Default Value

E87CZSP Differential Element Check Zone Supervision (Y, N) N

CZnSa

a n = 1–3.

Check Zone n Supervision (SELOGIC Control Equation)b

b 0 is not a valid value for this setting.

1
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Table 8.33 Group Settings Categories 

Settings Reference

Relay Configuration Table 8.34

Sensitive Differential Elements Table 8.35

Check Zone Sensitive Differential Elements Table 8.36

Restrained Differential Elements Table 8.37

Check Zone Restrained Differential Elements Table 8.38

Phase Directional Element Table 8.39

Coupler Security Logic Table 8.40

Terminal Out of Service Table 8.41

Breaker Failure Logic Table 8.42

Definite-Time Overcurrent Elements Table 8.43

Inverse-Time Overcurrent Elements Table 8.44

Under- and Overvoltage Elements Table 8.45, 
Table 8.46

Trip Logic Table 8.47

Table 8.34 Relay Configuration 

Label Prompt Default Value

E87SSUP Sensitive Differential Element Supervision (Y, N) Y

ECSL Coupler Security Logic (N, 1–4) N

ETOS Terminal Out of Service (N, 1–21) 5

EBFL Breaker Failure Logic (N, 1–21) 6

E50 Definite-Time Overcurrent Elements (N, 1–21) N

E51 Inverse-Time Overcurrent Elements (N, 1–21) N

EADVS Advanced Settings (Y, N) N

E27 Enable Under Voltage Elements (N, 1–6) N

E59 Enable Over Voltage Elements (N, 1–6) N

Table 8.35 Sensitive Differential Elements

Label Prompt Default Value Increment

S87P Sensitive Differential Element Pickup (0.05–1 pu) 0.10 0.01

87STPU 87S Timer Pickup Delay (50–6000 cyc) 300 1

Table 8.36 Check Zone Sensitive Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZS87P Check Zone Sensitive Differential Element 
Pickup (0.05–1 pu)

0.10 0.01

CZ87STP Check Zone 87S Time Pickup Delay 
(50–6000 cyc)

300 1



8.14

SEL-487B Relay Instruction Manual Date Code 20230830

Settings
Group Settings

                    

                    

                    

                    

Table 8.37 Restrained Differential Elements

Label Prompt Default Value Increment

O87P Restrained Diff Element Pickup (0.10–4 pu) 1.00 0.01

SLP1 Restrained Slope 1 Percentage (15–90%) 60 1

SLP2 Restrained Slope 2 Percentage (50–90%) 80 1

RTDI Incr Restrained Current Threshold (0.10–10 pu) 1.20 0.01

OPDI Incr Operating Current Threshold (0.10–10 pu) 1.20 0.01

Table 8.38 Check Zone Restrained Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZO87P Check Zone Restrained Diff Element Pickup 
(0.10–4 pu)

1.00 0.01

CZSLP1 Check Zone Restrained Slope 1 Percentage
(5–90%)

60 1

CZSLP2 Check Zone Restrained Slope 2 Percentage
(15–90%)

80 1

CZRTDI Check Zone Incr Restrained Current Threshold 
(0.10–10 pu)

1.20 0.01

CZOPDI Check Zone Incr Operating Current Threshold 
(0.10–10 pu)

1.20 0.01

Table 8.39 Phase Directional Element

Label Prompt Default Value Increment

50DSP Dir Element O/C Supervision Pickup (0.05–3 pu) 0.05 0.01

Table 8.40 Coupler Security Logic (1–4)

Label Prompt Default Value Increment

CB52A1 Coupler 1 Status (SELOGIC Equation) NA

CB52DO1 Coupler 1 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS1 Coupler 1 Close Command (SELOGIC Equation) NA

CBCLDO1 Coupler 1 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP1 Coupler 1 Acc Trip (SELOGIC Equation) NA

ACTPPU1 Coupler 1 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083

•
•
•

•
•
•

•
•
•

•
•
•

CB52A4 Coupler 4 Status (SELOGIC Equation) NA

CB52DO4 Coupler 4 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS4 Coupler 4 Close Command (SELOGIC Equation) NA

CBCLDO4 Coupler 4 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP4 Coupler 4 Acc Trip (SELOGIC Equation) NA

ACTPPU4 Coupler 4 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083
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Table 8.41 Terminal Out of Service (1–21)

Label Prompt Default Value

TOS01 Terminal 01 Out-of-Service (SELOGIC Equation) LB01 

TOS02 Terminal 02 Out-of-Service (SELOGIC Equation) LB02 

TOS03 Terminal 03 Out-of-Service (SELOGIC Equation) LB03 

TOS04 Terminal 04 Out-of-Service (SELOGIC Equation) LB04 

TOS05 Terminal 05 Out-of-Service (SELOGIC Equation) LB05 

TOS06 Terminal 06 Out-of-Service (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TOS21 Terminal 21 Out-of-Service (SELOGIC Equation) NA

Table 8.42 Breaker Failure Logic (1–21) (Sheet 1 of 4)

Label Prompt Default Value Increment

Breaker 01 Failure Logic

EXBF01 External Breaker Fail–BK01 (Y, N) N

XBF01 External Brkr Fail Init–BK01 (SELOGIC Equation) NA

50FP01 Fault Current Pickup–BK01 (0.50–50 amps, sec) 3.00 0.01

BFPU01 Brkr Fail Init Pickup Delay–BK01 (0.00–6000 cyc) 6.00 0.083

RTPU01 Retrip Delay–BK01 (0.00–6000 cyc) 3.00 0.083

BFI01 Breaker Fail Initiate–BK01 (SELOGIC Equation) F1_BFI AND 
BF_EN

ATBFI01 Alt Breaker Fail Initiate–BK01 (SELOGIC Equa-
tion)

NA

EBFIS01 Breaker Fail Initiate Seal-In–BK01 (Y, N) N

BFISP01 Breaker Fail Init Seal-In Delay–BK01 (0.00–
1000 cyc)

0.50 0.083

BFIDO01 Brkr Fail Init Dropout Delay–BK01 (0.00–
1000 cyc)

1.50 0.083

Breaker 02 Failure Logic

EXBF02 External Breaker Fail–BK02 (Y, N) N

XBF02 External Brkr Fail Init–BK02 (SELOGIC Equation) NA

50FP02 Fault Current Pickup–BK02 (0.50–50 amps, sec) 3.00 0.01

BFPU02 Brkr Fail Init Pickup Delay–BK02 (0.00–6000 cyc) 6.00 0.083

RTPU02 Retrip Delay–BK02 (0.00–6000 cyc) 3.00 0.083

BFI02 Breaker Fail Initiate–BK02 (SELOGIC Equation) F2_BFI AND 
BF_EN

ATBFI02 Alt Breaker Fail Initiate–BK02 (SELOGIC Equa-
tion)

NA

EBFIS02 Breaker Fail Initiate Seal-In–BK02 (Y, N) N

BFISP02 Breaker Fail Init Seal-In Delay–BK02 (0.00–
1000 cyc)

0.50 0.083

BFIDO02 Brkr Fail Init Dropout Delay–BK02 (0.00–
1000 cyc)

1.50 0.083
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Breaker 03 Failure Logic

EXBF03 External Breaker Fail–BK03 (Y, N) N

XBF03 External Brkr Fail Init–BK03 (SELOGIC Equation) NA

50FP03 Fault Current Pickup–BK03 (0.50–50 amps, sec) 3.00 0.01

BFPU03 Brkr Fail Init Pickup Delay–BK03 (0.00–6000 cyc) 6.00 0.083

RTPU03 Retrip Delay–BK03 (0.00–6000 cyc) 3.00 0.083

BFI03 Breaker Fail Initiate–BK03 (SELOGIC Equation) F3_BFI AND 
BF_EN

ATBFI03 Alt Breaker Fail Initiate–BK03 (SELOGIC Equa-
tion)

NA

EBFIS03 Breaker Fail Initiate Seal-In–BK03 (Y, N) N

BFISP03 Breaker Fail Init Seal-In Delay–BK03 (0.00–
1000 cyc)

0.50 0.083

BFIDO03 Brkr Fail Init Dropout Delay–BK03 (0.00–
1000 cyc)

1.50 0.083

Breaker 04 Failure Logic

EXBF04 External Breaker Fail–BK04 (Y, N) N

XBF04 External Brkr Fail Init–BK04 (SELOGIC Equation) NA

50FP04 Fault Current Pickup–BK04 (0.50–50 amps, sec) 3.00 0.01

BFPU04 Brkr Fail Init Pickup Delay–BK04 (0.00–6000 cyc) 6.00 0.083

RTPU04 Retrip Time Delay–BK04 (0.00–6000 cyc) 3.00 0.083

BFI04 Breaker Fail Initiate–BK04 (SELOGIC Equation) T1_BFI AND 
BF_EN

ATBFI04 Alt Breaker Fail Initiate–BK04 (SELOGIC Equa-
tion)

NA

EBFIS04 Breaker Fail Initiate Seal-In–BK04 (Y, N) N

BFISP04 Breaker Fail Init Seal-In Delay–BK04 (0.00–
1000 cyc)

0.50 0.083

BFIDO04 Brkr Fail Init Dropout Delay–BK04 (0.00–
1000 cyc)

1.50 0.083

Breaker 05 Failure Logic

EXBF05 External Breaker Fail–BK05 (Y, N) N

XBF05 External Brkr Fail Init–BK05 (SELOGIC Equation) NA

50FP05 Fault Current Pickup–BK05 (0.50–50 amps, sec) 3.00 0.01

BFPU05 Brkr Fail Init Pickup Delay–BK05 (0.00–
6000 cyc)

6.00 0.083

RTPU05 Retrip Delay–BK05 (0.00–6000 cyc) 3.00 0.083

BFI05 Breaker Fail Initiate–BK05 (SELOGIC Equation) TB_BFI AND 
BF_EN

ATBFI05 Alt Breaker Fail Initiate–BK05 (SELOGIC Equa-
tion)

NA

EBFIS05 Breaker Fail Initiate Seal-In–BK05 (Y, N) N

BFISP05 Breaker Fail Init Seal-In Delay–BK05 (0.00–
1000 cyc)

0.50 0.083

BFIDO05 Brkr Fail Init Dropout Delay–BK05 (0.00–
1000 cyc)

1.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 2 of 4)

Label Prompt Default Value Increment
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Breaker 06 Failure Logic

EXBF06 Enable External Breaker Fail–BK06 (Y, N) N

XBF06 External Brkr Fail Init–BK06 (SELOGIC Equation) NA

50FP06 Fault Current Pickup–BK06 (0.50–50 amps, sec) 3.00 0.01

BFPU06 Brkr Fail Init Pickup Delay–BK06 (0.00–6000 cyc) 6.00 0.083

RTPU06 Retrip Delay–BK06 (0.00–6000 cyc) 3.00 0.083

BFI06 Breaker Fail Initiate–BK06 (SELOGIC Equation) IN106 AND 
BF_EN

ATBFI06 Alt Breaker Fail Initiate–BK06 (SELOGIC Equa-
tion)

NA

EBFIS06 Breaker Fail Initiate Seal-In–BK06 (Y, N) N

BFISP06 Breaker Fail Init Seal-In Delay–BK06 (0.00–
1000 cyc)

0.50 0.083

BFIDO06 Brkr Fail Init Dropout Delay–BK06 (0.00–
1000 cyc)

1.50 0.083

Breaker 07 Failure Logic

EXBF07 External Breaker Fail–BK07 (Y, N) N

XBF07 External Brkr Fail Init–BK07 (SELOGIC Equation) NA

50FP07 Fault Current Pickup–BK07 (0.50–50 amps, sec) 3.00 0.01

BFPU07 Brkr Fail Init Pickup Delay–BK07 (0.00–6000 cyc) 6.00 0.083

RTPU07 Retrip Delay–BK07 (0.00–6000 cyc) 3.00 0.083

BFI07 Breaker Fail Initiate–BK07 (SELOGIC Equation) NA

ATBFI07 Alt Breaker Fail Initiate–BK07 (SELOGIC Equa-
tion)

NA

EBFIS07 Breaker Fail Initiate Seal-In–BK07 (Y, N) N

BFISP07 Breaker Fail Init Seal-In Delay–BK07 (0.00–
1000 cyc)

0.50 0.083

BFIDO07 Brkr Fail Init Dropout Delay–BK07 (0.00–
1000 cyc)

1.50 0.083

Breaker 08 Failure Logic

EXBF08 External Breaker Fail–BK08 (Y, N) Y

XBF08 External Brkr Fail Init–BK08 (SELOGIC Equation) NA

50FP08 Fault Current Pickup–BK08 (0.50–50 amps, sec) 3.00 0.01

BFPU08 Brkr Fail Init Pickup Delay–BK08 (0.00–6000 cyc) 6.00 0.083

RTPU08 Retrip Delay–BK08 (0.00–6000 cyc) 3.00 0.083

BFI08 Breaker Fail Initiate–BK08 (SELOGIC Equation) NA

ATBFI08 Alt Breaker Fail Initiate–BK08 (SELOGIC Equa-
tion)

NA

EBFIS08 Breaker Fail Initiate Seal-In–BK08 (Y, N) N

BFISP08 Breaker Fail Init Seal-In Delay–BK08 (0.00–
1000 cyc)

0.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 3 of 4)

Label Prompt Default Value Increment
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BFIDO08 Brkr Fail Init Dropout Delay–BK08 (0.00–
1000 cyc)

1.50 0.083

•
•
•

•
•
•

•
•
•

•
•
•

Breaker 21 Failure Logic

EXBF21 External Breaker Fail–BK21 (Y, N) Y

XBF21 External Brkr Fail Init–BK21 (SELOGIC Equation) NA

50FP21 Fault Current Pickup–BK21 (0.50–50 amps, sec) 3.00 0.01

BFPU21 Brkr Fail Init Pickup Delay–BK21 (0.00–6000 cyc) 6.00 0.083

RTPU21 Retrip Delay–BK21 (0.00–6000 cyc) 3.00 0.083

BFI21 Breaker Fail Initiate–BK21 (SELOGIC Equation) NA

ATBFI21 Alt Breaker Fail Initiate–BK21 (SELOGIC Equa-
tion)

NA

EBFIS21 Breaker Fail Initiate Seal-In–BK21 (Y, N) N

BFISP21 Breaker Fail Init Seal-In Delay–BK21 (0.00–
1000 cyc)

0.50 0.083

BFIDO21 Brkr Fail Init Dropout Delay–BK21 (0.00–
1000 cyc)

1.50 0.083

Table 8.43 Definite-Time Overcurrent Elements 

Label Prompt Default Value Increment

50P01P Terminal 01 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P01D Terminal 01 Pickup Delay (0.00–99999 cyc) 10.00 0.167

•
•
•

•
•
•

•
•
•

•
•
•

50P21P Terminal 21 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P21D Terminal 21 Pickup Delay (0.00–99999 cyc) 10.00 0.167

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 1 of 2)

Label Prompt Default Value

51O01 Inverse Time O/C 01 Operate Quantity I01FIM

51P01a Inverse Time O/C 01 Pickup (SELOGIC Equation)
(0.25–16 A, sec)

0.50

51C01 Inverse Time O/C 01 Curve (U1–U5, C1–C5) U1

51TD01 Inverse Time O/C 01 Time Dial (0.50–15) [U1–U5]

or

Inverse Time O/C 01 Time Dial (0.05–1) [C1–C5]

0.50

51RS01 Inverse Time O/C 01 EM Reset (Y, N) Y

51TC01 Inverse Time O/C 01 Torque Cont (SELOGIC Equation) 1

•
•
•

•
•
•

•
•
•

51O21 Inverse Time O/C 21 Operate Quantity I21FIM

Table 8.42 Breaker Failure Logic (1–21) (Sheet 4 of 4)

Label Prompt Default Value Increment
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51P21a Inverse Time O/C 21 Pickup (SELOGIC Equation)
(0.50–16 A, sec)

0.50

51C21 Inverse Time O/C 21 Curve (U1–U5, C1–C5) U1

51TD21 Inverse Time O/C 21 Time Dial (0.50–15) [U1–U5] 

or

Inverse Time O/C 21 Time Dial (0.05–1) [C1–C5]

0.50

51RS21 Inverse Time O/C 21 EM Reset (Y, N) Y

51TC21 Inverse Time O/C 21 Torque Cont (SELOGIC Equation) 1

a The acceptable range of result of the math equation must be within specific limits depending on 
the nominal current. For 5 A nominal current input, the range is 0.25–16.0 A, sec. For 1 A nominal 
current input, 0.05–3.2 A, sec. See Section 5: Protection Functions for more information.

Table 8.45 Undervoltage Elements 

Label Prompt Default Value Increment

270na

a n = 1–6.

U/V Element n Operating Quantity V1FIM

27PnP1a U/V Element n Level 1 P/U (2.00–300 V, sec) 20.00 0.01

27TCna U/V Element n Torque Control (SELOGIC Eqn) 1

27PnD1a U/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

27PnP2a U/V Element n Level 2 P/U (2.00–300 V, sec) 15.00 0.01

Table 8.46 Overvoltage Elements 

Label Prompt Default Value Increment

590na

a n = 1–6.

O/V Element n Operating Quantity V1FIM

59PnP1a O/V Element n Level 1 P/U (2.00–300 V, sec) 76.00 0.01

59TCna O/V Element n Torque Control (SELOGIC Eqn) 1

59PnD1a O/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

59PnP2a O/V Element n Level 2 P/U (2.00–300 V, sec) 80.00 0.01

Table 8.47 Trip Logic (Sheet 1 of 2)

Label Prompt Default Value Increment

TR01 Trip 01 (SELOGIC Equation) F1_BFT OR F1_DPT

ULTR01 Unlatch Trip 01 (SELOGIC Equation) NA

TR02 Trip 02 (SELOGIC Equation) F2_BFT OR F2_DPT

ULTR02 Unlatch Trip 02 (SELOGIC Equation) NA

TR03 Trip 03 (SELOGIC Equation) F3_BFT OR F3_DPT

ULTR03 Unlatch Trip 03 (SELOGIC Equation) NA

TR04 Trip 04 (SELOGIC Equation) T1_BFT OR T1_DPT

ULTR04 Unlatch Trip 04 (SELOGIC Equation) NA

TR05 Trip 05 (SELOGIC Equation) TB1_BFT OR TB1_DPT OR 
TB2_BFT OR TB2_DPT

ULTR05 Unlatch Trip 05 (SELOGIC Equation) NA

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 2 of 2)

Label Prompt Default Value
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Protection Freeform SELOGIC Control Equations
The following protection freeform SELOGIC control equation settings are the 
default settings for all six settings groups. You can set each of the six protection 
freeform SELOGIC control equation settings groups independently. See Multiple 
Setting Groups on page 12.4 in the SEL-400 Series Relays Instruction Manual.

                    

TR06 Trip 06 (SELOGIC Equation) NA

ULTR06 Unlatch Trip 06 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TR21 Trip 21 (SELOGIC Equation) NA

ULTR21 Unlatch Trip 21 (SELOGIC Equation) NA

TDURD Minimum Trip Duration Time Delay
(2.000–8000 cyc)

12.000 0.083

ER Event Report Trigger Equation 
(SELOGIC Equation)

R_TRIG 87ST 

Table 8.47 Trip Logic (Sheet 2 of 2)

Label Prompt Default Value Increment

Table 8.48 Protection Freeform SELOGIC Control Equations

Label Default Value

PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED

PLT01R := PCT02Q AND DIFF_EN AND NOT PLT04

PLT02S := NOT BF_EN AND PLT05 # BREAKER FAILURE ENABLED

PLT02R := PCT03Q AND BF_EN AND NOT PLT05

PLT03S := NOT TNS_SW AND PLT06 # RELAY TEST MODE

PLT03R := PCT04Q AND TNS_SW AND NOT PLT06

PLT04S := PB1_PUL AND NOT DIFF_EN # ONLY ONE OP PER PB1 PRESS

PLT04R := PB1_PUL AND DIFF_EN

PLT05S := PB2_PUL AND NOT BF_EN # ONLY ONE OP PER PB2 PRESS

PLT05R := PB2_PUL AND BF_EN

PLT06S := PB4_PUL AND NOT TNS_SW # ONLY ONE OP PER PB4 PRESS

PLT06R := PB4_PUL AND TNS_SW

PCT01PU := 240

PCT01IN := PCT01IN := 3V2FIM > 20 OR 3V0FIM > 20

PCT02PU := 60 # 1 SEC DELAY DISABLE ON PB1

PCT02IN := PB1

PCT03PU := 60 # 1 SEC DELAY DISABLE ON PB2

PCT03IN := PB2

PCT04PU := 60 # 1 SEC DELAY DISABLE ON PB4

PCT04IN := PB4
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Automation Freeform SELOGIC Control Equations
See Automation Freeform SELOGIC Control Equations on page 12.26 in the 
SEL-400 Series Relays Instruction Manual for a description of automation 
SELOGIC control equations. The SEL-487B supports 10 blocks of 100 lines.

Notes Settings
Use the Notes settings like a text pad to leave notes about the relay. See Notes 
Settings on page 12.29 in the SEL-400 Series Relays Instruction Manual for addi-
tional information on Notes settings.

Output Settings
Output Settings on page 12.26 in the SEL-400 Series Relays Instruction Manual 
contains a description of the relay’s output settings. This subsection describes 
SEL-487B-specific default values.

                    

All interface board default output SELOGIC equations default to NA.

Front-Panel Settings
See Front-Panel Settings on page 12.20 in the SEL-400 Series Relays Instruction 
Manual for a complete description of front-panel settings. This subsection lists 
the SEL-487B-specific default settings values.

                    

Table 8.49 Main Board

Label Default Value

OUT101 TRIP01 AND NOT TNS_SW

OUT102 TRIP02 AND NOT TNS_SW

OUT103 TRIP03 AND NOT TNS_SW

OUT104 TRIP04 AND NOT TNS_SW

OUT105 TRIP05 AND NOT TNS_SW

OUT106 NA

OUT107 TNS_SW #RELAY TEST MODE

OUT108 NOT (SALARM OR HALARM)

Table 8.50 Front-Panel Settings (Sheet 1 of 4)

Label Default Value

FP_TO 15

EN_LEDCa G

TR_LEDCa R

PB1_LED DIFF_EN # Differential Protection Enabled

PB1_COLa AO
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PB2_LED BF_EN # Breaker Failure Enabled

PB2_COLa AO

PB3_LED NA

PB3_COLa AO

PB4_LED TNS_SW # Test Normal Switch Enabled

PB4_COLa AO

PB5_LED NA

PB5_COLa AO

PB6_LED NA

PB6_COLa AO

PB7_LED NA

PB7_COLa AO

PB8_LED NA 

PB8_COLa,b AO

PB9_LEDb NA 

PB9_COLa,b AO

PB10LEDb NA 

PB10COLa,b AO

PB11LEDb NA 

PB11COLa,b AO

PB12LEDb NA 

PB12COLa,b AO

T1_LED 87BTR

T1LEDL Y

T1LEDCa RO

T2_LED SBFTR

T2LEDL Y

T2LEDCa RO

T3_LED Z1_TRIP

T3LEDL Y

T3LEDCa RO

T4_LED Z2_TRIP

T4LEDL Y

T4LEDCa RO

T5_LED 87Z3

T5LEDL Y

T5LEDCa RO

T6_LED 87Z4

T6LEDL Y

T6LEDCa RO 

T7_LED 87Z5

Table 8.50 Front-Panel Settings (Sheet 2 of 4)

Label Default Value
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T7LEDL Y

T7LEDCa RO

T8_LED 87Z6

T8LEDL Y

T8LEDCa RO

T9_LED 50P01T OR 50P02T OR. . .50P21T

T9LEDL Y

T91LEDCa RO

T10_LED 51T01 OR 51T02 OR. . .51T21

T10LEDL Y

T10LEDCa RO

T11_LED 87ST

T11LEDL N

T11LEDCa RO

T12_LED NOT (Z1S AND Z2S AND. . .Z6S)

T12LEDL Y

T12LEDCa RO

T13_LED TOS01 OR TOS02 OR. . .TOS21

T13LEDL N

T13LEDCa RO

T14_LED 89IOP

T14LEDL N

T14LEDCa RO

T15_LED 89AL

T15LEDL N

T15LEDCa RO

T16_LED PCT01Q

T16LEDL Y

T16LEDCa RO

T17_LEDc 271P1 OR 272P1 OR 272P2 OR 273P1 OR 273P2

T17LEDLc N

T17LEDCa,c RO

T18_LEDc 591P1 OR 591P2 OR 292P1 OR 592P2 OR 593P1 OR 593P2

T18LEDLc N

T18LEDCa,c RO

T19_LEDc V01FIM>55

T19LEDLc N

T19LEDCa,c RO

T20_LEDc V02FIM>55

T20LEDLc N

T20LEDCa,c RO

Table 8.50 Front-Panel Settings (Sheet 3 of 4)

Label Default Value
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The SEL-487B supports the SCROLD, STA_BAT, FUND_VI, DIFF, and 
ZONECFG choices for selectable screens, as described in Table 12.38 in the 
SEL-400 Series Relays Instruction Manual.

Report Settings
The SEL-487B contains the Report Settings described in Report Settings on 
page 12.27 in the SEL-400 Series Relays Instruction Manual.

                    

T21_LEDc V03FIM>55

T21LEDLc N

T21LEDCa,c RO

T22_LEDc FAULT

T22LEDLc N

T22LEDCa,c RO

T23_LEDc 52AL

T23LEDLc N

T23LEDCa,c RO

T24_LEDc TIRIG

T24LEDLc N

T24LEDCa,c RO

a LED color settings are only available on HMI2 models.
b PB9–PB12 settings are only available on 12-pushbutton models.
c T17LED–T24LED settings are only available on 12-pushbutton models.

Table 8.50 Front-Panel Settings (Sheet 4 of 4)

Label Default Value

Table 8.51 Default Event Report Settings (Sheet 1 of 2)

Position Primitive Name Alias Name

1 87Z1 Z1_TRIP

2 87Z2 Z2_TRIP

3 #

4 FBF01 F1_BF

5 FBF02 F2_BF

6 FBF03 F3_BF

7 FBF04 T1_BF

8 FBF05 TB1_BF

9 FBF06 TB2_BF

10 #

11 PLT01 DIFF_EN

12 PLT02 BF_EN

13 PLT03 TNS_SW

14 #

15 IN101 F1_BFI
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Port Settings
The SEL-487B Port settings are described in Port Settings on page 12.6 in the 
SEL-400 Series Relays Instruction Manual.

The fast message read data access settings listed in Table 12.8 in the SEL-400 
Series Relays Instruction Manual are included in the SEL-487B, except 
FMRDMND and FMRBRKR.

                    

DNP3 Settings—Custom Maps
The SEL-487B DNP3 custom map settings operate as described in DNP3 Set-
tings—Custom Maps on page 12.19 in the SEL-400 Series Relays Instruction 
Manual. See Section 10: Communications Interfaces for the default map configu-
ration.

16 IN102 F2_BFI

17 IN103 F3_BFI

18 IN104 T1_BFI

19 IN105 TB_BFI

20 #

21 OUT101 F1_TRIP

22 OUT102 F2_TRIP

23 OUT103 F3_TRIP

24 OUT104 T1_TRIP

25 OUT105 TB_TRIP

26 OUT106

27 #

28 OUT107 TEST

29 OUT108 NOALARM

Table 8.51 Default Event Report Settings (Sheet 2 of 2)

Position Primitive Name Alias Name

Table 8.52 MIRRORED BITS Protocol Default Settings

Label Default Value

MBANA1 PMV58

MBANA2 PMV59

MBANA3 PMV60

MBANA4 PMV61

MBANA5 PMV62

MBANA6 PMV63

MBANA7 PMV64
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the SEL-487B relay. This section explains the commands that you send 
to the SEL-487B using SEL ASCII communications protocol. The relay responds 
to commands such as settings, metering, and control operations.

This section lists all the commands supported by the relay, but most are described 
in Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruc-
tion Manual. This section provides information on commands and command 
options that are unique to the SEL-487B.

This section lists American National Standard Code for Information Interchange 
(ASCII) commands alphabetically. Commands, command options, and command 
variables that you enter are shown in bold. Lowercase italic letters and words in a 
command represent command variables that you determine based on the applica-
tion (for example, Zone n = 1–6, remote bit number nn = 01–96, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters (upper- or lowercase); for example, ACCESS 
becomes ACC. Always send a carriage return <CR> character, or a carriage 
return character followed by a line feed character <CR><LF>, to command the 
relay to process the ASCII command. Usually, most terminals and terminal pro-
grams interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the SEL-487B are Access Level 0, Access 
Level 1, Access Level B (breaker), Access Level P (protection), Access Level A 
(automation), Access Level O (output), and Access Level 2. 

Description of Commands
Table 9.1 lists all the commands supported by the relay with the corresponding 
links to the descriptions in Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual.
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Command List
                    

Table 9.1 SEL-487B List of Commands (Sheet 1 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 

2ACCESS 2ACCESS on page 14.1

AACCESS AACCESS on page 14.3

ACCESS ACCESS on page 14.3

BACCESS BACCESS on page 14.3

BNAME BNAME on page 14.4

CAL CAL on page 14.5

CASCII CASCII on page 14.6

CEVENT CEVENT on page 14.7 (In the SEL-487B, CEV L provides a 12-samples/cycle large-resolution event 
report.)

CFG CTNOM i CFG CTNOM on page 14.10 (in the SEL-487B, the nominal current choices are 1 and 5 for 1 A nominal 
and 5 A nominal CT inputs.)

CFG NFREQ f CFG NFREQ on page 14.11

CHISTORY CHISTORY on page 14.11

COMMUNICATIONS c COMMUNICATIONS on page 14.12

CONTROL nn CONTROL nn on page 14.24

COPY COPY on page 14.25 (In addition to the typical classes, the zone (Z) class can also be copied using the 
COPY command.)

CPR CPR on page 14.26

CSER CSER on page 14.26

CSTATUS CSTATUS on page 14.28

CSUMMARY CSUMMARY on page 14.28

DATE DATE on page 14.29

DNAME X DNAME X on page 14.30

DNP DNP on page 14.30

ETHERNET ETHERNET on page 14.30

EVENT EVENT on page 14.32 (The SEL-487B supports large resolution 12-samples/cycle event reports.)

EXIT EXIT on page 14.36

FILE FILE on page 14.36

GOOSE GOOSE on page 14.37

GROUP GROUP on page 14.40

HELP HELP on page 14.40

HISTORY HISTORY on page 14.40

ID ID on page 14.42

LOOPBACK LOOPBACK on page 14.43

MAC MAC on page 14.45

MAP MAP on page 14.45

METER METER on page 14.46 (For all other METER options, see METER on page 9.4 in this section.)

MET AMV MET AMV on page 14.46

MET ANA MET ANA on page 14.47
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MET BAT MET BAT on page 14.47 (The SEL-487B provides battery metering for one battery monitor channel.)

MET CZq See MET CZq on page 9.4 in this section.

MET DIF See MET DIF on page 9.4 in this section.

MET PMV MET PMV on page 14.49

MET SEC See MET SEC on page 9.5 in this section.

MET SEC CZn See MET SEC CZq on page 9.5 in this section.

MET SEC Zn See MET SEC Zn on page 9.5 in this section.

MET Zn See MET Zn on page 9.5 in this section.

OACCESS OACCESS on page 14.50

OPEN n OPEN n on page 14.50 (The SEL-487B supports 21 circuit breakers, designated 1–21.)

PACCESS PACCESS on page 14.51

PASSWORD PASSWORD on page 14.51

PING PING on page 14.52

PORT PORT on page 14.52

PROFILE PROFILE on page 14.53

PULSE PULSE on page 14.54

QUIT QUIT on page 14.54

SER SER on page 14.55

SET SET on page 14.57 (Table 9.9 lists the options available in the SEL-487B.)

SHOW SHOW on page 14.58 (Table 9.10 lists the class and instance options available in the SEL-487B.)

SNS SNS on page 14.59

STATUS STATUS on page 14.59

SUMMARY SUMMARY on page 14.61

TARGET TARGET on page 14.62

TEST DB TEST DB on page 14.64

TEST DB2 TEST DB2 on page 14.65

TEST FM TEST FM on page 14.67

TIME TIME on page 14.70

TRIGGER TRIGGER on page 14.72

VECTOR VECTOR on page 14.72

VERSION VERSION on page 14.72

VIEW VIEW on page 14.74

ZONE See ZONE on page 9.7 in this section.

ZON T See ZON T on page 9.8 in this section.

ZON k See ZON k on page 9.8 in this section.

Table 9.1 SEL-487B List of Commands (Sheet 2 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 
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METER
The METER command displays reports about quantities the relay measures in 
the power system and internal relay operating quantities. For more information 
on power system measurements, see Section 7: Metering, Monitoring, and 
Reporting.

MET
NOTE: Data obtained with the MET 
command during dynamic zone 
selection may be unreliable.

Use the MET command to view fundamental metering quantities. The relay fil-
ters harmonics to present only measured quantities at the power system funda-
mental operating frequency.

                    

Some situations require that you repeatedly monitor the power system for a brief 
period; specify a number after any MET command to automatically repeat the 
command.

MET CZq
Use the MET CZq (q = 1–3) command to view the current magnitude, angle, and 
polarity of each terminal in Check Zone q and the voltage in primary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET DIF
Use the MET DIF command to view the operate and restraint differential cur-
rents in the active zones in per unit values as well as the reference current (IREF).

                    

Table 9.2 MET Command

Command Description Access Level

MET Display fundamental metering data. 1, B, P, A, O, 2

MET k Display fundamental metering data successively for 
k times.

1, B, P, A, O, 2

Table 9.3 MET CZq Command

Commanda

a q = 1–3.

Description Access Level

MET CZq Display primary metering data for Check Zone q. 1, B, P, A, O, 2

MET CZq k Display primary metering data for Check Zone q suc-
cessively for k times.

1, B, P, A, O, 2

Table 9.4 MET DIF Command

Command Description Access Level

MET DIF Display the operate and restraint differential currents 
and IREF metering data.

1, B, P, A, O, 2

MET DIF k Display the operate and restraint differential currents 
and IREF metering data successively for k times.

1, B, P, A, O, 2
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MET SEC
Use the MET SEC command to view the current magnitude, angle, and CT ratio 
of each terminal. The view also includes voltage magnitudes in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC CZq
Use the MET SEC CZq (q = 1–3) command to view the current magnitude, 
angle, CT ratio, and polarity of each terminal in Check Zone q and the voltage in 
secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC Zn
Use the MET SEC Zn command to view the current magnitude, angle, CT ratio, 
and polarity of each terminal in a particular protection zone (n = 1–6), the bus-
zones in Protection Zone n, and the voltage in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET Zn
Use the MET Zn command to view the current magnitude, angle, and polarity of 
each terminal in a particular protection zone (n = 1–6), the bus-zones in Protec-
tion Zone n, and the voltage in primary values.

Table 9.5 MET SEC Command

Command Description Access Level

MET SEC Display secondary metering data. 1, B, P, A, O, 2

MET SEC k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.6 MET SEC CZq Command

Commanda

a q = 1–3.

Description Access Level

MET SEC CZq Display secondary metering data for Check Zone q. 1, B, P, A, O, 2

MET SEC CZq k Display secondary metering data for Check Zone q 
successively for k times.

1, B, P, A, O, 2

Table 9.7 MET SEC Zn Command

Commanda

a Parameter n is 1–6 to indicate 6 zones.

Description Access Level

MET SEC Zn Display secondary metering data. 1, B, P, A, O, 2

MET SEC Zn k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2
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If an alias name for the terminal exists, the relay displays the alias name.

SET
Table 9.9 lists the options specifically available in the SEL-487B.

                    

Table 9.8 MET Zn Command

Command Description Access Level

MET Zn Display primary metering data. 1, B, P, A, O, 2

MET Zn k Display primary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.9 SET Command Overview

Command Description Access Level

SET Set the Group relay settings, beginning at the first set-
ting in the active group.

P, 2

SET na

a Parameter n = 1–6, representing Group 1–Group 6.

Set the Group n relay settings, beginning at the first 
setting in the group.

P, 2

SET A Set the Automation SELOGIC control equation relay 
settings in Block 1.

A, 2

SET A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Set the Automation SELOGIC control equation relay 
settings in Block m.

A, 2

SET D Set the serial port DNP3 remapping settings, begin-
ning at the first setting in this class.

P, A, O, 2

SET F Set the Front Panel relay settings, beginning at the first 
setting in this class.

P, A, O, 2

SET G Set the Global relay settings, beginning at the first set-
ting in this class.

P, A, O, 2

SET L Set the Protection SELOGIC control equation relay set-
tings for the active group.

P, 2

SET L na Set the Protection SELOGIC relay settings for Group n. P, 2

SET O Set the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

O, 2

SET P Set the port presently in use, beginning at the first set-
ting for this port.

P, A, O, 2

SET P pc

c Parameter p = 1–3, F, or 5, corresponding to Port 1–Port 3, Port F, or Port 5.

Set the communications Port relay settings for Port p, 
beginning at the first setting for this port.

P, A, O, 2

SET R Set the Report relay settings, beginning at the first set-
ting for this class.

P, A, O, 2

SET T Set the alias settings. P, A, O, 2

SET Z Set the active group zone configuration settings, 
beginning at the first setting.

P, 2

SET Z na Set the configuration setting for Group n, beginning at 
the first setting.

P, 2
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SHOW
Table 9.10 lists the class and instance options available in the SEL-487B.

                    

ZONE
The ZONE command causes the relay to display the active protection zones and 
the terminal and bus-zone names in each active protection zone, where active 
means a zone with at least one terminal in the zone.

Use the ZON command to display the terminal and bus-names associated with all 
active zones.

                    

Table 9.10 SHO Command Overview

Command Description Access Level

SHO Show the Group relay settings, beginning at the first 
setting in the active group.

1, B, P, A, O, 2

SHO na

a Parameter n = 1–6, representing Group 1–Group 6.

Show Group n settings, beginning at the first setting in 
Group n.

1, B, P, A, O, 2

SHO A Show the Automation SELOGIC control equation relay 
settings in Block 1.

1, B, P, A, O, 2

SHO A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Show the Automation SELOGIC control equation relay 
settings in Block m. 

1, B, P, A, O, 2

SHO D Show the serial DNP3 remapping settings. 1, B, P, A, O, 2

SHO F Show the Front Panel relay settings, beginning at the 
first setting in this class.

1, B, P, A, O, 2

SHO G Show the Global relay settings, beginning at the first 
setting in this class.

1, B, P, A, O, 2

SHO L Show the Protection SELOGIC control equation relay 
settings for the active group.

1, B, P, A, O, 2

SHO L na Show the Protection SELOGIC control equation relay 
settings for Group n.

1, B, P, A, O, 2

SHO O Show the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

1, B, P, A, O, 2

SHO P Show the relay settings for the port presently in use, 
beginning at the first setting.

1, B, P, A, O, 2

SHO P pc

c Parameter p = 1–3, F, and 5 which corresponds to Port 1–Port 3, Port F, and Port 5.

Show the communications Port relay settings for 
Port p, beginning at the first setting for this port.

1, B, P, A, O, 2

SHO R Show the Report relay settings, beginning at the first 
setting for this class.

1, B, P, A, O, 2

SHO T Show the alias settings. 1, B, P, A, O, 2

SHO Z Show the zone configuration settings for the active 
group.

1, B, P, A, O, 2

SHO Z na Show the zone configuration settings for Group n. 1, B, P, A, O, 2

Table 9.11 ZON Command

Command Description Access Level

ZON Display the terminal and bus-zone names associated 
with all active zones.

1, B, P, A, O, 2



9.8

SEL-487B Relay Instruction Manual Date Code 20230830

ASCII Command Reference
Description of Commands

ZON T
Use the ZON T command to display the terminal names in each active zone, 
selected for tripping by differential and breaker failure protection.

                    

When two zones combine, the combined zone includes the terminals from both 
merged zones. Not all terminals in the combined zone may be required to trip for 
a differential element operation. ZON T provides a list of all terminals assigned 
to trip in all the zones at the station, and ZON T k provides a list of the terminals 
to trip in a specific zone.

ZON k
Use the ZON k (k = 1–6) command to display the terminals in Zone k, if Zone k 
is active.

                    

Table 9.12 ZON T Command

Command Description Access Level

ZON T Display the terminals programmed for tripping in all 
zones.

1, B, P, A, O, 2

Table 9.13 ZON k Command

Command Description Access Level

ZON ka

a Parameter k is 1–6.

Display the terminals in Zone k. 1, B, P, A, O, 2
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Communications Interfaces

Section 15: Communications Interfaces through Section 18: Synchrophasors in 
the SEL-400 Series Relays Instruction Manual describe the various communica-
tions interfaces and protocols used in SEL-400 series relays. This section 
describes aspects of the communications protocols that are unique to the 
SEL-487B relay. The following topics are discussed:

➤ Communications Database on page 10.1

➤ DNP3 Communication on page 10.6

➤ IEC 61850 Communication on page 10.13

Communications Database
The SEL-487B maintains a database to describe itself to external devices via the 
SEL Fast Message Data Access protocol. This database includes a variety of data 
within the relay that are available to devices connected in a serial or Ethernet net-
work. The database includes the regions and data described in Table 10.1. Use the 
MAP and VIEW commands to display maps and contents of the database 
regions. See Section 14: ASCII Command Reference in the SEL-400 Series 
Relays Instruction Manual for more information on the MAP and VIEW com-
mands.

                    

Data within the Ethernet card regions are available for access by external devices 
via the SEL Fast Message protocol.

The LOCAL region contains the device FID, SID, and RID. It will also provide 
appropriate status points. This region is updated on settings changes and when-
ever monitored status points change (see Table 10.2).

Table 10.1 SEL-487B Database Regions

Region Name Contents Update Rate

LOCAL Relay identification data including FID, 
Relay ID, Station ID, and active protection 
settings group

Updated on settings change 
and whenever monitored values 
change

METER Metering and measurement data 0.5 s

TARGET Selected rows of Relay Word bit data 0.5 s

HISTORY Relay event history records for the 10 most 
recent events

Within 15 s of any new event

STATUS Self-test diagnostic status data 5 s

ANALOGS Protection and automation math variables 0.5 s
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The METER region contains all the basic meter and energy information. This 
region is updated every 0.5 seconds. See Table 10.3 for the map.

                    

Table 10.2 SEL-487B Database Structure—LOCAL Region

Address 
(Hex)

Name Type Description

0000 FID char[48] FID string

0030 BFID char[48] SELBOOT FID string

0060 SER_NUM char[16] Device Serial number, from factory settings

0070 PART_NUM char[24] Device part number, from factory settings

0088 CONFIG char[8] Device configuration string (as reported in ID com-
mand)

0090 SPECIAL char[8] Special device configuration string (as reported in ID 
command)

0098 DEVICE_ID char[40] Relay ID setting, from global settings

00C0 NODE_ID char[40] Station ID from global settings

00E8 GROUP int Active group

00E9 STATUS int Status indication: 0 for okay, 1 for failure

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 1 of 3)

Address 
(Hex)

Name Type Description

1000 _YEAR int 4-digit year when data were sampled

1001 DAY_OF_YEAR int 1–366 day when data were sampled

1002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

1004 FREQ float System frequency (Hertz)

1006 VDC float Battery voltage (Volts)

1008, 100A I01 float[2] I01 current magnitude (amperes primary) and 
phase (degrees)

100C, 100E I02 float[2] I02 current magnitude (amperes primary) and 
phase (degrees)

1010, 1012 I03 float[2] I03 current magnitude (amperes primary) and 
phase (degrees)

1014, 1016 I04 float[2] I04 current magnitude (amperes primary) and 
phase (degrees)

1018. 101A I05 float[2] I05 current magnitude (amperes primary) and 
phase (degrees)

101C, 101E I06 float[2] I06 current magnitude (amperes primary) and 
phase (degrees)

1020, 1022 I07 float[2] I07 current magnitude (amperes primary) and 
phase (degrees)

1024, 1026 I08 float[2] I08 current magnitude (amperes primary) and 
phase (degrees)

1028, 102A I09 float[2] I09 current magnitude (amperes primary) and 
phase (degrees)

102C, 102E I10 float[2] I10 current magnitude (amperes primary) and 
phase (degrees)

1030, 1032 I11 float[2] I11 current magnitude (amperes primary) and 
phase (degrees)
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1034, 1036 I12 float[2] I12 current magnitude (amperes primary) and 
phase (degrees)

1038, 103A I13 float[2] I13 current magnitude (amperes primary) and 
phase (degrees)

103C, 103E I14 float[2] I14 current magnitude (amperes primary) and 
phase (degrees)

1040, 1042 I15 float[2] I15 current magnitude (amperes primary) and 
phase (degrees)

1044, 1046 I16 float[2] I16 current magnitude (amperes primary) and 
phase (degrees)

1048, 104A I17 float[2] I17 current magnitude (amperes primary) and 
phase (degrees)

104C, 104E I18 float[2] I18 current magnitude (amperes primary) and 
phase (degrees)

1050, 1052 I19 float[2] I19 current magnitude (amperes primary) and 
phase (degrees)

1054, 1056 I20 float[2] I20 current magnitude (amperes primary) and 
phase (degrees)

1058, 105A I21 float[2] I21 current magnitude (amperes primary) and 
phase (degrees)

105C RSRVD1 float[6] Reserved for 3 future currents; always report 
as 0

1068, 106A V01 float[2] V01 voltage magnitude (Volts primary) and 
phase (degrees)

106C, 106E V02 float[2] V02 voltage magnitude (Volts primary) and 
phase (degrees)

1070, 1072 V03 float[2] V03 voltage magnitude (Volts primary) and 
phase (degrees)

1074 RSRVD2 float[6] Reserved for 3 future voltages; always report 
as 0

1080 IOP1 float Zone 1 Operating Current (per unit)

1082 IOP2 float Zone 2 Operating Current (per unit)

1084 IOP3 float Zone 3 Operating Current (per unit)

1086 IOP4 float Zone 4 Operating Current (per unit)

1088 IOP5 float Zone 5 Operating Current (per unit)

108A IOP6 float Zone 6 Operating Current (per unit)

108C IRT1 float Zone 1 Restraint Current (per unit)

108E IRT2 float Zone 2 Restraint Current (per unit)

1090 IRT3 float Zone 3 Restraint Current (per unit)

1092 IRT4 float Zone 4 Restraint Current (per unit)

1094 IRT5 float Zone 5 Restraint Current (per unit)

1096 IRT6 float Zone 6 Restraint Current (per unit)

1098 IOPCZ1 float Check Zone 1 Operating Current (per unit)

109A IRTCZ1 float Check Zone 1 Restraint Current (per unit)

109C IOPCZ2 float Check Zone 2 Operating Current (per unit)

109E IRTCZ2 float Check Zone 2 Restraint Current (per unit)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 2 of 3)

Address 
(Hex)

Name Type Description
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The TARGET region contains the entire visible Relay Word plus the rows desig-
nated specifically for the TARGET region. This region is updated every 0.5 sec-
onds. See Table 10.4 for the map. See Section 11: Relay Word Bits for detailed 
information on the Relay Word bits.

                    

The HISTORY region contains all information available in a History report for 
the most recent 10 events. This region is updated within 15 seconds of any new 
events. See Table 10.5 for the map.

                    

10A0 IOPCZ3 float Check Zone 3 Operating Current (per unit)

10A2 IRTCZ3 float Check Zone 3 Restraint Current (per unit)

Table 10.4 SEL-487B Database Structure—TARGET Region

Address 
(Hex)

Name Type Description

3000 _YEAR int 4-digit year when data were sampled

3001 DAY_OF_YEAR int 1–366 day when data were sampled

3002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

3004 TARGET char[~499] Entire Relay Word with bit labels

Table 10.5 SEL-487B Database Structure—HISTORY Region

Address 
(Hex)

Name Type Description

4000 _YEAR int 4-digit year when data were sampled

4001 DAY_OF_YEAR int 1–366 day when data were sampled

4002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

4004 REF_NUM int[10] Event serial number (10000–42767)

400E MONTH int[10] Month of event

4018 DAY int[10] Day of event

4022 YEAR int[10] Year of event

402C HOUR int[10] Hour of event

4036 MIN int[10] Minute of event

4040 SEC int[10] Second of event

404A MSEC int[10] Milliseconds of event

4054 EVENT char[100] Event type string

40B8 GROUP int[10] Active group during fault

40C2 TARGETS char[1000] System targets from event (100 characters per 
event)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 3 of 3)

Address 
(Hex)

Name Type Description
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The STATUS region contains complete relay status information. This region is 
updated every 5 seconds. See Table 10.6 for the map.

                    

The ANALOGS region contains protection and automation variables. This region 
is updated every 0.5 seconds. See Table 10.7 for the map.

                    

The database is virtual device 1 in the relay. You can display the contents of a 
region using the MAP 1:region command (where region is one of the database 
region names listed in Table 10.1). An example of the MAP command is shown 
in Figure 10.1.

Table 10.6 SEL-487B Database Structure—STATUS Region

Address 
(Hex)

Name Type Description

6000 _YEAR int 4-digit year when data were sampled

6001 DAY_OF_YEAR int 1–366 day when data were sampled

6002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

6004 CH1_24(mV) int[24] Channel offsets, use 0 if not measured

601C MOF(mV) int Master offset

601D MOF2(mV) int Master offset 2

601E OFF_WARN char[8] Offset warning string

6026 OFF_FAIL char[8] Offset failure string

602E PS3(V) float 3.3 Volt power supply voltage

6030 PS5(V) float 5 Volt power supply voltage

6032 PS_N5(V) float –5 Volt regulated voltage

6034 PS15(V) float 15 Volt power supply voltage

6036 PS_N15(V) float –15 Volt power supply voltage

6038 PS_WARN char[8] Power supply warning string

6040 PS_FAIL char[8] Power supply failure string

6048 HW_FAIL char[40] Hardware failure strings

6070 CC_STA char[40] Comm. card status strings

6098 PORT_STA char[160] Serial port status strings

6138 TIME_SRC char[10] Time source

6142 LOG_ERR char[40] SELOGIC error strings

616A TEST_MD char[160] Test mode string

620A WARN char[32] Warning strings for any active warnings

622A FAIL char[64] Failure strings for any active failures

Table 10.7 SEL-487B Database Structure—ANALOGS Region

Address 
(Hex)

Name Type Description

7000 _YEAR int 4-digit year when data were sampled

7001 DAY_OF_YEAR int 1–366 day when data were sampled

7002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

7004 PMV01_64 float[64] PMV01–PMV64

7084 AMV001_256 float[256] AMV001–AMV256
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DNP3 Communication
DNP3 operation is described in Section 16: DNP3 Communication in the 
SEL-400 Series Relay Instruction Manual. This subsection describes aspects of 
DNP3 communications that are unique to the SEL-487B.

Reference Data Map
Table 10.8 shows the SEL-487B DNP3 reference data map. The reference data 
map contains all of the data available to the DNP3 protocol. You can use the 
default map or the custom DNP3 mapping functions of the SEL-487B to include 
only the points required by your application.

=>>MAP 1:METER <Enter>

Virtual Device 1, Data Region METER Map

Data Item    Starting Address   Type

_YEAR        1000h              int
DAY_OF_YEAR  1001h              int
TIME(ms)     1002h              int[2]
FREQ         1004h              float
VDC          1006h              float
I01          1008h              float[2]
I02          100ch              float[2]
I03          1010h              float[2]
I04          1014h              float[2]
I05          1018h              float[2]
I06          101ch              float[2]
I07          1020h              float[2]
I08          1024h              float[2]
I09          1028h              float[2]
I10          102ch              float[2]
I11          1030h              float[2]
I12          1034h              float[2]
I13          1038h              float[2]
I14          103ch              float[2]
I15          1040h              float[2]
I16          1044h              float[2]
I17          1048h              float[2]
I18          104ch              float[2]
I19          1050h              float[2]
I20          1054h              float[2]
I21          1058h              float[2]
RSRVD1       105ch              float[6]
V01          1068h              float[2]
V02          106ch              float[2]
V03          1070h              float[2]
RSRVD2       1074h              float[6]
IOP1         1080h              float
IOP2         1082h              float
IOP3         1084h              float
IOP4         1086h              float
IOP5         1088h              float
IOP6         108ah              float
IRT1         108ch              float
IRT2         108eh              float
IRT3         1090h              float
IRT4         1092h              float
IRT5         1094h              float
IRT6         1096h              float
IOPCZ1       1098h              float
IRTCZ1       109ah              float
IOPCZ2       109ch              float
IRTCZ2       109eh              float
IOPCZ3       10a0h              float
IRTCZ3       10a2h              float

Figure 10.1 MAP 1:METER Command Example
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The entire Relay Word (Table 11.1) is part of the DNP3 reference map. You may 
include any label in the Relay Word as part of a DNP3 custom map. Note that 
Binary Inputs registered as SER points (SET R settings) will maintain SER-qual-
ity time stamps for DNP3 events.

The SEL-487B scales analog values by the indicated settings or fixed scaling. 
Analog inputs for event (fault) summary reporting use a default scale factor of 1 
and deadband of ANADBM. Per-point scaling and deadband settings specified in 
a custom DNP3 map will override defaults.

                    

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 1 of 3)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 Relay Word Relay Word bit label. See Section 11: Relay Word Bits.

Binary Outputs

10, 12 RB01–RB96 Remote bits RB01–RB96

10, 12 RB01:RB02
RB03:RB04
RB05:RB06 
•
•
•
RB93:RB94

RB95:RB96

Remote bit pairs RB01–RB96

10, 12 OCn Pulse Open Circuit Breaker n command, where n = 1–21

10, 12 OCn:NOOP Open/Close pair for Circuit Breaker n, where n = 1–21 (the close portion has 
no action)

10, 12 RST_BAT Reset battery monitor data

10, 12 RSTTRGT Reset front-panel targets

10, 12 RSTDNPE Reset (clear) DNP3 Event Summary AIs

10, 12 NXTEVE Load next fault event into DNP3 Event Summary AIs

Binary Counters 

20, 22 ACTGRP Active settings group

20, 22 ACN01CV–ACN32CV Automation SELOGIC counter value 1–32

20, 22 PCN01CV–PCN32CV Protection SELOGIC counter value 1–32

Analog Inputs 

30, 32 InnFMa 1-cycle average phase current (magnitude), where nn = 01–21

30, 32 InnFAa 1-cycle average phase current (angle), where nn = 01–21

30, 32 VmmFMb 1-cycle average phase voltage (magnitude), where mm = 01–03

30, 32 VmmFAb 1-cycle average phase voltage (angle), where mm = 01–03
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30, 32 DC1c Station battery 1 dc voltage

30, 32 IOPkFd Zone k one-cycle average operating current (k = 1–6)

30, 32 IRTkFd Zone k one-cycle average restraint current (k = 1–6)

30, 32 IOPCZpFd Check Zone p one-cycle average operating current (p = 1–3)

30, 32 IRTCZpFd Check Zone p one-cycle average restraint current (p = 1–3)

30, 32 PMV001–PMV064c Protection SELOGIC math variables

30, 32 AMV001–AMV256c Automation SELOGIC math variables

30, 32 PNC01CV–PNC32CVc Protection SELOGIC counter current value

30, 32 TODMSc UTC time of day in milliseconds (0–86400000) 

30, 32 ANC01CV–ANC32CVc Automation SELOGIC counter current value

30, 32 ACTGRPc Active group setting

30, 32 THRc UTC time, hour (0–23)

30, 32 TMINc UTC time, minute (0–59)

30, 32 TSECc UTC time, seconds (0–59)

30, 32 TMSECc UTC time, milliseconds (0–999)

30, 32 DDOMc UTC date, day of the month (1–31)

30, 32 DMONc UTC date, month (1–12)

30, 32 DYEARc UTC date, year (2000–2200)

30, 32 TLODMSc Local time of day in milliseconds (0–86400000)

30, 32 TLHRc Local time, hour (0–23)

30, 32 TLMINc Local time, minute (0–59)

30, 32 TLSECc Local time, seconds (0–59)

30, 32 TLMSECc Local time, milliseconds (0–999)

30, 32 DLDOMc Local date, day of the month (1–31)

30, 32 DLDOYc Local date, day of the year (1–366)

30, 32 DLMONc Local date, month (1–12)

30, 32 DLYEARc Local date, year (2000–2200)

30, 32 RA001–RA256c Remote analogs from Ethernet card

30, 32 RAO01–RAO64c Remote analog output

30, 32 RLYTEMPc Relay internal temperature (deg. C)

30, 32 MAXGRP Maximum number of protection groups

Event Summary Analog Inputs 

30, 32e FTYPEc, e Fault type

30, 32e FTAR1c, e Fault targets (upper byte is 1st target row, lower byte is 2nd target row)

30, 32e FTAR2c, e Fault targets (upper byte is 3rd target row, lower byte is 0)

30, 32e FGRPc, e Fault settings group

30, 32e FTIMEUH, FTIMEUM, FTIMEULc, e Fault time (UTC) in DNP3 format—high, middle, and low 16 bits

30, 32e FTIMEH, FTIMEM, FTIMELc, e Fault time (local) in DNP3 format—high, middle, and low 16 bits

30, 32e FUNRc, e Number of unread fault summaries

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 2 of 3)

Object Label Description
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Binary Outputs
Use the Trip and Close, Latch On/Off, and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table 10.9. Pulse operations provide a pulse with duration of one protection pro-
cessing interval. Cancel an operation in progress by issuing a NUL Trip/Close 
Code with a NUL Operation Type.

                    

Relay Fault Summary Data
When a relay event occurs (TRIP asserts, ER asserts, or TRI asserts), whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs (see 
Table 10.8) will be generated if any of them change beyond their dead-band value 
after scaling (usually whenever a new relay event occurs and is loaded into the 
event summary analog inputs). Events are detected approximately twice a second 
by the scanning process.

Analog Outputs 

40, 41 ACTGRP Active settings group

40, 41 RA001–RA256 Remote Analogs

a Default current scaling DECPLA on magnitudes and scale factor of 100 on angles. Dead band ANADBA on magnitudes and ANADBM on angles.
b Default voltage scaling DECPLV on magnitudes and scale factor of 100 on angles. Dead band ANADBV on magnitudes and ANADBM on angles.
c Default scale factor of 1 and dead band ANADBM.
d Default miscellaneous scaling DECPLM and dead band ANADBM.
e Event data shall be generated for all Event Summary Analog Inputs if any of them change beyond their dead band after scaling.

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 3 of 3)

Object Label Description

Table 10.9 SEL-487B Object 12 Control Operations

Label Close/Any Trip/Any NUL/Latch On NUL/Latch Off NUL/Pulse On NUL/Pulse Off

RB01–RB96 Pulse on Remote 
Bit RB01–RB96

Pulse on Remote Bit 
RB01–RB96

Set Remote Bit 
RB01–RB96

Clear Remote Bit 
RB01–RB96

Pulse on Remote 
Bit RB01–RB96

Clear Remote 
Bit RB01–RB96

RBxx: RByy Pulse on RByy 
RB01–RB96

Pulse on RBxx 
RB01–RB96

Pulse RByy Pulse RBxx Pulse RByy Pulse RBxx 

OCx Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Set OCx
x = 01–21

Clear OCx
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Clear OCx
x = 01–21

OCx: NOOP No action Open Circuit Breaker 
x (Pulse on OCx)
x = 1–21

No action Pulse On OCx No action Pulse OCx

RST_BAT Reset battery moni-
toring 

Reset breaker moni-
toring 

Reset battery mon-
itoring

No action Reset battery moni-
toring

No action

RSTTRGT Reset front-panel 
targets

Reset front-panel 
targets

Reset front-panel 
targets

No action Reset front-panel 
targets

No action

RSTDNPE Reset DNP3 event 
summary

Reset DNP3 event 
summary

Reset DNP3 event 
summary

No action Reset DNP3 event 
summary

No action

NXTEVE Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest relay 
event (LIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest 
event summary 
(LIFO)
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See Table 10.10 for the components of the FTYPE analog input point. The bit 
asserted in the upper byte indicates the event cause (Trigger, Trip, ER element, 
etc.). The lower byte of FTYPE is always 0. If no bits are asserted in the upper 
byte, there is no valid fault summary loaded.

                    

Default Data Map
Table 10.11 shows the SEL-487B default DNP3 data map. The default data map 
is an automatically generated subset of the reference map. All data maps are ini-
tialized to the default values. If the default maps are not appropriate, you can also 
use the custom DNP mapping commands SET D n and SHOW D n, where n is 
the map number, to edit or create the map required for your application.

                    

Table 10.10 Object 30, 32, FTYPE Upper Byte-Event Cause

Bit Position
Value Event Cause

7 6 5 4 3 2 1 0

0 No fault summary loaded

X 1 Trigger command

X 4 Trip element

X 8 Event report element

X 16 Breaker failure trip

X 32 Differential trip

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 1 of 4)

Object Index Label Description

Binary Inputs

01, 02 0 RLYDIS Relay disabled

01, 02 1 TRIPLED Trip LED

01, 02 2 STFAIL Relay diagnostic failure

01, 02 3 STWARN Relay diagnostic warning

01, 02 4 STSET Settings have changed or relay restarted

01, 02 5 SALARM Software alarm

01, 02 6 HALARM Hardware alarm

01, 02 7 BADPASS Invalid password attempt alarm

01, 02 8 UNRDEV Unread fault summary available

01, 02 9 OPH01 Terminal 1 open-phase detector

01, 02 10 OPH02 Terminal 2 open-phase detector

01, 02 11 OPH03 Terminal 3 open-phase detector

01, 02 12 OPH04 Terminal 4 open-phase detector

01, 02 13 OPH05 Terminal 5 open-phase detector

01, 02 14 OPH06 Terminal 6 open-phase detector

01, 02 15 52A01 Circuit Breaker 1 open status

01, 02 16 52AL01 Circuit Breaker 1 alarm

01, 02 17 52A02 Circuit Breaker 2 open status

01, 02 18 52AL02 Circuit Breaker 2 alarm

01, 02 19 52A03 Circuit Breaker 3 open status
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01, 02 20 52AL03 Circuit Breaker 3 alarm

01, 02 21 52A04 Circuit Breaker 4 open status

01, 02 22 52AL04 Circuit Breaker 4 alarm

01, 02 23 89A01 Disconnect 1 closed status

01, 02 24 89AL01 Disconnect 1 alarm

01, 02 25 89A02 Disconnect 2 closed status

01, 02 26 89AL02 Disconnect 2 alarm

01, 02 27 89A03 Disconnect 3 closed status

01, 02 28 89AL03 Disconnect 3 alarm

01, 02 29 89A04 Disconnect 4 closed status

01, 02 30 89AL04 Disconnect 4 alarm

01, 02 31 89A05 Disconnect 5 closed status

01, 02 32 89AL05 Disconnect 5 alarm

01, 02 33 89A06 Disconnect 6 closed status

01, 02 34 89AL06 Disconnect 6 alarm

01, 02 35 89A07 Disconnect 7 closed status

01, 02 36 89AL07 Disconnect 7 alarm

01, 02 37 89A08 Disconnect 8 closed status

01, 02 38 89AL08 Disconnect 8 alarm

01, 02 39 TLED_1 Target LED 1 on relay front panel

01, 02 40 TLED_2 Target LED 2 on relay front panel

01, 02 41 TLED_3 Target LED 3 on relay front panel

01, 02 42 TLED_4 Target LED 4 on relay front panel

01, 02 43 TLED_5 Target LED 5 on relay front panel

01, 02 44 TLED_6 Target LED 6 on relay front panel

01, 02 45 TLED_7 Target LED 7 on relay front panel

01, 02 46 TLED_8 Target LED 8 on relay front panel

01, 02 47 TLED_9 Target LED 9 on relay front panel

01, 02 48 TLED_10 Target LED 10 on relay front panel

01, 02 49 TLED_11 Target LED 11 on relay front panel

01, 02 50 TLED_12 Target LED 12 on relay front panel

01, 02 51 TLED_13 Target LED 13 on relay front panel

01, 02 52 TLED_14 Target LED 14 on relay front panel

01, 02 53 TLED_15 Target LED 15 on relay front panel

01, 02 54 TLED_16 Target LED 16 on relay front panel

01, 02 55 IN101 Main Board Input 1

01, 02 56 IN102 Main Board Input 2

01, 02 57 IN103 Main Board Input 3

01, 02 58 IN104 Main Board Input 4

01, 02 59 IN105 Main Board Input 5

01, 02 60 IN106 Main Board Input 6

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 2 of 4)

Object Index Label Description
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01, 02 61 IN107 Main Board Input 7

01, 02 62 PSV01 Protection SELOGIC Variable 1 

01, 02 63 PSV02 Protection SELOGIC Variable 2 

01, 02 64 PSV03 Protection SELOGIC Variable 3 

01, 02 65 PSV04 Protection SELOGIC Variable 4 

01, 02 66 PSV05 Protection SELOGIC Variable 5 

01, 02 67 PSV06 Protection SELOGIC Variable 6 

01, 02 68 PSV07 Protection SELOGIC Variable 7

01, 02 69 PSV08 Protection SELOGIC Variable 8 

01, 02 70 ASV001 Automation SELOGIC Variable 1 

01, 02 71 ASV002 Automation SELOGIC Variable 2

01, 02 72 ASV003 Automation SELOGIC Variable 3 

01, 02 73 ASV004 Automation SELOGIC Variable 4 

01, 02 74 ASV005 Automation SELOGIC Variable 5 

01, 02 75 ASV006 Automation SELOGIC Variable 6 

01, 02 76 ASV007 Automation SELOGIC Variable 7

01, 02 77 ASV008 Automation SELOGIC Variable 8 

01, 02 78 OUT101 Main Board Output 1

01, 02 79 OUT102 Main Board Output 2

01, 02 80 OUT103 Main Board Output 3

01, 02 81 OUT104 Main Board Output 4

01, 02 82 OUT105 Main Board Output 5

01, 02 83 OUT106 Main Board Output 6

01, 02 84 OUT107 Main Board Output 7

Binary Outputs

10, 12 0–31 RB01–RB32 Remote bits RB01–RB32

10, 12 32 OC01 Pulse Open Circuit Breaker 1 command

10, 12 33 OC02 Pulse Open Circuit Breaker 2 command

10, 12 34 OC03 Pulse Open Circuit Breaker 3 command

10, 12 35 OC04 Pulse Open Circuit Breaker 4 command

10, 12 36 RST_BAT Reset battery monitor data

10, 12 37 RSTTRGT Reset front-panel targets

10, 12 38 RSTDNPE Reset (clear) DNP3 Event Summary AIs

Binary Counters 

20, 22 0 ACTGRP Active settings group

Analog Inputs 

30, 32 0 I01FM 1-cycle average Terminal 1 current (magnitude)

30, 32 1 I01FA 1-cycle average Terminal 1 current (angle)

30, 32 2 I02FM 1-cycle average Terminal 2 current (magnitude)

30, 32 3 I02FA 1-cycle average Terminal 2 current (angle)

30, 32 4 I03FM 1-cycle average Terminal 3 current (magnitude)

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 3 of 4)

Object Index Label Description
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IEC 61850 Communication
General IEC 61850 operation is described in Section 17: IEC 61850 Communica-
tion in the SEL-400 Series Relays Instruction Manual. This section describes 
characteristics of IEC 61850 that are specific to the SEL-487B.

Logical Nodes
Table 10.12 and Table 10.13 show the logical nodes (LNs) supported in the 
SEL-487B and the Relay Word bits or Measured Values mapped to those LNs. 
Additionally, the relay supports the CFG Logical Device logical nodes as 
described in Section 17: IEC 61850 Communication in the SEL-400 Series 
Relays Instruction Manual.

Table 10.12 shows the LNs associated with protection elements, defined as Logi-
cal Device PRO.

30, 32 5 I03FA 1-cycle average Terminal 3 current (angle)

30, 32 6 I04FM 1-cycle average Terminal 4 current (magnitude)

30, 32 7 I04FA 1-cycle average Terminal 4 current (angle)

30, 32 8 I05FM 1-cycle average Terminal 5 current (magnitude)

30, 32 9 I05FA 1-cycle average Terminal 5 current (angle)

30, 32 10 I06FM 1-cycle average Terminal 6 current (magnitude)

30, 32 11 I06FA 1-cycle average Terminal 6 current (angle)

30, 32 12 V01FM 1-cycle average Terminal 1 voltage (magnitude)

30, 32 13 V01FA 1-cycle average Terminal 1 voltage (angle)

30, 32 14 V02FM 1-cycle average Terminal 2 voltage (magnitude)

30, 32 15 V02FA 1-cycle average Terminal 2 voltage (angle)

30, 32 16 V03FM 1-cycle average Terminal 3 voltage (magnitude)

30, 32 17 V03FA 1-cycle average Terminal 3 voltage (angle)

30, 32 18 FTYPE Fault type

30, 32 19 FTAR1 Fault targets (Upper byte is 1st target row, lower byte is 
2nd target row)

30, 32 20 FTAR2 Fault targets (Upper byte is 3rd target row, lower byte is 0)

30, 32 21 FGRP Fault settings group

30, 32 22 FTIMEUH Fault time (UTC) in DNP3 format (high 16 bits)

30, 32 23 FTIMEUM Fault time (UTC) in DNP3 format (middle 16 bits)

30, 32 24 FTIMEUL Fault time (UTC) in DNP3 format (low 16 bits)

30, 32 25 FUNR Number of unread fault summaries

30, 32 26 RLYTEMP Internal box temperature in degrees Celsius

Analog Outputs 

40, 41 0 ACTGRP Active settings group

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 4 of 4)

Object Index Label Description
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Table 10.12 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

BKRCSWI1 Pos.Oper.ctlVal OC01:NOOPa Circuit Breaker 1 open command

BKRCSWI2 Pos.Oper.ctlVal OC02:NOOPa Circuit Breaker 2 open command

BKRCSWI3 Pos.Oper.ctlVal OC03:NOOPa Circuit Breaker 3 open command

BKRCSWI4 Pos.Oper.ctlVal OC04:NOOPa Circuit Breaker 4 open command

BKRCSWI5 Pos.Oper.ctlVal OC05:NOOPa Circuit Breaker 5 open command

BKRCSWI6 Pos.Oper.ctlVal OC06:NOOPa Circuit Breaker 6 open command

BKRCSWI7 Pos.Oper.ctlVal OC07:NOOPa Circuit Breaker 7 open command

BKRCSWI8 Pos.Oper.ctlVal OC08:NOOPa Circuit Breaker 8 open command

BKRCSWI9 Pos.Oper.ctlVal OC09:NOOPa Circuit Breaker 9 open command

BKRCSWI10 Pos.Oper.ctlVal OC10:NOOPa Circuit Breaker 10 open command

BKRCSWI11 Pos.Oper.ctlVal OC11:NOOPa Circuit Breaker 11 open command

BKRCSWI12 Pos.Oper.ctlVal OC12:NOOPa Circuit Breaker 12 open command

BKRCSWI13 Pos.Oper.ctlVal OC13:NOOPa Circuit Breaker 13 open command

BKRCSWI14 Pos.Oper.ctlVal OC14:NOOPa Circuit Breaker 14 open command

BKRCSWI15 Pos.Oper.ctlVal OC15:NOOPa Circuit Breaker 15 open command

BKRCSWI16 Pos.Oper.ctlVal OC16:NOOPa Circuit Breaker 16 open command

BKRCSWI17 Pos.Oper.ctlVal OC17:NOOPa Circuit Breaker 17 open command

BKRCSWI18 Pos.Oper.ctlVal OC18:NOOPa Circuit Breaker 18 open command

BKRCSWI19 Pos.Oper.ctlVal OC19:NOOPa Circuit Breaker 19 open command

BKRCSWI20 Pos.Oper.ctlVal OC20:NOOPa Circuit Breaker 20 open command

BKRCSWI21 Pos.Oper.ctlVal OC21:NOOPa Circuit Breaker 21 open command

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODb IEC 61850 mode/behavior status

BFR1RBRF1 Str.general BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation

BFR1RBRF1 OpEx.general FBF01 Circuit Breaker 1 failure

BFR1RBRF1 OpIn.general RT01 Circuit Breaker 1 retrip

BFR2RBRF2 Str.general BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

BFR2RBRF2 OpEx.general FBF02 Circuit Breaker 2 failure

BFR2RBRF2 OpIn.general RT02 Circuit Breaker 2 retrip

BFR3RBRF3 Str.general BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

BFR3RBRF3 OpEx.general FBF03 Circuit Breaker 3 failure

BFR3RBRF3 OpIn.general RT03 Circuit Breaker 3 retrip

BFR4RBRF4 Str.general BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

BFR4RBRF4 OpEx.general FBF04 Circuit Breaker 4 failure

BFR4RBRF4 OpIn.general RT04 Circuit Breaker 4 retrip

BFR5RBRF5 Str.general BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

BFR5RBRF5 OpEx.general FBF05 Circuit Breaker 5 failure

BFR5RBRF5 OpIn.general RT05 Circuit Breaker 5 retrip
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BFR6RBRF6 Str.general BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

BFR6RBRF6 OpEx.general FBF06 Circuit Breaker 6 failure

BFR6RBRF6 OpIn.general RT06 Circuit Breaker 6 retrip

BFR7RBRF7 Str.general BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

BFR7RBRF7 OpEx.general FBF07 Circuit Breaker 7 failure

BFR7RBRF7 OpIn.general RT07 Circuit Breaker 7 retrip

BFR8RBRF8 Str.general BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

BFR8RBRF8 OpEx.general FBF08 Circuit Breaker 8 failure

BFR8RBRF8 OpIn.general RT08 Circuit Breaker 8 retrip

BFR9RBRF9 Str.general BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

BFR9RBRF9 OpEx.general FBF09 Circuit Breaker 9 failure

BFR9RBRF9 OpIn.general RT09 Circuit Breaker 9 retrip

BFR10RBRF10 Str.general BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

BFR10RBRF10 OpEx.general FBF10 Circuit Breaker 10 failure

BFR10RBRF10 OpIn.general RT10 Circuit Breaker 10 retrip

BFR11RBRF11 Str.general BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

BFR11RBRF11 OpEx.general FBF11 Circuit Breaker 11 failure

BFR11RBRF11 OpIn.general RT11 Circuit Breaker 11 retrip

BFR12RBRF12 Str.general BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

BFR12RBRF12 OpEx.general FBF12 Circuit Breaker 12 failure

BFR12RBRF12 OpIn.general RT12 Circuit Breaker 12 retrip

BFR13RBRF13 Str.general BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

BFR13RBRF13 OpEx.general FBF13 Circuit Breaker 13 failure

BFR13RBRF13 OpIn.general RT13 Circuit Breaker 13 retrip

BFR14RBRF14 Str.general BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

BFR14RBRF14 OpEx.general FBF14 Circuit Breaker 14 failure

BFR14RBRF14 OpIn.general RT14 Circuit Breaker 14 retrip

BFR15RBRF15 Str.general BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

BFR15RBRF15 OpEx.general FBF15 Circuit Breaker 15 failure

BFR15RBRF15 OpIn.general RT15 Circuit Breaker 15 retrip

BFR16RBRF16 Str.general BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

BFR16RBRF16 OpEx.general FBF16 Circuit Breaker 16 failure

BFR16RBRF16 OpIn.general RT16 Circuit Breaker 16 retrip

BFR17RBRF17 Str.general BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

BFR17RBRF17 OpEx.general FBF17 Circuit Breaker 17 failure

BFR17RBRF17 OpIn.general RT17 Circuit Breaker 17 retrip

BFR18RBRF18 Str.general BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

BFR18RBRF18 OpEx.general FBF18 Circuit Breaker 18 failure

BFR18RBRF18 OpIn.general RT18 Circuit Breaker 18 retrip

BFR19RBRF19 Str.general BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

BFR19RBRF19 OpEx.general FBF19 Circuit Breaker 19 failure

Table 10.12 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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BFR19RBRF19 OpIn.general RT19 Circuit Breaker 19 retrip

BFR20RBRF20 Str.general BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

BFR20RBRF20 OpEx.general FBF20 Circuit Breaker 20 failure

BFR20RBRF20 OpIn.general RT20 Circuit Breaker 20 retrip

BFR21RBRF21 Str.general BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

BFR21RBRF21 OpEx.general FBF21 Circuit Breaker 21 failure

BFR21RBRF21 OpIn.general RT21 Circuit Breaker 21 retrip

BKRCSWI1 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI1 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI1 OpOpn.general OC01 Circuit Breaker 1 open command

BKRCSWI1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

BKRCSWI2 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI2 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI2 OpOpn.general OC02 Circuit Breaker 2 open command

BKRCSWI2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

BKRCSWI3 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI3 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI3 OpOpn.general OC03 Circuit Breaker 3 open command

BKRCSWI3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

BKRCSWI4 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI4 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI4 OpOpn.general OC04 Circuit Breaker 4 open command

BKRCSWI4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

BKRCSWI5 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI5 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI5 OpOpn.general OC05 Circuit Breaker 5 open command

BKRCSWI5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

BKRCSWI6 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI6 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI6 OpOpn.general OC06 Circuit Breaker 6 open command

BKRCSWI6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

BKRCSWI7 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI7 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI7 OpOpn.general OC07 Circuit Breaker 7 open command

BKRCSWI7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

BKRCSWI8 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI8 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI8 OpOpn.general OC08 Circuit Breaker 8 open command

BKRCSWI8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

BKRCSWI9 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI9 LocSta.stVal LOCSTA Control authority at station level

Table 10.12 Logical Device: PRO (Protection) (Sheet 3 of 10)

Logical Node Attribute Data Source Comment
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BKRCSWI9 OpOpn.general OC09 Circuit Breaker 9 open command

BKRCSWI9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

BKRCSWI10 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI10 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI10 OpOpn.general OC10 Circuit Breaker 10 open command

BKRCSWI10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

BKRCSWI11 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI11 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI11 OpOpn.general OC11 Circuit Breaker 11 open command

BKRCSWI11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

BKRCSWI12 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI12 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI12 OpOpn.general OC12 Circuit Breaker 12 open command

BKRCSWI12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

BKRCSWI13 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI13 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI13 OpOpn.general OC13 Circuit Breaker 13 open command

BKRCSWI13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

BKRCSWI14 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI14 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI14 OpOpn.general OC14 Circuit Breaker 14 open command

BKRCSWI14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

BKRCSWI15 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI15 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI15 OpOpn.general OC15 Circuit Breaker 15 open command

BKRCSWI15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

BKRCSWI16 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI16 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI16 OpOpn.general OC16 Circuit Breaker 16 open command

BKRCSWI16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

BKRCSWI17 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI17 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI17 OpOpn.general OC17 Circuit Breaker 17 open command

BKRCSWI17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

BKRCSWI18 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI18 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI18 OpOpn.general OC18 Circuit Breaker 18 open command

BKRCSWI18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

BKRCSWI19 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI19 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI19 OpOpn.general OC19 Circuit Breaker 19 open command

Table 10.12 Logical Device: PRO (Protection) (Sheet 4 of 10)

Logical Node Attribute Data Source Comment
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BKRCSWI19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

BKRCSWI20 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI20 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI20 OpOpn.general OC20 Circuit Breaker 20 open command

BKRCSWI20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

BKRCSWI21 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI21 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI21 OpOpn.general OC21 Circuit Breaker 21 open command

BKRCSWI21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

D87RPDIF1 Op.general 87R1 Zone 1 restraint differential element picked

D87RPDIF1 Str.general P87R1 Zone 1 instantaneous differential element picked

D87RPDIF2 Op.general 87R2 Zone 2 restraint differential element picked

D87RPDIF2 Str.general P87R2 Zone 2 instantaneous differential element picked

D87RPDIF3 Op.general 87R3 Zone 3 restraint differential element picked

D87RPDIF3 Str.general P87R3 Zone 3 instantaneous differential element picked

D87RPDIF4 Op.general 87R4 Zone 4 restraint differential element picked

D87RPDIF4 Str.general P87R4 Zone 4 instantaneous differential element picked

D87RPDIF5 Op.general 87R5 Zone 5 restraint differential element picked

D87RPDIF5 Str.general P87R5 Zone 5 instantaneous differential element picked

D87RPDIF6 Op.general 87R6 Zone 6 restraint differential element picked

D87RPDIF6 Str.general P87R6 Zone 6 instantaneous differential element picked

FLTRDRE1 FltTyp.stVal FLTYPEd Affected phases for the latest event

FLTRDRE1 FltCaus.stVal FLTCAUSe Event cause for the latest event

FLTRDRE1 FltNum.stVal FLRNUM Event number

FLTRDRE1 RcdMade.stVal FLREP Event report present

PROLPHD1 PhyHealth.stVal EN?3:1f Relay enabled

T87ZPTRC1 Tr.general 87Z1 Zone 1 differential element trip

T87ZPTRC2 Tr.general 87Z2 Zone 2 differential element trip

T87ZPTRC3 Tr.general 87Z3 Zone 3 differential element trip

T87ZPTRC4 Tr.general 87Z4 Zone 4 differential element trip

T87ZPTRC5 Tr.general 87Z5 Zone 5 differential element trip

T87ZPTRC6 Tr.general 87Z6 Zone 6 differential element trip

TRIPPTRC7 Tr.general TRIP01 Terminal 1 trip output

TRIPPTRC8 Tr.general TRIP02 Terminal 2 trip output

TRIPPTRC9 Tr.general TRIP03 Terminal 3 trip output

TRIPPTRC10 Tr.general TRIP04 Terminal 4 trip output

TRIPPTRC11 Tr.general TRIP05 Terminal 5 trip output

TRIPPTRC12 Tr.general TRIP06 Terminal 6 trip output

TRIPPTRC13 Tr.general TRIP07 Terminal 7 trip output

TRIPPTRC14 Tr.general TRIP08 Terminal 8 trip output

TRIPPTRC15 Tr.general TRIP09 Terminal 9 trip output
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TRIPPTRC16 Tr.general TRIP10 Terminal 10 trip output

TRIPPTRC17 Tr.general TRIP11 Terminal 11 trip output

TRIPPTRC18 Tr.general TRIP12 Terminal 12 trip output

TRIPPTRC19 Tr.general TRIP13 Terminal 13 trip output

TRIPPTRC20 Tr.general TRIP14 Terminal 14 trip output

TRIPPTRC21 Tr.general TRIP15 Terminal 15 trip output

TRIPPTRC22 Tr.general TRIP16 Terminal 16 trip output

TRIPPTRC23 Tr.general TRIP17 Terminal 17 trip output

TRIPPTRC24 Tr.general TRIP18 Terminal 18 trip output

TRIPPTRC25 Tr.general TRIP19 Terminal 19 trip output

TRIPPTRC26 Tr.general TRIP20 Terminal 20 trip output

TRIPPTRC27 Tr.general TRIP21 Terminal 21 trip output

X52AXCBR1 Loc.stVal LOC IED local status

X52AXCBR1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

X52AXCBR2 Loc.stVal LOC IED local status

X52AXCBR2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

X52AXCBR3 Loc.stVal LOC IED local status

X52AXCBR3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

X52AXCBR4 Loc.stVal LOC IED local status

X52AXCBR4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

X52AXCBR5 Loc.stVal LOC IED local status

X52AXCBR5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

X52AXCBR6 Loc.stVal LOC IED local status

X52AXCBR6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

X52AXCBR7 Loc.stVal LOC IED local status

X52AXCBR7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

X52AXCBR8 Loc.stVal LOC IED local status

X52AXCBR8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

X52AXCBR9 Loc.stVal LOC IED local status

X52AXCBR9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

X52AXCBR10 Loc.stVal LOC IED local status

X52AXCBR10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

X52AXCBR11 Loc.stVal LOC IED local status

X52AXCBR11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

X52AXCBR12 Loc.stVal LOC IED local status

X52AXCBR12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

X52AXCBR13 Loc.stVal LOC IED local status

X52AXCBR13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

X52AXCBR14 Loc.stVal LOC IED local status

X52AXCBR14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

X52AXCBR15 Loc.stVal LOC IED local status
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X52AXCBR15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

X52AXCBR16 Loc.stVal LOC IED local status

X52AXCBR16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

X52AXCBR17 Loc.stVal LOC IED local status

X52AXCBR17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

X52AXCBR18 Loc.stVal LOC IED local status

X52AXCBR18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

X52AXCBR19 Loc.stVal LOC IED local status

X52AXCBR19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

X52AXCBR20 Loc.stVal LOC IED local status

X52AXCBR20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

X52AXCBR21 Loc.stVal LOC IED local status

X52AXCBR21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

X89CLXSWI1 Loc.stVal LOC IED local status

X89CLXSWI1 Pos.stVal 89CL01?1:2c Disconnect 1 closed

X89CLXSWI2 Loc.stVal LOC IED local status

X89CLXSWI2 Pos.stVal 89CL02?1:2c Disconnect 2 closed

X89CLXSWI3 Loc.stVal LOC IED local status

X89CLXSWI3 Pos.stVal 89CL03?1:2c Disconnect 3 closed

X89CLXSWI4 Loc.stVal LOC IED local status

X89CLXSWI4 Pos.stVal 89CL04?1:2c Disconnect 4 closed

X89CLXSWI5 Loc.stVal LOC IED local status

X89CLXSWI5 Pos.stVal 89CL05?1:2c Disconnect 5 closed

X89CLXSWI6 Loc.stVal LOC IED local status

X89CLXSWI6 Pos.stVal 89CL06?1:2c Disconnect 6 closed

X89CLXSWI7 Loc.stVal LOC IED local status

X89CLXSWI7 Pos.stVal 89CL07?1:2c Disconnect 7 closed

X89CLXSWI8 Loc.stVal LOC IED local status

X89CLXSWI8 Pos.stVal 89CL08?1:2c Disconnect 8 closed

X89CLXSWI9 Loc.stVal LOC IED local status

X89CLXSWI9 Pos.stVal 89CL09?1:2c Disconnect 9 closed

X89CLXSWI10 Loc.stVal LOC IED local status

X89CLXSWI10 Pos.stVal 89CL10?1:2c Disconnect 10 closed

X89CLXSWI11 Loc.stVal LOC IED local status

X89CLXSWI11 Pos.stVal 89CL11?1:2c Disconnect 11 closed

X89CLXSWI12 Loc.stVal LOC IED local status

X89CLXSWI12 Pos.stVal 89CL12?1:2c Disconnect 12 closed

X89CLXSWI13 Loc.stVal LOC IED local status

X89CLXSWI13 Pos.stVal 89CL13?1:2c Disconnect 13 closed

X89CLXSWI14 Loc.stVal LOC IED local status

X89CLXSWI14 Pos.stVal 89CL14?1:2c Disconnect 14 closed
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X89CLXSWI15 Loc.stVal LOC IED local status

X89CLXSWI15 Pos.stVal 89CL15?1:2c Disconnect 15 closed

X89CLXSWI16 Loc.stVal LOC IED local status

X89CLXSWI16 Pos.stVal 89CL16?1:2c Disconnect 16 closed

X89CLXSWI17 Loc.stVal LOC IED local status

X89CLXSWI17 Pos.stVal 89CL17?1:2c Disconnect 17 closed

X89CLXSWI18 Loc.stVal LOC IED local status

X89CLXSWI18 Pos.stVal 89CL18?1:2c Disconnect 18 closed

X89CLXSWI19 Loc.stVal LOC IED local status

X89CLXSWI19 Pos.stVal 89CL19?1:2c Disconnect 19 closed

X89CLXSWI20 Loc.stVal LOC IED local status

X89CLXSWI20 Pos.stVal 89CL20?1:2c Disconnect 20 closed

X89CLXSWI21 Loc.stVal LOC IED local status

X89CLXSWI21 Pos.stVal 89CL21?1:2c Disconnect 21 closed

X89CLXSWI22 Loc.stVal LOC IED local status

X89CLXSWI22 Pos.stVal 89CL22?1:2c Disconnect 22 closed

X89CLXSWI23 Loc.stVal LOC IED local status

X89CLXSWI23 Pos.stVal 89CL23?1:2c Disconnect 23 closed

X89CLXSWI24 Loc.stVal LOC IED local status

X89CLXSWI24 Pos.stVal 89CL24?1:2c Disconnect 24 closed

X89CLXSWI25 Loc.stVal LOC IED local status

X89CLXSWI25 Pos.stVal 89CL25?1:2c Disconnect 25 closed

X89CLXSWI26 Loc.stVal LOC IED local status

X89CLXSWI26 Pos.stVal 89CL26?1:2c Disconnect 26 closed

X89CLXSWI27 Loc.stVal LOC IED local status

X89CLXSWI27 Pos.stVal 89CL27?1:2c Disconnect 27 closed

X89CLXSWI28 Loc.stVal LOC IED local status

X89CLXSWI28 Pos.stVal 89CL28?1:2c Disconnect 28 closed

X89CLXSWI29 Loc.stVal LOC IED local status

X89CLXSWI29 Pos.stVal 89CL29?1:2c Disconnect 29 closed

X89CLXSWI30 Loc.stVal LOC IED local status

X89CLXSWI30 Pos.stVal 89CL30?1:2c Disconnect 30 closed

X89CLXSWI31 Loc.stVal LOC IED local status

X89CLXSWI31 Pos.stVal 89CL31?1:2c Disconnect 31 closed

X89CLXSWI32 Loc.stVal LOC IED local status

X89CLXSWI32 Pos.stVal 89CL32?1:2c Disconnect 32 closed

X89CLXSWI33 Loc.stVal LOC IED local status

X89CLXSWI33 Pos.stVal 89CL33?1:2c Disconnect 33 closed

X89CLXSWI34 Loc.stVal LOC IED local status

X89CLXSWI34 Pos.stVal 89CL34?1:2c Disconnect 34 closed

X89CLXSWI35 Loc.stVal LOC IED local status
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X89CLXSWI35 Pos.stVal 89CL35?1:2c Disconnect 35 closed

X89CLXSWI36 Loc.stVal LOC IED local status

X89CLXSWI36 Pos.stVal 89CL36?1:2c Disconnect 36 closed

X89CLXSWI37 Loc.stVal LOC IED local status

X89CLXSWI37 Pos.stVal 89CL37?1:2c Disconnect 37 closed

X89CLXSWI38 Loc.stVal LOC IED local status

X89CLXSWI38 Pos.stVal 89CL38?1:2c Disconnect 38 closed

X89CLXSWI39 Loc.stVal LOC IED local status

X89CLXSWI39 Pos.stVal 89CL39?1:2c Disconnect 39 closed

X89CLXSWI40 Loc.stVal LOC IED local status

X89CLXSWI40 Pos.stVal 89CL40?1:2c Disconnect 40 closed

X89CLXSWI41 Loc.stVal LOC IED local status

X89CLXSWI41 Pos.stVal 89CL41?1:2c Disconnect 41 closed

X89CLXSWI42 Loc.stVal LOC IED local status

X89CLXSWI42 Pos.stVal 89CL42?1:2c Disconnect 42 closed

X89CLXSWI43 Loc.stVal LOC IED local status

X89CLXSWI43 Pos.stVal 89CL43?1:2c Disconnect 43 closed

X89CLXSWI44 Loc.stVal LOC IED local status

X89CLXSWI44 Pos.stVal 89CL44?1:2c Disconnect 44 closed

X89CLXSWI45 Loc.stVal LOC IED local status

X89CLXSWI45 Pos.stVal 89CL45?1:2c Disconnect 45 closed

X89CLXSWI46 Loc.stVal LOC IED local status

X89CLXSWI46 Pos.stVal 89CL46?1:2c Disconnect 46 closed

X89CLXSWI47 Loc.stVal LOC IED local status

X89CLXSWI47 Pos.stVal 89CL47?1:2c Disconnect 47 closed

X89CLXSWI48 Loc.stVal LOC IED local status

X89CLXSWI48 Pos.stVal 89CL48?1:2c Disconnect 48 closed

X89CLXSWI49 Loc.stVal LOC IED local status

X89CLXSWI49 Pos.stVal 89CL49?1:2c Disconnect 49 closed

X89CLXSWI50 Loc.stVal LOC IED local status

X89CLXSWI50 Pos.stVal 89CL50?1:2c Disconnect 50 closed

X89CLXSWI51 Loc.stVal LOC IED local status

X89CLXSWI51 Pos.stVal 89CL51?1:2c Disconnect 51 closed

X89CLXSWI52 Loc.stVal LOC IED local status

X89CLXSWI52 Pos.stVal 89CL52?1:2c Disconnect 52 closed

X89CLXSWI53 Loc.stVal LOC IED local status

X89CLXSWI53 Pos.stVal 89CL53?1:2c Disconnect 53 closed

X89CLXSWI54 Loc.stVal LOC IED local status

X89CLXSWI54 Pos.stVal 89CL54?1:2c Disconnect 54 closed

X89CLXSWI55 Loc.stVal LOC IED local status

X89CLXSWI55 Pos.stVal 89CL55?1:2c Disconnect 55 closed
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Table 10.13 shows the LNs associated with measuring elements, defined as Logi-
cal Device MET.

                    

X89CLXSWI56 Loc.stVal LOC IED local status

X89CLXSWI56 Pos.stVal 89CL56?1:2c Disconnect 56 closed

X89CLXSWI57 Loc.stVal LOC IED local status

X89CLXSWI57 Pos.stVal 89CL57?1:2c Disconnect 57 closed

X89CLXSWI58 Loc.stVal LOC IED local status

X89CLXSWI58 Pos.stVal 89CL58?1:2c Disconnect 58 closed

X89CLXSWI59 Loc.stVal LOC IED local status

X89CLXSWI59 Pos.stVal 89CL59?1:2c Disconnect 59 closed

X89CLXSWI60 Loc.stVal LOC IED local status

X89CLXSWI60 Pos.stVal 89CL60?1:2c Disconnect 60 closed

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

PROLPHD1 PhyNam.hwRev HWREVg Hardware version of the relay mainboard

PROLPHD1 PhyNam.model PARNUM Relay part number

PROLPHD1 PhyNam.serNum SERNUM Relay serial number

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a Writing a value of 1 pulses the first bit. Writing a value of 0 results in no operation.
b I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
c If closed, value = 2. If open, value = 1.
d FLTYPE is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.14 for more details.
e FLTCAUS is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.15 for more details.
f If enabled, value = 1. If disabled, value = 3.
g HWREV is an internal data source and is not available to the user.

Table 10.12 Logical Device: PRO (Protection) (Sheet 10 of 10)
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Table 10.13 Logical Device: MET (Metering) (Sheet 1 of 3)

Logical Node Attribute Data Source Comment

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODa IEC 61850 mode/behavior status

DCZBAT1 BatWrn.stVal DC1W DC monitor warning alarm

DCZBAT1 BatFail.stVal DC1F DC monitor fail alarm

DCZBAT1 BatGndFlt.st.Val DC1G DC monitor ground fault alarm

DCZBAT1 BatDvAlm.stVal DC1R DC monitor alarm for ac ripple

METLPHD1 PhyHealth.stVal EN?3:1b Relay enabled

Functional Constraint = MX

DCZBAT1 Vol.instMag.f DC1 Station battery dc voltage

IOPMMXN1 Amp.instMag.f IOP1F 1-cycle average Zone 1 operating current

IOPMMXN2 Amp.instMag.f IOP2F 1-cycle average Zone 2 operating current
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IOPMMXN3 Amp.instMag.f IOP3F 1-cycle average Zone 3 operating current

IOPMMXN4 Amp.instMag.f IOP4F 1-cycle average Zone 4 operating current

IOPMMXN5 Amp.instMag.f IOP5F 1-cycle average Zone 5 operating current

IOPMMXN6 Amp.instMag.f IOP6F 1-cycle average Zone 6 operating current

IRTMMXN1 Amp.instMag.f IRT1F 1-cycle average Zone 1 restraint current

IRTMMXN2 Amp.instMag.f IRT2F 1-cycle average Zone 2 restraint current

IRTMMXN3 Amp.instMag.f IRT3F 1-cycle average Zone 3 restraint current

IRTMMXN4 Amp.instMag.f IRT4F 1-cycle average Zone 4 restraint current

IRTMMXN5 Amp.instMag.f IRT5F 1-cycle average Zone 5 restraint current

IRTMMXN6 Amp.instMag.f IRT6F 1-cycle average Zone 6 restraint current

METMMXN1 Amp.instMag.f I01FM 1-cycle average Phase 01 current (magnitude)

METMMXN2 Amp.instMag.f I02FM 1-cycle average Phase 02 current (magnitude)

METMMXN3 Amp.instMag.f I03FM 1-cycle average Phase 03 current (magnitude)

METMMXN4 Amp.instMag.f I04FM 1-cycle average Phase 04 current (magnitude)

METMMXN5 Amp.instMag.f I05FM 1-cycle average Phase 05 current (magnitude)

METMMXN6 Amp.instMag.f I06FM 1-cycle average Phase 06 current (magnitude)

METMMXN7 Amp.instMag.f I07FM 1-cycle average Phase 07 current (magnitude)

METMMXN8 Amp.instMag.f I08FM 1-cycle average Phase 08 current (magnitude)

METMMXN9 Amp.instMag.f I09FM 1-cycle average Phase 09 current (magnitude)

METMMXN10 Amp.instMag.f I10FM 1-cycle average Phase 10 current (magnitude)

METMMXN11 Amp.instMag.f I11FM 1-cycle average Phase 11 current (magnitude)

METMMXN12 Amp.instMag.f I12FM 1-cycle average Phase 12 current (magnitude)

METMMXN13 Amp.instMag.f I13FM 1-cycle average Phase 13 current (magnitude)

METMMXN14 Amp.instMag.f I14FM 1-cycle average Phase 14 current (magnitude)

METMMXN15 Amp.instMag.f I15FM 1-cycle average Phase 15 current (magnitude)

METMMXN16 Amp.instMag.f I16FM 1-cycle average Phase 16 current (magnitude)

METMMXN17 Amp.instMag.f I17FM 1-cycle average Phase 17 current (magnitude)

METMMXN18 Amp.instMag.f I18FM 1-cycle average Phase 18 current (magnitude)

METMMXN19 Amp.instMag.f I19FM 1-cycle average Phase 19 current (magnitude)

METMMXN20 Amp.instMag.f I20FM 1-cycle average Phase 20 current (magnitude)

METMMXN21 Amp.instMag.f I21FM 1-cycle average Phase 21 current (magnitude)

METVMMXN1 Vol.instMag.f V01FM 1-cycle average Phase 01 voltage (magnitude)

METVMMXN2 Vol.instMag.f V02FM 1-cycle average Phase 02 voltage (magnitude)

METVMMXN3 Vol.instMag.f V03FM 1-cycle average Phase 03 voltage (magnitude)

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

METLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay mainboard

METLPHD1 PhyNam.model PARNUM Relay part number

METLPHD1 PhyNam.serNum SERNUM Relay serial number

Table 10.13 Logical Device: MET (Metering) (Sheet 2 of 3)
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Functional Constraint = DC

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
b If enabled, value = 1. If disabled, value = 3
c HWREV is an internal data source and is not available to the user.

Table 10.13 Logical Device: MET (Metering) (Sheet 3 of 3)

Logical Node Attribute Data Source Comment

Table 10.14 FLTYPE—Fault Type

Value Fault Type

0 No fault type identified/present

Table 10.15 FLTCAUS—Fault Cause

Value Fault Cause

0 No fault summary loaded

1 Trigger command

2 Trip element

3 Event report element

4 Differential trip

5 Breaker failure trip
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Relay Word Bits

This section contains tables of the Relay Word bits available in the SEL-487B 
relay. Table 11.1 lists the Relay Word bits in alphabetical order; Table 11.2 lists 
every Relay Word bit row and the bits contained within each row.

Alphabetical List
                    

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 1 of 79)

Name Bit Description Row

271P1 Undervoltage Element 1, Level 1 asserted 221

271P1T Undervoltage Element 1, Level 1 timed out 221

271P2 Undervoltage Element 1, Level 2 asserted 221

272P1 Undervoltage Element 2, Level 1 asserted 221

272P1T Undervoltage Element 2, Level 1 timed out 221

272P2 Undervoltage Element 2, Level 2 asserted 221

273P1 Undervoltage Element 3, Level 1 asserted 222

273P1T Undervoltage Element 3, Level 1 timed out 222

273P2 Undervoltage Element 3, Level 2 asserted 222

274P1 Undervoltage Element 4, Level 1 asserted 222

274P1T Undervoltage Element 4, Level 1 timed out 222

274P2 Undervoltage Element 4, Level 2 asserted 222

275P1 Undervoltage Element 5, Level 1 asserted 223

275P1T Undervoltage Element 5, Level 1 timed out 223

275P2 Undervoltage Element 5, Level 2 asserted 223

276P1 Undervoltage Element 6, Level 1 asserted 223

276P1T Undervoltage Element 6, Level 1 timed out 223

276P2 Undervoltage Element 6, Level 2 asserted 223

27TC1 Undervoltage Element 1, torque control 221

27TC2 Undervoltage Element 2, torque control 221

27TC3 Undervoltage Element 3, torque control 222

27TC4 Undervoltage Element 4, torque control 222

27TC5 Undervoltage Element 5, torque control 223

27TC6 Undervoltage Element 6, torque control 223

50DS01 Terminal 01 directional element current threshold exceeded 173

50DS02 Terminal 02 directional element current threshold exceeded 173

50DS03 Terminal 03 directional element current threshold exceeded 173

50DS04 Terminal 04 directional element current threshold exceeded 173
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50DS05 Terminal 05 directional element current threshold exceeded 173

50DS06 Terminal 06 directional element current threshold exceeded 173

50DS07 Terminal 07 directional element current threshold exceeded 173

50DS08 Terminal 08 directional element current threshold exceeded 173

50DS09 Terminal 09 directional element current threshold exceeded 174

50DS10 Terminal 10 directional element current threshold exceeded 174

50DS11 Terminal 11 directional element current threshold exceeded 174

50DS12 Terminal 12 directional element current threshold exceeded 174

50DS13 Terminal 13 directional element current threshold exceeded 174

50DS14 Terminal 14 directional element current threshold exceeded 174

50DS15 Terminal 15 directional element current threshold exceeded 174

50DS16 Terminal 16 directional element current threshold exceeded 174

50DS17 Terminal 17 directional element current threshold exceeded 175

50DS18 Terminal 18 directional element current threshold exceeded 175

50DS19 Terminal 19 directional element current threshold exceeded 175

50DS20 Terminal 20 directional element current threshold exceeded 175

50DS21 Terminal 21 directional element current threshold exceeded 175

50F01 Circuit Breaker 1 breaker failure current threshold exceeded 183

50F02 Circuit Breaker 2 breaker failure current threshold exceeded 184

50F03 Circuit Breaker 3 breaker failure current threshold exceeded 185

50F04 Circuit Breaker 4 breaker failure current threshold exceeded 186

50F05 Circuit Breaker 5 breaker failure current threshold exceeded 187

50F06 Circuit Breaker 6 breaker failure current threshold exceeded 188

50F07 Circuit Breaker 7 breaker failure current threshold exceeded 189

50F08 Circuit Breaker 8 breaker failure current threshold exceeded 190

50F09 Circuit Breaker 9 breaker failure current threshold exceeded 191

50F10 Circuit Breaker 10 breaker failure current threshold exceeded 192

50F11 Circuit Breaker 11 breaker failure current threshold exceeded 193

50F12 Circuit Breaker 12 breaker failure current threshold exceeded 194

50F13 Circuit Breaker 13 breaker failure current threshold exceeded 195

50F14 Circuit Breaker 14 breaker failure current threshold exceeded 196

50F15 Circuit Breaker 15 breaker failure current threshold exceeded 197

50F16 Circuit Breaker 16 breaker failure current threshold exceeded 198

50F17 Circuit Breaker 17 breaker failure current threshold exceeded 199

50F18 Circuit Breaker 18 breaker failure current threshold exceeded 200

50F19 Circuit Breaker 19 breaker failure current threshold exceeded 201

50F20 Circuit Breaker 20 breaker failure current threshold exceeded 202

50F21 Circuit Breaker 21 breaker failure current threshold exceeded 203

50P01 Terminal 01 instantaneous overcurrent element 207

50P01T Terminal 01 definite-time overcurrent element timed out 207

50P02 Terminal 02 instantaneous overcurrent element 207

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 2 of 79)

Name Bit Description Row
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50P02T Terminal 02 definite-time overcurrent element timed out 207

50P03 Terminal 03 instantaneous overcurrent element 207

50P03T Terminal 03 definite-time overcurrent element timed out 207

50P04 Terminal 04 instantaneous overcurrent element 207

50P04T Terminal 04 definite-time overcurrent element timed out 207

50P05 Terminal 05 instantaneous overcurrent element 208

50P05T Terminal 05 definite-time overcurrent element timed out 208

50P06 Terminal 06 instantaneous overcurrent element 208

50P06T Terminal 06 definite-time overcurrent element timed out 208

50P07 Terminal 07 instantaneous overcurrent element 208

50P07T Terminal 07 definite-time overcurrent element timed out 208

50P08 Terminal 08 instantaneous overcurrent element 208

50P08T Terminal 08 definite-time overcurrent element timed out 208

50P09 Terminal 09 instantaneous overcurrent element 209

50P09T Terminal 09 definite-time overcurrent element timed out 209

50P10 Terminal 10 instantaneous overcurrent element 209

50P10T Terminal 10 definite-time overcurrent element timed out 209

50P11 Terminal 11 instantaneous overcurrent element 209

50P11T Terminal 11 definite-time overcurrent element timed out 209

50P12 Terminal 12 instantaneous overcurrent element 209

50P12T Terminal 12 definite-time overcurrent element timed out 209

50P13 Terminal 13 instantaneous overcurrent element 210

50P13T Terminal 13 definite-time overcurrent element timed out 210

50P14 Terminal 14 instantaneous overcurrent element 210

50P14T Terminal 14 definite-time overcurrent element timed out 210

50P15 Terminal 15 instantaneous overcurrent element 210

50P15T Terminal 15 definite-time overcurrent element timed out 210

50P16 Terminal 16 instantaneous overcurrent element 210

50P16T Terminal 16 definite-time overcurrent element timed out 210

50P17 Terminal 17 instantaneous overcurrent element 211

50P17T Terminal 17 definite-time overcurrent element timed out 211

50P18 Terminal 18 instantaneous overcurrent element 211

50P18T Terminal 18 definite-time overcurrent element timed out 211

50P19 Terminal 19 instantaneous overcurrent element 211

50P19T Terminal 19 definite-time overcurrent element timed out 211

50P20 Terminal 20 instantaneous overcurrent element 211

50P20T Terminal 20 definite-time overcurrent element timed out 211

50P21 Terminal 21 instantaneous overcurrent element 212

50P21T Terminal 21 definite-time overcurrent element timed out 212

51MM01 Inverse-time Element 01 pickup setting outside of specified limits 219

51MM02 Inverse-time Element 02 pickup setting outside of specified limits 219
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51MM03 Inverse-time Element 03 pickup setting outside of specified limits 219

51MM04 Inverse-time Element 04 pickup setting outside of specified limits 219

51MM05 Inverse-time Element 05 pickup setting outside of specified limits 220

51MM06 Inverse-time Element 06 pickup setting outside of specified limits 220

51MM07 Inverse-time Element 07 pickup setting outside of specified limits 220

51MM08 Inverse-time Element 08 pickup setting outside of specified limits 220

51MM09 Inverse-time Element 09 pickup setting outside of specified limits 232

51MM10 Inverse-time Element 10 pickup setting outside of specified limits 232

51MM11 Inverse-time Element 11 pickup setting outside of specified limits 232

51MM12 Inverse-time Element 12 pickup setting outside of specified limits 232

51MM13 Inverse-time Element 13 pickup setting outside of specified limits 233

51MM14 Inverse-time Element 14 pickup setting outside of specified limits 233

51MM15 Inverse-time Element 15 pickup setting outside of specified limits 233

51MM16 Inverse-time Element 16 pickup setting outside of specified limits 233

51MM17 Inverse-time Element 17 pickup setting outside of specified limits 234

51MM18 Inverse-time Element 18 pickup setting outside of specified limits 234

51MM19 Inverse-time Element 19 pickup setting outside of specified limits 234

51MM20 Inverse-time Element 20 pickup setting outside of specified limits 234

51MM21 Inverse-time Element 21 pickup setting outside of specified limits 252

51R01 Inverse-time Element 01 reset 254

51R02 Inverse-time Element 02 reset 254

51R03 Inverse-time Element 03 reset 254

51R04 Inverse-time Element 04 reset 254

51R05 Inverse-time Element 05 reset 254

51R06 Inverse-time Element 06 reset 254

51R07 Inverse-time Element 07 reset 254

51R08 Inverse-time Element 08 reset 254

51R09 Inverse-time Element 09 reset 253

51R10 Inverse-time Element 10 reset 253

51R11 Inverse-time Element 11 reset 253

51R12 Inverse-time Element 12 reset 253

51R13 Inverse-time Element 13 reset 253

51R14 Inverse-time Element 14 reset 253

51R15 Inverse-time Element 15 reset 253

51R16 Inverse-time Element 16 reset 253

51R17 Inverse-time Element 17 reset 381

51R18 Inverse-time Element 18 reset 381

51R19 Inverse-time Element 19 reset 381

51R20 Inverse-time Element 20 reset 381

51R21 Inverse-time Element 21 reset 381

51S01 Inverse-time Element 01 picked up 213
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51S02 Inverse-time Element 02 picked up 213

51S03 Inverse-time Element 03 picked up 213

51S04 Inverse-time Element 04 picked up 213

51S05 Inverse-time Element 05 picked up 214

51S06 Inverse-time Element 06 picked up 214

51S07 Inverse-time Element 07 picked up 214

51S08 Inverse-time Element 08 picked up 214

51S09 Inverse-time Element 09 picked up 215

51S10 Inverse-time Element 10 picked up 215

51S11 Inverse-time Element 11 picked up 215

51S12 Inverse-time Element 12 picked up 215

51S13 Inverse-time Element 13 picked up 216

51S14 Inverse-time Element 14 picked up 216

51S15 Inverse-time Element 15 picked up 216

51S16 Inverse-time Element 16 picked up 216

51S17 Inverse-time Element 17 picked up 217

51S18 Inverse-time Element 18 picked up 217

51S19 Inverse-time Element 19 picked up 217

51S20 Inverse-time Element 20 picked up 217

51S21 Inverse-time Element 21 picked up 218

51T01 Inverse-time Element 01 timed out 213

51T02 Inverse-time Element 02 timed out 213

51T03 Inverse-time Element 03 timed out 213

51T04 Inverse-time Element 04 timed out 213

51T05 Inverse-time Element 05 timed out 214

51T06 Inverse-time Element 06 timed out 214

51T07 Inverse-time Element 07 timed out 214

51T08 Inverse-time Element 08 timed out 214

51T09 Inverse-time Element 09 timed out 215

51T10 Inverse-time Element 10 timed out 215

51T11 Inverse-time Element 11 timed out 215

51T12 Inverse-time Element 12 timed out 215

51T13 Inverse-time Element 13 timed out 216

51T14 Inverse-time Element 14 timed out 216

51T15 Inverse-time Element 15 timed out 216

51T16 Inverse-time Element 16 timed out 216

51T17 Inverse-time Element 17 timed out 217

51T18 Inverse-time Element 18 timed out 217

51T19 Inverse-time Element 19 timed out 217

51T20 Inverse-time Element 20 timed out 217

51T21 Inverse-time Element 21 timed out 218
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51TM01 Inverse-time Element 01 time-dial setting outside of specified limits 219

51TM02 Inverse-time Element 02 time-dial setting outside of specified limits 219

51TM03 Inverse-time Element 03 time-dial setting outside of specified limits 219

51TM04 Inverse-time Element 04 time-dial setting outside of specified limits 219

51TM05 Inverse-time Element 05 time-dial setting outside of specified limits 220

51TM06 Inverse-time Element 06 time-dial setting outside of specified limits 220

51TM07 Inverse-time Element 07 time-dial setting outside of specified limits 220

51TM08 Inverse-time Element 08 time-dial setting outside of specified limits 220

51TM09 Inverse-time Element 09 time-dial setting outside of specified limits 232

51TM10 Inverse-time Element 10 time-dial setting outside of specified limits 232

51TM11 Inverse-time Element 11 time-dial setting outside of specified limits 232

51TM12 Inverse-time Element 12 time-dial setting outside of specified limits 232

51TM13 Inverse-time Element 13 time-dial setting outside of specified limits 233

51TM14 Inverse-time Element 14 time-dial setting outside of specified limits 233

51TM15 Inverse-time Element 15 time-dial setting outside of specified limits 233

51TM16 Inverse-time Element 16 time-dial setting outside of specified limits 233

51TM17 Inverse-time Element 17 time-dial setting outside of specified limits 234

51TM18 Inverse-time Element 18 time-dial setting outside of specified limits 234

51TM19 Inverse-time Element 19 time-dial setting outside of specified limits 234

51TM20 Inverse-time Element 20 time-dial setting outside of specified limits 234

51TM21 Inverse-time Element 21 time-dial setting outside of specified limits 252

52A01 Circuit Breaker 01 status 7

52A02 Circuit Breaker 02 status 7

52A03 Circuit Breaker 03 status 7

52A04 Circuit Breaker 04 status 8

52A05 Circuit Breaker 05 status 8

52A06 Circuit Breaker 06 status 8

52A07 Circuit Breaker 07 status 9

52A08 Circuit Breaker 08 status 9

52A09 Circuit Breaker 09 status 10

52A10 Circuit Breaker 10 status 10

52A11 Circuit Breaker 11 status 10

52A12 Circuit Breaker 12 status 11

52A13 Circuit Breaker 13 status 11

52A14 Circuit Breaker 14 status 11

52A15 Circuit Breaker 15 status 12

52A16 Circuit Breaker 16 status 12

52A17 Circuit Breaker 17 status 13

52A18 Circuit Breaker 18 status 13

52A19 Circuit Breaker 19 status 13

52A20 Circuit Breaker 20 status 14
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52A21 Circuit Breaker 21 status 14

52AL Any circuit breaker alarm 14

52AL01 Circuit Breaker 01 alarm 7

52AL02 Circuit Breaker 02 alarm 7

52AL03 Circuit Breaker 03 alarm 7

52AL04 Circuit Breaker 04 alarm 8

52AL05 Circuit Breaker 05 alarm 8

52AL06 Circuit Breaker 06 alarm 9

52AL07 Circuit Breaker 07 alarm 9

52AL08 Circuit Breaker 08 alarm 9

52AL09 Circuit Breaker 09 alarm 10

52AL10 Circuit Breaker 10 alarm 10

52AL11 Circuit Breaker 11 alarm 10

52AL12 Circuit Breaker 12 alarm 11

52AL13 Circuit Breaker 13 alarm 11

52AL14 Circuit Breaker 14 alarm 12

52AL15 Circuit Breaker 15 alarm 12

52AL16 Circuit Breaker 16 alarm 12

52AL17 Circuit Breaker 17 alarm 13

52AL18 Circuit Breaker 18 alarm 13

52AL19 Circuit Breaker 19 alarm 13

52AL20 Circuit Breaker 20 alarm 14

52AL21 Circuit Breaker 21 alarm 14

52CL01 Circuit Breaker 01 closed 7

52CL02 Circuit Breaker 02 closed 7

52CL03 Circuit Breaker 03 closed 8

52CL04 Circuit Breaker 04 closed 8

52CL05 Circuit Breaker 05 closed 8

52CL06 Circuit Breaker 06 closed 9

52CL07 Circuit Breaker 07 closed 9

52CL08 Circuit Breaker 08 closed 9

52CL09 Circuit Breaker 09 closed 10

52CL10 Circuit Breaker 10 closed 10

52CL11 Circuit Breaker 11 closed 11

52CL12 Circuit Breaker 12 closed 11

52CL13 Circuit Breaker 13 closed 11

52CL14 Circuit Breaker 14 closed 12

52CL15 Circuit Breaker 15 closed 12

52CL16 Circuit Breaker 16 closed 12

52CL17 Circuit Breaker 17 closed 13

52CL18 Circuit Breaker 18 closed 13
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52CL19 Circuit Breaker 19 closed 14

52CL20 Circuit Breaker 20 closed 14

52CL21 Circuit Breaker 21 closed 14

591P1 Overvoltage Element 1, Level 1 asserted   224

591P1T Overvoltage Element 1, Level 1 timed out 224

591P2 Overvoltage Element 1, Level 2 asserted   224

592P1 Overvoltage Element 2, Level 1 asserted   224

592P1T Overvoltage Element 2, Level 1 timed out 224

592P2 Overvoltage Element 2, Level 2 asserted   224

593P1 Overvoltage Element 3, Level 1 asserted   225

593P1T Overvoltage Element 3, Level 1 timed out 225

593P2 Overvoltage Element 3, Level 2 asserted   225

594P1 Overvoltage Element 4, Level 1 asserted   225

594P1T Overvoltage Element 4, Level 1 timed out 225

594P2 Overvoltage Element 4, Level 2 asserted   225

595P1 Overvoltage Element 5, Level 1 asserted   226

595P1T Overvoltage Element 5, Level 1 timed out 226

595P2 Overvoltage Element 5, Level 2 asserted   226

596P1 Overvoltage Element 6, Level 1 asserted   226

596P1T Overvoltage Element 6, Level 1 timed out 226

596P2 Overvoltage Element 6, Level 2 asserted   226

59TC1 Overvoltage Element 1, torque control 224

59TC2 Overvoltage Element 2, torque control 224

59TC3 Overvoltage Element 3, torque control 225

59TC4 Overvoltage Element 4, torque control 225

59TC5 Overvoltage Element 5, torque control 226

59TC6 Overvoltage Element 6, torque control 226

87BTR Any terminal bus-zone differential trip asserted 231

87BTR01 Terminal 01 bus-zone differential trip asserted 228

87BTR02 Terminal 02 bus-zone differential trip asserted 228

87BTR03 Terminal 03 bus-zone differential trip asserted 228

87BTR04 Terminal 04 bus-zone differential trip asserted 228

87BTR05 Terminal 05 bus-zone differential trip asserted 228

87BTR06 Terminal 06 bus-zone differential trip asserted 228

87BTR07 Terminal 07 bus-zone differential trip asserted 228

87BTR08 Terminal 08 bus-zone differential trip asserted 228

87BTR09 Terminal 09 bus-zone differential trip asserted 229

87BTR10 Terminal 10 bus-zone differential trip asserted 229

87BTR11 Terminal 11 bus-zone differential trip asserted 229

87BTR12 Terminal 12 bus-zone differential trip asserted 229

87BTR13 Terminal 13 bus-zone differential trip asserted 229
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87BTR14 Terminal 14 bus-zone differential trip asserted 229

87BTR15 Terminal 15 bus-zone differential trip asserted 229

87BTR16 Terminal 16 bus-zone differential trip asserted 229

87BTR17 Terminal 17 bus-zone differential trip asserted 230

87BTR18 Terminal 18 bus-zone differential trip asserted 230

87BTR19 Terminal 19 bus-zone differential trip asserted 230

87BTR20 Terminal 20 bus-zone differential trip asserted 230

87BTR21 Terminal 21 bus-zone differential trip asserted 230

87CZ1 Check Zone 1 differential element trip 447

87CZ2 Check Zone 2 differential element trip 447

87CZ3 Check Zone 3 differential element trip 447

87O1 Zone 1 restraint differential operating current above O87P 159

87O2 Zone 2 restraint differential operating current above O87P 161

87O3 Zone 3 restraint differential operating current above O87P 163

87O4 Zone 4 restraint differential operating current above O87P 165

87O5 Zone 5 restraint differential operating current above O87P 167

87O6 Zone 6 restraint differential operating current above O87P 169

87OCZ1 Check Zone 1 restraint differential operating current above CZO87P 450

87OCZ2 Check Zone 2 restraint differential operating current above CZO87P 452

87OCZ3 Check Zone 3 restraint differential operating current above CZO87P 454

87R1 Zone 1 restraint differential element picked up 159

87R2 Zone 2 restraint differential element picked up 161

87R3 Zone 3 restraint differential element picked up 163

87R4 Zone 4 restraint differential element picked up 165

87R5 Zone 5 restraint differential element picked up 167

87R6 Zone 6 restraint differential element picked up 169

87RCZ1 Check Zone 1 restraint differential element picked up 450

87RCZ2 Check Zone 2 restraint differential element picked up 452

87RCZ3 Check Zone 3 restraint differential element picked up 454

87S1 Zone 1 sensitive differential element picked up 157

87S2 Zone 2 sensitive differential element picked up 157

87S3 Zone 3 sensitive differential element picked up 157

87S4 Zone 4 sensitive differential element picked up 157

87S5 Zone 5 sensitive differential element picked up 157

87S6 Zone 6 sensitive differential element picked up 157

87SCZ1 Check Zone 1 sensitive differential element picked up 448

87SCZ2 Check Zone 2 sensitive differential element picked up 448

87SCZ3 Check Zone 3 sensitive differential element picked up 448

87ST Any sensitive differential element timer timed out 158

87ST1 Zone 1 sensitive differential element timed out 158

87ST2 Zone 2 sensitive differential element timed out 158
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87ST3 Zone 3 sensitive differential element timed out 158

87ST4 Zone 4 sensitive differential element timed out 158

87ST5 Zone 5 sensitive differential element timed out 158

87ST6 Zone 6 sensitive differential element timed out 158

87STCZ1 Check Zone 1 sensitive differential element timed out 449

87STCZ2 Check Zone 2 sensitive differential element timed out 449

87STCZ3 Check Zone 3 sensitive differential element timed out 449

87Z1 Zone 1 differential element trip 235

87Z2 Zone 2 differential element trip 235

87Z3 Zone 3 differential element trip 235

87Z4 Zone 4 differential element trip 235

87Z5 Zone 5 differential element trip 235

87Z6 Zone 6 differential element trip 235

89A01 Disconnect 01 A auxiliary contact closed 17

89A02 Disconnect 02 A auxiliary contact closed 17

89A03 Disconnect 03 A auxiliary contact closed 18

89A04 Disconnect 04 A auxiliary contact closed 18

89A05 Disconnect 05 A auxiliary contact closed 19

89A06 Disconnect 06 A auxiliary contact closed 20

89A07 Disconnect 07 A auxiliary contact closed 20

89A08 Disconnect 08 A auxiliary contact closed 21

89A09 Disconnect 09 A auxiliary contact closed 22

89A10 Disconnect 10 A auxiliary contact closed 22

89A11 Disconnect 11 A auxiliary contact closed 23

89A12 Disconnect 12 A auxiliary contact closed 23

89A13 Disconnect 13 A auxiliary contact closed 24

89A14 Disconnect 14 A auxiliary contact closed 25

89A15 Disconnect 15 A auxiliary contact closed 25

89A16 Disconnect 16 A auxiliary contact closed 26

89A17 Disconnect 17 A auxiliary contact closed 27

89A18 Disconnect 18 A auxiliary contact closed 27

89A19 Disconnect 19 A auxiliary contact closed 28

89A20 Disconnect 20 A auxiliary contact closed 28

89A21 Disconnect 21 A auxiliary contact closed 29

89A22 Disconnect 22 A auxiliary contact closed 30

89A23 Disconnect 23 A auxiliary contact closed 30

89A24 Disconnect 24 A auxiliary contact closed 31

89A25 Disconnect 25 A auxiliary contact closed 32

89A26 Disconnect 26 A auxiliary contact closed 32

89A27 Disconnect 27 A auxiliary contact closed 33

89A28 Disconnect 28 A auxiliary contact closed 33

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 10 of 79)

Name Bit Description Row



11.11

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

89A29 Disconnect 29 A auxiliary contact closed 34

89A30 Disconnect 30 A auxiliary contact closed 35

89A31 Disconnect 31 A auxiliary contact closed 35

89A32 Disconnect 32 A auxiliary contact closed 36

89A33 Disconnect 33 A auxiliary contact closed 37

89A34 Disconnect 34 A auxiliary contact closed 37

89A35 Disconnect 35 A auxiliary contact closed 38

89A36 Disconnect 36 A auxiliary contact closed 38

89A37 Disconnect 37 A auxiliary contact closed 39

89A38 Disconnect 38 A auxiliary contact closed 40

89A39 Disconnect 39 A auxiliary contact closed 40

89A40 Disconnect 40 A auxiliary contact closed 41

89A41 Disconnect 41 A auxiliary contact closed 42

89A42 Disconnect 42 A auxiliary contact closed 42

89A43 Disconnect 43 A auxiliary contact closed 43

89A44 Disconnect 44 A auxiliary contact closed 43

89A45 Disconnect 45 A auxiliary contact closed 44

89A46 Disconnect 46 A auxiliary contact closed 45

89A47 Disconnect 47 A auxiliary contact closed 45

89A48 Disconnect 48 A auxiliary contact closed 46

89A49 Disconnect 49 A auxiliary contact closed 47

89A50 Disconnect 50 A auxiliary contact closed 47

89A51 Disconnect 51 A auxiliary contact closed 48

89A52 Disconnect 52 A auxiliary contact closed 48

89A53 Disconnect 53 A auxiliary contact closed 49

89A54 Disconnect 54 A auxiliary contact closed 50

89A55 Disconnect 55 A auxiliary contact closed 50

89A56 Disconnect 56 A auxiliary contact closed 51

89A57 Disconnect 57 A auxiliary contact closed 52

89A58 Disconnect 58 A auxiliary contact closed 52

89A59 Disconnect 59 A auxiliary contact closed 53

89A60 Disconnect 60 A auxiliary contact closed 53

89AL Any disconnect auxiliary contact discrepancy alarm 55

89AL01 Disconnect 01 auxiliary contact discrepancy alarm 17

89AL02 Disconnect 02 auxiliary contact discrepancy alarm 18

89AL03 Disconnect 03 auxiliary contact discrepancy alarm 18

89AL04 Disconnect 04 auxiliary contact discrepancy alarm 19

89AL05 Disconnect 05 auxiliary contact discrepancy alarm 20

89AL06 Disconnect 06 auxiliary contact discrepancy alarm 20

89AL07 Disconnect 07 auxiliary contact discrepancy alarm 21

89AL08 Disconnect 08 auxiliary contact discrepancy alarm 21
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89AL09 Disconnect 09 auxiliary contact discrepancy alarm 22

89AL10 Disconnect 10 auxiliary contact discrepancy alarm 23

89AL11 Disconnect 11 auxiliary contact discrepancy alarm 23

89AL12 Disconnect 12 auxiliary contact discrepancy alarm 24

89AL13 Disconnect 13 auxiliary contact discrepancy alarm 25

89AL14 Disconnect 14 auxiliary contact discrepancy alarm 25

89AL15 Disconnect 15 auxiliary contact discrepancy alarm 26

89AL16 Disconnect 16 auxiliary contact discrepancy alarm 26

89AL17 Disconnect 17 auxiliary contact discrepancy alarm 27

89AL18 Disconnect 18 auxiliary contact discrepancy alarm 28

89AL19 Disconnect 19 auxiliary contact discrepancy alarm 28

89AL20 Disconnect 20 auxiliary contact discrepancy alarm 29

89AL21 Disconnect 21 auxiliary contact discrepancy alarm 30

89AL22 Disconnect 22 auxiliary contact discrepancy alarm 30

89AL23 Disconnect 23 auxiliary contact discrepancy alarm 31

89AL24 Disconnect 24 auxiliary contact discrepancy alarm 31

89AL25 Disconnect 25 auxiliary contact discrepancy alarm 32

89AL26 Disconnect 26 auxiliary contact discrepancy alarm 33

89AL27 Disconnect 27 auxiliary contact discrepancy alarm 33

89AL28 Disconnect 28 auxiliary contact discrepancy alarm 34

89AL29 Disconnect 29 auxiliary contact discrepancy alarm 35

89AL30 Disconnect 30 auxiliary contact discrepancy alarm 35

89AL31 Disconnect 31 auxiliary contact discrepancy alarm 36

89AL32 Disconnect 32 auxiliary contact discrepancy alarm 36

89AL33 Disconnect 33 auxiliary contact discrepancy alarm 37

89AL34 Disconnect 34 auxiliary contact discrepancy alarm 38

89AL35 Disconnect 35 auxiliary contact discrepancy alarm 38

89AL36 Disconnect 36 auxiliary contact discrepancy alarm 39

89AL37 Disconnect 37 auxiliary contact discrepancy alarm 40

89AL38 Disconnect 38 auxiliary contact discrepancy alarm 40

89AL39 Disconnect 39 auxiliary contact discrepancy alarm 41

89AL40 Disconnect 40 auxiliary contact discrepancy alarm 41

89AL41 Disconnect 41 auxiliary contact discrepancy alarm 42

89AL42 Disconnect 42 auxiliary contact discrepancy alarm 43

89AL43 Disconnect 43 auxiliary contact discrepancy alarm 43

89AL44 Disconnect 44 auxiliary contact discrepancy alarm 44

89AL45 Disconnect 45 auxiliary contact discrepancy alarm 45

89AL46 Disconnect 46 auxiliary contact discrepancy alarm 45

89AL47 Disconnect 47 auxiliary contact discrepancy alarm 46

89AL48 Disconnect 48 auxiliary contact discrepancy alarm 46

89AL49 Disconnect 49 auxiliary contact discrepancy alarm 47
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89AL50 Disconnect 50 auxiliary contact discrepancy alarm 48

89AL51 Disconnect 51 auxiliary contact discrepancy alarm 48

89AL52 Disconnect 52 auxiliary contact discrepancy alarm 49

89AL53 Disconnect 53 auxiliary contact discrepancy alarm 50

89AL54 Disconnect 54 auxiliary contact discrepancy alarm 50

89AL55 Disconnect 55 auxiliary contact discrepancy alarm 51

89AL56 Disconnect 56 auxiliary contact discrepancy alarm 51

89AL57 Disconnect 57 auxiliary contact discrepancy alarm 52

89AL58 Disconnect 58 auxiliary contact discrepancy alarm 53

89AL59 Disconnect 59 auxiliary contact discrepancy alarm 53

89AL60 Disconnect 60 auxiliary contact discrepancy alarm 54

89B01 Disconnect 01 B auxiliary contact closed 17

89B02 Disconnect 02 B auxiliary contact closed 17

89B03 Disconnect 03 B auxiliary contact closed 18

89B04 Disconnect 04 B auxiliary contact closed 19

89B05 Disconnect 05 B auxiliary contact closed 19

89B06 Disconnect 06 B auxiliary contact closed 20

89B07 Disconnect 07 B auxiliary contact closed 20

89B08 Disconnect 08 B auxiliary contact closed 21

89B09 Disconnect 09 B auxiliary contact closed 22

89B10 Disconnect 10 B auxiliary contact closed 22

89B11 Disconnect 11 B auxiliary contact closed 23

89B12 Disconnect 12 B auxiliary contact closed 24

89B13 Disconnect 13 B auxiliary contact closed 24

89B14 Disconnect 14 B auxiliary contact closed 25

89B15 Disconnect 15 B auxiliary contact closed 25

89B16 Disconnect 16 B auxiliary contact closed 26

89B17 Disconnect 17 B auxiliary contact closed 27

89B18 Disconnect 18 B auxiliary contact closed 27

89B19 Disconnect 19 B auxiliary contact closed 28

89B20 Disconnect 20 B auxiliary contact closed 29

89B21 Disconnect 21 B auxiliary contact closed 29

89B22 Disconnect 22 B auxiliary contact closed 30

89B23 Disconnect 23 B auxiliary contact closed 30

89B24 Disconnect 24 B auxiliary contact closed 31

89B25 Disconnect 25 B auxiliary contact closed 32

89B26 Disconnect 26 B auxiliary contact closed 32

89B27 Disconnect 27 B auxiliary contact closed 33

89B28 Disconnect 28 B auxiliary contact closed 34

89B29 Disconnect 29 B auxiliary contact closed 34

89B30 Disconnect 30 B auxiliary contact closed 35
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89B31 Disconnect 31 B auxiliary contact closed 35

89B32 Disconnect 32 B auxiliary contact closed 36

89B33 Disconnect 33 B auxiliary contact closed 37

89B34 Disconnect 34 B auxiliary contact closed 37

89B35 Disconnect 35 B auxiliary contact closed 38

89B36 Disconnect 36 B auxiliary contact closed 39

89B37 Disconnect 37 B auxiliary contact closed 39

89B38 Disconnect 38 B auxiliary contact closed 40

89B39 Disconnect 39 B auxiliary contact closed 40

89B40 Disconnect 40 B auxiliary contact closed 41

89B41 Disconnect 41 B auxiliary contact closed 42

89B42 Disconnect 42 B auxiliary contact closed 42

89B43 Disconnect 43 B auxiliary contact closed 43

89B44 Disconnect 44 B auxiliary contact closed 44

89B45 Disconnect 45 B auxiliary contact closed 44

89B46 Disconnect 46 B auxiliary contact closed 45

89B47 Disconnect 47 B auxiliary contact closed 45

89B48 Disconnect 48 B auxiliary contact closed 46

89B49 Disconnect 49 B auxiliary contact closed 47

89B50 Disconnect 50 B auxiliary contact closed 47

89B51 Disconnect 51 B auxiliary contact closed 48

89B52 Disconnect 52 B auxiliary contact closed 49

89B53 Disconnect 53 B auxiliary contact closed 49

89B54 Disconnect 54 B auxiliary contact closed 50

89B55 Disconnect 55 B auxiliary contact closed 50

89B56 Disconnect 56 B auxiliary contact closed 51

89B57 Disconnect 57 B auxiliary contact closed 52

89B58 Disconnect 58 B auxiliary contact closed 52

89B59 Disconnect 59 B auxiliary contact closed 53

89B60 Disconnect 60 B auxiliary contact closed 54

89CL01 Disconnect 01 closed 17

89CL02 Disconnect 02 closed 17

89CL03 Disconnect 03 closed 18

89CL04 Disconnect 04 closed 19

89CL05 Disconnect 05 closed 19

89CL06 Disconnect 06 closed 20

89CL07 Disconnect 07 closed 21

89CL08 Disconnect 08 closed 21

89CL09 Disconnect 09 closed 22

89CL10 Disconnect 10 closed 22

89CL11 Disconnect 11 closed 23
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89CL12 Disconnect 12 closed 24

89CL13 Disconnect 13 closed 24

89CL14 Disconnect 14 closed 25

89CL15 Disconnect 15 closed 26

89CL16 Disconnect 16 closed 26

89CL17 Disconnect 17 closed 27

89CL18 Disconnect 18 closed 27

89CL19 Disconnect 19 closed 28

89CL20 Disconnect 20 closed 29

89CL21 Disconnect 21 closed 29

89CL22 Disconnect 22 closed 30

89CL23 Disconnect 23 closed 31

89CL24 Disconnect 24 closed 31

89CL25 Disconnect 25 closed 32

89CL26 Disconnect 26 closed 32

89CL27 Disconnect 27 closed 33

89CL28 Disconnect 28 closed 34

89CL29 Disconnect 29 closed 34

89CL30 Disconnect 30 closed 35

89CL31 Disconnect 31 closed 36

89CL32 Disconnect 32 closed 36

89CL33 Disconnect 33 closed 37

89CL34 Disconnect 34 closed 37

89CL35 Disconnect 35 closed 38

89CL36 Disconnect 36 closed 39

89CL37 Disconnect 37 closed 39

89CL38 Disconnect 38 closed 40

89CL39 Disconnect 39 closed 41

89CL40 Disconnect 40 closed 41

89CL41 Disconnect 41 closed 42

89CL42 Disconnect 42 closed 42

89CL43 Disconnect 43 closed 43

89CL44 Disconnect 44 closed 44

89CL45 Disconnect 45 closed 44

89CL46 Disconnect 46 closed 45

89CL47 Disconnect 47 closed 46

89CL48 Disconnect 48 closed 46

89CL49 Disconnect 49 closed 47

89CL50 Disconnect 50 closed 47

89CL51 Disconnect 51 closed 48

89CL52 Disconnect 52 closed 49
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89CL53 Disconnect 53 closed 49

89CL54 Disconnect 54 closed 50

89CL55 Disconnect 55 closed 51

89CL56 Disconnect 56 closed 51

89CL57 Disconnect 57 closed 52

89CL58 Disconnect 58 closed 52

89CL59 Disconnect 59 closed 53

89CL60 Disconnect 60 closed 54

89OIP Any disconnect operation in progress 55

89OIP01 Disconnect 01 operation in progress 17

89OIP02 Disconnect 02 operation in progress 18

89OIP03 Disconnect 03 operation in progress 18

89OIP04 Disconnect 04 operation in progress 19

89OIP05 Disconnect 05 operation in progress 19

89OIP06 Disconnect 06 operation in progress 20

89OIP07 Disconnect 07 operation in progress 21

89OIP08 Disconnect 08 operation in progress 21

89OIP09 Disconnect 09 operation in progress 22

89OIP10 Disconnect 10 operation in progress 23

89OIP11 Disconnect 11 operation in progress 23

89OIP12 Disconnect 12 operation in progress 24

89OIP13 Disconnect 13 operation in progress 24

89OIP14 Disconnect 14 operation in progress 25

89OIP15 Disconnect 15 operation in progress 26

89OIP16 Disconnect 16 operation in progress 26

89OIP17 Disconnect 17 operation in progress 27

89OIP18 Disconnect 18 operation in progress 28

89OIP19 Disconnect 19 operation in progress 28

89OIP20 Disconnect 20 operation in progress 29

89OIP21 Disconnect 21 operation in progress 29

89OIP22 Disconnect 22 operation in progress 30

89OIP23 Disconnect 23 operation in progress 31

89OIP24 Disconnect 24 operation in progress 31

89OIP25 Disconnect 25 operation in progress 32

89OIP26 Disconnect 26 operation in progress 33

89OIP27 Disconnect 27 operation in progress 33

89OIP28 Disconnect 28 operation in progress 34

89OIP29 Disconnect 29 operation in progress 34

89OIP30 Disconnect 30 operation in progress 35

89OIP31 Disconnect 31 operation in progress 36

89OIP32 Disconnect 32 operation in progress 36
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89OIP33 Disconnect 33 operation in progress 37

89OIP34 Disconnect 34 operation in progress 38

89OIP35 Disconnect 35 operation in progress 38

89OIP36 Disconnect 36 operation in progress 39

89OIP37 Disconnect 37 operation in progress 39

89OIP38 Disconnect 38 operation in progress 40

89OIP39 Disconnect 39 operation in progress 41

89OIP40 Disconnect 40 operation in progress 41

89OIP41 Disconnect 41 operation in progress 42

89OIP42 Disconnect 42 operation in progress 43

89OIP43 Disconnect 43 operation in progress 43

89OIP44 Disconnect 44 operation in progress 44

89OIP45 Disconnect 45 operation in progress 44

89OIP46 Disconnect 46 operation in progress 45

89OIP47 Disconnect 47 operation in progress 46

89OIP48 Disconnect 48 operation in progress 46

89OIP49 Disconnect 49 operation in progress 47

89OIP50 Disconnect 50 operation in progress 48

89OIP51 Disconnect 51 operation in progress 48

89OIP52 Disconnect 52 operation in progress 49

89OIP53 Disconnect 53 operation in progress 49

89OIP54 Disconnect 54 operation in progress 50

89OIP55 Disconnect 55 operation in progress 51

89OIP56 Disconnect 56 operation in progress 51

89OIP57 Disconnect 57 operation in progress 52

89OIP58 Disconnect 58 operation in progress 53

89OIP59 Disconnect 59 operation in progress 53

89OIP60 Disconnect 60 operation in progress 54

ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate 183

ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate 184

ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate 185

ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate 186

ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate 187

ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate 188

ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate 189

ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate 190

ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate 191

ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate 192

ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate 193

ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate 194

ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate 195
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ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate 196

ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate 197

ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate 198

ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate 199

ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate 200

ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate 201

ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate 202

ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate 203

ACCESS A user is connected at Access Level B or higher 377

ACCESSP Pulsed when higher level access achieved 377

ACN01Q Automation counter Output 1 366

ACN01R Automation counter Reset 1 370

ACN02Q Automation counter Output 2 366

ACN02R Automation counter Reset 2 370

ACN03Q Automation counter Output 3 366

ACN03R Automation counter Reset 3 370

ACN04Q Automation counter Output 4 366

ACN04R Automation counter Reset 4 370

ACN05Q Automation counter Output 5 366

ACN05R Automation counter Reset 5 370

ACN06Q Automation counter Output 6 366

ACN06R Automation counter Reset 6 370

ACN07Q Automation counter Output 7 366

ACN07R Automation counter Reset 7 370

ACN08Q Automation counter Output 8 366

ACN08R Automation counter Reset 8 370

ACN09Q Automation counter Output 9 367

ACN09R Automation counter Reset 9 371

ACN10Q Automation counter Output 10 367

ACN10R Automation counter Reset 10 371

ACN11Q Automation counter Output 11 367

ACN11R Automation counter Reset 11 371

ACN12Q Automation counter Output 12 367

ACN12R Automation counter Reset 12 371

ACN13Q Automation counter Output 13 367

ACN13R Automation counter Reset 13 371

ACN14Q Automation counter Output 14 367

ACN14R Automation counter Reset 14 371

ACN15Q Automation counter Output 15 367

ACN15R Automation counter Reset 15 371

ACN16Q Automation counter Output 16 367
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ACN16R Automation counter Reset 16 371

ACN17Q Automation counter Output 17 368

ACN17R Automation counter Reset 17 372

ACN18Q Automation counter Output 18 368

ACN18R Automation counter Reset 18 372

ACN19Q Automation counter Output 19 368

ACN19R Automation counter Reset 19 372

ACN20Q Automation counter Output 20 368

ACN20R Automation counter Reset 20 372

ACN21Q Automation counter Output 21 368

ACN21R Automation counter Reset 21 372

ACN22Q Automation counter Output 22 368

ACN22R Automation counter Reset 22 372

ACN23Q Automation counter Output 23 368

ACN23R Automation counter Reset 23 372

ACN24Q Automation counter Output 24 368

ACN24R Automation counter Reset 24 372

ACN25Q Automation counter Output 25 369

ACN25R Automation counter Reset 25 373

ACN26Q Automation counter Output 26 369

ACN26R Automation counter Reset 26 373

ACN27Q Automation counter Output 27 369

ACN27R Automation counter Reset 27 373

ACN28Q Automation counter Output 28 369

ACN28R Automation counter Reset 28 373

ACN29Q Automation counter Output 29 369

ACN29R Automation counter Reset 29 373

ACN30Q Automation counter Output 30 369

ACN30R Automation counter Reset 30 373

ACN31Q Automation counter Output 31 369

ACN31R Automation counter Reset 31 373

ACN32Q Automation counter Output 32 369

ACN32R Automation counter Reset 32 373

ACT01Q Automation conditioning timer Output 01 484

ACT02Q Automation conditioning timer Output 02 484

ACT03Q Automation conditioning timer Output 03 484

ACT04Q Automation conditioning timer Output 04 484

ACT05Q Automation conditioning timer Output 05 484

ACT06Q Automation conditioning timer Output 06 484

ACT07Q Automation conditioning timer Output 07 484

ACT08Q Automation conditioning timer Output 08 484
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ACT09Q Automation conditioning timer Output 09 485

ACT10Q Automation conditioning timer Output 10 485

ACT11Q Automation conditioning timer Output 11 485

ACT12Q Automation conditioning timer Output 12 485

ACT13Q Automation conditioning timer Output 13 485

ACT14Q Automation conditioning timer Output 14 485

ACT15Q Automation conditioning timer Output 15 485

ACT16Q Automation conditioning timer Output 16 485

ACT17Q Automation conditioning timer Output 17 486

ACT18Q Automation conditioning timer Output 18 486

ACT19Q Automation conditioning timer Output 19 486

ACT20Q Automation conditioning timer Output 20 486

ACT21Q Automation conditioning timer Output 21 486

ACT22Q Automation conditioning timer Output 22 486

ACT23Q Automation conditioning timer Output 23 486

ACT24Q Automation conditioning timer Output 24 486

ACT25Q Automation conditioning timer Output 25 487

ACT26Q Automation conditioning timer Output 26 487

ACT27Q Automation conditioning timer Output 27 487

ACT28Q Automation conditioning timer Output 28 487

ACT29Q Automation conditioning timer Output 29 487

ACT30Q Automation conditioning timer Output 30 487

ACT31Q Automation conditioning timer Output 31 487

ACT32Q Automation conditioning timer Output 32 487

ACTRP1 Coupler 1 accelerated trip SELOGIC control equation 176

ACTRP2 Coupler 2 accelerated trip SELOGIC control equation 177

ACTRP3 Coupler 3 accelerated trip SELOGIC control equation 178

ACTRP4 Coupler 4 accelerated trip SELOGIC control equation 179

ACTRPT1 Coupler 1 accelerated trip timed out 176

ACTRPT2 Coupler 2 accelerated trip timed out 177

ACTRPT3 Coupler 3 accelerated trip timed out 178

ACTRPT4 Coupler 4 accelerated trip timed out 179

AFRTEXA Automation SELOGIC control equation first execution automation 375

AFRTEXP Automation SELOGIC control equation first execution protection 375

ALT01 Automation Latch 1 354

ALT02 Automation Latch 2 354

ALT03 Automation Latch 3 354

ALT04 Automation Latch 4 354

ALT05 Automation Latch 5 354

ALT06 Automation Latch 6 354

ALT07 Automation Latch 7 354
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ALT08 Automation Latch 8 354

ALT09 Automation Latch 9 355

ALT10 Automation Latch 10 355

ALT11 Automation Latch 11 355

ALT12 Automation Latch 12 355

ALT13 Automation Latch 13 355

ALT14 Automation Latch 14 355

ALT15 Automation Latch 15 355

ALT16 Automation Latch 16 355

ALT17 Automation Latch 17 356

ALT18 Automation Latch 18 356

ALT19 Automation Latch 19 356

ALT20 Automation Latch 20 356

ALT21 Automation Latch 21 356

ALT22 Automation Latch 22 356

ALT23 Automation Latch 23 356

ALT24 Automation Latch 24 356

ALT25 Automation Latch 25 357

ALT26 Automation Latch 26 357

ALT27 Automation Latch 27 357

ALT28 Automation Latch 28 357

ALT29 Automation Latch 29 357

ALT30 Automation Latch 30 357

ALT31 Automation Latch 31 357

ALT32 Automation Latch 32 357

ANOKA Channel A MIRRORED BITS analog transfer OK 404

ANOKB Channel B MIRRORED BITS analog transfer OK 405

AST01Q Automation sequencing timer Output 1 358

AST01R Automation sequencing timer Reset 1 362

AST02Q Automation sequencing timer Output 2 358

AST02R Automation sequencing timer Reset 2 362

AST03Q Automation sequencing timer Output 3 358

AST03R Automation sequencing timer Reset 3 362

AST04Q Automation sequencing timer Output 4 358

AST04R Automation sequencing timer Reset 4 362

AST05Q Automation sequencing timer Output 5 358

AST05R Automation sequencing timer Reset 5 362

AST06Q Automation sequencing timer Output 6 358

AST06R Automation sequencing timer Reset 6 362

AST07Q Automation sequencing timer Output 7 358

AST07R Automation sequencing timer Reset 7 362
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AST08Q Automation sequencing timer Output 8 358

AST08R Automation sequencing timer Reset 8 362

AST09Q Automation sequencing timer Output 9 359

AST09R Automation sequencing timer Reset 9 363

AST10Q Automation sequencing timer Output 10 359

AST10R Automation sequencing timer Reset 10 363

AST11Q Automation sequencing timer Output 11 359

AST11R Automation sequencing timer Reset 11 363

AST12Q Automation sequencing timer Output 12 359

AST12R Automation sequencing timer Reset 12 363

AST13Q Automation sequencing timer Output 13 359

AST13R Automation sequencing timer Reset 13 363

AST14Q Automation sequencing timer Output 14 359

AST14R Automation sequencing timer Reset 14 363

AST15Q Automation sequencing timer Output 15 359

AST15R Automation sequencing timer Reset 15 363

AST16Q Automation sequencing timer Output 16 359

AST16R Automation sequencing timer Reset 16 363

AST17Q Automation sequencing timer Output 17 360

AST17R Automation sequencing timer Reset 17 364

AST18Q Automation sequencing timer Output 18 360

AST18R Automation sequencing timer Reset 18 364

AST19Q Automation sequencing timer Output 19 360

AST19R Automation sequencing timer Reset 19 364

AST20Q Automation sequencing timer Output 20 360

AST20R Automation sequencing timer Reset 20 364

AST21Q Automation sequencing timer Output 21 360

AST21R Automation sequencing timer Reset 21 364

AST22Q Automation sequencing timer Output 22 360

AST22R Automation sequencing timer Reset 22 364

AST23Q Automation sequencing timer Output 23 360

AST23R Automation sequencing timer Reset 23 364

AST24Q Automation sequencing timer Output 24 360

AST24R Automation sequencing timer Reset 24 364

AST25Q Automation sequencing timer Output 25 361

AST25R Automation sequencing timer Reset 25 365

AST26Q Automation sequencing timer Output 26 361

AST26R Automation sequencing timer Reset 26 365

AST27Q Automation sequencing timer Output 27 361

AST27R Automation sequencing timer Reset 27 365

AST28Q Automation sequencing timer Output 28 361
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AST28R Automation sequencing timer Reset 28 365

AST29Q Automation sequencing timer Output 29 361

AST29R Automation sequencing timer Reset 29 365

AST30Q Automation sequencing timer Output 30 361

AST30R Automation sequencing timer Reset 30 365

AST31Q Automation sequencing timer Output 31 361

AST31R Automation sequencing timer Reset 31 365

AST32Q Automation sequencing timer Output 32 361

AST32R Automation sequencing timer Reset 32 365

ASV001 Automation SELOGIC control equation Variable 1 322

ASV002 Automation SELOGIC control equation Variable 2 322

ASV003 Automation SELOGIC control equation Variable 3 322

ASV004 Automation SELOGIC control equation Variable 4 322

ASV005 Automation SELOGIC control equation Variable 5 322

ASV006 Automation SELOGIC control equation Variable 6 322

ASV007 Automation SELOGIC control equation Variable 7 322

ASV008 Automation SELOGIC control equation Variable 8 322

ASV009 Automation SELOGIC control equation Variable 9 323

ASV010 Automation SELOGIC control equation Variable 10 323

ASV011 Automation SELOGIC control equation Variable 11 323

ASV012 Automation SELOGIC control equation Variable 12 323

ASV013 Automation SELOGIC control equation Variable 13 323

ASV014 Automation SELOGIC control equation Variable 14 323

ASV015 Automation SELOGIC control equation Variable 15 323

ASV016 Automation SELOGIC control equation Variable 16 323

ASV017 Automation SELOGIC control equation Variable 17 324

ASV018 Automation SELOGIC control equation Variable 18 324

ASV019 Automation SELOGIC control equation Variable 19 324

ASV020 Automation SELOGIC control equation Variable 20 324

ASV021 Automation SELOGIC control equation Variable 21 324

ASV022 Automation SELOGIC control equation Variable 22 324

ASV023 Automation SELOGIC control equation Variable 23 324

ASV024 Automation SELOGIC control equation Variable 24 324

ASV025 Automation SELOGIC control equation Variable 25 325

ASV026 Automation SELOGIC control equation Variable 26 325

ASV027 Automation SELOGIC control equation Variable 27 325

ASV028 Automation SELOGIC control equation Variable 28 325

ASV029 Automation SELOGIC control equation Variable 29 325

ASV030 Automation SELOGIC control equation Variable 30 325

ASV031 Automation SELOGIC control equation Variable 31 325

ASV032 Automation SELOGIC control equation Variable 32 325
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ASV033 Automation SELOGIC control equation Variable 33 326

ASV034 Automation SELOGIC control equation Variable 34 326

ASV035 Automation SELOGIC control equation Variable 35 326

ASV036 Automation SELOGIC control equation Variable 36 326

ASV037 Automation SELOGIC control equation Variable 37 326

ASV038 Automation SELOGIC control equation Variable 38 326

ASV039 Automation SELOGIC control equation Variable 39 326

ASV040 Automation SELOGIC control equation Variable 40 326

ASV041 Automation SELOGIC control equation Variable 41 327

ASV042 Automation SELOGIC control equation Variable 42 327

ASV043 Automation SELOGIC control equation Variable 43 327

ASV044 Automation SELOGIC control equation Variable 44 327

ASV045 Automation SELOGIC control equation Variable 45 327

ASV046 Automation SELOGIC control equation Variable 46 327

ASV047 Automation SELOGIC control equation Variable 47 327

ASV048 Automation SELOGIC control equation Variable 48 327

ASV049 Automation SELOGIC control equation Variable 49 328

ASV050 Automation SELOGIC control equation Variable 50 328

ASV051 Automation SELOGIC control equation Variable 51 328

ASV052 Automation SELOGIC control equation Variable 52 328

ASV053 Automation SELOGIC control equation Variable 53 328

ASV054 Automation SELOGIC control equation Variable 54 328

ASV055 Automation SELOGIC control equation Variable 55 328

ASV056 Automation SELOGIC control equation Variable 56 328

ASV057 Automation SELOGIC control equation Variable 57 329

ASV058 Automation SELOGIC control equation Variable 58 329

ASV059 Automation SELOGIC control equation Variable 59 329

ASV060 Automation SELOGIC control equation Variable 60 329

ASV061 Automation SELOGIC control equation Variable 61 329

ASV062 Automation SELOGIC control equation Variable 62 329

ASV063 Automation SELOGIC control equation Variable 63 329

ASV064 Automation SELOGIC control equation Variable 64 329

ASV065 Automation SELOGIC control equation Variable 65 330

ASV066 Automation SELOGIC control equation Variable 66 330

ASV067 Automation SELOGIC control equation Variable 67 330

ASV068 Automation SELOGIC control equation Variable 68 330

ASV069 Automation SELOGIC control equation Variable 69 330

ASV070 Automation SELOGIC control equation Variable 70 330

ASV071 Automation SELOGIC control equation Variable 71 330

ASV072 Automation SELOGIC control equation Variable 72 330

ASV073 Automation SELOGIC control equation Variable 73 331
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ASV074 Automation SELOGIC control equation Variable 74 331

ASV075 Automation SELOGIC control equation Variable 75 331

ASV076 Automation SELOGIC control equation Variable 76 331

ASV077 Automation SELOGIC control equation Variable 77 331

ASV078 Automation SELOGIC control equation Variable 78 331

ASV079 Automation SELOGIC control equation Variable 79 331

ASV080 Automation SELOGIC control equation Variable 80 331

ASV081 Automation SELOGIC control equation Variable 81 332

ASV082 Automation SELOGIC control equation Variable 82 332

ASV083 Automation SELOGIC control equation Variable 83 332

ASV084 Automation SELOGIC control equation Variable 84 332

ASV085 Automation SELOGIC control equation Variable 85 332

ASV086 Automation SELOGIC control equation Variable 86 332

ASV087 Automation SELOGIC control equation Variable 87 332

ASV088 Automation SELOGIC control equation Variable 88 332

ASV089 Automation SELOGIC control equation Variable 89 333

ASV090 Automation SELOGIC control equation Variable 90 333

ASV091 Automation SELOGIC control equation Variable 91 333

ASV092 Automation SELOGIC control equation Variable 92 333

ASV093 Automation SELOGIC control equation Variable 93 333

ASV094 Automation SELOGIC control equation Variable 94 333

ASV095 Automation SELOGIC control equation Variable 95 333

ASV096 Automation SELOGIC control equation Variable 96 333

ASV097 Automation SELOGIC control equation Variable 097 334

ASV098 Automation SELOGIC control equation Variable 098 334

ASV099 Automation SELOGIC control equation Variable 099 334

ASV100 Automation SELOGIC control equation Variable 100 334

ASV101 Automation SELOGIC control equation Variable 101 334

ASV102 Automation SELOGIC control equation Variable 102 334

ASV103 Automation SELOGIC control equation Variable 103 334

ASV104 Automation SELOGIC control equation Variable 104 334

ASV105 Automation SELOGIC control equation Variable 105 335

ASV106 Automation SELOGIC control equation Variable 106 335

ASV107 Automation SELOGIC control equation Variable 107 335

ASV108 Automation SELOGIC control equation Variable 108 335

ASV109 Automation SELOGIC control equation Variable 109 335

ASV110 Automation SELOGIC control equation Variable 110 335

ASV111 Automation SELOGIC control equation Variable 111 335

ASV112 Automation SELOGIC control equation Variable 112 335

ASV113 Automation SELOGIC control equation Variable 113 336

ASV114 Automation SELOGIC control equation Variable 114 336
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ASV115 Automation SELOGIC control equation Variable 115 336

ASV116 Automation SELOGIC control equation Variable 116 336

ASV117 Automation SELOGIC control equation Variable 117 336

ASV118 Automation SELOGIC control equation Variable 118 336

ASV119 Automation SELOGIC control equation Variable 119 336

ASV120 Automation SELOGIC control equation Variable 120 336

ASV121 Automation SELOGIC control equation Variable 121 337

ASV122 Automation SELOGIC control equation Variable 122 337

ASV123 Automation SELOGIC control equation Variable 123 337

ASV124 Automation SELOGIC control equation Variable 124 337

ASV125 Automation SELOGIC control equation Variable 125 337

ASV126 Automation SELOGIC control equation Variable 126 337

ASV127 Automation SELOGIC control equation Variable 127 337

ASV128 Automation SELOGIC control equation Variable 128 337

ASV129 Automation SELOGIC control equation Variable 129 338

ASV130 Automation SELOGIC control equation Variable 130 338

ASV131 Automation SELOGIC control equation Variable 131 338

ASV132 Automation SELOGIC control equation Variable 132 338

ASV133 Automation SELOGIC control equation Variable 133 338

ASV134 Automation SELOGIC control equation Variable 134 338

ASV135 Automation SELOGIC control equation Variable 135 338

ASV136 Automation SELOGIC control equation Variable 136 338

ASV137 Automation SELOGIC control equation Variable 137 339

ASV138 Automation SELOGIC control equation Variable 138 339

ASV139 Automation SELOGIC control equation Variable 139 339

ASV140 Automation SELOGIC control equation Variable 140 339

ASV141 Automation SELOGIC control equation Variable 141 339

ASV142 Automation SELOGIC control equation Variable 142 339

ASV143 Automation SELOGIC control equation Variable 143 339

ASV144 Automation SELOGIC control equation Variable 144 339

ASV145 Automation SELOGIC control equation Variable 145 340

ASV146 Automation SELOGIC control equation Variable 146 340

ASV147 Automation SELOGIC control equation Variable 147 340

ASV148 Automation SELOGIC control equation Variable 148 340

ASV149 Automation SELOGIC control equation Variable 149 340

ASV150 Automation SELOGIC control equation Variable 150 340

ASV151 Automation SELOGIC control equation Variable 151 340

ASV152 Automation SELOGIC control equation Variable 152 340

ASV153 Automation SELOGIC control equation Variable 153 341

ASV154 Automation SELOGIC control equation Variable 154 341

ASV155 Automation SELOGIC control equation Variable 155 341
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ASV156 Automation SELOGIC control equation Variable 156 341

ASV157 Automation SELOGIC control equation Variable 157 341

ASV158 Automation SELOGIC control equation Variable 158 341

ASV159 Automation SELOGIC control equation Variable 159 341

ASV160 Automation SELOGIC control equation Variable 160 341

ASV161 Automation SELOGIC control equation Variable 161 342

ASV162 Automation SELOGIC control equation Variable 162 342

ASV163 Automation SELOGIC control equation Variable 163 342

ASV164 Automation SELOGIC control equation Variable 164 342

ASV165 Automation SELOGIC control equation Variable 165 342

ASV166 Automation SELOGIC control equation Variable 166 342

ASV167 Automation SELOGIC control equation Variable 167 342

ASV168 Automation SELOGIC control equation Variable 168 342

ASV169 Automation SELOGIC control equation Variable 169 343

ASV170 Automation SELOGIC control equation Variable 170 343

ASV171 Automation SELOGIC control equation Variable 171 343

ASV172 Automation SELOGIC control equation Variable 172 343

ASV173 Automation SELOGIC control equation Variable 173 343

ASV174 Automation SELOGIC control equation Variable 174 343

ASV175 Automation SELOGIC control equation Variable 175 343

ASV176 Automation SELOGIC control equation Variable 176 343

ASV177 Automation SELOGIC control equation Variable 177 344

ASV178 Automation SELOGIC control equation Variable 178 344

ASV179 Automation SELOGIC control equation Variable 179 344

ASV180 Automation SELOGIC control equation Variable 180 344

ASV181 Automation SELOGIC control equation Variable 181 344

ASV182 Automation SELOGIC control equation Variable 182 344

ASV183 Automation SELOGIC control equation Variable 183 344

ASV184 Automation SELOGIC control equation Variable 184 344

ASV185 Automation SELOGIC control equation Variable 185 345

ASV186 Automation SELOGIC control equation Variable 186 345

ASV187 Automation SELOGIC control equation Variable 187 345

ASV188 Automation SELOGIC control equation Variable 188 345

ASV189 Automation SELOGIC control equation Variable 189 345

ASV190 Automation SELOGIC control equation Variable 190 345

ASV191 Automation SELOGIC control equation Variable 191 345

ASV192 Automation SELOGIC control equation Variable 192 345

ASV193 Automation SELOGIC control equation Variable 193 346

ASV194 Automation SELOGIC control equation Variable 194 346

ASV195 Automation SELOGIC control equation Variable 195 346

ASV196 Automation SELOGIC control equation Variable 196 346

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 27 of 79)

Name Bit Description Row



11.28

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

ASV197 Automation SELOGIC control equation Variable 197 346

ASV198 Automation SELOGIC control equation Variable 198 346

ASV199 Automation SELOGIC control equation Variable 199 346

ASV200 Automation SELOGIC control equation Variable 200 346

ASV201 Automation SELOGIC control equation Variable 201 347

ASV202 Automation SELOGIC control equation Variable 202 347

ASV203 Automation SELOGIC control equation Variable 203 347

ASV204 Automation SELOGIC control equation Variable 204 347

ASV205 Automation SELOGIC control equation Variable 205 347

ASV206 Automation SELOGIC control equation Variable 206 347

ASV207 Automation SELOGIC control equation Variable 207 347

ASV208 Automation SELOGIC control equation Variable 208 347

ASV209 Automation SELOGIC control equation Variable 209 348

ASV210 Automation SELOGIC control equation Variable 210 348

ASV211 Automation SELOGIC control equation Variable 211 348

ASV212 Automation SELOGIC control equation Variable 212 348

ASV213 Automation SELOGIC control equation Variable 213 348

ASV214 Automation SELOGIC control equation Variable 214 348

ASV215 Automation SELOGIC control equation Variable 215 348

ASV216 Automation SELOGIC control equation Variable 216 348

ASV217 Automation SELOGIC control equation Variable 217 349

ASV218 Automation SELOGIC control equation Variable 218 349

ASV219 Automation SELOGIC control equation Variable 219 349

ASV220 Automation SELOGIC control equation Variable 220 349

ASV221 Automation SELOGIC control equation Variable 221 349

ASV222 Automation SELOGIC control equation Variable 222 349

ASV223 Automation SELOGIC control equation Variable 223 349

ASV224 Automation SELOGIC control equation Variable 224 349

ASV225 Automation SELOGIC control equation Variable 225 350

ASV226 Automation SELOGIC control equation Variable 226 350

ASV227 Automation SELOGIC control equation Variable 227 350

ASV228 Automation SELOGIC control equation Variable 228 350

ASV229 Automation SELOGIC control equation Variable 229 350

ASV230 Automation SELOGIC control equation Variable 230 350

ASV231 Automation SELOGIC control equation Variable 231 350

ASV232 Automation SELOGIC control equation Variable 232 350

ASV233 Automation SELOGIC control equation Variable 233 351

ASV234 Automation SELOGIC control equation Variable 234 351

ASV235 Automation SELOGIC control equation Variable 235 351

ASV236 Automation SELOGIC control equation Variable 236 351

ASV237 Automation SELOGIC control equation Variable 237 351
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ASV238 Automation SELOGIC control equation Variable 238 351

ASV239 Automation SELOGIC control equation Variable 239 351

ASV240 Automation SELOGIC control equation Variable 240 351

ASV241 Automation SELOGIC control equation Variable 241 352

ASV242 Automation SELOGIC control equation Variable 242 352

ASV243 Automation SELOGIC control equation Variable 243 352

ASV244 Automation SELOGIC control equation Variable 244 352

ASV245 Automation SELOGIC control equation Variable 245 352

ASV246 Automation SELOGIC control equation Variable 246 352

ASV247 Automation SELOGIC control equation Variable 247 352

ASV248 Automation SELOGIC control equation Variable 248 352

ASV249 Automation SELOGIC control equation Variable 249 353

ASV250 Automation SELOGIC control equation Variable 250 353

ASV251 Automation SELOGIC control equation Variable 251 353

ASV252 Automation SELOGIC control equation Variable 252 353

ASV253 Automation SELOGIC control equation Variable 253 353

ASV254 Automation SELOGIC control equation Variable 254 353

ASV255 Automation SELOGIC control equation Variable 255 353

ASV256 Automation SELOGIC control equation Variable 256 353

ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation 183

ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation 184

ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation 185

ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation 186

ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation 187

ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation 188

ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation 189

ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation 190

ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation 191

ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation 192

ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation 193

ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation 194

ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation 195

ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation 196

ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation 197

ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation 198

ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation 199

ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation 200

ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation 201

ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation 202

ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation 203

AUNRLBL Automation SELOGIC control equation unresolved label 375
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BADPASS Pulsed when user enters three successive bad passwords 376

BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation 183

BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation 184

BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation 185

BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation 186

BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation 187

BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation 188

BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation 189

BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation 190

BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation 191

BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation 192

BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation 193

BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation 194

BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation 195

BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation 196

BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation 197

BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation 198

BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation 199

BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation 200

BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation 201

BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation 202

BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation 203

BFIT01 Circuit Breaker 1 breaker failure timed out 183

BFIT02 Circuit Breaker 2 breaker failure timed out 184

BFIT03 Circuit Breaker 3 breaker failure timed out 185

BFIT04 Circuit Breaker 4 breaker failure timed out 186

BFIT05 Circuit Breaker 5 breaker failure timed out 187

BFIT06 Circuit Breaker 6 breaker failure timed out 188

BFIT07 Circuit Breaker 7 breaker failure timed out 189

BFIT08 Circuit Breaker 8 breaker failure timed out 190

BFIT09 Circuit Breaker 9 breaker failure timed out 191

BFIT10 Circuit Breaker 10 breaker failure timed out 192

BFIT11 Circuit Breaker 11 breaker failure timed out 193

BFIT12 Circuit Breaker 12 breaker failure timed out 194

BFIT13 Circuit Breaker 13 breaker failure timed out 195

BFIT14 Circuit Breaker 14 breaker failure timed out 196

BFIT15 Circuit Breaker 15 breaker failure timed out 197

BFIT16 Circuit Breaker 16 breaker failure timed out 198

BFIT17 Circuit Breaker 17 breaker failure timed out 199

BFIT18 Circuit Breaker 18 breaker failure timed out 200

BFIT19 Circuit Breaker 19 breaker failure timed out 201
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BFIT20 Circuit Breaker 20 breaker failure timed out 202

BFIT21 Circuit Breaker 21 breaker failure timed out 203

BFZ1 Zone 1 breaker failure 240

BFZ2 Zone 2 breaker failure 240

BFZ3 Zone 3 breaker failure 240

BFZ4 Zone 4 breaker failure 240

BFZ5 Zone 5 breaker failure 240

BFZ6 Zone 6 breaker failure 240

BLKLPTS Block low-priority source from updating relay time 379

BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards 472

BNC_OK IRIG-B signal from BNC port is available and has sufficient quality 472

BNC_RST Disqualify BNC IRIG-B time source 472

BNC_SET Qualify BNC IRIG-B time source 472

BNC_TIM A valid IRIG-B time source is detected on BNC port 473

BNCSYNC Synchronized to a high-quality BNC IRIG source 474

BRKENAB Asserts to indicate breaker control enable jumper is installed 377

BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed 136

BZ1BZ2V A connection exists between BZ1 and BZ2 128

BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed 136

BZ1BZ3V A connection exists between BZ1 and BZ3 128

BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed 136

BZ1BZ4V A connection exists between BZ1 and BZ4 128

BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed 136

BZ1BZ5V A connection exists between BZ1 and BZ5 128

BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed 136

BZ1BZ6V A connection exists between BZ1 and BZ6 128

BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed 137

BZ2BZ3V A connection exists between BZ2 and BZ3 129

BZ2BZ4R A connection exists between BZ2 and BZ4 and a coupler is removed 137

BZ2BZ4V A connection exists between BZ2 and BZ4 129

BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed 137

BZ2BZ5V A connection exists between BZ2 and BZ5 129

BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed 137

BZ2BZ6V A connection exists between BZ2 and BZ6 129

BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed 138

BZ3BZ4V A connection exists between BZ3 and BZ4 130

BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed 138

BZ3BZ5V A connection exists between BZ3 and BZ5 130

BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed 138

BZ3BZ6V A connection exists between BZ3 and BZ6 130

BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed 139
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BZ4BZ5V A connection exists between BZ4 and BZ5 131

BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed 139

BZ4BZ6V A connection exists between BZ4 and BZ6 131

BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed 140

BZ5BZ6V A connection exists between BZ5 and BZ6 132

CB52A1 Coupler 1 status SELOGIC control equation 176

CB52A2 Coupler 2 status SELOGIC control equation 177

CB52A3 Coupler 3 status SELOGIC control equation 178

CB52A4 Coupler 4 status SELOGIC control equation 179

CB52T1 Coupler 1 status timed out 176

CB52T2 Coupler 2 status timed out 177

CB52T3 Coupler 3 status timed out 178

CB52T4 Coupler 4 status timed out 179

CBADA Channel A MIRRORED BITS unavailability 404

CBADB Channel B MIRRORED BITS unavailability 405

CBCLS1 Coupler 1 close command SELOGIC control equation 176

CBCLS2 Coupler 2 close command SELOGIC control equation 177

CBCLS3 Coupler 3 close command SELOGIC control equation 178

CBCLS4 Coupler 4 close command SELOGIC control equation 179

CBCLST1 Coupler 1 close command timed out 176

CBCLST2 Coupler 2 close command timed out 177

CBCLST3 Coupler 3 close command timed out 178

CBCLST4 Coupler 4 close command timed out 179

CHSG Asserted during settings group change 255

CON1 Zone 1 in high-security mode 159

CON2 Zone 2 in high-security mode 161

CON3 Zone 3 in high-security mode 163

CON4 Zone 4 in high-security mode 165

CON5 Zone 5 in high-security mode 167

CON6 Zone 6 in high-security mode 169

CONCZ1 Check Zone 1 in high-security mode 450

CONCZ2 Check Zone 2 in high-security mode 452

CONCZ3 Check Zone 3 in high-security mode 454

CSL1 Coupler 1 security logic picked up 176

CSL2 Coupler 2 security logic picked up 177

CSL3 Coupler 3 security logic picked up 178

CSL4 Coupler 4 security logic picked up 179

CZ11R Include Bus Coupler 1 in Check Zone 1 407

CZ12R Include Bus Coupler 2 in Check Zone 1 407

CZ13R Include Bus Coupler 3 in Check Zone 1 407

CZ14R Include Bus Coupler 4 in Check Zone 1 407
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CZ1S Check Zone 1 supervision asserted 446

CZ21R Include Bus Coupler 1 in Check Zone 2 407

CZ22R Include Bus Coupler 2 in Check Zone 2 407

CZ23R Include Bus Coupler 3 in Check Zone 2 407

CZ24R Include Bus Coupler 4 in Check Zone 2 407

CZ2S Check Zone 2 supervision asserted 446

CZ31R Include Bus Coupler 1 in Check Zone 3 443

CZ32R Include Bus Coupler 2 in Check Zone 3 443

CZ33R Include Bus Coupler 3 in Check Zone 3 443

CZ34R Include Bus Coupler 4 in Check Zone 3 443

CZ3S Check Zone 3 supervision asserted 446

CZONE1 Check Zone 1 is active 445

CZONE2 Check Zone 2 is active 445

CZONE3 Check Zone 3 is active 445

DC1F DC monitor fail alarm 227

DC1G DC monitor ground fault alarm 227

DC1R DC monitor alarm for ac ripple 227

DC1W DC monitor warning alarm 227

DE1F Zone 1 forward directional element picked up 172

DE2F Zone 2 forward directional element picked up 172

DE3F Zone 3 forward directional element picked up 172

DE4F Zone 4 forward directional element picked up 172

DE5F Zone 5 forward directional element picked up 172

DE6F Zone 6 forward directional element picked up 172

DECZ1F Check Zone 1 forward directional element picked up 456

DECZ2F Check Zone 2 forward directional element picked up 456

DECZ3F Check Zone 3 forward directional element picked up 456

DOKA Channel A MIRRORED BITS communications normal status 404

DOKB Channel B MIRRORED BITS communications normal status 405

DOP1 Zone 1 incremental operating current picked up 159

DOP2 Zone 2 incremental operating current picked up 161

DOP3 Zone 3 incremental operating current picked up 163

DOP4 Zone 4 incremental operating current picked up 165

DOP5 Zone 5 incremental operating current picked up 167

DOP6 Zone 6 incremental operating current picked up 169

DOPCZ1 Check Zone 1 incremental operating current picked up 450

DOPCZ2 Check Zone 2 incremental operating current picked up 452

DOPCZ3 Check Zone 3 incremental operating current picked up 454

DRT1 Zone 1 incremental restraint current picked up 159

DRT2 Zone 2 incremental restraint current picked up 161

DRT3 Zone 3 incremental restraint current picked up 163
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DRT4 Zone 4 incremental restraint current picked up 165

DRT5 Zone 5 incremental restraint current picked up 167

DRT6 Zone 6 incremental restraint current picked up 169

DRTCZ1 Check Zone 1 incremental restraint current picked up 450

DRTCZ2 Check Zone 2 incremental restraint current picked up 452

DRTCZ3 Check Zone 3 incremental restraint current picked up 454

DST Daylight-saving time 470

DSTP IRIG-B daylight-saving time pending 470

DUMMY 0 471

E2AC Enable Levels 1–2 access (SELOGIC control equation) 377

EACC Enable Level 1 access (SELOGIC control equation) 377

EN Relay enabled 0

ER Event report trigger equation (SELOGIC control equation) 241

EVELOCK Event summary lock period 241

EXT1 Zone 1 external fault declaration 159

EXT2 Zone 2 external fault declaration 161

EXT3 Zone 3 external fault declaration 163

EXT4 Zone 4 external fault declaration 165

EXT5 Zone 5 external fault declaration 167

EXT6 Zone 6 external fault declaration 169

EXTCZ1 Check Zone 1 external fault declaration 450

EXTCZ2 Check Zone 2 external fault declaration 452

EXTCZ3 Check Zone 3 external fault declaration 454

FAULT Busbar fault in any zone 171

FAULT1 Zone 1 fault detector picked up 159

FAULT2 Zone 2 fault detector picked up 161

FAULT3 Zone 3 fault detector picked up 163

FAULT4 Zone 4 fault detector picked up 165

FAULT5 Zone 5 fault detector picked up 167

FAULT6 Zone 6 fault detector picked up 169

FBF01 Circuit Breaker 1 failure 183

FBF02 Circuit Breaker 2 failure 184

FBF03 Circuit Breaker 3 failure 185

FBF04 Circuit Breaker 4 failure 186

FBF05 Circuit Breaker 5 failure 187

FBF06 Circuit Breaker 6 failure 188

FBF07 Circuit Breaker 7 failure 189

FBF08 Circuit Breaker 8 failure 190

FBF09 Circuit Breaker 9 failure 191

FBF10 Circuit Breaker 10 failure 192

FBF11 Circuit Breaker 11 failure 193
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FBF12 Circuit Breaker 12 failure 194

FBF13 Circuit Breaker 13 failure 195

FBF14 Circuit Breaker 14 failure 196

FBF15 Circuit Breaker 15 failure 197

FBF16 Circuit Breaker 16 failure 198

FBF17 Circuit Breaker 17 failure 199

FBF18 Circuit Breaker 18 failure 200

FBF19 Circuit Breaker 19 failure 201

FBF20 Circuit Breaker 20 failure 202

FBF21 Circuit Breaker 21 failure 203

FDIF1 Zone 1 filtered restrained differential element picked up 160

FDIF2 Zone 2 filtered restrained differential element picked up 162

FDIF3 Zone 3 filtered restrained differential element picked up 164

FDIF4 Zone 4 filtered restrained differential element picked up 166

FDIF5 Zone 5 filtered restrained differential element picked up 168

FDIF6 Zone 6 filtered restrained differential element picked up 170

FDIFCZ1 Check Zone 1 filtered restrained differential element picked up 451

FDIFCZ2 Check Zone 2 filtered restrained differential element picked up 453

FDIFCZ3 Check Zone 3 filtered restrained differential element picked up 455

FLTCZ1 Check Zone 1 fault detector picked up 450

FLTCZ2 Check Zone 2 fault detector picked up 452

FLTCZ3 Check Zone 3 fault detector picked up 454

FSERP1 Fast SER enabled for Serial Port 1 444

FSERP2 Fast SER enabled for Serial Port 2 444

FSERP3 Fast SER enabled for Serial Port 3 444

FSERP5 Fast SER enabled for Serial Port 5 444

FSERPF Fast SER enabled for Serial Port F 444

GFAULT1 Zone 1 fast fault detection 160

GFAULT2 Zone 2 fast fault detection 162

GFAULT3 Zone 3 fast fault detection 164

GFAULT4 Zone 4 fast fault detection 166

GFAULT5 Zone 5 fast fault detection 168

GFAULT6 Zone 6 fast fault detection 170

GFLTCZ1 Check Zone 1 fast fault detection 451

GFLTCZ2 Check Zone 2 fast fault detection 453

GFLTCZ3 Check Zone 3 fast fault detection 455

GRPSW Pulsed when settings group changes 376

HALARM Relay diagnostic failure or warning 376

HALARMA Relay warning periodic alarm 376

HALARML Latching relay failure alarm 376

HALARMP Relay warning alarm pulse 376
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I01BZ1V Terminal I01 connected to BZ1 56

I01BZ2V Terminal I01 connected to BZ2 60

I01BZ3V Terminal I01 connected to BZ3 64

I01BZ4V Terminal I01 connected to BZ4 68

I01BZ5V Terminal I01 connected to BZ5 72

I01BZ6V Terminal I01 connected to BZ6 76

I02BZ1V Terminal I02 connected to BZ1 56

I02BZ2V Terminal I02 connected to BZ2 60

I02BZ3V Terminal I02 connected to BZ3 64

I02BZ4V Terminal I02 connected to BZ4 68

I02BZ5V Terminal I02 connected to BZ5 72

I02BZ6V Terminal I02 connected to BZ6 76

I03BZ1V Terminal I03 connected to BZ1 56

I03BZ2V Terminal I03 connected to BZ2 60

I03BZ3V Terminal I03 connected to BZ3 64

I03BZ4V Terminal I03 connected to BZ4 68

I03BZ5V Terminal I03 connected to BZ5 72

I03BZ6V Terminal I03 connected to BZ6 76

I04BZ1V Terminal I04 connected to BZ1 56

I04BZ2V Terminal I04 connected to BZ2 60

I04BZ3V Terminal I04 connected to BZ3 64

I04BZ4V Terminal I04 connected to BZ4 68

I04BZ5V Terminal I04 connected to BZ5 72

I04BZ6V Terminal I04 connected to BZ6 76

I05BZ1V Terminal I05 connected to BZ1 56

I05BZ2V Terminal I05 connected to BZ2 60

I05BZ3V Terminal I05 connected to BZ3 64

I05BZ4V Terminal I05 connected to BZ4 68

I05BZ5V Terminal I05 connected to BZ5 72

I05BZ6V Terminal I05 connected to BZ6 76

I06BZ1V Terminal I06 connected to BZ1 56

I06BZ2V Terminal I06 connected to BZ2 60

I06BZ3V Terminal I06 connected to BZ3 64

I06BZ4V Terminal I06 connected to BZ4 68

I06BZ5V Terminal I06 connected to BZ5 72

I06BZ6V Terminal I06 connected to BZ6 76

I07BZ1V Terminal I07 connected to BZ1 56

I07BZ2V Terminal I07 connected to BZ2 60

I07BZ3V Terminal I07 connected to BZ3 64

I07BZ4V Terminal I07 connected to BZ4 68

I07BZ5V Terminal I07 connected to BZ5 72
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I07BZ6V Terminal I07 connected to BZ6 76

I08BZ1V Terminal I08 connected to BZ1 56

I08BZ2V Terminal I08 connected to BZ2 60

I08BZ3V Terminal I08 connected to BZ3 64

I08BZ4V Terminal I08 connected to BZ4 68

I08BZ5V Terminal I08 connected to BZ5 72

I08BZ6V Terminal I08 connected to BZ6 76

I09BZ1V Terminal I09 connected to BZ1 57

I09BZ2V Terminal I09 connected to BZ2 61

I09BZ3V Terminal I09 connected to BZ3 65

I09BZ4V Terminal I09 connected to BZ4 69

I09BZ5V Terminal I09 connected to BZ5 73

I09BZ6V Terminal I09 connected to BZ6 77

I10BZ1V Terminal I10 connected to BZ1 57

I10BZ2V Terminal I10 connected to BZ2 61

I10BZ3V Terminal I10 connected to BZ3 65

I10BZ4V Terminal I10 connected to BZ4 69

I10BZ5V Terminal I10 connected to BZ5 73

I10BZ6V Terminal I10 connected to BZ6 77

I11BZ1V Terminal I11 connected to BZ1 57

I11BZ2V Terminal I11 connected to BZ2 61

I11BZ3V Terminal I11 connected to BZ3 65

I11BZ4V Terminal I11 connected to BZ4 69

I11BZ5V Terminal I11 connected to BZ5 73

I11BZ6V Terminal I11 connected to BZ6 77

I12BZ1V Terminal I12 connected to BZ1 57

I12BZ2V Terminal I12 connected to BZ2 61

I12BZ3V Terminal I12 connected to BZ3 65

I12BZ4V Terminal I12 connected to BZ4 69

I12BZ5V Terminal I12 connected to BZ5 73

I12BZ6V Terminal I12 connected to BZ6 77

I13BZ1V Terminal I13 connected to BZ1 57

I13BZ2V Terminal I13 connected to BZ2 61

I13BZ3V Terminal I13 connected to BZ3 65

I13BZ4V Terminal I13 connected to BZ4 69

I13BZ5V Terminal I13 connected to BZ5 73

I13BZ6V Terminal I13 connected to BZ6 77

I14BZ1V Terminal I14 connected to BZ1 57

I14BZ2V Terminal I14 connected to BZ2 61

I14BZ3V Terminal I14 connected to BZ3 65

I14BZ4V Terminal I14 connected to BZ4 69
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I14BZ5V Terminal I14 connected to BZ5 73

I14BZ6V Terminal I14 connected to BZ6 77

I15BZ1V Terminal I15 connected to BZ1 57

I15BZ2V Terminal I15 connected to BZ2 61

I15BZ3V Terminal I15 connected to BZ3 65

I15BZ4V Terminal I15 connected to BZ4 69

I15BZ5V Terminal I15 connected to BZ5 73

I15BZ6V Terminal I15 connected to BZ6 77

I16BZ1V Terminal I16 connected to BZ1 57

I16BZ2V Terminal I16 connected to BZ2 61

I16BZ3V Terminal I16 connected to BZ3 65

I16BZ4V Terminal I16 connected to BZ4 69

I16BZ5V Terminal I16 connected to BZ5 73

I16BZ6V Terminal I16 connected to BZ6 77

I17BZ1V Terminal I17 connected to BZ1 58

I17BZ2V Terminal I17 connected to BZ2 62

I17BZ3V Terminal I17 connected to BZ3 66

I17BZ4V Terminal I17 connected to BZ4 70

I17BZ5V Terminal I17 connected to BZ5 74

I17BZ6V Terminal I17 connected to BZ6 78

I18BZ1V Terminal I18 connected to BZ1 58

I18BZ2V Terminal I18 connected to BZ2 62

I18BZ3V Terminal I18 connected to BZ3 66

I18BZ4V Terminal I18 connected to BZ4 70

I18BZ5V Terminal I18 connected to BZ5 74

I18BZ6V Terminal I18 connected to BZ6 78

I19BZ1V Terminal I19 connected to BZ1 58

I19BZ2V Terminal I19 connected to BZ2 62

I19BZ3V Terminal I19 connected to BZ3 66

I19BZ4V Terminal I19 connected to BZ4 70

I19BZ5V Terminal I19 connected to BZ5 74

I19BZ6V Terminal I19 connected to BZ6 78

I20BZ1V Terminal I20 connected to BZ1 58

I20BZ2V Terminal I20 connected to BZ2 62

I20BZ3V Terminal I20 connected to BZ3 66

I20BZ4V Terminal I20 connected to BZ4 70

I20BZ5V Terminal I20 connected to BZ5 74

I20BZ6V Terminal I20 connected to BZ6 78

I21BZ1V Terminal I21 connected to BZ1 58

I21BZ2V Terminal I21 connected to BZ2 62

I21BZ3V Terminal I21 connected to BZ3 66
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I21BZ4V Terminal I21 connected to BZ4 70

I21BZ5V Terminal I21 connected to BZ5 74

I21BZ6V Terminal I21 connected to BZ6 78

IFAULT1 Zone 1 fault detection 160

IFAULT2 Zone 2 fault detection 162

IFAULT3 Zone 3 fault detection 164

IFAULT4 Zone 4 fault detection 166

IFAULT5 Zone 5 fault detection 168

IFAULT6 Zone 6 fault detection 170

IFLTCZ1 Check Zone 1 fault detection 451

IFLTCZ2 Check Zone 2 fault detection 453

IFLTCZ3 Check Zone 3 fault detection 455

IN101 Main board Input 01 272

IN102 Main board Input 02 272

IN103 Main board Input 03 272

IN104 Main board Input 04 272

IN105 Main board Input 05 272

IN106 Main board Input 06 272

IN107 Main board Input 07 272

IN201 Optional I/O Board 1 Input 01 276

IN202 Optional I/O Board 1 Input 02 276

IN203 Optional I/O Board 1 Input 03 276

IN204 Optional I/O Board 1 Input 04 276

IN205 Optional I/O Board 1 Input 05 276

IN206 Optional I/O Board 1 Input 06 276

IN207 Optional I/O Board 1 Input 07 276

IN208 Optional I/O Board 1 Input 08 276

IN209 Optional I/O Board 1 Input 09 277

IN210 Optional I/O Board 1 Input 10 277

IN211 Optional I/O Board 1 Input 11 277

IN212 Optional I/O Board 1 Input 12 277

IN213 Optional I/O Board 1 Input 13 277

IN214 Optional I/O Board 1 Input 14 277

IN215 Optional I/O Board 1 Input 15 277

IN216 Optional I/O Board 1 Input 16 277

IN217 Optional I/O Board 1 Input 17 278

IN218 Optional I/O Board 1 Input 18 278

IN219 Optional I/O Board 1 Input 19 278

IN220 Optional I/O Board 1 Input 20 278

IN221 Optional I/O Board 1 Input 21 278

IN222 Optional I/O Board 1 Input 22 278
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IN223 Optional I/O Board 1 Input 23 278

IN224 Optional I/O Board 1 Input 24 278

IN301 Optional I/O Board 2 Input 01 280

IN302 Optional I/O Board 2 Input 02 280

IN303 Optional I/O Board 2 Input 03 280

IN304 Optional I/O Board 2 Input 04 280

IN305 Optional I/O Board 2 Input 05 280

IN306 Optional I/O Board 2 Input 06 280

IN307 Optional I/O Board 2 Input 07 280

IN308 Optional I/O Board 2 Input 08 280

IN309 Optional I/O Board 2 Input 09 281

IN310 Optional I/O Board 2 Input 10 281

IN311 Optional I/O Board 2 Input 11 281

IN312 Optional I/O Board 2 Input 12 281

IN313 Optional I/O Board 2 Input 13 281

IN314 Optional I/O Board 2 Input 14 281

IN315 Optional I/O Board 2 Input 15 281

IN316 Optional I/O Board 2 Input 16 281

IN317 Optional I/O Board 2 Input 17 282

IN318 Optional I/O Board 2 Input 18 282

IN319 Optional I/O Board 2 Input 19 282

IN320 Optional I/O Board 2 Input 20 282

IN321 Optional I/O Board 2 Input 21 282

IN322 Optional I/O Board 2 Input 22 282

IN323 Optional I/O Board 2 Input 23 282

IN324 Optional I/O Board 2 Input 24 282

IN401 Optional I/O Board 3 Input 01 284

IN402 Optional I/O Board 3 Input 02 284

IN403 Optional I/O Board 3 Input 03 284

IN404 Optional I/O Board 3 Input 04 284

IN405 Optional I/O Board 3 Input 05 284

IN406 Optional I/O Board 3 Input 06 284

IN407 Optional I/O Board 3 Input 07 284

IN408 Optional I/O Board 3 Input 08 284

IN409 Optional I/O Board 3 Input 09 285

IN410 Optional I/O Board 3 Input 10 285

IN411 Optional I/O Board 3 Input 11 285

IN412 Optional I/O Board 3 Input 12 285

IN413 Optional I/O Board 3 Input 13 285

IN414 Optional I/O Board 3 Input 14 285

IN415 Optional I/O Board 3 Input 15 285
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IN416 Optional I/O Board 3 Input 16 285

IN417 Optional I/O Board 3 Input 17 286

IN418 Optional I/O Board 3 Input 18 286

IN419 Optional I/O Board 3 Input 19 286

IN420 Optional I/O Board 3 Input 20 286

IN421 Optional I/O Board 3 Input 21 286

IN422 Optional I/O Board 3 Input 22 286

IN423 Optional I/O Board 3 Input 23 286

IN424 Optional I/O Board 3 Input 24 286

IN501 Optional I/O Board 4 Input 01 288

IN502 Optional I/O Board 4 Input 02 288

IN503 Optional I/O Board 4 Input 03 288

IN504 Optional I/O Board 4 Input 04 288

IN505 Optional I/O Board 4 Input 05 288

IN506 Optional I/O Board 4 Input 06 288

IN507 Optional I/O Board 4 Input 07 288

IN508 Optional I/O Board 4 Input 08 288

IN509 Optional I/O Board 4 Input 09 289

IN510 Optional I/O Board 4 Input 10 289

IN511 Optional I/O Board 4 Input 11 289

IN512 Optional I/O Board 4 Input 12 289

IN513 Optional I/O Board 4 Input 13 289

IN514 Optional I/O Board 4 Input 14 289

IN515 Optional I/O Board 4 Input 15 289

IN516 Optional I/O Board 4 Input 16 289

IN517 Optional I/O Board 4 Input 17 290

IN518 Optional I/O Board 4 Input 18 290

IN519 Optional I/O Board 4 Input 19 290

IN520 Optional I/O Board 4 Input 20 290

IN521 Optional I/O Board 4 Input 21 290

IN522 Optional I/O Board 4 Input 22 290

IN523 Optional I/O Board 4 Input 23 290

IN524 Optional I/O Board 4 Input 24 290

IO300OK Communications status of Interface Board 300 when installed or commissioned 475

IO400OK Communications status of Interface Board 400 when installed or commissioned 475

IO500OK Communications status of Interface Board 400 when installed or commissioned 475

LB_DP01 Local Bit 01 status display (SELOGIC control equation) 461

LB_DP02 Local Bit 02 status display (SELOGIC control equation) 461

LB_DP03 Local Bit 03 status display (SELOGIC control equation) 461

LB_DP04 Local Bit 04 status display (SELOGIC control equation) 461

LB_DP05 Local Bit 05 status display (SELOGIC control equation) 461
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LB_DP06 Local Bit 06 status display (SELOGIC control equation) 461

LB_DP07 Local Bit 07 status display (SELOGIC control equation) 461

LB_DP08 Local Bit 08 status display (SELOGIC control equation) 461

LB_DP09 Local Bit 09 status display (SELOGIC control equation) 462

LB_DP10 Local Bit 10 status display (SELOGIC control equation) 462

LB_DP11 Local Bit 11 status display (SELOGIC control equation) 462

LB_DP12 Local Bit 12 status display (SELOGIC control equation) 462

LB_DP13 Local Bit 13 status display (SELOGIC control equation) 462

LB_DP14 Local Bit 14 status display (SELOGIC control equation) 462

LB_DP15 Local Bit 15 status display (SELOGIC control equation) 462

LB_DP16 Local Bit 16 status display (SELOGIC control equation) 462

LB_DP17 Local Bit 17 status display (SELOGIC control equation) 463

LB_DP18 Local Bit 18 status display (SELOGIC control equation) 463

LB_DP19 Local Bit 19 status display (SELOGIC control equation) 463

LB_DP20 Local Bit 20 status display (SELOGIC control equation) 463

LB_DP21 Local Bit 21 status display (SELOGIC control equation) 463

LB_DP22 Local Bit 22 status display (SELOGIC control equation) 463

LB_DP23 Local Bit 23 status display (SELOGIC control equation) 463

LB_DP24 Local Bit 24 status display (SELOGIC control equation) 463

LB_DP25 Local Bit 25 status display (SELOGIC control equation) 464

LB_DP26 Local Bit 26 status display (SELOGIC control equation) 464

LB_DP27 Local Bit 27 status display (SELOGIC control equation) 464

LB_DP28 Local Bit 28 status display (SELOGIC control equation) 464

LB_DP29 Local Bit 29 status display (SELOGIC control equation) 464

LB_DP30 Local Bit 30 status display (SELOGIC control equation) 464

LB_DP31 Local Bit 31 status display (SELOGIC control equation) 464

LB_DP32 Local Bit 32 status display (SELOGIC control equation) 464

LB_DP33 Local Bit 33 status display (SELOGIC control equation) 496

LB_DP34 Local Bit 34 status display (SELOGIC control equation) 496

LB_DP35 Local Bit 35 status display (SELOGIC control equation) 496

LB_DP36 Local Bit 36 status display (SELOGIC control equation) 496

LB_DP37 Local Bit 37 status display (SELOGIC control equation) 496

LB_DP38 Local Bit 38 status display (SELOGIC control equation) 496

LB_DP39 Local Bit 39 status display (SELOGIC control equation) 496

LB_DP40 Local Bit 40 status display (SELOGIC control equation) 496

LB_DP41 Local Bit 41 status display (SELOGIC control equation) 497

LB_DP42 Local Bit 42 status display (SELOGIC control equation) 497

LB_DP43 Local Bit 43 status display (SELOGIC control equation) 497

LB_DP44 Local Bit 44 status display (SELOGIC control equation) 497

LB_DP45 Local Bit 45 status display (SELOGIC control equation) 497

LB_DP46 Local Bit 46 status display (SELOGIC control equation) 497
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LB_DP47 Local Bit 47 status display (SELOGIC control equation) 497

LB_DP48 Local Bit 48 status display (SELOGIC control equation) 497

LB_DP49 Local Bit 49 status display (SELOGIC control equation) 498

LB_DP50 Local Bit 50 status display (SELOGIC control equation) 498

LB_DP51 Local Bit 51 status display (SELOGIC control equation) 498

LB_DP52 Local Bit 52 status display (SELOGIC control equation) 498

LB_DP53 Local Bit 53 status display (SELOGIC control equation) 498

LB_DP54 Local Bit 54 status display (SELOGIC control equation) 498

LB_DP55 Local Bit 55 status display (SELOGIC control equation) 498

LB_DP56 Local Bit 56 status display (SELOGIC control equation) 498

LB_DP57 Local Bit 57 status display (SELOGIC control equation) 498

LB_DP58 Local Bit 58 status display (SELOGIC control equation) 499

LB_DP59 Local Bit 59 status display (SELOGIC control equation) 499

LB_DP60 Local Bit 60 status display (SELOGIC control equation) 499

LB_DP61 Local Bit 61 status display (SELOGIC control equation) 499

LB_DP62 Local Bit 62 status display (SELOGIC control equation) 499

LB_DP63 Local Bit 63 status display (SELOGIC control equation) 499

LB_DP64 Local Bit 64 status display (SELOGIC control equation) 499

LB_SP01 Local Bit 01 supervision (SELOGIC control equation) 457

LB_SP02 Local Bit 02 supervision (SELOGIC control equation) 457

LB_SP03 Local Bit 03 supervision (SELOGIC control equation) 457

LB_SP04 Local Bit 04 supervision (SELOGIC control equation) 457

LB_SP05 Local Bit 05 supervision (SELOGIC control equation) 457

LB_SP06 Local Bit 06 supervision (SELOGIC control equation) 457

LB_SP07 Local Bit 07 supervision (SELOGIC control equation) 457

LB_SP08 Local Bit 08 supervision (SELOGIC control equation) 457

LB_SP09 Local Bit 09 supervision (SELOGIC control equation) 458

LB_SP10 Local Bit 10 supervision (SELOGIC control equation) 458

LB_SP11 Local Bit 11 supervision (SELOGIC control equation) 458

LB_SP12 Local Bit 12 supervision (SELOGIC control equation) 458

LB_SP13 Local Bit 13 supervision (SELOGIC control equation) 458

LB_SP14 Local Bit 14 supervision (SELOGIC control equation) 458

LB_SP15 Local Bit 15 supervision (SELOGIC control equation) 458

LB_SP16 Local Bit 16 supervision (SELOGIC control equation) 458

LB_SP17 Local Bit 17 supervision (SELOGIC control equation) 459

LB_SP18 Local Bit 18 supervision (SELOGIC control equation) 459

LB_SP19 Local Bit 19 supervision (SELOGIC control equation) 459

LB_SP20 Local Bit 20 supervision (SELOGIC control equation) 459

LB_SP21 Local Bit 21 supervision (SELOGIC control equation) 459

LB_SP22 Local Bit 22 supervision (SELOGIC control equation) 459

LB_SP23 Local Bit 23 supervision (SELOGIC control equation) 459
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LB_SP24 Local Bit 24 supervision (SELOGIC control equation) 459

LB_SP25 Local Bit 25 supervision (SELOGIC control equation) 460

LB_SP26 Local Bit 26 supervision (SELOGIC control equation) 460

LB_SP27 Local Bit 27 supervision (SELOGIC control equation) 460

LB_SP28 Local Bit 28 supervision (SELOGIC control equation) 460

LB_SP29 Local Bit 29 supervision (SELOGIC control equation) 460

LB_SP30 Local Bit 30 supervision (SELOGIC control equation) 460

LB_SP31 Local Bit 31 supervision (SELOGIC control equation) 460

LB_SP32 Local Bit 32 supervision (SELOGIC control equation) 460

LB_SP33 Local Bit 33 supervision (SELOGIC control equation) 492

LB_SP34 Local Bit 34 supervision (SELOGIC control equation) 492

LB_SP35 Local Bit 35 supervision (SELOGIC control equation) 492

LB_SP36 Local Bit 36 supervision (SELOGIC control equation) 492

LB_SP37 Local Bit 37 supervision (SELOGIC control equation) 492

LB_SP38 Local Bit 38 supervision (SELOGIC control equation) 492

LB_SP39 Local Bit 39 supervision (SELOGIC control equation) 492

LB_SP40 Local Bit 40 supervision (SELOGIC control equation) 492

LB_SP41 Local Bit 41 supervision (SELOGIC control equation) 493

LB_SP42 Local Bit 42 supervision (SELOGIC control equation) 493

LB_SP43 Local Bit 43 supervision (SELOGIC control equation) 493

LB_SP44 Local Bit 44 supervision (SELOGIC control equation) 493

LB_SP45 Local Bit 45 supervision (SELOGIC control equation) 493

LB_SP46 Local Bit 46 supervision (SELOGIC control equation) 493

LB_SP47 Local Bit 47 supervision (SELOGIC control equation) 493

LB_SP48 Local Bit 48 supervision (SELOGIC control equation) 493

LB_SP49 Local Bit 49 supervision (SELOGIC control equation) 494

LB_SP50 Local Bit 50 supervision (SELOGIC control equation) 494

LB_SP51 Local Bit 51 supervision (SELOGIC control equation) 494

LB_SP52 Local Bit 52 supervision (SELOGIC control equation) 494

LB_SP53 Local Bit 53 supervision (SELOGIC control equation) 494

LB_SP54 Local Bit 54 supervision (SELOGIC control equation) 494

LB_SP55 Local Bit 55 supervision (SELOGIC control equation) 494

LB_SP56 Local Bit 56 supervision (SELOGIC control equation) 494

LB_SP57 Local Bit 57 supervision (SELOGIC control equation) 495

LB_SP58 Local Bit 58 supervision (SELOGIC control equation) 495

LB_SP59 Local Bit 59 supervision (SELOGIC control equation) 495

LB_SP60 Local Bit 60 supervision (SELOGIC control equation) 495

LB_SP61 Local Bit 61 supervision (SELOGIC control equation) 495

LB_SP62 Local Bit 62 supervision (SELOGIC control equation) 495

LB_SP63 Local Bit 63 supervision (SELOGIC control equation) 495

LB_SP64 Local Bit 64 supervision (SELOGIC control equation) 495
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LB01 Local Bit 01 256

LB02 Local Bit 02 256

LB03 Local Bit 03 256

LB04 Local Bit 04 256

LB05 Local Bit 05 256

LB06 Local Bit 06 256

LB07 Local Bit 07 256

LB08 Local Bit 08 256

LB09 Local Bit 09 257

LB10 Local Bit 10 257

LB11 Local Bit 11 257

LB12 Local Bit 12 257

LB13 Local Bit 13 257

LB14 Local Bit 14 257

LB15 Local Bit 15 257

LB16 Local Bit 16 257

LB17 Local Bit 17 258

LB18 Local Bit 18 258

LB19 Local Bit 19 258

LB20 Local Bit 20 258

LB21 Local Bit 21 258

LB22 Local Bit 22 258

LB23 Local Bit 23 258

LB24 Local Bit 24 258

LB25 Local Bit 25 259

LB26 Local Bit 26 259

LB27 Local Bit 27 259

LB28 Local Bit 28 259

LB29 Local Bit 29 259

LB30 Local Bit 30 259

LB31 Local Bit 31 259

LB32 Local Bit 32 259

LB33 Local Bit 33 488

LB34 Local Bit 34 488

LB35 Local Bit 35 488

LB36 Local Bit 36 488

LB37 Local Bit 37 488

LB38 Local Bit 38 488

LB39 Local Bit 39 488

LB40 Local Bit 40 488

LB41 Local Bit 41 489

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 45 of 79)

Name Bit Description Row



11.46

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

LB42 Local Bit 42 489

LB43 Local Bit 43 489

LB44 Local Bit 44 489

LB45 Local Bit 45 489

LB46 Local Bit 46 489

LB47 Local Bit 47 489

LB48 Local Bit 48 489

LB49 Local Bit 49 490

LB50 Local Bit 50 490

LB51 Local Bit 51 490

LB52 Local Bit 52 490

LB53 Local Bit 53 490

LB54 Local Bit 54 490

LB55 Local Bit 55 490

LB56 Local Bit 56 490

LB57 Local Bit 57 491

LB58 Local Bit 58 491

LB59 Local Bit 59 491

LB60 Local Bit 60 491

LB61 Local Bit 61 491

LB62 Local Bit 62 491

LB63 Local Bit 63 491

LB64 Local Bit 64 491

LBOKA Channel A MIRRORED BITS normal status (loopback) 404

LBOKB Channel B MIRRORED BITS normal status (loopback mode) 405

LINK5A Link status of Port 5A connection 441

LINK5B Link status of Port 5B connection 441

LINK5C Link status of Port 5C connection 441

LINK5D Link status of Port 5D connection 441

LNKFAIL Link status of the active port 441

LOC Control authority at local (bay) level 480

LOCSTA Control authority at station level 480

LPHDSIM 61850 Logical Node for Physical Device Simulation 406

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, the 
upcoming leap second is deleted; otherwise, the leap second is added.

470

LPSECP Leap second pending 470

MATHERR SELOGIC control equation math error 374

MLTLEV Multi-level control authority 480

OC01 Circuit Breaker 01 open command 249

OC02 Circuit Breaker 02 open command 249

OC03 Circuit Breaker 03 open command 249

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 46 of 79)

Name Bit Description Row



11.47

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

OC04 Circuit Breaker 04 open command 249

OC05 Circuit Breaker 05 open command 249

OC06 Circuit Breaker 06 open command 249

OC07 Circuit Breaker 07 open command 249

OC08 Circuit Breaker 08 open command 249

OC09 Circuit Breaker 09 open command 250

OC10 Circuit Breaker 10 open command 250

OC11 Circuit Breaker 11 open command 250

OC12 Circuit Breaker 12 open command 250

OC13 Circuit Breaker 13 open command 250

OC14 Circuit Breaker 14 open command 250

OC15 Circuit Breaker 15 open command 250

OC16 Circuit Breaker 16 open command 250

OC17 Circuit Breaker 17 open command 251

OC18 Circuit Breaker 18 open command 251

OC19 Circuit Breaker 19 open command 251

OC20 Circuit Breaker 20 open command 251

OC21 Circuit Breaker 21 open command 251

OCTZ1 Zone 1 open CT detection 155

OCTZ2 Zone 2 open CT detection 155

OCTZ3 Zone 3 open CT detection 155

OCTZ4 Zone 4 open CT detection 155

OCTZ5 Zone 5 open CT detection 155

OCTZ6 Zone 6 open CT detection 155

OPH01 Terminal 01 open phase detected 4

OPH02 Terminal 02 open phase detected 4

OPH03 Terminal 03 open phase detected 4

OPH04 Terminal 04 open phase detected 4

OPH05 Terminal 05 open phase detected 4

OPH06 Terminal 06 open phase detected 4

OPH07 Terminal 07 open phase detected 4

OPH08 Terminal 08 open phase detected 4

OPH09 Terminal 09 open phase detected 5

OPH10 Terminal 10 open phase detected 5

OPH11 Terminal 11 open phase detected 5

OPH12 Terminal 12 open phase detected 5

OPH13 Terminal 13 open phase detected 5

OPH14 Terminal 14 open phase detected 5

OPH15 Terminal 15 open phase detected 5

OPH16 Terminal 16 open phase detected 5

OPH17 Terminal 17 open phase detected 6
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OPH18 Terminal 18 open phase detected 6

OPH19 Terminal 19 open phase detected 6

OPH20 Terminal 20 open phase detected 6

OPH21 Terminal 21 open phase detected 6

OUT101 Main board Output 1 384

OUT102 Main board Output 2 384

OUT103 Main board Output 3 384

OUT104 Main board Output 4 384

OUT105 Main board Output 5 384

OUT106 Main board Output 6 384

OUT107 Main board Output 7 384

OUT108 Main board Output 8 384

OUT201 Optional I/O Board 1 Output 1 388

OUT202 Optional I/O Board 1 Output 2 388

OUT203 Optional I/O Board 1 Output 3 388

OUT204 Optional I/O Board 1 Output 4 388

OUT205 Optional I/O Board 1 Output 5 388

OUT206 Optional I/O Board 1 Output 6 388

OUT207 Optional I/O Board 1 Output 7 388

OUT208 Optional I/O Board 1 Output 8 388

OUT209 Optional I/O Board 1 Output 9 389

OUT210 Optional I/O Board 1 Output 10 389

OUT211 Optional I/O Board 1 Output 11 389

OUT212 Optional I/O Board 1 Output 12 389

OUT213 Optional I/O Board 1 Output 13 389

OUT214 Optional I/O Board 1 Output 14 389

OUT215 Optional I/O Board 1 Output 15 389

OUT216 Optional I/O Board 1 Output 16 389

OUT301 Optional I/O Board 2 Output 1 390

OUT302 Optional I/O Board 2 Output 2 390

OUT303 Optional I/O Board 2 Output 3 390

OUT304 Optional I/O Board 2 Output 4 390

OUT305 Optional I/O Board 2 Output 5 390

OUT306 Optional I/O Board 2 Output 6 390

OUT307 Optional I/O Board 2 Output 7 390

OUT308 Optional I/O Board 2 Output 8 390

OUT309 Optional I/O Board 2 Output 9 391

OUT310 Optional I/O Board 2 Output 10 391

OUT311 Optional I/O Board 2 Output 11 391

OUT312 Optional I/O Board 2 Output 12 391

OUT313 Optional I/O Board 2 Output 13 391
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OUT314 Optional I/O Board 2 Output 14 391

OUT315 Optional I/O Board 2 Output 15 391

OUT316 Optional I/O Board 2 Output 16 391

OUT401 Optional I/O Board 3 Output 1 392

OUT402 Optional I/O Board 3 Output 2 392

OUT403 Optional I/O Board 3 Output 3 392

OUT404 Optional I/O Board 3 Output 4 392

OUT405 Optional I/O Board 3 Output 5 392

OUT406 Optional I/O Board 3 Output 6 392

OUT407 Optional I/O Board 3 Output 7 392

OUT408 Optional I/O Board 3 Output 8 392

OUT409 Optional I/O Board 3 Output 9 393

OUT410 Optional I/O Board 3 Output 10 393

OUT411 Optional I/O Board 3 Output 11 393

OUT412 Optional I/O Board 3 Output 12 393

OUT413 Optional I/O Board 3 Output 13 393

OUT414 Optional I/O Board 3 Output 14 393

OUT415 Optional I/O Board 3 Output 15 393

OUT416 Optional I/O Board 3 Output 16 393

OUT501 Optional I/O Board 4 Output 1 394

OUT502 Optional I/O Board 4 Output 2 394

OUT503 Optional I/O Board 4 Output 3 394

OUT504 Optional I/O Board 4 Output 4 394

OUT505 Optional I/O Board 4 Output 5 394

OUT506 Optional I/O Board 4 Output 6 394

OUT507 Optional I/O Board 4 Output 7 394

OUT508 Optional I/O Board 4 Output 8 394

OUT509 Optional I/O Board 4 Output 9 395

OUT510 Optional I/O Board 4 Output 10 395

OUT511 Optional I/O Board 4 Output 11 395

OUT512 Optional I/O Board 4 Output 12 395

OUT513 Optional I/O Board 4 Output 13 395

OUT514 Optional I/O Board 4 Output 14 395

OUT515 Optional I/O Board 4 Output 15 395

OUT516 Optional I/O Board 4 Output 16 395

P5ABSW Port 5A or 5B has just become active 473

P5ASEL Port 5A active/inactive 442

P5BSEL Port 5B active/inactive 442

P5CSEL Port 5C active/inactive 442

P5DSEL Port 5D active/inactive 442

P87R1 Zone 1 instantaneous differential element picked up 159
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P87R2 Zone 2 instantaneous differential element picked up 161

P87R3 Zone 3 instantaneous differential element picked up 163

P87R4 Zone 4 instantaneous differential element picked up 165

P87R5 Zone 5 instantaneous differential element picked up 167

P87R6 Zone 6 instantaneous differential element picked up 169

P87RCZ1 Check Zone 1 instantaneous differential element picked up 450

P87RCZ2 Check Zone 2 instantaneous differential element picked up 452

P87RCZ3 Check Zone 3 instantaneous differential element picked up 454

PASSDIS Asserts to indicate password disable jumper is installed 377

PB1 Pushbutton 1 382

PB1_LED Pushbutton 1 LED 398

PB1_PUL Pushbutton 1 pulse input 396

PB10 Pushbutton 10 383

PB10LED Pushbutton 10 LED 399

PB10PUL Pushbutton 10 pulse input 397

PB11 Pushbutton 11 383

PB11LED Pushbutton 11 LED 399

PB11PUL Pushbutton 11 pulse input 397

PB12 Pushbutton 12 383

PB12LED Pushbutton 12 LED 399

PB12PUL Pushbutton 12 pulse input 397

PB2 Pushbutton 2 382

PB2_LED Pushbutton 2 LED 398

PB2_PUL Pushbutton 2 pulse input 396

PB3 Pushbutton 3 382

PB3_LED Pushbutton 3 LED 398

PB3_PUL Pushbutton 3 pulse input 396

PB4 Pushbutton 4 382

PB4_LED Pushbutton 4 LED 398

PB4_PUL Pushbutton 4 pulse input 396

PB5 Pushbutton 5 382

PB5_LED Pushbutton 5 LED 398

PB5_PUL Pushbutton 5 pulse input 396

PB6 Pushbutton 6 382

PB6_LED Pushbutton 6 LED 398

PB6_PUL Pushbutton 6 pulse input 396

PB7 Pushbutton 7 382

PB7_LED Pushbutton 7 LED 398

PB7_PUL Pushbutton 7 pulse input 396

PB8 Pushbutton 8 382

PB8_LED Pushbutton 8 LED 398
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PB8_PUL Pushbutton 8 pulse input 396

PB9 Pushbutton 9 383

PB9_LED Pushbutton 9 LED 399

PB9_PUL Pushbutton 9 pulse input 397

PCN01Q Protection counter Output 01 314

PCN01R Protection counter Reset 01 318

PCN02Q Protection counter Output 02 314

PCN02R Protection counter Reset 02 318

PCN03Q Protection counter Output 03 314

PCN03R Protection counter Reset 03 318

PCN04Q Protection counter Output 04 314

PCN04R Protection counter Reset 04 318

PCN05Q Protection counter Output 05 314

PCN05R Protection counter Reset 05 318

PCN06Q Protection counter Output 06 314

PCN06R Protection counter Reset 06 318

PCN07Q Protection counter Output 07 314

PCN07R Protection counter Reset 07 318

PCN08Q Protection counter Output 08 314

PCN08R Protection counter Reset 08 318

PCN09Q Protection counter Output 09 315

PCN09R Protection counter Reset 09 319

PCN10Q Protection counter Output 10 315

PCN10R Protection counter Reset 10 319

PCN11Q Protection counter Output 11 315

PCN11R Protection counter Reset 11 319

PCN12Q Protection counter Output 12 315

PCN12R Protection counter Reset 12 319

PCN13Q Protection counter Output 13 315

PCN13R Protection counter Reset 13 319

PCN14Q Protection counter Output 14 315

PCN14R Protection counter Reset 14 319

PCN15Q Protection counter Output 15 315

PCN15R Protection counter Reset 15 319

PCN16Q Protection counter Output 16 315

PCN16R Protection counter Reset 16 319

PCN17Q Protection counter Output 17 316

PCN17R Protection counter Reset 17 320

PCN18Q Protection counter Output 18 316

PCN18R Protection counter Reset 18 320

PCN19Q Protection counter Output 19 316
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PCN19R Protection counter Reset 19 320

PCN20Q Protection counter Output 20 316

PCN20R Protection counter Reset 20 320

PCN21Q Protection counter Output 21 316

PCN21R Protection counter Reset 21 320

PCN22Q Protection counter Output 22 316

PCN22R Protection counter Reset 22 320

PCN23Q Protection counter Output 23 316

PCN23R Protection counter Reset 23 320

PCN24Q Protection counter Output 24 316

PCN24R Protection counter Reset 24 320

PCN25Q Protection counter Output 25 317

PCN25R Protection counter Reset 25 321

PCN26Q Protection counter Output 26 317

PCN26R Protection counter Reset 26 321

PCN27Q Protection counter Output 27 317

PCN27R Protection counter Reset 27 321

PCN28Q Protection counter Output 28 317

PCN28R Protection counter Reset 28 321

PCN29Q Protection counter Output 29 317

PCN29R Protection counter Reset 29 321

PCN30Q Protection counter Output 30 317

PCN30R Protection counter Reset 30 321

PCN31Q Protection counter Output 31 317

PCN31R Protection counter Reset 31 321

PCN32Q Protection counter Output 32 317

PCN32R Protection counter Reset 32 321

PCT01Q Protection conditioning timer Output 01 304

PCT02Q Protection conditioning timer Output 02 304

PCT03Q Protection conditioning timer Output 03 304

PCT04Q Protection conditioning timer Output 04 304

PCT05Q Protection conditioning timer Output 05 304

PCT06Q Protection conditioning timer Output 06 304

PCT07Q Protection conditioning timer Output 07 304

PCT08Q Protection conditioning timer Output 08 304

PCT09Q Protection conditioning timer Output 09   305

PCT10Q Protection conditioning timer Output 10 305

PCT11Q Protection conditioning timer Output 11 305

PCT12Q Protection conditioning timer Output 12 305

PCT13Q Protection conditioning timer Output 13 305

PCT14Q Protection conditioning timer Output 14 305
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PCT15Q Protection conditioning timer Output 15 305

PCT16Q Protection conditioning timer Output 16 305

PFRTEX Protection SELOGIC control equation first execution 374

PLT01 Protection Latch 01   300

PLT02 Protection Latch 02 300

PLT03 Protection Latch 03 300

PLT04 Protection Latch 04 300

PLT05 Protection Latch 05 300

PLT06 Protection Latch 06 300

PLT07 Protection Latch 07 300

PLT08 Protection Latch 08 300

PLT09 Protection Latch 09    301

PLT10 Protection Latch 10 301

PLT11 Protection Latch 11 301

PLT12 Protection Latch 12 301

PLT13 Protection Latch 13 301

PLT14 Protection Latch 14 301

PLT15 Protection Latch 15 301

PLT16 Protection Latch 16 301

PLT17 Protection Latch 17 302

PLT18 Protection Latch 18 302

PLT19 Protection Latch 19 302

PLT20 Protection Latch 20 302

PLT21 Protection Latch 21 302

PLT22 Protection Latch 22 302

PLT23 Protection Latch 23 302

PLT24 Protection Latch 24 302

PLT25 Protection Latch 25 303

PLT26 Protection Latch 26 303

PLT27 Protection Latch 27 303

PLT28 Protection Latch 28 303

PLT29 Protection Latch 29 303

PLT30 Protection Latch 30 303

PLT31 Protection Latch 31 303

PLT32 Protection Latch 32 303

PST01Q Protection sequencing timer Output 01 306

PST01R Protection sequencing timer Reset 01 310

PST02Q Protection sequencing timer Output 02 306

PST02R Protection sequencing timer Reset 02 310

PST03Q Protection sequencing timer Output 03 306

PST03R Protection sequencing timer Reset 03 310
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PST04Q Protection sequencing timer Output 04 306

PST04R Protection sequencing timer Reset 04 310

PST05Q Protection sequencing timer Output 05 306

PST05R Protection sequencing timer Reset 05 310

PST06Q Protection sequencing timer Output 06 306

PST06R Protection sequencing timer Reset 06 310

PST07Q Protection sequencing timer Output 07 306

PST07R Protection sequencing timer Reset 07 310

PST08Q Protection sequencing timer Output 08 306

PST08R Protection sequencing timer Reset 08 310

PST09Q Protection sequencing timer Output 09 307

PST09R Protection sequencing timer Reset 09 311

PST10Q Protection sequencing timer Output 10 307

PST10R Protection sequencing timer Reset 10 311

PST11Q Protection sequencing timer Output 11 307

PST11R Protection sequencing timer Reset 11 311

PST12Q Protection sequencing timer Output 12 307

PST12R Protection sequencing timer Reset 12 311

PST13Q Protection sequencing timer Output 13 307

PST13R Protection sequencing timer Reset 13 311

PST14Q Protection sequencing timer Output 14 307

PST14R Protection sequencing timer Reset 14 311

PST15Q Protection sequencing timer Output 15 307

PST15R Protection sequencing timer Reset 15 311

PST16Q Protection sequencing timer Output 16 307

PST16R Protection sequencing timer Reset 16 311

PST17Q Protection sequencing timer Output 17 308

PST17R Protection sequencing timer Reset 17 312

PST18Q Protection sequencing timer Output 18 308

PST18R Protection sequencing timer Reset 18 312

PST19Q Protection sequencing timer Output 19 308

PST19R Protection sequencing timer Reset 19 312

PST20Q Protection sequencing timer Output 20 308

PST20R Protection sequencing timer Reset 20 312

PST21Q Protection sequencing timer Output 21 308

PST21R Protection sequencing timer Reset 21 312

PST22Q Protection sequencing timer Output 22 308

PST22R Protection sequencing timer Reset 22 312

PST23Q Protection sequencing timer Output 23 308

PST23R Protection sequencing timer Reset 23 312

PST24Q Protection sequencing timer Output 24 308

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 54 of 79)

Name Bit Description Row



11.55

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

PST24R Protection sequencing timer Reset 24 312

PST25Q Protection sequencing timer Output 25 309

PST25R Protection sequencing timer Reset 25 313

PST26Q Protection sequencing timer Output 26 309

PST26R Protection sequencing timer Reset 26 313

PST27Q Protection sequencing timer Output 27 309

PST27R Protection sequencing timer Reset 27 313

PST28Q Protection sequencing timer Output 28 309

PST28R Protection sequencing timer Reset 28 313

PST29Q Protection sequencing timer Output 29 309

PST29R Protection sequencing timer Reset 29 313

PST30Q Protection sequencing timer Output 30 309

PST30R Protection sequencing timer Reset 30 313

PST31Q Protection sequencing timer Output 31 309

PST31R Protection sequencing timer Reset 31 313

PST32Q Protection sequencing timer Output 32 309

PST32R Protection sequencing timer Reset 32 313

PSV01 Protection SELOGIC control equation Variable 01 292

PSV02 Protection SELOGIC control equation Variable 02 292

PSV03 Protection SELOGIC control equation Variable 03 292

PSV04 Protection SELOGIC control equation Variable 04 292

PSV05 Protection SELOGIC control equation Variable 05 292

PSV06 Protection SELOGIC control equation Variable 06 292

PSV07 Protection SELOGIC control equation Variable 07 292

PSV08 Protection SELOGIC control equation Variable 08 292

PSV09 Protection SELOGIC control equation Variable 09 293

PSV10 Protection SELOGIC control equation Variable 10 293

PSV11 Protection SELOGIC control equation Variable 11 293

PSV12 Protection SELOGIC control equation Variable 12 293

PSV13 Protection SELOGIC control equation Variable 13 293

PSV14 Protection SELOGIC control equation Variable 14 293

PSV15 Protection SELOGIC control equation Variable 15 293

PSV16 Protection SELOGIC control equation Variable 16 293

PSV17 Protection SELOGIC control equation Variable 17 294

PSV18 Protection SELOGIC control equation Variable 18 294

PSV19 Protection SELOGIC control equation Variable 19 294

PSV20 Protection SELOGIC control equation Variable 20 294

PSV21 Protection SELOGIC control equation Variable 21 294

PSV22 Protection SELOGIC control equation Variable 22 294

PSV23 Protection SELOGIC control equation Variable 23 294

PSV24 Protection SELOGIC control equation Variable 24 294
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PSV25 Protection SELOGIC control equation Variable 25 295

PSV26 Protection SELOGIC control equation Variable 26 295

PSV27 Protection SELOGIC control equation Variable 27 295

PSV28 Protection SELOGIC control equation Variable 28 295

PSV29 Protection SELOGIC control equation Variable 29 295

PSV30 Protection SELOGIC control equation Variable 30 295

PSV31 Protection SELOGIC control equation Variable 31 295

PSV32 Protection SELOGIC control equation Variable 32 295

PSV33 Protection SELOGIC control equation Variable 33 296

PSV34 Protection SELOGIC control equation Variable 34 296

PSV35 Protection SELOGIC control equation Variable 35 296

PSV36 Protection SELOGIC control equation Variable 36 296

PSV37 Protection SELOGIC control equation Variable 37 296

PSV38 Protection SELOGIC control equation Variable 38 296

PSV39 Protection SELOGIC control equation Variable 39 296

PSV40 Protection SELOGIC control equation Variable 40 296

PSV41 Protection SELOGIC control equation Variable 41 297

PSV42 Protection SELOGIC control equation Variable 42 297

PSV43 Protection SELOGIC control equation Variable 43 297

PSV44 Protection SELOGIC control equation Variable 44 297

PSV45 Protection SELOGIC control equation Variable 45 297

PSV46 Protection SELOGIC control equation Variable 46 297

PSV47 Protection SELOGIC control equation Variable 47 297

PSV48 Protection SELOGIC control equation Variable 48 297

PSV49 Protection SELOGIC control equation Variable 49 298

PSV50 Protection SELOGIC control equation Variable 50 298

PSV51 Protection SELOGIC control equation Variable 51 298

PSV52 Protection SELOGIC control equation Variable 52 298

PSV53 Protection SELOGIC control equation Variable 53 298

PSV54 Protection SELOGIC control equation Variable 54 298

PSV55 Protection SELOGIC control equation Variable 55 298

PSV56 Protection SELOGIC control equation Variable 56 298

PSV57 Protection SELOGIC control equation Variable 57 299

PSV58 Protection SELOGIC control equation Variable 58 299

PSV59 Protection SELOGIC control equation Variable 59 299

PSV60 Protection SELOGIC control equation Variable 60 299

PSV61 Protection SELOGIC control equation Variable 61 299

PSV62 Protection SELOGIC control equation Variable 62 299

PSV63 Protection SELOGIC control equation Variable 63 299

PSV64 Protection SELOGIC control equation Variable 64 299

PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards 474
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PTP_OK PTP is available and has sufficient quality 473

PTP_RST Disqualify PTP time source 473

PTP_SET Qualify PTP time source 473

PTP_TIM A valid PTP time source is detected 473

PTPSYNC Synchronized to a high-quality PTP source 474

PUNRLBL Protection SELOGIC control equation unresolved label 374

RB01 Remote Bit 01 271

RB02 Remote Bit 02 271

RB03 Remote Bit 03 271

RB04 Remote Bit 04 271

RB05 Remote Bit 05 271

RB06 Remote Bit 06 271

RB07 Remote Bit 07 271

RB08 Remote Bit 08 271

RB09 Remote Bit 09 270

RB10 Remote Bit 10 270

RB11 Remote Bit 11 270

RB12 Remote Bit 12 270

RB13 Remote Bit 13 270

RB14 Remote Bit 14 270

RB15 Remote Bit 15 270

RB16 Remote Bit 16 270

RB17 Remote Bit 17 269

RB18 Remote Bit 18 269

RB19 Remote Bit 19 269

RB20 Remote Bit 20 269

RB21 Remote Bit 21 269

RB22 Remote Bit 22 269

RB23 Remote Bit 23 269

RB24 Remote Bit 24    269

RB25 Remote Bit 25 268

RB26 Remote Bit 26 268

RB27 Remote Bit 27 268

RB28 Remote Bit 28 268

RB29 Remote Bit 29 268

RB30 Remote Bit 30 268

RB31 Remote Bit 31 268

RB32 Remote Bit 32 268

RB33 Remote Bit 33 267

RB34 Remote Bit 34 267

RB35 Remote Bit 35 267
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RB36 Remote Bit 36 267

RB37 Remote Bit 37 267

RB38 Remote Bit 38 267

RB39 Remote Bit 39 267

RB40 Remote Bit 40 267

RB41 Remote Bit 41 266

RB42 Remote Bit 42 266

RB43 Remote Bit 43 266

RB44 Remote Bit 44 266

RB45 Remote Bit 45 266

RB46 Remote Bit 46 266

RB47 Remote Bit 47 266

RB48 Remote Bit 48 266

RB49 Remote Bit 49 265

RB50 Remote Bit 50 265

RB51 Remote Bit 51 265

RB52 Remote Bit 52 265

RB53 Remote Bit 53 265

RB54 Remote Bit 54 265

RB55 Remote Bit 55 265

RB56 Remote Bit 56 265

RB57 Remote Bit 57 264

RB58 Remote Bit 58 264

RB59 Remote Bit 59 264

RB60 Remote Bit 60 264

RB61 Remote Bit 61 264

RB62 Remote Bit 62 264

RB63 Remote Bit 63 264

RB64 Remote Bit 64 264

RB65 Remote Bit 65 263

RB66 Remote Bit 66 263

RB67 Remote Bit 67 263

RB68 Remote Bit 68 263

RB69 Remote Bit 69 263

RB70 Remote Bit 70 263

RB71 Remote Bit 71 263

RB72 Remote Bit 72 263

RB73 Remote Bit 73 262

RB74 Remote Bit 74 262

RB75 Remote Bit 75 262

RB76 Remote Bit 76 262
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RB77 Remote Bit 77 262

RB78 Remote Bit 78 262

RB79 Remote Bit 79 262

RB80 Remote Bit 80 262

RB81 Remote Bit 81 261

RB82 Remote Bit 82 261

RB83 Remote Bit 83 261

RB84 Remote Bit 84 261

RB85 Remote Bit 85 261

RB86 Remote Bit 86 261

RB87 Remote Bit 87 261

RB88 Remote Bit 88 261

RB89 Remote Bit 89 260

RB90 Remote Bit 90 260

RB91 Remote Bit 91 260

RB92 Remote Bit 92 260

RB93 Remote Bit 93 260

RB94 Remote Bit 94 260

RB95 Remote Bit 95 260

RB96 Remote Bit 96 260

RBADA Channel A MIRRORED BITS outage too long 404

RBADB Channel B MIRRORED BITS outage too long 405

RDIF1 Zone 1 unfiltered restrained differential element picked up 160

RDIF2 Zone 2 unfiltered restrained differential element picked up 162

RDIF3 Zone 3 unfiltered restrained differential element picked up 164

RDIF4 Zone 4 unfiltered restrained differential element picked up 166

RDIF5 Zone 5 unfiltered restrained differential element picked up 168

RDIF6 Zone 6 unfiltered restrained differential element picked up 170

RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up 451

RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up 453

RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up 455

RMB1A Channel A receive MIRRORED BIT 1 400

RMB1B Channel B receive MIRRORED BIT 1 402

RMB2A Channel A receive MIRRORED BIT 2 400

RMB2B Channel B receive MIRRORED BIT 2 402

RMB3A Channel A receive MIRRORED BIT 3 400

RMB3B Channel B receive MIRRORED BIT 3 402

RMB4A Channel A receive MIRRORED BIT 4 400

RMB4B Channel B receive MIRRORED BIT 4 402

RMB5A Channel A receive MIRRORED BIT 5 400

RMB5B Channel B receive MIRRORED BIT 5 402
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RMB6A Channel A receive MIRRORED BIT 6 400

RMB6B Channel B receive MIRRORED BIT 6 402

RMB7A Channel A receive MIRRORED BIT 7 400

RMB7B Channel B receive MIRRORED BIT 7 402

RMB8A Channel A receive MIRRORED BIT 8 400

RMB8B Channel B receive MIRRORED BIT 8 402

ROCTZ1 Zone 1 open CT logic reset 154

ROCTZ2 Zone 2 open CT logic reset 154

ROCTZ3 Zone 3 open CT logic reset 154

ROCTZ4 Zone 4 open CT logic reset 154

ROCTZ5 Zone 5 open CT logic reset 154

ROCTZ6 Zone 6 open CT logic reset 154

ROKA Channel A MIRRORED BITS normal status (non-loopback) 404

ROKB Channel B MIRRORED BITS normal status (non-loopback mode) 405

RST_BAT Reset battery monitoring 440

RST_HAL Reset HALARMA 440

RSTDNPE Reset DNP fault summary data 440

RSTOCT1 Zone 1 open CT detection reset 156

RSTOCT2 Zone 2 open CT detection reset 156

RSTOCT3 Zone 3 open CT detection reset 156

RSTOCT4 Zone 4 open CT detection reset 156

RSTOCT5 Zone 5 open CT detection reset 156

RSTOCT6 Zone 6 open CT detection reset 156

RSTTRGT Target reset (SELOGIC control equation) 440

RT01 Circuit Breaker 1 retrip 183

RT02 Circuit Breaker 2 retrip 184

RT03 Circuit Breaker 3 retrip 185

RT04 Circuit Breaker 4 retrip 186

RT05 Circuit Breaker 5 retrip 187

RT06 Circuit Breaker 6 retrip 188

RT07 Circuit Breaker 7 retrip 189

RT08 Circuit Breaker 8 retrip 190

RT09 Circuit Breaker 9 retrip 191

RT10 Circuit Breaker 10 retrip 192

RT11 Circuit Breaker 11 retrip 193

RT12 Circuit Breaker 12 retrip 194

RT13 Circuit Breaker 13 retrip 195

RT14 Circuit Breaker 14 retrip 196

RT15 Circuit Breaker 15 retrip 197

RT16 Circuit Breaker 16 retrip 198

RT17 Circuit Breaker 17 retrip 199
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RT18 Circuit Breaker 18 retrip 200

RT19 Circuit Breaker 19 retrip 201

RT20 Circuit Breaker 20 retrip 202

RT21 Circuit Breaker 21 retrip 203

RZSWOAL Reset zone switching operation alarm 152

SALARM Non-diagnostic alarm pulse 376

SBFTR Any circuit breaker failure trip 239

SBFTR01 Circuit Breaker 01 breaker failure trip 236

SBFTR02 Circuit Breaker 02 breaker failure trip 236

SBFTR03 Circuit Breaker 03 breaker failure trip 236

SBFTR04 Circuit Breaker 04 breaker failure trip 236

SBFTR05 Circuit Breaker 05 breaker failure trip 236

SBFTR06 Circuit Breaker 06 breaker failure trip 236

SBFTR07 Circuit Breaker 07 breaker failure trip 236

SBFTR08 Circuit Breaker 08 breaker failure trip 236

SBFTR09 Circuit Breaker 09 breaker failure trip 237

SBFTR10 Circuit Breaker 10 breaker failure trip 237

SBFTR11 Circuit Breaker 11 breaker failure trip 237

SBFTR12 Circuit Breaker 12 breaker failure trip 237

SBFTR13 Circuit Breaker 13 breaker failure trip 237

SBFTR14 Circuit Breaker 14 breaker failure trip 237

SBFTR15 Circuit Breaker 15 breaker failure trip 237

SBFTR16 Circuit Breaker 16 breaker failure trip 237

SBFTR17 Circuit Breaker 17 breaker failure trip 238

SBFTR18 Circuit Breaker 18 breaker failure trip 238

SBFTR19 Circuit Breaker 19 breaker failure trip 238

SBFTR20 Circuit Breaker 20 breaker failure trip 238

SBFTR21 Circuit Breaker 21 breaker failure trip 238

SC850BM SELOGIC control for IEC 61850 blocked mode 476

SC850LS SELOGIC control for control authority at station level 480

SC850SM SELOGIC control for IEC 61850 simulation mode 476

SC850TM SELOGIC control for IEC 61850 test mode 476

SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards 473

SER_OK IRIG-B signal from serial port 1 is available and has sufficient quality 472

SER_RST Disqualify serial IRIG-B time source 472

SER_SET Qualify serial IRIG-B time source 472

SER_TIM A valid IRIG-B time source is detected on serial port 473

SERSYNC Synchronized to a high-quality serial IRIG source 474

SETCHG Pulsed when settings change 376

SG1 Settings Group 1 active 255

SG2 Settings Group 2 active 255
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SG3 Settings Group 3 active 255

SG4 Settings Group 4 active 255

SG5 Settings Group 5 active 255

SG6 Settings Group 6 active 255

SPEN Signal Profiling enabled 467

TBNC The active relay time source is BNC IRIG 378

TESTDB Communications card database test bit 406

TESTDB2 DNP test bit 406

TESTFM Fast meter test bit 406

TESTPUL Pulse test bit 406

TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source 379

TIRIG Assert while time is based on IRIG for both mark and value 378

TLED_1 Front-panel target LED 1 1

TLED_10 Front-panel target LED 10 2

TLED_11 Front-panel target LED 11 2

TLED_12 Front-panel target LED 12 2

TLED_13 Front-panel target LED 13 2

TLED_14 Front-panel target LED 14 2

TLED_15 Front-panel target LED 15 2

TLED_16 Front-panel target LED 16 2

TLED_17 Front-panel target LED 17 3

TLED_18 Front-panel target LED 18 3

TLED_19 Front-panel target LED 19 3

TLED_2 Front-panel target LED 2 1

TLED_20 Front-panel target LED 20 3

TLED_21 Front-panel target LED 21 3

TLED_22 Front-panel target LED 22 3

TLED_23 Front-panel target LED 23 3

TLED_24 Front-panel target LED 24 3

TLED_3 Front-panel target LED 3 1

TLED_4 Front-panel target LED 4 1

TLED_5 Front-panel target LED 5 1

TLED_6 Front-panel target LED 6 1

TLED_7 Front-panel target LED 7 1

TLED_8 Front-panel target LED 8 1

TLED_9 Front-panel target LED 9 2

TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source 379

TMB1A Channel A transmit MIRRORED BIT 1 401

TMB1B Channel B transmit MIRRORED BIT 1 403

TMB2A Channel A transmit MIRRORED BIT 2 401

TMB2B Channel B transmit MIRRORED BIT 2 403
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TMB3A Channel A transmit MIRRORED BIT 3 401

TMB3B Channel B transmit MIRRORED BIT 3 403

TMB4A Channel A transmit MIRRORED BIT 4 401

TMB4B Channel B transmit MIRRORED BIT 4 403

TMB5A Channel A transmit MIRRORED BIT 5 401

TMB5B Channel B transmit MIRRORED BIT 5 403

TMB6A Channel A transmit MIRRORED BIT 6 401

TMB6B Channel B transmit MIRRORED BIT 6 403

TMB7A Channel A transmit MIRRORED BIT 7 401

TMB7B Channel B transmit MIRRORED BIT 7 403

TMB8A Channel A transmit MIRRORED BIT 8 401

TMB8B Channel B transmit MIRRORED BIT 8 403

TOS01 Terminal 01 out of service 180

TOS02 Terminal 02 out of service 180

TOS03 Terminal 03 out of service 180

TOS04 Terminal 04 out of service 180

TOS05 Terminal 05 out of service 180

TOS06 Terminal 06 out of service 180

TOS07 Terminal 07 out of service 180

TOS08 Terminal 08 out of service 180

TOS09 Terminal 09 out of service 181

TOS10 Terminal 10 out of service 181

TOS11 Terminal 11 out of service 181

TOS12 Terminal 12 out of service 181

TOS13 Terminal 13 out of service 181

TOS14 Terminal 14 out of service 181

TOS15 Terminal 15 out of service 181

TOS16 Terminal 16 out of service 181

TOS17 Terminal 17 out of service 182

TOS18 Terminal 18 out of service 182

TOS19 Terminal 19 out of service 182

TOS20 Terminal 20 out of service 182

TOS21 Terminal 21 out of service 182

TPLLEXT Update PLL using external signal 379

TPTP The active relay time source is PTP 378

TQUAL1 Time quality, binary, add 1 when asserted 470

TQUAL2 Time quality, binary, add 2 when asserted 470

TQUAL4 Time quality, binary, add 4 when asserted 470

TQUAL8 Time quality, binary, add 8 when asserted 470

TRGTR Reset all active target Relay Words 466

TRIP Any terminal trip output 245
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TRIP01 Terminal 01 trip output 242

TRIP02 Terminal 02 trip output 242

TRIP03 Terminal 03 trip output 242

TRIP04 Terminal 04 trip output 242

TRIP05 Terminal 05 trip output 242

TRIP06 Terminal 06 trip output 242

TRIP07 Terminal 07 trip output 242

TRIP08 Terminal 08 trip output 242

TRIP09 Terminal 09 trip output 243

TRIP10 Terminal 10 trip output 243

TRIP11 Terminal 11 trip output 243

TRIP12 Terminal 12 trip output 243

TRIP13 Terminal 13 trip output 243

TRIP14 Terminal 14 trip output 243

TRIP15 Terminal 15 trip output 243

TRIP16 Terminal 16 trip output 243

TRIP17 Terminal 17 trip output 244

TRIP18 Terminal 18 trip output 244

TRIP19 Terminal 19 trip output 244

TRIP20 Terminal 20 trip output 244

TRIP21 Terminal 21 trip output 244

TRIPLED Trip LED 0

TSER The active relay time source is serial IRIG 378

TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired 379

TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired 379

TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements 378

TSSW High-priority time source switching 379

TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source 379

TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized 378

TUPDH Assert if update source is high-priority time source 378

TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted 469

TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted 469

TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted 469

TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted 469

TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted 469

TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise 469

ULTR01 Terminal 01 unlatch trip 246

ULTR02 Terminal 02 unlatch trip 246

ULTR03 Terminal 03 unlatch trip 246

ULTR04 Terminal 04 unlatch trip 246

ULTR05 Terminal 05 unlatch trip 246
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ULTR06 Terminal 06 unlatch trip 246

ULTR07 Terminal 07 unlatch trip 246

ULTR08 Terminal 08 unlatch trip 246

ULTR09 Terminal 09 unlatch trip 247

ULTR10 Terminal 10 unlatch trip 247

ULTR11 Terminal 11 unlatch trip 247

ULTR12 Terminal 12 unlatch trip 247

ULTR13 Terminal 13 unlatch trip 247

ULTR14 Terminal 14 unlatch trip 247

ULTR15 Terminal 15 unlatch trip 247

ULTR16 Terminal 16 unlatch trip 247

ULTR17 Terminal 17 unlatch trip 248

ULTR18 Terminal 18 unlatch trip 248

ULTR19 Terminal 19 unlatch trip 248

ULTR20 Terminal 20 unlatch trip 248

ULTR21 Terminal 21 unlatch trip 248

UPD_BLK Block updating internal clock period and master time 472

UPD_EN Enable updating internal clock with selected external time source 378

VB001 Virtual Bit 001 439

VB002 Virtual Bit 002 439

VB003 Virtual Bit 003 439

VB004 Virtual Bit 004 439

VB005 Virtual Bit 005 439

VB006 Virtual Bit 006 439

VB007 Virtual Bit 007 439

VB008 Virtual Bit 008 439

VB009 Virtual Bit 009 438

VB010 Virtual Bit 010 438

VB011 Virtual Bit 011 438

VB012 Virtual Bit 012 438

VB013 Virtual Bit 013 438

VB014 Virtual Bit 014 438

VB015 Virtual Bit 015 438

VB016 Virtual Bit 016 438

VB017 Virtual Bit 017 437

VB018 Virtual Bit 018 437

VB019 Virtual Bit 019 437

VB020 Virtual Bit 020 437

VB021 Virtual Bit 021 437

VB022 Virtual Bit 022 437

VB023 Virtual Bit 023 437
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VB024 Virtual Bit 024 437

VB025 Virtual Bit 025 436

VB026 Virtual Bit 026 436

VB027 Virtual Bit 027 436

VB028 Virtual Bit 028 436

VB029 Virtual Bit 029 436

VB030 Virtual Bit 030 436

VB031 Virtual Bit 031 436

VB032 Virtual Bit 032 436

VB033 Virtual Bit 033 435

VB034 Virtual Bit 034 435

VB035 Virtual Bit 035 435

VB036 Virtual Bit 036 435

VB037 Virtual Bit 037 435

VB038 Virtual Bit 038 435

VB039 Virtual Bit 039 435

VB040 Virtual Bit 040 435

VB041 Virtual Bit 041 434

VB042 Virtual Bit 042 434

VB043 Virtual Bit 043 434

VB044 Virtual Bit 044 434

VB045 Virtual Bit 045 434

VB046 Virtual Bit 046 434

VB047 Virtual Bit 047 434

VB048 Virtual Bit 048 434

VB049 Virtual Bit 049 433

VB050 Virtual Bit 050 433

VB051 Virtual Bit 051 433

VB052 Virtual Bit 052 433

VB053 Virtual Bit 053 433

VB054 Virtual Bit 054 433

VB055 Virtual Bit 055 433

VB056 Virtual Bit 056 433

VB057 Virtual Bit 057 432

VB058 Virtual Bit 058 432

VB059 Virtual Bit 059 432

VB060 Virtual Bit 060 432

VB061 Virtual Bit 061 432

VB062 Virtual Bit 062 432

VB063 Virtual Bit 063 432

VB064 Virtual Bit 064 432
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VB065 Virtual Bit 065 431

VB066 Virtual Bit 066 431

VB067 Virtual Bit 067 431

VB068 Virtual Bit 068 431

VB069 Virtual Bit 069 431

VB070 Virtual Bit 070 431

VB071 Virtual Bit 071 431

VB072 Virtual Bit 072 431

VB073 Virtual Bit 073 430

VB074 Virtual Bit 074 430

VB075 Virtual Bit 075 430

VB076 Virtual Bit 076 430

VB077 Virtual Bit 077 430

VB078 Virtual Bit 078 430

VB079 Virtual Bit 079 430

VB080 Virtual Bit 080 430

VB081 Virtual Bit 081 429

VB082 Virtual Bit 082 429

VB083 Virtual Bit 083 429

VB084 Virtual Bit 084 429

VB085 Virtual Bit 085 429

VB086 Virtual Bit 086 429

VB087 Virtual Bit 087 429

VB088 Virtual Bit 088 429

VB089 Virtual Bit 089 428

VB090 Virtual Bit 090 428

VB091 Virtual Bit 091 428

VB092 Virtual Bit 092 428

VB093 Virtual Bit 093 428

VB094 Virtual Bit 094 428

VB095 Virtual Bit 095 428

VB096 Virtual Bit 096 428

VB097 Virtual Bit 097 427

VB098 Virtual Bit 098 427

VB099 Virtual Bit 099 427

VB100 Virtual Bit 100 427

VB101 Virtual Bit 101 427

VB102 Virtual Bit 102 427

VB103 Virtual Bit 103 427

VB104 Virtual Bit 104 427

VB105 Virtual Bit 105 426
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VB106 Virtual Bit 106 426

VB107 Virtual Bit 107 426

VB108 Virtual Bit 108 426

VB109 Virtual Bit 109 426

VB110 Virtual Bit 110 426

VB111 Virtual Bit 111 426

VB112 Virtual Bit 112 426

VB113 Virtual Bit 113 425

VB114 Virtual Bit 114 425

VB115 Virtual Bit 115 425

VB116 Virtual Bit 116 425

VB117 Virtual Bit 117 425

VB118 Virtual Bit 118 425

VB119 Virtual Bit 119 425

VB120 Virtual Bit 120 425

VB121 Virtual Bit 121 424

VB122 Virtual Bit 122 424

VB123 Virtual Bit 123 424

VB124 Virtual Bit 124 424

VB125 Virtual Bit 125 424

VB126 Virtual Bit 126 424

VB127 Virtual Bit 127 424

VB128 Virtual Bit 128 424

VB129 Virtual Bit 129 423

VB130 Virtual Bit 130 423

VB131 Virtual Bit 131 423

VB132 Virtual Bit 132 423

VB133 Virtual Bit 133 423

VB134 Virtual Bit 134 423

VB135 Virtual Bit 135 423

VB136 Virtual Bit 136 423

VB137 Virtual Bit 137 422

VB138 Virtual Bit 138 422

VB139 Virtual Bit 139 422

VB140 Virtual Bit 140 422

VB141 Virtual Bit 141 422

VB142 Virtual Bit 142 422

VB143 Virtual Bit 143 422

VB144 Virtual Bit 144 422

VB145 Virtual Bit 145 421

VB146 Virtual Bit 146 421
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VB147 Virtual Bit 147 421

VB148 Virtual Bit 148 421

VB149 Virtual Bit 149 421

VB150 Virtual Bit 150 421

VB151 Virtual Bit 151 421

VB152 Virtual Bit 152 421

VB153 Virtual Bit 153 420

VB154 Virtual Bit 154 420

VB155 Virtual Bit 155 420

VB156 Virtual Bit 156 420

VB157 Virtual Bit 157 420

VB158 Virtual Bit 158 420

VB159 Virtual Bit 159 420

VB160 Virtual Bit 160 420

VB161 Virtual Bit 161 419

VB162 Virtual Bit 162 419

VB163 Virtual Bit 163 419

VB164 Virtual Bit 164 419

VB165 Virtual Bit 165 419

VB166 Virtual Bit 166 419

VB167 Virtual Bit 167 419

VB168 Virtual Bit 168 419

VB169 Virtual Bit 169 418

VB170 Virtual Bit 170 418

VB171 Virtual Bit 171 418

VB172 Virtual Bit 172 418

VB173 Virtual Bit 173 418

VB174 Virtual Bit 174 418

VB175 Virtual Bit 175 418

VB176 Virtual Bit 176 418

VB177 Virtual Bit 177 417

VB178 Virtual Bit 178 417

VB179 Virtual Bit 179 417

VB180 Virtual Bit 180 417

VB181 Virtual Bit 181 417

VB182 Virtual Bit 182 417

VB183 Virtual Bit 183 417

VB184 Virtual Bit 184 417

VB185 Virtual Bit 185 416

VB186 Virtual Bit 186 416

VB187 Virtual Bit 187 416
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VB188 Virtual Bit 188 416

VB189 Virtual Bit 189 416

VB190 Virtual Bit 190 416

VB191 Virtual Bit 191 416

VB192 Virtual Bit 192 416

VB193 Virtual Bit 193 415

VB194 Virtual Bit 194 415

VB195 Virtual Bit 195 415

VB196 Virtual Bit 196 415

VB197 Virtual Bit 197 415

VB198 Virtual Bit 198 415

VB199 Virtual Bit 199 415

VB200 Virtual Bit 200 415

VB201 Virtual Bit 201 414

VB202 Virtual Bit 202 414

VB203 Virtual Bit 203 414

VB204 Virtual Bit 204 414

VB205 Virtual Bit 205 414

VB206 Virtual Bit 206 414

VB207 Virtual Bit 207 414

VB208 Virtual Bit 208 414

VB209 Virtual Bit 209 413

VB210 Virtual Bit 210 413

VB211 Virtual Bit 211 413

VB212 Virtual Bit 212 413

VB213 Virtual Bit 213 413

VB214 Virtual Bit 214 413

VB215 Virtual Bit 215 413

VB216 Virtual Bit 216 413

VB217 Virtual Bit 217 412

VB218 Virtual Bit 218 412

VB219 Virtual Bit 219 412

VB220 Virtual Bit 220 412

VB221 Virtual Bit 221 412

VB222 Virtual Bit 222 412

VB223 Virtual Bit 223 412

VB224 Virtual Bit 224 412

VB225 Virtual Bit 225 411

VB226 Virtual Bit 226 411

VB227 Virtual Bit 227 411

VB228 Virtual Bit 228 411

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 70 of 79)

Name Bit Description Row



11.71

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

VB229 Virtual Bit 229 411

VB230 Virtual Bit 230 411

VB231 Virtual Bit 231 411

VB232 Virtual Bit 232 411

VB233 Virtual Bit 233 410

VB234 Virtual Bit 234 410

VB235 Virtual Bit 235 410

VB236 Virtual Bit 236 410

VB237 Virtual Bit 237 410

VB238 Virtual Bit 238 410

VB239 Virtual Bit 239 410

VB240 Virtual Bit 240 410

VB241 Virtual Bit 241 409

VB242 Virtual Bit 242 409

VB243 Virtual Bit 243 409

VB244 Virtual Bit 244 409

VB245 Virtual Bit 245 409

VB246 Virtual Bit 246 409

VB247 Virtual Bit 247 409

VB248 Virtual Bit 248 409

VB249 Virtual Bit 249 408

VB250 Virtual Bit 250 408

VB251 Virtual Bit 251 408

VB252 Virtual Bit 252 408

VB253 Virtual Bit 253 408

VB254 Virtual Bit 254 408

VB255 Virtual Bit 255 408

VB256 Virtual Bit 256 408

XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation) 183

XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation) 184

XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation) 185

XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation) 186

XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation) 187

XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation) 188

XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation) 189

XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation) 190

XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation) 191

XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation) 192

XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation) 193

XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation) 194

XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation) 195
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XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation) 196

XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation) 197

XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation) 198

XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation) 199

XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation) 200

XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation) 201

XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation) 202

XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation) 203

YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 468

YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 468

YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 468

YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 468

YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 468

YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 468

YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 468

YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 468

Z1BZ1 Bus-Zone 1 is part of Protective Zone 1 144

Z1BZ2 Bus-Zone 2 is part of Protective Zone 1 144

Z1BZ3 Bus-Zone 3 is part of Protective Zone 1 144

Z1BZ4 Bus-Zone 4 is part of Protective Zone 1 144

Z1BZ5 Bus-Zone 5 is part of Protective Zone 1 144

Z1BZ6 Bus-Zone 6 is part of Protective Zone 1 144

Z1S Zone 1 supervision asserted 153

Z2BZ2 Bus-Zone 2 is part of Protective Zone 2 145

Z2BZ3 Bus-Zone 3 is part of Protective Zone 2 145

Z2BZ4 Bus-Zone 4 is part of Protective Zone 2 145

Z2BZ5 Bus-Zone 5 is part of Protective Zone 2 145

Z2BZ6 Bus-Zone 6 is part of Protective Zone 2 145

Z2S Zone 2 supervision asserted 153

Z3BZ3 Bus-Zone 3 is part of Protective Zone 3 146

Z3BZ4 Bus-Zone 4 is part of Protective Zone 3 146

Z3BZ5 Bus-Zone 5 is part of Protective Zone 3 146

Z3BZ6 Bus-Zone 6 is part of Protective Zone 3 146

Z3S Zone 3 supervision asserted 153

Z4BZ4 Bus-Zone 4 is part of Protective Zone 4 147

Z4BZ5 Bus-Zone 5 is part of Protective Zone 4 147

Z4BZ6 Bus-Zone 6 is part of Protective Zone 4 147

Z4S Zone 4 supervision asserted 153

Z5BZ5 Bus-Zone 5 is part of Protective Zone 5 148

Z5BZ6 Bus-Zone 6 is part of Protective Zone 5 148

Z5S Zone 5 supervision asserted 153
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Z6BZ6 Bus-Zone 6 is part of Protective Zone 6 149

Z6S Zone 6 supervision asserted 153

ZN1I01 Terminal 01 connected to Zone 1 80

ZN1I01T Terminal 01 connected to Zone 1 and will be tripped 104

ZN1I02 Terminal 02 connected to Zone 1 80

ZN1I02T Terminal 02 connected to Zone 1 and will be tripped 104

ZN1I03 Terminal 03 connected to Zone 1 80

ZN1I03T Terminal 03 connected to Zone 1 and will be tripped 104

ZN1I04 Terminal 04 connected to Zone 1 80

ZN1I04T Terminal 04 connected to Zone 1 and will be tripped 104

ZN1I05 Terminal 05 connected to Zone 1 80

ZN1I05T Terminal 05 connected to Zone 1 and will be tripped 104

ZN1I06 Terminal 06 connected to Zone 1 80

ZN1I06T Terminal 06 connected to Zone 1 and will be tripped 104

ZN1I07 Terminal 07 connected to Zone 1 80

ZN1I07T Terminal 07 connected to Zone 1 and will be tripped 104

ZN1I08 Terminal 08 connected to Zone 1 80

ZN1I08T Terminal 08 connected to Zone 1 and will be tripped 104

ZN1I09 Terminal 09 connected to Zone 1 81

ZN1I09T Terminal 09 connected to Zone 1 and will be tripped 105

ZN1I10 Terminal 10 connected to Zone 1 81

ZN1I10T Terminal 10 connected to Zone 1 and will be tripped 105

ZN1I11 Terminal 11 connected to Zone 1 81

ZN1I11T Terminal 11 connected to Zone 1 and will be tripped 105

ZN1I12 Terminal 12 connected to Zone 1 81

ZN1I12T Terminal 12 connected to Zone 1 and will be tripped 105

ZN1I13 Terminal 13 connected to Zone 1 81

ZN1I13T Terminal 13 connected to Zone 1 and will be tripped 105

ZN1I14 Terminal 14 connected to Zone 1 81

ZN1I14T Terminal 14 connected to Zone 1 and will be tripped 105

ZN1I15 Terminal 15 connected to Zone 1 81

ZN1I15T Terminal 15 connected to Zone 1 and will be tripped 105

ZN1I16 Terminal 16 connected to Zone 1 81

ZN1I16T Terminal 16 connected to Zone 1 and will be tripped 105

ZN1I17 Terminal 17 connected to Zone 1 82

ZN1I17T Terminal 17 connected to Zone 1 and will be tripped 106

ZN1I18 Terminal 18 connected to Zone 1 82

ZN1I18T Terminal 18 connected to Zone 1 and will be tripped 106

ZN1I19 Terminal 19 connected to Zone 1 82

ZN1I19T Terminal 19 connected to Zone 1 and will be tripped 106

ZN1I20 Terminal 20 connected to Zone 1 82
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ZN1I20T Terminal 20 connected to Zone 1 and will be tripped 106

ZN1I21 Terminal 21 connected to Zone 1 82

ZN1I21T Terminal 21 connected to Zone 1 and will be tripped 106

ZN2I01 Terminal 01 connected to Zone 2 84

ZN2I01T Terminal 01 connected to Zone 2 and will be tripped 108

ZN2I02 Terminal 02 connected to Zone 2 84

ZN2I02T Terminal 02 connected to Zone 2 and will be tripped 108

ZN2I03 Terminal 03 connected to Zone 2 84

ZN2I03T Terminal 03 connected to Zone 2 and will be tripped 108

ZN2I04 Terminal 04 connected to Zone 2 84

ZN2I04T Terminal 04 connected to Zone 2 and will be tripped 108

ZN2I05 Terminal 05 connected to Zone 2 84

ZN2I05T Terminal 05 connected to Zone 2 and will be tripped 108

ZN2I06 Terminal 06 connected to Zone 2 84

ZN2I06T Terminal 06 connected to Zone 2 and will be tripped 108

ZN2I07 Terminal 07 connected to Zone 2 84

ZN2I07T Terminal 07 connected to Zone 2 and will be tripped 108

ZN2I08 Terminal 08 connected to Zone 2 84

ZN2I08T Terminal 08 connected to Zone 2 and will be tripped 108

ZN2I09 Terminal 09 connected to Zone 2 85

ZN2I09T Terminal 09 connected to Zone 2 and will be tripped 109

ZN2I10 Terminal 10 connected to Zone 2 85

ZN2I10T Terminal 10 connected to Zone 2 and will be tripped 109

ZN2I11 Terminal 11 connected to Zone 2 85

ZN2I11T Terminal 11 connected to Zone 2 and will be tripped 109

ZN2I12 Terminal 12 connected to Zone 2 85

ZN2I12T Terminal 12 connected to Zone 2 and will be tripped 109

ZN2I13 Terminal 13 connected to Zone 2 85

ZN2I13T Terminal 13 connected to Zone 2 and will be tripped 109

ZN2I14 Terminal 14 connected to Zone 2 85

ZN2I14T Terminal 14 connected to Zone 2 and will be tripped 109

ZN2I15 Terminal 15 connected to Zone 2 85

ZN2I15T Terminal 15 connected to Zone 2 and will be tripped 109

ZN2I16 Terminal 16 connected to Zone 2 85

ZN2I16T Terminal 16 connected to Zone 2 and will be tripped 109

ZN2I17 Terminal 17 connected to Zone 2 86

ZN2I17T Terminal 17 connected to Zone 2 and will be tripped 110

ZN2I18 Terminal 18 connected to Zone 2 86

ZN2I18T Terminal 18 connected to Zone 2 and will be tripped 110

ZN2I19 Terminal 19 connected to Zone 2 86

ZN2I19T Terminal 19 connected to Zone 2 and will be tripped 110
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ZN2I20 Terminal 20 connected to Zone 2 86

ZN2I20T Terminal 20 connected to Zone 2 and will be tripped 110

ZN2I21 Terminal 21 connected to Zone 2 86

ZN2I21T Terminal 21 connected to Zone 2 and will be tripped 110

ZN3I01 Terminal 01 connected to Zone 3 88

ZN3I01T Terminal 01 connected to Zone 3 and will be tripped 112

ZN3I02 Terminal 02 connected to Zone 3 88

ZN3I02T Terminal 02 connected to Zone 3 and will be tripped 112

ZN3I03 Terminal 03 connected to Zone 3 88

ZN3I03T Terminal 03 connected to Zone 3 and will be tripped 112

ZN3I04 Terminal 04 connected to Zone 3 88

ZN3I04T Terminal 04 connected to Zone 3 and will be tripped 112

ZN3I05 Terminal 05 connected to Zone 3 88

ZN3I05T Terminal 05 connected to Zone 3 and will be tripped 112

ZN3I06 Terminal 06 connected to Zone 3 88

ZN3I06T Terminal 06 connected to Zone 3 and will be tripped 112

ZN3I07 Terminal 07 connected to Zone 3 88

ZN3I07T Terminal 07 connected to Zone 3 and will be tripped 112

ZN3I08 Terminal 08 connected to Zone 3 88

ZN3I08T Terminal 08 connected to Zone 3 and will be tripped 112

ZN3I09 Terminal 09 connected to Zone 3 89

ZN3I09T Terminal 09 connected to Zone 3 and will be tripped 113

ZN3I10 Terminal 10 connected to Zone 3 89

ZN3I10T Terminal 10 connected to Zone 3 and will be tripped 113

ZN3I11 Terminal 11 connected to Zone 3 89

ZN3I11T Terminal 11 connected to Zone 3 and will be tripped 113

ZN3I12 Terminal 12 connected to Zone 3 89

ZN3I12T Terminal 12 connected to Zone 3 and will be tripped 113

ZN3I13 Terminal 13 connected to Zone 3 89

ZN3I13T Terminal 13 connected to Zone 3 and will be tripped 113

ZN3I14 Terminal 14 connected to Zone 3 89

ZN3I14T Terminal 14 connected to Zone 3 and will be tripped 113

ZN3I15 Terminal 15 connected to Zone 3 89

ZN3I15T Terminal 15 connected to Zone 3 and will be tripped 113

ZN3I16 Terminal 16 connected to Zone 3 89

ZN3I16T Terminal 16 connected to Zone 3 and will be tripped 113

ZN3I17 Terminal 17 connected to Zone 3 90

ZN3I17T Terminal 17 connected to Zone 3 and will be tripped 114

ZN3I18 Terminal 18 connected to Zone 3 90

ZN3I18T Terminal 18 connected to Zone 3 and will be tripped 114

ZN3I19 Terminal 19 connected to Zone 3 90
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ZN3I19T Terminal 19 connected to Zone 3 and will be tripped 114

ZN3I20 Terminal 20 connected to Zone 3 90

ZN3I20T Terminal 20 connected to Zone 3 and will be tripped 114

ZN3I21 Terminal 21 connected to Zone 3 90

ZN3I21T Terminal 21 connected to Zone 3 and will be tripped 114

ZN4I01 Terminal 01 connected to Zone 4 92

ZN4I01T Terminal 01 connected to Zone 4 and will be tripped 116

ZN4I02 Terminal 02 connected to Zone 4 92

ZN4I02T Terminal 02 connected to Zone 4 and will be tripped 116

ZN4I03 Terminal 03 connected to Zone 4 92

ZN4I03T Terminal 03 connected to Zone 4 and will be tripped 116

ZN4I04 Terminal 04 connected to Zone 4 92

ZN4I04T Terminal 04 connected to Zone 4 and will be tripped 116

ZN4I05 Terminal 05 connected to Zone 4 92

ZN4I05T Terminal 05 connected to Zone 4 and will be tripped 116

ZN4I06 Terminal 06 connected to Zone 4 92

ZN4I06T Terminal 06 connected to Zone 4 and will be tripped 116

ZN4I07 Terminal 07 connected to Zone 4 92

ZN4I07T Terminal 07 connected to Zone 4 and will be tripped 116

ZN4I08 Terminal 08 connected to Zone 4 92

ZN4I08T Terminal 08 connected to Zone 4 and will be tripped 116

ZN4I09 Terminal 09 connected to Zone 4 93

ZN4I09T Terminal 09 connected to Zone 4 and will be tripped 117

ZN4I10 Terminal 10 connected to Zone 4 93

ZN4I10T Terminal 10 connected to Zone 4 and will be tripped 117

ZN4I11 Terminal 11 connected to Zone 4 93

ZN4I11T Terminal 11 connected to Zone 4 and will be tripped 117

ZN4I12 Terminal 12 connected to Zone 4 93

ZN4I12T Terminal 12 connected to Zone 4 and will be tripped 117

ZN4I13 Terminal 13 connected to Zone 4 93

ZN4I13T Terminal 13 connected to Zone 4 and will be tripped 117

ZN4I14 Terminal 14 connected to Zone 4 93

ZN4I14T Terminal 14 connected to Zone 4 and will be tripped 117

ZN4I15 Terminal 15 connected to Zone 4 93

ZN4I15T Terminal 15 connected to Zone 4 and will be tripped 117

ZN4I16 Terminal 16 connected to Zone 4 93

ZN4I16T Terminal 16 connected to Zone 4 and will be tripped 117

ZN4I17 Terminal 17 connected to Zone 4 94

ZN4I17T Terminal 17 connected to Zone 4 and will be tripped 118

ZN4I18 Terminal 18 connected to Zone 4 94

ZN4I18T Terminal 18 connected to Zone 4 and will be tripped 118
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ZN4I19 Terminal 19 connected to Zone 4 94

ZN4I19T Terminal 19 connected to Zone 4 and will be tripped 118

ZN4I20 Terminal 20 connected to Zone 4 94

ZN4I20T Terminal 20 connected to Zone 4 and will be tripped 118

ZN4I21 Terminal 21 connected to Zone 4 94

ZN4I21T Terminal 21 connected to Zone 4 and will be tripped 118

ZN5I01 Terminal 01 connected to Zone 5 96

ZN5I01T Terminal 01 connected to Zone 5 and will be tripped 120

ZN5I02 Terminal 02 connected to Zone 5 96

ZN5I02T Terminal 02 connected to Zone 5 and will be tripped 120

ZN5I03 Terminal 03 connected to Zone 5 96

ZN5I03T Terminal 03 connected to Zone 5 and will be tripped 120

ZN5I04 Terminal 04 connected to Zone 5 96

ZN5I04T Terminal 04 connected to Zone 5 and will be tripped 120

ZN5I05 Terminal 05 connected to Zone 5 96

ZN5I05T Terminal 05 connected to Zone 5 and will be tripped 120

ZN5I06 Terminal 06 connected to Zone 5 96

ZN5I06T Terminal 06 connected to Zone 5 and will be tripped 120

ZN5I07 Terminal 07 connected to Zone 5 96

ZN5I07T Terminal 07 connected to Zone 5 and will be tripped 120

ZN5I08 Terminal 08 connected to Zone 5 96

ZN5I08T Terminal 08 connected to Zone 5 and will be tripped 120

ZN5I09 Terminal 09 connected to Zone 5 97

ZN5I09T Terminal 09 connected to Zone 5 and will be tripped 121

ZN5I10 Terminal 10 connected to Zone 5 97

ZN5I10T Terminal 10 connected to Zone 5 and will be tripped 121

ZN5I11 Terminal 11 connected to Zone 5 97

ZN5I11T Terminal 11 connected to Zone 5 and will be tripped 121

ZN5I12 Terminal 12 connected to Zone 5 97

ZN5I12T Terminal 12 connected to Zone 5 and will be tripped 121

ZN5I13 Terminal 13 connected to Zone 5 97

ZN5I13T Terminal 13 connected to Zone 5 and will be tripped 121

ZN5I14 Terminal 14 connected to Zone 5 97

ZN5I14T Terminal 14 connected to Zone 5 and will be tripped 121

ZN5I15 Terminal 15 connected to Zone 5 97

ZN5I15T Terminal 15 connected to Zone 5 and will be tripped 121

ZN5I16 Terminal 16 connected to Zone 5 97

ZN5I16T Terminal 16 connected to Zone 5 and will be tripped 121

ZN5I17 Terminal 17 connected to Zone 5 98

ZN5I17T Terminal 17 connected to Zone 5 and will be tripped 122

ZN5I18 Terminal 18 connected to Zone 5 98
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ZN5I18T Terminal 18 connected to Zone 5 and will be tripped 122

ZN5I19 Terminal 19 connected to Zone 5 98

ZN5I19T Terminal 19 connected to Zone 5 and will be tripped 122

ZN5I20 Terminal 20 connected to Zone 5 98

ZN5I20T Terminal 20 connected to Zone 5 and will be tripped 122

ZN5I21 Terminal 21 connected to Zone 5 98

ZN5I21T Terminal 21 connected to Zone 5 and will be tripped 122

ZN6I01 Terminal 01 connected to Zone 6 100

ZN6I01T Terminal 01 connected to Zone 6 and will be tripped 124

ZN6I02 Terminal 02 connected to Zone 6 100

ZN6I02T Terminal 02 connected to Zone 6 and will be tripped 124

ZN6I03 Terminal 03 connected to Zone 6 100

ZN6I03T Terminal 03 connected to Zone 6 and will be tripped 124

ZN6I04 Terminal 04 connected to Zone 6 100

ZN6I04T Terminal 04 connected to Zone 6 and will be tripped 124

ZN6I05 Terminal 05 connected to Zone 6 100

ZN6I05T Terminal 05 connected to Zone 6 and will be tripped 124

ZN6I06 Terminal 06 connected to Zone 6 100

ZN6I06T Terminal 06 connected to Zone 6 and will be tripped 124

ZN6I07 Terminal 07 connected to Zone 6 100

ZN6I07T Terminal 07 connected to Zone 6 and will be tripped 124

ZN6I08 Terminal 08 connected to Zone 6 100

ZN6I08T Terminal 08 connected to Zone 6 and will be tripped 124

ZN6I09 Terminal 09 connected to Zone 6 101

ZN6I09T Terminal 09 connected to Zone 6 and will be tripped 125

ZN6I10 Terminal 10 connected to Zone 6 101

ZN6I10T Terminal 10 connected to Zone 6 and will be tripped 125

ZN6I11 Terminal 11 connected to Zone 6 101

ZN6I11T Terminal 11 connected to Zone 6 and will be tripped 125

ZN6I12 Terminal 12 connected to Zone 6 101

ZN6I12T Terminal 12 connected to Zone 6 and will be tripped 125

ZN6I13 Terminal 13 connected to Zone 6 101

ZN6I13T Terminal 13 connected to Zone 6 and will be tripped 125

ZN6I14 Terminal 14 connected to Zone 6 101

ZN6I14T Terminal 14 connected to Zone 6 and will be tripped 125

ZN6I15 Terminal 15 connected to Zone 6 101

ZN6I15T Terminal 15 connected to Zone 6 and will be tripped 125

ZN6I16 Terminal 16 connected to Zone 6 101

ZN6I16T Terminal 16 connected to Zone 6 and will be tripped 125

ZN6I17 Terminal 17 connected to Zone 6 102

ZN6I17T Terminal 17 connected to Zone 6 and will be tripped 126
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ZN6I18 Terminal 18 connected to Zone 6 102

ZN6I18T Terminal 18 connected to Zone 6 and will be tripped 126

ZN6I19 Terminal 19 connected to Zone 6 102

ZN6I19T Terminal 19 connected to Zone 6 and will be tripped 126

ZN6I20 Terminal 20 connected to Zone 6 102

ZN6I20T Terminal 20 connected to Zone 6 and will be tripped 126

ZN6I21 Terminal 21 connected to Zone 6 102

ZN6I21T Terminal 21 connected to Zone 6 and will be tripped 126

ZONE1 Differential Zone 1 is active 150

ZONE2 Differential Zone 2 is active 150

ZONE3 Differential Zone 3 is active 150

ZONE4 Differential Zone 4 is active 150

ZONE5 Differential Zone 5 is active 150

ZONE6 Differential Zone 6 is active 150

ZSWO Zone switching operation 152

ZSWOAL Zone switching operation alarm 152

ZSWOIP Zone switching operation in progress 152

ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone 151

ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1 151

ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2 151

ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3 151

ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4 151

ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5 151

ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6 151

Table 11.2 Row List of Relay Word Bits (Sheet 1 of 99)

Row Name Bit Description

Enable and Target LEDs

0 EN Relay enabled

0 TRIPLED Trip LED

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

Target LEDs

1 TLED_1 Front-panel target LED 1

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 79 of 79)

Name Bit Description Row
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1 TLED_2 Front-panel target LED 2

1 TLED_3 Front-panel target LED 3

1 TLED_4 Front-panel target LED 4

1 TLED_5 Front-panel target LED 5

1 TLED_6 Front-panel target LED 6

1 TLED_7 Front-panel target LED 7

1 TLED_8 Front-panel target LED 8

2 TLED_9 Front-panel target LED 9

2 TLED_10 Front-panel target LED 10

2 TLED_11 Front-panel target LED 11

2 TLED_12 Front-panel target LED 12

2 TLED_13 Front-panel target LED 13

2 TLED_14 Front-panel target LED 14

2 TLED_15 Front-panel target LED 15

2 TLED_16 Front-panel target LED 16

3 TLED_17 Front-panel target LED 17

3 TLED_18 Front-panel target LED 18

3 TLED_19 Front-panel target LED 19

3 TLED_20 Front-panel target LED 20

3 TLED_21 Front-panel target LED 21

3 TLED_22 Front-panel target LED 22

3 TLED_23 Front-panel target LED 23

3 TLED_24 Front-panel target LED 24

Open-Phase Detectors

4 OPH08 Terminal 08 open phase detected

4 OPH07 Terminal 07 open phase detected

4 OPH06 Terminal 06 open phase detected

4 OPH05 Terminal 05 open phase detected

4 OPH04 Terminal 04 open phase detected

4 OPH03 Terminal 03 open phase detected

4 OPH02 Terminal 02 open phase detected

4 OPH01 Terminal 01 open phase detected

5 OPH16 Terminal 16 open phase detected

5 OPH15 Terminal 15 open phase detected

5 OPH14 Terminal 14 open phase detected

5 OPH13 Terminal 13 open phase detected

5 OPH12 Terminal 12 open phase detected

5 OPH11 Terminal 11 open phase detected

5 OPH10 Terminal 10 open phase detected

5 OPH09 Terminal 09 open phase detected

6 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 2 of 99)

Row Name Bit Description
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6 * Reserved

6 * Reserved

6 OPH21 Terminal 21 open phase detected

6 OPH20 Terminal 20 open phase detected

6 OPH19 Terminal 19 open phase detected

6 OPH18 Terminal 18 open phase detected

6 OPH17 Terminal 17 open phase detected

52 Status

7 52AL03 Circuit Breaker 03 alarm

7 52A03 Circuit Breaker 03 status

7 52CL02 Circuit Breaker 02 closed

7 52AL02 Circuit Breaker 02 alarm

7 52A02 Circuit Breaker 02 status

7 52CL01 Circuit Breaker 01 closed

7 52AL01 Circuit Breaker 01 alarm

7 52A01 Circuit Breaker 01 status

8 52A06 Circuit Breaker 06 status

8 52CL05 Circuit Breaker 05 closed

8 52AL05 Circuit Breaker 05 alarm

8 52A05 Circuit Breaker 05 status

8 52CL04 Circuit Breaker 04 closed

8 52AL04 Circuit Breaker 04 alarm

8 52A04 Circuit Breaker 04 status

8 52CL03 Circuit Breaker 03 closed

9 52CL08 Circuit Breaker 08 closed

9 52AL08 Circuit Breaker 08 alarm

9 52A08 Circuit Breaker 08 status

9 52CL07 Circuit Breaker 07 closed

9 52AL07 Circuit Breaker 07 alarm

9 52A07 Circuit Breaker 07 status

9 52CL06 Circuit Breaker 06 closed

9 52AL06 Circuit Breaker 06 alarm

10 52AL11 Circuit Breaker 11 alarm

10 52A11 Circuit Breaker 11 status

10 52CL10 Circuit Breaker 10 closed

10 52AL10 Circuit Breaker 10 alarm

10 52A10 Circuit Breaker 10 status

10 52CL09 Circuit Breaker 09 closed

10 52AL09 Circuit Breaker 09 alarm

10 52A09 Circuit Breaker 09 status

11 52A14 Circuit Breaker 14 status

Table 11.2 Row List of Relay Word Bits (Sheet 3 of 99)

Row Name Bit Description
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11 52CL13 Circuit Breaker 13 closed

11 52AL13 Circuit Breaker 13 alarm

11 52A13 Circuit Breaker 13 status

11 52CL12 Circuit Breaker 12 closed

11 52AL12 Circuit Breaker 12 alarm

11 52A12 Circuit Breaker 12 status

11 52CL11 Circuit Breaker 11 closed

12 52CL16 Circuit Breaker 16 closed

12 52AL16 Circuit Breaker 16 alarm

12 52A16 Circuit Breaker 16 status

12 52CL15 Circuit Breaker 15 closed

12 52AL15 Circuit Breaker 15 alarm

12 52A15 Circuit Breaker 15 status

12 52CL14 Circuit Breaker 14 closed

12 52AL14 Circuit Breaker 14 alarm

13 52AL19 Circuit Breaker 19 alarm

13 52A19 Circuit Breaker 19 status

13 52CL18 Circuit Breaker 18 closed

13 52AL18 Circuit Breaker 18 alarm

13 52A18 Circuit Breaker 18 status

13 52CL17 Circuit Breaker 17 closed

13 52AL17 Circuit Breaker 17 alarm

13 52A17 Circuit Breaker 17 status

14 52AL Any circuit breaker alarm

14 52CL21 Circuit Breaker 21 closed

14 52AL21 Circuit Breaker 21 alarm

14 52A21 Circuit Breaker 21 status

14 52CL20 Circuit Breaker 20 closed

14 52AL20 Circuit Breaker 20 alarm

14 52A20 Circuit Breaker 20 status

14 52CL19 Circuit Breaker 19 closed

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

16 * Reserved

16 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 4 of 99)
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16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

89 Disconnect Status

17 89CL02 Disconnect 02 closed

17 89B02 Disconnect 02 B auxiliary contact closed

17 89A02 Disconnect 02 A auxiliary contact closed

17 89AL01 Disconnect 01 auxiliary contact discrepancy alarm

17 89OIP01 Disconnect 01 operation in progress

17 89CL01 Disconnect 01 closed

17 89B01 Disconnect 01 B auxiliary contact closed

17 89A01 Disconnect 01 A auxiliary contact closed

18 89A04 Disconnect 04 A auxiliary contact closed

18 89AL03 Disconnect 03 auxiliary contact discrepancy alarm

18 89OIP03 Disconnect 03 operation in progress

18 89CL03 Disconnect 03 closed

18 89B03 Disconnect 03 B auxiliary contact closed

18 89A03 Disconnect 03 A auxiliary contact closed

18 89AL02 Disconnect 02 auxiliary contact discrepancy alarm

18 89OIP02 Disconnect 02 operation in progress

19 89OIP05 Disconnect 05 operation in progress

19 89CL05 Disconnect 05 closed

19 89B05 Disconnect 05 B auxiliary contact closed

19 89A05 Disconnect 05 A auxiliary contact closed

19 89AL04 Disconnect 04 auxiliary contact discrepancy alarm

19 89OIP04 Disconnect 04 operation in progress

19 89CL04 Disconnect 04 closed

19 89B04 Disconnect 04 B auxiliary contact closed

20 89B07 Disconnect 07 B auxiliary contact closed

20 89A07 Disconnect 07 A auxiliary contact closed

20 89AL06 Disconnect 06 auxiliary contact discrepancy alarm

20 89OIP06 Disconnect 06 operation in progress

20 89CL06 Disconnect 06 closed

20 89B06 Disconnect 06 B auxiliary contact closed

20 89A06 Disconnect 06 A auxiliary contact closed

20 89AL05 Disconnect 05 auxiliary contact discrepancy alarm

21 89AL08 Disconnect 08 auxiliary contact discrepancy alarm

21 89OIP08 Disconnect 08 operation in progress

Table 11.2 Row List of Relay Word Bits (Sheet 5 of 99)
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21 89CL08 Disconnect 08 closed

21 89B08 Disconnect 08 B auxiliary contact closed

21 89A08 Disconnect 08 A auxiliary contact closed

21 89AL07 Disconnect 07 auxiliary contact discrepancy alarm

21 89OIP07 Disconnect 07 operation in progress

21 89CL07 Disconnect 07 closed

22 89CL10 Disconnect 10 closed

22 89B10 Disconnect 10 B auxiliary contact closed

22 89A10 Disconnect 10 A auxiliary contact closed

22 89AL09 Disconnect 09 auxiliary contact discrepancy alarm

22 89OIP09 Disconnect 09 operation in progress

22 89CL09 Disconnect 09 closed

22 89B09 Disconnect 09 B auxiliary contact closed

22 89A09 Disconnect 09 A auxiliary contact closed

23 89A12 Disconnect 12 A auxiliary contact closed

23 89AL11 Disconnect 11 auxiliary contact discrepancy alarm

23 89OIP11 Disconnect 11 operation in progress

23 89CL11 Disconnect 11 closed

23 89B11 Disconnect 11 B auxiliary contact closed

23 89A11 Disconnect 11 A auxiliary contact closed

23 89AL10 Disconnect 10 auxiliary contact discrepancy alarm

23 89OIP10 Disconnect 10 operation in progress

24 89OIP13 Disconnect 13 operation in progress

24 89CL13 Disconnect 13 closed

24 89B13 Disconnect 13 B auxiliary contact closed

24 89A13 Disconnect 13 A auxiliary contact closed

24 89AL12 Disconnect 12 auxiliary contact discrepancy alarm

24 89OIP12 Disconnect 12 operation in progress

24 89CL12 Disconnect 12 closed

24 89B12 Disconnect 12 B auxiliary contact closed

25 89B15 Disconnect 15 B auxiliary contact closed

25 89A15 Disconnect 15 A auxiliary contact closed

25 89AL14 Disconnect 14 auxiliary contact discrepancy alarm

25 89OIP14 Disconnect 14 operation in progress

25 89CL14 Disconnect 14 closed

25 89B14 Disconnect 14 B auxiliary contact closed

25 89A14 Disconnect 14 A auxiliary contact closed

25 89AL13 Disconnect 13 auxiliary contact discrepancy alarm

26 89AL16 Disconnect 16 auxiliary contact discrepancy alarm

26 89OIP16 Disconnect 16 operation in progress

26 89CL16 Disconnect 16 closed

Table 11.2 Row List of Relay Word Bits (Sheet 6 of 99)
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26 89B16 Disconnect 16 B auxiliary contact closed

26 89A16 Disconnect 16 A auxiliary contact closed

26 89AL15 Disconnect 15 auxiliary contact discrepancy alarm

26 89OIP15 Disconnect 15 operation in progress

26 89CL15 Disconnect 15 closed

27 89CL18 Disconnect 18 closed

27 89B18 Disconnect 18 B auxiliary contact closed

27 89A18 Disconnect 18 A auxiliary contact closed

27 89AL17 Disconnect 17 auxiliary contact discrepancy alarm

27 89OIP17 Disconnect 17 operation in progress

27 89CL17 Disconnect 17 closed

27 89B17 Disconnect 17 B auxiliary contact closed

27 89A17 Disconnect 17 A auxiliary contact closed

28 89A20 Disconnect 20 A auxiliary contact closed

28 89AL19 Disconnect 19 auxiliary contact discrepancy alarm

28 89OIP19 Disconnect 19 operation in progress

28 89CL19 Disconnect 19 closed

28 89B19 Disconnect 19 B auxiliary contact closed

28 89A19 Disconnect 19 A auxiliary contact closed

28 89AL18 Disconnect 18 auxiliary contact discrepancy alarm

28 89OIP18 Disconnect 18 operation in progress

29 89OIP21 Disconnect 21 operation in progress

29 89CL21 Disconnect 21 closed

29 89B21 Disconnect 21 B auxiliary contact closed

29 89A21 Disconnect 21 A auxiliary contact closed

29 89AL20 Disconnect 20 auxiliary contact discrepancy alarm

29 89OIP20 Disconnect 20 operation in progress

29 89CL20 Disconnect 20 closed

29 89B20 Disconnect 20 B auxiliary contact closed

30 89B23 Disconnect 23 B auxiliary contact closed

30 89A23 Disconnect 23 A auxiliary contact closed

30 89AL22 Disconnect 22 auxiliary contact discrepancy alarm

30 89OIP22 Disconnect 22 operation in progress

30 89CL22 Disconnect 22 closed

30 89B22 Disconnect 22 B auxiliary contact closed

30 89A22 Disconnect 22 A auxiliary contact closed

30 89AL21 Disconnect 21 auxiliary contact discrepancy alarm

31 89AL24 Disconnect 24 auxiliary contact discrepancy alarm

31 89OIP24 Disconnect 24 operation in progress

31 89CL24 Disconnect 24 closed

31 89B24 Disconnect 24 B auxiliary contact closed

Table 11.2 Row List of Relay Word Bits (Sheet 7 of 99)

Row Name Bit Description
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31 89A24 Disconnect 24 A auxiliary contact closed

31 89AL23 Disconnect 23 auxiliary contact discrepancy alarm

31 89OIP23 Disconnect 23 operation in progress

31 89CL23 Disconnect 23 closed

32 89CL26 Disconnect 26 closed

32 89B26 Disconnect 26 B auxiliary contact closed

32 89A26 Disconnect 26 A auxiliary contact closed

32 89AL25 Disconnect 25 auxiliary contact discrepancy alarm

32 89OIP25 Disconnect 25 operation in progress

32 89CL25 Disconnect 25 closed

32 89B25 Disconnect 25 B auxiliary contact closed

32 89A25 Disconnect 25 A auxiliary contact closed

33 89A28 Disconnect 28 A auxiliary contact closed

33 89AL27 Disconnect 27 auxiliary contact discrepancy alarm

33 89OIP27 Disconnect 27 operation in progress

33 89CL27 Disconnect 27 closed

33 89B27 Disconnect 27 B auxiliary contact closed

33 89A27 Disconnect 27 A auxiliary contact closed

33 89AL26 Disconnect 26 auxiliary contact discrepancy alarm

33 89OIP26 Disconnect 26 operation in progress

34 89OIP29 Disconnect 29 operation in progress

34 89CL29 Disconnect 29 closed

34 89B29 Disconnect 29 B auxiliary contact closed

34 89A29 Disconnect 29 A auxiliary contact closed

34 89AL28 Disconnect 28 auxiliary contact discrepancy alarm

34 89OIP28 Disconnect 28 operation in progress

34 89CL28 Disconnect 28 closed

34 89B28 Disconnect 28 B auxiliary contact closed

35 89B31 Disconnect 31 B auxiliary contact closed

35 89A31 Disconnect 31 A auxiliary contact closed

35 89AL30 Disconnect 30 auxiliary contact discrepancy alarm

35 89OIP30 Disconnect 30 operation in progress

35 89CL30 Disconnect 30 closed

35 89B30 Disconnect 30 B auxiliary contact closed

35 89A30 Disconnect 30 A auxiliary contact closed

35 89AL29 Disconnect 29 auxiliary contact discrepancy alarm

36 89AL32 Disconnect 32 auxiliary contact discrepancy alarm

36 89OIP32 Disconnect 32 operation in progress

36 89CL32 Disconnect 32 closed

36 89B32 Disconnect 32 B auxiliary contact closed

36 89A32 Disconnect 32 A auxiliary contact closed

Table 11.2 Row List of Relay Word Bits (Sheet 8 of 99)
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36 89AL31 Disconnect 31 auxiliary contact discrepancy alarm

36 89OIP31 Disconnect 31 operation in progress

36 89CL31 Disconnect 31 closed

37 89CL34 Disconnect 34 closed

37 89B34 Disconnect 34 B auxiliary contact closed

37 89A34 Disconnect 34 A auxiliary contact closed

37 89AL33 Disconnect 33 auxiliary contact discrepancy alarm

37 89OIP33 Disconnect 33 operation in progress

37 89CL33 Disconnect 33 closed

37 89B33 Disconnect 33 B auxiliary contact closed

37 89A33 Disconnect 33 A auxiliary contact closed

38 89A36 Disconnect 36 A auxiliary contact closed

38 89AL35 Disconnect 35 auxiliary contact discrepancy alarm

38 89OIP35 Disconnect 35 operation in progress

38 89CL35 Disconnect 35 closed

38 89B35 Disconnect 35 B auxiliary contact closed

38 89A35 Disconnect 35 A auxiliary contact closed

38 89AL34 Disconnect 34 auxiliary contact discrepancy alarm

38 89OIP34 Disconnect 34 operation in progress

39 89OIP37 Disconnect 37 operation in progress

39 89CL37 Disconnect 37 closed

39 89B37 Disconnect 37 B auxiliary contact closed

39 89A37 Disconnect 37 A auxiliary contact closed

39 89AL36 Disconnect 36 auxiliary contact discrepancy alarm

39 89OIP36 Disconnect 36 operation in progress

39 89CL36 Disconnect 36 closed

39 89B36 Disconnect 36 B auxiliary contact closed

40 89B39 Disconnect 39 B auxiliary contact closed

40 89A39 Disconnect 39 A auxiliary contact closed

40 89AL38 Disconnect 38 auxiliary contact discrepancy alarm

40 89OIP38 Disconnect 38 operation in progress

40 89CL38 Disconnect 38 closed

40 89B38 Disconnect 38 B auxiliary contact closed

40 89A38 Disconnect 38 A auxiliary contact closed

40 89AL37 Disconnect 37 auxiliary contact discrepancy alarm

41 89AL40 Disconnect 40 auxiliary contact discrepancy alarm

41 89OIP40 Disconnect 40 operation in progress

41 89CL40 Disconnect 40 closed

41 89B40 Disconnect 40 B auxiliary contact closed

41 89A40 Disconnect 40 A auxiliary contact closed

41 89AL39 Disconnect 39 auxiliary contact discrepancy alarm

Table 11.2 Row List of Relay Word Bits (Sheet 9 of 99)
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41 89OIP39 Disconnect 39 operation in progress

41 89CL39 Disconnect 39 closed

42 89CL42 Disconnect 42 closed

42 89B42 Disconnect 42 B auxiliary contact closed

42 89A42 Disconnect 42 A auxiliary contact closed

42 89AL41 Disconnect 41 auxiliary contact discrepancy alarm

42 89OIP41 Disconnect 41 operation in progress

42 89CL41 Disconnect 41 closed

42 89B41 Disconnect 41 B auxiliary contact closed

42 89A41 Disconnect 41 A auxiliary contact closed

43 89A44 Disconnect 44 A auxiliary contact closed

43 89AL43 Disconnect 43 auxiliary contact discrepancy alarm

43 89OIP43 Disconnect 43 operation in progress

43 89CL43 Disconnect 43 closed

43 89B43 Disconnect 43 B auxiliary contact closed

43 89A43 Disconnect 43 A auxiliary contact closed

43 89AL42 Disconnect 42 auxiliary contact discrepancy alarm

43 89OIP42 Disconnect 42 operation in progress

44 89OIP45 Disconnect 45 operation in progress

44 89CL45 Disconnect 45 closed

44 89B45 Disconnect 45 B auxiliary contact closed

44 89A45 Disconnect 45 A auxiliary contact closed

44 89AL44 Disconnect 44 auxiliary contact discrepancy alarm

44 89OIP44 Disconnect 44 operation in progress

44 89CL44 Disconnect 44 closed

44 89B44 Disconnect 44 B auxiliary contact closed

45 89B47 Disconnect 47 B auxiliary contact closed

45 89A47 Disconnect 47 A auxiliary contact closed

45 89AL46 Disconnect 46 auxiliary contact discrepancy alarm

45 89OIP46 Disconnect 46 operation in progress

45 89CL46 Disconnect 46 closed

45 89B46 Disconnect 46 B auxiliary contact closed

45 89A46 Disconnect 46 A auxiliary contact closed

45 89AL45 Disconnect 45 auxiliary contact discrepancy alarm

46 89AL48 Disconnect 48 auxiliary contact discrepancy alarm

46 89OIP48 Disconnect 48 operation in progress

46 89CL48 Disconnect 48 closed

46 89B48 Disconnect 48 B auxiliary contact closed

46 89A48 Disconnect 48 A auxiliary contact closed

46 89AL47 Disconnect 47 auxiliary contact discrepancy alarm

46 89OIP47 Disconnect 47 operation in progress

Table 11.2 Row List of Relay Word Bits (Sheet 10 of 99)
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46 89CL47 Disconnect 47 closed

47 89CL50 Disconnect 50 closed

47 89B50 Disconnect 50 B auxiliary contact closed

47 89A50 Disconnect 50 A auxiliary contact closed

47 89AL49 Disconnect 49 auxiliary contact discrepancy alarm

47 89OIP49 Disconnect 49 operation in progress

47 89CL49 Disconnect 49 closed

47 89B49 Disconnect 49 B auxiliary contact closed

47 89A49 Disconnect 49 A auxiliary contact closed

48 89A52 Disconnect 52 A auxiliary contact closed

48 89AL51 Disconnect 51 auxiliary contact discrepancy alarm

48 89OIP51 Disconnect 51 operation in progress

48 89CL51 Disconnect 51 closed

48 89B51 Disconnect 51 B auxiliary contact closed

48 89A51 Disconnect 51 A auxiliary contact closed

48 89AL50 Disconnect 50 auxiliary contact discrepancy alarm

48 89OIP50 Disconnect 50 operation in progress

49 89OIP53 Disconnect 53 operation in progress

49 89CL53 Disconnect 53 closed

49 89B53 Disconnect 53 B auxiliary contact closed

49 89A53 Disconnect 53 A auxiliary contact closed

49 89AL52 Disconnect 52 auxiliary contact discrepancy alarm

49 89OIP52 Disconnect 52 operation in progress

49 89CL52 Disconnect 52 closed

49 89B52 Disconnect 52 B auxiliary contact closed

50 89B55 Disconnect 55 B auxiliary contact closed

50 89A55 Disconnect 55 A auxiliary contact closed

50 89AL54 Disconnect 54 auxiliary contact discrepancy alarm

50 89OIP54 Disconnect 54 operation in progress

50 89CL54 Disconnect 54 closed

50 89B54 Disconnect 54 B auxiliary contact closed

50 89A54 Disconnect 54 A auxiliary contact closed

50 89AL53 Disconnect 53 auxiliary contact discrepancy alarm

51 89AL56 Disconnect 56 auxiliary contact discrepancy alarm

51 89OIP56 Disconnect 56 operation in progress

51 89CL56 Disconnect 56 closed

51 89B56 Disconnect 56 B auxiliary contact closed

51 89A56 Disconnect 56 A auxiliary contact closed

51 89AL55 Disconnect 55 auxiliary contact discrepancy alarm

51 89OIP55 Disconnect 55 operation in progress

51 89CL55 Disconnect 55 closed

Table 11.2 Row List of Relay Word Bits (Sheet 11 of 99)

Row Name Bit Description
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52 89CL58 Disconnect 58 closed

52 89B58 Disconnect 58 B auxiliary contact closed

52 89A58 Disconnect 58 A auxiliary contact closed

52 89AL57 Disconnect 57 auxiliary contact discrepancy alarm

52 89OIP57 Disconnect 57 operation in progress

52 89CL57 Disconnect 57 closed

52 89B57 Disconnect 57 B auxiliary contact closed

52 89A57 Disconnect 57 A auxiliary contact closed

53 89A60 Disconnect 60 A auxiliary contact closed

53 89AL59 Disconnect 59 auxiliary contact discrepancy alarm

53 89OIP59 Disconnect 59 operation in progress

53 89CL59 Disconnect 59 closed

53 89B59 Disconnect 59 B auxiliary contact closed

53 89A59 Disconnect 59 A auxiliary contact closed

53 89AL58 Disconnect 58 auxiliary contact discrepancy alarm

53 89OIP58 Disconnect 58 operation in progress

54 * Reserved

54 * Reserved

54 * Reserved

54 * Reserved

54 89AL60 Disconnect 60 auxiliary contact discrepancy alarm

54 89OIP60 Disconnect 60 operation in progress

54 89CL60 Disconnect 60 closed

54 89B60 Disconnect 60 B auxiliary contact closed

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 89OIP Any Disconnect operation in progress

55 89AL Any Disconnect auxiliary contact discrepancy alarm

Terminal-to-Bus-Zone Connection

56 I08BZ1V Terminal I08 connected to BZ1

56 I07BZ1V Terminal I07 connected to BZ1

56 I06BZ1V Terminal I06 connected to BZ1

56 I05BZ1V Terminal I05 connected to BZ1

56 I04BZ1V Terminal I04 connected to BZ1

56 I03BZ1V Terminal I03 connected to BZ1

56 I02BZ1V Terminal I02 connected to BZ1

56 I01BZ1V Terminal I01 connected to BZ1

Table 11.2 Row List of Relay Word Bits (Sheet 12 of 99)
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57 I16BZ1V Terminal I16 connected to BZ1

57 I15BZ1V Terminal I15 connected to BZ1

57 I14BZ1V Terminal I14 connected to BZ1

57 I13BZ1V Terminal I13 connected to BZ1

57 I12BZ1V Terminal I12 connected to BZ1

57 I11BZ1V Terminal I11 connected to BZ1

57 I10BZ1V Terminal I10 connected to BZ1

57 I09BZ1V Terminal I09 connected to BZ1

58 * Reserved

58 * Reserved

58 * Reserved

58 I21BZ1V Terminal I21 connected to BZ1

58 I20BZ1V Terminal I20 connected to BZ1

58 I19BZ1V Terminal I19 connected to BZ1

58 I18BZ1V Terminal I18 connected to BZ1

58 I17BZ1V Terminal I17 connected to BZ1

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

60 I08BZ2V Terminal I08 connected to BZ2

60 I07BZ2V Terminal I07 connected to BZ2

60 I06BZ2V Terminal I06 connected to BZ2

60 I05BZ2V Terminal I05 connected to BZ2

60 I04BZ2V Terminal I04 connected to BZ2

60 I03BZ2V Terminal I03 connected to BZ2

60 I02BZ2V Terminal I02 connected to BZ2

60 I01BZ2V Terminal I01 connected to BZ2

61 I16BZ2V Terminal I16 connected to BZ2

61 I15BZ2V Terminal I15 connected to BZ2

61 I14BZ2V Terminal I14 connected to BZ2

61 I13BZ2V Terminal I13 connected to BZ2

61 I12BZ2V Terminal I12 connected to BZ2

61 I11BZ2V Terminal I11 connected to BZ2

61 I10BZ2V Terminal I10 connected to BZ2

61 I09BZ2V Terminal I09 connected to BZ2

62 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 13 of 99)
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62 * Reserved

62 * Reserved

62 I21BZ2V Terminal I21 connected to BZ2

62 I20BZ2V Terminal I20 connected to BZ2

62 I19BZ2V Terminal I19 connected to BZ2

62 I18BZ2V Terminal I18 connected to BZ2

62 I17BZ2V Terminal I17 connected to BZ2

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

64 I08BZ3V Terminal I08 connected to BZ3

64 I07BZ3V Terminal I07 connected to BZ3

64 I06BZ3V Terminal I06 connected to BZ3

64 I05BZ3V Terminal I05 connected to BZ3

64 I04BZ3V Terminal I04 connected to BZ3

64 I03BZ3V Terminal I03 connected to BZ3

64 I02BZ3V Terminal I02 connected to BZ3

64 I01BZ3V Terminal I01 connected to BZ3

65 I16BZ3V Terminal I16 connected to BZ3

65 I15BZ3V Terminal I15 connected to BZ3

65 I14BZ3V Terminal I14 connected to BZ3

65 I13BZ3V Terminal I13 connected to BZ3

65 I12BZ3V Terminal I12 connected to BZ3

65 I11BZ3V Terminal I11 connected to BZ3

65 I10BZ3V Terminal I10 connected to BZ3

65 I09BZ3V Terminal I09 connected to BZ3

66 * Reserved

66 * Reserved

66 * Reserved

66 I21BZ3V Terminal I21 connected to BZ3

66 I20BZ3V Terminal I20 connected to BZ3

66 I19BZ3V Terminal I19 connected to BZ3

66 I18BZ3V Terminal I18 connected to BZ3

66 I17BZ3V Terminal I17 connected to BZ3

67 * Reserved

67 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 14 of 99)
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67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

68 I08BZ4V Terminal I08 connected to BZ4

68 I07BZ4V Terminal I07 connected to BZ4

68 I06BZ4V Terminal I06 connected to BZ4

68 I05BZ4V Terminal I05 connected to BZ4

68 I04BZ4V Terminal I04 connected to BZ4

68 I03BZ4V Terminal I03 connected to BZ4

68 I02BZ4V Terminal I02 connected to BZ4

68 I01BZ4V Terminal I01 connected to BZ4

69 I16BZ4V Terminal I16 connected to BZ4

69 I15BZ4V Terminal I15 connected to BZ4

69 I14BZ4V Terminal I14 connected to BZ4

69 I13BZ4V Terminal I13 connected to BZ4

69 I12BZ4V Terminal I12 connected to BZ4

69 I11BZ4V Terminal I11 connected to BZ4

69 I10BZ4V Terminal I10 connected to BZ4

69 I09BZ4V Terminal I09 connected to BZ4

70 * Reserved

70 * Reserved

70 * Reserved

70 I21BZ4V Terminal I21 connected to BZ4

70 I20BZ4V Terminal I20 connected to BZ4

70 I19BZ4V Terminal I19 connected to BZ4

70 I18BZ4V Terminal I18 connected to BZ4

70 I17BZ4V Terminal I17 connected to BZ4

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

72 I08BZ5V Terminal I08 connected to BZ5

72 I07BZ5V Terminal I07 connected to BZ5

72 I06BZ5V Terminal I06 connected to BZ5

Table 11.2 Row List of Relay Word Bits (Sheet 15 of 99)
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72 I05BZ5V Terminal I05 connected to BZ5

72 I04BZ5V Terminal I04 connected to BZ5

72 I03BZ5V Terminal I03 connected to BZ5

72 I02BZ5V Terminal I02 connected to BZ5

72 I01BZ5V Terminal I01 connected to BZ5

73 I16BZ5V Terminal I16 connected to BZ5

73 I15BZ5V Terminal I15 connected to BZ5

73 I14BZ5V Terminal I14 connected to BZ5

73 I13BZ5V Terminal I13 connected to BZ5

73 I12BZ5V Terminal I12 connected to BZ5

73 I11BZ5V Terminal I11 connected to BZ5

73 I10BZ5V Terminal I10 connected to BZ5

73 I09BZ5V Terminal I09 connected to BZ5

74 * Reserved

74 * Reserved

74 * Reserved

74 I21BZ5V Terminal I21 connected to BZ5

74 I20BZ5V Terminal I20 connected to BZ5

74 I19BZ5V Terminal I19 connected to BZ5

74 I18BZ5V Terminal I18 connected to BZ5

74 I17BZ5V Terminal I17 connected to BZ5

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

76 I08BZ6V Terminal I08 connected to BZ6

76 I07BZ6V Terminal I07 connected to BZ6

76 I06BZ6V Terminal I06 connected to BZ6

76 I05BZ6V Terminal I05 connected to BZ6

76 I04BZ6V Terminal I04 connected to BZ6

76 I03BZ6V Terminal I03 connected to BZ6

76 I02BZ6V Terminal I02 connected to BZ6

76 I01BZ6V Terminal I01 connected to BZ6

77 I16BZ6V Terminal I16 connected to BZ6

77 I15BZ6V Terminal I15 connected to BZ6

77 I14BZ6V Terminal I14 connected to BZ6

77 I13BZ6V Terminal I13 connected to BZ6
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77 I12BZ6V Terminal I12 connected to BZ6

77 I11BZ6V Terminal I11 connected to BZ6

77 I10BZ6V Terminal I10 connected to BZ6

77 I09BZ6V Terminal I09 connected to BZ6

78 * Reserved

78 * Reserved

78 * Reserved

78 I21BZ6V Terminal I21 connected to BZ6

78 I20BZ6V Terminal I20 connected to BZ6

78 I19BZ6V Terminal I19 connected to BZ6

78 I18BZ6V Terminal I18 connected to BZ6

78 I17BZ6V Terminal I17 connected to BZ6

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

80 ZN1I08 Terminal 08 connected to Zone 1

80 ZN1I07 Terminal 07 connected to Zone 1

80 ZN1I06 Terminal 06 connected to Zone 1

80 ZN1I05 Terminal 05 connected to Zone 1

80 ZN1I04 Terminal 04 connected to Zone 1

80 ZN1I03 Terminal 03 connected to Zone 1

80 ZN1I02 Terminal 02 connected to Zone 1

80 ZN1I01 Terminal 01 connected to Zone 1

81 ZN1I16 Terminal 16 connected to Zone 1

81 ZN1I15 Terminal 15 connected to Zone 1

81 ZN1I14 Terminal 14 connected to Zone 1

81 ZN1I13 Terminal 13 connected to Zone 1

81 ZN1I12 Terminal 12 connected to Zone 1

81 ZN1I11 Terminal 11 connected to Zone 1

81 ZN1I10 Terminal 10 connected to Zone 1

81 ZN1I09 Terminal 09 connected to Zone 1

82 * Reserved

82 * Reserved

82 * Reserved

82 ZN1I21 Terminal 21 connected to Zone 1

82 ZN1I20 Terminal 20 connected to Zone 1
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82 ZN1I19 Terminal 19 connected to Zone 1

82 ZN1I18 Terminal 18 connected to Zone 1

82 ZN1I17 Terminal 17 connected to Zone 1

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

84 ZN2I08 Terminal 08 connected to Zone 2

84 ZN2I07 Terminal 07 connected to Zone 2

84 ZN2I06 Terminal 06 connected to Zone 2

84 ZN2I05 Terminal 05 connected to Zone 2

84 ZN2I04 Terminal 04 connected to Zone 2

84 ZN2I03 Terminal 03 connected to Zone 2

84 ZN2I02 Terminal 02 connected to Zone 2

84 ZN2I01 Terminal 01 connected to Zone 2

85 ZN2I16 Terminal 16 connected to Zone 2

85 ZN2I15 Terminal 15 connected to Zone 2

85 ZN2I14 Terminal 14 connected to Zone 2

85 ZN2I13 Terminal 13 connected to Zone 2

85 ZN2I12 Terminal 12 connected to Zone 2

85 ZN2I11 Terminal 11 connected to Zone 2

85 ZN2I10 Terminal 10 connected to Zone 2

85 ZN2I09 Terminal 09 connected to Zone 2

86 * Reserved

86 * Reserved

86 * Reserved

86 ZN2I21 Terminal 21 connected to Zone 2

86 ZN2I20 Terminal 20 connected to Zone 2

86 ZN2I19 Terminal 19 connected to Zone 2

86 ZN2I18 Terminal 18 connected to Zone 2

86 ZN2I17 Terminal 17 connected to Zone 2

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved
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87 * Reserved

87 * Reserved

88 ZN3I08 Terminal 08 connected to Zone 3

88 ZN3I07 Terminal 07 connected to Zone 3

88 ZN3I06 Terminal 06 connected to Zone 3

88 ZN3I05 Terminal 05 connected to Zone 3

88 ZN3I04 Terminal 04 connected to Zone 3

88 ZN3I03 Terminal 03 connected to Zone 3

88 ZN3I02 Terminal 02 connected to Zone 3

88 ZN3I01 Terminal 01 connected to Zone 3

89 ZN3I16 Terminal 16 connected to Zone 3

89 ZN3I15 Terminal 15 connected to Zone 3

89 ZN3I14 Terminal 14 connected to Zone 3

89 ZN3I13 Terminal 13 connected to Zone 3

89 ZN3I12 Terminal 12 connected to Zone 3

89 ZN3I11 Terminal 11 connected to Zone 3

89 ZN3I10 Terminal 10 connected to Zone 3

89 ZN3I09 Terminal 09 connected to Zone 3

90 * Reserved

90 * Reserved

90 * Reserved

90 ZN3I21 Terminal 21 connected to Zone 3

90 ZN3I20 Terminal 20 connected to Zone 3

90 ZN3I19 Terminal 19 connected to Zone 3

90 ZN3I18 Terminal 18 connected to Zone 3

90 ZN3I17 Terminal 17 connected to Zone 3

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

92 ZN4I08 Terminal 08 connected to Zone 4

92 ZN4I07 Terminal 07 connected to Zone 4

92 ZN4I06 Terminal 06 connected to Zone 4

92 ZN4I05 Terminal 05 connected to Zone 4

92 ZN4I04 Terminal 04 connected to Zone 4

92 ZN4I03 Terminal 03 connected to Zone 4

92 ZN4I02 Terminal 02 connected to Zone 4
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92 ZN4I01 Terminal 01 connected to Zone 4

93 ZN4I16 Terminal 16 connected to Zone 4

93 ZN4I15 Terminal 15 connected to Zone 4

93 ZN4I14 Terminal 14 connected to Zone 4

93 ZN4I13 Terminal 13 connected to Zone 4

93 ZN4I12 Terminal 12 connected to Zone 4

93 ZN4I11 Terminal 11 connected to Zone 4

93 ZN4I10 Terminal 10 connected to Zone 4

93 ZN4I09 Terminal 09 connected to Zone 4

94 * Reserved

94 * Reserved

94 * Reserved

94 ZN4I21 Terminal 21 connected to Zone 4

94 ZN4I20 Terminal 20 connected to Zone 4

94 ZN4I19 Terminal 19 connected to Zone 4

94 ZN4I18 Terminal 18 connected to Zone 4

94 ZN4I17 Terminal 17 connected to Zone 4

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

96 ZN5I08 Terminal 08 connected to Zone 5

96 ZN5I07 Terminal 07 connected to Zone 5

96 ZN5I06 Terminal 06 connected to Zone 5

96 ZN5I05 Terminal 05 connected to Zone 5

96 ZN5I04 Terminal 04 connected to Zone 5

96 ZN5I03 Terminal 03 connected to Zone 5

96 ZN5I02 Terminal 02 connected to Zone 5

96 ZN5I01 Terminal 01 connected to Zone 5

97 ZN5I16 Terminal 16 connected to Zone 5

97 ZN5I15 Terminal 15 connected to Zone 5

97 ZN5I14 Terminal 14 connected to Zone 5

97 ZN5I13 Terminal 13 connected to Zone 5

97 ZN5I12 Terminal 12 connected to Zone 5

97 ZN5I11 Terminal 11 connected to Zone 5

97 ZN5I10 Terminal 10 connected to Zone 5

97 ZN5I09 Terminal 09 connected to Zone 5
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98 * Reserved

98 * Reserved

98 * Reserved

98 ZN5I21 Terminal 21 connected to Zone 5

98 ZN5I20 Terminal 20 connected to Zone 5

98 ZN5I19 Terminal 19 connected to Zone 5

98 ZN5I18 Terminal 18 connected to Zone 5

98 ZN5I17 Terminal 17 connected to Zone 5

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

100 ZN6I08 Terminal 08 connected to Zone 6

100 ZN6I07 Terminal 07 connected to Zone 6

100 ZN6I06 Terminal 06 connected to Zone 6

100 ZN6I05 Terminal 05 connected to Zone 6

100 ZN6I04 Terminal 04 connected to Zone 6

100 ZN6I03 Terminal 03 connected to Zone 6

100 ZN6I02 Terminal 02 connected to Zone 6

100 ZN6I01 Terminal 01 connected to Zone 6

101 ZN6I16 Terminal 16 connected to Zone 6

101 ZN6I15 Terminal 15 connected to Zone 6

101 ZN6I14 Terminal 14 connected to Zone 6

101 ZN6I13 Terminal 13 connected to Zone 6

101 ZN6I12 Terminal 12 connected to Zone 6

101 ZN6I11 Terminal 11 connected to Zone 6

101 ZN6I10 Terminal 10 connected to Zone 6

101 ZN6I09 Terminal 09 connected to Zone 6

102 * Reserved

102 * Reserved

102 * Reserved

102 ZN6I21 Terminal 21 connected to Zone 6

102 ZN6I20 Terminal 20 connected to Zone 6

102 ZN6I19 Terminal 19 connected to Zone 6

102 ZN6I18 Terminal 18 connected to Zone 6

102 ZN6I17 Terminal 17 connected to Zone 6

103 * Reserved
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103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

104 ZN1I08T Terminal 08 connected to Zone 1 and will be tripped

104 ZN1I07T Terminal 07 connected to Zone 1 and will be tripped

104 ZN1I06T Terminal 06 connected to Zone 1 and will be tripped

104 ZN1I05T Terminal 05 connected to Zone 1 and will be tripped

104 ZN1I04T Terminal 04 connected to Zone 1 and will be tripped

104 ZN1I03T Terminal 03 connected to Zone 1 and will be tripped

104 ZN1I02T Terminal 02 connected to Zone 1 and will be tripped

104 ZN1I01T Terminal 01 connected to Zone 1 and will be tripped

105 ZN1I16T Terminal 16 connected to Zone 1 and will be tripped

105 ZN1I15T Terminal 15 connected to Zone 1 and will be tripped

105 ZN1I14T Terminal 14 connected to Zone 1 and will be tripped

105 ZN1I13T Terminal 13 connected to Zone 1 and will be tripped

105 ZN1I12T Terminal 12 connected to Zone 1 and will be tripped

105 ZN1I11T Terminal 11 connected to Zone 1 and will be tripped

105 ZN1I10T Terminal 10 connected to Zone 1 and will be tripped

105 ZN1I09T Terminal 09 connected to Zone 1 and will be tripped

106 * Reserved

106 * Reserved

106 * Reserved

106 ZN1I21T Terminal 21 connected to Zone 1 and will be tripped

106 ZN1I20T Terminal 20 connected to Zone 1 and will be tripped

106 ZN1I19T Terminal 19 connected to Zone 1 and will be tripped

106 ZN1I18T Terminal 18 connected to Zone 1 and will be tripped

106 ZN1I17T Terminal 17 connected to Zone 1 and will be tripped

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

108 ZN2I08T Terminal 08 connected to Zone 2 and will be tripped

108 ZN2I07T Terminal 07 connected to Zone 2 and will be tripped
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108 ZN2I06T Terminal 06 connected to Zone 2 and will be tripped

108 ZN2I05T Terminal 05 connected to Zone 2 and will be tripped

108 ZN2I04T Terminal 04 connected to Zone 2 and will be tripped

108 ZN2I03T Terminal 03 connected to Zone 2 and will be tripped

108 ZN2I02T Terminal 02 connected to Zone 2 and will be tripped

108 ZN2I01T Terminal 01 connected to Zone 2 and will be tripped

109 ZN2I16T Terminal 16 connected to Zone 2 and will be tripped

109 ZN2I15T Terminal 15 connected to Zone 2 and will be tripped

109 ZN2I14T Terminal 14 connected to Zone 2 and will be tripped

109 ZN2I13T Terminal 13 connected to Zone 2 and will be tripped

109 ZN2I12T Terminal 12 connected to Zone 2 and will be tripped

109 ZN2I11T Terminal 11 connected to Zone 2 and will be tripped

109 ZN2I10T Terminal 10 connected to Zone 2 and will be tripped

109 ZN2I09T Terminal 09 connected to Zone 2 and will be tripped

110 * Reserved

110 * Reserved

110 * Reserved

110 ZN2I21T Terminal 21 connected to Zone 2 and will be tripped

110 ZN2I20T Terminal 20 connected to Zone 2 and will be tripped

110 ZN2I19T Terminal 19 connected to Zone 2 and will be tripped

110 ZN2I18T Terminal 18 connected to Zone 2 and will be tripped

110 ZN2I17T Terminal 17 connected to Zone 2 and will be tripped

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

112 ZN3I08T Terminal 08 connected to Zone 3 and will be tripped

112 ZN3I07T Terminal 07 connected to Zone 3 and will be tripped

112 ZN3I06T Terminal 06 connected to Zone 3 and will be tripped

112 ZN3I05T Terminal 05 connected to Zone 3 and will be tripped

112 ZN3I04T Terminal 04 connected to Zone 3 and will be tripped

112 ZN3I03T Terminal 03 connected to Zone 3 and will be tripped

112 ZN3I02T Terminal 02 connected to Zone 3 and will be tripped

112 ZN3I01T Terminal 01 connected to Zone 3 and will be tripped

113 ZN3I16T Terminal 16 connected to Zone 3 and will be tripped

113 ZN3I15T Terminal 15 connected to Zone 3 and will be tripped

113 ZN3I14T Terminal 14 connected to Zone 3 and will be tripped
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113 ZN3I13T Terminal 13 connected to Zone 3 and will be tripped

113 ZN3I12T Terminal 12 connected to Zone 3 and will be tripped

113 ZN3I11T Terminal 11 connected to Zone 3 and will be tripped

113 ZN3I10T Terminal 10 connected to Zone 3 and will be tripped

113 ZN3I09T Terminal 09 connected to Zone 3 and will be tripped

114 * Reserved

114 * Reserved

114 * Reserved

114 ZN3I21T Terminal 21 connected to Zone 3 and will be tripped

114 ZN3I20T Terminal 20 connected to Zone 3 and will be tripped

114 ZN3I19T Terminal 19 connected to Zone 3 and will be tripped

114 ZN3I18T Terminal 18 connected to Zone 3 and will be tripped

114 ZN3I17T Terminal 17 connected to Zone 3 and will be tripped

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

116 ZN4I08T Terminal 08 connected to Zone 4 and will be tripped

116 ZN4I07T Terminal 07 connected to Zone 4 and will be tripped

116 ZN4I06T Terminal 06 connected to Zone 4 and will be tripped

116 ZN4I05T Terminal 05 connected to Zone 4 and will be tripped

116 ZN4I04T Terminal 04 connected to Zone 4 and will be tripped

116 ZN4I03T Terminal 03 connected to Zone 4 and will be tripped

116 ZN4I02T Terminal 02 connected to Zone 4 and will be tripped

116 ZN4I01T Terminal 01 connected to Zone 4 and will be tripped

117 ZN4I16T Terminal 16 connected to Zone 4 and will be tripped

117 ZN4I15T Terminal 15 connected to Zone 4 and will be tripped

117 ZN4I14T Terminal 14 connected to Zone 4 and will be tripped

117 ZN4I13T Terminal 13 connected to Zone 4 and will be tripped

117 ZN4I12T Terminal 12 connected to Zone 4 and will be tripped

117 ZN4I11T Terminal 11 connected to Zone 4 and will be tripped

117 ZN4I10T Terminal 10 connected to Zone 4 and will be tripped

117 ZN4I09T Terminal 09 connected to Zone 4 and will be tripped

118 * Reserved

118 * Reserved

118 * Reserved

118 ZN4I21T Terminal 21 connected to Zone 4 and will be tripped
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118 ZN4I20T Terminal 20 connected to Zone 4 and will be tripped

118 ZN4I19T Terminal 19 connected to Zone 4 and will be tripped

118 ZN4I18T Terminal 18 connected to Zone 4 and will be tripped

118 ZN4I17T Terminal 17 connected to Zone 4 and will be tripped

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

120 ZN5I08T Terminal 08 connected to Zone 5 and will be tripped

120 ZN5I07T Terminal 07 connected to Zone 5 and will be tripped

120 ZN5I06T Terminal 06 connected to Zone 5 and will be tripped

120 ZN5I05T Terminal 05 connected to Zone 5 and will be tripped

120 ZN5I04T Terminal 04 connected to Zone 5 and will be tripped

120 ZN5I03T Terminal 03 connected to Zone 5 and will be tripped

120 ZN5I02T Terminal 02 connected to Zone 5 and will be tripped

120 ZN5I01T Terminal 01 connected to Zone 5 and will be tripped

121 ZN5I16T Terminal 16 connected to Zone 5 and will be tripped

121 ZN5I15T Terminal 15 connected to Zone 5 and will be tripped

121 ZN5I14T Terminal 14 connected to Zone 5 and will be tripped

121 ZN5I13T Terminal 13 connected to Zone 5 and will be tripped

121 ZN5I12T Terminal 12 connected to Zone 5 and will be tripped

121 ZN5I11T Terminal 11 connected to Zone 5 and will be tripped

121 ZN5I10T Terminal 10 connected to Zone 5 and will be tripped

121 ZN5I09T Terminal 09 connected to Zone 5 and will be tripped

122 * Reserved

122 * Reserved

122 * Reserved

122 ZN5I21T Terminal 21 connected to Zone 5 and will be tripped

122 ZN5I20T Terminal 20 connected to Zone 5 and will be tripped

122 ZN5I19T Terminal 19 connected to Zone 5 and will be tripped

122 ZN5I18T Terminal 18 connected to Zone 5 and will be tripped

122 ZN5I17T Terminal 17 connected to Zone 5 and will be tripped

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved
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123 * Reserved

123 * Reserved

123 * Reserved

124 ZN6I08T Terminal 08 connected to Zone 6 and will be tripped

124 ZN6I07T Terminal 07 connected to Zone 6 and will be tripped

124 ZN6I06T Terminal 06 connected to Zone 6 and will be tripped

124 ZN6I05T Terminal 05 connected to Zone 6 and will be tripped

124 ZN6I04T Terminal 04 connected to Zone 6 and will be tripped

124 ZN6I03T Terminal 03 connected to Zone 6 and will be tripped

124 ZN6I02T Terminal 02 connected to Zone 6 and will be tripped

124 ZN6I01T Terminal 01 connected to Zone 6 and will be tripped

125 ZN6I16T Terminal 16 connected to Zone 6 and will be tripped

125 ZN6I15T Terminal 15 connected to Zone 6 and will be tripped

125 ZN6I14T Terminal 14 connected to Zone 6 and will be tripped

125 ZN6I13T Terminal 13 connected to Zone 6 and will be tripped

125 ZN6I12T Terminal 12 connected to Zone 6 and will be tripped

125 ZN6I11T Terminal 11 connected to Zone 6 and will be tripped

125 ZN6I10T Terminal 10 connected to Zone 6 and will be tripped

125 ZN6I09T Terminal 09 connected to Zone 6 and will be tripped

126 * Reserved

126 * Reserved

126 * Reserved

126 ZN6I21T Terminal 21 connected to Zone 6 and will be tripped

126 ZN6I20T Terminal 20 connected to Zone 6 and will be tripped

126 ZN6I19T Terminal 19 connected to Zone 6 and will be tripped

126 ZN6I18T Terminal 18 connected to Zone 6 and will be tripped

126 ZN6I17T Terminal 17 connected to Zone 6 and will be tripped

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

Bus-Zone-to-Bus-Zone Connection

128 * Reserved

128 * Reserved

128 BZ1BZ6V A connection exists between BZ1 and BZ6

128 BZ1BZ5V A connection exists between BZ1 and BZ5

128 BZ1BZ4V A connection exists between BZ1 and BZ4
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128 BZ1BZ3V A connection exists between BZ1 and BZ3

128 BZ1BZ2V A connection exists between BZ1 and BZ2

128 * Reserved

129 * Reserved

129 * Reserved

129 BZ2BZ6V A connection exists between BZ2 and BZ6

129 BZ2BZ5V A connection exists between BZ2 and BZ5

129 BZ2BZ4V A connection exists between BZ2 and BZ4

129 BZ2BZ3V A connection exists between BZ2 and BZ3

129 * Reserved

129 * Reserved

130 * Reserved

130 * Reserved

130 BZ3BZ6V A connection exists between BZ3 and BZ6

130 BZ3BZ5V A connection exists between BZ3 and BZ5

130 BZ3BZ4V A connection exists between BZ3 and BZ4

130 * Reserved

130 * Reserved

130 * Reserved

131 * Reserved

131 * Reserved

131 BZ4BZ6V A connection exists between BZ4 and BZ6

131 BZ4BZ5V A connection exists between BZ4 and BZ5

131 * Reserved

131 * Reserved

131 * Reserved

131 * Reserved

132 * Reserved

132 * Reserved

132 BZ5BZ6V A connection exists between BZ5 and BZ6

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved
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133 * Reserved

133 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

136 * Reserved

136 * Reserved

136 BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed

136 BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed

136 BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed

136 BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed

136 BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed

136 * Reserved

137 * Reserved

137 * Reserved

137 BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed

137 BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed

137 BZ2BZ4R A connection exists between BZ2and BZ4 and a coupler is removed

137 BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed

137 * Reserved

137 * Reserved

138 * Reserved

138 * Reserved

138 BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed

138 BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed

138 BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed

138 * Reserved

138 * Reserved
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138 * Reserved

139 * Reserved

139 * Reserved

139 BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed

139 BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed

139 * Reserved

139 * Reserved

139 * Reserved

139 * Reserved

140 * Reserved

140 * Reserved

140 BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved
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144 * Reserved

144 * Reserved

144 Z1BZ6 Bus-Zone 6 is part of Protective Zone 1

144 Z1BZ5 Bus-Zone 5 is part of Protective Zone 1

144 Z1BZ4 Bus-Zone 4 is part of Protective Zone 1

144 Z1BZ3 Bus-Zone 3 is part of Protective Zone 1

144 Z1BZ2 Bus-Zone 2 is part of Protective Zone 1

144 Z1BZ1 Bus-Zone 1 is part of Protective Zone 1

145 * Reserved

145 * Reserved

145 Z2BZ6 Bus-Zone 6 is part of Protective Zone 2

145 Z2BZ5 Bus-Zone 5 is part of Protective Zone 2

145 Z2BZ4 Bus-Zone 4 is part of Protective Zone 2

145 Z2BZ3 Bus-Zone 3 is part of Protective Zone 2

145 Z2BZ2 Bus-Zone 2 is part of Protective Zone 2

145 * Reserved

146 * Reserved

146 * Reserved

146 Z3BZ6 Bus-Zone 6 is part of Protective Zone 3

146 Z3BZ5 Bus-Zone 5 is part of Protective Zone 3

146 Z3BZ4 Bus-Zone 4 is part of Protective Zone 3

146 Z3BZ3 Bus-Zone 3 is part of Protective Zone 3

146 * Reserved

146 * Reserved

147 * Reserved

147 * Reserved

147 Z4BZ6 Bus-Zone 6 is part of Protective Zone 4

147 Z4BZ5 Bus-Zone 5 is part of Protective Zone 4

147 Z4BZ4 Bus-Zone 4 is part of Protective Zone 4

147 * Reserved

147 * Reserved

147 * Reserved

148 * Reserved

148 * Reserved

148 Z5BZ6 Bus-Zone 6 is part of Protective Zone 5

148 Z5BZ5 Bus-Zone 5 is part of Protective Zone 5

148 * Reserved

148 * Reserved

148 * Reserved

148 * Reserved

149 * Reserved
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149 * Reserved

149 Z6BZ6 Bus-Zone 6 is part of Protective Zone 6

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

Zone Selection

150 * Reserved

150 * Reserved

150 ZONE6 Differential Zone 6 is active

150 ZONE5 Differential Zone 5 is active

150 ZONE4 Differential Zone 4 is active

150 ZONE3 Differential Zone 3 is active

150 ZONE2 Differential Zone 2 is active

150 ZONE1 Differential Zone 1 is active

151 * Reserved

151 ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone

151 ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6

151 ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5

151 ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4

151 ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3

151 ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2

151 ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1

152 * Reserved

152 * Reserved

152 * Reserved

152 * Reserved

152 ZSWOAL Zone switching operation alarm

152 ZSWOIP Zone switching operation in progress

152 ZSWO Zone switching operation

152 RZSWOAL Reset zone switching operation alarm

Zone Supervision

153 * Reserved

153 * Reserved

153 Z6S Zone 6 supervision asserted

153 Z5S Zone 5 supervision asserted

153 Z4S Zone 4 supervision asserted

153 Z3S Zone 3 supervision asserted

153 Z2S Zone 2 supervision asserted

153 Z1S Zone 1 supervision asserted
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Open CT Detector

154 * Reserved

154 * Reserved

154 ROCTZ6 Zone 6 open CT logic reset

154 ROCTZ5 Zone 5 open CT logic reset

154 ROCTZ4 Zone 4 open CT logic reset

154 ROCTZ3 Zone 3 open CT logic reset

154 ROCTZ2 Zone 2 open CT logic reset

154 ROCTZ1 Zone 1 open CT logic reset

155 * Reserved

155 * Reserved

155 OCTZ6 Zone 6 open CT detection

155 OCTZ5 Zone 5 open CT detection

155 OCTZ4 Zone 4 open CT detection

155 OCTZ3 Zone 3 open CT detection

155 OCTZ2 Zone 2 open CT detection

155 OCTZ1 Zone 1 open CT detection

156 * Reserved

156 * Reserved

156 RSTOCT6 Zone 6 open CT detection reset

156 RSTOCT5 Zone 5 open CT detection reset

156 RSTOCT4 Zone 4 open CT detection reset

156 RSTOCT3 Zone 3 open CT detection reset

156 RSTOCT2 Zone 2 open CT detection reset

156 RSTOCT1 Zone 1 open CT detection reset

Sensitive Element (87S)

157 * Reserved

157 * Reserved

157 87S6 Zone 6 sensitive differential element picked up

157 87S5 Zone 5 sensitive differential element picked up

157 87S4 Zone 4 sensitive differential element picked up

157 87S3 Zone 3 sensitive differential element picked up

157 87S2 Zone 2 sensitive differential element picked up

157 87S1 Zone 1 sensitive differential element picked up

158 * Reserved

158 87ST Any sensitive differential element timer timed out

158 87ST6 Zone 6 sensitive differential element timed out

158 87ST5 Zone 5 sensitive differential element timed out

158 87ST4 Zone 4 sensitive differential element timed out

158 87ST3 Zone 3 sensitive differential element timed out

158 87ST2 Zone 2 sensitive differential element timed out
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158 87ST1 Zone 1 sensitive differential element timed out

Differential Elements

159 87R1 Zone 1 restraint differential element picked up

159 P87R1 Zone 1 instantaneous differential element picked up

159 87O1 Zone 1 restraint differential operating current above O87P

159 FAULT1 Zone 1 fault detector picked up

159 CON1 Zone 1 in high-security mode

159 EXT1 Zone 1 external fault declaration

159 DOP1 Zone 1 incremental operating current picked up

159 DRT1 Zone 1 incremental restraint current picked up

160 * Reserved

160 * Reserved

160 * Reserved

160 * Reserved

160 FDIF1 Zone 1 filtered restrained differential element picked up

160 RDIF1 Zone 1 unfiltered restrained differential element picked up

160 IFAULT1 Zone 1 fault detection

160 GFAULT1 Zone 1 fast fault detection

161 87R2 Zone 2 restraint differential element picked up

161 P87R2 Zone 2 instantaneous differential element picked up

161 87O2 Zone 2 restraint differential operating current above O87P

161 FAULT2 Zone 2 fault detector picked up

161 CON2 Zone 2 in high-security mode

161 EXT2 Zone 2 external fault declaration

161 DOP2 Zone 2 incremental operating current picked up

161 DRT2 Zone 2 incremental restraint current picked up

162 * Reserved

162 * Reserved

162 * Reserved

162 * Reserved

162 FDIF2 Zone 2 filtered restrained differential element picked up

162 RDIF2 Zone 2 unfiltered restrained differential element picked up

162 IFAULT2 Zone 2 fault detection

162 GFAULT2 Zone 2 fast fault detection

163 87R3 Zone 3 restraint differential element picked up

163 P87R3 Zone 3 instantaneous differential element picked up

163 87O3 Zone 3 restraint differential operating current above O87P

163 FAULT3 Zone 3 fault detector picked up

163 CON3 Zone 3 in high-security mode

163 EXT3 Zone 3 external fault declaration

163 DOP3 Zone 3 incremental operating current picked up
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163 DRT3 Zone 3 incremental restraint current picked up

164 * Reserved

164 * Reserved

164 * Reserved

164 * Reserved

164 FDIF3 Zone 3 filtered restrained differential element picked up

164 RDIF3 Zone 3 unfiltered restrained differential element picked up

164 IFAULT3 Zone 3 fault detection

164 GFAULT3 Zone 3 fast fault detection

165 87R4 Zone 4 restraint differential element picked up

165 P87R4 Zone 4 instantaneous differential element picked up

165 87O4 Zone 4 restraint differential operating current above O87P

165 FAULT4 Zone 4 fault detector picked up

165 CON4 Zone 4 in high-security mode

165 EXT4 Zone 4 external fault declaration

165 DOP4 Zone 4 incremental operating current picked up

165 DRT4 Zone 4 incremental restraint current picked up

166 * Reserved

166 * Reserved

166 * Reserved

166 * Reserved

166 FDIF4 Zone 4 filtered restrained differential element picked up

166 RDIF4 Zone 4 unfiltered restrained differential element picked up

166 IFAULT4 Zone 4 fault detection

166 GFAULT4 Zone 4 fast fault detection

167 87R5 Zone 5 restraint differential element picked up

167 P87R5 Zone 5 instantaneous differential element picked up

167 87O5 Zone 5 restraint differential operating current above O87P

167 FAULT5 Zone 5 fault detector picked up

167 CON5 Zone 5 in high-security mode

167 EXT5 Zone 5 external fault declaration

167 DOP5 Zone 5 incremental operating current picked up

167 DRT5 Zone 5 incremental restraint current picked up

168 * Reserved

168 * Reserved

168 * Reserved

168 * Reserved

168 FDIF5 Zone 5 filtered restrained differential element picked up

168 RDIF5 Zone 5 unfiltered restrained differential element picked up

168 IFAULT5 Zone 5 fault detection

168 GFAULT5 Zone 5 fast fault detection
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169 87R6 Zone 6 restraint differential element picked up

169 P87R6 Zone 6 instantaneous differential element picked up

169 87O6 Zone 6 restraint differential operating current above O87P

169 FAULT6 Zone 6 fault detector picked up

169 CON6 Zone 6 in high-security mode

169 EXT6 Zone 6 external fault declaration

169 DOP6 Zone 6 incremental operating current picked up

169 DRT6 Zone 6 incremental restraint current picked up

170 * Reserved

170 * Reserved

170 * Reserved

170 * Reserved

170 FDIF6 Zone 6 filtered restrained differential element picked up

170 RDIF6 Zone 6 unfiltered restrained differential element picked up

170 IFAULT6 Zone 6 fault detection

170 GFAULT6 Zone 6 fast fault detection

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 FAULT Busbar fault in any zone

Directional Element (Diff Zone)

172 * Reserved

172 * Reserved

172 DE6F Zone 6 forward directional element picked up

172 DE5F Zone 5 forward directional element picked up

172 DE4F Zone 4 forward directional element picked up

172 DE3F Zone 3 forward directional element picked up

172 DE2F Zone 2 forward directional element picked up

172 DE1F Zone 1 forward directional element picked up

173 50DS08 Terminal 08 directional element current threshold exceeded

173 50DS07 Terminal 07 directional element current threshold exceeded

173 50DS06 Terminal 06 directional element current threshold exceeded

173 50DS05 Terminal 05 directional element current threshold exceeded

173 50DS04 Terminal 04 directional element current threshold exceeded

173 50DS03 Terminal 03 directional element current threshold exceeded

173 50DS02 Terminal 02 directional element current threshold exceeded

173 50DS01 Terminal 01 directional element current threshold exceeded
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174 50DS16 Terminal 16 directional element current threshold exceeded

174 50DS15 Terminal 15 directional element current threshold exceeded

174 50DS14 Terminal 14 directional element current threshold exceeded

174 50DS13 Terminal 13 directional element current threshold exceeded

174 50DS12 Terminal 12 directional element current threshold exceeded

174 50DS11 Terminal 11 directional element current threshold exceeded

174 50DS10 Terminal 10 directional element current threshold exceeded

174 50DS09 Terminal 09 directional element current threshold exceeded

175 * Reserved

175 * Reserved

175 * Reserved

175 50DS21 Terminal 21 directional element current threshold exceeded

175 50DS20 Terminal 20 directional element current threshold exceeded

175 50DS19 Terminal 19 directional element current threshold exceeded

175 50DS18 Terminal 18 directional element current threshold exceeded

175 50DS17 Terminal 17 directional element current threshold exceeded

Coupler Security Logic

176 * Reserved

176 CSL1 Coupler 1 security logic picked up

176 ACTRPT1 Coupler 1 accelerated trip timed out

176 ACTRP1 Coupler 1 accelerated trip SELOGIC control equation

176 CBCLST1 Coupler 1 close command timed out

176 CBCLS1 Coupler 1 close command SELOGIC control equation

176 CB52T1 Coupler 1 status timed out

176 CB52A1 Coupler 1 status SELOGIC control equation

177 * Reserved

177 CSL2 Coupler 2 security logic picked up

177 ACTRPT2 Coupler 2 accelerated trip timed out

177 ACTRP2 Coupler 2 accelerated trip SELOGIC control equation

177 CBCLST2 Coupler 2 close command timed out

177 CBCLS2 Coupler 2 close command SELOGIC control equation

177 CB52T2 Coupler 2 status timed out

177 CB52A2 Coupler 2 status SELOGIC control equation

178 * Reserved

178 CSL3 Coupler 3 security logic picked up

178 ACTRPT3 Coupler 3 accelerated trip timed out

178 ACTRP3 Coupler 3 accelerated trip SELOGIC control equation

178 CBCLST3 Coupler 3 close command timed out

178 CBCLS3 Coupler 3 close command SELOGIC control equation

178 CB52T3 Coupler 3 status timed out

178 CB52A3 Coupler 3 status SELOGIC control equation
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179 * Reserved

179 CSL4 Coupler 4 security logic picked up

179 ACTRPT4 Coupler 4 accelerated trip timed out

179 ACTRP4 Coupler 4 accelerated trip SELOGIC control equation

179 CBCLST4 Coupler 4 close command timed out

179 CBCLS4 Coupler 4 close command SELOGIC control equation

179 CB52T4 Coupler 4 status timed out

179 CB52A4 Coupler 4 status SELOGIC control equation

Terminal Out of Service

180 TOS08 Terminal 08 out of service

180 TOS07 Terminal 07 out of service

180 TOS06 Terminal 06 out of service

180 TOS05 Terminal 05 out of service

180 TOS04 Terminal 04 out of service

180 TOS03 Terminal 03 out of service

180 TOS02 Terminal 02 out of service

180 TOS01 Terminal 01 out of service

181 TOS16 Terminal 16 out of service

181 TOS15 Terminal 15 out of service

181 TOS14 Terminal 14 out of service

181 TOS13 Terminal 13 out of service

181 TOS12 Terminal 12 out of service

181 TOS11 Terminal 11 out of service

181 TOS10 Terminal 10 out of service

181 TOS09 Terminal 09 out of service

182 * Reserved

182 * Reserved

182 * Reserved

182 TOS21 Terminal 21 out of service

182 TOS20 Terminal 20 out of service

182 TOS19 Terminal 19 out of service

182 TOS18 Terminal 18 out of service

182 TOS17 Terminal 17 out of service

Breaker Failure

183 FBF01 Circuit Breaker 1 failure

183 XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation)

183 RT01 Circuit Breaker 1 retrip

183 ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate

183 ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation

183 BFIT01 Circuit Breaker 1 breaker failure timed out

183 BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation
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183 50F01 Circuit Breaker 1 breaker failure current threshold exceeded

184 FBF02 Circuit Breaker 2 failure

184 XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation)

184 RT02 Circuit Breaker 2 retrip

184 ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate

184 ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation

184 BFIT02 Circuit Breaker 2 breaker failure timed out

184 BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

184 50F02 Circuit Breaker 2 breaker failure current threshold exceeded

185 FBF03 Circuit Breaker 3 failure

185 XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation)

185 RT03 Circuit Breaker 3 retrip

185 ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate

185 ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation

185 BFIT03 Circuit Breaker 3 breaker failure timed out

185 BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

185 50F03 Circuit Breaker 3 breaker failure current threshold exceeded

186 FBF04 Circuit Breaker 4 failure

186 XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation)

186 RT04 Circuit Breaker 4 retrip

186 ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate

186 ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation

186 BFIT04 Circuit Breaker 4 breaker failure timed out

186 BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

186 50F04 Circuit Breaker 4 breaker failure current threshold exceeded

187 FBF05 Circuit Breaker 5 failure

187 XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation)

187 RT05 Circuit Breaker 5 retrip

187 ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate

187 ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation

187 BFIT05 Circuit Breaker 5 breaker failure timed out

187 BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

187 50F05 Circuit Breaker 5 breaker failure current threshold exceeded

188 FBF06 Circuit Breaker 6 failure

188 XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation)

188 RT06 Circuit Breaker 6 retrip

188 ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate

188 ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation

188 BFIT06 Circuit Breaker 6 breaker failure timed out

188 BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

188 50F06 Circuit Breaker 6 breaker failure current threshold exceeded
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189 FBF07 Circuit Breaker 7 failure

189 XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation)

189 RT07 Circuit Breaker 7 retrip

189 ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate

189 ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation

189 BFIT07 Circuit Breaker 7 breaker failure timed out

189 BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

189 50F07 Circuit Breaker 7 breaker failure current threshold exceeded

190 FBF08 Circuit Breaker 8 failure

190 XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation)

190 RT08 Circuit Breaker 8 retrip

190 ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate

190 ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation

190 BFIT08 Circuit Breaker 8 breaker failure timed out

190 BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

190 50F08 Circuit Breaker 8 breaker failure current threshold exceeded

191 FBF09 Circuit Breaker 9 failure

191 XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation)

191 RT09 Circuit Breaker 9 retrip

191 ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate

191 ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation

191 BFIT09 Circuit Breaker 9 breaker failure timed out

191 BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

191 50F09 Circuit Breaker 9 breaker failure current threshold exceeded

192 FBF10 Circuit Breaker 10 failure

192 XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation)

192 RT10 Circuit Breaker 10 retrip

192 ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate

192 ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation

192 BFIT10 Circuit Breaker 10 breaker failure timed out

192 BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

192 50F10 Circuit Breaker 10 breaker failure current threshold exceeded

193 FBF11 Circuit Breaker 11 failure

193 XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation)

193 RT11 Circuit Breaker 11 retrip

193 ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate

193 ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation

193 BFIT11 Circuit Breaker 11 breaker failure timed out

193 BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

193 50F11 Circuit Breaker 11 breaker failure current threshold exceeded

194 FBF12 Circuit Breaker 12 failure
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194 XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation)

194 RT12 Circuit Breaker 12 retrip

194 ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate

194 ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation

194 BFIT12 Circuit Breaker 12 breaker failure timed out

194 BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

194 50F12 Circuit Breaker 12 breaker failure current threshold exceeded

195 FBF13 Circuit Breaker 13 failure

195 XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation)

195 RT13 Circuit Breaker 13 retrip

195 ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate

195 ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation

195 BFIT13 Circuit Breaker 13 breaker failure timed out

195 BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

195 50F13 Circuit Breaker 13 breaker failure current threshold exceeded

196 FBF14 Circuit Breaker 14 failure

196 XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation)

196 RT14 Circuit Breaker 14 retrip

196 ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate

196 ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation

196 BFIT14 Circuit Breaker 14 breaker failure timed out

196 BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

196 50F14 Circuit Breaker 14 breaker failure current threshold exceeded

197 FBF15 Circuit Breaker 15 failure

197 XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation)

197 RT15 Circuit Breaker 15 retrip

197 ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate

197 ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation

197 BFIT15 Circuit Breaker 15 breaker failure timed out

197 BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

197 50F15 Circuit Breaker 15 breaker failure current threshold exceeded

198 FBF16 Circuit Breaker 16 failure

198 XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation)

198 RT16 Circuit Breaker 16 retrip

198 ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate

198 ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation

198 BFIT16 Circuit Breaker 16 breaker failure timed out

198 BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

198 50F16 Circuit Breaker 16 breaker failure current threshold exceeded

199 FBF17 Circuit Breaker 17 failure

199 XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation)
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199 RT17 Circuit Breaker 17 retrip

199 ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate

199 ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation

199 BFIT17 Circuit Breaker 17 breaker failure timed out

199 BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

199 50F17 Circuit Breaker 17 breaker failure current threshold exceeded

200 FBF18 Circuit Breaker 18 failure

200 XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation)

200 RT18 Circuit Breaker 18 retrip

200 ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate

200 ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation

200 BFIT18 Circuit Breaker 18 breaker failure timed out

200 BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

200 50F18 Circuit Breaker 18 breaker failure current threshold exceeded

201 FBF19 Circuit Breaker 19 failure

201 XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation)

201 RT19 Circuit Breaker 19 retrip

201 ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate

201 ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation

201 BFIT19 Circuit Breaker 19 breaker failure timed out

201 BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

201 50F19 Circuit Breaker 19 breaker failure current threshold exceeded

202 FBF20 Circuit Breaker 20 failure

202 XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation)

202 RT20 Circuit Breaker 20 retrip

202 ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate

202 ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation

202 BFIT20 Circuit Breaker 20 breaker failure timed out

202 BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

202 50F20 Circuit Breaker 20 breaker failure current threshold exceeded

203 FBF21 Circuit Breaker 21 failure

203 XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation)

203 RT21 Circuit Breaker 21 retrip

203 ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate

203 ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation

203 BFIT21 Circuit Breaker 21 breaker failure timed out

203 BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

203 50F21 Circuit Breaker 21 breaker failure current threshold exceeded

204 * Reserved

204 * Reserved

204 * Reserved
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204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

Overcurrent Elements

207 50P04T Terminal 04 definite-time overcurrent element timed out

207 50P04 Terminal 04 instantaneous overcurrent element

207 50P03T Terminal 03 definite-time overcurrent element timed out

207 50P03 Terminal 03 instantaneous overcurrent element

207 50P02T Terminal 02 definite-time overcurrent element timed out

207 50P02 Terminal 02 instantaneous overcurrent element

207 50P01T Terminal 01 definite-time overcurrent element timed out

207 50P01 Terminal 01 instantaneous overcurrent element

208 50P08T Terminal 08 definite-time overcurrent element timed out

208 50P08 Terminal 08 instantaneous overcurrent element

208 50P07T Terminal 07 definite-time overcurrent element timed out

208 50P07 Terminal 07 instantaneous overcurrent element

208 50P06T Terminal 06 definite-time overcurrent element timed out

208 50P06 Terminal 06 instantaneous overcurrent element

208 50P05T Terminal 05 definite-time overcurrent element timed out

208 50P05 Terminal 05 instantaneous overcurrent element

209 50P12T Terminal 12 definite-time overcurrent element timed out

209 50P12 Terminal 12 instantaneous overcurrent element

209 50P11T Terminal 11 definite-time overcurrent element timed out
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209 50P11 Terminal 11 instantaneous overcurrent element

209 50P10T Terminal 10 definite-time overcurrent element timed out

209 50P10 Terminal 10 instantaneous overcurrent element

209 50P09T Terminal 09 definite-time overcurrent element timed out

209 50P09 Terminal 09 instantaneous overcurrent element

210 50P16T Terminal 16 definite-time overcurrent element timed out

210 50P16 Terminal 16 instantaneous overcurrent element

210 50P15T Terminal 15 definite-time overcurrent element timed out

210 50P15 Terminal 15 instantaneous overcurrent element

210 50P14T Terminal 14 definite-time overcurrent element timed out

210 50P14 Terminal 14 instantaneous overcurrent element

210 50P13T Terminal 13 definite-time overcurrent element timed out

210 50P13 Terminal 13 instantaneous overcurrent element

211 50P20T Terminal 20 definite-time overcurrent element timed out

211 50P20 Terminal 20 instantaneous overcurrent element

211 50P19T Terminal 19 definite-time overcurrent element timed out

211 50P19 Terminal 19 instantaneous overcurrent element

211 50P18T Terminal 18 definite-time overcurrent element timed out

211 50P18 Terminal 18 instantaneous overcurrent element

211 50P17T Terminal 17 definite-time overcurrent element timed out

211 50P17 Terminal 17 instantaneous overcurrent element

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 50P21T Terminal 21 definite-time overcurrent element timed out

212 50P21 Terminal 21 instantaneous overcurrent element

Inverse-Time Overcurrent Elements

213 51S04 Inverse-time Element 04 picked up

213 51T04 Inverse-time Element 04 timed out

213 51S03 Inverse-time Element 03 picked up

213 51T03 Inverse-time Element 03 timed out

213 51S02 Inverse-time Element 02 picked up

213 51T02 Inverse-time Element 02 timed out

213 51S01 Inverse-time Element 01 picked up

213 51T01 Inverse-time Element 01 timed out

214 51S08 Inverse-time Element 08 picked up

214 51T08 Inverse-time Element 08 timed out

214 51S07 Inverse-time Element 07 picked up
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214 51T07 Inverse-time Element 07 timed out

214 51S06 Inverse-time Element 06 picked up

214 51T06 Inverse-time Element 06 timed out

214 51S05 Inverse-time Element 05 picked up

214 51T05 Inverse-time Element 05 timed out

215 51S12 Inverse-time Element 12 picked up

215 51T12 Inverse-time Element 12 timed out

215 51S11 Inverse-time Element 11 picked up

215 51T11 Inverse-time Element 11 timed out

215 51S10 Inverse-time Element 10 picked up

215 51T10 Inverse-time Element 10 timed out

215 51S09 Inverse-time Element 09 picked up

215 51T09 Inverse-time Element 09 timed out

216 51S16 Inverse-time Element 16 picked up

216 51T16 Inverse-time Element 16 timed out

216 51S15 Inverse-time Element 15 picked up

216 51T15 Inverse-time Element 15 timed out

216 51S14 Inverse-time Element 14 picked up

216 51T14 Inverse-time Element 14 timed out

216 51S13 Inverse-time Element 13 picked up

216 51T13 Inverse-time Element 13 timed out

217 51S20 Inverse-time Element 20 picked up

217 51T20 Inverse-time Element 20 timed out

217 51S19 Inverse-time Element 19 picked up

217 51T19 Inverse-time Element 19 timed out

217 51S18 Inverse-time Element 18 picked up

217 51T18 Inverse-time Element 18 timed out

217 51S17 Inverse-time Element 17 picked up

217 51T17 Inverse-time Element 17 timed out

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 51S21 Inverse-time Element 21 picked up

218 51T21 Inverse-time Element 21 timed out

219 51MM04 Inverse-time Element 04 pickup setting outside of specified limits

219 51TM04 Inverse-time Element 04 time-dial setting outside of specified limits

219 51MM03 Inverse-time Element 03 pickup setting outside of specified limits

219 51TM03 Inverse-time Element 03 time-dial setting outside of specified limits
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219 51MM02 Inverse-time Element 02 pickup setting outside of specified limits

219 51TM02 Inverse-time Element 02 time-dial setting outside of specified limits

219 51MM01 Inverse-time Element 01 pickup setting outside of specified limits

219 51TM01 Inverse-time Element 01 time-dial setting outside of specified limits

220 51MM08 Inverse-time Element 08 pickup setting outside of specified limits

220 51TM08 Inverse-time Element 08 time-dial setting outside of specified limits

220 51MM07 Inverse-time Element 07 pickup setting outside of specified limits

220 51TM07 Inverse-time Element 07 time-dial setting outside of specified limits

220 51MM06 Inverse-time Element 06 pickup setting outside of specified limits

220 51TM06 Inverse-time Element 06 time-dial setting outside of specified limits

220 51MM05 Inverse-time Element 05 pickup setting outside of specified limits

220 51TM05 Inverse-time Element 05 time-dial setting outside of specified limits

Under- and Overvoltage Elements

221 271P1 Undervoltage Element 1, Level 1 asserted   

221 271P1T Undervoltage Element 1, Level 1 timed out 

221 271P2 Undervoltage Element 1, Level 2 asserted   

221 27TC1 Undervoltage Element 1, torque control 

221 272P1 Undervoltage Element 2, Level 1 asserted   

221 272P1T Undervoltage Element 2, Level 1 timed out 

221 272P2 Undervoltage Element 2, Level 2 asserted   

221 27TC2 Undervoltage Element 2, torque control 

222 273P1 Undervoltage Element 3, Level 1 asserted   

222 273P1T Undervoltage Element 3, Level 1 timed out 

222 273P2 Undervoltage Element 3, Level 2 asserted   

222 27TC3 Undervoltage Element 3, torque control 

222 274P1 Undervoltage Element 4, Level 1 asserted   

222 274P1T Undervoltage Element 4, Level 1 timed out 

222 274P2 Undervoltage Element 4, Level 2 asserted   

222 27TC4 Undervoltage Element 4, torque control 

223 275P1 Undervoltage Element 5, Level 1 asserted   

223 275P1T Undervoltage Element 5, Level 1 timed out 

223 275P2 Undervoltage Element 5, Level 2 asserted   

223 27TC5 Undervoltage Element 5, torque control 

223 276P1 Undervoltage Element 6, Level 1 asserted   

223 276P1T Undervoltage Element 6, Level 1 timed out 

223 276P2 Undervoltage Element 6, Level 2 asserted   

223 27TC6 Undervoltage Element 6, torque control 

224 591P1 Overvoltage Element 1, Level 1 asserted   

224 591P1T Overvoltage Element 1, Level 1 timed out 

224 591P2 Overvoltage Element 1, Level 2 asserted   

224 59TC1 Overvoltage Element 1, torque control 
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224 592P1 Overvoltage Element 2, Level 1 asserted   

224 592P1T Overvoltage Element 2, Level 1 timed out 

224 592P2 Overvoltage Element 2, Level 2 asserted   

224 59TC2 Overvoltage Element 2, torque control 

225 593P1 Overvoltage Element 3, Level 1 asserted   

225 593P1T Overvoltage Element 3, Level 1 timed out 

225 593P2 Overvoltage Element 3, Level 2 asserted   

225 59TC3 Overvoltage Element 3, torque control 

225 594P1 Overvoltage Element 4, Level 1 asserted   

225 594P1T Overvoltage Element 4, Level 1 timed out 

225 594P2 Overvoltage Element 4, Level 2 asserted   

225 59TC4 Overvoltage Element 4, torque control 

226 595P1 Overvoltage Element 5, Level 1 asserted   

226 595P1T Overvoltage Element 5, Level 1 timed out 

226 595P2 Overvoltage Element 5, Level 2 asserted   

226 59TC5 Overvoltage Element 5, torque control 

226 596P1 Overvoltage Element 6, Level 1 asserted   

226 596P1T Overvoltage Element 6, Level 1 timed out 

226 596P2 Overvoltage Element 6, Level 2 asserted   

226 59TC6 Overvoltage Element 6, torque control 

Battery Monitor

227 DC1F DC monitor fail alarm

227 DC1W DC monitor warning alarm

227 DC1G DC monitor ground fault alarm

227 DC1R DC monitor alarm for ac ripple

227 * Reserved

227 * Reserved

227 * Reserved

227 * Reserved

Bus-Zone Trip

228 87BTR08 Terminal 08 bus-zone differential trip asserted

228 87BTR07 Terminal 07 bus-zone differential trip asserted

228 87BTR06 Terminal 06 bus-zone differential trip asserted

228 87BTR05 Terminal 05 bus-zone differential trip asserted

228 87BTR04 Terminal 04 bus-zone differential trip asserted

228 87BTR03 Terminal 03 bus-zone differential trip asserted

228 87BTR02 Terminal 02 bus-zone differential trip asserted

228 87BTR01 Terminal 01 bus-zone differential trip asserted

229 87BTR16 Terminal 16 bus-zone differential trip asserted

229 87BTR15 Terminal 15 bus-zone differential trip asserted

229 87BTR14 Terminal 14 bus-zone differential trip asserted
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229 87BTR13 Terminal 13 bus-zone differential trip asserted

229 87BTR12 Terminal 12 bus-zone differential trip asserted

229 87BTR11 Terminal 11 bus-zone differential trip asserted

229 87BTR10 Terminal 10 bus-zone differential trip asserted

229 87BTR09 Terminal 09 bus-zone differential trip asserted

230 * Reserved

230 * Reserved

230 * Any terminal bus-zone differential trip asserted

230 87BTR21 Terminal 21 bus-zone differential trip asserted

230 87BTR20 Terminal 20 bus-zone differential trip asserted

230 87BTR19 Terminal 19 bus-zone differential trip asserted

230 87BTR18 Terminal 18 bus-zone differential trip asserted

230 87BTR17 Terminal 17 bus-zone differential trip asserted

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 87BTR Any terminal bus-zone differential trip asserted

Inverse-Time Overcurrent Elements

232 51MM12 Inverse-time Element 12 pickup setting outside of specified limits

232 51TM12 Inverse-time Element 12 time-dial setting outside of specified limits

232 51MM11 Inverse-time Element 11 pickup setting outside of specified limits

232 51TM11 Inverse-time Element 11 time-dial setting outside of specified limits

232 51MM10 Inverse-time Element 10 pickup setting outside of specified limits

232 51TM10 Inverse-time Element 10 time-dial setting outside of specified limits

232 51MM09 Inverse-time Element 09 pickup setting outside of specified limits

232 51TM09 Inverse-time Element 09 time-dial setting outside of specified limits

233 51MM16 Inverse-time Element 16 pickup setting outside of specified limits

233 51TM16 Inverse-time Element 16 time-dial setting outside of specified limits

233 51MM15 Inverse-time Element 15 pickup setting outside of specified limits

233 51TM15 Inverse-time Element 15 time-dial setting outside of specified limits

233 51MM14 Inverse-time Element 14 pickup setting outside of specified limits

233 51TM14 Inverse-time Element 14 time-dial setting outside of specified limits

233 51MM13 Inverse-time Element 13 pickup setting outside of specified limits

233 51TM13 Inverse-time Element 13 time-dial setting outside of specified limits

234 51MM20 Inverse-time Element 20 pickup setting outside of specified limits

234 51TM20 Inverse-time Element 20 time-dial setting outside of specified limits

234 51MM19 Inverse-time Element 19 pickup setting outside of specified limits
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234 51TM19 Inverse-time Element 19 time-dial setting outside of specified limits

234 51MM18 Inverse-time Element 18 pickup setting outside of specified limits

234 51TM18 Inverse-time Element 18 time-dial setting outside of specified limits

234 51MM17 Inverse-time Element 17 pickup setting outside of specified limits

234 51TM17 Inverse-time Element 17 time-dial setting outside of specified limits

Bus-Zone Trip

235 * Reserved

235 * Reserved

235 87Z6 Zone 6 differential element trip

235 87Z5 Zone 5 differential element trip

235 87Z4 Zone 4 differential element trip

235 87Z3 Zone 3 differential element trip

235 87Z2 Zone 2 differential element trip

235 87Z1 Zone 1 differential element trip

Breaker Failure Trip

236 SBFTR08 Circuit Breaker 08 breaker failure trip

236 SBFTR07 Circuit Breaker 07 breaker failure trip

236 SBFTR06 Circuit Breaker 06 breaker failure trip

236 SBFTR05 Circuit Breaker 05 breaker failure trip

236 SBFTR04 Circuit Breaker 04 breaker failure trip

236 SBFTR03 Circuit Breaker 03 breaker failure trip

236 SBFTR02 Circuit Breaker 02 breaker failure trip

236 SBFTR01 Circuit Breaker 01 breaker failure trip

237 SBFTR16 Circuit Breaker 16 breaker failure trip

237 SBFTR15 Circuit Breaker 15 breaker failure trip

237 SBFTR14 Circuit Breaker 14 breaker failure trip

237 SBFTR13 Circuit Breaker 13 breaker failure trip

237 SBFTR12 Circuit Breaker 12 breaker failure trip

237 SBFTR11 Circuit Breaker 11 breaker failure trip

237 SBFTR10 Circuit Breaker 10 breaker failure trip

237 SBFTR09 Circuit Breaker 09 breaker failure trip

238 * Reserved

238 * Reserved

238 * Reserved

238 SBFTR21 Circuit Breaker 21 breaker failure trip

238 SBFTR20 Circuit Breaker 20 breaker failure trip

238 SBFTR19 Circuit Breaker 19 breaker failure trip

238 SBFTR18 Circuit Breaker 18 breaker failure trip

238 SBFTR17 Circuit Breaker 17 breaker failure trip

239 * Reserved

239 * Reserved
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239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 SBFTR Any circuit breaker failure trip

240 * Reserved

240 * Reserved

240 BFZ6 Zone 6 breaker failure

240 BFZ5 Zone 5 breaker failure

240 BFZ4 Zone 4 breaker failure

240 BFZ3 Zone 3 breaker failure

240 BFZ2 Zone 2 breaker failure

240 BFZ1 Zone 1 breaker failure

Miscellaneous Logic Elements

241 ER Event report trigger equation (SELOGIC control equation)

241 EVELOCK Event summary lock period

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

Trip and Unlatch

242 TRIP08 Terminal 08 trip output

242 TRIP07 Terminal 07 trip output

242 TRIP06 Terminal 06 trip output

242 TRIP05 Terminal 05 trip output

242 TRIP04 Terminal 04 trip output

242 TRIP03 Terminal 03 trip output

242 TRIP02 Terminal 02 trip output

242 TRIP01 Terminal 01 trip output

243 TRIP16 Terminal 16 trip output

243 TRIP15 Terminal 15 trip output

243 TRIP14 Terminal 14 trip output

243 TRIP13 Terminal 13 trip output

243 TRIP12 Terminal 12 trip output

243 TRIP11 Terminal 11 trip output

243 TRIP10 Terminal 10 trip output

243 TRIP09 Terminal 09 trip output

244 * Reserved
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244 * Reserved

244 * Reserved

244 TRIP21 Terminal 21 trip output

244 TRIP20 Terminal 20 trip output

244 TRIP19 Terminal 19 trip output

244 TRIP18 Terminal 18 trip output

244 TRIP17 Terminal 17 trip output

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 TRIP Any terminal trip output

246 ULTR08 Terminal 08 unlatch trip

246 ULTR07 Terminal 07 unlatch trip

246 ULTR06 Terminal 06 unlatch trip

246 ULTR05 Terminal 05 unlatch trip

246 ULTR04 Terminal 04 unlatch trip

246 ULTR03 Terminal 03 unlatch trip

246 ULTR02 Terminal 02 unlatch trip

246 ULTR01 Terminal 01 unlatch trip

247 ULTR16 Terminal 16 unlatch trip

247 ULTR15 Terminal 15 unlatch trip

247 ULTR14 Terminal 14 unlatch trip

247 ULTR13 Terminal 13 unlatch trip

247 ULTR12 Terminal 12 unlatch trip

247 ULTR11 Terminal 11 unlatch trip

247 ULTR10 Terminal 10 unlatch trip

247 ULTR09 Terminal 09 unlatch trip

248 * Reserved

248 * Reserved

248 * Reserved

248 ULTR21 Terminal 21 unlatch trip

248 ULTR20 Terminal 20 unlatch trip

248 ULTR19 Terminal 19 unlatch trip

248 ULTR18 Terminal 18 unlatch trip

248 ULTR17 Terminal 17 unlatch trip

Breaker Open Controls

249 OC08 Circuit Breaker 08 open command
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249 OC07 Circuit Breaker 07 open command

249 OC06 Circuit Breaker 06 open command

249 OC05 Circuit Breaker 05 open command

249 OC04 Circuit Breaker 04 open command

249 OC03 Circuit Breaker 03 open command

249 OC02 Circuit Breaker 02 open command

249 OC01 Circuit Breaker 01 open command

250 OC16 Circuit Breaker 16 open command

250 OC15 Circuit Breaker 15 open command

250 OC14 Circuit Breaker 14 open command

250 OC13 Circuit Breaker 13 open command

250 OC12 Circuit Breaker 12 open command

250 OC11 Circuit Breaker 11 open command

250 OC10 Circuit Breaker 10 open command

250 OC09 Circuit Breaker 09 open command

251 * Reserved

251 * Reserved

251 * Reserved

251 OC21 Circuit Breaker 21 open command

251 OC20 Circuit Breaker 20 open command

251 OC19 Circuit Breaker 19 open command

251 OC18 Circuit Breaker 18 open command

251 OC17 Circuit Breaker 17 open command

Inverse-Time Overcurrent Elements

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 51MM21 Inverse-time Element 21 pickup setting outside of specified limits

252 51TM21 Inverse-time Element 21 time-dial setting outside of specified limits

253 51R16 Inverse-time Element 16 reset

253 51R15 Inverse-time Element 15 reset

253 51R14 Inverse-time Element 14 reset

253 51R13 Inverse-time Element 13 reset

253 51R12 Inverse-time Element 12 reset

253 51R11 Inverse-time Element 11 reset

253 51R10 Inverse-time Element 10 reset

253 51R09 Inverse-time Element 09 reset

254 51R08 Inverse-time Element 08 reset
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254 51R07 Inverse-time Element 07 reset

254 51R06 Inverse-time Element 06 reset

254 51R05 Inverse-time Element 05 reset

254 51R04 Inverse-time Element 04 reset

254 51R03 Inverse-time Element 03 reset

254 51R02 Inverse-time Element 02 reset

254 51R01 Inverse-time Element 01 reset

Setting Group Bits

255 SG6 Settings Group 6 active

255 SG5 Settings Group 5 active

255 SG4 Settings Group 4 active

255 SG3 Settings Group 3 active

255 SG2 Settings Group 2 active

255 SG1 Settings Group 1 active

255 CHSG Asserted during settings group change

255 * Reserved

Local Bits

256 LB08 Local Bit 08

256 LB07 Local Bit 07

256 LB06 Local Bit 06

256 LB05 Local Bit 05

256 LB04 Local Bit 04

256 LB03 Local Bit 03

256 LB02 Local Bit 02

256 LB01 Local Bit 01

257 LB16 Local Bit 16

257 LB15 Local Bit 15

257 LB14 Local Bit 14

257 LB13 Local Bit 13

257 LB12 Local Bit 12

257 LB11 Local Bit 11

257 LB10 Local Bit 10

257 LB09 Local Bit 09

258 LB24 Local Bit 24

258 LB23 Local Bit 23

258 LB22 Local Bit 22

258 LB21 Local Bit 21

258 LB20 Local Bit 20

258 LB19 Local Bit 19

258 LB18 Local Bit 18

258 LB17 Local Bit 17
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259 LB32 Local Bit 32

259 LB31 Local Bit 31

259 LB30 Local Bit 30

259 LB29 Local Bit 29

259 LB28 Local Bit 28

259 LB27 Local Bit 27

259 LB26 Local Bit 26

259 LB25 Local Bit 25

Remote Bits

260 RB89 Remote Bit 89

260 RB90 Remote Bit 90

260 RB91 Remote Bit 91

260 RB92 Remote Bit 92

260 RB93 Remote Bit 93

260 RB94 Remote Bit 94

260 RB95 Remote Bit 95

260 RB96 Remote Bit 96

261 RB81 Remote Bit 81

261 RB82 Remote Bit 82

261 RB83 Remote Bit 83

261 RB84 Remote Bit 84

261 RB85 Remote Bit 85

261 RB86 Remote Bit 86

261 RB87 Remote Bit 87

261 RB88 Remote Bit 88

262 RB73 Remote Bit 73

262 RB74 Remote Bit 74

262 RB75 Remote Bit 75

262 RB76 Remote Bit 76

262 RB77 Remote Bit 77

262 RB78 Remote Bit 78

262 RB79 Remote Bit 79

262 RB80 Remote Bit 80

263 RB65 Remote Bit 65

263 RB66 Remote Bit 66

263 RB67 Remote Bit 67

263 RB68 Remote Bit 68

263 RB69 Remote Bit 69

263 RB70 Remote Bit 70

263 RB71 Remote Bit 71

263 RB72 Remote Bit 72
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264 RB57 Remote Bit 57

264 RB58 Remote Bit 58

264 RB59 Remote Bit 59

264 RB60 Remote Bit 60

264 RB61 Remote Bit 61

264 RB62 Remote Bit 62

264 RB63 Remote Bit 63

264 RB64 Remote Bit 64

265 RB49 Remote Bit 49

265 RB50 Remote Bit 50

265 RB51 Remote Bit 51

265 RB52 Remote Bit 52

265 RB53 Remote Bit 53

265 RB54 Remote Bit 54

265 RB55 Remote Bit 55

265 RB56 Remote Bit 56

266 RB41 Remote Bit 41

266 RB42 Remote Bit 42

266 RB43 Remote Bit 43

266 RB44 Remote Bit 44

266 RB45 Remote Bit 45

266 RB46 Remote Bit 46

266 RB47 Remote Bit 47

266 RB48 Remote Bit 48

267 RB33 Remote Bit 33

267 RB34 Remote Bit 34

267 RB35 Remote Bit 35

267 RB36 Remote Bit 36

267 RB37 Remote Bit 37

267 RB38 Remote Bit 38

267 RB39 Remote Bit 39

267 RB40 Remote Bit 40

268 RB25 Remote Bit 25 

268 RB26 Remote Bit 26 

268 RB27 Remote Bit 27 

268 RB28 Remote Bit 28 

268 RB29 Remote Bit 29 

268 RB30 Remote Bit 30 

268 RB31 Remote Bit 31 

268 RB32 Remote Bit 32 

269 RB17 Remote Bit 17 
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269 RB18 Remote Bit 18 

269 RB19 Remote Bit 19 

269 RB20 Remote Bit 20 

269 RB21 Remote Bit 21 

269 RB22 Remote Bit 22 

269 RB23 Remote Bit 23 

269 RB24 Remote Bit 24

270 RB09 Remote Bit 09

270 RB10 Remote Bit 10

270 RB11 Remote Bit 11

270 RB12 Remote Bit 12

270 RB13 Remote Bit 13

270 RB14 Remote Bit 14

270 RB15 Remote Bit 15

270 RB16 Remote Bit 16

271 RB01 Remote Bit 01

271 RB02 Remote Bit 02

271 RB03 Remote Bit 03

271 RB04 Remote Bit 04

271 RB05 Remote Bit 05

271 RB06 Remote Bit 06

271 RB07 Remote Bit 07

271 RB08 Remote Bit 08

Contact Inputs

272 * Reserved

272 IN107 Main board Input 07

272 IN106 Main board Input 06

272 IN105 Main board Input 05

272 IN104 Main board Input 04

272 IN103 Main board Input 03

272 IN102 Main board Input 02

272 IN101 Main board Input 01

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

274 * Reserved
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274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

276 IN208 Optional I/O Board 1 Input 08

276 IN207 Optional I/O Board 1 Input 07

276 IN206 Optional I/O Board 1 Input 06

276 IN205 Optional I/O Board 1 Input 05

276 IN204 Optional I/O Board 1 Input 04

276 IN203 Optional I/O Board 1 Input 03

276 IN202 Optional I/O Board 1 Input 02

276 IN201 Optional I/O Board 1 Input 01

277 IN216 Optional I/O Board 1 Input 16

277 IN215 Optional I/O Board 1 Input 15

277 IN214 Optional I/O Board 1 Input 14

277 IN213 Optional I/O Board 1 Input 13

277 IN212 Optional I/O Board 1 Input 12

277 IN211 Optional I/O Board 1 Input 11

277 IN210 Optional I/O Board 1 Input 10

277 IN209 Optional I/O Board 1 Input 09

278 IN224 Optional I/O Board 1 Input 24

278 IN223 Optional I/O Board 1 Input 23

278 IN222 Optional I/O Board 1 Input 22

278 IN221 Optional I/O Board 1 Input 21

278 IN220 Optional I/O Board 1 Input 20

278 IN219 Optional I/O Board 1 Input 19

278 IN218 Optional I/O Board 1 Input 18

278 IN217 Optional I/O Board 1 Input 17

279 * Reserved

279 * Reserved
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279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

280 IN308 Optional I/O Board 2 input 08 

280 IN307 Optional I/O Board 2 input 07 

280 IN306 Optional I/O Board 2 input 06 

280 IN305 Optional I/O Board 2 input 05 

280 IN304 Optional I/O Board 2 input 04 

280 IN303 Optional I/O Board 2 input 03 

280 IN302 Optional I/O Board 2 input 02 

280 IN301 Optional I/O Board 2 input 01

281 IN316 Optional I/O Board 2 input 16 

281 IN315 Optional I/O Board 2 input 15 

281 IN314 Optional I/O Board 2 input 14 

281 IN313 Optional I/O Board 2 input 13 

281 IN312 Optional I/O Board 2 input 12 

281 IN311 Optional I/O Board 2 input 11 

281 IN310 Optional I/O Board 2 input 10 

281 IN309 Optional I/O Board 2 input 09

282 IN324 Optional I/O Board 2 input 24

282 IN323 Optional I/O Board 2 input 23

282 IN322 Optional I/O Board 2 input 22

282 IN321 Optional I/O Board 2 input 21

282 IN320 Optional I/O Board 2 input 20

282 IN319 Optional I/O Board 2 input 19

282 IN318 Optional I/O Board 2 input 18

282 IN317 Optional I/O Board 2 input 17

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

284 IN408 Optional I/O Board 3 input 08

284 IN407 Optional I/O Board 3 input 07

284 IN406 Optional I/O Board 3 input 06
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284 IN405 Optional I/O Board 3 input 05

284 IN404 Optional I/O Board 3 input 04

284 IN403 Optional I/O Board 3 input 03

284 IN402 Optional I/O Board 3 input 02

284 IN401 Optional I/O Board 3 input 01

285 IN416 Optional I/O Board 3 input 16

285 IN415 Optional I/O Board 3 input 15

285 IN414 Optional I/O Board 3 input 14

285 IN413 Optional I/O Board 3 input 13

285 IN412 Optional I/O Board 3 input 12

285 IN411 Optional I/O Board 3 input 11

285 IN410 Optional I/O Board 3 input 10

285 IN409 Optional I/O Board 3 input 09

286 IN424 Optional I/O Board 3 input 24

286 IN423 Optional I/O Board 3 input 23

286 IN422 Optional I/O Board 3 input 22

286 IN421 Optional I/O Board 3 input 21

286 IN420 Optional I/O Board 3 input 20

286 IN419 Optional I/O Board 3 input 19

286 IN418 Optional I/O Board 3 input 18

286 IN417 Optional I/O Board 3 input 17

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

288 IN508 Optional I/O Board 4 input 08

288 IN507 Optional I/O Board 4 input 07

288 IN506 Optional I/O Board 4 input 06

288 IN505 Optional I/O Board 4 input 05

288 IN504 Optional I/O Board 4 input 04

288 IN503 Optional I/O Board 4 input 03

288 IN502 Optional I/O Board 4 input 02

288 IN501 Optional I/O Board 4 input 01

289 IN516 Optional I/O Board 4 input 16

289 IN515 Optional I/O Board 4 input 15

289 IN514 Optional I/O Board 4 input 14

289 IN513 Optional I/O Board 4 input 13
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289 IN512 Optional I/O Board 4 input 12

289 IN511 Optional I/O Board 4 input 11

289 IN510 Optional I/O Board 4 input 10

289 IN509 Optional I/O Board 4 input 09

290 IN524 Optional I/O Board 4 input 24

290 IN523 Optional I/O Board 4 input 23

290 IN522 Optional I/O Board 4 input 22

290 IN521 Optional I/O Board 4 input 21

290 IN520 Optional I/O Board 4 input 20

290 IN519 Optional I/O Board 4 input 19

290 IN518 Optional I/O Board 4 input 18

290 IN517 Optional I/O Board 4 input 17

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

Protection SELOGIC Variables

292 PSV08 Protection SELOGIC control equation Variable 08 

292 PSV07 Protection SELOGIC control equation Variable 07 

292 PSV06 Protection SELOGIC control equation Variable 06 

292 PSV05 Protection SELOGIC control equation Variable 05 

292 PSV04 Protection SELOGIC control equation Variable 04 

292 PSV03 Protection SELOGIC control equation Variable 03 

292 PSV02 Protection SELOGIC control equation Variable 02 

292 PSV01 Protection SELOGIC control equation Variable 01      

293 PSV16 Protection SELOGIC control equation Variable 16 

293 PSV15 Protection SELOGIC control equation Variable 15 

293 PSV14 Protection SELOGIC control equation Variable 14 

293 PSV13 Protection SELOGIC control equation Variable 13 

293 PSV12 Protection SELOGIC control equation Variable 12 

293 PSV11 Protection SELOGIC control equation Variable 11 

293 PSV10 Protection SELOGIC control equation Variable 10 

293 PSV09 Protection SELOGIC control equation Variable 09      

294 PSV24 Protection SELOGIC control equation Variable 24

294 PSV23 Protection SELOGIC control equation Variable 23

294 PSV22 Protection SELOGIC control equation Variable 22

294 PSV21 Protection SELOGIC control equation Variable 21
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294 PSV20 Protection SELOGIC control equation Variable 20

294 PSV19 Protection SELOGIC control equation Variable 19

294 PSV18 Protection SELOGIC control equation Variable 18

294 PSV17 Protection SELOGIC control equation Variable 17

295 PSV32 Protection SELOGIC control equation Variable 32

295 PSV31 Protection SELOGIC control equation Variable 31

295 PSV30 Protection SELOGIC control equation Variable 30

295 PSV29 Protection SELOGIC control equation Variable 29

295 PSV28 Protection SELOGIC control equation Variable 28

295 PSV27 Protection SELOGIC control equation Variable 27

295 PSV26 Protection SELOGIC control equation Variable 26

295 PSV25 Protection SELOGIC control equation Variable 25

296 PSV40 Protection SELOGIC control equation Variable 40

296 PSV39 Protection SELOGIC control equation Variable 39

296 PSV38 Protection SELOGIC control equation Variable 38

296 PSV37 Protection SELOGIC control equation Variable 37

296 PSV36 Protection SELOGIC control equation Variable 36

296 PSV35 Protection SELOGIC control equation Variable 35

296 PSV34 Protection SELOGIC control equation Variable 34

296 PSV33 Protection SELOGIC control equation Variable 33

297 PSV48 Protection SELOGIC control equation Variable 48

297 PSV47 Protection SELOGIC control equation Variable 47

297 PSV46 Protection SELOGIC control equation Variable 46

297 PSV45 Protection SELOGIC control equation Variable 45

297 PSV44 Protection SELOGIC control equation Variable 44

297 PSV43 Protection SELOGIC control equation Variable 43

297 PSV42 Protection SELOGIC control equation Variable 42

297 PSV41 Protection SELOGIC control equation Variable 41

298 PSV56 Protection SELOGIC control equation Variable 56

298 PSV55 Protection SELOGIC control equation Variable 55

298 PSV54 Protection SELOGIC control equation Variable 54

298 PSV53 Protection SELOGIC control equation Variable 53

298 PSV52 Protection SELOGIC control equation Variable 52

298 PSV51 Protection SELOGIC control equation Variable 51

298 PSV50 Protection SELOGIC control equation Variable 50

298 PSV49 Protection SELOGIC control equation Variable 49

299 PSV64 Protection SELOGIC control equation Variable 64

299 PSV63 Protection SELOGIC control equation Variable 63

299 PSV62 Protection SELOGIC control equation Variable 62

299 PSV61 Protection SELOGIC control equation Variable 61

299 PSV60 Protection SELOGIC control equation Variable 60

Table 11.2 Row List of Relay Word Bits (Sheet 60 of 99)

Row Name Bit Description
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299 PSV59 Protection SELOGIC control equation Variable 59

299 PSV58 Protection SELOGIC control equation Variable 58

299 PSV57 Protection SELOGIC control equation Variable 57

Protection SELOGIC Latches

300 PLT08 Protection Latch 08 

300 PLT07 Protection Latch 07

300 PLT06 Protection Latch 06 

300 PLT05 Protection Latch 05

300 PLT04 Protection Latch 04 

300 PLT03 Protection Latch 03

300 PLT02 Protection Latch 02 

300 PLT01 Protection Latch 01

301 PLT16 Protection Latch 16 

301 PLT15 Protection Latch 15 

301 PLT14 Protection Latch 14 

301 PLT13 Protection Latch 13 

301 PLT12 Protection Latch 12 

301 PLT11 Protection Latch 11 

301 PLT10 Protection Latch 10 

301 PLT09 Protection Latch 09 

302 PLT24 Protection Latch 24

302 PLT23 Protection Latch 23

302 PLT22 Protection Latch 22

302 PLT21 Protection Latch 21

302 PLT20 Protection Latch 20

302 PLT19 Protection Latch 19

302 PLT18 Protection Latch 18

302 PLT17 Protection Latch 17

303 PLT32 Protection Latch 32

303 PLT31 Protection Latch 31

303 PLT30 Protection Latch 30

303 PLT29 Protection Latch 29

303 PLT28 Protection Latch 28

303 PLT27 Protection Latch 27

303 PLT26 Protection Latch 26

303 PLT25 Protection Latch 25

Protection SELOGIC Conditioning Timers

304 PCT08Q Protection conditioning timer Output 08

304 PCT07Q Protection conditioning timer Output 07

304 PCT06Q Protection conditioning timer Output 06

304 PCT05Q Protection conditioning timer Output 05 

Table 11.2 Row List of Relay Word Bits (Sheet 61 of 99)

Row Name Bit Description
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304 PCT04Q Protection conditioning timer Output 04

304 PCT03Q Protection conditioning timer Output 03

304 PCT02Q Protection conditioning timer Output 02

304 PCT01Q Protection conditioning timer Output 01

305 PCT16Q Protection conditioning timer Output 16 

305 PCT15Q Protection conditioning timer Output 15 

305 PCT14Q Protection conditioning timer Output 14 

305 PCT13Q Protection conditioning timer Output 13 

305 PCT12Q Protection conditioning timer Output 12 

305 PCT11Q Protection conditioning timer Output 11 

305 PCT10Q Protection conditioning timer Output 10 

305 PCT09Q Protection conditioning timer Output 09   

Protection SELOGIC Sequencing Timers

306 PST08Q Protection sequencing timer Output 08 

306 PST07Q Protection sequencing timer Output 07 

306 PST06Q Protection sequencing timer Output 06 

306 PST05Q Protection sequencing timer Output 05 

306 PST04Q Protection sequencing timer Output 04 

306 PST03Q Protection sequencing timer Output 03 

306 PST02Q Protection sequencing timer Output 02 

306 PST01Q Protection sequencing timer Output 01 

307 PST16Q Protection sequencing timer Output 16 

307 PST15Q Protection sequencing timer Output 15 

307 PST14Q Protection sequencing timer Output 14 

307 PST13Q Protection sequencing timer Output 13 

307 PST12Q Protection sequencing timer Output 12 

307 PST11Q Protection sequencing timer Output 11 

307 PST10Q Protection sequencing timer Output 10 

307 PST09Q Protection sequencing timer Output 09 

308 PST24Q Protection sequencing timer Output 24

308 PST23Q Protection sequencing timer Output 23

308 PST22Q Protection sequencing timer Output 22

308 PST21Q Protection sequencing timer Output 21

308 PST20Q Protection sequencing timer Output 20

308 PST19Q Protection sequencing timer Output 19

308 PST18Q Protection sequencing timer Output 18

308 PST17Q Protection sequencing timer Output 17

309 PST32Q Protection sequencing timer Output 32

309 PST31Q Protection sequencing timer Output 31

309 PST30Q Protection sequencing timer Output 30

309 PST29Q Protection sequencing timer Output 29

Table 11.2 Row List of Relay Word Bits (Sheet 62 of 99)

Row Name Bit Description
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309 PST28Q Protection sequencing timer Output 28

309 PST27Q Protection sequencing timer Output 27

309 PST26Q Protection sequencing timer Output 26

309 PST25Q Protection sequencing timer Output 25

310 PST08R Protection sequencing timer Reset 08 

310 PST07R Protection sequencing timer Reset 07 

310 PST06R Protection sequencing timer Reset 06 

310 PST05R Protection sequencing timer Reset 05 

310 PST04R Protection sequencing timer Reset 04 

310 PST03R Protection sequencing timer Reset 03 

310 PST02R Protection sequencing timer Reset 02 

310 PST01R Protection sequencing timer Reset 01 

311 PST16R Protection sequencing timer Reset 16 

311 PST15R Protection sequencing timer Reset 15 

311 PST14R Protection sequencing timer Reset 14 

311 PST13R Protection sequencing timer Reset 13 

311 PST12R Protection sequencing timer Reset 12 

311 PST11R Protection sequencing timer Reset 11 

311 PST10R Protection sequencing timer Reset 10 

311 PST09R Protection sequencing timer Reset 09 

312 PST24R Protection sequencing timer Reset 24

312 PST23R Protection sequencing timer Reset 23

312 PST22R Protection sequencing timer Reset 22

312 PST21R Protection sequencing timer Reset 21

312 PST20R Protection sequencing timer Reset 20

312 PST19R Protection sequencing timer Reset 19

312 PST18R Protection sequencing timer Reset 18

312 PST17R Protection sequencing timer Reset 17

313 PST32R Protection sequencing timer Reset 32

313 PST31R Protection sequencing timer Reset 31

313 PST30R Protection sequencing timer Reset 30

313 PST29R Protection sequencing timer Reset 29

313 PST28R Protection sequencing timer Reset 28

313 PST27R Protection sequencing timer Reset 27

313 PST26R Protection sequencing timer Reset 26

313 PST25R Protection sequencing timer Reset 25

Protection SELOGIC Counters

314 PCN08Q Protection counter Output 08

314 PCN07Q Protection counter Output 07

314 PCN06Q Protection counter Output 06

314 PCN05Q Protection counter Output 05

Table 11.2 Row List of Relay Word Bits (Sheet 63 of 99)

Row Name Bit Description
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314 PCN04Q Protection counter Output 04

314 PCN03Q Protection counter Output 03

314 PCN02Q Protection counter Output 02

314 PCN01Q Protection counter Output 01

315 PCN16Q Protection counter Output 16

315 PCN15Q Protection counter Output 15

315 PCN14Q Protection counter Output 14

315 PCN13Q Protection counter Output 13

315 PCN12Q Protection counter Output 12

315 PCN11Q Protection counter Output 11

315 PCN10Q Protection counter Output 10

315 PCN09Q Protection counter Output 09

316 PCN24Q Protection counter Output 24

316 PCN23Q Protection counter Output 23

316 PCN22Q Protection counter Output 22

316 PCN21Q Protection counter Output 21

316 PCN20Q Protection counter Output 20

316 PCN19Q Protection counter Output 19

316 PCN18Q Protection counter Output 18

316 PCN17Q Protection counter Output 17

317 PCN32Q Protection counter Output 32

317 PCN31Q Protection counter Output 31

317 PCN30Q Protection counter Output 30

317 PCN29Q Protection counter Output 29

317 PCN28Q Protection counter Output 28

317 PCN27Q Protection counter Output 27

317 PCN26Q Protection counter Output 26

317 PCN25Q Protection counter Output 25

318 PCN08R Protection counter reset 08

318 PCN07R Protection counter reset 07

318 PCN06R Protection counter reset 06

318 PCN05R Protection counter reset 05

318 PCN04R Protection counter reset 04

318 PCN03R Protection counter reset 03

318 PCN02R Protection counter reset 02

318 PCN01R Protection counter reset 01

319 PCN16R Protection counter reset 16

319 PCN15R Protection counter reset 15

319 PCN14R Protection counter reset 14

319 PCN13R Protection counter reset 13

319 PCN12R Protection counter reset 12

Table 11.2 Row List of Relay Word Bits (Sheet 64 of 99)

Row Name Bit Description
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319 PCN11R Protection counter reset 11

319 PCN10R Protection counter reset 10

319 PCN09R Protection counter reset 09

320 PCN24R Protection counter reset 24

320 PCN23R Protection counter reset 23

320 PCN22R Protection counter reset 22

320 PCN21R Protection counter reset 21

320 PCN20R Protection counter reset 20

320 PCN19R Protection counter reset 19

320 PCN18R Protection counter reset 18

320 PCN17R Protection counter reset 17

321 PCN32R Protection counter reset 32

321 PCN31R Protection counter reset 31

321 PCN30R Protection counter reset 30

321 PCN29R Protection counter reset 29

321 PCN28R Protection counter reset 28

321 PCN27R Protection counter reset 27

321 PCN26R Protection counter reset 26

321 PCN25R Protection counter reset 25

Automation SELOGIC Variables

322 ASV008 Automation SELOGIC control equation Variable 8 

322 ASV007 Automation SELOGIC control equation Variable 7 

322 ASV006 Automation SELOGIC control equation Variable 6 

322 ASV005 Automation SELOGIC control equation Variable 5 

322 ASV004 Automation SELOGIC control equation Variable 4 

322 ASV003 Automation SELOGIC control equation Variable 3 

322 ASV002 Automation SELOGIC control equation Variable 2 

322 ASV001 Automation SELOGIC control equation Variable 1    

323 ASV016 Automation SELOGIC control equation Variable 16 

323 ASV015 Automation SELOGIC control equation Variable 15 

323 ASV014 Automation SELOGIC control equation Variable 14 

323 ASV013 Automation SELOGIC control equation Variable 13 

323 ASV012 Automation SELOGIC control equation Variable 12 

323 ASV011 Automation SELOGIC control equation Variable 11 

323 ASV010 Automation SELOGIC control equation Variable 10 

323 ASV009 Automation SELOGIC control equation Variable 09      

324 ASV024 Automation SELOGIC control equation Variable 24

324 ASV023 Automation SELOGIC control equation Variable 23

324 ASV022 Automation SELOGIC control equation Variable 22

324 ASV021 Automation SELOGIC control equation Variable 21

324 ASV020 Automation SELOGIC control equation Variable 20

Table 11.2 Row List of Relay Word Bits (Sheet 65 of 99)

Row Name Bit Description
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324 ASV019 Automation SELOGIC control equation Variable 19

324 ASV018 Automation SELOGIC control equation Variable 18

324 ASV017 Automation SELOGIC control equation Variable 17

325 ASV032 Automation SELOGIC control equation Variable 32

325 ASV031 Automation SELOGIC control equation Variable 31

325 ASV030 Automation SELOGIC control equation Variable 30

325 ASV029 Automation SELOGIC control equation Variable 29

325 ASV028 Automation SELOGIC control equation Variable 28

325 ASV027 Automation SELOGIC control equation Variable 27

325 ASV026 Automation SELOGIC control equation Variable 26

325 ASV025 Automation SELOGIC control equation Variable 25

326 ASV040 Automation SELOGIC control equation Variable 40

326 ASV039 Automation SELOGIC control equation Variable 39

326 ASV038 Automation SELOGIC control equation Variable 38

326 ASV037 Automation SELOGIC control equation Variable 37

326 ASV036 Automation SELOGIC control equation Variable 36

326 ASV035 Automation SELOGIC control equation Variable 35

326 ASV034 Automation SELOGIC control equation Variable 34

326 ASV033 Automation SELOGIC control equation Variable 33

327 ASV048 Automation SELOGIC control equation Variable 48

327 ASV047 Automation SELOGIC control equation Variable 47

327 ASV046 Automation SELOGIC control equation Variable 46

327 ASV045 Automation SELOGIC control equation Variable 45

327 ASV044 Automation SELOGIC control equation Variable 44

327 ASV043 Automation SELOGIC control equation Variable 43

327 ASV042 Automation SELOGIC control equation Variable 42

327 ASV041 Automation SELOGIC control equation Variable 41

328 ASV056 Automation SELOGIC control equation Variable 56

328 ASV055 Automation SELOGIC control equation Variable 55

328 ASV054 Automation SELOGIC control equation Variable 54

328 ASV053 Automation SELOGIC control equation Variable 53

328 ASV052 Automation SELOGIC control equation Variable 52

328 ASV051 Automation SELOGIC control equation Variable 51

328 ASV050 Automation SELOGIC control equation Variable 50

328 ASV049 Automation SELOGIC control equation Variable 49

329 ASV064 Automation SELOGIC control equation Variable 64

329 ASV063 Automation SELOGIC control equation Variable 63

329 ASV062 Automation SELOGIC control equation Variable 62

329 ASV061 Automation SELOGIC control equation Variable 61

329 ASV060 Automation SELOGIC control equation Variable 60

329 ASV059 Automation SELOGIC control equation Variable 59

Table 11.2 Row List of Relay Word Bits (Sheet 66 of 99)

Row Name Bit Description
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329 ASV058 Automation SELOGIC control equation Variable 58

329 ASV057 Automation SELOGIC control equation Variable 57

330 ASV072 Automation SELOGIC control equation Variable 72

330 ASV071 Automation SELOGIC control equation Variable 71

330 ASV070 Automation SELOGIC control equation Variable 70

330 ASV069 Automation SELOGIC control equation Variable 69

330 ASV068 Automation SELOGIC control equation Variable 68

330 ASV067 Automation SELOGIC control equation Variable 67

330 ASV066 Automation SELOGIC control equation Variable 66

330 ASV065 Automation SELOGIC control equation Variable 65

331 ASV080 Automation SELOGIC control equation Variable 80

331 ASV079 Automation SELOGIC control equation Variable 79

331 ASV078 Automation SELOGIC control equation Variable 78

331 ASV077 Automation SELOGIC control equation Variable 77

331 ASV076 Automation SELOGIC control equation Variable 76

331 ASV075 Automation SELOGIC control equation Variable 75

331 ASV074 Automation SELOGIC control equation Variable 74

331 ASV073 Automation SELOGIC control equation Variable 73

332 ASV088 Automation SELOGIC control equation Variable 88

332 ASV087 Automation SELOGIC control equation Variable 87

332 ASV086 Automation SELOGIC control equation Variable 86

332 ASV085 Automation SELOGIC control equation Variable 85

332 ASV084 Automation SELOGIC control equation Variable 84

332 ASV083 Automation SELOGIC control equation Variable 83

332 ASV082 Automation SELOGIC control equation Variable 82

332 ASV081 Automation SELOGIC control equation Variable 81

333 ASV096 Automation SELOGIC control equation Variable 96

333 ASV095 Automation SELOGIC control equation Variable 95

333 ASV094 Automation SELOGIC control equation Variable 94

333 ASV093 Automation SELOGIC control equation Variable 93

333 ASV092 Automation SELOGIC control equation Variable 92

333 ASV091 Automation SELOGIC control equation Variable 91

333 ASV090 Automation SELOGIC control equation Variable 90

333 ASV089 Automation SELOGIC control equation Variable 89

334 ASV104 Automation SELOGIC control equation Variable 104

334 ASV103 Automation SELOGIC control equation Variable 103

334 ASV102 Automation SELOGIC control equation Variable 102

334 ASV101 Automation SELOGIC control equation Variable 101

334 ASV100 Automation SELOGIC control equation Variable 100

334 ASV099 Automation SELOGIC control equation Variable 099

334 ASV098 Automation SELOGIC control equation Variable 098

Table 11.2 Row List of Relay Word Bits (Sheet 67 of 99)

Row Name Bit Description
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334 ASV097 Automation SELOGIC control equation Variable 097

335 ASV112 Automation SELOGIC control equation Variable 112

335 ASV111 Automation SELOGIC control equation Variable 111

335 ASV110 Automation SELOGIC control equation Variable 110

335 ASV109 Automation SELOGIC control equation Variable 109

335 ASV108 Automation SELOGIC control equation Variable 108

335 ASV107 Automation SELOGIC control equation Variable 107

335 ASV106 Automation SELOGIC control equation Variable 106

335 ASV105 Automation SELOGIC control equation Variable 105

336 ASV120 Automation SELOGIC control equation Variable 120

336 ASV119 Automation SELOGIC control equation Variable 119

336 ASV118 Automation SELOGIC control equation Variable 118

336 ASV117 Automation SELOGIC control equation Variable 117

336 ASV116 Automation SELOGIC control equation Variable 116

336 ASV115 Automation SELOGIC control equation Variable 115

336 ASV114 Automation SELOGIC control equation Variable 114

336 ASV113 Automation SELOGIC control equation Variable 113

337 ASV128 Automation SELOGIC control equation Variable 128

337 ASV127 Automation SELOGIC control equation Variable 127

337 ASV126 Automation SELOGIC control equation Variable 126

337 ASV125 Automation SELOGIC control equation Variable 125

337 ASV124 Automation SELOGIC control equation Variable 124

337 ASV123 Automation SELOGIC control equation Variable 123

337 ASV122 Automation SELOGIC control equation Variable 122

337 ASV121 Automation SELOGIC control equation Variable 121

338 ASV136 Automation SELOGIC control equation Variable 136

338 ASV135 Automation SELOGIC control equation Variable 135

338 ASV134 Automation SELOGIC control equation Variable 134

338 ASV133 Automation SELOGIC control equation Variable 133

338 ASV132 Automation SELOGIC control equation Variable 132

338 ASV131 Automation SELOGIC control equation Variable 131

338 ASV130 Automation SELOGIC control equation Variable 130

338 ASV129 Automation SELOGIC control equation Variable 129

339 ASV144 Automation SELOGIC control equation Variable 144

339 ASV143 Automation SELOGIC control equation Variable 143

339 ASV142 Automation SELOGIC control equation Variable 142

339 ASV141 Automation SELOGIC control equation Variable 141

339 ASV140 Automation SELOGIC control equation Variable 140

339 ASV139 Automation SELOGIC control equation Variable 139

339 ASV138 Automation SELOGIC control equation Variable 138

339 ASV137 Automation SELOGIC control equation Variable 137

Table 11.2 Row List of Relay Word Bits (Sheet 68 of 99)

Row Name Bit Description
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340 ASV152 Automation SELOGIC control equation Variable 152

340 ASV151 Automation SELOGIC control equation Variable 151

340 ASV150 Automation SELOGIC control equation Variable 150

340 ASV149 Automation SELOGIC control equation Variable 149

340 ASV148 Automation SELOGIC control equation Variable 148

340 ASV147 Automation SELOGIC control equation Variable 147

340 ASV146 Automation SELOGIC control equation Variable 146

340 ASV145 Automation SELOGIC control equation Variable 145

341 ASV160 Automation SELOGIC control equation Variable 160

341 ASV159 Automation SELOGIC control equation Variable 159

341 ASV158 Automation SELOGIC control equation Variable 158

341 ASV157 Automation SELOGIC control equation Variable 157

341 ASV156 Automation SELOGIC control equation Variable 156

341 ASV155 Automation SELOGIC control equation Variable 155

341 ASV154 Automation SELOGIC control equation Variable 154

341 ASV153 Automation SELOGIC control equation Variable 153

342 ASV168 Automation SELOGIC control equation Variable 168

342 ASV167 Automation SELOGIC control equation Variable 167

342 ASV166 Automation SELOGIC control equation Variable 166

342 ASV165 Automation SELOGIC control equation Variable 165

342 ASV164 Automation SELOGIC control equation Variable 164

342 ASV163 Automation SELOGIC control equation Variable 163

342 ASV162 Automation SELOGIC control equation Variable 162

342 ASV161 Automation SELOGIC control equation Variable 161

343 ASV176 Automation SELOGIC control equation Variable 176

343 ASV175 Automation SELOGIC control equation Variable 175

343 ASV174 Automation SELOGIC control equation Variable 174

343 ASV173 Automation SELOGIC control equation Variable 173

343 ASV172 Automation SELOGIC control equation Variable 172

343 ASV171 Automation SELOGIC control equation Variable 171

343 ASV170 Automation SELOGIC control equation Variable 170

343 ASV169 Automation SELOGIC control equation Variable 169

344 ASV184 Automation SELOGIC control equation Variable 184

344 ASV183 Automation SELOGIC control equation Variable 183

344 ASV182 Automation SELOGIC control equation Variable 182

344 ASV181 Automation SELOGIC control equation Variable 181

344 ASV180 Automation SELOGIC control equation Variable 180

344 ASV179 Automation SELOGIC control equation Variable 179

344 ASV178 Automation SELOGIC control equation Variable 178

344 ASV177 Automation SELOGIC control equation Variable 177

345 ASV192 Automation SELOGIC control equation Variable 192

Table 11.2 Row List of Relay Word Bits (Sheet 69 of 99)

Row Name Bit Description
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345 ASV191 Automation SELOGIC control equation Variable 191

345 ASV190 Automation SELOGIC control equation Variable 190

345 ASV189 Automation SELOGIC control equation Variable 189

345 ASV188 Automation SELOGIC control equation Variable 188

345 ASV187 Automation SELOGIC control equation Variable 187

345 ASV186 Automation SELOGIC control equation Variable 186

345 ASV185 Automation SELOGIC control equation Variable 185

346 ASV200 Automation SELOGIC control equation Variable 200

346 ASV199 Automation SELOGIC control equation Variable 199

346 ASV198 Automation SELOGIC control equation Variable 198

346 ASV197 Automation SELOGIC control equation Variable 197

346 ASV196 Automation SELOGIC control equation Variable 196

346 ASV195 Automation SELOGIC control equation Variable 195

346 ASV194 Automation SELOGIC control equation Variable 194

346 ASV193 Automation SELOGIC control equation Variable 193

347 ASV208 Automation SELOGIC control equation Variable 208

347 ASV207 Automation SELOGIC control equation Variable 207

347 ASV206 Automation SELOGIC control equation Variable 206

347 ASV205 Automation SELOGIC control equation Variable 205

347 ASV204 Automation SELOGIC control equation Variable 204

347 ASV203 Automation SELOGIC control equation Variable 203

347 ASV202 Automation SELOGIC control equation Variable 202

347 ASV201 Automation SELOGIC control equation Variable 201

348 ASV216 Automation SELOGIC control equation Variable 216

348 ASV215 Automation SELOGIC control equation Variable 215

348 ASV214 Automation SELOGIC control equation Variable 214

348 ASV213 Automation SELOGIC control equation Variable 213

348 ASV212 Automation SELOGIC control equation Variable 212

348 ASV211 Automation SELOGIC control equation Variable 211

348 ASV210 Automation SELOGIC control equation Variable 210

348 ASV209 Automation SELOGIC control equation Variable 209

349 ASV224 Automation SELOGIC control equation Variable 224

349 ASV223 Automation SELOGIC control equation Variable 223

349 ASV222 Automation SELOGIC control equation Variable 222

349 ASV221 Automation SELOGIC control equation Variable 221

349 ASV220 Automation SELOGIC control equation Variable 220

349 ASV219 Automation SELOGIC control equation Variable 219

349 ASV218 Automation SELOGIC control equation Variable 218

349 ASV217 Automation SELOGIC control equation Variable 217

350 ASV232 Automation SELOGIC control equation Variable 232

350 ASV231 Automation SELOGIC control equation Variable 231

Table 11.2 Row List of Relay Word Bits (Sheet 70 of 99)

Row Name Bit Description
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350 ASV230 Automation SELOGIC control equation Variable 230

350 ASV229 Automation SELOGIC control equation Variable 229

350 ASV228 Automation SELOGIC control equation Variable 228

350 ASV227 Automation SELOGIC control equation Variable 227

350 ASV226 Automation SELOGIC control equation Variable 226

350 ASV225 Automation SELOGIC control equation Variable 225

351 ASV240 Automation SELOGIC control equation Variable 240

351 ASV239 Automation SELOGIC control equation Variable 239

351 ASV238 Automation SELOGIC control equation Variable 238

351 ASV237 Automation SELOGIC control equation Variable 237

351 ASV236 Automation SELOGIC control equation Variable 236

351 ASV235 Automation SELOGIC control equation Variable 235

351 ASV234 Automation SELOGIC control equation Variable 234

351 ASV233 Automation SELOGIC control equation Variable 233

352 ASV248 Automation SELOGIC control equation Variable 248

352 ASV247 Automation SELOGIC control equation Variable 247

352 ASV246 Automation SELOGIC control equation Variable 246

352 ASV245 Automation SELOGIC control equation Variable 245

352 ASV244 Automation SELOGIC control equation Variable 244

352 ASV243 Automation SELOGIC control equation Variable 243

352 ASV242 Automation SELOGIC control equation Variable 242

352 ASV241 Automation SELOGIC control equation Variable 241

353 ASV256 Automation SELOGIC control equation Variable 256

353 ASV255 Automation SELOGIC control equation Variable 255

353 ASV254 Automation SELOGIC control equation Variable 254

353 ASV253 Automation SELOGIC control equation Variable 253

353 ASV252 Automation SELOGIC control equation Variable 252

353 ASV251 Automation SELOGIC control equation Variable 251

353 ASV250 Automation SELOGIC control equation Variable 250

353 ASV249 Automation SELOGIC control equation Variable 249

Automation SELOGIC Latches

354 ALT08 Automation Latch 8

354 ALT07 Automation Latch 7

354 ALT06 Automation Latch 6

354 ALT05 Automation Latch 5

354 ALT04 Automation Latch 4

354 ALT03 Automation Latch 3

354 ALT02 Automation Latch 2

354 ALT01 Automation Latch 1

355 ALT16 Automation Latch 16

355 ALT15 Automation Latch 15

Table 11.2 Row List of Relay Word Bits (Sheet 71 of 99)

Row Name Bit Description
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355 ALT14 Automation Latch 14

355 ALT13 Automation Latch 13

355 ALT12 Automation Latch 12

355 ALT11 Automation Latch 11

355 ALT10 Automation Latch 10

355 ALT09 Automation Latch 9

356 ALT24 Automation Latch 24

356 ALT23 Automation Latch 23

356 ALT22 Automation Latch 22

356 ALT21 Automation Latch 21

356 ALT20 Automation Latch 20

356 ALT19 Automation Latch 19

356 ALT18 Automation Latch 18

356 ALT17 Automation Latch 17

357 ALT32 Automation Latch 32

357 ALT31 Automation Latch 31

357 ALT30 Automation Latch 30

357 ALT29 Automation Latch 29

357 ALT28 Automation Latch 28

357 ALT27 Automation Latch 27

357 ALT26 Automation Latch 26

357 ALT25 Automation Latch 25

Automation SELOGIC Sequencing Timers

358 AST08Q Automation sequencing timer Output 8

358 AST07Q Automation sequencing timer Output 7

358 AST06Q Automation sequencing timer Output 6

358 AST05Q Automation sequencing timer Output 5

358 AST04Q Automation sequencing timer Output 4

358 AST03Q Automation sequencing timer Output 3

358 AST02Q Automation sequencing timer Output 2

358 AST01Q Automation sequencing timer Output 1

359 AST16Q Automation sequencing timer Output 16

359 AST15Q Automation sequencing timer Output 15

359 AST14Q Automation sequencing timer Output 14

359 AST13Q Automation sequencing timer Output 13

359 AST12Q Automation sequencing timer Output 12

359 AST11Q Automation sequencing timer Output 11

359 AST10Q Automation sequencing timer Output 10

359 AST09Q Automation sequencing timer Output 9

360 AST24Q Automation sequencing timer Output 24

360 AST23Q Automation sequencing timer Output 23

Table 11.2 Row List of Relay Word Bits (Sheet 72 of 99)

Row Name Bit Description
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360 AST22Q Automation sequencing timer Output 22

360 AST21Q Automation sequencing timer Output 21

360 AST20Q Automation sequencing timer Output 20

360 AST19Q Automation sequencing timer Output 19

360 AST18Q Automation sequencing timer Output 18

360 AST17Q Automation sequencing timer Output 17

361 AST32Q Automation sequencing timer Output 32

361 AST31Q Automation sequencing timer Output 31

361 AST30Q Automation sequencing timer Output 30

361 AST29Q Automation sequencing timer Output 29

361 AST28Q Automation sequencing timer Output 28

361 AST27Q Automation sequencing timer Output 27

361 AST26Q Automation sequencing timer Output 26

361 AST25Q Automation sequencing timer Output 25

362 AST08R Automation sequencing timer Reset 8

362 AST07R Automation sequencing timer Reset 7

362 AST06R Automation sequencing timer Reset 6

362 AST05R Automation sequencing timer Reset 5

362 AST04R Automation sequencing timer Reset 4

362 AST03R Automation sequencing timer Reset 3

362 AST02R Automation sequencing timer Reset 2

362 AST01R Automation sequencing timer Reset 1

363 AST16R Automation sequencing timer Reset 16

363 AST15R Automation sequencing timer Reset 15

363 AST14R Automation sequencing timer Reset 14

363 AST13R Automation sequencing timer Reset 13

363 AST12R Automation sequencing timer Reset 12

363 AST11R Automation sequencing timer Reset 11

363 AST10R Automation sequencing timer Reset 10

363 AST09R Automation sequencing timer Reset 9

364 AST24R Automation sequencing timer Reset 24

364 AST23R Automation sequencing timer Reset 23

364 AST22R Automation sequencing timer Reset 22

364 AST21R Automation sequencing timer Reset 21

364 AST20R Automation sequencing timer Reset 20

364 AST19R Automation sequencing timer Reset 19

364 AST18R Automation sequencing timer Reset 18

364 AST17R Automation sequencing timer Reset 17

365 AST32R Automation sequencing timer Reset 32

365 AST31R Automation sequencing timer Reset 31

365 AST30R Automation sequencing timer Reset 30
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365 AST29R Automation sequencing timer Reset 29

365 AST28R Automation sequencing timer Reset 28

365 AST27R Automation sequencing timer Reset 27

365 AST26R Automation sequencing timer Reset 26

365 AST25R Automation sequencing timer Reset 25

Automation SELOGIC Counters

366 ACN08Q Automation counter Output 8

366 ACN07Q Automation counter Output 7

366 ACN06Q Automation counter Output 6

366 ACN05Q Automation counter Output 5

366 ACN04Q Automation counter Output 4

366 ACN03Q Automation counter Output 3

366 ACN02Q Automation counter Output 2

366 ACN01Q Automation counter Output 1

367 ACN16Q Automation counter Output 16

367 ACN15Q Automation counter Output 15

367 ACN14Q Automation counter Output 14

367 ACN13Q Automation counter Output 13

367 ACN12Q Automation counter Output 12

367 ACN11Q Automation counter Output 11

367 ACN10Q Automation counter Output 10

367 ACN09Q Automation counter Output 9

368 ACN24Q Automation counter Output 24

368 ACN23Q Automation counter Output 23

368 ACN22Q Automation counter Output 22

368 ACN21Q Automation counter Output 21

368 ACN20Q Automation counter Output 20

368 ACN19Q Automation counter Output 19

368 ACN18Q Automation counter Output 18

368 ACN17Q Automation counter Output 17

369 ACN32Q Automation counter Output 32

369 ACN31Q Automation counter Output 31

369 ACN30Q Automation counter Output 30

369 ACN29Q Automation counter Output 29

369 ACN28Q Automation counter Output 28

369 ACN27Q Automation counter Output 27

369 ACN26Q Automation counter Output 26

369 ACN25Q Automation counter Output 25

370 ACN08R Automation counter Reset 8

370 ACN07R Automation counter Reset 7

370 ACN06R Automation counter Reset 6
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370 ACN05R Automation counter Reset 5

370 ACN04R Automation counter Reset 4

370 ACN03R Automation counter Reset 3

370 ACN02R Automation counter Reset 2

370 ACN01R Automation counter Reset 1

371 ACN16R Automation counter Reset 16

371 ACN15R Automation counter Reset 15

371 ACN14R Automation counter Reset 14

371 ACN13R Automation counter Reset 13

371 ACN12R Automation counter Reset 12

371 ACN11R Automation counter Reset 11

371 ACN10R Automation counter Reset 10

371 ACN09R Automation counter Reset 9

372 ACN24R Automation counter Reset 24

372 ACN23R Automation counter Reset 23

372 ACN22R Automation counter Reset 22

372 ACN21R Automation counter Reset 21

372 ACN20R Automation counter Reset 20

372 ACN19R Automation counter Reset 19

372 ACN18R Automation counter Reset 18

372 ACN17R Automation counter Reset 17

373 ACN32R Automation counter Reset 32

373 ACN31R Automation counter Reset 31

373 ACN30R Automation counter Reset 30

373 ACN29R Automation counter Reset 29

373 ACN28R Automation counter Reset 28

373 ACN27R Automation counter Reset 27

373 ACN26R Automation counter Reset 26

373 ACN25R Automation counter Reset 25

SELOGIC Error and Status Reporting

374 PUNRLBL Protection SELOGIC control equation unresolved label

374 PFRTEX Protection SELOGIC control equation first execution

374 MATHERR SELOGIC control equation math error

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

375 AUNRLBL Automation SELOGIC control equation unresolved label

375 AFRTEXP Automation SELOGIC control equation first execution protection

375 AFRTEXA Automation SELOGIC control equation first execution automation

Table 11.2 Row List of Relay Word Bits (Sheet 75 of 99)
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375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

Alarms

376 SALARM Non-diagnostic alarm pulse

376 HALARM Relay diagnostic failure or warning

376 BADPASS Pulsed when user enters three successive bad passwords

376 HALARML Latching relay failure alarm

376 HALARMP Relay warning alarm pulse

376 HALARMA Relay warning periodic alarm

376 SETCHG Pulsed when settings change

376 GRPSW Pulsed when settings group changes

377 ACCESS A user is connected at Access Level B or higher

377 ACCESSP Pulsed when higher level access achieved

377 EACC Enable Level 1 access (SELOGIC control equation)

377 E2AC Enable Levels 1–2 access (SELOGIC control equation)

377 *

377 *

377 *

377 *

377 PASSDIS Asserts to indicate password disable jumper is installed

377 BRKENAB Asserts to indicate breaker control enable jumper is installed

Time and Date Management

378 TBNC The active relay time source is BNC IRIG

378 TPTP The active relay time source is PTP

378 TIRIG Assert while time is based on IRIG for both mark and value

378 TUPDH Assert if update source is high-priority time source

378 TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized

378 TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements

378 TSER The active relay time source is serial IRIG

378 UPD_EN Enable updating internal clock with selected external time source

379 TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source

379 BLKLPTS Block low priority source from updating relay time

379 TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source

379 TPLLEXT Update PLL using external signal

379 TSSW High priority time source switching

379 TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source

379 TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired

379 TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired

Table 11.2 Row List of Relay Word Bits (Sheet 76 of 99)
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380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

Inverse-Time Overcurrent Elements

381 * Reserved

381 * Reserved

381 * Reserved

381 51R21 Inverse-time Element 21 reset

381 51R20 Inverse-time Element 20 reset

381 51R19 Inverse-time Element 19 reset

381 51R18 Inverse-time Element 18 reset

381 51R17 Inverse-time Element 17 reset

Pushbuttons

382 PB1 Pushbutton 1

382 PB2 Pushbutton 2

382 PB3 Pushbutton 3

382 PB4 Pushbutton 4

382 PB5 Pushbutton 5

382 PB6 Pushbutton 6

382 PB7 Pushbutton 7

382 PB8 Pushbutton 8

383 PB9 Pushbutton 9

383 PB10 Pushbutton 10

383 PB11 Pushbutton 11

383 PB12 Pushbutton 12

383 * Reserved

383 * Reserved

383 * Reserved

383 * Reserved

Contact Outputs

384 OUT108 Main board Output 8 

384 OUT107 Main board Output 7 

384 OUT106 Main board Output 6 

384 OUT105 Main board Output 5 

384 OUT104 Main board Output 4 

384 OUT103 Main board Output 3 

Table 11.2 Row List of Relay Word Bits (Sheet 77 of 99)
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384 OUT102 Main board Output 2 

384 OUT101 Main board Output 1 

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

388 OUT208 Optional I/O Board 1 Output 8 

388 OUT207 Optional I/O Board 1 Output 7 

388 OUT206 Optional I/O Board 1 Output 6 

388 OUT205 Optional I/O Board 1 Output 5 

388 OUT204 Optional I/O Board 1 Output 4 

388 OUT203 Optional I/O Board 1 Output 3 

388 OUT202 Optional I/O Board 1 Output 2 

388 OUT201 Optional I/O Board 1 Output 1 

389 OUT216 Optional I/O Board 1 Output 16

389 OUT215 Optional I/O Board 1 Output 15

389 OUT214 Optional I/O Board 1 Output 14

389 OUT213 Optional I/O Board 1 Output 13

389 OUT212 Optional I/O Board 1 Output 12

389 OUT211 Optional I/O Board 1 Output 11

389 OUT210 Optional I/O Board 1 Output 10
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389 OUT209 Optional I/O Board 1 Output 9

390 OUT308 Optional I/O Board 2 Output 8 

390 OUT307 Optional I/O Board 2 Output 7 

390 OUT306 Optional I/O Board 2 Output 6 

390 OUT305 Optional I/O Board 2 Output 5 

390 OUT304 Optional I/O Board 2 Output 4 

390 OUT303 Optional I/O Board 2 Output 3 

390 OUT302 Optional I/O Board 2 Output 2 

390 OUT301 Optional I/O Board 2 Output 1 

391 OUT316 Optional I/O Board 2 Output 16

391 OUT315 Optional I/O Board 2 Output 15

391 OUT314 Optional I/O Board 2 Output 14

391 OUT313 Optional I/O Board 2 Output 13

391 OUT312 Optional I/O Board 2 Output 12

391 OUT311 Optional I/O Board 2 Output 11

391 OUT310 Optional I/O Board 2 Output 10

391 OUT309 Optional I/O Board 2 Output 9

392 OUT408 Optional I/O Board 3 Output 8 

392 OUT407 Optional I/O Board 3 Output 7 

392 OUT406 Optional I/O Board 3 Output 6 

392 OUT405 Optional I/O Board 3 Output 5 

392 OUT404 Optional I/O Board 3 Output 4 

392 OUT403 Optional I/O Board 3 Output 3 

392 OUT402 Optional I/O Board 3 Output 2 

392 OUT401 Optional I/O Board 3 Output 1 

393 OUT416 Optional I/O Board 3 Output 16

393 OUT415 Optional I/O Board 3 Output 15

393 OUT414 Optional I/O Board 3 Output 14

393 OUT413 Optional I/O Board 3 Output 13

393 OUT412 Optional I/O Board 3 Output 12

393 OUT411 Optional I/O Board 3 Output 11

393 OUT410 Optional I/O Board 3 Output 10

393 OUT409 Optional I/O Board 3 Output 9

394 OUT508 Optional I/O Board 4 Output 8 

394 OUT507 Optional I/O Board 4 Output 7 

394 OUT506 Optional I/O Board 4 Output 6 

394 OUT505 Optional I/O Board 4 Output 5 

394 OUT504 Optional I/O Board 4 Output 4 

394 OUT503 Optional I/O Board 4 Output 3 

394 OUT502 Optional I/O Board 4 Output 2 

394 OUT501 Optional I/O Board 4 Output 1 
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395 OUT516 Optional I/O Board 4 Output 16

395 OUT515 Optional I/O Board 4 Output 15

395 OUT514 Optional I/O Board 4 Output 14

395 OUT513 Optional I/O Board 4 Output 13

395 OUT512 Optional I/O Board 4 Output 12

395 OUT511 Optional I/O Board 4 Output 11

395 OUT510 Optional I/O Board 4 Output 10

395 OUT509 Optional I/O Board 4 Output 9

Pushbuttons Pulse Inputs

396 PB1_PUL Pushbutton 1 pulse input

396 PB2_PUL Pushbutton 2 pulse input

396 PB3_PUL Pushbutton 3 pulse input

396 PB4_PUL Pushbutton 4 pulse input

396 PB5_PUL Pushbutton 5 pulse input

396 PB6_PUL Pushbutton 6 pulse input

396 PB7_PUL Pushbutton 7 pulse input

396 PB8_PUL Pushbutton 8 pulse input

397 PB9_PUL Pushbutton 9 pulse input

397 PB10PUL Pushbutton 10 pulse input

397 PB11PUL Pushbutton 11 pulse input

397 PB12PUL Pushbutton 12 pulse input

397 * Reserved

397 * Reserved

397 * Reserved

397 * Reserved

Pushbutton LED Bits

398 PB1_LED Pushbutton 1 LED

398 PB2_LED Pushbutton 2 LED

398 PB3_LED Pushbutton 3 LED

398 PB4_LED Pushbutton 4 LED

398 PB5_LED Pushbutton 5 LED

398 PB6_LED Pushbutton 6 LED

398 PB7_LED Pushbutton 7 LED

398 PB8_LED Pushbutton 8 LED

399 PB9_LED Pushbutton 9 LED

399 PB10LED Pushbutton 10 LED

399 PB11LED Pushbutton 11 LED

399 PB12LED Pushbutton 12 LED

399 * Reserved

399 * Reserved

399 * Reserved
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Row Name Bit Description



11.159

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

399 * Reserved

MIRRORED BITS

400 RMB8A Channel A receive MIRRORED BIT 8 

400 RMB7A Channel A receive MIRRORED BIT 7 

400 RMB6A Channel A receive MIRRORED BIT 6 

400 RMB5A Channel A receive MIRRORED BIT 5 

400 RMB4A Channel A receive MIRRORED BIT 4 

400 RMB3A Channel A receive MIRRORED BIT 3 

400 RMB2A Channel A receive MIRRORED BIT 2 

400 RMB1A Channel A receive MIRRORED BIT 1 

401 TMB8A Channel A transmit MIRRORED BIT 8 

401 TMB7A Channel A transmit MIRRORED BIT 7 

401 TMB6A Channel A transmit MIRRORED BIT 6 

401 TMB5A Channel A transmit MIRRORED BIT 5 

401 TMB4A Channel A transmit MIRRORED BIT 4 

401 TMB3A Channel A transmit MIRRORED BIT 3 

401 TMB2A Channel A transmit MIRRORED BIT 2 

401 TMB1A Channel A transmit MIRRORED BIT 1 

402 RMB8B Channel B receive MIRRORED BIT 8

402 RMB7B Channel B receive MIRRORED BIT 7

402 RMB6B Channel B receive MIRRORED BIT 6

402 RMB5B Channel B receive MIRRORED BIT 5

402 RMB4B Channel B receive MIRRORED BIT 4

402 RMB3B Channel B receive MIRRORED BIT 3

402 RMB2B Channel B receive MIRRORED BIT 2

402 RMB1B Channel B receive MIRRORED BIT 1

403 TMB8B Channel B transmit MIRRORED BIT 8

403 TMB7B Channel B transmit MIRRORED BIT 7

403 TMB6B Channel B transmit MIRRORED BIT 6

403 TMB5B Channel B transmit MIRRORED BIT 5

403 TMB4B Channel B transmit MIRRORED BIT 4

403 TMB3B Channel B transmit MIRRORED BIT 3

403 TMB2B Channel B transmit MIRRORED BIT 2

403 TMB1B Channel B transmit MIRRORED BIT 1

404 ROKA Channel A MIRRORED BITS normal status (non-loopback)

404 RBADA Channel A MIRRORED BITS outage too long

404 CBADA Channel A MIRRORED BITS unavailability

404 LBOKA Channel A MIRRORED BITS normal status (loopback)

404 ANOKA Channel A MIRRORED BITS analog transfer OK

404 DOKA Channel A MIRRORED BITS communications normal status

404 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 81 of 99)
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404 * Reserved

405 ROKB Channel B MIRRORED BITS normal status (non-loopback mode)

405 RBADB Channel B MIRRORED BITS outage too long

405 CBADB Channel B MIRRORED BITS unavailability

405 LBOKB Channel B MIRRORED BITS normal status (loopback mode)

405 ANOKB Channel B MIRRORED BITS analog transfer OK

405 DOKB Channel B MIRRORED BITS communications normal status

405 * Reserved

405 * Reserved

Test Bits

406 TESTDB2 DNP test bit

406 TESTDB Communications card database test bit

406 TESTFM Fast meter test bit

406 TESTPUL Pulse test bit

406 LPHDSIM IEC 61850 Logical Node for physical device simulation

406 * Reserved

406 * Reserved

406 * Reserved

Advanced Check Zone Bits

407 CZ24R Include Bus Coupler 4 in Check Zone 2

407 CZ23R Include Bus Coupler 3 in Check Zone 2

407 CZ22R Include Bus Coupler 2 in Check Zone 2

407 CZ21R Include Bus Coupler 1 in Check Zone 2

407 CZ14R Include Bus Coupler 4 in Check Zone 1

407 CZ13R Include Bus Coupler 3 in Check Zone 1

407 CZ12R Include Bus Coupler 2 in Check Zone 1

407 CZ11R Include Bus Coupler 1 in Check Zone 1

Virtual Bits

408 VB249 Virtual Bit 249

408 VB250 Virtual Bit 250

408 VB251 Virtual Bit 251

408 VB252 Virtual Bit 252

408 VB253 Virtual Bit 253

408 VB254 Virtual Bit 254

408 VB255 Virtual Bit 255

408 VB256 Virtual Bit 256

409 VB241 Virtual Bit 241

409 VB242 Virtual Bit 242

409 VB243 Virtual Bit 243

409 VB244 Virtual Bit 244

409 VB245 Virtual Bit 245
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409 VB246 Virtual Bit 246

409 VB247 Virtual Bit 247

409 VB248 Virtual Bit 248

410 VB233 Virtual Bit 233

410 VB234 Virtual Bit 234

410 VB235 Virtual Bit 235

410 VB236 Virtual Bit 236

410 VB237 Virtual Bit 237

410 VB238 Virtual Bit 238

410 VB239 Virtual Bit 239

410 VB240 Virtual Bit 240

411 VB225 Virtual Bit 225

411 VB226 Virtual Bit 226

411 VB227 Virtual Bit 227

411 VB228 Virtual Bit 228

411 VB229 Virtual Bit 229

411 VB230 Virtual Bit 230

411 VB231 Virtual Bit 231

411 VB232 Virtual Bit 232

412 VB217 Virtual Bit 217

412 VB218 Virtual Bit 218

412 VB219 Virtual Bit 219

412 VB220 Virtual Bit 220

412 VB221 Virtual Bit 221

412 VB222 Virtual Bit 222

412 VB223 Virtual Bit 223

412 VB224 Virtual Bit 224

413 VB209 Virtual Bit 209

413 VB210 Virtual Bit 210

413 VB211 Virtual Bit 211

413 VB212 Virtual Bit 212

413 VB213 Virtual Bit 213

413 VB214 Virtual Bit 214

413 VB215 Virtual Bit 215

413 VB216 Virtual Bit 216

414 VB201 Virtual Bit 201

414 VB202 Virtual Bit 202

414 VB203 Virtual Bit 203

414 VB204 Virtual Bit 204

414 VB205 Virtual Bit 205

414 VB206 Virtual Bit 206
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414 VB207 Virtual Bit 207

414 VB208 Virtual Bit 208

415 VB193 Virtual Bit 193

415 VB194 Virtual Bit 194

415 VB195 Virtual Bit 195

415 VB196 Virtual Bit 196

415 VB197 Virtual Bit 197

415 VB198 Virtual Bit 198

415 VB199 Virtual Bit 199

415 VB200 Virtual Bit 200

416 VB185 Virtual Bit 185

416 VB186 Virtual Bit 186

416 VB187 Virtual Bit 187

416 VB188 Virtual Bit 188

416 VB189 Virtual Bit 189

416 VB190 Virtual Bit 190

416 VB191 Virtual Bit 191

416 VB192 Virtual Bit 192

417 VB177 Virtual Bit 177

417 VB178 Virtual Bit 178

417 VB179 Virtual Bit 179

417 VB180 Virtual Bit 180

417 VB181 Virtual Bit 181

417 VB182 Virtual Bit 182

417 VB183 Virtual Bit 183

417 VB184 Virtual Bit 184

418 VB169 Virtual Bit 169

418 VB170 Virtual Bit 170

418 VB171 Virtual Bit 171

418 VB172 Virtual Bit 172

418 VB173 Virtual Bit 173

418 VB174 Virtual Bit 174

418 VB175 Virtual Bit 175

418 VB176 Virtual Bit 176

419 VB161 Virtual Bit 161

419 VB162 Virtual Bit 162

419 VB163 Virtual Bit 163

419 VB164 Virtual Bit 164

419 VB165 Virtual Bit 165

419 VB166 Virtual Bit 166

419 VB167 Virtual Bit 167
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419 VB168 Virtual Bit 168

420 VB153 Virtual Bit 153

420 VB154 Virtual Bit 154

420 VB155 Virtual Bit 155

420 VB156 Virtual Bit 156

420 VB157 Virtual Bit 157

420 VB158 Virtual Bit 158

420 VB159 Virtual Bit 159

420 VB160 Virtual Bit 160

421 VB145 Virtual Bit 145

421 VB146 Virtual Bit 146

421 VB147 Virtual Bit 147

421 VB148 Virtual Bit 148

421 VB149 Virtual Bit 149

421 VB150 Virtual Bit 150

421 VB151 Virtual Bit 151

421 VB152 Virtual Bit 152

422 VB137 Virtual Bit 137

422 VB138 Virtual Bit 138

422 VB139 Virtual Bit 139

422 VB140 Virtual Bit 140

422 VB141 Virtual Bit 141

422 VB142 Virtual Bit 142

422 VB143 Virtual Bit 143

422 VB144 Virtual Bit 144

423 VB129 Virtual Bit 129

423 VB130 Virtual Bit 130

423 VB131 Virtual Bit 131

423 VB132 Virtual Bit 132

423 VB133 Virtual Bit 133

423 VB134 Virtual Bit 134

423 VB135 Virtual Bit 135

423 VB136 Virtual Bit 136

424 VB121 Virtual Bit 121

424 VB122 Virtual Bit 122

424 VB123 Virtual Bit 123

424 VB124 Virtual Bit 124

424 VB125 Virtual Bit 125

424 VB126 Virtual Bit 126

424 VB127 Virtual Bit 127

424 VB128 Virtual Bit 128
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425 VB113 Virtual Bit 113

425 VB114 Virtual Bit 114

425 VB115 Virtual Bit 115

425 VB116 Virtual Bit 116

425 VB117 Virtual Bit 117

425 VB118 Virtual Bit 118

425 VB119 Virtual Bit 119

425 VB120 Virtual Bit 120

426 VB105 Virtual Bit 105

426 VB106 Virtual Bit 106

426 VB107 Virtual Bit 107

426 VB108 Virtual Bit 108

426 VB109 Virtual Bit 109

426 VB110 Virtual Bit 110

426 VB111 Virtual Bit 111

426 VB112 Virtual Bit 112

427 VB097 Virtual Bit 097

427 VB098 Virtual Bit 098

427 VB099 Virtual Bit 099

427 VB100 Virtual Bit 100

427 VB101 Virtual Bit 101

427 VB102 Virtual Bit 102

427 VB103 Virtual Bit 103

427 VB104 Virtual Bit 104

428 VB089 Virtual Bit 089

428 VB090 Virtual Bit 090

428 VB091 Virtual Bit 091

428 VB092 Virtual Bit 092

428 VB093 Virtual Bit 093

428 VB094 Virtual Bit 094

428 VB095 Virtual Bit 095

428 VB096 Virtual Bit 096

429 VB081 Virtual Bit 081

429 VB082 Virtual Bit 082

429 VB083 Virtual Bit 083

429 VB084 Virtual Bit 084

429 VB085 Virtual Bit 085

429 VB086 Virtual Bit 086

429 VB087 Virtual Bit 087

429 VB088 Virtual Bit 088

430 VB073 Virtual Bit 073
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430 VB074 Virtual Bit 074

430 VB075 Virtual Bit 075

430 VB076 Virtual Bit 076

430 VB077 Virtual Bit 077

430 VB078 Virtual Bit 078

430 VB079 Virtual Bit 079

430 VB080 Virtual Bit 080

431 VB065 Virtual Bit 065

431 VB066 Virtual Bit 066

431 VB067 Virtual Bit 067

431 VB068 Virtual Bit 068

431 VB069 Virtual Bit 069

431 VB070 Virtual Bit 070

431 VB071 Virtual Bit 071

431 VB072 Virtual Bit 072

432 VB057 Virtual Bit 057

432 VB058 Virtual Bit 058

432 VB059 Virtual Bit 059

432 VB060 Virtual Bit 060

432 VB061 Virtual Bit 061

432 VB062 Virtual Bit 062

432 VB063 Virtual Bit 063

432 VB064 Virtual Bit 064

433 VB049 Virtual Bit 049

433 VB050 Virtual Bit 050

433 VB051 Virtual Bit 051

433 VB052 Virtual Bit 052

433 VB053 Virtual Bit 053

433 VB054 Virtual Bit 054

433 VB055 Virtual Bit 055

433 VB056 Virtual Bit 056

434 VB041 Virtual Bit 041

434 VB042 Virtual Bit 042

434 VB043 Virtual Bit 043

434 VB044 Virtual Bit 044

434 VB045 Virtual Bit 045

434 VB046 Virtual Bit 046

434 VB047 Virtual Bit 047

434 VB048 Virtual Bit 048

435 VB033 Virtual Bit 033

435 VB034 Virtual Bit 034
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435 VB035 Virtual Bit 035

435 VB036 Virtual Bit 036

435 VB037 Virtual Bit 037

435 VB038 Virtual Bit 038

435 VB039 Virtual Bit 039

435 VB040 Virtual Bit 040

436 VB025 Virtual Bit 025

436 VB026 Virtual Bit 026

436 VB027 Virtual Bit 027

436 VB028 Virtual Bit 028

436 VB029 Virtual Bit 029

436 VB030 Virtual Bit 030

436 VB031 Virtual Bit 031

436 VB032 Virtual Bit 032

437 VB017 Virtual Bit 017

437 VB018 Virtual Bit 018

437 VB019 Virtual Bit 019

437 VB020 Virtual Bit 020

437 VB021 Virtual Bit 021

437 VB022 Virtual Bit 022

437 VB023 Virtual Bit 023

437 VB024 Virtual Bit 024

438 VB009 Virtual Bit 009

438 VB010 Virtual Bit 010

438 VB011 Virtual Bit 011

438 VB012 Virtual Bit 012

438 VB013 Virtual Bit 013

438 VB014 Virtual Bit 014

438 VB015 Virtual Bit 015

438 VB016 Virtual Bit 016

439 VB001 Virtual Bit 001

439 VB002 Virtual Bit 002

439 VB003 Virtual Bit 003

439 VB004 Virtual Bit 004

439 VB005 Virtual Bit 005

439 VB006 Virtual Bit 006

439 VB007 Virtual Bit 007

439 VB008 Virtual Bit 008

Data Reset Bits

440 RST_BAT Reset battery monitoring 

440 RSTTRGT Target reset (SELOGIC control equation)
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440 RSTDNPE Reset DNP fault summary data 

440 RST_HAL Reset HALARMA

440 * Reserved

440 * Reserved

440 * Reserved

440 * Reserved

Ethernet Switch

441 LINK5A Link status of Port 5A connection

441 LINK5B Link status of Port 5B connection

441 LINK5C Link status of Port 5C connection

441 LINK5D Link status of Port 5D connection

441 LNKFAIL Link status of the active port

441 * Reserved

441 * Reserved

441 * Reserved

442 P5ASEL Port 5A active/inactive

442 P5BSEL Port 5B active/inactive

442 P5CSEL Port 5C active/inactive

442 P5DSEL Port 5D active/inactive

442 * Reserved

442 * Reserved

442 * Reserved

442 * Reserved

Advanced Check Zone Bits

443 * Reserved

443 * Reserved

443 * Reserved

443 * Reserved

443 CZ34R Include Bus Coupler 4 in Check Zone 3

443 CZ33R Include Bus Coupler 3 in Check Zone 3

443 CZ32R Include Bus Coupler 2 in Check Zone 3

443 CZ31R Include Bus Coupler 1 in Check Zone 3

Fast SER Enable Bits

444 FSERP1 Fast SER enabled for Serial Port 1

444 FSERP2 Fast SER enabled for Serial Port 2

444 FSERP3 Fast SER enabled for Serial Port 3

444 FSERPF Fast SER enabled for Serial Port F

444 FSERP5 Fast SER enabled for Serial Port 5

444 * Reserved

444 * Reserved

444 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 89 of 99)

Row Name Bit Description



11.168

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

Check Zone Activation

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 CZONE3 Check Zone 3 is active

445 CZONE2 Check Zone 2 is active

445 CZONE1 Check Zone 1 is active

Check Zone Supervision

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 CZ3S Check Zone 3 supervision asserted

446 CZ2S Check Zone 2 supervision asserted

446 CZ1S Check Zone 1 supervision asserted

Check Zone Trip

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 87CZ3 Check Zone 3 differential element trip

447 87CZ2 Check Zone 2 differential element trip

447 87CZ1 Check Zone 1 differential element trip

Check Zone Elements

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 87SCZ3 Check Zone 3 sensitive differential element picked up

448 87SCZ2 Check Zone 2 sensitive differential element picked up

448 87SCZ1 Check Zone 1 sensitive differential element picked up

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 90 of 99)
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449 87STCZ3 Check Zone 3 sensitive differential element timed out

449 87STCZ2 Check Zone 2 sensitive differential element timed out

449 87STCZ1 Check Zone 1 sensitive differential element timed out

450 87RCZ1 Check Zone 1 restraint differential element picked up

450 P87RCZ1 Check Zone 1 instantaneous differential element picked up

450 87OCZ1 Check Zone 1 restraint differential operating current above CZO87P

450 FLTCZ1 Check Zone 1 fault detector picked up

450 CONCZ1 Check Zone 1 in high-security mode

450 EXTCZ1 Check Zone 1 external fault declaration

450 DOPCZ1 Check Zone 1 incremental operating current picked up

450 DRTCZ1 Check Zone 1 incremental restraint current picked up

451 * Reserved

451 * Reserved

451 * Reserved

451 * Reserved

451 FDIFCZ1 Check Zone 1 filtered restrained differential element picked up

451 RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up

451 IFLTCZ1 Check Zone 1 fault detection

451 GFLTCZ1 Check Zone 1 fast fault detection

452 87RCZ2 Check Zone 2 restraint differential element picked up

452 P87RCZ2 Check Zone 2 instantaneous differential element picked up

452 87OCZ2 Check Zone 2 restraint differential operating current above CZO87P

452 FLTCZ2 Check Zone 2 fault detector picked up

452 CONCZ2 Check Zone 2 in high-security mode

452 EXTCZ2 Check Zone 2 external fault declaration

452 DOPCZ2 Check Zone 2 incremental operating current picked up

452 DRTCZ2 Check Zone 2 incremental restraint current picked up

453 * Reserved

453 * Reserved

453 * Reserved

453 * Reserved

453 FDIFCZ2 Check Zone 2 filtered restrained differential element picked up

453 RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up

453 IFLTCZ2 Check Zone 2 fault detection

453 GFLTCZ2 Check Zone 2 fast fault detection

454 87RCZ3 Check Zone 3 restraint differential element picked up

454 P87RCZ3 Check Zone 3 instantaneous differential element picked up

454 87OCZ3 Check Zone 3 restraint differential operating current above CZO87P

454 FLTCZ3 Check Zone 3 fault detector picked up

454 CONCZ3 Check Zone 3 in high-security mode

454 EXTCZ3 Check Zone 3 external fault declaration

Table 11.2 Row List of Relay Word Bits (Sheet 91 of 99)
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454 DOPCZ3 Check Zone 3 incremental operating current picked up

454 DRTCZ3 Check Zone 3 incremental restraint current picked up

455 * Reserved

455 * Reserved

455 * Reserved

455 * Reserved

455 FDIFCZ3 Check Zone 3 filtered restrained differential element picked up

455 RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up

455 IFLTCZ3 Check Zone 3 fault detection

455 GFLTCZ3 Check Zone 3 fast fault detection

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 DECZ3F Check Zone 3 forward directional element picked up

456 DECZ2F Check Zone 2 forward directional element picked up

456 DECZ1F Check Zone 1 forward directional element picked up

Local Bit Supervision

457 LB_SP08 Local Bit 08 supervision (SELOGIC control equation)

457 LB_SP07 Local Bit 07 supervision (SELOGIC control equation)

457 LB_SP06 Local Bit 06 supervision (SELOGIC control equation)

457 LB_SP05 Local Bit 05 supervision (SELOGIC control equation)

457 LB_SP04 Local Bit 04 supervision (SELOGIC control equation)

457 LB_SP03 Local Bit 03 supervision (SELOGIC control equation)

457 LB_SP02 Local Bit 02 supervision (SELOGIC control equation)

457 LB_SP01 Local Bit 01 supervision (SELOGIC control equation)

458 LB_SP16 Local Bit 16 supervision (SELOGIC control equation)

458 LB_SP15 Local Bit 15 supervision (SELOGIC control equation)

458 LB_SP14 Local Bit 14 supervision (SELOGIC control equation)

458 LB_SP13 Local Bit 13 supervision (SELOGIC control equation)

458 LB_SP12 Local Bit 12 supervision (SELOGIC control equation)

458 LB_SP11 Local Bit 11 supervision (SELOGIC control equation)

458 LB_SP10 Local Bit 10 supervision (SELOGIC control equation)

458 LB_SP09 Local Bit 09 supervision (SELOGIC control equation)

459 LB_SP24 Local Bit 24 supervision (SELOGIC control equation)

459 LB_SP23 Local Bit 23 supervision (SELOGIC control equation)

459 LB_SP22 Local Bit 22 supervision (SELOGIC control equation)

459 LB_SP21 Local Bit 21 supervision (SELOGIC control equation)

459 LB_SP20 Local Bit 20 supervision (SELOGIC control equation)

459 LB_SP19 Local Bit 19 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 92 of 99)
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459 LB_SP18 Local Bit 18 supervision (SELOGIC control equation)

459 LB_SP17 Local Bit 17 supervision (SELOGIC control equation)

460 LB_SP32 Local Bit 32 supervision (SELOGIC control equation)

460 LB_SP31 Local Bit 31 supervision (SELOGIC control equation)

460 LB_SP30 Local Bit 30 supervision (SELOGIC control equation)

460 LB_SP29 Local Bit 29 supervision (SELOGIC control equation)

460 LB_SP28 Local Bit 28 supervision (SELOGIC control equation)

460 LB_SP27 Local Bit 27 supervision (SELOGIC control equation)

460 LB_SP26 Local Bit 26 supervision (SELOGIC control equation)

460 LB_SP25 Local Bit 25 supervision (SELOGIC control equation)

Local Bit Status

461 LB_DP08 Local Bit 08 status display (SELOGIC control equation)

461 LB_DP07 Local Bit 07 status display (SELOGIC control equation)

461 LB_DP06 Local Bit 06 status display (SELOGIC control equation)

461 LB_DP05 Local Bit 05 status display (SELOGIC control equation)

461 LB_DP04 Local Bit 04 status display (SELOGIC control equation)

461 LB_DP03 Local Bit 03 status display (SELOGIC control equation)

461 LB_DP02 Local Bit 02 status display (SELOGIC control equation)

461 LB_DP01 Local Bit 01 status display (SELOGIC control equation)

462 LB_DP16 Local Bit 16 status display (SELOGIC control equation)

462 LB_DP15 Local Bit 15 status display (SELOGIC control equation)

462 LB_DP14 Local Bit 14 status display (SELOGIC control equation)

462 LB_DP13 Local Bit 13 status display (SELOGIC control equation)

462 LB_DP12 Local Bit 12 status display (SELOGIC control equation)

462 LB_DP11 Local Bit 11 status display (SELOGIC control equation)

462 LB_DP10 Local Bit 10 status display (SELOGIC control equation)

462 LB_DP09 Local Bit 09 status display (SELOGIC control equation)

463 LB_DP24 Local Bit 24 status display (SELOGIC control equation)

463 LB_DP23 Local Bit 23 status display (SELOGIC control equation)

463 LB_DP22 Local Bit 22 status display (SELOGIC control equation)

463 LB_DP21 Local Bit 21 status display (SELOGIC control equation)

463 LB_DP20 Local Bit 20 status display (SELOGIC control equation)

463 LB_DP19 Local Bit 19 status display (SELOGIC control equation)

463 LB_DP18 Local Bit 18 status display (SELOGIC control equation)

463 LB_DP17 Local Bit 17 status display (SELOGIC control equation)

464 LB_DP32 Local Bit 32 status display (SELOGIC control equation)

464 LB_DP31 Local Bit 31 status display (SELOGIC control equation)

464 LB_DP30 Local Bit 30 status display (SELOGIC control equation)

464 LB_DP29 Local Bit 29 status display (SELOGIC control equation)

464 LB_DP28 Local Bit 28 status display (SELOGIC control equation)

464 LB_DP27 Local Bit 27 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 93 of 99)
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464 LB_DP26 Local Bit 26 status display (SELOGIC control equation)

464 LB_DP25 Local Bit 25 status display (SELOGIC control equation)

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

Target Logic Bits

466 TRGTR Reset all active target Relay Words

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

Signal Profiling

467 SPEN Signal profiling enabled

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

IRIG-B Control Bits

468 YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 

468 YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 

468 YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 

468 YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 

468 YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 

468 YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 

468 YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 

468 YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 

469 * Reserved

469 * Reserved

469 TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted

469 TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted

Table 11.2 Row List of Relay Word Bits (Sheet 94 of 99)
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469 TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted

469 TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted

469 TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted

469 TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise

470 DST Daylight-saving time

470 DSTP IRIG-B daylight-saving time pending

470 LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, 
the upcoming leap second is deleted; otherwise, the leap second is added.

470 LPSECP Leap second pending

470 TQUAL8 Time quality, binary, add 8 when asserted

470 TQUAL4 Time quality, binary, add 4 when asserted

470 TQUAL2 Time quality, binary, add 2 when asserted

470 TQUAL1 Time quality, binary, add 1 when asserted

471 DUMMY 0

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

Time and Date Management

472 SER_SET Qualify serial IRIG-B time source

472 SER_RST Disqualify serial IRIG-B time source

472 BNC_SET Qualify BNC IRIG-B time source

472 BNC_RST Disqualify BNC IRIG-B time source

472 BNC_OK IRIG-B signal from BNC port is available and has sufficient quality

472 SER_OK IRIG-B signal from Serial Port 1 is available and has sufficient quality

472 UPD_BLK Block updating internal clock period and master time

472 BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards

473 SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards

473 BNC_TIM A valid IRIG-B time source is detected on BNC port

473 SER_TIM A valid IRIG-B time source is detected on serial port

473 PTP_TIM A valid PTP time source is detected

473 PTP_SET Qualify PTP time source

473 PTP_RST Disqualify PTP time source

473 PTP_OK PTP is available and has sufficient quality

473 P5ABSW Port 5A or 5B has just become active

474 PTPSYNC Synchronized to a high-quality PTP source

474 PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards

474 SERSYNC Synchronized to a high-quality serial IRIG source

Table 11.2 Row List of Relay Word Bits (Sheet 95 of 99)

Row Name Bit Description



11.174

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

474 BNCSYNC Synchronized to a high-quality BNC IRIG source

474 * Reserved

474 * Reserved

474 * Reserved

474 * Reserved

Axion Status

475 IO500OK Communications are good with virtual interface board 500

475 IO400OK Communications are good with virtual interface board 400

475 IO300OK Communications are good with virtual interface board 300

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

IEC 61850 Mode Control Bits

476 SC850TM SELOGIC control for IEC 61850 test mode

476 SC850BM SELOGIC control for IEC 61850 blocked mode

476 SC850SM SELOGIC control for IEC 61850 simulation mode

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

IED Local Remote Bits

480 LOC Control authority at local (bay) level

480 SC850LS SELOGIC control for control authority at station level

480 MLTLEV Multi-level control authority

480 LOCSTA Control authority at station level

480 * Reserved

480 * Reserved

480 * Reserved

480 * Reserved

Automation SELOGIC Conditioning Timers

484 ACT08Q Automation conditioning timer Output 08

484 ACT07Q Automation conditioning timer Output 07

484 ACT06Q Automation conditioning timer Output 06

484 ACT05Q Automation conditioning timer Output 05

484 ACT04Q Automation conditioning timer Output 04

484 ACT03Q Automation conditioning timer Output 03

484 ACT02Q Automation conditioning timer Output 02

484 ACT01Q Automation conditioning timer Output 01

Table 11.2 Row List of Relay Word Bits (Sheet 96 of 99)
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485 ACT16Q Automation conditioning timer Output 16

485 ACT15Q Automation conditioning timer Output 15

485 ACT14Q Automation conditioning timer Output 14

485 ACT13Q Automation conditioning timer Output 13

485 ACT12Q Automation conditioning timer Output 12

485 ACT11Q Automation conditioning timer Output 11

485 ACT10Q Automation conditioning timer Output 10

485 ACT09Q Automation conditioning timer Output 09

486 ACT24Q Automation conditioning timer Output 24

486 ACT23Q Automation conditioning timer Output 23

486 ACT22Q Automation conditioning timer Output 22

486 ACT21Q Automation conditioning timer Output 21

486 ACT20Q Automation conditioning timer Output 20

486 ACT19Q Automation conditioning timer Output 19

486 ACT18Q Automation conditioning timer Output 18

486 ACT17Q Automation conditioning timer Output 17

487 ACT32Q Automation conditioning timer Output 32

487 ACT31Q Automation conditioning timer Output 31

487 ACT30Q Automation conditioning timer Output 30

487 ACT29Q Automation conditioning timer Output 29

487 ACT28Q Automation conditioning timer Output 28

487 ACT27Q Automation conditioning timer Output 27

487 ACT26Q Automation conditioning timer Output 26

487 ACT25Q Automation conditioning timer Output 25

Local Bits 2

488 LB40 Local Bit 40 

488 LB39 Local Bit 39 

488 LB38 Local Bit 38 

488 LB37 Local Bit 37 

488 LB36 Local Bit 36 

488 LB35 Local Bit 35 

488 LB34 Local Bit 34 

488 LB33 Local Bit 33

489 LB48 Local Bit 48 

489 LB47 Local Bit 47 

489 LB46 Local Bit 46 

489 LB45 Local Bit 45 

489 LB44 Local Bit 44 

489 LB43 Local Bit 43 

489 LB42 Local Bit 42

489 LB41 Local Bit 41 

Table 11.2 Row List of Relay Word Bits (Sheet 97 of 99)
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490 LB56 Local Bit 56 

490 LB55 Local Bit 55 

490 LB54 Local Bit 54 

490 LB53 Local Bit 53 

490 LB52 Local Bit 52 

490 LB51 Local Bit 51 

490 LB50 Local Bit 50 

490 LB49 Local Bit 49 

491 LB64 Local Bit 64 

491 LB63 Local Bit 63 

491 LB62 Local Bit 62 

491 LB61 Local Bit 61 

491 LB60 Local Bit 60 

491 LB59 Local Bit 59 

491 LB58 Local Bit 58 

491 LB57 Local Bit 57 

Local Bit Supervision 2

492 LB_SP40 Local Bit 40 supervision (SELOGIC control equation)

492 LB_SP39 Local Bit 39 supervision (SELOGIC control equation)

492 LB_SP38 Local Bit 38 supervision (SELOGIC control equation)

492 LB_SP37 Local Bit 37 supervision (SELOGIC control equation)

492 LB_SP36 Local Bit 36 supervision (SELOGIC control equation)

492 LB_SP35 Local Bit 35 supervision (SELOGIC control equation)

492 LB_SP34 Local Bit 34 supervision (SELOGIC control equation)

492 LB_SP33 Local Bit 33 supervision (SELOGIC control equation)

493 LB_SP48 Local Bit 48 supervision (SELOGIC control equation)

493 LB_SP46 Local Bit 46 supervision (SELOGIC control equation)

493 LB_SP45 Local Bit 45 supervision (SELOGIC control equation)

493 LB_SP44 Local Bit 44 supervision (SELOGIC control equation)

493 LB_SP43 Local Bit 43 supervision (SELOGIC control equation)

493 LB_SP42 Local Bit 42 supervision (SELOGIC control equation)

493 LB_SP41 Local Bit 41 supervision (SELOGIC control equation)

494 LB_SP56 Local Bit 56 supervision (SELOGIC control equation)

494 LB_SP55 Local Bit 55 supervision (SELOGIC control equation)

494 LB_SP54 Local Bit 54 supervision (SELOGIC control equation)

494 LB_SP53 Local Bit 53 supervision (SELOGIC control equation)

494 LB_SP52 Local Bit 52 supervision (SELOGIC control equation)

494 LB_SP51 Local Bit 51 supervision (SELOGIC control equation)

494 LB_SP50 Local Bit 50 supervision (SELOGIC control equation)

494 LB_SP49 Local Bit 49 supervision (SELOGIC control equation)

495 LB_SP64 Local Bit 64 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 98 of 99)
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495 LB_SP63 Local Bit 63 supervision (SELOGIC control equation)

495 LB_SP62 Local Bit 62 supervision (SELOGIC control equation)

495 LB_SP61 Local Bit 61 supervision (SELOGIC control equation)

495 LB_SP60 Local Bit 60 supervision (SELOGIC control equation)

495 LB_SP59 Local Bit 59 supervision (SELOGIC control equation)

495 LB_SP58 Local Bit 58 supervision (SELOGIC control equation)

495 LB_SP57 Local Bit 57 supervision (SELOGIC control equation)

Local Bit Status 2

496 LB_DP40 Local Bit 40 status display (SELOGIC control equation)

496 LB_DP39 Local Bit 39 status display (SELOGIC control equation)

496 LB_DP38 Local Bit 38 status display (SELOGIC control equation)

496 LB_DP37 Local Bit 37 status display (SELOGIC control equation)

496 LB_DP36 Local Bit 36 status display (SELOGIC control equation)

496 LB_DP35 Local Bit 35 status display (SELOGIC control equation)

496 LB_DP34 Local Bit 34 status display (SELOGIC control equation)

496 LB_DP33 Local Bit 33 status display (SELOGIC control equation)

497 LB_DP48 Local Bit 48 status display (SELOGIC control equation)

497 LB_DP47 Local Bit 47 status display (SELOGIC control equation)

497 LB_DP46 Local Bit 46 status display (SELOGIC control equation)

497 LB_DP45 Local Bit 45 status display (SELOGIC control equation)

497 LB_DP44 Local Bit 44 status display (SELOGIC control equation)

497 LB_DP43 Local Bit 43 status display (SELOGIC control equation)

497 LB_DP42 Local Bit 42 status display (SELOGIC control equation)

497 LB_DP41 Local Bit 41 status display (SELOGIC control equation)

498 LB_DP57 Local Bit 57 status display (SELOGIC control equation)

498 LB_DP56 Local Bit 56 status display (SELOGIC control equation)

498 LB_DP55 Local Bit 55 status display (SELOGIC control equation)

498 LB_DP54 Local Bit 54 status display (SELOGIC control equation)

498 LB_DP53 Local Bit 53 status display (SELOGIC control equation)

498 LB_DP52 Local Bit 52 status display (SELOGIC control equation)

498 LB_DP51 Local Bit 51 status display (SELOGIC control equation)

498 LB_DP50 Local Bit 50 status display (SELOGIC control equation)

498 LB_DP49 Local Bit 49 status display (SELOGIC control equation)

499 LB_DP64 Local Bit 64 status display (SELOGIC control equation)

499 LB_DP63 Local Bit 63 status display (SELOGIC control equation)

499 LB_DP62 Local Bit 62 status display (SELOGIC control equation)

499 LB_DP61 Local Bit 61 status display (SELOGIC control equation)

499 LB_DP60 Local Bit 60 status display (SELOGIC control equation)

499 LB_DP59 Local Bit 59 status display (SELOGIC control equation)

499 LB_DP58 Local Bit 58 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 99 of 99)
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Analog Quantities

This section contains tables of the analog quantities available within the 
SEL-487B relay.

Use Table 12.1 and Table 12.2 as a reference for labels in this manual and as a 
resource for quantities you use in SELOGIC control equation relay settings. 
Table 12.1 lists the analog quantities alphabetically, and Table 12.2 groups the 
analog quantities by function.

                    

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 1 of 3)

Label Description Units

3V0FII Filtered instantaneous zero sequence voltage (imaginary) Volts [V] (secondary)

3V0FIM Filtered instantaneous zero sequence voltage (magnitude) Volts [V] (secondary)

3V0FIR Filtered instantaneous zero sequence voltage (real) Volts [V] (secondary)

3V2FII Filtered instantaneous negative sequence voltage (imaginary) Volts [V] (secondary)

3V2FIM Filtered instantaneous negative sequence voltage (magnitude) Volts [V] (secondary)

3V2FIR Filtered instantaneous negative sequence voltage (real) Volts [V] (secondary)

51P01–51P21 51 element 01–21 pickup value Amperes [A] (secondary)

51TD01–51TD21 51 element 01–21 time-dial setting –

ACN01CV–ACN32CV Automation SELOGIC counter current value

ACN01PV–ACN32PV Automation SELOGIC counter preset value

ACT01DO–ACT32DO Automation SELOGIC conditioning timer dropout time seconds

ACT01PU–ACT32PU Automation SELOGIC conditioning timer pickup time seconds

ACTGRP Active group setting

AMV001–AMV256 Automation SELOGIC math variable

AST01ET–AST32ET Automation SELOGIC math sequencing timer elapsed time seconds

AST01PT–AST32PT Automation SELOGIC sequencing timer preset time seconds

BNCDSJI BNC port 100PPS data stream jitter µs

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy µs

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy µs

BNCTBTW Time between BNC 100PPS pulses µs

CUR_SRC Current high-priority time source

DC1 Station Battery 1 dc voltage Volts [V]

DC1MAX Maximum dc 1 voltage Volts [V]

DC1MIN Minimum dc 1 voltage Volts [V]

DC1NE Average negative-to-ground dc 1 voltage Volts [V]

DC1PO Average positive-to-ground dc 1 voltage Volts [V]

DC1RI AC ripple of dc 1 voltage Volts [V]

DDOM UTC Date, day of the month (1–31) day
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DDOW UTC Date, day of the week (1-SU,.., 7-SA)

DDOY UTC Date, day of the year (1–366) day

DLDOM Local date, day of the month (1–31) day

DLDOW Local date, day of the week (1-SU,.., 7-SA)

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

I01FA–I21FA 1-cycle average phase current (angle) Degrees [°] 

I01FIA–I21FIA Filtered instantaneous phase current (angle) Degrees [°] 

I01FII–I21FII Filtered instantaneous phase current (imaginary) Amperes [A] (secondary)

I01FIM–I21FIM Filtered instantaneous phase current (magnitude) Amperes [A] (secondary)

I01FIR–I21FIR Filtered instantaneous phase current (real) Amperes [A] (secondary)

I01FM–I21FM 1-cycle average phase current (magnitude) Amperes [A] (primary)

I850MOD IEC 61850 mode/behavior status N/A

IOPCZ1–IOPCZ3 Check Zone 1–3 operating current per unit [pu]

IOPCZ1F–IOPCZ3F 1-cycle average Check Zone 1–3 operating current per unit [pu]

IOP1–IOP6 Zone 1–6 operating current per unit [pu]

IOP1F–IOP6F 1-cycle average Zone 1–6 operating current per unit [pu]

IRTCZ1–IRTCZ3 Check Zone 1–3 Restraint current per unit [pu]

IRTCZ1F–IRTCZ3F 1-cycle average Check Zone 1–3 restraint current per unit [pu]

IRT1–IRT6 Zone 1–6 restraint current per unit [pu]

IRT1F–IRT6F 1-cycle average Zone 1–6 restraint current per unit [pu]

MB1A–MB7A A Channel received MIRRORED BITS analog values

MB1B–MB7B B Channel received MIRRORED BITS analog values

NEW_SRC Selected high-priority time source

PCN01CV–PCN32CV Protection SELOGIC counter current value

PCN01PV–PCN32PV Protection SELOGIC counter preset value

PCT01DO–PCT16DO Protection SELOGIC conditioning timer dropout time cycles

PCT01PU–PCT16PU Protection SELOGIC conditioning timer pickup time cycles

PMV01–PMV64 Protection SELOGIC math variable

PST01ET–PST32ET Protection SELOGIC sequencing timer elapsed time cycles

PST01PT–PST32PT Protection SELOGIC sequencing timer preset time cycles

PTPDSJI PTP 100PPS data stream jitter in µs µs

PTPMCC PTP master clock class enumerated value N/A

PTPOFST Raw clock offset between PTP master and relay time ns

PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs

PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs

PTPPORT Active PTP port number N/A

PTPSTEN PTP port state enumerated value

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 2 of 3)

Label Description Units
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PTPTBTW Time between PTP 100PPS pulses in µs µs

RA001–RA256 Remote analogs

RAO01–RAO64 Remote analog output –

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

SERDSJI Serial port 100PPS data stream jitter µs

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy µs

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy µs

SERTBTW Time between serial 100PPS pulses µs

SQUAL Synchronization accuracy of the selected high-priority time source µs

THR UTC time, hour (0–23) hour

TLHR Local time, hour (0–23) hour

TLMIN Local time, minute (0–59) min

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

TLODMS Local time of day in milliseconds (0–86400000) ms

TLSEC Local time, seconds (0–59) seconds

TMIN UTC time, minute (0–59) minutes

TMSEC UTC time, milliseconds (0–999) ms

TNSEC UTC time, nanoseconds (0–999999) ns

TODMS UTC time of day in milliseconds (0–86400000) ms

TQUAL Worst-case clock time error of the selected high-priority time source seconds

TSEC UTC time, seconds (0–59) seconds

TUTC Offset from local time to UTC time hours

V1FII Filtered instantaneous positive-sequence voltage (imaginary) Volts [V] (secondary)

V1FIM Filtered instantaneous positive-sequence voltage (magnitude) Volts [V] (secondary)

V1FIR Filtered instantaneous positive-sequence voltage (real) Volts [V] (secondary)

V01FA–V03FA 1-cycle average phase voltage (angle) Degrees [°]

V01FIA–V03FIA Filtered instantaneous phase voltage (angle) Degrees [°]

V01FII–F03FII Filtered instantaneous phase voltage (imaginary) Volts [V] (secondary)

V01FIM–V03FIM Filtered instantaneous phase voltage (magnitude) Volts [V] (secondary)

V01FIR–F03FIR Filtered instantaneous phase voltage (real) Volts [V] (secondary)

V01FM–V03FM 1-cycle average phase voltage (magnitude) Kilovolts [kV] (primary)

Table 12.2 Analog Quantities Sorted by Function (Sheet 1 of 4)

Label Description Units

Current

InnFIMa Phase-filtered instantaneous current magnitude A (sec)

InnFIAa Phase-filtered instantaneous current angle degrees

InnFIRa Phase-filtered instantaneous current (real) A (sec)

InnFIIa Phase-filtered instantaneous current (imaginary) A (sec)

InnFMa Phase one-cycle average current magnitude A (pri)

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 3 of 3)

Label Description Units
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InnFAa Phase one-cycle average current angle degrees

IOPkb Zone k operating current pu

IOPCZpc Check Zone p operating current pu

IRTkb Zone k restraint current pu

IRTCZpc Check Zone p restraint current pu

IOPkFb Zone k one-cycle average operating current pu

IOPCZpFc Check Zone p one-cycle average operating current pu

IRTkFb Zone k one-cycle average restraint current pu

IRTCZpFc Check Zone p one-cycle average restraint current pu

Voltage

VmmFIMd Phase-filtered instantaneous voltage magnitude V (sec)

VmmFIAd Phase-filtered instantaneous voltage angle degrees

VmmFIRd Phase-filtered instantaneous voltage (real) V (sec)

VmmFIId Phase-filtered instantaneous voltage (imaginary) V (sec)

VmmFMd Phase one-cycle average voltage magnitude kV (pri)

VmmFAd Phase one-cycle average voltage angle degrees

V1FIM Positive-sequence filtered instantaneous voltage magnitude, V1 V (sec)

V1FIR Positive-sequence filtered instantaneous voltage (real) V (sec)

V1FII Positive-sequence filtered instantaneous voltage (imaginary) V (sec)

3V2FIM Negative-sequence filtered instantaneous voltage magnitude, 3V2 V (sec)

3V2FIR Negative-sequence filtered instantaneous voltage (real) V (sec)

3V2FII Negative-sequence filtered instantaneous voltage (imaginary) V (sec)

3V0FIM Zero-sequence filtered instantaneous voltage magnitude, 3V0 V (sec)

3V0FIR Zero-sequence filtered instantaneous voltage (real) V (sec)

3V0FII Zero-sequence filtered instantaneous voltage (imaginary) V (sec)

DC1 Filtered dc monitor voltage V

DC1PO Average positive-to-ground dc voltage V

DC1NE Average negative-to-ground dc voltage V

DC1RI AC ripple of dc voltage (peak-to-peak) V

DC1MIN Minimum dc voltage V

DC1MAX Maximum dc voltage V

Database Structure

RA001–RA256 Remote analogs from Ethernet card N/A

Output Settings

RAO001–RAO064 Remote analog output N/A

Date and Time

TODMS UTC time of day in milliseconds (0–86399999) ms

THR UTC time, hour (0–23) hours

TMIN UTC time, minute (0–59) minutes

TSEC UTC time, seconds (0–59) seconds

TMSEC UTC time, milliseconds (0–999) ms

Table 12.2 Analog Quantities Sorted by Function (Sheet 2 of 4)

Label Description Units
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TNSEC UTC time, nanoseconds (0–999999) ns

DDOW UTC date, day of the week (Encoded value: 1 = Sun, 2 = Mon, 3 = Tue, 4 = Wed, 
5 = Thu, 6 = Fri, 7 = Sat)

n/a

DDOM UTC date, day of the month (1–31) day

DDOY UTC date, day of the year (1–366) day

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

TLODMS Local time of Day in Milliseconds (0–86400000) ms

TLHR Local time, hour (0–23) hr

TLMIN Local time, minute (0–59) min

TLSEC Local time, seconds (0–59) s

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

DLDOW Local date, day of the week (1-SU,.., 7-SA) n/a

DLDOM Local date, day of the month (1–31) day

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

IRIG-B Control Function

TUTC Offset from local time to UTC time hr

TQUAL Worst-case clock time error of the selected high-priority time source s

NEW_SRC Selected high-priority time source n/a

CUR_SRC Current high-priority time source n/a

SQUAL Synchronization accuracy of the selected high-priority time source s

BNCDSJI BNC port 100PPS data stream jitter s

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy s

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy s

BNCTBTW Time between BNC 100PPS pulses s

SERDSJI Serial port 100PPS data stream jitter s

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy s

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy s

SERTBTW Time between serial 100PPS pulses s

MIRRORED BITS Communications

MB1A–MB7A MIRRORED BITS communications Channel A received analog values n/a

MB1B–MB7B MIRRORED BITS communications Channel B received analog values n/a

SELOGIC and Automation Elements

PMV01–PMV64 Protection SELOGIC control equation math variable n/a

PCT01PU–PCT16PU Protection conditioning timer pickup time cycles

PCT01DO–PCT16DO Protection conditioning timer dropout time cycles

PST01ET–PST32ET Protection sequencing timer elapsed time cycles

PST01PT–PST32PT Protection sequencing timer preset time cycles

Table 12.2 Analog Quantities Sorted by Function (Sheet 3 of 4)

Label Description Units
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PCN01CV–PCN32CV Protection counter current value n/a

PCN01PV–PCN32PV Protection counter preset value n/a

AMV001–AMV256 Automation SELOGIC control equation math variable n/a

ACT01PU–ACT32PU Automation conditioning timer pickup time seconds

ACT01DO–ACT32DO Automation conditioning timer dropout time seconds

AST01ET–AST32ET Automation sequencing timer elapsed time seconds

AST01PT–AST32PT Automation sequencing timer preset time seconds

ACN01CV–ACN32CV Automation counter current value n/a

ACN01PV–ACN32PV Automation counter preset value n/a

Setting Group

ACTGRP Active group setting n/a

51 Elements

51Pmmd 51 element mm pickup value A (sec)

51TDmmd 51 element mm time-dial setting n/a

Auxiliary Channels

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

IEEE 1588 PTP Status

PTPDSJI PTPDSJI PTP 100PPS data stream jitter in µs µs 

PTPMCC PTP master clock class enumerated value N/A

PTPOTJS PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs 

PTPOTJF PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs 

PTPOFST PTPOFST Raw clock offset between PTP master and relay time ns 

PTPPORT Active PTP port number N/A

PTPTBTW PTPTBTW Time between PTP 100PPS pulses in µs µs 

PTPSTEN PTPSTEN PTP Port State enumerated value 

IEC 61850 Mode/Behavior Status

I850MOD IEC 61850 mode/behavior status N/A

a nn = 01–21.
b k = 1–6.
c p = 1–3.
d mm = 01–03.

Table 12.2 Analog Quantities Sorted by Function (Sheet 4 of 4)

Label Description Units
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Introduction

The SEL-400 series family of relays feature high-performance protection for a 
variety of applications. All relays feature extensive metering, monitoring, and 
data recording, including high-resolution data capture and reporting.

Relays feature expanded SELOGIC control equation programming for easy and 
flexible implementation of custom protection and control schemes. The relays 
have separate protection and automation SELOGIC control equation programming 
areas with extensive protection and automation programming capability.

Relays provide extensive communications interfaces from standard SEL ASCII 
and enhanced MIRRORED BITS communications protocols to Ethernet connectiv-
ity with the optional Ethernet card. With the Ethernet card, you can employ com-
mon industry communications tools, including Telnet, File Transfer Protocol 
(FTP), DNP3 (serial and LAN/WAN), and the IEC 61850 Edition 2 standard 
suite of protocols.

Relays interface with SEL Grid Configurator or ACSELERATOR QuickSet 
SEL-5030 Software. SEL Grid Configurator or QuickSet assists you in setting, 
controlling, and acquiring data from the relays, both locally and remotely. 
ACSELERATOR Architect SEL-5032 Software enables you to view and configure 
IEC 61850 settings via a GUI.

Most relays support synchrophasor measurement. Synchrophasor measurements 
are available when a high-accuracy time source is connected to the relay. The 
relay supports the IEEE C37.118 standard for synchrophasors for power systems.

Most relays feature bay control functionality. The mimic display selected is dis-
played on the front-panel screen in one-line diagram format. The number of dis-
connects and breakers that can be controlled by the relay are a function of the 
selected mimic display screen. Control of the breakers and disconnects is avail-
able through front-panel pushbuttons, ASCII interface, Fast Message protocol, or 
SELOGIC control equations.

A simple and robust hardware design features efficient digital signal processing. 
Combined with extensive self-testing, these features provide relay reliability and 
enhance relay availability.

Common Features
Automation. Take advantage of enhanced automation features that include 

programmable elements for local control, remote control, protection 
latching, and automation latching. Local metering on the large-format 
front-panel LCD eliminates the need for separate panel meters. Use serial 
and Ethernet links to efficiently transmit key information, including 
metering data, protection element and control I/O status, Sequential 
Events Recorder (SER) reports, breaker monitor, relay summary event 
reports, and time synchronization. Use expanded SELOGIC control equa-

NOTE: Some SEL-400 series relays 
are compliant with Edition 1 of the 
IEC 61850 standard.

NOTE: Some relays are only 
supported by SEL Grid Configurator. 
See Section 2: PC Software for more 
details.
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tions with math and comparison functions in control applications. Incor-
porate as many as 1000 lines of automation logic to speed and improve 
control actions.

Oscillography and Event Reporting. Record voltages, currents, and internal 
logic points as fast as an 8 kHz sampling rate. Phasor and harmonic anal-
ysis features allow investigation of relay and system performance.

Sequential Events Recorder (SER). Record the last 1000 entries, including set-
ting changes, startups, and selectable logic elements.

High-Accuracy Time Stamping. Time-stamp binary COMTRADE event reports 
with real-time accuracy of better than 10 µs. View system state informa-
tion to an accuracy of better than 1/4 of an electrical degree.

Digital Relay-to-Relay Communication. Use enhanced MIRRORED BITS com-
munications to monitor internal element conditions between relays within 
a station, or between stations, by using SEL fiber-optic transceivers. Send 
digital, analog, and virtual terminal data over the same MIRRORED BITS 
channel.

Ethernet Access. Access all relay functions with the optional Ethernet card. 
Interconnect with automation systems by using IEC 61850 or DNP3 
LAN/WAN protocols directly or through an SEL-3530 RTAC. Use FTP 
for high-speed data collection.

Time-Domain Link (TiDL). Reduce costs with TiDL technology. With this sim-
ple-to-configure solution, the relay ac inputs and most of its digital inputs 
and outputs are distributed using TiDL merging units.

Parallel Redundancy Protocol (PRP). Provide seamless recovery from any sin-
gle Ethernet network failure with this protocol, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are fully duplicated 
with both copies operating in parallel.

Increased Security. Set unique passwords for each access level. The relay 
divides control and settings into seven relay access levels. The relay has 
separate breaker, protection, automation, and output access levels, among 
others.

Rules-Based Settings Editor. Communicate with and set the relay by using an 
ASCII terminal, or use the PC-based SEL Grid Configurator or QuickSet 
software.

Settings Reduction. Show only the settings for the functions and elements you 
have enabled using internal relay programming.

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making initial programming and maintenance easy.
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PC Software

Refer to Table 2.1 to navigate to the information about the PC software program 
available based on your relay.

                    

SEL Grid Configurator Software
SEL Grid Configurator Software is a tool for engineers and technicians to 
quickly and easily design, deploy, and manage device configurations for power 
system protection, control, metering, and monitoring. Through use of this soft-
ware, you can perform the following:

➤ Configure settings for supported devices.

➤ Organize and manage device settings.

➤ Read and send settings for supported devices.

➤ Read reports from supported devices.

Installation
Overview

To install the software, you must have at least the following.

Table 2.1 SEL Software

Relay Model Available Settings Software

SEL-400G See SEL Grid Configurator Software on page 2.1

SEL-401 See SEL Grid Configurator Software on page 2.1

SEL-411L-0, -1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-411L-2 See SEL Grid Configurator Software on page 2.1

SEL-421-4, -5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-421-7 See SEL Grid Configurator Software on page 2.1

SEL-451-5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-451-6 See SEL Grid Configurator Software on page 2.1

SEL-487B-1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487B-2 See SEL Grid Configurator Software on page 2.1

SEL-487E-3, -4 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487E-5 See SEL Grid Configurator Software on page 2.1

SEL-487V See ACSELERATOR QuickSet SEL-5030 Software on page 2.14
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Two different installations of Grid Configurator are offered: an Admin Install and 
a User Install. Both install the same version of the software but support different 
use cases. SEL recommends using the Admin Install in most cases. Table 2.3 
illustrates the differences and the different use cases for the two installation 
types.

                    

Examples of when to use the User Install:

➤ A user must install the software but lacks administrative privileges on 
the computer.

➤ A user wants to try a new version of Grid Configurator before full 
deployment.

➤ A user must use Grid Configurator on the same computer on which 
an incompatible (and unable to be upgraded) version of QuickSet is 
installed.

ACSELERATOR QuickSet Compatibility

If using the Legacy Device Driver, QuickSet version 6.3.0.7 or later is required 
for compatibility with Grid Configurator. If using Device Manager, QuickSet 
version 6.8.2.0 or later is required for compatibility with SEL Grid Configurator.

Table 2.2 Minimum Requirements

Supported Operating Systems:
Microsoft Windows 10 (64-bit)

Microsoft Server 2016 (64-bit)

Processor Speed: 1 GHz (64-bit) or faster

RAM: 2 GB

Disk Space: 1 GB available

Printer: Default printer installed for printer settings

Monitor:

1280 x 800 or higher resolution monitor

Note: For best viewing of the application windows and 
text, you may need to enter your Windows operating sys-
tem settings and adjust the screen resolution settings to 
make text and other items larger or smaller.

Other Peripherals: Mouse or other pointing device

Communications:
Serial or Ethernet connections to allow communication 
with SEL devices

Required Third-Party Software: Microsoft .NET Framework 4.7.2

Table 2.3 Differences Between Admin Install and User Install

Admin Install User Install

Requires administrative privileges to install on the computer. Does NOT require administrative privileges to install 
on the computer.

Accessible by all users on the same computer. Accessible only to the user that installed the software.

Uses the ACSELERATOR Database, the same database used by ACSELERATOR 
QuickSet Device Manager, if installed. This provides a means to view and 
access supported devices from both Grid Configurator and Device Manager.

Uses a separate database from QuickSet Device Man-
ager. The User Install of Grid Configurator cannot con-
nect to an ACSELERATOR Database.

May require an update to QuickSet and Device Manager for compatibility. If 
an update is necessary, the user will be notified during Grid Configurator 
installation. The user will then have the opportunity to cancel installation at 
that time.

Never requires an update to an existing installation of 
QuickSet.
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Installation Instructions
Once you have decided on the best installation, perform the following:

Step 1. Obtain the SEL Grid Configurator installation files from either the 
website (selinc.com/products/5037) or SEL Compass software.

Step 2. Run the installation file.

Step 3. If you agree to the terms of the license agreement, select I accept the 
license agreement.

Step 4. If you are running the User Install, select Install and go to Step 6. If 
you are running the Admin install, select Next and continue to 
Step 5.

NOTE: The following option is only 
available in the Admin Install. Skip 
Step 5 if you are running the User 
Install.

Step 5. Select the desired installation type.

a. Select Typical to use all default installation options, and then 
select Install to install the application.

                    

b. Select Custom to choose where to install the application and the 
ACSELERATOR Database.

c. Select Next.

d. Enter the desired folder location or select Browse to select a 
folder and then select Next.

                    

e. Enter the desired folder locations for the database binaries and 
data or select Browse to select a folder and then select Install.

                    

Figure 2.1 Select Typical to Accept All Default Installation Options or Select 
Custom to View or Modify Them

                    

Figure 2.2 Select the Install Location for SEL Grid Configurator

https://selinc.com/products/5037/
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Step 6. After the installation process has been completed, select Next.

Step 7. Select Finish to close the installation wizard.

                    

Silent Installation

Grid Configurator supports a command-line interface for silent, automated instal-
lations. The following parameters are supported:

➤ /Silent: Requires no end-user interaction and supports automated 
installs via scripting.

➤ /AgreeEULA: Represents an explicit approval of the License 
Agreement (EULA) to prevent showing the License Agreement 
form. This must be included with the /Silent option to perform a 
silent installation of Grid Configurator.

➤ /InstallPath: Specifies the selected folder location when the default 
is not desired.

➤ /DatabaseBinInstallPath: Specifies the selected folder location for 
database binary files.

➤ /DatabaseDataInstallPath: Specifies the selected folder location for 
database data files.

                    

Figure 2.3 Select the Install Location for the ACSELERATOR Database

                    

Figure 2.4 SEL Grid Configuration Installation Completed Successfully
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Examples:

To perform a silent, default installation, execute the following:

                    

To perform a silent installation while specifying the installation paths, exe-
cute the following:

                    

Uninstalling Grid Configurator
Grid Configurator supports uninstallation by the following methods:

➤ Through Windows Apps & features (Admin Install only)

➤ Through Windows Start Menu via an Uninstall SEL Grid 
Configurator shortcut in the SEL Applications folder (User Install 
only)

➤ Through SEL Compass

➤ Silently using the Grid Configurator uninstaller’s command-line 
interface

Grid Configurator Uninstaller

The Grid Configurator uninstaller (uninstall.exe) is located in the Uninstall folder 
in the Grid Configurator install folder. The following parameters are supported:

➤ /Silent: A silent uninstallation shall be performed.

➤ /RemoveDatabaseData: Database data will be removed as part of 
uninstallation (User Install only).

Example:

To perform a silent uninstall, execute the following:

                    

Removing Database Data (User Install Only)

The database data contains device information, settings, and collected device 
reports. By default, the database data will remain on the machine when uninstall-
ing Grid Configurator. An option to remove the database data is available with 
the User Uninstall but not the Admin Uninstall. If you intend to reinstall Grid 
Configurator in the future, it is recommended to not remove this data. To remove 
the database data, select the box in the User Uninstallation Wizard (see 
Figure 2.5).

SEL.Grid.UserInstaller-x.x.x.x.exe /Silent /AgreeEULA

SEL.Grid.AdminInstaller-x.x.x.x.exe /Silent /AgreeEULA /InstallPath=”(Select file 
location)”

/DatabaseBinInstallPath=”(Select database binaries location)” 
/DatabaseDataInstallPath=

”(Select Database data location)” 

uninstall.exe /Silent
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In the case of the Admin Uninstall, the ACSELERATOR Database is not automati-
cally removed. The ACSELERATOR Database requires manual removal via Win-
dows Apps & features or SEL Compass.

Getting Started
This section provides the basic process for creating and deploying settings for a 
new device. More detailed information on each part of the user interface is avail-
able in the SEL Grid Configurator Instruction Manual. When you create a new 
device project, the software will prompt you for a part number. If you have none 
at the present time, start with the default part number; you may change it later.

Step 1. Using a computer on which Windows 10 is installed, open Grid Con-
figurator by selecting the Windows start button (left end of the Task-
bar in Windows 10), scroll down and select SEL Applications, then 
select the Grid Configurator icon. Alternatively, you can pin Grid 
Configurator to the start panel, taskbar, or desktop on your computer.

Step 2. Create a new device by selecting Add Device from the context menu 
at the top of the System Explorer, as Figure 2.6 illustrates.

                    

                    

Figure 2.5 Option to Remove Database Data on Uninstallation (User Install 
Only)

                    

Figure 2.6 Add a New Device Project
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Step 3. Select the type of device.

Step 4. Fill in a project name, setting version, and part number. Select OK. A 
device project includes all of the information (such as settings, 
comments, communications parameters, etc.) that Grid Configurator 
manages for a device, Figure 2.7 shows how a new device project 
looks in the System Explorer.

                    

Step 5. Select Main Features > Protection Elements from the Device 
Explorer, as illustrated in the green highlighted area of Figure 2.8. 
Using the controls next to the Available Protection Elements, enable 
as many protection functions as necessary. Repeat for each setting 
group by using the group selector (highlighted in orange in 
Figure 2.8) in the Device Commands menu. The features and groups 
Grid Configurator shows in this view vary greatly depending upon 
the relay, meter, or distribution controller you are configuring. Refer 
to the device instruction manual for detailed information about the 
features available in your particular device.

                    

                    

Figure 2.7 New Device in the System Explorer

                    

Figure 2.8 Protection Elements View
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The views and editors available in the Device Explorer vary 
depending upon the device. The functionality of the device being 
configured determines the available settings groups. In the Settings 
Grid view, settings are organized hierarchically in a tree format. 
Settings categories have a small triangle to the left. When you select 
this triangle, the settings category expands to show additional 
available settings related to the overarching category, as shown in 
Figure 2.9. Select the triangle again to collapse that portion of the 
tree.

In any device settings view, such as Protection Elements or Settings 
Grid, an indicator displays next to any setting you have changed. The 
change indicator persists as long as you have the device project open.

                    

Some settings will be disabled (grayed out) by default. Grid 
Configurator displays settings as disabled according to such various 
factors as your part number selection, which protections elements 
you have enabled, etc. Refer to your device instruction manual to 
learn details about the specific settings for your device. Grid 
Configurator makes settings available for editing once you change 
the options that caused them to be unavailable.

Step 6. In the Settings Grid view, expand the tree to see all settings and 
groups available in your device. Select an entry in the tree to view the 
settings editor for that element. Edit the setting value either by 
directly editing in the grid or by selecting the ellipsis button in the 
Value cell if available. Figure 2.10 shows an example of each editing 
workflow. For setting 50P1P, which requires a numerical entry, you 
can directly select and edit the necessary value in the Value cell. Set-
ting 67P1TC requires a SELOGIC control equation, which provides a 
window to help the user build their desired torque-control equation. 
Select the ellipsis button in the Value cell to open the SELOGIC con-
trol equation builder. Create the equation and then select OK.

                    

Figure 2.9 Settings Grid View
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If you enter a settings value into a field and that value is invalid or 
outside the acceptable range, as shown in Figure 2.10, Grid 
Configurator displays an error icon in the Value cell for that setting. 
A message explaining the error displays if you hover over the Value 
cell. Correct these errors prior to deploying settings.

Select the alarm icon in the Device Commands menu, as shown in 
Figure 2.11, to see Project Notifications, a report of all settings errors 
in a device project. Select the notification message to immediately 
navigate to the invalid setting.

                    

Step 7. For all remaining settings, navigate the tree or use the search bar to 
find the necessary settings and alter the appropriate values.

Step 8. Select Communications > Connections, as shown in Figure 2.12. 
Enter the connection parameters for your device. Grid Configurator 
can communicate with devices via serial or network connections.

                    

Figure 2.10 Editing Settings and Automatic Validation

                    

Figure 2.11 Viewing Project Notifications
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Step 9. Select Communications > Security, as illustrated in Figure 2.13. By 
default, Grid Configurator has the default passwords for your device 
type. Enter custom passwords if you use them. Refer to your device 
instruction manual to learn about the access levels and password 
options for your device.

                    

                    

                    

Figure 2.12 Configuring Communications Options

                    

Figure 2.13 Configuring Security Options

                    

Figure 2.14 Connecting to a Device
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Step 10. Select Connect in the Device Commands Menu, as shown in 
Figure 2.14. Once the connection is active, you will see a success 
message and a green dot displays in the device tab and next to the 
device name in the System Explorer. As long as Grid Configurator 
has an active connection with the device shown in your workspace, 
device commands appear similar to Figure 2.15.

                    

Step 11. Select the Send button, as shown in Figure 2.15, to deploy settings to 
the device. Select the green Device Operations icon in the Title Bar, 
as shown in Figure 2.16, to view the progress of the operation.

                    

Step 12. To cancel an operation, select Device Operations > Cancel Opera-
tion > OK.

                    

Step 13. Select Disconnect from the Device Commands Menu to terminate 
the connection to the device.

Grid Configurator Interface
Introduction

The user interface of Grid Configurator is divided into a number of viewable 
areas that can generally be categorized as follows:

                    

Figure 2.15 Device Commands Menu for Connected Devices

                    

Figure 2.16 Title Bar During Settings Deployment

                    

Figure 2.17 Opening the Send Report
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Navigators: One or more navigators can be open and visible in the user interface 
at any time. These generally sit vertically (top to bottom) in the user interface and 
contain content in rows. In some cases, the content will be hierarchical and col-
lapsible so you can focus only on what you need. A scroll bar appears if the con-
tent still extends beyond the viewable space. When the scroll bar appears, Grid 
Configurator offers three navigational options: 

1. Press and drag with your mouse on the scroll bar

2. Hover the mouse over the sidebar and use the mouse scroll wheel

3. Touch the scroll bar and drag your finger in the direction you want 
the view to move

IMPORTANT: Opening multiple 
navigators on a smaller screen can 
make the workspace too confining. 
You can collapse or expand any 
navigator individually.

Title Bar: The blue bar at the top of the user interface. It contains the application 
title and a number of icons for common actions that affect the entire application.

Workspace: The previously mentioned sections of the user interface enable and 
support the core of the application, your workspace. The content (or view) in the 
workspace changes depending on the project type and workflow, but the work-
space generally includes editable content and reports. Enter and edit content as 
necessary. Reports are read-only and provide information about your project. As 
with navigators, Grid Configurator displays scroll bars if the content extends 
beyond the viewable space.

Accessing Contextual Information

The menu system in Grid Configurator primarily displays via context menus. 

Select the ellipsis button, , to display the context menu for the item with 

which you are working. Select  in the title bar to activate application help.

User Interface Sections
1. Title Bar: Includes the software title and such application-level con-

trols as the light and dark theme.

2. System Explorer: A navigator that includes a hierarchical view of 
all devices in your system. Open device projects from the System 
Explorer.

3. Workspace: The display of any open view or project. Commands 
and features differ according to the use case for any particular view.
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Light and Dark Theme
                    

As shown in Figure 2.19, toggle the rocker bar on the right side of the title bar to 
switch between the light and dark theme for the user interface.

                    

Figure 2.18 Grid Configurator User Interface Overview

e

w

q

                    

Figure 2.19 Dark Theme
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SEL Grid Configurator Report Retrieval
Use SEL Grid Configurator to download the Sequence of Events records or relay 
oscillography records, as highlighted in Figure 2.20.

                    

ACSELERATOR QuickSet SEL-5030 Software
This section provides information on the following topics:

➤ QuickSet Setup on page 2.15

➤ Settings Database Management and Drivers on page 2.17

➤ QuickSet Main Menu on page 2.21

➤ Create and Manage Relay Settings on page 2.21

➤ QuickSet HMI on page 2.30

➤ Analyze Events on page 2.33

➤ QuickSet Help on page 2.34

SEL-400 series relays come with ACSELERATOR QuickSet SEL-5030 Software, 
a powerful relay settings, analysis, and measurement tool, to aid you in applying 
and using the relay. QuickSet reduces engineering costs for relay settings, logic 
programming, and system analysis. QuickSet makes it easier for you to do the 
following:

➤ Create and manage relay settings

➢ Create settings for one or more relays

➢ Store and retrieve settings with Windows-based PCs

➢ Upload and download relay settings files to and from relays

➤ Analyze events

➢ Use the integrated waveform (single event reports) analysis tools

                    

Figure 2.20 SEL Grid Configurator Report Retrieval
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➤ Control the relay

➢ Command relay operation through use of a GUI environment

➢ Execute relay serial port commands in terminal mode

➤ Configure the serial port and passwords

SEL provides QuickSet for easier, more efficient configuration of the relay set-
tings. However, you do not have to use QuickSet to configure a relay; you can use 
an ASCII terminal or a computer running terminal emulation software to access 
all relay settings and metering. QuickSet gives you the advantages of rules-based 
settings checks, SELOGIC control equation Expression Builder, and event analysis.

QuickSet Setup
Obtaining QuickSet

QuickSet can be obtained from the Download area of the SEL website. To have 
the software automatically update as new relay drivers are released, download 
and install SEL Compass Software, and then use Compass to download and 
install QuickSet. When you download QuickSet within Compass, you will be 
asked to select which relay drivers you wish to include. Select drivers for all SEL 
relays that you may be required to set. If later you find that additional drivers are 
required, QuickSet provides an easy method to request new drivers and updates 
(see Updating QuickSet on page 2.15).

QuickSet is also available on DVD upon request.

Updating QuickSet
The QuickSet software consists of a core application plus driver files for individ-
ual devices. As new device firmware versions are released, you may need to 
update QuickSet to add new driver files. This may be accomplished several ways:

➤ When the Enable Update Notifications check box is selected in the 
Tools > Options menu of SEL Compass, the Compass software will 
automatically check for updates on a specified schedule and facilitate 
the update process.

➤ The Update icon on the QuickSet startup screen starts SEL Compass 
and checks for updates.

➤ The Install Devices button on the Settings Editor Selection window 
starts SEL Compass and presents a menu of available drivers.

➤ Check for updates in the Help menu starts SEL Compass and 
checks for updates.

An Internet connection is required to add new drivers and to receive update noti-
fications.

Serial Communication Parameters
QuickSet can communicate with a relay via any relay serial port set to SEL proto-
col or via Ethernet. Use the Communication Parameters dialog box to config-
ure relay communications settings.

Step 1. Select the Communication menu on the top QuickSet toolbar.

Step 2. Select Parameters to open this dialog box.

Figure 2.21 shows the QuickSet Communication Parameters dialog 
box.
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You can use serial communication via relay Ports 1, 2, 3, and F (front panel). 
Figure 2.21 shows the default serial port parameters (9600, 8, N, 1).

Step 1. Enter your relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Step 2. If you choose a connection type from the Active Connection Type 
dropdown list that is a telephone modem, enter the dial-up telephone 
number in the Phone Number text box.

Ethernet Card
Use the optional Ethernet card for File Transfer Protocol (FTP) and Telnet net-
work communications.

FTP Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the FTP File Transfer Option button to select FTP as the net-
work communications protocol.

Step 3. Enter the IP address of the relay Ethernet port as the Host IP address.

Step 4. Enter the FTP port number.

Step 5. Enter the relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

See Changing the Default Passwords in the Terminal on page 3.11.

                    

Figure 2.21 QuickSet Communication Parameters Dialog Box
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Step 6. Use the Save to Address Book button to save the entered informa-
tion with a Connection Name for later use.

Step 7. Enable the Ethernet port setting FTPSERV.

Telnet Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the Telnet File Transfer Option button to select Telnet as the 
network communications protocol.

The Telnet session uses the relay passwords on the Communication Parameters 
dialog box (Figure 2.21). See Telnet on page 15.16 for more information on Telnet.

Terminal Window
The terminal window provides an ASCII interface on which you can communi-
cate with the relay. This is a basic terminal emulation. Many third-party terminal 
emulation programs are available with file transfer encoding schemes.

Step 1. Select the QuickSet Communication menu.

Step 2. Select Terminal to start the terminal window.

Another convenient method to start the terminal is to press <Ctrl+T>.

Terminal Logging 
When you select the Terminal Logging check box in the Communication 
menu, QuickSet records communications events and errors in a log.

Step 1. Select Communication > Logging > Connection Log to view the 
log.

Step 2. Clear the log by selecting Communication > Logging > Clear 
Connection Log.

Settings Database Management and Drivers
Database Manager 

QuickSet uses a relay database to save relay settings. QuickSet contains sets of 
all settings files for each relay that you specify in the Database Manager. 
Choose appropriate storage backup methods and a secure location for storing 
your relay database files. Use the File > Database Manager menu to retrieve a 
relay database from computer memory.

Relay Database

The default relay database file already configured in QuickSet is Relay.rdb. This 
database contains example settings files for the SEL products with which you can 
use QuickSet.

Step 1. Open the Database Manager to access the database.

a. Select File in the QuickSet top toolbar.

b. Select the Database Manager menu item. You will see a dialog 
box similar to Figure 2.22.
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Step 2. If you wish, you can enter descriptions of the database and/or relay in 
the Database Description and/or Settings Description text boxes.

A relay description would consist of special operating characteristics 
that describe the relay settings including the protection scheme 
settings and communications settings.

                    

Step 3. Highlight one of the relays listed in Settings.

Step 4. Select Copy to create a new collection of relay settings.

QuickSet prompts you to provide a new name.

Copy/Move Relays Between Databases

You can create multiple relay databases with the Database Manager; these data-
bases are useful for grouping similar protection schemes or geographic areas.

Step 1. Select the Copy/Move Relays Between Settings Databases tab to 
access the dialog box shown in Figure 2.23.

Step 2. Select the ellipsis next to Settings Database B to open a relay database.

Step 3. Navigate to the desired database location.

Step 4. Select Open.

For example, Relay2.rdb is the B relay database in Figure 2.23.

Step 5. Highlight a relay in the A database.

Step 6. Select Copy or Move.

Step 7. Select the > button to create a new relay in the B database.

Reverse this process to take relays from the B database to the A database.

Copy creates an identical relay that appears in both databases. Move removes the 
relay from one database and places the relay in another database.

Figure 2.22 QuickSet Database Manager Relay Database
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Create a New Database
Step 1. To create and copy an existing database of relays to a new database, 

select the File > Database Manager menu.

Step 2. Select Copy/Move Relays Between Databases on the Database 
Manager dialog box.

QuickSet opens the last active database and assigns it as Database A 
(see Figure 2.23).

Step 3. Select the ellipsis next to Settings Database B.

QuickSet prompts you for a file location.

Step 4. Type a new database name.

Step 5. Select Open.

Step 6. Answer Yes.

The program creates a new empty database.

Step 7. Load relays into the new database as in Copy/Move Relays Between 
Databases on page 2.18.

Drivers 
Relay settings folders in QuickSet are closely associated with the QuickSet relay 
driver that you used to create the settings. The relay settings and the QuickSet 
drivers must match.

Step 1. Use one of the following methods to view the relay FID (firmware 
identification) number to determine the active QuickSet drivers.

➢ Enter Access Level 1 and use the STATUS command from the 
serial port terminal emulation window.

➢ Type ID <Enter> in the computer emulation software window 
(<Ctrl+T> from QuickSet).

Figure 2.23 QuickSet Database Manager Copy/Move
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Step 2. Locate and record the Z-number in the FID string.

The Z-number helps determine the proper QuickSet relay settings 
driver version when creating or editing relay settings files.

Step 3. View the QuickSet settings driver information at the bottom of the 
Settings Editor window.

The first portion of the Z-number is the QuickSet settings driver 
version number (see Figure 2.24).

Step 4. Compare the QuickSet driver number and the relay FID number.

This QuickSet driver Z-number and the corresponding part of the 
relay FID must match.

                    

Use the first portion of the Z-number (Z001XXX, for example) to 
determine the correct Settings Editor version to select.

Step 5. View the top of the Settings Editor window to check the Settings 
Editor driver number (see Figure 2.25).

                    

As SEL develops new drivers, you can update your existing QuickSet with spe-
cific relay drivers for each SEL product that uses QuickSet. Use SEL Compass 
(selinc.com/products/compass/) to download the latest QuickSet drivers.

Figure 2.24 QuickSet Software Driver Information in the FID String

FID = SEL-487B-1-R306-V0-Z007005-D20130606

Relay Settings Driver Version Number

HMI Version Number

                    

Figure 2.25 Relay Settings Driver Version Number

Settings Editor Tree View Driver Version

https://selinc.com/products/compass/
http://selinc.com/products/compass/


2.21

Date Code 20230830 Instruction Manual SEL-400 Series Relays

PC Software
ACSELERATOR QuickSet SEL-5030 Software

QuickSet Main Menu
The main menu provides the following options and submenu options. Selected 
submenu options are explained in detail in Table 2.4.

                    

Create and Manage Relay Settings
QuickSet enables you to create settings for one or more relays. You can store 
existing relay settings downloaded from relays with QuickSet, creating a library 
of relay settings (see Database Manager on page 2.17). You can then modify and 
upload these settings from your settings library to a relay. QuickSet makes setting 
the relay easy and efficient.

Table 2.4 QuickSet Submenu Options

File

➤ New—Create new settings for a connected device or offline.

➤ Open—Open existing settings stored in a Relay Database (RDB) file.

➤ Close—Close settings instance that is open in the QuickSet window.

➤ Save/Save As—Save settings instance that is open in the QuickSet window to the active Relay Database 
(RDB) file.

➤ Print Device Settings—Print standard or custom settings reports.

➤ Read—Read settings from a connected device and display the settings in the QuickSet window.

➤ Send—Send settings instance that is open in the QuickSet window to a connected device.

➤ Active Database—Change which Relay Database (RDB) file is used for the Open and Save/Save As 
commands.

➤ Database Manager—Open Database Manager to create a new Relay Database (RDB) file, copy settings within 
the active Relay Database (RDB) file, add descriptions to settings within the database, and copy and move 
settings between different databases.

➤ Exit—Quit the QuickSet software.

Edit

➤ Copy—Copy settings from one Settings Group to another.

➤ Search—Search for a text string within the settings instance.

➤ Compare—Compare the settings instance that is open in the QuickSet window to another settings instance in 
the Relay Database file.

➤ Merge—Merge the settings instance that is open in the QuickSet window with another settings instance in the 
Relay Database file.

➤ Part Number—Change the current part number for the settings instance that is open in the QuickSet window.

Communications

➤ Connect—Request QuickSet to attempt to connect to a device by using the current Connection Parameters.

➤ Parameters—Modify the Communications Parameters, including connection type (Serial, Network, or 
Modem), PC port numbers, speed, and settings, device passwords, IP addresses, ports, and file transfer 
options, and modem phone numbers and speeds.

➤ Network Address Book—Select from a list of Ethernet-connected devices. Add or modify devices by 
specifying the Connection Name, IP Address, Telnet Port Number, User ID, and Password.

➤ Terminal—Open terminal window to issue ASCII commands directly to a connected relay.

➤ Logging—Initiate terminal logging to record terminal communications. View and clear the connection log.

Tools

➤ Settings—Convert settings between settings versions. Import and export settings from and to text files.

➤ HMI—Open HMI for connected device and manage custom HMI Device Overviews.

➤ Events—Collect event and view reports from connected devices.

➤ Options—Control QuickSet options, including Setting Comments, Event Viewer, and Terminal Options.

➤ Firmware Loader—Upgrade relay firmware.

Help ➤ Access program and settings help.
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Relay Part Number 
The relay part number determines the settings that QuickSet displays and the func-
tions that the software controls. When configuring QuickSet to control a particular 
relay, you should confirm that the QuickSet part number matches the relay part 
number so that you can access all of the settings you need for your relay.

Configuring the Relay Part Number
Step 1. Select the QuickSet Edit menu.

Step 2. Select Part Number in the dropdown list, as shown in Figure 2.26.

                    

You will see the Device Part Number dialog box, similar to the one 
shown in Figure 2.27 for the SEL-487B.

Step 3. Use the arrows inside the text boxes to match corresponding portions 
of the Device Part Number dialog box to your relay. Alternatively, 
select Edit in the lower left corner of the Device Part Number 
screen and paste in the desired part number.

                     

Figure 2.26 Retrieving the Device Part Number
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Settings Overview
QuickSet arranges relay settings in easy-to-understand categories (for an expla-
nation of settings organization, see Making Simple Settings Changes on 
page 3.15). These categories of collected settings help you quickly set the relay. 
Figure 2.28 is an example of relay settings categories in the Settings Editor tree 
view.

QuickSet shows all of the settings categories in the settings tree view. When you 
enable and disable settings categories, the tree view remains constant, but when 
you select the tree view to access the settings in a disabled category, the disabled 
settings are dimmed. For example try the following steps:

Step 1. Select Global > Station DC Monitoring and observe that the set-
tings are dim.

Step 2. To enable the Station DC Monitor settings, select the Global > Gen-
eral Global Settings/Enables branch of the settings tree view.

Step 3. Change the EDCMON Station DC Battery Monitor setting to Y.

Step 4. Figure 2.28 through Figure 2.30 illustrates this feature of QuickSet.

                    

Figure 2.27 Setting the Relay Part Number in QuickSet
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Figure 2.28 Station DC Settings

                    

Figure 2.29 Enable EDCMON in Global Settings
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Figure 2.30 DC Monitor Settings Enabled
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Settings Editor
Use the Settings Editor to enter relay settings. Figure 2.31 illustrates the import-
ant features of the editor. These features include the QuickSet settings driver ver-
sion number (the first three digits of the Z-number) in the lower left corner of the 
Settings Editor.

                    

Entering Settings
Step 1. Select the arrows to expand the Settings Tree View (see 

Figure 2.31).

Step 2. Select the circle buttons to select the settings class, instance, and cat-
egory that you want to change.

Step 3. Use the <Tab> key to move to the setting text book and from setting 
to setting when entering and editing.

Step 4. The right-click mouse button allows access to two special functions 
when you are editing settings: Previous Value and Default Value. It 
also allows the user to Add a Comment to the selected setting or 
Search for Selected Text.

                    

Figure 2.31 QuickSet Settings Editor

Settings Tree View
Relay Settings 
Driver Version NumberEllipsis Button Settings Dialog Box Text Box

Error Text Region
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Step 5. Use the following methods to edit the settings from QuickSet.

➢ Restore previous values. Right-click the mouse over the setting 
and select Previous Value.

➢ Restore default values. Right-click in the setting dialog box and 
select Default Value.

If you enter a setting that is out of range or has an error, an error 
message appears at the bottom of the Settings Editor window. 
To correct the error, proceed to Step 6.

Step 6. Correct settings errors.

a. Double-click the error listing in the Settings Editor window.

b. Enter a valid input for the setting where the error appears.

Ellipsis Button
QuickSet includes a feature called an ellipsis button (see Figure 2.32).

                    

The ellipsis button is a square button with three dots, as shown in Figure 2.33. 
Use the ellipsis button to build expressions or assist with entering settings in the 
relay. Whether the ellipsis button is an expression builder or a setting assistant 
depends on the selected relay function and is preprogrammed in the relay. For 
example, Figure 2.33 shows the ellipsis button as a setting assistant, entering 
settings for the SER.

Step 1. Enter the SER settings by selecting on the Report > SER Settings in 
the Tree View.

Step 2. Select the SITM1 SER Points and Alias, Point 1 ellipsis button, 
which makes the R1-SITM1 window available.

Step 3. Select the Relay Word bit ellipsis button in the R1-SITM1 window.

The software displays a list of Relay Word bits available in the relay 
that you can select to enter in the SER report.

                    

Figure 2.32 Ellipsis Button
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Expression Builder
The ellipsis button also allows access to an expression builder. SELOGIC control 
equations are a powerful means for customizing relay performance. Creating 
these equations can be difficult because of the large number of relay elements 
(Relay Word bits) and analog quantities in the relay. QuickSet simplifies this pro-
cess with the expression builder, a rules-based editor for programming SELOGIC 
control equations. The expression builder organizes relay elements, analog quan-
tities, and SELOGIC control equation variables and focuses your equation deci-
sion making.

Expression Builder Organization

The Expression Builder dialog box is organized into two main parts represent-
ing the left side (LVALUE) and right side (RVALUE) of the SELOGIC control 
equation. (The LVALUE is fixed for all settings except Protection Free-Form 
SELOGIC and Automation Free-Form SELOGIC control equation settings—see 
Fixed SELOGIC Control Equations on page 13.6.) Figure 2.34 shows the two 
sides of the Expression Builder, with the SELOGIC control equation that you are 
constructing at the top of the dialog box. Note the dark vertical line and the 
equals sign (:=) separating the equation’s left and right sides.

                    

Figure 2.33 Location of Ellipsis Button
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Using the Expression Builder
Step 1. For Protection Free-Form SELOGIC and Automation Free-Form 

SELOGIC control equations, select the type of result (LVALUE) for 
the SELOGIC control equation to use the Expression Builder.

QuickSet shows Relay Word bits available for use in compiling 
expressions. The program shows the relay elements for each type of 
SELOGIC control equation (e.g., Boolean Variables, Math Variables).

On the right side of the equation (RVALUE), you can select broad 
categories of relay elements, analog quantities, counters, timers, 
latches, Boolean variables, and math variables.

Step 2. Select a category in the RVALUE tree view.

The Expression Builder displays all elements for that category in the 
list at the bottom right side. Directly underneath the right side of the 
equation, you can choose operations to include in the RVALUE. 
These operations include basic logic functions, rising and falling-
edge triggers, expression compares, and math functions. For more 
information on programming SELOGIC control equations, see 
Section 13: SELOGIC Control Equation Programming.

                    

Figure 2.34 QuickSet Expression Builder
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QuickSet HMI
Use the QuickSet HMI feature to view real-time relay information in a graphical 
format. Use the virtual relay front panel to read metering and targets (see 
Figure 2.35) for a representative example.

                    

Open the QuickSet HMI
Select Tools > HMI > HMI in the QuickSet menu bar. QuickSet opens the HMI 
window and downloads the interface data. The HMI can also be accessed by 
using the HMI icon.

QuickSet HMI Features
Table 2.5 lists typical functions in the HMI tree view and a brief explanation of 
each function. The specific options available for any specific relay depend on the 
features available in that relay.

                    

                    

Figure 2.35 Virtual Relay Front Panel

Table 2.5 QuickSet HMI Tree View Functions (Sheet 1 of 2)

Function Description

Device Overview View general metering, selected targets, control input, control 
outputs, and the virtual front panel

Contact I/O View status of contact inputs and contact outputs
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Phasors A graphical and textual representation of phase and sequence 
voltages and currents.

Time and 
Communications

View for Time Quality, MIRRORED BITS Channel A or B, real-
time control (RTC) Channel. Precision Time Protocol (PTP), or 
Sampled Values status.

Fundamental Metering A table of instantaneous voltages, currents, powers, and fre-
quency.

Zone Metering View active Zone meter reports.

Differential Metering View differential currents of all active zones.

Unbalance Metering View the differential and unbalanced metering data.

Synchrophasor A table of synchrophasor data.

Demand/Peak A table showing demand and peak demand values. This display 
also allows demand and peak demand values to be reset.

Min/Max A table showing maximum/minimum metering quantities. This 
display also allows maximum/minimum metering quantities to be 
reset.

Energy A table showing energy import/export. This display also allows 
energy values to be reset.

Temperature View the temperature measurements received from the 
SEL-2600A.

Protection Math Variables View the protection math variable values.

Automation Math Vari-
ables

View the automation math variable values.

MIRRORED BITS Commu-
nications

View the MIRRORED BITS communications analog quantities.

Through Faults View the through-fault data.

Thermal Monitoring View the most recent saved thermal report of the transformer(s) 
monitored by the device.

Breaker n Monitoring 
(n can be S,T,U,W, or X)

View a comprehensive circuit breaker report that includes inter-
rupted currents, number of operations, and mechanical and elec-
trical operating times.

Analog Signal Profile View the Signal Profile data for as many as 20 user-selectable 
analog values.

VSSI Report View the voltage sag, swell, and interruption report.

Targets View Relay Word bits in a row/column format.

Status A list of relay status conditions.

LDP View load profile data.

SER Sequential Events Recorder (SER) data listed oldest to newest, 
top to bottom.

Set the range of SER records with the dialog boxes at the bottom 
of the display.

SSI View voltage Sag, Swell, and Interruption data.

Breaker Monitor Data A table showing the latest circuit breaker monitor data.

Control Window Metering and records reset buttons, trip and close control, output 
pulsing, target reset, time and date set, group switch, and remote 
bit control.

Table 2.5 QuickSet HMI Tree View Functions (Sheet 2 of 2)

Function Description
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The flashing LED representation in the lower left of the QuickSet window indi-
cates an active data update via the communications channel (see Figure 2.35). 
Select the button marked Disable Update to suspend HMI use of the communi-
cations channel.

HMI Device Overview

Select the Device Overview branch to display an overview of the relay operation. 
This view includes a summary of information from many of the other HMI 
branches, including fundamental metering, contact input/output status, and front-
panel LED status.

The Device Overview colors and text can be customized. White LED symbols 
indicate a deasserted condition and LED symbols with any other color indicate an 
asserted condition. Select an LED symbol to change its assert color.

HMI Control Window

Select the Control Window branch to reset metering values, clear event records, 
trip and close reclosers/breakers, pulse output contacts, and set and clear remote 
bits (see Figure 2.36) for a representative example.

                    

Other HMI Branches

The remaining HMI branches display metering, targets, status, reporting, and 
monitoring information.

                    

Figure 2.36 Control Window
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HMI Configurations

Customized Device Overviews can be saved as HMI Configurations. To save the 
current configuration, select Tools > HMI > Save Configuration to save the 
configuration under the current name, or Tools > HMI > Save Configuration As 
to specify a configuration name.

HMI configurations are identified by relay type and a configuration name. To use 
an existing configuration, select Tools > HMI > Select Configuration. To view 
available configurations, select Tools > HMI > Manage Configurations. To 
make an existing configuration the default configuration for a given relay type, 
select the configuration in the Manage Configurations window, select Edit, and 
select the Default check box.

Analyze Events
QuickSet has integrated analysis tools that help you retrieve information about 
protection system operations quickly and easily. Use the protection system event 
information that relays store to evaluate the performance of a protection system.

Event Waveforms
Relays record power system events for all trip situations and for other operating 
conditions programmed with SELOGIC control equations.

The relays provide two types of event data captures:

➤ Event report oscillography that uses filtered sample-per-cycle data

➤ Unfiltered (raw) data

Use QuickSet to view event report oscillograms, phasor diagrams, harmonic 
analysis, and settings.

Read History

You can retrieve event files stored in the relay and transfer these files to a com-
puter. To download event files from the relay, open the QuickSet Tools > Events 
menu on the QuickSet toolbar and select Get Event Files. The Event History 
dialog box will appear (similar to Figure 2.37).
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Get Event

Highlight the event you want to view and select the Get Selected Event button. 
The Event Options dialog box allows selection of Event Type and Event Length. 
When downloading is complete, QuickSet asks for a location to save the file on 
your computer. Select Tools > Events> View Event Files with SynchroWAVe 
Event and select an event file to view events saved on your computer. 

QuickSet Help
Various forms of QuickSet help are available as shown in Table 2.6. Press <F1> 
to open a context-sensitive help file with the appropriate topic as the default. 
Other ways to access help are shown in Table 2.6.

                    

                    

Figure 2.37 Retrieving an Event History

Checks the connected relay for 
new event records and updates 
the event history list.

Sends a trigger command to the 
connected relay and updates the 
event history list.

Downloads selected events from
the relays and saves in the format 
indicated in the Event Type 
dropdown list.

Table 2.6 Accessing QuickSet Help

Help Description

General QuickSet Select Help > Contents from the main menu bar.

HMI Application Select Help > HMI Help from the main menu bar.

Relay Settings Select Help > Settings Help from the from the main menu bar.

Database Manager Select Help from the bottom of the Database Manager window.

Communications Parameters Select Help from the bottom of the Communications Parame-
ters window.
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Basic Relay Operations

The SEL-400 series relays are powerful tools for power system protection and 
control. Understanding basic relay operation principles and methods will help 
you use the relay effectively. This section presents the fundamental knowledge 
you need to operate the relay, organized by task. These tasks help you become 
familiar with the relay and include the following:

➤ Inspecting a New Relay on page 3.1

➤ Establishing Communication on page 3.3

➤ Access Levels and Passwords on page 3.7

➤ Checking Relay Status on page 3.13

➤ Making Simple Settings Changes on page 3.15

➤ Examining Metering Quantities on page 3.34

➤ Examining Relay Elements on page 3.42

➤ Reading Oscillograms, Event Reports, and SER on page 3.46

➤ Operating the Relay Inputs and Outputs on page 3.55

➤ Configuring Timekeeping on page 3.65

➤ Readying the Relay for Field Application on page 3.66

Perform these tasks to gain a good understanding of relay operation, be able to 
confirm that the relay is properly connected, and be more effective when using 
the relay. To work through the examples in this section, you need to install the 
relay either in a final installation or in a laboratory configuration. See Section 2: 
Installation in the product-specific instruction manual for more information.

Inspecting a New Relay
NOTE: Do not connect power to the 
relay until you have completed your 
inspection of the relay. See the 
product-specific Installation section 
for details on applying power. Failure 
to follow these instructions can lead 
to equipment damage.

The following items are included in your shipment from SEL:

➤ Relay

➤ DVD containing the electronic versions of all SEL-400 series 
manuals, data sheets, configurable label kits and instructions, and 
DNP3 files

➤ SEL Grid Configurator Software, ACSELERATOR QuickSet 
SEL-5030 Software, and ACSELERATOR Architect SEL-5032 
Software

➤ Configurable Front-Panel Label Kit

➤ SEL Contact Card

If any item is missing or damaged, please contact your distributor or SEL immediately.
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Initial Inspection
Perform the following initial inspection when the relay arrives:

Step 1. Remove the protective wrapping from the relay.

Step 2. Observe the outside of the front cover and the rear panel.

Step 3. Check that no significant scratches or dents are evident on any outer 
surface.

Step 4. Confirm that all terminal strips on the rear panel are secure.

Perform the following steps and use care when cleaning the relay:

Step 1. Use a mild soap or detergent solution and a damp cloth to clean the 
relay chassis.

Be careful cleaning the front and rear panels because a permanent 
plastic sheet covers each panel; do not use abrasive materials, 
polishing compounds, or harsh chemical solvents (such as xylene or 
acetone) on any relay surface.

Step 2. Allow the relay to air dry, or wipe dry with a soft dry cloth.

Verify Relay Configuration
When you first inspect the relay, confirm that the relay power supply voltage and 
nominal ac signal magnitudes are appropriate for your application. Examine the 
serial number label on the relay rear panel. Figure 3.1 shows a sample rear-panel 
serial number label.

                    

NOTE: Do not use this page for 
ordering a relay. For ordering 
information, refer to the relay Model 
Option Table available at selinc.com, 
or contact your SEL Sales 
Representatives.

Figure 3.1 shows a serial number label for an SEL-451 with additional I/O in a 
4U horizontal chassis. This example serial number label is for a 5 A-per-phase 
secondary CT input relay. For information on CT and PT inputs, Do not use this 
page for ordering a relay. For ordering information, refer to the SEL-451 Model 
Option Table available at selinc.com/products/, or contact your SEL Sales Repre-
sentatives.

The power supply specification in Figure 3.1 indicates that this relay is equipped 
with a power supply that accepts a nominal 48–125 Vdc input. This power supply 
also accepts a 110–120 Vac input. Refer to the serial number label affixed to the 
back of your relay to determine the power supply voltage you should apply to the 
relay power supply input terminals. As this label indicates, the voltage source 
should be capable of providing at least 35 W for dc inputs and 90 VA for ac 
inputs. See Section 1: Introduction and Specifications in the product-specific 
instruction manual for more information on power supply specifications.

                    

Figure 3.1 Sample Relay Serial Number Label

Part Number
Serial Number

Power Supply Input
Specifications

Secondary Current Input

Secondary Voltage Input

I/O Interface Board(s)
Logic Input Rating
(See Logic Input Ratings, below)

https://selinc.com/products/
http://selinc.com/
http://selinc.com/
http://selinc.com/
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The serial number label does not list power system phase rotation and frequency 
ratings, because you can use relay settings to configure these parameters. The 
factory defaults are ABC phase rotation and 60 Hz nominal frequency. See Mak-
ing Settings Changes in Initial Global Settings on page 3.21 for details on setting 
these parameters.

Input Ratings
The serial number label in Figure 3.1 only lists control input voltages for I/O 
Interface Boards that have optoisolated inputs, which is determined at ordering 
time. The other types of control inputs (direct-coupled) have settable pickup volt-
ages, and do not appear on the serial number label. See Control Input Assignment 
on page 3.62 for more information.

Establishing Communication
Once you have applied the correct power input successfully, you are ready to 
operate the relay. Use the relay front panel and the communications ports to com-
municate with the relay.

Front-panel control of relay functions involves use of a menu system that you 
access through the LCD and the six navigational pushbuttons shown in 
Figure 3.2. For complete instructions on using the front-panel menu system, see 
Front-Panel Menus and Screens on page 4.14.

                    

Fast and efficient communication with the relay is available through communica-
tions ports such as PORT F, also shown in Figure 3.2. A design philosophy for all 
SEL relays is that an ASCII or open terminal is all that you need to communicate 
with the relay. Many off-the-shelf computer programs provide terminal emula-
tion. These programs are inexpensive and widely available.

Use the cable connections appropriate for your terminal configuration. See 
Section 15: Communications Interfaces for more information on communica-
tions ports.

All ASCII commands you send to the relay must terminate with a carriage return 
or carriage return/line feed; the terminal emulation program appends the neces-
sary carriage return when you press <Enter>.

                    

Figure 3.2 PORT F, LCD, and Navigation Pushbuttons

Navigation
Pushbuttons

Title
Area

Serial
Communications Port

LCD Main Area

PORT F

Message Area

5  4  3  2  1

9  8  7  6
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You can truncate commands to the first three characters: EVENT 1 becomes EVE 1. 
Use upper- and lowercase characters without distinction, except in passwords, 
which are case-sensitive. For a list of ASCII commands see Section 14: ASCII 
Command Reference.

Help
When you are using a terminal, you can access built-in relay help for each ASCII 
command. Relay help is access-level sensitive; you see only the ASCII com-
mands for the present access level when you type HELP <Enter>. For in-depth 
information on a particular ASCII command, enter the command name after typ-
ing HELP. For example, for help on the EVENT ASCII command, type 
HELP EVE <Enter>.

When you are using QuickSet, press <F1> to get help, or select the Help menu 
from the QuickSet toolbars. The help information in QuickSet gives detailed 
information and sample screens in a GUI format.

Making an EIA-232 Serial Port Connection
The following steps use any popular computer terminal emulation software and 
SEL serial cables to connect to the relay.

Use an SEL-C234A cable to connect a 9-pin computer serial port to the relay. 
Use an SEL-C227A cable to connect a 25-pin computer serial port to the relay. 
For computers with USB ports, use an SEL-C662 USB-to-serial cable to connect 
to the relay. See Section 15: Communications Interfaces for further information 
on serial communications connections. These and other cables are available from 
SEL. Contact the factory or your local distributor for more information.

Step 1. Use the serial cable to connect the computer to the relay via PORT F 
on the relay front panel.

Step 2. Apply power to both the computer and to the relay.

Step 3. Start the computer terminal emulation program.

Step 4. Set your computer terminal emulation program serial communica-
tions parameters. 

The default relay communications port settings are listed in 
Table 3.1.

Also set the terminal program to emulate either VT100 or VT52 
terminals. These terminal emulations work best with SEL relays.

                    

Table 3.1 General Serial Port Settings

Name Description Default

PROTO Protocol (SEL, DNP, MBA, MBB, RTD, PMU) SEL

SPEED Data speed (300 to 57600, SYNC) 9600

DATABIT Data bits (7, 8 bits) 8

PARITY Parity (Odd, Even, None) N

STOPBIT Stop bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N
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Step 5. To check the communications link, press <Enter> to confirm that 
you can communicate with the relay. 

You will see the Access Level 0 = prompt at the left side of your 
computer screen (column 1).

If you do not see the prompt, check the cable connections and 
confirm the settings in your terminal emulation program match the 
default communications parameters shown in Table 3.1.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to that shown in 
Figure 3.3. (Text that you type is emphasized in bold letters.)

If you see jumbled characters, change the terminal emulation type in 
the computer terminal program.

                    

When you communicate with the relay at the Access Level 0 = prompt, you are in 
security Access Level 0. You cannot view or control relay functions at this level. 

Higher access levels are password-protected and allow increased control over 
relay operation. For more information on access levels and password protection, 
see Changing the Default Passwords in the Terminal on page 3.11.

Making an Ethernet Telnet Connection
Factory-default settings for the Ethernet ports disable all Ethernet protocols. 
Enable the Telnet protocol with the SET P 5 command by using any of the serial 
ports. Command SET P 5 accesses settings for all Ethernet ports on the relay.

Make the following settings by using the SET P 5 command:

➤ EPORT = Y

➤ IPADDR = IP Address assigned by network administrator in 
classless inter-domain routing (CIDR) notation

➤ DEFRTR = Default router gateway IP Address assigned by network 
administrator

➤ NETMODE = FAILOVER

➤ ETELNET = Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any non-
process bus Ethernet port on the relay. Verify that the amber LINK LED illumi-
nates on the connected relay port. Many computers and most Ethernet switches 
support autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, 
such as an SEL-C627 cable, will work. When the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. For fiber-optic 
Ethernet ports, use an SEL-C807 cable (62.5/200 m multimode fiber-optic 
cable) or SEL-C808 cable (62.5/125 m multimode fiber-optic cable). Use a Tel-
net client or QuickSet on the host PC to communicate with the relay. During 
Ethernet transmit or receive activity, the green Activity LED blinks on the relay 
Ethernet port. To terminate a Telnet session, use the command EXI <Enter> from 
any access level.

=QUIT <Enter>

Relay 1                                    Date: 04/16/2004  Time: 00:01:05.209
Station A                                  Serial Number: 2001001234

=

Figure 3.3 Report Header

NOTE: For the five-port Ethernet 
card, set EINTF to CD and/or E. Then, 
set ETELNET to CD and/or E.

NOTE: If connecting to a single-
mode SFP, use an SEL-C809 cable 
(9 m single-mode fiber-optic cable).
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Making an Ethernet Web Server (HTTP) Connection
When PORT 5 setting EHTTP is enabled, the relay serves read-only webpages dis-
playing certain settings, metering, and status reports. The relay-embedded HTTP 
server has been optimized and tested to work with the most popular web brows-
ers, but should work with any standard web browser. As many as four users can 
access the embedded HTTP server simultaneously.

To begin using the embedded read-only HTTP server, launch your web browser, 
and browse to http://IPADDR, where IPADDR is the PORT 5 setting IPADDR 
(e.g., http://192.168.1.2). The relay responds with a login screen as shown in 
Figure 3.4.

                    

Choose ACC for the username, type in the relay Access Level 1 password, and 
select Submit. The only username allowed is ACC. The relay responds with the 
homepage shown in Figure 3.5. While you remain logged in to the relay, the web-
page displays the approximate time as determined by the relay time-of-day clock, 
and increments the displayed time once per second based on the clock contained 
in your PC.

Once the user is logged in, the HTTP server displays the Meter webpage. This 
page will refresh within five seconds and includes all metering options available 
and enabled on the relay.

                    

Figure 3.4 HTTP Server Login Screen
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Select any menu selection in the left pane to navigate through the available web-
pages.

Access Levels and Passwords
NOTE: Perform the password change 
steps described in Changing the 
Default Passwords in the Terminal on 
page 3.11.

It is extremely important that you change the factory-default passwords pro-
grammed in the relay. Setting unique passwords for the relay access levels 
increases the security of your substation and the power system.

This section begins with information on the access level/password system in 
SEL-400 series relays and includes an example of changing the default pass-
words.

Access Levels
Access levels control whether you can perform different operations within the 
relay. These security levels are labeled 0, 1, B, P, A, O, 2, and C. Figure 3.6 pres-
ents an overview of the general access level structure in the relay.

                    

Figure 3.5 Example HTTP Server Meter Page
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Access Level 0 is the least secure and most limited access level, and Access 
Level 2 is the most secure level at which you have total relay functionality 
(Level C is reserved for SEL factory operations. Only go to level C to change the 
level C password or under the direction of an SEL employee). For example, from 
Access Level 1, you can view settings, but you cannot change settings unless you 
are at a higher access level.

Table 3.2 lists access levels and operator functions for the relay.

                    

The relay performs command interpretation and execution according to your val-
idated access level. Each access level has a password that the relay must verify 
before you can control the relay at that level. Table 3.3 lists the access level com-
mands with corresponding passwords.

                    

                    

Figure 3.6 Access Level Structure

Table 3.2 SEL-400 Series Relays Access Levels

Access Level Prompt Allowed Operations

0 = Log in to Access Level 1.

1 => View data and status information.

B ==> Access Level 1 functions plus breaker control and data.

P P=> Access Level B functions plus protection settings.

A A=> Access Level B functions plus automation settings.

O O=> Access Level B functions plus output settings.

2 =>> Perform all relay access level functions.

C ==>> SEL factory-specific functions. For a list of commands 
available, contact SEL.

Table 3.3 Access Level Commands and Passwords

Access Level Command Factory-Default Password

0 QUIT (None)

1 ACCESS OTTER

B BACCESS EDITH

P PACCESS AMPERE

A AACCESS VOLTA

O OACCESS WATT

2 2ACCESS TAIL

C CAL Sel-1

Access Level x
(Note: Use xAC to switch

between any of the access
levels x, where x = B, P, A, O, 2)

ACC

QUIT

QUIT

ACC
QUIT

ACC

xAC

xAC

CAL
(from 2AC only)

Access
Level 0

Access
Level 1

Access
Level C
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Communications Ports Access Levels
Entrance to the higher security levels is sequential. You must first enter a correct 
password to move from Access Level 0 to Access Level 1.

To enter Access Levels B, P, A, O, and 2, you must enter a correct password from 
Access Level 1. For example, to go to the O (Output) Access Level from Access 
Level 1, type OAC <Enter>. At the Password: ? prompt, type your Access 
Level O password.

To enter Access Level C, you must enter a correct password from Access Level 2.

Use the relay QUIT command from any access level to return the relay to Access 
Level 0. To reestablish control at a previous access level from Access Level 1, 
you must use the access level commands and passwords to log in to that previous 
access level.

When a connection with the relay times out, the relay reduces the access level to 
Access Level 0 for that communications port connection.

Use the MAXACC port setting  to limit the maximum access level permitted on a 
station bus port. This can be useful to restrict what remote users can do. For the 
five-port Ethernet card, use the MAXACCE port setting to limit the maximum 
access level permitted on the engineering access port (PORT 5E).

Communications Ports Access Control
Port access control provides a flexible way to manage access permissions on des-
ignated ports. For example, a remote administrator (e.g., SCADA) can use this 
feature to grant temporary or limited access to personnel in the field.

Set port setting EPAC = Y to enable access control on a particular port. Use the 
Global SELOGIC equations EACC and E2AC to define the access criteria for all 
EPAC enabled ports. If EACC and E2AC evaluate to 0, all access requests are 
denied. If EACC evaluates to 1, Access Level 1 requests are permitted. If E2AC 
evaluates to 1, all access level requests are permitted (see Figure 3.7). Note that 
passwords are still required to escalate privilege.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Port access control does not apply when the relay is disabled, the password 
jumper is installed (PASSDIS = 1), or when EPAC = N, nor can it be used to 
decrease a user’s current access level or exceed the MAXACC setting level of the 
port.

Front-Panel Access Levels
The lowest access level for the front panel is Access Level 1. To enter Access 
Levels B, P, A, O, and 2, you must enter a correct password from Access Level 1.

The front-panel LCD displays a password prompt when you attempt to control 
the relay at any access level higher than Access Level 1. (For more information 
on entering passwords from the front panel, see PASSWORD on page 14.51.)

The front-panel MAIN MENU item RESET ACCESS LEVEL returns the relay to Access 
Level 1. In addition, when the front-panel inactivity timer times out (indicated by 
the ROTATING DISPLAY on the front-panel LCD), the relay returns the front-panel 
access level to Access Level 1.

ACCESS Command
NOTE: You can shorten relay 
commands to the first three letters of 
the full command. Section 14: ASCII 
Command Reference for more 
information.

Enter the ACCESS (ACC) command to change to Access Level 1. Passwords are 
case-sensitive; you must enter a password exactly as set.

                    

Figure 3.7 Port Access Control Flow Chart

Port n2 Access 
Request

EPAC

Allow1 Access Levels 1–2
1

Y

N

E2AC

0

Allow1 Access Level 1
1

EACC

0

Restrict Port n2 Access

Global 
SELOGIC 
Setting

Global 
SELOGIC 
Setting

Port n2

Setting

1 Requires correct password for the requested access level
2 Where n = 1, 2, 3, F, or 5
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If you enter the password correctly, the relay moves to Access Level 1 and the 
Access Level 1 => prompt appears. If you are at a higher access level (B, P, A, O, 
and 2), you can reduce the access level to Access Level 1 by entering the ACC 
command. The relay performs no password validation to reduce the present 
access level.

Higher Access Level Commands
Enter the commands in Table 3.3 to enter access levels above Access Level 1. For 
example, enter the 2ACCESS (2AC) command to change to Access Level 2.

If you are presently at Access Level 1, B, P, A, or O, typing 2AC <Enter> causes 
the relay to prompt you to type the Access Level 2 password. If the present level 
is Access Level 0, the relay responds with Invalid Access Level. The relay 
pulses alarm Relay Word bit SALARM when entering Access Levels B, P, A, O, 
and 2 from a lower access level.

If an incorrect password is entered three times, the relay asserts the BADPASS 
and SALARM Relay Word bits for one second and displays on a communica-
tions terminal screen the following error message:

WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED

In addition, you cannot make further access level entry attempts for 30 seconds. 
The relay terminates the communications connection after the third failed attempt 
when you use Ethernet via an Ethernet card, DNP3 (Distributed Network Proto-
col version 3.0), or MIRRORED BITS communications virtual terminal mode. For 
more information on these protocols, see Section 15: Communications Interfaces 
and Section 16: DNP3 Communication.

If your connection to the relay has an inactivity time-out (in the SET P port set-
tings), the relay automatically closes the communications connection and 
changes to Access Level 0 when the time-out occurs.

Passwords
Valid passwords are character sequences of as many as 12 characters. Valid pass-
word characters are any printable ASCII character. HMI password entry is lim-
ited to upper- and lowercase letters, numbers, underscore, and period, so you 
must limit your password to these characters if you need to do privileged opera-
tions from the front panel. Passwords are case-sensitive.

It is important that you change all of the passwords from their default values. 
This will protect you from unauthorized access.

Use strong passwords. Strong passwords contain a mix of the valid password 
characters in a combination that does not spell common words in any portion of 
the password.

Changing the Default Passwords in the Terminal
Step 1. Confirm that the relay is operating (see Establishing Communication on 

page 3.3).

Step 2. Establish communication with the relay (see Making an EIA-232 
Serial Port Connection on page 3.4 to learn how to use a terminal to 
communicate with the relay).

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Step 3. Enter Access Level C (Access Level 2 is sufficient except when 
changing the Access Level C password).

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password OTTER and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

NOTE: Passwords are case-sensitive; 
you must enter passwords exactly as 
set. 

d. At the password prompt, type TAIL <Enter>.

e. You will see the Access Level 2 =>> prompt.

f. Type CAL <Enter>.

g. At the password prompt, type Sel-1 <Enter>.

You will see the Access Level C ==>> prompt.

Step 4. To set a new password for Access Level 2, type the following:

PAS 2 <Enter>.

Step 5. Before you can change to a new password, the relay prompts you to 
first confirm the existing password. Enter the existing password and 
press <Enter>.

                    

Step 6. The relay prompts you for the new password, and a confirmation of 
the new password, as follows:

                    

Notice that the new password is not displayed. After the 
confirmation, the new password is in effect. The relay will issue a 
weak password warning if the new password does not include at least 
one special character, number, lowercase letter, and uppercase letter.

Step 7. Set new passwords for each access level.

In a similar manner as the previous step, create new strong passwords 
for each access level.

Step 8. Commit these passwords to memory, permanently record your new 
passwords, and store this permanent record in a secure location.

To eliminate password verification for an access level, enter DISABLE in place 
of the new password. This action will disable the password of that level; there-
fore, the relay does not check for a password upon entering that access level.

If you forget a password or encounter difficulty changing the default passwords, 
you can temporarily disable password verification. See Section 2: Installation in 
the product-specific instruction manual for information on the password disable 
jumper.

Old Password:  ?**** <Enter>

New Password:  ?**** <Enter>

Confirm New Password:  ?**** <Enter>
Password Changed
CAUTION: This password can be strengthened. Strong Pass-
words do not include a name, date, acronym or word. They 
consist of the maximum allowable characters, with at least 
one special character, number, lower-case letter, and 
upper-case letter. A change in password is recommended. 
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Checking Relay Status
With continual self-testing, the relay monitors the internal operation of all cir-
cuits to verify optimal performance of relay functions. If an internal circuit, pro-
tection algorithm, or automation algorithm enters an out-of-tolerance operating 
range, the relay reports a status warning. In the unlikely event that an internal 
failure occurs, the relay reports a status failure. For more information on relay 
status, see Relay Self-Tests on page 10.19.

You can check relay status through a communications port by using a terminal, 
terminal emulation computer program, or QuickSet. In addition, you can use the 
relay front panel to view status information.

Checking Relay Status by Using the Terminal
The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay (see Making an EIA-232 Serial Port Con-
nection on page 3.4). In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

Step 1. Enter Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 2. Type STA <Enter>. The relay returns a status terminal screen simi-
lar to that in Figure 3.8.

                    

Step 3. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on 
page 14.59.

=>STA <Enter> 
Relay 1                                          Date: 03/17/2023 Time:07:02:50.776
Station A                                        Serial Number: 1230769999
FID=SEL-451-5-Rxxx-V0-Zxxxxxx-Dyyyymmdd            CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.8 Relay Status
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Checking Relay Status in SEL Grid Configurator
You can use SEL Grid Configurator to check relay status. 

The following procedure assumes that you are familiar with SEL Grid Configurator. 

Step 1. Configure SEL Grid Configurator communications with the relay. 
See Section 2: PC Software for information on communicating with 
a relay in SEL Grid Configurator.

Step 2. Open a terminal communication session with the relay in SEL Grid 
Configurator.

a. Type STA <Enter>. The relay returns a status terminal similar to 
that in Figure 3.9.

                    

b. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on page 14.59.

Checking Relay Status in QuickSet
You can use QuickSet to check relay status. Use the HMI > Meter Control 
menu to view status conditions.

The following procedure assumes that you are familiar with QuickSet. 

Step 1. Configure QuickSet communications with the relay. See Section 2: 
PC Software for information on communicating with a relay in 
QuickSet.

Step 2. Select Tools in the top toolbar and select the HMI menu to start the 
QuickSet operator interface.

Step 3. Select the Status button of the HMI tree view (see Figure 3.10).

QuickSet displays the relay status with a display similar to that in 
Figure 3.10.

                    

=>STA <Enter> 
Relay 1                                         Date: 03/17/2023  Time:07:02:50.776
Station A                                       Serial Number: 1230769999
FID=SEL-451-6-Rxxx-V0-Zxxxxxx-Dyyyymmdd           CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.9 Relay Status

                    

Figure 3.10 Retrieving Relay Status in QuickSet



3.15

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Making Simple Settings Changes

Checking Relay Status From the Front Panel
Use the front-panel display and navigation pushbuttons to check relay status. See 
Section 4: Front-Panel Operations for information on using the relay front panel.

Step 1. Apply power to the relay, and note that the LCD shows a sequence of 
screens called the ROTATING DISPLAY.

(If you do not operate the front panel for a certain period, the relay 
will enter front-panel time-out mode and you will see the sequential 
screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU as shown in 
Figure 3.11.

                    

Step 3. View the relay status.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the RELAY STATUS action item (see Figure 3.11).

b. Press the ENT pushbutton.

You will see the RELAY STATUS screen (the second screen of 
Figure 3.11).

Step 4. Press the ESC pushbutton to return to the MAIN MENU.

Step 5. Press ESC pushbutton again to return to the ROTATING DISPLAY.

For more information on the front-panel screen presentations and the items in the 
RELAY STATUS screens, see Relay Status on page 4.30.

Making Simple Settings Changes
The relay settings structure makes setting the relay easy and efficient. Settings 
are grouped logically, and relay elements that are not used in your selected pro-
tection scheme are hidden. SEL Grid Configurator or QuickSet uses a similar 
method to focus your attention on the active settings. Unused relay elements and 
inactive settings are dimmed (grayed) in the menus. See Section 2: PC Software 
for more information.

                    

Figure 3.11 Checking Relay Status From the Front-Panel LCD

(a)

(b)

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

RELAY STATUS
SEL-451-5-Rxxx-V0-
 Zxxxxxx-Dyyyymmdd

RELAY ENABLED
NO FAILURES OR
WARNINGS

S/N=1230769999

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Settings Structure
SEL-400 series relays use a settings structure that assigns each relay setting to a 
specific location based on the setting type. A top-down organization allocates 
relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 3.12 to understand the settings structure in a typical relay. The 
top layer of the settings structure contains classes and instances. Class is the pri-
mary sort level; all classes have at least one instance, and some classes have mul-
tiple instances. Settings classes and related instances for the SEL-451, which are 
typical of SEL-400 series relays, are listed in Table 3.4. See Section 8: Settings of 
the product-specific instruction manual for details on the classes and instances 
for a given relay.
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Figure 3.12 Example Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

ESOTFESOTF

ELOADELOAD

E50PE50P

Enables

EDCMON

EICIS

EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Load
Encroachment

Load
Encroachment

ZLFZLF

ZLRZLR

SettingSetting

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global SET G P, A, O, 2

Group Individual scheme settings Group 1

•
•
•

Group 6

Group 1 settings

•
•
•

Group 6 settings

SET 1, SET S 1

•
•
•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of Table 3.4. 
The relay presents the Global settings categories at the SET G command; no 
instance numbers follow SET G. Conversely, the Port settings command has five 
instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To access the PORT 1 set-
tings, type SET P 1 <Enter>. If you do not specify which port to set, the relay 
defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•
•
•

PORT 3

PORT 5

PORT 6 (TiDL 
relays only)

Front-panel port

PORT 1 settings

•
•
•

PORT 3 settings

Communications card settings

TiDL Topology Settings 
(TiDL relays only)

SET P F

SET P 1

•
•
•

SET P 3

SET P 5

(Only available via 
SEL Grid Conifgu-
rator)

P, A, O, 2

Report Report settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection 
SELOGIC 
control equations

Protection-related SELOGIC 
control equations

Group 1

•
•
•

Group 6

Group 1 protection SELOGIC 
control equations

•
•
•

Group 6 protection 
SELOGIC control equations

SET L 1

•
•
•

SET L 6

P, 2

Automation 
SELOGIC control 
equations

Automation-related SELOGIC 
control equations

Block 1

•
•
•

Block 10

Block 1 automation 
SELOGIC control equations

•
•
•

Block 10 automation 
SELOGIC control equations

SET A 1

•
•
•

SET A 10

A, 2

DNP3 Direct Network Protocol data 
remapping

Map 1
•
•
•

Map 5

SET D 1
•
•
•

SET D 5

P, A, O, 2

Output SELOGIC 
control equations

Relay control output settings 
and MIRRORED BITS commu-
nication transmit equations

Output SET O O, 2

Bay Bay control settings Bay SET B P, 2

Alias Set aliases Analog or digi-
tal quantities

SET T P, A, O, 2

Notes Freeform programming to 
leave notes in the relay

Notes 100 lines SET N P, A, O, 2

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Alias Settings
Although the relay provides extensive programming facilities and opportunity for 
comments, troubleshooting customized programs is sometimes difficult. Aliases 
provide an opportunity to assign more meaningful names to the generic variable 
names to improve the readability of the program.

Rename, or assign as many as 200 alias names to any Relay Word bit or analog 
quantity in the relay. The maximum length of an alias is seven characters. Valid 
characters are 0–9, A–Z (only uppercase), and _ (underscore), and must contain 
at least one alphabetic character. Ensure that no Relay Word bit or analog quan-
tity appears more than once in the alias settings. Each alias name must be unique, 
i.e., you cannot use the name of an existing Relay Word bit or analog quantity. If 
you remove the alias name, all settings that referenced that alias revert to the 
original name.

Use the SHO T command to view the default settings, as shown in Figure 3.13.

                    

Making Text-Edit Mode Alias Changes
Assign the alias name THETA to math variable PMV01 and the alias TAN to 
math variable PMV02. These variables are then used in calculating the tangent of 
theta, using their alias names in the equation.

Step 1. Prepare to control the relay at Access Level 2.

a. Type ACC <Enter> at a communications terminal.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>. 

d. Type the correct password to go to Access Level 2.

You will see the =>> prompt.

Step 2. Type SET T <Enter> to access the alias settings.

Figure 3.14 shows a representative computer terminal screen.

Step 3. Type > <Enter> for the relay to display the first line that you can 
edit.

Step 4. Type PMV01,THETA <Enter> at the Line 2 ? settings prompt to set 
the alias for PMV01.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 3: followed by the ? settings prompt.

Step 5. Type PMV02,TAN <Enter> at the Line 3 ? settings prompt to set 
the alias for PMV02.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 4: followed by the ? settings prompt.

=>>SHO T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
=>>

Figure 3.13 Default Alias Settings
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Step 6. Type END <Enter> to end the settings session.

The relay scrolls a readback of all the front-panel settings, eventually 
displaying the Save settings (Y, N) ? prompt. At the end of the 
readback information, just before the Save settings (Y, N) ? 
prompt, you can verify the new display point information.

Step 7. Type Y <Enter> to save the new settings.

                    

Use the alias names, instead of the Relay Word bits, in SELOGIC control equation 
programming. Figure 3.15 shows an example of an alias used in protection logic 
programming.

                    

Changing Settings by Using the Terminal
When you change settings (with any SET command) from a terminal, the relay 
shows the setting category, prompt, present value, and action prompt.

Figure 3.16 shows two settings examples: multiple-line settings (SID and RID) 
and an in-line setting (NUMBK) for relay Global settings from Access Level P 
(protection). The relay prompts you for input by presenting an action prompt. 
You have many options for navigating the settings at the ? prompt.

Table 3.5 lists the operations possible from a settings action prompt.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
?   <Enter>
2:
?  PMV01,THETA <Enter>
3:
?  PMV02,TAN <Enter>

4:
?  END <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: PMV01,"THETA"
3: PMV02,"TAN"

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Using Text-Edit Mode Line Editing to Set Aliases

=>>SET L <Enter>
Protection 1
1: PLT01S := PB1_PUL AND NOT PLT01 #GROUND ENABLED
?  > <Enter>
15:
?  THETA:=I01FA <Enter>

16:
?  TAN:=SIN(THETA)/COS(THETA) <Enter>
17:
?  END <Enter>
Protection 1
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.15 Using Text-Edit Mode Line Editing to Set Protection Logic
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When you exit settings entry from the SET commands, the relay responds with 
Save settings (Y,N)?. If you answer Y <Enter>, the relay writes the new set-
tings to nonvolatile storage. If you answer N <Enter>, the relay discards any set-
tings changes you have made.

Making Settings Changes in Initial Global Settings
You must configure SEL-400 series relays for specific conditions found in the 
power system where you are connecting the relay. For example, in most SEL-400 
series relays you must set the nominal frequency and phase rotation.

The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay; see Making an EIA-232 Serial Port Con-
nection on page 3.4 for a step-by-step procedure. In addition, you must be 
familiar with relay access levels and passwords. See Changing the Default Pass-
words in the Terminal on page 3.11 to change the default access level passwords.

This example jumps to a Global setting that is not at the beginning of the Global 
settings list. Thus, you enter SET G, the setting name, and <Enter>. To start at 
the beginning of the Global settings, simply type SET G <Enter> without a set-
tings name.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.16 Components of SET Commands

Table 3.5 Actions at Settings Prompts

Action Relay Response

<Enter> Accept setting and move to the next setting; if at the last setting, exit settings.

[value] <Enter> Enter the given value and move to the next setting if valid; if at the last set-
ting, exit settings.

^ <Enter> Move to the previous setting; if at the top of settings, stay at the present setting.

< <Enter> Move to the top of the previous settings category; if at the top of settings, 
stay at the present setting.

> <Enter> Move to the top of the next settings category; if in the last category, exit settings.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort the editing session without saving changes.

==>SET G <Enter>

Global

General Global Settings

Station Identifier (40 characters)

SID := "Station A"

? <Enter>

Relay Identifier (40 characters)

RID := "Relay 1"

? <Enter>

Number of Breakers in Scheme (1,2)       NUMBK   := 1     ? <Enter>

Category

Prompt
Present Value
Action Prompt

Present
Value

Prompt Action
 Prompt
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c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Type SET G NFREQ <Enter> (this sets the nominal system frequency 
using the NFREQ setting, which has options of 50 Hz and 60 Hz).

The relay responds with a terminal screen display similar to that 
shown in Figure 3.17.

                    

Step 3. Accept the default settings.

a. For a 60 Hz system, press <Enter> to accept the NFREQ exist-
ing value of 60 (Hz).

The relay presents the next setting, which is the PHROT (phase 
rotation) setting.

b. Type <Enter> to accept the ABC phase rotation default. 

Step 4. Set the date format:

The relay can report dates in three formats: MDY, YMD, and DMY 
(where M = month, D = date, and Y = year).

a. For this procedure, type YMD <Enter>.

At each setting in turn, the relay presents the settings prompt, 
name, present value, and action prompt.

Note that SELOGIC control equation settings, such as FAULT in 
Figure 3.17, can appear on multiple lines.

b. If you make a mistake or want to go backward through the 
settings, type the ^ character (on most computer keyboards, this 
is a shifted numeral 6) and <Enter>.

Refer to Table 3.5 for this and other navigational aids. 

Step 5. End the settings session.

a. Type END <Enter> at the FAULT action prompt.

(The Fault SELOGIC control equation remains unchanged.) 

The relay next scrolls a readback of all the Global settings, 
eventually displaying the following prompt:
Save settings (Y,N) ?

(In Figure 3.17, a vertical ellipsis represents the relay 
information during readback.)

b. Examine the settings readback to verify your new settings.

c. Answer Y <Enter> to save your new settings.

=>>SET G NFREQ <Enter>
Global

General Global Settings

Nominal System Frequency (50,60 Hz)                NFREQ   := 60     ? <Enter>
System Phase Rotation (ABC,ACB)                    PHROT   := ABC    ? <Enter>
Date Format (MDY,YMD,DMY)                          DATE_F  := MDY    ? YMD <Enter>
Fault Condition Equation (SELogic Equation)
FAULT := 51S1 OR 51S2 OR 50P1
?  END <Enter>

•
•
•

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.17 Example Global Settings
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The TERSE Option

You can avoid viewing the entire class settings summary the relay displays when 
you type END <Enter> midway through a settings class or instance.

On slow data speed links, waiting for the complete settings readback can clog 
your automation control system or take too much of your time for a few settings 
changes. Eliminate the settings readback by appending TERSE to the SET command.

Text-Edit Mode Line Editing
Some relay settings present multiple input lines to your terminal; you use basic 
line text editing commands to construct the setting. For display, the relay refer-
ences each line of the setting by line number, not by the setting name. See Mak-
ing Text-Edit Mode Settings Changes on page 3.23 for an example of a text-edit 
mode setting.

While in the text-edit mode, you see a prompt consisting of the line number and 
the present setting for that line. You can keep the setting, enter a new setting, or 
delete the setting. Table 3.6 lists the commands for text-edit mode.

                    

Use commas to separate the items in a text-edit mode setting when you are enter-
ing multiple items per line. After you enter each line, the relay checks the validity 
of the setting. If the entered setting is invalid, the relay responds with an error 
message and prompts you again for the setting.

Making Text-Edit Mode Settings Changes
The procedure in the following steps familiarizes you with basic text-edit mode 
line editing.

Table 3.6 Actions at Text-Edit Mode Prompts

Action Relay Response

<Enter> Accept the setting and move to the next line; if at the last line or at a 
blank line, exit settings.

>n <Enter> Move to line n. If this is beyond the end of the list, move to a blank line 
following the last line.

^ <Enter> Move to the previous line; if at the first line, stay at the present line.

< <Enter> Move to the first line.

> <Enter> Move to a blank line following the last line.

LIST <Enter> List all settings and return to the present action prompt.

DELETE [n] 
<Enter>

Delete the present line and subsequent lines for a total of n lines; n = 1 
if not provided. Lines after deletion shift upward by the number of lines 
deleted.

INSERT <Enter> Insert a blank line at the present location; the present line and subse-
quent lines shift downward.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort editing session without saving changes.

NOTE: To begin an entry with one of 
these keywords, especially in notes 
settings, put the string in quotes:  e.g., 
"END OF REPORT".
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Example 3.1 Text-Edit Mode Line Editing

Set Display Point 1 through Display Point 3 to show the status of Circuit 
Breaker 1, Circuit Breaker 2, and the operational state (on or off) of the 
transformer cooling fans near the circuit breaker bay where you have 
installed the relay. See Display Points on page 4.10 for information on pro-
gramming display points.

For this example, use inputs IN101, IN102, and IN105. You can use other 
inputs for your particular application.

This procedure assumes that you have successfully established communica-
tion with the relay (see Making an EIA-232 Serial Port Connection on 
page 3.4). In addition, you must be familiar with relay access levels and 
passwords (see Changing the Default Passwords in the Terminal on 
page 3.11) to change the default access level passwords.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the Access Level 2 password and press <Enter>.

You will see the Access Level 2 =>> prompt.

Step 2. Access the display point settings.

a. Type SET F <Enter> to modify the front-panel settings.

b. Advance through the front-panel settings (repeatedly type > and 
then <Enter>) until you reach the Display Points category.

Figure 3.18 shows a representative terminal screen. The 
relay displays the first line that you can edit. For the case of 
display points, the line number is the display point number.

Step 3. At the Line 1 settings ? prompt, type the following to create Dis-
play Point 1:

IN101,CB1,CLOSED,OPEN <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 2: followed by the settings ? prompt (see Figure 3.18).

Step 4. At the Line 2 settings ? prompt, type the following to create Dis-
play Point 2:

IN102,CB2,CLOSED,OPEN <Enter> 

The relay verifies that this is a valid entry, then responds with the next 
line prompt 3: followed by the settings ? prompt (see Figure 3.18).

Step 5. At the Display Points prompt, use the text-edit mode line edit-
ing commands to list the active display points. Type the following:

LIST <Enter>

After showing the active display points, the relay returns to 
Line 3 followed by the settings ? prompt.

Step 6. Type the following to create Display Point 3:

IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 4: followed by the settings ? prompt (see Figure 3.18).

NOTE: Use quotation marks when 
entering alias strings that contain spaces 
or punctuation marks, as shown in the 
IN105 sample, Step 6.
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Step 7. Type END <Enter> to end the editing session.

The relay scrolls a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (A 
vertical ellipsis in Figure 3.18 represents the readback.)

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save the new settings.
                    

This procedure proposes connecting the transformer bank fan sensor to relay 
input IN105. In the SET G (GLOBAL) command, verify that the debounce 
time settings IN105PU and IN105DO are correct for your fan-running sen-
sor. To access separate input parameters, you must first enable independent 
control input settings with setting EICIS. To change the input conditioning, 
enter the following settings:

EICIS := Y Enable Independent Control Input Settings (Y, N)

IN105PU := 0.3750 Pickup Delay for Contact Input IN105 (0.0000–5 cyc)

IN105DO := 0.3750 Dropout Delay for Contact Input IN105 (0.0000–5 cyc)

Use the appropriate interface hardware to connect the fan-running sensor to 
IN105. Choose any relay input that conforms to your requirements.

Example 3.1 Text-Edit Mode Line Editing (Continued)

                    

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: 
? IN101,CB1,CLOSED,OPEN <Enter>
2: 
? IN102,CB2,CLOSED,OPEN <Enter>
3:
? LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S

3:
? IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>
4:
? END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.18 Using Text-Edit Mode Line Editing to Set Display Points
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Example 3.2 Leaving a Note in the Relay

For this example, assume you are testing a line, but you will be away for a 
few days. You want to leave your colleague, Marius, a note telling him where 
you left the drawings and settings. Use the Notes function in the relay to 
leave the note, as shown in Figure 3.19. All relevant procedures in this sec-
tion assume that you have successfully established communication with the 
relay. In addition, you must be familiar with relay access levels and pass-
words to change the default access level passwords. Furthermore, Step 1 
applies to all relevant tests, and is not repeated for each test.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the Notes settings.

a. Type SET N <Enter> to access the Notes settings.

b. At the Line 1 settings ? prompt, type the Line 1 text shown 
in Figure 3.19 (as many as 70 characters without wrap), and 
press <Enter>.

The relay verifies that this is a valid entry, then responds 
with the next line prompt 2: followed by the settings ? prompt.

Step 3. At the Line 2 settings ? prompt, type the Line 2 text shown in 
Figure 3.19.

Because there are more than 70 characters, the relay rejects the entry.

Re-enter the text, but keep the number of characters at 70 or 
fewer.

Step 4. After the last entry, type END <Enter>.

This tells the relay that you have completed the setting change.

Step 5. Type Y <Enter> at the prompt Save settings (Y,N) to save 
the settings.
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To read the note, type SHO N <Enter>, as shown in Figure 3.20.

                    

                    

=>>SET N <Enter>
Notes
1:
? Marius, this is the relay for CARR substation <Enter>
2:
? The Sacramento line drawings and setting sheets are in the top drawer in the sub\
station. <Enter>
Note cannot exceed 70 chars

2:
? The Sacramento line drawings and settings are in the <Enter>
3:
? top drawer in the substation. <Enter>
4:
? END <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: The Sacramento line drawings and settings are in the
3: top drawer in the substation.

Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 3.19 Leave a Note in the Relay

=>>SHO N <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: Capacitor Bank 1 drawings and settings are in the
3: top drawer in the substation.
=>>

Figure 3.20 Read a Note in the Relay

Example 3.3 Deleting a Display Point

This example shows you how to delete a previously used display point. In the 
SET F command, at the Display Points and Aliases prompt, use the text-edit 
mode line editing commands to set and delete the display points. This proce-
dure shows two previously programmed display points that indicate on the 
front-panel LCD the status of Circuit Breaker 1 and Circuit Breaker 2. Relay 
control inputs IN101 and IN102 are the Relay Word bits for the Circuit 
Breaker 1 and Circuit Breaker 2 display points, respectively (see Making 
Text-Edit Mode Settings Changes on page 3.23). You can use other inputs for 
your particular application.

The procedure in the following steps assumes that you have successfully 
established communication with the relay (see Making an EIA-232 Serial 
Port Connection on page 3.4). In addition, you must be familiar with relay 
access levels and passwords (see Changing the Default Passwords in the Ter-
minal on page 3.11).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>. 

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.
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Step 2. Access the Display Points and Aliases prompt.

a. Enter the SET F command.

b. Advance through the front-panel settings (repeatedly type > 
and then <Enter>) until you reach the Display Points and 
Aliases category.

Figure 3.21 shows a representative terminal screen. The 
relay displays the first line that you can edit. For display 
points, the line number is the display point number.

                    

Step 3. List the present display points. 

a. Type LIST <Enter> at the Display Points ? prompt.

b. After showing the active display points, the relay returns to 
Line 1 followed by the settings ? prompt.

Step 4. Type <Enter> once to proceed to the Line 2 present value and 
settings ? prompt.

Step 5. Type DELETE <Enter> to delete Display Point 2.

Step 6. Type LIST <Enter> to examine the remaining display points. 

Former Display Point 2 is eliminated, and Display Point 3 moves 
up to Position 2.

The relay returns to Line 2 followed by the settings ? prompt.

Example 3.3 Deleting a Display Point (Continued)

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
?  LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

1: IN101,"CB1","CLOSED","OPEN",S
?  <Enter>
2: IN102,"CB2","CLOSED","OPEN",S
?  DELETE <Enter>
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.21 Using Text-Edit Mode Line Editing to Delete a Display Point
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Settings in SEL Grid Configurator
See Getting Started on page 2.6 for steps on creating and deploying settings 
within SEL Grid Configurator.

Settings in QuickSet
See Section 2: PC Software for steps on creating and deploying settings within 
QuickSet.

Settings From the Front Panel
You can use the relay front panel to enter some of the relay settings. The relay 
presents the settings in order from class to instance (if applicable) to category to 
the particular setting, in a manner similar to setting the relay using a terminal.

Use the LCD and the adjacent navigation pushbuttons to enter each character of 
the setting in sequence. This can be a laborious process for some settings (e.g., 
long SELOGIC control equations). However, if you need to make a quick correc-
tion or have no faster means to make settings, settings functions are available at 
the front panel. For more information on making settings changes from the front 
panel, see Set/Show on page 4.26.

Entering DATE and TIME From the Front Panel
The purpose of the procedure in the following steps is to familiarize you with 
entering data from the relay front panel.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the relay front-panel display shows a sequence of LCD 
screens called the ROTATING DISPLAY. (If you do not operate the front 
panel for a certain period, the relay will enter front-panel time-out 
mode and you will see the sequential screens of the ROTATING 
DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU of Figure 3.22.

Step 7. Type END <Enter> to end the settings process.

The relay next scrolls a readback of all the Front-Panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.21, a vertical ellipsis represents this scrolling 
readback.) 

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save your new settings.

Example 3.3 Deleting a Display Point (Continued)



3.30

SEL-400 Series Relays Instruction Manual Date Code 20230830

Basic Relay Operations
Making Simple Settings Changes

Step 3. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item (see Figure 3.22).

b. Press the ENT pushbutton.

You will see the SET/SHOW submenu (the second screen in 
Figure 3.22).

Step 4. View the date/time screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the DATE/TIME action item (Figure 3.22, second 
screen).

b. Press the ENT pushbutton.

The relay next displays the DATE/TIME submenu (the third screen 
of Figure 3.22).

                    
                    

Figure 3.22 DATE and TIME Settings From Front-Panel LCD
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Step 5. Set the date.

a. Press the ENT pushbutton.

The relay shows the last screen of Figure 3.22, the DATE edit 
screen.

b. Use the Up Arrow and Down Arrow navigation pushbuttons to 
increase and decrease the date position numbers.

Step to the next or previous position by using the Left Arrow and 
Right Arrow pushbuttons.

c. When finished adjusting the new date, press ENT.

The relay returns the display to the DATE/TIME submenu. Note 
that the relay reports the TIME SOURCE as FP DATE (front-panel 
date). 

Step 6. Press ESC repeatedly to normalize the front-panel display.

Changing a Relay Setting From the Front Panel
The purpose of the procedure in the following steps is to provide additional prac-
tice at entering relay settings from the front panel. In this example, you change 
the PORT F front-panel communications port settings.

Step 1. View the MAIN MENU.

a. If you have been using the front panel (as in the previous exam-
ple), press the ESC key repeatedly until you see the MAIN MENU.

b. If the relay is displaying the ROTATING DISPLAY, press the ENT 
pushbutton to display the MAIN MENU.

Figure 3.23(a) shows the MAIN MENU at the beginning of the 
front-panel settings process.

Step 2. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item, as shown in Figure 3.23(a).

b. Press the ENT pushbutton. You will see the SET/SHOW submenu 
screen, as shown in Figure 3.23(b).

Step 3. Select PORT F.

a. Highlight PORT and press the ENT pushbutton.

The relay displays the PORT instances screen, as shown in 
Figure 3.23(c).

b. Choose the port you want to configure by using the Up Arrow and 
Down Arrow navigation pushbuttons to move the screen arrow.

For this example, select PORT F and press ENT.

Step 4. View the Communications Settings category screen.

a. The relay displays the Port F category screen, as shown in 
Figure 3.23(d). Use the Up Arrow and Down Arrow navigation push-
buttons to select the settings category.

b. For this example, highlight Communications Settings and press 
ENT.

The relay displays the Communications Settings screen, as 
shown in Figure 3.23(e).
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Step 5. Change settings.

a. Highlight the SPEED setting.

b. Press ENT.

(The relay possibly requires a password here; see Passwords on 
page 3.11 and Section 4: Front-Panel Operations.)

The LCD displays the SPEED selection submenu that has all the 
possible choices for serial data speeds.

The highlighted selection in Figure 3.23(f) indicates the default 
setting of 9600 (bps).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to select 
a different speed.

d. Once you have selected a data speed, press the ENT pushbutton.

NOTE: Once you have changed 
communications parameters, you 
must change the corresponding 
parameters in your terminal 
emulation program to communicate 
with the relay via a communications 
port.

Step 6. End the settings session.

a. The relay returns to the previous category settings list screen. 
Press ESC to return to the categories screen where you see the 
Save Settings item at the bottom of the screen.

b. Use the Up Arrow and Down Arrow pushbuttons to highlight Save 
Settings and press ENT.

c. Highlight YES, and then press ENT.

The relay validates the setting and returns to the PORT screen, as 
shown in Figure 3.23(c).

Step 7. Press ESC repeatedly to return to the MAIN MENU.
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Figure 3.23 SET/SHOW Menus
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Examining Metering Quantities
The SEL-400 series relays feature high-accuracy power system metering. You 
can view fundamental and rms quantities by using a communications terminal, 
QuickSet, or the front panel. For more information on relay metering, see 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual.

View Metering by Using the Terminal
The procedure in the following steps shows how to use a terminal or terminal 
emulation computer program to view power system metering. In this example, 
you connect specific voltages and currents for a 5 A, 60 Hz relay. Scale these 
quantities appropriately for your particular relay.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). Step 1 through Step 7 are necessary if you have 
not yet configured the relay and want to test metering by using a test source. If 
the relay is already connected to the system, you may jump to Step 8 to view the 
system metering information.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Set the relay to a nominal operation mode.

a. Use a terminal to perform the initial Global settings relay setup in 
Making Settings Changes in Initial Global Settings on page 3.21.

b. Set the relay for 60 Hz operation, ABC phase rotation.

Step 3. Some SEL-400 series relays support voltage and current source 
selection. In these relays, configure the source selection appropriate for 
metering testing. The following shows how to do this in an SEL-451 
(see Figure 3.24). Use the terminal to set Global setting ESS := 1.

a. Type SET G ESS TERSE <Enter>.

b. Type 1 <Enter>.

c. Type END <Enter> to finish this settings session.

d. Answer Y <Enter> to the save settings prompt.



3.35

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Examining Metering Quantities

                    

Step 4. Set CT and PT ratios. The specific CT and PT configuration settings 
depends on the relay. The following shows a typical set of configura-
tion choices. Use the terminal to set Group 1 setting CTRW := 200 
(the CT W-input ratio), and PTRY := 2000.0 (the PT Y-input ratio).

a. Type SET CTRW TERSE <Enter>.

b. If the CTRW setting is not 200, type 200 <Enter>.

c. Proceed as shown in Figure 3.25 to PTRY and change PTRY to 
2000.0, if needed.

d. Type END <Enter> to finish this settings session.

e. Answer Y <Enter> to the save settings prompt.

                    

Step 5. Turn the relay off.

Step 6. Connect analog inputs. The specific connections depend on the relay. 
The following illustrates a typical set of voltage and current connec-
tions.

a. If three voltage sources and three current sources are available, 
connect the sources to the relay as shown in Figure 3.26.

If three voltage sources and two current sources are available, use 
the connection diagram of Figure 3.27.

b. Apply 67 V per phase (line-to-neutral) in ABC phase rotation.

c. Apply 2.0 A per phase, in phase with the applied phase voltages.

=>>SET G ESS TERSE <Enter> 
Global

Current and Voltage Source Selection

Current and Voltage Source Selection (Y,N,1,2,3,4)      ESS   := N    ? 1 <Enter>
Line Current Source (IW,COMB)                           LINEI := IW   ? END <Enter>

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.24 Setting ESS in the Terminal

=>>SET CTRW TERSE  <Enter>                                                                                                                                                  
Group 1                                                                                                                                                            
                                                                                                                                                                   
Line Configuration                                                                                                                                                 
                                                                                                                                                                   
Current Transformer Ratio - Input W (1-50000)       CTRW   := 120    ?200 <Enter>
Current Transformer Ratio - Input X (1-50000)       CTRX   := 120    ? <Enter>
Potential Transformer Ratio - Input Y (1.0-10000)   PTRY   := 180.0  ?2000.0 <Enter>
PT Nominal Voltage (L-L) - Input Y (60-300 V,sec)   VNOMY  := 115    ?END <Enter>

                                                                                                                                                                   
Save settings (Y,N)  ? Y <Enter>                                                                                                                                            
Saving Settings, Please Wait...........                                                                                                                            
Settings Saved                                                                                                                                                     
                                                                                                                                                                   
=>>

Figure 3.25 Setting CTRW and PTRY in the Terminal
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Figure 3.26 Test Connections Using Three Voltage Sources/Three Current Sources

                    

Figure 3.27 Test Connections Using Two Current Sources for Three-Phase 
Faults and METER Test
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Step 7. Turn the relay on.

Step 8. View metering.

a. Type ACC <Enter> to log in to the relay at Access Level 1.

b. Type the password and press <Enter>.

c. Type MET <Enter>.

The relay displays the fundamental frequency (50 Hz or 60 Hz) 
metering information in a manner similar to that shown in Figure 3.28.

                    

The metering quantities of View Metering by Using the Terminal on page 3.34 are 
the fundamental line quantities. Other variants of the MET command give differ-
ent relay metering quantities. See Section 8: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for more information on the 
specific metering options available in a specific relay.

View Metering by Using QuickSet
Use the procedures in the following steps to examine the relay metering with the 
QuickSet HMI.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). You should also be familiar with QuickSet (see 
Checking Relay Status in QuickSet on page 3.14 and Section 2: PC Software).

Step 1. Start QuickSet and establish a connection with the relay. See Step 1 
and Step 2 of Checking Relay Status in QuickSet on page 3.14 for 
details on how to do this.

Step 2. Set the relay to a nominal operation mode, and set it for 60-Hz 
operation, ABC phase rotation.

=>>MET <Enter> 
                                                                                                                                                                   
Relay 1                                    Date: 03/17/2023  Time: 01:35:05.221
Station A                                  Serial Number: 1230769999
                                                                                                                                                                   
                      Phase Currents
                 IA        IB        IC
I MAG (A)       398.882   399.041   398.784
I ANG (DEG)      -1.18   -120.97    119.21

                      Phase Voltages                Phase-Phase Voltages
                 VA        VB        VC           VAB       VBC       VCA
V MAG (kV)      133.994   133.986   133.953      231.903   231.815   232.450
V ANG (DEG)      -0.17   -120.02    120.18        29.91    -89.92    150.01

                    Sequence Currents (A)          Sequence Voltages (kV)
                  I1        3I2       3I0         V1        3V2       3V0
MAG             398.901     2.159     2.588     133.977     0.692     0.713
ANG (DEG)        -0.98    -62.68   -115.80        0.00    -53.25   -120.79

                   A           B           C             3P
P (MW)            53.44       53.46       53.41         160.31
Q (MVAR)           0.95        0.89        0.91           2.75
S (MVA)           53.45       53.47       53.42         160.33
POWER FACTOR       1.00        1.00        1.00           1.00
                    LAG         LAG         LAG            LAG
                                                                                                                                                                   
FREQ (Hz)       60.00       VDC1(V)   125.00   VDC2(V)    48.00
                                                                                                                                                                   
=>>

Figure 3.28 Terminal Screen MET Metering Quantities
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Step 3. Set a basic voltage and current configuration.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Global to expand the Global branch (see Figure 3.29).

b. Select the Current and Voltage Source Selection branch.

You will see the Current and Voltage Source Selection dialog 
box as shown in Figure 3.29.

c. Choose 1 from the dropdown list under ESS Current and 
Voltage Source Selection.

                    

Step 4. Set PT and CT ratios.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Group 1 to expand this branch (see Figure 3.30).

b. Select the dropdown arrow next to Set 1.

c. Select Line Configuration.

You will see the Line Configuration window similar to 
Figure 3.30.

d. Enter setting CTRW Current Transformer Ratio - Input W as 
200, and the PTRY Potential Transformer Ratio - Input Y as 
2000.

e. Save the settings and send the Group 1 settings if you change the 
settings (see Step 6 and Step 7).

                    

Figure 3.29 Global Alternate Source Selection Settings in QuickSet 
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Step 5. Start the QuickSet operator interface.

Step 6. In the top toolbar select Tools > HMI > HMI to start the GUI.

Step 7. Select the Phasors button of the HMI tree view (see Figure 3.31) to 
view phasors.

QuickSet displays fundamental line metering quantities with a 
display similar to Figure 3.32. (The test setup is adjusted for an 
approximately 30-degree lagging current.)

                    

Figure 3.30 Group 1 Terminal Configuration Settings in QuickSet
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Figure 3.31 HMI Phasors View in QuickSet
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Step 8. Select the Instantaneous button of the HMI tree view to see meter-
ing information similar to Figure 3.32.

View Metering From the Front Panel
In most SEL-400 series relays, you can use the front-panel display and naviga-
tion pushbuttons to view the metering quantities of the relay (see Meter on 
page 4.16 for more information on viewing metering on the relay front panel). 
The screens in this procedure are for an SEL-451 with one circuit breaker, and 
this example assumes that you have not enabled the demand metering or synchro-
nism-check features.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the LCD shows a sequence of screens called the ROTATING 
DISPLAY. (If you do not operate the front panel for a certain period, 
the relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU at the top of 
Figure 3.33.

Step 3. View the metering selection screen.

a. Highlight the METER action item (see the first screen of 
Figure 3.33).

b. Press the ENT pushbutton.

The relay displays the METER submenu (the second screen in 
Figure 3.33).

                    

Figure 3.32 Instantaneous Metering Quantities in QuickSet HMI
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Step 4. View the metering screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the FUNDAMENTAL METER action item, as shown in 
Figure 3.33(b).

b. Press the ENT pushbutton.

The relay displays the first FUNDAMENTAL METER screen, shown in 
Figure 3.33(c).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to move 
among the fundamental line quantities metering screens.

Step 5. Press the ESC pushbutton repeatedly to return to the MAIN MENU.

                    

Examining Relay Elements
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements.

                    

Figure 3.33 Front-Panel Screens for METER
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View Relay Elements in the Terminal
The procedure in the following steps shows you how to view a change in state for 
the SEL-451 50P1 Phase-Instantaneous Overcurrent element from a communica-
tions port.

                    

For this procedure, you must have a serial terminal or computer with terminal 
emulation software and a variable current source for relay testing.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords and enter higher relay access levels).

Step 1. Type ACC <Enter> at a communications terminal.

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 3. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 4. Type TAR 50P1 <Enter> to view the initial element status.

The relay returns a target terminal screen similar to that shown in 
Figure 3.34.

                    

Step 5. View the element status change.

a. Type TAR 50P1 1000 <Enter> (this command causes the relay 
to repeat the TAR 50P1 command 1000 times). For more infor-
mation on the TAR command see Section 14: ASCII Command 
Reference.

b. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold. 

c. Type <Ctrl+X> to stop the relay from presenting the target 
display before completion of the 1000 target repeats.

View Relay Elements From the Front-Panel LCD
You can use the front-panel display and navigation pushbuttons to check Relay 
Word bit elements. See Section 4: Front-Panel Operations for more information 
on using the relay front panel.

Table 3.7 Phase-Instantaneous Overcurrent Pickup

Setting Description Default

50P1P Level 1 Pickup (OFF, 0.25–100 A secondary) 15.00

=>TAR 50P1 <Enter>
50P1  50P2  50P3  50P4  67P1  67P2  67P3  67P4
0     0     0     0     0     0     0     0 
=>

Figure 3.34 Sample Targets Display on a Serial Terminal
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This procedure uses the SEL-451 50P1 Phase-Instantaneous Overcurrent element.

Step 1. Display the MAIN MENU.

Step 2. If the relay LCD is in the ROTATING DISPLAY, press the ENT pushbut-
ton to display the MAIN MENU similar to that in Figure 3.35.

Step 3. Press the Down Arrow navigation pushbutton to highlight the RELAY 
ELEMENTS action item, as shown in Figure 3.35(a).

Step 4. Press the ENT pushbutton.

You will see a RELAY ELEMENTS screen, as shown in Figure 3.35(b).

                    

Step 5. Display the 50P1 Relay Word bit on the front-panel LCD screen.

a. Press ENT to go to the ELEMENT SEARCH submenu of Figure 3.35(c).

b. Use the navigation keys to highlight 5 and then press ENT to enter 
the character 5 in the text input field.

                    

Figure 3.35 Viewing Relay Word Bits From the Front-Panel LCD
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c. Enter the 0, P, and 1 characters in the same manner.

d. Highlight ACCEPT and press ENT.

The relay displays the LCD screen containing the 50P1 element, 
as shown Figure 3.35(d).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 7. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the 50P1 target on the front-panel display.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold.

Step 8. Press ESC to return to the MAIN MENU.

View Relay Elements by Using the Front-Panel LED
The procedure in the following steps shows you how to use a front-panel LED to 
view a change in state for the SEL-451 50P1 Phase-Instantaneous Overcurrent 
element.

In this example, use SEL Grid Configurator or QuickSet to configure the relay. 
See Section 2: PC Software for information on creating and deploying settings. 
In addition, you need a variable current source suitable for relay testing.

Step 1. Read the relay settings.

Step 2. Set a pushbutton LED SELOGIC control equation.

a. Expand the Front Panel branch of the Settings tree view and 
select Pushbuttons.

b. Select in the PB6_LED text box and type 50P1.

c. Tab or select to any other text box.

The software checks the validity of the setting.

Step 3. Send the new settings to the SEL-451.

Step 4. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 5. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the LED next to Pushbutton 6 on the SEL-451 front panel.

You will see the LED illuminate when the input current exceeds 
the 50P1P setting threshold.
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Reading Oscillograms, Event Reports, and SER
SEL-400 series relays have great capabilities for storing and reporting power sys-
tem events. These include high-resolution oscillography with sampling as high as 
8 kHz, event reports that encompass important variables in the power system, and 
the SER that reports changing power system conditions and relay operating 
states.

You can view oscillograms taken from high-resolution raw data or from filtered 
event report data. Each type of presentation gives you a unique view of the power 
system. High-resolution oscillograms are useful for viewing system transients 
and dc artifacts outside the relay filter system; event report oscillograms give you 
a picture of the quantities that the relay used in the protection algorithms.

The examples listed in this section give step-by-step procedures to acquaint you 
with these features. Section 9: Reporting provides a complete discussion of these 
relay features.

Generating an Event
To view high-resolution raw data oscillograms and event reports, you must gener-
ate a relay event. High-resolution oscillography and event reports use the same 
event triggering methods. The relay uses multiple sources to initiate a data cap-
ture, including any of the following: Relay Word bit TRIP asserts, SELOGIC con-
trol equation ER (event report trigger), or the TRI command. (Factory-default 
setup does not include the PUL command as an event report trigger. You can add 
the PUL command by entering the Relay Word bit TESTPUL in the ER 
SELOGIC control equation.)

You can use an event trigger to initiate capturing power system data. The proce-
dure in the following steps shows how to use the TRI command (see TRIGGER 
on page 14.72), which triggers an event capture. In this example, the relay uses 
default parameters to record the event. These parameters are at a sampling rate 
(SRATE) of 2000 samples per second (2 kHz), a pre-trigger or pre-fault record-
ing length (PRE) of 0.1 seconds, and an event report length (LER) of 0.5 seconds. 
See Duration of Data Captures and Event Reports on page 9.9 for complete 
information on changing these default settings to match your application.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Connect voltage and current sources to the relay secondary voltage 
and secondary current inputs (use the connections of View Metering 
by Using the Terminal on page 3.34 and Figure 3.26 or Figure 3.27).

Step 2. Apply power to the relay, and establish a terminal connection with 
the relay.

Step 3. Trigger an Event by typing TRIG <Enter>.

Reading the Event History
The relay has multiple convenient methods for checking whether you success-
fully captured power system data. The following describes how to view the event 
history data through use of the ASCII terminal interface.
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Reading the Event History in the Terminal
The procedure in the following steps shows how to use the relay HIS command 
to confirm that you captured power system data with an event trigger. This exam-
ple assumes that you have successfully established communication with the relay 
(see Making an EIA-232 Serial Port Connection on page 3.4). In addition, you 
must be familiar with relay access levels and passwords (see Changing the 
Default Passwords in the Terminal on page 3.11 to change the default access 
level passwords).

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type HIS <Enter> to examine the event history

You will see a screen display similar to Figure 3.36.

                    

For more information on the event history, see Event History on page 9.27.

Viewing High-Resolution Oscillograms
Once you have successfully generated an event, you can view high-resolution 
oscillograms and event report oscillograms about this event. When gathered from 
a field-installed relay, this information helps you assess power system operating 
conditions. In addition, when you first install the relay, this reporting information 
helps you confirm that you have connected the relay correctly.

The relay provides high-resolution oscillography data in the binary COMTRADE 
file format (IEEE/ANSI standard C37.111-1999 and C37.111-2013 formats are 
supported). File transfer is the only mechanism for retrieving high-resolution 
COMTRADE data from the relay.

The SEL-5601-2 SYNCHROWAVE Event is a program you can use to view COM-
TRADE data. Many third-party software suppliers can provide you with pro-
grams to display and manipulate COMTRADE files.

=>HIS <Enter>                                                                                                                                                              
                                                                                                                                                                   
Relay 1                                    Date: 04/20/2015  Time: 17:27:44.140
Station A                                  Serial Number: 1150019999
                                                                                                                                                                   

#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10024 03/03/2015 08:33:29.201 TRIP  $$$$.$$     0  1
10023 03/02/2015 15:41:35.777 ER    $$$$.$$     0  1
10022 03/02/2015 15:41:35.227 ER    $$$$.$$     0  1
10021 03/02/2015 15:41:34.577 ER    $$$$.$$     0  1
10020 03/02/2015 15:41:34.152 ER    $$$$.$$     0  1
10019 03/02/2015 15:41:32.702 ER    $$$$.$$     0  1
10018 02/24/2015 15:22:19.496 TRIG  $$$$.$$     1  3

10017 02/24/2015 15:22:17.705 TRIG  $$$$.$$     1  3
10016 02/23/2015 17:42:56.581 TRIG  $$$$.$$     1  3
10015 02/20/2015 19:23:41.369 BCG      0.02  3442  3
10014 02/20/2015 17:14:40.056 CA T     7.28  2449  3  TIME A_FAULT C_FAULT

=>

Figure 3.36 Sample HIS Command Output in the Terminal
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Retrieving High-Resolution COMTRADE Data in the Terminal
The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the high-resolution 
raw oscillography data for this event.

Perform the steps listed in Generating an Event on page 3.46 before executing 
the instructions in this example. For this procedure, you must use a communica-
tions terminal emulation computer program capable of file transfers.

If you need help finding a terminal emulation program, contact the SEL factory 
or your local Technical Service Center.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR EVENTS <Enter> to view the contents of the 
events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

The relay shows three high-resolution oscillography files with the 
file name extensions .HDR, .CFG, and .DAT for each event.

This example uses the IEEE C37.111-1999 COMTRADE file 
HR_10000 as the number of the event that you recently triggered; use 
the event number corresponding to your triggered event.

                    

Step 3. Type FILE READ EVENTS HR_10000.* <Enter> to ready the 
relay to transfer the HR_10000.HDR, HR_10000.CFG, and 
HR_10000.DAT files to your computer. 

Step 4. Download the files. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if this transfer type is not 
already enabled).

➢ Select Receive.

==>>file dir events

171101,155138316,OT,SID,RID,CONAM,HR,10000.CFG R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.DAT R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.HDR R 11/01/2017 08:51:38

C4_10000.TXT R 11/01/2017 08:51:38

C8_10000.TXT R 11/01/2017 08:51:38

CHISTORY.TXT R

E4_10000.TXT R 11/01/2017 08:51:38

E8_10000.TXT R 11/01/2017 08:51:38

HISTORY.TXT R

HR_10000.CFG R 11/01/2017 08:51:38

HR_10000.DAT R 11/01/2017 08:51:38

HR_lOOOO .HDR R 11/01/2017 08:51:38

Figure 3.37 EVENTS Folder Files
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You will usually see a confirmation message when the file transfer is 
complete.

When these files have transferred successfully, you have the entire 
COMTRADE file for the high-resolution raw data capture.

Step 5. Use SYNCHROWAVE Event, QuickSet, or other COMTRADE-capa-
ble programs to play back high-resolution raw data oscillograms of 
the high-resolution raw data capture files you just transferred. 

                    

You can also examine a phasors display, an event harmonic analysis display, and 
the event summary from the Event Waveform View menu. See Section 9: 
Reporting for more information.

Viewing Event Report Data
Examine relay event reports to inspect the operating quantities the relay used at 
each triggered event. Unlike the raw data samples/second high-resolution oscil-
lography files, these reports contain the filtered samples/cycle data the relay uses 
to make protection decisions. Event reports are useful for determining why the 
relay operated for a particular set of power system conditions. For more informa-
tion on event reports, see Event Report on page 9.14.

The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the event report data 
files for this event. Perform the steps listed in Generating an Event on page 3.46 
before executing the instructions in this example. For this procedure, you must 
use a terminal program capable of Ymodem protocol file transfer.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.38 Sample Event Oscillogram
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Step 2. Type FILE DIR EVENTS <Enter> to view the events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

In the figure, the relay shows two event report files: E4_10000.TXT 
and E8_10000.TXT, and two Compressed ASCII event report files: 
C4_10000.TXT and C8_10000.TXT.

Step 3. Type FILE READ EVENTS C8_10000.TXT <Enter> to transfer 
the Compressed ASCII event report file to your computer.

Step 4. Download the file. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When this file has transferred successfully, use SYNCHROWAVE 
Event to play back the event report oscillograms of the 8-samples/
cycle event report file you just transferred.

Viewing SER Records
The relay SER records relay operating changes and relay element states. In 
response to an element change of state, the SER logs the element, the element 
state, and a time stamp. Program the relay elements that the relay stores in the 
SER records, thus capturing significant system events such as an input/output 
change of state, element pickup/dropout, recloser state changes, etc.

The relay stores the latest 1000 entries to a nonvolatile record. Use the relay com-
munications ports or QuickSet to view the SER records. For more information on 
the SER, see Section 9: Reporting.

The latest 200 SER events are viewable from the front panel. For more informa-
tion, see Section 4: Front-Panel Operations.
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Figure 3.39 Selecting SER Points and Aliases Settings in QuickSet

                    

Figure 3.40 SER Points and Aliases Settings in QuickSet
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Step 6. Enter SER settings.

a. For this example, open the entry form by selecting the  button 
beside the SITM1 SER Points and Aliases, Point 1 entry field. 
We will change this SER point to report the operation of the TAR-
GET RESET pushbutton.

b. Select the  button beside the Relay Word Bit entry field.

c. Select Target Logic Bits, and then double-click TRGTR to copy 
the TRGTR name into the Relay Word Bit field. This also 
copies TRGTR to the Reporting Name (or alias) field.

d. Type Target Reset PB in the Alias Name field.

e. Type TEST in the Set Alias field.

f. Type OFF in the Clear Alias field.

g. Select OK.

Step 7. Select File > Save to save the new settings in QuickSet.

Step 8. Upload the new settings to the relay.

a. Select File > Send.

QuickSet prompts you for the settings class you want to send to 
the relay, as shown in the first dialog box of Figure 3.41.

b. Select the Report check box.

c. Select OK.

QuickSet responds with the second dialog box of Figure 3.41.

If you see no error message, the new settings are loaded in the relay.

                    

Step 9. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 10. View the SER report.

a. Start the QuickSet operator interface.

b. In the top toolbar Tools menu, select HMI > HMI.

c. Select the SER button of the HMI tree view (see Figure 3.42).

QuickSet displays the SER records with a display similar to 
Figure 3.43.

NOTE: SITMn (where n = 1—250) are 
the setting names associated with 
your SER points.

                    

Figure 3.41 Uploading Report Settings to the Relay
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The relay lists the SER records in chronological order from top to bottom as 
shown in Figure 3.43. In addition, the relay numbers each record with the most 
recent record as number 1; new events are usually more important for determin-
ing the effects of recently occurring power system events.

For each application of power to the relay, the SER reports a “Power-up” indica-
tion and the active settings group. A properly operating relay immediately goes to 
the enabled state, an event that causes the SER to report another SER record. The 
SER reports the TARGET RESET button when you press the pushbutton and it 
remains asserted for one processing interval.

Setting the SER and Examining the SER Record in the Terminal
The procedure in the following steps shows how to use a terminal connected to a 
relay communications port to set an element in the SER. Use text-edit mode line 
editing to enter the SER settings (see Text-Edit Mode Line Editing on page 3.23). 
Also included is a procedure for viewing the SER report with a terminal.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.42 Retrieving SER Records With QuickSet 

                    

Figure 3.43 SER Records in the QuickSet HMI
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Enter SER trigger data.

a. Type SET R TERSE <Enter> to access the Report settings (see 
Figure 3.44).

b. Press <Enter> to move past the SER Chatter Criteria setting.

c. At the SER Points ? prompt line, type the following:

TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>.

At the next line, type END <Enter>.

d. The relay prompts you to save the new setting; type Y <Enter>.

                    

Step 3. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 4. Type SER <Enter> (at the Access Level 1 prompt or higher) to view 
the SER report.

The relay presents a screen similar to the SER display of Figure 3.43.

Downloading an SER Report File
The procedure in the following steps shows you how to retrieve the SER report 
stored in the relay as a file. For this procedure, you must use a terminal emulation 
program with file transfer capability.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR REPORTS <Enter> to view the events file direc-
tory.

The terminal lists the file names for standard reports as shown in 
Figure 3.45.

=>>SET R TERSE <Enter>
Report
SER Chatter Criteria
Automatic Removal of Chattering SER Points (Y,N)   ESERDEL := N   ? <Enter>

SER Points
(Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm) 
1:
? TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>
2:
? END <Enter>  

Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.44 Setting an SER Element: Terminal
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Step 3. Prepare the relay to download the SER report.

a. Type FILE READ REPORTS SER.TXT <Enter>.

b. If you want the Compressed ASCII file, type the following:

FILE READ REPORTS CSER.TXT <Enter>
                    

Step 4. Download the SER report. Perform the steps necessary for your ter-
minal emulation program to receive a file.

Typically, these are the file transfer steps:

NOTE: Transferring SER files (or 
CSER files) with the FILE READ REPORTS 
SER.TXT command, performs an SER CV 
command as part of the transfer. SER 
CV clears the SER information from 
the present port. With the SER 
information cleared, there are no data 
available for subsequent SER or CSER 
transfers from the same port.

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When the SER.txt file has transferred successfully, use a word-pro-
cessing program to view the contents of the file.

You will see the SER records in a format similar to Figure 3.43.

Operating the Relay Inputs and Outputs
The SEL-400 series relays give you great ability to perform control actions at bay 
and substation locations via the relay control outputs. The control outputs close 
and open circuit breakers, switch disconnects, and operate auxiliary station 
equipment such as fans and lights. The relay reads data from the power system 
and interfaces with external signals (contact closures and data) through the con-
trol inputs. This section is an introduction to operating the control outputs and 
control inputs. For more information on connecting and applying the control out-
puts and control inputs, see Section 2: Installation in the product-specific instruc-
tion manual.

Control Output
The relay features standard, hybrid (high-current interrupting), and high-speed 
high-current interrupting control outputs that you can use to control circuit break-
ers and other devices in an equipment bay or substation control house.

=>FILE DIR REPORTS <Enter>
BRE_1.TXT                        R                                              
BRE_2.TXT                        R                                              
BRE_S1.TXT                       R                                              
BRE_S2.TXT                       R                                              
CBRE.TXT                         R                                              
CHISTORY.TXT                     R                                              
CPRO.TXT                         R                                              
CSER.TXT                         R                                              
HISTORY.TXT                      R                                              
PRO.TXT                          R                                              
SER.TXT                          R                                              
=>

Figure 3.45 Example Reports File Structure
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Pulsing a Control Output in the Terminal
When first connecting the relay, or at any time that you want to test relay control 
outputs, perform the following procedure. The procedure in the following steps 
shows how to use a communications terminal to pulse the control output contacts. 
Perform the steps in this example to become familiar with relay control and serial 
communication. For more information on the PULSE command, see PULSE on 
page 14.54.

This example assumes that you have successfully established communication 
with the relay; see Making an EIA-232 Serial Port Connection on page 3.4 for a 
step-by-step procedure. In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

NOTE: To pulse an output, the circuit 
breaker control enable jumper must 
be installed on the main board.

Step 1. Prepare to control the relay at Access Level B.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type BAC <Enter>.

d. Type the correct password to go to Access Level B.

You will see the Access Level B ==> prompt.

Step 2. Attach an indicating device (ohmmeter with a beep sounder or a test 
set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

Step 3. Perform the pulse operation.

a. Type PULSE OUT104 <Enter>.

The relay confirms your request to pulse an output with a prompt 
such as that shown in Figure 3.46.

b. Type Y <Enter> at the prompt.

You will see or hear the indicating device turn on for a second 
and then turn off.

                    

You can also pulse an output for longer than the default one-second period. If you 
enter a number after the PULSE command, that number specifies the duration in 
seconds for the pulse. For example, if you enter PULSE OUT104 3 <Enter>, the 
relay pulses OUT104 for three seconds.

 Pulsing a Control Output on the Front Panel
The procedure in the following steps shows you how to use the front-panel dis-
play and navigation pushbuttons to check for proper operation of the relay con-
trol outputs. See Section 4: Front-Panel Operations for information on using the 
relay front panel.

Step 1. Attach an indicating device (an ohmmeter with a beep sounder or a 
test set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

==>PULSE OUT104 <Enter>
Pulse contact OUT104 for 1 seconds(Y/N)       ? Y <Enter>
==>

Figure 3.46 Terminal Display for PULSE Command
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Step 2. View the front-panel display.

After applying power to the relay, note that the LCD shows a 
sequence of screens called the ROTATING DISPLAY.

(Also, if you do not operate the front panel for a certain period, the 
relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 3. Press the ENT pushbutton to view the MAIN MENU, similar to that in 
Figure 3.47(a).

                    

Step 4. View the LOCAL CONTROL screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the LOCAL CONTROL action item, as shown in 
Figure 3.47(a).

b. Press the ENT pushbutton.

You will see the LOCAL CONTROL submenu as shown in 
Figure 3.47(b).

Step 5. View the OUTPUT TESTING screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the --OUTPUT TESTING-- action item, as shown in 
Figure 3.47(b).

b. Press the ENT pushbutton.

The relay displays the OUTPUT TESTING submenu, as shown in 
Figure 3.47(c).

                    

Figure 3.47 Front-Panel Menus for Pulsing OUT104

OUT101
OUT102
OUT103
OUT104
OUT105
OUT106
OUT107
OUT108
   PULSE OUTPUT?

OUTPUT TESTING

NO  YES 

 

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

LOCAL CONTROL

--BREAKER CONTROL--
5 MVA XFMR Fans
--OUTPUT  TESTING--

(a)

(b)

(c)
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Step 6. Command the relay to pulse the control output.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight OUT104 as shown in Figure 3.47(c).

b. Press the Right Arrow navigation pushbutton to highlight YES 
under PULSE OUTPUT?

c. Press the ENT pushbutton.

The relay detects your request for a function at an access level for 
which you do not yet have authorization. Whenever this 
condition occurs, the relay displays the password access screen 
as shown in Figure 3.48.

                    

Step 7. Input a password and pulse the output.

a. Enter a valid Access Level B, P, A, O, or 2 password. 

(The front panel is always at Access Level 1, so you do not enter 
the Access Level 1 password.)

Enter a valid password by using the navigation pushbuttons to 
select, in sequence, the alphanumeric characters that correspond 
to your password.

b. Press the ENT pushbutton at each password character. 

(If you make a mistake, highlight the BACKSPACE option and press 
ENT to reenter a character or characters.)

c. After entering all password characters, press the Up Arrow or Down 
Arrow pushbuttons to highlight ACCEPT, and press ENT.

The relay pulses the output, and you will see the indicating 
device turn on for a second and then turn off.

Controlling a Relay Control Output With a Local Bit in the Terminal
In this example, you set Local Bit 3 to start the transformer cooling fans near the 
breaker bay where you have installed the SEL-451. Thus, you can use the LCD 
screen and navigation pushbuttons to toggle relay Local Bit 3 to control the state 
of the cooling fans. Relay Word bit LB_SP03 provides supervision for Local Bit 3. 
Relay Word bit LB_SP03 must be asserted for successful Local Bit 3 operations. 
For more information on local bits, see Local Control Bits on page 4.22.

The procedure in the following steps proposes connecting the transformer bank 
fan control to relay output OUT105. You can choose any relay output that conforms 
to your requirements.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.48 Password Entry Screen

A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z a b c d e f
g h i j k l m n
o p q r s t u v
w x y z 0 1 2 3
4 5 6 7 8 9 _ .
ACCEPT  BACKSPACE

PASSWORD REQUIRED
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the local control settings.

a. Type SET F <Enter>.

b. Repeatedly type > and then <Enter> to advance through the 
front-panel settings until you reach the Local Control category.

Figure 3.49 shows a representative terminal screen.

                    

Step 3. Type LIST <Enter> at the Local Control ? prompt to list the active 
control points.

This example assumes that you are using no local bits, so the relay 
returns you to Line 1 followed by the settings ? prompt.

Step 4. Type LB03,“5 MVA XFMR Fans”,ON,OFF,N <Enter> at the Line 
? prompt.

The relay checks that this is a valid entry and responds with the next 
line prompt 2: followed by the settings ? prompt.

Step 5. End the settings session.

a. Type END <Enter>.

The relay displays a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.49 a vertical ellipsis represents the readback.)

At the end of the readback information, just before the Save settings 
(Y,N) ? prompt, you can see the new local bit information.

b. Type Y <Enter> to save your new settings.

Step 6. Set OUT105 to respond to Local Bit 3.

a. Type SET O OUT105 <Enter> (see Figure 3.50).

b. At the ? prompt, type LB03 <Enter>.

c. At the next ? prompt, type END <Enter>.

d. When prompted to save settings, type Y <Enter>.

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1:
? LIST <Enter>
1:
? LB03,"5 MVA XFMR Fans",ON,OFF,N <Enter>
2:
? END <Enter>

           •
           •
           •
Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB03,"5 MVA XMFR Fans","ON","OFF",N 
Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
 =>>

Figure 3.49 Using Text-Edit Mode Line Editing to Set Local Bit 3
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Step 7. Test the connection and programming.

a. Use the appropriate interface hardware to connect the fan control 
start circuit to OUT105.

b. At the relay front-panel MAIN MENU, select LOCAL CONTROL and 
press the ENT pushbutton as shown in Figure 3.51(a).

c. Select 5 MVA XFMR Fans on the LOCAL CONTROL screen as shown 
in Figure 3.51(b).

d. Press ENT to see the 5 MVA XFMR Fans as shown in Figure 3.51(c).

e. Highlight 1 ON and press ENT.

The graphical local control handle moves to the 1 position. At 
this time, the transformer fans will begin running.

=>>SET O OUT105 <Enter> 
Output 
Main Board 
OUT105 :== NA 
? LB03 <Enter> 
OUT106 := NA 
? END <Enter> 
Output 

Main Board 
OUT101  := T3P1 #BREAKER 1 TRIP                                                                                                                                    
OUT102  := T3P1 #EXTRA BREAKER 1 TRIP                                                                                                                              
OUT103  := BK1CL #BREAKER 1 CLOSE                                                                                                                                  
OUT104 := NA
OUT105 := LB03
OUT106 := NA
OUT107 := NA
OUT108 := NOT (HALARM OR SALARM)

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.50 Setting Control Output OUT105 in the Terminal
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Setting Outputs for Tripping and Closing
To actuate power system circuit breakers, you must configure the control outputs 
to operate the trip bus and close bus. The relay uses internal logic and SELOGIC 
control equations to activate the control outputs.

Trip Output Signals
All SEL-400 series relays are capable of three-pole tripping and some are capable 
of single-pole tripping. There are many Relay Word bits (e.g., T3P1, T3P2, and 
3PT) that you can program to drive control outputs to trip circuit breakers. See 
Section 5: Protection in the product-specific instruction manual for complete 
information on tripping equations and settings. For target illumination at tripping, 
see Section 4: Front-Panel Operations.

Close Output Signals
Some SEL-400 series relays feature an automatic recloser for single-circuit 
breaker and two-circuit breaker applications, with as many as four autoreclose 
shots. See Section 6: Autoreclosing for more information.

                    

Figure 3.51 Front-Panel LOCAL CONTROL Screens
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Assigning Control Outputs for Tripping and Closing
The procedure in the following steps shows a method for setting the relay to 
operate the trip bus and the close bus at a typical substation. This procedure 
assigns a close output at OUT106. This example is specific to the SEL-451 relay, 
but similar configuration changes can be made in all SEL-400 series relays.

This example assumes that are familiar with SEL Grid Configurator or QuickSet 
(see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Main Board output settings.

a. Expand the Outputs branch of the Settings tree view.

b. Select Main Board.

Step 3. Assign a control output for the close bus.

a. In the Main Board Outputs dialog box, select the OUT106 text 
box and type the following:

BK1CL #ADDITIONAL BREAKER 1 CLOSE

(The # indicates that a comment follows.)

b. Select or tab to another text box.

The software checks that your entry is valid.

Step 4. Upload the new settings to the relay.

Control Input Assignment
Most SEL-400 series relays have control inputs on the main board (IN101–IN107), 
and on one or more optional I/O interface boards (IN201–IN2xx, IN301–IN3xx, 
etc.), if so equipped.

There are two types of input circuitry: direct-coupled and optoisolated. Table 3.8 
lists the main differences between the two types of control inputs. Only the 
SEL-421 and SEL-451 are available with interface boards that support direct-
coupled inputs. All SEL-400 series relays support optoisolated inputs.

                    

The default value for Global setting EICIS (Enable Independent Control Input 
Settings) is N, which hides all individual control input settings and only presents 
some overall settings that will apply to all control inputs. Set EICIS := Y to gain 
full access to the individual control input settings.

Table 3.8 Control Input Characteristics

Direct-Coupled Optoisolated

Pickup characteristics: Pickup voltage can be selected via Global settings. 
Can have different pickup voltages on each input.

Pickup voltage is determined by hardware: one of six volt-
age levels determined at time of factory order. All pickup 
voltages are the same on each I/O interface board.

Polarity-sensitive: Yes (will not respond to reverse polarity signals). A + 
polarity mark is printed over the positive terminals.

No (will respond to signals of either polarity). No polarity 
mark. AC signal detection is possible.a

Where found: INT1, INT5, and INT6 I/O Interface Boards 
(available in SEL-421 and SEL-451 relays).

SEL-400 Series Main Board (IN101–IN107).

All other interface boards.

a With appropriate debounce settings (see Section 2: Installation of the product-specific instruction manual).
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) in 
the Terminal

This is a step-by-step procedure to configure a control input that reflects the state 
of the circuit breaker auxiliary (52A) NO (normally open) contact. A common 
relay input is from circuit breaker auxiliary contacts; the relay monitors the 52A 
contacts to detect the closed/open status of the circuit breaker. Perform the fol-
lowing steps to connect three-pole circuit breaker auxiliary contacts to the relay. 
This example was created using an SEL-451. Refer to the product-specific 
instruction manual for the correct Relay Word bit names for each product.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Configure the relay to read the circuit breaker auxiliary contact. 

a. Type SET M <Enter> (see Figure 3.52).

These settings are the breaker monitor settings.

b. Type <Enter> to bypass the Breaker 1 Monitoring enable, and 
<Enter> again to bypass the Breaker 2 Monitoring enable 
(NUMBK := 2 in this example).

The relay displays the 52AA1 SELOGIC control equation action 
prompt.

c. Type IN101 <Enter> at the ? prompt to specify input IN101 as 
the control input that represents the close/open state of Circuit 
Breaker 1.

Press <Enter> until the relay displays the 52AA2 SELOGIC 
control equation action prompt.

d. Type IN102 <Enter> at the ? prompt to specify input IN102 as 
the control input that represents the close/open state of Circuit 
Breaker 2.

Step 3. End the settings process. The relay next scrolls a readback of all the 
Global settings, eventually displaying the Save settings (Y,N) ? 
prompt.

a. In the readback information, just before the Save settings 
(Y,N) ? prompt, confirm the new control input information.

b. Answer Y <Enter> to save your new settings.
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) 
Via Software

The procedure in the following steps shows how to program the relay control 
input IN101 to read the state of circuit breaker auxiliary contacts. This example 
uses a single three-pole tripping breaker. Modify the procedure listed here for 
your application.

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Control Inputs settings.

a. Select the arrow next to the Global branch of the Settings tree 
view.

b. Select the arrow next to the Control Inputs branch of the 
Settings tree view.

Step 3. Set EICIS Independent Control Input Settings to Y.

Step 4. Set the control input IN101 debounce time.

For this example, assume that the auxiliary contacts are slow and 
noisy; you must provide a slightly longer debounce time for these 
contacts.

a. Double-click the mouse cursor (or press <Tab>) to highlight 
IN101PU Pickup Delay for Contact Input.

b. Delete the present setting by pressing <Delete>.

c. Type 0.25 <Enter>.

d. Similarly change the IN101DO Input IN101 Dropout Delay 
to 0.25.

The software checks the value.

Step 5. Configure the relay to read the circuit breaker auxiliary contact.

a. Expand the Breaker Monitor branch of the Settings tree view 
by selecting the + button.

b. In the tree view, select Breaker 1 to select circuit breaker 
monitor settings for Circuit Breaker 1.

=>>SET M <Enter> 
Breaker Monitor 
Breaker Configuration 
Breaker 1 Monitoring (Y,N) EB1MON  := N ? <Enter> 
Breaker 2 Monitoring (Y,N) EB2MON  := N ? <Enter> 
Breaker 1 Inputs 

N/O Contact Input -BK1 (SELogic Equation) 
52AA1 := NA 
?  IN101 <Enter> 
Breaker 2 Inputs 
N/O Contact Input -BK2 (SELogic Equation) 
52AA2 := NA 
?  IN102 <Enter> 
Breaker Monitor 

Breaker Configuration 
EB1MON  := N        EB2MON  := N
Breaker 1 Inputs 
52AA1   := IN101 
Breaker 2 Inputs 
52AA2   := IN102 
Save settings (Y,N)  ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
=>>

Figure 3.52 Setting 52AA1 in the Terminal
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c. Set the 52AA1 SELOGIC control equation by selecting in the text 
box labeled 52AA1 N/O Contact Input.

d. Type IN101, and then select or <Tab> to another field to specify 
input IN101 as the control input that represents the close/open 
state of Circuit Breaker 1.

Step 6. Upload the new settings to the SEL-451.

Special Considerations for TiDL
In Time-Domain Link (TiDL) systems, IN301–IN324, OUT301–OUT316, 
IN401–IN424, OUT401–OUT416, IN501–IN524, and OUT501–OUT516 are 
provided from TiDL merging units. See Section 19: Digital Secondary Systems 
for more information on TiDL I/O.

Configuring Timekeeping
The relay features high-accuracy timekeeping when supplied with an IRIG-B or 
Ethernet Precision Time Protocol (PTP) signal. When the supplied clock signal is 
sufficiently accurate, most SEL-400 series relays can act as a phasor measure-
ment unit (PMU) and transmit synchrophasor data representative of the power 
system at fixed time periods to an external data processor. The relay can also 
record COMTRADE event report data by using the high-accuracy time stamp. 
See Oscillography on page 9.9 and Time-Synchronized Triggers on page 11.10 
for details on these applications.

IRIG-B and PTP
The relay has two input connectors that accept IRIG-B (Inter-Range Instrumenta-
tion Group-B) demodulated time-code format: the IRIG-B pins of aerial PORT 1, 
and the IRIG-B BNC connector. In relays with Ethernet, Precision Time Protocol 
(PTP) can also be used to provide high-accuracy time. See Section 11: Time and 
Date Management for more information on using IRIG-B and PTP.

Monitoring High-Accuracy Time Source Status
The purpose of the procedure in the following steps is to show one method for 
deriving the TIME Q Time Source information from Relay Word bits TSOK and 
TIRIG when using an IRIG Time Source. The TSOK Relay Word bit is at logical 
1 when the relay is in HIRIG time mode. For this application example, use a pro-
tection SELOGIC variable (PSV) to monitor timekeeping status.

PSV02 asserts when the relay is synchronized to the HIRIG source. A departure from 
this condition asserts the relay alarm output (OUT108 for this application example).

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings

Step 2. Access the protection free-form SELOGIC settings.

a. Select the arrow next to Group 1 in the Settings tree view.

b. Select the Protection Logic 1 settings.

NOTE: The SEL-487V does not 
support PTP.
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Step 3. Enter the two lines of SELOGIC control equation programming in the 
Protection Free-Form Logic Settings shown in Figure 3.53.

                    

Step 4. Configure a control output to alarm a loss-of-HIRIG mode.

a. In the Settings tree view, select Outputs and then select Main 
Board.

b. In the OUT108 Main Board Outputs text box, enter the OR 
NOT PSV02 condition to the preexisting OUT108 := NOT 
(SALARM OR HALARM) equation.

Step 5. Upload the new settings to the relay.

To confirm that you have prepared an out-of-synchronization/loss-of-HIRIG 
mode alarm, disconnect the IRIG-B input. The relay alarm will activate.

Readying the Relay for Field Application
Before applying the relay in your power system, set the relay for your particular 
field application. Be sure to modify the relay factory-default settings for your 
power system conditions to enable relay features to help you protect and control 
your system.

This procedure is a guide to help you ready the relay for field application. If you 
are unfamiliar with the steps in this procedure, see the many relay usage exam-
ples presented in this section. This is a suggested procedure; modify the proce-
dure as necessary to conform to your standard company practices.

Step 1. Open the appropriate low-voltage breaker(s) and remove fuses to ver-
ify removal of control power and ac signals from the relay.

Step 2. Isolate the relay TRIP control output.

Step 3. Perform point-to-point continuity checks on the circuits associated 
with the relay to verify the accuracy and correctness of the ac and dc 
connections.

Step 4. Apply power to the relay.

The green ENABLED LED on the front panel will illuminate.

Step 5. Use an SEL-C234A cable to connect a serial terminal to the relay.

Step 6. Start the terminal (usually a PC with terminal emulation software).

Step 7. Establish communication with the relay at Access Level 0.

Step 8. Proceed to Access Level 2 (see Changing the Default Passwords in 
the Terminal on page 3.11).

Step 9. Change the default passwords (see Changing the Default Passwords 
in the Terminal on page 3.11).

Step 10. Set the DATE and TIME (see Making Simple Settings Changes on 
page 3.15).

Step 11. Use test sources to verify relay ac connections (see Examining 
Metering Quantities on page 3.34).

Step 12. Verify control input connections.

SET L <Enter>

17: #CHECK THE TIME SYNCHRONIZATION RELAY WORD BIT FOR HIRIG

18: PSV02 := TSOK

Figure 3.53 Programming a PSV to Monitor HIRIG in QuickSet
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Step 13. Verify control output connections.

Step 14. Perform protection element tests.

Step 15. Set the relay (see Making Simple Settings Changes on page 3.15, 
Section 12: Settings, and Section 6: Protection and Protection Appli-
cation Examples in the product-specific instruction manual).

Step 16. Connect the relay for tripping/closing duty.

Step 17. From Access Level 2, use a communications terminal to issue appli-
cable commands (listed in Table 3.9) to clear the relay data buffers.

                    

Step 18. Connect the secondary voltage and current inputs.

Step 19. Use the MET command or the QuickSet HMI to view relay metering 
to confirm secondary connections (see Examining Metering 
Quantities on page 3.34).

Table 3.9 Communications Port Commands That Clear Relay Buffers

Communications Port Command Task Performed

MET RD Reset demand meter data

MET RP Reset peak demand meter data

MET RE Reset energy meter data

MET RM Reset maximum/minimum meter data

HIS CA Reset event report and history buffers

SER CA Reset Sequential Events Recorder data
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Front-Panel Operations

The relay front panel makes power system data collection and system control 
quick and efficient. Using the front panel, you can analyze power system operat-
ing information, view and change relay settings, and perform relay control func-
tions. The relay features a straightforward menu-driven control structure 
presented on the front-panel LCD. Front-panel targets and other LED indicators 
provide a quick look at relay operation status. You can perform often-used con-
trol actions rapidly by using the large direct-action pushbuttons. All of these fea-
tures help you operate the relay from the front panel and include:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

This section describes features found in many, but not necessarily all, SEL-400 
series relays. See the relay-specific instruction manuals to determine which front-
panel features are supported in that relay. This section includes the following:

➤ Front-Panel Layout on page 4.1

➤ Front-Panel Menus and Screens on page 4.14

➤ Front-Panel Automatic Messages on page 4.32

➤ Operation and Target LEDs on page 4.33

➤ Front-Panel Operator Control Pushbuttons on page 4.35

Front-Panel Layout
Some SEL-400 series relays come with a front panel with 16 target LEDs and 8 
operator pushbuttons. Others come with 24 target LEDs and 12 operator pushbut-
tons. Refer to the product-specific instruction manual to see which displays are 
available for any specific relay. Figure 4.1, Figure 4.2, and Figure 4.3 show what 
these front-panel options look like in the SEL-451 and the SEL-487E relays. 
Some relays are also available with direct-action pushbuttons for breaker control, 
which is illustrated in Figure 4.2.
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Figure 4.1 SEL-451 Front Panel (8-Pushbutton Model)

                    

Figure 4.2 SEL-451 Front Panel (12-Pushbutton Model) with Optional Auxiliary Trip/Close Buttons
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A 128 x 128 pixel LCD shows relay operating data including event summaries, 
metering, settings, and relay self-test information. 

Six navigation pushbuttons adjacent to the LCD window control the relay menus 
and information screens. Sequentially rotating display screens provide important 
power system metering parameters; you can easily change this ROTATING DIS-
PLAY to suit your particular onsite monitoring needs. Use a simple and efficient 
menu structure to operate the relay from the front panel. With these menus you 
can quickly access relay metering, control, and settings.

Front-panel LEDs indicate the relay operating status. You can confirm that the 
relay is operational by viewing the ENABLED LED. The relay illuminates the TRIP 
LED target to indicate a tripping incident. The relay is factory programmed for 
particular relay elements to illuminate the other target LEDs. You can program 
these target LEDs to show the results of the most recent relay trip event. The 
asserted and deasserted colors for the LEDs are programmable.

Select relay models feature auxiliary TRIP/CLOSE pushbuttons. These pushbuttons 
are electrically isolated from the rest of the relay.

The relay front panel features large operator control pushbuttons with annuncia-
tor LEDs that facilitate local control. Factory-default settings associate specific 
relay functions with these direct-action pushbuttons and LEDs. Using SELOGIC 
control equations or front-panel settings PBn_HMI, you can readily change the 
default direct-action pushbutton functions and LED indications to fit your spe-
cific control and operational needs. Change the pushbutton and pushbutton LED 
labels with the slide-in labels adjacent to the pushbuttons. The asserted and deas-
serted colors for the LEDs are programmable in 12-pushbutton models.

The relay front panel includes an EIA-232 serial port (labeled PORT F) for con-
necting a communications terminal or using the ACSELERATOR QuickSet SEL-5030 
Software program. Use the common EIA-232 open ASCII communications proto-
col to communicate with the relay via front-panel PORT F. Other communications 
protocols available with the front-panel port are MIRRORED BITS communica-
tions, and DNP3. For more information on communications protocols and PORT F, 
see Section 15: Communications Interfaces.

                    

Figure 4.3 SEL-487E Front Panel
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Front-Panel LCD
The LCD is the prominent feature of the relay front panel. Figure 4.4 shows the 
following areas contained in the LCD:

➤ Title area

➤ Main area

➤ Message area

➤ Scroll bars

The scroll bars are present only when a display has multiple screens.

                    

Front-Panel Inactivity Time-Out
An LCD backlight illuminates the screen when you press any front-panel push-
button. This backlight extinguishes after a front-panel inactivity time-out period. 
You can control the duration of the time-out with relay setting FP_TO, listed in 
Table 4.1. 

To set FP_TO, use the SET F (set front panel) settings from any communications 
port or use the Front Panel branch of the QuickSet Settings tree view. The maxi-
mum backlight time is 60 minutes (FP_TO = 60). When the front panel times out, 
the relay displays an automatic ROTATING DISPLAY, described later in this section 
under Screen Scrolling on page 4.5.

                    

Navigating the Menus
The relay front panel presents a menu system for accessing metering, settings, 
and control functions. Use the LCD and the six pushbuttons adjacent to the dis-
play (see Figure 4.4) to navigate these front-panel menus.

The navigation pushbutton names and functions are the following:

➤ ESC—Escape pushbutton

➤ ENT—Enter pushbutton

➤ Left Arrow, Right Arrow, Up Arrow, and Down Arrow—Navigation pushbuttons

                    

Figure 4.4 LCD and Navigation Pushbuttons
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Table 4.1 Front-Panel Inactivity Time-Out Setting

Name Description Range Default

FP_TO Front-panel display time-out OFF, 1–60 minutes 15 minutes
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Menus show lists of items that display information or control the relay. A rectan-
gular box around an action or choice indicates the menu item you have selected. 
This rectangular box is the menu item highlight.

Figure 4.5 shows an example of RELAY ELEMENTS highlighted in an example MAIN 
MENU. When you highlight a menu item, pressing the ENT pushbutton selects the 
highlighted item.

                    

The Up Arrow pushbutton and Down Arrow pushbutton scroll the highlight box to 
the previous or next menu selection, respectively. When there is more than one 
screen of menu items, pressing the Up Arrow while at the first menu item causes 
the display to show the previous set of full-screen menu items, with the last menu 
item highlighted. Pressing the Down Arrow while at the bottom menu item causes 
the display to show the next set of full-screen menu items, with the first menu 
item highlighted.

Pressing the ESC pushbutton reverts the LCD to the previous screen. Pressing ESC 
repeatedly returns you to the MAIN MENU. If a status warning, alarm condition, or 
event condition is active (not acknowledged or reset), the relay displays the full-
screen status warning, alarm screen, or trip event screen in place of the MAIN 
MENU.

Screen Scrolling
SEL-400 series relays have two screen scrolling modes: autoscrolling mode and 
manual-scrolling mode. After front-panel time-out, the LCD presents each of the 
display screens in this sequence:

➤ One-line diagram (if applicable)

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Other enabled screens

See the product-specific instruction manual for the details of the other screens 
that are supported and how they are enabled.

                    

Figure 4.5 RELAY ELEMENTS Highlighted in Example MAIN MENU
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Figure 4.6 illustrates an example rotating display sequence. The active alarm 
points are the first screens in the ROTATING DISPLAY (see Alarm Points on 
page 4.7). Each alarm points screen shows as many as 11 alarm conditions. The 
relay can present a maximum of six alarm points screens.

The active display points are the next screens in the ROTATING DISPLAY after 
alarm points (see Display Points on page 4.10). Each display points screen shows 
as many as 11 enabled display points (with 192 display points, the relay can pres-
ent a maximum of 18 display points screens). If a display point does not have text 
to display, the screen space for that display point is maintained.

                    

Figure 4.6 Sample ROTATING DISPLAY

Circuit Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

Line Current (A) RMS

IA =   119.6
IB =   119.7
IC =   119.5
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ROTATING DISPLAY

Press  for menu

Line Quantities FUND
ROTATING DISPLAY

Press  for menu

Voltage (kV)
  VA = 130.4   +  6˚
  VB = 130.3   -114˚
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Current (A)
  IA =  119.6    35˚
  IB =  119.7   -95˚
  IC =  119.5   155˚
FREQ = 60.00 Hz

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu

SF6 ALARM
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Autoscrolling Mode
Autoscrolling mode shows each screen for a user-configurable period of time. 
Front Panel setting SCROLD defines the period of time for which each screen is 
shown. When you first apply power to the relay, the LCD shows the autoscrolling 
ROTATING DISPLAY. With SCROLD := OFF, the screen remains on the first screen 
in the rotating display order; automatic rotation of additional screens is disabled.

The autoscrolling ROTATING DISPLAY also appears after a front-panel inactivity 
time-out (see Front-Panel Inactivity Time-Out on page 4.4). The relay retrieves 
data prior to displaying each new screen. The relay does not update screen infor-
mation during the display interval. At any time during autoscrolling mode, press-
ing ENT takes you to the MAIN MENU. Pressing any of the four navigation 
pushbuttons switches the display to manual-scrolling mode.

Manual-Scrolling Mode
In manual-scrolling mode, you can use the directional navigation arrow pushbut-
tons to select the next or previous screen. Pressing the Down Arrow or Right Arrow 
pushbuttons switches the display to the next screen; pressing the Up Arrow or Left 
Arrow pushbuttons switches the display to the previous screen.

In manual-scrolling mode, the display shows arrows at the top and bottom of the 
vertical scroll bar. The screen arrows indicate that you can navigate between the 
different screens at will. The relay retrieves data prior to displaying each new 
screen. Unlike the autoscrolling mode, the relay continues to update screen infor-
mation while you view it in the manual-scrolling mode. To return to autoscrolling 
mode, press ESC or wait for a front-panel time-out.

Alarm Points
You can display messages on the front-panel LCD that indicate alarm conditions 
in the power system. The relay uses alarm points to place these messages on the 
LCD.

Figure 4.7 shows a sample alarm points screen. The relay is capable of displaying 
as many as 66 alarm points. The relay automatically displays new alarm points 
while in manual-scrolling mode and in autoscrolling mode. While you navigate 
the HMI menu structure, the relay does not automatically display the alarm 
points. Instead, ALARM EVENT displays in the footer. When you escape the HMI 
menu structure, the relay will display the alarm points screen.

                    
                    

Figure 4.7 Sample Alarm Points Screen

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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The alarm point setting is an element of the SER settings. To enable an alarm 
point, enable the HMI alarm parameter of the SER Point Settings listed in 
Table 4.2. The format for entering the SER point data is the following comma-
delimited string:

Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm

Names can contain any valid ASCII character. Enclose the name within quotation 
marks. See Example 4.1 for particular information on the format for entering 
SER point data.

                    

If you enter a Relay Word bit that does not match a valid relay element, the relay 
displays: Unknown relay word reference. If you enter an alias or name that is 
too long, the relay displays: Alias label too long.

The relay displays alarm points in a similar fashion as the SER. As many as 
19 characters of the given alias are displayed, with one character reserved for the 
“*.” The asterisk denotes if the element is asserted. Initially, an alarm point must 
be asserted to be displayed; after the corresponding element deasserts, the aster-
isk is removed, but the alias is not. The relay displays alarm points in reverse 
chronological order, just as in the SER, with the most recently asserted alarm dis-
played on the top. Deasserted alarms may be removed from the display with user 
acknowledgment, as shown in Example 4.1.

                    

Table 4.2 SER Point Settings

Description Range

Relay Word Bit Any valid relay element

Reporting Name 20-character maximum ASCII string

SET State Name (logical 1) 20-character maximum ASCII string

CLR State Name (logical 0) 20-character maximum ASCII string

HMI Alarm Y, N

Example 4.1 Creating an Alarm Point

Alarm points screens provide operator feedback about the status of system 
conditions. An alarm points screen contains 11 alarm points; this example 
demonstrates a method to set the alarm point message that is shown in 
Figure 4.7. This example is based on the Relay Word bit IN101 asserting 
when Circuit Breaker 1 is in an alarm condition.

In the Report settings (SET R), enter the following after the SER Points 
Line 1 prompt:

1: IN101,“Circuit BK1 SF6 Gas”,“Alarm”,“Normal”,“Y”

The circuit breaker alarm condition is indicated by the set state, "Alarm" and 
the circuit breaker normal condition is indicated by the clear state "Normal." 
The HMI Alarm parameter is set to “Y” to enable alarm points screen dis-
play of this element.

While in the scrolling mode, the assertion of IN101 will cause the alarm 
points screen (as shown in Figure 4.7) to be automatically displayed. Upon 
the deassertion of IN101, the asterisk will disappear, as shown in Figure 4.8.
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Pressing the ENT pushbutton will allow the user to acknowledge and clear 
deasserted alarms. Before clearing, you will be prompted to confirm that this 
is the intended action, as shown in Figure 4.9.
                    

In the case that all alarms are deasserted, pressing the ENT pushbutton will 
allow the user to acknowledge and clear all alarms. After clearing, a screen 
showing the results of the action will be shown, as in Figure 4.10.
                    

Alarm points are not updated for a particular element if it has been deleted 
from the SER because of chatter criteria (see Automatic Deletion and Rein-
sertion on page 9.31). Upon reinsertion, the element state will be updated on 
the alarm point display. If the relay enters a period of SER data loss, the sta-
tus of alarm points cannot be determined. The screen shown in Figure 4.11 
will appear until you exit the data loss condition, at which point the alarm 
point elements will be polled and displayed if asserted. Subsequent alarm 
point assertions will be displayed above the data loss message.

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.8 Deasserted Alarm Point

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

                    
                    

Figure 4.9 Clear Alarm Point Confirmation Screen

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

Are you sure you
want to clear
inactive alarms?
Press  to clear 

                    
                    

Figure 4.10 No Alarm Points Screen

NO ALARM POINTS
EXIST.

ALARM POINTS
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Display Points
You can display messages on the relay front-panel LCD that indicate conditions 
in the power system. The relay uses display points to place these messages on the 
LCD.

Figure 4.12 shows a sample display points screen. Display points can show the 
status of Relay Word bits or display the value of analog quantities. The relay has 
192 possible display points; Table 4.3 and Table 4.4 list the display points set-
tings. The relay updates the display points data once per second if you are view-
ing the display points in manual-scrolling mode; in autoscrolling mode the relay 
updates the display points information each time the screen appears in the ROTAT-
ING DISPLAY sequence.

                    

To enable a display point, enter the display point settings listed in Table 4.3 or 
Table 4.4. All display points occupy one, and only one, line on the display at all 
times. The height of the line is determined by the “Text Size” setting parameter. 
Display points of single-line height span one screen in total width. Display points 
of double-line height span two screens in total width. You can use multiple dis-
play points to simulate multiple lines.

Use the following syntax to display the given Relay Word bit exactly as seen in 
the navigational menu (name and value).

DPxx := Name

Use the following syntax to display the given Relay Word bit as seen in the navi-
gational menu, replacing the name of the value with the given alias string. The 
text size determines if the display will be in single font or double font. If the text 
size is empty, the display will be in single font.

DPxx := Name, “Alias”, “Text Size”

                    

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.11 Alarm Points Data Loss Screen

##SER DATA LOSS##

ALARM POINTS

Press   to acknldge

                    

Figure 4.12 Sample Display Points Screen

Circuit Breaker 1
   --Closed--

DISPLAY POINTS

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

SF6 ALARM
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Use the following syntax to display the given Relay Word bit with the given alias. 
If the Relay Word bit is asserted (logical 1), the LCD displays the set string in the 
place of the value. If the Relay Word bit is deasserted (logical 0), the LCD dis-
plays the clear string in the place of the value. One or all of Alias, Set String, or 
Clear String can be empty. If Alias is empty, then the LCD displays only the Set 
or Clear Strings. If either Set String or Clear String is empty, then an empty line 
is displayed when the bit matches that state. The text size determines if the dis-
play will be in single font or double font. If the text size is empty, the display will 
be in single font.

DPxx := Name, “Alias”, “Set String”, “Clear String”, “Text Size”

Use the following syntax to display the given analog quantity with the given text 
and formatting. Formatting must be in the form Width.Decimal,Scale with the 
value of Name, scaled by “Scale,” formatted with total width “Width” and “Deci-
mal” decimal places. The width value includes the decimal point and sign charac-
ter, if applicable. The “Scale” value is optional; if omitted, the scale factor is 
processed as 1. If the numeric value is smaller than the field size requested, the 
field is padded with spaces to the left of the number. If the numeric value will not 
fit within the field width given, “$” characters are displayed. The text size deter-
mines if the display will be in single font or double font. If the text size is empty, 
the display will be in single font.

DPxx := Name, “(Text1 Width.Decimal,Scale) Text2”, “Text Size”
                    

                    

                    

Table 4.3 Display Point Settings—Boolean

Description Range

Relay Word Bit Name See the relay-specific instruction manual for a list of Relay 
Word bits available in that relay.

Alias ASCII string

Set String ASCII string

Clear String ASCII string

Text Size S, D

Table 4.4 Display Point Settings—Analog

Description Range

Analog Quantity Name See the relay-specific instruction manual for a list of avail-
able analog quantities

“User Text and Formatting” ASCII string

Text Size S, D

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 1 of 2)

Example Display Point Setting Value Example Display

IN101 IN101=1
IN101=0

MWHAIN,“{7.2}” 1234.56

50P1,Overcurrent,, Overcurrent=1
Overcurrent=0

PSV01,Control,On,Off Control=On
Control=Off

PSV02,Breaker,Tripped, Breaker=Tripped
Empty Line
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If you enter a Relay Word bit or Analog Quantity that does not match a valid 
relay element, the relay displays: Invalid element. If you enter a display point 
that exceeds the allowable length, the relay displays: Too many characters. If 
you enter an invalid scale factor, invalid width, too many parameters, or omit nec-
essary quotation marks or brackets, the relay displays an error message. If a dis-
play point was used previously and you want to remove the display point, you 
can delete the display point. In the Front Panel settings (SET F), at the Display 
Points and Aliases prompt, use the text-edit mode line editing commands to set 
the display points (see Text-Edit Mode Line Editing on page 3.23 for information 
on text-edit mode line editing). To delete Display Point 1, type DELETE 
<Enter> at the Front Panel settings Line 1 prompt.

                    

50P1,,,Overcurrent Empty Line

Overcurrent

MWHAIN,“A Ph Import={7.2}” A Ph Import=1234.56

MWHAIN,“A Ph Import={7.3}” A Ph Import=$$$.$$$

MWHAIN,“A Ph Imp {4}MWh” A Ph Imp 1234MWh

PAD,“{7.2}” 1234.56

PAD,“A Ph Dem Pwr={4.1}” A Ph Dem Pwr=1234.5

ICD,“C Demand={5}” C Demand= 1230

ICD,“C Demand={4.2,0.001} kA” C Demand=1.23 kA

MWHAOUT,“A Phase Out={3, 1000}” A Phase Out=1234

MWHAOUT,“A Phase Out={3, 1000} kWH” A Phase Out=$$$ kWh

1,“Fixed Text” Fixed Text

0,“Fixed Text” Fixed Text

1, Empty Line

0, Empty Line

Display Point is hidden

Example 4.2 Creating a Display Point

Display points screens can be used to provide operator feedback about the 
readiness of equipment connected to the relay. A display points screen con-
tains 11 display points; this example demonstrates a method to set the dis-
play point messages that are shown in Figure 4.12. This example uses an 
SEL-451 with an additional I/O interface board.

This example is based on a three-pole circuit breaker. Relay Word bit 52AA1 
will assert when Circuit Breaker 1 is in the closed position.

IN109 will assert when Circuit Breaker 1 is in an alarm condition. B2IAFIM 
is the filtered instantaneous magnitude for the A-Phase current through 
Circuit Breaker 2.

In the Front Panel settings (SET F), enter the following after the Display 
Points and Aliases Line 1 prompt:

1: 1,“Circuit Breaker 1”

2: 52AA1,,“ --Closed--”,“ --Open--”

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 2 of 2)

Example Display Point Setting Value Example Display
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3: 0

4: 0,“Circuit BK1 SF6 Gas”

5: IN109,,“ --Alarm--”,“ --Normal--”

6: 1

7: 1,“Circuit Breaker 2”

8: B2IAFIM,“ A PH=(6.1,1) A pri”

9: IN109,, “SF6 ALARM”, D

Fixed text is set by assigning an alias to a “1” or “0.” Blank lines are set by 
assigning a blank alias to a “1” or “0.” The circuit breaker closed condition is 
indicated by the set state, “--Closed--” where leading spaces are added to 
center the set state message. Add a clear state named “--Open--” to show that 
the circuit breaker is open. The circuit breaker alarm condition is indicated 
by the set state, “--Alarm--” where leading spaces are added to center the set 
state message. Add a clear state named “--Normal--” to show that the circuit 
breaker is not in alarm. User text “A PH=” and “A pri” allows for customized 
display of the Circuit Breaker 2 A-Phase current, which has been formatted 
to display numerically as XXXX.X. Double font display is used to give 
greater visibility to the SF6 Alarm. A horizontal scroll appears while in man-
ual-scrolling mode regardless of whether or not the display point label width 
requires two full screens to display.

Example 4.3 Monitoring Test Modes With Display Points

This example uses the Relay Word bit TESTFM (Fast Meter test running) to 
activate a front-panel display point that alerts an onsite operator that the 
relay is in Fast Meter test mode.

In the Front Panel settings (SET F), enter the following after the Line 10 
prompt:

10: TESTFM,,“FAST METER TEST!!!!”

The LCD displays the screen shown in Figure 4.13 as a part of the ROTATING 
DISPLAY if the Fast Meter test is running. (Instruct the operator to view the 
relay front panel for messages or warnings as the last item on a “Leaving the 
Substation” checklist.)

Again, this display point application example does not require a clear state, 
so the clear state is blank. If the Fast Meter test is not running and no other 
display points are active, the relay shows a blank screen in the ROTATING 
DISPLAY.
                    

Example 4.2 Creating a Display Point (Continued)

                    
                    

Figure 4.13 Fast Meter Display Points Sample Screen

FAST METER TEST!!!!

ROTATING DISPLAY

Press  for menu
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Front-Panel Menus and Screens
Operate the relay front panel through a sequence of menus that you view on the 
front-panel display. The MAIN MENU is the introductory menu for other front-panel 
menus (see Figure 4.5). These additional menus allow you onsite access to 
metering, control, and settings for configuring the relay to your specific applica-
tion needs. The following menus and screens are representative of what is typi-
cally found in SEL-400 series relays, but each relay has a slightly different list. 
See the relay-specific instruction manual to see what is available in that relay.

➤ Support Screens
➢ Contrast
➢ Password

➤ MAIN MENU 
➢ METER
➢ EVENTS
➢ BREAKER MONITOR
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST
➢ RESET ACCESS LEVEL
➢ ONE LINE DIAGRAM

Support Screens
The relay displays special screens over the top of the menu or screen that you are 
using to control the relay or view data. These screens are the ADJUST CONTRAST 
screen and the PASSWORD REQUIRED screen.

Contrast
You can adjust the LCD screen contrast to suit your viewing angle and lighting 
conditions. To change screen contrast, press and hold the ESC pushbutton for one 
second. The relay displays a contrast adjustment box superimposed over the dis-
play.

Figure 4.14 shows the contrast adjustment box with the MAIN MENU screen in the 
background. Pressing the Right Arrow pushbutton increases the contrast. Pressing 
the Left Arrow pushbutton decreases the screen contrast. When finished adjusting 
the screen contrast, press the ENT pushbutton.

                    
                    

Figure 4.14 Contrast Adjustment

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL 

MAIN MENU

Adjust Contrast

Press   when done
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Password
The relay uses passwords to control access to settings and control menus. The 
relay has six access-level passwords. See Access Levels and Passwords on 
page 3.7 for more information on access levels and setting passwords. The relay 
front panel is at Access Level 1 upon initial power-up and after front-panel time 
out.

Password validation occurs only when you request a menu function that is at a 
higher access level than the presently authorized level. At this point, the relay dis-
plays a password entry screen, shown in Figure 4.15. This screen has a blank 
password field and an area containing alphabetic, numeric, and special password 
characters with a movable highlight box.

                    

Enter the password by pressing the navigation pushbuttons to move the highlight 
box through the alphanumeric field. When at the desired character, press ENT. The 
relay enters the selected character in the password field and moves the dark box 
cursor one space to the right. You can backspace at any time by highlighting the 
BACKSPACE character and then pressing ENT. When finished, enter the password by 
highlighting the ACCEPT option and then pressing ENT.

If you entered a valid password for an access level greater than or equal to the 
required access level, the relay authorizes front-panel access to the combination 
of access levels (new level and all lower levels) for which the password is valid. 
The relay replaces the password screen with the menu screen that was active 
before the password validation routine. When you enter Access Levels B, P, A, 
O, and 2, the Relay Word bit SALARM pulses for one second.

If you did not enter a valid password, the relay displays the error screen shown in 
Figure 4.16. Entering a valid password for an access level below the required 
access level also causes the relay to generate the error screen. In both password 
failure cases, the relay does not change the front-panel access level (it does not 
reset to Access Level 1 if at a higher access level). The relay displays the 
PASSWORD INVALID screen for five seconds. If you do not want to wait for the 
relay to remove the message, press any of the six navigational pushbuttons during 
the five-second error message to return to the previous screen in which you were 
working.

                    

                    

Figure 4.15 Enter Password Screen

                    

Figure 4.16 Invalid Password Screen

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.

A B C D E F G H I J K
L M N O P Q R S T U V
W X Y Z a b c d e f g
h i j k l m n o p q r
s t u v w x y z 0 1 2
3 4 5 6 7 8 9 _ . ( )
\ ‘ “ ~ ! ? @ # $ % ^
& * _ + / ; : ’ < > ,
{ } [ ] | =
ACCEPT  BACKSPACE

Password Required Password
Field

The Password Entered
Is Not Sufficient for
The Required Access
Level.

Password Invalid
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If three failed login attempts occur within a 1-minute interval, the relay disables 
login attempts for 30 seconds and pulses the SALARM and BADPASS Relay 
Word bits for 1 second. If the user tries to login within the 30 seconds, the error 
message in Figure 4.17 displays for 4 to 6 seconds. Pressing the navigation but-
tons while this message is displayed removes the error message sooner but the 
password entry remains disabled for the original 30 seconds.

                    

Main Menu
The MAIN MENU is the starting point for all other front-panel menus. A representa-
tive relay MAIN MENU is shown in Figure 4.18. When the front-panel LCD is in the 
ROTATING DISPLAY, press the ENT pushbutton to show the MAIN MENU.

                    

Meter
The relay displays metering screens on the LCD. Highlight METER and press ENT 
on the MAIN MENU screen to select these screens. The metering screens available 
are relay-specific and are described in each relay-specific instruction manuals.

Events
The relay front panel features summary event reporting, which simplifies post-
fault analysis. These summary event reports include all trip events, event and data 
capture triggering (via the ER SELOGIC control equation), and manual triggers. 
The relay displays event reports based on the Relay Word bit elements in the ER 
(event report trigger) SELOGIC control equation. See Event Report on page 9.14 
for more information on event reports.

The front-panel event buffer size is 100 summaries. The relay numbers summary 
events in order from 10000 through 42767 and displays the most recent summa-
ries on the LCD.

                    

Figure 4.17 Password Lockout Screen

Maximum Passord
Attempts Exceeded,
Access Temporarily
Denied

Access Denied

                    

Figure 4.18 MAIN MENU

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU
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You can view summary event reports from the relay front-panel display by select-
ing EVENTS from the MAIN MENU. The relay presents the Events Menu as shown in 
Figure 4.19. Select Event Summary from the Events Menu to view event sum-
mary data. Figure 4.20 shows sample Event Summary screens for a phase-to-
phase-to-ground fault. Use the Right Arrow and Left Arrow pushbuttons to show 
each of the summary screens for the event. Event reports can also be viewed via a 
front-panel automatic message (see Front-Panel Automatic Messages on 
page 4.32) or programmable front-panel operator control pushbutton (see Front-
Panel Operator Control Pushbuttons on page 4.35).

                    

The horizontal scroll bar indicates that you can view other event 10002 screens. 
Use the Up Arrow and Down Arrow pushbuttons to move among the events in the 
summary buffer. Press ESC to return to the Events Menu and ESC again to return to 
the MAIN MENU.

                    

SER
The Sequential Events Recorder (SER) records state changes of user-program-
mable Relay Word bits. State changes are time-tagged for future analysis of relay 
operations during an event. See Sequential Events Recorder (SER) on page 9.28 
for more information on SER events. To view SER events from the front panel, 
select EVENTS from the MAIN MENU and SER Events from the Events Menu as 
shown in Figure 4.19. SER events are also viewable using programmable front-
panel operator control pushbuttons; see Front-Panel Operator Control Pushbut-
tons on page 4.35.

Figure 4.21 illustrates the SER Events display screen. Data reported in this 
screen for each event are the SER Point Alias Name, Asserted or Deasserted 
state, and the Date and Time of the event. When in the SER Events screen, three 
SER records are displayed on one screen. Using the navigation pushbuttons, the 
most recent 200 SER events are viewable on the front-panel display. The top 
event is the most recent event, and the bottom event is the oldest. The upper right 
of the screen displays the sequential indexes of the SER events currently being 
viewed. If a new event occurs while viewing the SER events, the display does not 
update with the new event automatically. To include the new SER event in the 

                    

Figure 4.19 Events Menu Screen

                    

Figure 4.20 Example EVENT SUMMARY Screens

Event Summary
SER Events      

Events Menu

03/15/2001   GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:           3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002
TARGETS:
COMM 
PHASE B
PHASE C
GROUND
50      

EVENT SUMMARY 10002
FAULT QUANTITIES
(kV/A)
VA =    131     0.7˚
VB =    113  -123.4˚
VC =    113   124.7˚

IA =    200    -0.5˚
IB =   2478   172.3˚
IC =   2480     6.7˚
IG =    212   -11.3˚

EVENT SUMMARY 10002
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display, exit the SER screen by pressing ESC and re-enter the SER Events screen 
by pressing ENT with the SER Events selection highlighted. This rebuilds the SER 
Events display and contains the latest SER events triggered.

                    

If no SER events are available, the message shown in Figure 4.22 is displayed.

                    

While viewing the SER events, front-panel pushbuttons provide navigation and 
control functions as indicated in Table 4.6.

                    

Hold down either the Up Arrow or Down Arrow to achieve accelerated scrolling. 
Holding down the Up Arrow or Down Arrow navigates one screen at a time for the 
first five screens, and then increases to five screens at a time if the button remains 
pressed. Accelerated scrolling stops at the newest or oldest SER event record 
available, depending on the direction of the scrolling.

When the upper limit of the SER events is reached, press the Down Arrow one 
more time and the report will wrap around to display the screen containing the 
first SER event. Similarly, when the lower limit of the SER events is reached, 
press the Up Arrow one more time and the report will wrap around to display the 
screen containing the last SER event.

                    

Figure 4.21 SER Events Screen

                    

Figure 4.22 No SER Events Screen

Table 4.6 Front-Panel Pushbutton Functions While Viewing SER Events

Pushbutton Description

Up Arrow, 
Down Arrow

Navigates one screen at a time up or down. Each screen contains three SER 
events. Accelerated scrolling is obtained when the pushbutton remains 
pressed (see accelerated scrolling behavior below).

Left Arrow, 
Right Arrow

Navigates between SER events to allow adjacent SER events to be displayed 
on one screen. For example, if events 1, 2, and 3 are displayed, press the 
Right Arrow once to display events 2, 3, and 4 in the same screen. No acceler-
ated scrolling is provided with the Left Arrow and Right Arrow pushbuttons.

ESC Returns to the Events Menu

ENT Does nothing

Local 
Disabled
02/16/06 11:11:01.993

Local
Enabled
02/16/06 10:11:19.090

IN101
Asserted
02/16/06 03:22:01.988

SER Events   001-003

No SER Events
Available

SER Events   
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By default, three SER events are shown per screen. You can change this to five 
per screen by setting SER_PP to Y. This will cause the element name and state 
information to be shown on the same line, with the element name truncated to ten 
characters and the state truncated to eight characters.

Breaker Monitor
Some SEL-400 series relays feature an advanced circuit breaker monitor. Select 
BREAKER MONITOR from the MAIN MENU to view circuit breaker monitor alarm data 
on the front-panel display. See the relay-specific instruction manual for the sup-
ported options and example screens.

Relay Elements (Relay Word Bits)
You can view the RELAY ELEMENTS screen to check the state of the Relay Word 
bits in the relay. The relay has two unique manual-scrolling features for viewing 
these elements:

➤ Accelerated navigation

➤ Search

These Relay Word bit scrolling features make selecting elements from among the 
many relay targets easy and efficient. Figure 4.23 shows an example of the RELAY 
ELEMENTS screen. If an alias exists for an element, the alias name is displayed 
instead of the element name. An asterisk character (*—shown in Figure 4.23) 
indicates that this Relay Word bit position is reserved for future use.

                    

When you move item by item through the Relay Word bit table, pressing the Up 
Arrow or Down Arrow pushbuttons shows each previous or next screen in turn.

Accelerated navigation occurs when you press and hold the Up Arrow or Down 
Arrow pushbuttons. Holding the Up Arrow or Down Arrow pushbuttons repeats the 
regular pushbutton action at two rows every second for the first ten rows. Con-
tinue pressing the Up Arrow or Down Arrow pushbutton to cause the relay screen 
scrolling to accelerate to 20 rows per second. When you are scrolling up in accel-
erated scrolling, scrolling will stop at the first relay elements screen. When you 
are scrolling down, scrolling will stop at the last screen.

                    

Figure 4.23 RELAY ELEMENTS Screen

ROW 28     ROW 29
*          *
51S2R  =1  *
51S2T  =0  *
51S2   =0  *
*          *
51S1R  =1  51S3R  =1
51S1T  =0  51S3T  =0
51S1   =0  51S3   =0

SEARCH

RELAY ELEMENTS

Press  to search
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Search mode allows you to find a specific relay target element quickly. 
Figure 4.24 shows the menu screen that the relay displays when you select the 
SEARCH option of the RELAY ELEMENTS initial menu.

When you first enter this search menu, the block cursor is at the beginning of the 
element name field and the highlight box in the alphanumeric field is around the 
letter A. Use the navigation pushbuttons to move through the alphanumeric char-
acters. If the highlight is on one of the characters, pressing ENT enters the charac-
ter at the block cursor location in the element name field. Next, the block cursor 
moves automatically to the character placeholder to the right. If the block cursor 
was already at the first character position on the left, the block cursor remains at 
the end of the name field. To backspace the cursor in the element name field, 
move the highlight to BACKSPACE and press ENT. When you have finished entering 
an element name, move the highlight to ACCEPT and press ENT. At any time, press-
ing ESC returns the display to the RELAY ELEMENTS screen.

If the highlight is on ACCEPT, the relay finds the matching relay element when you 
press ENT. The relay first searches for alias names, seeking an exact match. If the 
relay does not find an exact alias name match, it searches for an exact primitive 
name match. If there is no exact primitive name match, the relay initiates a partial 
alias name string search, followed by a partial primitive name string search. If the 
relay finds no match, the screen displays an error message and stays in the ELE-
MENT SEARCH screen. If the relay finds a match, the screen displays the element 
row containing the matching element.

Local Control
The relay provides great flexibility in power system control through the LOCAL 
CONTROL menus. You can use the front-panel LOCAL CONTROL menus to perform 
these relay functions:

➤ Trip and close circuit breakers (password required)

➤ Assert, deassert, and pulse relay control outputs to command station 
control actions

➤ Test relay outputs (password required)

In the first LOCAL CONTROL submenu of Figure 4.25, you can choose BREAKER 
CONTROL, LOCAL BITS CONTROL, or OUTPUT TESTING. You must install the circuit 
breaker control enable jumper to enable circuit breaker control and output testing 
capability. The submenu will not display the --BREAKER CONTROL-- option and 
the --OUTPUT TESTING-- option if the breaker jumper is not installed. (The relay 
checks the status of the breaker jumper whenever you activate the front-panel set-
tings and at power-up.) If the breaker jumper is not installed, and there are no 
local bits enabled, the relay displays an information message when you attempt 
to enter LOCAL CONTROL and the screen returns to the MAIN MENU after a short delay.

                    

Figure 4.24 ELEMENT SEARCH Screen

A  B  C  D  E  F
G  H  I  J  K  L
M  N  O  P  Q  R
S  T  U  V  W  X
Y  Z  0  1  2  3
4  5  6  7  8  9
_

ACCEPT   BACKSPACE

ELEMENT SEARCH Element
Name
Field
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Local bit names that you have programmed (see Example 4.4) appear in the local 
control bit names field between --BREAKER CONTROL-- and --OUTPUT TESTING--, 
as shown in Figure 4.25. Use the Up Arrow and Down Arrow pushbuttons to high-
light the local control action you want to perform. Pressing ENT takes you to the 
specific LOCAL CONTROL screen.

                    

Breaker Control
The BREAKER CONTROL option presents a circuit breaker selection submenu if the 
relay is configured to control multiple breakers. Use the navigation pushbuttons 
and ENT to select the circuit breaker you want to control.

Figure 4.26 shows the BREAKER CONTROL submenu and sample circuit breaker 
control screens for BREAKER 1. Use the Up Arrow and Down Arrow pushbuttons to 
highlight the TRIP BREAKER 1 or CLOSE BREAKER 1 control actions.

When you highlight the trip option and press ENT, the relay displays the confirma-
tion message OPEN COMMAND ISSUED and trips Circuit Breaker 1 (Relay Word bit 
OC1 pulses). The BREAKER 1 STATUS changes to OPEN.

When you highlight the close option and press ENT, the relay displays the confir-
mation message CLOSE COMMAND ISSUED and closes Circuit Breaker 1 (Relay 
Word bit CC1 pulses). The BREAKER 1 STATUS changes to CLOSED. (Be aware that 
not all SEL-451 relays support breaker close operations.)

                    

Figure 4.25 LOCAL CONTROL Initial Menu

LOCAL CONTROL
--BREAKER CONTROL--

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

--OUTPUT TESTING--
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Local Control Bits
The relay provides 64 local control bits with SELOGIC control equation supervi-
sion. These local bits replace substation control handles to perform switching 
functions such as bus transfer switching. The relay saves the states of the local 
bits in nonvolatile memory and restores the local bit states at relay power-up.

NOTE: The default settings for 
LB_SPnn are “1”. The default settings 
satisfy the local bit supervision logic 
so that local bit operations can take 
place.

Local control bit supervision is available through a SELOGIC control equation 
provided in the Front Panel settings (LB_SPnn). For local bit operations to take 
place, the corresponding LB_SPnn must be asserted. Table 4.8 defines the local 
bit SELOGIC settings available in the Front Panel settings class. Figure 4.28 illus-
trates the logic that supervises all local bit operations (Set, Clear, Pulse).

NOTE: The default settings for 
LB_DPnn are LBnn. The default 
settings cause the local bit switch to 
move to the corresponding state of 
the local bit (asserted = 1, 
deasserted = 0).

The SELOGIC control equation local bit status (LB_DPnn) is provided to return 
the status of a device that is being controlled by the local bit. The LB_DPnn 
Relay Word bit drives the state of the graphical switch on the display (i.e., with 
LB_DPnn deasserted, the switch points to 0).

Any unused local control bits default to the clear (logical 0) state. Also, any 
reconfigured local bit retains the existing bit state after you change the bit setting. 
Deleting a local bit sets that bit to the clear (logical 0) state.

                    

Figure 4.26 Example BREAKER CONTROL Screens

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

BREAKER 1
BREAKER 2

SELECT A BREAKER

BREAKER CONTROL

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

CLOSED

BREAKER 1 STATUS

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

OPEN

BREAKER 1 STATUS

PRESS  TO ACTIVATE

PRESS  TO ACTIVATE
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In the top part of Figure 4.27, the following custom-labeled functions are those 
controlled by local control bit operation.

➤ Enable Bus Switching

➤ North Bus MOD

➤ South bus MOD

➤ Bus Tie Interlock

➤ Alternate Settings 3

In addition, Figure 4.27 gives an example of a custom labeled function, Bus Tie 
Interlock. The LCD shows a graphic representation of a substation control han-
dle. The LB_DPnn SELOGIC control equation determines the state of the switch 
position on the LCD. If the LB_DPnn Relay Word bit is deasserted, the graphic 
control handle points to 0; if the LB_DPnn Relay Word bit is asserted, the switch 
points to 1.

You can program names or aliases for the local bit clear and set states—these 
appear next to logical 0 and logical 1, respectively, in the lower portion of the 
sample Bus Tie Interlock screens of Figure 4.27. Use the Up Arrow and Down Arrow 
pushbuttons to highlight the set (1) or clear (0) control actions. Highlighting the 
set option (shown in Figure 4.27 as Closed (OK to TIE)) and pressing ENT 
changes the local control bit and performs the required control action. If the 
LB_DPnn Relay Word bit asserts, the graphical switch moves to 1 to indicate the 
asserted local bit status.

                    

To enable a local bit, enter the local bit settings in Table 4.7. The format for 
entering the local bit data is the comma-delimited string:

local bit,control function name,alias for the set state,alias for the clear 
state,pulse enable

                    

Figure 4.27 LOCAL CONTROL Example Menus

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

PRESS   TO ACTIVATE

1

0

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0



4.24

SEL-400 Series Relays Instruction Manual Date Code 20230830

Front-Panel Operations
Front-Panel Menus and Screens

Names or aliases can contain any printable ASCII character except double quota-
tion marks. Use double quotation marks to enclose the name or alias. See 
Example 4.4 for particular information on enabling a local control bit.

                    

The pulse state enable setting at the end of the setting string is optional. If your 
application requires a pulsed or momentary output, you can activate an output 
pulse by setting the option at the end of the local bit command string to Y (for 
Yes). The default for the pulse state is N (for No); if you do not specify Y, the 
local bit defaults at N and gives a continuous set or clear switch level.

If you enter an invalid setting, the relay displays an error message prompting you 
to correct your input. If you do not enter a valid local bit number, the relay dis-
plays A local bit element must be entered. If you enter a local bit number and that 
local bit is already in use, the relay displays the local bit element is already in 
use. Likewise, if you do not enter valid local bit name, set alias, and clear alias, 
the relay returns an error message. If an alias is too long, the relay displays the 
message Too many characters.

                    

The Local Bit Supervision SELOGIC control equation provides supervision of 
Local Bit Set, Clear, and Pulse operations.

The Local Bit Status Display SELOGIC control equation returns the status of the 
local bit switch state.

                    

Table 4.7 Local Bit Control Settingsa

a n = 1–64.

Description Range Default

Local Bit n 1–64 1

Local Bit n Name 20-character maximum ASCII string (blank)

Local Bit n Set Alias (1 state) 20-character maximum ASCII string (blank)

Local Bit n Clear Alias (0 state) 20-character maximum ASCII string (blank)

Pulse Local Bit n Y, N N

Table 4.8 Local Bit SELOGICa

a n = 1–64, and only available if the corresponding local bit is defined.

Description Range Default

Local Bit Supervision n SELOGIC Control Equation, NA 1

Local Bit Status Display n SELOGIC Control Equation, NA LBn

                    

Figure 4.28 Local Bit Supervision Logic

Logic to Set,
Clear, or

Pulse LBn

LBn

Set

Clear

Pulse

LB_SPn*

*SELOGIC Control Equation
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Output Testing
NOTE: The circuit breaker control 
enable jumper BREAKER must be 
installed to perform output testing.

You can check for proper operation of the relay control outputs by using the OUT-
PUT TESTING submenu of the LOCAL CONTROL menu. A menu screen similar to 
Figure 4.29 displays a list of the control outputs available in your relay configuration.

                    

Example 4.4 Enabling Local Bit Control

This application example demonstrates a method to create one of the control 
points in the LOCAL CONTROL screens of Figure 4.27 to control the interlock 
on a power bus tie circuit breaker. Perform the following actions to create a 
local control bit:

➤ Eliminate previous usage of the local bit and condition the state 
of the local bit

➤ Set the local bit

➤ Assign the local bit to a relay output

If you are using a previously used local bit, delete all references to the local 
bit from the SELOGIC control equations already programmed in the relay. A 
good safety practice would be to disconnect any relay output that was pro-
grammed to that local bit.

To change the local bit state, select the bit and set it to the state you want. In 
addition, you can delete the local bit, which changes the state of this local bit 
to logical 0 when you save the settings. To delete, use the front-panel set-
tings. When using a communications port and terminal, use the text-edit 
mode line setting editing commands at the Local Bits and Aliases prompt to 
go to the line that lists Local Bit 9. (See Text-Edit Mode Line Editing on 
page 3.23 for information on text-edit mode line editing.) To delete Local 
Bit 9, type DELETE <Enter> after the line that displays Local Bit 9 infor-
mation. For example, if a previously programmed Local Bit 9 appears in the 
SET F line numbered listings on Line 1, then typing DELETE <Enter> at 
Line 1 deletes Local Bit 9.

Next, set the local bit. In the Front Panel settings (SET F), enter the following:

1: LB09,“Bus Tie Interlock”,“Closed (OK to TIE)”,“Open (No TIE)”,N

This sets Local Bit 9 to “Bus Tie Interlock” with the set state as “Closed (OK 
to TIE)” and the clear state as “Open (No TIE).”

Assign the local bit to a relay output. In the Output settings (SET O), set the 
SELOGIC control equation, OUT201, to respond to Local Bit 9.

OUT201 := LB09

Use the appropriate interface hardware to connect the circuit breaker inter-
lock to OUT201.

                    

Figure 4.29 OUTPUT TESTING Screen

OUTPUT TESTING

 

OUT201 
OUT202 
OUT203 
OUT204 
OUT205 
OUT206 
OUT207 
OUT208 

NO  YES
PULSE OUTPUT?

PRESS   TO PULSE
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Set/Show
You can use the SET/SHOW menus to examine or modify relay port settings, 
Global settings, active group settings, and date/time. See Table 4.9 for a list of 
settings classes and settings that you can change from the front panel.

                    

Figure 4.30 shows an example of entering the SEL-451 setting CTRW (Terminal 
W CT ratio) from the front panel. At the MAIN MENU, select the SET/SHOW item and 
press ENT. The LCD screen displays the SET/SHOW screen as shown in 
Figure 4.30. You can use the navigation pushbuttons to select the relay settings 
class (PORT, GROUP, and GLOBAL) or to change the ACTIVE GROUP or the DATE/
TIME. For this example, select the GROUP class.

Next, select the particular instance of the settings class. For the PORT settings 
class, the instances are PORT 1, PORT 2, PORT 3, PORT F, and PORT 5. For the 
GROUP class, the instances are the numbered groups from 1 through 6 and M, the 
breaker monitor (see the GROUP screen in Figure 4.30). The class GLOBAL, the set-
ting ACTIVE GROUP = n (where n is a number from 1 to 6), and the settings for 
DATE/TIME have no settings instance screens. In the GROUP screen, move the high-
light box to 3 and press ENT.

Proceed to selecting the settings category. The GROUP submenu in Figure 4.30 is 
an example of settings Group 3 categories. Once you have highlighted the set-
tings category, pressing ENT causes the relay to display the particular settings in 
that category. The LINE CONFIGURATION screen in Figure 4.30 shows the settings 
that you can set in the line configuration settings category.

To edit or examine a setting, use the Up Arrow and Down Arrow pushbuttons to 
highlight that setting, then press ENT. The relay displays a settings entry screen 
with the existing setting value (see the SET CTRW screen in Figure 4.30). If the 
prompt for the selected setting does not fit on the line, the relay scrolls the setting 
prompt across the screen.

Enter the setting name by using a method similar to the method described in 
Relay Elements (Relay Word Bits) on page 4.19. Place characters in the element 
name field (with the block cursor) by using the navigation pushbuttons.

For the SEL-411L, SEL-421, SEL-451, and SEL-487E, if you are setting an ele-
ment that supports combinations, and the number of possible combinations is 
small, the relay displays the possible combinations allowed for the setting that 
you can select. If there is a high number of possible combinations for a setting, a 
window of selectable ASCII characters displays (see the Character or String or 
SELOGIC control equations display in Figure 4.31), and you will need to input 
the necessary combination by using the ASCII character display.

If the data you entered are valid (within settings range checks), the front-panel 
display returns to the settings category screen that shows each setting and corre-
sponding present value (see the LINE CONFIGURATION screen of Figure 4.30). If 

Table 4.9 Settings Available From the Front Panel

Class/Setting Description

PORT Relay communications port settings

GLOBAL Global relay settings

GROUP Relay group settings

ACTIVE GROUP Active settings group number 1–6

DATE/TIME Date and time settings
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the data you entered are invalid, the relay displays an error message screen, then 
returns to the particular settings entry screen so you can attempt a valid settings 
entry (see the CTRW screen of Figure 4.30).

When finished entering the new settings data, press ESC. The relay prompts you 
with a Save Settings screen. Using the navigation pushbuttons, answer YES to 
make the settings change(s), or NO to abort the settings change(s).

                    
                    

Figure 4.30 Example SET/SHOW Screens
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The relay displays different settings entry screens depending on the settings type. 
For the CTRW setting in Figure 4.30, the relay requires basic alphanumeric input. 
Other settings can have other data input requirements. The front-panel settings 
input data types are the following:

➤ Basic alphanumeric

➤ Character or string or SELOGIC control equations

➤ Setting options

For alphanumeric settings, the relay presents the character or string input screen. 
Some settings have specific options; use the setting options screens to select 
these options. Figure 4.31 shows examples of the settings input screens.

                    

Active Group
Perform the following steps to change the active setting group:

Step 1. Select the ACTIVE GROUP option of the SET/SHOW submenu screen 
(shown in Figure 4.30) to change the settings group.

The relay performs a password validation test at this point to confirm 
that you have Breaker Access Level authorization or above.

Step 2. If access is allowed, and all the results of SELOGIC control equations 
SS1–SS6 are not logical 1 (asserted), then the relay displays the EDIT 
ACTIVE GROUP screen in Figure 4.32.

The relay shows the active group and underlines the group number 
after NEW GROUP =.

Step 3. Use the Up Arrow and Down Arrow pushbuttons to increase or decrease 
the NEW GROUP number.

Step 4. Once you have selected the new active group, press ENT to change the 
relay settings to this new settings group.

                    

Figure 4.31 Sample Settings Input Screens
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Date/Time
Another submenu item of the SET/SHOW first screen (Figure 4.30) is the DATE/
TIME screen shown in Figure 4.33. By default, the relay generates date and time 
information internally; you can also use external high-accuracy time modes with 
time sources such as a GPS receiver.

Figure 4.33 shows the relay date/time screen when a high-accuracy source is in 
use. Possible time sources, qqqqq, are listed in Table 11.5. If you use a high-accu-
racy time source, edits are disabled, the DATE/TIME display does not show the 
highlight, and the screen does not show the help message on the bottom line.

                    

When no external time source is connected, you can use the front-panel DATE and 
TIME entry screens to set the date and time.

Figure 4.34 shows an example of these edit screens. Use the Left Arrow and Right 
Arrow navigation pushbuttons to move the underscore cursor; use the Up Arrow and 
Down Arrow navigation pushbuttons to increment or decrement each date and time 
digit as appropriate to set the date and time. For a description of the LAST UPDATE 
SOURCE field, see Configuring Timekeeping on page 3.65.

                    

Figure 4.32 Changing the ACTIVE GROUP

EDIT ACTIVE GROUP

ACTIVE GROUP = 3
NEW GROUP = 3

SET/SHOW
PORT
GLOBAL
GROUP
ACTIVE GROUP = 3
DATE/TIME

                    

Figure 4.33 DATE/TIME Screen

DATE/TIME

DATE  03/15/2001

PRESS  TO EDIT DATE

(MM/DD/YYYY)

TIME  00:00:00
LAST UPDATE
SOURCE: qqqqq

CANNOT EDIT DATE OR
TIME DUE TO A HIGH
PRIORITY TIME SOURCE
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To enable a high-accuracy external time source, connect an IRIG-B or Precision 
Time Protocol (PTP) clock to the relay. For a discussion of the timing modes in 
the relay see Section 11: Time and Date Management.

Relay Status
The relay performs continuous hardware and software self-checking. If any vital 
system in the relay approaches a failure condition, the relay issues a status warn-
ing. If the relay detects a failure, the relay displays the status failure RELAY STA-
TUS screen immediately on the LCD.

For both warning and failure conditions, the relay shows the error message for 
the system or function that caused the warning or failure condition. You can 
access the RELAY STATUS screen via the MAIN MENU. The RELAY STATUS screen 
shows the firmware identification number (FID), serial number, whether the relay 
is enabled, and any status warnings.

Figure 4.35 shows examples of a normal RELAY STATUS screen, a status warning 
RELAY STATUS screen, and a status failure RELAY STATUS screen. For more infor-
mation on status warning and status failure messages, see Relay Self-Tests on 
page 10.19.

                    

View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the relay. In the MAIN MENU, high-
light the VIEW CONFIGURATION option by using the navigation pushbuttons. A 
series of screens will be presented describing the relay configuration. See the 
relay-specific instruction manual to see the specific information provided in that 
relay.

                    

Figure 4.34 Edit DATE and Edit TIME Screens

DATE  (MM/DD/YYYY)

03/15/2001

TIME

00:00:00

                    

Figure 4.35 Relay STATUS Screens

RELAY STATUS RELAY STATUS RELAY STATUS
SEL-421-R101-V0-
Z001001-D20010315

Normal Status Warning Status Failure

S/N=2001001234

RELAY ENABLED
NO FAILURES OR
WARNINGS

SEL-421-R101-V0-
Z001001-D20010315

S/N=2001001234

RELAY ENABLED
TEMPERATURE WARNING

SEL-421-R101-V0-
Z001001-D20010315

S/N=2001001234

RELAY DISABLED
MASTER OFFSET FAILED
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Display Test
You can use the DISPLAY TEST option of the MAIN MENU to confirm operation of 
all of the LCD pixels. The LCD screen alternates the on/off state of the display 
pixels once every time you press ENT. Figure 4.36 shows the resulting two 
screens. The DISPLAY TEST option also illuminates all of the front-panel LEDs. 
To exit the test mode, press ESC.

NOTE: The LCD DISPLAY TEST does 
NOT reset the front-panel LED targets.

                    

Reset Access Level
The relay uses various passwords to control access to front-panel functions. As 
you progress through these menus, the relay detects the existing password level 
and prompts you for valid passwords before allowing you access to levels greater 
than Access Level 1 (see Password on page 4.15). When you want to return the 
front-panel to the lowest access level (Access Level 1), highlight RESET ACCESS 
LEVEL item on the MAIN MENU. Pressing ENT momentarily displays the screen of 
Figure 4.37 and places the front panel at Access Level 1.

The relay automatically resets the access level to Access Level 1 upon front-
panel time-out (setting FP_TO is not set to OFF). Use this feature to reduce the 
front-panel access level before the time-out occurs.

                    

One-Line Diagram
Most SEL-400 series relays support one-line diagrams on the front-panel LCD. 
The ONE-LINE DIAGRAM option from the front-panel MAIN MENU displays the one-
line diagram that has been selected in the Bay settings class. From this screen, 
disconnect switch open and close operations, as well as breaker open and close 
operations can be performed. This screen also displays labels for the different 
apparatus in the bay configuration and Analog Quantity metering values. The 
one-line diagram, display labels, and Analog Quantities are settable in the Bay 
class settings. See Figure 4.38 for an illustration of the one-line diagram.

For navigation and control operations in the one-line diagram screen, see Bay 
Control Front-Panel Operations on page 5.12.

                    

Figure 4.36 DISPLAY TEST Screens

DISPLAY TEST

All LEDs should
be lit.

DISPLAY TEST

All LEDs should
be lit.

                    

                    

Figure 4.37 RESET ACCESS LEVEL Screen

RESET ACCESS LEVEL

Front panel access
level reset.
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Front-Panel Automatic Messages
The relay automatically displays alert messages. Any message generated because 
of an alert condition takes precedence over the normal ROTATING DISPLAY and 
the MAIN MENU. Alert conditions include these significant events:

➤ Alarm Point asserts

➤ Event reports and trips (user-defined)

➤ Status warnings

➤ Status failures

To display event reports automatically from the ROTATING DISPLAY, you must set 
front-panel setting DISP_ER to Y. Front-panel setting TYPE_ER allows the user 
to define which types of event reports will be automatically displayed from the 
normal ROTATING DISPLAY; ALL will display all event types defined in the relay, 
and TRIP will display only the event types that include the assertion of the TRIP 
Relay Word bit.

For alarm point assertions, qualified event reports (including trip events) and sta-
tus warnings, the relay displays the corresponding full-screen automatic message, 
only if the front-panel display is in the time-out or standby condition (the relay is 
scrolling through the default display points/enabled metering screens of the 
ROTATING DISPLAY or is displaying the MAIN MENU). When a status warning, 
alarm, or event is triggered, the relay full-screen presentation is similar to the 
screens of Figure 4.39.

                    

If you are on site using the relay front panel in menus and screens other than the 
MAIN MENU and a status warning occurs, an alarm point asserts, or an event report 
triggers, the relay shows automatic messages at the bottom of the active screen in 
the message area.

                    

Figure 4.38 One-Line Diagram Screen

BAYNAME

ESCNAVIG

ANALOGS
I:9999A
V:999kV
F:99.9Hz
P:999MV
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BUS 1

Dis 4

Dis 5
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Dis 3

Dis 1 Dis 2
BUS 2

BUS T

                    

Figure 4.39 Sample Status Warning and Trip EVENT SUMMARY Screens

03/15/01     GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:      1P=0 3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002RELAY STATUS
SEL-421-R101-V0-
 Z001001-D20010315

S/N=2001001234

RELAY ENABLED
TEMPERATURE WARNING

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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For example, the message area shows RELAY STATUS WARNING for a status warn-
ing. Figure 4.40 is an example of a status warning notification that appears in the 
message area of a LOCAL CONTROL (local bit) screen. If an alarm point asserts 
while you are using a front-panel screen, the message area notification reads: 
ALARM EVENT. If a trip event occurs while you are using a front-panel screen, the 
message area notification reads RELAY EVENT. When you repeatedly press ESC (as 
if returning to the MAIN MENU) during this warning or trip alert situation, the relay 
displays the corresponding full-screen automatic message concerning the warn-
ing or trip in place of the MAIN MENU. If the front-panel display is at the MAIN 
MENU and a status warning occurs, the full-screen warning replaces the MAIN 
MENU. After you view the warning, alarm, or trip screen, pressing ESC returns the 
LCD to the MAIN MENU.

                    

For a status failure, the relay immediately displays the full-screen status alert 
regardless of the present front-panel operating state. The relay displays no further 
LCD screens until the status failure clears. Should an unlikely status failure event 
occur, contact your local Technical Service Center or an SEL factory representa-
tive (see Technical Support on page 10.35).

Operation and Target LEDs
The relay gives you at-a-glance confirmation of relay conditions via operation 
and target LEDs. These LEDs are located in the middle of the relay front panel. 
SEL-400 series relays provide either 16 or 24 LEDs depending on ordering 
option.

You can reprogram all of these indicators except the ENABLED and TRIP LEDs to 
reflect other operating conditions than the factory-default programming 
described in this section. Settings Tn_LED are SELOGIC control equations that, 
when asserted during a relay trip event, light the corresponding LED (n = 1–24). LED 
positions are described in parentheses next to each LED in Figure 4.41.

Set TnLEDL := Y to latch the LEDs during trip events; when you set 
TnLEDL := N, the trip latch supervision has no effect and the LED follows the 
state of the Tn_LED SELOGIC control equation. The relay reports these targets in 
event reports; set the alias name listed in the report (as many as seven characters) 
by aliasing the Tn_LED bits with the SET T command or with QuickSet. In 12-
pushbutton models, the asserted and deasserted colors for the LED are deter-
mined with settings TnLEDC. Options include red, green, amber, or off. In some 
SEL-400 series relays, if TnLEDL = Y, the relay latches the target on the rising 
edge of the target bit. In these relays, to cause the bits to latch with trip, modify 
the equation to include AND R_TRIG TRIP. Refer to the Target LEDs section in 
the relay-specific Front-Panel Operations section to determine if the LED latches 
with the rising edge of TRIP or on the rising edge of Tn_LED.

                    

Figure 4.40 Sample Status Warning in the LCD Message Area

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0

RELAY STATUS WARNING
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After setting the target LEDs, issue the TAR R command to reset the target 
LEDs. For a description of the default LED behavior for a specific relay, see the 
Front Panel Operations section in the relay-specific instruction manual.

Use the slide-in labels to mark the LEDs with custom names. Configurable label 
templates included on the SEL-400 Series Product Literature DVD allow you to 
customize the front-panel labels.

                    

Operational
The ENABLED LED indicates that the relay is active. Trip events illuminate the TRIP 
LED. The prominent location of the TRIP LED in the top target area helps you 
recognize a trip event quickly. Program settings EN_LEDC and TR_LEDC to 
determine the color of the respective LED. Options include red or green.

TARGET RESET and Lamp Test
For a trip event, the relay latches the trip-involved target LEDs. Press the TARGET 
RESET pushbutton to reset the latched target LEDs. When a new trip event occurs 
and you have not reset the previously latched trip targets, the relay clears the 
latched targets and displays the new trip targets.

Pressing the TARGET RESET pushbutton illuminates all the LEDs. Upon releasing 
the TARGET RESET pushbutton, two possible trip situations can exist: the conditions 
that caused the relay to trip have cleared, or the trip conditions remain present at 
the relay inputs. If the trip conditions have cleared, the latched target LEDs turn 
off. If the trip event conditions remain, the relay re-illuminates the corresponding 
target LEDs. The TARGET RESET pushbutton also removes the trip automatic mes-
sage displayed on the LCD menu screens if the trip conditions have cleared.

Lamp Test Function With TARGET RESET

The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing TAR-
GET RESET illuminates all the front-panel LEDs, and these LEDs remain illumi-
nated for as long as you press TARGET RESET. The target LEDs return to a normal 
operational state after you release the TARGET RESET pushbutton.

                    

Figure 4.41 SEL-451 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)
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Other Target Reset Options

You can reset the target LEDs with the ASCII command TAR R; see TARGET on 
page 14.62 for more information.

The TAR R command and the TARGET RESET pushbutton also control the TRGTR 
Relay Word bit, which can be used for other functions. TRGTR is the factory-
default setting for the unlatch trip SELOGIC control equation, ULTR, in group 
settings.

You can reset the targets from the QuickSet Control branch of the HMI tree 
view. Programming specific conditions in the SELOGIC control equation RST-
TRGT is another method to reset the relay targets. Access RSTTRGT in the relay 
Global settings (Data Reset Control); to use RSTTRGT, you must enable data 
reset control with Global setting EDRSTC := Y.

Front-Panel Operator Control Pushbuttons
The relay front panel features large operator control pushbuttons coupled with 
amber annunciator LEDs for local control. Figure 4.42 shows this region of the 
relay front panel with example factory-default configurable front-panel label text. 
SEL-400 series relays provide either 8 or 12 pushbuttons depending on the prod-
uct and ordering option.

                    

See Section 4: Front-Panel Operations of the product-specific instruction manual 
for a description of the default configuration of operator control pushbuttons and 
LEDs.

                    

Figure 4.42 SEL-451 Default Operator Control Pushbuttons and LEDs (8 or 12 
Pushbuttons)

Operator
Control Pushbutton Annunciator LED
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Control

The SEL-400 series relays provide many control features, including circuit 
breaker controls, disconnect controls, remote bit controls, and bay control. This 
section describes these control capabilities.

➤ Circuit Breaker Status and Control on page 5.1

➤ Disconnect Logic on page 5.2

➤ Remote Bits on page 5.12

➤ Bay Control Front-Panel Operations on page 5.12

➤ Bay Control Screens on page 5.29

➤ Customizable Screens on page 5.36

➤ Bay Control Example Application on page 5.37

See the specific relay instruction manuals to see how many breakers, disconnects, 
and remote bits are available and to determine whether or not bay control is sup-
ported.

To provide reliable detection of pulsed control bits that assert for one protection 
logic processing interval within automation logic, conditioning is applied to the 
control bit to extend the momentary assertion through the automation processing 
interval. This conditioning ensures the reliable detection of control bit (OCn, 
CCn, 89OCm, 89CCm, 89OCMm, 89CCMm, and RB01–RB64) assertion in 
automation logic (where n and m are product-specific designations). Control bits 
that assert and deassert multiple times within the same automation logic process-
ing interval will be processed as asserting continuously for the entire automation 
logic processing interval.

Circuit Breaker Status and Control
SEL-400 series relays include circuit breaker status logic for all supported circuit 
breakers. The circuit breaker status logic uses the 52A_k setting (SELOGIC con-
trol equation) and open-phase detection logic to determine the state of Circuit 
Breaker k, and declare Circuit Breaker k alarm conditions. See Section 5: Protec-
tion Functions of the product-specific instruction manual for a description of cir-
cuit breaker status logic Relay Word bits and circuit breaker status logic 
diagrams.

SEL-400 series relays support opening and closing breakers. These operations 
can be controlled via the terminal commands OPEN and CLOSE, the binary ter-
minal Fast Operate messages, various supported communications protocols, the 
front-panel menus, and through the bay control one-line screens. These controls 
operate the open control (OCk) and close control (CCk) bits. These bits are used 
in the relay trip and close logic to integrate these external controls with the relay 
automatic trip and close behavior. See Section 6: Protection Application Exam-
ples in the product-specific instruction manual for more information on the trip 
and close logic.
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Disconnect Logic
Disconnect Switch Close and Open Control Logic

Figure 5.1 and Figure 5.2 shows the Disconnect Logic that generates open and 
close output signals necessary to perform the open and close disconnect opera-
tions. Use the seal-in timers (89CSTm and 89OSTm) to monitor and control dis-
connect operations. All disconnect control methods (HMI, ASCII, SELOGIC 
control equations, and Fast Operate) drive the Close and Open Control Logic in 
the relay.

                    

                    

NOTE: Disconnect logic is processed 
four times per power cycle for all 
products except the SEL-400G. The 
SEL-400G processes disconnect logic 
at a rate of 5 ms. 

                    

Figure 5.1 Disconnect Switch Close Logic

                    

Figure 5.2 Disconnect Switch Open Logic
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Disconnect Switch Close and Open Control Logic Status Inputs
89CLSm, 89OPEm

Disconnect Switch Close Logic (Figure 5.1) and Open Logic (Figure 5.2) gener-
ate Relay Word bits 89CLSm and 89OPEm, which drive the open and close oper-
ations. To ensure that an open and close disconnect signal cannot occur at the 
same time, 89CLSm and 89OPEm also block operation of the opposing logic. 
Therefore, Relay Word bit 89CLSm is an input to the Disconnect Open Logic, 
and Relay Word bit 89OPEm is an input to the Disconnect Close Logic.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CRSm, 89ORSm 

The 89CRSm and 89ORSm SELOGIC control equations provide the flexibility to 
select the signals that reset the close (89CLSm) or open (89OPEm) outputs. 
89CRSm defaults to (89CLm OR 89CSIm), and 89ORSm defaults to (89OPNm 
OR 89OSIm).

89CSIm, 89OSIm

Set 89CSTm and 89OSTm to seal in the open and close signals for each individ-
ual installation. Relay Word bits 89CSIm and 89OSIm are the outputs of the close 
and open seal-in timers, and assert after the appropriate timers expire. By default, 
89CSIm and 89OSIm are used in the 89CRSm and 89ORSm SELOGIC control 
equations to reset the close and open signals, 89CLSm and 89OPEm, that drive 
the disconnect switch motor.

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. With the default settings, when Relay 
Word bit 89CLm asserts, the close seal-in circuit is blocked, causing 89CLSm to 
deassert. Likewise, with the default settings, when Relay Word bit 89OPNm 
asserts, the open seal-in circuit is blocked, causing 89OPEm to deassert.

89ALm

The disconnect switch status and alarm logic in Figure 5.3 generates the 89ALm 
Relay Word bit. When Relay Word bit 89ALm asserts, it resets the seal-in cir-
cuits, deasserting the 89CLSm/89OPEm signals.

LOCAL

The LOCAL Relay Word bit asserts when LOCAL SELOGIC control equation 
asserts to a logical 1. When the LOCAL Relay Word bit asserts, only the HMI 
commands (89CCMm and 89OCMm), can initiate close and open operations. 
When the LOCAL Relay Word bit is deasserted, the 89CLOSE, 89OPEN, 
SELOGIC disconnect close/open, and Fast Operate disconnect close/open com-
mands can perform disconnect close and open operations. The default value for 
this setting is NA.
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Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the close or open SELOGIC equations to initiate a disconnect 
switch operation. Use care when using SELOGIC control equations for disconnect 
switch operations; this disconnect operate method is not supervised by the 
breaker jumper or appropriate relay access levels as is the case with other discon-
nect operation methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are initiated from the one-line diagram on the 
front-panel screen. If the LOCAL Relay Word bit is not asserted, then Relay 
Word bits 89CCMm or 89OCMm cannot assert.

89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Seal-In Timer Settings
89CSTm, 89OSTm

89CSTm and 89OSTm settings are for defining the time required for the discon-
nect switch to complete a close or open operation.

Disconnect Switch Close and Open Control Logic Output
89CLSm, 89OPEm

The 89CLSm and 89OPEm Relay Word bits are used in SELOGIC output equa-
tions to perform close and open disconnect switch operations.

Disconnect Switch Close and Open Control Logic Processing
Figure 5.1 shows the Disconnect Switch Close Logic and Figure 5.2 shows the 
Disconnect Switch Open Logic.
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Some motor-operated disconnect switches have their own seal-in circuits to seal 
the closing and opening signals in. Other motor-operated disconnect switches, 
however, require external sealed-in circuits to maintain the closing and opening 
signals for the duration of the disconnect operation.

With SELOGIC control equations 89CRSm and 89ORSm set to the default set-
tings (include Relay Word bits 89CSIm and 89OSIm), the open and close signals 
remain asserted for the time settings of the Close and Open Seal-In Timers, 
89CSTm and 89OSTm. 

If the 89OBLm SELOGIC control equation and the 89OPEm and the LOCAL 
Relay Word bits are deasserted, then any of the relay close disconnect operate 
methods can assert Relay Word bit 89CLSm, and initiate the Close Seal-In Timer, 
89CSTm. Enter Relay Word bit 89CLSm into a SELOGIC output equation to drive 
the motor of the disconnect.

Set the Close Seal-In Timer, 89CSTm, long enough to keep Relay Word bit 
89CLSm asserted long enough to complete the disconnect operation. 

To account for slow operate times because of cold weather or low battery voltage, 
set the 89CSTm time 10 to 15 percent longer than the expected operate time. This 
guarantees that the disconnect switch has fully operated before the 89CLSm sig-
nal is removed. When the 89CSTm seal-in timer expires, 89CSIm asserts, or the 
disconnect switch normally open contact closes (89CLm asserted), the 89CLSm 
output deasserts. This completes an open-to-close cycle of the Disconnect Close 
Logic; the Disconnect Open Logic in Figure 5.2 behaves in the same manner.

Disconnect switch status and alarm logic in Figure 5.3 generates Relay Word bit 
89ALm. When Relay Word bit 89ALm asserts, a disconnect alarm condition 
exists. The 89ALm Relay Word bit ensures that the close or open signal does not 
remain asserted when a disconnect switch alarm condition exists. When Relay 
Word bit 89ALm asserts or the seal-in timer expires, the 89CLSm or 89OPEm 
signals deassert.

When a close operation is inadvertently initiated with the disconnect switch 
already closed, and the 89CRSm SELOGIC control equation is set as defaulted 
(89CLm OR 89CSIm), the asserted 89CLm Relay Word bit (close status) will 
block the seal-in circuit before the timer expires. This will deassert the 89CLSm 
Relay Word bit, which drives the disconnect switch motor. In this way, 89CLSm 
asserts for only one processing interval.

If an open command was sent within the 89CSIm time, an open and close signal 
could be sent to the disconnect switch at the same time. The 89CLSm Relay 
Word bit input to the Disconnect Switch Open Logic guarantees that open and 
close commands are not transmitted to the disconnect switch simultaneously. 
When the 89CLSm Relay Word bit deasserts, an open command can be per-
formed. The 89OBLm SELOGIC control equation provides an additional custom-
izable method for blocking the initiation of a close command. The Relay Word 
bit 89OPEm, and 89CBLm inputs to the Disconnect Switch Close Logic serves 
the same purpose.

Disconnect Switch Status and Alarm Logic
The disconnect switch auxiliary contacts are inputs to the Disconnect Switch Sta-
tus and Alarm Logic as shown in Figure 5.3. SELOGIC control equation 89AMm 
is the input for the normally open an auxiliary contact, and SELOGIC control 
equation 89BMm is the input for the normally closed Form B auxiliary contact. 
For the Status and Alarm Logic to function correctly, wire the Form A and 
Form B contacts each to separate inputs on the relay. When ordering a relay, con-

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current inter-
rupting capacity must clear the coil 
current in the disconnect motor 
before the output on the relay opens. 
Failure to observe this safeguard 
could result in damage to the relay 
output contacts.
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sider the number of inputs required for the disconnects being controlled. The 
number of auxiliary contacts for some systems may require that the relay be con-
figured with additional I/O boards.

Disconnect operations are possible with only one auxiliary contact input, but 
with this implementation the Status and Alarm Logic will not provide accurate 
Alarm, Operation in Progress, or Bus-zone protection reporting. When only one 
auxiliary contact is available for input, set one SELOGIC control equation to the 
available auxiliary contact input and invert the other SELOGIC control equation:

89AMm := IN102 

89BMm := NOT IN102
                    

Disconnect Switch Status and Alarm Logic Inputs 
89AMm, 89BMm

The 89AMm and 89BMm SELOGIC control equations represent the normally 
open and normally closed disconnect switch auxiliary contacts. Typically, these 
are set to relay inputs that are wired to the auxiliary contacts.

89CIMm, 89OIMm

Input 89CIMm asserts for expiration of the close immobility timer, while input 
89OIMm asserts for expiration of the open immobility timer. Timer expiration 
indicates one of two conditions. The first is that an open-to-close operation of the 
disconnect switch failed to move the switch enough to open the normally closed 
auxiliary contact 89BMm. The second is that a close-to-open operation of the dis-
connect switch failed to move the switch sufficiently to open the normally open 
auxiliary contact 89AMm.

Disconnect Switch Status and Alarm Logic Settings
89ALPm

This setting in the Bay settings class defines the disconnect switch alarm time. 

                    

Figure 5.3 Disconnect Switch Status and Alarm Logic
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Disconnect Switch Status and Alarm Logic Outputs
89ALm

If a disconnect switch operation initiated from the front panel does not complete, 
the 89ALPm timer expires and the 89ALm Relay Word bit asserts. Expiration of 
the 89ALPm timer indicates that an initiated disconnect operation failed to com-
plete and the disconnect switch is in an undetermined state. In addition, the 
89CSTm or 89OSTm timer also expires to deassert the output signal (89CLSm or 
89OPEm), thus ensuring that there is not a constant signal applied to the disconnect.

89OIPm

When Relay Word bit 89OIPm asserts, a disconnect switch operation is in prog-
ress. Relay Word bit 89OIP asserts when the states of the 89BMm and 89AMm 
Relay Word bits are the same, i.e., both asserted or both deasserted.

89CLBm

This Relay Word bit is used for bus-zone protection and asserts when the discon-
nect is no longer open (89BMm deasserted).

89CLm

When Relay Word bit 89CLm asserts, the disconnect switch is closed.

89OPNm

When Relay Word bit 89OPNm asserts, the disconnect switch is open.

Disconnect Switch Status and Alarm Logic Processing
Figure 5.3 shows the Disconnect Switch Status and Alarm Logic. Inputs to this 
logic are the normally open (89AMm) and normally closed (89BMm) disconnect 
switch auxiliary contacts.

To understand the logic in Figure 5.3, consider an open-to-close operation. The 
first disconnect operation scenario looks at a successful open-to-close disconnect 
switch operation; a successful close-to-open operation is similar. In the open 
state, 89AMm is deasserted and 89BMm is asserted. Once a close command is 
initiated in the relay, the disconnect switch starts to move and 89BMm deasserts. 
When 89BMm deasserts, the 89ALPm pickup timer starts to time. With 89BMm 
deasserted, the state of the disconnect switch cannot be determined, because both 
disconnect switch auxiliary contacts are deasserted. Set the 89ALPm timer longer 
than the expected undetermined disconnect state time, but less than the 89CSTm 
or 89OSTm seal-in timers. If the 89ALPm timer expires, the 89ALm Relay Word 
bit asserts. Relay Word bit 89ALm asserts when the disconnect operation does 
not complete successfully. When the 89ALPm timer begins timing, the operation 
in progress, Relay Word bit 89OIPm, and Relay Word bit 89CLBm assert. The 
89CLBm Relay Word bit is for bus-zone protection, this bit asserts when the 
89BMm input deasserts.

During the disconnect switch operation-in-progress condition, Relay Word bits 
89CLm and 89OPNm are both deasserted because the state of the disconnect 
switch is undetermined. Once the disconnect switch auxiliary contact Relay 
Word bit 89AMm asserts, the condition has been met to declare the disconnect 
switch closed. When 89AMm asserts, the 89CLm Relay Word bit asserts, 
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89ALPm stops timing, Relay Word bit 89OIPm deasserts, and Relay Word bit 
89CLBm remains asserted. This sequence completes a successful open-to-close 
disconnect switch operation.

The second disconnect operation scenario is for an unsuccessful open-to-close 
operation, which, until 89ALPm starts timing, is identical to the successful oper-
ation in the previously discussed first scenario.

During operation of the 89ALPm timer, the disconnect switch begins moving. 
The close disconnect switch output signal 89CLSm clears upon expiration of the 
89CSTm seal-in timer. The logic then provides the disconnect switch additional 
time to complete the close operation, in case some inertia from the motor rotor 
keeps the disconnect motor in motion. By setting the 89ALPm timer longer than 
the 89CSTm seal-in timer, you can ensure retention of the close signal until the 
disconnect switch closes completely. If there is no complete disconnect switch 
operation during the time 89ALPm defines, the relay asserts Relay Word bit 
89ALm and reports that the disconnect switch is in an undetermined state.

The scenario in which both 89AMm and 89BMm are asserted simultaneously 
would occur on a rare disconnect switch failure or a short-circuited auxiliary con-
tact wire connection. When this condition occurs for 89ALPm seconds, the 
89ALm alarm status output will assert.

Disconnect Switch Close and Open Immobility Timer Logic
The Close and Open Immobility Timer Logic detects when a disconnect opera-
tion failed to initiate.

                    

                    

                    

Figure 5.4 Close Immobility Timer Logic
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Figure 5.5 Open Immobility Timer Logic
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Close and Open Immobility Timer Logic Inputs 
LOCAL

The LOCAL Relay Word bit supervises local disconnect control and is based on 
the LOCAL SELOGIC control equation in the Bay settings class. Disconnect 
switch operations from the front panel are possible when the LOCAL Relay 
Word bit is asserted, in other words, the LOCAL Relay Word bit prevents control 
from the HMI without proper supervision.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CIRm, 89OIRm

The 89CIRm and 89OIRm SELOGIC control equations provide the flexibility to 
customize resetting the Close and Open Immobility Timers. By default, 89CIRm 
is set to NOT 89OPNm, and 89OIRm is set to NOT 89CLm. 

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. 

Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the SELOGIC close or open to initiate a disconnect switch opera-
tion. Use care when using SELOGIC control equations for disconnect switch oper-
ations; this disconnect operate method is not supervised by the breaker jumper or 
appropriate relay access levels as is the case with other disconnect operation 
methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are executed from the one-line diagram on the 
front-panel screen. The LOCAL Relay Word bit must be asserted, for Relay 
Word bits 89CCMm or 89OCMm to assert.



5.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

Control
Disconnect Logic

89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Switch Close and Open Immobility Timer Logic Settings 
89CITm, 89OITm

89CITm and 89OITm timer settings in the Bay settings class define the close and 
open immobility timers.

Disconnect Switch Close and Open Immobility Timer Logic Outputs 
89CIMm, 89OIMm

When 89CIMm or 89OIMm asserts, the close or open immobility timer has 
expired.

Disconnect Switch Close and Open Immobility Timer Logic Processing
The Close and the Open Immobility Timer Logic detect when one of the close or 
open disconnect switch methods does not initiate successfully. In other words, it 
reports when the disconnect switch failed to start moving. The open and close 
immobility timer logic circuits are similar. When a close operation is initiated, 
the rising-edge-triggered Close Immobility Timer starts timing. Once the discon-
nect switch starts to move away from its open position, Relay Word bit 89OPNm 
deasserts (see Figure 5.3). If the 89OPNm Relay Word bit deasserts, the close 
immobility timer resets and 89CIMm remains deasserted. On the other hand, if 
the 89OPNm Relay Word bit stays asserted, the close immobility timer does not 
reset. After the close immobility timer expires, 89CIMm asserts for one second. 
When 89CIMm asserts, the close operation is considered to have failed to initiate. 
89CIMm is an input to the disconnect switch status and alarm logic for alarm 
condition indications. 

This logic also uses the LOCAL Relay Word bit to supervise front-panel opera-
tions. With the LOCAL Relay Word bit deasserted, no disconnect operations can 
be initiated from the one-line diagram. With the LOCAL Relay Word bit asserted, 
Relay Word bit 89CCMm asserts for one-quarter cycle when the ENT pushbutton 
is pressed and a disconnect switch is highlighted in the one-line diagram.

Close, Open, and Undetermined State Indications
This section discusses the way the close and open immobility timers work in con-
junction with the disconnect alarm timer to provide disconnect control and alarm 
indications. When the disconnect switch main contact is stationary (closed or 
open) the state of the disconnect switch is easily determined.

If the disconnect switch main contact is open:

➤ Normally closed Form B auxiliary contact (89BMm asserted) is closed

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open
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If the disconnect switch main contact is closed:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm asserted) is closed

If an operation of the disconnect switch is in progress, the state of the disconnect 
switch main contact is undetermined:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open

Any undetermined state of the disconnect switch main contact should be moni-
tored. The relay can be configured to wait for the disconnect switch operation to 
complete, and issue an alarm if the disconnect switch remains in the undeter-
mined state longer than the 89ALPm time. Figure 5.6 illustrates how the state of 
the auxiliary contacts change for an open-to-close operation in progress and how 
the 89CSTm, 89CITm, and 89ALPm timers are configured to manage the unde-
termined time. The close-to-open scenario would be similar.

With the disconnect switch in the open state, the normally closed Form B auxil-
iary contact is closed (89BMm asserted) and the normally open Form A auxiliary 
contact is open (89AMm deasserted). The 89CSTm seal-in timer starts timing 
when a disconnect switch close command is issued. The output of the 89CSTm 
seal-in timer keeps the close signal asserted for the duration of the expected dis-
connect switch operate time. Set the seal-in timer 10 to 15 percent longer than the 
expected disconnect operate time, to allow for slow disconnect operation times 
caused by cold temperatures or low battery voltages.

                    

When the normally closed auxiliary contact (SELOGIC input 89BMm) deasserts, 
the disconnect switch is in an undetermined state. No proper position indication 
from either of the disconnect switch auxiliary contacts (89BMm or 89AMm) is 
available. Once the auxiliary normally closed contact (SELOGIC input 89BMm) 
deasserts, the 89ALPm timer starts timing. The 89ALPm timer monitors the 
undetermined state of the disconnect switch. For the 89ALPm timer to initialize, 
the disconnect switch has to move a minimum distance to open the normally 
closed auxiliary contact (open-to-close operation). Set the 89ALPm timer longer 

                    

Figure 5.6 Disconnect in Transition
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than the expected undetermined state time, but less than the 89CSTm seal-in 
timer. If the normally open auxiliary contact fails to close within the undeter-
mined state time, the 89ALPm timer expires and an alarm condition is declared.

The Close Immobility Logic starts the Close Immobility Timer for an operation 
where the disconnect switch does not move the minimum distance to open the 
normally closed auxiliary contact (open-to-close operation). When the close 
immobility timer expires, an alarm condition is declared and Relay Word bit 
89ALm asserts. If the disconnect moves enough to open the normally closed aux-
iliary contact, the Close Immobility timer resets and no alarm condition is 
declared (see Figure 5.4).

Remote Bits 
Remote bits provide a means for sending remote control commands to relay 
logic. As indicated in Table 14.46, remote bits have three operating states: clear, 
set, and pulse. It is important to understand the differences between the use of 
pulsed remote bits in automation and protection SELOGIC control equations. 
Remote bits can be operated from multiple communications interfaces, including 
the CON command from a terminal (serial or Telnet), Fast Operate messages, 
and DNP3.

A pulsed remote bit will assert the respective remote bit Relay Word bit (RBnn, 
nn = 01–64) for one processing interval (1/8 of a power system cycle). When 
used in Protection SELOGIC, which also executes at one processing interval, 
pulsed remote bits provide a momentary means for operating a variety of logic 
functions, including Protection Latches, Boolean logic expressions, and Protec-
tion Logic Counters. Because the pulsed remote bit and Protection processing 
both operate within the same processing interval, the use of pulsed remote bits is 
reliable and deterministic.

Bay Control Front-Panel Operations
Each relay has a default one-line diagram. Sometimes these diagrams fit on a sin-
gle screen and sometimes they require more than one screen that you can pan 
across. For example, Figure 5.7 shows the default one-line diagram for the 
SEL-487E. You can display either of two parts of the diagram by using the 
Up Arrow and Down Arrow pushbuttons to pan between an upper screen and a lower 
screen. The upper screen shows the HV equipment and transformer, while the 
lower screen shows the transformer and LV equipment. The relay displays the 
upper screen by default.

NOTE: The SEL-487B supports 96 
remote bits and has a processing 
interval of 1/12 of a power system 
cycle.
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One-Line Diagram and Labels
Figure 5.8 is an example of a default one-line diagram. The Bay settings class has 
settings for defining labels and analog quantities. One-line diagrams are com-
prised of the following:

➤ Bay Names and Bay Labels

➤ Busbars and Busbar Labels

➤ Breakers and Breaker Labels

➤ Disconnect Switches and Disconnect Switch Labels

➤ Equipment and Equipment Labels

➤ Analog Display Points

                    

                    

Figure 5.7 SEL-487E Default One-Line Diagram
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Figure 5.8 Bay Control One-Line Diagram
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Front-Panel Pushbutton Navigation Operations in the One-Line Diagram
Navigation within the one-line diagram requires that the front-panel access level 
be at Breaker Access Level or higher and the Breaker Jumper be installed. If nav-
igation is attempted when:

➤ The front panel is not at the Breaker Access Level or higher and passwords 
are enabled, the relay prompts you to enter the appropriate passwords.

➤ The Breaker Jumper is not installed, the Breaker Control Disabled 
Please Install the Breaker Jumper message briefly appears on the 
screen.

Use the arrow pushbuttons on the front panel to navigate within the one-line dia-
gram. When you first select the one-line diagram, none of the apparatus on the 
one-line diagram are highlighted. Press the Left Arrow or Right Arrow pushbutton to 
enter the one-line diagram and highlight the apparatus. Once you enter the one-
line diagram, navigation between the disconnect switch and circuit breaker sym-
bols as follows:

➤ Pressing the Right Arrow pushbutton highlights the elements from left-
to-right and top-to-bottom. 

➤ When reaching the right-most bottom element, the following Right Arrow 
keystroke “rolls over” and again highlights the left-most top element.

➤ The Left Arrow pushbutton operates in reverse, i.e., from right-to-left, 
and bottom-to-top.

➤ Pressing the ENT pushbutton selects the highlighted symbol.

➤ Pressing the ESC pushbutton returns you to the previous screen.

Additionally, if the one-line diagram spans multiple screens, you can pan 
between the portions of the diagram by using the up and down arrows:

➤ Pressing the Down Arrow pushbutton while displaying the top bay 
control screen, displays the bottom bay control screen. 

➤ Pressing the Down Arrow pushbutton while displaying the bottom bay 
control screen or the Up Arrow pushbutton while displaying the top 
bay control screen, does nothing.

➤ Pressing the Up Arrow pushbutton while displaying the bottom bay 
control screen displays the top bay control screen.

Circuit Breaker and Disconnect Definitions and State Representations
Table 5.1 shows the apparatus definitions and symbols displayed on the one-line 
diagram.

                    

Each apparatus (circuit breaker or disconnect switch) can be in one of the follow-
ing six states:

➤ Open, not highlighted

➤ Open, highlighted

Table 5.1 Circuit Breaker and Disconnect Switch Definitions

Circuit Breaker 
Open

Circuit Breaker 
Closed

Disconnect Open Disconnect Closed

                                                                                

NOTE: The intermediate states only 
apply to disconnect switches because 
circuit breaker operations have a 
short duration.
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➤ Closed, not highlighted

➤ Closed, highlighted

➤ Intermediate, not highlighted (intermediate = transition between 
open and closed states)

➤ Intermediate, highlighted

Table 5.2 describes how the one-line diagram represents the different states of the 
breakers, and how highlighting the breaker affects the display of the symbol.

                    

Table 5.3 describes how the one-line diagram represents the different states of the 
disconnect switches, and how highlighting the disconnect switch affects the dis-
play of the symbol. Unlike the fast operation time of the circuit breaker, the dis-
connect switch operation-in-progress time is longer than the breaker operation 
time. Table 5.3 describes how apparatus appear in the one-line diagram when a 
disconnect operation is in progress.

                    

Table 5.2 Circuit Breaker State Representations

Apparatus Position Symbol
Asserted Relay 

Word Bit

Circuit breaker open, not highlighted                     NOT 52CLSMm

Circuit breaker open, highlighteda

a When the circuit breaker is highlighted, the two symbols shown alternate in the display.

                    NOT 52CLSMm

Circuit breaker closed, not highlighted                     52CLSMm

Circuit breaker closed, highlighted                     52CLSMm

Table 5.3 Disconnect Switch State Representations (Sheet 1 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit

Disconnect open, not highlighted                     89OPNm

Disconnect closed, not highlighted                     89CLm

Disconnect open, highlighteda                     89OPNm
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The one-line diagram indicates highlighted text with a box around the current 
selection.

Rack-Type Breaker Mosaics
The SEL-400 series relays support the display of three-position rack-type break-
ers (also referred to as truck-type breakers) in the bay mimic screens on the front-
panel LCD. The three positions, (racked out, test, and racked in) are determined 
by the combination of the 52nRACK and 52nTEST bay settings (breaker n desig-
nation depends on the relay model). Navigate to the Mimic Busbar Layout 
Screen Number setting under Bay Control in the ACSELERATOR QuickSet 
SEL-5030 Software to identify mimic screens that contain a rack-type breaker.

Figure 5.9 shows the displayed mosaics based on the combination of the 
52nRACK and 52nTEST settings. For non-rack type breakers, the 52nRACK and 
52nTEST settings do not impact any display and control of the non-rack type 
breakers.

Disconnect closed, highlighteda                     89CLm

Disconnect Operation In Progress, 
not highlightedb

                    89OIPm

Disconnect Operation In Progress, 
highlightedc

                    89OIPm

a When the disconnect switch is highlighted and no operation is in progress, a square box 
alternately frames the switch symbol.

b For a disconnect switch operation in progress where the disconnect switch is not highlighted, the 
symbol displayed is the present state symbol and then the opposite state symbol. This sequence 
repeats until the disconnect switch operation completes.

c For a disconnect switch operation in progress where the disconnect is highlighted, the symbol 
displayed is the present state symbol, then the present state symbol highlighted, then the 
opposite state symbol, and finally the opposite state symbol highlighted. This sequence repeats 
until the disconnect switch operation completes.

Table 5.3 Disconnect Switch State Representations (Sheet 2 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit
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When 52nRACK = 52nTEST = 0, as shown in Figure 5.9(a), the racked-out 
breaker mosaic appears. Because the breaker is racked out, the 52nCLSM setting 
is irrelevant for the purposes of the display. When 52nTEST = 1 and 
52nRACK = 0, as shown in Figure 5.9(b), the breaker is in the test position. In 
this position, the breaker can either be open or closed, depending on the 
52nCLSM setting. When 52nRACK = 1 and 52nTEST = 0, as shown in 
Figure 5.9(c), the breaker is in the racked-in position. While in the racked-in 
position, the breaker can be open or closed depending on the 52nCLSM setting. 
When 52nRACK = 52nTEST = 1, as shown in Figure 5.9(d), the display alter-
nates between the mosaics shown to indicate an indeterminate state for the 
breaker position because the breaker cannot physically be in both the test and 
racked-in position at the same time.

For relays that support and are set for single-pole breakers (BKnTYP := 1), the 
rack-type breaker mosaics follow functionality similar to non-rack type breaker 
mosaics, depending on pole status and the EPOLDIS setting. The breaker must 
also be in the test or racked-in position; if the breaker is in the racked out posi-
tion, only Figure 5.9(a) appears. If the logic declares a pole discrepancy and 
EPOLDIS := 1, the one-line diagram follows the same alternating pattern as 
shown in Figure 5.9(d). When you select the breaker on the front-panel HMI, a 
pole discrepancy screen appears, showing the state (OPENED or CLOSED) for 
each pole. If EPOLDIS := 0, the one-line diagram still has the alternating pattern 
shown in Figure 5.9(d), but the pole discrepancy screen does not appear and only 
shows STATUS UNKNOWN for the status field in Figure 5.9(b).

When in the test or racked-in position, the breaker alarm setting, 52n_ALM, is 
checked. If 52n_ALM := 1, the displayed breaker alternates between a closed and 
open breaker in either the test (Figure 5.9[b]) or racked-in (Figure 5.9[c]) posi-
tion regardless of breaker contact state. However, for single-pole breakers, if the 
logic declares a pole discrepancy, the pole discrepancy screen displays when you 
select the breaker on the front-panel HMI.

You can access breaker control of available breakers regardless of rack position 
(racked-in, test, racked-out) and breaker state (open, closed). Some breakers in 
the one-line diagrams are status-only and are not controllable. See One-Line Dia-
grams in Section 4: Front-Panel Operations of the product-specific instruction 
manuals for information on breakers that have control or status-display-only 
functionality.

                    

Figure 5.9 Rack-Type Breaker Mosaics
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Status-Only Disconnects
The SEL-400 series relays can display status-only disconnects. The Disconnect 
Front Panel Control Enable setting, 89CTLn, (see Section 11: Relay Word Bits in 
the product-specific instruction manuals for the number of supported discon-
nects) applies to both two- and three-position disconnects in the HMI one-line 
diagram, and it determines whether a selected disconnect can be controlled from 
the front-panel HMI (89CTLn := 1) or cannot (89CTLn := 0 or NA). The 
89CTLn setting differs from the LOCAL setting in that the LOCAL setting is a 
global local control enable setting and 89CTLn is a control enable setting on a 
per-disconnect level. The LOCAL setting has priority over the 89CTLn setting.

The default setting of 89CTLn := 1 allows for disconnect control and maintains 
disconnect front-panel control functionality after a relay firmware upgrade (even 
when upgrading from a firmware that does not support status-only disconnects). 
When 89CTLn := 1, the relay follows the control functionality outlined in this 
section. When 89CTLn := 0 or NA, you cannot select the specified disconnect 
when you are navigating the one-line diagram from the relay front-panel HMI, 
preventing you from selecting the disconnect for a control function.

Three-position disconnects have a 89CTLn disconnect control enable setting for 
each disconnect position (in-line or ground). The disconnect is selectable for con-
trol from the one-line diagram when either 89CTLn := 1 and the switch is open, 
or when either 89CTLn := 1 and the switch is closed in the corresponding posi-
tion to the 89CTLn := 1 setting. When in the control window, only control 
options available based on the 89CTLn settings display. For example, if the dis-
connect is open, and the ground 89CTLn := 0 and the in-line 89CTLn := 1, the 
only control option displayed will be to close the in-line disconnect. If the switch 
is closed to a position whose 89CTLn := 0, the switch is not selectable when nav-
igating the one-line diagram. However, should the 89ALn Relay Word bit assert 
for either disconnect position, the disconnect is selectable from the front panel 
regardless of the 89CTLn setting, and a view-only window for the disconnect 
appears that has no control functions available for the disconnect.

If the corresponding 89CTLn disconnect control enable setting transitions from 
an asserted to a deasserted state while in the control window, the front panel dis-
plays NOT ALLOWED when you have selected an open or close function.

Circuit Breaker and Disconnect Switch Operations From the Front Panel
Circuit Breaker Open/Close

Figure 5.10 shows the Breaker Control Screens available after pressing the ENT 
pushbutton (ONELINE bay control screen), with the circuit breaker highlighted 
(Only highlighted breakers on the one-line diagram can initiate breaker open or 
close operations). Pressing the ENT pushbutton with the breaker highlighted and 
the LOCAL Relay Word bit asserted displays the Breaker Control Screen in 
Figure 5.10(b). If the LOCAL Relay Word bit is not asserted when the ENT push-
button is pressed, the relay displays the screen in Figure 5.10(c) for three seconds 
and then returns to the screen in Figure 5.10(a).
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Single-Pole Tripping
With a single-pole breaker, the individual poles operate independently, and nor-
mal operation is for one pole to be open for a short period, while the other two 
poles are closed. However, it is possible that one (or more) poles may fail to com-
plete a particular operation, resulting in a pole-discrepancy condition. For exam-
ple, if the breaker is issued a CLOSE command, two poles may close but one 
pole may remain open. If this condition lasts for longer than 1.5 seconds, the 
HMI displays the pole discrepancy screen shown in Figure 5.11(c) so that the 
operator can immediately identify the offending pole. You can operate the 
breaker from the pole discrepancy screen after the discrepancy has been rectified. 
All other screens are the same as when you set the relay to three-pole operations.

                    

Figure 5.10 Screens for Circuit Breaker Selection
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Disconnect Switch Open/Close
Figure 5.12(a) shows the Disconnect Control Screens available when you press 
the ENT pushbutton, in ONELINE bay control screen, with the disconnect switch 
highlighted. If the LOCAL Relay Word bit is asserted and the disconnect switch 
is highlighted when you press the ENT pushbutton, the Disconnect Control Screen 
in Figure 5.12(b) appears. Use the Up Arrow and Down Arrow pushbuttons to navi-
gate between the disconnect control functions in Figure 5.12(b). If the LOCAL 
Relay Word bit is not asserted when the ENT pushbutton is pressed, the relay dis-
plays screen in Figure 5.12(c) for three seconds and then returns to the screen in 
Figure 5.12(a).

                    

Figure 5.11 Screens During a Pole-Discrepancy Condition
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Figure 5.13, Figure 5.14, and Figure 5.15 show all the possible screens during an 
open-to-close operation of Disconnect 1. Operation of the remaining disconnects 
is identical. Close-to-open operations are similar, the only difference being that 
the open Relay Word bits apply instead of the close Relay Word bits. The screen 
in Figure 5.13(a) is displayed after you press the ENT pushbutton with Disconnect 
1 open and highlighted in the one-line diagram.

When you enter the disconnect screen in Figure 5.13(a), the state that the discon-
nect switch is in is highlighted, in other words, if Relay Word bit 89OPN1 is 
asserted, the OPEN DISCONNECT text has a box drawn around it.

To close the disconnect switch, use the Up Arrow or Down Arrow pushbutton to 
highlight the CLOSE DISCONNECT text.

If Relay Word bit 89CCM1 asserts after you press the ENT key, the relay displays 
the screen with the caption CLOSE COMMAND ISSUED in Figure 5.13(c) for three 
seconds. While the disconnect operation is in progress, the relay displays the 
screen with the caption IN PROGRESS in Figure 5.14(a) and the disconnect sym-
bol alternately displays the present state symbol and the opposite state symbol. If 
another disconnect operation attempt is made while a disconnect operation is in 

                    

Figure 5.12 Screens for Disconnect Switch Selection
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progress, the relay displays the screen with the caption *NOT ALLOWED* in 
Figure 5.14(b) for three seconds and then the relay returns to the screen in 
Figure 5.14(a).

If Relay Word bit 89CCM1 does not assert, the relay displays the *NOT ALLOWED* 
error message shown in Figure 5.13(d) for three seconds and then displays again 
the screen in Figure 5.13(b).

When Relay Word bit 89CCMD1 asserts, the Close Immobility Timer starts. If 
Relay Word bit 89CCMD1 asserts, two scenarios are possible: the disconnect 
fails to close, or the disconnect closes successfully. In the case of a successful 
close operation, the relay displays the screen in Figure 5.15(b).

Failing to close also has two possible scenarios: the disconnect starts to move, but 
does not complete the operation, or the disconnect switch operation does not initiate.

When Relay Word bit 89OPN1 deasserts, the Close Immobility timer resets, indi-
cating that the disconnect switch has started to move. If Relay Word bit 89CL1 
fails to assert in the expected operation time, the disconnect switch has failed to 
complete the close operation in the expected time. Failure of the 89CL1 Relay 
Word bit to assert in the expected disconnect switch operation time causes the 
89AL1 Relay Word bit to assert. When Relay Word bit 89AL1 asserts, the relay 
displays the screen Figure 5.15(a) (see Disconnect Switch Status and Alarm 
Logic on page 5.5).

If Relay Word bit 89OPN1 fails to deassert before the Close Immobility Timer 
expires, Relay Word bit 89ICM1 asserts and the relay displays the screen with the 
caption STATUS UNKNOWN in Figure 5.15(a). See Disconnect Switch Close and 
Open Immobility Timer Logic on page 5.8 for more information regarding the 
close and open immobility timer logic.

When the disconnect operation completes successfully, the relay displays the 
screen in Figure 5.15(b) until the front-panel timer times out or the ESC pushbut-
ton is pressed.
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Figure 5.13 HMI Disconnect Operation Initiation
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When you initially enter the Disconnect Control Screen, the disconnect switch is 
in one of four states: disconnect open (89OPNm), disconnect closed (89CLm), 
disconnect undetermined without alarm (89OIPm), or disconnect undetermined 
with alarm (89ALm). If Relay Word bit 89OIPm is asserted, the relay displays the 
screen in Figure 5.14(a); if Relay Word bit 89ALm is asserted, the relay displays 
the screen in Figure 5.15(a). If both Relay Word bits 89OIPm and 89ALm are 
asserted, Relay Word bit 89ALm takes priority. If Relay Word bit 89OPNm is 
asserted, the relay displays the screen in Figure 5.13(a). This is the initial screen 
for an open-to-close operation. If Relay Word bit 89CLm is asserted, the relay 
displays the screen in Figure 5.15(b). This is the initial screen for a close-to-open 
operation. 

                    

Figure 5.14 HMI Disconnect Operation in Progress
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Three-Position Disconnect State Representation and Operations From 
the Front Panel

A three-position disconnect switch consists of two standard disconnects that 
operate together to form a three-position disconnect. All logic diagrams of the 
standard disconnect apply to the three-position disconnect, including all settings 
and Relay Word bits associated with the two individual disconnects. The three-
position disconnect has two labels, one for the in-line branch and one for the 
ground (perpendicular) branch. In the example shown in Figure 5.16, the three-
position disconnect is made up of Disconnect SW3 and Disconnect SW4. As 
with the standard disconnect, be sure to correlate the disconnect wiring and set-
tings with the disconnects assigned to the three-position disconnect image on the 
one-line diagram.

                    

Table 5.4 displays how the bay screen one-line diagram represents the different 
states of the three-position disconnect switch.

                    

Figure 5.15 HMI Disconnect Operation Completed
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Figure 5.16 Bay Control One-Line Diagram With Three-Position Disconnect Open
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Similar to the standard disconnect, if a three-position disconnect is highlighted 
on the one-line diagram and the ENT pushbutton is pressed, a control screen is dis-
played. The control screen shows the present status of the disconnect based on 
the disconnect status bits (89CLm, 89OPNm, 89OIPm, and 89ALm) from both 
disconnects that make up the three-position disconnect. The status is shown via 
the disconnect symbol and the status labels as shown in Figure 5.17(a).

Figure 5.17(a) shows the control screen of a three-position disconnect with both 
disconnects in the open state. Figure 5.17(b) shows the control screen of a three-
position disconnect with the in-line disconnect closed and the ground disconnect 
open. Likewise, Figure 5.17(c) shows the control screen of a three-position dis-
connect with the in-line disconnect open and the ground disconnect closed.

Table 5.4 Three-Position Disconnect Switch State Representations

Apparatus Position Symbol Asserted Relay Word Bits

Both disconnects open                     89OPN3 and 89OPN4

Disconnect 3 (in-line) closed

Disconnect 4 (ground) opened

                    89CL3 and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) closed

                    89OPN3 and 89CL4

Disconnect 3 (in-line) intermediatea

Disconnect 4 (ground) opened

b (89OIP3 or 89AL3) and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) intermediatea

b 89OPN3 and (89OIP4 or 89AL4)

All other status combinations

Disconnect 3 closed, Disconnect 4 closed

Disconnect 3 closed, Disconnect 4 intermediatea

Disconnect 3 intermediatea, Disconnect 4 closed

Disconnect 3 intermediatea, Disconnect 4 intermediatea

b

89CL3 and 89CL4

89CL3 and (89OIP4 or 89AL4)

(89OIP3 or 89AL3) and 89CL4

(89OIP3 or 89AL3) and (89OIP4 or 89AL4)

a Intermediate = transition between open and closed states.
b The image alternates between the two symbols shown.
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The three-position disconnect logic is identical to two standard disconnects, but 
control actions are limited as shown in Table 5.5. A control action is only avail-
able if the disconnect name is listed next to the action as indicated in the Control 
Options Displayed column. For example, in the second set of control actions, 
where Disconnect SW3 is closed and Disconnect SW4 is open, the only control 
actions available are to open or close Disconnect SW3. Figure 5.17(b) shows the 
control screen for this condition.

                    

                    

Figure 5.17 Three-Position Disconnect Control Screens
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Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 1 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

Disconnect SW3: Open

Disconnect SW4: Open

OPENED

OPENED

SW3

SW4

CLOSE SW3

OPENa

CLOSE SW4

CLOSE SW3

NO OPEN CONTROL

CLOSE SW4

Disconnect SW3: Closed

Disconnect SW4: Open

CLOSED

OPENED

SW3

SW4

CLOSE SW3b

OPEN SW3

CLOSE 

CLOSE SW3

OPEN SW3

NO CONTROL for SW4

Disconnect SW3: Open

Disconnect SW4: Closed

OPENED

CLOSED

SW3

SW4

CLOSE

OPEN SW4

CLOSE SW4c

NO CONTROL for SW3

OPEN SW4

CLOSE SW4

Disconnect SW3: Open

Disconnect SW4: Alarm

OPENED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect
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The following example shows the process of changing a three-position discon-
nect from closed in-line to closed to ground. This process requires that you first 
open the in-line disconnect before you can close the ground disconnect.

Starting with the one-line diagram in Figure 5.18, highlight the three-position 
disconnect and press the ENT pushbutton. If the LOCAL Relay Word bit is 
asserted, the control screen shown in Figure 5.17(b) is displayed on the screen. 
Note that the only options at this point are to open or close Disconnect SW3. 
Therefore, use the Up Arrow or Down Arrow pushbutton to move the highlight box 
to the OPEN SW3 position. Then press the ENT pushbutton to open Disconnect 
SW3. If Disconnect SW3 successfully opens, the control screen will change as 
shown in Figure 5.17(a). Note that the control actions changed so that Discon-
nect SW4 can now be closed. At this point, use the Up Arrow or Down Arrow push-
button to move the highlight box to the CLOSE SW4 position and press the ENT 
pushbutton to close Disconnect SW4. If Disconnect SW4 is successfully closed, 
the control screen will change as show in Figure 5.17(c).

                    

Disconnect SW3: Alarm

Disconnect SW4: Open

UNKNOWN

OPENED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Alarm

CLOSED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Closed

UNKNOWN

CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Closed

CLOSED 
CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Alarm

UNKNOWN

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

a See Figure 5.17(a).
b See Figure 5.17(b).
c See Figure 5.17(c).

Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 2 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

                    

Figure 5.18 Bay Control One-Line Diagram With Three-Position Disconnect 
Closed In-Line
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The relay does not include any default bay mimic screens with three-position dis-
connects. Should your application require different bay mimic screens with three-
position disconnects, contact SEL.

Bay Control Screens
QuickSet and SEL Grid Configurator Software provide an easy and intuitive way 
to configure and set the bay control function. The following screenshots show the 
bay control screens in SEL Grid Configurator; the functionality shown is similar 
in Quickset but it does not include the bay screen search tool.

Select the Bay Control button from the tree to see the first interactive bay forms 
in SEL Grid Configurator, as shown in Figure 5.19.

                    

Use the bay screen mimic diagram lookup tool to find the mimic diagrams appli-
cable to your application by filtering by the number of displayed breakers and 
disconnections, as shown in Figure 5.20.

                    

Figure 5.19 Interactive Bay Control Setting Form
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MIMIC
In most SEL-400 series relays, a single one-line diagram needs to be selected. 
However, in some relays, such as the SEL-487E, multiple screens need to be 
selected to build up the total composite one-line diagram.

Bay Name
There are 20 characters available for the bay name. This name appears on all the 
bay control screens.

Local
The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the input contact IN107 can 
accommodate existing bay controls that use a key to manually change from 
remote to local control. The key switch is made to actuate a contact when the key 
is turned, as shown in Figure 5.21. With the contact of the switch wired to the 
input, the key switch provides local and remote control. Make the following set-
ting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107

                    

Figure 5.20 Mimic Diagrams
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Bus Names
Figure 5.22 shows the bay screen settings filter automatically to only display set-
tings associated with the item you selected in your mimic diagram. Enter the 
name of the busbar (e.g., 132 Bus No 1), and select OK.

                    

Disconnect Assignments
To configure disconnects, select the disconnect switch. The settings filter auto-
matically to only show the selected disconnect settings, as shown in Figure 5.23.

                    

                    

Figure 5.21 Local and Remote Control Logic With Key Control
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Figure 5.22 Setting Busbar Names in SEL Grid Configurator

                    

Figure 5.23 Disconnect Assignment Dialog Box, SW1
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D01HMIN

Enter a Disconnect 1 label on the HMI (Figure 5.23). The number of characters is 
limited to a maximum string width of 18 pixels (approximately four characters).

D01CTLN

Enter a Disconnect 1 label on the control screen. Enter a descriptive name (there 
are 15 characters available) that clearly identifies the disconnect.

89AM01, 89BM01

These SELOGIC control equations report the state of Disconnect 1 auxiliary con-
tacts. Both equations must be programmed for the Disconnect Switch Status and 
Alarm Logic to function correctly.

89ALP01

This timer counts down when both 89AM01 and 89BM01 are in the same state 
(both asserted or both deasserted). When this disconnect alarm timer expires, an 
alarm condition exists and the 89AL01 Relay Word bit asserts.

Set the 89ALP01 timer longer than the expected operation (undetermined state) 
time, but less than the 89CST01 or 89OST01 seal-in timers.

89CCN01, 89OCN01

These SELOGIC control equations close or open Disconnect 1. Take care when 
programming these equations, because there is no breaker jumper supervision or 
access level safeguard in place for this disconnect operate method. These settings 
only work when the LOCAL Relay Word bit is deasserted.

89CTL01

This SELOGIC control equation identifies Disconnect 1 as controllable 
(89CTL01 := 1) or status-only (89CTL01 := 0). When controllable, all control 
functionality is available for Disconnect 1. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLn setting for each discon-
nect position.

89CST01, 89OST01

These seal-in timers are intended to keep the close or open signal asserted long 
enough to allow the Disconnect 1 operation to complete. Set the seal-in timers 10 
to 15 percent longer than the expected disconnect operate time to give the discon-
nect switch time to complete the operation.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the seal-in timers.

89CIT01, 89OIT01

The close/open Disconnect 1 immobility timers are triggered at the same time as 
the seal-in timers. Expiration of these immobility timers indicates that the Dis-
connect 1 auxiliary contact status failed to change state within the expected time 
frame.
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Set the immobility timers longer than the expected time for the disconnect to 
leave the initial state (as reported by the 89AM01 and 89BM01 Relay Word bits), 
but less than the seal-in timer.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the immobility timers.

89CRS01, 89ORS01

These settings reset the seal-in circuit when either the seal-in timer expires or the 
intended open/close status signal asserts. This is intended to stop driving the Dis-
connect 1 motor to close or open when the desired state has been reached.

89CBL01, 89OBL01

These SELOGIC control equations provide an optional custom method for block-
ing all means of close/open control for Disconnect 1.

89CIR01, 89OIR01

These SELOGIC control equations reset the Disconnect 1 close/open immobility 
timers.

Breaker Assignments
Configure the breaker by selecting the box next to the breakers. The settings filter 
automatically, as shown in Figure 5.24.

                    

BKq

In some relays, each numbered breaker (q = 1, 2, 3, 4, or 5) can be assigned to 
NA or one of the terminals. No terminal can be assigned twice. Unused breaker 
numbers are forced to NA.

BmHMINM

Enter a Breaker m label on the HMI (one-line diagram). The number of charac-
ters is limited to a maximum string width of 17 pixels (approximately four char-
acters).

BmCTLNM

Enter a Breaker m label on the control screen. Enter a descriptive breaker name 
(as many as 15 characters).

                    

Figure 5.24 Breaker Settings, Breaker S
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52mCLSM, 52m_ALM

These SELOGIC control equations report breaker close status and breaker alarm 
status. Any bit in the Relay Word, as well as logical operators, can be pro-
grammed into these SELOGIC control equations.

52mRACK, 52mTEST

These SELOGIC control equations modify the display of rack-type breaker mosa-
ics. The settings are shown for both rack-type and non-rack type breakers, but 
only impact the display of rack-type breakers. The settings do not have any con-
trol functionality impact on any breaker. See Figure 5.9 for settings impact on the 
rack-type breaker mosaic display.

Analog Display
If analog display points are not required, leave the setting(s) blank, because the 
relay displays only the defined display points.

Select analog display label MDELE1 in the interactive one-line diagram to display 
the form shown in Figure 5.25. Select the Expression Builder button to display 
the form shown in Figure 5.26. The Expression Builder helps build the analog 
quantity setting string. Press the Expression Builder button on the form shown in 
Figure 5.26 to find the Analog or Fixed Element to be displayed.

                    

To display fixed text instead of analog quantities, enter the number 1 in the Ana-
log or Fixed Element field.

                    

Figure 5.25 Analog Quantity Setting Form
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Select the FREQ System Frequency (see Figure 5.27). Enter a Pre-Text, for 
example 'Frq=', as shown in Figure 5.27. Set the numerical display format to 5.2; 
this displays frequency up to two decimal places. You can scale the numerical 
value of FREQ to display a scaled value of the analog quantity. For example, a 
scaling value of 0.5 displays only half the value of FREQ, while a scaling value 
of 2 displays twice the value of FREQ. Enter text, such as the units of the analog 
quantity in the Post-Text field. Test the entries by typing a value of 60.51 in the 
preview analog display field. Select the Preview button, and verify that all entries 
are correct and will fit on the screen.

                    

                    

Figure 5.26 Analog Quantity Setting Form

                    

Figure 5.27 Example of an Analog Quantity Expression
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SEL recommends that you use the MDELEn expression builder within QuickSet 
or SEL Grid Configurator when creating these settings. However, if you enter the 
expression from the ASCII command line, the format of the user input is as fol-
lows:

Analog Quantity Label,"Pre-Text = {x.y,z} Post-Text"

where:

                    

For example, if you wanted to display the VAZFM analog quantity with 3 total 
digits with 1 digit following a decimal point and no scaling, enter the following 
on the command line:

VAZFM,"VAZ = {3.1,1} V"

The setting value reported in QuickSet or SEL Grid Configurator is expected to 
be reported differently than what is accepted on the ASCII command line. 

Customizable Screens
SEL-400 series relays support custom mimic display screens. Custom mimic dis-
play screens are developed by the SEL factory by using your requirements, and 
then added to the QuickSet relay driver. The following images show the breaker 
and power system variants supported in custom mimic display screens. For a 
complete list of mimic display screens available in SEL-400 series relays, see 
selinc.com/app/mimic-diagram/.

Available Circuit Breakers
Figure 5.28 shows the different types of circuit breakers and disconnects available. 

x = total number of digits of the number to display (includes number of dig-
its following a decimal point)

y = total number of digits to display following a decimal point

z = scaling factor

https://selinc.com/app/mimic-diagram/
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Available Power System Components
Figure 5.29 shows the different types of power system components available.

                    

Bay Control Example Application
This example demonstrates configuring a bay control screen for an SEL-451. 
Similar configurations can be done with other SEL-400 series relays.

                    

Figure 5.28 Different Types of Circuit Breakers and Disconnects

Circuit breaker,
ANSI type, 
Closed, vertical

Circuit breaker,
ANSI type, 
Open, vertical

Circuit breaker,
ANSI type, 
Closed, horizontal

Circuit breaker,
ANSI type, 
Open, horizontal

Circuit breaker,
IEC type, 
Closed, vertical

Circuit breaker,
IEC type, 
Open, vertical

Circuit breaker,
IEC type, 
Closed, horizontal

Circuit breaker,
IEC type, 
Open, horizontal

Circuit breaker,
Rack type, 
Closed, vertical

Circuit breaker,
Rack type, 
Open, vertical

Standard Disconnect, open

Standard Disconnect, closed

3-Position Disconnect, open

3-Position Disconnect, 
Closed to Ground

3-Position Disconnect, 
Closed In-Line

Circuit breaker,
Rack type, 
Closed, horizontal

Circuit breaker,
Rack type, 
Open, horizontal

                    

Figure 5.29 Power System Components
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Bus 1, Bus 2, and Transfer BUS Bay With Ground Switch (MIMIC := 4)
Figure 5.30 illustrates the Bus 1, Bus 2, and Transfer Bus Bay with Ground 
Switch (MIMIC := 4). The Bay configuration used in this example provides five 
disconnect switches, one breaker, and the ability to display as many as six Analog 
Quantities. The labels and Analog Quantities shown in Figure 5.30 are all a result 
of the settings entered in this example. See Table 5.6 for a complete list of Bay 
settings for this application.

                    

Bay Control Settings
General One-Line Settings

One-Line Diagram

This setting selects the one-line diagram that defines the bay configuration, and it 
must exactly match the bay configuration being controlled. Failure to select the 
exact one-line diagram that describes the bay configuration being controlled 
could result in misapplications.

MIMIC := 4

Bay Name

Enter a bay name (as many as 20 characters) that defines the bay being controlled.

BAYNAME := BAY CONTROL

Bay Label

As many as two bay labels are available in one-line diagrams 14, 17, 18, and 23. 
BAYLAB1 and BAYLAB2 settings can accept as many as eight characters, 
depending on the pixel width of the string.

BAYLAB1 or BAYLAB2 are not required because the MIMIC setting selected in 
this example does not include bay labels. If MIMIC 14, 17, 18, or 23 had been 
selected, the relay would have prompted for BAYLAB1 and BAYLAB2 settings.

Busbar Information
Bus-Name Labels

Based on the MIMIC setting, the relay provides as many as nine bus-name labels 
in the one-line diagram. With MIMIC set to 4, the relay requires three bus-name 
labels, one for the transfer bus, one for Bus 2, and one for Bus 1. The top-most 

                    

Figure 5.30 Illustration of One-Line Diagram After Entering Example Settings

BAY CONTROL

ESCNAVIG

ANALOGS
IA:1000A
V:416kV
F:60.0Hz
P:623MV
Q:–360MVR

BUS 2

Dis 4

Dis 5

Bkr 1
Dis 3

Dis 1 Dis2
BUS 1

BUS T
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bus in the one-line diagram is BUSNAM1 and the bottom-most bus in the one-line 
diagram is the highest number bus available for the selected MIMIC setting, three 
in this case.

Enter bus-name labels (as many as ten characters) that describe each bus in the 
one-line diagram.

The actual number of characters accepted depends on the pixel width of the string.

BUSNAM1 := Bus T

BUSNAM2 := Bus 2

BUSNAM3 := Bus 1

Breaker Information

The relay displays breaker information for as many as three breakers. For the bay 
configuration in this example, the relay displays one. If more breakers were sup-
ported, based on the MIMIC setting selected, the settings associated with addi-
tional breakers would follow Breaker 1 settings.

Breaker Name Label

Enter a breaker name (as many as six characters) that describes each circuit 
breaker in the one-line diagram.

The actual number of characters accepted depends on pixel width of the string.

B1HMINM := Bkr 1

Breaker Status

This SELOGIC control equation reports breaker close status and breaker alarm 
status. Any bit in the Relay Word can be programmed into this SELOGIC control 
equation, as well as logical operators. The equations below return the state of the 
Bkr 1 status and any Bkr 1 alarm conditions.

521CLSM := 52ACL1

521_ALM := 52AAL1

Disconnect Information

The relay provides disconnect switch information for as many as ten disconnect 
switches. For the bay configuration selected in this example, the relay supports 
five disconnect switches.

Disconnect Name Label

Enter disconnect labels of as many as six characters in length that describe each 
disconnect switch in the one-line diagram. The actual number of characters 
accepted depends on pixel width of the string.

D01HMIN := Dis 1
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Disconnect Status

Wire the normally open and normally closed auxiliary contacts from the discon-
nect switch to relay inputs, and program the relay inputs into 89AM01 and 
89BM01 SELOGIC control equations. These equations report the state of the dis-
connect switch auxiliary contacts. Both equations must be programmed for the 
Disconnect Switch Status and Alarm Logic to function correctly.

89AM01 := IN103

89BM01 := IN104

Disconnect Alarm Pickup Delay

This setting monitors disconnect open/close operations (the undetermined time) 
of the disconnect switch. When the disconnect alarm timer expires, an alarm con-
dition exists and the 89AL1 Relay Word bit asserts. Set the 89ALPm timer longer 
than the expected operation (undetermined state) time, but less than the 89CSITm 
or 89OSITm seal-in timers. The expected disconnect operation time in this exam-
ple is 250 cycles. 89ALPm is entered in cycles and has a range of 1–99999.

89ALP01 := 260

Disconnect Close/Open Control

Program SELOGIC control equations 89CCNn and 89OCNn to close or open dis-
connect switch n, respectively. Great care needs to be used when programming 
these equations because there are no breaker jumper supervision or access level 
safeguards in place for this disconnect operate method. The settings in this exam-
ple close the disconnect switch when Remote Bit 1 is set and open the disconnect 
switch when Remote Bit 1 is cleared. The 89CCN01 SELOGIC example below 
also includes additional supervision logic where the close operation only operates 
if Breaker 1 is open (NOT 52CLS1) and the disconnect switch is in the opposite 
state (89OPN1). When these conditions are met, a close disconnect operation will 
initiate. Relay Word bit 89CLS1 is the output of the seal-in timer and asserts 
when Relay Word bit 89CCN01 asserts. Relay Word bit 89OPN1 deasserts as 
soon as the disconnect switch starts to move. The OR combination of Relay Word 
bit 89CLS1 and 89OPN1 keeps the close disconnect signal asserted until the dis-
connect operation has completed. The SELOGIC control equations below demon-
strate disconnect lockout control in the relay. The 89OCN01 SELOGIC control 
equation illustrates the same type of supervision for the disconnect switch open 
logic.

89CCN01 := RB01 AND (89OPN1 OR 89CLS1) AND NOT 52CLSM1

89OCN01 := NOT RB01 AND (89CL1 OR 89OPEN1) AND NOT 52CLSM1

Disconnect Front-Panel Control Enable

Program SELOGIC control equation 89CTLn to identify a disconnect as control-
lable (89CTLn := 1) or status-only (89CTLn := 0). When a disconnect is identi-
fied as controllable, the disconnect can be selected when navigating the relay 
front-panel HMI. When a disconnect is identified as status-only, the disconnect 
cannot be selected when navigating the relay front-panel HMI. Three-position 
disconnects have a control equation for each disconnect position. The SELOGIC 
control equation below identifies the disconnect as controllable.

89CTL01 := 1
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Disconnect Close/Open Seal-in Timers

The seal-in timers assert the close or open signal long enough to allow the dis-
connect operation to complete. Set the seal-in timer 10 to 15 percent longer than 
the expected disconnect operate time to give the disconnect switch time to com-
plete the operation. 89CSTm and 89OSTm are entered in cycles and have a range 
of 1–99999. The example shown anticipates a disconnect switch operate time of 
approximately 250 cycles.

Cold weather and low battery voltages can impact operation times. Be sure to 
consider these conditions when setting the seal-in timers.

The output contacts must not be used to break the motor coil current. An auxil-
iary contact with adequate current interrupting capacity must first interrupt cur-
rent supply to the motor before the relay contact opens. Include the auxiliary 
contact clearing time when setting the disconnect seal-in timer.

89CST01 := 280

89OST01 := 280

Disconnect 2–5

Disconnect switch settings 2–5 are similar to the Disconnect Switch 1 examples 
above. See Table 5.6 for a complete list of Bay Class settings for this application.

One-Line Analog Display

One-line diagrams in the relay can contain as many as six Analog Quantity dis-
play points. The MIMIC setting selected in this example displays six Analog Dis-
play points. See Display Points on page 4.10 for Display Point programming. 
The settings below illustrate how to display text and Analog Quantities available 
in the mimic display. If analog display points are not required to appear in the 
one-line diagram, leave the setting(s) blank, and the relay will only display the 
defined display points.

1. 1, “Analogs”

2. IAWM, “IA:(4.0,1)A”

3. VABFM, “V:(3.0,1)kV”

4. FREQ, “F:(4.1,1)Hz”

5. 3P, “P:(3.0,1)MW”

6. 3Q_F, “Q:(3.0,1)MVR”

Control Selection

The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the SEL-451 input contact 
IN107 can accommodate existing bay controls that use a key to manually change 
from remote to local control. The key switch is made to actuate a contact when 
the key is turned, as shown in Figure 5.31. With the contact of the switch wired to 
the SEL-451 input, the key switch provides local and remote control. Make the 
following setting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107
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Front Panel Settings
The one-line diagram is one of the screens that are available for display in the 
rotating display. To display RMS_V, RMS_I, and ONELINE screens on the rotat-
ing display every five seconds, make the following Front Panel settings.

SCROLD := 5

RMS_V := Y

RMS_I := Y

RMS_VPP := N

RMS_W := N

FUNDVAR := N

RMS_VA := N

RMS_PF := N

RMS_BK1 := N

RMS_BK2 := N

STA_BAT := N

FUND_VI := N

FUNDSEQ := N

FUND_BK := N

ONELINE := Y

The following settings in the Front Panel settings provide immediate display of 
the one-line diagram screen when Pushbutton 2 is pressed.

PB2_HMI := BC

Output Settings
Output Logic Settings

This illustrates the ability to program disconnect lockout protection for the 
selected one-line diagram. To eliminate the danger of closing or opening the 
ground switch on an energized line, the disconnect switch cannot operate unless 
Breaker 1 is open. When the Disconnect 1 close command is executed (89CLS1), 

                    

Figure 5.31 Local and Remote Control Logic With Key Control

–

+

Rated SEL-451
DC Input Voltage

Contact closed = Local control
Contact open = Remote control

SEL-451
IN107
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OUT103 only asserts if the state of Breaker 1 is open (NOT 52CLS1). This illus-
trates disconnect switch lockout protection through SELOGIC control equations. 
The SELOGIC control equation for OUT104 below illustrates similar lockout pro-
tection for the disconnect switch open operation. Wire OUT103 to the disconnect 
switch closing circuit and OUT104 to the disconnect switch opening circuit.

OUT103 := 89CLS1 AND NOT 52CLSM1

OUT104 := 89OPEN1 AND NOT 52CLSM1

Another example of disconnect lockout would be to ensure that Dis 3 never 
closes when the ground disconnect switch Dis 5 is closed. Enter the SELOGIC 
control equation below for Dis 3 switch lockout protection. 89CLS3 is the close 
disconnect switch Relay Word bit for Disconnect 3 and the 89OPN5 Relay Word 
bit is the status of Disconnect 5. The SELOGIC control equation below will not 
assert OUT201 unless both conditions are true.

OUT201 := 89CLS3 AND 89OPN5

These are just a few examples of disconnect lockout control. Use Relay Word bits 
and SELOGIC programming to design lockout control scenarios required for the 
configuration being controlled.

The SELOGIC Output settings listed in Table 5.6 are example close and open dis-
connect equations with disconnect lockout control for Switches 1–5.

                    

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 1 of 3)

Setting Description Entry

General One-Line Settings

MIMIC One-line Screen Number (1–999) 4

BAYNAME Bay Name (20 characters) BAY CONTROL

Busbar Information

BUSNAM1 Busbar 1 Name (40 pixels, 6–10 characters) Bus T

BUSNAM2 Busbar 2 Name (40 pixels, 6–10 characters) Bus 2

BUSNAM3 Busbar 3 Name (40 pixels, 6–10 characters) Bus 1

Breaker Information

B1HMINM Breaker 1 HMI Name (max 3–17 characters) Bkr 1

B1CTLNM Breaker 1 HMI Cntl Scr. Name (max. 15 characters) Bkr 1

521CLSM Breaker 1 Close Status (SELOGIC Equation) 52ACL1

521_ALM Breaker 1 Alarm Status (SELOGIC Equation) 52AAL1

Disconnect Information

D1HMIN Disconnect 1 HMI Name (max 3–17 characters) D1

D1CTLN Disconnect 1 Name (25 pixels, max. 15 characters) Dis 1

89AM1 Disconnect 1 N/O Contact (SELOGIC Equation) IN103

89BM1 Disconnect 1 N/C Contact (SELOGIC Equation) IN104

89ALP1 Disconnect 1 Alarm Pickup Delay (1–99999 cyc) 260

89CCN1 Disconnect 1 Close Control (SELOGIC Equation) 89CC01

89OCN1 Disconnect 1 Open Control (SELOGIC Equation) 89OC01

89CST1 Disconnect 1 Close Seal-in Time (1–99999 cyc) 280

89OST1 Disconnect 1 Open Seal-in Time (1–99999 cyc) 280

D2HMIN Disconnect 2 HMI Name (max. 3–17 characters) D2

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current-
interrupting capacity must clear the 
coil current in the disconnect motor 
before the output opens. Failure to 
observe this safeguard could result in 
damage to the output contacts.
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D2CTLN Disconnect 2 Name (25 pixels, 4–6 characters) Dis 2

89AM2 Disconnect 2 N/O Contact (SELOGIC Equation) 1

89BM2 Disconnect 2 N/C Contact (SELOGIC Equation) 0

89ALP2 Disconnect 2 Alarm Pickup Delay (1–99999 cyc) 260

89CCN2 Disconnect 2 Close Control (SELOGIC Equation) 89CC02

89OCN2 Disconnect 2 Open Control (SELOGIC Equation) 89OC02

89CST2 Disconnect 2 Close Seal-in Time (1–99999 cyc) 280

89OST2 Disconnect 2 Open Seal-in Time (1–99999 cyc) 280

D3HMIN Disconnect 3 HMI Name (max. 3–17 characters) D3

D3CTLN Disconnect 3 Name (25 pixels, 4–6 characters) Dis 3

89AM3 Disconnect 3 N/O Contact (SELOGIC Equation) 1

89BM3 Disconnect 3 N/C Contact (SELOGIC Equation) 0

89ALP3 Disconnect 3 Alarm Pickup Delay (1–99999 cyc) 260

89CCN3 Disconnect 3 Close Control (SELOGIC Equation) 89CC03

89OCN3 Disconnect 3 Open Control (SELOGIC Equation) 89OC03

89CST3 Disconnect 3 Close Seal-in Time (1–99999 cyc) 280

89OST3 Disconnect 3 Open Seal-in Time (1–99999 cyc) 280

D4HMIN Disconnect 4 HMI Name (1–99999 cyc) D4

D4CTLN Disconnect 4 Name (25 pixels, 4–6 characters) Dis 4

89AM4 Disconnect 4 N/O Contact (SELOGIC Equation) 1

89BM4 Disconnect 4 N/C Contact (SELOGIC Equation) 0

89ALP4 Disconnect 4 Alarm Pickup Delay (1–99999 cyc) 260

89CCN4 Disconnect 4 Close Control (SELOGIC Equation) 89CC04

89OCN4 Disconnect 4 Open Control (SELOGIC Equation) 89OC04

89CST4 Disconnect 4 Close Seal-in Time (1–99999 cyc) 280

89OST4 Disconnect 4 Open Seal-in Time (1–99999 cyc) 280

D5HMIN Disconnect 5 HMI Name (1–9999) D5

89AM5 Disconnect 5 N/O Contact (SELOGIC Equation) 0

89BM5 Disconnect 5 N/C Contact (SELOGIC Equation) 0

89ALP5 Disconnect 5 Alarm Pickup Delay (1–99999 cyc) 260

89CCN5 Disconnect 5 Close Control (SELOGIC Equation) 89CC05

89OCN5 Disconnect 5 Open Control (SELOGIC Equation) 89OC05

89CST5 Disconnect 5 Close Seal-in Time (1–99999 cyc) 280

89OST5 Disconnect 5 Open Seal-in Time (1–99999 cyc) 280

One-Line Analog Display

1 1, “Analogs”

2 IAWM, “IA:(4.0,1)A”

3 VABFM, “V:(3.0,1)kV”

4 FREQ, “F:(4.1,1)Hz”

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 2 of 3)

Setting Description Entry
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5 3P, “P:(3.0,1)MW”

6 3Q_F, “Q:(3.0,1)MVR”

Control Selection

LOCAL Local Control (SELOGIC control equation) IN107

Table 5.7 Application Example Front Panel Settings

Setting Description Entry

Selectable Screens for the Front Panel

SCROLD Front Panel Display Update Rate (OFF, 1–15 secs) 5

RMS_V RMS Line Voltage Screen (Y, N) Y

RMS_I RMS Line-Current Screen (Y, N) Y

RMS_VPP RMS Line Voltage Phase-to-Phase Screen N

RMS_W RMS Active Power Screen N

FUNDVAR Fundamental Reactive Power Screen N

RMS_VA RMS Apparent Power Screen N

RMS_PF RMS Power Factor Screen N

RMS_BK1 RMS Breaker 1 Currents Screen N

RMS_BK2 RMS Breaker 2 Currents Screen N

STA_BAT Station Battery Screen N

FUND_VI Fundamental Voltage and Current Screen N

FUNDSEQ Fundamental Sequence Quantities Screen N

FUND_BK Fundamental Breaker Currents Screen N

ONELINE One-Line Bay Control Diagram Y

Selectable Operator Pushbuttons

PB2_HMI Pushbutton 2 HMI Screen BC

Table 5.8 Application Example Output Settings, Output SELOGIC Control Equations

Setting Description Entry

OUT103 OUT103 SELOGIC control equation 89CLS1 AND NOT 52CLSM1

OUT104 OUT104 SELOGIC control equation 89OPEN1 AND NOT 52CLSM1

OUT105 OUT105 SELOGIC control equation 89CLS2 AND NOT 52CLSM1

OUT106 OUT106 SELOGIC control equation 89OPEN2 AND NOT 52CLSM1

OUT201 OUT201 SELOGIC control equation 89CLS3 AND 89OPN5

OUT202 OUT202 SELOGIC control equation 89OPEN3 AND 52CLSM1

OUT203 OUT203 SELOGIC control equation 89CLS4 AND NOT 52CLSM1

OUT204 OUT204 SELOGIC control equation 89OPEN4 AND NOT 52CLSM1

OUT205 OUT205 SELOGIC control equation 89CLS5 AND NOT 52CLSM1

OUT206 OUT206 SELOGIC control equation 89OPEN5 AND NOT 52CLSM1

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 3 of 3)

Setting Description Entry
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Autoreclosing

This section describes the operation of autoreclose logic in SEL-400 series relays 
that include an autorecloser. This section covers the following topics:

➤ Autoreclosing States on page 6.2

➤ One-Circuit-Breaker Autoreclosing on page 6.4

➤ Two-Circuit-Breaker Autoreclosing on page 6.10

➤ Autoreclose Logic Diagrams on page 6.26

➤ Manual Closing on page 6.40

➤ Voltage Checks for Autoreclosing and Manual Closing on page 6.43

➤ Settings and Relay Word Bits for Autoreclosing and Manual Closing 
on page 6.46

The relay autoreclose function provides complete control for single circuit 
breaker and two circuit breaker reclosing schemes. The autoreclose function 
accommodates both single-pole and three-pole reclosing. Some SEL-400 series 
relays only support three-pole operations. See the Features section in Section 1: 
Introduction and Specifications in the product-specific instruction manual to 
determine the reclosing capability of each relay. Relays that support single-pole 
breaker operations can be set for a total of two single-pole reclose shots. Three-
pole breaker operations can be set for as many as four three-pole reclose shots.

You can designate the leader and follower circuit breakers in a two-circuit 
breaker configuration. The relay recloser can dynamically change leader and fol-
lower designations based on settings and operating conditions.

You can program the autoreclose logic to perform one shot of high-speed three-
pole reclose. This high-speed three-pole shot replaces one of the four delayed 
time three-pole shots. There is no difference between a shot of high-speed three-
pole reclose and a shot of delayed three-pole autoreclose; simply select the open 
interval time accordingly.

Two autoreclose modes are available when using the relay to control two circuit 
breakers:

➤ Combined two-breaker mode (setting E79 := Y)—both circuit 
breakers must trip before any reclosing can occur. 

➤ Independent two-breaker mode (setting E79 := Y1)—the follower 
circuit breaker can trip and reclose even when the lead breaker has 
not operated. This is useful on both ring bus and breaker-and-a-half 
schemes, where the follower breaker is a tie breaker that can be 
tripped by protection on either side.

For single circuit breaker applications, use setting E79 := Y.

NOTE: The relay voltage check 
elements (for bus and line voltages) 
may be used without the synchronism-
check feature, however, for certain 
voltage connections, some of the 
synchronism-check settings need to 
be entered to ensure that the correct 
voltages are used.
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Autoreclosing States
The autoreclose logic for either circuit breaker can be in one of the following five 
states (see Figure 6.1):

➤ Start (common to both circuit breakers) (79STRT)

➤ Reset per circuit breaker (BK1RS, BK2RS)

➤ Single-pole autoreclose cycle (common to both circuit breakers) (79CY1)

➤ Three-pole autoreclose cycle (common to both circuit breakers) (79CY3)

➤ Lockout, per circuit breaker (BK1LO, BK2LO)

Start (79STRT)
The autoreclose logic is in the Start state for both circuit breakers during the fol-
lowing conditions:

➤ Startup

➤ Restart

➤ Any relay settings change

The relay stores the previous reclosing state for Relay Word bits 79CY1, 79CY3, 
BK1LO, BK2LO, BK1RS, and BK2RS when a restart or any relay settings 
change occurs.

At startup, the recloser logic goes from the start state to the lockout state. For a 
restart or a settings change, the recloser logic enters the start state, then goes to 
lockout if the circuit breakers were open before the restart or settings change. If 
the circuit breakers were previously closed, then the recloser logic proceeds 
through the 3PMRCD (Manual Close Reclaim Time Delay) time and then goes to 
the ready state.

Reset (BK1RS, BK2RS)
The autoreclose logic is in the reset or ready state for either circuit breaker when 
the circuit breaker is ready to begin an autoreclose cycle. There are three reset 
state timers. After a successful reclose cycle, the relay goes to the reset state after 
reclaim times SPRCD (Single-Pole Reclaim Time Delay) for single-pole auto-
matic and 3PRCD (Three-Pole Reclaim Time Delay) for three-pole automatic 
reclosing. If the recloser has been in a lockout condition, the Ready or Reset state 
cannot occur until the 3PMRCD (Manual Close Reclaim Time Delay) timer has 
expired. You can only block the reclaim time after a successful reclose cycle. Set-
ting 79BRCT (Block Reclaim Timer) prevents timing of reclaim timers SPRCD, 
3PRCD, and 3PMRCD.

Single-Pole Autoreclose (79CY1)
This state does not apply to relays that only support three-pole reclosing. The 
autoreclose logic is in a single-pole autoreclose cycle for either circuit breaker if 
all of the following conditions are satisfied:

➤ Single-pole trip occurs

➤ Condition(s) to initiate a single-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a single-pole 
autoreclose cycle (that is, reset)



6.3

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Autoreclosing
Autoreclosing States

Three-Pole Autoreclose (79CY3)
The autoreclose logic is in a three-pole autoreclose cycle for either circuit breaker 
if all of the following conditions are satisfied:

➤ Three-pole trip occurs

➤ Condition(s) to initiate a three-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a three-pole 
autoreclose cycle (that is, reset)

Lockout (BK1LO, BK2LO)
The lockout state is the default state of any circuit breaker after startup. Other 
conditions place the recloser in the LO state. The relay recloser has a drive-to-
lockout function that you can program for any external or internal condition—use 
setting 79DTL. A circuit breaker can go to lockout by two methods. The circuit 
breaker enters the lockout state if either of the following occur:

➤ Supervisory Relay Word bits SPnCLS or 3PnCLS do not assert 
within the BKnCLSD time

➤ The circuit breaker does not close within the BKCFD time

The timer for both supervisory Relay Word bits SPnCLS and 3PnCLS is setting 
BKnCLSD. Setting BKnCLSD = OFF disables the BKnCLSD delay timer, 
requiring either SPnCLS or 3PnCLS to assert before transitioning to the next 
state.

In applications using two circuit breakers, you can designate one circuit breaker 
as the leader and the other circuit breaker as the follower. The relay freezes the 
leader/follower decision during an autoreclose cycle unless the autoreclose logic 
receives another initiation.

If the recloser receives another initiation, the logic reevaluates the leader and fol-
lower circuit breakers to determine the number of circuit breakers in a scheme 
(NBKn), the leader circuit breaker (LEADBKn), and the follower circuit breaker 
(FOLBKn). This determination is based on the service status of the circuit break-
ers. The logic considers a circuit breaker out of service if the circuit breaker goes 
to lockout. The logic considers a circuit breaker to be in service as soon as the 
circuit breaker closes and is no longer in lockout.

State Diagram
Figure 6.1 illustrates how the autoreclose logic moves from one state to another 
with respect to Circuit Breaker 1. (This diagram is identical for Circuit Breaker 2; 
replace the 1 in the Relay Word bits with 2.) The Relay Word bits that correspond 
to each state are shown (see Table 6.1). A solid path between two states indicates 
that the logic can move in only one direction. Two broken paths between two 
states indicate the logic can move in either direction between the two states. The 
dashed vertical line that runs through the center of the figure indicates the states 
common to both circuit breakers.

Table 6.1 describes each of the five states with respect to Circuit Breaker 1, along 
with the corresponding Relay Word bits.

NOTE: The autoreclose function runs 
once per power-system cycle. To 
ensure that the logic detects transient 
element state changes that initiate 
closing, you should extend the 
assertion time of transient element 
states to 1 cycle.
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One-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay autoreclose capabilities: 

➤ Single-pole mode (SPAR) 

➤ Three-pole mode (3PAR) 

➤ Single- and three-pole mode (SPAR/3PAR) 

Relay settings ESPR1 (Single-Pole Reclose Enable—BK1) and E3PR1 (Three-
Pole Reclose Enable—BK1) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.8 and Figure 6.9. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPR1, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.8). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PR1, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.9). 

                    

Figure 6.1 Autoreclose State Diagram for Circuit Breaker 1

Table 6.1 Autoreclose Logical States for Circuit Breaker 1

State Description Relay Word Bit

Start Startup, or relay settings change 79STRT

Reset Circuit Breaker 1 reset BK1RS

Single-pole autoreclose cyclea

a 79CY1 is only available in relays that support single-pole breaker operations.

Single-pole autoreclose 79CY1

Three-pole autoreclose cycle Three-pole autoreclose cycle 79CY3

Lockout Lockout BK1LO

79CY1

79CY3

79STRT

BK1LO

Breaker 1 
Reset or 
Ready

Breaker 1 
Lockout

1-Pole 
Auto-Reclose

Start

3-Pole 
Auto-Reclose

BK1RS
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Other recloser settings include the initial recloser settings (see Enable Autore-
close Logic for Two Circuit Breakers on page 6.22) and the trip logic enable set-
tings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.9).

Single-Pole Mode
Figure 6.11 shows the one circuit breaker single-pole autoreclose cycle 79CY1. 
The cycle starts when Relay Word bit SPARC asserts. The recloser waits as long 
as 10 cycles for the circuit breaker to open (indicated by Relay Word bit SPO) 
and then begins timing SPOID (Single-Pole Open Interval Delay) when the cir-
cuit breaker opens. After single-pole open interval time SPOID expires, the relay 
recloses the circuit breaker if supervisory condition SP1CLS (Single-Pole BK1 
Reclose Supervision) is satisfied within the duration of timer BK1CLSD (BK1 
Reclose Supervision Delay).

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires.

SPRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer SPRCD (Single-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit SPLSHT (Single-
Pole Reclose Last Shot). When SPLSHT is asserted, the recloser forces all subse-
quent relay trips to three-pole only mode.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via one of the following three methods while 
SPLSHT is asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer SPRCD expires. 

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 
79CY3. 

➤ If a fault occurs during the SPRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example) 
the recloser exits the 79CY1 cycle state and goes to the lockout state 
BK1LO.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer SPRCD expires.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, the recloser asserts SPARC for single-pole initiate conditions 
and returns to the beginning of the 79CY1 cycle state; the recloser 
increments the shot counter and begins the next open interval timer. 

NOTE: Single-pole mode is only 
supported in relays that provide 
single-pole breaker control.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PR1 is logical 1, for example) and 
proceeds to the autoreclose three-pole cycle state 79CY3. 

➤ If a multiphase fault occurs during the SPRCD reclaim time, and the 
three-pole reclose conditions are not satisfied (E3PR1 is logical 0, for 
example), the recloser exits the 79CY1 cycle state and goes to the 
lockout state BK1LO. 

Lockout State From 79CY1

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(NSPSHOT).

➤ Supervision condition SP1CLS fails to assert in BK1CLSD time.

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening).

➤ The circuit breaker fails to close within BKCFD time.

➤ Any time Relay Word bit 79DTL asserts.

Three-Pole Mode 
Figure 6.12 shows the one circuit breaker autoreclose cycle 79CY3. The cycle 
starts when Relay Word bit 3PARC asserts. The recloser checks SELOGIC control 
equation 79SKP at this point to determine whether to increment the shot counter. 
The recloser waits indefinitely for the circuit breaker to open, as indicated by 
Relay Word bit 3POLINE. The recloser begins timing 3POID1 (Three-Pole Open 
Interval 1 Delay) when the circuit breaker opens. After the open interval time 
3POID1 expires, the relay asserts Relay Word bit BK1CL to reclose the circuit 
breaker if supervisory condition 3P1CLS (Three-Pole BK1 Reclose Supervision) 
is satisfied within the duration of timer BK1CLSD (BK1 Reclose Supervision 
Delay). 

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires. 

3PRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer 3PRCD (Three-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit 3PLSHT (Three-
Pole Reclose Last Shot). 

3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via one of the following two methods while 
3PLSHT is asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
exits the 79CY3 cycle state and goes to the lockout state BK1LO. 
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3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits three possible state transitions when 3PLSHT is not asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied (E3PR1 is logical 1, for example) and returns to the 
beginning of the 79CY3 cycle state; the recloser increments the shot 
counter and begins the next open interval timer. 

➤ If a fault occurs during the 3PRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example), 
the recloser exits the 79CY3 cycle state and goes to the lockout state 
BK1LO.

Lockout State From 79CY3

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(N3PSHOT)

➤ Supervision condition 3P1CLS fails to assert in BK1CLSD time

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening)

➤ The circuit breaker fails to close within BK1CFD time

➤ Relay Word bit 79DTL asserts

Single- and Three-Pole Mode
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.5. The recloser closes the circuit breaker and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.6.

Three-Pole Priority 
If a single-pole autoreclose cycle 79CY1 is in progress and the relay receives an 
initiation for three-pole reclosing 3PRI, the recloser immediately starts a three-
pole autoreclose cycle 79CY3.

Active Circuit Breakers
Two Relay Word bits describe when Circuit Breaker 1 is active for the autore-
close logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

NOTE: Single- and three-pole mode 
is only supported in breakers that 
provide single-pole breaker control.
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NBK1 equals logical 1 when Circuit Breaker 1 is closed and the autoreclose logic 
is reset, or if the autoreclose logic is in an autoreclose cycle (79CY1 or 79CY3). 
NBK0 equals logical 1 when Circuit Breaker 1 is open and not in an autoreclose 
cycle (79CY1 or 79CY3), or if the autoreclose logic is locked out (BK1LO).

Enable Autoreclose Logic for One Circuit Breaker
Three-Pole Trip Circuit Breaker

The initial settings necessary to enable autoreclose for a single three-pole trip cir-
cuit breaker are shown in Table 6.2.

                    

Single-Pole Trip Circuit Breaker
The initial settings necessary to enable autoreclose for one single-pole trip circuit 
breaker are shown in Table 6.3.

                    

Recloser Mode Enables
The SELOGIC control equations E3PR1 and ESPR1 are used to set the relay auto-
reclose modes. Table 6.4 illustrates how to enable the autoreclose modes for Cir-
cuit Breaker 1.

Table 6.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applies to relays that support single-pole breaker operations.

Breaker 1 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC control equation) IN101

Relay Configuration (Group)

E79 Reclosing Y

Table 6.3 One-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Relay Configuration (Group)

E79 Reclosing Y
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When E3PR1 
equals logical 1, the relay can attempt a three-pole autoreclose cycle for Circuit 
Breaker 1. If E3PR1 equals logical 0, the relay goes to lockout following a three-
pole trip for Circuit Breaker 1.

ESPR1 is the SELOGIC control equation that enables single-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When ESPR1 
equals logical 1, the relay can attempt a single-pole autoreclose cycle for Circuit 
Breaker 1. If ESPR1 equals logical 0, the relay cannot initiate a single-pole auto-
reclose cycle.

Set either or both E3PR1 and ESPR1 according to your reclosing requirements 
and relay reclosing capabilities. For single-pole reclosing, set ESPR1 to evaluate 
to logical 1 and set NSPSHOT to the desired number of single-pole reclose shots. 
For three-pole reclosing, set E3PR1 to evaluate to logical 1 and set N3PSHOT for 
the desired number of three-pole shots. For both single-pole and three-pole 
reclosing, set ESPR1 to evaluate to logical 1, set E3PR1 to evaluate to logical 1, 
and configure settings NSPSHOT and N3PSHOT for the desired number of 
reclose shots of each type (see Recloser Mode Enables on page 6.8).

Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(recloser three-pole trip enable) and R3PTE1 (recloser three-pole trip enable Cir-
cuit Breaker 1) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := R3PTE1 Breaker 1 3PT (SELOGIC equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing. Enter enable settings ESPR1 and E3PR1 as appropriate for 
your application.

Relay Word bits R3PTE and R3PTE1 are logical 1 for either of the following 
conditions when the setting NUMBK (number of breakers in scheme) is logical 1 
and SPLSHT (single-pole last shot) is asserted (see Figure 6.9):

➤ BK1TYP := 3 (Breaker 1 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Table 6.4 One Circuit Breaker Modes of Operation

E3PR1 ESPR1a

a ESPR1 only applies to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT and E3PT1 via a control input (for example):

E3PT := NOT IN104 Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := NOT IN104 Breaker 1 3PT (SELOGIC equation)

Connect the external recloser single-pole trip output signal to IN104. Other exter-
nal recloser signals are required; consult the external recloser documentation for 
interconnection with the relay.

Two-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay reclose capabilities:

➤ Single-pole mode (SPAR)

➤ Three-pole mode (3PAR)

➤ Single- and three-pole mode (SPAR/3PAR)

Relay settings ESPRn (Single-Pole Reclose Enable—BKn) and E3PRn (Three-
Pole Reclose Enable—BKn) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.9 and Figure 6.10. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPRn, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.9). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PRn, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.10).

Single-pole recloser settings also include the initial recloser settings (see Enable 
Autoreclose Logic for One Circuit Breaker on page 6.8) and the trip logic enable 
settings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.25).

Single-Pole Mode
Figure 6.13 and Figure 6.14 show the two circuit breaker single-pole autoreclose 
cycle 79CY1 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit SPARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2.

The recloser checks for an SPO (Single-Pole Open) condition for either the 
leader or follower, and waits as long as 10 cycles for the circuit breakers to open. 
If the leader or follower shows a single-pole open inside the 10-cycle window, the 

NOTE: In the following discussion, 
n = 1 or 2 for Circuit Breaker BK1 or 
BK2.
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recloser proceeds to timing SPOID (Single-Pole Open Interval Delay). The 
recloser goes to lockout if the circuit breakers fail to open (no close attempts fol-
low). If an evolving fault results in a three-pole trip condition that asserts 3PARC, 
then the recloser exits the 79CY1 cycle and goes to the three-pole cycle 79CY3. 
When E79 := Y1, a Single-Pole Open Interval Supervision Condition (SPOISC) 
must be satisfied before the recloser can proceed to timing SPOID. If the supervi-
sory condition is not met within the duration of timer SPOISD (Single-Pole Open 
Interval Supervision Delay), the recloser goes to lockout.

After single-pole open interval time SPOID expires, the recloser closes the leader 
if the single-pole open condition is still in effect and supervisory condition 
SPnCLS (Single-Pole BKn Reclose Supervision) is satisfied within the duration 
of timer BKnCLSD (BKn Reclose Supervision Delay). If the leader circuit 
breaker has more than one pole open at the end of the SPOID time, the recloser 
sends the leader to lockout BKnLO. 

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
after timer BKCFD expires. If the leader closes within the BKCFD time, the 
recloser goes to SPRCD (Single-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted. 

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a single-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). If multiple poles of the follower circuit breaker are open, the recloser 
sends the follower to lockout BKnLO. When TBBKD expires, the recloser closes 
the follower breaker if FBKCEN (Follower Breaker Closing Enable) is asserted 
and supervisory condition SPnCLS is satisfied within the duration of timer 
BKnCLSD. At the follower close command, the recloser starts timer BKCFD 
(Breaker Close Failure Delay). If the follower fails to close, the recloser sends the 
follower to lockout after timer BKCFD expires. If the leader circuit breaker is not 
in lockout, the recloser begins timing SPRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the SPRCD (Single-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted. 

SPRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit SPLSHT (Single-Pole Reclose Last 
Shot). When SPLSHT is asserted, the recloser forces all subsequent relay trips to 
three-pole only mode.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted: 

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, then the recloser asserts SPARC if all single-pole initiate 
conditions are satisfied and goes to the beginning of the 79CY1 
cycle. The recloser then recalculates and freezes the calculation for 
the number of active circuit breakers, the leader, and the follower. 
The recloser then increments the shot counter and begins the next 
open interval timer.



6.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

Autoreclosing
Two-Circuit-Breaker Autoreclosing

➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PRn is logical 1, for example) and recalculates 
the number of active circuit breakers, the leader, and the follower before 
proceeding to the autoreclose three-pole cycle state 79CY3.

➤ If a multiphase fault occurs during the SPRCD reclaim time, 
SPLSHT is not asserted, and the three-pole reclose conditions are not 
satisfied (E3PRn is logical 0, for example) and the recloser exits the 
79CY1 cycle state and goes to the lockout state BKnLO.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via three methods while SPLSHT is asserted:

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 79CY3.

➤ If a fault occurs during the SPRCD reclaim time and the three-pole 
reclose conditions are not satisfied (E3PRn is logical 0, for example), 
then the recloser exits the 79CY1 cycle state and goes to the lockout 
state BknLO.

Lockout State From 79CY1

The recloser goes to lockout (BKnLO) when the number of trips exceeds the 
maximum number of shots (NSPSHOT), supervision condition SPnCLS fails to 
assert in BKnCLSD time, Relay Word bit 3POLINE asserts (for a circuit breaker 
manual opening), the circuit breaker fails to close within BKCFD time, or any 
time Relay Word bit 79DTL asserts.

Three-Pole Mode
Figure 6.15 and Figure 6.16 show the two circuit breaker three-pole autoreclose 
cycle 79CY3 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit 3PARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2. The recloser checks SELOGIC control equation 79SKP at this point to 
determine whether to increment the shot counter.

The recloser waits for 3POLINE to assert:

➤ if E79 := Y, 3POLINE asserts when both breakers (leader and 
follower) open (see Figure 6.15)

➤ if E79 := Y1, 3POLINE asserts when at least one breaker (leader or 
follower) opens (see Figure 6.16) 

If 3POLINE asserts within the 3PRIH time delay, the recloser proceeds to timing 
3POID1 (Three-Pole Open Interval 1 Delay). If 3POLINE fails to assert within 
the 3PRIH time-delay setting, the recloser goes to lockout. If the 3PRIH 
setting = OFF, the recloser will wait indefinitely for 3POLINE to assert before 
proceeding to timing 3POID1. If SELOGIC control equation 3PFARC (Three-
Pole Fast ARC Enable) is asserted, the recloser times the open interval time from 
setting 3PFOID (Three-Pole Fast Open Interval Delay). When E79 := Y1, a 
Three-Pole Open Interval Supervision Condition (3POISC) must be satisfied 

NOTE: The recloser logic is only 
processed every 1 cycle. To ensure 
proper timing and to avoid going to 
lockout unnecessarily, add an 
additional 1 cycle to the 3PRIH setting 
to properly account for processing 
delays.
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before the recloser can proceed to timing 3POID1. If the supervisory condition is 
not met within the duration of timer 3POISD (Three-Pole Open Interval Supervi-
sion Delay), the recloser goes to lockout.

After three-pole open interval time 3POID or 3PFOID expires.

➤ and E79 := Y, the recloser attempts to close the leader breaker, as 
discussed below (first checking the supervisory condition 3PnCLS).

➤ and E79 := Y1, the recloser checks if the leader breaker is open. If 
open, it attempts to close the leader breaker, as discussed below (first 
checking the supervisory condition 3PnCLS). If the leader breaker is 
closed (it never opened at the outset), the recloser skips the leader 
breaker close logic and attempts to close the follower breaker, as 
discussed further below (first checking for two active breakers and an 
open follower breaker, before starting timer TBBKD [Time Between 
Breakers for ARC]).

The recloser closes the leader if supervisory condition 3PnCLS (Three-Pole BKn 
Reclose Supervision) is satisfied within the duration of timer BKnCLSD (BKn 
Reclose Supervision Delay).

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
BKnLO after timer BKCFD expires. If the leader closes within the BKCFD time, 
the recloser goes to 3PRCD (Three-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted.

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a three-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). When TBBKD expires, the recloser closes the follower breaker if FBK-
CEN (Follower Breaker Closing Enable) is asserted and supervisory condition 
3PnCLS is satisfied within the duration of timer BKnCLSD. At the follower 
close command, the recloser starts timer BKCFD (Breaker Close Failure Delay). 
If the follower fails to close, the recloser sends the follower to lockout after timer 
BKCFD expires. If the leader circuit breaker is not in lockout, the recloser begins 
timing 3PRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the 3PRCD (Three-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted.

3PRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit 3PLSHT (Three-Pole Reclose Last Shot).

3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits two possible state transitions when 3PLSHT is not asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs while the 3PRCD reclaim timer is timing, then the 
recloser asserts 3PARC if all three-pole initiate conditions are 
satisfied and goes to the beginning of the 79CY3 cycle. The recloser 
then recalculates and freezes the number of active circuit breakers, 
the leader, and the follower. The recloser then increments the shot 
counter and begins the next open interval timer.
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3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via two methods while 3PLSHT is asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS. 

➤ If a fault occurs during the 3PRCD reclaim time and 3PLSHT is 
asserted, then the recloser goes to lockout BKnLO.

Lockout State From 79CY3

The recloser goes to lockout (BKnLO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots (N3PSHOT)

➤ Supervision condition 3PnCLS fails to assert in BKnCLSD time

➤ Relay Word bit 3POLINE asserts for a circuit breaker manual 
opening (no qualified autoreclose initiation 3PARC)

➤ The circuit breaker fails to close within BKCFD time

➤ SELOGIC equation 79DTL asserts

Single- and Three-Pole Mode 
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.10. The recloser closes the circuit breakers and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.12.

Three-Pole Priority
If a single-pole autoreclose cycle is in progress (79CY1) and the relay receives an 
initiation for three-pole reclosing (3PRI), the recloser immediately starts a three-
pole autoreclose cycle (79CY3).

Active Circuit Breakers
The following three Relay Word bits describe when Circuit Breaker BK1 and 
Circuit Breaker BK2 are active for the autoreclose logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

➤ NBK2, Two Breakers Active in Reclose Scheme

Leader and Follower Circuit Breakers
One circuit breaker is the leader and the other is the follower for circuit breaker-
and-a-half and ring-bus arrangements. Figure 6.2 illustrates a multiple circuit 
breaker arrangement. The leader recloses first. If the leader recloses successfully, 
the follower also typically recloses. 
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Choose Circuit Breaker BK1 as the leader and Circuit Breaker BK2 as the fol-
lower. If Circuit Breaker BK1 is out of service (for maintenance, for example), 
the relay can automatically make Circuit Breaker BK2 the leader.

The relay freezes the leader, follower, and number of active circuit breaker desig-
nations during an autoreclose cycle. If the logic receives another reclose initia-
tion, the relay reevaluates the leader, follower, and number of active circuit 
breaker designations. The logic considers a circuit breaker out of service if the 
circuit breaker goes to lockout, and declares a circuit breaker to be in service as 
soon as the circuit breaker closes and is no longer in lockout.

Leader Logic
Relay settings SLBK1 (Leader Breaker = Breaker 1) and SLBK2 (Leader 
Breaker = Breaker 2) SELOGIC control equations determine the criteria for relay 
selection of the active leader. Set SLBK1 := 1 to select Circuit Breaker BK1 as 
the leader; set SLBK2 := 1 to select Circuit Breaker BK2 as the leader. SLBK1 
has priority over SLBK2; if you set both settings to 1 or both to 0, Circuit 
Breaker BK1 is the leader.

Circuit Breaker BK1 is the leader for the following conditions:

➤ BK1 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK1 is selected as the leader 
(SLBK1 := 1)

➤ BK1 and BK2 are in service and the setting combination SLBK1 := 0 
and SLBK2 := 1 is not in effect

Circuit Breaker BK2 is the leader for the following conditions:

➤ BK2 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK2 is selected as the leader 
(SLKBK1 := 0 and SLBK2 := 1)

➤ If neither circuit breaker is in service, there is no leader

The following three Relay Word bits describe which circuit breaker is the leader:

➤ LEADBK0, No Breaker In Service

➤ LEADBK1, Leader Breaker = Breaker 1

➤ LEADBK2, Leader Breaker = Breaker 2

The relay loads the corresponding circuit breaker settings into the leader Relay 
Word bits (LEADBK0, LEADBK1, and LEADBK2). If there is no leader (no cir-
cuit breaker is active), the relay loads a logical 0 into LEADBK1 and LEADBK2, 
and a logical 1 into LEADBK0.

                    

Figure 6.2 Multiple Circuit Breaker Arrangement

Bus 1

(Leader) (Follower)

Line

Bus 2

BK2BK1
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Follower Logic
The FBKCEN SELOGIC control equation, Follower Breaker Closing Enable, 
defines the conditions necessary for the follower breaker to reclose.

The relay selects the follower as follows:

➤ If Circuit Breaker BK1 is the leader and Circuit Breaker BK2 is not 
locked out, then Circuit Breaker BK2 is the follower.

➤ If Circuit Breaker BK2 is the leader and Circuit Breaker BK1 is not 
locked out, then Circuit Breaker BK1 is the follower.

➤ If fewer than two circuit breakers are in service (NBK0 or NBK1 is 
asserted), then there is no follower.

The following three Relay Word bits describe which circuit breaker is the follower:

➤ FOLBK0, No Follower Breaker

➤ FOLBK1, Follower Breaker = Breaker 1

➤ FOLBK2, Follower Breaker = Breaker 2

If there is no follower (in the case of only one circuit breaker, for example), the 
relay loads a logical 0 into the follower SELOGIC control equation FBKCEN.

Dynamic Selection of Leader and Follower Circuit Breakers
The relay dynamically selects the leader and follower circuit breakers during the 
reclose cycle. The relay calculates the leader in the ready (reset) state. At the start 
of the reclose cycle, the relay freezes this calculation and sets circuit breaker des-
ignations. The leader/follower designation can dynamically change in the cycle if 
the leader circuit breaker goes to lockout and FBKCEN is asserted.

Set the initial leader/follower designation and follower close conditions with set-
tings SLBK1 (Lead Breaker = Breaker 1), SLBK2 (Lead Breaker = Breaker 2), 
and FBKCEN (Follower Breaker Closing Enable). Table 6.5 shows the permuta-
tions of these settings.

                    

Table 6.5 Dynamic Leader/Follower Settings (Sheet 1 of 2)

SLBK1 SLBK2 FBKCEN Comments

0 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.

0 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1.

0 1 0 BK2 is the leader; BK1 is the leader only if BK2 LO and 
BK1 is closed. BK1 will not close as the follower upon 
successful close of leader BK2.

0 1 1 BK2 is the leader; BK1 is the leader only if BK2 LO. 
BK1 will close if BK2 LO after BKCFD. BK1 will close 
as the follower after TBBKD upon successful close of the 
leader BK1. 

1 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.
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Circuit Breaker BK1 is always the leader if SLBK1 is asserted and BK1 is not 
locked out. Circuit Breaker BK2 is the leader if SLBK2 is asserted, BK2 is not 
locked out, and SLBK1 is not asserted. The second circuit breaker can become 
the leader when the leader is locked out.

Setting FBKCEN does not pick the follower, but decides when the second circuit 
breaker can reclose. If the leader goes to lockout, then the follower goes to lock-
out if FBKCEN := 0. If, however, the leader is manually opened, the follower 
breaker can become the leader (after being manually closed) and can close via a 
reclose cycle if FBKCEN := 1. If you want the follower breaker to close only for 
specific conditions, use the enable settings to force this close requirement. For 
example, Circuit Breaker BK2 can dynamically become the leader if BK1 is 
locked out and BK2 is closed. If you do not want BK2 to become the leader, set 
FBKCEN := 52AA1. Also see Example One: No Follower on page 6.17 for 
another method to prevent BK2 from becoming the leader.

The following examples help illustrate how the relay autoreclose logic dynami-
cally determines the leader and follower circuit breakers. These examples 
describe a two circuit breaker scheme (such as used in a circuit breaker-and-a-
half arrangement) as shown in Figure 6.3.

Example One: No Follower
This example describes recloser states when Circuit Breaker BK1 fails to reclose 
following the first three-pole open interval delay. Set the FBKCEN SELOGIC 
control equation to prevent Circuit Breaker BK2 from closing as the follower. 
The leader and follower selection settings are shown in Table 6.6. 

                    

1 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1. 

1 1 0 Same as 1/0/0.

1 1 1 Same as 1/0/1.

1 0 52AA1 BK1 is the leader; BK2 to LO is the leader if BK1 LO. 
BK2 will close as the follower after TBBKD upon success-
ful close of the leader BK1.

Table 6.5 Dynamic Leader/Follower Settings (Sheet 2 of 2)

SLBK1 SLBK2 FBKCEN Comments

                    

Figure 6.3 Multiple Circuit Breaker Arrangement
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Reset State and 79CY3 Cycle State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.7 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Lockout State

Circuit Breaker BK1 fails to close when the first three-pole open interval expires 
and goes to lockout. Circuit Breaker BK2 goes to lockout. Table 6.8 defines the 
logical state of the autoreclose logic at this point.

                    

Reset State After Reclaim Time

Circuit Breaker BK2 is manually closed and now becomes active as the leader 
after 3PMRCD (Manual Close Reclaim Time Delay). Subsequent reclosing 
occurs with BK2. Table 6.9 defines the logical state of the autoreclose logic at 
this point.

Table 6.6 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 0

Table 6.7 Example One: Reset and 79CY3 States

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.8 Example One: Lockout State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Block Reclosing With Enable Settings

To block BK2 as leader use the enable settings; set ESPR2 := NBK2 and 
E3PR2 := NBK2. With these enable settings BK2 never becomes the leader cir-
cuit breaker.

Example Two: BK2 as Successful Follower and Dynamic Leader
Another example is similar to the first with SLBK1/SLBK2/FBKCEN at 1/0/1 
(see Table 6.10).

                    

Reset State 
Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. At the start of the reclose cycle, Relay Word bits 
LEADBK1, FOLBK2, and NBK2 are asserted (see Table 6.11). 

                    

Table 6.9 Example One: Reset State After Reclaim Time

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.10 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 1

Table 6.11 Example Two: Initial Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1
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When BK1 successfully recloses, BK2 closes as the follower after timer TBBKD 
(Time Between Breakers for ARC). 

If BK1 goes to lockout during a reclose cycle (after BKCFD time), then BK2 will 
close as the follower. After timer 3PRCD (Three-Pole Reclaim Time Delay) 
expires, the recloser enters the reset state for BK2 (BK2RS). The recloser dynam-
ically recalculates the leader and follower circuit breakers. BK2 becomes the 
leader with Relay Word bits LEADBK2, FOLBK0, and NBK1 asserted (see 
Table 6.12). When BK2 becomes the leader, the recloser immediately issues the 
close command to BK2 and does not add any additional SPOID or 3POID inter-
val time.

                    

Example Three: BK2 as Conditional Follower
One method to program BK2 for closing only after a successful BK1 close is to 
set SLBK1/SLBK2/FBKCEN as in Table 6.13.

                    

Reset State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.14 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Table 6.12 Example Two: Final Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.13 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 52AA1

Table 6.14 Example Three: Reset State (Sheet 1 of 2)

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0
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79CY3 Cycle State

The autoreclose logic receives a three-pole initiation. Table 6.15 defines the logi-
cal state of the autoreclose logic for this example during the three-pole autore-
close cycle.

                    

BK2 closes as the follower when BK1 successfully closes (after timer TBBKD).

Lockout State

Circuit Breaker BK1 must close before Circuit Breaker BK2. If Circuit Breaker 
BK1 fails to close and goes to lockout, then Circuit Breaker BK2 goes to lockout 
as well because BK2 cannot close as the follower and cannot dynamically 
become the leader. Table 6.16 defines the logical state of the autoreclose logic for 
this example following the unsuccessful reclose attempt.

                    

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.14 Example Three: Reset State (Sheet 2 of 2)

Relay Word Bit Description Logical State

Table 6.15 Example Three: Three-Pole Cycle State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.16 Example Three: Lockout State, BK

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Example Four: Input Selection of Leader
Figure 6.4 illustrates a circuit breaker-and-a half configuration for this particular 
example. The leader and follower selection settings are shown in Table 6.17. Cir-
cuit Breaker BK1 is out of service for maintenance and Disconnect Switch 1 is 
open.

                    

                    

Table 6.18 defines the logical state of the autoreclose logic for this example prior 
to the initiation of an autoreclose cycle. These conditions are frozen during an 
autoreclose cycle. The relay autoreclose logic can unfreeze these conditions if the 
relay receives another initiation.

                    

Enable Autoreclose Logic for Two Circuit Breakers
Three-Pole Trip Circuit Breakers

The initial settings necessary to enable autoreclose for two three-pole trip circuit 
breakers are shown in Table 6.19.

Table 6.17 Leader/Follower Selection

Setting Label Setting

SLBK1 IN106 (Disconnect 1 a contacts)

SLBK2 IN107 (Disconnect 2 a contacts)

FBKCEN 0

                    

Figure 6.4 Leader/Follower Selection by Relay Input

Table 6.18 Two Circuit Breakers: Circuit Breaker BK1 Out of Service

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Bus 1

(Leader)

Line

to
IN106

to
IN107

Out of Service 
(maintenance)

Bus 2

BK2BK1
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Single-Pole Trip Circuit Breakers
The initial settings necessary to enable autoreclose for two single-pole trip circuit 
breakers are shown in Table 6.20. 

                    

Recloser Mode Enables
The SELOGIC control equations E3PRn and ESPRn set the relay for the three 
autoreclose modes. Table 6.21 and Table 6.22 illustrate how to enable the autore-
close modes per circuit breaker.

                    

Table 6.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applicable to products that support single-pole tripping and reclosing.

Breaker 1 Trip Type 3

BK2TYPa Breaker 2 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC Equation) IN101

Breaker 2 Inputs (Breaker Monitor)

52AA2 N/O Contact Input—BK2 (SELOGIC Equation) IN102

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.20 Two-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

BK2TYP Breaker 2 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Breaker 2 Inputs (Breaker Monitor)

52AA2 A-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN104

52AB2 B-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN105

52AC2 C-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN106

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 1 of 2)

E3PR1 ESPR1a Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK1. You can assign this setting to a control input. ESPR1 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK1. You can assign this setting to a control input.

When ESPR1 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK1. If ESPR1 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK1.

When E3PR1 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK1. If E3PR1 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK1 and the corresponding 
leader logic transfers automatically to Circuit Breaker BK2.

                    

E3PR2 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK2. You can assign this setting to a control input. ESPR2 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK2. You can assign this setting to a control input.

When ESPR2 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK2. If ESPR2 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK2.

When E3PR2 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK2. If E3PR2 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK2.

Assert one or all SELOGIC control equations E3PR1, E3PR2, ESPR1, and ESPR2 
according to your reclosing requirements.

For single-pole reclosing, set ESPR1 := 1 and set NSPSHOT to the desired num-
ber of single-pole reclose shots. For three-pole reclosing, set E3PR1 := 1 and set 
N3PSHOT for the desired number of three-pole shots. For both single-pole and 
three-pole reclosing, set ESPR1 := 1, E3PR1 := 1, and configure settings NSP-
SHOT and N3PSHOT for the desired number of reclose shots of each type (see 
Recloser Mode Enables on page 6.8).

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

a Only applicable to relays that support single-pole reclosing.

Table 6.22 Circuit Breaker BK2 Modes of Operation

E3PR2 ESPR2a

a Only applicable to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 2 of 2)

E3PR1 ESPR1a Result
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Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(Recloser Three-Pole Trip Enable), R3PTE1 (Circuit Breaker BK1 Recloser 
Three-Pole Trip Enable) and R3PTE2 (Circuit Breaker BK2 Recloser Three-Pole 
Trip Enable) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := R3PTE1 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := R3PTE2 Breaker 2 Three-Pole Trip (SELOGIC Equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing.

Enter enable settings ESPR1 and E3PR1 as appropriate for your application. By 
default, the relay is a single-pole tripping relay; that is, if E3PT is logical 0 and 
E3PT1 equals logical 0, the relay can single-pole trip Circuit Breaker BK1. If 
E3PT1 equals logical 1, the relay can only three-pole trip Circuit Breaker BK1. 
The same conditions apply to setting E3PT2 and Circuit Breaker BK2.

Table 6.23 summarizes the relay trip logic enable options.

                    

Relay Word bits R3PTE1 and R3PTE2 both equal logical 1 for any of the follow-
ing conditions when Global setting NUMBK (Number of Breakers in Scheme) is 
2 and SPLSHT (Single-Pole Last Shot) is asserted (see Figure 6.9):

➤ BK1TYP and BK2TYP equal 3 (Circuit Breaker 1 and Circuit 
Breaker 2 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Example 6.1 Conditional Three-Pole Tripping for Circuit Breaker BK2

Your system reclosing requirement is that Circuit Breaker BK2 always three-
pole trips, unless Circuit Breaker BK2 is the leader. (This occurs when Cir-
cuit Breaker BK1 is out of service.) Program SELOGIC control equation 
ESPR2 as follows:

ESPR2 := LEADBK2 AND BK1LO Single-Pole Reclose Enable—BK2 
(SELOGIC Equation)

Table 6.23 Trip Logic Enable Options

Enable Condition Circuit Breaker BK1 Circuit Breaker BK2

E3PT E3PT1 E3PT2
Single-

Pole Trip
Three-

Pole Trip
Single-

Pole Trip
Three-Pole 

Trip

0 0 0 x x

0 0 1 x x

0 1 0 x x

0 1 1 x x

1 0 0 x x

1 0 1 x x

1 1 0 x x

1 1 1 x x
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT, E3PT1, and E3PT2 via control inputs (for example):

E3PT := IN104 Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := IN105 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := IN106 Breaker 2 Three-Pole Trip (SELOGIC Equation)

Connect the external recloser single-pole trip output signal to IN104, the Circuit 
Breaker BK1 trip type signal to IN105, and the Circuit Breaker BK2 trip type sig-
nal to IN106. Other external recloser signals are required; consult the external 
recloser documentation for interconnection with the relay.

In installations where the external reclosing relay does not provide three-phase 
trip control signals, the TOP (Trip during Open-Pole) Relay Word bit can be used 
in the E3PT setting. This Relay Word bit will assert just after a single- or two-
pole trip, and remain asserted until the TOPD timer expires. If a new trip occurs 
during this time, the E3PT := TOP setting would then cause a three-pole trip. 

Autoreclose Logic Diagrams
                    
                    

Figure 6.5 Circuit Breaker Pole-Open Logic Diagram—Single-Pole Relays
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Figure 6.6 Circuit Breaker Pole-Open Logic Diagrams—Three-Pole Relays

                    

Figure 6.7 Line-Open Logic Diagram When E79 := Y

                    

Figure 6.8 Line-Open Logic Diagram When E79 := Y1
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Figure 6.9 Single-Pole Reclose Enable
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Figure 6.10 Three-Pole Reclose Enable
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Figure 6.11 One Circuit Breaker Single-Pole Cycle State (79CY1)
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Figure 6.12 One Circuit Breaker Three-Pole Cycle State (79CY3)
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y (Continued)
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1 (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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Manual Closing
Manual closing is available via the relay to issue a close to the circuit breaker(s) 
via the same close logic outputs used in autoreclosing (Relay Word bits BK1CL 
and BK2CL for as many as two circuit breakers). The manual close logic can be 
user-configured in most any manner with SELOGIC settings BK1MCL and 
BK2MCL. Figure 6.17 is a flowchart of the manual close logic. This logic is 
enabled with Manual Closing enable setting EMANCL := Y.

Figure 6.17 only details the manual close logic for one circuit breaker (breaker 
BK1). The manual close logic for a second circuit breaker (breaker BK2), if 
enabled (Global setting NUMBK := 2), is similar. The only difference between 
the breaker BK1 and breaker BK2 manual close logic in Figure 6.17 is the substi-
tution of settings and logic outputs (BK2MCL for BK1MCL, ULCL2 for 
ULCL1, etc.). A manual close is issued for breaker BK1 if all of the following are true:

➤ A new manual close signal for breaker BK1 is detected (rising-edge 
assertion of SELOGIC setting BK1MCL)

➤ No unlatch close conditions are present (SELOGIC setting ULCL1 
deasserted)

➤ No close is presently in progress for breaker BK1 (Relay Word bit 
output BK1CL is deasserted)

If a manual close is successfully issued for breaker BK1, then:

➤ Close logic output BK1CL asserts

➤ The close failure timer starts timing

                    

Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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If breaker BK1 closes successfully, then:

➤ The unlatch close condition asserts (indicating breaker closure)

➤ Close logic output BK1CL deasserts

If breaker BK1 does not close successfully, then:

➤ The close failure timer times out (Relay Word bit BK1CFT asserts 
momentarily)

➤ Close logic output BK1CL deasserts

Note in Figure 6.17 that if breaker BK1 manual close logic is actively operating 
(as described in the preceding steps), then breaker BK2 manual close logic can-
not be actively operating. Breaker BK2 manual close logic only has a chance to 
operate if breaker BK1 manual close logic is not actively operating and two 
breakers are enabled for the scheme (Global setting NUMBK := 2). Thus, manual 
closing can only be attempted for one breaker at a time.
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Figure 6.17 Manual Close Logic
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Voltage Checks for Autoreclosing and Manual Closing
Voltage elements are available for a final check of line and bus voltages before an 
autoreclose or manual close is issued. These voltage elements and corresponding 
pickup settings are enabled with Reclosing Voltage Check enable setting 
EVCK := Y. Figure 6.18 shows the application of these voltage elements and 
Figure 6.19 and Figure 6.20 show their implementation. Check voltages for 
arrangements of as many as two circuit breakers (Global setting NUMBK := 2), 
as shown in Figure 6.18. If the relay is only connected to a single breaker (Global 
setting NUMBK := 1), then settings 27BK2P and 59BK2P and their associated 
elements (LLDB2, DLDB2, and DLLB2) are not available.

Voltages VS1 and VS2 in Figure 6.18, Figure 6.19, and Figure 6.20 are popu-
lated by the synchronism-check settings. For VS1 and VS2, the voltages are 
determined by the corresponding SYNCS1, ASYNCS1, and ALTS1 settings for 
VS1, and the SYNCS2, ASYNCS2, and ALTS2 settings for VS2. When 
EISYNC := N, Figure 6.19 logic is active and VP is determined by the SYNCP 
setting. When EISYNC := Y, Figure 6.20 logic is active and VP1 is the Breaker 1 
synchronism-check polarizing voltage determined by the SYNCP1, ASYNP11, 
ASYNP12, ALTP11, and ALTP12 settings, and VP2 is the Breaker 2 synchro-
nism-check polarizing voltage determined by the SYNCP2, ASYNP21, 
ASYNP22, ALTP21, and ALTP22 settings. Review details of synchronism 
checking in the Protection section of the desired product-specific instruction 
manual. 

When EISYNC := N, the pickup settings in Figure 6.19 are made on the VP volt-
age base. VP is the voltage reference for voltage angle and magnitude. Only volt-
age magnitude is of concern for the settings in Figure 6.19, not voltage angle.

When EISYNC := Y, pickup settings 27LP and 59LP in Figure 6.20 are not 
breaker-independent and must be made to take into account both the VP1 
(Breaker 1) and VP2 (Breaker 2) voltage bases. Take into account any compen-
sating factors by using the synchronism-check logic; review details of synchro-
nism checking in Section 5: Protection Functions in the product-specific 
instruction manual for the impact of compensating factors and active, alternative 
polarizing voltages.

Figure 6.18 implies that three-phase voltage is available from the line PTs. But, 
resultant voltage VP corresponds to only one phase of this three-phase voltage 
(e.g., setting SYNCP = VAY; VP is the normalized voltage from voltage input 
VAY). All the voltage elements in Figure 6.19 are single-phase voltage elements, 
detecting live or dead voltage on the bus side with a single-phase voltage ele-
ment, and likewise on the line side.

Whether or not synchronism-check logic is used, it still has to be enabled for the 
respective breaker (E25BK1 := Y, Y1, or Y2 and E25BK2 := Y, Y1, or Y2) to 
allow the corresponding voltage source selection settings to be made.

Live Line/Live Bus
Note in Figure 6.18 that live line/live bus is not available for either circuit 
breaker. Voltage elements 59VP, 59VS1, and 59VS2, described in the 
Section 5: Protection Functions of the desired product-specific instruction man-
ual, are available for such a function (e.g., 59VP AND 59VS1 for live line/live bus 1).

NOTE: For SV subscriber and TiDL 
relays, logic that includes the LLDB1, 
DLLB1, DLDB1, LLDB2, DLLB2, DLDB2 
Relay Word bits must be supervised 
with logic that ensures that the line 
and bus voltages are OK. For example, 
LLDB1 AND (NOT(VYBK OR VZBK)).
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Supervising Circuit Breaker Closing with Voltage Checks
Supervising Autoreclosing

For a fault on the line in Figure 6.18, both breakers trip open and the lead breaker 
recloses first. For example, presume the lead breaker closes only if its respective 
bus is live and the line is dead (dead line/live bus; see Figure 6.18). Then, after 
successful reclose of the lead breaker, the follower breaker closes on synchro-
nism check. Such reclose supervision logic is realized as follows for respective 
breakers BK1 and BK2:

3P1CLS := LEADBK1 AND DLLB1 OR FOLBK1 AND 25A1BK1 OR …

3P2CLS := LEADBK2 AND DLLB2 OR FOLBK2 AND 25A1BK2 OR …

Note that the lead breaker and follower breaker supervision (Relay Word bits 
LEADBKn and FOLBKn, respectively) provides dynamic control for reclose 
supervision. One, but not both, of the breakers can reclose for a dead line/live bus 
condition (lead breaker), while the other then closes for a synchronism-check 
condition (follower breaker).

Supervising Manual Closing

Voltage checks can also be used to supervise manual closing. For example, pre-
sume that manual closing of breaker BK1 (Figure 6.18) should not be allowed if 
the respective bus is dead (dead line/dead bus or live line/dead bus condition):

BK1MCL := NOT(DLDB1 OR AND LLDB1) AND (…)
                    
                    

Figure 6.18 Voltage Check Element Applications
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Figure 6.19 Voltage Check Element Logic (EISYNC := N)

                    

Figure 6.20 Voltage Check Element Logic (EISYNC := Y)
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Settings and Relay Word Bits for Autoreclosing and Manual 
Closing

See the product-specific instruction manual Group Settings tables related to 
Reclose under the Settings section for a complete list of all autoreclose related 
settings. Table 6.24 provides all of the Relay Word bits for autoreclosing.

                    

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 1 of 2)

Name Description

BK1RS Breaker 1 in Reset State

BK2RS Breaker 2 in Reset State

79CY1a Relay in Single-Pole Reclose Cycle State

79CY3 Relay in Three-Pole Reclose Cycle State

BK1LO Breaker 1 in Lockout State

BK2LO Breaker 2 in Lockout State

SPARCa Single-Pole Reclose Initiate Qualified

SPOISCa Single-Pole Open Interval Supervision Condition

SPOIa Single-Pole Open Interval Timing

SPSHOT0a Single-Pole Shot Counter = 0

SPSHOT1a Single-Pole Shot Counter = 1

SPSHOT2a Single-Pole Shot Counter = 2

SPLSHTa Single-Pole Reclose Last Shot

SPRCIPa Single-Pole Reclaim In-Progress

3PARC Three-Pole Reclose Initiate Qualified

3POISC Three-Pole Open Interval Supervision Condition

3POI Three-Pole Open Interval Timing

3PSHOT0 Three-Pole Shot Counter = 0

3PSHOT1 Three-Pole Shot Counter = 1

3PSHOT2 Three-Pole Shot Counter = 2

3PSHOT3 Three-Pole Shot Counter = 3

3PSHOT4 Three-Pole Shot Counter = 4

3PLSHT Three-Pole Reclose Last Shot

3PRCIP Three-Pole Reclaim In-Progress

SPOBK1a Single-Pole Open Breaker 1

2POBK1a Two Poles Open Breaker 1

3POBK1 Three-Pole Open Breaker 1

SPOBK2a Single-Pole Open Breaker 2

2POBK2a Two Poles Open Breaker 2

3POBK2 Three-Pole Open Breaker 2

3POBK1 Three-Pole Open Breaker 1

3POLINE Three-Pole Open Line

R3PTE Three-Pole Tripping and Reclosing Only

R3PTE1 Recloser Three-Pole Trip Enable -BK1
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R3PTE2 Recloser Three-Pole Trip Enable -BK2

BK1CL Breaker 1 Close Command

BK2CL Breaker 2 Close Command

BK1CLST Breaker 1 Close Supervision Delay Timed Out

BK2CLST Breaker 2 Close Supervision Delay Timed Out

BK1CFT Breaker 1 Close Failure Delay Timed Out

BK2CFT Breaker 2 Close Failure Delay Timed Out

BK1CLSS Breaker 1 in Close Supervision State

BK2CLSS Breaker 2 in Close Supervision State

BK1EXT Breaker 1 Closed Externally

BK2EXT Breaker 2 Closed Externally

BK1RCIP BK1 Reclaim in Progress

BK2RCIP BK2 Reclaim in Progress

79STRT Relay in Start State

TBBK Time Between Breakers Timing

LEADBK0 No Leader Breaker

LEADBK1 Leader Breaker = Breaker 1

LEADBK2 Leader Breaker = Breaker 2

FOLBK0 No Follower Breaker

FOLBK1 Follower Breaker = Breaker 1

FOLBK2 Follower Breaker = Breaker 2

NBK0 No Breaker Active in Reclose Scheme

NBK1 One Breaker Active in Reclose Scheme

NBK2 Two Breakers Active in Reclose Scheme

LLDB1 Live Line—Dead Bus 1 (59L AND 27BK1)

DLLB1 Dead Line—Live Bus 1 (27L AND 59BK1)

DLDB1 Dead Line—Dead Bus 1 (27L AND 27BK1)

LLDB2 Live Line—Dead Bus 2 (59L AND 27BK2)

DLLB2 Dead Line—Live Bus 2 (27L AND 59BK2)

DLDB2 Dead Line—Dead Bus 2 (27L AND 27BK2)

a Only applicable to products that support single-pole reclosing.

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 2 of 2)

Name Description



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual
S E C T I O N 7

Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane
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Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy
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Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering
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Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs

NOTE: Changing EDEM or DMTC 
resets the demand meter values to 
zero. This also applies to changing the 
active settings group where either 
setting EDEM or DMTC is different in 
the new active settings group. 
(Changing demand current pickup 
settings PDEMP, GDEMP, and QDEMP 
will not affect the demand meters.)
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings
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Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=
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Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)
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Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.
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Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service

Chassis
Ground

Power

Battery 
Charger

125 Vdc

Relay

Comm.
Equipment

+

–

Vdc 1
–

+

Vdc 2
–

+
Battery 
Charger

48 Vdc

Power
+

–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57
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trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05
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Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.
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Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)
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TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)



9.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Reporting
Duration of Data Captures and Event Reports

Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.
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By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...

IN201
#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)
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Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)



10.11

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Test Methods

additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment
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Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message
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model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution



10.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Relay Troubleshooting

                    

Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.



10.29

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Maintenance

Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block

Connector
Screws
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Time and Date Management

The SEL-400 series relays can determine the time from a variety of sources, 
including IRIG-B, Precision Time Protocol (PTP) (IEEE 1588), SNTP, DNP3, 
MIRRORED BITS, terminal TIME and DATE commands, and HMI settings. 
(Refer to the appropriate sections in the product-specific instruction manual to 
learn about using these various time sources.) Most of these sources provide only 
an approximate measure of time. For high-accuracy time synchronization, which 
is needed to support synchrophasors and to ease comparison of system-wide 
events, a high-accuracy time source must be provided, such as IRIG-B with 
C37.118 extensions or PTP with power system profile. This section focuses on 
issues related to high-accuracy timekeeping. The relay records power system 
events with very high accuracy when you provide high-accuracy clock input sig-
nals. Relays placed at key substations can give you information on power system 
operating conditions in real time.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

Based on the high-accuracy time input, the relay calculates synchrophasors for 
currents and line voltages (for each phase and for positive-sequence), as specified 
in IEEE C37.118, Standard for Synchrophasor Measurements for Power Sys-
tems. You can then perform detailed analysis and calculate load flow from the 
synchrophasors. See Section 18: Synchrophasors for more information about 
phasor measurement functions in the relay.

This section presents details on these measurements as well as suggestions for 
further application areas. The topics of this section are the following:

➤ IRIG-B Timekeeping on page 11.1

➤ PTP Timekeeping on page 11.2

➤ Time Source Selection on page 11.5

➤ Time Quality Indications on page 11.5

➤ Time-Synchronized Events on page 11.10

IRIG-B Timekeeping
The relay is capable of high-accuracy timekeeping when supplied with an 
IRIG-B signal. When the supplied clock signal is sufficiently accurate, the relay 
can act as a phasor measurement unit (PMU) and transmit synchrophasor data 
representative of the power system at fixed time periods to an external data pro-
cessor. The relay can also record COMTRADE event report data by using the 
high-accuracy time stamp.

The relay has two input connectors that accept IRIG-B demodulated time-code 
format: the IRIG-B pins of serial PORT 1, and the IRIG-B BNC connector. See 
Section 2: Installation in the product-specific instruction manual for more infor-
mation on connecting these inputs.
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The IRIG-B inputs can be used for high-accuracy timekeeping purposes with as 
high as 1 s accuracy with an appropriate time source. See Table 11.1 for relay 
timekeeping mode details.

                    

Only one IRIG-B time source can be used by the relay, and the signal connected 
to the IRIG-B BNC connector takes priority over the serial PORT 1 IRIG-B pins. If 
a signal is detected on the IRIG-B BNC input, the IRIG-B pins of serial PORT 1 
will be ignored, unless the serial PORT 1 IRIG-B has better quality than the BNC input.

The relay determines the suitability of the IRIG-B signal connected to the BNC 
connector for high-accuracy timekeeping by applying two tests:

➤ Measuring whether the jitter between positive-transitions (rising 
edges) of the clock signal is less than 500 ns.

➤ Decoding the time-error information contained in the IRIG-B control 
field and determining that analog quantity TQUAL is less than 10–6 
seconds (1 s).

If a valid source is detected on the BNC or serial port IRIG inputs, BNC_TIM 
and BNC_OK or SER_TIM and SER_OK will be set, respectively.

PTP Timekeeping
In addition to IRIG-B, Precision Time Protocol (PTP), as specified in IEEE 
1588-2008, can be used for high-accuracy timekeeping. The relay can only be 
synchronized by a grandmaster on the PTP timescale, not an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative proce-
dure and can change at any time during normal operation. The PTP timescale 
uses the PTP epoch of January 1 1970 00:00:00 TAI (International Atomic 
Time), which corresponds to December 31 1969 23:59:51.999918 UTC (Coordi-
nated Universal Time). Its unit of time is the SI second and accounts for leap sec-
onds. 

The offset between TAI and UTC time is included in the PTP announce message, 
along with a flag that indicates whether or not the offset is valid. The relay will 
use the offset sent by the Grand Master (GM) clock to determine UTC time 

NOTE: The SEL-2407 Satellite-
Synchronized Clock meets both the 
relay accuracy and IEEE C37.118 
requirements for a high-accuracy time 
source.

Table 11.1 Relay Timekeeping Modes

Item Internal Clock IRIG HIRIG (or High-Accuracy IRIG) PTP HPTP

Best accuracy 
(condition)

Depends on 
last method of 
setting, or syn-
chronizationa

500 µs (when time-
source jitter is less 
than 3 ms)

1 µs (when time-source jitter is 
less than 500 ns, and time-error 
is less than 1 µs)b

Determined by PTP 
master (Master clock 
sync and announce 
interval <= 4 s) 

1 µs (Master clock 
sync and announce 
interval <= 4 s, and 
TQUAL <1 µs)

IRIG-B connec-
tion required

None BNC connector (pre-
ferred), or serial PORT 1

BNC connector (preferred), or 
serial PORT 1

PTP time source 
connected

PTP time source 
connected

Relay Word bits TIRIG = 0
TSOK = 0
BNC_TIM = 0
SER _TIM = 0
BNC_OK = 0
SER_OK = 0
TLOCAL = 0
TGLOBAL = 0

TIRIG = 1
TSOK = 0
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 1
TGLOBAL = 0

TIRIG = 1
TSOK = 1
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 0
TGLOBAL = 1

TPTP = 1
TSOK = 0
TLOCAL = 1
TGLOBAL = 0
PTP_OK = 1

TPTP = 1
TSOK = 1
TLOCAL = 0
TGLOBAL = 1
PTP_OK = 1

a The internal clock in the relay can be synchronized via SNTP, DNP3, SEL-2030 Communications Processor, or MIRRORED BITS communications.
b The time source must include the IEEE C37.118 IRIG-B control bit assignments and the Global setting IRIGC must be set to C37.118 to provide 

the time-error estimate for the clock. In products that support line-current differential protection, the jitter requirement for HIRIG is 50 ns.

NOTE: If the time-code signal 
connected to the BNC connector 
degrades in quality, the relay will not 
switchover to the IRIG-B pins of serial 
PORT 1. The relay will only switch to 
serial PORT 1 if the signal on the BNC 
connector completely fails or the 
accuracy is better on serial PORT 1 than 
on the BNC input (e.g., the cable is 
unplugged).

NOTE: The SEL-487V does not 
support PTP.
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regardless of validity. Because of this, all SEL devices (and other slave devices 
that share this behavior) synchronized with the GM will retain relational accuracy 
with each other even if, in certain cases, the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the C37.238 profile). In accordance with IEEE 1588-2008 16.3.3.4, 
this value must include the TAI to UTC offset to reflect local time at the node, or 
slave device. If the relay receives a TAI to Local offset value that does not include 
the TAI to UTC offset, it may incorrectly calculate UTC and Local time. Also, if 
the announce message does not include the TAI to Local offset value, the relay 
will use its configured Time and Date settings (UTCOFF, BEG_DST, and 
END_DST) to calculate local time. This is one reason that the relay Time and 
Date settings must match the settings in the GM clock, or devices that are syn-
chronized may have issues with time-alignment.

To use PTP, the relay part number must include the Ethernet card option that sup-
ports PTP and PTP must be enabled in PORT 5 settings and properly configured. 
The relay must be connected to a network containing an appropriate PTP master, 
and all intervening switches must be IEEE 1588 aware. For SEL-400 series 
relays with a two- or four-port Ethernet card, PTP is only available on Ethernet 
PORT 5A and PORT 5B. For SEL-400 series relays with the five-port Ethernet card, 
PTP is available on either Ethernet PORT 5A and PORT 5B or PORT 5C and PORT 5D. 
PTPPORT is an analog quantity that can be used to identify the active port. 
PTPPORT = 1 if PORT A is the active port, PTPPORT = 2 if PORT B is the active 
port, PTPPORT = 3 if PORT C is the active port, PTPPORT = 4 if PORT D is the 
active port, and PTPPORT = 0 if PTP is not synchronized. See Precision Time 
Protocol (PTP) on page 15.17 for more information on configuring the relay and 
the Ethernet network for PTP.

To achieve basic synchronization to PTP, the master clock sync and announce 
interval must not exceed four seconds. The Relay Word bit PTP_TIM indicates 
that this basic level of synchronization has been achieved. If the network is not 
introducing excessive jitter in the time-synchronized messages, PTP_OK will be 
set indicating the presence of time synchronization. The analog quantity PTPSTEN 
can be used to indicate the state of the PTP port as follows: 1 = Initializing, 
2 = Faulty, 3 = Disabled, 4 = Listening, 8 = Uncalibrated, 9 = Slave.

PTP Over PRP Networks
SEL-400 series relays support PTP time synchronization over a PRP network. 
When the relay operates in this network mode, the default, C37.238, and 
61850-9-3 PTP profiles are available. When using PTP time synchronization over 
a PRP network, you must use the LAYER2 option for the PTP transport mecha-
nism setting PTPTR.

The SEL-400 series relays support PTP time synchronization over Parallel 
Redundancy Protocol (PRP) networks. In a PRP network, a dual attached node 
(DAN) receives a pair of duplicated packets.

PTP messages that transverse through two distinct networks suffer a different 
amount of delays. Figure 11.1 shows that path delays via LAN A and LAN B are 
different. These delays include link delays and residence time. PTP-capable 
Ethernet switches in these LANs should update PTP messages with the actual 
residence time and request/reply to path delay messages. It should not alter PTP 
messages by appending RCTs. The dual attached slave clock receives two differ-
ent sets of PTP messages, as shown in Figure 11.1. The two ports independently 
determine its port state.

NOTE: The relay processes PTP 
messages with or without RCTs.
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The relay can only synchronize to one PTP grandmaster clock. If two PTP mas-
ters are available, the SEL-400 series relays use the Best Master Clock Algorithm 
(BMCA) to select the best PTP master on LAN A and selects the best PTP master 
on LAN B. It further selects the best master between LAN A and LAN B based 
on each PTP master's BMCA characteristics and the locally derived offsets 
between the relay and the BMCA-selected master. If the BMCA-selected master 
is less than or equal to 1 s, the relay synchronizes itself with the BMCA-
selected master time information. Otherwise, the relay uses the time information 
from the LAN A master if the LAN B master has locally derived offsets less than 
or equal to 1 ms. If not, the relay continues using the BMCA-selected master. The 
SEL-400 series relays use the analog quantity PTPPORT to indicate the port to 
which the relay is synchronized. If PTPPORT = 1, the relay is synchronized to 
the best PTP master on Ethernet PORT 5A. If PTPPORT = 2, the relay is synchro-
nized to the best PTP master on Ethernet PORT 5B. If PTPPORT = 3, the relay is 
synchronized to the best PTP master on Ethernet PORT 5C. If PTPPORT = 4, the 
relay is synchronized to the best PTP master on Ethernet PORT 5D. The ASCII 
command COM PTP also displays the port status in COM PTP on page 14.14. If 
a port is selected to synchronize the relay, the port status is ACTIVE; otherwise, 
it is PASSIVE.

                    

Figure 11.1 PTP Time Synchronization Over a PRP Network

LAN A LAN B

Master Clock A Master Clock B

Port A Port B

Residence Time Residence Time

Ordinary Clock

Transparent Clock Transparent Clock

SEL-400 Series Relay

Delay_Req_A Delay_Req_B

Link Delay Link Delay

Announce_A Announce_B

Sync_A

Follow_up_BFollow_up_A

Sync_B

Delay_Resp_BDelay_Resp_A

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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Time Source Selection
IRIG-B via BNC connection, IRIG-B via serial PORT 1 , and PTP can all be con-
nected to the relay. Each of these can provide a high-quality time value. The relay 
selects between these sources by using the following priority scheme:

1. IRIG-B BNC high quality (BNC_OK = 1)

2. IRIG-B serial port high quality (SER_OK = 1)

3. PTP high quality (PTP_OK = 1)

4. PTP nominal quality (PTP_TIM = 1)

5. IRIG-B BNC nominal quality (BNC_TIM = 1)

6. IRIG-B serial port nominal quality (SER_TIM = 1)

The TIME command indicates what source is being used. This is also available 
in the analog quantity CUR_SRC as shown in Table 11.2.

                    

If IRIG-B and PTP are not available, then the time can be set via any low-priority 
time source: SNTP, DNP3, TIME and DATE commands, front-panel set date/
time, and extended MIRRORED BITS.

Time Quality Indications
Analog Quantities and Relay Word Bits

You can check the status of timekeeping by checking the relevant analog quanti-
ties or Relay Word bits. Once a time source is connected, wait at least 20 seconds 
to allow for a solid synchronization to take place.

If you are using a time source that provides time-quality information (IRIG-B 
with C37.118 or PTP), then the presently reported time quality is available via 
the TQUAL analog quantity and the TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits. Table 11.3 and Table 11.4 show how these are 
encoded for IRIG and the three supported PTP Profiles.

                    

Table 11.2 CUR_SRC Encoding

Source  CUR_SRC value

BNC IRIG-B 1

Serial Port IRIG-B 2

PTP 4

None of the above 8

Table 11.3 Time Quality Encoding (IRIG) (Sheet 1 of 2)

IRIG

Master Clock Accuracy (ns) TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Clock failure, time not reliable 1 1 1 1 Unknowna

10 seconds 1 0 1 1 10

1 second 1 0 1 0 1

100 milliseconds 1 0 0 1 0.1

10 milliseconds 1 0 0 0 0.01
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PTP supports Default profile, C37.238 Power Profile, and IEC/IEEE 61850-9-3 
Power Utility Automation Profile, which is set by the PORT 5 setting PTPPRO. 
PTP reports the time quality through TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits, which are the same bits used if IRIG-B is the time 
source. If PTPPRO = DEFAULT or 61850-9-3, the time quality is reported based 
only on the accuracy of the master clock. If PTPPRO = C37.238, the time quality 
is reported based on the accuracy of the master clock (Grandmaster timeinaccu-
racy) plus the inaccuracy of the network (Network timeinaccuracy). For this pro-
file, if either Grandmaster timeinaccuracy or Network time-inaccuracy is the 
maximum value, the relay will set all TQUAL bits to 1.

NOTE: If the Global setting IRIGC is 
changed from NONE to C37.118, the 
relay asserts TGLOBAL before 
completely assessing the time-
synchronization state. The 
assessment completes and TGLOBAL 
has the correct value approximately 5 
seconds after you make such a 
settings change.

If the relay is synchronized to an IRIG-B or PTP time source, the TSYNC bit will 
be set. If the quality of this synchronization is 1 s or better, then TSOK is set, 
indicating this bit has sufficient accuracy for synchrophasors. TGLOBAL will 
assert if a high-accuracy source is being used and the source indicates it is pro-
viding 1 s or better accuracy, and the Global setting IRIGC = C37.118 for BNC 
IRIG applications. Refer to Figure 11.3 for TLOCAL qualifying criteria.

1 millisecond 0 1 1 1 0.001

100 microseconds 0 1 1 0 0.0001

10 microseconds 0 1 0 1 0.00001

1 microsecond 0 1 0 0 0.000001

100 nanoseconds 0 0 1 1 0.0000001

10 nanoseconds 0 0 1 0 0.00000001

1 nanosecond 0 0 0 1 0.000000001

a The relay reports the 32-bit float limit (i.e., 3.40282347E+38).

Table 11.4 Time Quality Encoding (PTP)

PTP Profile (PTPPRO = DEFAULT, C37.238, 61850-9-3)

Time_inaccuracy = Grandmaster timeinaccuracy + Network 
timeinaccuracy (ns)a

a This only applies to C37.238.

TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Grandmaster timeinaccuracy  4294967295 or Network
timeinaccuracy  4294967295a

1 1 1 1 Grandmaster 
timeinaccuracy

+

Network 
timeinaccuracya

1,000,000,000  time_inaccuracy < 10,000,000,000 1 0 1 1

100,000,000  time_inaccuracy < 1,000,000,000 1 0 1 0

10,000,000  time_inaccuracy < 100,000,000 1 0 0 1

1,000,000  time_inaccuracy < 10,000,000 1 0 0 0

100,000  time_inaccuracy < 1,000,000 0 1 1 1

10,000  time_inaccuracy < 100,000 0 1 1 0

1,000  time_inaccuracy < 10,000 0 1 0 1

100  time_inaccuracy < 1,000 0 1 0 0

10  time_inaccuracy < 100 0 0 1 1

1  time_inaccuracy < 10a 0 0 1 0

time_inaccuracy = 0a 0 0 0 0

Table 11.3 Time Quality Encoding (IRIG) (Sheet 2 of 2)

IRIG
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As an example of checking IRIG status, use the command TAR TIRIG to view 
the relevant Relay Word bits, as shown in Figure 11.2. Only the state of the 
TIRIG and TSOK Relay Word bits are discussed in the troubleshooting steps 
below. The other Relay Word bits of interest to this discussion are TUPDH, 
which indicates that the relay internal clock is presently being updated by the 
HIRIG source, TSYNCA, which acts as an alarm bit that asserts when the relay is 
not synchronized to either an internal or an external source. TSYNCA will only 
assert briefly when the HIRIG time source is connected or disconnected.
                    

The TIRIG and TSOK Relay Word bits should be asserted (logical 1), indicating 
that the relay is in the high-accuracy IRIG timekeeping mode (HIRIG).

If TSOK is not asserted, but TIRIG is asserted, the relay is in regular IRIG time-
keeping mode. Following is a list of possible reasons for not entering HIRIG mode:

➤ The IRIG-B clock does not use the IEEE C37.118 control bit 
assignments, or the IRIG-B signal is not of sufficient accuracy.

➤ The termination resistor, required by some IRIG clocks, is not installed.

➤ The time-source clock is reporting that its time error is greater than 1 s.

If neither TSOK nor TIRIG is asserted, the relay is not in an IRIG time-source 
mode. Following is a list of possible reasons for not entering IRIG mode:

➤ The IRIG-B clock signal is improperly configured.

➤ The termination resistor, required by some IRIG clocks, is not installed.

NOTE: At startup, TPTP can assert 
as fast as 1.5 seconds after PTP_TIM 
asserts.

TBNC asserts when BNC IRIG is used to update the relay master time. Likewise, 
TSER asserts when serial IRIG is selected and TPTP asserts when PTP is the 
active source updating the relay master time. At any given time, only one of these 
three bits can equal logical 1.

Global Time Source vs Local Time Source
An SEL-400 series relay indicates that it is synchronized with either a global or 
local time source according to the logic as shown in Figure 11.3. When 
CUR_SRC is IRIG or PTP and TSOK is asserted, the relay determines the status 
of TGLOBAL or TLOCAL following the logic diagram in Figure 11.3. 

=>TAR TIRIG <Enter>

*       *       TIRIG   TUPDH   TSYNCA  TSOK    PMDOK   FREQOK
0       0       1       1       0       1       1       0
=>

Figure 11.2 Confirming the High-Accuracy Timekeeping Relay Word Bits
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TIME Q Command
The TIM Q command provides details about relay timekeeping (see Table 11.3 
and Table 11.4). The internal clock of the relay is initially calibrated at the SEL 
factory. An external IRIG or PTP source is required to eliminate clock drift. The 
Time Source field provides the present high-accuracy timing input source; 
entries for this line are HIRIG, IRIG, HPTP, PTP, or OTHER. The Last Update 
Source reports the source from which the relay referenced the last time value 
measurement. Entries for this line can be high-priority or low-priority sources. 
Table 11.5 lists the possible Last Update Source values for the relay.
                    

                    

                    

Figure 11.3 TLOCAL and TGLOBAL Logic

5 S

CUR_SRC = IRIG
TSYNC

IRIGC = C37.118

Holdover Timer TLOCAL

TGLOBAL

TQUAL  1 �s

5 S

CUR_SRC = PTP
TSYNC Holdover Timer

TQUAL  1 �s

master_clock_class = 6

master_clock_class = 7

=>>TIM Q <Enter>

Relay 1                                    Date: 03/17/2023 Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP
Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

=>>

Figure 11.4 Sample TIM Q Command Response

Table 11.5 Date/Time Last Update Sources (Sheet 1 of 2)

Time Input Source Mode Priority Time Source

HIRIG High Time/date from the high-accuracy IRIG-B input

SNTP Low Simple Network Time Protocol

IRIG High Time/date from the IRIG-B format time base signal

HPTP High Time/date from a high-accuracy PTP source

PTP High Time/date from a PTP source

DNP Low Time/date from the DNP3 communications port

MIRRORED BITS Low Time/date from the Mirrored Bit port

SNTP Low Time/date from SNTP server
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The Time Mark Period value indicates the instantaneous period in which the 
relay measures the time-source inputs. The relay displays the time mark periods 
showing the present time precision derived from the applied time-source signals.

The TIME Q command is also helpful for troubleshooting IRIG and PTP prob-
lems. If the Time Mark Period value changes significantly between successive 
TIME Q commands, there may be too much noise in the time signal for the relay 
timekeeping function.

Adaptive Internal Clock Period Adjustment
The Internal Clock Period, as shown in the TIME Q command response in 
Figure 11.4, is the internal relay timekeeping period. The relay adjusts this mas-
ter internal clock when you apply HIRIG or HPTP mode timekeeping, adapting 
the internal relay clock for your installation temperature conditions. If you lose 
the timing lock, the relay internal clock operates at this precisely adapted clock 
period until HIRIG or HPTP mode is restored. Time tags for event reports during 
a loss of high-accuracy timekeeping remain very accurate. Lower-accuracy time 
sources do not adaptively adjust the internal relay clock period.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained by 
the device as well as statistics for the measured time offsets with the parent (mas-
ter) clock. The PTP data sets contain information about the state, identity, and 
configuration of the local, parent, and grandmaster clocks in addition to proper-
ties of the time being distributed by the grandmaster clock. See COM PTP on 
page 14.14 for more information on this command.

Daylight-Saving Time (DST)
The status of DST time can be determined by one of three possible high-priority 
sources (BNC, SER, or PTP). The daylight-saving time pending Relay Word bit 
(DSTP) is valid only when IRIG is the active source. When PTP is selected, it 
sets the DSTP bit to zero at all times. If no high-priority source with daylight-
saving time information is available, the DST bit is determined based on the 
BEG_DST and END_DST Global settings.

When using PTP as the Time Synchronization source, the PTP master may not 
provide valid DST information as the relay powers up. To ensure the relay pow-
ers up with the correct time when synced to a PTP source, you must ensure that 
the relay Time and Date Management settings and the PTP master configuration 
are in agreement.

ASCII TIME Low Time from the relay serial ports

ASCII DATE Low Date from the relay serial ports

NONV CLK Low Time/date from the nonvolatile memory clock

FRONT PANEL TIME Low Time from the front-panel TIME entry screen

FRONT PANEL DATE Low Time from the front-panel DATE entry screen

Table 11.5 Date/Time Last Update Sources (Sheet 2 of 2)

Time Input Source Mode Priority Time Source
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Time-Synchronized Events
Time-Synchronized Triggers

You can program the relay to perform data captures at specific times. Relays that 
are time-locked by using HIRIG mode provide high-accuracy time-synchronized 
data captures. When you use this method on multiple relays, the actual trigger 
times can differ by as much as 5 ms, but the information in the binary COM-
TRADE file outputs from each relay is time-stamped at very high accuracy. Do 
not assume that the relay triggers are locked with high accuracy; rather, compare 
corresponding time-stamped data points from each COMTRADE file.

Time Triggering the Relay
Perform the following steps to trigger an event data capture in the relay at a spe-
cific time. These settings cause the relay to initiate a data capture at 12:00:30 p.m. 
Use other SELOGIC control equations in a similar manner to trigger relay event 
recordings.

Step 1. Start SEL Grid Configurator Software and establish communications 
with the relay.

Step 2. Select Read to read the present configuration in the relay.

The relay sends all configuration and settings data to SEL Grid 
Configurator.

Step 3. Select the Settings Grid > Protection > Protection Logic. Leave 
the Protection Group dropdown menu set at 1.

Step 4. Enter time trigger settings:

a. Select in the first available line of protection logic.

b. In the Edit Pane for the line, enter or search for PMV64, then 
enter := to continue building the equation.

c. On the right side of the equation, search for and select THR 
(which is the Time in Hours analog quantity) or enter THR after 
the equation equal sign.

d. Double-click THR (Time in Hours).

e. Use the # character to add a comment to the line.

                    

NOTE: The MET PM time command can 
be used to capture synchrophasor data 
at a specific time if synchrophasors are 
enabled with Global setting EPMU := Y.

                    

Figure 11.5 Setting PMV64 With the Expression Builder Dialog Box
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Step 5. In a similar manner, build a freeform SELOGIC control equation pro-
gram in Protection Logic that causes protection freeform SELOGIC 
control equation variable PSV02 to assert to logical 1 at 
12:00:30.005 p.m. Use the following expressions:

PMV64 := THR # Clock hours

PMV63 := TMIN # Clock minutes

PMV62 := TSEC # Clock seconds

PSV02 := (PMV64=12) AND (PMV63=00) AND (PMV62=30) # 
Set PSV02 at 12:00:30

Step 6. Navigate to the ER setting in your Settings Grid view under Group 1 
settings.

Step 7. Select in the ER Event Report Trigger Equation (SELOGIC) text 
box and add OR R_TRIG PSV02 to the end of elements already in 
this SELOGIC control equation.

COMTRADE File Information
Retrieve the COMTRADE files for the time-triggered data captures from each 
relay with the FILE READ command.

Parse the binary COMTRADE data for the power system currents and voltages 
you need to calculate system quantities.

Fault Analysis
Use the relay measurement and communications capabilities to obtain precise 
simultaneous measurements from the power system at different locations. Com-
bining system measurements from a number of key substations gives you a snap-
shot picture of the phasor relationships in the power system at a particular time. 
You can perform extensive fault analysis by evaluating the simultaneous mea-
surements gathered at a central computer or data server.

Install at least two relays in the power system to implement dynamic phasor 
determination. Figure 11.6 shows an example of a 230 kV overhead transmission 
line with a relay at each terminal. Connect GPS clocks (such as the SEL-2407) at 
each substation to provide high-accuracy time-signal inputs for each relay.

                    

With synchronized and time-stamped binary COMTRADE data, you can develop 
automated computer algorithms for comparing these data from different locations 
in the power system.

In particular, you can use fault data extracted from two relays. Use third-party 
software to filter the binary COMTRADE data so that the signals are composed 
of fundamental quantities only (50 Hz or 60 Hz). You can also use third-party 

NOTE: In this example, the event 
report trigger will occur between 
12:30:00.002 and 12:30:00.005 
because of the method of relay 
protection logic processing.

NOTE: You should be careful to 
remove this event report trigger once 
you have completed your testing. 
Otherwise, the relay will continue to 
trigger new events every day at the 
programmed time.

                    

Figure 11.6 230 kV Transmission Line System

Z1L, Z0LZ1S, Z0S
BK1

GPS Rx

S (Harvard) R (Princeton)

BK2
Z1R, Z0R

GPS Rx

RelayRelay
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software to convert the binary COMTRADE data to ASCII COMTRADE files. 
Use the Phasor Diagram in the SEL-5601 SYNCHROWAVE Event to select the 
appropriate pre-fault and post-fault quantities. 

Power Flow Analysis
Use SEL-400 series relays to develop instantaneous power flow data. Obtain the 
voltage and current phasors from different power system buses at the same 
instant and use these measurements to determine power flow at that instant. Use 
the synchronized phasor measurement capabilities of the relay and the METER 
PM command or a Synchrophasor Protocol to collect synchronized voltage and 
current data. Use this information to confirm your power flow models.

For example, consider four SEL-421 Relays installed in the power system as shown in 
Figure 11.7. Substations S and R provide generation for the load at Substation T.

                    

Table 11.6 lists the voltage and current measured by the four SEL-421 Relays at 
one particular time.

                    

                    

Figure 11.7 500 kV Three-Bus Power System

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 1 of 2)

Voltage Current

SEL-421 at Substation S

VAS 288.675 kV 0° IAS 238.995 A 41.9°

VBS 288.675 kV 240° IBS 238.995 A –78.1°

VCS 288.675 kV 120° ICS 238.995 A 161.9°

SEL-421 at Substation R

VAR 303.109 kV –0.2° IAR 234.036 A –44.2°

VBR 303.109 kV 239.8° IBR 234.036 A 195.8°

VCR 303.109 kV 119.8° ICR 234.036 A 75.8°

SEL-421 at Substation T Looking Toward Substation S

VAT–S  295.603 kV –1.6° IAT–S 238.995 A –138.1°

VBT–S 295.603 kV 238.4° IBT–S 238.995 A 101.9°

VCT–S 295.603 kV 118.4° ICT–S 238.995 A –18.1°

S

R

T

SEL-421

SEL-421

SEL-421

SEL-421

GPS Rx

GPS Rx

GPS Rx

GPS Rx
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Use Equation 11.1 to calculate the generation supplied from Substation S and 
Substation R, plus the load at Substation T.
                    

Equation 11.1

                    

The complex power generation supplied by Substation S is:
                    

The complex power generation supplied by Substation R is:
                    

The load at Substation T supplied by Substation S is:
                    

The load at Substation T supplied by Substation R is:
                    

The total load at Substation T is:
                    

SEL-421 at Substation T Looking Toward Substation R

VAT–R 295.603 kV –1.6° IAT–R 234.036 A 135.8°

VBT–R 295.603 kV 238.4° IBT–R 234.036 A 15.8°

VCT–R 295.603 kV 118.4° ICT–R 234.036 A –104.2°

where:
S3 = Three-phase complex power (MVA)
P3 = Three-phase real power (MW)
Q3 = Three-phase imaginary power (MVAR)
Vpp = Phase-to-phase voltage
Vp = Phase-to-neutral voltage
I*L = Complex conjugate of the line current

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 2 of 2)

Voltage Current

S3ø P3ø jQ3ø +=

3 Vpp IL• • =

3 Vp IL• • =

SS 3 288.675 kV 0•   238.995 A 41.9– • =

154.1  MW j138.2  MVAR–=

SR 3 303.109 kV 0.2– •   234.036 A 44.2 • =

152.6  MW j148.3  MVAR+=

ST S– 3 295.603 kV 1.6– •   238.995 A 138.1 • =

153.7–   MW j145.9  MVAR+=

ST R– 3 295.603 kV 1.6– •   234.036 A 135.8–  • =

152.8–   MW j140.5  MVAR–=

ST ST S– ST R–+=

306.5–   MW  j5.4  MVAR+=
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Use the power flow solution to verify the instantaneous positive-sequence imped-
ances of your system transmission lines.

State Estimation Verification
Electric utility control centers have used state estimation to monitor the state of 
the power system for the past 20 years. The state estimator calculates the state of 
the power system by using measurements such as complex power, voltage magni-
tudes, and current magnitudes received from different substations. State estima-
tion uses an iterative, nonlinear estimation technique. The state of the power 
system is the set of all positive-sequence voltage phasors in the network. Typi-
cally, several seconds or minutes elapse from the time of the first measurement to 
the time of the first estimation. Therefore, state estimation is a steady-state repre-
sentation of the power system.

Consider using precise simultaneous positive-sequence voltage measurements 
from the power system to verify your state estimation model. Take time-synchro-
nized high-resolution positive-sequence voltage measurements at all substations. 
Send the relay synchrophasor messages to a central database to determine the 
power system state.

Power system contingency analysis models rely on state-estimation techniques, 
and may have inaccuracies caused by incorrect present-state information, or 
errors in system characteristics, such as incorrect line and source impedance esti-
mates. The simultaneous event-report triggering technique described earlier in 
this section can be used to verify present models.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

With SEL-400 series relays acting as phasor measurement units (PMUs) installed 
in several substations, synchrophasor measurements can be transmitted to a cen-
tral processor in near-real time, providing very accurate snapshots of the power 
system. This type of data processing system provides system-state measurements 
that are a few seconds old, rather than state estimates that may be several minutes 
old. In addition, the synchrophasor results are real measurements, rather than 
estimates. 

See Section 18: Synchrophasors for information on the PMU settings and the 
communications protocols available for synchrophasor data collection.

                    

Figure 11.8 Power Flow Solution
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Settings

This section contains tables of relay settings that are common to most SEL-400 
series relays. See the product-specific instruction manuals for details of all set-
tings available in the relay.

The relay hides some settings based upon other settings. If you set an enable set-
ting to OFF, for example, the relay hides all settings associated with that enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in Section 6: Protection Application Examples in the product-specific 
instruction manuals, where appropriate.

The settings prompts in this section are similar to the ASCII terminal and SEL 
Grid Configurator software prompts. The prompts in this section are unabbrevi-
ated and show all possible setting options.

This section describes how settings are organized, explains the concept of set-
tings groups, and then describes some common relay settings:

➤ Settings Structure on page 12.1

➤ Multiple Setting Groups on page 12.4

➤ Port Settings on page 12.6

➤ DNP3 Settings—Custom Maps on page 12.19

➤ Front-Panel Settings on page 12.20

➤ Alias Settings on page 12.25

➤ Protection Freeform SELOGIC Control Equations on page 12.26

➤ Automation Freeform SELOGIC Control Equations on page 12.26

➤ Output Settings on page 12.26

➤ Report Settings on page 12.27

➤ Notes Settings on page 12.29

Settings Structure
The settings structure assigns each relay setting to a specific location based on 
the setting type. A top-down organization allocates relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 12.1 to understand the settings structure in a typical SEL-400 
series relay. The top layer of the settings structure contains classes and instances. 
Class is the primary sort level; all classes have at least one instance, and some 
classes have multiple instances. Typical settings classes and related instances are 
listed in Table 12.1.

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Figure 12.1 Typical Relay Settings Structure Overview
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Table 12.1 Typical Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global Global settings SET G P, A, O, 2

Group Individual scheme settings Group 1

•

•

•

Group 6

Group 1 settings

•

•

•

Group 6 settings

SET 1, SET S 1

•

•

•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2

Bay Control Bay Control Settings Bay Control SET B 1 P, A, O, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of 
Table 12.1. The relay presents the Global settings categories at the SET G com-
mand; no instance numbers follow SET G. Conversely, the Port settings com-
mand has five instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To 
access the PORT 1 settings, type SET P 1 <Enter>. If you do not specify which 
port to set, the relay defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•

•

•

PORT 3

PORT 5

PORT 6 (TiDL 
[T-Protocol] 
relays only)

Front-panel port

PORT 1 settings

•

•

•

PORT 3 settings

Ethernet card settings

TiDL topology settings 
(TiDL [T-Protocol] relays 
only)

SET P F

SET P 1

•

•

•

SET P 3

SET P 5

(Only available 
via SEL Grid 
Configurator)

P, A, O, 2

Report Event report and SER settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection Protection-related SELOGIC con-
trol equations

Protection 1

•

•

•

Protection 6

Group 1 protection 
SELOGIC control equations
•

•

•

Group 6 protection 
SELOGIC control equations

SET L 1

•

•

•

SET L 6

P, 2

Automation Automation-related SELOGIC 
control equations

Automation 1

•

•

•

Automation 10

Block 1 automation 
SELOGIC control equations

•

•

•

Block 10 automation 
SELOGIC control equations

SET A 1

•

•

•

SET A 10

A, 2

DNP Distributed Network Protocol 
data remapping

DNP 1

•

•

•

DNP 5

SET D 1

•

•

•

SET D 5

P, A, O, 2

Output Relay control output settings and 
MIRRORED BITS communications 
transmit equations

Output SET O O, 2

Alias Alias settings Alias SET T P, A, O, 2

Notes Freeform programming to 
include notes

Notes 100 lines SET N P, A, O, 2

Table 12.1 Typical Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Multiple Setting Groups
The SEL-400 series relays have six independent setting groups. Each setting 
group has complete relay settings and protection SELOGIC settings. The active 
setting group can be:

➤ Shown or selected with the SEL ASCII serial port GROUP 
command—see GROUP on page 14.40.

➤ Shown or selected from the front-panel LCD with the MAIN menu 
Set/Show menu item and the Active Group submenu item as 
described in Figure 4.32.

➤ Selected with SELOGIC control equation settings SS1 through SS6. 
Settings SS1 through SS6 have priority over all other selection 
methods. Use remote bits in these equations to select setting groups 
with Fast Operate commands as described in SEL Fast Meter, Fast 
Operate, Fast SER Messages, and Fast Message Data Access on 
page 15.33.

➤ Shown with DNP3 Objects 20 and 22 and selected with Objects 40 
and 41.

Setting Groups: Application Ideas
Setting groups can be used for such applications as:

➤ Environmental conditions such as winter storms, periods of high 
summer heat, etc.

➤ Hot-line tag that disables closing and sensitizes protection

➤ Commissioning and operation

Active Setting Group Indication
Only one setting group can be active at a time. Relay Word bits SG1 through SG6 
indicate the active setting group, as shown in Table 12.2.

                    

Table 12.2 Definitions for Active Setting Group Indication Relay Word Bits SG1 
Through SG6

Relay Word Bit Definition

CHSG Indication that a group switch timer is operating or a group switch change 
is underway

SG1 Indication that setting Group 1 is the active setting group

SG2 Indication that setting Group 2 is the active setting group

SG3 Indication that setting Group 3 is the active setting group

SG4 Indication that setting Group 4 is the active setting group

SG5 Indication that setting Group 5 is the active setting group

SG6 Indication that setting Group 6 is the active setting group
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For example, if setting Group 4 is the active setting group, Relay Word bit SG4 
asserts to logical 1, and the other Relay Word bits SG1, SG2, SG3, SG5, and SG6 
are all deasserted to logical 0.

Active Setting Group Selection
The Global settings class contains the SELOGIC control equation settings SS1 
through SS6, as shown in Table 12.3.

NOTE: The settings group switching 
settings are checked once per cycle. 
When setting TGR := 0, in order for a 
transient assertion to be recognized, 
it should be conditioned to remain 
asserted for at least 1 cycle.

                    

The operation of these settings is explained with the following example.

Assume the active setting group starts out as setting Group 3. Corresponding 
Relay Word bit SG3 is asserted to logical 1 as an indication that setting Group 3 
is the active setting group.

With setting Group 3 as the active setting group, setting SS3 has priority. If set-
ting SS3 is asserted to logical 1, setting Group 3 remains the active setting group, 
regardless of the activity of settings SS1, SS2, SS4, SS5, and SS6. With settings 
SS1 through SS6 all deasserted to logical 0, setting Group 3 still remains the 
active setting group.

With setting Group 3 as the active setting group, if setting SS3 is deasserted to 
logical 0 and one of the other settings (e.g., setting SS5) asserts to logical 1, the 
relay switches from setting Group 3 as the active setting group to another setting 
group (e.g., setting Group 5) as the active setting group, after qualifying time set-
ting TGR (Global settings):

                    

NOTE: The CHSG Relay Word bit 
does not operate for settings changes 
initiated by the serial port or front 
panel methods.

In this example, TGR qualifies the assertion of setting SS5 before it can change 
the active setting group. Relay Word bit CHSG asserts when the TGR timer is 
picked up and timing, and also when a setting group change has been initiated.

Active Setting Group Changes
The relay is disabled for less than one second while in the process of changing 
active setting groups. Relay elements, timers, and logic are reset, unless indicated 
otherwise in the specific logic description. For example, local bit (LB01 through 
LB64), remote bit (RB01 through RB64), and latch bit (PLT01 through PLT32) 
states are retained during an active setting group change. The output contacts do 
not change state until the relay enables in the new settings group and the 
SELOGIC control equations are processed to determine the output contact status 
for the new group. 

Table 12.3 Definitions for Active Setting Group Switching SELOGIC Control 
Equation Settings SS1 Through SS6

Setting Definition

SS1 Go to (or remain in) setting Group 1

SS2 Go to (or remain in) setting Group 2

SS3 Go to (or remain in) setting Group 3

SS4 Go to (or remain in) setting Group 4

SS5 Go to (or remain in) setting Group 5

SS6 Go to (or remain in) setting Group 6

TGR Group Change 
Delay Setting

(settable from 0 to 54000 cycles)

NOTE: The SEL-487B supports 96 
remote bits and all 96 are retained.
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After a group change, an automatic message will be sent to any serial port that 
has setting AUTO := Y (see Table 12.7).

Active Setting: Nonvolatile State
Power Loss

The active setting group is retained if power to the relay is lost and then restored. 
If a particular setting group is active (e.g., setting Group 5) when power is lost, 
the same setting group is active when power is restored.

Settings Change
If individual settings are changed for the active setting group or one of the other 
setting groups, the active setting group is retained, much like in the preceding 
explanation.

If individual settings are changed for a setting group other than the active setting 
group, there is no interruption of the active setting group, so the relay is not 
momentarily disabled.

If the individual settings change causes a change in one or more SELOGIC control 
equation settings SS1 through SS6, the active setting group can be changed, sub-
ject to the newly enabled SS1 through SS6 settings.

Port Settings
                    

Table 12.4 Port Settings Categories (Sheet 1 of 2)

Settings Reference

Serial Settings

Protocol Section (Serial) Table 12.5

Communications Settings Table 12.6

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

DNP Configuration (Serial) Table 12.9

MIRRORED BITS Protocol Settings Table 12.10

RTD Protocol Settings Table 12.11

PMU Protocol Settings Table 12.12

Ethernet Settings (Two- or Four-Port Ethernet Card)

Protocol Selection (Ethernet) Table 12.13

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP Configuration Table 12.14

FTP Configuration Table 12.15

HTTP Server Configuration Table 12.16

Telnet Configuration Table 12.17

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19
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Serial Settings
                    

Table 12.6 settings are available for serial ports if the preceding setting 
PROTO  RTD.

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration (Ethernet) Table 12.23

Phasor Measurement Configuration Table 12.24

SNTP Selection Table 12.25

PTP Settings Table 12.26

Ethernet Settings (Five-Port Ethernet Card)

Protocol Selection (Five-Port Ethernet Card) Table 12.27

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP/Network Configuration Table 12.28

FTP Configuration (Five-Port Ethernet Card) Table 12.29

HTTP Server Configuration (Five-Port Ethernet Card) Table 12.30

Telnet Configuration (Five-Port Ethernet Card) Table 12.31

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration Table 12.23

Phasor Measurement Configuration (Five-Port Ethernet Card) Table 12.32

SNTP Selection Table 12.25

PTP Settings (Five-Port Ethernet Card) Table 12.33

TiDL Settings

TiDL Channel Map (Port 6) See TiDL (T-Protocol) on 
page 19.1

Table 12.4 Port Settings Categories (Sheet 2 of 2)

Settings Reference

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: TiDL Channel Map is only 
available in SEL Grid Configurator and 
only for TiDL (T-Protocol) relays.

Table 12.5 Protocol Selection (Serial)

Setting Prompt Default

EPORTa

a Setting EPORT to N on PORT 1 has no effect on the operation of IRIG-B on PORT 1.

Enable Port (Y, N) Y

EPAC Enable Port Access Control (Y, N) N

MAXACC Maximum Access Level (1, B, P, A, O, 2, C) C

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) SEL
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Table 12.7 settings are available if Port setting PROTO := SEL, DNP, or PMU.

                    

                    

Table 12.6 Communications Settings

Setting Prompt Default

MBTa

a Only applicable if PROTO := MBA, MBB, MBGA, or MBGB.

Using Pulsar 9600 modem? (Y, N) N

SPEEDb

b For PROTO := MBA, MBB, MBGA, or MBGB, 57600 is not available.

Data Speed (300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 
SYNCc)

c SYNC option only available for PROTO := MBA, MBB, MBGA, or MBGB on rear-panel serial ports.

9600

DATABITd

d For PROTO := SEL only.

Data Bits (7, 8 bits) 8

PARITYc Parity (Odd, Even, None) N

STOPBITe

e For PROTO := SEL, DNP, MBA, MBB, MBGA, MBGB, or PMU only.

Stop Bits (1, 2 bits) 1

RTSCTSf

f For PROTO := SEL or PMU only.

Enable Hardware Handshaking (Y, N) N

Table 12.7 SEL Protocol Settings

Setting Prompt Default

TIMEOUTa

a Hidden for PROTO := PMU. For Ethernet ports, TIMEOUT := TIDLE.

Port Time-Out (OFF, 1–60 minutes) 5

AUTOb

b Hidden for PROTO := DNP or PMU.

Send Auto-Messages to Port (Y, N) Y

FASTOPc

c Hidden for PROTO := DNP.

Enable Fast Operate Messages (Y, N) N

TERTIM1d

d Hidden for PROTO := PMU.

Initial Delay-Disconnect Sequence (0–600 seconds) 1

TERSTRNd Termination String-Disconnect Sequence (9 characters maximum)e

e TERSTRN set at /005 is <Ctrl+E>.

"\005"

TERTIM2d Final Delay-Disconnect Sequence (0–600 seconds) 0

Table 12.8 Fast Message Read Data Access

Setting Prompt Default

FMRENAB Enable Fast Message Read Data Access (Y/N) Y

FMRLCL Enable Local Region for Fast Message Access (Y/N) N

FMRMTR Enable Meter Region for Fast Message Access (Y/N) Y

FMRDMND Enable Demand Region for Fast Message Access (Y/N) Y

FMRTAR Enable Target Region for Fast Message Access (Y/N) Y

FMRHIS Enable History Region for Fast Message Access (Y/N) N

FMRBRKR Enable Breaker Region for Fast Message Access (Y/N) N

FMRSTAT Enable Status Region for Fast Message Access (Y/N) N

FMRANA Enable Analog Region for Fast Message Access (Y/N) Y

NOTE: Not all of these settings are 
available in every SEL-400 series 
relay. Just those that apply to 
features in the relay are available.
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Table 12.9 settings are available if Port setting PROTO := DNP.

                    

Table 12.9 DNP Configuration (Serial) (Sheet 1 of 2)

Setting Prompt Default

DNPADR DNP Address (0–65519) 0

DNPID DNP ID for Object 0, Var 246 (20 characters) "Relay1-DNP"

DNPMAP DNP Session Map (1–5) 1

ECLASSB Class for Binary Event Data (OFF, 1–3) 1

ECLASSC Class for Counter Event Data (OFF, 1–3) OFF

ECLASSA Class for Analog Event Data (OFF, 1–3) 2

ECLASSV Class for Virtual Terminal Data (OFF, 1–3) OFF

TIMERQ Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLA Currents Scaling (0–3 decimal places) 1

DECPLV Voltages Scaling (0–3 decimal places) 1

DECPLM Misc Data Scaling (0–3 decimal places) 1

STIMEO Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DRETRY Data Link Retries (OFF, 1–15) OFF

DTIMEO Data Link Time-Out (0.0–30.0 seconds) 1.0

MINDLY Minimum Delay from DCD to TX (0.00–1.00 seconds) 0.05

MAXDLY Maximum Delay from DCD to TX (0.00–1.00 seconds) 0.10

PREDLY Settle Time -RTS On to TX (OFF, 0.00–30.00 seconds) 0.00

PSTDLY Settle Time -TX to RTS Off (0.00–30.00 seconds) 0.00

DNPCL Enable Control Operations (Y, N) N

AIVAR Default Variation for Analog Inputs (1–6) 2

ANADBA Analog Reporting Deadband for Currents (0–32767) 100

ANADBV Analog Reporting Deadband for Voltages (0–32767) 100

ANADBM Analog Reporting Deadband (0–32767) 100

ETIMEO Event Message Confirm Time-Out (1–50 seconds) 2

UNSOL Enable Unsolicited Reporting (Y, N) N

PUNSOL Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADR DNP Address to Report to (0–65519) 1

NUMEVE Number of Events to Transmit On (1–200) 10

AGEEVE Age of Oldest Event to Transmit On (0–99999) 2

URETRY Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEO Unsolicited Message Offline Time-Out (OFF, 1–5000 sec) 60

EVEMOD Event Mode (SINGLE, MULTI) SINGLE

MODEM Modem Connected to Port (Y, N) N

MSTR Modem Startup String (30 chars max) "E0X0&D0S0=4"

PH_NUM1 Phone Number for Dial-Out (30 chars max) ""

PH_NUM2 Backup Phone Number for Dial-Out (30 chars max) ""

RETRY1 Retry Attempts for Phone 1 Dial-Out (1–20) 5

RETRY2 Retry Attempts for Phone 2 Dial-Out (1–20) 5
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Table 12.10 settings are available if Port setting PROTO := MBA, MBB, MBGA, 
or MBGB.

                    

MDTIME Time to Attempt Dial (5–300 seconds) 60

MDRET Time Between Dial-Out Attempts (5–3600 seconds) 120

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting Prompt Default

TX_ID MIRRORED BITS ID of This Device (1–4) 2

RX_ID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (0–10000 seconds) 10

CBADPU Channel Unavailability to Set CBAD (1–100000 ppm) 20000

TXMODE Transmission Mode (N-Normal, P-Paced) N

MBNUM Number of MIRRORED BITS Channels (0–8) 8

RMB1FL RMB1 Channel Fail State (0, 1, P) P

RMB1PU RMB1 Pickup Time (1–8 messages) 1

RMB1DO RMB1 Dropout Time (1–8 messages) 1

RMB2FL RMB2 Channel Fail State (0, 1, P) P

RMB2PU RMB2 Pickup Time (1–8 messages) 1

RMB2DO RMB2 Dropout Time (1–8 messages) 1

RMB3FL RMB3 Channel Fail State (0, 1, P) P

RMB3PU RMB3 Pickup Time (1–8 messages) 1

RMB3DO RMB3 Dropout Time (1–8 messages) 1

RMB4FL RMB4 Channel Fail State (0, 1, P) P

RMB4PU RMB4 Pickup Time (1–8 messages) 1

RMB4DO RMB4 Dropout Time (1–8 messages) 1

RMB5FL RMB5 Channel Fail State (0, 1, P) P

RMB5PU RMB5 Pickup Time (1–8 messages) 1

RMB5DO RMB5 Dropout Time (1–8 messages) 1

RMB6FL RMB6 Channel Fail State (0, 1, P) P

RMB6PU RMB6 Pickup Time (1–8 messages) 1

RMB6DO RMB6 Dropout Time (1–8 messages) 1

RMB7FL RMB7 Channel Fail State (0, 1, P) P

RMB7PU RMB7 Pickup Time (1–8 messages) 1

RMB7DO RMB7 Dropout Time (1–8 messages) 1

RMB8FL RMB8 Channel Fail State (0, 1, P) P

RMB8PU RMB8 Pickup Time (1–8 messages) 1

RMB8DO RMB8 Dropout Time (1–8 messages) 1

MBTIME Accept Mirrored Bits Time Synchronization (Y, N) N

MBNUMAN Number of Analog Channels (0–7) 0

MBANA1 Selection for Analog Channel 1 (analog label) a

MBANA2 Selection for Analog Channel 2 (analog label) a

Table 12.9 DNP Configuration (Serial) (Sheet 2 of 2)

Setting Prompt Default
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Table 12.11 settings are available if Port setting PROTO := RTD.

                    

Table 12.12 settings are available if Port setting PROTO := PMU.

                    

Ethernet Settings
Two- or Four-Port Ethernet Card

                    

See Table 12.7 for SEL protocol settings. 

See Table 12.8 for Fast Message read data access settings.

MBANA3 Selection for Analog Channel 3 (analog label) a

MBANA4 Selection for Analog Channel 4 (analog label) a

MBANA5 Selection for Analog Channel 5 (analog label) a

MBANA6 Selection for Analog Channel 6 (analog label) a

MBANA7 Selection for Analog Channel 7 (analog label) a

MBNUMVT Number of Virtual Terminal Channels (OFF, 0-7) OFF

a The default of the MBANAn settings is relay-specific. See the product-specific instruction manual 
to find these defaults.

Table 12.11 RTD Protocol Settings

Setting Prompt Default

RTDNUM RTD Number of Inputs (0–12) 12

RTDnTYa

a Where n is the number of RTD inputs enabled in the RTDNUM setting.

RTD n Type (NA, PT100, NI100, NI120, CU10)b

b NA designates an input that is not connected to an RTD device.

PT100

Table 12.12 PMU Protocol Settings

Setting Prompt Default

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDa

a Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCb

b Setting hidden when PMUMODE := CLIENTA or CLIENTB.

PMU Output Data Configuration (1–5) 1

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting Prompt Default

Table 12.13 Protocol Selection (Ethernet)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

EPACa

a Does not apply to TiDL Channel Map (PORT 6).

Enable Port Access Control (Y, N) N

MAXACCa Maximum Access Level (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N
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Table 12.14 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default router (w.x.y.z) 192.168.1.1

BUSMODEa

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.

Bus Operating Mode (INDEPEND, MERGED) INDEPEND

NETMODE Operating Mode (FIXED, FAILOVER, SWITCHED, PRP...) FAILOVER

NETPORT Primary Network Port (A, B, C, D)b

b The specific options available depend on the physical ports installed in the hardware.

A

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

PRPINTV PRP Supervision TX Interval (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB (0–255)c

c LSB stands for least significant bit.

0

FTIME Failover Time-Out (0–65535 milliseconds) 1

NETASPDd

d This setting applies only if the port is installed and it is a twisted-pair port (10/100BASE-T).

Port 5A Speed (Auto, 10, 100) AUTO

NETBSPDd Port 5B Speed (Auto, 10, 100) AUTO

NETCSPDd Port 5C Speed (Auto, 10, 100) AUTO

NETDSPDd Port 5D Speed (Auto, 10, 100) AUTO

Table 12.15 FTP Configuration

Setting Prompt Default

FTPSERV Enable FTP Server (Y, N) N

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.16 HTTP Server Configuration

Setting Prompt Default

EHTTP Enable HTTP Server (Y, N) N

HTTPPOR HTTP Server TCP/IP Port Number (1–65534) 80

HIDLE HTTP Session Inactivity Timeout (1–30 minutes) 5

Table 12.17 Telnet Configuration

Setting Prompt Default

ETELNET Enable Telnet (Y, N) N

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.
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Table 12.20 settings are available in relays that support IEC 61850-9-2 SV publi-
cations.

                    

Table 12.21 settings are available in relays that support IEC 61850-9-2 SV sub-
scriptions.

                    

Table 12.18 IEC 61850 Configuration

Setting Prompt Default

E61850 Enable IEC 61850 Protocol (Y, N) N

EGSEa

a Hidden if E61850 := N.

Enable IEC 61850 GSE (Y, N) N

EMMSFSa Enable MMS File Services (Y, N) N

Table 12.19 IEC 61850 Mode/Behavior Configuration

Setting Prompt Default

E850MBC Enable 61850 Mode/Behavior Control (Y, N) N

EOFFMTX Enable GOOSE and SV Tx in Off Mode (Y, N) N

Table 12.20 SV Transmit Configuration

Settinga

a Available for SV publishers only. Hidden and disabled if E61850 := N.

Prompt Default

SVTXEN Enable SV Transmission (Number of streams 0–7) 0

SVTADRpb

b p represents the publication number. Only settings for publications enabled by SVTXEN will be 
visible.

SVT p Destination MAC Addressc

c Layer 2 multicast address only. Broadcast address is not allowed.

01-0C-CD-04-00-0p

TAPPIDpb SV Stream p Tx APPID (0x4000–0x7FFF)d

d The 0x prefix is used to indicate that this setting is in hexadecimal.

0x4000

TSVIDpb SVID p (String of 63 characters a–z, A–Z, _, 0–9)e

e The 9-2LE guideline supports as many as 34 characters in SVID strings. Consider this limit when 
configuring interoperable SV systems.

"4000"

TVLANpb SV p Transmit VLAN ID (1–4094) 1

TPRIOpb SV p Transmit VLAN Priority (0–7) 4

SVTpICHb SVTXp Channel Current Terminal (W, X) W

SVTpVCHb SVTXp Channel Voltage Terminal (Y, Z) Y

Table 12.21 SV Receive Configuration (Sheet 1 of 2)

Settinga Prompt Default

SVRXEN Enable SV Reception (Number of streams 0–7)b 0

SVRADRsc SV Stream s Subscribed MAC Addressd 01-0C-CD-04-00-0s

RAPPIDsc SV Stream s Rx APPID (0x4000–0x7FFF)e 0x4000

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: The destination MAC 
addresses of all published multicast 
messages (SV, GOOSE) must be 
unique. Otherwise, messages may be 
incorrectly routed. The relay issues a 
diagnostic warning if any SVT 
destination MAC address (SVTADRp) 
is the same as a GOOSE destination 
MAC address.

NOTE: SV configuration settings are 
only available in SV relays.
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Table 12.23 settings are available if Port setting PROTO := DNP.

                    

SVRsICHc, f SVRXs Channel Current Terminal (OFF, W, X) W

SVRsVCHc, g SVRXs Channel Voltage Terminal (OFF, Y, Z) Y

a Available for SV subscribers only. Hidden and disabled if E61850 := N.
b The SEL-411L, SEL-421, and SEL-451 support 0—4 streams.
c s represents the subscription number. Only settings for subscriptions enabled by SVRXEN will be 

visible.
d Layer 2 multicast address only. Broadcast address is not allowed.
e The 0x prefix is used to indicate that this setting is in hexadecimal.
f The SEL-487E supports current Terminals S, T, U, W, X, and Y with Terminal S serving as default. 

The SEL-487B supports current Terminals I01—I19 with Terminal I01 serving as default. Each 
terminal option listed refers to three terminals grouped together. For example, I01 refers to I01—
I03, I04 refers to I04—I06, etc.

g The SEL-487E supports voltage Terminals V and Z with Terminal V serving as default. The 
SEL-487B only supports the voltage Terminal V01, which serves as default. The setting V01 
includes voltage terminals V01, V02, and V03.

Table 12.22 IEC SV Channel Settings

Setting Prompt Default

CH_DLY Sampled Value Channel Delay (1.00–3.00 milliseconds) 1.50

Table 12.23 DNP Configuration (Ethernet) (Sheet 1 of 2)

Setting Prompt Default

EDNP Enable DNP Sessions (0–6) 0

DNPADRa DNP Address (0–65519) 0

DNPPNUMa DNP TCP and UDP Port (1025–65534) 20000

DNPIDa DNP ID for Object 0, Var 246 (20 characters) "RELAY1-DNP"

Ethernet DNP3 Master n Configuration, n = 1 to value of EDNP, max 6a

DNPIPn IP Address (w.x.y.z) 192.168.1.[100+n]

DNPTRn Transport Protocol (UDP, TCP) TCP

DNPUDPnb UDP Response Port (REQ, 1025–65534) 20000

DNPMAPn DNP Session Map (1–5) 1

CLASSBn Class for Binary Event Data (OFF, 1–3) 1

CLASSCn Class for Counter Event Data (OFF, 1–3) OFF

CLASSAn Class for Analog Event Data (OFF, 1–3) 2

TIMERQn Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLAn Currents Scaling (0–3 decimal places) 1

DECPLVn Voltages Scaling (0–3 decimal places) 1

DECPLMn Misc Data Scaling (0–3 decimal places) 1

STIMEOn Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DNPINAnc Seconds to Send Data Link Heartbeat (0–7200) 120

DNPCLn Enable Control Operations (Y, N) N

AIVARn Default Variation for Analog Inputs (1–6) 2

ANADBAnd Analog Reporting Deadband for Currents (0–32767) 100

ANADBVnd Analog Reporting Deadband for Voltages (0–32767) 100

ANADBMnd Analog Reporting Deadband (0–32767) 100

Table 12.21 SV Receive Configuration (Sheet 2 of 2)

Settinga Prompt Default

NOTE: SV channel delay settings are 
only available in SV relays.



12.15

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Settings
Port Settings

                    

                    

ETIMEOn Event Message Confirm Time-Out (1–50 seconds) 2

UNSOLne Enable Unsolicited Reporting (Y, N) N

PUNSOLnf Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADRnf DNP Address to Report to (0–65519) 1

NUMEVEnf Number of Events to Transmit On (1–200) 10

AGEEVEnf Age of Oldest Event to Transmit On (0–99999) 2

URETRYnf Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEOnf Unsolicited Message Offline Time-Out (1–5000 seconds) 60

EVEMODn Event Mode (SINGLE, MULTI) SINGLE

a Hidden if EDNP := 0.
b Hidden if DNPTRn := TCP.
c Hidden if DNPTRn := UDP.
d Hidden if CLASSAn := OFF.
e Hidden if CLASSAn := CLASSBn := CLASSCn := OFF.
f Hidden if UNSOLn := N.

Table 12.24 Phasor Measurement Configuration

Setting Prompt Default

EPMIPa

a Set EPMIP := Y to access remaining settings.

Enable C37.118 Communications (Y, N) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

Table 12.25 SNTP Selection (Sheet 1 of 2)

Setting Prompt Default

ESNTP SNTP Enable (OFF, UNICAST, MANYCAST, BROADCAST) OFF

SNTPRAT SNTP Request Update Rate (15–3600 seconds) 60

SNTPTOa SNTP Timeout (5–20 seconds) 5

SNTPPIP SNTP Primary Server IP Address (w.x.y.z)b 192.168.1.110

Table 12.23 DNP Configuration (Ethernet) (Sheet 2 of 2)

Setting Prompt Default
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Five-Port Ethernet Card
                    

SNTPBIPc SNTP Backup Server IP Address (w.x.y.z)b 192.168.1.111

SNTPPOR SNTP IP Local Port Number (1–65534) 123

a Setting hidden and forced to 5 if ESNTP := BROADCAST.
b Where w: 0—126, 128—239, x: 0—255, y: 0—255, z: 0—255 if ESNTP := MANYCAST or where 

w: 0—126, 128-223, x: 0—255, y: 0—255, z: 0—255 if ESNTP := UNICAST or BROADCAST.
c This setting is hidden if ESNTP  UNICAST.

Table 12.26 PTP Settings

Setting Prompt Default

EPTPa

a This setting is not available if the hardware does not support PORT 5A and PORT 5B or if the 
ports are used in SWITCHED mode.

Enable PTP (Y, N) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRb

b Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if NETMODE := PRP and NETPORT := A or B. Also hidden and forced to LAYER2 if NETPORT := C 
or D.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)c

c If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTd

d Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPne

e Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACnf

f Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRIng

g Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANh

h Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRh PTP VLAN Priority (0–7) 4

Table 12.25 SNTP Selection (Sheet 2 of 2)

Setting Prompt Default

NOTE: PTP is only supported on 
Ethernet PORT 5A and PORT 5B. Most 
SEL-400 series relays only support 
two ports at a time and must have 
PORT 5A and PORT 5B selected by the 
MOT option in these relays. Relays 
that support four ports will have PTP 
on PORT 5A and PORT 5B but will not 
require selection of a different MOT 
option to have PTP available.

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 1 of 2)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

BUSMODEa Bus Operating Mode (INDEPEND, MERGED) INDEPEND

EINTF Enable Interface (combo of AB, CD, E) AB, CD, E

EPACb Enable Port Access Control (Y, N) N

MAXACCb, c Max Acc Level for Stn Bus (1, B, P, A, O, 2, C) C
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See Table 12.7 for SEL protocol settings. See Table 12.8 for Fast Message read 
data access settings. Table 12.28 settings are available on the five-port Ethernet 
card (PORT 5).

                    

                    

MAXACCEb, d Max Acc Level for Eng Acc (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.
b Does not apply to TiDL Channel Map (PORT 6).
c Hidden if EINTF does not contain CD and BUSMODE := INDEPEND. If BUSMODE := MERGED, the 

prompt is “Max ACC Level for Prc Bus (1, B, P, A, O, 2, C).”
d Hidden if EINTF does not contain E.

Table 12.28 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

NETMODP Operating Mode for 5A, 5B (FIXED, FAILOVER, PRP) FAILOVER

NETPORP Primary Network Port for 5A, 5B (A, B) A

PRPINTP PRP Supervision TX Interval for 5A, 5B (1–10 seconds) 2

PRPADDP PRP Destination Addr LSB for 5A, 5B (0–255)a

a LSB stands for least significant bit.

0

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default Router (w.x.y.z) 192.168.1.1

NETMODE Operating Mode for 5C, 5D (FIXED, FAILOVER, PRP) FAILOVER

NETPORT Primary Network Port for 5C, 5D (C, D) C

PRPINTV PRP Supervision TX Interval for 5C, 5D (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB for 5C, 5D (0–255)a 0

FTIMEb

b If BUSMODE := MERGED, the prompt is “Failover Time-Out for 5A, 5B (0-65535 milliseconds).”

Failover Time-Out for 5C, 5D (0–65535 milliseconds) 1

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

IPADDRE Device IP Address / CIDR Prefix for 5E (w.x.y.z/t) 192.168.2.2/24

DEFRTRE Default Router for 5E (w.x.y.z) 192.168.2.1

Table 12.29 FTP Configuration (Five-Port Ethernet Card)

Setting Prompt Default

FTPSERVa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable FTP Server (OFF or combo of CD, E) OFF

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 2 of 2)

Setting Prompt Default

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.
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See Table 12.18 for IEC 61850 configuration settings.

See Table 12.19 for IEC 61850 mode/behavior configuration settings.

See Table 12.20 for SV transmit configuration settings.

See Table 12.21 for SV receive configuration settings. 

See Table 12.22 for IEC SV channel settings.

See Table 12.23 for DNP configuration settings.

                    

See Table 12.25 for SNTP selection settings.

Table 12.30 HTTP Server Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EHTTPa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable HTTP Server (OFF or combo of CD, E) OFF

HTTPPOR HTTP Server TCP/IP Port Number (1-65534) 80

HIDLE HTTP Session Inactivity Timeout (1-30 minutes) 5

Table 12.31 Telnet Configuration (Five-Port Ethernet Card)

Setting Prompt Default

ETELNETa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable Telnet Server (OFF or combo of CD, E) OFF

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

Table 12.32 Phasor Measurement Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EPMIPa

a If BUSMODE := MERGED, the range is (N, AB, E). Set EPMIP := AB, CD, or E to access remaining 
settings.

Enable C37.118 Comms (N, CD, E) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.

NOTE: If BUSMODE := INDEPEND 
and EINTF contains CD and E, enabling 
SEL protocol, MMS, or DNP allows the 
protocol to be processed on both the 
station bus and engineering access 
interfaces. Similarly, if BUSMODE := 
MERGED and EINTF contains E, 
enabling these protocols allows them 
to be processed on both the process 
bus and engineering access interfaces.
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DNP3 Settings—Custom Maps
                    

The fault location minimum and maximum settings determine what fault data are 
sent to a DNP3 master. This affects all DNP3 sessions that use the current DNP3 
map.

NOTE: MINDIST and MAXDIST only 
apply to relays that provide a fault 
location.

                    

Table 12.33 PTP Settings (Five-Port Ethernet Card)

Setting Prompt Default

EPTP Enable PTP (N, AB, CD) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRa

a Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if EPTP := AB and BUSMODE := INDEPEND. Hidden and forced to LAYER2 if EPTP := AB and 
BUSMODE := MERGED and NETMODP := PRP. Also hidden and forced to LAYER2 if EPTP := CD 
and NETMODE := PRP.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)b

b If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTc

c Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPnd

d Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACne

e Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRInf

f Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANg

g Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRg PTP VLAN Priority (0–7) 4

Table 12.34 DNP3 Settings Categories

Settings Reference

DNP3 Fault Location Min and Max Table 12.35

Binary Input Map Table 12.36

Binary Output Map Table 12.36

Counter Map Table 12.36

Analog Input Map Table 12.36

Analog Output Map Table 12.36

Table 12.35 Minimum and Maximum Fault Location

Setting Prompt Default

MINDIST Min Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF

MAXDIST Max Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF
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The remainder of this settings class consists of a set of freeform categories for 
configuring the map for the various DNP3 data types. The category headers indi-
cate the syntax of the entries. Table 12.36 shows these headers. All entries require 
a data label. The deadband and scale-factor parameters are optional. The defaults 
are relay-specific, so refer to the product-specific instruction manual to see the 
defaults for these settings.

                    

Front-Panel Settings
                    

The defaults for the pushbuttons and targets in the Front-Panel Settings category 
are relay-specific. See the product-specific instruction manual to find these defaults.

                    

Table 12.36 DNP3 Map Category Headers

Binary Input Map (Binary Input Label)

Binary Output Map (Binary Output Label)

Counter Map (Counter Label, Deadband)

Analog Input Map (Analog Input Label, Scale Factor, Deadband)

Analog Output Map (Analog Output Label)

Table 12.37 Front-Panel Settings Categories

Settings Reference

Front-Panel Settings Table 12.38

Selectable Screens for the Front Panel Table 12.39

Selectable Operator Pushbuttons Table 12.40

Front-Panel Event Display Table 12.41

Display Points

Local Control

Local Bit SELOGIC Table 12.42

SER Parameters Table 12.43

Table 12.38 Front-Panel Settings (Sheet 1 of 4)

Setting Prompt

FP_TO Front Panel Display Time-Out (OFF,1–60 min)

EN_LEDC Enable LED Asserted Color (R,G)

TR_LEDC Trip LED Asserted Color (R,G) 

PB1_LED Pushbutton LED 1 (SELOGIC Equation)

PB1_COL PB1_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB2_LED Pushbutton LED 2 (SELOGIC Equation)

PB2_COL PB2_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB3_LED Pushbutton LED 3 (SELOGIC Equation)

PB3_COL PB3_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB4_LED Pushbutton LED 4 (SELOGIC Equation)

PB4_COL PB4_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB5_LED Pushbutton LED 5 (SELOGIC Equation)

PB5_COL PB5_LED Assert and Deassert Color (Enter 2: R,G,A,O)
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PB6_LED Pushbutton LED 6 (SELOGIC Equation)

PB6_COL PB6_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB7_LED Pushbutton LED 7 (SELOGIC Equation)

PB7_COL PB7_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB8_LED Pushbutton LED 8 (SELOGIC Equation)

PB8_COL PB8_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB9_LEDa Pushbutton LED 9 (SELOGIC Equation)

PB9_COLa PB9_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB10LEDa Pushbutton LED 10 (SELOGIC Equation)

PB10COLa PB10_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB11LEDa Pushbutton LED 11 (SELOGIC Equation)

PB11COLa PB11_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB12LEDa Pushbutton LED 12 (SELOGIC Equation)

PB12COLa PB_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T1_LED Target LED 1 (SELOGIC Equation)

T1LEDL Target LED 1 Latch (Y, N)

T1LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T2_LED Target LED 2 (SELOGIC Equation)

T2LEDL Target LED 2 Latch (Y, N)

T2LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T3_LED Target LED 3 (SELOGIC Equation)

T3LEDL Target LED 3 Latch (Y, N)

T3LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T4_LED Target LED 4 (SELOGIC Equation)

T4LEDL Target LED 4 Latch (Y, N)

T4LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T5_LED Target LED 5 (SELOGIC Equation)

T5LEDL Target LED 5 Latch (Y, N)

T5LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T6_LED Target LED 6 (SELOGIC Equation)

T6LEDL Target LED 6 Latch (Y, N)

T6LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T7_LED Target LED 7 (SELOGIC Equation)

T7LEDL Target LED 7 Latch (Y, N)

T7LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T8_LED Target LED 8 (SELOGIC Equation)

T8LEDL Target LED 8 Latch (Y, N)

T8LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T9_LED Target LED 9 (SELOGIC Equation)

T9LEDL Target LED 9 Latch (Y, N)

T9LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

Table 12.38 Front-Panel Settings (Sheet 2 of 4)

Setting Prompt
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T10_LED Target LED 10 (SELOGIC Equation)

T10LEDL Target LED 10 Latch (Y, N)

T10LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T11_LED Target LED 11 (SELOGIC Equation)

T11LEDL Target LED 11 Latch (Y, N)

T11LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T12_LED Target LED 12 (SELOGIC Equation)

T12LEDL Target LED 12 Latch (Y, N)

T12LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T13_LED Target LED 13 (SELOGIC Equation)

T13LEDL Target LED 13 Latch (Y, N)

T13LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T14_LED Target LED 14 (SELOGIC Equation)

T14LEDL Target LED 14 Latch (Y, N)

T14LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T15_LED Target LED 15 (SELOGIC Equation)

T15LEDL Target LED 15 Latch (Y, N)

T15LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T16_LED Target LED 16 (SELOGIC Equation)

T16LEDL Target LED 16 Latch (Y, N)

T16LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T17_LEDb Target LED 17 (SELOGIC Equation)

T17LEDLb Target LED 17 Latch (Y, N)

T17LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T18_LEDb Target LED 18 (SELOGIC Equation)

T18LEDLb Target LED 18 Latch (Y, N)

T18LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T19_LEDb Target LED 19 (SELOGIC Equation)

T19LEDLb Target LED 19 Latch (Y, N)

T19LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T20_LEDb Target LED 20 (SELOGIC Equation)

T20LEDLb Target LED 20 Latch (Y, N)

T20LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T21_LEDb Target LED 21 (SELOGIC Equation)

T21LEDLb Target LED 21 Latch (Y, N)

T21LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T22_LEDb Target LED 22 (SELOGIC Equation)

T22LEDLb Target LED 22 Latch (Y, N)

T22LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T23_LEDb Target LED 23 (SELOGIC Equation)

T23LEDLb Target LED 23 Latch (Y, N)

Table 12.38 Front-Panel Settings (Sheet 3 of 4)

Setting Prompt
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T23LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T24_LEDb Target LED 24 (SELOGIC Equation)

T24LEDLb Target LED 24 Latch (Y, N)

T24LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

a PB9–PB12 settings are only available on 12 pushbutton models.
b T17–T24 settings are only available on 12 pushbutton models.

Table 12.39 Selectable Screens for the Front Panel

Setting Prompt Default

SCROLD Front-Panel Display Update Rate (OFF, 1–15 sec) 5

ONELINE One-Line Bay Control Diagram (Y,N) Y

RMS_V RMS Line Voltage Screen (Y,N) N

RMS_I RMS Line Current Screen (Y,N) Y

RMS_VPP RMS Line Voltage Phase to Phase Screen (Y,N) N

RMS_W RMS Active Power Screen (Y,N) N

FUNDVAR Fundamental Reactive Power Screen (Y,N) N

RMS_VA RMS Apparent Power Screen (Y,N) N

RMS_PF RMS Power Factor Screen (Y,N) N

RMS_BK1 RMS Breaker 1 Currents Screen (Y,N) N

RMS_BK2 RMS Breaker 2 Currents Screen (Y,N) N

STA_BAT Station Battery Screen (Y,N) N

FUND_VI Fundamental Voltage and Current Screen (Y,N) Y

FUNDSEQ Fundamental Sequence Quantities Screen (Y,N) N

FUND_BK Fundamental Breaker Currents Screen (Y,N) N

DIFF_L Differential Metering Local Currents Screen (Y,N) Y

DIFF_T Differential Metering Total Currents Screen (Y,N) Y

DIFF Differential Metering (Y,N) Y

ZONECFG Terminals Associated with Zones (Y,N) Y

Table 12.40 Selectable Operator Pushbuttons (Sheet 1 of 2)

Setting Prompt Default

PB1_HMI Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB2_HMI Pushbutton 2 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB3_HMI Pushbutton 3 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB4_HMI Pushbutton 4 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB5_HMI Pushbutton 5 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB6_HMI Pushbutton 6 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB7_HMI Pushbutton 7 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB8_HMI Pushbutton 8 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB9_HMIc Pushbutton 9 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB10HMIc Pushbutton 10 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

Table 12.38 Front-Panel Settings (Sheet 4 of 4)

Setting Prompt

NOTE: The specific settings available 
in this category for a relay depends on 
the features of that relay.

NOTE: In some relays, rather than 
picking from a list of screens, as 
shown here, there is a freeform 
settings block in which you can list the 
screens you want in the order you 
want them displayed.
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Boolean display points are selected by using freeform settings fields. Two types 
of display points can be entered: Boolean and analog. For Boolean display points, 
the entry syntax is:

Bit name, "Label", "Set String", "Clear String", Text Size"

For an analog display point, the syntax is:

Analog name, "User Text and Formatting", "Text Size"

See the Front-Panel Operations section for more information on configuring dis-
play points.

Local control bits are configured by using the Local Control category. This is a 
freeform category. Each entry has the following syntax:

Local bit name, "Label", "Set State", "Clear State", Pulse enable

See Local Control on page 4.20 for more information on configuring local con-
trol bits.

                    

                    

PB11HMIc Pushbutton 11 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB12HMIc Pushbutton 12 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

a PBn_HMI can only be set to DP if a valid display point has been set.
b Each instance (AP, DP, EVE, SER) can only be set to a single operator pushbutton.

OFF = No HMI Pushbutton Operation
AP = Alarm Points
DP = Display Points
EVE = Event Summaries
SER = SER HMI Display

c PB9–PB12 settings are only available on 12-pushbutton models.

Table 12.41 Front-Panel Event Display

Setting Prompt Default

DISP_ER Enable HMI Auto Display of Events Summaries (Y,N) Y

TYPE_ER Types of Events for HMI Auto Display (ALL,TRIP)a

a Setting is only available if DISP_ER := Y.

ALL

NUM_ER Operator Pushbutton Events to Display (1–100)b

b Setting is only available if an operator pushbutton has been set to EVE.

10c

c Some relays default NUM_ER to 3.

Table 12.42 Local Bit SELOGICa

a Settings in Table Table 12.42 appear if the associated local bit is defined. If no local bits are 
defined, the whole category is hidden.

Setting Prompt Default

LB_SPmm Local Bit Supervision (SELOGIC Equation, NA) 1

LB_DPmm Local Bit Status Display (SELOGIC Equation, NA) LBmm

Table 12.43 SER Parameters

Setting Prompt Default

SER_PP  Five Events per SER Events page? (Y for 5, N for 3) N

Table 12.40 Selectable Operator Pushbuttons (Sheet 2 of 2)

Setting Prompt Default
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Alias Settings
Although SEL-400 series relays provide extensive programming facilities and 
opportunity for comments, troubleshooting customized programs is sometimes 
difficult. Aliases provide an opportunity to assign more meaningful names to the 
generic variable names to improve the readability of the program. These aliases 
can be used in settings and SELOGIC equations and are used in most relay reports. 
Assign a valid seven-character alias name to any Relay Word bit or any Analog 
Quantity. (Some SEL-400 series relays support aliasing additional types of data.)

Invalid alias names include the following keywords used by settings and 
SELOGIC control equations:

➤ END

➤ INSERT

➤ DELETE

➤ LIST

➤ NA

➤ OFF

SELOGIC control equation operators (e.g., NOT, AND, OR, COS) cannot be used 
as alias names. A quantity may only be assigned one alias. An alias cannot match 
an existing Relay Word or analog quantity name.

Alias names are valid when the following are true:

➤ They consist of a maximum of seven characters.

➤ They are constructed using characters 0–9, uppercase A–Z, or the 
underscore (_).

For example, the default name for contact output OUT101 is OUT101. You could 
change the default name to an alias, BK1_TR, for example.

Alias settings consists of a single freeform settings category. As many as 200 
aliases may be assigned. The default alias configuration is relay-specific. See the 
relay instruction manual for the default aliases. Figure 12.2 shows an example 
that uses the SET T command to set two aliases.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])

1: EN,"RLY_EN"
? <Enter>
2: 
?  OUT101, BK1_TR
3:
? END <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: OUT101,"BK1_TR"
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 12.2 Changing a Default Name to an Alias
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Protection Freeform SELOGIC Control Equations
Protection freeform SELOGIC control equations are in Classes 1 through 6 corre-
sponding to settings Groups 1 through Group 6 (see Multiple Setting Groups on 
page 12.4).

As many as 250 lines of freeform equations may be entered in each of six settings 
groups, although the actual maximum capacity may be less. See SELOGIC Con-
trol Equation Capacity on page 13.5 for more information. The default configu-
ration of the protection SELOGIC control equations is relay-specific. See the 
product-specific instruction manual to see the defaults.

Automation Freeform SELOGIC Control Equations
Automation freeform SELOGIC control equations are in Blocks 1 through 10.

The SEL-400 series relays do not contain any automation freeform SELOGIC set-
tings in the factory-default settings.

The relay has a capacity of 100 lines of automation freeform SELOGIC control 
equations in each of 10 automation setting blocks. See SELOGIC Control Equa-
tion Capacity on page 13.5 for more information.

Output Settings
                    

The Main Board output settings consists of SELOGIC control equations 
OUT101–OUT108. The defaults are relay-specific; see the relay-specific instruc-
tion manual to see the defaults. Some SEL-400 series relays do not have any 
main board outputs, in which case this category is not available.

The Interface Board output settings consists of SELOGIC control equations 
OUTx01–OUTx16 where x = 2–5, corresponding to Interface Boards 1 to 4. The 
category for any interface board is only available if the interface board is 
installed. The defaults are relay-specific; see the relay-specific instruction man-
ual to see the defaults.

Table 12.45 settings are available if an Ethernet card is present and IEC 61850 is 
ordered.

NOTE: Some versions of some 
SEL-400 series relays have only one 
automation setting block with a 
capacity of 100 lines of automation 
freeform SELOGIC control equations.

Table 12.44 Output Settings Categories

Settings Reference

Main Board

Interface Board #1

Interface Board #2

Interface Board #3

Interface Board #4

Remote Analog Outputs Table 12.45

MIRRORED BITS Transmit Equations Table 12.46

87L Communications Bitsa

a Only available in products that support 87L communication.

Table 12.47

NOTE: In TiDL (EtherCAT) relays, 
Interface Boards 2—4 are always 
considered to be available. Depending 
on the Axion modules connected, 
these outputs may or may not be 
physically present. In TiDL (T-Protocol) 
relays, Interface Boards 1—4 are 
always considered to be available. 
Depending on the SEL-TMU modules 
connected, Outputs 2—4 may or may 
not be physically present.
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NOTE: This category is only available 
in relays that support 87L 
communications.

                    

Report Settings
                    

Table 12.45 Remote Analog Outputs

Setting Prompt Default

RAO01

•
•
•

RAO64

Remote Analog Output 01 (SELOGIC)

•
•
•

Remote Analog Output 64 (SELOGIC)

NA

•
•
•

NA

Table 12.46 MIRRORED BITS Transmit Equations

Setting Prompt Default

TMB1A
•
•
•

TMB8A

Mirrored Bit 1 Channel A Equation (SELOGIC)
•
•
•

Mirrored Bit 8 Channel A Equation (SELOGIC)

NA
•
•
•
NA

TMB1B
•
•
•
TMB8B

Mirrored Bit 1 Channel B Equation (SELOGIC)

•
•
•

Mirrored Bit 8 Channel B Equation (SELOGIC)

NA
•
•
•
NA

Table 12.47 87L Communications Bits

Settinga, b

a x = 1–8. These settings are hidden when E87CH = N or 2E or 3E or 4E. Also hidden if there is no 
serial communications card installed.

b nn = 01–32. These settings are visible when E87CH = 2E, 3E, or 4E, and are hidden in all other cases.

Prompt Default

87TxP1 Serial Comm. Transmit Bit x Port 1 (SELOGIC) NA

87TxP2 Serial Comm. Transmit Bit x Port 2 (SELOGIC) NA

87TnnE Ethernet Comm. Transmit Bit nn (SELOGIC) NA

Table 12.48 Report Settings Categories

Settings Reference

SER Chatter Criteria Table 12.49

SER Points

Signal Profile Table 12.50

Event Reporting Table 12.51

Event Reporting Analog Quantities

Event Reporting Digital Elements
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The SER Points category is a freeform category for listing points to record in the 
SER. Each point can be given a reporting name, a set state name, and a clear state 
name. You can also indicate whether or not to make this point visible as an alarm 
point on the front-panel LCD. The syntax for entry is:

Relay Word Bit Label, "Reporting Name", "Set State Name", "Clear State 
Name", HMI Alarm Indication

Each of the names may consist of any printable ASCII character. The HMI alarm 
condition is a Y/N choice. By default, there are no SER points configured.

The signal profile settings category consists of a freeform block for selecting ana-
log quantities to include in the signal profile followed by the settings described in 
Table 12.50. Any of the analog quantities listed in Section 12:Analog Quantities 
in the product-specific instruction manual may be selected. As many as 20 analog 
quantities can be included in the signal profile.

                    

                    

The Event Report Analog Quantities category is a freeform category in which 
you can select as many as 20 analog quantities to report in the relay event reports. 
By default, no analog quantities are configured.

Table 12.49 SER Chatter Criteria

Setting Prompt Default

ESERDEL Automatic Removal of Chattering SER Points (Y, N) N

SRDLCNTa

a Setting is only available if ESERDEL := Y.

Number of Counts Before Auto-Removal (2–20) 5

SRDLTIMa Time for Auto-Removal (0.1–30 seconds) 1.0

Table 12.50 Signal Profile

Setting Prompt Default

SPAR Signal Profile Acq. Rate (1,5,15,30,60 min) 5

SPEN Signal Profile Enable (SELOGIC Eqn.) 0

Table 12.51 Event Reporting

Setting Prompt Default

ERDIG Store Selected (S) or All (A) Relay Word Bits S

SRATE Sample Rate of Event Report (1, 2, 4, 8 kHz) 2

LERa

a The upper end of the range is reduced by a factor of 4 if ERDIG is set to A.

Length of Event Report (0.25–3.00 seconds); SRATE := 8 0.50

PREb

b The upper limit for PRE is the set LER minus 0.05 s.

Length of Pre-Fault (0.05–0.25 seconds); SRATE := 8 0.10

LERa Length of Event Report (0.25–6.00 seconds); SRATE := 4 0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 4 0.10

LERa Length of Event Report (0.25–12.00c seconds); SRATE := 2

c In the SEL-411L, the upper bound is 9.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 2 0.10

LERa Length of Event Report (0.25–24.00d seconds); SRATE := 1 

d In the SEL-411L, the upper bound is 12.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 1 0.10
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The Event Reporting Digital Elements category is a freeform settings area in 
which as many as 800 Relay Words from as many as 100 Relay Word bit rows 
may be selected. See the product-specific instruction manual for the default con-
figuration. The 100 row limit includes the base set of Relay Word bits always 
included in oscillography and event reports as described in Section 7: Metering, 
Monitoring, and Reporting in the product-specific instruction manual.

Notes Settings
Avoid losing important information about the relay. Use the Notes settings like a 
text pad to leave notes about the relay in the Notes area of the relay. Notes entries 
are in a single block of 100 lines. By default, there is no text stored in the Notes set-
tings.
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SELOGIC Control Equation Programming

This section describes use of SELOGIC control equations and programming to 
customize relay operation and automate substations. This section covers the fol-
lowing topics:

➤ Separation of Protection and Automation Areas on page 13.1

➤ SELOGIC Control Equation Setting Structure on page 13.2

➤ SELOGIC Control Equation Capacity on page 13.5

➤ SELOGIC Control Equation Programming on page 13.6

➤ SELOGIC Control Equation Elements on page 13.9

➤ SELOGIC Control Equation Operators on page 13.24

➤ Effective Programming on page 13.34

➤ SEL-311 and SEL-351 Series Users on page 13.36

Separation of Protection and Automation Areas
SEL-400 series relays act as protective relays and as smart nodes in distributed 
substation automation. The relay collects data, coordinates inputs from many 
interfaces, and automatically controls substation equipment. The relay performs 
protection and automation functions but keeps programming of these functions 
separate. For example, someone modifying or testing a capacitor bank control 
system or station restoration system created in automation programming should 
not be able to corrupt programming for protection tasks. Similarly, extended pro-
tection algorithms must operate at protection speeds unaffected by the volume of 
automation programming.

SEL-400 series relays contain several separate programming areas discussed in 
SELOGIC Control Equation Setting Structure. Separate access levels and pass-
words control access to each programming area and help eliminate accidental 
programming changes. For example, use Access Level P to modify protection 
configuration and protection freeform SELOGIC control equation programming 
and Access Level A to access automation programming. If you want unlimited 
access to both automation and protection configuration and programming, use 
Access Level 2.

NOTE: If you want unlimited access 
to both automation and protection 
configuration and programming, log in 
to Access Level 2.

Protection and automation areas must interact and exchange information. Protec-
tion and automation interact and exchange information through separate storage 
areas (variables) for results of automation and protection programming. The relay 
combines the results in the output settings that drive relay outputs to control sub-
station equipment. Separation of protection and automation storage areas is illus-
trated in Figure 13.1.
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Figure 13.1 illustrates how the SEL-400 series relays keep protection and auto-
mation programming separate while still exchanging information. The arrows 
indicate data flow between components. The Relay Word Bits and Analog Quan-
tities are visible to protection, automation, and output programming. Protection 
programming uses the Relay Word Bits, Analog Quantities, Protection Variables, 
and Automation Variables as inputs, but only writes and stores information to the 
Protection Variables. Similarly, automation programming uses data from all parts 
of the relay, but only stores data in the Automation Variables.

The Output SELOGIC control equation settings use the Relay Word Bits, Analog 
Quantities, Protection Variables, and Automation Variables to control outputs and 
other information leaving the relay. Use the output settings to create a custom 
combination of the results of protection and automation operations. For example, 
an OR operation will activate an output when protection or automation program-
ming results necessitate activating the output. You can use more complicated 
logic to supervise control of the output with other external and internal informa-
tion. For example, use a command from the SCADA master to supervise auto-
mated control of a motor-operated disconnect in the substation.

SELOGIC Control Equation Setting Structure
SEL-400 series relays use SELOGIC control equations in three major areas. First, 
you can customize protection operations with SELOGIC control equation settings 
and freeform programming. Second, there is a freeform programming area for 
more sophisticated automation SELOGIC control equation programming. Third, 
there is a fixed area for relay output programming. The SELOGIC control equa-
tion programming areas are shown in Figure 13.2. There are also a small number 
of fixed SELOGIC control equations in other settings areas including front-panel 
settings that allow you to customize relay features not directly related to protec-
tion or automation.

                    

Figure 13.1 Protection and Automation Separation
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Protection
Protection SELOGIC control equation programming includes a fixed area and a 
freeform area. You can configure many protection settings within the relay (for 
example TR) with fixed SELOGIC control equation programming. Use these set-
tings to control protection operation and customize relay operation. The pro-
gramming and operation of fixed SELOGIC control equations in this area is very 
similar to programming in SEL-300 series relays.

There is a freeform SELOGIC control equation programming area associated with 
protection. Because this area operates at the protection processing interval along 
with protection algorithms and outputs, use this area to extend and customize 
protection operation. Protection freeform SELOGIC control equation program-
ming includes a complete set of timers, counters, and variables.

For all protection settings, including protection SELOGIC control equation pro-
gramming, there are six groups of settings that you activate with the protection 
settings group selection. Only one group is active at a time. When you switch 
groups, for example, you can activate completely different programming that cor-
responds to the conditions indicated by the active group. See Multiple Setting 
Groups on page 12.4 for more information.

If you want the programming to operate identically in all groups, develop the set-
tings in one group and copy these to all groups. You can copy settings by using 
the COPY command documented in COPY on page 14.25. You can also perform 
cut-and-paste operations in the ACSELERATOR QuickSet SEL-5030 software. 

                    

Figure 13.2 SELOGIC Control Equation Programming Areas

NOTE: Some versions of some 
SEL-400 series relays only support 
one block of automation SELOGIC 
control equations.

Automation SELOGIC

Control Equation Programming

Block 10

Block 9

Block 8

Block 7

Block 6

Block 5

Block 4

Block 3

Block 2

Freeform SELOGIC

Control Equation 
Programming
Block 1

Fixed SELOGIC

Control Equation
Settings

Freeform SELOGIC

Control Equation
Programming

Fixed SELOGIC

Control Equation
Settings

Output Settings

Protection Settings Group 6

Protection Settings Group 5

Protection Settings Group 4

Protection Settings Group 3

Protection Settings Group 2

Protection Settings Group 1



13.4

SEL-400 Series Relays Instruction Manual Date Code 20230830

SELOGIC Control Equation Programming
SELOGIC Control Equation Setting Structure

NOTE: Perform operations that are 
not time critical in automation 
SELOGIC control equation 
programming. You can use this 
automation to reduce the demand and 
complexity of protection SELOGIC 
control equation programming.

All of the SELOGIC control equation programming in the protection area executes 
at the same deterministic interval as the protection algorithms. Because of this 
type of programming execution, you can use protection freeform and fixed pro-
gramming to extend and customize protection operation.

Automation
Automation SELOGIC control equation programming is a large freeform pro-
gramming area that provides as many as ten blocks. The relay executes each 
block sequentially from the first block to the last. You do not need to fill a block 
completely or enter any equations in a block before starting to write SELOGIC 
control equations in the following blocks.

SEL-400 series relays dedicate a minimum processing time when executing auto-
mation SELOGIC control equations. If the processing load is light, the relay uses 
more processing time for executing automation programming. This means that 
the overall execution time fluctuates. You can display the average and peak exe-
cution time with the STATUS S ASCII command. Use the STATUS SC com-
mand to reset the peak execution time.

NOTE: Organize automation SELOGIC 
control equation programming into 
blocks based on function. It is easier 
to edit and troubleshoot small 
partially filled blocks that contain 
related programming.

Use automation SELOGIC control equation programming to automate tasks that 
do not require time-critical, deterministic execution. For example, if you are 
coordinating control inputs from a substation HMI and SCADA master, use auto-
mation freeform SELOGIC control equations and set the output contact setting to 
the automation SELOGIC control equation variable that contains the result.

Perform time-critical tasks with protection freeform SELOGIC control equations. 
For example, if you require a SELOGIC control equation for TR (trip) that con-
tains more than 15 elements, you must perform that calculation in several steps. 
Because detection of a TR condition is a time-critical activity, perform the calcu-
lation with protection freeform SELOGIC control equations and set TR to the pro-
tection SELOGIC control equation variable that contains the result.

Because automation runs at a slower rate than protection, you must be careful 
when using protection bits within automation equations. Protection bits can 
assert and deassert again too fast for automation equations to consistently see 
them. Therefore, you may need to hold protection bits asserted for a second, by 
using conditioning timers, before using them in SELOGIC equations.

Outputs
To provide protection and automation area separation, the output settings are in a 
fixed SELOGIC control equation area separate from protection and automation 
programming. You can take advantage of this separation to combine protection 
and automation in a manner that best fits your application. Outputs include the 
relay control outputs, outgoing MIRRORED BITS points, and remote analog out-
puts. The relay executes output logic and processes outputs at the protection pro-
cessing interval.
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SELOGIC Control Equation Capacity
SELOGIC control equation capacity is a measure of how much remaining space 
you have available for programming. In both protection and automation, 
SELOGIC control equation capacity includes execution capacity and settings stor-
age capacity.

The relay will reject any setting that exceeds the available settings storage capac-
ity and execution capacity. You can then accept the previous settings you have 
entered and examine your settings.

Protection
SEL-400 series relays typically provide storage space for as many as 250 lines of 
protection freeform programming. See the product-specific instruction manual 
for the number of lines limit for any specific product. Because the relay executes 
protection fixed and freeform logic at a deterministic interval, there is a limit to 
the amount of SELOGIC control equation programming that the relay can execute. 
The relay calculates total capacity in terms of settings capacity and execution 
capacity.

NOTE: The SEL-487B supports 100 
lines of protection freeform 
programming.

Rather than limit parameters to guarantee that your application not exceed the 
maximum processing requirements, the relay measures and calculates the avail-
able capacity when you enter SELOGIC control equations. The relay will not 
allow you to enter programming that will cause the relay to be unable to complete 
all protection SELOGIC control equations each protection processing interval.

There are six protection settings groups. Only one protection settings group can 
be active. When a protection settings group is active, the relay executes SELOGIC 
control equations in the Global Settings, Protection Group Settings, Protection 
Freeform Settings, Output Settings, and several other settings areas. The relay 
calculates protection capacities based on the total amount of SELOGIC control 
equation programming executed when the protection settings group is active. Use 
the STATUS S command to display the remaining settings capacity and execu-
tion capacity for protection fixed and freeform logic.

Automation
SEL-400 series relays provide storage space for as many as 10 blocks of as many 
as 100 lines of automation freeform programming each. Use the STATUS S com-
mand to display the remaining settings capacity and execution capacity for auto-
mation freeform logic.

There is a maximum execution capacity and settings storage capacity. If you 
enter a setting that exceeds maximum capacity, the relay will reject the setting. 
You will have the opportunity to reenter the setting or save any other settings you 
entered during that session.
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SELOGIC Control Equation Programming
There are two major areas where SEL-400 series relays use SELOGIC control 
equations. First, fixed SELOGIC control equations define the operation of fixed 
protection elements or outputs. As with SEL-300 series relay programming, pro-
tection programming and outputs use fixed SELOGIC control equations. Second, 
you can use freeform SELOGIC control equations for freeform programming that 
includes mathematical operations, custom logic execution order, extended relay 
customization, and automated operation.

Fixed SELOGIC Control Equations
Fixed result SELOGIC control equations are equations in which the left side 
(result storage location), or LVALUE, is fixed. Programming in SEL-300 series 
relays consists of all fixed SELOGIC control equations. Fixed equations include 
protection and output settings that you set with SELOGIC control equations.

Fixed SELOGIC control equations are Boolean equations. Fixed result control 
equations can be as simple as a single element reference (for example PSV01) or 
can include a complex equation. An example of fixed programming is shown in 
Example 13.1.

                    

Freeform SELOGIC Control Equations
Freeform SELOGIC control equations provide advanced relay customization and 
automation programming. There are freeform SELOGIC control equation pro-
gramming areas used for protection and automation. You can use freeform 
SELOGIC control equation programming to enter program steps sequentially so 
that the relay will perform steps in the order that you specify. You can refer to 
storage locations multiple times and build up intermediate results in successive 

Example 13.1 Fixed SELOGIC Control Equations

The following equations are examples of fixed SELOGIC control equations 
for relay Output OUT101. The text after the # character is a comment 
included in the equation and stored in the relay for future reference and doc-
umentation.

OUT101 := 1 # Turn on OUT101

OUT101 := NA # Do not evaluate an equation for OUT101

OUT101 := OUT102 AND RB02 # Turn on OUT101 if OUT102 and 
RB02 are on

Fixed SELOGIC control equations include expressions that evaluate to a 
Boolean value, True or False, represented by a logical 1 or logical 0.

OUT101 := PSV04 # Turn on OUT101 if protection PSV04 is on

More complex programming in the freeform area controls OUT101. The 
result of the freeform programming is available as an element in a fixed 
equation.

OUT101 := AMV003 > 5 # Turn on OUT101 if AMV003 is greater than 5

While you cannot perform mathematical operations in fixed programming, 
you can perform comparisons on the results of mathematical operations per-
formed elsewhere.
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equations. You can also enter entire line comments to help document program-
ming. Mathematical operations are available only in freeform SELOGIC control 
equation programming areas. An example of freeform SELOGIC control equation 
programming is shown in Example 13.2.

                    

Assignment Statements
Both fixed and freeform SELOGIC control equations are a basic type of computer 
programming statement called an assignment statement. Assignment statements 
have a basic structure similar to that shown below:

LVALUE := Expression

Starting at the left, the LVALUE is the location where the result of an evaluation 
of the expression on the right will be stored. The := symbol marks the statement 
as an assignment statement and provides a delimiter or separator between the 
LVALUE and the expression. Type the := symbol as a colon and equal sign. The 
assignment symbol is different than a single equal sign (=) to avoid confusion 
with a logical comparison between two values. The type of LVALUE must match 
the result of evaluating the expression on the right.

There are two basic types of assignment statements that form SELOGIC control 
equations. In the first type, Boolean SELOGIC control equations, the relay evalu-
ates the expression on the right to a result that is a logical 1 or a logical 0. The 
LVALUE must be some type of Boolean storage location or setting that requires a 
Boolean value. For example, the setting for the Protection Conditioning Timer 7 
Input, PCT07IN, requires a value of 0 or 1, which you set with a Boolean 
SELOGIC control equation.

The second type is a math SELOGIC control equation. Use the math SELOGIC 
control equation to perform numerical calculations on data in the relay. For 
example, in protection freeform programming in an SEL-451, enter 
AMV034 := 5 * BK1IAFM to store the product of 5 and the Circuit Breaker 1 
A-Phase current in automation math variable 34. Example 13.3 lists several 
examples of Boolean and math SELOGIC control equations.

Example 13.2 Freeform SELOGIC Control Equations

The following equations are examples of freeform SELOGIC control equa-
tions. The text after the # character is a comment included in the equation 
and stored in the relay for future reference and documentation.

# Freeform equation example programming

#

# Is 80% of A-Phase fundamental voltage greater than 12kV?

PMV01 := VAFM * 0.8 # 80% of A-Phase fundamental voltage

PSV04 := PMV01 >= 12000 # True if A-Phase fundamental voltage 
is greater than or equal to 12000

Use comments to group settings in the freeform SELOGIC control equations 
by task and to document individual equations. In this example, an intermedi-
ate calculation generates the value we want to test to determine if PSV04 
will be turned on.
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Comments
Include comment statements in SELOGIC control equations to help document 
SELOGIC control equation programming. The relay provides the following two 
type of comments:

➤ in-line comments: (*comment*)

➤ end-of-line comments: #xxx

Example of in-line comment:

PCT01IN := (*this is an in-line comment*) PMV04 (*this is an in-line 
comment *)

Example of end-of-line comment:

PCT01IN := 10 # this is an end-of-line comment

If you begin a SELOGIC control equation with an end-of-line comment character, 
then the entire line is a comment.

NOTE: During troubleshooting or 
testing, reenter a line and insert the 
comment character to disable it. Enter 
the line without the comment 
character to enable the line later 
when you want it to be executed.

Comments are a powerful documentation tool for helping both you and others 
understand the intent of programming and configuration of the settings. You can 
use comments liberally; comments do not reduce SELOGIC control equation exe-
cution capacity.

Example 13.3 Boolean and Math SELOGIC Control Equations

The equations below are examples of Boolean SELOGIC control equations.

# Example Boolean SELOGIC control equations

PSV01 := IN101 # Store the value of IN101 in PSV01

PSV02 := IN101 AND RB03 # Store result of logical AND in 
PSV02

PST01IN := IN104 # Use IN104 as the input value for PST01

PSV03 := PMV33 >= 7 # Set PSV03 when PMV33 greater than or 
equal to 7

The lines below are examples of math SELOGIC control equations.

# Example math SELOGIC control equations

PMV01 := 5 # Store the constant 5 in PMV01

PMV02 := 0.5 * VAFM # Store the product of A-Phase voltage and 
0.5 in PMV02
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SELOGIC Control Equation Elements
SELOGIC control equation elements are a collection of storage locations, timers, 
and counters that you can use to customize the operation of your relay and to 
automate substation operation. The elements that you can use in SELOGIC control 
equations are summarized in Table 13.1. The specific number of the various types 
of elements varies between SEL-400 series relays. See the product-specific 
instruction manual to determine the number of each type of element in that relay.

                    

Relay Word Bits and Analog Quantities
Data within the relay are available for use in SELOGIC control equations. Relay 
Word bits are binary data that include protection elements, input status, and out-
put status. See Section 11: Relay Word Bits in each product-specific instruction 
manual to view a list of Relay Word bits available within that relay. Analog quan-
tities are analog values within the relay including measured and calculated val-
ues. Section 12: Analog Quantities in each product-specific instruction manual 
contains a list of analog quantities available within the relay.

Special Condition Bits
Several Relay Word bits are available for special conditions related to SELOGIC 
control equation programming in the relay. You can use these bits in SELOGIC 
control equation programming to react to these conditions. You can also send 
these bits to other devices through relay interfaces including MIRRORED BITS 
communications and DNP3. The special condition bits are shown in Table 13.2.

The relay sets the first execution bits AFRTEXA, AFRTEXP, and PFRTEX 
momentarily to allow you to detect changes in the relay operation. The relay sets 
these bits and clears them as described in Table 13.2, Table 13.3, and Table 13.4. 
You can use these bits to force logic and calculations to reset or take a known 
state on power-up or settings change operations.

Table 13.1 Summary of SELOGIC Control Equation Elements

Element Description

Relay Word bits Boolean value data

Analog quantities Received, measured, and calculated values

Special condition bits Bits that indicate special SELOGIC control equation execution 
conditions

SELOGIC control equation 
variables

Storage locations for the results of Boolean SELOGIC control 
equations

SELOGIC control equation 
math variables

Storage locations for the results of math SELOGIC control equations

Latch bits Nonvolatile storage for the results of Boolean SELOGIC control 
equations

Conditioning timers Pickup and dropout style timers similar to those used in SEL-300 
series relays

Sequencing timers On-delay timers similar to those used in programmable logic con-
trollers

Counters Counters that count rising edges of Boolean value inputs
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SELOGIC Control Equation Variables
There are two types of SELOGIC control equation variables: Boolean and math.

SELOGIC Control Equation Boolean Variables
SELOGIC control equation Boolean variables are binary storage locations. Each 
variable equals either logical 1 or logical 0. This manual refers to these variables 
and the relay displays these as 1 and 0, respectively. Think also of the states 1 and 
0 as True and False, respectively, when you evaluate Boolean logic statements. 
The quantities of SELOGIC control equation Boolean variables available in the 
different programming areas are listed in Table 13.5.

                    

Use the SELOGIC control equation Boolean variables in freeform logic state-
ments in any order you want. Use a SELOGIC control equation Boolean variable 
more than once in freeform logic programming, and use SELOGIC control equa-
tion Boolean variables as arguments in SELOGIC control equations. Example 13.4 
illustrates SELOGIC control equation variable usage. You can view the status of 
individual control equation Boolean bits in the Relay Word using the TARGET 

Table 13.2 First Execution Bit Operation on Power-Up

Name Description

AFRTEXA Relay sets on power-up and clears after each automation programming block 
has been executed once.

AFRTEXP Relay sets on power-up. Relay clears after it enables protection and all auto-
mation programming blocks have been executed once.

PFRTEX Relay sets on startup. Relay clears after protection runs for 1 cycle.

Table 13.3 First Execution Bit Operation on Automation Settings Change

Name Description

AFRTEXA Relay sets on settings change and clears after each automation programming 
block has been executed once.

AFRTEXP Relay sets on settings change. Relay clears after it enables protection and all 
automation programming blocks have been executed once.

PFRTEX Relay sets on settings change. Relay clears after protection runs for 1 cycle.

Table 13.4 First Execution Bit Operation on Protection Settings Change, Group 
Switch, and Source Selection

Name Description

AFRTEXA Relay does not set.

AFRTEXP Relay sets when listed event occurs. Relay clears after it enables protection 
and all automation programming blocks have been executed once.

PFRTEX Relay sets when listed event occurs. Relay clears after protection runs for 1 
cycle.

Table 13.5 SELOGIC Control Equation Boolean Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
Boolean variables

64 PSV01–PSV64

Automation SELOGIC control equation 
Boolean variables

256 ASV001–ASV256
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command. Use the TAR PSVnn command or the TAR ASVnnn command to 
view the Relay Word row containing the protection or automation Boolean bit 
specified by the number nn. You can also view the status of Boolean bits through 
the relay LCD front-panel display by selecting RELAY ELEMENTS from the Main 
Menu and scrolling through the rows of Relay Word bits.

                    

SELOGIC Control Equation Math Variables
SELOGIC control equation math variables are math calculation storage results. As 
with protection and automation SELOGIC control equation Boolean variables, 
there are separate storage areas for protection and automation math calculations. 
The quantities of SELOGIC control equation math variables available in the 
SEL-400 series relays are shown in Table 13.6.

                    

Use math variables in freeform programming to store the results of math calcula-
tions as arguments in math calculations and comparisons. Example 13.5 illus-
trates SELOGIC control equation math variable usage. You can view the results of 
protection and automation math variables by using the METER command. Use 
the MET PMV command to see all protection math variable results (PMV01–
PMV64). Similarly, use the MET AMV command to see all automation math 
variable results (AMV001–AMV256).

Example 13.4 SELOGIC Control Equation Boolean Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation Boolean variables. Each 
line has a comment after the # that provides additional detail.

PSV01 := 1 # Set PSV01 to 1 always

PSV09 := PSV54 AND ASV005 # Set to result of Boolean AND

PSV02 := PMV05 > 5 # Set if PMV05 is greater than 5

You can use SELOGIC control equation variables more than once in freeform 
programming. The SELOGIC control equations below use ASV100 and 
ASV101 to calculate intermediate results.

# Remote control 1

ASV100 := RB14 AND ALT01 # Supervise remote control with ALT01

ASV101 := RB15 AND PLT07 # Supervise remote control with PLT07

ASV201 := ASV100 OR ASV101 # Store desired control in ASV201

# Remote control 2

ASV100 := RB18 AND ALT09 # Supervise remote control with ALT09

ASV101 := RB19 AND PLT13 # Supervise remote control with PLT13

ASV202 := ASV100 OR ASV101 # Store desired control in ASV202

Table 13.6 SELOGIC Control Equation Math Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
math variables

64 PMV01–PMV64

Automation SELOGIC control equa-
tion math variables

256 AMV001–AMV256
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Latch Bits
Latch bits are nonvolatile storage locations for Boolean information. Latch bits 
are in several settings areas of the relay, as shown in Table 13.7. Latch bits have 
two input parameters, Reset and Set, and one Latched Value, as shown in 
Table 13.8.

                    

Example 13.5 SELOGIC Control Equation Math Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation math variables by using 
analog quantities available in the SEL-421. Each line has a comment after 
the # that provides additional description.

PMV01 := 378.62 # Store 387.62 in PMV01

PMV09 := 5 + VAFM # Store sum of 5 and A-Phase voltage in kV in 
PMV09

You can use SELOGIC control equation math variables more than once in 
freeform programming. Use AMV010 in the following SELOGIC control 
equations to calculate intermediate results.

# Determine if any phase voltage is greater than 13 kV

# A-Phase

AMV010 := VAFIM/1000 # VA in kV

ASV010 := AMV010 > 13 # Set if greater than 13 kV

# B-Phase

AMV010 := VBFIM/1000 # VB in kV

ASV011 := AMV010 > 13 # Set if greater than 13 kV

# C-Phase

AMV010 := VCFIM/1000 # VC in kV

ASV012 := AMV010 > 13 # Set if greater than 13 kV

# Combine phase results

ASV013 := ASV010 OR ASV011 OR ASV012

Table 13.7 Latch Bit Quantities

Type
Typical 
Quantity

Name Range

Protection freeform latch bits 32 PLT01–PLT32

Automation latch bits 32 ALT01–ALT32
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Latch bits provide nonvolatile storage of binary information. A latch can have the 
value of logical 0 or logical 1. Latch bits also retain their state through changes in 
the active protection settings group. Because storage of latch bits is in nonvolatile 
memory, the state of latch bits remains unchanged indefinitely, even when power 
is lost to the relay.

As with logic latches used in digital electronics, each latch bit has a Set input and 
a Reset input. The relay evaluates the latch bit value at the end of each logic pro-
cessing interval by using the values for Set and Reset calculated during the pro-
cessing interval. Latch bits are reset dominant. If the Set and Reset inputs are 
both asserted, the relay will reset the latch.

Latch bits are available in two different programming areas of the relay. First, 
there are 32 latch bits, PLT01–PLT32, that are associated with protection set-
tings. Second, there are 32 latch bits, ALT01–ALT32, available in automation 
freeform programming. You can view the status of individual latch bits in the 
Relay Word using the TARGET command. Use the TAR PLTnn command or 
the TAR ALTnn command to view the Relay Word row containing the protec-
tion or automation latch bit specified by the two-digit number, nn. You can also 
view the status of latch bits through the relay LCD front-panel display by select-
ing RELAY ELEMENTS from the Main Menu and scrolling through the rows of 
Relay Word bits.

Protection Latch Bits
Program the 32 latch bits, PLT01–PLT32, in the protection freeform SELOGIC 
control equation programming area. There is a separate protection freeform 
SELOGIC control equation programming area associated with each protection set-
tings group. The latches in protection can have separate programming for Set and 
Reset in each protection settings group. While each protection latch value 
remains unchanged for a change in the active protection settings group, you can 
enter different Set and Reset programming for each protection settings group.

There are Set and Reset settings for each latch bit available in each group. For 
example, PLT01R and PLT01S are available in all six freeform settings groups 
and all control the same Latch Bit, PLT01. This structure allows you to either 
program each latch to operate in the same way for each group or behave differ-
ently based on the active protection settings group. For example, you could pro-
gram the protection latch to set on IN107 when Protection Settings Group 1 is 
active and program the latch to set on IN106 when Protection Settings Group 2 is 
active. If you do not enter a setting for the Reset and Set in a protection settings 
group, the latch bit will remain unchanged when that protection settings group is 
active. Example 13.6 illustrates protection latch bit usage.

Table 13.8 Latch Bit Parameters

Type Item Description Setting
Name 
Examples

Input Reset Reset latch when on Boolean SELOGIC control equation PLT01R

ALT01R

Input Set Set latch when on Boolean SELOGIC control equation PLT01S

ALT01S

Output Latched 
Value

Latched Value of 0 or 1 Value for use in Boolean SELOGIC 
control equations

PLT01

ALT24
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Example 13.6 Protection Latch Bits

This example studies the factory settings for the HOT LINE TAG operator 
control logic in the SEL-451. Protection Latch Bit 4 (PLT04) is used as a 
close enable signal, which is deasserted during Hot Line Tag conditions. 
When the HOT LINE TAG operator control is pressed, Relay Word bit 
PB5_PUL pulses for one processing interval, and one of two actions will 
occur, depending on the previous state of PLT04:

➤ If PLT04 was previously asserted, the PB5_PUL is ANDed with 
PLT04 in the PLT04R SELOGIC equation, causing PLT04 to 
deassert. In this state, closing is blocked.

➤ If PLT04 was previously deasserted, the PB5_PUL is ANDed 
with NOT PLT04 in the PLT04S SELOGIC equation, causing 
PLT04 to assert. In this state, closing is permitted.

The settings below are duplicated in the Protection SELOGIC control equation 
freeform programming areas corresponding to each of six setting groups:

# Store HOT LINE TAG state in PLT04, controlled by front-panel pushbutton

# 

PLT04S := PB5_PUL AND NOT PLT04

PLT04R := PB5_PUL AND PLT04 # HOT LINE TAG (WHEN PLT04 
DEASSERTED)

#

# PLT04 defeats the RECLOSE ENABLED operator control function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT LINE TAG 
DISABLES RECLOSE

In the factory settings for PLT04S and PLT04R, rising-edge operators are not 
required because Relay Word bit PB5_PUL only asserts for one processing 
interval. If the application required control input IN103 to set or clear the 
Hot Line Tag function in addition to the operator control pushbutton, the set-
tings would look like this:

PLT04S := (PB5_PUL OR R_TRIG IN103) AND NOT PLT04

PLT04R := (PB5_PUL OR R_TRIG IN103) AND PLT04 # HOT LINE 
TAG (WHEN PLT04 DEASSERTED)

If the R_TRIG operators were not present, Protection Latch Bit 4 (PLT04) 
would oscillate whenever IN103 was asserted, and the final state after IN103 
deasserts would be indeterminate. To prevent contact bounce sensed by Con-
trol Input IN103 from triggering multiple rising edges, make appropriate 
debounce time settings.

Protection Latch Bit 4 (PLT04) appears in the factory settings for several 
SELOGIC control equations in the SEL-451:

➤ In the Protection SELOGIC control equation freeform programming 
area, PLT04 defeats the RECLOSE ENABLED operator control 
function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT 
LINE TAG DISABLES RECLOSE

➤ In the front-panel settings, PB5_LED follows the inverted state 
of PLT04:

PB5_LED := NOT PLT04 #HOT LINE TAG
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Evaluation of the latch bit value occurs at the end of the protection SELOGIC con-
trol equation execution cycle. The values evaluated for Reset (PLTnnR) and Set 
(PLTnnS) during SELOGIC control equation execution remain unchanged until 
after the evaluation of all SELOGIC control equations, when the relay evaluates 
the latch bit value (PLTnn). For example, if you have multiple SELOGIC control 
equations for set, the last equation in the protection freeform area dominates, and 
the relay uses this equation to evaluate the latch.

Automation Latch Bits
The automation latch bits, ALT01–ALT32, are available in automation freeform 
settings. Write freeform SELOGIC control equations to set and reset these bits. As 
with protection latch bits, the relay stores automation latch bits in nonvolatile 
memory and preserves these through a relay power cycle and group change oper-
ations. With protection latch bits, you can implement Set and Reset programming 
for each protection settings group. Automation SELOGIC control equation pro-
gramming, however, has only one programming area active for all protection set-
tings groups.

The relay evaluates the latch bit value at the end of the automation freeform 
SELOGIC control equation execution cycle. The values for Reset (ALTnnR) and 
Set (ALTnnS) remain unchanged until evaluation of all SELOGIC control equa-
tions, when the relay evaluates the latch (ALTnn). For example, if you have mul-
tiple SELOGIC control equations for set, the last equation in the automation 
freeform area dominates, and the relay uses this equation to evaluate the latch.

Conditioning Timers
Use conditioning timers to condition Boolean values. Conditioning timers either 
stretch incoming pulses or allow you to require that an input take a state for a cer-
tain period before reacting to the new state. Conditioning timers are available in 
the protection freeform area and automation freeform area, as shown in 
Table 13.9. Conditioning timers have the three input parameters and one output 
shown in Table 13.10.

➤ In group settings, PLT04 supervises close and reclose 
conditions:

➢ Autoreclose enable

E3PR1 := PLT02 AND PLT04

➢ Autoreclose drive-to-lockout

79DTL := NOT (PLT02 AND PLT04) AND (3PT OR NOT 
52AA1)

➢ Manual close

BK1MCL := (CC1 OR PB7_PUL) AND PLT04

The above settings allow the HOT LINE TAG operator control pushbutton to 
enable or disable close operations in the SEL-451. Any changes to these fac-
tory settings should be carefully designed and tested to ensure proper operation.

Example 13.6 Protection Latch Bits (Continued)
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A conditioning timer output turns on and becomes logical 1, after the input turns 
on and the Pickup Time expires. An example timing diagram for a conditioning 
timer, PCT01, with a Pickup Time setting greater than zero and a Dropout Time 
setting of zero is shown in Figure 13.3. In the example timing diagram, the Input, 
PCT01IN, turns on and the timer Output, PCT01Q, turns on after the Pickup 
Time, PCT01PU, expires. Because the Dropout Time setting is zero, the Output 
turns off when the Input turns off.

                    

If the Pickup Time is not satisfied, the timer Output never turns on, as illustrated 
in Figure 13.4. If the input reasserts again, one or more processing intervals later, 
the conditioning timer pickup timer begins timing again from zero.

Table 13.9 Conditioning Timer Quantities

Type Quantity Name Range

Automation freeform conditioning timers 32 ACT01–ACT32

Protection freeform conditioning timers 32 PCT01–PCT32

Table 13.10 Conditioning Timer Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay times Boolean SELOGIC control 
equation setting

PCT01IN

ACT01IN

Input Pickup 
Time

Time that the input must be 
on before the output turns on

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01PU

ACT01PU

Input Dropout 
Time

Time that the output stays on 
after the input turns off

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01DO

ACT01DO

Output Output Timer output Value for Boolean 
SELOGIC control equations

PCT01Q

ACT01Q

                    

Figure 13.3 Conditioning Timer With Pickup and No Dropout Timing Diagram

NOTE: Times for protection timers 
must not exceed 2,000,000 cycles for 
proper operation.

NOTE: The SEL-487B provides 16 
protection conditioning timers.

PCT01IN

PCT01Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Pickup
Time

PCT01PU

Pickup Time 
Expires
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A conditioning timer output turns off when the input turns off and the Dropout 
Time expires. An example timing diagram for a conditioning timer, PCT02, with 
a Pickup Time setting of zero and a Dropout Time setting greater than zero is 
shown in Figure 13.5. Because the Pickup Time, PCT02PU, setting is zero, the 
Output, PCT02Q, turns on when the Input, PCT02IN, turns on. The Output turns 
off after the Input turns off and the Dropout Time, PCT02DO, expires. If the 
input reasserts before the dropout time expires, the dropout timer resets so it 
begins timing again from zero when the input drops out again.

                    

Combining the features shown above, Figure 13.6 illustrates conditioning timer 
operation for use of both the pickup and dropout characteristics. The Output, 
PCT03Q, turns on after the Input, PCT03IN, turns on and the Pickup Time, 
PCT03PU, expires. The Output turns off after the Input turns off and the Dropout 
Time, PCT03DO, expires.

                    

Figure 13.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram

                    

Figure 13.5 Conditioning Timer With Dropout and No Pickup Timing Diagram
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For protection conditioning timers, set the Pickup Time and Dropout Time in 
cycles and fractions of a cycle (represented in decimal form). The relay processes 
protection conditioning timers once for each protection processing interval. The 
relay asserts the timer output on the first processing interval when the elapsed 
time exceeds the setting. In most SEL-400 series relays, the protection processing 
interval is 1/8 cycle (or 0.125 cycles). See the product-specific instruction manual to 
determine the specific processing interval. Actual settings, programming, and opera-
tion are illustrated in Example 13.7.

For automation conditioning timers, set the Pickup Time and Dropout Time in 
seconds. The relay processes automation conditioning timers once for each auto-
mation processing interval. The execution interval depends on the amount of 
automation programming. Determine the average automation execution interval 
with the STATUS S command.

NOTE: This example shows timer 
pickup and dropout settings in cycles. 
The SEL-400G relay uses seconds for 
these settings.

                    

                    

Figure 13.6 Conditioning Timer With Pickup and Dropout Timing Diagram
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Example 13.7 Conditioning Timer Programming and Operation

This example uses protection freeform conditioning timer seven, PCT07. 
The freeform settings are as shown here:

PCT07PU := 5.3 # Pickup set to 5.3 cycles

PCT07D0 := 6.0 # Dropout set to 6.0 cycles

PCT07IN := IN101 # Operate on the first input on the main board

PSV29 := PCT07Q # Protection SELOGIC control equation variable fol-
lows the timer output

The operation of the timer when IN101 turns on for 7 cycles is shown in the 
timing diagram in Figure 13.7. Because the pickup setting is an uneven num-
ber of protection processing intervals (1/8 cycle), the pickup occurs on the 
first 1/8th cycle after the Pickup Time of 5.3 cycles expires.
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In freeform programming, the relay evaluates the timer at execution of the timer 
Input SELOGIC control equation (PCTnnIN or ACTnnIN). The relay loads the 
Pickup Time (PCTnnPU or ACTnnPU) and Dropout Time (PCTnnDO or ACTn-
nDO) into the timer when the relay observes the appropriate edge in the input. If 
you enter a math expression for Pickup Time or Dropout Time, the relay uses the 
value calculated before the Input SELOGIC control equation. If your Pickup Time 
or Dropout Time equation is below the Input equation (has a higher expression 
line number), the relay will use the value calculated on the previous SELOGIC 
control equation execution interval. Because the relay calculates the last value for 
pickup or dropout in this manner, we recommend for most applications that you 
enter the Pickup Time, Dropout Time, and Input statements together in the order 
shown in Example 13.7. You can view the status of the conditioning timer output 
Relay Word bits by using the TAR PCTnnQ or TAR ACTnnQ command, where 
nn is the number of the conditioning timer. You can also view the status of these 
timer elements through the relay front-panel LCD by selecting RELAY ELEMENTS 
from the Main Menu and scrolling through the rows of Relay Word bits.

Sequencing Timers
NOTE: Times for protection timers 
with timer settings based on power 
system cycles must not exceed 
2,000,000 cycles for proper 
operation.

Sequencing timers are useful for sequencing operation. There are two main dif-
ferences between sequencing timers and conditioning timers. First, sequencing 
timers integrate pulses of the input to count up a total time. Second, the elapsed 
time a sequencing timer counts is visible; you can use this time in other SELOGIC 
control equation programming or make this time visible through one of the relay 
communications protocol interfaces. Sequencing timers are available in the pro-
tection freeform area and automation freeform area as shown in Table 13.11. 
Sequencing timers have three input parameters and two outputs listed in Table 13.12.

                    

                    

Example 13.7 Conditioning Timer Programming and Operation (Continued)

                    
                    

Figure 13.7 Conditioning Timer Timing Diagram for Example 13.7
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Table 13.11 Sequencing Timer Quantities

Type Typical Quantity Name Range

Protection freeform sequencing timers 32 PST01–PST32

Automation freeform sequencing timers 32 AST01–AST32
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A sequencing timer counts time by incrementing the Elapsed Time when 
SELOGIC control equation execution reaches the Input equation if the Reset is off 
and the Input is on. The Output turns on when the Elapsed Time reaches or 
exceeds the Preset Time. Whenever the Reset is on, the relay sets the Output to 
zero, then clears the Elapsed Time, and stops accumulating time (even if Input is on).

Figure 13.8 is a timing diagram for typical sequencing timer operation.

                    

Timers in protection programming operate in the relay protection logic process-
ing interval, while timers in automation programming operate in seconds. As 
with protection conditioning timers, operation depends on the logic processing 
interval. For example, in most SEL-451 series relays the logic processing interval 
is 1/8 cycle, so the relay effectively rounds up all operation to the nearest 0.125 
cycles. With automation programming, the execution interval depends on the 
amount of automation programming. Determine the average automation execu-
tion interval with the STATUS S command.

The automation timers operate using a real-time clock. Each time the relay evalu-
ates the Input (ASTnnIN) the relay adds the elapsed time since the last execution 
to the Elapsed Time (ASTnnET). The accuracy of the timer in stopping and start-
ing when the input of the timer turns on averages half an automation execution 

Table 13.12 Sequencing Timer Parameters

Type Item Description Setting Name Examples

Input Input Value that the relay times Boolean SELOGIC control equation setting PST01IN

AST07IN

Input Preset 
Time

Time the input must be on 
before the output turns on

Time value. Protection uses the relay protection logic processing 
interval, while automation uses seconds.

PST01PT

AST07PT

Input Reset Timer reset Boolean SELOGIC control equation setting PST01R

AST07R

Output Elapsed 
Time

Time accumulated since 
the last reset

Value for math SELOGIC control equations. Protection uses the relay 
protection logic processing interval, while automation uses seconds.

PST01ET

AST07ET

Output Output Timer output Value for Boolean SELOGIC control equations PST01Q

AST07Q

                    

Figure 13.8 Sequencing Timer Timing Diagram
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cycle. If you change automation freeform programming, you must also check the 
new automation average execution cycle to verify that you will obtain satisfac-
tory accuracy for your application. Example 13.8 describes typical timer pro-
gramming and describes the resulting operation.

                    

In freeform programming, the relay evaluates the timer at the timer Input 
SELOGIC control equation (PSTnnIN or ASTnnIN). If you enter an expression 
for the timer Reset (PSTnnR or ASTnnR) or Preset Time (PSTnnPT or ASTnnPT), 
the values for Reset and Preset Time that the relay uses are the last values that the 
relay calculates before the input SELOGIC control equation calculation. Because 
the relay uses the last values for Reset and Preset Time value in this manner, we 
recommend for most applications that you enter the Preset Time, Reset, and Input 
statements together in the order shown in Example 13.8. You can view the current 
state of the timer by assigning the elapsed time output of the sequencing timer to 
a math variable. Example 13.8 shows how you would assign the elapsed time out-
put for automation sequence timer AST01 to automation math variable AMV256. 
To see the elapsed time value, issue the MET AMV command to display the val-
ues of the automation math variables. Likewise, you can assign the elapsed time 
output of a protection sequence timer to a protection math variable.

The elapsed time output is stored in volatile memory. Elapsed time resets to zero 
for both protection and automation sequential timers when relay power cycles, 
you change settings or settings groups, or you perform any function that restarts 
the relay.

Example 13.8 Automation Sequencing Timer Programming

The equations below are an example of programming for an automation 
sequencing timer, AST01. Each timer input is programmed as a separate 
statement in automation SELOGIC control equation programming.

# Example programming of sequencing timer to time Input IN101 and IN102

AST01PT := 7.5 # Timer Preset Time of 7.5 seconds

AST01R := RB03 # Reset timer when RB03 turns on

AST01IN := IN101 AND IN102 # Timing time when IN101 and IN102 
are on

ASV001 := AST01Q # ASV001 tracks output of timer

AMV256 := AST01ET # AMV256 tracks timing progress

In this example, timer AST01 times the quantity IN101 AND IN102 and 
turns on when the total time reaches 7.5 seconds. If the Input, AST01IN, is 
on for approximately 1 second every minute, the Output, AST01Q, will turn 
on during the eighth minute, when the accumulated elapsed time exceeds 7.5 
seconds.
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Counters
NOTE: Preset values for counters 
must not exceed 8,000,000 for 
proper operation. 

Use counters to count changes or edges in Boolean values. Each time the value 
changes from logical 0 to logical 1 (a rising edge), the counter Current Value 
increments. Counters are available in the protection freeform area and automa-
tion freeform area, as shown in Table 13.13. Counters have three input parame-
ters, Input, Preset Value, and Reset; and two outputs, Current Value and Output, 
as listed in Table 13.14.

                    

                    

In freeform programming, the relay evaluates the counter at execution of the 
counter Input SELOGIC control equation (PCNnnIN or ACNnnIN). If you enter 
an expression for the counter Reset (PCNnnR) or the counter Preset (PCNnnPV), 
the values for Reset and Preset that the relay uses are the last values the relay cal-
culates before the input SELOGIC control equation calculation. Because the relay 
uses the last values for Reset and Preset in this manner, we recommend for most 
applications that you enter the Preset, Reset, and Input statements together in the 
order shown in Example 13.9. You can view the current value of the counter by 
assigning the protection counter current value, PCNnnCV, to a protection math 
variable or by assigning the automation counter current value, ACNnnCV, to an 
automation math variable. View the math variable values by issuing the appropri-
ate MET PMV or MET AMV commands.

The current value count is stored in volatile memory. The count resets to zero for 
both protection and automation sequential timers when relay power cycles, you 
change settings or settings groups, or you perform any function that restarts the 
relay.

                    

Table 13.13 Counter Quantities

Type Typical Quantity Name Range

Protection counters 32 PCN01–PCN32

Automation counters 32 ACN01–ACN32

Table 13.14 Counter Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay 
counts

Boolean SELOGIC control 
equation setting

PCN01IN

ACN09IN

Input Preset Value Number of counts 
before the output turns 
on

Constant or expression for 
the number of counts

PCN01PV

ACN09PV

Input Reset Counter reset Boolean SELOGIC control 
equation setting

PCN01R

ACN09R

Output Current 
Value

Current accumulated 
count

Value for math SELOGIC 
control equations

PCN01CV

ACN09CV

Output Output Counter output Value for Boolean 
SELOGIC control equations

PCN01Q

ACN09Q

Example 13.9 Counter Programming

The freeform programming equations that follow demonstrate how to enter 
settings to control a protection counter in protection freeform SELOGIC con-
trol equation programming. Programming for an automation counter is similar.
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Protection Counter 1 counts close operations of the circuit breaker associ-
ated with the 52AA1 element. Initially, the current value, PCN01CV, is zero. 
The relay increments the current value each time the circuit breaker closes. 
The relay increases the count value, PCN01CV, each time the circuit breaker 
closes and the element 52AA1 value changes from 0 to 1 (a rising edge). 
When the count reaches 1000, the timer automatically resets and begins 
counting again.

# Example protection counter programming

#

# This example counts how many times a circuit breaker closes

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := 52AA1

The SELOGIC control equations below provide multiple-change detection 
counting both close and open operations of the circuit breaker. The interme-
diate value PSV01 turns on for one processing interval each time the circuit 
breaker closes. The intermediate value PSV02 turns on for one processing 
interval each time the circuit breaker opens. The OR combination of PSV01 
and PSV02 contains a rising edge for each circuit breaker operation, open or 
closed, that Protection Counter 1 counts.

# Example protection counter programming

#

# This example counts how many times a circuit breaker operates either 
open or closed

#

# Detect OPEN and CLOSE and combine

PSV01 := R_TRIG 52AA1 # Pulse for each close

PSV02 := F_TRIG 52AA1 # Pulse for each open

PSV03 := PSV01 OR PSV02 # Pulse for each open or close

#

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := PSV03 # Count open and close operations

PSV04 := PCN01CV >900 # PSV04 signals impending reset

Example 13.9 Counter Programming (Continued)
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SELOGIC Control Equation Operators
There are two types of SELOGIC control equations. Boolean SELOGIC control 
equations comprise the first type. These equations are expressions that evaluate to 
a Boolean value of 0 or 1. Math SELOGIC control equations constitute the second 
type. The relay evaluates these equations to yield a result having a numerical 
value (for example, 6.25 or 1055).

Left value, LVALUE, determines the type of SELOGIC control equation you need 
for a setting or for writing freeform programming. If the LVALUE is a Boolean 
type (ER, ASV001, etc.) then the type of expression you need is a Boolean 
SELOGIC control equation. If the LVALUE is a numerical (non-Boolean) value 
(PMV12, PCT01PV, etc.), the type of expression you need is a math SELOGIC 
control equation.

Writing SELOGIC control equations requires that you use the appropriate opera-
tors and correct SELOGIC control equation syntax to combine relay elements 
including analog values, Relay Word bits, incoming control points, and SELOGIC 
control equation elements within the relay. The operators are grouped into two 
types, according to the type of SELOGIC control equation in which you can apply 
these operators.

Operator Precedence
When you combine several operators and operations within a single expression, 
the relay evaluates the operations from left to right, starting with the highest pre-
cedence operators working down to the lowest precedence. This means that if 
you write an equation with three AND operators, for example PSV01 AND 
PSV02 AND PSV03, each AND will be evaluated from the left to the right. If 
you substitute NOT PSV04 for PSV03 to make PSV01 AND PSV02 AND NOT 
PSV04, the relay evaluates the NOT operation of PSV04 first and uses the result 
in subsequent evaluation of the expression. While you cannot use all operators in 
any single equation, the overall operator precedence follows that shown in 
Table 13.15.

                    

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 1 of 2)

Operator Description

(Expression) Parenthesis

Identifier (argument list) Function evaluation

– Negation

NOT Complement

R_TRIG

F_TRIG Edge Trigger

SQRT, LN, EXP, LOG, COS, SIN, ACOS, 
ASIN, ABS, CEIL, FLOOR

Math Functions

* Multiply

/ Divide

+ Add

– Subtract

<, >, <=, >= Comparison

= Equality

<> Inequality
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Boolean Operators
Use Boolean operators to combine values with a resulting Boolean value. The 
arguments of the operator may be either numbers or Boolean values, but the 
result of the operation must be a Boolean value. Combine the operators to form 
statements that evaluate complex Boolean logic. Table 13.16 contains a summary 
of Boolean operators available in SEL-400 series relays.

                    

Parentheses
Use paired parentheses to control the execution order of operations in a SELOGIC 
control equation. Use as many as 14 nested sets of parentheses in each SELOGIC 
control equation. The relay calculates the result of the operation on the innermost 
pair of parentheses first and then uses this result with the remaining operations. 
Table 13.17 is a truth table for an example operation that illustrates how paren-
theses can affect equation evaluation.

                    

AND Boolean AND

OR Boolean OR

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 2 of 2)

Operator Description

Table 13.16 Boolean Operator Summary

Operator Description

( ) Parentheses

NOT Logical inverse

AND Logical AND

OR Logical OR

R_TRIG Rising-edge trigger

F_TRIG Falling-edge trigger

>, <, =, <=, >=, <> Comparison of values

Table 13.17 Parentheses Operation in Boolean Equation

A B C A AND B OR C A AND (B OR C)

0 0 0 0 0

0 0 1 1 0

0 1 0 0 0

0 1 1 1 0

1 0 0 0 0

1 0 1 1 1

1 1 0 1 1

1 1 1 1 1
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NOT
Use NOT to calculate the inverse of a Boolean value according to the truth table 
shown in Table 13.18.

                    

AND
Use AND to combine two Boolean values according to the truth table shown in 
Table 13.19.

                    

OR
Use OR to combine two Boolean values according to the truth table shown in 
Table 13.20.

                    

R_TRIG
R_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Figure 13.9. Use R_TRIG to sense when a value changes 
from logical 0 to logical 1 and take action only once when the value changes. The 
R_TRIG output is a pulse of one protection processing interval duration (typi-
cally 1/8th cycle). This rising-edge pulse output asserts one processing interval 
after the monitored element asserts.

Table 13.18 NOT Operator Truth Table

Value A NOT A

0 1

1 0

Table 13.19 AND Operator Truth Table

Value A Value B A AND B

0 0 0

0 1 0

1 0 0

1 1 1

Table 13.20 OR Operator Truth Table

Value A Value B A OR B

0 0 0

0 1 1

1 0 1

1 1 1
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The argument of an R_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a rising edge of a calculated quantity is shown in 
Example 13.10.

                    

F_TRIG
F_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Example 13.10. Use F_TRIG to sense when a value 
changes from logical 1 to logical 0 and take action only after the value changes 
state. The F_TRIG output is a pulse of one protection processing interval dura-
tion (typically 1/8th cycle). This pulse output asserts one processing interval after 
the monitored element deasserts.

                    

Figure 13.9 R_TRIG Timing Diagram

Example 13.10 R_TRIG Operation

The SELOGIC control equation below is invalid.

PSV15 := R_TRIG (PSV01 AND PSV23) # Invalid statement, do not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the R_TRIG operation on the result, as shown below.

PSV14 := PSV01 AND PSV23 # Calculate quantity in an intermediate 
result variable

PSV15 := R_TRIG PSV14 # Perform an R_TRIG on the quantity

Relay Word Bit  A

R_TRIG A

R_TRIG A
Deasserts

R_TRIG A
Asserts

Relay Word Bit A Changes
From 0 to 1

1 
Processing 

Interval

1 
Processing 

Interval
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The argument of an F_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a falling edge of a calculated quantity is shown in 
Example 13.11.

                    

Comparison
Comparison is a mathematical operation that compares two numerical values 
with a result of logical 0 or logical 1. AND and OR operators compare Boolean 
values; comparison functions compare floating-point values such as currents and 
other quantities. Comparisons and truth tables for operation of comparison func-
tions are shown in Table 13.21.

NOTE: Be careful how you use the 
equal (=) and the inequality (<>) 
operators. Because the relay uses a 
floating-point format to calculate 
analog values, only integer numbers 
will match exactly. Allow a small 
hysteresis of the following form: 
PSV01 := I01FM < 10.002 AND 
I01FM > 9.988.

                    

                    

Figure 13.10 F_TRIG Timing Diagram

Example 13.11 F_TRIG Operation

The SELOGIC control equation below shows an invalid use of the F_TRIG 
operation.

ASV015 := F_TRIG (ASV001 AND ALT11) # Invalid statement, do 
not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the F_TRIG operation on the result, as shown below.

ASV014 := ASV001 AND ALT11 # Calculate quantity in an intermedi-
ate result variable

ASV015 := F_TRIG ASV14 # Perform an F_TRIG on the quantity

Relay Word Bit A

F_TRIG A

F_TRIG A
Deasserts

F_TRIG A
Asserts

Relay Word Bit A Changes
From 1 to 0

1 
Processing 

Interval

1 
Processing 

Interval

Table 13.21 Comparison Operations

A B A > B A B A = B A <> B A  B A < B

6.35 7.00 0 0 0 1 1 1

5.10 5.10 0 1 1 0 1 0

4.25 4.00 1 1 0 1 0 0
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Math Operators
Use math operators when writing math SELOGIC control equations. Math 
SELOGIC control equations manipulate numerical values and provide a numerical 
base 10 result. Table 13.22 summarizes the operators available for math SELOGIC 
control equations.

                    

Parentheses
Use parentheses to control the order in which the relay evaluates math operations 
within a math SELOGIC control equation. Also use parentheses to group expres-
sions that you use as arguments to function operators such as SIN and COS. 
Include as many as 14 levels of nested parentheses in your math SELOGIC control 
equation. Example 13.12 shows how parentheses affect the operation and evalua-
tion of math operations.

                    

Math Error Detection
If a math operation results in an error, the relay turns on the math error bit, 
MATHERR, in the Relay Word. A settings change or the STATUS SC command 
resets this bit. For example, if you attempt to take the square root of a negative 
number (SQRT –5), the math error bit will be asserted until you clear the bit with 
a STATUS SC command or change settings.

Table 13.22 Math Operator Summary

Operator Description

( ) Parentheses

+, –, *, / Arithmetic

SQRT Square root

LN, EXP, LOG Natural logarithm, exponentiation of e, base 10 loga-
rithm

COS, SIN, ACOS, ASIN Cosine, sine, arc cosine, arc sine

ABS Absolute value

CEIL Rounds to the nearest integer toward infinity

FLOOR Rounds to the nearest integer toward minus infinity

– Negation

Example 13.12 Using Parentheses in Math Equations

The freeform math SELOGIC control equations below show examples of 
parentheses usage.

# Examples of parenthesis usage

AMV001 := AMV005 * (AMV004 + AMV003) # Calculate sum first, 
then product

AMV002 := AMV010 * (AMV009 + (AMV016 / AMV015)) # Nest 
parentheses

AMV003 := SIN (AMV037 + PMV42) # Group terms for a function
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Arithmetic
Use arithmetic operators to perform basic mathematical operations on numerical 
values. Arguments of an arithmetic operation can be either Boolean or numerical 
values. In a numerical operation, the relay converts logical 0 or logical 1 to the 
numerical value of 0 or 1. For example, multiply numerical values by Boolean 
values to perform a selection operation. Use parentheses to group terms in math 
SELOGIC control equations and control the evaluation order and sequence of 
arithmetic operations.

NOTE: IEEE 32-bit floating-point 
numbers have a precision of 
approximately seven significant digits. 
This means that numbers bigger than 
10,000,000 will lose precision in the 
least significant digit. Do not 
implement counters expecting them 
to get bigger than 10,000,000. Do not 
expect precise accuracy in analog 
quantities when they get bigger than 
10,000,000.

The relay uses IEEE 32-bit floating-point numbers to perform SELOGIC control 
equation mathematical operations. If an operation results in a quantity that is not 
a numerical value, the SELOGIC control equation status bit that signals a math 
error, MATHERR, asserts. The value that the relay stored previously in the speci-
fied result location is not replaced. The relay clears the corresponding math error 
bits if you change SELOGIC control equation settings (protection or automation), 
or if you issue a STATUS SC command. Example 13.13 contains examples of 
arithmetic operations in use.

                    

Table 13.23 Math Error Examples

Example Value in PMV01 Type MATHERR

PMV01 := PMV02 / 0 0a

a Evaluation of expression results in an error and prevents storage of new result. In the example, 
PMV01 remains 0. If the argument were a variable, PMV01 would contain the result of the last 
evaluation when the argument is valid.

Divide by zero Yes

PMV01 := LN ( 0 ) 0a LN of 0 Yes

PMV01 := LN ( -1) 0a LN of negative number Yes

PMV01 := SQRT ( -1) 0a Square root of a negative number Yes

Example 13.13 Using Arithmetic Operations

The freeform math SELOGIC control equations below show examples of 
arithmetic operator usage.

# Arithmetic examples

AMV001 := AMV005 + AMV034 # Calculate sum 

AMV002 := AMV005 – AMV034 # Calculate difference

AMV003 := AMV005 * AMV034 # Calculate product

AMV004 := AMV005 / AMV034 # Calculate quotient

The lines below demonstrate the use of Boolean values with the multiplica-
tion operation.

# Use of multiplication to select numerical values based on active set-
tings group

# Use 7 if protection settings group 1 active

# Use 5 if protection settings group 2 active

AMV005 := 7 * SG1 + 5 * SG2
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SQRT
Use the SQRT operation to calculate the square root of the argument. Use paren-
theses to delimit the argument of a SQRT operation. A negative argument for the 
SQRT operation results in a math error and assertion of the corresponding math 
error bit described in Arithmetic. Example 13.14 shows examples of the SQRT 
operator in use.

                    

LN, EXP, and LOG
LN and EXP are complementary functions for operating with natural logarithms 
or logarithms calculated to the natural base e. LN calculates the natural logarithm 
of the argument. LOG calculates the base 10 logarithm of the argument. A nega-
tive or zero argument for the LN and LOG operation results in a math error and 
assertion of the corresponding math error bit described in Arithmetic. EXP calcu-
lates the value of e raised to the power of the argument. Example 13.15 shows 
examples of expressions that use the LN, EXP, and LOG operators. Use parenthe-
ses to delimit the argument of a LN, EXP, or LOG operation.

                    

The lines below demonstrate math calculation error detection.

# The line below results in a math error if AMV029 becomes 0

AMV006 := 732 / AMV029

In the second line, if AMV029 is 6 on the first pass through the automation 
programming, the relay stores the result 122 in AMV006. If on the next pass 
AMV029 is 0, the MATHERR bit asserts and the value in AMV006 does not 
update.

Example 13.13 Using Arithmetic Operations (Continued)

Example 13.14 Using the SQRT Operator

The freeform math SELOGIC control equations below show examples of 
SQRT operator usage.

# SQRT examples

AMV001 := SQRT (AMV005) # Single argument version of SQRT

AMV002 := SQRT (AMV005 + AMV034) # Calculates the square root 
of the sum

AMV003 := SQRT (AMV007) # Produces a math error if AMV007 is 
negative

Example 13.15 Using the LN, EXP, and LOG Operators

The freeform math SELOGIC control equations below are examples of LN, 
EXP, and LOG operator usage.

# LN examples

AMV001 := LN (AMV009) # Natural logarithm of AMV009

AMV002 := LN (AMV009 + AMV034) # Natural logarithm of the sum

AMV003 := LN (AMV010) # Produces error if AMV010 is 0 or negative
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SIN and COS
Use the SIN or COS operators to calculate the sine or cosine of the argument. 
SIN and COS operate in degrees, the unit of angular measure the SEL-451 uses 
to express metering quantities. Example 13.16 shows examples of SIN and COS. 
Use parentheses to delimit the argument of a SIN or COS operation.

                    

ASIN and ACOS
Use the ASIN or ACOS operators to calculate the angle resulting from the trigo-
nometric function equivalent to a given number (the argument), where the func-
tion is sine or cosine. ASIN and ACOS operate in degrees. An argument less than 
–1 or larger than 1 results in a math error and assertion of the corresponding math 
bit described in Arithmetic on page 13.30. Example 13.17 shows examples of 
ASIN and ACOS. Use parentheses to delimit the argument of an ASIN or ACOS 
operation.

# EXP examples

AMV004 := EXP (2) # Calculates e squared

AMV005 := EXP (AMV003) # Calculates e to the power AMV003

AMV006 := EXP (AMV046 + AMV047) # e raised to the power of the sum

# LOG examples

AMV007 := LOG (AMV012) # Base 10 logarithm of AMV012

AMV008 := LOG (AMV012 + AMV022) # Base 10 logarithm of the sum

AMV009 := LOG (AMV100) # Produces an error if AMV100 is 0 or 
negative

Example 13.15 Using the LN, EXP, and LOG Operators (Continued)

Example 13.16 Using the SIN and COS Operators

The freeform math SELOGIC control equations below are examples of SIN 
and COS.

# SIN examples

AMV001 := SIN (AMV005) # Sine of AMV005

AMV002 := SIN (AMV005 + AMV034) # Sine of the sum

# COS examples

AMV003 := COS (AMV005) # Cosine of AMV005

AMV004 := COS (AMV005 + AMV006) # Cosine of the sum
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ABS
Use the ABS operation to calculate absolute value of the argument. Use parenthe-
ses to group a math expression as the argument of an ABS operation. If the argu-
ment of the ABS operation is negative, the result is the value multiplied by –1. If 
the argument of the ABS operation is positive, the result is the same quantity as 
the argument. Example 13.18 contains examples of the ABS operator in use.

                    

CEIL
Use the CEIL operator to round the argument to the nearest integer toward posi-
tive infinity. Use parentheses to group a math expression as the argument of a 
CEIL operation. Example 13.19 contains examples of the CEIL operator.

                    

Example 13.17 Using the ASIN and ACOS Operators

The freeform math SELOGIC control equations below are examples of ASIN 
and ACOS.

# ASIN examples

AMV001 := ASIN (AMV010) # Arc sine of AMV010

AMV002 := ASIN (AMV010 + AMV011) # Arc sine of the sum

AMV003 := ASIN (AMV012) # Produces an error if |AMV012| > 1

# ACOS examples

AMV004 := ACOS (AMV010) # Arc cosine of AMV010

AMV005 := ACOS (AMV010 + AMV011) # Arc cosine of the sum

AMV006 := ACOS (AMV012) # Produces an error if |AMV012| > 1

Example 13.18 Using the ABS Operator

The freeform math SELOGIC control equations below show examples of the 
ABS operator usage.

# ABS examples

AMV001 := ABS (-6) # Stores 6 in AMV001

AMV002 := ABS (6) # Stores 6 in AMV002

AMV003 := ABS (AMV009) # Absolute value of AM009

AMV004 := ABS (AMV005 + AMV034) # Absolute value of the sum

Example 13.19 Using the CEIL Operator

The freeform math SELOGIC control equations below show examples of the 
CEIL operator usage.

# CEIL examples

AMV001 := CEIL (5.99) # Stores 6 in AMV001

AMV002 := CEIL (–4.01) # Stores –4 in AMV002



13.34

SEL-400 Series Relays Instruction Manual Date Code 20230830

SELOGIC Control Equation Programming
Effective Programming

FLOOR
Use the FLOOR operator to round the argument to the nearest integer toward 
minus infinity. Use parentheses to group a math expression as the argument of a 
FLOOR operation. Example 13.20 contains examples of the FLOOR operator.

                    

Negation
Use the negation (–) operation to change the sign of the argument. The argument 
of the negation operation is multiplied by –1. Negation of a positive value results 
in a negative value, while negation of a negative value results in a positive value. 
Example 13.21 contains examples of expressions that use the negation operator.

                    

Effective Programming
This section contains several ideas useful for creating, maintaining, and trouble-
shooting programming in SEL-451 series relays protection and automation 
SELOGIC control equation programming environments.

Planning and Documentation
When you begin to configure the relay to perform a new automation task or cus-
tomize protection operation, take time to design, document, and implement your 
project. Scale the planning effort to match the overall size of the project, but 
spend sufficient time planning to do the following:

➤ Document the inputs and outputs of your programming. This may 
include protection elements, physical inputs and outputs, metering 
quantities, user inputs, and other information within the relay.

➤ Document the processing or outcome of the programming. List the 
major tasks you want the relay to perform and provide detail about 
the algorithm you will use for each task. For example, if you need a 
timer or a counter, make a note of the requirements and how you will 
use these elements.

Example 13.20 Using the FLOOR Operator

The freeform math SELOGIC control equations below show examples of the 
FLOOR operator usage.

# FLOOR examples

AMV001 := FLOOR (5.99) # Stores 5 in AMV001

AMV002 := FLOOR (–4.01) # Stores –5 in AMV002

Example 13.21 Using the Negation Operator

The freeform math SELOGIC control equations below show examples of 
negation operator usage.

# Negation examples

AMV001 := -AMV009 # If AMV009 is 5, stores –5 in AMV001

AMV002 := -AMV009 # If AMV009 is –5, stores 5 in AMV002
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➤ Work in a top-down method, specifying and moving to more detailed 
levels, until you have sufficient information to create the settings. For 
simple tasks, one level may be sufficient. For complex tasks, such as 
automated station restoration, you may need several levels to move 
from idea to implementation.

Comments
SELOGIC control equation comments are very powerful tools for dividing, docu-
menting, and clarifying your programming. Even if you completely understand 
your programming during installation and commissioning, comments will be 
very helpful if you need to modify operation a year later.

Create these comments in the fixed and freeform SELOGIC control equations, and 
store these comments in the relay. Obtain comments to assist you in using the 
ASCII interface or SEL configuration software, regardless of whether you have 
the original files downloaded to the relay.

Comments add structure to freeform programming environments such as Visual 
Basic, C, and freeform SELOGIC control equations. Example 13.22 shows how to 
use comments to divide and structure freeform SELOGIC control equation pro-
gramming.

                    

Example 13.22 Comments in Freeform SELOGIC Control Equation Programming

Use comments to divide and direct your eye through freeform programming.

#

# This is a header comment that divides sections of freeform programming

#

AMV003 := 15 * AMV003 # Explain this line here

#

# This comment is a header for the next section.

# Inputs: provide more detail for more complex tasks

# Outputs: describe how the programming affects the relay operation

# Processing: discuss how the programming itself operates

#

ASV004 := ACN01Q AND RB03 # First line of next section

Many texts on programming in various computer programming languages 
suggest that you cannot include too many comments. The main reason to 
include comments is that something you find obvious may not be obvious to 
your coworker who will have to work with your programming in the future. 
Adding comments also gives you the opportunity to think about whether the 
program performs the function you intended.
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Aliases
SEL-400 series relays provide the ability to alias Relay Word bit and analog 
quantity names. To make SELOGIC programming more understandable, alias the 
names of variables being used to something meaningful. For example, you could 
assign PMV01 an alias of THETA and PMV02 an alias of TAN and then write a 
SELOGIC equation of:

TAN := SIN(THETA)/COS(THETA)

See Alias Settings on page 12.25 for more information on creating aliases.

Testing
After documentation and comments, the next essential element of an effective 
approach to programming is testing. Two types of testing are critical for deter-
mining if programming for complex tasks operates properly. First, test and 
observe whether the program performs the function you want under the condi-
tions you anticipated. Second, look for opportunities to create conditions that are 
abnormal and determine how your program reacts to unusual conditions.

For example, test your system in unanticipated, but possible conditions such as 
loss of power, loss of critical field inputs, unexpected operator inputs, and condi-
tions that result from likely failure scenarios of the equipment in your system. It 
is unlikely that you will find every possible weakness, but careful consideration 
and testing for abnormal conditions will help you avoid a failure and may reveal 
deficiencies in the normal operation of your system. Alternatively, you can sub-
stitute a remote bit or local bit that you can manually control to help exercise 
your logic.

Modify your SELOGIC control equations to simulate the process. While you may 
be unable to change the state of a discrete input easily, such as IN101, you can 
substitute a logical 1 or logical 0 in your logic to simulate the operation of IN101 
and observe the results. Alternatively, you can substitute a remote bit or local bit 
that you can manually control to help exercise your logic.

Use the SER capabilities of the relay to monitor and record inputs, internal calcu-
lations, and outputs. For operations that occur very quickly, use the SER during 
testing to reconstruct the operation of your logic.

Use the MET PMV and MET AMV commands to display the contents of the 
protection or automation math variables.

SEL-311 and SEL-351 Series Users
You can convert logic that you have used in SEL-311 and SEL-351 series relays 
to logic for an SEL-400 series relay. In the SEL-351 series relays, SELOGIC con-
trol equation programming is restricted to equations where the left-side value, 
LVALUE, is fixed. SEL-400 series relays use a combination of fixed and 
freeform programming. Table 13.24 shows comparable features between the 
fixed logic settings of the SEL-351-5, -6, -7 series relays and the corresponding 
logic elements that can be programmed in an SEL-400 series relay by using 
freeform logic programming.
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Table 13.25 is a summary that compares SELOGIC control equation programming 
in SEL-351 series relays and SEL-311 series relays with typical SEL-400 series 
relays.

                    

Table 13.26 shows the SEL-400 series Boolean operators compared to the opera-
tors used in the SEL-351 series relays.

                    

In the SEL-351 series relays, SELOGIC control equation variables and timers are 
connected. Each SELOGIC control equation variable is the input to a timer. In 
SEL-400 series relays, timers and SELOGIC control equation variables are independent.

Table 13.24 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Programming Equivalent Functions

Feature SEL-351 Series 
SEL-400 Series Protection 
Freeform Style

SELOGIC control equation variables SV1–SV16 PSV01–PSV64

Timer Input SV1–SV16 PCT01–PCT32

Timer Pickup settings SV1PU–SV16PU PCT01PU–PCT32PU

Timer Dropout settings SV1DO–SV16DO PCT01DO–PCT32DO

Timer Outputs SV1T–SV16T PCT01Q–PCT32Q

Latch Bit Set Control SET1–SET16 PLT01S–PLT16S 

Latch Bit Reset Control RST1–RST16 PLT01R–PLT16R 

Latch Bit LT1–LT16 PLT01–PLT16

Table 13.25 SEL-400 Series SELOGIC Control Equation Programming Summary

Element
SEL-351 Series/
SEL-311 Series

Typical SEL-400 Series

Protection 
Free Form

Automation 
Free Form

SELOGIC control equation variables 16 64 256

SELOGIC math variables 0 64 256

Conditioning timersa

a Similar to SEL-300 series relay SELOGIC control equation programming.

16 32b

b The SEL-487B provides 16 protection conditioning timers.

32

Sequencing timers 0 32 32

Counters 0 32 32

Latch bits 16 32 32

Table 13.26 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Boolean Operators

Feature SEL-351 Series SEL-400 Series

Logical AND operator * AND

Logical OR operator + OR

Logical NOT operator ! NOT

Parentheses ( ) ( )

Rising, falling-edge operators /, \ R_TRIG, F_TRIG
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The SELOGIC control equation Boolean operators in SEL-400 series relays are 
different from those used in SEL-300 series relays. For example, if you wish to 
convert programming from an SEL-311 or SEL-351 series relay to an SEL-400 
series relay, you must convert the operators. Example 13.23 and Example 13.24 
demonstrate conversion of several settings to the SEL-451 setting.

                    

NOTE: Not all SEL-400 series relay 
SELOGIC timers are set in cycles. See 
the product-specific instruction 
manual for the applicable timer 
settings.

                    

                    

Example 13.23 Converting SEL-351 Series Relay SELOGIC Control Equation 
Variables

If you have the following SELOGIC control equation in an SEL-351 series 
relay, convert it as shown below.
                    

In an SEL-400 series relay, use the line shown below.

PSV01 := IN101 OR RB03 AND PLT04 # Freeform example

In the example above, first convert the + and * operators in the expression to 
the OR and AND operators. In the freeform example, use a protection 
SELOGIC control equation variable for the result. In the protection group set-
tings example, use the input of a timer, as shown in Table 13.21.

                    

SV1 = IN101 + RB3 * LT4

Example 13.24 Converting SEL-351 Series Relay SELOGIC Control Equation 
Timers

If you have the following SELOGIC control equation timer in an SEL-351 
series relay, convert it as shown below.
                    

In an SEL-400 series relay, use the format shown below.

#

# Freeform programming conversion of timer

#

PCT01PU := 5.25 # Pickup of 5.25 cycles

PCT01DO := 3.5 # Dropout of 3.5 cycles

PCT01IN := IN101 # Use the timer to monitor IN101

In the output settings, set OUT101 as shown below:

OUT101 := PCT01Q

Example 13.25 Converting SEL-351 Series Relay Latch Bits

If you have the following SELOGIC control equation latch programming in 
an SEL-351 series relay, convert it as shown below.
                    

                    

SV1 = IN101
SV1PU = 5.25
SV1DO = 3.50
OUT101 = SV1T

                    

SET1 = RB4
RST1 = RB5
OUT101 = LT1
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In an SEL-400 series relay, use the format shown below.

Protection freeform style settings:

#

# Freeform programming conversion of latch bit

#

PLT01S := RB04 # Set if RB04

PLT01R := RB05 # Reset if RB05

In the output settings, set OUT101 as shown below:

OUT101 := PLT01

Example 13.25 Converting SEL-351 Series Relay Latch Bits (Continued)
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the relay. This section explains common SEL-400 series relay commands 
that you send to the relay by using SEL ASCII communications protocol. The 
relay responds to commands such as settings, metering, and control operations.

Not every command listed in this section is supported by every SEL-400 series 
relay. Additionally, some SEL-400 series relays support additional commands. 
See the product-specific instruction manual to see what specific commands are 
supported in that relay.

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables that you enter are shown in bold. Lowercase 
italic letters and words in a command represent command variables that you 
determine based on the application (for example, circuit breaker number n = 1 or 2, 
remote bit number nn = 01–32, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters; for example, ACCESS becomes ACC. Always 
send a carriage return <CR> character, or a carriage return character followed by 
a line feed character <CR><LF> to command the relay to process the ASCII 
command. Usually, most terminals and terminal programs interpret the <Enter> 
key as a <CR>. For example, to send the ACCESS command, type ACC 
<Enter>. For more information on SEL ASCII protocol, including handshaking, 
see Section 15: Communications Interfaces.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the relay are Access Level 0, Access Level 1, 
Access Level B (breaker), Access Level P (protection), Access Level A (automa-
tion), Access Level O (output), and Access Level 2. For information on access 
levels see Changing the Default Passwords in the Terminal on page 3.11.

Command Description
2ACCESS

Use the 2AC command to gain access to Access Level 2 (full relay control). See 
Access Levels and Passwords on page 3.7 for more information.

                    

Table 14.1 2AC Command

Command Description Access Level

2AC Go to Access Level 2 (full relay control). 1, B, P, A, O, 2
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89CLOSE n
Use the 89CLOSE n command to close disconnect switches. (The number of 
disconnects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is open and Relay Word bit LOCAL is deasserted, the 
89CLOSE n command asserts Relay Word bit 89CLSn for the 89CSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to close, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89CLOSE command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 
within 30 seconds, the relay exits the 89CLOSE command and reads the status 
of the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use the 
89CLSn Relay Word bit as part of a SELOGIC Output control equation to close 
the appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89CLOSE n command, the relay 
responds with Command aborted because the relay is disabled. If the cir-
cuit breaker control enable jumper J18C (BREAKER) is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed.

When the 89CLOSE n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds, CLOSE DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds with Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

89OPEN n
Use the 89OPEN n command to open disconnect switches. (The number of dis-
connects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is closed and Relay Word bit LOCAL is deasserted, the 
89OPEN n command asserts Relay Word bit 89OPENn for the 89OSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to open, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89OPEN command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 

Table 14.2 89CLOSE n Command

Command Description Access Level

89CLOSE n Set Relay Word bit 89CLSn B, P, A, O, 2
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within 30 seconds, the relay exits the 89OPEN command and reads the status of 
the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use Relay 
Word bit 89OPENn as part of a SELOGIC Output control equation to open the 
appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89OPEN n command, the relay 
responds with Command Aborted because the relay is disabled. If the circuit 
breaker control enable jumper J18C (BREAKER) is not in place, the relay aborts 
the command and responds Aborted: the breaker jumper is not installed.

When the 89OPEN n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds with Open DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

AACCESS
Use the AAC command to gain access to Access Level A (automation). See 
Access Levels and Passwords on page 3.7 for more information.

                    

ACCESS
Use the ACC command to gain access to Access Level 1 (monitor). See Access 
Levels and Passwords on page 3.7 for more information.

                    

BACCESS
Use the BAC command to gain access to Access Level B (breaker). See Access 
Levels and Passwords on page 3.7 for more information.

                    

Table 14.3 89OPEN n Command

Command Description Access Level

89OPEN n Set Relay Word bit 89OPENn B, P, A, O, 2

Table 14.4 AAC Command

Command Description Access Level

AAC Go to Access Level A (automation). 1, B, P, A, O, 2

Table 14.5 ACC Command

Command Description Access Level

ACC Go to Access Level 1 (monitoring). 0, 1, B, P, A, O, 2

Table 14.6 BAC Command

Command Description Access Level

BAC Go to Access Level B (breaker). 1, B, P, A, O, 2
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BNAME
The BNA command produces ASCII names of all relay Fast Meter status bits in a 
Compressed ASCII format. See SEL Protocol on page 15.28 for more informa-
tion on Fast Meter and the Compressed ASCII command set.

                    

BREAKER
Use the BREAKER command to display circuit breaker reports and the circuit 
breaker history reports. You can also preload accumulated breaker monitor data. 
The BRE command also resets the circuit breaker monitor data. To use the BRE 
command, you must enable the circuit breaker monitors for the circuit breakers 
of interest. See Circuit Breaker Monitor on page 8.1 for more information.

BRE n
The BRE n command displays the comprehensive circuit breaker report that 
includes interrupted currents, number of operations, and mechanical and electri-
cal operating times, among many parameters. The relay displays a listing of 
breaker monitor alarms with the breaker report.

                    

BRE n C and BRE n R
The BRE n C and BRE n R commands clear/reset the circuit breaker monitor 
data. Options C and R are identical.

                    

Table 14.7 BNA Command

Command Description Access Level

BNA Display ASCII names of all relay status bits. 0, 1, B, P, A, O, 2

NOTE: Not all SEL-400 series relays 
support breaker monitoring.

Table 14.8 BRE n Command

Command Description Access Level

BRE na

a Parameter n = breaker identification character.

Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

Table 14.9 BRE n C and BRE n R Commands

Command Description Access Level

BRE na C

a Parameter n = breaker identification character.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE n R Clear Circuit Breaker n data to zero. B, P, A, O, 2
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BRE C A and BRE R A
The BRE C A and BRE R A commands clear all circuit breaker monitor data for 
all circuit breakers from memory. Options C A and R A are identical.

                    

BRE n H
Display the circuit breaker monitor history report with the BRE n H command. 
The breaker history report is a summary of recent circuit breaker operations.

                    

BRE n P
Use the BRE n P command to preload existing circuit breaker contact wear, 
operation counts, and accumulated currents to the circuit breaker monitor.

                    

CAL
Use the CAL command to gain access to Access Level C. See Access Levels and 
Passwords on page 3.7 for more information. Only go to Level C to modify the 
default password or under the direction of an SEL employee. The additional com-
mands available at Level C are not intended for normal operational purposes.

                    

Table 14.10 BRE C A and BRE R A Commands

Command Description Access Level

BRE C A Clear all circuit breaker data. B, P, A, O, 2

BRE R A Clear all circuit breaker data. B, P, A, O, 2

Table 14.11 BRE n H Command

Command Description Access Level

BRE na H

a Parameter n = breaker identification character.

Display history data for the last 128 Circuit 
Breaker n operations.

1, B, P, A, O, 2

Table 14.12 BRE n P Command

Command Description Access Level

BRE na P
a Parameter n = breaker identification character.

Preload previously accumulated Breaker n data. B, P, A, O, 2

Table 14.13 CAL Command

Command Description Access Level

CAL Go to Access Level C. 2, C
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CASCII
The CAS command produces the Compressed ASCII configuration message. 
This configuration instructs an external computer on the method for extracting 
data from other Compressed ASCII commands. See SEL Compressed ASCII 
Commands on page 15.29 for an example of the CAS command configuration 
message and for further information on the Compressed ASCII command set.

                    

CBREAKER
NOTE: Not all SEL-400 series relays 
support breaker monitoring

The CBREAKER command provides a Compressed ASCII response circuit 
breaker report that is similar to the BREAKER command. You must enable the 
Breaker Monitor function for at least one breaker to generate the Compressed 
ASCII report. You can specify a specific circuit breaker to retrieve a report for 
one circuit breaker only. See SEL Compressed ASCII Commands on page 15.29 
for information on the Compressed ASCII command set.

CBR
Use the CBR command to gather the comprehensive circuit breaker report in 
Compressed ASCII format.

                    

CBR TERSE
The CBR TERSE command omits the breaker report labels.

                    

Table 14.14 CAS Command

Command Description Access Level

CAS Return the Compressed ASCII configuration message. 0, 1, B, P, A, O, 2

Table 14.15 CBR Command

Command Description Access Level

CBR Return the most recent circuit breaker reports for all circuit 
breakers in Compressed ASCII format.

1, B, P, A, O, 2

CBR na

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.16 CBR TERSE Command

Command Description Access Level

CBR TERSE Return the most recent circuit breaker report for all cir-
cuit breakers in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2

CBR na 
TERSE

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2
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CEVENT
NOTE: The SEL-400G relay does not 
support Compressed ASCII events.

The CEVENT command provides a Compressed ASCII response similar to the 
EVENT command. See SEL Compressed ASCII Commands on page 15.29 for 
information on the Compressed ASCII command set.

CEV
Use the CEV command to gather relay event reports. When parameter n is 1–9999, 
n indicates the order of the event report. The most recent event report is 1, the 
next most recent report is 2, and so on. When parameter n is 10000–42767, n 
indicates the absolute serial number of the event report.

                    

CEV ACK
Use CEV ACK to acknowledge viewing the oldest unacknowledged event on the 
present communications port. View this event with the CEV NEXT or EVE 
NEXT commands.

                    

CEV C
Use CEV C to return a 15-cycle length event report with analog and digital infor-
mation in Compressed ASCII format. The Lyyy option overrides the C option 
(see CEV Lyyy).

                    

Table 14.17 CEV Command

Command Description Access Level

CEV Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

CEV na

a Parameter n indicates event order or serial number.

Return particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.18 CEV ACK Command

Command Description Access Level

CEV ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.19 CEV C Command

Command Description Access Level

CEV C Return the most recent event report at a 15-cycle length 
with 8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV C n Return particular n event report at a 15-cycle length with 
8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV L
Use CEV L to return a large resolution event report in Compressed ASCII for-
mat. The Sx option overrides the L option (see CEV Sx).

NOTE: Not all SEL-400 series relays 
support the CEV L option.

                    

CEV Lyyy
Command CEV Lyyy returns a specified length event report in Compressed 
ASCII format, where Lyyy indicates a length of yyy cycles. You can specify yyy 
from 1 cycle to a value including and beyond the event report total cycle length. 
If yyy is longer than the total length, the relay returns the full event report. The 
Lyyy option overrides the C option.

                    

CEV NEXT
CEV NEXT returns the oldest unacknowledged event report on the present com-
munications port in Compressed ASCII format.

                    

CEV NSET
The CEV NSET command returns the Compressed ASCII event report with no 
relay settings.

                    

Table 14.20 CEV L Command

Commanda

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Description Access Level

CEV L Return the most recent event report at full length with large 
resolution data in Compressed ASCII format.

1, B, P, A, O, 2

CEV n L Return particular n event report at full length with large res-
olution data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.21 CEV Lyyy Command

Command Description Access Level

CEV Lyyy Return yyy cycles of the most recent event report (includ-
ing settings) with 4-samples/cycle data in Compressed 
ASCII format.

1, B, P, A, O, 2

CEV na Lyyy

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return yyy cycles of a particular n event report with 
4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.22 CEV N Command

Command Description Access Level

CEV N Return the oldest unacknowledged event report with 4-sam-
ples/cycle sampling in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.23 CEV NSET Command

Command Description Access Level

CEV NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSET

a Parameter n indicates event order or serial number.

Return a particular n event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV NSUM
The CEV NSUM returns the Compressed ASCII event report with no event summary.

                    

CEV Sx
Use the CEV Sx command to specify the sample data resolution of the Com-
pressed ASCII event report. The sample data resolution x can be 4, 8, or 12, depend-
ing on the relay; the default value is 4-samples/cycle if you do not specify Sx. The 
Sx option overrides the L option.

                    

CEV TERSE
The CEV TERSE command returns a Compressed ASCII event report without 
the event report labels.

                    

Use the TERSE option with any of the CEV commands except CEV ACK.

Table 14.24 CEV NSUM Command

Command Description Access Level

CEV NSUM Return the most recent event report without the event 
summary at full length with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSUM

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.25 CEV Sx Command

Command Description Access Level

CEV Sx Return the most recent event report at full length with 
x-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na Sx

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report at full length with x-sam-
ples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.26 CEV TERSE Command

Command Description Access Level

CEV TERSE Return the most recent event report at full length with-
out the report labels with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na TERSE

a Parameter n indicates event order or serial number.

Return a particular n event report at full length without 
the report labels with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2
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CEV Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, Sx, and TERSE in one 
command. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option

➤ The Sx option overrides the L option

➤ Enter the options in any order

Table 14.27 lists the choices you can make in the CEV command. Combine 
options on each row, selecting one option from each column, to create a CEV 
command.

                    

The following examples illustrate some possible option combinations.

                    

CFG
In TiDL and IEC Sampled Values (SV) subscriber relays, certain aspects of the 
relay must be configured before the relay can be set. This command is used to 
perform this configuration.

CFG CTNOM
In TiDL and IEC SV subscriber relays, use the CFG CTNOM command to 
inform the relay which CT inputs are 1 A nominal and which are 5 A nominal. 
(By default, the relay assumes all CT inputs are 5 A nominal.) This is necessary 
so the relay scales the information correctly. See Section 2: Installation of the 
product-specific instruction manual for more information on using this command 
as part of configuring the relay. On a secondary current configuration change, the 
relay defaults the global and protection group settings and then performs a 
restart, so make this command before sending Global or Group settings.

                    

Table 14.27 CEV Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C Lyyy, C NSET, NSUM, TERSE

Example Description

CEV L10 S8 Return 10 cycles of an 8-samples/cycle Compressed ASCII event report 
for the most recent event.

CEV L10 L Return 10 cycles of an large resolution Compressed ASCII event report 
for the most recent event (same as above).

CEV 2 C NSUM 
TERSE

For the second most recent event, return 15 cycles of the event in Com-
pressed ASCII format with no event summary and no report label lines 
with large resolution data.

Table 14.28 CFG CTNOM Command

Command Description Access Level

CFG CTNOM na

a The parameter n (or parameters) is relay-specific.

Change nominal CT configuration to selected value 2

NOTE: The SEL-487E-5 includes 
additional user inputs. See the 
SEL-487E-5 instruction manual for the 
additional user inputs.

NOTE: See the firmware entries in 
product-specific Appendix A tables for 
the following entry:

Modified CFG CTNOM command to 
only default global and group 
settings on a nominal secondary 
current configuration change.

The firmware versions prior to this 
change default all settings.
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CFG NFREQ
In TiDL (EtherCAT) relays that support SEL-2240 Axion nodes only, use the 
CFG NFREQ command to set the nominal frequency of the relay (which is 
60 Hz by default). In relays that do not support TiDL (EtherCAT), the nominal 
frequency is controlled by the NFREQ Global setting. This should be configured 
after the nominal currents are configured (through the use of the CFG CTNOM 
command) and before settings are loaded into the relay. This will restart the relay.

                    

CHISTORY
The CHISTORY command provides a HISTORY report in the Compressed 
ASCII format.

CHI
Use the CHI command to gather one-line descriptions of event reports.

                    

CHI TERSE
The CHI TERSE command returns a Compressed ASCII event report without 
the event report label lines.

                    

CLOSE n
Use the CLOSE n command to close a circuit breaker. The main board circuit 
breaker jumper (on jumper BREAKER) must be in place. Further, you must 
enable breaker control for any breakers you want to control.

Table 14.29 CFG NFREQ Command

Command Description Access Level

CFG NFREQ f Change nominal frequency to f (50 or 60) 2

Table 14.30 CHI Command

Command Description Access Level

CHI Return the data as contained in the History report (short 
form descriptions) for the most recent 100 event reports in 
Compressed ASCII format (for SEL-2030 compatibility).

1, B, P, A, O, 2

CHI A Return one-line descriptions of the most recent 100 event 
reports in Compressed ASCII format.

1, B, P, A, O, 2

CHI k Return one-line descriptions of the most recent k number 
of event reports in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.31 CHI TERSE Command

Command Description Access Level

CHI TERSE Return one-line descriptions for the most recent 100 
event reports without the label lines in Compressed 
ASCII format.

1, B, P, A, O, 2

CHI k TERSE Return one-line descriptions for the most recent k num-
ber of event reports without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2
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The CLOSE n command asserts Relay Word bit CCn. The CCn bit must be 
included in the close SELOGIC equation for breaker n (BKnMCL) for this com-
mand to effect a close operation. The relay uses these equations and additional 
relay logic to assert a control output (for example, OUT103 := BK1CL) to close a 
circuit breaker.

                    

If the circuit breaker control enable jumper BREAKER is in place, the relay 
responds with Close breaker (Y/N)?. When you answer Y <Enter> (for yes), 
the relay prompts, Are you sure (Y/N)?. If you again answer Y <Enter>, the 
relay asserts the Relay Word bit for one processing interval.

If you have assigned a circuit breaker auxiliary contact (52A) to a relay control 
input (based on the 52AAn, 52ABn, 52ACn settings), the relay waits 0.5 second, 
checks the state of the circuit breaker, and issues either a Breaker OPEN or 
Breaker CLOSED message.

If circuit breaker control enable jumper BREAKER is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed. If the relay is disabled, the relay responds with Command aborted 
because relay is disabled. If Breaker n is not enabled and you issue the 
CLOSE n command, the relay responds with Breaker n is not available.

COMMUNICATIONS
The COMMUNICATIONS command displays communications statistics for 
the MIRRORED BITS communications channels and for synchrophasor client 
channels. Some relays support additional options to the COM command besides 
those described here.

COM c
Use the COM c command to view records of the MIRRORED BITS communica-
tions buffers for specific relay communications channels.
                    

The c option in the COM command is A for MIRRORED BITS communications 
Channel A, B for MIRRORED BITS communications Channel B, and Channel M 
for the MIRRORED BITS communications channels in general. If both MIRRORED 
BITS communications channels are in use, then the M option does not function 
and you must specify A or B.

Table 14.32 CLOSE n Command

Command Description Access Level

CLOSE n Command the relay to close Circuit Breaker n. B, P, A, O, 2

NOTE: The SEL-487B does not 
support the CLOSE command.

NOTE: CCn Relay Word bits are 
pulsed for two processing intervals in 
the SEL-487E.

Table 14.33 COM c Commanda

a Parameter c is A, B, or M for Channel A, Channel B, and MIRRORED BITS communications channels, 
respectively.

Command Description Access Level

COM A Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel A.

1, B, P, A, O, 2

COM B Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel B.

1, B, P, A, O, 2

COM M Return a summary report of the last 255 records in the commu-
nications buffer for either MIRRORED BITS communications 
Channel A or Channel B when only one channel is enabled.

1, B, P, A, O, 2
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COM c C and COM c R
The COM c C and COM c R commands clear/reset the communications buffer 
data for the specified Channel c. Options C and R are identical.

                    

COM c L m n and COM c L date1 date2
Use COM c L to list the records in the communications buffer in a specified 
manner. The relay returns the list of records in rows. You can specify a range of 
buffer records in forward or reverse chronological order or in forward or reverse 
date order. Date parameter entries depend on the setting DATE_F format you 
chose in the relay Global settings.

The relay organizes the records in rows in a 256-entry buffer in newest to oldest 
time order. The relay puts the newest record in the buffer and discards the oldest 
record if the buffer is full.

Table 14.35 is a representative list of options for listing records in the communi-
cations buffer.

                    

Table 14.34 COM c C and COM c R Command

Command Description Access Level

COM A C Clear/reset communications buffer data for MIRRORED BITS 
communications Channel A.

P, A, O, 2

COM B R Clear/reset communications buffer data for MIRRORED BITS 
communications Channel B.

P, A, O, 2

COM M C Clear/reset communications buffer data for either MIRRORED 
BITS communications Channel A or Channel B when only 
one channel is enabled.

P, A, O, 2

Table 14.35 COM c L Command

Command Description Access Level

COM A L Display all available records from MIRRORED BITS com-
munications Channel A; the most recent record is Row 1 
(at the top of the report) and the oldest record is at the 
bottom of the report.

1, B, P, A, O, 2

COM B L ka

a Parameter k indicates a specific number of communications buffer records.

Display the first k records for MIRRORED BITS commu-
nications Channel B; the most recent record is Row 1 (at 
the top of the report) and the oldest record is at the bot-
tom of the report.

1, B, P, A, O, 2

COM M L m nb

b Parameters m and n are communications buffer row numbers.

Display the records for either MIRRORED BITS commu-
nications Channel A or Channel B when only one chan-
nel is enabled; show the records with Record m at the top 
of the report through Record n at the bottom of the 
report.

1, B, P, A, O, 2

COM A L date1c

c Enter date1 and date2 in the same format as Global setting DATE_F.

Display the records from MIRRORED BITS communica-
tions Channel A on the date date1.

1, B, P, A, O, 2

COM B L date1 
date2c

Display the records from MIRRORED BITS communica-
tions Channel B between the dates date1 and date2. The 
date listed first, date1, is at the top of the report; the date 
listed second, date2, is at the bottom of the report.

1, B, P, A, O, 2
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COM PRP 
The COM PRP command is only available when using the five-port Ethernet 
card. The command displays the health of your PRP network for GOOSE and SV. 
The logic is processed once per second and is designed to detect persistent net-
work errors. The logic is not intended to detect intermittent packet loss. If a port 
receives PRP messages on LAN A that match those received on LAN B, the relay 
asserts the applicable PRP supervision Relay Word bits PRPAGOK, PRPBGOK, 
PRPCGOK, PRPDGOK, PRPASOK, and PRPBSOK and reports OK in the COM 
PRP response. If a port does not receive PRP messages on one LAN within 
6 seconds of receiving them on the other LAN, the relay deasserts the applicable 
PRP supervision bits and reports WARNING in the COM PRP response. If a port 
does not receive any expected PRP duplicates on one of the LANs, the relay 
reports FAIL for that port. If the station bus or process bus is not configured for 
PRP, the command reports PRP DISABLED for that bus. Note that a loss of link 
deasserts associated PRP supervision bits immediately. Also, these bits only 
supervise the PRP network and not the quality status of the SV and GOOSE pro-
tocols themselves. 

Additionally, the command provides statistics for the process and station bus 
ports including the number of GOOSE and SV messages received on one LAN 
but not the other, the number of link-down incidents, and the accumulated link 
downtime since the last reset. 

                    

Figure 14.1 shows an example response to the COM PRP command for an SV 
Subscriber.

                    

COM PTP
The COM PTP command provides a report of the Precision Time Protocol 
(PTP) data sets maintained by the device as well as statistics for the measured 
time offsets with the parent (master) clock. The PTP data sets contain informa-

Table 14.36 COM PRP Command

Command Description Access Level

COM PRP Display PRP information and statistics for the five-port 
Ethernet card.

1, B, P, A, O, 2

COM PRP C Clear PRP statistics. 1, B, P, A, O, 2

=>>COM PRP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:43:22.620
Station A                                  Serial Number: 1230769999

PROCESS BUS
PRP PORT 5A GOOSE Status: OK
PRP PORT 5A SV Status:    OK
PRP PORT 5B GOOSE Status: WARNING
PRP PORT 5B SV Status:    FAIL

STATION BUS
PRP PORT 5C GOOSE Status: OK
PRP PORT 5D GOOSE Status: FAIL

PRP Statistics Information
                                     PORT 5A    PORT 5B    PORT 5C    PORT 5D
-------------------------------------------------------------------------------
Duplicate SV PRP Pkts Not RCVD             0      99999          0         20
Duplicate GOOSE PRP Pkts Not RCVD          0          0          0         20
Link Down Counter                          0          1          0          1
Link Downtime (s)                          0          2          0         60

Date and Time from the last reset: 01/23/2023 - 13:11:09

=>>

Figure 14.1 Sample COM PRP Command Response

NOTE: The COM PRP command is only 
relevant when the relay is receiving 
PRP traffic from the network. The PRP 
supervision bits are time-delayed. SEL 
recommends using them for 
monitoring purposes only.
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tion about the state, identity, and configuration of the local, parent, and grand-
master clocks in addition to properties of the time being distributed by the 
grandmaster clock.

                    

If PTP is disabled or the relay hardware does not support PTP, then the COM 
PTP command will respond with PTP Not Enabled. If a settings change is in 
progress or if the hardware is not yet initialized, then the COM PTP command 
will respond with Data unavailable, please try again later. 

                    

Table 14.37 COM PTP Command

Command Description Access Level

COM PTP Display PTP data sets and offset statistics 2

COM PTP C Clears PTP offset statistics 2

=>>COM PTP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:43.516
Station A                                  Serial Number: 1230769999

PTP offset statistics previously cleared on 02/24/2016 14:08:36.303 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : Layer2
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 44 55 66
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 1
  Slave Only : true

Current Data Set
  Steps Removed : 1
  Offset from Master : -5 ns
  Mean Path Delay : 0 ns

Parent Data Set
  Parent Port Identity 
    Clock Identity : 00 30 A7 FF FE 04 7C 22
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 04 7C 22
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale (6)
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0
  Grandmaster Priority1 : 0
  Grandmaster Priority2 : 0

Time Properties Data Set
  Current UTC Offset : 0 
  Current UTC Offset Valid : true 
  Leap59 : false 
  Leap61 : false 
  Time Traceable : true 
  Frequency Traceable : true 
  PTP Timescale : true 
  Time Source : PTP 
  Local Time Offset 
    Offset Valid : true 
    Name : PST
    Current Offset : 3600
    Jump Seconds : 3600
    Time of Next Jump : 1456797635 

Figure 14.2 Sample COM PTP Command Response
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COM RTC
Use the COM RTC to get a report on the status of the configured synchrophasor 
client channels.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 44 55 66
    Port Number: 1 
  Port State : SLAVE 
  Log Pdelay Request Interval : 0 
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 2 intervals
  Path Delay Mechanism : Peer-to-Peer 
  Failed to Receive Response : true 
  Received Multiple Pdelay Responses : false 
  Reason for Non-synchronization :  
  Port status : A, ACTIVE

Time Offset Statistics
  Mean : -0.013393 ns
  Standard Deviation : 5.291062 ns
  Latest Time Offsets with respect to Reference Time (in ns)
    #1 :                       -5 
    #2 :                       -1 
    #3 :                        0 
    #4 :                        1 
    #5 :                       -1 
    #6 :                        2 
    #7 :                        8 
    #8 :                        3 
    #9 :                        1 

    #10 :                       -9 
    #11 :                        2 
    #12 :                        0 
    #13 :                        3 
    #14 :                       -4 
    #15 :                       -9 
    #16 :                        5 
    #17 :                       -1 
    #18 :                       -4 
    #19 :                       -4 
    #20 :                        1 
    #21 :                        5 
    #22 :                        7 
    #23 :                       -7 
    #24 :                       -1 
    #25 :                        6 
    #26 :                       -2 
    #27 :                       -2 
    #28 :                        8 
    #29 :                       -5 
    #30 :                        2 
    #31 :                        0 
    #32 :                       -2 

=>>

Figure 14.2 Sample COM PTP Command Response (Continued)

Table 14.38 COM RTC Command

Commanda

a Parameter c is A, B, or absent for Channel A, Channel B, or all enabled channels, respectively.

Description Access Level

COM RTC Return a report describing the communications on all 
enabled synchrophasor client channels.

1, B, P, A, O, 2

COM RTC A Return a report describing the communications on syn-
chrophasor client Channel A.

1, B, P, A, O, 2

COM RTC B Return a report describing the communications on syn-
chrophasor client Channel B.

1, B, P, A, O, 2
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COM RTC c C and COM RTC c R
The COM RTC C and COM RTC R commands clear/reset the maximum 
packet delay. The C and R options are identical.

                    

COM SV
COM SV (SEL SV Publisher Relays)

NOTE: Not all SEL-400 series relays 
support the COM SV command

The COM SV command displays information and statistics for the SV publica-
tions that can be used for troubleshooting purposes.

                    

The information displayed for each SV publication is described in Table 14.41.

                    

Table 14.39 COM RTC c C and COM RTC c R Command

Command Description Access Level

COM RTC C Clear/reset the maximum packet delay on all enabled 
synchrophasor client channels.

P, A, O, 2

COM RTC A R Clear/reset the maximum packet delay on synchrophasor 
client Channel A.

P, A, O, 2

COM RTC B C Clear/reset the maximum packet delay on synchrophasor 
client Channel B.

P, A, O, 2

Table 14.40 COM SV Command (SEL SV Publisher Relays)

Command Description Access Level

COM SV Displays information for the SV publications 1, B, P, A, O, 2

COM SV k Displays information for the SV publications successively 
for k times

1, B, P, A, O, 2

Table 14.41 Accessible Information for Each SV Publication (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode When SEL TEST SV Mode = Off, the SEL SV publisher relay is 
publishing normal SV messages. When SEL TEST SV Mode = On, the 
SEL SV publisher relay is publishing TEST SV messages.

When SEL TEST SV Mode = On, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise. See TEST SV on 
page 14.68 in this section for more information.

SV Control Reference This field represents the control reference for the SV publication.

When the SEL SV publisher relay is configured via Configured IED 
Description (CID) file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) 
and the SampledValueControl name (SV Control Block Name). e.g., 
SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

Multicast Address
(MultiCastAddr)

This field is the multicast destination address for the SV publication 
and is expressed as six sets of hexadecimal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the pri-
ority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the SV publication. Spaces 
are used if the VLAN is unavailable or unknown.

AppID This hexadecimal field is the value of the Application Identifier for 
the SV publication.
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Figure 14.3 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via CID file.

                    

Figure 14.4 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via PORT 5 Settings.

Sampled Value Identi-
fier (SV ID)

This field is the identifier string value for the SV publication (as 
many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source of the SEL SV 
publisher relay at the time of the most recent SV published message. 

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accu-
racy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID 
(PTP power profile only).

Data Set Reference This field contains the DataSetReference (Data Set Reference) for 
the SV publication.

When the SEL SV publisher relay is configured via CID file, this 
field includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class) and SampledValueC-
ontrol datSet (Data Set Name), e.g., SEL_421CFG/
LLN0$PhsMeas1.

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

SEL_421CFG/LLN0$MS$MSVCB01
 01-0C-CD-04-00-01  4:1    4001      2  
 SV ID: 4001
 Data Set: SEL_421CFG/LLN0$PhsMeas1

SEL_421CFG/LLN0$MS$MSVCB02
 01-0C-CD-04-00-02  4:1    4002      2  
 SV ID: 4002
 Data Set: SEL_421CFG/LLN0$PhsMeas2

SEL_421CFG/LLN0$MS$MSVCB03
 01-0C-CD-04-00-03  4:1    4003      2  
 SV ID: 4003
 Data Set: SEL_421CFG/LLN0$PhsMeas3

Figure 14.3 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Publisher Relay

Table 14.41 Accessible Information for Each SV Publication (Sheet 2 of 2)

Data Field Description
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If the COM SV command is issued during CID file processing or right after SV 
settings change in PORT 5, the relay responds with IEC 61850 configuration is 
in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV publications or subscriptions 
are configured in the CID file when the COM SV command is issued, the relay 
responds with No SV publications configured.

COM SV (SV Subscriber Relays)

The COM SV command displays information and statistics for the SV subscrip-
tions that can be used for troubleshooting purposes.

                    

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

 01-0C-CD-04-00-01  4:1    4101      2  
 SV ID: 4101
 Data Set: 

 01-0C-CD-04-00-02  4:1    4102      2  
 SV ID: 4102
 Data Set: 

 01-0C-CD-04-00-03  4:1    4103      2  
 SV ID: 4103
 Data Set: 

Figure 14.4 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Publisher Relay

Table 14.42 COM SV Command (SEL SV Subscriber Relays)

Command Description Access Level

COM SV Displays information for the SV subscriptions. 1, B, P, A, O, 2

COM SV k Displays information for the SV subscriptions succes-
sively for k times.

1, B, P, A, O, 2

COM SV S Displays a list with the SubsID, AppID, and Control-
BlockReference identifier for each of the SV subscriptions 
configured.

1, B, P, A, O, 2

COM SV S 
[id|ALL]

Displays statistics information and downtime timers for 
all [ALL] or a specific SV subscription [id] based on the 
parameters entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] [L]

Displays an extended report containing statistics informa-
tion, downtime timers and occurred failures for all [ALL] 
or a specific SV subscription [id] based on the parameters 
entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] C

Clears the statistics for a particular SV subscription if the 
identifier [id] is entered. Otherwise clears the statistics for 
all the configured SV subscriptions whether or not the 
[ALL] parameter is entered.

1, B, P, A, O, 2
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Table 14.43 describes the available information for each SV subscription when 
commands in Table 14.42 are entered.

                    

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode This field indicates whether or not the SEL SV subscriber relay is in SEL TEST SV Mode. If On, then the 
SEL SV subscriber relay accepts SV publications that have the TEST bit of the quality attribute set. While in 
Test mode, the SEL SV subscriber relay continues to accept SV publications that do not have the TEST bit 
of the quality attribute set.

When SEL TEST SV Mode = On, Relay Word bit SVSTST is asserted; SVSTST is deasserted otherwise. 
See TEST SV on page 14.68 for more information.

SIMULATED Mode This field indicates whether or not the SEL SV subscriber relay is currently accepting simulated SV publica-
tions. If On, then the SEL SV subscriber relay accepts all the SV publications that have the LPHDSIM mode 
set.

See the Section 17: IEC 61850 Communication for more information about the Simulated Mode.

SV Control Reference This field represents the control reference for the SV subscriptions.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and the SampledValueControl name 
(SV Control Block Name). e.g., SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

AppID This hexadecimal field represents the value of the Application Identifier for the SV subscription.

Accumulated downtime 
duration (since last reset)

Displays the accumulated downtime duration attributed to errors since the last time the statistics were 
cleared.

Maximum downtime 
duration

Displays the maximum duration of continuous downtime attributed to errors, accumulated over the previous 
30-second maximum rolling window to the issue of the COM SV command.

Code (SV Subscriptions 
Failure Report)

Displays one of the values under Table 14.44 either for warning or error code.

This code indicates a warning or error code for each SV subscription in effect at the time the command was 
executed. If multiple warnings or errors are present for an SV subscription, only the code with the highest 
priority is displayed.

If the COM SV S [id|ALL] L is executed, a listed report containing the last eight most recent failures with 
the highest priority error code will be displayed for one or all the SV subscriptions based in the parameters 
entered.

Multicast Address 
(MultiCastAddr)

This field is the multicast destination address for the received SV message expressed as six sets of hexadec-
imal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the priority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the received SV message. Spaces are used if the VLAN is unavail-
able or unknown.

Sampled Value Identifier 
(SV ID)

This field is the identifier string value for the received SV message (as many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source for the most recent received SV message.

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accuracy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID (PTP power profile only).
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Data Set Reference This field contains the DataSetReference (Data Set Reference) for the received SV message.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and SampledValueControl datSet (Data 
Set Name), e.g., SEL_421CFG/LLN0$PhsMeas1.

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

Network Delay This field contains the calculated real-time network delay SVNDmma for an SV subscription.

When the SEL SV subscriber relay is in coupled clock mode (SVCC = 1) and subscribed to an SV publica-
tion (SVSmmOK = 1), this field contains the value of the network delay (SVNDmm) for this particular SV 
subscription. If SVNDmm > 9.99 ms, this field is $$$.

When the SEL SV subscriber relay is not in coupled clock mode (SVCC = 0) or not subscribed to an SV 
publication (SVSmmOK = 0), this field is NA.

a Parameter mm = 1—7, representing the SV identifier for that SV subscription.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

– 1 The subscribing device is disabled or becomes unresponsive. Error

MSG CORRUPTED 2 Displayed when a received SV message does not meet the proper format 
or is corrupted.

Error

ASDU ERROR 3 Displayed when the noASDU (Number of Application Service Data Units 
[ASDUs]) is greater than one. The SEL SV subscriber relay only supports 
a maximum of one ASDU per stream.

Error

SVID RANGE ERR 4 Displayed when the SVID of the received SV message is less than 1 char-
acter or greater than 63 characters long.

Error

SMPCNT RANGE ERR 5 Displayed when the out-of-range (OOR) error occurs. 

This error is present when the smpCnt exceeds the expected range (0–
3999 for 4 kHz or 0–4799 for 4.8 kHz).

Error

CONF REV MISMA 6 Displayed when the value of the configuration revision number in the 
received SV message does not match with the value of the configuration 
revision number present in the CID file.

Error

SMPSYNC MISMA 7 Displayed when the SmpSynch of the received SV message does not 
match with the SmpSynch value of the first configured SV subscription.

This message is also displayed if a received SV message is rejected 
because its SmpSynch value is zero.

Error

PDU LENGTH ERR 8 Displayed when the length of received SV message does not match with 
the length reported in the header of the SV message structure.

Error

INVALID QUAL 9 Displayed when any of the quality bits in Table 14.45 are non-zero for any 
of the subscribed current or voltage channels (excluding the neutral chan-
nels) in a received SV message and the SEL SV subscriber relay is not in 
TEST Mode (SVSTST = 0).

After three consecutive invalid SV messages are interpolated, subsequent 
received packets are discarded.

Error

SV STREAM LOST 10 Displayed after the SEL SV subscriber relay has not received four or more 
consecutive SV messages.

Error

CH DLY EXCEEDED 11 Displayed when the measured network delay (SVNDmmb) of any sub-
scribed SV messages exceeds the configured CH_DLY setting when in 
coupled clock mode (SVCC = 1).

Warning

INTERPOLATED 12 Displayed after the loss of 1–3 consecutive SV messages when the SEL 
SV subscriber relay starts to interpolate the lost SV message.

Warning

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 2 of 2)

Data Field Description
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Table 14.45 details the quality bits defined by the IEC 61850-7-3:2010 standard 
(Section 6.2.1, Table 2) as well as the derived extension from the IEC 61850 
9-2LE_R2-1 standard. If any of the quality bits (shown in italics) in Table 14.45 
is non-zero for any of the subscribed current or voltage channels excluding the 
neutral channels and unmapped channels in a received SV message, the corre-
sponding incoming SV message is discarded.

                    

Figure 14.5 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via CID file.

                    

OUT OF SEQUENC 13 Displayed when the out-of-sequence (OOS) error occurs.

This error is present when the smpCnt value between the received SV 
messages is not sequential.

Warning

QUALITY (TEST) 14 Displayed when the TEST bit of the quality attribute in a received SV 
message is set and the SEL SV subscriber relay is in TEST mode 
(SVSTST = 1).

Warning

SIMULATED –c Displayed when the LPHDSIM mode in the received SV message is set. Warning

a Enumerations are used to communicate SV error codes in the LSVS logical node.
b Parameter mm = 1–7, representing the SV identifier for that SV subscription.
c Simulation mode is indicated in the LSVS logical node by SimSt.stVal and is not part of the ErrSt.stVal enumeration list.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

Table 14.45 Quality Bits in an IEC SV Message

Attribute Default Value

validity Good

detailQual

Overflow FALSE

outOfRange FALSE

badReference FALSE

oscillatory FALSE

Failure FALSE

oldData FALSE

inconsistent FALSE

inaccurate FALSE

Source process

Test FALSE

operatorBlocked FALSE

Deriveda

a All values of the derived quality attribute are accepted.

FALSE

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay
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Figure 14.6 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via PORT 5 settings.

                    

Figure 14.7 gives an example response to the COM SV S ALL L command with 
the SEL SV subscriber relay configured via CID file.

                    

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 01-0C-CD-04-00-A1  4:5    41A1      2                            0.83
 SV ID: 41A1
 Data Set: SEL_4217_MU01CFG/LLN0$PhsMeas1

SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 01-0C-CD-04-00-A2  4:5    41A2      1        SIMULATED           0.83
 SV ID: 41A2
 Data Set: SEL_4217_MU02CFG/LLN0$PhsMeas1

SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 01-0C-CD-04-00-A3  4:5    41A3      2                            NA
 SV ID: 41A3
 Data Set: SEL_4217_MU03CFG/LLN0$PhsMeas1

SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 01-0C-CD-04-00-A4  4:5    41A4      1        INTERPOLATED        1.83
 SV ID: 41A4
 Data Set: SEL_4217_MU04CFG/LLN0$PhsMeas1

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
 
 01-0C-CD-04-00-A1   :     41A1      2       QUALITY (TEST)       0.63
 SV ID:  
 Data Set: 

 01-0C-CD-04-00-A2   :     41A2      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A3   :      41A3      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A4   :      41A4      2       INTERPOLATED         0.63
 SV ID:  
 Data Set:  

Figure 14.6 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Subscriber Relay

=>>COM SV S ALL L <Enter>

TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 SV SubsID 1
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 AppID   : 41A1
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.002
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure
 1    05/13/2017    00:30:19    SV STREAM LOST
 2    05/13/2017    00:29:05    SMPSYNC MISMA

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay (Continued)
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If the COM SV command is issued during CID file processing or right after an 
SV settings change in PORT 5, the relay responds with IEC 61850 configuration 
is in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the COM SV command is issued, the relay responds with No 
SV Subscriptions configured.

CONTROL nn
Use the CONTROL nn command to set, clear, or pulse internal Relay Word bits. 
Remote bits in SELOGIC control equations are similar to hardwired control 
inputs, in that you use these bits to affect relay operation from outside sources. 
For control inputs, external input to the relay comes through the rear panel; in the 
case of the CON nn command, external control signals come through the com-
munications ports. See Remote Bits on page 5.12 for information on remote bits.

                    

 SV SubsID 2
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 AppID   : 41A2
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.000
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 3
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 AppID   : 41A3
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:01:00.000
 Maximum downtime duration                          : 50.000

 #    Date          Time        Failure
 1    05/13/2017    23:10:19    SVID RANGE ERR

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 4
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 AppID   : 41A4
 Last Update : 05/12/2017 17:42:01

 Accumulated downtime duration (since last reset)   : 0000:00:10.006
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay (Continued)

Table 14.46 CON nn Command

Command Description Access Level

CON nna C

a Parameter nn is the remote bit reference for RBnn.

Clear Remote Bit nn. P, A, O, 2

CON nn P Pulse Remote Bit nn for one processing cycle. P, A, O, 2

CON nn S Set Remote Bit nn. P, A, O, 2
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If you enter CON nn with no set, clear, or pulse option specified, the relay 
responds, Control RBnn:. You must then provide the control action (set, clear, or 
pulse) that you want to perform. (The relay checks only the first character; you 
can type Set and Clear.) When you issue a valid CON command, the relay per-
forms the control action immediately and displays Remote Bit Operated.

COPY
The COPY command copies the settings from one class instance to another 
instance in the same class. For example, you can copy Group settings from one 
group to another. You cannot copy Group settings to Port settings.

This command is limited to the same access level as the SET command for the 
class of settings you are copying.

                    

The parameters m and n must be valid and distinct (not the same) instance num-
bers. You can typically choose from classes of group (S), port (P), and protection 
SELOGIC control equations (L). Some SEL-400 series relays support copying 
additional classes. The COPY command is not available within the Automation 
class and is not available for the Breaker Monitor settings.

In addition, port settings instances must be compatible; you cannot copy from/to 
PORT 5 and the other communications ports settings. You cannot copy to a port 
that is presently in transparent communication. If you attempt such a copy, the 
relay responds with Cannot copy to a port involved in transparent com-
munication. In addition, you cannot copy to the present port (the port you are 
using to communicate with the relay). If you attempt such a copy, the relay 
responds with Cannot copy port settings to present port.

When you enter the COPY command with valid parameters, the relay responds 
with Are you sure (Y/N)?. Answer Y <Enter> (for yes) to complete copying.

If the destination instance is the active group, the relay changes to the new set-
tings and pulses the SALARM Relay Word bit.

Table 14.47 COPY Command

Command Description Access Level

COPY m na

a Parameters m and n are 1 to 6 for the Group class and 1, 2, 3, and F for the Port class.

Copy settings from instance m of the Group settings to 
instance n of the Group settings.

P, A, O, 2

COPY class m nb

b Parameter class is S, P, and L for group settings, port settings, and protection SELOGIC control 
equations, respectively.

Copy settings from instance m of Class class to instance 
n of Class class.

P, A, O, 2
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CPR
Use the CPR command to access the Signal Profile data for as many as 20 user-
selectable analog values in Compressed ASCII format. Notice that the CPR 
records are in reverse chronological progression as compared to the PRO reports.

                    

CSER
The CSER command provides an SER report in Compressed ASCII format. The 
default order of the CSER command (chronologically newest to oldest from list 
top to list bottom) is the reverse of the SER command (oldest to newest from list 
top to list bottom).

CSE
Use the CSE command to gather Sequential Events Recorder (SER) records. You 
can sort these records in numerical or date order.

                    

Table 14.48 CPR Command

Command Description Access Level

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m Displays the first m rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m n (m > n) Displays the row between m and n, (including m and n). 1, B, P, A, O, 2

CPR date1 Displays all the rows that were recorded on that date, with 
the latest row at the bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chrono-
logically precedes date2), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chrono-
logically precedes date1), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR TERSE The CPR TERSE command omits the report labels. 1, B, P, A, O, 2

Table 14.49 CSE Command (Sheet 1 of 2)

Command Description Access Level

CSE Return all records from the SER in Compressed ASCII 
format, with the most recent (lowest number) at the 
beginning of the list and the oldest (highest number) at 
the end of the list.

1, B, P, A, O, 2

CSE ka Return the k most recent records from the SER in Com-
pressed ASCII format, with the most recent (lowest 
number) at the beginning of the list and the oldest (high-
est number) at the end of the list.

1, B, P, A, O, 2
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CSE TERSE
The CSE TERSE command returns a SER report in Compressed ASCII format 
without labels; the relay sends only the data (including header data). You can 
apply the TERSE option with any of the CSE commands.

                    

CSE m nb Return the SER records in Compressed ASCII format 
from m to n.

If m is greater than n, then records appear with the oldest 
(highest number) at the beginning of the list and the 
most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list and 
the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1c Return the SER records in Compressed ASCII format on 
date date1.

1, B, P, A, O, 2

CSE date1 date2c Return the SER records in Compressed ASCII format 
from date date1 to date date2.

1, B, P, A, O, 2

a Parameter k indicates a specific number of SER records.
b Parameters m and n indicate an SER record number.
c Enter date1 and date2 in the same format as Global setting DATE_F.

Table 14.49 CSE Command (Sheet 2 of 2)

Command Description Access Level

Table 14.50 CSE TERSE Command

Command Description Access Level

CSE TERSE Return all SER records without the label lines in 
Compressed ASCII format.

1, B, P, A, O, 2

CSE k TERSEa

a Parameter k indicates a specific number of SER records.

Return the k most recent SER records without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSE m n TERSEb

b Parameters m and n indicate an SER record number.

Return the SER records in Compressed ASCII for-
mat from m to n without the label lines in Com-
pressed ASCII format.

If m is greater than n, then records appear with the 
oldest (highest number) at the beginning of the list 
and the most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list 
and the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1 
TERSEc

c Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records in Compressed ASCII for-
mat on date date1 without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2

CSE date1 date2 
TERSEc

Return the SER records in Compressed ASCII for-
mat from date date1 to date date2 without the label 
lines in Compressed ASCII format.

1, B, P, A, O, 2
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CSTATUS
The CSTATUS command provides a STATUS report in the Compressed ASCII 
format. The TERSE option eliminates the report label lines.

                    

CSUMMARY
The CSUMMARY provides the same information as the SUMMARY command 
but in Compressed ASCII format. You can combine the n, ACK, MB, and 
TERSE options.

CSU
Use the CSU command to gather event report summaries.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

CSU ACK
Use the CSU ACK command to acknowledge an event summary that you recently 
retrieved with the CSU NEXT command on the present communications port.

                    

CSU MB
The CSU MB command causes the relay to output the labels for the MIRRORED 
BITS communications channel data in Compressed ASCII format.

                    

Table 14.51 CST Command

Command Description Access Level

CST Return the relay status in Compressed ASCII. 1, B, P, A, O, 2

CST TERSE Return the relay status in Compressed ASCII; suppress the 
label lines and transmit only the data lines.

1, B, P, A, O, 2

Table 14.52 CSU Command

Command Description Access Level

CSU Return the most recent event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

CSU na

a Parameter n indicates event order or serial number.

Return a particular n event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

Table 14.53 CEV ACK Command

Command Description Access Level

CSU ACK Acknowledge the oldest unacknowledged event summary at 
the present communications port for Compressed ASCII format.

1, B, P, A, O, 2

Table 14.54 CSU MB Command

Command Description Access Level

CSU MB Return the MIRRORED BITS communications channel labels. 1, B, P, A, O, 2
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CSU NEXT
Use the CSU NEXT command to view the oldest unacknowledged event sum-
mary in Compressed ASCII format.

                    

CSU TERSE
The TERSE command option returns an event summary report in Compressed 
ASCII format without labels; the relay sends only the data (including header data).

                    

You can apply the TERSE option with any of the CSU commands except CSU 
ACK and CSU MB.

DATE
Use the DATE command to view and set the relay date. The relay can overwrite 
the date that you enter by using other time sources, such as IRIG and DNP3. 
Enter the DATE command with a date to set the internal clock date. You can sep-
arate the month, day, and year parameters with spaces, commas, slashes, colons, 
and semicolons.

Set the year in two-digit form (for dates 2000–2099) or four-digit form. If you 
enter the year as 12, the relay date is 2012. You must enter the data in the format 
specified in the Global setting DATE_F.

If an IRIG-B time synchronization signal is connected to the relay, the DAT com-
mand cannot alter the month or day portion of the date. If the IRIG-B time SNTP 
time source is connected, the DAT command cannot alter any time setting.

                    

Table 14.55 CSU N Command

Command Description Access Level

CSU N View the oldest unacknowledged event summary. 1, B, P, A, O, 2

Table 14.56 CSU TERSE Command

Command Description Access Level

CSU TERSE Return the event summary report without the label lines 
in Compressed ASCII format.

1, B, P, A, O, 2

CSU na TERSE

a Parameter n indicates event number or serial order.

Return a particular n event summary report without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSU N TERSE View the oldest unacknowledged event summary without 
the label lines in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.57 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1, B, P, A, O, 2

DATE datea

a Enter date parameters in the same order as Global setting DATE_F.

Set the internal clock date. 1, B, P, A, O, 2
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DNAME X
The DNA X command produces the ASCII names of all relay digital I/O (input/
output) quantities reported in a Fast Meter message in Compressed ASCII format.

                    

DNP
The DNP command accesses the serial port DNP3 settings and is similar to the 
SHOW D command. Use the DNP or DNP VIEW command to show the relay 
serial port DNP3 settings beginning at the first setting label just like SHOW D. 
Issue the DNP command with any parameter param to set the serial port DNP3 
settings; the relay begins at the first DNP3 setting just like SET D.

                    

ETHERNET
The ETH command displays the current Ethernet port (PORT 5) configuration and 
status. Communications statistics, such as the number of packets, bytes, and 
errors received and sent, are displayed for the ports that carry standard Ethernet, 
DNP3 or optional IEC 61850 communications. Other commands are available to 
display similar statistics for ports that exclusively carry other types of traffic, for 
example, COM 87L for 87L traffic.

ETH
Use the ETH command when troubleshooting Ethernet connections.

                    

Table 14.58 DNA Command

Command Description Access Level

DNA X Display ASCII names of all relay digital I/O. 0, 1, B, P, A, O, 2

Table 14.59 DNP Command

Command Description Access Level

DNP Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP VIEW Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP param Set the serial port DNP3 settings (same as SET D); begin 
at the first DNP3 setting.

P, A, O, 2

Table 14.60 ETH Command

Command Description Access Level

ETH Displays information about Ethernet port(s) 1, B, P, A, O, 2
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Figure 14.8 shows a sample ETH command response for a relay with four cop-
per Ethernet ports and PORT 5 setting NETMODE = FAILOVER. Different Ether-
net configurations and different NETMODE settings result in slightly different 
information being displayed. 

                    

Figure 14.9 shows a sample ETH command response for a relay with the five-
port Ethernet card, BUSMODE set to INDEPEND, NETMODE and NETMODP 
set to PRP, and all interfaces enabled.

                    

==>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 16:07:59.368
Station A                                  Serial Number: 1230769999

MAC 1: 00-30-A7-06-21-EE
MAC 2: 00-30-A7-06-21-EF
IP ADDRESS: 192.168.1.89/20
DEFAULT GATEWAY: 192.168.1.1

NETMODE: FAILOVER

PRIMARY PORT:      5C
ACTIVE PORT:       5D

             LINK   SPEED  DUPLEX  MEDIA
PORT 5C      Down   ---    ---     FX
PORT 5D      Up     100M   Full    TX

        PACKETS                 BYTES               ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
    318292   326702     40080159   22834008         0       4

Figure 14.8 Sample ETH Command Response for the Two-Port Ethernet Card

=>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:41:24.123
Station A                                  Serial Number: 1230769999

BUSMODE: INDEPENDENT

PROCESS BUS
MODE: PRP
PORTS 5A/5B MAC: 00-30-A7-00-00-03

STATION BUS
MODE: PRP
PORTS 5C/5D MAC: 00-30-A7-00-00-04
IP ADDRESS: 192.168.1.31/24
DEFAULT GATEWAY: 192.168.1.1

ENGINEERING ACCESS
PORT 5E MAC: 00-30-A7-00-00-05
IP ADDRESS: 192.168.2.31/24
DEFAULT GATEWAY: 192.168.2.1

ETHERNET PORT STATUS
             LINK  SPEED  DUPLEX  MEDIA
--------------------------------------------------------------------
PORT 5A      Up    1000M  Full    SX
PORT 5B      Up    1000M  Full    SX
PORT 5C      Up    100M   Full    FX
PORT 5D      Up    100M   Full    FX
PORT 5E      Up    100M   Full    FX

PACKET COUNT
             SENT     RCVD     DISC     ERROR
--------------------------------------------------------------------
PORT 5A    284003  4238102        0        0
PORT 5B    283878  4238078        0        0
PORT 5C    137629   418243   355859        0
PORT 5D    137609   961288   960074        0
PORT 5E     12020    14880      640        0

SFP TRANSCEIVER INFO
             RX Power(dBm)  TX Power(dBm)  Temp(C)
--------------------------------------------------------------------
PORT 5A       -15.90        -17.06          41.1
PORT 5B       -33.98        -17.14          41.0
PORT 5C       -18.73        -17.06          40.2
PORT 5D       -18.01        -17.14          39.6
PORT 5E       -18.12        -17.08          49.2

=>>

Figure 14.9 Sample ETH Command Response for the Five-Port Ethernet Card 
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ETH C and ETH R
The ETH C and ETH R commands clear the Ethernet connection statistics. 
Option C and R are identical.

                    

When you issue the ETH C and ETH R command, the relay sends the following 
prompt: Are you sure (Y/N)?. If you answer Y <Enter>, the relay clears the 
Ethernet statistics and response: Ethernet Statistics Cleared.

EVENT
NOTE: The SEL-400G relay does not 
support 4-sample/cycle events. 
Filtered and unfiltered events are 
presented in the COMTRADE format.

Use the EVENT command to view the relay filtered event reports (see Event 
Report on page 9.14 for information on event reports).

EVE
The EVE command displays the full-length event reports stored in relay memory. 
When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

                    

EVE A
The EVE A command returns only the analog information in the event report.

                    

Table 14.61 ETH C and ETH R Command

Command Description Access Level

ETH C Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

ETH R Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

Table 14.62 EVE Command

Command Description Access Level

EVE Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na

a Parameter n indicates event order or serial number.

Return a particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.63 EVE A Command

Command Description Access Level

EVE A Return only the analog information for the most recent 
event report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE A na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the analog information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE ACK
Use EVE ACK to acknowledge the oldest unacknowledged event that you 
recently viewed with the EVE NEXT or the CEV NEXT commands on the pres-
ent communications port.

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the EVE NEXT command, the relay responds with Event sum-
mary number n has not been viewed with the NEXT option.

EVE C
Use EVE C to return a 15-cycle length event report with both analog and digital 
data. You cannot mix the A and D options with the EVE C command. The Lyyy 
option overrides the C option (see EVE Lyyy on page 14.34).

                    

EVE D
Use EVE D to return only the digital information in the event report.

                    

Table 14.64 EVE ACK Command

Command Description Access Level

EVE ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.65 EVE C Command

Command Description Access Level

EVE C Return the most recent event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

EVE C na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

Table 14.66 EVE D Command

Command Description Access Level

EVE D Return only the digital information for the most recent event 
report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE D na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the digital information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE L
Use EVE L to return a large resolution event report. The Sx option overrides the 
L option (see EVE Sx on page 14.35).

                    

EVE Lyyy
Command EVE Lyyy returns a specified length event report, where Lyyy indi-
cates a length of yyy cycles. You can specify yyy from 1 cycle up to a value 
including and exceeding the event report total cycle length. If yyy is longer than 
the total length, the relay returns the full duration event report. The Lyyy option 
overrides the C option.

                    

EVE NEXT
EVE NEXT returns the oldest unacknowledged event report on the present com-
munications port.

                    

EVE NSET
The EVE NSET command returns the event report with no relay settings.

                    

Table 14.67 EVE L Command

Command Description Access Level

EVE L Return the most recent event report at full length with large 
resolution data.

1, B, P, A, O, 2

EVE na L

a Parameter n indicates event order or serial number.

Return a particular n event report at full length with large 
resolution data.

1, B, P, A, O, 2

Table 14.68 EVE Lyyy Command

Commanda

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Description Access Level

EVE Lyyy Return yyy cycles of the most recent event report (including 
settings) with 4-samples/cycle data.

1, B, P, A, O, 2

EVE n Lyyy Return yyy cycles of a particular n event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.69 EVE N Command

Command Description Access Level

EVE N Return the oldest unacknowledged event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.70 EVE NSET Command

Command Description Access Level

EVE NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSET
a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE NSUM
The EVE NSUM returns the event report with no event summary.

                    

EVE Sx
Use the EVE Sx command to specify the sample data resolution of the event 
report. The sample data resolution x is either 4-samples/cycle or large resolution; 
the default value is 4-samples/cycle if you do not specify Sx. The Sx option over-
rides the L option.

                    

EVE Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, and Sx, in one com-
mand. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option.

➤ The Sx option overrides the L option.

➤ When choosing option A or option D as a report type, you cannot use 
option C to specify the report length at 15 cycles. Use option Lyyy at 
L015 to specify a 15-cycle report.

➤ Enter the options in any order.

Table 14.73 lists the choices you can make in the EVE command. Combine 
options on each row, selecting one option from each column, to create an EVE 
command.

                    

Table 14.71 EVE NSUM Command

Command Description Access Level

EVE NSUM Return the most recent event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSUM
a Parameter n indicates event order or serial number.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.72 EVE Sx Command

Command Description Access Level

EVE Sx Return the most recent event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

EVE na Sx

a Parameter n indicates event order or serial number; x is 4, 8, or 12 to represent data at 
4 samples/cycle, 8 samples/cycle, or 12 samples/cycle respectively. See the product-specific 
instruction manual to see whether 8 or 12 samples/cycle are supported for larger resolution reports.

Return a particular n event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.73 EVE Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C, A, D Lyyy, C NSET, NSUM
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The following examples illustrate some possible option combinations.

                    

EXIT
Use the EXIT command to terminate a Telnet session and revert to Access Level 0 
(exit relay control).

                    

FILE
The FILE command provides a safe and efficient means of transferring files 
between IEDs and external support software (ESS) by providing Ymodem file 
transfer. The FILE commands are especially useful for retrieving high-resolution 
sampled data in binary COMTRADE format from the relay.

                    

All text enclosed in [brackets] indicates optional command line parameters. The 
specific directories available in the relay depends on the relay model, but typi-
cally includes EVENTS, REPORTS, SETTINGS, and SYNCHROPHASOR 
directories. For FILE READ operations, specify the directory parameters as 
needed. The FILE WRITE command is available only for the SETTINGS directory.

Table 14.74 EVE Command Examples

Example Description

EVE L010 S8 Return 10 cycles of an 8-samples/cycle event report for the most recent event.

EVE L10 A Return 10 cycles of the analog portion only of the most recent event report 
at 4-samples/cycle resolution.

EVE 2 C NSUM For the second most recent event, return the event with 8-samples/cycle 
data, and omit the event summary.

Table 14.75 EXIT Command

Command Description Access Level

EXIT Terminate the Ethernet port Telnet sessions and go to 
Access Level 0 (exit relay control)

0, 1, B, P, A, O, 2

Table 14.76 FILE Command

Command Description Access Level

FILE DIR
directory

Returns a list of filenames in specified directory (direc-
tory). If not specified, then the list of files and directories in 
the root directory is returned.

1, B, P, A, O, 2

FILE READ 
directory
filename

Initiates a file transfer of the file filename (in the folder 
directory) from the relay to ESS. The filename parameter is 
required.

1, B, P, A, O, 2

FILE 
WRITE 
SETTINGS
filename

Initiates a file transfer of the file filename from ESS to the 
relay. If the filename parameter is not specified, the file 
name must be given in the Ymodem header.

P, A, O, 2
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GOOSE
Use the GOOSE command to display transmit and receive GOOSE messaging 
information, which can be used for troubleshooting.

                    

The information displayed for each GOOSE IED is described in Table 14.78.

                    

                    

Table 14.77 GOOSE Command

Command Description Access Level

GOOSE Displays GOOSE information 1, B, P, A, O, 2

GOOSE k Displays GOOSE information successively for k times 1, B, P, A, O, 2

Table 14.78 Accessible GOOSE IED Information

IED Description

Transmit GOOSE 
Control Reference

This field represents the GOOSE control reference information that includes the IED name, ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class), and GSEControl name (GSE Control Block Name) (e.g., 
SEL_411L_OtterCFG/LLN0$DSet13).

Receive GOOSE 
Control Reference

This field shall contain the goCbRef (GOOSE Control Block Reference) information that includes the iedName 
(IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and cbName (GSE Control 
Block Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Multicast Address 
(MultiCastAddr)

This hexadecimal field represents the GOOSE multicast address.

Priority Tag (Ptag) This three-bit decimal field represents the priority tag value, where spaces are used if the priority tag is unknown.

VLAN (Vlan) This 12-bit decimal field represents the virtual LAN setting, where spaces are used if the virtual LAN is unknown.

State Number 
(StNum)

This hexadecimal field represents the state number that increments with each state change.

Sequence Number 
(SqNum)

This hexadecimal field represents the sequence number that increments with each GOOSE message sent.

Time to Live (TTL) This field contains the time (in ms) before the next message is expected.

Transmit Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the IED name, LN0 lnClass (Logical Node 
Class), and GSEControl datSet (Data Set Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the iedName (IED name), ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class) and datSet (Data Set Name) (e.g., SEL_411L_1CFG/
LLN0$DSet13).

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or becomes 
unresponsive after the GOOSE command has been issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the con-
figuration revision number in the received GOOSE message does not 
match with the value of the configuration revision number present in the 
CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE message 
has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message does 
not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error
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An example response to the GOOSE command is shown in Figure 14.10.
                    

If the GOOSE command is issued during CID file processing, the relay responds 
with CID file is currently being processed. No GOOSE statistics 
available. When GOOSE is disabled by settings (EGSE = N), the relay sends 
Command is not available in responding to a GOOSE command. If an error is 
detected during the processing of the IEC 61850 file, the relay responds with 
Error detected in parsing the CID file. All GOOSE processing dis-
abled to a GOOSE command.

GOO S
The GOO S command provides statistics for GOOSE subscriptions.

                    

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the StNum or 
SqNum value between received GOOSE messages is not sequential.

Warning

INVALID QUAL 7 Invalid data quality received Warning

a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

=>>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_OtterCFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10  4:1     1          166        457
   Data Set: SEL_411L_OtterCFG/LLN0$DSet13

GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487B_1CFG/LLN0$DSet13

SEL_2440_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-0A   :      0          0          0      TTL EXPIRED
   Data Set: SEL_2440_1CFG/LLN0$DSet13

SEL_487E_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487E_1CFG/LLN0$DSet13

SEL_710_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-08   :      0          0          0      TTL EXPIRED
   Data Set: SEL_710_1CFG/LLN0$DSet13

IEC 61850 Mode/Behavior: Blocked
IEC 61850 Simulation Mode: On

Figure 14.10 GOOSE Command Response for the Two- or Four-Port Ethernet 
Card

Table 14.80 GOO S Command (Sheet 1 of 2)

Command Description Access Level

GOO S Display a list of GOOSE subscriptions with their ID. 1,B,P,A,O,2

GOO S n Display GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL Display GOOSE statistics for all subscriptions. 1,B,P,A,O,2

GOO S n L Display GOOSE statistics for subscription ID n including 
error history. 

1,B,P,A,O,2
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When reporting a list of subscriptions with the GOO S command, the response 
includes the subscription ID, the application identifier, and the GOOSE control 
block reference. The other variants of GOO S provide statistics on the selected 
subscriptions. Figure 14.11 and Figure 14.12 illustrates this.

                    

                    

GOO S ALL L Display GOOSE statistics for all subscriptions including 
error history. 

1,B,P,A,O,2

GOO S n C Clear GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL C Clear GOOSE statistics for all subscriptions. 1,B,P,A,O,2

==>GOO S 2 <Enter>

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 06/30/2014 10:59:29.760  To: 06/30/2014 11:10:32.817

 Accumulated downtime duration                      : 0000:10:59.325
 Maximum downtime duration                          : 0000:10:59.325
 Date & time maximum downtime began                 : 06/30/2014 10:59:33.492
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 1 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 654 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

Figure 14.11 Example GOO S Command Response

=>>GOO S ALL L <Enter>

 SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet01
 AppID   : 4113 
 From    : 07/01/2014 11:23:13.851  To: 07/01/2014 11:37:54.790

 Accumulated downtime duration                      : 0000:00:34.002
 Maximum downtime duration                          : 0000:00:13.000
 Date & time maximum downtime began                 : 07/01/2014 11:35:36.048
 Number of messages received out-of-sequence(OOS)   : 4 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 12 
 Calculated number of messages lost due to OOS      : 30 

 #    Date        Time          Duration        Failure
 1    07/01/2014  11:37:02.051  0000:00:01.000  OUT OF SEQUENCE
 2    07/01/2014  11:36:59.051  0000:00:03.000  CONF. REV. MISMATCH
 3    07/01/2014  11:36:38.050  0000:00:00.999  OUT OF SEQUENCE
 4    07/01/2014  11:36:29.049  0000:00:09.000  NEEDS COMMISSIONING
 5    07/01/2014  11:36:09.049  0000:00:00.999  OUT OF SEQUENCE
 6    07/01/2014  11:36:03.049  0000:00:06.000  CONF. REV. MISMATCH
 7    07/01/2014  11:35:48.048  0000:00:00.999  OUT OF SEQUENCE

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 07/01/2014 11:37:45.158  To: 07/01/2014 11:37:54.796

Figure 14.12 Example GOO S ALL L Command Response

Table 14.80 GOO S Command (Sheet 2 of 2)

Command Description Access Level



14.40

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

GROUP
Use the GROUP command to view the present group number or to change the 
active group.

                    

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)?. Answer Y <Enter> to change the active group. 
The relay asserts the Relay Word bit SALARM for at least one second when you 
change the active group.

If any of the SELOGIC control equations SS1–SS6 are set when you issue the 
GROUP n command, the group change will fail. The relay responds with No 
group change: SELogic equations SS1-SS6 have priority over GROUP 
command.

HELP
The HELP command gives a list of commands available at the present access 
level. You can also get a description of any particular command; type HELP fol-
lowed by the name of the command for help on each command.

                    

HISTORY
The HISTORY command displays a quick synopsis of the last 100 events that 
the relay has captured. The rows in the HISTORY report typically contains the 
event serial number, date, time, location, maximum current, active group, and tar-
gets. (The specific content depends on the relay.) See Section 9: Reporting and 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual for more information on history reports.

 Accumulated downtime duration                      : 0000:00:09.638
 Maximum downtime duration                          : 0000:00:09.638
 Date & time maximum downtime began                 : 07/01/2014 11:37:45.158
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

 #    Date        Time          Duration        Failure

Figure 14.12 Example GOO S ALL L Command Response (Continued)

Table 14.81 GROUP Command

Command Description Access Level

GROUP Display the presently active group. 1, B, P, A, O, 2

GROUP na

a Parameter n indicates group numbers 1–6.

Change the active group to Group n. B, P, A, O, 2

Table 14.82 HELP Command

Command Description Access Level

HELP Display a list of each command available at the present 
access level with a one-line description.

1, B, P, A, O, 2

HELP command Display information on the command command. 1, B, P, A, O, 2
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HIS
Use the HIS command to list one-line descriptions of relay events. You can list 
event histories by number or by date.

                    

HIS C and HIS R
The HIS C and HIS R commands clear/reset the history data and corresponding 
high-resolution/event report data on the present port. Options C and R are identical.

                    

The relay prompts you with Are you sure (Y/N)? when you issue the HIS C 
and HIS R commands. If you answer Y <Enter>, the relay clears the present port 
history data.

HIS CA and HIS RA
The HIS CA and HIS RA commands clear all history data and event reports 
from memory. Use these commands to completely delete high-resolution/event 
report data captures.

                    

If you issue the HIS CA and HIS RA commands, the relay prompts you with Are 
you sure (Y/N)?. If you answer Y <Enter>, the relay clears all history data and 
event reports. The relay resets the event report number to 10000.

Table 14.83 HIS Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom of 
the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS ka

a Parameter k indicates an event number.

Return the k most recent event histories with the oldest at the 
bottom of the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS date1b

b Enter date1 and date2 in the order selected by the Global setting DATE_F.

Return the event histories on date date1. 1, B, P, A, O, 2

HIS date1 date2b Return the event histories from date1 to date2, with 
date1 at the bottom of the list and date2 at the top of the list.

1, B, P, A, O, 2

Table 14.84 HIS C and HIS R Commands

Command Description Access Level

HIS C Clear/reset event data on the present port only. 1, B, P, A, O, 2

HIS R Clear/reset event data on the present port only. 1, B, P, A, O, 2

Table 14.85 HIS CA and HIS RA Commands

Command Description Access Level

HIS CA Clear all event data for all ports. P, A, O, 2

HIS RA Clear all event data for all ports. P, A, O, 2
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ID
Use the ID command to extract relay identification codes.

                    

Each line of the ID command report contains an identification code and a line 
checksum. The relay presents these codes in the following order:

FID: the Firmware Identification string

BFID: the Boot Firmware Identification string

CID: the checksum of the firmware

DEVID: the RID string as stored in the relay settings of the IED

DEVCODE: a unique Device Code (for Modbus identification purposes)

PARTNO: the Part Number

SERIALNO: the serial number of the relay

CONFIG: abcdef

The designator positions indicate a specific relay configuration:

“a” represents the nominal frequency, where 0 = N/A, 1 = 60 Hz, and 
2 = 50 Hz.

“b” represents the phase rotation, where 0 = N/A, 1 = ABC, and 2 = ACB.

“c” represents the phase input current scaling, where 0 = N/A, 1 = 5 A, 
and 2 = 1 A.

“d” represents the neutral input current scaling, where 0 = N/A, 1 = 5 A, 
2 = 1 A.

“e” represents the voltage input connection, where 0 = N/A, 1 = Delta, 
and 2 = Wye.

“f” represents the current input connection, where 0 = N/A, 1 = Delta, and 
2 = Wye.

SPECIAL: the Special Configuration Designators—a mechanism for antici-
pating future product enhancements

If the device supports IEC 61850 and the IEC 61850 protocol is enabled, the ID 
command will display the following additional information.

➤ iedName: the IED name (e.g., SEL-411L_OtterTail)

➤ type: the IED type (e.g., SEL-411L)

➤ configVersion: the CID file configuration version (e.g., 
ICD-411L-R100-V0-Z001001-20060512)

➤ LIB61850ID: an eight-character code indicating the IEC 61850 
library version within the product

A sample ID command response from the relay (with IEC 61850 enabled) is 
shown in Figure 14.13.

Table 14.86 ID Command

Command Description Access Level

ID Return a list of relay identification codes. 0, 1, B, P, A, O, 2
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IRIG
The IRIG command directs the relay to use the next available demodulated 
IRIG-B time code to update the relay internal clock. For information on the IRIG 
time mode, see IRIG-B Timekeeping on page 11.1.

                    

NOTE: Not all SEL-400 series relays  
support the IRIG command.

The IRIG command was originally provided in the relay as a testing aid. The 
IRIG command was used to update the relay internal clock with the IRIG-B time 
value without waiting for the 30-second confirmation time delay.

There is no longer a 30-second confirmation time delay—the relay uses the IRIG 
time source as soon as it determines that the signal is valid, a process that may 
take several seconds. Once the IRIG signal is verified, the relay clock is updated 
once per second. The IRIG command is still available, but is no longer neces-
sary. To check IRIG status, use the TIME Q command instead—see TIME Q 
Command on page 11.8.

If the relay has no valid IRIG-B time code at the rear panel, or if the TIME Q 
command reports a relay time source other than IRIG or HIRIG, the relay 
responds to the IRIG command with the following error message, IRIG-B DATA 
ERROR. See the TIME command for more information.

LOOPBACK
Use the LOOPBACK command to instruct the relay to receive the transmitted 
MIRRORED BITS communications data on the same serial port. See SEL MIR-
RORED BITS Communication on page 15.36 for more information on MIRRORED 
BITS communications.

LOOP
The LOOP command puts the relay serial port in loopback if you have previ-
ously configured the port for MIRRORED BITS communications. If you have 
enabled both of the MIRRORED BITS communications channels (A and B), then 
you must specify the channel parameter. If you have only one of the channels 

=ID <ENTER>
"FID=SEL-451-5-R319-V0-Z024013-D20170608","0916"
"BFID=SLBT-4XX-R209-V0-Z001002-D20150130","097C"
"CID=85F4","0264"
"DEVID=Relay 1","0467"
"DEVCODE=40","030B"
"PARTNO=04515415XC4X4H60X0XXX","07B3"
"SERIALNO=1230769999","0517"
"CONFIG=11102200","03EA"
"SPECIAL=000000","03CE"
"iedName=SEL_451_1","05CD"
"type=SEL_451","044C"
"configVersion=ICD-451-R301-V0-Z316006-D20170130","0D1C"
"LIB61850ID=9048BE8A","04EA"

=

Figure 14.13 Sample ID Command Response From Ethernet Card

Table 14.87 IRIG Command

Command Description Access Level

IRIG Lock the relay internal clock to the IRIG-B time-code input. 1, B, P, A, O, 2
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enabled, then the relay assumes that channel if you do not specify that channel in 
the command. If you do not specify a time-out period, the relay provides a 5-min-
ute time-out.

                    

You can enter the options in any order. If you operate the relay by using both 
MIRRORED BITS communications channels (A and B), then you must specify the 
channel parameter by using the LOOP A command and the LOOP B command.

When you issue the LOOP command, the relay responds with statements about 
the loopback time, status of the RMB (Receive MIRRORED BITS), and Are you 
sure (Y/N)?. If you answer Y <Enter>, the relay responds with Loopback Mode 
Started.

In the loopback mode, ROK drops out and the relay uses LBOK to indicate 
whether the data transmissions are satisfactory. The relay collects COM data as 
usual. Time synchronization and virtual terminal modes are not available during 
loopback. The relay continues passing analog quantities.

LOOP DATA
The LOOP DATA command tells the relay to pass input MIRRORED BITS com-
munications data through to the receive (RMB) bits, as in the nonloopback mode.

                    

The relay ignores received values if you do not specify the DATA option. You 
can enter the options in any order.

Table 14.88 LOOP Command

Command Description Access Level

LOOP Begin loopback of a single enabled MIRRORED BITS commu-
nications channel (either Channel A or Channel B) for 5 minutes; 
ignore input data and force receive bits (RMB) to defaults.

P, A, O, 2

LOOP ca

a Parameter c is A or B, representing Channel A or Channel B.

Begin loopback of MIRRORED BITS communications 
Channel c for 5 minutes; ignore input data and force receive 
bits (RMB) to defaults.

P, A, O, 2

LOOP t Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

LOOP t c Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

Table 14.89 LOOP DATA Command

Command Description Access Level

LOOP DATA Begin loopback of a single MIRRORED BITS communica-
tions channel (either Channel A or Channel B) for 5 min-
utes: pass input data to receive data as in nonloopback mode.

P, A, O, 2

LOOP c DATA Begin loopback of MIRRORED BITS communications 
Channel c only for 5 minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2

LOOP c DATA t Begin loopback of MIRRORED BITS communications 
Channel c only for t minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2
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LOOP R
The LOOP R command terminates the loopback condition on MIRRORED BITS 
communications channels in loopback. If you do not specify a Channel c, then 
the relay disables loopback on both channels. If you specify a channel, you can 
enter the options in any order.

                    

MAC
The MAC command returns the Media Access Control (MAC) addresses of the 
Ethernet ports.

                    

A sample MAC command response for a relay with the four-port Ethernet card is 
shown in Figure 14.14.

                    

A sample MAC command response for a relay with the five-port Ethernet card is 
shown in Figure 14.15. The first MAC address is associated with the station bus, 
the second with the process bus, and the third with the engineering access net-
work.

                    

MAP
Use the MAP command to view the organization of the relay database. The MAP 
command in the relay is very similar to the MAP command in the SEL-2020 and 
SEL-2030 Communications Processors.

Table 14.90 LOOP R Command

Command Description Access Level

LOOP R Cease loopback on all MIRRORED BITS communications 
channels. (Reset the channels to normal use.)

P, A, O, 2

LOOP c R Cease loopback on MIRRORED BITS communications 
Channel c. (Reset Channel c to normal use.)

P, A, O, 2

Table 14.91 MAC Command

Command Description Access Level

MAC Display all Ethernet ports MAC addresses 1, B, P, A, O, 2

=>>MAC <Enter>
Port 5-1 MAC Address:  01-30-A7-00-00-01
Port 5-2 MAC Address:  01-30-A7-00-00-02

Figure 14.14 Sample MAC Command Response for the Two- or Four-Port 
Ethernet Card

=>MAC <Enter>
Port 5-1 MAC Address:  00-30-A7-00-00-03
Port 5-2 MAC Address:  00-30-A7-00-00-04
Port 5-3 MAC Address:  00-30-A7-00-00-05
=>

Figure 14.15 Sample MAC Command Response for the Five-Port Ethernet Card
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MAP 1
The MAP 1 command lists the relay database regions. Typical database region 
names are LOCAL, METER, DEMAND, TARGET, HISTORY, BREAKER, 
STATUS, and ANALOGS.

                    

MAP 1 region and MAP 1 region BL
Use the MAP 1 command with the region option to view the layout of a specific 
region.

                    

The region option is the database region name shown in the simple MAP 1 com-
mand response. The region map consists of columns for data item labels, data-
base address, and data type.

If you specify the BL option and the region contains items with bit labels, the 
relay lists these bit labels in MSB (most significant bit) to LSB (least significant 
bit) order. The TARGET region is usually the only region containing bit labels.

METER
The METER command displays reports about quantities the relay measures in 
the power system (voltages, currents, frequency, remote analogs, and so on) and 
internal relay operating quantities (math variables and synchronism-check values).

All SEL-400 series relays support a METER command, but the options and 
responses are device specific. See the product-specific instruction manual for 
details of the METER command. Included below are the variants of the 
METER command that are common.

MET AMV
The MET AMV command lists automation math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

Table 14.92 MAP 1 Command

Command Description Access Level

MAP 1 List the database regions in the relay. 1, B, P, A, O, 2

Table 14.93 MAP 1 region Command

Command Description Access Level

MAP 1 region List the data labels, database address, and data type. 1, B, P, A, O, 2

MAP 1 region BL List the data labels, database address, and data type; 
list the bit labels, if assigned.

1, B, P, A, O, 2

Table 14.94 MET AMV Command

Command Description Access Level

MET AMV Display all automation math variables. 1, B, P, A, O, 2

MET AMV k Display all automation math variables successively for k times. 1, B, P, A, O, 2
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MET ANA
Use the MET ANA command to view the analog quantities from the MIRRORED 
BITS communications channels.

                    

If you have not enabled the MIRRORED BITS communications channels and the 
remote analog data, the relay response to this command will not include any val-
ues. If MIRRORED BITS communications is enabled but not communicating, the 
relay will display ERROR under the RMBA or RMBB entries, depending on settings.

MET BAT
Use the MET BAT command to view the station dc monitor quantities for the 
battery voltages.

NOTE: Some relays provide one 
battery monitor channel and some 
support two.

                    

If you have not enabled the Station DC Battery Monitor, the relay responds with 
DC Monitor Is Not Enabled. (Enable the dc monitor with the Global setting 
EDCMON.)

The reset command, MET RBM, resets the dc monitor maximum/minimum 
metering quantities. When you issue the MET RBM command, the relay 
responds with Reset Max/Min Battery Metering (Y/N)?. If you answer Y 
<Enter>, the relay responds, Max/Min Battery Reset.

MET D
Use the MET D command to view the demand and peak demand quantities.

NOTE: Not all SEL-400 series relays 
support demand metering.

                    

The reset command (MET RD) resets the demand metering quantities. When 
you issue the MET RD command, the relay responds, Reset Demands (Y/N)?. 
If you answer Y <Enter>, the relay responds, Demands Reset.

Table 14.95 MET ANA Command

Command Description Access Level

MET ANA Display the MIRRORED BITS communications analog quanti-
ties.

1, B, P, A, O, 2

MET ANA k Display the MIRRORED BITS communications analog quan-
tities successively for k times.

1, B, P, A, O, 2

Table 14.96 MET BAT Command

Command Description Access Level

MET BAT Display station battery measurements. 1, B, P, A, O, 2

MET BAT k Display station battery measurements successively for k times. 1, B, P, A, O, 2

MET RBM Reset station battery measurements. P, A, O, 2

Table 14.97 MET D Command

Command Description Access Level

MET D Display demand metering data. 1, B, P, A, O, 2

MET D k Display demand metering data successively for k times 1, B, P, A, O, 2

MET RD Reset demand metering data. P, A, O, 2

MET RP Reset peak demand metering data. P, A, O, 2
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The reset command, MET RP, resets the peak demand metering quantities. 
When you issue the MET RP command, the relay responds, Reset Peak Demands 
(Y/N)?. If you answer Y <Enter>, the relay responds, Peak Demands Reset.

MET M
Use the MET M command to view power system maximum and minimum quantities.

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.

                    

The reset command, MET RM, resets the maximum/minimum metering quanti-
ties. When you issue the MET RM command, the relay responds, Reset Max/
Min Metering (Y/N)? If you answer Y <Enter>, the relay responds, Max/Min Reset.

MET PM
Use the MET PM command to view the time-synchronized quantities. The relay 
must be in the high-accuracy timekeeping HIRIG or HPTP mode. For more infor-
mation on high-accuracy timekeeping, see Section 11: Time and Date Manage-
ment.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

If the relay is not in the high-accuracy IRIG (HIRIG) timekeeping mode, it will 
respond to the MET PM command with the following message:

Aborted: A High Accuracy Time Source is Required

If Global enable setting EPMU := N, the relay will respond to the MET PM 
command with:

Synchronized phasor measurement is not enabled

To request a report of the synchrophasor data at a specific time, enter the optional 
time parameter as a time of day. For example, the relay will respond to the MET 
PM 16:40:10 command with:

Synchronized Phasor Measurement Data Will Be Displayed at 
16:40:10.000

Table 14.98 MET M Command

Command Description Access Level

MET M Display maximum/minimum metering data. 1, B, P, A, O, 2

MET M k Display maximum/minimum metering data successively 
for k times.

1, B, P, A, O, 2

MET BKna M

a Parameter n is the breaker indication.

Display Breaker n maximum/minimum metering data. 1, B, P, A, O, 2

MET BKn M k Display Breaker n maximum/minimum metering data 
successively for k times.

1, B, P, A, O, 2

MET RM Reset maximum/minimum metering data. P, A, O, 2

Table 14.99 MET PM Command

Command Description Access Level

MET PM Display time-synchronized values. 1, B, P, A, O, 2

MET PM k Display time-synchronized values successively for k times. 1, B, P, A, O, 2

MET PM time Display time-synchronized values captured at trigger time. 1, B, P, A, O, 2

MET PM HIS Display time-synchronized values captured for the previ-
ous MET PM command.

1, B, P, A, O, 2
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In this example, when the internal clock reaches 16:40:10.000, the relay will dis-
play the synchrophasor data from that exact time. If the relay is not in HIRIG 
mode at that time, it will display the following message:

Aborted: A High Accuracy Time Source is Required

After the MET PM time command is issued, other MET PM commands may be 
entered without affecting the timed request, even if the stated time has not 
arrived. However, issuing a second MET PM time command while the first com-
mand is still pending will cancel the first command request in favor of the newer 
request.

If you are not connected to the relay when the MET PM time command issues its 
timed response, you can use the MET PM HIS command to view this response. 
This permits you to issue MET PM time to multiple relays by using a common 
time and then go back later to see the results from all the relays at this common 
instant in time.

See Section 18: Synchrophasors for more information on phasor measurement 
functions, and View Synchrophasors by Using the MET PM Command on 
page 18.21 for sample MET PM responses.

MET PMV
Use the MET PMV command to view the protection math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

MET RTC
Use the MET RTC command to view the data received on all active synchropha-
sor client channels.

                    

MET T
Use the MET T command to view the temperature data from the SEL-2600A 
RTD Module. This command requires setting PROTO = RTD for the serial port 
connected to the SEL-2600A RTD Module.

Table 14.100 MET PMV Command

Command Description Access Level

MET PMV Display all protection math variables. 1, B, P, A, O, 2

MET PMV k Display all protection math variables. 1, B, P, A, O, 2

Table 14.101 MET RTC Command

Command Description Access Level

MET RTC Display received synchrophasor client data 1, B, P, A, O, 2

MET RTC k Display received synchrophasor client data k times 1, B, P, A, O, 2



14.50

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

                    

The relay displays the number of resistance temperature detector (RTD) channels 
specified by the RTDNUM Port Setting. If the RTD protocol is not enabled on 
any of the relay ports, the relay displays the following:

No data available

If there is a communications failure between the relay and the SEL-2600A, as 
indicated by the RTDCOMF Relay Word bit, the relay displays the following:

Communication Failure

If the RTDFL Relay Word bit is set to indicate a SEL-2600A failure, the relay 
displays the following:

SEL-2600 Failure

If any of the RTDxTY Port Settings are set to NA, the relay displays the follow-
ing for that channel:

Channel Not Used

If the RTDxxST Relay Word bit is set for any of the RTDNUM channels being 
reported, the relay displays the following:

Channel Failure

OACCESS
Use the OACCESS command to gain access to Access Level O (output). See 
Access Levels and Passwords on page 3.7 for more information.

                    

OPEN n
Use the OPEN n command to open a circuit breaker(s). The OPEN n command 
pulses Relay Word bit OCn. Usually, you configure these Relay Word bits as part 
of the SELOGIC control equations that trip the appropriate circuit breaker. See 
Trip Logic in Section 5: Protection Functions of the product-specific instruction 
manual for information on trip SELOGIC control equations.

                    

If you have disabled the relay and attempt an OPEN n command, the relay 
responds, Command aborted because the relay is disabled. If the circuit 
breaker control enable jumper BREAKER is not in place, the relay aborts the 
command and responds, Aborted: the breaker jumper is not installed.

Table 14.102 MET T Command

Command Description Access Level

MET T Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module.

1, B, P, A, O, 2

MET T k Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module successively for k times.

1, B, P, A, O, 2

NOTE: Some SEL-400 series relays 
use the option MET RTD to get this 
same information.

NOTE: The SEL-487B does not 
support RTD inputs.

Table 14.103 OAC Command

Command Description Access Level

OAC Go to Access Level O (output). 1, B, P, A, O, 2

Table 14.104 OPEN n Command

Command Description Access Level

OPEN n Pulse Relay Word bit OCn. B, P, A, O, 2
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When you issue the OPEN n command, and the circuit breaker control enable 
jumper is in place, the relay responds, Open breaker (Y/N)?. If you answer 
Y <Enter>, the relay responds, Are you sure (Y/N)?. If you answer Y 
<Enter>, the relay asserts OCn for one processing interval.

If you have assigned auxiliary contact 52A inputs for this circuit breaker, the 
relay waits 0.5 seconds, checks the state of the breaker auxiliary contacts, and 
responds Breaker OPEN or Breaker CLOSED, as appropriate.

If Breaker n is not enabled, the relay responds, Breaker n is not available.

PACCESS
Use the PACCESS command to gain access to Access Level P (protection). See 
Access Levels and Passwords on page 3.7 for more information.

                    

PASSWORD
Use the PASSWORD command to control password protection for relay access levels.

PAS n
The relay changes the existing password for the specified access level that you 
specify when you issue the PAS n command. To change a password at any level, 
you must be Access Level 2.

                    

Relay access levels that have passwords are 1, B, P, A, O, 2, and C. Valid pass-
words are character sequences of as many as 12 characters. Valid characters are 
any printable ASCII character.

All passwords are case-sensitive. When you successfully enter a new password, 
the relay pulses the Relay Word bit SALARM for at least one second, and 
responds, Set.

Passwords for each access level can be disabled by setting the new password to 
DISABLE. When the password for a certain access level is set to DISABLE, no 
password is required for entering that access level in the ACC command, and the 
relay does not prompt for an old password when changing the password. The 
relay issues a Password Disabled message instead of Password Changed after 
disabling the password.

Entering PAS n and entering a new password re-enables the password require-
ment for that access level. SEL does not recommend disabling passwords.

Table 14.105 PAC Command

Command Description Access Level

PAC Go to Access Level P (protection). 1, B, P, A, O, 2

Table 14.106 PAS level New_Password Command

Command Description Access Levels

PAS na

a Parameter n represents the relay Access Levels 1, B, P, A, O, or 2.

Set a new password for Access Level n. 2

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass word 
may allow unauthorized access. SEL 
shall not be responsible for any damage 
resulting from unauthorized access.
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PING
Use the PING command to determine whether the network is connected properly 
and other network devices are reachable.

                    

When the IP address parameter is not of a valid format, the relay responds with 
Invalid IP address. After a valid PING command is issued, the relay sends out 
an Internet Control Message Protocol (ICMP) echo request messages at one sec-
ond intervals until receiving a carriage return <CR> or five minutes elapses. A 
sample PING command response is shown in Figure 14.16.

                    

PORT
The PORT command can be used to connect to a remote relay.

PORT p
The PORT p command connects a relay serial port to another device through a 
virtual terminal session.

NOTE: The BAY1 and BAY2 options 
only apply to relays that support 87L 
communications and have the 
corresponding bay card installed.

In the relay, serial port virtual terminal capability is available in MIRRORED BITS 
communications. You must have previously configured the serial port for MIR-
RORED BITS communications operation, set port setting MBNUM less than 8, and 
have at least one virtual terminal session available (set MBNUMVT to 0 or 
greater). Choosing MBNUMVT to 0 uses virtual terminal within the synchroni-
zation channel only. See SEL MIRRORED BITS Communication on page 15.36 for 
information on the MIRRORED BITS communications protocol.

                    

Table 14.107 PING Command

Command Description Access Level

PING addra

a IP address of device to ping in the format of four decimal numbers (0–255) separated by periods.

Send ICMP echo request messages to remote device at addr. 1, B, P, A, O, 2

=>>PING 192.9.201.1 <Enter>

Pinging 192.9.201.1
Press <Enter> to Terminate Ping Test.

Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.

Ping Results:

   Number of Ping Messages:
      Transmitted:   4
      Received:      4

   Elapsed Time:    11 seconds

=>>

Figure 14.16 Sample PING Command Response

NOTE: The relay uses one router to 
route PING commands outside the 
local network. If default routers 
associated with station bus (DEFRTR) 
and engineering access (DEFRTRE) 
are configured, the relay sends ping 
requests to the router specified by the 
DEFRTR setting.

Table 14.108 PORT p Command

Command Description Access Level

PORT pa

a Parameter p is 1, 2, 3, and F to indicate Communications PORT 1 — PORT 3 and PORT F, or BAY1 or 
BAY2 for 87L ports.

Connect to a remote device through PORT p (over MIRRORED 
BITS communications virtual terminal mode).

1, B, P, A, O, 2
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When the relay establishes a connection, the relay responds, Transparent ses-
sion to Port p established. To quit the transparent connection, type the con-
trol string that you specify in port setting TERSTRN; the default is <Ctrl+E>. 
Only one transparent port connection to each MIRRORED BITS communications 
port is possible at one time. If you issue a PORT p command when the selected 
session is already active, the relay responds, Transparent session already in use.

If you issue the PORT p command to PORT 1, PORT 2, PORT 3, PORT F, BAY 1, or BAY 2 
(87L ports) and you have not properly configured the MIRRORED BITS communica-
tions port, the MBNUMVT is not set to 1 or larger, Invalid destination port.

PORT KILL n
It is possible to forcefully disconnect a transparent session from another port (a 
port not involved in the present transparent connection) by using the PORT 
KILL n command (shown in Table 14.109).

                    

The port parameter n can refer to either of the ports involved in the session you 
want to kill. When you issue the PORT KILL n command, the relay responds, 
Kill connection between ports m and n (Y/N)? Answer Y <Enter> to ter-
minate the connection. The relay sends a character sequence to the remote relay 
(to make sure the remote device is left in a known state) and responds, Connec-
tion between ports m and n disconnected.

PROFILE
Use the PROFILE command (PRO) to access the Signal Profile data for as 
many as 20 user selectable analog values.

                    

Table 14.109 PORT KILL n Command

Command Description Access Level

PORT KILL na 

a Parameter n is 1, 2, 3, F, BAY1, or BAY2 (for 87L ports) to indicate Communications Ports 1, 2, 3, or 
F, BAY1, or BAY2; n is not the present port.

Terminate the virtual terminal connection with a remote 
device through port n by using a port not involved in the 
connection.

P, A, O, 2

Table 14.110 PRO Command (Sheet 1 of 2)

Command Description Access Level

PRO Displays the first 20 rows of the profile report, with the 
oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m Displays the first m rows of the report, with the oldest 
row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m n (m > n) Displays the row between m and n, (including m and n) with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 Displays all the rows that were recorded on that date, with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chronolog-
ically precedes date2, with the oldest row (date1) at the 
top and the latest row (date2) at the bottom.

1, B, P, A, O, 2

PRO date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chronolog-
ically precedes date1, with the oldest row (date2) at the 
top and the latest row (date1) at the bottom.

1, B, P, A, O, 2
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PULSE
Use the PULSE OUTnnn command to pulse any of the relay control outputs for 
a specified time. This function aids you in relay testing and commissioning. If the 
output is open, the PUL command momentarily closes the output; if the output is 
closed, the PUL command momentarily opens the output. The control outputs 
are OUTnnn, where nnn represents the 100-series, 200-series, 300-series, 
400-series, and 500-series addresses.

                    

If the circuit breaker control enable jumper BREAKER is not in place, the relay aborts 
the command and responds, Aborted: the breaker jumper is not installed.

NOTE: The PULSE command does not 
update the OUTnnn Relay Word bit 
when it is used in other SELOGIC 
control equations. If the output Relay 
Word bit is assigned to another 
SELOGIC setting, the SER will report 
that OUTnnn asserted, but the 
corresponding SELOGIC setting will not 
be updated.

When you issue the PUL command and the breaker jumper is in place, the relay 
responds, Pulse contact OUTnnn for s seconds (Y/N)?. If you answer 
Y <Enter>, the relay asserts OUTnnn for the time you specify.

During the PUL operation, the Relay Word bit corresponding to the control out-
put you specified (OUTnnn) asserts; Relay Word bit TESTPUL also asserts 
during any PUL command, so you can monitor pulse operation by programming 
TESTPUL into event triggers and alarm outputs.

QUIT
Use the QUIT command to revert to Access Level 0 (exit relay control).

                    

Access Level 0 is the lowest access level; the relay performs no password check 
to descend to this level (or remain at this level).

In a Telnet session, QUIT terminates the connection.

PRO D Displays, for each port, the maximum number of days 
data may be acquired with the present settings before 
data overwrite occurs.

1, B, P, A, O, 2

PRO C or R Clears the signal profile data from nonvolatile memory 
on a per-port basis. The data are still visible to other 
ports and to file transfer accesses and is cleared inde-
pendently for those points-of-view.

B, P, A, O, 2

PRO CA or RA Completely clears all signal profile data from nonvola-
tile memory. 

P, A, O, 2

Table 14.110 PRO Command (Sheet 2 of 2)

Command Description Access Level

Table 14.111 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. B, P, A, O, 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. B, P, A, O, 2

Table 14.112 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0 (exit relay control). 0, 1, B, P, A, O, 2
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RTC
Use the RTC command to display a description of all data being received on syn-
chrophasor client channels. This report will list the analog quantity and Relay 
Word bits the data gets stored in locally, matched up with a label provided by the 
sending PMU. Use this information as aid to understanding the local values.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

SER
The SER command retrieves SER records. The relay SER captures state changes 
of Relay Word bit elements and relay conditions. Relay conditions include 
startup, relay enable/disable, group changes, settings changes, memory queue 
overflow, and SER autoremoval/reinsertion. For more information on the SER, 
see Sequential Events Recorder (SER) on page 9.28.

SER
The default order of the SER command is oldest to newest from list top to list 
bottom. You can view the SER records in numerical or date order.

                    

Table 14.113 RTC Command

Command Description Access Level

RTC Display report of all configured synchrophasor client 
data labels.

1, B, P, A, O, 2

Table 14.114 SER Command

Command Description Access Level

SER Return the 20 most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER k Return the k most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER m na

a Parameters m and n indicate an SER number, which the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest 
(highest number) at the top of the list and the most 
recent (lowest number) at the bottom of the list.

If m is less than n, records appear with the most 
recent (lowest number) at the top of the list and the 
oldest (highest number) at the bottom of the list.

1, B, P, A, O, 2

SER date1b

b Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records on date date1. 1, B, P, A, O, 2

SER date1 date2b Return the SER records from date1 at the top of the 
list, to date2 at the bottom of the list.

1, B, P, A, O, 2
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SER C and SER R
The SER C and SER R commands clear/reset the SER records for the present 
port. Options C and R are identical.

                    

The relay prompts you with Clear the sequential events recorder for 
this port. Are you sure (Y/N)? when you issue the SER C or SER R com-
mand. If you answer Y <Enter>, the relay clears the particular port SER records.

SER CA and SER RA
The SER CA and SER RA commands clear all SER records from memory. 

                    

If you issue the SER CA or SER RA command, the relay prompts you with 
Clear the sequential events recorder for all ports. Are you sure (Y/
N)? commands. If you answer Y <Enter>, the relay clears all SER records in 
nonvolatile memory.

SER CV and SER RV
The SER CV and SER RV commands clear any SER data records that have been 
viewed from the present port. The two commands are equivalent.

                    

If you issue the SER CV or SER RV command, the relay prompts you with 
Clear viewed SER records for this port. Are you sure (Y/N)?. If you 
answer Y <Enter>, the relay clears all SER records viewed from this port. The 
data are still visible to other ports and to file transfer accesses, and they must be 
cleared independently for those ports. Data not yet viewed remain available.

Table 14.115 SER C and SER R Commands

Command Description Access Level

SER C Clear/reset SER records on the present port. 1, B, P, A, O, 2

SER R Clear/reset SER records on the present port. 1, B, P, A, O, 2

Table 14.116 SER CA and SER RA Commands

Command Description Access Level

SER CA Clear SER data for all ports. P, A, O, 2

SER RA Clear SER data for all ports. P, A, O, 2

Table 14.117 SER CV or SER RV Commands

Command Description Access Level

SER CV Clear viewed SER data for this port. 1, B, P, A, O, 2

SER RV Clear viewed SER data for this port. 1, B, P, A, O, 2
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SER D
The SER D command shows a list of SER items that the relay has automatically 
removed. These are “chattering” elements. You can automatically remove chat-
tering SER elements in the SER Chatter Criteria category of the Report settings; 
the enable setting is ESERDEL.

                    

If you issue the SER D command and you have not enabled automatic removal of 
chattering SER elements (Report setting ESERDEL), the relay responds, Auto-
matic removal of chattering SER elements not enabled.

SET
Use the SET command to change relay settings. The relay settings structure is 
ordered and contains these items (in structure order): classes, instances, catego-
ries, and settings. An outline of the relay settings structure is as follows:

Classes (Global, Group, Breaker Monitor, Protection, Automation, Outputs, 
Front Panel, Report, DNP3, and Ports)

Instances (some classes have instances: Group = 1–6; Protection = 1–6; 
Automation = 1–10; PORTs = 1–3, F, 5)

Categories (collections of similar settings)

Settings (specific relay settings with values)

The SET and SHOW commands contain these settings structure items, which 
you must specify in order from class to instance (if applicable) to setting. The 
order that specific settings appear in the relay settings structure is factory pro-
grammed.

SET
The SET command with no options or parameters accesses the relay settings 
Group class and the instance corresponding to the active group. To set a different 
instance, specify the instance number (1–6).

                    

Table 14.118 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is remov-
ing from the SER records.

1, B, P, A, O, 2

Table 14.119 SET Command Overview (Sheet 1 of 2)

Commanda Description Access Level

SET Set the Group relay settings, beginning at the first setting in 
the active group.

P, 2

SET n Set the Group n relay settings, beginning at the first setting 
n each instance.

P, 2

SET label Set the Group relay settings, beginning at the active group 
setting label label.

P, 2

SET n label Set the Group n relay settings, beginning at setting label 
label.

P, 2

SET c Set class c, using the default instance beginning at the first 
setting.

P,A,O,2
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The specific classes and instances available depends on the relay. See the relay-
specific instruction manual for the specific options that are available. The relay 
validates your settings entries as you enter each setting. At the end of a settings 
instance session, the relay responds with a readback of all the settings in the set-
tings instance, then prompts you with Save settings (Y,N)?. If you answer Y 
<Enter>, the relay pulses the Relay Word bit SALARM, and responds, Saving 
Settings, Please Wait........... The relay saves the new settings, then 
responds, Settings Saved. If you answer N <Enter> to the save settings 
prompt, the relay responds, Settings aborted.

SET TERSE
Use the TERSE option to inhibit the relay from sending the settings class or 
instance readback when you end a settings session. SEL recommends that you 
use the TERSE option sparingly; you should review the readback information to 
confirm that you have entered the settings that you intended.

                    

You can use the TERSE option in any SET command at any position after typing 
SET. When you end the settings edit session, the relay responds, Save settings 
(Y,N)?. If you answer Y <Enter>, the relay pulses the Relay Word bit SAL-
ARM, and responds, Saving Settings, Please Wait............ The relay 
saves the new settings, then responds, Settings Saved. If you answer N 
<Enter> to the save settings prompt, the relay responds, Settings aborted.

SHOW
The SHOW command shows the relay settings. When showing settings, the relay 
displays the settings label and the present value from nonvolatile memory.

The relay organizes settings in classes, instances, categories, and specific set-
tings; see SET on page 14.57 for information on settings organization. The relay 
displays each setting in the order specified in the settings tables. When you are 

SET c i Set class c, instance i, beginning at the first setting. P,A,O,2

SET c i label Set class c, instance i, beginning at setting label. P,A,O,2

a Parameter n = 1–6, representing Group 1–6. 
c = settings class (relay specific).
i = class instance (choices depends on the class).

Table 14.119 SET Command Overview (Sheet 2 of 2)

Commanda Description Access Level

Table 14.120 SET TERSE Command Examples

Command Description Access Level

SET TERSE SET Group relay settings for the active group, 
beginning at the first setting in this instance; omit 
settings readback.

P, 2

SET 3 TEa label

a TERSE may be entered as TE, as shown in this example.

SET Group 3 settings, beginning at the settings 
label label; omit settings readback.

P, 2

SET P p label TERSE Set the communications port relay settings for 
PORT p, beginning at the settings label label; omit 
readback.

P, A, O, 2
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using a terminal and you specify a setting in the middle of a settings category, the 
relay displays the category title, then proceeds with the class or instance settings 
from the setting that you specified.

                    

SNS
In response to the SNS command, the relay sends the names of the SER ele-
ments. This is a comma-delimited string used to support the SEL Fast SER 
report.

                    

STATUS
The STATUS command reports relay status information that the relay derives 
from internal diagnostic routines and self-tests. See Relay Self-Tests on 
page 10.19 for information on relay diagnostics.

STA
The STA command with no options displays a short-form relay status report. 
Items in the STA report are the header, failures, warnings, SELOGIC control equa-
tion programming environment errors, and relay operational status. See Checking 
Relay Status on page 3.13 for information on relay status reports.

                    

Table 14.121 SHO Command Overview

Commanda

a Parameter n = 1–6, representing Group 1–6.
c = settings class (relay specific).
i = class instance (choices depends on the class).

Description Access Level

SHO Show the Group relay settings, beginning at the first setting 
in the active group.

1, B, P, A, O, 2

SHO n Show the Group n relay settings, beginning at the first set-
ting in each instance.

1, B, P, A, O, 2

SHO label Show the Group relay settings, beginning at the active 
group settings label label.

1, B, P, A, O, 2

SHO n label Show the Group n relay settings, beginning at the settings 
label label.

1, B, P, A, O, 2

SHO c Show class c using the default instance beginning at the first 
setting.

P, A, O, 2

SHO c i Show class c, instance i beginning at the first setting. P, A, O, 2

SHO c i label Show class c, instance i, beginning at setting label. P, A, O, 2

Table 14.122 SNS Command

Command Description Access Level

SNS Send the names of SER elements. 0, 1, B, P, A, O, 2

Table 14.123 STA Command

Command Description Access Level

STA Return the relay status. 1, B, P, A, O

STA Return the relay status and show a new hardware configura-
tion prompt.

2
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If you change an I/O interface board, the relay detects the new configuration and 
initiates a status warning. When you issue the STA command at Access Level 2, 
the relay responds to this situation with Accept new hardware configuration 
(Y/N)?. If you answer Y <Enter>, the relay responds, New configuration 
accepted. If you answer N <Enter>, the relay responds, Command aborted.

STA A
Use the STA A command to view the entire relay status report. Items in the full 
status report include the short-form status report items plus data on A/D (analog/
digital) channel offsets, power supply voltages, temperature, communications 
interfaces, time-source synchronization, IEC 61850 Mode/Behavior, and 
IEC 61850 Simulation Mode.

                    

STA C and STA R
The STA C and STA R commands restart the relay. Thus, these commands clear 
a transient failure should this unlikely event occur. Options C and R are identical. 
Contact your Technical Service Center or the SEL Factory before using this command.

                    

STA S
Use the STA S command to view all SELOGIC control equation storage and exe-
cution capacity and operating errors.

                    

STA SC and STA SR
The STA SC and STA SR commands clear/reset the SELOGIC control equation 
operating errors from the status report if the errors are no longer present. In addi-
tion, these commands reset the Automation SELOGIC Peak and Average Execu-
tion Cycle Time statistics.

                    

Table 14.124 STA A Command

Command Description Access Level

STA A Display all items of the status report. 1, B, P, A, O, 2

Table 14.125 STA C and STA R Command

Command Description Access Level

STA C Reset the relay. 2

STA R Reset the relay. 2

Table 14.126 STA S Command

Command Description Access Level

STA S Display detailed SELOGIC control equation error information. 1, B, P, A, O, 2

Table 14.127 STA SC and STA SR Command

Command Description Access Level

STA SC Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2

STA SR Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2
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STA T
Use the STA T command to view the status of the TiDL ports of your relay and 
connected SEL-TMUs.

                    

Table 14.129 shows the error messages that could be displayed and the appropri-
ate action.

                    

SUMMARY
The SUMMARY command displays a summary event report. See Event Sum-
mary on page 9.26 for information on summary event reports.

SUM
Use the SUM command to view the event summary reports in the relay memory.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

Table 14.128 STA T Command

Command Description Access Level

STA T Display TiDL system status 1, B, P, A, 0, 2

NOTE: The STA T command is only 
available in TiDL relays that support 
T-Protocol.

In the STA T command, SEL-TMU type (1 
or 2) is indicated. SEL-TMU type 
indicates the following:

1: 4CT/4PT SEL-TMU

2: 8CT SEL-TMU

Table 14.129 STA T SEL-TMU Error Messages and User Action

Error Message User Action

TMU STREAM LOSS Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

WRONG TMU CONNECTED The SEL-TMU connected to the port does not match what is expected according to the current commis-
sioned system. Reconnect the appropriate SEL-TMU to this port.

TMU ERROR Issue the VEC command, and contact SEL technical support.

BAD TMU DATA Issue the VEC command, and contact SEL technical support.

CHANNEL DELAY EXCEEDED Issue the VEC command, and contact SEL technical support. 

TMU RX ERROR Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

Table 14.130 SUM Command

Command Description Access Level

SUM Return the most recent event summary. 1, B, P, A, O, 2

SUM na

a Parameter n indicates event order or serial number; see the event history report (HIS on 
page 14.41 command).

Return an event summary for event n. 1, B, P, A, O, 2



14.62

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

SUM ACK
Use SUM ACK to acknowledge an event summary that you recently viewed with 
the SUM NEXT command on the present communications port. Acknowledge 
the oldest summary (specify no event number).

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the SUM NEXT command, the relay responds, Event summary 
number n has not been viewed with the NEXT option.

SUM NEXT
Use the SUM N command to view the oldest (next) unacknowledged event summary.

                    

TARGET
The TARGET command displays the elements for a selected row in the Relay 
Word bit table.

TAR
Use the TAR command to view a row of Relay Word bit elements or aliases. 
When using the TAR command, you can specify the row number or element name.

                    

The relay memorizes the latest target row input conditioned by your present 
access level. The relay displays Row 0 if you have not specified a row since the 
relay was turned on, the access level has timed out, or you have issued the QUIT 
command.

Table 14.131 SUM ACK Command

Command Description Access Level

SUM ACK Acknowledge the oldest unacknowledged event sum-
mary at the present communications port.

1, B, P, A, O, 2

Table 14.132 SUM N Command

Command Description Access Level

SUM N View the oldest unacknowledged event summary at the 
present communications port.

1, B, P, A, O, 2

Table 14.133 TAR Command

Command Description Access Level

TAR Display target Row 0 or display the most recently viewed 
target row.

1, B, P, A, O, 2

TAR n Display target Row n. 1, B, P, A, O, 2

TAR n ka

a Parameter k is the repeat count from 1–32767.

Display target Row n and repeat for k times; the repeat 
count k must follow the row number.

1, B, P, A, O, 2

TAR name Display the target row with the element name name. 1, B, P, A, O, 2

TAR name k Display the target row with the element name name and 
repeat for k times; the repeat count k can be before or 
after the name option.

1, B, P, A, O, 2
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If you specify the repeat count k at a number greater than 8, the relay displays the 
repeated target rows on the terminal screen in groups of eight, with the target row 
elements listed above each grouping.

TAR ALL
Use the TAR ALL command to display all of the relay targets.

                    

TAR R
The TAR R command has two functions. Use this command to reset any latched 
relay targets resulting from a tripping event. Also employ the TAR R command 
to reset to Row 0 the memorized target row that the relay reports when you issue 
a simple TAR command.

                    

TAR X
Use the TAR X command to view a different target row in the Relay Word bit 
table than the target row in the target row repeat memory. This function is useful 
for relay testing. See Testing With Relay Word Bits on page 10.7 for more infor-
mation.

                    

You can place the X option at any position in the TAR command.

Table 14.134 TAR ALL Command

Command Description Access Level

TAR ALL Display all target rows. 1, B, P, A, O, 2

Table 14.135 TAR R Command

Command Description Access Level

TAR R Reset latched targets and return memorized row to Row 0. 1, B, P, A, O, 2

Table 14.136 TAR X Command

Commanda

a Parameter k is the repeat count from 1–32767.

Description Access Level

TAR n X Display target Row n, but do not memorize Row n. 1, B, P, A, O, 2

TAR X n k Display target Row n and repeat for k times, but do not 
memorize Row n. The repeat count k must follow the 
row number.

1, B, P, A, O, 2

TAR name X Display the target row with the element name name, but 
do not memorize the row number.

1, B, P, A, O, 2

TAR name X k Display the target row with the element name name and 
repeat for k times, but do not memorize the row number. 
The repeat count k can be at any position in the com-
mand after TAR.

1, B, P, A, O, 2
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TEC
Enter the TEC (time-error calculation) command to display the present time-
error estimate and the status of the time-error control equations, and to modify 
the time-error correction value.

NOTE: Not all SEL-400 series relays 
support the TEC command.

                    

Use the TEC n command to preload the time-error correction value, TECORR. If 
the value n is within range, the relay will prompt you with Are you sure (Y/
N)?. If the prompt is acknowledged, the relay sets analog quantity TECORR = n, 
and asserts Relay Word bit PLDTE for approximately 1.5 cycles. The relay then 
displays the new TECORR value, along with the remaining TEC command data.

The TECORR value does not affect the TE (time-error) estimate until the 
LOADTE SELOGIC equation asserts.

TEST DB
The TEST DB command is used for testing access of the virtual device database 
used for Fast Message Data Access.

TEST DB
Use the TEST DB command to write temporary values to the virtual device data-
base to verify the database values. The relay contains a database that describes 
the relay to external devices. When other devices access the relay via the Fast 
Message protocol, the relay appears as a virtual device described by the database. 
The relay is Virtual Device 1.

The virtual database is accessible to master stations of supported Fast Message 
protocol connected to the relay through serial communication or Ethernet net-
work. You can therefore test the read functionality of the Fast Message protocol 
in the serial port or Ethernet interface with this command.

Use the TEST DB 1 command to override any value in the relay database. You 
must understand the relay database structure to effectively use the TEST DB 
command. Use the MAP and VIEW commands to see the organization and con-
tents of the database.

Table 14.137 TEC Command

Command Description Access Level

TEC Display time-error data. 1, B, P, A, O, 2

TEC n Preload time-error correction value n, 
where –30.000 <= n <= 30.000.

B, P, A, O, 2
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Values you enter in the relay database are override values. Use the TEST DB 
command to write override values in the database accessed through the Fast Mes-
sage Data Access operations.

                    

The database address addr can be any legitimate decimal or hexadecimal address. 
(A hexadecimal address is a numeral with an “h” suffix or a “0x” prefix.)

You can enter the override value value1 as an integer, a floating-point number 
(which overrides two registers), a character (which must be in single quotes), or a 
string (which must be in double quotes and overrides the number of registers cor-
responding to the length of the string).

If a date/time stamp is also provided (M D Y h m s), the relay will change the 
static state given and, for any bits being changed by this operation, queued entries 
will be pushed with the provided date/time stamp. If no queue is associated with 
the database region (determined by addr), the date/time stamp will be ignored.

The order that the date should be entered on the command line depends upon the 
DATE_F (Global) setting. For example, if DATE_F := DMY, you would enter 
TEST DB 1 addr value D M Y h m s.

While there are active test data, the relay asserts Relay Word bit TESTDB.

TEST DB OFF
Use the TEST DB OFF command to end the testing session and remove the 
override values. The relay returns the database registers to the pretest values.

                    

TEST DB2
The TEST DB2 command is used to test DNP3 and IEC 61850 communications 
protocols.

Table 14.138 TEST DB Command

Command Description Access Level

TEST DB Display present override values by virtual device 
number and address.

1, B, P, A, O, 2

TEST DB 1 addr 
value1

Write new data value1 to the database at an address 
addr.

B, P, A, O, 2

TEST DB 1 addr 
value1 M D Y h m s

Write new data value1 to the database at an address 
addr and include the provided date/time stamp 
M D Y h m s.

B, P, A, O, 2

Table 14.139 TEST DB OFF Command

Command Description Access Level

TEST DB OFF Clear all override testing values from all virtual devices. B, P, A, O, 2

TEST DB OFF 1 Clear all override testing values from Virtual Device 1 
(the relay).

B, P, A, O, 2

TEST DB OFF 1 
region

Clear all override testing values from the region region in 
Virtual Device 1 (the relay).

B, P, A, O, 2
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TEST DB2
In addition to Fast Message Protocol, the communications protocols supported 
by the relay include DNP3, IEC 61850 MMS, and GOOSE. These data include 
both digital quantities and analog quantities.

Use the TEST DB2 command to override any DNP3 or IEC 61850 value. The 
data that can be overridden include both digital and analog quantities.

                    

The override value value1 can be logical 0 or logical 1 for digital and status ele-
ments. The analog value2 can be an integer or a floating-point number.

The Relay Word bit TESTDB2 will be asserted while there are points in this test 
mode.

If IEC 61850 Mode/Behavior is not On, the relay will not process the TEST DB2 
command.

TEST DB2 OFF
Use the TEST DB2 OFF command to end the testing session and remove the 
override values. The relay returns the modified registers to the pretest values.

                    

When removing all existing digital override values, the relay responds, Digital 
Overrides Removed. If no digital override is ever configured, the Overrides Not 
Found message will be displayed. The analog override removal acknowledgment 
messages are similar.

If IEC 61850 Test Mode/Behavior changes from On, the TEST DB2 command 
deactivates. All overrides clear and the TESTDB2 Relay Word bit deasserts.

Table 14.140 TEST DB2 Command

Command Description Access Level

TEST DB2 Display present analog and digital override names and 
values.

1, B, P, A, O, 2

TEST DB2 D 
name1a value1

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Write the specified override value value1 into the digital 
quantity name1.

B, P, A, O, 2

TEST DB2 A 
name2b value2

b The analog name2 is any analog available in the DNP3 reference map and any analog listed as a 
data source for IEC 61850 logical devices. This excludes the event summary analog inputs.

Write the specified override value value2 into the analog 
quantity name2.

B, P, A, O, 2

Table 14.141 TEST DB2 OFF Command

Command Description Access Level

TEST DB2 D 
OFF

Clear all digital override testing values. B, P, A, O, 2

TEST DB2 D 
name1a OFF

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Clear digital override testing value specified by name 
name1.

B, P, A, O, 2

TEST DB2 A 
OFF

Clear all analog override testing values. B, P, A, O, 2

TEST DB2 A 
name2b OFF

b See Section 12: Analog Quantities in the product-specific instruction manual for available analog 
name2.

Clear analog override testing value specified by name 
name2.

B, P, A, O, 2
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TEST FM
The TEST FM command overrides normal Fast Meter quantities for testing pur-
poses. You can override only “reported” Fast Meter values. For more information 
on Fast Meter and the relay, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST FM
Values you enter in Fast Meter storage are “override values.” Use the TEST FM 
command to display override values and write override values in the Fast Meter 
report.

                    

When you display Fast Meter data overrides with the TEST FM command, the 
relay shows the item label, and override values.

To force a value, use the TEST FM label value1 value2 command. The item 
label label is any analog channel label in the Fast Meter configuration (if avail-
able), any digital element label (from the DNA command), and any status ele-
ment label (from the BNA command) except the TEST and FMTEST items.

The value value1 can be logical 0 or logical 1 for digital and status elements, or a 
floating-point value for all meter quantities. For meter items that report a pair of 
values in the Fast Meter message, value1 is the magnitude and value2, if pro-
vided, is the angle. If you do not specify value2, the relay uses an angle of 0.

When you have successfully added a new Fast Meter test value (for example, 
TEST FM IA1 3.7 0.0), the relay responds, Override Added.

The relay asserts Relay Word bit TESTFM while any Fast Meter override data 
are present in the relay.

Fast Meter Status Byte

Bits labeled TEST and FMTEST reside in the Fast Meter status byte. If any item 
within the Fast Meter message is in test mode, the relay sets the TEST bit. Simi-
larly, if any item in any Fast Meter message is in test mode, the FMTEST is set in 
all three Fast Meter responses.

TEST FM DEM
Use the TEST FM DEM command to insert override values in Fast Meter 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM DEM 
command.

                    

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

Table 14.142 TEST FM Command

Command Description Access Level

TEST FM Display present override values. 1, B, P, A, O, 2

TEST FM label 
value1 value2

Write new data value1 and value2 to the Fast Meter 
report at the item label label. Parameter value2 is optional.

B, P, A, O, 2

Table 14.143 TEST FM DEM Command

Command Description Access Level

TEST FM DEM 
label value1

Write new data value1 to the Fast Meter demand meter 
report at the item label label.

B, P, A, O, 2
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TEST FM OFF
Use the TEST FM OFF command to remove override values. The relay returns 
the Fast Meter registers to the pretest values.

                    

When you have successfully removed a Fast Meter test value (for example, 
TEST FM IA1 OFF), the relay responds, Override Removed. When an attempt 
to remove an FM test value fails, the relay responds, Override Not Found. When 
removing all FM test values (for example, TEST FM OFF), the relay responds, 
All Overrides Removed.

TEST FM PEAK
Use the TEST FM PEAK command to insert override values in Fast Meter peak 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM 
PEAK command.

                    

TEST SV
TEST SV (SEL SV Publisher Relay)

NOTE: Not all SEL-400 series relays 
support the TEST SV command.

The TEST SV command is a SEL SV testing command. Do not confuse this with 
IEC 61850 Test Mode, which is enabled by PORT 5 setting E850MBC. The 
TEST SV command allows the SEL SV publisher relay to generate and publish 
test signals on all the configured SV publications. The TEST SV command pro-
vides a facility to test SV publishing functionality without the need for current 
and/or voltage sources present in the terminals of the SEL SV publisher relay.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV publisher relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered. With the TEST SV 
mode enabled, the test bit in the quality attribute asserts in all outgoing SV publi-
cations. The mode of the device (LLN0.Mod) is not changed and it remains in 
normal operation mode. PubSim and Sim bits are also not modified.

Table 14.144 TEST FM OFF Command

Command Description Access Level

TEST FM label OFF Clear the override values for the Fast Meter item label. B, P, A, O, 2

TEST FM OFF Clear all override testing values from Fast Meter. B, P, A, O, 2

Table 14.145 TEST FM PEAK Command

Command Description Access Level

TEST FM PEAK 
label value1

Write new data value1 to the Fast Meter peak demand 
meter report at the item label label. 

B, P, A, O, 2

Table 14.146 TEST SV Command in an SEL SV Publisher Relay

Command Description Access Level

TEST SVa

a The test mode does not influence GOOSE or MMS functionality.

Initiates the SV publication of test signals.

When TEST SV Mode = ON, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Ends the SV publication of test signals. Relay Word bit 
SVPTST is cleared.

B, P, A, O, 2
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Table 14.147 shows a detailed description of how the output values for the SEL 
SV publisher relay are calculated while in TEST SV mode.

                    

Table 14.148 shows the secondary values used while the SEL SV publisher relay 
is in TEST SV mode.

                    

When you enable or disable the SEL TEST SV mode, the SV publications are 
disabled momentarily, causing a brief interruption in the outgoing SV publica-
tions.

If the PORT 5 SV settings are not in use and no SV publications are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV publications configured.

You cannot use the TEST SV command if IEC 61850 Test Mode is enabled and 
active mode is not on.

Table 14.147 SV Output Values During TEST SV Mode

Physical 
Measurement

Description Setting Source

CURRENT The value for each Channel IA, IB, and IC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the CTRW setting from the presently 
active group settings. The CTRW is used for both IW and IX scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel IN in each winding is the sum of IA, IB, and IC values.

CTRW, ACTGRP, 
PHROT

VOLTAGE The value for each Channel VA, VB, and VC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the PTRY setting from the presently 
active group settings. The PTRY is used for both VY and VZ scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel VN in each winding is the sum of VA, VB, and VC values.

PTRY, ACTGRP, 
PHROT

FREQUENCY The value for the frequency corresponds to the NFREQ setting. NFREQ

PHASE ROTATION The phase sequence corresponds to the PHROT setting. PHROT

Table 14.148 Secondary Values Used During TEST SV Mode

IEC Notation SEL Notation
Magnitude (RMS) Angle (degrees)

5A 1A ABC ROT ACB ROT

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0 0 0 0

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0 0 0 0
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TEST SV (SEL SV Subscriber Relay)

The TEST SV command provides a facility to test SV functionality. The TEST 
SV command allows the SEL SV subscriber relay to accept SV test messages on 
all the configured SV subscriptions.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV subscriber relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV subscriptions configured.

Considerations for an SEL SV Subscriber Relay During TEST SV Mode

The SEL SV subscriber relay will process and execute all the associated protec-
tion logic, operating in the same way as if the SEL SV subscriber relay were 
receiving valid SV messages.

The SEL SV subscriber relay will continue to accept incoming SV messages that 
do not have the TEST bit of the quality attribute asserted.

For TEST SV mode to function, the IEC 61850 Mode/Behavior must be On.

TIME
Use the TIME command to view and set the relay time clock. The ASCII inter-
face is just one source by which you can set the internal clock. Other sources can 
override the ASCII TIME command; overriding occurs in HIRIG time mode, 
IRIG time mode, and when using DNP3. See Section 11: Time and Date Man-
agement for more information on configuring time functions.

TIME
The TIME command returns information about the internal relay clock. You can 
also set the clock to local time if you specify hours and minutes (seconds data are 
optional). Separate the hours, minutes, and seconds with colons, semicolons, 
spaces, commas, or slashes.

                    

If a valid IRIG-B, PTP, or SNTP signal is connected to the relay, the TIM com-
mand cannot be used to set the relay time.

Table 14.149 TEST SV Command in an SEL SV Subscriber Relay

Command Description Access Level

TEST SVa

a The Test mode does not influence GOOSE or MMS functionality.

Instructs the SEL SV subscriber relay to accept SV test 
messages.

When TEST SV Mode = ON, Relay Word bit SVSTST is 
asserted; SVSTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Instructs the SEL SV subscriber relay to reject the 
received SV messages with the test bit of the quality attri-
bute asserted. Relay Word bit SVSTST is cleared.

B, P, A, O, 2

=>>TIME <Enter>
local: 16:48:33     UTC: 23:48:33     UTC Offset: -07.0 hrs



14.71

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

                    

Use the TIME hh:mm and TIME hh:mm:ss commands to set the relay internal 
clock time. The value hh is for hours from 0–23, the value mm is for minutes 
from 0–59, and the value ss is for seconds from 0–59. If you enter a valid time, 
the relay updates and saves the time in the nonvolatile clock, and displays the 
time you just entered. If you enter an invalid time, the relay responds, Invalid 
Time.

TIME Q
The TIME Q command returns detailed information on the relay internal clock. 
Use this command to query the status of high-accuracy time source inputs and the 
present clock time mode.

                    

When you issue the TIME Q command, the relay reports statistics on the relay 
time sources. These statistics include the present time source and the last time 
value update source (see TIME Q Command on page 11.8).

                    

                    

Table 14.150 TIME Command

Command Description Access Level

TIME Display the present relay internal clock time, in three 
formats: local, UTC, and UTC offset.

1, B, P, A, O, 2

TIME hh:mm Set the relay internal clock to hh:mm. 1, B, P, A, O, 2

TIME hh:mm:ss Set the relay internal clock to hh:mm:ss. 1, B, P, A, O, 2

Table 14.151 TIME Q Command

Command Description Access Level

TIME Q Display detailed information about the internal relay clock; 
query relay time.

1, B, P, A, O, 2

=>TIME Q <Enter>

Station A                                  Date: 03/17/2023  Time: 23:04:16.336
Relay 1                                    Serial Number: 1230769999

Time Source: HIRIG
Last Update Source: HIRIG

IRIG Time Quality:   0.000 ms

Time Mark Period:   999.990539 ms

Internal Clock Period:  20.000006 ns

Figure 14.17 Sample TIME Q Command Response With IRIG

=>>TIME Q <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP

Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

Figure 14.18 Sample Time Q Command Response With PTP
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TIME DST
In response to the TIME DST command, the relay displays local time, UTC time 
and UTC Offset, followed by daylight-saving time rules and information.

                    

                    

TRIGGER
The TRIGGER command initiates data captures for high-resolution oscillogra-
phy and event reports. For information on high-resolution oscillography and 
event reports see Triggering Data Captures and Event Reports on page 9.7.

Use the TRI command to trigger the relay to record data for high-resolution 
oscillography and event reports.

                    

When you issue the TRI command, the relay responds, Triggered. If the event 
did not trigger within 1 second, the relay responds, Did not trigger.

VECTOR
The VECTOR command displays information useful to the factory for trouble-
shooting purposes.

Use the VEC command to view diagnostic information recorded by the relay. In TiDL 
relays, you can also view the diagnostic information of connected SEL-TMUs.

                    

VERSION
The VERSION command displays the relay hardware and software configuration.

=>>TIME DST <Enter>
local: 11:28:19     UTC: 18:28:19     UTC Offset: -07.0 hrs

Daylight Savings Time Begin Rule: 2nd Sunday of March at 02:00
Daylight Savings Time End Rule: 1st Sunday of November at 02:00

Daylight Savings Time Presently Active

Next Daylight Savings Time Beginning: 03/11/2012 02:00
Next Daylight Savings Time Ending: 11/06/2011 02:00
=>>

Table 14.152 TIME DST Command

Command Description Access Level

TIME DST Daylight-saving time rules and information 1, B, P, A, O

Table 14.153 TRI Command

Command Description Access Level

TRI Trigger relay data capture. 1, B, P, A, O, 2

Table 14.154 VEC Command

Command Description Access Level

VEC Report relay internal diagnostics information. 2
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Use the VER command to list the part numbers, serial numbers, checksums, soft-
ware release numbers, and other important relay configuration information. 

                    

When you issue the VER command, the relay displays the latest release numbers 
for various items, typically including:

➤ FID

➤ CID

➤ Part number

➤ Serial number

➤ SELBOOT BFID

➤ Main board memory types and sizes

➤ Front-panel hardware

➤ Analog inputs ratings

➤ Interface board inputs and outputs

➤ Bay cards

➤ Extended relay features list

A sample VER command response is shown in Figure 14.19.

                    

Table 14.155 VER Command

Command Description Access Level

VER Display the hardware and software configurations. 1, B, P, A, O, 2

=>VER <Enter>
FID=SEL-451-6-R404-V0-Z104102-D20230317
CID=XXXX
Part Number:  04516XX0X600XE9H4C4XXXXXX
Serial Number:  1230769999
SELboot:
    BFID= SLBT-4XX-R302-V0-Z001002-D20230317
    Checksum:  XXXX

Mainboard:
    Code FLASH Size:   12 MB
    Data FLASH Size:   52 MB
    RAM Size:          64 MB
    EEPROM Size:      128 kB

Front Panel: installed
Analog Inputs:
    W:  Currents:  5 Amp
    X:  Currents:  5 Amp
    Y:  Voltage:   67 Volts
    Z:  Voltage:   67 Volts

Interface Boards:
    Board 1:  24 inputs   8 outputs
    Board 2: not installed
    Board 3: not installed
    Board 4: not installed

Bay Cards:
    Bay 1:  not installed
    Bay 2:  not installed
    Bay 3:  Ethernet Configuration 9
             Port 5A: 1000BASE-SX (8131-01)
             Port 5B: 1000BASE-SX (8131-01)
             Port 5C: 100BASE-FX (8103-01)
             Port 5D: 100BASE-FX (8103-01)
             Port 5E: 100BASE-FX (8103-01)
    Bay 4:  RS-232 and IRIG-B

Extended Relay Features:
    IEC 61850

If the above information is not as expected, contact SEL for assistance.

=>>

Figure 14.19 Sample VER Command Response



14.74

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

If an item is not installed, the VER report indicates Not installed at the appro-
priate line. If a detected hardware configuration does not match the component 
part number, the relay adds the statement Warning - hardware does not match 
part number on the corresponding line.

VIEW
Use the VIEW command to examine data within the relay database. You can 
view these data in three ways:

➤ Region

➤ Register item

➤ Bit

The VIEW command in the relay is very similar to the VIEW command in SEL 
Communications Processors. See Section 10: Communications Interfaces in the 
product-specific instruction manual for more information on the relay database 
regions and data types.

Typical relay regions are LOCAL, METER, DEMAND, TARGET, HISTORY, 
BREAKER, STATUS, and ANALOGS; view this list with the MAP 1 command.

The relay is Virtual Device 1; all commands begin with VIEW 1. In all database 
views, if a data item is in test mode (controlled by TEST DB command), the 
relay displays an asterisk (*) mark following the data value.

VIEW 1 Commands—Region
Use the commands in Table 14.156 to view the contents of the database regions.

                    

VIEW 1 Commands—Register Item
Use the commands in Table 14.157 to view register items in the relay database. 
Typical examples of register items in the METER region are IA1, I0_1, VB, and 
PF. Examples of register items in the LOCAL region are FID, SER_NUM, and 
PART_NUM.

                    

Table 14.156 VIEW 1 Commands—Region

Command Description Access Level

VIEW 1 region Display the data in the relay database in the region region. 1, B, P, A, O, 2

VIEW 1 region BL Display the data in the region region and include bit labels. 1, B, P, A, O, 2

Table 14.157 VIEW 1 Commands—Register Item (Sheet 1 of 2)

Command Description Access Level

VIEW 1 addr Display the data in the relay database at register 
address addr.

1, B, P, A, O, 2

VIEW 1 addr 
NR ma

Display the data beginning at register address addr 
and continue for m registers.

1, B, P, A, O, 2

VIEW 1 region 
item_label

Display the data for the addresses in the region 
item_label area of the database.

1, B, P, A, O, 2

VIEW 1 region 
item_label NR m

Display the data for addresses in the region item_label 
area of the database; begin at the start of item_label 
and proceed for m registers.

1, B, P, A, O, 2



14.75

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

In the VIEW 1 addr commands, option addr is the register address. Use the 
MAP 1 region command to find the register address. You can specify register 
addresses as a decimal or hexadecimal number. (A hexadecimal address is a 
numeral with an “h” suffix or a “0x” prefix.) If you specify the data by address or 
by offset with the addr and offset options, the relay returns the data in hexadeci-
mal number format. The NR option specifies the number of registers m that the 
relay includes in the data listing.

VIEW 1 Commands—Bit
Use commands in Table 14.158 to inspect a specific bit in the relay database. The 
relay displays bit data as the bit label or number and the value logical 1 or logical 
0. An example of a relay response for bit commands is 1:TARGET:ALTI = 0, 
where ALTI is the bit label and 0 is the bit value.

                    

The command option bit is the bit number. If you access bit data, the relay dis-
plays the bit label or number and the value (logical 0 or logical 1). If you refer-
ence the data by label with the BL and bit_label options, the relay returns the 
data according to the data type.

Use the VIEW 1 bit_label command as a shorthand method to inspect a specific 
data bit in the relay database. The relay searches the entire relay database struc-
ture for the bit label you specified; this process takes more time and processing 
than narrowing the search by using the VIEW 1 region command and the 
VIEW 1 addr command with the bit label option bit_label.

VIEW 1 region 
offset

Display the data for the address in the database region 
region at the offset offset from the beginning of the region.

1, B, P, A, O, 2

VIEW 1 region 
offset NR m

Display the data for the addresses in the database 
region region; begin at the offset offset from the begin-
ning of the region and proceed for m registers.

1, B, P, A, O, 2

a Parameter m is an integer value representing the number of registers.

Table 14.157 VIEW 1 Commands—Register Item (Sheet 2 of 2)

Command Description Access Level

Table 14.158 VIEW 1 Commands—Bita

a Parameter bit is a number from 0–15, with 0 as the LSB (least significant bit).

Command Description Access Level

VIEW 1 addr bit Display the value at register address addr for the bit 
number bit.

1, B, P, A, O, 2

VIEW 1 bit_label Display the value for the bit with the bit label bit_label. 1, B, P, A, O, 2

VIEW 1 region 
bit_label

Display the value for the particular bit with the bit 
label bit_label in the region region.

1, B, P, A, O, 2

VIEW 1 region 
offset bitb

b Parameter offset is a decimal or hexadecimal number to indicate the offset.

Display the value for the bit bit in the region region 
that is offset from the beginning of the region by offset 
offset.

1, B, P, A, O, 2
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Communications Interfaces

This section provides information on communications interface options for 
SEL-400 series relays. The following topics are discussed:

➤ Serial Communication on page 15.2

➤ Serial Port Hardware Protocol on page 15.4

➤ Ethernet Communications on page 15.6

➤ Virtual File Interface on page 15.20

➤ Software Protocol Selections on page 15.27

➤ SEL Protocol on page 15.28

➤ SEL MIRRORED BITS Communication on page 15.36

➤ SEL Distributed Port Switch Protocol (LMD) on page 15.43

➤ SEL-2600A RTD Module Operation on page 15.43

➤ Direct Networking Example on page 15.45

The relay collects, stores, and calculates a variety of data. These include electri-
cal power system measurements, calculated quantities, diagnostic data, equip-
ment monitoring data, fault oscillography, and sequential event reports. A 
communications interface is the physical connection on the relay that you can use 
to collect data from the relay, set the relay, and perform relay test and diagnostic 
functions.

The relay has three rear-panel serial ports and one front-panel serial port. These 
serial ports conform to the EIA-232 standard (often called RS-232). Several 
optional SEL devices are available to provide alternative physical interfaces, 
including EIA-485 and fiber-optic cable. The relay also has an Ethernet card to 
support a variety of communication protocols. TiDL relays also have a TiDL 
communications board that replaces the local CT/PT inputs.

Once you have established a physical connection, you must use a communica-
tions protocol to interact with the relay. A communications protocol is a language 
that you can use to perform relay operations and collect data. For information on 
protocols that you can use with the relay, see the instruction manual sections 
listed in Table 15.1.

                    

Table 15.1 Relay Communications Protocols (Sheet 1 of 2)

Communications Protocol Communications Interface For More Information See

ASCII Commands EIA-232a or Telnet using Ethernet Section 14: ASCII Command Reference

Distributed Port Switch (LMD) SEL-2885 EIA-232 to EIA-485 transceiver on 
an EIA-232 port

SEL Distributed Port Switch Protocol (LMD) 
on page 15.43

DNP3 EIA-232a or Ethernet Section 16: DNP3 Communication

File Transfer Protocol (FTP) Ethernet FTP on page 15.15

HTTP Ethernet HTTP (Hypertext Transfer Protocol) Server on 
page 15.20

IEC 61850 Ethernet Section 17: IEC 61850 Communication
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Serial Communication
Each relay has four serial ports that you can use for serial communication with 
other devices. 

EIA-232 Interfaces
The relay has four EIA-232 communications interfaces. The serial port locations 
for the 4U chassis are shown in Figure 15.1 and Figure 15.2; other chassis sizes 
are similar. The port on the front panel is PORT F and the three rear-panel ports are 
PORT 1, PORT 2, and PORT 3.

                    

MIRRORED BITS Communications EIA-232a SEL MIRRORED BITS Communication on 
page 15.36

Phasor Measurement Protocols 
(IEEE C37.118 and SEL Fast Message)

EIA-232a

Ethernetb
Section 18: Synchrophasors

Precision Time Protocol (PTP) Ethernet Precision Time Protocol (PTP) on page 15.17

Parallel Redundancy Protocol (PRP) Ethernet Network Connection by Using PRP Operating 
Mode on page 15.12 and Network Connection 
by Using PRP Operating Mode on page 15.14

SEL Binary Protocols (Fast Meter, Fast 
Operate, Fast SER)

EIA-232a or Telnet using Ethernet SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SEL Fast Message RTD Protocol EIA-232a SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SNTP Ethernet SNTP on page 15.16

Telnet Ethernet Telnet on page 15.16

T-Protocol TiDL Communications TiDL (T-Protocol) on page 19.1

a You can add converters to transform EIA-232 to other physical interfaces.
b Phasor Measurement over the Ethernet card is only available via IEEE C37.118 protocol.

Table 15.1 Relay Communications Protocols (Sheet 2 of 2)

Communications Protocol Communications Interface For More Information See

                    

Figure 15.1 Relay 4U Chassis Front-Panel Layout
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The EIA-232 ports are standard female 9-pin connectors with the pin numbering 
shown in Figure 15.3. The pin functions are listed in Table 15.2. Pin 1 can pro-
vide power to an external device.

                    

                    

The +5 V serial port supply that is common to all three rear serial ports is moni-
tored by the relay. If the +5 V supply is overloaded, the relay issues an 
HALARM warning (pulses HALARM bit for 5 seconds) and displays a port 
overload message in the relay status report. The serial port keeps working, 
regardless of this condition.

EIA-232 Communications Cables
For most installations, you can obtain information on the proper EIA-232 cable 
configuration from the SEL-5801 Cable Selector Program. Using the SEL-5801 
software, you can choose a cable by application. The software provides the SEL 

                    

Figure 15.2 Example 4U Rear-Panel Layout in Relay With Bay Cards

                    

Figure 15.3 EIA-232 Connector Pin Numbers

Table 15.2 EIA-232 Pin Assignments

Pin Signal Name Description Comments

1 5 Vdc Modem power Jumper selectable on PORT 1–
PORT 3. No connection on PORT F.

2 RXD Receive data

3 TXD Transmit data

4 +IRIG-B Time-code signal positive PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.

5 GND Signal ground Also connected to chassis ground.

6 –IRIG-B Time-code signal negative PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.

7 RTS Request to send

8 CTS Clear to send (input)

8 TX/RX CLK (for 
SPEED := SYNC, 

only available when 
PROTO := MBA  or MBB)

Transmit and receive 
clock (input)

Rear-panel serial ports only

9 GND Chassis ground

Ports 1–3

PORT 1

PORT 2PORT 3

EIA-232

1

9

1

9

1

9

TIME IRIG–B

484746454443424140393837363534333231302928272625242322212019181716151413121110090807060504030201 B

200

B

200

BAY 4BAY 3BAY 2 – CHANNEL 2BAY 1 – CHANNEL 1

i7029g

31

GND

302928272625

/N–/H+
POWER

–+
Vdc 2

–+
Vdc 1

MONITORIAW IBW ICW IAX IBX ICX

01 02 03 04 05 06 07 08 09 10 11 12Z Z

EIA-422

TX

RX

1

25

TX

RX

TX RX

Complies with 21 CFR 1040.10 and
1040.11, except for deviations pursuant to
Laser Notice No. 50, dated June 24, 2007.

850nm IEEE C37.94 FIBER

LNK

ACT

LNK

ACT

LNK

ACT

LNK

ACT PORT 5DPORT 5CPORT 5A PORT 5B

10/100BASE-T / 100BASE-FX

VAY VBY VCY VAZ VBZ VCZ

13 14 15 16 17 18 19 20 21 22 23 24

5  4  3  2  1

9  8  7  6

NOTE: Pins 5 and 9 are not intended to 
provide a chassis ground connection. 



15.4

SEL-400 Series Relays Instruction Manual Date Code 20230830

Communications Interfaces
Serial Port Hardware Protocol

cable number with wiring and construction information, so you can order the 
appropriate cable from SEL or construct one. If you do not see information for 
your application, please contact SEL and we will assist you. You can obtain a 
copy of the SEL-5801 software by contacting SEL or from selinc.com.

Severe power and ground problems can occur on the communications ports of 
this equipment as a result of using non-SEL cables. Never use standard null-
modem cables with this equipment.

You can connect to a standard 9-pin computer port with an SEL-C234A cable for 
relay configuration and programming with a terminal program or with the 
ACSELERATOR QuickSet SEL-5030 software.

Fiber-Optic Interface
You can add transceivers to the EIA-232 ports to use fiber-optic cables to connect 
devices. We strongly recommend that you use fiber-optic cables to connect 
devices within a substation. Power equipment and control circuit switching can 
cause substantial interference with communications circuits. You can also experi-
ence significant ground potential differences during fault conditions that can 
interfere with communications and damage equipment. Fiber-optic cables pro-
vide electrical isolation that increases safety and equipment protection.

Use the SEL-2800 product family transceivers for multimode or single-mode 
fiber-optic communications. All of these transceivers are port powered, require 
no settings, and operate automatically over a broad range of data rates. SEL-2800 
series transceivers operate over the same wide temperature ranges as SEL relays, 
providing reliable operations in extreme conditions.

EIA-485
There is no EIA-485 port integral to the relay. You can install an SEL-2885 or 
SEL-2886 transceiver to convert one of the rear-panel EIA-232 ports (PORT 1–
PORT 3) on the relay to an EIA-485 port. The SEL-2885 and SEL-2886 are pow-
ered by the +5 Vdc output on Pin 1. These transceivers offer transformer isolation 
not found on most EIA-232-to-EIA-485 transceivers. See the transceiver product 
fliers for more information.

The SEL-2885 offers the SEL Distributed Port Switch Protocol (LMD). With this 
protocol you can selectively communicate with multiple devices on an EIA-485 
network. You can communicate with other network nodes including EIA-232 
devices with an SEL-2885 and SEL devices having integral EIA-485 ports. You 
can find more information about using SEL LMD in SEL Distributed Port Switch 
Protocol (LMD) on page 15.43.

Serial Port Hardware Protocol
The serial ports comply with the EIA-232 Standard (formerly known as RS-232). 
The serial ports support RTS/CTS hardware flow control. See also Software Flow 
Control on page 15.32.

http://selinc.com
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Hardware Flow Control
Hardware handshaking is one form of flow control that two serial devices use to 
prevent input buffer information overflow and loss of characters. To support 
hardware handshaking, connect the RTS output pin of each device to the CTS 
input pin of the other device. To enable hardware handshaking, use the SET P 
command (or front-panel SET pushbutton sequence) to set RTSCTS := Y. Disable 
hardware handshaking by setting RTSCTS := N. Table 15.3 shows actions the 
relay takes for the RTSCTS setting values and the conditions relevant to hard-
ware flow control.

                    

Note that the relay must assert the RTS pin to provide power for some modems, 
fiber-optic transceivers, and hardware protocol converters that are port powered. 
Check the documentation for any port-powered device to determine if the device 
supports hardware handshaking or if you must always assert RTS (RTSCTS := N) 
for proper operation.

Data Frame
The relay ports use asynchronous data frames to represent each character of data. 
Four port settings influence the framing: SPEED, DATABIT, PARITY, and 
STOPBIT. The time allocated for one bit is the reciprocal of the SPEED. For 
example, at 9600 bits per second, one bit-time is 0.104 milliseconds (ms).

The default port framing uses one start bit, eight data bits, no parity bit, and one 
stop bit. The transmitter asserts the TXD line for one data frame, as described in 
the following steps:

The TXD pin is normally in a deasserted state.

➤ To send a character, the transmitter first asserts the TXD pin for one 
bit time (start bit).

➤ For each data bit, if the bit is set, the transmitter asserts TXD for one 
bit time. If the bit is not set, it deasserts the pin for one bit time (data 
bits).

➤ If the PARITY setting is E, the transmitter asserts or deasserts the 
parity bit so that the number of asserted data bits plus the parity bit is 
an even number. If the PARITY setting is O, the transmitter asserts or 
deasserts the parity bit so that the number of asserted data bits plus 
the parity bit is an odd number. If the PARITY setting is N, the data 
frame does not include a parity bit.

Table 15.3 Hardware Handshaking

Setting 
RTSCTS Value

Condition Relay Action

N All Assert RTS output pin and ignore CTS 
input pin.

Y Normal input reception Assert RTS output pin.

Y Local input buffer is close to full Deassert RTS pin to signal remote device 
to stop transmitting.

Y Normal transmission Sense CTS input is asserted, transmit 
normally.

Y Remote device buffer is close to full, 
so remote device deasserts RTS

Sense CTS input is deasserted, stop 
transmitting.
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➤ At the completion of the data bits and parity bit (if any), the 
transmitter deasserts the line for one bit time (stop bit). If STOPBIT 
is set to 2, the transmitter deasserts the line for one more bit time 
(stop bit).

➤ Until the relay transmits another character, the TXD pin will remain 
in the unasserted state.

Ethernet Communications
Ethernet Card

The SEL-400 series relays support an Ethernet card. In some SEL-400 series 
devices, this is a daughter card to the main board, as shown in Figure 15.4. In 
others, it goes into BAY 3, as shown in Figure 15.5 and Figure 15.6. The Ethernet 
card is optional except in relays configured for SV and TiDL. You can either field 
install the card or order the relay with the card installed at the factory. As with 
other SEL products, SEL has designed and tested SEL Ethernet cards for opera-
tion in harsh environments.

                    

                    

                    

In some relay models, the Ethernet card has two or four ports and is available 
with standard twisted-pair and fiber-optic physical interfaces. Other models sup-
port a five-port Ethernet card with small form-factor pluggable (SFP) ports, as 
shown in Figure 15.6. The Ethernet card includes redundant physical interfaces 
with the capability to automatically transfer communications to the backup inter-
face in the event that the primary network fails. For information on substation 
integration architectures, see Section 16: DNP3 Communication and Section 17: 
IEC 61850 Communication.

                    

Figure 15.4 Example Two-Port Ethernet Card

                    

Figure 15.5 Example Four-Port Ethernet Card

                    

Figure 15.6 Five-Port Ethernet Card
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Once installed in a relay, the settings needed for network operation and data 
exchange protocols, including DNP3 and IEC 61850, are available in the Port 5 
settings.

Ethernet Network Operation
You should carefully design your Ethernet network to maximize reliability, mini-
mize system administration effort, and provide adequate security. SEL recom-
mends that you work with a networking professional to design your substation 
Ethernet network.

Use the network configuration settings shown in Table 12.14 and Table 12.28 to 
configure the relay for operation on an IP network and to set other parameters 
affecting the physical Ethernet network interface operation. Depending on the 
model and ordering selection, the relay is equipped with either two, four, or five 
Ethernet ports. See Table 15.4 for information on what protocols are available on 
which ports for various Ethernet cards and configurations.

                    

The relay IP address setting uses Classless Inter-Domain Routing (CIDR) notation 
and a variable-length subnet mask (VLSM) to define its local network and host address.

An IP address consists of two parts: a prefix that identifies the network followed 
by a host address within that network. Early network devices used a subnet mask 
to define the network prefix of an associated host address. Within the mask, sub-
net boundaries were defined by the 8-bit segments of the 32-bit IP address. These 
boundaries constrained network prefixes to 8, 16, or 24 bits, defining Class A, B, 
and C networks, respectively.

This classful networking often created subnetworks that were not sized effi-
ciently for actual requirements. CIDR allows more effective usage of a given 
range of IP addresses. In CIDR notation, you enter the IP address setting in the 
form a.b.c.d/p, where a.b.c.d is the host address in standard dotted decimal form 
and p is the network prefix expressed as the number of “1” bits in the mask. For 
example, if IPADDR := 192.168.1.2/24, the host address is 192.168.1.2 and the 
network prefix is the first 24 bits of the address, or 192.168.1. The network 
address is derived by applying the network prefix to the IP address and filling the 
remaining bits with zeros (in our example, it is 192.168.1.0). The broadcast 

Table 15.4 Ethernet Protocol Options

Ethernet Card Typea, b, c

a IP refers to FTP, HTTP, Telnet, SNTP, MMS, DNP, and IEEE C37.118.
b The SEL-487B does not support IEEE C37.118.
c Some relay models do not support SV.

PORT 5A and PORT 5B PORT 5C and PORT 5D PORT 5E

Two-Port

5A, 5B PRP, PTP, GOOSE, IP — —

5C, 5D — PRP, GOOSE, IP —

Four-Port

Independent Bus Mode, Station Bus = (5A, 5B) PRP, PTP, GOOSE, IP GOOSE, SV —

Independent Bus Mode, Station Bus = (5C, 5D) PTP, GOOSE, SV PRP, GOOSE, IP —

Merged Bus Mode PTP, GOOSE, SV, IP — —

Five-Port

Independent Bus Mode PRP, PTP, GOOSE, SV PRP, PTP, GOOSE, IP IPd

d PORT E does not support SNTP.

Merged Bus Mode PRP, PTP, GOOSE, SV, IP — IPd
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address is derived similarly, but the remaining bits are filled with ones 
(192.168.1.255 for the example above). Neither the network (base) address nor the 
broadcast address can be used for any host or router addresses on the network.

                    

The relay uses the default router address setting to determine how to communi-
cate with nodes on other local networks. The relay communicates with the 
default router to send data to nodes on other local networks. The default router 
must be on the same local network as the relay or the relay will reject the default 
router setting. You must also coordinate the default router with your general net-

Table 15.5 CIDR Notation

CIDR Value Subnet Mask

/32 255.255.255.255

/31 255.255.255.254

/30 255.255.255.252

/29 255.255.255.248

/28 255.255.255.240

/27 255.255.255.224

/26 255.255.255.192

/25 255.255.255.128

/24 255.255.255.000

/23 255.255.254.000

/22 255.255.252.000

/21 255.255.248.000

/20 255.255.240.000

/19 255.255.224.000

/18 255.255.192.000

/17 255.255.128.000

/16 255.255.000.000

/15 255.254.000.000

/14 255.252.000.000

/13 255.248.000.000

/12 255.240.000.000

/11 255.224.000.000

/10 255.192.000.000

/9 255.128.000.000

/8 255.000.000.000

/7 254.000.000.000

/6 252.000.000.000

/5 248.000.000.000

/4 240.000.000.000

/3 224.000.000.000

/2 192.000.000.000

/1 128.000.000.000

/0 000.000.000.000
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work implementation and administration plan. See Table 15.6 for examples of 
how the IP address and subnet mask define the network and node and how these 
settings affect the default router setting.

If there is no router on the network, enter a null string (“”).

                    

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, DNP3, IEC 61850 
MMS, and IEEE C37.118.

The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT settings, 
can be used to verify that the computer at the remote end of a TCP connection is 
still available. If ETCPKA is enabled and the relay does not transmit any TCP 
data within the interval specified by the KAIDLE setting, the relay sends a keep-
alive packet to the remote computer. If the relay does not receive a response from 
the remote computer within the time specified by KAINTV, the keep-alive packet 
is retransmitted as many as KACNT times. After this count is reached, the relay 
considers the remote device no longer available, so the relay can terminate the 
connection without waiting for the idle timer (TIDLE or FTPIDLE) to expire.

The relay monitors Manufacturing Message Specification (MMS) inactivity to 
identify and disconnect MMS clients that have stopped communicating with it. 
You can set it from 0 to 42000000 seconds via the IED Properties MMS Settings 
in ACSELERATOR Architect SEL-5032 Software. The MMS Inactivity default 
value is either 120 seconds or 900 seconds, depending on the relay. Setting this 
value to 0 disables the MMS Inactivity timer. If enabled, the relay starts a timer 
for an MMS session after it receives an MMS request from the client on that ses-
sion. It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it avail-
able for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to specifi-
cally handle MMS clients that do not disconnect properly. As there are a limited 
number of MMS sessions available, this ensures that misbehaving MMS clients 
do not take up multiple MMS sessions. Note that the MMS inactivity time-out 
can still disconnect an MMS session even if the relay receives TCP keep-alive 
messages from that MMS client.

The two-port and four-port Ethernet cards operate over either twisted-pair or 
fiber-optic media. Each Ethernet card is equipped with two or four network ports. 
You can select the medium for each port (10/100 Mbps twisted-pair or 100 Mbps 
fiber-optic). 

The five-port Ethernet card uses SFP ports with compatible SFP transceivers. The 
transceivers are not included with the card and must be ordered separately. See 
Table 15.7 or selinc.com/products/sfp/ for a list of compatible SFP transceivers.

Table 15.6 Default Router Address Setting Examples

IP Address (CIDR) Network Address Broadcast Address Default Router Rangea

a The Default Router cannot be the same as the IP Address, Network Address, or Broadcast 
Address.

192.168.1.2/28 192.168.1.0 192.168.1.15 192.168.1.0–192.168.1.15

192.168.1.2/24 192.168.1.0 192.168.1.255 192.168.1.ab

b Value in the range 0—255.

192.168.1.2/20 192.168.0.0 192.168.15.255 192.168.0.ab–192.168.15.ab

192.168.1.2/16 192.168.0.0 192.168.255.255 192.168.ab.bb

192.168.1.2/12 192.160.0.0 192.175.255.255 192.160.ab.bb–192.175.ab.bb

192.168.1.2/8 192.0.0.0 192.255.255.255 192.ab.bb.cb

192.168.1.2/4 192.0.0.0 207.255.255.255 192.ab.bb.cb–207.ab.bb.cb

https://selinc.com/products/sfp/
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The five-port Ethernet card is only supported in certain products with a compati-
ble firmware version. See Appendix A: Firmware, ICD File, and Manual Versions 
in the product-specific instruction manual for firmware that supports the five-port 
Ethernet card. Upgrading to this firmware while retaining an existing card will 
not impact your settings or functionality. Converting an existing card to the five-
port Ethernet card will default the Port 5 settings.

Redundant Ethernet Ports (Two- or Four-Port Ethernet Card)
PORT 5A, PORT 5B and PORT 5C, PORT 5D are Ethernet port pairs. One port pair is for 
TCP/IP or UDP/IP Ethernet communications, including FTP, Telnet, DNP3 
LAN/WAN, etc., and IEC 61850 GOOSE. You can configure these ports for redun-
dant network architectures, or force the relay to use a single Ethernet port for 
these protocols. If the relay has four ports, the second port pair can be used for 
relay-specific functionality. PTP is only available on PORT 5A and PORT 5B when 
using the two- or four-port Ethernet card.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure the relay for FAILOVER mode.

➤ NETMODE := FAILOVER

➤ NETPORT := the preferred primary network port

➤ FTIME := desired time-out for the active port before failover to the 
backup port

Connect the relay to redundant networks as shown in Figure 15.7.

Table 15.7 SFP Transceivers for the Five-Port Ethernet Card

Transceiver 
Part Number

Interface Modea, b Type Max. Distance Wavelength
TX Power
(dBm)

RX Sens. 
Max. (dBm)

RX Sens. 
Min. (dBm)

8131-01 1000BASE-SX MM Dual-fiber 300 m (62.5/125 m)
550 m (50/125 m)

850 nm –2.5 to –9 0 –18

8103-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8109-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8130-01 1000BASE-LX SM Dual-fiber 10 km 1310 nm –3 to –9.5 –3 –21

8130-02 1000BASE-LX SM Dual-fiber 20 km 1310 nm –1 to –6 –3 –22

8130-03 1000BASE-LX SM Dual-fiber 30 km 1310 nm 0 to –5 –3 –24

8130-04 1000BASE-LX SM Dual-fiber 40 km 1310 nm 3 to –2 –3 –24

8130-05 1000BASE-XD SM Dual-fiber 50 km 1550 nm 0 to –5 –3 –24

8130-06 1000BASE-ZX SM Dual-fiber 80 km 1550 nm 5 to 0 –3 –24

8130-08 1000BASE-ZX SM Dual-fiber 160 km 1550 nm 5 to 1 –10 –36

8130-10 1000BASE-ZX SM Dual-fiber 200 km 1550 nm 8 to 5 –10 –36

a MM = multimode.
b SM = single-mode.

NOTE: The process bus on the four-
port Ethernet card uses FAILOVER 
operating mode with no time-out 
delay.
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On startup, the relay communicates using the primary network port selected by 
the NETPORT setting. If the relay detects a link failure on the primary port, it 
asserts the LNKFAIL Relay Word bit. If the standby port’s link is up, the relay 
activates the standby network port after time FTIME. If the link status on the pri-
mary port returns to normal before time FTIME, the failover timer resets and 
operation continues on the primary network port. Similarly, if the relay detects a 
link failure on the standby port and the primary port’s link is up, the relay acti-
vates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

Network Connection by Using Isolated IP Operating Mode
The Isolated IP mode (NETMODE = ISOLATEIP) permits IEC 61850 GOOSE 
messages on two ports, but restricts IP traffic to just one port. This mode is useful 
for cases where it is desired to connect one port to a secured network (the IP port) 
but have the other port leave the security perimeter.

NOTE: If NETMODE = ISOLATEIP, 
Precision Time Protocol (PTP) is only 
supported on the port designated as 
the IP port.

The NETPORT setting selects which port will be the IP port. The other port will 
only support GOOSE traffic. IP transmissions will only go out the IP port. IP 
receptions will only be processed from the IP port. GOOSE publications will go 
out both ports. GOOSE subscriptions will be accepted from either port. Any non-
GOOSE traffic received on the non-IP port will be ignored. No traffic will go 
from one external port to the other.

Network Connection by Using SWITCHED Operating Mode
Make Port 5 setting NETMODE = SWITCHED to activate the internal Ethernet 
switch. The internal switch connects a single Ethernet stack inside the relay to 
two external Ethernet ports. The combination of relay and internal switch operate 
the same as if a single Ethernet port on a relay were connected to an external 
unmanaged Ethernet switch. Use the internal switch to add devices to a network, 
as shown in Figure 15.8.

                    

Figure 15.7 Failover Network Topology
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NOTE: The TiDL relay Ethernet ports 
operate with a BUSMODE setting of 
INDEPEND. This allows for process bus 
GOOSE messages to be received by 
the relay on the non-IP ports. The 
non-IP ports operate in a fixed 
FAILOVER mode. 

NOTE:  For very small values of 
FTIME, or for a failover event on the 
process bus, the assertion or 
deassertion of LNKFAIL and LNKFL2 
can be too short for a state change to 
register in the SER.
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Using this topology, the internal network switch of the relay supports connecting 
Ethernet devices in series. Each relay in the chain acts as a network hub. Network 
traffic originating from a relay is forwarded to the adjacent relay, and so on, until 
the traffic reaches its destination. In this SWITCHED mode, each relay is forced 
to process and filter traffic not intended for it, which results in a reduced overall 
network performance. This configuration is only recommended for temporary 
use. Note that PTP functionality is not available in SWITCHED operating mode.

When using this switched mode, do not to connect the last device back to the 
Managed Ethernet Switch, thereby creating a loop or ring. 

In switched mode, the internal Ethernet switch of the relay is an unmanaged 
Ethernet switch and does not provide RSTP functionality. You will experience 
very large RSTP healing times in such a network.

Network Connection by Using Fixed Operating Mode
Force the relay to use a single station bus Ethernet port by making setting 
NETMODE := FIXED. When NETMODE := FIXED, only the port selected by 
NETPORT is active. The other port is disabled.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks (IEC 
62439-3). The purpose of the protocol is to provide seamless recovery from any 
single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel.

Make the following settings in Port 5 to configure the relay for PRP mode.

➤ NETMODE := PRP

➤ PRPTOUT := desired time-out for PRP frame entry

➤ PRPINTV := desired supervision frame transmit interval

➤ PRPADDR := PRP destination MAC address least significant bit

When NETMODE is not set to PRP, the PRP settings are hidden.

                    

Figure 15.8 Using Internal Ethernet Switch to Add Networked Devices
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Enabling PRP doubles the number of Ethernet packets received on the station 
bus. You may need to reduce the number of incoming GOOSE subscriptions so 
that you do not exceed the relay’s incoming GOOSE buffers, which are sized to 
accommodate a maximum of 128 GOOSE messages.

Redundant Ethernet Ports (Five-Port Ethernet Card)
The five-port Ethernet card includes many of the same capabilities and settings as 
the two- and four-port Ethernet cards. It also provides new and enhanced capabil-
ities such as PRP and fast failover on both the station bus and process bus. 
PORT 5A and PORT 5B are reserved for process bus network. PORT 5C and PORT 5D 
are reserved for the station bus network. PORT 5E operates on an isolated network 
with a unique IP address making it ideal for engineering and data access. PORT 5E 
supports IP protocols including FTP, HTTP, Telnet, MMS, DNP, and IEEE C37.118. 
PTP is available on either port pair PORT 5A, PORT 5B or PORT 5C, PORT 5D. All 
ports support 100 Mbps speeds. PORT 5A and PORT 5B also support 1 Gbps speeds 
to satisfy potentially large traffic requirements on the process bus. Use the enable 
interface setting, EINTF, to enable the network interfaces required for your appli-
cation. If a network interface is not included in EINTF setting, the relay hides the 
settings associated with that interface.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FAILOVER mode.

➤ NETMODP := FAILOVER (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FAILOVER (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

➤ FTIME := desired time-out for the active port before failover to the 
backup port for the station bus

Connect the relay to a redundant network like the one shown in Figure 15.7. On 
startup, the relay communicates using the primary network ports selected by the 
NETPORT and NETPORP settings. If the relay detects a link failure on the pri-
mary port and the standby port’s link is up, the relay activates the standby net-
work port. The failover time on the process bus is immediate (less than 
100 microseconds) and will drop no more than one SV sample. The failover time 
on the station bus occurs after time FTIME. If the link status on the primary port 
on the station bus returns to normal before time FTIME, the failover timer resets 
and operation continues on the primary network port. Similarly, if the relay detects 
a link failure on the standby port on the station bus and the primary port’s link is 
up, the relay activates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

NOTE: For a 1000BASE-X 
connection, the active port will not 
failover to the standby port if only the 
transmit path fails.

NOTE: For very small values of FTIME, 
or for a failover event on the process 
bus, the assertion or deassertion of 
LNKFAIL and LNKFL2 can be too short 
for a state change to register in the 
SER. 
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Network Connection by Using Fixed Operating Mode
Make the following settings in Port 5 to configure ports PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FIXED mode.

➤ NETMODP := FIXED (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FIXED (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

Only the ports selected by NETPORT and NETPORP are active. PORT 5E is not 
affected by these settings.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks 
(IEC 62439-3). The purpose of the protocol is to provide seamless recovery from 
any single Ethernet network failure. 

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel. 

Make the following settings in Port 5 to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for PRP mode.

➤ NETMODP := PRP (for the process bus)

➤ PRPINTP := desired supervision frame transmit interval for the 
process bus

➤ PRPADDP := PRP destination MAC address least significant bit for 
the process bus

➤ NETMODE := PRP (for the station bus)

➤ PRPINTV := desired supervision frame transmit interval for the 
station bus

➤ PRPADDR := PRP destination MAC address least significant bit for 
the station bus

➤ PRPTOUT := desired time-out for PRP frame entry

Enabling PRP on a port pair doubles the number of Ethernet packets received on 
that interface. You may need to reduce the number of incoming GOOSE sub-
scriptions on the port pairs so that you do not exceed the relay’s incoming 
GOOSE buffers which are sized to accommodate a maximum of 128 GOOSE 
messages.

Configure the PTHDLY setting to P2P to cause the relay to synchronize both the 
primary and standby ports. This allows the relay to seamlessly maintain PTP syn-
chronization during a failover operation. This does not apply when PTHDLY is 
set to E2E.

The relay provides PRP supervision bits for GOOSE and SV. See COM PRP on 
page 14.14 for more information. 

Figure 15.9 shows an example PRP network with an SEL-421-7 and SEL-401. 
The five-port Ethernet cards in the relays allow for PRP on both the station bus 
and process bus, as well as a separate network for engineering access.
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Ethernet Protocols
NOTE: The relay prioritizes 
processing IEC 61850 GOOSE data 
over the data access protocols listed 
above. With GOOSE enabled, high 
GOOSE traffic to and from the relay 
sustained over long periods may 
cause slowed responsiveness to data 
transfer requests via TCP/IP protocols.

Access data by using either the standard TCP/IP Telnet and FTP interfaces or, 
optionally, through the (Web) HTTP Server, DNP3 LAN/WAN or IEC 61850 
interface. You cannot access all data through all interfaces. See the appropriate 
interface section below for details on data access.

FTP
FTP is a standard application-level protocol for exchanging files between com-
puters over a TCP/IP network. The relay Ethernet card operates as an FTP server, 
presenting files to FTP clients. The relay Ethernet card supports one FTP connec-
tion at a time. Subsequent requests to establish FTP sessions will be denied. If your 
FTP client does not work properly, be sure to set your client to use a single session.

Table 12.15 and Table 12.29 list lists the settings that affect FTP server operation.

File Structure

The basic file structure is organized as a directory and subdirectory tree similar to 
that used by Unix, DOS, Windows, and other common operating systems. See 
Virtual File Interface on page 15.20 for information on the basic file structure.

Access Control

The standard FTP logins consist of the three-character access level command 
(e.g., ACC, BAC) with their respective passwords. For example, with default 
passwords, if you use the username of 2AC and password of TAIL, you will con-
nect with Access Level 2 privileges. 

                    

Figure 15.9 Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards
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The relay validates FTP clients and controls access by limiting failed password 
attempts. If a user attempts to log into the relay with three consecutive invalid 
login attempts within a 1-minute period, the relay disables login requests for 
30 seconds and pulses the SALARM and BADPASS Relay Word bits.

FTP settings control anonymous file access features. The special FTP username 
“anonymous” does not require a password. It has the access rights of the access 
level selected by the FTPAUSR setting. For example, if FTPAUSR is set to 1 (for 
Access Level 1), the FTP anonymous user has Access Level 1 rights.

SEL advises against enabling anonymous FTP logins (FTPANMS = Y) except 
under test conditions. The Ethernet card does not require a password for the spe-
cial FTP username “anonymous”. If you enable anonymous FTP logins, you are 
allowing unrestricted access to the relay and host files.

Telnet
Telnet is part of the TCP/IP protocol suite. A Telnet connection provides access 
to the relay user interface. The relay supports as many as three Telnet connections 
at a time. When you connect with Telnet and log in to the relay, you can use all of 
the ASCII and Compressed ASCII commands described in Section 14: ASCII 
Command Reference to configure and interact with the relay. You can also use the 
SEL binary Fast Meter and Fast Operate commands described in SEL Fast Meter, 
Fast Operate, Fast SER Messages, and Fast Message Data Access on page 15.33.

Use a Telnet client or QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the EXI command from any access level.

Table 12.17 and Table 12.31 list the settings that affect Telnet operation.

SNTP
When SNTP is enabled (Port 5 setting ESNTP is not OFF), the relay internal 
clock conditionally synchronizes to the time of day served by a Network Time 
Protocol (NTP) server. The relay uses a simplified version of NTP called the 
SNTP. SNTP is not as accurate as IRIG-B or PTP. The relay can use SNTP as a 
less accurate primary time source, or as a backup to the higher accuracy IRIG-B 
or PTP time sources.

If an IRIG-B time source is connected and either Relay Word bits TSOK or 
TIRIG assert, then the relay synchronizes the internal time-of-day clock to the 
incoming IRIG-B time-code signal, even if SNTP is configured in the relay and 
an NTP server is available. If the IRIG-B source is disconnected (TIRIG deas-
sert) then the relay synchronizes the internal time-of-day clock to the NTP server 
if available. In this way an NTP server acts as either the primary time source, or 
as a backup time source to the more accurate IRIG-B time source. The above is 
also true if the relay is connected to an accurate PTP time source, but TPTP (not 
TIRIG) will deassert when the PTP time source is disconnected.

Three SEL application notes available from the SEL website describe how to cre-
ate an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve 
NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create 
a Stratum 1 Linux NTP Server
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Configuring SNTP Client in the Relay

To enable SNTP in the relay, set Port 5 setting ESNTP to UNICAST, MANY-
CAST, or BROADCAST. Table 12.25 lists the settings associated with SNTP.

SNTP Operation Modes

The following sections explain the setting associated with each SNTP operation 
mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST

In unicast mode of operation the SNTP client in the relay requests time updates 
from the primary (IP address setting SNTPPIP) or backup (IP address setting 
SNTPBIP) NTP server at a rate defined by setting SNTPRAT. If the NTP server 
does not respond with the period defined by the sum of setting SNTPTO and 
SNTPRAT then the relay tries the other SNTP server. When the relay success-
fully synchronizes to the primary NTP time server, Relay Word bit TSNTPP 
asserts. When the relay successfully synchronizes to the backup NTP time server, 
Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST

In manycast mode of operation the relay initially sends an NTP request to the 
broadcast address contained in setting SNTPPIP. The relay continues to broad-
cast requests at a rate defined by setting SNTPRAT. When a server replies, the 
relay considers that server to be the primary NTP server, and switches to UNI-
CAST mode, asserts Relay Word bit TSNTPP, and thereafter requests updates 
from the primary server. If the NTP server stops responding for time SNTPTO, 
the relay deasserts TSNTPP and begins to request time from the broadcast 
address again until a server responds.

ESNTP = BROADCAST

Setting SNTPPIP = 0.0.0.0 while ESNTP = BROADCAST, the relay will listen 
for and synchronize to any broadcasting NTP server. If setting SNTPPIP is set to 
a specific IP address while setting ESNTP = BROADCAST, then the relay will 
listen for and synchronize to only NTP server broadcasts from that address. 
When synchronized the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within the 
SNTPT0 setting value after the period defined by setting SNTPRAT.

SNTP Accuracy Considerations

SNTP time synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and rout-
ers between the SNTP Server and the relay.

When installed on a network with low burden configured with one Ethernet 
switch between the relay and the SNTP Server, and when using 
ESNTP = UNICAST or MANYCAST, the relay time synchronization error to 
the SNTP server is typically less than ±1 millisecond.

Precision Time Protocol (PTP)
The two-port and four-port Ethernet cards support PTP on port pair PORT 5A, 
PORT 5B. The five-port Ethernet card supports PTP on either port pair PORT 5A, 
PORT 5B or PORT 5C, PORT 5D. The relay supports Precision Time Protocol 
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version 2 (PTPv2) as a slave-only clock as defined by IEEE-1588-2008. PTP pro-
vides high accuracy timing over an Ethernet network, eliminating the need for a 
separate IRIG-B cable and connection. To achieve the best accuracy (<1 µs), it is 
necessary to have one or more PTP master clocks and that all intervening equip-
ment (e.g., Ethernet switches) need to be 1588-aware (i.e., all intervening net-
work devices need to be transparent or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS input, 
is a master clock. The intervening switches are transparent clocks. It is also possi-
ble to connect networks together and pass time from one network to another by 
using boundary clocks. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not 1588-aware would not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP clocks 
implement algorithms to select the best available clock. The one selected for use 
by an end device is the grandmaster clock. A complete description of possible 
PTP networking configurations is beyond the scope of this manual. You can learn 
more about configuring a PTP network in these application guides:

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality in a Redundant Network Topology” (AN2015-07)

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality to Isolated Ethernet Networks” (AN2015-06)

To configure PTP, update the Port 5 PTP settings as described in Table 12.26 and 
Table 12.33. By default, PTP is disabled in the relay. Enable PTP to make the 
other PTP settings available.

Within PTP, there are multiple clock profiles available. A profile defines the set 
of PTP features available in a specific application domain. SEL-400 series relays 
support three profiles: Default, Power System profile (C37.238-2011), and Power 
Utility Automation profile (IEC/IEEE 61850-9-3-2016).

The Power profile provides predictable performance and the highest accuracy 
with compensation for network inaccuracies. This Power profile also allows for 
unique identification of grandmaster clocks, providing better security when oper-
ating in local clock mode.

The Power profile is only supported on Layer 2 networks and exclusively uses 
the peer-to-peer Delay Mechanism. All messages must be sent at 1-second inter-
vals, must have 802.1Q VLAN tags, and Announce messages must include 
grandmaster ID and (maximum) inaccuracy fields. Transparent clocks are man-
datory in a power profile network; boundary clocks are not allowed. For a net-
work with less than 16 hops between Grandmaster and IED, the Power profile 
can deliver time with better accuracy than 1 s. Select the profile by using the 
PTPPRO setting.

The Default profile has many optional features. It was intended to address com-
mon applications, so has been implemented by most PTP-capable devices. The 
Default profile supports both UDP or Layer 2 (802.3) Ethernet transport, and can 
use either end-to-end (E2E) or peer-to-peer (P2P) Delay Mechanism. Grandmas-
ter clocks can send Announce, Sync, and Delay request messages over a wide 
range of intervals. A Default profile network can consist of boundary clocks or 
transparent clocks anywhere between the grandmaster and the end devices. A 
well-designed Default profile network with an accurate grandmaster can achieve 
better than 1 s accuracy

The 61850-9-3 Power Utility Automation profile is only supported on Layer 2 
networks and exclusively uses the peer-to-peer delay mechanism. Grandmaster 
clocks can send Announce and Sync messages over a wide range of intervals. A 

NOTE: The SEL-2488 with the PTP 
option is a PTP grandmaster clock 
capable GPS receiver.

NOTE: See Appendix A: Firmware, 
ICD File, and Manual Versions in the 
product-specific instruction manual 
for firmware that supports PTP over 
PRP.
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61850-9-3 profile network can consist of boundary clocks or transparent clocks 
anywhere between the grandmaster and the end devices. The performance 
requirements for this profile are listed in the IEC 61850 standard part 9-3 docu-
mentation. This profile does not account for network time inaccuracy calcula-
tions, but a well-designed network can achieve better than 1 s accuracy.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation between clocks that participate in different application 
domains to coexist on the same network. Domains are identified by domain num-
bers. The domain number for the relay is selected by the DOMNUM setting. Set 
DOMNUM to match the domain number configured in the master clocks the 
relay should synchronize with.

The relay supports transport of PTP messages over UDP or layer 2 (Ethernet). 
Use the PTPTR setting to select the PTP transport mechanism. This needs to 
match the transport mechanism used in the master clocks. Layer 2 Ethernet trans-
port is available with both the Default and Power System profiles. If operating in 
a UDP network, PTP will operate on port 320. Except for peer delay messages, 
the relay sets the time allowed to live (TTL) value in the UDP/IP header of PTP 
messages to 64. This allows the possibility of synchronizing relay time through 
routers across a WAN to a PTP master. High-accuracy synchronization may not 
be achievable across the WAN, so it is left to the user to determine if the accuracy 
meets the needs of their application.

When using the Power System profile, use the VLAN number and priority set-
tings PVLAN and PVLANPR to set the VLAN ID and priority, respectively, of 
the Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the relay.

PTP defines two methods for calculating and correcting for the communications 
path delay between the relay and the master clock: end-to-end (Delay Request-
Response) and peer-to-peer (Peer Delay Request-Response). The end-to-end 
mechanism calculates the total path delay between the relay and the master clock. 
The peer-to-peer mechanism calculates the total path delay in a piecemeal fash-
ion between each device in the path. Peer-to-peer is the more accurate method 
and is recommended for use in SEL relays. The relay periodically initiates path 
delay calculations. Use the PTHDLY and PDINT settings to configure the path 
delay method and the path delay request rate. If PTHDLY is set to OFF, then the 
relay will not calculate and correct for path delay. Only the peer-to-peer mecha-
nism is available for Power System profile and 61850-9-3.

By default, the relay will synchronize to any clock on the network that it evalu-
ates to be the best clock based on the Best Master Clock Algorithm (BMCA). 
Use the Acceptable Master Table settings to specify a list of master (grandmaster 
or boundary) clocks to which the relay may synchronize. The relay will not syn-
chronize to any master clock that is not in the list. It is recommended to use this 
feature for additional security. The AMNUM setting selects the number of master 
clocks you will list in this table. The default value is OFF, which means the relay 
will synchronize to any master clock on the network. If AMNUM is set to a value 
other than OFF, that number of allowable masters must be identified in accor-
dance with the PTP transport chosen, i.e., MAC address for 802.3 or IP address 
for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify the 
IP addresses of the clocks the relay is permitted to synchronize to. If PTP trans-
port is set to layer 2, use the AMMACn settings to specify the MAC addresses of 
the clocks the relay is permitted to synchronize to.

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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If the ALTPRIn (alternate priority 1 for master n) setting is set to a positive value, 
the priority1 value in received Announce messages from the corresponding mas-
ter clock will be replaced by the ALTPRIn value before applying the BMCA. The 
ALTPRIn values reprioritize the master clocks locally. A discussion of reasons to 
apply alternative priorities is beyond the scope of this manual. If you are not 
familiar with the Best Master Clock Algorithm, leave the setting set to 0.

HTTP (Hypertext Transfer Protocol) Server
The relay provides an HTTP (Web) server to provide read-only access to selected 
settings, metering, and reports. The HTTP server supports as many as four ses-
sions at a time. Table 12.16 and Table 12.30 list the settings that affect HTTP 
server operation.

When enabled, the HTTP server opens TCP/IP Port 80 by default. Set HTTPPOR 
to configure any other port as needed.

The relay validates HTTP server access by limiting failed password attempts. If a 
user attempts to log into the relay with three consecutive invalid login attempts 
within a 1-minute period, the relay disables login requests for 30 seconds and 
pulses the SALARM and BADPASS Relay Word bits.

Virtual File Interface
You can retrieve and send data as files through the virtual file interface of the 
relay. Devices with embedded computers can also use the virtual file interface. 
When using serial ports or virtual terminal links, use the FILE DIR command. 
When you use an Ethernet card, the FTP protocol supported by Ethernet presents 
the file structure and sends and receives files.

The relay has a two-level file structure. There are a few files at the root level and 
three or more subdirectories or folders. Some SEL-400 series relays support 
directories in addition to those listed here. Table 15.8 shows the directories and 
the contents of each directory.

                    

NOTE: The Acceptable Master Table 
feature may not work for transport 
over Layer 2 if the intervening 
Ethernet switch(es) modify the source 
MAC address of Announce messages 
passing through them. With transport 
over Layer 2, the relay uses the 
source MAC address to identify if an 
Announce message is coming from a 
master clock in the table.

Table 15.8 Virtual File Structure

Directory Usage Access Level

Root CFG.TXT file, CFG.XMLa file, SWCFG.ZIP file 
and the following directories

a Present only if the Ethernet card is installed.

1

SETTINGS Relay Settings 1

REPORTS SER, circuit breaker, protection and history reports 1

EVENTS EVE, CEV, COMTRADE, and history reports 1

SYNCHROPHASORSb

b Only present in SEL-400 series relays that support synchrophasors.

Synchrophasor recording files 1

UPGRADEc

c Only present in SEL-400 series relays running SELBOOT R300 or newer and relay firmware that 
supports firmware upgrades over Ethernet. Directory is not available if Port 5 settings 
EETHFWU := N.

Digitally signed firmware upgrades 2
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System Data Format
Settings files and the CFG.TXT file use the system data format (SDF) unless oth-
erwise specified. The files may contain keywords to aid external support software 
(ESS) parsing. A keyword is defined as a string surrounded by the open and close 
bracket characters, followed by a carriage return and line feed. Only one keyword 
is allowed per line in the file. For example, the keyword INFO would look like 
this in the file: [INFO]<CR><LF>.

Records are defined as comma-delimited text followed by a carriage return and 
line feed. One line in a text file equals one record. Fields are defined as comma-
delimited text strings.

Comma-Delimited Text Rules
Field strings are separated by commas or spaces and may be enclosed in optional 
double quotation marks. Double quotes within the field string are repeated to dis-
tinguish these double quotes from the quotes that surround the field string. 
Delimiters are spaces and commas that are not contained within double quotes. 
Two adjacent commas indicate an empty string, but spaces that appear next to 
another delimiter are ignored. Consider the following examples for converting a 
list of fields to comma-delimited text. Consider the following list of fields.

Stri,ng 1

Stri"ng 2

String 3

String4

The translation to comma-delimited text is as follows:

"Stri,ng 1","Stri""ng 2","String 3","String4"

Root Directory
The root directory contains three or more subdirectories and two or three files 
(CFG.TXT, CFG.XML, and SWCFG.ZIP). CFG.XML is only present if an 
Ethernet card is installed. SWCFG.ZIP is for internal use.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each setting class. ESS retrieves the CFG.TXT file to interact automatically 
with the connected relay.

CFG.XML File (Read-Only)
Present only in units with an Ethernet card installed, the CFG.XML file is supple-
mentary to the CFG.TXT file. The CFG.XML file describes the IED configura-
tion and includes firmware identification, settings class names, and configuration 
file information.

SWCFG.ZIP File (Read/Write)
The SWCFG.ZIP file is a compressed file used to store ESS settings. It is read-
able at Access Level 1 and above, and writable at Access Level 2 and above.
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Settings Directory 
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather than 
directly accessing them via other means. External settings support software reads 
settings from all of these files to perform its functions. The relay only allows you 
to write to the individual SET_cn files, where c is the settings class code and n is 
the settings instance. Except for the SET_61850 CID file, changing settings with 
ESS involves the following steps:

Step 1. The PC software reads the CFG.TXT and SET_ALL.TXT files from 
the relay.

Step 2. You modify the settings at the PC. For each settings class that you 
modify, the software sends a SET_cn.TXT file to the relay.

Step 3. The PC software reads the ERR.TXT file. If it is not empty, the relay 
detects errors in the SET_cn.TXT file.

Step 4. For any detected errors, modify the settings and send the settings 
until the relay accepts your settings.

Step 5. Repeat Step 2–Step 4 for each settings class that you want to modify.

Step 6. Test and commission the relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in the relay.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 15.9 summarizes the 
typical settings files. The exact list of settings files depends on the specific set-
tings classes available in each relay model. The settings class is designated by c, 
and the settings instance number is n.

BAY_SCREEN.TXT
NOTE: Not all SEL-400 series relays 
support bay mimic screens.

The BAY_SCREEN.TXT file describes the content of the custom bay mimic 
screen that can be selected for display on the HMI. This file is generated by 
QuickSet and may be downloaded to the relay when Bay Control settings are 
changed.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT or 
SET_61850.CID file written to the relay. If there were no errors, the file is empty. 
If errors occurred, the relay logs these errors in the ERR.TXT file.

SET_61850.CID
Present if ordered with the IEC 61850 protocol option, the SET_61850.CID file 
contains the IEC 61850 Configured IED Description (CID) in XML. This file is 
generated by Architect and downloaded to the relay. See Section 17: IEC 61850 
Communication for more information on the SET_61850.CID file.
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Reports Directory
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 15.10. Note that the relay provides a report file that contains the latest 
information each time you request the file.

NOTE: Not all SEL-400 series relays 
support breaker monitoring and 
corresponding breaker files.

                    

Table 15.9 Typical Settings Directory Files

Settings Class Filename Settings Description Read Access Level Write Access Level

A SET_An.TXT Automation; n in range 1–10
For relay-0, n = 1

1, B, P, A, O, 2 A, 2

B SET_B1.TXT Bay Control 1, B, P, A, O, 2 P, A, O, 2

D SET_Dn.TXT DNP3 remapping; n in range 1–5 1, B, P, A, O, 2 P, A, O, 2

F SET_F1.TXT Front panel 1, B, P, A, O, 2 P, A, O, 2

G SET_G1.TXT Global 1, B, P, A, O, 2 P, A, O, 2

L SET_Ln.TXT Protection logic; n in range 1–6 1, B, P, A, O, 2 P, 2

M SET_SM.TXT Breaker monitor settings 1, B, P, A, O, 2 P, 2

N SET_N1.TXT Notes 1, B, P, A, O, 2 P, A, O, 2

O SET_O1.TXT Contact outputs 1, B, P, A, O, 2 O, 2

P SET_Pn.TXT Port; n in range 1, 2, 3, 5, F 1, B, P, A, O, 2 P, A, O, 2

R SET_R1.TXT Report 1, B, P, A, O, 2 P, A, O, 2

S SET_Sn.TXT Group n; n in range 1–6 1, B, P, A, O, 2 P, 2

T SET_T1.TXT Alias settings 1, B, P, A, O, 2 P, A, O, 2

All SET_ALL.TXT All instances of all setting classes 1, B, P, A, O, 2 N/A

All ERR.TXT Error log for most recently written settings file 1, B, P, A, O, 2 N/A

NA SET_61850.CID IEC 61850 configured IED description file 1, B, P, A, O, 2 2

NA BAY_SCREEN.TXT Custom bay mimic screen content 1, B, P, A, O, 2 P, A, O, 2

Table 15.10 REPORTS Directory Files (Sheet 1 of 2)

Filea Usage: All Are Read-Only Files

SER.TXTb SER report

CSER.TXTb Compressed ASCII SER report

BRE_n.TXT BRE n H report, n is the breaker reference

BRE_Sn.TXT BRE Sn report, n is the breaker reference

CBRE.TXT Compressed ASCII breaker monitor report

HISTORY.TXT History file

CHISTORY.TXT Compressed ASCII History file

PRO.TXTb Profiling report

CPRO.TXTb Compressed ASCII profiling report

TFE.TXTb, c Through-fault event report

THE.TXTb, c Thermal report

THE_D.TXTb, c Daily thermal report
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Events Directory
NOTE: Most SEL-400 Series Relays 
provide large resolution event reports 
of 8 samples/cycle. The SEL-487B 
provides large resolution event 
reports of 12 samples/cycle. The 
SEL-400G provides all event reports in 
IEEE C37.111-2013 COMTRADE format. 
Filtered event reports use a 
2.5 millisecond sample rate.

The relay provides history, event reports, and oscillography files in the EVENTS 
directory. Event reports are available in a variety of formats. Depending on the 
relay, these may include SEL ASCII 4- or 8-samples/cycle reports and Com-
pressed ASCII 4- or 8-samples/cycle reports. The size of each event report file is 
determined by the LER setting in effect at the time the event is triggered. Higher 
resolution oscillography is available in binary COMTRADE (IEEE C37.111-
1999 and C37.111-2013) format at the sample rate (SRATE) and length (LER) 
settings in effect at the time the event is triggered. 

The 4- and 8-samples/cycle report files (files with names that begin with E or C) 
are text files with the same format as the EVENT and CEVENT command 
responses. Event file names start with the prefix E4_, E8_, E12, C4_, C8_, C12, 
or HR_, followed by a unique event serial number. For example, if one event is 
triggered, with serial number of “10001”, the EVENTS directory contains the 
files shown in Table 15.13. Event oscillography in COMTRADE format consists 
of three files (.CFG, .DAT, and .HDR).

The file names for the C37.111-1999 COMTRADE event files have the following 
format:

pq_nnnnn.rrr

                    

The file names for the C37.111-2013 COMTRADE event files have the following 
format:

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.rrr

                    

THE_H.TXTb, c Hourly thermal report

VSS.TXTb, c Voltage sag swell report

a Report files are read-only
b Report clears/resets when retrieved though use of a serial port.
c Not available on all SEL-400 series relays. See the product-specific instruction manual for 

availability.

Table 15.10 REPORTS Directory Files (Sheet 2 of 2)

Filea Usage: All Are Read-Only Files

Table 15.11 C37.111-1999 COMTRADE Event File Names

Variable Description

pq One of the following:

HR (indicating high-resolution event file)

HF (indicating high-impedance fault event reports, if supported by the 
relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 1 of 2)

Variable Description

yy Last two digits of year

mm The month (01 to 12)

dd The day (01 to 31)
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the yymmdd and hhMMss values are based on the SOC (second of century) of the 
first triggered data point as specified in the COMTRADE C37.111 standard.

Spaces and characters ? " / \ < > * | : ; [ ] $ % { } are not supported in the RID or 
SID used in the C37.111-2013 filenames, and the relay will automatically 
remove them.

                    

hh The hour (00 to 23)

MM The minute (00 to 59)

ss The second (00 to 59)

mmm The millisecond (000 to 999)

aaaaa The last five characters of the SID setting (after removing spaces)

bbbbb The last five characters of the RID setting (after removing spaces)

ccccc The CONAM setting

pq One of the following:

HR (indicating high-resolution event file)

LR (indicating low-resolution event file, if supported by the relay)

DR (indicating disturbance recording event files, if supported by the relay)

HF (indicating high-impedance fault event reports, if supported by the relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 2 of 2)

Variable Description

Table 15.13 EVENTS Directory Files (for Event 10001)

File Usage

HISTORY.TXT History file; read-only

CHISTORY.TXT Compressed ASCII history file; read-only

C4_10001.TXT 4-samples/cycle Compressed ASCII event report; read-only

C8_10001.TXTa 8-samples/cycle Compressed ASCII event report; read-only

E4_10001.TXT 4-samples/cycle event report; read-only

E8_10001.TXTb 8-samples/cycle event report; read-only

HR_10001.CFG Sample/second C37.111-1999 COMTRADE configuration file; read-only

HR_10001.DAT Sample/second C37.111-1999 COMTRADE binary data file; read-only

HR_10001.HDR Sample/second C37.111-1999 COMTRADE header file; read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.CFGc Sample/Second C37.111-2013 COMTRADE configuration file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.DAT Sample/Second C37.111-2013 data file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.HDR Sample/Second C37.111-2013 COMTRADE header file, read-only

a In the SEL-487B, this is replaced with C1210001.TXT, which provides a 12-samples/cycle Compressed ASCII event report.
b In the SEL-487B, this is replaced with E1210001.TXT, which provides a 12-samples/cycle event report.
c See the filename descriptions in Figure 15.12 for an explanation of the variable names used in the C37.111-2013 COMTRADE format.
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Synchrophasors Directory 
Table 15.14 shows an example SYNCHROPHASORS directory. Synchrophasor 
data recording is enabled when synchrophasors are enabled and EPMDR := Y. 
The filename includes a time stamp based on the first data frame in the file. The 
data in the file conforms to the IEEE C37.118 data format.

                    

Upgrade Directory
Table 15.15 shows the file contents of the UPGRADE directory. The UPGRADE 
directory is only available via FTP at Access Level 2 and above on relays that 
support Ethernet firmware upgrades. The directory is not available if the Port 5 
setting EETHFWU := N. The RELAY.ZDS and SELBOOT.ZDS are write-only 
files, whereas the ERR.TXT is a read-only file.

NOTE: The UPGRADE directory is 
not available via FTP if FTPANM := Y.

                    

Batch File Access
You can access files as a batch by using the supported wildcard characters * or ?. 
Use * to match any sequence of characters and ? to match any single character.

FTP and MMS Wildcard Usage
Table 15.16 shows examples using supported wildcards. Note that these wild-
cards may be appended to a directory path (e.g., /specified_directory/*.txt).

                    

Table 15.14 SYNCHROPHASORS Directory File Sample

File Description

080528,160910,0,ONA,1,ABC.PMU 080528 = date

160910 = time

0 = GMT (no time offset)

ONA = Last three letter (spaces removed) of the 
PMSTN setting

1 = PMID setting

ABC = CONAM setting (company name)

PMU = file name extension indicating synchrophasor 
recording file

Table 15.15 UPGRADE Directory File Sample

File Description

ERR.TXT Digitally signed firmware upgrade error file, read-
only

RELAY.ZDS Digitally signed firmware upgrade file, write-only

SELBOOT.ZDS SELBOOT firmware digitally signed upgrade file, 
write-only

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 1 of 2)

Usage Description Example Note

*xyz Lists all files and/or subdirectories, within a specified direc-
tory, whose names (including extension) end with xyz.

/*.TXT List all files with the .TXT 
extension

abc* Lists all files and/or subdirectories, within a specified 
directory, whose names begin with abc.

/SETTINGS/SET* List all settings files that start 
with SET
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Ymodem Wildcard Usage
Event, report, synchrophasor, and settings files can be accessed as a batch by 
using wildcards.

                    

Software Protocol Selections
The relay supports the protocols and command sets shown in Table 15.18.

                    

*mno* Lists all files and/or subdirectories, within a specified 
directory, whose names contain mno.

/EVENTS/*_100* List all events that contain _100 
in the ID number

abc?.xyza Lists all files, within a specified directory, whose names 
begin with abc and whose names (including extension) end 
with xyz and have any one single character following the 
letter c.

/EVENTS/C?_10007.CEV Retrieves both the filtered and 
raw compressed event reports 
pertaining to the unique event 
number 10007

a Only available for FTP.

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 2 of 2)

Usage Description Example Note

NOTE: Ymodem protocol only 
supports wildcard file retrieval 
operations for event files. 

NOTE: Wildcards cannot be used in 
the last five digits of the file name 
when retrieving event reports.

Table 15.17 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Selects all files whose names (including 
extension) end with xyz.

FILE DIR EVENTS *.CFG Lists all COMTRADE.CFG files

abc* Selects all files whose names begin with 
abc.

FILE READ EVENTS 
HR_10007*

Retrieves all of the three files for the COM-
TRADE event 10007 (HR_10007.CFG, 
HR_10007.DAT, and HR_10007.HDR)

*mno* Selects all files whose names contain 
mno.

FILE READ EVENTS 
*10007*

Retrieves all event files pertaining to the 
unique event number 10007 (including both the 
filtered and raw compressed event reports and 
all three comtrade files)

abc?.xyz Selects all files whose names begin with 
abc and whose names (including exten-
sion) end with xyz and have any one sin-
gle character following the letter c.

FILE DIR SETTINGS 
SET_D?.TXT

Lists all of the DNP settings files 
(SET_D1.TXT–SET_D5.TXT)

Table 15.18 Supported Serial Command Sets (Sheet 1 of 2)

PROTO Setting 
Value

Command Set Description

SEL SEL ASCII Commands and responses

SEL SEL Compressed ASCII Commands and comma-delimited responses

SEL SEL Fast Meter Binary meter and digital element commands 
and responses

SEL SEL Fast Operate Binary operation commands

SEL SEL Fast Message Fast Message database access, binary SER 
commands and responses

MBA, MBB, 
MBGA, or MBGB

SEL MIRRORED BITS 
communications

Binary high-speed control commandsNOTE:  Not all SEL-400 series relays 
support MBGA and MBGB protocol.
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Virtual Serial Ports
Actual serial ports are described in Serial Port Hardware Protocol on page 15.4. 
In addition to actual serial ports, the relay supports several virtual serial ports. A 
virtual serial port does the following:

➤ Transmits and receives characters through a different mechanism 
than the physical serial port

➤ “Encapsulates” characters in virtual terminal messages of a different 
protocol

➤ Simulates an actual serial port with setting PROTO := SEL

➤ May have restrictions imposed by the protocol that encapsulates the 
virtual serial data

You can set the relay to use virtual serial ports encapsulated in SEL MIRRORED 
BITS communications links, DNP3 links, and through Telnet over Ethernet.

SEL Protocol
This section describes the command sets that are active when the port setting 
PROTO := SEL. You can also access these protocols through virtual serial ports 
that simulate ports with PROTO := SEL.

SEL ASCII Commands
SEL originally designed the SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing terminal. 
A computer with a serial port can also use the SEL ASCII protocol to communi-
cate with the relay, collect data, and issue commands.

The ASCII character set specifies numeric codes that represent printing charac-
ters and control characters. The complete ASCII command set is shown in 
Section 14: ASCII Command Reference. Table 15.19 shows the subset of the 
ASCII control characters used in this section.

                    

PMU Phasor Measurement Unit Binary Synchrophasor Protocol, as selected 
by Port Setting PMUMODE and Global Setting 
MFRMT (see Section 18: Synchrophasors).

RTD SEL Fast Message protocol 
for resistance temperature 
detector (RTD) data

As many as 12 analog temperature readings 
from the SEL-2600A.

DNP DNP3 Level 2 Outstation Binary commands and responses (see 
Section 16: DNP3 Communication).

Table 15.18 Supported Serial Command Sets (Sheet 2 of 2)

PROTO Setting 
Value

Command Set Description

NOTE:  Not all SEL-400 series relays 
support synchrophasors (the PMU 
protocol choice).

NOTE: Not all SEL-400 series relays 
support RTD communications with 
the SEL-2600A.

Table 15.19 Selected ASCII Control Characters (Sheet 1 of 2)

Decimal Code Name Usage Keystroke(s)

13 CR Carriage return <Enter> or <RETURN> or <Ctrl+M>

10 LF Line feed <Ctrl+J>
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The <Enter> key on standard keyboards sends the ASCII character CR for a car-
riage return. This manual instructs you to press the <Enter> key after commands 
to send the proper ASCII code to the relay. A correctly formatted command 
transmitted to the relay consists of the command, including optional parameters, 
followed by either a CR character (carriage return) or CR and LF characters (car-
riage return and line feed). The following line contains this information in the 
format this manual uses to describe user input:

<command> <Enter> or <command> <Enter> <CR>

You may truncate commands to the first three characters. For example, 
EVENT 1 <Enter> is equivalent to EVE 1 <Enter>. You may use upper- and 
lowercase characters without distinction, except in passwords.

In response to a command, the relay may respond with an additional dialog line 
or message. The relay transmits dialog lines in the following format:

<DIALOG LINE ><CR><LF>

The relay transmits messages in the following format:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

…

<LAST MESSAGE LINE><CR><LF>< ETX>

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX. Each line of the message ends with 
a carriage return, CR, and line feed, LF.

Send the CAN character to the relay to abort a transmission in progress. For 
example, if you request a long report and want to terminate transmission of this 
report, depress the <Ctrl> and <X> keys (<Ctrl+X>) to terminate the report.

SEL Compressed ASCII Commands
The relay supports a subset of SEL ASCII commands identified as Compressed 
ASCII commands. Each of these commands results in a comma-delimited mes-
sage that includes a checksum field. Most spreadsheet and database programs can 
directly import comma-delimited files. Devices with embedded processors con-
nected to the relay can execute software to parse and interpret comma-delimited 
messages without expending the customization and maintenance labor needed to 
interpret nondelimited messages. The relay calculates a checksum for each line 
by numerically summing all of the bytes that precede the checksum field in the 
message. The program that uses the data can detect transmission errors in the 
message by summing the characters of the received message and comparing this 
sum to the received checksum.

02 STX Start of transmission <Ctrl+B>

03 ETX End of transmission <Ctrl+C>

24 CAN Cancel <Ctrl+X>

17 XON Flow control on <Ctrl+Q>

19 XOFF Flow control off <Ctrl+S>

Table 15.19 Selected ASCII Control Characters (Sheet 2 of 2)

Decimal Code Name Usage Keystroke(s)
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Most commands are available only in SEL ASCII format. Selected commands 
have versions in both standard SEL ASCII and Compressed ASCII formats. 
Compressed ASCII reports generally have fewer characters than conventional 
SEL ASCII reports, because the compressed reports reduce blanks, tabs, and 
other white space between data fields to a single comma.

Compressed ASCII Message Format

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

...

<LAST MESSAGE LINE><CR><LF><ETX>

Each line in the message consists of one or more data fields, a checksum field, 
and a CRLF. Commas separate adjacent fields. Each field is either a number or a 
string. Number fields contain base-10 numbers that use the ASCII characters 0–
9, plus (+), minus (-), and period (.). String fields begin and end with quote marks 
and contain standard ASCII characters. Hexadecimal numbers are contained in 
string fields.

The checksum consists of four ASCII characters that are the hexadecimal repre-
sentation of the two-byte binary checksum. The checksum value is the sum of the 
first byte on a line (first byte following <STX>, <CR>, or <CR><LF>) through the 
comma preceding the checksum.

If you request data with a Compressed ASCII command and these data are not 
available, (in the case of an empty history buffer or invalid event request), the 
relay responds with the following Compressed ASCII format message:

<STX>“No Data Available”,“0668”<CR><ETX>
                    
                    

Table 15.20 lists the typical Compressed ASCII commands and contents of the 
command responses. The Compressed ASCII commands are described in 
Section 14: ASCII Command Reference.

                    

where:
No Data Available is a text string field.

0668 is the checksum field, which is a hexadecimal 
number represented by a character string.

Table 15.20 Typical Compressed ASCII Commands (Sheet 1 of 2)

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII commands 
available at access levels > 0

0

CBREAKER Circuit breaker data 1

CEVENT Event report 1

CHISTORY List of events 1

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top

CSER Sequential Events Recorder report 1

CSTATUS Self-diagnostic status 1

CSUMMARY Summary of an event report 1
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CASCII Configuration Message for Compressed ASCII Commands

The CASCII message provides a block of data for each of the Compressed ASCII 
commands supported by an SEL device. The block of data for each command 
provides message description information to allow automatic data extraction. The 
relay arranges items in the Compressed ASCII configuration message in a pre-
defined order. For the purpose of improving products and services, SEL some-
times changes the items and item order. The information presented below 
explains the message and serves as a guide to the items in Compressed ASCII 
configuration messages.

A Compressed ASCII command can require multiple header and data configura-
tion lines. The general format of a Compressed ASCII configuration message is 
the following:

                    

Definitions for the items and fields in a Compressed ASCII configuration mes-
sage are the following:

➤ n is the number of Compressed ASCII command descriptions to follow.

➤ COMMAND is the ASCII name for the Compressed ASCII command 
that the requesting device (terminal or external software) sends. The 
naming convention for the Compressed ASCII commands is a C 
character preceding the typical command. For example, CSTATUS, 
abbreviated to CST, is the Compressed ASCII STATUS command.

➤ #H identifies a header line to precede one or more data lines; the # 
character represents the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII labels.

➤ xxxxx is an ASCII name for corresponding data on following data 
lines. Maximum ASCII name width is ten characters.

➤ #D identifies a data format line; the # character represents the 
maximum number of data lines in command response.

➤ ddd identifies a format field containing one of the following type 
designators:

➢ I—Integer data

➢ F—Floating-point data

➢ zS—String of maximum z characters (for example, enter 10S for 
a 10-character string)

➤ yyyy is the 4-byte hex ASCII representation of the checksum. Every 
checksum is followed by a new line indication (<CR><LF>).

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0

Table 15.20 Typical Compressed ASCII Commands (Sheet 2 of 2)

Command Response Access Level

<STX>"CAS",n,"yyyy"<CR><LF>
"COMMAND 1",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>

"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF>
•
•
•

"COMMAND n",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF><ETX>

NOTE: Compressed ASCII is self-
describing and may vary with the 
firmware version of your relay. Before 
you program a master device to send 
and parse Compressed ASCII 
commands and responses, you should 
perform a CASCII command on your 
relay or contact SEL for more detailed 
information.
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Software Flow Control
Software handshaking is a form of flow control that two serial devices use to pre-
vent input buffer overflow and loss of characters. The relay uses XON and XOFF 
control characters to implement software flow control for ASCII commands.

The relay transmits the XOFF character when the input buffer is more than 75 
percent full. The connected device should monitor the data it receives for the 
XOFF character to prevent relay input buffer overflow. The external device 
should suspend transmission at the end of a message in progress when it receives 
the XOFF character. When the relay has processed the input buffer so that the 
buffer is less than 25 percent full, the relay transmits an XON character. The 
external device should resume normal transmission after receiving the XON 
character.

The relay also uses XON/XOFF flow control to delay data transmission to avoid 
overflow of the input buffer in a connected device. When the relay receives an 
XOFF character during transmission, it pauses transmission at the end of the 
message in progress. If there is no message in progress when the relay receives 
the XOFF character, it blocks transmission of any subsequent message. Normal 
transmission resumes after the relay receives an XON character.

Automatic Messages
If you enable automatic messages, AUTO = Y, the relay issues a message any 
time the relay turns on, asserts a self-test, changes to another settings group, or 
triggers an event. For virtual ports, the relay issues automatic messages only if 
the connection is active. Automatic messages contain the following information:

➤ Power-up: When you turn on the relay, the message provides the 
terminal ID and the present date and time.

➤ Self-test failure: When the relay detects an internal failure, the 
automatic message is the same as the relay response to the STATUS 
command.

➤ Group switch: Whenever a settings group change occurs, the 
message contains the relay ID, terminal ID, present date and time, 
and the selected settings group.

➤ Events: When the relay triggers an event, the automatic message is 
the same as the relay response to the SUMMARY command.

Time-Out
Use the TIMEOUT setting to set the idle time for each port. Idle time is the 
period when no ASCII characters are transmitted and received (interleaved Fast 
Messages do not affect the idle time). When the idle time exceeds the TIMEOUT 
setting, the following takes place: 

➤ The access level changes to Access Level 0.

➤ The front-panel targets reset to TAR 0 if the port had previously 
remapped the targets.

➤ Virtual connections are disconnected.

➤ The software flow control state changes to XON.

When set to OFF, the port never times out.
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Interleaved ASCII and Binary Messages
SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view using a terminal or terminal emulation 
package. The binary data streams can interrupt the ASCII data stream to obtain 
information; the ASCII data stream continues after the interruption. This mecha-
nism uses a single communications channel for ASCII communication (transmis-
sion of an event report, for example) interleaved with short bursts of binary data 
to support fast acquisition of metering data. The device connected to the other 
end of the link requires software that uses the separate data streams to exploit this 
feature. However, you do not need a device to interleave data streams to use the 
binary or ASCII commands. Note that XON, XOFF, and CAN operations operate 
on only the ASCII data stream.

An example of using these interleaved data streams is when the relay communi-
cates with an SEL communications processor. The communications processor 
performs autoconfiguration by using a single data stream and SEL Compressed 
ASCII and binary messages. In subsequent operations, the communications pro-
cessor uses the binary data stream for Fast Meter, Fast Operate, and Fast SER 
messages to populate a local database and to perform SCADA operations. At the 
same time, you can use the ASCII data stream for commands and responses.

SEL Fast Meter, Fast Operate, Fast SER Messages, and Fast Message 
Data Access

SEL Fast Meter is a binary message that you solicit with binary commands. Fast 
Operate is a binary message for control. The relay can also send unsolicited Fast 
SER messages and unsolicited synchrophasor messages automatically. If the 
relay is connected to an SEL communications processor, these messages provide 
the mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction. 

This section summarizes the binary commands and messages and includes our 
recommendation for using Fast Commands and Compressed ASCII configura-
tion information to communicate with the relay. You need this information to 
develop or specify the software an external device uses to communicate using 
Fast Messages with the relay. To support this type of development, you will also 
need to contact SEL for Fast Message protocol details.

Table 15.21 lists the two-byte Fast Commands and the actions the relay takes in 
response to each command.

                    

Table 15.21 Fast Commands and Response Descriptions (Sheet 1 of 2)

Command 
(Hex)

Name Response Description

A5B9h Status acknowledge message Clears Fast Meter status byte and sends cur-
rent status.

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and 
general relay configuration information.

A5C1h Fast Meter configuration block Defines contents of Fast Meter data message.

A5C2h Demand Fast Meter configuration 
block

Defines contents of demand Fast Meter data 
message.

A5C3h Peak demand Fast Meter config-
uration block

Defines contents of peak demand Fast Meter 
data message.

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

NOTE:  Not all SEL-400 series relays 
support demand metering and the 
corresponding fast commands.
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Fast Operate commands use one of the two-byte command types shown in 
Table 15.22. Each Fast Operate command also includes additional bytes that 
specify a remote bit or circuit breaker bit.

                    

The Fast Operate messages transfer control commands through the binary data 
stream. You must enable Fast Operate messages for a port before the relay 
accepts these messages on that port. In the port settings, when the protocol is set 
to SEL, the FASTOP setting is visible. Set FASTOP :=Y to enable Fast Operate 
commands or to N to disable Fast Operate commands.

General Fast Messages have a two-byte identifier (A546h) and a function code. 
Fast SER messages are general Fast Messages that transport Sequential Event 
Recorder report information. The Fast SER messages include function codes to 
accomplish different tasks. Table 15.23 lists the Fast SER function codes and the 
actions the relay takes in response to each command.

                    

A5CEh Fast Operate configuration block Defines available circuit breaker, remote bits, 
and associated commands.

A5D1h Fast Meter data message Defines present values of analog and digital 
data.

A5D2h Demand Fast Meter data message Defines values of most recently completed 
demand period.

A5D3h Peak demand Fast Meter data 
message

Defines values for peak demands as of end of 
most recently completed demand periods.

Table 15.22 Fast Operate Command Types

Command 
(Hex)

Name Description

A5E0h Fast Operate command for 
remote bits

Sends command code that will change the 
state of a remote bit, if setting FASTOP :=Y 
for this port.

A5E3h Fast Operate command for cir-
cuit breaker bits

Sends command code that will change the 
state of a circuit breaker control bit, if setting 
FASTOP :=Y for this port.

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 1 of 2)

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition block 
request

Relay transmits Fast Message definition 
request acknowledge (Function Code 80).

01h Enable unsolicited transfers Relay transmits Fast SER command acknowl-
edged message (Function Code 81) and sets 
relay element bit FSERx. Relay will transmit 
subsequent SER events (Unsolicited SER 
broadcast, Function Code 18).

02h Disable unsolicited transfers Relay sends Fast SER command acknowl-
edged message (Function Code 82) and clears 
relay element bit FSERx. Relay will not 
transmit subsequent SER messages.

05h Ping—determine channel is 
operable

Relay aborts unsolicited message in progress 
and transmits ping acknowledge message 
(Function Code 85).

Table 15.21 Fast Commands and Response Descriptions (Sheet 2 of 2)

Command 
(Hex)

Name Response Description
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The SEL Fast Message Synchrophasor Protocol is described in Section 18: Syn-
chrophasors.

Recommended Use of Relay Self-Description Messages for Automatic 
Configuration

Compressed ASCII and Fast Message commands provide information to allow an 
external computer-based device to adapt to the special messages for each relay. 
The SEL communications processors use the self-description messages to config-
ure a database and name the elements in the database.

Table 15.24 lists commands and command usage in the recommended order of 
execution for automatic configuration.

                    

98h Fast SER Message acknowl-
edge

Relay completes dialog processing for unso-
licited message sequence.

30h Device description request Relay sends summary of data blocks avail-
able (Function Code B0h).

31h Data format request Relay sends description of requested data 
block, including data labels and types (Func-
tion Code B1h).

33h Bit label request Relay sends set of bit labels for specific data 
item (Function Code B3h).

10h Data request Relay responds with set of requested data 
(Function Code 90h).

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 2 of 2)

Function 
Code (Hex)

Function Relay Action

Table 15.24 Commands in Recommended Sequence for Automatic Configuration

Command ASCII or 
hexadecimal (h suffix)

Response Usage

ID Relay identification ID and FID 

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and general relay configuration infor-
mation

A5C1h, A5C2h,
A5C3h

Fast Meter configuration blocks Defines contents of Fast Meter data messages

BNAME Binary names ASCII names of status bits

DNAME Digital I/O name ASCII names of digital I/O points

SNS SER names ASCII names for SER data points

CASCII Compressed ASCII configuration block Configuration data for Compressed ASCII commands with access 
levels > 0

A5CEh Fast Operate configuration block Defines available circuit breaker and remote bits, and associated com-
mands, if setting FASTOP :=Y for this port
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SEL MIRRORED BITS Communication
With SEL-patented MIRRORED BITS communications protocol, protective relays 
and other devices can directly exchange information quickly, securely, and with 
minimal cost. Use MIRRORED BITS communications for remote control, remote 
sensing, or communications-assisted protection schemes such as permissive over-
reaching transfer trip (POTT) and directional comparison blocking (DCB).

SEL products support several variations of MIRRORED BITS communications pro-
tocols. Through port settings, you can set the relay for compatible operation with 
SEL-300 series relays, the SEL-2505 or SEL-2506 Remote I/O Modules, and the 
SEL-2100 Protection Logic Processors. These devices use MIRRORED BITS com-
munications to exchange the states of eight logic bits. You can also use settings to 
select extensions of the MIRRORED BITS communications protocols, available 
only in SEL-400 series relays, to exchange analog values, synchronize clocks, 
and engage in virtual terminal dialogs. Table 15.25 summarizes MIRRORED BITS 
communications features.

                    

Communications Channels and Logical Data Channels
The relay supports two MIRRORED BITS communications channels, designated A 
and B. Use the port setting PROTO to assign one of the MIRRORED BITS commu-
nications channels to a serial port: PROTO := MBA or MBGA for MIRRORED 
BITS communications Channel A or PROTO := MBB or MBGB for MIRRORED 
BITS communications Channel B.

Transmitted bits include TMB1A–TMB8A and TMB1B–TMB8B. The last letter 
(A or B) designates with which channel the bits are associated. These bits are 
controlled by SELOGIC control equations. Received bits include RMB1A–
RMB8A and RMB1B–RMB8B. You can use received bits as arguments in 
SELOGIC control equations. The channel status bits are ROKA, RBADA, 
CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, DOKA, ANOKA, 
DOKB, and ANOKB. You can also use these bits as arguments in SELOGIC con-
trol equations. Use the COM command for additional channel status information.

Within each MIRRORED BITS communications message for a given channel (A or 
B), there are eight logical data channels (1–8). In operation compatible with other 
SEL products, you can use the eight logical data channels for TMB1–TMB8. If 

Table 15.25 MIRRORED BITS Communications Features

Feature Compatibility

Transmit and receive logic bits SEL-300 series relays, SEL-2505, SEL-2506, 
SEL-2100, SEL-400 series relays

Transmit and receive analog values SEL-400 series relays

Synchronize time SEL-400 series relays

Send and receive virtual serial port characters SEL-400 series relays

Support synchronous communications channel SEL-400 series relays
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you use fewer than eight transmit bits, Data Channel 8 is reserved to support data 
framing and time synchronization features. You can assign the eight logical data 
channels as follows:

➤ Logic bits: Setting MBNUM controls the number of channels used 
for logic bits, TMB1–TMB8, inclusive.

➢ If you set MBNUM to 8, then you cannot use channels for any of 
the following features.

➢ If you set MBNUM to less than 8, you can use the remaining 
channels (as many as eight total) for the features listed below.

➤ Message and time synchronization: If MBNUM is less than 8, the 
relay dedicates a logical data channel to message framing and time 
synchronization. This feature is enabled by the MBTIME setting.

➤ Analog channels: Setting MBNUMAN controls the number of 
analog channels. It is not guaranteed that multiple analog quantities 
will come from the same relay sampling interval.

➢ If MBNUM := 8, all channels are used for logic bits and 
MBNUMAN is forced to 0.

➢ If MBNUM := 7, seven channels are used for logic bits and one 
channel is used for message and time synchronization.

➢ If MBNUM is less than 7, you can use the remaining channels 
for analog channels by setting the desired number of channels in 
MBNUMAN (1 to 7 – MBNUM).

Note: Analog quantities are converted to Integer values for 
transmission via MIRRORED BITS. Because of this, they will lose any 
fractional value they may have had. To maintain a fixed resolution, 
multiply the analog quantity by a set value before transmission, and 
divide by the same quantity upon reception. To maintain accuracy, 
add 0.5 to the analog quantity after any scaling.

➤ Virtual terminal sessions: Setting MBNUMVT controls the number 
of additional channels available for the virtual terminal session.

➢ If MBNUMVT := OFF, the relay does not dedicate any 
additional channels to the virtual terminal session.

➢ If there are spare channels (7 – MBNUM – MBNUMAN > 0), 
you can use MBNUMVT to dedicate these additional channels 
to the virtual terminal session.

➢ With MBNUM = 7 or less and MBNUMVT = 0, virtual terminal 
is still possible because the relay uses the eighth element for 
time synchronization and virtual terminal.

The virtual terminal session uses channels differently than other data 
exchange mechanisms. There can be only one active virtual terminal 
session across a MIRRORED BITS link. One channel, included in the 
synchronization data, is always dedicated to this virtual terminal 
session. If you assign additional channels to the virtual terminal 
session (set MBNUMVT > 0), you will improve the performance of 
the virtual terminal session. The relay uses the additional channels to 
exchange data more quickly.
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Operation
MBG Protocol

The MBG protocol selection allows the user to move the MIRRORED BITS Trans-
mit equations to the Group settings for more flexibility in bus transfer schemes. 
Using MBG will allow the MIRRORED BITS settings to transfer with a Group 
Switch when it occurs.

NOTE: The MBG protocol option is 
only available in some SEL-400 series 
relays.

To enable the MBG protocol, set the Port setting PROTO := MBGA to enable 
Channel A MIRRORED BITS, or PROTO := MBGB for Channel B MIRRORED 
BITS. Next, the protocol will need to be enabled in the Group settings.

Under Group settings, enable the MBG protocol for Channel A by setting 
EMBA := Y. When this setting is enabled, the transmit equation settings 
TX_IDA, RX_IDA, and TMBnA will be available in the Group settings and will 
be hidden from the Port settings.

The MBG protocol can also be enabled for Channel B by setting EMBB := Y. 
When this setting is enabled, the transmit equation settings TX_IDB, RX_IDB, 
and TMBnB will be available in the Group settings and will be hidden from the 
Port settings.

MB8
While the relay does not have a setting for the MB8 protocol implemented in 
some SEL products, you can configure the relay to communicate with devices set 
to MB8A or MB8B (such as the SEL-351S or SEL-2505). Set the protocol set-
ting PROTO to MBA or MBB. Set the STOPBIT setting to 2. Set all other set-
tings to match those in the other device.

Message Transmission
The relay transmits a MIRRORED BITS communications message as fast as it can 
for the configured data rate. At 9600 bps, this is approximately one message 
every 1/4-cycle. At 19200 bps, it is approximately every 1/8-cycle. At 38400 bps, 
it is approximately two every 1/8-cycle. However, if pacing is enabled, it slows to 
one message every 3 ms at 19200 and 38400 bps (see Table 15.28). Each mes-
sage contains the most recent values of the transmit bits. If you enabled any of the 
extended features through the settings, note that the relay transmits a portion of 
the extended data in each message.

If you have specified virtual terminal data channels for this port, the designated 
data channels are normally idle. If you use the PORT command to open a virtual 
terminal session for this port and type characters, the relay transmits these char-
acters through the virtual terminal logical data channels.
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Message Reception Overview
When the devices are synchronized and the MIRRORED BITS communications 
channel is in a normal state, the relay decodes and checks each received message. 
If the message is valid, the relay performs the following operations:

➤ Sends each received logic bit (RMBn) to the corresponding pickup 
and dropout security counters, that in turn set or clear the RMBnc 
relay element bits.

➤ Accumulates the analog data, and every 18th message, updates the 
received analog quantities.

➤ Accumulates the virtual terminal information, and every 18th 
message, makes the received character or characters available to the 
virtual terminal.

Message Decoding and Integrity Checks
The relay provides indication of the status of each MIRRORED BITS communica-
tions channel, with element bits ROKA and ROKB. During normal operation, the 
relay sets the ROKc bit. The relay clears the bit upon detecting any of the follow-
ing conditions:

➤ Parity, framing, or overrun errors

➤ Receive data redundancy error

➤ Receive message identification error

➤ No message received in the time three messages have been sent

The relay will assert ROKc only after successful synchronization as described 
below and two consecutive messages pass all of the data checks described above. 
After ROKc is reasserted, received data may be delayed while passing through 
the security counters described below.

While ROKc is not set, the relay does not transfer new RMB data to the pickup-
dropout security counters described below. Instead, the relay sends one of the 
user-definable default values to the security counter inputs. For each RMBn, 
specify the default value with setting RMBnFL, as follows:

➤ 1

➤ 0

➤ P (to use last valid value)

Individual pickup and dropout security counters supervise the movement of each 
received data bit into the corresponding RMBn element. You can set each pickup/
dropout security counter from 1 to 8. A setting of 1 causes a security counter to 
pass every occurrence, while a setting of 8 causes a counter to wait for eight con-
secutive occurrences in the received data before updating the data bits. The 
pickup and dropout security count settings are separate. Control the security 
count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout timer, 
except that the counter uses units of counted received messages instead of time. 
An SEL relay communicating with another SEL relay typically sends and 
receives MIRRORED BITS communications messages eight times per power sys-
tem cycle. Therefore, a security counter set to two counts will delay a bit by 
approximately 1/4 of a power system cycle. Reference Table 15.28 for the mes-
sage rates based on the settings. You must consider the impact of the security 
counter settings in the receiving device to determine the channel timing performance.

NOTE: c represents the MIRRORED 
BITS channel (A or B), n represents the 
MIRRORED BITS data channel data 
number (1—8).
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Channel Synchronization
When an SEL relay detects a communications error, it deasserts ROKA or 
ROKB. The relay transmits an attention message until it receives an attention 
message that includes a match to the TX_ID setting value. If the attention mes-
sage is successful, the relay has properly synchronized and data transmission will 
resume. If the attention message is not successful, the relay will repeat the atten-
tion message until it is successful.

Loopback Testing
Use the LOOP command to verify the communications channel. In this mode, 
the relay expects the transmitted data to be looped back to the relay to test the 
data transmissions, including communications data. At the remote end, jumper 
the send and receive communications channels to complete the path for the test. 
While in loopback mode, ROKc is deasserted, and LBOKc asserts and deasserts 
based on the received data checks.

Channel Monitoring
Based on the results of data checks (described above), the relay collects informa-
tion regarding the 255 most recent communications errors. Each record contains 
at least the following fields:

➤ Dropout Time/Date

➤ Pickup Time/Date

➤ Time elapsed during dropout

➤ Reason for dropout

Use the COM command to generate a long or summary report of the communi-
cations errors.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions by 
using SELOGIC control equations. You 
can use these alarm conditions to 
monitor and report a communications 
channel failure.

There is a single record for each outage, but an outage can evolve. For example, 
the initial cause could be a data disagreement, but framing errors can extend the 
outage. If the channel is presently down, the COMM record will only show the 
initial cause, but the COMM summary will display the present cause of failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay will assert a user-accessible flag, RBADA or RBADB. When 
channel unavailability exceeds a user-definable threshold for Channel A or B, the 
relay asserts a user-accessible flag, CBADA or CBADB.

MIRRORED BITS Communications Protocol for the Pulsar 9600-BPS Modem
To use a Pulsar MBT modem, set setting MBT := Y. Setting MBT := Y hides set-
ting SPEED and forces it to 9600, and hides setting RTSCTS and forces it to a 
value of N. The relay also injects a delay (idle time) of 3 ms between messages.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify that 
MIRRORED BITS communications matches this specification. 

NOTE: The MBT9600 modem 
requires +5 Vdc from pin 1 of the DB 9 
connector. A rear serial port can 
supply this voltage if its jumper is set. 
See Serial Port Jumpers in the 
product-specific instruction manual 
for more information.

NOTE: You must consider the idle 
time in the calculations of data 
transfer latency through a Pulsar MBT 
modem system.
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Settings
The port settings associated with MIRRORED BITS communications are shown in 
Table 15.26 and Table 15.27.

Set PROTO := MBA or MBGA to enable the MIRRORED BITS communications 
protocol Channel A on this port. Set PROTO := MBB or MBGB to enable the 
MIRRORED BITS communications protocol Channel B on this port.

                    

Setting SPEED := SYNC (available only on the rear-panel serial ports for which 
PROTO := MBA, MBB, MBGA, or MBGB) places the serial port in synchronous 
(or externally clocked) mode. The serial port hardware will synchronize transmit 
and receive data (TX/RX) to a clock signal applied to the Pin 8 input at any effec-
tive data rate as high as 64000. This setting choice will suit certain synchronous 
communications networks.

The relay uses the RBADPU setting to determine how long a channel error must 
persist before the relay asserts RBADA or RBADB. The relay deasserts RBADA 
and RBADB when it no longer detects a channel error. RBADA and RBADB 
update immediately in the MIRRORED BITS protocol but may take several milli-
seconds to update for SELOGIC control equations. It is recommended to use 
RBADA and RBADB in SELOGIC control equations for monitoring purposes 
only.

The relay uses the CBADPU setting to determine when to assert CBADA and 
CBADB. If the short-term channel downtime ratio exceeds CBADPU, the relay 
asserts the appropriate CBAD bit.

The TXMODE setting provides compatibility with SEL devices that are not 
SEL-400 series relays. The relay can send messages more quickly than the 
SEL-300 series relays and other SEL devices can process these messages. This 
could lead to loss of data and a failure to communicate properly. When you set 
TXMODE to P, the relay sends new MIRRORED BITS messages every 3 ms even if 
the selected data speed (SPEED setting) would allow more frequent messages.

As a function of the settings for SPEED, TXMODE, and MBT, the message 
transmission periods are shown in Table 15.28.

                    

Table 15.26 General Port Settings Used With MIRRORED BITS Communications

Name Description Range Default

PROTO Protocol None, SEL, DNP, MBA, 
MBB, MBGA, MBGB, 
RTD, PMU

SEL

MBT Enable Pulsar 9600 modem Y, N N

SPEED Data speed. Hidden and set to 9600 if 
MBT := Y

300, 600, 1200, 2400, 4800, 
9600, 19200, 38400, SYNC

9600

STOPBIT Stop bits. Hidden and set to 1 if MBT := Y 1, 2 1

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 1 of 2)

Name Description Range

TX_ID MIRRORED BITS communications ID of this 
device

1–4

RX_ID MIRRORED BITS communications ID of 
device connected to this port

1–4 (must be different than 
TX_ID)

RBADPU Outage duration to set RBAD 1–10000 seconds

CBADPU Channel unavailability to set CBAD 1–100000 parts per million
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Set the RX_ID of the local relay to match the TX_ID of the remote relay. In a 
three-terminal case, Relay X transmits to Relay Y, Relay Y transmits to Relay Z, 
and Relay Z transmits to Relay X. Table 15.29 lists the MIRRORED BITS commu-
nications ID settings for Relays X, Y, and Z.

TXMODE Transmission modea N (normal), P (paced)

MBNUM Number of MIRRORED BITS communications 
data channels used for logic bits

0–8

RMB1FLb RMB1 channel fail state 0, 1, P

RMB1PUb RMB1 pickup message count 1–8

RMB1DOb RMB1 dropout message count 1–8

•

•

•

•

•

•

RMB8FLb RMB8 channel fail state 0, 1, P

RMB8PUb RMB8 pickup message count 1–8

RMB8DOb RMB8 dropout message count 1–8

MBTIME MIRRORED BITS time synchronize enable Y, N

MBNUMAN Number of analog data channels

(hidden and set to 0 if MBNUM := 7 or 8)

0–n, 
n = 7–MBNUM

MBANA1c Selection for analog Channel 1 Analog quantity label

MBANA2c Selection for analog Channel 2 Analog quantity label

MBANA3c Selection for analog Channel 3 Analog quantity label

MBANA4c Selection for analog Channel 4 Analog quantity label

MBANA5c Selection for analog Channel 5 Analog quantity label

MBANA6c Selection for analog Channel 6 Analog quantity label

MBANA7c Selection for analog Channel 7 Analog quantity label

MBNUMVT Number of virtual terminal channels OFF, 0–n,
n = 7–MBNUM–MBNUMAN

a Must be P for connections to devices that are not SEL-400 series relays.
b Hidden based on MBNUM setting.
c Hidden based on MBNUMAN setting.

Table 15.28 MIRRORED BITS Communications Message Transmission Period

Speed in Bits 
per Second

TXMODE := NORMAL 
MBT := N

TXMODE := PACED 
MBT := N

MBT :=Y

38400 1.0 ms 3.0 ms N/A

19200 2.0 ms 3.0 ms N/A

9600 4.0 ms 4.0 ms 7.0 ms

4800 8.0 ms 8.0 ms N/A

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 2 of 2)

Name Description Range
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SEL Distributed Port Switch Protocol (LMD) 
The relay does not have built-in LMD protocol, but you can connect the relay to 
an SEL-2885 EIA-232 to EIA-485 Transciever and connect the SEL-2885 to an 
EIA-485 multidrop network. See the SEL-2885 EIA-232 to EIA-485 Transceiver 
product flyer for more information on the settings, configuration, and application 
of the SEL-2885. Application Guide AG94-03 provides additional details for 
applying this protocol and is available at selinc.com.

SEL-2600A RTD Module Operation
The SEL-2600A RTD Module Protocol (RTD) enables communication with an 
SEL-2600A via an SEL-2800 (EIA-232 to Fiber-Optic) Transceiver.

NOTE: Not all SEL-400 series relays 
support communication with 
SEL-2600A RTD Modules.

                    

This protocol supports data acquisition of as many as 12 temperature channels 
and places the results directly into predefined analog quantities (RTD01–RTD12) 
inside the relay for use in freeform SELOGIC applications. For more information 
on the SEL-2600A or SEL-2800, contact your local technical service center, the 
SEL factory, or visit the SEL website at selinc.com for a copy of the SEL-2600A 
and SEL-2800 product fliers.

Initialization
Perform the following steps to prepare the relay for communicating with an 
SEL-2600A RTD module:

Step 1. Set the desired port to RTD protocol.

Step 2. Set the port setting RTDNUM to the number of RTDs attached to the 
SEL-2600A.

Step 3. Set the RTD type settings (RTDnnTY) to the appropriate RTD type.

Step 4. Connect the SEL-2600A RTD Module to the port via the SEL-2800 
(EIA-232 to Fiber-Optic) Transceiver.

Table 15.29 MIRRORED BITS Communications ID Settings for Three-Terminal 
Application

Relay TX_ID RX_ID

X 1 3

Y 2 1

Z 3 2

                    

Figure 15.10 SEL-2600A RTD Module and the Relay

RTD

RTD

SEL-2600A
RTD Module

SEL-2800 Relay

https://selinc.com/


15.44

SEL-400 Series Relays Instruction Manual Date Code 20230830

Communications Interfaces
SEL-2600A RTD Module Operation

Operation
The SEL-2600A RTD module sends all temperature measurements to the relay 
every 0.5 seconds. The relay places the received temperature measurements into 
analog quantities RTD01–RTD12 for use in freeform SELOGIC applications. The 
data range is from –50 to +250 °C.

NOTE: When a channel status bit is 
not asserted, the data in the 
respective analog quantity is the last 
valid temperature, not the current 
temperature.

If the relay stops receiving valid analog quantities from a certain channel, the 
temperature stored in the relay freezes at the last received value. Fifteen status 
bits help supervise decisions based on temperature measurements. Table 15.30 
describes how to interpret the status bits.

                    

To view the temperature measurements received from the SEL-2600A, issue the 
MET T command, as depicted in Figure 15.11.

                    

The MET T command displays the following messages:

➤ Channel Failure: This message is displayed for each channel whose 
channel status bit is not asserted.

➤ Channel Not Used: This message is displayed for each channel 
whose channel type is set to NA.

When there is a status problem with the SEL-2600A RTD module, the MET T 
command will respond with an informational message, as shown in Figure 15.12.

                    

The four possible messages for status problems, with their interpretation, are 
indicated in Table 15.31.

Table 15.30 RTD Status Bits

RTD Status Bit Description

RTDFL Asserts if the SEL-2600A experiences an internal problem.

RTDCOMF Asserts if the relay does not receive a valid measurement from the 
SEL-2600A for 1.25 seconds.

RTD01ST–RTD12ST Assert when an RTD is attached to a channel and the SEL-2600A is 
able to read RTD.

RTDIN SEL-2600 input status bit. Asserts when the SEL-2600 is healthy and 
the received data indicates the assertion of the input.

=>>MET T <Enter>
Relay 1                                    Date: 03/17/2023  Time: 13:42:13.220
Station A                                  Serial Number: 1230769999
RTD Input Temperature Data (deg. C)
RTD  1 = -48

RTD  2 = Channel Failure
RTD  3 =   0
RTD  4 =  24
RTD  5 = Channel Not Used
RTD  6 =  72
RTD  7 = Channel Failure
RTD  8 = 120

RTD  9 = Channel Not Used
RTD 10 = 168
RTD 11 = 192
RTD 12 = 216

Figure 15.11 MET T Command Response

=>>MET T
SEL-2600 Failure

Figure 15.12 MET T Command Response for Status Problem

NOTE: In some SEL-400 series 
relays, you must use MET RTD instead 
of MET T.
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Direct Networking Example
This example demonstrates direct networking to the relay through use of the 
Ethernet card. Figure 15.13 shows the Ethernet network topology. This examples 
uses an SEL-421, but the same concepts apply to any SEL-400 series relay.

                    

Application
The Ethernet network is used primarily for an engineering connection to the 
devices in the substation either across the WAN or from the local computer. The 
engineer can use FTP to collect settings, oscillography, and other file data directly 
from the SEL-421 Relays. The engineer can also use Telnet to establish a termi-
nal connection to the SEL-421 Relays or through the SEL-3530 to one of the 
serial IEDs to configure these devices or obtain diagnostic information. The 
SEL-3530 provides IRIG-B time synchronization to all the IEDs via a serial con-
nection.

Table 15.31 MET T Command Status Messages

Message Interpretation

SEL-2600 Failure RTDFL status bit asserted

Communication Failure RTDCOMF status bit asserted

No data available Port Protocol not set to RTD

Channel Failure RTDxxST status bit deasserted

                    

Figure 15.13 Example Direct Networking Topology
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Settings
This example focuses on the relay labeled Line 1 shown in Figure 15.13. Port 5 
settings for the SEL-421 configure the Ethernet card. Port 5 settings for this 
example are shown in Table 15.32.

                    

FTP Session
Figure 15.14 is a screen capture of an FTP session with the relay. The FTP client 
used for this example is included with the Windows operating system and acces-
sible through a command prompt window. The operator connects to the relay, 
moves to the SETTINGS directory, and collects the Port 5 settings. Figure 15.14 
shows a portion of the Port 5 settings in the SET_P5.TXT file.

Table 15.32 SEL-421 Port 5 Direct Networking Settings

Setting Name Setting Description

BUSMODEa INDEPEND Bus operating mode

EINTFa CD Enable interface

IPADDR 10.201.0.112/16 IP network address

DEFRTR 10.201.0.1 Default router

ETCPKA N Disable TCP keep-alive functionality

KAIDLE 10 Length of time to wait with no detected activity before sending a keep-alive packet 
(must be greater than or equal to KAINTV)

KAINTV 1 Length of time to wait between sending keep-alive packets after receiving no response 
for the prior keep-alive packet (must be less than or equal to KAIDLE)

KACNT 6 Maximum number of keep-alive packets to send

NETPORT C Primary network port selected to PORT 5C

NETCSPDb A Automatically detect network speed on PORT C

FTPSERV Yc Enabled FTP server

FTPCBAN FTP SERVER: FTP connect banner

FTPIDLE 5 FTP connection time-out in minutes

FTPANMS N Anonymous login disabled so that passwords are required for all FTP users

FTPAUSR “” Host user from which anonymous FTP client inherits access rights—not used in this 
application

ETELNET Yc Enable Telnet server

TCBAN HOST TERMINAL SERVER: Host Telnet connect banner

TPORT 23 Host Telnet TCP/IP port

TIDLE 5 Telnet connection time-out in minutes

a Five-port Ethernet card only.
b Not applicable for fiber ports.
c Set to CD when using the five-port Ethernet card.
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C:\>ftp 10.201.0.112 <Enter>
Connected to 10.201.0.112.
220 FTP SERVER:
User (10.201.0.112:(none)): 2AC
331 User name okay, need password.
Password:
230 User logged in, proceed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
CFG.TXT
CFG.XML
EVENTS
REPORTS
SETTINGS
SWCFG.ZIP

SYNCHROPHASORS
226 Closing data connection.
ftp: 72 bytes received in 0.00Seconds 72.00Kbytes/sec.
ftp> cd SETTINGS
250 CWD  requested file action okay, completed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
BAY_SCREEN.TXT
ERR.TXT

SET_A1.TXT
SET_A10.TXT
SET_A2.TXT
SET_A3.TXT
SET_A4.TXT
SET_A5.TXT
SET_A6.TXT
SET_A7.TXT
SET_A8.TXT
SET_A9.TXT
SET_ALL.TXT

SET_B1.TXT
SET_D1.TXT
SET_D2.TXT
SET_D3.TXT
SET_D4.TXT
SET_D5.TXT
SET_F1.TXT
SET_G1.TXT
SET_L1.TXT
SET_L2.TXT
SET_L3.TXT
SET_L4.TXT
SET_L5.TXT
SET_L6.TXT

SET_N1.TXT
SET_O1.TXT
SET_P1.TXT
SET_P2.TXT
SET_P3.TXT
SET_P5.TXT
SET_PF.TXT
SET_R1.TXT
SET_S1.TXT
SET_S2.TXT
SET_S3.TXT
SET_S4.TXT
SET_S5.TXT
SET_S6.TXT
SET_SM.TXT
SET_T1.TXT

UPGRADE_RPT.TXT
226 Closing data connection.
ftp: 536 bytes received in 0.01Seconds 53.60Kbytes/sec.
ftp> get SET_P5.TXT
200 PORT Command okay.
150 File status okay; about to open data connection.
226 Closing data connection.
ftp: 3853 bytes received in 0.01Seconds 428.11Kbytes/sec.
ftp> quit
221 Goodbye.

C:\>

Figure 15.14 Example FTP Session
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Telnet Session
This section contains screen captures of a Telnet session with the Line 1 
SEL-421. The Telnet application is included with the Windows operating system. 
Figure 15.16 shows the login dialog box and the entries required to connect to the 
SEL-421.
                    

Figure 15.17 is a screen capture of a Telnet session with the relay. The operator 
connects to the relay, and displays the Port 5 settings. Only a portion of the Port 5 
settings are shown.

[INFO]
RELAYTYPE=SEL
FID=SEL-421-X045-V0-Z001001-D20010106
BFID=SLBT-CFS-X000
PARTNO=SEL-400H1234
[IOBOARDS]
[COMCARDS]
, SEL-2701-X061-V0-Z000000-D20010117, SLBT-2701-X021-V0-Z000000-D20010109, 1
[P5]

"TIMEOUT",5
"AUTO",Y
"FASTOP",N
"TERTIM1",1
"TERSTRN","\005"
"TERTIM2",0

"IPADDR","10.201.0.112"
"SUBNETM","255.255.0.0"
"DEFRTR","10.201.0.1"
"NETPORT","C"
"FAILOVR","N"

"FTIME",5
"NETCSPD","A"
"NETDSPD","A"
"FTPSERV","Y"

"FTPCBAN","FTP SERVER:"
"FTPIDLE",5
"FTPANMS","N"
"FTPAUSR","ACC"

"T1CBAN","HOST TERMINAL SERVER:"
"T1INIT","N"
"T1RECV","Y"
"T1PNUM",23

"T2CBAN","CARD TERMINAL SERVER:"
"T2RECV","Y"
"T2PNUM",1024
"TIDLE",5
Remaining settings not shown

Figure 15.15 Partial Contents of SET_P5.TXT

                    

Figure 15.16 Telnet Connection Dialog Box
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TERMINAL SERVER:
=ACC <Enter>

Password: ?OTTER <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:08.142
Station A                                  Serial Number: 1230769999

Level 1

=>2AC <Enter>

Password: ?TAIL <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:23.082
Station A                                  Serial Number: 1230769999

Level 2

=>>SHO P 5 <Enter>
Port 5

Protocol Selection

EPORT   := Y        EPAC    := N        MAXACC  := C

SEL Protocol Settings

AUTO    := Y        FASTOP  := N        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Fast Message Read Data Access

FMRENAB := Y        FMRLCL  := N        FMRMTR  := Y        FMRDMND := Y
FMRTAR  := Y        FMRHIS  := N        FMRBRKR := N        FMRSTAT := N
FMRANA  := Y

IP Configuration

IPADDR  := 10.201.0.112/16
DEFRTR  := "10.201.0.1"
ETCPKA  := Y        KAIDLE  := 10       KAINTV  := 1        KACNT   := 6
NETMODE := FIXED    NETPORT := C        NETASPD := AUTO     NETBSPD := AUTO
NETCSPD := AUTO     NETDSPD := AUTO

FTP Configuration

FTPSERV := N

HTTP Server Configuration

EHTTP   := N

Telnet Configuration

ETELNET := Y
TCBAN   := "TERMINAL SERVER:"
TPORT   := 23       TIDLE   := 15

DNP Configuration

EDNP    := 0

Phasor Measurement Configuration

EPMIP   := N

SNTP Protocol Selection

ESNTP   := OFF

PTP Settings

EPTP    := N
=>>QUI <Enter>

Figure 15.17 Example Telnet Session
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DNP3 Communication

The relay provides a DNP3-2009 Level 2 outstation interface for direct network 
connections to the relay. This section covers the following topics:

➤ Introduction to DNP3 on page 16.1

➤ DNP3 in the Relay on page 16.7

➤ DNP3 Documentation on page 16.12

➤ DNP3 Serial Application Example on page 16.26

➤ DNP3 LAN/WAN Application Example on page 16.31

Introduction to DNP3
A SCADA manufacturer-developed DNP3 from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, version 3 of the protocol 
has also become popular for local substation data collection. DNP3 has been 
standardized as IEEE 1815.

Rather than wiring individual input and output points from the station RTU to the 
station IEDs, many stations use DNP3 to convey measurement and control data 
over a single serial or Ethernet cable to the RTU. The RTU then forwards data to 
the offsite master station. By using a data communications protocol rather than 
hard wiring, designers have reduced installation, commissioning, and mainte-
nance costs while increasing remote control and monitoring flexibility.

The DNP User’s Group maintains and publishes DNP3 standards in cooperation 
with IEEE. See the DNP User’s Group website (www.dnp.org) for more informa-
tion on DNP3 standards, implementers of DNP3, and tools for working with 
DNP3.

DNP3 Specifications
DNP3 is a feature-rich protocol with many ways to accomplish tasks. The 
Interoperability section of IEEE 1815 defines four levels of subsets to help 
improve interoperability. The levels are listed in Table 16.1.

                    

Table 16.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communications requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data 

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communications requirements

Large RTUs, SCADA masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA masters
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Each level is a proper superset of the next lower-numbered level. A higher level 
device can act as a master to a lower level device, but can only use the data types 
and functions implemented in the lower level device. For example, a typical 
SCADA master is a Level 3 device and can use Level 2 (or lower) functions to 
poll a Level 2 (or lower) device by using only the data types and functions that 
the lower-level device uses. A lower-level device can also poll a higher-level 
device, but the lower level device can only access the features and data available 
to its level.

Data Handling
Objects

DNP3 uses a system of data references called object types, commonly referred to 
as objects. Each subset level specification requires a minimum implementation of 
objects and also recommends several optional objects. DNP3 objects are specifi-
cations for the type of data the object carries. An object can include a single value 
or more complex data. Some objects serve as shorthand references for collections 
of data or even all data within the DNP3 device.

Each instance of the object includes an index that makes it unique. For example, 
each binary status point (Object 1) has an index. If there are 16 binary status 
points, these points are Object 1, Index 0 through Object 1, Index 15. Note that 
index numbers are 0-based.

Each object also includes multiple versions called variations. For example, 
Object 1 has three variations: 0, 1, and 2. Variation 0 is used to request Object 1 
data from a DNP3 device by using its default variation. Variation 1 is used to 
specify binary input values only and Variation 2 is used to specify binary input 
values with status information.

Each DNP3 device has both a list of objects and a map of object indices. The list 
of objects defines the available objects, variations, and qualifier codes. The map 
defines the indices for objects that have multiple instances and what data or con-
trol points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. DNP3 
terminology describes all points from the perspective of the master. Binary points 
for control that move from the master to the outstation are called binary outputs, 
while binary status points within the outstation are called binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object listing 
for the device shows the permitted function codes for each type of object. The 
most common DNP3 function codes are listed in Table 16.2.

                    

Table 16.2 Selected DNP3 Function Codes

Function Code Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a select-before-execute operate

4 Execute Second part of a select-before-execute operate

5 Direct operate One-step operation with acknowledgment

6 Direct operate, no ack. One-step operation with no acknowledgment
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range speci-
fies the indices of the objects of interest. DNP3 masters use qualifier codes to 
compose the shortest, most concise message possible when requesting points 
from a DNP3 remote device.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses two 
bytes. An example request using qualifier code 01 might have the four-hexadeci-
mal byte range field, 00h 04h 00h 10h, that specifies points in the range 4–16.

Access Methods
DNP3 has many features that help it obtain maximum possible message effi-
ciency. DNP3 Masters send requests with the least number of bytes by using spe-
cial objects, variations, and qualifiers that reduce the message size. Other features 
eliminate the continual exchange of static (unchanging) data values. These fea-
tures optimize use of bandwidth and maximize performance over a connection of 
any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit val-
ues that have not changed. Event data are time-stamped records that show when 
observed measurements changed. For binary points, the outstation device logs 
changes from logical 1 to logical 0 and from logical 0 to logical 1. For analog 
points, the remote device logs changes that exceed a deadband. DNP3 outstation 
devices collect event data in a buffer that either the master can request or the 
device can send to the master without a request message. Data sent from the out-
station to the master without a polling request are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved for 
reading the present value (static data). Classes 1, 2, and 3 are event data classes. 
The meaning of Classes 1 to 3 is arbitrary and defined by the application at hand. 
With remotes that contain great amounts of data or in large systems, the three 
event classes provide a framework for prioritizing different types of data. For 
example, you can poll once a minute for Class 1 data, once an hour for Class 2 
data, and once a day for Class 3 data.

Class 0 polling is also known as static polling, or simple polling of the present 
value of data points within the outstation. By combining event data polls, unsolic-
ited messaging, and static polling, you can operate your system in one of the four 
access methods shown in Table 16.3.

The access methods listed in Table 16.3 are in order of increasing communica-
tions efficiency. With various tradeoffs, each method is less demanding of com-
munications bandwidth than the previous one. For example, unsolicited report-
by-exception consumes less communications bandwidth because of the elimina-
tion of polling messages from the master required by polled report-by-exception. 
You must also consider overall system size and the volume of data communica-
tion expected to properly evaluate which access method provides optimum per-
formance for your application.
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Binary Control Operations
DNP3 masters use the Object 12 control relay output block to perform binary 
control operations. The control relay output block has both a trip/close selection 
and a code selection. The trip/close selection allows a single index to operate two 
related control points, such as trip and close or raise and lower. Trip/close pair 
operation is not recommended for new DNP3 devices, but is often included for 
interoperability with older DNP3 master implementations.

The control relay output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited sub-
set of the possible combinations of the code field. Sometimes, DNP3 outstations 
assign special operation characteristics to the latch and pulse selections.

Conformance Testing
In addition to the protocol specifications, the DNP User’s Group has approved 
conformance testing requirements for all levels of outstation devices. Some 
implementers perform their own conformance specification testing, while some 
contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and remote will be 
fully interoperable (work together properly for all implemented features). Con-
formance testing does help to standardize the testing procedure and move the 
DNP3 implementers toward a higher level of interoperability. 

DNP3 Serial Network Issues
You can build a DNP3 network by using either a multidrop or star topology. Each 
DNP3 network has one or more DNP3 masters and DNP3 outstations. 
Figure 16.1 shows the DNP3 multidrop network topology. 

                    

Table 16.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only.

Polled report-by-
exception

Master polls frequently for event data and occasionally for Class 0 
data.

Unsolicited report-by-
exception

Remote devices send unsolicited event data to the master, and the 
master occasionally polls for Class 0 data.

Quiescent Master never polls and relies on unsolicited reports only.

                    

Figure 16.1 DNP3 Multidrop Network Topology

Master

Remote 2Remote 1 Remote n



16.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

DNP3 Communication
Introduction to DNP3

Figure 16.2 shows the DNP3 star network topology.

                    

DNP3 multidrop networks that are used within substations often use an EIA-485 
physical layer. The multidrop network is vulnerable to the failure of a single 
transmitter. If any one transmitter fails in a state that disrupts signals on the net-
work, the network will fail. The DNP3 star network topology eliminates the net-
work transmitters and other single points of failure related to the physical 
medium.

If you are planning either a DNP3 star or multidrop network topology, you 
should consider the benefits of including an SEL communications processor such 
as the SEL-2032 or SEL-3530 RTAC in your design. A network with a communi-
cations processor is shown in Figure 16.3. A DNP3 network that includes a com-
munications processor has a lower data latency and shorter scan time than 
comparable networks through two primary mechanisms. First, the communica-
tions processor collects data from all remotes in parallel rather than one-by-one. 
Second, the master can collect all data with one message and response, drasti-
cally reducing message overhead.

                    

In the communications processor DNP3 network, you can also collect data from 
devices that do not support the DNP3 protocol. SEL communications processors 
can collect data and present it to the master as DNP3 data regardless of the proto-
col between the SEL communications processor and the remote device.

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (open systems inter-
connect) model called the enhanced performance architecture. The layer defini-
tion helps to categorize functions and duties of various software components that 
make up the protocol. The middle layer, the data link layer, includes several func-
tions for error checking and media access control.

                    

Figure 16.2 DNP3 Star Network Topology

                    

Figure 16.3 DNP3 Network With Communications Processor
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A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this fea-
ture helps you recognize a failed device or failed communications link quickly, it 
also adds significant overhead to the DNP3 conversation. Consider for your indi-
vidual application whether you require this link integrity function at the expense 
of overall system speed and performance.

The DNP3 specification recommends against using data link confirmations 
because these processes can add to traffic in situations where communications 
are marginal. The increased traffic will reduce connection throughput further, 
possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single network medium, you 
must provide a mechanism to resolve the resulting network medium contention. 
For example, unsolicited reporting results in network medium contention if you 
do not design your network as a star topology of point-to-point connections or 
use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a col-
lision avoidance feature. Before sending a message, a DNP3 device listens for a 
carrier signal to verify that no other node is transmitting data. The device trans-
mits if there is no carrier or waits for a random time before rechecking for a car-
rier signal. However, if two nodes both detect a lack of carrier at the same instant, 
these two nodes could begin simultaneous transmission of data and cause a data 
collision. If your network allows for spontaneous data transmission including 
unsolicited event data transmissions, you also must use application confirmation 
to provide a retry mechanism for messages lost as a result of data collisions.

DNP3 LAN/WAN Considerations
The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the transport 
layer frames of the IP suite. This allows the IP stack to deliver the DNP3 data link 
layer frames to the destination in place of the original DNP3 physical layer. The 
DNP User’s Group Technical Committee has recommended the following guide-
lines for carrying DNP3 over a network:

➤ DNP3 shall use the IP suite to transport messages over a LAN/WAN

➤ Ethernet is the recommended physical link, though others may be 
used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP may be used for highly reliable single segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is used 
for either TCP or UDP.

The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table 16.4.
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DNP3 in the Relay
The relay is a DNP3-2009 Level 2 outstation device. The relay DNP3 interface 
has the capabilities summarized in Table 16.5.

                    

Data Access
You can use any of the data access methods listed in Table 16.6. Table 16.6 also 
lists the relay DNP3 settings. You must configure the DNP3 master for the data 
access method you select.

Table 16.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data (CDPD) X

Low-priority data, for example, data monitor or configuration information X

Table 16.5 Relay DNP3 Feature Summary

Feature Application

DNP3 event data reporting More efficient polling through event collection or unsolic-
ited data

Time-tagged events Time-stamped SER data

Control output relay blocks Operator-initiated control

Write analog set point Change the active protection settings group

Time synchronization Set the relay time from the master station or automatically 
request time synchronization from the master

Custom mapping Increase communications efficiency by organizing data and 
reducing available data to what you need for your applica-
tion

Modem support Reduce the cost of the communications channel by either 
master dialing to relay or relay dialing to master

Analog deadband settings per 
session

Deadbands may be set to different values per session 
depending on desired application

Virtual Terminal Provides engineering access for configuration, diagnostics, 
and other tasks over the existing DNP3 connection

TEST DB2 command Test DNP3 protocol interface without disturbing protection

Support for Object 0 Device 
Attributes

Provides Device Attributes (Device ID, Number of binary, 
analog and counter points, Manufacturer information, etc.) 
for the device specific to the current connected DNP3 ses-
sion in use

XML DNP3 Device Profile 
Document

The DNP3 Device Profile document contains the complete 
information on DNP3 Protocol support in the relay. This 
information is available in XML format.
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In both the unsolicited report-by-exception and quiescent polling methods shown 
in Table 16.6, you must make a selection for the PUNSOL setting. This setting 
enables or disables unsolicited data reporting when you turn the relay on. If your 
master can send the DNP3 message to enable unsolicited reporting from the 
relay, you should set PUNSOL to No.

NOTE: The DNP3 LAN/WAN settings 
have names similar to the serial port 
settings above, but include the session 
number n as a suffix ranging from 1 to 
6 (for example, CLASSB1, UNSOL1, 
PUNSOL1). All settings with the same 
numerical suffix comprise the 
complete DNP3 LAN/WAN session 
configuration.

While automatic unsolicited data transmission on power-up is convenient, prob-
lems can result if your master is not prepared to start receiving data immediately 
when you turn on the relay. If the master does not acknowledge the unsolicited 
data with an application confirm, the relay will resend the data until it is acknowl-
edged. On a large system, or in systems where the processing power of the master 
is limited, you may have problems when several outstations simultaneously begin 
sending data and waiting for acknowledgment messages.

Collision Avoidance
If your application requires unsolicited reporting from multiple devices on a sin-
gle (serial) network medium, you must select a half-duplex medium or a medium 
that supports carrier detection to avoid data collisions. EIA-485 two-wire net-
works are half-duplex. EIA-485 four-wire networks do not provide carrier detection.

The relay uses application confirmation messages to guarantee delivery of unso-
licited event data before erasing the local event data buffer. Data collisions are 
typically resolved when messages are repeated until confirmed.

The relay pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. If you use the settings of 0.10 seconds for MAXDLY and 0.05 seconds for 
MINDLY, the relay will insert a random delay of 50 to 100 ms (milliseconds) 
between the end of carrier detection and the start of data transmission.

Transmission Control
If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio sys-
tem for your serial DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay between 
RTS signal control and data transmission. For example, an EIA-485 transceiver 
typically requires 10–20 ms to change from receive to transmit. If you set the pre-
delay to 30 ms, you will avoid data loss resulting from data transmission begin-
ning at the same time as RTS signal assertion.

Table 16.6 DNP3 Access Methods

Access Method Master Polling Relay Settings

Polled static Class 0 Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to OFF, UNSOL to N.

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, UNSOL to N.

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently, 
mainly relies on unsolicited 
messages

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, set UNSOL to Y and PUN-
SOL to Y or N.

Quiescent Class 0, 1, 2, 3 never, relies 
completely on unsolicited 
messages

Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to the desired event class, set 
UNSOL and PUNSOL to Y.

NOTE: Because unsolicited 
messaging only operates properly in 
some situations, for maximum 
performance and minimum risk of 
configuration problems, SEL 
recommends the polled report-by-
exception access method.
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Event Data
DNP3 event data objects contain change-of-state and time-stamp information 
that the relay collects and stores in a buffer. You can configure the relay to either 
report the data without a polling request from the master (unsolicited data) or 
hold the data until the master requests it with an event poll message.

With the event class settings ECLASSB, ECLASSC, ECLASSA, and ECLASSV 
you can set the event class for binary, counter, analog, and virtual terminal infor-
mation. You can use the classes as a simple priority system for collecting event 
data. The relay does not treat data of different classes differently with respect to 
unsolicited messages, but the relay does allow the master to perform independent 
class polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. Confirm 
that the polling configuration of your 
master allows independent polling for 
each class before implementing 
separate classes in the relay.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in DNP3 Settings—
Custom Maps on page 12.19. You can either set and use default deadband and 
scaling according to data type or use a custom data map to select deadbands on a 
point-by-point basis. See Configurable Data Mapping on page 16.23 for a dis-
cussion of how to set scaling and deadband operation on a point-by-point basis.

The serial port settings ANADBA, ANADBV, and ANADBM (ANADBAn, 
ANADBVn, and ANADBMn for Ethernet port settings on session n) control 
default deadband operation for the specified data type. Because DNP3 Objects 30 
and 32 use integer data by default, you can use scaling to send digits after the 
decimal point and avoid truncating to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling setting 
of 1, the value transmitted is 126. With a scaling setting of 3, the value transmit-
ted is 12632. You must make certain that the maximum value does not exceed 
32767 if you are polling the default 16-bit variations for Objects 30 and 32, but 
you can send some decimal values by using this technique. You must also config-
ure the master to perform the appropriate division on the incoming value to dis-
play it properly.

Set the default analog value scaling with the DECPLA, DECPLV, and DECPLM 
settings (DECPLAn, DECPLVn, and DECPLMn for Ethernet port settings on 
session n). Application of event reporting deadbands occurs after scaling in the 
DECPLA, DECPLV, and DECPLM. For example, if you set DECPLA to 2 and 
ANADBA to 10, a measured current of 10.14 amperes would be scaled to the 
value 1014 and would have to increase to more than 1024 or decrease to less than 
1004 (a deadband of 0.2 amperes) for the relay to report a new event value.

The relay uses the NUMEVE and AGEEVE settings (NUMEVEn and AGEEVEn 
Ethernet port settings for session n) to decide when to send unsolicited data to the 
master. The relay sends an unsolicited report when the total number of events 
accumulated in the event buffer reaches NUMEVE. The relay also sends an unso-
licited report if the age of the oldest event in the buffer exceeds AGEEVE. The 
relay has the buffer capacities listed in Table 16.7.

                    

Table 16.7 Relay Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog One event per analog input in the DNP3 Map

Counters One event per counter input in the DNP3 Map

Virtual Terminal Objects 5



16.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 in the Relay

Binary Controls
The relay provides more than one way to control individual points within the 
relay. The relay maps incoming control points either to remote bits within the 
relay or to internal command bits that cause circuit breaker operations.

NOTE: The port setting DNPCL (or 
DNPCLn for DNP3 LAN/WAN session 
n) must be set to Y to enable binary 
controls for the DNP3 session. Binary 
Output Status requests (Object 10, 
Variation 2) and Class 0 requests will 
have no Binary Outputs in the 
response unless DNPCL := Y.

A DNP3 technical bulletin (Control Relay Output Block Minimum Implementa-
tion 9701-002) recommends that you use one point per Object 12, control block 
output relay. You can use this method to perform pulse on, latch on, and latch off 
operations on selected remote bits.

If your master does not support the single-point-per-index messages or single-
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page 16.20.

Time Synchronization
The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time syn-
chronization in the event the relay loses primary synchronization through the 
IRIG-B TIME input or some other high-accuracy source. 

Enable time synchronization with the TIMERQ setting (TIMERQn for DNP3 
LAN/WAN Session n) and use Object 50, Variation 1, and Object 52, Variation 2 
(Object 50, Variation 3 for DNP3 LAN/WAN), to set the time via a DNP3 master.

TIMERQ can be set in one of three ways:

➤ A numeric setting of 1–32767 minutes specifies the rate at which the 
relay shall request a time synchronization.

➤ A setting of M disables the relay from requesting a time 
synchronization, but still allows the relay to accept and apply time 
synchronization messages from the master.

➤ A setting of I disables the relay from requesting a time 
synchronization, and sets the relay to ignore time synchronization 
messages from the master.

Effective January 1, 2008, the DNP3 standard requires that DNP3 time corre-
spond to Coordinated Universal Time (UTC). To help ease into the transition to 
this standard, you can use the DNPSRC Global setting to determine whether the 
relay will use local or UTC time for DNP3.

When requesting time synchronization with DNPSRC := UTC, the relay will 
treat incoming DNP3 time-set messages as UTC time. All DNP3 event time-
stamps (binary input changes with time, analog input changes with time, etc.) 
will be in UTC time.

When requesting time synchronization with DNPSRC := LOCAL, the relay will 
treat incoming time set by the DNP3 master as local time. All DNP3 event time-
stamps will be in local time.

When setting the time with local time, there is an ambiguity during the last hour 
of daylight-saving time (DST) and to resolve this ambiguity, if the relay accepts a 
Time Set request in this hour, it will assume the time is in DST.
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Modem Support
The relay DNP3 implementation includes modem support. Your DNP3 master 
can dial-in to the relay and establish a DNP3 connection. The relay can automati-
cally dial out and deliver unsolicited DNP3 event data. When the relay dials out, 
it waits for the CONNECT message from the local modem and for assertion of 
the relay CTS line before continuing the DNP3 transaction. This requires a con-
nection from the modem DCD to the relay CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
relay to other devices.

Either connect the modem to a computer and configure it before connecting it to 
the relay, or program the appropriate modem setup string in the modem startup 
string setting MSTR. Use the PH_NUM1 setting to set the phone number that 
you want the relay to dial. The relay will automatically send the ATDT modem 
dial command and then the contents of the PH_NUM1 setting when dialing the 
modem. PH_NUM1 is a text setting that must conform to the AT modem com-
mand set dialing string standard. Use a comma (,) for a pause of four seconds. 
You may need to include a nine to reach an outside line or a one if the number 
requires long distance access. You can also insert other special codes your tele-
phone service provider designates for block call waiting and other telephone line 
features.

The relay supports backup dial-out to a second phone number. If PH_NUM2 is 
set, the RETRY1 setting is used to configure the number of times the relay tries 
to dial PH_NUM1 before dialing PH_NUM2. Similarly, the RETRY2 setting 
configures the number of times the relay tries to dial PH_NUM2 before trying 
PH_NUM1. MDTIME sets the length of time from initiating the call to declaring 
it failed because of no connection, and MDRET sets the time between dial-out 
attempts.

DNP3 Settings
DNP3 configuration involves both Global (SET G) and Port (SET P) settings. 
The Global settings govern behavior for all DNP3 sessions, serial or LAN/WAN. 
The Port settings apply to specific DNP3 sessions only.

There are two Global settings that directly configure DNP3. These settings, EVE-
LOCK and DNPSRC, define the behavior of Fault Summary event retrieval and 
the DNP3 session time base. See Reading Relay Event Data on page 16.21 for 
more information on EVELOCK. The DNPSRC setting can be either LOCAL or 
UTC (default). See Time Synchronization on page 16.10 for more information on 
the DNPSRC setting.

The DNP3 protocol settings are shown in Table 12.9 and Table 12.23. The DNP3 
protocol settings are in the port settings for the port that you select for the DNP3 
protocol. You can use DNP3 on any of the serial ports (PORT F and PORT 1–
PORT 3) or Ethernet port (PORT 5), but you can only enable DNP3 on one 
serial port at a time. You may enable as many as six DNP3 sessions over Ether-
net, independent of the number of serial DNP3 sessions enabled.

Warm Start and Cold Start
The DNP3 function codes for warm start and cold start reset the relay serial port 
or DNP3 Ethernet session. These function codes do not interrupt protection pro-
cesses within the relay.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must set the 
port data speed slower than the 
effective data rate of the modem.
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Testing
Use the TEST DB2 command to test the data mapping from the relay to your 
DNP3 master. You can use the TEST DB2 command to force DNP3 values by 
object type and label. Although the relay reports forced values to the DNP3 host, 
these values do not affect protection processing within the relay. The TEST DB2 
command operates by object type and label, so it works equally well with custom 
mapping and the default DNP3 maps. See TEST DB2 on page 14.65 for more 
information.

When you are using the TEST DB2 command to test DNP3 operation, the Relay 
Word bit TESTDB2 will be asserted to indicate that test mode is active. The 
DNP3 status bit will also show forced status for any object variations that include 
status.

DNP3 Documentation
Object List

Table 16.8 lists the objects and variations with supported function codes and 
qualifier codes available in the relay. The list of supported objects conforms to 
the format laid out in the DNP3 specifications and includes both supported and 
unsupported objects. Those that are supported include the function and qualifier 
codes. The objects that are not supported are shown without any corresponding 
function and qualifier codes.

                    

NOTE: The TEST DB2 command will 
override the state of all instances of 
the forced bit or value for all active 
protocols. This includes DNP3 serial 
and LAN/WAN and IEC 61850 GOOSE 
and Manufacturing Message 
Specification (MMS). Before using the 
command, take precautions to ensure 
against unintended operations from 
inadvertent messages sent as the 
result of a TEST DB2 override, for 
example, a bit used to trip a breaker 
on a remote relay via IEC 61850 
GOOSE.

Table 16.8 Relay DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes

0 211 Device attributes—User-specific sets of attributes 1 0 129 0, 17

0 212 Device attributes—Master data set prototypes 1 0 129 0, 17

0 213 Device attributes—Outstation data set prototypes 1 0 129 0, 17

0 214 Device attributes—Master data sets 1 0 129 0, 17

0 215 Device attributes—Outstation data sets 1 0 129 0, 17

0 216 Device attributes—Max. binary outputs per request 1 0 129 0, 17

0 219 Device attributes—Support for analog output events 1 0 129 0, 17

0 220 Device attributes—Max. analog output index 1 0 129 0, 17

0 221 Device attributes—Number of analog outputs 1 0 129 0, 17

0 222 Device attributes—Support for binary output events 1 0 129 0, 17

0 223 Device attributes—Max. binary output index 1 0 129 0, 17

0 224 Device attributes—Number of binary outputs 1 0 129 0, 17

0 225 Device attributes—Support for frozen counter events 1 0 129 0, 17

0 226 Device attributes—Support for frozen counters 1 0 129 0, 17

0 227 Device attributes—support for counter events 1 0 129 0, 17

0 228 Device attributes—Max. counter index 1 0 129 0, 17

0 229 Device attributes—Number of counters 1 0 129 0, 17

0 230 Device attributes—Support for frozen analog inputs 1 0 129 0, 17

0 231 Device attributes—Support for analog input events 1 0 129 0, 17
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0 232 Device attributes—Max. analog input index 1 0 129 0, 17

0 233 Device attributes—Number of analog inputs 1 0 129 0, 17

0 234 Device attributes—Support for double-bit events 1 0 129 0, 17

0 235 Device attributes—Max. double-bit binary index 1 0 129 0, 17

0 236 Device attributes—Number of double-bit binaries 1 0 129 0, 17

0 237 Device attributes—Support for binary input events 1 0 129 0, 17

0 238 Device attributes—Max. binary input index 1 0 129 0, 17

0 239 Device Attributes—Number of binary inputs 1 0 129 0, 17

0 240 Device attributes—Max. transmit fragment size 1 0 129 0, 17

0 241 Device attributes—Max. receive fragment size 1 0 129 0, 17

0 242 Device attributes—Device manufacturer’s software version 1 0 129 0, 17

0 243 Device attributes—Device manufacturer’s hardware version 1 0 129 0, 17

0 245 Device attributes—User-assigned location name 1 0 129 0, 17

0 246 Device attributes—User-assigned ID code/number 1 0 129 0, 17

0 247 Device attributes—User-assigned device name 1 0 129 0, 17

0 248 Device attributes—Device serial number 1 0 129 0, 17

0 249 Device attributes—DNP3 subset and conformance 1 0 129 0, 17

0 250 Device attributes—Device manufacturer’s product name 
and model

1 0 129 0, 17

0 252 Device attributes—Device manufacturer’s name 1 0 129 0, 17

0 254 Device attributes—Non-specific all attributes request 1 0, 6 129 0, 17

0 255 Device attributes—List of attribute variations 1 0, 6 129 0, 17

1 0 Binary input—All variations 1 0, 1, 6, 7, 8, 
17, 28

1 1 Binary input 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

1 2a Binary input with status 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

2 0 Binary input change—All variations 1 6, 7, 8

2 1 Binary input change without time 1 6, 7, 8 129 17, 28

2 2 Binary input change with time 1 6, 7, 8 129, 130 17, 28

2 3 Binary input change with relative time 1 6, 7, 8 129 17, 28

10 0 Binary output—All variations 1 0, 1, 6, 7, 8

10 1 Binary output

10 2a Binary output status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control block—All variations

12 1 Control relay output block 3, 4, 5, 6 17, 28 129 echo of 
request

12 2 Pattern control block 3, 4, 5, 6 7 129 echo of 
request

12 3 Pattern mask 3, 4, 5, 6 0, 1 129 echo of 
request

Table 16.8 Relay DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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20 0 Binary counter—All variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 1 32-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 2 16-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 3 32-Bit delta counter

20 4 16-Bit delta counter

20 5 32-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 6a 16-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 7 32-Bit delta counter without flag

20 8 16-Bit delta counter without flag

21 0 Frozen counter—All variations

21 1 32-Bit frozen counter

21 2 16-Bit frozen counter

21 3 32-Bit frozen delta counter

21 4 16-Bit frozen delta counter

21 5 32-Bit frozen counter with time of freeze

21 6 16-Bit frozen counter with time of freeze

21 7 32-Bit frozen delta counter with time of freeze

21 8 16-Bit frozen delta counter with time of freeze

21 9 32-Bit frozen counter without flag

21 10 16-Bit frozen counter without flag

21 11 32-Bit frozen delta counter without flag

21 12 16-Bit frozen delta counter without flag

22 0 Counter change event—All variations 1 6, 7, 8

22 1 32-Bit counter change event without time 1 6, 7, 8 129 17, 28

22 2a 16-Bit counter change event without time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit delta counter change event without time

22 4 16-Bit delta counter change event without time

22 5 32-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 6 16-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 7 32-Bit delta counter change event with time

22 8 16-Bit delta counter change event with time

23 0 Frozen counter event—All variations

23 1 32-Bit frozen counter event without time

23 2 16-Bit frozen counter event without time

23 3 32-Bit frozen delta counter event without time

23 4 16-Bit frozen delta counter event without time

Table 16.8 Relay DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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23 5 32-Bit frozen counter event with time

23 6 16-Bit frozen counter event with time

23 7 32-Bit frozen delta counter event with time

23 8 16-Bit frozen delta counter event with time

30 0 Analog input—All variations 1 0, 1, 6, 7, 8, 
17, 28

30 1b 32-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 2b 16-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129, 130 0, 1, 17, 28

30 3b 32-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 4b 16-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 5b Single-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 6b Double-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

31 0 Frozen analog input—All variations

31 1 32-Bit frozen analog input

31 2 16-Bit frozen analog input

31 3 32-Bit frozen analog input with time of freeze

31 4 16-Bit frozen analog input with time of freeze

31 5 32-Bit frozen analog input without flag

31 6 16-Bit frozen analog input without flag

32 0 Analog change event—All variations 1 6, 7, 8

32 1b 32-Bit analog change event without time 1 6, 7, 8 129 17, 28

32 2b 16-Bit analog change event without time 1 6, 7, 8 129, 130 17, 28

32 3 32-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 4 16-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 5b Single-precision floating-point analog change event with-
out time

1 6, 7, 8 129 17, 18

32 6b Double-precision floating-point analog change event 
without time

1 6, 7, 8 129 17, 18

32 7b Single-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

32 8b Double-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

33 0 Frozen analog event—All variations

33 1 32-Bit frozen analog event without time

33 2 16-Bit frozen analog event without time

33 3 32-Bit frozen analog event with time

33 4 16-Bit frozen analog event with time

Table 16.8 Relay DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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34 0 Analog input deadband—All variations 1 0, 1, 6, 7, 8, 
17, 28

34 1 16-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 2a 32-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 3 Single-precision floating-point analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

40 0 Analog output status—All variations 1 0, 1, 6, 7, 8

40 1 32-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2a 16-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Single-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Double-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog output block—All variations

41 1 32-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 2 16-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 3 Single-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 4 Double-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

50 0 Time and date—All variations

50 1 Time and date 1, 2 7, 8 
index = 0

129 07, 
quantity = 1

50 2 Time and date with interval

50 3 Time and date at last recorded time 2 7
quantity = 1

129

51 0 Time and date CTO—All variations

51 1 Time and date CTO 129 07, 
quantity = 1

51 2 Unsynchronized time and date CTO 129 07, 
quantity = 1

52 0 Time delay—All variations

52 1 Time delay, coarse  

52 2 Time delay, fine 129 07, 
quantity = 1

60 0 All classes of data 1, 20, 21, 22 6, 7, 8

60 1 Class 0 data 1, 22 6, 7, 8

60 2 Class 1 data 1, 20, 21, 22 6, 7, 8

60 3 Class 2 data 1, 20, 21, 22 6, 7, 8

60 4 Class 3 data 1, 20, 21, 22 6, 7, 8

70 1 File identifier

80 1 Internal indications 2 0, 1 
index = 4, 7

Table 16.8 Relay DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Device Profile
The DNP3 Device Profile document, available on the supplied DVD or as a 
download from the SEL website, contains the standard device profile information 
for the relay. This information is also available in XML format. Please refer to 
this document for complete information on DNP3 Protocol support in the relay.

Reference Data Map
Table 16.9 shows the common portions of the relay DNP3 reference data map. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete DNP3 reference map for that relay. You can use the 
default map or the custom DNP3 mapping functions of the relay to include only 
the points required by your application.

The entire Relay Word bit table (see Section 11: Relay Word Bits in the product-
specific instruction manual) is part of the DNP3 reference map. You may include 
any label in the Relay Word bit table as part of a DNP3 custom map.

The relay scales analog values by the indicated settings or fixed scaling. Analog 
inputs for event (fault) summary reporting use a default scale factor of 1 and 
deadband of ANADBM. Per-point scaling and deadband settings specified in a 
custom DNP3 map will override defaults.

81 1 Storage object

82 1 Device profile

83 1 Private registration object

83 2 Private registration object descriptor

90 1 Application identifier

100 1 Short floating point

100 2 Long floating point

100 3 Extended floating point

101 1 Small packed binary—Coded decimal

101 2 Medium packed binary—Coded decimal

101 3 Large packed binary—Coded decimal

112 All Virtual terminal output block 2 6

113 All Virtual terminal event data 1 6 129, 130 17, 28

N/A No object required for the following function codes: 

13 cold start 

14 warm start 

23 delay measurement

13, 14, 23

a Default variation.
b Setting AIVAR determines default variation.

Table 16.8 Relay DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Table 16.9 Relay DNP3 Reference Data Map (Sheet 1 of 2)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 LDATPFW Leading true power factor A-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDBTPFW Leading true power factor B-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDCTPFW Leading true power factor C-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LD3TPFW Leading true power factor three-phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 Relay Word Relay Word bit label

Binary Outputs

10, 12 RB01–RBnn Remote bits RB01–RBnna

10, 12 RB01:RB02

RB03:RB04

RB05:RB06 

•

•

•

RBmm:RBnn

Remote bit pairs RB01–RBnna

10, 12 OCm Pulse open Circuit Breaker m commandb

10, 12 CCm Pulse close Circuit Breaker m commandb

10, 12 OCm:CCm Open/close pair for Circuit Breaker mb

10, 12 89OC01–89OCdd Open Disconnect Switch Control 1–ddc

10, 12 89CC01–89CCdd Close Disconnect Switch Control 1–ddc

10, 12 89OC01:89CC01 
89OC02:89CC02 
89OC03:89CC03

•

•

•

89OCdd:89CCdd

Open/close Disconnect Switch Control Pair 1–ddc

10, 12 RST_DEM Reset demandsd

10, 12 RST_PDM Reset demand peaksd

10, 12 RST_ENE Reset energiesd

10, 12 RSTMML Reset min/max metering data for the lined

10, 12 RSTMMBm Reset min/max metering data for Circuit Breaker md

10, 12 RST_BKm Reset Breaker m monitor datad

10, 12 RST_BAT Reset battery monitor datad

10, 12 RST_79C Reset recloser shot counterd

10, 12 RSTFLOC Reset fault location datad

10, 12 RSTTRGT Reset front-panel targetsd
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Device Attributes (Object 0)
Table 16.8 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the relay will send attributes that apply to that par-
ticular DNP3 session. Because the relay supports custom DNP3 maps, these val-
ues will likely be different for each session.

The relay uses its internal settings for the following variations:

➤ Variation 245—SID Global setting

➤ Variation 246—DNPID port setting

➤ Variation 247—RID Global setting

Binary Inputs
Binary inputs (Objects 1 and 2) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. The relay will respond to an Object 2, 
Variation 3 request, but the response will contain no data.

The relay scans binary inputs approximately twice per second to generate DNP3 
change events. When time is reported with these event objects, it is the time at 
which the scanner observed the bit change. This may be significantly delayed 
from when the original source changed and should not be used for sequence-of-
events determination. Binary inputs registered with SER are derived from the 
SER process and carry the time stamp of actual occurrence. Some additional 
binary inputs are available to DNP3, most without SER time stamps. For exam-
ple, RLYDIS is derived from the relay status variable, STWARN and STFAIL are 
derived from the diagnostic task data, and UNRDEV and NUNREV are derived 
from the event queue. Another binary input, STSET, is derived from the SER and 
carries the time stamp of actual occurrence.

10, 12 RSTDNPE Reset (clear) DNP3 event summary AIsd

10, 12 NXTEVE Load next fault event into DNP3 event summary AIs

Binary Counters

20, 22 ACTGRP Active settings group

NOTE: Additional binary counters are relay-specific. See the relay instruction manual to see what counter objects are available.

Analog Inputs

NOTE: The analog inputs available is relay dependent. See the relay instruction manual to determine what analog inputs are available.

Analog Outputs 

40, 41 ACTGRP0 Active settings group

40, 41 TECORRe Time-error preload value

40, 41 RA001–RA256 Remote analogs

a The number of remote bits available, nn, depends on the specific relay. See the relay instruction manual to see how many are available.
b The number of breakers to control and their designations, m, depends on the specific relay. See the relay instruction manual to determine 

which breakers are available.
c The number of disconnect controls, dd, available depends on the relay. See the relay instruction manual to determine how many disconnects 

are supported. Not all SEL-400 series relays support disconnect controls.
d Not all SEL-400 series relays support all of these resets. See the relay instruction manual to see which specific controls are available.
e In milliseconds, –30000  time  30000. When writing to this value, the Relay Word bit PLDTE asserts for approximately 1.5 cycles.

Table 16.9 Relay DNP3 Reference Data Map (Sheet 2 of 2)

Object Label Description
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Binary Outputs
Binary output status (Object 10, Variation 2) is supported as defined by 
Table 16.8. Static reads of points RB01–RBnn, OCm, CCm, 89OC01–89OCdd, 
and 89CC01–89CCdd respond with the online bit set and the state of the 
requested bit. Reads from control-only binary output points (such as the data 
reset controls RSTTRGT and RSTDNPE) respond with the online bit set and a 
state of 0. 

The relay supports control relay output block objects (Object 12, Variation 1). 
The control relays correspond to the remote bits and other functions as shown 
above. Each DNP3 control message contains a trip/close code (TRIP, CLOSE, or 
NUL) and an operation type (PULSE ON, LATCH ON, LATCH OFF, or NUL). 
The trip/close code works with the operation type to produce set, clear, and pulse 
operations.

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, and 
single-point controls follow the complementary latch or activation model. In the 
complementary two-output model, paired points only support close or trip opera-
tions, which, when issued, will pulse on the first or second point in the pair, 
respectively. Latch commands and pulse operations without a trip code are not 
supported. An operation in progress may be canceled by issuing a NUL trip/close 
code with a NUL operation type. Single output points support both pulse and 
latch operations. See Control Point Operation on page 16.20 for details on con-
trol operations.

The status field is used exactly as defined. All other fields are ignored. A pulse 
operation is asserted for a single processing interval. You should exercise caution 
if sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this may result in some of the pulse commands being ignored and the 
return of an already active status message. The relay will only honor the first ten 
points in an Object 12, Variation 1 request. Any additional points in the request 
will return the DNP3 status code TOO_MANY_OBJS.

The relay also supports pattern control blocks (Object 12, Variations 2 and 3) to 
control multiple binary output points. Variation 2 defines the control type (trip/
close, set/clear, or pulse) and the range of points to operate. Variation 3 provides 
a pattern mask that indicates which points in that range should be operated. 
Object 12, Variations 2 and 3 define the entire control command: the DNP3 mas-
ter must send both for a successful control. For example, the DNP3 master sends 
an Object 12, Variation 2 message to request a trip of the range of indices 0–7. 
The DNP3 master then sends an Object 12, Variation 3 message with a hexadeci-
mal value of “BB” as the pattern mask (converted to binary notation: 10111011). 
Read right to left in increasing bit order, the pattern block control command will 
result in a TRIP of indexes 0, 1, 3 to 5, and 7.

Control Point Operation
Use the trip and close, latch on/off and pulse on operations with Object 12 con-
trol relay output block command messages to operate the binary output points. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete table of object 12 controls available in that relay. Pulse 
operations provide a pulse with duration of one protection processing interval. 
Cancel an operation in progress by issuing a NUL trip/close code with a NUL 
operation type.
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Analog Inputs
Analog inputs (Objects 30 and 32) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is defined by the AIVAR 
(AIVARn for DNP3 LAN/WAN session n) setting. Only the Read function code 
(1) is allowed with these objects.

NOTE: Sequence current quantities 
are forced to 0 if the value is below 
0.5 percent of INOM.

Unless otherwise indicated, analog values are reported in primary units. Voltage 
magnitudes below 0.10 volts secondary and current magnitudes below 
0.5 percent of INOM are forced to 0, as are their corresponding angles. Default 
scaling is indicated in the product-specific instruction manual, but default scaling 
can be overridden by per-point scaling in a custom DNP3 map. The DECPLA, 
DECPLV, and DECPLM settings are the default scaling factors (in powers of 10) 
for current magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. See Configurable Data Mapping on page 16.23 for more information.

Default deadbands are also indicated in the product-specific instruction manual 
and may be overridden by per-point deadband configuration. In general, the 
ANADBA, ANADBV, and ANADBM settings are the default deadbands for cur-
rent magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. Deadbands are applied after any custom or default scaling factors. Events 
are generated when values exceed deadbands.

Reading Relay Event Data
The relay provides protective relay event history information in one of two 
modes: single-event or multiple-event access. Each DNP3 session begins in the 
mode specified by Port setting EVEMODn (where n = 1–6 for Ethernet sessions 
and not present for serial sessions). The selected mode is entered when the relay 
is first enabled, when there is a DNP3 settings change, a DNP3 map change, or 
an SER settings change. When EVEMODn = SINGLE, the relay powers up in 
single-event mode. When EVEMODn = MULTI, the relay powers up in multiple-
event mode. A DNP3 session will switch to multiple-event mode if the session 
DNP3 master sends a control to the NXTEVE binary output control point. The 
DNP3 session will revert to the default mode after a power cycle or relay restart.

When a relay event occurs, (TRIP asserts, ER asserts, or TRI asserts) whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP3. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs will be gener-
ated if any of them change beyond their deadband value after scaling (usually 
whenever a new relay event occurs and is loaded into the event summary analog 
inputs). Events are detected approximately twice a second by the scanning process.

The specific fault data available and its encoding is relay-specific. See Section 
10: Communications Interfaces in the product-specific instruction manual for 
information on the relay reports fault data.

Single-Event Mode
Single-event mode provides the most recent tripping event. When a relay event 
occurs and FLOC is in range of MINDIST and MAXDIST, these data regions are 
copied to the DNP3 fault summary analog inputs, generating appropriate DNP3 
events. The relay shall then ignore any subsequent events for EVELOCK (Global 
setting) time. When the EVELOCK setting is zero, single-event mode effectively 
acts as a zero-buffer FIFO queue. In this mode, relay events are presented to gen-
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erate DNP3 events for the fault summary analog inputs as they occur. Fault sum-
mary analog inputs shall be reset to 0 on a rising edge of RSTDNPE (Global 
SELOGIC equation result). The relay element EVELOCK shall be set when a 
relay event is triggered and reset when EVELOCK time expires.

Multiple-Event Mode
Relay multiple-event summary data can be read in two ways: first in, first out 
(FIFO); or last in, first out (LIFO).

See FIFO on page 16.22 and LIFO on page 16.22 below for procedures to 
retrieve relay events that occur when FLOC is in range of MINDIST and MAX-
DIST. Event retrieval as shown below is a manual monitor, control, and poll pro-
cess. A DNP3 master can collect relay event summaries by using event data 
rather than the static data polling described below. For best results, the master 
must control the NXTEVE binary output no faster than once every two seconds 
to load a new event into the event summary analog inputs. If the NXTEVE binary 
output is controlled at a faster rate, some DNP3 events may not be recognized 
and processed by the DNP3 event scanner.

FIFO
Multiple-event FIFO mode shall be initiated if the DNP3 session master operates 
the NXTEVE (next event) control. The master should monitor the UNRDEV 
binary input point, which will be asserted when there is an unread relay event 
summary. The NUNREV bit will also be asserted as long as there remain any 
unread events newer than the currently loaded event summary. To read the oldest 
unread relay event summary, the master should send a close, latch on, or pulse on 
control to the NXTEVE binary output point. This will load the relay event sum-
mary analogs with information from the oldest relay event summary, discarding 
the values from the previous load.

After reading the analogs, the master should again check the UNRDEV binary 
input point, which will be on if there is another unread relay event summary. The 
master should continue this process until the UNRDEV binary input point deas-
serts. If the master attempts to load values by controlling the NXTEVE output 
point when the UNRDEV binary input point is deasserted, the relay event type 
analog (FTYPE) will be loaded with zero. With the FIFO method, the relay event 
summaries will always be collected in chronological order.

LIFO
Multiple-event LIFO mode event summary retrieval is similar to FIFO retrieval, 
with the following difference: to read the newest unread relay event summary, the 
master should send a latch off control to the NXTEVE binary output point. As 
with FIFO retrieval, the master should monitor the UNRDEV binary input to 
determine if there are any unread events. Users must be aware of one caveat with 
LIFO retrieval: if an event occurs while in the process of reading the newest 
event(s) event collection will no longer continue in reverse chronological order. 
The next event read will be the newest event, and will proceed with the next new-
est, but any events that have already been read shall be skipped. The NUNREV 
bit will be asserted if this happens, signifying that the currently loaded event 
summary is no longer the newest event.
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Analog Outputs
Analog outputs (Objects 40 and 41) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is Variation 2. If an invalid value 
is written, the relay will ignore the value without generating an error.

The relay will only honor the first ten points in a request. Any additional points in 
the request will be ignored without generating an error.

Counters
Counters (Object 20 and 22) are supported as defined by Table 16.8. The default 
variation for Object 20 is Variation 6, and Variation 2 is the default for Object 22. 
Counters shall only support the Read function code (1). A Read of Object 21 will 
receive a Null response. The default deadband is 0, which may be overridden by a 
per-point deadband in a custom map. Scaling for counters is always 1.

Default Data Map
See Section 10: Communications Interfaces in the product-specific instruction 
manual to see the relay default map. If the default maps are not appropriate, you 
can also use the custom DNP3 mapping commands SET D n and SHOW D n, 
where n is the map number, to edit or create the map required for your application.

Configurable Data Mapping
One of the most powerful features of the relay DNP3 implementation is the abil-
ity to remap DNP3 data and, for analog and counter inputs, specify per-point 
scaling and deadbands. Remapping is the process of selecting data from the 
default or reference map and organizing it into a data set optimized for your 
application. The relay uses point labels rather than point indexes in a reference 
map to streamline the remapping process. This enables you to quickly create a 
custom map without having to search for point indexes in a large reference map.

You may use any of the five available DNP3 maps to exchange data with any 
DNP3 master. Each map is initially populated with default data points, as 
described in the Default DNP3 Map. You may remap the points in a default map 
to create a custom map with as many as:

➤ 400 binary inputs

➤ 160 binary outputs

➤ 20 counters

➤ 200 analog inputs

➤ 100 analog outputs

Use the settings Class D to access the relay DNP3 map settings shown in DNP3 
Settings—Custom Maps on page 12.19. There are five DNP3 maps available to 
customize, or leave as default.

The mapping settings are entered in a line-based freeform format. An example of 
these settings is shown in Figure 16.4. You can program a custom scaling and 
deadband for each point where indicated. If you do not specify a custom scaling 
or deadband, the relay will use the default for the type of value you are mapping. 
For example, if you enter the label 3P_F in Row 1 of the custom analog map with 
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no other parameters, the power in MW will be available as Objects 30 and 32, 
Index 0 and the relay will use the default scaling DECPLM and default deadband 
of ANADBM.

You can use the SHOW D x command to view the DNP3 data map settings, 
where x is the DNP3 map number from 1 to 5. See Figure 16.4 for an example 
display of Map 1.

                    

You can use the SET D x command (where x is the map number), to edit or create 
custom DNP3 data maps. You can also use QuickSet, which is recommended for 
this purpose.

See the Reference Map to determine the available choices for each object type.

For binary inputs, a value of 0 or 1 may be used instead of a label; this will cause 
the relay to report that value for that point. Similarly, for counters and analog 
inputs, a value of 0 may be used instead of a label, which will cause the relay to 
report 0 for that point. A NOOP can be used as a placeholder for binary or analog 
outputs-control of a point with this label does not change any relay values nor 
respond with an error message. Duplicate point labels are not allowed within a 
map, except for the values 0 or 1 or NOOP.

=>>SHO D 1 <Enter>
DNP 1

DNP Object Default Map Enables

MINDIST := OFF MAXDIST := OFF

Binary Input Map
(Binary Input Label)

1: EN_RLY
2: TRIPLED
•
•
•
13: RB04
14: RB05
15: RB06

Binary Output Map
(Binary Output Label)

1: RB01
2: RB02
•
•
•
5: RB05
6: RB06

Counter Map
(Counter Label, Deadband)

1: ACTGRP

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: IAWFMC
2: IAWFAC
•
•
•
15: 3SWFC
16: VDC1

Analog Output Map
(Analog Output Label)

1: ACTGRP

Figure 16.4 Sample Response to SHO D Command
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You can customize the DNP3 analog input map with per-point scaling and dead-
band settings. Class scaling (DECPLAn, DECPLVn, and DECPLMn) and dead-
band settings (ANADBAn, ANADBVn, and ANADBMn) are applied to indices 
that do not have per-point entries. Per-point scaling overrides any class scaling 
and deadband settings. Unlike per-point scaling, class-level scaling is specified 
by an integer in the range 0–3 (inclusive), which indicates the number of decimal 
place shifts. In other words, you should select 0 to multiply by 1, 1 for 10, 2 for 
100, or 3 for 1000.

NOTE: The settings above contain 
the DNP3 LAN/WAN session suffix n. 
This suffix is not present in serial port 
DNP3 settings.

Scaling factors allow you to overcome the limitations imposed, by default, of the 
integer nature of Objects 30 and 32. For example, DNP3, by default, truncates a 
value of 11.4 A to 11 A. You may use scaling to include decimal point values by 
multiplying by a power of 10. For example, if you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master 
to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer value 
of 32767. For example, if you have a value that can reach 157834, you cannot 
send it using DNP3 16-bit analog object variations. You could use a scaling factor 
of 0.1 so that the maximum value reported is 15783. You can then multiply the 
value by 10 in the master to see a value of 157830. You will lose some precision 
as the last digit is dropped in the scaling process, but you can transmit the scaled 
value by using the default variations for DNP3 Objects 30 and 32.

If your DNP3 master has the capability to request floating-point analog input 
variations, the relay will support them. These floating-point variations, 5 and 6 
for Object 30 and 5–8 for Object 32, allow the transmission of 16- or 32-bit 
floating-point values to DNP3 masters. When used, these variations eliminate the 
need for scaling and maintain the resolution of the relay analog values. Note that 
this support is greater than DNP3 Level 4 functionality, so you must confirm that 
your DNP3 master can work with these variations before you consider using 
floating-point analog variations.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SET D command for analog inputs. Alterna-
tively, you can use the QuickSet software to simplify custom data map creation. 
The example uses quantities available in the SEL-411L, but similar operations 
can be performed on any SEL-400 series relay.

Consider a case where you want to set the analog input points in a map as shown 
in Table 16.10.

                    

To set these points as part of custom map 1, you can use the SET D 1 TERSE 
command as shown in Figure 16.5.

Table 16.10 Sample Custom DNP3 Analog Input Map

Point Index Description Label Scaling Deadband

0 Fundamental IA magnitude LIAFM Default Default

1 Fundamental IB magnitude LIBFM Default Default

2 Fundamental IC magnitude LICFM Default Default

3 Fundamental IC magnitude LIAFM Default Default

4 Fundamental three-phase power 3P_F 5 Default

5 Fundamental A-Phase magnitude VAFM Default Default

6 Fundamental A-Phase angle VAFA 1 15

7 Frequency FREQ 0.01 1
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DNP3 Serial Application Example
Application

This example uses an SEL-421 connected to an RTU over an EIA-485 network. 
The RTU collects basic metering information from the relay and other devices. 
The network for this example is shown in Figure 16.6.

                    

The metering and status data that the RTU collects from the relay are listed in 
Table 16.11.

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ?
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ?

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)
1:
? LIBFM <Enter>
2:
? LICFM <Enter>
3:
? LIAFM <Enter>
4:
? 3P_F,5 <Enter>

5:
? VAFM <Enter>
6:
? VAFA,1,15 <Enter>
7:
? FREQ,.01,1 <Enter>
8:
? END
Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 16.5 Sample Custom DNP3 Analog Input Map Settings

                    

Figure 16.6 DNP3 Application Network Diagram

To SCADA Control Center
RTU

SEL-2030

SEL-421 DNP3 IED

Non-DNP3 IED Non-DNP3 IED
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Table 16.11 DNP3 Application Example Data Map

Label Object
Custom 

Map Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OC1:CC1 10, 12 6 Circuit Breaker 1 trip/close pair

LIAFM 30, 32 0 IA magnitude

LIAFA 30, 32 1 IA angle

LIBFMa

a Assume the largest expected current is 2000 A and scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

30, 32 2 IB magnitude

LIBFAb

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.

30, 32 3 IB angle

LICFMa 30, 32 4 IC magnitude

LICFAb 30, 32 5 IC angle

VAFMc

c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 
of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.

30, 32 6 VAY magnitude

VAFAb 30, 32 7 VAY angle

VBFMc 30, 32 8 VBY magnitude

VBFAb 30, 32 9 VBY angle

VCFMc 30, 32 10 VCY magnitude

VCFAb 30, 32 11 VCY angle

3P_Fd

d For a maximum load of 800 MW (or 800 mVar), scale the power by a factor of 40 to provide a 
resolution of 0.025 MW and a maximum value of 819.175 MW. Report 1 MW for change event 
reporting.

30, 32 12 Three-phase real power in MW

3Q_Fd 30, 32 13 Three-phase reactive power in MVAR

DC1e

e VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

30, 32 14 DC1 voltage multiplied by 100

ACTGRP 40 0 Active settings group
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Settings
Figure 16.7 shows how to enter the new map into the relay. Use the SET D com-
mand and enter N at the prompts shown in Figure 16.7 to allow changes to the 
existing maps. Press <Enter> at the empty line prompt to advance to the next 
map. For example, press <Enter> at line 10 of the Binary Input Map to advance 
to the Binary Output Map. If the prompt contains an entry, you can enter the 
greater-than symbol (>) and press <Enter> to advance to the next step.

                    

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ? <Enter>
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ? <Enter>

Binary Input Map
(Binary Input Label)

1: RLYDIS
?  DELETE 100 <Enter>
1:
?  EN <Enter>
2:
?  TRIPLED <Enter>
3:
?  IN101 <Enter>
4:
?  IN102 <Enter>
5:
?  IN103 <Enter>

6:
?  IN104 <Enter>
7:
?  SALARM <Enter>
8:
?  HALARM <Enter>
9:
?  TESTDB2 <Enter>
10:
? <Enter>

Binary Output Map
(Binary Output Label)

1: RB01
?  DELETE 100 <Enter>
1:
?  RB01 <Enter>
2:
?  RB02 <Enter>
3:
?  RB03 <Enter>
4:
?  RB04 <Enter>
5:
?  RB05 <Enter>
6:
?  RB06 <Enter>
7:
?  OC1:CC1 <Enter>
8:
? <Enter>

Counter Map
(Counter Label, Deadband)

1: ACTGRP
?
2: BKR1OPA
? DELETE 100 <Enter>
2: 
? <Enter>

Figure 16.7 SEL-421 Example DNP Map Settings
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Table 16.12 lists the settings for PORT 3 for this example. The physical connection 
between the relay and the DNP3 master is an EIA-485 network. An SEL-2884 
interface converter on the relay PORT 3 provides conversion from EIA-232 to 
EIA-485. Unsolicited reporting has been disabled because the network is wired 
as a four-wire connection and does not provide carrier detection or the opportu-
nity to monitor for data traffic on the network.

                    

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: LIAFM
?  <Enter>
2: LIAFA
?  LIAFA,1,200 <Enter>
3: LIBFM
? <Enter>
4: LIBFA
?  LIBFA,1,200 <Enter>
5: LICFM
? <Enter>
6: LICFA
?  LICFA,1,200 <Enter>
7: B1IAFM
?  VAFM <Enter>
8: B1IAFA
?  VAFA,1,200 <Enter>

9: B1IBFM
?  VBFM <Enter>
10: B1IBFA
?  VBFA,1,200 <Enter>
11: B1ICFM
?  VCFM <Enter>
12: B1ICFA
?  VCFA,1,200 <Enter>
13: B2IAFM
?  3P_F,40,40 <Enter>
14: B2IAFA
?  3Q_F,40,40 <Enter>
15: B2IBFM
?  DC1,,200 <Enter>
16: B2IBFA
?  DELETE 200 <Enter>
16:
? <Enter>

Analog Output Map
(Analog Output Label)

1: ACTGRP
? <Enter>
2:
? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable port

EPAC N Enable port access control

MAXACC 2 Maximum access level for virtual terminal sessions

PROTO DNP DNP3 protocol

SPEED 9600 Data speed

PARITY N No parity bit

STOPBIT 1 1 stop bit

TIMEOUT 5 Time out virtual terminal session after 5 minutes

TERTIM1 1 Check for termination after 1 second idle time

Figure 16.7 SEL-421 Example DNP Map Settings (Continued)
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In this example, the polling method employed by the RTU DNP3 master is polled 
report-by-exception. The master device normally polls for events only. Once 
every 25 event polls, the master polls for Class 0 data (status of all points). This 
polling method allows the master to collect data efficiently from the IEDs by not 
continuously polling and receiving data that are not changing.

TERSTRN “\005” Virtual terminal termination string

TERTIM2 0 No delay before accepting termination string

DNPADR 101 DNP3 address = 101

DNPID “RELAY1-DNP” DNP ID for Object 0 self-description

DNPMAP 1 Use DNP3 Map 1

ECLASSB 1 Event Class 1 for binary event data

ECLASSC 1 Event Class 1 for counter event data

ECLASSA 1 Event Class 1 for analog event data

ECLASSV OFF Disable virtual terminal event data (this feature is not 
supported by the DNP3 master)

TIMERQ I Ignore time-set request because IRIG-B is used for 
time synchronization

DECPLA 1 Scale current, multiplying by 10 to send amperes and 
tenths of an ampere. The relay would report a value of 
10.4 as 104, which would remain unscaled at the mas-
ter. 

DECPLV 2 Scale voltage, multiplying by 100 to send kilovolts, 
tenths, and hundredths of a kilovolt

DECPLM 2 Scale miscellaneous analog data, multiplying by 100 
to send whole numbers and hundredths. The relay 
would report a value of 5.25 as 525, which would 
remain unscaled at the master.

STIMEO 10.0 10 second select before operate time-out

DRETRY OFF Turn off data link retries

MINDLY 0.05 Minimum delay from DCD to TX

MAXDLY 0.10 Maximum delay from DCD to TX

PREDLY 0.025 Settle time from RTS on to TX to allow EIA-485 
transceiver to switch to transmit mode

PSTDLY 0.00 Settle time from TX to RTS off—not required in this 
application

DNPCL Y Enable controls for DNP3

AIVAR 2 Default AI variation

ANADBA 50 Analog reporting deadband for currents, 5 A based on 
DECPLA scaling factor

ANADBV 100 Analog reporting deadband for voltages, 1 kV based 
on DECPLV scaling factor

ANADBM 100 Miscellaneous analog value deadband, based on 
DECPLM scaling factor

ETIMEO 10 Event Message Confirm Time-Out, 10 seconds

UNSOL N Unsolicited reporting disabled (data retrieval method 
is polled report-by-exception)

MODEM N No modem connected to port

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 2 of 2)

Setting Name Setting Description
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DNP3 LAN/WAN Application Example
Application

This example uses an SEL-487E connected to an RTU over an Ethernet (TCP) 
network. The RTU collects basic metering information from the relay. The net-
work for this example is shown in Figure 16.8.

                    

The polling method employed by the RTU DNP3 master is polled report-by-
exception, so it normally only does event polls. Once every 25 event polls, the 
master polls for Class 0 data (status of all points). This polling method allows the 
master to collect data efficiently from the IEDs by only polling and receiving data 
that has changed.

The RTU, which will act as the DNP3 master to the SEL-487E outstation, has an 
IP address of 192.9.0.3 and a DNP3 address of 12. The SEL-487E should be 
assigned an IP address of 192.9.0.2, default router of 192.9.0.1, and DNP3 
address of 101.

All event data (analog, binary, counter) should be assigned to CLASS 1. All 
Binary Inputs should have SOE-quality time stamps.

The desired DNP3 data map is shown in Table 16.13.

                    

                    

Figure 16.8 DNP3 LAN/WAN Application Example Ethernet Network

Table 16.13 DNP3 Application Example Data Map (Sheet 1 of 2)

Label Object
Custom Map 

Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RTUTo SCADA Network  Switch

SEL-2030SEL-487E

Non-DNP3 IED Non-DNP3 IED
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Settings
Use SEL Grid Configurator to enter the DNP3 protocol settings and new data map into 
the relay.

                    

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OCS:CCS 10, 12 6 Circuit Breaker S trip/close pair

IASFMC 30, 32 0 A-Phase Current magnitude

IASFAC 30, 32 1 A-Phase Current angle

IBSFMCa 30, 32 2 B-Phase Current magnitude

IBSFACb 30, 32 3 B-Phase Current angle

ICSFMCa 30, 32 4 C-Phase Current magnitude

ICSFACb 30, 32 5 C-Phase Current angle

VAVFMC 30, 32 6 VA Phase Voltage magnitude, Terminal V

VAVFACb 30, 32 7 VA Phase Voltage angle, Terminal V

VBVFMCc 30, 32 8 VB Phase Voltage magnitude, Terminal V

VBVFACb 30, 32 9 VB Phase Voltage angle, Terminal V

VCVFMCc 30, 32 10 VC Phase Voltage magnitude, Terminal V

VCVFACb 30, 32 11 VC Phase Voltage angle, Terminal V

VDCd 30, 32 12 VDC voltage multiplied by 100

ACTGRP 40 0 Active settings group

a Assume the largest expected current is 2000 A, scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.
c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 

of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.
d VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

Table 16.13 DNP3 Application Example Data Map (Sheet 2 of 2)

Label Object
Custom Map 

Index
Description

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable Ethernet port

IPADDR 192.9.0.2/16 Relay IP address and network in classless inter-domain routing (CIDR) notation

DEFRTR 192.9.0.1 Default router

EDNP 1 Enable DNP3 LAN/WAN Session 1 

DNPADR 101 DNP3 address for relay is 101

DNPPNUM 20000a DNP3 port number for TCP 

DNPID RELAY1DNP DNP3 ID for Object 0 self-description

DNPIP1 192.9.0.3 DNP3 Master (RTU) IP address

DNPTR1 TCP Use TCP transport

DNPMAP1 1 Use DNP3 Map 1 for DNP3 LAN/WAN Session 1 

CLASSB1 1 Binary event data = Class 1

CLASSC1 1 Counter event data = Class 1
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To meet the requirement for SOE-quality time stamps, enter all binary inputs into 
the SER report. See Figure 16.9 for a screenshot of the process.

CLASSA1 1 Analog event data = Class 1

TIMERQ1 1 Ignore time synchronization requests from DNP3 Master

DECPLA1 2 Scale analog current data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLV1 2 Scale analog voltage data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLM1 2 Scale analog miscellaneous data, multiplying by 10 to send whole numbers and tenths. The relay 
would report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

STIMEO1 1.0a 1.0 second to select before operate time-out

DNPINA1 120a Wait 120 seconds to send inactive heartbeat

DNPCL1 Y Allow DNP3 controls for this session

AIVAR1 2 Default AI variation 

ANADBA1 200 Analog deadband counts, set to 2 engineering units, based on DECPLA scaling factor

ANADBV1 200 Analog deadband counts, set to 2 engineering units, based on DECPLV scaling factor

ANADBM1 200 Analog deadband counts, set to 2 engineering units, based on DECPLM scaling factor

ETIMEO1 2a Event message confirm time-out (2 s)

UNSOL1 N Disable unsolicited reporting for Master 1

a Default value.

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 2 of 2)

Setting Name Setting Description

                    

Figure 16.9 Add Binary Inputs to SER Point List
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IEC 61850 Communication

The relay supports the following features using Ethernet and IEC 61850.

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. The 
relay also supports as many as seven buffered and seven unbuffered 
report control blocks. See Table 17.32 for logical node mapping that 
enables SCADA control (including Setting Group Switch) via a 
MMS browser. Controls support the Direct Normal Security and 
Enhanced Security (Direct or Select Before Operate) control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with as 
many as 128 incoming (receive) and 8 outgoing (transmit) messages. 
Virtual Bits (VB001–VB256) and remote analogs (RA001–RA256) 
can be mapped from incoming GOOSE messages. Remote analog 
outputs (RAO01–RAO64) provide peer-to-peer real-time analog data 
transmission.

➤ Sampled Values—Use Sampled Values (SV) to replace the 
traditional copper wiring between instrument transformers and the 
relay. Connect an SEL SV publisher to CTs and VTs to publish SV. 
Use SV subscriber relays to subscribe to these SV messages. 
SEL-400 series SV products are compliant to the UCA 61850 9-2LE 
guidelines. In accordance with the guideline, each publication 
includes one application service data unit (ASDU), with four current 
and four voltage channels. Supported publication rates are 4.8 kHz 
for a 60 Hz power system and 4 kHz for a 50 Hz power system. SEL 
SV publishers support as many as seven SV streams. SEL SV 
subscriber relays support subscribing to as many as seven streams.

NOTE: The relay ships with a default 
CID file installed, which supports basic 
IEC 61850 functionality. A new CID file 
should be loaded if a change in the 
relay configuration is required. If an 
invalid CID file is transferred, the relay 
will reject the file and revert to the 
previous valid CID file.

➤ Configuration—Use File Transfer Protocol (FTP) client software or 
ACSELERATOR Architect SEL-5032 Software to transfer the 
Substation Configuration Language (SCL) Configured IED 
Description (CID) file to the relay. SEL-400 series SV products also 
support SV configuration via PORT 5 settings.

➤ Commissioning and Troubleshooting—Use software such as MMS 
Object Explorer and AX-S4 MMS from Sisco, Inc., to browse the 
relay logical nodes and verify functionality.

This section presents the information you need to use the IEC 61850 features of 
the relay.

➤ Introduction to IEC 61850 on page 17.2

➤ IEC 61850 Operation on page 17.3

➤ IEC 61850 Configuration on page 17.38

➤ Logical Nodes on page 17.45

➤ Protocol Implementation Conformance Statement on page 17.79

➤ ACSI Conformance Statements on page 17.85

NOTE: The CID file contains only the 
necessary data for the required 
datasets, reports, GOOSE/SV 
publications, subscriptions, and 
supervisions. This helps prevent a CID 
file from exceeding its allocated 
memory. Refer to Section 10: Testing, 
Troubleshooting, and Maintenance for 
more information

NOTE: Not all SEL-400 series relays 
support SV publication or 
subscription.
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Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the Institute 
of Electrical and Electronics Engineers, Inc. (IEEE) began to define a Utility 
Communications Architecture (UCA). They initially focused on inter-control 
center and substation-to-control center communications and produced the Inter-
Control Center Communications Protocol (ICCP) specification. This specifica-
tion, later adopted by the IEC as 60870-6 TASE.2, became the standard protocol 
for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical Committee 
57 of the IEC to create a common international standard. Their joint efforts cre-
ated the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 speci-
fication, plus additional functionality. The standard describes client/server and 
peer-to-peer communications, substation design and configuration, testing, and 
project standards.

The IEC 61850 standard consists of the parts listed in Table 17.1. These parts 
were first published between 2001 and 2004, and they are often referred to as 
IEC 61850 Edition 1 (Ed1). Selected parts of these standards were released in 
2011 and tagged as Edition 2 (Ed2). Some SEL-400 series devices are compliant 
with Ed2. Please refer to the product-specific manual to identify such devices.

It is possible and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backward compatibil-
ity, i.e., Ed2 devices can send and receive messages to and from Ed1 devices. 
However, there are important considerations to be made when adding Ed2 
devices to an existing Ed1 system. Please refer to Potential Client and Automa-
tion Application Issues With Edition 2 Upgrades on page 17.90 for more infor-
mation.

                    

Table 17.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equipment—
Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equipment—
Abstract communication service interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equipment—
Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equipment—
Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM—Mapping to Manufacturing

Messaging Specification (MMS) 

(ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 8802-3)

IEC 61850-9-1 SCSM—Sampled values over serial multidrop point-to-point link
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The IEC 61850 document set, available directly from the IEC at www.iec.ch, 
contains information necessary for successful implementation of this protocol. 
SEL strongly recommends that anyone involved with the design, installation, 
configuration, or maintenance of IEC 61850 systems be familiar with the appro-
priate sections of this standard.

IEC 61850 Operation
IEC 61850 and Ethernet networking model options are available when ordering a 
new relay and may also be available as field upgrades to relays equipped with the 
Ethernet card. In addition to IEC 61850, the Ethernet card provides support pro-
tocols and data exchange, including FTP and Telnet, to SEL devices. Access the 
relay PORT 5 settings to configure all of the Ethernet settings, including IEC 
61850 network settings.

The relay supports IEC 61850 services, including transport of logical node 
objects, over TCP/IP. The relay can coordinate a maximum of seven concurrent 
IEC 61850 MMS sessions.

Object Models
The IEC 61850 standard relies heavily on the Abstract Communication Service 
Interface (ACSI) models to define a set of services and the responses to those ser-
vices. In terms of network behavior, abstract modeling enables all IEDs to act 
identically. These abstract models are used to create objects (data items) and ser-
vices that exist independently of any underlying protocols. These objects are in 
conformance with the common data class (CDC) specification IEC 61850-7-3, 
which describes the type and structure of each element within a logical node. 
CDCs for status, measurements, controllable analogs and statuses, and settings 
all have unique CDC attributes. Each CDC attribute belongs to a set of functional 
constraints that groups the attributes into specific categories such as status (ST) 
and description (DC). Functional constraints, CDCs, and CDC attributes are used 
as building blocks for defining logical nodes. Table 17.2 shows the CDCs sup-
ported in SEL-400 series relays.

                    

IEC 61850-9-2 SCSM—Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table 17.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

Table 17.2 Relay Common Data Classes (Sheet 1 of 2)

CDC Name Description

Status Information

SPS Single point status

DPS Double point status

INS Integer status

ENS Enumerated status

ACT Protection activation information

ACD Directional protection activation information

http://www.iec.ch


17.4

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Operation

UCA2 used GOMSFE (Generic Object Models for Substation and Feeder Equip-
ment) to present data from station IEDs as a series of objects called models or 
bricks. The IEC working group has incorporated GOMSFE concepts into the 
standard, with some modifications to terminology; one change was the renaming 
of bricks to logical nodes. Each logical node represents a group of data (controls, 
status, measurements, etc.) associated with a particular function. For example, 
the MMXU logical node (polyphase measurement unit) contains measurement 
data and other points associated with three-phase metering including voltages 

BCR Binary counter reading

VSS Visible string status

Measurand Information

MV Measured value

CMV Complex measured value

SAV Sampled value

WYE Phase-to-ground/neutral-related measured 
values of a three-phase system.

DEL Phase-to-phase-related measured values of a 
three-phase system

SEQ Sequence

Status Settings

SPG Single point setting

ING Integer status setting

ENG Enumerated status setting

ORG Object reference setting

TSG Time setting group

CUG Currency setting group

VSG Visible string setting

Analog Settings

ASG Analog setting

CURVE Setting curve

Description Information

DPL Device name plate

LPL Logical node name plate

Controls

SPC Controllable single point

DPC Controllable double point

ENC Controllable enumerated status

INC Controllable integer status

BSC Binary controlled step position information

ISC Integer controlled step position information

APC Controllable analog process value

BAC Binary controlled analog process value

Table 17.2 Relay Common Data Classes (Sheet 2 of 2)

CDC Name Description
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and currents. Each IED may contain many functions such as protection, meter-
ing, and control. Multiple logical nodes represent the functions in multifunction 
devices.

Logical nodes can be organized into logical devices that are similar to directories 
on a computer disk. As represented in the IEC 61850 network, each physical 
device can contain many logical devices and each logical device can contain 
many logical nodes. Many relays, meters, and other IEC 61850 devices contain 
one primary logical device where all models are organized.

IEC 61850 devices are capable of self-description. You do not need to refer to the 
specifications for the logical nodes, measurements, and other components to 
request data from another IEC 61850 device. IEC 61850 clients can request and 
display a list and description of the data available in an IEC 61850 server device. 
Simply run an MMS browser to query devices on an IEC 61850 network and dis-
cover what data are available. Self-description also permits extensions to both 
standard and custom data models. Instead of having to look up data in a profile 
stored in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available data.

Unlike other SCADA that present data as a list of addresses or indices, IEC 
61850 presents data with descriptors in a composite notation made up of compo-
nents. Table 17.3 shows how the A-Phase current expressed as 
MMXU$A$phsA$cVal is broken down into its component parts.

                    

Functional Naming
Substation design typically starts with a one-line diagram and progresses down to 
the assignment of functions to IEDs. In this top-down approach, the functions are 
identified and named independently from the IEDs to which they are assigned. 
Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a logical 
device based on the function it provides independent of the name of the IED to 
which the function is assigned. The alternative is product naming, which pre-
pends the IED name to the logical device instance to create the logical device 
name. The functional name is used on the communications interface for all refer-
ences to data in the logical device.

SEL-400 series relays support functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable functional 
name editing on Server Model tab of supporting IEDs check box, as shown in 
Figure 17.1.

Table 17.3 Example IEC 61850 Descriptor Components

Component Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Subdata Object A-Phase

cVal Data Attribute Complex value

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support for 
this feature before configuring 
functional names in a publishing IED. 
Earlier SEL-400 series relays firmware 
that does not support functional 
naming can subscribe to GOOSE and 
SV publications from IEDs that use 
functional naming.
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To provide functional names to the logical devices, navigate to the Server Model 
tab for the IED. Because datasets and control blocks are in the CFG logical 
device, any functional name given to the CFG logical device instance is used in 
dataset references, control block references, and in published GOOSE messages, 
as shown in Figure 17.2. The IED Server Model also allows the user to change 
the default logical node prefix and instance values.

                    

Data Mapping
Device data are mapped to IEC 61850 LN according to rules defined by SEL. 
Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) for the mandatory 
content and usage of these LNs. The relay logical nodes are grouped under Logi-
cal Devices for organization based on function. See Table 17.4 for descriptions of 
the logical devices in a relay. See Logical Nodes on page 17.45 for a description 
of the LNs that make up these logical devices.

                    

Figure 17.1 Enabling Functional Naming in Architect

                    

Figure 17.2 Server Model View in Architect
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MMS
MMS provides services for the application-layer transfer of real-time data within 
a substation LAN. MMS was developed as a network-independent data exchange 
protocol for industrial networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can become 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. MMS 
supports complex named objects and flexible services that enable mapping to 
IEC 61850 in a straightforward manner. This was why the UCA users group used 
MMS for UCA from the start, and why the IEC chose to keep it for IEC 61850. 
MMS associations are discussed within IEC61850-8-1, clause 10 of the edition 1 
standard.

If MMS authentication is enabled, the device will authenticate each MMS associ-
ation by requiring the client to provide the password authentication parameter 
with a value that is equal to the 2AC password of the relay.

➤ If the correct password authentication parameter value is not 
received, the device will return a not authenticated error code. If a 
user attempts to log into the relay with three consecutive invalid login 
attempts within a 1-minute period, the relay will disable login 
requests for 30 seconds and pulse the SALARM and BADPASS 
Relay Word bits.

➤ If the correct password authentication parameter value is received, 
the device will provide a successful association response. The device 
will allow access to all supported MMS services for that association.

Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its outputs, 
external devices, or internal functions. This is accomplished by the IEC 61850 
control model, which provides services to execute control commands. The con-
trol models are defined in IEC 61850-7-2 and the mapping to the MMS applica-
tion protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

Table 17.4 Relay Logical Devices

Logical Device Description

CFG Configuration elements—data sets and report control blocks

PRO Protection elements—protection functions and breaker control

MET Metering or Measurement elements—currents, voltages, power, etc.

CON Control elements—remote bits

ANN Annunciator elements—alarms, status values

MUa

a This only applies to merging units.

Merging unit elements—voltage and current channels
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The SEL-400 series relays support four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-400 series relays support the previous control models for SPC, DPC, 
and ENC controllable CDCs as defined in IEC 61850-8-1:2004. Other controlla-
ble CDCs defined in the standard are either unsupported or must be configured 
with the status-only control model. Supported CDCs include remote bits RBG-
GIOn in the CON Logical Device (LD), and breaker and disconnect switch con-
trols xxXCBRnn and xxXSWInn in the PRO LD. ENC is used to control the 
IEC 61850 Mode/Behavior. One control model must be selected during initial 
IED configuration in Architect and is applied throughout the CID file. This con-
trol model will apply to all controls in the IED.

Direct Control Models

The “Direct” control models provide the simplest means to initiate actions on the 
server. In these models, the client issues a control request via MMS, the server 
validates the request. Once validated, the server attempts to act upon the request. 
Note that if multiple clients are trying to perform control actions, the server will 
do nothing to prevent this. 

SBO Control Model

The SBO control model supports the SelectWithValue Service and can be used to 
prevent multiple clients from performing simultaneous control actions. In this 
mode, a client has to “reserve” the control object by sending a “select” control 
command. Once an object is selected, only the client that made the selection is 
allowed to perform control actions on it. If that client does not send a valid oper-
ate request for the object by the time the select time-out runs out, the object 
becomes available for selection again. The relay will support as many as ten 
pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, an 
error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute with 
trigger option.

Security in Control Models

“Security” in the control model context refers to additional supervision of the sta-
tus value by the control object. The “enhanced security” models report additional 
error information on failed operations to the requesting client unlike the models 
with “normal security”. Enhanced security control models provide a command 
termination report indicating if the control actually reached the new state as com-
manded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

NOTE: When an IED is configured 
with the SBO with Enhanced Security 
control model, the sboTimeout 
attribute of the controllable CDCs in 
the CID file is set to ten seconds. This 
time-out is not configurable via 
Architect.

NOTE: The maximum time required 
for a control operation to be 
completed should be less than the 
configured time-out period to avoid 
erroneous command termination 
reports indicating failure.
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Optional Control Configurations

The SEL-400 series relays do not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects may 
be configured to be pulsed by direct modification of the CID file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking

The IEC 61850 standards make provision for control object interlocking, and the 
IEC 61850-7-4 standard explains how this is performed using the CILO logical 
node. The CILO logical node has two data objects, namely Enable Open (EnaOpn) 
and Enable Close (EnaCls), for each breaker or disconnect control object.

The SEL-400 series relays use control interlocking to supervise the open and 
close controls from MMS Clients. The relay accomplishes this by checking each 
CSWI logical node control object against an associated CILO logical node data 
object. When the associated CILO logical node EnaCls and EnaOpn data objects 
are not asserted, the relay blocks the control operation and sends the AddCause 
“Blocked-by-interlocking” to the MMS Client.

Table 17.5 defines how control interlocking is implemented in the CILO logical node.

                    

SCBKnBO and SCBKnBC are SELOGIC control equations. Program these equa-
tions in the Protection SELOGIC setting (SET L) to block breaker operation. Pro-
gram the 89CBLmm and 89OBLmm SELOGIC control equations in the Bay 
settings (SET B) to block disconnect operation.

                    

Table 17.5 CILO Logical Node EnaOpn and EnaCls Equations

CILO LN Data Object Data Source Data Source Equation

EnaCls BKENCna

a n = Breaker terminal.

NOT SCBKnBCa

EnaOpn BKENOna NOT SCBKnBOa

EnaCls 89ENCmmb

b mm = Disconnect switch number.

NOT (89CBLmm OR 89OPEmm)b

EnaOpn 89ENOmmb NOT (89OBLmm OR 89CLSmm)b

NOTE: Not all SEL-400 series relays 
support control interlocking.

NOTE: The IEC 61850 CILO 
interlocking function does not affect 
controls sent by any other protocols 
or local front-panel operations.

                    

Figure 17.3  CSWI Logical Node Direct Operate Command Request 

Receive a CSWI 
command request 
from MMS Client

Command request 
rejected

Assert related
OC/CC Relay Word bit

Command response
to MMS Client:

Successful

Command response
to MMS Client: 

Blocked-by-interlocking

Check if CILO EnaCls/
EnaOpn is asserted

NO

YES



17.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Operation

Figure 17.3 shows how the relay responds to CSWI logical node command 
requests from MMS Clients when IEC 61850 control interlocking is applied. The 
SBO control model performs the same check when the select control command is 
received and again when the operate control is received.

Local/Remote Control Authority

Control commands at a substation originate from one of three levels: remote (net-
work control center) level, station level, or bay level. Under certain operational 
conditions (e.g., during maintenance), it may be necessary to block control com-
mands from one or more of these levels. The local/remote control feature allows 
users to enable or disable control authority at any of the three levels. The level at 
which a control command originates is determined by the value of the ori-
gin.orCat (originator category) attribute in the command. 

SEL-400 series relays support the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and con-
figurable attributes in the LLN0 logical node in each logical device. Table 17.6 
describes the attributes and their data sources.

                    

Using these three attributes, you can enable or disable control authority at any of 
the three switching levels, as shown in Table 17.7.

                    

By default, all three attributes are set to False, so only remote commands are allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC control 
equation SC850LS asserts and set to False when SC850LS deasserts. LOCSTA 
may also be controlled through MMS, but if it is set to True through SELOGIC 
control equations, it cannot be set to False through MMS.

Table 17.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multi-level control authority

Table 17.7 Control Authority Settings

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 5) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA

T X X AAa

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (True or False)
AA = Command is allowed
NA = Command is not allowed

NA NA

F T T AA AA NA
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In SEL-400 series relays that support local/remote control authority, the assertion 
of the LOCAL Relay Word bit will change the XCBR and XSWI logical nodes to 
local mode. This blocks all control commands to the associated CSWI logical 
nodes.

Control Requests
IEC 61850 control services are implemented by reading and writing to pseudo-
variables in the relay in response to MMS requests. Similar to how client requests 
are generated and mapped to MMS read or write service requests, server actions 
are also mapped to internal commands, read and write actions and MMS infor-
mation report messages. In the case of an unsuccessful control request, the relay 
will send the appropriate response PDU indicating that there was a problem and 
an MMS information report that contains more detailed information about the 
problem that occurred.

When writing controls, the client must select and write the entire Oper, SBOw or 
Cancel structure to the relay. See Figure 17.4 for the attributes of the CON Logi-
cal Device and ST and CO functional constraints (FC) of LN RBGGIO1 used for 
controls of RB01 through RB08.

                    

Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of 
IEC 61850-7-2 for additional information on the AddCause values.

The SEL-400 series relays support the AddCause values in Table 17.8 as part of 
the LastApplError information report.

                    

                    

Figure 17.4 MMS Client View of the CON Logical Device

Table 17.8 AddCause Descriptions (Sheet 1 of 2)

AddCause 
Enumeration

AddCause Description Error Condition

0 Unknown No other AddCause value defined within this section applies

2 Blocked-by-switching-hierarchy Logical node is set to local mode, i.e., Loc.stVal = true

3 Select-failed Originator category not allowed to issue control commands or SelectWithValue operation fails
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Any AddCause value not specified above is not supported. Control CDC data 
attributes, which are associated with unsupported AddCause values and are not 
part of a control structure, will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal, which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper, or Cancel structure, will be ignored. 

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 client 
without having to revert to the command line or some other tool. However, this 
has great potential for integration with IEC 61850 SCADA systems, which would 
be able to control setting groups through IEC 61850 MMS.

The IEC 61850 specification outlines a method for switching the current settings 
group to another preconfigured settings group. The setting group control block, 
or SGCB, contains the SettingControl element that enables settings group con-
trol. The SEL-400 series relays require the minimum versions of the firmware 
and ICD files to enable the SGCB. Refer to Appendix A in the product-specific 
manuals for supported firmware and ICD versions. In the IEC 61850 standard, 
SGCB class includes an attribute for the active settings group, or ActSG, as a 
read/write attribute. The ActSG is a read-only attribute in SEL-400 series relays. 
Adding the ActSG attribute with a value to the SettingControl element of the ICD 
file results in the relay ignoring the value and continuing to use the existing active 
settings group when the ICD file is downloaded.

When the IEC 61850 functions of the relay are enabled, the selectActiveSG ser-
vice allows an MMS client to request that the relay change the active setting 
group. The MMS client can request a group switch by writing a valid setting 
group number to ActSG. The relay updates the ActSG value under the following 
conditions:

➤ The value written to ActSG is valid and not the current active group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

4 Invalid-position For controls with enhanced security, an AddCause of “Invalid-position” (4) will be sent 
if the control status changes to an unexpected value. If no control status change is detected 
after the operate time-out period, an AddCause of “Time-limit-over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-in-execution Control object is already selected by the client, and

1. Logical node is set to local mode i.e., Loc.stVal = true, or

2. Originator category not allowed to issue control commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Block-by-interlocking Selection of switch device failed due to interlock check

12 Command-already-in-execution Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. (The control failed to reach its intended 
state prior to time-out.)

18 Object-not-selected Cancel operation fails

Table 17.8 AddCause Descriptions (Sheet 2 of 2)

AddCause 
Enumeration

AddCause Description Error Condition
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Note that if the value written to ActSG is the same as the current group, the relay 
will not attempt to switch settings groups. Please refer to Multiple Setting Groups 
on page 12.4 for more information on group settings.

Service Tracking
The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging ser-
vices, and group switch control services. IEC 61850 Edition 2 defines the service 
tracking feature to allow these services to be reported or logged, whether they 
succeed or fail.

SEL-400 series relays support the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these ser-
vices.

Tracking of these services is enabled by data objects in the service tracking logi-
cal node LTRK. Table 17.9 lists the service tracking data objects. Their data attri-
butes mirror those in the service request or in the control block that was the target 
of the service request.

                    

Refer to Table 17.26 for information regarding the available attributes in each 
tracking data object.

Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute ser-
viceType provides an enumerated value for the specific service requested or exe-
cuted. Table 17.10 defines the service type enumerations.

                    

Table 17.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a controllable double-point object

EncTrk CTS Tracks control service requests targeted at a controllable enumerated 
status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection

Table 17.10 IEC 61850 Service Type Enumeration

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the following buffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, PurgeBuf, EntryID, or GI

26 SetURCBValues Write request on one or more of the following unbuffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control object configured with enhanced security control model

54 InternalChange Report control block has been automatically disabled, i.e., RptEna is set to False after a loss of 
association with the client
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The attribute errorCode provides the error code that indicates whether the service 
was successful or unsuccessful. The codes are listed in Table 17.11 together with 
the corresponding ACSI errors.

                    

When creating datasets to track the services through information reporting, it is 
important to include the tracking data objects as a whole object (FCD—function-
ally constrained data), and not as individual data attributes (FCDA—functional 
constrained data attribute). Only the objRef attribute has a trigger option (dupd—
data update) and can trigger a report. The dupd trigger option must also be enabled 
in the report control block that is reporting changes in the tracking data objects.

File Services
The Ethernet file system allows reading or writing data as files. The file system 
supports FTP and MMS file transfer. The file system provides:

➤ A means for the device to transfer data as files.

➤ A hierarchal file structure for the device data.

The relay supports MMS file transfer with or without authentication. Note that 
the MMS File Transfer service will still be supported even if the relay contains an 
invalid CID file. The service is intended to support:

➤ Settings file download and upload

➤ CID file download and upload

➤ Event report retrieval

MMS File Services are enabled or disabled via PORT 5 settings, EMMSFS. Per-
missions for the Access Level 2 apply to MMS File Services requests. All files 
and directories that are available at the Access Level 2 via any supported file 
transfer mechanism (FTP, file read/write, etc.) are also available for transfer via 
MMS File Services.

Table 17.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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SCL Files
Substation Configuration Language (SCL) is an XML-based configuration lan-
guage used to support the exchange of database configuration data between dif-
ferent tools, which may come from different manufacturers. There are four types 
of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file describes the capabilities of an IED, including information on LN 
and GOOSE support. The SSD file describes the single-line diagram of the sub-
station and the required LNs. The SCD file contains information on all IEDs, 
communications configuration data, and a substation description. The CID file, 
of which there may be several, describes a single instantiated IED within the 
project, and includes address information.

Reports
The relay supports buffered and unbuffered report control blocks in the report 
model as defined in IEC 61850-8-1:2011. The predefined reports shown in 
Figure 17.5 are available by default via IEC 61850.

                    

There are 14 report control blocks (7 each of buffered and unbuffered reports). 
For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can reallocate 
data within each report data set to present different data attributes for each report 
beyond the predefined data sets.

                    

Figure 17.5 Relay Predefined Reports
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For buffered reports, connected clients may edit the report parameters shown in 
Table 17.12.

                    

Similarly, for unbuffered reports, connected clients may edit the report parame-
ters shown in Table 17.13.

                    

Table 17.12 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

entryID

BufTm YES 500

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa, b

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. Buffered reports begin buffering at startup.

YESa 0

PurgeBuf YESa FALSE

EntryId YES 0

Table 17.13 Unbuffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

BufTm YES 250

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

FALSE
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For buffered reports, only one client can enable the RptEna attribute of the BRCB 
at a time resulting in a client association for that BRCB. Once enabled, the asso-
ciated client has exclusive access to the BRCB until the connection is closed or 
the client disables the RptEna attribute. Once enabled, all unassociated clients 
have read-only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna attribute 
of an URCB at a time resulting in multiple client associations for that URCB. 
Once enabled, each client has independent access to a copy of that URCB.

The Resv attribute is writable, however, the relay does not support reservations. 
Writing any field of the URCB causes the client to obtain their own copy of the 
URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value with 
a resolution of 1 ms. However, the integrity report is only sent when the period 
has been detected as having expired. The report service rate of 2 Hz results in a 
report being sent within 500 ms of expiration of the IntgPd. The new IntgPd will 
begin at the time that the current report is serviced.

When configuring buffered and unbuffered reports that contain only analog val-
ues, a data change report only is triggered when there is a change in the magni-
tude value in excess of the deadband setting. When configuring buffered and 
unbuffered reports that contain a combination of digital and analog values, any 
digital value change triggers a data change report, which contains the current 
value of the analogs contained in the report at the time of the trigger.

Data Sets
IEC 61850 data sets are lists of references to DataObject attributes for the pur-
pose of efficient observation and transmission of data. Architect ICD files come 
with predefined data sets that can be used to transfer data via GOOSE messages, 
SV messages, or MMS reports.

➤ GOOSE: You can use predefined or edited data sets, or create new 
data sets for outgoing GOOSE transmission.

➤ SV: Four predefined data sets are provided. Each data set includes 
three phase currents and the neutral current as well as three phase 
voltages and the neutral voltage.

➤ Reports: Fourteen predefined data sets (BRDSet01–BRDSet07 and 
URDSet01–URDSet07) correspond to the default seven buffered and 
seven unbuffered reports. Note that you cannot change the number 
(14) of each type of report (buffered or unbuffered) within Architect. 
However, you can alter the data attributes that a data set contains or 
even create new data sets, and so define what data an IEC 61850 
client receives with a report. 

Supplemental Software Support
Examine the data structure and values of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, Inc.

The settings needed to browse the relay with an MMS browser are shown below.

                    

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and Quality
In addition to the various data values, the two attributes quality and t (time stamp) 
are available at any time. The time stamp is determined when data or quality 
change is detected. A change in the quality attribute can also be used to issue an 
internal event.

The time stamp is applied to all data and quality attributes (Boolean, Bstrings, 
Analogs, etc.) in the same fashion when a data or quality change is detected. 
However, there is a difference in how the change is detected between the different 
attribute types. For points in a data set that are also listed in the SER, the change 
is detected by the SER process. For all other Booleans or Bstrings, the change is 
detected via the scanner, which compares the last state against the previous state 
to detect the change. For analogs, the scanner looks at the amount of change rela-
tive to the deadband configured for the point to indicate a change and apply the 
time stamp. In all cases, these timestamps are used for the reporting model.

LN data attributes listed in the SER will have SER timestamps of 1 ms accuracy 
for data change events. All other LN data attributes are scanned on a 1/2-second 
interval for data change and have 1/2-second time stamp accuracy.

The relay uses GOOSE quality attributes to indicate the quality of the data in its 
transmitted GOOSE messages. Under normal conditions, all attributes are zero, 
indicating good quality data. Figure 17.6 shows the GOOSE quality attributes 
available to devices that subscribe to GOOSE messages from relay data sets that 
contain them. Internal status indicators provide the information necessary for the 
device to set these attributes. For example, if the device becomes disabled, as 
shown via status indications (e.g., an internal self-test failure), the relay will set 
the Validity attribute to INVALID and the Failure attribute to TRUE. Note that 
the relay does not set any of the other quality attributes. These attributes will 
always indicate FALSE (0). See the Architect help for additional information on 
GOOSE Quality attributes.

                    
                    

Figure 17.6 GOOSE Quality Attributes
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GOOSE
The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the message several 
times, increasing the likelihood that other devices receive the messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, con-
trols, and measured values between peers on an IEC 61850 network. Configure 
SEL devices to respond to GOOSE messages from other network devices with 
Architect. Also, configure outgoing GOOSE messages for SEL devices in Archi-
tect. See the Architect help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text identification 
and multicast group to identify and filter incoming GOOSE messages.

Virtual bits (VB001–VB256) are control inputs that you can map to values from 
incoming GOOSE messages by using the Architect software. See the VBnnn bits 
in Table 17.26, Table 17.27, and Table 17.28 for details on which logical nodes 
and names are used for these bits. This information can be useful when searching 
through device data with MMS browsers. If you intend to use any relay Virtual 
bits for controls, you must create SELOGIC equations to define these operations. 
The relay is capable of receiving and sending analog values via peer-to-peer 
GOOSE messages. Remote analogs (RA001–RA256) are analog inputs that you 
can map to values from incoming GOOSE messages. Remote analog outputs 
(RAO01–RAO64) can be used to transmit analog values via GOOSE messages. 
You must create SELOGIC control equations to assign internal relay values to 
RAO points to transmit them via GOOSE.

GOOSE Processing
SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the installed Ethernet port. 

Outgoing GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can define as many as eight data sets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. A single DA can be mapped to one or more outgoing GOOSE 
data sets, or one or more times within the same outgoing GOOSE 
data set. A user can also map a single GOOSE data set to multiple 
GOOSE control blocks. The number of unique Boolean variables is 
limited to a combined total of 512 digital bits across all eight 
outgoing messages.

➤ High-speed GOOSE messaging (as defined under GOOSE 
Performance) is available for GOOSE messages that contain either 
all Boolean data or a combination of Boolean data and remote analog 
output (RAO01–RAO64) data.

➤ The relay will transmit all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not retriggered, then 
following the initial transmission, the relay shall retransmit that 
GOOSE based on the Min. Time and Max. Time configured for that 
GOOSE message. The first transmission shall occur immediately 
upon triggering of an element within the GOOSE data set. The 
second transmission shall occur Min. Time later. The third shall 
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occur Min. Time after the second. The fourth shall occur twice Min. 
Time after the third. All subsequent transmissions shall occur at the 
Max Time interval. For example, a message with a Min. Time of 4 
ms and Max. Time of 1000 ms, will be transmitted upon triggering, 
then retransmitted at intervals of 4 ms, 4 ms, 8 ms, and then at 1000 
ms indefinitely or until another change triggers a new GOOSE 
message (See IEC 61850-8-1, Sec. 18.1).

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted entirely 
in a single network frame.

➤ The relay will maintain the configuration of outgoing GOOSE 
through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can configure the relay to subscribe to as many as 128 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE messages 
which are mapped to Virtual Bits (VBnnn). Virtual bits are volatile 
and are reset to zero when a new CID file is loaded, the device is 
restarted, or they are overwritten by data from a subscribed GOOSE 
message.

➤ The relay recognizes incoming GOOSE messages as valid based on 
the following content:

➢ Source broadcast MAC address

➢ Data Set Reference*

➢ Application ID*

➢ GOOSE Control Reference*

➢ Configuration Revision*

➢ Needs Commissioning*

➢ Quality Test*

➤ Every received and validated GOOSE message that indicates a data 
change, by an incremented status number, is evaluated as follows:

➢ Data within the received GOOSE data set that are mapped to 
host data bits are identified.

➢ Mapped bits are compared against a local version of the 
available host data bits.

➢ If the state of the received bits is different than the local version:

➣ Update the local version with the new state for that bit.

➣ Pass the new state for the bit to the relay.

➤ Reject all DA contained in an incoming GOOSE based on the 
presence of the following error indications created by inspection of 
the received GOOSE:

➢ Configuration Mismatch: The configuration number of the 
incoming GOOSE changes.

➢ Needs Commissioning: This Boolean parameter of the incoming 
GOOSE is true.

NOTE: Options marked with * are 
configurable via tools such as 
Architect. The relay, by default, checks 
against this parameter. 

Any GOOSE message that fails these 
checks shall be rejected. You can find 
the default quality check in the quality 
mask in Architect. See Figure 17.16 for 
an example.
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➢ Test Mode: This Boolean parameter of the incoming GOOSE is 
true.

➢ Decode Error: The format of the incoming GOOSE is not as 
configured.

➤ The relay will discard incoming GOOSE under the following 
conditions:

➢ After a permanent (latching) self-test failure

➢ When EGSE is set to No

Link-layer priority tagging and virtual LAN is supported as described in Annex C 
of IEC 61850-8-1:2011.

GOOSE Performance
For outgoing high-speed data (as identified under GOOSE Processing), transmis-
sion of GOOSE begins within 2 ms of transition of digital data within the relay. 
Note that you can include RAO points in outgoing GOOSE for high-speed trans-
mission. Only the transition of a digital point will trigger the transmission within 
2 ms. For all other data contained in outgoing GOOSE, transmission of GOOSE 
begins within 500 ms of transition of data within the relay. For incoming GOOSE 
data with an included change of state, the corresponding mapped virtual bit states 
update within two processing intervals.

Sampled Values
NOTE: Not all SEL-400 series 
products support SV.

IEC 61850 9-2, also known as Sampled Values (SV), describes a service that 
brings digital samples of analog signals from the substation yard to the control 
house. Multiple components are essential to successful implementation of such a 
service. SV publishers, also known as merging units, locally sample and convert 
analog signals to digital time-stamped samples. They then publish these samples 
with minimum delays via an Ethernet connection. Ethernet connections are 
established between SV publishers and SV subscribers for transmitting SV sam-
ples and GOOSE messages. This network is also called the process bus network. 
The information exchange between the SV publisher and the SV-
subscribing relays is based on a publisher/subscriber mechanism that is similar to 
GOOSE messaging. The SV subscribing relay receives the time-stamped SV 
messages and checks the timeliness of the samples. Messages are buffered and 
then used by the relays.

To promote interoperability and fast deployment of SV, UCA International Users 
Group released “Implementation Guideline for Digital Interface to Instrument 
Transformers Using IEC 61850-9-2” and described a subset of IEC 61850-9-2, 
also known as UCA 61850 9-2LE or simply 9-2LE. The SEL-400 series SV 
products are compliant with the 9-2LE guideline, also known as the 9-2LE pro-
file in this manual.

You can configure the SEL-400 series SV products via Architect or by using 
PORT 5 settings. See IEC 61850 Configuration on page 17.38 for more informa-
tion on SV product configuration.
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SV Processing
SV Publication

An SV publisher is an interface to the non-conventional instrument transformers 
(NCIT) and traditional instrument transformers. When an SV publisher is con-
nected to a traditional instrument transformer, it is also called a standalone merg-
ing unit. The SV publisher samples the analog data at 8 kHz and downsamples to 
4.8 kHz/4.0 kHz when the nominal frequency is 60 Hz/50 Hz. A time stamp rep-
resentation, known as smpCnt, is encoded with each published SV message. 
Given the sampling rate and the need to maintain the time coherence of samples 
from multiple merging units, merging units must be time-synchronized to high-
accuracy time source. See Section 11: Time and Date Management for time-syn-
chronization methods. The difference between the time encoded by the smpCnt 
in an SV message and the time that the message is published at the Ethernet inter-
face is the merging unit processing delay. This delay and the transmitting delay 
over a process bus network is the total network delay. See SV Network Delays on 
page 17.25 for more about network delay.

SV Data Set

SEL SV publishers can transmit multiple SV data streams. Each SV message 
includes four currents and four voltages. For example, the SEL-401 Protection, 
Automation, and Control Merging Unit has inputs for 12 analog measurements (6 
currents and 6 voltages). This means that the merging unit function requires at 
least two streams to send all available voltage/current inputs. Merging units sup-
port as many as seven output streams, allowing unmatched flexibility with mea-
surement channel assignment and precise routing of duplicate streams.

Primary/Secondary Scale Factor

The analog measurements inside SV messages represent the primary side of the 
instrument transformer. When connecting a standalone merging unit to a conven-
tional transformer, a scale factor should be applied such that the measured sec-
ondary quantity is scaled to primary values. For example, if the SEL-401 IW 
terminal is connected to an ANSI C600 1200/5 CT, the merging unit CT ratio 
CTRW should be set as 1200/5 = 240. Once CTRW is set, the measured second-
ary quantity on IW is scaled by CTRW before it is transmitted.

Time Synchronization

SmpCnt is a representation of the time stamp, which is encoded in each SV mes-
sage. If SV messages from multiple merging units are used for an application, the 
smpCnt from these merging units must represent the same time instance to cor-
rectly align the data. High-accuracy time synchronization is critical. SEL-400 
series relays can be synchronized with high-quality IRIG-B or high-quality Preci-
sion Time Protocol (PTP). The quality of smpCnt at the time the sample was 
taken is indicated by the SmpSynch value included in each SV message. When a 
merging unit is not time synchronized to any time source, its sample time error is 
unknown. Without time synchronization, the relay sets the smpSynch to 0. When 
the merging unit is synchronized to a high-quality local time source (TLOCAL = 
1), the smpSynch is set to 1. When the merging unit is synchronized to a high-
quality global time source (TGLOBAL = 1), the smpSynch is set to 2. TLOCAL 
and TGLOBAL are indicators of the time-synchronization source. See 
Section 11: Time and Date Management for information about TLOCAL and 
TGLOBAL.
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SEL merging units use the information in Table 17.14 and Table 17.15 to deter-
mine the quality of sample timing and the smpSynch values. See Table 17.14 and 
Table 17.15 for smpSynch values.

When high-quality IRIG-B is the current time source (CUR_SRC = BNC_IRIG 
or CUR_SRC = SER_IRIG):

                    

When high-quality PTP is the current time source (CUR_SRC = PTP):

                    

SV Subscription
An SEL SV relay can receive one or more SV streams from one or more merging 
units. SEL SV relays only support receiving 9-2LE-compliant SV messages. 
Once messages are received, samples are buffered to ensure that samples used to 
calculate protection elements are from the same time. The SV message attribute, 
smpCnt, is used to check and align samples. SV messages can be published at 
different frequencies based on the nominal frequency. The SEL SV relay nominal 
frequency setting must match the merging unit nominal frequency.

Primary/Secondary Scale Factor

SV messages provide current and voltage measurements in terms of the primary 
side of the instrument transformers. SEL SV relay protection calculations are 
based on traditional secondary quantities. Thus, the received digital samples must 
be scaled to the secondary properly. For example, if the SV stream comes from a 
merging unit that is connected to a 1200/5 CT, the SEL SV relay CT ratio settings 
should be 240.

Current Summation 

To provide a similar function to sum currents by connecting copper wires 
together, SEL-400 series relays provide current summation via SV subscriptions. 
You can map as many as three SV current channels (UCA 9-2LE-compliant) to 
the same SV subscriber relay analog channel. You can enable this function by 
clearing Hide current summation rows in Architect in the SV Receive tab.

Table 17.14 Mechanism of Determining smpSynch Values With an IRIG-B Time 
Source

Time Synchronization Status smpSynch Value

TGLOBAL =  1 2

TLOCAL =  1 1

TGLOBAL =  0

TLOCAL =  0

0

Table 17.15 Mechanism of Determining smpSynch Values With a PTP Time Source

Profile MU Sync State smpSynch Value

Power System or Default Profile TGLOBAL =  1 2

Power System Profile TLOCAL =  1 GMIDa

a Grand Master ID

Default Profile TLOCAL =  1 1

Power System or Default Profile TGLOBAL =  0

TLOCAL =  0

0

NOTE: Use caution when externally 
summing CT currents for differential 
protection. Because the resulting 
restraint current can be lower than 
expected, this can have implications 
for protection security.
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Example 17.1 Current Summation Via SV Subscription

In this example, a transmission line connects to a line reactor. The line cur-
rent is the sum of the two breaker currents minus the reactor current. Merg-
ing unit Bay1MU #1 current transformer logical nodes TCTR1 and TCTR2 
are both mapped to Terminal W on the SEL-421-7 Protection, Automation, 
and Control System With Sampled Values. SEL-421-7 Current Channel IAW 
has current measurements summed from Bay1MU #1...TCTR1.Amp.instMag.i 
and Bay1MU #1...TCTR2.Amp.instMag.i. The reactor current published 
from Bay1MU #2 is mapped to Terminal X on the SEL-421-7. The Terminal 
W and Terminal X currents are then combined by setting LINEI := COMB in 
Global settings.

                                        
                    
                    

Figure 17.7 Example Current Summation
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SV Network Delays

The SV merging unit and process bus network act as the data acquisition system 
for an SV relay. There are time delays introduced by DSS. The delays of an SV 
stream include the merging unit processing delay and the process bus network 
delay. The sum of these is called the network delay. SEL SV relays measure and 
report this network delay. The measured network delay for each SV subscription 
is stored as an analog quantity and reported via the COM SV ASCII command. 
See Section 9: ASCII Command Reference in the product-specific instruction 
manual for more detailed information.

SEL SV relays account for a network delay by buffering SV samples. The buffer 
length is controlled by the CH_DLY setting. Set the CH_DLY setting to the fol-
lowing value:

                    

Equation 17.1

                    

N = 3 is a good choice for typical applications because it allows the relay to ride 
through a loss of three packets. The allowable range for N is 1–3. The CH_DLY 
setting is specified in milliseconds (ms), and the SVNDmm value is reported in 
milliseconds (ms), both in the COM SV command response and as a user-acces-

The corresponding configuration is shown in Figure 17.8.
                    

Example 17.1 Current Summation Via SV Subscription (Continued)

                    
                    

Figure 17.8 Example Current-Summation Configuration

where:

MAX(SVNDmm) is the maximum network delay out of all received streams

N is the number of lost packets you want the relay to ride 
through by interpolating data

CH_DLY MAX SVNDmm  N 1+  Sample Period • +=
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sible analog quantity. Convert the last part of the channel delay equation to milli-
seconds by treating a sample period as 0.2083 ms for a 60 Hz system, or 0.25 ms 
for a 50 Hz system.

SEL SV relays wait to start resampling until samples arrive for the configured 
CH_DLY. This design also provides a consistent delay (CH_DLY) to protection 
and control operations, which overcomes the non-deterministic delays caused by 
the Ethernet process bus network.

If SV messages of the first SV subscription, which is listed first in the COM SV 
command response, are delayed by more than CH_DLY, they are considered lost. 
If less than three consecutive messages are delayed or missing, the SEL SV relay 
interpolates for these delayed or lost messages. If more than three samples are 
delayed or missing, the SEL relay ASCII command COM SV reports SV STREAM 
LOST for this scenario.

The protection and control operation times are delayed by the configured 
CH_DLY. Use caution when setting the relay coordination times to account for 
this added delay.

Coupled Clocks Mode
SEL recommends configuring a high-quality time source for the SV relays. 
Depending on the time-synchronization status, an SEL SV relay operates in one 
of two modes: the freewheeling mode and the coupled clock mode. SEL SV sub-
scribers use the same logic as SEL SV publishers to determine a local smpSynch 
based on its time-synchronization status. When the incoming smpSynch of the 
first SV subscription is non-zero and matches the local smpSynch, the relay oper-
ates in coupled clocks mode and SVCC asserts. When operating in coupled 
clocks mode, the relay can calculate the network delay for incoming SV streams. 
These delays are stored in analog quantities SVNDmm where mm is the subscrip-
tion number. The delays are also reported in the COM SV command response. 
When operating in the freewheeling mode, the SV relay will not provide the net-
work delay statistics.

Subscription Reference Stream
SEL SV relays store the smpSynch of each subscribed SV stream in analog quan-
tities SVmmSNC, where mm is the subscription number. If a CID file is used, the 
first subscription stream in the CID file is used as the smpSynch reference. If the 
PORT 5 SV setting is used, the subscription with the subscribed MAC address set 
by SVRADR1 is the first subscription and is used as the smpSynch reference. In 
coupled clock mode, any subsequent streams that do not have the same 
smpSynch as the time reference are discarded. If the relay stops receiving data 
for the first subscription stream, the last smpSynch value received from the first 
subscription stream continues to remain as the time reference. If the smpSynch 
value of the first subscription stream is zero, only the first subscription stream is 
accepted. If the relay operates in freewheeling mode, only the first subscription 
stream is accepted.

Station Bus and Process Bus (Four-Port Ethernet Card)
The SEL SV publishers and subscribers allow flexible station bus and process 
bus configurations when using the four-port Ethernet card. If BUSMODE := 
INDEPEND, station bus traffic (typically MMS and GOOSE) will only be trans-
mitted out on the station bus ports, and process bus traffic (typically SV and 
GOOSE) will only be transmitted on process bus ports. If BUSMODE := 
MERGED, all communications use PORT 5A and PORT 5B, with process bus and 

NOTE: The MERGED BUSMODE is 
not recommended for long-term 
operations, as the large amount of 
process bus traffic can adversely 
affect station bus functions when the 
buses are combined.
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station bus traffic merged on the same physical network, and the process bus 
ports are disabled. The designation of station bus and process bus is controlled by 
NETPORT settings. The station bus port is the same as the primary port, as spec-
ified by NETPORT settings. If NETPORT := A or NETPORT := B, then PORT 5A 
and PORT 5B are used for station bus communication and PORT 5C and PORT 5D are 
used for process bus communication. If NETPORT := C or NETPORT := D, then 
PORT 5C and PORT 5D are used for station bus communication and PORT 5A and 
PORT 5B are used for process bus communication. IEEE 1588-based time syn-
chronization is only available on PORT 5A and PORT 5B when using the four-port 
Ethernet card. If you want PTP time synchronization on the process bus, use 
PORT 5A and PORT 5B for process-bus communications. Figure 17.9 shows some 
common network configurations, including the NETPORT and BUSMODE set-
tings used.

Figure 17.9 shows an independent bus mode network schematic with PTP time 
synchronization on the process bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := C.

                    

Figure 17.10 shows an independent bus mode network schematic with PTP time 
synchronization on the station bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := A.

                    

Figure 17.11 shows an independent bus mode network schematic with local IRIG 
time source. In this schematic, the merging unit has settings BUSMODE := 
INDEPEND and NETPORT := A.

                    

Figure 17.9 Independent Bus Mode With PTP Time Synchronization on the 
Process Bus

                    

Figure 17.10 Independent Bus Mode With PTP Time Synchronization on the 
Station Bus
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Figure 17.12 shows a merged bus mode network schematic with PTP time syn-
chronization. Process bus and station bus traffic are all processed in PORT A. In 
this schematic, the merging unit has settings BUSMODE := MERGED and 
NETPORT := A.

                    

Station Bus and Process Bus (Five-Port Ethernet Card)
When using the five-port Ethernet card, the station bus and process bus designa-
tions are fixed. If BUSMODE := INDEPEND, the process bus is assigned to 
PORT 5A and PORT 5B, and the station bus is assigned to PORT 5C and PORT 5D. If 
BUSMODE := MERGED, traffic is processed on PORT 5A and PORT 5B, and 
PORT 5C and PORT 5D are disabled. The engineering access port (PORT 5E) is not 
associated with the BUSMODE setting; therefore, its designation and functional-
ity remain the same. The card uses three source MAC addresses. The first MAC 
address is applied to the process bus. The second MAC address is applied to the 
station bus. The third MAC address is applied to the engineering access port. 
IEEE 1588-based time synchronization is available on either the process bus or 
station bus when using the five-port Ethernet card.

IEC 61850 Messaging (Four-Port Ethernet Card)
The SEL-400 series relays publish and subscribe GOOSE messages on both the 
station bus and the process bus ports when using the four-port Ethernet card. 
GOOSE subscription error out of sequence may be reported if GOOSE messages 
from station bus and process bus are not isolated properly via network manage-
ment. For example, Figure 17.13 shows an SEL merging unit publishing two 
GOOSE messages from the station bus and process bus. Without proper GOOSE 

                    

Figure 17.11 Independent Bus Mode With IRIG Time Synchronization

                    

Figure 17.12 Merged Bus Mode With PTP Time Synchronization

Process Bus 

Station Bus 

SV RelaySV Relay

Merging Unit

Ethernet Switch

Merging Unit
A B C D A B C D

A B C D A B C D

IRIG IRIG

IRIG IRIG

SCADA

Ethernet Switch

Four-port Ethernet card depicted.

Process Bus and Station Bus 

SV RelaySV Relay

Merging Unit

Ethernet Switch

SCADA

Merging Unit
A B C D A B C D

A B C D A B C D

PTP Time
Source

Four-port Ethernet card depicted.



17.29

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
Sampled Values

messages routing on the Ethernet switch, the SV relay receives GOOSE mes-
sages #1 and #2 from the process bus and the station bus, and out-of-sequence 
error is reported for GOOSE messages #1 and #2 subscriptions. Proper manage-
ment and segregation of GOOSE messages from the station bus and the process 
resolves this. For example, if GOOSE message #1 is designed for the process bus 
only, engineers can configure the station bus Ethernet switch to only forward 
GOOSE message #2 and the process bus Ethernet switch to only forward 
GOOSE message #1 via VLAN management.

SEL recommends using an SEL software-defined network (SDN) Ethernet 
switch to engineer each Ethernet traffic flow. Engineers can plan the network 
path for process bus GOOSE messages to flow through the process bus SDN 
switch only and discard the station bus GOOSE messages.

                    

IEC 61850 Messaging (Five-Port Ethernet Card)
To configure IEC 61850 messaging in the five-port Ethernet card, download a 
ClassFileVersion 007 CID file to the relay. This file provides multiple access 
points to differentiate between the process bus, station bus, and engineering 
access networks, as well as to define which services are available on those net-
works. Use Architect to configure communications for each network. For exam-
ple, to publish a GOOSE message on process bus PORT 5A and PORT 5B, select 
interface P1 in the address dropdown menu in the GOOSE transmit editor, as 
shown in Figure 17.14.

                    

The five-port Ethernet card supports two levels of GOOSE message VLAN prior-
itization: high and low. GOOSE messages with VLAN tags priorities from 0–3 
are processed as low priority. GOOSE messages with VLAN priorities tags from 
4–7 are processed as high priority. GOOSE messages without VLAN tags are 
processed as low priority.

                    

Figure 17.13 Use Ethernet Switch to Engineer Network Path for GOOSE Messages
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Figure 17.14 GOOSE Transmit Interface Selection (Five-Port Ethernet Card)
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IEC 61850 Simulation Mode
NOTE: SV simulation is only 
applicable in IEDs with SV subscription 
capability.

The SEL-400 series relays (including the SEL-401) can be configured to operate 
in simulation mode. In this mode, the SEL-400 series relays continue to process 
normal SV or GOOSE messages until a simulated SV or GOOSE message is 
received for a subscription. Once a simulated SV or GOOSE message is received, 
only simulated SV or GOOSE messages are processed for that subscription. The 
simulated mode only terminates when LPHDSIM is returned to FALSE. When 
the relay is not in the simulation mode, only normal SV or GOOSE messages are 
processed for all subscriptions.

A user can place the SEL-400 series relays in IEC 61850 simulation mode by set-
ting LPHDSIM (CFG.DevIDLPHD1.Sim.stVal) to true via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the relay 
rejects MMS attempts to enter or exit simulation mode until SC850SM deasserts.

IEC 61850 Mode/Behavior
NOTE: IEC 61850 Mode/Behavior is 
only available in IEDs with IEC 61850 
Edition 2 support.

The IEC 61850-7-4:2010 standard defines behaviors of different modes to facili-
tate testing. SEL-400 series relays support the following modes:

➤ On

➤ Blocked 

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is jointly determined by the logical device mode and its log-
ical node mode according to the IEC 61850 standard. For SEL-400 series relays, 
the selected IEC 61850 Mode/Behavior applies to the entire IED, including all its 
logical devices and all logical nodes. The behavior of the IED is always the same 
as the selected mode.

Table 17.16 describes the available services based on the mode/behavior of the IED.

                    

Table 17.16 IEC 61850 Services Available Based on Mode/Behavior

Mode MMS
GOOSE
Publication and Subscription

SV
Publication and Subscription

On Available Available Available

Blocked Available Available Available

Test Available Available Available

Test/Blocked Available Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE and SV publication in mode Off are disabled if EOFFMTX = N.

Publicationb
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The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior, as shown in Table 17.17.

                    

Mode/Behavior Control
Enable Mode/Behavior Control

IEC 61850 Mode/Behavior, by default, is disabled on SEL-400 series relays. To 
enable IEC 61850 Mode/Behavior, you must set PORT 5 setting E61850 to Y. To 
enable IEC 61850 Mode/Behavior control, you must set port setting E850MBC 
to Y and the CID file setting controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of IEC 61850 
Mode/Behavior when adding an IED into an Architect project, as shown in 
Figure 17.15. 

                    

Enhanced Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported pro-
vide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED testing, a 
technician can disable unplanned switching of IEC 61850 Mode/Behavior by set-
ting E850MBC to N after switching the relay back to On mode.

Table 17.17 Analog Quantity I850MOD Status Based on the Selected IEC 61850 
Mode/Behavior

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported

                    

Figure 17.15 Set controllableModeSupported = True
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Change Mode Via MMS or SELOGIC 
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode data 
object (Mod.Oper.ctlVal) in logical device CFG. Note that Mod.Oper.ctlVal in 
other logical devices does not accept MMS writes.

                    

You can also control IEC 61850 Mode/Behavior through use of the SET L com-
mand with protection SELOGIC variables SC850TM and SC850BM on the left 
side of protection logic equations. These variables are the SELOGIC controls for 
the Test mode and the Blocked mode, respectively.

                    

                    

Write Values to Mod.Oper.ctlVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

SC850TM SC850BM Selected IEC 61850 Mode/Behavior

0 0 See Notea

a Note: The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 (true), 
SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See Noteb

b Note: You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are not 
evaluated.

See Noteb Off

Example 17.2 Change Mode Via SELOGIC

In this example, pushbuttons PB1 and PB2 control SC850TM. Pushbuttons 
PB3 and PB4 control SC850BM. If you press PB1, the relay enters Test mode. 
If you press PB3, the relay transitions from Test mode into Test/Blocked 
mode. Press PB2 and PB4 to reset Test mode and Blocked mode, respectively.
                    

You can read the current IEC 61850 Mode/Behavior through an MMS client 
or by using the STA A commands.

NOTE: The variables SC850TM and 
SC850BM are not protection settings.

                    

=>>SHO L 

Protection 1

1: PLT01S := PB1

2: PLT01R := PB2

3: SC850TM := PLT01

4: PLT02S := PB3

5: PLT02R := PB4

6: SC850BM := PLT02
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Mode Indications on HMI
If the Mode/Behavior is Test, Blocked, or Test/Blocked, the relay toggles the 
Enabled LED on the front panel approximately every half a second to alarm users 
that the relay is not in On mode. When the relay is placed in Off mode, the relay 
is disabled and the relay Enabled LED is solid red.

Incoming Messages Processing
IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-400 series relays, by default, check if the quality 
operatorBlocked = False; if not, the relays treat the messages as invalid. You can 
disable the default check by changing the quality mask of GOOSE subscriptions. 
Figure 17.16 illustrates the default quality check for GOOSE subscription on 
SEL-400 series relays.

                    

Relay Operation for Different IEC 61850 Modes/Behaviors
Refer to Section 10: Testing, Troubleshooting, and Maintenance for information 
on how to use the various modes in testing.

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/Behavior 
status as On and processes all inputs and outputs as normal. If the quality of the 
subscribed SV messages satisfies Table 14.45, the relay processes the received 
SV messages as valid. If the quality of the subscribed GOOSE messages satisfies 
the GOOSE processing (see GOOSE Processing on page 17.19), the relay pro-
cesses the received GOOSE messages as valid.

                    

Figure 17.16 Default Quality Check on GOOSE Subscription if Quality Is Present
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Figure 17.17 illustrates the mode/behavior.

                    

Mode: Blocked
The relay operates in Blocked mode similarly to how it operates in On mode, 
except that it does not operate any physical contact outputs in this mode. It does 
continue to operate control bits such as remote bits and output contact bits.

                    

Table 17.18 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid

SVa

a IEC SV subscribers only.

Processed Processed as invalid

Table 17.19 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

SVa

a IEC SV publishers only.

False

                    

Figure 17.17 Relay Operations in On Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the 
IEC 61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 

Processed

Processed

Processed

IED
GOOSE

(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = On

Physical contacts 
operate as normal

GOOSE
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MMS Controls
(q.test = False)

Logical Connections

                    

Figure 17.18 Relay Operations in Blocked Mode

Processed

Processed

Processed

IED
GOOSE

(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = Blocked

Physical contacts
are BLOCKED

GOOSE
(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

NOTE: In Blocked mode, the physical 
output contacts are frozen in the state 
they were in prior to entering Blocked 
mode.
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Mode: Test
In Test mode, the relay processes valid incoming test signals or normal messages 
and operates physical contact outputs if triggered. In this mode/behavior, outgo-
ing MMS, GOOSE, and SV messages have the quality test bit set to True if the 
quality test bit is present. If the quality of the subscribed SV messages satisfies 
Table 14.45 (regardless of whether the quality test bit is set to True or False), the 
relay processes the received SV messages as valid. If the quality of the sub-
scribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False—see GOOSE 
Processing on page 17.19), the relay processes the received GOOSE messages as 
valid.

                    

                    

Figure 17.19 illustrates the mode/behavior.

                    

Mode: Test/Blocked
In Test/Blocked mode (see Section 10: Testing, Troubleshooting, and Mainte-
nance) for more information), the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In this 
mode/behavior, outgoing MMS, GOOSE, and SV messages have the quality test 
bit set to True if the quality test bit is present. If the quality of the subscribed SV 
messages satisfies Table 14.45 (regardless of whether the quality test bit is set to 
True or False), the relay processes the received SV messages as valid. If the qual-

Table 17.20 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed

SVa

a IEC SV subscribers only.

Processed Processed

Table 17.21 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

SVa

a IEC SV publishers only.

True

                    

Figure 17.19 Relay Operations in Test Mode 

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 
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ity of the subscribed GOOSE messages satisfies the user-defined quality type 
definition (regardless of whether the quality test bit is set to True or False—see 
GOOSE Processing on page 17.19), the relay processes the received GOOSE 
messages as valid.

Figure 17.20 illustrates the mode/behavior.

                    

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE and SV messages. 
The relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. The relay is in a disabled state, and 
it no longer trips any physical contact outputs.

In this mode, the relay is in a disabled state. Relay Word bit EN is set to False. 
The device processes MMS control requests to change the active mode of 
IEC 61850 Mode/Behavior if the quality Test bit of the control is set to False.

If EOFFMTX is set to True, the relay continues to transmit SV messages and 
GOOSE messages with the quality test bit set to False (0) and the validity set to 
Invalid (01) if the quality is present in the messages. If EOFFMTX is set to False, 
the relay does not transmit GOOSE or SV messages in this mode. The relay also 
does not process any incoming GOOSE and SV messages.

                    

                    

                    

Figure 17.20 Relay Operations in Test/Blocked Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 
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Table 17.22 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With Quality 
Test Bit Set to False (0)

Incoming Message With 
Quality Test Bit Set to True (1)

MMS Relay Only Processes Messages 
to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

SV Not Processed Not Processed

Table 17.23 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

SV Invalid



17.37

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
IEC 61850 Mode/Behavior

Figure 17.21 illustrates the IEC 61850 Mode/Behavior.

                    

Relay Output Contact Behavior Following a Power Cycle
The behavior of the relay output contacts vary based on the IEC 61850 mode in 
which the relay existed prior to the power cycle. The behavior for all contact out-
puts at relay loss of power is to de-energize the contact outputs (open for nor-
mally open and close for normally closed). Upon restoring power, the relay re-
establishes the IEC 61850 mode prior to loss of power, and if the IEC 61850 
mode was Blocked or Test/Blocked, the relay will not operate the output contacts 
based on the SELOGIC control equations, even if the outputs were energized prior 
to the power cycle. Table 17.24 describes all scenarios.

                    

SEL TEST SV Mode
The SEL SV subscriber relay and the SEL SV publisher relay both support TEST 
SV mode. This mode is designed to validate SV communications during testing.

SEL SV Subscriber Relay
When the TEST SV command is executed on an SEL SV subscriber relay, it sets 
the Relay Word bit SVSTST to TRUE. In this mode, the relay accepts either 
TEST SV data (test bit of the quality attribute is TRUE) or normal SV data (test 

                    

Figure 17.21 Relay Operations in Off Mode

Not Processed

Not Processed

Not Processed

IED
GOOSE

(q.test = True/False)

SV
(q.test = True/False)

MMS Controls
(q.test = True/False)

Mode/Behavior = Off

If EOFFMTX = Y, GOOSE is transmitted 
with q.validity = Invalid

If EOFFMTX = Y, SV is transmitted 
with q.validity = Invalid

Physical contacts 
are BLOCKED

Logical Connections

Table 17.24 Output Contact Behavior for IEC 61850 Modes Following a Power 
Cycle

IEC 61850 Mode 
Prior to Power Cycle

Output Contact 
State Prior to 
Power Cycle

Output Contact 
State During Power 
Off

Output Contact 
State Following the 
Power Cycle

ON 0 0 0

BLOCKED 0 0 0

TEST 0 0 0

TEST/BLOCKED 0 0 0

OFF 0 0 0

ON 1 0 1

BLOCKED 1 0 0

TEST 1 0 1

TEST/BLOCKED 1 0 0

OFF 1 0 0



17.38

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Configuration

bit of the quality attribute is FALSE). If the relay receives TEST SV data, the 
warning code QUALITY(TEST) is used to indicate the subscription status. While in 
TEST SV mode, the relay processes the SV stream and exercises all associated 
protection logic.

If the SEL SV subscriber relay is not in TEST SV mode, SVSTST is set to 
FALSE and the relay only accepts SV data with a valid quality. If TEST SV data 
are received, messages are discarded and error code INVALID QUAL is used to 
indicate the subscription status.

SEL SV Publisher Relay
When the TEST SV command is executed on the SEL-421 or SEL-401 SV pub-
lisher relays, it sets the Relay Word bit SVPTST to TRUE. In this mode, the relay 
generates test signals on all configured SV streams. The test bit in the quality 
attribute is TRUE for all published SV messages. The published signals are 
scaled from secondary values (Magnitude in Table 17.25) to primary values in 
accordance with the CT and PT ratio setting as follows:

➤ CTRW is used for both IW and IX scaling.

➤ PTRY is used for both VY and VZ scaling.

                    

Refer to Section 14: ASCII Command Reference for more information about the 
TEST SV command.

IEC 61850 Configuration
Settings

Table 12.18 lists the IEC 61850 settings. Table 12.19 lists the Mode/Behavior set-
tings. These settings are only available if your device includes the optional 
IEC 61850 protocol.

Architect
The Architect software enables protection and integration engineers to design 
and commission IEC 61850 substations containing SEL IEDs.

Table 17.25 Secondary Quantities for the SEL-400 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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Engineers can use Architect to perform the following configuration tasks.

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Configure SV publication and subscription, if supported.

➤ Edit and create GOOSE and SV data sets.

➤ Read non-SEL IED Capability Description (ICD) and CID files and 
determine the available IEC 61850 messaging options.

➤ Use or edit preconfigured data sets for reports.

➤ Load device settings as part of IEC 61850 CID files into SEL IEDs.

➤ Generate ICD files that will provide SEL IED descriptions to other 
manufacturers’ tools so they can use SEL GOOSE messages and 
reporting features.

Architect provides a GUI for engineers to select, edit, and create IEC 61850 
GOOSE messages important for substation protection, coordination, and control 
schemes. Typically, the engineer first places icons representing IEDs in a substa-
tion container, then edits the outgoing GOOSE messages or creates new ones for 
each IED. The engineer may also select incoming GOOSE messages for each 
IED to receive from any other IEDs in the domain. Architect has the capability to 
read other manufacturers’ ICD and CID files, enabling the engineer to map the 
data seamlessly into SEL IED logic. See the Architect help for more information.

Architect also provides a GUI for engineers to configure SV publications and SV 
subscriptions when the IED supports SV. The process is similar to that described 
for GOOSE, except that SEL SV devices can either publish or subscribe to SV, 
but not both. The engineer edits or creates SV publication data sets to configure 
the SEL SV publisher(s). Architect then displays the available SV publications in 
the project, using any SV publications defined in the project, including those 
from imported CID files from other manufacturers' SV publishers. The engineer 
then configures subscriptions by mapping the published data to the available ana-
log channels in the SEL SV subscriber.

The following example includes configurations via the Architect software. The 
software supports IEC 61850 MMS, GOOSE, and SV configurations. This exam-
ple shows how to use the software to configure two SV publications on an 
SEL-401 and an SEL-421.

NOTE: Not all SEL-400 series relays 
support SV.

NOTE: Other manufacturers’ ICD and 
CID files must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet this 
criteria, the relay will reject the CID 
file upon download. Edit other 
manufacturers’ ICD and CID files prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

NOTE: Use unique VLAN tags when 
publishing 87L, GOOSE, and SV 
messages to avoid mixing process bus 
traffic with station bus traffic. 
However, the VLAN IDs of subscribed 
GOOSE messages can be the same as 
outgoing 87L or SV VLAN IDs.
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Example 17.3 SV Application

Step 1. Open Architect.

Step 2. Insert the SEL-401 ICD and the SEL-421-7 SV Subscriber 
Relay ICD in the project tree.

                    
                    
                    

Figure 17.22 Add ICD to Project Tree
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Step 3. Create an SV Publication for the SEL-401. Configure SVID, 
MAC address, APP ID, and VLAN information as desired. 
Select an SV data set to associate it with the SV publication.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.23 Configure an SV Publication
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Step 4. To view the content of the data set, select the … icon next to the 
data set.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.24 Example SV Publication Data Set
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Step 5. Select the SEL-421 and select the SV Receive tab to configure 
the SV subscriptions as shown in Figure 17.25.

                    

Step 6. Right-click the IED, and choose to send the CID file. Ensure that 
the FTP function is enabled on the IEDs before sending CID 
files.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.25 Configure SV Subscription

                    
                    

Figure 17.26 Send SEL-401 CID File
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SV Configuration
The SEL-400 series relays support SV configuration via Architect or PORT 5 set-
tings via ACSELERATOR QuickSet SEL-5030 Software, terminal window, or 
front-panel HMI. PORT 5 SV settings take precedence over any SV configuration 
via CID files. If SVTXEN > 0 or SVRXEN > 0, PORT 5 SV configuration is used.

                    

Step 7. Issue the COM SV command on the merging unit and the relay 
to verify successful publication and subscription.

                    

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.27 Send SEL-421-7 CID File

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SV Publication Information

MultiCastAddr Ptag:Vlan AppID smpSynch
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 0
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.28 SEL-401 Publication Status

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SIMULATED Mode: Off

SV Subscription Status

MultiCastAddr Ptag:Vlan AppID smpSynch Code Network Delay (ms)
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 1
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.29 SEL-421-7 SV Subscription Status
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SV Communication Status
SEL SV publisher relays, including the SEL-421-7 SV Publisher and the 
SEL-401, support as many as seven SV publications. The SEL-421 or SEL-401 
indicates the publication status by using Relay Word bits SVPnnOK (nn= 01 to 
07). If a publication is configured, the corresponding SVPnnOK Relay Word bit 
asserts. The COM SV command provides a detailed report on the configured SV 
publications.

The SEL SV publisher relay supports as many as seven SV subscriptions. The 
SEL SV publisher relay monitors each incoming SV stream and, when queried 
with the COM SV command, reports errors or warnings if detected. For example, 
if the relay has not received four or more consecutive SV messages, COM SV 
reports the error code SV STREAM LOST. If the received SV messages include more 
than one application service data unit (ASDU), the error code ASDU ERROR is 
reported to indicate that the SEL-400 only supports one ASDU. Warning codes 
include CH DLY EXCEEDED, INTERPOLATED, SIMULATED, etc. For example, if the 
measured network delay of any subscribed SV stream exceeded the CH_DLY 
when the relay is in coupled clock mode. If SV subscriptions experience an error, 
the corresponding subscription status, SVSnnOK (nn = 01–07), deasserts.

Refer to Section 14: ASCII Command Reference for more information about the 
COM SV command.

SEL ICD File Versions
Architect version 1.1.69.0 and higher supports multiple ICD file versions for 
each IED in a project. Because relays with different firmware may require differ-
ent CID file versions, this allows users to manage the CID files of all IEDs within 
a single project.

Ensure that you work with the appropriate version of Architect relative to your 
current configuration, existing project files, and ultimate goals. If you desire the 
best available IEC 61850 functionality for your SEL relay, obtain the latest ver-
sion of Architect and select the appropriate ICD version(s) for your needs. Archi-
tect generates CID files from ICD files so the ICD file version Architect uses also 
determines the CID file version generated.

As of this writing, Architect comes with several versions of relay ICD files. ICD 
file descriptions in Architect indicate the minimum firmware versions required to 
use that particular file. Unless otherwise indicated, ICD files will work with firm-
ware higher than the firmware in the description. but not with lower firmware 
versions.

See Appendix A: Firmware, ICD File, and Manual Versions in the product-spe-
cific instruction manual for a list of ICD versions and corresponding firmware 
versions.

Logical Nodes
Each logical device (LD) has a set of common data objects at the top-level LN0. 
These represent the current state of the device, as well as some informational 
data. These data objects are: Mod (Mode), Beh (Behavior), Health, and NamPlt. 
See below for a brief description of each object.
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Mode
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Mod stVal:
                    

The top-level logical node of each LD also includes the following Mod attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in your 
CFG logical device.

Behavior
SEL-400 series relay LNs include the following enumerations for Beh stVal:
                    

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Health stVal:
                    

The top-level logical node of each LD also includes the following Health attri-
butes: 

Health q and Health t per the Time Stamps and Quality section.

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Health stVal Enumeration Health stVal Value Description

1 Ok EN Relay Word bit = 1

3 Alarm EN Relay Word bit = 0
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NamPlt
The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value.

➤ NamPlt d, which is the LD description.

Common Logical Nodes
Table 17.26–Table 17.29 show the logical nodes (LNs) supported in all SEL-400 
series relays. See the respective product-specific instruction manuals to see 
which additional logical nodes are available in that relay.

Table 17.26 shows the LNs associated with the Logical Node CFG.

                    

Table 17.26 Logical Device: CFG (Configuration) (Sheet 1 of 7)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

EALCCH1 RsStat.Oper.ctlVal EARSTa, b Reset engineering access statistics

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE, SV, and 87L traffic).

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValc I60MODd IEC 61850 mode/behavior control

LGOSne RsStat.Oper.ctlVal GRSTnf Reset GOOSE statistics for Message n

LSVSng RsStat.Oper.ctlVal SRSTnf Reset SV statistics for SV Stream n

PBLCCH1 RsStat.Oper.ctlVal PBRSTa, b Reset process bus statistics

SBLCCH1 RsStat.Oper.ctlVal SBRSTa, b Reset station bus statistics

Functional Constraint = DC

DevIDLPHD1 PhyNam.hwRev HWREVh Hardware version of the relay main board

DevIDLPHD1 PhyNam.model PARNUM Relay part number string

DevIDLPHD1 PhyNam.serNum SERNUM Relay serial number string

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal EN?3:1i Relay enabled

EALCCH1 ChLiv.stVal EACHa, b Status of engineering access channel

EALCCH1 RxCnt.actVal EARXa, b Number of non-SV, non-GOOSE frames received on the engineering access 
channel

EALCCH1 TxCnt.actVal EATXa, b Number of frames transmitted on the engineering access channel

EALCCH1 RsStat.stVal EARSTa, b Status of engineering access statistics reset

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant GOOSE channels
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GOLCCH2 FerCh.stValj GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stValj GORFERa Frame error rate on the redundant GOOSE channel

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP channels

IPLCCH1 FerCh.stValj IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stValj IPRFERa Frame error rate on the redundant IP channel

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE, SV, and 87L 
traffic)

LLN0 Mod.stVal I60MODd IEC 61850 mode/behavior status

LLN0 Health.stVal EN?3:1i Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSne NdsCom.stVal GNCMnf Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSne St.stVal GSTnf Status of the subscription (True = active, False = not active) for GOOSE 
Message n

LGOSne SimSt.stVal GSIMnf Status showing that simulation messages are received and accepted for 
GOOSE Message n

LGOSne LastStNum.stVal GLSTnf Last state number received (StNum) for GOOSE Message n

LGOSne LastSqNum.stVal GLSQnf Last sequence number received (SqNum) for GOOSE Message n

LGOSne LastTal.stVal GTALnf Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSne ConfRevNum.stVal –k Expected configuration revision number for GOOSE Message n

LGOSne RxConfRevNum.stVal GCNFnf Received configuration revision number for GOOSE Message n

LGOSne ErrSt.stVall GERRnf Error status of the subscription for GOOSE Message n

LGOSne OosCnt.stVal GOOSnf Number of out-of-sequence (OOS) errors for GOOSE Message n

LGOSne TalCnt.stVal GTLCnf Number of time-allowed-to-live violations for GOOSE Message n

LGOSne DecErrCnt.stVal GDERnf Number of messages that failed decoding for GOOSE Message n

LGOSne BufOvflCnt.stVal GBFOnf Number of messages lost because of buffer overflow for GOOSE Message n

LGOSne MsgLosCnt.stVal GMSLnf Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSne MaxMsgLos.stVal GMXMnf Maximum number of sequential messages lost because of OOS error (esti-
mated) for GOOSE Message n

LGOSne InvQualCnt.stVal GIDQnf Number of mapped incoming GOOSE data with invalid quality for GOOSE 
Message n

LGOSne RsStat.stVal GRSTnf Status of statistics reset for GOOSE messages

LSVSng NdsCom.stVal SNCMnf Subscription needs commissioning for SV Stream n. True if ConfRevNum does 
not match RxConfRevNum

LSVSng St.stVal SSTnf Status of the subscription (True = active, False = not active) for SV Stream n

LSVSng SimSt.stVal SSIMnf Status showing that simulation messages are received and accepted for SV 
Stream n

Table 17.26 Logical Device: CFG (Configuration) (Sheet 2 of 7)

Logical Node Attribute Data Source Comment
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LSVSng ConfRevNum.stVal –k Expected configuration revision number for SV Stream n

LSVSng RxConfRevNum.stVal SCNFnf Received configuration revision number for SV Stream n

LSVSng SmpSynch.stValm, n SSMPnf Synchronization state for SV Stream n

LSVSng ErrSt.stValo SERRnf Error status of the subscription for SV Stream n

LSVSng OosCnt.stVal SOOSnf Number of OOS errors for SV Stream n

LSVSng DscdCnt.stVal SDISnf Number of messages that were discarded for SV Stream n

LSVSng IntpCnt.stVal SINTnf Number of messages interpolated for SV Stream n

LSVSng RsStat.stVal SRSTnf Status of statistics reset for SV Stream n

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of TimeStamp)

20: 1 s accuracy (2–20)

10: 1 ms accuracy (2–10)

7: 10 ms accuracy (2–7)

31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity

If TmSrcTyp is PTP, TmSrc indicates the timeSource as defined by 
IEEE 1588-2008

If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP server

For all other values of TmSrcTyp, TmSrc is set to “NA”

LTMS TmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits TSNTP, TPTP, and 
TIRIG

1: Unknown

2: SNTP

3: PTP

4: IRIG-B

LTMS TmSyn.stVal TSSYNa, p Traceability of the reference time to which the IED is synchronized

2: GlobalAreaClock—Time synchronized to a clock that is traceable to a 
global reference, or TmSrcTyp is SNTP

1: LocalAreaClock—Time synchronized to a local area clock that is not 
traceable to a global reference

0: InternalClock—Not synchronized to an external clock source

LTMS TmSynLkd.stVal TSSYNLKa Status of clock synchronization:

1: Locked

2: Unlocked for 0–10 seconds

3: Unlocked for 10–100 seconds

4: Unlocked for 100–1000 seconds

5: Unlocked for more than 1000 seconds

PBLCCH1 ChLiv.stVal PBCHa, b Status of process bus primary channel

PBLCCH1 RedChLiv.stVal PBRCHa, b Status of process bus redundant channel

PBLCCH1 RxCnt.actVal PBRXa, b Number of non-SV, non-GOOSE frames received on the process bus primary 
channel

PBLCCH1 RedRxCnt.actVal PBRRXa, b Number of non-SV, non-GOOSE frames received on the process bus redun-
dant channel

PBLCCH1 RxCntGo.actVal PBRXGOa, b Number of GOOSE frames received on the process bus primary channel

PBLCCH1 RedRxCntGo.actVal PBRRXGOa, b Number of GOOSE frames received on the process bus redundant channel

PBLCCH1 RxCntSv.actVal PBRXSVa, b Number of SV frames received on the process bus primary channel

PBLCCH1 RedRxCntSv.actVal PBRRXSVa, b Number of SV frames received on the process bus redundant channel

Table 17.26 Logical Device: CFG (Configuration) (Sheet 3 of 7)
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PBLCCH1 TxCnt.actVal PBTXa, b Number of frames transmitted on both process bus channels

PBLCCH1 FerCh.stVal PBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus pri-
mary channel over the last 1000 processed PRP frames

PBLCCH1 RedFerCh.stVal PBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus 
redundant channel over the last 1000 processed PRP frames

PBLCCH1 FerChGo.stVal PBFRGOa, b Number of GOOSE PRP frames missed on the process bus primary channel 
over the last 1000 processed PRP frames

PBLCCH1 RedFerChGo.stVal PBRFRGOa, b Number of GOOSE PRP frames missed on the process bus redundant channel 
over the last 1000 processed PRP frames

PBLCCH1 FerChSv.stVal PBFRSVa, b Number of SV PRP frames missed on the process bus primary channel over 
the last second

PBLCCH1 RedFerChSv.stVal PBRFRSVa, b Number of SV PRP frames missed on the process bus redundant channel over 
the last second

PBLCCH1 RsStat.stVal PBRSTa, b Status of process bus statistics reset

SBLCCH1 ChLiv.stVal SBCHa, b Status of station bus primary channel

SBLCCH1 RedChLiv.stVal SBRCHa, b Status of station bus redundant channel

SBLCCH1 RxCnt.actVal SBRXa, b Number of non-SV, non-GOOSE frames received on the station bus primary 
channel

SBLCCH1 RedRxCnt.actVal SBRRXa, b Number of non-SV, non-GOOSE frames received on the station bus redundant 
channel

SBLCCH1 RxCntGo.actVal SBRXGOa, b Number of GOOSE frames received on the station bus primary channel

SBLCCH1 RedRxCntGo.actVal SBRRXGOa, b Number of GOOSE frames received on the station bus redundant channel

SBLCCH1 TxCnt.actVal SBTXa, b Number of frames transmitted on both station bus channels

SBLCCH1 FerCh.stVal SBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus pri-
mary channel over the last 1000 processed PRP frames

SBLCCH1 RedFerCh.stVal SBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus redun-
dant channel over the last 1000 processed PRP frames

SBLCCH1 FerChGo.stVal SBFRGOa, b Number of GOOSE PRP frames missed on the station bus primary channel 
over the last 1000 processed PRP frames

SBLCCH1 RedFerChGo.stVal SBRFRGOa, b Number of GOOSE PRP frames missed on the station bus redundant channel 
over the last 1000 processed PRP frames

SBLCCH1 RsStat.stVal SBRSTa, b Status of station bus statistics reset

Functional Constraint = MX

LGOSne TotDwnTm.instMag.f GDWTnf Total downtime in seconds for GOOSE Message n

LGOSne MaxDwnTm.instMag.f GMXDnf Maximum continuous downtime in seconds for GOOSE Message n

LSVSng NetwDly.instMag.fq SNETnf Network delay in milliseconds for SV Stream n

LSVSng TotDwnTm.instMag.f SDWTnf Total downtime in seconds for SV Stream n

LSVSng MaxDwnTm.instMag.f SMXDnf Maximum continuous downtime in seconds for SV Stream n

LTMS TmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second points on the 
synchronized time; TmTosPer is set to 0 for time sources other than high-
accuracy PTP or IRIG-B

Functional Constraint = SP

EALCCH1 ApNam.setVal –b, k Access point name for the engineering access channel

GOLCCH2 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 4: 
PRP, 5: IsolatedIP)

IPLCCH1 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 
4: PRP, 5: IsolatedIP). 

Table 17.26 Logical Device: CFG (Configuration) (Sheet 4 of 7)
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LGOSne GoCBRef.setSrcRef –k Configured GOOSE control block reference for GOOSE Message n

LGOSne DatSet.setSrcRef –k Configured data set reference for GOOSE Message n

LGOSne GoID.setVal –k Configured ID for GOOSE Message n

LGOSne Addr.setVal –k Configured multicast MAC address for GOOSE Message n

LGOSne VlanID.setVal –k Configured VLAN ID for GOOSE Message n

LGOSne VlanPri.setVal –k Configured VLAN priority for GOOSE Message n

LGOSne AppID.setVal –k Configured APPID for GOOSE Message n

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

LSVSng SvCBRef.setSrcRef –k Configured SV control block reference for SV Stream n

LSVSng DatSet.setSrcRef –k Configured data set reference for SV Stream n

LSVSng SvID.setVal –k Configured SV ID for SV Stream n

LSVSng Addr.setVal –k Configured multicast MAC address for SV Stream n

LSVSng VlanID.setVal –k Configured VLAN ID for SV Stream n

LSVSng VlanPri.setVal –k Configured VLAN priority for SV Stream n

LSVSng AppID.setVal –k Configured APPID for SV Stream n

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

PBLCCH1 ApNam.setVal –b, k Access point name for the process bus

PBLCCH1 NetModP.setVal NETMODPb PORT 5 network operating mode setting for the process bus (1: Fixed, 2: 
Failover, 3: PRP)

PBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

PBLCCH1 NetPorP.setVal NETPORPb PORT 5 primary network port setting for the process bus (1: A, 2: B)

SBLCCH1 ApNam.setVal –b, k Access point name for the station bus

SBLCCH1 NetMode.setVal NETMODEb PORT 5 network operating mode setting for the station bus (1: Fixed, 2: 
Failover, 3: PRP)

SBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

SBLCCH1 NetPort.setVal NETPORTb PORT 5 primary network port setting for the station bus (1: C, 2: D)

Functional Constraint = SR

LTRK1 SpcTrk.objRef _r ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 SpcTrk.errorCode _r, t ACSI service error status

LTRK1 SpcTrk.ctlVal _r Control value in the request

LTRK1 SpcTrk.ctlNum _r Control number in the request

LTRK1 SpcTrk.origin.orCat _r Originator category value in the request

LTRK1 SpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 SpcTrk.T _r Time-stamp value in the request

LTRK1 SpcTrk.Test _r Test value in the request

LTRK1 SpcTrk.Check _r Check condition value in the request

LTRK1 SpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 DpcTrk.objRef _r ACSI reference of the DPC object targeted in the request

Table 17.26 Logical Device: CFG (Configuration) (Sheet 5 of 7)
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LTRK1 DpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 DpcTrk.errorCode _r, t ACSI service error status

LTRK1 DpcTrk.ctlVal _r Control value in the request

LTRK1 DpcTrk.ctlNum _r Control number in the request

LTRK1 DpcTrk.origin.orCat _r Originator category value in the request

LTRK1 DpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 DpcTrk.T _r Time-stamp value in the request

LTRK1 DpcTrk.Test _r Test value in the request

LTRK1 DpcTrk.Check _r Check condition value in the request

LTRK1 DpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 EncTrk.objRef _r ACSI reference of the ENC object targeted in the request

LTRK1 EncTrk.serviceType _r, s Type of service requested or executed

LTRK1 EncTrk.errorCode _r, t ACSI service error status

LTRK1 EncTrk.ctlVal _r Control value in the request

LTRK1 EncTrk.ctlNum _r Control number in the request

LTRK1 EncTrk.origin.orCat _r Originator category value in the request

LTRK1 EncTrk.origin.orIdent _r Originator identity value in the request

LTRK1 EncTrk.T _r Time-stamp value in the request

LTRK1 EncTrk.Test _r Test value in the request

LTRK1 EncTrk.Check _r Check condition value in the request

LTRK1 EncTrk.respAddCause _r AddCause value returned in the response

LTRK1 BrcbTrk.objRef _r ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 BrcbTrk.errorCode _r, t ACSI service error status

LTRK1 BrcbTrk.rptID _r RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna _r RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet _r DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev _r ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds _r OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm _r BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum _r SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps _r TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd _r IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi _r GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf _r PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID _r EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry _r TimeOfEntry attribute value in the target BRCB object

LTRK1 UrcbTrk.objRef _r ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 UrcbTrk.errorCode _r, t ACSI service error status

LTRK1 UrcbTrk.rptID _r RptID attribute value in the request or target URCB object
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Table 17.27 shows the LNs associated with control elements, defined as Logical 
Device CON.

                    

LTRK1 UrcbTrk.rptEna _r RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv _r Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet _r DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev _r ConfRev attribute value in the target URCB object

LTRK1 UrcbTrk.optFlds _r OptFlds attribute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm _r BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum _r SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps _r TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd _r IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi _r GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef _r ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType _r, s Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode _r, t ACSI service error status

LTRK1 SgcbTrk.numOfSG _r NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG _r ActSG attribute value in the request

LTRK1 SgcbTrk.editSG _r EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit _r CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm _r LActTm attribute value in the target SGCB object after activation of the set-
tings group

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on page 17.31 

for more details.
d I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
e Where n = 1–64, corresponding to the first 64 GOOSE message subscriptions.
f Internal data source not available to the user. See COM SV on page 14.17 and GOOSE on page 14.37 for more information.
g Where n = 1–7, corresponding to each of the seven possible SV subscriptions.
h HWREV is an internal data source and is not available to the user.
i If enabled, value = 1. If disabled, value = 3.
j When NETMODE = PRP the value indicates the number of duplicate frames not received for every 1000 PRP tagged frames received.
k Data source defined in the IEC 61850 Configured IED Description (CID) file.
l See Table 14.79 for a description of each enumeration.
m See Table 14.43 for a description of each enumeration.
n The value is the 16-bit integer limit (i.e., 32768) if SmpSynch is NA in the COM SV response.
o See Table 14.44 for a description of each enumeration.
p If (TGLOBAL = 1 OR TmSrcTyp = SNTP), the value is set to 2. If TLOCAL = 1, the value is set to 1. Otherwise, the value is set to 0.
q The value is the 32-bit float limit (i.e., 3.40282347E+38) if NetwDly is NA in the COM SV response.
r The value depends on the ACSI service type requested, the target object, and the error status.
s Refer toTable 17.10 IEC 61850 service type enumeration.
t Refer to Table 17.11 IEC 61850 ACSI service error.
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Table 17.27 Logical Device: CON (Remote Control) (Sheet 1 of 11)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

PRBGGIO1a SPCSO01.Oper.ctlVal RB01:RB01 Pulse Remote Bit 1

PRBGGIO1a SPCSO02.Oper.ctlVal RB02:RB02 Pulse Remote Bit 2

NOTE: For logical node PRBGGIO, 
writing TRUE to either operSet or 
operClear pulses the remote bit.
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PRBGGIO1a SPCSO03.Oper.ctlVal RB03:RB03 Pulse Remote Bit 3

PRBGGIO1a SPCSO04.Oper.ctlVal RB04:RB04 Pulse Remote Bit 4

PRBGGIO1a SPCSO05.Oper.ctlVal RB05:RB05 Pulse Remote Bit 5

PRBGGIO1a SPCSO06.Oper.ctlVal RB06:RB06 Pulse Remote Bit 6

PRBGGIO1a SPCSO07.Oper.ctlVal RB07:RB07 Pulse Remote Bit 7

PRBGGIO1a SPCSO08.Oper.ctlVal RB08:RB08 Pulse Remote Bit 8

PRBGGIO2a SPCSO09.Oper.ctlVal RB09:RB09 Pulse Remote Bit 9

PRBGGIO2a SPCSO10.Oper.ctlVal RB10:RB10 Pulse Remote Bit 10

PRBGGIO2a SPCSO11.Oper.ctlVal RB11:RB11 Pulse Remote Bit 11

PRBGGIO2a SPCSO12.Oper.ctlVal RB12:RB12 Pulse Remote Bit 12

PRBGGIO2a SPCSO13.Oper.ctlVal RB13:RB13 Pulse Remote Bit 13

PRBGGIO2a SPCSO14.Oper.ctlVal RB14:RB14 Pulse Remote Bit 14

PRBGGIO2a SPCSO15.Oper.ctlVal RB15:RB15 Pulse Remote Bit 15

PRBGGIO2a SPCSO16.Oper.ctlVal RB16:RB16 Pulse Remote Bit 16

PRBGGIO3a SPCSO17.Oper.ctlVal RB17:RB17 Pulse Remote Bit 17

PRBGGIO3a SPCSO18.Oper.ctlVal RB18:RB18 Pulse Remote Bit 18

PRBGGIO3a SPCSO19.Oper.ctlVal RB19:RB19 Pulse Remote Bit 19

PRBGGIO3a SPCSO20.Oper.ctlVal RB20:RB20 Pulse Remote Bit 20

PRBGGIO3a SPCSO21.Oper.ctlVal RB21:RB21 Pulse Remote Bit 21

PRBGGIO3a SPCSO22.Oper.ctlVal RB22:RB22 Pulse Remote Bit 22

PRBGGIO3a SPCSO23.Oper.ctlVal RB23:RB23 Pulse Remote Bit 23

PRBGGIO3a SPCSO24.Oper.ctlVal RB24:RB24 Pulse Remote Bit 24

PRBGGIO4a SPCSO25.Oper.ctlVal RB25:RB25 Pulse Remote Bit 25

PRBGGIO4a SPCSO26.Oper.ctlVal RB26:RB26 Pulse Remote Bit 26

PRBGGIO4a SPCSO27.Oper.ctlVal RB27:RB27 Pulse Remote Bit 27

PRBGGIO4a SPCSO28.Oper.ctlVal RB28:RB28 Pulse Remote Bit 28

PRBGGIO4a SPCSO29.Oper.ctlVal RB29:RB29 Pulse Remote Bit 29

PRBGGIO4a SPCSO30.Oper.ctlVal RB30:RB30 Pulse Remote Bit 30

PRBGGIO4a SPCSO31.Oper.ctlVal RB31:RB31 Pulse Remote Bit 31

PRBGGIO4a SPCSO32.Oper.ctlVal RB32:RB32 Pulse Remote Bit 32

PRBGGIO5 SPCSO33.Oper.ctlVal RB33:RB33 Pulse Remote Bit 33

PRBGGIO5 SPCSO34.Oper.ctlVal RB34:RB34 Pulse Remote Bit 34

PRBGGIO5 SPCSO35.Oper.ctlVal RB35:RB35 Pulse Remote Bit 35

PRBGGIO5 SPCSO36.Oper.ctlVal RB36:RB36 Pulse Remote Bit 36

PRBGGIO5 SPCSO37.Oper.ctlVal RB37:RB37 Pulse Remote Bit 37

PRBGGIO5 SPCSO38.Oper.ctlVal RB38:RB38 Pulse Remote Bit 38

PRBGGIO5 SPCSO39.Oper.ctlVal RB39:RB39 Pulse Remote Bit 39

PRBGGIO5 SPCSO40.Oper.ctlVal RB40:RB40 Pulse Remote Bit 40

PRBGGIO6 SPCSO41.Oper.ctlVal RB41:RB41 Pulse Remote Bit 41

PRBGGIO6 SPCSO42.Oper.ctlVal RB42:RB42 Pulse Remote Bit 42

PRBGGIO6 SPCSO43.Oper.ctlVal RB43:RB43 Pulse Remote Bit 43

Table 17.27 Logical Device: CON (Remote Control) (Sheet 2 of 11)

Logical Node Attribute Data Source Comment
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PRBGGIO6 SPCSO44.Oper.ctlVal RB44:RB44 Pulse Remote Bit 44

PRBGGIO6 SPCSO45.Oper.ctlVal RB45:RB45 Pulse Remote Bit 45

PRBGGIO6 SPCSO46.Oper.ctlVal RB46:RB46 Pulse Remote Bit 46

PRBGGIO6 SPCSO47.Oper.ctlVal RB47:RB47 Pulse Remote Bit 47

PRBGGIO6 SPCSO48.Oper.ctlVal RB48:RB48 Pulse Remote Bit 48

PRBGGIO7 SPCSO49.Oper.ctlVal RB49:RB49 Pulse Remote Bit 49

PRBGGIO7 SPCSO50.Oper.ctlVal RB50:RB50 Pulse Remote Bit 50

PRBGGIO7 SPCSO51.Oper.ctlVal RB51:RB51 Pulse Remote Bit 51

PRBGGIO7 SPCSO52.Oper.ctlVal RB52:RB52 Pulse Remote Bit 52

PRBGGIO7 SPCSO53.Oper.ctlVal RB53:RB53 Pulse Remote Bit 53

PRBGGIO7 SPCSO54.Oper.ctlVal RB54:RB54 Pulse Remote Bit 54

PRBGGIO7 SPCSO55.Oper.ctlVal RB50:RB55 Pulse Remote Bit 55

PRBGGIO7 SPCSO56.Oper.ctlVal RB56:RB56 Pulse Remote Bit 56

PRBGGIO8 SPCSO57.Oper.ctlVal RB57:RB57 Pulse Remote Bit 57

PRBGGIO8 SPCSO58.Oper.ctlVal RB58:RB58 Pulse Remote Bit 58

PRBGGIO8 SPCSO59.Oper.ctlVal RB59:RB59 Pulse Remote Bit 59

PRBGGIO8 SPCSO60.Oper.ctlVal RB60:RB60 Pulse Remote Bit 60

PRBGGIO8 SPCSO61.Oper.ctlVal RB61:RB61 Pulse Remote Bit 61

PRBGGIO8 SPCSO62.Oper.ctlVal RB62:RB62 Pulse Remote Bit 62

PRBGGIO8 SPCSO63.Oper.ctlVal RB63:RB63 Pulse Remote Bit 63

PRBGGIO8 SPCSO64.Oper.ctlVal RB64:RB64 Pulse Remote Bit 64

PRBGGIO9b SPCSO65.Oper.ctlVal RB65:RB65 Pulse Remote Bit 65

PRBGGIO9b SPCSO66.Oper.ctlVal RB66:RB66 Pulse Remote Bit 66

PRBGGIO9b SPCSO67.Oper.ctlVal RB67:RB67 Pulse Remote Bit 67

PRBGGIO9b SPCSO68.Oper.ctlVal RB68:RB68 Pulse Remote Bit 68

PRBGGIO9b SPCSO69.Oper.ctlVal RB69:RB69 Pulse Remote Bit 69

PRBGGIO9b SPCSO70.Oper.ctlVal RB70:RB70 Pulse Remote Bit 70

PRBGGIO9b SPCSO71.Oper.ctlVal RB71:RB71 Pulse Remote Bit 71

PRBGGIO9b SPCSO72.Oper.ctlVal RB72:RB72 Pulse Remote Bit 72

PRBGGIO10b SPCSO73.Oper.ctlVal RB73:RB73 Pulse Remote Bit 73

PRBGGIO10b SPCSO74.Oper.ctlVal RB74:RB74 Pulse Remote Bit 74

PRBGGIO10b SPCSO75.Oper.ctlVal RB75:RB75 Pulse Remote Bit 75

PRBGGIO10b SPCSO76.Oper.ctlVal RB76:RB76 Pulse Remote Bit 76

PRBGGIO10b SPCSO77.Oper.ctlVal RB77:RB77 Pulse Remote Bit 77

PRBGGIO10b SPCSO78.Oper.ctlVal RB78:RB78 Pulse Remote Bit 78

PRBGGIO10b SPCSO79.Oper.ctlVal RB79:RB79 Pulse Remote Bit 79

PRBGGIO10b SPCSO80.Oper.ctlVal RB80:RB80 Pulse Remote Bit 80

PRBGGIO11b SPCSO81.Oper.ctlVal RB81:RB81 Pulse Remote Bit 81

PRBGGIO11b SPCSO82.Oper.ctlVal RB82:RB82 Pulse Remote Bit 82

Table 17.27 Logical Device: CON (Remote Control) (Sheet 3 of 11)

Logical Node Attribute Data Source Comment
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PRBGGIO11b SPCSO83.Oper.ctlVal RB83:RB83 Pulse Remote Bit 83

PRBGGIO11b SPCSO84.Oper.ctlVal RB84:RB84 Pulse Remote Bit 84

PRBGGIO11b SPCSO85.Oper.ctlVal RB85:RB85 Pulse Remote Bit 85

PRBGGIO11b SPCSO86.Oper.ctlVal RB86:RB86 Pulse Remote Bit 86

PRBGGIO11b SPCSO87.Oper.ctlVal RB87:RB87 Pulse Remote Bit 87

PRBGGIO11b SPCSO88.Oper.ctlVal RB88:RB88 Pulse Remote Bit 88

PRBGGIO12b SPCSO89.Oper.ctlVal RB89:RB89 Pulse Remote Bit 89

PRBGGIO12b SPCSO90.Oper.ctlVal RB90:RB90 Pulse Remote Bit 90

PRBGGIO12b SPCSO91.Oper.ctlVal RB91:RB91 Pulse Remote Bit 91

PRBGGIO12b SPCSO92.Oper.ctlVal RB92:RB92 Pulse Remote Bit 92

PRBGGIO12b SPCSO93.Oper.ctlVal RB93:RB93 Pulse Remote Bit 93

PRBGGIO12b SPCSO94.Oper.ctlVal RB94:RB94 Pulse Remote Bit 94

PRBGGIO12b SPCSO95.Oper.ctlVal RB95:RB95 Pulse Remote Bit 95

PRBGGIO12b SPCSO96.Oper.ctlVal RB96:RB96 Pulse Remote Bit 96

RBGGIO1a SPCSO01.Oper.ctlVal RB01 Remote Bit 1

RBGGIO1a SPCSO02.Oper.ctlVal RB02 Remote Bit 2

RBGGIO1a SPCSO03.Oper.ctlVal RB03 Remote Bit 3

RBGGIO1a SPCSO04.Oper.ctlVal RB04 Remote Bit 4

RBGGIO1a SPCSO05.Oper.ctlVal RB05 Remote Bit 5

RBGGIO1a SPCSO06.Oper.ctlVal RB06 Remote Bit 6

RBGGIO1a SPCSO07.Oper.ctlVal RB07 Remote Bit 7

RBGGIO1a SPCSO08.Oper.ctlVal RB08 Remote Bit 8

RBGGIO2a SPCSO09.Oper.ctlVal RB09 Remote Bit 9

RBGGIO2a SPCSO10.Oper.ctlVal RB10 Remote Bit 10

RBGGIO2a SPCSO11.Oper.ctlVal RB11 Remote Bit 11

RBGGIO2a SPCSO12.Oper.ctlVal RB12 Remote Bit 12

RBGGIO2a SPCSO13.Oper.ctlVal RB13 Remote Bit 13

RBGGIO2a SPCSO14.Oper.ctlVal RB14 Remote Bit 14

RBGGIO2a SPCSO15.Oper.ctlVal RB15 Remote Bit 15

RBGGIO2a SPCSO16.Oper.ctlVal RB16 Remote Bit 16

RBGGIO3a SPCSO17.Oper.ctlVal RB17 Remote Bit 17

RBGGIO3a SPCSO18.Oper.ctlVal RB18 Remote Bit 18

RBGGIO3a SPCSO19.Oper.ctlVal RB19 Remote Bit 19

RBGGIO3a SPCSO20.Oper.ctlVal RB20 Remote Bit 20

RBGGIO3a SPCSO21.Oper.ctlVal RB21 Remote Bit 21

RBGGIO3a SPCSO22.Oper.ctlVal RB22 Remote Bit 22

RBGGIO3a SPCSO23.Oper.ctlVal RB23 Remote Bit 23

RBGGIO3a SPCSO24.Oper.ctlVal RB24 Remote Bit 24

RBGGIO4a SPCSO25.Oper.ctlVal RB25 Remote Bit 25

RBGGIO4a SPCSO26.Oper.ctlVal RB26 Remote Bit 26

Table 17.27 Logical Device: CON (Remote Control) (Sheet 4 of 11)

Logical Node Attribute Data Source Comment
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RBGGIO4a SPCSO27.Oper.ctlVal RB27 Remote Bit 27

RBGGIO4a SPCSO28.Oper.ctlVal RB28 Remote Bit 28

RBGGIO4a SPCSO29.Oper.ctlVal RB29 Remote Bit 29

RBGGIO4a SPCSO30.Oper.ctlVal RB30 Remote Bit 30

RBGGIO4a SPCSO31.Oper.ctlVal RB31 Remote Bit 31

RBGGIO4a SPCSO32.Oper.ctlVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.Oper.ctlVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.Oper.ctlVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.Oper.ctlVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.Oper.ctlVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.Oper.ctlVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.Oper.ctlVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.Oper.ctlVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.Oper.ctlVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.Oper.ctlVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.Oper.ctlVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.Oper.ctlVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.Oper.ctlVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.Oper.ctlVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.Oper.ctlVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.Oper.ctlVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.Oper.ctlVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.Oper.ctlVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.Oper.ctlVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.Oper.ctlVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.Oper.ctlVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.Oper.ctlVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.Oper.ctlVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.Oper.ctlVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.Oper.ctlVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.Oper.ctlVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.Oper.ctlVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.Oper.ctlVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.Oper.ctlVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.Oper.ctlVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.Oper.ctlVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.Oper.ctlVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.Oper.ctlVal RB64 Remote Bit 64

RBGGIO9 SPCSO65.Oper.ctlVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.Oper.ctlVal RB66 Remote Bit 66

RBGGIO9b SPCSO67.Oper.ctlVal RB67 Remote Bit 67

Table 17.27 Logical Device: CON (Remote Control) (Sheet 5 of 11)

Logical Node Attribute Data Source Comment
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RBGGIO9b SPCSO68.Oper.ctlVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.Oper.ctlVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.Oper.ctlVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.Oper.ctlVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.Oper.ctlVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.Oper.ctlVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.Oper.ctlVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.Oper.ctlVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.Oper.ctlVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.Oper.ctlVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.Oper.ctlVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.Oper.ctlVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.Oper.ctlVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.Oper.ctlVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.Oper.ctlVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.Oper.ctlVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.Oper.ctlVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.Oper.ctlVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.Oper.ctlVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.Oper.ctlVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.Oper.ctlVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.Oper.ctlVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.Oper.ctlVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.Oper.ctlVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.Oper.ctlVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.Oper.ctlVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.Oper.ctlVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.Oper.ctlVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.Oper.ctlVal RB96 Remote Bit 96

Functional Constraint = DC

CTRLLPHD1 PhyNam.model PARNUM Relay part number string

CTRLLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

CTRLLPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

CTRLLPHD1 PhyHealth.stVal EN?3:1d Relay enabled

LLN0 Mod.stVal I60MODe IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

PRBGGIO1a SPCSO01.stVal RB01 Remote Bit 1

Table 17.27 Logical Device: CON (Remote Control) (Sheet 6 of 11)

Logical Node Attribute Data Source Comment
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PRBGGIO1a SPCSO02.stVal RB02 Remote Bit 2

PRBGGIO1a SPCSO03.stVal RB03 Remote Bit 3

PRBGGIO1a SPCSO04.stVal RB04 Remote Bit 4

PRBGGIO1a SPCSO05.stVal RB05 Remote Bit 5

PRBGGIO1a SPCSO06.stVal RB06 Remote Bit 6

PRBGGIO1a SPCSO07.stVal RB07 Remote Bit 7

PRBGGIO1a SPCSO08.stVal RB08 Remote Bit 8

PRBGGIO2a SPCSO09.stVal RB09 Remote Bit 9

PRBGGIO2a SPCSO10.stVal RB10 Remote Bit 10

PRBGGIO2a SPCSO11.stVal RB11 Remote Bit 11

PRBGGIO2a SPCSO12.stVal RB12 Remote Bit 12

PRBGGIO2a SPCSO13.stVal RB13 Remote Bit 13

PRBGGIO2a SPCSO14.stVal RB14 Remote Bit 14

PRBGGIO2a SPCSO15.stVal RB15 Remote Bit 15

PRBGGIO2a SPCSO16.stVal RB16 Remote Bit 16

PRBGGIO3a SPCSO17.stVal RB17 Remote Bit 17

PRBGGIO3a SPCSO18.stVal RB18 Remote Bit 18

PRBGGIO3a SPCSO19.stVal RB19 Remote Bit 19

PRBGGIO3a SPCSO20.stVal RB20 Remote Bit 20

PRBGGIO3a SPCSO21.stVal RB21 Remote Bit 21

PRBGGIO3a SPCSO22.stVal RB22 Remote Bit 22

PRBGGIO3a SPCSO23.stVal RB23 Remote Bit 23

PRBGGIO3a SPCSO24.stVal RB24 Remote Bit 24

PRBGGIO4a SPCSO25.stVal RB25 Remote Bit 25

PRBGGIO4a SPCSO26.stVal RB26 Remote Bit 26

PRBGGIO4a SPCSO27.stVal RB27 Remote Bit 27

PRBGGIO4a SPCSO28.stVal RB28 Remote Bit 28

PRBGGIO4a SPCSO29.stVal RB29 Remote Bit 29

PRBGGIO4a SPCSO30.stVal RB30 Remote Bit 30

PRBGGIO4a SPCSO31.stVal RB31 Remote Bit 31

PRBGGIO4a SPCSO32.stVal RB32 Remote Bit 32

PRBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

PRBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

PRBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

PRBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

PRBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

PRBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

PRBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

PRBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

PRBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

PRBGGIO6 SPCSO42.stVal RB42 Remote Bit 42

Table 17.27 Logical Device: CON (Remote Control) (Sheet 7 of 11)

Logical Node Attribute Data Source Comment
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PRBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

PRBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

PRBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

PRBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

PRBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

PRBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

PRBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

PRBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

PRBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

PRBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

PRBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

PRBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

PRBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

PRBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

PRBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

PRBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

PRBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

PRBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

PRBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

PRBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

PRBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

PRBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

PRBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

PRBGGIO9b SPCSO66.stVal RB66 Remote Bit 66

PRBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

PRBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

PRBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

PRBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

PRBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

PRBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

PRBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

PRBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

PRBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

PRBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

PRBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

PRBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

PRBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

PRBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

PRBGGIO11b SPCSO81.stVal RB81 Remote Bit 81

Table 17.27 Logical Device: CON (Remote Control) (Sheet 8 of 11)
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PRBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

PRBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

PRBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

PRBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

PRBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

PRBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

PRBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

PRBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

PRBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

PRBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

PRBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

PRBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

PRBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

PRBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

PRBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

RBGGIO1 SPCSO01.stVal RB01 Remote Bit 1

RBGGIO1 SPCSO02.stVal RB02 Remote Bit 2

RBGGIO1 SPCSO03.stVal RB03 Remote Bit 3

RBGGIO1 SPCSO04.stVal RB04 Remote Bit 4

RBGGIO1 SPCSO05.stVal RB05 Remote Bit 5

RBGGIO1 SPCSO06.stVal RB06 Remote Bit 6

RBGGIO1 SPCSO07.stVal RB07 Remote Bit 7

RBGGIO1 SPCSO08.stVal RB08 Remote Bit 8

RBGGIO2 SPCSO09.stVal RB09 Remote Bit 9

RBGGIO2 SPCSO10.stVal RB10 Remote Bit 10

RBGGIO2 SPCSO11.stVal RB11 Remote Bit 11

RBGGIO2 SPCSO12.stVal RB12 Remote Bit 12

RBGGIO2 SPCSO13.stVal RB13 Remote Bit 13

RBGGIO2 SPCSO14.stVal RB14 Remote Bit 14

RBGGIO2 SPCSO15.stVal RB15 Remote Bit 15

RBGGIO2 SPCSO16.stVal RB16 Remote Bit 16

RBGGIO3 SPCSO17.stVal RB17 Remote Bit 17

RBGGIO3 SPCSO18.stVal RB18 Remote Bit 18

RBGGIO3 SPCSO19.stVal RB19 Remote Bit 19

RBGGIO3 SPCSO20.stVal RB20 Remote Bit 20

RBGGIO3 SPCSO21.stVal RB21 Remote Bit 21

RBGGIO3 SPCSO22.stVal RB22 Remote Bit 22

RBGGIO3 SPCSO23.stVal RB23 Remote Bit 23

RBGGIO3 SPCSO24.stVal RB24 Remote Bit 24

RBGGIO4 SPCSO25.stVal RB25 Remote Bit 25

Table 17.27 Logical Device: CON (Remote Control) (Sheet 9 of 11)
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RBGGIO4 SPCSO26.stVal RB26 Remote Bit 26

RBGGIO4 SPCSO27.stVal RB27 Remote Bit 27

RBGGIO4 SPCSO28.stVal RB28 Remote Bit 28

RBGGIO4 SPCSO29.stVal RB29 Remote Bit 29

RBGGIO4 SPCSO30.stVal RB30 Remote Bit 30

RBGGIO4 SPCSO31.stVal RB31 Remote Bit 31

RBGGIO4 SPCSO32.stVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.stVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

RBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.stVal RB66 Remote Bit 66

Table 17.27 Logical Device: CON (Remote Control) (Sheet 10 of 11)
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RBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

RBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.stVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a The SEL-487V supports only RBGGIO1–RBGGIO4 and PRBGGIO1–PRBGGIO4.
b Only the SEL-487B supports RBGGIO9–RBGGIO12 and PRBGGIO9–PRBGGIO12.
c HWREV is an internal data source and is not available to the user.
d If enabled, value = 1. If disabled, value = 3.
e I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.

Table 17.27 Logical Device: CON (Remote Control) (Sheet 11 of 11)
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Table 17.28 shows the LNs associated with the annunciation element, defined as 
Logical Device ANN.

                    

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 1 of 16)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

ETHGGIO2 SPCSO01.Oper.ctlVal ETHRSTa, b Reset Ethernet card statisitcs

Functional Constraint = DC

STALPHD1 PhyNam.model PARNUM Relay part number string

STALPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

STALPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = MX

ACNGGIO2 AnIn001.instMag.f ACN01CV Automation SELOGIC Counter 01 
current value

ACNGGIO2 AnIn002.instMag.f ACN02CV Automation SELOGIC Counter 02 
current value

ACNGGIO2 AnIn003.instMag.f ACN03CV Automation SELOGIC Counter 03 
current value

•
•
•

ACNGGIO2 AnIn014.instMag.f ACN14CV Automation SELOGIC Counter 14 
current value

ACNGGIO2 AnIn015.instMag.f ACN15CV Automation SELOGIC Counter 15 
current value

ACNGGIO2 AnIn016.instMag.f ACN16CV Automation SELOGIC Counter 16 
current value

AMVGGIO1 AnIn001.instMag.f AMV001 Automation SELOGIC Math 
Variable 001

AMVGGIO1 AnIn002.instMag.f AMV002 Automation SELOGIC Math 
Variable 002

AMVGGIO1 AnIn003.instMag.f AMV003 Automation SELOGIC Math 
Variable 003

•
•
•

AMVGGIO1 AnIn062.instMag.f AMV062 Automation SELOGIC Math 
Variable 062

AMVGGIO1 AnIn063.instMag.f AMV063 Automation SELOGIC Math 
Variable 063

AMVGGIO1 AnIn064.instMag.f AMV064 Automation SELOGIC Math 
Variable 064

AMVGGIO2 AnIn065.instMag.f AMV065 Automation SELOGIC Math 
Variable 065

AMVGGIO2 AnIn066.instMag.f AMV066 Automation SELOGIC Math 
Variable 066

AMVGGIO2 AnIn067.instMag.f AMV067 Automation SELOGIC Math 
Variable 067

NOTE: Some products support only 
64 AMVs in their ANN Logical Device.
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•
•
•

AMVGGIO2 AnIn126.instMag.f AMV126 Automation SELOGIC Math 
Variable 126

AMVGGIO2 AnIn127.instMag.f AMV127 Automation SELOGIC Math 
Variable 127

AMVGGIO2 AnIn128.instMag.f AMV128 Automation SELOGIC Math 
Variable 128

AMVGGIO8d AnIn129.instMag.f AMV129 Automation SELOGIC Math 
Variable 129

AMVGGIO8d AnIn130.instMag.f AMV130 Automation SELOGIC Math 
Variable 130

AMVGGIO8d AnIn131.instMag.f AMV131 Automation SELOGIC Math 
Variable 131

•
•
•

AMVGGIO8d AnIn190.instMag.f AMV190 Automation SELOGIC Math 
Variable 190

AMVGGIO8d AnIn191.instMag.f AMV191 Automation SELOGIC Math 
Variable 191

AMVGGIO8d AnIn192.instMag.f AMV192 Automation SELOGIC Math 
Variable 192

AMVGGIO9d AnIn193.instMag.f AMV193 Automation SELOGIC Math 
Variable 193

AMVGGIO9d AnIn194.instMag.f AMV194 Automation SELOGIC Math 
Variable 194

AMVGGIO9d AnIn195.instMag.f AMV195 Automation SELOGIC Math 
Variable 195

•
•
•

AMVGGIO9d AnIn254.instMag.f AMV254 Automation SELOGIC Math 
Variable 254

AMVGGIO9d AnIn255.instMag.f AMV255 Automation SELOGIC Math 
Variable 255

AMVGGIO9d AnIn256.instMag.f AMV256 Automation SELOGIC Math 
Variable 256

ETHGGIO2 AnIn01.instMag.f P5ARXPa, b SFP transceiver receive power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn02.instMag.f P5BRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn03.instMag.f P5CRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn04.instMag.f P5DRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn05.instMag.f P5ERXPa, b SFP transceiver receive power info 
(dBm) on PORT 5E

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 2 of 16)
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ETHGGIO2 AnIn06.instMag.f P5ATXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn07.instMag.f P5BTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn08.instMag.f P5CTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn09.instMag.f P5DTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn10.instMag.f P5ETXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5E

ETHGGIO2 AnIn11.instMag.f P5ATMPa, b SFP transceiver temperature info 
(°C) on PORT 5A

ETHGGIO2 AnIn12.instMag.f P5BTMPa, b SFP transceiver temperature info 
(°C) on PORT 5B

ETHGGIO2 AnIn13.instMag.f P5CTMPa, b SFP transceiver temperature info 
(°C) on PORT 5C

ETHGGIO2 AnIn14.instMag.f P5DTMPa, b SFP transceiver temperature info 
(°C) on PORT 5D

ETHGGIO2 AnIn15.instMag.f P5ETMPa, b SFP transceiver temperature info 
(°C) on PORT 5E

PCNGGIO1 AnIn001.instMag.f PCN01CV Protection SELOGIC Counter 01 cur-
rent value

PCNGGIO1 AnIn002.instMag.f PCN02CV Protection SELOGIC Counter 02 cur-
rent value

PCNGGIO1 AnIn003.instMag.f PCN03CV Protection SELOGIC Counter 03 cur-
rent value

•
•
•

PCNGGIO1 AnIn014.instMag.f PCN14CV Protection SELOGIC Counter 14 cur-
rent value

PCNGGIO1 AnIn015.instMag.f PCN15CV Protection SELOGIC Counter 15 cur-
rent value

PCNGGIO1 AnIn016.instMag.f PCN16CV Protection SELOGIC Counter 16 cur-
rent value

PMVGGIO3 AnIn01.instMag.f PMV01 Protection SELOGIC Math Variable 01

PMVGGIO3 AnIn02.instMag.f PMV02 Protection SELOGIC Math Variable 02

PMVGGIO3 AnIn03.instMag.f PMV03 Protection SELOGIC Math Variable 03

•
•
•

PMVGGIO3 AnIn62.instMag.f PMV62 Protection SELOGIC Math Variable 62

PMVGGIO3 AnIn63.instMag.f PMV63 Protection SELOGIC Math Variable 63

PMVGGIO3 AnIn64.instMag.f PMV64 Protection SELOGIC Math Variable 64

RAGGIO1 Ra001.instMag.f RA001 Remote Analog Input 001

RAGGIO1 Ra002.instMag.f RA002 Remote Analog Input 002

RAGGIO1 Ra003.instMag.f RA003 Remote Analog Input 003

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 3 of 16)
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•
•
•

RAGGIO1 Ra030.instMag.f RA030 Remote Analog Input 030

RAGGIO1 Ra031.instMag.f RA031 Remote Analog Input 031

RAGGIO1 Ra032.instMag.f RA032 Remote Analog Input 032

RAGGIO2 Ra033.instMag.f RA033 Remote Analog Input 033

RAGGIO2 Ra034.instMag.f RA034 Remote Analog Input 034

RAGGIO2 Ra035.instMag.f RA035 Remote Analog Input 035

•
•
•

RAGGIO2 Ra062.instMag.f RA062 Remote Analog Input 062

RAGGIO2 Ra063.instMag.f RA063 Remote Analog Input 063

RAGGIO2 Ra064.instMag.f RA064 Remote Analog Input 064

RAGGIO3 Ra065.instMag.f RA065 Remote Analog Input 065

RAGGIO3 Ra066.instMag.f RA066 Remote Analog Input 066

RAGGIO3 Ra067.instMag.f RA067 Remote Analog Input 067

•
•
•

RAGGIO3 Ra094.instMag.f RA094 Remote Analog Input 094

RAGGIO3 Ra095.instMag.f RA095 Remote Analog Input 095

RAGGIO3 Ra096.instMag.f RA096 Remote Analog Input 096

RAGGIO4 Ra097.instMag.f RA097 Remote Analog Input 097

RAGGIO4 Ra098.instMag.f RA098 Remote Analog Input 098

RAGGIO4 Ra099.instMag.f RA099 Remote Analog Input 099

•
•
•

RAGGIO4 Ra126.instMag.f RA126 Remote Analog Input 126

RAGGIO4 Ra127.instMag.f RA127 Remote Analog Input 127

RAGGIO4 Ra128.instMag.f RA128 Remote Analog Input 128

RAGGIO5 Ra129.instMag.f RA129 Remote Analog Input 129

RAGGIO5 Ra130.instMag.f RA130 Remote Analog Input 130

RAGGIO5 Ra131.instMag.f RA131 Remote Analog Input 131

•
•
•

RAGGIO5 Ra158.instMag.f RA158 Remote Analog Input 158

RAGGIO5 Ra159.instMag.f RA159 Remote Analog Input 159

RAGGIO5 Ra160.instMag.f RA160 Remote Analog Input 160

RAGGIO6 Ra161.instMag.f RA161 Remote Analog Input 161

RAGGIO6 Ra162.instMag.f RA162 Remote Analog Input 162

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 4 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some products support only 
128 Remote Analogs in their ANN 
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RAGGIO6 Ra163.instMag.f RA163 Remote Analog Input 163

•
•
•

RAGGIO6 Ra190.instMag.f RA190 Remote Analog Input 190

RAGGIO6 Ra191.instMag.f RA191 Remote Analog Input 191

RAGGIO6 Ra192.instMag.f RA192 Remote Analog Input 192

RAGGIO7 Ra193.instMag.f RA193 Remote Analog Input 193

RAGGIO7 Ra194.instMag.f RA194 Remote Analog Input 194

RAGGIO7 Ra195.instMag.f RA195 Remote Analog Input 195

•
•
•

RAGGIO7 Ra222.instMag.f RA222 Remote Analog Input 222

RAGGIO7 Ra223.instMag.f RA223 Remote Analog Input 223

RAGGIO7 Ra224.instMag.f RA224 Remote Analog Input 224

RAGGIO8 Ra225.instMag.f RA225 Remote Analog Input 225

RAGGIO8 Ra226.instMag.f RA226 Remote Analog Input 226

RAGGIO8 Ra227.instMag.f RA227 Remote Analog Input 227

•
•
•

RAGGIO8 Ra254.instMag.f RA254 Remote Analog Input 254

RAGGIO8 Ra255.instMag.f RA255 Remote Analog Input 255

RAGGIO8 Ra256.instMag.f RA256 Remote Analog Input 256

RAOGGIO1 Rao01.instMag.f RAO01 Remote Analog Output 01

RAOGGIO1 Rao02.instMag.f RAO02 Remote Analog Output 02

RAOGGIO1 Rao03.instMag.f RAO03 Remote Analog Output 03

•
•
•

RAOGGIO1 Rao30.instMag.f RAO30 Remote Analog Output 30

RAOGGIO1 Rao31.instMag.f RAO31 Remote Analog Output 31

RAOGGIO1 Rao32.instMag.f RAO32 Remote Analog Output 32

RAOGGIO2 Rao33.instMag.f RAO33 Remote Analog Output 33

RAOGGIO2 Rao34.instMag.f RAO34 Remote Analog Output 34

RAOGGIO2 Rao35.instMag.f RAO35 Remote Analog Output 35

•
•
•

RAOGGIO2 Rao62.instMag.f RAO62 Remote Analog Output 62

RAOGGIO2 Rao63.instMag.f RAO63 Remote Analog Output 63

RAOGGIO2 Rao64.instMag.f RAO64 Remote Analog Output 64

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 5 of 16)
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Functional Constraint = ST

STALPHD1 PhyHealth.stVal EN?3:1e Relay enabled

LLN0 Mod.stVal I60MODf IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

ALMGGIO1 Ind01.stVal SALARM Software alarm

ALMGGIO1 Ind02.stVal HALARM Hardware alarm

ALMGGIO1 Ind03.stVal BADPASS Invalid password attempt alarm

ALMGGIO1 Ind04.stVal SETCHG Pulsed alarm for settings changes

ALMGGIO1 Ind05.stVal GRPSW Pulsed alarm for group switches

ALMGGIO1 Ind06.stVal ACCESS A user is logged in at Access 
Level B or higher

ALMGGIO1 Ind07.stVal PASSDIS Asserts to indicate password disable 
jumper is installed

ALMGGIO1 Ind08.stVal BRKENAB Asserts to indicate breaker control 
enable jumper is installed

ALTGGIO5 Ind01.stVal ALT01 Automation Latch 1

ALTGGIO5 Ind02.stVal ALT02 Automation Latch 2

ALTGGIO5 Ind03.stVal ALT03 Automation Latch 3

•
•
•

ALTGGIO5 Ind30.stVal ALT30 Automation Latch 30

ALTGGIO5 Ind31.stVal ALT31 Automation Latch 31

ALTGGIO5 Ind32.stVal ALT32 Automation Latch 32

ASVGGIO4 Ind001.stVal ASV001 Automation SELOGIC Variable 1

ASVGGIO4 Ind002.stVal ASV002 Automation SELOGIC Variable 2

ASVGGIO4 Ind003.stVal ASV003 Automation SELOGIC Variable 3

•
•
•

ASVGGIO4 Ind126.stVal ASV126 Automation SELOGIC Variable 126

ASVGGIO4 Ind127.stVal ASV127 Automation SELOGIC Variable 127

ASVGGIO4 Ind128.stVal ASV128 Automation SELOGIC Variable 128

ETHGGIO1 Ind01.stVal P5ASEL PORT 5A active/inactive

ETHGGIO1 Ind02.stVal LINK5A Link status of PORT 5A connection

ETHGGIO1 Ind03.stVal P5BSEL PORT 5B active/inactive

ETHGGIO1 Ind04.stVal LINK5B Link status of PORT 5B connection

ETHGGIO1 Ind05.stVal P5CSEL PORT 5C active/inactive

ETHGGIO1 Ind06.stVal LINK5C Link status of PORT 5C connection

ETHGGIO1 Ind07.stVal P5DSEL PORT 5D active/inactive

ETHGGIO1 Ind08.stVal LINK5D Link status of PORT 5D connection

ETHGGIO1 Ind09.stVal LNKFAIL Link status of the active station bus port

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 6 of 16)
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NOTE: Some relays support only 64 
Automation SELOGIC Variables.

NOTE: Some relays do not support 
the ETHGGIO1 logical node.
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ETHGGIO1 Ind10.stVal LNKFL2g Link status of the active process bus 
port

ETHGGIO1 Ind11.stVal P5ESELb PORT 5E active/inactive

ETHGGIO1 Ind12.stVal LINK5Eb Link status of the PORT 5E connec-
tion

ETHGGIO2 CntVal01.actVal P5ATPTXa, b Total number of packets transmitted 
on PORT 5A

ETHGGIO2 CntVal02.actVal P5BTPTXa, b Total number of packets transmitted 
on PORT 5B

ETHGGIO2 CntVal03.actVal P5CTPTXa, b Total number of packets transmitted 
on PORT 5C

ETHGGIO2 CntVal04.actVal P5DTPTXa, b Total number of packets transmitted 
on PORT 5D

ETHGGIO2 CntVal05.actVal P5ETPTXa, b Total number of packets transmitted 
on PORT 5E

ETHGGIO2 CntVal06.actVal P5ATPRXa, b Total number of packets received on 
PORT 5A

ETHGGIO2 CntVal07.actVal P5BTPRXa, b Total number of packets received on 
PORT 5B

ETHGGIO2 CntVal08.actVal P5CTPRXa, b Total number of packets received on 
PORT 5C

ETHGGIO2 CntVal09.actVal P5DTPRXa, b Total number of packets received on 
PORT 5D

ETHGGIO2 CntVal10.actVal P5ETPRXa, b Total number of packets received on 
PORT 5E

ETHGGIO2 CntVal11.actVal P5ATPDIa, b Total number of packets discarded 
on PORT 5A

ETHGGIO2 CntVal12.actVal P5BTPDIa, b Total number of packets discarded 
on PORT 5B

ETHGGIO2 CntVal13.actVal P5CTPDIa, b Total number of packets discarded 
on PORT 5C

ETHGGIO2 CntVal14.actVal P5DTPDIa, b Total number of packets discarded 
on PORT 5D

ETHGGIO2 CntVal15.actVal P5ETPDIa, b Total number of packets discarded 
on PORT 5E

ETHGGIO2 CntVal16.actVal P5ATEPRa, b Total number of erroneous packets 
received on PORT 5A

ETHGGIO2 CntVal17.actVal P5BTEPRa, b Total number of erroneous packets 
received on PORT 5B

ETHGGIO2 CntVal18.actVal P5CTEPRa, b Total number of erroneous packets 
received on PORT 5C

ETHGGIO2 CntVal19.actVal P5DTEPRa, b Total number of erroneous packets 
received on PORT 5D

ETHGGIO2 CntVal20.actVal P5ETEPRa, b Total number of erroneous packets 
received on PORT 5E

ETHGGIO2 SPCSO1.stVal ETHRSTa, b Status of Ethernet card statistics 
reset

IN1GGIO14h Ind01.stVal IN101 Main Board Input 1

IN1GGIO14h Ind02.stVal IN102 Main Board Input 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 7 of 16)
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IN1GGIO14h Ind03.stVal IN103 Main Board Input 3

IN1GGIO14h Ind04.stVal IN104 Main Board Input 4

IN1GGIO14h Ind05.stVal IN105 Main Board Input 5

IN1GGIO14h Ind06.stVal IN106 Main Board Input 6

IN1GGIO14h Ind07.stVal IN107 Main Board Input 7

IN2GGIO15 Ind01.stVal IN201 First Optional I/O Board Input 1 (if 
installed)

IN2GGIO15 Ind02.stVal IN202 First Optional I/O Board Input 2 (if 
installed)

IN2GGIO15 Ind03.stVal IN203 First Optional I/O Board Input 3 (if 
installed)

•
•
•

IN2GGIO15 Ind22.stVal IN222 First Optional I/O Board Input 22 (if 
installed)

IN2GGIO15 Ind23.stVal IN223 First Optional I/O Board Input 23 (if 
installed)

IN2GGIO15 Ind24.stVal IN224 First Optional I/O Board Input 24 (if 
installed)

IN3GGIO16 Ind01.stVal IN301 Second Optional I/O Board Input 1 (if 
installed)

IN3GGIO16 Ind02.stVal IN302 Second Optional I/O Board Input 2 (if 
installed)

IN3GGIO16 Ind03.stVal IN303 Second Optional I/O Board Input 3 (if 
installed)

•
•
•

IN3GGIO16 Ind22.stVal IN322 Second Optional I/O Board Input 22 (if 
installed)

IN3GGIO16 Ind23.stVal IN323 Second Optional I/O Board Input 23 (if 
installed)

IN3GGIO16 Ind24.stVal IN324 Second Optional I/O Board Input 24 (if 
installed)

IN4GGIO18i Ind01.stVal IN401 Third Optional I/O Board Input 1 (if 
installed)

IN4GGIO18i Ind02.stVal IN402 Third Optional I/O Board Input 2 (if 
installed)

IN4GGIO18i Ind03.stVal IN403 Third Optional I/O Board Input 3 (if 
installed)

•
•
•

IN4GGIO18i Ind22.stVal IN422 Third Optional I/O Board Input 22 (if 
installed)

IN4GGIO18i Ind23.stVal IN423 Third Optional I/O Board Input 23 (if 
installed)

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 8 of 16)
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IN4GGIO18i Ind24.stVal IN424 Third Optional I/O Board Input 24 (if 
installed)

IN5GGIO13j Ind01.stVal IN501 Fourth Optional I/O Board Input 01 
(if installed)

IN5GGIO13j Ind02.stVal IN502 Fourth Optional I/O Board Input 02 
(if installed)

IN5GGIO13j Ind03.stVal IN503 Fourth Optional I/O Board Input 03 
(if installed)

•

•

•

IN5GGIO13j Ind22.stVal IN522 Fourth Optional I/O Board Input 22 
(if installed)

IN5GGIO13j Ind23.stVal IN523 Fourth Optional I/O Board Input 23 
(if installed)

IN5GGIO13j Ind24.stVal IN524 Fourth Optional I/O Board Input 24 
(if installed)

LBGGIO1k Ind01.stVal LB01 Local Bit 1

LBGGIO1k Ind02.stVal LB02 Local Bit 2

LBGGIO1k Ind03.stVal LB03 Local Bit 3

•
•
•

LBGGIO1k Ind62.stVal LB62 Local Bit 62

LBGGIO1k Ind63.stVal LB63 Local Bit 63

LBGGIO1k Ind64.stVal LB64 Local Bit 64

MBOKGGIO13 Ind01.stVal ROKA Normal MIRRORED BITS communica-
tions Channel A status while not in 
loopback mode

MBOKGGIO13 Ind02.stVal RBADA Outage too long on MIRRORED BITS 
communications Channel A

MBOKGGIO13 Ind03.stVal CBADA Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel A

MBOKGGIO13 Ind04.stVal LBOKA Normal MIRRORED BITS communica-
tions Channel A status while in loop-
back mode

MBOKGGIO13 Ind05.stVal ANOKA Analog transfer OK on MIRRORED 
BITS communications Channel A

MBOKGGIO13 Ind06.stVal DOKA Normal MIRRORED BITS communica-
tions Channel A status

MBOKGGIO13 Ind07.stVal ROKB Normal MIRRORED BITS communica-
tions Channel B status while not in 
loopback mode

MBOKGGIO13 Ind08.stVal RBADB Outage too long on MIRRORED BITS 
communications Channel B

MBOKGGIO13 Ind09.stVal CBADB Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel B

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 9 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some relays do not support 
the LBGGIO1 logical node.

NOTE: Some relays do not support 
the MBOKGGIO13 logical node.
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MBOKGGIO13 Ind10.stVal LBOKB Normal MIRRORED BITS communica-
tions Channel B status while in loop-
back mode

MBOKGGIO13 Ind11.stVal ANOKB Analog transfer OK on MIRRORED 
BITS communications Channel B

MBOKGGIO13 Ind12.stVal DOKB Normal MIRRORED BITS communica-
tions Channel B status

OUT1GGIO17l Ind01.stVal OUT101 Main Board Output 1

OUT1GGIO17l Ind02.stVal OUT102 Main Board Output 2

OUT1GGIO17l Ind03.stVal OUT103 Main Board Output 3

OUT1GGIO17l Ind04.stVal OUT104 Main Board Output 4

OUT1GGIO17l Ind05.stVal OUT105 Main Board Output 5

OUT1GGIO17l Ind06.stVal OUT106 Main Board Output 6

OUT1GGIO17l Ind07.stVal OUT107 Main Board Output 7

OUT1GGIO17l Ind08.stVal OUT108 Main Board Output 8

OUT2GGIO16 Ind01.stVal OUT201 First Optional I/O Board Output 1

OUT2GGIO16 Ind02.stVal OUT202 First Optional I/O Board Output 2

OUT2GGIO16 Ind03.stVal OUT203 First Optional I/O Board Output 3

•
•
•

OUT2GGIO16 Ind14.stVal OUT214 First Optional I/O Board Output 14

OUT2GGIO16 Ind15.stVal OUT215 First Optional I/O Board Output 15

OUT2GGIO16 Ind16.stVal OUT216 First Optional I/O Board Output 16

OUT3GGIO17 Ind01.stVal OUT301 Second Optional I/O Board Output 1

OUT3GGIO17 Ind02.stVal OUT302 Second Optional I/O Board Output 2

OUT3GGIO17 Ind03.stVal OUT303 Second Optional I/O Board Output 3

•
•
•

OUT3GGIO17 Ind14.stVal OUT314 Second Optional I/O Board Output 14

OUT3GGIO17 Ind15.stVal OUT315 Second Optional I/O Board Output 15

OUT3GGIO17 Ind16.stVal OUT316 Second Optional I/O Board Output 16

OUT4GGIO19i Ind01.stVal OUT401 Third Optional I/O Board Output 1

OUT4GGIO19i Ind02.stVal OUT402 Third Optional I/O Board Output 2

OUT4GGIO19i Ind03.stVal OUT403 Third Optional I/O Board Output 3

•
•
•

OUT4GGIO19i Ind14.stVal OUT414 Third Optional I/O Board Output 14

OUT4GGIO19i Ind15.stVal OUT415 Third Optional I/O Board Output 15

OUT4GGIO19i Ind16.stVal OUT416 Third Optional I/O Board Output 16

OUT5GGIO18j Ind01.stVal OUT501 Fourth Optional I/O Board Output 1 

OUT5GGIO18j Ind02.stVal OUT502 Fourth Optional I/O Board Output 2 

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 10 of 16)

Logical Node Attribute Data Source Comment

NOTE: The instance number n for 
the I/O Board logical nodes (INxGGIOn 
and OUTxGGIOn) may vary between 
relays and ClassFileVersions.
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OUT5GGIO18j Ind03.stVal OUT503 Fourth Optional I/O Board Output 3 

•
•
•

OUT5GGIO18j Ind14.stVal OUT514 Fourth Optional I/O Board 
Output 14

OUT5GGIO18j Ind15.stVal OUT515 Fourth Optional I/O Board 
Output 15

OUT5GGIO18j Ind16.stVal OUT516 Fourth Optional I/O Board 
Output 16

OUT3SGGIO1 Ind01.stVal OUT301S TiDL mapped OUT301 contact status

OUT3SGGIO1 Ind02.stVal OUT302S TiDL mapped OUT302 contact status

OUT3SGGIO1 Ind03.stVal OUT303S TiDL mapped OUT303 contact status

•
•
•

OUT3SGGIO1 Ind14.stVal OUT314S TiDL mapped OUT314 contact status

OUT3SGGIO1 Ind15.stVal OUT315S TiDL mapped OUT315 contact status

OUT3SGGIO1 Ind16stVal OUT316S TiDL mapped OUT316 contact status

OUT4SGGIO2 Ind01stVal OUT401S TiDL mapped OUT401 contact status

OUT4SGGIO2 Ind02.stVal OUT402S TiDL mapped OUT402 contact status

OUT4SGGIO2 Ind03.stVal OUT403S TiDL mapped OUT403 contact status

•
•
•

OUT4SGGIO2 Ind14.stVal OUT414S TiDL mapped OUT414 contact status

OUT4SGGIO2 Ind15.stVal OUT415S TiDL mapped OUT415 contact status

OUT4SGGIO2 Ind16stVal OUT416S TiDL mapped OUT416 contact status

OUT5SGGIO3 Ind01stVal OUT501S TiDL mapped OUT501 contact status

OUT5SGGIO3 Ind02.stVal OUT502S TiDL mapped OUT502 contact status

OUT5SGGIO3 Ind03.stVal OUT503S TiDL mapped OUT503 contact status

•
•
•

OUT5SGGIO3 Ind14.stVal OUT514S TiDL mapped OUT514 contact status

OUT5SGGIO3 Ind15.stVal OUT515S TiDL mapped OUT515 contact status

OUT5SGGIO3 Ind16stVal OUT516S TiDL mapped OUT516 contact status

PBLEDGGIO8 Ind01.stVal PB1_LED Pushbutton 1 LED

PBLEDGGIO8 Ind02.stVal PB2_LED Pushbutton 2 LED

PBLEDGGIO8 Ind03.stVal PB3_LED Pushbutton 3 LED

PBLEDGGIO8 Ind04.stVal PB4_LED Pushbutton 4 LED

PBLEDGGIO8 Ind05.stVal PB5_LED Pushbutton 5 LED

PBLEDGGIO8 Ind06.stVal PB6_LED Pushbutton 6 LED

PBLEDGGIO8 Ind07.stVal PB7_LED Pushbutton 7 LED

PBLEDGGIO8 Ind08.stVal PB8_LED Pushbutton 8 LED

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 11 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node OUTxSGGIOn (where: x = 3, 4, 5 
and n = 1, 2, 3).

NOTE: The PBLEDGGIO8 logical 
node always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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PBLEDGGIO8 Ind09.stVal PB9_LED Pushbutton 9 LED

PBLEDGGIO8 Ind10.stVal PB10LED Pushbutton 10 LED

PBLEDGGIO8 Ind11.stVal PB11LED Pushbutton 11 LED

PBLEDGGIO8 Ind12.stVal PB12LED Pushbutton 12 LED

PLTGGIO2 Ind01.stVal PLT01 Protection Latch 1

PLTGGIO2 Ind02.stVal PLT02 Protection Latch 2

PLTGGIO2 Ind03.stVal PLT03 Protection Latch 3

•
•
•

PLTGGIO2 Ind30.stVal PLT30 Protection Latch 30

PLTGGIO2 Ind31.stVal PLT31 Protection Latch 31

PLTGGIO2 Ind32.stVal PLT32 Protection Latch 32

PRPGGIO1 Ind01.stVal PRPAGOKb PRP PORT 5A GOOSE status

PRPGGIO1 Ind02.stVal PRPBGOKb PRP PORT 5B GOOSE status

PRPGGIO1 Ind03.stVal PRPCGOKb PRP PORT 5C GOOSE status

PRPGGIO1 Ind04.stVal PRPDGOKb PRP PORT 5D GOOSE status

PRPGGIO1 Ind05.stVal PRPASOKb PRP PORT 5A SV status

PRPGGIO1 Ind06.stVal PRPBSOKb PRP PORT 5B SV status

PSVGGIO1 Ind01.stVal PSV01 Protection SELOGIC Variable 1

PSVGGIO1 Ind02.stVal PSV02 Protection SELOGIC Variable 2

PSVGGIO1 Ind03.stVal PSV03 Protection SELOGIC Variable 3

•
•
•

PSVGGIO1 Ind62.stVal PSV62 Protection SELOGIC Variable 62

PSVGGIO1 Ind63.stVal PSV63 Protection SELOGIC Variable 63

PSVGGIO1 Ind64.stVal PSV64 Protection SELOGIC Variable 64

RMBAGGIO9 Ind01.stVal RMB1A Channel A Receive Mirrored Bit 1

RMBAGGIO9 Ind02.stVal RMB2A Channel A Receive Mirrored Bit 2

RMBAGGIO9 Ind03.stVal RMB3A Channel A Receive Mirrored Bit 3

RMBAGGIO9 Ind04.stVal RMB4A Channel A Receive Mirrored Bit 4

RMBAGGIO9 Ind05.stVal RMB5A Channel A Receive Mirrored Bit 5

RMBAGGIO9 Ind06.stVal RMB6A Channel A Receive Mirrored Bit 6

RMBAGGIO9 Ind07.stVal RMB7A Channel A Receive Mirrored Bit 7

RMBAGGIO9 Ind08.stVal RMB8A Channel A Receive Mirrored Bit 8

RMBBGGIO11 Ind01.stVal RMB1B Channel B Receive Mirrored Bit 1

RMBBGGIO11 Ind02.stVal RMB2B Channel B Receive Mirrored Bit 2

RMBBGGIO11 Ind03.stVal RMB3B Channel B Receive Mirrored Bit 3

RMBBGGIO11 Ind04.stVal RMB4B Channel B Receive Mirrored Bit 4

RMBBGGIO11 Ind05.stVal RMB5B Channel B Receive Mirrored Bit 5

RMBBGGIO11 Ind06.stVal RMB6B Channel B Receive Mirrored Bit 6

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 12 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support the 
RMBAGGIO9 and RMBBGGIO11 logical 
nodes.
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RMBBGGIO11 Ind07.stVal RMB7B Channel B Receive Mirrored Bit 7

RMBBGGIO11 Ind08.stVal RMB8B Channel B Receive Mirrored Bit 8

RTCAGGIO1 Ind01.stVal RTCAD01 RTC Remote Data Bits, Channel A, 
Bit 1

RTCAGGIO1 Ind02.stVal RTCAD02 RTC Remote Data Bits, Channel A, 
Bit 2

RTCAGGIO1 Ind03.stVal RTCAD03 RTC Remote Data Bits, Channel A, 
Bit 3

•
•
•

RTCAGGIO1 Ind14.stVal RTCAD14 RTC Remote Data Bits, Channel A, 
Bit 14

RTCAGGIO1 Ind15.stVal RTCAD15 RTC Remote Data Bits, Channel A, 
Bit 15

RTCAGGIO1 Ind16.stVal RTCAD16 RTC Remote Data Bits, Channel A, 
Bit 16

RTCBGGIO2 Ind01.stVal RTCBD01 RTC Remote Data Bits, Channel B, 
Bit 1

RTCBGGIO2 Ind02.stVal RTCBD02 RTC Remote Data Bits, Channel B, 
Bit 2

RTCBGGIO2 Ind03.stVal RTCBD03 RTC Remote Data Bits, Channel B, 
Bit 3

•
•
•

RTCBGGIO2 Ind14.stVal RTCBD14 RTC Remote Data Bits, Channel B, 
Bit 14

RTCBGGIO2 Ind15.stVal RTCBD15 RTC Remote Data Bits, Channel B, 
Bit 15

RTCBGGIO2 Ind16.stVal RTCBD16 RTC Remote Data Bits, Channel B, 
Bit 16

RTDHGGIO1 Ind01.stVal RTD01ST RTD Status for Channel 1

RTDHGGIO1 Ind02.stVal RTD02ST RTD Status for Channel 2

RTDHGGIO1 Ind03.stVal RTD03ST RTD Status for Channel 3

RTDHGGIO1 Ind04.stVal RTD04ST RTD Status for Channel 4

RTDHGGIO1 Ind05.stVal RTD05ST RTD Status for Channel 5

RTDHGGIO1 Ind06.stVal RTD06ST RTD Status for Channel 6

RTDHGGIO1 Ind07.stVal RTD07ST RTD Status for Channel 7

RTDHGGIO1 Ind08.stVal RTD08ST RTD Status for Channel 8

RTDHGGIO1 Ind09.stVal RTD09ST RTD Status for Channel 9

RTDHGGIO1 Ind10.stVal RTD10ST RTD Status for Channel 10

RTDHGGIO1 Ind11.stVal RTD11ST RTD Status for Channel 11

RTDHGGIO1 Ind12.stVal RTD12ST RTD Status for Channel 12

SGGGIO1 Ind01.stVal SG1 Settings Group 1 active

SGGGIO1 Ind02.stVal SG2 Settings Group 2 active

SGGGIO1 Ind03.stVal SG3 Settings Group 3 active

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 13 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support 
synchrophasor real-time control (RTC) 
logical nodes.

NOTE: Not all relays support logical 
node RTDHGGIO1 for RTD inputs.
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SGGGIO1 Ind04.stVal SG4 Settings Group 4 active

SGGGIO1 Ind05.stVal SG5 Settings Group 5 active

SGGGIO1 Ind06.stVal SG6 Settings Group 6 active

SGGGIO1 Ind07.stVal CHSG Settings group change

SGGGIO1 Ind08.stVal GRPSW Pulsed alarm for group switches

TLEDGGIO7 Ind01.stVal EN Relay enabled

TLEDGGIO7 Ind02.stVal TRIPLED Trip LED

TLEDGGIO7 Ind03.stVal TLED_1 Target LED 1

TLEDGGIO7 Ind04.stVal TLED_2 Target LED 2

TLEDGGIO7 Ind05.stVal TLED_3 Target LED 3

TLEDGGIO7 Ind06.stVal TLED_4 Target LED 4

TLEDGGIO7 Ind07.stVal TLED_5 Target LED 5

TLEDGGIO7 Ind08.stVal TLED_6 Target LED 6

TLEDGGIO7 Ind09.stVal TLED_7 Target LED 7

TLEDGGIO7 Ind10.stVal TLED_8 Target LED 8

TLEDGGIO7 Ind11.stVal TLED_9 Target LED 9

TLEDGGIO7 Ind12.stVal TLED_10 Target LED 10

TLEDGGIO7 Ind13.stVal TLED_11 Target LED 11

TLEDGGIO7 Ind14.stVal TLED_12 Target LED 12

TLEDGGIO7 Ind15.stVal TLED_13 Target LED 13

TLEDGGIO7 Ind16.stVal TLED_14 Target LED 14

TLEDGGIO7 Ind17.stVal TLED_15 Target LED 15

TLEDGGIO7 Ind18.stVal TLED_16 Target LED 16

TLEDGGIO7 Ind19.stVal TLED_17 Target LED 17

TLEDGGIO7 Ind20.stVal TLED_18 Target LED 18

TLEDGGIO7 Ind21.stVal TLED_19 Target LED 19

TLEDGGIO7 Ind22.stVal TLED_20 Target LED 20

TLEDGGIO7 Ind23.stVal TLED_21 Target LED 21

TLEDGGIO7 Ind24.stVal TLED_22 Target LED 22

TLEDGGIO7 Ind25.stVal TLED_23 Target LED 23

TLEDGGIO7 Ind26.stVal TLED_24 Target LED 24

TMBAGGIO10 Ind01.stVal TMB1A Channel A Transmit Mirrored Bit 1

TMBAGGIO10 Ind02.stVal TMB2A Channel A Transmit Mirrored Bit 2

TMBAGGIO10 Ind03.stVal TMB3A Channel A Transmit Mirrored Bit 3

TMBAGGIO10 Ind04.stVal TMB4A Channel A Transmit Mirrored Bit 4

TMBAGGIO10 Ind05.stVal TMB5A Channel A Transmit Mirrored Bit 5

TMBAGGIO10 Ind06.stVal TMB6A Channel A Transmit Mirrored Bit 6

TMBAGGIO10 Ind07.stVal TMB7A Channel A Transmit Mirrored Bit 7

TMBAGGIO10 Ind08.stVal TMB8A Channel A Transmit Mirrored Bit 8

TMBBGGIO12 Ind01.stVal TMB1B Channel B Transmit Mirrored Bit 1

TMBBGGIO12 Ind02.stVal TMB2B Channel B Transmit Mirrored Bit 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 14 of 16)

Logical Node Attribute Data Source Comment

NOTE: The TLEDGGIO7 logical node 
always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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TMBBGGIO12 Ind03.stVal TMB3B Channel B Transmit Mirrored Bit 3

TMBBGGIO12 Ind04.stVal TMB4B Channel B Transmit Mirrored Bit 4

TMBBGGIO12 Ind05.stVal TMB5B Channel B Transmit Mirrored Bit 5

TMBBGGIO12 Ind06.stVal TMB6B Channel B Transmit Mirrored Bit 6

TMBBGGIO12 Ind07.stVal TMB7B Channel B Transmit Mirrored Bit 7

TMBBGGIO12 Ind08.stVal TMB8B Channel B Transmit Mirrored Bit 8

TPortGGIO1 Ind01.stVal TDLCMSD TiDL active topology commissioned

TPortGGIO1 Ind02.stVal TIDLALM TiDL alarm

TPortGGIO1 Ind03.stVal P6AMAP PORT 6A mapped

TPortGGIO1 Ind04.stVal P6AOK PORT 6A OK

TPortGGIO1 Ind05.stVal P6BMAP PORT 6B mapped

TPortGGIO1 Ind06.stVal P6BOK PORT 6BOK

TPortGGIO1 Ind07.stVal P6CMAP PORT 6C mapped

TPortGGIO1 Ind08.stVal P6COK PORT 6C OK

TPortGGIO1 Ind09.stVal P6DMAP PORT 6D mapped

TPortGGIO1 Ind10.stVal P6DOK PORT 6D OK

TPortGGIO1 Ind11.stVal P6EMAP PORT 6E mapped

TPortGGIO1 Ind12.stVal P6EOK PORT 6E OK

TPortGGIO1 Ind13.stVal P6FMAP PORT 6F mapped

TPortGGIO1 Ind14.stVal P6FOK PORT 6F OK

TPortGGIO1 Ind15.stVal P6GMAP PORT 6G mapped

TPortGGIO1 Ind16.stVal P6GOK PORT 6G OK

TPortGGIO1 Ind17.stVal P6HMAP PORT 6H mapped

TPortGGIO1 Ind18.stVal P6HOK PORT 6H OK

VBGGIO1 Ind001.stVal VB001 Virtual Bit 001

VBGGIO1 Ind002.stVal VB002 Virtual Bit 002

VBGGIO1 Ind003.stVal VB003 Virtual Bit 003

•
•
•

VBGGIO1 Ind126.stVal VB126 Virtual Bit 126

VBGGIO1 Ind127.stVal VB127 Virtual Bit 127

VBGGIO1 Ind128.stVal VB128 Virtual Bit 128

VBGGIO2k Ind129.stVal VB129 Virtual Bit 129

VBGGIO2k Ind130.stVal VB130 Virtual Bit 130

VBGGIO2k Ind131.stVal VB131 Virtual Bit 131

•
•
•

VBGGIO2k Ind254.stVal VB254 Virtual Bit 254

VBGGIO2k Ind255.stVal VB255 Virtual Bit 255

VBGGIO2k Ind256.stVal VB256 Virtual Bit 256

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 15 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node TPortGGIO1.
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SEL Nameplate Data
The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical device 
contains the Nameplate DOI (instantiated data object) with the following data.

                    

Protocol Implementation Conformance Statement
Table 17.30 and Table 17.31 are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, only the optional ser-
vices and functions are listed.

                    

Functional Constraint = SP

LLN0 GrReg.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c HWREV is an internal data source and is not available to the user.
d Only the SEL-487B supports AMVGGIO8 and AMVGGIO9.
e If enabled, value = 1. If disabled, value = 3.
f I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
g Only applicable to SEL-400 series relays with SV support and the SEL-411L with 87L over 

Ethernet.
h Not all SEL-400 series relays support main board inputs.
i Not all SEL-400 series relays support a third interface board.
j Not all SEL-400 series relays support four interface boards.
k Not supported in the SEL-487V.
l Not all SEL-400 series relays support main board outputs.

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 16 of 16)

Logical Node Attribute Data Source Comment

Table 17.29 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

d Description of LD

configRev Always 0

1dNs IEC 61850-7-4:2007A

Table 17.30 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
management

A3 GSSE N N

A4 Time Sync N N
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Refer to the ACSI Conformance Statements on page 17.85 for information on the 
supported services.

MMS Conformance
The manufacturing message specification (MMS) stack provides the basis for 
many IEC 61850 protocol services. Table 17.32 defines the service support 
requirement and restrictions of the MMS services in the SEL-400 series devices. 
Generally, only those services whose implementation is not mandatory are 
shown. Refer to the IEC 61850 standard Part 8-1 for more information.

                    

Table 17.31 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, not GSSE

T4 GSSE N N

T5 Time Sync N N

Table 17.32 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore
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reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

Table 17.32 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table 17.33 lists specific settings for the MMS parameter conformance building 
block (CBB).

                    

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete Y

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table 17.33 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table 17.32 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following variable access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 stan-
dard Part 8-1 for more information.

                    

                    

                    

                    

Table 17.34 AlternateAccessSelection Conformance Statement

AlternateAccessSelection
Client-CR Server-CR

Supported Supported

accessSelection Y

component Y

index

indexRange

allElements

alternateAccess Y

selectAccess Y

component Y

index

indexRange

allElements

Table 17.35 VariableAccessSpecification Conformance Statement

VariableAccessSpecification
Client-CR Server-CR

Supported Supported

listOfVariable Y

variableSpecification Y

alternateAccess Y

variableListName Y

Table 17.36 VariableSpecification Conformance Statement

VariableSpecification
Client-CR Server-CR

Supported Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table 17.37 Read Conformance Statement (Sheet 1 of 2)

Read
Client-CR Server-CR

Supported Supported

Request

specificationWithResult

variableAccessSpecification
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Response

variableAccessSpecification Y

listOfAccessResult Y

Table 17.38 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

name

address

Response

mmsDeletable

address

typeSpecification

Table 17.39 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

variableListName

listOfVariable

variableSpecification

alternateAccess

Response

Table 17.40 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes
Client-CR Server-CR

Supported Supported

Request

ObjectName

Response

mmsDeletable Y

listOfVariable Y

variableSpecification Y

alternateAccess Y

Table 17.37 Read Conformance Statement (Sheet 2 of 2)

Read
Client-CR Server-CR

Supported Supported
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GOOSE Services Conformance Statement
                    

ACSI Conformance Statements
                    

Table 17.41 DeleteNamedVariableList Conformance Statement

DeleteNamedVariableList
Client-CR Server-CR

Supported Supported

Request

Scope

listOfVariableListName

domainName

Response

numberMatched

numberDeleted

DeleteNamedVariableList-Error

Table 17.42 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y

Table 17.43 Basic Conformance Statement (Sheet 1 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa

Client-Server Roles

B11 Server side (of TWO-PARTY-APPLICATION-ASSOCIATION) Y

B12 Client side (of TWO-PARTY-APPLICATION-ASSOCIATION)  

SCSMs Supported

B21 SCSM: IEC 6185-8-1 used Y

B22 SCSM: IEC 6185-9-1 used Deprecated in 
Edition 2

B23 SCSM: IEC 6185-9-2 used

B24 SCSM: other

Generic Substation Event (GSE) Model

B31 Publisher side Y

B32 Subscriber side Y  
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Transmission of Sampled Value Model (SVC)

B41 Publisher side Y

B42 Subscriber side Y

a Y = supported
N or blank = not supported

Table 17.44 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscribera Server/Publishera Value/Comments

If Server Side (B11) and/or Client Side (B12) Supported

M1 Logical device Y

M2 Logical node Y

M3 Data Y

M4 Data set Y

M5 Substitution

M6 Setting group control Y

Reporting

M7 Buffered report control Y

M7–1 sequence-number Y

M7–2 report-time-stamp Y

M7–3 reason-for-inclusion Y

M7–4 data-set-name Y

M7–5 data-reference Y

M7–6 buffer-overflow Y

M7–7 entryID Y

M7–8 BufTim Y

M7–9 IntgPd Y

M7–10 GI Y

M7–11 conf-revision Y

M8 Unbuffered report control Y

M8–1 sequence-number Y

M8–2 report-time-stamp Y

M8–3 reason-for-inclusion Y

M8–4 data-set-name Y

M8–5 data-reference Y

M8–6 BufTim Y

M8–7 IntgPd Y

M8–8 GI Y

M8–9 conf-revision Y

Logging

M9 Log control

M9–1 IntgPd

Table 17.43 Basic Conformance Statement (Sheet 2 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa
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M10 Log

M11 Control Y

M17 File transfer Y

M18 Application association Y

M19 GOOSE control block Y

M20 Sampled Value control block Yb

If GSE (B31/32) Is Supported

M12 GOOSE Y

M13 GSSE Deprecated in Edition 2

If SVC (B41/42) Is Supported

M14 Multicast SVC Yb

M15 Unicast SVC Yb

For All IEDs

M16 Time Y Time source with required accuracy shall be available.

Only the time master is an SNTP (Mode 4 response) 
time server.

All other client/server devices require SNTP (Mode 
3 request) clients.

a Y = supported
N or blank = not supported

b SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC Client (C) Server (S) Comments

Server

S1 1, 2 GetServerDirectory

(LOGICAL-DEVICE)

TP Y

Application Association

S2 1, 2 Associate Y

S3 1, 2 Abort Y

S4 1, 2 Release Y

Logical Device

S5 1, 2 GetLogicalDeviceDirectory TP Y

Logical Node 

S6 1, 2 GetLogicalNodeDirectory TP Y

S7 1, 2 GetAllDataValues TP Y

Data

S8 1, 2 GetDataValues TP Y

S9 1, 2 SetDataValues TP

S10 1, 2 GetDataDirectory TP Y

S11 1, 2 GetDataDefinition TP Y

Table 17.44 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscribera Server/Publishera Value/Comments
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Data Set

S12 1, 2 GetDataSetValues TP Y

S13 1, 2 SetDataSetValues TP

S14 1, 2 CreateDataSet TP

S15 1, 2 DeleteDataSet TP

S16 1, 2 GetDataSetDirectory TP Y

Substitution

S17 1 SetDataValues TP

Setting Group Control

S18 1, 2 SelectActiveSG TP Y

S19 1, 2 SelectEditSG TP

S20 1, 2 SetEditSGValues TP

S21 1, 2 ConfirmEditSGValues TP

S22 1, 2 GetEditSGValues TP

S23 1, 2 GetSGCBValues TP Y

Reporting

Buffered Report Control Block (BRCB)

S24 1, 2 Report TP Y

S24–1 1, 2 data-change (dchg) Y

S24–2 1, 2 quality-change (qchg) Y

S24–3 1, 2 data-update (dupd)

S25 1, 2 GetBRCBValues TP Y

S26 1, 2 SetBRCBValues TP Y

Unbuffered Report Control Block (URCB)

S27 1, 2 Report TP Y

S27–1 1, 2 data-change (dchg) Y

S27–2 1, 2 quality-change (qchg) Y

S27–3 1, 2 data-update (dup)

S28 1, 2 GetURCBValues TP Y

S29 1, 2 SetURCBValues TP Y

Logging

Log Control Block

S30 1, 2 GetLCBValues TP

S31 1, 2 SetLCBValues TP

Log

S32 1, 2 QueryLogByTime TP

S33 1, 2 QueryLogAfter TP

S34 1, 2 GetLogStatusValues TP

Generic Substation Event Model (GSE)

GOOSE

S35 1, 2 SendGOOSEMessage MC Y

Table 17.45 ACSI Service Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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GOOSE-CONTROL-BLOCK

S36 1, 2 GetGoReference TP

S37 1, 2 GetGOOSEElementNumber TP

S38 1, 2 GetGoCBValues TP Y

S39 1, 2 SetGoCBValues TP

GSSE

S40 1 SendGSSEMessage MC Deprecated in Edition 2

GSSE-CONTROL-BLOCK

S41 1 GetReference TP Deprecated in Edition 2

S42 1 GetGSSEElementNumber TP Deprecated in Edition 2

S43 1 GetGsCBValues TP Deprecated in Edition 2

S44 1 SetGsCBValues TP Deprecated in Edition 2

Transmission of Sampled Value Model (SVC)

Multicast SV

S45 1, 2 SendMSVMessage MC Ya

Multicast Sampled Value Control Block

S46 1, 2 GetMSVCBValues TP Ya

S47 1, 2 SetMSVCBValues TP

Unicast SV

S48 1, 2 SendUSVMessage TP

Unicast Sampled Value Control Block

S49 1, 2 GetUSVCBValues TP

S50 1, 2 SetUSVCBValues TP

Control

S51 1, 2 Select

S52 1, 2 SelectWithValue TP Y

S53 1, 2 Cancel TP Y

S54 1, 2 Operate TP Y

S55 1, 2 CommandTermination TP Y

S56 1, 2 TimeActivatedOperate TP

File Transfer

S57 1, 2 GetFile TP Y

S58 1, 2 SetFile TP

S59 1, 2 DeleteFile TP

S60 1, 2 GetFileAttributeValues TP Y

S61 1, 2 GetServerDirectory

(FILE SYSTEM)

TP Y

Table 17.45 ACSI Service Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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Potential Client and Automation Application Issues With 
Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or automa-
tion applications may experience with IEC 61850 Edition 2 (Ed2) ICD and firm-
ware changes. However, such issues may be resolved by reconfiguring the client 
or automation application or worked around by restoring the Ed1 (CID) configu-
ration. None of these should prevent a client application from dynamically dis-
covering the data in the IED as long as the application adheres to the 
specification of the standard. Note that upgrading to Ed2 firmware will not break 
existing Ed1 configurations (CID files) in the field, nor require loading an Ed2 
version of the CID file.

Unexpected Error Messages
Some MMS and control errors have been changed in Ed2. Hence, the firmware 
now issues only the Ed2-compliant errors. Clients or automation applications that 
rely on the Ed1-compliant errors will not function correctly. You can resolve this 
by reconfiguring the client or automation application to accept Ed2-compliant 
errors.

Missing or Unknown Data Objects and Attributes
Ed2 has changed some data object and attribute names, as well as the data types 
of some attributes. Ed2 also prohibits the use of proprietary CDCs. See Common 
Logical Nodes on page 17.47 and the logical nodes tables in each product-spe-
cific manual to determine the Ed2 names. This may cause the failure of clients or 

Time

T1 1, 2 Time resolution of internal clock 20 Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

T2 1, 2 Time accuracy of internal clock IRIG-B

T4

PTP

T4

SNTP

T1

TL (ms) (low-accuracy), T3 < 7) (only Ed. 2)

T0 (ms) ( 10 ms), 7  T3 < 10

T1 (µs) ( 1 ms), 10  T3 < 13

T2 (µs) ( 100 µS), 13  T3 < 15

T3 (µs) ( 25 µS), 15  T3 < 18

T4 (µs) ( 25 µS), 15  T3 < 18

T5 (µs) ( 1 µS), T3  20

T3 1, 2 Supported TimeStamp resolution IRIGB

18

PTP

18

SNTP

7

Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

a SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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automation applications that rely on the Ed1 names. A workaround is to use the 
Ed1 version of the CID file, if available, to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 names.

Unable to Find Operate Time-Out
A proprietary method was used to specify the operate time-out of control objects 
in the CID files. A client or automation application that relies on this proprietary 
method will fail to find the operate time-out in the CID file. A workaround is to 
use the Ed1 CID file to configure the IED. You can also resolve this by reconfig-
uring the client or automation application to accept the Ed2 control object operate 
time-outs.

Unexpected Control Block Data Attribute Type
The string type data attributes in control blocks (RptID, DatSet, etc.) have been 
changed from a maximum length of 65 to 129 characters, i.e., VisString65 to Vis-
String129. Some clients and automation applications might see this as an error 
when the type is reported in the MMS GetVariableAccessAttributes response. 
You can resolve this by reconfiguring the client or automation application.

Unexpected Reports
Ed2 requires report buffering to start when the device is turned on, unlike in the 
Ed1 implementation where report buffering started after the first report enable. If 
a client or automation application relies on the Ed1 behavior, it might fail or indi-
cate an error if the IED sends buffered reports immediately after the first enable. 
You can resolve this by reconfiguring the client or automation application.

Failure to Reselect a Control Object Before the Time-Out
In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-out 
to restart. According to Ed2, this reselection is supposed to fail. Ed1-based cli-
ents or automation applications that rely on successful reselection might operate 
incorrectly. You can resolve this by reconfiguring the client or automation appli-
cation.

Test Control Commands Fail Immediately
In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate time-
out error after the operate time-out expired. However, in Ed2, any such test com-
mands will fail immediately with an error indicating that the command is blocked 
because the IED is not in the appropriate mode. Clients or automation applica-
tions that depend on the Ed1 behavior might fail. You can resolve this by recon-
figuring the client or automation application.
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No Reports
Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Synchrophasors

Most SEL-400 series relays can be configured to function as a phasor measure-
ment unit (PMU).

This section covers: 

➤ Synchrophasor Measurement on page 18.3

➤ Settings for Synchrophasors on page 18.6

➤ Synchrophasor Quantities on page 18.18

➤ View Synchrophasors by Using the MET PM Command on page 18.21

➤ IEEE C37.118 Synchrophasor Protocol on page 18.23

➤ SEL Fast Message Synchrophasor Protocol on page 18.29

➤ Control Capabilities on page 18.33

➤ PMU Recording Capabilities on page 18.42

Introduction 
The word synchrophasor is derived from two words: synchronized phasor. Syn-
chrophasor measurement refers to the concept of providing measurements taken 
on a synchronized schedule in multiple locations. A high-accuracy clock, com-
monly a Global Positioning System (GPS) receiver such as the SEL-2407 Satel-
lite-Synchronized Clock, makes synchrophasor measurement possible.

The availability of an accurate time reference over a large geographic area allows 
multiple devices, such as a number of relays, to synchronize the gathering of 
power system data. The accurate clock allows precise event report triggering and 
other offline analysis functions.

The Global settings class contains the synchrophasor settings, including the 
choice of Synchrophasor Protocol and the synchrophasor data set the relay will 
transmit. The Port settings class selects which port(s) are configured for Synchro-
phasor Protocol use.

The high-accuracy timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement.

When synchrophasor measurement is enabled, the relay creates the synchropha-
sor data set at a rate of either 50 or 60 times per second, depending on the nomi-
nal system frequency (Global setting NFREQ). This data set, including time-of-
sample, is available in analog quantities in the relay (see Synchrophasor Analog 
Quantities). You can view synchrophasor data over the relay ASCII terminal inter-
face (see View Synchrophasors by Using the MET PM Command on page 18.21).
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The value of synchrophasor data increases greatly when the data can be shared 
over a communications network in real time. Two Synchrophasor Protocols are 
available in the relay that allow for a centralized device to collect data efficiently 
from several PMUs. Some possible uses of a system-wide synchrophasor system 
include the following:

➤ Power system state measurement 

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power system disturbance analysis

The SEL-5078-2 SYNCHROWAVE Central Software quickly translates power sys-
tem data into visual information. It is a powerful yet easy-to-use solution for dis-
playing and analyzing real-time streaming data, archived data, and relay event 
data, and provides a time-synchronized, wide-area view of your system. SYN-
CHROWAVE Central includes Event Viewer, providing engineers and operators 
the ability to view PMU data and perform event analysis by viewing relay event 
reports directly from SYNCHROWAVE Central.

NOTE: The SEL-3555 RTAC with the 
SVP library has replaced the SEL-3378, 
which is no longer in production, but 
you can still use the SEL-3378 in the 
examples in this section.

The SEL-3555 Real-Time Automation Controller (RTAC) is a real-time synchro-
phasor programmable logic controller. Use the SEL-3555 to collect synchropha-
sor messages from relays and PMUs. The SEL-3555 time-aligns incoming 
messages and processes these messages with an internal logic engine. Addition-
ally, the SEL-3555 can send calculated or derived data to devices such as other 
synchrophasor vector processors (SVPs), phasor data concentrators (PDCs), and 
monitoring systems.

In any installation, the relay can use only one of the synchrophasor message for-
mats, SEL Fast Message Synchrophasor, or IEEE C37.118, as selected by Global 
setting MFRMT. The chosen format is available on multiple serial ports when 
port setting(s) PROTO :=  PMU. IEEE C37.118 is available over Ethernet when 
the PORT 5 setting EPMIP is enabled.

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchophasor protocol.

With either the SEL Fast Message or IEEE C37.118 synchrophasor format, the 
relay can receive control operation commands over the same channel used for 
synchrophasor data transmission. These commands are SEL Fast Operate mes-
sages, which are described in SEL Fast Meter, Fast Operate, Fast SER Messages, 
and Fast Message Data Access on page 15.33.

After enabling the data recording function with the Global EPMDR settings, 
record synchrophasor data using the PMTRIG setting. When PMTRIG asserts, 
the relay records IEEE synchrophasor data in binary format for the duration spec-
ified with the PMLER setting. The relay stores these files in the synchrophasor 
subdirectory in the relay. 

You can configure the relay to receive IEEE C37.118 protocol synchrophasor 
data. The relay receives the data over a serial connection and stores these data in 
Analog Quantities. Time-alignment is automatic. Use the local phasor data and as 
many as two remote sets of phasor data in SELOGIC equations.

Functionality in IEEE C37.118.1-2011-Compliant Synchrophasors
When compared to IEEE C37.118-2005, IEEE C37.118.1 has several differ-
ences, some of which are described below.

NOTE: All references to IEEE C37.118.1 
in this document are references to 
IEEE C37.118.1-2011, as amended by 
IEEE C37.118.1a-2014.

Performance Classes. IEEE C37.118.1 introduced two performance classes: 
P class and M class. P class (protection) is for applications that require a faster 
response and less filtering. M class (measurement) is for applications that require 
more accuracy and do not require minimal reporting delay. 
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Specified Latency. IEEE C37.118.1 introduced message latency requirements. 
In this context, message latency is defined as the time interval between when an 
event occurs on the power system to the time that it is reported in data. 

Dynamic Performance. IEEE C37.118.1 introduced dynamic performance 
requirements, whereas the 2005 standard only specified performance when the 
power system was in steady state.

Rate-of-Change of Frequency (ROCOF). IEEE C37.118.1 introduced require-
ments on the responsiveness of ROCOF beyond that of the 2005 standard. One 
effect of these changes is to make ROCOF more sensitive to noise, so care should 
be taken before applying the ROCOF value to a control scheme.

Synchrophasor Measurement
The PMU uses the signal processing shown in Figure 18.1 to measure the syn-
chrophasors. The input signal passes through a traditional anti-aliasing low-pass 
filter (LPF). This filter has a cutoff frequency of 250 Hz. The PMU decimates 
this 8 kHz filtered data by eight and then processes the resulting data at 1 kHz.

NOTE: This section describes 
IEEE C37.118-2005-compliant devices. 

The PMU then modulates the 1 kHz data with two sinusoids, each 90 degrees 
apart to produce real and imaginary components of the synchrophasor. The mod-
ulating sinusoids are synchronized to absolute time to provide an absolute time 
reference for the synchrophasor. Also an angular compensation factor compen-
sates for the phase shift introduced by the PMU hardware and software.

The modulated data are filtered using low-pass filters. The filter coefficients are 
based on NFREQ, PMAPP, and MRATE. The filtered data provides good attenu-
ation for harmonics and interharmonics. For PMAPP = F and N the attenuation is 
20 dB. For PMAPP = 1 the attenuation is 40 dB.

Relays with DSS technology adjust synchrophasors automatically by the channel 
delay associated with the DSS technology used. This allows for comparing syn-
chrophasor measurements gathered from traditional, non-DSS relays.

                    

Figure 18.2 shows the magnitude frequency response of the synchronized phasor 
measurement for PMAPP = F, N, and 1 for MRATE = 60.

                    

Figure 18.1 Synchrophasor Processing Block Diagram
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After low-pass filtering, the data are decimated to the nominal power system 
frequency (NFREQ).

If frequency-based phasor compensation is enabled (PHCOMP = Y), the relay 
calculates a compensation factor based on the measured synchrophasor fre-
quency (FREQPM) and filter configuration (based on NFREQ, MRATE, and 
PMAPP). The PMU then corrects the measured synchrophasors by this factor.

Using the VmCOMP and InCOMP settings, the PMU compensates the voltage and 
current synchrophasors for any externally introduced phase angle errors. The PMU 
adds the user-entered phase angle to the phase angle of the measured synchrophasor.

The PMU converts the synchrophasor data to primary units by multiplying them 
with the respective PT or CT ratios. Note that the resulting data VkmSF and 
IknSF is in complex form (A + jB). The PMU calculates the positive-sequence 
synchrophasor with the three-phase synchrophasors.

The PMU then converts all synchrophasor data to polar and rectangular quantities. The 
data are available as analog quantities as well as for the synchrophasor data frames. 
The synchrophasor data are updated at the nominal power system frequency.

Accuracy
For devices that comply to IEEE C37.118.1, refer to the IEEE standard.

For synchrophasors that comply to the 2005 standard, the following phasor mea-
surement accuracy is valid when frequency-based phasor compensation is 
enabled (Global setting PHCOMP := Y), and when the phasor measurement 
application setting is in the narrow bandwidth mode (Global setting PMAPP := N).

NOTE: When the PMU is in the fast 
response mode (Global setting 
PMAPP := F), the TVE is within 
specified limits only when the out of 
band interfering signals influence 
quantity is not included.

TVE (total vector error) 1% for one or more of the following influence quantities.

➤ For PMAPP = N Signal Frequency Range: ±5 Hz of nominal 
(50 or 60 Hz)

➤ For PMAPP = 1 Signal Frequency Range: ±2 Hz of 60 Hz

➤ Voltage Magnitude Range: 30 V–150 V

➤ Current Magnitude Range: (0.1–2) • INOM, (INOM = 1 A or 5 A)

➤ Phase Angle Range: –179.99° to 180°

➤ Harmonic distortion 10 percent (any harmonic) 

➤ Out of band interfering signals 10 percent

                    

Figure 18.2 Magnitude Frequency Response
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The out-of-band interfering signal frequency (fi) must satisfy:

| fi – NFREQ | > MRATE/2, 

where NFREQ is nominal system frequency and MRATE is the message rate, as 
defined in IEEE C37.118.

It is important to note that the synchrophasors can only be correlated when the 
PMU is in HIRIG or HPTP timekeeping mode, which can be verified by monitor-
ing the TSOK Relay Word bit. When TSOK = logical 1, the PMU timekeeping is 
synchronized to the high-accuracy IRIG-B signal or Precision Time Protocol 
(PTP) time source, and the synchrophasor data are precisely time-stamped. See 
Section 11: Time and Date Management for details.

PMU Data Block Status 
In a PMU data frame, each data block is headed by a two-byte STAT field. This 
field indicates the status of the PMU data block. Bit 15 of the STAT field indi-
cates the validity of data. SEL-400 series relays assert bit 15 of the STAT when 
synchrophasor test mode indicator PMTEST asserts or SVBK_EX asserts in 
SEL-400 series Sampled Values (SV)-subscriber relays.

For SV-subscribing relays, configure Global setting SVBLK to assert on errors 
encountered in SV data acquisition. For example, set SVBLK := IAWBK OR 
IBWBK OR ICWBK. In this example, if SV data for any Terminal W current is 
lost, SVBK_EX asserts, which then asserts bit 15 in the STAT field, indicating 
current data have errors and, therefore, synchrophasor data are invalid.

For an explanation of other bits in the STAT field, refer to the IEEE C37.118 standard.

Synchrophasor Frequency
The PMU calculates frequency deviation and rate-of-change of frequency from 
the synchrophasor positive-sequence voltage angle (V1nPMA, where 
n = PMFRQST) as follows.

First, the PMU calculates the frequency deviation from nominal using the 
following formula.

                    

Equation 18.1

Where k is the V1nPMA and k-1 is V1nPMA calculated 1 cycle previously.  
t is the time difference between the angle calculations (k increments once a 
nominal power system cycle).

Next, the PMU averages the frequency deviation as shown in Equation 18.2 and 
Equation 18.3.

If the frequency application is smooth (PMFRQA = S)

                    

Equation 18.2

NOTE: Applies to IEEE C37.118-2005-
compliant devices.

fk
k k 1–– 

t 360
-----------------------------=

favgk

fk n–

n 0=

9


 
 
 
 

fmax1– fmax2– fmin1– fmin2–

6
---------------------------------------------------------------------------------------------------------=
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If the frequency application is fast (PMFRQA = F)

                    

Equation 18.3

The PMU then calculates rate-of-change of frequency, dƒ/dt from the averaged 
frequencies deviations (Equation 18.4).

                    

Equation 18.4

If the frequency value is equal to or within ±20 Hz and V1nMPM/PTRn 
(secondary) is larger than 0.1 • VNOMn then:

                    

If the frequency value exceeds ±20 Hz or the V1nMPM/PTRn (secondary) is 
below 0.1 • VNOMn then:

                    

The frequency and rate-of-change of frequency are available as analog quantities 
as well as for the synchrophasor data frames. The data are updated at the nominal 
power system frequency.

                    

Settings for Synchrophasors
Each SEL-400 series relay supports a variety of current and voltage terminals. 
See the product-specific instruction manuals for specific settings based on the 
synchrophasor standard supported and to see which terminals are available to 
synchrophasors. Synchrophasors are primarily configured through the Global set-
tings. There are also a few port settings necessary to enable synchrophasor com-
munications.

Global Settings
The Global enable setting EPMU must be set to Y before the remaining synchro-
phasor settings are available. The PMU is disabled when EPMU := N.

FREQPMk = favgk + NFREQ <analog>

DFDTPMk = df/dtk <analog>

After six consecutive cycles

FROKPMk = 1 <digital>

FREQPMk = FREQPMk-1 <analog>

DFDTPMk = 0 <analog>

FROKPMk = 0 <digital>

Table 18.1 Synchrophasor Analog Quantities Frequency

Name Description Units

FREQPM Measured system frequency Hz

DFDTPM Rate-of-change of frequency Hz/s

favgk

fk n–

n 0=

3


 
 
 
 

fmax– fmin–

2
--------------------------------------------------------------=

df/dtk
favgk favgk 1–– 

t
---------------------------------------------=
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Descriptions for some of the settings in Table 18.2 are as follows.

MFRMT

Selects the message format for synchrophasor data.

SEL recommends the use of MFRMT := C37.118 for any new PMU applications 
because of increased setting flexibility and the expected availability of software 
for synchrophasor processors. The PMU still includes the MFRMT := FM setting 
choice to maintain compatibility in any systems presently using SEL Fast Mes-
sage synchrophasors. 

MRATE

Selects the message rate in messages per second for synchrophasor data.

Table 18.2 Global Settings for Configuring the PMU

Setting Setting Prompt

EPMU Synchronized Phasor Measurement (Y, N)

MFRMTa

a Not used in IEEE C37.118-2011-compliant devices.

Message Format (C37.118, FM)

MRATEa Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

b If NFREQ = 50 then the range is 1, 2, 5, 10, 25, 50.

PMAPPa PMU Application (F, N, 1)

MRATEnc

c Only used in IEEE C37.118-2011-compliant devices.

Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

PMAPPnc PMU Application (P, M)

PMLEGCYa Synchrophasor Legacy Settings (Y, N, N1d)

d PMLEGCY option of N1 only applies to the SEL-487E.

NUMPHDC Number of Data Configurations (1–5)

PMSTNqe

e q = 1–NUMPHDC.

Station Name (16 characters)

PMIDqe PMU Hardware ID (1–65534)

PHDVqe Phasor Data Set, Voltages (V1, PH, ALL)

PHDIqe Phasor Data Set, Currents (I1, PH, ALL)

PHNRqe Phasor Num. Representation (I = Integer, F = Float)

PHFMTqe Phasor Format (R = Rectangular, P = Polar)

FNRqe Freq. Num. Representation (I = Integer, F = Float)

TREA[1–4] Trigger Reason Bit [1–4] (SELOGIC Equation)

PMTRIG Trigger (SELOGIC Equation)

PMTEST PMU in Test Mode (SELOGIC Equation)

VkCOMPf

f k = voltage terminal.

Comp. Angle Terminal k (–179.99° to 180°)

InCOMPg

g n = current terminal.

Comp. Angle Terminal n (–179.99° to 180°)

PMFRQST PMU Primary Frequency Source Terminal

PMFRQAa PMU Frequency Application (F, S)

PHCOMPa Freq. Based Phasor Compensation (Y, N)
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Choose the MRATE setting that suits the needs of your PMU application. The 
PMU supports as many as 60 messages per second if NFREQ = 60 and as many 
as 50 messages per second if NFREQ = 50.

MRATEn

Selects the message rate in messages per second for synchrophasor data per data 
configuration 1–5. MRATEn must be set to the same value across all data config-
urations that share the same filter type. The filter type is determined by the 
PMAPPn setting.

PMAPP

Selects the type of digital filters used in the synchrophasor measurement.

➤ The Narrow Bandwidth setting (N) represents filters with a cutoff 
frequency approximately 1/4 of MRATE. The response in the 
frequency domain is narrower, and response in the time domain is 
slower. This method results in synchrophasor data that are free of 
aliasing signals and well suited for post-disturbance analysis. 

➤ The Fast Response setting (F) represents filters with a higher cutoff 
frequency. The response in the frequency domain is wider and the 
response in the time domain is faster. This method results in 
synchrophasor data that can be used in synchrophasor applications 
requiring more speed in tracing system parameters.

➤ The Filter One setting (1) represents filters that have a response much 
narrower than the narrow bandwidth filters. This method has a better 
step response with overshoot within 7.5 percent. This filter is 
available only for MRATE = 60.

PMAPPn

Selects the type of digital filters used in the synchrophasor measurement per data 
configuration 1–5. The filter that you select is applied to all configured data streams.

IEEE C37.118.1-2011 defines two performance classes: P (protection) and 
M (meter). P class measurements has faster response times and lower message 
latency. M class measurements are more accurate but have a slower response time 
and higher message latency.

For more information on the filtering classes, refer to the IEEE C37.118 standard.

PMLEGCY

This setting is provided for supporting legacy synchrophasor settings. Set this to 
N to access the latest features. See Legacy Settings on page 18.15 to see a 
description of the legacy settings. The remainder of this section describes the 
non-legacy settings. Relays that support IEEE C37.118.1-2011 do not contain 
this setting.

NUMPHDC

Enables as many as five unique synchrophasor data configurations.

The four serial ports (PORT 1, PORT 2, PORT 3, and PORT F) and two Ethernet ses-
sions (TCP/UDP Sessions 1 and 2) can be mapped to any of these five data con-
figurations. In other words each port can be configured to send unique 
synchrophasor data streams.
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PMSTNq and PMIDq

Defines the station name and number of the PMU for data configuration q.

The PMSTNq setting is an ASCII string with as many as 16 characters. The 
PMIDq setting is a numeric value. Use your utility or synchrophasor data con-
centrator naming convention to determine these settings. PMSTNq allows all 
printable characters.

Phasors Included in the Data q
Terminal Name, Relay Word Bit, Alternative Terminal Name

Specify the terminal for Synchrophasor measurement and transmission in the 
synchrophasor data stream q.

This is a freeform setting category for enabling the terminals for synchrophasor 
measurement and transmission. This freeform setting has three arguments. Spec-
ify the terminal name (any one of the valid terminals for the relay) for the first 
argument. Specify any Relay Word bit for the second argument. Specify the alter-
native terminal name (any one of the valid terminals for the relay) for the third 
argument.

The second and third arguments are optional unless switching between terminals 
is required. Whenever the Relay Word bit in the second argument is asserted the 
terminal synchrophasor data are replaced by the alternative terminal data.

PHDVq

Selects the type of voltages to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDVq := V1, sends only positive-sequence voltage synchrophasors 
of selected terminals.

➤ PHDVq := PH, sends only phase voltage synchrophasors of selected 
terminals.

➤ PHDVq := ALL, sends phase and positive-sequence voltage 
synchrophasors of selected terminals.

PHDIq

Selects the type of currents to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDIq := I1, sends only positive-sequence current synchrophasors of 
selected terminals. 

➤ PHDIq := PH, sends only phase current synchrophasors of selected 
terminals.

➤ PHDIq := ALL, sends phase and positive-sequence current 
synchrophasors of selected terminals.

PHNRq

Selects the numeric representation, integer (I) or floating-point (F), of voltage 
and current phasor data in the synchrophasor data stream q. This setting affects 
the synchrophasor data packet size.
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➤ PHNRq := I sends each voltage and/or current synchrophasor as 2 
two-byte integer values. The PMU uses ((7 • INOM • CT Ratio) / 
32768) • 100000)) for the current phasor scaling factor and uses 
((150 • PTR) / 32768) • 100000)) for the voltage phasor scaling 
factor. INOM is 1 A or 5 A.

➤ PHNRq := F sends each voltage and/or current synchrophasor as 2 
four-byte floating-point values.

PHFMTq

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream q.

➤ PHFMTq := R (rectangular) sends each voltage and/or current 
synchrophasor as a pair of signed real and imaginary values. 

➤ PHFMTq := P (polar) sends each voltage and/or current 
synchrophasor as a magnitude and angle pair. The angle is in radians 
when PHNRq := F, and in radians • 104 when PHNRq := I. The range 
is – < angle  .

In both the rectangular and polar representations, the values are scaled in root 
mean square (rms) units. For example, a synchrophasor with a magnitude of 1.0 
at an angle of –30 degrees will have a real component of 0.866, and an imaginary 
component of –0.500.

FNRq

Selects the numeric representation, integer (I) or floating-point (F), of the two 
frequency values in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ FNRq := I sends the frequency data as a difference from nominal 
frequency, NFREQ, with the following formula.

(FREQPM – NFREQ) • 1000, 

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := I also sends the rate-of-change-of-frequency data with 
scaling. 

DFDTPM • 100,

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := F sends the measured frequency data and rate-of-change of 
frequency as two four-byte, floating-point values.

Phasor Aliases in Data Configuration q
Phasor Name, Alias Name

This is a freeform setting category with two arguments. Specify the phasor name 
and a 16 character descriptive name to be included in the synchrophasor data 
stream q. If a phasor is not assigned a descriptive name, it will be described using 
the phasor name.
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Analog Quantities in Data Configuration q
Analog Quantity Name, Alias Name 

This is a freeform setting category with two arguments. Specify the analog quan-
tity name and an optional 16 character descriptive name to be included in the syn-
chrophasor data stream q. See Section 12: Analog Quantities in the product-
specific instruction manual for a list of analog quantities that the PMU supports. 
The PMU can be configured for as many as 16 unique analog quantities for each 
data configuration q. The analog quantities are floating-point values, so each ana-
log quantity the PMU includes will take four bytes.

Digitals in Data Configuration q 
Relay Word Bit Name, Alias Name

This is a freeform setting category with two arguments. Specify the Relay Word 
bit name and an optional 16 character descriptive name that you need to include 
in the synchrophasor data stream q. See the Relay Word Bits section of the relay-
specific instruction manual for a list of Relay Word bits that the PMU supports. 
You can configure the PMU for as many as 64 unique digitals for each data con-
figuration.

TREA1, TREA2, TREA3, TREA4, and PMTRIG

Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU Trigger 
setting, PMTRIG, are SELOGIC control equations. The PMU evaluates these 
equations and places the results in Relay Word bits with the same names: 
TREA1–TREA4 and PMTRIG.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG no more 
frequently than once every four hours 
if EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The Trigger Reason equations represent the Trigger Reason bits in the STAT field 
of the data packet. After the Trigger Reason bits are set to convey a message, the 
PMTRIG Equation should be asserted long enough to allow the synchrophasor 
processor to read the TREA1–TREA4 fields. To calculate how long PMTRIG 
should remain asserted (in seconds), divide 1 by the MRATE Global settings 
value. For example, if MRATE = 60, PMTRIG should be asserted at least 17 ms. 
If MRATE = 1, PMTRIG should be asserted at least 1 second.

The IEEE C37.118 standard defines the first 8 of 16 binary combinations of these 
trigger reason bits (Bits 0–3).

The remaining eight binary combinations are available for user definition.

The PMU does not automatically set the TREA1–TREA4 or PMTRIG Relay 
Word bits—these bits must be programmed.

These bits may be used to send various messages at a low bandwidth via the syn-
chrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the trigger 
reason messages in SELOGIC.

Use these Trigger Reason bits if your synchrophasor system design requires these 
bits. The PMU synchrophasor processing and protocol transmission are not 
affected by the status of these bits.
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PMTEST

Program this SELOGIC setting to force the PMU to test mode. The SELOGIC eval-
uation of this setting, PMTEST is mapped to the data valid bit (i.e., bit 15) in the 
STAT field.

VkCOMP

The VkCOMP (k = voltage terminals) setting allows correction for any steady-
state voltage phase errors (from the PTs or wiring characteristics). See Synchro-
phasor Measurement on page 18.3 for details on this setting.

InCOMP

The InCOMP (n = current terminals) settings allow correction for any steady-
state phase errors (from the CTs or wiring characteristics). See Synchrophasor 
Measurement on page 18.3 for details on these settings.

PMFRQST

Selects the voltage terminal that will be the primary source of the system fre-
quency for the PMU calculations. For example, if PMFRQST = Z, then the Z PT 
terminal is the source for frequency estimation.

PMFRQA

Selects the PMU frequency application. A setting of S sets a smooth frequency 
application. A setting of F selects a fast frequency application.

NOTE: Does not apply to newer 
synchrophasors.

The frequency application is used in the calculation of the rate-of-change of fre-
quency for a given analog signal. A smooth frequency application setting 
(PMFRQA = S) uses 9 cycles of data for the rate-of-change calculation. A fast 
frequency application setting (PMFRQA = F) uses 3 cycles of data for the rate-
of-change calculation.

The fast frequency application will detect rapid changes in frequency faster, but 
will also contain more low-level oscillations. The slow frequency application will 
provide a rate-of-change profile that is smoother, but slower to respond to rapid 
frequency fluctuations.

PHCOMP

Enables or disables frequency-based compensation for synchrophasors.

NOTE: Does not apply to newer 
synchrophasors.

For most applications, set PHCOMP := Y to activate the algorithm that compen-
sates for the magnitude and angle errors of synchrophasors for frequencies that 
are off nominal.

For PMAPP = F or N, the PMU only compensates if the estimated frequency is 
±5 Hz of nominal frequency. For PMAPP = 1 the PMU compensates if the fre-
quency is ±2 Hz of nominal frequency.

Serial Port Settings
The port settings found in Table 18.3 are used for configuring synchrophasor data 
transmission over a serial port.
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Descriptions for some of the settings in Table 18.3 are as follows.

PROTO

Setting this to PMU enables synchrophasor data transmission on the specific 
serial port. Once set to PMU that specific serial port cannot be used for accessing 
settings or issuing any ASCII commands.

If PROTO := PMU and MFRMT := C37.118, then the serial port will only 
respond to IEEE C37.118 commands.

➤ Stop synchrophasor data 

➤ Start synchrophasor data

➤ Send header data

➤ Send Configuration 1 data

➤ Send Configuration 2 data

➤ Process extended frame data

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

If PROTO := PMU or SEL and MFRMT := FM, then the serial port will only 
respond to SEL Fast Message synchrophasor commands.

SPEED

Select the data rate (300–57600) for synchrophasor data transmission on the spe-
cific serial port. This setting affects the synchrophasor data packet size. See Com-
munications Bandwidth on page 18.24 for detailed information.

PMUMODE

Set PMUMODE := SERVER if the serial port is intended to send synchrophasor 
data. Client applications are described in Real-Time Control on page 18.36.

PMODC
NOTE: If PMODC is set to a number 
that exceeds the setting for 
NUMPHDC, the port sends the data for 
the first PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific serial port. This setting affects the synchrophasor data packet 
size. See Communications Bandwidth on page 18.24 for detailed information. 
Through the use of this setting each serial port can be configured to stream 
unique synchrophasor data.

Table 18.3 Serial PORT 1, PORT 2, PORT 3, PORT F Settings for 
Synchrophasors

Setting Description

PROTO Protocol (SEL, DNP, MBA, MBB, PMUa)

a The specific protocol choices available depends on the relay.

SPEED Data Speed (300–57600)

STOPBIT Stop Bits (1, 2)

RTSCTS Enable Hardware Handshaking (Y, N)

FASTOP Enable Fast Operate Messages (Y, N)

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER)

PMODC PMU Output Data Configuration (1–5)
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EPMU := N Supersedes Synchrophasor Port Settings

The PROTO := PMU settings choice can be made even when Global setting 
EPMU := N. However, in this situation, the serial port will not respond to any 
commands or requests. Either enable synchrophasors by setting EPMU to Y, or 
change the port PROTO setting to SEL.

If you use a computer terminal session or ACSELERATOR QuickSet SEL-5030 
Software connected to a serial port, and then set that same serial port PROTO set-
ting to PMU, you will lose the ability to communicate with the relay through 
ASCII commands or virtual file interface commands. If this happens, either con-
nect via another serial port (that has PROTO := SEL) or use the front-panel HMI 
SET/SHOW screen to change the disabled port PROTO setting back to SEL.

Ethernet Port Settings
The settings found in Table 12.24 and Table 12.32 are used for configuring syn-
chrophasor data transmission over an Ethernet port. Descriptions for some of the 
settings are as follows.

EPMIP

This setting enables synchrophasor data transmission over Ethernet. Enabling 
EPMIP when Global setting EPMU := N results in the relay ignoring any incom-
ing synchrophasor requests regardless of whether the Ethernet port settings are 
correct or not.

PMOTS[2]

Selects the PMU Output transport scheme for session 1 and 2, respectively.

➤ PMOTS[2] := TCP establishes a single, persistent TCP socket for 
transmitting and receiving synchrophasor messages (both commands 
and data), as illustrated in Figure 18.3.

                    

➤ PMOTS[2] := UDP_T establishes two socket connections. A 
nonpersistent TCP connection is used for receiving synchrophasor 
command messages as well as synchrophasor configuration and 
header response messages. A persistent UDP connection is used to 
transmit synchrophasor data messages. Figure 18.4 depicts the 
UDP_T connection.

➤ PMOTS[2] := UDP_U uses the same connection scheme as the 
UDP_T except the synchrophasor configuration and header response 
messages are sent over the UDP connection, as shown in Figure 18.4.

                    

Figure 18.3 TCP Connection

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 1
   - Synchrophasor Configuration Response 2
   - Synchrophasor Header Frame

TCP Socket

(Persistent)

SEL-400
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➤ PMOTS[2] := UDP_S establishes a single persistent UDP socket to 
transmit synchrophasor messages. Synchrophasor data are 
transmitted whenever new data are read. With this communications 
scheme, the relay sends a “Synchrophasor Configuration 
Response 2” once every minute, as shown in Figure 18.5.

                    

PMODC[2]
NOTE: If PMODC is set to a number 
that exceeds the setting for NUMPHDC, 
the port sends the data for the first 
PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific session 1 and 2. Using this setting, each Ethernet session can 
be configured to stream unique synchrophasor data.

PMOIPA[2]

Defines the PMU Output Client IP address for session 1 and 2, respectively.

PMOTCP[2]

Defines the TCP/IP (Local) port number for session 1 and 2, respectively. These 
port numbers must all be unique.

PMOUDP[2]

Defines the UDP/IP (Remote) port number for session 1 and 2, respectively.

Legacy Settings
The PMU provides the following legacy synchrophasor settings that can be 
enabled by setting PMLEGCY = Y.

                    

Figure 18.4 UDP_T and UDP_U Connections

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame
   If PMOTS[2] is UDP_T
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

C37.118
   - Synchrophasor Measurement
   If PMOTS[2] is UDP_U
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

TCP Socket

(Nonpersistent)

UDP Socket

(Persistent)

SEL-400

                    

Figure 18.5 UDP_S Connection

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 2 
    (Sent once per minute)

UDP Socket

(Persistent)

SEL-400
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PMSTN and PMID

Defines the name and number of the PMU. The PMSTN setting is an ASCII string 
with as many as 16 characters. The PMID setting is a numeric value (1–65534). Use 
your utility or synchrophasor data concentrator naming convention to determine 
these settings.

PHVOLT and PHDATAV

PHDATAV and PHVOLT select which voltage synchrophasors to include in the 
data packet. If MFRMT = FM, the only options available are V1 and ALL.

➤ PHDATAV := V1 will transmit only positive-sequence voltage,V1

➤ PHDATAV = PH will transmit phase voltages only (VA, VB, VC)

➤ PHDATAV := ALL will transmit V1, VA, VB, and VC

➤ PHDATAV := NA will not transmit any voltages

PHVOLT selects the voltage sources for the synchrophasor data selected by PHDATAV.

Use the PHVOLT setting to select any combination of available voltage terminals.

PHCURR and PHDATAI

PHDATAI and PHCURR select which current synchrophasors to include in the 
data packet.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1

➤ PHDATAI := PH transmits phase currents (IA, IB, IC)

➤ PHDATAI := ALL will transmit I1, IA, IB, and IC

➤ PHDATAI := NA will not transmit any currents

PHCURR selects the source current(s) for the synchrophasor data selected by 
PHDATAI.

Use the PHCURR setting to select any combination of available current termi-
nals. If MFRMT = FM, only a single terminal can be selected.

PHNR

Selects the numerical representation of voltage and current phasor data in the 
synchrophasor data stream. If MFRMT = FM, this setting is forced to F, a 
floating-point value. 

PHFMT

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream. If MFRMT = FM, this setting is forced to P, for polar 
phasor format. This setting is hidden if PHDATAV and PHDATAI = NA. 

FNR

Selects the numeric representation of the two frequency values in the synchro-
phasor data stream. If MFRMT = FM, this setting is forced to F, a floating-point value. 
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NUMANA

Selects the number of user-definable analog values to be included in the synchro-
phasor data stream.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–16 sends the user-definable analog values, as 
listed in Table 18.4.

The format of the user-defined analog data is always floating point, and each 
value occupies four bytes. If MFRMT = FM, this setting is forced to 0 and the 
relay does not send any user-definable analog values.

                    

NUMDSW

Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

Setting NUMDSW := 0 sends no user-definable binary status words.

Setting NUMDSW := 1, 2, 3, or 4 sends the user-definable binary status words, 
as listed in Table 18.5. If MFRMT = FM, this is forced to 1.

                    

Table 18.4 User-Defined Analog Values Selected by NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 PMV64 4

2 Above, plus PMV63 8

3 Above, plus PMV62 12

4 Above, plus PMV61 16

5 Above, plus PMV60 20

6 Above, plus PMV59 24

7 Above, plus PMV58 28

8 Above, plus PMV57 32

9 Above, plus PMV56 36

10 Above, plus PMV55 40

11 Above, plus PMV54 44

12 Above, plus PMV53 48

13 Above, plus PMV52 52

14 Above, plus PMV51 56

15 Above, plus PMV50 60

16 Above, plus PMV49 64

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 1 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [PSV64, PSV63 … PSV49] 2
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Synchrophasor Quantities
Relay Word Bits

This section describes the Relay Word bits that are related to synchrophasor mea-
surement.

The Synchrophasor Trigger Relay Word bits in Table 18.6 follow the state of the 
SELOGIC control equations of the same name. These Relay Word bits are 
included in the IEEE C37.118 synchrophasor data frame STAT field. See 
Table 18.6 for standard definitions for these settings.

                    

The Time-Synchronization Relay Word bits in Table 18.7 indicate the present sta-
tus of the high-accuracy timekeeping function of the relay.

                    

2 [PSV64, PSV63 … PSV49]

[PSV48, PSV47 … PSV33]

4

3 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

6

4 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

[PSV16,PSV15 … PSV01]

8

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 2 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

Table 18.6 Synchrophasor Trigger Relay Word Bits

Name Description

PMTRIG Trigger (SELOGIC control equation)

TREA4 Trigger Reason Bit 4 (SELOGIC control equation)

TREA3 Trigger Reason Bit 3 (SELOGIC control equation)

TREA2 Trigger Reason Bit 2 (SELOGIC control equation)

TREA1 Trigger Reason Bit 1 (SELOGIC control equation)

Table 18.7 Time-Synchronization Relay Word Bits

Name Description

TIRIG Asserts while relay time is based on IRIG-B time source.

PTP Synchronized to a PTP source.

TPTP The active relay time source is PTP.

TSOK Time synchronization OK. Asserts while time is based on high-accuracy 
IRIG-B or PTP time source (HIRIG or HPTP mode) of sufficient accuracy 
for synchrophasor measurement.

PTPSYNC Asserts while the relay is synchronized to a high-quality PTP time source.

PMDOK Phasor measurement data OK. Asserts when the relay is enabled and syn-
chrophasors are enabled (Global setting EPMU := Y).
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When using the relay as a synchrophasor client, the Relay Word bits in Table 18.8 
indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Table 18.9.

                    

Analog Quantities
The synchrophasor measurements in Table 18.10 are available whenever Global 
setting EPMU := Y. When EPMU := N, these analog quantities are set to 0.0000. 

It is important to note that the synchrophasors are only valid when the relay is in 
HIRIG or HPTP timekeeping mode, which can be verified by monitoring the 
TSOK Relay Word bit. When TSOK = logical 1, the relay timekeeping is syn-
chronized to the high-accuracy IRIG-B signal or PTP time source, and the syn-
chrophasor data are precisely time-stamped.

Table 18.8 Synchrophasor Client Status Bits for Real-Time Control

Name Description

RTCENA Asserts for one processing interval when a valid message is received on Channel A.

RTCENB Asserts for one processing interval when a valid message is received on Channel B.

RTCROKA Asserts for one processing interval when data are aligned for Channel A. Use 
this bit to condition usage of the Channel A data.

RTCROKB Asserts for one processing interval when data are aligned for Channel B. Use 
this bit to condition usage of the Channel B data.

RTCROK Asserts for one processing interval when data for all enabled channels are 
aligned. Use this bit to condition general usage of the aligned synchrophasor data.

RTCDLYA This bit is asserted when the last received valid message on Channel A is older 
than MRTCDLY.

RTCDLYB This bit is asserted when the last received valid message on Channel B is older 
than MRTCDLY.

RTCSEQA This bit is asserted when the processed received message on Channel A is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel A data in applications where sequential data are required.

RTCSEQB This bit is asserted when the processed received message on Channel B is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel B data in applications where sequential data are required.

RTCCFGA Indicates Channel A is successfully configured.

RTCCFGB Indicates Channel B is successfully configured.

Table 18.9 Remote Synchrophasor Data Bits for Real-Time Control

Name Description

RTCAD01–RTCAD16 First 16 digitals received in synchrophasor message on Channel A. 
Only valid when RTCROKA is asserted.

RTCBD01–RTCBD16 First 16 digitals received in synchrophasor message on Channel B. 
Only valid when RTCROKB is asserted.

NOTE: Sampled Values-subscribing 
relays experience a communication 
delay in their analog data. Time-
stamping of synchrophasor data is 
adjusted by the PORT 5 channel delay 
setting CH_DLY.
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When using the relay for synchrophasor acquisition, the delayed and aligned analog 
quantities listed in Table 18.11 are available. Be aware that these quantities are only 
valid when RTCROK is asserted and only for the enabled channels. The specific chan-
nel quantities are also valid whenever their respective RTCROKc Relay Word bit is set.

                    

Table 18.10 Synchrophasor Analog Quantities

Name Description Units

Frequency

FREQPM Measured system frequencya

a Measured value if the voltages are valid and EMPU = Y, otherwise FREQPM = nominal frequency 
setting NFREQ, and DFDT is zero.

Hz

DFDTPM Rate-of-change of frequency, df/dta Hz/s

Synchrophasor Measurements

VkmPMM, 
VkmPMA, 
VkmPMR, 
VkmPMIb, c

b k = A, B, or C.
c m = voltage terminal.

Phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

V1mPMM, 
V1mPMA, 
V1mPMR, 
V1mPMI

Positive-sequence synchrophasor voltage (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

IknPMM, 
IknPMA, 
IknPMR, 
IknPMId

d n = current terminal.

Phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n 

A Primary, 
degrees, 
A Primary, 
A Primary

I1nPMM, 
I1nPMA, 
I1nPMR, 
I1nPMI

Positive-sequence synchrophasor current (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal n

A Primary, 
degrees, 
A Primary, 
A Primary

SODPM Second of the day of the PM data s

FOSPM Fraction of the second of the PM data s

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 1 of 2)

Name Description Units

RTCAP01–RTCAP32 Remote phasor pairs for Channel A. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBP01–RTCBP32 Remote phasor pairs for Channel B. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCAA01–RTCAA08 Remote analogs for Channel A. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBA01–RTCBA08 Remote analogs for Channel B. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCFA Remote frequency for Channel A. Hz

RTCFB Remote frequency for Channel B. Hz

RTCDFA Remote frequency rate-of-change for Channel A. Hz/s

RTCDFB Remote frequency rate-of-change for Channel B. Hz/s

VkmPMMD, VkmPMAD,
VkmPMRD, VkmPMIDa, b

Aligned phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m.

kV Primary, degrees, 
kV Primary, kV Primary
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View Synchrophasors by Using the MET PM Command
The MET PM serial port ASCII command may be used to view the PMU syn-
chrophasor measurements. See METER on page 14.46 for general information on 
the MET command.

The MET PM command can be used as follows:

➤ As a test tool, to verify connections, phase rotation, and scaling.

➤ As an analytical tool, to capture synchrophasor data at an exact time, 
to compare it with similar data captured in other phasor measurement 
unit(s) at the same time.

➤ As a method of periodically gathering synchrophasor data through a 
communications processor.

Figure 18.6 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Synchrophasor Metering menu in Quick-
Set, and has a similar format to Figure 18.6.

The MET PM command can work even when no serial or Ethernet ports are con-
figured for sending synchrophasor data.

The MET PM command will only operate when the relay is in the HIRIG time-
keeping mode, as indicated by Relay Word bit TSOK = logical 1.

The MET PM command shows if there is a serial port configuration error. If any 
of the SPCERp bits assert, then the command displays Y. Otherwise, it displays N.

The MET PM command checks for assertion of the PMTEST bit to show 
whether the PMU is in a test mode. If the bit is asserted then the command dis-
plays Y. Otherwise, it displays N.

V1mPMMD, V1mPMAD, 
V1mPMRD, V1mPMIDb

Aligned positive-sequence synchrophasor voltage (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal m.

kV Primary,

degrees,

kV Primary,

kV Primary

IknPMMD, IknPMAD,
IknPMRD, IknPMIDa, c

Aligned phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

I1nPMMD, I1nPMAD, 

I1nPMRD, I1nPMIDc
Aligned positive-sequence synchrophasor current (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

SODPMD Second-of-day for all aligned data. Seconds

FOSPMD Fraction-of-second for all aligned data. Seconds

FREQPMD Aligned local system frequency. Hz

DFDTPMD Aligned local rate-of-change of frequency. Hz/s

a k = A, B, or C.
b m = voltage terminal.
c n = current terminal.

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 2 of 2)

Name Description Units
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The MET PM time command can be used to direct the PMU to display the syn-
chrophasor for an exact specified time, in 24-hour format. For example, entering 
the command MET PM 14:14:12 will result in a response similar to Figure 18.6 
occurring just after 14:14:12, with the time stamp 14:14:12.000000. 

If you are not connected to the PMU when the MET PM time command issues 
its timed response, you can use the MET PM HIS command to view this 
response. This permits you to issue MET PM time to multiple PMUs at a certain 
point in time and then go back later to see the results from all the PMUs at that 
point in time.

See MET PM on page 14.48 for complete command options, and error messages.

                    

=>>MET PM <Enter>                                                                      
Relay 1                                    Date: 04/20/2015 Time: 22:02:12.000 
Station A                                  Serial Number: 1152490016 

Time Quality   Maximum time synchronization error:  0.000 (ms)  TSOK = 1
Serial Port Configuration Error: N                     PMU in TEST MODE = N

Synchrophasors                                                                  
                     VV Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)        127.266   126.972   127.148            127.128                  
ANG (DEG)        73.542   -46.400  -166.103             73.677                  

                     VZ Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)         76.383    76.103    76.277             76.254                  
ANG (DEG)        73.623   -46.319  -166.175             73.707                  

                     IS Phase Currents          IS Pos. Sequence Current        
                 IA        IB        IC                  I1S                    
MAG (A)         221.707   221.851   221.661            221.740                  
ANG (DEG)        57.667   -62.223   177.875             57.767                  

                     T Phase Currents          IT Pos. Sequence Current        
                 IA        IB        IC                  I1T                    
MAG (A)         440.487   441.507   440.698            440.897                  
ANG (DEG)      -122.055   118.057    -1.933           -121.983                  

                     I IU Phase Currents          IU Pos. Sequence Current        
                 IA        IB        IC                  I1U                    
 I1U                                                                            
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IW Phase Currents          IW Pos. Sequence Current        
                 IA        IB        IC                  I1W                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IX Phase Currents          IX Pos. Sequence Current        
                 IA        IB        IC                  I1X                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IY Phase Currents          IY Pos. Sequence Current        
                 IA        IB        IC                  I1Y                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

Figure 18.6 Sample SEL-487E MET PM Command Response
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IEEE C37.118 Synchrophasor Protocol
The relay complies with IEEE C37.118, Standard for Synchrophasor Measure-
ments for Power Systems, when Global setting MFRMT := C37.118. The proto-
col is available on Serial Ports 1, 2, 3, and F by setting the corresponding Port 
setting PROTO := PMU. The protocol is available over Ethernet when EPMIP is 
enabled.

This section does not cover the details of the protocol, but highlights some of the 
important features and options that are available.

Settings Affect Message Contents
The relay allows several options for transmitting synchrophasor data. These are 
controlled by Global settings described in Settings for Synchrophasors. You can 
select how often to transmit the synchrophasor messages (MRATE), which syn-
chrophasors to transmit, which numeric representation to use, and which coordi-
nate system to use.

The relay automatically includes the frequency and rate-of-change of frequency 
in the synchrophasor messages. Global setting FNRq selects the numeric format 
to use for these two quantities.

The relay can include as many as sixteen user-programmable analog values in the 
synchrophasor message and 0, 16, 32, 48, or 64 digital status values.

The relay always includes the results of four synchrophasor trigger reason 
SELOGIC equations TREA1, TREA2, TREA3, and TREA4, and the trigger 
SELOGIC control equation result PMTRIG, in the synchrophasor message.

FREQ (Hz) 59.990          Frequency Tracking = Y                                
Rate-of-change of FREQ (Hz/s)    0.00                                           

Digitals                                                                        
PSV08  PSV07  PSV06  PSV05  PSV04  PSV03  PSV02  PSV01                          
  0      0      0      0      0      0      0      0                            
PSV16  PSV15  PSV14  PSV13  PSV12  PSV11  PSV10  PSV09                          
  0      0      0      0      0      0      0      0                            
PSV24  PSV23  PSV22  PSV21  PSV20  PSV19  PSV18  PSV17                          
  0      0      0      0      0      0      0      0                            
PSV32  PSV31  PSV30  PSV29  PSV28  PSV27  PSV26  PSV25                          
  0      0      0      0      0      0      0      0                            
PSV40  PSV39  PSV38  PSV37  PSV36  PSV35  PSV34  PSV33                          
  0      0      0      0      0      0      0      0                            
PSV48  PSV47  PSV46  PSV45  PSV44  PSV43  PSV42  PSV41                          
  0      0      0      0      0      0      0      0                            
PSV56  PSV55  PSV54  PSV53  PSV52  PSV51  PSV50  PSV49                          
  0      0      0      0      0      0      0      0                            
PSV64  PSV63  PSV62  PSV61  PSV60  PSV59  PSV58  PSV57                          
  0      0      0      0      0      0      0      0                            

Analogs                                                                         
PMV49      0.000  PMV50      0.000  PMV51      0.000  PMV52      0.000          
PMV53      0.000  PMV54      0.000  PMV55      0.000  PMV56      0.000          
PMV57      0.000  PMV58      0.000  PMV59      0.000  PMV60      0.000          
PMV61      0.000  PMV62      0.000  PMV63      0.000  PMV64      0.000          
=>>

Figure 18.6 Sample SEL-487E MET PM Command Response (Continued)
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Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message rate of once per second places little burden on 
the communications channel. As more synchrophasors, analog values, or digital 
status words are added, or if the message rate is increased, some communications 
channel restrictions come into play.

If the SPEED setting on any serial port set with PROTO := PMU is insufficient 
for the PMU Global settings, the relay or QuickSet will display an error message 
and fail to save settings until the error is corrected.

The IEEE C37.118 synchrophasor message format always includes 16 bytes for 
the message header and terminal ID, time information, and status bits. The selec-
tion of synchrophasor data, numeric format, programmable analog, and program-
mable digital data will add to the byte requirements. Table 18.12 can be used to 
calculate the number of bytes in a synchrophasor message.

                    

Table 18.13 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 20 bytes.

                    

Table 18.12 Size of a IEEE C37.118 Synchrophasor Message

Item
Possible 
number of 
quantities 

Bytes per 
quantity

Minimum 
number of 
bytes

Maximum 
number of 
bytes

Fixed 18 18

Synchrophasorsa

a Some SEL relays have a smaller number of possible synchrophasors.

0, 1, 2…32 4 (PHNR := I)

8 (PHNR := F)

0 256

Frequency 2 (fixed) 2 (FNR := I)

4 (FNR := F)

4 8

Analog Values 0 – 16 4 0 64

Digital Status Words 0 – 4 2 0 8

Total (Minimum and Maximum) 22 354

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 1 of 2)

Global Setting 
MRATE

Maximum Message Size

300 600 1200 2400 4800 9600 19200 38400 57600

1 21 42 85 170 340 680 1360 2720 4080

2 21 42 85 170 340 680 1360 2040

4 (60 Hz only) 21 42 85 170 340 680 1020

5 34 68 136 272 544 816

10 34 68 136 272 408

12 (60 Hz only) 28 56 113 226 340

15 (60 Hz only) 21 45 90 181 272

20 (60 Hz only) 34 68 136 204

25 (50 Hz only) 27 54 108 163
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Referring to Table 18.12 and Table 18.13, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one syn-
chrophasor and one digital status word, and this message would consume 
between 26 and 34 bytes, depending on the numeric format settings. This type of 
message could be sent at any message rate (MRATE) when SPEED := 38400 or 
57600, as fast as MRATE := 50 or 30 when SPEED := 19200, and as fast as 
MRATE := 25 or 20 when SPEED := 9600.

Another example application has messages comprised of eight synchrophasors, 
one digital status word, and two analog values. This type of message would con-
sume between 62 and 98 bytes, depending on the numeric format settings. The 
62-byte version, using integer numeric representation, could be sent at any mes-
sage rate (MRATE) when SPEED := 57600. The 98-byte version, using floating-
point numeric representation, could be sent at as fast as MRATE := 30 when 
SPEED := 57600, as fast as MRATE := 25 when SPEED := 38400, and as fast as 
MRATE := 12 when SPEED := 19200.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with IEEE C37.118 commands, including commands to start and stop synchro-
phasor data transmission, and commands to request a configuration block from 
the relay, so the synchrophasor processor can automatically build a database 
structure.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission when the appropriate command is received from the synchrophasor 
processor. The relay can also indicate when a configuration change occurs, so the 
synchrophasor processor can request a new configuration block and keep its data-
base up-to-date.

The relay will only respond to configuration block request messages when it is in 
the nontransmitting mode.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 

30 (60 Hz only) 22 45 90 136

50 (50 Hz only) 27 54 81

60 (60 Hz only) 22 45 68

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 2 of 2)

Global Setting 
MRATE

Maximum Message Size
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required to have the same SPEED setting, although the slowest SPEED setting on 
a PROTO := PMU port will affect the maximum Global MRATE setting that can 
be used.

Ethernet Operation
IEEE C37.118 Synchrophasors may be used over Ethernet if an Ethernet card is 
installed in the relay. Four transport methods are supported: UDP_U, UDP_S, 
UDP_T, and TCP.

UDP_U, UDP_S, UDP_T
UDP stands for User Datagram Protocol and is a network protocol used for the 
Internet. UDP uses a simple transmission model without implicit handshaking 
interchanges for guaranteeing reliability, ordering, or data integrity. As such, 
UDP minimizes additional overhead needed to send messages. Time-sensitive 
applications often use UDP because dropping packets is preferable to waiting for 
delayed packets, which may not be an option in a real-time system. UDP_S is a 
version of UDP that only sends data; no reverse messaging is used, thus provid-
ing streaming data in one direction only. UDP_T uses a TCP socket to command 
and configure PMU measurements, and then uses a UDP socket for sending data 
out. UDP_U is the same as UDP_T except that the synchrophasor configuration 
and header response messages are sent over UDP instead of TCP. A user may 
choose to use UDP to minimize the additional overhead bits added and thus min-
imize the communications bandwidth needed to send PMU information out of a 
substation. UDP_S uses the least amount of overhead (and provides some addi-
tional security as the PMU or PDC using this method is only sending data and 
ignores any messages coming in). 

TCP
TCP stands for Transmission Control Protocol and is a connection-oriented pro-
tocol, which means that it requires handshaking to set up end-to-end communica-
tions. Once a connection is set up, user data may be sent bi-directionally over the 
connection. TCP manages message acknowledgment, retransmission, and time-
outs. With TCP, there are no lost data; the server will request the lost portion to 
be resent. Additionally, TCP ensures that the messages are received in the order 
sent. TCP provides the most robust connection, but it also adds additional over-
head bits to any message data.

PMU Setting Example
A power utility is upgrading the line protection on its 230 kV system to use the 
SEL-421 relay as main protection. The grid operator also wants the utility to 
install PMUs in each 230 kV substation to collect data for a new remedial action 
scheme, and to eventually replace their present state estimation system.

The PMU data collection requirements call for the following data, collected at 10 
messages per second:

➤ Frequency

➤ Positive-sequence voltage from the bus in each substation

➤ Three-phase and positive-sequence current for each line terminal

➤ Indication when the line breaker is open

➤ Indication when the voltage or frequency information is unusable
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➤ Ambient temperature (one reading per station) 

➤ Station battery voltage

➤ No relay control from the PMU communications port, for the initial 
stage of the project

The utility is able to meet the grid operator requirements with the relay, an 
SEL-2600A RTD Module, an SEL-2407 Satellite-Synchronized Clock, and an 
SEL-3555 in each substation.

This example will cover the PMU settings in one of the relays.

Some system details:

➤ The nominal frequency is 60 Hz.

➤ The line is protected by a breaker-and-a-half scheme.

➤ The station ambient temperature is collected by an SEL-2600A, 
Channel RTD01.

➤ The line PTs and wiring have a phase error of 4.20 degrees (lagging) 
at 60 Hz.

➤ The Breaker 1 CTs and wiring have a phase error of 3.50 degrees 
(lagging) at 60 Hz.

➤ The Breaker 2 CTs and wiring have a phase error of 5.50 degrees 
(lagging) at 60 Hz.

➤ The synchrophasor data will be using PORT 3, and the maximum bps 
allowed is 19200.

➤ The system designer specified floating-point numeric representation 
for the synchrophasor data, and rectangular coordinates.

➤ The system designer specified integer numeric representation for the 
frequency data.

➤ The system designer specified fast synchrophasor response, because 
the data are being used for system monitoring.

The protection settings and resistance temperature detector (RTD) serial port set-
tings will not be shown.

Determining Settings
The protection engineer performs a bandwidth check, using Table 18.12, and 
determines the required message size. The system requirements, in order of 
appearance in Table 18.12, are as follows.

➤ 5 Synchrophasors, in floating-point representation

➤ Integer representation for the frequency data

➤ 2 analog values

➤ 3 digital status bits, which require one status word

The message size is 16 + 5 • 8 + 2 • 2 + 2 • 4 + 1 • 2 = 70 bytes. Using 
Table 18.13, the engineer verifies that the port bps of 19200 is adequate for the 
message, at 10 messages per second.

Protection Math Variables PMV64 and PMV63 will be used to transmit the 
RTD01 ambient temperature data and the station battery voltage DC1, respectively.
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The Protection SELOGIC Variables PSV64, PSV63, and PSV62 will be used to 
transmit the breaker status, loss-of-potential alarm, and frequency measurement 
status, respectively.

The PORT 3 FASTOP setting will be set to N, to disable any control attempts from 
the PMU port.

Make the Global settings as shown in Table 18.14.

                    

Table 18.14 Example Synchrophasor Global Settings (Sheet 1 of 2)

Setting Description Value

NFREQ Nominal System Frequency (50, 60 Hz) 60

NUMBK Number of Breakers in Scheme (1, 2) 2

EPMU Enable Synchronized Phasor Measurement (Y, N) Y

MFRMT Message Format (IEEE C37.118, FM) C37.118

MRATE Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60) 10

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 
1 = Extra Narrowa)

F

PMLEGCY Synchrophasor Legacy Settings N

NUMPHDC Number of Phasor Data Configurations 1

PMFRQA PMU Frequency Application (F = Fast, S = Slow) S

PHCOMP Frequency-Based Phasor Compensation (Y, N) Y

PMSTN Station Name (16 characters) SAMPLE1

PMID PMU Hardware ID (1–65534) 14

PHVI111 Phasor 1 (S, W, X, Y, Z) Y

PHVT112 Phasor 2 (S, W, X, Y, Z) W

PHVI113 Phasor 3 (S, W, X, Y, Z) X

PHDV1 Phasor Data Set, Voltages (I1, PH, ALL) V1

VYCOMP Voltage Angle Compensation Factor (–179.99 to 180 degrees) 4.20

PHDI1 Phasor Data Set, Currents (I1, PH, ALL) ALL

IWCOMP IW Angle Compensation Factor (–179.99 to 180 degrees) 3.50

IXCOMP IX Angle Compensation Factor (–179.99 to 180 degrees) 5.50

PHNR1 Phasor Numeric Representation (I = Integer, F = Floating point) F

PHFMT1 Phasor Format (R = Rectangular coordinates, P = Polar coordinates) R

FNR1 Frequency Numeric Representation (I = Integer, F = Float) I

PMAQ11 Any Analog Quantity or alias RTD01

PMAA11 Alias Name for the analog quantity AmbientTemp

PMAQ12 Any Analog Quantity or alias DC1

PMAA12 Alias Name for the analog quantity StationBattery

PMDG11 Any Relay Word bit or alias PSV64

PMDA11 Alias Name of Relay Word bit LineBKStatus

PMDG12 Any Relay Word bit or alias LOP

TREA1 Trigger Reason Bit 1 (SELOGIC Equation) NA

TREA2 Trigger Reason Bit 2 (SELOGIC Equation) NA

TREA3 Trigger Reason Bit 3 (SELOGIC Equation) NA

TREA4 Trigger Reason Bit 4 (SELOGIC Equation) NA
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The line breaker status must be created with protection SELOGIC variables. Make 
the Protection Freeform logic settings in Table 18.15 in all six settings groups.

                    

Make the Table 18.16 settings for serial PORT 3, using the SET P 3 command. 

                    

SEL Fast Message Synchrophasor Protocol
NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

SEL Fast Message Unsolicited Write (synchrophasor) messages are general Fast 
Messages (A546h) that transport measured synchrophasor information. The relay 
can send unsolicited write messages as fast as every 50 ms on a 60 Hz system, 
and 100 ms on a 50 Hz system. When MFRMT = FM, set PMLEGCY = Y to use 
Global settings PHDATAV, PHDATAI, PHVOLT, and PHCURR to select the 
voltage and current data to include in the Fast Message. Not all messages are sup-
ported at all data speeds. If the selected data rate is not sufficient for the given 
message length, the relay responds with an error message.

Table 18.17 lists the Synchrophasor Fast Message Write function codes and the 
actions the relay takes in response to each command.

PMTRIG Trigger (SELOGIC Equation) NA

EPMDR Enable PMU Data Recording N

PMTEST PMU Test Mode Equation (SELOGIC Equation) NA

a Option 1 is available only if MRATE = 60.

Table 18.15 Example Synchrophasor Protection Freeform Logic Settings

Setting Value

PSV64 NOT (3PO OR SPO) # Line breaker status

Table 18.16 Example Synchrophasor Port Settings

Setting Description Value

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) PMU

SPEED Data Speed (300 to 57600) 19200

STOPBIT Stop Bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N

FASTOP Enable Fast Operate Messages (Y, N) N

PMU MODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

PMODC PMU Output Data Configuration 1

Table 18.14 Example Synchrophasor Global Settings (Sheet 2 of 2)

Setting Description Value
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See the SEL application guide “Using SEL-421 Relay Synchrophasors in Basic 
Applications” (AG2002-08) for more information on the SEL Fast Message Syn-
chrophasor Protocol.

Fast Message Synchrophasor Settings
The settings for SEL Fast Message synchrophasors are listed in Table 18.18. 
Many of these settings are identical to the settings for the IEEE C37.118 format 
(see Settings for Synchrophasors on page 18.6).

                    

Certain settings in Table 18.18 are hidden, depending on the status of other set-
tings. For example, if PHDATAI := NA, the PHCURR setting is hidden to limit 
the number of settings for your synchrophasor application.

Table 18.17 Fast Message Command Function Codes for Synchrophasor Fast Write

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition 
block request

Relay transmits Fast Message definition request acknowledge (Function Code 80)

01h Enable unsolicited 
transfer

Relay transmits Fast Message command acknowledged message (Function Code 81). Relay trans-
mits Synchrophasor Measured Quantities (function to enable: Unsolicited Write broadcast, Func-
tion Code 20)

02h Disable unsolicited 
transfer

Relay sends Fast Message command acknowledge message (Function Code 82) and discontinues 
transferring unsolicited synchrophasor messages (function to disable: Unsolicited Write broadcast, 
Function Code 20)

05h Ping: determine if 
channel is operable

Relay aborts unsolicited message in progress and transmits ping acknowledge message (Function 
Code 85)

Table 18.18 PMU Settings in the Relay for SEL Fast Message Protocol (in Global 
Settings)

Setting Description

EPMU Enable Synchronized Phasor Measurement (Y, N)

MFRMT Message Format (C37.118, FM)a

a C37.118 = IEEE Std C37.118. FM := SEL Fast Message. Set MFRMT := FM to enter the Fast Message 
settings.

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 1 = Extra Narrowb)

b Option 1 is not available when MFRMT = FM.

PMLEGCYc

c PMLEGCY must be set to Y to access the data configuration settings shown in this table.

Synchrophasor Legacy Settings (Y, N)

PHCOMP Frequency-Based Phasor Compensation (Y, N)

PMID PMU Hardware ID (0–4294967295)

PHVOLT Include Voltage Terminal

PHDATAV Phasor Data Set, Voltages (V1, ALL)

VkCOMPd

d k = voltage terminal.

Vk Voltage Angle Compensation Factor (–179.99 to +180 degrees)

PHCURRe

e Setting hidden when PHDATAI := NA.

Current Source

PHDATAIf

f When PHDATAV:= V1, this setting is forced to NA and cannot be changed.

Phasor Data Set, Currents (ALL, NA)

InCOMPg

g n = current terminal.

In Angle Compensation Factor (–179.99 to +180 degrees)
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The SEL Fast Message Synchrophasor Protocol always includes the frequency 
information in floating-point representation, and 14 user-programmable 
SELOGIC variables PSV49–PSV64. There are no user-programmable analog 
quantities in the SEL Fast Message Synchrophasor Protocol.

Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message period of one second places little burden on 
the communications channel. As more synchrophasors are added, or if the mes-
sage rate is increased, some communications channel restrictions come into play.

In the SEL Fast Message Synchrophasor Protocol, the master device determines 
the message period (the time among successive synchrophasor message time-
stamps) in the enable request. If the relay can support the requested message 
period on that serial port, the relay acknowledges the request (if an acknowledge 
was requested) and commences synchrophasor data transmission. If the relay 
cannot support the requested message period, the relay responds with a response 
code indicating bad data (if an acknowledge was requested).

The SPEED setting on any serial port set with PROTO := PMU should be set as 
high as possible, to allow for the largest number of possible message period 
requests to be successful.

The relay Fast Message synchrophasor format always includes 32 bytes for the 
message header and terminal ID, time information, frequency, and status bits. 
The selection of synchrophasor data will add to the byte requirements. 
Table 18.19 can be used to calculate the number of bytes in a synchrophasor message.

                    

Table 18.20 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 40 bytes.

                    

Referring to Table 18.19 and Table 18.20, it is clear that the lower SPEED set-
tings are very restrictive.

Table 18.19 Size of an SEL Fast Message Synchrophasor Message

Item
Possible 
Number of 
Quantities

Bytes per 
Quantity

Minimum 
Number of 
Bytes

Median 
Number of 
Bytes

Maximum 
Number of 
Bytes

Fixed 32 32 32

Synchrophasors 1, 4, or 8 8 8 32 64

Total (Minimum, Median, and Maximum) 40 64 96

Table 18.20 Serial Port Bandwidth for Synchrophasors (in Bytes)

Requested Message 
Period (ms)

Equivalent Message 
Rate (messages per 
second)

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400 57600

1000 1 41 83 166 333 666 1332 2665 3998

500 2 41 83 166 333 666 1332 1999

250 (60 Hz only) 4 41 83 166 333 666 999

200 5 66 133 266 533 799

100 10 66 133 266 399

50 (60 Hz only) 20 66 133 199
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Some observations from Table 18.20 follow.

➤ A serial port set with SPEED := 38400 or 57600 can handle any size 
message at any data rate.

➤ A serial port set with SPEED := 19200 can handle a single-
synchrophasor or four-synchrophasor message at any data rate, and 
any size message as fast as 10 messages per second.

➤ A serial port set with SPEED := 9600 can handle a single-
synchrophasor message at any data rate, a four-synchrophasor 
message at as fast as 10 messages per second, and any size message 
at as fast as 5 messages per second.

➤ A serial port set with SPEED := 300 cannot be used for Fast Message 
synchrophasors.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with SEL Fast Message commands, including commands to start and stop syn-
chrophasor data transmission, and commands to request a configuration block 
from the relay, so the synchrophasor processor determine the correct configura-
tion for storing the synchrophasor data.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission on a particular serial port when the disable command is received 
from the synchrophasor processor, or when the relay settings for that port are 
changed. The relay will stop synchrophasor transmission on all serial ports when 
any Global or Group settings change is made.

The relay will respond to configuration block request messages regardless of the 
present transmit status, waiting only as long as it takes for any partially sent mes-
sages to be completely transmitted.

The relay will respond to a ping request immediately upon receipt, terminating 
any partially sent messages.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 
required to have the same SPEED setting, although the SPEED setting on each 
PROTO := PMU port will affect the minimum synchrophasor message data 
period that can be used on that port.
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Control Capabilities
Serial Port Fast Operate Operation

The PMU can be configured to process SEL Fast Operate commands received on 
serial ports that have the Port setting PROTO := PMU, when the Port setting 
FASTOP := Y, and Global Settings EPMU := Y and PMAPP := F.

This functionality can allow a remote device (client) to initiate control actions in 
a serially connected PMU without the need for a separate communications inter-
face. The client should enable Fast Operate Transmit on the serial port connected 
to the PMU. This can be accomplished with Global Setting EPMU := Y, Port Set-
tings PROTO := PMU, FASTOP := Y, and PMUMODE set to either CLIENTA or 
CLIENTB.

The client can request a Fast Operate Configuration Block when the relay is in 
the nontransmitting mode, and the relay will respond with a message, which 
includes codes that define the circuit breaker and remote bit control points that 
are available via Fast Operate commands. 

Once the control points are identified, the Fast Operate Output (FOP) Control 
Bits can be assigned to SELOGIC equations in the client’s SELOGIC freeform pro-
tection logic settings. FOP Control Bits take the form FOPp_n, where p is the 
serial port (F, 1, 2, or 3) and n is the bit number from 01–32. The bit number can 
correspond to a circuit breaker or remote bit control in the local relay, identified 
in the Fast Operate Configuration Block.

A change to any FOPp_n value will cause the client to transmit a Fast Operate 
remote bit control message on PORT p. If the FOP control bit asserts, the message 
will contain the opcode to set the corresponding control bit in the PMU. If it 
deasserts, the message will contain the opcode to clear the control bit. The 
remote device will send a Fast Operate message no later than 20 ms after it 
detects a change in the FOP bit.

The PMU will process Fast Operate requests regardless of whether synchropha-
sors are being transmitted, as long as serial port setting FASTOP := Y and PMU-
MODE is set to SERVER. When FASTOP := N, the relay will ignore Fast 
Operate commands. Use the FASTOP := N option to lock out any control actions 
from that serial port if required by your company operating practices.

SEL Fast Operate commands are discussed in SEL Fast Meter, Fast Operate, Fast 
SER Messages, and Fast Message Data Access on page 15.33.

The PMU can also process the Fast Operate commands embedded in the 
extended frame of the IEEE C37.118 command frame. This way you can accom-
plish both synchrophasor measurement and control by using the same 
IEEE C37.118 protocol on both serial and Ethernet interfaces. This way is also 
independent of the FASTOP setting.

Ethernet Fast Operate Operation
Fast Operate commands can be issued from a host device to control the function 
of remote bits and breaker operation in the relay. When coupled with synchrophasor 
measurements, Fast Operate commands can provide control to system events.

The implementation using the extended frame in the IEEE C37.118 synchropha-
sor packet makes it possible to send Fast Operate commands and synchrophasor 
data over the same Ethernet session. The Fast Operate command is embedded in 
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the extended frame of the IEEE C37.118 command frame. See the following 
example for configuration and setup of the IEEE C37.118 extended frame imple-
mentation.

                    

Should you need to change the relay protection scheme because of system con-
figuration or to shed bus load to maintain voltage quality, you can program your 
SVP to send control commands to the relay according to an algorithm. You can 
set a remote bit in the relay to change the group settings for an alternative protec-
tion scheme or send a PULSE command to the circuit breaker to disconnect load 
from the system.

To set the relay for such a control scenario, first configure synchrophasors for the 
IEEE C37.118 protocol. Figure 18.8 depicts one way to configure synchropha-
sors for transport. In this SEL-487E example, all of the S- and T-terminal phase 
currents and Z-terminal voltages, along with the positive-sequence values, are 
transmitted in polar floating-point format at a message rate of 60 messages per 
second. The filter settings are configured for a fast response with phase compensation.

Example 18.1 Synchrophasor Control Application

Refer to Table 18.14 for an example of a PMU communications network 
with an SVP collecting and analyzing synchrophasor data in the network, 
based on a programmed power flow and voltage regulation scheme. Each of 
the depicted PMU/IEDs are connected to a load, feeder line, or generation 
facility streaming synchrophasors to the SVP.
                    

                    

                    

Figure 18.7 Synchrophasor Control Application
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Next, configure the Ethernet port to transmit synchrophasor data and accept Fast 
Operate commands. To enable an Ethernet port to accept Fast Operate com-
mands, simply set FASTOP := Y.

                    

Using the C37.118 extended frame option to transport Fast Operate commands it 
is necessary to setup only one TCP/UDP session (see Figure 18.10).

                    

Synchronized Phasor Configuration Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := 1        PMLEGCY := N
NUMPHDC := 1

Synchrophasor Data Configuration 1

PMSTN1  := "PMU Control"
PMID1   := 1

Phasors Included in the Data 1

Terminal Name, Relay Word Bit, Alternate Terminal Name

1: Z
2: S
3: T

PHDV1   := ALL      PHDI1   := ALL      PHNR1   := F        PHFMT1  := P
FNR1    := F

Phasor Aliases in Data Configuration 1
 (Phasor Name, Alias Name)

Synchrophasor Analog Quantities in Data Configuration 1
 (Analog Quantity Name, Alias Name)

Synchrophasor Digitals in Data Configuration 1
 (Digital Name, Alias Name)

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
PMTEST  := NA
VZCOMP  := 0.00     ISCOMP  := 0.00     ITCOMP  := 0.00     PMFRQA  := S
PHCOMP  := Y

Synchronized Phasor Recorder Settings

EPMDR   := N

Synchronized Phasor Real Time Control Settings

RTCRATE := 2        MRTCDLY := 500

Figure 18.8 PMU Global Settings

SEL Protocol Settings

AUTO    := Y        FASTOP  := Y        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Figure 18.9 Enabling Fast Operate Messages on PORT 5

Phasor Measurement Configuration

EPMIP   := Y        PMOTS1  := UDP_T
PMOIPA1 := "192.168.1.3"
PMOTCP1 := 4712     PMOUDP1 := 4713     PMOTS2  := OFF

Figure 18.10 Ethernet PORT 5 Settings for Communications Using C37.118 
Extended Fame
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The relay is now ready to start transmitting synchrophasors and receive Fast 
Operate commands from the SVP.

Real-Time Control
The PMU can be configured to process IEEE C37.118 synchrophasor data 
received from two remote PMUs over serial ports. The PMU processes the 
remote PMU data, time-aligns them with the local data, and makes them avail-
able as analogs and digitals. Use the local synchrophasor analogs and as many as 
two remote sets of synchrophasor analogs in SELOGIC equations to do real-time 
control (RTC) applications.

Table 18.21 shows the serial port settings that need to be configured for RTC 
applications.

                    

Descriptions for the settings in Table 18.21 are as follows.

PMUMODE

Selects whether the port is operating as a synchrophasor server (source of data) or 
a client (consumer of data). When the port is intended to be a source of synchro-
phasor data, set this setting to SERVER. The Global setting MFRMT determines 
the format of the transmitted data. When using the port to receive synchrophasor 
data from another device, set this setting to either CLIENTA or CLIENTB. Only 
two ports may be configured as client ports and they must be uniquely configured 
for Channel A or Channel B. When a port is configured to receive synchrophasor 
data, the port will only receive data that uses the IEEE C37.118 format, regard-
less of the MFRMT setting.

RTCID

Expected synchrophasor ID from remote relay.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), it will only accept incoming messages that contain this ID. 
Make sure this ID matches the ID configured in the remote relay.

PMODC

Select the data configuration set to be sent out from that port. This setting is only 
available when the PMUMODE=SERVER.

Table 18.22 shows the Global settings that need to be configured for RTC applications.

Table 18.21 Serial Port Settings for RTC

Setting Description Default

PMUMODEa

a Set PROTO := PMU to enable (on this port) the Synchrophasor Protocol selected by Global setting 
MFRMT.

PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDb

b Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCc

c Only available when PMUMODE := SERVER.

PMU Output Data Configuration (1–5) 1
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Descriptions for the settings in Table 18.22 are as follows.

RTCRATE

Rate at which to expect messages from the remote synchrophasor device.

When the PMU is operating as a synchrophasor client (PMUMODE set to 
CLIENTA or CLIENTB), the relay will only accept incoming messages at this 
rate. Make sure the remote synchrophasor source(s) is configured to send mes-
sages at this same rate.

MRTCDLY

Selects the maximum acceptable delay for received synchrophasor messages.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), the relay only accepts incoming messages that are not 
older than allowed by this setting. When determining an appropriate value for 
this setting, consider the channel delay, the transfer time at the selected baud rate, 
plus add some margin for internal delays in both the remote and local relay.

When you use the PMU for synchrophasor acquisition, the delayed and aligned 
analog quantities specific to that relay are available. Be aware that these quanti-
ties are only valid when RTCROK is asserted and only for the enabled channels. 
The specific channel quantities are also valid whenever their respective 
RTCROKp Relay Word bit is set (see Table 18.10).

When using the relay as a synchrophasor client, the Relay Word bits in 
Table 18.23 indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Figure 18.24.

Table 18.22 Global Settings for RTC

Setting Description Default

RTCRATE Remote Messages per Second

(1, 2, 5, 10, or 50 when NFREQ := 50)

(1, 2, 4, 5, 10, 12, 15, 20, 30, or 60 when NFREQ := 60)

2

MRTCDLY Maximum RTC Synchrophasor Packet Delay (20–1000 ms) 500

NOTE: The maximum channel delay 
is available in the COM RTC command.

Table 18.23 Synchrophasor Client Status Bits

Name Description

RTCENpa Asserts for one processing interval when a valid message is received on Channel p.

RTCROKpa Asserts for one processing interval when data are aligned for Channel p. Use this bit to condition usage of the Channel p 
data.

RTCROK Asserts for one processing interval when data for all enabled channels are aligned. Use this bit to condition general 
usage of the aligned synchrophasor data.

RTCDLYpa This bit is asserted when the last received valid message on Channel p is older than MRTCDLY.

RTCSEQpa This bit is asserted when the processed received message on Channel p is the expected next-in-sequence. It is deasserted 
if it is not. The deassertion implies that one or more packets of information were lost. Use this bit to condition usage of 
Channel p data in applications where sequential data are required.

RTCCFGpa Indicates Channel p is successfully configured.

a p = A or B.
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Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYp 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 
maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

Several Relay Word bits are useful for monitoring system status. Add RTCCFGp 
and RTCDLYp to the SER.

The RTCCFGp Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGp deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

If the RTCCFGp Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the SELOGIC 
equation is the correct value to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received on 
Channel A within the window you set with the local MRTCDLY setting (100 ms 
in this example). If the RTCDLYA asserts, consider three options. First, the 
MRTCDLY setting can be increased. However, the MRTCDLY setting is your 
way of guaranteeing operation within a certain time. Increasing MRTCDLY 
allows for communications channels with longer transmission delay, but at the 
cost of increasing the maximum time of operation. A second option is to improve 
the communications channel so that it operates within the required MRTCDLY 
setting time. A final option is available if the assertion of MRTCDLY results 
from a temporary communications channel disruption. In this case, putting RTC-
DLYA in the SER provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.11 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

Table 18.24 Remote Synchrophasor Data Bits

Name Description

RTCpD[16]a First 16 digitals received in synchrophasor message on Channel p. Only valid when RTCROKp is asserted.

a p = A or B.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.11 Example COM RTC Command Response
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Real-Time Control Example
Figure 18.12 shows an application example using SEL-411L Relays. In this 
example, Area 2 supplies power to Area 1 and Area 3. An important contingency 
is loss of both Link 1 and Link 2. In such a case, the generators in Area 2 acceler-
ate. Alternative paths between Area 2 and Area 1 can also become stressed 
beyond their design limits. A simple solution is to measure the phase angle 
between Area 1 and Area 2. When the angle exceeds a predetermined limit, con-
trol the generation to avoid exceeding system limits.

                    

Figure 18.13 shows the SELOGIC for the relay controlling the generator (called 
the local relay in this example). Lines 1 and 2 store phasor data into PMV53 and 
PMV54 so they can be viewed through use of the MET PMV command. Line 3 
computes the angle difference between the local and remote relays. RTCAP02 is 
the remote V1Y angle. Lines 4–10 unwrap the phase angle when the difference 
exceeds ±180 degrees.

RTCROKA pulses true whenever a good synchrophasor message is received. For 
purposes of this example, we need it to hold true until the next message is 
received. To achieve this, lines 11-13 implement a timer to extend this bit by 1.75 
cycles. A message is expected every 1 cycle; the additional 0.75 cycles covers 
any jitter that may occur in the rate or message receipt. Line 14 calculates a qual-
ification signal consisting of the local and remote quality indicators. RTCROKA 
is the local indicator that has been extended as PCT01. RTCAD16 is the remote 
quality indicator. Figure 18.14 shows its construction at the remote relay.

Line 15 computes absolute value of the angle. Line 16 checks the angle against 
the reference value. In this case, the reference value is 10 degrees.

The final result, PSV03, asserts when the relay receives a synchrophasor message 
with an angle difference exceeding 10 degrees.

                    

Figure 18.12 Real-Time Control Application
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Figure 18.14 shows the SELOGIC settings for the remote relay. Set PSV64 to 
indicate that the sending data are correct. These data are sent with the synchro-
phasor data in the IEEE C37.118 data packet and are received by the local relay 
as RTCAD16. The RTCAD16 qualification on line 11 of the local relay (see 
Figure 18.13) contains this remote data quality indicator. A local relay quality 
indicator also qualifies line 11.

                    

Set the remote relay Global settings according to Figure 18.15. Set the number of 
digitals (NUMDSW) to one. In this case, the relay sends SELOGIC values 
PSV49–PSV64 in the IEEE C37.118 data packet. This is how the remote TSOK 
AND PMDOK qualification maps to the local RTCAD16 Relay Word bit. Set the 
PMU application (PMAPP) to fast, because this is a protection application. 
Therefore, you must choose a filter for faster response. Also set the synchropha-
sor enable Global setting to yes (EPMU = Y). The MRTCDLY and RTCRATE 
settings are set but not used by the remote relay.

                    

Set the local relay Global settings according to Figure 18.16. It is important for 
synchrophasors to be enabled (EPMU = Y), the application to be fast (PMAPP = F), 
the compensation settings to be set correctly (VYCOMP, VZCOMP, IWCOMP, 
and IXCOMP), and for IRIGC = C37.118.

Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYA 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 

Protection 1
1: PMV53 := V1YPMAD
2: PMV54 := RTCAP02
3: PMV55 := V1YPMAD - RTCAP02
4: PSV01 := PMV55 >= 180.000000
5: PMV01 := -180.000000
6: PSV02 := PMV55 <= PMV01
7: PMV01 := PMV55 + 360.000000

8: PMV02 := PMV55 - 360.000000
9: PMV55 :=NOT PSV01*PMV55+PSV01*PMV02
10: PMV55 :=NOT PSV02*PMV55+PSV02*PMV01
11: PCT01PU := 0.000000
12: PCT01DO := 1.750000
13: PCT01N := R_TRIG RTCROKA
14: PSV01 := PCT01Q AND RTCAD16
15: PMV56 := ABS(PMV55)
16: PSV03 :=(PMV56 > 10.000000) AND PSV01

Figure 18.13 Local Relay SELOGIC Settings

1: PSV64 := TSOK AND PMDOK

Figure 18.14 Remote Relay SELOGIC Settings

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "REMOTE RTC"
PMID    := 8
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 1

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.15 Remote Relay Global Settings
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maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

The other Global settings are not relevant to this application.

                    

Set the port settings for the port that sends the synchrophasor data on the remote 
relay, according to Figure 18.17.

                    

Set the port settings for the port that receives the synchrophasor data on the local 
relay, according to Figure 18.18. Notice that the RTCID setting must match the 
PMID setting of the remote relay.

                    

Several Relay Word bits are useful for monitoring system status. Add RTCCFGA 
and RTCDLYA to the SER.

The RTCCFGA Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGA deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "LOCAL RTC"
PMID    := 4
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 0

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA 
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.16 Local Relay Global Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := SERVER

Figure 18.17 Remote Relay Port Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := CLIENTA
RTCID   := 8

Figure 18.18 Local Relay Port Settings
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If the RTCCFGA Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the 
SELOGIC equation (for example, RTCAP02 in Figure 18.13) is the correct value 
to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received 
within the window you set with the local MRTCDLY setting (100 ms in this 
example). If the RTCDLYA asserts, consider three options. First, the MRTCDLY 
setting can be increased. However, the MRTCDLY setting is your way of guaran-
teeing operation within a certain time. Increasing MRTCDLY allows for commu-
nications channels with longer transmission delay, but at the cost of increasing 
the maximum time of operation. A second option is to improve the communica-
tions channel so that it operates within the required MRTCDLY setting time. A 
final option is available if the assertion of RTCDLY results from a temporary 
communications channel disruption. In this case, putting RTCDLYA in the SER 
provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.19 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

PMU Recording Capabilities
The PMU can be configured to record synchrophasor data by setting EPMDR := Y. 
Select one of the data configuration q you want to record using SPMDR setting 
where q = 1–NUMPHDC. Create a recording trigger using PMTRIG SELOGIC 
setting. On the rising edge of PMTRIG, the PMU starts recording synchrophasor 
data. The duration and the pretrigger duration of the recording are user-settable.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG only once 
during a four-hour period if 
EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The PMU stores these files in the SYNCHROPHASOR subdirectory with .PMU 
extension. Use FILE READ or File Transfer Protocol (FTP) to retrieve these 
stored data files. The file is in binary format and IEEE C37.118 data format compliant.

The file starts with a Configuration 2 frame followed by the data frames as shown 
below.

<Configuration 2 Frame>

<Data Frame 1>

<Data Frame 2>

.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.19 Example COM RTC Command Response
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.

.

<Data Frame t>

<Data Frame t+1>

.

.

.

<Data Frame n>

where:

t = the number of pretrigger data frames, and is equal to PMPRE • MRATE.

n = the total number of data frames, and is equal to PMLER • MRATE.

<Data Frame t+1> is the first data frames with Bit 11 in the STAT field 
(PMTRIG) asserted.

The recorded file has the following file naming convention.

yymmdd,hhmmss,0,aaa,bbb,ccc.PMU

where,

yymmdd, hhmmss = the UTC time stamp of the first data frame in the file 
with bit 11 (PMTRIG) asserted

aaa = the last three characters of the PMSTNq setting (after removing char-
acters “ / \ < > * | : ; [ ] $ % { } and the spaces)

bbb = the last three characters of the PMIDq

ccc = the last three characters of the CONAM setting (after removing the 
spaces)

Additional PMTRIG assertions are ignored during recording. 

Table 18.25 shows the setting name, description, and default value to help config-
ure the data recording.

                    

Descriptions for the settings in Table 18.25 are as follows.

EPMDR

Use the EPMDR setting to enable synchrophasor data recording. This setting is 
hidden when EPMU := N. When EPMDR = Y, phasor measurement data record-
ing will begin on the rising edge of PMTRIG. Any subsequent PMTRIG assertions 

Table 18.25 PMU Recording Settings

Setting Description

EPMDRa

a This setting is forced to N if MFRMT = FM.

Enable PMU Data Recording (Y, N) 

SPMDRb

b This setting is hidden if EPMRD = N.

Select Data Configuration for PMU Recording (1–NUMPHDC)

CONAMc

c Global Setting.

Company Name (1–5 characters)

PMLERb Length of PMU Triggered Data (2–120 s)

PMPREb Length of PMU Pretriggered Data (1–20 s)
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during the allotted recording period (PMLER) will not result in another PMU data 
recording being started. The relay will store synchrophasor measurement data as a 
IEEE C37.118 binary format file that can be retrieved from the relay by using 
FTP. Synchrophasor data are recorded into a file with extension *.PMU.

SPMDR

The SPMDR setting provides a means for selecting any one of the enabled data 
configuration 1–NUMPHDC for synchrophasor data recording.

PMLER

PMLER sets the total length of the synchrophasor data recording, in seconds. 
The PMLER time includes the PMPRE time. For example, if PMLER is set for 
30 seconds of PMU recorded data, and PMPRE is set for 10 seconds of pretrigger 
data, the final recording will contain 10 seconds of pretrigger data and 20 seconds 
of triggered data for a total report time of 30 seconds.

PMPRE

The PMPRE setting sets the length of the pretrigger data within the synchropha-
sor data recording. The PMPRE data begins at the PMTRIG point of the record-
ing, and extends back in time (previous time to the trigger event) for the 
designated amount of time.
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Digital Secondary Systems

Some SEL-400 series relays can receive analog and binary inputs from a digital 
secondary system (DSS). DSS technology uses merging units to measure cur-
rents and voltages and perform substation control operations. This technology 
provides flexible solutions, reduces the cost of copper, and improves overall 
safety in the substation.

Refer to Table 19.1 to select your DSS of interest.

                    

Time-Domain Link (TiDL)
TiDL (T-Protocol)

The TiDL (T-Protocol) relays identified in Table 19.1 receive analog and binary 
input data from connected SEL-TMUs. A TiDL system communicates over 
direct fiber-optic connections between relays and SEL-TMUs.

Designing and implementing a TiDL system uses the following the general process.

➤ Design a TiDL system from one-line diagram

➤ Configure a TiDL system in SEL Grid Configurator

➤ Connect and commission the TiDL system

➤ Operate the TiDL system

Table 19.1 SEL DSS Technologies

DSS Technology
Supported 
Relays

SEL Supported 
Merging Units

Supported Features

Page LinkSelective 
Protection 
Disabling

Multiple 
Point-to-
Point Direct 
Connections

Custom 
Topologies

TiDL
(T-Protocol)

SEL-411L-2
SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-TMU Yes Yes Yes TiDL (T-Protocol) 
on page 19.1

TiDLa

(EtherCAT)

a TiDL (EtherCAT) technology is no longer offered.

SEL-421-4, -5
SEL-451-5
SEL-487B-1
SEL-487E-3, -4

SEL-2240 Axion Nodes No No No TiDL (EtherCAT) 
on page 19.17

Sampled Values
(IEC 61850-9-2LE)

SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-401
SEL-421-7
Other IEC 61850-9-2LE-
Compliant Publishers

Yes No Yes IEC 61850-9-2 
Sampled Values 
(SV) on page 19.23
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For an example configured TiDL substation and a guide for setting up your first 
TiDL system, see the SEL-400 Series TiDL QuickStart Guide available on 
selinc.com. For detailed information on the SEL-TMU, refer to the SEL TiDL 
Merging Unit Instruction Manual.

Figure 19.1 highlights a high-level SEL TiDL substation.

                    

Some of the benefits of a TiDL system include:

➤ No external time source required for relay and merging unit 
synchronization

➤ SEL TiDL relays and SEL-TMUs communicate via a  nonroutable 
protocol that does not offer interactive remote user access. These 
features minimize security complexity and the associated compliance 
costs in a DSS.

➤ Simplified system configuration through SEL Grid Configurator 
software:

➢ Custom topology configuration

➢ Commissioning through SEL Grid Configurator

➢ Commissioning report providing the present system level 
overview.

SEL TiDL relays can communicate with as many as eight SEL-TMUs. An 
SEL-TMU can then communicate with as many as four SEL TiDL relays.

A SEL TiDL system has a fixed channel delay of 1 millisecond. See Section 1: 
Specifications in the product-specific manual to see the link budget specifications 
of the TiDL (T-Protocol) communications ports.

                    

Figure 19.1 TiDL High-Level Substation Overview

Line #1

Line #2

Feeder #1

Bus #1

XFMR #1

1

SEL-451-6

1

52
3

SEL-TMU

SEL-TMU

52
4

SEL-TMU

52
2

SEL-TMU

SEL-TMU
SEL-TMU

52
1

SEL-TMU

SEL-421-7

Secondary Connection or 
Power Line/Bus/Transformer
SEL TiDL Connection

Breaker I/O
SEL-411L-2

SEL-487E-5

SEL-487B-2

https://selinc.com/
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When configuring a TiDL system in SEL Grid Configurator (see TiDL Mapping 
on page 19.4), create the SEL-TMUs by SEL-TMU type (either 4CT/4PT or 
8CT), then map to the appropriate relay TiDL ports according to your TiDL sub-
station requirements. When a commissioning attempt occurs (see Commissioning 
TiDL Systems on page 19.14), the relay checks that the SEL-TMU type physi-
cally connected to each relay TiDL port matches your configuration. If all con-
nected SEL-TMUs match the expected SEL-TMU type, the relay successfully 
commissions that system and creates a correlation lock between each commis-
sioned relay TiDL port and its unique SEL-TMU that was connected during the 
commissioning process. Once commissioned, each relay TiDL port will only 
accept incoming data from the unique SEL-TMU it commissioned. This provides 
additional security to a DSS. Should an SEL-TMU need to be replaced, see 
Replacing SEL-TMUs on page 19.17.

Selective Protection Disabling
See Section 5: Protection Functions of the product-specific instruction manual 
for channel status bits and the role they play in providing selective protection dis-
abling in cases where analog data are lost.

Important Selective Protection Disabling Considerations

When an SEL-TMU is connected to multiple TiDL relays, the following situa-
tions can result in a momentary communication loss with the shared relays:

➤ Modifying the TiDL I/O map

➤ Decommissioning a connected relay on an active SEL-TMU port

➤ Initiating a relay firmware upgrade to a connected relay

Implement selective protection disabling in the other connected relays to avoid an 
adverse impact on relay protection functions.

TiDL Binary Input and Output Behavior
When a relay is commissioned, 300-, 400-, and 500-level I/O are mapped from 
SEL-TMUs.

Binary inputs are user-settable with default settings that make the binary inputs 
behave as level-sensitive inputs. The default settings for input and dropout 
thresholds are modified by the nominal voltage of the I/O board local to the relay. 
See TiDL Binary Input Settings on page 19.10 for additional information on 
binary input settings.

Because binary outputs on an SEL-TMU can be shared among the connected 
TiDL relays, each TiDL relay maps the status of the SEL-TMU binary outputs to 
local output status bits local to each relay (OUTxxxS). For example, if a relay has 
the SEL-TMU binary output OUT01 mapped to OUT301 locally, the OUT301S 
Relay Word bit indicates the state of OUT01 to the local relay.

Binary inputs and outputs do not have to map to the same I/O in each connected 
relay. For example, OUT01 on the SEL-TMU could map to OUT301 of the SEL 
TiDL relay connected to SEL-TMU PORT 1, OUT307 of the SEL TiDL relay con-
nected to SEL-TMU PORT 2, OUT405 of the SEL TiDL relay connected to 
SEL-TMU PORT 3, and OUT503 of the SEL TiDL relay connected to SEL-TMU 
PORT 4. In such a case, the output control equation for OUT01 can be considered 
as OUT01TMU := OUT301Relay 1 + OUT307Relay 2 + OUT405Relay 3 + 
OUT503Relay 4.
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Decommissioned Relay I/O Statuses

When a TiDL relay is decommissioned, all I/O Relay Word bit statuses revert to 
their default deasserted state.

TiDL Mapping
When configuring your TiDL I/O mapping, first add devices to your SEL Grid 
Configurator workspace according to your TiDL substation requirements. 
Figure 19.2 shows the process for adding a device to a folder or just to the overall 
workspace. All TiDL devices added to an SEL Grid Configurator workspace are 
available for mapping purposes, not just those co-located within the same folder.
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Repeat the steps in Figure 19.2 to add all remaining devices in your TiDL substa-
tion. Next, enable the TiDL I/O Map (Port 6) of the relay you are currently con-
figuring in SEL Grid Configurator, as shown in Figure 19.3.

                    

Figure 19.2 Adding a Device to the SEL Grid Configurator Workspace

c. Select the device 
to be added.

d. Enter a device name.

e. Configure the device 
part number (or select 
the SEL-TMU variant)
by using the drop-down 
list or entering the 
part number manually.

g. Select Okay.

a. Select the ellipses button 
associated with the new folder. 

b. Select
Add Device.

Note: If you did not create a folder and are just adding 
devices to the SEL Grid workspace, select the Add 
Device icon to add a new device to the overall SEL 
Configurator Grid workspace.

f. Select the desired relay 
nominal secondary current.
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Next, configure your TiDL relay and SEL-TMU port mapping by following the 
process shown in Figure 19.4.

                    

Figure 19.3 Navigating to the TiDL I/O Map Workspace

c. Select TiDL I/O Map.

a. Select the relay 
to be configured.

TiDL I/O Map workspace 
cells become active.

d. Select the Enable 
Port 6 check box.

b. Select 
Communications.
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Proceed to configuring your I/O mapping. You can only use I/O from the 
SEL-TMUs configured as mapped to your relay from Figure 19.4 when configur-
ing your relay I/O mapping. Figure 19.5 shows the process for configuring I/O 
mapping.

                    

NOTE:  You can use all SEL-TMUs in the SEL Grid Configurator workspace to create a topology mapping.

Figure 19.4 Configure Port Mapping

a. Select the ellipses button 
associated with the relay 
TiDL port being mapped.

d. Select OK to complete mapping.

f. Repeat Steps a–e for additional ports.

e. Verify proper mapping for first port.

c. Select the SEL-TMU TiDL port that 
completes the connection.
Note: The selected SEL-TMU port is only 
for bookkeeping purposes and does not 
impact the TiDL system functionality. The 
port selected here does not have to match 
the actual SEL-TMU port used.

b. Select the SEL-TMU 
that will be connected 
to this port.

Note: Use the x button to clear 
a port mapping, if desired.
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SEL TiDL Relay Nominal Secondary Current
The SEL-400 devices accept 1A or 5A CTs. Configure an SEL TiDL relay via 
SEL Grid Configurator (see Figure 19.11) or the CFG CTNOM command to set 
the nominal secondary current for its mapped CT inputs. The SEL TiDL relays 
follow the same makeup of nominal CT inputs as their corresponding traditional 
relay version. This means that for SEL TiDL relays, with the exception of the 
SEL-487E-5, all CT terminals share the same nominal secondary. The 
SEL-487E-5 provides options for modifying the nominal secondary on a per-ter-
minal basis.

By default, the relay assumes 5A nominal secondaries.

When the CFG CTNOM command is issued by either SEL Grid Configurator or 
through an ASCII terminal and only if the nominal secondary is changed (i.e., 
changing from 5A nominal to 1A nominal, or 1A nominal to 5A nominal), 
Global and Group settings are forced to default, then the relay restarts.

When you are adding a device to the SEL Grid Configurator System Explorer, 
select the applicable secondary current options for the device. Figure 19.6(a) 
shows options for an SEL-451-6 and Figure 19.6(b) shows options for a 
SEL-487E-5. From the selected secondary current options, SEL Grid Configura-
tor creates a device with defaults and settings ranges based on the nominal sec-
ondary currents.

                    

q See Figure 19.4.

Figure 19.5 Configure I/O Mapping

a. Select the ellipsis button 
associated with I/O to be mapped.

f. Verify the proper mapping 
for the local relay I/O.

d. For current terminal mapping, use the + symbol to 
add additional SEL-TMU current inputs to the local current 
mapping equation. Select the + symbol only if performing 
digital current summation.

c. Select the SEL-TMU I/O to map 
to the local I/O mapping equation.

e. Select Okay.

b. From the TMU 
Device list, select 
the SEL-TMU from 
which the I/O is 
mapped.

Note: Only SEL-TMU devices that have been mapped to a relay port 
(see q) appear in the list of SEL-TMU devices from which you can map I/O.

g. Repeat Steps a–f for all
remaining I/O mapping.

Note: Use the Clear 
I/O Mappings to 
erase all current I/O 
mapping configura-
tions of the relay.

NOTE: In the SEL-451-6 R401 
firmware, the CFG CTNOM command 
defaults all relay settings, which will 
also decommission the relay’s TiDL 
mapping. SEL Grid Configurator can 
only configure the nominal secondary 
current of the SEL-451-6 in firmware 
versions R402 and newer.
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To see the configured nominal secondary current of a device in SEL Grid Config-
urator, see the SEL Grid Configurator settings of SECINC (in relays other than 
the SEL-487E-5) or CURSTU and CURXYZ (in the SEL-487E-5).

Reading Settings in SEL Grid Configurator

When reading settings from a device in SEL Grid Configurator, you can do one 
of the following:

➤ Read settings to a device that already exists in the SEL Grid 
Configurator workspace

➤ Add a device to the SEL Grid Configurator workspace by using the 
retrieved settings

For the first case, if you read settings for a device that already exists in the SEL 
Grid Configurator workspace, the following can occur:

➤ The configuration in SEL Grid Configurator matches the relay 
configuration and settings are automatically loaded.

➤ A discrepancy exists between SEL Grid Configurator and the relay. 
In this case, SEL Grid Configurator alerts and asks the user what the 
nominal secondary current configuration should be.

For the second case, if you add a device to SEL Grid Configurator by using the 
retrieved settings, SEL Grid Configurator creates a device with a nominal sec-
ondary current configuration that matches the relay configuration in your project.

Modifying Previously Configured Nominal Secondary Current

If a device in SEL Grid Configurator requires updating the nominal secondary 
current, follow the process outlined in Figure 19.7.

                    

Figure 19.6 Configure Device Nominal Secondary Current Configuration

(a) (b)
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TiDL Binary Input Settings
The SEL TiDL relay binary inputs that are mapped from SEL-TMUs behave as 
user-settable inputs. Pickup and dropout levels are also set independently per 
relay. This means that an SEL-TMU binary input that is shared among multiple 
relays does not require the same pickup and dropout thresholds configured in 
each relay; they can be set differently. Although you can set shared inputs inde-
pendently, SEL typically recommends to set settings for shared inputs consis-
tently among the connected relays.

                    

Figure 19.7 Modifying Nominal Secondary Current Configuration

a. Select Edit Nameplate.

b. Select desired nominal 
secondary current.

c. Select OK.

d. Select what you want SEL Grid 
Configurator to do. 
Note: S1 through S6 settings are 
Protection Group settings only. They 
do not include protection freeform logic.

e. Select OK.
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By default, all binary inputs have settings determined by the additional I/O board 
in slot Position B of the local relay. All virtual I/O default to the threshold levels 
similar to the level-sensitive board through the GINP setting. If the mapped 
binary inputs all share the same pickup, dropout, etc. settings but are different 
from the default, change the GINP, GINDF, etc. settings and leave EICIS := N. 
However, if the mapped binary inputs require different settings on a per input 
basis, follow the process outlined in Figure 19.4.

You can send binary input settings to a relay prior to, during, or any time follow-
ing a TiDL relay commissioning without needing to re-commission your TiDL 
relay.
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Figure 19.8 Binary Input Settings Flow Diagram

a. Select the relay for which 
you want to set binary inputs.

b. Select Settings Grid
for the relay.

c. Select Control Inputs to 
expand the workspaces.

d. Select General 
(Control Inputs)

e. Change the EICIS setting by 
doing one of the following:

i. Select the 
ellipses button 
associated with 
the current value 
to which EICIS is 
set (default is N).

i. Double-click the 
entry in the Value 
field for the EICIS 
setting name to 
highlight it. 

Enter Y to overwrite, 
then press Enter.

ii. Select Y.

iii. Select OK.

f. Verify EICIS = Y. The 
setting name has a 
yellow bar next to it to 
indicate a recent 
change to the setting.g. Select the interface 

board of the input you 
are setting.

h. Double-click the entry 
in the Value field for the 
setting to highlight it, 
enter your desired 
setting, and press Enter.

i. Repeat Steps g and h for 
the remaining input 
settings.
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SEL Grid Configurator Aliasing
SEL Grid Configurator provides an option of aliasing the SEL-TMU I/O. 
Through aliasing the SEL-TMU I/O, you can make the mapping configuration 
more intuitive. Figure 19.9 shows the steps for aliasing SEL-TMU I/O.

                    

Once the alias is created, it appears in the TMU I/O Selection dialog box. The 
original I/O name appears in parentheses following the alias name.

                    

Figure 19.9 Creating Aliases for SEL-TMU I/O

a. Select the 
SEL-TMU to 
alias I/O. b. Select I/O Interface.

This opens the I/O
INTERFACE workspace for 
the selected SEL-TMU.

e. Enter your alias.

d. Select the alias cell for 
the I/O for which you want 
to create an alias to activate 
the cell.

f. Repeat Steps d and e 
for the remaining 
inputs you want to alias.

c. Select Inputs.
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Commissioning TiDL Systems
Figure 19.11 shows the process for commissioning a TiDL system. Each TiDL 
system (a TiDL relay and the connected SEL-TMU TiDL ports) is commissioned 
independently with no impact to other relays and SEL-TMUs already in service 
(outside of shared SEL-TMU outputs that you can now control through the newly 
commissioned relay).

                    

Figure 19.10 Aliases Shown in TMU I/O Selection Dialog Box

NOTE: To decommission a TiDL 
system use the R_S command, send a 
TiDL channel map without selecting 
Commission, or send an empty TiDL 
channel map.
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q See Figure 19.6; w See Figure 19.7

Figure 19.11 SEL TiDL Relay Commissioning

SEL TiDL Relay
SEL-TMU

a. Connect the TiDL relay and 
all SEL-TMU devices according 

your configured mapping.
b. In SEL Grid Configurator, select the 
relay you are commissioning.

c. Select Device to 
expand the list of 
objects under it.

d. Select 
Connections.

f. Enter connection 
details for your desired 
connection type.

g. Select Connect.

h. Verify the dot on 
the device tab is 
green, indicating an 
active connection.  

i. Select Send.

e. Select your desired Connection 
Type from the drop-down box.

SEL Grid Configurator displays a warning message that it will configure the relay 
according to the selected secondary configuration if there is a mismatch between 
the relay’s active nominal secondary configuration and the configuration selected 
in q. See w if you want to modify how the relay is configured.

By default, the All check box is selected. When commissioning a TiDL system, you 
can send settings prior to, during, or after a commissioning.  However, this 
example only sends the channel map.
If SEL Grid displays the nominal secondary mismatch message, consider sending 
SET_G1.TXT and SET_S1.TXT–SET_S6.TXT because they are defaulted on the relay 
following SEL Grid Configurator configuring the relay.

j. Select the TiDL I/O Map (Port 6) and Commission check boxes.
If you only select the TiDL I/O Map (Port 6) check box when sending settings, the 
TiDL relay will decommission.

SEL Grid Configurator now configures the relay current nominal secondaries 
(if needed), sends selected settings, and commissions the TiDL system.

k. Select Ok.
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Following a commissioning attempt, the result is provided, as shown in 
Figure 19.12. For successful attempts, you can generate a commissioning report 
that includes a record of the relay and SEL-TMUs commissioned. For failed 
attempts, SEL Grid Configurator displays error messages that indicate the reason 
why the commissioning attempt failed. In addition to the provided commission-
ing report, following any commissioning attempt, a SER entry is recorded to 
indicate a commissioning attempt and the result (successful, unsuccessful, etc.). 

                    
                    

Figure 19.12 TiDL Commissioning Report

a. Select Commissioning Report to download 
a report in a provided format of your choice.

b. Select the report format 
of your choosing.

c. Select Download.
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TiDL System Troubleshooting

Use the STA T command (see STA T on page 14.61) to view the current opera-
tional status of your TiDL system.

For commissioned SEL-TMUs, the STA T command indicates OK for an 
SEL-TMU device that is communicating and properly commissioned or an error 
if the corresponding SEL-TMU is not communicating with the relay. Check the 
fiber connection between the relay and SEL-TMU. Use the VEC command (see 
VECTOR on page 14.72) to obtain relevant SEL-TMU diagnostics, then contact 
SEL technical support.

Ports that are not mapped according to the configured topology are indicated as 
Not Mapped in the STA T command response.

Replacing SEL-TMUs

Anytime a commissioned SEL-TMU is replaced, each TiDL system that uses the 
SEL-TMU in mapping must be recommissioned by following the process out-
lined in Figure 19.11.

TiDL (EtherCAT)
NOTE: TiDL (EtherCAT) technology is 
no longer offered. It is recommended 
to use TiDL (T-Protocol).

The TiDL (EtherCAT) relays identified in Table 19.1 can receive analog and 
binary inputs from the SEL-2240 Axion. The Axion provides the analog and 
binary data over an IEC 61158 EtherCAT, TiDL network. This technology pro-
vides very low and deterministic latency over point-to-point architecture. Point-
to-point architecture eliminates the need for time synchronization between the 
Axion nodes and the relay. In addition, it eliminates the complex communica-
tions network often associated with DSS and simplifies the programming and 
installation process.

SEL-400 series relays with TiDL can receive as many as eight fiber links from as 
many as eight Axion nodes. Not all nodes have to supply analog data—some can 
supply digital input and output (I/O) only. The firmware will recognize and vali-
date the connected Axion modules and determine if they match a predefined sup-
ported topology. The supported topologies are balanced between copper 
reduction and the number of required Axion nodes. Refer to Section 2: Installa-
tion in the product-specific instruction manuals to review the supported TiDL 
topologies.
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SEL-400 series relays that support TiDL are only available in a 4U chassis. These 
relays support an I/O board on the relay, and, when applicable, main board I/O. 
These I/Os will be mapped to the 100- and 200-level inputs and outputs. Axion 
modules provide additional I/O by using the internal digital Relay Word bits for 
the 300, 400, and 500 levels of the relays. Note that when the relay part number 
supports TiDL, all output settings for I/O are available. Correctly set these out-
puts for what is installed because all output settings will be available but all may 
not be physically installed in your system.

Relay Word bits IO300OK, IO400OK, and IO500OK indicate the status of 
installed I/O boards in standard relays or whether an Axion module is commis-
sioned. These bits can also identify whether a board is installed or when an Axion 
I/O module fails.

                    

                    

Figure 19.13 Sample TiDL System Topology

SEL Relay

SEL Axion

SEL AxionSEL Axion

SEL Axion SEL Axion

IAW
IBW
ICW

VAY
VBY
VCY

IAX
IBX
ICX

1 Phase
(VBZ)

1 Phase
(VAZ)

Line

Substation Yard

Control House

                    

Figure 19.14 Rear Panel of Relays With TiDL
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TiDL applications use the SEL-2240 Axion, which is a fully integrated analog 
and digital I/O control solution suitable for DSS. An Axion node consists of a 10-
slot, 4-slot, or dual 4-slot chassis that is configurable to contain a power module 
and combinations of CT/PT, digital input (DI), or digital output (DO) modules.

                    

Each chassis requires a SEL-2243 Power Coupler (see Figure 19.16). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. See the SEL-2240 Axion Instruction Manual 
for more information.

                    

The SEL-2244-2 Digital Input Module (see Figure 19.17) consists of 24 optoiso-
lated inputs that are not polarity-dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay. For more information on DI mapping, refer to Section 2: 
Installation in the product-specific instruction manuals.

                    

Figure 19.15 Axion Chassis

                    

Figure 19.16 SEL-2243 Power Coupler
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The SEL-2244-5 Fast High-Current Digital Output Module (see Figure 19.18) 
consists of ten fast, high-current output contacts. The TiDL system can map as 
many as 48 DO points to the relay. For more information on DO mapping, refer 
to Section 2: PC Software.

                    

The SEL-2245-42 AC Analog Input Module (see Figure 19.19) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See the supported topologies in Section 2: Installation in the product-spe-
cific instruction manual for more information.

                    

Figure 19.17 SEL-2244-2 Digital Input Module

                    

Figure 19.18 SEL-2244-5 Fast High-Current Digital Output Module
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A simple commissioning process identifies the connected TiDL system and veri-
fies it matches one of the supported relay topologies. Once the commissioning 
process is complete, the topology is stored in memory. At each additional relay 
startup, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes if any CT/PT modules within the node have 
changed.

Secondary injection testing takes place at each Axion node. Test sources are 
required to inject voltages and current to the Axion node to verify correct instal-
lation and mapping. Monitoring of the voltages and currents will remain in the 
control house at the relay location.

TiDL (EtherCAT) Settings
In TiDL (EtherCAT) relays, there are configurable settings that are specific to 
those applications in QuickSet. These settings are needed to help configure 
QuickSet and control attributes such as setting ranges, defaults, and functionality. 
These settings are not part of the actual relay firmware, and therefore are not sent 
to the relay at the time the settings transfer. SECINC is one of these configurable 
settings. SECINC determines the nominal current input for the connected Axion 
units. In the relay, the user issues an ASCII command, CFG CTNOM n, to set 
the relay firmware to the correct nominal current being received from the TiDL 
Axion units. Once the command has been used to set the nominal current value 
from the Axion units, use QuickSet to set SECINC (see Figure 19.20) to that 
same nominal value to adjust all QuickSet setting ranges to the appropriate 
scales.

                    

Figure 19.19 SEL-2245-42 AC Analog Input Module

NOTE: The relay must be configured 
using the CFG CTNOM n command 
before the settings are transferred to 
the relay to avoid erasing the 
transferred settings. The commands 
used to set the nominal current in the 
relay will default all settings after the 
commands are issued. Changing the 
SECINC, CURSTU, or CURWXY 
settings in QuickSet will not change 
the rest of the settings in QuickSet 
back to default but will provide an 
error if any of the current settings are 
now out of range. In addition, when 
the relay is connected to QuickSet, 
the software reads the configuration 
of the relay and appropriately 
updates this setting automatically; 
however, this setting must work 
offline and develop settings when not 
connected to the relay.
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Some relays, such as the SEL-487E, have multiple setting combinations. The 
QuickSet settings for the SEL-487E, CURSTU and CURWXY, are shown in 
Figure 19.21. and are used instead of SECINC. For more information on the set-
tings options, review the CFG CTNOM command operation in Section 2: Instal-
lation of the product-specific instruction manual.

                    

If at the time the relay settings are transferred, the QuickSet settings SECINC, 
CURSTU, or CURWXY do not match the nominal current set in the relay by the 
CFG CTNOM command, the settings transfer is rejected and an error message is 
displayed.

For relays that do not support DSS, the SECINC setting is grayed out in QuickSet 
(see Figure 19.22). Settings CURSTU and CURWXY are also grayed out in the 
SEL-487E.

                    

Figure 19.20 SECINC Setting

                    

Figure 19.21 SEL-487E Nominal Current Selection
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IEC 61850-9-2 Sampled Values (SV)
Some SEL-400 series relays are available with the capability to either publish or 
subscribe to analogs in accordance with the UCA International Users Group’s 
“Implementation Guideline for Digital Interface to Instrument Transformers 
Using IEC 61850-9-2,” The 9-2LE guideline is a subset of IEC 61850-9-2 and 
specifies, among other things, logical devices, data set contents, sampling rates, 
the time-synchronization method, and the message format. The 9-2LE guideline 
clarified ambiguities in the 9-2 standard, improving interoperability between SV 
devices from different manufacturers.

Architecture
9-2LE uses OSI Layer 2 multicast messages on standard Ethernet network archi-
tecture. Merging units such as the SEL-421-7 SV Publisher enabled or the 
SEL-401 Merging Unit sample analog values, convert them to digital signals, and 
then publish them over the Ethernet network. Two key components of SV mes-
sages (besides the current and voltage data) are the destination MAC address and 
the application ID, or APPID. Relays, meters, DFRs, and other devices on the 
network can selectively subscribe to the SV streams they need for their applica-
tion based on these attributes. Because SV streams only carry current and voltage 
measurements, to accommodate digital input and output data or controls, 
IEC 61850 GOOSE must also be configured on the network. This network, 
which carries data essential for the first level of basic substation processes, is 
known as the process bus. Another network commonly associated with IEC 
61850 is known as the station bus, which carries station-level communications 
such as SCADA.

The process bus allows a single merging unit to share its data with multiple 
devices and for a single device to receive data from multiple merging units. To 
align these data, 9-2LE requires time synchronization for all devices. This can 
also be accomplished over either the process bus or the station bus network via 
IEEE 1588 or Precision Time Protocol (PTP). Alternatively, SEL SV devices can 
be synchronized via IRIG-B. Because of the bandwidth requirements and mes-
sage types that can be present on the process bus, optimal SV performance 
requires a well-engineered process bus and station bus network.

                    

Figure 19.22 SECINC Disabled
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Refer to Section 17: IEC 61850 Communication for information on process bus 
and station bus designations for the four-port and five-port Ethernet cards.

Benefits of a 9-2LE SV System
Some of the benefits of a 9-2LE SV system include:

➤ Set the relay as you would conventional SEL-400 series relays 
through use of QuickSet or SEL Grid Configurator and 
ACSELERATOR Architect SEL-5032 Software.

➤ Decrease costs through copper reduction and data sharing.

➤ Increase safety in the substation by removing high-energy cables 
from the control house. This also eliminates the concern of an open 
circuited CT when a relay is removed from service.

SV Publication 
SV Publication Capability

Some SEL-400 series relays are available with the capability for SV publication. 
Enabling SV publication through settings—PORT 5 setting SVTXEN > 0 or via 
Configured IED Description (CID) file—enables the merging unit functionality 
of the device. The SV publication capability of each SEL SV publishing devices 
is identical, so throughout this section, SEL devices with SV publication enabled 
are referred to as SV publishers.

The SV publisher digitizes the data from its voltage and current inputs, records 
its current state of time synchronization, scales these values to primary units by 
using the CT and PT ratio settings, and then transmits these values in accordance 
with the 9-2LE guideline. SEL SV publishers support the “MSVCB01” model of 
the multicast SV control block described in the guideline, which includes a single 
application service data unit (ASDU). The transmission rate is 80 samples per 

                    

Figure 19.23 Example SV Network
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nominal frequency cycle. If the nominal frequency setting of the SV publisher 
NFREQ = 50 Hz or 60 Hz, the SV transmission rate is 4000 or 4800 samples per 
second, respectively.

The SV publisher can publish as many as seven SV streams simultaneously. SV 
publication is independent of the protection elements, so protection functionality 
remains secure even when the SV publisher is publishing the maximum number 
of SV streams.

Because multiple SV streams may be received by a single subscriber, all streams 
usually require time-alignment to a time source with an accuracy of <1 µs. SV 
messages indicate the synchronization state of the SV publisher at the time the 
sample was taken. This value, smpSynch in the SV message, will be 0, 1, or 2, to 
indicate whether the merging unit was synchronized with a global time source 
(2), a local time source (1), or an internal clock (0). If the SV publisher is syn-
chronized with an IEEE 1588 PTP time source that uses the PTP Power Profile 
(C37.238), the smpSynch value is equal to the ID of the grandmaster clock, usu-
ally a value between 5 and 254. The subscriber can also operate in the local time 
mode with a single time source accuracy of >1 s.

Though SV messages do not contain an actual time stamp, they do include a 
value, smpcnt (sample count), that the publisher increments for each message 
that it transmits, which represents the time at which the sample was taken. For 
every SV message that the SV publisher transmits, smpcnt increments until it 
reaches a value of 4799 on a 60 Hz system, or 3999 on a 50 Hz system. At the top 
of the second, smpcnt resets to 0. Smpcnt can be used to calculate the time stamp 
of the message in relation to the most recent top of a second by multiplying it by 
the transmission interval (208.33 µs for a 60 Hz system or 250 µs for a 50 Hz sys-
tem). For example, a message with smpcnt=699 on a 50 Hz system was taken 
699 • 250 µs = 174.75 ms after the top of the second.

SV Publisher Configuration
Architect provides support for the configuration of the SEL SV publisher via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more information, see 
IEC 61850 Configuration on page 17.38.
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Architect includes an ICD file for the SEL-401 and an ICD file for the 
SEL-421-7 SV Publisher. ICD files of both SV publishers contain default SV 
data sets, which contain combinations of the current and voltage terminals avail-
able on the publisher, i.e., W and Y, W and Z, X and Y, or X and Z. You can 
choose to publish any of these preconfigured data sets or create and publish a 
custom data set that conforms to the 9-2LE guideline. This feature is useful if you 
need the SV publisher to send anything other than all phases (A, B, C, and neu-
tral) of a current or voltage terminal in an SV stream.

SV publications may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. You can use PORT 5 settings to quickly configure SV 
streams that do not require much customization. All phases (A, B, C, and neutral) 
of a current or voltage terminal must be mapped to an SV stream, and each 
stream must contain at least one set of voltage or current terminal phase quantities.

SV Publisher Startup 
When initially turned on, the SV publisher ENABLED LED illuminates as soon as 
protection functionality is enabled, typically within 10 seconds, but there can be 
an additional delay of approximately 6 seconds before the initial SV publication 
is transmitted. Once the SV publisher has begun transmitting SV streams, they 
can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV publications stop if the SV publisher is disabled (EN Relay Word bit = False), 
the PORT 5 setting EPORT is set to “N”, or the processor fails. SV publications 
will not resume unless the disabling condition is addressed.

                    

Figure 19.24 Example Architect SV Publication Configuration
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SV Publisher Diagnostics and Testing
Once SV publication is configured and enabled, new commands are available to 
verify configuration, diagnose and troubleshoot SV communications, and aid in 
commissioning and testing: COM SV and TEST SV.

The COM SV command displays information about the SV streams that the unit 
is configured to publish. The data includes the SV destination MAC address, 
Application ID, message name, data set name, VLAN ID, and priority if the SV 
publisher is configured via CID file. If the publisher is configured via PORT 5 set-
tings, the data set name remains blank because it is not used in PORT 5 settings, 
and therefore unavailable. For more information on the COM SV command, see 
Section 9: ASCII Command Reference in the product-specific manual.

The TEST SV command places the SV publisher into TEST SV mode. In this 
mode, it replaces the current and voltage data of all SV configured streams with 
predefined signals for a period of 15 minutes. Also, the SV publisher asserts the 
test bit in the quality attribute of each current and voltage to identify it as test 
data. Note that the SV publisher remains in normal mode, and does not enter 
IEC 61850 Test mode. This does not affect metering or protection functions on 
the SV publisher. The COM SV command indicates whether the SV publisher is 
in TEST SV mode by displaying the information at the top of the response. Refer 
to the TEST SV command description in Section 9: ASCII Command Reference 
in the product-specific manual for more information.

SV Subscriber
SV Subscriber Functionality

SEL SV subscriber relays do not have current or voltage input terminals like con-
ventional relays. SV subscriber relays also do not have internal instrument trans-
formers. Conventional relays are typically ordered from the factory with either 1 A 
or 5 A nominal CTs, which provide the full range of measured values for the cur-
rent input terminals. Before or during installation, SEL SV subscriber relays must 
be configured with the same nominal current value of the merging unit for proper 
operation. The ASCII command CFG CTNOM n, where n is 1 or 5, must be used 
to configure the SV subscriber with the nominal current value of the subscribed 
merging unit. Refer to the Section 9: ASCII Command Reference in the SEL-421-7 
Instruction Manual for more information on the CFG CTNOM command.

                    
                    

Figure 19.25 SEL-421-7 SV Subscriber Relay, 4U Rear Panel

Five-port Ethernet card ordering option depicted.
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SV Subscribers, such as the SEL-421-7 SV Subscriber Relay, must be configured 
to subscribe to 9-2LE-compliant SV streams to enable any protection functions. 
When configured via PORT 5 settings, all phases (A, B, and C) of a current or volt-
age terminal must come from an SV stream, and terminals cannot be mapped 
more than once. When configured using Architect, as many as three streams can 
be summed and mapped to a single terminal. The SEL-421-7 SV Subscriber 
Relay and SEL-451 SV Subscriber Relay can receive as many as four streams 
when configured through PORT 5 settings, and the SEL-487E SV Subscriber 
Relay and SEL-487B SV Subscriber Relay can receive as many as seven streams 
when configured through PORT 5 settings. All SV subscriber relays can receive as 
many as seven streams when configured through use of a CID file. 

Once SV subscriptions are configured and are being received, the SV subscriber 
relay provides a suite of protection functionality. Please refer to the specific prod-
uct instruction manual for a list of available protection functions.

Note that IEC 61850-9-2LE only covers the publication and subscription of ana-
log data. To communicate digital input and output data or controls, IEC 61850 
GOOSE must be configured and optimized on either the process bus or the sta-
tion bus.

SV Subscriber Configuration 
Architect provides support for the configuration of the SEL SV subscriber via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more detailed information, 
see IEC 61850 Configuration on page 17.38.

                    

When configuring the SV subscriber, SV subscriptions are accomplished in the 
same manner as GOOSE subscriptions. Simply drag a published current into an 
appropriate current slot, or a published voltage into a voltage slot in the SV sub-
scriber SV Receive tab. Note that even though a publisher may have a neutral 
current or voltage value in its publication, the SEL subscriber does not have a 
neutral current or voltage slot to map it into. Finally, configure the time reference 
of the subscriber (which selects the device whose smpSynch value all other sub-
scribed messages must match) by selecting the device name from the dropdown 
list labeled Time Reference. See Subscription Reference Stream on page 17.26 

                    

Figure 19.26 Example Architect SV Subscription Configuration
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for more information about the reference stream. Architect also allows as many 
as three received current streams to be summed and mapped to a single relay cur-
rent terminal.

SV subscriptions may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. PORT 5 settings can be used to quickly configure SV 
subscriptions that do not require much customization. All phases (A, B, C) of a 
current or voltage terminal must be mapped to an SV subscription. Please note 
that regardless of the configuration method, you cannot map a current or voltage 
phase value into more than one subscriber slot.

SV Subscriber Startup 
When initially turned on, the SV subscriber ENABLED LED illuminates as soon as 
protection functionality is enabled, which can take as long as 17 seconds but will 
typically be within 10 seconds. Once the SV subscriber has begun accepting SV 
streams, SV processing can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV subscriptions are disabled if the SV subscriber is disabled (EN Relay Word 
bit = False), the PORT 5 setting EPORT is set to “N”, or the processor fails. SV 
subscriptions do not resume unless the disabling condition is addressed. When 
SV subscriptions are disabled, so is the primary means of data acquisition for the 
relay. Take care to recognize when such a condition occurs, generate appropriate 
warnings or alarms, and resolve any issues.

SV Subscriber Diagnostics and Testing
Once SV subscriptions are configured and enabled, new commands are available 
to verify configuration, diagnose and troubleshoot SV communications, and aid 
in commissioning and testing: COM SV and TEST SV. 

The COM SV command displays information about the SV streams to which the 
unit has been configured to subscribe. The data includes the SV destination MAC 
address, Application ID, message name, data set name, VLAN ID, and priority if 
the information is available. If information is not available, the field remains 
blank. The COM SV command also provides statistics for individual subscribed 
SV streams and any error conditions that are currently present or were present 
during the previous 30 seconds. For more information on the COM SV com-
mand, see Section 9: ASCII Command Reference in the product-specific manual.

See Table 14.44 for detailed explanations of the information provided in the 
COM SV command.

If any subscribed SV streams are lost, the SV subscriber can still be able to pro-
vide some subset of metering and protection functionality, depending on what 
data are in the missing stream(s). For example, consider an SV subscriber that 
has two active subscriptions with the first one providing one set of terminal cur-
rents and voltages, and the other providing another set of currents. If the second 
subscription is lost, the SV subscriber can still provide metering data and some 
degree of overcurrent and LOP protection with the data available from the first 
stream. Refer to the product-specific instruction manual for available protection 
features.



19.30

SEL-400 Series Relays Instruction Manual Date Code 20230830

Digital Secondary Systems
IEC 61850-9-2 Sampled Values (SV)

The TEST SV command places the SV subscriber into SEL’s TEST SV mode. In 
this mode, it accepts any subscribed messages with or without the test bit of the 
quality attribute set. The data that the SV subscriber receives while in TEST SV 
mode are processed as valid data, so take care to ensure that outputs are blocked 
to prevent any undesired operations. The MET command reflects the received 
data as actual data, even with the test bit asserted. The COM SV command indi-
cates whether the SV subscriber is in TEST SV mode by displaying the informa-
tion at the top of the response. Refer to the TEST SV command description in 
Section 9: ASCII Command Reference of the product-specific manual for more 
information.

The health of the incoming SV subscription data channels can be monitored with 
the SV subscription Relay Word bits SVSALM, SVSmmOK, and SVCC, and the 
SVNDmm (where mm is the SV stream number 01–07) analog quantities. The 
SVSmmOK Relay Word bits are asserted when subscription mm is configured 
and data conforming with the 9-2LE guideline is being actively received from it. 
The SVCC (SV coupled clocks mode) Relay Word bit is asserted when the SV 
subscriber is synchronized with the same smpSynch value as the subscription ref-
erence stream. The SVNDmm analog quantities indicate the measured channel 
delay of each subscription and are compared with the PORT 5 CH_DLY setting to 
generate an alarm condition as described in the following.

The SVSALM Relay Word bit is a general purpose alarm that will assert for the 
following conditions:

➤ The SV subscriber has lost sync with the device providing its 
reference stream

➤ One or more subscribed SV streams network delays exceed the 
CH_DLY setting

➤ One or more subscribed SV streams are no longer being received 
(lost)

➤ One or more subscribed SV streams have a subscription status 
SVSmmOK bit that is not set. 

The SV subscriber also provides analog channel status Relay Word bits, which 
are useful for supervising protection based on the state of SV communications for 
each current and voltage channel. These bits include nnnOK and nnnBK bits, 
where nnn is the product-specific current or voltage channel that can potentially 
be mapped to data from an incoming SV stream, for example, IAW, IBW, ICW, 
VAY, VBY, VCY, etc. in the SEL-421-7 SV Subscriber Relay. The nnnOK bits 
asserts for all data channels that are mapped to a subscribed SV stream and have 
data actively being received from it. The nnnBK bits are the inverse of the 
nnnOK bits.

See Section 5: Protection Functions of the product-specific manual for more 
information on SV status logic.

NOTE: TEST SV is an SEL proprietary 
mode. For the IEC 61850-compliant 
modes, see IEC 61850 Simulation 
Mode on page 17.30 and IEC 61850 
Mode/Behavior on page 17.30.
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Introduction and Specifications

Overview
The SEL-710-5 Motor Protection Relay is designed to protect three-phase 
motors. The basic relay provides locked rotor, overload, unbalance, and short 
circuit protection. Voltage-based and RTD-based protection are available as 
options. All relay models provide monitoring functions.

This manual contains the information needed to install, set, test, operate, and 
maintain any SEL-710-5. You need not review the entire manual to perform 
specific tasks. 

Features
The SEL-710-5 protection and control features depend on the model selected. 
The models are configured with current/voltage input cards on Slot Z and 
specific option cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with the number 8 in the 
SEL-710-5 Model Options Table (MOT, see Models on page 1.4). For 
example, 81 in the MOT for Slot Z indicates a SELECT 4 ACI/3 AVI card with 
three-phase ac current inputs (1 A nominal), neutral ac current input (1 A 
nominal), and three-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with the number 7 in the 
SEL-710-5 Model Options Table (MOT). For example, 74 in the MOT for 
Slot E indicates a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash detection 
channels and 3 differential current channels.

Table 1.1 shows the different applications for which the SEL 710-5 can be 
used. Current inputs are 1 A, 5 A, or 2.5 mA (neutral only) nominal rating and 
voltage inputs are 300 V continuous rating.

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 1 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs

07105xxxxxxx Induction Motor Protection All Models All Models None (0X) NA

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels 
and Differential Protection

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

IA, IB, IC, IN, 
VA, VB, VC, N

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, 
AF4, IA87, IB87, 
IC87, COM
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Standard Protection 
Features

➤ Thermal Overload (Thermal Model) (49)

➤ Undercurrent (Load Loss) (37)

➤ Current Balance and Phase Loss (46)

➤ Overcurrent (Load Jam)

➤ Short Circuit (50P)

➤ Ground Fault—Residual Overcurrent (50G)

➤ Ground Fault—Neutral Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Incipient Cable Fault (50INC)

➤ Loss of Field (40)

➤ Out of Step (78)

➤ Phase Reversal (47) (current based)

➤ Induction Motor Starting/Running

➢ Start Motor Timer

➢ Notching or Jogging Device (66)

➢ TCU (Thermal Capacity Utilization) Start Inhibit

➢ Anti-Backspin Timer

➢ Emergency Start

➢ Two-Speed Protection

➢ Reduced Voltage Starting (19)

➢ Stall–Speed Switch (14)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Underpower (37)

➢ Reactive Power

➢ Phase Reversal (47)

➢ Power Factor (55)

➤ Frequency (81)

➤ Breaker/Contactor Failure Protection

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, 
AF4, AF5, AF6, 
AF7, AF8

07105xxx75xx Synchronous Motor 
Protection With 
Differential Protection

SYNCH/3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, 
IEX+, IEX–, IA87, 
IB87, IC87, COM

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 2 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs
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➤ VFD Motor Protection

➤ Broken Rotor Bar Detection Element (BBDE)

➤ Vibration Monitoring

Optional Protection 
and Control Features

➤ Synchronous Motor Protection and Control 

➢ Starting Control

➢ Power Factor/Reactive Power Regulator

➢ Loss of Synchronism (pull-out)

➢ Field Resistance, Voltage, and Current Elements

➤ Arc-Flash Protection 

➢ 4 Arc-Flash Detection Inputs

➢ 8 Arc-Flash Detection Inputs

➤ Differential Overcurrent (87M)

➤ PTC Overtemperature (Positive Temperature Coefficient 
Switching Thermistor) (49) 

➤ RTD-Based Protection: As many as ten (10) RTDs can be 
monitored when an internal RTD card is used, or as many as 
twelve (12) when an external SEL-2600 RTD Module with the 
ST option is used. There are separate Trip and Warn settings for 
each RTD.

Front-Panel Options The SEL-710-5 offers two front-panel HMI layouts that are model and option 
dependent. Table 1.2 lists the HMI options for the SEL-710-5 front panel. For 
ordering options, refer to the SEL-710-5 MOT.

 

Monitoring Features ➤ Event Summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event Reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Motor operating statistics since the last reset:

➢ Running and stopped times

➢ Number of starts and emergency starts

➢ Average and peak metering values during start and run 
periods

Table 1.2 SEL-710-5 Front-Panel Options

Model/Display Description
Front-Panel Option 
(MOT String Digit 

Number 18)

Number of 
Pushbuttons

LED Type
IRIG or PTC 

Option

SEL-710-5 With Two-Line Display
(2 x 16 characters)

0 8 Tricolor IRIG

SEL-710-5 With Two-Line Display
(2 x 16 characters)

1 8 Tricolor PTC

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

A 8 Tricolor IRIG

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

B 8 Tricolor PTC
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➢ Load profiling

➢ Number of various alarms and trips

➤ Motor Start Reports, for as long as 240 seconds, for each of the 
last 30 starts

➤ Motor Start Trend data for the past eighteen 30-day intervals

➤ A complete suite of accurate metering functions

➤ Broken rotor bar detection reports

➤ Breaker Health

➤ Vibration Monitoring

➤ 97FM elements for frequency components detection

➤ Motor monitoring using Fourier Transform and Compressed 
Meter commands.

Communications and 
Control Features

➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet port(s), and fiber-optic rear-panel EIA-232 port

➤ Built-in web server

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, Simple Network Time 
Protocol (SNTP), IEEE-1588-2008 firmware-based Precision 
Time Protocol (PTP), MIRRORED BITS, IEC 61850 Edition 2, 
IEC 60870-5-103, EtherNet/IP, DeviceNet, Parallel 
Redundancy Protocol (PRP), and Rapid Spanning Tree 
Protocol (RSTP)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare

Language Support ➤ The standard relay front-panel overlay is in English; a Spanish 
overlay is available as an ordering option. Text displayed on the 
HMI display will correspond to the ENGLISH or SPANISH 
ordering option.

➤ All of the ASCII command responses can be displayed in 
English or Spanish. When you set the port setting LANG to 
either ENGLISH or SPANISH (see Table 4.93), the SEL-710-5 
ASCII commands display in the corresponding language.

➤ Web server reports can be displayed in English or Spanish by 
setting the Ethernet Port 1 setting LANG to either ENGLISH or 
SPANISH. 

Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. See 

the latest Model Option Table for the SEL-710-5 with the two-line display and 
the SEL-710-5 with the touchscreen display at selinc.com on the SEL-710-5 

https://selinc.com/products/?configurable.yes
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product page under Documentation > Ordering Information. Options and 
accessories are as follows:

SEL-710-5 Base Unit ➤ Front panel with two-line display or with touchscreen display

➢ Eight programmable pushbuttons, each with two 
tricolor LEDs

➢ Eight target tricolor LEDs (six programmable)

➢ Operator control interface

➢ Front EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)—EIA-232 serial 
port, Multimode (ST) fiber-optic serial port, and IRIG-B time 
code input or PTC Input

➤ Three expansion slots for optional cards (Slots C, D, and E)

➤ Current/Voltage Inputs Card (Slots Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII, SEL Fast Meter, 
Fast Operate, Fast SER

➢ SEL Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS Communications

➤ Breaker Wear Monitoring

➤ Broken Rotor Bar Detection Element (BBDE)

Options ➤ Slot E Options: 

➢ 4 Arc Flash/Differential Inputs 

➢ Synchronous Motor/Differential Inputs

➢ 8 Arc Flash Inputs 

➤ Input/Output (I/O) Options: 

➢ Additional digital I/O (4 DI/4 DO, 4 DI/3 DO, 8 DI, 
8 DO, 3 DI/4 DO/1 AO, 14 DI)

➢ Additional analog I/O (4 AI/4 AO, 8 AI)

➢ 10 RTD inputs

➤ Front-panel HMI options (see Table 1.2)

➤ Communications Options (Protocols/Ports):

➢ EIA-485/EIA-232/Ethernet ports

➢ Multimode (ST) fiber-optic serial port

➢ Modbus RTU, Modbus TCP/IP protocol

➢ DNP3 serial and LAN/WAN

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)
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➢ IEC 61850 Edition 2

➢ IEC 60870-5-103

➢ SNTP

➢ PTP (firmware-based)

➢ EtherNet/IP

➢ PRP

➢ RSTP

➤ Choice of IRIG-B time-code input or PTC (thermistor) input

➤ Language Options

➢ The relay supports English or Spanish language as an 
ordering option

➤ Conformal coating for chemically harsh and/or high-moisture 
environments

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ Synchronous Motor Voltage Divider Module 
(P/N  915900294)

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ External RTD protection:

➢ SEL-2600 RTD Modules (ST option only)

➢ A simplex 62.5/200 µm fiber-optic cable with an ST 
connector for connecting the external RTD module to 
the SEL-710-5

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible 
ST fiber-optic port) for connection to relay fiber-optic serial 
Port 2, or use SEL-2505 with EIA-232 (DB-9) serial port to 
connect to EIA-232 Port 3 on the relay

➤ SEL-710-5 Configurable Labels

➤ Rack-Mounting Kits:

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Euro Connector Kit

➤ Ring Terminal Kit for all connections to the relay

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-710-5 mounting accessories for competitor products, including 
adapter plates, visit selinc.com/app/mounting-selector/.

https://selinc.com/applications/mountingselector/
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Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ With or without zero-sequence core-balance current 
transformer

➤ With or without external RTD module

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motors

➤ VFD motor application

➤ Synchronous motor application

➤ With or without arc-flash protection

Figure 1.1 shows across-the-line starting ac connections. Refer to Section 2: 
Installation for additional applications and the related connection diagrams.

Figure 1.1 AC Connections—Across-the-Line Starting

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 
chassis must be grounded in the relay cabinet.

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01
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Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-710-5 effectively. This section presents the fundamental knowledge 
you need to operate the SEL-710-5, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-710-5 with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.22.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

Establishing 
Communication

The SEL-710-5 has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL-C234A cable (or 
equivalent) to connect the SEL-710-5 to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC to the SEL-710-5 with the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.3. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You see the = prompt at the left side of the computer screen. 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.3.
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Step 6. Type QUIT <Enter> to view the relay report header.

The relay should respond as shown in Figure 1.2. If you see 
jumbled characters, change the terminal emulation type in the 
PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.16 for factory-default passwords) to go to Access 
Level 1.

Checking the 
Relay Status

Use the STA command to view the SEL-710-5 operational status. The status 
report includes the analog channel dc offset and monitored component status, 
as shown in Figure 1.3.

If a communications card with Modbus RTU protocol is present, the status 
report depicted in Figure 1.3 applies. If a communications card with the 
DeviceNet protocol is present, the DeviceNet status will be included, as 
shown in Figure 1.4. 

Table 1.3 SEL-710-5 Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
SEL-710-5              Date: 05/17/2013  Time: 10:22:14.348
MOTOR RELAY Time Source: Internal
=

Figure 1.2 Response Header

=>>STA <Enter>

SEL-710-5                                Date: 07/08/2016   Time: 18:12:11.105
SYNCHRONOUS MTR                          Time Source: External

Serial Num = 1120340538     FID = SEL-710-5-X143-V0-Z002001-D20160630
CID = 3FA3                  PART NUM = 071050E1B6X9X7586063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.80   2.49   3.32   3.76    4.95   -1.25   -5.05   3.04

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  12    10    10    10    -9    -8    -7    -5    -4    -4    -3

  Relay Enabled 

=>>

Figure 1.3 STA Command Response—No Communications Card or EIA-232/
EIA-485 Communications Card
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Table 7.57 provides the definition of each status report designator and 
Table 11.8 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification string (FID), and checksum string (CID). These strings 
uniquely identify the relay and the version of the operating firmware.

Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-710-5. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay replies:

5/29/2013 

If the DATE_F setting is YMD, the relay replies:

2013/5/29

If the DATE_F setting is DMY, the relay replies:

29/5/2013

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2013 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/13

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

=>>STA <Enter>

SEL-710-5                                Date: 05/14/2000   Time: 14:35:45.595
MOTOR RELAY                              Time Source: Internal

Serial Num = 000000000000000
FID = SEL-710-5-X051-V0-Z001001-D20130506               CID = 1368
PART NUM = 071050E1BA30X7585063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.21

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.81   2.50   3.36   3.75    4.99   -1.24   -4.96   3.00

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA      DN_RATE   DN_STATUS
  1          1a25 df42h  125kbps   0000 0001

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  11    14    13    13    -1    -1    0     -8    -10   -7    $$$

  Relay Enabled

=>>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-710-5. The relay 
replies with the stored time in 24-hour format. For example:

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, or semicolons.
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Specifications
U.Instruction Manual

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)
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Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms

Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)
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Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km

Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)
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Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13
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EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle
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Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: Off, 0.01–650.00 A primary; 
0.01 A rms increment

2.5 mA models: Off, 0.01–25.00 A primary; 
0.01 A rms increment

Accuracy:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)

Time Delay: 0.0–5.0 s, 0.01 s increment

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup
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Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C
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RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM

IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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Overview
The first steps in applying the SEL-710-5 Motor Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. Carefully plan relay placement, 
cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-710-5. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-710-5 product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Physical Location The SEL-710-5 is EN 61010-1 certified at Installation/Overvoltage 

Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-710-5 is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.15.) 
For EN 61010-1 certification, the SEL-710-5 rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations Class I, 
Division 2, Groups A, B, C, and D, and temperature class T3C with a maximum 
surrounding air temperature of 50°C.
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Relay Mounting To flush mount the SEL-710-5 in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel. The relay is rated 
IP65 when the two-line display model is enclosed in a panel and rated IP54 
when the touchscreen display model is enclosed in a panel. 

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Models, Options, and Accessories on page 1.4 for information on 
mounting accessories.

I/O Configuration
Your SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, arc-flash 
detectors, and voltage/current cards are available for the SEL-710-5. 
Figure 2.2 shows the slot allocations for the cards.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply and C, D, or E slots with 24–48 Vdc/
Vac digital input options. Relays manufactured after May 18, 2022 will be 
provided with orange Euro connector for low-voltage power supply and digital 
inputs. Refer Figure 2.13 and Figure 2.15 for orange Euro connector 
examples.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

5.47
(139.0)

7.36
(187.0)

5.80
(147.4)

5.67
(144.0)

7.56
(192.0)

1.12
(28.5)

i9089b



2.3

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
I/O Configuration

Figure 2.2 Slot Allocations for Different Cards

Rear-Panel Slot

A B C D E Z

Software Reference
1 3 4 5

(e.g., OUT101) (e.g., IN301) (e.g., OUT401) (e.g., AI501)

Description
Power supply 
and I/O carda 

CPU/comm. 
cardb 

Comm. or input/
outputc card

Input/outputc 
or RTD card

Input/outputc or 
current/voltage card

Current/voltage 
card

Card Type

SELECT EIA-232/485 

SELECT DeviceNet 

SELECT 3 DI/4 DO/1 AO (one card per relay)   

SELECT 4 DI/4 DO   

SELECT 4 DI/3 DO (2 Form C, 1 Form B)   

SELECT 8 DO   

SELECT 8 DI   

SELECT 8 AI   

SELECT 14 DId   

SELECT 4 AI/4 AO (one card per relay)   

SELECT 10 RTD 

SELECT 4 AFDI/3 DIFF ACI (MOT…x74…) 

SELECT SYNCH/3 DIFF ACI (MOT…x75…) 

SELECT 8 AFDI (MOT…x76…) 

SELECT 4 ACI/3 AVI (MOT.…x81/82/83/85/86/87x…) 

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports. The IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1). IRIG-B is also supported via fiber-optic serial port 
(Port 2) and rear-panel EIA-232 serial port (Port 3). You can use only one input at a time.

c Digital or analog.
d Requires R200 or higher firmware revision.

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O or Arc Flash or ACI/AVI 
Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot Z)
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Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-710-5 relay. It has two digital 
inputs and three digital outputs (two normally open Form-A contact outputs 
and one Form-C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the base-
unit options shown in Table 2.2.

Port F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

Table 2.1 Power Supply Inputs (PSIO/2 DI/3 DO) Card Terminal Designations

Side-Panel
Connections Label

Terminal 
Number Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T 
Ethernet copper port or 100BASE-FX 
Ethernet fiber-optic port

2 Rear Panel Standard Isolated multimode fiber-optic port with 
ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or EIA-485 
serial port
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Port 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ Simple Network Time Protocol (SNTP)

➤ Parallel Redundancy Protocol (PRP)

➤ EtherNet/IP

➤ Precision Time Protocol (PTP)

➤ IEC 61850

➤ FTP

➤ Telnet

Port 2 and Port 3 support the following protocols:

➤ Modbus RTU Slave

➤ DNP3 Level 2 Outstation

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ IEC 60870-5-103

Communications Card 
(Slot C)

Either the DeviceNet (see Appendix I: DeviceNet Communications) or the 
EIA-232/EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ Port 4A, an isolated EIA-485 serial port interface

➤ Port 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Select either EIA-232 or EIA-485 functionality using the Port 4 Setting 
COMM Interface. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

NOTE: After any change, be sure to 
thoroughly test the settings.
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➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ DNP3 Level 2 Outstation

➤ IEC 60870-5-103

Current/Voltage Card 
(4 ACI/3 AVI)

MOT…x81x… (1 A phase, 1 A neutral CTs); …x85x… (5 A phase, 5 A neutral 
CTs); …x82x… (1 A phase, 5 A neutral CTs); …x86x… (5 A phase, 
1 A neutral CTs); …x83x… (1 A phase, 2.5 mA neutral CTs); or …x87x… 
(5 A phase, 2.5 mA neutral CTs). Supported in Slot Z of the SEL-710-5 relay, 
this card has current inputs for three-phase CTs, neutral current CTs, and 
voltage inputs for three-phase (wye or delta) PTs. You can order one of three 
neutral CT ratings, 1 A, 5 A, or 2.5 mA (high sensitivity).

Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number Description

Z01

Z02

IA, A-phase current input

Z03

Z04

IB, B-phase current input

Z05

Z06

IC, C-phase current input

Z07

Z08

IN, Neutral current input

Z09

Z10

Z11

Z12

VA, A-phase voltage input

VB, B-phase voltage input

VC, C-phase voltage input

N, common connection for VA, VB, VC

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

WARNING
Voltage measurement circuits have 
high input impedance and will 
respond to stray signals when left 
open (disconnected). Always isolate 
the relay control circuit before 
opening the voltage input test 
switches or performing work on the 
voltage circuit. Z03

Z04
IB

Z05

Z06
IC

Z07

Z08
IN

Z02
IA

Z01

ACI

AVI

Z09

Z 1 1

WYE

VA VA

VB VB
(COM)

VC VC

Z12 N COM

OPEN
DELTA

Z10
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Four Arc-Flash 
Detection Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(4 AFDI/3 DIFF ACI)

MOT…x74x… Supported only in Slot E of the SEL-710-5, this card has four 
arc-flash fiber-optic transmit and receive inputs (AF1–AF4) and three 
differential current inputs (IA87, IB87, and IC87). Table 2.5 shows the 
terminal designation.

Three Synchronous 
Motor Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(SYNCH/3 DIFF ACI) 

MOT…x75x… Supported only in Slot E of the SEL-710-5, this card has three 
synchronous motor inputs (VDR, VEX, and IEX) and three differential 
current inputs (IA87, IB87, and IC87). IEX can use either (0–10 V) voltage or 
(4–20 mA) current input based on the position of the DCCT switch. Table 2.6 
shows the terminal designation.

Table 2.5 Four Arc-Flash Detection Inputs and Three AC Current Inputs 
(4 AFDI/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 IA87, A-phase differential current input

E06 IB87, B-phase differential current input

E07 IC87, C-phase differential current input

E08 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

05

06

I A87

COM

I C87

I B87

07

08

0 1

TX RX

02

03

04

AF 1

AF2

AF3

AF4

Table 2.6 Three Synchronous Motor Inputs and Three AC Current Inputs 
(SYNCH/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 VDR+, Field Discharge Resistor Voltage 
(Positive)

E02 VDR-,Field Discharge Resistor Voltage 
(Negative)

E03 VEX+, Exciter Voltage (Positive)

E04 VEX-, Exciter Voltage (Negative)

E05 IEX+, Exciter Current (Positive)

E06 IEX-, Exciter Current (Negative)

IEX DCCT Type Selection Switch

E07 IA87, A-phase differential current input

E08 IB87, B-phase differential current input

E09 IC87, C-phase differential current input

E10 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

C O M

07

08

09

1 0

VDR +

VDR –

VEX +

VEX –

01

02

03

04

05

06

EX +

EX  –

A 8 7

B 8 7

C 8 7

EX DCCT  TYPE

0-10V 4-20mA

AV

AC
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Eight Arc-Flash 
Detection Inputs 
(8 AFDI)

MOT…x76x… Supported only in Slot E of the SEL-710-5, this card has eight 
arc-flash fiber-optic transmit and receive inputs (AF1–AF8). Table 2.7 shows 
the terminal designations.

Analog Inputs Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.8 shows the terminal designation.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal 
Designations

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 AF5 Channel TX and RX Inputs

E06 AF6 Channel TX and RX Inputs

E07 AF7 Channel TX and RX Inputs

E08 AF8 Channel TX and RX Inputs

TX RX

0 1

02

03

04

AF 1

AF2

AF3

AF4

05 AF5

06 AF6

07 AF7

08 AF8

Table 2.8 Eight Analog Inputs (8 AI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

NOTE: Connection lengths less than 
10 meters for analog inputs and 
outputs meet the requirements of IEC 
60255-26 and IEC 60255-27.
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I/O Card (4 AI/4 AO) Supported in only one of the nonbase unit slots (Slot C through Slot E), this 
card has four analog inputs and four analog outputs. Table 2.9 shows the 
terminal designation.

I/O Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs (normally open contact outputs), and one analog 
output. Table 2.10 shows the terminal designation.

NOTE: The analog output is self-
powered and has an isolated power 
supply.

Table 2.9 Four Analog Inputs/Four Analog Outputs (4 AI/4 AO) Card 
Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog outputs (4 AI/4 AO, 
3 DI/4 DO/1 AO) are isolated (dielectric 
level up to 1.0 kVac) from each other 
and from the chassis ground.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

Table 2.10 Three Digital Inputs/Four Digital Outputs/One Analog Output 
(3 DI/4 DO/1 AO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 3-wire RTD inputs. Table 2.11 
shows the terminal designation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form B digital output (normally closed), and two Form C 
digital output contacts. Table 2.12 shows the terminal designation.

Table 2.11 RTD Inputs (10 RTD) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

•

•

•

•

•

•

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: Use passive resistors to 
simulate temperatures. Note that 
using RTD simulators to test RTD 
inputs can damage the relay.

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

NOTE: All Comp/Shield terminals are 
internally connected to the relay 
chassis and ground. 

Table 2.12 Four Digital Inputs/Three Digital Outputs (4 DI/3 DO) 
Card Terminal Designation 

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1
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I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are normally open contact 
outputs or all fast hybrid outputs (high-speed, high-current interrupting). 
Table 2.13 shows the terminal designation.

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.14 shows the terminal designation.

Table 2.13 Four Digital Input/Four Digital Output (4 DI/4 DO) 
Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

Table 2.14 Eight Digital Input (8 DI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element

INPUTS:

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1
IN_0 1

IN_02

IN_03

IN_04

IN_05

IN_06

IN_07

IN_08
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I/O Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital outputs. Table 2.15 shows the terminal designation.

The 8 DO card, shown in Table 2.15, has all 8 Form A contacts. Refer to the 
SEL-710-5 Model Option Table for all the variants available (8A, 8B, 4A/4B, 
2A/6B, 6A/2B).

I/O Card (14 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.15 Eight Digital Output (8 DO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC 
control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC 
control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC 
control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC 
control equation

09, 10 OUTx05, driven by OUTx05 SELOGIC 
control equation

11, 12 OUTx06, driven by OUTx06 SELOGIC 
control equation

13, 14 OUTx07, driven by OUTx07 SELOGIC 
control equation

15, 16 OUTx08, driven by OUTx08 SELOGIC 
control equation

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel 
Connections Label

Terminal 
Number

Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01 

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

INx01, drives INx01 element

INx02, drives INx02 element

INx03, drives INx03 element

INx04, drives INx04 element

INx05, drives INx05 element

INx06, drives INx06 element

INx07, drives INx07 element

COM

INx08, drives INx08 element

INx09, drives INx09 element

INx10, drives INx10 element

INx11, drives INx11 element

INx12, drives INx12 element

INx13, drives INx13 element

INx14, drives INx14 element

COM
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Card Configuration 
Procedure

Changing card positions, or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to use the SET command to program the 
I/O settings).

The SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
The SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-710-5 in Slots C, D, 
and E. Optional communications cards are available only for Slot C; an RTD 
card is available only for Slot D; and synchronous motor inputs, current, and 
arc flash cards are available only on Slot E. Figure 2.2 shows the slot 
allocations for the cards.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations that provide options for an array of applications. Choose 
the combination of option cards most suited for your application.

Swapping Optional I/O Cards
When an I/O card is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 
OUT401–OUT404 are available. If OUT401 = IN101 AND 50P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-710-5 can be upgraded by adding as many as three cards.

Installation
Perform the following procedure to install or replace any one of the cards into 
Slots C, D, E, or Z of the base unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and A02–
and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material the may remain inside the SEL-710-5 case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

DANGER
Disconnect or de-energize all 
external connections before 
opening this device. Contact with 
hazardous voltages and currents 
inside this device can cause 
electrical shock resulting in injury 
or death.

NOTE: To replace the 
communications card in Slot C with 
a standard I/O card, remove the 
white, stick-on label on the back 
plate to see the correct slots for 
the selected I/O card.
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If you have a two-line display front panel, perform Step 11 
through Step 19; if you have a touchscreen display front panel, 
proceed to Step 20. 

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted in the wrong slot. Begin again at 
Step 2.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:

STATUS

Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:

Serial Num

000000000000000000000000

Step 16. Press the ENT pushbutton.

The front panel displays the following:

Confirm Hardware

Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:

Accept New Config?

No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:

Config Accepted.

Enter to Reboot

Step 19. Press ENT and proceed to Step 22.
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Step 20. Wait for the Device Status screen to appear, and then verify the 
new part number and tap Yes to confirm the new configuration.

Step 21. Tap OK on the notification screen to reboot the relay.

Step 22. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED is turned on to indicate the card was installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the digits shown below. These digits remain unchanged, 
i.e., these digits retain the same character as before the 
reconfiguration. A communications card (DeviceNet or 
EIA-232/485) installed in Slot C will be reflected as an empty 
slot in the part number. A regular 4 DI/4 DO card and a hybrid 
4 DI/4 DO card have the same device ID. When interchanging 
these two cards, the part number for the respective slots should 
be updated manually. Use the STATUS command to view the 
part number.

Step 23. Update the side-panel drawing with the drawing sticker 
provided in the option card kit. If necessary, replace the rear 
panel with the one applicable for the card and attach the 
terminal marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial number 
label with the updated part number.

Step 24. Reconnect all connection plugs and add any additional wiring/
connectors required by the new option card.

Slot B CPU Card Replacement
Before replacing the Slot B card, do the following:

 1. Ensure that the card has the latest firmware from the factory.

 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

 3. Save all the settings and event reports before replacing the card.

 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option on page B.19.

071050E1B5X1X7586000X

NOTE: If adding a SELECT 
SYNCH/3 DIFF card, perform R_S 
from Access Level C after accepting 
the configuration and rebooting the 
relay.
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Perform the following steps to replace the existing CPU card with a new card:

Step 1. Turn off the power to the relay.

Step 2. Use ground strap between yourself and relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the card from its slot and insert the new card.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via the terminal emulation 
software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the relay serial number and part number to the 
appropriate values, type END, and then save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial and part 
numbers of your relay are correct.

Slot A Power Supply Card
If you are replacing a power supply card, change the part number accordingly, 
using the PARTNO command from Access Level C. Install new side stickers 
on the relay.

Analog Input (AI) 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in Position 1–2; for a voltage channel, insert Jumper x in Position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Voltage/Current 
Jumper Selection

Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and 
10. For a voltage analog output selection, insert a jumper between Pins 3 and 
4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: There is no jumper between 
pins 5 and 6 for a voltage analog 
output selection.

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self-powered and has an 
isolated power supply.

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
(Start/Stop Control), 
and SELBOOT Jumper 
Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password Jumper, Breaker Jumper (Start/Stop Control), 
and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-710-5 experiences 
an internal failure, communication with the relay can be compromised. 
Forcing the relay to SELBOOT provides you with a way to download new 
firmware. To force the relay to SELBOOT, place the jumper in Position C, as 
shown in Figure 2.7 (SELBOOT forced). After the relay is forced to SELBOOT, 
you can only communicate with it via the front-panel port.

To gain access to Level, Level 2, and Level C command levels without 
passwords, place the jumper in Position A, as shown in Figure 2.7 (Password 
Bypassed). Note that you can only access command levels without passwords 
to the access level set for the MAXACC setting for the port through which you 
are communicating. Although you gain access to Level 2 and Level C without 
a password, the alarm contact still closes momentarily when accessing Level 2 
and Level C. See Table 2.17 for the functions of the three sets of pins and their 
jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B On (start/stop enabled) Enable breaker (start/stop 
control)a

a Enable/disable serial port, front panel, and Fast Operate commands for breaker control.
The jumper position affects the breaker control by using the STR or STO commands and 
output contact control by using the PULSE command via the serial port, the front-panel 
menu-driven user interface, or the communications protocols. The jumper position does not 
affect the operation of the local bits, the remote bits, or the front-panel programmable 
pushbuttons.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT

Forced

Remote Breaker Control
(Start/Stop)
Allowed

JMP1

A B C

JMP1

A B C
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Relay Connections
Side-Panel and 
Rear-Panel Diagrams

The physical layout of the connectors on the side-panel and rear-panel 
diagrams of three sample configurations of the SEL-710-5 are shown in 
Figure 2.8 through Figure 2.12.

Figure 2.8 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO and Synchronous 
Motor/Differential Option (Relay MOT: 071050E1AA3CA75850830)

Figure 2.9 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, 
Fast Hybrid 4 DI/4 DO and 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A6XCA74851300)

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.10 No Ethernet, Fiber-Optic Serial, EIA-232 Communications, IRIG-B, 8 DO, Fast Hybrid 4 DI/4 DO, 
8 Arc-Flash Option (Relay MOT: 071050E1A2ACA73850000)

Figure 2.11 Copper Ethernet, Fiber-Optic Serial, EIA-485 Serial Communications, IRIG-B, 8 DI, Fast Hybrid 4 DI/
4 DO, 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A3ACA74850300)

i6300a

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.12 Dual Copper Ethernet, Fiber-Optic Serial, EIA-232 Serial Communications, IRIG-B, 14 DI, 10 RTD and 
Synchronous Motor Differential Option (Relay MOT: 071050S1A4A9X7585A670)

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.13 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply options. Figure 2.13 shows the orange 
Euro connector with 24–48 Vdc power supply rating.

Figure 2.13 Slot A Euro Connector

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-710-5; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V maximum.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.49 for details. Be sure to use fuses that comply with 
IEC 60127-2.

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage 
can result if you do not use proper 
ESD procedures. Ground yourself, 
your work surface, and this 
equipment before removing any 
cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL 
about returning this device and 
related SEL equipment for service.
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Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1  mm2) to 18 AWG (0.8  mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

The relay IN input can be connected to the ground CT, as shown in 
Figure 2.24. Connecting the IN input residually requires you to select a 
relatively high overcurrent element pickup setting to avoid tripping due to 
false residual current caused by CT saturation during high starting current. 
The IN connection shown in Figure 2.24 is preferred and provides for a lower 
ratio flux-balance CT that avoids saturation and provides greater ground fault 
sensitivity.

When you use a ground CT, its placement is critical and depends on the type 
of cable used to connect the motor to the source. As Figure 2.14 shows, using 
unshielded cable requires that the CT be placed between the neutral 
connection to ground and the motor, with the neutral lead included in the CT 
window. With shielded cable, the shield connection to ground must pass 
through the CT window.

Figure 2.14 Ground CT Placement

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial Port 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the Port 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size 26 AWG through 
14 AWG. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

Load

A

B

C

N

Source

Load

A

B

C

Source

Shielded Cable

Shields Connected

to Ground on Load Side 

Unshielded Cable
x:1 or x:5 Window CT

Neutral Connected to 

Ground on Source Side Only

x:1 or x:5 Window CT

Stress

Cone Shields
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-710-5 accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but you should use only one at a time. You can use IRIG-B (B01 and 
B02) inputs, an SEL communications processor via EIA-232 serial Port 3, or 
fiber-optic serial Port 2. The available communications processors are the 
SEL-2032, SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. You 
can also use the SEL-3530 Real-Time Automation Controller (RTAC) to 
provide IRIG-B input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have 
the terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or 
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a 
fiber-optic cable pair with ST connectors (C805, C807, C808) to connect to 
Port 2 on the SEL-710-5. Refer to Section 7: Communications for details on 
IRIG-B connections examples and on SEL-2401/2407/2404 for time source.

Ethernet Port
The SEL-710-5 can be ordered with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to Port 1 of the device using a standard 
RJ45 connector for the copper port and an LC connector for the fiber-optic port.

Fiber-Optic Serial Port
The fiber-optic serial port is compatible with the SEL-2812 (with IRIG-B), the 
SEL-2814 Fiber-Optic Transceivers, or SEL-2600 RTD Modules.

I/O Connections Digital inputs, when selected with 24 Vdc/Vac or 48 Vdc/Vac input voltage 
option, come with an orange Euro connector on the slot. Figure 2.15 shows 
the orange Euro connector for the 3 DI/4 DO/1 AO digital input option on 
Slot C.

Figure 2.15 Slot C Euro Connector

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.16 and Figure 2.17.
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Figure 2.16 Control I/O Connections—4 AI/4 AO Option in Slot D

Figure 2.17 Control I/O Connections—Internal RTD Option
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Notes:

• The chassis ground connector located on the rear-panel card in Slot A must always be connected to the 

local ground mat.

• Power supply rating (110–240 Vac, 110-250 Vdc or 24–48 Vdc) depends on the relay part number.

• Optoisolated Inputs IN101 and IN102 are standard and located on the card in Slot A.

• All optoisolated inputs are single-rated: 24, 48, 110, 125, 220, or 250 Vac/Vdc. Standard Inputs IN101/102 

can have a different rating than the optional IN401/402/403/404 (not shown).

• Output Contacts OUT101, OUT102, and OUT103 are standard and located on the card in Slot A.

• The analog (transducer) outputs shown are located on the optional I/O expansion card in Slot D.

• The fiber-optic serial port is located on the card in Slot B. A Simplex 62.5/200 µm fiber-optic cable is 

required to connect the SEL-710-5 with an SEL-2600 Series RTD Module. This fiber-optic cable should be 

1000 meters or shorter.

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

NOTE: The B01–B02 
input located on the 
card in Slot B is either a 
PTC (thermistor) input 
or an IRIG-B Time-Code 
input depending on the 
SEL-710-5 model 
number. As many as six 
thermistors can be 
connected in series. 
Refer to Table 2.18 for 
PTC external cable 
length restrictions. 
Note that B01–B02 
based IRIG or PTC input 
is not available in 
SEL-710 models with 
fiber-optic or dual 
copper Ethernet port. 
Also, note that relays 
with PTC do not 
support IRIG-B. 
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PTC Wiring Table 2.18 shows the maximum cable lengths for the PTC connections.

RTD Wiring Table 2.19 shows the maximum cable lengths for the RTD connections that 
satisfy the 25-ohm limit required for connecting to SEL devices.

Refer to SEL application guide Applying Various Types of RTDs with SEL 
Devices (AG2017-09). This application guide specifies the correct connection 
of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note Wiring SEL-2400, 
SEL-2200, and SEL-700 Series Devices (AN2014-08)—and avoid fitting 
multiple wires into a single terminal, the bird-caging effect of stranded wires, 
and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.18. Also 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Table 2.18 PTC Cable Requirements

Wire Size, Twisted Pair 
AWG No.

Maximum Length (meters) 
Shielded Cable

Maximum Length (meters) 
Unshielded Cable

20 200  100

18 300  100

17 400  100

16 600  100

14 1000  100

Table 2.19 Typical Maximum RTD Lead Length 

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m

NOTE: RTD inputs are not 
internally protected for 
electrical surges. External 
protection is recommended if 
surge protection is desired.

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.
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Figure 2.18 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams for the following 
applications:

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motor

➤ Full-Voltage Reversing Starter

➤ VFD Motor 

➤ Synchronous Motor 

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.19 shows the output OUT103 relay coil and Form C contact. When the 
relay coil de-energizes, the contact between A07 and A08 opens while the 
contact between A07 and A09 closes.

Figure 2.19 Output OUT103 Relay Output Contact Configuration

The SEL-710-5 provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occur in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-710-5 is 
powered and operational.

➤ When the SEL-710-5 generates a trip signal, the relay coil is 
de-energized.

➤ The relay coil is also de-energized if the SEL-710-5 power 
supply voltage is removed or if the SEL-710-5 fails (self-test 
status is FAIL).

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time 
to open the contacts) for fast-hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).
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Figure 2.20 shows fail-safe and nonfail-safe wiring methods to control 
breakers and contactors.

Figure 2.20 Breaker Trip Coil and Contactor Connections with OUT103FS := Y and OUT103FS := N

Figure 2.21 shows a typical contactor application using the factory-default 
settings for output OUT102 and output OUT103. Note that the START Relay 
Word bit is used to start the motor in addition to the manual start pushbutton. 
This allows internal relay logic to start the motor. See Figure 4.30 for the logic 
the relay uses to initiate motor starts.

Figure 2.21 Contactor Application Using Factory-Default Settings
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High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity–
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, the ac voltages can be directly connected, wye-
wye VT connected, open-delta VT connected, or a single-phase VT can be 
used. Figure 2.22 and Figure 2.23 show the methods of connecting single-
phase and three-phase voltages.

Figure 2.22 Single Phase Voltage Connections

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short 
circuit arc flash incident energy.

A B C

Single Phase-to-Neutral VT Connection

Single Phase-to-Phase VT Connection

F1

A B C
Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

SEL-710-5

SEL-710-5

F1
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The VT secondary circuit should be grounded in the relay cabinet.

For open-delta VT connections, the figure shows grounding B-phase (Z10). You can 
choose to ground A-phase or C-phase instead of B-phase, but keep the jumper 
between terminals Z10 and Z12 as is.

Figure 2.23 Voltage Connections

A B C
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SEL-710-5
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Across-the-Line 
Starting

Figure 2.24 AC Connections With Core-Balance Neutral CT

Figure 2.25 and Figure 2.26 show current circuit connections for the 
differential elements.

Figure 2.25 AC Connections With Core-Balance Differential CTs

SEL-710-5

CBT
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IC
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IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 chassis should be grounded in the relay cabinet.

SEL-710-5 with 4 AFDI/3 DIFF ACI Card in Slot E

A
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C

IA87 IB87 IC87

E05 E06 E07 E08

MOTOR
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Figure 2.26 AC Connections With Source- and Neutral-Side CTs

The implementation in Figure 2.27 requires the following settings:

Figure 2.27 Control Connections for Fail-Safe Tripping
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Star-Delta Starting The implementation in Figure 2.28 and Figure 2.29 requires the following 
settings.

Figure 2.28 AC Connections for Star-Delta Starting

Figure 2.29 Control Connections for Star-Delta Starting

NOTE: A single winding motor rated 
for Star-Delta starting is required. 
The current transformers must be 
located as shown, outside the delta.

OUT101 := SALARM OR HALARM OUT401 := DELTA

OUT103 := TRIP OR PB04 OUT402 := STAR

OUT103FS := Y
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Two-Speed Motor In Figure 2.30, contactors C1 and C2 are interlocked so that only one is 
energized to select either Speed1 or Speed2. The following setting is required.

SPEED2 := IN101

Figure 2.30 AC Connections for Two-Speed Motor—Paralleled CTs
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Full-Voltage 
Reversing Starter

Set FVR Phasing (FVR-PH) to identify the phase that is not affected by the 
Reverse contactor. For example, the FVR starter shown in Figure 2.31 
requires the following settings.

When phase CTs are located on the bus side of the contactor, set 
FVR_PH := NONE or set.

Figure 2.31 AC Connections for Full-Voltage Reversing (FVR) Starter

E2SPEED := Y FVR_PH := A SPEED2 := IN101

E2SPEED := N SPEED2 := 0
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VFD Motor 
Application

The implementation in Figure 2.32 requires the following group settings. 

VFDAPP := Y

LOAD_ZS must be set ≤ FLA1. This represents load at zero speed. 

Similarly, set FREQ_FL between 10 and 70 Hz. This represents the frequency 
below which the full load current is derated. Refer to Configuration Settings 
on page 4.4 for details.

In a VFD application, the SEL-710-5 uses rms currents (that include 
harmonics) instead of fundamental frequency currents for the overcurrent and 
thermal protection (50, 51, and 49 including Motor State Logic) elements. The 
SEL-710-5 with VFD tracks frequency of the phase current inputs only. When 
voltage inputs are used, they should be from the same side of the VFD as the 
current inputs (e.g., the motor side for connections shown in Figure 2.31). 
SEL strongly discourages the use of voltage-based protection, including 
under- and overvoltage, power factor, underpower, reactive power (27/59, 
55, 37, and VAR) elements unless the voltage inputs are substantially 
sinusoidal.

Figure 2.32 AC Connections for a VFD Motor Application
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Synchronous Motor 
Application 

The ac/dc connection diagram showing a brush type synchronous motor in 
Figure 2.33 requires the group setting, SYNTYPE := BRUSH. Refer to 
Synchronous Motor Settings on page 4.71 for more details on synchronous 
motor applications, including setting of loss-of-field, field resistance, current 
and voltage elements, out-of-step element, power factor, and reactive power 
elements.

Figure 2.33 AC/DC Connections for a Brush-Type Synchronous Motor Application
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Figure 2.34 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 2.35 DC Control Connection Diagram for the Synchronous Motor Application
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Synchronous Motor Voltage Divider Module
The voltage divider module (VDM) provides attenuation to the VDR and 
VEX voltages when connected to the relay.

➤ VDR Divider DC Ratio: 5.4

➤ VEX Divider DC Ratio: 2.1

Note that the cable length has a negligible impact on signal accuracy, but can 
impact noise pickup. To minimize noise coupling, SEL recommends that you 
place the module near the synchronous motor field winding and use a 
14–18 AWG shielded, twisted-pair cable with the shield grounded at the relay 
cabinet to connect the VDM to the relay.

Charging capacitance on the wiring between the VDM and the relay 
attenuates the VDR voltage magnitude measurement during the first part of 
the motor start sequence. The start sequence logic is not affected by this 
voltage magnitude attenuation.

Figure 2.36 Synchronous Motor Voltage Divider Module (SEL P/N 915900294)

Figure 2.37 DIN-Rail Mounting Dimensions for the Module

DANGER
Synchronous Motor Voltage Divider 
Module terminals carry high ac/dc 
voltage signals. Disconnect the device 
from the synchronous motor before 
working on the device. Contact with 
live wires can cause electrical shock 
resulting in injury or death.

NOTE: Connection of any test meter 
should be limited to the input side of 
the divider module. This is to avoid 
inaccuracy in voltage measurements 
due to high input impedance of the 
module.

Relay Connector 

Pin  Relay Side Connections
1 VDR+, Field Discharge Resistor Voltage 

(Positive) to E01
3 VDR—, Field Discharge Resistor Voltage 

(Negative) to E02
6 VEX+, Exciter Voltage (Positive) to E03
8 VEX—, Exciter Voltage (Negative) to E04

Motor Connector

Pin  Motor Side Connections
1 VDRM+, Field Discharge Resistor 

Voltage (Positive)
6 VDRM—, Field Discharge Resistor 

Voltage (Negative)
11 VEXM+, Exciter Voltage (Positive)
16 VEXM—, Exciter Voltage (Negative)

Use Twisted Pairs on This Side

LEGEND

in
(mm) i9313a

SIDEFRONT
5.30

(134.6)

4.75

(120.7)

1.87

(47.5)
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Arc-Flash Protection
System Installation This section describes an arc-flash system installation, the sensor 

characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 11: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also refer to SEL application 
guide Using the SEL-751 and SEL-751A for Arc-Flash Detection 
(AG2011-01) available on the SEL website, for more details.

Figure 2.38 shows main system components comprising: current input card, 
the arc-flash/differential input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.11 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 4 AFDI/3 DIFF 
ACI card for arc-flash protection. Figure 2.10 shows the rear-panel layout and 
the side-panel I/0 designations for the relay model with the 8 AFDI card. 
Installation instructions for 8 AFDI are similar to the 4 AFDI/3 DIFF ACI card.

Figure 2.38 SEL-710-5 With an Arc-Flash Option Card and Fiber-Optic-Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location varies depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 

With 4 AFDI/3 DIFF ACI Card in Slot EWith 8 AFDI Card in Slot E
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clearance and creepage requirements. Sensors should be permanently affixed 
using supplied mounting grommets or permanent cable ties. Figure 2.39 
shows an example of a typical jacketed-fiber installation. 

Figure 2.39 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept above 50 mm (2 in). Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is required to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-710-5 relay as 
shown in Figure 2.38.

Point-Sensor 
Installation 

The point sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.40 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.40 Point-Sensor Assembly

There is a standard point sensor or a window point sensor available for the 
point-sensor assembly.

The standard point sensor is optimized for mounting inside the switchgear 
compartment. Figure 2.41 shows the standard point-sensor dimensions.

Dual V-Pin
Latch

V-Pin
Terminators

Black-Jacketed Fiber Zipcord Duplex

01-35 Meters

Sensor
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Figure 2.41 Standard Point-Senor Dimensions

The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.42.

Figure 2.42 Standard Point-Sensor Installation

The window point sensor is optimized for mounting outside switchgear, 
motor control centers, or breaker cabinets to detect an arc flash inside the 
enclosure. Figure 2.43 shows the window point-sensor dimensions.

Figure 2.43 Window Point-Sensor Dimensions

1. Mounting Grommet Insertion
(1/4” diameter hole)

2. Sensor Insertion
(1/4” diameter hole)

0.519 in
(13.17 mm)

1.199 in
(30.46 mm)

0.087 in
(2.2 mm)

0.140 in
(3.56 mm)

0.547 in
(13.9 mm)

0.400 in
(10.16 mm)

0.250 in
(6.35 mm)

0.169 in
(4.3 mm)

1/4” diameter hole

1/4” diameter hole

0.144 in

(3.67 mm)

0.479 in

(12.16 mm)

0.153 in

(3.89 mm) 1.402 in

(35.61 mm)

0.169 in

(4.3 mm)

0.087 in

(2.2 mm)0.389 in

(9.89 mm)

0.664 in

(16.86 mm)
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The window point sensor requires two holes to be drilled on the enclosure, as 
shown in Figure 2.44. The sensor must be mounted from the outside and 
secured in the correct position to the switchgear by using the self-tapping 
screws provided.

Figure 2.44 Window Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.45, Figure 2.46, and Figure 2.47 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts that are most likely to cause an arc-flash event. 

Figure 2.45 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.46 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.47 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Fiber Sensor 
Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.48 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.49 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.48 Clear-Jacketed Fiber Sensor Assembly

Figure 2.49 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.50. Two connector options (V-pin and ST) are available to transition 
from the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.51. 
The ST connector option is generally superior because of positive locking.

Figure 2.50 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. 
The maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both, clear-jacketed fiber and black-jacketed fiber sections (the 

i8004c

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber 
Transition Connectors 

(V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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black-jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.51.

Figure 2.51 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section

The clear-jacketed fiber loop should be returned through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains below 35 m, irrespective of the 
SEL-710-5 dual V-pin connector orientation. 

Application Example Figure 2.52 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. Breaker 1 is protected by an 
SEL-751 relay and Breakers 2 and 3 are protected by SEL-710-5 relays. 
Radial feeder breakers 2 and 3 must be tripped for downstream faults, 
normally located in the outgoing cable termination compartment. To obtain 
better coverage, multiple sensors can be installed in the same compartment, as 
shown in the lower right corner of the figure with sensors marked LS1 and 
LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right-hand corner 
of Figure 2.52). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When desired radial feeder relays sensors (such as LS3 connected to the lower 
right-hand relay) can be used to transfer trip the upstream breaker. Logic 
equations required for this function are shown in Output Logic Programming 
in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the arc-flash 
protection system in service, first 
make sure all the sensors are 
correctly installed, and then execute 
the AFT command to initiate a self-
test.
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Figure 2.52 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 Arc-Flash 
Detection (AFD) Fiber Cables and Accessories MOT. The losses and budget 
values shown in Table 2.20 are typical values. See Table 2.21 for SEL-C804 
and SEL-C814 arc-flash detection cable specifications.

SEL-710SEL-710

SEL-751

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs with point or clear-jacketed fiber sensors.

Table 2.20 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.53.

Figure 2.53 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.54. 

Table 2.21 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40 to +85°C –55 to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

Core Diameter 980 μm 980 μm

Cladding Diameter 1000 μm 1000 μm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm 
(0.087 in x 0.17 in)

2.20 mm (0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull 
Tension

140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull 
Tension

43.8 N (3 lb/ft) 43.8 N (3 lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) .175 dB/m .175 dB/m

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.54 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for 
transportation. For multimode fiber-optic arc-flash detection sensors with 
additional splice connectors, refer to the SEL-C814 Arc-Flash Detection 
(AFD) Fiber Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.55, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.55 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.56, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

01-35 Meters

“A” Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 meters

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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Figure 2.56 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 meters

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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PC Interface

Overview
The SEL-710-5 Relay is able to communicate with your computer in three 
different ways.

➤ The web server requires a web browser (Microsoft Internet 
Explorer, Mozilla FireFox, Google Chrome, etc.) and an 
Ethernet cable. The relay must have the Ethernet port option. 
See Web Server for functional details and capabilities.

➤ The SEL software solution requires downloading QuickSet (via 
Compass) to your computer. Communication to the relay is 
accomplished through a serial or Ethernet port. Refer to 
QuickSet Software for functional details and capabilities.

➤ The ASCII command line requires PC-based terminal 
emulation software (HyperTerminal, Tera Term, etc.), a serial 
or Ethernet port, and a serial or Ethernet cable to connect to the 
relay. Refer to Section 7: Communications for details on ASCII 
commands and functions supported.

Web Server

Connection and Login 
to Web Server

The web server provides a graphical user interface for the relay without 
loading any software on your PC. The user interface is contained in the relay 
firmware. To connect to the web server of the SEL-710-5, the relay and your 
PC must be connected to the same Ethernet network. The network can be of 
any size, from a company-wide network to a direct-connect from your PC to 
the relay. The connection from the relay is through the Ethernet port of the 
relay (Port 1). To start communicating with the relay, you must enter a valid IP 
address (SET P 1 IPADDR) and valid default router (SET P 1 DEFRTR) via 
the serial port of the relay. Be sure to obtain the IP address and default router 
from your IT resource to avoid network conflicts with duplicate IP addresses.

The SEL-710-5 comes pre-loaded with settings that enable you to 
communicate with the relay over a simple network. The network consists of 
connecting the SEL-710-5 (via Port 1) directly to the Ethernet port of your 
computer. Connect to Ethernet Port 1 of the relay by using a standard RJ45 
connector for the copper port and an LC connector for the fiber-optic port. 
This connection requires that the computer not be connected to any other 
network (see Figure 3.1).

NOTE: We have tested the web 
server for correct operation and 
formatting with the following 
browsers: Internet Explorer 8, 
Firefox 14, and Chrome 5.

There are a wide variety of browsers 
available. While most browsers have 
the same functionality, we cannot 
guarantee the correct operation and 
formatting for all of them.
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Figure 3.1 Direct Connection of SEL-710-5 to a Computer

The default IP address is 192.168.1.2 and the default router is 192.168.1.1. 
Once the network is configured, as shown in Figure 3.1, you can connect to 
the web server in the relay by entering 192.168.1.2 in the address bar of your 
web browser (as shown in Figure 3.2).

Figure 3.2 Login Page of Web Server for SEL-710-5

Cat-5e Cable 
(SEL-C627M or Equivalent)

SEL-710-5

NOTE: For relays with the fiber-
optic Ethernet ports, use a 
commercially available 100BASE-FX 
to 100BASE-TX media converter to 
interface with a PC RJ45 port. Use 
SEL-C808 62.5/125 μm Multimode 
Fiber-Optic Cable to connect to 
Port 1 on the relay. 
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The Login page of the web server allows you to access either the ACC or 2AC 
level. The menu item you select under Access Level determines the access 
level at which you enter the web server (see Figure 3.3). For factory-default 
passwords, refer to Table 7.44: Factory-Default Passwords for Access Levels 
1, 2, and C. Meter, Reports, Communications, Relay Status, and Settings 
(Show Only) require Access Level 1 or 2. Systems/File Management 
requires Access Level 2.

 

Figure 3.3 Selecting Access Level 2 From Web Server Login

Meter The web server offers a convenient method for displaying all metering reports 
stored in the relay. Located on the navigation pane, the Meter menu contains 
categories for each of the meter reports. When you select a category from the 
Meter menu, its corresponding meter report is displayed (see Figure 3.4).

NOTE: All meter reports will 
automatically update. To disable 
updates, select the Disable Page Refresh 
button at the bottom of the display 
window.
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Figure 3.4 Fundamental Meter Report

Reports In addition to metering data, the SEL-710-5 collects and stores a variety of 
data and statistics from the power system. These data are stored and reported 
through a series of reports. Located on the navigation pane, the Report menu 
contains categories for each of the reports stored in the relay (Event Reports, 
Sequential Events Recorder, Load Profile, etc.). When you select a category 
from the Reports menu, its corresponding report is displayed.

Event Reports
Event reports stored in the SEL-710-5 can be exported in three different 
formats (Binary COMTRADE, Raw CEV, or Filtered CEV format). When 
you select Event Reports, a list of all the event reports presently stored in the 
relay is shown (see Figure 3.5).

After selecting the event format to be used, select the event report to export by 
clicking on the event you need. When prompted, you can then open or save the 
event.
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In addition to allowing you to retrieve events, the Event Reports page allows 
you to clear all events stored in the relay or to trigger events. Clear Event 
Report History erases the events from the nonvolatile memory of the relay. 
Trigger Event Report commands the relay to do an event capture of the present 
voltages and currents detected by the relay (see Figure 3.5).

Figure 3.5 Event Report Webpage

Sequential Events Recorder
In addition to event reports, the SEL-710-5 collects and stores time-stamped 
data for assertion and deassertion of Relay Word bits. These data are captured 
in the Sequential Events Recorder (SER) and can be exported through the web 
server. 

When you select Sequential Events Recorder, a list of all SER reports 
presently stored in the relay displays (see Figure 3.6). SER reports stored in 
the SEL-710-5 can be downloaded or cleared by clicking the appropriate 
button at the bottom of the webpage. 
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Figure 3.6 Sequential Events Recorder Report

Load Profile 
The SEL-710-5 collects and stores time-stamped data of analog quantities. 
These data are reported in the load profile report.

When you select the Load Profile menu item, a list of all the load profile 
reports presently stored in the relay displays (see Figure 3.7). You can use the 
two buttons at the bottom of the display window to export or clear the load 
profile reports stored in the SEL-710-5. 

 

Figure 3.7 Load Profile Webpage
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Motor Statistics 
The SEL-710-5 collects and stores statistics of the motor service. These data 
are reported in the Motor Statistics report.

When you select Motor Statistics, all the motor operating statistics reports 
presently stored in the relay display (see Figure 3.8). Motor operating 
statistics reports stored in the SEL-710-5 can be cleared using the Clear 
Motor Operating Statistics button at the bottom of the screen. This webpage 
is updated automatically. The automatic update can be disabled by clicking 
Disable Page Refresh at the bottom of the screen.

Figure 3.8 Motor Operating Statistics Webpage

Motor Start 
The SEL-710-5 collects and stores statistics about each start of the motor. 
These data are reported in separate Motor Start reports.

When you select Motor Start, the Motor Start reports presently stored in the 
relay display (see Figure 3.9). Click on the report to download it to your 
computer and open the report with the Motor Start report viewer in QuickSet.
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Figure 3.9 Motor Start Report Webpage

Motor Start Trend
The SEL-710-5 collects and stores statistics of each start over an 18-month 
period. These data are reported in the Motor Start Trend report.

When you select Motor Start Trend, the Motor Start Trend report presently 
stored in the relay displays (see Figure 3.10). The Motor Start Trend report 
stored in the SEL-710-5 can be either cleared or downloaded with the buttons 
at the bottom of the screen.

 

Figure 3.10 Motor Start Trend 

Breaker Monitor Report
The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance (see Breaker Monitoring on page 5.23). When you select 
Breaker Monitor Report, the breaker monitor report presently stored in the 
relay displays (see Figure 3.11). The breaker monitor report stored in the 
SEL-710-5 can be downloaded with the Download Breaker Monitor Report 
button.



3.9

Date Code 20220826 Instruction Manual SEL-710-5 Relay

PC Interface
Web Server

Figure 3.11 Breaker Monitor Report

Communications You can view the Ethernet port configuration details including the MAC 
address of the relay by clicking Communications > Ethernet (see 
Figure 3.12). Use the Clear Ethernet Statistics button to clear PACKETS, 
BYTES, and ERRORS data. Refer to Section 7: Communications for further 
details on the Ethernet command. 

 

Figure 3.12 MAC Address

Relay Status
The Relay Status menu lists the status report pages available through the web 
server (Self-Tests, Relay Word Bits, and SELOGIC Counters). When you select 
a status report from the Relay Status menu, the corresponding status report 
displays.
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Self-Tests
The SEL-710-5 has continual diagnostics that verify the status of the relay 
hardware. The results of these diagnostics can be viewed by selecting Relay 
Status > Self-Tests in the navigation pane. Relay Status contains categories 
for each of the status pages in the web server (Self-Tests, Relay Word Bits, 
and SELOGIC Counters).

When you select Relay Status > Self-Tests, the status of the relay, including 
the serial number, part number, and self-tests results, is displayed (see 
Figure 3.13).

 

Figure 3.13 Self-Tests Webpage

Relay Word Bits
The web server can display the present state of the Relay Word bits of the 
relay.

Selecting Relay Word Bits displays the state of all the Relay Word bits (see 
Figure 3.14). Note that Relay Word bits shown in yellow are asserted. This 
webpage is updated automatically; you can disable the automatic updates by 
clicking Disable Page Refresh. Scroll up or down to view the remaining Relay 
Word bits not visible on the screen.
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Figure 3.14 Relay Word Bits Webpage

SELOGIC Counters
When you select Relay Status > SELOGIC Counters, the count of each of the 
enabled SELOGIC counters displays (see Figure 3.15). A counter is only 
displayed when it is enabled.

 

Figure 3.15 SELOGIC Counters Webpage
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Settings When you select Settings on the navigation pane, a list of all the available 
settings classes in the SEL-710-5 displays. Select a class of settings to view 
each of the settings in that class (Group, Logic, Global, Report, etc.). 
Figure 3.16 shows the Group 1 settings category.

 

Figure 3.16 Group 1 Settings Webpage

System
File Management (Firmware Upgrade)

The web server offers a convenient method for upgrading relay firmware. 
Select System > File Management (on the navigation pane) to upgrade your 
relay firmware (see Figure 3.17).

 

Figure 3.17 Upgrade Relay Firmware From the File Management Webpage
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When preparing to upgrade relay firmware, you must first have the new relay 
firmware. The firmware is designated with a .zds extension. Use the Browse 
button to select the firmware you want sent to the relay, then click Upgrade 
Firmware to start the upgrade process (see Figure 3.17). See Appendix B: 
Firmware Upgrade Instructions for complete details on the firmware upgrade 
procedure.

Language Support The web server reports can be displayed in English or Spanish by setting the 
Ethernet Port 1 setting LANG to ENGLISH or SPANISH.

QuickSet Software
This section describes how to get started with the SEL-710-5 Relay and 
ACSELERATOR QuickSet SEL-5030 Software. SEL provides many PC 
software solutions (applications) to support the SEL-710-5 and other SEL 
devices. Table 3.1 lists SEL-710-5 software solutions.

 

QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-710-5. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-710-5.

Table 3.1 SEL Software Solutions 

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and settings of multiple relays

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5036 ACSELERATOR Bay Screen 
Builder SEL-5036 Software

Designs and manages bay screens in conjunction with SEL-5030 for the SEL-710-5 
with the color touchscreen display

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and summarizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII format event report oscillography; performs 
custom calculations on analog, digital, and complex quantities; and analyzes the 
Impedance Plane for distance element (mho) operation, the Alpha Plane for 
differential element (78L) operation, and the Bewley Lattice for traveling wave data

SEL-5801 SEL-5801 Cable Selector Selects the proper SEL cables for your application
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Setup Follow the steps outlined in Section 2: Installation to prepare the SEL-710-5 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-710-5 and your PC.

Step 2. Apply power to the SEL-710-5.

Step 3. Start QuickSet.

Communications
QuickSet uses relay communications Port 1 through Port 4, or Port F (front 
panel), to communicate with the SEL-710-5. Perform the following steps to 
configure QuickSet to communicate with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.18.

Figure 3.18 Communications Parameter Menu Selection

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.19.

Table 3.2 QuickSet Applications 

Application Description

Rules-Based 
Settings Editor

Provides online or offline device settings that include 
interdependency checks. Use this feature to create and manage 
settings for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature to 
simplify commissioning testing.

Design Templatesa

a Available only in licensed versions of QuickSet.

Allows you to customize relay settings to particular applications 
and to store those settings in design templates. You can lock settings 
to match your standards or lock and hide settings that are not used.

Event Analysis Provides oscillography and other event analysis tools.

Bay Control Allows you to design new bay screens and edit existing bay screens 
by launching the Bay Screen Builder software for SEL-710-5 
Relays with the color touchscreen display.

Settings Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature to 
ensure proper communications and to directly interface with the 
device.

Help Provides general QuickSet and device-specific QuickSet context.
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Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-710-5 default settings by 
entering the Access Level 1 and Access Level 2 passwords in 
the respective text boxes.

Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.20. 

For the SEL-710-5, always select FTP as the file transfer 
option.

Step 6. Exit the menu by clicking OK when finished.

Terminal

Terminal Window
Select Communications > Terminal on the main menu bar (see Figure 3.21) 
to open the terminal window.

NOTE: Factory-default 
passwords for Access 
Level 1 and 2 are OTTER 
and TAIL, respectively.

Figure 3.19 Serial Port Communication 
Parameters Dialog Box

Figure 3.20 Network Communication 
Parameters Dialog Box
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Figure 3.21 Communications Terminal Menu Selection

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulator. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or pressing <Ctrl+T>. Verify 
proper communications with the relay by opening a terminal window, pressing 
<Enter> a few times, and verifying that a prompt is received. If a prompt is 
not received, verify proper setup.

Terminal Logging
To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Driver and Part Number
After clicking Communications > Terminal, access the relay at Access 
Level 1. Issue the ID command to receive an identification report, as shown in 
Figure 3.22.

Locate and record the Z-number (Z003002) in the FID string. The first portion 
of the Z-number (Z003…) determines the settings driver version when you are 
creating or editing relay settings files in QuickSet. The use of the driver 
version is discussed in more detail in Settings Editor on page 3.21. Compare 
the part number (PARTNO=7105XXXXXXXXXXXXXX) with the Model Option Table 
(MOT) to ensure the correct relay configuration. The SEL display package 
version can be found in Table A.5. The customer display package (CDP) 

=ID <Enter>
"FID=SEL-710-5-X219-V0-Z003002-D20180416","0912"
"BFID=BOOTLDR-R501-V0-Z000000-D20140224","0947"
"CID=DA16","0269"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X7583A21X","074A"
"CONFIG=112512000","041F"
"SEL DISPLAY PACKAGE=1.0.40710.2170","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_1","0664"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X202-V0-Z200006-D20180403","0D7E"
"LIB61850ID=3DB89FD6","04FF"
= 

Figure 3.22 Relay Response to the ID Command

NOTE: The SEL display package and 
customer display package versions 
are only displayed in the touchscreen 
display model.
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version has a unique ID code based on the total number of seconds from 
1/1/2000 to the time stamp when the CDP was created and downloaded to the 
relay via QuickSet.

Settings Database 
Management and 
Driver

QuickSet uses a database to save the relay settings. QuickSet contains sets of 
all settings files for each relay specified in the database manager. Choose 
appropriate backup storage methods and a secure location for storing the 
database files.

Database Manager
Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the database manager to access the database. Click File > 
Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter a description for the database in the Database 
Description text box. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description text box. These can 
include the protection scheme settings and communications 
settings. 

Step 4. Highlight a relay or settings file listed in Settings and click the 
Copy button to create a new set of settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases
Copy creates an identical device or settings file that appears in both databases. 
Move removes the device or settings file from one database and places the 
device or settings file in another database. To copy/move settings between 
settings databases, perform the following steps:

Step 1. Select the Copy/Move Settings Between Settings Databases 
tab to create multiple databases with the database manager; 
these databases are useful for grouping similar protection 
schemes or geographic areas. 

Step 2. Click the Settings Database B  button to open a relay 
database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or settings file in Settings 
Database A.

b. Click Copy or Move, and click the > button to create a 
new device or settings file in Settings Database B.

Step 4. Reverse this process to copy or move a device or settings file 
from Settings Database B to Settings Database A. 
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Create a New Database/Copy an Existing Database
To create a new database: 

Step 1. Click File > Database Manager, and click New. QuickSet 
prompts you for a file name. 

Step 2. Type the new database name (and select a new location if the 
new location differs from the existing one), and click Save. 
QuickSet displays the message Settings [path and 
filename] was successfully created. 

Step 3. Click OK.

To copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Settings Databases tab.

QuickSet opens the last active database and assigns it as 
Settings Database A. 

Step 2. Click the Settings Database B  button; QuickSet prompts 
you for a file location. 

Step 3. Type a new database name and click Open. Click Yes; the 
program creates a new empty database. Load devices or 
settings files into the new database as in Copy/Move Settings 
Between Databases on page 3.17.

Settings QuickSet has the capability of creating settings for one or more SEL-710-5 
Relays. Store existing relay settings downloaded from SEL-710-5 Relays with 
QuickSet. Create a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-710-5. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-710-5; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor
The settings editor shows the relay settings in easy-to-understand categories. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menu. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled.

Settings Menu
QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own settings records. Use the File menu to open (Open) an 
existing record, create and open a new (New) record, or read (Read) relay 
settings from a connected SEL-710-5 and then create and open a new record. 
Click Tools > Settings > Convert to convert and open an existing record in 
the settings editor.
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File > New
To configure SEL-710-5 settings with the settings editor, click File > New on 
the main menu bar and select the SEL-710-5 and the latest driver version 
(00X) on the Settings Editor Selection screen, as shown in Figure 3.23.

QuickSet creates the new settings file using the driver that you specify in the 
Settings Editor Selection screen. QuickSet uses the Z-number in the FID 
string to create a particular settings file.

Figure 3.23 Driver Selection

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the settings 
editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.24. Click OK when finished.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Create and open a new record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.24 Update Part Number

Figure 3.25 shows the Settings Editor screen. Check the driver version 
number in the title bar of the Settings Editor screen. Compare the QuickSet 
settings driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct settings editor 
to display.

Figure 3.25 New Settings Editor Screen

File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the settings editor.

File > Read
When the Read menu item is selected, QuickSet uses serial protocols to read 
the device settings from the connected device. As QuickSet reads the device, a 
Transfer Status dialog box appears.

Device Version 
Number
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Tools > Settings > Convert
Use the Convert menu item (Tools > Settings) to convert from one settings 
version to another. Typically, this utility is used to upgrade an existing settings 
file to a newer version because devices are using a newer version number. 
QuickSet provides a Convert Settings report that shows missed, changed, and 
invalid settings created as a result of the conversion. Review this report to 
determine whether changes are necessary.

Settings Editor
Use the settings editor to enter settings. The settings editor includes the 
settings driver version (the first three digits of the Z-number) in the Settings 
Editor screen title bar.

Enter Settings

NOTE: Settings changes made 
during the edit session are not read by 
the relay unless they are transferred 
to the relay with the Send menu item.

Step 1. Click the  drop-downs and the buttons in the settings tree 
view to expand and select the settings you want to change. 

Step 2. Press <Tab> to navigate through the settings, or click a setting 
text box. 

Step 3. To restore the previous value for a setting, right-click on the 
setting text box and select Previous Value.

Step 4. To restore the factory-default settings value, right-click on the 
setting text box and select Default Value.

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the settings editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder
SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with Expression Builder, a 
rules-based editor for programming SELOGIC control equations. Expression 
Builder organizes device elements, analog quantities, and SELOGIC control 
equation variables.

Access Expression Builder. Use the ellipsis button  that follows the 
settings text boxes in the settings editor to create an expression, as shown in 
Figure 3.26.

NOTE: Be sure to enable the 
functions you need (Logic 
Settings > SELOGIC Enable) before 
using Expression Builder.
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Figure 3.26 Expression Created With Expression Builder

Using Expression Builder. The expression builder screen is organized into 
three main parts: the expression builder text box, the left side column, which 
contains broad categories of device elements, analog quantities, counters, 
timers, latches, and logic variables, and the right side column, which displays 
category operands for use in the expression. Directly underneath the 
expression builder text box is a row of operators that you can include in your 
expression. The operators include basic logic, rising- and falling-edge 
triggers, expression compares, and comments.

Touchscreen Settings and Bay Screen Builder
The touchscreen settings are available when the touchscreen display option is 
selected as part of the front-panel options. This option provides you with the 
ability to design bay screen one-line diagrams with the help of the Bay Screen 
Builder. For more information, refer to Bay Screens Design Using QuickSet 
and Bay Screen Builder on page 9.10.

File > Save
Select the Save menu item from the File menu once settings are entered into 
QuickSet to ensure that the settings are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section(s) that you want to transfer to the relay by 
selecting the appropriate check box and clicking OK.

Edit > Part Number
Use the Part Number menu item to change the part number.

Text Files
Select Tools > Settings > Import or Tools > Settings > Export on the main 
menu bar to import or export settings from or to a text file. Use this feature to 
create a small file that can be easily stored or sent electronically.

Ellipsis Button

Created Expression
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Event Analysis QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-710-5 stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.27 shows the event retrieval screen.

Figure 3.27 Retrieve Events Screen

You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 10: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.27.

View Event History
The SEL-710-5 is capable of capturing two types of events (4 samples/cycle 
filtered and 32 samples/cycle raw). These two types of events can be captured 
in either the compressed ASCII (.cev) or COMTRADE format. Quickset 
allows for downloading both .cev and COMTRADE events. Use the Event 
Type drop-down menu shown in Figure 3.27 to select the 32 samples/cycle 
unfiltered (raw) or COMTRADE format event data (default is 4 samples/cycle 
filtered data). For information on other methods of retrieving COMTRADE 
events from the relay, see Retrieving COMTRADE Event Files on page 10.30.

Get Event
Highlight the event you want to view (e.g., Event 1 in Figure 3.27), select the 
event type from the Event Type drop-down menu (4 samples or 32 samples), 
and click Get Selected Events. QuickSet then queries where to save the file 
on your computer, as shown in Figure 3.28.
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Figure 3.28 Save the Retrieved Event

When saving an event report, select a save location and a file name for your 
report. Select either Default Naming or Custom Naming. Default naming 
has predefined tags and organization, which appears in the Format text box 
when default naming is selected. You can use custom naming to create file 
names specific to your application by selecting and organizing your own tags 
(listed in Available Tags).

View Event Files
Click Tools > Events to view an event with SYNCHROWAVE Event. You can 
view multiple events by clicking on Load Event > Add New Event in 
SYNCHROWAVE Event.

Meter and Control Click on Tools > HMI > HMI to display a screen similar to the one shown in 
Figure 3.29. The HMI tree view shows all the functions available in the HMI 
function. Unlike the self-configuration of the device settings tree, the HMI 
tree remains the same regardless of the type of cards installed. For example, if 
no analog input card is installed, the analog input function is still available, but 
the relay responds as follows:

No Analog Input Card Present.

Device Overview
The Device Overview screen provides an overview of the device. The contact 
I/O portion of the screen displays the status of the two inputs and three outputs 
of the main board. You cannot change these assignments.
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Figure 3.29 Device Overview Screen

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit and click Update to assign the Relay Word bit to the LED. To 
change the color of the LED, click in the square and make your selection from 
the color palette.

The front-panel LEDs display the status of the 24 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignments. The 
Fundamental, Min/Max, Energy, etc., screens display the corresponding 
values.

Click Targets in the tree view to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (RB02 = 1), the Relay Word bit is 
asserted. When a Relay Word bit has a value of 0 (RB02 = 0), the Relay Word 
bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Click on the Motor Start Report > Data button to display the compressed 
(*.cmsr) motor start report data or on the Graph button to display the report 
graphically as shown in Figure 3.30.
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Figure 3.30 Graphical Display of Motor Start Report

Figure 3.31 shows the control screen. From here you can reset metering data; 
clear the event history, SER, MIRRORED BITS report, or LDP; or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If supported, you can run arc-flash sensor diagnostic tests.

Figure 3.31 Control Screen
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To control the remote bits, click on the appropriate square (RB01–RB32), then 
select the operation from the box shown in Figure 3.32.

Figure 3.32 Remote Bit Operation Selection

Language Support
QuickSet has multi-language support. Click on the Language menu to choose 
from English, Spanish, French, Portuguese, Russian, Turkish, or Chinese, as 
seen in Figure 3.33. Selecting any of these choices converts the menu items in 
QuickSet to the selected language.

Figure 3.33 Language Support Options

Additionally, if Spanish or English is selected from the Language menu, the 
relay settings displayed by QuickSet are converted into the corresponding 
language as shown in Figure 3.34.

NOTE: If the SEL-710-5 is connected 
to any SEL communications 
processor (SEL-203x or RTAC), the 
corresponding LANG port setting 
must be set to ENGLISH.
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Figure 3.34 Spanish Settings QuickSet Display

Each communications port (serial or Ethernet) on the SEL-710-5 can be 
independently set to display either English or Spanish. Changing the port 
setting LANG to SPANISH or ENGLISH results in the QuickSet HMI and all 
of its available functions displaying in the corresponding language. For 
example, if the Control Window is selected in the HMI while the setting 
LANG := SPANISH, QuickSet displays the Control Window (Ventana de 
Control) in Figure 3.35.

NOTE: Once the HMI screen is 
displayed in QuickSet, the LANG 
setting does not affect the displayed 
HMI. To change the language of the 
HMI, close the HMI, change the LANG 
setting, and then reopen the HMI.
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Figure 3.35 Spanish Control Window (Ventana de Control) Display

QuickSet Help Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-710-5 Settings Select Settings Help from the Help menu bar 
while the settings editor is open.
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Protection and Logic Functions

Overview
This section describes the SEL-710-5 Motor Protection Relay settings, includ-
ing the motor protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and the front-panel 
display.

This section includes the following subsections:

Application Data. Lists information that you need to know about the 
protected motor before calculating the relay settings.

Group Settings (SET Command).

ID Settings and Configuration Settings. Lists the ID settings and the 
settings that configure the relay inputs to accurately measure and 
interpret the ac current and voltage input signals.

Protection Elements. Lists settings and logic associated with the 
protection elements, including the thermal element, overcurrent 
elements, load-loss functions, and load-jam functions.

➤ Thermal Overload Element

➤ Slip-Dependent Thermal Model for Synchronous Motors

➤ Overcurrent Elements and Time-Overcurrent Elements

➤ Differential Element s

➤ Load-Jam Elements

➤ Undercurrent (Load Loss) Elements

➤ Current Unbalance Elements

➤ Start Monitoring/Incomplete Start Sequence

➤ Star-Delta (Wye-Delta) Starting

➤ Start Inhibit Function

➤ Phase Reversal Protection

➤ Speed Switch (Stalling During Start) Function

➤ Virtual Speed Switch

➤ PTC/RTD-Based Protection

➤ Undervoltage Function and Overvoltage Function

➤ Inverse-Time Undervoltage Protection and Inverse-Time 
Overvoltage Protection

Synchronous Motor Settings. Lists settings associated with synchronous 
motor protection and control. 

➤ Loss-of-Field Element

➤ Out-of-Step Element

NOTE: Factory-default settings for 
the SEL-710-5 are not selected for 
any particular application. You must 
compute, document, and send the 
appropriate settings to the relay for 
your application.
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➤ Field Resistance Element

➤ Field Current Element

➤ Field (Exciter) Voltage Element

➤ Power Factor Correction

➤ PID Controller

➤ Synchronous Motor Synchronization

Trip Logic. Lists settings associated with Trip Inhibit, Trip/Close logic and 
Motor Control logic.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to configure 
the relay to your power system, date format, analog inputs/outputs, and 
logic equations.

General Settings. Lists the global system settings like phase rotation, 
nominal frequency, date format, etc.

Broken Rotor Bar Protection. Lists the settings to configure Broken Rotor 
Bar protection. Describes the element operation and commands 
associated with the element.

Multiple Settings Groups. Lists settings for active group selection and 
describes configuration of active group selection via SELOGIC control 
equations.

Time and Date Management Settings. Lists settings for time and date 
management and describes configuration of these settings. Covers 
supported time protocols.

Breaker Failure Settings. Lists the settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists the settings for the arc-flash elements 
including arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists the settings and 
gives an example.

Analog Outputs. Describes analog output functionality, lists the settings 
and gives an example. Data Reset
Lists the data reset SELOGIC control equation settings for resetting 
targets, energy metering, max/min metering, demand metering and 
peak demand metering.

Breaker Monitor. Lists the settings and describes the breaker monitor 
function that you can use for scheduling circuit breaker maintenance.

Data Reset. Lists the data reset SELOGIC control equation settings for 
resetting targets, energy metering, max/min metering, demand 
metering and peak demand metering.

Access Control. Describes the SELOGIC control equation setting you 
would use for disabling settings changes from the relay front panel.

Time-Synchronization Source. Describes the setting you would use for 
choosing IRIG1 or IRIG2 as the time-synchronization source.

Disconnect Control Settings. Lists settings that configure the relay front- 
and rear-panel communications ports.

Local/Remote Control. Describes the local/remote motor control function.

Port Settings (SET P Command). Lists the settings that configure the relay 
front- and rear-panel serial ports.
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Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
recorder, event, motor start, and load profile reports.

DNP Map Settings (Set D Command). Shows the DNP user map register 
settings.

Modbus Map Settings (SET M Command). Lists Modbus user map register 
settings.

EtherNet/IP Assembly Map Settings (SET E Command). Shows EtherNet/IP 
assembly map settings.

Touchscreen Settings. The touchscreen settings apply to relays that support 
the color touchscreen display. (The settings are supported in 
ACSELERATOR QuickSet SEL-5030 Software only.)

When you calculate the protection element settings to protect your motor, pro-
ceed through the subsections listed earlier. See Section 6: Settings for the list 
of all settings (SEL-710-5 Settings Sheets) and various methods of accessing 
them.

You can enter the settings by using the front-panel SET RELAY function (see 
Section 8: Front-Panel Operations), the serial port (see Section 7: Communi-
cations), the EIA-485 port (see Appendix E: Modbus Communications), the 
DeviceNet port (see Appendix I: DeviceNet Communications), or the Ethernet 
port (see Section 7: Communications).

Application Data
It is faster and easier for you to calculate settings for the SEL-710-5 if you col-
lect the following information before you begin (collect the information for 
each speed for a two-speed motor application).

➤ Specifications of the protected motor, including the following 
details:

➢ Rated full-load current

➢ Service factor

➢ Locked rotor current

➢ Maximum locked rotor time with the motor at ambient 
and/or operating temperature

➢ Maximum motor starts per hour, if known

➢ Minimum time between motor starts, if known

➢ Full-load slip, per unit (for induction motor only)

➢ Locked rotor torque, per unit (for induction motor only)

➤ Additional data regarding the motor application, including the 
following information:

➢ Minimum no load current or power

➢ Motor accelerating time. This is the normal time 
required for the motor to reach full speed.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure I.1).
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➢ Maximum time to reach motor full load

This time can be significantly longer than the motor 
accelerating time, particularly in pump motor applica-
tions where the motor runs at full speed for some time 
before the pump reaches full head and full load.

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature detectors (RTDs), 
if used

➤ Expected fault current magnitudes for motor or cable ground and 
three-phase faults

Group Settings (SET Command)
ID Settings All models of the SEL-710-5 have the identifier settings described in 

Table 4.1.

The SEL-710-5 prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location, process, circuit, size, or equipment number of the protected 
motor.

Configuration 
Settings

Table 4.1 Identifier Settings

Setting Prompt Setting Range Setting Name := Factory Default

UNIT ID LINE 1 16 Characters RID := SEL-710-5

UNIT ID LINE 2 16 Characters TID := MOTOR RELAY

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYN MOTOR TYPE BRUSH, BRUSHLESS, NONE SYNTYPE := BRUSHLESS

PHASE CT RATIO 1–5000 CTR1 := 100

MOTOR FLA 0.2–5000 A pri FLA1 := 250a

VFD APPLICATION Y, N VFDAPP := N

LOAD @ ZEROSPEED 0.2–5000.0 A pri LOAD_ZS := 50.0

MNFREQ @ FULLOAD 10.00–70.00 Hz FREQ_FL := 60.00

TWO SPEED ENABLE Y, N E2SPEED := N

CT RATIO–2nd 1–5000 CTR2 := 100

MOTOR FLA–2nd 0.2–5000 A pri FLA2 := 250a

FVR PHASING NONE, A, B, C FVR_PH := NONE
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The CT ratio and full-load current settings configure the relay to accurately 
scale measured values and report the primary quantities. Calculate the phase 
and neutral CT ratios by dividing the primary rating by the secondary rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR1 or CTR2 := 100/5 := 20.

The FLA settings are in primary amperes, see Example 4.3 for sample calcula-
tions of Motor FLA. See the full-voltage reversing starter in Full-Voltage 
Reversing Starter on page 2.34 for a description of the setting FVR_PH. 
Table 4.3 shows the voltage settings. In applications in which only a single 
current is available, set SINGLEI equal to the measured phase. When 
SINGLEI is not equal to N, the relay performance changes in the following 
ways:

➤ Power and Current Elements. When you use one current, the 
relay assumes that the system currents are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced currents.

➤ Thermal Model and Protection Elements. When you use one 
current, the thermal model will operate assuming balanced 
currents. Since negative-sequence currents cannot be measured 
and cause significant additional heating during motor starting, 
the thermal model would underestimate the heating in the motor, 
under-protecting it. Protection elements that utilize zero- and 
negative-sequence elements are not disabled when using one 
current, but do not provide adequate protection.

➤ Metering. When you use one current, the relay displays that 
phase’s magnitude and angle. The relay displays a zero for the 
magnitudes of the unmeasured currents. Balanced currents are 
assumed for power, power factor, IG, and 3I2 metering.

➤ Event Reports. When you use one current, the unmeasured 
currents are reported as 0. 

NOTE: A minimum time delay 
greater than 100 ms is recommended 
for phase overcurrent elements when 
using the relay for a VFD application.

For the motors connected to a variable frequency drive (VFD), use 
VFDAPP := Y. The relay uses rms current magnitudes (that include harmon-
ics) instead of fundamental for the phase overcurrent elements (50P, 51P, 
51A, 51B, 51C) and the motor thermal model (49T) when VFDAPP := Y. The 
rest of the relay settings do not use rms magnitude for a VFD application. 
Exercise caution when setting protection elements using fundamental magni-
tude for VFD applications because rich harmonic content can distort the fun-
damental magnitude. SEL  strongly discourages the use of voltage-based 
protection, including under- and overvoltage, power factor, underpower, 
reactive power (27/59, 55, 37, and VAR) elements unless the voltage inputs 
are substantially sinusoidal.

A sustained low-speed operation in the variable frequency drive application 
can cause motor damage unless overload protection accounts for the poor 
cooling resulting from the low speed. Set the rated load at zero speed 

NEUTRAL CT RATIO 1–2000 CTRN := 100

SINGLE I INPUT N, IA, IB, IC SINGLEI := N

a FLAn default settings are 50 A for secondary phase input current of 1 A.

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NOTE: The SEL-710-5 normally uses 
settings CTR1 and FLA1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2 
and FLA2 (see Table 4.67).

NOTE: FLA setting is limited to 
20%–160% of CT primary rating. 
Refer to Table 6.6 for the allowable 
FLA/CTR ranges.

NOTE: Single current measurement 
is intended for control and power 
factor correction applications. It is not 
adequate for protection.
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(LOAD_ZS) to continuous current allowed at zero speed and minimum fre-
quency at full load (FREQ_FL) to the lowest frequency at which the cooling is 
near normal. The relay automatically adapts the trip threshold of the stator and 
rotor thermal protection elements by a factor of KVF using their respective 
thermal time constant. Figure 4.1 shows the typical characteristics of the KVF 
for specific example settings. To disable this feature, set the rated load at zero 
speed (LOAD_ZS) equal to the motor full load current (FLA1); this results in 
KVF = 1.0 at all operating frequencies irrespective of the FREQ_FL setting.

Figure 4.1 KVF Factor Versus VFD Output Frequency

These settings configure the relay voltage inputs to correctly measure and 
scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the VT 
ratio.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 4000 V motor application where 4200:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 4200/120 := 35 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE PT RATIO 1.00–250.00 PTR := 35.00

LINE VOLTAGEa

a The line voltage setting is in primary volts.

100–30000 V pri VNOM := 4160

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

SINGLE V INPUT Y, N SINGLEV := N
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1.00

1.20
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Example Settings:
VFDAPP := Y  LOAD_ZS := 8 A (typically set 40% of FLA)
FLA1 := 20 A  FREQ_FL := 20 Hz (typically set < 50% of FNOM)
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In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.22, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA 
for an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the fol-
lowing ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced voltages.

➤ Metering. When you use one voltage, the relay displays that 
magnitude and phase angle. The relay displays zero for the 
magnitudes of the unmeasured voltages. Balanced voltages are 
assumed for power, power factor, VG, and 3V2 metering.

➤ Event Reports. When you use one voltage, the unmeasured 
voltages are reported as 0.

VNOM/PTR Range 
Check

The relay performs a range check for the PTR and VNOM settings that 
depends upon the voltage-input delta or wye configuration. When setting 
DELTA_Y is DELTA, then the allowed range of the quotient VNOM/PTR is 
100–250 V (l-l). When setting DELTA_Y is WYE, then the allowed range of 
VNOM/PTR is 100–440 V (l-l). 

Note that the VNOM is always set in line-to-line voltage, irrespective of the 
DELTA or WYE configuration. The expanded range of VNOM/PTR for the 
WYE configuration is intended only for the solidly grounded power systems. 
Do not use VNOM/PTR > 250 V if the system is either ungrounded or high 
impedance grounded. This is because a line-to-ground fault in such a system 
can raise line-to-ground voltage on ungrounded phases by a factor of 1.732.

Protection Elements
Thermal Overload Element

The SEL-710-5 motor thermal element provides integrated protection for all 
of the following motor operating conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Unbalance Current/Negative-Sequence Current Heating

➤ Repeated or Frequent Starting

The Thermal Method setting (SETMETH) selects the thermal element algo-
rithm that is used in the SEL-710-5. The Thermal Method setting essentially 
offers the two options described below.

Rating Thermal Method (SETMETH := Rating or Rating_1). When this 
method is selected, the relay configures a thermal curve based on the 
motor full-load amperes, service factor, run state time constant, locked 
rotor amperes, hot locked rotor time, and acceleration factor (locked 
rotor trip time dial) settings. When the optional settings, full-load slip 
and locked rotor torque are set, the relay uses a slip-dependent thermal 
model during the motor start.

Curve Thermal Method (SETMETH := Curve). When selected, the relay 
offers 45 standard motor thermal limit curves, or you can construct a 
custom curve.

NOTE: When you set Run State Time 
Constant (RTC1 or RTC2) to Auto, the 
relay automatically configures the 
overload curves so that the hot stator 
and cold rotor limits are the same at 
locked rotor current, which is typical 
for a rotor limited motor. For a stator 
limited motor, see the discussions 
later in this section.
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Both thermal element setting methods provide outstanding motor protection. 
In each case, the relay operates a thermal model with a trip value defined by 
the relay settings and a present heat estimate that varies with time and chang-
ing motor current. The relay expresses the present motor thermal estimate as 
the % Thermal Capacity Used for stator and for rotor. When either % Thermal 
Capacity reaches 100 percent, the relay trips. You can see the present % Ther-
mal Capacity values by using the relay front-panel Meter > Thermal function 
or the serial port METER T command. See Appendix K: Motor Thermal Ele-
ment for more detail on the thermal model.

The SEL-710-5 uses setting SF as the overload pickup threshold. For IEC and 
NEMA motors with service factor 1.0, consider an SF setting of 1.05 or higher. 

If the thermal model is turned off (E49MOTOR := N), the thermal model is 
disabled, the output of the thermal model is blocked, and the relay reports the 
% Thermal Capacities as 0, as noted in Section 5: Metering and Monitoring.

When you enable overload protection, the relay requires information about the 
protected motor capabilities. Obtain the required information (except the 
acceleration factor) from the motor specifications. Full load slip (FLS) and 
locked rotor torque (LRQ) are optional. The relay automatically enhances the 
thermal model by using slip-dependent rotor resistance when FLS and LRQ 
are known (see Appendix K: Motor Thermal Element for details). 

Table 4.4 Overload (Thermal Model) Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OVERLOAD ENABLE Y, N E49MOTOR := Y

FULL LOAD SLIP OFF, 0.0010–0.1000 pu FLS := OFF

LOCKD RTR TORQUE 0.30–2.00 pu LRQ := 0.80

SLIP SOURCEa

a The setting SLIPSRC is not applicable to induction motor applications. For induction motor 
applications, the relay uses R1 by default when the setting FLS is not set to OFF. SLIPSRC can 
be set for synchronous motor applications. For more information, refer to Settings Guidelines 
under Slip-Dependent Thermal Model for Synchronous Motors.

VDR, STAT, R1 SLIPSRC := STAT

THERMAL METHODb

b The Rating and Curve Methods are available for the SETMETH setting only when the FLS 
setting is OFF.

RATING, RATING_1, 
CURVE

SETMETH := RATING_1

OL RESET LEVEL 10%–99% TCU 49RSTP := 75

SERVICE FACTOR 1.01–1.50 SF := 1.15

MOTOR LRA 2.5–12.0 xFLA LRA1 := 6.0

LOCKD RTR TIME 1 1.0–600.0 s LRTHOT1 := 10.0

ACCEL FACTOR 0.10–1.50 TD1 :=1.00

STATOR TC AUTO, 1–2000 min RTC1 := AUTO

MOTOR LRA–2nd 2.5–12.0 xFLA2 LRA2 := 6.0

LOCKD RTR TIME 2 1.0–600.0 s LRTHOT2 := 10.0

ACCEL FACT–2nd 0.10–1.50 TD2 :=1.00

STATOR TC–2nd AUTO, 1–2000 min RTC2 := AUTO

THERM OL CURVE1 1–46 CURVE1 := 5

THERM OL CURVE2 1–45 CURVE2 := 7
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For high-inertia motor applications, consider the slip-dependent thermal 
model when the FLS and LRQ data are available from the motor manufac-
turer. The speed switch element (see Table 4.28) with the virtual speed switch incor-
porated provides additional locked rotor protection that is particularly useful in high-
inertia motor applications and when the FLS/LRQ data are not readily available.

Rating Thermal Method
The SEL-710-5 runs rotor and stator models simultaneously. The rotor ther-
mal model trips in locked rotor time at locked rotor current. Set 
SETMETH := RATING if you want the rotor model to trip in hot locked rotor 
time even when the rotor is at lower than normal operating temperatures. This 
is a conservative approach suitable for most applications where motor acceler-
ation time is significantly less than hot locked rotor time. Set SETMETH := 
RATING_1 if the acceleration time is close to hot locked rotor time or if the 
number of starts allowed from cold is important. The relay automatically uses 
SETMETH := RATING_1 when the FLS setting previously described is enabled.

The stator model provides overload protection by limiting the stator heat 
energy estimate to a value represented by the overload settings.

Note that the locked rotor time setting is for a hot-rotor condition. If only one 
locked rotor time is specified for a particular motor, unless the specification 
states otherwise, assume the time is the cold locked rotor time. Multiply the 
cold locked rotor time by 0.833 to determine a hot locked rotor time that is 
acceptable for most motors.

The Relay Word bit 50S asserts when the motor current is greater than 2.5 
times FLA and deasserts when the current drops below 2.4 times FLA.

EXAMPLE 4.3 Thermal Element Setting

A 4000 V, 600 HP motor is protected by the SEL-710-5 Thermal Overload 
Element. The motor data sheet includes the following information.

Rated Horsepower = 600 HP
Rated Voltage = 4000 V
Rated Full-Load Current = 80 A
Rated Locked Rotor Amps = 480 A
Safe Stall Time at 100% Volts:

Cold = 18 seconds
Hot = 15 seconds

Service Factor = 1.2

Phase current transformers with 100:5 A rating are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below:

Current Transformer Ratio: CTR1 := 100/5 := 20 (see Group 
Settings (SET Command))
Full-Load Amps (FLA): FLA1 := 80 A primary (see Group Settings 
(SET Command))
Service Factor: SF := 1.2
Locked Rotor Amps: LRA1 := 480.0/80.0 := 6.0 xFLA
Hot Locked Rotor Time: LRTHOT1 := 15.0 seconds
Run State Time Constant: RTC1 := AUTO

The acceleration factor (TD1) setting reduces or extends the allowed 
accelerating time under locked rotor conditions. You can always safely 
set this value equal to 1.00.

If you know that the driven load always accelerates in less than the 
rated locked rotor time, you can use a TD1 setting less than 1.00 to 
provide a faster trip in locked rotor conditions. Do not, however, set 
the TD1 setting greater than 1.00, except to allow a start with a longer 
than normal accelerating time (e.g., high inertia motor application, 
emergency condition). When TD1 is set greater than 1.00, use the 

NOTE: When SETMETH := RATING, 
the relay automatically raises the 
initial heat estimate in the rotor 
model at Starting (motor current > 
2.5 per unit of FLA) to a full-load 
operating level. You may observe a 
sudden rise in % Thermal Capacity 
value when you start the motor. This 
is normal operation for the 
SEL-710-5.

NOTE: The SEL-710-5 normally uses 
settings CTR1, FLA1, LRA1, LRTHOT1, 
TD1, RTC1, and CURVE1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2, 
FLA2, LRA2, LRTHOT2, TD2, RTC2, 
and CURVE2 (see Table 4.68) instead.
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speed switch (see Table 4.28) to provide locked rotor protection. See 
Figure 4.2 for the thermal overload limits for selected settings. 
Thermal Element Trip-Time Equations on page K.9 shows the 
equations for these and additional curves as well as definitions for 
hot stator and hot rotor.

In a particular application, a motor with a 10-second hot locked rotor 
time always starts in 5 seconds.

Setting the TD1 equal to 0.75 causes the relay to trip in 7.5 seconds 
under locked rotor conditions. This setting allows ample time for the 
motor to start, but does not subject the motor to the full 10 seconds 
of locked rotor current if a locked rotor start attempt takes place.

We recommend that you set RTC1 (and RTC2 if E2SPEED = Y and 
SPEED2 control input is asserted) to the specific values supplied by 
the motor manufacturer for optimum overload protection. For this 
example, assume that the actual RTC data are not available and the 
motor is rotor limited. When set to AUTO, the relay uses the following 
rotor limited motor equation to calculate the RTC.

If the RTC data are not available for a stator limited motor, use the 
following equation to calculate the RTC.

Figure 4.2 Thermal Overload Limits (Rating Method)

NOTE: When set to AUTO, the relay 
rounds down the calculated value of 
RTC if the decimal value is less than 
5. Relay rounds up the RTC value if 
the decimal is equal to 5 or greater 
value. RTC TD 0.2+( ) LRTHOT•

60 ln LRA2 0.9 SF•( )
2

–

LRA2 SF2
–

--------------------------------------------------•

-------------------------------------------------------------------------- minutes=

RTC1 38 minutes=

COOLTIME 3> RTC1• 3 38 1+• 115 minutes= =

RTC LRTHOT

60 ln LRA2 0.42
–

LRA2 SF2
–

--------------------------------•

-------------------------------------------------------- minutes=
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(B) Service Factor = 1.15

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)
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Curve Thermal Method
The Curve method is similar to the Rating method, except in the following 
ways:

➤ You select one of the 45 available standard motor overload/ 
locked rotor curves, or set Curve := 46 to configure a custom 
curve, then, set the motor-rated Full-Load Amps and Service 
Factor. Based on the curve number, the relay automatically 
determines and hides LRA, LRTHOT, TD, and RTC settings. 

➤ The relay does not raise the initial heat estimate at starting 
(motor current > 2.5 per unit of FLA). The locked rotor trip time, 
for a motor at ambient temperature, is 120 percent of the time for 
the same motor at operating temperature (similar to the Rating_1 
method). The Relay Word bit 50S asserts when the motor current 
is greater than 2.5 times FLA and deasserts when the current 
drops below 2.4 times FLA.

Figure 4.3 shows several of the available curves. Thermal Element Trip-Time 
Equations on page K.9 shows the equations for these and additional curves. 
Be sure that the standard curve you select trips in a time less than or equal to 
the motor-rated locked rotor time at locked rotor current. Each increase in the 
curve number yields a 2.5-second increase in the curve thermal limit time at 
six times the full-load current. For a cold rotor, the curve 10 trip time at six 
times the full-load current is 25 seconds. Table 4.5 shows the thermal limit 
time versus current for several curves.

Figure 4.3 Thermal Overload Limits (Curve Method)

For a hot rotor, each increase in the curve number yields a 2.08-second 
increase in the hot rotor thermal limit time at six times the full-load current.
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1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)

1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)
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EXAMPLE 4.4 Thermal Element Curve Method Setting

A 4160 V, 800 HP motor is to be protected through use of the 
SEL-710-5 Thermal Element Curve Method. The motor data sheet 
includes the following information.

Rated Horsepower (HP) = 800 HP
Rated Voltage (V) = 4160 V
Rated Full-Load Current (A) = 101.0 A
Rated Locked Rotor Amps (A) = 620.4 A
Safe Stall Time, Hot = 30 seconds
Service Factor = 1.15

Each increase in generic curve number increases the hot rotor 
thermal limit time by 2.08 seconds at six times the full-load current. 
Therefore, we can select the maximum curve number by using the 
following equation:

Phase current transformers having 150:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are shown 
below.

Current Transformer Ratio (CTR) = 150/5 = 30
Full-Load Amps (FLA) = 101 A primary
Service Factor (SF) = 1.15
Curve Number (CURVE) = 14

See Example 4.3 for the equation to calculate the RTC; use TD=1, 
LRA=6, and LRTHOT=Curve# • 2.08.

Table 4.5 Thermal Limit Tripping Times in Seconds vs. Multiples of Full-Load Amps (Service Factor = 1.01)a

Multiples of FLA Curve 1 Curve 2 Curve 3 Curve 5 Curve 10 Curve 15 Curve 30 Curve 45 Remarks

1.10 318.3 636.5 954.8 1,591 3,183 4,774 9,548 14,321 Stator Model 
Limitsb

1.20 171.7 343.4 515.1 858.6 1,717 2,576 5,151 7,727

1.30 115.0 229.9 344.9 574.9 1,150 1,725 3,449 5,174

1.40 84.83 169.7 254.5 424.1 848.3 1,272 2,545 3,817

1.50 66.21 132.4 198.6 331.1 662.1 993.2 1,986 2,979

2.00 28.51 57.02 85.53 142.6 285.1 427.7 855.3 1,283

2.45 17.27 34.53 51.80 86.33 172.7 259.0 518.0 777.0

2.50 14.40 28.80 43.20 72.00 144 216 432 648.0 Rotor Model 
Limitsc

3.00 10.00 20.00 30.00 50.00 100 150 300 450.0

4.00 5.63 11.25 16.88 28.13 56.25 84.38 169 253.1

5.00 3.60 7.20 10.80 18.00 36.00 54.00 108 162.0

6.00 2.50 5.00 7.50 12.50 25.00 37.50 75.00 112.5

7.00 1.84 3.67 5.51 9.18 18.37 27.55 55.10 82.65

8.00 1.41 2.81 4.22 7.03 14.06 21.09 42.19 63.28

9.00 1.11 2.22 3.33 5.56 11.11 16.67 33.33 50.00

10.0 0.90 1.80 2.70 4.50 9.00 13.50 27.00 40.50

11.0 0.74 1.49 2.23 3.72 7.44 11.16 22.31 33.47

12.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13

14.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13
a (Trip time for Curve n) = (Trip time for Curve 45)*n/45 at same multiple of FLA.
b Tripping times are for the stator initially at operating temperature (hot).
c Tripping times are for the rotor initially at ambient temperature (cold).

Curve Number Locked Rotor Amps FLA⁄( )2 Safe Stall Time, Hot in seconds( )•
36 2.08•

---------------------------------------------------------------------------------------------------------------------------------------------------------------<

Curve 15.12  select curve 15 or less;<
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RTC = 81 minutes
COOLTIME = 3 • 81 + 1 = 244 minutes

When the thermal element setting method is set to CURVE1 := 46, the relay 
allows you to construct a custom motor protection curve using as few as 5 or 
as many as 28 thermal limit points. The relay requires:

➤ The Full-Load Amps and Service Factor ratings for the motor.

➤ Time to Trip settings at 2.00 and 2.50 times Full-Load Amps for 
overload protection (hot stator trip-times).

➤ Time to Trip settings at 5.50, 6.00, and 6.50 times Full-Load 
Amps for locked rotor protection (cold rotor trip-times). 

If you wish to emulate a manufacturer’s specified thermal limit curve, you 
must enter additional hot stator and cold rotor time points along the curve. If 
you do not enter a time for a point, enter AUTO. The relay automatically uses 
a calculated thermal limit time between the entered time points.

You can use this method if the motor thermal limit curve includes a disconti-
nuity between the stator limit curve and the locked rotor limit curve, as shown 
in Figure 4.4. See Table 4.6 for the available settings to construct a custom 
curve.

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Trip Time @ 1.05 FL 1.0–6000.0 s, Auto TTT105 := AUTO

Trip Time @ 1.10 FL 1.0–6000.0 s, Auto TTT110 := AUTO

Trip Time @ 1.20 FL 1.0–6000.0 s, Auto TTT120 := AUTO

Trip Time @ 1.30 FL 1.0–6000.0 s, Auto TTT130 := AUTO

Trip Time @ 1.40 FL 1.0–6000.0 s, Auto TTT140 := AUTO

Trip Time @ 1.50 FL 1.0–6000.0 s, Auto TTT150 := AUTO

Trip Time @ 1.75 FL 1.0–6000.0 s, Auto TTT175 := 625.0

Trip Time @ 2.00 FL 1.0–6000.0 s TTT200 := 400.0

Trip Time @ 2.25 FL 1.0–6000.0 s, Auto TTT225 := AUTO

Trip Time @ 2.50 FL 1.0–6000.0 s TTT250 := 225.0

Trip Time @ 2.75 FL 1.0–6000.0 s, Auto TTT275 := AUTO

Trip Time @ 3.00 FL 1.0–6000.0 s, Auto TTT300 := AUTO

Trip Time @ 3.50 FL 1.0–6000.0 s, Auto TTT350 := AUTO

Trip Time @ 4.00 FL 1.0–6000.0 s, Auto TTT400 := 72.0

Trip Time @ 4.50 FL 1.0–6000.0 s, Auto TTT450 := 58.0

Trip Time @ 5.00 FL 1.0–600.0 s, Auto TTT500 := 30.0

Trip Time @ 5.50 FL 1.0–600.0 s TTT550 := 25.0

Trip Time @ 6.00 FL 1.0–600.0 s TTT600 := 18.1

Trip Time @ 6.50 FL 1.0–600.0 s TTT650 := 15.2

Trip Time @ 7.00 FL 1.0–600.0 s, Auto TTT700 := 13.2

Trip Time @ 7.50 FL 1.0–600.0 s, Auto TTT750 := AUTO

NOTE: Refer to AG2018-23: 
Testing Curve 46 in SEL Motor 
Protection Relays for more details 
on testing user-defined thermal 
curve 46 in SEL motor protection 
relays.

NOTE: Trip times for FL values as 
high as 2.5 FL are Hot Stator trip 
times. Trip times for FL values greater 
than 2.5 FL are Cold Rotor trip times.
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EXAMPLE 4.5 Thermal Element Curve Method, Curve := 46

A 4000 V, 3000 HP motor is to be protected using the SEL-710-5 
Relay Thermal Element Curve Method. The motor data sheet includes 
the following information:

Rated Horsepower (HP) = 3000 HP
Rated Voltage (V) = 4000 V
Rated Full-Load Current (A) = 366 A
Rated Locked Rotor Amps (A) = 2380 A
Safe Stall Time at 100% Volts

Cold = 16 seconds
Hot = 12 seconds

Service Factor = 1.25

The motor data sheet also includes the Thermal Limit Curve shown in 
Figure 4.4.

Figure 4.4 3000 HP Example Motor Thermal Limit Curve

Trip Time @ 8.00 FL 1.0–600.0 s, Auto TTT800 := AUTO

Trip Time @ 8.50 FL 1.0–600.0 s, Auto TTT850 := AUTO

Trip Time @ 9.00 FL 1.0–600.0 s, Auto TTT900 := AUTO

Trip Time @ 9.50 FL 1.0–600.0 s, Auto TTT950 := AUTO

Trip Time @10.0 FL 1.0–600.0 s, Auto TTT1000 := AUTO

Trip Time @ 11.0 FL 1.0–600.0 s, Auto TTT1100 := AUTO

Trip Time @ 12.0 FL 1.0–600.0 s, Auto TTT1200 := AUTO

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Acceleration

Overload

Locked Rotor

1 2 3 4 5 6 7 8 9 10 20

Multiples of Full-Load Amps
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The discontinuities in the thermal limit curve between the Overload, 
Acceleration, and Locked Rotor curve sections make this motor 
become ideal for protection by using a purpose-built thermal limit 
curve. The Curve setting method provides the facility to protect this 
motor.

By examining the curve, we can find the thermal limit times at various 
multiples of Full-Load Current, as listed in Table 4.7. These times map 
directly to the relay settings shown.

Phase current transformers having 500:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below.

Current Transformer Ratio (CTR) = 500/5 = 100
Full-Load Amps (FLA) = 366 A primary
Service Factor (SF) = 1.25
Time to Trip at 1.30 x FLA (TTT130) = AUTO
Time to Trip at 1.40 x FLA (TTT140) = AUTO
Time to Trip at 1.50 x FLA (TTT150) = AUTO
Time to Trip at 1.75 x FLA (TTT175) = 625.0 seconds
Time to Trip at 2.00 x FLA (TTT200) = 400.0 seconds
Time to Trip at 2.25 x FLA (TTT225) = AUTO
Time to Trip at 2.50 x FLA (TTT250) = 225.0 seconds
Time to Trip at 2.75 x FLA (TTT275) = AUTO
Time to Trip at 3.00 x FLA (TTT300) = AUTO
Time to Trip at 3.50 x FLA (TTT350) = AUTO
Time to Trip at 4.00 x FLA (TTT400) = 72.0 seconds
Time to Trip at 4.50 x FLA (TTT450) = 58.0 seconds
Time to Trip at 5.00 x FLA (TTT500) = 30.0 seconds
Time to Trip at 5.50 x FLA (TTT550) = 25.0 seconds
Time to Trip at 6.00 x FLA (TTT600) = 18.1 seconds
Time to Trip at 6.50 x FLA (TTT650) = 15.2 seconds
Time to Trip at 7.00 x FLA (TTT700) = 13.2 seconds
Time to Trip at 7.50 x FLA (TTT750) = AUTO
Time to Trip at 8.00 x FLA (TTT800) = AUTO
Time to Trip at 8.50 x FLA (TTT850) = AUTO
Time to Trip at 9.00 x FLA (TTT900) = AUTO
Time to Trip at 9.50 x FLA (TTT950) = AUTO
Time to Trip at 10.0 x FLA (TTT1000) = AUTO
Time to Trip at 11.0 x FLA (TTT1100) = AUTO
Time to Trip at 12.0 x FLA (TTT1200) = AUTO

Table 4.7 3000 HP Motor Thermal Limit Times

Multiples of Full-Load Current Thermal Limit Time (Seconds)

1.75 625

2.00 400

2.50 225

4.00 72

4.50 58

5.00 30

5.50 25

6.00 18.1

6.50 15.2

7.00 13.2
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The relay neither requests settings for thermal limit times less than the service 
factor nor does it require that all settings have a time entered. You can enter 
AUTO for some points and the relay automatically builds the thermal limit 
curve between the nearest two specified points. For instance, a relay thermal 
limit characteristic between 2.5 and 4.0 times Full-load Amps forms a contin-
uous curve between 225 seconds and 72 seconds.

When SETMETH := CURVE and CURVE := 46, then the relay uses the fol-
lowing equation to calculate TD and RTC1 values:

Equation 4.1

Continue calculating the balance of thermal element settings with the overload 
settings in Table 4.8.

Additional Thermal Overload Settings

When the motor thermal capacity used exceeds the overload warning level 
setting (TCAPU), the relay issues a warning and asserts Relay Word bit 49A. 
The early warning allows you to correct the load problem before a thermal trip 
occurs. Note that the warning and Relay Word bit 49A deassert when the ther-
mal capacity used goes below 90% of the pickup level.

Set TCAPU using the following criterion to avoid nuisance overload warnings 
when running the motor at full load.

Equation 4.2

The motor tripping and starting functions include supervision to help prevent a 
thermal trip on a normal start. The relay prevents motor starting until the 
thermal element has enough available rotor thermal capacity to allow a motor 
start without tripping. Set the start inhibit level TCSTART greater than the 

TD TTT600
Ta

---------------------  where Ta TTT550 TTT600 TTT650+ +( )
3

--------------------------------------------------------------------------------==

and

RTC1 LRTHOT1 TD 0.2+( )•

60 ln 36 0.9 SF•( )2
–

36 SF( )2
–

---------------------------------------
 
 
 

•

--------------------------------------------------------------  minutes=

Table 4.8 Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias)

Setting Prompt Setting Range Setting Name := Factory Default

OL WARN LEVEL OFF, 50–99 %TCU TCAPU := 85

START INH. LEVEL OFF, 1–99 %TCU TCSTART := OFF

LEARN TCSTART? Y, N TCLRNEN := Y

STOP COOL TIME 1–6000 min COOLTIME := 84

STOP COAST TIME 1–3600 sec COASTIME := 5

LEARN COOLTIME? Y, N COOLEN := N

OL RTD BIASING Y, N ETHMBIAS := N

NOTE: The Overload Alarm function 
(Relay Word bit 49A) has a built-in 
hysteresis of 10% of the pickup level 
(setting TCAPU). The hysteresis 
prevents the alarm from chattering. 
The alarm drops out when the TCU 
drops below 90% of the pickup level.

TCAPU 100
SF2
--------->
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rotor thermal capacity required to start (Start TCU) the motor. Refer to 
Figure 4.75, which shows the TCSTART usage for the thermal lockout logic. 
This feature can be disabled by setting TCSTART equal to OFF.

Equation 4.3

NOTE: A 5%—10% margin is 
suggested for Equation 4.2, 
Equation 4.3, and Equation 4.4.

The function of setting 49RSTP is similar to that of TCSTART, except that 
49RSTP determines the stator thermal capacity above which the relay does 
not allow reset.

Equation 4.4

When you use the Use Learned Starting Thermal Capacity function 
(TCLRNEN := Y and TCSTART≠ Off), the relay records the rotor thermal 
capacity used during the past five starts and uses it in the thermal model in 
place of the TCSTART setting. The learned TCSTART is 115 percent of the 
largest of the last five starting thermal capacities. The relay records the ther-
mal capacity and uses it in the thermal model in place of the TCSTART set-
ting. The relay requires that the rotor thermal model cool enough to permit 
that start. 

EXAMPLE 4.6 Learned Starting Thermal Capacity Calculation

Over the past five starts, a motor has used 24%, 27%, 22%, 25%, and 
26% of thermal capacity. The largest thermal capacity to start is 
27%. The relay requires that the present TCURTR drop below 69% 
(100%–31%) before a new start is allowed. 

You can view the present learned thermal capacity to start (Start TC) using the 
serial port MOTOR command or the front-panel Monitor\Display Mot 
Data\Learn Parameters (see Figure 8.7).

The relay uses the COOLTIME setting to determine the thermal model time 
constant when the motor is stopped. A stopped motor can take longer to cool 
than a running motor because of reduced airflow or loss of forced coolant. 
Based on the setting names, the stopped cooling time equation is shown in 
Equation 4.5. The relay prompts you with the minimum allowable COOL-
TIME when you attempt to save a value shorter than the minimum. This is 
useful when RTC is set to AUTO.

Equation 4.5

The factory-default settings assume that the motor stopped cooling time is the 
same as the motor running cooling time.

Motor manufacturers sometimes provide cooling parameters for a stopped 
motor in the form of either a cooling time constant or a cooling time. If a time 
constant is provided, multiply this value by three to calculate the motor 
stopped cooling time setting (COOLTIME). If a time is provided, use this 
time directly for COOLTIME. 

TCSTART Start TCU( )>

where:
RTC = RTC1 or RTC2 (whichever is higher)

49RSTP 100
SF2
---------<

NOTE: Reset the learned 
parameters prior to putting the relay 
in service (e.g., use the RLP 
Command) to erase any unintentional 
data learned during testing.

COOLTIME 3 RTC•  minutes>



4.18

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Set COASTIME to 90%–95% of the time the motor coasts before the rotor 
stops on a normal stop. The relay automatically delays the use of the slower 
cooling rate (based on COOLTIME) by this setting, which can significantly 
reduce the wait time before the next start may be allowed by thermal lock out. 
Figure 4.5 shows the coast-stop logic diagram. If the normal motor coast time 
is not available or if it is not necessary to minimize the wait time before the 
next start, you can safely leave the COASTIME setting at the default value of 
5 seconds.

Figure 4.5 Coast-Stop Logic Diagram

When the relay monitors one or more RTDs in the motor windings and an 
ambient temperature RTD, the relay learns the stator cooling time by 
monitoring the winding temperature when the motor is stopped. If you set 
Use Learned Cooling Time (COOLEN) equal to Y, the relay learns the 
cooling time over five stops and uses it in the thermal model in place of the 
Motor Stopped Cooling Time setting. However, when no ambient RTD is 
selected in the settings or if the ambient RTD/winding RTD has failed open or 
short, and COOLEN is set to Y, the relay does not learn the stator cooling time 
over five stops and continues to use the COOLTIME setting. Figure 4.6 shows 
the MOT command response for this case.

NOTE: Normal motor starts are 
inhibited until the COASTOP Relay 
Word bit asserts; however, the 
emergency start is not. See Start 
Inhibit Function on page 4.41.

SET

CLR

COASTOP

Relay
Word
BitsPOWERUP*

49T_RTR
SPDSTR

JAMTRIP

0

0.5 s
Latch 1

S

R

Q

Timer 1

Q

0

COASTIME

STOPPED

STOPPED
Timer 2

OR1

AND1

AND2

NOT2

NOT3

SPEEDSW

AND4

AND3

NO

NOT1

T1
SPEEDSW

Relay
Word
Bits

OR2

* POWERUP is an internal bit; it asserts for 1/4 cycle every time the relay turns on.
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The Learned Cooling Time function can revise the Cool Time only if the 
learned value is greater than the COOLTIME setting.

When you apply the user-defined curve Thermal Element Setting Method 
Curve1 := 46, the rotor and stator cooling time constants for the motor can 
differ significantly. Therefore, in this case, disable Use Learned Cooling Time 
(COOLEN = N) unless the motor manufacturer recommends a cooling time or 
time constant.

You can bias the thermal model by ambient temperature when ETHMBIAS is 
set equal to Y. Use the ambient temperature above 40°C and the winding RTD 
trip temperature setting to calculate the overload RTD bias.

When the ambient RTD temperature is greater than 40°C, and the minimum 
stator winding trip threshold is greater than 40°C, then the stator RTD trip 
temperatures are lowered (if ERTDBIAS := Y) as follows:

Calculate the RTD thermal capacity used (TCRTD) from the stator winding 
RTD closest to its corresponding trip threshold and the ambient temperature 
RTD. If ETHMBIAS := Y, then compare this value against the thermal model 
thermal capacity for the RTD bias alarm.

=>>MOT <Enter>

SEL-710-5                                Date: 03/22/2017   Time: 11:02:25.671
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    06/28/2016
Last Reset Time      14:44:47
Running Time          0:01:01
Stopped Time       >  245:10:13
Time Running (%)          0.0
Total MWhr (MWhr)         0.0
Number of Starts          443
Emergency Starts           18

Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       1.2    116.0
Max Start I (A)     97.7   1344.0
Min Start V (V)    527.9      0.0
Start %TCU          23.2   1322.2
Running %TCU         6.4    689.8
RTD %TCU            61.4    100.0
Running Cur (A)    117.7    591.8
Running kW         126.8   3862.0
Running kVARin     252.1   2299.1
Running kVARout     39.7   2306.0
Running kVA        368.1   4048.6
Max WDG RTD (C)      104      249
Max BRG RTD (C)  NA       NA
Ambient RTD (C)      219      220
Max OTH RTD (C)  NA       NA

Learn Parameters
CoolTime (s)  Insufficient Data
Start TC (%)  Insufficient Data

=>>

Figure 4.6 MOTOR Command Response

KRTD = TAMB – 40 Limit: 0 < KRTD < 45

TVRTDn = TRTMPn – KRTD Limit: TVRTDn > MIN (85, TRTMPn)

where
TAMB = measured ambient temperature

TVRTDn = biased stator winding temperature trip threshold for the 
nth winding RTD

TRTMPn = the nth winding trip threshold setting

NOTE: In addition to setting 
ETHMBIAS := Y, you must set one 
RTD location equal to ambient, at 
least one RTD location equal to 
winding, and set the winding trip level 
(see Table 4.30 for details).
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Calculate the ambient bias factor KTH using the following equations. Use the 
factor KTH in the thermal model to calculate start and run state trip values.

Slip-Dependent Thermal Model for Synchronous Motors
Slip-dependent thermal models enable longer motor start times, which are 
often needed on high inertia applications. The SEL-710-5 slip-dependent ther-
mal model uses the locked rotor torque (LRQ) in per unit of the full load 
torque of the motor, the locked rotor current (LRA) in per unit of FLA, and the 
full load slip of the motor (FLS). These numbers are readily available for most 
induction motors. 

For synchronous motors, however, these numbers are generally unavailable. 
To compute the LRQ setting, both the locked rotor torque and the full load 
torque of the machine operating as an induction motor must be available; but, 
the full load torque of synchronous motors operating as induction machines is 
seldom available. 

Similarly, to compute the LRA setting, the locked rotor current, and the full 
load current of the machine operating as induction in primary amps must be 
available; but again, the full load current of synchronous motors operating as 
induction machines is unavailable. Finally, the full load slip of synchronous 
motors operating as induction machines is unavailable to set the FLS setting.

In this section, we detail a procedure to set the SEL-710-5 thermal model to 
adequately protect synchronous motors connected to high inertia loads.

Rotor Thermal Model
The slip-independent rotor thermal model integrates the motor starting current 
over time to estimate the rotor temperature. On each processing interval the 
relay computes the rotor TCU using

where
TRTDn = the winding RTD temperature that is closest to its trip 

temperature
TVRTDn = the corresponding biased stator winding trip 

temperature
TAMB = measured ambient temperature

where
0 = <= KTH <=1

min{TRTMPn} = the stator RTD trip threshold temperature 
corresponding to the winding temperature TRTDn

TCRTD 1
TVRTDn TRTDn–

TVRTDn TAMB–
-------------------------------------------–=

KTH 1{ }   TAMB 40°C or min TRTMPn{ } 60°C≤ ≤=

KTH 1  
KRTD

min TRTMPn{ }
-----------------------------------------–

 
 
 

=    TAMB 40°C and min TRTMPn{ } 60°C> >

TCU k[ ] 100
tΣ0

kI2 k[ ]Δ

LRA2 LRT•
---------------------------------•=
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Note that if the current remains at the locked rotor value (LRA) for the locked 
rotor time (LRT) the TCU reaches 100% as defined by the locked rotor time 
and current.

Multiplying and dividing the TCU equation by the rotor resistance, we obtain:

where (LRA2 • LRT • Rr) is the energy that the rotor absorbs before reaching a 
damaging temperature. The numerator is the amount of energy added to the 
rotor by time k. The slip-dependent thermal model recognizes that the rotor 
resistance is a function of the slip. To include the rotor resistance dependence 
on the slip, we rewrite the TCU equation as follows:

where the rotor resistance as a function of the slip Rr(S) is given by:
Rr(S) = R1S + R0(1–S) with . Using Rr 
into the latest TCU expression:

The ratio of R1S[k] + R0(1–S[k]) to R1is between 1, when the slip is one and 
0 < R0/R1 < 1 when the slip is zero, making the TCU increments smaller than 
in the slip-independent thermal model. The smaller TCU increments lead to 
longer start times. Figure 4.7 shows a comparison of the slip-independent 
thermal model to the slip-dependent thermal model where R0/R1 = 2/3. Note 
that as the slip approaches zero the slope of the slip-dependent TCU goes 
down allowing for two additional seconds of start time.

Figure 4.7 Slip-Dependent and Slip-Independent Thermal Models

TCU k[ ] 100
tΣ0

kI2 k[ ] Rr•Δ

LRA2 LRT Rr••
--------------------------------------------•=

TCU k[ ] 100 Δt
LRA2 LRT• 
----------------------------------

I2 k[ ] Rr S k[ ]( )• 

Rr 1( )
------------------------------------------

0

k

• • =

R1 R0 and  S k[ ] 0 1,[ ]∈≥

TCU k[ ] 100 Δt
LRA2 LRT• 
----------------------------------

I2 k[ ] R1S k[ ] R0 1 S k[ ]–( )+( )• 

R1
---------------------------------------------------------------------------------

0

k

• • =

Slip

TCU (Slip Independent)

TCU (Slip Dependent)

Pe
rc

en
ta

ge
 (%

)

Time (s)

100

90

80

70

60

50

40

30

20

10

0
0 2 4 6 8 10 12 



4.22

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

For induction motors, the R0/R1 ratio is generally between 1/3 and 1/6. For 
synchronous motors, the ratio is generally between 1/3 and 1/6. The following 
guidelines lead to R0/R1 = 1/3.

Settings Guidelines
These settings guidelines pertain specifically to synchronous motors that are 
connected to high-inertia loads, which require start times longer than the 
locked rotor time. To enable the slip-dependent thermal model, set FLS and 
LRQ to:

 

where LRA is the locked rotor current in per unit FLA. Internally, the relay 
sets R0 = FLS and R1 = LRQ/LRA2.

The SLIPSRC setting specifies the source for the motor slip used in the 
thermal model. Three options are available: STAT, VDR, and R1. Select the 
SLIPSRC setting based on the following guidelines.

STAT: The relay computes the motor slip based on the stator 
measurements as described in U.S. Patent Application Publication 
No. 2015/0088444, "Monitoring Synchronization of a Motor Using Stator 
Current Measurements." Use this method for brushless synchronous 
motors or when the field measurements are unavailable to the relay.

VDR: The relay computes the motor slip based on the field voltage 
measurement (VDR). Use this method when field voltage measurements 
are available. When the VDR option is selected, make sure that 
STSEQEN asserts with the STARTING Relay Word bit.

R1: The relay computes the motor slip based on the positive-sequence 
resistance measured during motor start up. This method is not 
recommended for synchronous motors. If this method is necessary for 
your application, contact SEL.

For an extensive comparison of STAT VDR and R1 methods, refer to 
“Synchronous rotor thermal model based on stator current modulation,” The 
Journal of Engineering, vol. 2018, no. 15, pp. 866–870, Oct. 2018. 

Overcurrent Elements
If the SEL-710-5 is connected to a motor protected by a fused contactor, 
disable the phase overcurrent element by setting its trip level to OFF. If the 
relay is connected to a device capable of interrupting fault current, use the 
element to detect and trip for phase overcurrent faults. Set the phase overcur-
rent trip level (50P1P) equal to 2.0 times the motor locked rotor current with a 
0.0 second time delay. Set the phase overcurrent warn level (50P2P) to the 
value you want with an appropriate time delay.

FLS 1
3 LRA2

• 
------------------------:= 

LRQ 1.0:= 

Table 4.9 Phase Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

PH OC TRIP LVL OFF, 0.10–20.00 xFLA  50P1P := 10.00

PH OC TRIP DLAY OFF, 0.00–5.00 s  50P1D := 0.00

PH OC WARN LVL OFF, 0.10–20.00 xFLA  50P2P := OFF

PH OC WARN DLAY OFF, 0.00–5.00 s  50P2D := 0.50
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The phase overcurrent elements (50P1 and 50P2; see Figure 4.8) normally 
operate using the output of the cosine filter. However, when the harmonic dis-
tortion index exceeds a fixed threshold, which indicates severe CT saturation, 
the phase overcurrent elements operate on the output of the peak detector. 

The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two methods provides an elegant 
solution for ensuring dependable short circuit overcurrent element operation.

The relay offers two types of ground fault detecting overcurrent elements. The 
neutral overcurrent elements (50N1T and 50N2T) operate with current mea-
sured by the IN input. The residual (RES) overcurrent elements (50G1T and 
50G2T) operate with the current derived from the phase currents (see 
Figure 4.8).

Table 4.10 Neutral Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NEUT OC TRIP LVL OFF, 0.01–650.00 A pri 50N1P := OFF

NEU OC TRIP DLAY OFF, 0.00–5.00 s 50N1D := 0.50

NEUT OC WARN LVL OFF, 0.01–650.00 A pri 50N2P := OFF

NEU OC WARN DLAY OFF, 0.0–120.0 s 50N2D := 10.0

NOTE: The phase overcurrent 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK50P := Y (see Table 4.64 for 
details).

NOTE: Neutral OC trip level settings 
are in primary amperes.

NOTE: The 50N1P and 50N2P 
settings ranges are dependent on the 
neutral CT ratio CTRN. Refer to 
Table 6.6 for the settings 
interdependency.

NOTE: The neutral and residual 
overcurrent elements are disabled by 
the Relay Word bit BLKPROT if the 
setting BLK50EF := Y (see Table 4.64 
for details).

NOTE: For the 2.5 mA models, the 
50NxP element includes a security 
timer of 100 ms.
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Figure 4.8 Overcurrent Element Logic

When a core-balance CT is connected to the relay IN input, as in Figure 2.24, 
use the neutral overcurrent element to detect motor ground faults. Calculate 
the trip and warn level settings based on the available ground fault current and 
the core-balance CT ratio.

EXAMPLE 4.7 Ground Fault Core-Balance CT Application

A resistance-grounded transformer limits the current for motor or 
cable ground faults. The resistor is sized to limit the current to 10 A 
primary. The three motor leads are passed through the window of a 
10:1 core-balance CT. The CT secondary is connected to the SEL-710-5 
IN current input (terminals Z07, Z08), as shown in Figure 4.9. Setting 
the Neutral OC CT Ratio (CTRN—see Group Settings (SET Command) 
on page 4.4) equal to 10 and Neutral Trip Lvl (50N1P) equal to 5 A 
with a 0.10-second time delay ensures that the element quickly 
detects and trips for motor ground faults, but prevents misoperation 
resulting from unequal breaker or contactor pole closing times.

50P1P
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Figure 4.9 Ground Fault Protection Using Core-Balance CT

When a core-balance CT is not available, use the 50G residual overcurrent 
elements. Set the residual overcurrent trip level (50G1P) between one-half and 
one-fifth of the full-load phase current, and set the residual overcurrent trip 
delay (50G1D) equal to 0.2 seconds. Set the warn level more sensitively, but 
with a longer time delay. The long time delay allows the sensitive warn ele-
ment to ride through the false residual current that can be caused by phase CT 
saturation during motor starting.

The relay offers a negative-sequence overcurrent element to be used in addi-
tion to or instead of the 46 Current Unbalance element to detect phase-to-
phase faults, phase reversal, single phasing, and heavy motor unbalance.

Incipient Cable Fault
The incipient cable fault element is used to detect self-clearing half- to one-
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled.

Table 4.11 Residual Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

RES OC TRIP LVL OFF, 0.10–20.00 xFLA  50G1P := OFF

RES OC TRIP DLAY OFF, 0.00–5.00 s  50G1D := 0.50

RES OC WARN LVL OFF, 0.10–20.00 xFLA  50G2P := OFF

RES OC WARN DLAY OFF, 0.0–120.0 s  50G2D := 10.0

Table 4.12 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NSEQ OC TRIP LVL OFF, 0.10–20.00 xFLA 50Q1P := 3.00

NSEQ OC TRIP DLY OFF, 0.1–120.0 s 50Q1D := 0.1

NSEQ OC WARN LVL OFF, 0.10–20.00 xFLA 50Q2P := 0.30

NSEQ OC WARN DLY OFF, 0.1–120.0 s 50Q2D := 0.2

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Motor

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to motor ground faults is 
less when the residual overcurrent 
element is used instead of the CB 
element. A separate ground fault 
detection method should be used if a 
CB CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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The logic, as detailed in Figure 4.11, detects when two consecutive raw sam-
ples of phase current are higher than the user-defined threshold and asserts the 
respective phase 50INCx (x = A, B, or C) Relay Word bit. If the overcurrent 
clears within three half cycles, then an event is recorded in a history report and 
the counter is incremented. The phase of the cable, total number of events on 
each phase, and the timestamps of the most recent 32 events are kept in the 
report (see Figure 4.10), which is displayed by using the HIS 50INC com-
mand (see Table 7.31). 

To reset the counter and the event report, issue the HIS 50INC C command.

Figure 4.11 Incipient Cable Fault Logic

The logic provides a threshold for alarm via 50IALC and a threshold for trip-
ping 50ITRC, depending on the number of detected events. These have corre-
sponding Relay Word bits, 50IALCx and 50ITRCx, for each phase when the 
count on that phase is higher than the respective threshold.

=>>HIS 50IN <Enter>

SEL-710-5                                Date: 08/29/2019   Time: 11:09:24.098
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X269-V0-Z004003-D20190828

#     DATE        TIME        CNTA   CNTB   CNTC   INCF PHASE
1     08/29/2019 11:09:15.497  1      0      0       A      
2     08/29/2019 11:09:15.747  2      0      0       A      
3     08/29/2019 11:09:15.998  3      0      0       A      
4     08/29/2019 11:09:16.248  4      0      0       A      
5     08/29/2019 11:09:16.498  5      0      0       A      

LAST RESET =  08/29/2019 11:09:09.024

=>>

Figure 4.10 HIS 50INC Report Response

50IALCA

50ITRCA

50IALC

50ITRC

Reset

Counter
8

Samples

2

16
Samples

46
Samples 50INCTA

50INCA

16

1
Samples

E50INC

|IA RAW|

Settings

Relay
Word
Bit

Relay
Word
Bits

Relay
Word
Bit

Settings

Table 4.13 Incipient Cable Fault Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

50INC PU LVL OFF, 5–50.00 Aa

1–10.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

E50INC := 15

E50INC := 3

50INC WARN COUNT 1–100 50IALC := 1

50INC TRIP COUNT 1–100 50ITRC := 10
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Time-Overcurrent Elements
One level of inverse-time element is available for A-, B-, and C-phase, and 
negative-sequence overcurrent. Also, two levels of inverse-time elements are 
available for maximum phase and residual overcurrent. See Table 4.14 
through Table 4.17 for available settings.

NOTE: Time-overcurrent elements 
trip level settings are in secondary 
amperes.

You can select from five U.S. and five IEC inverse characteristics. Table 4.18 
and Table 4.19 show equations for the curves and Figure 4.16 through 
Figure 4.25 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use 51_CT if you want to 
raise the curves by a constant time. Also, you can use 51_MR if you want to 
ensure the curve times no faster than a minimum response time.

Each element can be torque controlled using appropriate SELOGIC control 
equations (e.g., when 51P1TC := IN401, the 51P1 element is operational only 
if IN401 is asserted).

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51AP := OFF
51AP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 s 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51BP := OFF
51BP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 s 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51CP := OFF
51CP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c,
0.05–1.00d

51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 s 51CCT := 0.00
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.12.

Figure 4.12 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P1P := OFF

51P1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c,

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 s 51P1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P2P := OFF

51P2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

51ATC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.4)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.

SELOGIC
Setting

Setting
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.13.

Figure 4.13 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 s 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.16 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

a For INOM = 5 A.
b For INOM = 1 A.

51QP := OFF
51QP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 s 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P
|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC
Torque Control

51P1P Pickup

51P1R Reset

51P1T Curve
 Timeout

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

Y Electromechanical
N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings
  51P1P Pickup
  51P1C Curve Type
  51P1TD Time Dial
  51P1RS Electromechanical
    Reset? (Y/N)
  51P1CT Const. Time Add.
  51P1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown Figure 4.14.

Figure 4.14 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G1P := OFF

51G1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 s 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G2P := OFF

51G2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 s 51G2CT := 0.00

51QTC

SELOGIC
Torque Control

SELOGIC
Setting

(From Figure 4.4)

51QP

|3I2|

Setting

Torque Control Switch

Pickup

Curve
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to resid-
ual current IG as shown Figure 4.15.

Figure 4.15 Residual Time-Overcurrent Elements 51G1T and 51G2T

Relay Word Bit ORED51T
Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 
51BT, 51CT, 51PIT, 51P2T, 51G1T, 51G2T, or 51QT are asserted.

Time-Overcurrent Curves
The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.12 through 
Figure 4.15). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.20 through Figure 4.25. Curves U1, U2, and U3 (Figure 4.16 through 
Figure 4.19) conform to IEEE C37.112-1996, Standard Inverse-Time Charac-
teristic Equations for Overcurrent Relays.

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

710-5_IM_0175_ResidentialTimeOvercurrent_a.eps

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch
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Table 4.18 Equations Associated With U.S. Curves 

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.16

U2 (Inverse) Figure 4.17

U3 (Very Inverse) Figure 4.18

U4 (Extremely Inverse) Figure 4.19

U5 (Short-Time Inverse) Figure 4.20

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

Table 4.19 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.21

C2 (Very Inverse) Figure 4.22

C3 (Extremely Inverse) Figure 4.23

C4 (Long-Time Inverse) Figure 4.24

C5 (Short-Time Inverse) Figure 4.25

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M2
–

---------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.16 U.S. Moderately Inverse Curve: U1 Figure 4.17 U.S. Inverse Curve: U2

Figure 4.18 U.S. Very Inverse Curve: U3 Figure 4.19 U.S. Extremely Inverse Curve: U4

0.50

6.00
5.00

4.00

3.00

2.00

1.00

15.00

12.00
10.00

8.00

.01
.5 .6 .7 .8 .9 1

.02

.03

.04

.05

.09

.07

.06

.08

.1

.2

.3

.4

.5

.7

.6

.9

.8

1

42 3 5 6 7 8 9 10 4020 30 7050 60 80 90 10
0

80

10

2

3

6

4

5

7

9
8

20

50

30

40

60
70

100
90

Ti
m

e 
in

 S
ec

on
ds

Multiples of Pickup

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0H
z)

3 (2.5)

6 (5)

15 (12.5)

30 (25)

60 (50)

600 (500)

150 (125)

300 (250)

1500 (1250)

3000 (2500)

6000 (5000)

0.50

6.00
5.00

4.00

3.00

2.00

1.00

15.00

12.00
10.00

8.00

.01
.5 .6 .7 .8 .9 1

.02

.03

.04

.05

.09

.07

.06

.08

.1

.2

.3

.4

.5

.7

.6

.9

.8

1

42 3 5 6 7 8 9 10 4020 30 7050 60 80 90 10
0

80

10

2

3

6

4

5

7

9
8

20

50

30

40

60
70

100
90

Ti
m

e 
in

 S
ec

on
ds

Multiples of Pickup

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0H
z)

3 (2.5)

6 (5)

15 (12.5)

30 (25)

60 (50)

600 (500)

150 (125)

300 (250)

1500 (1250)

3000 (2500)

6000 (5000)

12.00

1.00

0.50

10.00

8.00

6.00
5.00

4.00

3.00

2.00

15.00

.01
.5 .6 .7 .8 .9 1

.02

.03

.04

.05

.09

.07

.06

.08

.1

.2

.3

.4

.5

.7

.6

.9

.8

1

42 3 5 6 7 8 9 10 4020 30 7050 60 80 90 10
0

80

10

2

3

6

4

5

7

9
8

20

50

30

40

60
70

100
90

Ti
m

e 
in

 S
ec

on
ds

Multiples of Pickup

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0H
z)

3 (2.5)

6 (5)

15 (12.5)

30 (25)

60 (50)

600 (500)

150 (125)

300 (250)

1500 (1250)

3000 (2500)

6000 (5000)

3.00

2.00

1.00

0.50

15.00

12.00
10.00

8.00

6.00
5.00

4.00

.01
.5 .6 .7 .8 .9 1

.02

.03

.04

.05

.09

.07

.06

.08

.1

.2

.3

.4

.5

.7

.6

.9

.8

1

42 3 5 6 7 8 9 10 4020 30 7050 60 80 90 10
0

80

10

2

3

6

4

5

7

9
8

20

50

30

40

60
70

100
90

Ti
m

e 
in

 S
ec

on
ds

Multiples of Pickup

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0H
z)

3 (2.5)

6 (5)

15 (12.5)

30 (25)

60 (50)

600 (500)

150 (125)

300 (250)

1500 (1250)

3000 (2500)

6000 (5000)



4.34

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.20 U.S. Short-Time Inverse Curve: U5 Figure 4.21 IEC Class A Curve (Standard Inverse): C1

Figure 4.22 IEC Class B Curve (Very Inverse): C2 Figure 4.23 IEC Class C Curve (Extremely Inverse): C3
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Differential Elements
The SEL-710-5 optionally provides two definite-time delayed differential 
overcurrent elements. See Figure 4.26 for the element logic diagrams. Use the 
relay with either core-balance differential CTs (see Figure 2.25) or with sepa-
rate CTs on the source and neutral sides of the motor (see Figure 2.26).

A dedicated CT ratio setting (CTR87M) is provided for the differential ele-
ments. This is particularly useful when core-balance differential CTs are used 
because CBCT reads zero if balanced; therefore, you can detect small currents 
with high CT ratios.

Figure 4.24 IEC Long-Time Inverse Curve: C4 Figure 4.25 IEC Short-Time Inverse Curve: C5
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Table 4.20 Motor Differential Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DIFF ENABLE Y, N E87M := N

DIFF CT RATIO 1–5000 CTR87M := 100

DIFF 1 TRIP LVL OFF, 0.05–8.00 A sec 87M1P := OFF

DIFF 1 TRIP DLY 0.00–60.00 s 87M1TD := 0.10

DIFF 1 TRQ CON SELOGIC 87M1TC := 50S

DIFF 2 TRIP LVL OFF, 0.05–8.00 A sec 87M2P := OFF

DIFF 2 TRIP DLY 0.00–60.00 s 87M2TD := 0.10

DIFF 2 TRQ CON SELOGIC 87M2TC := NOT 50S

NOTE: If the SEL-710-5 is connected 
to a motor protected by a fused 
contactor, disable the differential 
elements by setting the trip level to 
OFF. If the relay is connected to a 
device capable of interrupting fault 
current, use the element to detect and 
trip for differential faults.
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Each differential element can be set independently with operate level 
(pickup), delay, and torque control equations to provide flexibility. For 
example, the factory-default torque control equations allow you to set higher 
level 1 pickup during motor starting for better security and lower level 2 
pickup during the rest of the times for more sensitive protection. Note that 
false differential current is more likely during motor starting because of large 
inrush currents.

Figure 4.26 Differential Element Logic

Load-Jam Elements
Load-jam protection is available only when the relay detects that the motor is 
in the RUNNING state. During a load-jam condition, the motor stalls and the 
phase current rises to near the locked rotor value. When load-jam tripping is 
enabled and the phase current exceeds the jam trip level setting (LJTPU) for 
longer than the time delay setting (LJTDLY), the relay trips (see Figure 4.27). 
Set the jam trip level greater than the expected normal load current but less 
than the rated locked rotor current. This setting is entered in per unit of the 
Full-Load Amps (FLA) setting.

I87max

87M1TC

I87max

87M2TC

Relay
Word
Bits

87M1

87M1T

87M2

87M2T

87M1TD

87M2TD

0

Torque Control Switch

Torque Control Switch

87M1P

87M2P

I87max = max (|IA87|, |IB87|, |IC87|)
If 87MxTC = 1, the associated torque control switch is closed

Settings Inputs_________ _______

0

Table 4.21 Load-Jam Settings 

Setting Prompt Setting Range Setting Name := Factory Default

JAM TRIP LEVEL OFF, 1.00–6.00 xFLA  LJTPU := OFF

JAM TRIP DELAY 0.0–120.0 s  LJTDLY := 0.5

JAM WARN LEVEL OFF, 1.00–6.00 xFLA  LJAPU := OFF

JAM WARN DELAY 0.0–120.0 s  LJADLY := 5.0

NOTE: The load-jam elements are 
disabled by the Relay Word bit 
BLKPROT if the setting BLK48 := Y 
(see Table 4.64 for details).
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Figure 4.27 Load-Jam Element Logic

Undercurrent (Load Loss) Elements
The relay arms the load-loss detection logic a settable time after the motor 
starts, as defined by the undercurrent start delay time setting (LLSDLY) and 
shown in Figure 4.28. Set this delay to allow pumps or compressors to reach 
normal load. Once armed, this function issues a warning or trip if phase cur-
rent drops below warn or trip level for the specified time delay. You can block 
these elements using SELOGIC (see Table 4.64).

Set the undercurrent trip and warn levels greater than the expected motor 
no-load current, but less than the minimum current expected when the motor 
is operating normally. These settings are entered in per unit of the Full-Load 
Amps (FLA) setting.

If you expect the motor to normally operate at no load, disable the trip and 
warn elements by setting LLTPU and LLAPU equal to OFF. The relay auto-
matically hides the associated time delay settings.

 LJAPU, LJTPU = Load-Jam Alarm and Trip Pickup
 I1 =  Positive-Sequence Current Magnitude
 RUNNING = Motor is Running
 LJADLY, LJTDLY = Load-Jam Alarm and Trip Delay
 JAMALRM, JAMTRIP = Load-Jam Alarm and Trip
 FLA = Full-Load Amps Setting

| I1 |

LJAPU = Off

LJTPU = Off

(LJAPU) (FLA)

(LJTPU) (FLA)

RUNNING

JAMALRM

JAMTRIPSettings

Settings

LJTDLY

0

LJADLY

0

Relay 
Word 
Bits

Relay 
Word 
Bits

Note: When LJAPU or LJTPU = OFF is satisfied, a logical 1 input is generated.

Table 4.22 Undercurrent Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UC TRIP LEVEL OFF, 0.10–1.00 xFLA  LLTPU := OFF

UC TRIP DELAY 0.4–120.0 s  LLTDLY := 5.0

UC WARN LEVEL OFF, 0.10–1.00 xFLA  LLAPU := OFF

UC WARN DELAY 0.4–120.0 s  LLADLY := 10.0

UC START DELAY 0–5000 s  LLSDLY := 0

NOTE: The undercurrent elements 
are disabled by the Relay Word bit 
BLKPROT if the setting BLK37 := Y 
(see Table 4.64 for details).
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Figure 4.28 Undercurrent (Load-Loss) Logic

Current Unbalance Elements
Unbalanced motor terminal voltages cause unbalanced stator currents to flow 
in the motor. The negative-sequence current component of the unbalanced 
current causes significant rotor heating. While the SEL-710-5 motor thermal 
element models the heating effect of the negative-sequence current, you may 
want the additional unbalanced and single-phasing protection offered by the 
current unbalance element.

The SEL-710-5 calculates percent unbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current, 
Iav, is greater than the motor-rated full-load current, the relay calculates the 
percent unbalance: 

Equation 4.6

 LLTPU = Load-Loss Trip Pickup Setting
 LLAPU = Load-Loss Alarm Pickup Setting
 STARTING = Motor Is Starting
 RUNNING = Motor Is Running
 LOSSTRIP = Load-Loss Trip
 LOSSALRM = Load-Loss Alarm

 I1 = Positive-Sequence Current Magnitude
 FLA = Full-Load Amps Setting
 LLTDLY = Load-Loss Trip Delay Setting
 LLSDLY = Load-Loss Start Delay Setting
 LLADLY = Load-Loss Alarm Delay Setting

| I1 |

| I1 |

LLTPU = OFF

LLAPU = OFF

LLTPU (FLA)

RUNNING
37LLTC

37LLTC

STARTING

RUNNING

Load-Loss Start
Delay Timer

Rising
Edge Detect

Load-Loss Trip
Delay Timer

Load-Loss Alarm
Delay Timer

LLAPU (FLA)

LOSSTRIP
LLTDLY

0

LLSDLY

0

LOSSALRM
LLADLY

0

Relay
Word
  Bits  

Relay
Word
  Bits  

Setting

Setting

Settings

Note: When LLTPU or LLAPU = OFF is satisfied, a logical 1 input is generated.

Table 4.23 Current Unbalance Settings 

Setting Prompt Setting Range Setting Name := Factory Default

CI TRIP LEVEL OFF, 5%–80%  46UBT := 20

CI TRIP DELAY 0–240 s  46UBTD := 5

CI WARN LEVEL OFF, 5%–80%  46UBA := 10

CI WARN DELAY 0–240 s  46UBAD := 10

NOTE: The current unbalance 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK46 := Y (see Table 4.64 for 
details).

UB% 100 Im
Iav
-------• =



4.39

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

When the average current is less than the motor-rated full-load current, the 
relay calculates the percent unbalance:

Equation 4.7

In either case, the function is disabled if the average phase current magnitude 
is less than 25 percent of the Full-Load Amps setting (see Figure 4.29).

Figure 4.29 Current Unbalance Element Logic

A one percent voltage unbalance typically causes an approximate 6 percent 
current unbalance in induction motors. If a 2 percent voltage unbalance can 
occur in your location, set the current unbalance warn level greater than 
12 percent to prevent nuisance alarms. A 15 percent current unbalance warn 
level setting corresponds to an approximate 2.5 percent voltage unbalance, 
and a 20 percent current unbalance trip setting corresponds to an approximate 
3.3 percent voltage unbalance. A 10-second alarm delay and 5-second trip 
delay should provide adequate performance in most applications.

Start Monitoring/Incomplete Start Sequence
If motor starting has not finished by the START_T time, the relay produces a 
trip if the SMTRIP Relay Word bit (start motor time-out) asserts and is 
included in the TR equation. Use Start Monitoring to backup other protection 
and control elements, for example, the thermal model and the synchronous 
motor start sequence. 

UB% 100 Im
FLA
-----------• =

where
UB% Current unbalance percentage=

Im max Imax Iav– Imin Iav–,{ }=

where
Imax max Ia Ib Ic, ,{ }=

Imin min Ia Ib Ic, ,{ }=

Iav Ia Ib Ic+ +( ) 3⁄=

FLA Motor-rated full-load current=

46UBAD

0
46UBA

46UBTD

0
46UBT

Enable

Enable

Im

Iav
|IA|

|IC|

FLA

46UBA

46UBT

|IB|

Relay
Word
Bits

%UB = (Im/Iav) • 100%

Avg.

• 0.25

Max.
Dev.

Settings

Inputs %UB = (Im/FLA) • 100%

 IA = Phase Current
 IB = Phase Current
 IC = Phase Current
 FLA = Full-Load Amps
 46UBA = Phase Current Unbalance Warn Setting
 46UBT = Phase Current Unbalance Trip Setting

 Avg. = Average
 Iav = Average Phase Current Magnitude
 Im = Highest Unbalance Current Magnitude
 46UBAD = Phase Current Unbalance Alarm Delay
 46UBTD = Phase Current Unbalance Trip Delay

NOTE: With star-delta (wye-delta) 
starting, the total starting time (star 
and delta) is monitored. If immediate 
tripping is required in the event of 
stalling, monitoring must be provided 
by a speed switch function.
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Figure 4.30 shows the typical current during motor start and the START_T 
time setting. For a synchronous motor application (SYNTYPE := BRUSH OR 
BRUSHLESS), if the motor has not synchronized (SRUNNING := 0) by the 
START_T time, the relay produces a trip if the SMTRIP Relay Word bit (start 
motor time-out) asserts and is included in the TR equation.

Figure 4.30 Monitoring Motor Starting Time 

Figure 4.31 Synchronous Motor Incomplete Sequence Monitoring

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star to delta (wye to delta) 
as soon as the starting current drops to the near-rated value in star (wye). The 
relay makes the change to delta within the STAR_MAX setting (if used), 
regardless of the magnitude of the starting current. This feature is not avail-
able when VFDAPP := Y.

You can switch the maximum permissible time for the star (wye) operation on 
or off, as necessary. If it is off, the change to delta is made solely based on the 
motor current. If the motor has to be switched off when the total start time 
(star and delta) exceeds a set time, start monitoring must also be used.

Table 4.24 Start Monitor Settings

Setting Prompt Setting Range Setting Name := Factory Default

START MOTOR TIME OFF, 1–240 s  START_T := OFF

≤ 1.1  FLA 

1

2

3

t

tv

≥ 1.2  FLA 

IRelay
Word
Bits

STARTING = 1

RUNNING = 1

 1 = Motor starting current ≥ 1.2 FLA
 2= Rated conditions
 tv = START_T time
 3 = Tripping if starting lasts too long

STARTING
SRUNNING OR TRIP

SYNTYPE = NONE
START_T

0
SMTRIP

Table 4.25 Star-Delta Settings

Setting Prompt Setting Range Setting Name := Factory Default

STAR-DELTA ENABL Y, N  ESTAR_D := N

MAX STAR TIME OFF, 1–600 s  STAR_MAX := OFF

NOTE: In addition to enabling the 
star-delta, you must assign star and 
delta to auxiliary output relays (one 
each); see Figure 2.28 for a typical 
connection diagram.
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Figure 4.32 Star-Delta Starting

Start Inhibit Function
When the protected motor is rated for a specific maximum number of starts 
per hour or minimum time between starts, set the MAXSTART and TBSDLY 
settings accordingly. If the relay detects MAXSTART starts within 60 min-
utes and the motor stops or is tripped, the relay asserts the TRIP output contact 
to prevent an additional start until 60 minutes after the oldest start. If the 
motor stops or is tripped within TBSDLY minutes of the last start, the relay 
asserts the TRIP output contact to prevent a new start until TBSDLY minutes 
after the most recent start.

In certain pump applications, fluid flowing backward through the pump can 
spin the pump motor for a short time after the motor is stopped. Any attempt 
to start the motor during this time can be damaging. To prevent motor starts 
during the backspin period, enter a time in minutes in the RESTART BLK 
TIME setting. If the relay trips or the motor is stopped, the relay generates a 
trip signal and maintain it for at least this amount of time. The relay does not 
issue a start during the restart block period.

The relay maintains the trip signal until enough time passes for the motor to be 
safely restarted. During the lockout period, the relay displays a countdown 
time in minutes to the next allowed start. 

The emergency restart function overrides all three limits (in addition to the 
motor coasting; see Figure 4.5), allowing the motor to be placed back in ser-
vice in an emergency.

STOPPED

DELTA

STARTING
I1 < 0.635*FLA

STAR

STOPPED
TRIP

S

R

STAR

DELTA

S

R

A

0

20 ms

0

50 ms

0

Relay
Word
Bits

Relay
Word
Bits

A := STAR_MAX (user setting)
FLA = Full Load Amps

Table 4.26 Start Inhibit Settings

Setting Prompt Setting Range Setting Name := Factory Default

STARTS/HR. OFF, 1–15  MAXSTART := OFF

MIN. OFF TIME OFF, 1–150 min  TBSDLY := OFF

RESTART BLK TIME OFF, 1–1500 min  ABSDLY := OFF

NOTE: See Figure 4.74 and 
Figure 4.78 for the stop/trip and start 
logic diagrams.

NOTE: The starts/hour element is 
disabled by the Relay Word bit 
BLKPROT if the setting BLK66 := Y 
(see Table 4.64 for details).
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Phase Reversal Protection
The SEL-710-5 uses phase currents or phase voltages (if available) to deter-
mine that the phase rotation of signals applied to the relay matches the phase 
rotation setting, PHROT. When you set E47T equal to Y, the relay trips 
0.5 seconds after incorrect phase rotation signals are applied to the relay. 
Incorrect phase rotation is determined using currents as voltages (see 
Figure 4.33).

To ensure that phase reversal protection is enabled in case PHROT is set 
wrong, make sure the setting E47T is equal to Y and Relay Word bit 47T is in 
the TRIP equation.

Figure 4.33 Phase Reversal Element Logic

Table 4.27 Phase Reversal Setting

Setting Prompt Setting Range Setting Name := Factory Default

PH REV. ENABLE Y, N  E47T := Y

0.5 s

0

47T

E47T = Y
Voltage Option = Y

DELTA_Y = Wye

|VA|

|VB|

|VC|

|VAB|

|VBC|

60 V

0.5 • |V2|

0.25 • FLA
min

|V1|

|IA|

|IB|

|IC|

0.5 • |I2|
|I1|

35 V

Relay
Word
Bits

Relay
Inputs

I1, V1 and I2, V2 indicate positive-sequence 
and negative-sequence quantities.
FLAmin = Lowest Full-Load Current Setting Allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary

Relay
Inputs



4.43

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

Speed Switch (Stalling During Start) Function
Use the physical speed switch to supplement the locked rotor (LR) protection 
normally provided by other elements, for example, the motor thermal model. 
Typically the speed switch provides faster LR protection than the other ele-
ments and is desirable in any motor application to minimize thermal and 
mechanical stresses caused by motor locked rotor currents. The SEL-710-5 
relay offers a virtual speed switch (VSS) logic that can be used when the phys-
ical speed switch is not available. The logic also includes monitoring of the 
physical speed switch, if present, to enhance its reliability. 

When the SPDSDLYT setting is set, the relay trips if motor speed is not 
detected either by the physical or virtual speed switch SPDSDLYT seconds 
after the motor start begins. A separate delay, SPDSDLYA, can also be set to 
provide a warning before the speed switch trip.

Figure 4.34 shows typical currents during motor start (normal and stall during 
start) and the SPDSDLYT time setting. 

Figure 4.34 Stalling During Starting

Virtual Speed Switch
The virtual speed switch (VSS) provides the following major features when 
enabled by setting VSSEN := Y. See Figure 4.35 for additional detail.

➤ Across-The-Line (ATL) Starting: The VSS is intended for ATL 
motor starting with acceleration times greater than 5 seconds.

➤ Subtransient Current Override: An inherent delay of 0.5 seconds 
overrides the subtransient inrush current typically present during 
ATL starts.

Table 4.28 Speed Switch Settings

Setting Prompt Setting Range Setting Name := Factory Default

SS TRIP DELAY OFF, 1–240 s  SPDSDLYT := OFF

SS WARN DELAY OFF, 1–240 s  SPDSDLYA := OFF

VIR SS ENABLE Y, N VSSEN := N

VIR SS CONSTANT 0.80–0.98 VSSCONST := 0.95

SS FAIL OPEN DLY OFF, 0.5–2.0 s FAILOPND := OFF

SS FAIL CLOS DLY 0.1–120 min FAILCLSD := 5.0

SS FAIL RESET SELOGIC SSFLRST := PB05

NOTE: In addition to setting the 
SS DELAY, connect the speed switch 
contact (if used) to an input assigned 
to the speed switch (see Table 4.68 
and Figure 2.16 for connection 
diagrams).

I

1
2

t
v

t

I
FLA 

FLA 

 1 = Normal start without hindrance by high overload or stalling
 2 = Stalling during starting
 t

v
 = SS TRIP DELAY time
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➤ Starting Current Profile Monitoring: The VSS algorithm 
requires both of the following occurrences to validate the rotor 
movement.

➢ Detection of a decreasing current trend after the sub-
transient delay.

➢ A minimum drop in starting current by a user setting 
VSSCONST.

The Relay Word bit VIRSPDSW asserts if the above criteria are 
met. VIRSPDSW, intended for LR protection, remains asserted 
until the motor stops, indicated by the assertion of Relay Word 
bit STOPPED. The VSS logic disregards the stop coast time 
previously described (see Table 4.8).

➤ The following data for each motor start are stored and available 
as long as the motor is running. They automatically reset when 
the motor stops.

➢ VSSCNTR: Shows the VSS logic time for the latest 
motor start in counts, 0.5 seconds per count from the 
motor start.

➢ VSSCURRn and VSSCNTn (n = 1–3): Three current 
levels (in per unit of FLA) show the trend of the 
magnitudes and associated counts for the latest motor 
start.

➢ VIRSPDSW: Relay Word bit that detects the rotor 
speed by VSS logic.

Use the VSSCONST default setting of 0.95 for most applications; however, 
change it to suit your specific application, as needed.
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Figure 4.35 Virtual Speed Switch Flow Chart

Figure 4.36 shows the physical speed switch monitoring logic. Essentially, the 
logic compares the operations of the physical and virtual speed switches to 
detect a failure of the physical switch. There are two timer settings, one each, 
to detect a Failed Open and a Failed Close condition. Set the FAILOPND set-
ting equal to the typical closing time of the physical switch to detect the rotor 
speed. Set the FAILCLSD setting to the longest expected rotor coasting-to-
stop time plus at least a 5 percent margin. Either Relay Word bit FAILOPN or 
FAILCLS will assert and latch-in when detecting a Failed Open or a Failed 
Close condition. By default, the front-panel pushbutton PB05 and its associ-
ated LED are programmed for this feature. Change the SSFLRST SELOGIC 
control equation and the PB5A_LED/PB5B_LED settings if the default set-
tings are unacceptable.

NO

YES

1

STOPPED RUNNING STARTING

Motor State?

Reset:
VIRSPDSW = 0
PULSEGEN = 0
VSSCNTR = 0
VSSCNTn = 0
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VSSCNTR < 1 ?
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Figure 4.36 Speed Switch Monitoring Logic

Figure 4.37 shows the speed switch element logic that provides the additional 
LR protection with VSS and/or physical speed switch inputs. Set SPDSDLYT 
longer than the assert time of the physical and virtual speed switch but shorter 
than the locked rotor withstand time. If VSSEN := Y, set SPDSDLYT ≥ 3 sec-
onds to coordinate with the VIRSPDSW operate time. 

Figure 4.37 Speed Switch Element Alarm/Trip Logic

PTC/RTD-Based Protection
Thermistor (PTC) Input Function

You can connect as many as six thermistor detectors (PTC) to the SEL-710-5 
with PTC option. The detectors are typically embedded in the stator winding 
of the motor, and they monitor the actual temperature of the winding. This 
function is independent of the thermal model and accounts for conditions such 
as ambient temperature, obstructed cooling, etc. 

The sensors have a low resistance below the rated response temperature and 
increase their resistance (exponentially) in the range of the rated response 
temperature. The rated response temperature is defined by the PTC sensor. 
Motors with different thermal insulation classes (Class F or H) are equipped 
with different PTC sensors, each of which has its own response temperature, 
such as 120°, 130°, and 140°C.

AND1

AND2

Relay
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Relay
Word
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SPDSFAILNOT2

NOT1

Relay
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STOPPED

VIRSPDSW

SSFLRST

SPEEDSW
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0

Timer1

OR1

FAILCLSD

0
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CLR

L1

S

R

Q

Q

(Non Volatile)

SET

CLR

L2

S

R

Q

Q

(Non Volatile)

FAILOPN

FAILCLS

SPDSDLYA

0

SPDSDLYT

0

Relay
Word
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Relay
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SPDSAL

SPDSTR

ENHSPDSW

Timer2

Timer1

NOT2

NOT1

STARTING

VIRSPDSW

SPDSFAIL

SPEEDSW

AND1

OR1
AND2

Table 4.29 PTC Setting

Setting Prompt Setting Range Setting Name := Factory Default

PTC ENABLE Y, N  EPTC := N

NOTE: In addition to enabling the 
PTC function, you must also connect 
at least one thermistor to the relay 
(see Figure 2.17 for a connection 
diagram).

NOTE: The PTC element is disabled 
by the Relay Word bit BLKPROT if the 
setting BLK49PTC := Y (see Table 4.64 
for details).
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The detectors and their leads are monitored for short circuits. Figure 4.38 
shows the characteristics of the PTC.

Figure 4.38 Characteristic of PTC Sensors From IEC 34-11-2

RTD Input Function
When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 
the internal RTD card (set E49RTD := INT) option, the SEL-710-5 offers sev-
eral protection and monitoring functions, settings for which are described in 
Table 4.30. See Figure 2.16 for the RTD module fiber-optic cable connec-
tions. If the relay does not have internal or external RTD inputs, set 
E49RTD := NONE.

4000

1330

550

250

100

20

10
—20°C

0°C
TNF

 TNF = Nominal pickup temperature (°C)
 R (Ω) = Resistance in sensor circuits (ohms)

TNF — 20 K
TNF —   5 K

TNF + 15 K
TNF +  5 K

R 
(W

)

Table 4.30 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250°C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250°C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

RTD12 LOCATION OFF, AMB, OTH RTD12LOC := OFF

RTD12 IDENTIFIER 10 characters RTD12NAM :=

RTD12 TYPE PT100, NI100, NI120, CU10 RTD12TY := PT100

RTD12 TRIP LEVEL OFF, 1–250°C TRTMP12 := OFF

RTD12 WARN LEVEL OFF, 1–250°C ALTMP12 := OFF

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

TMP RTD BIASING? Y, N ERTDBIAS := N

NOTE: The SEL-710-5 monitors as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.30 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.

NOTE: The RTD elements are 
disabled by the Relay Word bit 
BLKPROT if the setting 
BLK49RTD := Y (see Table 4.64 for 
details).
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RTD Location. The relay allows you to independently define the location 
of each monitored RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type. The four available RTD types are the following:

➤ 100 Ω platinum (PT100)

➤ 100 Ω nickel (NI100)

➤ 120 Ω nickel (NI120)

➤ 10 Ω copper (CU10)

RTD Trip/Warning Levels. The SEL-710-5 provides temperature warn-
ings and trips through use of the RTD temperature measurements and the 
warning and trip temperature settings in Table 4.30.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding tem-
perature trip if one or two of the healthy winding RTDs indicate a temperature 
greater than their RTD trip temperature settings. Two winding RTDs must 
indicate excessive temperature when the winding trip voting setting equals Y. 
Only one excessive temperature indication is required if winding trip voting is 
not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for ambi-
ent and other RTDs.

To disable any of the temperature warning or trip functions, set the appropri-
ate temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip func-
tions. The relay includes specific logic to indicate if RTD leads are shorted or 
open. Refer to SEL Application Guide AG2016-10: How to Identify a Faulty 
RTD Connected to an SEL-700 Series Relay to determine if the RTD con-
nected to an SEL-700 series relay is faulty.

RTD Biasing. When you have connected an ambient temperature sensing 
RTD and set trip temperatures for one or more winding RTDs, the relay gives 
you the option to enable RTD trip temperature biasing by setting ERTDBIAS 
equal to Y. The thermal model can also be biased by setting ETHMBIAS 
equal to Y (see Table 4.8). 

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP indicators 
are delayed by approximately 12 
seconds.
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When you enable either biasing, the relay does the following:

➤ Calculates RTD % Thermal Capacity and adds the value to the 
Thermal Meter values.

➤ Automatically reduces the winding RTD trip temperatures if 
ambient temperature rises above 40°C and ERTDBIAS is set 
equal to Y.

➤ Automatically reduces the thermal model element trip threshold 
if ambient temperature rises above 40°C and ETHMBIAS is set 
equal to Y.

➤ Provides an RTD bias alarm if the winding temperature exceeds 
a 60°C rise above ambient and the RTD % Thermal Capacity 
exceeds the thermal element % Thermal Capacity by more than 
10 percent.

The relay uses Equation 4.8 to calculate RTD % Thermal Capacity.

Equation 4.8

As ambient temperature rises, the ability of a motor to shed heat to the sur-
roundings is reduced and internal temperatures rise. 

When you enable RTD biasing, the SEL-710-5 automatically reduces the 
RTD trip temperatures for all winding RTDs when the ambient temperature is 
above 40°C. The relay reduces the trip temperatures by 1°C for each degree 
rise in ambient temperature above 40°C.

Finally, when you enable thermal model biasing, the relay provides an RTD 
bias alarm when the RTD % Thermal Capacity exceeds the thermal element 
% Thermal Capacity by more than 10 percentage points while the winding 
temperature rise is higher than 60°C above ambient. This alarm indicates that 
the motor lost coolant flow or that the winding RTD trip temperature is con-
servatively low.

For all the RTD thermal capacity and bias calculations previously described, 
the relay uses the winding RTD with the measured temperature closest to the 
winding trip value. 

Table 4.31 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.31 RTD Resistance Versus Temperature (Sheet 1 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

RTD%
Thermal Capacity

Winding RTD
Temperature 

  Ambient
Temperature 
 –

Winding RTD Trip
Temperature 

  Ambient
Temperature 
 –

---------------------------------------------------------------------------------------------- 100%•=

NOTE: An open condition for an 
RTD is detected if the temperature 
is greater than 250°C and a short 
condition is detected if the 
temperature is less than —50°C.
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Undervoltage Function

Overvoltage Function

When you connect the SEL-710-5 voltage inputs to phase-to-phase connected 
VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of phase-
to-phase overvoltage and undervoltage elements.

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73

Table 4.31 RTD Resistance Versus Temperature (Sheet 2 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

Table 4.32 Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UV TRIP LEVEL OFF, 0.02–1.00 xVnm  27P1P := OFF

UV TRIP DELAY 0.0–120.0 s  27P1D := 0.5

UV WARN LEVEL OFF, 0.02–1.00 xVnm  27P2P := OFF

UV WARN DELAY 0.0–120.0 s  27P2D := 5.0

Table 4.33 Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

OV TRIP LEVEL OFF, 0.02–1.20 xVnm  59P1P := 1.10

OV TRIP DELAY 0.0–120.0 s  59P1D := 0.5

OV WARN LEVEL OFF, 0.02–1.20 xVnm  59P2P := OFF

OV WARN DELAY 0.0–120.0 s  59P2D := 5.0

NOTE: The under- and overvoltage 
level settings are in per unit nominal 
voltage, Vnm. The relay automatically 
calculates Vnm using the settings 
VNOM and DELTA_Y as follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if 
DELTA_Y := WYE.
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When you connect the SEL-710-5 voltage inputs to phase-to-neutral con-
nected VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of 
phase-to-neutral overvoltage and undervoltage elements.

Each of the elements has an associated time delay. You can use these elements 
as you choose for tripping and warning. Figure 4.39 and Figure 4.40 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.39 Undervoltage Element Logic

27P1P • Vnm

|VP|

27P1D

0
27P1T

When DELTA_Y := WYE

When DELTA_Y := DELTA

27P2P • Vnm 27P2D

0
27P2T

27P1D

0
27P1T

27P2D

0
27P2T

Relay
Word
Bits

27P1P • Vnm

|VPP|

27P2P • Vnm

Relay
Word
Bits

VAB or VA

VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Minimum Phase Voltage Magnitude)

(Minimum Phase-to-Phase Voltage Magnitude)

 27P1P, 27P2P = Settings 
 Vnm = Effective Nominal Voltage

27P1

27P2

27P1

27P2
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Figure 4.40 Overvoltage Element Logic

Inverse-Time Undervoltage Protection
The SEL-710-5 provides two inverse-time undervoltage protection elements 
(27I1 and 27I2). Based on relay hardware options and settings, the 27I ele-
ment offers the flexibility of using various analog quantities as operating 
quantities. The availability of these analog quantities is contingent on the set-
tings DELTA_Y and SINGLEV, as indicated in Table 4.34.

 59P1P, 59P2P = Settings
 Vnm = Effective Nominal Voltage

VAB or VA

VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Maximum Phase Voltage Magnitude)

(Maximum Phase-to-Phase Voltage Magnitude)

59P1P • Vnm

|VP|

59P1D

0
59P1T

59P2P • Vnm

0

59P2D
59P2T

59P1D

0
59P1T

0

59P2D
59P2T

Relay
Word
Bits

When DELTA_Y := WYE

When DELTA_Y := DELTA

59P1P • Vnm

|VPP|

59P2P • Vnm

59P1

59P2

59P1

59P2

NOTE: VAR Trip and Warning Level 
settings are in primary kVAR.

Table 4.34 Operating Quantities for the 27I Element

Settings Operating Quantities Available in 27InOQ Rangea

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 27InP (n = 1 or 2).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B-phase voltage VC: Magnitude of C-phase voltage
VBC: Magnitude of B-to-C-phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A-phase voltage MINLL: Magnitude of the minimum phase-to-phase voltage
VA: Magnitude of A-phase voltage MINLN: Magnitude of the minimum phase-to-neutral voltage
VB: Magnitude of B-phase voltage
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Figure 4.41 shows the inputs, settings, and outputs of the inverse-time under-
voltage element.

n = 1 or 2. q Refer to Table 4.34.

Figure 4.41 Logic Diagram of the Inverse-Time Undervoltage Element

When the fundamental frequency component of the operating quantity falls 
below the pickup setting (27InP), Relay Word bit 27In asserts. The timer does 
not start to integrate unless the operating quantity falls below 0.975 • 27InP. 
The inverse-time undervoltage protection element has the characteristic 
defined by Equation 4.9.

Equation 4.9

The settings used are listed in Table 4.35.

The SEL-710-5 provides three curve options for each of the 27I elements, set-
table via the 27InCRV setting—CURVEA, CURVEB, and COEF (user pro-
grammable curve). CURVEA is compliant with IEC 60255-127 and is the 

Table 4.35 Inverse-Time Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

27I ENABLE Y, N E27In := N

OPERATING QTY Refer to Table 4.34 27InOQ := VAB

PICKUP LVL Refer to Table 4.34 27InP := 120.00

CURVE CURVEA, CURVEB, COEF 27InCRV := CURVEA

COEFF A 0.00–3.00 27InCFA := 1

COEFF B 0.00–3.00 27InCFB := 0

COEFF C 0.01–3.00 27InCFC := 1

TIME DIAL 0.00–16.00 27InTD := 1.00

RESET TIME 0.00–1.00 sec 27InTTR := 0.01

TRQ CONTROL SELOGIC 27InTC := 1

Settings

Relay
Word
Bits

27I Inverse-Time
Undervoltage Element

Settings

 27InP Pick up value    
 27InCRV Curve selection    
 27InCFA Coefficient A   
  27InCFB Coefficient B    
 27InCFC Coefficient C    
 27InTD Time dial    
 27InTTR Time to reset    
 27InTC Torque control

27In

27InT

27InRS

27InP

27InOQ

27InTC

1

TTTn 27InTD 27InCFB 27InCFA

1 27InOQ
27InP

---------------------– 
  27InCFC
-------------------------------------------------------+

 
 
 
 
 

•=
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IEC standard curve as shown in Figure 4.42. CURVEB is a non-standard 
curve as shown in Figure 4.42. The curve option COEF is the user program-
mable curve. Set the coefficient related settings 27InCFA, 27InCFB and 
27InCFC to realize the curve that meets your application needs. Table 4.36 
shows the parameters of the three curves. Note that when 27InCRV is set to 
CURVEA or CURVEB the coefficient related settings 27InCFA, 27InCFB 
and 27InCFC are forced to the values shown in Table 4.36 and hidden.

When the operating quantity exceeds the pickup level, 27InP, then the output 
remains deasserted. If the operating quantity exceeds the pickup level for the 
reset time setting, 27InTTR, then the time integrator resets to 0.

 

Figure 4.42 Inverse Time-Undervoltage Element Curves 

Inverse-Time Overvoltage Protection
There are four inverse-time overvoltage elements (59I) available. Based on 
relay hardware options and settings, the 59I element offers the flexibility of 
using various analog quantities as operating quantities. The availability of 
these analog quantities is contingent on the settings DELTA_Y and 
SINGLEV, as indicated in Table 4.37.

Table 4.36 Specification of Inverse-Time Undervoltage Protection Element

Curve Description

Curve Defining Constants

27InCFA 27InCFB 27InCFC

Curve A 1 0 1

Curve B 0.98 1.28 2.171

Programmable Curve 0.00–3.00 0.00–3.00 0.01–3.00

n = 1 or 2.

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Time Dial = 1

Time Dial = 2

Time Dial = 5
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Multiples of Pickup Multiples of Pickup
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Figure 4.43 shows the inputs, settings and outputs of the inverse-time over-
voltage element.

 

n = 1, 2, 3, or 4. q Refer to Table 4.37.

Figure 4.43 Logic Diagram of the Inverse-Time Overvoltage Element

When the fundamental frequency component of the operating quantity 
exceeds the pickup setting, 59InP, Relay Word bit 59In asserts. The timer 
won't start to integrate unless the operating quantity exceeds 1.025 • 59InP. 
The inverse-time overvoltage protection element has the characteristic defined 
by Equation 4.10.

Equation 4.10

Table 4.37 Operating Quantities for the 59I Element

Settings Operating Quantities Available in 59InOQ Setting Rangea

DELTA_
Y

SINGLE
V

VAB VBC VCA VA VB VC VG V1 3V2 MAXLL MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 59InP (n = 1, 2, 3, or 4).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B phase voltage VG: Magnitude of zero-sequence voltage
VBC: Magnitude of B-to-C phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A phase voltage 3V2: Magnitude of negative-sequence voltage
VA: Magnitude of A-phase voltage MAXLL: Magnitude of the maximum phase-to-phase voltage
VB: Magnitude of B-phase voltage MAXLN: Magnitude of the maximum phase-to-neutral voltage
VC: Magnitude of C-phase voltage

Settings

Relay
Word
Bits

59I Inverse-Time
Overvoltage Element

Settings

 59InP Pick up value    
 59InCRV Curve selection    
 59InCFA Coefficient A   
  59InCFB Coefficient B    
 59InCFC Coefficient C    
 59InTD Time dial    
 59InTTR Time to reset    
 59InTC Torque control

59In

59InT

59InRS

59InP

59InOQ

59InTC

1

TTTn 59InTD 59InCFB 59InCFA
59InOQ
59InP

--------------------- 
  59InCFC

1–

-------------------------------------------------------+

 
 
 
 
 

•=
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The settings used are listed in Table 4.38.

The SEL-710-5 provides four curve options for each of the 59I elements, set-
table via the 59InCRV setting—CURVEA, CURVEB, CURVEC, and COEF 
(user-programmable curve). The characteristics of Curve A, Curve B, and 
Curve C are shown in Figure 4.44.

The curve option COEF is the user-programmable curve. Set the coefficient 
related settings 59InCFA, 59InCFB, and 59InCFC to realize the curve that 
meets your application needs. Table 4.39 shows the parameters of the three 
curves. Note that when 59InCRV is set to CURVEA, CURVEB, or CURVEC 
the coefficient related settings 59InCFA, 59InCFB, and 59InCFC are forced 
to the values shown in Table 4.39 and hidden.

When the operating quantity remains lower than the pickup level, 59InP, then 
the output remains deasserted. If the operating quantity gets lower than the 
pickup level for the reset time setting, 59InTTR, then the time integrator resets 
to 0.

Table 4.38 Inverse-Time Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

59I ENABLE Y, N E59In := N

OPERATING QTY Refer to Table 4.37 59InOQ := VAB

PICKUP LVL Refer to Table 4.37 59InP := 120.00

CURVE CURVEA, CURVEB, 
CURVEC, COEF

59InCRV := CURVEA

COEFF A 0.00–6.00 59InCFA := 3.88

COEFF B 0.00–3.00 59InCFB := 0.96

COEFF C 0.01–3.00 59InCFC := 2.00

TIME DIAL 0.00–16.00 59InTD := 1.00

RESET TIME 0.00–1.00 sec 59InTTR := 0.01

TRQ CONTROL SELOGIC 59InTC := 1

Table 4.39 Specification of Inverse-Time Overvoltage Protection Element

Curve Description

Curve Defining Constants

59InCFA 59InCFB 59InCFC

Curve A 3.88 0.96 2

Curve B 5.64 0.24 2

Curve C 0.14 0 0.02

Programmable Curve 0.00–6.00 0.00–3.00 0.01–3.00

n = 1, 2, 3, or 4.
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Figure 4.44 Inverse-Time Overvoltage Element Curves

VAR Function
If the positive or negative reactive power exceeds the appropriate level for 
longer than the time-delay setting, the relay issues a warning or trip signal. 
The reactive power elements are disabled when the motor is stopped or 
starting.

Figure 4.45 shows the logic diagram for the VAR elements. These elements 
detect synchronous motor out-of-step or loss-of-field conditions. In the case of 
synchronous motor applications, SYNTYPE := BRUSH or BRUSHLESS, 
program the VARDLY setting to a value that ensures that the currents and 
voltages are stabilized after the motor is synchronized. This prevents any nui-
sance trips immediately after the synchronization process.
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Table 4.40 VAR Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEG VAR TRIP LEV OFF, 1–25000 kVAR pri NVARTP := OFF

POS VAR TRIP LEV OFF, 1–25000 kVAR pri PVARTP := OFF

VAR TRIP DELAY 0–240 s VARTD := 1

NEG VAR WARN LEV OFF, 1–25000 kVAR pri NVARAP := OFF

POS VAR WARN LEV OFF, 1–25000 kVAR pri PVARAP := OFF

VAR WARN DELAY 0–240 s VARAD := 1

VAR ARMING DELAY 0–5000 s VARDLY := 0
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Figure 4.45 Reactive Power (VAR) Element Logic

Refer to Figure 5.12 for the relay power measurement convention. For relay 
application on an induction motor, disable the elements by setting both the 
negative VAR warn level (NVARAP) and negative VAR trip level 
(NVARTP) settings to OFF.

Underpower Function
If the real three-phase power falls below the warning or trip level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
underpower elements are disabled when the motor is stopped or starting. 

Figure 4.46 shows the logic diagram for the underpower elements. These ele-
ments operate in addition to the load-loss function, and you can use them to 
detect motor load loss and other underpower conditions.

You can disable the elements by setting the underpower warning level 
(37PAP) and underpower trip level (37PTP) settings to OFF.

In the case of synchronous motor applications, SYNTYPE := BRUSH or 
BRUSHLESS, program the 37DLY setting to a value that ensures that the cur-
rents and voltages are stabilized after the motor is synchronized. This prevents 
any nuisance trips immediately after the synchronization process.

RUNNING

PVARTP

–(NVARTP)

Measured
Reactive Power

PVARAP

–(NVARAP)

VARA
VARAD

0

VART
VARTD

0

+Q

–Q

–P +P

PVARTP
PVARAP

NVARAP
NVARTPALARM

TRIP

Relay
Word
Bits

Relay
Word
Bits

Settings

VARDLY

0

Table 4.41 Underpower Settings

Setting Prompt Setting Range Setting Name := Factory Default

UP TRIP LEVEL OFF, 1–25000 kW pri  37PTP := OFF

UP TRIP DELAY 1–240 s  37PTD := 1

UP WARN LEVEL OFF, 1–25000 kW pri  37PAP := OFF

UP WARN DELAY 1–240 s  37PAD := 1

UP ARMING DELAY 0–5000 s 37DLY := 0

NOTE: Underpower Trip and Warning 
Level settings are in primary kW.
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Figure 4.46 Underpower Element Logic

Power Factor Elements
If the measured power factor falls below the leading or lagging level for lon-
ger than the time-delay setting, the relay can issue a warning or trip signal. 
The power factor elements are disabled when the motor is stopped or starting. 

Figure 4.47 shows the logic diagram for power factor elements. These ele-
ments can be used to detect synchronous motor out-of-step or loss-of-field 
conditions. In the case of synchronous motor applications, SYNTYPE := 
BRUSH or BRUSHLESS, program the 55DLY setting to a value that ensures 
that the currents and voltages are stabilized after the motor is synchronized. 
This prevents any nuisance trips immediately after the synchronization pro-
cess. Refer to Figure 5.12 for the relay power measurement convention.

Disable the elements by setting all four power factor level settings to OFF.

37PAD

0
37PA

RUNNING

Measured
Real Power

37PAP

37PTP

37PTD

0
37PT

Relay
Word
Bits

Relay
Word
Bit

Settings

37DLY

0

Table 4.42 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99  55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99  55LDTP := OFF 

PF TRIP DELAY 1–240 s  55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99  55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99  55LDAP := OFF

PF WARN DELAY 1–240 s  55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

PF CURRENT SUP OFF, 0.05–2.00 • INOM A sec 55I1SUP := OFF

PF TRQ CTRL SELOGIC 55TC := SRUNNING
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Figure 4.47 Power Factor Elements Logic

Power Factor Loss-of-Synchronism Detection
The SEL-710-5 includes a loss-of-synchronism (pull-out) detection logic that 
operates when the motor power factor falls below the relay setting POPFSP. 
As shown in Figure 4.48, the loss-of-synchronism logic is available for the 
synchronous motor only (SYNTYPE := NONE) and it is supervised by a min-
imum positive-sequence current and the relay RUNNING state. To accelerate 
operation, the logic also determines a pull-out condition when the positive-
sequence current is greater than 3.5 times the full-load current. At these cur-
rent levels, the pull-out condition is practically unavoidable; see the technical 
paper, “Performance of Synchronous Motors Loss-of-Synchronism Protec-
tion,” by M. Donolo, P. Donolo, S. Patel, and V. Yedidi, presented at the 2017 
Petroleum and Chemical Industry Technical Conference (PCIC). This logic is 
evaluated every quarter cycle. Use PORSFL for time-qualified tripping due to 
a detected pull-out condition for which the motor is no longer expected to 
resynchronize.

|Measured Power Factor|

RUNNING

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY

55TC

I1 > 55I1SUP

55I1SUP = OFF 1

2

S1

Switch S1 is in position 1 when SYNTYPE := NONE; 
otherwise, it is in position 2
OFF = Logic 1 
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Figure 4.48 Loss-of-Synchronism Detection Logic

Loss-of-Potential (LOP) Protection
The SEL-710-5 sets Relay Word bit LOP (loss-of-potential) upon detecting a 
loss of relay ac voltage input such as that caused by blown potential fuses or 
by the operation of molded-case circuit breakers. Because accurate relaying 
potentials are required by certain protection elements (for example, undervolt-
age 27 elements), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 20 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (above a predetermined threshold) in positive-sequence (I1), 
negative-sequence (I2), or zero-sequence currents (I0). If this condition per-
sists for 1 second, then the relay latches the LOP Relay Word bit at logical 1. 
The relay resets the LOP Relay Word bit when the conditions to the RESET 
input of the latch are met as shown in Figure 4.49.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation (see Table 4.44 for the LOPBLK setting and 
Figure 4.49 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 20 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.8). 

Relay
Word
  Bits  

PORSRTD

| IP |

3.5 * FLA1

PFANG

POPFSP

| I1 |

Pull Out Resync,

Ride-Thru Delay

0.2 * FLA1

RUNNING

SYNTYPE ! = NONE

PODTCT

Pull Out Detected

PORSFL

Pull Out Resync FAIL

ACOS

Setting

Setting

Setting

Setting

Relay
Word
  Bits  

Table 4.43 Loss-of-Synchronism Detection Settings

Setting Prompt Setting Range Setting Name := Factory Default

PO PF SET POINT 0.10–0.99 POPFSP := 0.70

PO PU DELAY 0.1–60.0 sec PORSRTD := 1.0

Table 4.44 Loss-of-Potential (LOP) Setting

Setting Prompt Setting Range Setting Name := Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying poten-
tials for correct operation. It is critical that the relay detects an LOP condition 
and prevents operation of these elements. For example, if a wrench drops on 
the phase-voltage input fuse holders, the relay LOP logic accurately deter-
mines that this loss of input voltages is an LOP condition and does not trip (if 
the LOP Relay Word bit supervises selected tripping elements, see 
Example 4.8). If you are using voltage-determined relay elements for tripping 
decisions, then blocking these elements is crucial when the voltage compo-
nent is no longer valid.

EXAMPLE 4.8 Supervising Voltage-Element Tripping With LOP

Use the LOP function to supervise undervoltage tripping. If you use 
the undervoltage trip element 27P1, then change a portion of the 
SV01 equation to the following:

SV01 := …OR (NOT LOP AND 27P1T) OR…

Similarly, if you want the remaining voltage-affected elements to act 
only when there are correct relaying potentials voltage, use the 
following in the equation:

…OR (NOT LOP AND (LOADLOW OR 37PT OR 55T OR VART)) OR…

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

LOP Monitoring and Alarms
Take steps to immediately correct an LOP problem so that normal protection 
is rapidly re-established. Include the LOP Relay Word bit in an output contact 
alarm to notify operation personnel of abnormal voltage input conditions and 
failures that can be detrimental to the protection system performance if not 
quickly corrected. 

Figure 4.49 Loss-of-Potential (LOP) Logic
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Δ ∠ I1 > 10°

Δ ∠ I2 > 10°

Δ ∠ I0 > 10°
Note: 

INOM is 1 A or 5 A, depending on the part number.

INOM is the phase secondary input rating.

VNOM (in primary volts) and PTR are norminal 

line-line voltage and PT ratio settings.

LOPBLK

SELOGIC

Setting
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Frequency Elements
The SEL-710-5 provides four trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an underfre-
quency element. When the level setting is greater than the nominal frequency 
setting, the element operates as an overfrequency element. 

Figure 4.50 shows the logic diagram for the frequency elements.

Figure 4.50 Over- and Underfrequency Element Logic

Detecting Frequency Components With the 97FM Element
The 97FM elements monitor the magnitude of a user-selected frequency com-
ponent in different analog signals (see Table 4.46) by evaluating an individual 
term of the discrete Fourier transform (DFT). The SEL-710-5 Relay provides 
five of these elements. 

Table 4.45 Frequency Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 15.00–70.00 Hz 81D1TP := OFF

FREQ1 TRIP DELAYa

a Frequency element time delays are best set at least three cycles at the lowest 81U pickup 
setting.

0.00–400.00 s 81D1TD := 1.0

81D1 TRQCTRL SELOGIC 81D1TC := 1

FREQ2 TRIP LEVEL OFF, 15.00–70.00 Hz 81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 s 81D2TD := 1.0

81D2 TRQCTRL SELOGIC 81D2TC := 1

FREQ3 TRIP LEVEL OFF, 15.00–70.00 Hz 81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 s 81D3TD := 1.0

81D3 TRQCTRL SELOGIC 81D3TC := 1

FREQ4 TRIP LEVEL OFF, 15.00–70.00 Hz 81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 s 81D4TD := 1.0

81D4 TRQCTRL SELOGIC 81D4TC := 1

NOTE:  The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 0.1 • 
(nominal CT rating). The measured 
frequency is set to nominal frequency 
setting (FNOM) if the signal is below 
the minimum level.

FREQ

81DnTP

81D1T
81D2T
81D3T
81D4T

81DnTP ≤ FNOM
81DnTP ≥ FNOM

FREQTRK

81DnTD

0

81DnTC

 n = Frequency Elements 1–4
 FREQ = Measured Frequency
 81DnTP = Frequency Pickup Setting
 FNOM = Nominal Frequency Setting
 81DnTD = Over- and Underfrequency Element Pickup Time Delay
 81DnT = Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
 FREQTRK = Relay Is Tracking Frequency
 81DnTC = SELOGIC Setting for Torque Control  of the Frequency Element
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The 97FM element may be configured in three different operating modes: 
SU_EU (secondary or engineering units) mode, seen in Figure 4.51, in which 
the magnitude of the selected quantity at the selected frequency is compared 
to a threshold in the corresponding secondary or engineering units; dB_DC 
mode, seen in Figure 4.52, in which the magnitude of the selected component 
is obtained in dB of the dc component of the same signal; and finally, dB_FN 
mode, also seen in Figure 4.52, in which the magnitude of the selected com-
ponent is obtained in dB of the fundamental component. The 97xPT setting is 
used to choose the operating mode.

Figure 4.51 SU_EU Operating Mode (97FMxPT = SU_EU)

Table 4.46 Operating Quantities and Associated Sampling Rates 

97FMxOQ Operating Quantity

FNOM = 60 FNOM = 50

Delta T
Max 97FMxFS 

Setting
Delta T

Max 97FMxFS 
Setting

VA Raw VA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VB Raw VB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VC Raw VC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VAB Raw VAB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VBC Raw VBC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VCA Raw VCA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IA Raw IA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IB Raw IB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IC Raw IC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

P Three-phase active 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

Q Three-phase reactive 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

S Three-phase apparent 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

97FMxTD

0

97Fx

97FxT
Goertzel 

Filter

fnot

97FMxP

97FMxOQ

97FMxFS

Relay
Word
BitsSettings
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Figure 4.52 dB_DC (97FMxPT = dB_BC) and dB_FN (97FMxPT = dB_FN) 
Operating Modes

When the 97FMx analog quantity exceeds the corresponding threshold 
97FMxP, the element asserts the 97Fx Relay Word bit and the time-delayed 
97FxT Relay Word bit. These Relay Word bits may be directly monitored in 
the SER report. In some applications, these Relay Word bits may repeatedly 
assert and de-assert, cluttering the SER report. To avoid this, use the 
97FMxER timer. While 97FMxERT is deasserted, the 97FMx element gener-
ates a report every time that 97FxT asserts, as shown in Figure 4.53.

Figure 4.53 97FMxER Timer Logic

You can use the HIS FMR command to access these reports. Figure 4.54 
details the data included in the reports.

Frequency Resolution
The 97xFM element uses a windowed Goertzel filter to isolate the desired fre-
quency component. The capacity of this filter to reject off frequencies is 
shown in Figure 4.55.

=>>HIS FMR 10

SEL-710-5                                Date: 04/16/2019   Time: 16:47:59.217
SYNCHRONOUS MTR                          Time Source: External

 #     DATE        TIME          97FMx       97FMxOQ  97FMxFS  97FMxFR  97FMxPT
1    04/16/2019  16:47:54.211    0.17        Q        1.00     0.5      DB_DC 
2    04/16/2019  16:47:48.200    15.85       Q        1.00     0.5      DB_DC 
3    04/16/2019  16:47:36.205    6.53        Q        1.00     0.5      DB_DC 
4    04/16/2019  16:47:20.200    4.01        Q        1.00     0.5      DB_DC 
5    04/16/2019  16:46:58.184    43.34       Q        1.00     0.5      DB_DC 
6    04/16/2019  16:46:54.174    4.89        Q        1.00     0.5      DB_DC 
7    04/16/2019  16:46:46.183    21.89       Q        1.00     0.5      DB_DC 
8    04/16/2019  16:46:42.178    21.31       Q        1.00     0.5      DB_DC 
9    04/16/2019  16:46:38.168    1.04        Q        1.00     0.5      DB_DC 
10   04/16/2019  16:46:28.178    5.62        Q        1.00     0.5      DB_DC

Figure 4.54 HIS FMR Command Response 

dB Calculation
20log10(a/b)

Goertzel 
Filter

fnot

97FMxOQ a

Goertzel 
Filter

fnot

b

97FMxTD

0

97Fx

97FxT

97FMxP

97FMxFS

97FMxPT

97FMxPT has two modes in this diagram: dB_DC and dB_FN.

Settings

Relay
Word
Bits

97FMxERDO

97FmxERPU

Save Data 
to Flash

97FxT

97FMxER 97FMxERT
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Figure 4.55 Filter Frequency Response

Frequency Tracking
The relay tracks the fundamental frequency by adjusting the sampling rate by 
a factor equal to FREQ / FNOM. As the sampling rate changes, the effective 
pickup frequency of the 97FM element also moves by the same factor. Use the 
following equation to find the effective pickup frequency of the 97FM ele-
ment:

Table 4.47 Frequency Magnitude Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

97FM ENABLE (Y N) E97FMx := N

OPERATING QTTY IA, IB, IC, VAB, VBC, VCA, VA, VB, VC, 
P, Q, S

97FMxOQ := P

FREQ SETPOINT 0.00–960.00 Hz (for analogs and FNOM = 60)

0.00–800.00 Hz (for analogs and FNOM = 50)

0.00–60.00 Hz (for P, Q, S, and FNOM = 60)

0.00–50.00 Hz (for P, Q, S, and FNOM = 50)

97FMxFS := 20

PICKUP TYPE SU_EU, DB_FN (for currents and voltages)

SU_EU, DB_DC (for P, Q, and S)

97FMxPT := 
SU_EU

FREQ 
RESOLUTION

0.1, 0.5, 1, 5, 10, 20 Hz 97FMxFR := 1

PICKUP LEVEL 0.00–11250000.00 kVar (for Q)

0.00–11250000.00 kVA (for S)

0.00–11250000.00 kW (for P)

0.00–2 • INOM A sec (for I)

2.00–300.00 V sec (for V)

-60.00–0.00 (for DBs)

97FMxP := 0.00

TIME DELAY 0.0–6000.0 sec 97FMxTD := 0.0

Effective Pickup Frequency FREQ 97FMxFS•
FNOM

----------------------------------------------=
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Monitoring Sub-Synchronous Resonance and Load Variations
To detect low-frequency power oscillation resulting from sub-synchronous 
resonance or motor load oscillations, set a 97FM element as follows. If the 
frequency of the oscillation is known to be 1 Hz and the magnitude is 10 kW, 
set the 97FM element according to Table 4.48.

With these settings, the element will save, at most, one event per hour.

Monitoring High-Frequency Current Oscillations
Current signature analysis is widely used to diagnose conditions such as bro-
ken rotor bars, load misalignment, bearing damage, etc. The frequency 
F = FREQ • (7 – 6 • SLIP) is associated with broken bar conditions and may 
be useful in identifying cases where the main side bands are too close to the 
fundamental frequency. For FREQ = 60 Hz and a SLIP of one percent, this 
frequency is 416.4 Hz. For this component, first use the CMET S or 
MET FFT commands to determine a baseline value in dB of the fundamental. 
Then set the 97FM element pickup value to alert you when the component 
exceeds this baseline. If the baseline value is –45 dB, set the element as fol-
lows:

TRQ CONTROL SELOGIC 97FMxTC := 1

EVENT TIMER SELOGIC 97FMxER := 0

PICKUP TIMER 0–30000 min 97FmxPU := 0

DROPOUT TIMER 0–30000 min 97FmxDO := 600

Table 4.47 Frequency Magnitude Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

Table 4.48 97FM Element Settings for an Oscillation With 1 Hz Frequency 
and 10 kW Magnitude 

Setting Name Value

E97FM1 Y

97FM1OQ P

97FM1FS 1 Hz

97FM1PT SU_EU

97FM1FR 1 Hz

97FM1P 5 kW

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min
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Vibration Monitoring
The SEL-710-5 provides five vibration monitoring elements, and each ele-
ment can monitor a connected vibration transducer via analog inputs or math 
variables. For this application, these transducers are expected to measure a 
broadband frequency spectrum of vibration velocity at different strategically 
placed locations and output a 4–20 mA or 0–10 V signal that is proportional to 
the rms of the vibration velocity. The ISO 20816 standards describe the place-
ment, frequency ranges, and type of vibration measurement to use for differ-
ent machines and footings.

Each vibration measurement is compared against a set of thresholds that 
define the four evaluation zones:

➤ Zone A: Recently Commissioned

➤ Zone B: Acceptable

➤ Zone C: Warn

➤ Zone D: Damaging

Typical machine thresholds for rms velocity measurements, based on the class 
of motor, are included in Table 4.50. The class of motor and units of measure-
ment are selectable with the VIBCLASS and VIBUN settings, respectively. 
The analog inputs or math variables used to monitor the vibration need to be 
scaled to match the units used in the VIBUN setting.

The SEL-710-5 also allows for custom thresholds when VIBCLASS is set to 
MANUAL. This is useful for different machine types, orientations, and foot-
ings based on ISO 20816 tables or on-site test results.

Table 4.49 97FM Element Settings for Baseline Frequency Value of –45 dB

Setting Name Value

E97FM1 Y

97FM1OQ IA

97FM1FS 416 Hz

97FM1PT dB_FN

97FM1FR 1 Hz

97FM1P –40 dB

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min

Table 4.50 Machine Class Thresholds

VIBUN == mm/sec VIBUN == in/sec

VIBCLASS Class I Class II Class III Class IV Class I Class II Class III Class IV

VIBABP 1.12 1.8 2.8 4.5 0.04 0.07 0.11 0.18

VIBBCP 2.8 4.5 7.1 11.2 0.11 0.18 0.28 0.44

VIBCDP 7.1 11.2 18 28 0.28 0.44 0.70 1.10
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Figure 4.56 details the threshold logic for each element, as well as the pro-
vided Relay Word bits associated with each zone condition for use in alarm or 
trip conditions.

Figure 4.56 Vibration Monitoring Threshold Logic

Vibration Monitoring Example
This example uses a 10 kW motor with three vibration velocity-measuring 
transducers (P/N LP202-0R3-2E). Due to its size, the motor would fall under 
Class I of the ISO 20816-1 standard. Use a 20816-N (n > 1) standard for the 
type of machine in your application, if available, as a reference for setting the 
thresholds. 

The vibration transducers in this example output a 4–20 mA signal that is pro-
portional to the rms velocity of vibration in mm/sec. The signals are con-
nected to an analog card in Slot 4 of the relay. To configure the analog inputs 
on an analog card, see Analog Inputs. Following configuration, we ensure that 
the JMPn (n = 1, 2, or 3) jumpers on the board are in Position 1-2 for current 
measurement. The measurement range of these transducers is 0 to 
12.7 mm/sec, as defined in the transducer specifications, so we start with set-
ting AI40nEL set to 0 and AI40nEH set to 12.7. After calibrating for the dc 
offset, we set our analog inputs as shown in Table 4.52 for this application.

Table 4.51 Vibration Monitoring Settings 

Setting Prompt Setting Range Setting Name := Factory Default

ANALOG SELECTION OFF, MV01–MV32, AIx0y VIBAQx := OFF

PICKUP TIMER 0.00–400.00 s VIBPUT := 10.00

TRQ CONTROL SELOGIC VIBTC := 1

MACHINE CLASS CI, CII, CIII, CIV, MANUAL VIBCLASS := CI

VELOCITY UNITS mm/sec, in/sec VIBUN := mm/sec

A–B THRESHOLD 0.00–100.00 VIBABP := 1.12

B–C THRESHOLD 0.00–100.00 VIBBCP := 2.80

C–D THRESHOLD 0.00–100.00 VIBCDP := 7.10

Relay
Word
Bits

SELOGIC
Setting

VIBPUT

VIBPUT

VIBPUT

VIBPUT

VIBAQxAP

VIBAQxAT

VIBAQxBT

VIBAQxBP

VIBAQxCP

VIBAQxCT

VIBAQxDT

VIBAQxDP

VIBAQx

VIBABP

VIBBCP

VIBCDP
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With the analog inputs configured, we can set the vibration monitoring set-
tings. Given the class of the motor and the unit of measurement of the trans-
ducers, we would apply the settings listed in Table 4.53.

The touchscreen display option for the SEL-710-5 provides a screen to moni-
tor the measured vibration values in a bar graph, as seen in Figure 4.57. You 
can navigate to this screen from the Home screen by selecting Monitor > 
Vibration.

Table 4.52 Vibration Example Analog Input Settings

Setting Value

AI401TYP I

AI401L 4.000

AI401H 20.000

AI401EL –0.002

AI401EH 12.698

AI402TYP I

AI402L 4.000

AI402H 20.000

AI402EL –0.001

AI402EH 12.699

AI403TYP I

AI403L 4.000

AI403H 20.000

AI403EL –0.003

AI403EH 12.697

Table 4.53 Vibration Example Settings

Setting Value

VIBAQ1 AI401

VIBAQ2 AI402

VIBAQ3 AI403

VIBCLASS CI

VIBUN MM/SEC
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Figure 4.57 Vibration Monitoring Screen

Load Control Function
The SEL-710-5 has the capability to control external devices based on the 
parameter load control selection. You can select current, power, or stator ther-
mal capacity utilized to operate auxiliary outputs. Load control is active only 
when the motor is in the running state.

When the selected parameter exceeds the load control upper-level setting for 
one second, the auxiliary relay assigned to LOADUP operates. The auxiliary 
relay resets when the parameter drops below the upper-level setting for 
one second.

When the selected parameter drops below the load control lower-level setting 
for one second, the auxiliary relay assigned to LOADLOW operates. The 
auxiliary relay resets when the parameter is above the lower-level setting for 
one second. You can use this feature to control the motor load within set 
limits.

Synchronous Motor 
Settings

Some synchronous motor settings are available when a card with three syn-
chronous motor inputs and three ac current inputs is installed and the setting 
SYNTYPE := BRUSH/BRUSHLESS. Synchronous Motor Running State 
Relay Word bit, SRUNNING, can be used in the torque-control equation to 
enable brush/brushless protection functions. See Figure 4.76 for the synchro-
nous motor running state logic.

Loss-of-Field Element
Loss-of-field causes the synchronous motor to act as an induction motor. The 
SEL-710-5 uses a pair of offset mho circles to detect loss-of-field. Because 

Table 4.54 Load Control Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOAD CONTROL SEL OFF, Current, Power, TCU LOAD := OFF

LD CTL CUR UPPER OFF, 0.20–2.00 xFLA LOADUPP := OFF

LD CTL CUR LOWER OFF, 0.20–2.00 xFLA LOADLOWP := OFF

LD CTL PWR UPPER OFF, 1–25000 kW pri LOADUPP := OFF

LD CTL PWR LOWER OFF, 1–25000 kW pri LOADLOWP := OFF

LD CTL TCU UPPER OFF, 1–99 %TCU LOADUPP := OFF

LD CTL TCU LOWER OFF, 1–99 %TCU LOADLOWP := OFF

NOTE: Prompts of the settings 
LOADUPP and LOADLOWP are 
dependent on the LOAD setting. All 
possible prompts are shown in 
Table 4.54. The relay shows only the 
appropriate prompts based on the 
LOAD setting.

NOTE: In addition to setting the load 
control levels, you must assign the 
LOADUP and LOADLOW settings to 
auxiliary output relays (one each); see 
Table 4.77, and Figure 2.10 for the 
connection diagrams.
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loss-of-field affects all three phases, the condition is balanced. The SEL-710-5 
uses measured positive-sequence impedance to form the mho circles.

Typically, Zone 1 and Zone 2 are offset from the origin of the impedance 
plane by a value equal to half of the machine transient reactance, as shown in 
Figure 4.59. Zone 1 is intended to operate with little time delay in the event of 
a loss-of-field under full load conditions. Zone 2 reaches farther and operates 
with a longer time delay. Zone 2 is intended to trip for loss-of-field conditions 
that occur under light load conditions. The loss-of-field elements are super-
vised by the 40ZTC torque-control setting.

Figure 4.58 Loss-of-Field Logic Diagram

Set E40 := Y to enable loss-of-field protection elements. If loss-of-field pro-
tection is not necessary, set E40 := N.

The Zone 1 element typically is applied as a tripping function. Zone 1 diame-
ter and offset setting guidelines are described below. Set the Zone 1 offset 
equal to half the motor transient reactance, X'd, in secondary ohms. Zone 1 
loss-of-field tripping is typically performed with short or zero time delay. Use 
the 40Z1D setting to add any necessary delay.

Table 4.55 Loss-of-Field Protection Settings

Setting Prompt  Setting Range
 Setting Name := 
Factory Default

LOSS OF FIELD EN Y, N E40 := N

Z1 MHO DIAMETER OFF, 0.1–100 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

40Z1P := 13.4a

Z1 OFFSET 0.0–50.0 ohm seca 40XD1 := 2.5a 

Z1 TIME DELAY 0.00–400.00 s 40Z1D := 0.00

Z2 MHO DIAMETER OFF, 0.1–100 ohm seca 40Z2P := 13.4a 

Z2 OFFSET 0.0–50.0 ohm seca 40XD2 := 2.5a

Z2 TIME DELAY 0.00–400.00 s 40Z2D := 0.50

40Z TRQCTRL SELOGIC 40ZTC := NOT LOP AND 
SRUNNING

Impedance
Calculation

40Z1D

0

40Z2D

0

Relay
Word
Bits

Zone 1 
Calculation

Zone 2 
Calculation

SELOGIC
Setting

Setting

Z1Ω

40Z1T

40Z2T

40Z2

40Z1

40ZTC

40Z2P

40XD2

40Z1P

40ZTC

V1

I1

40XD1
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The 40Z1 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 1 mho circle defined by the 
offset and diameter settings.

The 40Z1T Relay Word bit asserts 40Z1D seconds after 40Z1 asserts.

The Zone 2 element typically is applied as a time-delayed tripping function. 
Zone 2 diameter and offset setting guidelines are described below.

Zone 2 loss-of-field tripping typically is performed with a time delay of 0.5 to 
0.6 seconds. Set 40Z2D equal to the necessary delay.

The 40Z2 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 2 mho circle defined by the 
offset and diameter settings. The 40Z2T Relay Word bit asserts 40Z2D sec-
onds after 40Z2 asserts. 

The loss-of-field elements are disabled when the 40ZTC SELOGIC control 
equation equals logical 0. The relay allows these elements to operate when the 
40ZTC SELOGIC control equation equals logical 1. With the default setting, 
the loss-of-field elements operate when the relay detects that the motor is syn-
chronized and no loss-of-potential condition exists. To prevent any nuisance 
trips immediately after the synchronization process, an additional pickup 
delay can stabilize the currents and voltages. Use the SELOGIC variables to 
program this delay, and add it to torque control. See the following example.

Setting Calculation
Collect the following information to set loss-of-field.

➤ Synchronous motor direct axis reactance, Xd, in secondary ohms

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Synchronous motor-rated line-to-line voltage, in secondary volts 
(VNOM)

➤ Synchronous motor-rated phase current, in secondary amperes 
(INOM = Full load current, secondary)

Loss-of-Field Protection Using Offset Zone 2
When setting Zone 2 with an offset, set the Zone 1 diameter equal to 1.0 per 
unit impedance.

Set the Zone 1 offset equal to half the synchronous motor transient reactance, 
X'd, in secondary ohms. Typically, the Xd is greater than 1 per unit impedance. 
However, if Xd is less than or equal to 1 per unit impedance, set the 40Z1P 
shorter so that the worst-case stable power system swing does not enter the 
Zone 1 characteristic.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
40ZTC := SV10T

NOTE: The loss-of-field elements 
require at least 0.25 volts of positive-
sequence voltage and 0.25 amperes 
of positive-sequence current to 
operate.

40Z1P
VNOM

1.73 INOM•
------------------------------  Ω=

40XD1
X′d
2

--------  Ω=
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Zone 1 loss-of-field tripping is typically performed with short or zero time 
delay.

Set the Zone 2 diameter equal to the machine direct axis reactance, Xd, in 
secondary ohms.

Set the Zone 2 offset equal to the Zone 1 offset.

Set the Zone 2 time delay long enough to avoid an incorrect operation during a 
worst-case stable power system swing condition, typically 0.5 to 0.6 seconds 
or according to the recommendations of the synchronous motor manufacturer.

The Relay Word bits 40Z1T and 40Z2T are configured to trip the synchronous 
motor breaker in the factory-default logic (see Trip/Close Logic for details). 
You must change the setting if your application requires a different action.

Figure 4.59 Loss-of-Field Element Operating Characteristic, Zone 2 Offset

Out-of-Step Element
The SEL-710-5 contains an out-of-step element to detect out-of-step condi-
tions between two interconnected systems. Two interconnected systems expe-
rience an out-of-step condition for several reasons. A synchronous motor out-
of-step condition (also referred to as pole-slipping) usually occurs because of 
an under-excited motor condition, an excessively reduced supply voltage, or 
an excessively loaded shaft. 

Detecting and isolating an out-of-step condition as early as possible is impera-
tive because the resulting high peak currents, winding stresses, and high shaft 
torques are very damaging to the synchronous motor.

40Z1D 0.0 seconds=

40Z2P XdΩ=

40XD2
X′d
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--------  Ω=

 40Z2D 0.5 seconds=

40Z2P = Xd
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The SEL-710-5 implements two out-of-step tripping schemes: single blinder 
and double blinder. Select whichever scheme suits your application, or you 
can disable out-of-step protection. Set E78 := 1B or 2B to enable out-of-step 
protection elements. If out-of-step protection is not necessary, set E78 := N.

Single-Blinder Scheme
The single-blinder scheme, shown in Figure 4.60, consists of mho element 
78Z1, right blinder 78R1, and left blinder 78R2.

Figure 4.60 Single-Blinder Scheme Operating Characteristics

Table 4.56 Out-of-Step Protection Settings

Setting Prompt  Setting Range
Setting Name := 
Factory Default

OUT-OF-STEP PROT N, 1B, 2B E78 := 1B

FORWARD REACH 0.1–100.0 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

78FWD := 8a

REVERSE REACH 0.1–100.0 ohm seca 78REV := 8a

RIGHT BLINDERb

b Right/Left Blinder settings apply to single-blinder scheme (1B) only.

0.1–50.0 ohm seca 78R1 := 6a

LEFT BLINDERb 0.1–50.0 ohm seca 78R2 := 6a

OUTER BLINDERc 

c Outer/Inner Blinder and OOS Delay settings apply to double-blinder scheme (2B) only.

0.2–100.0 ohm seca 78R1 := 6a

INNER BLINDERc 0.1–50.0 ohm seca 78R2 := 6a

OOS DELAYc 0.00–1.00 s 78D := 0.05

OOS TRIP DELAY 0.00–1.00 s 78TD := 0

OOS TRIP DUR 0.00–5.00 s 78TDURD := 0

POS-SEQ CURRENT 0.25-30.00 A secd

d Range and default setting shown are for 5 A CT. Divide by 5 for 1 A rated CTs.

50ABC := 0.25d

OOS TRQCTRL SELOGIC OOSTC := NOT LOP AND 
SRUNNING

Diameter of 78Z1 = (78REV + 78FWD)

78R2
Pickup

78R1
Pickup

78R1
Right Blinder

R

78R2
Left Blinder

78REV

78FWD

C B A

78R2 78R1
78Z1
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This scheme detects an out-of-step condition by tracking the path of positive-
sequence impedance trajectories that pass through the protection zone. If the relay 
detects an out-of-step condition, the following Relay Word bits assert:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance moves from the load region into Area A (left blinder 
78R2 and mho element 78Z1 assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances to Area B between the two blinders (right blinder 
78R1, left blinder 78R2, and mho element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle via 
Area C, the rising-edge triggered timer with 78TD pickup delay 
and 78TDURD dropout-delay starts timing. Relay Word bit 
OOST remains picked up for 78TDURD seconds after the 
pickup delay time 78TD expires.

➤ The previous description is only for trajectories traveling from 
right to left. Out-of-step trajectories traveling from left to right 
traverse the protection zone in the reverse sequence (that is, from 
Area C to B to A). The Relay Word bits assert in the same way, 
whether trajectories travel from right to left or from left to right.

The single-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by tracking the path of the impedance trajectory. During 
short-circuit faults, the impedance moves from the load region to inside the 
mho element and between the two blinders almost instantaneously, preventing 
the out-of-step function from picking up.

Figure 4.61 shows the logic diagram for the single-blinder scheme. In the fig-
ure, the states of 78R1 and 78R2 are latched on the rising edge of SWING to 
determine if the swing has entered the 78Z1 mho circle from the right or the 
left. (For OOST to occur, the swing must exit the 78Z1 mho circle in the 
opposite direction from which it entered.) The latched states of 78R1 and 
78R2 are retained until the next time SWING asserts, which is the next time a 
power system swing occurs.

The sum of the forward and reverse reaches (the diameter of the mho circle) 
has to be 100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

The blinder settings must be greater than or equal to five percent of either the 
forward or the reverse reach, whichever is greater.

The relay allows the element to operate when the OOSTC SELOGIC control 
equation equals logical 1. With the default setting, the 78 element operates 
when the relay detects that the motor is synchronized and no loss-of-potential 
condition exists. To prevent any nuisance trips immediately after the synchro-
nization process, an additional pickup delay can stabilize the currents and 
voltages. Use the SELOGIC variables to program this delay, and add it to 
torque control. See the following example. 

Block the operation of the 78 element for certain conditions, such as the pres-
ence of excessive negative-sequence currents, by setting OOSTC to NOT 
50Q1P. Refer to Logic Settings (SET L Command) on page 4.101 for a 
detailed discussion of SELOGIC control equations.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
OOSTC := SV10T
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The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for 78TDURD is zero because the Relay Word bit OOST is configured to trip 
the synchronous motor breaker with default trip logic TR (which includes an 
identical timer TDURD). You must change the settings (trip logic and/or 
78TDURD) if your application requires a different action.

The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications; however, a higher setting can be applied based on minimum 
expected swing currents. Note that the positive-sequence current levels below 
the 50ABC setting block the out-of-step function.

Both 78R1 and 78R2 must be within the mho circle.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study

Convert all impedances to synchronous motor base kV.
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Figure 4.61 Single-Blinder Scheme Logic Diagram

Recommendations. Figure 4.62 shows the elements set according to the 
following recommendations.

A transient stability study normally provides adequate data for setting the ele-
ments and timers properly. The out-of-step protection zone, which is limited 
by mho element 78Z1, includes the synchronous motor. Normally, set reverse 
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reach 78REV at 2–3 times the synchronous motor transient reactance, and set 
forward reach 78FWD at 0.05–0.15 times the synchronous motor transient 
reactance, X'd, to provide adequate coverage with a margin of error.

Set the left and right blinders to detect all out-of-step conditions. To do this, 
the right and left blinders are set so that the equivalent machine angles  and 
β are approximately 120 degrees, as shown in Figure 4.62. Separation angles 
of 120 degrees or greater between the two sources usually results in loss of 
synchronism.

Make sure that the mho element and the blinders do not include the maximum 
possible synchronous motor load, to avoid assertion of 78Z1, 78R1, and 78R2 
under normal system operation. 

Figure 4.62 Single-Blinder Typical Settings

Double-Blinder Scheme
The double-blinder scheme, shown in Figure 4.63, consists of mho element 
78Z1 and two blinder pairs: outer resistance blinder 78R1 and inner resistance 
blinder 78R2. This scheme uses timer 78D as part of its logic to detect out-of-
step conditions. The scheme declares an out-of-step condition if the positive-
sequence impedance stays between the two blinders for more than 78D sec-
onds and advances farther inside the inner blinder. The logic issues an out-of-
step trip once an out-of-step condition is established and the positive-sequence 
impedance exits the mho circle.

α

78Z1

78FWD

78FWD: Forward Reach
78REV: Reverse Reach
X’d: Synchronous Motor  Transient 

Reactance
Zs: System Impedance

M-N: Total Impedance Between 
Synchronous Motor and System

S-S’: Perpendicular Bisector of M-N
α and β: Angle of Separation Between 

Synchronous Motor and System
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78R2 78R1
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Figure 4.63 Double-Blinder Scheme Operating Characteristics

If the relay detects an out-of-step condition, it asserts the following Relay 
Word bits:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance stays between the outer and inner blinders for more 
than 78D seconds (78R1 asserts, mho element 78Z1 may or may 
not assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances farther inside the inner blinder (78R1, 78R2, and mho 
element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle, the 
rising-edge triggered timer with 78TD pickup delay and 
78TDURD dropout delay starts timing. Relay Word bit OOST 
remains picked up for 78TDURD seconds after pickup delay 
time 78TD expires.

The double-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by monitoring the length of time that the impedance trajec-
tory stays between the two blinders. During short-circuit faults, the impedance 
either moves inside the inner blinder or goes through the two blinders almost 
instantaneously so that the 78D does not time out. Either case prevents the 
out-of-step element from picking up. Figure 4.65 shows the logic diagram for 
the double-blinder scheme.

The sum of the forward and reverse reaches (the diameter of the mho circle) is 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

Set the inner blinder (78R2) so that its setting is greater than or equal to five 
percent of either the forward or the reverse reach, whichever is greater.

The 78 element torque control SELOGIC control equation OOSTC has a 
default setting of one. If this value is left at one, the out-of-step element is not 
controlled by any other conditions external to the element. Block operation of 
the 78 element for certain conditions, such as the presence of excessive nega-
tive-sequence currents, by setting OOSTC to NOT 50Q1P. Refer to Logic Set-
tings (SET L Command) for a detailed discussion of SELOGIC control 
equations.

78R2
Pickup
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The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications. Apply a higher setting based on minimum expected swing cur-
rents. Note that the positive-sequence current levels below the 50ABC setting 
block the out-of-step function.

The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for the 78TDURD is zero because the Relay Word bit OOST is configured to 
trip the synchronous motor breaker with default trip logic TR (which includes 
an identical timer TDURD). Change the settings (trip logic and/or 78TDURD) 
if your application requires a different action.

The inner resistance blinder must be inside the mho circle while the outer 
resistance blinder should be outside the mho circle for the logic to operate cor-
rectly.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd in secondary ohms.

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study.

Convert all impedances to synchronous motor base kV.

Recommendations. Figure 4.64 shows the elements set according to the 
following recommendations.

The out-of-step protection zone, which is limited by mho element 78Z1, 
includes the synchronous motor. Normally, set reverse reach 78REV at 2–3 
times the synchronous motor transient reactance, and set forward reach 
78FWD at 0.05–0.15 times the synchronous motor transient reactance, X'd, to 
provide adequate coverage with a margin of error.

Set the inner blinder 78R2 to detect all out-of-step conditions. To do this, set 
the inner blinder so that the equivalent machine angle, shown in Figure 4.64, 
is approximately 120 degrees. A separation angle of 120 degrees or greater 
between two sources generally results in loss of synchronism.

Set the outer blinder 78R1 and out-of-step timer 78D to satisfy the following:

➤ The outer blinder should not assert on maximum load.

➤ The outer blinder should lie outside the mho circle, to satisfy the 
relay logic.

➤ The outer blinder should separate from the inner blinder far 
enough to ensure that the 78D timer accurately times the out-of-
step slip cycle.

The SEL-710-5 processes the out-of-step logic every half cycle of the system 
frequency. To ensure that the relay times the out-of-step slip frequency accu-
rately, separate the outer and inner blinders appropriately. For example, 
assume that the highest out-of-step frequency encountered is five slip cycles 
per second, which translates to 30 degrees per cycle (60 Hz). Set the blinders 
with a 70-degree separation. This separation translates to a positive-sequence 
impedance travel time of 2.3 cycles between the two blinders, which should 
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provide adequate timing accuracy. Set the 78D timer at approximately 0.034 
seconds (two cycles), which ensures that 78D will pick up for swings travel-
ing at 30 degrees per cycle or less.

The out-of-step slip frequency is a system-specific value. A transient stability 
study normally determines this variable and, therefore, the double-blinder set-
tings.

Figure 4.64 Double-Blinder Typical Settings

78FWD: Forward Reach
78REV: Reverse Reach
X’

d
: Synchronous Motor Transient Reactance

ZS: System Impedance
M-N: Total Impedance Between Synchronous 

Motor and System

S-S1: Perpendicular Bisector of M-N
α: Angle of Separation Between Synchronous Motor 

and System Measured at 78R2
γ: Angle of Separation Between Synchronous Motor 

and System Measured at 78R1
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Figure 4.65 Double-Blinder Scheme Logic Diagram
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Field Resistance Element
This feature is available only if an external dc transducer is used separately to 
convert the primary field dc current to a low level signal (4 to 20 mA dc or 
0 to +10 Vdc) for the relay field current input, IEX, and an SEL external volt-
age divider board is connected to convert the primary field (exciter) dc voltage 
to a reduced voltage signal for the relay field voltage input, VEX. FDCURIN, 
FD_20 mA/ FD_5 V settings must be set to detect the primary field current. 
See Section 2: Installation for the board switch positions.

Primary field resistance is the ratio of the primary field voltage to the primary 
field current. If the primary field resistance goes above the field resistance 
warning or trip level for longer than a 10-second time delay, the relay issues a 
warning signal. 

The field resistance elements operate only when the field resistance torque 
control, FDRESTC, asserts. You can also disable the elements by setting the 
field resistance warning level settings to OFF.

An increase in field resistance indicates an increase in field temperature. This 
function is an estimation of the field resistance as the exciter voltage measure-
ment excludes the compensation for brush and cable voltage drop.

Field Current Element
The field current feature is available only if an external dc transducer is 
installed separately to convert primary field/exciter dc current to low level sig-
nal (4 to 20 mA dc or 0 to +10 Vdc) for relay field current input, IEX. See 
Section 2: Installation for the board switch positions.

Set the FD_20 mA setting to a primary field current value corresponding to a 
dc transducer output of 20 mA or set the FD_5 V setting to a primary field 
current value corresponding to a dc transducer output of 5 V. 

If the primary field current, IEX, falls below the field undercurrent warning or 
trip level for longer than the time-delay setting, the relay issues a warning or 
trip signal. If the primary field current, IEX, goes above the field overcurrent 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. 

The field current is operational only when the field current torque control, 
FDCTC, is asserted. You can also disable the elements by setting the field cur-
rent warning level and trip level settings to OFF. For a brushless application, 
use DCCT to measure the auxiliary exciter dc field current, IEX.

Table 4.57 Field Resistance Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD RES WARN 1 OFF, 0.10–500.00 ohm pri FDRES1P := OFF

FLD RES WARN 2 OFF, 0.10–500.00 ohm pri FDRES2P := OFF

FLDR TRQ CTRL SV FDRESTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD CURRENT IN I, V FDCURIN := I

FLD CUR @ 20 mA 1.0–2000.0 A dc pri FD_20mA := 400.0
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Field (Exciter) Voltage Element
The field voltage feature is available only when an SEL external voltage 
divider board is installed to convert the primary field (exciter) dc voltage to 
reduced voltage signal for relay field voltage input, VEX. 

If the primary field (exciter) voltage, VEX, falls below the field undervoltage 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. If the primary field (exciter) voltage, VEX, goes above 
the field overvoltage warning or trip level for longer than the time-delay set-
ting, the relay issues a warning or trip signal. 

The field voltage elements operate only when the field voltage torque control, 
FDVTC, asserts. You can also disable the elements by setting the field voltage 
warning level and field voltage trip level settings to OFF. For a brushless 
application, use the auxiliary exciter dc voltage for VEX input.

FLD CUR @ 5V 1.0–2000.0 A dc pri FD_5V := 400.0

FLD UC TRIP LEVEL OFF, 1.0–2000.0 A dc pri FDUC1P := OFF

FLD UC TRIP DLY 0.3–100.0 sec FDUC1D := 0.5

FLD UC WARN LVL OFF, 1.0–2000.0 A dc pri FDUC2P := OFF

FLD UC WARN DLY 0.3–100.0 sec FDUC2D := 5.0

FLD OC TRIP LVL OFF, 1.0–2000.0 A dc pri FDOC1P := OFF

FLD OC TRIP DLY 0.3–100.0 sec FDOC1D := 0.5

FLD OC WARN LVL OFF, 1.0–2000.0 A dc pri FDOC2P := OFF

FLD OC WARN DLY 0.3–100.0 sec FDOC2D := 5.0

FLDC TRQ CTRL SV FDCTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.59 Field Voltage Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD UV TRIP LVL OFF, 1.0–350.0 Vdc pri FDUV1P := OFF

FLD UV TRIP DLY 0.3–100.0 sec FDUV1D := 0.5

FLD UV WARN LVL OFF, 1.0–350.0 Vdc pri FDUV2P := OFF

FLD UV WARN DLY 0.3–100.0 sec FDUV2D := 5.0

FLD OV TRIP LVL OFF, 1.0–350.0 Vdc pri FDOV1P := OFF

FLD OV TRIP DLY 0.3–100.0 sec FDOV1D := 0.5

FLD OV WARN LVL OFF, 1.0–350.0 Vdc pri FDOV2P := OFF

FLD OV WARN DLY 0.3–100.0 sec FDOV2D := 5.0

FLDV TRQ CTRL SV FDVTC := NOT STOPPED
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Power Factor Correction 
The SEL-710-5 includes a power factor correction logic that compares the 
reactive power consumed by the motor with a required calculated reactive 
power set point and generates a command to raise or lower the excitation. 
Note that a positive required reactive power set point makes the motor behave 
as an inductive load and that a negative required reactive power set point 
makes the motor behave as a capacitive load.

With EPFC set to QSPMV, the reactive power set point is determined by a 
SELOGIC math variable. The SELOGIC math variable is selected using the 
PFQSP relay setting. For example, to select MV11, set PFQSP to 11, then the 
dynamically evaluated value in MV11 is used as the reactive power set point. 
With EPFC set to PFSP, the reactive power set point is computed using the 
measured active power of the motor, and power factor set point specified by 
PFSPAN and PFLDLG settings. Figure 4.66 shows the reactive power set 
point logic.

Figure 4.66 Reactive Power Set Point Calculation

Every five seconds, the difference between the measured reactive power and 
the reactive power set point (ΔQ) is compared to two reactive power thresh-
olds in a double deadband logic. When ΔQ is greater than the short step reac-
tive power threshold (PFSTH), the logic asserts the field voltage short raise 
Relay Word bit (FVSRT) for FVSDO seconds. Similarly, when ΔQ is greater 
than the long step reactive power threshold (PFLTH), the logic asserts the 
field voltage long raise Relay Word bit (FVLRT) for FVLDO seconds. The 
same thresholds and drop out timers are used to assert the field voltage short 
and long lower Relay Word bits (FVSLT and FVLLT) when ΔQ turns out to 
be negative. Figure 4.67 details the double deadband logic. 

Figure 4.67 Double Deadband Logic
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The SEL-710-5 uses the FVLR, FVSR, FVLL, FVSL pulses to obtain the 
analog quantity OUTVAL, which is used to connect to a field controller that 
accepts an analog input. OUTVAL is computed as follows:

IF (PFCNTRL == 0) THEN: OUTVAL = PFCOVL

ELSE: OUTVAL[k] = OUTVAL[k – 1] + (FVLR • n) + (FVSR • m) 
– (FVLL • n) – (FVSL • m)

where:
m = PFSTH • 1000 • 100 / (3 • FLA1 • VNOM / SQRT(3))
n = m • ((PFLTH / PFSTH) – 1)

The range of OUTVAL (0 to 100) is meant to cover the operational range of 
the field voltage. Ensure that the analog output range provides the field con-
troller with the appropriate minimum and maximum operable field voltage for 
the machine. During a relay restart, OUTVAL is set to PFCOVL regardless of 
the value of PFCNTRL. 

The PFINBN Relay Word bit indicates that the reactive power is within the 
given band. The PFGUT Relay Word bit asserts when the reactive power is 
outside the given band for more than 10 minutes indicating that the system did 
not correct the power factor. 

PID Controller
The SEL-710-5 includes a Type B PID controller with two modes of opera-
tion: as a generic controller utilizing math variables, or for power factor cor-
rection through an analog field controller. The controller assumes that the 
units of the set point (SP) and the process variable (PV) are in percentages and 
that the control action is PV-SP. The PID controller is processed with the 
math variables and analog quantities at an interval of 25 ms. Figure 4.68 pres-
ents the PID internal structure. Note that the derivative is computed using the 
process variable rather than the error (Type B PID configuration).

Table 4.60 Power Factor Correction Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PF CPMP OFF, PFSP, QSPMV EPFC := OFF

PF SET POINT OFF, 0.50–1.00 PFSPAN := OFF

LEADLAG LEAD, LAG PFLDLG := LEAD

Q SP MATH VAR 1–32 PFQSP := 32

DEADBAND L TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFLTH := 0.05 • YYYY

DEADBAND S TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFSTH := 0.01 • YYYY

LONG STEP LENGTH 0.0–3.0 sec FVLDO := 1.0

SHRT STEP LENGTH 0.0–3.0 sec FVSDO := 0.5

SYNCVOLTAGE 0%–100% PFCOVL := 100

SYNC VLTG CNTRL SELOGIC PFCNTRL := SRUNNING

NOTE: For power factor correction, 
SEL strongly recommends using the 
double deadband algorithm 
described in Power Factor Correction 
over the PID methods because of 
instabilities that may arise from 
system conditions and parameters.
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Figure 4.68 PID Controller

When EPID is set to PIDMV, the PID controller will use the values of the 
math variables corresponding to PISPMV and PIPVMV as the set point and 
the process variable, respectively (e.g., PISPMV = 1 and PIPVMV = 2 will 
use MV01 and MV02). Since the PID controller assumes a PV–SP control 
action, you can achieve an SP–PV control action by setting the math variables 
you use to multiply by –1.

When EPID is set to PFSP, the PID controller will calculate a reactive power 
set point using the measured real power with the PISP and PILDLG settings, 
while the process variable will use the measured reactive power These values 
are converted to per unit through the use of the FLA1 and VNOM settings.

Set Point
(SP) Σ Σ—

+

Process
Variable

(PV)

PIKC • PITD • 
dPV
dt

Derivative

Integral

dtPIKC •
Error
PITI∫

PIKC • Error 

Proportional

Error 
PIDOUT

Table 4.61 PID Controller Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PID N, PFSP, PIDMV EPID := N

PF SET POINT 0.10–1.00 PISP := 1.00

LEADLAG LEAD, LAG PILDLG := LEAD

MV SET POINT 1–32 PISPMV := 1

MV PROCESS VAR 1–32 PIPVMV := 1

INTEGRAL INIT VAL 0.0–100.0 PISTART := 50.0

GAIN CONSTANT 0.000 to 15.000 PIKC := 1.000

INT TIME CONST 0.01 to 600.00 sec PITI := 0.01

DERIV TIME CONST 0.000 to 5.000 sec PITD := 0.000

OUTPUT FLOOR 0.0–99.9 PIMIN := 0.0

OUTPUT CEILING 0.1–100.0 PIMAX := 100.0

INTEGRAL FREEZE SELOGIC PIFRE := 0

PID LOGIC CNTRL SELOGIC PIRUN := 1
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The analog quantity output of the PID controller, PIDOUT, is given as a per-
centage and is bounded by the floor setting, PIMIN, and the ceiling setting, 
PIMAX. An anti-integral windup scheme is implemented by freezing the inte-
gral term when either of two scenarios occurs: the calculated PIDOUT is 
above the PIMAX setting and the error is positive, or the calculated PIDOUT 
is below the PIMIN setting and the error is negative. The integral term can 
also be frozen when the SELOGIC equation PIFRE evaluates to a logical 1. In 
either case, the Relay Word bit PIAW will assert when the integral term is frozen.

Synchronous Motor Synchronization
The SEL-710-5 provides three different methods for synchronous motor syn-
chronization: 

➤ Time-delayed start for brushless synchronous motors

➤ Slip-dependent synchronization based on field voltage 
measurements

➤ Slip-dependent synchronization based on stator current 
measurements

Time-Delayed Starting for Brushless Synchronous Motors
Time-delayed starting is applicable to brushless type machines when setting 
SYNTYPE := BRUSHLESS. The brushless motor is started by first applying 
ac power to the stator windings. Once the relay detects the machine is in the 
STARTING or RUNNING state, the relay asserts the 41CLOSE Relay Word 
bit after a fixed time-delay setting, 41DELAY. Use the 41CLOSE bit to oper-
ate an output contact directly. This output contact can be wired to close the 
field contactor or breaker circuit to apply dc excitation to the motor field 
winding.

Figure 4.69 Starting Brushless Synchronous Motor

Brush-Type Synchronous Motor Synchronization
The SEL 710-5 has the capability to synchronize a brush-type synchronous 
motor. Use an SEL external voltage divider board to convert the voltage 
across the field voltage discharge resistor (VDR) to a level suitable to the 
relay. Refer to Figure 2.33 for a connection diagram of the external voltage 
divider board. Proper polarity, as shown in Figure 2.33, is essential when con-
necting the VDR input to the relay. 

The following steps are part of the synchronization process:

1. Closing of the field circuit via the field discharge resistor

2. Application of three-phase power to stator

Table 4.62 Brushless Synchronous Motor Start-Sequence Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

41 CLOSE DELAY 0.0–100.0 sec 41DELAY := 3.0

41DELAY

0

SYNTYPE := BRUSHLESS

TRIP

STOPPED

41CLOSERelay
Word
  Bits  

Relay
Word
  Bit  

Setting

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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3. Application of field excitation when desired slip and angle are reached

4. Tripping of the motor in case of incomplete sequence

The motor is started with the discharge resistor connected across the motor 
field winding via the 41b auxiliary contact. The brush-type motor is started by 
applying ac power to the stator windings. This results in a rotating magnetic 
field in the air gap at synchronous speed. The rotating magnetic field, in 
effect, induces EMF in the amortisseur windings (also referred to as damper 
windings) and the field winding. The torque produced by the induced currents 
in the amortisseur windings causes the motor to operate as an induction motor 
and to accelerate to near synchronous speed. On the other hand, the induced 
current in the field circuit circulates through the VDR. The relay uses the 
voltage across the VDR to determine the exact moment to energize the field 
winding as explained in the following text. 

The relay uses the settings in Table 4.63 as part of the start sequence. 

Figure 4.70 shows the synchronous motor start sequence enable logic. Pro-
gram the SELOGIC setting STSEQEN to initiate the synchronization process. 
If the field excitation voltage, VEX, is wired to the relay, a field undervoltage 
element is set and programmed as part of STSEQEN, ensuring that appropri-
ate field voltage is present before the start sequence is initialized.

Program the percentage of the synchronization slip setting, SYNSLIP, as rec-
ommended in the synchronous motor data sheet. The relay calculates the slip 
frequency in percent from the VDR signal, FREQR, at every zero crossing, 
i.e., SMSLIP = (FREQR / FNOM) • 100, and compares it to the SYNSLIP set-
ting. If the calculated rotor slip frequency is less than or equal to the SYN-
SLIP setting, the relay declares that the required slip is reached and sets the 
SLIPRECH Relay Word bit. The relay simultaneously keeps track of the posi-
tive-to-negative zero crossing (PNZC) of the VDR signal rotor angle to allow 
for the effective pull-in of the rotor when the field is applied to synchronize 
the motor.

Figure 4.70 Synchronous Motor Start Sequence Enable Logic

Figure 4.71 shows the 41CLOSE logic for a brush-type synchronous motor. 
The DRVECLS (drive-to-close for an effective pull-in) or RELUCLS (reluc-
tance torque synchronizing) Relay Word bits set the 41CLOSE.

Table 4.63 Synchronous Motor Start Sequence Settings

Setting Prompt Setting Range Setting Name := Factory Default

STRT SEQ ENABLE  SELOGIC STSEQEN := R_TRIG STARTING 
AND NOT 47T AND NOT SMTRIP 
AND NOT (FDUV1T OR FDUV2T)

SYNCHRONIZE SLIP  1.0%–10.0% SYNSLIP := 2.0

UNLATCH 41CLOSE  SELOGIC UL41CL := TRIP OR STOPPED

MIN CLOSE DELAYa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

 0.1–99.0 sec 41MNDLY := 0.1

WARNING
Do not attempt to synchronize the 
brush-type synchronous motor 
without the external voltage divider 
board. Severe damage to the relay can 
result if the external voltage divider 
board is improperly connected.

NOTE: The input to VDRM should be 
greater than 54 V for the synchronous 
motor start logic to work.

SYNTYPE := BRUSH

STSEQEN

STOPPED OR TRIP

SYNENAND1
OR1

AND2SELOGIC
Setting

Setting Relay
Word
Bit
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The FREQDECAY input supervises both of these bits. This input qualifies a 
proper start sequence by ensuring that the VDR observed is favorable (e.g., 
negative and decreasing signal) after assertion of the SYNEN bit. The relay 
computes the speed of the rotor using consecutive zero crossings in the VDR 
signal. The relay computes two quantities to show the rotor speed: 
1) SMSLIP, in percentage, where 100 means stand-still and 0 means synchro-
nous speed; and 2) FREQR, in hertz.

Once the required slip frequency is reached, the relay issues a 41CLOSE via 
DRVECLS on the immediate or subsequent PNZC transition of the VDR sig-
nal for an effective pull-in of the rotor. 

If the SLIPRECH asserts while the signal is unfavorable (e.g., VDR negative 
but increasing), the PNZC may not be dependable. In this case, the relay 
issues a 41CLOSE via RELUCLS for a reluctance close. For the RELUCLS 
Relay Word bit to assert, the VDR voltage has to be unfavorable for a period 
greater than the SYNSLIP setting expressed in seconds. For example, if 
SYNSLP = 10% and FNOM = 60 Hz, then the SYNSLP setting expressed in 
seconds is 1/6 Hz = 0.167 seconds. Use the 41CLOSE bit to operate an output 
contact directly. Wire this output contact to close the field contactor or 
breaker circuit, to apply dc excitation to the motor field winding, and to open 
the field discharge resistance circuit. 

Figure 4.71 41CLOSE Logic for Brush-Type Synchronous Motor

Use the UL41CL SELOGIC setting to unlatch the 41CLOSE Relay Word bit in 
the event of a TRIP or when the motor has stopped. In applications that 
require line current supervision, i.e., for a line current less than 1.1 • FLA1, 
the ADV_RUNN Relay Word bit can be programmed into UL41CL 
(UL41CL := TRIP OR STOPPED OR NOT ADV_RUNN) to supervise the 
41CLOSE bit. Refer to Figure 4.77 for the ADV_RUNN Relay Word bit.

Monitor the synchronous motor starting sequence with the START_T setting 
(see Figure 4.30 and Figure 4.31) to trip the motor in case of an incomplete 
start sequence, i.e., the 41CLOSE does not assert within START_T time. The 
SEL-710-5 decides the state of the synchronous motor based on the 
synchronous motor running state logic shown in Figure 4.76. Program the 
FDCMIN and 41A settings accordingly to indicate to the relay that the 
synchronous motor field contactor or breaker is closed.

41CLOSE

Relay
Word
Bit

DRVECLS

RELUCLS

SLIPRECH

UL41CL

FreqDecay

FreqDecay

VDR PNZC

0.0 V

VDR SYNSLIPa S

R

a Period corresponding to SYNSLIP setting in seconds.

SELOGIC
Setting

Relay
Word
  Bits  

Relay
Word
  Bits  

0.0 V
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See Figure 4.72 for an event capture of synchronous motor starting. Along 
with the line currents and voltages, the CEV report in SEL-710-5 also 
captures the VDR voltage and rotor frequency, FREQR, measured at each 
zero-crossing. In Figure 4.72, the capture uses the following event report 
settings: PRE = 10 cyc, LER = 180 cyc, and ER = R_TRIG STARTING. For 
motors with a starting time longer than three seconds, program ER = R_TRIG 
STARTING OR R_TRIG 41CLOSE, as needed.

Figure 4.72 SEL-710-5 Event Capture Of Synchronous Motor Starting 

Synchronization Based on Stator Measurements
This method is intended for synchronization of motors with salient poles and 
start times of at least three seconds. The SEL-710-5 Relay calculates the slip, 
SMSLIP2, based on the stator measurements and compares it with SYNSLIP 
(in percentage), as seen in Figure 4.73 (refer to Table 4.63 for settings). When 
the calculated slip, SMSLIP2, is less than the SYNSLIP setting, the relay 
declares that the required slip for synchronization is reached and the SLIPBT 
Relay Word bit asserts. The SLIPOK Relay Word bit supervises the SLIPBT 
Relay Word bit. The SLIPOK Relay Word Bit asserts when the slip calculated 
based on the stator measurements is reliable. The motor slip computation 
logic is enabled by Field Close Enable or the motor state logic declaring that 
the motor is in the STARTING state.

The 41CLOSE2 Relay Word bit is set by the 41CLS2 Relay Word bit. Use the 
41CLOSE2 Relay Word bit to close the field breaker. A timer supervises this 
logic. The timer guarantees that synchronization does not happen before the 
minimum timer expires (Ta) or after the maximum timer expires (Tb). Pro-
gram the 41MNDLY setting to 30 to 40 percent of the minimum start time. 
Use the UL41CL SELOGIC setting to unlatch the 41CLOSE2 Relay Word bit 
in the event of a TRIP or when the motor has come to a STOP.

NOTE: VDR in the CEV report is in 
volts primary, equivalent to VDRM 
shown in Figure 2.33.

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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Figure 4.73 Slip-Computation Using Stator Measurements for Slip-Dependent Thermal Model and Synchronous 
Motor Synchronization

While this synchronization method is adequate to synchronize both brush and 
brushless motors, synchronization based on the VDR measurements is the 
preferred method for brush motors. Synchronization based on the VDR mea-
surements allows for the closing of the field on a positive-to-negative zero 
crossing of the VDR signal for an effective pull-in of the rotor. Refer to 
Table 4.63 for the settings related to this method.

Trip Logic
Trip Inhibit (Block) Function

You can assign any control input to the SELOGIC control equation 
BLKPROT. The relay uses the BLKPROT Relay Word bit to disable one or 
more protective functions listed in Table 4.64 when the BLKPROT control 
input asserts. 

Relay
Word
  Bit  

UL41CL

41CLS2

STARTING

Reset has Priority

41CLOSE2

Ta = max(0.2, 41MNDLY minimum sync time)
Tb = max(41DELAY, Ta + 0.1)
Ts = Tb + 2 cycles

S

R

Q

Ta

TbTs

SYNSLIP

SLIPOK

SMSLIP2

SLIPBT

Ia, Ib, Ic

Relay
Word
  Bits  

Relay
Word
  Bit  

Relay
Word
  Bit  

Relay
Word
  Bit  

Setting

SELOGIC
Setting

Va, Vb, Vc
Vab, Vbc, Vca

ENABLE

Outputs updated 
every 8 cycles

Motor Slip Computation

Field Close Enable

0

Relay
Word
  Bits  

STSEQEN

TRIP
STOPPED

SELOGIC
Setting

Table 4.64 Trip Inhibit Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

BLOCK PROTECT SELOGIC Variable BLKPROT := 0

CURRENT IMBALANC Y, N BLK46 := N

JAM Y, N BLK48 := N

GROUND FAULT Y, N BLK50EF := N

SHORT CIRCUIT Y, N BLK50P := N

UNDERCURRENT Y, N BLK37 := N

START INHIBIT Y, N BLK66 := N
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During certain operational phases when the level (e.g., motor current) differs 
from normal values, selected functions are completely disabled as long as the 
control input is asserted. For operational phases such as those listed below, 
you could have no warning, no trip or reset, and tripping delays that begin to 
run only after the function is reenabled:

➤ During starting (earth fault and short-circuit protection) 

➤ At no-load (protection against asymmetry and underload) 

➤ During brief overload phases (high overload/jam) 

➤ During commissioning and fault location (localizing the source 
of the trouble)

Trip/Close Logic
The SEL-710-5 tripping logic is designed to trip or stop motors energized 
through circuit breakers or contactors. The relay logic lets you define the con-
ditions that cause a trip, the conditions that unlatch the trip, and the perfor-
mance of the relay output contact motor contactor or breaker. Figure 4.74 
illustrates the tripping logic.

PTC Y, N BLK49PTC := N

RTD Y, N BLK49RTD := N

Table 4.64 Trip Inhibit Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.65 Trip and Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 s TDURD := 0.5

TRIP EQUATION SV TR := 49T OR LOSSTRIP OR JAMTRIP 
OR 46UBT OR 50P1T OR 50G1T OR 
59P1T OR 47T OR SPDSTR OR 50N1T 
OR SMTRIP OR (27P1T AND NOT LOP) 
OR SV01T OR SV03T

REMOTE TRIP EQN SV REMTRIP := 0

TRIP ON LOCKOUT Y, N TRIPONLO := Y

UNLATCH TRIP EQN SV ULTRIP := 0

CONTACTOR STATUS SV 52A := 0

FLD BRKR STATUS SV 41A := 0

NOTE:  The factory-default 
assignment of the Relay Word bit 
TRIP is the output OUT103. See 
Table 4.77 for the output contacts 
settings.
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Figure 4.74 Stop/Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following text.

TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the STOP Relay Word bit (asserted at the front panel or by 
the STOP command) are maintained for at least the duration of the minimum 
trip duration time (TDURD) setting.

0

TDURDSTOP

TRIP

Trigger Events

Reset TRIP LED

STOPPED

THERMLO
NOSLO
TBSLO
ABSLO

TRIPONLO = Y

TRGTR

TR

 STOPPED = Motor Stopped Relay Word Bit
 THERMLO = Thermal Element Lockout
 NOSLO = Starts-Per-Hour Lockout
 TBSLO = Minimum Time Between Starts Lockout
 ABSLO = Antibackspin Lockout
 TRIPONLO = Trip on Lockout
 ULTRIP = Unlatch Trip SELOGIC Control Equation
 RSTTRGT = Target Reset SELOGIC Control Equation

 TRGTR = Target Reset Command, Front Panel or 
Serial Ports

 EMRSTR = Emergency Start Command, Front 
Panel or Modbus/DeviceNet Command

 TR = Trip SELOGIC Control Equation
 STOP = Motor Stop Command, Front Panel or 

Serial Ports
 TDURD = Minimum Trip Time Setting

 EMRSTR

52A
RSTLED = Y

Relay
Word
  Bits  

ULTRIP
RSTTRGT

SELOGIC
Settings

Relay
Word
  Bit  

Relay
Word
  Bit  

SELOGIC
Setting

RSTTRGT

SELOGIC
Setting

Relay
Word
  Bits  

Communications
Command

Target Reset

Pushbutton
TARGET RESET

Serial Port 
Command

TAR R

 EMRSTR

TRGTR
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TR Trip Conditions SELOGIC Control Equation
The SEL-710-5 Trip Logic offers two ways to stop the protected motor:

➤ Conditions mapped to TR

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

Either of the two conditions will trigger an event report. The relay controls the 
tripping output contact(s) when the Relay Word bit TRIP appears in an output 
contact SELOGIC control equation. Default relay settings have output OUT103 
set to TRIP and fail-safe setting OUT103FS at Y (see Fail-Safe/Nonfail-Safe 
Tripping on page 2.26).

Set the TR SELOGIC control equation to include an OR-combination of all the 
enabled protection element Relay Word bits that you want to cause the relay 
to trip. Use the factory-default setting as a guideline.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. 

For example, the following settings trip the breaker by input IN303 via REM-
TRIP.

    REMTRIP := IN303

    TR :=...OR REMTRIP

The HMI displays Remote Trip to indicate the trip by remote trip logic.

ULTRIP Unlatch Trip Conditions SELOGIC Control Equation
Following a fault, the trip signal is maintained until all of the following condi-
tions are true:

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ All the motor lockout functions, described below, deassert to 
logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

➢ An emergency restart command is executed or the 
EMRSTR SELOGIC control equation setting asserts to 
logical 1.

NOTE: The outputs in the 
SEL-710-5 are not designed to 
interrupt the trip coil current. An 
auxiliary contact with adequate 
current interrupting capacity must 
clear the trip coil current before the 
output of the SEL-710-5 opens. 
Failure to observe this safeguard 
could result in damage to the 
SEL-710-5 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
Bit TRIP, which stays asserted for the 
duration of the TDURD setting or 
until TRIP is unlatched, whichever is 
longer.

NOTE: You can use an indirect 
mapping (e.g., SV01T) as in the 
factory-default setting. See 
Table 4.65 for the SV01 settings.

NOTE: The factory-default setting of 
the ULTRIP provides a manual reset 
of the protection trips. Set the 
ULTRIP := 1 if you want an automatic 
reset. You can make the automatic 
reset by a selected element; for 
example, set ULTRIP := F_TRIG 49T in 
a two-wire motor control circuit.
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Lockout After Stop
When TRIPONLO := Y, the relay automatically locks out the motor by assert-
ing the trip signal under any of the following conditions:

➤ Antibackspin Lockout. The ABSDLY timer has not expired 
since the motor trip occurred. The trip signal is maintained until 
the ABSDLY timer expires.

➤ Minimum Time Between Starts Lockout. A new start is not 
permitted until after the minimum time between starts has 
passed. The trip signal is maintained until a start is permitted.

➤ Starts-Per-Hour Limit Lockout. If the starts-per-hour limit has 
been met, a new start is not permitted until 60 minutes after the 
oldest start. The trip signal is maintained until a start is 
permitted.

➤ Thermal Element Lockout. The motor thermal element 
% Thermal Capacity Used value is too high to permit a normal 
motor start without tripping. The trip signal is maintained until 
the % Thermal Capacity decreases to a level where a start can 
safely take place, as shown in Figure 4.75.

Figure 4.75 Thermal Element Lockout Logic

If any of the previous protection functions is not enabled by the relay settings, 
that function does not affect trip unlatch.

Also note that the relay automatically asserts the trip signal if the motor stops 
and a lockout condition is in effect. The trip signal is cleared once all the 
enabled lockout conditions are cleared.

52A and 52B Contactor/Breaker Status SELOGIC Control Equations
Use the SELOGIC settings 52A and 52B to map the respective breaker or con-
tactor auxiliary contacts to the relay. Because the 52b contact is not always 
available and to reduce the number of I/O required, the breaker status logic 
does not include the 52B contact. The relay uses the 52A Relay Word bit as 
the status of the breaker/contactor in conjunction with the protection elements, 
motor state, trip, and close logic. The default 52B setting is NOT 52A. The 
factory-default setting assumes no auxiliary contact connection (52A := 0).

NOTE: For the disconnect settings 
and logic, refer to Disconnect Control 
Settings on page 9.2. For the 
touchscreen relay option, refer to 
Table 9.5 for typical disconnect 
symbols. For the settings related to 
bay control disconnect symbols, refer 
to Table 9.7 and the corresponding 
descriptions.

If you connect the breaker auxiliary contacts to digital inputs, you must 
change the factory-default logic equations for 52A and 52B. For example, set 
52A := IN101 and 52B := IN102 if you connect the 52a and 52b contacts to 
inputs IN101 and IN102, respectively.

100—TCSTART

TCURTR

49RSTP
TCUSTR

THERMLO

Relay
Word
Bit

Note: TCSTART is the setting, unless a learned value is available.

NOTE: When the 52A setting is 
used with an appropriate control 
input, it enhances the motor state 
logic (see Figure 4.77). This is 
particularly important if the motor 
has low operational idling current 
(less than 10 percent FLA).
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NOTE: For the settings related to the 
local/remote breaker control function, 
refer to Local/Remote Control on 
page 9.7. For breaker control via the 
front-panel pushbuttons, refer to 
Front-Panel Operator Control 
Pushbuttons on page 8.18. For breaker 
control via the two-line display, refer 
to Control Menu on page 8.10. For 
breaker control via the touchscreen, 
refer to Motor/Disconnect Control Via 
the Touchscreen on page 9.8.

The SEL-710-5 relay with the touchscreen display option additionally pro-
vides the ability to design detailed single-line diagrams and display the 
breaker and disconnect status. Refer to Table 9.1 for typical circuit breaker 
symbols available for display on the bay screens. For settings related to bay 
control breaker symbols, refer to Table 9.7 and the corresponding description

41A Field Contactor/Breaker Status Conditions for the SELOGIC Control 
Equation

You can connect an auxiliary contact of the 41 contactor or breaker to the 
relay. The SELOGIC control equation 41A allows you to configure the relay 
for either the 41b or 41a contact input. The factory-default setting assumes no 
auxiliary contact connection (41A := 0). 

If you connect the breaker auxiliary contact to a digital input, you must 
change the factory-default logic equation for 41A. For example, set 
41A := IN101 if you connect the 41a contact to input IN101.

Synchronous motor is latched to be in synchronized running state, SRUN-
NING, either when the relay detects the 41A field breaker status as closed or 
when the relay detects a field current greater than minimum field current set-
ting, FDCMIN, while the machine is in the RUNNING state. The FDCURIN, 
FD_20 mA/ FD_5 V (see Section 2: Installation for the board switch position) 
settings must be set to detect primary field current. The SRUNNING state is 
unlatched by the motor STOPPED state.

Figure 4.76 Synchronous Motor Running State Logic

Motor Control
The motor control settings interface the SEL-710-5 for external start control 
and motor speed control. Table 4.67 lists these SELOGIC control equation 
settings.

Table 4.66 Start Sequence Setting

Setting Prompt Setting Range Setting Name := Factory Default

MN FDC TO SYNCa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

0.5–2000.0 A dc pri FDCMIN := 400.0

NOTE: When used with an 
appropriate control input, the 41A 
setting enhances the synchronous 
motor running state logic 
(see Figure 4.76).

SRUNNING

Relay
Word
Bit

IEX > FDCMIN

41A

Relay
Word
Bits

S

R

RUNNING

STOPPED

300 ms

0
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In VFD applications, connect the auxiliary contact of the bypass switch to the 
input assigned to the setting VFD Bypass (VFDBYPAS) only if the optional 
voltage inputs are connected. The relay automatically switches from rms to 
fundamental magnitudes for protection elements when the VFD is bypassed 
(VFDBYPAS is asserted).

Figure 4.77 Motor State Logic

Table 4.67 Motor Control Settings 

Setting Prompt Setting Range Setting Name := Factory Default

START EQUATION SELOGIC STREQ := PB03

BLK START SELOGIC BLKSTSR := STOPPED AND (THERMLO 
OR NOSLO OR TBSLO OR ABSLO)

EMERGENCY START SELOGIC EMRSTR := 0

SPEED2 SELOGIC SPEED2 := 0

SPEED SWITCH SELOGIC SPEEDSW := 0

VFDBYPASS SELOGIC VFDBYPAS := 0

 FLAn = Effective full-load current. (n is 1 or 2 for Speed 1 or Speed 2)

 FLAmin = Lowest full-load current setting allowed;

         FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.

 I1, I2 = Positive-/negative-sequence motor current; except (I1 + I2) = average phase current for a VFD application.

T1 and T2 are Timers.

L1, L2, L3, and L4 are Latches.

/ indicates reset on rising 

   edge of the Reset input.

50S, 52A are Relay Word bits.

300 ms

0

/

STOPPED

(I1+I2) < 0.1 • FLAmin

52A

T1

STARTING

RUNNING

L1

S

R

Relay
Word
Bits

50 ms

0

/

RUNNING

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A
300 ms

0

T2

STARTING

STOPPED

L3

S

R

/

ADV_RUNN

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A

STARTING

STOPPED

L4

S

R

/

STARTING

(I1+I2) > 0.25 • FLAmin

50S = 1

STOPPED

RUNNING

L2

S

R
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Start Controls
Figure 4.78 shows the logic the relay uses to initiate motor starts.

Figure 4.78 Start Logic

If the TRIP Relay Word bit is not asserted, the relay asserts the START Relay 
Word bit in response to any of the following conditions:

➤ Start motor signal is received from SELOGIC control equation 
STREQ

➤ Emergency restart signal is received from SELOGIC control 
equation EMRSTR, front panel, or Modbus/DeviceNet 
command

➤ Start motor signal is received from the front panel or serial ports

The START Relay Word bit remains asserted for 0.5 seconds unless the relay 
trips or the BLKSTR bit asserts. If the relay trips or the BLKSTR bit asserts 
before the 0.5 second timer expires, the relay resets the timer, clearing the 
START Relay Word bit.

In an emergency, it can be necessary to quickly start the motor even though a 
protection lockout condition exists and is holding the TRIP output asserted. The 
lockout might be a result of the thermal element or another protection function 
(see Figure 4.74). You can override all of the lockout conditions. Use the 
emergency restart function.

The relay asserts the emergency restart bit (EMRSTR) in response to any of 
the following conditions:

➤ The control input assigned to EMRSTR asserts

➤ The relay receives an emergency restart control command from 
the front panel or Modbus/DeviceNet command

When the emergency restart bit asserts, the relay does the following:

➤ Resets the motor thermal element capacity used to 0 percent.

➤ Manipulates the starts-per-hour, minimum time between starts, 
and antibackspin functions to permit an immediate start.

➤ Deasserts the TRIP output if no fault detecting element is picked up.

➤ Initiates a motor start through the logic shown in Figure 4.78.

Speed Controls
You can assign any control input to the SELOGIC control equations SPEED2 
and SPEEDSW. When the SPEED2 control input is asserted and the two-
speed enable setting E2SPEED is Y, the SEL-710-5 selects second values for 
the settings shown in Table 4.68. See Table 4.2 and Table 4.4 for a full 
description of various settings. Use the SPEED2 input for two-speed motor 
applications. You can also use this input to change the settings in applications 
where ambient temperature varies appreciably (e.g., exposed water pumps 
with different capacities during daytime and at night). This feature is not 
available when VFDAPP := Y.

TRIP OR BLKSTR
Reset

START
STREQ

EMRSTR
STR

0

0.5 s

Relay
Word
Bits

Relay
Word
Bits
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The SPEEDSW control input provides an indication of the rotor speed to the 
speed switch logic. Refer to Table 4.28 for more detail.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed below.

SELOGIC Enables Table 4.69 shows the enable settings for latch bits (ELAT), SELOGIC control 
equations (including timers; ESV), Counters (ESC), and math variable equa-
tions (EMV). This helps limit the number of settings that you need to make. 
For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output con-
tact state. The SEL-710-5 latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output con-
tact goes back to the state of the latch control switch after device initialization. 
Traditional latching device output contact states are changed by pulsing the 
latching device inputs (see Figure 4.79). Pulse the set input to close (set) the 
latching device output contact. Pulse the reset input to open (reset) the latch-
ing device output contact. The external contacts wired to the latching device 
inputs are often from remote control equipment (e.g., SCADA, RTU).

Table 4.68 Settings Selected by SPEED2 Input 

Setting Description
Normal Setting Prompt
(Normal Setting Name)

Second Setting Prompt 
(Second Setting Name)

Phase CT Ratio PHASE CT RATIO (CTR1) CT RATIO–2nd (CTR2)

Full-Load Current MOTOR FLA (FLA1) MOTOR FLA–2nd (FLA2)

Locked Rotor Current MOTOR LRA (LRA1) MOTOR LRA–2nd (LRA2)

Hot-Locked Rotor Time LOCKD RTR TIME 1 
(LRTHOT1)

LOCKD RTR TIME 2
(LRTHOT2)

Acceleration Factor ACCEL FACTOR (TD1) ACCEL FACT–2nd (TD2)

Run State Time Constant STATOR TC (RTC1) STATOR TC–2nd (RTC2)

Overload Curve Number THERM OL CURVE1 
(CURVE1)

THERM OL CURVE2
(CURVE2)

Table 4.69 Enable Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SELOGIC Latches N, 1–32 ELAT := N

SV/Timers N, 1–32 ESV := 3

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional settings change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(approximately 5–10 seconds after 
turn on).
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Figure 4.79 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-710-5 provide latching device 
functionality. Figure 4.80 shows the logic diagram of a latch switch. The out-
put of the latch control switch is a Relay Word bit LTn (n = 01–32), called a 
latch bit.

Figure 4.80 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit 
LTn deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-710-5 includes 32 latches. Table 4.70 shows the SET and RESET 
default settings for Latch 1. The remaining latches have the same settings.

Latch Bits: Nonvolatile State
Power Loss

The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is deas-
serted (LT03 := logical 0) when power is restored.

Table 4.70 Latch Bits Equation Settings 

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset)
(n = 01 through 32)

Device
Word
Bits

SELOGIC
Setting
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Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on 
page 4.102 explanation. If the individual settings change causes a change in 
SELOGIC control equation settings SETn or RSTn (n = 1 through 32), the 
retained states of the latch bits can be changed, subject to the newly enabled 
settings SETn or RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a fixed pickup and dropout debounce delay that can help in providing the 
necessary time qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your applica-
tion. Only the enabled SELOGIC control equations appear for settings. Each 
SELOGIC control equation variable/timer has a SELOGIC control equation set-
ting input and variable/timer outputs as shown in Figure 4.81. Timers SV01T 
through SV32T in Figure 4.81 have a setting range of 0.00–3000.00 seconds. 
This timer setting range applies to both pickup and dropout times (SVnPU and 
SVnDO, n = 1 through 32).

NOTE: Any SELOGIC equation that 
contains a RWB/analog quantity that 
gets hidden because of a setting 
change or a configuration change 
would show up as a BAD SELOGIC 
EQUATION.

Figure 4.81 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC equation, including a total 
of 14 elements in parentheses (see Table 4.72 for more information).

SELOGIC Control Equation Operators
Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 
already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an assignment operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean alge-
bra logic, combining Relay Word bits together with one or more of the Bool-
ean operators listed in Table 4.72. Math SELOGIC control equation settings 
operate on numerical values, using one or more of the Mathematical operators 
listed in Table 4.72. These numerical values can be mathematical variables or 
actual real numbers.

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

SVnPU

SVnDO

Relay
Word
Bits
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The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.9 for an explanation 
on improving the accuracy of the math operations by managing the processing 
order.

EXAMPLE 4.9 Improving the Accuracy of Math Operations

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 
calculation and scales it by 128, then rounds this up to a 2. The relay 
then multiplies the result by 100,000 and stores it as 200,000. When 
the number is reported, the relay divides out the scale factor (128) 
and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This 
result is then rounded and stored as 184,615. The relay then divides 
184,615 by 128 and reports 1442.3.

Example 4.9 illustrates how important it is to avoid calculations where a small 
number is divided by a large number followed by multiplication. It will 
amplify the error significantly.

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.71, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. Use scaling factors where possible to 
avoid the error introduced by the fixed point processor when multiplying and 
dividing fractional numbers.

You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.73 for this and other 
Boolean and math operators and values.

Table 4.71 Math Variable Fractional Multiplication Results

MV01 := 0.01*10 Result = 0.08 Error = 20%

MV01 := 0.05*10 Result = 0.47 Error = 6%

MV01 := 0.1*10 Result = 1.02 Error = 2.0%

MV01 := 0.5*10 Result = 5.00 Error = 0%

MV01 := 0.99*10 Result = 9.92 Error = 0.2%

NOTE: Math variables are reset to 
zero if the relay loses power because 
the math variables are stored in 
volatile memory.
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Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-710-5 evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for exam-
ple SV01 AND SV02 AND SV03, each AND is evaluated from the left to the 
right. If you substitute NOT SV04 for SV03 to make SV01 AND SV02 AND 
NOT SV04, the device evaluates the NOT operation of SV04 first and uses 
the result in subsequent evaluation of the expression.

Parentheses Operator ( ). You can use more than one set of parentheses 
in a SELOGIC control equation setting. For example, the following Boolean 
SELOGIC control equation setting has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

The logic within the parentheses is processed first and then the two parenthe-
ses resultants are ANDed together. Use as many as 14 sets of parentheses in a 
single SELOGIC control equation setting. The parentheses can be nested 
(parentheses within parentheses).

Math Negation Operator (–). The negation operator – changes the sign 
of a numerical value. For example:

MV01 := RB01

When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Table 4.72 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean 
and/or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply

divide

Mathematical

+
-

add

subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality

inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest 
precedence)
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Boolean NOT Operator (NOT). Apply the NOT operator to a single 
Relay Word bit and to multiple elements (within parentheses).

An example of a single Relay Word bit is as follows:

SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as fol-
lows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the follow-
ing example. 

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

This equation sets MV01 to 12 whenever IN101 asserts, otherwise it incre-
ments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG). Apply the rising-edge opera-
tor, R_TRIG, to individual Relay Word bits only; you cannot apply R_TRIG 
to groups of elements within parentheses. When any Relay Word bit asserts 
(going from logical 0 to logical 1), R_TRIG interprets this logical 0 to 
logical 1 transition as a “rising edge” and asserts to logical 1 for one process-
ing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing inter-
val when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG). Apply the falling-edge oper-
ator, F_TRIG, to individual Relay Word bits only; you cannot apply F_TRIG 
to groups of elements within parentheses. The falling-edge operator, F_TRIG, 
operates similarly to the rising-edge operator, but operates on Relay Word bit 
deassertion (elements going from logical 1 to logical 0) instead of Relay Word 
bit assertion. When the Relay Word bit deasserts, F_TRIG interprets this 
logical 1 to logical 0 transition as a “falling edge” and asserts to logical 1 for 
one processing interval, as shown in Figure 4.82.
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Figure 4.82 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators. If Relay Word bits (which are effectively 
Boolean resultants, equal to logical 1 or logical 0) are used in mathematical 
operations (*, /, +, and –), they are treated as numerical values 0 and 1, 
depending on if the Relay Word bit is equal to logical 0 or logical 1, respec-
tively.

Boolean Comparison Operators. Comparisons (<, >, <=, and >=) are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true) or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison ends up as a 
Boolean resultant. 

For example, if the output of a math variable is above a certain value, an out-
put contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8 in value, output contact OUT103 
asserts (OUT103 = logical 1). If the math variable (MV01) is less than or 
equal to 8 in value, output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality and Inequality Operators. Equality (=) and inequal-
ity (<>) operators operate similar to the comparison operators. These are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true), or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison, ends up as a 
Boolean resultant. For example, if the output of a math variable is not equal to 
a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45 in value, output contact 
OUT102 asserts (effectively OUT102 := logical 1). If the math variable 
(MV01) is equal to 45 in value, output contact OUT102 deasserts (effectively 
OUT102 := logical 0). The following table shows other operators and values 
that you can use in writing SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When Power Lost or Settings Changed
If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.83 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.83 Example Use of SELOGIC Variables/Timers

SV/Timers Settings
The SEL-710-5 includes 32 SELOGIC variables. Table 4.74 shows the pick-up, 
drop-out, and equation settings for SV01, SV02, and SV03. The remaining 
SELOGIC variables have the same default settings as SV02.

Table 4.73 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.74 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

SV TIMER PICKUP 0.00–3000.00 sec SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR BRGTRIP OR 
OTHTRIP OR AMBTRIP OR REMTRIP 
OR 37PT OR VART OR PTCTRIP OR 
81D1T OR 81D2T OR 81D3T OR 81D4T 
OR 50Q1T OR 87M1T OR 87M2T
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Counter Variables SELOGIC counters are up- or down-counting elements, updated every process-
ing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.84 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.84 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and Digi-
tal output SC01QU asserts when the counter reaches the programmable count 
value. Use the reset input (SC01R) to force the count to zero, and the analog 
output (SCnn) with analog comparison operators. Table 4.75 describes the 
counter inputs and outputs, and Table 4.76 shows the order of precedence of 
the control inputs.

SV TIMER PICKUP 0.00–3000.00 sec SV02PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV02DO := 0.000

SV INPUT SELOGIC SV02 := NA

SV TIMER PICKUP 0.00–3000.00 sec SV03PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV03DO := 0.000

SV INPUT SELOGIC SV03 := 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR FDOV1T 
OR FDRES1T OR SV01T OR OOST OR 
55T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 sec SV32 := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV05 := 0.00

SV INPUT SELOGIC SV05 := NA

Table 4.74 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.75 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the 
output (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: For device configurations that 
include either current or voltage 
cards, the SEL-710-5 tracks the 
frequency. When tracking the 
frequency, the processing interval 
varies with the frequency.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled).

NOTE: If setting SCnnCU is set to NA, 
the counter counts downward only.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output

NOTE: SELOGIC counters are reset 
to zero if the relay loses power 
because the counters are stored in 
volatile memory.
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Figure 4.85 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This indi-
cates that there is no intentional lag between the control input asserting and 
the count value changing. Most of the pulses in the diagram are on every sec-
ond processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.85 Example of the Effects of the Input Precedence

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a SELOGIC 
control equation and viewed using the COU 
command.

Table 4.76 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.75 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

SC01R

SC01LD

SC01CU

SC01CD

SC01PV = 7

SC01

= Sample

One Processing Interval

Two Processing Intervals6
5
4
3
2
1
0

Relay
Word
Bits

SELOGIC
Setting

Setting

Analog
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears in 
Figure 4.85, just before the “one processing interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters.

Output Contacts You can use SELOGIC control equations to map protection (trip and warning) 
and general-purpose control elements to the outputs with the SEL-710-5. In 
addition, you can enable fail-safe output contact operation for relay contacts 
on an individual basis.

Table 4.77 Control Output Equations and Contact Behavior Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := START

OUT103 FAIL-SAFE Y, N OUT103FS := Y

OUT103 SELOGIC OUT103 := TRIP or PB04

•
•
•

•
•
•

•
•
•

OUT401 FAIL-SAFE Y, N OUT401FS := N

OUT401 SELOGIC OUT401 := 0

OUT402 FAIL-SAFE Y, N OUT402FS := N

OUT402 SELOGIC OUT402 := 0

OUT403 FAIL-SAFE Y, N OUT403FS := N

OUT403 SELOGIC OUT403 := 0

OUT404 FAIL-SAFE Y, N OUT404FS := N

OUT404 SELOGIC OUT404 := 0

•
•
•

•
•
•

•
•
•

OUT408 FAIL-SAFE Y, N OUT408FS := N

OUT408 SELOGIC OUT408 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs in Slot D 
are shown. The outputs in Slots C and 
E have similar settings. 
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If the contact fail-safe is enabled, the relay output is held in its energized posi-
tion when relay control power is applied. The output falls to its de-energized 
position when control power is removed. Contact positions with de-energized 
output relays are indicated on the relay chassis and in Figure 2.16 and 
Figure 2.17.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected to the motor breaker or contactor, the motor is automatically 
tripped when relay control power fails. This setting/connection philosophy is 
appropriate if the protected motor is more valuable than the process that the 
motor supports. 

In critical applications where the protected motor is not more valuable than 
the process, you may want the motor to run even if the relay is out of service. 
In this case, disable TRIP output fail-safe by selecting N. In addition, you can 
select any of the auxiliary outputs to be fail-safe or nonfail-safe, according to 
what you need for your application. 

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix J: MIRRORED BITS Communications and SEL-710-5 Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings Set the FNOM setting equal to your system nominal frequency. The DATE_F 

setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Section 5: Meter-
ing and Monitoring for more details.

Set the SELOGIC control equation FAULT to temporarily block Maximum and 
Minimum Metering on page 5.6.

Table 4.78 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DMY DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := STARTING OR 50S
OR 50G1P OR 50N1P OR TRIP
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Figure 4.86 Phase Rotation Setting

Broken Rotor Bar 
Protection

The SEL-710-5 helps detect broken rotor bars when the broken rotor bar pro-
tection is enabled. This feature is not available when setting SYNTYPE := 
BRUSH/BRUSHLESS. Broken rotor bars cause reduced accelerating torque, 
increased motor heating, and increased vibrations, which can lead to further 
mechanical motor damage. The SEL-710-5 detects current signatures that are 
generated by broken rotor bars, and alerts about the problem. 

When the broken bar detection element is in automatic mode (EBBD := 
AUTO_SET), the SEL-710-5 periodically looks in the stator current spectrum 
for frequency components associated with broken bars. The SEL-710-5 uses 
the relative magnitude of these frequency components to estimate the damage 
to the bars in the rotor. Table 4.79 shows the status for the associated Relay 
Word bits under different operating conditions.

Relay Word bits BBD1T, BBD2T, and BBD3T show the condition of the 
rotor bars. When no damage is detected, all three Relay Word bits are de-
asserted. Relay Word bit BBD3T asserts when the stator currents show signa-
tures consistent with at least one broken bar. Relay Word bit BBD2T asserts 
when the stator currents show signatures consistent with multiple broken bars. 
Finally, Relay Word bit BBD1T asserts when the stator currents show signa-
tures consistent with severe rotor bar damage.

HIS BBD Command
Every time the SEL-710-5 detects a broken bar condition, the relay stores a 
broken bar event report that can be viewed with the HIS BBD command. The 
HIS BBD command shows the frequency of the detected broken bar component 
and its magnitude. Figure 4.87 shows the HIS BBD command output.

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B

Table 4.79 Broken Rotor Bar Relay Word Bits

Relay Word Bit

Condition BBD1T BBD2T BBD3T

No damage to rotor bars detected 0 0 0

Current signatures consistent with one broken bar 0 0 1

Current signatures consistent with multiple broken bars 0 1 1

Current signatures consistent with severe rotor bars damage 1 1 1

IMPORTANT: Oscillating motor 
loads and ripples in the motor supply 
voltage can produce stator current 
signatures like those produced by 
broken bars, causing the detection 
element to assert the associated 
Relay Word bits. Refer to the SEL 
technical paper, “Detecting Broken 
Rotor Bars With Zero-Setting 
Protection,” by Carlos Pezzani, Pablo 
Donolo, Guillermo Bossio, Marcos 
Donolo, Armando Guzman, and 
Stanley Zocholl (see selinc.com/
literature/technical-papers/) for 
methods to deal with these. 

https://selinc.com/literature/technical-papers/
https://selinc.com/literature/technical-papers/
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Set the broken bar detection element to manual, EBBD := MANUAL_SET, to 
display the internal settings of the broken bar detection algorithm shown in 
Table 4.80.

The broken bar detection algorithm run rate setting (BBDTD) specifies how 
often the broken bar detection algorithm runs. The lower and upper frequency 
bound settings (BBDLB and BBDUB) determine the range of frequencies, 
measured from the system operating frequency, that are scanned for broken 
bar components. 

When the operating slip of the protected motor is known, the BBDE security 
can be improved by narrowing the distance between the lower and upper fre-
quency bound settings. For example, if the operating slip of a 50 Hz motor is 
2 percent, the broken bar frequency components are expected to be 2 Hz 
(2 • 50 Hz • 2% = 2 Hz) away from the system frequency and the lower and 
upper frequency bound settings can be moved to 1 Hz and 2.5 Hz, respec-
tively. 

=>HIS BBD <Enter>

SEL-710-5                                Date: 02/15/2013   Time: 14:22:39.986
MOTOR RELAY                              Time Source: External

 #     DATE      TIME           FREQ_SB(Hz)  MAG(db)  BBD1T BBD2T BBD3T
1    02/06/2013  11:16:29.761   1.50         -36.51    0     1     1
2    02/06/2013  11:06:29.772   1.50         -36.46    0     1     1
3    02/06/2013  10:56:29.780   1.50         -36.64    0     1     1
4    02/06/2013  10:46:29.713   1.50         -36.76    0     1     1
.
.
.
1021 02/04/2013  09:56:48.807   1.50         -36.30    0     1     1
1022 02/04/2013  09:46:48.842   1.50         -35.98    0     1     1
1023 02/04/2013  09:36:48.819   1.50         -36.15    0     1     1
1024 02/04/2013  09:26:48.804   1.50         -36.25    0     1     1

Figure 4.87 HIS BBD Command Output

Table 4.80 Broken Bar Detection Settings 

Setting prompt Setting Range Setting Name := Factory Default

EN BRKN BAR DET AUTO_SET, 
MANUAL_SET, N

EBBD := N

BBD RUN RATE 1–180 min BBDTD := 10 

FREQ LOWER 
BOUND 

0.0–1.0 Hz BBDLB := 0.3 

FREQ UPPER BOUND 2.0–10.0 Hz BBDUB := 3.0 

BBD LEVEL1 PU  –80 to –1 dB BBDTH1 := –35 

BBD LEVEL2 PU  –80 to –1 dB BBDTH2 := –39 

BBD LEVEL3 PU  –80 to –1 dB BBDTH3 := –44 

BBD LEVEL4 PU  –80 to –1 dB BBDTH4 := –49 

BBD MIN MARGIN 1–80 dB MAR_AVG := 15 

DF FROM FNOM 0.10–3.00 Hz FNOM_TH := 0.50 

DF FROM INI FREQ 0.01–10.00 Hz F0_TH := 0.35 

DI FROM INI CURR  0.01–1.00 xFLA I0_TH := 0.10 

BLK BELOW CUR LV  0.20–2.00 xFLA I_TH := 0.50 
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Depending on the application, different methods may be available to deter-
mine the operating slip of the protected motor. Handheld tachometer measure-
ments are often adequate. If the PTs are mounted on the motor side of the 
contactors, the operating slip may be obtained by using the MMR command. 
The SEL-710-5 tracks the residual voltage frequency of the motor as it spins 
down. Additionally, the SEL-710-5 records the loading on the motor immedi-
ately before disconnection. The relay then uses this frequency and load to 
compute the full-load rotor resistance, R0, which is presented by the MMR 
command (see MMR Command on page 7.57). Using the values in the MMR 
report, you can calculate the slip/speed in pu of the motor before de-energiza-
tion as follows: Slip/speed = R0 • POSTOP. From there, you can calculate the 
slip frequency in hertz as follows: Slip frequency = Slip/speed • FNOM. 

Alternatively, the operating speed of the protected motor may be obtained by 
identifying the rotational speed sidebands in the current spectrum by using the 
CMET S command. The rotational speed of the sidebands (FRSB) appears at 
FRSB = FREQ ± FREQM, where FREQM is the rotational speed of the 
machine in hertz. To find FRSB, first compute the synchronous speed of the 
motor (FRS) in hertz using FRS = FREQ – (FREQ / NPP) where NPP is the 
number of pole pairs of the motor. Then use the CMET S command to obtain 
the current spectrum of the motor while operating under load. The lower 
FRSB sideband appears to the right of FREQ – FRS and the upper FRSB 
appears to the left of FREQ – FRS. Figure 4.88 identifies each quantity in the 
current spectrum of a 50 Hz two pole pair motor.

Figure 4.88 Spectrum Analysis of 50 Hz Two Pole Pair Motor

FREQM is equal to FREQ – FRSB. Using the values from Figure 4.88, 
FREQM = 50 – 25.5 = 24.5 Hz. In this case, the SLIP = (25 – 24.5) / 25 = 0.02. In 
turn, the broken bar sidebands should land at (1 – 2 • SLIP) • FREQ = 48 Hz 
and at (1 + 2 • SLIP) • FREQ = 52 Hz, as seen in Figure 4.88. 

Thresholds BBDTH1, BBDTH2, and BBDTH3, are associated with Relay 
Word bits BBD1T, BBD2T, and BBD3T, respectively. When the magnitude 
of the broken bar frequency component in dB exceeds the BBDTHx threshold, 

FRSB = 25.5 Hz

FRS = 25 Hz

FREQ = 50 Hz
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the associated BBDxT Relay Word bit asserts. The relay uses the BBDTH4 
setting as a healthy motor threshold and the MAR_AVG setting to block the 
element under noisy operating conditions.

When the systems frequency (FREQ) is more than FNOM_TH from FNOM, 
the SEL-710-5 blocks the operation of the broken bar detection element to 
avoid running under abnormal system conditions. The default value of 
FNOM_TH may need to be adjusted in systems with large frequency excursions.

The broken bar detection element does not operate if the frequency measured 
anywhere inside the observation window goes beyond F0_TH Hz from the 
frequency measured at the beginning of the observation window. Similarly, 
the broken bar detection elements do not operate if the current measured any-
where inside the observation window goes beyond I0_TH xFLA A from the 
current measured at the beginning of the observation window. Additionally, 
the broken bar detection element does not operate when the current on the 
motor is below the I_TH xFLA A setting.

The SEL technical paper, Detecting Broken Rotor Bars With Zero-Setting Pro-
tection, by Carlos Pezzani, et al., (see selinc.com/literature/technical-papers/) 
details additional information about this broken rotor bar detection method.

The SEL-710-5 includes two Fourier Transform commands; the MET FFT 
command and the CMET S command for monitoring the motor. Refer to 
Motor Monitoring Using Fourier Analysis in Section 5: Metering and Moni-
toring.

Multiple Settings 
Groups

SEL-710-5 Relays have four independent settings groups. Each settings group 
has complete relay settings and protection SELOGIC settings. The active 
settings group can be:

➤ Viewed on the front-panel two-line LCD using the MAIN > 
Set/Show > Active Group menus.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.29.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.29.

➤ Selected using SELOGIC control equation settings SS1 through 
SS4, as shown in Table 4.81.

If SELOGIC control equations SS1–SS4 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If SELOGIC control equations are defined but evaluate to logical 0, or if 
they are not defined, the GROUP n command can be used to select the active 
settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1, SG2, and SG4 are deasserted to logical 0.

https://selinc.com/api/download/98367/
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS4, as shown in Table 4.81.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1, SS2, or SS4. If 
settings SS1 through SS4 all deassert to logical 0, settings Group 3 remains 
the active settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 4.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 

Table 4.81 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 s TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0

SELECT GROUP4 SELOGIC SS4 := 0
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other than the active settings group, there is no interruption of the active 
settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS4, the active settings group can be changed, subject to the 
newly enabled SS1–SS4 settings.

Time and Date 
Management Settings

The SEL-710-5 supports several methods of updating the relay time and date. 
For SNTP applications, refer to Simple Network Time Protocol (SNTP) on 
page 7.16. For PTP applications, refer to Precision Time Protocol (PTP) on 
page 7.19. See Table 4.82 for the time and date management settings that are 
available in the Global settings.

IRIGC
IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC, 
Daylight Saving Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay adjusts the synchrophasor time 
stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated Universal Time (UTC) Offset Setting
The SEL-710-5 has a Global setting UTC_OFF, settable from –24.00 to 
24.00 hours, in 0.25 hour increments. The relay uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not con-
sidered because the other time sources are defined as local time.

Table 4.82 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B CONTROL BITS 
DEFINITION

NONE, C37.118 IRIGC := NONE

OFFSET FROM UTC –24.00 to 24.00 hours, 
rounds up to the nearest 
0.25 hour

UTC_OFF := 0.00

MONTH TO BEGIN DST OFF, 1–12 DST_BEGM := OFF

WEEK OF THE MONTH TO 
BEGIN DST

1–3, L DST_BEGW := 2

DAY OF THE WEEK TO BEGIN 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_BEGD := SUN

LOCAL HOUR TO BEGIN DST 0–23 DST_BEGH := 2

MONTH TO END DST 1–12 DST_ENDM := 11

WEEK OF THE MONTH TO END 
DST

1–3, L DST_ENDW := 1

DAY OF THE WEEK TO END 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_ENDD := SUN

LOCAL HOUR TO END DST 0–23 DST_ENDH := 2
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Automatic Daylight-Saving Time Settings
The SEL-710-5 can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-710-5 will change to and from daylight-saving time 
every year at the specified time. Device Word bit DST asserts when daylight-
saving time is active.

The SEL-710-5 interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting of the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a month.

As an example, consider the following settings:

DST_BEGM = 3

DST_BEGW = L

DST_BEGD = SUN

DST_BEGH = 2

DST_ENDM = 10

DST_ENDW = 3

DST_ENDD = WED

DST_ENDH = 3

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word 
bit, regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time set-
tings are properly configured.
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Simple Network Time Protocol (SNTP)
The SEL-710-5 Port 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.16 for a description and Table 7.7 for the settings.

Precision Time Protocol (PTP)
The SEL-710-5 Port 1 (Ethernet Port) supports PTP. See Precision Time Pro-
tocol (PTP) on page 7.19 and Table 7.9 for the settings.

PTP Timekeeping
When you use PTP, the SEL-710-5 can only be synchronized by a 
grandmaster (GM) clock on the PTP timescale, not one on an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative 
procedure and can change at any time during normal operation. The PTP 
timescale uses the PTP epoch of January 1, 1970 00:00:00 International 
Atomic Time (TAI), which corresponds to December 31, 1969 
23:59:51.999918 UTC. The unit of time for the PTP timescale is the SI second 
and accounts for leap seconds. As of June 2016, TAI is 37 seconds ahead of 
UTC.

When the SEL-710-5 is synchronized to a PTP master and the UTC offset 
information from the PTP master is valid, the PTP master instructs the 
SEL-710-5 when to go into daylight-saving time (DST) and when to exit 
DST. The PTP master also provides the UTC offset at this time. Otherwise, 
the SEL-710-5 uses the internal values for DST and UTC offset.

The offset between TAI and UTC is included in the PTP announce message, 
along with a flag that indicates whether the offset is valid. The SEL-710-5 
uses the offset it receives from the GM clock to determine UTC regardless of 
validity. Because of this, all SEL devices and other slave devices that share 
this behavior and are synchronized with the GM retain relational accuracy 
with each other even if the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the Power, C37.238 profile). In accordance with 
IEEE 1588-2008 16.3.3.4, this value must include the TAI to UTC offset to 
reflect local time at the node, or slave device. If the SEL-710-5 receives a TAI 
to Local offset value that does not include the TAI to UTC offset, it may 
incorrectly calculate UTC and local time. Also, if the announce message does 
not include the TAI to Local offset value, the SEL-710-5 uses its configured 
Time and Date Management Settings (UTC_OFF and DST_BEGM) to 
calculate local time. This is one reason that the SEL-710-5 Time and Date 
Management Settings must match the settings in the GM clock, or 
synchronized devices may have issues with time alignment.

SEL-710-5 relays only synchronize to clocks that serve TAI and do not 
support PTP in SWITCHED NETMODE. Additionally, the maximum 
synchronization interval that SEL-710-5 relays can support is 16 seconds.

If you want to use PTP, the SEL-710-5 part number must include the option 
for PTP and PTP must be enabled in the Port 1 settings (EPTP := Y). The 
SEL-710-5 must be connected to a network containing an appropriate PTP 
master, and all intervening switches must be IEEE 1588-aware. For 
SEL-710-5 relays, PTP is only available on Ethernet Ports 1A and 1B. See 
Precision Time Protocol (PTP) on page 7.19 for more information on 
configuring the relay and the Ethernet network for PTP.
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PTP Over PRP Networks
In SEL-710-5 relays, PTP over PRP is based on a first-come, first-served 
method. While the SEL-710-5 Relay monitors incoming traffic on both Port 
1A and Port 1B, it will synchronize to the first port on which it receives its 
first PTP message. If incoming PTP messages stop on that synchronized port, 
the relay waits 70 seconds and if no PTP messages appear within those 70 
seconds, it switches to the other port.

Breaker Failure 
Settings

The SEL-710-5 provides flexible breaker failure logic (see Figure 4.89). In 
the default breaker failure logic, assertion of Relay Word bit TRIP starts the 
BFD timer if the average motor current is above 0.1 • FLAmin. If the current 
remains above the threshold for BFD delay setting, Relay Word bit BFT 
asserts. Use the BFT to operate an output relay to trip appropriate backup 
breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is not wanted 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.89 Breaker Failure Logic

Arc-Flash Protection The SEL-710-5 offers advanced arc-flash protection capability aimed at mini-
mizing the hazards associated with high energy arc (faults) in metal-enclosed 
and metal-clad switchgear. The system supports as many as eight fiber-optic 
light sensors capable of detecting the high energy arc-flash events and tripping 
the breaker within milliseconds of the fault. Light sensors are supervised with 
an instantaneous overcurrent element offering enhanced security against false 

Table 4.83 Breaker Failure Setting

Setting Prompt Setting Range Setting Name := Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 s BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.1 • FLA
min

|IAV|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit

FLAmin = Lowest full-load current setting allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or 
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.
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trips. Each of these sensors can be routed to multiple tripping outputs (using 
SELOGIC equations) offering ultimate flexibility in creating multiple protec-
tion zones (breaker truck cabinet, bus, PT cubicle, etc.).

SEL-710-5 arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time is typically longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in individ-
ual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. Both types of sensors are supervised by using a 
loopback-based attenuation measurement method, and can be used inter-
changeably on each of the eight light inputs. Refer to AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for details.

Arc-Flash Overcurrent Elements (50PAF, 50NAF)
Table 4.84 shows the settings for the arc-flash instantaneous overcurrent ele-
ments. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

NOTE: The 50NAFP setting is not 
available with the 2.5 mA neutral 
channel option.

The arc-flash overcurrent elements use raw A/D converter samples, and pro-
cess them 16 times per cycle. Individual samples are compared with the set-
ting threshold as shown in Figure 4.90, followed by a security counter 
requiring that two samples in a row be above the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to overreach under high harmonic load conditions. To avoid unin-
tended element pickup, arc-flash trip level 50PAFP should be set at least 2 
times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush/load pickup conditions is expected and is 
normally taken into account by the arc-flash light-based supervision.

Table 4.84 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 A seca

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 A secb

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.05–10.00 A seca 50NAFP := OFF

 0.01–2.00 A secb
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Figure 4.90 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-Overlight Elements (TOL1 through TOL8)
The SEL-710-5 relay offers eight fiber-optic light sensor inputs. Each input is 
associated with one inverse time-overlight element offering enhanced security 
coupled with fast operation. Shape of the inverse time characteristic is fixed 
offering robust rejection of unrelated light events without adding unnecessary 
settings. Table 4.85 shows the arc-flash time-overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) that represents the type of sensor installed. Keyword POINT rep-
resents a point sensor, while the keyword FIBER represents a clear-jacketed 
fiber loop sensor.

TOL pickup parameter makes it possible to set the individual light threshold 
levels for each of the eight sensors. Pickup level is expressed in the percent of 
full scale, which is directly related to the light intensity level measured by the 
sensor.

When required, channel sensitivity can be compared to a light intensity level 
expressed in lux as shown in Table 4.86. However, because of the association 
of light sensitivity with fiber length (which is installation dependent), TOL 
element settings are expressed as a percentage of the available A/D converter 
range.

2

16

50PAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample
Setting 50AFP

Scaled to
Equivalent Sample

50PAF element is shown, 50NAF element is similar, responds to current measured by the IN input.

Table 4.85 Arc-Flash Time-Overlight Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL2P := 3.0

•

•

•

•

•

•

•

•

•

SENSOR 8 TYPE NONE, POINT, FIBER AFSENS8 := NONE

TOL 8 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL8P := 3.0

AFD OUTPUT SLOT 101_3, 301_4, 401_4 AOUTSLOT := 101_3
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The default processing interval in the SEL-710-5 is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as four outputs that are processed every 1/16 of a power system cycle. Use the 
setting AOUTSLOT to select these outputs. For instance, if Slot 3 (Slot C) is 
selected (AOUTSLOT := 301_4) the SELOGIC control equations OUT301, 
OUT302, OUT303, and OUT304 are processed at 1/16 of the cycle rate. To 
get the fastest possible operate time, use the contacts selected by the AOUT-
SLOT setting for tripping. For fastest output response times, use the high-cur-
rent, high-speed, hybrid outputs. The Relay Word bits corresponding to these 
OUTxxx control equations, along with all of the TOL, 50PAF, and 50NAF 
bits are processed at 1/16 of a power system cycle. for the SER.

Figure 4.91 shows the TOL element logic diagram. 

Figure 4.91 Inverse Time-Overlight Element Logic

Figure 4.92 shows the inverse time-overlight element curve shape. The ele-
ment uses 32 samples per cycle data, processed 16 times per cycle. TOL ele-
ment algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system 
cycle.

a Setting range with point sensor.
b Setting range with fiber sensor.
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Figure 4.92 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, SEL recom-
mends that the element be set based on the ambient light level. This approach 
guarantees maximum sensitivity coupled with the fastest tripping time.

Typical ambient light levels are shown in Table 4.86. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as the MET L command. Set the 
TOL pickup to the lowest possible light intensity level but above the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (noncritical loads), it may be neces-
sary to operate without overcurrent element supervision (OUTxxx := TOLn), 
relying only on the light detection element instead of having the overcurrent 
element (50PAF) supervise the light element (TOLn) in the output logic 
(OUTxxx := 50PAF AND TOLn). This approach offers fastest tripping times, 
but is less secure (can be tripped with the light input only).

Ti
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]
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Table 4.86 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

> 20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, “Electric Arc Burn Hazards,” IEEE Transactions on Industry 
Applications, Vol. 42, No. 1. January/February 2006.

NOTE: The high-speed outputs 
selected by the AOUTSLOT setting, 
being Form A, cannot be used in fail-
safe mode and should be disabled 
(set OUTxxxFS := N).
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Output Logic Programming
Arc-flash protection involves detecting an overcurrent as well as light (arc). 
Location of the light sensors and source(s) of the arc energy must also be con-
sidered in developing the trip output logic. If the relay detects both signals 
simultaneously, it is desirable to trip the source breaker(s).

The Relay Word bits for arc-flash protection (see Figure 4.90 and 
Figure 4.91) are: 50PAF, 50NAF, TOL1, TOL2, TOL3, TOL4, TOL5, TOL6, 
TOL7, and TOL8.

Select two output contacts for high-speed processing by setting AOUTSLOT 
appropriately. The high-speed contact should be used for arc-flash tripping 
instead of the default OUT103 shown in Table 4.77. Also to ensure all the 
advantages of the trip logic (trip seal-in, event report trigger, etc.) the arc-flash 
trip should be included in the trip equation TR (see Table 4.84 and 6 for 
detail).

To get additional speed, select the fast hybrid output option card (4 DI/4 DO). 
This card contains trip duty rated solid-state output contacts, which operate 
within 50 µs (as much as 8 ms faster than the standard electromechanical out-
puts).

EXAMPLE 4.10 Output Logic Programming Example 1

SEL-710-5 applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of 
the source breaker and output contacts in Slot 3 are selected for high-
speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR 
TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2 OR TOL3)

EXAMPLE 4.11 Output Logic Programming Example 2

SEL-710-5 applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is 
located upstream of the feeder breaker, and output contacts in Slot 3 
are selected for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR 
TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 
does not include overcurrent element supervision. When desired, this 
supervision should be added by upstream relay(s). For instance, you 
can do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
desired. 
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Analog Inputs The SEL-710-5 tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.93. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.93 Analog Input Card Adaptive Name

Analog Input Calibration Process
In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a compen-
sation factor. These compensation factors correct the signal offset errors to 
within ±1 µA or ±1 mV.

Calculate the signal offset compensation factor through the following proce-
dure:

1. Turn the SEL-710-5 on and allow it to warm up for a few 
minutes.

2. Set the analog inputs for each analog channel to the desired 
range using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (for example, ±1 mA).

3. Short each analog input in turn at the device terminals using 
short, low resistance leads with solid connections.

4. Enter the MET AI 10 command to obtain 10 measurements for 
each channel.

5. Record these 10 measurements, then calculate the average of 
the 10 measurements. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting Example
Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures tem-
perature on a transformer load tap changer mechanism. For this temperature 
transducer, 4 mA corresponds to –50°C, and 20 mA corresponds to 150°C. 
You have already installed the correct hardware jumper (see Figure 2.3 for 
more information) for Input 1 to operate as a current input. At turn on, allow 
approximately five seconds for the SEL-710-5 to start up, perform self-diag-
nostics, and detect installed cards.

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Table 4.87 summarizes the steps and describes the settings we carry out in this 
example.

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts alphanu-
meric characters, the name AIx0yNAM setting must begin with an alpha char-
acter (A through Z) and not a number. The device displays the following 
prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC control equations, Signal Pro-
files, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag names char-
acters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, type I <Enter> (for a current-driven 
device) at AI301TYP, which is the next prompt (enter V if this is a voltage-
driven device). The next two settings define the lower level (AI301L) and the 
upper level (AI301H) of the transducer. In this example, the low level is 4 mA 
and the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign descrip-
tive names for engineering units. Because we measure temperature in this 
example, enter degrees C as engineering units. Type –50 <Enter> for the 
lower level and 150 <Enter> for the upper level.

Table 4.87 Summary of Steps

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 1 value

14 105 Enter HIGH ALARM value

NOTE: The AIx0yNAM setting 
cannot accept analog quantities, 
duplicate names, or other AI names. 
If any of these are entered, the relay 
will issue the Invalid Element 
message.

NOTE: Because the SEL-710-5 
accepts current values ranging from 
–20.48 to 20.48 mA, be sure to enter 
the correct range values.
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With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in engi-
neering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm func-
tions: low warnings and alarm functions assert when the measured value falls 
below the setting; high warnings and alarm functions assert when the mea-
sured values rise above the setting. 

In this example, we measure the oil temperature of a power transformer, and 
we want the following three actions to take place at three different tempera-
ture values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower val-
ues (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher values 
as shown in Figure 4.94. Set inputs connected to voltage driven transducers in 
a similar way.

Analog (DC Transducer) Input Board
Table 4.88 shows the setting prompt, setting range, and factory-default set-
tings for an analog input card in Slot 3. For the name setting (AI301NAM, for 
example), enter only alphanumeric and underscore characters. Characters are 
not case sensitive, but the device converts all lowercase characters to upper-
case. Although the device accepts alphanumeric characters, the name 
AI30-NAM setting must begin with an alpha character (A–Z) and not a num-
ber.

=>>SET G AI301NAM TERSE <Enter>

Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>

Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.94 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C
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Analog Outputs If an SEL-710-5 configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1–4. Figure 4.95 shows the x and y variable allocation for the analog output 
card.

Figure 4.95 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the ana-
log quantity we assign to Analog Output 1 (when set to OFF, the device hides 
all associated AOx0y settings and no value appears on the output). You can 
assign any of the analog quantities listed in Appendix M: Analog Quantities. 
Table 4.89 shows the setting prompt, setting range, and factory-default set-
tings for an analog card in Slot 3.

Table 4.88 Analog Input Card in Slot 3 

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters (0–9, A–Z, _) AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V.

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

AO301 ANALOG QTY Off, one analog 
quantity

AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-710-5 hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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In this example, assume you want to display, in the control room, the analog 
quantity (refer to Appendix M: Analog Quantities) IA_MAG, and the A-phase 
current magnitude in primary amperes (0 to 3000 A) using a –20 to +20 mA 
analog output channel. Install an analog input/output card in Slot C (SELECT 
4 AI/4 AO) and set the card channel AO301 as shown in Figure 4.96. Note 
that the AO301 channel has to be configured as a “current analog output” 
channel (refer to Figure 2.4 to Figure 2.6).

The display instrument expects –20 mA when the IA_MAG current is 
0 amperes primary and +20 mA when it is 3000 amperes primary.

Breaker Monitor The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitoring on page 5.23 for a detailed descrip-
tion and Table 5.7 for the settings.

Data Reset The RSTTRGT setting resets the trip output and front-panel TRIP LED, pro-
vided there is no trip condition present (including start inhibit lockouts). See 
Figure 4.74 for more details. The RSTENRGY and RSTMXMN settings reset 
the Energy and Max/Min Metering values, respectively. Use the RSTMOT 
setting to reset the motor statistics and the motor start reports. You can assign 
a contact input (for example, RSTTRGT := IN401) to each of these settings if 
you want remote reset.

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V.

=>>SET G AO301AQ TERSE <Enter>

Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? –20 <Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20 <Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>> 

Figure 4.96 Analog Output Settings

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.90 Data Reset Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0
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Access Control The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings with serial port commands. Table 4.91 shows the settings 
prompt, setting range, and factory-default settings.

Time-Synchronization 
Source

The SEL-710-5 accepts a demodulated IRIG-B time signal. Table 4.92 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial Port 3 for the time signal 
input. When you use fiber-optic Port 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.23 and 
IRIG-B on page 7.8 for additional information.

Disconnect Control 
Settings

The SEL-710-5 supports as many as eight two-position and two three-position 
disconnects. For the disconnect settings and logic, refer to Disconnect Control 
Settings on page 9.2. The SEL-710-5 relay with the touchscreen display 
option additionally provides the ability to design detailed single-line diagrams 
and display the breaker and disconnect status. Refer to Table 9.5 for typical 
disconnect symbols available for display on the bay screens. For the settings 
related to bay control disconnect symbols, refer to Table 9.7 and the corre-
sponding description.

Local/Remote Control The SEL-710-5 supports local/remote control of the motor breaker/contactor 
and disconnect. For the settings related to the local/remote control function, 
refer to Local/Remote Control on page 9.7. For motor control via front-panel 
pushbuttons, refer to Front-Panel Operator Control Pushbuttons on page 8.18. 
For motor control via the two-line display, refer to Control Menu on 
page 8.10. The touchscreen allows you to control the motor through the fol-
lowing applications: Bay Screen, Start Motor, and Stop Motor. For motor 
control via the touchscreen display, refer to Motor/Disconnect Control Via the 
Touchscreen on page 9.8.

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET MOT REPORT SELOGIC RSTMOT := 0

Table 4.90 Data Reset Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.91 Settings Change Disable Setting

Setting Prompt Setting Range Setting Name := Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

NOTE: DSABLSET does not disable 
setting changes from the serial or 
Ethernet ports.

NOTE: Do not set maximum access 
level setting MAXACC := ACC on all 
ports at the same time when using 
the DSABLSET setting. This will lock 
you out from editing settings.

Table 4.92 Time-Synchronization Source Setting

Setting Prompt Setting Range Setting Name := Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-710-5 provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: Port F (front panel) is an 
EIA-232 port; Port 1 is an optional Ethernet port(s); Port 2 is a fiber-optic serial 
port; and Port 3 (rear) is optionally an EIA-232 or EIA-485 port. On the 
optional communications card, you can select Port 4 as either EIA-485 or 
EIA-232 (not both) with the COMMINF setting. See Table 4.93 through 
Table 4.98 for the port settings. See the appropriate appendix for additional 
information on communications protocols (DNP3, Modbus, EtherNet/IP, 
IEC 61850, IEC 60870-5-103, DeviceNet, and MIRRORED BITS) of interest.

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Setting EPORT to N disables the port and hides the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

PORT F

PORT 1

Table 4.93 Front-Panel Serial Port Settings 

Setting Prompt Setting Range
Setting Name :=
Factory Default

ENABLE PORT Y, N EPORT := Y

ENABLE ETHERNET FIRMWARE 
UPGRADE

Y, N EETHFWU := N

PROTOCOL SEL, MOD PROTO := SEL

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE (ENGLISH, SPANISH) ENGLISH, SPANISH LANG := ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.94 Ethernet Port Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 
255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

ENABLE TCP KEEP-ALIVE Y, N ETCPKA := Y

TCP KEEP-ALIVE IDLE RANGE 1–20 sec KAIDLE := 10
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TCP KEEP-ALIVE INTERVAL 
RANGE

1–20 sec KAINTV := 1

TCP KEEP-ALIVE COUNT 
RANGE

1–20 KACNT := 6

OPERATING MODE FIXED, FAILOVER, 
SWITCHED, PRP

NETMODE := 
FAILOVER

FAILOVER TIMEOUT OFF, 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

PRP ENTRY TIMEOUT 400–10000 msec PRPTOUT := 500

PRP DESTINATION ADDR LSB 0–255 PRPADDR := 0

PRP SUPERVISION TX 
INTERVAL

1–10 sec PRPINTV := 2

NETWRK PORTA SPD AUTO; 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO; 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

LANGUAGE ENGLISH, SPANISH LANG := ENGLISH

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET CONNECT BANNER 254 characters TCBAN := TERMINAL 
SERVER

TELNET TIME OUT 1–30 min TIDLE := 15

FAST OP MESSAGES Y, N FASTOP := N

ENABLE FTP Y, N EFTPSERV := Y

FTP MAXIMUM ACCESS LEVEL 1, 2, C FTPACC := 2

FTP USER NAME 20 characters FTPUSER := FTPUSER

FTP CONNECT BANNER 254 characters FTPBAN := FTP

FTP IDLE TIME-OUT 5–255 min FTPIDLE := 5

ENABLE IEC 61850 PROTOCOL Y, N E61850 := N

ENABLE IEC 61850 GSE Y, N EGSE := N

ENABLE MMS FILE SERVICES Y, N EMMSFS := N

ENABLE 61850 MODE/
BEHAVIOR CONTROL

Y, N E850MBC := N

ENABLE GOOSE TX IN OFF 
MODE

Y, N EOFFMTX := N

ENABLE MODBUS SESSIONS 0–2 EMOD := 0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP1 := 0.0.0.0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP2 := 0.0.0.0

MODBUS TCP PORT 1 1–65534 MODNUM1 := 502

MODBUS TCP PORT 2 1–65534 MODNUM2 := 502

MODBUS TIMEOUT 1 15–900 sec MTIMEO1 := 15

MODBUS TIMEOUT 2 15–900 sec MTIMEO2 := 15

Table 4.94 Ethernet Port Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is functional 
with protection enabled as soon as 
the ENABLED LED comes ON (about 
5—10 seconds from turn on).

NOTE: The Telnet LANG setting also 
applies to the web server interface.

NOTE: The FASTOP setting only 
functions when using SEL Fast 
Operate protocol to operate/set/pulse 
breaker bits and remote bits. This 
setting has no effect on other 
protocols.
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2, C HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

ENABLE RSTP Y, N ERSTP := N

BRIDGE PRIORITYb 0–61440 BRDGPRI := 49152

PORTA PRIORITYb 0–240 PORTAPRI := 128

PORTB PRIORITYb 0–240 PORTBPRI := 128

ENABLE DNP SESSIONc 0–5 EDNP := 0

ENABLE SNTP CLIENTd OFF, UNICAST, 
MANYCAST, 
BROADCAST

ESNTP := OFF

ENABLE PTPe Y, N EPTP := N

ENABLE ETHERNET/IPf Y, N EEIP := N

a MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, 
which effectively disables security and allows any master to communicate).

b The bridge priority and port priority settings should be in increments of 4096 and 16, 
respectively.

c See Table D.7 for a complete list of the DNP3 session settings.
d See Table 7.7 for a complete list of SNTP settings and their descriptions.
e See Table 7.9 for a complete list of PTP settings and their descriptions.
f See Table F.1 for a complete list of EtherNet/IP settings and their descriptions.

Table 4.94 Ethernet Port Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.95 Port Number Settings That Must Be Unique 

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO = DEFAULT and PTPTR = UDP 
(Ports 319 and 320 are reserved)

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are 
reserved)
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PORT 2

PORT 3

Table 4.96 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.

Table 4.97 Rear-Panel Serial Port (EIA-232) Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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PORT 4

Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After T_OUT minutes of inactivity on a serial port at Access Level 2, the port 
automatically returns to Access Level 0. This security feature helps prevent 
unauthorized access to the relay settings if the relay is accidentally left in 
Access Level 2. If you do not want the port to time out, set T_OUT equal to 0 
minutes.

For detailed information on communications protocols, refer to Appendix C: 
SEL Communications Processors, Appendix D: DNP3 Communications, 
Appendix E: Modbus Communications, Appendix F: EtherNet/IP Communi-
cations, Appendix G: IEC 61850 Communications, Appendix H: IEC 60870-
5-103 Communications, Appendix I: DeviceNet Communications, and 
Appendix J: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix J: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. 
To enable support for hardware (RTS/CTS) flow control, set the RTSCTS set-
ting equal to Y.

Table 4.98 Rear-Panel Serial Port (EIA-232/EIA-485) Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB, 
103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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On Ports F, 2, 3, and 4, when PROTO := SEL, use the LANG setting to com-
municate with the relay in English or Spanish. On Port 1 with the ENABLE 
TELNET := Y use the LANG setting to communicate with the relay in 
English or Spanish, Refer to the SEL-710-5 Relay Command Summary.

Set the AUTO := Y to allow automatic messages at a serial port.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-710-5 Fast Operate commands.

Set PROTO := DNET to establish communications when the DeviceNet card 
is used. Table 4.99 shows the additional settings, which can be set only at the 
rear on the DeviceNet card. Once the relay detects the DeviceNet card, all 
Port 4 settings are hidden. Refer to Appendix I: DeviceNet Communications 
for details on DeviceNet.

Front-Panel Settings (SET F Command)
The SEL-710-5 supports various front-panel options (see Table 1.2). This sec-
tion covers all of the front-panel related settings, except the touchscreen dis-
play settings. Refer to Table 9.7 for the touchscreen display settings. The 
touchscreen display settings are not settable via the SET F command.

General Settings Local bits provide control from the front panel (local bits), and display points 
display selected information on the LCD. However, you need to first enable 
the appropriate number of local bits and display points necessary for your 
application. When your SEL-710-5 arrives, four display points are already 
enabled, but no local bits are enabled. If more display points are necessary for 
your application, use the EDP setting to enable as many as 32 display points. 
Use the ELB setting to enable as many as 32 local bits. 

The EDP setting and the corresponding display point settings are not available 
for the touchscreen display model. The touchscreen display model provides 
you with the ability to configure bay screens with analog and digital labels, 
similar to the display point functionality in the two-line display model. Refer 
to Section 9: Bay Control for the procedure to create configurable bay screens.

Table 4.99 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.100 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABLa

a The setting EDP is not supported in the touchscreen display model.

N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N
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To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the dis-
play is within an Access Level 2 function when a time-out occurs, such as the 
device setting entry, the function is automatically terminated (without saving 
changes) after inactivity for this length of time. After terminating the function, 
the front-panel display returns to the default display. The FP_TO setting is not 
available in the touchscreen display model. Refer to Section 9: Bay Control 
for the touchscreen display settings.If you prefer to disable the front-panel 
time-out function during device testing, set the LCD time-out (FP_TO) equal 
to OFF. 

Use the front-panel LCD contrast setting FP_CONT to adjust the contrast of 
the LCD. The FP_CONT setting is not available in the touchscreen display 
model. 

Use the front-panel automessage setting FP_AUTO to define the display of 
Trip/Warning messages. Set FP_AUTO either to OVERRIDE or ROTATING 
for when the relay triggers a Trip/Warning message. Choosing OVERRIDE 
triggers the Trip/Warning message to override the rotating display, while 
choosing ROTATING will add the Trip/Warning message to the rotating dis-
play. Refer to Table 9.7 for the equivalent touchscreen display settings. Note 
that the FP_AUTO setting is not available in the touchscreen display model. 
The touchscreen display provides settings that allow you to choose from a 
wide range of screens, including custom screens, that can be displayed as part 
of the rotating display. The touchscreen automatically flashes a screen that 
overrides the rotating display in the case of trip or diagnostic failures. Refer to 
Section 8: Front-Panel Operations for more information on trip and diagnostic 
messages. 

Set RSTLED := Y to automatically reset the latched LEDs when the breaker 
or contactor closes.

The MAXACC setting (under Front-Panel Settings) selects the highest access 
level for the front panel. If MAXACC is set to 1, the front panel only allows 
metering and read access to the settings. If MAXACC is set to 2, the front 
panel allows breaker control and read/write access to the settings.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD. Although the LCD displays a 
maximum of 16 characters at a time, you can enter as many as 60 characters. 
For text exceeding 16 characters, the LCD displays the first 16 characters, 
then scrolls through the remaining text not initially displayed on the screen.

Table 4.101 LCD Settings

Setting Prompt Range
Setting Name := 
Factory Default

LCD TIMEOUTa 

a These settings are not supported in the touchscreen display model.

OFF, 1–30; min FP_TO :=15

LCD CONTRASTa 1–16 FP_CONT := 10

FP AUTOMESSAGESa OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

MAXIMUM ACCESS 
LEVELa

1, 2, C MAXACC := 2

NOTE: All Target LED settings can 
be found in Table 4.109.

NOTE: The rotating display is 
updated approximately every two 
seconds.



4.140

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Front-Panel Settings (SET F Command)

Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix L: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

“Name”, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see below). Commas are significant in identi-
fying and separating the four strings. Use quotation marks only if the text you 
enter for Alias, Set String, or Clear String contains commas or spaces. For 
example, DP01 = Name, Text is valid, but Name, Alias 3 is not valid (contains 
a space). Correct the Alias name by using the quotation marks: Name, “Text 
3”. You can customize the data display format by entering data in selected 
strings only. Table 4.103 shows the various display appearances resulting 
from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.103 shows examples of settings that always, never, or condi-
tionally hide a display point.

Table 4.102 Front-Panel Display Point Settings

Setting Prompt Setting Range
Setting Name := Factory 
Default

DISPLAY POINT DP01 60 characters DP01 := RID,”{16}”

DISPLAY POINT DP02 60 characters DP02 := TID,”{16}”

DISPLAY POINT DP03 60 characters DP03 :=

•
•
•

•
•
•

•
•
•

DISPLAY POINT DP32 60 characters DP32 := 

where:

Name = Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)
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Examples of selected display point settings, showing the resulting front-panel dis-
plays are discussed in the following text. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When the 
HV circuit breaker is open, we want the LCD to show: TRFR 1 HV BRKR: OPEN, 
and when the HV circuit breaker is closed, we want the display to show: TRFR 1 HV 
BRKR: CLOSED. We also want similar displays for the LV breaker. 

After connecting a Form A (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-710-5, we are ready to program the display points 
using the following information for the HV breaker (the LV breaker is 
similar):

➤ Name—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED 
The Form A (normally open) contact asserts or sets Relay Word 
bit IN101 when the circuit breaker is closed.

➤ Clear String—OPEN 
The Form A (normally open) contact deasserts or clears Relay 
Word bit IN101 when the circuit breaker is open.

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Table 4.103 Settings That Always, Never, or Conditionally Hide a Display Point 

Programmable Automation 
Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101, TRFR1, CLOSED, OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101, TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101, TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101, TRFR1, CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is deasserted

DP01 := IN101, “TRFR 1”, OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is asserted

DP01 := 1, {} 1 {} — — Displays empty line

DP01 := 1, “Fixed text” 1 Fixed Text — — Displays the fixed text

DP01 := 0 0 — — — Hides the display point

Table 4.104 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN
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Figure 4.97 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.98 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.99 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.98 Front-Panel Display—Both HV and LV Breakers Open

Figure 4.99 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV break-
ers, and the relay displays the information as shown in Figure 4.100. When 
the HV breaker opens (LV breaker is still closed), the relay removes the line 
containing the HV breaker information because the Clear String information 
was omitted. Because the line containing the HV breaker information is 
removed, the relay now displays the LV breaker information on the top line, 
as shown in Figure 4.101.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.97 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>
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Figure 4.100 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.101 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.102.

Figure 4.102 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.105 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

Figure 4.103 shows the front-panel display for the entry in Table 4.105. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.103 Front-Panel Display for a Binary Entry in the Name String Only

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>

Table 4.105 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0
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Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

“Name”, “User Text and Formatting”.

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.106 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.104 shows the front-panel display for the entry in Table 4.106, using 
the SET F command as follows:

Figure 4.104 Front-Panel Display for an Analog Entry in the 
Name String Only

Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.107 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting strings (DP02), using the 
SET F command as follows:

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display (all 
binary quantities occupy one line on the display).

User Text and
Formatting

= Display the user text, replacing the numerical formatting 
{width.dec,scale} with the value of Name, scaled by 
“scale”, formatted with total width “width” and “dec” 
decimal places. Name can be either an analog quantity or 
a Relay Word bit. The width value includes the decimal 
point and sign character, if applicable. The “scale” value
 is optional; if omitted, the scale factor is 1. If the numeric 
value is smaller than the string size requested, the string is 
padded with spaces to the left of the number. If the 
numeric value does not fit within the string width given, 
the string grows (to the left of the decimal point) to 
accommodate the number.

Table 4.106 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>
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Figure 4.105 shows the front-panel display for the entry in Table 4.107. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.105 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the engi-
neering units. For example, in the Group setting example, we set AI301EU to 
degrees C. With this setting, the front-panel display looks as shown in 
Figure 4.106.

Figure 4.106 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on 
two different lines, use a display point for each word, i.e., DP01 = 1, 
“DEFAULT” and DP02 = 1,“SETTINGS”. Table 4.108 shows other options 
and front-panel displays for the User Text and Formatting settings.

The following is an example of an application of analog settings. Assume we 
also want to know the hot-spot temperature, oil temperature, and winding tem-
perature of the transformer at a certain installation. To measure these tempera-

Table 4.107 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

Table 4.108 Example Settings and Displays 

Example Display Point Setting Value Example Display

AI301,"TEMP {4} deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP = {4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1 = {4,1000}" TEMP HV HS1 =1234

1,{} Empty line

1,"Fixed Text" Fixed Text

0 Hides the display point

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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tures, install an analog card in relay Slot C and connect 4–20 mA transducers 
inputs to analog inputs AI301 (hot-spot temperature), AI302 (oil temperature), 
and AI303 (winding temperature).

First, enable enough display points for the analog measurements (e.g., 
EDP = 5). Figure 4.107 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category.)

Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.108.

Figure 4.108 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the desired units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits go back to 

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.107 Adding Temperature Measurement Display Points

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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their states after the device initialization. Each local bit requires 3 of the 
following 4 settings, using a maximum of 14 characters for the NLBnn 
setting, and a maximum 7 characters for the remainder.

➤ NLBnn: Names the switch (normally the function that the switch 
performs, such as SUPERV SW) that appears on the LCD.

➤ CLBnn: Clears the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Sets the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulses the local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before deasserting 
again. Enter the text that describes the intended operation when 
LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 
Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.109 shows the set-
tings to program the two local bits.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>
Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SUPERV SW <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>
LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.109 Adding Two Local Bits
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Target LED Settings The SEL-710-5 offers the following types of LEDs. See Figure 8.2 and 
Figure 8.31 for the programmable LED locations:

➤ One ENABLED and one TRIP tricolored LED

➤ Six tricolored programmable target LEDs

➤ Sixteen tricolored programmable pushbutton LEDs

You can program all 22 LEDs using SELOGIC control equations, the only dif-
ference being that the target LEDs also include a latch function.

Target LEDs
The ENABLED and TRIP LEDs are not programmable. Except for choosing the 
LED illuminated color (LEDENAC or LEDTRPC), they are fixed-function 
LEDs. The ENABLED LED illuminates when the SEL-710-5 is powered cor-
rectly, is functional, and has no self-test failures. The TRIP LED illuminates 
and latches in at the rising-edge of any trip that comes from the trip logic. The 
LEDENAC setting is not supported in the touchscreen display models. For 
touchscreen display relays, the illuminated color of the ENABLED LED is fixed 
at green.

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) con-
trol the six front-panel LEDs. If the Tn_LEDL is set to Y, the LED will assert 
if a trip condition occurs and the T0n_LED equation asserts within 1.5 cycles 
of the trip assertion. At this point, the LED is latched. To reset these latched 
LEDs, the TRIP condition should no longer exist, and one of the following 
must occur:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the TAR R command.

➤ The assertion of the SELOGIC equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.109 shows the target LED settings. The factory-default settings shown 
match the as-shipped front-panel overlay (see Figure 8.2). You can change the 
settings to suit your application. See Section 8: Front-Panel Operations for 
slide-in labels for custom LED designations. 

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by pressing the TARGET RESET 
pushbutton if the target conditions 
are absent.

NOTE: Relay Word bits TLED_01 
through TLED_06 are not accessible 
to the user in the SYNCHROWAVE Event 
file.

Table 4.109 Target LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

ENA_LED COLORb R, G, A LEDENAC := G

TRIP_LED COLOR R, G, A LEDTRPC :=R

TRIP LATCH T_LED Y, N T01LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T01LEDC := R

LED1 EQUATION SELOGIC T01_LED := 49T OR AMBTRIP OR BRGTRIP OR OTHTRIP 
OR WDGTRIP

TRIP LATCH T_LED Y, N T02LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T02LEDC := R

LED2 EQUATION SELOGIC T02_LED := 50P1T OR 50N1T OR 50G1T
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . ., 8A, 8B) SELOGIC control equa-
tion settings. When these Relay Word bits assert, the corresponding LED also 
asserts.
Table 4.110 shows the setting prompts, settings ranges, and default settings for 
the LEDs. The factory-default settings shown match the shipped front-panel 
overlay (see Figure 8.2). You can change the settings to suit your application. 
See Section 8: Front-Panel Operations for slide-in labels for custom LED des-
ignations. 

TRIP LATCH T_LED Y, N T03LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T03LEDC := R

LED3 EQUATION SELOGIC T03_LED := 46UBT OR 47T

TRIP LATCH T_LED Y, N T04LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T04LEDC := R

LED4 EQUATION SELOGIC T04_LED := LOSSTRIP OR 37PT

TRIP LATCH T_LED Y, N T05LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T05LEDC := R

LED5 EQUATION SELOGIC T05_LED := (NOT STOPPED AND 27P1T) OR 59P1T

TRIP LATCH T_LED Y, N T06LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T06LEDC := R

LED6 EQUATION SELOGIC T06_LED := 87M1T OR 87M2T

a R = Red, G = Green, and A = Amber.
b The setting LEDENAC is not supported in the touchscreen display model.

Table 4.109 Target LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

Table 4.110 Pushbutton LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1ALEDC := AO

PB1A_LED EQUATION SELOGIC PB1A_LED := PB01

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1BLEDC := AO

PB1B_LED EQUATION SELOGIC PB1B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2ALEDC := AO

PB2A_LED EQUATION SELOGIC PB2A_LED := PB02

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2BLEDC := AO

PB2B_LED EQUATION SELOGIC PB2B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3ALEDC := AO

PB3A_LED EQUATION SELOGIC PB3A_LED := PB03
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PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3BLEDC := AO

PB3B_LED EQUATION SELOGIC PB3B_LED := STARTING OR RUNNING

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4ALEDC := AO

PB4A_LED EQUATION SELOGIC PB4A_LED := PB04

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4BLEDC := AO

PB4B_LED EQUATION SELOGIC PB4B_LED := STOPPED

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5ALEDC := AO

PB5A_LED EQUATION SELOGIC PB5A_LED := FAILOPN

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5BLEDC := AO

PB5B_LED EQUATION SELOGIC PB5B_LED := FAILCLS

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6ALEDC := AO

PB6A_LED EQUATION SELOGIC PB6A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6BLEDC := AO

PB6B_LED EQUATION SELOGIC PB6B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7ALEDC := AO

PB7A_LED EQUATION SELOGIC PB7A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7BLEDC := AO

PB7B_LED EQUATION SELOGIC PB7B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8ALEDC := AO

PB8A_LED EQUATION SELOGIC PB8A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8BLEDC := AO

PB8B_LED EQUATION SELOGIC PB8B_LED := 0

a Setting is a two-letter combination of the letters R, G, A, O, where the asserted/deasserted color choices are: R = Red, G = Green, 
A = Amber, O = Off. Asserted and deasserted colors must be different.

Table 4.110 Pushbutton LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default
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Report Settings (SET R Command)
The report settings use Relay Word bits for the SER and event report trigger 
as shown in Table 4.111 and Table 4.112. See Appendix L: Relay Word Bits for 
details. Refer to Section 10: Analyzing Events for additional information about 
SER and event reports.

SER Trigger Lists

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way the relay elements listed in the previous SER settings are dis-
played in the SER report. 

In addition, the Alias settings allow you to change the text displayed when a 
particular element is asserted and deasserted. The relay permits as many as 32 
unique aliases, as defined by the Enable Alias Settings (EALIAS) setting. The 
factory-default alias settings are shown in Table 4.113.

Define the enabled alias settings by entering the Relay Word bit name, a 
space, the desired alias, a space, the text to display when the condition asserts, 
a space, and the text to display when the condition deasserts. 

See Table L.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay interprets a space as the break between two strings. If you wish to clear a 
string, simply type NA.

Table 4.111 SERa Trigger Settings

a Use as many as 24 Relay Word bits separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 ABSLO TBSLO NOSLO THERMLO 
PB01 PB02 PB03 PB04

SER2 SER2 := 49T 49T_STR 49T_RTR LOSSTRIP JAMTRIP 46UBT 
50P1T RTDT PTCTRIP 50G1T VART 37PT 27P1T 59P1T 47T 
55T SPDSTR 50N1T SMTRIP 81D1T 81D2T OTHTRIP 87M1T 
87M2T

SER3 SER3 := AMBTRIP PTCFLT RTDFLT COMMIDLE 
COMMLOSS REMTRIP RSTTRGT 49A LOSSALRM 
JAMALRM 46UBA RTDA 55A 50N2T 50G2T VARA 37PA 
27P2T 59P2T 50P2T 50Q1T 50Q2T

SER4 SER4 := SPDSAL 81D3T 81D4T OTHALRM AMBALRM 
SALARM WARNING LOADUP LOADLOW 50P2T STOPPED 
RUNNING STARTING STAR DELTA START SPEED2

Table 4.112 Enable Alias Settings

Setting Prompt Setting Range Setting Name := Factory Default

Enable ALIAS Settings N, 1–32 EALIAS = 15

ALIAS1 = STARTING MOTOR_STARTING BEGINS ENDS
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Event Report Settings Event reports are 15, 64, or 180 cycles in length as determined by the LER set-
ting. For an LER of 15, the prefault length, PRE, is in the range of 1–10. For 
an LER of 64, the prefault length, PRE, is in the range of 1–59. For an LER of 
180, the prefault length, PRE, is in the range of 1–175. The relay typically 
holds at least forty-nine 15-cycle event reports, twenty-three 64-cycle event 
reports, or nine 180-cycle event reports.

Trigger CMET S R Event Reports
The SEL-710-5 captures a 19200-sample raw event report on rising edges of 
CMETSRTG. For example, you can set CMETSRTG = STARTING to cap-
ture the start of the motor. By providing this lengthy, high-resolution report, 
the relay enables external data processing while saving standard event reports 
for protection functions. 

Table 4.113 SET R SER Alias Settings

Setting 
Prompt

Relay Word 
Bit Alias

Asserted 
Text

Deasserted 
Text

ALIAS1 := STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2 := RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3 := STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4 := JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5 := LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6 := LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7 := 46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8 := 46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9 := 49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 := 49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 := 47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 := PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 := PB03 fp_start PICKUP DROPOUT

ALIAS15 := PB04 fp_stop PICKUP DROPOUT

ALIAS16 := NA — — —

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

ALIAS32 := NA — — —

Table 4.114 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG LOSSALRM OR 
R_TRIG 46UBA OR R_TRIG 49A OR 
R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA

EVENT LENGTH 15, 64, 180 cyc LER := 15

PREFAULT LENGTH 1–175 cyc PRE := 5

NOTE: Event report data stored in 
the relay are lost when you change 
the LER setting. Save the data before 
changing the setting.
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Start Report Settings The setting MSRR defines the resolution of the motor start report. The report 
is always triggered by each motor start; to trigger for additional conditions, 
use the SELOGIC control equation MSRTRG. For more information on the 
motor start report, go to Section 5: Metering and Monitoring.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix M: Analog Quantities 
for a list of the available analog quantities. Also set the LDAR to the acquisi-
tion rate for the report that you want.

DNP Map Settings (Set D Command)
Table 4.118 shows the available settings. See Appendix D: DNP3 Communi-
cations for additional details.

Table 4.115 Meter Report Settings

Setting Prompt Setting Range Setting Name := Factory 

CMET S R TRIGGER SELOGIC CMETSRTG := 0

Table 4.116 Motor Start Report Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

MSR RESOLUTION 0.25, 0.5, 1, 2, 5, 20 cyc MSRR := 5

MSR TRIGGERa

a Do not use SELOGIC control equation MSRTRG to capture starting conditions. Starting 
conditions are automatically captured for each start. Using SELOGIC control equations for the 
starting conditions may result in incorrect data in the MST and MOT records.

SELOGIC MSRTRG := 0

Table 4.117 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST 0, as many as 17 analog quantities LDLIST := 0

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15

IMPORTANT: All stored load data 
are lost when changing the LDLIST.

Table 4.118 DNP Map Settingsa (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

·
·
·

·
·
·

·
·
·

DNP Binary Input Label Name 10 characters BI_99 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.119 shows the available settings. See Appendix E: Modbus Communi-

cations for additional details.

42

DNP Binary Output Label Name 10 characters BO_00 := RB01

·
·
·

·
·
·

·
·
·

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

·
·
·

·
·
·

·
·
·

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Counter Label Name 11 characters CO_31 := NA

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Table 4.118 DNP Map Settingsa (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.119 User Map Register Settingsa

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range Setting Name := Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

•
•
•

•
•
•

•
•
•

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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EtherNet/IP Assembly Map Settings (SET E Command)
Table 4.120 shows the available assembly map settings. See Appendix F: 
EtherNet/IP Communications for additional details.

Touchscreen Settings
The touchscreen settings apply to relays that support the color touchscreen 
display and are discussed in Section 9: Bay Control (see Table 9.7).

Table 4.120 EtherNet/IP Assembly Map 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Input Assembly (IA) Binary

EIP Input Assembly Binary Label 
Name

10 characters IAB _00 := NA

• • •

• • •

• • •

EIP Input Assembly Binary Label 
Name

10 characters IAB _99 := NA

Input Assembly (IA) Analog

EIP Input Assembly Analog Label 
Name

10 characters IAA_00 := NOOP

IAA_01 := NA

• • •

• • •

• • •

EIP Input Assembly Analog Label 
Name

10 characters IAA_99 := NA

Output Assembly (OA) Binary

EIP Output Assembly Binary Label 
Name

10 characters OAB _00 := NA

• • •

• • •

• • •

EIP Output Assembly Binary Label 
Name

10 characters OAB _31 := NA

Output Assembly (OA) Analog

EIP Output Assembly Analog 
Label Name

10 characters OAA_00 := NOOP

OAA_01 := NA

• • •

• • •

• • •

EIP Output Assembly Analog 
Label Name

10 characters OAA _31 := NA
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Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)
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The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor
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Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>
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When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report

Relay
Word
Bit0

TDURD

2

|IMAX — IMAX_0|
IMAX_A

Relay
Word
Bit0

TDURD

0.2

|TTST_0 — TTST| / TTST_0
TTST_A



5.20

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.
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Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

10,000
100%

1000

2

3

4

5

6
7
8
9

100

2

3

4

5

6
7
8
9

10

2

3

4

5

6
7
8
9

1 2 3 4 5 6 7 8 9 5040302010.5

Nu
m

be
r o

f C
lo

se
/O

pe
n 

Op
er

at
io

ns

kA Interrupted per Operation

25%

50%



5.31

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Metering and Monitoring
Asset Monitoring

Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 
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Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-710

(+)

(—)
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Settings

Overview
The SEL-710-5 Motor Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following 11 settings 
classes:

1. Group n (n = 1, 2, 3, or 4)

2. Logic Group n (n = 1, 2, 3, or 4)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. EtherNet/IP

7. Report

8. Modbus

9. DNP3

10. IEC 60870-5-103

11. Touchscreen (this setting class is only available for models with 
the color touchscreen display)

Some settings classes have multiple instances. In the previous list, there are 
five port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

IMPORTANT: Upon relay initial 
turn on or Port 1 setting changes or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(about 5–10 seconds from turn on).

Table 6.1 Methods of Accessing Settingsa

Web Serverb Serial Port Commandsc Front-Panel HMI Set/Show 
Menud

ACSELERATOR QuickSet 
SEL-5030 Softwareb

Display 
Settings

All settings All settings 
(SHO command)

Global, Group, and Port 
settings

All settings

Change 
Settings

Not available All settings
(SET command)

Global, Group, and Port 
settings

All settings

a These settings access methods do not apply to the touchscreen settings.
b Refer to Section 3: PC Interface for detailed information.
c Refer to Section 7: Communications for detailed information on set up and use of the serial communications port and Ethernet port.
d Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, menus and screens, and operator control 

pushbuttons.
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The SEL-710-5 Settings Sheets at the end of this section list all SEL-710-5 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Touchscreen settings are only available through QuickSet for models with the 
color touchscreen display. These settings are not available via the ASCII 
terminal, unlike the other relay settings. Refer to Section 9: Bay Control for 
detailed information on individual settings.

View/Change Settings With the Two-Line Front Panel
You can use the pushbuttons on the front panel to view/change settings. See 
Section 8: Front-Panel Operations for the details on front-panel operation.

Enter the front-panel menu by pushing the ESC pushbutton. The following 
message appears:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pressing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
presents you with the RELAY settings as listed in the SEL-710-5 Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pressing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the MOTOR FLA, FLA1 setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-710-5 is shipped 

with factory-default settings. 
Calculate the settings for your motor 
to ensure secure and dependable 
protection. Document the settings on 
the SEL-710-5 Settings Sheets at the 
end of this section before entering 
new settings in the relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

GROUP
1
2
3
4

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Thermal Overload
  •
  •
Trip/Close Logic
Motor Control

FLA1 Setting

MOTOR FLA
FLA1 = 0250.0 A 

Config Menu

CTR1
               100
FLA1
           250.0 A 
  •
  •
  •
SINGLEV
                 N
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View/Change Settings With the Touchscreen Front Panel
You can view or change Port, Global, Group, Date and Time, and Touchscreen 
settings by using the touchscreen display. Tapping the Settings folder on the 
Home screen navigates you to the Settings screen through which you can 
view or change settings. Refer to Touchscreen Display Front Panel on page 
8.20 for detailed information on how to view or change settings by using the 
touchscreen display.

View/Change Settings Over Communications Port 
Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port via a personal computer and how to use 
ASCII commands to communicate with the relay.

View Settings Use the SHO command to view relay settings. The SHO command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHO 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHO command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

Table 6.2 SHO Command Options

Command  Description

SHO n Shows relay group settings: n specifies the settings group (1, 2, 3, 
or 4); n defaults to active settings group if not listed.

SHO L n Shows logic settings: n specifies the settings group (1, 2, 3, or 4); 
n defaults to active settings group if not listed.

SHO G Shows global configuration settings

SHO P n Shows serial port settings for Port n (n = F, 1, 2, 3, or 4)

SHO F Shows front-panel display and LED settings

SHO E Show EtherNet/IP assembly map settings

SHO R Shows Sequential Event Report (SER) and event report settings

SHO M Shows Modbus map settings

SHO D Shows DNP3 map settings

SHO I Shows IEC 60870-5-103 map settings

Table 6.3 SET Command Options (Sheet 1 of 2)

Command Settings Type  Description

SET n Group Protection elements, timers, etc., for settings 
Group n (1, 2, 3, or 4)

SET L n Logic SELOGIC control equations for settings 
Group n (1, 2, 3, or 4)

SET G Global Global configuration settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a settings 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and in the 
two-line display model, the ENABLED LED extinguishes while the relay is 
disabled. In the touchscreen display model, the ENABLED LED stays 
illuminated while the relay saves the setting.

To change a specific setting, enter the command shown in Table 6.5.

SET P n Port Serial port settings for serial Port n (1, 2, 3, 4, or 
F)

SET F Front Panel Front-panel display and LED settings

SET E EtherNet/IP EtherNet/IP assembly map settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP3 DNP3 map settings

SET I IEC 60870-5-103 IEC 60870-5-103 user map settings

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format (Sheet 1 of 2)

SET n m s TERSE

where:

n is left blank or is G, L, F, R, M, or P to identify the class of settings.

m is 1, 2, 3, or 4 when n = G or L for group settings; m defaults to 1 if the 
parameter is left blank.

is F, 1, 2, 3, or 4 when n = P for port settings; m defaults to the active port if 
the parameter is left blank.

Table 6.3 SET Command Options (Sheet 2 of 2)

Command Settings Type  Description
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Setting Entry Error Messages
As you enter relay settings, the relay checks the setting entered against the 
range for the setting as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues one 
of the error messages shown in Table 6.6, and returns you to the settings list 
for a correction.

s is the name of the specific setting you wish to jump to and begin setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you wish to review the settings before saving, do not use the TERSE 
option.

Table 6.5 SET Command Format (Sheet 2 of 2)

SET n m s TERSE

Table 6.6 Setting Interdependency Error Messages (Sheet 1 of 2)

Error Message Setting/Function Correct the Condition

50PmP • FLAn/CTRn must be greater 
than or equal to 0.50 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.5

50PmP • FLAn/CTRn must be greater 
than or equal to 0.10 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.1

50NnP must be within (0.050 • CTRN) 
xx.xx and (10.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

50NnP must be within (0.010 • CTRN) 
xx.xx and (2.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

Choose PRE from 1–10 cycles Event Report 
Settings

Modify the PRE setting to satisfy the requirement 
shown in the error message.

50NnP must be within (0.000125 • 
CTRN) xx.xx and (0.0125 • CTRN) 
yy.yy 
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

CTRn,FLAn Setting Combination Out 
of Range
(n = 1 or 2)

Main Settings Modify the CTRn or FLAn setting to satisfy:

1.0 ≤ (FLAn/CTRn), ≤ 8 for phase input current 
rating of 5 A

0.2 ≤ (FLAn/CTRn), ≤ 1.6 for phase input current 
rating of 1 A
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View Settings Using the Web Server
Refer to Section 3: PC Interface for information on how to set up 
communication and how to access the relay on an Ethernet port with a 
personal computer.

View Settings Once communication with the relay is established through the web server, the 
home page screen appears in your browser window. Click on Settings from 
the navigation pane to view all the available settings classes, as shown in 
Figure 6.2. Access Level 1 and Access Level 2 are both view only. At this 
level, settings are dimmed and you cannot modify them. Click on a settings 
class to view its settings. 

Figure 6.2 Web Server Settings Screen

Minimum STOP COOL TIME: xxxx min Thermal Overload Modify the COOLTIME setting to satisfy the 
requirement shown in the error message.

Only one ambient RTD allowed
(n = 1–12)

RTD Modify the RTD location setting (RTDnLOC) to satisfy 
the requirement shown in the error message.

Output contacts cannot be set to 
NA.

Output Contact 
Logic Setting

Use 0, 1, or SELOGIC control equation for the logic 
setting.

PTR Setting Out of Range Main Settings Modify VNOM or PTR setting to satisfy:
100 ≤ (VNOM/PTR) ≤ 250 for DELTA_Y := DELTA
100 ≤ (VNOM/PTR) ≤ 440 for DELTA_Y := WYE

Table 6.6 Setting Interdependency Error Messages (Sheet 2 of 2)

Error Message Setting/Function Correct the Condition
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These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the communications ports. See Section 4: Protection and Logic Functions 
in the instruction manual for detailed descriptions of the settings.

➤ Some settings require an optional module. Refer to the SEL-710-5 Model Option Table and the notes 
with the following settings for details on which settings are available in a specific model. 
ACSELERATOR QuickSet SEL-5030 Software, which shows and hides settings depending on the MOT 
part number selected, is the best way to view the settings available in a specific model. Some of the set-
tings ranges can be more restrictive than shown because of settings interdependency checks performed 
when new settings are saved.

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

Configuration

UNIT ID LINE 1 (16 Characters)  RID :=

UNIT ID LINE 2 (16 Characters)  TID :=

SYN MOTOR TYPE (BRUSH, BRUSHLESS, NONE)
(SYNTYPE forced to NONE and hidden when Slot E ≠ 75)

SYNTYPE :=

PHASE CT RATIO (1–5000) CTR1 :=

MOTOR FLA (0.2–5000.0 A) FLA1 :=

VFD APPLICATION (Y, N) VFDAPP :=

LOAD @ ZEROSPEED (0.2–5000.0 A)
(Shown when VFDAPP:= Y)

LOAD_ZS :=

MNFREQ @ FULLOAD (10.00–70.00 Hz)
(Shown when VFDAPP:= Y)

FREQ_FL :=

TWO SPEED ENABLE (Y, N)
(E2SPEED forced to N and hidden when VFDAPP:= Y)

E2SPEED :=

CT RATIO–2ND (1–5000)
(Hidden when E2SPEED := N)

CTR2 :=

MOTOR FLA–2ND (0.2–5000.0 A)
(Hidden when E2SPEED := N)

FLA2 :=

FVR PHASING (NONE, A, B, C)
(Hidden when E2SPEED := N)

FVR_PH :=

NEUTRAL CT RATIO (1–2000) CTRN :=

PHASE PT RATIO (1.00–250.00) PTR :=

LINE VOLTAGE (100–30000 V) VNOM :=

XFMR CONNECTION (DELTA, WYE) DELTA_Y :=

SINGLE I INPUT (N, IA, IB, IC) SINGLEI :=

SINGLE V INPUT (Y, N) SINGLEV :=
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Thermal Overload
OVERLOAD ENABLE (Y, N) E49MOTOR :=

(All of the following thermal overload settings are hidden when E49MOTOR := N)

FULL LOAD SLIP (OFF, 0.0010–0.1000 pu)
(Forced to OFF and hidden when any of the following apply: E2SPEED := Y; 

ESTAR_D := Y; or VFDAPP := Y)

FLS :=

SLIP SOURCE (VDR, STAT, R1)
(Forced to R1 and hidden when E2SPEED := Y, ESTAR_D := Y, or VFDAPP := Y; 

Hidden when no synchronous motor card is available; Hidden when FLS := OFF; 
VDR hidden from range when SYNTYPE := BRUSHLESS)

SLIPSRC :=

LOCKD RTR TORQUE (0.30–2.00 pu)
(Hidden when FLS := OFF)

LRQ :=

THERMAL METHOD (RATING, RATING_1, CURVE)
(CURVE and RATING hidden when 0.001 ≤ FLS ≤ 0.10)

SETMETH :=

OL RESET LEVEL (10–99% TCU) 49RSTP :=

SERVICE FACTOR (1.01–1.50) SF :=

MOTOR LRA (2.5–12.0 xFLA)
(Forced to 6 and hidden when SETMETH := CURVE)

LRA1 :=

LOCKD RTR TIME 1 (1.0–600.0 sec)
(Hidden when SETMETH := CURVE)

LRTHOT1 :=

ACCEL FACTOR (0.10–1.50)
(Hidden when SETMETH := CURVE or when 0.001 ≤ FLS ≤ 0.10; forced to 1.00 

when 1 ≤ CURVE1 ≤ 45 or when 0.001 ≤ FLS ≤ 0.10)

TD1 :=

STATOR TC (AUTO, 1–2000 min)
(Hidden when SETMETH := CURVE)

RTC1 :=

MOTOR LRA–2ND (2.5–12.0 xFLA)
(Hidden when E2SPEED := N; forced to 6 and hidden when SETMETH := CURVE)

LRA2 :=

LOCKD RTR TIME 2 (1.0–600.0 sec)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

LRTHOT2 :=

ACCEL FACT–2ND (0.10–1.50)
(Hidden when E2SPEED := N; hidden and forced to 1.00 when 

SETMETH := CURVE)

TD2 :=

STATOR TC–2ND (AUTO, 1–2000 min)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

RTC2 :=

THERM OL CURVE1 (1–46)
(Hidden when SETMETH := RATING or RATING_1)

CURVE1 :=

TRIP TIME @ 1.05FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.05)

TTT105 :=

TRIP TIME @ 1.10FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.10)

TTT110 :=

TRIP TIME @ 1.20FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.20)

TTT120 :=

TRIP TIME @ 1.30FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.30)

TTT130 :=

TRIP TIME @ 1.40FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.40)

TTT140 :=

TRIP TIME @ 1.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF := 1.50)

TTT150 :=
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TRIP TIME @ 1.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT175 :=

TRIP TIME @ 2.00FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT200 :=

TRIP TIME @ 2.25FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT225 :=

TRIP TIME @ 2.50FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT250 :=

TRIP TIME @ 2.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT275 :=

TRIP TIME @ 3.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT300 :=

TRIP TIME @ 3.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT350 :=

TRIP TIME @ 4.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT400 :=

TRIP TIME @ 4.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT450 :=

TRIP TIME @ 5.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT500 :=

TRIP TIME @ 5.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT550 :=

TRIP TIME @ 6.00FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT600 :=

TRIP TIME @ 6.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT650 :=

TRIP TIME @ 7.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT700 :=

TRIP TIME @ 7.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT750 :=

TRIP TIME @ 8.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT800 :=

TRIP TIME @ 8.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT850 :=

TRIP TIME @ 9.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT900 :=

TRIP TIME @ 9.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT950 :=

TRIP TIME @ 10.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1000 :=

TRIP TIME @ 11.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1100 :=

TRIP TIME @ 12.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1200 :=

THERM OL CURVE2 (1–45)
(Hidden when SETMETH := RATING or RATING_1 or when E2SPEED := N)

CURVE2 :=

OL WARN LEVEL (OFF, 50–99% TCU) TCAPU :=

START INH. LEVEL (OFF, 1–99% TCU) TCSTART :=

LEARN TCSTART? (Y, N)
(Hidden when TCSTART := OFF)

TCLRNEN :=

STOP COOL TIME (1–6000 min) COOLTIME :=

STOP COAST TIME (1–3600 sec) COASTIME :=
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Phase Overcurrent

Neutral Overcurrent
(Refer to Table 6.6 for setting interdependency checks. The following pickup settings are in primary amperes.)

Residual Overcurrent

Negative-Sequence Overcurrent

Incipient Cable Fault

LEARN COOLTIME? (Y, N)
(Hidden when E49RTD := NONE)

COOLEN :=

OL RTD BIASING? (Y, N)
(Hidden when E49RTD := NONE)

ETHMBIAS :=

PH OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50P1P :=

PH OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P1D :=

PH OC WARN LVL (OFF, 0.10–20.00 xFLA) 50P2P :=

PH OC WARN DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P2D :=

NEUT OC TRIP LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC TRIP LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N1P :=

NEU OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50N1D :=

NEUT OC WARN LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC WARN LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N2P :=

NEU OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50N2D :=

RES OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50G1P :=

RES OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50G1D :=

RES OC WARN LVL (OFF, 0.10–20.00 xFLA) 50G2P :=

RES OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50G2D :=

NSEQ OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50Q1P :=

NSEQ OC TRIP DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q1D :=

NSEQ OC WARN LVL (OFF, 0.10–20.00 xFLA) 50Q2P :=

NSEQ OC WARN DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q2D :=

50INC PU LVL (OFF, (1.00–10.00) • INOM A) E50INC :=

50INC WARN COUNT (1, 2, . . . 100) 50IALC :=

50INC TRIP COUNT (1, 2, . . . 100) 50ITRC :=
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Phase Time Overcurrent

Maximum Phase Time Overcurrent

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51AP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51AC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51ATD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51ARS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51ACT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51AMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51ATC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51BP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51BTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51BRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden is associated pickup is OFF)

51BMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51BTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51CP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51CTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51CRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51CTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1CT :=
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Negative-Sequence Time-Overcurrent

Residual Ground Time-Overcurrent

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P2C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P2TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A)
(INOM 5 or 1 for 5 A or 1 A phase CTs)

51QP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 or 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51QTD :=

EM RESET DELAY (Y, N) 
(Hidden when associated pickup is OFF)

51QRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51QTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G2C :=
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Motor Differential Overcurrent

Jam

Undercurrent

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G2TC :=

DIFF ENABLE (Y, N) E87M :=

DIFF CT RATIO (1–5000)
(Hidden when E87M := N)

CTR87M :=

DIFF 1 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M1P :=

DIFF 1 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M1P := OFF)

87M1TD :=

DIFF 1 TRQ CON (SELOGIC)
(Hidden when 87M1P := OFF)

87M1TC :=

DIFF 2 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M2P :=

DIFF 2 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M2P := OFF)

87M2TD :=

DIFF 2 TRQ CON (SELOGIC)
(Hidden when 87M2P := OFF)

87M2TC :=

JAM TRIP LEVEL (OFF, 1.00–6.00 xFLA) LJTPU :=

JAM TRIP DELAY (0.0–120.0 sec)
(When LJTPU := OFF, LJTDLY is hidden and JAMTRIP is deasserted all the time)

LJTDLY :=

JAM WARN LEVEL (OFF, 1.00–6.00 xFLA) LJAPU :=

JAM WARN DELAY (0.0–120.0 sec)
(When LJAPU := OFF, LJADLY is hidden and JAMALRM is deasserted all the 

time)

LJADLY :=

UC TRIP LEVEL (OFF, 0.10–1.00 xFLA) LLTPU :=

UC TRIP DELAY (0.4–120.0 sec)
(Hidden when associated pickup is OFF)

LLTDLY :=

UC WARN LEVEL (OFF, 0.10–1.00 xFLA) LLAPU :=

UC WARN DELAY (0.40–120.0 sec)
(Hidden when associated pickup is OFF)

LLADLY :=

UC START DELAY (0–5000 sec)
(Hidden when LLTPU and LLAPU are OFF)

LLSDLY :=
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Current Unbalance

Start Monitoring

Star-Delta
(Forced to N and hidden when VFDAPP := Y)

Start Inhibit

Phase Reversal

Speed Switch

PTC

CI TRIP LEVEL (OFF, 5–80%) 46UBT :=

CI TRIP DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBTD :=

CI WARN LEVEL (OFF, 5–80%) 46UBA :=

CI WARN DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBAD :=

START MOTOR TIME (OFF, 1–240 sec) START_T :=

STAR-DELTA ENABL (Y, N) ESTAR_D :=

MAX STAR TIME (OFF, 1–600 sec)
(Hidden when ESTAR_D := N)

STAR_MAX :=

STARTS/HR. (OFF, 1–15) MAXSTART :=

MIN. OFF TIME (OFF, 1–150 min) TBSDLY :=

RESTART BLK TIME (OFF, 1–1500 min) ABSDLY :=

PH REV. ENABLE (Y, N) E47T :=

SS TRIP DELAY (OFF, 1–240 sec) SPDSDLYT :=

SS WARN DELAY (OFF, 1–240 sec) SPDSDLYA :=

VIR SS ENABLE (Y, N) 
(Forced to N and hidden when VFDAPP := Y)

VSSEN :=

VIR SS CONSTANT (0.80–0.98) 
(Hidden when VSSEN := N)

VSSCONST :=

SS FAIL OPEN DLY (OFF, 0.5–2.0 sec) 
(Forced to OFF and hidden when VSSEN := N)

FAILOPND :=

SS FAIL CLOS DLY (0.1–120.0 min) 
(Hidden when VSSEN := N or FAILOPND := OFF)

FAILCLSD :=

SS FAIL RESET (SELOGIC) 
(Hidden when VSSEN := N or FAILOPND := OFF) 

SSFLRST :=

PTC ENABLE (Y, N)
(Hidden when the PTC option is not selected)

EPTC :=
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RTD
RTD ENABLE (INT, EXT, NONE)

(The INT option is hidden from the range when there is no internal RTD card 
installed; all the following RTD settings are hidden when E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD1TY, TRTMP1, and ALTMP1 settings are hidden when RTD1LOC := OFF)

RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250°C) TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250°C) ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD2TY, TRTMP2, and ALTMP2 settings are hidden when RTD2LOC := OFF)

RTD2LOC :=

RTD2 TYPE (PT100, NI100, NI120, CU10) RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250°C) TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250°C) ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD3TY, TRTMP3, and ALTMP3 settings are hidden when RTD3LOC := OFF)

RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250°C) TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250°C) ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD4TY, TRTMP4, and ALTMP4 settings are hidden when RTD4LOC := OFF)

RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250°C) TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250°C) ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD5TY, TRTMP5, and ALTMP5 settings are hidden when RTD5LOC := OFF)

RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250°C) TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250°C) ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD6TY, TRTMP6, and ALTMP6 settings are hidden when RTD6LOC := OFF)

RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250°C) TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250°C) ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD7TY, TRTMP7, and ALTMP7 settings are hidden when RTD7LOC := OFF)

RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250°C) TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250°C) ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD8TY, TRTMP8, and ALTMP8 settings are hidden when RTD8LOC := OFF)

RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) RTD8TY :=

RTD8 TRIP LEVEL (OFF, 1–250°C) TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250°C) ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD9TY, TRTMP9, and ALTMP9 settings are hidden when RTD9LOC := OFF)

RTD9LOC :=
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Loss of Potential

Undervoltage

Overvoltage

RTD9 TYPE (PT100, NI100, NI120, CU10) RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250°C) TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250°C) ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD10TY, TRTMP10, and ALTMP10 settings are hidden when RTD10LOC := OFF)

RTD10LOC :=

RTD10 TYPE (PT100, NI100, NI120, CU10) RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250°C) TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250°C) ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD11TY, TRTMP11, and ALTMP11 settings are hidden when 

RTD11LOC := OFF); RTD11LOC is hidden and forced to OFF when 
E49RTD := INT)

RTD11LOC :=

RTD11 TYPE (PT100, NI100, NI120, CU10) RTD11TY :=

RTD11 TRIP LEVEL (OFF, 1–250°C) TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250°C) ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD12TY, TRTMP12, and ALTMP12 settings are hidden when 

RTD12LOC := OFF); RTD12LOC hidden and forced to OFF when 
E49RTD := INT)

RTD12LOC :=

RTD12 TYPE (PT100, NI100, NI120, CU10) RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250°C) TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250°C) ALTMP12 :=

WIND TRIP VOTING (Y, N)
(When less than two locations are WDG, the associated trip voting settings are 

hidden)

EWDGV :=

BEAR TRIP VOTING (Y, N)
(When less than two locations are BRG, the associated trip voting settings are hidden)

EBRGV :=

TMP RTD BIASING? (Y, N)
(Shown only when one RTD location is set to AMB and at least one RTD location is 

set to WDG)

ERTDBIAS :=

LOP BLOCK (SELOGIC) LOPBLK :=

UV TRIP LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P1D :=

UV WARN LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=

UV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P2D :=

OV TRIP LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P1D :=
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27 Inverse-Time Undervoltage

OV WARN LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P2D :=

27I ENABLE (Y, N) E27I1 :=

(The following 27I1 inverse-time undervoltage settings are hidden if E27I1 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I1P :=

CURVE (CURVEA, CURVEB, COEF) 27I1CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFC :=

TIME DIAL (0.00–16.00) 27I1TD :=

RESET TIME (0.00–1.00 s) 27I1TTR :=

TRQ CONTROL (SELOGIC) 27I1TC :=

27I ENABLE (Y, N) E27I2 :=

(The following 27I2 settings are hidden if E27I2 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I2P :=

CURVE (CURVEA, CURVEB, COEF) 27I2CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFC :=

TIME DIAL (0.00–16.00) 27I2TD :=

RESET TIME (0.00–1.00 s) 27I2TTR :=

TRQ CONTROL (SELOGIC) 27I2TC :=

Table SET.1 Range Dependencies for 27I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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59 Inverse-Time Overvoltage
59I ENABLE (Y, N) E59I1 :=

(The following 59I1 inverse-time overvoltage settings are hidden if E59I1 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I1P :=

CURVE (CURVEA, CURVEB, COEF) 59I1CR :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFC :=

TIME DIAL (0.00–16.00) 59I1TD :=

RESET TIME (0.00–1.00 s) 59I1TTR :=

TRQ CONTROL (SELOGIC) 59I1TC :=

59I ENABLE (Y, N) E59I2 :=

(The following 59I2 settings are hidden if E59I2 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I2P :=

CURVE (CURVEA, CURVEB, COEF) 59I2CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFC :=

TIME DIAL (0.00–16.00) 59I2TD :=

RESET TIME (0.00–1.00 s) 59I2TTR :=

TRQ CONTROL (SELOGIC) 59I2TC :=

59I ENABLE (Y, N) E59I3 :=

(The following 59I3 settings are hidden if E59I3 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I3OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I3P :=

CURVE (CURVEA, CURVEB, COEF) 59I3CRV :=

Table SET.2 Range Dependencies for 59I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC VG V1 3V2 MAXLN MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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Var

Loss of Field
(Hidden when SYNTYPE := NONE and E40 forced to default, N)

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFC :=

TIME DIAL (0.00–16.00) 59I3TD :=

RESET TIME (0.00–1.00 s) 59I3TTR :=

TRQ CONTROL 59I3TC :=

59I ENABLE (Y, N) E59I4 :=

(The following 59I4 settings are hidden if E59I4 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I4OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I4P :=

CURVE (CURVEA, CURVEB, COEF) 59I4CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFC :=

TIME DIAL (0.00–16.00) 59I4TD :=

RESET TIME (0.00–1.00 s) 59I4TTR :=

TRQ CONTROL (SELOGIC) 59I4TC :=

NEG VAR TRIP LEV (OFF, 1–25000 kVAR) NVARTP :=

POS VAR TRIP LEV (OFF, 1–25000 kVAR) PVARTP :=

VAR TRIP DELAY (1–240 sec)
(Hidden when NVARTP and PVARTP are OFF)

VARTD :=

NEG VAR WARN LEV (OFF, 1–25000 kVAR) NVARAP :=

POS VAR WARN LEV (OFF, 1–25000 kVAR) PVARAP :=

VAR WARN DELAY (1–240 sec)
(Hidden when NVARAP and PVARAP are OFF)

VARAD :=

VAR ARMING DELAY (0–5000 sec)
(Hidden when NVARTP, PVARTP, NVARAP, and PVARAP are OFF)

VARDLY :=

LOSS OF FIELD EN (Y, N)
(All the following settings are hidden when E40 := N)

E40 :=

Z1 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM = 5 A or 1 A)

40Z1P :=

Z1 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z1P := OFF)

40XD1 :=

Z1 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z1P := OFF)

40Z1D :=

Z2 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM := 5 or 1)

40Z2P :=

Z2 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z2P := OFF)

40XD2 :=
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Out of Step

Field Resistance

Field Current
(Hidden when SYNTYPE := NONE; FDUC1P, FDUC2P, FDOC1P, and FDOC2P forced to default, OFF)

Z2 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z2P := OFF)

40Z2D :=

40Z TRQ CTRL (SELOGIC) 40ZTC :=

OUT-OF-STEP PROT (N, 1B, 2B)
(The following settings are hidden when E78 := N)

E78 :=

FORWARD REACH ((0.5–500.0)/INOM ohm sec) 78FWD :=

REVERSE REACH ((0.5–500.0)/INOM ohm sec) 78REV :=

RIGHT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R1 :=

LEFT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R2 :=

OUTER BLINDER ((1.0–500.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R1 :=

INNER BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R2 :=

OOS DELAY (0.00–1.00 sec)
(Hidden when E78 := 1B)

78D :=

OOS TRIP DELAY (0.00–1.00 sec) 78TD :=

OOS TRIP DUR (0.00–5.00 sec) 78TDURD :=

POS-SEQ CURRENT ((0.05–6.00) • INOM A) 50ABC :=

OOS TRQ CTRL (SELOGIC) OOSTC :=

(Hidden when SYNTYPE := NONE; FDRES1P and FDRES2P forced to default, OFF)

FLD RES WARN 1 (OFF, 0.10–500.00 ohm) FDRES1P :=

FLD RES WARN 2 (OFF, 0.10–500.00 ohm) FDRES2P :=

FLDR TRQ CTRL (SELOGIC) FDRESTC :=

FLD CURRENT IN (I, V) FDCURIN :=

FLD CUR @ 20 mA (1.0–2000.0 A)
(Shown when FDCURIN := I)

FD_20mA :=

FLD CUR @ 5V (1.0–2000.0 A)
(Shown when FDCURIN := V)

FD_5V :=

FLD UC TRIP LEVEL (OFF, 1.0–2000.0 A) FDUC1P :=

FLD UC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC1D :=

FLD UC WARN LVL (OFF, 1.0–2000.0 A) FDUC2P :=

FLD UC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC2D :=

FLD OC TRIP LVL (OFF, 1.0–2000.0 A) FDOC1P :=

FLD OC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC1D :=
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Field Voltage
(Hidden when SYNTYPE := NONE; FDUV1P, FDUV2P, FDOV1P, FDOV2P forced to default, OFF)

Start Sequence
(Hidden when SYNTYPE := NONE; hidden and not processed when VFDAPP := Y)

Underpower

Power Factor

FLD OC WARN LVL (OFF, 1.0–2000.0 A) FDOC2P :=

FLD OC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC2D :=

FLDC TRQ CTRL (SELOGIC) FDCTC :=

FLD UV TRIP LVL (OFF, 1.0–350.0 V) FDUV1P :=

FLD UV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV1D :=

FLD UV WRN LVL (OFF, 1.0–350.0 V) FDUV2P :=

FLD UV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV2D :=

FLD OV TRIP LVL (OFF, 1.0–350.0 V) FDOV1P :=

FLD OV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV1D :=

FLD OV WARN LVL (OFF, 1.0–350.0 V) FDOV2P :=

FLD OV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV2D :=

FLD TRQ CTRL (SELOGIC) FDVTC :=

STRT SEQ ENABLE (SELOGIC) STSEQEN :=

SYNCHRONIZE SLIP (1.0–10.0%) SYNSLIP :=

UNLATCH 41CLOSE (SELOGIC) UL41CL :=

41 CLOSE DELAY (0.0–100.0 sec) 41DELAY :=

MN FDC TO SYNC (0.5–2000.0 A) FDCMIN :=

MIN CLOSE DELAY (0.1–99.0 sec) 41MNDLY :=

UP TRIP LEVEL (OFF, 1–25000 kW) 37PTP :=

UP TRIP DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PTD :=

UP WARN LEVEL (OFF, 1–25000 kW) 37PAP :=

UP WARN DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PAD :=

UP ARMING DELAY (0–5000 sec) 37DLY :=

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec)
(Hidden when 55LDTP and 55LG TP are OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=
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Power Factor Correction

Frequency

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec)
(Hidden when 55LDAP and 55LGAP are OFF)

55AD :=

PF ARMING DELAY (0–5000 sec)
(Hidden when 55LGTP, 55LDTP, 55LGAP, and 55LDAP are OFF)

55DLY :=

PF CURRENT SUP (OFF, 0.05–2.00 • INOM A)
(Hidden when SYNTYPE := NONE; INOM := 5 or 1)

55I1SUP :=

PF TRQ CTRL (SELOGIC)
(Hidden when SYNTYPE := NONE)

55TC :=

PO PF SET POINT (0.10-0.99) (Hidden when SYNTYPE := NONE) POPFSP :=

PO PU DELAY (0.1-60.0 sec) (Hidden when SYNTYPE := NONE) PORSRTD :=

ENABLE PF CPMP (OFF, PFSP, QSPMV) EPFC :=

(The following power factor correction settings are hidden when EPFC := OFF)

PF SET POINT (OFF, 0.50–1.00) (Hidden when EPFC := QSPMV) PFSPAN :=

LEADLAG (LEAD, LAG) (Hidden when EPFC := QSPMV) PFLDLG :=

Q SP MATH VAR (1–32) (Hidden when EPFC := PFSP) PFQSP :=

DEADBAND L TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFLTH > PFSTH)

PFLTH :=

DEADBAND S TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFSTH < PFLTH)

PFSTH :=

LONG STEP LENGTH (0.0–3.0 sec) (FVLDO > FVSDO) FVLDO :=

SHRT STEP LENGTH (0.0–3.0 sec) (FVSDO < FVLDO) FVSDO :=

SYNCVOLTAGE (0–100%) PFCOVL :=

SYNC VLTG CNTRL (SELOGIC) PFCNTRL :=

FREQ1 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D1TD :=

81D1 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D1TC :=

FREQ2 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D2TD :=

81D2 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D2TC :=

FREQ3 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D3TD :=

81D3 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D3TC :=

FREQ4 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D4TD :=

81D4 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D4TC :=
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Load Control

Vibration Monitoring

Trip Inhibit

LOAD CONTROL SEL (OFF, CURRENT, POWER, TCU)
(When LOAD := OFF, the rest of the load control settings are hidden)

LOAD :=

LD CTL CUR UPPER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := CURRENT)

LOADUPP :=

LD CTL CUR LOWER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL PWR UPPER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADUPP :=

LD CTL PWR LOWER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL TCU UPPER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADUPP :=

LD CTL TCU LOWER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADLOWP :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ1 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ2 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ3 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ4 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ5 :=

PICKUP TIMER (0.00–400.00) VIBPUT :=

TRQ CONTROL (SELOGIC) VIBTC :=

MACHINE CLASS (CI, CII, CIII, CIV, MANUAL) VIBCLASS :=

VELOCITY UNITS (mm/sec, in/sec) VIBUN :=

A–B THRESHOLD (0.00–100.00) VIBABP :=

B–C THRESHOLD (0.00–100.00) VIBBCP :=

C–D THRESHOLD (0.00–100.00) VIBCDP :=

BLOCK PROTECTION (SELOGIC) BLKPROT :=

CURRENT IMBALANC (Y, N) BLK46 :=

JAM (Y, N) BLK48 :=

GROUND FAULT (Y, N) BLK50EF :=

SHORT CIRCUIT (Y, N) BLK50P :=

UNDERCURRENT (Y, N) BLK37 :=

START INHIBIT (Y, N) BLK66 :=

PTC (Y, N) (Hidden when the PTC option is not selected) BLK49PTC :=

RTD (Y, N) BLK49RTD :=
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Trip/Close

Motor Control

Logic Settings (SET L Command)

SELOGIC Enables

Latch Bits Equations

MIN TRIP TIME (0.0–400.0 sec) TDURD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

TRIP ON LOCKOUT (Y, N) TRIPONLO :=

UNLATCH TRIP EQN (SELOGIC) ULTRIP :=

CONTACTOR STATUS (SELOGIC) 52A :=

CONTACTOR STATUS (SELOGIC) 52B :=

FLD BRKR STATUS (SELOGIC)
(Hidden when SYNTYPE := NONE)

41A :=

START EQUATION (SELOGIC) STREQ :=

BLK START (SELOGIC) BLKSTR :=

EMERGENCY START (SELOGIC) EMRSTR :=

SPEED 2 (SELOGIC)
(Hidden and not processed when E2SPEED := NONE)

SPEED2 :=

SPEED SWITCH (SELOGIC) SPEEDSW :=

VFD BYPASS (SELOGIC)
(Hidden and not processed when VFDAPP := N)

VFDBYPAS :=

SELOGIC LATCHES (N, 1–32) ELAT :=

SV/TIMERS (N, 1–32) ESV :=

SELOGIC COUNTERS (N, 1–32) ESC :=

MATH VARIABLES (N, 1–32) EMV :=

SET01 :=

RST01 :=

SET02 :=

RST02 :=

SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=
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SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 :=

RST09 :=

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 :=

RST17 :=

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=

SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 :=

RST25 :=

SET26 :=
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SELOGIC Variable Timers

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=
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SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=

SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=



SET.22
 of 90

SEL-710-5 Settings Sheets Date________________
Logic Settings (SET L Command) Counters Equations

SEL-710-5 Relay Instruction Manual Date Code 20220826

Counters Equations

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPUT (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=
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SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=

SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=

SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=
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SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=

SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=
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Math Variables

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=

SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=
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Base Output

Slot C Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=

MV29 :=

MV30 :=

MV31 :=

MV32 :=

OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT304 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

OUT305 FAIL-SAFE (Y, N) OUT305FS :=

OUT305 :=
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Slot D Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

Slot E Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

OUT306 FAIL-SAFE (Y, N) OUT306FS :=

OUT306 :=

OUT307 FAIL-SAFE (Y, N) OUT307FS :=

OUT307 :=

OUT308 FAIL-SAFE (Y, N) OUT308FS :=

OUT308 :=

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=

OUT405 FAIL-SAFE (Y, N) OUT405FS :=

OUT405 :=

OUT406 FAIL-SAFE (Y, N) OUT406FS :=

OUT406 :=

OUT407 FAIL-SAFE (Y, N) OUT407FS :=

OUT407 :=

OUT408 FAIL-SAFE (Y, N) OUT408FS :=

OUT408 :=

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT504 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

OUT505 FAIL-SAFE (Y, N) OUT505FS :=

OUT505 :=

OUT506 FAIL-SAFE (Y, N) OUT506FS :=

OUT506 :=
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MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

Global Settings

General

Broken Bar Detection

OUT507 FAIL-SAFE (Y, N) OUT507FS :=

OUT507 :=

OUT508 FAIL-SAFE (Y, N) OUT508FS :=

OUT508 :=

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

(Shown when SYNTYPE := NONE)

EN BRKN BAR DET (AUTO_SET, MANUAL_SET, N)
(The following broken bar detection settings are hidden and set to default values 

when EBBD :=  AUTO_SET; they are shown when EBBD := MANUAL_SET; and 
they are hidden when EBBD := N)

EBBD :=

BBD RUN RATE (1–180 min) BBDTD :=

FREQ LOWER BOUND (0.0–1.0 Hz) BBDLB :=

FREQ UPPER BOUND (2.0–10.0 Hz) BBDUB :=
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Group Selection

Time and Date Management

Breaker Failure

BBD LEVEL1 PU (–80 to –1 dB) BBDTH1 :=

BBD LEVEL2 PU (–80 to –1 dB) BBDTH2 :=

BBD LEVEL3 PU (–80 to –1 dB) BBDTH3 :=

BBD LEVEL4 PU (–80 to –1 dB) BBDTH4 :=

BBD MIN MARGIN (1–80 dB) MAR_AVG :=

DF FROM FNOM (0.10–3.00 Hz) FNOM_TH :=

DF FROM INI FREQ (0.01–10.00 Hz) F0_TH :=

DI FROM INI CURR (0.01–1.00 xFLA) I0_TH :=

BLK BELOW CUR LV (0.20–2.00 xFLA) I_TH :=

GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

SELECT GROUP4 (SELOGIC) SS4 :=

CTRL BITS DEFN (NONE, C37.118) (Hidden when the PTC option is selected) IRIGC :=

OFFSET FROM UTC (–24.00 to 24.00 hours)
(Automatically rounds up to the nearest quarter)

UTC_OFF :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_BEGW :=

DAY OF THE WEEK TO BEGIN DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_BEGH :=

MONTH TO END DST (1–12)
(Hidden when DST_BEGM is OFF)

DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_ENDH :=

52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=
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Arc-Flash Protection

AIx01

(The following arc-flash settings are hidden until an arc-flash card (74 or 76) is inserted in Slot E)

AF PH OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom phase}, 
0.10–20.00 A {1 A nom phase})

50PAFP :=

AF N OC TRP LVL (OFF, 0.01-2.00 A for 1 A nominal neutral; OFF, 0.05-10.00 A for 5 A 
nominal neutral) (Hidden if 2.5 mA neutral) (Hidden if 50AFP := OFF)

50NAFP :=

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 :=

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) TOL1P :=

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 :=

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) TOL2P :=

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 :=

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE) TOL3P :=

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 :=

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE) TOL4P :=

SENSOR 5 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS5 :=

TOL 5 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL5P :=

SENSOR 6 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS6 :=

TOL 6 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL6P :=

SENSOR 7 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS7 :=

TOL 7 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL7P :=

SENSOR 8 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS8 :=

TOL 8 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL8P :=

AFD OUTPUT SLOT (101_3, 301_4, 401_4)
(301_4 and 401_4 are not available when the slots do not have an output card.)

AOUTSLOT :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx01 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx01NAM :=

AIx01 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx01TYP :=

AIx01 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01L :=

AIx01 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01H :=

AIx01 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01L :=

AIx01 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01H :=

AIx01 ENG UNITS (16 characters) AIx01EU :=
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AIx02

AIx03

AIx01 EU LOW (–99999.000 to 99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx01EL setting)

AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx01LW1 :=

AIx01 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to 99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to 99999.000) AIx01HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx02 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx02NAM :=

AIx02 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx02TYP :=

AIx02 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02L :=

AIx02 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02H :=

AIx02 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02L :=

AIx02 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to 99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx02EL setting)

AIx02EH :=

AIx02 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx02LW1 :=

AIx02 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to 99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to 99999.000) AIx02HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx03 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx03NAM :=

AIx03 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx03TYP :=
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AIx04

AIx03 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03L :=

AIx03 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03H :=

AIx03 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03L :=

AIx03 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to 99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx03EL setting)

AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx03LW1 :=

AIx03 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to 99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to 99999.000) AIx03HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx04 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx04NAM :=

AIx04 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx04TYP :=

AIx04 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04L :=

AIx04 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04H :=

AIx04 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04L :=

AIx04 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=

AIx04 EU LOW (–99999.000 to 99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx04EL setting)

AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx04LW1 :=

AIx04 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to 99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to 99999.000) AIx04HAL :=
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AIx05

AIx06

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx05 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx05NAM :=

AIx05 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx05TYP :=

AIx05 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05L :=

AIx05 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05H :=

AIx05 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05L :=

AIx05 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to 99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx05EL setting)

AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx05LW1 :=

AIx05 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to 99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to 99999.000) AIx05HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx06 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx06NAM :=

AIx06 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx06TYP :=

AIx06 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06L :=

AIx06 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06H :=

AIx06 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06L :=

AIx06 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to 99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx06EL setting)

AIx06EH :=
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AIx07

AIx08

AIx06 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx06LW1 :=

AIx06 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to 99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to 99999.000) AIx06HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx07 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx07NAM :=

AIx07 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx07TYP :=

AIx07 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07L :=

AIx07 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07H :=

AIx07 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07L :=

AIx07 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to 99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx07EL setting)

AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx07LW1 :=

AIx07 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to 99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to 99999.000) AIx07HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx08 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx08NAM :=

AIx08 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx08TYP :=

AIx08 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08L :=
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AOx01

AIx08 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08H :=

AIx08 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08L :=

AIx08 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to 99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx08EL setting)

AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx08LW1 :=

AIx08 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to 99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to 99999.000) AIx08HAL :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx01 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx01AQ :=

AOx01 TYPE (I, V)
(Hidden when AOx01AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx01TYP :=

AOx01 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF)

AOx01AQL :=

AOx01 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF; must be greater than AOx01AQL setting)

AOx01AQH :=

AOx01 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=

AOx01 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=
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AOx03

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx02 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx02AQ :=

AOx02 TYPE (I, V)
(Hidden when AOx02AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx02TYP :=

AOx02 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF)

AOx02AQL :=

AOx02 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF; must be greater than AOx02AQL setting)

AOx02AQH :=

AOx02 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

AOx02 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx03 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx03AQ :=

AOx03 TYPE (I, V)
(Hidden when AOx03AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx03TYP :=

AOx03 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF)

AOx03AQL :=

AOx03 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF; must be greater than AOx03AQL setting)

AOx03AQH :=

AOx03 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=

AOx03 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=
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AOx04

Breaker Monitor

Data Reset

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx04 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx04AQ :=

AOx04 TYPE (I, V)
(Hidden when AOx04AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx04TYP :=

AOx04 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF)

AOx04AQL :=

AOx04 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF; must be greater than AOx04AQL setting)

AOx04AQH :=

AOx04 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

AOx04 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

BREAKER MONITOR (Y, N)
(Hidden if EBMON := N)

EBMON :=

CL/OPN OPS SETPT 1 (0–65000)
(COSP1 must be > COSP2)

COSP1 :=

CL/OPN OPS SETPT 2 (0–65000)
(COSP2 must be > COSP3)

COSP2 :=

CL/OPN OPS SETPT 3 (0–65000) COSP3 :=

kA PRI INTERRPTD 1 (0.10–999.00)
(KASP1 must be < KASP2)

KASP1 :=

kA PRI INTERRPTD 2 (0.10–999.00)
(KASP2 must be < KASP3)

KASP2 :=

kA PRI INTERRPTD 3 (0.10–999.00)
(KASP3 must be at least 5 times but no more than 100 times the KASP1 value)

KASP3 :=

BRKR MON CONTROL (SELOGIC) BKMON :=

RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY :=
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Access Control
(DSABLSET applies only to the front panel, DSABLSET := 1 does not prevent settings change via the SET serial port 

command)

Time-Synchronization Source
(Category is hidden when PTC is available)

Two-Position Disconnect

RESET MAX/MIN (SELOGIC) RSTMXMN :=

RESET MOT REPORT (SELOGIC) RSTMOT :=

DISABLE SETTINGS (SELOGIC) DSABLSET :=

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

EN 2P DISC (N, 1–8) 89EN2P :=

2P DISC 1 NAME (16 characters) 89NM2P1 :=

2P DISC 1 MODE (Control, Monitor) 89MD2P1 :=

DISC 1 N/O CONT (SELOGIC) 89A2P1 :=

DISC 1 N/C CONT (SELOGIC) 89B2P1 :=

DISC 1 ALM PU (0.00–300.00 sec) 89A2P1D :=

DISC 1 SEALIN (0.00–300.00 sec) 89S2P1D :=

DISC 1 IMMOBI (0.00–300.00 sec) 89I2P1D :=

DISC 1 CL CONT (SELOGIC) 89RC2P1 :=

DISC 1 CL BLK (SELOGIC) 89CB2P1 :=

DISC 1 CL RST (SELOGIC) 89CR2P1 :=

DISC 1 CL IM RS (SELOGIC) 89CT2P1 :=

DISC 1 OP CONT (SELOGIC) 89RO2P1 :=

DISC 1 OP BLK (SELOGIC) 89OB2P1 :=

DISC 1 OP RST (SELOGIC) 89OR2P1 :=

DISC 1 OP IM RS (SELOGIC) 89OT2P1 :=

2P DISC 2 NAME (16 characters) 89NM2P2 :=

2P DISC 2 MODE (Control, Monitor) 89MD2P2 :=

DISC 2 N/O CONT (SELOGIC) 89A2P2 :=

DISC 2 N/C CONT (SELOGIC) 89B2P2 :=

DISC 2 ALM PU (0.00–300.00 sec) 89A2P2D :=

DISC 2 SEALIN (0.00–300.00 sec) 89S2P2D :=

DISC 2 IMMOBI (0.00–300.00 sec) 89I2P2D :=

DISC 2 CL CONT (SELOGIC) 89RC2P2 :=

DISC 2 CL BLK (SELOGIC) 89CB2P2 :=

DISC 2 CL RST (SELOGIC) 89CR2P2 :=
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DISC 2 CL IM RS (SELOGIC) 89CT2P2 :=

DISC 2 OP CONT (SELOGIC) 89RO2P2 :=

DISC 2 OP BLK (SELOGIC) 89OB2P2 :=

DISC 2 OP RST (SELOGIC) 89OR2P2 :=

DISC 2 OP IM RS (SELOGIC) 89OT2P2 :=

2P DISC 3 NAME (16 characters) 89NM2P3 :=

2P DISC 3 MODE (Control, Monitor) 89MD2P3 :=

DISC 3 N/O CONT (SELOGIC) 89A2P3 :=

DISC 3 N/C CONT (SELOGIC) 89B2P3 :=

DISC 3 ALM PU (0.00–300.00 sec) 89A2P3D :=

DISC 3 SEALIN (0.00–300.00 sec) 89S2P3D :=

DISC 3 IMMOBI (0.00–300.00 sec) 89I2P3D :=

DISC 3 CL CONT (SELOGIC) 89RC2P3 :=

DISC 3 CL BLK (SELOGIC) 89CB2P3 :=

DISC 3 CL RST (SELOGIC) 89CR2P3 :=

DISC 3 CL IM RS (SELOGIC) 89CT2P3 :=

DISC 3 OP CONT (SELOGIC) 89RO2P3 :=

DISC 3 OP BLK (SELOGIC) 89OB2P3 :=

DISC 3 OP RST (SELOGIC) 89OR2P3 :=

DISC 3 OP IM RS (SELOGIC) 89OT2P3 :=

2P DISC 4 NAME (16 characters) 89NM2P4 :=

2P DISC 4 MODE (Control, Monitor) 89MD2P4 :=

DISC 4 N/O CONT (SELOGIC) 89A2P4 :=

DISC 4 N/C CONT (SELOGIC) 89B2P4 :=

DISC 4 ALM PU (0.00–300.00 sec) 89A2P4D :=

DISC 4 SEALIN (0.00–300.00 sec) 89S2P4D :=

DISC 4 IMMOBI (0.00–300.00 sec) 89I2P4D :=

DISC 4 CL CONT (SELOGIC) 89RC2P4 :=

DISC 4 CL BLK (SELOGIC) 89CB2P4 :=

DISC 4 CL RST (SELOGIC) 89CR2P4 :=

DISC 4 CL IM RS (SELOGIC) 89CT2P4 :=

DISC 4 OP CONT (SELOGIC) 89RO2P4 :=

DISC 4 OP BLK (SELOGIC) 89OB2P4 :=

DISC 4 OP RST (SELOGIC) 89OR2P4 :=

DISC 4 OP IM RS (SELOGIC) 89OT2P4 :=

2P DISC 5 NAME (16 characters) 89NM2P5 :=

2P DISC 5 MODE (Control, Monitor) 89MD2P5 :=

DISC 5 N/O CONT (SELOGIC) 89A2P5 :=

DISC 5 N/C CONT (SELOGIC) 89B2P5 :=

DISC 5 ALM PU (0.00–300.00 sec) 89A2P5D :=

DISC 5 SEALIN (0.00–300.00 sec) 89S2P5D :=
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DISC 5 IMMOBI (0.00–300.00 sec) 89I2P5D :=

DISC 5 CL CONT (SELOGIC) 89RC2P5 :=

DISC 5 CL BLK (SELOGIC) 89CB2P5 :=

DISC 5 CL RST (SELOGIC) 89CR2P5 :=

DISC 5 CL IM RS (SELOGIC) 89CT2P5 :=

DISC 5 OP CONT (SELOGIC) 89RO2P5 :=

DISC 5 OP BLK (SELOGIC) 89OB2P5 :=

DISC 5 OP RST (SELOGIC) 89OR2P5 :=

DISC 5 OP IM RS (SELOGIC) 89OT2P5 :=

2P DISC 6 NAME (16 characters) 89NM2P6 :=

2P DISC 6 MODE (Control, Monitor) 89MD2P6 :=

DISC 6 N/O CONT (SELOGIC) 89A2P6 :=

DISC 6 N/C CONT (SELOGIC) 89B2P6 :=

DISC 6 ALM PU (0.00–300.00 sec) 89A2P6D :=

DISC 6 SEALIN (0.00–300.00 sec) 89S2P6D :=

DISC 6 IMMOBI (0.00–300.00 sec) 89I2P6D :=

DISC 6 CL CONT (SELOGIC) 89RC2P6 :=

DISC 6 CL BLK (SELOGIC) 89CB2P6 :=

DISC 6 CL RST (SELOGIC) 89CR2P6 :=

DISC 6 CL IM RS (SELOGIC) 89CT2P6 :=

DISC 6 OP CONT (SELOGIC) 89RO2P6 :=

DISC 6 OP BLK (SELOGIC) 89OB2P6 :=

DISC 6 OP RST (SELOGIC) 89OR2P6 :=

DISC 6 OP IM RS (SELOGIC) 89OT2P6 :=

2P DISC 7 NAME (16 characters) 89NM2P7 :=

2P DISC 7 MODE (Control, Monitor) 89MD2P7 :=

DISC 7 N/O CONT (SELOGIC) 89A2P7 :=

DISC 7 N/C CONT (SELOGIC) 89B2P7 :=

DISC 7 ALM PU (0.00–300.00 sec) 89A2P7D :=

DISC 7 SEALIN (0.00–300.00 sec) 89S2P7D :=

DISC 7 IMMOBI (0.00–300.00 sec) 89I2P7D :=

DISC 7 CL CONT (SELOGIC) 89RC2P7 :=

DISC 7 CL BLK (SELOGIC) 89CB2P7 :=

DISC 7 CL RST (SELOGIC) 89CR2P7 :=

DISC 7 CL IM RS (SELOGIC) 89CT2P7 :=

DISC 7 OP CONT (SELOGIC) 89RO2P7 :=

DISC 7 OP BLK (SELOGIC) 89OB2P7 :=

DISC 7 OP RST (SELOGIC) 89OR2P7 :=

DISC 7 OP IM RS (SELOGIC) 89OT2P7 :=

2P DISC 8 NAME (16 characters) 89NM2P8 :=

2P DISC 8 MODE (Control, Monitor) 89MD2P8 :=
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Three-Position Disconnect

DISC 8 N/O CONT (SELOGIC) 89A2P8 :=

DISC 8 N/C CONT (SELOGIC) 89B2P58 :=

DISC 8 ALM PU (0.00–300.00 sec) 89A2P8D :=

DISC 8 SEALIN (0.00–300.00 sec) 89S2P8D :=

DISC 8 IMMOBI (0.00–300.00 sec) 89I2P8D :=

DISC 8 CL CONT (SELOGIC) 89RC2P8 :=

DISC 8 CL BLK (SELOGIC) 89CB2P8 :=

DISC 8 CL RST (SELOGIC) 89CR2P8 :=

DISC 8 CL IM RS (SELOGIC) 89CT2P8 :=

DISC 8 OP CONT (SELOGIC) 89RO2P8 :=

DISC 8 OP BLK (SELOGIC) 89OB2P8 :=

DISC 8 OP RST (SELOGIC) 89OR2P8 :=

DISC 8 OP IM RS (SELOGIC) 89OT2P8 :=

EN 3P DISC (N, 1–2) 89EN3P :=

3P DISC 1 NAME (16 characters) 89NM3P1 :=

3P DISC 1 MODE (Control, Monitor) 89MD3P1 :=

LDISC 1 N/O CONT (SELOGIC) 89A3PL1 :=

LDISC 1 N/C CONT (SELOGIC) 89B3PL1 :=

LDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PL1D :=

LDISC 1 SEALIN (0.00–300.00 sec) 89S3PL1D :=

LDISC 1 IMMOBI (0.00–300.00 sec) 89I3PL1D :=

LDISC 1 CL CONT (SELOGIC) 89RC3PL1 :=

LDISC 1 CL BLK (SELOGIC) 89CB3PL1 :=

LDISC 1 CL RST (SELOGIC) 89CR3PL1 :=

LDISC 1 CL IM RS (SELOGIC) 89CT3PL1 :=

LDISC 1 OP CONT (SELOGIC) 89RO3PL1 :=

LDISC 1 OP BLK (SELOGIC) 89OB3PL1 :=

LDISC 1 OP RST (SELOGIC) 89OR3PL1 :=

LDISC 1 OP IM RS (SELOGIC) 89OT3PL1 :=

EDISC 1 N/O CONT (SELOGIC) 89A3PE1 :=

EDISC 1 N/C CONT (SELOGIC) 89B3PE1 :=

EDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PE1D :=

EDISC 1 SEALIN (0.00–300.00 sec) 89S3PE1D :=

EDISC 1 IMMOBI (0.00–300.00 sec) 89I3PE1D :=

EDISC 1 CL CONT (SELOGIC) 89RC3PE1 :=

EDISC 1 CL BLK (SELOGIC) 89CB3PE1 :=

EDISC 1 CL RST (SELOGIC) 89CR3PE1 :=

EDISC 1 CL IM RS (SELOGIC) 89CT3PE1 :=

EDISC 1 OP CONT (SELOGIC) 89RO3PE1 :=
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Control Configuration

61850 Mode Control
(Hidden when IEC 61850 is not supported)

EDISC 1 OP BLK (SELOGIC) 89OB3PE1 :=

EDISC 1 OP RST (SELOGIC) 89OR3PE1 :=

EDISC 1 OP IM RS (SELOGIC) 89OT3PE1 :=

3P DISC 2 NAME (16 characters) 89NM3P2 :=

3P DISC 2 MODE (Control, Monitor) 89MD3P2 :=

LDISC 2 N/O CONT (SELOGIC) 89A3PL2 :=

LDISC 2 N/C CONT (SELOGIC) 89B3PL2 :=

LDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PL2D :=

LDISC 2 SEALIN (0.00–300.00 sec) 89S3PL2D :=

LDISC 2 IMMOBI (0.00–300.00 sec) 89I3PL2D :=

LDISC 2 CL CONT (SELOGIC) 89RC3PL2 :=

LDISC 2 CL BLK (SELOGIC) 89CB3PL2 :=

LDISC 2 CL RST (SELOGIC) 89CR3PL2 :=

LDISC 2 CL IM RS (SELOGIC) 89CT3PL2 :=

LDISC 2 OP CONT (SELOGIC) 89RO3PL2 :=

LDISC 2 OP BLK (SELOGIC) 89OB3PL2 :=

LDISC 2 OP RST (SELOGIC) 89OR3PL2 :=

LDISC 2 OP IM RS (SELOGIC) 89OT3PL2 :=

EDISC 2 N/O CONT (SELOGIC) 89A3PE2 :=

EDISC 2 N/C CONT (SELOGIC) 89B3PE2 :=

EDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PE2D :=

EDISC 2 SEALIN (0.00–300.00 sec) 89S3PE2D :=

EDISC 2 IMMOBI (0.00–300.00 sec) 89I3PE2D :=

EDISC 2 CL CONT (SELOGIC) 89RC3PE2 :=

EDISC 2 CL BLK (SELOGIC) 89CB3PE2 :=

EDISC 2 CL RST (SELOGIC) 89CR3PE2 :=

EDISC 2 CL IM RS (SELOGIC) 89CT3PE2 :=

EDISC 2 OP CONT (SELOGIC) 89RO3PE2 :=

EDISC 2 OP BLK (SELOGIC) 89OB3PE2 :=

EDISC 2 OP RST (SELOGIC) 89OR3PE2 :=

EDISC 2 OP IM RS (SELOGIC) 89OT3PE2 :=

ENABLE LOC REM CON (Y, N) EN_LRC :=

LOCAL CONTROL (SELOGIC) LOCAL :=

CONTROL FOR IEC 61850 BLOCKED MODE (SELOGIC) SC850BM :=

CONTROL FOR IEC 61850 TEST MODE (SELOGIC) SC850TM :=
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61850 Simulation Mode
(Hidden when IEC 61850 is not supported)

61850 Local Remote
(Hidden when IEC 61850 is not supported)

SET PORT p (p = F, 1, 2, 3, or 4) Command

PORT F

Communications

Modbus

PORT 1
Ethernet Port in Slot B.
(Hidden when Ethernet option is not included) (IP addresses are entered using zzz = 1–126, 128–223; yyy = 0–255; 

xxx = 0–255; www = 0–255)

SELOGIC CONTROL FOR IEC 61850 SIMULATION MODE (SELOGIC) SC850SM :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT STATION LEVEL 
(SELOGIC) SC850LS :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT LOCAL/BAY LEVEL 
(SELOGIC) LOC :=

SELOGIC CONTROL FOR MULTILEVEL MODE OF CONTROL AUTHORITY 
(SELOGIC) MLTLEV :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD)

BITS :=

PARITY (O, E, N) PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD)

AUTO :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL)

SLAVEID :=

ENABLE PORT (Y, N) EPORT :=

ENABLE ETHERNET FIRMWARE UPGRADE (Y, N) EETHFWU :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=
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DEFAULT ROUTER (zzz.yyy.xxx.www)
Note: Setting DEFRTR := 0.0.0.0 disables the default router.

DEFRTR :=

ENABLE TCP KEEP-ALIVE (Y, N) ETCPKA :=

TCP Keep-Alive Idle Range (1–20 sec)
(Hidden when ETCPKA := N)

KAIDLE :=

TCP Keep-Alive Interval Range (1–20 sec)
(Hidden when ETCPKA := N)

KAINTV :=

TCP Keep-Alive Count Range (1–20)
(Hidden when ETCPKA := N)

KACNT :=

OPERATING MODE (FIXED, FAILOVER, SWITCHED, PRP)
(Hidden when dual redundant Ethernet Port option is not included)

NETMODE :=

FAILOVER TIMEOUT (OFF, 0.10–65.00 sec)
(Hidden when dual redundant Ethernet Port option is not included or when 

NETMODE is not set to FAILOVER)

FTIME :=

PRIMARY NETPORT (A, B)
(Hidden when dual redundant Ethernet Port option is not included)

NETPORT :=

PRP ENTRY TIMEOUT (400–10000 ms)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPTOUT :=

PRP DESTINATION ADDR LSB (0–255)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPADDR :=

PRP SUPERVISION TX INTERVAL (1–10 s)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPINTV :=

NETWRK PORTA SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETASPD :=

NETWRK PORTB SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

TELNET PORT (23, 1025–65534)
Note: See Table SET.1 and the note at the end of PORT 1 settings.

TPORT :=

TELNET CONNECT BANNER (254 characters) TCBAN :=

TELNET TIME-OUT (1–30 min) TIDLE :=

FAST OP MESSAGES (Y, N)
Note: The FAST OP MESSAGES setting only functions when using SEL Fast 

Operate protocol to operate/set/pulse breaker bits and remote bits. This setting has 
no effect on Modbus, DNP, EtherNet/IP, or IEC 61850 protocols.

FASTOP :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP MAXIMUM ACCESS (LEVEL 1, 2, C) FTPACC :=

FTP USER NAME (20 characters) FTPUSER :=

FTP CONNECT BANNER (254 characters) FTPCBAN :=

FTP IDLE TIME-OUT (5–255 min) FTPIDLE :=

ENABLE IEC 61850 PROTOCOL (Y, N)
(Hidden and forced to N when IEC 61850  is not supported)

E61850 :=

ENABLE IEC 61850 GSE (Y, N)
(Hidden and forced to N when E61850 := N)

EGSE :=

ENABLE MMS FILE SERVICES (Y, N) EMMSFS :=
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DNP3 Protocol
(All of the following DNP3 settings are hidden when DNP3 is not an option)

Session 1

ENABLE 61850 MODE/BEHAVIOR CONTROL (Y, N) E850MBC :=

ENABLE GOOSE Tx IN OFF MODE (Y, N) EOFFMTX :=

ENABLE MODBUS SESSIONS (0–2) EMOD :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0)

MODIP1 :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0 or 1)

MODIP2 :=

Note: MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, which effectively disables 
security and allows any master to communicate).

MODBUS TCP PORT1 (1–65534)
(Hidden when EMOD := 0) 
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM1 :=

MODBUS TCP PORT2 (1–65534)
(Hidden when EMOD := 0 or 1)
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM2 :=

MODBUS TIMEOUT 1 (15–900 sec)
(Hidden when EMOD := 0)

MTIMEO1 :=

MODBUS TIMEOUT 2 (15–900 sec)
(Hidden when EMOD := 0 or 1)

MTIMEO2 :=

ENABLE HTTP SERVER (Y, N) EHTTP :=

HTTP MAXIMUM ACCESS LEVEL (1, 2, C)
(Hidden when EHTTP := N)

HTTPACC :=

HTTP SERVER TCP/IP PORT NUMBER (1–65534)
(Hidden when EHTTP := N)
(NOTE: See Table SET.3 and the note at the end of PORT 1settings)

HTTPPORT :=

HTTP CONNECT BANNER (254 ASCII printable characters
(Hidden when EHTTP := N)

HTTPBAN :=

HTTP WEB SERVER TIMEOUT (1–60 min)
(Hidden when EHTTP := N)

HTTPIDLE :=

ENABLE RSTP (Y, N)
(Hidden when the dual redundant Ethernet port option is not included or if 

NETMODE ≠ SWITCHED)

ERSTP :=

BRIDGE PRIORITY (0–61440)
(Hidden if ERSTP := N; input must be set in increments of 4096)

BRDGPRI :=

PORTA PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTAPRI :=

PORTB PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTBPRI :=

ENABLE DNP SESSIONS (0–5)
(The following DNP3 settings are hidden when EDNP := 0)

EDNP :=

DNP TCP AND UDP PORT (1–65534)
See Table SET.3 and the note at the end of PORT 1 settings.

DNPNUM :=

DNP ADDRESS (0–65519) DNPADR :=

(The DNP IP address of each session (DNPIP1, DNPIP2, etc.) must be unique)

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP1 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR1 :=
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Session 2
(All Session 2 settings are hidden when EDNP < 2)

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP1 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6)
(Only applies to objects 30 and 32)

DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 :=  0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR1 := UDP)

DNPINA1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT ON TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP2 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR2 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP2 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR2 :=

DNP MAP (1–3) DNPMAP2 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI2 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB2 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC2 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA2 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA2 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV2 :=
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Session 3
(All Session 3 settings are hidden when EDNP < 3)

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM2 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBA2 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBV2 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

MINUTES FOR REQUEST INTERAL (I, M, 1–32767) TIMERQ2 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO2 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR2 := UDP)

DNPINA2 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO2 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA2 := 0, ECLASSB2 := 0, and 

ECLASSC2 := 0)
(All subsequent settings are hidden and forced to N if UNSOL2 := N)

UNSOL2 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL2 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE2 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE2 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY2 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO2 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP3 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR3 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP3 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR3 :=

DNP MAP (1–3) DNPMAP3 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI3 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB3 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC3 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA3 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA3 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV3 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM3 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBA3 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBV3 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ3 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO3 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR3 := UDP)

DNPINA3 :=
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Session 4
(All Session 4 settings are hidden when EDNP < 4)

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO3 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA3 := 0, ECLASSB3 := 0, and 

ECLASSC3 := 0)
(All subsequent settings are hidden and forced to N if UNSOL3 := N)

UNSOL3 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL3 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE3 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE3 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY3 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO3 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP4 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR4 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP4 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR4 :=

DNP MAP (1–3) DNPMAP4 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI4 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB4 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC4 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA4 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA4 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV4 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM4 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBA4 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBV4 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0 and ECLASSC4 := 0)

ANADBM4 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ4 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO4 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR4 := UDP)

DNPINA4 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO4 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA4 := 0, ECLASSB4 := 0, and 

ECLASSC4 := 0)
(All subsequent settings are hidden and forced to N if UNSOL4 := N)

UNSOL4 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N)
(Hidden when UNSOL3 := N)

PUNSOL4 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE4 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE4 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY4 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO4 :=



SET.50
 of 90

SEL-710-5 Settings Sheets Date________________
SET PORT p (p = F, 1, 2, 3, or 4) Command PORT 1

SEL-710-5 Relay Instruction Manual Date Code 20220826

Session 5
(All Session 5 settings are hidden when EDNP < 5)

SNTP Client Protocol Settings

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP5 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR5 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP5 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR5 :=

DNP MAP (1–3) DNPMAP5 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI5 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB5 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC5 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA5 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA5 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV5 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM5 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBA5 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBV5 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0 and ECLASSC5 := 0)

ANADBM5 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ5 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO5 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR5 := UDP)

DNPINA5 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO5 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA5 := 0, ECLASSB5 := 0, and 

ECLASSC5 := 0)
(All subsequent settings are hidden and forced to N if UNSOL5 := N)

UNSOL5 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL5 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE5 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE5 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY5 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO5 :=

ENABLE SNTP CLIENT (OFF, UNICAST, MANYCAST, BROADCAST)
(All subsequent category settings are hidden if ESNTP := OFF)

ESNTP :=

PRIMARY SERVER IP ADDRESS (zzz.yyy.xxx.www)
(To accept updates from any server when ESNTP := BROADCAST, set SNTPPSIP 

to 0.0.0.0; only IP addresses in the range 224.0.0.1 through 239.255.255.255 are 
valid when ESNTP := MANYCAST)

SNTPPSIP :=

Make the following setting when ESNTP := UNICAST

BACKUP SERVER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if ESNTP is not equal to UNICAST)

SNTPBSIP :=

SNTP IP (LOCAL) PORT NUMBER (1–65534)
See Port Number Settings Must be Unique and Table SET.3

SNTPPORT :=
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PTP Settings

EtherNet/IP Settings

SNTP UPDATE RATE (15–3600 sec) SNTPRATE :=

Make the following setting when ESNTP := UNICAST or MANYCAST

SNTP TIMEOUT (5–20 sec)
(Hidden and forced to 5 if ESNTP := BROADCAST)
(SNTPTO must be less than setting SNTPRATE)

SNTPTO :=

ENABLE PTP (Y, N)
(All subsequent category settings are hidden if EPTP := N)
(Hidden and forced to N if NETMODE := SWITCHED)

EPTP :=

PTP PROFILE (DEFAULT, C37.238)
(Hidden and forced to C37.238 if NETMODE := PRP)

PTPPRO :=

PTP TRANSPORT MECHANISM (UDP, LAYER2)
(Hidden and forced to LAYER2 if PTPPRO := C37.238 or if NETMODE := PRP)

PTPTR :=

PTP DOMAIN NUMBER (0–255) DOMNUM :=

PTP PATH DELAY MECHANISM (P2P, E2E, OFF)
(Hidden and forced to P2P if PTPPRO := C37.238 or if NETMODE := PRP)

PTHDLY :=

PEER DELAY REQUEST INTERVAL (1, 2, 4, 8, 16, 32, 64 seconds)
(Hidden if PTHDLY ≠ P2P and if PTPPRO ≠ C37.238 and if NETMODE ≠ PRP)

PDINT :=

PTP NUMBER OF ACCEPTABLE MASTERS, (OFF, 1–5) AMNUM :=

PTP ACCEPTABLE MASTER n IP (zzz.yyy.xxx.www)
(Hidden if n > AMNUM or if AMNUM := OFF or if PTPTR := LAYER2 or if 

NETMODE := PRP or if PTPPRO := C37.238)

AMIPn :=

PTP ACCEPTABLE MASTER n MAC (xx:xx:xx:xx:xx:xx)
(Hidden if AMNUM := OFF or if NETMODE ≠ PRP and if PTPTR ≠ LAYER2 and 

if PTPPRO ≠ C37.238)

AMMACn :=

PTP ALTERNATIVE PRIORITY1 FOR MASTER n (0–255)
(Hidden if n > AMNUM or if AMNUM := OFF)

ALTPRIn :=

PTP VLAN IDENTIFIER (1–4094)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLAN :=

PTP VLAN PRIORITY (0–7)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLANPR :=

ENABLE ETHERNET IP (Y, N) EEIP :=

CONFIGURATION ID (0–255) CONFIGID :=

MAJOR EDS REVISION (1–255) MAJORED
S

:=

MINOR EDS REVISION (1–255) MINOREDS :=

NUMBER OF IP ADDRESSES FOR EIP SCANNER (OFF, 1–8)
(OFF allows anonymous clients)

NUMIP :=

IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if NUMIP := OFF, or if n > NUMIP
NOTE: EIPIPn settings shall not be equal to the value of the IPADDR setting. EIPIP1 

through EIPIP8 must be unique)

EIPIPn :=

NUMBER OF IO CONNECTIONS (1–6) NUMCONN :=

APLLICATION TYPE (EXCLUSIVE_OWNER, INPUT_ONLY)
(NOTE: At most, three EXCLUSIVE_OWNER types are allowed)

APPTYPn :=

INPUT ASSEMBLY (IA1, IA2, IA3, OA1, OA2, OA3) INASSMn :=

OUTPUT ASSEMBLY (OA1, OA2, OA3)
(Hidden if APPTYPn := INPUT_ONLY)

OUTASSMn :=
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.3 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

PORT 2
(Fiber-Optic Serial Port in Slot B; the following settings are autoset and hidden if E49RTD := EXT)

P

Communications

Modbus

Table SET.3 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO := DEFAULT and PTPTR := UDP, 
Ports 319 and 320 are reserved

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are reserved)

a. MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 
numbers of other protocols.

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD, DNP, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when E49RTD := EXT or PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, SEL, or MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=
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DNP3 Protocol
(Hidden when PROTO := SEL, MB_, 103,or MOD)

MIRRORED BITS Protocol
(Hidden when PROTO:= SEL, 103, DNP, or MOD)

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PIKCUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

PORT 3
EIA-232/485 Port in Slot B.

Communications

RMB3 PIKCUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, or 

MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=
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Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, 103, MB_, or MOD)

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=

DNP Address (0–65519) DNPADR :=

DNP Address to Report to (0–65519) REPADR1 :=

DNP Map (1–3) DNPMAP1 :=

Analog Input Default Variation (1–6) DVARAI1 :=

Class for Binary Event Data (0–3) ECLASSB1 :=

Class for Counter Event Data (0–3) ECLASSC1 :=

Class for Analog Event Data (0–3) ECLASSA1 :=

Currents Scaling Decimal Places (0–3) DECPLA1 :=

Voltages Scaling Decimal Places (0–3) DECPLV1 :=

Misc Data Scaling Decimal Places (0–3) DECPLM1 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0  and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N) PUNSOL1 :=

Number of Events to Transmit On (1–200) NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec) AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10) URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec) UTIMEO1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, 103, or MOD)

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR :=

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 sec) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 s) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 s) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=
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PORT 4
EIA-232/485 Port or DeviceNet Port in Slot C.

Interface Select
(Hidden when PROTO := DNET)

Communications

Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, MB_, DNET, 103, or MOD)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL 
(SEL, DNP, MOD, DNET, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103)

PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

COMM INTERFACE (232, 485) COMMINF :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps)
(Hidden when PROTO := DNET)

SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := DNET or MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden when PROTO := MOD, MB_, DNET, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, 103, 

MB_, or DNET)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := DNP, MOD, MB_, DNET, or 103)

FASTOP :=

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, MB_, or DNET)

SLAVEID :=

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, DNET, 103, or MOD)

CLAS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0 sec) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5 sec)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MODEM CONNECTED TO PORT (Y, N) MODEM :=

MODEM STARTUP STRING (30 characters) MSTR :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM1 :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM2 :=

RETRY ATTEMPTS FOR PHONE 1 DIAL-OUT (1–20) RETRY1 :=

RETRY ATTEMPTS FOR PHONE 2 DIAL-OUT (1–20) RETRY2 :=

TIME TO ATTEMPT DIAL (5–300 sec) MDTIME :=

TIME BETWEEN DIAL-OUT ATTEMPTS (5–3600 sec) MDRET :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Front-Panel Settings (Set F Command)

General

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PICKUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=

RMB3 PICKUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

DISPLY PTS ENABL (N, 1–32)
(Hidden and forced to N if the front-panel MOT option is A/B)

EDP :=

LOCAL BITS ENABL (N, 1–32) ELB :=

LCD TIMEOUT (OFF, 1–30 min)
(Hidden and forced to OFF if the front-panel MOT option is A/B)

FP_TO :=

LCD CONTRAST (1–8)
(Hidden if the front-panel MOT option is A/B)

FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING)
(Hidden and forced to N if the front-panel MOT option is A/B)

FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

ENA_LED COLOR (R = Red, G = Green, A = Amber)
(Hidden and forced to N if the front-panel MOT option is A/B)

LEDENAC :=

TRIP_LED COLOR (R = Red, G = Green, A = Amber) LEDTRPC :=

MAXIMUM ACCESS LEVEL (1, 2)
(Hidden if the front-panel MOT option is A/B)

MAXACC :=
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Target LED
(R = Red, G = Green, A= Amber)

Operator Control LED
Asserted/deasserted color choices: R = Red, G = Green, A = Amber, O = Off. Asserted and deasserted colors must be 

different.

TRIP LATCH T_LED (Y, N) T01LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T01LEDC :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T02LEDC :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T03LEDC :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T04LEDC :=

LED4 EQUATION (SELOGIC) T04_LED :=

TRIP LATCH T_LED (Y, N) T05LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T05LEDC :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T06LEDC :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1ALEDC :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1BLEDC :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2ALEDC :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2BLEDC :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3ALEDC :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3BLEDC :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4ALEDC :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=
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Display Point
(The following display point settings are hidden if the front-panel MOT option is A/B)
Display point settings (maximum 60 characters):

Boolean: Relay Word Bit Name, “Alias”, “Set String”, “Clear String”
Analog: Analog Quantity Name, “User Text and Formatting”

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4BLEDC :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5ALEDC :=

PB5A_LED EQUATION (SELOGIC) PB5A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5BLEDC :=

PB5B_LED EQUATION (SELOGIC) PB5B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6ALEDC :=

PB6A_LED EQUATION (SELOGIC) PB6A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6BLEDC :=

PB6B_LED EQUATION (SELOGIC) PB6B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7ALEDC :=

PB7A_LED EQUATION (SELOGIC) PB7A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7BLEDC :=

PB7B_LED EQUATION (SELOGIC) PB7B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8ALEDC :=

PB8A_LED EQUATION (SELOGIC) PB8A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8BLEDC :=

PB8B_LED EQUATION (SELOGIC) PB8B_LED :=

DISPLAY POINT DP01 DP01 :=

DISPLAY POINT DP02 DP02 :=

DISPLAY POINT DP03 DP03 :=

DISPLAY POINT DP04 DP04 :=

DISPLAY POINT DP05 DP05 :=

DISPLAY POINT DP06 DP06 :=

DISPLAY POINT DP07 DP07 :=

DISPLAY POINT DP08 DP08 :=

DISPLAY POINT DP09 DP09 :=

DISPLAY POINT DP10 DP10 :=

DISPLAY POINT DP11 DP11 :=

DISPLAY POINT DP12 DP12 :=

DISPLAY POINT DP13 DP13 :=

DISPLAY POINT DP14 DP14 :=
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Local Bits Labels
LB_NAME (14 characters); CLEAR LB_ LABEL, SET LB_ LABEL, and PULSE LB_ LABEL (7 characters)

DISPLAY POINT DP15 DP15 :=

DISPLAY POINT DP16 DP16 :=

DISPLAY POINT DP17 DP17 :=

DISPLAY POINT DP18 DP18 :=

DISPLAY POINT DP19 DP19 :=

DISPLAY POINT DP20 DP20 :=

DISPLAY POINT DP21 DP21 :=

DISPLAY POINT DP22 DP22 :=

DISPLAY POINT DP23 DP23 :=

DISPLAY POINT DP24 DP24 :=

DISPLAY POINT DP25 DP25 :=

DISPLAY POINT DP26 DP26 :=

DISPLAY POINT DP27 DP27 :=

DISPLAY POINT DP28 DP28 :=

DISPLAY POINT DP29 DP29 :=

DISPLAY POINT DP30 DP30 :=

DISPLAY POINT DP31 DP31 :=

DISPLAY POINT DP32 DP32 :=

LB_NAME NLB01 :=

CLEAR LB_ LABEL CLB01 :=

SET LB_ LABEL SLB01 :=

PULSE LB_ LABEL PLB01 :=

LB_NAME NLB02 :=

CLEAR LB_ LABEL CLB02 :=

SET LB_ LABEL SLB02 :=

PULSE LB_ LABEL PLB02 :=

LB_NAME NLB03 :=

CLEAR LB_ LABEL CLB03 :=

SET LB_ LABEL SLB03 :=

PULSE LB_ LABEL PLB03 :=

LB_NAME NLB04 :=

CLEAR LB_ LABEL CLB04 :=

SET LB_ LABEL SLB04 :=

PULSE LB_ LABEL PLB04 :=

LB_NAME NLB05 :=

CLEAR LB_ LABEL CLB05 :=

SET LB_ LABEL SLB05 :=

PULSE LB_ LABEL PLB05 :=

LB_NAME NLB06 :=

CLEAR LB_ LABEL CLB06 :=

SET LB_ LABEL SLB06 :=

PULSE LB_ LABEL PLB06 :=

LB_NAME NLB07 :=

CLEAR LB_ LABEL CLB07 :=

SET LB_ LABEL SLB07 :=

PULSE LB_ LABEL PLB07 :=

LB_NAME NLB08 :=

CLEAR LB_ LABEL CLB08 :=

SET LB_ LABEL SLB08 :=

PULSE LB_ LABEL PLB08 :=

LB_NAME NLB09 :=

CLEAR LB_ LABEL CLB09 :=

SET LB_ LABEL SLB09 :=

PULSE LB_ LABEL PLB09 :=

LB_NAME NLB10 :=

CLEAR LB_ LABEL CLB10 :=

SET LB_ LABEL SLB10 :=

PULSE LB_ LABEL PLB10 :=
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LB_NAME NLB11 :=

CLEAR LB_ LABEL CLB11 :=

SET LB_ LABEL SLB11 :=

PULSE LB_ LABEL PLB11 :=

LB_NAME NLB12 :=

CLEAR LB_ LABEL CLB12 :=

SET LB_ LABEL SLB12 :=

PULSE LB_ LABEL PLB12 :=

LB_NAME NLB13 :=

CLEAR LB_ LABEL CLB13 :=

SET LB_ LABEL SLB13 :=

PULSE LB_ LABEL PLB13 :=

LB_NAME NLB14 :=

CLEAR LB_ LABEL CLB14 :=

SET LB_ LABEL SLB14 :=

PULSE LB_ LABEL PLB14 :=

LB_NAME NLB15 :=

CLEAR LB_ LABEL CLB15 :=

SET LB_ LABEL SLB15 :=

PULSE LB_ LABEL PLB15 :=

LB_NAME NLB16 :=

CLEAR LB_ LABEL CLB16 :=

SET LB_ LABEL SLB16 :=

PULSE LB_ LABEL PLB16 :=

LB_NAME NLB17 :=

CLEAR LB_ LABEL CLB17 :=

SET LB_ LABEL SLB17 :=

PULSE LB_ LABEL PLB17 :=

LB_NAME NLB18 :=

CLEAR LB_ LABEL CLB18 :=

SET LB_ LABEL SLB18 :=

PULSE LB_ LABEL PLB18 :=

LB_NAME NLB19 :=

CLEAR LB_ LABEL CLB19 :=

SET LB_ LABEL SLB19 :=

PULSE LB_ LABEL PLB19 :=

LB_NAME NLB20 :=

CLEAR LB_ LABEL CLB20 :=

SET LB_ LABEL SLB20 :=

PULSE LB_ LABEL PLB20 :=

LB_NAME NLB21 :=

CLEAR LB_ LABEL CLB21 :=

SET LB_ LABEL SLB21 :=

PULSE LB_ LABEL PLB21 :=

LB_NAME NLB22 :=

CLEAR LB_ LABEL CLB22 :=

SET LB_ LABEL SLB22 :=

PULSE LB_ LABEL PLB22 :=

LB_NAME NLB23 :=

CLEAR LB_ LABEL CLB23 :=

SET LB_ LABEL SLB23 :=

PULSE LB_ LABEL PLB23 :=

LB_NAME NLB24 :=

CLEAR LB_ LABEL CLB24 :=

SET LB_ LABEL SLB24 :=

PULSE LB_ LABEL PLB24 :=

LB_NAME NLB25 :=

CLEAR LB_ LABEL CLB25 :=

SET LB_ LABEL SLB25 :=

PULSE LB_ LABEL PLB25 :=

LB_NAME NLB26 :=

CLEAR LB_ LABEL CLB26 :=

SET LB_ LABEL SLB26 :=

PULSE LB_ LABEL PLB26 :=

LB_NAME NLB27 :=

CLEAR LB_ LABEL CLB27 :=

SET LB_ LABEL SLB27 :=

PULSE LB_ LABEL PLB27 :=

LB_NAME NLB28 :=

CLEAR LB_ LABEL CLB28 :=

SET LB_ LABEL SLB28 :=

PULSE LB_ LABEL PLB28 :=

LB_NAME NLB29 :=

CLEAR LB_ LABEL CLB29 :=

SET LB_ LABEL SLB29 :=

PULSE LB_ LABEL PLB29 :=

LB_NAME NLB30 :=

CLEAR LB_ LABEL CLB30 :=

SET LB_ LABEL SLB30 :=

PULSE LB_ LABEL PLB30 :=

LB_NAME NLB31 :=

CLEAR LB_ LABEL CLB31 :=
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Touchscreen Settings
(Shown if the front-panel and IRIG-B/PTC MOT option is A or B)
(Note: The Touchscreen settings category is only available in QuickSet, with the exception of the settings FPTO, FPDUR, 

and FPBAB, which are also available to set via the touchscreen display.)

Touchscreen Configuration

Rotating Display
(Refer to Table 8.7 for the setting range)

Pushbuttons
(OFF, refer to Table 8.17 for the setting range)

SET LB_ LABEL SLB31 :=

PULSE LB_ LABEL PLB31 :=

LB_NAME NLB32 :=

CLEAR LB_ LABEL CLB32 :=

SET LB_ LABEL SLB32 :=

PULSE LB_ LABEL PLB32 :=

DISPLAY HOME SCREEN (Refer to Table 8.17 for setting range) FPHOME :=

DISPLAY TIME-OUT (1–30 min) FPTO :=

ROTATING DISPLAY TRANSITION TIME (3–15 sec) FPDUR :=

BACKLIGHT ACTIVE BRIGHTNESS (1–10) FPBAB :=

ROTATING DISPLAY 01 FPRD01 :=

ROTATING DISPLAY 02 FPRD02 :=

ROTATING DISPLAY 03 FPRD03 :=

ROTATING DISPLAY 04 FPRD04 :=

ROTATING DISPLAY 05 FPRD05 :=

ROTATING DISPLAY 06 FPRD06 :=

ROTATING DISPLAY 07 FPRD07 :=

ROTATING DISPLAY 08 FPRD08 :=

ROTATING DISPLAY 09 FPRD09 :=

ROTATING DISPLAY 10 FPRD10 :=

ROTATING DISPLAY 11 FPRD11 :=

ROTATING DISPLAY 12 FPRD12 :=

ROTATING DISPLAY 13 FPRD13 :=

ROTATING DISPLAY 14 FPRD14 :=

ROTATING DISPLAY 15 FPRD15 :=

ROTATING DISPLAY 16 FPRD16 :=

PUSHBUTTON 01 HMI SCREEN FPPB01 :=

PUSHBUTTON 02 HMI SCREEN FPPB02 :=

PUSHBUTTON 03 HMI SCREEN FPPB03 :=

PUSHBUTTON 04 HMI SCREEN FPPB04 :=
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Bay Control Breaker

Bay Control Two-Position Disconnect

PUSHBUTTON 05 HMI SCREEN FPPB05 :=

PUSHBUTTON 06 HMI SCREEN FPPB06 :=

PUSHBUTTON 07 HMI SCREEN FPPB07 :=

PUSHBUTTON 08 HMI SCREEN FPPB08 :=

BREAKER TRIP TYPE (3) BK01TTY :=

BREAKER MODE (CONTROL, MONITOR) BK01MOD :=

BREAKER CLOSE STATUS (Relay Word bit) BK01CS :=

BREAKER OPEN STATUS (Relay Word bit) BK01OS :=

BREAKER ALARM STATUS (Relay Word bit) BK01AS :=

BREAKER HMI CLOSE COMMAND (Relay Word bit) BK01CLC :=

BREAKER HMI OPEN COMMAND (Relay Word bit) BK01OPC :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D01MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS01CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS01OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS01IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS01AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS01CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS01OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D02MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS02CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS02OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS02IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS02AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS02CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS02OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D03MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS03CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS03OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS03IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS03AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS03CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS03OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D04MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS04CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS04OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS04IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS04AS :=
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Bay Control Three-Position Disconnect

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS04CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS04OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D05MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS05CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS05OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS05IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS05AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS05CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS05OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D06MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS06CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS06OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS06IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS06AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS06CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS06OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D07MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS07CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS07OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS07IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS07AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS07CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS07OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D08MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS08CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS08OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS08IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS08AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS08CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS08OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D01MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID01CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID01OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID01IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID01AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID01CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID01OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED01CS :=
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Analog Label

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED01OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED01IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED01AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED01CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED01OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D02MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID02CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID02OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID02IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID02AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID02CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID02OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED02CS :=

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED02OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED02IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED02AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED02CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED02OP :=

ANALOG QUANTITY ALAB01 :=

ANALOG QUANTITY ALAB02 :=

ANALOG QUANTITY ALAB03 :=

ANALOG QUANTITY ALAB04 :=

ANALOG QUANTITY ALAB05 :=

ANALOG QUANTITY ALAB06 :=

ANALOG QUANTITY ALAB07 :=

ANALOG QUANTITY ALAB08 :=

ANALOG QUANTITY ALAB09 :=

ANALOG QUANTITY ALAB10 :=

ANALOG QUANTITY ALAB11 :=

ANALOG QUANTITY ALAB12 :=

ANALOG QUANTITY ALAB13 :=

ANALOG QUANTITY ALAB14 :=

ANALOG QUANTITY ALAB15 :=

ANALOG QUANTITY ALAB16 :=

ANALOG QUANTITY ALAB17 :=
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Digital Label

ANALOG QUANTITY ALAB18 :=

ANALOG QUANTITY ALAB19 :=

ANALOG QUANTITY ALAB20 :=

ANALOG QUANTITY ALAB21 :=

ANALOG QUANTITY ALAB22 :=

ANALOG QUANTITY ALAB23 :=

ANALOG QUANTITY ALAB24 :=

ANALOG QUANTITY ALAB25 :=

ANALOG QUANTITY ALAB26 :=

ANALOG QUANTITY ALAB27 :=

ANALOG QUANTITY ALAB28 :=

ANALOG QUANTITY ALAB29 :=

ANALOG QUANTITY ALAB30 :=

ANALOG QUANTITY ALAB31 :=

ANALOG QUANTITY ALAB32 :=

RELAY WORD BIT DLAB01 :=

RELAY WORD BIT DLAB02 :=

RELAY WORD BIT DLAB03 :=

RELAY WORD BIT DLAB04 :=

RELAY WORD BIT DLAB05 :=

RELAY WORD BIT DLAB06 :=

RELAY WORD BIT DLAB07 :=

RELAY WORD BIT DLAB08 :=

RELAY WORD BIT DLAB09 :=

RELAY WORD BIT DLAB10 :=

RELAY WORD BIT DLAB11 :=

RELAY WORD BIT DLAB12 :=

RELAY WORD BIT DLAB13 :=

RELAY WORD BIT DLAB14 :=

RELAY WORD BIT DLAB15 :=

RELAY WORD BIT DLAB16 :=

RELAY WORD BIT DLAB17 :=

RELAY WORD BIT DLAB18 :=

RELAY WORD BIT DLAB19 :=

RELAY WORD BIT DLAB20 :=

RELAY WORD BIT DLAB21 :=

RELAY WORD BIT DLAB22 :=

RELAY WORD BIT DLAB23 :=

RELAY WORD BIT DLAB24 :=
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Report Settings (SET R Command)
SER Trigger Lists

Relay Word Bit Aliases
ALIASn := 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'
Alias, asserted, and deasserted text strings can be as many as 15 characters in length. Use NA to disable the setting.

RELAY WORD BIT DLAB25 :=

RELAY WORD BIT DLAB26 :=

RELAY WORD BIT DLAB27 :=

RELAY WORD BIT DLAB28 :=

RELAY WORD BIT DLAB29 :=

RELAY WORD BIT DLAB30 :=

RELAY WORD BIT DLAB31 :=

RELAY WORD BIT DLAB32 :=

SERn := as many as 24 Relay Word elements, separated by spaces or commas. Use NA to disable the setting.

SER1 :=

SER2 :=  

SER3 :=

SER4 :=

ENABLE ALIAS (N, 1–32) EALIAS :=

(All subsequent ALIAS settings are hidden and forced to NA if EALIAS := N)
ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=

ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=
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Event Report

Start Report

Fast Message Read Settings
FMRnNAM := any valid string (no spaces allowed; should be different from other FMRxNAM).
FMRn := as many as 24 analog quantities separated by spaces or commas (analog quantities listed here are included in the 

Fast Message read request).
Use NA to disable the setting.

ALIAS20 ALIAS20 :=

ALIAS21 ALIAS21 :=

ALIAS22 ALIAS22 :=

ALIAS23 ALIAS23 :=

ALIAS24 ALIAS24 :=

ALIAS25 ALIAS25 :=

ALIAS26 ALIAS26 :=

ALIAS27 ALIAS27 :=

ALIAS28 ALIAS28 :=

ALIAS29 ALIAS29 :=

ALIAS30 ALIAS30 :=

ALIAS31 ALIAS31 :=

ALIAS32 ALIAS32 :=

EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15, 64, 180 cycles) LER :=

PREFAULT LENGTH (1–10 cycles {if LER := 15}, 1–59 cycles {if LER := 64}, 
1–175 cycles {if LER := 180})

PRE :=

MSR RESOLUTION (0.25, 0.5, 1, 2, 5, 20 cycles) MSRR :=

MSR TRIGGER (SELOGIC) MSRTRG :=

FMR1 NAME (9 characters) FMR1NAM :=

FAST MESSAGE READ FMR1 (24 analog quantities) FMR1 :=

FMR2 NAME (9 characters) FMR2NAM :=

FAST MESSAGE READ FMR2 (24 analog quantities) FMR2 :=

FMR3 NAME (9 characters) FMR3NAM :=

FAST MESSAGE READ FMR3 (24 analog quantities) FMR3 :=

FMR4 NAME (9 characters) FMR4NAM :=

FAST MESSAGE READ FMR4 (24 analog quantities) FMR4 :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.71
of 90

Date _______________ SEL-710-5 Settings Sheets
Fast Message Remote Analog Settings Modbus Map Settings (SET M Command)

Fast Message Remote Analog Settings
Remote Analog Value Type (I, F, L), I = Integer, F = Float, L = Long

Load Profile

Modbus Map Settings (SET M Command)

Modbus User Map
User Map Register Label Name (8 characters); see Appendix E: Modbus Communications for additional details.

RA01TYPE :=

RA02TYPE :=

RA03TYPE :=

RA04TYPE :=

RA05TYPE :=

RA06TYPE :=

RA07TYPE :=

RA08TYPE :=

RA09TYPE :=

RA10TYPE :=

RA11TYPE :=

RA12TYPE :=

RA13TYPE :=

RA14TYPE :=

RA15TYPE :=

RA16TYPE :=

RA17TYPE :=

RA18TYPE :=

RA19TYPE :=

RA20TYPE :=

RA21TYPE :=

RA22TYPE :=

RA23TYPE :=

RA24TYPE :=

RA25TYPE :=

RA26TYPE :=

RA27TYPE :=

RA28TYPE :=

RA29TYPE :=

RA30TYPE :=

RA31TYPE :=

RA32TYPE :=

LDP LIST (NA, as many as 17 analog quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min) LDAR :=

MOD_001 :=

MOD_002 :=

MOD_003 :=

MOD_004 :=

MOD_005 :=

MOD_006 :=

MOD_007 :=

MOD_008 :=

MOD_009 :=

MOD_010 :=

MOD_011 :=

MOD_012 :=

MOD_013 :=

MOD_014 :=

MOD_015 :=

MOD_016 :=

MOD_017 :=

MOD_018 :=

MOD_019 :=

MOD_020 :=

MOD_021 :=

MOD_022 :=

MOD_023 :=

MOD_024 :=

MOD_025 :=

MOD_026 :=
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MOD_027 :=

MOD_028 :=

MOD_029 :=

MOD_030 :=

MOD_031 :=

MOD_032 :=

MOD_033 :=

MOD_034 :=

MOD_035 :=

MOD_036 :=

MOD_037 :=

MOD_038 :=

MOD_039 :=

MOD_040 :=

MOD_041 :=

MOD_042 :=

MOD_043 :=

MOD_044 :=

MOD_045 :=

MOD_046 :=

MOD_047 :=

MOD_048 :=

MOD_049 :=

MOD_050 :=

MOD_051 :=

MOD_052 :=

MOD_053 :=

MOD_054 :=

MOD_055 :=

MOD_056 :=

MOD_057 :=

MOD_058 :=

MOD_059 :=

MOD_060 :=

MOD_061 :=

MOD_062 :=

MOD_063 :=

MOD_064 :=

MOD_065 :=

MOD_066 :=

MOD_067 :=

MOD_068 :=

MOD_069 :=

MOD_070 :=

MOD_071 :=

MOD_072 :=

MOD_073 :=

MOD_074 :=

MOD_075 :=

MOD_076 :=

MOD_077 :=

MOD_078 :=

MOD_079 :=

MOD_080 :=

MOD_081 :=

MOD_082 :=

MOD_083 :=

MOD_084 :=

MOD_085 :=

MOD_086 :=

MOD_087 :=

MOD_088 :=

MOD_089 :=

MOD_090 :=

MOD_091 :=

MOD_092 :=

MOD_093 :=

MOD_094 :=

MOD_095 :=

MOD_096 :=

MOD_097 :=

MOD_098 :=

MOD_099 :=

MOD_100 :=

MOD_101 :=

MOD_102 :=

MOD_103 :=

MOD_104 :=

MOD_105 :=

MOD_106 :=

MOD_107 :=

MOD_108 :=
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DNP3 Map Settings (Set DNP n Command)
(Hidden when the DNP option is not included)
Use the SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: DNP3 

Communications for details. DNP Map1 is shown below (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 
1 table).

Binary Input Map
DNP Binary Input Label Name (10 characters)

MOD_109 :=

MOD_110 :=

MOD_111 :=

MOD_112 :=

MOD_113 :=

MOD_114 :=

MOD_115 :=

MOD_116 :=

MOD_117 :=

MOD_118 :=

MOD_119 :=

MOD_120 :=

MOD_121 :=

MOD_122 :=

MOD_123 :=

MOD_124 :=

MOD_125 :=

BI_00 :=

BI_01 :=

BI_02 :=

BI_03 :=

BI_04 :=

BI_05 :=

BI_06 :=

BI_07 :=

BI_08 :=

BI_09 :=

BI_10 :=

BI_11 :=

BI_12 :=

BI_13 :=

BI_14 :=

BI_15 :=

BI_16 :=

BI_17 :=

BI_18 :=

BI_19 :=

BI_20 :=

BI_21 :=

BI_22 :=

BI_23 :=

BI_24 :=

BI_25 :=

BI_26 :=

BI_27 :=

BI_28 :=

BI_29 :=

BI_30 :=

BI_31 :=

BI_32 :=

BI_33 :=

BI_34 :=

BI_35 :=

BI_36 :=

BI_37 :=

BI_38 :=

BI_39 :=

BI_40 :=

BI_41 :=

BI_42 :=

BI_43 :=

BI_44 :=

BI_45 :=
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Binary Output Map
DNP Binary Output Label Name (10 characters)

BI_46 :=

BI_47 :=

BI_48 :=

BI_49 :=

BI_50 :=

BI_51 :=

BI_52 :=

BI_53 :=

BI_54 :=

BI_55 :=

BI_56 :=

BI_57 :=

BI_58 :=

BI_59 :=

BI_60 :=

BI_61 :=

BI_62 :=

BI_63 :=

BI_64 :=

BI_65 :=

BI_66 :=

BI_67 :=

BI_68 :=

BI_69 :=

BI_70 :=

BI_71 :=

BI_72 :=

BI_73 :=

BI_74 :=

BI_75 :=

BI_76 :=

BI_77 :=

BI_78 :=

BI_79 :=

BI_80 :=

BI_81 :=

BI_82 :=

BI_83 :=

BI_84 :=

BI_85 :=

BI_86 :=

BI_87 :=

BI_88 :=

BI_89 :=

BI_90 :=

BI_91 :=

BI_92 :=

BI_93 :=

BI_94 :=

BI_95 :=

BI_96 :=

BI_97 :=

BI_98 :=

BI_99 :=

BO_00 :=

BO_01 :=

BO_02 :=

BO_03 :=

BO_04 :=

BO_05 :=

BO_06 :=

BO_07 :=

BO_08 :=

BO_09 :=

BO_10 :=

BO_11 :=

BO_12 :=

BO_13 :=

BO_14 :=

BO_15 :=

BO_16 :=

BO_17 :=

BO_18 :=

BO_19 :=
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Analog Input Map
DNP Analog Input Label Name (24 characters)

BO_20 :=

BO_21 :=

BO_22 :=

BO_23 :=

BO_24 :=

BO_25 :=

BO_26 :=

BO_27 :=

BO_28 :=

BO_29 :=

BO_30 :=

BO_31 :=

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=

AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=

AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=
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Analog Output Map
DNP Analog Output Label Name (10 characters)

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=

AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

AO_00 :=

AO_01 :=

AO_02 :=

AO_03 :=

AO_04 :=

AO_05 :=

AO_06 :=

AO_07 :=

AO_08 :=

AO_09 :=

AO_10 :=

AO_11 :=

AO_12 :=

AO_13 :=

AO_14 :=

AO_15 :=

AO_16 :=

AO_17 :=

AO_18 :=

AO_19 :=

AO_20 :=

AO_21 :=

AO_22 :=

AO_23 :=

AO_24 :=

AO_25 :=

AO_26 :=

AO_27 :=

AO_28 :=

AO_29 :=

AO_30 :=

AO_31 :=
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Counter Map
DNP Counter Label Name (11 characters)

IEC 60870-5-103 Map Settings (SET I Command)
(Hidden if the IEC 60870-5-103 option is not included)
Use the SET I command to input the map required for the IEC 60870-5-103 protocol.

Binary Input Map

CO_00 :=

CO_01 :=

CO_02 :=

CO_03 :=

CO_04 :=

CO_05 :=

CO_06 :=

CO_07 :=

CO_08 :=

CO_09 :=

CO_10 :=

CO_11 :=

CO_12 :=

CO_13 :=

CO_14 :=

CO_15 :=

CO_16 :=

CO_17 :=

CO_18 :=

CO_19 :=

CO_20 :=

CO_21 :=

CO_22 :=

CO_23 :=

CO_24 :=

CO_25 :=

CO_26 :=

CO_27 :=

CO_28 :=

CO_29 :=

CO_30 :=

CO_31 :=

103BI00 :=

103BI01 :=

103BI02 :=

103BI03 :=

103BI04 :=

103BI05 :=

103BI06 :=

103BI07 :=

103BI08 :=

103BI09 :=

103BI10 :=

103BI11 :=

103BI12 :=

103BI13 :=

103BI14 :=

103BI15 :=

103BI16 :=

103BI17 :=

103BI18 :=

103BI19 :=

103BI20 :=

103BI21 :=

103BI22 :=

103BI23 :=

103BI24 :=

103BI25 :=

103BI26 :=

103BI27 :=

103BI28 :=

103BI29 :=

103BI30 :=

103BI31 :=
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Binary Target Map

103BI32 :=

103BI33 :=

103BI34 :=

103BI35 :=

103BI36 :=

103BI37 :=

103BI38 :=

103BI39 :=

103BI40 :=

103BI41 :=

103BI42 :=

103BI43 :=

103BI44 :=

103BI45 :=

103BI46 :=

103BI47 :=

103BI48 :=

103BI49 :=

103BI50 :=

103BI51 :=

103BI52 :=

103BI53 :=

103BI54 :=

103BI55 :=

103BI56 :=

103BI57 :=

103BI58 :=

103BI59 :=

103BI60 :=

103BI61 :=

103BI62 :=

103BI63 :=

103BI64 :=

103BI65 :=

103BI66 :=

103BI67 :=

103BI68 :=

103BI69 :=

103BI70 :=

103BI71 :=

103BI72 :=

103BI73 :=

103BI74 :=

103BI75 :=

103BI76 :=

103BI77 :=

103BI78 :=

103BI79 :=

103BI80 :=

103BI81 :=

103BI82 :=

103BI83 :=

103BI84 :=

103BI85 :=

103BI86 :=

103BI87 :=

103BI88 :=

103BI89 :=

103BI90 :=

103BI91 :=

103BI92 :=

103BI93 :=

103BI94 :=

103BI95 :=

103BI96 :=

103BI97 :=

103BI98 :=

103BI99 :=

103BT00 :=

103BT01 :=

103BT02 :=

103BT03 :=

103BT04 :=

103BT05 :=

103BT06 :=

103BT07 :=
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Fault Analog Map

Binary Control Map

Measurand Map

103FA00 :=

103FA01 :=

103FA02 :=

103FA03 :=

103FA04 :=

103FA05 :=

103FA06 :=

103FA07 :=

103FA08 :=

103FA09 :=

103FA10 :=

103FA11 :=

103FA12 :=

103FA13 :=

103FA14 :=

103FA15 :=

103FA16 :=

103FA17 :=

103FA18 :=

103FA19 :=

103FA20 :=

103FA21 :=

103FA22 :=

103FA23 :=

103FA24 :=

103FA25 :=

103FA26 :=

103FA27 :=

103FA28 :=

103FA29 :=

103FA30 :=

103FA31 :=

103BO00 :=

103BO01 :=

103BO02 :=

103BO03 :=

103BO04 :=

103BO05 :=

103BO06 :=

103BO07 :=

103BO08 :=

103BO09 :=

103BO10 :=

103BO11 :=

103BO12 :=

103BO13 :=

103BO14 :=

103BO15 :=

103BO16 :=

103BO17 :=

103BO18 :=

103BO19 :=

103BO20 :=

103BO21 :=

103BO22 :=

103BO23 :=

103BO24 :=

103BO25 :=

103BO26 :=

103BO27 :=

103BO28 :=

103BO29 :=

103BO30 :=

103BO31 :=

3MLB000 :=

3MLB001 :=

3MLB002 :=

3MLB003 :=
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3MLB004 :=

3MLB005 :=

3MLB006 :=

3MLB007 :=

3MLB008 :=

3MLB009 :=

3MLB010 :=

3MLB011 :=

3MLB012 :=

3MLB013 :=

3MLB014 :=

3MLB015 :=

3MLB016 :=

3MLB017 :=

3MLB018 :=

3MLB019 :=

3MLB020 :=

3MLB021 :=

3MLB022 :=

3MLB023 :=

3MLB024 :=

3MLB025 :=

3MLB026 :=

3MLB027 :=

3MLB028 :=

3MLB029 :=

3MLB030 :=

3MLB031 :=

3MLB032 :=

3MLB033 :=

3MLB034 :=

3MLB035 :=

3MLB036 :=

3MLB037 :=

3MLB038 :=

3MLB039 :=

3MLB040 :=

3MLB041 :=

3MLB042 :=

3MLB043 :=

3MLB044 :=

3MLB045 :=

3MLB046 :=

3MLB047 :=

3MLB048 :=

3MLB049 :=

3MLB050 :=

EtherNet/IP Assembly Map Settings (SET E Command)

EtherNet/IP Assembly Map
(See Appendix F: EtherNet/IP Communications for additional details)
(EtherNet/IP Assembly Map settings are hidden if EtherNet/IP is not included)
(Use SET E n command where n = 1, 2, or 3 to create as many as three EtherNet/IP Assembly Maps)
(This is EtherNet/IP Assembly Map 1 (EtherNet/IP Assembly Map 2 and EtherNet/IP Assembly Map 3 are identical to 

EtherNet/IP Assembly Map 1))

Input Assembly (IA) Binary

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_00:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_01:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_02:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_03:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_04:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_05:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_06:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_07:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_08:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_09:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_10:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_11:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_12:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_13:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_14:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_15:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_16:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_17:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_18:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_19:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_20:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_21:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_22:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_23:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_24:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_25:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_26:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_27:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_28:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_29:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_30:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_31:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_32:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_33:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_34:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_35:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_36:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_37:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_38:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_39:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_40:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_41:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_42:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_43:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_44:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_45:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_46:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_47:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_48:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_49:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_50:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_51:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_52:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_53:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_54:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_55:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_56:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_57:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_58:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_59:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_60:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_61:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_62:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_63:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_64:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_65:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_66:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_67:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_68:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_69:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_70:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_71:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_72:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_73:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_74:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_75:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_76:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_77:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_78:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_79:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_80:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_81:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_82:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_83:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_84:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_85:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_86:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_87:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_88:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_89:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_90:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_91:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_92:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_93:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_94:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_95:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_96:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_97:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_98:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_99:=

Input Assembly (IA) Analog

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_00:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_01:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_02:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_03:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_04:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_05:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_06:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_07:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_08:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_09:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_10:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_11:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_12:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_13:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_14:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_15:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_16:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_17:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_18:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_19:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_20:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_21:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_22:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_23:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_24:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_25:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_26:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_27:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_28:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_29:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_30:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_31:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_32:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_33:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_34:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_35:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_36:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_37:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_38:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_39:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_40:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_41:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_42:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_43:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_44:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_45:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_46:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_47:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_48:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_49:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_50:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_51:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_52:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_53:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_54:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_55:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_56:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_57:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_58:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_59:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_60:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_61:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_62:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_63:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_64:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_65:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_66:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_67:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_68:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_69:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_70:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_71:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_72:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_73:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_74:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_75:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_76:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_77:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_78:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_79:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_80:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_81:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_82:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_83:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_84:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_85:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_86:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_87:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_88:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_89:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_90:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_91:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_92:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_93:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_94:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_95:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_96:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_97:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_98:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_99:=

Output Assembly (OA) Binary

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_00:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_01:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_02:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_03:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_04:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_05:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_06:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_07:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_08:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_09:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_10:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_11:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_12:=
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EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_13:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_14:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_15:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_16:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_17:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_18:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_19:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_20:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_21:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_22:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_23:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_24:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_25:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_26:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_27:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_28:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_29:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_30:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_31:=

Output Assembly (OA) Analog

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_00:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_01:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_02:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_03:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_04:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_05:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_06:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_07:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_08:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_09:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_10:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_11:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_12:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_13:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_14:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_15:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_16:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_17:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_18:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_19:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_20:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_21:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_22:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_23:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_24:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_25:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_26:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_27:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_28:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_29:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_30:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_31:=
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R.Instruction Manual

Communications

Overview
A communications interface and protocol are required for communicating 
with the SEL-710-5 Motor Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay.

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-710-5 physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber-optic Ethernet port, 
single- or dual-redundant.

Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-710-5. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Table 7.1 SEL-710-5 Communications Port Interfaces

Port Communications Port Interface Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Standard

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the SEL-2600 RTD 
Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix I: DeviceNet Communications for information on the DeviceNet communications card.
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Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances as long as 15 m (49 ft) in 
low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-710-5 Relay

Some of the SEL devices available for integration or communications system 
robustness are included in the following list:

➤ SEL communications processors 

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to relay fiber-optic serial Port 2, 
or SEL-2505 with EIA-232 (DB-9) serial port to connect to 
EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.

Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS := Y. Disable hardware 
handshaking by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1



7.3

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
Communications Interfaces

Fiber-Optic Serial Port Use the optional fiber-optic port (Port 2) for safety and communications 
distances as far as 1 km. For communications distances as far as 4 km, use an 
SEL-2812 transceiver on Port 3. Although Port 2 and the SEL-2812 are 
compatible, Port 2 is less sensitive than the SEL-2812, which limits the 
distance to 1 km. Port 2 can receive the RTD measurement information from 
the optional external SEL-2600 RTD Module.

Telnet or the Web 
Server

Factory-default settings for the Ethernet ports disable all Ethernet protocols 
except for Telnet, HTTP, and PING. Command SET P 1 accesses settings for 
both Ethernet ports on the SEL-710-5: Port 1A and Port 1B. See the Ethernet 
port settings in Table 4.94 for a sample of the SET P 1 command with factory-
default settings.

Set the listed settings to the following using the SET P 1 command:

➤ IPADDR := IP address assigned by the network administrator

➤ DEFRTR := Default router IP address assigned by the network 
administrator

➤ NETMODE := SWITCHED (available with dual Ethernet 
ports)

➤ ETELNET := Y

➤ EHTTP := Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any 
Ethernet port on the relay. Verify that the amber Link LED illuminates on the 
connected relay port. Many computers and most Ethernet switches support 
autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, such 
as an SEL-C627 cable, will work. If the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. If your relay 
is equipped with dual Ethernet ports, connect to either port. Use a Telnet 
application of QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the command EXI from any access level.

In addition, you can communicate with the relay through your web browser. 
Launch a web browser and go to http://IPADDR, where IPADDR is the Port 1 
IPADDR setting.

To terminate the session, close the web browser (see Section 3: PC Interface 
for more details).

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-710-5 Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if a failure in the primary network is detected. The 
basic concept in the Parallel Redundancy Protocol (PRP) mode of operation is 
that the Ethernet network and all traffic are fully duplicated, with the two 
copies operating in parallel. The purpose of the protocol is to provide seamless 
recovery from any single Ethernet network failure. In addition to failover and 
PRP modes, the unit can operate in a “fixed connection (to netport) mode” or 
in a “switched mode” (as an unmanaged switch).

Carefully design your Ethernet network to maximize reliability, minimize 
system administrator efforts, and provide adequate security. SEL recommends 
that you work with a networking professional to design your substation 
Ethernet network.

NOTE: Telnet and the web server 
work with other NETMODE settings 
as well, but NETMODE = SWITCHED is 
the easiest to begin communication. 
The relay hides setting NETMODE 
when it is equipped with a single 
Ethernet port.
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Several settings control how the relay with the optional Ethernet card operates 
on an Ethernet network. These settings include IP addressing information, 
network port failover options, and network speed.

Use the network configuration settings shown in Table 4.94 to configure the 
relay for operation on an IP network and to set other parameters affecting the 
physical Ethernet network interface operation.

Figure 7.1 shows an example of a simple Ethernet network configuration, 
Figure 7.2 shows an example of an Ethernet network configuration with dual 
redundant connections, and Figure 7.3 shows an example of an Ethernet 
network configuration with ring structure.

Figure 7.1 Simple Ethernet Network Configuration

Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Cat 5 shielded, twisted-pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports
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Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched Mode)

Dual Network Port Operation
The SEL-710-5 dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the desired network port failover time. (OFF, 
0.10–65.00 seconds).

Step 3. Set NETPORT to the preferred network interface.

On startup, the relay communicates via the NETPORT (primary port) 
selected. If the SEL-710-5 detects a link failure on the primary port, it 
activates the standby port after the failover time, FTIME, elapses. If the link 
status on the primary link returns to normal before the failover time expires, 
the failover timer resets and uninterrupted operation continues on the primary 
network port. 

Setting FTIME := OFF allows fast port switching (with no intentional delay). 
Fast port switching occurs within one processing interval (typically 4 to 5 ms) 
and helps with IEC 61850 GOOSE performance.

After failover, while communicating via standby port, the SEL-710-5 checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The port of choice for communications is 
reevaluated on change of settings or failure of the standby port or on reboot. 
The relay returns to operation on the primary link under those conditions if it 
detects a normal link status. When the active and backup links both fail, the 
relay alternates checking for the link status of the primary and standby ports.

Switched Mode
If you have a network configuration where you want to use the relay as an 
unmanaged or managed switch, set NETMODE to SWITCHED. Set 
ERSTP := Y to use it as a managed switch. In SWITCHED mode, both links 

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) for 

copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NETWORK

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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are enabled. The relay responds to the messages it receives on either port. All 
the messages received on one network port that are not addressed to the relay 
are transmitted out of the other port without any modifications. In this mode, 
the relay ignores the NETPORT setting.

SWITCHED mode is often used to connect several relays to each other, 
creating a network of relays, then connecting at least two relays to a managed 
switch for redundancy. This configuration is popular because it reduces cost 
and reduces the number of devices in a network without sacrificing 
redundancy. Basically, each relay has a redundant path to the network. Refer 
to Figure 7.3.

There are compromises to be made in this configuration, however. When 
connecting cables between multiple switches in an Ethernet network, physical 
loops (rings) may occur that cause traffic storms, total bandwidth 
consumption, and other improper functioning. As a result, a subset of the 
relays in this configuration can seem unresponsive for extended periods of 
time.

For example, in Figure 7.3, imagine that a DNP master is receiving DNP UDP 
unsolicited messages from the relays. When a link is broken, it can sometimes 
take as long as 5 minutes for communications to be restored. For a similar 
network involving IEC 61850 GOOSE and a broken link, the restoration time 
can be greater than 5 seconds. The relay offers Rapid Spanning Tree Protocol 
(RSTP) mode to improve restoration times in such configurations. With RSTP 
enabled, the expected restoration time of the before-mentioned GOOSE 
network is around 100 ms.

RSTP protocol controls active paths in an Ethernet network to avoid loops and 
enable a level of redundancy. All Port 1 protocols are supported when RSTP is 
enabled. Refer to Rapid Spanning Tree Protocol (RSTP) on page 7.22 for 
additional details. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

PRP Connection Mode
Parallel Redundancy Protocol (PRP) is part of an IEC standard for high-
availability automation networks (IEC 62439-3). The purpose of the protocol 
is to provide seamless recovery from any single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully 
duplicated with the two copies operating in parallel.

Make the following settings for Port 1 to configure the relay for PRP mode.

➤ NETMODE = PRP

➤ PRPTOUT = desired timeout for PRP frame entry

➤ PRPADDR = PRP destination MAC address LSB (least 
significant byte of “01-15-4E-00-01-XX,” converted to decimal 
and entered as 0–255)

➤ PRPINTV = desired supervision frame transmit interval
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When NETMODE is not set to PRP, the settings shown in Table 7.2 are 
hidden.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports are capable of autonegotiating to 
determine the link speed and duplex mode. Accomplish this by setting the 
NETASPD and NETBSPD (network speed) to AUTO. Set single or dual 
copper ports to a specific speed to be able to apply them in networks with 
older switch devices. However, the speed setting is ignored for fiber Ethernet 
ports. The single and dual fiber Ethernet ports are fixed by the hardware to 
work at 100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option of selecting the primary port of 
communication in failover or fixed communication modes. 

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE or FTPIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. You can set it from 0 to 4,200,000 seconds 
via the IED Properties MMS Settings in ACSELERATOR Architect SEL-5032 
Software. The MMS inactivity default value is either 120 seconds or 
900 seconds, depending on the relay firmware version. Setting this value to 0 
disables the MMS inactivity timer. If enabled, the relay starts a timer for an 
MMS session after it receives an MMS request from the client on that session. 
It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it 
available for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 

Table 7.2 PRP Settings

Setting Prompt Setting Description
Setting 
Range 

Setting Name := 
Factory Default

PRP ENTRY 
TIMEOUT

PRP Entry Timeout 400–10000 ms PRPTOUT := 500

PRP 
DESTINATION 
ADDR LSB

The multicast MAC address of 
PRP supervision frames is 
01-15-4E-00-01-XX where XX 
is specified by this setting in 
decimal notation as 0–255

 0–255 PRPADDR := 0 

PRP 
SUSPERVISION 
TX INTERVAL

PRP Supervision TX Interval  1–10 second PRPINTV := 2 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-710-5 has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, only one 
input can be used at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with a dual Ethernet port, 
a fiber-optic Ethernet port, or a PTC option. Refer to Figure 7.4 for a 
connection diagram.

B01–B02 IRIG-B input is available on all models except those with the fiber-optic 
Ethernet, dual-copper Ethernet, or PTC options.
You cannot bring IRIG-B via Port 2 or 3 if B01–B02 input is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: Port 3 (EIA-232 Option Only)
This input is available on all models except those with the PTC option. 
Connect to an SEL communications processor with an SEL-C273A cable to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect an SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B input to Port 3.

You cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 Port 3 (SEL Communications 
Processor as Source)

NOTE: Relays with the PTC option 
do not have IRIG-B capability.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5
+ IRIG

– IRIGSEL-C962
Cable

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB-9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL-C273A
Cable

SEL-710-5

DB-9
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Cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input Via EIA-232 Port 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: Port 2 (Fiber-Optic Serial Port)
This input is available on all models except those with the PTC option. Fiber-
Optic Serial Port 2 can be used to bring IRIG-B input to the relay as shown in 
Figure 7.7 and Figure 7.8.

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 (SEL-2030/2032 
Time Source)

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 
(SEL-2401/2404/2407 Time Source)

Time Quality of the 
IRIG Source

The time-synchronization Relay Word bits in Table 7.3 indicate the present 
status of the timekeeping function of the SEL-710-5.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5

DB-9

BNC

IED

(Any EIA-232
serial application)

SEL-C292A
Cable

SEL C953
Cable

BNC-T Connector (3-way)
SEL P/N 240-1802

DB-9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB-9 Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-710-5

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB-9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

SEL-C654
Cable

Port 2

Set switch to J1 for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-710-5
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The Relay Word bit TSOK indicates that the time synchronization is OK. The 
SEL-710-5 determines the suitability of the IRIG-B signal for normal 
accuracy by applying several tests:

➤ Seconds, minutes, and day fields are in range.

➤ Time from two consecutive messages differs by one second, 
except for leap second or daylight-saving time transitions.

➤ When IRIGC := C37.118, the signal contains the correct parity 
bit.

The SEL-710-5 determines the suitability of the IRIG-B signal for high-
accuracy timekeeping by applying two additional tests:

➤ The jitter between positive transitions (rising edges) of the 
clock signal is less than 500 ns.

➤ The time-error information contained in the IRIG-B control 
field indicates a time error of less than 10–6 seconds (1 µs).

When IRIGC := NONE, the relay asserts TSOK only when the first test is met. 
When IRIGC := C37.118 and an appropriate IRIG-B signal is connected, the 
Relay Word bit TSOK asserts only when these two tests are met. The time 
error information in the IRIG-B control field is mapped to the TQUAL bits in 
the relay. Table 7.4 lists the TQUAL bits and how they translate to time 
quality. The values 0 (Locked) and 4 (1 µs) indicate that the relay is receiving 
high-accuracy IRIG.

When the IRIG signal is lost, IRIGOK deasserts. However, TSOK remains 
asserted for a holdover period of as long as 15 seconds. If the IRIG signal is 
not restored within 15 seconds, TSOK also deasserts.

Table 7.3 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy.

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 1 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

0 0 0 0 0 Locked

0 0 0 1 1 1 nanosecond

0 0 1 0 2 10 nanoseconds

0 0 1 1 3 100 nanoseconds

0 1 0 0 4 1 microsecond

0 1 0 1 5 10 microseconds

0 1 1 0 6 100 microseconds

0 1 1 1 7 1 millisecond

1 0 0 0 8 10 milliseconds

1 0 0 1 9 100 milliseconds

1 0 1 0 10 1 second

1 0 1 1 11 10 seconds

1 1 0 0 12 100 seconds

NOTE: The jitter measurement for 
the IRIG signal could take as long as 
15 seconds to determine. During this 
time, TSOK is not asserted.
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc power is available on Pin 1 only on EIA-232 Port 3 and EIA-232 
Port 4.

Connect Your 
PC to the Relay

The front port of the SEL-710-5 is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.5. You can connect to a standard 9-pin computer port with an 
SEL-C234A cable; wiring for this cable is shown in Figure 7.10. The 
SEL-C234A cable and other cables are available from SEL. Use the 
SEL-5801 Cable Selector software to select an appropriate cable for another 
application. This software is available for free download from the SEL 
website at selinc.com.

For the best performance, use an SEL-C234A cable not more than 15 m (49 ft) 
long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-710-5. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers
Table 7.5 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-710-5 to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

1 1 0 1 13 1000 seconds

1 1 1 0 14 10000 seconds

1 1 1 1 15 Fault

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 2 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

Table 7.5 EIA-232/EIA-485 Serial Port Pin Functions

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232b

b For relays with the PTC option, this port does not support IRIG-B.

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

5  4  3  2  1

9  8  7  6

NOTE: Serial communications 
cables that are used in the 710-5 
relays for the MIRRORED BITS protocol 
should have the R designation at the 
end of the SEL cable number instead 
of an A. For example, use SEL-C234R 
instead of SEL-C234A. The SEL-C234R 
cable is double shielded and provides 
better data integrity compared to the 
SEL-C234A.

https://selinc.com/
https://selinc.com/
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Figure 7.10 SEL-C234A Cable—SEL-710-5 to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-710-5 to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-710-5 to Modem

Figure 7.13 SEL-C272A Cable—SEL-710-5 to SEL Communications 
Processor (Without IRIG-B Signal)

SEL-710-5 Relay
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2
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4
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GND
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TXD
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RTS
DCD
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DSR
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Func.
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Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)
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8
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Figure 7.14 SEL-C273A Cable—SEL-710-5 to SEL Communications 
Processor (With IRIG-B Signal)

Communications Protocols
Protocols Although the SEL-710-5 supports a wide range of protocols, not all protocols 

are available on all ports. In addition, not all hardware options support all 
protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for Port 1. Table 7.6 shows the ports and the protocols 
available on each port.

SEL Communications 
Protocols

SEL ASCII.
This protocol is described in SEL ASCII Protocol and Commands on 
page 7.25.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-710-5 Relay

Table 7.6 Protocols Supported on the Various Ports

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer 
Protocol, and Modbus RTU Slave

PORT 1a

a PORT 1 concurrently supports two Modbus, two FTP, two Telnet, five DNP3 LAN/WAN, one 
SNTP, one PTP, and seven IEC 61850 sessions, as well as two EIP I/O connections and six EIP 
message connections.

Modbus TCP/IP, FTP, IEC 61850, DNP3 LAN/WAN, EtherNet/IP, SNTP, 
PTP, and Telnet (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL 
Fast Operate, SEL Fast SER, SEL Fast Message, web server (HTTP), 
PRP, and RSTP) 

PORT 2 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, 
SEL Fast Operate, SEL Fast SER, SEL Fast Message, SEL Settings File 
Transfer, SEL MIRRORED BITS, DNP3, IEC 60870-5-103, and Modbus 
RTU Slave

PORT 3 All the protocols supported by PORT 2

PORT 4 All the protocols supported by PORT 2 or DeviceNet

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Compressed ASCII
This protocol provides compressed versions of some of the ASCII commands. 
The compressed commands are described in SEL ASCII Protocol 
and Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Meter
This protocol supports binary messages to transfer metering and digital 
element messages. Compressed ASCII commands that support Fast Meter are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Operate
This protocol supports binary messages to transfer operation messages. The 
protocol is described in Appendix C: SEL Communications Processors.

SEL Fast Message.
 This protocol uses binary messages to receive and transmit data from or to an 
SEL Communications Processor. The protocol is described in Appendix C: 
SEL Communications Processors.

SEL Fast SER.
 This protocol is used to receive binary Sequential Events Record unsolicited 
responses. The protocol is described in Appendix C: SEL Communications 
Processors.

Other Supported 
Protocols

MIRRORED BITS Protocol
The SEL-710-5 supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on Port 3 of the base unit and MBB on Port 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry. The MIRRORED BITS protocol 
is described in Appendix J: MIRRORED BITS Communications.

Modbus RTU Protocol
The SEL-710-5 provides Modbus RTU support. Modbus is a standard protocol 
described in Appendix E: Modbus Communications.

Distributed Network Protocol (DNP3)
The SEL-710-5 provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-710-5 provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix I: DeviceNet Communications.
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IEC 60870-5-103 Protocol
The SEL-710-5 provides IEC 60870-5-103 protocol support if the option is 
selected. The protocol is available on Ports 2, 3, and 4. All ports operate using 
the same map settings. The IEC 60870-3-105 protocol is described in 
Appendix H: IEC 60870-5-103 Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus TCP, HTTP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

Carefully design your Ethernet network to maximize reliability, minimize 
system administration effort, and provide adequate security. Work with a 
networking professional to design your substation Ethernet network.

File Transfer Protocol (FTP) and MMS File Transfer
FTP is a standard protocol for exchanging files between computers over a 
TCP/IP network. The SEL-710-5 operates as an FTP server, presenting files to 
FTP clients. To create an FTP session, you need the FTP username and 
password. The default username and password are FTPUSER and TAIL, 
respectively. The SEL-710-5 supports two FTP sessions at a time. Requests to 
establish additional FTP sessions are denied.

Manufacturing Message Specification (MMS) is used in IEC 61850 
applications and provides services for the transfer of real-time data, including 
files, within a substation LAN.

File Structure
The file structure is organized as a directory and subdirectory tree similar to 
that used by Windows and other common operating systems. See Virtual File 
Interface on page 7.74 for information on available files.

File dates within the last 12 months are displayed with month, day, hour, and 
minutes. Dates older than twelve months have the year, month, and day. The 
times are UTC.

Access Control
To log in to the FTP server, enter the value of the Port 1 setting FTPUSER as 
the username in your FTP application. Enter the Port 1 setting FTPACC level 
password as the password in your FTP application. Note that FTP does not 
encrypt passwords before sending them to the server.

MMS is enabled when the Port 1 setting E61850 is set to Y. No authentication 
is required. MMS File Transfer is enabled when setting EMMSFS is set to Y. 
If MMS Authentication is enabled via the CID file, then an authenticated 
connection must be established via MMS for MMS file transfer to take place.

Using FTP and MMS
A free FTP application is included with most web browsers and PC operating 
systems. You can also obtain free or inexpensive FTP applications from the 
Internet. Once you have retrieved the necessary files, be sure to close the FTP 
connection by using the disconnect function of your FTP application or 
completely closing the application. Failure to do so can cause the FTP 
connection to remain open, which blocks subsequent connection attempts 
until FTPIDLE time expires. See Appendix G: IEC 61850 Communications 
for information about using MMS.
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Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ Fast SER

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

Ping Server
Ping is an application based on ICMP over an IP network. A free Ping 
application is included with most computer operating systems. Use a Ping 
client with the relay Ping server to verify that your network configuration is 
correct.

IEC 61850
Use as many as seven sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
64 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix G: IEC 61850 Communications.

Simple Network Time Protocol (SNTP)
When Port 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less-accurate primary time source, or as 
a backup to the higher-accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise the relay remains at an 
elevated access level until TIDLE 
expires.
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Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Serve NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Create a Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make Port 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.7 shows each setting associated with 
SNTP.

SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST. In unicast mode of operation, the SNTP client in the 
relay requests time updates from the primary (IP address setting SNTPPSIP) 
or backup (IP address setting SNTPBSIP) NTP server at a rate defined by 
setting SNTPRATE. If the NTP server does not respond with the period 
defined by setting SNTPTO, then the relay tries the other SNTP server. When 
the relay successfully synchronizes to the primary NTP time server, Relay 
Word bit TSNTPP asserts. When the relay successfully synchronizes to the 
backup NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST. In the manycast mode of operation, the relay 
initially sends an NTP request to the broadcast address contained in setting 
SNTPPSIP. The relay continues to broadcast requests at a rate defined by 
setting SNTPRATE. When a server replies, the relay considers that server to 
be the primary NTP server, and switches to UNICAST mode, asserts Relay 
Word bit TSNTPP, and thereafter requests updates from the primary server. If 

Table 7.7 Settings Associated With SNTP 

Setting Setting Description Setting Range
Factory Default 
Setting

ESNTP Selects the mode of operation of SNTP. See descriptions in 
SNTP Operation Modes on page 7.17. 

UNICAST, MANY-
CAST, BROADCAST

OFF

SNTPPSIP Selects primary NTP server when ESNTP = UNICAST, or 
broadcast address when ESNTP = MANYCAST or 
BROADCAST.

Valid IP Address 192.168.1.1

SNTPPSIB Selects backup NTP server when ESNTP = UNICAST. Valid IP Address 192.168.1.1

SNTPPORT Ethernet port used by SNTP. Leave at default value unless 
otherwise required.

1–65534 123

SNTPRATE Determines the rate at which the relay asks for the updated 
time from the NTP server when ESNTP = UNICAST or 
MANYCAST. Determines the amount of time the relay 
waits for an NTP broadcast when ESNTP = BROADCAST.

15–3600 seconds 60

SNTPTO Determines the amount of time the relay waits for the NTP 
master to respond when ESNTP = UNICAST or MANY-
CAST.

5–20 seconds 5
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the NTP server stops responding for time SNTPTO, the relay deasserts 
TSNTPP and begins to broadcast requests again until the original or another 
server responds.

ESNTP = BROADCAST. If setting SNTPPSIP = 0.0.0.0 while setting 
ESNTP = BROADCAST, the relay listens for and synchronizes to any 
broadcasting NTP server. If setting SNTPPSIP is set to a specific IP address 
while setting ESNTP = BROADCAST, then the relay listens for and 
synchronizes to only NTP server broadcasts from that address. When 
synchronized, the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within five 
seconds after the period defined by setting SNTPRATE.

SNTP Accuracy Considerations
SNTP time-synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and 
routers between the SNTP Server and the SEL-710-5. Network monitoring 
software can also be used to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-710-5 and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time-synchronization error with the SNTP server is 
typically less than ±1 millisecond.

Embedded Web Server (HTTP)
When Port 1 setting EHTTP := Y, the relay serves webpages displaying 
settings, metering, status reports, event files, etc. The relay-embedded web 
server has been optimized and tested to work with the most popular web 
browsers, but should work with any standard web browser. As many as three 
users can access the embedded web server simultaneously. To begin using the 
embedded read-only web server, launch your web browser and browse to 
http://IPADDR, where IPADDR is the Port 1 setting IPADDR 
(e.g., http://192.168.1.2).

Login using your username and password to view or export various reports, 
view settings, monitor communications or relay status, or upgrade firmware 
(Access Level 2 only).

To log out of the web server, either close the web browser window or click on 
Logout in the banner bar near the top of the webpage.For more information on 
the web server, see Section 3: PC Interface.
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Table 7.8 lists the HTTP settings that are available for configuring the web 
server.

Precision Time Protocol (PTP)
Configuring PTP in the Relay

PTP implementation in the SEL-710-5 is firmware-based only. If the EPTP 
setting is available and set to Y, the SEL-710-5 supports PTP Version 2 
(PTPv2) as a slave-only clock as defined by IEEE 1588-2008 on Port 1A and 
Port 1B. Table 7.9 shows the settings associated with PTP.

Table 7.8 HTTP Server Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2 HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

Table 7.9 Settings Associated With PTP 

Setting Range Description
Factory Default 
Setting

EPTP Y, N When set to Y, the device becomes a slave PTP clock N

PTPPRO DEFAULT, C37.238 Sets the PTP profile DEFAULT

PTPTR UDP, LAYER2 Transport mechanism for PTP messages UDP

DOMNUM 0–255 PTP domain number of the clock 0

PTHDLY P2P, E2E, OFF Path delay measurement method to be used on the PTP 
network

E2E

PDINT 1, 2, 4, 8, 16, 32, 64 sec Duration of time between transmissions of peer delay 
request messages

1

AMNUM 1–5, OFF Number of acceptable PTP masters OFF

AMIP[n]a zzz.yyy.xxx.www

zzz: 1–126, 128–223

yyy: 0–255

xxx: 0–255

www: 0–255

Acceptable master IP addresses 192.168.1.12na

AMMAC[n]a Acceptable master MAC addresses 00-30-A7-00-00-0mb

ALTPRI[n]a 0–255 If the acceptable table master option is enabled and this 
setting value is not zero, the Priority 1 value received in 
the announce message from the specified master will 
be replaced by this value and used in the Best Master 
Clock Algorithm (BMCA)

0

PVLAN 1–4094 VLAN ID for a C37.238 Ethernet frame 1

PVLANPR 0–7 VLAN priority for a C37.238 Ethernet frame 4

a n = 1–5.
b m = A–E.
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To achieve the best accuracy (< 1 ms), it is necessary to have one or more PTP 
master clocks and for all intervening equipment (e.g., Ethernet switches) to be 
IEEE 1588-aware (i.e., all intervening network devices need to be transparent 
or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS 
input, is a master clock. The intervening switches are transparent clocks. You 
can use boundary clocks to connect networks together and pass time from one 
network to another. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not IEEE 1588-aware do not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP 
clocks implement algorithms to select the best available clock. The one 
selected for use by an end device is the grandmaster clock. You can learn more 
about configuring a PTP network in the following application notes:

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality in a Redundant Network 
Topology,” SEL Application Note (AN2015-07), 2015. 
Available: selinc.com.

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality to Isolated Ethernet Networks,” 
SEL Application Note (AN2015-06), 2015. Available: 
selinc.com.

To configure PTP, update the Port 1 PTP settings as described in Table 7.9. By 
default, PTP is disabled in the SEL-710-5. Set EPTP to Y to enable PTP and 
to make the other PTP settings available.

PTP implementation in the SEL-710-5 supports both one-step and two-step 
clocks. A one-step clock uses a single event message to provide time 
information. A two-step clock uses the combination of an event message and a 
subsequent general message to provide time information.

Within PTP, there are multiple clock profiles available. A profile defines the 
set of PTP features available in a specific application domain. SEL-710-5 
relays support two profiles: Default and Power (C37.238-2011). 

The Default profile has many optional features and is intended to address 
common applications. The Default profile supports both UDP and Layer 2 
(802.3) Ethernet transport, and it can use either the end-to-end (E2E) or the 
peer-to-peer (P2P) delay mechanism. Grandmaster clocks can send Announce, 
Sync, and Delay request messages over a wide range of intervals. A Default 
profile network can consist of boundary clocks or transparent clocks anywhere 
between the grandmaster and the end devices. The only performance 
requirement for the Default profile is that a master clock must maintain 
frequency accuracy to within 0.01 percent.

The Power profile has minimal optional features in order to facilitate 
interoperability and performance predictability. The Power profile is only 
supported on Layer 2 networks and exclusively uses the peer-to-peer delay 
mechanism. All messages must be sent at 1-second intervals, have 802.1Q 
VLAN tags, and include grandmaster ID and (maximum) inaccuracy fields in 
the announce message. Transparent clocks are mandatory in a Power profile 
network while boundary clocks are not allowed. Select the profile by using the 
PTPPRO setting.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation among clocks that participate in different 
application domains to coexist on the same network. Domains are identified 
by domain numbers. The DOMNUM setting determines the domain number 

https://selinc.com/
https://selinc.com/
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for the SEL-710-5. Set DOMNUM to match the domain number configured in 
the master clocks to which the SEL-710-5 should synchronize.

The SEL-710-5 supports transport of PTP messages over UDP or Layer 2 
(Ethernet). Use the PTPTR setting to select the PTP transport mechanism. 
This needs to match the transport mechanism used in the master clocks. Only 
Layer 2 is available with the Power profile. If operating in a UDP network, 
PTP operates on Ports 319 or 320. Except for peer delay messages, the 
SEL-710-5 sets the time allowed to live (TTL) value in the UDP/IP header of 
PTP messages to 64. This allows you to use routers across a WAN to 
synchronize the SEL-710-5 PTP master. High-accuracy synchronization may 
not be achievable across the WAN, so it is left to you to determine if the 
accuracy meets the needs of your application.

When using the Power profile, use the VLAN identifier and priority settings, 
PVLAN and PVLANPR, to set the VLAN ID and priority, respectively, of the 
Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the SEL-710-5 Relay.

PTP defines two methods for calculating and correcting the communications 
path delay between the SEL-710-5 and the master clock: end-to-end (Delay 
Request-Response) and peer-to-peer (Peer Delay Request Response). The 
end-to-end mechanism calculates the total path delay between the SEL-710-5 
and the master clock.

The peer-to-peer mechanism calculates the total path delay in a piecemeal 
fashion between each device in the path. Peer-to-peer is the more accurate 
method and is recommended for use in the SEL-710-5. Only the peer-to-peer 
mechanism is available for the Power profile. The SEL-710-5 periodically 
initiates path delay calculations. Use the PTHDLY and PDINT settings to 
configure the path delay method and the path delay request rate. If PTHDLY is 
set to OFF, the SEL-710-5 will not calculate and correct for path delay.

By default, the SEL-710-5 synchronizes to any clock on the network that it 
evaluates to be the best clock based on the Best Master Clock Algorithm 
(BMCA). Use the settings to specify a list of master (grandmaster or 
boundary) clocks to which the SEL-710-5 may synchronize. The SEL-710-5 
will not synchronize to any master clock that is not in the list. Use this feature 
for additional security. The AMNUM setting selects the number of master 
clocks you list. The default value is OFF, which results in the SEL-710-5 
synchronizing to any master clock on the network. If you set AMNUM to a 
value other than OFF, you must identify the number of allowable masters in 
accordance with the PTP transport you have chosen, i.e., MAC address for 
802.3 or IP address for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify 
the IP addresses of the clocks to which the SEL-710-5 is permitted to 
synchronize. If PTP transport is set to Layer 2, use the AMMACn settings to 
specify the MAC addresses of the clocks to which the SEL-710-5 is permitted 
to synchronize.

If the ALTPRIn (Alternate Priority1 for Master n) setting is set to a positive 
value, the ALTPRIn value replaces the Priority1 value in received Announce 
messages from the corresponding master clock before the application of the 
BMCA. The ALTPRIn values reprioritize the master clocks locally.

EtherNet/Industrial Protocol (IP)
EtherNet/IP is an industrial protocol that uses standard Ethernet and TCP/IP 
technology to transport Common Industrial Protocol (CIP) packets. You can 
enable EtherNet/IP on Port 1 for a maximum of eight simultaneous CIP 
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connections. Of these eight simultaneous connections, you can have as many 
as two Class 1 (I/O) connections and as many as six combined Class 3 
messages and Unconnected Message Manager (UCMM) messages.

When configuring EIP on Port 1, you can create as many as six Class 1 (I/O) 
connection configurations. Of these six, only two can be used simultaneously. 
Of the remaining six available connection configurations, as many as three can 
be Exclusive Owner connection configurations. The remaining number of 
connection configurations must be Input Only connection configurations. 
EtherNet/IP is described in detail in Appendix F: EtherNet/IP 
Communications.

Rapid Spanning Tree Protocol (RSTP)
RSTP is a protocol and is a distributed algorithm that is defined in the 
IEEE 802.1Q-2014 standard. Devices communicate RSTP through packets 
called Bridge Protocol Data Units (BPDUs) that travel between adjacent 
RSTP-enabled devices. These frames allow the devices to determine the root 
bridge in the network, as well as defines the state and role of each port of 
devices connected in the RSTP network.

Table 7.10 and Table 7.11 provide the various roles and states supported by 
the SEL-710-5. Use the RSTP command to view the assigned state and role of 
a port. The relay keeps a log of the states and roles in the Sequential Events 
Recorder (SER) report.

There are three RSTP settings available to set on Port 1 after RSTP is enabled. 
They include the bridge priority (BRDGPRI), which is used to help determine 
the root bridge in the network, and the port priorities (PORTAPRI and 

Table 7.10 RSTP Roles Supported in the SEL-710-5

Roles Definition

Root Port A port with the shortest patha to the root bridge. All STP and 
RSTP capable bridges must have exactly one except the root 
bridge, which cannot have any.

a This is not always the shortest path. The settings in the network define the path costs, so the 
root port is the one with the smallest path costs to the root switch. There may be a physically 
shorter path, but because of the path costs of the other devices, a longer path to the root 
may be used.

Designated Port The port that connects a LAN to its designated bridge.

Alternate Port Represents the best alternate path to the root bridge. This path is 
different than using the root port. The alternate port moves to the 
forwarding state if there is a failure on the designated port for the 
segment.

Backup Port Represents a redundant path to a segment where another port on 
the bridge already connects.

Disabled The port is disabled during the role initialization or it is disabled 
due to a link or hardware failure.

Table 7.11 RSTP States Supported in the SEL-710-5

States Definition

Forwarding A port receiving and transmitting message frames and BPDUs.

Learning A port receiving and transmitting BPDUs; this port does not 
receive or transmit message frames.

Discarding A port receiving BPDUs; this port does not receive or transmit 
message frames.

NOTE: Exercise caution when 
disabling RSTP (ERSTP := N) in a 
relay connected in a switched 
network because doing so could 
introduce network loops.
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PORTBPRI) for Ports 1A and 1B, which are used to help determine the root 
port of the device. See Table 7.50 for more information regarding these 
settings.

Example of a Simple Topology
The simplest example of a loop is a network of devices connected in a ring 
(Figure 7.15). Devices connected in a ring topology allow traffic to go from 
one port on one device to another port on another device in either direction 
around the ring, as the two green lines show in Figure 7.15 between Devices 1 
and 6.

Figure 7.15 Physical Ring Without Loop Mitigation

Disabling the link between Devices 3 and 4 forces traffic to follow a single 
path across the network (as the green line in Figure 7.16 shows). The process 
of disabling links to logically remove loops from the network is called 
convergence because the devices use RSTP to converge the network into a 
stable configuration without any loops.

Figure 7.16 Network Convergence With Logically Disabled Link

The logically disabled connections remain physically present and can be 
quickly enabled by RSTP to provide an alternative path for the network traffic 
in the event of a physical network failure. For example, if the link between 
Devices 2 and 3 were to fail, traffic would be disrupted on the network, as 
indicated by the dashed green line in Figure 7.17. Devices 2 and 3 would 
respond by using RSTP and BPDUs to inform the other devices in the network 
that an event occurred. The rapid spanning tree algorithm (RSTA) in each 
network device would then use BPDUs over RSTP to communicate with their 
respective connected devices, in turn, and eventually the logically disabled 
link between Devices 3 and 4 would be re-enabled, as shown in Figure 7.18.

2

3

4

5

1

6

2

3

4

5

1

6

Root

Logically disabled



7.24

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
Communications Protocols

Figure 7.17 Physical Link Failure Between Devices

Figure 7.18 Network Convergence

As the green line in Figure 7.18 shows, traffic can still flow between 
Devices 3 and 5 but now it is through a different path. The process of 
re-enabling disabled links to allow traffic to flow and heal the network is 
called reconvergence. During this change in the network, traffic is temporarily 
disrupted. Figure 7.3 shows a typical network diagram that uses SEL-710-5 in 
a switched network with ERSTP := Y. Refer to SEL application guide 
“Understanding RSTP and Choosing the Best Network Topology” 
(AG2017-21) at selinc.com for additional information on RSTP.

RSTP Performance Measurement
Figure 7.19 shows a convergence example involving a ring network where 
both SEL-2730M switches and all seven SEL-700 series relays are configured 
with default RSTP settings. In this example, there is a transmitting device 
connected to the North SEL-2730M switch and a receiving device connected 
to the South SEL-2730M switch.

As a result of the devices being configured with default RSTP settings, the 
network converges to break the loop at Relay 14. This configuration results in 
the port for Relay 14 to be in discarding state (indicated by “D”). In this state, 
traffic flows from the North SEL-2730M switch to the South SEL-2730M 
switch by passing through Link L1.

For this example, consider a link-down event occurring at Link L1. A link-
down event is when the cable that connects two devices is physically broken 
(indicated by the slash). After this link-down event, the network takes 
approximately 150 ms to reconverge such that the discarding port on Relay 14 
transitions into a forwarding state. This allows traffic to flow from the 
North SEL-2730M switch to the South SEL-2730M switch by passing 
through all seven relays.
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Figure 7.19 Link-Down Event at Link L1

If additional relays are added to this example network, the reconvergence time 
increases by approximately 20 ms per additional relay.

SEL-700 series relays are configured with a Max Age value of 40. This means 
that a network with SEL-700 series RSTP devices should be created with the 
understanding that the maximum number of hops from the root in the network 
should not exceed 40.

To understand the importance of enabling RSTP in an SEL-700 series relay 
ring network in comparison to leaving it disabled, refer to the SEL application 
guide “Maintaining Switched-Mode Relay Responsiveness in an RSTP 
Network” (AG2019-15).

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

Software Flow 
Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
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D

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-710-5.



7.26

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages are  
accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when XOFF is received and can resume when the relay 
sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.12 lists these messages.

Access Levels You can issue commands to the SEL-710-5 via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-710-5 Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-710-5 Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level; should be used under 
direction of SEL only)

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Set EPORT to N to disable the port and hide the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

Table 7.12 Serial Port Automatic Messages

Condition Description

Start Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 10: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-710-5 sends a status report each time a self-test 
warning or failure condition is detected. See STATUS Com-
mand (Relay Self-Test Status) on page 7.67.
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Access Level 0
Once serial port communication is established with the SEL-710-5, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-710-5 Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-710-5 to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.31 for more detail.

Access Level 1
When the SEL-710-5 is in Access Level 1, the relay sends the following 
prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-710-5 sends the prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

All of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is used exclusively by the SEL factory and SEL field service 
personnel to diagnose troublesome installations. A list of commands available 
at Access Level C is available from SEL upon request. Do not enter Access 
Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C. Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-710-5 Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands required by SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C is a restricted access level, and should only be 
used under direction of SEL

The SEL-710-5 responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the 
beginning:

Table 7.13 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting]                              Date: mm/dd/yyyy  Time: hh:mm:ss.sss
[TID Setting]                          Time Source: external

Table 7.13 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 710-5; see ID Settings on page 4.4.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = MOTOR RELAY; see ID Settings on 
page 4.4.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and external if an 
input is attached.



7.29

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

89CLOSE Command (Close Disconnect)
The 89C command (see Table 7.14 for the command description and the 
format) is used to close a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89C m command 
asserts Relay Word Bit 89CC2Pm for a quarter-cycle when executed, while 
the 89C n m command asserts Relay Word bit 89CC3Pnm for a quarter-cycle 
when executed. See Table 9.2 for how these Relay Word bits are used in the 
disconnect close control logic.

 

To issue the 89C 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Table 7.14 89CLOSE Command

Command Description Access Level

89C m Closes Two-position Disconnect m 2

89C n m Closes Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to close.

n L or E, to signal an in-line or earthing disconnect, respectively.

=>>89C 1 <Enter>

Close 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Closed

=>>
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Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89C 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89C command. Following the in-progress state, 
the Relay Word bit that asserts determines the subsequent status message 
displayed in the terminal: Disconnect Open if 89OP2Pm or 89OP3Pnm is 
asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is asserted, or 
Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm is asserted. 
See Disconnect Control Settings on page 9.2.

The 89C command is supervised by the main board breaker control jumper 
(see Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89C command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89C command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89C command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

89OPEN Command (Open Disconnect)
The 89O command (see Table 7.15 for the command description and the 
format) is used to open a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89O m command 
asserts Relay Word Bit 89OC2Pm for a quarter-cycle when executed, while 
the 89O n m command asserts Relay Word bit 89OC3Pnm for a quarter-cycle 
when executed. See Figure 9.3 for how these Relay Word bits are used in the 
disconnect close control logic.

 

=>>89C L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89C L 1 <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.15 89OPEN Command

Command Description Access Level

89O m Opens Two-position Disconnect m 2

89O n m Opens Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to open.

n L or E, to signal an in-line or earthing disconnect, respectively.
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To issue the 89O 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89O 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89O Command. Following the in-progress 
state, the Relay Word bit that asserts determines the subsequent status 
message displayed in the terminal: Disconnect Open if 89OP2Pm or 
89OP3Pnm is asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is 
asserted, or Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm 
is asserted. See Disconnect Control Settings on page 9.2.

The 89O command is supervised by the main board breaker control (see 
Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89O command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89O command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89O command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.16) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-710-5 Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.26 for a discussion of placing 
the relay in an access level.

=>>89O 1 <Enter>

Open 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Open

=>>

=>>89O L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89O L 1 <Enter>

Command Aborted: Device in Local Control

=>>
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Password Requirements
Passwords are required unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.58 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.58. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

Table 7.16 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>
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At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
Access Level C can be accessed from Access Level 2 with the CAL 
command. The relay pulses the SALARM Relay Word bit for one second after 
a successful Level 2 or Level C access, or if access is denied.

AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (from Access Level 2) to initiate a self-test of the arc-
flash detection channels 1 to 4. This test requires that the relay has the 
SELECT 4 AFDI/3 DIFF ACI or the SELECT 8 AFDI card in Slot E and that 
the external fiber-optic connections are complete. The test checks the integrity 
of the arc-flash detection system. Figure 7.20 shows an example of the AFT 
command response. Refer to Section 11: Testing and Troubleshooting for 
details on the arc-flash self-tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 8. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word bits stay asserted continuously for 10 
seconds.

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: 
hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-710-5                                 Date: 6/09/2013  Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.20 AFT Command Response
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ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.17 for the command 
description and for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before reaching the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale over the time specified

When parameter p is a percentage, the relay displays the following message 
during the test:

When parameter p is a ramp function, the device displays the following 
message during the test:

Table 7.17 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output channel. 2

Parameters

c The analog channel (either the channel name, e.g., A0301, or the channel 
number, e.g., 301).

p A percentage of full scale, or either the letter “R” or “r” to indicate ramp 
mode.

t The duration (in decimal minutes) of the test.

Outputting xx.xx [units] to Analog Output Port for y.y minutes. Press any key 
to end test

where:
xx.xx is the calculation of percent of full scale
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

Ramping Analog Output at xx.xx [units]/min; full scale in y.y minutes. Press 
any key to end test

where:
xx.xx is the calculation based upon range/time t
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

NOTE: 0% = low span, 100% = high 
span. For a scaled output from 4–
20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.



7.35

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume the analog output signal 
type is 4–20 mA, and we want to test the analog output at 75 percent of rating 
for 5.5 minutes. 

To check the device output, calculate the expected mA output as follows:

To start the test, enter ANA AO301 75 5.5 at the Access Level 2 prompt:

Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

Analog Output Port Test Complete

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =
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BRE Command (Breaker Monitor Data)
Use the BRE command (Access Level 1) to view the breaker monitor report. 
See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor.

 

BRE W or R Command (Preload/Reset Breaker Wear)
The BRE W command (Access Level 2) only saves new settings after the 
Save Changes (Y/N)? message. If a data entry error is made using the 
BRE W command, the values echoed after the Invalid format, changes 
not saved message are the previous BRE values, unchanged by the aborted 
BRE W attempt.

Use the BRE R command (Access Level 2) to reset the breaker monitor:

=>BRE <Enter>

SEL-710-5                               Date: 12/04/2009   Time: 14:26:57
MOTOR PROTECTION RELAY                  Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2009 11:16:21

=>

=>>BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>
                                      IB      = 0.0      ? 18.6  <Enter>
                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>
                                      IB      = 0.0      ? 0.6  <Enter>
                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>
                                      B-phase =   0       ? 28  <Enter>
                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2009 ? 12/04/2009  <Enter>
                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? Y <Enter>

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? Y <Enter>
Clearing Complete

=>>LAST RESET 02/03/10 05:41:07



7.37

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor. 

CEV Command
The SEL-710-5 provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SYNCHROWAVE Event SEL-5601-2 Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT n 
(CEV n) command to display Compressed ASCII event reports. Parameter n 
indicates the event number. The events can be accessed by the event record 
number or by their unique reference number. The most recent event report is 
record number one (1), the next most recent report is record number two (2), 
and so on. Reference numbers start at 10000 and increment by 1 with each 
event. When the event report list is cleared, the reference number resets to 
10000. See Table C.2 for further information. Compressed ASCII Event 
Reports contain all of the Relay Word bits. The CEV n R command gives the 
raw Compressed ASCII event report. Additionally, the compressed event 
report has the arc-flash detector light measurements.

CMET S and CMET S R Commands
The CMET S command collects data simultaneously from all Ia, Ib, Ic, Va, 
Vb, and Vc and the output contains frequencies and associated magnitudes. 
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Motor Monitoring Using Fourier Analysis on page 5.11 for further details.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained 
by the device as well as statistics for the measured time offsets with the parent 
(master) clock. The PTP data sets contain information about the state, identity, 
and configuration of the local, parent, and grandmaster clocks, in addition to 
properties of the time being distributed by the grandmaster clock.

If the EPTP setting is set to NO, and the COM PTP command (with or 
without any parameters) is sent to the relay, the relay responds with:

If a temporary resource shortage exists, a settings change is in progress, or the 
PTP component is not yet initialized, and the COM PTP command is sent to 
the relay, the relay responds with:

Table 7.18 COM PTP Command

Command Description Access Level

COM PTP Displays the PTP data sets and offset statistics for 
the active PTP slave port of the last active PTP slave 
port before all PTP slave ports went down.

1

COM PTP C or R Clears or resets the PTP offset statistics for all 
ports.

1

=>COM PTP <Enter>

PTP not enabled
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If EPTP is enabled and the COM PTP C or R command is sent to the 
SEL-710-5, the SEL-710-5 responds with: 

If you select Y, the relay responds with: Clearing Complete. If you select N, 
the relay responds with: Command Canceled. If you select anything else, the 
relay responds with: Command Canceled. 

If a COM PTP C or R command is sent to the SEL-710-5 and the PTP 
component is enabled but not yet initialized, the SEL-710-5 responds with:

The SEL-710-5 Relay saves the date and time when the PTP offset statistics 
are cleared. The format of the offset clearing data matches the DATE_F 
Global Setting. The statistic clearing date and time is the time of the last user 
reset through an ASCII command, the last Port 1 settings change, or the last 
power up. The time stamp of the most recent event is displayed.

An example response to the COM PTP command when PTP is available is 
shown in Figure 7.21.

=>COM PTP <Enter>

Command is not available

=>COM PTP C <Enter>

Clear PTP offset statistics?
Are you sure? Y N

=>COM PTP R <Enter>

Command is not available

=>>COM PTP <Enter>

SEL-710-5                                   Date: 05/13/2019   Time: 10:01:41.976
MOTOR RELAY                                 Time Source: External

PTP offset statistics previously cleared on 05/09/2019 09:32:18 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : UDP
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 12 32 22
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 0
  Slave Only : true

Figure 7.21 COM PTP Command Response 
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A description of each PTP data set displayed in Figure 7.21 is given in 
Table 7.19.

Current Data Set
  Steps Removed : 1

Parent Data Set
  Parent Port Identity
  Clock Identity : 00 30 A7 FF FE 0B 29 91
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 0B 29 91
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale 6
    Clock Accuracy : Within 100 ns
    Offset Log Variance : 18887
  Grandmaster Priority1 : 128
  Grandmaster Priority2 : 128

Time Properties Data Set
  Current UTC Offset : 37
  Current UTC Offset Valid : true
  Leap59 : false
  Leap61 : false
  Time Traceable : true
  Frequency Traceable : true
  PTP Timescale : true
  Time Source : GPS
  Local Time Offset 
    Offset Valid : true
    Name : UTC-07:00
    Current Offset : -25237 s
    Jump Seconds : -3600 s
    Time of Next Jump : 1572771637 s

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 12 32 22
    Port Number : 1
  Port State : SLAVE
  Log Pdelay Request Interval : 0
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 4 intervals
  Path Delay Mechanism : P2P
  Failed to Receive Response : true
  Received Multiple Pdelay Responses : false
  Reason for Non-synchronization : 
  Port status : A, ACTIVE

=>>

Figure 7.21 COM PTP Command Response  (Continued)

Table 7.19 PTP Data Set Descriptions (Sheet 1 of 5)

Type of Data Set Information Field Description

Settings PTP Profile This value is the same as PTPPRO.

Transport 
Mechanism

This value is the same as PTPTR.

Path Delay This value is the same as PTHDLY.

Default Two Step For the default data set, this is set to TRUE. A two-step clock uses the combination of 
an event message and a subsequent general message to provide time information. A 
one-step clock uses a single event message to provide time information.

Clock Identity This is an 8-octet number that uniquely identifies the clock on the network. It is 
derived from the Ethernet MAC address.

Number of Ports This is the number of Ethernet ports used to communicate PTP messages. It is 
always 1 for SEL-710-5 relays.

Clock Quantity This contains information about clock class, accuracy, and variance of the 
SEL-710-5.
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Priority1 This is the first priority for the SEL-710-5 used in the default BMCA. It is always set 
to 255.

Priority2 This is the second priority for the SEL-710-5 used in the default BMCA. It is always 
set to 255.

Domain Number This value is the same as DOMNUM. It is the PTP domain number to which the clock 
belongs.

Slave Only This value is always TRUE for SEL-710-5 relays.

Current Steps Removed This is the number of communication paths between the SEL-710-5 Relay and the 
grandmaster clock. A communication path is the link between a master and a slave 
port. Hence, links to transparent clocks do not count as separate paths. The values 
range from 1 to 65535.

Parent Parent Port Identity This contains the clock identity and port number of the adjacent clock to which the 
SEL-710-5 clock is synchronized. The port number identifies the specific port on the 
adjacent clock from which the SEL-710-5 clock is receiving PTP messages. 

Grandmaster Clock 
Identity

This is the clock identity of the grandmaster clock to which the SEL-710-5 is 
synchronized. 

Grandmaster Clock 
Quality

This contains the class, accuracy, and variance of the grandmaster clock.

Grandmaster Clock 
Class

This field displays an ASCII message based on the received clock class code as 
described in the following table.

Table 7.19 PTP Data Set Descriptions (Sheet 2 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

68–122, 133–170, 216–232 Profile specific value

6 Synchronized with PTP timescale

13 Holdover with PTP timescale

14 Synchronized with ARB timescale

52 Holdover degrade A with PTP timescale

58 Holdover degrade A with ARB timescale

187 Holdover degrade B with PTP timescale

193 Holdover degrade B with ARB timescale

248 Default

255 Slave only

All other codes Reserved with decimal code value (xxx)
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Grandmaster Clock 
Accuracy

This field displays an ASCII message based on the received clock accuracy 
enumeration value as described in the following table.

Grandmaster 
Priority1

This is the priority1 value set in the grandmaster clock. If the setting ALTPRIn > 0, 
its value is used as the reported priority1 value for grandmaster n. The expected value 
is between 0 to 255.

Grandmaster 
Priority 2

This is the priority2 value set in the grandmaster clock. The expected value is 
between 0 to 255.

C37.238 TLV 
Information

This is the C37.238 TLV information received. It is valid only in the Power profile. In 
the case of Default profile, this section is hidden.

Time Properties Current UTC Offset This is the current number of leap seconds between TAI and UTC. 

Current UTC Offset 
Valid

This attribute is TRUE if the Current UTC Offset is valid and should be used. It is 
FALSE otherwise.

Leap59 This is set to TRUE if there is an impending leap second removal, i.e., the last minute 
of the current day contains 59 seconds. 

Leap61 This is set to TRUE if there is an impending leap second insertion, i.e., the last minute 
of the current day contains 61 seconds. 

Time Traceable This indicates if the time being served is traceable to UTC reference time. 

Frequency Traceable This indicates if the frequency being distributed is traceable to a primary source. 

Table 7.19 PTP Data Set Descriptions (Sheet 3 of 5)

Type of Data Set Information Field Description

Value (Hex) Message

20 Within 25 ns

21 Within 100 ns

22 Within 250 ns

23 Within 1 μs

24 Within 2.5 μs

25 Within 10 μs

26 Within 25 μs

27 Within 100 μs

28 Within 250 μs

29 Within 1 ms

2A Within 2.5 ms

2B Within 10 ms

2C Within 25 ms

2D Within 100 ms

2E Within 1 s

2F Within 10 s

30 Within 10 s

31 Greater than 10 s

80–FD Profile specific value (0xyy)

FE Unknown

All other values Reserved (0xyy)
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PTP Timescale This is TRUE if the time being served uses the PTP/UTC timescale. Otherwise, it is 
FALSE.

Time Sources This shows the source of the time being distributed based on the value of the time 
source enumeration as shown in the following table.

Local Time Offset This is the offset of local time from UTC and information about impending change in 
the offset.

Port Port Identity This contains the clock ID and port number of the SEL-710-5 Relay on the PTP 
network. 

Port State This is the synchronization state of the SEL-710-5: LISTENING, SLAVE, 
UNCALIBRATED, or FAULTY. The relay is synchronized if the state is SLAVE.

Log Delay Request 
Interval

If the end-to-end delay mechanism is enabled, this is the logarithm to base 2 of the 
delay request intervals (in seconds) received from the master clock. If the peer-to-
peer (P2P) delay mechanism is enabled, these data are hidden. Also, these data are 
hidden when delay mechanism is set to OFF.

Log Pdelay Request 
Interval

If the peer-to-peer (P2P) delay mechanism is enabled, this is the logarithm to base 2 
of the configured peer delay request intervals (PDINT). If the end-to-end delay 
mechanism is enabled, these data are hidden. Also, these data are hidden when the 
delay mechanism is set to OFF.

Peer Mean Path 
Delay

If the peer-to-peer (P2P) delay mechanism is enabled, this is the measured mean peer 
delay on the SEL-710-5. If the peer-to-peer (P2P) delay mechanism is not selected 
(PTHDLY := P2P), these data are hidden.

Announce Receipt 
Timeout

This value is always four announce intervals. 

Path Delay 
Mechanism

This is the same value as PTHDLY.

Failed to Receive 
Response

The value is TRUE if no response is received after five consecutive Delay or Pdelay 
Requests from the port. Otherwise, the value is FALSE. These data are hidden if 
PTHDLY := OFF.

Received Multiple 
Pdelay Responses

This is set to TRUE if a response is received from more than one clock to a Pdelay 
request from the SEL-710-5. The port state will transition to faulty when this 
happens. The value is reset to FALSE when only one clock responds to Pdelay 
requests from the SEL-710-5. These data are hidden if PTHDLY := P2P.

Table 7.19 PTP Data Set Descriptions (Sheet 4 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

10 ATOMIC_CLOCK

20 GPS

30 TERRESTRIAL_RADIO

40 PTP

50 NTP

60 HAND_SET

90 OTHER

A0 INTERNAL_OSCILLATOR

F0–FE PROFILE SPECIFIC VALUE (0xyy)

All other values RESERVED (0xyy)
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COMMUNICATIONS Command
The COM x command (see Table 7.20) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix J: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
Relay Word bits ROKA or ROKB. The Last Error field displays the reason for 
the most recent channel error, even if the channel was already failed. We 
define failure reasons as one of the following error types:

Reason for Non-
synchronization

If the SEL-710-5 fails to synchronize, this field provides one of the following reasons 
for the failure: incorrect domain number, clock not in the acceptable master table, or 
missing TLV in Announce messages. Otherwise, the string is empty. See the 
following table.

Port Status This displays the Port 1A or 1B time-synchronization status. If the port is not 
synchronized to a PTP master, NA is displayed. If a port is in the SLAVE state and it 
is chosen as master, ACTIVE is displayed.

Additional port status indications are available via Relay Word bits PTPA, PTPB, 
PASEL, and PBSEL. When Ethernet Port 1A is active, PASEL asserts. Similarly, 
when Ethernet Port 1B is active, PBSEL asserts. If the operating mode on Port 1 of 
the relay is PRP, PTP is enabled. If the relay is receiving PTP messages on Port 1A, 
PTPA asserts. Similarly, in PTP mode, if PTP is enabled and the relay is receiving 
PTP messages on Port 1B, PTPB asserts. 

Table 7.19 PTP Data Set Descriptions (Sheet 5 of 5)

Type of Data Set Information Field Description

Number Reason for Non-synchronization Display Strings

1 Received Announce message for a different domain: 
<domain number>

2 Received Announce message from an unacceptable master: 
<MAC or IP address>

3 Required TLV is missing or incorrectly formatted by clock:

<clock ID>

➤ Device disabled ➤ Re-sync
➤ Framing error ➤ Data error
➤ Parity error ➤ Loopback
➤ Overrun ➤ Underrun

Table 7.20 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 

COM S B 

Returns a summary report of the last 255 records in the 
communications buffer for either MIRRORED BITS com-
munications Channel A or Channel B when only one 
channel is enabled. 

1 

 

COM A Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel A. 

1 

COM B Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel B. 

1 

COM L A Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel A. 

1 
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.21) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.21.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.22) to copy the settings of Group j 
to the settings of Group k. The settings of Group j effectively overwrite the 
settings of Group k. Parameters j and k can be any available settings group 
number 1 through 4.

COM L B Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel B. 

1 

COM C Clears all communications records. If both MIRRORED 
BITS channels are enabled, omitting the channel speci-
fier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.20 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.21 CONTROL Command

Command Description Access Level

CON RBnn k Sets a Remote Bit to set, clear, or pulse. 2

Subcommand

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

Parameters

nn A number from 01 to 32, representing RB01 through RB32.

k S, C, or P.

=>>CON RB05 S <Enter>

Table 7.22 COPY Command

Command Description Access Level 

COP j k Copies settings in Group j to settings in Group k. 2 

Parameters

j 1, 2, 3, or 4.

k 1, 2, 3, or 4.
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For example when you enter the COP 1 3 command, the relay responds, Are 
you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.23).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.24) to view and set the relay date.

The relay can overwrite the date entered by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(Port 1) status, as shown in Figure 7.22, for the redundant fiber-optic (FX) 
Ethernet Port 1A and Port 1B configuration. The copper Ethernet port is labeled 
as TX. The response is similar for relays with the single Ethernet port option. 

Different Ethernet configurations and different NETMODE settings result in 
slightly different information being displayed, as shown in Figure 7.22 
through Figure 7.26.

Table 7.23 COUNTER Command

Command Description Access Level

COU n Displays current state of device counters n times, with a 
1/2-second delay between each display.

1

Table 7.24 Date Command

Command Description Access Level

DATE Displays the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Sets the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1
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=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:16:05.914
MOTOR RELAY                                Time Source: External

NETMODE: PRP

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
      5098     1000       645526      88876         0       0

=>

Figure 7.22 Ethernet Port (PORT 1) Status Report When NETMODE := PRP

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:18:11.791
MOTOR RELAY                                Time Source: External

NETMODE: FIXED

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
       143      107        14652       7861         0       0

=>

Figure 7.23 Ethernet Port (PORT 1) Status Report When 
NETMODE := FIXED
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=>ETH <Enter>

SEL-710-5                                  Date: 10/25/2016   Time: 10:59:25.558
MOTOR RELAY                                Time Source: Internal

NETMODE: FAILOVER

PRIMARY PORT:  1A
ACTIVE PORT:   1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Down   --     --     TX

IP Port:

MAC: 00-30-A7-67-32-10
IP ADDRESS: 10.10.52.244
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        36       72         2660       5081         0       0

GOOSE Port:

MAC: 00-30-A7-78-10-20

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
         0        0            0          0         0       0

=>

Figure 7.24 Ethernet Port (PORT 1) Status Report When 
NETMODE := FAILOVER, E61850 := Y, and EGSE := Y

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:21:34.698
MOTOR RELAY                                Time Source: External

NETMODE: SWITCHED

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        93       74         8537       5096         0       0

=>

Figure 7.25 Ethernet Port (PORT 1) Status Report When 
NETMODE := SWITCHED

NOTE: Relays with older CPU cards 
can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).
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The command response for the single Ethernet port option is as shown in 
Figure 7.26.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.25) to view event reports. See Section 10: 
Analyzing Events for further details on retrieving and analyzing event reports. 
See the HISTORY Command on page 7.53 for details on clearing event 
reports.

FILE Command
The FIL command (see Table 7.26) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FIL command is supported if you connect over the serial or 
Ethernet ports.

=>ETH <Enter>

SEL-710-5                                 Date: 06/05/2010 Time: 10:41:44
MOTOR RELAY                               Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 
 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>

Figure 7.26 Ethernet Port (PORT 1) Status Report for the Single Ethernet 
Port Option

Table 7.25 EVENT Command (Event Reports)

Command Description Access Level

EVE Return the most recent event report (including set-
tings and summary) at full length with 4 samples per 
cycle data

1

EVE [DIF] n Returns the n event report (standard or differential) 
with 4 samples/cycle data.

1

EVE [DIF] n R Returns the n event report (standard or differential) 
with raw (unfiltered) 32 samples/cycle analog data 
and 4 samples/cycle digital data.

1

Parameters

DIF Specifies a differential event report. If DIF is not specified, the relay 
displays a standard event report.

n Indicates a record or event reference number. The most recent event has 
a record number of 1 and increments by 1 with each event, whereas the 
event reference number is a unique number that starts at 10000 and 
increments by 1 with each event (see Event Reference Number on 
page 10.4 for details). If n is not specified, the relay displays the latest 
event report by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which can be used for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.27.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.26 FILE Command

Command Description Access Level

FIL DIR Returns a list of files. 1

FIL READ 
filename

Transfers settings file filename from the relay to 
the PC.

1

FIL WRITE 
filename

Transfers settings file filename from the PC to the 
relay.

2

FIL SHOW 
filename

Displays contents of the file filename. 1

Table 7.27 GOOSE Command Variants 

Command Variant Description
Access 
Level

GOOSE Displays GOOSE information. 1

GOOSE k Displays GOOSE information k times. 1

GOOSE S Displays a list of GOOSE subscriptions with their 
ID.

1

GOOSE S n Displays GOOSE statistics for all subscription ID n. 1

GOOSE S ALL Displays GOOSE statistics for all subscriptions. 1

GOOSE S n L Displays GOOSE statistics for subscription ID n 
including error history.

1

GOOSE S ALL L Displays GOOSE statistics for all subscriptions 
including error history.

1

GOOSE S n C Clears GOOSE statistics for subscription ID n. 1

GOOSE S ALL C Clears GOOSE statistics for all subscriptions. 1

Information Field Description

Transmit
GOOSE Control Reference

This field represents the GOOSE control reference information that includes the IED 
name, ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and GSECon-
trol name (GSE Control Block Name) (e.g., SEL_351S_1CFG/LLN0$GO$GooseD-
Set13).

Receive
GOOSE Control Reference

This field represents the goCbRef (GOOSE Control Block Reference) information that 
includes the iedName (IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical 
Node Class), and cbName (GSE Control Block Name) 
(e.g., SEL_351S_1CFG/LLN0$GO$GooseDSet13).

MultiCastAddr (Multicast Address) This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where spaces are used if the 
priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area Network) value, where 
spaces are used if the virtual LAN is unknown.

StNum (State Number) This hexadecimal field represents the state number that increments with each state change.
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SqNum (Sequence Number) This hexadecimal field represents the sequence number that increments with each retrans-
mitted GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is expected.

Code When appropriate, this text field contains warning or error condition text that is abbrevi-
ated as follows:

Transmit Data Set Reference This field represents the DataSetReference (Data Set Reference) that includes the IED 
name, LN0 lnClass (Logical Node Class), and GSEControl datSet (Data Set Name) 
(e.g., SEL_351S_1CFG/LLN0$DSet13).

Receive Data Set Reference This field represents the datSetRef (Data Set Reference) that includes the iedName (IED 
name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and datSet 
(Data Set Name) (e.g., SEL_351S_1CFG/LLN0$DSet13).

Ctrl Ref/
ControlBlockReference

This is the GOOSE control block reference. It is a concatenation of the logical device 
name, LLN0 (logical node containing the control block), GO (functional constraint), and 
the GSEControl name. (e.g. SEL_351S_1CFG/LLN0$GO$GooseDSet13) 

AppID This is the application identifier as a decimal number. 

From This is the date and time the current statistics collection started. 

To This is the date and time the GOOSE statistics command was executed. 

Accumulated downtime dura-
tion

This represents the total amount of time a subscription was in an error state. The duration 
is displayed in the format: hhhh:mm:ss.zzz.

Maximum downtime duration This represents the maximum amount of time a subscription was continuously in error 
state. The duration is displayed in the format: hhhh:mm:ss.zzz.

Date & time maximum downtime 
began

This is the date and time the recorded maximum downtime started. 

Number of messages received 
out-of-sequence (OOS)

This represents the total number of messages received with either the state number and/or 
sequence number out-of-sequence. This includes cases where more than one instance of a 
message is received within a single relay processing interval. In this case, the most recent 
message is processed and the others are discarded.

Number of time-to-live (TTL) 
violations detected 

This represents the total number of times a message was not received within the expected 
period/interval. 

Number of messages incor-
rectly encoded or corrupted

This represents the total number of messages that were identified with this subscription 
but were either incorrectly encoded or encoded with a wrong dataset. 

Number of messages lost due 
to receive overflow

This represents the total number of messages that were not processed because memory 
resources were exhausted. This includes cases where more than one instance of a message 
is received within a single relay processing interval. In this case, the most recent message 
is processed and the others are discarded.

Calculated max. sequential 
messages lost due to OOS

This represents the maximum estimated number of messages that were missed after 
receiving a message with a higher state or sequence number than expected.

Calculated number of mes-
sages lost due to OOS

This represents the total of all estimated number of messages lost due to state or sequence 
number skip in received messages. 

Information Field Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired
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Figure 7.27 shows an example response to the GOOSE command.

Table 7.28 Warning and Error Codes for GOOSE Subscriptions

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or 
becomes unresponsive after the GOOSE command has been 
issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the 
configuration revision number in the received GOOSE message 
does not match with the value of the configuration revision 
number present in the CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE 
message has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message 
does not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the 
StNum or SqNum value between received GOOSE messages is 
not sequential.

Warning

INVALID QUAL 7 Invalid date quality received. Warning
a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

=>GOOSE

GOOSE Transmit Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_710d5_1CFG/LLN0$GO$GPub01
 01-0C-CD-01-00-18 4:1     4120   1          5580       362   
 Data Set: SEL_710d5_1CFG/LLN0$GPDSet01

SEL_710d5_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-04 4:3     4      11119      3          944   
 Data Set: SEL_710d5_1CFG/LLN0$NewDataset

GOOSE Receive Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-05 4:3     5      1          5563       2000    
 Data Set: SEL_700G_1CFG/LLN0$NewDataset

SEL_787d4_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-03 4:3     3      1          5522       2000    
 Data Set: SEL_787d4_1CFG/LLN0$NewDataset

=>GOO S 1 L

Figure 7.27 GOOSE Command Response
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GROUP Command
Use the GROUP command (see Table 7.29) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change fails. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.30) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 AppID   : 5    
 From    : 04/20/2018 12:38:30.275  To: 04/20/2018 14:13:43.289

 Accumulated downtime duration                      : 0000:00:09.891
 Maximum downtime duration                          : 0000:00:09.891
 Date & time maximum downtime began                 : 04/20/2018 12:40:21.460
 Number of messages received out-of-sequence(OOS)   : 0
 Number of time-to-live(TTL) violations detected    : 1
 Number of messages incorrectly encoded or corrupted: 0
 Number of messages lost due to receive overflow    : 0
 Calculated max. sequential messages lost due to OOS: 0
 Calculated number of messages lost due to OOS      : 0

 #    Date        Time          Duration        Failure
 1    04/20/2018  12:40:21.460  0000:00:09.891  TTL EXPIRED

Figure 7.27 GOOSE Command Response (Continued)

Table 7.29 GROUP Command

Command Description Access Level

GROUP Displays the active group. 1

GROUP n Modifies the active Group n. 2

Parameter

n Indicates group numbers 1–4.

Table 7.30 HELP Command

Command Description Access Level

HELP Displays a list of each command available at the 
present access level with a one-line description.

1

HELP command Displays information on the command command. 1
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HISTORY Command
Use the HIS command (see Table 7.31) to view a list of one-line descriptions of 
relay events or clear the list (and corresponding event reports) from nonvolatile 
memory. For more information on event reports, see Section 10: Analyzing Events.

ID Command
Use the ID command (see Table 7.32) to extract device identification codes, as 
shown in Figure 7.28. You can use the information in the SPECIAL field in 
the ID command response to determine the hardware and firmware 
compatibility of the relay. Contact SEL technical support before you 
downgrade the relay firmware.

Table 7.31 HISTORY Command 

Command Description Access Level

HIS Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list.

1

HIS [50INC or 
BBD] n

Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list, beginning at event n.

1

HIS [50INC or 
BBD] C or R

Clears/resets the event history and all corre-
sponding event reports from nonvolatile mem-
ory.

1

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

1

HIS date1 date 2 Return the event summaries from date1 to date2, 
with date1 at the bottom of the list and date2 at 
the top of the list.

1

HIS CA or RA Clears/resets the event history and all corre-
sponding event reports from nonvolatile memory 
and resets the unique reference number to 
10000.

1

Parameter

BBD Returns event histories for the broken bar detection element. If 
BBD is not specified, the relay displays histories for the standard 
event report.

50INC Returns event histories for the incipient cable fault detection ele-
ment. If 50INC is not specified, the relay displays histories for the 
standard event report. 

n Indicates an event reference number. The event reference number 
is a unique number that starts at 10000 and increments by 1 with 
each event (see Event Reference Number on page 10.4 for 
details).

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display 
a chronological progression through the report. Enter the newest 
date first to display a reverse chronological progression. Date 
entries are dependent on the date format setting DATE_F.

Table 7.32 ID Command

Command Description Access Level

ID Returns a list of device identification codes. 0
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IRIG Command
Use the IRIG command to direct the relay to read the demodulated IRIG-B 
time code at the serial port or IRIG-B input (see Table 7.33).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRIG command to synchronize the 
relay clock with IRIG-B. Use the IRIG command to determine if the relay is 
properly reading the IRIG-B signal.

L_D Command (Load Firmware)
Use the L_D command (see Table 7.34) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: Firmware Upgrade 
Instructions for further details on downloading firmware. Only download 
firmware to the front port.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

Figure 7.28 ID Command Response

Table 7.33 IRIG Command

Command Description Access Level

IRIG Forces synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRIG <Enter>

SEL-710-5                  Date: 12/10/2003 Time: 08:56:03.190
MOTOR RELAY                Time Source: external
=>

Table 7.34 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads firmware to the relay. 2
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LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.35) to view and manage the Load Profile 
report (see Figure 5.27). If there are no stored data and an LDP command is 
issued, the relay responds with No data available.

LOOPBACK Command
The LOO command (see Table 7.36) is used for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix J: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing is wrong and ROK is deasserted. The 
LOO command tells the MIRRORED BITS software to temporarily expect to 
see its own data looped back as its input. In this mode, LBOK asserts if error-
free data are received. The LOO command with just the channel specifier, 
enables looped back mode on that channel for five minutes, while the inputs 
are forced to the default values.

Table 7.35 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Displays a numeric progression of all load pro-
file report rows. Use the LDP command with 
parameters to display a numeric or reverse 
numeric subset of the load profile rows.

1

LDP C Clears the load profile report from nonvolatile 
memory.

1

Parameters

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric pro-
gression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with date1 
and ending with date2. Enter the oldest date first to display a chrono-
logical progression through the report. Enter the newest date first to 
display a reverse chronological progression. Date entries are depen-
dent on the date format setting DATE_F.

Table 7.36 LOO Command

Command Description Access Level 

LOO Enables loopback testing of MIRRORED BITS channels. 2 

LOO A Enables loopback on MIRRORED BITS Channel A for 
the next 5 minutes. 

2 

LOO B Enables loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

LOO R Cancels the loopbackl test. 2

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>
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If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the desired number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command causes both channels to be disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as shown 
below.

MET Command (Metering Data)
The MET command (see Table 7.37 and Table 7.38) provides access to the 
relay metering data.

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>>MAC <Enter>

Port 1 (IP) MAC Address:      00-30-A7-67-32-10
Port 1 (GOOSE) MAC Address:   00-30-A7-78-10-20

=>>

NOTE: Relays with older CPU 
cards can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).

Table 7.37 Meter Command

Command Description Access Level

MET c n Displays metering data. 1

MET c R Resets metering data. 2

Parameters

c Identifies meter class. If c is not specified, the relay displays the funda-
mental meter report.

n Specifies the number of times (1–32767) to repeat the meter response.

Table 7.38 Meter Class (Sheet 1 of 2)

c Meter Class

F Fundamental Metering

Ea Energy Metering 

Ma Maximum/Minimum Metering

RMS RMS Metering
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Confirm by 
selecting Y and pressing ENT. The metering quantities are reset and the relay 
responds with Reset Complete.

MMR Command
Use the MMR (motor maintenance report) command to review for each start/
stop cycle motor parameters, such as:

➤ Time to start/stop

➤ Power on start/stop

➤ Maximum starting current

➤ Minimum starting voltage

➤ Slip on stop

The MMR command displays the values recorded during a baseline run and 
each subsequent run. The MMR report includes data for the latest 360 start/
stop cycles, along with the data captured in the baseline run.

See Motor Maintenance Report on page 5.18 for information on the contents 
of the motor maintenance report.

MOTOR Command
The MOT command (see Table 7.40) displays motor operating statistics 
including the following:

➤ Motor running time, stopped time, and percent time running.

➤ Total number of motor starts.

➤ Number of emergency starts.

FFT Fast Fourier Transform Data Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

L Light Metering for arc-flash detection (AFD)

MV SELOGIC Math Variable Metering

RA Remote Analog Metering

a Reset command available.

Table 7.38 Meter Class (Sheet 2 of 2)

c Meter Class

Table 7.39 MMR Command

Command Description Access Level

MMR Displays stored motor parameters for each start/stop 
cycle along with the baseline run.

1

MMR C Clears stored motor parameters for each start/stop 
cycle and readies the relay to compute a new set of 
baseline run parameters in the following start/stop 
cycle.

2
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Section 5: Metering and Monitoring includes additional details on the motor 
operating statistics report. Issuing the MOT R or MOT C command from 
Access Level 2 clears both motor statistics and motor start reports.

MSR or CMSR Command
Use the MSR (Motor Start Report) command (see Table 7.41) to view motor 
start reports. The relay records a 720-data point report each time the motor 
starts. Use the CMSR n command for compressed motor start reports.  
QuickSet supports viewing of the compressed motor start reports (*.cmsr).

See Section 5: Metering and Monitoring for information on the contents of 
motor start reports. Issuing the MOT R or MOT C command from Access 
Level 2 clears both motor statistics and motor start reports.

MST Command
Use the MST (Motor Start Trend) command (see Table 7.42) to review the 
motor start trend data. The relay records the number of starts and average 
information for each of the past eighteen 30-day periods. See Section 5: 
Metering and Monitoring for information on the contents of the motor start 
trend data.

PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.43) to change existing passwords.

Table 7.40 MOTOR Command 

Command Description Access Level

MOT Displays machine operating statistical monitoring of 
the protected device.

1

MOT C or R Use this command to clear/reset the motor statistic and 
motor start report records.

2

Table 7.41 MSR (Motor Start Report) Command

Command Description Access Level

MSR n Returns the n motor start report where n is event record or 
reference number. The n defaults to 1, where 1 is the most 
recent event.

1

CMSR n Shows compressed motor start record data, where n is the 
event record or reference number.

1

Table 7.42 MST (Motor Start Trend) Command

Command Description Access Level

MST Returns the motor start trend data 1

MST R or C Resets or clears the data stored in the motor start trend 
buffers.

2

Table 7.43 PASSWORD Command

Command Description Access Level

PAS level Changes password for Access Level level. 2, C

Parameter

level Parameter level represents the relay Access Levels 1, 2, or C.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.
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The factory-default passwords are as shown in Table 7.44.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change the Access Level 2 password and PAS C to 
change the Access Level C password.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are shown below:

➤ #0t3579!ijd7

➤ $A24.68&,mvj

➤ (Ih2dcs)36dn

➤ *4u-Iwg+?lf-

PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 1) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (Port 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.29. 

The command structure is:

PING x.x.x.x t 

where: 

x.x.x.x is the Host IP address and 

Table 7.44 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Passwords

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1  <Enter>
New PW: ?#Ot3579!ijd7 <Enter>
Confirm PW: ?#Ot3579!ijd7 <Enter>
Password Changed
=>>

Table 7.45 Valid Password Characters

Alpha
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric
0 1 2 3 4 5 6 7 8 9

Special
! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~
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t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing Q.

PULSE Command
Use the PULSE command (see Table 7.46) to pulse any of the relay outputs 
for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact closes 
or opens depending on the output contact type (a or b). The PUL command 
energizes the coil and does not have any effect if the coil is already energized. 
The outputs are OUTnnn, where nnn represents 101–103 (standard), 301–308 
(optional), 401–408 (optional), or 501–508 (optional). For example, 
OUTPUT 301 refers to Output 01 in Slot C. 

QUIT Command
Use the QUIT command (see Table 7.47) to revert to Access Level 0.

Access Level 0 is the lowest access level; the SEL-710-5 performs no 
password check to descend to this level (or to remain at this level).

=>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

=>

Figure 7.29 PING Command Response

Table 7.46 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnn Pulses output OUTnnn for 1 second. 2

PUL OUTnnn s Pulses output OUTnnn for s seconds. 2

Parameters

nnn Output number.

s Time in seconds, with a range of 1–30.

NOTE: The PULSE command is 
available when the breaker control 
jumper on the main board is in the 
ENABLED position.

Table 7.47 QUIT Command

Command Description Access Level

QUIT Goes to Access Level 0. 0
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R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.48) to restore factory-default settings.

RSTP Command
Use the RSTP command (see Figure 7.49) to display the RSTP statistics and 
the present RSTP configuration when RSTP is enabled.

Table 7.50 describes the information displayed in the output of the RSTP 
command.

Table 7.48 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restores the factory-default settings and passwords and 
reboots the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.49 RSTP Command

Command Description Access Level

RSTP Displays the RSTP statistics and the present RSTP 
configuration.

1

Table 7.50 RSTP Command Definitions (Sheet 1 of 2)

Information Field Description

ROOT BRIDGE Reveals the role of the relay in the RSTP configuration. It will either display YES or 
NO.

BRIDGE ID Displays the Bridge ID of the relay, which consists of the bridge priority (in decimal 
format) and the MAC address of the relay.

ROOT BRIDGE ID Displays the Bridge ID of the root bridge, which consists of the bridge priority (in 
decimal format) and the MAC address of the root bridge.

ROOT PORT Displays the port number (i.e., Port 1A or Port 1B) that is forwarding towards the root 
bridge when the relay is a designated bridge. If the relay is the root bridge, this dis-
plays NA.

TIME SINCE TOPOLOGY CHANGE Displays the number of seconds since the last topology change occurred.

BRIDGE PRIORITY Determines the root bridge. The bridge with the lowest value becomes the root bridge. 
It can be set under the Port 1 settings.

HELLO TIME Interval in which the relay sends BPDUs. It is fixed at 2 seconds.

MAX AGE Maximum number of hops before a BPDU is discarded. It is fixed at 40.

FORWARD DELAY The time that the relay must spend in the listening and learning states before transi-
tioning to forwarding. It is fixed at 21 seconds. This is only used when the relay is in 
STP compatibility mode.

PORT 1A PROTOCOL Displays either STP or RSTP.

PORT 1B PROTOCOL Displays either STP or RSTP.

PORT 1A STATE The state of Port 1A.

PORT 1B STATE The state of Port 1B.

PORT 1A ROLE The role of Port 1A.

PORT 1B ROLE The role of Port 1B.

PORT 1A PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.
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Figure 7.30 shows an example response to the RSTP command.

RLP Command
Use the RLP command (see Table 7.51) to reset learned motor parameters.

In response to the RLP command, the device responds with the following 
prompt: Reset Cooltime (Y/N)? If you confirm the prompt, the device 
resets the learned cooling time and responds: Learned Cooling Time 
Reset. Otherwise, the device aborts the request and responds: Command 
Canceled. The device then responds: Reset Start TC (Y/N)? If you 
confirm the prompt, the device resets the Learned Starting Thermal Capacity 
and responds: Learned Starting TC Reset. Otherwise, the device aborts 
the request and responds with Command Canceled.

PORT 1B PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.

PORT 1A PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1B PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1A EDGE PORT If YES, Port 1A is an edge port. If NO, it is not.

PORT 1B EDGE PORT If YES, Port 1B is an edge port. If NO, it is not.

PORT 1A BPDU COUNT Displays the number of BPDUs received on Port 1A.

PORT 1B BPDU COUNT Displays the number of BPDUs received on Port 1B.

Table 7.50 RSTP Command Definitions (Sheet 2 of 2)

Information Field Description

=>RSTP <Enter>

SEL-710-5                                 Date: 08/26/2022   Time: 10:37:34.788
MOTOR RELAY                          Time Source: External

RSTP Communication Statistics: 

Root Bridge: NO
Bridge Id: 36864-0030A7169000
Root Bridge Id: 12288-0030A70B64F9
Root Port: 1A
Time Since Topology Change: 76601 sec
Bridge Priority: 36864;   Hello Time:  2 sec
Max Age: 40;   Forward Delay:  21 sec

PORT PROTOCOL  STATE       ROLE    PRIORITY  PATHCOST EDGE #BPDU-RCVD 
 1A   RSTP   Forwarding   Rootport    128    200000   False     39608 
 1B   RSTP   Discarding   Disabled    128    200000   False      1077 

=>

Figure 7.30 RSTP Command Response

Table 7.51 RLP Command

Command Description Access Level

RLP Resets learned motor parameters 2
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SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.52) to view and manage the Sequential 
Events Recorder report. See Section 10: Analyzing Events for further details 
on SER reports. If there is no SER report row stored, the relay responds with 
No Data Available.

SET Command (Change Settings)
Use the SET command to view or change the relay settings (see Table 7.53).

Table 7.52 SER Command (Sequential Events Recorder Report) 

Command Description Access Level

SER Displays a chronological progression of all available 
SER rows (as many as 1024 rows). Row 1 is the most 
recently triggered row and row 1024 is the oldest.

1

SER C or R Clears/resets the SER records. 1

Parameters

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the report. 
Enter the larger number first to display a reverse numeric progression of 
rows. For example, use SER 1 10 to return the first 10 rows in numeric 
order or SER 10 1 to return these same items in reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use SER 1/1/
2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date begin-
ning with date1 and ending with date2. Enter the oldest date first to dis-
play a chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F. For example, use SER 1/5/
2003 1/7/2003 to return all records for January 5, 6, and 7, 2003.

Table 7.53 SET Command (Change Settings) (Sheet 1 of 2)

Command Description Access Level

SET n s TERSE Sets the relay settings, beginning at the first 
setting for Group n.

2

SET E TERSE Sets the EtherNet/IP settings. 2

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.54.

The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SET L n s TERSE Sets the general logic settings for Group n. 2

SET G s TERSE Sets the global settings. 2

SET P k s TERSE Sets the serial port settings. k specifies the 
port; k defaults to the active port if not listed.

2

SET R s TERSE Sets the report settings such as Sequential 
Events Recorder (SER) and Event Report (ER) 
settings.

2

SET F s TERSE Sets the front-panel settings. 2

SET I TERSE Sets the IEC 60870-5-103 settings. 2

SET M s TERSE Sets the Modbus User Map settings. 2

SET DNP m s TERSE Sets the DNP Map m settings. 2

Table 7.54 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.53 SET Command (Change Settings) (Sheet 2 of 2)

Command Description Access Level

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.55 for the 
SHOW command settings and format.

Table 7.55 SHOW Command (Show/View Settings)

Command Description Access Level

SHO n s Shows the relay settings for Group n. 1

SHO E Shows the EtherNet/IP assembly map settings. 1

SHO L n s Shows the general logic settings for Group n. 1

SHO G s Shows the Global settings. 1

SHO P k s Shows the serial port settings. k specifies the port 
(1, 2, 3, 4, or F); k defaults to the active port if not 
listed.

1

SHO R s Shows the report settings, such as Sequential 
Events Recorder (SER) and Event Report (ER) set-
tings.

1

SHO F s Shows the front-panel settings. 1

SHO I Shows the IEC 60870-5-103 settings. 1

SHO M s Shows the Modbus User Map settings. 1

SHO DNP m s Shows the DNP Map m settings. 1

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s The name of the specific setting you want to view. Jumps to this set-
ting. If s is not entered, the relay starts at the first setting.

=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-710-5
TID      := SYNCHRONOUS MTR

Config Settings
SYNTYPE  := BRUSHLESS     CTR1     := 100           FLA1     := 250.0
VFDAPP   := N             CTRN     := 100           PTR      := 35.00
VNOM     := 4160          DELTA_Y  := DELTA         SINGLEV  := N

Thermal Overload
E49MOTOR := Y             SETMETH  := RATING        49RSTP   := 75
SF       := 1.15          LRA1     := 6.0           LRTHOT1  := 10.0
TD1      := 1.00          RTC1     := AUTO          TCAPU    := 85
TCSTART  := OFF           COOLTIME := 84

Phase Overcurr
50P1P    := 10.00         50P1D    := 0.00          50P2P    := OFF

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF

Residual Overcur
50G1P    := OFF           50G2P    := OFF

Neq Seq Overcur
50Q1P    := 3.00          50Q1D    := 0.10          50Q2P    := 0.30
50Q2D    := 0.2

Figure 7.31 SHOW Command Example
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Phase TOC
51AP     := OFF           51BP     := OFF           51CP     := OFF

Maximum Ph TOC
51P1P    := OFF           51P2P    := OFF

Negative Seq TOC
51QP     := OFF

Residual TOC
51G1P    := OFF           51G2P    := OFF

Motor Diff OC
E87M     := N

Jam Settings
LJTPU    := OFF           LJAPU    := OFF

Undercurrent Set
LLTPU    := OFF           LLAPU    := OFF

Current Imb Set
46UBT    := 20            46UBTD   := 5             46UBA    := 10
46UBAD   := 10

Start Monitoring
START_T  := OFF

Star-Delta Set
ESTAR_D  := N

Start Inhibt Set
MAXSTART := OFF           TBSDLY   := OFF           ABSDLY   := OFF

Phase Rev Set
E47T     := Y

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF

27 Inverse Time
E27I1    := N             E27I2    := N

59 Inverse Time
E59I1    := N             E59I2    := N             E59I3    := N
E59I4    := N

VAR Settings
NVARTP   := OFF           PVARTP   := OFF           NVARAP   := OFF
PVARAP   := OFF

Loss of Field Set
E40      := N

Out of Step
E78      := N

Field Res Set
FDRES1P  := OFF           FDRES2P  := OFF
FDRESTC  := SRUNNING

Field Current Set
FDCURIN  := I             FD_20mA  := 400.0         FDUC1P   := OFF
FDUC2P   := OFF           FDOC1P   := OFF           FDOC2P   := OFF
FDCTC    := SRUNNING

Field Voltage Set
FDUV1P   := OFF           FDUV2P   := OFF           FDOV1P   := OFF
FDOV2P   := OFF
FDVTC    := NOT STOPPED

Start Seq Set
41DELAY  := 3.0           FDCMIN   := 400.0

Figure 7.31 SHOW Command Example (Continued)
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.56) displays the status report. See 
Figure 7.32 for an example of a status report.

Refer to Section 11: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.57 shows the status report definitions and message formats for each 
test. Refer to Figure 1.3 and Figure 1.4 for examples of the STATUS 
command response.

Underpower Set
37PTP    := OFF           37PAP    := OFF

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF           55I1SUP  := OFF
55TC     := SRUNNING

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF

Load Control Set
LOAD     := OFF

Trip Inhibit
BLKPROT  := 0
BLK46    := N             BLK48    := N             BLK50EF  := N

BLK50P   := N             BLK37    := N             BLK66    := N
BLK49RTD := N

Trip/Close Logic
TDURD    := 0.5

TR       := 49T OR LOSSTRIP OR JAMTRIP OR 46UBT OR 50P1T OR 50G1T OR 59P1T OR
            47T OR SPDSTR OR 50N1T OR SMTRIP OR ( 27P1T AND NOT LOP ) OR SV01T
            OR SV03T
REMTRIP  := 0
TRIPONLO := Y
ULTRIP   := 0

52A      := 0
41A      := 0

Motor Control
STREQ    := PB03
BLKSTR   := STOPPED AND ( THERMLO OR NOSLO OR TBSLO OR ABSLO )
EMRSTR   := 0
SPEEDSW  := 0

=>

Figure 7.31 SHOW Command Example (Continued)

Table 7.56 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Displays the relay self-test information n times (n = 1–
32767). Defaults to 1 if n is not specified.

1

STA S Displays the memory and execution utilization for the 
SELOGIC control equations.

1

STA C or R Reboots the relay and clears self-test warning and fail-
ure status results.

2
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Figure 7.32 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

Table 7.57 STATUS Command Report and Definitions 

STATUS Report 
Designator

Definition Message Format

Serial Num Serial number Text Data

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

Current Offset
(IA, IB, IC, IN, 
IA87, IB87, IC87)

Measurement of dc offset in hardware cir-
cuits of current channels

Measurement of 
dc Offset/WARN

Voltage Offset
(VA, VB, VC, 
VDR)

Measurement of dc offset in hardware cir-
cuits of voltage channels

Measurement of 
dc Offset/WARN

x.x V Power supply status Voltage/FAIL

FPGA FPGA programming unsuccessful, or 
FPGA failed

OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL

HMI Front-panel FPGA programming unsuc-
cessful, or front-panel FPGA failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that 
runs in RAM

OK/FAIL

NON_VOL Integrity of data stored in nonvolatile 
memory

OK/FAIL

BATT Clock battery voltage Voltage/WARN

CLOCK Clock functionality OK/WARN

PTC Integrity of PTC OK/FAIL

RTD Integrity of RTD module/communications OK/FAIL

CARD_Z Integrity of Card Z OK/FAIL

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications 
data rate ___kbps

Text Data

DN_Status DeviceNet connection and fault status 
000b bbbb

Text Data

CID_FILE Configured IED description file OK/FAIL
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STOP Command
The STOP command (see Table 7.58) causes the relay to trip, opening the 
motor contactor or circuit breaker and stopping the motor. For further details 
refer to Figure 4.74.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the 
STOP command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), 
the relay does not execute the STOP command, and it responds with the 
following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

STR Command
The STR command (see Table 7.59) uses internal relay logic to initiate a 
motor start. For further details refer to Section 4: Protection and Logic 
Functions.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the STR 
command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the STR command from the ASCII terminal, and it 
responds with the following:

=>STA S <Enter>
SEL-710-5                                Date: 05/09/2006   Time: 15:44:46
MOTOR RELAY                              Time Source: Internal
Part Number  071050E1B0X0X7286023X
Global (%)    76
FP (%)        77
Report (%)    62
               GROUP 1  GROUP 2  GROUP 3  GROUP 4
Execution (%)   90       95       95       95
Group (%)       67       70       70       70
Logic (%)       89       90       90       90

=>

Figure 7.32 Typical Relay Output for STATUS S Command

NOTE: The STA S report shows the 
available SELOGIC capacity of the 
relay. For example, execution 90% 
means that 90% of the execution 
capacity is still available. 

Table 7.58 STOP Command

Command Description Access Level

STOP Initiates user operation of an output to stop the motor. 2

=>>STO <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.59 STR Command

Command Description Access Level

STR Initiates user operation of an output to start and run the 
motor.

2
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The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

SUMMARY Command
The SUM command (see Table 7.60) displays an event summary in human 
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., OVERLOAD TRIP).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.61) displays the status of front-panel target 
LEDs or Relay Word bits, whether these LEDs or Relay Word bits are asserted 
or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.62. All Relay Word 
rows are described in Table L.1 and Table L.2. Relay Word bits are used in 
SELOGIC control equations. See Appendix L: Relay Word Bits.

=>>STR <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.60 SUMMARY Command

Command Description Access Level

SUM n Displays event summary n (where n is either the event 
record or the reference number).

1

SUM R or C Clears the archive. 1

Table 7.61 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

 TAR Displays Relay Word Row 0 or the last dis-
played target row.

1

TAR name k Displays the target row with target name in the 
row. Repeat display of this row for repeat count k.

1

TAR n Displays target row n. 1

TAR n k Displays target row n. Repeat display of row n 
for repeat count k.

1

TAR R Clears front-panel tripping targets. Unlatches 
the trip logic for testing purposes (see 
Figure 8.2). Shows Relay Word Row 0.

1

Parameters

name Displays the Relay Word row with Relay Word bit name.

n Shows Relay Word row number n.

k Repeats k times (1–32767).

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

TEST DB Command
Use the TEST DB command to temporarily force the relay to send fixed 
analog and/or digital values over communications interfaces for protocol 
testing.

If the relay is enabled to control IEC 61850 mode/behavior, then the TEST 
DB command can only be used when the relay is in On mode. The TEST DB 
command cannot be used in any other mode.

If the TEST DB command is active while the relay is in On mode, a change of 
mode will deactivate the TEST DB command.

The TEST DB command provides a method to override Relay Word bits or 
analog values to aid testing and commissioning of communications interfaces 
only and should not be used on an energized system. The command overrides 
values in the communications interfaces (ASCII, SEL Fast Message, DNP, 
Modbus, EtherNet/IP, IEC 60870-5-103, and IEC 61850) only. The actual 
values used by the relay for protection and control are not changed. However, 
remote devices may use these analog and digital signals to make control 
decisions. Ensure that remote devices are properly configured to receive the 
overridden data before using the TEST DB command.

R1xx firmware versions use a previous version of the TEST DB command 
that aids testing and commissioning of IEC 61850 protocol only. Note that the 
TEST DB command supported by R1xx firmware versions provides a method 
to override Relay Word bits only and should not be used on an energized 
system. If used on an energized system, the command can lead to undesired 
operations including a potential trip. 

Table 7.62 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

Table 7.63 TEST DB Commands 

Command Description Access Level

TEST DB Displays the present status of digital and 
analog overrides.

2

TEST DB A name value Forces the protocol analog element name to 
override value.

2

TEST DB D name value Forces the protocol digital element name to 
override value.

2

TEST DB name OFF Clears (analog or digital) override for ele-
ment name.

2

TEST DB A OFF Clears all analog overrides. 2

TEST DB D OFF Clears all digital overrides 2

TEST DB OFF Clears all analog and digital overrides. 2

WARNING
To reduce the chance of a false 
operating decision when using the 
TEST DB command, ensure that 
protocol master device(s) flag the data 
as “forced or test data”. One possible 
method is to monitor the TESTDB 
Relay Word bit.

NOTE: The TEST DB command does 
not support digital points in the case 
of SEL Fast Message protocol.
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To override analog data in a communications interface, enter the following 
from Access Level 2 or higher:

where value is a numerical value and name is an analog label from Table M.1, 
Analog Quantities, with an “x” in the DNP, Modbus, EtherNet/IP, Fast Meter, 
IEC 60870 5-103, or IEC 61850 column. For example, the TEST DB 
command can be used to force the value of the A-phase current magnitude 
transmitted to a remote device to 100 amperes:

To override digital data in an SEL ASCII, Modbus, EtherNet/IP, DNP, IEC 
60870-5-103, or IEC 61850 communications interface, enter the following 
from Access Level 2 or higher:

where name is a Relay Word bit (see Table L.1) and value is 1 or 0. For 
example, if Relay Word bit 51P1T := logical 0, the TEST DB command can 
be used effectively to test the communications interface by forcing the 
communicated status of this Relay Word bit to logical 1:

Values listed in the SER triggers SER1, SER2, SER3, and SER4 cannot be 
overridden.

When the relay is not in Test Mode, the relay responds to either the digital or 
analog override request with the following message:

The relay responds:

Relay Word bit TESTDB will also assert to indicate that Test Mode is active. If the 
relay is already in the test mode (overrides are already active), the relay responds:

=>>TEST DB A name value <Enter>

=>>TEST DB A IA_MAG 100 <Enter>

=>>TEST DB D name value <Enter>

=>>TEST DB D 51P1T 1 <Enter>

WARNING:  TEST MODE is not a regular operation.
Communication outputs of the device will be overridden by simulated values.

Are you sure (Y/N)? Y <Enter>

Test Mode Active.  Use Test DB OFF command to exit Test Mode.
Override Added

Override Added

NOTE: When using the TEST DB 
command to generate values for Fast 
Meter testing, you may need to 
override all current and voltage 
angles (IA_ANG, VA_ANG, etc.) to 
ensure the expected phase 
relationship.

NOTE: When using the TEST DB 
command, specifying a negative value 
may yield an unexpected display in 
some instances.
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The TEST DB command alone displays the present status of digital and 
analog overrides. An example TEST DB response after two analogs follows:

Individual overrides are cleared using the TEST DB command with the OFF 
parameter:

Entering TEST DB A OFF clears all analog overrides and TEST DB D OFF 
clears all digital overrides. Entering TEST DB OFF without any parameters 
clears all overrides. When there are no overrides, the relay automatically exits 
the Test Mode and clears all overrides if no TEST DB commands are entered 
for 30 minutes.

TIME Command (View/Change Time)
The TIME command (see Table 7.64) returns information about the 
SEL-710-5 internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-710-5 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.65) to trigger the SEL-710-5 to record 
data for high-resolution oscillographs and event reports.

=>>TEST DB <Enter>

SEL-710-5                          Date: 02/02/09    Time: 16:24:38.764
FEEDER RELAY                     Time Source: Internal

NAME          OVERRIDE VALUE
IA_MAG             100.0000
FREQ                60.0000

=>>

=>>TEST DB D or A name OFF <Enter> 

Table 7.64 TIME Command (View/Change Time)

Command Description Access Level

TIME Displays the present internal clock time. 1

TIME hh Sets the internal clock to hh. 1

TIME hh:mm Sets the internal clock to hh:mm. 1

TIME hh:mm:ss Sets the internal clock to hh:mm:ss. 1

Table 7.65 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Triggers an event report data capture. 1
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When you issue the TRI command, the SEL-710-5 responds with Triggered. 
If the event does not trigger within one second, the relay responds with Did 
not trigger. See Section 10: Analyzing Events for further details on event 
reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command under the direction of SEL. The information 
contained in a vector report is formatted for SEL in-house use only. Your SEL 
application engineer or the factory may request a VEC command capture to 
help diagnose a relay or system problem.

Language Support
All of the ASCII commands can be displayed in multiple languages (English 
or Spanish). When you set the port setting LANG (see Table 4.96) to either 
ENGLISH or SPANISH, the SEL-710-5 displays the ASCII commands in the 
corresponding language. See the SEL-710-5 Relay Command Summary for a 
list of commands.

Virtual File Interface
You can retrieve and send data as files through the relay virtual file interface. 
Devices with embedded computers can also use the virtual file interface. 
When using serial ports with SEL ASCII protocol or an Ethernet port with 
Telnet, use the FILE DIR command to access the file interface. When using 
the Ethernet port, the FTP and MMS protocols supported by the Ethernet port 
present the file structure and send and receive files.

Send and receive files using the following three protocols:

FTP and MMS File 
Structure

The Ethernet FTP and the IEC 61850 MMS have a two-level file structure. 
Files are available at the root level and subdirectories. Table 7.67 shows the 
directories and their contents.

Table 7.66 VEC Command

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2

Protocol Port Availability

File Transfer Protocol (FTP) Ethernet Only

Manufacturing Message Specification (MMS) Ethernet Only

Ymodem Serial and Ethernet

Table 7.67 FTP and MMS Virtual File Structure (Sheet 1 of 2)

Directory Contents

/ (Root) CFG.TXT file, CFG.XML file, ERR.TXT file and SET_61850.CID 
and the SETTINGS, REPORTS, EVENTS, COMTRADEa, and 
HMIb directories

/SETTINGS Relay settings

/REPORTS SER, LDP, MOT, MST, MSR, BRE, and HIS reports
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Root Directory
The root directory (/) contains files and subdirectories as shown in Table 7.67.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each settings class. External support software retrieves the CFG.TXT file 
to interact automatically with the relay. Calibration settings are included only 
when the file is read at Access Level C.

CFG.XML File (Read-Only)
Present only in units with the Ethernet option, the CFG.XML file is 
supplementary to the CFG.TXT file. The CFG.XML file describes the IED 
configuration and any options such as the Ethernet port, and includes firmware 
identification, settings class names, and configuration file information.

ERR.TXT (Read-Only) and SET_61850.CID File
Present if ordered with the IEC 61850 protocol option. The ERR.TXT file 
contents is based on the most recent SET_61850.CID file written to the relay. 
If there were no errors, the file is empty. If errors occurred, the relay logs these 
errors in the ERR.TXT file. The SET_61850.CID file contains the IEC 61850 

/EVENTS CEV, COMTRADE, and HIS reports

/COMTRADEa COMTRADE events

/HMIb Touchscreen settings (SET_HMI.zds and CDP.zds) and diagnostics 
(HMI_ALL.zip)

a The COMTRADE directory is only available in MMS file structure.
b Available only in the SEL-710-5 touchscreen display model. HMI_ALL.zip is not available in the 

MMS file structure.

Table 7.67 FTP and MMS Virtual File Structure (Sheet 2 of 2)

Directory Contents

[INFO]
RELAYTYPE=SEL-710-5
FID=SEL-710-5-X209-V0-Z003002-D20180124
BFID=BOOTLDR-R500-V0-Z000000-D20090925
PARTNO=071050E1BA3BX7486A270
[FRONTPANEL]
BDP=1.0.40710.2081
[CLASSES]
PF,"Port F"
P4,"Port 4"
P2,"Port 2"
P3,"Port 3"
P1,"Port 1"
G,"Global"
1,"Group 1"
2,"Group 2"
3,"Group 3"
4,"Group 4"
L1,"Logic 1"
L2,"Logic 2"
L3,"Logic 3"
L4,"Logic 4"

M,"Modbus User Map"
R,"Report"
F,"Front Panel"
D1,"DNP Map 1 Settings"
D2,"DNP Map 2 Settings"
D3,"DNP Map 3 Settings"
I,"IEC 60870-5-103 Map"
E1,"EtherNet/IP Assembly Map 1 Settings"
E2,"EtherNet/IP Assembly Map 2 Settings"
E3,"EtherNet/IP Assembly Map 3 Settings"

Figure 7.33 CFG.TXT File
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configured IED description in XML. ACSELERATOR Architect SEL-5032 
Software generates and then downloads this file to the relay. See Appendix G: 
IEC 61850 Communications for more information.

Settings Directory (Available for FTP and MMS)
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather 
than directly accessing them via other means. External settings support 
software reads settings from all of these files to perform its functions. The 
relay only allows you to write to the individual SET_cn files, where c is the 
settings class code and n is the settings instance. Except for the SET_61850 
CID file, changing settings with external support software involves the 
following steps:

Step 1. Read the CFG.TXT and the SET_ALL.TXT files from the 
relay using a support software.

Step 2. Modify the settings for each settings class and send the 
corresponding SET_cn.TXT file to the relay using the support 
software.

Step 3. Read the ERR.TXT file from the relay. If the ERR.TXT file is 
empty, the relay detected no errors in the SET_Cn.TXT file and 
it is accepted. 

Step 4. For any detected errors, fix the SET_cn.TXT file as indicated 
by the ERR.TXT file and send the SET_cn.TXT file to the 
relay.

Step 5. Repeat Step 2 to Step 4 for each setting class that you want to 
modify.

Step 6. After all setting changes are complete, test and commission the 
relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in 
the relay. Calibration settings are included only when the file is read at Access 
Level C.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 7.68 summarizes 
the settings files. The settings class is designated by c, and the settings 
instance number is designated by n.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT file 
written to the relay. If there were no errors, the file is empty. If errors occurred, 
the relay logs these errors in the ERR.TXT file.

Table 7.68 Settings Directory Files (Sheet 1 of 2)

File Name Settings Description

SET_n.TXT Group; n in range 1-4

SET_Dn.TXT DNP3 Map; n in range 1-4

SET_En.TXT EtherNet/IP Assembly Map; n in range 1–3

SET_F.TXT Front panel
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Reports Directory (Read-Only) (Available for FTP and MMS)
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 7.69. Note that the relay provides a report file that contains the latest 
information each time you request the file. Each time you request a report, the 
relay stores its corresponding command response in the designated text file.

SET_G.TXT Global

SET_I.TXT 60870 Map

SET_Ln.TXT Logic; n in range 1-4

SET_M.TXT Modbus Map

SET_Pn.TXT Port; n in range 1, 2, 3, 4, F

SET_R.TXT Report

SET_ALL.TXT All instances of all settings classes

ERR.TXT Error log for most recently written settings file

Table 7.68 Settings Directory Files (Sheet 2 of 2)

File Name Settings Description

Table 7.69 Reports Directory Files

File Name Description
Equivalent 
Command 
Response

BRE.TXT Breaker Report BRE

CHISTORY.TXT Compressed ASCII History Report CHI

HISTORY.TXT History Report HIS

CLDP.TXT Compressed Load Profile Data CLDP

LDP.TXT Load Profile Data LDP

CSER.TXT Compressed Sequence of Events CSER

SER.TXT Sequence of Events SER

MOT.TXT Motor Statistics Report MOT

MST.TXT Motor Start Trend Report MST

HIS_BBD.TXT Broken Bar Detection History Report HIS BBD

CM_nnnnn.CEV Compressed Motor Start Report; event ID 
number = nnnnn

CMSR nnnnn

MSR_nnnnn.CFGa Motor Start Report COMTRADE config-
uration file; event ID number = nnnnn

N/A

MSR_nnnnn.DATa Motor Start Report COMTRADE binary 
data file; event ID number = nnnnn

N/A

MSR_nnnnn.HDRa

a Also available in the COMTRADE directory for MMS only.

Motor Start Report COMTRADE header 
file; event ID number = nnnnn

N/A
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Events Directory (Read-Only)
The relay provides history, event reports, and oscillography files in the 
EVENTS directory as shown in Table 7.70.

Event reports are available in the following formats:

➤ SEL Compressed ASCII

➤ Binary COMTRADE format (IEEE C37.111-1999)

The size of each event report file is determined by the LER setting in effect at 
the time the event is triggered.

Compressed SEL ASCII event report files are generated, when requested, by 
storing the appropriate command response shown in Table 7.70.

Oscillography files are generated at the time the event is triggered (see Event 
Reporting on page 10.2). Higher resolution oscillography is available with 
SEL Compressed ASCII 32 sample/cycle raw event reports and binary 
COMTRADE files.

COMTRADE event files are available to read as a batch. See Batch File 
Access on page 7.80.

HR_nnnnn.* (Read-Only)
The three files HR_nnnnn.CFG, HR_nnnnn.DAT, and HR_nnnnn.HDR shown 
in Table 7.70 are used to create an event report that conforms to the 
COMTRADE standard. The event is an unfiltered (raw) 32 samples/cycle 
event. The field, nnnnn, corresponds to the unique event identification number 
displayed by the HIS command. For details on event reports see Section 10: 
Analyzing Events.

COMTRADE Directory (Available Only for MMS)
When using MMS file transfer, conveniently retrieve all of the COMTRADE 
files from the COMTRADE directory. Note that the COMTRADE files are 
also available in the Events directory. Refer to Table 7.70 for all the files 
available in the COMTRADE directory.

Table 7.70 Event Directory Files 

File Name Description
Equivalent Command 
Response

CHISTORY.TXTa Compressed ASCII History Report CHI

HISTORY.TXTa History Report HIS

C4_nnnnn.CEV Compressed 4-samples/cycle ASCII filtered event report; event ID 
number = nnnnn

CEV nnnnn

CR_nnnnn.CEV Compressed 32-samples/cycle ASCII raw event report; event ID 
number = nnnnn

CEV R nnnnn

HR_nnnnn.CFGb COMTRADE configuration file; event ID number = nnnnn N/A

HR_nnnnn.DATb COMTRADE binary data file; event ID number = nnnnn N/A

HR_nnnnn.HDRb COMTRADE header file; event ID number = nnnnn N/A

a Also available in the Reports directory for convenience.
b Also available in the COMTRADE directory for MMS only.
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HMI Directory (Read and Write)
Use the HMI directory to retrieve the diagnostic information and the setting 
files that apply to the touchscreen. Refer to Table 7.67 for all the files available 
in the HMI directory.

Ymodem File 
Structure

All the files available (see Table 7.71) for Ymodem protocol are in the root 
directory. See FILE Command on page 7.48 for a response to the FIL DIR 
command.

Table 7.71 Files Available for Ymodem Protocol (Sheet 1 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

CFG.TXT See Root Directory on page 7.75 1, 2, C N/A

ERR.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_ALL.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_n.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_C.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 C C

SET_Dn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_F.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_G.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_I.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Ln.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_M.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Pn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_R.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

C4_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CM_nnnnn.CMSR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CR_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.CFG See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.DAT See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.HDR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

BRE.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CHISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CLDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

LDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CSER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MOT.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A
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Batch File Access Files can be accessed as a batch by using the supported wildcard character, *.

FTP and MMS Wildcard Usage
Table 7.72 shows examples using supported wildcards. Note that these 
wildcards may be appended to a directory path (e.g., /specified_directory/
*.txt).

MST.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HIS_BBD.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.CFGb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.DATb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.HDRb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SET_HMI.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

CDP.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

HMI_ALL.zip See HMI Directory (Read and Write) on page 7.79 1, 2, C N/A

a Calibration settings are included only when accessed at Access Level C.
b Also available in the COMTRADE directory for MMS only.

Table 7.71 Files Available for Ymodem Protocol (Sheet 2 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

Table 7.72 FTP and MMS Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files and/or subdirectories 
in a specified directory whose 
name (including extension) ends 
with xyz.

/*.TXT List all files with the 
.TXT extension.

abc* Lists all files and/or subdirectories 
in a specified directory whose 
name begins with abc.

/SETTINGS/SET* List all settings files 
that start with SET.

*mno* Lists all files and/or subdirectories 
in a specified directory whose 
name contains mno.

/EVENTS/*_100* List all events that 
contain _100 in the 
ID number.
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Ymodem Wildcard Usage
Event, report, and diagnostic files can also be accessed as a batch using 
wildcards.

Table 7.73 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files that end 
with xyz.

FILE DIR 
HIS*.TXT

Lists all of the metering files 
(HISTORY.TXT)

abc* Lists all files whose 
name begins with abc.

FILE READ 
HR_10007*

Retrieves all of the three files for 
the COMTRADE event 10007 
(HR_10007.CFG, HR_10007.DAT, 
and HR_10007.HDR)

NOTE: Ymodem protocol does not 
support wildcards for settings files.
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R.Instruction Manual

Front-Panel Operations

Overview
The front panel of the SEL-710-5 Motor Protection Relay makes data 
collection and control quick and efficient. You can order the SEL-710-5 with 
either the two-line LCD, or the 5-inch, color, 800 x 480-pixel touchscreen 
display, as shown in Table 1.2 and Figure 8.1. Each display option comes with 
eight control pushbuttons. Use either front panel to analyze operating 
information, view and change relay settings, and perform control functions. 
You can use the front-panel to accomplish the following activities:

➤ Read metering

➤ Inspect targets

➤ Access settings

➤ Control relay operations

➤ View diagnostics

The two-line display and the touchscreen display front-panel models are 
similar in all aspects except the display and navigation scheme. The 
touchscreen display model offers additional features with respect to 
monitoring, control, and device status that are discussed in Touchscreen 
Display Front Panel. The function of operation and target LEDs and the 
TARGET RESET and control pushbuttons are similar in both front-panel 
variations.

Figure 8.1 SEL-710-5 Front-Panel Options
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This section includes the following:

➤ Two-Line Display Front Panel on page 8.2. Discusses the 
navigation scheme in the two-line display models, the 
operation of target LEDs, and programming of the control 
pushbuttons.

➤ Touchscreen Display Front Panel on page 8.20. Discusses the 
navigation scheme and the display screens in the touchscreen 
display model.

Two-Line Display Front Panel
Front-Panel Layout Figure 8.2 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 serial port (PORT F). See Section 7: Communications 
for details on the serial port.

You can customize the versatile front panel of the SEL-710-5 by using the 
following features:

➤ Rotating display on the HMI

➤ Programmable tricolor target LEDs

➤ Programmable tricolor pushbutton LEDs

➤ Slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

NOTE: Refer to Figure 8.31 for the 
pushbutton and LED numbering 
conventions.

NOTE: If the relay part number 
specifies the Spanish language 
option, all of the front-panel 
pushbuttons and LED labels will be in 
Spanish.
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Figure 8.2 Front-Panel Overview
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Two-Line Display HMI
Contrast

You can adjust the LCD screen contrast to suit your viewing angle and 
lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-710-5 displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

Front-Panel Automatic Messages
The relay displays automatic messages, overriding the rotating display, under 
the conditions described in Table 8.1, with the relay failure having the highest 
priority, followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure still overrides the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-710-5 front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.

NOTE: The two-line display updates 
every second.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detects any self-test failure Displays the type of latest failure (see Section 11: Testing and Troubleshooting).

Relay trip occurs without any lockouts Displays the latest trip reason until the targets are unlatched.

Relay trip occurs along with a lockout Displays the type or cause of the trip and when the TARGET RESET pushbutton is 
pressed, displays the time to reset and lockout type. Refer to Table 10.1 for a list 
of trip display messages.

When the relay has lockout because of the num-
ber of starts or time between starts or antiback-
spin or thermal lockout

Displays the type of lockout condition, lockout time remaining, and TRIP* at the 
end of the lockout if TRIPONLO := Y. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, the relay displays the type of lockout condition and the 
lockout time remaining, but no TRIP* message is displayed and the TRIP bit is 
not latched.

If a start is attempted on a lockout, the type of lockout condition and the lockout 
time remaining are displayed.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition has occurred Displays the type of alarm. The TRIP LED is also flashing during an alarm con-
dition. See Table 8.3 for a list of alarm conditions.

During emergency start Displays Emergency Start.
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In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.3 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 passwords. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.4 for you to enter the password.

Figure 8.4 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel time-out, setting FP_TO. A timer is reset 
every time a front-panel pushbutton is pressed. Once the time-out period has 
expired, the access level is reset to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Password=
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; < = > ? @ [ \
] ^ _ ` { | } ~
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Front-Panel Menus and Screens
Navigating the Menus

The SEL-710-5 front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD. Use the keypad (shown in Figure 8.5) to maneuver within 
the front-panel menu structure, described in detail throughout the remainder of 
this section. Table 8.2 describes the function of each front-panel pushbutton.

Figure 8.5 Front-Panel Pushbuttons

The SEL-710-5 automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu
Figure 8.6 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC Escape from the current menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

ESC
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Figure 8.6 Main Menu

Meter Menu. Select the Meter menu item from the MAIN menu as shown in 
Figure 8.7 to view metering data. The Meter menu has menu items for 
viewing different types of metering data like Fundamental, rms, Thermal, etc. 
Select the type of metering and view the data using the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Figure 8.7 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy or Max/
Min menu item from the METER menu and select the Display menu item as 
shown in Figure 8.8.

Figure 8.8 METER Menu and ENERGY Submenu

Energy or Max/Min metering data can be reset from the front-panel HMI by 
selecting the Reset menu item in the Energy or Max/Min menu. After selecting 
Reset and confirming the reset, the relay displays as shown in Figure 8.9.
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Figure 8.9 Relay Response When Energy or Max/Min Metering Is Reset

Assume the relay configuration contains no analog input cards. In response to 
a request for analog data (selecting Analog Inputs), the device displays the 
message as shown in Figure 8.10.

Figure 8.10 Relay Response When No Analog Cards Are Installed

Assume the math variables are not enabled. In response to a request for math 
variable data (selecting Math Variables), the device displays the message as 
shown in Figure 8.11.

Figure 8.11 Relay Response When No Math Variables Enabled

Events Menu. Select the Events menu item from the MAIN menu as shown in 
Figure 8.12. EVENTS menu has Display and Clear as menu items. Select 
Display to view events and Clear to delete all the events data.

Figure 8.12 MAIN Menu and EVENTS Submenu

Figure 8.13 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.13 EVENTS Menu and DISPLAY Submenu
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.
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Clear
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When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.14.

Figure 8.14 Relay Response When No Event Data Available

When Clear is selected from the EVENTS menu and confirming the selection, 
the relay displays as shown in Figure 8.15 after clearing the events data.

Figure 8.15 Relay Response When Events Are Cleared

Monitor Menu. Select the Monitor menu item on the MAIN menu as shown in 
Figure 8.16. The Monitor menu has Display Mot Data, Clear Motor Data and 
Reset Learn Data as menu items. 

Figure 8.16 MAIN Menu and MONITOR Submenu

Select Display Mot Data from the MONITOR menu as shown in Figure 8.17 to 
view motor operating statistics. See Motor Operating Statistics on page 5.20 
for a description of the data available.

Figure 8.17 MONITOR Menu and DISPLAY MOT DATA Submenu

Motor operating statistics can be cleared from the front-panel HMI by 
selecting Clear Mot Data menu item in the MONITOR menu. You need a Level 2 
access to clear motor operating statistics.
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Select Reset Learn Data from MONITOR menu as shown in Figure 8.18 to reset 
learn data. You need a Level 2 access to reset learn data.

Figure 8.18 MONITOR Menu and RESET LEARN DATA Submenu

Targets Menu. Select the Targets menu item on the MAIN menu as shown in 
Figure 8.19 to view the binary state of the target rows. Each target row has 
eight Relay Word bits as shown in Table L.1. 

Figure 8.19 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.20.

Figure 8.20 TARGETS Menu Navigation

Control Menu. Select the Control menu item on the MAIN menu as shown in 
Figure 8.21 to go to the CONTROL menu. 
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Figure 8.21 MAIN Menu and CONTROL Submenu

The CONTROL menu has Stop Motor, Emergency Restrt, Start Motor, 
Outputs, Local Bits, and Reset TCU as menu items. 

Select the Stop Motor menu item to assert Relay Word bit STOP that stops the 
motor (see Figure 4.74).

Select the Start Motor menu item to assert Relay Word bit STR that initiates 
a motor start (see Figure 4.78). 

Stop Motor and Start Motor control actions via the front panel are supervised 
by the position of the breaker jumper (refer to Table 2.17), the status of the 
LOCAL bit when EN_LRC := Y, and the access level (requires Access 
Level 2). Start Motor is additionally supervised by any lockouts that are 
configured. For a list of lockouts, refer to Lockout After Stop on page 4.97. For 
more details on local/remote control function, refer to Local/Remote Control 
on page 9.7. 

Select the Emergency Restrt menu item to assert Relay Word bit EMRSTR 
that initiates an emergency start (see Figure 4.78). Note that the Emergency 
Restart control action via the front panel is supervised by the position of the 
breaker jumper (refer to Table 2.17) and the access level (requires Access 
Level 2). 

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.22 to test (pulse) SEL-710-5 output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.22 CONTROL Menu and OUTPUTS Submenu

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

(Control Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status

NOTE: The Emergency Restart 
feature is available only through 
front-panel HMI.

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

OUTPUTS
OUT101
OUT102
OUT103
.
.
.

(Outputs Selected)
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Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches, and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.146 
for more information), local bit 1 replaces a supervisory switch. Figure 8.23 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN), and changes to asserted (SUPER 
SW = CLOSE) as shown in the final screen of Figure 8.23.

Figure 8.23 CONTROL Menu and LOCAL BITS Submenu

Select the Reset TCU menu item to reset the thermal capacity used (see 
Thermal Overload Element on page 4.7 for description). Note that resetting 
TCU requires Level 2 access.

Set/Show Menu. Select the Set/Show menu item on the MAIN menu. The Set/
Show menu is used to view or modify the settings (Global, Group, and Port), 
Active Group, Date, and Time. Note that modifying the settings requires 
Level 2 access.

Figure 8.24 MAIN Menu and SET/SHOW Submenu

LOCAL BITS
SUPERV SW = OPEN

SUPERV SW = OPEN
CLOSE

CLOSE
YES No

SUPERV SW = CLOSE
OPEN

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

(Local Bits Selected)

(SUPERV SW Selected)

(CLOSE Selected)

(Yes Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

(Set/Show Selected)
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Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made using ACSELERATOR QuickSet SEL-5030 
Software or ASCII SET commands via a communications port.

Figure 8.25 SET/SHOW Menu

Status Menu. Select the Status menu item on the MAIN menu as shown in 
Figure 8.26 to access Relay Status data and Reboot Relay. See STATUS 
Command (Relay Self-Test Status) on page 7.67 for the STATUS data field 
description.

PORT 
F
2
3
4

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

GLOBAL
General Settings
Group Selection
•••
Control Configuration

GROUP
1
2
3
4

1
ID Settings
Config Settings
. . .
Motor Control

F
Protocol Select
Comm Settings

Active Group
 1

Date
 03/29/2006

Time
 14:04:36

(F Selected)

(1 Selected)

(Time Selected)

Password
1

(Password Selected)

(Date Selected)

(Active Selected)

(Port Selected)

(Group Selected)

(Global Selected)
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Figure 8.26 MAIN Menu and Status Submenu

Breaker Menu. Select the Breaker menu item on the MAIN menu as shown in 
Figure 8.27 to access Breaker Monitor data or Reset the data. See Breaker 
Monitoring on page 5.23, in Section 5: Metering and Monitoring for a 
detailed description.

Figure 8.27 MAIN Menu and Breaker Submenu

Quit. Use the Quit menu item to exit Access Level 2 and go to Access 
Level 1.

Figure 8.28 Quit Menu Item

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. The HMI 
can display either ENGLISH or SPANISH. See the SEL-710-5 Relay 
Command Summary for a list of commands.

(Status Selected)

STATUS
Relay Status
Arc Flash Status
Reboot Relay

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit

(Breaker Selected)

BREAKER
Display
Reset

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit
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Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Figure 8.29 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.148 for 
the SELOGIC control equations and the tricolor LED color selection settings.

Figure 8.29 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.29. Use settings T0nLEDC to select the LED color (R–red, G–green, 
A–amber). Parameter n is a number from 1 through 6 that indicates each LED. 
If the latch setting (T0nLEDL) for a certain LED is set to N, then the LED 
follows the status of the corresponding control equation (T0n_LED). When 
the equation asserts, the LED illuminates, and when the equation deasserts, 
the LED extinguishes. If the latch setting is set to Y, the LED will assert if a 
trip condition occurs and the T0n_LED equation is asserted within 1.5 cycles 
of the trip assertion. At this point, the LED latches in and can be reset using 
the TARGET RESET pushbutton or the TAR R command as long as the target 
conditions are absent. For a concise listing of the default programming on the 
front-panel LEDs, see Table 4.109.

The SEL-710-5 comes with slide-in labels for custom LED designations that 
match custom LED logic. The Configurable Label kit (includes blank labels, 
word processor templates, and instructions) is provided when the SEL-710-5 
is ordered.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. Note that 

T01_LED

T06_LED

ENABLED

TRIP

THERMAL OL

INST OC

FIELD LOSS

LOW PF

INCOMP SEQ

DIFFRNTIAL

Factory-Default Label for Models 
With Synchronous Motor Protection

•

•

•

•

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay. 
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the TRIP LED can indicate a warning condition only if the LED is not latched 
due to any active TRIP condition. For Relay Word bit definitions see 
Appendix L: Relay Word Bits.

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Overload Warning 49A AND RUNNING

Locked Rotor Warning 49A AND STARTING

Undercurrent Warning LOSSALRM

Jam Warning JAMALRM

Current Imbal. Warning 46UBA OR 50Q2T

Ground Fault Warning 50N2T OR 50G2T

Overcurrent Warning 50P2T

Speed Switch Warning SPDSAL

Undervoltage Warning 27P2T

Overvoltage Warning 59P2T

Underpower Warning 37PA

Power Factor Warning 55A

Reactive Power Warning VARA

RTD Warning WDGALRM OR BRGALRM ORAMBALRM OR OTH-
ALRM

RTD Failure RTDFLT

PTC Failure PTCFLT

Field Undercurrent Warning FDUC2T

Field Overcurrent Warning FDOC2T

Field Undervoltage Warning FDUV2T

Field Overvoltage Warning FDOV2T

Field Resistance Warning FDRES2T

Broken Bar Warning BBD1T OR BBD2T OR BBD3T

Comm. Loss Warning COMMLOSS

Comm. Idle Warning COMMIDLE

Comm. Fault Warning COMMFLT
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TARGET RESET Pushbutton
Target Reset

For a trip event, the SEL-710-5 latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.30 TARGET RESET Pushbutton

Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the Target LEDs; see Table 7.61 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting Target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.131 
for further information.
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Front-Panel Operator Control Pushbuttons 
The SEL-710-5 features eight operator-controlled pushbuttons, each with two 
programmable tricolor pushbutton LEDs, for local control as shown in 
Figure 8.31.

Figure 8.31 Operator Control Pushbuttons and LEDs

Pressing any one of these eight pushbuttons asserts the corresponding PBn 
(n = 01 through 08) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
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AUX5
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pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable using front-panel settings PBnm_LED 
(where n = 1 through 8 and m = A or B). PBnm _LED settings are SELOGIC 
control equations that, when asserted, illuminate the corresponding LED for 
as long as the input is asserted. When the input deasserts, the LED also 
deasserts without latching. Use PBnmLEDC settings to select the LED color 
(R–red, G–green, A–amber) for both the asserted and deasserted state of the 
LED.

Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the slide-in label to mark the pushbuttons and 
pushbutton LEDs with custom names to reflect any programming changes that 
you make. Included on the SEL-710-5 Product Literature CD are word 
processor templates for printing slide-in labels. See the instructions included 
in the Configurable Label kit for more information on changing the slide-in 
labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-710-5 Front-Panel Operator Control Functions 

Control Functions Labels

Press the AUXn operator control pushbutton to enable/disable user-programmed auxiliary 
control. The corresponding LED can be programmed to illuminate during the enabled state.

NOTE: The AUXn operator control does not perform any function with the factory settings. Also, 
AUX1 to AUX6 pushbuttons do not perform any function in the factory-default settings. These 
pushbuttons are available to configure any application you may select.

For Models With Synchronous Motor Protection:

The AUX2 pushbutton is not used in the factory settings but can be easily programmed to 
perform a user control function.

The top LED is programmed to indicate FLD BRKR CLOSED (Relay Word bit 41A—
field breaker is closed) in the factory settings. The bottom LED is programmed to indicate 
FLD BRKR OPEN (Relay Word bit NOT 41A—field breaker is open).

For All Models:

Press the START operator control pushbutton to close the breaker and start the motor. The 
pushbutton corresponds to Relay Word bit PB03. The PB03 Relay Word bit is used in the 
default SELOGIC control equation for STREQ (Start Equation, see Figure 4.78). The corre-
sponding MOTOR RUNNING LED (Relay Word bit STARTING or RUNNING asserts) illumi-
nates, indicating that the breaker is closed and the motor is running.

Press the STOP operator control pushbutton to trip the breaker and stop the motor. The push-
button corresponds to Relay Word bit PB04. The PB04 Relay Word bit is used in the 
default SELOGIC control equation for OUT103 (see Figure 4.74). The corresponding 
MOTOR STOPPED LED (Relay Word bit STOPPED asserts) illuminates, indicating that the 
breaker is open and the motor is stopped.

Press the SS RST operator control pushbutton to reset the FAILOPN or FAILCLS Relay 
Word bits that assert and latch-in when detecting a Failed Open or a Failed Close condition 
of the physical speed switch. See Figure 4.36 for more details. 

AUX1

AUX 2
FLD BRKR OPEN

FLD BRKR CLOSED

START
MOTOR RUNNING

STOP
MOTOR STOPPED

SS RST
FAILED CLOSED

FAILED OPEN
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Touchscreen Display Front Panel
The SEL-710-5 Feeder Protection Relay can be ordered with an optional 
touchscreen display (5-inch, color, 800 x 480 pixels). The touchscreen display 
makes relay data metering, monitoring, and control quick and efficient. The 
touchscreen display option in the SEL-710-5 features a straightforward 
application-driven control structure and includes intuitive and graphical screen 
designs.

Front-Panel Layout The touchscreen front panel is the same as the two-line display in regards to 
the target LEDs, operator control pushbuttons, and the TARGET RESET 
pushbutton. Refer to Operation and Target LEDs on page 8.15 for a detailed 
description of these features. In addition, the touchscreen front panel features 
a HOME  pushbutton.

Touchscreen Display 
HMI

This section explains the navigation of the front-panel touchscreen and all the 
features it supports.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, and SER information

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings 

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a specific screen

Figure 8.32 shows the relay touchscreen display components and indicators.

Figure 8.32 Touchscreen Display Components and Indicators

NOTE: The touchscreen display 
updates every 250 ms.

Sidebar

Notification
Bar

Screen Title

Diagnostics Icon

Access Level
Indication

Local/Remote
Indication
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Home Pushbutton
Use the HOME  pushbutton to wake up the touchscreen after the inactivity 
timer expires and the screen goes dark. While the default mapping of the HOME 
pushbutton is the Home screen (see Figure 8.33), you can program the HOME 
pushbutton to jump to any screen. Refer to Table 8.17 for a list of screens 
available for the HOME pushbutton. Use the FPHOME setting in the 
Touchscreen settings of QuickSet to program a specific screen.

Touchscreen Backlight
Adjustment

Touchscreen displays have an LED backlight. You can adjust the touchscreen 
backlight to suit your viewing angle and lighting conditions. To change the 
backlight settings, tap the Settings folder and then tap the Touchscreen 
application. Use the FPBAB setting to adjust the brightness of the display. The 
backlight of the display goes dark 60 minutes after the inactivity timer (1–
30 min) expires.

Table 8.5 Touchscreen Display Component and Indicator Descriptions

Display 
Components and 

Indicators
Function or Indication

Screen Title Shows the display name of a screen (see Figure 8.32).

Sidebar Shows the navigation icons (see Figure 8.32).

Notification Bar Shows the notification messages and help text for screens 
(see Figure 8.32).

Diagnostics Icon ON if there are any warning/diagnostic failures on the unit.

Normal (no warnings or diagnostic failures present). Icon is OFF.

Warning. Icon asserts in amber.

Diagnostic failure. Icon asserts in red.

Local/Remote 
Indication

Indicates the status of the local/remote control. Refer to Local/
Remote Control on page 9.7 for more details.

When EN_LRC := Y and LOCAL := 1, relay control is in local 
mode, i.e., STR and STOP bits can be processed via the front 
panel only.

When EN_LRC := Y and LOCAL := 0, relay control is in remote 
mode, i.e., STR and STOP bits can be processed via remote 
sources/protocols only.

When EN_LRC := N, relay control is in local/remote control, 
i.e., STR and STOP bits can be processed from both the front 
panel and the remote sources/protocols.

Access Level 
Indication

Indicates the access level that the device is on at the time. 
Shows ACC if the device is on access level 1 and 2AC if on 
access level is 2.
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Front-Panel Automatic Messages
The relay displays automatic messages that override the present display under 
the conditions described in Table 8.6. When the relay has a failure, trip, 
lockout, or alarm condition, the trip and diagnostic messages screen will 
appear on the display. These messages can also be accessed by tapping the 
Trip & Diag. Messages application in the Device Info folder.

Front-Panel Security
Use the Access Level folder on the Home screen for login/logout operations.

The SEL-710-5 front panel typically operates at Access Level 1 and allows 
you to view relay measurements and settings. Particular activities, such as 
editing settings and controlling output contacts, are restricted to those 
operators who know the Access Level 2 password.

When an activity requires Access Level 2, an authentication screen appears on 
the display, which requires you to enter the Level 2 password to proceed 
further. After you have correctly entered the password, you can perform other 
Access Level 2 operations without re-entering the password. You will have to 
re-enter the password if the front-panel inactivity timer, FPTO, expires.

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing the passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO, in the Touchscreen 
application in the Settings folder. The timeout resets each time you press a 
front-panel pushbutton or tap the display. Once the timeout expires, the access 
level resets to the ACC access level. You can manually reset the access level 
by tapping Logout in the Access Level folder.

Table 8.6 Front-Panel Automatic Messages

Condition Front-Panel Message

Relay detects any failure Displays the latest failure type (refer to Section 11: Testing and Troubleshooting).

Relay trip occurs Displays the type or cause of the trip (refer to Table 10.1 for a list of trip display mes-
sages).

When the relay has a lockout because of 
the number of starts, time between starts, 
antibackspin, or thermal lockout

Displays the type of lockout condition and time remaining of the lockout with the great-
est time remaining.

If TRIPONLO := Y, then at the end of the lockout TRIP* will be displayed as a trip 
message if no other trip condition is present. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, then no TRIP* message is displayed and the TRIP bit is not 
latched.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition occurs Displays the type of alarm. The TRIP LED also flashes during an alarm condition (refer 
to Table 8.3 for a list of the warning conditions).



8.23

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

Touchscreen
Navigating the Touchscreen Folders and Applications

Use the front-panel touchscreen and pushbuttons to access data measured and 
stored by the relay and to perform relay operations. All relay information and 
operations are available through the touchscreen via folders, applications, and 
the buttons in the sidebar. Table 8.7 describes the functions of the sidebar 
buttons.

The relay wakes up to the screen set in the FPHOME setting, unless the 
rotating display is enabled. If the rotating display is enabled and the inactivity 
time has expired, the relay wakes up to the rotating display. Pressing the HOME 
pushbutton a second time returns you to the screen set in the FPHOME 
setting.

You can navigate the touchscreen by tapping the folders and applications. Tap 
a folder or an application to view available applications or access an 
application, respectively. Folders and applications are labeled according to 
functionality.

Table 8.7 Sidebar Buttons 

Button
Button 
Name

Function Button
Button 
Name

Function

Up
Pages up in applications with multiple 
screens; when on the first screen, this 
button is disabled.

Back
Returns to the preceding screen, 
e.g., from applications to folders.

Down
Pages down in applications with 
multiple screens; when on the last 
screen, this button is disabled.

Pause Stops updating the phasors.

Left

Pages left on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the left.

Play
Updates the phasor values from the 
relay as the screen refreshes.

Right

Pages right on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the right.

Refresh
Reloads the data when new data are 
available.

Reset
Resets the accumulating quantities, 
such as energy, to zero.

Trigger 
Event

Triggers an event

Save Saves the edited settings to the relay. Search
Search tool (e.g., search for the status 
of a Relay Word bit).

Cancel 
Save

Cancels the setting edits. Trash Deletes the records from the report.
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Table 8.8 shows a list of folders and applications available on the Home 
screen.

The applications shown in the folders are based on the part number. For 
example, if the relay does not support arc flash, the Light Intensity and Arc-
Flash Diagnostics applications are not shown in the Meter and Device Info 
folders, respectively.

Descriptions of the folders and applications on the Home screen follow.

Bay Screens
Tap this application to navigate to as many as five customer-designed screens 
(Bay Screen 1 through Bay Screen 5, see Table 8.17). You can design these 
screens using ACSELERATOR Bay Screen Builder SEL-5036 Software. Refer 
to Section 9: Bay Control for the procedure to create custom screens.

Figure 8.33 Home (Default FPHOME Setting)

Table 8.8 Home Folders and Applications

Screen Name Folder or Application Name Comments

Home

Bay Screens Always available

Meter Always available

Monitor Always available

Reports Always available

Control Always available

Settings Always available

Device Info Always available

Access Level Always available

Rotating Display Always available

NOTE: Five bay screens are always 
rendered on the touchscreen. Any 
unused screens are blank.
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Figure 8.34 Bay Screens Application

Meter
Tapping this folder navigates you to the Meter screen, as shown in 
Figure 8.35. This screen lists all of the available metering applications. The 
applications on the Meter screen are part number dependent. Only those 
metering applications specific to your part number appear on the Meter 
screen. Tapping an application on the Meter screen shows you the report for 
that particular application.

Figure 8.35 Meter Applications
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Table 8.9 identifies all the applications available in the Meter folder.

Figure 8.36 and Figure 8.37 show typical screens for phasor and fundamental 
metering.

A reset feature is provided for the Energy, Max/Min, and Thermal 
applications. Tap the Reset button to navigate to the reset confirmation screen. 
Once you confirm the reset, the data are reset to zero. Figure 8.38 and 
Figure 8.39 show typical screens for energy metering and reset confirmation.

Table 8.9 Meter Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Meter

Phasors Always available

Fundamental Always available

RMS Always available

Energy Available if the relay supports 
voltages

Max/Min Always available

Analog Inputs Shown when (Slot C = 5x or 6x) or 
(Slot D = 5x or 6x) or (Slot E = 5x 
or 6x)

Thermal Always available

Math Variables Always available

Remote Analogs Always available

Light Intensity Shown when Slot E = 74 or 76

Figure 8.36 Meter Phasors Figure 8.37 Meter Fundamental



8.27

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

Monitor
Tapping this folder navigates you to the Monitor screen, as shown in 
Figure 8.40. Monitor the status of the Relay Word bits (targets), digital 
outputs, digital inputs, SELogic counters, and breaker wear data using the 
respective applications (Relay Word Bits, Digital Outputs, Digital Inputs, 
SELogic Counters, Breaker Wear, and Vibration).

Figure 8.40 Monitor Applications

Table 8.10 identifies all the applications available in the Monitor folder.

Tap the Breaker Wear application to view accumulated breaker wear/
operations. You can reset the accumulated data by tapping the Reset button 
provided in the sidebar of the Breaker Wear application. Typical screens for 
the Breaker Wear application follow.

Figure 8.38 Meter Energy Figure 8.39 Meter Energy Reset

Table 8.10 Monitor Application Availability

Folder Name Application Name Comments

Monitor

Relay Word Bits Always available

Digital Outputs Always available

Digital Inputs Always available

SELOGIC Counters Always available

Breaker Wear Always available

Vibration Always available
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Monitor the status of the Relay Word bits using the Relay Word Bits screen. 
Note that asserted Relay Word bits are highlighted in blue. You can use the 
Search button in the Relay Word Bits application to view the status of a Relay 
Word bit. To search for a Relay Word bit, you must enter the full name of the 
Relay Word bit in the screen Search Relay Word Bit SEARCH field. 
Figure 8.43 and Figure 8.44 show typical Relay Word bits monitoring screens.

The Vibration application dynamically displays the measured values of 
vibration in a bar graph, as shown in Figure 8.45. See Vibration Monitoring on 
page 4.68 for additional information.

Figure 8.45 Vibration

Figure 8.41 Breaker Wear Trips Figure 8.42 Breaker Wear A, B, C, and Last Reset

Figure 8.43 Monitor Relay Word Bits Figure 8.44 Search Relay Word Bits
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Reports
Tapping this folder navigates you to the Reports screen where you can access 
the Events, SER, Motor Start Trend, and Motor Statistics applications. Use 
these applications to view events, SERs, MSTs, and MOTs.

Figure 8.46 Reports Applications

Table 8.11 identifies all the applications available in the Reports folder.

To view the summary of a particular event record, tap the event record on the 
Event History screen. You can also trigger an event from the Event History 
screen using the Trigger Event Button. When new records become available 
while viewing Events or SER, the up and down buttons are disabled and the 
footer displays a message to refresh the screen. You can use the Refresh 
button to update the screen. Tap the Trash button on the Event History, 
Sequential Event Report, Motor Start Trend, and Motor Statistics screens and 
confirm the delete action to remove the records from the relay. Figure 8.47 
through Figure 8.49 show typical Event History, Sequential Event Report, and 
Motor Statistics screens.

Table 8.11 Reports Application Availability

Folder Name Application Name Comments

Reports

Events Always available

SER Always available

Motor Start Trend Always available

Motor Statistics Always available

Figure 8.47 Event History Figure 8.48 Event Summary
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Control
Tapping this folder navigates you to the Control screen, as shown in 
Figure 8.51. Use the Control folder applications Start Motor, Stop Motor, 
Output Pulsing, Local Bits, Emergency Restart, and Reset TCU to perform a 
motor start command, perform a motor stop command, pulse output contacts, 
control local bits, perform an emergency restart command, or to reset the 
thermal model.

Start Motor, Stop Motor, and Output Pulsing applications require that the 
breaker jumper be installed on the slot B board. Refer to Password, Breaker 
(Start/Stop Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

Figure 8.51 Control Applications

Table 8.12 identifies all the applications available in the Control folder.

Figure 8.49 Sequential Events Recorder Figure 8.50 Motor Statistics

Table 8.12 Control Application Availability

Folder Name Application Name Comments

Control

Start Motor Always available

Stop Motor Always available

Output Pulsing Always available

Local Bits Always available

Emergency Restart Always available

Reset TCU Always available
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To perform motor control, tap the Start Motor or Stop Motor application and 
then tap and confirm the control action. Motor control through the touchscreen 
is supervised by (1) the status of the LOCAL bit when EN_LRC := Y, (2) the 
position of the breaker jumper, and (3) the access level (requires 2AC). 
Start Motor is additionally supervised by any lockouts that are configured. For 
a list of lockouts, refer to Lockout After Stop on page 4.97. If there is an active 
lockout, the relay displays a notification screen as shown in Figure 8.52. 
When EN_LRC := N, supervision through the LOCAL bit is ignored, while 
supervision through the breaker jumper and access level are maintained.

Figure 8.52 Active Lockout Notification

When local/remote supervision setting EN_LRC := Y and LOCAL := 0, the 
Start Motor and Stop Motor applications block the control action with an 
associated footer notification. Figure 8.53 shows a Motor Stop confirmation 
screen with a remote supervision block notification. For the settings related to 
the local/remote control function, refer to Local/Remote Control on page 9.7.

Figure 8.53 Stop Motor Confirmation Screen

Tap the Emergency Restart application and confirm the control action 
allowing the motor to be placed back in service in an emergency. Note that the 
Emergency Restart control action via the touchscreen is supervised by the 
position of the breaker jumper (refer to Table 2.17) and the access level 
(requires Access Level 2). 

To pulse a digital output contact, tap the Output Pulsing application. Navigate 
to the desired output contact screen, tap the desired output, and confirm the 
control action. The output tile will be highlighted in blue on assertion, as 
shown in Figure 8.54. An output contact cannot be pulsed if it is already 
asserted. Pulsing the output contact requires that the breaker jumper be 
installed and that you have Level 2 access.
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To control the local bits, tap the Local Bits application. You can control the 
desired local bit by tapping on the corresponding row. Depending on the state, 
tap and confirm the type of action you would like to perform. Figure 8.56 
through Figure 8.58 show typical local bits control screens.

Device Info
Tapping this folder navigates you to the Device Info screen where you can 
access specific device information applications (Status, Configuration, 
Arc-Flash Diagnostics, and Trip & Diag. Messages) and the Reboot 
application.

Figure 8.54 Digital Output Pulsing—Slot A Figure 8.55 Digital Output Pulsing Confirmation

Figure 8.56 Local Bits Figure 8.57 Local Bits Notification

Figure 8.58 Local Bits Confirmation



8.33

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

Figure 8.59 Device Info Applications

Table 8.13 identifies all the applications available in the Device Info folder.

Tap the Status application to view the relay status, firmware version, part 
number, etc., as shown in Figure 8.60. Use the Configuration application to 
view port information, the jumper positions for the breaker, etc., as shown in 
Figure 8.61. If the relay detects any new card in one of the slots, it disables 
and directs you to accept the change in configuration, as shown in Figure 8.62. 
Figure 8.60 through Figure 8.62 show typical screens for device 
configuration, device status, and trip and diagnostic messages.

Table 8.13 Device Info Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Device Info

Status Always available

Configuration Always available

Reboot Always available

Arc-Flash Diagnostics Shown when Slot E = 74 or 76

Trip & Diag. Messages Always available

Figure 8.60 Device Status Figure 8.61 Device Configuration
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Figure 8.62 Model Number Confirmation

When a diagnostic failure, trip, lockout, or warning occurs, the relay displays 
the diagnostic message on the screen until it is either overridden by the restart 
of the rotating display or the inactivity timer expires. To view the trip and 
diagnostic messages, tap the Trip & Diag. Messages application in the Device 
Info folder.

Figure 8.63 Trip and Diagnostic Messages

Tap on the Arc-Flash Diagnostics application to run a diagnostic check on the 
arc-flash sensors. Figure 8.64 and Figure 8.65 show typical arc-flash 
diagnostics screens.

Figure 8.64 Arc-Flash Diagnostics Figure 8.65 Arc-Flash Diagnostics Confirmation
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Access Level
Tapping this folder navigates you to the Access Level screen where you can 
either log in to or log out of Access Level 2.

Figure 8.66 Access Level Applications

Table 8.14 identifies all of the applications available in the Access Level 
folder.

Note that when an application requires Access Level 2 and the relay is at 
Access Level 1, the relay automatically displays the authentication screen 
requiring you to enter the password before performing a control operation, 
editing setting, etc.

Settings
Tapping this folder navigates you to the Settings screen where you can access 
settings applications (Global, Touchscreen) or settings folders (Port, Group, 
Date and Time) through which you can set or show settings.

Table 8.14 Access Level Application Availability

Folder Name Application Name Comments

Access Level
Login Always available

Logout Always available

Figure 8.67 Authentication Figure 8.68 Login Confirmation
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Figure 8.69 Settings Folders and Applications

Table 8.15 identifies all of the folders and applications available in the 
Settings folder.

Table 8.16 identifies all the applications available in each folder (Port, Group, 
Date and Time) in the Settings folder.

Table 8.15 Settings Folder and Application Availability

Folder Name Folder or Application Name Comments

Settings

Port Always available

Global Always available

Group Always available

Date and Time Always available

Touchscreen Always available

Table 8.16 Settings Folders Port, Group, and Date and Time Application 
Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Port

Port F Always available

Port 1 Shown when Slot B ≠ x0x or x1x

Port 2 Shown when E49RTD ≠ EXT

Port 3 Always available

Port 4 Shown when Slot C = Ax or 0x, 
i.e., Slot C has a comms card or is 
empty

Group

Set 1 Always available

Logic 1 Always available

Set 2 Always available

Logic 2 Always available

Set 3 Always available

Logic 3 Always available

Set 4 Always available

Logic 4 Always available

Date and Time
Date Always available

Time Always available
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Figure 8.70 and Figure 8.71 show typical port and group settings screens.

To edit a setting, tap on a setting row and enter the Access Level 2 password. 
If the relay is already at Level 2, the relay does not prompt for password 
authentication. After entering the value, tap the Save button to save your edit, 
or click the Cancel Save button to cancel the edit (see Table 8.7). If the 
Save/Cancel Save buttons are not visible, tap the Back button until they 
appear. When editing a settings class (e.g., Set 1 in Group Settings), you 
cannot navigate to another class (e.g., Logic 1) without saving or discarding 
the settings change made in Set 1.

Figure 8.70 Port Settings Figure 8.71 Group Settings

Figure 8.72 Set 1 Settings Figure 8.73 Thermal Overload Settings

Figure 8.74 Set/Show Settings Edit
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You can control the screen brightness, the screen inactivity timer settings, etc., 
through the Touchscreen application.

Rotating Display
Tapping this application allows you to start the rotating display. You can pick 
as many as 16 screens through which the display can rotate after the inactivity 
timer expires. Refer to Table 9.7 for the equivalent touchscreen display 
settings.

Tapping any screen while the display is rotating takes you to that particular 
screen. You can perform the needed operation and use the Back button to 
return to the Home screen.

Figure 8.77 Rotating Display

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. See the 
SEL-710-5 Relay Command Summary for a list of the commands.

Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Refer to Operation and Target LEDs on page 8.15 for details 
on the ENABLED, TRIP, and other programmable LEDs and their operation, and 
possible warning conditions on the relay.

Figure 8.75 Touchscreen Settings Figure 8.76 Touchscreen Settings Edit
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TARGET RESET Pushbutton
Refer to TARGET RESET Pushbutton on page 8.17 for the operation of the 
TARGET RESET pushbutton, the lamp test, and other target reset options.

Front-Panel Operator Control Pushbuttons
The SEL-710-5 touchscreen display features eight operator-controlled 
pushbuttons, each with two programmable tricolor pushbutton LEDs, for local 
control, as shown in Table 8.4. Refer to Front-Panel Operator Control 
Pushbuttons on page 8.18 for details on operator control pushbuttons and 
LEDs and their programming.

You can use the front-panel operator control pushbuttons to jump to a specific 
screen while using them for START/STOP operations, etc. You can program 
the selectable operator pushbutton screen settings under the Touchscreen 
settings category in QuickSet and map the button to a specific screen. For 
example, PB03, which is used to start a motor by default, can be programmed 
to jump to a bay screen by mapping the pushbutton touchscreen setting 
FPPB03 to Bay Screen 1. When you press PB03, the display jumps to Bay 
Screen 1, where you can see a visual confirmation of the START action.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 1 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments

Bay Screens

Bay Screen 1 Displays Bay Screen 1

Bay Screen 2 Displays Bay Screen 2

Bay Screen 3 Displays Bay Screen 3

Bay Screen 4 Displays Bay Screen 4

Bay Screen 5 Displays Bay Screen 5

Meter

Phasors

Phasor Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Phasor Screen 2 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental

Fundamental Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Fundamental Screen 2 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, MLOAD, 3V2, VAVE, 
UBV

Shown when 
DELTA_Y = DELTA
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Fundamental Screen 3 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental Screen 4 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, VG_MAG, VG_ANG, 
MLOAD, 3V2, VAVE, UBV

Shown when DELTA_Y = WYE

Fundamental Screen 5 P, Q, S, PF Always available

Fundamental Screen 6 IA87, IB87, IC87, VEX, 
IEX, Rf

Shown when Slot E = 74 or 75

RMS

RMS Screen 1 IARMS, IBRMS, ICRMS, 
INRMS, VABRMS, 
VBCRMS, VCARMS

Shown when 
DELTA_Y = DELTA

RMS Screen 2 IARMS, IBRMS, ICRMS, 
INRMS, VARMS, VBRMS, 
VCRMS

Shown when DELTA_Y = WYE

Energy

Energy Screen 1 MWH3P, MVARH3PI, 
MVARH3PO, MVAH3P

Always available

Energy Reset Screen Reset Energy data Always available

Max/Min

Max/Min Screen 1 IAMX, IAMN, IBMX, IBMN, 
ICMX, ICMN, INMX, INMN, 
IGMX, IGMN, VABMX, 
VABMN, VAMX, VAMN, 
VBCMX, VBCMN, VBMX, 
VBMN, VCAMX, VCAMN, 
VCMX, VCMN, VSMX, 
VSMN, kW3MX, kW3MN, 
kVAR3MX, kVAR3MN, 
kVA3MX, kVA3MN, 
FREQMX, FREQMN, 
RTD1MX–RTD12MX, 
RTD1MN–RTD12MN, 
AI301MX–AI308MX, 
AI301MN–AI308MN, 
AI401MX–AI408MX, 
AI401MN–AI408MN, 
AI501MX–AI508MX, 
AI501MN–AI508MN, 
MM_LRD

Always available

Max/Min Reset Screen Reset Max/Min data Always available

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 2 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Analog 
Inputs

Analog Inputs Screen 1 AI301–AI308, AI401–AI408, 
AI501–AI508

Available if the relay supports 
analog inputs

Thermal

Thermal Screen 1 RTDWDGMX, RTDBRGMX, 
RTDAMB, RTDOTHMX

Shown when E49RTD ≠ NONE

Thermal Screen 2 RTD1– RTD12 Shown when E49RTD ≠ NONE

Thermal Screen 3 MLOAD, TCUSTR, TCURTR, 
THRMTP, TRST, STRTAV

Always available

Math
Variables

Math Variables Screen 1 MV01–MV32 Shown when EMV ≠ N; shows 12 
math variables per page

Remote
Analogs

Remote Analogs Screen 1 RA001–RA012 Always available

Remote Analogs Screen 2 RA013–RA024 Always available

Remote Analogs Screen 3 RA025–RA036 Always available

Remote Analogs Screen 4 RA037–RA048 Always available

Remote Analogs Screen 5 RA049–RA060 Always available

Remote Analogs Screen 6 RA061–RA072 Always available

Remote Analogs Screen 7 RA073–RA084 Always available

Remote Analogs Screen 8 RA085–RA096 Always available

Remote Analogs Screen 9 RA097–RA108 Always available

Remote Analogs Screen 10 RA109–RA120 Always available

Remote Analogs Screen 11 RA121–RA128 Always available

Light
Intensity

Light Screen 1 LSENS1, LSENS2, LSENS3, 
LSENS4

Shown when Slot E = 74

Light Screen 2 LSENS1, LSENS2, LSENS3, 
LSENS4, LSENS5, LSENS6, 
LSENS7, LSENS8

Shown when Slot E = 76

Monitor

Relay Word
Bits

Relay Word Bits Screen 1 Shows status of all the relay 
word bits

Shows 32 RWBs per page

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 3 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital
Inputs

Digital Inputs Screen 1 IN101, IN102 Always available

Digital Inputs Screen 2 IN301, IN302, IN303, IN304 Shown when Slot C= Dx or 
1x or Cx

Digital Inputs Screen 3 IN301, IN302, IN303 Shown when Slot C = Bx

Digital Inputs Screen 4 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308

Shown when Slot C = 3x 

Digital Inputs Screen 5 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308, 
IN309, IN310, IN311, IN312, 
IN313, IN314

Shown when Slot C = 4x

Digital Inputs Screen 6 IN401, IN402, IN403, IN404 Shown when Slot D = Dx or 
1x or Cx

Digital Inputs Screen 7 IN401, IN402, IN403 Shown when Slot D = Bx

Digital Inputs Screen 8 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408

Shown when Slot D = 3x

Digital Inputs Screen 9 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408, 
IN409, IN410, IN411, IN412, 
IN413, IN414

Shown when Slot D = 4x

Digital Inputs Screen 10 IN501, IN502, IN503, IN504 Shown when Slot E = Dx or 
1x or Cx

Digital Inputs Screen 11 IN501, IN502, IN503 Shown when Slot E = Bx

Digital Inputs Screen 12 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508

Shown when Slot E = 3x

Digital Inputs Screen 13 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508, 
IN509, IN510, IN511, IN512, 
IN513, IN514

Shown when Slot E = 4x

Digital
Outputs

Digital Outputs Screen 1 OUT101, OUT102, OUT103 Always available

Digital Outputs Screen 2 OUT301, OUT302, OUT303, 
OUT304

Shown when Slot C = Bx or 
1x or Cx

Digital Outputs Screen 3 OUT301, OUT302, OUT303 Shown when Slot C = Dx

Digital Outputs Screen 4 OUT301, OUT302, OUT303, 
OUT304, OUT305, OUT306, 
OUT307, OUT308

Shown when Slot C = 2x

Digital Outputs Screen 5 OUT401, OUT402, OUT403, 
OUT404

Shown when Slot D = Bx or 
1x or Cx

Digital Outputs Screen 6 OUT401, OUT402, OUT403 Shown when Slot D = Dx

Digital Outputs Screen 7 OUT401, OUT402, OUT403, 
OUT404, OUT405, OUT406, 
OUT407, OUT408

Shown when Slot D = 2x

Digital Outputs Screen 8 OUT501, OUT502, OUT503, 
OUT504

Shown when Slot E = Bx or 
1x or Cx

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 4 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital Outputs Screen 9 OUT501, OUT502, OUT503 Shown when Slot E = Dx

Digital Outputs Screen 10 OUT501, OUT502, OUT503, 
OUT504, OUT505, OUT506, 
OUT507, OUT508

Shown when Slot E = 2x

SELOGIC

Counters

SELOGIC Counters Screen 1 SC01–SC32 Shown when ESC ≠ N; shows 12 
SELOGIC counters per page

Breaker 
Wear

Breaker Wear Screen 1 INTT, EXTT, INTIA, INTIB, 
INTIC, EXTIA, EXTIB, 
EXTIC

Shown when EBMON = Y

Breaker Wear Screen 2 WEARA, WEARB, WEARC Shown when EBMON = Y

Vibration

Vibration Screen 1 VIBAQ1, VIBAQ2, VIBAQ3, 
VIBAQ4, VIBAQ5

Always available

Reports

Events

Event History Screen 1 Shows the event records in the 
relay

SER

SER Screen 1 Shows the Sequential Event 
Records (SERs) in the relay

MST

MST Screen 1 Shows the Motor Start Trend data 
in the relay

MOT

MOT Screen 1 Shows the Motor Operating Sta-
tistics in the relay

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 5 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Device Info

Status

Status Screen 1 Status, serial number, 
FID string, part number, SEL 
display, customer display, 
IEC 61850 CID

Always available

Status Screen 2 Diagnostic status for the relay 
cards and power supply rails. 
CARD_C, CARD_D, 
CARD_E, CARD_Z, FPGA, 
GPSB, HMI, RAM, ROM, 
CR_RAM, NON_VOL, 
CLOCK, RTD, CID_FILE, 
+0.9V CHK (V), 
+1.2V CHK (V), 
+1.5V CHK (V), 
+1.8V CHK (V), 
+2.5V CHK (V), 
+3.3V CHK (V), 
+3.75V CHK (V), 
+5.0V CHK (V), 
–1.25V CHK (V), 
–5.0V CHK (V), 
BATT CHK (V)

Always available

Status Screen 3 DN_MAC_ID, ASA, 
DN_RATE, DN_STATUS

Shown if the DeviceNet option is 
available

Status Screen 4 OFFSETS: IA, IB, IC, IN, VA, 
VB, VC, IA87, IB87, IC87, 
VDR

Always available

Configuration

Configuration Screen 1 Part number, Port F protocol, 
Port F baud rate, Port 1 IP 
address, Port 1 default router, 
MAC address (IP), MAC 
address (GOOSE), breaker 
control jumper, password 
bypass jumper, rated frequency, 
phase rotation, nominal phase 
CT rating, nominal/neutral CT 
rating, PT connection, date 
format

Some of the quantities are part-
number dependent and will be 
hidden if the part number does not 
support them

Trip and 
Diagnostics

Trip and Diagnostic Screen 1 Diagnostic failures, trip event 
types, lockouts, and warnings

Always available

a In addition to the listed screens, the Home screen is available for the HOME pushbutton. By default, the HOME pushbutton is programmed to 
the Home screen.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 6 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Section 9
Bay Control

Overview
The SEL-710-5 Relay with the touchscreen display option provides you with 
the ability to design bay configuration screens to meet your system needs. The 
bay configuration can be displayed as a single-line diagram (SLD) on the 
touchscreen. You can create as many as five bay screens with one controllable 
breaker, as many as eight two-position disconnects, and as many as two three-
position disconnects. ANSI and IEC symbols, along with analog and digital 
labels, are available for you to create detailed single-line diagrams of the bay 
to indicate the status of the breaker and disconnects, bus voltages, and power 
flow through the breaker. In addition to single-line diagrams, you can design 
the screens to show the status of various relay elements via Relay Word bits or 
to show analog quantities for commissioning or day-to-day operations. These 
screens can be designed with the help of ACSELERATOR Bay Screen Builder 
SEL-5036 Software in conjunction with ACSELERATOR QuickSet SEL-5030 
Software. Note that the bay screen related settings can only be set via 
QuickSet (setting via an ASCII terminal is not supported).

This section covers all aspects of the SEL-710-5 Relay bay control.

➤ Circuit Breaker Symbol Settings and Status Logic on page 9.1

➤ Disconnect Control Settings on page 9.2

➤ Local/Remote Control on page 9.7

➤ Motor/Disconnect Control Via the Touchscreen on page 9.8

➤ Bay Screens Design Using QuickSet and Bay Screen Builder on 
page 9.10

➤ Bay Control Application Example on page 9.19

Circuit Breaker 
Symbol Settings and 
Status Logic

The SEL-710-5 supports one breaker that can be controlled and monitored via 
the bay screen. Use the SELOGIC settings 52A and 52B to map the respective 
breaker auxiliary contacts to the relay. Because the 52B contact is not always 
available in all applications, the breaker status logic does not include the 52B 
contact. The relay uses the 52A Relay Word bit as the status of the breaker in 
conjunction with the protection elements and trip and close logic. The default 
setting for 52B is NOT 52A. Map 52A and 52B Relay Word bits to the 
settings associated with the breaker symbol under the Bay Control settings in 
QuickSet to display the status of the breaker on the bay screen.

Use SELOGIC to create dual-point status of the breaker with breaker alarm 
indication. Refer to Table 9.7 for the Bay Control breaker settings. Refer to 
Bay Control Application Example on page 9.19 for example settings. Refer to 
Table 4.65 and 52A and 52B Contactor/Breaker Status SELOGIC Control 
Equations on page 4.97 for 52A and 52B settings and descriptions. Refer to 
Trip/Close Logic on page 4.94 for more information on the breaker trip and 
close logic.
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Table 9.1 provides typical ANSI and IEC breaker symbols that are supported 
by Bay Screen Builder. Column 1 identifies the standard (ANSI/IEC) and the 
type of breaker. Columns 3, 4, and 5 identify closed, open, and alarm states of 
the breaker image, respectively. Bay Screen Builder allows you to set the 
breaker color sequence property (identified in Column 2) for each of these 
states. Select the breaker color sequence based on your system convention. 
For a complete list of ANSI and IEC circuit breaker symbols available to use 
with the bay screens, refer to the ACSELERATOR Bay Screen Builder SEL-5036 
Software Instruction Manual, available in the Help > Contents menu of Bay 
Screen Builder. 

Disconnect Control 
Settings

The SEL-710-5 supports control of as many as eight two-position and two 
three-position disconnects. Refer to Table 9.2 and Table 9.3 for the two- and 
three-position switch settings. The following description applies to both the 
two- and three-position switches enabled by the 89EN2P and 89EN3P 
settings. Generic setting names are used in the following description for 
simplicity. For example, the label setting for two-position Switch 1 
(89NM2P1) is represented by 89NMkm, where k is the switch type (2P, 3PL, 
or 3PE) and m is the switch number (m = 1–8 if k = 2P and m = 1–2 if k = 3PL 
or 3PE).

Use the 89NMkm setting to name the disconnect using a maximum of sixteen 
characters. The 89Akm and 89Bkm SELOGIC control equation settings 
represent the normally open and normally close disconnect auxiliary contacts. 
Typically, these SELOGIC control equation settings are set to SEL-710-5 
inputs that are wired to the corresponding auxiliary contacts. Figure 9.1 shows 
the dual-point disconnect status logic. The Relay Word bits 89CLkm and 
89OPkm indicate whether the disconnect is in a fully close or fully open state, 
respectively. 89ALkm indicates the alarm status of the disconnect and asserts 
when the disconnect is in an undetermined state for longer than the 89AkmD 
time setting. The 89ALkm alarm bit also asserts if the switch fails to start 
close or open operation after a successful command is issued. Set the 89AkmD 
timer longer than the highest expected operation time (undetermined state).

Table 9.1 Circuit Breaker Symbols

Type
Breaker Color 

Sequence
State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI Breaker Red, Green, Amber

ANSI Truck Operated Breaker Black, White, Grey

IEC Breaker Green, Red, Amber

IEC Truck Operated Breaker Transparent
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Table 9.2 Two-Position Disconnect Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 2P DISC N, 1–8 89EN2P := 8

Disconnect ma

a  The value of m can be set to any number between 1 and the value of setting 89EN2P.

2P DISC m NAME 16 characters 89NM2Pm := 2Pm

DIS m N/O CONT SELOGIC 89A2Pm := 0

DIS m N/C CONT SELOGIC 89B2Pm := NOT 89A2Pm

DIS m ALM PU 0.00–300.00 sec 89A2PmD := 5.00

DIS m SEALIN OFF, 0.00–300.00 sec 89S2PmD := 4.67

DIS m IMMOBI OFF, 0.00–300.00 sec 89I2PmD := 0.33

DIS m CL CONT SELOGIC 89RC2Pm := 89CC2Pm

DIS m CL BLK SELOGIC 89CB2Pm := 89AL2Pm

DIS m CL RST SELOGIC 89CR2Pm := 89CL2Pm OR 
89CS2Pm OR 89 ALP2m

DIS m CL IM RS SELOGIC 89CT2Pm := NOT 89OP2Pm

DIS m OP CONT SELOGIC 89RO2Pm := 89OCPm

DIS m OP BLK SELOGIC 89OB2Pm := 89AL2Pm

DIS m OP RST SELOGIC 89OR2Pm := 89OP2Pm OR 
89OS2Pm OR 89AL2Pm

DIS m OP IM RS SELOGIC 89OT2Pm := NOT 89CL2Pm

Table 9.3 Three-Position Disconnect Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 3P DISC N, 1–2 89EN3P := N

Disconnect ma

3P DISC m NAME 16 characters 89NM3Pm := 3Pm

In-Line Disconnect

LDIS m N/O CONT SELOGIC 89A3PLm := 0

LDIS m N/C CONT SELOGIC 89B3PLm := NOT 89A3PLm

LDIS m ALM PU 0.00–300.00 sec 89A3PLmD := 5.00

LDIS m SEALIN OFF, 0.00–300.00 sec 89S3PLmD := 4.67

LDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PLmD := 0.33

LDIS m CL CONT SELOGIC 89RC3PLm := 89CC3PLm

LDIS m CL BLK SELOGIC 89CB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89 AL3PEm

LDIS m CL RST SELOGIC 89CR3PLm := 
89CL3PLm OR 89CS3PLm 
OR 89AL3PLm

LDIS m CL IM RS SELOGIC 89CT3PLm := 
NOT 89OP3PLm

LDIS m OP CONT SELOGIC 89RO3PLm := 89OC3PLm
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LDIS m OP BLK SELOGIC 89OB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89AL3PEm

LDIS m OP RST SELOGIC 89OR3PLm := 
89OP3PLm OR 89OS3PLm 
OR 89AL3PLm

LDIS m OP IM RS SELOGIC 89OT3PLm := 
NOT 89CL3PLm

Earthing Disconnect

EDIS m N/O CONT SELOGIC 89A3Pm := 0

EDIS m N/C CONT SELOGIC 89B3Pm := NOT 89A3PEm

EDIS m ALM PU 0.00–300.00 sec 89A3PEmD := 5.00

EDIS m SEALIN OFF, 0.00–300.00 sec 89S3PEmD := 4.67

EDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PEmD := 0.33

EDIS m CL CONT SELOGIC 89RC3PEm := 89CC3PEm

EDIS m CL BLK SELOGIC 89CB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m CL RST SELOGIC 89CR3PEm := 
89CL3PEm OR 89CS3PEm 
OR 89AL3PEm

EDIS m CL IM RS SELOGIC 89CT3PEm := 
NOT 89OP3PEm

EDIS m OP CONT SELOGIC 89RO3PEm := 89OC3PEm

EDIS m OP BLK SELOGIC 89OB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m OP RST SELOGIC 89OR3PEm := 
89OP3PEm OR 89OS3PEm 
OR 89AL3PEm

EDIS m OP IM RS SELOGIC 89OT3PEm := 
NOT 89CE3PLm

a  The value of m can be set to any number between 1 and the value of setting 89EN3P.

Table 9.3 Three-Position Disconnect Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default



9.5

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Bay Control
Overview

Figure 9.1 Dual-Point Disconnect Status Logic

The close and open logic shown in Figure 9.2 and Figure 9.3 are primarily for 
control of motor operated disconnects. The settings and control described 
below are not intended for manually operated disconnects and can be ignored. 
The description of close and open control logic applies to all two- and three-
position motor operate disconnects that are enabled.

Figure 9.2 Disconnect Close Logic

Close control action of a disconnect can be initiated via the front-panel HMI 
Bay Screen application (Relay Word bit 89CMkm) or remotely (i.e., via 
communications protocols [Relay Word bit 89CCkm] or the SELOGIC control 
equation setting [89RCkm]). Close control from the HMI requires that local 
control be enabled (Relay Word bit LOCAL asserted). When Relay Word bit 
LOCAL is asserted, remote close control is blocked. Use the 89CBkm 
SELOGIC control equation setting to block both local and remote control, if 
required. The logic automatically seals-in a successful close signal (Relay 
Word bit 89Ckm) until the user-defined reset Relay Word bit 89CRkm asserts. 
By default, the relay uses the seal-in timer output to avoid a premature reset of 

Alarm Timer
Setting Relay

Word
Bits

Relay
Settings

1

2

89IPkm

89CLkm

89OPkm

1
5 sec

89AkmD

89Akm

89Bkm

k = 2P, 3PL, or 3PE
m = 1–16 (if k = 2P) or 1–2 (if k = 3PL or 3PE)

2

89ALkm

3
89OIkm

89CIkm

Relay
Word
Bits

Relay
Word
Bits

89CMkm (HMI)
(supervised by LOCAL)

89CCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89CRkm

89RCkm

Close Immobility Timer

Close Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89CIkm

89CSkm

2
4

3
3

1
1

2
89CBkm

89Okm

89Ckm

Relay
Word
Bits

(Reset 89IkmD)

89CEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89CTkm

Settings
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the close signal. An immobility timer detects if the disconnect remains in the 
fully open position for longer than the 89IkmD time setting after the close 
signal is issued (89Ckm asserts) by the assertion of Relay Word bit 89CIkm.

Figure 9.3 Disconnect Open Logic

Similarly, open control action of a disconnect can be initiated via the front-
panel HMI (Relay Word bit 89OMkm) or remotely (i.e., communications 
protocols [Relay Word bit 89OCkm] or the SELOGIC control equation setting 
[89ROkm]). Open control from the HMI requires that local control be enabled 
(Relay Word bit LOCAL asserted). When Relay Word bit LOCAL is asserted, 
remote close is blocked. Use the 89OBkm SELOGIC control equation setting to 
block both local and remote control, if required. The logic automatically seals-
in a successful open signal (Relay Word bit 89Okm) until the user-defined 
reset Relay Word bit 89ORkm asserts. By default, the relay uses the seal-in 
timer output to avoid premature reset of the open signal. An immobility timer 
detects if the disconnect remains in the fully close position for longer than the 
89IkmD time setting after the open signal is issued (89Okm asserts) by the 
assertion of Relay Word bit 89OIkm.

The factory-default values of all the other settings should be suitable for most 
applications, however, they must be reviewed and edited for specific 
requirements.

Refer to Table 9.5 for the Bay Control disconnect settings. Refer to Bay 
Control Application Example on page 9.19 for example settings. Table 9.5 
provides typical ANSI and IEC disconnect symbols that are available to use in 

Relay
Word
Bits

89OMkm (HMI)
(supervised by LOCAL)

89OCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89ORkm

89ROkm

Open Immobility Timer

Open Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89OIkm

89OSkm

2
4

3
3

1
1

2
89OBkm

89Ckm

89Okm

Relay
Word
Bits

(Reset 89IkmD)

89OEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89OTkm

Settings

Table 9.4 Disconnect Control Setting Guidelines

Setting Remarks

89ENk Enable required number of 2- and 3-position switches

89NMkm Label each switch with a unique name

89Akm SELOGIC control equation for normally open auxiliary contact of the switch

89Bkm SELOGIC control equation for normally close auxiliary contact of the switch

89AkmD Operate alarm delay; set longer than the highest expected operate time of 
the switch

89SkmD Seal-in delay; set longer than the highest expected operate time of the motor 
operated switch
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bay screen design. Column 1 identifies the standard (ANSI/IEC) and the type 
of disconnect. Column 2 identifies the interior color property of the 
disconnect. Columns 3, 4, and 5 identify closed, open, and alarm states of the 
disconnect. For a complete list of ANSI and IEC disconnect symbols available 
to use with the bay screens, refer to the ACSELERATOR Bay Screen Builder 
SEL-5036 Software Instruction Manual.

Local/Remote Control The SEL-710-5 supports local/remote motor control functionality through 
supervision of the STR and STOP motor control Relay Word bits and local/
remote disconnect control functionality through supervision in the disconnect 
open and close control logic (See Figure 9.2 and Figure 9.3). The supervision 
can be enabled or disabled with the global setting EN_LRC (see Table 9.6). To 
enable local/remote supervision of the breaker and disconnect control, set 
EN_LRC := Y. When EN_LC := Y, the LOCAL SELOGIC control equation is 
available. 

The relay controls the status of the LOCAL Relay Word bit based on the 
EN_LRC setting and the selection applies to both the breaker and the 
disconnect control.

Table 9.5 Disconnect Symbols

Type Interior Color State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI and IEC Disconnect

(Two-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect

(Two-Position)

Transparent

ANSI and IEC Disconnect 
(Three-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect 

(Three-Position)

Transparent

Table 9.6 Local/Remote Motor Control Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE LOC REM CON Y, N EN_LRC := N

LOCAL CONTROLa

a This setting is hidden when EN_LRC := N.

SELOGIC LOCAL := 0
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➤ When EN_LRC := Y and LOCAL := 1, the relay processes the 
STR and STOP commands from the front panel (two-line 
display or touchscreen). The STR and STOP commands from 
remote sources/protocols (ASCII terminal, SEL Fast Operate, 
DNP, Modbus, EtherNet/IP, IEC 61850, etc.) are blocked.

➤ When EN_LRC := Y and LOCAL := 0, the relay processes the 
STR and STOP commands from remote sources/protocols 
(ASCII terminal, SEL Fast Operate, DNP, Modbus, 
EtherNet/IP, IEC 61850, etc.). The commands from the front 
panel are blocked (two-line display or touchscreen).

➤ When EN_LRC := N, the relay processes the STR and STOP 
commands from both the front panel (two-line display or 
touchscreen) and remote sources/protocols (ASCII terminal, 
SEL Fast Operate, DNP, Modbus, EtherNet/IP, IEC 61850, 
etc.).

Enable the local/remote control for proper supervision of motor control and 
operator safety. Map the LOCAL SELOGIC control equation to the status of 
the local/remote switch on the panel, if available. Alternatively, program one 
of the front-panel pushbuttons and an LED in conjunction with a SELOGIC 
latch to mimic the local/remote switch and map it to the LOCAL SELOGIC 
control equation.

When EN_LRC := Y, the status of the local/remote control is indicated on the 
footer of the touchscreen as “L” for local (LOCAL = 1) and “R” for remote 
(LOCAL = 0). If you do not intend to use the built-in local/remote function, 
and prefer to create your own control function using SELOGIC and remote bits, 
then set EN_LRC := N. In which case, the footer indicates “LR,” as shown in 
Figure 9.4, indicating that STR and STOP bits are processed from both the 
touchscreen and the remote sources/protocols. Local/remote indication is only 
available on the SEL-710-5 touchscreen display model. Refer to Bay Control 
Application Example on page 9.19 for example settings.

Figure 9.4 Local/Remote Control Mode Indication

Motor/Disconnect 
Control Via the 
Touchscreen

The SEL-710-5 enables you to control the motor from the touchscreen or the 
two-line LCD and the disconnect from the touchscreen. Motors and 
disconnects can also be controlled through the front-panel operator control 
pushbuttons. Refer to Front-Panel Operator Control Pushbuttons on 
page 8.39 for a discussion on motor control via the control pushbuttons. Refer 
to Control Menu on page 8.10 for instructions on motor control via the two-
line LCD. This section discusses motor and disconnect control via 
touchscreen.
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The touchscreen allows you to control the motor via two applications: Bay 
Screens and Motor Start/Stop Control; however, only the Bay Screens 
application allows control of the disconnects. The Bay Screens application is 
available on the Home screen. Breaker and disconnect control via the Bay 
Screens application requires you to design a bay control single-line diagram. 
Figure 9.5 shows a sample single-line diagram with a controllable breaker, 
disconnect, and analog quantities. For more details on how to design this 
screen, refer to Bay Control Application Example.

You can also control the motor via Motor Start and Motor Stop applications, 
which are available in the Control folder. These application are built-in and 
are always available for you to perform motor control. Figure 9.6 shows the 
Start Motor application display and Figure 9.7 shows the Stop Motor 
application display.

Figure 9.5 Bay Screens Application Display With a Single-Line Diagram

Figure 9.6 Start Motor Application

Figure 9.7 Stop Motor Application
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The Bay Screens, Motor Start, and Motor Stop applications use the STR and 
STOP bits and require you use their respective START and TRIP bits to 
perform motor control. For more details on how to program these bits, refer to 
Bay Control Application Example. The Bay Screens and Breaker Control 
applications use the 89OMkm and 89CMkm bits to perform disconnect control 
(see Figure 9.2 and Figure 9.3 for details). The relay checks for the following 
conditions, in the order shown. Only when the conditions are satisfied can you 
perform breaker or disconnect control.

1. EN_LRC := Y and Relay Word bit LOCAL is asserted. If 
EN_LRC := N, then this check is ignored.

2. The breaker control jumper on the slot B board is installed. The 
Relay Word bit BKJMP stays asserted when the breaker control 
jumper is installed. Refer to Password, Breaker (Start/Stop 
Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

3. You are at Access Level 2. The relay prompts for the Access 
Level 2 password if you are not at Access Level 2.

4. There are no active lockouts. If there is one or more active 
lockout, the relay displays those which are active and the 
greatest time remaining. This condition is only checked when 
issuing a START via Motor Start or CLOSE via Bay Screen 
application.

When the conditions are satisfied, the application pulses the STR or STOP bit, 
respectively, depending on your selection for motor start or stop.

Bay Screens Design 
Using QuickSet and 
Bay Screen Builder

QuickSet and Bay Screen Builder provide user-friendly interfaces to set the 
touchscreen settings. The touchscreen settings are not available for setting via 
ASCII terminal, unlike the other relay settings. The touchscreen settings are 
only available if the relay part number is configured with the touchscreen 
display under Front-Panel Options drop down as shown in Figure 9.8. 
Figure 9.9 shows the Touchscreen settings in QuickSet.

Figure 9.8 QuickSet Front-Panel Options
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Figure 9.9 QuickSet Touchscreen Settings

Table 9.7 Touchscreen Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Display Settings

Display Home Screen See Table 8.17 FPHOME := HOME

Display Time-Out 1–30 min FPTO := 15

Rotating Display Transition Time 3–15 sec FPDUR := 5

Backlight Active Brightness 1–10 FPBAB := 6

Rotating Display Screen Settings

Rotating Display 01 See Table 8.17 FPRD01 := Bay Screen 1

Rotating Display 02 See Table 8.17 FPRD02 :=

•

•

•

•

•

•

•

•

•

Rotating Display 15 See Table 8.17 FPRD15 :=

Rotating Display 16 See Table 8.17 FPRD16 :=

Pushbutton Settings (nn = 01–08)

Pushbutton nn HMI Screen OFF, See Table 8.17 FPPBnn := OFF

Bay Control Breaker Settings

Breaker Trip Type 3 BK01TTY := 3

Breaker Mode CONTROL, 
MONITOR

BK01MOD := MONITOR

Breaker 1 Close Status Relay Word Bit BK01CS := 52A1

Breaker 1 Open Status Relay Word Bit BK01OS := 52B1

NOTE: The settings in Table 9.7 shall 
be populated under each of the 
custom screens (sld1–sld5) based on 
the dynamic symbols chosen by the 
user.
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Breaker 1 Alarm Status Relay Word Bit BK01AS := NA

Breaker 1 HMI Close Command Relay Word Bit BK01CLC := NA

Breaker 1 HMI Open Command Relay Word Bit BK01OPC := NA

Breaker 2 Close Status Relay Word Bit BK02CS := 52A2

Breaker 2 Open Status Relay Word Bit BK02OS := 52B2

Breaker 2 Alarm Status Relay Word Bit BK02AS := NA

Breaker 2 HMI Close Command Relay Word Bit BK02CLC := NA

Breaker 2 HMI Open Command Relay Word Bit BK02OPC := NA

Breaker 3 Close Status Relay Word Bit BK03CS := 52A3

Breaker 3 Open Status Relay Word Bit BK03OS := 52B3

Breaker 3 Alarm Status Relay Word Bit BK03AS := NA

Breaker 3 HMI Close Command Relay Word Bit BK03CLC := NA

Breaker 3 HMI Open Command Relay Word Bit BK03OPC := NA

Breaker 4 Close Status Relay Word Bit BK04CS := 52A4

Breaker 4 Open Status Relay Word Bit BK04OS := 52B4

Breaker 4 Alarm Status Relay Word Bit BK04AS := NA

Breaker 4 HMI Close Command Relay Word Bit BK04CLC := NA

Breaker 4 HMI Open Command Relay Word Bit BK04OPC := NA

Bay Control Disconnect Settings
Two-Position Disconnects (m = 1–8)

Two-Position Disconnect Close 
Status

Relay Word bit 2DSmCS :=

Two-Position Disconnect 
Open Status

Relay Word Bit 2DSmOS :=

Two-Position Disconnect 
In-Progress Status

Relay Word Bit 2DSmIS := NA

Two-Position Disconnect 
Alarm Status

Relay Word Bit 2DSmAS := NA

Two-Position Disconnect HMI 
Close Command

89CM2P1–89CM2P8 2DSmCL := NA

Two-Position Disconnect HMI 
Open Command

89OM2P1–89OM2P8 2DSmOP := NA

Bay Control Disconnect Settings
Three-Position Disconnects (m = 1–2)

Three-Position In-Line 
Disconnect Close Status

Relay Word bit 3IDmCS :=

Three-Position In-Line 
Disconnect Open Status

Relay Word Bit 3IDmOS :=

Table 9.7 Touchscreen Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Display Settings
Use these settings to configure the touchscreen. Pressing the HOME pushbutton 
on the front panel takes you to the screen configured as part of the FPHOME 
setting. By default, FPHOME is set to the Home screen, which displays the 
Home screen folders and applications. You can set FPHOME to any screen 
that you like to view when the HOME pushbutton is pressed (see Table 8.17 for 
the list of available screens).

Three-Position In-Line 
Disconnect In-Progress Status

Relay Word Bit 3IDmIS := NA

Three-Position In-Line 
Disconnect Alarm Status

Relay Word Bit 3IDmAS := NA

Three-Position In-Line 
Disconnect HMI Close Command

89CM3PL1–
89CM3PL2

3IDmCL := NA

Three-Position In-Line 
Disconnect HMI Open Command

89OM3PL1–
89OM3PL2

3IDmOP := NA

Three-Position Earthing 
Disconnect Close Status

Relay Word Bit 3EDmCS :=

Three-Position Earthing 
Disconnect Open Status

Relay Word Bit 3EDmOS :=

Three-Position Earthing 
Disconnect In-Progress Status

Relay Word Bit 3EDmIS := NA

Three-Position Earthing 
Disconnect Alarm Status

Relay Word Bit 3EDmAS := NA

Three-Position Earthing 
Disconnect HMI Close Command

89CM3PE1–
89CM3PE2

3EDmCL := NA

Three-Position Earthing 
Disconnect HMI Open Command

89OM3PE1–
89OM3PE2

3EDmOP := NA

Bay Control Analog Label Settings (qq = 01–32)

Analog Quantity Analog Quantity ALAB01 := STRING_RID

Analog Quantity Analog Quantity ALAB02 := STRING_TID

Analog Quantity Analog Quantity ALAB03 := IAW1_MAG

Analog Quantity Analog Quantity ALAB04 := IBW1_MAG

Analog Quantity Analog Quantity ALAB05 := ICW1_MAG

Analog Quantity Analog Quantity ALAB06 := IAW2_MAG

Analog Quantity Analog Quantity ALAB07 := IBW2_MAG

Analog Quantity Analog Quantity ALAB08 := ICW2_MAG

Analog Quantity Analog Quantity ALABqq :=

Bay Control Digital Label Settings (qq = 01–32)

Relay Word Bit Relay Word Bit Name DLABqq :=

Table 9.7 Touchscreen Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO. The timeout resets 
each time you press a front-panel pushbutton or the screen detects a touch. 
When the timeout expires, the access level resets to Access Level 1 and 
switches to the rotating display if at least one screen is configured as part of 
the rotating display settings, FPRDkk (kk = 01–16), if not, the display 
switches to the Home screen. The rotating display transition time setting 
FPDUR defines the duration that each screen is displayed on the rotating 
display. Set FPDUR to a transition time most suitable to your application.

Use the FPBAB setting to control the backlight active brightness.

Rotating Display Settings
The SEL-710-5 allows you to configure as many as 16 screens for the rotating 
display. Configure the settings FPRDkk (kk = 01–16) to the screens most 
suitable to your application. Refer to Table 8.17 for the list of screens 
available as part of the FPRDkk settings.

Pushbutton Settings
The pushbutton settings FPPBnn (nn = 01–08) allow you to quickly navigate 
to a specific screen by pressing the programmed pushbutton. Refer to 
Table 8.17 for the list of screens available for the FPPBnn settings. Note that a 
given pushbutton can be configured to navigate to a specific screen while 
being used in SELOGIC (e.g., PB04 Relay Word bit). The relay does not 
prevent you from configuring a pushbutton for two purposes. Make sure to set 
dual-purpose pushbuttons with care to ensure safe operation.

Bay Control Breaker Settings
Bay control breaker settings are only available if the designed single-line 
diagram has a breaker symbol. When QuickSet detects a breaker symbol as 
part of the single-line diagram, it populates the corresponding settings. The 
SEL-710-5 supports one three-pole breaker. The setting BK01TTY is forced 
to 3 by default and is not settable. The breaker on the single-line can be 
configured as monitor-only or as a controllable breaker. Set 
BK01MOD = MONITOR if you do not want to allow breaker control via the 
touchscreen. Set BK01MOD = CONTROL if you want to allow breaker 
control via the touchscreen. Set BK01CS and BK01OS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
breaker. The relay does not support breaker alarm logic, but it can be 
programmed using SELOGIC. To display breaker alarm status, set the breaker 
alarm status setting BK01AS to the corresponding SELOGIC bit. When 
BK01MOD := CONTROL, both BK01CLC and BK01OPC settings are 
forced to STR and STOP, respectively, and are not settable. Refer to Bay 
Control Application Example on page 9.19 for sample breaker settings.

Bay Control Disconnect Settings
The bay control disconnect settings are only available if the designed single-
line diagram has at least one disconnect symbol. When QuickSet detects one 
or more disconnect symbols as part of the single-line diagram, it populates the 
corresponding settings. The SEL-710-5 supports eight two-position and two 
three-position disconnects. Set the DSnCS and DSnOS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
disconnect. Map the output of the disconnect alarm logic, 89ALkm (see 
Figure 9.1), to the corresponding DSnAS setting. A successful close or open 
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command from the HMI asserts the corresponding 89CMkm or 89OMkm 
Relay Word bit used in Figure 9.2 or Figure 9.3, respectively. Refer to Bay 
Control Application Example on page 9.19 for sample disconnect settings. 

Bay Control Analog Label Settings
The analog label settings are only available if the designed bay screen has at 
least one analog label. When QuickSet detects one or more analog labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 analog labels. Set ALABqq (qq = 01–32) to display 
the desired analog quantity on the bay screen. Refer to the display points 
column of Table M.1 for the list of analog quantities available to program into 
analog labels.

Bay Control Digital Label Settings
The digital label settings are only available if the designed bay screen has at 
least one digital label. When QuickSet detects one or more digital labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 digital labels. Set DLABqq (qq = 01–32) to display 
the desired Relay Word bits on the bay screen. Refer to Table L.1 for the list of 
Relay Word bits available to program into digital labels.

Bay Screen Builder Software
The Bay Screen Builder Software provides an intuitive and powerful interface 
to design bay screens to meet your application needs. This instruction manual 
provides only a brief overview of the Bay Screen Builder Software. For more 
details, refer to the ACSELERATOR Bay Screen Builder SEL-5036 Software 
Instruction Manual available from the Help > Contents menu in Bay Screen 
Builder or at selinc.com.

Several of the settings identified in Table 9.7 are available for you to set 
depending on the symbols chosen for your single-line diagram. Figure 9.10 
shows the layout of Bay Screen Builder and identifies different menus, panes, 
and information.

NOTE: Refer to the Product 
Literature CD for a list of UTF-8 
characters that can be rendered on 
the bay screen in Bay Screen Builder.

https://selinc.com
https://selinc.com
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Figure 9.10 Layout of Bay Screen Builder

Descriptions of the different menus, panes, and information in Bay Screen 
Builder are as follows:

q

w

e

r

t y u i

o

q Project Screens Pane: Displays the names of the screens (as many 
as 5) present in a project. Click a screen name to open the screen, and 
double-click or right-click a screen name to access additional options 
for that screen.

w Screen Area: Displays the selected project screen and its symbols. 
Create a single-line diagram or a metering or status screen by dragging 
and dropping symbols from the Symbols pane.
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e Symbols Pane: Displays the symbols available for selection. Bay 
Screen Builder supports several static and a limited number of 
dynamic ANSI and IEC symbols. Note that for a given project, you can 
only use either ANSI or IEC symbols, not both. While there are no 
constraints on the number of static symbols, Bay Screen Builder limits 
the number of dynamic symbols. The following table provides the 
number of breakers, disconnects, analog labels, and digital labels 
supported in a given project.

r Properties Pane: Displays the properties of a selected symbol. Edit 
the symbol properties as needed for your application. For instance, the 
breaker color sequence property identified in Table 9.1 can be set via 
the appearance property of the breaker symbol (refer to Edit Symbol 
Properties on page 9.22). Bay Screen Builder supports UTF-8 
character encoding. Refer to the Product Literature CD for a complete 
list of UTF-8 characters that can be rendered on the touchscreen 
display.

t Product Type: Displays the name of the QuickSet driver version of 
the product associated with the selected project (e.g., SEL-710-5 003, 
as shown in Figure 9.10). Select the product type in Bay Screen 
Builder when you create a new project independent of QuickSet. View 
Product Type though Settings > Project Settings. If a project is 
edited via QuickSet, Bay Screen Builder inherits the product type from 
the QuickSet settings file.

y Project Symbol Type: Displays the symbol type (IEC or ANSI) 
associated with the selected project as shown in Figure 9.10. Select the 
symbol type when you create a new project. If a project is edited via 
QuickSet, the ANSI symbol type is selected by default.

u Auto Save: Provides a shortcut for changing the auto save setting for 
the application. Enable Auto Save to allow Bay Screen Builder to 
automatically save your project periodically. Your auto save setting 
preference is saved when you exit the application and is applied the 
next time you launch Bay Screen Builder. You can also set Auto Save 
through Settings > Application Settings > File Handling.

Symbols
Number of Supported 
Symbols per Project

Breakers 1

Two-Position Disconnects 8

Three-Position Disconnects 2

Analog Labels 32

Digital Labels 32
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Figure 9.11 Project Analysis Pane: Analysis Results Tab

Figure 9.12 Project Analysis Pane: Constraints Summary Tab

You can adjust the size of the panes in the application. If you reconfigure the 
size of any of these panes, the new size is saved when you exit the application 
and applies the next time you launch Bay Screen Builder.

i Bay Screen Outline: Displays the drop-down list of symbols on the 
presently open screen. Click a symbol from the list to make it active. 
The bay screen outline provides an alternate way to select the symbols 
and is most useful in cases where symbols are crowded or stacked.

o Project Analysis Pane: Displays troubleshooting information/
messages about the project (Errors, Info, Warning, Unknown). The 
project analysis pane supports two tabs: Analysis Results and 
Constraints Summary, as shown in Figure 9.9 and Figure 9.10, 
respectively.

The Analysis Results tab displays details about the error, 
information, warning, and unknown messages for the project. You 
can use these messages for troubleshooting. Select a message type 
button to view the messages for that category. For example, click 
the Errors button to view the error messages for the project. Click 
a column header to sort by the information in that column (see 
Figure 9.11).

The Constraints Summary tab provides information about the 
rules that apply to the present project. All conditions listed under 
Symbol Constraints must be satisfied for a project to be valid. 
You can only publish a valid project, but you can save a project 
with errors (see Figure 9.12).

733 px
66 px

396 px

NOTE: The Constraints Summary tab 
shows the usage and limits of 
dynamic symbols for an entire 
project (all screens). Although not 
constrained, it is recommended that 
you limit the dynamic symbols to 32 
symbols per screen for faster screen 
updates.
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Bay Control Application Example
Specific components of bay screens are covered in Bay Screens Design Using 
QuickSet and Bay Screen Builder. This section provides a summarized 
application example tying all the components together. Refer to the 
ACSELERATOR Bay Screen Builder SEL-5036 Software Instruction Manual, 
available from the Help > Contents menu in Bay Screen Builder or at 
selinc.com, for more specific details regarding bay screen creation and symbol 
properties.

The SEL-710-5 supports as many as five custom screens. You can edit the 
predefined bay screen (Bay Screen 1) and the blank screens (Bay Screen 2, 
Bay Screen 3, Bay Screen 4, Bay Screen 5) (see Figure 9.15). You can also 
import one of the six predefined bay control single-line diagrams from the 
SEL-710-5 Product Literature CD. Refer to Predefined Bay Control Single-
Line Diagrams on page 9.28 for more details.

Consider if you were to create the single-line diagram shown in Figure 9.13 as 
part of your application. Use the following step-by-step approach to design the 
single-line diagram beginning with the predefined bay screen (Bay Screen 1).

Before creating your own diagram, ensure that the number of dynamic 
symbols in your schematic does not exceed the number allowed by the 
SEL-710-5 (see Figure 9.10 and the symbols pane description).

Figure 9.13 Bay Control Single-Line Diagram Schematic

Configure QuickSet 
for Bay Screen 
Builder

To use QuickSet and Bay Screen Builder to create bay screens for the 
SEL-710-5, your relay must have the touchscreen MOT configuration (an “A” 
or “B” in the 18th place of the part number). When your relay is configured 
for the touchscreen option, perform the following steps to configure QuickSet 
to work with Bay Screen Builder.

Step 1. Create an SEL-710-5 settings file configured for the 
touchscreen display. Use the Front-Panel Options drop down 
to select the touchscreen option (see Figure 9.14).

NOTE: The touchscreen display 
option is only available for 
SEL-710-5 QuickSet drivers 003 
and higher.

https://selinc.com
https://selinc.com
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Figure 9.14 Device Part Number Touchscreen Configuration Option

Step 2. Click OK.

Step 3. Expand the Touchscreen settings class.

Step 4. Click Bay Control.

QuickSet displays project management buttons and a project 
preview that includes a small-scale view of five project screens 
(one screen with a predefined single-line diagram and four 
blank screens) and an enlarged view of the predefined single-
line diagram, which is selected by default (see Figure 9.15). 

Figure 9.15 QuickSet Bay Control Project Management and Project Preview 
Display
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Build Single-Line 
Diagrams in Bay 
Screen Builder

Use Bay Screen Builder to create single-line diagrams to load onto the 
SEL-710-5 Relay through QuickSet. To create the single-line diagram shown 
in Figure 9.13, perform the following steps. 

Step 1. Select the screen with the predefined single-line diagram 
shown in Figure 9.16 as a starting point for your single-line 
diagram.

Step 2. Click the Edit button (Figure 9.16) to open the screen with the 
predefined single-line diagram in Bay Screen Builder.

Figure 9.16 Open Single-Line Diagram in Bay Screen Builder

Step 3. Drag-and-drop the additional symbols required for your single-
line diagram onto the screen area from the Symbols pane (see 
Figure 9.17). Remove the unused labels (RID/TID).

Figure 9.17 Drag-and-Drop Symbols
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Table 9.8 lists the number of each symbol required to draw the single-line 
diagram shown in Figure 9.13.

Edit Symbol Properties
All of the symbols in Bay Screen Builder include editable properties. These 
properties allow you to customize the symbols to your specific application. 
These properties appear in the right Properties pane of Bay Screen Builder 
either when you drag a symbol from the left Symbols pane and drop it in the 
screen area or when a symbol in the screen area is selected.

For example, you can use the Close/Open/Alarm Color property in the 
Appearance tab of the breaker properties to select a color scheme for your 
single-line diagram breaker.

Step 1. Select the existing breaker symbol in the predefined single-line 
diagram to display the breaker symbol properties in the 
Properties pane, as shown in Figure 9.18.

Table 9.8 Symbols Required for the Single-Line Diagram Schematic in 
Figure 9.13

Symbols Required
Number of Symbols 

Required
Symbol

Breaker 1

Disconnect 1

Motor 1

Analog labels
(display voltages, currents, 
and power)

8

Digital label
(display thermal lockout 
ON or OFF)

1

Text boxes
(identify the relay, motor 
name)

2

Line
(draw the bus 
and connections)

As Needed
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Figure 9.18 Selected Breaker Symbol Settings Displayed in the Properties 
Pane

Step 2. Select a color option from the drop down menu to edit the 
Close/Open/Alarm Color property in the Appearance tab 
(see Figure 9.19).

Table 9.1 lists the available options and breaker appearance in 
each state based on the selected property.

Figure 9.19 Close/Open/Alarm Color Property Drop Down Menu

Step 3. Use the State Preview tab to view your breaker close, open, 
and alarm state color selections.

Step 4. Edit the additional properties as needed for your application.

Select and edit the disconnect, dynamic labels (analog and digital labels), and 
static symbols, similar to the breaker symbol. Note that some of the symbols 
have the Text tab that can be edited for custom labeling.

In this example, only Bay Screen 1 has been modified in the project. You can 
also modify the other screens to add analog/digital labels to monitor the status 
of the quantities, if necessary. Publish the project using the following process 
after saving your edits.

NOTE: If sufficient width is not 
provided for the value field of the 
analog label it will be rendered as 
‘$$$$$’.

NOTE: The assignment of breaker 
Relay Word bits (e.g., 52A, 52B) to 
breaker symbols, or analog 
quantities (e.g., VA_MAG) to analog 
labels, cannot be made in Bay Screen 
Builder. These assignments can only 
be made in QuickSet.
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Publish Bay Screen 
Builder Project

When you have completed your single-line diagram in Bay Screen Builder, 
you are ready to publish your project to QuickSet.

Step 1. Click Save Project in the File menu to save your project.

Step 2. Click Publish Package in the File menu to publish your 
project (see Figure 9.20). Bay Screen Builder exports the 
project into QuickSet.

Figure 9.20 Publish Bay Screen Builder Project to QuickSet

Step 3. Allow a few seconds for Bay Screen Builder to publish the 
project to QuickSet. Respond to the QuickSet prompt, if 
presented. QuickSet then populates the settings of the updated 
single-line diagram (see Figure 9.21).

Figure 9.21 QuickSet Updated Single-Line Diagram and Corresponding Settings

Enter QuickSet 
Settings

The breaker, disconnect, analog and digital label, local/remote, and trip and 
close settings that follow are the settings applicable to the single-line diagram 
shown in Figure 9.13.
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Breaker Settings
For Figure 9.13, assume the breaker auxiliary contacts 52A and 52B are wired 
to digital inputs IN101 and IN102, respectively. SELOGIC settings 
SV01–SV03 are programmed to create dual-point breaker status with alarm to 
mimic the logic shown in Figure 9.1. Breaker settings are included in more 
than one settings class in QuickSet (Set 1 and Logic 1 in Group, Bay 
Control). Enter the following settings:

Disconnect Settings
For this example, the relay has an 8 DI card in Slot C. Also, the disconnect 
auxiliary contacts 89A and 89B for the disconnect are wired to digital inputs 
IN301 and disconnect settings are included in more than one settings class in 
QuickSet (Global, Bay Control). Enter the following settings:

Setting Example Setting Comment

Group 1 > Set 1 > Trip and Close Logic

52A IN101

52B IN102

Group 1 > Logic 1 > SELOGIC Variables and Timers

SV01 (52A AND 52B) OR 
(NOT 52A AND NOT 52B)

(XNOR gate)

SV01PU 0.5 Set pickup time to indi-
cate alarm for undeter-
mined breaker state

SV01DO 0.0

SV02 NOT SV01 AND 52A Indicates breaker close 
status when asserted

SV02PU 0.0

SV02DO 0.0

SV03 NOT SV01 AND 52B Indicates breaker open 
status when asserted

SV03PU 0.0

SV03DO 0.0

Touchscreen > Bay Control > Bay Screen 1

Breaker Mode CONTROL Controllable breaker

Breaker Close Status SV02T

Breaker Open Status SV03T

Breaker Alarm Status SV01T

Breaker HMI Close Commanda

a Settings are forced to STR and STOP, respectively, and are not available to be set.

STR

Breaker HMI Open Commanda STOP

NOTE: The relay does not support 
dual-point breaker status (see Bay 
Control Breaker Settings) and uses 
the 52A Relay Word bit as the state 
of the breaker in several of the 
protection elements, including trip 
and close logic. If you intend to 
indicate dual-point status on the bay 
control single-line diagram, make use 
of SELOGIC to program this logic 
similar to the one shown in Figure 9.1.

Setting Example Setting Comment

Global > Two-Position Disconnect Settings

89A2P1 IN301 Disconnect 1, A contact

89B2P1 IN302 Disconnect 1, B contact



9.26

SEL-710-5 Relay Instruction Manual Date Code 20220826

Bay Control
Bay Control Application Example

Analog Label Settings
Enter the following Bay Control, Bay Screen 1 settings:

Digital Label Settings
As shown in Figure 9.13, monitor the thermal lockout status of the motor by 
entering the following Bay Control, Bay Screen 1 setting:

Local/Remote Control Setting
The schematic shown in Figure 9.13 is programmed with the local/remote 
functionality.

Enter the following Global, Control Configuration setting:

Application With Handheld Local Remote Breaker Control Switch
Assume that the handheld local remote breaker control switch status is wired 
to IN304 of the relay. In this particular application, when IN304 is asserted, it 
implies that the motor control is in LOCAL mode (or SCADA is cut off).

Touchscreen > Bay Control > Bay Screen 1

Two-position disconnect close status 89CL2P1 Switch MCCB

Two-position disconnect open status 89OP2P1

Two-position disconnect in-progress 
status

89IP2P1

Two-position disconnect alarm status 89AL2P1

Two-position disconnect HMI close 
command

89CM2P1

Two-position disconnect HMI open 
command

89OM2P1

Setting Example Setting Comment

Setting Example Setting

VA VA_MAG

VB VB_MAG

VC VC_MAG

IA IA_MAG

IB IB_MAG

IC IC_MAG

3P P

3Q Q

Setting Example Setting Comment

THERMLO THERMLO Thermal lockout active/deactive

Setting Example Setting Comment

EN_LRC Y Enable local/remote control
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Enter the following Global, Control Configuration setting:

Application Without Handheld Local Remote Motor Control Switch
Assume that no handheld local remote motor control switch is available. In 
such case you can program one of the programmable pushbuttons (e.g., PB05) 
in conjunction with SELOGIC to switch the motor control between local and 
remote. Enter the following settings:

Send all active settings to the relay.

To view the designed bay control single-line diagram on the touchscreen 
display, perform the following steps:

Step 1. Navigate to the Home screen.

Step 2. Select the Bay Screens application.

Step 3. Use the Up and Down arrows to view your screens.

With all the previous settings applied to the relay, you have a bay control 
single-line diagram that provides the status of the breaker and disconnect and 
provides you with the ability to perform motor control via the touchscreen, as 
shown in Figure 9.22. In addition, you have the ability to monitor the voltages 
at the bus, the flow of currents and power through the breaker, and the status 
of the motor thermal lockout.

Setting Example Setting Comment

LOCAL IN304 Local/remote control selection

Setting Example Setting Comment

Group 1 > Logic 1 > SELOGIC Variables and Timers

ELAT 1

SET01 PB05_PUL AND NOT LT01 Local when LT01 is asserted

RST01 PB05_PUL AND LT01 Remote when LT01 is deasserted

Front Panela

a Use configurable labels to assign PB5A LED to LOCAL and PB5B LED to REMOTE.

PB5ALEDC GO

PB5A_LED LT01

PB5BLEDC GO

PB5B_LED NOT LT01

Global > Control Configuration

LOCAL LT01
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Figure 9.22 Final Bay Screen Builder Rendering

Export/Import Bay 
Screen Builder 
Project File

If you plan to use the same Bay Screen Builder project file (*.ldme) across 
multiple relays, export the file as shown in Figure 9.23 and save the file to 
import it to another relay. The *.ldme file does not save the settings associated 
with the bay control symbols.

Alternately, QuickSet allows you to save the Bay Screen as well as all of the 
corresponding analog and digital quantities settings (Tools > Settings > 
Export > Touchscreen).

Figure 9.23 Import/Export of the Bay Control Screen in QuickSet

Reset to Defaults Click Reset to Defaults in the QuickSet Project Management section to 
restore the default project in QuickSet.

Predefined Bay 
Control Single-Line 
Diagrams

Bay Screen Builder provides the ability to design bay control single-line 
diagrams. The following predefined single-line diagrams are available on the 
instruction manual CD. You can use them as is or edit them to fit your specific 
application. Any one of the following single-line diagrams can be imported 
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into Bay Screen Builder in place of the existing predefined single-line 
diagram. Use the Import button in the Project Management area of 
QuickSet to import one of the screens provided on the instruction manual CD.

Figure 9.24 ANSI Synchronous Motor Single-Line Diagram

Figure 9.25 ANSI Synchronous Motor with Disconnects Single-Line Diagram

Figure 9.26 IEC Induction Motor with Disconnects Single-Line Diagram
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Figure 9.27 IEC Synchronous Motor Single-Line Diagram

Figure 9.28 IEC Synchronous Motor with Disconnects Single-Line Diagram
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Analyzing Events

Overview
The SEL-710-5 Motor Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected motor to 
service.

➤ Event Reporting
➢ Event Summary Reports
➢ Event History Reports
➢ Event Reports

➤ Sequential Events Recorder Report
➢ Resolution: 1 ms
➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-710-5 does not result in lost data. The SEL-710-5 offers four types of 
event reports: Standard ASCII (EVE) reports, Compressed ASCII (CEV) 
reports, Binary Comtrade reports, and Sequential Event Recorder (SER) 
reports.

Event Reporting Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table L.1)

➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

NOTE: Arc-flash sensor light values 
and frequency are available only in 
Compressed ASCII event reports 
(CEV or CEV R commands).
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➤ Group, Logic, Global, and Report settings (that were in service 
when the event was triggered)

➤ Relay part number and serial number to identify the relay model 
type

Compressed Event 
Reports

The SEL-710-5 provides Compressed ASCII and COMTRADE event reports 
to facilitate event report storage and display. SEL communications processors 
and the SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII and COMTRADE formats. Use the CHIS command to 
display Compressed ASCII event history information. Use the CSUM 
command to display Compressed ASCII event summary information. Use the 
CEVENT command to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 

Additionally, the SEL-710-5 Compressed Event (CEV command) report 
includes analog channels for the % arc-flash sensor light values and frequency 
measurements that are not available in the regular ASCII Event (EVE 
command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and the 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-710-5 provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15, 64, or 180 cycles. Prefault 
length is 1–10 cycles for LER = 15, 1–59 cycles for LER = 64, and 1–175 
cycles for LER = 180. Prefault length is the first part of the total event report 
length and precedes the event report triggering point. Changing the PRE 
setting has no effect on the stored reports. The relay stores as many as nine of 
the most recent 180-cycle, twenty-three of the most recent 64-cycle, or as 
many as forty-nine of the most recent 15-cycle event reports in nonvolatile 
memory. Refer to the SET R command in SET Command (Change Settings) 
on page 7.63 and Report Settings (SET R Command) on page SET.69.

Triggering The SEL-710-5 triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TR asserts

➤ Programmable SELOGIC control equation setting ER asserts (in 
Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

IMPORTANT: Changing the LER 
setting clears all events in memory. 
Be sure to save critical event data 
prior to changing the LER setting.
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Relay Word Bit TR
Refer to Figure 4.74. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.63). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-710-5 is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.152.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.73 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 49 of the most recent event summaries (if event 
report length setting LER := 15), as many as 22 (if LER := 64), or as many as 
9 (if LER := 180) event summaries. When the relay stores a new event 
summary, it discards the oldest event and event summary if the event memory 
is full. Event summaries contain the following information:

➤ Relay and Terminal Identification (RID and TID) 

NOTE: The HIS CA command resets 
the unique event reference number to 
10000.

➤ Event number, unique event reference number, date, time, event 
type (see Table 10.1), and frequency

➤ Primary magnitudes of line, neutral and residual currents

➤ Primary magnitudes of the line-to-neutral voltage and residual 
voltage (if DELTA_Y := WYE) or phase-to-phase voltages (if 
DELTA_Y := DELTA)

➤ Primary magnitudes of differential currents (if Differential 
Input card is available)

➤ Hottest RTD temperatures (if SEL-2600 RTD Module or 
internal RTD card is available)

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end, as shown in Figure 10.3. The example event 
summary in Figure 10.1 corresponds to the standard 15-cycle event report in 
Figure 10.3.

IMPORTANT: Clearing the history 
report with the HIS C or HIS CA 
command clears all event data within 
the SEL-710-5 event memory.

NOTE: Figure 10.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Logs
The Event Logs field shows the number of events presently stored in the Flash 
memory of the relay

Event Reference Number
The Event Reference Number is a unique event identification number 
assigned to the event. The unique event identification number of any event can 
be found by issuing the HIS command (see Viewing the Event History on 
page 10.7 for details). The Event Reference Number starts at 10000 and 
increments with each new event to a maximum of 42767. The Event 
Reference Number rolls over to 10000 after reaching the next event after event 
42767. The Event Reference Number can be reset to 10000 by using the 
HIS CA command.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 10.1.

=>>SUM <Enter>

SEL-710-5                                Date: 04/30/2002   Time: 22:01:01.592
MOTOR RELAY

Serial No = 000000000000000
FID = SEL-710-5-X211-V0-Z003002-D20180221               CID = 88C2
EVENT LOGS =  6             REF_NUM = 32838

Event:     Trigger
Targets    11010000
Freq (Hz)  60.00

Current Mag
        IA            IB            IC            IN       IG
(A)       0.0           0.0           0.0          0.02     0.06

Voltage Mag
       VAN    VBN    VCN    VG
(V)       0      0      0      0

Differential Current Mag
       IA87     IB87     IC87
(A)      0.00     0.00     0.00

=>>

Figure 10.1 Example Event Summary

Table 10.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF + 50NAF) • (TOL1 + TOL2 + TOL3 + TOL4 + TOL5 + 
TOL6 + TOL7 + TOL8) •  TRIP

Overload Trip (49T • RUNNING) • TRIP

Lockd Rotor Trip (49T • STARTING) • TRIP

Undercurr Trip LOSSTRIP • TRIP

Jam Trip JAMTRIP • TRIP

Curr Imbal Trip (46UBT + 50Q1T) • TRIP

Overcurrent Trip 50P1T • TRIP
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Ground Flt Trip (50N1T + 50G1T) • TRIP

Phase A 51 Trip 51AT • TRIP

Phase B 51 Trip 51BT • TRIP

Phase C 51 Trip 51CT • TRIP

Phase 51 Trip (51P1T + 51P2T) • TRIP

GND 51 Trip (51G1T + 51G2T) • TRIP

NEG SEQ 51 Trip (51QT) • TRIP

Speed Sw Trip SPDSTR • TRIP

Loss of Fld Trip (40Z1T + 40Z2T) • TRIP

Start Time Trip SMTRIP • TRIP

87M Diff Trip (87M1T + 87M2T) • TRIP

Underpower Trip 37PT • TRIP

Pwr Factor Trip 55T • TRIP

React Pwr Trip VART • TRIP

Phase Rev Trip 47T • TRIP

Underfreq Trip (81DnT • TRIP) when 81DnTP < FNOM setting, n = 1, 2, 3, or 4

Overfreq Trip (81DnT • TRIP) when 81DnTP > FNOM setting, n = 1, 2, 3, or 4

RTD Trip (WDGTRIP + BRGTRIP + AMBTRIP + OTHTRIP) • TRIP

PTC Trip PTCTRIP • TRIP

Undervolt Trip (27P1T + 27P2T + 27I1T + 27I2T) • !LOP • TRIP

Overvolt Trip (59P1T + 59P2T + 59I1T + 59I2T + 59I3T + 59I4T) • TRIP

BRK Failure Trip BFT • TRIP

Out of Step Trip OOST • TRIP

Fld UnderC Trip (FDUC1T) • TRIP

Fld OverC Trip (FDOC1T) • TRIP

Fld UnderV Trip (FDUV1T) • TRIP

Fld OverV Trip (FDOV1T) • TRIP

FldResistnce Trip (FDRES1T) • TRIP

RTD Fail Trip RTDFLT • TRIP

PTC Fail Trip PTCFLT • TRIP

Trigger Trigger Command

CommIdleLoss Trip (COMMIDLE + COMMLOSS) • TRIP

Remote Trip REMTRIP • TRIP

Stop Command Commanded Stop from serial port or front panel

ER Trigger ER equation assertion

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no 
active TRIP exists, or upon expiration of lockout timer display 
with TRIPONLO := Y.

Table 10.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic
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Currents, Voltages, and RTD Temperatures
The relay determines the maximum cosine-filtered phase current during an 
event. The instant the maximum cosine-filtered phase current occurs is 
marked by an asterisk (*) in the event report (see Figure 10.3). This row of 
data corresponds to the analogs shown in the summary report for the event. 
Further, the relay looks at DI_A, DI_B, DI_C Relay Word bits to determine if 
the peak detector is active at the trigger point (>) of the event. If active, it 
shows the peak detector output current in the summary report appended with 
the “pk” string for the corresponding phase current instead of the maximum 
cosine-filtered phase current identified by the asterisk (*). 

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum phase current was measured. The currents displayed are 
listed below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

➤ Differential Currents (IA87, IB87, IC87)

The Voltage Mag fields display the primary voltage magnitudes at the instant 
when the maximum phase current was measured. The voltages displayed are 
listed below:

➤ DELTA_Y := WYE
➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)
➢ Residual Voltage VG, calculated from VA, VB, VC

➤ DELTA_Y := DELTA
➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 10.2 for a sample event history. Use this report to 
view the events that are presently stored in the SEL-710-5.

The event history contains the following:

➤ Standard report header
➢ Relay and terminal identification
➢ Date and time of report
➢ Time source (if IRIG-B model)

➤ E vent number, unique event reference number, date, time, 
event type (see Table 10.1)

➤ Maximum motor current

➤ Frequency

➤ Target LED status
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Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within ACSELERATOR QuickSet SEL-5030 
Software. View and download history reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.53 for information on the HIS command.

Use the front-panel MAIN > Events > Display Events menu to display event 
history data on the SEL-710-5 front-panel display.

Use QuickSet to retrieve the relay event history. View the Relay Event 
History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This clears all 
event summaries, history records, and reports. The HIS C command does not 
reset the unique event reference number. This number continues to increment 
from the present value with each subsequent event. Use the HIS CA command 
to clear all event data and reset the unique event reference number to 10000.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event summary (includes relay model number and serial 
number in Compressed ASCII event reports)

➤ Settings in service at the time of event triggering, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. See EVENT Command (Event Reports) on 
page 7.48 for information on the EVE command. 

=>>HIS <Enter>

SEL-710-5                                Date: 05/02/2002   Time: 21:43:48.656
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X211-V0-Z003002-D20180221

#
1
2
3
4
5
6

REF
32838
32837
32836
32835
32834
32833

DATE
04/30/2002
04/25/2002
04/25/2002
04/25/2002
04/18/2002
04/18/2002

TIME
22:01:01.592
20:43:37.185
20:36:26.188
20:25:01.146
04:09:02.737
04:05:49.034

EVENT
Trigger
ER Trigger
ER Trigger
ER Trigger
Trigger
Trigger

CURRENT
0.0
0.0
0.0
20.1
0.0
0.0

FREQ
60.00
60.00
60.00
60.00
60.00
60.00

TARGETS
11010000
11010000
11010000
11010000
11010000
11010000

Event 
Number

Reference 
Number

Event Type Maximum 
Current

Frequency User-Defined 
Target LEDs

Figure 10.2 Sample Event History
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The SEL-710-5 supports two separate event report types (model dependent):

➤ Standard Event Report (EVE command)

➤ Differential Event Report (EVE DIF command)

Filtered and Unfiltered Event Reports
The SEL-710-5 samples the power system measurands (ac voltage and ac 
current) 32 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, select the unfiltered event report using the 
EVE R command. Use the unfiltered event reports to observe power system 
conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the 
report.

Standard Event Report (EVE Command)
The standard event report includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and voltages 
VA (VAB), VB (VBC), VC (VCA), VAY (VABY), VBY 
(VBCY), VCY (VCAY)

➤ Digital states of the protection and control elements, including 
overcurrent and voltage elements, plus status of digital output 
and input states

➤ Event summary

➤ Relay settings

Standard Event Report Column Definitions
Refer to the example event report in Figure 10.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the SUM command (see SUMMARY 
Command on page 7.70) to retrieve event summary reports. 

Table 10.2 gives the standard event report column definitions for the analog 
quantities. Table 10.3 gives the standard event report column definitions for 
digital elements, including the protection and control elements, and the base 
model inputs and outputs.
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Table 10.2 Standard Event Report Column Definitions for Analogs

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

Motor S
R
.

STARTING asserted

RUNNING asserted

STOPPED asserted

Load J
I
L

JAMTRIP asserted

LOSSALARM AND NOT LOSSTRIP

LOSSTRIP

46 A
T

46UBA AND NOT 46UBT 

46UBT

47 T 47T

49 A
T

49A AND NOT 49T

49T

O/C 50P 1
2
b

50P1T AND NOT 50P2T

NOT 50P1T AND 50P2T

50P1T AND 50P2T

O/C 50G 1
2
b

50G1T AND NOT 50G2T 

NOT 50G1T AND 50G2T 

50G1T AND 50G2T

O/C 50N 1
2
b

50N1T AND NOT 50N2T

NOT 50N1T AND 50N2T 

50N1T AND 50N2T

RTD Wdg (SEL-2600 
RTD Module or RTD 
card required)

w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brg (SEL-2600 
RTD Module or RTD 
card required)

b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth (SEL-2600 
RTD Module or RTD 
card required)

o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb (SEL-2600 
RTD Module or RTD 
card required)

a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD In 1 RTDIN
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Note that the ac values change from plus to minus (–) values in Figure 10.3, 
indicating the sinusoidal nature of the waveforms.

Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 10.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 10.5 shows how event report current column data can be 
converted to phasor rms current values.

Standard Event Report Example (15-Cycle)

The following example of a standard 15-cycle event report in Figure 10.3 also 
corresponds to the example SER report in Figure 10.11. 

In Figure 10.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the VCA column identifies the row 
with the maximum phase current. The maximum phase current is calculated 
from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 10.4 and Figure 10.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description

=>>EVE <Enter>

SEL-710-5                              Date: 03/28/2018   Time: 10:01:04.045 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X215-V0-Z003002-D20180319   CID=88C2 Firmware Identifier and Firmware Checksum Identifier

                                                      M L    O/C   O
                                                      o o        I u
                                                      t a444 555 n t
       Currents (A Pri)              Voltages (V Pri) o d679 000 1 13
    IA     IB     IC     IN     IG   VAB   VBC   VCA  r      PGN 2 2
[1]

 126.7   71.3 -194.7    0.0    3.3   683  3225 -3908 R .... ... . ..

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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 -153.3  184.0  -30.3   -0.0    0.3 -4100  2647  1452 R .... ... . ..
 -128.0  -72.3  193.3   -0.0   -7.0  -679 -3227  3906 R .... ... . ..
  153.0 -183.3   29.0    0.0   -1.3  4100 -2644 -1456 R .... ... . ..

[2]
  125.7   72.0 -196.7    0.0    1.0   672  3231 -3904 R .... ... . ..
 -156.0  183.0  -29.3    0.0   -2.3 -4101  2642  1460 R .... ... . ..
 -126.0  -74.3  195.3    0.0   -5.0  -668 -3232  3900 R .... ... . ..
  154.0 -185.0   28.0   -0.0   -3.0  4101 -2636 -1465 R .... ... . ..

One Cycle of Data

[3]
125.7   74.0 -196.7   -0.0    3.0   663  3237 -3900 R .... ... . ..

 -156.0  184.0  -30.3   -0.0   -2.3 -4103  2633  1470 R .... ... . ..
 -127.0  -75.3  195.3    0.0   -7.0  -660 -3240  3899 R .... ... . ..
  157.7 -186.0   30.0    0.0    1.7  4104 -2627 -1476 R .... ... . ..
[4]
  124.7   74.0 -197.3    0.0    1.3   654  3244 -3898 R .... ... . ..
 -158.0  184.7  -30.3   -0.0   -3.7 -4106  2624  1482 R .... ... . ..
 -126.0  -75.3  195.3   -0.0   -6.0  -650 -3247  3897 R .... ... . ..
  262.0 -396.3  129.3    0.0   -5.0  3668 -2195 -1474 R .... ... . ..
[5]
  375.3   92.0 -468.0    0.0   -0.7   328  2844 -3172 R .... ... . ..
 -654.7  865.7 -210.7   -0.0    0.3 -2481  1436  1045 R .... ... . ..
 -689.3 -275.3  963.7   -0.0   -1.0  -138 -1907  2045 R .... ... . ..
  937.0-1125.0  186.0    0.0   -2.0  1729 -1099  -630>R .... 1.. . ..
[6]
  754.0  435.3-1190.3    0.0   -1.0   265  1374 -1639 R .... 1.. . .3
 -940.3 1122.7 -185.3   -0.0   -3.0 -1730  1099   631 R .... 1.. . .3
 -755.3 -440.7 1187.3   -0.0   -8.7  -265 -1374  1639 R .... 1.. . .3
  940.0-1122.3  182.0    0.0   -0.3  1729 -1096  -633 R .... 1.. . .3
[7]
  752.0  441.0-1188.7    0.0    4.3   261  1376 -1638 R .... 1.. . .3
 -941.0 1119.0 -181.3   -0.0   -3.3 -1730  1094   636 R .... 1.. . .3
 -750.3 -440.7 1189.3   -0.1   -1.7  -260 -1375  1635 R .... 1.. . .3
  940.7-1121.3  178.3   -0.0   -2.3  1730 -1093  -636 R .... 1.. . .3

[8]
  748.3  440.3-1191.3    0.0   -2.7   258  1379 -1637 R .... 1.. . .3
 -942.0 1119.0 -177.7   -0.0   -0.7 -1733  1094   638 R .... 1.. . .3
 -749.7 -444.3 1189.3    0.0   -4.7  -256 -1380  1636 R .... 1.. . .3
  942.7-1120.3  176.3    0.0   -1.3  1733 -1091  -642 R .... 1.. . .3
[9]
  746.3  444.0-1190.3    0.0    0.0   253  1381 -1635 R .... 1.. . .3
 -945.0 1119.0 -176.0   -0.0   -2.0 -1734  1089   645 R .... 1.. . .3
 -746.7 -446.0 1189.3   -0.1   -3.3  -252 -1380  1633 R .... 1.. . .3
  943.7-1121.3  172.7    0.0   -5.0  1732 -1085  -646 R .... 1.. . .3

[10]
  747.3  447.7-1191.3    0.0    3.7   249  1384 -1633 R .... 1.. . .3
 -947.7 1119.0 -174.0   -0.0   -2.7 -1732  1085   647 R .... 1.. . .3
 -746.7 -451.0 1190.0   -0.0   -7.7  -250 -1383  1633 R .... 1.. . .3
  946.3-1118.3  170.7    0.0   -1.3  1733 -1083  -649 R .... 1.. . .3
[11]
  742.7  449.7-1191.3    0.0    1.0   247  1386 -1633 R .... 1.. . .3
 -948.7 1116.3 -169.3    0.0   -1.7 -1733  1083   650 R .... 1.. . .3
 -743.0 -452.7 1188.3   -0.0   -7.3  -245 -1386  1631 R .... 1.. . .3
  947.3-1115.7  168.0    0.0   -0.3  1733 -1079  -653 R .... 1.. . .3
[12]
  741.7  453.3-1189.7    0.0    5.3   243  1387 -1630 R .... 1.. . .3
 -948.7 1113.3 -169.3   -0.1   -4.7 -1736  1080   656 R .... 1.. . .3
 -740.3 -457.3 1191.0   -0.0   -6.7  -241 -1387  1628 R .... 1.. . .3
  948.3-1116.7  165.3    0.0   -3.0  1735 -1077  -659 R .... 1.. . .3

[13]
  738.0  457.0-1191.3    0.0    3.7   237  1391 -1628 R .... 1.. . .3
 -950.7 1117.0 -163.7   -0.0    2.7 -1736  1076   660 R .... 1.. . .3
 -738.3 -458.3 1189.3   -0.0   -7.3  -236 -1391  1627 R .... 1.. . .3
  950.3-1117.3  161.3    0.0   -5.7  1735 -1072  -663*R .... 1.. . .3

See Figure 10.4 and Figure 10.5

[14]
  735.0  457.0-1192.3    0.0   -0.3   233  1393 -1626 R .... 1.. . .3
 -951.3 1115.3 -161.7   -0.0    2.3 -1736  1071   665 R .... 1.. . .3
 -735.3 -459.3 1191.0   -0.0   -3.7  -231 -1393  1624 R .... 1.. . .3
  953.0-1114.7  159.7    0.0   -2.0  1735 -1069  -666 R .... 1.. . .3
[15]
  732.3  459.0-1190.3    0.0    1.0   227  1397 -1624 R .... 1.. . .3
 -955.3 1113.3 -159.0   -0.0   -1.0 -1736  1069   667 R .... 1.. . .3
 -732.7 -462.0 1190.0   -0.1   -4.7  -226 -1398  1624 R .... 1.. . .3
  953.0-1114.7  155.7    0.0   -6.0  1736 -1066  -670 R .... 1.. . .3

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Serial No = 123456789047
FID = SEL-710-5-X215-V0-Z003002-D20180319               CID = 88C2

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 13             REF_NUM = 32845

Event:     ER Trigger
Targets    11010000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)    1203.4       1207.7         1200.2         0.05     9.27

Voltage Mag
       VAB    VBC    VCA
(V)    1751   1756   1757

Differential Current Mag
       IA87     IB87     IC87
(A)      0.08     0.00     0.11

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     
LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       
MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     
E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       
EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0
27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     
E27I1   := N       E27I2   := N       
E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     
LOAD    := OFF     
BLKPROT := 0
BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       
TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := RB01
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      
ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS
ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS
ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS
ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT
ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT
ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT
ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT
ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT
ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT
ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT
ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT
ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT
ALIAS14 :=PB03 FP_START PICKUP DROPOUT
ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 
55A OR R_TRIG VARA

LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4      
FMR4    :=NA
RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I       
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 10.4 and Figure 10.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 10.3. Figure 10.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 10.5 shows how the event report current column data can be converted 
to phasor rms values. Voltages are processed similarly.

Logic Settings
ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR 
VART OR PTCTRIP OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 
87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR 
FDRES1T OR SV01T OR OOST OR 55T

Math Variables
MV01    := PF
MV02    := NA
MV03    := NA
MV04    := NA
MV05    := NA
MV06    := NA
MV07    := NA

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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In Figure 10.4, note that any two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate rms current values.

Figure 10.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 10.5, note that two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate phasor rms current 
values. In Figure 10.5, at the present sample, the phasor rms current value is:

Equation 10.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 10.2

(738.0)2 + (–950.7)2 = 1204

(–738.3)2 + (950.3)2 = 1204

(–950.7)2 + (–738.3)2 = 1204

Event Report Column
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Figure 10.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values

Differential Event Report (EVE DIF Command)
Use the EVE DIF command to retrieve a differential event report, which 
includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and 
differential currents IA87, IB87, and IC87

➤ Digital states of the differential elements, plus status of the base 
model digital inputs and outputs

➤ Event summary

➤ Relay Settings

Use the EVE DIF n command to view the normal differential report with 
4 samples/cycle for report n (if not listed, n is assumed to be 1). This 
command is only available in models with the differential element.

IA (RMS)

t

IA

Event Report Column

Magnitude =

X = 950.3

Y 
= 
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38

.3

Angle   = Arctan

 = Arctan

Y
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Y = Previous 
1/4 Cycle

•••
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 —738.3
 950.3

•••

X = Present Sample

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Differential Event Reports Column Definitions
Refer to the example event report in Table 10.6 to view the differential event 
report columns. This example differential event report displays rows of 
information each 1/4 cycle. Retrieve this report with the EVE DIF command.

Table 10.4 gives the differential event report column definitions for the analog 
quantities. Table 10.5 gives the differential event report column definitions for 
digital elements, including the differential elements and the base model inputs 
and outputs.

Differential Event Report Example (15-Cycle)

Table 10.4 Differential Event Report Column Definitions for the Analog Quantities

Column Heading Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IN Current measured by channel IN (primary A)

IG Residual current (IA + IB + IC, primary A)

IA87 Differential current measured by channel IA87 (primary A)

IB87 Differential current measured by channel IB87 (primary A)

IC87 Differential current measured by channel IC87 (primary A)

Table 10.5 Differential Event Report Digital Column Definitions for 
Differential and I/O Elements

Column Heading Column Symbols Description

87MTC 1 87M1TC AND NOT 87M2TC

2 87M2TC AND NOT 87M1TC

b 87M1TC AND 87M2TC

87M 1 87M1T AND NOT 87M2T

2 87M2T AND NOT 87M1T

b 87M1T AND 87M2T

In 12 1 IN101 AND NOT IN102

2 NOT IN101 AND IN102

b IN101 AND IN102

OUT 12 1 OUT101 AND NOT 0UT102

2 NOT OUT101 AND OUT102

b OUT101 AND OUT102

OUT 3 3 OUT103

=>>eve dif

SEL-710-5                              Date: 04/10/2018   Time: 13:16:30.081 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X218-V0-Z003002-D20180406   CID=812D Firmware Identifier and Firmware Checksum Identifier

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution
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                                                             8     O
                                                             7   I u
                                                             M 8 n t
       Currents (A Pri)               Differential (A Pri)   T 7 1 13
    IA     IB     IC     IN     IG    IA87   IB87   IC87     C M 2 2
[1]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.5    0.0     1 . . ..
  -21.4   16.9    7.2    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.4  -16.9   -7.2   -0.0   -2.8    0.0    0.5    0.0     1 . . ..

[2]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.2   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0   -0.7   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6   -0.0    0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8   -0.0    0.0   -0.1     1 . . ..

One Cycle of Data

[3]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8    0.0   -0.5   -0.1     1 . . ..
[4]
   -5.5  -17.1   27.2   -0.0    4.6    0.0    0.4    0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7   -0.0    0.3    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0   -0.5   -0.0*    1 . . ..
   21.4  -17.0   -7.2    0.0   -2.7    0.0   -0.1   -0.0     1 . . ..
[5]
   -5.5  -17.1   27.2   -0.0    4.6   -0.1    0.4    0.0     1 . . ..
  -21.4   17.0    7.1    0.0    2.7   -0.0   -0.4   -0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0    0.0    0.0     1 . . ..
   21.3  -17.0   -7.1   -0.0   -2.7    0.0    0.3    0.0>    1 . . ..
[6]
   -5.5  -17.1   27.2   -0.0    4.6   -0.0   -0.6   -0.1     1 . . ..
  -21.3   17.0    7.1    0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0    0.6    0.0     1 . . ..
   21.3  -17.0   -7.1    0.0   -2.7   -0.0   -0.4   -0.0     1 . . ..
[7]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.2   -0.0     1 . . ..
  -21.4   17.0    7.0   -0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.0   -7.0    0.0   -2.7    0.0    0.1    0.0     1 . . ..

[8]
   -5.6  -17.1   27.2   -0.0    4.6   -0.0    0.8    0.0     1 . . ..
  -21.3   17.0    7.0   -0.0    2.7    0.0    0.1   -0.0     1 . . ..
    5.6   17.0  -27.2    0.0   -4.6    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.0   -7.0   -0.0   -2.7   -0.0    0.2    0.0     1 . . ..
[9]
   -5.6  -17.0   27.2   -0.0    4.6   -0.0   -0.1   -0.0     1 . . ..
  -21.3   17.0    7.0    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.4    0.0     1 . . ..
   21.3  -17.1   -7.0    0.0   -2.7   -0.0   -0.3   -0.0     1 . . ..

[10]
   -5.6  -17.0   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.3   17.1    7.0    0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.0   -0.0     1 . . ..
   21.3  -17.1   -7.0   -0.0   -2.7    0.0   -0.7   -0.0     1 . . ..
[11]
   -5.7  -17.0   27.3   -0.0    4.6    0.0    0.2    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.3   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9    0.0   -2.7    0.0    0.2    0.0     1 . . ..
[12]
   -5.7  -17.0   27.3   -0.0    4.6   -0.0   -0.2   -0.0     1 . . ..
  -21.3   17.1    6.9    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0    0.7    0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7   -0.0   -0.1   -0.0     1 . . ..

[13]
   -5.7  -17.0   27.3    0.0    4.6    0.0   -0.4    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.5    0.0     1 . . ..
    5.7   16.9  -27.3    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7    0.0   -0.4   -0.0     1 . . ..

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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[14]
   -5.7  -16.9   27.3   -0.0    4.6    0.0    0.7    0.0     1 . . ..
  -21.3   17.1    6.8    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.7   16.9  -27.3   -0.0   -4.7    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.2   -6.8   -0.0   -2.7   -0.0    0.3    0.0     1 . . ..
[15]
   -5.8  -16.9   27.3    0.0    4.6   -0.0    0.0   -0.0     1 . . ..
  -21.3   17.2    6.8   -0.0    2.7    0.0   -0.5   -0.1     1 . . ..
    5.8   16.9  -27.3    0.0   -4.6    0.0    0.4    0.0     1 . . ..
   21.3  -17.2   -6.8    0.0   -2.7   -0.0    0.0    0.0     1 . . ..

Serial No = 123456789047
FID = SEL-710-5-X218-V0-Z003002-D20180406               CID = 812D

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 70             REF_NUM = 32976

Event:     ER Trigger
Targets    11000000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)      22.1          24.1          28.1          0.02     5.37

Voltage Mag
       VAB    VBC    VCA
(V)    2344   1994   3746

Differential Current Mag
       IA87     IB87     IC87
(A)      0.03     0.59     0.03

Hottest RTD
      WINDING  BEARING  AMBIENT  OTHER
(C)   Fail     Fail     Fail     Fail

SETTINGS CHANGED SINCE EVENT

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

. . . . . .

Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
. . . . . .

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := TR TRIP 
SER3    := OUT301 OUT302 OUT303 OUT304 
SER4    := OUT101 OUT102 OUT103 OUT401 OUT402 OUT403 OUT404 

. . . . . .

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       

. . . . . .

=>>

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Retrieving Event 
Reports Via Ethernet 
File Transfer

Selected event reports are available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

The Ethernet file server EVENTS folder contains two types of files for each 
event stored in the relay:

➤ Compressed, 4 sample/cycle, filtered event, equivalent to 
issuing a CEV command. These files are named C4.nnnnn.cev, 
where nnnnn is the unique event identifier.

➤ Compressed, 32 sample/cycle, unfiltered event, equivalent to 
issuing a CEV R command. These files are named 
CR.nnnnn.cev, where nnnnn is the unique event identifier.

The date and time displayed for events are from the time of event trigger. The 
times are UTC.

The EVENTS folder also contains the event history with unique event 
identification number (equivalent to the HIS command) and the compressed 
event history (equivalent to the CHIS command). See HISTORY Command on 
page 7.53. The Event files can also be retrieved with the FIL command. See 
FILE Command on page 7.48 and the information on CHIS Command under 
Compressed Event Reports on page 10.2 for additional information.

CEVENT The relay provides a Compressed ASCII event report for SCADA and other 
automation applications. QuickSet uses Compressed ASCII commands to 
gather event report data. If you want to view the Compressed ASCII event 
report data, use a terminal to issue ASCII command CEV. A sample of the 
report appears in Figure 10.7; this is a comma-delimited ASCII file. The relay 
appends a four-digit hex checksum at the end of the line in the Compressed 
ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (and 
COMTRADE files) include all Relay Word bits (see Appendix L: Relay Word 
Bits). See SEL Compressed ASCII Commands on page C.1 for more 
information on the Compressed ASCII command set.

=>CEV <Enter>

"FID","CEV_VER","PART_NUM","SER_NUM","097C"
"FID=SEL-710-5-X215-V0-Z003002-D20180319","2.0.1","071050E1B0X1X7486167X","123456789047","128C"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,28,2018,10,1,4,45,"03CB"

Report Header

"REC_NUM","REF_NUM","NUM_CH_A","NUM_CH_D","FREQ","NFREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","PR
IM_VAL","CTR_IA","CTR_IB","CTR_IC","CTR_IN","CTR_IG","PTR_VAB","PTR_VBC","PTR_VCA","CTR_IA87","CTR_
IB87","CTR_IC87","EVENT","GROUP","IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)"
,"IA87(A)","IB87(A)","IC87(A)","WDG(C)","BRG(C)","AMB(C)","OTH(C)","5576"

Summary Labels

1,32845,29,1216,60.0,60,4,4,15,"YES",2.00,2.00,2.00,100.00,2.00,35.00,35.00,35.00,100.00,100.00,100.
00,"ER Trigger",1,22.1,24.1,28.1,0.00,5.36,2344.494,1994.284,3746.482,0.05,0.08,0.05,"NA","NA","NA"
,"NA","28D1"

Summary Data

Figure 10.7 Sample Compressed ASCII Event Report
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"IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)","IA87(A)","IB87(A)","IC87(A)","*"
,"*","*","LSENS1(%)","LSENS2(%)","LSENS3(%)","LSENS4(%)","*","*","*","*","IARMS(A)","IBRMS(A)","ICR
MS(A)","FREQ","*","SMSLIP","SMSLIP2","TRIG","49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP 
VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP * * BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI COMMIDLE 
COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF 
49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T 
AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S STOPPED RUNNING STARTING STAR DELTA START 
COASTOP FAULT 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 
50Q2P 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T OUT101 OUT102 OUT103 * * * * * * * * * * * * * 
OUT401 OUT402 OUT403 OUT404 * * * * * * * * * * * * IN101 IN102 * * * * * * * * * * * * * * IN401 
IN402 IN403 IN404 * * * * * * * * * * * * WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO 
RTDIN TRGTR * RTDBIAS 52A SPEED2 52B VFDBYPAS RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T RTD5A 
RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T 
46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT 
LOP RSTMOT * SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A STR STOP EMRSTR ER ULTRIP TR FREQTRK STREQ DNAUX1 
DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T 
ZCFREQ PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL 
PB07_PUL PB08_PUL PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED PB5A_LED 
PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED * * T01_LED T02_LED T03_LED T04_LED 
T05_LED T06_LED LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16 LB17 
LB18 LB19 LB20 LB21 LB22 LB23 LB24 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32 RB01 RB02 RB03 RB04 RB05 
RB06 RB07 RB08 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24 RB25 
RB26 RB27 RB28 RB29 RB30 RB31 RB32 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08 SV01T SV02T SV03T SV04T 
SV05T SV06T SV07T SV08T SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16 SV09T SV10T SV11T SV12T SV13T SV14T 
SV15T SV16T SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T 
SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T LT01 LT02 
LT03 LT04 LT05 LT06 LT07 LT08 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16 LT17 LT18 LT19 LT20 LT21 LT22 
LT23 LT24 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU 
SC08QU SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD SC09QU SC10QU SC11QU SC12QU SC13QU 
SC14QU SC15QU SC16QU SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD SC17QU SC18QU SC19QU 
SC20QU SC21QU SC22QU SC23QU SC24QU SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD SC25QU 
SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD 
SC32QD * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A 
RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B 
LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA LINKA LINKB LINKFAIL PASEL PBSEL * * * VB001 VB002 
VB003 VB004 VB005 VB006 VB007 VB008 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016 VB017 VB018 
VB019 VB020 VB021 VB022 VB023 VB024 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032 VB033 VB034 
VB035 VB036 VB037 VB038 VB039 VB040 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048 VB049 VB050 
VB051 VB052 VB053 VB054 VB055 VB056 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064 VB065 VB066 
VB067 VB068 VB069 VB070 VB071 VB072 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080 VB081 VB082 
VB083 VB084 VB085 VB086 VB087 VB088 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096 VB097 VB098 
VB099 VB100 VB101 VB102 VB103 VB104 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112 VB113 VB114 
VB115 VB116 VB117 VB118 VB119 VB120 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128 51AP 51BP 51CP 
51P1P 51P2P 51QP 51G1P 51G2P 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T 51AR 51BR 51CR 51P1R 51P2R 
51QR 51G1R 51G2R BKMON BCW BCWA BCWB BCWC * IRIGOK TSOK TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC 
LPSECP TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG 
AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8 AFS1EL AFS2EL AFS3EL 
AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL FDVTC FDCTC 40ZTC * 40Z1 40Z1T 40Z2 40Z2T FDUV1 FDUV1T FDUV2 
FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T FDRES1T FDRES2T 
FDRESTC 41CLOSE UL41CL STSEQEN * * 78R1 78R2 78Z1 SWING OOS OOST * OOSTC 51ATC 51BTC 51CTC 51P1TC 
51P2TC 51QTC 51G1TC 51G2TC MATHERR TESTDB * SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN * VIRSPDSW 
SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN * * RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 
SLIPBT FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT FVR FVL PFINBND PFGUT * * PORSFL PODTCT * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 27I1 27I1T 
27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC 59I3 59I3T 
59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 * * * 89A2P2 89B2P2 
89CL2P2 89OP2P2 89AL2P2 * * * 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 * * * 89A2P4 89B2P4 89CL2P4 
89OP2P4 89AL2P4 * * * 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 * * * ENLRC LOCAL BKJMP * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *","8ACA"

Column Labels

-3.2,-18.8,26.3,-0.0,4.3,-446,-1894,2340,-0.0,-0.1,-0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.
00,0.00,22.04,24.07,28.12,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000
000FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000
00000FF0000000000000000000000111111505050505020000000000000","569D"
-21.8,15.0,10.0,-0.0,3.2,-2301,-622,2924,0.0,-0.6,-0.0,0.0,0.0,0.0,0.03,0.05,0.02,0.02,0.00,0.00,0.0
0,0.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","565E"
3.2,18.8,-26.3,0.0,-4.3,447,1895,-2342,-0.0,0.4,0.0,0.0,0.0,0.0,0.01,0.06,0.00,0.03,0.00,0.00,0.00,0
.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55F1"
21.8,-15.1,-10.0,0.0,-3.2,2301,622,-2923,-0.1,0.0,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.05,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.98,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5629"

Event Data (Cycle 1)
The block shown 
represents four 
quarter cycles of 
data.

Figure 10.7 Sample Compressed ASCII Event Report (Continued)



10.23

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Analyzing Events
Event Reporting

•
•
•

21.8,-15.1,-9.9,-0.0,-3.2,2300,618,-2917,0.0,0.2,-0.0,0.0,0.0,0.0,0.00,0.03,0.01,0.00,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563A"
-3.3,-18.8,26.3,-0.0,4.3,-455,-1896,2351,0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.01,0.00,0.00,0.00
,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5648"
-21.8,15.1,9.9,0.0,3.2,-2300,-616,2916,-0.1,0.1,0.0,0.0,0.0,0.0,0.01,0.08,0.00,0.05,0.00,0.00,0.00,0
.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55E7"

3.3,18.7,-26.3,0.0,-4.3,455,1897,-2352,0.0,0.0,-0.1,0.0,0.0,0.0,0.01,0.04,0.00,0.01,0.00,0.00,0.00,0
.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00,"*","0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563B"

Event Data
The quarter cycle 
with the “*” symbol 
represents the row 
with the largest 
measured current 
for the event. This is 
the row used for the 
summary data.

-21.8,-15.1,-9.9,0.0,-3.2,2299,615,-2914,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.02,0.02,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","561C"
-3.3,-18.7,26.3,-0.0,4.3,-457,-1896,2353,-0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.02,0.00,0.00,0.0
0,0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","5679"
-21.8,15.1,9.9,-0.0,3.2,-2299,-614,2913,-0.0,0.4,-0.1,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5649"
3.3,18.7,-26.3,-0.0,-4.3,458,1897,-2356,0.0,0.4,-0.0,0.0,0.0,0.0,0.03,0.04,0.02,0.02,0.00,0.00,0.00,
0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5628"

21.8,-15.1,-9.9,0.0,-3.2,2299,613,-2912,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.02,0.00,0.00,0.00,
0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00,">","002000000810000921000303000000000000000000020000
00FF008012001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567A"

Event Data
The quarter cycle 
with the “>” symbol 
represents the 
trigger row for the 
event.-3.3,-18.7,26.3,-0.0,4.3,-460,-1897,2357,-0.0,-0.1,0.0,0.0,0.0,0.0,0.00,0.07,0.00,0.05,0.00,0.00,0.0

0,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"002000000810000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567C"

•
•
•

21.8,-15.4,-9.5,0.0,-3.1,2293,591,-2884,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.05,0.02,0.02,0.00,0.00,0.00,
0.00,22.05,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5620"

"SETTINGS","02E1"

"

Global Settings

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP
EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

.

.

.

Global Settings

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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The order of the labels in the digital portion of the Column Labels field 
matches the order of the HEX-ASCII Relay Word. Each numeral in the HEX-
ASCII Relay Word reflects the status of four Relay Word bits from the Digital 
Column Labels field of the Compressed ASCII event report. The HEX-ASCII 
Relay Word from the trigger cycle from Figure 10.7, follows.

In this HEX-ASCII Relay Word, the third numeral in the HEX-ASCII Relay 
Word is a 2. In binary, this is 0010. Mapping the labels to the digital Column 
Labels yields the following:

The 50A1P element picked up at the first sample of the trigger cycle row (see 
Figure 10.7)

Viewing Compressed 
Event (CEV) Reports

The CEV is viewed in the following ways:

➤ SYNCHROWAVE Event (SEL-5601-2)

➤ ACSELERATOR QuickSet SEL-5030 Software via 
SYNCHROWAVE Event (SEL-5601-2)

Using the SEL-5030 software, navigate to the Options menu under Tools and 
select SYNCHROWAVE Event (SEL-5601-2) as the event viewer.

Group Settings

RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       
50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
.
.
.

Group Settings

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 
EALIAS  := 15      
.
.
.

Report Settings

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
.
.
.

Logic Settings

=>

Figure 10.7 Sample Compressed ASCII Event Report (Continued)

00200000081000092100030300000000000000000002000000FF0080020011000004000800000
00000000000A0A00000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000048000000000000000000000000000000000000FF0
000000000008000000000FF0000000000000000000000111111505050505020000000000000

VART                    37PT                47T                     55T
  0                      0                   1                       0
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To view the saved events using the SEL-5030 software, click Tools > Events 
to view an event with SYNCHROWAVE Event and select the event you want to 
view (QuickSet remembers the location where you stored the previous event 
record). You can view multiple events by clicking on Local Event > Add 
New Event in SYNCHROWAVE Event.

As shown in Figure 10.8, all the analog and digital data can be viewed with 
SYNCHROWAVE Event (SEL-5601-2) or QuickSet via SYNCHROWAVE Event 
(SEL-5601-2). Using the Export Event feature, you can export the CEV report 
in COMTRADE format. Using the Export Data feature, you can also export 
the CEV report in comma-separated values (CSV) format.

Figure 10.8 Sample CEV Report Viewed With SYNCHROWAVE Event

With SYNCHROWAVE Event you have six options for converting CEV reports 
to COMTRADE:

➤ COMTRADE 1999 ASCII

➤ COMTRADE 1999 Binary

➤ COMTRADE 2013 ASCII

➤ COMTRADE 2013 Binary

➤ COMTRADE 2013 Binary32

➤ COMTRADE 2013 Float32

COMTRADE File 
Format Event Reports

The SEL-710-5 stores high-resolution raw data oscillography in binary format 
and uses COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

NOTE: COMTRADE event reports are 
sampled at 32 samples per cycle, 
which are equivalent to CEV R event 
reports..
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The .HDR file contains summary information about the event in ASCII 
format. The .CFG file is an ASCII configuration file that describes the layout 
of the .DAT file. The .DAT file is in binary format and contains the values for 
each input channel for each sample in the record. These data conform to the 
IEEE C37.111-1999 COMTRADE standard.

.HDR File
The .HDR file contains the event summary and relay settings information that 
appears in the event report for the data capture. The settings portion is in a 
comma-delimited format as illustrated in Figure 10.9.

NOTE: COMTRADE events can be 
extracted using the FILE command (see 
Section 7: Communications), Ethernet 
File Transfer Protocol (FTP), or the IEC 
61850 Manufacturing Message 
Specification (MMS). To transfer files 
using MMS, set EMMSFS to Y

FID,"SEL-710-5-X211-V0-Z003002-D20180221"
Event_Report_Type,"UVR"
Part_Number,"071050E1B0X1X7486167X"
Serial_Number,"000000000000000"

[Summary]
Date,"30/04/2002"
Time,"22:01:01.591900"
Time_Source,"Internal"
Event_Logs,"6"
Event_Number,"32838"
Event,"Trigger"
Targets,"11010000"
Freq,"60.00"
IA (A),"0.0100"
IB (A),"0.0200"
IC (A),"0.0316"
IN (A),"0.0160"
IG (A),"0.0608"
VAN (V),"0"
VBN (V),"0"
VCN (V),"0"
VG (V),"0"
IA87 (A),"0.0000"
IB87 (A),"0.0000"
IC87 (A),"0.0000"

Event Summary Information

[Settings]
Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Global Settings

Figure 10.9 Sample COMTRADE .HDR Header File
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := WYE     
SINGLEV := N 

E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     

LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       

MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     

E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       

EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0

27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     

E27I1   := N       E27I2   := N       

E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

LOAD    := OFF     

BLKPROT := 0

BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       

TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := PB03
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Group Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      

ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 :=PB03 FP_START PICKUP DROPOUT

ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA
LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4 
FMR4    :=NA

RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I    
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15 

Report Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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.CFG File
The .CFG file contains data that is used to reconstruct the input signals to the 
relay and the status of Relay Word bits during the event report (see 
Figure 10.10). A <CR><LF> follows each line. If control inputs or control 
outputs are unavailable because of board loading and configuration, the relay 
does not report these inputs and outputs in the analog and digital sections of 
the .CFG file.

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 4       

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR VART OR PTCTRIP 
OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR FDRES1T OR SV01T OR 
OOST OR 55T

Math Variables
MV01    := FIA
MV02    := FIB
MV03    := FIC
MV04    := FIN

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

Logic Settings

SAM/CYC_A = 32
SAM/CYC_D = 4

Analog, Digital, and Input Samples 
per Cycle Data

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)

SEL-710-5,FID=SEL-710-5-X211-V0-Z003002-D20180221,1999 COMTRADE Standard

1232,16A,1216D Total Channels, Analog, Digital

1,IA,A,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
2,IB,B,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
3,IC,C,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
4,IN,,,A,0.010102,0.0,0,-32767,32767,100.0,1.0,P
5,IG,,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
6,VA,A,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
7,VB,B,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
8,VC,C,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
9,IA87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
10,IB87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
11,IC87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
12,LSENS1,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
13,LSENS2,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
14,LSENS3,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
15,LSENS4,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
16,FREQ,,,Hz,0.01,0.0,0,0,12000,1.0,1.0,P

Analog Channel Data
aScale_factor is the value used to convert the equivalent channel analog 
data in the DAT file to primary units (A or kV peak-to-peak)

1,rwb_labelb,c,,,0
2,rwb_labelb,c,,,0
•
•
•
nnnnd,rwb_labelb,c,,,0

Digital (Status) Channel Data
brwb_label is replaced with Relay Word bit labels as seen in Table L.1
cPlace holders denoted by asterisk (*), are labeled as UNUSEDxxx (where 
xxx is the number of the associated label)
dnnnn = number of the last Relay Word bit

<NFREQ>
0
0,<# of samples>

dd/mm/yyyy,hh:mm:ss.ssssss First Data Point

Figure 10.10 Sample COMTRADE .CFG Configuration File Data
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The configuration file has the following format:

➤ Relay ID, firmware ID, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Digital Relay Word bit names

➤ System frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

.DAT File
The .DAT file follows the COMTRADE binary standard. The format of the 
binary data files is sample number, time stamp, data value for each analog 
channel, and digital channel status data for each sample in the file. There are 
no data separators in the binary file, and the file contains no carriage return/ 
line feed characters. The sequential position of the data in the binary file 
determines the data translation. Refer to the IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems, IEEE 
C37.111–1999 for more information. Many software applications can read 
binary COMTRADE files, including SYNCHROWAVE Event and QuickSet.

Retrieving COMTRADE Event Files
COMTRADE files are available as read-only files that can be retrieved using 
the FILE command and Ymodem file transfer, Ethernet File Transfer Protocol 
(FTP), web server (EHTTP := Y), or Manufacturing Message Specification 
(MMS). MMS file transfer is only available in models that support IEC 61850 
and only when IEC 61850 is enabled (E61850 := Y) and MMS file services is 
enabled (EMMSFS := Y). See FILE Command on page 7.48, File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, and MMS on page G.5 
for additional information. You can also retrieve COMTRADE files via 
QuickSet. Refer to View Event History on page 3.23 for details.

Sequential Events 
Recorder (SER) 
Report

The SER report captures relay element state changes over an extended period. 
SER report data are useful in commissioning tests and root-cause analysis 
studies. SER information is stored when state changes occur. The report 
records the most recent 1024 state changes if a relay element is listed in the 
SER trigger equations. 

dd/mm/yyyy,hh:mm:ss.ssssss Trigger Point

BINARY
<time stamp multiplication factor>

Figure 10.10 Sample COMTRADE .CFG Configuration File Data (Continued)
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SER Triggering

Settings SER1 through SER4 are used to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements.

NOTE: A file containing an SER 
report can be extracted using the FILE 
command (see Section 7: 
Communications), the Ethernet File 
Transfer Protocol (FTP), or the 
IEC 61850 Manufacturing Message 
Specifications (MMS). To transfer files 
using MMS, set EMMSFS to Y.

The relay adds a message to the SER to indicate power up or settings change 
conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases

You can rename as many as 32 of the SER trigger conditions using the ALIAS 
settings. For instance, the factory-default alias setting 1 renames Relay Word 
bit STARTING for reporting in the SER:

ALIAS1:= STARTING MOTOR_STARTING BEGINS ENDS

When Relay Word bit STARTING is asserted, the SER report shows the date 
and time of MOTOR_STARTING BEGINS. When Relay Word bit 
STARTING is deasserted, the SER report shows the date and time of 
MOTOR_STARTING ENDS. With this and other alias assignments, the SER 
record is easier for the operator to review. See Relay Word Bit Aliases on 
page 4.151 for additional details.

Retrieving and Clearing SER Reports

See SER Command (Sequential Events Recorder Report) on page 7.63 for 
details on retrieving and clearing SER reports with the SER command.

SER data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Relay Powered Up
.
.
.
Relay Settings Changed
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Example SER Report
The example SER report in Figure 10.11 includes records of events that 
occurred before the beginning of the event summary report in Figure 10.3. 

=>>SER <Enter>

SEL-710-5                                Date: 04/19/2013   Time: 11:09:33.952
SYNCHRONOUS MTR                          Time Source: Internal

Serial No = 000000000000000
FID = SEL-710-5-X047-V0-Z001001-D20130415               CID = 6495

#      DATE         TIME               ELEMENT              STATE
9   04/19/2013  10:24:00.014   Relay Settings Changed
8   04/19/2013  10:24:00.014   SALARM                    Asserted
7   04/19/2013  10:24:01.010   SALARM                    Deasserted
6   04/19/2013  10:24:07.504   50P1T                     Asserted
5   04/19/2013  10:24:07.550   WARNING                   Asserted
4   04/19/2013  10:24:07.550   MOTOR_STARTING            BEGINS
3   04/19/2013  10:24:07.550   MOTOR_STOPPED             ENDS
2   04/19/2013  10:24:07.800   MOTOR_STARTING            ENDS
1   04/19/2013  10:24:07.800   MOTOR_RUNNING             BEGINS

=>>

Figure 10.11 Example Sequential Events Recorder (SER) Event Report
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections
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Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Self-Test

+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Section 1
Introduction and Specifications

Overview
The SEL-751A Feeder Protection Relay is designed to provide overcurrent 
protection to feeders, transformers, etc. The basic relay provides instantaneous 
and inverse time-overcurrent protection. Voltage-based, arc-flash detector 
(AFD)-based, and RTD-based protection are available as options. All relay 
models provide monitoring functions.

This manual contains the information necessary to install, set, test, operate, 
and maintain any SEL-751A. You need not review the entire manual to 
perform specific tasks. 

Features
Standard Protection 
Features

➤ Phase Instantaneous Overcurrent (50P)

➤ Ground (Residual) Instantaneous Overcurrent (50G)

➤ Neutral Instantaneous Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Neutral Time Overcurrent (51N)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Frequency (81)

➤ Breaker Failure Protection

➤ Breaker Wear Monitor

Optional Protection 
Features

➤ Autoreclosing Control (79)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Negative-Sequence Overvoltage (59Q)

➢ Residual (Zero-Sequence) Overvoltage (59G)

➢ Power Elements (32)

➢ Power Factor (55)

➢ Loss of Potential (60LOP)
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➤ Rate-of-Change of Frequency (81R)

➤ Fast Rate-of-Change of Frequency (81RF) for Aurora 
Mitigation

➤ Optional Residual Current CT-based Overcurrent and Time 
Overcurrent (50G/51G)

➤ Arc-Flash Protection

➤ Demand and Peak Demand Metering

➤ Synchronism Check (25)

➢ Synchronism-Check Undervoltage (27S)

➢ Synchronism-Check Overvoltage (59S)

➤ Station DC Battery Monitor

➤ RTD-Based Protection: Monitor as many as ten (10) RTDs 
when you use an internal RTD card, or monitor as many as 
twelve (12) when you use an external SEL-2600 RTD Module 
with the ST option. There are separate Trip and Warn settings 
for each RTD.

Monitoring Features ➤ Event summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Compatibility with SEL-3010 Event Messenger

➤ A complete suite of accurate metering functions

Communications and 
Control ➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet, and fiber-optic rear panel EIA-232 ports.

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, MIRRORED BITS, IEC 61850, 
DeviceNet, and Synchrophasors with IEEE C37.118 Protocol 
(supported on serial port only)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare



1.3

Date Code 20220610 Instruction Manual SEL-751A Relay

Introduction and Specifications
Models, Options, and Accessories

Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. 

See the latest SEL-751A Model Option Table at selinc.com, under SEL 
Literature, Ordering Information (Model Option Tables). Options and 
accessories are in the following listings.

SEL-751A Base Unit ➤ Front panel with large LCD display

➢ Four programmable pushbuttons with eight LEDs

➢ Eight target LEDs (six programmable)

➢ Operator control interface

➢ EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)

➢ EIA-232 serial port with IRIG-B time code input

➤ Three expansion slots for optional cards (Slots C, D, E)

➤ Four ac current inputs card (Slot Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII

➢ SEL Fast Meter, Fast Operate, Fast SER, Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS

➢ Event Messenger

➢ Synchrophasors with IEEE C37.118 (supported on 
serial ports only)

➤ Breaker Wear Monitoring

Options ➤ Firmware option

➢ Autoreclosing Control

➤ Voltage/Current Options (see Table 1.1) 

➤ Input/Output (I/O) Option 

➢ Additional digital I/O

➢ Additional analog I/O

➢ 10 RTD inputs

➤ Communications Options (Protocol/Ports)

➢ EIA-485/EIA-232/Ethernet ports (single/dual, copper 
or fiber-optic)

➢ Multimode (ST) fiber-optic serial port

➢ Modbus TCP/IP protocol

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)

https://www.selinc.com
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➢ IEC 61850 Communications

➢ DNP3 serial and LAN/WAN

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ External RTD protection

➢ SEL-2600 RTD Module (with ST option only)

➢ A simplex 62.5/125 µm fiber-optic cable with ST 
connector for connecting the external RTD module to 
the SEL-751A

Table 1.1 Voltage Input Options 

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa SELECT 5AVIb SELECT 5AVIc SELECT 3 AVI/4 AFDId SELECT 5 AVI/1 ACIe

Under- and overvoltage elements 
(27, 59)

x x x x x

Voltage based frequency measure-
ment and tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss of potential element (60LOP) x x x x x

Real, reactive, apparent power, and 
power factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements 
including under- and overvoltage 
elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage ele-
ment (59Q)

x x x

Rate-of-change-of-frequency ele-
ment (81R)

x x x

Fast rate-of-change-of-frequency 
element (81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor 
inputs with continuous self-testing 
(AFD)

x

Arc-flash protection elements 
(50PAF, 50NAF)

x

Residual current (IG) CT-based 
residual overcurrent elements 
(50G, 51G)

x

a Voltage Options.
b With Monitoring Package.
c With Monitoring and Advanced Metering and Protection Packages.
d With 4-Channel Arc-Flash Detector Inputs and Protection.
e SELECT 5AVI/1 ACI With Residual Ground CT Input.
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➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay.

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ SEL-751A Configurable Labels

➤ Rack-Mounting Kits

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Rear Connector Kit

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-751A mounting accessories for competitor products, including 
adapter plates, visit selinc.com/applications/mountingselector/.

Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ Distribution feeder protection (feeder protection with core-
balance CT)

➤ Delta-wye transformer overcurrent protection

➤ Wye-delta-wye transformer overcurrent protection

➤ With or without external RTD module

➤ With arc-flash protection

Figure 1.1 shows typical current connections. Refer to Section 2: Installation 
for additional applications and the related connection diagrams.

https://selinc.com/applications/mountingselector
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Figure 1.1 Typical Current Connections

Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-751A effectively. This section presents the fundamental knowledge 
you need to operate the SEL-751A, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-751A with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.20.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Establishing 
Communication

The SEL-751A has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL Cable C234A (or 
equivalent) to connect the SEL-751A to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC and the SEL-751A using the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.2. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You will see the = prompt at the left side of the computer screen 
(column 1). 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.2.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to Figure 1.2. 
If you see jumbled characters, change the terminal emulation 
type in the PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.34 for factory-default passwords) to go to Access 
Level 1.

Step 8. Type QUIT <Enter> to view the relay report header.

Checking the 
Relay Status

Use the STA serial port command to view the SEL-751A operational status. 
Analog channel dc offset and monitored component status are listed in the 
status report depicted in Figure 1.3.

Table 1.2 SEL-751A Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
Feeder xyz           Date: 03/10/2007  Time: 10:31:43
Station 1 Time Source: Internal

Figure 1.2 Response Header
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If a communications card with the DeviceNet protocol is present, the status 
report depicted in Figure 1.4 applies. If a communications card with Modbus 
RTU protocol is present, the status report depicted in Figure 1.3 applies. 

Table 7.48 provides the definition of each status report designator and 
Table 10.7 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification (FID) string, and checksum (CID) string. These strings 
uniquely identify the relay and the version of the operating firmware.

=>STA <Enter>

B1633H SEL-751A                          Date: 03/13/2018   Time: 16:21:54.608
FEEDER RELAY                             Time Source: Internal

Serial Num = 3161821078     FID = SEL-751A-R419-V0-Z011003-D20131025
CID = 79CC                  PART NUM = 751A51A1A0X71850211

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.79   2.49   3.35   3.76    4.98   -1.25   -4.91   2.89

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Power-on counts            85
Operating hours          2464

  Relay Enabled

=>

Figure 1.3 STA Command Response—No Communications Card 
or EIA-232/EIA-485 Communications Card

=>STA <Enter>

SEL-751A                                 Date: 08/13/2009   Time: 20:29:29
FEEDER RELAY                             Time Source: External

Serial Num = 000000000000000
FID = SEL-751A-X402-V0-Z005003-D20090803                CID = CD05
PART NUM = 751A01BA30X7386163X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.19

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.81   2.49   3.33   3.76    4.97   -1.25   -4.91   3.07

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA        DN_RATE         DN_STATUS
  3         1a0d c1e9h     500kbps         0000 0000

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Relay Enabled

=>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-751A. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay will reply:

7/29/2003

If the DATE_F setting is YMD, the relay will reply:

2003/7/29

If the DATE_F setting is DMY, the relay will reply:

29/7/2003

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2003 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/03

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-751A. The relay 
will reply with the stored time.

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, and semicolons.
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc
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Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms



1.15

Date Code 20220610 Instruction Manual SEL-751A Relay

Introduction and Specifications
Specifications

Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.
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Section 2
Installation

Overview
The first steps in applying the SEL-751A Feeder Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. You should carefully plan relay 
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-751A. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-751A product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Proper placement of the SEL-751A helps to ensure years of trouble-free 
protection. Use the following guidelines for proper physical installation of the 
SEL-751A.

Physical Location The SEL-751A is EN 61010-1 certified at Installation/Overvoltage 
Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-751A is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.13.) 
For EN 61010-1 certification, the SEL-751A rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
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or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C with a 
maximum surrounding air temperature of 50°C.

Relay Mounting To flush mount the SEL-751A in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel (IP65).

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C-temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and 
Accessories for information on mounting accessories.

I/O Configuration
Your SEL-751A offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, and voltage 
cards are available for the SEL-751A. Figure  shows the slot allocations for 
the cards.

Because installations differ substantially, the SEL-751A offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

7.36 
(187.0)

5.47 
(139.0)

i9089b
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Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

SELECT EIA-232/485 ●

SELECT DeviceNet ●

SELECT 3 DI/4 DO/1 AO (one card per relay) ● ● ●

SELECT 4 DI/4 DO ● ● ●

SELECT 4 DI/3 DO (1 Form B, 2 Form C) ● ● ●

SELECT 8 DI ● ● ●

SELECT 8 AI ● ● ●

SELECT 4 AI/4 AO (one card per relay) ● ● ●

SELECT 10 RTD ●

SELECT 3 AVI (MOT… x71x…) ●

SELECT 5 AVI (MOT … x72x…) ●

SELECT 5 AVI (MOT … x73x…) ●

SELECT 3 AVI/4 AFDI (MOT … x74x…) ●

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O Expansion Card (Slot E)

SELECT 4 ACI Card (Slot Z)



2.4

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

Figure 2.2 Slot Allocations for Different Cards

Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-751A Relay. It has two digital 
inputs and three digital outputs (two normally open Form A contact outputs 
and one Form C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

SELECT 5 AVI/1 ACI (MOT … x75/76x…) ●

SELECT 4 ACI ●

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1) that have PORT 3 as an EIA-232 serial port and can 
input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via PORT 2 (optional EIA-232 
fiber-optic serial port).

c Digital or analog.

Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

Table 2.1 Power Supply Card Inputs Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number

Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07
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Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the 
following base-unit options shown in Table 2.2.

PORT F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

➤ Event Messenger

➤ C37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ IEC 61850

➤ FTP

➤ Telnet

PORT 2 and PORT 3 support the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX

Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial 
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated 
EIA-485 serial port
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Communications Card 
(Slot C)

Either the DeviceNet (see Appendix G: DeviceNet Communications) or the 
EIA-232/ EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ PORT 4A, an isolated EIA-485 serial port interface

➤ PORT 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Use the PORT 4 setting, COMM Interface, to select either EIA-232 or EIA-485 
functionality. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Voltage Card Option 
(3 AVI)

MOT…x71x… Supported in Slot E only, order this card when you have 
either single or three-phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle—see Processing 
Specifications and Oscillography on page 1.14 for more information. 
Table 2.4 shows the terminal allocation.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

Table 2.4 3 AVI Voltage Card Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB,VC

06 N, Common connection for VA, VB,VC
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Enhanced Voltage 
Card Option With 
Monitoring Package 
(5 AVI)

MOT…x72x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. Table 2.5 shows the terminal allocation.

Enhanced Voltage Card 
Option With Advanced 
Metering and 
Protection Package 
(5 AVI)

MOT…x73x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. This option also provides demand and peak 
demand metering, and protection elements 32, 59G, 59Q, 81R, and 81RF (for 
Aurora mitigation). The connections are shown in Table 2.5.

Voltage Card Option 
With Arc-Flash 
Detection (AFD) 
Inputs (3 AVI/4 AFDI)

MOT…x74x… Supported in Slot E only, order this card when you have 
either single or three phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle. Table 2.6 shows the 
terminal allocation. This option also provides 4-channel arc-flash detection (AFD) 
inputs with continuous self-testing.

Table 2.5 5 AVI Voltage Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

Table 2.6 3 AVI/4 AFDI Voltage Card With Arc-Flash Detection Inputs 
Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB, VC

06 N, Common connection for VA, VB, VC

07 AF1 Channel TX and RX Inputs

08 AF2 Channel TX and RX Inputs 

09 AF3 Channel TX and RX Inputs

10 AF4 Channel TX and RX Inputs
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Enhanced Voltage 
Card Option With 
Advanced Metering and 
Protection Package and 
Residual Current Input 
(5 AVI/1 ACI)

MOT…x75/76x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input and residual current (IG) input. Order ...x75x... for 
5 A CT or ...x76x... for 1 A CT input. With this card installed, the SEL-751A 
samples the voltages and current 16 times a cycle. This option also provides 
demand and peak demand metering, and protection elements 32, 59G, 59Q, 
81R and 81RF. The connections are shown in Table 2.7.

Current Card Supported in Slot Z only, this card provides current inputs for three-phase CTs 
and one neutral CT. Secondary phase current ratings are either all 1 A or all 
5 A; you cannot order a combination of 1 A and 5 A phase CTs on one card. 
However, the phase CTs and the neutral CT can be of different current rating. 
You can order one of four neutral CT ratings, 1 A, 5 A, 50 mA, or 2.5 mA 
(high sensitivity). With a current card installed, the SEL-751A samples the 
currents 16 times a cycle—see Processing Specifications and Oscillography 
on page 1.14 for more information. Table 2.8 shows the terminal allocation.

Table 2.7 5 AVI/1 ACI Voltage/Current Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

09, 10 IG, residual current input 

Table 2.8 Current Card Terminal Designation

Terminal Number Description

01, 02 IA, Phase A current input

03, 04 IB, Phase B current input

05, 06 IC, Phase C current input

07, 08 IN, neutral current input

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.



2.9

Date Code 20220610 Instruction Manual SEL-751A Relay

Installation
I/O Configuration

Analog Input Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.9 shows the terminal allocation.

Analog Input/Output 
Card (4 AI/4 AO)

Supported in any one of the nonbase unit slots (Slot C through Slot E), this card 
has four analog inputs and four analog outputs (AO). Table 2.10 shows the 
terminal allocation.

I/O Input Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs, and one analog output. Table 2.11 shows the 
terminal allocation.

Table 2.9 Eight Analog Input (8 AI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.

Table 2.10 Four Analog Input/Four Analog Output (4 AI/4 AO) Card Terminal 
Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self powered and has an 
isolated power supply.

NOTE: Connection lengths less 
than 10 meters meet the 
requirements of IEC 60255-26 and 
IEC 60255-27 for analog inputs and 
outputs.

Table 2.11 I/O (3 DI/4 DO/1 AO) Card Terminal Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high-
speed hybrid) connections are 
polarity neutral.

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.12 
shows the terminal allocation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form-B digital output (normally closed contact output) and 
two Form-C digital output contacts. Table 2.13 shows the terminal allocation.

I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are either all normally open 
contact outputs or all fast hybrid (high-speed, high-current interrupting) 
outputs. Table 2.14 shows the terminal allocation.

Table 2.12 RTD (10 RTD) Card Terminal Allocation 

Terminal Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

• •

• •

• •

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: All RTD Comp/Shield 
terminals are internally connected to 
the relay chassis and ground.

NOTE: Use passive resistors to 
simulate temperatures to test the 
RTD inputs. Use of an RTP simulator 
can damage the relay.

Table 2.13 Four Digital Inputs, One Form-B Digital Output, Two Form-C 
Digital Outputs (4 DI/3 DO) Card Terminal Allocation

Terminal Number Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC control equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element
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I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.15 shows the terminal allocation.

Card Configuration 
Procedure

Changing card positions or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to program the I/O settings using the SET 
command).

The SEL-751A offers flexibility in tailoring I/O for your specific application. 
The SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-751A in Slots C, D, 
and E. Optional communications cards are available only for Slot C, an RTD 
card is available only for Slot D, 1 A/5 A CT combinations for voltage/current 
cards are available only for Slot E, and current cards are available for Slot Z. 
Figure 2.2 shows the slot allocations for the cards. Because installations differ 
substantially, the SEL-751A offers a variety of card configurations that 
provide options for an array of applications. Choose the combination of cards 
most suited for your application.

Swapping Optional I/O Boards
When an I/O board is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 

Table 2.14 Four Digital Input/Four Digital Output (4 DI/4 DO) Card Terminal 
Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital inputs and digital 
outputs (including high-current, 
high-speed hybrid) connections are 
polarity neutral.

Table 2.15 Eight Digital Input (8 DI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element
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OUT401–OUT404 are available. If OUT401 = IN101 AND 51P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-751A Relay can be upgraded by adding as many as three cards.

Installation
Perform the following steps to install cards in Slots C, D, E, or Z of the base 
unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and 
A02–, and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the option card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material that may remain inside the SEL-751A case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL
X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted into the wrong slot. Begin again at 
Step 2.

If you do see this message, proceed to Step 12.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:
STATUS
Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:
Serial Num
000000000000000000000000

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.
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Step 16. Press the ENT pushbutton.

The front panel displays the following:
Confirm Hardware
Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?
No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 19. Press the ENT pushbutton.

Step 20. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED turns on to indicate the option card is installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the following indicated digits. These digits remain 
unchanged, i.e., these digits retain the same character as before 
the reconfiguration. Also, a communications card installed in 
Slot C is reflected as an empty slot in the part number. A regular 
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same 
device ID. When interchanging these two cards, the part 
number for the respective slots should be updated manually. 
Use the STATUS command to view the part number.

Step 21. Update the side-panel drawing with the drawing sticker 
provided in the card kit. If necessary, replace the rear panel 
with the one applicable to the option card and attach the 
terminal-marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial label 
with the updated part number.

Step 22. Reconnect all of the connection plugs and add any additional 
wiring/connectors required by the new option card.

Slot B CPU Card Replacement
When replacing the Slot B card, do the following:

Step 1. Ensure that the card has the latest firmware from the factory.

Step 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

PART NUM = 751A01B5X1X7X86020X
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Step 3. Save all the settings and event reports before replacing the card.

Step 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option in Appendix B: 
Firmware Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new 
board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the serial number and part number to the appropriate 
values, type END, and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and 
part number of your relay are correct.

Slot A Power Supply Card
If you are replacing the power supply card, change the part number 
accordingly using the PARTNO command from Access Level C. Install new 
side stickers on the side of the relay. 

Analog Input Card 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in position 1–2; for a voltage channel, insert Jumper x in position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Configuration Jumper

Figure 2.4 shows the locations of JMP1 through JMP4 on an Analog Output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

NOTE: There is no jumper between 
Pins 5 and 6 for a voltage analog 
output selection.

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between pins 1 and 2, pins 5 and 6, and pins 9 and 
10. For a voltage analog output selection, insert a jumper between pins 3 and 
4, and pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self 
powered and has an isolated power 
supply.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
Control, and SELBOOT 
Jumper Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password, Breaker Control, and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-751A suffers an 
internal failure, communications with the relay can be compromised. Forcing 
the relay to SELBOOT provides a means of downloading new firmware. To 
force the relay to SELBOOT, position the jumper in Position C, as shown in 
Figure 2.7 (SELBOOT forced). Once the relay is forced to SELBOOT, you can 
communicate with the relay only through the front-panel port.

JMP1

A B C

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT
Forced

Remote
Breaker
Control
Allowed

JMP1

(b) Card Layout for Relays With Firmware Versions R400 and Higher

(a) Card Layout for Relays With Firmware Versions Lower Than R400

A
B
C

JMP1

A
B
C

JMP1

A
B
C

JMP1

Default 
Positions

Password 
Bypassed

A
B
C

JMP1

SELBOOT

 Forced

Remote
Breaker
Control
Allowed

A
B
C

JMP1

A B C
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To gain access to Level 1 and Level 2 command levels without passwords, 
position the jumper in position A, as shown in Figure 2.7 (Password 
bypassed). Although you gain access to Level 2 without a password, the alarm 
contact still closes momentarily when you access Level 2. Table 2.16 tabulates 
the functions of the three sets of pins and jumper default positions.

Rear-Panel Connections Figure 2.8 shows the rear-panel connections for selected cards. Connections 
for additional cards are shown in Figure 2.9 through Figure 2.11.

Table 2.16 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B Off (breaker control disabled) Enable breaker controla

a Jumper position affects breaker control using the OPEN or CLOSE command via the serial 
port, front panel, or communications protocols. Jumper position does not affect breaker 
control using remote bits, which are always enabled.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

NOTE: After any 
change, be sure to 
thoroughly test the 
settings.

NOTE: All digital 
inputs and digital 
outputs (including 
high-current, high- 
speed hybrid) 
connections are 
polarity neutral.

NOTE: Analog 
outputs are isolated 
from each other and 
from the chassis 
ground.

Card 1: 
Current Card 
(4 ACI)

Card 2: 
Voltage Card 
(5 AVI)

Card 3: 
Voltage Card With 
AFD Inputs 
(3 AVI/4 AFDI)

Card 4: 
Voltage/Current 
Card (5 AVI/1 ACI)

Card 5: 
Eight Analog 
Input Card 
(8 AI)

Card 6: 
Four Digital Input/
Three Digital 
Output Card 
(4 DI/3 DO)

Card 7: 
Four Analog Input/
Four Analog 
Output Card 
(4 AI/4 AO)

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 101

02
IA

03

04
IB

05

06
IC

07

08
IN

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

02

03

05

06

VA

WYE

VB

VC

VB
(COM)

VC

VA

OPEN
DELTA

N COM

0 7

TX RX

08

09

1 0

AF 1

AF2

AF3

AF4

0 1

04

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

ACI

E 1 0

IG

E09
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Figure 2.8 Rear-Panel Connections of Selected Cards

Relay Connections
Rear-Panel and 
Side-Panel Diagrams

The physical layout of the connectors on the rear-panel and side-panel 
diagrams of three sample configurations of the SEL-751A are shown in 
Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12.

Figure 2.9 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 3 AVI Voltage Option

Card 8: 
Main Board With 
Dual, Fiber-Optic 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 9: 
Main Board With 
Single, Copper 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 10: 
Communications 
Card (EIA-232/
EIA-485)

Card 11: 
Four Digital Input/
Four Digital Output 
Card (4 DI/4 DO)

Card 12: 
RTD Card (10 RTD)

Card 13: 
Three Digital 
Input/Four Digital 
Output/One Analog 
Output Card 
(3 DI/4 DO/1 AO)

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

PORT 4C

+5 Vdc
RXD

N/C
TXD

GND5
N/C
RTS

GND

EIA–232

1
2

4
3

6

8 CTS
7

9

+TX
–TX
+RX
– RX
SHLD5

PORT 4A
EIA–485

1
2

4
3

+5 Vdc
RXD

+IRIG–B
TXD

GND5
–IRIG–B
RTS

GND

PORT 3
EIA–232

IRIG–B

PORT 2
FIBER OPTI C

TX

RX

1
2

4
3

6

8 CTS
7

9

02

PORT 1
ETHERNET

0 1 +

—

10/100BASE–T

i4160b

710_IM_0133_IRIG-BRP-B_i3970c.eps

i3970c

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 2.10 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

Figure 2.11 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option 
With Monitoring Package

i4159a

 
 

i4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4246a
i4247a

(A) Rear-Panel Layout
(B) Side-Panel Input and Output Designations
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Figure 2.12 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1AO, and 3 AVI/4 AFDI Voltage 
Option With Arc-Flash Detector Inputs

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.10 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-751A; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.42 for details. Be sure to use fuses that comply with 
IEC 60127-2.

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1 mm2) to 18 AWG (0.8 mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial PORT 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the PORT 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 26 through 
AWG 14. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-751A accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but only one should be used at a time. You can use IRIG-B (B01 and 
B02) inputs or an SEL communications processor connected to EIA-232 serial 
PORT 3. The available communications processors are the SEL-2032, 
SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. 

The models with fiber-optic Ethernet and dual copper Ethernet do not have the 
terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 PORT 3. 
The third option for IRIG-B is via fiber-optic serial PORT 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030 or SEL-2032 and bring 
the IRIG-B signal with the EIA-232 input. Use a fiber-optic cable pair with ST 
connectors (C805, C807, C808) to connect to PORT 2 on the SEL-751A. Refer 
to Section 7: Communications for IRIG-B connection examples and for details 
about using an SEL-2401/2407/2404 as a time source.

Ethernet Port
You can order the SEL-751A with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to PORT 1 of the device by using a 
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port
The optional fiber-optic serial port is compatible with the SEL-2812 (with 
IRIG-B) or the SEL-2814 Fiber-Optic Transceivers and the SEL-2600 RTD 
Module.

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.13 and Figure 2.14.

Figure 2.13 Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic Port in Slot B

Fiber-Optic Cable
to SEL-2600 series

+IRIG-B

–IRIG-B

IRIG-B
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A01

A02

–/N

+/H

External 
Contacts

SEL-751A Relay

RX

D07
+  

As Many as Four
Analog Outputs

D08
—  

B01 B02

IN
10

1

IN
10

2

A10

A11

A12 A07

A08

OU
T1

03

+  
D15

—  
D16

D02
—  

—  
D10

D01
+  

+  
D09

A03

A04

OU
T1

01

A05

A06

OU
T1

02

A09

TX

As Many as Four
Analog Inputs

AO401  AO404

AI401  AI404

+ +

+ +

NOTE: All digital inputs 
and digital outputs 
(including high-current, 
high-speed hybrid) 
connections are polarity 
neutral.
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Figure 2.14 Control I/O Connections—Internal RTD Option

RTD Wiring Table 2.17 shows the maximum cable lengths for the RTD connections.

NOTE: RTD inputs are not internally 
protected for electrical surges 
(IEC 60255-22-1 and IEC 60255-22-5). 
External protection is recommended if 
surge protection is necessary.

PS

A01

A02

–/N

+/H

External
Contacts

SEL-751A RelayIN
10

1

IN
10

2

A10

A11

A12

+IRIG-B

–IRIG-B

IRIG-B
B01 B02

A07

A08

OU
T1

03

A03

A04

OU
T1

01

A05

A06

OU
T1

02

A09

D03
COMP/
SHLD

D02
—

D01
+

RTD01

D30
COMP/
SHLD

D29
—  

D28
+  

RTD10

As Many as Ten
RTD Inputs

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

Notes:

➤ The chassis ground connector located on the 
rear-panel card Slot A must always be 
connected to the local ground mat.

➤ Power supply rating (110–240 Vac, 
110–250 Vdc or 24–48 Vdc) depends on 
relay part number.

➤ Optoisolated inputs IN101 and IN102 are 
standard and located on the card in Slot A.

➤ All optoisolated inputs are single-rated: 24, 
48, 110, 125, 220, or 250 Vac/Vdc. Standard 
inputs IN101/102 can have a different rating 
than the optional IN401/402/403/404 (not 
shown).

➤ Output contacts OUT101, OUT102, and 
OUT103 are standard and are located on 
the card in Slot A.

➤ The analog (transducer) outputs shown 
are located on the optional I/O 
expansion card in Slot D.

➤ The fiber-optic serial port is optional 
and is located on the card in Slot B. A 
Simplex 62.5/125 µm fiber-optic cable is 
necessary to connect the SELOGIC with 
an SEL-2600 series RTD Module. This 
fiber-optic cable should be 1000 meters 
or shorter.

Table 2.17 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m
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Refer to SEL application guide “Applying Various Types of RTDs with SEL 
Devices” (AG2017-09). This application guide specifies the correct 
connection of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08)—and 
avoid fitting multiple wires into a single terminal, the bird-caging effect of 
stranded wires, and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.15. Also, 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Figure 2.15 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams.

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.16 shows the output OUT103 relay coil and Form C contact. When the 
relay coil is de-energized, the contact between A07 and A08 is open while the 
contact between A07 and A09 is closed.

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time to 
open the contacts) for fast hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).

Figure 2.16 Output OUT103 Relay Output Contact Configuration

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

OUT103
Relay Coil
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The SEL-751A provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occurs in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-751A is 
powered and operational.

➤ When the SEL-751A generates a trip signal, the relay coil is de-
energized.

➤ The relay coil is also de-energized if the SEL-751A power 
supply voltage is removed or if the SEL-751A fails (self-test 
status is FAIL).

Figure 2.17 shows fail-safe and nonfail-safe wiring methods to control 
breakers.

Figure 2.17 Breaker Trip Coil Connections With OUT103FS := Y and 
OUT103FS := N

High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity-
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, you can connect the ac voltages directly using 
a connected, wye-wye VT connection. Use an open-delta VT connection, or 
use a single-phase VT. Figure 2.18 and Figure 2.19 show the methods of 
connecting single-phase and three-phase voltages.

Nonfail-safe
OUT103FS = N

52A

Breaker Trip CoilTC

A08

A07A07

TC

52A

Fail-Safe
(Electrically Held)

OUT103FS= Y

Circuit Breaker

Breaker Trip Coil

A09

Note: Contacts shown with OUT103 relay coil de-energized

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short- 
circuit arc-flash incident energy.
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Figure 2.18 Single-Phase Voltage Connections

Single Phase-Neutral VT Connection

Single Phase-Phase VT Connection

A B C

EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS
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Figure 2.19 Voltage Connections

Note: This figure shows grounding Phase B (E02). You can choose to ground Phase A or 
Phase C instead of Phase B, provided all the other connections remain as shown above.

A B C

EO1

EO2

EO3

EO4

Direct Connection (Grounded System)

Wye-Wye VT Connection

Open-Delta VT Connection

SEL-751A

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1

F3

F1

F2

F3

EO5

EO6

VS

NS

EO5

EO6

VS

NS

A B C

SEL-751A

EO1

EO2

EO3

EO4

F1, F2, and F3 are fuses F1

F2

F3

EO5

EO6

VS

NS
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Station DC Battery 
Monitor

Use the station dc battery monitor (one of the options available with the 
voltage card option) in the SEL-751A to alarm for undervoltage and 
overvoltage dc battery conditions and to view how station dc battery voltage 
fluctuates during tripping, closing, and other dc control functions. The 
monitor measures station dc battery voltage applied to the rear-panel terminals 
E07 (VBAT+) and E08 (VBAT–) of the SELECT 5AVI voltage card in Slot E. 
Refer to Section 5: Metering and Monitoring for details on the station dc 
battery monitor function and settings. 

AC/DC Connections 
and Applications

Figure 2.20 shows typical phase and neutral current connections for a feeder 
application. Figure 2.21 through Figure 2.25 show ac/dc connection diagrams 
for various applications, however, wye-connected PTs are shown. See 
Figure 2.18 and Figure 2.19 for other voltage connections.

Figure 2.20 Typical Current Connections
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IC
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IA
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The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Figure 2.21 SEL-751A Provides Overcurrent Protection and Reclosing for a Distribution Feeder 
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.

Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit 
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with necessary 
supervision (e.g., synchronism check).

Figure 2.22 SEL-751A Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme) 
(Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.23 SEL-751A Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

Figure 2.24 SEL-751A Provides Overcurrent Protection for a Transformer Bank With a 
Tertiary Winding (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.25 SEL-751A Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Channel IN)
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Arc-Flash Protection: System Installation
This section describes an arc-flash system installation, the sensor 
characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 10: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also, refer to Application Guide 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details.

Figure 2.26 shows main system components comprising: current input card, 
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.12 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 3 AVI/4 AFDI 
card for arc-flash protection.

Figure 2.26 SEL-751A With an Arc-Flash Option Card and Fiber-Optic-
Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location will vary depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 
clearance and creepage requirements. Sensors should be permanently affixed 
through the use of supplied mounting grommets or permanent cable ties. 
Figure 2.27 shows an example of a typical black-jacketed fiber installation. 
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Figure 2.27 Black-Jacketed Fiber Installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in) Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is necessary to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-751A Relay as 
shown in Figure 2.28.

Figure 2.28 Connecting Sensor Fibers to the Relay

Point-Sensor 
Installation 

The point-sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.29 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.29 Point-Sensor Assembly

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters
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The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.30.

Figure 2.30 Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.31, Figure 2.32, and Figure 2.33 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts, which are most likely to cause an arc-flash event. 

Figure 2.31 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.32 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.33 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Clear-Jacketed Fiber 
Sensor Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.34 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.35 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.34 Clear-Jacketed Fiber Sensor Assembly

Figure 2.35 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.36. Two connector options (V-pin and ST) are available for 
transitioning from the black-jacketed to the clear-jacketed fiber section as 
shown in Figure 2.37. The ST connector option is generally superior because 
of positive locking and lower coupling loss.

Figure 2.36 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber exposed to the light. The 
maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both clear-jacketed and black-jacketed fiber sections (the black-
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jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.37.

Figure 2.37 Transition From Clear-Jacketed to Black-Jacketed Fiber Section

You should return the clear-jacketed fiber loop through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains less than 35 m, irrespective of the 
SEL-751A dual V-pin connector orientation. 

Care should be exercised not to scratch or otherwise damage the clear-
jacketed sensing fiber during installation. Surface scratches can result in 
increased light leakage that will be detected by the SEL-751A sensor 
diagnostics. Once damaged, the fiber must be replaced.

Application Example Figure 2.38 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. All three feeders are protected 
with an SEL-751A Relay controlling breakers 1, 2, and 3. Radial feeder 
breakers 2 and 3 must be tripped for downstream faults, normally located in 
the outgoing cable termination compartment. To obtain better coverage, 
multiple sensors can be installed in the same compartment, as shown in the 
lower right corner of the figure with sensors marked LS1 and LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right hand corner 
of Figure 2.38). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When necessary, you can use radial feeder relays sensors (such as LS3 
connected to the lower right hand relay) to transfer trip the upstream breaker. 
Logic equations necessary for this function are shown in Output Logic 
Programming in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 2.38 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 AFD Fiber 
Cables and Accessories MOT. The losses and budget values shown in 
Table 2.18 are typical values.

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Table 2.18 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 1 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40° to +80°C –55° to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.39.

Figure 2.39 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.40. 

Core Diameter 980 µm 980 µm

Cladding Diameter 1000 µm 1000 µm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm

(0.087 in x 0.17 in)

2.20 mm

(0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull Tension 140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull Tension 43.8 N (3.0 lb/ft) 43.8 N (lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) 0.175 dB/m 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 2 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.40 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional 
splice connectors, refer to the SEL-C814 AFD Fiber Cables and Accessories 
MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.41, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.41 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 m

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.42, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

Figure 2.42 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 m

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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Section 3
PC Software

Overview
SEL provides many PC software solutions (applications) to support the 
SEL-751A and other SEL devices. Table 3.1 lists SEL-751A software solutions.

 

This section describes how to get started with the SEL-751A and QuickSet. 
QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-751A. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-751A.

Table 3.1 SEL Software Solutions

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and set-
tings of multiple devices

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and sum-
marizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII 
format event report oscillography; 
performs custom calculations on analog, 
digital, and complex quantities; and ana-
lyzes the Impedance Plane for distance 
element (mho) operation, the Alpha 
Plane for differential element (78L) 
operation, and the Bewley Lattice for 
traveling-wave data

SEL-5801 SEL-5801 Cable Selector 
Software

Selects the proper SEL cables for your 
application

Table 3.2 QuickSet Software (Sheet 1 of 2)

Application Description

Rules Based Settings 
Editor

Provides on-line or off-line device settings that include interde-
pendency checks. Use this feature to create and manage settings 
for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature 
to simplify commissioning testing

Design Templates 
(available in licensed 
versions of QuickSet)

Allows you to customize relay settings to particular applica-
tions and store those settings in Design Templates. You can 
lock settings to match your standards or lock and hide settings 
that are not used.
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Setup

Follow the steps outlined in Section 2: Installation to prepare the SEL-751A 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-751A and the PC.

Step 2. Apply power to the SEL-751A.

Step 3. Start QuickSet.

Communications QuickSet uses relay communications PORT 1 through PORT 4, or PORT F (front 
panel) to communicate with the SEL-751A. Perform the following steps to 
configure QuickSet to communicate effectively with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.1.

Figure 3.1 Serial Port Communication Dialog Box

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.2.

Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-751A default settings by 
entering Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Event Analysis Provides oscillography and other event analysis tools.

Setting Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature 
to ensure proper communications and directly interface with 
the device

Help Provides general QuickSet and device-specific QuickSet con-
text help.

Table 3.2 QuickSet Software (Sheet 2 of 2)

Application Description
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Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.3. 

For the SEL-751A, always select FTP as the File Transfer 
Option.

Step 6. Exit the menus by clicking OK when finished.

Figure 3.2 Serial Port Communication Parameters Dialog Box
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Figure 3.3 Network Communication Parameters Dialog Box

Terminal
Terminal Window Select Communications > Terminal on the QuickSet main menu bar to open 

the terminal window (shown in Figure 3.4).

Figure 3.4 Tools Menu

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulation. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or by pressing <Ctrl+T>. 
Verify proper communications with the relay by opening a terminal window, 
pressing <Enter> a few times, and verifying that a prompt is received. If a 
prompt is not received, verify proper setup.
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Terminal Logging To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Drivers and Part 
Number

After clicking Communications > Terminal, access the relay at Access Level 1. 
Issue the ID command to receive an identification report, as shown in Figure 3.5.

Locate and record the Z-number (Z001001) in the FID string. The first portion 
of the Z-number (Z001…) determines the QuickSet relay settings driver 
version when you are creating or editing relay settings files. The use of the 
Device Editor driver version will be discussed in more detail later in this 
section—see Settings Editor (Editor Mode) on page 3.9. Compare the part 
number (PARTNO=751A0XXXXXXXXXXXXXX) with the Model Option Table (MOT) 
to ensure the correct relay configuration.

Settings Database Management and Drivers
QuickSet uses a database to save relay settings. QuickSet contains sets of all 
settings files for each relay specified in the Database Manager. Choose 
appropriate storage backup methods and a secure location for storing database 
files.

Database Manager Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the Database Manager to access the database. Click File 
> Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter descriptions for the database and for each relay or relay in 
the database in the Database Description and Settings 
Description dialog boxes. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description dialog box. These can 
include the protection scheme settings and communications 
settings. 

=ID <Enter>
"FID=SEL-751A-R100-V0-Z001001-D20070410","08EE"
"BFID=BOOTLDR-R303-V0-Z000000-D20060612","0949"
"CID=9B42","025E"
"DEVID=SEL-751A","0408"
"DEVCODE=69","0316"
"PARTNO=751A01B6X3X7183021X","06D9"
"CONFIG=11251201","03F0"
"iedName =TEMPLATE","05DC"
"type =SEL_751A","04B0"
"configVersion =ICD-751A-R100-V0-Z001001-D20070326","0D75"
= 

Figure 3.5 Device Response to the ID Command
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Step 4. Highlight one of the relays listed in Settings in Database and 
select the Copy option button to create a new collection of 
settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases

Step 1. Select the Copy/Move Settings Between Databases tab to 
create multiple databases with the Database Manager; these 
databases are useful for grouping similar protection schemes or 
geographic areas. 

Step 2. Click the Open B option button to open a relay database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or setting in the A database, 

b. Select Copy or Move, and click the > button to create a 
new device or setting in the B database. 

Step 4. Reverse this process to take devices from the B database to the 
A database. Copy creates an identical device that appears in 
both databases. Move removes the device from one database 
and places the device in another database.

Create a New Database, Copy an Existing Database
To create and copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Create New 
Database button. QuickSet prompts you for a file name. 

Step 2. Type the new database name (and location if the new location 
differs from the existing one), and click Save. QuickSet 
displays the message Settings [path and filename] was 
successfully created. 

Step 3. Click OK.

To copy an exiting database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Databases tab in the Database Manager 
dialog box.

QuickSet opens the last active database and assigns it as 
Database A. 

Step 2. Click the Open B button; QuickSet prompts you for a file 
location. 

Step 3. Type a new database name, click the Open button, and click 
Yes; the program creates a new empty database. Load devices 
into the new database as in Copy/Move Settings Between 
Databases on page 3.6.



3.7

Date Code 20220610 Instruction Manual SEL-751A Relay

PC Software
Settings

Settings
QuickSet offers the capability of creating settings for one or more SEL-751A 
Relays. Store existing relay settings downloaded from SEL-751A Relays with 
QuickSet, creating a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-751A. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-751A; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor The Settings Editor shows the relay settings in easy-to-understand categories. 
The SEL-751A settings structure makes setting the relay easy and efficient. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menus. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled. However, any disabled settings are dimmed when accessed by 
clicking an item in the tree view.

Settings Menu QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own record of settings. Use the File menu to Open an existing 
record, create and open a New record, or Read relay settings from a connected 
SEL-751A and then create and open a new record. Use the Tools menu to 
Convert and open an existing record. The record will be opened in the Setting 
Editor as a Setting Form (template) or in Editor Mode.

File > New
Selecting the New menu item creates new settings files. QuickSet makes the 
new settings files from the driver that you specify in the Settings Editor 
Selection dialog box. QuickSet uses the Z-number in the FID string to create a 
particular version of settings. To get started making SEL-751A settings with 
the Settings Editor in the Editor Mode, select File > New from the main 
menu bar and SEL-751A and 004 from the Settings Editor Selection 
window, as shown in Figure 3.6.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Open a New record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.6 Selection of Drivers

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the Relay 
Editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.7. Press OK when finished.

Figure 3.7 Update Part Number

Figure 3.8 shows the Settings Editor screen. View the bottom of the Settings 
Editor window to check the Settings Driver number. Compare the QuickSet 
Settings Driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct Settings 
Editor to display.

Figure 3.8 New Setting Screen

Z-Number
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File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the Settings Editor.

File > Read
When the Read menu item is selected, QuickSet reads the device settings 
from a connected device. As QuickSet reads the device, a Transfer Status 
window appears. QuickSet uses serial protocols to read settings from SEL 
devices.

Tools > Settings > 
Convert

Use the Convert menu item to convert from one settings version to another. 
Typically, you would use this utility is upgrade an existing settings file to a 
newer version because devices are using a newer version number. QuickSet 
provides a Convert Settings report that shows missed, changed, and invalid 
settings created as a result of the conversion. Review this report to determine 
whether changes are necessary.

Settings Editor 
(Editor Mode)

Use the Settings Editor (Editor Mode) to enter settings. These features 
include the QuickSet settings driver version number (the first three digits of 
the Z-number) in the lower left corner of the Settings Editor.

Entering Settings

NOTE: Setting changes made during 
the edit session are not read by the 
relay unless they are transferred to 
the relay with a Send menu item.

Step 1. Click the + marks and the buttons in the Settings Tree View to 
expand and select the settings you want to change. 

Step 2. Use Tab to navigate through the settings, or click on a setting. 

Step 3. To restore the previous value for a setting, right-click the mouse 
over the setting and select Previous Value. 

Step 4. To restore the factory-default setting value, right-click in the 
setting dialog box and select Default Value. 

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the Settings Editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder

NOTE: Be sure to enable the 
functions you need (Logic Settings > 
SELOGIC Enable) before using 
Expression Builder.

SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with the Expression Builder, a 
rules-based editor for programming SELOGIC control equations. The 
Expression Builder organizes device elements, analog quantities, and 
SELOGIC control equation variables.
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Access the Expression Builder
Use the Ellipsis buttons  in the Settings dialog boxes of Settings Editor 
windows to create expressions, as shown in Figure 3.9.

Figure 3.9 Expressions Created With Expression Builder

Expression Builder Organization
The Expression Builder dialog box is organized into two main parts 
representing the left side (LVALUE) and right side (RVALUE) of the 
SELOGIC control equation. The LVALUE is fixed for all settings.

Using the Expression Builder
Use the right side of the equation (RVALUE) to select broad categories of 
device elements, analog quantities, counters, timers, latches, and logic 
variables. Select a category in the RVALUE tree view, and the Expression 
Builder displays all operands for that category in the list box at the bottom 
right side. Directly underneath the right side of the equation, choose operators 
to include in the RVALUE. These operators include basic logic, rising- and 
falling-edge triggers, expression compares, and comments.

File > Save
Select the Save menu item from the File menu item of the Settings Editor 
once settings are entered into QuickSet. This will help ensure that the settings 
are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section you want transferred to the relay by checking 
the appropriate box.

Ellipsis Button

Created Expression
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Edit > Part Number
Use this menu item to change the part number if it was entered incorrectly 
during an earlier step.

Text Files
Select Tools > Settings > Import and Tools > Settings > Export on the 
QuickSet menu bar to import or export settings from or to a text file. Use this 
feature to create a small file that can be more easily stored or sent 
electronically.

Event Analysis
QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-751A stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.10 shows composite screens for 
retrieving events.

Figure 3.10 Composite Screens for Retrieving Events

Event Waveforms The relay provides two types of event data captures: event reports that use 
4 samples/cycle filtered data and 16 samples/cycle unfiltered (raw) data. See 
Section 9: Analyzing Events for information on recording events. Use the 
Options function in Figure 3.10 to select the 16 samples/cycle unfiltered 
(raw) data event (default is 4 samples/cycle filtered data).

View Event History You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 9: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.10.
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Get Event Highlight the event you want to view (e.g., Event 3 in Figure 3.10), select the 
event type with the Options Event type function (4 samples or 16 samples), 
and click the Get Selected Event button. When downloading is complete, 
QuickSet queries whether to save the file on your computer, as shown in 
Figure 3.11.

Figure 3.11 Saving the Retrieved Event

Enter a suitable name in the File name text box, and select the appropriate 
location where QuickSet should save the event record.

View Event Files Use the View Event Files function from the Tools > Events menu to select 
the event you want to view (QuickSet remembers the location where you 
stored the previous event record). Use View Combined Event Files to 
simultaneously view as many as three separate events.

Meter and Control
Click on Tools > HMI > HMI to bring up the screen shown in Figure 3.12. 
The HMI tree view shows all the functions available from the HMI function. 
Unlike the self-configuration of the device, the HMI tree remains the same 
regardless of the type of cards installed. For example, if no Analog Input card 
is installed, the Analog Input function is still available, but the device 
responds as follows:

No Analog Input Card Present.

Device Overview The device overview screen provides an overview of the device. The Contact 
I/O portion of the window displays the status of the two inputs and three 
outputs of the main board. You cannot change these assignments.

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit, and click the Update button to assign the Relay Word bit to 
the LED. To change the color of the LED, click in the square and make your 
selection from the color palette.
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The front-panel LEDs display the status of the 16 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignment.

Figure 3.12 Device Overview Screen

The Fundamental, Min/Max, Energy, etc., screens display the 
corresponding values.

Click on the Targets button to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (ENABLED = 1), the Relay Word bit 
is asserted. Similarly, when a Relay Word bit has a value of 0 (RB02 = 0), the 
Relay Word bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Figure 3.13 shows the control screen. From here you can reset metering data 
clear the Event History, SER, MIRRORED BITS report, LDP, or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If your SEL-751A supports such tests, you can run arc-flash sensor 
diagnostics.
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Figure 3.13 Control Screen

To control the Remote bits, click on the appropriate square, then select the 
operation from the box shown in Figure 3.14.

Figure 3.14 Remote Operation Selection
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QuickSet Help
Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-751A Settings Select Help > Settings Help from the main 
menu bar.
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Section 4
Protection and Logic Functions

Overview
This section describes the SEL-751A Feeder Protection Relay settings, 
including the protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and front-panel 
displays.

This section includes the following subsections:

Application Data. Lists information that you will need to know about the 
protected equipment before you calculate the relay settings.

Group Settings (SET Command). Lists settings that configure the relay 
inputs to accurately measure and interpret the ac current and optional 
voltage input signals.

Basic Protection. Lists settings for protection elements included in all 
models of the SEL-751A, including the overcurrent elements.

RTD-Based Protection. Lists settings associated with the RTD inputs. You 
can skip this subsection if your application does not include RTD 
inputs.

Voltage-Based Protection. Lists settings associated with undervoltage, 
overvoltage, power factor, and synchronism-check elements. These 
elements are available when an optional voltage input card is present. 
You can skip this subsection if your relay is not equipped with optional 
voltage inputs.

Frequency Protection. Lists settings included in all models of the 
SEL-751A with enhanced and/or expanded performance when 
optional voltage inputs are used.

Trip/Close Logic. Lists Trip and Close logic.

Reclose Supervision Logic. Describes the logic that supervises automatic 
reclosing when an open interval time times out—a final condition 
check right before the close logic asserts the close output contact.

Reclose Logic. Describes all the reclosing relay settings and logic 
necessary for automatic reclosing (besides the final close logic and 
reclose supervision logic described previously).

Demand Metering. Lists settings associated with demand metering.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to 
configure the relay to your power system, date format, analog inputs/
outputs, and logic equations of global nature.

NOTE: Each SEL-751A is shipped 
with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document 
and enter the settings (see Section 6: 
Settings).
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Synchrophasor Measurement. Describes Phasor Measurement Unit 
(PMU) settings for C37.118 Protocol.

Breaker Failure Setting. Lists settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists settings for the arc-flash elements including 
arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists settings, and 
gives an example.

Analog Outputs. Describes analog output functionality, lists settings, and 
gives an example. 

Station DC Battery Monitor. Describes station dc battery monitor function 
and lists settings.

Breaker Monitor. Lists settings and describes the breaker monitor function 
that you can use for scheduling circuit breaker maintenance.

Digital Input Debounce. Provides settings for digital input dc debounce or 
ac debounce mode of operation.

Data Reset. Lists data reset SELOGIC settings for resetting targets, energy 
metering, max/min metering, demand metering, and peak demand 
metering.

Access Control. Describes SELOGIC setting used for disabling settings 
changes from the relay front panel.

Time Synchronization Source. Describes setting used for choosing
IRIG1 or IRIG2 as the time-synchronization source.

Port Settings (SET P Command). Lists settings that configure the relay 
front- and rear-panel serial ports.

Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
reports, event, and load profile reports.

DNP Map Settings (Set DNP n command, n = 1, 2, or 3). Shows DNP user map 
register settings.

Modbus Map Settings (SET M Command). Shows Modbus user map 
register settings.

When you calculate the protection element settings, proceed through the 
subsections listed earlier. Skip the RTD- and voltage-based protection 
subsections if they do not apply to your specific relay model or installation. 

See Section 6: Settings for the list of all settings (SEL-751A Settings Sheets) 
and various methods of accessing them. All current and voltage settings in the 
SEL-751A are in secondary.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure G.1).

You can enter the settings by using the front-panel SET RELAY function 
(see Section 8: Front-Panel Operations), the serial port (see Section 7: 
Communications), the EIA-485 port (see Appendix E: Modbus 
Communications), the DeviceNet port (see Appendix G: DeviceNet 
Communications), or the Ethernet port (see Section 7: Communications).
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Application Data
It is faster and easier for you to calculate settings for the SEL-751A if you 
collect the following information before you begin:

➤ Highest expected load current

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature devices (RTDs), if 
used

➤ Expected fault current magnitudes for ground and three-phase 
faults

Group Settings (SET Command)
ID Settings All models of the SEL-751A have the identifier settings described in Table 4.1.

The SEL-751A prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual 
relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location or number of the protected feeder.

Configuration 
Settings

The CT ratio settings configure the relay to accurately scale measured values 
and report the primary quantities. Calculate the phase, neutral, and residual 
current (optional) CT ratios by dividing the primary rating by the secondary 
rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR := 100/5 := 20.

Table 4.1 Identifier Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

UNIT ID LINE 1 16 Characters  RID := SEL-751A

UNIT ID LINE 2 16 Characters  TID := FEEDER RELAY

Table 4.2 CT Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

PHASE CT RATIO 1–5000 CTR := 120

NEUTRAL CT RATIO 1–5000 CTRN := 120

IG SOURCE MEAS, CALC IG_SRC := MEAS

RESIDU CT RATIO 1–5000 CTRG := 120



4.4

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Group Settings (SET Command)

Table 4.3 shows voltage settings for relay models with optional voltage inputs.

These settings configure the optional relay voltage inputs to correctly measure 
and scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the 
VT ratio. The synchronism-check voltage input VS is an optional single phase-
neutral or phase-phase voltage input. Set the synchronism-check voltage input 
PT ratio (PTRS) setting equal to the VT ratio of the VS input.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 13.8 kV feeder application where 14400:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 14400/120 := 120 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.18, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA for 
an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the 
following ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced 
voltages.

➤ Metering. When you use one voltage, the relay displays 
magnitude and phase angle for the measured PT. The relay 
displays zero for the magnitudes of the unmeasured voltages. 
Balanced voltages are assumed for power, power factor, VG, 
and 3V2 metering.

Relays that are not equipped with phase voltage inputs hide these settings and 
disable voltage-based protection and metering functions.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

PHASE PT RATIO 1.00–10000.00 PTR := 180

SYNCV PT RATIO 1.00–10000.00 PTRS :=180

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

LINE VOLTAGE 20–250 Va

a The line voltage setting range is 20–440 if DELTA_Y := WYE.

VNOM := 120

SINGLE V INPUT Y, N SINGLEV := N
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VNOM Range Check The relay performs a range check for the VNOM setting that depends upon the 
voltage-input delta or wye configuration. When setting DELTA_Y is DELTA, 
then the allowed range of the VNOM is 20–250 V (l-l). When setting 
DELTA_Y is WYE, then the allowed range of VNOM is 20–440 V (l-l). 

Note that the VNOM setting is always in line-to-line voltage, even when set 
for a wye configuration. You should be careful to use a solidly grounded wye 
system for VNOM inputs greater than 250 V (l-l) to avoid a 1.73 increase in 
terminal voltages from a line-to-ground fault.

Basic Protection
Overcurrent Elements Four levels of instantaneous/definite-time elements are available for phase, 

neutral, residual, and negative-sequence overcurrent as shown in Table 4.4 
through Table 4.7 and in Figure 4.1.

Each element can be torque controlled through use of the appropriate 
SELOGIC control equations (e.g., when 50P1TC := IN401, the 50P1 element 
will be operational only if IN401 is asserted).

NOTE: The cosine filter provides 
excellent performance in removing dc 
offset and harmonics. However, the 
bipolar peak detector has the best 
performance in situations of severe 
CT saturation when the cosine filter 
magnitude estimation is significantly 
degraded. Combining the two 
methods provides an elegant solution 
for ensuring dependable short-circuit 
overcurrent element operation.

The phase instantaneous overcurrent elements (50P1 through 50P4; see 
Figure 4.1) normally operate by using the output of the one cycle cosine-
filtered phase current. During severe CT saturation, the cosine-filtered phase 
current magnitude can be substantially reduced because of the high harmonic 
content and reduced magnitude of the distorted secondary waveform. If the 
overcurrent element relied only on the output of the cosine-filtered secondary 
current, this can severely delay and even jeopardize the operation of any high-
set instantaneous overcurrent element. For any phase instantaneous 
overcurrent element in the SEL-751A Relay set in excess of eight times the 

Table 4.4 Maximum Phase Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50P1P := 10.00
50P1P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P1D := 0.00

MAXP OC TRQ CON SELOGIC 50P1TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P2P := 10.00
50P2P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P2D := 0.00

MAXP OC TRQ CON SELOGIC 50P2TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P3P := 10.00
50P3P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P3D := 0.00

MAXP OC TRQ CON SELOGIC 50P3TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P4P := 10.00
50P4P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P4D := 0.00

MAXP OC TRQ CON SELOGIC 50P4TC := 1
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relay current input rating (40 A in a 5 A relay), the overcurrent element also 
operates on the output of a bipolar peak detector if the current waveform is 
highly distorted, as is the case with severe CT saturation. This ensures fast 
operation of the 50Pn phase overcurrent elements even with severe CT 
saturation.

When the harmonic distortion index exceeds the fixed threshold, which 
indicates severe CT saturation, the phase overcurrent elements operate on the 
output of the peak detector. When the harmonic distortion index is below the 
fixed threshold, the phase overcurrent elements operate on the output of the 
cosine filter.

The relay offers two types of ground fault-detecting overcurrent elements. The 
neutral overcurrent elements (50N1T through 50N4T) operate with current 
measured by the IN input. The residual (RES) overcurrent elements (50G1T 
through 50G4T) operate with the current derived from the phase currents or 
with measured residual current IG through the use of the optional CT input on 
the SELECT 5 AVI/1 ACI card in Slot E (see Figure 4.1).

Table 4.5 Neutral Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

50N1P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N1D := 0.50

NEUT OC TRQ CON SELOGIC 50N1TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N2P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N2D := 0.50

NEUT OC TRQ CON SELOGIC 50N2TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N3P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N3D := 0.50

NEUT OC TRQ CON SELOGIC 50N3TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N4P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N4D := 0.50

NEUT OC TRQ CON SELOGIC 50N4TC := 1
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Figure 4.1 Instantaneous Overcurrent Element Logic
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Torque Control switch position = Closed when corresponding control 
bit is asserted (e.g., 50P1TC = 1), Open when it is de-asserted.
x = 2, 3, or 4
n = 1, 2, 3, or 4

IG

IG_SRC

NOTE: In Figure 4.1, 
Residual Current Magnitude 
lIGl is either calculated 
residual current or 
measured residual current 
depending on the setting 
IG_SRC and the availability 
of 5 AVI/ 1 ACI card in Slot E.

Not shown in the figure, 
Relay Word bit ORED50T is 
asserted if any of the 
50PnT, 50NnT, 50GnT, or 
50QnT Relay Word bits are 
asserted (n = 1 to 4).
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When a core-balance CT is connected to the relay IN input, as in Figure 2.25, 
use the neutral overcurrent element to detect the ground faults. Calculate the 
trip level settings according to the available ground fault current and the core-
balance CT ratio.

EXAMPLE 4.3 Ground Fault Core-Balance CT Application

A resistance-grounded power system limits the ground fault currents. The 
resistor is sized to limit the current to 10 A primary. The three feeder leads 
are passed through the window of a 10:1 core-balance CT. The CT 
secondary is connected to the SEL-751A IN current input (terminals Z07, 
Z08), as shown in Figure 4.2. Setting the Neutral OC CT Ratio (CTRN, see 
Figure 4.2) equal to 10 and Neutral Trip Lvl (50N1P) equal to 0.5 A or lower 
with 0.10-second time delay ensures that the element will quickly detect 
and trip for feeder ground faults.

Figure 4.2 Ground Fault Protection Using Core-Balance CT

Table 4.6 Residual Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

 50G1P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G1D := 0.50

RES OC TRQ CON SELOGIC  50G1TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G2P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G2D := 0.50

RES OC TRQ CON SELOGIC  50G2TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G3P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G3D := 0.50

RES OC TRQ CON SELOGIC  50G3TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G4P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G4D := 0.50

RES OC TRQ CON SELOGIC  50G4TC := 1

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Feeder52
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A core-balance CT input can also be connected to the IG input (terminals E09 
and E10) in relays with the SELECT 5 AVI/1 ACI card in Slot E of the relay. Set 
the CT ratio setting CTRG and set the residual current IG source setting 
IG_SRC := MEAS. When a core-balance CT is not available, use the 50G 
residual overcurrent elements based on the calculated residual current IG (set 
IG_SRC := CALC ).

.

The relay offers four negative-sequence overcurrent elements to detect phase-
to-phase faults, phase reversal, single phasing, and unbalance load.

Pickup and Reset 
Time Curves

Figure 4.3 and Figure 4.4 show pickup and reset time curves applicable to all 
nondirectional instantaneous overcurrent elements with sinusoidal waveforms 
applied (60 Hz or 50 Hz relays). These times do not include output contact 
operating time and, thus, are accurate for determining element operation time 
for use in internal SELOGIC control equations. Output contact pickup/dropout 
time is approximately 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a 
50 Hz relay).

NOTE: The pickup time curve in 
Figure 4.3 is not valid for conditions 
with a saturated CT, where the 
resultant current to the relay is 
nonsinusoidal.

Figure 4.3 Instantaneous Overcurrent Element Pickup Time Curve

Table 4.7 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50Q1P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q1D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q1TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q2P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q2D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q2TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q3P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q3D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q3TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q4P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q4D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q4TC := 1

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to ground faults is less 
when you use the residual 
overcurrent element instead of the CB 
element. You should use a separate 
ground fault detection method if a CB 
CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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Figure 4.4 Instantaneous Overcurrent Element Reset Time Curve

Time-Overcurrent 
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sequence overcurrent. Also, two levels of inverse time elements are available 
for maximum phase, neutral, and residual overcurrent. See Table 4.8 through 
Table 4.12 for available settings.

You can select from five U.S. and five IEC inverse characteristics. Table 4.13 
and Table 4.14 show equations for the curves and Figure 4.10 through 
Figure 4.19 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use the 51_CT if you want 
to raise the curves by a constant time. Also, you can use the 51_MR if you 
want to ensure the curve times no faster than a minimum response time.

Each element can be torque controlled through the use of the appropriate 
SELOGIC control equations (e.g., when 51P1TC := IN401 the 51P1 element 
will be operational only if IN401 is asserted).
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Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51AP := 6.00
51AP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 sec 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51BP := 6.00
51BP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 sec 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.5.

Figure 4.5 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51CP := 6.00
51CP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c

0.05–1.00d
51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 sec 51CCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P1P := 6.00

51P1P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 sec 51P1CT := 0.00

Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

Setting

51ATC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical 
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.1)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.6.

Figure 4.6 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P2P := 6.00

51P2P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 sec 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P

|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51P1P

51P1R

51P1T

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51P1P Pickup
 51P1C Curve Type
 51P1TD Time Dial
 51P1RS Electromechanical 
     Reset? (Y/N)
 51P1CT Const. Time Add.
 51P1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown in Figure 4.7.

Figure 4.7 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.10 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51QP := 6.00
51QP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 sec 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

51QTC

SELOGIC 
Torque Control

SELOGIC
Setting

(From Figure 4.1)

51QP

|3I2|

Setting

Torque Control Switch

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical 
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response

Pickup

Curve 
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits
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The neutral time-overcurrent elements, 51N1T and 51N2T, respond to neutral 
channel current IN as shown Figure 4.8.

Figure 4.8 Neutral Time-Overcurrent Elements 51N1T and 51N2T

Table 4.11 Neutral Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

51N1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N1C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f

e For 51_C := U_.
f For 51_C := C_.

51N1TD := 1.50

EM RESET DELAY Y, N 51N1RS := N

CONST TIME ADDER 0.00–1.00 sec 51N1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N1MR := 0.00

TOC TRQ CONTROL SELOGIC 51N1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

51N2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N2C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f
51N2TD := 1.50

EM RESET DELAY Y, N 51N2RS := N

CONST TIME ADDER 0.00–1.00 sec 51N2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N2MR := 0.00

TOC TRQ CONTROL SELOGIC 51N2TC := 1

51N1P

|IN|

Setting

51N1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51N1P

51N1R

51N1T

51N1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51N1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51N1T Neutral
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51N1P Pickup
 51N1C Curve Type
 51N1TD Time Dial
 51N1RS Electromechanical 
     Reset? (Y/N)
 51N1CT Const. Time Add.
 51N1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51N1T element shown above; 51N2T is similar.
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to 
residual current IG as shown in Figure 4.9.

Figure 4.9 Residual Time-Overcurrent Elements 51G1T and 51G2T

Table 4.12 Residual Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51G1P := 0.50
51G1P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 sec 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51G2P := 0.50
51G2P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 sec 51G2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51G1T element shown above; 51G2T is similar.
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Time-Overcurrent 
Curves

The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.5 through 
Figure 4.9). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.10 through Figure 4.19. Curves U1, U2, and U3 (Figure 4.10 through 
Figure 4.12) conform to IEEE C37.112-1996 IEEE Standard Inverse-Time 
Characteristic Equations for Overcurrent Relays.

Relay Word Bit ORED51T Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 51BT, 
51CT, 51PIT, 51P2T, 51N1T, 51N2T, 51G1T, 51G2T, or 51QT are asserted.

Table 4.13 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.10

U2 (Inverse) Figure 4.11

U3 (Very Inverse) Figure 4.12

U4 (Extremely Inverse) Figure 4.13

U5 (Short-Time Inverse) Figure 4.14

Table 4.14 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.15

C2 (Very Inverse) Figure 4.16

C3 (Extremely Inverse) Figure 4.17

C4 (Long-Time Inverse) Figure 4.18

C5 (Short-Time Inverse) Figure 4.19

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M–
-------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.10 U.S. Moderately Inverse Curve: U1 Figure 4.11 U.S. Inverse Curve: U2

Figure 4.12 U.S. Very Inverse Curve: U3 Figure 4.13 U.S. Extremely Inverse Curve: U4
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Figure 4.14 U.S. Short-Time Inverse Curve: U5 Figure 4.15 IEC Class A Curve (Standard Inverse): C1

Figure 4.16 IEC Class B Curve (Very Inverse): C2 Figure 4.17 IEC Class C Curve (Extremely Inverse): C3
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RTD-Based Protection
RTD Input Function When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 

the internal RTD card (set E49RTD := INT) option, the SEL-751A offers 
several protection and monitoring functions, settings for which are described 
in Table 4.15. See Figure 2.13 for the RTD module fiber-optic cable 
connections. If the relay does not have internal or external RTD inputs set 
E49RTD := NONE.

NOTE: The SEL-751A can monitor as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.15 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

Figure 4.18 IEC Long-Time Inverse Curve: C4 Figure 4.19 IEC Short-Time Inverse Curve: C5
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Table 4.15 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250 °C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250 °C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.
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RTD Location
The relay allows you to independently define the location of each monitored 
RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type
The four available RTD types are:

➤ 100-ohm platinum (PT100)

➤ 100-ohm nickel (NI100)

➤ 120-ohm nickel (NI120)

➤ 10-ohm copper (CU10)

RTD Trip/Warning Levels
The SEL-751A provides temperature warnings and trips through use of the 
RTD temperature measurements and the warning and trip temperature settings 
in Table 4.16.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding 
temperature trip if one or two of the healthy winding RTDs indicate a 
temperature greater than their RTD trip temperature settings. Two winding 
RTDs must indicate excessive temperature when the winding trip voting 
setting equals Y. Only one excessive temperature indication is necessary if 
winding trip voting is not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for 
ambient and other RTDs.

To disable any of the temperature warning or trip functions, set the appropriate 
temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip 
functions. The relay includes specific logic to indicate if RTD leads are 
shorted or open.

NOTE: An open condition for an 
RTD is detected if the temperature is 
greater than 250°C and a short 
condition is detected if the 
temperature is less than –50°C.

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP are delayed 
by approximately 12 seconds.
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Table 4.16 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.16 RTD Resistance Versus Temperature

Temp
(°F)

Temp
(°C)

100
Platinum

120
Nickel

100
Nickel

10
Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73
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Voltage-Based Protection
The following information applies to relay models with voltage inputs.

Undervoltage 
Function

Overvoltage Function

NOTE: The under- and overvoltage 
level settings 27P and 59P are in per-
unit nominal voltage, Vnm. The relay 
automatically calculates Vnm, using 
the settings VNOM and DELTA_Y as 
follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.
The level settings 27S and 59S are in 
secondary voltage.

When you connect the SEL-751A voltage inputs to phase-to-phase connected 
VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, the relay 
provides two levels of phase-to-phase overvoltage and undervoltage elements.

When you connect the SEL-751A voltage inputs to phase-to-neutral 
connected VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, 
the relay provides two levels of phase-to-neutral overvoltage and undervoltage 
elements. When a synchronism voltage input is present (e.g., VS input shown 

Table 4.17 Undervoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

UV TRIP1 LEVEL OFF, 0.02–1.00 xVnm 27P1P := OFF

UV TRIP1 DELAY 0.0–120.0 sec 27P1D := 0.5

UV TRIP2 LEVEL OFF, 0.02–1.00 xVnm 27P2P := OFF

UV TRIP2 DELAY 0.0–120.0 sec 27P2D := 5.0

UVS LEVEL 1 OFF, 2.00–300.00 V 27S1P := OFF

UVS DELAY 1 0.0–120.0 sec 27S1D := 0.5

UVS LEVEL 2 OFF, 2.00–300.00 V 27S2P := OFF

UVS DELAY 2 0.0–120.0 sec 27S2D := 0.5

Table 4.18 Overvoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

OV TRIP1 LEVEL OFF, 0.02–1.20 xVnm 59P1P := 1.10

OV TRIP1 DELAY 0.0–120.0 sec 59P1D := 0.5

OV TRIP2 LEVEL OFF, 0.02–1.20 xVnm 59P2P := OFF

OV TRIP2 DELAY 0.0–120.0 sec 59P2D := 5.0

ZS OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59G1P := OFF

ZS OV TRIP1 DLY 0.0-120.0 sec 59G1D := 0.5

ZS OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59G2P := OFF

ZS OV TRIP2 DLY 0.0-120.0 sec 59G2D := 5.0

NSQ OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59Q1P := OFF

NSQ OV TRIP1 DLY 0.0-120.0 sec 59Q1D := 0.5

NSQ OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59Q2P := OFF

NSQ OV TRIP2 DLY 0.0-120.0 sec 59Q2D := 5.0

OVS LEVEL 1 OFF, 2.00–300.00 V 59S1P := OFF

OVS DELAY 1 0.0–120.0 sec 59S1D := 0.5

OVS LEVEL 2 OFF, 2.00–300.00 V 59S2P := OFF

OVS DELAY 2 0.0–120.0 sec 59S2D := 0.5
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in Figure 2.19) the SEL-751A provides two levels of VS under- and 
overvoltage elements. You can use these elements to control reclosing logic 
described later.

Each of the elements has an associated time delay, except the three-phase 
under- and overvoltage elements, 3P27 and 3P59. You can use these elements 
as you choose for tripping and warning. Figure 4.20 and Figure 4.21 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.20 Undervoltage Element Logic

Synch Voltage Elements
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Figure 4.21 Overvoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Synchronism-Check 
Elements

Figure 2.21, and Figure 2.22 show examples where synchronism check can be 
applied. Synchronism-check voltage input VS is connected to one side of the 
circuit breaker, on any phase you want. The other synchronizing phase (VA, VB, 
or VC voltage inputs) on the other side of the circuit breaker is setting selected.

The two synchronism-check elements use the same voltage window (to ensure 
healthy voltage), frequency window (FNOM ±5 Hz), and slip frequency 
settings (see Figure 4.22 and Figure 4.23). They have separate angle settings.

If the voltages are static (voltages not slipping with respect to one another) or 
setting TCLOSD = OFF, the two synchronism-check elements operate as 
shown in the top of Figure 4.23. The relay checks these angle settings for 
synchronism-check closing.

If the voltages are not static (voltages slipping with respect to one another), 
the two synchronism-check elements operate as shown in the bottom of 
Figure 4.23. The angle difference is compensated by breaker close time, and 
the breaker is ideally closed at a zero-degree phase angle difference, to 
minimize system shock.

Figure 4.22 Synchronism-Check Voltage Window and Slip Frequency Elements
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q From Figure 4.22; w see Figure 4.35.

Figure 4.23 Synchronism-Check Elements
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Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye 
Transformer

Sometimes synchronism-check voltage VS cannot be in phase with voltage 
VA, VB, or VC (wye-connected PTs); or VAB, VBC, or VCA (delta-
connected PTs). This happens in applications where voltage input VS is 
connected

➤ Phase-to-phase when using a wye-connected relay

➤ Phase-to-neutral when using a delta-connected relay

➤ Beyond a delta-wye transformer

For such applications requiring VS to be at a constant phase angle difference 
from any of the possible synchronizing voltages (VA, VB, or VC; VAB, VBC, 
or VCA), an angle setting is made with the SYNCPH setting (see Table 4.19 
and Setting SYNCPH on page 4.27).

Setting SYNCPH
Enable the two single-phase synchronism-check elements by setting E25 := Y.

Wye-Connected Voltages.
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VA, and they indicate how many degrees VS constantly lags 
VA. In this case, voltage input VA-N has to be connected and has to meet the 
“healthy voltage” criteria (settings 25VHI and 25VLO—see Figure 4.23). For 
situations where VS cannot be in phase with VA, VB, or VC, the angle setting 
choices (0, 30, …, 300, or 330 degrees) are referenced to VA.

Table 4.19 Synchronism-Check Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYNCH CHECK Y, N E25 := N

VS WINDOW LOW 0.00–300.00 V 25VLO := 105.00

VS WINDOW HIGH 0.00–300.00 V 25VHI := 130.00

V RATIO COR FAC 0.50–2.00 25RCF := 1.00

MAX SLIP FREQ 0.05–0.50 Hz 25SF := 0.20

MAX ANGLE 1 0–80 deg 25ANG1 := 25

MAX ANGLE 2 0–80 deg 25ANG2 := 40

SYNCH PHASE VA, VB, VC, or 0, 30, 60, 90, 120, 
150, 180, 210, 240, 270, 300, 330 
deg lag VAa

a Range shown for DELTA_Y := WYE

SYNCPH := VA

SYNCH PHASE VAB, VBC, VCA, or 0, 30, 60, 90, 
120, 150, 180, 210, 240, 270, 300, 
330 deg lag VABb

b Range shown for DELTA_Y := DELTA

SYNCPH := VAB

BRKR CLOSE TIME OFF, 1-1000 ms TCLOSD := 50

BLK SYNCH CHECK SV BSYNCH := 52A

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Delta-Connected Voltages
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VAB, and they indicate how many degrees VS constantly 
lags VAB. In this application, voltage input VA-VB has to be connected and has 
to meet the “healthy voltage” criteria (settings 25VHI and 25VLO—see 
Figure 4.22). For situations where VS cannot be in phase with VAB, VBC, or 
VCA, the angle setting choices (0, 30, …, 300, or 330 degrees) are referenced 
to VAB.

Figure 2.21 shows a relay wired with delta-connected phase PTs, and a 
C-phase-to-ground connected VS-NS input. With ABC rotation, the correct 
SYNCPH setting for this example is 270 degrees, the amount that VC lags 
VAB. However, the setting angle is 90 degrees for the ACB phase rotation.

Use the voltage ratio correction factor (setting 25RCF) to compensate 
magnitude of the phase voltage to match the synchronism voltage VS. Many 
applications will require 25RCF := 1.00, however some applications may need 
a different setting. For example, Figure 2.21 requires 25RCF := PTR /
(1.732*PTRS). This will be 0.58 if the PTR and PTRS are equal.

See the Application Guide entitled Compensate for Constant Phase Angle 
Difference in Synchronism Check with the SEL-351 Relay Family (also applies 
to SEL-751A) for more information on setting SYNCPH with an angle 
setting.

Synchronism-Check Elements Voltage Inputs
The two synchronism-check elements are single-phase elements, with single-
phase voltage inputs VP and VS used for both elements:

VP Phase input voltage (VA, VB, or VC *25RCF for Delta_Y := Wye; VAB, 
VBC, or VCA*25RCF for Delta_Y := Delta), designated by setting SYNCPH 
(If SYNCPH is set to one of the angle settings, then VP = VA*25RCF or 
VAB*25RCF depending on the Delta_Y setting.)

VS Synchronism-check voltage, from SEL-751A rear-panel voltage 
input VS

For example, if the rear-panel voltage input VS-NS is connected to B-phase (or 
BC phase-to-phase for delta) then set SYNCPH := VB (or VBC for delta). The 
voltage across terminals VB-N (or VB-VC for delta) is synchronism checked with 
the voltage across terminals VS-NS (see Figure 2.21).

System Frequencies Determined from Voltages VA (or VAB for Delta) and VS
To determine slip frequency, first determine the system frequencies on both 
sides of the circuit breaker. Voltage VS determines the frequency on one side. 
Voltage VP determines the frequency on the other side. 

Synchronism-Check Elements Operation
Refer to Figure 4.22 and Figure 4.23.

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Voltage Window

Refer to Figure 4.22. Single-phase voltage inputs VP and VS are compared to a 
voltage window, to verify that the voltages are “healthy” and lie within 
settable voltage limits 25VLO and 25VHI. If both voltages are within the 
voltage window, the following Relay Word bits assert:

59VP indicates that voltage VP is within voltage window setting limits 
25VLO and 25VHI

59VS indicates that voltage VS is within voltage window setting limits 
25VLO and 25VHI

Other Uses for Voltage Window Elements. If voltage limits 25VLO and 
25VHI are applicable to other control schemes, you can use Relay Word bits 
59VP and 59VS in other logic at the same time you use them in the 
synchronism-check logic.

If synchronism check is not being used, Relay Word bits 59VP and 59VS can 
still be used in other logic, with voltage limit settings 25VLO and 25VHI set 
as necessary. Enable the synchronism-check logic (setting E25 = Y) and make 
settings 25LO, 25HI, and 25RCF. Apply Relay Word bits 59VP and 59VS in 
the logic scheme you want, using SELOGIC control equations. Even though 
synchronism-check logic is enabled, the synchronism-check logic outputs 
(Relay Word bits SF, 25A1, and 25A2) do not need to be used.

Block Synchronism-Check Conditions
Refer to Figure 4.22. The synchronism-check element slip frequency 
calculator runs if both voltages VP and VS are healthy (59VP and 59VS 
asserted to logical 1) and the SELOGIC control equation setting BSYNCH 
(Block Synchronism Check) is deasserted (= logical 0). Setting BSYNCH is 
most commonly set to block synchronism-check operation when the circuit 
breaker is closed (synchronism check is only necessary when the circuit 
breaker is open):

BSYNCH := 52A (see Figure 4.34)

In addition, synchronism-check operation can be blocked when the relay is 
tripping:

BSYNCH := … OR TRIP

Slip Frequency Calculator
Refer to Figure 4.22. The synchronism-check element Slip Frequency 
Calculator in Figure 4.22 runs if voltages VP and VS are healthy (59VP and 
59VS asserted to logical 1) and the SELOGIC control equation setting 
BSYNCH (Block Synchronism Check) is deasserted (= logical 0). The Slip 
Frequency Calculator output is:

Slip Frequency = fP – fS (in units of Hz = slip cycles/second)

fP = frequency of voltage VP (in units of Hz = cycles/second) 

fS = frequency of voltage VS (in units of Hz = cycles/second)

A complete slip cycle is a single 360-degree revolution of one voltage 
(e.g., VS) by another voltage (e.g., VP). Both voltages are thought of as 
revolving phasor-wise, so the “slipping” of VS past VP is the relative 
revolving of VS past VP.
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For example, in Figure 4.22, if voltage VP has a frequency of 59.95 Hz and 
voltage VS has a frequency of 60.05 Hz, the difference between them is the 
slip frequency:

Slip Frequency = 59.95 Hz – 60.05 Hz = –0.10 Hz = –0.10 slip cycles/
second

The slip frequency in this example is negative, indicating that voltage VS is 
not “slipping” behind voltage VP, but in fact “slipping” ahead of voltage VP. 
In a time period of one second, the angular distance between voltage VP and 
voltage VS changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second • (360°/slip cycle) • 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage VP 
and voltage VS changes by 36 degrees.

The relay runs the absolute value of the Slip Frequency output through a 
comparator and, if the slip frequency is less than the maximum slip frequency 
setting, 25SF, Relay Word bit SF asserts to logical 1.

Angle Difference Calculator
The synchronism-check element Angle Difference Calculator in Figure 4.23 
runs if the slip frequency is less than the maximum slip frequency setting 
25SF (Relay Word bit SF is asserted).

Voltages VP and VS Are “Static”. Refer to top of Figure 4.23. If the slip 
frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator 
does not take into account breaker close time—it presumes voltages VP and 
VS are “static” (not “slipping” with respect to one another). This would 
usually be the case for an open breaker with voltages VP and VS that are 
paralleled via some other electric path in the power system. The Angle 
Difference Calculator calculates the angle difference between voltages VP and 
VS:

Angle Difference = |(∠VP – ∠VS)|

For example, if SYNCPH := 90 (indicating VS constantly lags VP = VA by 
90 degrees), but VS actually lags VA by 100 angular degrees on the power 
system at a given instant, the Angle Difference Calculator automatically 
accounts for the 90 degrees and:

Angle Difference = |(∠ VP – ∠ VS)| = 10°

Also, if breaker close time setting TCLOSD = OFF, the Angle Difference 
Calculator does not take into account breaker close time, even if the voltages 
VP and VS are “slipping” with respect to one another. Thus, synchronism-
check elements 25A1 or 25A2 assert to logical 1 if the Angle Difference is 
less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages VP and VS Are “Slipping”. Refer to bottom of Figure 4.23. If the 
slip frequency is greater than 0.005 Hz and breaker close time setting 
TCLOSD ≠ OFF, the Angle Difference Calculator takes the breaker close time 
into account with breaker close time setting TCLOSD (set in ms; see 
Figure 4.24). The Angle Difference Calculator calculates the Angle 
Difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|
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Angle Difference Example (Voltages VP and VS are “Slipping”). Refer to 
bottom of Figure 4.23. For example, if the breaker close time is 100 ms, set 
TCLOSD := 100. Presume the slip frequency is the example slip frequency 
calculated previously. The Angle Difference Calculator calculates the angle 
difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|

Intermediate calculations:

(fP – fS) = (59.95 Hz – 60.05 Hz) = –0.10 Hz = –0.10 slip cycles/second 
TCLOSD • (1 / 1000) = 0.1 second

Resulting in:

Angle Difference

= |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • (360°/slip cycle)]|
= |(∠VP – ∠VS) + [–0.10 • 0.1 • 360°]| 
= |(∠VP – ∠VS) – 3.6°|

During the breaker close time (TCLOSD), the voltage angle difference 
between voltages VP and VS changes by 3.6 degrees. The relay applies this 
angle compensation to voltage VS, resulting in derived voltage VS*, as shown 
in Figure 4.24.

The top of Figure 4.24 shows the Angle Difference decreasing—VS* is 
approaching VP. Ideally, circuit breaker closing is initiated when VS* is in 
phase with VP (Angle Difference = 0 degrees). Then when the circuit breaker 
main contacts finally close, VS is in phase with VP, minimizing system shock.

The bottom of Figure 4.24 shows the Angle Difference increasing—VS* is 
moving away from VP. Ideally, circuit breaker closing is initiated when VS* is 
in phase with VP (Angle Difference = 0 degrees). Then when the circuit 
breaker main contacts finally close, VS is in phase with VP. But in this case, 
VS* has already moved past VP. To initiate circuit breaker closing when VS* 
is in phase with VP (Angle Difference = 0 degrees), VS* has to slip around 
another revolution, relative to VP.

NOTE: The angle compensation in 
Figure 4.24 appears much greater 
than 3.6 degrees. Figure 4.24 is for 
general illustrative purposes only.
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Figure 4.24 Angle Difference Between VP and VS Compensated by Breaker 
Close Time (fP < fS and VP Shown as Reference in This Example)

Synchronism-Check Element Outputs
Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in 
Figure 4.23) assert to logical 1 for the conditions explained in the following 
text.

Voltages VP and VS Are “Static” or Setting TCLOSD = OFF. To implement a 
simple fixed-angle synchronism-check scheme, set TCLOSD := OFF and 
25SF = 0.50. With these settings, the SEL-751A performs the synchronism 
check as the top of Figure 4.23 describes.
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If there is the possibility of a high slip frequency, exercise caution if you use 
synchronism-check elements 25A1 or 25A2 to close a circuit breaker. A high 
slip frequency and a slow breaker close could result in closing the breaker 
outside the synchronism-check window. Qualify the breaker close command 
with a time delay, such as:

SV06 := 25A1

CL := CC and SV06T

Set SV06PU with enough pickup delay to ensure that the slip frequency is low 
enough for the circuit breaker to close within the synchronism-check window.

Voltages VP and VS Are “Slipping” and Setting TCLOSD ≠ OFF. Refer to 
bottom of Figure 4.23. If VP and VS are “slipping” with respect to one 
another and breaker close time setting TCLOSD ≠ OFF, the Angle Difference 
(compensated by breaker close time TCLOSD) changes through time. 
Synchronism-check element 25A1 or 25A2 asserts to logical 1 for any one of 
the following three scenarios.

1. The top of Figure 4.24 shows the Angle Difference 
decreasing—VS* is approaching VP. When VS* is in phase 
with VP (Angle Difference = 0 degrees), synchronism-check 
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 4.24 shows the Angle Difference 
increasing—VS* is moving away from VP. VS* was in phase 
with VP (Angle Difference = 0 degrees), but has now moved 
past VP. If the Angle Difference is increasing, but the Angle 
Difference is still less than maximum angle settings 25ANG1 
or 25ANG2, then corresponding synchronism-check elements 
25A1 or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still 
being less than maximum angle settings 25ANG1 or 25ANG2, 
the operation of corresponding synchronism-check elements 
25A1 and 25A2 becomes less restrictive. Synchronism-check 
breaker closing does not have to wait for voltage VS* to slip 
around again in phase with VP (Angle Difference = 0 degrees). 
There might not be enough time to wait for this to happen. 
Thus, the “Angle Difference = 0 degrees” restriction is eased 
for this scenario.

3. Refer to Reclose Supervision Logic on page 4.48.

Refer to the bottom of Figure 4.35. If timer 79CLSD is set 
greater than zero (e.g., 79CLSD := 100 ms) and it times out 
without SELOGIC control equation setting 79CLS (Reclose 
Supervision) asserting to logical 1, the relay goes to the 
Lockout State (see top of Figure 4.36).

Refer to the top of Figure 4.35. If timer 79CLSD is set to zero 
(79CLSD := 0.00), the relay checks SELOGIC control equation 
setting 79CLS (Reclose Supervision) only once to see if it is 
asserted to logical 1. If it is not asserted to logical 1, the relay 
goes to the Lockout State.

Refer to the top of Figure 4.24. Ideally, circuit breaker closing 
is initiated when VS* is in phase with VP (Angle Difference = 
0 degrees). Then when the circuit breaker main contacts finally 
close, VS is in phase with VP, minimizing system shock. But 
with time limitations imposed by timer 79CLSD, this may not 
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be possible. To try to avoid going to the Lockout State, the 
following logic is employed.

If 79CLS has not asserted to logical 1 while timer 79CLSD is 
timing (or timer 79CLSD is set to zero and only one check of 
79CLS is made), the synchronism-check logic at the bottom of 
Figure 4.23 becomes less restrictive at the “instant” timer 
79CLSD is going to time out (or make the single check). It 
drops the requirement of waiting until the decreasing Angle 
Difference (VS* approaching VP) brings VS* in phase with VP 
(Angle Difference = 0 degrees). Instead, it just checks to see 
that the Angle Difference is less than angle settings 25ANG1 or 
25ANG2.

If the Angle Difference is less than angle setting 25ANG1 or 
25ANG2, then the corresponding Relay Word bit, 25A1 or 
25A2, asserts to logical 1 for that “instant” (asserts for 1/4 
cycle).

For example, if SELOGIC control equation setting 79CLS 
(Reclose Supervision) is set as follows:

79CLS := 25A1 OR … and the angle difference is less than angle setting 
25ANG1 at that “instant,” setting 79CLS asserts to logical 1 for 
1/4 cycle, allowing the sealed-in open interval time-out to 
propagate on to the close logic in Figure 4.34. Element 25A2 
operates similarly.

Synchronism-Check 
Applications for 
Automatic Reclosing 
and Manual Closing

Refer to Trip/Close Logic on page 4.45 and Reclose Supervision Logic on 
page 4.48.

For example, set 25ANG1 = 15 degrees and use the resultant synchronism-
check element in the reclosing relay logic to supervise automatic reclosing, 
e.g.,

79CLS := 25A1 OR … (see Figure 4.35)

Set 25ANG2 = 25° and use the resultant synchronism-check element in 
manual close logic to supervise manual closing (for example, assert IN301 to 
initiate manual close), e.g.,

CL := IN301 AND (25A2 OR …) (see Figure 4.34)

In this example, the angular difference across the circuit breaker can be 
greater for a manual close (25 degrees) than for an automatic reclose 
(15 degrees).

A single output contact (e.g., OUT102 := CLOSE) can provide the close 
function for both automatic reclosing and manual closing (see Figure 4.34) 
logic output).

Power Elements You can enable as many as two independent three-phase power elements in the 
SEL-751A Relay. Each enabled element can be set to detect real power or 
reactive power. When voltage inputs to the relay are from delta connected PTs 
or when you use a single voltage input, the relay cannot account for unbalance 
in the voltages in calculating the power. Take this into consideration in 
applying the power elements.
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With SELOGIC control equations, the power elements provide a wide variety 
of protection and control applications. Typical applications are:

➤ Overpower and/or underpower protection/control 

➤ Reverse power protection/control

➤ VAR control for capacitor banks

EPWR := 3P1 enables one three-phase power element. Set EPWR := 3P2 if 
you want to use both elements.

Set the element pickup, 3PH PWR ELEM PU, to the values you want. 
Figure 4.25 shows the power element logic diagram and Figure 4.26 shows 
the operation in the Real/Reactive power plane.

Figure 4.25 Three-Phase Power Elements Logic

Table 4.20 Power Element Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PWR ELEM N, 3P1, 3P2 EPWR := N

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary)

a The range shown is for 5 A input; range for 1 A input is OFF, 0.2—1300.0 VA.

3PWR1P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR1T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR1D := 0.0

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary) 3PWR2P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR2T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR2D := 0.0

PWRnD

0

3PWRnP

|VAB|

20 V

3PWRnT

Relay
Word
Bits

Switch A
Position

+WATTS
–WATTS
+VARS
–VARS

Setting
PWRnT

1
1
2
2

Switch B
Position

1
2
1
2

Where n = 1 or 2

2 Cycle
Average

•(–1)

Switch A Switch B

1 1

2 2

3PWRnP

|VBC|

Setting

P

Q

* lVBCl = lVABl if setting SINGLEV := Y

*
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Figure 4.26 Power Elements Operation in the Real/Reactive Power Plane

The power element type settings are made in reference to the load convention:

➤ +WATTS: positive or forward real power

➤ –WATTS: negative or reverse real power

➤ +VARS: positive or forward reactive power

➤ –VARS: negative or reverse reactive power

You can set the two power element time delay settings (PWR1D and PWR2D) 
to have no intentional delay for testing purposes. For protection applications 
involving the power element Relay Word bits, SEL recommends a minimum 
time delay setting of 0.1 second for general applications. The classical power 
calculation is a product of voltage and current, to determine the real and 
reactive power quantities. During a system disturbance, because of the high 
sensitivity of the power elements, the changing system phase angles and/or 
frequency shifts can cause transient errors in the power calculation.

The power elements are not supervised by any relay elements other than the 
minimum voltage check shown in Figure 4.25. If the protection application 
requires overcurrent protection in addition to the power elements, there can be 
a race condition, during a fault, between the overcurrent element(s) and the 

Reactive
Power

Reactive
Power

Real 
Power

Real 
Power

3PWR2P
(pickup)

3PWR1P
(pickup)

3PWR1P
(pickup)

3PWR2P
(pickup)

Set as Reactive Power Elements

Reverse
(Leading)

3PWR2 3PWR1 3PWR2 3PWR1

Forward
(Lagging)

Set as Real Power Elements

Reverse Forward

SEL-751A

52

SEL-751A

52

PWR1T = 
+VARS 
(type)

PWR2T = 
—VARS 
(type)

PWR2T = 
—WATTS 
(type)

PWR1T = 
+WATTS 
(type)

Note: Highlighted area represents pickup region
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power element(s) if the power element(s) are still receiving sufficient 
operating quantities. Use the power element time delay setting to avoid such 
race conditions.

Power Factor 
Elements

If the measured power factor falls below the leading or lagging level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
power factor elements are enabled 55DLY seconds after Relay Word 52A is 
asserted (breaker closed), however when 55DLY := 0 the element is always 
enabled irrespective of the 52A status. Figure 4.27 shows the logic diagram 
for the power factor elements. You can use these elements to detect 
synchronous motor out-of-step or loss-of-field conditions. Refer to Figure 5.1 
for the relay power measurement convention.

Figure 4.27 Power Factor Elements Logic

Table 4.21 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99 55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99 55LDTP := OFF 

PF TRIP DELAY 1–240 sec 55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99 55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99 55LDAP := OFF

PF WARN DELAY 1–240 sec 55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

| Measured
Power Factor |

52A

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY
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Loss-of-Potential 
(LOP) Protection

The SEL-751A sets Relay Word bit LOP upon detecting a loss of relay ac 
voltage input such as that caused by blown potential fuses or by the operation 
of molded-case circuit breakers. Because accurate relaying potentials are 
necessary for certain protection elements (undervoltage 27 elements, for 
example), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 25 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (greater than a pre-determined threshold) in positive-sequence 
(I1), negative-sequence (I2), or zero-sequence currents (I0). 

If this condition persists for 1 second, the relay latches the LOP Relay Word 
bit at logical 1. The relay resets the LOP Relay Word bit when the conditions 
of the RESET input of the latch are met, as shown in Figure 4.28.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation, LOPBLK (see Table 4.22 for the setting and 
Figure 4.28 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 25 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.4).

LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying 
potentials for correct operation. It is critical that the relay detects an LOP 
condition and prevents operation of these elements. For example, when 
dropping a wrench on the phase-voltage input fuse holders, the relay LOP 
logic accurately determines that this loss of input voltages is an LOP condition 
and does not trip (if the LOP Relay Word bit supervises selected tripping 
elements, see Example 4.4). If you are using voltage-determined relay 
elements for tripping decisions, then blocking these elements is crucial when 
the voltage component is no longer valid.

EXAMPLE 4.4 Supervising Voltage-Element Tripping With LOP

The factory-default setting supervises undervoltage trip by the LOP as 
follows:

SV01 := . . . OR (27P1T OR 27P2T) AND NOT LOP

Similarly, if you want the additional voltage-affected elements (e.g., 55T) 
to act only when there are correct relaying potentials voltage, use the 
following in the equation:

. . . OR (27P1T OR 27P2T OR 55T) AND NOT LOP . . . 
and remove 55T from TR

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

Table 4.22 LOP Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Monitoring and Alarms
You should take steps to immediately correct an LOP problem so that normal 
protection is rapidly reestablished. Include the LOP Relay Word bit in an 
output contact alarm to notify operation personnel of abnormal voltage input 
conditions and failures that can be detrimental to the protection system 
performance if not quickly corrected. 

Figure 4.28 LOP Logic

Frequency Protection
Frequency Elements

1 s
S

R

Q

Q

0

0

1 s

1 cyc

0

LOP
| V1 | > 10.5 V

Δ | V1  | > 25%

Δ | I1 | > 0.1 • I
NOM

Δ | I2 | > 0.1 • I
NOM

Δ | I0 | > 0.1 • I
NOM

| V2 | < 5 V

| V0 | < 5 V

| V1 | > 0.75 • VNOM/1.73

(RESET has priority)

Note: I
NOM

 is 1 A or 5 A, depending on the part number.
I
NOM

 is the phase secondary input rating. 
VNOM (in secondary volts) is the nominal line-to-line
voltage setting.

Relay 
Word 
Bit

Δ     I1  > 10°

Δ     I2 > 10°

Δ     I0 > 10°

LOPBLK

SELOGIC

Setting

Table 4.23 Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 20.00–70.00 Hz  81D1TP := OFF

FREQ1 TRIP DELAY a 0.00–400.00 sec  81D1TD := 1.00

FREQ2 TRIP LEVEL OFF, 20.00–70.00 Hz  81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 sec  81D2TD := 1.00

FREQ3 TRIP LEVEL OFF, 20.00–70.00 Hz  81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 sec  81D3TD := 1.00

FREQ4 TRIP LEVEL OFF, 20.00–70.00 Hz  81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 sec  81D4TD := 1.00

FREQ5 TRIP LEVEL OFF, 20.00–70.00 Hz  81D5TP := OFF
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NOTE: The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 
0.1 • (Nominal CT Rating). The 
measured frequency is set to nominal 
frequency setting (FNOM) if the signal 
is less than the minimum level.

The SEL-751A provides six trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an 
underfrequency element. When the level setting is greater than the nominal 
frequency setting, the element operates as an overfrequency element. 
Figure 4.29 shows the logic diagram for the frequency elements.

Figure 4.29 Over- and Underfrequency Element Logic

Rate-of-Change-of-Frequency (81R) Protection
Frequency changes occur in power systems when there is an unbalance 
between load and active power generated. Typically, generator control action 
adjusts the generated active power and restores the frequency to nominal 
value. Failure of such control action can lead to system instability unless 
remedial action, such as load shedding, is taken. You can use the rate-of-
change-of-frequency element to detect and initiate a remedial action. The 
SEL-751A provides four rate-of-change-of-frequency elements. Table 4.24 
shows the settings available for the elements.

FREQ5 TRIP DELAYa 0.00–400.00 sec  81D5TD := 1.00

FREQ6 TRIP LEVEL OFF, 20.00–70.00 Hz  81D6TP := OFF

FREQ6 TRIP DELAYa 0.00–400.00 sec  81D6TD := 1.00

a Frequency element time delays are best set no less than five cycles. The relay requires at 
least three cycles to measure frequency.

Table 4.23 Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

freq

81DnTP

81DnT81DnTP < FNOM

FREQTRK

81DnTD

0

Frequency Elements 1–6
Measured Frequency
Frequency Pickup Setting
Nominal Frequency Setting
Over- and Underfrequency Element Pickup Time Delay
Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
Relay Is Tracking Frequency

n =
freq =

81DnTP =
FNOM =

81DnTD =
81DnT =

FREQTRK =

81DnTP ≥ FNOM

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE 81R OFF, 1–4 E81R := OFF

81R VOLTAGE SUP OFF, 0.1–1.3*Vnma 81RVSUP := 0.1*Vnm

81R CURRENT SUP OFF, 0.1–2.0*INOM
b 81RISUP := OFF

81R1 TRIP LEVEL OFF, 0.10–15.00 81R1TP := OFF
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Use the E81R setting to enable the number of elements you need, Figure 4.30 
shows the element logic. The SEL-751A measures frequency (mf1) and 
second frequency (mf2) after a time window (dt) determined by Trip Level 
setting (81RnTP). Hysteresis is such that pickup is 100 percent of 81RnTP 
setting and dropout is 95 percent. Table 4.25 shows the time windows for 
different trip level settings.

Figure 4.30 81R Frequency Rate-of-Change Scheme Logic

81R1 TREND INC, DEC, ABS 81R1TRND := ABS 

81R1 TRIP DELAY 0.10–60.00 sec 81R1TD := 1.00

81R1 DO DELAY 0.00–60.00 sec 81R1DO := 0.00

81R2 TRIP LEVEL OFF, 0.10–15.00 81R2TP := OFF

81R2 TREND INC, DEC, ABS 81R2TRND := ABS

81R2 TRIP DELAY 0.10–60.00 sec 81R2TD := 1.00

81R2 DO DELAY 0.00–60.00 sec  81R2DO := 0.00

81R3 TRIP LEVEL OFF, 0.10–15.00  81R3TP := OFF

81R3 TREND INC, DEC, ABS 81R3TRND := ABS

81R3 TRIP DELAY 0.10–60.00 sec 81R3TD := 1.00

81R3 DO DELAY 0.00–60.00 sec 81R3DO := 0.00

81R4 TRIP LEVEL OFF, 0.10–15.00 81R4TP := OFF

81R4 TREND INC, DEC, ABS 81R4TRND := ABS

81R4 TRIP DELAY 0.10–60.00 sec 81R4TD := 1.00

81R4 DO DELAY 0.00–60.00 sec 81R4DO := 0.00

a See Note on page 4.22 for explanation of Vnm.
b INOM is nominal rating of the phase CTs (1A or 5A).

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Setting 81RnTP 
where n = 1–4

Frequency

81RnTRND = INC

81RnTRND = ABS

81RnTRND = DEC

mf2 > FNOM

mf2 < FNOM

FREQTRK

81RVSUP = OFF

81RISUP = OFF

V1

I1

81RVSUP

81RISUP

PU = 81RnTD

DO = 81RnDO

3 SEC

0

(mf2–mf1)/dt

PU

DO
81RnT

Relay
Word
Bit

95%

95%

95%

ABS

*(-1)
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Set 81Rn Trend to INC or DEC to limit operation of the element to increasing 
or decreasing frequency respectively. Also, when set to INC or DEC the 
element receives supervision from nominal frequency, FNOM. Set the trend to 
ABS if you want the element to disregard the frequency trend.

Voltage and current supervision: A minimum positive-sequence Voltage and/
or Current is necessary for the operation of 81R element when the levels are 
specified by the 81RISUP and 81RVSUP settings respectively. Set 
81RISUP := OFF if no current supervision is necessary and similarly set 
81RVSUP := OFF if no voltage supervision is necessary. In any case, the 
element receives supervision from Relay Word FREQTRK, which ensures 
that the relay is tracking and measuring the system frequency.

Use the Relay Word bit 81RnT to operate output contacts to open appropriate 
breaker(s) according to your load-shedding scheme requirements.

Fast Rate-of-Change-of-Frequency (81RF) Protection
Fast Rate-of-Change-
of-Frequency (81RF) 
Element (Aurora 
Vulnerability 
Mitigation)

The fast rate-of-change-of-frequency protection, 81RF, provides a faster 
response compared to the frequency (81) and rate-of-change-of-frequency 
(81R) elements. The fast operating speed makes the 81RF element suitable for 
detecting islanding conditions.

The element uses a characteristic (see Figure 4.31) based on frequency 
deviation from nominal frequency (DF = FREQ – FNOM) and rate-of-change 
of frequency (DF3C) to detect islanding conditions. The SEL-751A uses a 
time window of three cycles to calculate the value of DF3C. Under steady-
state conditions, the operating point is close to the origin. During islanding 
conditions, depending on acceleration or deceleration of the islanded system, 
the operating point enters Trip Region 1 or Trip Region 2 of the characteristic. 
81RFDFP in Hz and 81RFRP in Hz/s are the settings used to configure the 
characteristic (see Table 4.26).

Table 4.25 Time Window Versus 81RnTP Setting 

81RnTP Setting (Hz/sec) Time Window (Cycles)

15.00–2.33 3

2.32–1.17 6

1.16–0.78 9

0.77–0.58 12

0.57–0.47 15

0.46–0.38 18

0.37–0.33 21

0.32–0.29 24

0.28–0.26 27

< 0.25 30
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Figure 4.31 81RF Characteristics

An explanation of ways to mitigate Aurora threats to power systems can be 
found in the SEL technical paper, Mitigating the Aurora Vulnerability With Existing 
Technology, available on the SEL website. More detailed application considerations 
can be found in the SEL Application Guide, “Aurora Mitigation Using the 
SEL-751A Relay” (AG2010-03), also available on the SEL website.

Figure 4.32 shows the logic diagram of the 81RF element. Enable the element 
by setting E81RF to Y (Yes). Settings 81RFDFP and 81RFRP configure the 
81RF characteristics. These settings are typically coordinated with the frequency 
(81) and rate-of-change-of-frequency (81R) element settings. The slope of the 
characteristic, 81RFSLP, shown in the logic diagram is equal to 
–1 • (81RFRP/81RFDFP). 

Use 81RFVBLK or 81RFIBLK to block the operation of the 81RF element for 
undervoltage or overcurrent fault conditions. When 81RFVBLK := OFF, the 
undervoltage blocking scheme is disabled. Similarly, when 81RFIBLK := OFF, 
the overcurrent blocking scheme is disabled. You can use the 81RFBL 
SELOGIC control equation to include additional blocking elements. Relay 
Word bit 81RFI asserts if the operating point is in Trip Region 1 or Trip 
Region 2. Program the 81RFT Relay Word bit in one of the relay outputs for 
the intended operation.

Table 4.26 Fast Rate-of-Change-of-Frequency Settings 

Setting Prompt Range Setting Name := Factory Default

ENABLE 81RF Y, N E81RF := N

FREQDIF SETPOINT 0.1–10.0 Hz 81RFDFP := 1.0

DFDT SETPOINT 0.2–15.0 Hz/sec 81RFRP := 2.5

81RF PU DELAY 0.10–1.00 sec 81RFPU := 0.10

81RF DO DELAY 0.00–1.00 sec 81RFDO := 0.10

81RF VOLTAGE BLK OFF, 2–300 Va

OFF, 2–520 Vb

a Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.

81RFVBLK := OFF

81RFVBLK := OFF

81RF CURRENT BLK OFF, 0.1–20 A • INOM 81RFIBLK := 10 • INOM

81RF BLOCK SELOGIC 81RFBL := 0

81RF BLOCK DO 0.02–5.00 sec 81RFBLDO := 1.00

DF3C Hz/s
(df/dt calculated over 3-cycle window)

0.2

—0.2

0.1
—0.1

Trip Region 2

Trip Region 1

DF (FREQ-FNOM) Hz
+81RFDFP

+81RFRP

—81RFDFP

—81RFRP
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Figure 4.32 81RF Fast Rate-of-Change-of-Frequency Logic

0.2 Hz/s

0.1 Hz

—0.2 Hz/s

—0.1 Hz

81RFPU

81RFDO

0.1 sec

0 sec
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81RFSLP

81RFRP

FREQTRK

81RFT

Relay
Word
Bits

0

81RFBLDO|VPPmin|

81RFIBLK • INOM

|IC|

|IA|

81RFVBLK

|IB|

81RFBL

 Relay Word bit FREQTRK = 1, means relay is tracking frequency.

 81RFRP, 81RFDFP, 81RFPU, 81RFDO, 81RFVBLK, 81RFIBLK are settings.

 DF3C is df/dt calculated over 3-cycle window (Hz/s).

 DF is the difference (FREQ–FNOM) in Hz.

 81RFSLP = - (81RFRP/81RFDFP).

 |IA|, |IB|, |IC| are phase A, B, and C current magnitudes.

 VP** = |VPP| min

 INOM is the nominal rating of the relay (1 A or 5 A).
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Trip/Close Logic
Trip/Close Logic 
Settings

NOTE: The factory-default 
assignment of the Relay Word bit TRIP 
is the output OUT103. See Table 4.41 for 
the output contacts settings.

The SEL-751A tripping logic is designed to trip the circuit breakers. The relay 
logic lets you define the conditions that cause a trip, the conditions that 
unlatch the trip, and the performance of the relay output contact. Figure 4.33 
illustrates the tripping logic.

Figure 4.33 Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following paragraphs.

Table 4.27 Trip/Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 sec TDURD := 0.5

CLOSE FAIL DLY OFF, 0.0–400.0 sec CFD := 1.0

TRIP EQUATION SV TR := ORED50T OR ORED51T OR 
81D1T OR 81D2T OR 81D3T OR 
81D4T OR 59P1T OR 59P2T OR 
55T OR REMTRIP OR SV01 OR 
OC OR SV04T

REMOTE TRIP EQN SV REMTRIP := 0

UNLATCH TRIP SV ULTRIP := NOT (51P1P OR 51G1P 
OR 51N1P OR 52A)

BREAKER STATUS SV 52A := 0

CLOSE EQUATION SV CL := SV03T AND LT02 OR CC

UNLATCH CLOSE SV ULCL := 0

0

TDURD

Serial Port
Command TAR R

TARGET RESET
Pushbutton

TRGTR

Reset
TRIP LED

TRIP

Trigger
Events

Unlatch
 Trip

Trips

Comm.
Target Reset

RSTTRGT

ULTRIP

TR

52A

RSTLED = Y

Relay
Word
Bits

SELOGIC
Settings
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TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the TR Relay Word bit (includes OPEN command from 
front-panel and serial ports) are maintained for at least the duration of the 
minimum trip duration time (TDURD) setting.

TR Trip Conditions SELOGIC Control Equation
The SEL-751A TR SELOGIC control equation provides the trip logic to trip 
the breaker. The Relay Word bit TRIP is associated with the TR SELOGIC 
control equation.

The default TR setting is shown in Table 4.27 and includes protective 
elements Relay Word bits, front panel or serial port (including Modbus and 
DeviceNet) initiated OPEN command (Relay Word bit OC), and remote trips 
(Relay Word bit REMTRIP).

The trip conditions will trigger an event report. The relay controls the tripping 
output contact(s) when the Relay Word bit TRIP appears in an output contact 
SELOGIC control equation. Default relay settings have output OUT103 set to 
TRIP and fail-safe setting OUT103FS at N (see Fail-Safe/Nonfail-Safe Tripping 
on page 2.23).

NOTE: You can use an indirect 
mapping (e.g., SV01) as in the factory-
default setting. See Table 4.38 for the 
SV01 settings.

Set the TR SELOGIC control equation to include an OR combination of all the 
Relay Word bits for which you want the relay to trip. The factory-default 
setting already includes all commonly necessary Relay Word bits.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. For example, the following settings will trip the breaker by input 
IN303 via REMTRIP.

  REMTRIP := IN303

  TR := … OR REMTRIP

The HMI will display Remote Trip to indicate the trip by Remote trip logic.

You can map any Relay Word bit or SELOGIC control equation to the 
REMTRIP to trip the breaker. For example, you can map a control input to 
REMTRIP. Add REMTRIP to the TR SELOGIC control equation (as in the 
default settings) to quickly see from the HMI target that it was a Remote Trip 
that tripped the breaker.

Unlatch Trip Logic
Following a fault, the trip signal is maintained until all of the following 
conditions are true:

NOTE: Factory-default setting of the 
ULTRIP provides an automatic reset of 
the trip when breaker opens and 
selected 50/51 elements are not 
picked up.

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

NOTE: The outputs in the SEL-751A 
are not designed to interrupt the trip 
coil current. An auxiliary contact with 
adequate current interrupting 
capacity must clear the trip coil 
current before the output of the 
SEL-751A opens. Failure to observe 
this safeguard could result in damage 
to the SEL-751 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
bit TRIP, which stays asserted for at 
least the duration of the TDURD 
setting or until TRIP is unlatched, 
whichever is longer.

NOTE: The Relay Word bit TRIP is 
reset after a power cycle.
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➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

52A Breaker Status Conditions SELOGIC Control Equation
You can connect an auxiliary contact of the breaker to the relay. The SELOGIC 
control equation 52A allows you to configure the relay for either 52b or 52a 
contact input (or other contact that indicates a closed breaker). The factory-
default setting assumes no auxiliary contact connection (52A := 0).

If you connect the breaker auxiliary contact to a digital input, you must change 
the factory-default logic equation 52A. For example, set 52A := IN101 if you 
connect the 52a contact to input IN101.

Figure 4.34 shows the breaker close logic.

q From Figure 4.35

Figure 4.34 Close Logic

CL Close SELOGIC Control Equation
The SEL-751A Close Logic offers three ways to close the circuit breaker:

➤ Conditions mapped to CL

➤ Front-panel or serial port (including Modbus and DeviceNet) 
CLOSE command

➤ Automatic reclosing when open interval times out (qualified by 
SELOGIC control equation setting 79CLS—see Figure 4.35).

The relay controls the closing output contact(s) when the Relay Word bit 
CLOSE appears in an output contact SELOGIC control equation. Default relay 
settings have output OUT102 set to CLOSE. See Figure 2.21 for typical close 
circuit connection.

NOTE: The close logic is inoperative 
if 52A is set to 0 in SEL-751A models 
with reclosing option.

52A

Breaker Status
Close Failure

Timer

CF

Rising-Edge Detect

ULCL

CFD = OFF

Reclosing 
Relay 
Open 

Interval 
Time-Out 
(qualified 

by 
79CLS)

79RI

52A

Reclose Initiate

Close 
Conditions 

(other 
than 

automatic  
reclosing)

q

Unlatch Close

(If setting CFD := OFF, the Close 
Failure Timer is inoperative 
and does not time limit the 
CLOSE output condition)

CL

SELOGIC
Settings

CLOSE

Relay
Word
Bits

Pulses (logical 1) 
for one processing 
interval if Close 
Failure  Timer 
times out (drives 
reclosing relay to 
lockout)

Close Failure

CFD

0
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Set the CL SELOGIC control equation to include an OR-combination of all 
Relay Word bits for which you want the relay to close the breaker. The 
factory-default setting already includes all commonly necessary Relay Word 
bits.

Unlatch Close Logic
Once the CLOSE bit is asserted it is sealed-in until any of the following 
conditions are true:

➤ Unlatch Close SELOGIC control equation setting ULCL asserts 
to logical 1.

➤ Relay Word 52A asserts to logical 1.

➤ Close failure Relay Word bit asserts to logical 1.

Close Failure Logic
Set the close failure delay (setting CFD) equal to highest breaker close time 
plus a safety margin. If the breaker fails to close, the Relay Word CF will 
assert for 1/4 cycle. Use the CF bit as necessary.

Reclose Supervision Logic
Note that one of the inputs into the close logic in Figure 4.34 is:

Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input is the indication that a reclosing relay open interval has timed out 
(see Figure 4.36), a qualifying condition (SELOGIC control equation setting 
79CLS) has been met, and thus automatic reclosing of the circuit breaker 
should proceed by asserting the CLOSE Relay Word bit to logical 1. This 
input into the close logic in Figure 4.34 is an output of the reclose supervision 
logic in the following Figure 4.35.
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q To Figure 4.34

Figure 4.35 Reclose Supervision Logic (Following Open Interval Time-Out)

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD = 0
The above logic satisfies most 
applications.

Reclose Supervision Reclosing 
Relay Open 
Interval Timeout 
(qualified by 79CLS)

Reclosing 
Relay Open 
Interval 
Timeout 
(qualified 
by 79CLS)

Reclose Initiate

(If setting 79CLSD = OFF, 
the Reclose Supervision Limit 
Timer is inoperative and does 
not time limit the wait for the 
Reclose Supervision condition, 
79CLS, to assert to logical 1)

Reclosing 
Relay Open 

Interval 
Timeout

79RI

79CLSD = OFF

Lockout

Reclose 
Supervision 
Limit Timer

Reclose Supervision

CLOSE

79LO
79CLSD

0

SELOGIC
Setting

52A

SELOGIC
Settings

79CLS

SELOGIC
Setting

RCSF

Relay
Word
Bit

RCSF

Relay
Word
Bit

Relay
Word
Bits

79CLS

Reclosing 
Relay Open 

Interval 
Timeout

Rising-Edge 
Detect

Reclose Supervision 
Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state 
to lockout if Reclose 
Supervision Limit Timer 
times out.

Reclose Supervision Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state to 
lockout if SELOGIC control 
equation setting 79CLS is not 
asserted to logical 1 at the 
instant a reclosing relay open 
interval timer times out.

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD ≠ 0 (e.g., 79CLSD = 60)
The logic below is used only in a few, 
unique applications.

q

q
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(Refer to Bottom of Figure 4.35)

Figure 4.36 Reclose Supervision Limit Timer Operation 

Settings and General 
Operation

Figure 4.35 contains the following SELOGIC control equation setting:
79CLS (reclose supervision conditions—checked after 
reclosing relay open interval time-out)

and setting:
79CLSD (Reclose Supervision Limit Time)

See the Table 4.29 for Recloser Control settings.

For Most Applications (Top of Figure 4.35)
For most applications, the Reclose Supervision Limit Time setting should be 
set to zero seconds:

79CLSD := 0.00

With this setting, the logic in the top of Figure 4.35 is operative. When an 
open interval times out, the relay checks the SELOGIC control equation 
reclose supervision setting 79CLS just once.

open interval 1 
times out

open interval 1 
times out 1

Open Interval 
Timer

Open Interval 
Timer

Reclose Supervision 
Limit Timer

Reclose Supervision 
Limit Timer

79CLS (Reclose 
Supervision Condition)

79CLS (Reclose 
Supervision Condition)

RCSF (Reclose 
Supervision Failure)

RCSF (Reclose 
Supervision Failure)

OUT102 = CLOSE 
(Close Output Contact)

OUT102 = CLOSE 
(Close Output Contact)

79OI1

79OI1

79CLSD

79CLSD

One Processing 
Interval

79CLS not asserted. 
79CLSD times out.

79CLS asserts before 
79CLSD times out.

No Reclosing
Reclosing Proceeds



4.51

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Supervision Logic

If 79CLS is asserted to logical 1 at the instant of an open interval time-out, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.35 to automatically reclose the circuit breaker.

If 79CLS is deasserted to logical 0 at the instant of an open interval time-out, 
the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

See Settings Example 1 on page 4.52.

For a Few, Unique Applications (Bottom of Figure 4.35 and Figure 4.36)
For a few unique applications, the Reclose Supervision Limit Time setting is 
not set equal to zero seconds, e.g.,

79CLSD := 1.00 second

With this setting, the logic in the bottom of Figure 4.35 is operative. When an 
open interval times out, the SELOGIC control equation reclose supervision 
setting 79CLS is then checked for a time window equal to setting 79CLSD.

If 79CLS asserts to logical 1 at any time during this 79CLSD time window, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.34 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time 
window, when the time window times out, the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

The logic in the bottom of Figure 4.35 is explained in more detail in the 
following text.

Set Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.35. If all the following are true:

➤ The close logic output CLOSE (also see Figure 4.34) is not 
asserted (Relay Word bit CLOSE = logical 0).

➤ The reclosing relay is not in the Lockout State (Relay Word bit 
79LO = logical 0).

➤ The circuit breaker is open (52A = logical 0).

➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition.

➤ The Reclose Supervision Limit Timer is not timed out (Relay 
Word bit RCSF = logical 0).

then a reclosing relay open interval time-out seals in Figure 4.35. Then, when 
79CLS asserts to logical 1, the sealed-in reclosing relay open interval time-out 
condition will propagate through Figure 4.29 and on to the close logic in 
Figure 4.34.
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Unlatch Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.29. If the reclosing relay open interval time-
out condition is sealed-in, it stays sealed-in until one of the following occurs:

➤ The close logic output CLOSE (also see Figure 4.35) asserts 
(Relay Word bit CLOSE = logical 1).

➤ The reclosing relay goes to the Lockout State (Relay Word bit 
79LO = logical 1).

➤ The circuit breaker closes (52A = logical 1).

➤ The reclose initiation condition (79RI) makes a rising-edge 
(logical 0 to logical 1) transition.

➤ SELOGIC control equation setting 79CLS asserts 
(79CLS = logical 1).

➤ The Reclose Supervision Limit Timer times out (Relay Word 
bit RCSF = logical 1 for one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting 
79CLSD := OFF. With 79CLSD := OFF, reclose supervision condition 79CLS 
is not time limited. When an open interval times out, the relay checks reclose 
supervision condition 79CLS indefinitely until one of the other previously 
listed unlatch conditions comes true.

The unlatching of the sealed-in reclosing relay open interval time-out 
condition by the assertion of SELOGIC control equation setting 79CLS 
indicates successful propagation of a reclosing relay open interval time-out 
condition on to the close logic in Figure 4.34.

See Settings Example 2 on page 4.54.

EXAMPLE 4.5 Settings Example 1

Refer to the top of Figure 4.35 and Figure 4.37.

SEL-751A Relays are installed at both ends of a transmission line in a high-
speed reclose scheme. After both circuit breakers open for a line fault, the 
SEL-751A(1) recloses circuit breaker 52/1 first, followed by the SEL-751A(2) 
reclosing circuit breaker 52/2, after a synchronism check across circuit 
breaker 52/2.

Figure 4.37 SEL-751A Relays Installed at Both Ends of a Transmission Line 
in a High-Speed Reclose Scheme

SEL-751A (1)

Bus 1 Bus 2

52 
1

52 
2

IA, IB, IC

VA, VB, VC VS

SEL-751A (2)
IA, IB, IC

VA, VB, VCVS

3-Phase 3-Phase

1-Phase
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SEL-751A(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval 
time-out, the SEL-751A(1) checks that Bus 1 voltage is hot and the 
transmission line voltage is dead. This requires reclose supervision 
settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 59VP AND 27S1

SEL-751A(2) Relay

The SEL-751A(2) checks that Bus 2 voltage is hot, the transmission line 
voltage is hot, and in synchronism after the reclosing relay open interval 
times out, before allowing circuit breaker 52/2 to be reclosed. This 
requires reclose supervision settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 25A1

Other Setting Considerations for SEL-751A(1) and SEL-751A(2) Relays
Refer to Skip Shot and Stall Open Interval Timing Settings (79SKP and 
79STL, Respectively) on page 4.63.

SELOGIC control equation setting 79STL stalls open interval timing if it 
asserts to logical 1. If setting 79STL is deasserted to logical 0, open interval 
timing can continue. The SEL-751A(1) has no intentional open interval timing 
stall condition (circuit breaker 52/1 closes first after a transmission line fault):

79STL := 0

The SEL-751A(2) starts open interval timing after circuit breaker 52/1 at the 
remote end has reenergized the line. The SEL-751A(2) has to see Bus 2 hot, 
transmission line hot, and in synchronism across open circuit breaker 52/2 for 
open interval timing to begin. Thus, SEL-751A(2) open interval timing is 
stalled when the transmission line voltage and Bus 2 voltage are not in 
synchronism across open circuit breaker 52/2:

79STL := NOT 25A1 

A transient synchronism-check condition across open circuit breaker 52/2 
could possibly occur if circuit breaker 52/1 recloses into a fault on one phase 
of the transmission line. The other two unfaulted phases would be briefly 
energized until circuit breaker 52/1 is tripped again. If channel VS of the 
SEL-751A(2) is connected to one of these briefly energized phases, 
synchronism-check element 25A1 could momentarily assert to logical 1.

So that this possible momentary assertion of synchronism-check element 
25A1 does not cause any inadvertent reclose of circuit breaker 52/2, make 
sure the open interval timers in the SEL-751A(2) are set with some 
appreciable time greater than the momentary energization time of the faulted 
transmission line. Or, run the synchronism-check element 25A1 through a 

where:

59VP =  Bus 1 is hot

27S1 = monitored single-phase transmission line voltage 
(channel VS) is dead

where:

25A1 = selected Bus 2 phase voltage (VA, VB, or VC) is in 
synchronism with monitored single-phase 
transmission line voltage (channel VS) and both 
are hot
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programmable timer before using it in the preceding 79CLS and 79STL 
settings for the SEL-751A(2) (see Figure 4.34). Note the built-in 2-cycle 
qualification of the synchronism-check voltages shown in Figure 4.22.

EXAMPLE 4.6 Settings Example 2

Refer to subsection Synchronism-Check Elements on page R.4.25. Also 
refer to Figure 4.36 and Figure 4.37.

If the synchronizing voltages across open circuit breaker 52/2 are 
“slipping” with respect to one another, the Reclose Supervision Limit 
Timer setting 79CLSD should be set greater than zero so there is time for 
the slipping voltages to come into synchronism. For example:
79CLSD := 1.00 second

79CLS := 25A1

The relay checks the status of synchronism-check element 25A1 
continuously during the 60-cycle window. If the slipping voltages come 
into synchronism while timer 79CLSD is timing, synchronism-check 
element 25A1 asserts to logical 1 and reclosing proceeds.

In the previously referenced subsection, note item 3 under Synchronism-
Check Element Outputs on page R.4.32, Voltages VP and VS are 
“Slipping.” Item 3 describes a last attempt for a synchronism-check 
reclose before timer 79CLSD times out (or setting 79CLSD := 0.00 and 
only one check is made).

If E79 := 3 (which allows three automatic reclose attempts) and the 
slipping voltages fail to come into synchronism while timer 79CLSD is 
timing (resulting in a reclose supervision failure, causing RCSF to assert 
for one processing interval), then the reclosing relay goes to the Lockout 
State.

Reclose Logic
Note that input:

Reclosing Relay Open Interval Time-Out

in Figure 4.35 is the logic input that is qualified by SELOGIC control equation 
setting 79CLS, and then propagated on to the close logic in Figure 4.34 to 
automatically reclose a circuit breaker. The explanation that follows in this 
reclosing relay subsection describes all the reclosing relay settings and logic 
that eventually result in this open interval time-out logic input into 
Figure 4.35. Other aspects of the reclosing relay are also explained. As many 
as four (4) automatic reclosures (shots) are available.

The reclose enable setting, E79, has setting choices OFF, 1, 2, 3, and 4. Setting 
E79 = OFF defeats the reclosing relay. Setting choices 1 through 4 are the 
number of automatic reclosures you want (see Open Interval Timers on 
page 4.58). Setting choices 1 through 4 also have the reclosing relay go to the 
Lockout state upon reclose supervision failure (refer to Reclose Supervision 
Logic on page 4.48).
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Reclosing Relay States 
and General Operation

Figure 4.38 explains in general the different states of the reclosing relay and 
its operation.

Figure 4.38 Reclosing Relay States and General Operation

The reclosing relay is in one (and only one) of these states (listed in 
Table 4.28) at any time. When in a given state, the corresponding Relay Word 
bit asserts to logical 1, and the LED illuminates. Automatic reclosing only 
takes place when the relay is in the Reclose Cycle State.

All Automatic Reclosing 
Attempts Unsuccessful

Unsuccessful
Reclose Initiation

Other Lockout Conditions

Power Up

Reset
Timer  

Times     
Out        

Reset
  Timer
     Times
        Out

Other
Lockout   

Conditions      

Unsuccessful
Reclose   

Initiation      

Successful
   Reclose
      Initiation

Successful
Reclose Initiation

Maintained
Lockout Condition

Lockout State

All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-751A 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 

Relay Word bit 79LO = logical 1

Front-panel pushbutton LED 1B 
labeled RECL LOCKOUT illuminated

Reclose Cycle State

The SEL-751A automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.

Relay Word bit 79CY = logical 1

Reset State

The circuit breaker has been closed
for a qualifying reset time. The SEL-751A 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.

Relay Word bit 79RS = logical 1

Front-panel pushbutton LED 1A 
labeled RECL RESET illuminated

Table 4.28 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States

Reclosing Relay State
Corresponding Relay 
Word Bit

Corresponding
Front-Panel LED

Reset 79RS RECL RESET (Pushbutton LED 1A)

Reclose Cycle 79CY

Lockout 79LO RECL LOCKOUT (Pushbutton LED 1B)
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Lockout State
The reclosing relay goes to the Lockout State if any one of the following 
occurs:

➤ The shot counter is equal to or greater than the last shot at time 
of reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 4.36).

➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 4.61].

➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).

➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 4.62].

➤ The close failure timer (setting CFD) times out (see 
Figure 4.34).

➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].

➤ The Reclose Supervision Limit Timer (setting 79CLSD) times 
out (see Figure 4.35 and top of Figure 4.36) and the reclose 
enable setting, E79, has setting choices 1, 2, 3, or 4.

➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open).

The OPEN command is included in the reclosing relay logic via the factory 
SELOGIC control equation settings:

79DTL := OC OR … (drive-to-lockout)

Relay Word bit OC asserts for execution of the OPEN command. See OPEN 
Command (Open Breaker) on page 7.35 for more information on the OPEN 
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings 
(79DTL and 79DLS, Respectively) on page 4.62.

Reclosing Relay 
States and Settings/
Setting Group 
Changes

If individual settings are changed for the active setting group or the active 
setting group is changed, all of the following occur:

➤ The reclosing relay remains in the state it was in before the 
settings change.

➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows).

➤ The reset timer is loaded with reset time setting 79RSLD (see 
discussion on reset timing later in this section).

If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
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the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.

If the circuit breaker remains closed through the settings change, the reset 
timer times out on reset time setting 79RSLD after the settings change and 
goes to the Reset State (if it is not already in the Reset State), and the shot 
counter returns to shot = 0. If the relay happens to trip during this reset timing, 
the relay will immediately go to the Lockout State, because shot = last shot.

Defeat the Reclosing 
Relay

If any one of the following reclosing relay settings are made:

➤ Reclose enable setting E79 = OFF.

➤ Open Interval 1 time setting 79OI1 = 0.00.

then the reclosing relay is defeated, and no automatic reclosing can occur. 

If the reclosing relay is defeated, the following also occur:

➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are forced to logical 0 (see Table 4.28).

➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are forced to logical 0 (the shot counter is explained later 
in this section).

➤ The front-panel LEDs RECL RESET and RECL LOCKOUT are both 
extinguished.

Close Logic Can Still Operate When the Reclosing Relay Is Defeated
If the reclosing relay is defeated, the close logic (see Figure 4.34) can still 
operate if SELOGIC control equation circuit breaker status setting 52A is set to 
something other than numeral 0 or NA. Making the setting 52A := 0 or NA 
defeats the close logic and also defeats the reclosing relay.

For example, if 52A := IN101, a 52a circuit breaker auxiliary contact is 
connected to input IN101. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via SELOGIC control equation 
setting CL (close conditions, other than automatic reclosing). See Trip/Close 
Logic for more discussion on SELOGIC control equation settings 52A and CL.

Reclosing Control 
Settings

The reclosing control settings are shown in Table 4.29.

Table 4.29 Reclosing Control Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE RECLOSER OFF, 1–4 Shots E79 := OFF

OPEN INTERVAL 1 0.00–3000.00 secs 79OI1 := 5.00

OPEN INTERVAL 2 0.00–3000.00 secs 79OI2 := 0.00

OPEN INTERVAL 3 0.00–3000.00 secs 79OI3 := 0.00

OPEN INTERVAL 4 0.00–3000.00 secs 79OI4 := 0.00



4.58

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Reclose Logic

The operation of open interval timers is affected by SELOGIC control equation 
settings discussed later in this section.

Open Interval Timers
The reclose enable setting, E79, determines the number of open interval time 
settings that you can set. For example, if setting E79 := 3, the first three open 
interval time settings in Table 4.29, are made available for setting.

If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open interval times that follow it.

In the factory settings in Table 4.29, the open interval 2 time setting 79OI2 is 
the first open interval time setting set equal to zero:

79OI2 := 0.00 seconds

Thus, open interval times 79OI2, 79OI3, and 79OI4 are not operable. In the 
factory settings, both open interval times 79OI3 and 79OI4 are set to zero. But 
if the settings were:

79OI2 := 0.00 seconds

79OI3 := 15.00 seconds (set to some value other than zero)

open interval time 79OI3 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI2 := 0.00).

If open interval 1 time setting, 79OI1, is set to zero (79OI1 := 0.00 seconds), 
no open interval timing takes place, and the reclosing relay is defeated.

The open interval timers time consecutively; they do not have the same 
beginning time reference point. For example, with settings 79OI1 := 0.50 , and 
79OI2 := 10.00, open interval 1 time setting, 79OI1, times first. If subsequent 
first reclosure is not successful, then open interval 2 time setting, 79OI2, starts 
timing. If the subsequent second reclosure is not successful, the relay goes to 
the Lockout State. See the example time line in Figure 4.39.

RST TM FROM RECL 0.00–3000.00 secs 79RSD := 15.00

RST TM FROM LO 0.00–3000.00 secs 79RSLD := 5.00

RECLS SUPV TIME OFF, 0.00–3000.00 secs 79CLSD := 0.00

RECLOSE INITIATE SV 79RI := TRIP

RCLS INIT SUPVSN SV 79RIS := 52A OR 79CY

DRIVE-TO-LOCKOUT SV 79DTL := OC OR SV04T

DRIVE-TO-LSTSHOT SV 79DLS := 79LO

SKIP SHOT SV 79SKP := 0

STALL OPN INTRVL SV 79STL := TRIP

BLOCK RESET TMNG SV 79BRS := TRIP

SEQ COORDINATION SV 79SEQ := 0

RCLS SUPERVISION SV 79CLS := 1

Table 4.29 Reclosing Control Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 4.39 Reclosing Sequence From Reset to Lockout With Example Settings

You can set the SELOGIC control equation setting 79STL (stall open interval 
timing) to control open interval timing [see Skip Shot and Stall Open Interval 
Timing Settings (79SKP and 79STL, Respectively) on page 4.63].

Determination of Number of Reclosures (Last Shot)
The number of reclosures is equal to the number of open interval time settings 
that precede the first open interval time setting set equal to zero. The “last 
shot” value is also equal to the number of reclosures.

In the previous example settings, two set open interval times precede open 
interval 3 time, which is set to zero (79OI3 = 0.00):

79OI1 := 0.50

79OI2 := 10.00

79OI3 := 0.00

For this example:

Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.

Observe Shot Counter Operation
Observe the reclosing relay shot counter operation, especially during testing, 
using ASCII command TARGET (e.g., TARGET Command (Display Relay 
Word Bit Status) on page 7.44 for detail).

Reset Timer
The reset timer qualifies circuit breaker closure before taking the relay to the 
Reset State from the Reclose Cycle State or the Lockout State. Circuit breaker status 
is determined by the SELOGIC control equation setting 52A. (See Trip/Close 
Logic on page 4.45 for more discussion on SELOGIC control equation setting 52A.

Setting 79RSD
Qualifies closures when the relay is in the Reclose Cycle State. These closures 
are usually automatic reclosures resulting from open interval time-out.

It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination Setting (79SEQ) on page 4.66].

Setting 79RSLD
Qualifies closures when the relay is in the Lockout State. These closures are 
usually manual closures. These manual closures can originate external to the 
relay, via the CLOSE command, or via the SELOGIC control equation setting 
CL (see Figure 4.34).

Open Interval Time-out

Shot 
Counter 0

52A

79OI1 = 0.5

Reset State

Trip Close Trip Close Trip

Reclose Cycle State Lockout State

(79OI3 = 0)79OI2 = 10.0

(Last Shot = 2)
1 2
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Setting 79RSLD is also the reset timer used when the relay powers up, has 
individual settings changed for the active setting group, or the active setting 
group is changed (see Reclosing Relay States and Settings/Setting Group 
Changes on page 4.56).

Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.

The 79RSD and 79RSLD settings are set independently (setting 79RSLD can 
even be set greater than setting 79RSD, if necessary). You can set SELOGIC 
control equation setting 79BRS (block reset timing) to control reset timing 
(see Block Reset Timing Setting (79BRS) on page 4.65).

Monitoring Open Interval and Reset Timing
Open interval and reset timing can be monitored with the following Relay 
Word bits:

If the open interval timer is actively timing, OPTMN asserts to logical 1. 
When the relay is not timing on an open interval (e.g., it is in the Reset State or 
in the Lockout State), OPTMN deasserts to logical 0. The relay can only time 
on an open interval when it is in the Reclose Cycle State, but just because the 
relay is in the Reclose Cycle State does not necessarily mean the relay is 
timing on an open interval. The relay only times on an open interval after 
successful reclose initiation and no stall conditions are present [see Skip Shot 
and Stall Open Interval Timing Settings (79SKP and 79STL, Respectively) on 
page 4.63].

If the reset timer is actively timing, RSTMN asserts to logical 1. If the reset 
timer is not timing, RSTMN deasserts to logical 0. See Block Reset Timing 
Setting (79BRS) on page 4.65.

Reclosing Relay Shot 
Counter

Refer to Figure 4.39.

The shot counter increments for each reclose operation. For example, when 
the relay is timing on open interval 1, 79OI1, it is at shot = 0. When the open 
interval times out, the shot counter increments to shot = 1 and so forth for the 
set open intervals that follow. The shot counter cannot increment beyond the 
last shot for automatic reclosing [see Determination of Number of Reclosures 
(Last Shot) on page 4.59]. The shot counter resets back to shot = 0 when the 
reclosing relay returns to the Reset State.

Relay Word Bits Definition

OPTMN Indicates that the open interval timer is actively timing

RSTMN Indicates that the reset timer is actively timing

Table 4.30 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times 

Shot
Corresponding Relay 

Word Bit
Corresponding Open 

Interval

0 SH0 79OI1

1 SH1 79OI2

2 SH2 79OI3

3 SH3 79OI4

4 SH4
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When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).

The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination Setting (79SEQ) on page 4.66].

Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 

The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) for open interval timing to be initiated.

If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.

EXAMPLE 4.7 Factory Settings Example

With factory settings:
79RI := TRIP

79RIS := 52A OR 79CY

the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the 52A or 79CY Relay Word bit is at logical 1 
(52A = logical 1, or 79CY = logical 1). You must assign an input as the 
breaker status input (e.g., 52A := IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) 
at the instant of the first trip of the autoreclose cycle for the SEL-751A to 
successfully initiate reclosing and start timing on the first open interval. 
The SEL-751A is not yet in the reclose cycle state (79CY = logical 0) at the 
instant of the first trip.

Then for any subsequent trip operations in the autoreclose cycle, the 
SEL-751A is in the reclose cycle state (79CY = logical 1) and the SEL-751A 
successfully initiates reclosing for each trip. Because of factory setting 
79RIS = 52A OR 79CY, successful reclose initiation in the reclose cycle 
state (79CY = logical 1) is not dependent on the circuit breaker status 
(52A). This allows successful reclose initiation for the case of an 
instantaneous trip, but the circuit breaker status indication is slow—the 
instantaneous trip (reclose initiation) occurs before the SEL-751A sees the 
circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval 
(circuit breaker open and the SEL-751A calls for a trip), the SEL-751A goes 
immediately to lockout.

EXAMPLE 4.8 Additional Settings Example

The preceding settings example initiates open interval timing on rising 
edge of the TRIP Relay Word bit. The following is an example of reclose 
initiation on the opening of the circuit breaker.

Presume input IN101 is connected to a 52a circuit breaker auxiliary contact 
(52A := IN101).

With setting:
79RI := NOT 52A

the transition of the 52A Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting.

The reclose initiate supervision setting 79RIS supervises setting 79RI. 
With settings:
79RI := NOT 52A

79RIS := TRIP

the transition of the 52A Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the 
circuit breaker opens to initiate open interval timing. With a long enough 
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setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 4.33).

If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the 
Lockout State. This helps prevent reclose initiation for circuit breaker 
openings caused by trips external to the relay.

If circuit breaker status indication (52A) is slow, additional setting change 
ULCL := 0 (unlatch close; refer to Figure 4.34 and accompanying 
explanation) may need to be made when 79RI := NOT 52A. ULCL := 0 
avoids going to lockout prematurely for an instantaneous trip after an 
autoreclose by not turning CLOSE off until the circuit breaker status 
indication tells the relay that the breaker is closed. The circuit breaker 
anti-pump circuitry should take care of the TRIP and CLOSE being on 
together for a short period of time.

Other Settings Considerations
In Example 4.8 the preceding additional setting example, the reclose initiate 
setting (79RI) includes input IN101, that is connected to a 52a breaker auxiliary 
contact (52A := IN101).

79RI := NOT 52A

If a 52b breaker auxiliary contact is connected to input IN101 (52A := NOT 
IN101), the reclose initiate setting (79RI) remains the same.

If no reclose initiate supervision is necessary, make the following setting:
79RIS := 1 (numeral 1)

Setting 79RIS := logical 1 at all times. Any time setting 79RI detects a logical 
0 to logical 1 transition, the relay initiates open interval timing (unless 
prevented by other means).

If the following setting is made:
79RI := 0 (numeral 0)

reclosing will never take place (reclosing is never initiated). The reclosing 
relay is effectively inoperative.

If the following setting is made:
79RIS := 0 (numeral 0)

reclosing will never take place (the reclosing relay goes directly to the lockout 
state any time reclosing is initiated). The reclosing relay is effectively 
inoperative.

Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 

When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1), and the front-panel LO (Lockout) LED 
illuminates.

79DTL has a 1 second dropout time. This keeps the drive-to-lockout condition 
up 1 second after 79DTL has reverted back to 79DTL = logical 0. This is 
useful for situations where both of the following are true:

➤ Any of the trip and drive-to-lockout conditions are “pulsed” 
conditions (e.g., the OPEN command Relay Word bit, OC, 
asserts for only 1/4 cycle—refer to Factory Settings Example 
on page 4.63).

➤ Reclose initiation is by the breaker contact opening 
(e.g., 79RI := NOT 52A—refer to Additional Settings Example 
on page 4.61).
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Then the drive-to-lockout condition overlaps reclose initiation and the 
SEL-751A stays in lockout after the breaker trips open.

When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see Reclosing Relay Shot Counter on page 4.60).

EXAMPLE 4.9 Factory Settings Example

The drive-to-lockout factory setting is:
79DTL := OC OR SV04T

Relay Word bit OC asserts for execution of the OPEN command. See the 
Note in the Lockout State discussion, following Table 4.28. 

Relay Word bit SV04T asserts for execution of the open command from 
the front-panel pushbutton (see Table 8.4 for more detail).

The drive-to-last shot factory setting is:
79DLS := 79LO

One open interval is also set in the factory settings, resulting in last 
shot = 1. Any time the relay is in the lockout state (Relay Word bit 79LO =  
logical 1), the relay is driven to last shot (if the shot counter is not already 
at a shot value greater than or equal to shot = 1):

79DLS := 79LO = logical 1

Thus, the relay is driven to the Lockout State (by setting 79DTL) and, 
subsequently, last shot (by setting 79DLS).

EXAMPLE 4.10 Additional Settings Example

To drive the relay to the Lockout State for fault current greater than a 
certain level when tripping (e.g., level of phase instantaneous 
overcurrent element 50P3P), make settings similar to the following:

79DTL := TRIP AND 50P3P OR …
Additionally, if the reclosing relay should go to the Lockout State for an 
underfrequency trip, make settings similar to the following:

79DTL := TRIP AND 81D1T OR …

Other Settings Considerations
If no special drive-to-lockout or drive-to-last shot conditions are necessary, 
make the following settings:

79DTL := 0 (numeral 0)
79DLS := 0 (numeral 0)

With settings 79DTL and 79DLS inoperative, the relay still goes to the 
Lockout State (and to last shot) if an entire automatic reclose sequence is 
unsuccessful.

Overall, settings 79DTL or 79DLS are necessary to take the relay to the 
Lockout State (or to last shot) for immediate circumstances.

Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 

The skip shot setting 79SKP causes skipping of a reclose shot. Thus, the 
SEL-751A skips an open interval time and uses the next open interval time 
instead.

If 79SKP = logical 1 at the instant of successful reclose initiation 
(see preceding discussion on settings 79RI and 79RIS), the relay increments 
the shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 4.30). If the new shot is the “last 
shot,” no open interval timing takes place, and the relay goes to the Lockout 
State if the circuit breaker is open (see Lockout State on page 4.56).
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After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.

If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 4.30). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see Lockout State on page 4.56).

If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off. Use the OPTMN Relay Word bit to monitor open interval timing 
(see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.11 Factory Settings Example

The skip shot function is not enabled in the factory settings:
79SKP := 0 (numeral 0)

The stall open interval timing factory setting is:
79STL := TRIP

After successful reclose initiation, open interval timing does not start as 
long as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.

EXAMPLE 4.12 Additional Settings Example 1

With skip shot setting:
79SKP := 50P2P AND SH0

if shot = 0 (Relay Word bit SH0 = logical 1) and phase current exceeds the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2P = logical 1), at the instant of successful reclose initiation, the shot 
counter increments from shot = 0 to shot = 1. Then, open interval 1 time 
(setting 79OI1) is skipped, and the relay times on the open interval 2 time 
(setting 79OI2) instead.

In Table 4.31, note that the open interval 1 time (setting 79OI1) is a short 
time, while the following open interval 2 time (setting 79OI2) is 
significantly longer. For a high magnitude fault (greater than the phase 
instantaneous overcurrent element 50P2 threshold), open interval 1 time 
is skipped, and open interval timing proceeds on the following open 
interval 2 time.

Once the shot increments to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2P.

Table 4.31 Open Interval Time Example Settings

Shot
Corresponding 
Relay Word Bit

Corresponding 
Open Interval

Open Interval Time 
Example Setting

(seconds)

0 SH0 79OI1 0.50 

1 SH1 79OI2 10
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EXAMPLE 4.13 Additional Settings Example 2

If the SEL-751A Relay is in use on a feeder with a line-side independent 
power producer (cogenerator), the utility should not reclose into a line still 
energized by an islanded generator. To monitor line voltage and block 
reclosing, connect a line-side single-phase potential transformer to 
channel VS on the SEL-751A as shown in Figure 4.40.

Figure 4.40 Reclose Blocking for Islanded Generator

If the line is energized, you can set channel VS overvoltage element 59S1 
to assert. Make the following setting:

79STL := 59S1 OR …
If line voltage is present, Relay Word bit 59S1 asserts, stalling open interval 
timing (reclose block). If line voltage is not present, Relay Word bit 59S1 
deasserts, allowing open interval timing to proceed (unless some other set 
condition stalls open interval timing).

EXAMPLE 4.14 Additional Settings Example 3

Refer to Figure 4.37 and accompanying setting example, showing an 
application for setting 79STL.

Other Settings Considerations
If no special skip shot or stall open interval timing conditions are necessary, 
make the following settings:

79SKP := 0 (numeral 0)
79STL := 0 (numeral 0)

Block Reset Timing 
Setting (79BRS)

The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:

79RSD (Reset Time from Reclose Cycle)

or
79RSLD (Reset Time from Lockout)

Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:

79BRS = logical 1

reset timing is stopped and does not begin timing again until 79BRS deasserts 
to:

79BRS = logical 0

SEL-751A

Bus 1

52

IA, IB, IC

VA, VB, VC VS

3-Phase

1-Phase

Generator
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When reset timing starts again, the reset timer is fully loaded. Thus, successful 
reset timing has to be continuous. Use the RSTMN Relay Word bit to monitor 
reset timing (see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.15 Factory Settings Example

The reset timing is blocked if Relay Word bit TRIP is asserted, regardless of 
the reclosing relay state:

79BRS := TRIP

EXAMPLE 4.16 Additional Settings Example 1

The block reset timing setting is:
79BRS := (51P1P OR 51G1P) AND 79CY

Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 4.38 and Table 4.28).

When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the 
relay is in the Reset or Lockout States. When a circuit breaker is closed 
from lockout, there could be cold load inrush current that momentarily 
picks up a time-overcurrent element [e.g., phase time-overcurrent element 
51P1 pickup (51P1P) asserts momentarily]. But, this assertion has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 
0). The relay will time immediately on reset time 79RSLD and take the 
relay from the Lockout State to the Reset State with no additional delay 
because 79BRS is deasserted to logical 0.

When the relay is in the Reclose Cycle State, Relay Word bit 79CY is 
asserted to logical 1. Thus, the example 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1P or 51G1P is picked up 
while the relay is in the Reclose Cycle State. This helps prevent repetitive 
“trip-reclose” cycling.

EXAMPLE 4.17 Additional Settings Example 2

If the block reset timing setting is:
79BRS := 51P1P OR 51G1P

then reset timing is blocked if time-overcurrent pickup 51P1P or 51G1P is 
picked up, regardless of the reclosing relay state.

Sequence 
Coordination Setting 
(79SEQ)

The sequence coordination setting 79SEQ keeps the relay in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-751A overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.

For the sequence coordination setting 79SEQ to increment the shot counter, 
both the following conditions must be true:

➤ No trip present (Relay Word bit TRIP = logical 0)

➤ Circuit breaker closed (SELOGIC control equation setting 
52A = logical 1, effectively)

The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the previous two conditions are both true, and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 4.41) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-751A “in step” 
with the downstream device, as is shown in Additional Settings Example 1 on 
page 4.67 and Additional Settings Example 2 on page 4.68.



4.67

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Logic

Every time a sequence coordination operation occurs, the shot counter 
increments, and the reset timer is loaded up with reset time 79RSD. Sequence 
coordination can increment the shot counter beyond last shot, but no further 
than shot = 4. The shot counter returns to shot = 0 after the reset timer times 
out. Reset timing is subject to SELOGIC control equation setting 79BRS [see 
Block Reset Timing Setting (79BRS) on page 4.65].

Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.

EXAMPLE 4.18 Factory Settings Example

Sequence coordination is not enabled in the factory settings:
79SEQ := 0

EXAMPLE 4.19 Additional Settings Example 1

With sequence coordination setting:
79SEQ := 79RS AND 51P1P

sequence coordination is operable only when the relay is in the Reset 
State (79RS = logical 1). Refer to Figure 4.41 and Figure 4.42.

Figure 4.41 Sequence Coordination Between the SEL-751A and a Line 
Recloser

Assume that the line recloser is set to operate twice on the fast curve and 
then twice on the slow curve. The slow curve is allowed to operate after 
two fast curve operations because the fast curves are then inoperative for 
tripping. The SEL-751A phase time-overcurrent element 51P1T is 
coordinated with the line recloser fast curve. The SEL-751A single-phase 
time-overcurrent elements 51AT, 51BT, and 51CT are coordinated with the 
line recloser slow curve.

Fast Curve
(Line Recloser)

51P1

Slow Curve
(Line Recloser)

t

IF I

51P1T
(SEL-751A)

51AT, 51BT, 51CT
(SEL-751A)

SEL-751A

R

Line Recloser

IF
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q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.42 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)

If the SEL-751A is in the Reset State (79RS = logical 1) and then a 
permanent fault beyond the line recloser occurs (fault current IF in 
Figure 4.41), the line recloser fast curve operates to clear the fault. The 
SEL-751A also sees the fault. The phase time-overcurrent pickup 51P1P 
asserts and then deasserts without tripping, incrementing the relay shot 
counter from:

shot = 0 to shot = 1

When the line recloser recloses its circuit breaker, the line recloser fast 
curve operates again to clear the fault. The SEL-751A also sees the fault 
again. The phase time-overcurrent pickup 51P1P asserts and then 
deasserts without tripping, incrementing the relay shot counter from:

shot = 1 to shot = 2

The line recloser fast curve is now disabled after operating twice. When 
the line recloser recloses its circuit breaker, the line recloser slow curve 
operates to clear the fault. The relay does not operate on its faster-set 
phase time-overcurrent element 51P1 (51P1T is “below” the line recloser 
slow curve) because the shot counter is now at shot = 2. For this sequence 
coordination scheme, the SELOGIC control equation trip equation is:

TR := 51P1T AND (SH0 OR SH1) OR 51AT OR 51BT OR 51CT

With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51PT phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative, and its pickup (51P1P) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, 
etc. The 51P1T phase time-overcurrent element cannot cause a trip 
because shot ≥ 2, and SH0 and SH1 both are deasserted to logical 0.

The shot counter returns to shot = 0 after the reset timer (loaded with 
reset time 79RSD) times out.

EXAMPLE 4.20 Additional Settings Example 2

Review preceding Example 1.

Assume that the line recloser in Figure 4.41 is set to operate twice on the 
fast curve and then twice on the slow curve for faults beyond the line 
recloser.

Assume that the SEL-751A is set to operate once on 51P1T and then twice 
on 51AT, 51BT, or 51CT for faults between the SEL-751A and the line 
recloser. This results in the following trip setting:

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT

79SEQ := 79RS AND 51P1P

SH0 OR SH1

SH1

SH0

Shot Counter      0 1 2 3 4

q w e w e r e r

NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot in this example (last shot = 2 
in this factory setting example) but no 
further than shot = 4.

The following Example 2 limits 
sequence coordination shot counter 
incrementing.



4.69

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Logic

This requires that two open interval settings be made (see Table 4.29 and 
Figure 4.39). This corresponds to the last shot being:
last shot = 2

If the sequence coordination setting is:
79SEQ := 79RS AND 51P1P

and there is a permanent fault beyond the line recloser, the shot counter 
of the SEL-751A will increment all the way to shot = 4 (see Figure 4.42). If 
there is a coincident fault between the SEL-751A and the line recloser, the 
SEL-751A will trip and go to the Lockout State. Any time the shot counter 
is at a value equal to or greater than last shot and the relay trips, it goes to 
the Lockout State.

To avoid this problem, make the following sequence coordination setting:
79SEQ := 79RS AND 51P1P AND SH0

Refer to Figure 4.43.

If the SEL-751A is in the Reset State (79RS = logical 0) with the shot 
counter reset (shot = 0; SH0 = logical 1) and then a permanent fault 
beyond the line recloser occurs (fault current IF in Figure 4.41), the line 
recloser fast curve operates to clear the fault. The SEL-751A also sees the 
fault. The phase time-overcurrent pickup 51P1P asserts and then deasserts 
without tripping, incrementing the relay shot counter from:

shot = 0 to shot = 1

Now the SEL-751A cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT = (logical 0) OR 51AT OR 
51BT OR 51CT

q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.43 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 2)

The line recloser continues to operate for the permanent fault beyond it, 
but the SEL-751A shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.

79SEQ := 79RS AND 51P1P AND (logical 0) = Logical 0

The shot counter stays at shot = 1.

Thus, if there is a coincident fault between the SEL-751A and the line 
recloser, the SEL-751A will operate on 51AT, 51BT, or 51CT and then reclose 
once, instead of going straight to the Lockout State (shot = 1 < last shot = 
2).

As stated earlier, the reset time setting 79RSD takes the shot counter back 
to shot = 0 after a sequence coordination operation increments the shot 
counter. Make sure that reset time setting 79RSD is set long enough to 
maintain the shot counter at shot = 1, as shown in Figure 4.43.

79SEQ = 79RS * 51P1 * SHO

51P1

Shot Counter

SH0

0 1

q w e w e r e r
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Reclose Supervision 
Setting (79CLS)

See Reclose Supervision Logic on page 4.48.

Demand Metering
The SEL-751A provides demand and peak demand metering, selectable 
between thermal and rolling demand types, for the following values:

➤ IA, IB, IC, phase currents (A primary)

➤ IG Residual-ground current 
(A primary; IG = 3I0 = IA + IB + IC)

➤ 3I2 Negative-sequence current (A primary)

Table 4.32 shows the demand metering settings. Also refer to Section 5: 
Metering and Monitoring and Section 7: Communications for other related 
information for the demand meter.

The demand current level settings are applied to demand current meter 
outputs, as shown in Figure 4.44. 

Table 4.32 Demand Meter Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE DEM MTR THM, ROL EDEM := THM

DEM TIME CONSTNT 5, 10, 15, 30, 60 min DMTC := 5

PH CURR DEM LVL OFF, 0.50–16.00 Aa

OFF. 0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

PHDEMP := 5.00a

PHDEMP := 1.00b

RES CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
GNDEMP := 1.00a

GNDEMP := 0.20b

3I2 CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
3I2DEMP := 1.00a

3I2DEMP := 0.20b
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Figure 4.44 Demand Current Logic Outputs

For example, when residual-ground demand current IGD exceeds 
corresponding demand pickup GNDEMP, Relay Word bit GNDEM asserts to 
logical 1. Use these demand current logic outputs (PHDEM, GNDEM, and 
3I2DEM) to alarm for high loading or unbalance conditions.

The demand values are updated approximately once a second. The relay stores 
peak demand values to nonvolatile storage every six hours (it overwrites the 
previous stored value if it is exceeded). Should the relay lose control power, it 
will restore the peak demand values saved by the relay.

Demand metering peak recording is momentarily suspended when SELOGIC 
control equation setting FAULT is asserted (= logical 1). The differences 
between thermal and rolling demand metering are explained in the following 
discussion.

PHDEM

Relay
Word
Bits

Demand Current
Pickup Settings
(A Secondary)

IBD

IAD
IA

ICD

Analog
Quantities
Demand
CurrentsInstantaneous

Currents

Serial Port
Command

Demand Function
Maximum  
Current
Logic

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

Reset 
Demand

PHDEMP

IGD

Reset 
Demand

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

GNDEM
GNDEMP

IG
(residual)

Demand Function

3I2D

Reset 
Demand

Thermal  (EDEM = THM)
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Rolling  (EDEM = ROL)

3I2DEM
3I2DEMP

3I2

MET RD

Demand Function
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Comparison of 
Thermal and Rolling 
Demand Meters

The example in Figure 4.45 shows the response of thermal and rolling demand 
meters to a step current input. The current input is at a magnitude of zero and 
then suddenly goes to an instantaneous level of 1.0 per unit (a “step”).

Figure 4.45 Response of Thermal and Rolling Demand Meters to a 
Step Input (Setting DMTC = 15 minutes)
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Thermal Demand Meter Response
The response of the thermal demand meter in Figure 4.45 (middle) to the step 
current input (top) is analogous to the series RC circuit in Figure 4.46.

Figure 4.46 Voltage VS Applied to Series RC Circuit

In the analogy:

Voltage VS in Figure 4.46 corresponds to the step current input in 
Figure 4.45 (top).

Voltage VC across the capacitor in Figure 4.46 corresponds to the 
response of the thermal demand meter in Figure 4.45 (middle).

If voltage VS in Figure 4.46 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 4.46 is also at zero 
(VC = 0.0 per unit). If voltage VS is suddenly stepped up to some constant 
value (VS = 1.0 per unit), voltage VC across the capacitor starts to rise toward 
the 1.0 per-unit value. This voltage rise across the capacitor is analogous to the 
response of the thermal demand meter in Figure 4.44 (middle) to the step 
current input (top).

In general, as voltage VC across the capacitor in Figure 4.46 cannot change 
instantaneously, the thermal demand meter response is not immediate either 
for the increasing or decreasing applied instantaneous current. The thermal 
demand meter response time is based on the demand meter time constant 
setting DMTC (see Table 4.32). Note in Figure 4.45, the thermal demand 
meter response (middle) is at 90 percent (0.9 per unit) of full applied value 
(1.0 per unit) after a time period equal to setting DMTC = 15 minutes, 
referenced to when the step current input is first applied.

The SEL-751A updates thermal demand values approximately every second.

Rolling Demand Meter Response
The SEL-751A calculates the response of the rolling demand meter in 
Figure 4.45 (bottom) to the step current input (top) with a sliding time-
window arithmetic average calculation. The width of the sliding time-window 
is equal to the demand meter time constant setting DMTC (see Table 4.32). 
Note in Figure 4.45, the rolling demand meter response (bottom) is at 
100 percent (1.0 per unit) of full applied value (1.0 per unit) after a time 
period equal to setting DMTC = 15 minutes, referenced to when the step 
current input is first applied.

The rolling demand meter integrates the applied signal (e.g., step current) 
input in five-minute intervals. The SEL-751A performs this integration 
approximately every second. The average value for an integrated five-minute 
interval is derived and stored as a five-minute total. The rolling demand meter 
then averages a number of the five-minute totals to produce the rolling 
demand meter response. In the Figure 4.45 example, the rolling demand meter 

VS VC

+

+

—

—

R

C
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averages the three latest five-minute totals because setting DMTC = 15
(15/5 = 3). The relay updates the rolling demand meter response every five 
minutes, after it calculates a new five-minute total.

The following is a step-by-step calculation of the rolling demand response 
example in Figure 4.45 (bottom).

Time = 0 Minutes
Presume that the instantaneous current has been at zero for quite some time 
before “Time = 0 minutes” (or the demand meters were reset). The three 
five-minute intervals in the sliding time-window at “Time = 0 minutes” each 
integrate into the following five-minute totals:

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes
The three five-minute intervals in the sliding time-window at “Time = 5 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit.

Time = 10 Minutes
The three five-minute intervals in the sliding time-window at “Time = 10 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit.

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –15 to –10 minutes

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

0.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

1.0 per unit  0 to 5 minutes

1.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –5 to 0 minutes

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

2.0 per unit
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Time = 15 Minutes
The three five-minute intervals in the sliding time-window at “Time = 15 
minutes” each integrate into the following 5-minute totals:

Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed in the following table.

SELOGIC Enables The following table shows the enable settings for latch bits (ELAT), SELOGIC 
control equations (including timers) (ESV), Counters (ESC), and math 
variable equations (EMV). This helps limit the number of settings that you 
need to make. For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output 
contact state. The SEL-751A latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output 
contact will go back to the state of the latch control switch after device 
initialization. Traditional latching device output contact states are changed by 
pulsing the latching device inputs (see Figure 4.47). Pulse the set input to 
close (set) the latching device output contact. Pulse the reset input to open 
(reset) the latching device output contact. The external contacts wired to the 
latching device inputs are often from remote control equipment (e.g., SCADA, 
RTU).

Five-Minute Totals Corresponding Five-Minute Interval

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

1.0 per unit 10 to 15 minutes

3.0 per unit

Table 4.33 Enable Settings

Setting Prompt Setting Range Default Setting

SELOGIC Latches N, 1–32 ELAT := 4

SV/Timers N, 1–32 ESV := 5

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N
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Figure 4.47 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-751A provide latching device 
functionality. Figure 4.48 shows the logic diagram of a latch switch. The 
output of the latch control switch is a Relay Word bit LTn (n = 01–32), called 
a latch bit.

Figure 4.48 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit LTn 
deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-751A includes 32 latches. Table 4.34 shows the SET and RESET 
default settings for Latch 1 through Latch 4. The remaining latches are all set 
to NA.

Table 4.34 Latch Bits Equation Settings

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

SET02 SELOGIC SET02 := R_TRIG SV02T AND NOT LT02

RST02 SELOGIC RST02 := R_TRIG SV02T AND LT02

SET03 SELOGIC SET03 := PB03_PUL AND LT02 AND NOT 52A

RST03 SELOGIC RST03 := (PB03_PUL OR PB04_PUL OR 
SV03T) AND LT03

SET04 SELOGIC SET04 := PB04_PUL AND 52A

RST04 SELOGIC RST04 := (PB03_PUL OR PB04_PUL OR 
SV04T) AND LT04

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset) (n = 01 through 32)

Relay
Word
Bits

SELOGIC
Setting
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Latch Bits: 
Nonvolatile State

Power Loss
The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is 
deasserted (LT03 := logical 0) when power is restored.

Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on page 4.77 
explanation. If the individual settings change causes a change in SELOGIC 
control equation settings SETn or RSTn (n = 1 through 32), the retained states 
of the latch bits can be changed, subject to the newly enabled settings SETn or 
RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a separate debounce timer that can help in providing the necessary time 
qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your 
application. Only the enabled SELOGIC control equations appear for settings. 
Each SELOGIC control equation variable/timer has a SELOGIC control 
equation setting input and variable/timer outputs, as shown in Figure 4.49. 
Timers SV01T through SV32T in Figure 4.49 have a setting range of 0.00–
3000.00 seconds. This timer setting range applies to both pickup and dropout 
times (SVnPU and SVnDO, n = 1 through 32).

Figure 4.49 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC control equation, 
including a total of 14 elements in parentheses (see Table 4.36 for more 
information).

SELOGIC Control 
Equation Operators

Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

Relay
Word 
Bits

SVnPU

SVnDO
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already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an “assignment” operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean 
algebra logic, combining Relay Word bits together with one or more of the 
Boolean operators listed in Table 4.36. Math SELOGIC control equation 
settings operate on numerical values, using one or more of the mathematical 
operators listed in Table 4.36. These numerical values can be mathematical 
variables or real numbers.

The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.21 for an explana-
tion on improving the accuracy of the math operations by managing the pro-
cessing order. 

EXAMPLE 4.21 Improving the Accuracy of Math Operations 

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 calculation 
and scales it by 128, then rounds this up to a 2. The relay then multiplies it 
by 100,000 and stores it as 200,000. When the number is reported it 
divides out the scale factor (128) and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This result 
is then rounded and stored as 184,615. The relay then divides 184,615 by 128 
and reports 1442.3. 

Example 4.21 illustrates how important it is to avoid calculations where a 
small number is divided by a large number followed by multiplication. It will 
amplify the error significantly. 

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.35, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. You should use scaling factors 
where possible to avoid the error introduced by the fixed-point processor 
when multiplying and dividing fractional numbers.

Table 4.35 Math Variable Fractional Multiplication Results

MV01 := 0.01 • 10 Result = 0.08 Error = 20%

MV01 := 0.05 • 10 Result = 0.47 Error = 6%

MV01 := 0.1 • 10 Result = 1.02 Error = 2.0%

MV01 := 0.5 • 10 Result = 5.00 Error = 0%

MV01 := 0.99 • 10 Result = 9.92 Error = 0.2%
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You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.37 for this and other 
Boolean and math operators and values.

Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-751A evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for 
example SV01 AND SV02 AND SV03, each AND will be evaluated from the 
left to the right. If you substitute NOT SV04 for SV03 to make SV01 AND 
SV02 AND NOT SV04, the device evaluates the NOT operation of SV04 first 
and uses the result in subsequent evaluation of the expression.

Parentheses Operator ( )
You can use more than one set of parentheses in a SELOGIC control equation 
setting. For example, the following Boolean SELOGIC control equation setting 
has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

In the previous example, the logic within the parentheses is processed first and 
then the two parentheses resultants are ANDed together. Use as many as 14 
sets of parentheses in a single SELOGIC control equation setting. The 
parentheses can be “nested” (parentheses within parentheses).

Math Negation Operator (–)
The negation operator – changes the sign of a numerical value. For example:

MV01 := RB01

Table 4.36 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean and/

or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply
divide

Mathematical

+
-

add
subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality
inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest precedence)



4.80

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Logic Settings (SET L Command)

When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Boolean NOT Operator (NOT)
Apply the NOT operator to a single Relay Word bit and to multiple elements 
(within parentheses).

An example of a single Relay Word bit is as follows:
SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as 
follows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the 
following example.

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

The previous equation sets MV01 to 12 whenever IN101 asserts, otherwise it 
increments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG)
Apply the rising-edge operator, R_TRIG, to individual Relay Word bits only; 
you cannot apply R_TRIG to groups of elements within parentheses. When 
any Relay Word bit asserts (going from logical 0 to logical 1), R_TRIG 
interprets this logical 0 to logical 1 transition as a “rising edge” and asserts to 
logical 1 for one processing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing 
interval when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG)
Apply the falling-edge operator, F_TRIG, to individual Relay Word bits only; 
you cannot apply F_TRIG to groups of elements within parentheses. The 
falling-edge operator, F_TRIG, operates similarly to the rising-edge operator, 
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but operates on Relay Word bit deassertion (elements going from logical 1 to 
logical 0) instead of Relay Word bit assertion. When the Relay Word bit 
deasserts, F_TRIG interprets this logical 1 to logical 0 transition as a “falling 
edge” and asserts to logical 1 for one processing interval, as shown in 
Figure 4.50.

Figure 4.50 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators (*, /, +, and –)
If Relay Word bits (which are effectively Boolean resultants, equal to logical 1 
or logical 0) are used in mathematical operations, they are treated as 
numerical values 0 and 1, depending on if the Relay Word bit is equal to 
logical 0 or logical 1, respectively.

Boolean Comparison Operators (<, >, <=, and >=)
Comparisons are mathematical operations that compare two numerical values, 
with the result being a logical 0 (if the comparison is not true) or logical 1 (if 
the comparison is true). Thus, what starts out as a mathematical comparison 
ends up as a Boolean resultant. For example, if the output of a math variable 
exceeds a certain value, an output contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8, output contact OUT103 asserts 
(OUT103 = logical 1). If the math variable (MV01) is less that or equal to 8, 
output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality (=) and Inequality (<>) Operators
Equality and inequality operators operate similarly to the comparison 
operators. These are mathematical operations that compare two numerical 
values, with the result being a logical 0 (if the comparison is not true), or 
logical 1 (if the comparison is true). Thus, what starts out as a mathematical 
comparison, ends up as a Boolean resultant. For example, if the output of a 
math variable is not equal to a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45, output contact OUT102 asserts 
(effectively OUT102 := logical 1). If the math variable (MV01) is equal to 45, 
output contact OUT102 deasserts (effectively OUT102 := logical 0). The 
following table shows other operators and values that you can use in writing 
SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When 
Power Lost or 
Settings Changed

If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.51 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.51 Example Use of SELOGIC Variables/Timers

SV/Timers Settings The SEL-751A includes 32 SELOGIC variables. Table 4.38 shows the pickup, 
dropout, and equation settings for SV01 and SV02. The remaining SELOGIC 
variables have the same default settings as SV02.

Table 4.37 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.38 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Default Settings

SV TIMER PICKUP 0.00–3000.00 SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR 
BRGTRIP OR OTHTRIP OR 
AMBTRIP OR (27P1T OR 
27P2T) AND NOT LOP

SV TIMER PICKUP 0.00–3000.00 SV02PU := 3.00

SV TIMER DROPOUT 0.00–3000.00 SV02DO := 0.00

SV INPUT SELOGIC SV02 := PB02

SV TIMER PICKUP 0.00–3000.00 SV03PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV03DO := 0.00

SV INPUT SELOGIC SV03 := LT03
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The pickup times of 0 for the SV03PU and SV04PU settings shown 
previously provide an immediate close and trip actions from front-panel 
pushbuttons. For a delayed close, set SV03PU to the necessary delay. 
Similarly, set SV04PU for a delayed trip action. See Table 8.4 for more detail.

Counter Variables SELOGIC counters are up- or down-counting elements, updated every 
processing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.52 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.52 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and 
Digital output SC01QU asserts when the counter reaches the programmable 
count value. Use the reset input (SC01R) to force the count to zero, and the 
analog output (SCnn) with analog comparison operators. Table 4.39 describes 
the counter inputs and outputs, and Table 4.40 shows the order of precedence 
of the control inputs.

SV TIMER PICKUP 0.00–3000.00 SV04PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV04DO := 0.00

SV INPUT SELOGIC SV04 := LT04

SV TIMER PICKUP 0.00–3000.00 SV05PU := 0.25

SV TIMER DROPOUT 0.00–3000.00 SV05DO := 0.25

SV INPUT SELOGIC SV05 := (PB02 OR LT03 OR 
LT04) AND NOT SV05T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 SV32PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV32DO := 0.00

SV INPUT SELOGIC SV32 := NA

Table 4.38 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Default Settings

Table 4.39 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the out-
put (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled.

NOTE: If setting SCnnCU is set to NA, 
the counter counts downwards only.

NOTE: SELOGIC counters will be reset 
to zero if the relay loses power as the 
counters are stored in volatile 
memory.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output
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Figure 4.53 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This 
indicates that there is no intentional lag between the control input asserting 
and the count value changing. Most of the pulses in the diagram are on every 
second processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.53 Example of the Effects of the Input Precedence

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a 
SELOGIC control equation and viewed through use 
of the COU command.

Table 4.40 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.39 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

Relay
Word
Bits

SC01R

SC01LD

SC01CU

SC01CD

SELOGIC

Settings

SC01PV = 7

Setting

SC01

Analog

= Sample

One Processing Interval

Two Processing Intervals
6
5
4
3
2
1
0
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears 
in the previous diagram, just before the “one processing 
interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters. When a counter is disabled by 
setting, the present count value is forced to 0 (SCnn := 0), causing Relay Word 
bit SCnnQD to assert (SCnnQD := logical 1), and Relay Word bit SCnnQU to 
deassert (SCnnQU := logical 0).

Output Contacts

The SEL-751A provides the ability to use SELOGIC control equations to map 
protection (trip and warning) and general-purpose control elements to the 
outputs. In addition, you can enable fail-safe output contact operation for relay 
contacts on an individual basis.

Table 4.41 Control Output Equations and Contact Behavior Settings

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := CLOSE

OUT103 FAIL-SAFE Y, N OUT103FS := N

OUT103 SELOGIC OUT103 := TRIP

•
•
•

•
•
•

•
•
•

OUT301 FAIL-SAFE Y, N OUT301FS := N

OUT301 SELOGIC OUT301 := 0

OUT302 FAIL-SAFE Y, N OUT302FS := N

OUT302 SELOGIC OUT302 := 0

OUT303 FAIL-SAFE Y, N OUT303FS := N

OUT303 SELOGIC OUT303 := 0

OUT304 FAIL-SAFE Y, N OUT304FS := N

OUT304 SELOGIC OUT304 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs for Slot C 
(OUT301–OUT304) are shown. The 
outputs for Slot D (OUT401–OUT404) 
and Slot E (OUT501–OUT504) have 
similar settings.
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If the contact fail-safe is enabled, the relay output is held in its energized 
position when relay control power is applied. The output falls to its de-
energized position when control power is removed. Contact positions with de-
energized output relays are indicated on the relay chassis and in Figure 2.13 
and Figure 2.14.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected (see Figure 2.17), the breaker is automatically tripped when relay 
control power fails.

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix I: MIRRORED BITS Communications and SEL-751A Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings

The phase rotation setting tells the relay your phase labeling standard. Set 
PHROT equal to ABC when B-phase current lags A-phase current by 120 
degrees. Set PHROT equal to ACB when B-phase current leads A-phase 
current by 120 degrees.

Figure 4.54 Phase Rotation Setting

Set the FNOM setting equal to your system nominal frequency. The DATE_F 
setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Small Signal Cut-
off for Metering on page 5.12 for more details.

Table 4.42 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ. 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := 50G1P OR 50N1P OR 
51P1P OR 51QP OR 50Q1P OR TRIP

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B
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Set the SELOGIC control equation FAULT to temporarily block maximum and 
minimum metering, energy metering, and demand metering.

Event Messenger 
Points

You can configure the SEL-751A to automatically send ASCII message on a 
communications port when the trigger condition is satisfied. Use the SET P 
command to set PROTO := EVMSG on the necessary port to select the port. 
This feature is designed to send messages to the SEL-3010 Event Messenger, 
but you can use any device capable of receiving ASCII messages.

Set EMP to enable the necessary number of message points.

Set each of MPTRxx (xx = 01–32) to the necessary Relay Word bits, the rising 
edge of which defines the trigger condition.

MPAQxx is an optional setting and you can use it to specify an Analog 
Quantity to be formatted into a single message, as described next.

Use MPTXxx to construct the message you want. Note that by default the 
relay adds the analog quantity value, if specified, at the end of the message, 
rounded to the nearest integer value (see Example 4.22).

EXAMPLE 4.22 Setting MPTXxx Using the Default Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157

Location and resolution of the analog quantity value within the message 
can be specified by using “%.pf”, 

where
% defines location of the value
p defines number of digits (as many as 6, defaults to 6 if 
omitted)
f indicates floating point value (use %d if nearest whole 
number is necessary)

Table 4.43 Event Messenger Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EVE MSG PTS ENABL N, 1–32 EMP := N

MESSENGER POINT 
MP01 TRIGGER

Off, 1 Relay Word bit MPTR01 := OFF

MESSENGER POINT 
MP01 AQ

None, 1 analog quantity MPAQ01 := NONE

MESSENGER POINT 
MP01 TEXT

148 characters MPTX01 := 

•
•
•

•
•
•

•
•
•

MESSENGER POINT 
MP32 TRIGGER

Off, 1 Relay Word bit MPTR32 := OFF

MESSENGER POINT 
MP32 AQ

None, 1 analog quantity MPAQ32 := NONE

MESSENGER POINT 
MP32 TEXT

148 characters MPTX32 :=
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EXAMPLE 4.23 Setting MPTXxx With a Specified Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS %.2f AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157.44 
AMPERES

MPTX01 := THE LOAD CURRENT IS %d AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157 
AMPERES

Multiple Settings 
Groups

SEL-751A Relays have three independent settings groups. Each settings 
group has complete relay settings and protection SELOGIC settings. The active 
settings group can be: 

➤ Viewed on the front-panel LCD using the MAIN > Set/Show > 
Active Group menus, as shown in Figure 8.20.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.20.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.20.

➤ Selected using SELOGIC control equation settings SS1 through 
SS3, as shown in Table 4.44.

If SELOGIC control equations SS1–SS3 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If the SELOGIC control equations are defined but evaluate to logical 0, 
or if they are not defined, the GROUP n command can be used to select the 
active settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1 and SG2 are deasserted to logical 0.
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS3, as shown in Table 4.44.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1 or SS2. If settings SS1 
through SS3 all deassert to logical 0, settings Group 3 remains the active 
settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 3.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 
other than the active settings group, there is no interruption of the active 

Table 4.44 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 sec TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0
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settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS3, the active settings group can be changed, subject to the 
newly enabled SS1–SS3 settings.

Synchrophasor Measurement
The SEL-751A Relay provides Phasor Measurement Control Unit (PMCU) 
capabilities when connected to an IRIG-B time source. See Appendix H: 
Synchrophasors for the description and Table H.1 for the settings.

Time and Date Management Settings
The SEL-751A supports several methods of updating the relay time and date. 
For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor 
applications, refer to Appendix H: Synchrophasors for the description and 
Table H.1 for the settings. For SNTP applications, refer to Simple Network 
Time Protocol (SNTP) on page 7.13. For time update from a DNP Master, see 
Time Synchronization on page D.10.

Table 4.45 shows the time and date management settings that are available in 
the Global settings.

Table 4.45 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B Control Bits Definition NONE, C37.118 IRIGC := NONE

Offset From UTC –24.00 to 24.00 hours, 
rounds up to nearest 0.25 
hour

UTC_OFF := 0.00

Month To begin DST OFF, 1–12 DST_BEGM := OFF

Week Of The Month To Begin DST 1–3, L DST_BEGW := 2

Day Of The Week To Begin DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_BEGD := SUN

Local Hour To Begin DST 0–23 DST_BEGH := 2

Month To End DST 1–12 DST_ENDM := 11

Week Of The Month To End DST 1–3, L DST_ENDW := 1

Day Of The Week To End DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_ENDD := SUN

Local Hour To End DST 0–23 DST_ENDH := 2
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IRIGC IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC time, 
Daylight Savings Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay will be able to adjust the 
synchrophasor time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated 
Universal Time (UTC) 
Offset Setting

The SEL-751A has a Global setting UTC_OFF, settable from –24.00 to 24.00 
hours, in 0.25-hour increments. The relay also uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not 
considered because the other time sources are defined as local time.

Automatic Daylight-
Saving Time Settings

The SEL-751A can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-751A will change to and from daylight-saving time 
every year at the specified time. Relay Word bit DST asserts when daylight-
saving time is active.

The SEL-751A interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in 
week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a 
month. As an example, consider the following settings:

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

DST_BEGM = 3 DST_ENDM = 10

DST_BEGW = L DST_ENDW = 3

DST_BEGD = SUN DST_ENDD = WED

DST_BEGH = 2 DST_ENDH = 3
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When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word bit, 
regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time 
settings are properly configured.

Simple Network Time 
Protocol (SNTP)

The SEL-751A PORT 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.13 for a description and Table 7.4 for the settings.

Breaker Failure Setting

The SEL-751A provides flexible breaker failure logic (see Figure 4.55). In the 
default breaker failure logic, assertion of Relay Word bit TRIP starts the BFD 
timer if the sum of positive-sequence and negative-sequence currents exceed 
0.02 • INOM. If the current remains greater than the threshold for BFD delay 
setting, Relay Word bit BFT will assert. Use the BFT to operate an output 
relay to trip appropriate backup breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is unnecessary 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.55 Breaker Failure Logic

Table 4.46 Breaker Failure Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 sec BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.02 • INOM

|I1| + |I2|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit
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Arc-Flash Protection
The SEL-751A offers advanced arc-flash protection capability aimed at 
minimizing the hazards associated with high energy arc (faults) in metal-
enclosed and metal-clad switchgear. The system supports four fiber-optic light 
sensors capable of detecting the high energy arc-flash events and tripping the 
breaker within milliseconds of the fault. Light sensors are supervised with an 
instantaneous overcurrent element offering enhanced security against false 
trips. Each of the four sensors can be routed to multiple tripping outputs by 
using SELOGIC control equations, offering ultimate flexibility in creating 
multiple protection zones (breaker truck cabinet, bus, PT cubicle etc.).

SEL-751A arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time will typically be longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in 
individual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. A loopback-based attenuation measurement method 
supervises both types of sensors and you can use them interchangeably on each 
of the four light inputs. Refer to Application Guide AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for more details.

Arc-Flash 
Overcurrent Elements 
(50PAF, 50NAF)

Table 4.47 shows the settings for the arc-flash instantaneous overcurrent 
elements. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

The arc-flash overcurrent elements use raw A/D converter samples, with the 
sampling rate of 16 samples per cycle. Individual samples are compared with 
the setting threshold as shown in Figure 4.56, followed by a security counter 
requiring that two samples in a row exceed the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to “overreach” under high harmonic load conditions. To avoid 
unintended element pickup, Arc-flash trip level 50PAFP should be set at least 
2 times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush / load pickup conditions is expected and 
will normally be taken into account by the arc-flash “light based” supervision.

Table 4.47 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 Aa

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 Ab

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.50–100.00 Aa 50NAFP := OFF

 0.10–20.00 Ab
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Figure 4.56 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-
Overlight Elements 
(TOL1 through TOL4)

The SEL-751A Relay offers four fiber-optic light sensor inputs. Each input is 
associated with one inverse time-over light element offering enhanced security 
coupled with exceptionally fast operation. Shape of the inverse time 
characteristic is fixed offering robust rejection of unrelated light events 
without adding unnecessary settings. Table 4.48 shows the arc-flash time-
overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) representing the type of sensor installed. Keyword POINT represents 
a point sensor, while the keyword FIBER represents a clear-jacketed fiber loop 
sensor.

TOL Pickup parameter makes it possible to set the individual light threshold 
levels for each of the 4 sensors. Pickup level is expressed in the percent of full 
scale, which is directly related to the light intensity level measured by the 
sensor.

When necessary, channel sensitivity can be compared to a light intensity level 
expressed in lux, as shown in Table 4.49. However, light sensitivity is 
associated with fiber length (which is installation dependent), TOL element 
settings are expressed as a percentage of the available A/D converter range.

2

16

50PAF

Relay
Word
Bit

50NAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample

Setting 50PAFP
Scaled to

Equivalent Sample

2

16

IN Sample

Setting 50NAF
Scaled to

Equivalent Sample

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL2P := 3.0

SENSOR 3 TYPE NONE, POINT, FIBER AFSENS3 := NONE

TOL 3 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL3P := 3.0

SENSOR 4 TYPE NONE, POINT, FIBER AFSENS4 := NONE
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The default processing interval in the SEL-751A is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as two outputs that will be processed every 1/16 of a power system cycle. Use 
the setting AOUTSLOT to select these outputs. For instance, if Slot C is 
selected (AOUTSLOT := 301_2) the SELOGIC control equations OUT301 and 
OUT302 will be processed at the 1/16 of a cycle rate. To get the fastest 
possible operate time, use the contacts selected by the AOUTSLOT setting for 
tripping. 

Figure 4.57 shows the TOL element logic diagram. 

Figure 4.57 Inverse Time-Overlight Element Logic

Figure 4.58 shows the inverse time-overlight element curve shape. The 
element uses 32 samples per cycle data, processed 16 times per cycle. TOL 
element algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system cycle.

TOL 4 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL4P := 3.0

AFD OUTPUT SLOT 101_2, 301_2, 401_2 AOUTSLOT := 101_2

a Setting range with point sensor.
b Setting range with fiber sensor.

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

PU: 0

DO: 1 cycle

ITOL2

LS2

Setting
TOL2P

TOL2

PU: 0

DO: 1 cycle

ITOL1

LS1

Setting
TOL1P

TOL1

PU: 0

DO: 1 cycle

ITOL3

LS3

Setting
TOL3P

TOL3

PU: 0

DO: 1 cycle

ITOL4

LS4

Setting
TOL4P

TOL4
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Figure 4.58 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, it is 
recommended that you set the element based on the ambient light level. This 
approach guarantees maximum sensitivity coupled with the fastest tripping 
time.

Typical ambient light levels are shown in Table 4.49. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as MET L command. Set the TOL 
pickup to the least possible light intensity level but greater than the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (non critical loads), it may be 
necessary to operate without overcurrent element supervision 
(OUTxxx := TOLn), relying only on the light detection element instead of 
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Table 4.49 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

>20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, "Electric Arc Burn Hazards", IEEE Transactions on industry 
applications, Vol. 42, No. 1. January/February 2006.
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having the overcurrent element (50PAF) supervise the light element (TOLn) in 
the output logic (OUTxxx := 50PAF AND TOLn). This approach offers fastest 
tripping times, but is less secure (can be tripped with the light input only).

Output Logic 
Programming

As stated earlier, arc-flash protection involves detecting an overcurrent as well 
as light (arc). Location of the light sensors and source(s) of the arc energy 
must also be considered in developing the trip output logic. If the relay detects 
both signals simultaneously, it is desirable to trip the “source breaker(s).”

The Relay Word bits for arc-flash protection (see Figure 4.56 and Figure 4.57) 
are:

50PAF, 50NAF, TOL1, TOL2, TOL3, and TOL4

As described earlier, you select two output contacts for high-speed processing 
by setting AOUTSLOT appropriately. The high-speed contact should be used 
for arc-flash tripping instead of the default OUT103 shown in Table 4.41. Also 
to ensure all the advantages of the trip logic (trip seal-in, event report trigger, 
etc.) the arc-flash trip should be included in the trip equation TR (see 
Table 4.27 and Figure 4.33 for detail).

NOTE: The high-speed outputs 
selected by AOUTSLOT setting being 
Form A, cannot be used in fail safe 
mode and should be disabled (set 
OUTxxxFS := N).

To get additional speed select the fast hybrid output option card (4DI/4DO). 
This card contains trip duty rated solid state output contacts, which will 
operate within 50 µs (as much as 8 ms faster than the standard 
electromechanical outputs).
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EXAMPLE 4.24 Output Logic Programming Example 1

SEL-751A applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of the 
source breaker and output contacts in Slot 3 are selected for high-speed 
processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2 OR TOL3)

EXAMPLE 4.25 Output Logic Programming Example 2

SEL-751A applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is located 
upstream of the feeder breaker, and output contacts in Slot 3 are selected 
for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 does 
not include overcurrent element supervision. When necessary, this 
supervision should be added by upstream relay(s). For instance, you can 
do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
necessary. 

Analog Inputs
The SEL-751A tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.59. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.59 Analog Input Card Adaptive Name

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Analog Input 
Calibration Process

In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a 
compensation factor. These compensation factors correct the signal offset 
errors to within ±1 uA or ±1 mV.

Signal offset compensation factor calculation procedure:

Step 1. Turn the SEL-751A on and allow it to warm up for a few 
minutes.

Step 2. Set the analog inputs for each analog channel to the necessary 
range by using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (e.g., ±1 mA).

Step 3. Short each analog input in turn at the device terminals by using 
short, low resistance leads with solid connections.

Step 4. Issue the command MET AI 10 to obtain 10 measurements for 
each channel.

Step 5. Record these 10 measurements, then calculate the average of 
the 10 measurements by adding the 10 values algebraically, and 
dividing the sum by 10. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

Step 6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting 
Example

Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures 
temperature on a transformer load tap changer mechanism. For this 
temperature transducer, 4 mA corresponds to –50°C, and 20 mA corresponds 
to 150°C. You have already installed the correct hardware jumper (see 
Figure 2.3 for more information) for Input 1 to operate as a current input. At 
power up, allow approximately five seconds for the SEL-751A to boot up, 
perform self-diagnostics, and detect installed cards.

Table 4.50 summarizes the steps and describes the settings we will carry out in 
this example.

Table 4.50 Summary of Steps (Sheet 1 of 2)

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH
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NOTE: The AIx0yNAM setting cannot 
accept the following and will issue the 
Invalid Element message:
Analog Quantities
Duplicate Names
Other AI Names

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts 
alphanumeric characters, the name for the AIx0yNAM setting must begin with 
an alpha character (A through Z) and not a number. The device displays the 
following prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC

 control equations, Signal 
Profiles, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag name 
characters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, enter I <Enter> (for current-driven 
device) at AI301TYP, the next prompt (enter V if this is a voltage-driven 
device). The next two settings define the lower level (AI301L) and the upper 
level (AI301H) of the transducer. In this example, the low level is 4 mA and 
the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

NOTE: Because the SEL-751A 
accepts current values ranging from
–20.48 to 20.48 mA, be sure to enter 
the correct range values.

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign 
descriptive names for engineering units. Because we measure temperature in 
this example, enter “degrees C” (without quotation marks) as engineering 
units. Enter –50 <Enter> for the lower level and 150 <Enter> for the upper level.

With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in 
engineering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm 
functions: low warnings and alarm functions assert when the measured value 
falls below the setting; high warnings and alarm functions assert when the 
measured values exceed the setting. 

In this example, we measure the oil temperature of a power transformer, and we 
want the following three actions to take place at three different temperature values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 2 value

14 105 Enter HIGH ALARM value

Table 4.50 Summary of Steps (Sheet 2 of 2)

Step Activity Terse Description
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Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower 
values (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher 
values as shown in Figure 4.60. Set inputs connected to voltage-driven 
transducers in a similar way.

Analog (DC 
Transducer) Input 
Board

Table 4.51 shows the setting prompt, setting range, and factory-default 
settings for an analog input card in Slot 3. For the name setting (AI301NAM, 
for example), enter only alphanumeric and underscore characters. Characters 
are not case sensitive, but the device converts all lowercase characters to 
uppercase. Although the device accepts alphanumeric characters, the name 
AI301NAM setting must begin with an alpha character (A–Z) and not a 
number.

=>>SET G AI301NAM TERSE <Enter>
Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.60 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C

Table 4.51 Analog Input Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters 0–9, A–Z, _ AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF
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Analog Outputs
If an SEL-751A configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1-4. Figure 4.61 shows the x and y variable allocation for the analog output 
card.

Figure 4.61 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the 
analog quantity we assign to Analog Output 1 (when set to OFF, the device 
hides all associated AOx0y settings and no value appears on the output). You 
can assign any of the analog quantities listed in Appendix K: Analog 
Quantities.

Table 4.52 shows the setting prompt, setting range, and factory-default 
settings for an analog card in Slot 3.

Example In this example, assume that we want to display in the control room the analog 
quantity (refer to Appendix K: Analog Quantities) IA_MAG, Phase A Current 
Magnitude in Primary Amps (0 to 3000 A range) during use of a –20 to 
+20 mA Analog Output channel. We install an analog input/output card in 

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V

Table 4.51 Analog Input Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.52 Output Setting for a Card in Slot 3

Setting Prompt Setting Range
Setting Name := 
Factory Default

AO301 ANALOG QTY Off, 1 analog quantity AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-751A hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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Slot C (SELECT 4 AI/ 4 AO) and set the card channel AO301, as shown in 
Figure 4.62. Note that the AO301 channel has to be configured as a “current 
analog output” channel (refer to Figure 2.4 through Figure 2.6). 

The display instrument expects –20 mA when the IA_MAG current is 0 
amperes primary and +20 mA when it is 3000 amperes primary.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in Slot E of the relay. 
Refer to Station DC Battery Monitor on page 5.13 for a detailed description 
and Table 5.8 for settings.

Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitor on page 5.18 for a detailed description 
and Table 5.10 for settings.

Digital Input Debounce
To comply with different control voltages, the SEL-751A offers dc debounce 
as well as ac debounce modes. Therefore, if the control voltage is dc, select 
the dc mode of operation, and if the control voltage is ac, select the ac mode of 
operation. In general, debounce refers to a qualifying time delay before 
processing the change of state of a digital input. Normally, this delay applies 
to both the processing of the debounced input when used in device logic, as 
well as to the time stamping in the SER. Following is a description of the two 
modes.

=>>SET G AO301AQ TERSE <Enter>
Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? -20<Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20<Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.62 Analog Output Settings
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DC Mode Processing 
(DC Control Voltage)

Figure 4.63 shows the logic for the dc debounce mode of operation. To select 
the dc mode of debounce, set IN101D to any number between 0 and 65000 
ms. In the figure, Input IN101 becomes IN101R (internal variable), after 
analog-to-digital conversion. On assertion, IN101R starts Debounce Timer, 
producing Relay Word bit IN101 after the debounce time delay. The debounce 
timer is a pickup/dropout combination timer, with debounce setting IN101D 
applying to both pickup (pu) and dropout (do) timers, i.e., you cannot set any 
timer individually. For example, a setting of IN101D = 20 ms delays 
processing of the input signal by 20 ms (pu) and maintains the output of the 
timer (do) for 20 ms. Relay Word bit IN101 is the output of the debounce 
timer. If you do not want to debounce a particular input, still use Relay Word 
bit IN101 in logic programming, but set the debounce time delay to 0 
(IN101D = 0).

Figure 4.63 DC Mode Processing

AC Mode Processing 
(AC Control Voltage)

Figure 4.64 shows IN101R from Input IN101 applied to a pickup/dropout 
timer. Different from the dc mode, there are no time settings for the debounce 
timer in the ac mode: the pickup time delay is fixed at 2 ms, and the dropout 
time is fixed at 16 ms. Relay Word bit IN101 is the output of the debounce 
timer. To select the ac mode of debounce, set IN101D = AC.

Figure 4.64 AC Mode Processing

Figure 4.65 shows a timing diagram for the ac mode of operation. On the 
rising edge of IN101R, the pickup timer starts timing (points marked 1 in 
Figure 6.10). If IN101R deasserts (points marked 2 in Figure 6.10) before 
expiration of the pickup time setting, Relay Word bit IN101 does not assert, 
and remains at logical 0. If, however, IN101R remains asserted for a period longer 
than the pickup timer setting, then Relay Word bit IN101 asserts to a logical 1.

pu

do

IN101

Relay
Word
Bit

Input IN101
IN101RAnalog/Digital 

Converter

Debounce Timer

2 ms

16 ms
IN101

Relay
Word
Bit

IN101R

Debounce Timer
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Figure 4.65 Timing Diagram for Debounce Timer Operation When Operating 
in AC Mode

Deassertion follows the same logic. On the falling edge of IN101R, the 
dropout timer starts timing. If IN101R remains deasserted for a period longer than 
the dropout timer setting, then Relay Word bit IN101 deasserts to a logical 0.

Table 4.53 shows the settings prompt, setting range, and factory-default 
settings for a card in Slot C. See the SEL-751A Settings Sheets for a complete 
list of input debounce settings.

T

Data Reset

Table 4.53 Slot C Input Debounce Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

IN301 Debounce AC, 0–65000 ms IN301D := 10

IN302 Debounce AC, 0–65000 ms IN302D := 10

IN303 Debounce AC, 0–65000 ms IN303D := 10

IN304 Debounce AC, 0–65000 ms IN304D := 10

IN305 Debounce AC, 0–65000 ms IN305D := 10

IN306 Debounce AC, 0–65000 ms IN306D := 10

IN307 Debounce AC, 0–65000 ms IN307D := 10

IN308 Debounce AC, 0–65000 ms IN308D := 10

IN101R

2 ms

IN101R Deasserted;
DDOT Counts

IN101R Deasserted;
DDOT Counts

Dropout Time
(16 ms)

Debounce Dropout 
Timer Expires; 
Relay Word Bit 
IN101 Deasserts

Debounce Pickup 
Timer Expires; 
Relay Word Bit 
IN101 Asserts

IN101R Asserted;
DPUT Counts

IN101R Asserted;
DPUT counts

Relay Word
Bit IN101

1

2

1 1 1 1 1

2 2 2 2 2

DPUT = Debounce Pickup Timer
DDOT = Debounce Dropout Timer
1 = Rising Edge: DPUT Counts
2 = Falling Edge: DDOT Counts

Setting Prompt Setting Range
Setting Name := 
Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET DEMAND SELOGIC RSTDEM := 0

RESET PK DEMAND SELOGIC RSTPKDEM := 0
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The RSTTRGT setting resets the trip output and front-panel TRIP LED, 
provided there is no trip condition present. See Figure 4.33 for more details. 
The RSTENRGY and RSTMXMN settings reset the Energy and Max/Min 
Metering values respectively. You should assign a contact input (for example, 
RSTTRGT := IN401) to each of these settings if you want remote reset. The 
RSTDEM and RSTPKDEM settings reset demand and peak-demand. See 
Figure 4.44 for the demand current logic diagram.

Access Control
The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings through the use of serial port commands. Table 4.54 shows the 
settings prompt, setting range, and factory-default settings.

Use the BLOCK MODBUS SET setting to block relay settings changes via 
Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

Time Synchronization Source
The SEL-751A accepts a demodulated IRIG-B time signal. Table 4.55 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial PORT 3 for the time signal 
input. When you use fiber-optic PORT 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.21 and 
IRIG-B on page 7.6 for additional information.

Table 4.54 Setting Change Disable Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

BLOCK MODBUS SET NONE, R_S, ALL BLKMBSET := NONE

NOTE: DSABLSET does not disable 
the setting changes from the serial 
ports.

Table 4.55 Time-Synchronization Source Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1



4.107

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Port Settings (SET P Command)

Port Settings (SET P Command)
The SEL-751A provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: PORT F (front panel) is an 
EIA-232 port; PORT 1 is an optional Ethernet port(s); PORT 2 is an optional 
fiber-optic serial port; and PORT 3 (rear) is optionally an EIA-232 or EIA-485 
port. On the optional communications card, you can select PORT 4 as either 
EIA-485 or EIA-232 (not both) with the COMMINF setting. See Table 4.56 
through Table 4.61 for the port settings, also see appropriate Appendix for 
additional information on the protocol (DNP, MODBUS, IEC-61850, 
DeviceNet, Synchrophasors, and MIRRORED BITS) of interest.

PORT F

PORT 1

Table 4.56 Front-Panel Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, EVMSG, PMU PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.57 Ethernet Port Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

Enable TCP Keep-Alive (Y, N) ETCPKA := Y

TCP Keep-Alive Idle Range 1–20 sec KAIDLE := 10

TCP Keep-Alive Interval 
Range

1–20 sec KAINTV := 1

TCP Keep-Alive Count 
Range

1–20 KACNT := 6

FAST OP MESSAGES Y, N FASTOP := N

OPERATING MODE FIXED, FAILOVER, 
SWITCHED

NETMODE := FAILOVER

FAILOVER TIMEOUT 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

IMPORTANT: Upon relay initial 
power up or PORT 1 setting changes 
or Logic setting changes, you may 
have to wait as long as two minutes 
before an additional setting change 
can occur. Note that the relay is 
functional with protection enabled, as 
soon as the ENABLED LED comes ON 
(about 5—10 seconds from power up).

NOTE: FAST OP messages setting 
only takes effect when using SEL Fast 
Operate protocol to operate/set/pulse 
Breaker bits and Remote bits. It has 
no effect on Modbus, DNP or IEC 
61850 protocols.
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Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

NETWRK PORTA SPD AUTO, 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO, 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET TIME OUT 1–30 min TIDLE := 15

ENABLE FTP Y, N EFTPSERV := Y

FTP USER NAME 20 characters FTPUSER := FTPUSER

Enable IEC 61850 Protocol Y, N E61850 := N

Enable IEC 61850 GSE Y, N EGSE := N

Enable Modbus Sessions 0–2 EMOD := 0

Modbus TCP Port 1 1–65534 MODNUM1 := 502

Modbus TCP Port 2 1–65534 MODNUM2 := 502

Enable DNP Sessiona 0–3 EDNP := 0

Modbus Timeout 1 15–900 sec MTIMEO1 := 15

Modbus Timeout 2 15–900 sec MTIMEO2 := 15

a See Table D.7 for a complete list of the DNP3 session settings.

Table 4.57 Ethernet Port Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.58 Port Number Settings That Must be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
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PORT 2

PORT 3

PORT 4

Table 4.59 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.60 Rear-Panel Serial Port (EIA-232) Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, EVMSG, 
PMU, MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.
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Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After Port Timeout minutes of inactivity on a serial port at Access Level 2, the 
port automatically returns to Access Level 0. This security feature helps 
prevent unauthorized access to the relay settings if the relay is accidentally left 
in Access Level 2. If you do not want the port to time out, set Port Timeout 
equal to 0 minutes.

Set PROTO := SEL (standard SEL ASCII protocol), MOD (Modbus RTU 
protocol), or one of the MIRRORED BITS protocols, as necessary for your 
application. For detailed information, refer to Appendix C: SEL 
Communications Processors, Appendix E: Modbus Communications, and 
Appendix I: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix I: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

Set the AUTO := Y to allow automatic messages at a serial port.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. If 
you want to enable support for hardware (RTS/CTS) flow control, set the 
RTSCTS setting equal to Y.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-751A Fast Operate commands.

Set PROTO := DNET to establish communications when you use the 
DeviceNet card. Table 4.62 shows the additional settings, which you can set 
only at the rear on the DeviceNet card. Once the relay detects the DeviceNet 
card, all PORT 4 settings are hidden. Refer to Appendix G: DeviceNet 
Communications for details on DeviceNet.

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) 

Setting Prompt Setting Range Setting Name := 
Factory Default
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Front-Panel Settings (SET F Command)
General Settings Local bits provide control from the front panel (local bits), and display points 

display selected information on the LCD display. However, you need to first 
enable the appropriate number of local bits and display points necessary for 
your application. When your SEL-751A arrives, four display points are 
already enabled, but no local bits are enabled. If more display points are 
necessary for your application, use the EDP setting to enable as many as 32 
display points. Use the ELB setting to enable as many as 32 local bits.

To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the 
display is within an Access Level 2 function when a time-out occurs, such as 
the device setting entry, the function is automatically terminated (without 
saving changes) after inactivity for this length of time. After terminating the 
function, the front-panel display returns to the default display. If you prefer to 
disable the front-panel time-out function during device testing, set the LCD 
time-out equal to OFF. Use the front-panel LCD contrast setting FP_CONT to 
adjust the contrast of the liquid crystal display. Use the front-panel auto-
message setting FP_AUTO to define displaying of Trip/Warning message. Set 
FP_AUTO either to Override or add to the Rotating display when the relay 
triggers a Trip/Warning message. Set RSTLED := Y to reset the latched LEDs 
automatically when the breaker or contactor closes.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD display. Although the LCD 
screen displays a maximum of 16 characters at a time, you can enter as many 
as 60 valid characters. Valid characters are 0–9, A–Z, -, /, ", {, }, space. For 
text exceeding 16 characters, the LCD displays the first 16 characters, then 
scrolls through the remaining text not initially displayed on the screen.

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

Table 4.63 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABL N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N

Table 4.64 LCD Display Settings

Setting Prompt Range Default

LCD TIMEOUT OFF, 1–30 min FP_TO := 15

LCD CONTRAST 1–8 FP_CONT := 5

FP AUTOMESSAGES OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix J: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

Relay Word Bit Name, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see following). Commas are significant in 
identifying and separating the four strings. Use quotation marks only if the 
text you enter for Alias, Set String, or Clear String contains commas or spaces. 
For example, DP01 = Name,Text is valid, but Name, Alias 3 is not valid 
(contains a space). Correct the Alias name by using the quotation marks: 
Name, “Text 3”. You can customize the data display format by entering data in 
selected strings only. Table 4.65 shows the various display appearances 
resulting from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.65 shows examples of settings that always, never, or 
conditionally hide a display point.

Following are examples of selected display point settings, showing the 
resulting front-panel displays. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When 
the HV circuit breaker is open, we want the LCD display to show: TRFR 1 HV 

where:

Name =  Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)

Table 4.65 Settings That Always, Never, or Conditionally Hide a Display Point

Programmable Automation Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101,TRFR1,CLOSED,OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101,TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101,TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101,TRFR1,CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is 
deasserted

DP01 := IN101,"TRFR 1",,OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is 
asserted
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BRKR: OPEN, and when the HV circuit breaker is closed, we want the display to 
show: TRFR 1 HV BRKR: CLOSED. We also want similar displays for the LV 
breaker. 

After connecting a form a (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-751A, we are ready to program the display points, 
using the following information for the HV breaker (LV breaker similar):

➤ Relay Word bit—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED (the form a [normally open] contact 
asserts or sets Relay Word bit IN101 when the circuit breaker is 
closed)

➤ Clear String—OPEN (the form a [normally open] contact 
deasserts or clears Relay Word bit IN101 when the circuit 
breaker is open)

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Figure 4.66 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.67 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.68 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.67 Front-Panel Display—Both HV and LV Breakers Open

Table 4.66 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.66 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN
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Figure 4.68 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV 
breakers, and the relay displays the information as shown in Figure 4.69. 
When the HV breaker opens (LV breaker is still closed), the relay removes the 
line containing the HV breaker information because the Clear String 
information was omitted. Because the line containing the HV breaker 
information is removed, the relay now displays the LV breaker information on 
the top line, as shown in Figure 4.70.

Figure 4.69 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.70 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.71.

Figure 4.71 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.67 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>
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Figure 4.72 shows the front-panel display for the entry in Table 4.67. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.72 Front-Panel Display for a Binary Entry in the Name String Only

Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

Name, “User Text and Formatting.”

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.68 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.73 shows the front-panel display for the entry in Table 4.68, using the 
SET F command as follows:

Figure 4.73 Front-Panel Display for an Analog Entry in the 
Name String Only

Table 4.67 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display 
(all binary quantities occupy one line on the display).

User text and
numerical
formatting

= Display the user text, replacing the numerical 
formatting {width.dec,scale} with the value of Name, 
scaled by “scale”, formatted with total width “width” 
and “dec” decimal places. Name can be either an analog
quantity or a Relay Word bit. The width value includes 
the decimal point and sign character, if applicable. The 
“scale” value is optional; if omitted, the scale factor 
is 1. If the numeric value is smaller than the string size 
requested, the string is padded with spaces to the left of 
the number. If the numeric value does not fit within the 
string width given, the string grows (to the left of the 
decimal point) to accommodate the number.

Table 4.68 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA
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Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.69 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting Strings (DP02), using the 
SET F command as follows:

Figure 4.74 shows the front-panel display for the entry in Table 4.69. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.74 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the 
engineering units. For example, in the Group setting example, we set 
AI301EU to degrees C. With this setting, the front-panel display looks similar 
to Figure 4.75.

Figure 4.75 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on two 
different lines, use a display point for each word, i.e., DP01 = 1,“DEFAULT” 
and DP02 = 1,“SETTINGS.” The following table shows other options and 
front-panel displays for the User Text and Formatting settings.

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>

Table 4.69 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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Following is an example of an application of analog settings. Assume we also 
want to know the hot-spot temperature, oil temperature, and winding 
temperature of the transformer at a certain installation. To measure these 
temperatures, we have installed an analog card in relay Slot C, and connected 
4–20 mA transducers inputs to analog inputs AI301 (hot-spot temperature), 
AI302 (oil temperature), and AI303 (winding temperature).

First enable enough display points for the analog measurements (e.g. 
EDP = 5). Figure 4.76 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category).

Table 4.70 Example Settings and Displays

Example Display Point Setting Value Example Display

AI301,"TEMP {4}deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP={4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1={4,1000}" TEMP HV HS1 = 1234

1,{} Empty line

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.76 Adding Temperature Measurement Display Points
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Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.77.

Figure 4.77 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the necessary units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits will go back 
to their states after the device initialization. Each local bit requires three of the 
following four settings, using a maximum of 14 valid characters for the 
NLBnn setting, and a maximum seven valid characters (0–9, A–Z, -, /, ., 
space) for the remainder:

➤ NLBnn: Name the switch (normally the function that the switch 
performs, such as SUPERV SW) that will appear on the LCD 
display.

➤ CLBnn: Clear local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Set local bit. Enter the text that describes the intended 
operation of the switch (this text appears on the display) when 
LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulse local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before 
deasserting again. Enter the text that describes the intended 
operation when LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.78 shows the 
settings to program the two local bits.

Target LED Settings The SEL-751A offers the following two types of LEDs. See Figure 8.1 and 
Figure 8.26 for the programmable LED locations:

➤ Six target LEDs

➤ Eight pushbutton LEDs

Your can program all 14 LEDs through the use of SELOGIC control equations, 
the only difference being that the Target LEDs also include a latch function.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>

Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SPERV SW <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>

LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.78 Adding Two Local Bits 
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Target LEDs

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) 
control the six front-panel LEDs. With Tn_LEDL set to Y, the LEDs latch the 
LED state at TRIP assertion. To reset these latched LEDs, the TRIP condition 
should no longer exist and one of the following takes place:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the serial port command TAR R.

➤ The assertion of the SELOGIC control equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.71 Target LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

TRIP LATCH T_LED Y, N T01LEDL := Y

LED1 EQUATION SELOGIC T01_LED := ORED50T

TRIP LATCH T_LED Y, N T02LEDL := Y

LED2 EQUATION SELOGIC T02_LED := 51AT
OR 51BT OR 51CT OR 51P1T OR 
51P2T

TRIP LATCH T_LED Y, N T03LEDL := Y

LED3 EQUATION SELOGIC T03_LED := 51N1T OR 51G1T OR 
51N2T OR 51G2T

TRIP LATCH T_LED Y, N T04LEDL := Y

LED4 EQUATION SELOGIC T04_LED := 51QT

TRIP LATCH T_LED Y, N T05LEDL := Y

LED5 EQUATION SELOGIC T05_LED := 81D1T OR 81D2T OR 
81D3T OR 81D4T

TRIP LATCH T_LED Y, N T06LEDL := N

LED6 EQUATION SELOGIC T06_LED := (BFT OR T06_LED) 
AND NOT TRGTR

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by using TARGET RESET if 
the target conditions are absent.
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . . 4A, 4B) SELOGIC control 
equation settings. When these Relay Word bits assert, the corresponding LED 
also asserts. The following table shows the setting prompts, settings ranges, 
and default settings for the LEDs.

Report Settings (SET R Command)
The report settings use Relay Word bits for the SER trigger as shown in 
Table 4.74 (see Appendix J: Relay Word Bits for more information).

SER Chatter Criteria The SER includes an automatic deletion and reinsertion function to prevent 
overfilling of the SER buffer with chattering information. Each processing 
interval the relay checks the Relay Word bits in the four SER reports for any 
changes of state. When detecting a change of state, the relay adds a record to 
the SER report containing the Relay Word bit(s), new state, time stamp, and 
checksum (see Section 9: Analyzing Events for more information).

When detecting oscillating SER items, the relay automatically deletes these 
oscillating items from SER recording. Table 4.73 shows the auto-removal 
settings.

Table 4.72 Pushbutton LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PB1A_LED EQUATION SELOGIC PB1A_LED := 79RS

PB1B_LED EQUATION SELOGIC PB1B_LED := 79LO

PB2A_LED EQUATION SELOGIC PB2A_LED := NOT LT02 OR SV02 
AND NOT SV02T AND SV05T

PB2B_LED EQUATION SELOGIC PB2B_LED := LT02 OR SV02 AND 
NOT SV02T AND SV05T

PB3A_LED EQUATION SELOGIC PB3A_LED := NOT LT02 AND NOT 
52A

PB3B_LED EQUATION SELOGIC PB3B_LED := 52A OR SV03 AND NOT 
SV03T AND SV05T

PB4A_LED EQUATION SELOGIC PB4A_LED := 0

PB4B_LED EQUATION SELOGIC PB4B_LED := NOT 52A OR SV04 AND 
NOT SV04T AND SV05T

Table 4.73 Auto-Removal Settings

Settings Prompt Setting Range Factory Default

Auto-Removal Enable Y, N ESERDEL := N

Number of Counts 2–20 counts SRDLCNT := 5

Removal Time 0.1–90.0 seconds SRDLTIM := 1.0
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To use the automatic deletion and reinsertion function, proceed with the 
following steps:

Step 1. Set Report setting ESERDEL (Enable SER Delete) to Y to 
enable this function.

Step 2. Select values for the setting SRDLCNT (SER Delete Count) 
and the setting SRDLTIM (SER Delete Time) that mask the 
chattering SER element.

Setting SRDLTIM declares a time interval during which the relay qualifies an 
input by comparing the changes of state of each input against the SRDLCNT 
setting. When an item changes state more than SRDLCNT times in an 
SRDLTIM interval, the relay automatically removes these Relay Word bits 
from SER recording. Once deleted from recording, the item(s) will be ignored 
for the next nine intervals. At the ninth interval, the chatter criteria will again 
be checked and, if the point does not exceed the criteria, it will be 
automatically reinserted into recording at the starting of the tenth interval. You 
can enable or disable the auto-deletion function via the SER settings. Any 
auto-deletion notice entry will be lost during changes of settings. The deleted 
items can be viewed in the SER Delete Report (command SER D—refer to 
Section 7: Communications for additional information).

SER Trigger Lists To capture element state changes in the SER report, enter the Relay Word bit 
into one of the four SER (SER1 through SER4) trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 Relay 
Word bits separated by spaces or commas; the SER report accepts a total of 96 
Relay Word bits. Table 4.74 shows the settings prompt and default settings for 
the four SER trigger equations.

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way relay elements listed previously in the SER settings are 
displayed in the SER report. In addition, the Alias settings allow you to 
change the text displayed when a particular element is asserted and deasserted. 
The relay permits as many as 20 unique aliases, as defined by the Enable Alias 
Settings (EALIAS) setting. Factory-default alias settings are shown in 
Table 4.76.

Table 4.74 SERa Trigger Settings

a Use as many as 24 Relay Word elements separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 
PB02 PB03 PB04

SER2 SER2 := CLOSE 52A CC

SER3 SER3 := 81D1T 81D2T

SER4 SER4 := SALARM

Table 4.75 Enable Alias Settings

Setting Prompt Setting Range
Setting Name = 
Factory Default

Enable ALIAS Settings (N, 1–20) N, 1–20 EALIAS = 4
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Define the enabled alias settings by entering the Relay Word bit name, a 
space, the alias you want to use, a space, the text to display when the condition 
asserts, a space, and the text to display when the condition deasserts. 

See Table J.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay will interpret a space as the break between two strings. If you want to 
clear a string, simply type NA.

Event Report Settings

Event reports can be either 15 cycles or 64 cycles in length as determined by 
the LER setting. For LER of 15, the prefault length, PRE, must be in the range 
1–10. The relay can hold as many as seventy-seven 15-cycle event reports or 
nineteen 64-cycle event reports.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix K: Analog Quantities 
for a list of the available Analog Quantities. Also set the LDAR to the 
necessary acquisition rate for the report.

IMPORTANT: All stored load data 
are lost when you change the LDLIST 
setting.

ALIAS1 = PB01 FP_AUX1 PICKUP DROPOUT

Table 4.76 SET R SER Alias Settings

Setting Prompt
Relay 
Word Bit

Alias
Asserted 
Text

Deasserted 
Text

ALIAS1 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS2 := PB02 FP_LOCK PICKUP DROPOUT

ALIAS3 := PB03 FP_CLOSE PICKUP DROPOUT

ALIAS4 := PB04 FP_TRIP PICKUP DROPOUT

ALIAS5 –ALIAS20 NA

Table 4.77 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG 51P1P OR R_TRIG 51G1P 
OR R_TRIG 50P1P OR R_TRIG 50G1P OR 
R_TRIG 51N1P OR R_TRIG CF

EVENT LENGTH 15, 64 cyc LER := 15

PREFAULT LENGTH 1–59 cyc PRE := 5

NOTE: Event report data stored in 
the relay is lost when you change the 
LER setting. You must save the data 
before changing the setting.

Table 4.78 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST NA, as many as 17 analog quantities LDLIST := NA

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15
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DNP Map Settings (Set DNP n command, n = 1, 2, or 3)

Table 4.79 shows the available settings. See Appendix D: DNP3 
Communications for additional details.

Table 4.79 DNP Map Settingsa 

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

•

•

•

•

•

•

•

•

•

DNP Binary Input Label Name 10 characters BI_99 := NA

DNP Binary Output Label Name 10 characters BO_00 := RB01

•

•

•

•

•

•

•

•

•

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

•

•

•

•

•

•

•

•

•

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Counter Label Name 11 characters CO_31 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.80 shows the available settings. See Appendix E: Modbus 

Communications for additional details.

Table 4.80 User Map Register Settings a

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

• • •

• • •

• • •

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)
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Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)
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Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP
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Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear
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50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-751A

(+)

(—)
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Settings

Overview
The SEL-751A Feeder Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following eight setting 
classes:

1. Relay Group n (where n = 1, 2, or 3)

2. Logic Group n (where n = 1, 2, or 3)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. Report

7. Modbus

8. DNP3

Some setting classes have multiple instances. In the previous list, there are five 
port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

The SEL-751A Settings Sheets at the end of this section list all SEL-751A 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Table 6.1 Methods of Accessing Settings

Serial Port 
Commandsa

a Refer to Section 7: Communications for detailed information on set-up and use of the serial 
communications port and Ethernet port.

Front-Panel HMI 
Set/Show Menub

b Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, 
menus and screens, and operator control pushbuttons.

ACSELERATOR QuickSet 
SEL-5030 (PC Software)c

c Refer to Section 3: PC Software for detailed information.

Display 
Settings

All settings
(SHO command)

Global, Group, and 
Port settings

All settings

Change 
Settings

All settings
(SET command)

Global, Group, and 
Port settings

All settings
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View/Change Settings With Front Panel

You can use the pushbuttons on the front panel to view/change settings. 
Section 8: Front-Panel Operations presents the operating details of the front 
panel.

Enter the front-panel menu by pushing the ESC pushbutton. It will display the 
following message:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pushing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
will present you with the RELAY settings as listed in the SEL-751A Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pushing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the PHASE PT RATIO, PTR setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-751A is shipped 

with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document the 
settings on the SEL-751A Settings 
Sheets at the end of this section 
before entering new settings in the 
relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

PTR Setting

PHASE PT RATIO
PTR=00120.00 

Config Menu

CTR
               100
CTRN
               100
PTR
            120.00 
  •
  •
  •
SINGLEV
                 N

GROUP
1
2
3

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Max Ph Overcurr
  •
Demand Mtr Set
Freq Settings
Trip/Close Logic

Meter
Events
Targets
Control
Set/Show
Status
Breaker 
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View/Change Settings Over Communications Port 

Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port with a personal computer and how to 
use ASCII commands to communicate with the relay.

View Settings Use the SHOW command to view relay settings. The SHOW command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHOW 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHOW command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

Table 6.2 SHOW Command Options

Command  Description

SHOW n Show relay group settings: n specifies the settings group (1, 2, or 3); n 
defaults to active settings group if not listed.

SHO L n Show logic settings: n specifies the settings group (1, 2, or 3); n defaults to 
active settings group if not listed.

SHO G Show global configuration settings.

SHO P n Show serial port settings for port n (n = F, 1, 2, 3, or 4).

SHO F Show front-panel display and LED settings.

SHO R Show Sequential Events Recorder (SER) report and Event Report settings.

SHO M Show Modbus settings.

SHO D Show DNP3 map settings.

Table 6.3 SET Command Options

Command Settings Type  Description

SET n Relay Protection elements, timers, etc., for settings group  n 
(1, 2, or 3)

SET L n Logic SELOGIC control equations for settings group  n 
(1, 2, or 3)

SET G Relay Global configuration settings including Event Messen-
ger, optoisolated input debounce timers, etc.

SET P n Port Serial port settings for serial port n (1, 2, 3, 4, or F)

SET F Front Panel Front-panel display and LED settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP DNP3 map settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a setting 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.



6.5

Date Code 20220610 Instruction Manual SEL-751A Relay

Settings
Setting Entry Error Messages

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The ALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

To change a specific setting, enter the command shown in Table 6.5.

Setting Entry Error Messages
As you enter relay settings, the relay checks the settings entered against the 
ranges for the settings as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues a 
self-explanatory error message, and returns you to the settings list for a 
correction.

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format

SET n m s TERSE

where:

n is left blank or is D, G, L, F, R, M, or P to identify the class of settings.

m is blank (1) or is 1, 2, or 3 when n = G or L for group settings.

m is left blank or is F, 1, 2, 3, or 4 when n = P.

s is the name of the specific setting to which you want to jump and begin 
setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you want to review the settings before saving, do not use the TERSE 
option.
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SEL-751A Settings Sheets
Instruction Manual

These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the serial ports. See Section 4: Protection and Logic Functions for 
detailed descriptions of the settings.

➤ Some settings require an optional module. (Refer to SEL-751A Model Option Table, Table 1.1, and 
notes with the settings below for details.)

➤ Some of the settings ranges can be more restrictive than shown, because of settings interdependency 
checks performed when new settings are saved (see Setting Entry Error Messages on page 6.5).

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

UNIT ID LINE 1 (16 Characters) RID :=

UNIT ID LINE 2 (16 Characters) TID :=

Configuration
PHASE CT RATIO (1–5000) CTR :=

NEUTRAL CT RATIO (1–5000) CTRN :=

IG (residual) SOURCE (MEAS, CALC) 
(Hidden if Voltage Card Option is Not xx75xx or xx76xx, see Table 
1.1)

IG_SRC :=

RESIDU CT RATIO (Hidden if Voltage Card Option is Not xx75xx 
or xx76xx (see Table 1.1); OR IG_SRC := CALC)

CTRG : = 

PHASE PT RATIO (1.00–10000.00) 
(Hidden if voltages not included)

PTR :=

SYNCV PT RATIO (1.00–10000.00) 
(Hidden if sync voltage not included)

PTRS :=

XFMR CONNECTION (WYE, DELTA) 
(Hidden if voltages not included)

DELTA_Y :=

LINE VOLTAGE (20–250 {if DELTA_Y := DELTA}, 
20–440 {if DELTA_Y := WYE}) 
(Hidden if voltages not included)

VNOM :=

SINGLE V INPUT (Y, N) (Hidden if voltages not included) SINGLEV :=

Maximum Phase Overcurrent
MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50P1P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P1P := OFF) 50P1D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P1P := OFF) 50P1TC :=
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MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P2P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P2P := OFF) 50P2D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P2P := OFF) 50P2TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P3P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P3P := OFF) 50P3D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P3P := OFF) 50P3TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P4P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P4P := OFF) 50P4D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P4P := OFF) 50P4TC :=

Neutral Overcurrent
NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 

0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N1P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N1P := OFF) 50N1D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N1P := OFF) 50N1TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N2P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N2P := OFF) 50N2D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N2P := OFF) 50N2TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N3P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N3P := OFF) 50N3D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N3P := OFF) 50N3TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N4P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N4P := OFF) 50N4D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N4P := OFF) 50N4TC :=

Residual Overcurrent
RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50G1P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G1P := OFF) 50G1D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G1P := OFF) 50G1TC :=
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RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G2P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G2P := OFF) 50G2D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G2P := OFF) 50G2TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G3P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G3P := OFF) 50G3D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G3P := OFF) 50G3TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G4P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G4P := OFF) 50G4D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G4P := OFF) 50G4TC :=

Negative-Sequence Overcurrent
NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50Q1P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q1P := OFF) 50Q1D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q1P := OFF) 50Q1TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q2P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q2P := OFF) 50Q2D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q2P := OFF) 50Q2TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q3P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q3P := OFF) 50Q3D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q3P := OFF) 50Q3TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q4P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q4P := OFF) 50Q4D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q4P := OFF) 50Q4TC :=

Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51AP := 

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51AP := OFF)

51AC := 

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51AP := OFF)

51ATD :=

EM RESET DELAY (Y, N) (Hidden if 51AP := OFF) 51ARS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51AP := OFF)

51ACT :=
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MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51AP := OFF) 51AMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51AP := OFF) 51ATC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51BP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51BP := OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51BP := OFF)

51BTD :=

EM RESET DELAY (Y, N) (Hidden if 51BP := OFF) 51BRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51BP := OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51BP := OFF) 51BMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51BP := OFF) 51BTC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51CP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51CP := OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51CP := OFF)

51CTD :=

EM RESET DELAY (Y, N) (Hidden if 51CP := OFF) 51CRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51CP := OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51CP := OFF) 51CMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51CP := OFF) 51CTC :=

Maximum Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51P1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P1P := OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P1P := OFF)

51P1TD :=

EM RESET DELAY (Y, N) (Hidden if 51P1P := OFF) 51P1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P1P := OFF) 51P1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51P2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P2P := OFF)

51P2C :=
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TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P2P := OFF)

51P2TD :=

EM RESET DELAY (Y, N) (Hidden if 51P2P := OFF) 51P2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P2P := OFF) 51P2TC :=

Negative-Sequence Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51QP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51QP := OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51QP := OFF)

51QTD :=

EM RESET DELAY (Y, N) (Hidden if 51QP := OFF) 51QRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51QP := OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51QP := OFF) 51QMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51QP := OFF) 51QTC :=

Neutral Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N1P := OFF)

51N1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N1P := OFF)

51N1TD :=

EM RESET DELAY (Y, N) (Hidden if 51N1P := OFF) 51N1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N1P := OFF) 51N1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N2P := OFF)

51N2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N2P := OFF)

51N2TD :=

EM RESET DELAY (Y, N) (Hidden if 51N2P := OFF) 51N2RS :=
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CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N2P := OFF) 51N2TC :=

Residual Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51G1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G1P := OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G1P := OFF)

51G1TD :=

EM RESET DELAY (Y, N) (Hidden if 51G1P := OFF) 51G1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G1P := OFF) 51G1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.})

51G2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G2P := OFF)

51G2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G2P := OFF)

51G2TD :=

EM RESET DELAY (Y, N) (Hidden if 51G2P := OFF) 51G2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G2P := OFF) 51G2TC :=

RTD (Hidden if RTD card and PORT 2 not included)

RTD ENABLE (INT, EXT, NONE) 
(All RTD settings below Hidden if E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD1LOC := OFF)

RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD2LOC :=
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RTD2 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD2LOC := OFF)

RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD3LOC := OFF)

RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD4LOC := OFF)

RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD5LOC := OFF)

RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD6LOC := OFF)

RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD7LOC := OFF)

RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD8LOC := OFF)

RTD8TY :=



SET.8
 of 72

SEL-751A Settings Sheets
Group Settings (SET Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

RTD8 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD9LOC :=

RTD9 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD9LOC := OFF)

RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD10LOC:=

RTD10 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD10LOC := OFF)

RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD11LOC:=

RTD11 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

RTD11TY :=

RTD11 TRIP LEVE (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD12LOC:=

RTD12 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

ALTMP12 :=

WIND TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
WDG)

EWDGV :=

BEAR TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
BRG)

EBRGV :=

Undervoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

UV TRIP1 LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 27P1P := OFF) 27P1D :=

UV TRIP2 LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=
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UV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 27P2P := OFF) 27P2D :=

UVS LEVEL 1 (OFF, 2.00–300.00 V) 27S1P :=

UVS DELAY 1 (0.0–120.0 sec) (Hidden if 27S1P := OFF) 27S1D :=

UVS LEVEL 2 (OFF, 2.00–300.00 V) 27S2P :=

UVS DELAY 2 (0.0–120.0 sec) (Hidden if 27S2P := OFF) 27S2D :=

Overvoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

OV TRIP1 LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 59P1P := OFF) 59P1D :=

OV TRIP2 LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 59P2P := OFF) 59P2D :=

ZS OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G1P :=

ZS OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59G1P := OFF) 59G1D :=

ZS OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G2P :=

ZS OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59G2P := OFF) 59G2D :=  

NSQ OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) 59Q1P  :=

NSQ OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59Q1P := OFF) 59Q1D :=

NSQ OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) 59Q2P :=

NSQ OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59Q2P := OFF) 59Q2D :=

OVS LEVEL 1 (OFF, 2.00–300.00 V) 59S1P :=

OVS DELAY 1 (0.0–120.0 sec) (Hidden if 59S1P := OFF) 59S1D :=

OVS LEVEL 2 (OFF, 2.00–300.00 V) 59S2P :=

OVS DELAY 2 (0.0–120.0 sec) (Hidden if 59S2P := OFF) 59S2D :=

Synchronism Check
(Hidden if voltage card option with VS input not Included)

SYNCH CHECK (Y, N) E25 := 

VS WINDOW LOW (0.00–300.00 V) (Hidden if E25 := N) 25VLO := 

VS WINDOW HIGH (0.00–300.00 V) (Hidden if E25 := N) 25VHI := 

V RATIO COR FAC (0.50–2.00) 25RCF := 

MAX SLIP FREQUENCY (0.05–0.50 Hz) (Hidden if E25 := N) 25SF := 

MAX ANGLE 1 (0–80 deg) (Hidden if E25 := N) 25ANG1 :=

MAX ANGLE 2 (0–80 deg) (Hidden if E25 := N) 25ANG2 := 
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SYNCPH PHASE (VA, VB, VC, 0, 30, 60, 90, 120, 150, 180, 210, 
240, 270, 300, 330 deg lag VA) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := DELTA)

SYNCPH :=

SYNCPH PHASE (VAB, VBC, VCA, 0, 30, 60, 90, 120, 150, 180, 
210, 240, 270, 300, 330 deg lag VAB) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := WYE)

SYNCPH := 

BRKR CLOSE TIME (OFF, 1–1000 ms) (Hidden if E25 := N) TCLOSD := 

BLK SYNCH CHECK (SELOGIC) (Hidden if E25 := N) BSYNCH :=

Power Factor
(Hidden if voltage card option not included)

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec) 
(Hidden if both 55LDTP and 55LGTP := OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec) 
(Hidden if both 55LDAP and 55LGAP := OFF)

55AD :=

PF ARMING DELAY (0–5000 sec) 
(Hidden if all 55LGTP, 55LDTP, 55LGAP, and 55LDAP := OFF)

55DLY :=

Loss of Potential
(Hidden if voltage card option not included)

LOP BLOCK (SELOGIC) LOPBLK :=

Frequency
FREQ1 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D1TP := OFF)

81D1TD :=

FREQ2 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D2TP := OFF)

81D2TD :=

FREQ3 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D3TP := OFF)

81D3TD :=

FREQ4 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D4TP := OFF)

81D4TD :=

FREQ5 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D5TP :=
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FREQ5 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D5TP := OFF)

81D5TD := 

FREQ6 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D6TP := 

 FREQ6 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D6TP := OFF)

81D6TD := 

Rate-of-Change-of-Frequency
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81R (OFF,1–4) (All Rate-of-Change-of-Frequency 
settings below Hidden if E81R := NONE)

E81R :=

 81R VOLTAGE SUP (OFF,0.1–1.3 xVnm) 81RVSUP :=

 81R CURRENT SUP (OFF,0.1–2.0 xINOM) 81RISUP :=

 81R1 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R1TP :=

 81R1 TREND (INC,DEC,ABS) (Hidden if 81R1TP := OFF) 81R1TRND := 

 81R1 TRIP DELAY (0.10–60.00 sec) Hidden if 81R1TP := OFF) 81R1TD := 

 81R1 DO DELAY (0.00–60.00 sec) (Hidden if 81R1TP := OFF) 81R1DO := 

 81R2 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R2TP :=

 81R2 TREND (INC,DEC,ABS) (Hidden if 81R2TP := OFF) 81R2TRND := 

 81R2 TRIP DELAY (0.10–60.00 sec) Hidden if 81R2TP := OFF) 81R2TD := 

 81R2 DO DELAY (0.00–60.00 sec) (Hidden if 81R2TP := OFF) 81R2DO := 

 81R3 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R3TP :=

 81R3 TREND (INC,DEC,ABS) (Hidden if 81R3TP := OFF) 81R3TRND :=

 81R3 TRIP DELAY (0.10–60.00 sec) Hidden if 81R3TP := OFF) 81R3TD := 

 81R3 DO DELAY (0.00–60.00 sec) (Hidden if 81R3TP := OFF) 81R3DO := 

 81R4 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R4TP :=

 81R4 TREND (INC,DEC,ABS) (Hidden if 81R4TP := OFF) 81R4TRND := 

 81R4 TRIP DELAY (0.10–60.00 sec) Hidden if 81R4TP := OFF) 81R4TD := 

 81R4 DO DELAY (0.00–60.00 sec) (Hidden if 81R4TP := OFF) 81R4DO := 

Fast Rate-of-Change-of-Frequency (81RF)
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81RF (Y, N) (All Fast Rate-of-Change-of-Frequency 
settings below Hidden if E81RF := N)

E81RF :=

FREQDIF SETPOINT ( 0.1–10.0 Hz) 81RFDFP  :=

DFDT SETPOINT (0.2–15.0 Hz/sec) 81RFRP :=

81RF PU DELAY (0.10–1.00 sec) 81RFPU  :=

81RF DO DELAY (0.0–1.00 sec) 81RFDO  :=
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81RF VOLTAGE BLK (OFF, 0.2–1.0 x Vnm) 81RFVBLK  :=

81RF CURRENT BLK (OFF, 0.1–20 x INOM) 81RFIBLK  :=

81RF BLOCK (SELOGIC) 81RFBL :=

81RF BLOCK DO (0.02–5.00 sec) 81RFBLDO  := 

Demand Metering
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE DEM MTR (THM,ROL) EDEM := 

 DEM TIME CONSTNT (5, 10, 15, 30, 60 min) DMTC := 

 PH CURR DEM LVL (OFF, 0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

PHDEMP :=

 RES CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

GNDEMP := 

 3I2 CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

3I2DEMP := 

Power
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

ENABLE PWR ELEM (N, 3P1, 3P2)
(All Power element settings below hidden if EPWR := N)

EPWR := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 VA {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) 

3PWR1P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW1P := OFF)

PWR1T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW1P := OFF)

PWR1D := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) (Hidden if EPWR := 3P1)

3PWR2P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2D := 

Trip/Close Logic
MIN TRIP TIME (0.0–400.0 sec) TDURD :=

CLOSE FAIL DLY (0.0–400.0 sec) CFD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

UNLATCH TRIP (SELOGIC) ULTRIP :=

BREAKER STATUS (SELOGIC) 52A :=
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CLOSE EQUATION (SELOGIC) CL :=

UNLATCH CLOSE (SELOGIC) ULCL :=

Reclosing Control
(Hidden If Reclosing Option Is Not Included)

ENABLE RECLOSER (OFF,1–4 shots) (All settings below are 
hidden if OFF is selected)

E79 := 

OPEN INTERVAL 1 (0.00–3000.00 sec) 79OI1 := 

OPEN INTERVAL 2 (0.00–3000.00 sec) 79OI2 := 

OPEN INTERVAL 3 (0.00–3000.00 sec) 79OI3 := 

OPEN INTERVAL 4 (0.00–3000.00 sec) 79OI4 := 

RST TM FROM RECL (0.00–3000.00 sec) 79RSD := 

RST TM FROM LO (0.00–3000.00 sec) 79RSLD := 

RECLS SUPV TIME (OFF, 0.00–3000.00 sec) 79CLSD := 

RECLOSE INITIATE (SELOGIC) 79RI := 

RCLS INIT SUPVSN (SELOGIC) 79RIS := 

DRIVE-TO-LOCKOUT (SELOGIC) 79DTL := 

DRIVE-TO-LSTSHOT (SELOGIC) 79DLS := 

SKIP SHOT (SELOGIC) 79SKP := 

STALL OPN INTRVL (SELOGIC) 79STL := 

BLOCK RESET TMNG (SELOGIC) 79BRS := 

SEQ COORDINATION (SELOGIC) 79SEQ := 

RCLS SUPERVISION (SELOGIC) 79CLS :=

Logic Settings (SET L Command)
SELOGIC Enables

SELOGIC LATCHES (N, 1–32) ELAT := 

SV/TIMERS (N, 1–32) ESV := 

SELOGIC COUNTERS (N, 1–32) ESC := 

MATH VARIABLES (N, 1–32) EMV := 

Latch Bits Equations
SET01 := 

RST01 := 

SET02 :=

RST02 :=
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SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=

SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 := 

RST09 := 

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 := 

RST17 := 

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=
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SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 := 

RST25 := 

SET26 :=

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV/Timers
SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=
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SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=

SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=
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SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=
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SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPU (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

Counters Equations
SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=

SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=
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SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=



SET.20
 of 72

SEL-751A Settings Sheets
Logic Settings (SET L Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=
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SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=

SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=
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SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=
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SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

Math Variables
MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=
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MV29 :=

MV30 :=

MV31 :=

MV32 :=

Base Output
OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

Slot C Output
(Hidden If Output Option Not Included)

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT303 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

Slot D Output
(Hidden If Output Option Not Included)

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=
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Slot E Output
(Hidden If Output Option Not Included)

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT505 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=
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Global Settings (SET G Command)
General

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

EVE MSG PTS ENABL (N, 1–32) EMP :=

Event Messenger Points (Only the points enabled by EMP are visible)

MESSENGER POINT MP01 TRIGGER (Off, 1 Relay Word bit) MPTR01 :=

MESSENGER POINT MP01 AQ (None, 1 analog quantity) MPAQ01 :=

MESSENGER POINT MP01 TEXT (148 characters) MPTX01 :=

MESSENGER POINT MP02 TRIGGER (Off, 1 Relay Word bit) MPTR02 :=

MESSENGER POINT MP02 AQ (None, 1 analog quantity) MPAQ02 :=

MESSENGER POINT MP02 TEXT (148 characters) MPTX02 :=

MESSENGER POINT MP03 TRIGGER (Off, 1 Relay Word bit) MPTR03 :=

MESSENGER POINT MP03 AQ (None, 1 analog quantity) MPAQ03 :=

MESSENGER POINT MP03 TEXT (148 characters) MPTX03 :=

MESSENGER POINT MP04 TRIGGER (Off, 1 Relay Word bit) MPTR04 :=

MESSENGER POINT MP04 AQ (None, 1 analog quantity) MPAQ04 :=

MESSENGER POINT MP04 TEXT (148 characters) MPTX04 :=

MESSENGER POINT MP05 TRIGGER (Off, 1 Relay Word bit) MPTR05 :=

MESSENGER POINT MP05 AQ (None, 1 analog quantity) MPAQ05 :=

MESSENGER POINT MP05 TEXT (148 characters) MPTX05 :=

MESSENGER POINT MP06 TRIGGER (Off, 1 Relay Word bit) MPTR06 :=

MESSENGER POINT MP06 AQ (None, 1 analog quantity) MPAQ06 :=

MESSENGER POINT MP06 TEXT (148 characters) MPTX06 :=

MESSENGER POINT MP07 TRIGGER (Off, 1 Relay Word bit) MPTR07 :=

MESSENGER POINT MP07 AQ (None, 1 analog quantity) MPAQ07 :=

MESSENGER POINT MP07 TEXT (148 characters) MPTX07 :=

MESSENGER POINT MP08 TRIGGER (Off, 1 Relay Word bit) MPTR08 :=

MESSENGER POINT MP08 AQ (None, 1 analog quantity) MPAQ08 :=

MESSENGER POINT MP08 TEXT (148 characters) MPTX08 :=
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MESSENGER POINT MP09 TRIGGER (Off, 1 Relay Word bit) MPTR09 :=

MESSENGER POINT MP09 AQ (None, 1 analog quantity) MPAQ09 :=

MESSENGER POINT MP09 TEXT (148 characters) MPTX09 :=

MESSENGER POINT MP10 TRIGGER (Off, 1 Relay Word bit) MPTR10 :=

MESSENGER POINT MP10 AQ (None, 1 analog quantity) MPAQ10 :=

MESSENGER POINT MP10 TEXT (148 characters) MPTX10 :=

MESSENGER POINT MP11 TRIGGER (Off, 1 Relay Word bit) MPTR11 :=

MESSENGER POINT MP11 AQ (None, 1 analog quantity) MPAQ11 :=

MESSENGER POINT MP11 TEXT (148 characters) MPTX11 :=

MESSENGER POINT MP12 TRIGGER (Off, 1 Relay Word bit) MPTR12 :=

MESSENGER POINT MP12 AQ (None, 1 analog quantity) MPAQ12 :=

MESSENGER POINT MP12 TEXT (148 characters) MPTX12 :=

MESSENGER POINT MP13 TRIGGER (Off, 1 Relay Word bit) MPTR13 :=

MESSENGER POINT MP13 AQ (None, 1 analog quantity) MPAQ13 :=

MESSENGER POINT MP13 TEXT (148 characters) MPTX13 :=

MESSENGER POINT MP14 TRIGGER (Off, 1 Relay Word bit) MPTR14 :=

MESSENGER POINT MP14 AQ (None, 1 analog quantity) MPAQ14 :=

MESSENGER POINT MP14 TEXT (148 characters) MPTX14 :=

MESSENGER POINT MP15 TRIGGER (Off, 1 Relay Word bit) MPTR15 :=

MESSENGER POINT MP15 AQ (None, 1 analog quantity) MPAQ15 :=

MESSENGER POINT MP15 TEXT (148 characters) MPTX15 :=

MESSENGER POINT MP16 TRIGGER (Off, 1 Relay Word bit) MPTR16 :=

MESSENGER POINT MP16 AQ (None, 1 analog quantity) MPAQ16 :=

MESSENGER POINT MP16 TEXT (148 characters) MPTX16 :=

MESSENGER POINT MP17 TRIGGER (Off, 1 Relay Word bit) MPTR17 :=

MESSENGER POINT MP17 AQ (None, 1 analog quantity) MPAQ17 :=

MESSENGER POINT MP17 TEXT (148 characters) MPTX17 :=

MESSENGER POINT MP18 TRIGGER (Off, 1 Relay Word bit) MPTR18 :=

MESSENGER POINT MP18 AQ (None, 1 analog quantity) MPAQ18 :=

MESSENGER POINT MP18 TEXT (148 characters) MPTX18 :=

MESSENGER POINT MP19 TRIGGER (Off, 1 Relay Word bit) MPTR19 :=

MESSENGER POINT MP19 AQ (None, 1 analog quantity) MPAQ19 :=

MESSENGER POINT MP19 TEXT (148 characters) MPTX19 :=

MESSENGER POINT MP20 TRIGGER (Off, 1 Relay Word bit) MPTR20 :=
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MESSENGER POINT MP20 AQ (None, 1 analog quantity) MPAQ20 :=

MESSENGER POINT MP20 TEXT (148 characters) MPTX20 :=

MESSENGER POINT MP21 TRIGGER (Off, 1 Relay Word bit) MPTR21 :=

MESSENGER POINT MP21 AQ (None, 1 analog quantity) MPAQ21 :=

MESSENGER POINT MP21 TEXT (148 characters) MPTX21 :=

MESSENGER POINT MP22 TRIGGER (Off, 1 Relay Word bit) MPTR22 :=

MESSENGER POINT MP22 AQ (None, 1 analog quantity) MPAQ22 :=

MESSENGER POINT MP22 TEXT (148 characters) MPTX22 :=

MESSENGER POINT MP23 TRIGGER (Off, 1 Relay Word bit) MPTR23 :=

MESSENGER POINT MP23 AQ (None, 1 analog quantity) MPAQ23 :=

MESSENGER POINT MP23 TEXT (148 characters) MPTX23 :=

MESSENGER POINT MP24 TRIGGER (Off, 1 Relay Word bit) MPTR24 :=

MESSENGER POINT MP24 AQ (None, 1 analog quantity) MPAQ24 :=

MESSENGER POINT MP24 TEXT (148 characters) MPTX24 :=

MESSENGER POINT MP25 TRIGGER (Off, 1 Relay Word bit) MPTR25 :=

MESSENGER POINT MP25 AQ (None, 1 analog quantity) MPAQ25 :=

MESSENGER POINT MP25 TEXT (148 characters) MPTX25 :=

MESSENGER POINT MP26 TRIGGER (Off, 1 Relay Word bit) MPTR26 :=

MESSENGER POINT MP26 AQ (None, 1 analog quantity) MPAQ26 :=

MESSENGER POINT MP26 TEXT (148 characters) MPTX26 :=

MESSENGER POINT MP27 TRIGGER (Off, 1 Relay Word bit) MPTR27 :=

MESSENGER POINT MP27 AQ (None, 1 analog quantity) MPAQ27 :=

MESSENGER POINT MP27 TEXT (148 characters) MPTX27 :=

MESSENGER POINT MP28 TRIGGER (Off, 1 Relay Word bit) MPTR28 :=

MESSENGER POINT MP28 AQ (None, 1 analog quantity) MPAQ28 :=

MESSENGER POINT MP28 TEXT (148 characters) MPTX28 :=

MESSENGER POINT MP29 TRIGGER (Off, 1 Relay Word bit) MPTR29 :=

MESSENGER POINT MP29 AQ (None, 1 analog quantity) MPAQ29 :=

MESSENGER POINT MP29 TEXT (148 characters) MPTX29 :=

MESSENGER POINT MP30 TRIGGER (Off, 1 Relay Word bit) MPTR30 :=

MESSENGER POINT MP30 AQ (None, 1 analog quantity) MPAQ30 :=

MESSENGER POINT MP30 TEXT (148 characters) MPTX30 :=

MESSENGER POINT MP31 TRIGGER (Off, 1 Relay Word bit) MPTR31 :=

MESSENGER POINT MP31 AQ (None, 1 analog quantity) MPAQ31 :=
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MESSENGER POINT MP31 TEXT (148 characters) MPTX31 :=

MESSENGER POINT MP32 TRIGGER (Off, 1 Relay Word bit) MPTR32 :=

MESSENGER POINT MP32 AQ (None, 1 analog quantity) MPAQ32 :=

MESSENGER POINT MP32 TEXT (148 characters) MPTX32 :=

Group Selection
GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

Phasor Measurement (PMU)
EN SYNCHRO PHASOR (Y, N) (All subsequent PMU settings 

Hidden if EPMU :=N) 
EPMU :=

MESSAGES PER SEC (1, 2, 5, 10) MRATE :=

STATION NAME (16 characters) PMSTN :=

PMU HARDWARE ID (1–65534) PMID :=

VOLTAGE DATA SET (V1, ALL, NA) (Hidden if no voltages) PHDATAV :=

VOLT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAV := NA)

VCOMP :=

CURRENT DATA SET (I1, ALL, NA) PHDATAI :=

CURRENT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAI := NA)

ICOMP :=

NUM ANALOG (0–4) NUMANA :=

NUM 16-BIT DIGTAL (0, 1) NUMDSW :=

TRIG REASON BIT 1 (SELOGIC) TREA1 :=

TRIG REASON BIT 2 (SELOGIC) TREA2 :=

TRIG REASON BIT 3 (SELOGIC) TREA3 :=

TRIG REASON BIT 4 (SELOGIC) TREA4 :=

TRIGGER (SELOGIC) PMTRIG :=

Time and Date Management
CTRL BITS DEFN (NONE, C37.118) IRIGC  :=

OFFSET FROM UTC (–24.00 to 24.00) rounded up to quarter UTC_OFF  :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_BEGW :=
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DAY OF THE WEEK TO BEGIN DST (SUN, MON, TUE, 
WED, THU, FRI, SAT) (Hidden if DST_BEGM := OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)(Hidden if 
DST_BEGM := OFF)

DST_BEGH :=

MONTH TO END DST (1–12) (Hidden if DST_BEGM := OFF) DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN, MON, TUE, 
WED, THU, FRI, SAT)  (Hidden if DST_BEGM := OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23) (Hidden if 
DST_BEGM := OFF)

DST_ENDH :=

Breaker Failure
52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=

Arc-Flash Protection
(Hidden If Voltage Card With Arc-Flash Detection Not Included, see Table 1.1)

AF PH OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. phase}, 
0.10–20.00 A {1 A nom. phase})

50PAFP := 

Note: All settings below are hidden if 50PAFP := OFF

AF N OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. neutral}, 
0.10–20.00 A {1 A nom. neutral})

50NAFP := 

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 := 

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) 

TOL1P := 

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 := 

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) 

TOL2P := 

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 := 

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE)

TOL3P := 

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 := 

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE)

TOL4P := 

AFD OUTPUT SLOT (101_2, 301_2, 401_2) AOUTSLOT:= 
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Analog Inputs/Outputs
For the following settings, x is the card position (3, 4, or 5 in Slot C, D, and E, respectively). (Settings are hidden 
if Analog I/O are not included.)

AIx01
AIx01 TAG NAME (8 characters 0–9, A–Z, _) AIx01NAM :=

AIx01 TYPE (I, V) AIx01TYP :=

If AIx01TYP = I

AIx01 LOW IN VAL (–20.480 to +20.480; mA) AIx01L :=

AIx01 HI IN VAL (–20.480 to +20.480; mA) AIx01H :=

If AIx01TYP = V

AIx01 LOW IN VAL (–10.240 to +10.240 V) AIx01L :=

AIx01 HI IN VAL (–10.240 to +10.240 V) AIx01H :=

NOTE: Set Warn and Alarm to a value between Engr Low and 
Engr High settings.

AIx01 ENG UNITS (16 characters) AIx01EU :=

AIx01 EU LOW (–99999.000 to +99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to +99999.000) AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx01LW1 :=

AIx01 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to +99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to +99999.000) AIx01HAL :=

AIx02
AIx02 TAG NAME (8 characters 0–9, A–Z, _) AIx02NAM :=

AIx02 TYPE (I, V) AIx02TYP :=

If AIx02TYP = I

AIx02 LOW IN VAL (–20.480 to +20.480; mA) AIx02L :=

AIx02 HI IN VAL (–20.480 to +20.480; mA) AIx02H :=

If AIx02TYP = V

AIx02 LOW IN VAL (–10.240 to +10.240 V) AIx02L :=

AIx02 HI IN VAL (–10.240 to +10.240 V) AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to +99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to +99999.000) AIx02EH :=
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AIx02 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx02LW1 :=

AIx02 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to +99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to +99999.000) AIx02HAL :=

AIx03
AIx03 TAG NAME (8 characters 0–9, A–Z, _) AIx03NAM :=

AIx03 TYPE (I, V) AIx03TYP :=

If AIx03TYP = I

AIx03 LOW IN VAL (–20.480 to +20.480; mA) AIx03L :=

AIx03 HI IN VAL (–20.480 to +20.480; mA) AIx03H :=

If AIx03TYP = V

AIx03 LOW IN VAL (–10.240 to +10.240 V) AIx03L :=

AIx03 HI IN VAL (–10.240 to +10.240 V) AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to +99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to +99999.000) AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx03LW1 :=

AIx03 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to +99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to +99999.000) AIx03HAL :=

AIx04

AIx04 TAG NAME (8 characters 0–9, A–Z, _) AIx04NAM :=

AIx04 TYPE (I, V) AIx04TYP :=

If AIx04TYP = I

AIx04 LOW IN VAL (–20.480 to +20.480; mA) AIx04L :=

AIx04 HI IN VAL (–20.480 to +20.480; mA) AIx04H :=

If AIx04TYP = V

AIx04 LOW IN VAL (–10.240 to +10.240 V) AIx04L :=

AIx04 HI IN VAL (–10.240 to +10.240 V) AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=
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AIx04 EU LOW (–99999.000 to +99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to +99999.000) AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx04LW1 :=

AIx04 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to +99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to +99999.000) AIx04HAL :=

AIx05
AIx05 TAG NAME (8 characters 0–9, A–Z, _) AIx05NAM :=

AIx05 TYPE (I, V) AIx05TYP :=

If AIx05TYP = I

AIx05 LOW IN VAL (–20.480 to +20.480; mA) AIx05L :=

AIx05 HI IN VAL (–20.480 to +20.480; mA) AIx05H :=

If AIx05TYP = V

AIx05 LOW IN VAL (–10.240 to +10.240 V) AIx05L :=

AIx05 HI IN VAL (–10.240 to +10.240 V) AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to +99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to +99999.000) AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx05LW1 :=

AIx05 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to +99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to +99999.000) AIx05HAL :=

AIx06
AIx06 TAG NAME (8 characters 0–9, A–Z, _) AIx06NAM :=

AIx06 TYPE (I, V) AIx06TYP :=

If AIx06TYP = I

AIx06 LOW IN VAL (–20.480 to +20.480; mA) AIx06L :=

AIx06 HI IN VAL (–20.480 to +20.480; mA) AIx06H :=

If AIx06TYP = V

AIx06 LOW IN VAL (–10.240 to +10.240 V) AIx06L :=
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AIx06 HI IN VAL (–10.240 to +10.240 V) AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to +99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to +99999.000) AIx06EH :=

AIx06 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx06LW1 :=

AIx06 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to +99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to +99999.000) AIx06HAL :=

AIx07

AIx07 TAG NAME (8 characters 0–9, A–Z, _) AIx07NAM :=

AIx07 TYPE (I, V) AIx07TYP :=

If AIx07TYP = I

AIx07 LOW IN VAL (–20.480 to +20.480; mA) AIx07L :=

AIx07 HI IN VAL (–20.480 to +20.480; mA) AIx07H :=

If AIx07TYP = V

AIx07 LOW IN VAL (–10.240 to +10.240 V) AIx07L :=

AIx07 HI IN VAL (–10.240 to +10.240 V) AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to +99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to +99999.000) AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx07LW1 :=

AIx07 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to +99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to +99999.000) AIx07HAL :=

AIx08
AIx08 TAG NAME (8 characters 0–9, A–Z, _) AIx08NAM :=

AIx08 TYPE (I, V) AIx08TYP :=

If AIx08TYP = I

AIx08 LOW IN VAL (–20.480 to +20.480; mA) AIx08L :=

AIx08 HI IN VAL (–20.480 to +20.480; mA) AIx08H :=
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If AIx08TYP = V

AIx08 LOW IN VAL (–10.240 to +10.240 V) AIx08L :=

AIx08 HI IN VAL (–10.240 to +10.240 V) AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to +99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to +99999.000) AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx08LW1 :=

AIx08 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to +99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to +99999.000) AIx08HAL :=

AOx01
AOx01 ANALOG QTY (Off, 1 analog quantity) AOx01AQ :=

AOx01 TYPE (I, V) AOx01TYP :=

AOx01 AQTY LOW (–2147483647 to +2147483647) AOx01AQL :=

AOx01 AQTY HI (–2147483647 to +2147483647) AOx01AQH:=

If AOx01TYP = I

AOx01 LO OUT VAL (–20.480 to +20.480 mA) AOx01L :=

AOx01 HI OUT VAL (–20.480 to +20.480 mA) AOx01H :=

If AOx01TYP = V

AOx01 LO OUT VAL (–10.240 to +10.240 V) AOx01L :=

AOx01 HI OUT VAL (–10.240 to +10.240 V) AOx01H :=

AOx02
AOx02 ANALOG QTY (Off, 1 analog quantity) AOx02AQ :=

AOx02 TYPE (I, V) AOx02TYP :=

AOx02 AQTY LOW (–2147483647 to +2147483647) AOx02AQL :=

AOx02 AQTY HI (–2147483647 to +2147483647) AOx02AQH:=

If AOx02TYP = I

AOx02 LO OUT VAL (–20.480 to +20.480 mA) AOx02L :=

AOx02 HI OUT VAL (–20.480 to +20.480 mA) AOx02H :=

If AOx02TYP = V

AOx02 LO OUT VAL (–10.240 to +10.240 V) AOx02L :=

AOx02 HI OUT VAL (–10.240 to +10.240 V) AOx02H :=
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AOx03

AOx03 ANALOG QTY (Off, 1 analog quantity) AOx03AQ :=

AOx03 TYPE (I, V) AOx03TYP :=

AOx03 AQTY LOW (–2147483647 to +2147483647) AOx03AQL :=

AOx03 AQTY HI (–2147483647 to +2147483647) AOx03AQH:=

If AOx03TYP = I

AOx03 LO OUT VAL (–20.480 to +20.480 mA) AOx03L :=

AOx03 HI OUT VAL (–20.480 to +20.480 mA) AOx03H :=

If AOx03TYP = V

AOx03 LO OUT VAL (–10.240 to +10.240 V) AOx03L :=

AOx03 HI OUT VAL (–10.240 to +10.240 V) AOx03H :=

AOx04
AOx04 ANALOG QTY (Off, 1 analog quantity) AOx04AQ :=

AOx04 TYPE (I, V) AOx04TYP :=

AOx04 AQTY LOW (–2147483647 to +2147483647) AOx04AQL :=

AOx04 AQTY HI (–2147483647 to +2147483647) AOx04AQH:=

If AOx04TYP = I

AOx04 LO OUT VAL (–20.480 to +20.480 mA) AOx04L :=

AOx04 HI OUT VAL (–20.480 to +20.480 mA) AOx04H :=

If AOx04TYP = V

AOx04 LO OUT VAL (–10.240 to +10.240 V) AOx04L :=

AOx04 HI OUT VAL (–10.240 to +10.240 V) AOx04H :=

Station DC Battery Monitor
(Hidden if Voltage Option xx74xx is included, see Table 1.1)

DC UNDER VOLT PU (OFF, 20.00–300.00 Vdc) DCLOP := 

DC OVER VOLT PU (OFF, 20.00–300.00 Vdc) DCHIP := 

Input Debounce Settings (Base Unit)
IN101 Debounce (AC, 0–65000 ms) IN101D :=

IN102 Debounce (AC, 0–65000 ms) IN102D :=

Input Debounce Settings (Slot C)
(Hidden If Input Option Not Included)

IN301 Debounce (AC, 0–65000 ms) IN301D :=

IN302 Debounce (AC, 0–65000 ms) IN302D :=

IN303 Debounce (AC, 0–65000 ms) IN303D :=
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IN304 Debounce (AC, 0–65000 ms) IN304D :=

IN305 Debounce (AC, 0–65000 ms) IN305D :=

IN306 Debounce (AC, 0–65000 ms) IN306D :=

IN307 Debounce (AC, 0–65000 ms) IN307D :=

IN308 Debounce (AC, 0–65000 ms) IN308D :=

Input Debounce Settings (Slot D)
(Hidden If Input Option Not Included)

IN401 Debounce (AC, 0–65000 ms) IN401D :=

IN402 Debounce (AC, 0–65000 ms) IN402D :=

IN403 Debounce (AC, 0–65000 ms) IN403D :=

IN404 Debounce (AC, 0–65000 ms) IN404D :=

IN405 Debounce (AC, 0–65000 ms) IN405D :=

IN406 Debounce (AC, 0–65000 ms) IN406D :=

IN407 Debounce (AC, 0–65000 ms) IN407D :=

IN408 Debounce (AC, 0–65000 ms) IN408D :=

Input Debounce Settings (Slot E)
(Hidden If Input Option Not Included)

IN501 Debounce (AC, 0–65000 ms) IN501D :=

IN502 Debounce (AC, 0–65000 ms) IN502D :=

IN503 Debounce (AC, 0–65000 ms) IN503D :=

IN504 Debounce (AC, 0–65000 ms) IN504D :=

IN505 Debounce (AC, 0–65000 ms) IN505D :=

IN506 Debounce (AC, 0–65000 ms) IN506D :=

IN507 Debounce (AC, 0–65000 ms) IN507D :=

IN508 Debounce (AC, 0–65000 ms) IN508D :=

Breaker Monitor Settings
BREAKER MONITOR (Y,N) (All subsequent settings 

Hidden if EBMON :=N) 
EBMON := 

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 

kA PRI INTERRPTD 1 (0.10–999.00) KASP1 := 

kA PRI INTERRPTD 2 (0.10–999.00) KASP2 := 
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kA PRI INTERRPTD 3 (0.10–999.00) KASP3 := 

Control Breaker Monitor (SELOGIC) BKMON :=

Data Reset
RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY:=

RESET MAX/MIN (SELOGIC) RSTMXMN:=

RESET DEMAND (SELOGIC) (Hidden if Voltage Card Option is 
xx71xx or xx72xx)

RSTDEM :=

RESET PK DEMAND (SELOGIC) (Hidden if Voltage Card Option 
is xx71xx or xx72xx)

RSTPKDEM:=

Access Control
DISABLE SETTINGS (SELOGIC) DSABLSET :=

BLOCK MODBUS SET (NONE, R_S, ALL) BLKMBSET:=

Time-Synchronization Source 
(Hidden if Fiber-Optic PORT 2 Not Available)

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

SET PORT p (p = F, 1, 2, 3, or 4) Command
PORT F

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD, EVMSG, PMU) PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, EVMSG, or 
PMU)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG or PMU) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD or EVMSG) STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD or 
EVMSG)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

AUTO :=
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Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or PMU)

SLAVEID :=

PORT 1 (Ethernet Port in Slot B)
(Hidden If Ethernet Option Not Included)

ENABLE PORT (Y, N) EPORT :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=

DEFAULT ROUTER (zzz.yyy.xxx.www) DEFRTR :=

Enable TCP Keep-Alive (Y, N) ETCPKA := 

TCP Keep-Alive Idle Range (1–20 sec) (Hidden if ETCPKA := N) KAIDLE := 

TCP Keep-Alive Interval Range (1–20 sec) 
(Hidden if ETCPKA := N)

KAINTV := 

TCP Keep-Alive Count Range (1–20) (Hidden if ETCPKA := N) KACNT := 

FAST OP MESSAGES (Y, N) FASTOP := 

OPERATING MODE (FIXED, FAILOVER, SWITCHED) 
(Hidden if not dual redundant Ethernet Port option)

NETMODE := 

FAILOVER TIMEOUT (0.10–65.00 sec) (Hidden if not dual 
redundant Ethernet Port option or if NETMODE is not set to 
FAILOVER) 

FTIME := 

PRIMARY NETPORT (A, B) (Hidden if not dual redundant 
Ethernet Port option)

NETPORT := 

NETWRK PORTA SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETASPD := 

NETWRK PORTB SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

TELNET PORT (23,1025–65534) TPORT :=

TELNET TIME-OUT (1–30 min) TIDLE :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP USER NAME (20 characters) FTPUSER := 

Enable IEC 61850 Protocol (Y, N) (Hidden if 61850 not 
supported)

E61850 := 

Enable IEC 61850 GSE (Y, N) (Hidden if E61850 := N) EGSE := 

Enable Modbus Sessions (0–2) EMOD := 

Modbus TCP Port1 (1–65534) *(Hidden if EMOD := 0) MODNUM1:= 

Modbus TCP Port2 (1–65534) *(Hidden if EMOD := 0 or 1) MODNUM2:= 

Modbus Timeout 1 (15–900 s) (Hidden if EMOD := 0) MTIMEO1 := 
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Modbus Timeout 2 (15–900 s) (Hidden if EMOD := 0 or 1) MTIMEO2 := 

* Exclude the following port numbers: 20 (FTP Data), 21 (FTP Control), TPORT setting, SNTP, and 
DNPNUM setting if present.

DNP3 Protocol
All DNP3 settings below are hidden if DNP3 is not an option. 

Enable DNP Sessions (0–3) 

(DNP3 settings below Hidden if EDNP := 0) EDNP := 

DNP TCP and UDP Port (1–65534) DNPNUM := 

DNP Address (0–65519) DNPADR := 

Session 1

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP1 := 

Transport Protocol (UDP, TCP) DNPTR1 := 

UDP Response Port (REQ, 1–65534) DNPUDP1 := 

DNP Address to Report to (0–65519) REPADR1 := 

DNP Map (1–3) DNPMAP1 := 

Analog Input Default Variation (1–6) DVARAI1 := 

Class for Binary Event Data (0–3) ECLASSB1 := 

Class for Counter Event Data (0–3) ECLASSC1 := 

Class for Analog Event Data (0–3) ECLASSA1 := 

Currents Scaling Decimal Places (0–3) DECPLA1 := 

Voltages Scaling Decimal Places (0–3) DECPLV1 := 

Misc Data Scaling Decimal Places (0–3) DECPLM1 := 

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1 := 

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Seconds to send Data Link Heartbeat (0–7200) 
(Hidden if DNPTR1 := UDP)

DNPINA1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=
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Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Session 2

All Session 2 settings are hidden if EDNP < 2.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP2 :=

Transport Protocol (UDP, TCP) DNPTR2 :=

UDP Response Port (REQ, 1–65534) DNPUDP2 :=

DNP Address to Report to (0–65519) REPADR2 :=

DNP Map (1–3) DNPMAP2 :=

Analog Input Default Variation (1–6) DVARAI2 :=

Class for Binary Event Data (0–3) ECLASSB2 :=

Class for Counter Event Data (0–3) ECLASSC2 :=

Class for Analog Event Data (0–3) ECLASSA2 :=

Currents Scaling Decimal Places (0–3) DECPLA2 :=

Voltages Scaling Decimal Places (0–3) DECPLV2 :=

Misc Data Scaling Decimal Places (0–3) DECPLM2 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBA2 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBV2 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ2 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO2 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR2 := UDP)

DNPINA2 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO2 :=

Enable Unsolicited Reporting (Y, N) 
(Hidden if ECLASSA2 := 0, ECLASSB2 := 0, ECLASSC2 := 0, and 
ECLASSV2 := 0)

UNSOL2 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL2 := N)

PUNSOL2 :=
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Number of Events to Transmit On (1–200) 
(Hidden if UNSOL2 := N)

NUMEVE2 :=

Oldest Event to Tx On (0.0–99999.0 sec) 
(Hidden if UNSOL2 := N)

AGEEVE2 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL2 := N)

URETRY2 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL2 := N)

UTIMEO2 :=

Session 3

All Session 3 settings are hidden if EDNP < 3.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP3 :=

Transport Protocol (UDP, TCP) DNPTR3 :=

UDP Response Port (REQ, 1–65534) DNPUDP3 :=

DNP Address to Report to (0–65519) REPADR3 :=

DNP Map (1–3) DNPMAP3 :=

Analog Input Default Variation (1–6) DVARAI3 :=

Class for Binary Event Data (0–3) ECLASSB3 :=

Class for Counter Event Data (0–3) ECLASSC3 :=

Class for Analog Event Data (0–3) ECLASSA3 :=

Currents Scaling Decimal Places (0–3) DECPLA3 :=

Voltages Scaling Decimal Places (0–3) DECPLV3 :=

Misc Data Scaling Decimal Places (0–3) DECPLM3 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBA3 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBV3 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ3 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO3 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR3 := UDP)

DNPINA3 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO3 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA3 := 0, ECLASSB3 := 0, ECLASSC3 := 0, and 
ECLASSV3 := 0)

UNSOL3 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL3 := N)

PUNSOL3  :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL3 := N)

NUMEVE3 :=
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Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL3 := N)

AGEEVE3 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL3 := N)

URETRY3 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL3 := N)

UTIMEO3 :=

SNTP Client Protocol Settings
Enable SNTP Client (OFF, UNICAST, MANYCAST, 

BROADCAST)
ESNTP  :=

Make the following settings when ESNTP ≠ OFF.

Primary Server IP Address (zzz.yyy.xxx.www)

NOTE: To accept updates from any server when ESNTP = BROADCAST, set SNTPPSIP to 0.0.0.0.

SNTPPSIP :=

Make the following setting when ESNTP = UNICAST.

Backup Server IP Address (zzz.yyy.xxx.www) SNTPBSIP  :=

SNTP IP (Local) Port Number (1-65534)

NOTE: SNTPPORT cannot be set to 20, 21, 102, 502, 23, 
TPORT, or DNPNUM 

SNTPPORT :=

SNTP Update Rate (15–3600 seconds) SNTPRATE: =

Make the following setting when ESNTP = UNICAST or 
MANYCAST.

SNTP Timeout (5–20 seconds)

NOTE: SNTPTO must be less than setting SNTPRATE. SNTPTO : =

Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.2 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

Table SET.2 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 

numbers of other protocols
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PORT 2 (Fiber-Optic Serial Port in Slot B) 
(Hidden if E49RTD := EXT or PORT 2 Not Included)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO := 

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, DNP, PMU, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if E49RTD := EXT or if 
PROTO := EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, dnp, 
pmu, EVMSG, or MB_)

FASTOP :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD, 
DNP, SEL, PMU, EVMSG, or MB_)

RTSCTS :=

Modbus
MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 

EVMSG, or MB_)
SLAVEID :=

DNP3 Protocol

(Hidden if PROTO := SEL, EVMSG, MB, PMU, or MOD.) 

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=
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Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N )

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=
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RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 3 (EIA-232/485 Port in Slot B)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := DNP, PMU, MOD, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG, PMU, or MB_) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if COMMINF :=485 or 
PROTO := MOD, DNP, EVMSG, or MB_)

RTSCTS := 

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

FASTOP :=

Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or MB_)

SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=
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Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5) (Hidden if DRETRY1 := 0) DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA-232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=
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Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 4 (EIA-232/485 Port or DeviceNet Port in Slot C)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, DNET, EVMSG, PMU, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB)

PROTO :=

Interface Select (Hidden if PROTO := DNET)

COMM INTERFACE (232, 485) COMMINF :=

Communications
SPEED (300–38400 bps) (Hidden if PROTO := DNET) SPEED :=
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DATA BITS (7, 8 bits) 
(Hidden if PROTO := DNP, MOD, PMU, EVMSG, MB_, or DNET)

BITS :=

PARITY (O, E, N) 
(Hidden if PROTO := DNET, EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) 
(Hidden if PROTO := MOD, EVMSG, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min) 
(Hidden if PROTO := MOD, EVMSG, MB_, PMU, or DNET)

T_OUT :=

HDWR HANDSHAKING (Y, N) 
(Hidden if COMMINF := 485 or PROTO := MOD, DNP, EVMSG, 
MB_, or DNET)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

AUTO :=

FAST OP MESSAGES (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

FASTOP :=

Modbus
MODBUS SLAVE ID (1–247) 

(Hidden if PROTO := SEL, EVMSG, MB_, or DNET)
SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU , DNET or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=
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Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=
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RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

Front-Panel Settings (SET F Command)
General

DISPLY PTS ENABL (N,1–32) EDP :=

LOCAL BITS ENABL (N,1–32) ELB :=

LCD TIMEOUT (OFF,1–30 min) FP_TO :=

LCD CONTRAST (1–8) FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING) FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

Target LED
TRIP LATCH T_LED (Y, N) T01LEDL :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

LED4 EQUATION (SELOGIC) T04_LED :=
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TRIP LATCH T_LED (Y, N) T05LEDL :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

Display Points
Display Point Settings (maximum 60 characters):

➤ (Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"

➤ (Analog): Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters) DP01 :=

DISPLAY POINT DP02 (60 characters) DP02 :=

DISPLAY POINT DP03 (60 characters) DP03 :=

DISPLAY POINT DP04 (60 characters) DP04 :=

DISPLAY POINT DP05 (60 characters) DP05 :=

DISPLAY POINT DP06 (60 characters) DP06 :=

DISPLAY POINT DP07 (60 characters) DP07 :=

DISPLAY POINT DP08 (60 characters) DP08 :=

DISPLAY POINT DP09 (60 characters) DP09 :=

DISPLAY POINT DP10 (60 characters) DP10 :=

DISPLAY POINT DP11 (60 characters) DP11 :=

DISPLAY POINT DP12 (60 characters) DP12 :=

DISPLAY POINT DP13 (60 characters) DP13 :=

DISPLAY POINT DP14 (60 characters) DP14 :=

DISPLAY POINT DP15 (60 characters) DP15 :=

DISPLAY POINT DP16 (60 characters) DP16 :=

DISPLAY POINT DP17 (60 characters) DP17 :=

DISPLAY POINT DP18 (60 characters) DP18 :=
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DISPLAY POINT DP19 (60 characters) DP19 :=

DISPLAY POINT DP20 (60 characters) DP20 :=

DISPLAY POINT DP21 (60 characters) DP21 :=

DISPLAY POINT DP22 (60 characters) DP22 :=

DISPLAY POINT DP23 (60 characters) DP23 :=

DISPLAY POINT DP24 (60 characters) DP24 :=

DISPLAY POINT DP25 (60 characters) DP25 :=

DISPLAY POINT DP26 (60 characters) DP26 :=

DISPLAY POINT DP27 (60 characters) DP27 :=

DISPLAY POINT DP28 (60 characters) DP28 :=

DISPLAY POINT DP29 (60 characters) DP29 :=

DISPLAY POINT DP30 (60 characters) DP30 :=

DISPLAY POINT DP31 (60 characters) DP31 :=

DISPLAY POINT DP32 (60 characters) DP32 :=

Local Bits Labels
LB_NAME (14 characters) NLB01 := 

CLEAR LB_ LABEL (7 characters) CLB01 := 

SET LB_ LABEL (7 characters) SLB01 :=

PULSE LB_ LABEL (7 characters) PLB01 :=

LB_NAME (14 characters) NLB02 :=

CLEAR LB_ LABEL (7 characters) CLB02 :=

SET LB_ LABEL (7 characters) SLB02 :=

PULSE LB_ LABEL (7 characters) PLB02 :=

LB_NAME (14 characters) NLB03 :=

CLEAR LB_ LABEL (7 characters) CLB03 :=

SET LB_ LABEL (7 characters) SLB03 :=

PULSE LB_ LABEL (7 characters) PLB03 :=

LB_NAME (14 characters) NLB04 :=

CLEAR LB_ LABEL (7 characters) CLB04 :=

SET LB_ LABEL (7 characters) SLB04 :=

PULSE LB_ LABEL (7 characters) PLB04 :=

LB_NAME (14 characters) NLB05 :=

CLEAR LB_ LABEL (7 characters) CLB05 :=
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SET LB_ LABEL (7 characters) SLB05 :=

PULSE LB_ LABEL (7 characters) PLB05 :=

LB_NAME (14 characters) NLB06 :=

CLEAR LB_ LABEL (7 characters) CLB06 :=

SET LB_ LABEL (7 characters) SLB06 :=

PULSE LB_ LABEL (7 characters) PLB06 :=

LB_NAME (14 characters) NLB07 :=

CLEAR LB_ LABEL (7 characters) CLB07 :=

SET LB_ LABEL (7 characters) SLB07 :=

PULSE LB_ LABEL (7 characters) PLB07 :=

LB_NAME (14 characters) NLB08 :=

CLEAR LB_ LABEL (7 characters) CLB08 :=

SET LB_ LABEL (7 characters) SLB08 :=

PULSE LB_ LABEL (7 characters) PLB08 :=

LB_NAME (14 characters) NLB09 :=

CLEAR LB_ LABEL (7 characters) CLB09 :=

SET LB_ LABEL (7 characters) SLB09 :=

PULSE LB_ LABEL (7 characters) PLB09 :=

LB_NAME (14 characters) NLB10 :=

CLEAR LB_ LABEL (7 characters) CLB10 :=

SET LB_ LABEL (7 characters) SLB10 :=

PULSE LB_ LABEL (7 characters) PLB10 :=

LB_NAME (14 characters) NLB11 :=

CLEAR LB_ LABEL (7 characters) CLB11 :=

SET LB_ LABEL (7 characters) SLB11 :=

PULSE LB_ LABEL (7 characters) PLB11 :=

LB_NAME (14 characters) NLB12 :=

CLEAR LB_ LABEL (7 characters) CLB12 :=

SET LB_ LABEL (7 characters) SLB12 :=

PULSE LB_ LABEL (7 characters) PLB12 :=

LB_NAME (14 characters) NLB13 :=

CLEAR LB_ LABEL (7 characters) CLB13 :=

SET LB_ LABEL (7 characters) SLB13 :=

PULSE LB_ LABEL (7 characters) PLB13 :=
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LB_NAME (14 characters) NLB14 :=

CLEAR LB_ LABEL (7 characters) CLB14 :=

SET LB_ LABEL (7 characters) SLB14 :=

PULSE LB_ LABEL (7 characters) PLB14 :=

LB_NAME (14 characters) NLB15 :=

CLEAR LB_ LABEL (7 characters) CLB15 :=

SET LB_ LABEL (7 characters) SLB15 :=

PULSE LB_ LABEL (7 characters) PLB15 :=

LB_NAME (14 characters) NLB16 :=

CLEAR LB_ LABEL (7 characters) CLB16 :=

SET LB_ LABEL (7 characters) SLB16 :=

PULSE LB_ LABEL (7 characters) PLB16 :=

LB_NAME (14 characters) NLB17 :=

CLEAR LB_ LABEL (7 characters) CLB17 :=

SET LB_ LABEL (7 characters) SLB17 :=

PULSE LB_ LABEL (7 characters) PLB17 :=

LB_NAME (14 characters) NLB18 :=

CLEAR LB_ LABEL (7 characters) CLB18 :=

SET LB_ LABEL (7 characters) SLB18 :=

PULSE LB_ LABEL (7 characters) PLB18 := 

LB_NAME (14 characters) NLB19 := 

CLEAR LB_ LABEL (7 characters) CLB19 := 

SET LB_ LABEL (7 characters) SLB19 := 

PULSE LB_ LABEL (7 characters) PLB19 := 

LB_NAME (14 characters) NLB20 := 

CLEAR LB_ LABEL (7 characters) CLB20 := 

SET LB_ LABEL (7 characters) SLB20 := 

PULSE LB_ LABEL (7 characters) PLB20 := 

LB_NAME (14 characters) NLB21 := 

CLEAR LB_ LABEL (7 characters) CLB21 := 

SET LB_ LABEL (7 characters) SLB21 := 

PULSE LB_ LABEL (7 characters) PLB21 := 

LB_NAME (14 characters) NLB22 := 

CLEAR LB_ LABEL (7 characters) CLB22 := 
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SET LB_ LABEL (7 characters) SLB22 := 

PULSE LB_ LABEL (7 characters) PLB22 := 

LB_NAME (14 characters) NLB23 := 

CLEAR LB_ LABEL (7 characters) CLB23 := 

SET LB_ LABEL (7 characters) SLB23 := 

PULSE LB_ LABEL (7 characters) PLB23 := 

LB_NAME (14 characters) NLB24 := 

CLEAR LB_ LABEL (7 characters) CLB24 := 

SET LB_ LABEL (7 characters) SLB24 := 

PULSE LB_ LABEL (7 characters) PLB24 := 

LB_NAME (14 characters) NLB25 := 

CLEAR LB_ LABEL (7 characters) CLB25 := 

SET LB_ LABEL (7 characters) SLB25 := 

PULSE LB_ LABEL (7 characters) PLB25 :=

LB_NAME (14 characters) NLB26 := 

CLEAR LB_ LABEL (7 characters) CLB26 := 

SET LB_ LABEL (7 characters) SLB26 := 

PULSE LB_ LABEL (7 characters) PLB26 := 

LB_NAME (14 characters) NLB27 := 

CLEAR LB_ LABEL (7 characters) CLB27 := 

SET LB_ LABEL (7 characters) SLB27 := 

PULSE LB_ LABEL (7 characters) PLB27 := 

LB_NAME (14 characters) NLB28 := 

CLEAR LB_ LABEL (7 characters) CLB28 := 

SET LB_ LABEL (7 characters) SLB28 := 

PULSE LB_ LABEL (7 characters) PLB28 := 

LB_NAME (14 characters) NLB29 := 

CLEAR LB_ LABEL (7 characters) CLB29 := 

SET LB_ LABEL (7 characters) SLB29 := 

PULSE LB_ LABEL (7 characters) PLB29 := 

LB_NAME (14 characters) NLB30 := 

CLEAR LB_ LABEL (7 characters) CLB30 := 

SET LB_ LABEL (7 characters) SLB30 := 

PULSE LB_ LABEL (7 characters) PLB30 := 
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LB_NAME (14 characters) NLB31 := 

CLEAR LB_ LABEL (7 characters) CLB31 := 

SET LB_ LABEL (7 characters) SLB31 := 

PULSE LB_ LABEL (7 characters) PLB31 := 

LB_NAME (14 characters) NLB32 := 

CLEAR LB_ LABEL (7 characters) CLB32 := 

SET LB_ LABEL (7 characters) SLB32 := 

PULSE LB_ LABEL (7 characters) PLB32 := 

Report Settings (SET R Command)
SER Chatter Criteria

Auto-Removal Enable (Y, N) ESERDEL :=

Number of Counts (2–20 counts) SRDLCNT :=

Removal Time (0.1–90.0 seconds) SRDLTIM :=

SER Trigger Lists
SERn = As many as 24 Relay Word elements separated by spaces or commas. Use NA to disable 
setting.

SER1 :=

SER2 :=

SER3 :=

SER4 :=

Relay Word Bit Aliases
ALIASn= 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'. Alias, Asserted, and 
Deasserted text strings can as long as 15 characters. Use NA to disable setting.

Enable ALIAS (N,1–20) EALIAS := 

ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=
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ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=

ALIAS20 ALIAS20 :=

Event Report
EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15,64 cyc) LER :=

PREFAULT LENGTH (1–59 cyc {if LER := 15}, 1–10 cyc 
{if LER := 64})

PRE :=

Load Profile
LDP LIST (NA, As many as 17 Analog Quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min.) LDAR :=

Modbus Map Settings (SET M Command)
Modbus User Map 

(See Appendix E: Modbus Communications for additional 
details)

User Map Register Label Name (8 characters) MOD_001 :=

User Map Register Label Name (8 characters) MOD_002 :=

User Map Register Label Name (8 characters) MOD_003 :=

User Map Register Label Name (8 characters) MOD_004 :=

User Map Register Label Name (8 characters) MOD_005 :=

User Map Register Label Name (8 characters) MOD_006 :=

User Map Register Label Name (8 characters) MOD_007 :=

User Map Register Label Name (8 characters) MOD_008 :=

User Map Register Label Name (8 characters) MOD_009 :=

User Map Register Label Name (8 characters) MOD_010 :=
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User Map Register Label Name (8 characters) MOD_011 :=

User Map Register Label Name (8 characters) MOD_012 :=

User Map Register Label Name (8 characters) MOD_013 :=

User Map Register Label Name (8 characters) MOD_014 :=

User Map Register Label Name (8 characters) MOD_015 :=

User Map Register Label Name (8 characters) MOD_016 :=

User Map Register Label Name (8 characters) MOD_017 :=

User Map Register Label Name (8 characters) MOD_018 :=

User Map Register Label Name (8 characters) MOD_019 :=

User Map Register Label Name (8 characters) MOD_020 :=

User Map Register Label Name (8 characters) MOD_021 :=

User Map Register Label Name (8 characters) MOD_022 :=

User Map Register Label Name (8 characters) MOD_023 :=

User Map Register Label Name (8 characters) MOD_024 :=

User Map Register Label Name (8 characters) MOD_025 :=

User Map Register Label Name (8 characters) MOD_026 :=

User Map Register Label Name (8 characters) MOD_027 :=

User Map Register Label Name (8 characters) MOD_028 :=

User Map Register Label Name (8 characters) MOD_029 :=

User Map Register Label Name (8 characters) MOD_030 :=

User Map Register Label Name (8 characters) MOD_031 :=

User Map Register Label Name (8 characters) MOD_032 :=

User Map Register Label Name (8 characters) MOD_033 :=

User Map Register Label Name (8 characters) MOD_034 :=

User Map Register Label Name (8 characters) MOD_035 :=

User Map Register Label Name (8 characters) MOD_036 :=

User Map Register Label Name (8 characters) MOD_037 :=

User Map Register Label Name (8 characters) MOD_038 :=

User Map Register Label Name (8 characters) MOD_039 :=

User Map Register Label Name (8 characters) MOD_040 :=

User Map Register Label Name (8 characters) MOD_041 :=

User Map Register Label Name (8 characters) MOD_042 :=

User Map Register Label Name (8 characters) MOD_043 :=

User Map Register Label Name (8 characters) MOD_044 :=
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User Map Register Label Name (8 characters) MOD_045 :=

User Map Register Label Name (8 characters) MOD_046 :=

User Map Register Label Name (8 characters) MOD_047 :=

User Map Register Label Name (8 characters) MOD_048 :=

User Map Register Label Name (8 characters) MOD_049 :=

User Map Register Label Name (8 characters) MOD_050 :=

User Map Register Label Name (8 characters) MOD_051 :=

User Map Register Label Name (8 characters) MOD_052 :=

User Map Register Label Name (8 characters) MOD_053 :=

User Map Register Label Name (8 characters) MOD_054 :=

User Map Register Label Name (8 characters) MOD_055 :=

User Map Register Label Name (8 characters) MOD_056 :=

User Map Register Label Name (8 characters) MOD_057 :=

User Map Register Label Name (8 characters) MOD_058 :=

User Map Register Label Name (8 characters) MOD_059 :=

User Map Register Label Name (8 characters) MOD_060 :=

User Map Register Label Name (8 characters) MOD_061 :=

User Map Register Label Name (8 characters) MOD_062 :=

User Map Register Label Name (8 characters) MOD_063 :=

User Map Register Label Name (8 characters) MOD_064 :=

User Map Register Label Name (8 characters) MOD_065 :=

User Map Register Label Name (8 characters) MOD_066 :=

User Map Register Label Name (8 characters) MOD_067 :=

User Map Register Label Name (8 characters) MOD_068 :=

User Map Register Label Name (8 characters) MOD_069 :=

User Map Register Label Name (8 characters) MOD_070 :=

User Map Register Label Name (8 characters) MOD_071 :=

User Map Register Label Name (8 characters) MOD_072 :=

User Map Register Label Name (8 characters) MOD_073 :=

User Map Register Label Name (8 characters) MOD_074 :=

User Map Register Label Name (8 characters) MOD_075 :=

User Map Register Label Name (8 characters) MOD_076 :=

User Map Register Label Name (8 characters) MOD_077 :=

User Map Register Label Name (8 characters) MOD_078 :=
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User Map Register Label Name (8 characters) MOD_079 :=

User Map Register Label Name (8 characters) MOD_080 :=

User Map Register Label Name (8 characters) MOD_081 :=

User Map Register Label Name (8 characters) MOD_082 :=

User Map Register Label Name (8 characters) MOD_083 :=

User Map Register Label Name (8 characters) MOD_084 :=

User Map Register Label Name (8 characters) MOD_085 :=

User Map Register Label Name (8 characters) MOD_086 :=

User Map Register Label Name (8 characters) MOD_087 :=

User Map Register Label Name (8 characters) MOD_088 :=

User Map Register Label Name (8 characters) MOD_089 :=

User Map Register Label Name (8 characters) MOD_090 :=

User Map Register Label Name (8 characters) MOD_091 :=

User Map Register Label Name (8 characters) MOD_092 :=

User Map Register Label Name (8 characters) MOD_093 :=

User Map Register Label Name (8 characters) MOD_094 :=

User Map Register Label Name (8 characters) MOD_095 :=

User Map Register Label Name (8 characters) MOD_096 :=

User Map Register Label Name (8 characters) MOD_097 :=

User Map Register Label Name (8 characters) MOD_098 :=

User Map Register Label Name (8 characters) MOD_099 :=

User Map Register Label Name (8 characters) MOD_100 :=

User Map Register Label Name (8 characters) MOD_101 :=

User Map Register Label Name (8 characters) MOD_102 :=

User Map Register Label Name (8 characters) MOD_103 :=

User Map Register Label Name (8 characters) MOD_104 :=

User Map Register Label Name (8 characters) MOD_105 :=

User Map Register Label Name (8 characters) MOD_106 :=

User Map Register Label Name (8 characters) MOD_107 :=

User Map Register Label Name (8 characters) MOD_108 :=

User Map Register Label Name (8 characters) MOD_109 :=

User Map Register Label Name (8 characters) MOD_110 :=

User Map Register Label Name (8 characters) MOD_111 :=

User Map Register Label Name (8 characters) MOD_112 :=
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User Map Register Label Name (8 characters) MOD_113 :=

User Map Register Label Name (8 characters) MOD_114 :=

User Map Register Label Name (8 characters) MOD_115 :=

User Map Register Label Name (8 characters) MOD_116 :=

User Map Register Label Name (8 characters) MOD_117 :=

User Map Register Label Name (8 characters) MOD_118 :=

User Map Register Label Name (8 characters) MOD_119 :=

User Map Register Label Name (8 characters) MOD_120 :=

User Map Register Label Name (8 characters) MOD_121 :=

User Map Register Label Name (8 characters) MOD_122 :=

User Map Register Label Name (8 characters) MOD_123 :=

User Map Register Label Name (8 characters) MOD_124 :=

User Map Register Label Name (8 characters) MOD_125 :=

DNP3 Map Settings (SET DNP n Command)
(Hidden If DNP Option Not Included)

Use SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: 
DNP3 Communications for details. 

This is DNP Map 1 (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 1 table).
Binary Input Map

DNP Binary Input Label Name (10 characters) BI_00 :=

DNP Binary Input Label Name (10 characters) BI_01 :=

DNP Binary Input Label Name (10 characters) BI_02 :=

DNP Binary Input Label Name (10 characters) BI_03 :=

DNP Binary Input Label Name (10 characters) BI_04 :=

DNP Binary Input Label Name (10 characters) BI_05 :=

DNP Binary Input Label Name (10 characters) BI_06 :=

DNP Binary Input Label Name (10 characters) BI_07 :=

DNP Binary Input Label Name (10 characters) BI_08 :=

DNP Binary Input Label Name (10 characters) BI_09 :=

DNP Binary Input Label Name (10 characters) BI_10 :=

DNP Binary Input Label Name (10 characters) BI_11 :=

DNP Binary Input Label Name (10 characters) BI_12 :=

DNP Binary Input Label Name (10 characters) BI_13 :=
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DNP Binary Input Label Name (10 characters) BI_14 :=

DNP Binary Input Label Name (10 characters) BI_15 :=

DNP Binary Input Label Name (10 characters) BI_16 :=

DNP Binary Input Label Name (10 characters) BI_17 :=

DNP Binary Input Label Name (10 characters) BI_18 :=

DNP Binary Input Label Name (10 characters) BI_19 :=

DNP Binary Input Label Name (10 characters) BI_20 :=

DNP Binary Input Label Name (10 characters) BI_21 :=

DNP Binary Input Label Name (10 characters) BI_22 :=

DNP Binary Input Label Name (10 characters) BI_23 :=

DNP Binary Input Label Name (10 characters) BI_24 :=

DNP Binary Input Label Name (10 characters) BI_25 :=

DNP Binary Input Label Name (10 characters) BI_26 :=

DNP Binary Input Label Name (10 characters) BI_27 :=

DNP Binary Input Label Name (10 characters) BI_28 :=

DNP Binary Input Label Name (10 characters) BI_29 :=

DNP Binary Input Label Name (10 characters) BI_30 :=

DNP Binary Input Label Name (10 characters) BI_31 :=

DNP Binary Input Label Name (10 characters) BI_32 :=

DNP Binary Input Label Name (10 characters) BI_33 :=

DNP Binary Input Label Name (10 characters) BI_34 :=

DNP Binary Input Label Name (10 characters) BI_35 :=

DNP Binary Input Label Name (10 characters) BI_36 :=

DNP Binary Input Label Name (10 characters) BI_37 :=

DNP Binary Input Label Name (10 characters) BI_38 :=

DNP Binary Input Label Name (10 characters) BI_39 :=

DNP Binary Input Label Name (10 characters) BI_40 :=

DNP Binary Input Label Name (10 characters) BI_41 :=

DNP Binary Input Label Name (10 characters) BI_42 :=

DNP Binary Input Label Name (10 characters) BI_43 :=

DNP Binary Input Label Name (10 characters) BI_44 :=

DNP Binary Input Label Name (10 characters) BI_45 :=

DNP Binary Input Label Name (10 characters) BI_46 :=

DNP Binary Input Label Name (10 characters) BI_47 :=
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DNP Binary Input Label Name (10 characters) BI_48 :=

DNP Binary Input Label Name (10 characters) BI_49 :=

DNP Binary Input Label Name (10 characters) BI_50 :=

DNP Binary Input Label Name (10 characters) BI_51 :=

DNP Binary Input Label Name (10 characters) BI_52 :=

DNP Binary Input Label Name (10 characters) BI_53 :=

DNP Binary Input Label Name (10 characters) BI_54 :=

DNP Binary Input Label Name (10 characters) BI_55 :=

DNP Binary Input Label Name (10 characters) BI_56 :=

DNP Binary Input Label Name (10 characters) BI_57 :=

DNP Binary Input Label Name (10 characters) BI_58 :=

DNP Binary Input Label Name (10 characters) BI_59 :=

DNP Binary Input Label Name (10 characters) BI_60 :=

DNP Binary Input Label Name (10 characters) BI_61 :=

DNP Binary Input Label Name (10 characters) BI_62 :=

DNP Binary Input Label Name (10 characters) BI_63 :=

DNP Binary Input Label Name (10 characters) BI_64 :=

DNP Binary Input Label Name (10 characters) BI_65 :=

DNP Binary Input Label Name (10 characters) BI_66 :=

DNP Binary Input Label Name (10 characters) BI_67 :=

DNP Binary Input Label Name (10 characters) BI_68 :=

DNP Binary Input Label Name (10 characters) BI_69 :=

DNP Binary Input Label Name (10 characters) BI_70 :=

DNP Binary Input Label Name (10 characters) BI_71 :=

DNP Binary Input Label Name (10 characters) BI_72 :=

DNP Binary Input Label Name (10 characters) BI_73 :=

DNP Binary Input Label Name (10 characters) BI_74 :=

DNP Binary Input Label Name (10 characters) BI_75 :=

DNP Binary Input Label Name (10 characters) BI_76 :=

DNP Binary Input Label Name (10 characters) BI_77 :=

DNP Binary Input Label Name (10 characters) BI_78 :=

DNP Binary Input Label Name (10 characters) BI_79 :=

DNP Binary Input Label Name (10 characters) BI_80 :=

DNP Binary Input Label Name (10 characters) BI_81 :=
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DNP Binary Input Label Name (10 characters) BI_82 :=

DNP Binary Input Label Name (10 characters) BI_83 :=

DNP Binary Input Label Name (10 characters) BI_84 :=

DNP Binary Input Label Name (10 characters) BI_85 :=

DNP Binary Input Label Name (10 characters) BI_86 :=

DNP Binary Input Label Name (10 characters) BI_87 :=

DNP Binary Input Label Name (10 characters) BI_88 :=

DNP Binary Input Label Name (10 characters) BI_89 :=

DNP Binary Input Label Name (10 characters) BI_90 :=

DNP Binary Input Label Name (10 characters) BI_91 :=

DNP Binary Input Label Name (10 characters) BI_92 :=

DNP Binary Input Label Name (10 characters) BI_93 :=

DNP Binary Input Label Name (10 characters) BI_94 :=

DNP Binary Input Label Name (10 characters) BI_95 :=

DNP Binary Input Label Name (10 characters) BI_96 :=

DNP Binary Input Label Name (10 characters) BI_97 :=

DNP Binary Input Label Name (10 characters) BI_98 :=

DNP Binary Input Label Name (10 characters) BI_99 :=

Binary Output Map
DNP Binary Output Label Name (10 characters) BO_00 :=

DNP Binary Output Label Name (10 characters) BO_01 :=

DNP Binary Output Label Name (10 characters) BO_02 :=

DNP Binary Output Label Name (10 characters) BO_03 :=

DNP Binary Output Label Name (10 characters) BO_04 :=

DNP Binary Output Label Name (10 characters) BO_05 :=

DNP Binary Output Label Name (10 characters) BO_06 :=

DNP Binary Output Label Name (10 characters) BO_07 :=

DNP Binary Output Label Name (10 characters) BO_08 :=

DNP Binary Output Label Name (10 characters) BO_09 :=

DNP Binary Output Label Name (10 characters) BO_10 :=

DNP Binary Output Label Name (10 characters) BO_11 :=

DNP Binary Output Label Name (10 characters) BO_12 :=

DNP Binary Output Label Name (10 characters) BO_13 :=
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DNP Binary Output Label Name (10 characters) BO_14 :=

DNP Binary Output Label Name (10 characters) BO_15 :=

DNP Binary Output Label Name (10 characters) BO_16 :=

DNP Binary Output Label Name (10 characters) BO_17 :=

DNP Binary Output Label Name (10 characters) BO_18 :=

DNP Binary Output Label Name (10 characters) BO_19 :=

DNP Binary Output Label Name (10 characters) BO_20 :=

DNP Binary Output Label Name (10 characters) BO_21 :=

DNP Binary Output Label Name (10 characters) BO_22 :=

DNP Binary Output Label Name (10 characters) BO_23 :=

DNP Binary Output Label Name (10 characters) BO_24 :=

DNP Binary Output Label Name (10 characters) BO_25 :=

DNP Binary Output Label Name (10 characters) BO_26 :=

DNP Binary Output Label Name (10 characters) BO_27 :=

DNP Binary Output Label Name (10 characters) BO_28 :=

DNP Binary Output Label Name (10 characters) BO_29 :=

DNP Binary Output Label Name (10 characters) BO_30 :=

DNP Binary Output Label Name (10 characters) BO_31 :=

Analog Input Map
DNP Analog Input Label Name (24 characters)

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=
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AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=
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AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=
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AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

Analog Output Map
DNP Analog Output Label Name (6 characters) AO_00 :=

DNP Analog Output Label Name (6 characters) AO_01 :=

DNP Analog Output Label Name (6 characters) AO_02 :=

DNP Analog Output Label Name (6 characters) AO_03 :=

DNP Analog Output Label Name (6 characters) AO_04 :=

DNP Analog Output Label Name (6 characters) AO_05 :=

DNP Analog Output Label Name (6 characters) AO_06 :=

DNP Analog Output Label Name (6 characters) AO_07 :=

DNP Analog Output Label Name (6 characters) AO_08 :=

DNP Analog Output Label Name (6 characters) AO_09 :=

DNP Analog Output Label Name (6 characters) AO_10 :=

DNP Analog Output Label Name (6 characters) AO_11 :=

DNP Analog Output Label Name (6 characters) AO_12 :=

DNP Analog Output Label Name (6 characters) AO_13 :=

DNP Analog Output Label Name (6 characters) AO_14 :=

DNP Analog Output Label Name (6 characters) AO_15 :=

DNP Analog Output Label Name (6 characters) AO_16 :=

DNP Analog Output Label Name (6 characters) AO_17 :=

DNP Analog Output Label Name (6 characters) AO_18 :=

DNP Analog Output Label Name (6 characters) AO_19 :=

DNP Analog Output Label Name (6 characters) AO_20 :=

DNP Analog Output Label Name (6 characters) AO_21 :=

DNP Analog Output Label Name (6 characters) AO_22 :=

DNP Analog Output Label Name (6 characters) AO_23 :=



SET.70
 of 72

SEL-751A Settings Sheets
DNP3 Map Settings (SET DNP n Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

DNP Analog Output Label Name (6 characters) AO_24 :=

DNP Analog Output Label Name (6 characters) AO_25 :=

DNP Analog Output Label Name (6 characters) AO_26 :=

DNP Analog Output Label Name (6 characters) AO_27 :=

DNP Analog Output Label Name (6 characters) AO_28 :=

DNP Analog Output Label Name (6 characters) AO_29 :=

DNP Analog Output Label Name (6 characters) AO_30 :=

DNP Analog Output Label Name (6 characters) AO_31 :=

Counter Map
DNP Counter Label Name (11 characters) CO_00 :=

DNP Counter Label Name (11 characters) CO_01 :=

DNP Counter Label Name (11 characters) CO_02 :=

DNP Counter Label Name (11 characters) CO_03 :=

DNP Counter Label Name (11 characters) CO_04 :=

DNP Counter Label Name (11 characters) CO_05 :=

DNP Counter Label Name (11 characters) CO_06 :=

DNP Counter Label Name (11 characters) CO_07 :=

DNP Counter Label Name (11 characters) CO_08 :=

DNP Counter Label Name (11 characters) CO_09 :=

DNP Counter Label Name (11 characters) CO_10 :=

DNP Counter Label Name (11 characters) CO_11 :=

DNP Counter Label Name (11 characters) CO_12 :=

DNP Counter Label Name (11 characters) CO_13 :=

DNP Counter Label Name (11 characters) CO_14 :=

DNP Counter Label Name (11 characters) CO_15 :=

DNP Counter Label Name (11 characters) CO_16 :=

DNP Counter Label Name (11 characters) CO_17 :=

DNP Counter Label Name (11 characters) CO_18 :=

DNP Counter Label Name (11 characters) CO_19 :=

DNP Counter Label Name (11 characters) CO_20 :=

DNP Counter Label Name (11 characters) CO_21 :=

DNP Counter Label Name (11 characters) CO_22 :=

DNP Counter Label Name (11 characters) CO_23 :=
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DNP Counter Label Name (11 characters) CO_24 :=

DNP Counter Label Name (11 characters) CO_25 :=

DNP Counter Label Name (11 characters) CO_26 :=

DNP Counter Label Name (11 characters) CO_27 :=

DNP Counter Label Name (11 characters) CO_28 :=

DNP Counter Label Name (11 characters) CO_29 :=

DNP Counter Label Name (11 characters) CO_30 :=

DNP Counter Label Name (11 characters) CO_31 :=
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Section 7
Communications

Overview
A communications interface and protocol are necessary for communicating 
with the SEL-751A Feeder Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay. 

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-751A physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber Ethernet port, single 
or dual redundant.

Table 7.1 SEL-751A Communications Port Interfaces

Communications Port Interfaces Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100 BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Ordering Option

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the applicable 
SEL-2600 RTD Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix G: DeviceNet Communications for information on the DeviceNet communications card.
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Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-751A. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances of as long as 15 m (49 ft) 
in low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you will need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-751A Relay

Some of the SEL devices available for integration or communication system 
robustness are included in the following list:

➤ SEL Communications Processors (SEL-2032, SEL-2030, 
SEL-2020)

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-3010 Event Messenger

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to the optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front-panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.
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Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS = Y. Disable hardware handshaking 
by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Fiber-Optic Serial 
Port

Use the optional fiber-optic port (PORT 2) for safety and communications 
distances as far as 1 km. Communications distances as far as 4 km can be 
achieved by using an SEL-2812 transceiver on PORT 3. While PORT 2 and the 
SEL-2812 are compatible, PORT 2 is less sensitive than the SEL-2812, which 
limits the distance to 1 km.

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-751A Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if the relay detects a failure in the primary 
network. In addition to failover mode, the unit can operate in a “fixed 
connection (to netport) mode” or in a “switched mode” (as an unmanaged 
switch).

Figure 7.1 shows an example of a Simple Ethernet Network Configuration, 
Figure 7.2 shows an example of an Ethernet Network Configuration with Dual 
Redundant Connections, and Figure 7.3 shows an example of an Ethernet 
Network Configuration with Ring Structure.

Figure 7.1 Simple Ethernet Network Configuration

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK
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Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched 
Mode)

Dual Network Port Operation
The SEL-751A dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the necessary network port failover time.

Step 3. Set NETPORT to the network interface you prefer.

On startup the relay communicates via NETPORT (primary port) selected. If 
the SEL-751A detects a link failure on the primary port, it activates the 
standby port after the failover time, FTIME, elapses. If the link status on the 

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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primary link returns to normal before the failover time expires, the failover 
timer resets and uninterrupted operation continues on the primary network 
port. 

After failover, while communicating via standby port, the SEL-751A checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The relay reevaluates your port of choice 
for communications on a change of settings, at failure of the standby port, or 
on reboot. The relay returns to operation on the primary link under those 
conditions if it detects a normal link status. When the active and backup links 
both fail, the relay alternates checking for the link status of the primary and 
standby ports.

Unmanaged Switch Mode
If you have a network configuration where you want to use the relay as an 
unmanaged switch, set NETMODE to SWITCHED. In this mode, both links 
are enabled. The relay will respond to the messages it receives on either port. 
The relay will transmit out of the other port, without modification, all 
messages a network port receives that are not addressed to the relay. In this 
mode, the relay ignores the NETPORT setting. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports can autonegotiate to determine the link 
speed and duplex mode. Accomplish this by setting the NETASPD and 
NETBSPD (network speed) to AUTO. You can also set single or dual copper 
ports specific speeds so that you can apply them in networks with older switch 
devices. However, the relay ignores the speed settings for fiber Ethernet ports. 
The relay hardware fixes the single and dual fiber Ethernet ports to work at 
100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option to select the primary port of 
communication in failover or fixed communications modes.

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. The MMS inactivity default value is 
120 seconds. If enabled, the relay starts a timer for an MMS session after it 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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receives an MMS request from the client on that session. It resets the timer 
whenever it receives a new MMS request from that client. When the timer 
runs out, the relay disconnects the MMS session, making it available for other 
MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 
MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-751A has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, you can 
use only one input at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with dual Ethernet Port or 
Fiber-Optic Ethernet port. Refer to Figure 7.4 for a connection diagram.

B01–B02 IRIG-B input is available on all models except those with fiber-optic 
Ethernet or dual-copper Ethernet.

You cannot bring IRIG-B via PORT 2 or 3 if you use the B01–B02 input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: PORT 3 (EIA-232 Option Only)
Connect to an SEL Communications Processor with SEL Cable C273A to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect a SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B Input to PORT 3.

You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 PORT 3 (SEL Communications 
Processor as Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A
+ IRIG

– IRIGSEL Cable
C962

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL Cable
C273A

(Figure 7.6)

SEL-751A

DB9
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You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input VIA EIA-232 PORT 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: PORT 2 (Fiber-Optic Serial Port)
You can use Fiber-Optic Serial PORT 2 to bring IRIG-B Input to the relay as 
shown in Figure 7.7 and Figure 7.8.

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2030/2032 
Time Source)

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2401/2404/
2407 Time Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A

DB9

BNC

IED

(Any EIA-232
serial application)

SEL Cable
C292A

SEL Cable
C953

BNC-T Connector (3-way)
SEL Part #240-1802

DB9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB9 Fiber-Optic Cables
SEL C805 or SEL C807

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-751A

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL C805 or SEL C807

SEL Cable
C654

Port 2

Set switch to “J1” for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-751A
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc is available only on Pin 1 of the DB-9 connector for the EIA-232 
ports.

Connect Your 
PC to the Relay

The front port of the SEL-751A is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.2. You can connect to a standard 9-pin computer port with 
SEL-C234A Cable; wiring for this cable is shown in Figure 7.10. SEL-C234A 
Cable and other cables are available from SEL. Use the SEL-5801 Cable 
SELector Software to select an appropriate cable for another application. This 
software is available for free download from the SEL website at 
www.selinc.com.

For best performance, SEL-C234A Cable should not be more than 15 m 
(49 ft) long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-751A. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers

Table 7.2 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-751A to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

Table 7.2 EIA-232/EIA-485 Serial Port Pin Functions 

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

12345

6789

https://www.selinc.com
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Figure 7.10 SEL-C234A Cable—SEL-751A to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-751A to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-751A to Modem

Figure 7.13 SEL-C272A Cable—SEL-751A to SEL Communications 
Processor Without IRIG-B Signal
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8

7
3
2
1
4
5
6
8
20

GND
TXD
RXD
GND
CTS

GND
RXD
TXD
GND
RTS
CTS
DSR
DCD
DTR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
7
2
8
9

7
2
20
3
8
1

GND
TXD
RTS
RXD
CTS
GND

GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

**DCE Device

**DCE = Data Communications Equipment (Modem, etc.)

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
5
7
8

3
2
5
8
7

RXD
TXD
GND
RTS
CTS

TXD
RXD
GND
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay
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Figure 7.14 SEL-C273A Cable—SEL-751A to SEL Communications 
Processor With IRIG-B Signal

Figure 7.15 SEL-C387 Cable—SEL-751A to SEL-3010

Communications Protocols
Protocols Although the SEL-751A supports a wide range of protocols, not all protocols are 

available on all ports. In addition, not all hardware options support all protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for PORT 1. Table 7.3 shows the ports and the protocols 
available on each port.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay

SEL-751A Relay
DTE*
9-Pin Male
D Subconnector

DCE**
9-Pin Male
D Subconnector

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

DCD***
RXD
TXD

GND

RTS
CTS
GND

+5 Vdc (IN)
RXD (OUT)
TXD (IN)
Not Used
GND
Not Used
RTS (IN)
CTS (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

SEL-3010 Event Messenger

*DTE = Data Terminal Equipment

**DCE = Data Communications Equipment (Modem, etc.) 

***DC Voltage (+5 V) not available on front-panel EIA-232 port

Table 7.3 Protocols Supported on the Various Ports (Sheet 1 of 2)

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer Proto-
col, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), and Event 
Messenger

PORT 1 Modbus TCP/IP, FTP, TCP/IP, IEC 61850, DNP3 LAN/WAN, SNTP, and Tel-
net TCP/IP (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER)a 

PORT 2 All the protocols supported by PORT 3

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Communications Protocols

SEL ASCII. This protocol is described in SEL ASCII Protocol and 
Commands on page 7.15.

SEL Compressed ASCII. This protocol provides compressed versions of 
some of the ASCII commands. The compressed commands are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Meter. This protocol supports binary messages to transfer 
metering and digital element messages. Compressed ASCII commands 
that support Fast Meter are described in SEL ASCII Protocol and 
Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Operate. This protocol supports binary messages to transfer 
operation messages. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast SER. Use this protocol to receive binary Sequential Events Record 
unsolicited responses. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Event Messenger. This is an SEL ASCII protocol with 8 Data bits, No 
Parity, and 1 Stop bit for transmitting data to SEL-3010 Event 
Messenger. You can change only the Communications Speed to match 
the settings in the SEL-3010.

MIRRORED BITS Protocol
The SEL-751A supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on PORT 3 of the base unit and MBB on PORT 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry.

IEEE C37.118 Protocol
The SEL-751A provides IEEE C37.118 protocol (synchrophasor data) support 
at one of the serial ports F, 2, 3, or 4. The protocol is described in Appendix H: 
Synchrophasors.

PORT 3 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER, SEL Settings File Transfer, SEL MIRRORED BITS, 
DNP3, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), 

and Event Messenger

PORT 4 All the protocols supported by PORT 3 and DeviceNet

a PORT 1 concurrently supports two Modbus, three DNP3 LAN/WAN, two FTP, two Telnet, one 
SNTP, and six IEC 61850 sessions.

Table 7.3 Protocols Supported on the Various Ports (Sheet 2 of 2)

PORT Supported Protocol 
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Modbus RTU Protocol
The SEL-751A provides Modbus RTU support. Modbus is an optional 
protocol described in Appendix E: Modbus Communications.

DNP3 (Distributed Network Protocol)
The SEL-751A provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-751A provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix G: DeviceNet Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus/TCP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

You should carefully design your Ethernet network to maximize reliability, 
minimize system administration effort, and provide adequate security. Work 
with a networking professional to design your substation Ethernet network.

FTP Server
Use the single FTP (File Transfer Protocol) session to access the following files:

CFG.XMLConfiguration read-only file in XML format

CFG.TXTConfiguration read-only file in TXT format

ERR.TXTError read-only file in text format

SET_61850.CIDIEC 61850 CID read-write file

SET_xx.TXTSetting files in TXT format

FTP is a standard TCP/IP protocol for exchanging files. A free FTP 
application is included with most web browser software. You can also obtain a 
free or inexpensive FTP application from the Internet. When you connect to 
the relay Ethernet port, you will find files stored in the root (top-level) 
directory.

Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise, the relay will remain at an 
elevated access level until TIDLE 
expires.
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Ping Server
Use a Ping client with the relay Ping server to verify that your network 
configuration is correct. Ping is an application based on ICMP over an IP 
network. A free Ping application is included with most computer operating 
systems.

IEC 61850
Use as many as six sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
16 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix F: IEC 61850 Communications.

Simple Network Time 
Protocol (SNTP)

When PORT 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less accurate primary time source, or as 
a backup to the higher accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve NTP 
Via the SEL-3530 RTAC

AN2009-38: Using SEL Satellite-Synchronized Clocks With the SEL-3332 
or SEL-3351 to Output NTP

AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create a 
Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make PORT 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.4 shows each setting associated with 
SNTP.
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SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST
In unicast mode of operation, the SNTP client in the relay requests time 
updates from the primary (IP address setting SNTPPSIP) or backup 
(IP address setting SNTPBSIP) NTP server at a rate defined by setting 
SNTPRATE. If the NTP server does not respond with the period defined by 
setting SNTPTO, then the relay tries the other SNTP server. When the relay 
successfully synchronizes to the primary NTP time server, Relay Word bit 
TSNTPP asserts. When the relay successfully synchronizes to the backup 
NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST
In the manycast mode of operation, the relay initially sends an NTP request to 
the broadcast address contained in setting SNTPPSIP. The relay continues to 
broadcast requests at a rate defined by setting SNTPRATE. When a server 
replies, the relay considers that server to be the primary NTP server, and 
switches to UNICAST mode, asserts Relay Word bit TSNTPP, and thereafter 
requests updates from the primary server. If the NTP server stops responding 
for time SNTPTO, the relay deasserts TSNTPP and begins to broadcast 
requests again until the original or another server responds.

ESNTP = BROADCAST
If setting SNTPPSIP = 0.0.0.0 while setting ESNTP = BROADCAST, 
the relay will listen for and synchronize to any broadcasting NTP server. 
If setting SNTPPSIP is set to a specific IP address while setting ESNTP = 
BROADCAST, then the relay will listen for and synchronize to only NTP 
server broadcasts from that address. When synchronized, the relay asserts 
Relay Word bit TSNTPP. Relay Word bit TNSTPP deasserts if the relay does 
not receive a valid broadcast within five seconds after the period defined by 
setting SNTPRATE.

Table 7.4 Settings Associated With SNTP 

Setting Range Description

ESNTP UNICAST, 
MANYCAST, 
BROADCAST

Selects the mode of operation of SNTP. See descrip-
tions in SNTP Operation Modes on page 7.14. 

SNTPPSIP Valid IP Address Selects primary NTP server when 
ENSTP = UNICAST, or broadcast address when 
ESNTP = MANYCAST or BROADCAST.

SNTPPSIB Valid IP Address Selects backup NTP server when 
ESNTP = UNICAST.

SNTPPORT 1–65534 Ethernet port used by SNTP. Leave at default value 
unless otherwise necessary.

SNTPRATE 15–3600 seconds Determines the rate at which the relay asks for 
updated time from the NTP server when 
ESNTP = UNICAST or MANYCAST. Determines 
the time the relay will wait for an NTP broadcast 
when ENSTP = BROADCAST.

SNTPTO 5–20 seconds Determines the time the relay will wait for the NTP 
master to respond when ENSTP = UNICAST or 
MANYCAST.



7.15

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
SEL ASCII Protocol and Commands

SNTP Accuracy Considerations
The accuracy of the SNTP Server and the networking environment limit 
SNTP time synchronization accuracy. You can achieve the highest degree of 
SNTP time synchronization by minimizing the number of switches and 
routers between the SNTP Server and the SEL-751A. You can also use 
network monitoring software to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-751A and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time synchronization error with the SNTP server is 
typically less than ±1 millisecond.

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-751A.
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Software 
Flow Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages will 
be accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when the relay receives XOFF, and transmission can 
resume when the relay sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.5 lists these messages.

Access Levels You can issue commands to the SEL-751A via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-751A Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-751A Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

Table 7.5 Serial Port Automatic Messages

Condition Description

Power Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 9: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-751A sends a status report each time it detects a 
self-test warning or failure condition. See STATUS Command 
(Relay Self-Test Status) on page 7.42.
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Access Level 0
Once serial port communication is established with the SEL-751A, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-751A Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-751A to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.19 for more detail.

Access Level 1
When the SEL-751A is in Access Level 1, the relay sends the following prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-751A sends the prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

Any of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is for use exclusively by the SEL factory and SEL field 
service personnel to diagnose troublesome installations. A list of commands 
available at Access Level C is available from SEL upon request. Do not enter 
Access Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C . Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-751A Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands necessary for SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

The SEL-751A responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the beginning:

Table 7.6 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external

Table 7.6 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 751A; see ID Settings on page 4.3.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = FEEDER RELAY; see ID Settings on 
page 4.3.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and it is external if 
an input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.7) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-751A Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.16 for a discussion of placing 
the relay in an access level.

Password Requirements
Passwords are necessary unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.36 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Table 7.7 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>
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Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.36. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates that the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates that the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
You can get to Access Level C from Access Level 2 with the CAL command. 
The relay pulses the SALARM Relay Word bit for one second after a 
successful Level 2 or Level C access, or if access is denied.

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>
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AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (Access Level 2) to initiate a self-test of the arc-flash 
detection channels 1 to 4. This test requires that the relay has the 
SELECT 3 AVI/4 AFDI card in the Slot E and the external fiber-optic 
connections are complete. The test checks the integrity of the arc-flash 
detection system. Figure 7.16 shows an example of the AFT command 
response. Refer to Section 10: Testing and Troubleshooting for details on the 
arc-flash self tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 4. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word Bits stay asserted continuously for 10 
seconds.

ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.8 for the command description 
and Table 7.9 for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before it reaches the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale during the time specified

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-751A                                 Date: 12/09/2008   Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.16 AFT Command Response

Table 7.8 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output 
channel.

2
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NOTE: 0% = low span, 100% = high 
span. For a scaled output from 
4–20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.

When parameter p is a percentage, the relay displays the following message 
during the test:

Outputting xx.xx [units] to Analog Output Port for y.y 
minutes. Press any key to end test

When parameter p is a ramp function, the device displays the following 
message during the test:

Ramping Analog Output at xx.xx [units]/min; full scale in 
y.y minutes. Press any key to end test

For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Analog Output Port Test Complete

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume that the analog output 
signal type is 4–20 mA, and we want to test the analog output at 75 percent of 
rating for 5.5 minutes. To check the device output, calculate the expected mA 
output as follows:

To start the test, enter ANA A0301 75 5.5 at the Access Level 2 prompt:

Table 7.9 ANALOG Command Format

Parameter Description

c Parameter c is the analog channel (either the channel name, 
e.g., A0301, or the channel number, e.g., 301).

p Parameter p is a percentage of full scale, or either the letter “R” or 
“r” to indicate ramp mode.

t Parameter t is the duration (in decimal minutes) of the test.

where:
xx.xx is the calculation of percent of full scale

[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

where:
xx.xx is the calculation based upon range/time t

[units] is either mA or V, depending on the channel type setting
y.y  is the time in minutes

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =
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Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

BRE Command (Breaker Monitor Data)
Use the BRE command to view the breaker monitor report.

See Breaker Monitor on page 5.18 for further details on the breaker monitor.

BRE n Command (Preload/Reset Breaker Wear)
The BRE W command only saves new settings after the Save Changes 
(Y/N)? message. If you make a data entry error while using the BRE W 
command, the values echoed after the Invalid format, changes not saved 
message are the previous BRE values, unchanged by the aborted BRE W 
attempt.

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =

=>>BRE <Enter>

SEL-751A                                 Date: 12/04/2008   Time: 14:26:57
FEEDER RELAY                             Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2008 11:16:21

=>>
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Use the BRE R command to reset the breaker monitor:

See Breaker Monitor on page 5.18 for further details on the breaker monitor. 

CEV Command
The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT (CEV) 
command to display Compressed ASCII event reports. See Table C.2 for 
further information. Compressed ASCII Event Reports contain all of the 
Relay Word bits. The CEV R command gives the raw Compressed ASCII 
event report. Additionally, the compressed event report has the arc-flash 
detector light and frequency measurements.

CLOSE Command (Close Breaker)
The CLO (CLOSE) command asserts Relay Word bit CC for 1/4 cycle when 
it is executed. Relay Word bit CC can then be programmed into the CL 
SELOGIC control equation to assert the CLOSE Relay Word bit, which in turn 
asserts an output contact (e.g., OUT102 = CLOSE) to close a circuit breaker 
(see Table 4.25 and Figure 4.34 for factory-default setting CL and close 
logic).

=>> BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>

                                      IB      = 0.0      ? 18.6  <Enter>

                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>

                                      IB      = 0.0      ? 0.6  <Enter>

                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>

                                      B-phase =   0       ? 28  <Enter>

                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2008 ? 12/04/2008  <Enter>

                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? y

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? y
Clearing Complete

=>>LAST RESET 02/03/01 05:41:07
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To issue the CLO command, enter the following.

Typing N <Enter> after the previous prompt will abort the command.

The main board Breaker jumper (see Table 2.16) supervises the CLO 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the CLO command and responds with the following.

COMMUNICATIONS Command
The COM x command (see Table 7.10) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix I: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
ROKA or ROKB. The Last error field displays the reason for the most 
recent channel error, even if the channel was already failed. We define failure 
reasons as one of the following error types:

➤ Device disabled

➤ Framing error

➤ Parity error

➤ Overrun

➤ Re-sync

➤ Data error

➤ Loopback

➤ Underrun

=>>CLO <Enter>
Close Breaker (Y,N)? Y <Enter>
=>>

=>>CLO <Enter>
Command Aborted: No BRKR Jumper
=>>

Table 7.10 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 
COM S B 

Return a summary report of the last 255 records in 
the communications buffer for either MIRRORED 
BITS communications Channel A or Channel B 
when only one channel is enabled. 

1

COM A Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel A. 

1

COM B Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel B. 

1

COM L A Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A. 

1

COM L B Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B. 

1



7.26

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
SEL ASCII Protocol and Commands

CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.11) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
Bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.12.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.13) to copy the settings of settings 
Group j to the settings of settings Group k. The settings of settings Group j 
effectively overwrite the settings of settings Group k. Parameters j and k can 
be any available settings group number 1 through 3.

For example, when you enter the COPY 1 3 command, the relay responds, 
Are you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COM C Clears all communications records. If both MIR-
RORED BITS channels are enabled, omitting the 
channel specifier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.10 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.11 CONTROL Command

Command Description Access Level

CON RBnna kb

a Parameter nn is a number from 01 to 32, representing RB01 through RB32.
b Parameter k is S, C, or P.

Set a Remote Bit to set, clear, or pulse. 2

Table 7.12 Three Remote Bit States

Subcommand Description Access Level

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

=>>CON RB05 S <Enter>

Table 7.13 COPY Command

Command Description Access Level 

COPY j ka

a Parameters j and k are 1–3.

Copy settings in Group j to settings in Group k. 2 
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COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.14).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.15) to view and set the relay date.

The relay can overwrite the date you enter by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(PORT 1) status as shown in Figure 7.17 for the redundant fiber-optic (FX) 
Ethernet PORT 1A and PORT 1B configuration. Copper Ethernet port is labeled as 
TX. The non-redundant port response is similar.

Table 7.14 COUNTER Command

Command Description Access Level

COU n Display present state of device counters n times, 
with a 1/2-second delay between each display

1

Table 7.15 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Set the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:37
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1B

             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up    100M     Full    FX    
PORT 1B      Down   --      --      FX    

=>>

Figure 7.17 Ethernet Port (PORT 1) Status Report
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The non-redundant port response is as shown in Figure 7.18.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.16 and Table 7.17) to view event reports. 
See Section 9: Analyzing Events for further details on retrieving and analyzing 
event reports. See the HISTORY Command on page 7.31 for details on 
clearing event reports.

FILE Command
The FIL command (see Table 7.18) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FILE command is supported if you connect over serial or 
Ethernet ports.

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:44
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>>

Figure 7.18 Non-Redundant Port Response

Table 7.16 EVENT Command (Event Reports)

Command Description Access Level

EVE n Return the n event report with 4-samples/
cycle data.

1

EVE n R Return the n event report with raw (unfiltered) 
16 samples/cycle analog data and 4 samples/cycle 
digital data.

1

Table 7.17 EVENT Command Format

Parameter Description

n Parameter n specifies the event report number to be returned. Use the 
HIS command to determine the event report number of the event you 
want to display. If n is not specified, the relay will display event 
report 1 by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which you can use for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.19.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.18 FILE Command 

Command Description Access Level

FIL DIR Return a list of files. 1

FIL READ filename Transfer settings file filename from the relay to 
the PC.

1

FIL WRITE filename Transfer settings file filename from the PC to 
the relay.

2

FIL SHOW filename Filename 1 displays contents of the file file-
name.

1

Table 7.19 GOOSE Command Variants

Command Variant Description Access Level

GOOSE Display GOOSE information. 1

GOOSE count Display GOOSE information count times. 1

IED Description

Transmit
GOOSE Control 
Reference

This field represents the GOOSE control reference information that 
includes the IED name, ldInst (Logical Device Instance), LN0 
lnClass (Logical Node Class), and GSEControl name (GSE Control 
Block Name) (e.g., SEL_751A_1CFG/LLN0$GO$GooseDSet13).

Receive
GOOSE Control 
Reference

This field represents the goCbRef (GOOSE Control Block Refer-
ence) information that includes the iedName (IED name), ldInst 
(Logical Device Instance), LN0 lnClass (Logical Node Class), and 
cbName (GSE Control Block Name) (e.g., SEL_751A_1CFG/
LLN0$GO$GooseDSet13).

MultiCastAddr 
(Multicast Address)

This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where 
spaces are used if the priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area 
Network) value, where spaces are used if the virtual LAN is 
unknown.

StNum (State 
Number)

This hexadecimal field represents the state number that increments 
with each state change.

SqNum (Sequence 
Number)

This hexadecimal field represents the sequence number that incre-
ments with each GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is 
expected.
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An example response to the GOOSE commands is shown in Figure 7.19.

Code This text field contains warning or error condition text when appro-
priate that is abbreviated as follows:

Transmit Data 
Set Reference

This field represents the DataSetReference (Data Set Reference) 
that includes the IED name, LN0 lnClass (Logical Node Class), and 
GSEControl datSet (Data Set Name) (e.g., SEL_751A_1/
LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that 
includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class), and datSet (Data Set 
Name) (e.g., SEL_751A_1CFG/LLN0$DSet13).

#>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_2CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04  4:1     2          20376      50
   Data Set: SEL_751A_2CFG/LLN0$DSet13
GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-05  4:0     1          100425     160
   Data Set: SEL_751A_1CFG/LLN0$DSet10

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage3
   01-0C-CD-01-00-03  4:0     1          98531      120
   Data Set: SEL_751A_1CFG/LLN0$DSet05

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          97486      200
   Data Set: SEL_751A_1CFG/LLN0$DSet04

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          96412      190
   Data Set: SEL_751A_1CFG/LLN0$DSet03

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-06  4:0     1          116156     140
   Data Set: SEL_387E_1CFG/LLN0$DSet10

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage4
   01-0C-CD-01-00-05  4:0     1          116041     130
   Data Set: SEL_387E_1CFG/LLN0$DSet06

Figure 7.19 GOOSE Command Response

IED Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired

HOST DISABLED Optional code for when the host is dis-
abled or becomes unresponsive after 
the GOOSE command has been issued
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GROUP Command
Use the GROUP command (see Table 7.20) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change will fail. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.21) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

HISTORY Command
Use the HIS command (see Table 7.22) to view a list of one-line descriptions 
of relay events or clear the list (and corresponding event reports) from 
nonvolatile memory.

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          115848     120
   Data Set: SEL_387E_1CFG/LLN0$DSet04

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          115798     150
   Data Set: SEL_387E_1CFG/LLN0$DSet03

=>

Figure 7.19 GOOSE Command Response (Continued)

Table 7.20 GROUP Command

Command Description Access Level

GROUP Display the active settings group. 1

GROUP na

a Parameter n indicates group numbers 1–3.

Change the active group to Group n. 2

Table 7.21 HELP Command

Command Description Access Level

HELP Display a list of each command available at the 
present access level with a one-line description.

1

HELP command Display information on the command command. 1
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For more information on event reports, see Section 9: Analyzing Events.

IDENTIFICATION Command
Use the ID command (see Table 7.23) to extract device identification codes.

IRI Command
Use the IRI command to direct the relay to read the demodulated IRIG-B time 
code at the serial port or IRIG-B input (see Table 7.24).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRI command to synchronize the relay 
clock with IRIG-B. Use the IRI command to determine if the relay is properly 
reading the IRIG-B signal.

LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.25 and Table 7.26) to view and manage 
the Load Profile report (see Figure 5.14). If there is no stored data and an LDP 
command is issued, the relay responds with No data available.

Table 7.22 HISTORY Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list.

1

HIS n Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list, 
beginning at event n.

1

HIS C or R Clear/reset the event history and all corresponding 
event reports from nonvolatile memory.

1

Table 7.23 IDENTIFICATION Command

Command Description Access Level

ID Return a list of device identification codes. 0

Table 7.24 IRI Command

Command Description Access Level

IRI Force synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRI <Enter>

SEL-751A                  Date: 12/10/2003 Time: 08:56:03.190
FEEDER RELAY             Time Source: external
=>
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L_D Command (Load Firmware)
Use the L_D command (see Table 7.27) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: 
Firmware Upgrade Instructions for further details on downloading firmware. 
Only download firmware to the front port.

LOOPBACK Command
Use the LOO command (see Table 7.28) for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix I: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing will be wrong and ROK will be 
deasserted. The LOO command tells the MIRRORED BITS software to 
temporarily expect to see its own data looped back as its input. In this mode, 
LBOK will assert if error-free data are received. The LOO command, with 
just the channel specifier, enables loop back mode on that channel for five 
minutes, while the inputs are forced to the default values.

Table 7.25 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Use the LDP command to display a numeric pro-
gression of all load profile report rows. Use the LDP 
command with parameters to display a numeric or 
reverse numeric subset of the load profile rows.

1

LDP C Use this command to clear the load profile report 
from nonvolatile memory.

1

Table 7.26 LDP Command Parameters

Parameter  Description

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display a 
chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F.

Table 7.27 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads new firmware. 2
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.

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the necessary number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command will cause both channels to be 
disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as follows.

MET Command (Metering Data)
The MET command (see Table 7.29, Table 7.30, and Table 7.31) provides 
access to the relay metering data.

Table 7.28 LOO Command

Command Description Access Level 

LOO Enable loopback testing of MIRRORED BITS chan-
nels. 

2 

LOO A Enable loopback on MIRRORED BITS Channel A 
for the next 5 minutes. 

2 

LOO B Enable loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>MAC <Enter>
Port 1 MAC Address:  00-30-A7-00-00-00
=>

Table 7.29 Meter Command

Command Description Access Level

MET c n Display metering data. 1

MET c R Reset metering data. 2
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Upon confirming 
(pressing Y), the metering quantities will be reset and the relay responds with 
Reset Complete.

OPEN Command (Open Breaker)
The OPE (OPEN) command asserts Relay Word bit OC for 1/4 cycle when it 
is executed. Relay Word bit OC can then be programmed into the TR 
SELOGIC control equation to assert the TRIP Relay Word bit, which in turn 
asserts an output contact (e.g., OUT103 = TRIP) to open a circuit breaker (see 
Table 4.27 and Figure 4.33 for factory-default setting TR and trip logic).

To issue the OPE command, enter the following.

Typing N <Enter> after the prompt will abort the command.

The main board breaker jumper (see Table 2.16) supervises the OPE 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the OPE command and responds with the following.

Table 7.30 Meter Command Parameters

Parameter Description 

c Parameter for identifying meter class.

n Parameter used to specify number of times (1–32767) to repeat the 
meter response.

Table 7.31 Meter Class

c Meter Class

F Fundamental Metering

Ea

a Reset Metering Available.

Energy Metering 

Ma Maximum/Minimum Metering

R RMS Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

DEa Demand Metering

PEa Peak Demand Metering

PM Synchrophasor Metering

L Light Metering for Arc-Flash Detection (AFD)

MV SELOGIC Math Variable Metering

=>>OPE <Enter>
Open Breaker (Y,N)? Y <Enter>
=>>

=>>OPE <Enter>
Command Aborted: No BRKR Jumper
=>>
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PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.32 and Table 7.33) to change existing 
passwords.

The factory-default passwords are as shown in Table 7.34.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change Level 2 passwords and PAS C to change 
Level C passwords.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are as follows:

➤ #0t3579!ijd7

➤ (Ih2dcs)36dn

➤ $A24.68&,mvj

➤ *4u-Iwg+?lf-

Table 7.32 PASSWORD Command

Command Description Access Level

PAS level Change password for Access Level level. 2, C

Table 7.33 PAS Command Format

Parameter Description

level Parameter level represents the relay Access Levels 1, 2, or C.

Table 7.34 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Password

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1 <Enter>
Old PW: ? ***** <Enter>
New PW: ? *********** <Enter>
Confirm PW: ? *********** <Enter>
Password Changed
=>>

Table 7.35 Valid Password Characters

Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric 0 1 2 3 4 5 6 7 8 9

Special ! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~

This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.

! WARNING
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PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 2) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (PORT 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.20. 

The command structure is:

PING x.x.x.x t

where: 

x.x.x.x is the Host IP address and 

t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing the Q key.

PULSE Command
Use the PULSE command (see Table 7.36) to pulse any of the relay control 
outputs for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact will 
close or open depending on the output contact type (a or b). The PUL 
command energizes the coil and does not have any effect if the coil is already 
energized. The control outputs are OUTnnn, where nnn represents 101–103 
(standard), 301–304 (optional), 401–404 (optional), or 501–504 (optional).

QUIT Command
Use the QUIT command (see Table 7.37) to revert to Access Level 0.

==>>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

==>>

Figure 7.20 PING Command Response

Table 7.36 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. 2
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Access Level 0 is the lowest access level; the SEL-751A performs no 
password check to descend to this level (or to remain at this level).

R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.38) to restore factory-default settings.

SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.39 and Table 7.40) to view and manage 
the Sequential Events Recorder report. See Section 9: Analyzing Events for 
further details on SER reports.

If the requested SER report rows do not exist, the relay responds with No SER 
data.

Table 7.37 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0. 0

Table 7.38 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restore the factory-default settings and passwords 
and reboot the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.39 SER Command (Sequential Events Recorder Report)

Command Description Access Level

SER Use the SER command to display a chronological 
progression of all available SER rows (as many as 
1024 rows). Row 1 is the most recently triggered 
row and row 1024 is the oldest.

1

SER C or R Use this command to clear/reset the SER records. 1

Table 7.40 SER Command Format

Parameter Description

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. For example, use SER 1 10 to return the first 10 
rows in numeric order or SER 10 1 to return these same items in 
reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use 
SER 1/1/2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date 
beginning with date1 and ending with date2. Enter the oldest date 
first to display a chronological progression through the report. Enter 
the newest date first to display a reverse chronological progression. 
Date entries are dependent on the date format setting DATE_F. For 
example, use SER 1/5/2003 1/7/2003 to return all records for 
January 5, 6, and 7, 2003.
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SER D Command
The SER D command shows a list of SER items that the relay has automatic-
ally removed. These are “chattering” elements. You can automatically remove 
chattering SER elements in the SER Chatter Criteria category of the Report 
settings; the enable setting is ESERDEL. See Section 4: Protection and Logic 
Functions, Report Settings (SET R Command) for more information on SER 
automatic deletion and reinsertion.

If you issue the SER D command and you have not enabled automatic 
removal of chattering SER elements (Report setting ESERDEL), the relay 
responds, Automatic removal of chattering SER elements not enabled.

SET Command (Change Settings)
The SET command is for viewing or changing the relay settings 
(see Table 7.42 and Table 7.43).

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.44.

Table 7.41 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is 
removing from the SER records.

1

Table 7.42 SET Command (Change Settings) 

Command Description Access Level

SET n s TERSE Set the Relay settings, beginning at the first 
setting for group n (n = 1, 2, or 3).

2

SET L n s TERSE Set general logic settings for group n 
(n = 1, 2, or  3).

2

SET G s TERSE Set global settings. 2

SET P n s TERSE Set serial port settings. n specifies the PORT (1, 
2, 3, 4, or F); n defaults to the active port if not 
listed.

2

SET R s TERSE Set report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) set-
tings.

2

SET F s TERSE Set front-panel settings. 2

SET M s TERSE Set Modbus User Map settings. 2

SET DNP m s TERSE Set DNP Map m settings (m = 1, 2, or 3). 2

Table 7.43 SET Command Format

Parameter Description

s Append s, the name of the specific setting you want to view and jumps to 
this setting. If s is not entered, the relay starts at the first setting.

TERSE Append TERSE to skip the settings display after the last setting. Use this 
parameter to speed up the SET command. If you want to review the set-
tings before saving, do not use the TERSE option.
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The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.45 for the 
SHOW command settings and Table 7.46 for the command format.

Table 7.44 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.45 SHOW Command (Show/View Settings) 

Command Description Access Level

SHO n s Show Relay settings for group n (n = 1, 2, or 3). 1

SHO L n s Show general logic settings for group n 
(n = 1, 2, or 3).

1

SHO G s Show global settings. 1

SHO P n s Show serial port settings. n specifies the PORT (1, 2, 
3, 4, or F); n defaults to the active port if not listed.

1

SHO R s Show report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) settings.

1

SHO F s Show front-panel settings. 1

SHO M s Show Modbus User Map settings. 1

SHO DNP m s Show DNP Map m settings (m = 1, 2, or 3). 1

Table 7.46 SHOW Command Format

Parameter Description

s Appends, s, the name of the specific setting you want to view, and jumps to 
this setting. If s is not entered, the relay starts at the first setting.
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=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-751A
TID      := FEEDER RELAY

Config Settings
CTR      := 120           CTRN     := 120           PTR      := 180.00
PTRS     := 180.00        DELTA_Y  := DELTA         VNOM     := 120.00
SINGLEV  := N

Max Ph Overcurr
50P1P    := 10.00         50P1D    := 0.00
50P1TC   := 1
50P2P    := 10.00         50P2D    := 0.00
50P2TC   := 1
50P3P    := 10.00         50P3D    := 0.00
50P3TC   := 1
50P4P    := 10.00         50P4D    := 0.00
50P4TC   := 1

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF           50N3P    := OFF
50N4P    := OFF

Residual Overcurr
50G1P    := OFF           50G2P    := OFF           50G3P    := OFF
50G4P    := OFF

Neg Seq Overcurr
50Q1P    := OFF           50Q2P    := OFF           50Q3P    := OFF
50Q4P    := OFF

Phase TOC
51AP     := 6.00          51AC     := U3            51ATD    := 3.00
51ARS    := N             51ACT    := 0.00          51AMR    := 0.00
51ATC    := 1
51BP     := 6.00          51BC     := U3            51BTD    := 3.00
51BRS    := N             51BCT    := 0.00          51BMR    := 0.00
51BTC    := 1
51CP     := 6.00          51CC     := U3            51CTD    := 3.00
51CRS    := N             51CCT    := 0.00          51CMR    := 0.00
51CTC    := 1

Maximum Ph TOC
51P1P    := 6.00          51P1C    := U3            51P1TD   := 3.00
51P1RS   := N             51P1CT   := 0.00          51P1MR   := 0.00
51P1TC   := 1
51P2P    := 6.00          51P2C    := U3            51P2TD   := 3.00
51P2RS   := N             51P2CT   := 0.00          51P2MR   := 0.00
51P2TC   := 1

Negative Seq TOC
51QP     := 6.00          51QC     := U3            51QTD    := 3.00
51QRS    := N             51QCT    := 0.00          51QMR    := 0.00
51QTC    := 1

Neutral TOC
51N1P    := OFF           51N2P    := OFF

Residual TOC
51G1P    := 0.50          51G1C    := U3            51G1TD   := 1.50
51G1RS   := N             51G1CT   := 0.00          51G1MR   := 0.00
51G1TC   := 1
51G2P    := 0.50          51G2C    := U3            51G2TD   := 1.50
51G2RS   := N             51G2CT   := 0.00          51G2MR   := 0.00
51G2TC   := 1

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF           27S1P    := OFF
27S2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF
59Q1P    := OFF           59Q2P    := OFF           59S1P    := OFF
59S2P    := OFF

Figure 7.21 SHOW Command Example
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.47) displays the status report.

Refer to Section 10: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.48 shows the status report definitions and message formats for each test.

SyncCheck Set
E25      := N

LOP Setting
LOPBLK   := 0

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF           81D5TP   := OFF           81D6TP   := OFF

Rate of Frequency Set
E81R     := OFF

Fast Rate of Frequency Set
E81RF    := N

Demand Mtr Set
EDEM     := THM           DMTC     := 5             PHDEMP   := 5.00
GNDEMP   := 1.00          3I2DEMP  := 1.00

Power Elements
EPWR     := N

Trip/Close Logic
TDURD    := 0.5           CFD      := 1.0
TR       := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR
            59P2T OR 55T OR REMTRIP OR SV01 OR OC OR SV04T
REMTRIP  := 0
ULTRIP   := NOT ( 51P1P OR 51G1P OR 51N1P OR 52A )
52A      := 0
CL       := SV03T AND LT02 OR CC
ULCL     := 0

=>

Figure 7.21 SHOW Command Example (Continued)

Table 7.47 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Display the relay self-test information n times 
(n = 1–32767). Defaults to 1 if n is not specified.

1

STA S Display the memory and execution utilization for 
the SELOGIC control equations.

1

STA C or R Reboot the relay and clear self-test warning and 
failure status results.

2

Table 7.48 STATUS Command Report and Definitions (Sheet 1 of 2)

STATUS Report Designator Definition Message Format

Serial Num Serial number Number 

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

FPGA FPGA programming unsuccessful, or FPGA failed OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL
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Figure 7.22 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

NOTE: The STA S report gives the 
available SELOGIC capacity of the 
relay. In the example, Execution 90% 
means 90% of execution capacity is 
still available

HMI Front-panel FGPA programming unsuccessful, or front-panel FPGA 
failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that runs in RAM OK/FAIL

Non_Vol Integrity of data stored in nonvolatile memory OK/FAIL

Clock Clock functionality OK/WARN

RTD Integrity of RTD module/communications OK/FAIL

CID_FILE Configured IED description file OK/FAIL

x.x V Power supply status (Refer to Figure 1.3 and Figure 1.4 for examples of 
STATUS command responses)

Voltage/FAIL

BATT Clock battery voltage Voltage/WARN

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

CURRENT Integrity of current board OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications data rate ___kbps Text Data

DN_Status DeviceNet connection and fault status 000b bbbb Text Data

Current Offset (IA, IB, IC, IN) DC offset in hardware circuits of current channels DC OFFSET/WARN

Voltage Offset (VA, VB, VC, VS) DC offset in hardware circuits of voltage channels DC OFFSET/WARN

Table 7.48 STATUS Command Report and Definitions (Sheet 2 of 2)

STATUS Report Designator Definition Message Format

=>STA S <Enter>

SEL-751A                                 Date: 02/27/2007   Time: 15:04:16
FEEDER RELAY                             Time Source: Internal

Part Number  751A01BBX5X7186030X
Global (%)    81
FP (%)        69
Report (%)    96

               GROUP 1  GROUP 2  GROUP 3
Execution (%)   90       90       90
Group (%)       81       81       81
Logic (%)       89       89       89

=>

Figure 7.22 Typical Relay Output for STATUS S Command
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SUMMARY Command
The SUM command (see Table 7.49) displays an event summary in human-
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., Phase A 51 Trip).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.50 and Table 7.51) displays the status of 
front-panel target LEDs or Relay Word bit, whether these LEDs or Relay 
Word bits are asserted or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.52. All Relay Word 
rows are described in Table J.1 and Table J.2.

Relay Word bits are used in SELOGIC control equations. See Appendix J: 
Relay Word Bits.

The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

Table 7.49 SUMMARY Command

Command Description Access Level

SUM n The command without arguments displays the latest 
event summary. Use n to display particular event 
summary.

1

SUM R or C Use this command to clear the archive. 1

Table 7.50 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

TAR name k 
TAR n
TAR n k 

Use TAR without parameters to display 
Relay Word Row 0 or last displayed target row.

1

TAR R Clears front-panel tripping targets. Unlatches the 
trip logic for testing purposes (see Figure 8.1). 
Shows Relay Word Row 0.

1

Table 7.51 TARGET Command Format

Parameter Description

name Display the Relay Word row with Relay Word bit name.

n Show Relay Word row number n.

k Repeat k times (1–32767)

Table 7.52 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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TIME Command (View/Change Time)
The TIME command (see Table 7.53) returns information about the 
SEL-751A internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-751A 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.55) to trigger the SEL-751A to record 
data for high-resolution oscillography and event reports.

When you issue the TRI command, the SEL-751A responds with Triggered. 
If the event did not trigger within one second, the relay responds with Did not 
trigger. See Section 9: Analyzing Events for further details on event reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command (see Table 7.55) under the direction of SEL. The 
information contained in a vector report is formatted for SEL in-house use 
only. Your SEL application engineer or the factory may request a VEC 
command capture to help diagnose a relay or system problem.

Table 7.53 TIME Command (View/Change Time)

Command Description Access Level

TIME Display the present internal clock time. 1

TIME hh Set the internal clock to hh. 1

TIME hh:mm Set the internal clock to hh:mm. 1

TIME hh:mm:ss Set the internal clock to hh:mm:ss. 1

Table 7.54 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Trigger event report data capture. 1

Table 7.55 VEC Command 

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2
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Section 8
Front-Panel Operations

Overview
The SEL-751A Feeder Protection Relay front panel makes feeder data 
collection and control quick and efficient. Use the front panel to analyze 
operating information, view and change relay settings, and perform control 
functions. The SEL-751A features a straightforward menu-driven control 
structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LEDs give a clear indication of the SEL-751A 
operation status. The features that help you operate the relay from the front 
panel include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

➤ Viewing diagnostics

Front-Panel Layout
Figure 8.1 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 Serial Port (PORT F). See Section 7: Communications 
for details on the serial port.
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Figure 8.1 Front-Panel Overview

You can use the following features of the versatile front panel to customize it 
to your needs:

➤ Rotating display on the HMI

➤ Programmable target LEDs

➤ Programmable pushbutton LEDs

➤ Optional slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

Human-Machine Interface
Contrast You can adjust the LCD screen contrast to suit your viewing angle and 

lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-751A displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

i4143a

RECL RESET

RECL LOCKOUT

In Reclosing Models Only

AUX1

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.
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Front-Panel 
Automatic Messages

The relay displays automatic messages that override the rotating display under 
the conditions described in Table 8.1. Relay failure has the highest priority, 
followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure will still override the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-751A front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.2 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 password. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.3 for you to enter the password.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detecting any failure Displays the type of latest failure (see Section 10: Testing 
and Troubleshooting).

Relay trip has occurred Displays the type or cause of the latest trip. Refer to 
Table 9.1 for a list of trip display messages.

Relay alarm condition has 
occurred

Displays the type of alarm. The TRIP LED is also flashing 
during an alarm condition. See Table 8.3 for a list of the 
alarm conditions.
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Figure 8.3 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.36 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-751A provides a front-panel time-out, setting FP_TO. A timer resets 
every time you press a front-panel pushbutton. Once the time-out period 
expires, the access level resets to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Front-Panel Menus 
and Screens

Navigating the Menus
The SEL-751A front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD display. Use the keypad (shown in Figure 8.4) to maneuver 
within the front-panel menu structure, described in detail throughout the 
remainder of this section. Table 8.2 describes the function of each front-panel 
pushbutton.

Figure 8.4 Front-Panel Pushbuttons

Password=
Del Clr Accept
A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z . . . . . .
a b c d e f g h
i j k l m n o p
q r s t u v w x
y z . . . . . .
0 1 2 3 4 5 6 7
8 9 . . . . . .
! " # $ % & ' (
) * + , - . / :
; < = > ? @ [ \
] ^ _ ` { | } ~

ESC
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The SEL-751A automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu 
Figure 8.5 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Figure 8.5 Main Menu

Meter Menu
Select the Meter menu item from the MAIN menu as shown in Figure 8.6 to 
view metering data. The Meter menu has menu items for viewing different 
types of metering data like Fundamental, rms, Thermal, etc. Select the type of 
metering and view the data through use of the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow
Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow
Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC

Escape from the present menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT

Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.6 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy (or Max/
Min) menu item from the METER menu and select the Display menu item as 
shown in Figure 8.7.

Figure 8.7 METER Menu and ENERGY Submenu

You can reset energy (or Max/Min, Demand, Peak Demand) metering data 
from the front-panel HMI by selecting the Reset menu item in the Energy (or 
Max/Min, Demand, Peak Demand) menu. After selecting Reset and confirming 
the reset, the relay displays as shown in Figure 8.8.

Figure 8.8 Relay Response When Energy (or Max/Min, Demand, Peak 
Demand) Metering Is Reset

Assume that the relay configuration contains no analog input cards. In 
response to a request for analog data (selecting Analog Inputs), the device 
displays the message as shown in Figure 8.9.

Figure 8.9 Relay Response When No Analog Cards Are Installed

Assume that the math variables are not enabled. In response to a request for 
math variable data (selecting Math Variables), the device displays the 
message as shown in Figure 8.10.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

(Meter Selected)

ENERGY
Display
Reset

(Energy Selected)

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

Reset Complete

No Analog Input
Cards Present
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Figure 8.10 Relay Response When No Math Variables Enabled

Events Menu
Select the Events menu item from the MAIN menu as shown in Figure 8.11. 
EVENTS menu has Display and Clear as menu items. Select Display to view 
events and Clear to delete all the events data.

Figure 8.11 MAIN Menu and EVENTS Submenu

Figure 8.12 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.12 EVENTS Menu and DISPLAY Submenu

When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.13.

Figure 8.13 Relay Response When No Event Data Available

When you select Clear from the EVENTS menu and confirm the selection, the 
relay displays as shown in Figure 8.14 after it clears the events data.

Figure 8.14 Relay Response When Events Are Cleared

No Math
Variables
Enabled (see EMV 
Setting)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

EVENTS
Display
Clear

(Events Selected)

DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear

(Display Selected)

No Data
Available

Clearing
Complete
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Targets Menu
Select the Targets menu item on the MAIN menu as shown in Figure 8.15 to 
view the binary state of the target rows. Each target row has eight Relay Word 
bits as shown in Table J.1. 

Figure 8.15 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.16.

Figure 8.16 TARGETS Menu Navigation

Control Menu 
Select the Control menu item on the MAIN menu as shown in Figure 8.17 to go 
to the CONTROL menu. 

Figure 8.17 MAIN Menu and CONTROL Submenu

The CONTROL menu has Open, Close, Outputs, and Local Bits as menu items. 

Select the Open menu item to assert Relay Word bit OC that opens the breaker 
via the TR SELOGIC control equation (see Table 4.27 for the TR equation and 
Table J.2 for the definition of the OC bit). Note that this requires Level 2 
access.

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

(Targets Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

ENABLED=1
TRIP_LED=0
TLED_01=0
TLED_02=0
.
.
.

(Row 0 Selected)

CONTROL
Open
Close
Outputs
Local Bits

(Control Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Select the Close menu item to assert Relay Word bit CC that closes the 
breaker via the CL SELOGIC control equation (see Figure 4.34). Note that this 
requires Level 2 access.

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.18 to test (pulse) SEL-751A output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.18 CONTROL Menu and OUTPUTS Submenu

Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.118 
for more information), local bit 1 replaces a supervisory switch. Figure 8.19 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN). It then changes to asserted 
(SUPER SW = CLOSE) as shown in the final screen of Figure 8.19.

Figure 8.19 CONTROL Menu and LOCAL BITS Submenu

Set/Show Menu
Select the Set/Show menu item on the MAIN menu. Use the Set/Show menu to 
view or modify the settings (Global, Group, and Port), Active Group, Date, 
and Time. Note that modifying the settings requires Level 2 access.

CONTROL
Open
Close
Outputs
Local Bits

OUTPUTS
OUT101
OUT102
OUT103
.
.
.

(Outputs Selected)

LOCAL BITS
SUPERV SW = OPEN

SUPERV SW = OPEN
CLOSE

CLOSE
YES No

SUPERV SW = CLOSE
OPEN

CONTROL
Open
Close
Outputs
Local Bits

(Local Bits Selected)

(SUPERV SW Selected)

(CLOSE Selected)

(Yes Selected)
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Figure 8.20 MAIN Menu and SET/SHOW Submenu

Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made by using QuickSet or ASCII SET 
commands via a communications port.

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

(Set/Show Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker



8.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Front-Panel Operations
Human-Machine Interface

Figure 8.21 SET/SHOW Menu

Status Menu
Select the Status menu item on the MAIN menu as shown in Figure 8.22 to 
access Relay Status data and Reboot Relay. See STATUS Command (Relay 
Self-Test Status) on page 7.42 for the STATUS data field description.

Figure 8.22 MAIN Menu and Status Submenu
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F
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Access Control
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. . .
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F
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 1

Date
 03/29/2006

Time
 14:04:36

(F Selected)
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Breaker Menu
Select the Breaker menu item on the MAIN menu as shown in Figure 8.23 to 
access Breaker Monitor data or Reset the data. See Breaker Monitor on 
page 5.18, in Section 5: Metering and Monitoring for a detailed description.

Figure 8.23 MAIN Menu and Breaker Submenu

Operation and Target LEDs
Programmable LEDs The SEL-751A provides quick confirmation of relay conditions via operation 

and target LEDs. Figure 8.24 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.119 for 
the SELOGIC control equations.

Figure 8.24 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.24. Parameter n is a number from 1 through 6 that indicates each 
LED. If the latch setting (T0nLEDL) for a certain LED is set to N, then the 
LED will follow the status of the corresponding control equation (T0n_LED). 
When the equation asserts, the LED will illuminate, and when the equation 
deasserts, the LED will extinguish. If the latch setting is set to Y, the LED will 
only assert if a trip condition occurs and the T0n_LED equation is asserted at 
the time of the trip. At this point, the LED will latch in. You can reset this 

(Breaker Selected)

BREAKER
Display
Reset

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

T01_LED

Factory-Default Label

T06_LED

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay.
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LED by using the TARGET RESET pushbutton or the TAR R command, as long 
as the target conditions are absent. For a concise listing of the default 
programming on the front-panel LEDs, see Table 4.71.

You can order the SEL-751A with optional slide-in labels for custom LED 
designations that match custom LED logic. The Configurable Label kit 
(includes blank labels, word processor templates, and instructions) is provided 
when the SEL-751A is ordered with the Configurable Labels option.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. For Relay 
Word bit definitions, see Appendix J: Relay Word Bits.

TARGET RESET 
Pushbutton

Target Reset
For a trip event, the SEL-751A latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.25 Target Reset Pushbutton

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Power Factor Warning 55A

RTD Warning WDGALRM+BRGALRM+AMBALRM+OTHALRM

RTD Failure RTDFLT

Comm Loss Warning COMMLOSS

Comm Idle Warning COMMIDLE
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Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the target LEDs; see Table 7.12 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.105 
for further information.

Front-Panel Operator 
Control Pushbuttons 

The SEL-751A features four operator-controlled pushbuttons, each with two 
programmable pushbutton LEDs, for local control as shown in Figure 8.26.

Figure 8.26 Operator Control Pushbuttons and LEDs

Pressing any one of these four pushbuttons asserts the corresponding PBn 
(n = 01 through 04) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable through the use of front-panel settings 
PBnm_LED (where n = 1 through 4 and m = A or B). PBnm _LED settings are 
SELOGIC control equations that, when asserted, illuminate the corresponding 
LED for as long as the input is asserted. When the input deasserts, the LED 
also deasserts without latching. 

Factory-Default
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BREAKER OPEN

Pushbutton LED
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Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the optional slide-in label to mark the 
pushbuttons and pushbutton LEDs with custom names to reflect any 
programming changes that you make. Included on the SEL-751A Product 
Literature CD are word processor templates for printing slide-in labels. See 
the instructions included in the Configurable Label kit for more information 
on changing the slide-in labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-751A Front-Panel Operator Control Functions 

Press the AUX 1 operator control pushbutton to enable/disable user-programmed auxiliary 
control. You can program the corresponding LED to illuminate during the enabled state.

NOTE: The AUX 1 operator control does not perform any function with the factory 
settings.

For Models With Reclosing Option:

The pushbutton is not used in the factory settings, but you can easily program it to perform a 
user control function.

The top LED is programmed to indicate RECL RESET (Relay Word bit 79RS—reclosing 
relay in RESET state) in the factory settings. The bottom LED is programmed to indicate 
RECL LOCKOUT (Relay Word bit 79LO—reclosing relay in LOCKOUT state).

Continually press the LOCK operator control pushbutton for three (3) seconds to engage/dis-
engage the lock function (Latch LT02 functions as Lock with the latch in reset state equiva-
lent to the engaged lock). While this pushbutton is pressed, the corresponding LED flashes 
on and off, indicating a pending engagement or disengagement of the lock function. The 
LED illuminates constantly to indicate the engaged state. While the lock function is 
engaged, the following operator control is “locked in position” (assuming factory-default 
settings): CLOSE.

While “locked in position,” this operator control cannot change state if pressed—the corre-
sponding LEDs remain in the same state. When the lock function is engaged, the CLOSE 
operator control cannot close the breaker, but the TRIP operator control can still trip the 
breaker.

Press the CLOSE operator control pushbutton to close the breaker. Corresponding BREAKER 
CLOSED LED illuminates to indicate that the breaker is closed.

Option: Set a delay, so that the operator can press the CLOSE operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a close 
(the CLOSE operator control comes with no set delay in the factory settings). With a set 
delay, press the CLOSE operator control pushbutton momentarily, and notice that the cor-
responding BREAKER CLOSED LED flashes on and off during the delay time, indicating a 
pending close. Abort the pending close by pressing the CLOSE operator control pushbut-
ton again or by pressing the TRIP operator control pushbutton. This delay setting for the 
CLOSE operator control is SV03PU (range: 0 to 3000 seconds; factory-set at 0—no delay). 
The delay is set via the SET L command. See Table 4.38 for more information.

Press the TRIP operator control pushbutton to trip the breaker (and take the control to the 
lockout state). Corresponding BREAKER OPEN LED illuminates to indicate the breaker is open.

Option: Set a delay, so that the operator can press the TRIP operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a trip 
(the TRIP operator control comes with no set delay in the factory settings). With a set 
delay, press the TRIP operator control pushbutton momentarily and notice that the corre-
sponding BREAKER OPEN LED flashes on and off during the delay time, indicating a pend-
ing trip. Abort the pending trip by pressing the TRIP operator control pushbutton again or 
by pressing the CLOSE operator control pushbutton. This delay setting for the TRIP opera-
tor control is SV04PU (range: 0 to 3000 seconds; factory-set at 0—no delay). The delay 
is set via the SET L command. See Table 4.38 for more information.

AUX1

RECL RESET

RECL LOCKOUT

ENABLED

DISABLED
LOCK

BLOCK CLOSE

BREAKER CLOSED 
CLOSE

BREAKER OPEN
TRIP
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Section 9
Analyzing Events

Overview
The SEL-751A Feeder Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected equipment 
to service.

➤ Event Reporting

➢ Event Summary Reports

➢ Event History Reports

➢ Event Reports

➤ Sequential Events Recorder Report

➢ Resolution: 1 ms

➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-751A will not result in lost data.

Event 
Reporting

Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table J.1)

NOTE:  Arc-flash sensor light 
values and frequency are available 
only in Compressed ASCII event 
reports (CEV or CEV R commands).
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➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

➤ Group, Logic, Global, and Report settings (that were in service 
when the event was retrieved)

Compressed Event 
Reports

The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT command 
to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 
Additionally, the SEL-751A Compressed Event (CEV command) report 
includes four analog channels for the % arc-flash sensor light values and 
frequency measurements that are not available in the regular ASCII Event 
(EVE command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-751A provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15 or 64 cycles. Prefault length is 
1–10 cycles for LER = 15 and 1–59 cycles for LER = 64. Prefault length is the 
first part of the total event report length and precedes the event report 
triggering point. Changing the PRE setting has no effect on the stored reports. 
The relay stores as many as 19 of the most recent 64-cycle or as many as 77 of 
the most recent 15-cycle event reports in nonvolatile memory. Refer to the 
SET R command in SET Command (Change Settings) on page 7.39 and 
Report Settings (SET R Command) on page SET.57.

Triggering The SEL-751A triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TRIP asserts

➤ Programmable SELOGIC control equation setting ER asserts 
(in Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

IMPORTANT: Changing the LER 
setting will clear all events in 
memory. Be sure to save critical 
event data prior to changing the LER 
setting.
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Relay Word Bit TR
Refer to Figure 4.33. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.39). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-751A is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.123.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.45 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 77 of the most recent event summaries (if event 
report length setting LER := 15); or, as many as 19 (if LER := 64). When the 
relay stores a new event summary, it discards the oldest event and event 
summary if the event memory is full. Event summaries contain the following 
information:

➤ Relay and Terminal Identification (RID and TID) 

➤ Event number, date, time, event type, and frequency (see 
Table 9.1)

➤ The primary magnitudes of line, neutral and residual currents

➤ The primary magnitudes of the line to neutral voltages and 
residual voltage (if DELTA_Y := WYE) or phase-to-phase 
voltages (if DELTA_Y := DELTA), optional Voltage Inputs 
card necessary

➤ Hottest RTD temperatures, SEL-2600 RTD Module or internal 
RTD card option necessary

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end (See Figure 9.3). The example event summary 
in Figure 9.1 corresponds to the standard 15-cycle event report in Figure 9.3. 

IMPORTANT: Clearing the 
HISTORY report with the HIS C 
command also clears all event data 
within the SEL-751A event memory.

NOTE: Figure 9.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 9.1. The 
event type designations AG through CAG are only entered in the Event field if 
the fault type is determined successfully.

The relay processes the TRIP type in the same order shown in Table 9.1, 
starting from the top with Arc-Flash Trip. As soon as it reaches an active TRIP 
type it stops the process of looking for TRIP type. If it reaches the bottom of 
the table without finding a TRIP type then it simply calls it TRIP as shown in 
the table.

=>>SUM <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 13:58:23.629
FEEDER RELAY

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052
EVENT LOGS =  7

Event:     Trigger
Targets    10000000
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)     110.7         107.5         103.3          0.24     7.24

Voltage Mag
       VAN    VBN    VCN    VG
(V)   11476  11482  11503    150

=>>

Figure 9.1 Example Event Summary

Table 9.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3 OR TOL4) AND TRIP

AG, BG, CG Single phase-to-ground faults. Appends T if any overcurrent trip asserted.

ABC Three-phase faults. Appends T if any overcurrent trip asserted.

AB, BC, CA Phase-to-phase faults. Appends T if any overcurrent trip asserted.

ABG, BCG, CAGa Phase-to-phase-to-ground faults. Appends T if any overcurrent trip asserted.

Phase A1 50 Trip 50A1P AND 50P1T AND TRIP

Phase B1 50 Trip 50B1P AND 50P1T AND TRIP

Phase C1 50 Trip 50C1P AND 50P1T AND TRIP

Phase 50 Trip (50P2T OR 50P3T OR 50P4T) AND TRIP

GND/NEUT 50 Trip (50N1T OR 50N2T OR 50N3T OR 50N4T OR 50G1T OR 50G2T OR 50G3T OR 50G4T) AND 
TRIP

NEG SEQ 50 Trip (50Q1T OR 50Q2T OR 50Q3T OR 50Q4T) AND TRIP

Phase A 51 Trip 51AT AND TRIP

Phase B 51 Trip 51BT AND TRIP

Phase C 51 Trip 51CT AND TRIP

Phase 51 Trip (51P1T OR 51P2T) AND TRIP
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GND/NEUT 51 Trip (51N1T OR 51N2T OR 51G1T OR 51G2T) AND TRIP

NEG SEQ 51 Trip (51QT) AND TRIP

59 Trip (59P1T OR 59P2T OR 59G1T OR 59G2T OR 59Q1T OR 59Q2T) AND TRIP

55 Trip 55T AND TRIP

Underfreq 81 Trip (81DnT AND TRIP) when 81DnTP < FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

Overfreq 81 Trip (81DnT AND TRIP) when 81DnTP > FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

PowerElemnt Trip (3PWR1T OR 3PWR2T) AND TRIP

RTD Trip (WDGTRIP OR BRGTRIP OR AMBTRIP OR OTHTRIP) AND TRIP

Remote Trip REMTRIP AND TRIP

27 Trip (27P1T OR 27P2T) AND NOT LOP AND TRIP

RTD Fail Trip RTDFLT AND TRIP

Breaker Failure Trip BFT AND TRIP

CommIdleLossTrip (COMMIDLE OR COMMLOSS) AND TRIP

Trigger Serial port TRI command

ER Trigger ER Equation assertion. Phase involvement is indeterminate.

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no active TRIP exists

a The GFLT bit asserts if any one of the residual overcurrent or residual time-overcurrent Relay Word bits pick up during the event. When 
Phase_A, Phase_B, Phase_C, or GFLT are set to latch target LEDs, latching can only occur when TRIP occurs after the event trigger and 
within the event. Phase_A, Phase_B, Phase_C, and GFLT bits assert for a fixed duration of (LER–PRE–0.75) cycles.

Table 9.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic

Table 9.2 Phase Involvement Event Type (Sheet 1 of 2)

Type Condition

ABC PHASE_A * PHASE_B * PHASE_C * NOT TRIP

AB PHASE_A * PHASE_B * NOT TRIP

BC PHASE_B * PHASE_C * NOT TRIP

CA PHASE_C * PHASE_A * NOT TRIP

ABG PHASE_A * PHASE_B * GFLT * NOT TRIP

BCG PHASE_B * PHASE_C * GFLT * NOT TRIP

CAG PHASE_C * PHASE_A * GFLT * NOT TRIP

AG PHASE_A * NOT TRIP

BG PHASE_B * NOT TRIP

CG PHASE_C * NOT TRIP

ABC T PHASE_A * PHASE_B * PHASE_C * TRIP

AB T PHASE_A * PHASE_B * TRIP

BC T PHASE_B * PHASE_C * TRIP

CA T PHASE_C * PHASE_A * TRIP

ABG T PHASE_A * PHASE_B * GFLT * TRIP

BCG T PHASE_B * PHASE_C * GFLT * TRIP

CAG T PHASE_C * PHASE_A * GFLT * TRIP
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The event type logic (PHASE_A, PHASE_B, PHASE_C) uses Relay Word 
bits FSA, FSB, and FSC to help determine the fault type and to select the 
appropriate fault location method. The SEL-751A asserts one of the Relay 
Word bits FSA, FSB, or FSC based on the magnitude and angle difference of 
negative- and zero-sequence current. The A-, B-, or C-phase naming of the 
FSA, FSB, and FSC Relay Word bits does not directly translate to assertion of 
PHASE_A, PHASE_B, PHASE_C. When the relay processes a new EVENT, 
the status of the FSA, FSB, and FSC Relay Word bits help to determine which 
phase (PHASE_A, PHASE_B, PHASE_C) to assert.

If FSA, FSB, or FSC Relay Word bits are not asserted, the relay further 
evaluates the event type based on the negative-sequence current magnitude. If 
|I2| < 0.2 * |I1|, Phase_A, Phase_B, and Phase_C Relay Word bits are asserted. 
The SELOGIC control equation FAULT has to be picked up for three-phase 
fault indication. If |I2| < 0.2 * |I1| condition is not satisfied, the relay evaluates 
the fault type based on the magnitude of maximum phase-to-phase current 
IPPmax to assert the combination of PHASE_A or PHASE_B or PHASE_C 
Relay Word bits.

Phase_A and Phase_B are asserted if current IAB = IPPmax.

Phase_B and Phase_C are asserted if current IBC = IPPmax.

Phase_C and Phase_A are asserted if current ICA = IPPmax.

If any ground or neutral Relay Word bits are asserted, the relay sets the GFLT 
Relay Word bit.

If PHASE_A, PHASE_B, or PHASE_C assert, the type in Table 9.1 is 
replaced by the type in Table 9.2.

Currents, Voltages, and RTD Temperatures
The relay determines the maximum phase current during an event. The instant 
the maximum phase current occurs is marked by an asterisk (*) in the event 
report (see Figure 9.3). This row of data corresponds to the analogs shown in 
the summary report for the event.

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum current was measured. The currents displayed are listed 
below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

The Voltage Mag fields display primary voltage magnitudes at the instant 
maximum current was measured. The voltages displayed are listed below:

➤ DELTA_Y := WYE

➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)

➢ Residual Voltage VG, calculated from VA, VB, VC

AG T PHASE_A * TRIP

BG T PHASE_B * TRIP

CG T PHASE_C * TRIP

Table 9.2 Phase Involvement Event Type (Sheet 2 of 2)

Type Condition
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➤ DELTA_Y := DELTA

➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 9.2 for a sample event history. Use this report to view 
the events that are presently stored in the SEL-751A.

The event history contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➢ Time source (if IRIG-B model)

➤ Event number, date, time, event type (see Table 9.1)

➤ Maximum feeder current

➤ Frequency

➤ Target LED status

Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within QuickSet. View and download history 
reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.31 for information on the HIS command.

=>>HIS <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 15:06:13
FEEDER RELAY                             Time Source: Internal

FID = SEL-751A-R100-V0-Z001001-D20070410

# DATE TIME EVENT CURRENT FREQ TARGETS

1 02/28/2007 13:58:23.629 Trigger 110.7 60.0 10000000

2 02/28/2007    13:54:10.003 Phase 51 Trip 1170.1 60.0  11010001

3 02/28/2007   13:54:09.607 ER Trigger 1190.1 60.0 11010001

4 02/28/2007    13:47:36.121 Phase 51 Trip 1172.4 59.9  11010000

5 02/28/2007    13:47:35.725 ER Trigger 1171.7 59.9 10000000

6 02/28/2007    13:43:30.393 Phase 51 Trip  483.9 60.1  11010001

7 02/28/2007    13:43:29.347 ER Trigger  484.9 60.0 11010001

=>>

Event 
Number

Event Type Maximum 
Current

Frequency User-
Defined 

Target LEDs

Figure 9.2 Sample Event History
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Use the front-panel MAIN > Events > Display menu to display event history 
data on the SEL-751A front-panel display.

Use the QuickSet software to retrieve the relay event history. View the Relay 
Event History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This will 
clear all event summaries, history records, and reports.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event Summary

➤ Settings in service at the time of event retrieval, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. 

Filtered and Unfiltered Event Reports
The SEL-751A samples the power system measurands (ac voltage and ac 
current) 16 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, use the EVE R command to select the 
unfiltered event report. Use the unfiltered event reports to observe power 
system conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the report.

Event Report Column Definitions
Refer to the example event report in Figure 9.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

NOTE: Figure 9.3 is on multiple 
pages.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the serial port SUM command (see 
SUMMARY Command on page 7.44) to retrieve event summary reports. 

Table 9.3 summarizes the event summary report current and voltage columns. 
Table 9.4 summarizes the event summary report output, input, protection, and 
control element columns.
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Table 9.3 Event Report Current and Voltage Columns 

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

VS Voltage measured by channel VS (terminals VS, NS) (primary V)

VDC Voltage measured by channel VDC (terminals VBAT+, VBAT-)

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

51ABC .
A
B
C
a
b
c
3

51A, B, and C Elements in reset state

51AP AND NOT (51BP OR 51CP)

51BP AND NOT (51AP OR 51CP)

51CP AND NOT (51AP OR 51BP)

51AP AND 51BP AND NOT 51CP

51BP AND 51CP AND NOT 51AP

51CP AND 51AP AND NOT 51BP

51AP AND 51BP AND 51AC

51P 1
2
3

51P1P AND NOT 51P2P 

51P2P AND NOT 51P1P

51P1P AND 51P2P

51N 1
2
3

51N1P AND NOT 51N2P

51N2P AND NOT 51N1P

51N1P AND 51N2P

51G 1
2
3

51G1P AND NOT 51G2P

51G2P AND NOT 51G1P

51G1P AND 51G2P

51Q 1 51QP
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Note that the ac values change from plus to minus (–) values in Figure 9.3, 
indicating the sinusoidal nature of the waveforms.

50P 1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

50P1P AND NOT (50P2P OR 50P3P OR 50P4P)

50P2P AND NOT (50P1P OR 50P3P OR 50P4P)

50P3P AND NOT (50P1P OR 50P2P OR 50P4P)

50P4P AND NOT (50P1P OR 50P2P OR 50P3P)

50P1P AND 50P2P

50P1P AND 50P3P

50P1P AND 50P4P

50P2P AND 50P3P

50P2P AND 50P4P

50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P

50P1P AND 50P2P AND 50P4P

50P1P AND 50P3P AND 50P4P

50P2P AND 50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P AND 50P4P

50NQG N
Q
G
a
b
c
3

50N1P OR 50N2P OR 50N3P OR 50N4P

50Q1P OR 50Q2P OR 50Q3P OR 50Q4P

50G1P OR 50G2P OR 50G3P OR 50G4P

50NxP AND 50QyP, x, y = any from 1-4

50QxP AND 50GyP, x, y = any from 1-4

50GxP AND 50NyP, x, y = any from 1-4

50NxP AND 50QyP AND 50GzP, x, y, z = any from 
1-4

81 1 81D1T OR 81D2T OR 81D3T OR 81D4T OR 
81D5T OR 81D6T

RTD Wdga,b w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brga,b b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth a,b o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb a,b a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD Inb 1 RTDIN

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

a SEL-2600 RTD Module or RTD card necessary.
b These quantities are not displayed when the relay has the voltage card option with VS (sync 

voltage) and VDC (battery voltage) inputs. 

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description
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Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 9.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 9.5 shows how you can convert event report current 
column data to phasor rms current values.

Example 15-Cycle 
Event Report

The following example of a standard 15-cycle event report in Figure 9.3 also 
corresponds to the example SER report in Figure 9.6. 

In Figure 9.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the DC column identifies the row with 
the maximum phase current. The SEL-751A calculates the maximum phase 
current from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 9.4 and Figure 9.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

=>>EVE <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 13:40:26.270 Date and Time of Event

FEEDER RELAY

Serial Number=000000000000000
FID=SEL-751A-X215-V0-Z003002-D20080530   CID=0E1E
                                                               55555 55 8   O
                                                               11111 00 1 I u
                                                               A      N   n t
      Currents (A Pri)            Voltages (V Pri)             B      Q   1 13
    IA    IB    IC    IN    IG     VA     VB     VC     VS VDC CPNGQ PG   2 2 
[1]

 -1739   467  1277  -0.0   4.2  -7429  -3317  10679  -7178  48 33... F. . . .3 Optional Voltage Card Required

449 -1735  1256   0.0 -30.0   7994 -10399   2259   8071  48 33... F. . . .3
  1741  -468 -1279   0.0  -6.0   7421   3323 -10681   7173  48 33... F. . . .3
  -454  1736 -1258   0.0  24.0  -7999  10395  -2255  -8080  48 33... F. . . .3

[2]
 -1742   466  1278  -0.0   1.8  -7418  -3332  10679  -7171  48 33... F. . . .3
   454 -1737  1258  -0.0 -25.2   7999 -10397   2246   8084  48 33... F. . . .3
  1738  -465 -1283   0.0 -10.2   7412   3334 -10685   7162  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8006  10391  -2243  -8087  48 33... F. . . .3

One Cycle of Data

[3]
 -1737   461  1283   0.0   7.2  -7409  -3341  10685  -7160  48 33... F. . . .3
   455 -1737  1258  -0.0 -24.0   8010 -10393   2236   8089  48 33... F. . . .3
  1735  -460 -1284  -0.0  -9.6   7402   3346 -10688   7153  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8015  10388  -2232  -8095  48 33... F. . . .3
[4]
 -1738   460  1282   0.0   3.6  -7402  -3353  10687  -7151  48 33... F. . . .3
   457 -1737  1255  -0.0 -25.2   8015 -10388   2225   8096  48 33... F. . . .3
  1737  -463 -1286  -0.0 -12.0   7396   3357 -10690   7146  48 33... F. . . .3
  -459  1736 -1257   0.0  19.8  -8021  10384  -2219  -8102  48 33... F. . . .3
[5]
 -1737   459  1285  -0.0   6.6  -7393  -3366  10690  -7142  48 33... F. . . .3

 497 -1736  1255  -0.0  15.6   8024 -10384   2212   8104  48*33... F. . . .3 Maximum Phase Current

 1363  -460 -1287   0.0  -384   7385   3368 -10692   7137  48 33.3. F. . . .3

 -346  1738 -1256   0.0   136  -8030  10379  -2209  -8109  48>33.3. F. . . .3 Trigger Row

[6]
  -788   458  1286  -0.0   956  -7384  -3377  10690  -7135  48 33.31 F. . . .3
   153 -1739  1254  -0.0  -332   8033 -10377   2200   8111  48 33.31 F. . . .3
   581  -458 -1286   0.0 -1163   7376   3379 -10694   7128  48 b3.31 F. . . .3
  -155  1738 -1255   0.0   328  -8039  10375  -2198  -8116  48 b3.31 F. . . .3

See Figure 9.4 and Figure 9.5

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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[7]
  -583   454  1283  -0.0  1154  -7373  -3386  10692  -7126  48 b3.31 F. . . .3
   154 -1737  1253   0.0  -331   8039 -10377   2191   8120  48 b3.31 F. . . .3
   581  -454 -1288   0.0 -1160   7367   3391 -10696   7119  48 b3.31 F. . . .3
  -155  1735 -1252   0.0   327  -8044  10373  -2187  -8127  48 b3.31 F. . . .3

[8]
  -582   453  1289   0.0  1160  -7367  -3400  10696  -7115  48 b3.31 F. . . .3
   154 -1739  1249  -0.0  -337   8048 -10372   2178   8127  48 b3.31 F. . . .3
   580  -452 -1291   0.0 -1163   7358   3404 -10699   7108  48 b3.31 F. . . .3
  -155  1738 -1249   0.0   333  -8055  10368  -2173  -8134  48 b3.31 F. . . .3
[9]
  -584   450  1291  -0.0  1157  -7357  -3411  10699  -7106  48 b3.31 F. . . .3
   156 -1738  1247  -0.0  -335   8059 -10370   2165   8136  48 b3.31 F. . . .3
   581  -451 -1293   0.0 -1163   7351   3413 -10701   7101  48 b3.31 F. . . .3
  -159  1737 -1248   0.0   330  -8064  10366  -2162  -8141  48 b3.31 F. . . .3
[10]
  -582   449  1292  -0.0  1159  -7348  -3422  10699  -7097  48 b3.31 F. . . .3
   156 -1737  1247  -0.0  -334   8064 -10366   2155   8143  48 b3.31 F. . . .3
   580  -450 -1297  -0.0 -1167   7340   3427 -10705   7090  48 b3.31 F. . . .3
  -157  1738 -1248   0.0   333  -8071  10361  -2151  -8150  48 b3.31 F. . . .3
[11]
  -583   449  1296   0.0  1162  -7339  -3434  10705  -7088  48 b3.31 F. . . .3
   156 -1741  1245  -0.0  -340   8073 -10359   2140   8152  48 b3.31 F. . . .3
   581  -448 -1295   0.0 -1162   7333   3438 -10706   7083  48 b3.31 F. . . .3
  -159  1738 -1246   0.0   333  -8078  10355  -2137  -8158  48 b3.31 F. . . .3
[12]
  -583   446  1294  -0.0  1157  -7331  -3445  10706  -7081  48 b3.31 F. . . .3
   156 -1519  1243  -0.0  -121   8080 -10355   2128   8159  48 b3.31 F. . . .3
   581  -276 -1296   0.0  -991   7322   3449 -10708   7074  48 b3.31 F. . . .3
-158   941 -1243   0.0  -460  -8086  10352  -2124  -8165  48 b3.31 F. . . .3

[13]
  -582   124  1296  -0.0   838  -7319  -3456  10706  -7072  48 b3.31 F. . . .3
   158  -586   981  -0.0   553   8089 -10354   2117   8168  48 C3.31 F. . . .3
   581  -149 -1085   0.0  -652   7313   3461 -10710   7065  48 C3.31 F. . . .3
  -160   585  -569   0.0  -145  -8096  10350  -2111  -8174  48 C3.3. F. . . .3
[14]
  -583   145   651  -0.0   212  -7310  -3469  10710  -7061  48 C3.3. .. . . .3
   158  -585   413  -0.0 -13.8   8096 -10350   2106   8174  48 C3.3. .. . . .3
   581  -146  -436   0.0  -0.6   7304   3472 -10714   7056  48 ..... .. . . .3
  -159   583  -414   0.0   9.6  -8104  10346  -2102  -8181  48 ..... .. . . .3
[15]
  -581   146   435  -0.0   0.0  -7303  -3479  10714  -7052  48 ..... .. . . .3
   157  -584   413  -0.0 -14.4   8107 -10346   2093   8183  48 ..... .. . . .3
   579  -148  -436   0.0  -4.2   7297   3483 -10715   7047  48 ..... .. . . .3
  -158   584  -414   0.0  12.0  -8111  10341  -2088  -8188  48 ..... .. . . ..

Serial No = 2008xxxxxxxxxxx

FID = SEL-751A-X215-V0-Z003002-D20080530                CID = 0E1E Firmware Identifier and 
Firmware Checksum Identifier

EVENT LOGS =  2

Event:     ER Trigger
Targets    11100001
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)    1806.6        1796.0        1796.0          0.00    16.94

Voltage Mag
       VAN    VBN    VCN    VG
(V)   10910  10916  10916    162

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     
FAULT   := 50G1P OR 50N1P OR 51P1P OR 51QP OR 50Q1P OR TRIP
EMP     := N       TGR     := 3       
SS1     := 1
SS2     := 0
SS3     := 0

52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

AO301AQ :=OFF
DCLOP   := OFF     DCHIP   := OFF     

IN101D  := 10      IN102D  := 10      
IN301D  := 10      IN302D  := 10      IN303D  := 10      IN401D  := 10      
IN402D  := 10      IN403D  := 10      IN404D  := 10      

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0

DSABLSET:= 0

Group Settings

RID     := SEL-751A         
TID     := FEEDER RELAY     
CTR     := 120     CTRN    := 120     PTR     := 180.00  PTRS    := 180.00  
DELTA_Y := WYE     VNOM    := 120.00  SINGLEV := N       

50P1P   := 10.00   50P1D   := 0.00    50P1TC  := 1
50P2P   := 10.00   50P2D   := 0.00    50P2TC  := 1
50P3P   := 10.00   50P3D   := 0.00    50P3TC  := 1
50P4P   := 10.00   50P4D   := 0.00    50P4TC  := 1
50N1P   := OFF     50N2P   := OFF     50N3P   := OFF     50N4P   := OFF     
50G1P   := OFF     50G2P   := OFF     50G3P   := OFF     50G4P   := OFF     
50Q1P   := OFF     50Q2P   := OFF     50Q3P   := OFF     50Q4P   := OFF     

51AP    := 6.00    
51AC    := U3      51ATD   := 3.00    51ARS   := N       
51ACT   := 0.00    51AMR   := 0.00    51ATC   := 1

51BP    := 6.00    51BC    := U3      51BTD   := 3.00    51BRS   := N       
51BCT   := 0.00    51BMR   := 0.00    51BTC   := 1
51CP    := 6.00    51CC    := U3      51CTD   := 3.00    51CRS   := N       

51CCT   := 0.00    51CMR   := 0.00    51CTC   := 1

51P1P   := 6.00    51P1C   := U3      51P1TD  := 3.00    51P1RS  := N       
51P1CT  := 0.00    51P1MR  := 0.00    51P1TC  := 1

51P2P   := 6.00    51P2C   := U3      51P2TD  := 3.00    51P2RS  := N       
51P2CT  := 0.00    51P2MR  := 0.00    51P2TC  := 1

51QP    := 6.00    51QC    := U3      51QTD   := 3.00    51QRS   := N       
51QCT   := 0.00    51QMR   := 0.00    51QTC   := 1

51N1P   := OFF     51N2P   := OFF     51G1P   := 0.50    51G1C   := U3      
51G1TD  := 1.50    51G1RS  := N       
51G1CT  := 0.00    51G1MR  := 0.00    51G1TC  := 1

51G2P   := 0.50    51G2C   := U3      51G2TD  := 1.50    51G2RS  := N       
51G2CT  := 0.00    51G2MR  := 0.00    51G2TC  := 1
E49RTD  := NONE    
27P1P   := OFF     27P2P   := OFF     27S1P   := OFF     27S2P   := OFF     

59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     59S1P   := OFF     
59S2P   := OFF     

E25     := N       
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

TDURD   := 0.5     CFD     := 1.0     
TR      := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR 59P2T OR 55T OR 

REMTRIP OR SV01 OR OC OR SV04T
REMTRIP := 0
ULTRIP  := NOT (51P1P OR 51G1P OR 51N1P OR 52A)
52A     := 0
CL      := SV03T AND LT02 OR CC
ULCL    := 0
E79     := OFF 
Report Settings

ESERDEL := N       

SER1    := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 PB02 PB03 PB04 
SER2    := CLOSE 52A CC 
SER3    := 81D1T 81D2T 
SER4    := SALARM 

EALIAS  := 4       

ALIAS1  :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS2  :=PB02 FP_LOCK PICKUP DROPOUT
ALIAS3  :=PB03 FP_CLOSE PICKUP DROPOUT
ALIAS4  :=PB04 FP_TRIP PICKUP DROPOUT

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 and Figure 9.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 9.3. Figure 9.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 9.5 shows how you can convert the event report current column data to 
phasor rms values. Voltages processing occurs similarly.

In Figure 9.4, note that you can use any two rows of current data from the 
event report in Figure 9.3, 1/4 cycle apart, to calculate rms current values.

ER      := R_TRIG 51P1P OR R_TRIG 51G1P OR R_TRIG 50P1P OR R_TRIG 50G1P OR R_TRIG 51N1P OR R_TRIG CF
LER     := 15      PRE     := 5       

LDLIST  := NA 

LDAR    := 15      

Logic Settings

ELAT    := 4       ESV     := 5       ESC     := N       EMV     := N       

SET01   := NA
RST01   := NA
SET02   := R_TRIG SV02T AND NOT LT02
RST02   := R_TRIG SV02T AND LT02
SET03   := PB03_PUL AND LT02 AND NOT 52A
RST03   := (PB03_PUL OR PB04_PUL OR SV03T) AND LT03
SET04   := PB04_PUL AND 52A
RST04   := (PB03_PUL OR PB04_PUL OR SV04T) AND LT04

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT LOP
SV02PU  := 3.00    SV02DO  := 0.00    
SV02    := PB02
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := LT03
SV04PU  := 0.00    SV04DO  := 0.00    
SV04    := LT04
SV05PU  := 0.25    SV05DO  := 0.25    
SV05    := (PB02 OR LT03 OR LT04) AND NOT SV05T

OUT101FS:= Y       OUT101  := HALARM OR SALARM
OUT102FS:= N       OUT102  := CLOSE
OUT103FS:= N       OUT103  := TRIP
OUT301FS:= N       OUT301  := 0
OUT302FS:= N       OUT302  := 0
OUT303FS:= N       OUT303  := 0
OUT304FS:= N       OUT304  := 0
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 9.5, note that you can use two rows of current data from the event 
report in Figure 9.3, 1/4 cycle apart, to calculate phasor rms current values. In 
Figure 9.5, at the present sample, the phasor rms current value is:

Equation 9.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 9.2

(752.0)2 + (–941.0)2 = 1204

(–750.3)2 + (940.7)2 = 1204

(–941.0)2 + (–750.3)2 = 1204
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Figure 9.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values
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NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Sequential Events Recorder (SER) Report
The SER report captures relay element state changes during an extended 
period. SER report data are useful in commissioning tests and root-cause 
analysis studies. SER information is stored when state changes occur. The 
report records the most recent 1024 state changes if a relay element is listed in 
the SER trigger equations. 

SER Triggering Use settings SER1 through SER4 to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements. The relay 
adds a message to the SER to indicate power up or settings change conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases You can use the ALIAS settings to rename as many as 20 of the SER trigger 
conditions. For instance, the factory-default alias setting 2 renames Relay 
Word bit PB02 for reporting in the SER:

ALIAS2:= PB02 FP_LOCK PICKUP DROPOUT

When Relay Word bit PB02 is asserted, the SER report will show the date and 
time of FP_LOCK PICKUP. When Relay Word bit PB02 is deasserted, the 
SER report will show the date and time of FP_LOCK DROPOUT. With this 
and other alias assignments, the SER record is easier for the operator to 
review. See Relay Word Bit Aliases on page 4.122 for additional details.

See SER Command (Sequential Events Recorder Report) on page 7.38 for 
details on retrieving and clearing SER reports with the SER command.

Example SER Report The example SER report in Figure 9.6 includes records of events that occurred 
before the beginning of the event summary report in Figure 9.3. 

Relay Powered Up
.
.
.
Relay Settings Changed

=>SER 8 <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 16:34:28
FEEDER RELAY                             Time Source: Internal

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052

#      DATE         TIME               ELEMENT              STATE
8   02/28/2007  13:54:09.602   51P1P                     Asserted
7   02/28/2007  13:54:09.602   51AP                      Asserted
6   02/28/2007  13:54:10.003   51P1T                     Asserted
5   02/28/2007  13:54:10.003   TRIP                      Asserted
4   02/28/2007  13:54:10.219   51P1P                     Deasserted
3   02/28/2007  13:54:10.219   51AP                      Deasserted
2   02/28/2007  13:54:10.236   51P1T                     Deasserted
1   02/28/2007  13:54:10.511   TRIP                      Deasserted
=>

Figure 9.6 Example Sequential Events Recorder (SER) Event Report
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Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM



10.7

Date Code 20220610 Instruction Manual SEL-751A Relay

Testing and Troubleshooting
Commissioning Tests

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.



10.10

SEL-751A Relay Instruction Manual Date Code 20220610

Testing and Troubleshooting
Commissioning Tests

Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Section 5—Operation
Circuit Breaker–Circuit Breaker Cell Interlock System

The circuit breaker and the circuit breaker cell are equipped with an interlock 
system. The interlocks are designed to:

• not allow the circuit breaker to be pushed into the cell when the circuit breaker 
is closed

• not allow the circuit breaker to be closed while it is moved between the test and 
operating position

• not allow the circuit breaker to be moved from the operating position when 
it is closed

• discharge both the closing and trip springs when the circuit breaker is being 
moved from the circuit breaker cell

Circuit Breaker Operation
Racking Mechanism

The racking mechanism moves the circuit breaker from the test/disconnected 
position to the connected position and vice versa.

Push the circuit breaker into the compartment to the test/disconnected position, 
and the disconnect release handle engages (Figure 6 on 16).

With the front door closed, insert the racking handle and rotate it clockwise to rack 
the circuit breaker into the connected position. When in the connected position, the 
circuit breaker’s forward motion stops.

With the door closed, the position indicator (Figure 8 on 17) shows if the circuit 
breaker is in the test/disconnected, transport, or connected position. With the door 
open, two arrows on the left-hand rail show if the circuit breaker is in the 
test/disconnected position or in the connected position.

To remove a circuit breaker from the connected position to the test/disconnected 
position, open the circuit breaker electrically with the compartment door closed, and 
with the racking handle, move the circuit breaker to the test/disconnected position.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• When the switchgear is energized, always open and close the circuit breaker, 
and rack the circuit breaker from one position to another with the door closed.

• Never use force to move the circuit breaker inside the circuit breaker cell. If a 
mechanism is not operating smoothly, look for the cause.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Control Power Plug
In normal operation, the control power plug automatically connects and 
disconnects as the circuit breaker is moved into and out of the connected position.

To test the control system with the circuit breaker in the test/disconnected position, 
rotate and pull the handle of the secondary control power receptacle forward until it 
can be rotated again and locks the receptacle in position. The circuit breaker can 
now be electrically operated the same as in the connected position. After checking 
all electrical functions, push the receptacle back in its normal operating position. 
Only then, rack the circuit breaker into the connected position.

Disconnect Position Latch
The disconnect position latch prevents the circuit breaker from rolling out of the 
compartment in the test/disconnected position. To remove the circuit breaker from 
the cell, pull the release handle of the circuit breaker.

Manual Spring Charging Mechanism
In normal operation, when the control plug is engaged, the motor automatically 
charges the circuit breaker closing springs. The springs can also be charged 
manually, using the manual spring charging mechanism. This feature is provided 
for testing and maintenance purposes, and for emergency operating conditions.

Manual CLOSE and OPEN Push Buttons
Manual CLOSE and OPEN push buttons are located at the front of the circuit 
breaker. These push buttons operate the circuit breaker whether the circuit breaker 
is charged manually or electrically. Use them only when testing the circuit breaker 
during start-up or maintenance. Refer to the Type VR Circuit Breaker instruction 
bulletins 6055-31 (1200 and 2000 A, 50 kA) and 6055-33 (3000 A, 50 kA and 1200, 
2000, 3000 A, 63 kA).

NOTICE
HAZARD OF EQUIPMENT DAMAGE

Never manually close a circuit breaker in the connected position unless the 
opening source of power and protective relays are connected and operable.

Failure to follow these instructions can result in equipment damage.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

When the switchgear is energized, never use the manual OPEN and CLOSE 
push buttons on the front of the circuit breaker. Use the control switch with the 
front door closed.

Failure to follow these instructions can result in equipment damage.



Masterclad™ Metal-Clad Indoor Switchgear Section 7—Start-Up 

38

EN
G

LISH

© 1996–2014 Schneider Electric All Rights Reserved 6055-30

Section 7—Start-Up

Training of personnel for final start-up can be provided. Contact your local 
Schneider Electric field sales representative for information.

To start the switchgear:

1. Vacuum out every compartment. Remove all loose parts, tools, miscellaneous 
construction items, and litter.

2. Replace all the main bus covers and any other barriers or covers which were 
removed during installation.

3. Ensure all insulating boots are installed.
4. Install the cable compartment back covers.
5. Connect the battery charger and batteries (if used) to the switchgear control 

bus according to the order drawings.
6. Unblock all the relays and set to the relay schedule. Using a relay tester, verify 

the settings and electrical operation of each relay.
7. Ensure that the drawout control power transformer (or drawout fuse drawer) has 

the current limiting fuses in place. Pull the drawer out to the withdrawn position.
8. Place all circuit breakers in their compartments in the test/disconnected 

position.
9. Connect a temporary source of low-voltage power to the stationary secondary 

contact of the control power transformer or any logical point (consult the 
customer schematic and wiring diagram). Open the secondary circuit breaker 
and remove the primary fuses.

10. Rack one circuit breaker at a time into the connected position. Then, electrically 
close and open the circuit breaker with the door-mounted circuit breaker control 
switch. Open the circuit breaker by temporarily closing the contacts of each 
protective relay. Reset the relay targets after each operation and rack the 
circuit breaker into the test/disconnected position.

11. Electrically operate from remote control locations and check the remote 
indicating lights.

12. Operate all electrical interlocks, transfer schemes, lock-out relays, and other 
control functions to ensure proper operation.

13. Remove the temporary source of low voltage power and make the permanent 
connection of low voltage power. Rack all circuit breakers into the connected 
position. Insert the drawout control power transformer, drawout fuses, and 
drawout voltage transformers into the connected position.

14. Using a properly rated tester, verify again that trip voltage is available at circuit 
breaker terminals in each compartment.

15. Energize incoming high voltage circuits.
16. Close circuit breakers to establish electrical service.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

All personnel involved in the start-up operation should be thoroughly familiar with 
the information in this instruction bulletin and on provided customer drawings 
before working on this equipment.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Introduction This bulletin provides operation instructions for Type VR lift trucks used with 
auxiliary devices. These devices include:

• Voltage transformers (VT)

• Control power transformers (CPT) 

• Fuse drawout units stationary CPT

These evices roll on two stationary rails from the disconnected to the 
connected position.

Most routine maintenance can be performed by moving the device to its 
withdrawn position. However, during certain operations (commissioning or 
component replacement) these devices must be removed from the enclosure.

Using the Lift Truck The use of a ift ruck is required on the following device locations:

• Upper Circuit Breaker Compartment

• Auxiliary Drawout Locations A, B, C and D

For breaker insertion and removal instructions, please refer to document 
6055-30. For auxiliary device removal from the cell with the lift truck:

1. Prepare the lift truck cradle according to the location from which the 
drawout device will be withdrawn.

a. For Locations A, B and C, ensure the lift truck adapters are placed 
on the lift truck cradle sides.

b. For Location D, the auxiliary drawout rolls directly into the lift truck 
cradle sides (lift truck adapters are not required).

2. Push the lift truck toward the auxiliary compartment so the cradle is 
square with the front of the drawout device position.

3. Raise the cradle until the hook brackets on each side of the cradle clear 
the blocks on each side of the auxiliary drawout rails.

4. Push the lift truck into the equipment until the hooks are over the blocks. 
Lower the cradle until the hook brackets lock over the blocks on each 
side of the auxiliary drawout rails. The lift truck adapters and drawout 
rails should be aligned. Apply the lift device floor lock.

5. Roll the drawout device until it touches the cell stop brackets. Lift up the 
first set of wheels and roll them over the lift truck adapters. Repeat until 
all wheels are on the cradle.

6. Secure the drawout device on the lift truck using the safety 
cable provided.

7. Raise the cradle until it clears the blocks on each side of the drawout rails.

8. Remove the lift truck and drawout device from the cell and lower 
the cradle.

9. Use properly-rated lifting device to transfer the drawout device to 
a workspace.

Figure 1: Auxiliary Drawout Locations

A

B

C

D
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USING A SELECTOR SWITCH UTILIZACIÓN DE UN SELECTOR UTILISATION D’UN SÉLECTEUR
If a selector switch is used on a 
current transformer in conjunction 
with one ammeter to read current on 
all three phases, the switch must 
have a “make-before-break”
contact pattern and automatic 
shorting to ensure the current 
transformer is not open-circuited 
when switching between phases. A 
voltage transformer selector switch 
must have a “break-before-make”
contact pattern to avoid shorting the 
voltage transformer secondary.

Si se usa un selector en un transformador 
de corriente en conjunto con un 
ampérmetro para leer la corriente de las 
tres fases, el interruptor debe tener un 
contacto de “cierre antes de apertura”
así como un cortocircuito automático para 
asegurar que el transformador de corriente 
no esté en circuito abierto durante la 
conmutación entre fases. El selector del 
transformador de tensión debe tener un 
contacto de “apertura antes de cierre”
para evitar cortocircuitos en el secundario 
del transformador de tensión.

Si un sélecteur est utilisé sur un 
transformateur de courant avec un 
ampèremètre pour lire le courant sur les 
trois phases, l’interrupteur doit posséder 
un contact de « fermeture-avant-
ouverture » et une mise en court-circuit 
automatique pour assurer que le 
transformateur de courant n’est pas en 
circuit ouvert pendant la commutation 
entre les phases. Un sélecteur de 
transformateur de tension doit posséder un 
contact d’« ouverture-avant-fermeture »
afin d’éviter de court-circuiter le 
secondaire du transformateur.

APPLICATION SUPPORT SOPORTE DE APLICACIÓN SUPPORT D’APPLICATION
Specifications, performance data, 
and special application 
documentation are available at 
www.us.SquareD.com. Or, call 
1-888-778-2733 for other instrument
transformer application assistance.

Las especificaciones, los datos de 
funcionamiento y la documentación sobre 
aplicaciones especiales se encuentran 
disponibles del sitio web 
www.us.SquareD.com. Si desea obtener 
asistencia sobre otras aplicaciones de 
transformadores de instrumentos llame al 
1-888-778-2733 en los EUA.

De la documentation sur les 
caractéristiques, les données de 
performance et les applications spéciales 
est disponible à www.us.SquareD.com. Ou 
appeler le 1-888-778-2733 (É.-U.) pour 
toute autre assistance sur les applications 
de transformateurs de mesure.
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TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

The “In-Service” Series Test Plug with a maximum of
10 positions is designed to match the pole configura-
tions of specific styles of FT Flexitest devices (either
FT-1 Switches or FT case relays). Not every switch
or relay pole configuration is suitable to accept an In-
Service Series Test Plug, but many FT-1 Switch
styles do have one already available, See Table 3,
page 9, “IN-SERVICE TEST PLUG”.

This Test Plug is typically used to connect devices
measuring the currents and voltages being applied to
the switchboard relays, meters and instruments with-
out interrupting or short-circuiting the circuit. Only the
current test switches with the current jack must be
opened before inserting the Series Test Plug.

Individual Current Circuit Test Plug 

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

The Individual Current Circuit Test Plug is an amme-
ter type device used to measure current. It can be
inserted in the current test jack of FT Flexitest
devices after opening the knife blade switch. This
plug consists of two conducting strips separated by
an insulating strip. The ammeter is connected to
these strips by terminal screws and leads carried out

through holes in the back of the insulated handle.
(See Figs. 7 and 8)

 

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

The 10 Position Separate Source Test Plug isolates
the external connections from the relay or equipment
under test. This test plug provides quick circuit test-
ing, by fitting into the stationary contact jaws of any
Flexitest Type FT Case or FT-1 Switch. L-shaped test
blades assure quick, accurate alignment between the
Test Plug and the stationary contact jaws.

WARNING

Figure 6. In-Service Series Test Plug

WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Plug inserted 
into Flexitest Case 

WARNING

Figure 9. Separate Source Test Plug - 10 Position



DB 41-077
Page 7

This Test Plug connects the relay inputs and outputs
to a set of binding posts on the top of the Test Plug,
and completely isolates the relay circuits from the
external connections (ct, pt, trip, etc.) by means of an
insulated barrier along the bottom of the plug. The
external test circuits can then be connected to these
binding posts, which are staggered for easy accessi-
bility. 

Before inserting the Separate Source Test Plug, all
switch- blades must be placed in the full open posi-
tion. In a Flexitest Type FT Case, the plug is inserted
in the bottom switch jaws with the binding posts up
and in the top test switch jaws with the binding posts
down. (See Fig. 10)

Figure 10. Separate source test plug shown
inserted in FT-Case
(Bottom Switch Jaws)



H46C Humidity Controller

INSTALLATION INSTRUCTIONS 

APPLICATION 
The H46C Humidity Controller is used with portable and 
central unit dehumidifiers to maintain relative humidity. 
The H46 has an spst, snap-acting switch designed for 
line voltage circuits and two leadwires for switch box 
mounting. 

INSTALLATION 

When Installing this Product... 
1. Read these instructions carefully. Failure to follow 

them could damage the product or cause a 
hazardous condition. 

2. Check the ratings in the instructions and on the 
product to make sure the product is suitable for 
your application. 

3. Installer must be a trained, experienced service 
technician. 

4. After installation is complete, check out product 
operation as provided in these instructions. 

CAUTION 
Electrical Shock Hazard.
Can cause electrical shock or equipment 
damage.
Disconnect power supply before connecting 
wiring. 

Location 
Select a location about 5 ft (1.5m) above the floor in an 
area with good circulation at average temperature and 
humidity for the area to be controlled. Avoid locations 
near hot or cold air ducts and discharged air from the 
controlled equipment. 

Mounting 
1. Remove the setting knob. 
2. To remove cover, pull cover forward from device. 
3. Install a 2 in. x 3 in. (51 mm x 76 mm) vertical

switch box at the selected location.
4. Using the two screws provided, fasten the adapter 

plate to the switch box, as shown. 

5. Pull the wires from the switch box through the 
opening in the adapter plate and connect to the 
H46 leadwires with the solderless connectors 
provided. See Fig. 2 and 3 for typical hookup. 

6. Push the wires back into the switch box. 
7. Place the H46 against the adapter plate, making 

certain the tab at the bottom of the plate fits into the 
notch on the H46. 

8. Fasten the H46 to the adapter plate by tightening 
the captive screw. 

9. Replace the cover and the setting knob. 

2 X 3 IN. 

H46
(COVER OFF) 

H46 CAPTIVE 
MOUNTING SCREW 

ADAPTER PLATE 
SCREWS (2) 

SWITCH BOX 

NYLON
ELEMENT H46 LEADWIRES (2) 

PLATE TAB 

ADAPTER PLATE 

WALL SURFACE 

M7907

Fig. 1. Mounting H46C on vertical switch box. 

Wiring 
Disconnect power supply before connecting wiring to 
avoid electrical shock or equipment damage. All wiring 
must comply with local codes or equipment damage. All 
wiring must comply with local codes and ordinances. Do 
not exceed contact and coil ratings when wiring into 
system. See Fig. 2. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 

95-5367-4



H46C HUMIDITY CONTROLLER 

H46C
HUMIDITY CONTROLLER
RISE DEHUMIDIFIER

L1 EXHAUST FAN
(HOT)

1

1
OR AIR 

POWER CONDITIONER
SUPPLY

L2

PROVIDE DISCONNECT MEANS AND OVERLOAD 
M7923PROTECTION AS REQUIRED. 

Fig. 2. Typical H46C wiring diagram. 

Connections and Operation 
A dehumidistat in combination with the thermostat can be 
used to run the air conditioner to control relative humidity 
levels. The dehumidistat and thermostat can be wired in 
parallel or in series. 

Wiring in parallel allows the dehumidistat to indepen-
dently control the humidity level, but could cause 
overcooling of the home. During unoccupied times, the 
homeowner should set the thermostat to a relatively high 
setting and control moisture using the dehumidistat. 

Wiring in series prevents overcooling but the air 
conditioner runs only when both the thermostat and 
dehumidistat are calling. During unoccupied times, the 
homeowner should set the thermostat to a relatively low 
setting and control moisture using the dehumidistat. 

SETTING AND ADJUSTMENT 
The H46 makes contact on a relative humidity rise to the 
setpoint to start the dehumidifier. On a decrease in 
relative humidity to the setpoint (minus the differential), 
the switch breaks contact to stop the dehumidifier. Turn 
the knob clockwise to the setting stop to place the H46 in 
the On position. Turn the knob counterclockwise to the 
setting stop to place the H46 in the Off position. 

CHECKOUT 
After completing all mounting and wiring, turn on the 
power supply. Place the system into operation by turning 
the setting knob toward the low end of the scale until the 
dehumidifier motor starts. Turn the setting knob slowly 
toward the high end of the scale until the dehumidifier 
motor stops. 
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Fig. 3. Typical parallel wiring hookup for H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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Fig. 4. Typical series wiring hookup of H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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Two Cylinder Interlock

Keys Removable Extended (EE)

Two Cylinder Interlock

Keys Removable (EW)

Lock Bolt Extended

Keys Released

Lock Bolt Withdrawn

Keys Trapped

Lock Bolt Extended

E Key Released

W Key Trapped

Lock Bolt Withdrawn

E Key Trapped

W Key Released

Lock Bolt Extended

E Keys Released

W Key Trapped

Lock Bolt Withdrawn

E Keys Trapped

W Key Released

Three Cylinder Interlock

Keys Removable (EEW)

Three Cylinder Interlock

Keys Removable (EWW)

Lock Bolt Extended

E Key Released

W Keys Trapped

Lock Bolt Withdrawn

E Key Trapped

W Keys Released

E E EE

E W E W

E WE E WE

E W W E W W

Lock Body Lock Body

Lock Bolt Lock Bolt

Lock

Cylinder

Lock

Cylinder

Type F

Terminology

Type B

Terminology

Lock Bolt Extended

Key Released

Lock Bolt Withdrawn

Key Trapped

Single Cylinder Interlock

Key Removable Extended (E)

All KIRK Key Interlocks (Type F, FN, B, NT, T, U, FR)

The key interlock should be mounted so that the 5/8" lock bolt can be extended to lock the device 
in the proper position.  In the unlocked position, the lock bolt should be blocked from extending, 
thereby trapping the key(s) in the interlock.

Multiple cylinder interlocks can be designed to retain one or more keys while the remaining keys 
are withdrawn.  

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be 
extended or withdrawn allowing release of the previously held keys.  Do not try to force a 
multiple cylinder interlock that does not have the correct keys fully inserted in every cylinder.
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KIRK Door/Access Interlocks (Type D, Type DM, Type DY)

Type D Door Interlock
All Type D interlocks have two parts: a main body with one or more cylinders and a latch block.  Proper alignment of both 
parts is crucial to the operation of a Type D interlock.  When the main body is separated from the latch block, the lock bolt 
is retained in the withdrawn position by concealed latch pins.  Thus the key(s) is always held in the lock whenever the two 
parts are separated.  When the door on which the interlock is mounted is properly closed, the key(s) can be turned to 
extend the lock bolt into the latch block, securing the door.  Only extending the lock bolt, after properly closing the door, 
should allow release of the key(s).  An exception to this rule is a multiple cylinder Type D interlock which allows release of 
a "personnel" key when the door is opened.  The personnel key can be put in the pocket of the maintenance person 
ensuring that the door cannot be closed and locked as long as he holds the personnel key.

Type D Terminology

Lock BodyLatch Block

The key is trapped in type D interlock when the door is open.

Mounting Options for Type D Locks and Latch Blocks

KIRK door interlocks should not be used to align the door, or be the latching means for holding the door in the closed 
position.  Type DM or DY interlocks should be utilized in situations where the door and door-frame are ill-fitting, and a 
degree of latitude is required.
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Type DM Access Door Interlock

All Type DM interlocks have two parts: a main body with one or two cylinders and a latch bolt with chain.  When the 
latch bolt is separated from the main body, the key(s) is trapped in the lock.  When the door on which the interlock is 
mounted is properly closed, the latch bolt can be inserted into the main body and the key can be turned and released.

Weld or bolt the chain to the door or door-frame allowing enough slack to insert and turn the latch bolt in the Type DM 
lock body when the door is properly closed.

DM Terminology and Operating Instructions

Insert Keys

Rotate keys 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the keys are trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate keys 90 degrees

(counterclockwise) and

remove from lock.

Two Cylinder DM

(EE) Instructions

Insert "E" Key

Rotate "E" key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the "E" key is trapped.

To Unlock

Insert the "W" key.

To Lock

Rotate "W" key 90

degrees (clockwise).

Insert latch bolt and rotate

downward to capture

latch bolt in lock body.

The "W" key is trapped.

Rotate the "W" key 90

degrees (counterclockwise)

and remove from the lock.

Rotate "E" key 90 degrees

(counterclockwise) and

remove from the lock.

Two Cylinder DM

(with Personnel Key)

(EW) Instructions

E W

E

E W

E

W

W

E

E

W

W

E

WE

W

Lock Body

Lock Cylinder

Latch Bolt

Access Door

Weld or Bolt

Chain to Door

DM Terminology

Rotate key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

Insert Key

The latch bolt is now free

from the lock body and

the key is now trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate key 90 degrees

(counterclockwise) and

remove from lock.

Single Cylinder

DM Instructions

The "E" keys can be turned and released when the latch bolt is latched and the "W" keys can be turned and released 
when the latch bolt is unlatched.
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Type DY Access Door Interlock

All Type DY interlocks have two parts: a main body and a latch block-bolt eye.  When the main body is separated from 
the latch block-bolt eye, the key is retained and cannot turn in the lock.  Thus, the key is always held in the lock when the 
two parts are separated.  

Once the door or gate is closed and the latch block bolt-eye is engaged with the main body of the lock, the key can be 
turned and released.  

Latch Block-Bolt Eye

Engaged with Lock Body.

Door Locked

Key Removed

Latch Block-Bolt Eye

Disengaged  from Lock Body.

Door Unlocked

Key Trapped

Side View - DY Interlock & Latch Block-Bolt Eye

The latch block-bolt eye can be attached directly to the door jamb or fastened to a chain that is attached to the door 
frame as shown in the drawing below. 

DY Interlock bolted to

angle bracket attached to

fence or fence post.

Latch Block-Bolt Eye

bolted or welded to fence gate

Fence Gate



®KIRK Key Transfer Panels

A transfer panel is a group of primary and secondary locks involved in a transfer step. primary
keys must be inserted in the transfer panel and turned before secondary keys can be released.
Primary keys are generally related to power sources (such as breakers, T/R switches, level
detectors, etc.) and secondary keys are related to access doors.

In the normal operating position, all
secondary keys are “trapped” in the
transfer panel and all primary keys are
“trapped” in upstream equipment. All
upstream equipment must be locked safe
in order to release the keys for insertion in
the primary side of the transfer panel.
The secondary keys are then released
allowing access to equipment (such as
hopper doors, manholes, access doors).
Access doors must make use of key
retaining interlocks, such as the Type D,
DY, or DM so that the secondary keys are
trapped at the access point until the
access openings are properly closed.

Two or more transfer scheme systems
can be provided in one transfer panel
enclosure however most enclosures are
designed to house a single system.

It is important that the installer understand
the entire key interlock system(s) and the
intended purpose.

All
any
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Wiring of Type S Auxiliary Switches

Denoted by a “ ”, “ ”, “ ”, or “ ” in column four of the interlock part number. (EX. KFL 00010S-CM)

Wiring of Type K Auxiliary Switches

Auxiliary switches are an option for most styles of interlocks. Four different styles of slow-make, slow-break S
switches are available as shown by the chart below.

Instructions for wiring Type S switches:
1) Remove the cover.
2) Run wires into the switch housing and terminate on appropriate terminals.
3) Replace the switch cover.
4) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Denoted by a “ ” in column four of the interlock part number.

The Type K auxiliary switch is an option that is available for most styles of interlocks. The Type K is normally a
DPDT, quick-make, quick-break toggle switch. (Note: other styles of toggle switches are available by special
order)

Instructions for wiring the Type K Switch:
1) Remove the cover.
2) Remove the toggle switch (three screws).
3) Run the wires into the switch housing and terminate on the appropriate terminals.
4) Reattach the toggle switch to the housing (three screws).
5) Replace the switch cover.
6) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Note: The Type S and Type K Auxiliary switches cannot be added to existing interlocks in the field.

3 4 5 6 3

1

Contact Arrangement:

(EX. KFL 00010S-CM)1
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Type of Switch

Number of Circuits

Make Contacts

Break Contacts

Conduit Opening

Length of Switch Housing

Contact Arrangement:

Type S

2

1

1

3/4”

3-1/2”

Type SS

4

2

2

1”

5-3/4”

Type SSS

6

3

3

1”

8-1/4”

Type SSSS

8

4

4

1”

9-5/8”

INTERLOCK INSTRUCTION MANUAL

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Extended

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Withdrawn

3
6

1
4

2

5

D
P

T
D

To
g

le
g

S
w

tc
i

h

Lock Bolt

Extended

Contacts Closed:

1-2, 4-5

Lock Bolt

Withdrawn

Contacts Closed:

The Set of Contacts Nearest the

2-3, 5-6

Lock Bolt are Closed when the

Lock Bolt is Extended and Open

when the Lock Bolt is Withdrawn



Wiring of Type TPS (and TPSS) Interlock Switches

Dust Covers (Available Option)

The type TPS interlock is a key actuated switch designed for back-panel mounting. The TPS has two
normally open and two normally closed contacts and the TPSS has four normally open and four normally
closed contacts. The contact blocks are clearly marked with the status of the contacts. After wiring, the
installer must test the wiring to verify that the circuitry corresponds to the key position (trapped vs. free).

Two Styles of dust covers are available to protect the lock cylinder and key against moisture, dirt, and
sleet.

The Push On dust cover slips tightly over the lock cylinder when the key is in the held position or
removed. The Push On dust cover is supplied with a chain and mounting ring, which is secured under the
interlock mounting bolt head.

The Flip Open dust cover is designed to provide protection to the lock cylinder and key regardless of the
position of the key. The Flip Open dust cover is hinged and held closed with spring tension. A single set-
screw attaches the Flip Open dust cover to the lock cylinder.
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FRONT VIEW SIDE VIEW

Flip OpenPush On 2-1/8" 9/16"

1-1/2"

5/16"

1-15/32"

3/8" R

1-23/64"
Dia.

11/16"

1-1/4"

2-1/8”

Typical F Interlock



Key Control

IMPORTANT - To ensure correct operation of the KIRK interlock system it is necessary to remove all

Duplicate Keys

loosely or removable held keys before operating the equipment on which the interlocks are mounted.
There should only be enough keys to operate the interlock system sequentially.

The keys removed from the KIRK interlocks should be returned to Kirk Key Interlock Company,
Massillon, Ohio, or retained by authorized personnel for use as spare keys.

The spare keys must not be normally available to operating personnel, since the use of these keys, where
not specifically required, will result in incorrect operation of the equipment on which the interlocks are
mounted. Any spare keys should be given to operating personnel only, if and when the
corresponding operating key has been destroyed.

ADDITIONAL KEYS will be provided ONLY with proper authorization from the ultimate user to which the

®

specific key combination has been assigned.

®

Each interlock is supplied with a key in its lock. These keys are needed during installation of the
interlocks on equipment. This then provides more keys than are actually necessary for operation of
the interlock system.

When the interlocks have been installed, all extra keys should be removed from the system and
destroyed or retained by authorized personnel. If additional keys are required because of loss or
damage, they can be supplied only on the purchaser’s authorized order. To order additional or
replacement keys, please:
1) Copy the duplicate key release form on pages11 and 12 of this manual, or print from http://www.kirkkey.com.
2) Complete the form and sign your name.
3) Fax the form to Kirk Key Interlock Company for immediate delivery, at 330-833-1528.
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Instructions for AMPGARD 400A
medium voltage starter

� DANGER
READ AND UNDERSTAND THIS MANUAL IN ITS  
ENTIRETY BEFORE INSTALLING OR OPERATING THE 
CONTROLLER. INSTALLATION, ADJUSTMENT, REPAIR, 
AND MAINTENANCE OF THESE CONTROLLERS  
MUST BE PERFORMED BY QUALIFIED PERSONNEL.  
A QUALIFIED PERSON IS ONE WHO IS FAMILIAR  
WITH THE CONSTRUCTION AND OPERATION OF  
THIS EQUIPMENT AND THE HAZARDS INVOLVED.

Introduction
This instruction book is intended to cover  
the handling, installation, operation, and mainte-
nance of AMPGARD� 400A, 7.2 kV starters and 
associated equipment. The function of these  
controllers is to start, stop, and protect medium 
voltage motors, transformers, capacitors, and  
other loads. Controllers may be of full voltage, 
reduced voltage reactor, reduced voltage  
autotransformer, reduced voltage solid-state, or 
two-speed type. They may control induction or  
synchronous machines, and they may be  
non-reversing or reversing.

While this instructional leaflet is dedicated primarily 
to full-voltage starting, the other applications listed 
are an expansion of the principles identified in this 
leaflet. This leaflet does not purport to cover all 
possible contingencies, variations, and details that  
may arise during operation or maintenance of this 
equipment. If further information is desired  
regarding this product, contact your local Eaton 
sales office. 

Identification
A rating nameplate is located on the door of each 
controller. Contained on this nameplate are the  
controller type and ratings as required by industry 
standards. Also contained on this nameplate is the 
factory’s general order number. This number should 
be given to the Eaton sales office if a question 
should arise concerning the equipment or if renew-
al parts are required. Refer to Figure 1 for typical 
location of rating nameplates.
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Figure 1. Starter with Rating Nameplate

� DANGER
EXCEEDING THE NAMEPLATE RATINGS OF AN AMPGARD CONTROLLER 
MAY CAUSE EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Do not apply an AMPGARD controller beyond its nameplate ratings.

Table 1. Contractor Ratings

Rated Utilization Voltage 2200–2500V 3000–3600V 3800–4800V 6000–6900V

Interrupting rating
   NEMA� unfused (E1)
   NEMA fused (E2)

8.5 kA
50 kA
200 MVA at 2400V

8.5 kA
50 kA
295 MVA at 3300V

8.5 kA
50 kA
400 MVA at 4600V

8.5 kA
50 kA
570 MVA at 6600V

Application table
   Induction motor
   Synchronous motor (0.8 PF)
   Synchronous motor (1.0 PF)
Transformer
Capacitor three-phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum insulation voltage: 7200V

Maximum interrupting current 
   (3 operations)
Rated current
IEC make-break capability-AC1
   Make
   Break
Short-time current
   30 seconds
   1 second
   8.6 milliseconds (0.5 cycle) �
Standard service altitude
Optional service altitude

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time
   (energization to contact touch)
Operating time

8500A
400A enclosed

4000A
3200A

2400A
6000A
63 kA peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
90 milliseconds

30 to 330 milliseconds
(selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages
   AC
   DC
Control circuit burden
   Closing (AC/DC)
   Holding (AC/DC)
Auxiliary contact rating
Voltage (maximum)
Continuous current
   Making capacity (AC)
   Making capacity (DC)
   Breaking capacity (AC)
   Breaking capacity (DC)
Latch (when specified)
   Mechanical life
      Trip voltages (DC)
      Trip voltages (DC)
   Minimum trip voltage
   Trip burden
      (24 Vdc)
      (125 Vdc)
      (110/125 Vac)
   Trip Time
Weight

12 milliseconds (3/4 cycle) or less
90% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

—
30 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/120V
110/120V
90% rated coil voltage

—
—
—
30 milliseconds
60 lbs (27 kg) (rollout)

� Time-rated cycles on 60 Hz base.

Low 
Voltage 
Door

Rating 
Nameplate

Medium 
Voltage 
Door
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Description
Controller

The AMPGARD 400A, 7.2 kV controller consists of a non-loadbreak 
isolation switch, medium voltage current-limiting fuses, one or 
more Type SL vacuum-break contactors, a set of current transform-
ers, plus control and protection devices. The isolating switch has a 
limited make and break rating, suitable only for closing and opening 
limited transformer magnetizing currents. The controller is designed 
to start, stop, and protect a three-phase medium voltage motor 
within the ratings shown in Table 1. The controller may also be used 
to switch transformer windings or capacitor loads as shown. For 
applications other than those indicated, consult the factory. Each 
AMPGARD controller occupies all or a portion of a steel structure 
that may also enclose a horizontal bus system to distribute power to 
two or more sections and a vertical bus system to connect individual 
starters to the horizontal bus. The controllers are configured for full-
voltage or reduced-voltage starting, reversing or non-reversing, in 
single-speed or two-speed applications.

Starters are available with bolt-in or clip-in main fuses. Contactors 
may have bolted connections or stab-in connections to the  
starter cell.

The flow of current through a starter with bolted fuses and a  
stab-in contactor can be described as follows: The line finger  
assembly mounted at the back of the enclosure serves to connect 
the isolation switch moving stabs to the controller line terminals 
when the switch is closed. Power flows from the switch moving 
stabs through a flexible shunt to the upper fuse mountings. The 
fuses are connected to the lower fuse mountings that contain the 
line-side stab connections to the line finger assemblies for the main 
contactor. With the main contactor energized, power flows through 
the contactor’s vacuum interrupters to the contactor load fingers, 
which are engaged on to the contactor load-side stabs. Medium  
voltage cables connect the load-side stabs to the motor load  
connections. The contactor is held in place by a set of rails  
mounted in the lower part of the cell. Current transformers are  
typically mounted immediately behind the main contactor, under the 
load-side stabs. The motor load connections are mounted to the left 
of the main fuses in the rear of the compartment, facing forward. 

Figure 2. Medium Voltage Compartment

Low voltage components

The low voltage components consisting of a protective relay,  
interposing relay, test power circuit, terminal blocks, and optional 
equipment are mounted in the low voltage control compartment 
located on the front of the controller medium voltage door. The low 
voltage compartment is fabricated from steel sheets to provide iso-
lation from the medium voltage components mounted behind the 
low voltage compartment. A window is provided in the low voltage 
compartment to allow the user to view the position of the isolation 
switch before entering the medium voltage compartment. See the  
“Isolation Switch” section for further details.

Figure 3. Low Voltage Compartment

Isolation switch

The controller isolation switch is a non-loadbreak device.  
Mechanical and electrical interlocks are provided to ensure that  
the main contactor is de-energized before the switch can be  
operated. In the open position, the switch isolates medium voltage 
from the main controller compartment, allowing access to the  
controller for inspection and maintenance. For standard applications, 
the isolation switch includes ground fingers that ground the line side  
of the power fuses when the switch is in the open position. The  
isolation switch has a mechanical endurance rating of 10,000  
operations. Isolation switches in starters with double-barrel fuses 
are supplied with additional phase barriers that must be installed to 
maintain the proper dielectric rating of the starter.

� DANGER
AMPGARD CONTROLLERS ARE SOMETIMES ENERGIZED BY A BACK-FED 
CONDITION THAT ALLOWS THE MEDIUM VOLTAGE COMPARTMENT TO BE 
ENERGIZED WITH THE ISOLATION SWITCH IN THE OPEN POSITION. STUDY 
THE PLANT SINGLE LINE DIAGRAMS TO MAKE CERTAIN THAT NO BACK-
FEED SITUATION EXISTS BEFORE ENTERING THE MEDIUM VOLTAGE  
COMPARTMENT. 

All power sources must be isolated and locked out before  
servicing the equipment.

For applications where the controller is back fed, the grounding  
fingers should be removed from the isolation switch.

The switch consists of a fixed rear portion and a removable front 
portion. Refer to Figures 5 and 6. The fixed portion includes the 
controller line fingers and a moveable shutter that isolates the line 
fingers when the switch is in the open position. The removable  
portion is operated by a handle mechanism that extends through the 
controller medium voltage door. With the handle in the up position, 
the switch is closed and medium voltage is available for connection 
to the controller load. With the handle in the down position, the 
switch is open and medium voltage is isolated from the controller 
and the controller load.

An isolation switch viewing window is provided in the upper rear 
corner of the low voltage control compartment. After opening the 
isolation switch and before opening the medium voltage door, the 
switch should be visually examined through the viewing window to 
verify that it is in the open position. Three green and white “barber 
poles” will be visible when the switch is in the open position and 
the shutter assembly is in the isolating position. See Figure 4 for 
location of barber poles. The use of a flashlight will help in verifying 
the position of the barber poles. 

Isolation Switch 
Position View 
Window
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Figure 4. Shutter Closed 

� DANGER
DO NOT ENTER THE MEDIUM VOLTAGE STARTER COMPARTMENT WITH-
OUT VISUALLY VERIFYING THAT THE ISOLATION SWITCH IS OPEN AND
THE ISOLATING SHUTTER IS IN PLACE. ENTERING A COMPARTMENT 
WITHOUT THE ISOLATING SHUTTER IN PLACE MAY RESULT IN SEVERE 
INJURY OR DEATH.

Figure 5. Fixed Portion—ISO Switch

Figure 6. Removable Portion—ISO Switch

Power fuses

AMPGARD controllers are supplied with Eaton Type CLS, CLE, 
or HLE current-limiting power fuses. Fuses may be either bolt-in 
type or clip-in type. All fuses include an indicator that pops up when 
the fuse has blown. An optional blown fuse trip bar may be supplied 
with bolt-in fuses. The mechanism is mounted on the controller 
isolation switch and may be wired to trip the controller off-line in 
the event of a blown fuse.

Vacuum contactor

400A AMPGARD medium voltage controllers are supplied with 400A 
vacuum contactors. The contactors are supplied with one of two 
interrupting ratings: The standard contactor has an interrupting rating 
of 4500A, while the high-interrupting contactor has an interrupting 
rating of 8500A. The standard contactors are typically supplied on 
controllers with single-barrel main fuses (<188 FLA). They are also 
supplied when auxiliary contactors are required, such as start and 
run contactors on autotransformer starters and run contactors on 
reactor starters. High-interrupting contactors are supplied on 
controllers with double-barrel fuses. A code plate is provided in 
cells originally equipped with high-interrupting contactors to prevent 
the inadvertent installation of standard interrupting contactors into 
those cells.

Figure 7. SL Vacuum Contactor

Contactors are typically three-pole devices except in the case of the 
start contactor on autotransformer starters, which are normally two-
pole devices.

Refer to Instruction Book IB48018N for further details on the 
operation and maintenance of the vacuum contactors.

Controllers supplied as transformer feeders, or for other specialized 
applications, are sometimes supplied with contactors that include 
a mechanical latch device. Refer to Instruction Book IB48020
for further details on the operation and maintenance of the 
latch mechanism.

Safety interlocks

AMPGARD controllers are manufactured with several built-in inter-
lock provisions and safety features to reduce hazards and provide 
proper operating sequences:

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. Ensure that the medium 
voltage door is fully closed and latched using the two latches on 
the right side of the door to prevent damage to the interlock 
bracket on the back of the door

An additional interlock prevents closing of the switch unless the 
medium voltage door is closed (see MV door interlock plunger in 
Figure 8). On controllers that require two structures (reduced 
voltage starters, for example), the door to the second structure 
will also be interlocked with the switch-operating mechanism. The 
second door must be closed before the main door is closed. Both 
doors must be closed before the switch operator can be moved 
to the closed position

ote:N Attempting to close the switch with the door open can cause damage 
to the operating mechanism. 

Barber Poles 
Indicating 
Shutter 
Closed
Phase 
Barriers (4) 
for Double-
Barrel Fuses



5

Instructional Leaflet IB48041
Effective December 2009

Instructions for AMPGARD 400A
medium voltage starter
 

EATON CORPORATION www.eaton.com

Figure 8. Handle Mechanism with Contactor and Door Interlocks

Mechanical and electrical interlocks are provided to ensure that the 
non-loadbreak isolation switch cannot be opened or closed unless 
the main contactor is de-energized. (See contactor interlock rod in 
Figure 8.) Do not attempt to force the switch-operating mechanism 
with the main contactor closed. The handle mechanism is designed 
to fail before the isolation switch can be opened with the main  
contactor closed. 

� CAUTION
APPLYING EXCESSIVE FORCE TO THE SWITCH HANDLE WITH THE 
MECHANICAL INTERLOCKS ENGAGED WILL RESULT IN DAMAGE TO  
THE SWITCH.

An electrical interlock is provided to disconnect the control power 
transformer secondary before the isolating switch stabs are  
disconnected from the controller line fingers. This interlock ensures 
that the switch is breaking transformer magnetizing current only.  
Do not connect additional loads to the controller isolating switch. 

� DANGER
IF LOADS GREATER THAN THE INTERRUPTING RATING OF THE SWITCH 
ARE CONNECTED TO THE SWITCH, EQUIPMENT DAMAGE, PERSONAL 
INJURY, OR DEATH MAY OCCUR.

An optional key interlock may be provided to lock the switch in the 
open position for special configurations. Refer to the specific order 
drawings to determine if key interlocks have been provided.

On reversing, two-speed, or autotransformer type starters,  
mechanical interlocks are provided to prevent two or more  
contactors from closing at the same time.

Low voltage control

The low voltage control compartment is located in a steel pocket in 
the medium voltage door. A low voltage door with up to four device 
panels provides access to the low voltage compartment with the 
medium voltage door closed. The low voltage compartment swings 
out of the way with the medium voltage door as it is opened,  
allowing access to the isolation switch, fuses, main contactor,  
and other starter components that are mounted behind the low  
voltage compartment.

A row of control terminal blocks is provided on the left side of the 
controller. They can be accessed by opening the low voltage door. 
The blocks are fixed mounted and remain in place when the medium 
voltage door is opened. Refer to Figures 9 and 10 for details.

Figure 9. Low Voltage Terminal Blocks, Medium Voltage  
Door Open

Figure 10. Low Voltage Terminal Blocks, Low Voltage  
Door Open

A test plug and receptacle are typically supplied inside the low 
voltage section. The receptacle is wired to the secondary of the 
controller control power transformer. Test power can be used to 
energize the control circuit by removing the plug from the receptacle 
and using a standard extension cord to energize the plug. Refer to 
Figure 11 for specific location.

Figure 11. Low Voltage Compartment with Test Plug

� DANGER
DO NOT CONNECT TEST POWER TO THE STARTER CONTROL CIRCUIT 
WITHOUT REMOVING THE PLUG FROM THE RECEPTACLE. FAILURE TO DO 
SO WILL RESULT IN A BACK-FEED CONDITION ON THE CONTROL POWER 
TRANSFORMER, WHICH WILL GENERATE HIGH VOLTAGE INSIDE THE  
CONTROLLER WITH THE ISOLATION DEVICE OPEN. HIGH VOLTAGE CAN 
CAUSE SEVERE INJURY OR DEATH.
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MV Door 
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Current transformers

A three-phase current transformer (CT) is provided as standard on all 
starters. The standard mounting location for the CT is under the con-
tactor load connection assembly. The three CTs in the assembly are 
provided with the proper ratio and output burden to work properly 
with the overload relay supplied in the control compartment.

Figure 12. Standard CT Mounting

Main bus

AMPGARD lineups are typically supplied with copper main bus. The 
bus is located in a 12-inch-high bus compartment mounted at the 
top of the lineup. Bus may be rated 1000, 1200, 2000, or 3000A. 
The standard bus is uninsulated and tin plated. Optional insulation 
and silver plating are available. Bus specifications can be found on 
the job-specific order drawings.

Figure 13. Main Bus Compartment, Top View

The main bus compartment in a starter section includes vertical  
bus drops to connect the starter(s) to the main bus. Also included 
are wireways for routing of motor load and control cables to the  
starters below.

Installation
Handling

An AMPGARD controller is insulated for high voltages and must be 
protected against damage during handling. The controller should 
remain in an upright position at all times.

Exercise extreme care during any movement and placement  
operations to prevent dropping or unintentional rolling or tipping. 
AMPGARD medium voltage equipment may be moved by forklift,  
rollers, or overhead crane.

A forklift is usually the most convenient method of handling the  
controller. Use safety straps around the protective packaging  
material when handling the controller with a forklift. Insert the forks 
under the shipping skid. Do not allow the end of the forks to enter 
the bottom of the enclosure.

Rod or pipe rollers provide a simple method for moving the  
controller on a level floor. The bottom of the AMPGARD structure is 
designed to be rolled without damage on minimum 2-inch diameter 
rollers, four rollers per 36-inch section.

AMPGARD controllers are shipped with two steel lifting angles,  
one in front and one in back, running the full width of the shipping 
section. Back-to-back units also have one in the back and one in the 
front, running the full width of the shipping section. Select or adjust 
the rigging lengths to compensate for any unequal distribution  
of the load, and maintain the controller in an upright position.  
Some controller interiors may contain heavy equipment, such as 
transformers, that can make the center of gravity vary considerably 
from the center of the lineup. Do not allow the angle between 
the lifting cables and vertical to exceed 45 degrees. Do not pass 
ropes or cables through the lift holes. Use slings with safety hooks 
or shackles of adequate load rating.

Each controller is properly adjusted at the factory before  
shipment. However, vibration and mechanical stresses imposed 
by transit and installation can adversely affect mechanical  
interlocks and other adjustments; therefore, a final inspection  
is essential before energizing. If this inspection reveals any  
portion of the controller has come out of adjustment, the  
controller should be readjusted according to information in  
this instruction book or by a qualified Eaton service engineer.

Storage

If it is necessary to store an AMPGARD controller before installation, 
keep it in a clean, dry location with ample air circulation and heat  
to prevent condensation. Like all electrical apparatus, an AMPGARD 
controller contains insulation that must be protected against dirt  
and moisture.

Mounting

AMPGARD controllers should be installed on a non-combustible 
level surface of sufficient strength to properly support the control-
ler’s mass. After the lineup has been placed in position, anchor bolts  
may be installed and tightened. Refer to the job-specific order  
drawings for the bolt locations. The use of half-inch diameter bolts  
is recommended.

Equipment located in certain seismic zones must be anchored to 
meet the requirements of those zones. Refer to Eaton I.B. 48042  
for instructions on mounting in these special locations. It is the 
user’s responsibility to ensure the mounting pad is sufficiently strong 
to properly anchor and support the equipment.

When an order includes two or more shipping sections, the order 
outline drawing will show the sequence in which the sections are 
to be lined up and which shipping splits are to be joined. A bus bar 
splice kit and a connecting hardware kit are supplied for each open 
joint between sections. 

Place the first shipping split into position. Move the second  
shipping split into position alongside the first, and use the six or  
eight 3/8 x 1.50-inch bolts and companion hardware to connect the 
two sideplates. Place one flat washer under the bolt head and one 
flat washer and one lock washer under the nut. Tighten each bolt to 
25 lb-ft (33 Nm).

Bus splicing

Connect the bus bars using the splice kit, including hardware  
(3/8-inch diameter) that is provided with the equipment. Tighten 
bolts to 25 lb-ft (33 Nm).

Power connections

Incoming power connects to the lineup in a variety of ways. Cables, 
bus from other close-coupled equipment, busduct, and transformer 
shunts are some of the more common methods. Note that these 
connections may be energized even when the starter isolation 
switch or other switching devices are in the open position. 
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� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.

Review the order drawings supplied with the equipment for informa-
tion on the incoming connections for your specific equipment.

Ensure that all connections are tight and of the proper ampacity 
to carry the rated load. Cables should be properly supported and 
braced, with special attention to ensure that the insulation is  
protected from damage.

Load cable termination

Load cable terminations are typically located in the left rear of the 
controller compartment. Refer to Figure 14 for location details. 
In reduced-voltage starters, the terminations are located in the 
reduced-voltage compartment. Load cables may exit either the top 
or bottom of the structure. Ensure that the factory-supplied phase 
barriers are installed before energizing the starters. Failure to install 
the barriers can result in a flashover at the load connections.

Figure 14. Customer Load Connections, Shown with Optionally 
Supplied Lugs

In two-high controller arrangements, the cables from one controller 
must pass through the controller located either above or below. An 
isolated steel cableway is provided for these cables. Special barriers 
are provided to enhance this isolation. The order drawings will state 
if the factory construction was set up for top or for bottom entry of 
cables. If the actual entry of cables is different than the factory set-
ting, the special barriers can be removed and reinstalled in the other 
controller compartment to facilitate entry from the other direction.

Figure 15. Medium Voltage Cable Isolation Barriers

Top-exiting cables pass through the left rear area of the main bus 
compartment. For two-high construction, the cable area includes 
a barrier to isolate the cables from the two starters. The front area 
should be used for access to the top controller, the rear area should 
be used for access to the lower controller.

Figure 16. Medium Voltage Cable Conduit Area (View from Top 
Rear of Bus Compartment)

Control connections

Control wires may enter the enclosure from either the top or the 
bottom. For lineups with main bus, a low voltage wireway is located 
in the left front of the bus compartment to facilitate top entry of  
control wiring. For controllers where bottom entry is used, wires 
enter the lower left front of the enclosure. Refer to the order- 
specific drawings for specific locations for control wireways. 

Steel channels are provided for the isolation of control wires in two-
high construction. For top entry of control wires, the lower starter 
wiring should pass behind the channel in the upper compartment. 
For bottom entry of control wires, the top starter wiring should pass 
behind the channel in the lower compartment. The order drawings 
will state if the factory construction was set up for top or for bottom 
entry of control wires. If the actual entry of wires is different  
than the factory setting, the special barriers can be removed and 
reinstalled in the other controller compartment to facilitate entry 
from the other direction. Figure 17 below illustrates the barriers 
for top entry of low voltage wires. 

Figure 17. Low Voltage Terminal Blocks and Vertical Wireway

A fixed row of terminal blocks for control connections is located in 
the left front of the controller compartment. The starter isolation 
switch should be in the disconnected position and the medium  
voltage door open for wiring access to these terminal blocks.

When top entry of low voltage wiring is used, make sure that the 
wiring for the top starter is routed to the left and secured using wire 
ties as soon as possible to prevent interference with the low voltage 
control compartment when the medium voltage door is closed.

Some wiring may need to be connected to devices on the low  
voltage door or in the low voltage compartment. Wiring to these 
devices should come through one of the wire cutouts in the  
bottom left of the low voltage compartment. Make sure that there  
is sufficient slack in the wiring to allow the medium voltage door to 
open properly.

A horizontal low voltage wireway is located at the bottom front of 
each lineup. The equipment ground bus is also located in the wire-
way. This area may be used to route control wires that must pass 
from one structure to another.  

Move Barriers to Starter 
Above or Below if Cable 
Entrance is Different from 
Factory Configuration

Low Voltage 
Wireway  
Barriers (move 
to lower starter 
if bottom entry)

Low Voltage Wire 
Space from Bus  
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Figure 18. Horizontal Wireway and Ground Bus 

Setting of adjustable protective devices

AMPGARD controllers may contain protective devices, such as 
solid-state motor protection relays, overcurrent relays, incomplete 
sequence timers, and other devices, critical to the proper operation 
of the starter. Due to the wide variation in job site parameters, these 
devices are not set at the factory. It is the purchaser’s responsibility 
to ensure that all adjustable devices are properly set before energiz-
ing the equipment. Warranty is void if adjustable devices are not 
properly set prior to initially starting the equipment.

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections  
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment
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Effective 11/99

I.B.48021Cutler-Hammer

Instructions for 36" Wide Vacuum-Break Starters Rated 200 and
400 Amperes, 7200 Volts, Roll-Out Type with SL Contactor

HAZARDOUS VOLTAGE.

READ AND UNDERSTAND THIS MANUAL IN ITS EN-
TIRETY BEFORE INSTALLING OR OPERATING CON-
TROLLER. INSTALLATION, ADJUSTMENT, REPAIR AND
MAINTENANCE OF THESE CONTROLLERS MUST BE
PERFORMED BY QUALIFIED PERSONNEL. A QUALI-
FIED PERSON IS ONE WHO IS FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIP-
MENT AND THE HAZARDS INVOLVED.

THE CONTROLLER
Each Ampgard® motor starter (controller) consists of one
nonload-break isolating switch, one or more Type SLA,
vacuum-break contactors, current-limiting fuses, a set of
current transformers, and some form of overload protection.
The isolating switch has a limited make and break rating,
suitable only for closing and opening limited magnetizing
current loads.  The controller is designed to start, stop and
protect a three-phase medium-voltage motor within the
ratings shown in Table I.  The controller may also be used to
switch transformer windings or other medium voltage loads.
Each Ampgard® controller occupies all or a portion of a steel
structure that may also enclose a horizontal bus system to
distribute power to two or more sections and a vertical bus
system in each section connected to the horizontal main bus
system. The controllers are configured for full-voltage or
reduced-voltage starting, reversing or nonreversing, single-
speed or two-speed applications.

Fig. 1 Ampgard® Motor Controller, 36" Wide

DANGER

System Voltage 2400V 3300V 4160V 6600V
 SLA –200 amp

Induction Motor 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor  (0.8 PF) 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor (1.0 PF) 1000 HP 1250 HP 1750 HP 2750 HP
Transformer 7500 KVA 1000 KVA 1250 KVA 2000 KVA

 SLA – 400 amp
Induction Motor 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor  (0.8 PF) 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor (1.0 PF) 2000 HP 2500 HP 3500 HP 5500 HP
Transformer 1500 KVA 2000 KVA 2500 KVA 4000 KVA

Max. Interrupting 4500 Amps (SL-200)
  Current (3 OPS.) 8500 Amps (SL-400)
Rated Current 200 A Enclosed (SL-200)

400 A Enclosed (SL-400)
Max. Rated Voltage 7.2kV
Making/Breaking Capacity4000 amps
Short Time Current

30 Sec. 2400 A
1 Sec. 6000 A
8.7 MS (0.5 Cycle) 63kA Peak

(I2t=5.89mega-joules)

Arcing Time 12 mS (0.75 Cycle) or Less
Pickup Voltage 80% Rated Coil Voltage
Dropout Voltage 60% Rated Coil Voltage
Control Voltages Selectable:

AC 110-120, 220-240  50/60Hz
DC 125

Control Circuit Burden
Closing (AC)/(DC) 600VA (200 Milliseconds)
 Holding (AC)/(DC) 30 VA

Auxiliary Contact Rating
Voltage (Max) 600 V
Continuous Current 10 A
Making Capacity (AC) 7200 VA

(DC) 125 VA
Breaking Capacity (AC) 720 VA

(DC) 125 VA
Min. Voltage/Current 5V/100mA
Latch (when Specified)
Mechanical Life 250,000 operations
Trip Voltage (DC) 24 Volts

(DC) 125 Volts
(AC) 110/120 volts

Min.  Trip Voltage 80% Rated Coil Voltage
Trip Burden

(24 VDC) 100 VA
(125 VDC) 200 VA
(110 VAC & 120 VAC) 150 VA

Trip time 30 M sec (2 cycles)

Mechanical Life 2,500,000 Operations
Electrical Life 300,000 Operations
BIL 60 kV (1.2 x 50 Microseconds)
Dielectric Strength (60 Hz) 20 kV (1 Minute)
Closing Time 80 Milliseconds

(Energization To
Contact Touch)

Opening Times 30 to 250 Milliseconds
Dip Switch Selectable
Refer to Table IV

TABLE I: APPLICATION DATA
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THE CONTROLLER (Cont.)
While this instruction booklet is dedicated to full-voltage
starting, the other applications listed are an expansion of
the same principles shown.

MEDIUM-VOLTAGE COMPONENTS
The flow of current through a vacuum-break controller
(starter) can be traced by referring to the lower portion of
Figure 4, where the controller is shown in the energized
position.  The line stab assembly mounted at the back of
the enclosure also serves as the controller line terminals
(1).  The stabs themselves are engaged by the fuse jaws
(2) of the isolating switch which is mounted on rails at the
top of the cell compartment.  The line ferrules (3) of the
current-limiting motor-starting power circuit fuses (4) clip
into the fuse jaws, and the load ferrules (5) fit into the fuse
holders (6) which are part of the contactor line terminals.
Current flow through the contactor is from the load ferrules
of the power circuit fuses, through the contactor line bus
(7), and the vacuum interrupters (bottles) of the contactor
(8), to the contactor load terminals (9).  The contactor is
mounted on rails in the lower part of the cell, immediately
adjacent to the current transformers, which are bolted to a
panel on the side of the enclosure.  Spring loaded contact
jaws mounted on the contactor load terminals plug into the
lower stab assembly (10), providing a convenient connec-
tion through the current transformers to the motor (load)
terminals mounted on the left-hand side wall of the enclo-
sure.  Instrument quality potential transformers (when
furnished) are mounted to the right side sheet of contactor.

Fig. 2  SLA Contactor & Isolating Switch Interlock

LOW-VOLTAGE CONTROL COMPONENTS
The low-voltage components consisting of an interposing
relay,  protective relays, and optional equipment are
generally mounted on a slide-out panel.  The single-phase
control power transformer is bolted to the contactor frame.
The capacity of this transformer ranges from 600 VA to 2
kVA, depending upon voltage, frequency and extra
capacity requirements.  The primary of the control power
transformer is connected to the line through the power
circuit fuse assembly, and is protected by two additional
low rating current-limiting fuses  mounted on the contactor.
See Figure 6.  The secondary of the control power trans-
former supplies power to the 120 (or 240) volt grounded
control circuit through a secondary fuse mounted next to
the test-run plug.

The slide-out panel and attached door constitute the low-
voltage compartment for most Ampgard motor controllers.
This panel and door combination may be removed from
the base enclosure by first removing four machine screws
from the top and bottom rail bayonets on the back side of
the panel and lifting the panel until the bayonets clear their
slots.  These screws must be replaced when the panel is
reinstalled to maintain stability.  Pull-apart terminal blocks
permit mechanical and electrical separation from the
contactor.  See Figure 3.

To energize the primary of the control power transformer,
the contactor must be inserted into the enclosure, the
power circuit fuses must be installed, and the isolating
switch must be closed.
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Fig. 3  Low-Voltage Compartment

For convenience during maintenance, when it may be
desirable to energize the contactor or the control circuit, a
test-run plug is provided.  WITH THE ISOLATING SWITCH
OPEN, disconnect the plug from the socket and plug it
into a 120 volt single phase polarized extension cord (or
240 volt when specified).  See Figure 6.
Disconnect this temporary circuit and restore the plug to
its socket on the contactor before returning the unit to
service.
DOOR INTERFERENCE
The SLA contactor is equipped with a projection bar
attached to the upper front edge of the right-hand
sidesheet.  Its function is to ensure that the contactor is
properly racked into position by providing an obstacle to
door closure if the load jaws are not fully engaged with the
load stabs.

DO NOT OPERATE CONTACTOR IF THE DOOR INTER-
FERENCE PREVENTS DOOR CLOSING.
LOW-VOLTAGE CUTOFF SWITCH
Two auxiliary switches are installed behind the operating
handle housing of the isolating switch and are used to
disconnect the load of a control power transformer, space

heaters, or other auxiliary circuits.  Each of these auxiliary
switches has an inductive load rating of 20 amperes at not
greater than 250 VAC.  These auxiliary contacts operate
within the first five degrees of movement of the isolating
switch handle.  At least one of the normally-open contacts
of these switches disconnects the control power trans-
former from its load.
ISOLATING SWITCH
Each Ampgard® isolating switch is a medium-voltage,
three-pole, manually operated device.  It consists of an
operating mechanism and a sliding tray mounted between
two steel end plates.  The sliding tray is molded insulating
material and carries three sets of fuse jaw finger assem-
blies.  One end of the fuse jaw finger   assembly grips the
upper ferrule of the power fuse while the other end en-
gages the line stab.  In the switch open position, the three
fuse jaw fingers are grounded.  Arc resistant and flame
retarding insulating barriers are mounted between phases
and also between the two outside poles and the isolating
switch end plates.
This isolating switch is a nonload-break device.  It must
never close or interrupt a power load.  However, it does
have a limited capacity for interrupting the single-phase
control power and potential transformers exciting current.
In terms of transformer ratings, the maximum load is the
equivalent of an unloaded (exciting current only) 6 KVA
transformer.
An Ampgard® starter is shipped with the isolating switch in
the ON position (Figure 5, View A).  The isolating switch
handle is operated by moving it through a vertical arc from
the ON to the OFF position.  From the OFF position, it can
be rotated 90° counterclockwise to the HORIZONTAL
position, the door-open position (Figure 5, View D).
In both the ON and OFF positions, a portion of the handle
housing extends over the door to the medium-voltage
compartment, preventing this door from being opened.  To
open this door, the handle must be moved to the HORI-
ZONTAL position.
With the handle in the OFF position, up to three padlocks
can be used to lock out the switch, preventing the handle
from being moved to either the ON or the HORIZONTAL
position.  This locked position prevents both unauthorized
entry into the medium-voltage compartment and acciden-
tal closing of the isolating switch while maintenance work
is being done.  From the HORIZONTAL position, the
handle cannot be moved to the ON position without first
moving to the OFF position.
FUSE SELECTION AND COORDINATION
Fuse selection is dependent on motor locked rotor current,
acceleration time, and full load current.  To prevent fuse
fatigue it is recommended that the minimum melting time
of the fuse always exceed the locked rotor current times a
safety factor of 1.25 at the motor acceleration time.  The

WARNING
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Fig. 4  Ampgard® Components, Two Starters (Controllers) Shown
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motor full load current must always be less than the fuse
continuous current rating. Cutler-Hammer selects fuse
ratings based on the following assumptions: 1) Locked
Rotor Current is equal to 6 times Full Load Current, and 2)
Acceleration time is 10 seconds at full voltage.
During high-power testing the SL-400 contactor was
confirmed to properly coordinate with Cutler-Hammer Type
CLS current limiting motor starting fuses.  Tests were
conducted with 5.08kV-24R and 7.2kV-24R fuses.  The
contactor successfully withstood the let-through energy of
each fuse for a 50kA available symmetrical fault at the
rated voltage of the fuse.  Maximum let-through occurred
with the 5.08kV fuse.  The maximum observed current
was a 63kA peak, with I2t equal to 5.89 mega-joules. The
SL-200 Contactor will coordinate with Cutler-Hammer Type
CLS fuses rated 5.08kV-12R and 7.2kV-12R.
Proper coordination must be maintained between the
contactor interrupting rating, contactor dropout time, and
the total clearing time of the main fuse.  Care must be
exercised when selecting the dropout time setting on the
contactor control board.  The contactor must not open on
a fault greater than it’s rated interrupting current.  By
holding the contactor closed for the appropriate time, the
fuse will clear if the fault current exceeds the contactor
rating.  Delays in relay settings should not be included in
the calculation since it is likely that the voltage will
collapse and allow the contactor to drop open no matter

Fig. 6  Type SLA Contactor, Front View

CONTROL POWER
TRANSFORMER
PRIMARY FUSES (2)

CONTROL POWER
TRANSFORMER
(CPT)

TEST-RUN PLUG

CONTROL POWER
TRANSFORMER
SECONDARY FUSES

POWER CIRCUIT
FUSE CLIPS

CONTACTOR PORTION
OF MECHANICAL
INTERLOCK

CONTROL
RECEPTACLE

Fig. 5  Isolating Switch Handle Positions

The operating handle has three distinct positions.

In the ON position (A), the isolating switch is closed, the
door is interlocked shut, and the starter may be energized.

In the OFF position (B), the isolating switch is open, the
door is interlocked shut, and the starter is de-energized and
grounded.

With the handle rotated 90° counterclockwise (C) to the
HORIZONTAL position (D), the isolating switch is open, the
starter is de-energized and grounded, and the door may be
opened.

A B

C D

Four Screws

�
�

�
�
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TABLE II.  FUSE APPLICATION TABLE FOR SL-200 AND SL-400 CONTACTORS

SL-200
Motor FLA Voltage Fuse Rating Min Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 130
137-187 151D933G02 230-12R 130
187-200* 151D933G02 230-12R                    130 * For FLA > 187, Max Accel Time = 3.5 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 60
137-200 151D963G07 230-12R 250

SL-400
Motor FLA Voltage Fuse RatingMin Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 30
137-187 151D933G02 230-12R 30
187-244 151D933G03 390-18R 60
244-360 151D933G04 450-24R 130
360-400** 151D933G04 450-24R                    130 ** For FLA > 360, Max Accel Time = 6 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 30
137-187 151D963G07 230-12R 30
187-273 151D963G10 390-18R 60
273-400 151D963G11 450-24R 250

Note: Fuse selections based on LRC = FLA x 6, accleration time of 10 seconds except where noted.
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THE CONTACTOR
Magnetically Held Contactor
The  contactor consists of a base SL contactor mounted
between steel sidesheets with fuse mounting provisions,
mechanical interlocks, and other components to form an
integrated contactor truck assembly.  The base contactor is
mounted in the horizontal position between the sidesheets.
Refer to Figure 2 and 6 for details.

DUE TO ELECTRICAL CLEARANCE REQUIREMENTS,
THE FOUR PHASE BARRIERS SUPPLIED WITH THE
CONTACTOR MUST BE INSTALLED BEFORE THE
CONTACTOR IS ENERGIZED. WHERE NO POWER
FUSES ARE MOUNTED ON THE TOP OF THE
CONTACTOR, AS IN THE CASE OF A REDUCED
VOLTAGE CONTACTOR, NO BARRIERS ARE REQUIRED.
A return spring located behind the moving armature plate
(Figure 7) holds the contactor in the open position with the
main coils deenergized.
The contactor is closed by energizing the contactor control
board with the appropriate control voltage at terminals 1 and
2.  The control board rectifies the input voltage and applies a
pulse width modulated DC output voltage to the coils.  The
output voltage is approximately full voltage for the first 200
milliseconds after energization during which time the
contactor closes and seals.  The output voltage is then
automatically reduced to approximately 15 VDC to maintain
the contactor in the closed position.

CAUTION

what the setting of the relay.  The standard factory
dropout setting is 130 ms (8 cycles).  Table II lists the
minimum recommended dropout times for coordination
with the available ratings for main power fuses supplied
with Ampgard starters.
For more information, refer to Cutler-Hammer Application
Data 36-693 which includes minimum-melt, total clearing,
and let-through curves for Type CLS motor fuses.

ENCLOSURE
These Ampgard®  motor controllers are supplied in cells
assembled into floor-mounted enclosures. These enclo-
sures are 36 inches wide x 30 inches deep x 90 inches high
(92 cm wide, 76 cm deep, and 229 cm high). Each 90-inch
high enclosure accommodates one or two Ampgard®

starters depending upon the requirements. Complex
controllers such as reduced-voltage starting require more
than one 36" wide section. A 10-inch (25-cm) high horizon-
tal bus enclosure can be added at the top which increases
the total enclosure height to 100 inches (254 cm).

Fig. 8  Contactor closed

Fig. 7   Contactor open

The coil cores are magnetized which rotates the armature
shaft, moving armature, and operating plate.  As the
operating plate moves toward the coil cores, the main
contacts close.  The plate continues to move an additional
distance (known as overtravel) which allows for contact
preload and wear (Figure 8).
When control power is removed from the control board the
SL is held closed for a preset time and then opens.  The
range of time between the removal of control power and
contact opening is from 30 to 250 milliseconds.  The time
can be adjusted for such factors as fuse coordination and
voltage loss ride-through.  Unless otherwise specified, the

Operating Plate

Return Spring

Armature Shaft

Moving
Armature

Stop
Assembly

Operating Plate

Overtravel
Armature Shaft

Moving
Armature

Stop
Assembly
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Mechanically Latched Contactor
The mechanically latched contactor is closed in the same
manner as the magnetically held contactor.  After the
contactor is electrically closed, a mechanical latch is
engaged that holds the moving armature plate in the closed
position.  Power should then be removed from the control
board by a N.C. auxiliary contact.
To open the contactor, the unlatch coil is energized with the
appropriate control voltage.  The coil engages a release lever
on the latch mechanism.  The contactor is then forced
opened by the return spring.
Auxiliary Contacts
An operating lever attached to the rotating shaft operates a
set of auxiliary contacts located on the bottom right of the
contactor.  The standard configuration is 2NO-2NC contacts.

TABLE III. CONTROL BOARD VOLTAGE SETTINGS

TABLE IV. CONTROL BOARD DROPOUT SETTINGS

Fig. 10  Coil Control Board with Dipswitch

Fig. 9  Coil Control Board Removal

factory default setting is 130 milliseconds, or approximately
8 line cycles (60Hz).  Refer to section on Fuse Selection
and Coordination for more information on selecting the
correct dropout time.
As the moving armature is rotated to the open position by
the return spring, it impacts the stop assembly located at
the front of the contactor (Figure 7).  The stop assembly
absorbs much of the kinetic energy of the moving armature
and reduces the over-travel of the vacuum interrupters as
the contactor is forced open.
A selectable dipswitch is located on the control board for
setting the control voltage level and the contactor dropout
time (Figure 10).  The control board must be removed from
its cavity in the contactor housing to gain access to the
dipswitch (Figure 9).  Table III lists the available voltage
settings and Table IV lists the available dropout settings.

Dip Switch
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The auxiliary contacts are rated 600VAC, 10 amps con-
tinuous.  Minimum ratings are 5 volts, 100 milliamps.
Grounding
A contactor ground clip is attached to the left rear sidesheet
of all main contactors.  A formed steel cover protects the
clip to help minimize the likelihood of damage to the clip.
Care should still be exercised when handling the contactor
to prevent damage.  A ground bar mounted on the rear of the
left frame rail engages the clip when the contactor is
inserted into the starter compartment.  Refer to Figure 11.

Before initial startup and after any procedure where the
contactor has been removed from the starter cell, insure that
the contactor ground clip properly contacts the ground bar.
Code Plates
200 Amp contactors should not be inserted into 400 amp
cells.  All 400 amp starters with SL contactors include a
code plate attached to the inside of the left contactor rail.
200 amp SL contactors include an interference rod that will
engage the code plate in a 400 amp starter cell, preventing
the contactor from being installed. Refer to Figure 12.

Fig. 11 Ground clip assembly

Fig. 12   Code plate in 400 amp cell preventing 200 amp
contactor from being inserted.

SWITCH-CONTACTOR INTERLOCK
Ampgard® motor control always includes a mechanical
interlock that is designed to prevent the isolating switch
from closing with the contactor already closed, and to
prevent the contactor from closing while the isolating
switch is being opened.
One of the features of Ampgard roll-out motor control is
the interlocking of the contactor and isolation switch with a
mechanical interlock that does not require mechanical
disassembly to separate the components that are inter-
locked.  See Figure 13.
With the isolation switch either fully closed or fully open
and the contactor open, all interlocks are neutral. See
Figure 13.  With the contactor closed the yoke rotates and
blocks the interlock arm from moving. The interlock arm in
turn prevents the isolation switch cam from rotating.  If

WARNING

DO NOT ATTEMPT TO FORCE A 200 AMP CONTACTOR
INTO A 400 AMP CELL, DAMAGE TO THE CELL AND/OR
CONTACTOR COULD OCCUR.

Fig. 13  Contactor Open, Interlocks Neutral
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CAUTION

OTHER MECHANICAL INTERLOCKS
Before putting an Ampgard® controller into service,
become familiar with all the mechanical interlocks.
Line Stab Insulating Shutter
When an Ampgard® isolating switch is installed, both a
shutter and a rear line stab barrier are in place in the
controller structure and are intended to prevent accidental
access to the line bus.  As the isolating switch is opened,
the sliding tray (Figure 15) mechanically drives the insulat-
ing shutter closed across the three line stab openings in the
rear barrier.  As the shutter closes the openings, green and
white striped labels are uncovered to visually indicate that
the shutter is closed.  With the isolating switch in the fully
open position, the fuse jaw finger assemblies and the line
side of the main fuses are connected to the ground bar.

When the isolating switch is removed from the starter
structure, a latch lever (“32,” Figure 16) on the shutter
assembly is activated.  It is designed to hold the insulating
shutter closed.  This latch may be deliberately bypassed
and the shutter moved to the open position.

UNDER THESE CONDITIONS THE EXPOSED LINE
TERMINAL STABS OF THE STARTER MAY BE ENER-
GIZED AT LINE POTENTIAL.

Fig. 15  Sliding Tray Mechanism of 400 Ampere Isolating
Switch

operation of the isolation switch handle is attempted,
interlocks inside the switch prevent switch operation since
the cam cannot rotate.  The handle cannot be moved.
As the isolation switch handle is operated (with the
contactor open), a cam rotates down, depressing the
interlock arm on the contactor.  The depressed interlock
arm blocks the yoke from rotating, which prevents the
contactor from closing. See Figure 14.  When the switch
reaches the fully open or closed position, the cam rotates
up, allowing the contactor to close.
The purpose of this interlocking is to prevent the
accidental closing or opening of the isolation switch while
the contactor is closed, and to prevent the closing of the
contactor if the isolation switch is not fully open or
closed.  Neither closing or opening of the isolation switch
under load is safe.
There is an auxiliary switch located behind the isolation
switch faceplate that is operated when the front switch
handle is moved from the closed to the open position.
The auxiliary switch is wired into the control circuit and
disconnects control power during the first 10 degrees of
rotation of the front handle.  Pulling on the switch handle
will operate the auxiliary switch, disconnect control power,
and allow the main contactor to drop out (if it is closed).

Fig. 14  Contactor Interlocked Open by Isolation Switch
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from the secondary of the control power transformer.  This
male test plug can be plugged into a standard polarized
120-volt (or 240-volt, depending on coil voltage rating)
extension cord socket for testing the control circuit and any
sequence without energizing the medium-voltage controller
at power circuit voltage.  When the male plug is transferred
to the extension cord, it automatically disconnects from the
control power transformer to prevent feedback of high
voltage into the power circuits.  Check to be sure no
inadvertent bypass of this arrangement has been made in
the wiring before relying on this safety feature.
CONTACTOR HANDLING
Each contactor weighs about 125 pounds (57 kilograms).
A horizontal bar is provided at the front for pulling the
contactor out of its cell, or for pushing it back into place.
When a type SLA contactor is installed in a medium-
voltage controller it can be moved to a drawout position or
removed from the enclosure as follows:

When the isolating switch is replaced in the structure, the
latch member is automatically released to allow the
shutter to operate normally.
As a final precaution before touching any of the electrical
parts of the starter, visually check to make certain that
the shutter is closed, the green and white striped labels
are visible, the grounding fingers are in contact with the
ground bar, and the tips of the fuse fingers are visible.
Door Interlock
With the isolating switch handle in the HORIZONTAL
position, the door to the medium-voltage compartment can
be opened.  As soon as the door opens, a mechanical
interlock becomes effective.  It is designed to prevent the
user from accidentally operating the isolating switch handle
and closing the starter on to the line with the door open.
This interlock is a spring-loaded plunger located just below
the handle housing.  This prevents the handle from being
accidentally returned to the OFF position.  This interlock
may be deliberately bypassed by depressing the plunger
with a screwdriver so that the handle can be moved to the
OFF position to observe the operation of the isolating
switch during installation or maintenance.  To do this, it is
necessary to deliberately bypass the interlock.  The handle
must be returned to the HORIZONTAL position by again
depressing the interlock plunger before the door can be
closed.  The operator must be aware of what he is doing
and take appropriate safety precautions.
CONTACTOR-MOUNTED COMPONENTS
To simplify installation and servicing, a number of related
components may be mounted on the Type SLA contactor
chassis:  a control power transformer with test plug and
fuses, primary fuses for the control power transformer, 3-
phase potenial transformer, and load side fuse clips for the
power circuit fuses.  See Figure 6.  The test-run plug is
used to connect to an auxiliary source of control voltage
when it is not inserted into the receptacle that is the output

Fig. 16  Shutter Operating Mechanism

WARNING: ALL WORK ON THIS CONTACTOR SHOULD
BE DONE WITH THE MAIN DISCONNECT DEVICE
OPEN. AS WITH ANY CONTACTOR OF THIS VOLTAGE,
THERE IS DANGER OF ELECTROCUTION AND/OR
SEVERE BURNS. MAKE CERTAIN THAT POWER IS
OFF. CHECK FOR VOLTAGE WITH VOLTAGE SENSOR
OR A METER OF THE APPROPRIATE RANGE.
1. If removal is planned, provide a lift truck or suitable

platform to receive the contactor as it comes out. See
that the shipping clamp is no longer in place.

2. Make sure all circuits are deenergized.
3. Remove the three power circuit fuses using the fuse

puller supplied with the starter.
4. Disconnect the 12-point control plug and stow it so

that the cable will not be damaged.  Disconnect the
two 3-point plugs on the right front of the isolating
switch. Disconnect the PT secondary plug, if supplied.

5. Release the latch on the left side by holding it upward
(using your foot if desired, when unit is at floor level).

6. While holding the latch up, pull the contactor outward.
It will roll forward and should re-latch at a detent
position, partially out of the cell.

7. To remove the contactor completely, reverse the latch,
pressing it downward.  The contactor can then be
rolled out of its cell.

Once the contactor is on the floor, it can be moved easily
by means of a short length of 0.75-inch (19.1-mm) pipe
inserted into a bracket on the front of the left side sheet.
The contactor can be pushed or pulled like a wagon in this
manner.

DANGER
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When there is access space behind the installation, the
rear panel of the enclosure can be removed to facilitate
wiring.  Adequate space has been provided at the rear of
the enclosure for medium-voltage line and load cables,
while low-voltage cables may be conveniently arranged
near the right-hand enclosure wall.

CAUTION

START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller
into service, study the wiring diagram and instruction
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.

The four lower corners of the contactor side sheets are cut
at 45°.  When the contactor is on a level firm work surface,
it can be temporarily tilted backward or forward off its
wheels onto these 45° pads for easy inspection.  Do not
leave contactor in this position unless actually being
inspected.

To reinstall, reverse the procedure.

INSTALLATION
This industrial type control is designed to be installed by
adequately trained and qualified personnel with appropriate
supervision.  These instructions do not cover all details,
variations, or combinations of the equipment, its storage,
delivery, installation, check-out, safe operation, or mainte-
nance.  Care must be exercised to comply with local,
state, and national regulations, as well as safety prac-
tices, for this class of equipment.  See START-UP PRE-
CAUTIONS. For site preparation and general information
regarding receiving, storage, and installation see I.B.
48001.

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO
SECURE IN PLACE. READ THE HANDLING
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
Medium-voltage motor controllers are extremely heavy
and the moving equipment used in handling must be
capable of handling the weight of the motor controller.

Confirm this capability prior to starting any handling
operations with the controller.

INSTALLATION

The motor controller should be kept in an upright position
unless specific instructions to the contrary are provided
with the controller.

After a level installation site has been prepared, the
Ampgard®  assemblies positioned and fastened in place,
and protective packaging removed, the individual control-
lers can be disassembled to permit access to conduit and
complete wiring.  Step-by-step disassembly procedures
are shown on Pages 14, 15, and 16.  Following the recom-
mended procedures will save time. All cable connections
can be made by access through the front of the enclosure.



I.B. 48021 Page 13

Effective 11/99

Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)

C

G

F H B D A

E

I
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Introduction and Specifications

The SEL-487B relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. Equipped with four inter-
face boards, the relay has a total of 103 inputs (74 common inputs and 29 inde-
pendent inputs) and 40 outputs. It is configurable in either a three-relay or a 
single-relay application. The relay has 21 analog current inputs and 3 analog 
voltage inputs. For buses with no more than seven terminals, use one SEL-487B 
in a single-relay application. For buses with as many as 21 terminals, use three 
SEL-487B relays in a three-relay application; each relay provides as many as six 
dedicated zones of protection.

The SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas with extensive protection and automation programming 
capabilities. You can organize automation SELOGIC control equation program-
ming into 10 blocks of 100 program lines each, for a total of 1000 lines of auto-
mation programming. Use as many as 100 lines in the separate protection 
programming area to program custom protection functions. With the flexibility of 
the expanded SELOGIC control equations, the relay is suitable for custom protec-
tion and control schemes.

Communications interfaces include standard SEL ASCII and enhanced MIR-
RORED BITS communications protocols. Establish Ethernet connectivity with the 
optional Ethernet card. With the Ethernet card, you can employ common industry 
communications tools, including Telnet, FTP, IEC 61850, and DNP3 LAN/WAN 
protocols.

Included with the SEL-487B is the ACSELERATOR QuickSet SEL-5030 Software 
program. Use QuickSet to assist you in setting, controlling, and acquiring data 
from the relays both locally and remotely. ACSELERATOR Architect SEL-5032 
Software is included with purchase of the optional Ethernet card with IEC 61850 
protocol support. Architect enables you to view and configure IEC 61850 settings 
via a graphical user interface (GUI), tightly integrated with QuickSet.

Combining the simple and robust hardware design with extensive self-testing 
provides relay reliability and enhances relay availability.

This section introduces the SEL-487B and provides information on the following 
topics:

➤ Features on page 1.2

➤ Models and Options on page 1.4

➤ Applications on page 1.5

➤ Product Characteristics on page 1.9

➤ Specifications on page 1.11
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Features
The SEL-487B contains many protection, automation, and control features. 
Figure 1.1 presents a simplified functional overview of the relay.

                    

The SEL-487B features include the following:

Bus Protection. The SEL-487B provides differential protection for the follow-
ing: single bus, double bus, double bus with transfer, breaker-and-a-half, tri-
ple bus arrangements, generators and motors, shunt capacitor banks, 
autotransformers, and reactors.

Second Trip Criterion. Each of the six elements includes a second trip crite-
rion. This criterion consists of the OR combination of a directional element 
in parallel with a fault detection element.

Check Zone Capability. If your protection philosophy calls for an overall 
check zone, use as many as three independent check zones available in the 
relay.

Voltage Elements. Phase, negative-, and/or zero-sequence elements are avail-
able as additional trip criteria for trip supervision.

Breaker Failure. Select the type of breaker failure protection (internal or 
external) on a terminal-by-terminal basis. Internal breaker failure protection 
provides breaker failure trip and breaker retrip for 21 terminals. Open-phase 
detection ensures current-element reset in less than one cycle. For the exter-
nal breaker failure protection, select the external breaker failure option. With 
this option, the relay accepts inputs from breaker failure relays installed in 
the feeder protection panels.

                    

Figure 1.1 SEL-487B Relay Basic Functions in a Double-Bus Application

ANSI NUMBERS/ACRONYMS AND FUNCTIONS 

16 SEC   Access Security (Serial, Ethernet) 

27/59 Over- and Undervoltage 

50                                 Overcurrent 

50BF                             Breaker Failure Overcurrent 

51 Time-Overcurrent 

85 RIO  SEL MIRRORED BITS Communications 

87 Current Differential 

DFR  Event Reports 

HMI  Operator Interface 

LGC  Expanded  SELOGIC Control Equations 

MET  High-Accuracy Metering 

RTU  Remote Terminal Unit 

SER  Sequential Events Recorder 

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 

1 Copper or Fiber Optic * Optional Feature

 

  

ADDITIONAL FEATURES 

Open CT Detection

Three Independent Check Zones

Disconnect Status and Monitoring Logic for 60 Disconnects

Single-Relay Application: 2 Three-Phase Zones for as many as 7 Terminals

Two-Relay Application: 3 Three-Phase Zones for as many as 10 Terminals

Three-Relay Application: 6 Single-Phase Zones for as many as 21 Terminals
4
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Differential Protection. Innovative algorithms switch the relay to a high-secu-
rity mode during through-fault conditions. While in the high-security mode, 
the algorithm does not block the differential elements, thus avoiding unnec-
essary time delays for clearing faults evolving from external to internal 
faults.

Overcurrent Elements. Each of the 21 terminals provides one level of phase 
instantaneous (50) and one level of time-overcurrent (51) protection.

CT Open-Circuit Detection. Use the independent sensitive differential element 
in each zone to detect CT open circuit, short circuit, or incorrect CT polarity.

Minimum CT Requirement. The relay requires primary CTs that shall repro-
duce the primary current without saturation for at least 2 ms after external 
fault inception.

Dynamic Station Configuration. Wire the disconnect (89) auxiliary contacts to 
the relay to assign the current inputs dynamically to the correct differential 
measuring element. Instead of disabling bus protection during disconnect 
switching, use this feature to provide bus protection during switching opera-
tions, when the safety of personnel is at high risk.

CT Ratio Mismatch. Mismatched CTs of ratios as high as 10:1 can be installed. 
For example, this means you can install the new feeder with a CT ratio of 
2000/5 to existing bus systems that all have CT ratios of 200/5. 

Expanded SELOGIC Control Equations. Modify and set custom relay applica-
tions with PLC-style (programmable logic controller, IEC 61131-3) 
SELOGIC control equation programming that includes math and comparison 
functions. Use counters and multifunction timers for greater application flex-
ibility, i.e., perform advanced PLC functions within the relay. The 
SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas. These programming areas provide ample protection 
programming capability and 10 blocks of 100-line automation programming 
capability (1000 lines).

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making the initial programming and maintenance much easier.

Metering. View metering primary or secondary information for phase cur-
rents and angles of all 21 terminals, phase voltages and angles, CT polarities, 
and the operating and restraint values from all protection zones.

Oscillography and Event Reporting. Record raw currents of all 21 current ter-
minals and 3 voltages in a single report. Investigate relay internal logic 
points and power system performance with event report phasor analysis.

Sequential Events Recorder (SER). Record 1000 system entries from 250 mon-
itoring points, including settings changes, restarts, and Relay Word bit ele-
ments that you select. Set element names to easily understood aliases.

Digital Relay-to-Relay Communication. Use MIRRORED BITS communications 
to monitor internal element conditions between relays within a substation 
and between substations using communication channels (SEL fiber-optic 
transceivers to send a direct transfer trip, for example).

Ethernet Communications Capability. Implement control and data gathering 
capabilities via substation LANs (local area networks) and company WANs 
(wide area networks) with the optional Ethernet card. Employ the FTP proto-
col for system data acquisition.
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Increased Security. The SEL-487B divides control and settings into seven 
relay access levels; the relay has separate breaker, protection, automation, 
and output access levels, among others. Set unique passwords for each 
access level.

Computer Software. Use the rules-based settings editor, the QuickSet soft-
ware, to develop settings offline.

Settings Reduction. Internal relay programming shows only the settings for 
the functions and elements you have enabled.

Models and Options
For ease of ordering and future expansion, the SEL-487B is available in a 9U 
chassis size (U is one rack unit in height—44.45 mm [1.75 in]) that supports as 
many as four additional expansion I/O boards, or, for applications not requiring 
as many contact I/O points, in a 7U chassis size that supports as many as two 
additional expansion I/O boards. For the three-relay application, three units are 
required. Features not labeled as ordering options are standard.

➤ As many as four optional I/O boards (9U chassis size supports a 
maximum of four optional I/O boards; 7U chassis size supports a 
maximum of two optional I/O boards)

➢ INT4 with high-speed outputs: 18 common inputs (2 groups 
of 9), 6 independent inputs, 6 high-speed Form A outputs, 2 
standard Form A outputs

➢ INT4 with standard outputs: 18 common inputs (2 groups of 9), 
6 independent inputs, 8 standard Form A outputs

➤ Voltage ranges for the inputs on the main board as well as for the 
inputs on the four interface boards are as follows:

➢ 24 Vdc

➢ 48 Vdc

➢ 110 Vdc

➢ 125 Vdc

➢ 220 Vdc

➢ 250 Vdc

➤ Power supply (ordering option)

➢ 24–48 Vdc

➢ 48–125 Vdc or 110–120 Vac

➢ 125–250 Vdc or 110–240 Vac

➤ Secondary current inputs (ordering option)

➢ 1 A nominal or 5 A nominal CT inputs

➤ Communications card (ordering option)

➢ Ethernet card with combinations of 10/100BASE-T and 
100BASE-FX media connections on each of two ports

➤ Secondary voltage inputs (standard feature)

➢ 300 V maximum per voltage input
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➤ Ethernet Communication Protocols

➢ Standard (FTP, Telnet, DNP3, PRP)

➢ Standard plus IEC 61850

➤ Connector Type for PT and CT inputs

➢ Screw-terminal block inputs (standard feature)

➢ Connectorized (ordering option)

➤ Conformal Coat

➢ Conformal coating provides an additional barrier to harsh 
environments, such as high humidity and airborne contaminants. 
See selinc.com/conformalcoating/ for more information.

Contact the SEL factory or your local Technical Service Center for ordering 
information (see Technical Support on page xxvii in the Preface). You can also 
view the latest ordering information on the SEL website at selinc.com.

Applications
Use the SEL-487B for most bus protection applications. For information on con-
necting the relay, see Section 2: Installation. See Section 6: Protection Applica-
tion Examples for discussions of protection and automation applications using 
the SEL-487B. The figures in this subsection illustrate common relay applica-
tions. Each SEL-487B has 21 analog current inputs (I01–I21) and three analog 
voltage inputs (V01, V02, and V03).

The SEL-487B-1 Relay supports DSS through use of the SEL-2240 Axion. The 
Axion provides analog and digital data over an IEC 61158 EtherCAT TiDL net-
work. This technology provides very low and deterministic latency over a point-
to-point architecture. The SEL-487B-1 Relay can receive as many as eight fiber-
optic links from as many as eight Axion nodes. See Section 2: Installation for 
more details about TiDL (EtherCAT) applications.

Single Busbar—As Many As 7 Terminals
Use one SEL-487B for the application in Figure 1.2. In this application, the relay 
has 2 three-phase bus-zones available. Wire the disconnect status to the relay to 
dynamically assign the terminal currents to the differential elements for each 
zone.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

http://selinc.com/solutions/technologies/#conformal-coating
http://selinc.com/
http://selinc.com/
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Figure 1.2 Single SEL-487B Protecting Double Bus Sections With Bus Tie 
Breaker
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Breaker-and-a-Half Busbar Configuration
Figure 1.3 shows a station with a breaker-and-a-half busbar configuration. For 
this configuration, and with seven or fewer terminals on either busbar, use one 
SEL-487B per busbar.

                    
                    

Figure 1.3 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration
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Triple Busbar—As Many As 21 Terminals
Figure 1.4 shows a triple busbar layout (i.e., two main busbars and a transfer 
bus).

                    

                    

                    

Figure 1.4 Three SEL-487B Relays Protect 2 Main Busbars and a Transfer Busbar, 1 Bus Coupler, and 17 Terminals

Table 1.1 Application Highlights (Sheet 1 of 2)

Application Key Feature

High number of terminals and zones Three-relay applications provide six zones of protection for as many as 21 terminals. 

Complex busbar arrangements Flexible zone selection logic uses the disconnect auxiliary contacts to dynamically 
assign the currents to the correct zones.

Wide range of bus applications A variety of bus applications are available: single bus, double bus, double bus with trans-
fer, breaker-and-a-half, triple bus arrangements.

High-speed tripping The SEL-487B features fast differential elements and fast closing trip outputs with total 
tripping times of less than one cycle.

Minimum CT requirements The differential elements are secure when the CTs reproduce the primary current with-
out saturating for at least 2 ms after external fault inception.
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Product Characteristics
Each SEL-400 Series Relay shares common features but has unique characteris-
tics. Table 1.2 summarizes the unique characteristics of the SEL-487B Relay.

                    

Open CT detection The open CT detection elements use delta IOP/IRT to reliably detect failed CTs within 
each differential zone.

Terminals with different CT ratios The SEL-487B accepts a CT mismatch of 10:1 in any one zone or combination of zones; 
for example, 250/5 to 2500/5.

Fast resetting internal breaker failure protec-
tion

The SEL-487B includes breaker failure protection with retrip for each terminal. Open-
phase detection ensures current-element reset in less than one cycle.

External breaker failure relays Set any terminal to “external breaker failure” to still use the trip logic in the relay, but the 
breaker failure initiation is from an external breaker failure relay.

Backup overcurrent protection Each terminal has instantaneous and inverse time-overcurrent elements.

Check zone as trip criterion Configure any of the six zones as an overall check zone or use any of the three the avail-
able independent check zones.

Voltage as trip supervision Choose from phase, negative-, or zero-sequence voltage to supervise the differential ele-
ments.

End-zone protection Use SELOGIC control equations to configure end-zone protection for faults between the 
feeder circuit breaker and the CT.

Fault between tie breaker and CT The SEL-487B includes logic to accelerate tripping for a fault between the tie breaker 
and CT. Further logic ensures the security of the healthy zone when the tie breaker is 
closed onto a fault.

Direct transfer trip Use MIRRORED BITS communications to send a trip to the remote end of the line.

Auxiliary relays The SEL-487B requires no auxiliary relays for zone selection.

SCADA applications analog and digital data 
acquisition for station-wide functions

The SEL-487B can acquire analog and digital data for station-wide functions.

Communications capability These protocols are included in the relay:

SEL Compressed ASCII, SEL Fast Messaging (SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER), SEL ASCII, Enhanced MIRRORED BITS communications, Ymo-
dem File Transfer, DNP3 Serial.

Additionally, you can choose these optional protocols:

Ethernet, IEC 61850, FTP, Telnet, DNP3 LAN/WAN.

Customized protection and automation 
schemes

The SEL-487B includes separate protection and automation SELOGIC control equation 
programming areas. Use timers and counters in expanded SELOGIC control equations for 
complete flexibility.

Table 1.1 Application Highlights (Sheet 2 of 2)

Application Key Feature

Table 1.2 SEL-487B Relay Characteristics (Sheet 1 of 2)

Characteristic Value

Standard Processing Rate 12 times per cycle

Battery Monitor One

Autorecloser none

MBG Protocol Not supported

SELOGIC

Protection Free Form 100 lines

Automation Free Form 10 blocks of 100 lines each
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Additionally, the SEL-487B does not support the following typical SEL-400 
Series features:

➤ Synchrophasors

➤ One-line diagrams on the front panel

➤ Breaker close operations

➤ Circuit breaker monitor

➤ Communications with the SEL-2600A RTD Module

SELOGIC Variables 64 protection

256 automation

SELOGIC Math Variables 64 protection

256 automation

Conditioning Timers 16 protection

32 automation

Sequencing Timers 32 protection

32 automation

Counters 32 protection

32 automation

Latch Bits 32 automation

32 protection

Control

Remote Bits 96

Breakers 21: 1–21 (open control only)

Disconnects 60 (status only)

Bay Control Not supported

Metering

Maximum/Minimum Metering Not supported

Energy Metering Not supported

Table 1.2 SEL-487B Relay Characteristics (Sheet 2 of 2)

Characteristic Value
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Specifications
Section 1Introduction and SpecificationsInstruction Manual
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using 
TiDL (EtherCAT), the operating times will be delayed by 1.5 ms. Use 
caution when setting the relay coordination times to account for this added 
delay. Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits 

for a Class A digital device, pursuant to part 15 of the FCC Rules. 
These limits are designed to provide reasonable protection against 
harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal: 0.1 VA @ 1 A

5 A Nominal: 0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage 
Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden: 0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage 
Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per 
IEC 60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage 
Range:

38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage 
Range:

85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups 

of 9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km
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Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.2 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power 
Utility Automation Profile)

Synchronization 
Accuracy:

±100 ns @ 1-second Sync Intervals when 
communicating directly with master 
clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation 
delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above 
+70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and 
sized equal to or greater than any other conductor connected to the 
device, unless otherwise required by local or national wiring 
regulations.

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, 

Battery Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, 

IRIG-B, Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand 
Capability (SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)
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Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + 

A2:2010
20 V/m (>35 V/m, 80% AM, 1 kHz)

Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz

Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency 
Magnetic Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles 

(12 + 12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering
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Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay 
Application:

Single-Relay Application:
21
7

Pickup Range: 0.1–4.0 per unit

Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current 
Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating 
Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage 
Range: 0–350 Vdc
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Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)
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Installation

The first steps in applying the SEL-487B relay are installing and connecting the 
relay. This section describes common installation features and particular installa-
tion requirements for the physical configurations of the SEL-487B. You can 
order the relay in panel-mount or rack-mount versions, in a 9U horizontal orien-
tation, with as many as four interface boards, or in a 7U version, with as many as 
two interface boards. This section contains drawings of typical ac and dc connec-
tions to the SEL-487B (Figure 2.42 and Figure 2.43). Use these drawings as a 
starting point for planning your particular relay application.

To install and connect the relay safely and effectively, you must be familiar with 
relay configuration features, options, and relay jumper configuration. You should 
plan relay placement, cable connection, and relay communication carefully.

Consider the following when installing the SEL-487B:

➤ Shared Configuration Attributes on page 2.1

➤ Plug-In Boards on page 2.13

➤ Jumpers on page 2.15

➤ Relay Placement on page 2.21

➤ Connection on page 2.23

➤ AC/DC Connection Diagrams on page 2.46

It is also very important to limit access to the SEL-487B settings and control 
functions by using passwords. For information on relay access levels and pass-
words, see Access Levels and Passwords on page 3.7 in the SEL-400 Series 
Relays Instruction Manual.

For more introductory information on using the SEL-487B, see Section 2: PC 
Software and Section 3: Basic Relay Operations in the SEL-400 Series Relays 
Instruction Manual.

Shared Configuration Attributes
There are common or shared attributes among the many possible configurations 
of the SEL-487B. This section discusses the main shared features of the relay.

Relay Sizes
SEL produces the SEL-487B in a 9U panel-mount or rack-mount version, hori-
zontal orientation, or in a 7U panel-mount or rack-mount version. The 9U version 
is capable of supporting as many as four optional I/O boards, and the 7U version 
is capable of supporting as many as two optional I/O boards.
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Front-Panel Templates
The front-panel template is shown in Figure 2.1. The SEL-487B front panel has 
three pockets for slide-in labels: one pocket for the Target LED labels and two 
pockets for the Operator Control labels. Figure 2.1 and Figure 2.2 show the front-
panel pocket areas and openings; dashed lines denote the pocket areas.

                    
                    

Figure 2.1 Front-Panel Diagram, Panel-Mount Option, 9U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3560d
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Rear Panels 
Figure 2.3 and Figure 2.4 show examples of a rear panel with fixed terminal 
block analog inputs.

Connector Types
Screw-Terminal Connectors–I/O and Battery Monitor/Power

Connection to the relay I/O and Battery Monitor/Power terminals on the rear 
panel is through screw-terminal connectors. You can remove the entire screw-ter-
minal connector from the back of the relay to disconnect relay I/O, dc battery 
monitor, and power without removing each wire connection. The screw-terminal 
connectors are keyed (see Figure 2.21), so you can replace the screw-terminal 
connector on the rear panel only where you removed the screw-terminal connec-
tor. In addition, the receptacle key prevents you from inverting the screw-terminal 
connector. This feature makes relay removal and replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom two rows of 
the relay rear panel. You cannot remove these terminal blocks from the relay rear 
panel. These terminals offer a secure high-reliability connection for PT and CT 
secondaries.

                    

Figure 2.2 Front-Panel Diagram, Panel-Mount Option, 7U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3879a
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Connectorized

The Connectorized SEL-478B features receptacles that accept plug-in/plug-out 
connectors for terminating PT and CT inputs. This requires ordering a wiring 
harness (SEL-WA0487B) with mating plugs and wire leads. Figure 2.5 shows the 
relay with Connectorized CT and PT analog inputs. (See Connectorized on 
page 2.30 for more information.)

Time-Domain Link
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The TiDL (EtherCAT) SEL-487B has eight fiber-optic EtherCAT connections 
instead of the standard CT and PT analog inputs (see TiDL (EtherCAT) Connec-
tions on page 2.32 for more information).

                    
                    

Figure 2.3 Rear-Panel Diagram of SEL-487B With Four Interface Boards (9U Version)
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Figure 2.4 Rear-Panel Diagram of SEL-487B With Two Interface Boards (7U Version)
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Secondary Circuits
The SEL-487B presents a low burden to the CT and PT secondaries (see Specifi-
cations on page 1.11). 

The relay accepts 21 analog current inputs from the power system. CT inputs are 
labeled as follows: I01, I02–I21. Because the relay impedance is low, the current 
elements can be wired in series with current elements from other relays. 

                    

Figure 2.5 Rear-Panel Diagram of SEL-487B Connectorized Boards (7U Version)

                    

Figure 2.6 EtherCAT Board for TiDL
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WARNING

Figure 2.7 shows the CT connections of the A-phase unit in a three-relay applica-
tion. Current Input IA01 enters the relay at Terminal Y01 and leaves the relay at 
Terminal Y02 for input to other relays. 

Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

                    

Figure 2.8 shows the CT connections if the SEL-487B is the last relay in the CT 
circuit. For a single-relay application, Current Input IA enters the relay at Termi-
nal Y01, Input IB at Terminal Y03, and Input IC at Terminal Y05. Form the wye 
or star point by connecting Terminals Y02, Y04, and Y06 together and include 
the return wire to the CT on any one of these three terminals.

                    

Figure 2.9 shows the CT connections for a single-relay application when other 
devices are connected downstream of the SEL-487B. Current Input IA enters the 
relay at Terminal Y01 and leaves the relay at Terminal Y02 for input to other 
devices. B-phase and C-phase are wired similarly.

                    

Figure 2.7 CT Connections for a Three-Relay Application

                    

Figure 2.8 CT Connections for a Single-Relay Application When the SEL-487B 
Is the Last in the CT Circuit

IA01 IA02 IA03

A-Phase Unit

IA IB IC IN
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For 5 A relays, the rated nominal input current, INOM, is 5 A. For 1 A relays, the 
rated nominal input current, INOM, is 1 A. Continuous input current for both relay 
types is 3 • INOM (or 4 • INOM at +55°C). See AC Current Inputs (Secondary Cir-
cuits) on page 1.11 for complete CT input specifications.

The relay also accepts one set of three, six-wire potentials from power system PT 
secondaries at inputs V01, V02, and V03. The nominal line-to-neutral input volt-
age for the PT inputs is 67 volts with a maximum voltage rating of 300 volts and 
a burden of less than 0.1 VA at 125 V, L-N. The PT inputs and elements are inde-
pendent of each other for both the single-relay or three-relay applications.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

Relays that use the TiDL (EtherCAT) system do not contain secondary circuits on 
the relay. The secondary circuit uses an SEL-2240 Axion to supply the voltages 
and currents through a direct fiber link; however, the nominal current must be 
selected to appropriately apply scaling through various protection functions. The 
relay, by default, assumes 5 A as the nominal current selection. If you use 1 A 
scaling, use the CFG CTNOM command (see Table 14.28 in the SEL-400 Series 
Relays Instruction Manual for more information). The SEL-2245-42 AC Analog 
Input Module also sets its internal calculations based on this command. The relay 
internally transmits these data to the Axion modules and adjusts the appropriate 
scaling in the Axion module when this command is used.

In addition to the CT nominal values, TiDL relays also require you to set the 
nominal frequency by issuing the CFG NFREQ command. At Access Level 2, 
issue a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a 
CFG NFREQ 50 to set the relay to 50 Hz nominal. This command changes the 
NFREQ setting and restarts the relay, and it is only available in TiDL relays. The 
relay defaults to 60 Hz, so only use this command if you want to switch to 50 Hz 
nominal. Issue this command after the CFG CTNOM command but before send-
ing settings to the relay.

Control Inputs
Inputs into the relay are high-impedance control inputs. Use these inputs for 
monitoring change-of-state conditions of power system equipment. These high-
isolation control inputs are ground-isolated circuits and are not polarity sensitive, 

                    

Figure 2.9 CT Connections for a Single-Relay Application When the SEL-487B 
Is in Series With Other Relays

IA IB IC
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i.e., the relay will detect input changes with voltage applied at either polarity. For 
more information on control input specifications, see Specifications on 
page 1.11. 

Inputs can be independent or common. Independent inputs have two separate 
ground-isolated connections, with no internal connections among inputs. Com-
mon inputs share one input leg in common; all input legs of common inputs are 
ground isolated. Each group of common inputs is isolated from all other groups. 

Nominal current drawn by these inputs is 8 mA or less with six voltage options 
covering a wide range of voltages, as published in the Specifications on 
page 1.11. You can debounce the control input pickup delay and dropout delay 
separately for each input as a global setting that applies to all the inputs.

AC Control Signals
Optoisolated control inputs can be used with ac control signals, within the ratings 
shown in Control Inputs on page 1.12. Specific pickup and dropout time-delay 
settings are required to achieve the specified ac thresholds, as shown in Table 2.1.

It is possible to mix ac and dc control signal detection on the same INT4 I/O 
interface board, provided that the two signal types are not present on the same set 
of combined inputs. Use standard debounce time settings (usually the same value 
in both the pickup and dropout settings) for the inputs being used with dc control 
voltages.

                    

The recognition times listed in Table 2.1 are only valid when:

➤ The ac signal applied is at the same frequency as the power system.

➤ The signal is within the ac threshold pickup ranges defined in 
Control Inputs on page 1.12.

➤ The signal contains no dc offset.

The SEL-487B samples the optoisolated inputs at 2 kHz.

Control Outputs
Control outputs from the relay include standard outputs and high-speed (high-
current interrupting) outputs. A Metal-Oxide Varistor (MOV) protects against 
excess voltage transients for each contact. Each output is individually isolated 
except Form C outputs, which share a common connection between the NC (nor-
mally closed) and NO (normally open) contacts.

Table 2.1 Required Settings for Use With AC Control Signalsa

a First set Global setting EICIS := Y to gain access to the individual input pickup and dropout timer 
settings (only available for installed INT4 I/O interface boards).

Global Settings Description Entryb

b These are the only setting values that SEL recommends for detecting ac control signals. Other 
values may result in inconsistent operation.

Relay Recognition Time for AC 
Control Signal State Change

IN201PU–IN224PU, 
IN301PU–IN324PU, 
IN401PU–IN424PU, 
IN501PU–IN524PU

Pickup Delay 2.0 ms at 60 Hz 
2.5 ms at 50 Hz 
(approximately
1/8 cycle)

0.625 cycles maximum 
(assertion)

IN201DO–IN224DO, 
IN301DO–IN324DO, 
IN401DO–IN424DO, 
IN501DO–IN524DO

Dropout Delay 16.5 ms at 60 Hz 
20.0 ms at 50 Hz 
(approximately 
1 cycle)

1.1875 cycles maximum 
(deassertion)
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The relay updates control outputs 12 times per cycle. Updating of relay control 
outputs does not occur when the relay is disabled. When the relay is re-enabled, 
the control outputs assume the state that reflects the present protection processing.

Standard Control Outputs
NOTE: You can use ac or dc circuits 
with standard control outputs.

The Standard control outputs are dry Form A (NO) contacts. Ratings for standard 
outputs are 30 A make, 6 A continuous, and 0.5 A or less break (depending on 
circuit voltage). Standard contact outputs have a maximum voltage rating of 
250 Vac/330 Vdc. Maximum break time is 6 ms (milliseconds) with a resistive 
load. The maximum pickup time for the Standard control outputs is 6 ms. 
Figure 2.10 shows a representative connection for a Form A Standard control 
output on the main board I/O terminals.

                    

See Control Outputs on page 1.11 for complete standard control output specifica-
tions.

Hybrid (High-Current Interrupting) Control Outputs
The hybrid (high-current interrupting) control outputs are polarity-dependent and 
are capable of interrupting high-current, inductive loads. Hybrid control outputs 
use an Insulated Gate Bipolar Junction Transistor (IGBT) in parallel with a 
mechanical contact to interrupt (break) highly inductive dc currents. The contacts 
can carry continuous current, while eliminating the need for heat sinking and pro-
viding security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit induc-
tive/resistive) ratio. As the L/R ratio increases, the time needed to interrupt the 
circuit fully increases also. The reason for this increased interruption delay is that 
circuit current continues to flow through the output MOV after the output deas-
serts, until all of the inductive energy dissipates. Maximum dropout (break) time is 
6  ms with a resistive load, the same as for the standard control outputs. The other 
ratings of these control outputs are similar to the standard control outputs, except 
that the hybrid outputs can break current as great as 10 A. Hybrid contact outputs 
have a maximum voltage rating of 330 Vdc.

The maximum contact closing time for the hybrid control outputs is 6 ms. 
Figure 2.11 shows a representative connection for a Form A hybrid control out-
put on the main board I/O terminals.

                    

Figure 2.10 Standard Control Output Connection

OUT03

O5
O6

CAUTION
Equipment damage can result from con-
necting ac circuits to hybrid (high-cur-
rent interrupting) control outputs. Do 
not connect ac circuits to Hybrid control 
outputs. Use only dc circuits with Hybrid 
control outputs.
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See Control Outputs on page 1.11 for complete hybrid control output specifications.

High-Speed, High-Current Interrupting Control Outputs
NOTE: You can use only dc circuits 
with high-speed, high-current 
interrupting outputs.

In addition to the standard control outputs, the INT4 I/O interface board offers 
high-speed, high-current interrupting control outputs. These control outputs have 
a resistive load pickup time of 10 s, which is much faster than the 6 ms pickup 
time of the standard and hybrid control outputs. The high-speed, high-current 
interrupting control outputs drop out at a maximum time of 8 ms. The maximum 
voltage rating is 330 Vdc. See Control Outputs on page 1.11 for complete high-
speed, high-current interrupting control output specifications.

Figure 2.12 shows a representative connection for a Form A high-speed, high-
current interrupting control output on the INT4 I/O interface terminals. The HS 
marks are included to indicate that this is a high-speed control output.

                    

Short transient inrush current can flow at the closing of an external switch in 
series with open high-speed, high-current interrupting contacts. This transient 
will not energize the circuits in typical relay-coil control applications (trip coils 
and close coils), and standard auxiliary relays will not pick up. However, an 
extremely sensitive digital input or light-duty, high-speed auxiliary relay can pick 
up for this condition. This false pickup transient occurs when the capacitance of 
the high-speed, high-current interrupting output circuitry charges (creating a 
momentary short circuit that a fast, sensitive device sees as a contact closure).

Figure 2.13 shows some possible connections for external resistors that will elim-
inate the false pickup transients when closing an external switch. In general, you 
must connect external resistors to the dc rail (positive or negative) that is on the 
same side as the open external switch condition. If an open switch exists on either 
side of the output contact, then you can accommodate only one condition because 
two open switches (one on each side of the contact) defeat the precharge circuit.

                    

Figure 2.11 Hybrid Control Output Connection

OUT01

+

O1
O2

                    

Figure 2.12 High-Speed, High-Current Interrupting Control Output Connection, 
INT4

OUT03

O5
O6

HS
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Main Board I/O
The SEL-487B has 9U and 7U chassis options with I/O interface on the main 
board. See Figure 2.3 and Figure 2.18 for representative views of the 9U chassis 
rear panel and Figure 2.4 and Figure 2.19 for representative views of the 7U 
chassis rear panel.

Every SEL-487B configuration includes the main board I/O and features these 
connections:

➤ Three hybrid (high-current interrupting) Form A outputs

➤ Two standard Form A outputs

➤ Three standard Form C outputs

➤ Seven level-sensitive optoisolated control inputs (five independent 
and two common)

IRIG-B Inputs
Supply high-accuracy time to the SEL-487B via the IRIG-B IN BNC connector 
on the rear of the relay. You can use the IRIG OUT BNC connector to output 
IRIG, but you cannot use the output signal for high-accuracy timekeeping 
because it lacks the IEEE C37.118 IRIG control bits. If you need high-accuracy 
IRIG timekeeping, do not use the IRIG OUT connection as a high-accuracy IRIG 
source. Instead, use the connections external to the relay to distribute the IRIG 
signal between relays. In a three-relay application, any one of the three units can 
be the reference relay; by connecting the IRIG-B signal to the IRIG-B terminal 
labeled IN, the relay becomes the reference relay. Connect the IRIG-B terminal 
labeled OUT from the reference relay to the IRIG-B terminal labeled IN of the 
next relay, and so on. If there is no IRIG-B available, the relays generate the syn-
chronizing signal internally to synchronize the three relays relative to each other, 
although not to an absolute time reference. You can provide IRIG-B time-code 
format signals to the relay from many sources (SEL-2030 Communications Pro-
cessor, for instance). See Section 11: Time and Date Management in the SEL-400 
Series Relays Instruction Manual for more information on the use and benefits of 
high-accuracy timekeeping.

The IRIG-B serial data format consists of a 1-second frame containing 100 pulses 
divided into fields. The relay decodes the second, minute, hour, and day fields 
and sets the internal time clock upon detecting valid time data in the IRIG time 
mode. See IRIG-B Input Connections on page 2.41 for information on enabling 
IRIG-B timekeeping.

                    

Figure 2.13 Precharging Internal Capacitance of High-Speed, High-Current 
Interrupting Output Contacts, INT4

Load

(+)

(–)

Precharge circuit
path external to high-speed 

high-current interrupting 
control output

01

02
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IRIG-B Pins of Serial Port 1
This IRIG-B input is capable of regular IRIG mode timekeeping only. Timing 
accuracy for the IRIG time mode is 500 µs.

IRIG-B BNC Connector
This IRIG-B input is capable of both modes of timekeeping. If the connected 
timekeeping source is qualified as high-accuracy, the relay enters the HIRIG 
mode, which has a timing accuracy of 1 µs. If both inputs are connected, the 
SEL-487B uses the IRIG-B signal from the BNC connection (if a signal is avail-
able).

Battery-Backed Clock
If relay input power is lost or removed, a lithium battery powers the relay clock 
providing date and time backup. The battery is a 3 V lithium coin cell, Rayovac 
no. BR2335 or equivalent. If power is lost or disconnected, the battery discharges 
to power the clock. At room temperature (25°C, 77°F), the battery will operate 
for approximately 10 years at rated load. 

When the SEL-487B is operating with power from an external source, the self-
discharge rate of the battery is very small. Thus, battery life can extend well 
beyond the nominal 10-year period. The battery cannot be recharged. Figure 2.14 
shows the clock battery location (at the front of the main board). 

If the relay does not maintain the date and time after power loss, replace the bat-
tery (see Replacing the Lithium Battery on page 10.27 in the SEL-400 Series 
Relays Instruction Manual).

Communications Interfaces
The SEL-487B has several communications interfaces you can use to communi-
cate with other intelligent electronic devices (IEDs) via EIA-232 ports: PORT 1, 
PORT 2, PORT 3, and PORT F. See Section 15: Communications Interfaces in the 
SEL-400 Series Relays Instruction Manual for more information and options for 
connecting your relay to the communications interfaces.

An optional Ethernet card provides Ethernet capability for the SEL-487B. An 
Ethernet card gives the relay access to popular Ethernet networking standards 
including TCP/IP, FTP, Telnet, DNP3, and IEC 61850 over local area and wide 
area networks. The Ethernet card with IEC 61850 support is only available at 
purchase as a factory-installed option. For information on DNP3 applications, see 
Section 16: DNP3 Communication in the SEL-400 Series Relays Instruction 
Manual. For more information on IEC 61850 applications, see Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Plug-In Boards
The SEL-487B supports as many as four interface boards. There are ordering 
options for the number of I/O boards, as well as the overall chassis size. A 9U 
chassis ordering option provides support for as many as four additional interface 
boards. A 7U chassis option provides support for as many as two additional inter-
face boards. Both chassis sizes are available in rack- or panel-mount versions.
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Plug-in communications cards are also available for the SEL-487B. The optional 
Ethernet card allows you to use TCP/IP, FTP, Telnet, DNP LAN/WAN, and 
IEC 61850 applications on an Ethernet network. This card is only available at the 
time of purchase of a new SEL-487B as a factory-installed option or as a factory-
installed conversion to an existing relay.

I/O Interface Boards 
When the 9U chassis size is ordered, you can choose as many as four INT4 inter-
face boards for a total of 96 inputs and 32 outputs (all four boards installed). 
When the 7U chassis size is ordered, you can choose as many as two INT4 inter-
face boards for a total of 48 inputs and 16 outputs (both boards installed). In addi-
tion to the inputs and outputs provided by the INT4 interface boards, there are 
also 7 inputs and 8 outputs on the main board (described in Main Board I/O on 
page 2.12). Refer to Figure 2.3 for a view of the interface boards and the rear 
screw-terminal connectors associated with the interface boards.

The I/O interface boards carry jumpers that identify the board location. See 
Jumpers on page 2.15 for more information on I/O board jumpers.

I/O Interface Board Inputs
The INT4 I/O interface board has two groups of nine common contacts (18 total) 
and six independent control inputs. All independent inputs are isolated from 
other inputs. These high-isolation control inputs are not polarity sensitive, i.e., 
you cannot damage these inputs with a reverse polarity connection.

Table 2.2 shows the I/O board input capacities and the I/O inputs on the main 
board. See Control Inputs on page 1.12 for complete control input specifications.

                    

I/O Interface Board Outputs
The INT4 I/O interface board is available with either six high-speed and two 
standard output contacts, or eight standard contact outputs. Table 2.3 shows the 
I/O board outputs; the table also shows the I/O outputs on the main board. See 
Control Outputs on page 1.11 for complete control output specifications.

                    

Table 2.2 Control Inputs

Board Independent Contact Pairs Common Contact Pairs

INT4 6 Two sets of 9

Main Board 5 2

Table 2.3 Control Outputs

Board
Standard High-Speed Hybrida

a High-current interrupting.

Form A Form C Form A Form A

INT4 with high-speed outputs 2 0 6 0

INT4 with standard outputs 8 0 0 0

Main Board 2 3 0 3
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CAUTION

Ethernet Card
You can add Ethernet communications protocols to the SEL-487B by purchasing 
the Ethernet card option. Factory-installed in the rear relay Port 5, the Ethernet 
card provides Ethernet ports for industrial applications that process data traffic 
between the SEL-487B and a local area network (LAN).

Jumpers
The SEL-487B contains jumpers that configure the relay for certain operating 
modes. The jumpers are located on the main board and on each of the I/O inter-
face boards.

Main Board Jumpers 
The jumpers on the main board of the SEL-487B perform the following func-
tions:

➤ Temporary/emergency password disable

➤ Circuit breaker control enable

➤ Rear serial port +5 Vdc source enable

Figure 2.15 shows the positions of the main board jumpers. The main board 
jumpers are in two locations. The password disable jumper and circuit breaker 
control jumper are at the front of the main board. The serial port jumpers are near 
the rear-panel serial ports; each serial port jumper is directly in front of the serial 
port that it controls.

Password and Circuit Breaker Jumpers
You can access the password disable jumper and circuit breaker control jumper 
without removing the main board from the relay cabinet. Remove the SEL-487B 
front cover to view these jumpers (use appropriate ESD precautions). The pass-
word and circuit breaker jumpers are on jumper header J18 on the front of the 
main board.

Do not install a jumper on positions A 
or D of the main board J18 header. 
Relay misoperation can result if you 
install jumpers on positions J18A and 
J18D.

There are four jumpers, denoted as D, BREAKER, PASSWORD, and A, from 
left to right (position D being on the left). Positions D and A are for SEL use, 
position PASSWORD is the password disable jumper, and position BREAKER is 
the circuit breaker control enable jumper. Figure 2.15 shows the jumper header 
with the circuit breaker/control jumper in the ON position and the password 
jumper in the OFF position; these are the normal jumper positions for an in-ser-
vice relay. Table 2.4 lists the J18 jumper positions and functions.
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Figure 2.14 Major Component Locations on the SEL-487B Main Board
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The password disable jumper, PASSWORD, is for temporary or emergency sus-
pension of the relay password protection mechanisms. Under no circumstance 
should you install PASSWORD on a long-term basis. The SEL-487B ships with 
password disable jumper PASSWORD OFF (passwords enabled).

The circuit breaker control enable jumper, BREAKER, supervises the OPEN n 
command, the PULSE OUTnnn command, and front-panel local bit control. To 
use these functions, you must install Jumper BREAKER. The relay checks the 
status of the circuit breaker control jumper when you issue OPEN n, PULSE 
OUTnnn, and when you use the front panel to close or open circuit breakers, 
control a local bit, or pulse an output. The SEL-487B ships with circuit breaker 
Jumper BREAKER OFF. For commissioning and testing of the SEL-487B con-
tact outputs, it may be convenient to set BREAKER ON, so that the PULSE 
OUTnnn commands can be used to check output wiring. BREAKER must also 
be set ON if SCADA (DNP, Fast Operate, IEC 61850) control of the circuit 
breaker is required or if the LOCAL CONTROL > BREAKER CONTROL screens are 
going to be used.

                    

Figure 2.15 Jumper Location on the Main Board
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Table 2.4 Main Board Jumpers

Jumper
Jumper 
Location

Jumper 
Positiona

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Function

A Front OFF For SEL use only

PASSWORD Front OFF Enable password protection (normal and 
shipped position)

ON Disable password protection (temporary or 
emergency only)

BREAKER Front OFF Disable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb 
(shipped position)

b Also affects the availability of SCADA Control Messages and the front-panel LOCAL CONTROL 
> BREAKER CONTROL, and front-panel LOCAL CONTROL > OUTPUT TESTING screens.

ON Enable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb

D Front OFF For SEL use only
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Serial Port Jumpers
Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the three 
rear-panel EIA-232 serial ports. The maximum current available from this Pin 1 
source is 0.5 A. The Pin 1 source is useful for powering an external modem. 
Table 2.5 describes the JMP2, JMP3, and JMP4 positions. Refer to Figure 2.15 
for the locations of these jumpers. The SEL-487B ships with JMP2, JMP3, and 
JMP4 OFF (no +5 Vdc on Pin 1).

                    

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. To change the 
JMP2, JMP3, and JMP4 jumpers in an SEL-487B, perform the following steps: 

Step 1. Remove the relay from service.

a. Follow your company’s standard for removing a relay from 
service.

b. Disconnect power from the SEL-487B.

c. Retain the GND connection, if possible, and ground the 
equipment to an ESD mat.

Step 2. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 3. Remove the front panel from the SEL-487B.

Step 4. Disconnect the front-panel cable at the front panel.

Step 5. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 6. Remove rear-panel EIA-232 ports mating connectors.

a. Unscrew the keeper screws.

b. Disconnect any serial cables connected to the PORT 1, PORT 2, and 
PORT 3 rear-panel receptacles.

Step 7. Remove any Ethernet and IRIG-B connections.

Step 8. Carefully pull out the drawout assembly containing the main board.

Step 9. Locate the jumper you want to change.

Jumpers JMP2, JMP3, and JMP4 are located at the rear of the main 
board, directly in front of PORT 3, PORT 2, and PORT 1, respectively (see 
Figure 2.15).

Step 10. Install or remove the jumper as needed.

See Table 2.5 for jumper position descriptions.

Step 11. Reinstall the SEL-487B main board.

Table 2.5 Main Board Jumpers—JMP2, JMP3, and JMP4a

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Jumper
Jumper 
Location

Jumper 
Position

Pin Connections

JMP2 Rear OFF

ON

Serial Port 3, Pin 1 = not connected

Serial Port 3, Pin 1 = +5 V

JMP3 Rear OFF

ON

Serial Port 2, Pin 1 = not connected

Serial Port 2, Pin 1 = +5 V

JMP4 Rear OFF

ON

Serial Port 1, Pin 1 = not connected

Serial Port 1, Pin 1 = +5 V

WARNING
Have only qualified personnel service 
this equipment. If you are not 
qualified to service this equipment, 
you can injure yourself or others, or 
cause equipment damage.

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 12. Reconnect the power cable, the interface board cable(s), and the 
input board analog cable.

Step 13. Reattach the front panel.

Step 14. Reconnect any external cables that you removed in the disassembly 
process.

Step 15. Follow your company’s standard procedure to return the relay to 
service.

I/O Interface Board Jumpers
Jumpers on the INT4 I/O interface board identify the I/O board control address 
(see I/O Interface Boards on page 2.14 for more information on these boards). 
The jumpers on these I/O interface boards are at the front of each board, as shown 
in Figure 2.16.
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To confirm the positions of your I/O board jumpers, you can remove the front 
panel and inspect the jumper placements visually. Table 2.6 lists the four jumper 
positions for I/O interface boards. Refer to Figure 2.17 for the locations of these 
jumpers.

                    

Figure 2.16 Major Component Locations on the SEL-487B INT4 I/O Board

1
1

1

JM
P4

9

A
B ON ON ONON50

0
JU

M
PE

R 
CO

NF
IG

UR
AT

IO
N

20
0

OF
F

OF
F

OF
F

OF
F

JM
P4

9B

JM
P5

0B
JM

P5
0A

VE
R

JM
P4

9A
OF

F
ON

OF
F

ON
ONOF

F

ON30
0

OF
F

40
0

JM
P5

0

A
B

1
1

Co
nt

ro
l I

np
ut

s
Co

nt
ro

l I
np

ut
s

Co
nt

ro
l I

np
ut

s
Co

nt
ro

l I
np

ut
s

St
an

da
rd

 a
nd

 H
ig

h-
Sp

ee
d,

 H
ig

h-
Cu

rr
en

t I
nt

er
ru

pt
in

g 
Ou

tp
ut

s
Hi

gh
-S

pe
ed

, H
ig

h-
Cu

rr
en

t
In

te
rr

up
tin

g 
Ou

tp
ut

s

Co
nn

ec
to

r



2.21

Date Code 20230830 Instruction Manual SEL-487B Relay

Installation
Relay Placement

The I/O board control address has a hundreds-series prefix attached to the control 
inputs and control outputs for that particular I/O board chassis slot.

A 7U chassis has a 200-address slot for inputs IN201, IN202, etc. and outputs 
OUT201, OUT202, etc., and a 300-address slot for IN301, IN302, etc. A 9U 
chassis also has a 400-address slot and 500-address slot for as many as two addi-
tional I/O boards. The drawout tray on which each I/O board is mounted is keyed. 
See Installing Optional I/O Interface Boards on page 10.30 in the SEL-400 
Series Relays Instruction Manual for information on the key positions for the 
200-addresses slot trays and the 300-addresses slot trays.

                    

See Figure 2.3 for board location details.

Relay Placement
Proper placement of the SEL-487B helps make certain that you receive years of 
trouble-free power system protection. Use the following guidelines for proper 
physical installation of the SEL-487B.

Physical Location 
You can mount the SEL-487B in a sheltered indoor environment (a building or an 
enclosed cabinet) that does not exceed the temperature and humidity ratings for 
the relay. 

This rating allows mounting the relay indoors or in an outdoor (extended) enclo-
sure where the relay is protected against exposure to direct sunlight, precipita-
tion, and full wind pressure, but neither temperature nor humidity are controlled. 
You can place the relay in extreme temperature and humidity locations. The relay 
operates in –40° to +85°C (–40° to +185°F) temperatures (see Operating Tem-
perature on page 1.13). With no condensation present, the relay operates in 
humidity ranging from 5 percent to 95 percent. 

Rack Mounting
When mounting the SEL-487B in a rack, use the reversible front flanges to either 
semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails of 
approximately 1.1 inches (27.9 mm). The projection mount places the front panel 
approximately 3.5 inches (88.9 mm) in front of the relay rack rails.

See Figure 2.17 for exact mounting dimensions for both the horizontal and verti-
cal rack-mount relays. Use four screws of the appropriate size for your rack.

Table 2.6 I/O Board Jumpers

Description JMP49A JMP49B JMP50A JMP50B

Position A (Main Board) 1xx I/O N/A N/A N/A N/A

Position B (Expansion I/O) 2xx I/O OFF OFF OFF OFF

Position C (Expansion I/O) 3xx I/O ON OFF ON OFF

Position D (Expansion I/O) 4xx I/O OFF ON OFF ON

Position E (Expansion I/O) 5xx I/O ON ON ON ON
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Panel Mounting 
Place the panel-mount versions of the SEL-487B in a switchboard panel. See the 
drawings in Figure 2.17 for panel cut and drill dimensions. Use the supplied 
mounting hardware to attach the relay.

                    

Figure 2.17 Relay Chassis Dimensions
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CAUTION

Connection

Insufficiently rated insulation can 
deteriorate under abnormal operat-
ing conditions and cause equipment 
damage. For external circuits, use wir-
ing of sufficiently rated insulation that 
will not break down under abnormal 
operating conditions.

The SEL-487B is available with a main board and as many as four INT4 interface 
boards. The INT4 interface board is available to expand the control inputs and 
control outputs only. There are two relay size options: a 9U chassis capable of 
supporting as many as the maximum of four interface boards, or a 7U chassis 
capable of supporting as many as two interface boards. This subsection presents a 
representative sample of relay rear-panel configurations and the connections to 
these rear panels. 

When connecting the SEL-487B, refer to your company plan for wire routing and 
wire management. Be sure to use wire that is appropriate for your installation 
with an insulation rating of at least 90°C.

Rear-Panel Layout
Figure 2.18 and Figure 2.19 show the rear panel of the relay with only the main 
board installed, and Figure 2.3, Figure 2.4, and Figure 2.5 show the rear panel of 
the relay fully equipped. For clarity, the figures do not show a communications 
card installed in PORT 5.
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Figure 2.18 Rear Panel With Only Main Board (9U Version)
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Rear-Panel Symbols
Figure 2.20 shows important safety symbols and their descriptions. These safety 
symbols appear on the rear of the relay. Observe proper safety precautions when 
you connect the relay at terminals marked by these symbols. In particular, the 
danger symbol located on the rear panel corresponds to the following: Contact 
with instrument terminals can cause electrical shock that can result in injury or 
death. Be careful to limit access to these terminals.

                    

Screw-Terminal Connectors
Terminate connections to the SEL-487B screw-terminal connectors with ring-
type crimp lugs. Use a #8 ring lug with a maximum width of 9.1 mm (0.36 in). 
The screws in the rear-panel screw-terminal connectors are #8-32 binding head, 
slotted, nickel-plated brass screws. Tightening torque for the terminal connector 
screws is 1.0 Nm to 2.0 Nm (9 in-lb to 18 in-lb). 

                    

Figure 2.19 Rear Panel With Only Main Board (7U Version)

                    

Figure 2.20 Rear-Panel Symbols

Danger (Caution,
risk of danger)

Symbol

Grounding
Terminal
Symbol

DC Input SymbolAC/DC Input Symbol
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You can remove the screw-terminal connectors from the rear of the SEL-487B by 
unscrewing the screws at each end of the connector block. Remove the connector 
by pulling the connector block straight out. Note that the receptacle on the relay 
circuit board is keyed; you can insert each screw-terminal connector in only one 
location on the rear panel. To replace the screw-terminal connector, confirm that 
you have the correct connector, push the connector firmly onto the circuit board 
receptacle, and reattach the two screws at each end of the block.

Changing Screw-Terminal Connector Keying
You can rotate a screw-terminal connector so that the connector wire dress posi-
tion is the reverse of the factory-installed position (for example, wires entering 
the relay panel from below instead of from above). In addition, you can move 
similar function screw-terminal connectors to other locations on the rear panel. 
To move these connectors to other locations, you must change the screw-terminal 
connector keying. Inserts in the circuit board receptacles key the receptacles for 
only one screw-terminal connector in one orientation. Each screw-terminal con-
nector has a missing web into which the key fits (see Figure 2.21). If you want to 
move a screw-terminal connector to another circuit board receptacle or reverse 
the connector orientation, rearrange the receptacle keys to match the screw-termi-
nal connector block. Use long-nosed pliers to move the keys. Figure 2.22 shows 
the factory-default key positions.

                    
                    

Figure 2.21 Screw-Terminal Connector Keying

Webs Removed for Keying
(Receptacle Keys Fit Here)

Top View

Front View

A B C D E F 1 2 3 4 5 6
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Figure 2.22 Rear-Panel Receptacle Keying
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Grounding
Connect the grounding terminal (#Y31) labeled GND on the rear panel to a rack 
frame ground or main station ground for proper safety and performance. This 
protective earthing terminal is in the lower right side of the relay panel (see 
Figure 2.18. The symbol that indicates the grounding terminal is shown in 
Figure 2.20. Use 14 AWG (2.5 mm2) or larger wire, less than 2 m (6.6 feet) in 
length for this connection. This terminal connects directly to the internal chassis 
ground of the SEL-487B.

Power Connections 
The terminals labeled POWER on the rear panel (Y29 and Y30) must connect to a 
power source that matches the power supply characteristics that your SEL-487B 
specifies on the rear-panel serial number label. (See Power Supply on page 1.11 
for complete power input specifications.)

                    

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

The POWER terminals are isolated from chassis ground. Use 18 AWG (0.8 mm2) 
or larger size wire to connect to the POWER terminals. Connection to external 
power must comply with IEC 60947-1 and IEC 60947-3 and must be identified 
as the disconnect device for the equipment. Place an external disconnect device, 
either a switch/fuse combination or circuit breaker in the POWER leads for the 
SEL-487B; this device must interrupt both the hot (H/+) and neutral (N/-) power 
leads. The current rating for the power disconnect circuit breaker or fuse must be 
20 A maximum.

Operational power is internally fused by power supply fuse F1. Table 2.7 lists the 
SEL-487B power supply fuse requirements. Be sure to use fuses that comply 
with IEC 127-2. 

You can order the SEL-487B with one of three operational power input ranges 
listed in Table 2.7. Each of the three supply voltage ranges represents a power 
supply ordering option. As noted in Table 2.7, model numbers for the relay with 
these power supplies begin with 0487B1n, where n is 2, 4, or 6, to indicate low-, 
medium-, and high-voltage input power supplies, respectively. Note that each 
power supply range covers two widely used nominal input voltages. The 
SEL-487B power supply operates from 30 Hz to 120 Hz when ac power is used 
for the POWER input.

                    

Figure 2.23 Power Connection Areas of the Rear Panel

Terminal Y31
Terminal Y30Terminal Y29
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The SEL-487B accepts dc power input for all three power supply models. The 
48–125 Vdc supply also accepts 110–120 Vac; the 125–250 Vdc supply also 
accepts 110–240 Vac. When connecting a dc power source, connect the source 
with the proper polarity, as indicated by the + (Terminal Y29) and – (Terminal 
Y30) symbols on the power terminals. When connecting an ac power source, the 
+ Terminal Y29 is hot (H), and the – Terminal Y30 is neutral (N). Each model of 
the SEL-487B internal power supply exhibits low power consumption and a wide 
input voltage tolerance. For more information on the power supplies, see Power 
Supply on page 1.11.

Monitor Connections (DC Battery)
Each SEL-487B monitors one dc battery system. For information on the battery 
monitoring function, see Station DC Battery System Monitor on page 8.21 in the 
SEL-400 Series Relays Instruction Manual. Connect the positive lead of the Bat-
tery System to Terminal Y25 and the negative lead of the Battery System to Ter-
minal Y26. (Usually the Battery System is also connected to the rear panel 
POWER input terminals.) For the three-unit application and when there are two 
battery systems at a station, connect the second battery system to any one of the 
other two relays (also Terminals Y25 and Y26).

Secondary Circuit Connections
Each SEL-487B has 21 current inputs and 3 voltage inputs. Shared Configuration 
Attributes on page 2.1 describes these inputs in detail. Use appropriate safety pre-
cautions when connecting secondary circuits to these terminals. 

To verify these connections, use SEL-487B metering (see Examining Metering 
Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). You 
can also review metering data in an event report that results when you issue the 
TRIGGER command.

                    

Fixed Terminal Blocks
Connect the secondary current circuits to the first 18 terminals on the Y terminal 
block (Terminals Y01–Y18) and on the Z terminal block (Terminals Z01–Z24).

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

Connect the voltage inputs to Terminals Y19–Y24 on the Y terminal block. Note 
the polarity dots above the odd-numbered terminals (Y01 and Y03–Y23, Z01 and 
Z03–Z23) for the analog inputs.

Table 2.7 Fuse Requirements for the Power Supply

Rated Voltage
Operational 

Voltage Range
Fuse F1 Fuse Description

24–48 Vdc 18–60 Vdc T5.0AH250V 5x20 mm, time-lag, 5.0 A, 
high-break capacity, 250 V

48–125 Vdc or
110–120 Vac

38–140 Vdc or
85–140 Vac
(30–120 Hz) 

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

125–250 Vdc or
110–240 Vac

85–300 Vdc or
85–264 Vac
(30–120 Hz

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

CAUTION
Relay misoperation can result from 
applying anything other than speci-
fied secondary voltages and currents. 
Before making any secondary circuit 
connections, check the nominal volt-
age and nominal current specified on 
the rear-panel nameplate.

DANGER
Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.
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Connectorized
For the Connectorized SEL-487B, order the wiring harness kit, SEL-WA0487B. 
The wiring harness contains eight prewired connectors for the relay current and 
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact 
your local Technical Service Center or the SEL factory for ordering information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectors into terminals #Z01 through #Z24 
and #Y01 through #Y18, as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws located 
on each end of the connector.

When you remove the CT shorting connector, pull straight away 
from the relay rear panel.

As you remove the connector, internal mechanisms within the 
connector separately short each power system current transformer.

You can install these connectors in only one orientation.

Step 3. Plug the PT voltage connectors into terminals #Y19 to #Y24, as 
appropriate.

Odd numbered terminals are the polarity terminals. You can install 
these connectors in only one orientation.

Control Circuit Connections
You can configure the SEL-487B with many combinations of control inputs and 
control outputs. See Main Board I/O on page 2.12 and I/O Interface Boards on 
page 2.14 for information about I/O configurations. This subsection provides 
details about connecting these control inputs and outputs. Refer to Figure 2.3 for 
representative rear-panel screw-terminal connector locations.

Control Inputs
No control input on the relay is polarity sensitive, which means you cannot dam-
age these inputs with a reverse polarity connection. Note that the main board I/O 
control inputs have one set of two inputs that share a common input leg. These 
inputs are IN106 and IN107 found on Terminals A30, A31, and A32. To assign 
the functions of the control inputs, see Operating the Relay Inputs and Outputs 
on page 3.55 in the SEL-400 Series Relays Instruction Manual for more details. 
You can also use ACSELERATOR QuickSet SEL-5030 Software to set and verify 
operation of the inputs.

Control Outputs
The SEL-487B has three types of outputs:

➤ Standard outputs (for example: main board OUT104)

➤ Hybrid (high-current interrupting) outputs (for example: main board 
OUT101)

➤ High-speed, high-current interrupting (for example: INT4 board 
OUT01). See Control Outputs on page 2.9 for more information.
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You can connect the standard outputs and the high-speed, high-current interrupt-
ing outputs in either ac or dc circuits. Connect the high-current interrupting out-
puts to dc circuits only. The screw-terminal connector legends alert you about 
these requirements by showing polarity marks on the hybrid (high-current inter-
rupting) contacts and HS marks on the high-speed, high-current interrupting con-
tacts. Two pairs of Form C contacts are on the main board. The INT4 I/O 
interface board is available with six high-speed and two standard output contacts, 
or optionally, with eight standard output contacts.

Alarm Output

The SEL-487B monitors internal processes and hardware in continual self-tests. 
If the relay senses an out-of-tolerance condition, the relay declares a Status Warn-
ing or a Status Failure. The relay signals a Status Warning by pulsing the 
HALARM Relay Word bit (hardware alarm) to a logical 1 for five seconds. For a 
Status Failure, the relay latches the HALARM Relay Word bit at logical 1. To 
provide remote alarm status indication, connect the b contact of OUT108 to your 
control system remote alarm input. Figure 2.24 shows the configuration of the a 
and b contacts of control output OUT108.

                    

Default settings for Output OUT 107 and Output OUT108 are as follows:

OUT107 := TNS_SW #RELAY TEST MODE

OUT108 := NOT (SALARM OR HALARM)

TNS_SW is a test function programmed to Pushbutton PB4, labeled RELAY TEST 
MODE. Output OUT107 asserts when the relay is in the test mode. When the relay 
is operating normally, the NOT HALARM signal is at logical 1 and the b contact 
of control output OUT108 is open. When a Status Warning condition occurs, the 
relay pulses the NOT HALARM signal to logical 0 and the b contact of OUT108 
closes momentarily to indicate an alarm condition. For a Status Failure, the relay 
disables all control outputs and the OUT108 b contact closes to trigger an alarm. 
Also, when relay power is off, the OUT108 b contact closes to generate a power-
off alarm. See Relay Self-Tests on page 10.19 in the SEL-400 Series Relays 
Instruction Manual for information on relay self-tests.

The relay pulses the SALARM Relay Word bit for software programmed condi-
tions; these include settings changes, access level changes, alarming after three 
unsuccessful password entry attempts, and Ethernet firmware upgrade attempts.

                    

Figure 2.24 Control Output OUT108

N/C N/O

1817

OUT108

19

b a

(connect alarm here)
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Tripping and Closing Outputs

To assign the control outputs for tripping, see Setting Outputs for Tripping and 
Closing on page 3.61 in the SEL-400 Series Relays Instruction Manual. In addi-
tion, you can use the SET O command; see SET on page 9.6 for more details.

TiDL (EtherCAT) Connections
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The SEL-487B Relays that support TiDL have a 4U chassis. The relay supports 
I/O on the main board as well as one additional I/O board. The main board and 
additional I/O board map to the 100- and 200-level inputs and outputs. The Axion 
modules provide additional I/O for the 300, 400, and 500 levels and analog chan-
nels.

The protection functions remain unchanged from the standard SEL-487B Relay.

Axion Modules
The SEL-2240 Axion is a fully integrated analog and digital I/O control solution 
that is suitable for DSS. An Axion node consists of a 10-slot, 4-slot, or dual 4-slot 
chassis that is configurable to contain a power module and combinations of 
CT/PT, digital input (DI), or digital output (DO) modules.

                    

SEL-2243 Power Coupler

Each chassis requires an SEL-2243 Power Coupler (see Figure 2.26). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. Although the power coupler has two fiber-
optic ports, only PORT 1 is currently used for TiDL.

                    

Figure 2.25 Axion Chassis
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The SEL-2243 has sufficient power capacity to accommodate an entire Axion 
node. The terminal strip at the bottom of the unit (shown in Figure 2.26) is the 
connection point for incoming power. All Axion modules have a 55-position IEC 
C-style connector that provides a communications and power interface to the 
backplane. See the SEL-2240 Axion Instruction Manual for more information.

SEL-2244-2 Digital Input Module

The SEL-2244-2 Digital Input Module (see Figure 2.27) consists of 24 optoiso-
lated inputs that are not polarity dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay in the 300, 400, and 500 I/O board levels, based on the mod-
ules that occur in the network. Only the first 12 of 24 inputs are used in each 
module to help distribute the I/O around the network more efficiently. The inputs 
are mapped to the relay inputs based on the order in which the DI module occurs 
in the TiDL network.

There can be multiple DI modules in an Axion node, and the order of the DI 
modules will proceed from left to right in the node to determine the mapping of 
the inputs.

The first DI module that exists in the system, for example, on PORT 6A, will map 
to IN301–IN312, and if a second module is available on PORT 6A, it will map to 
IN313–IN324. If a second module does not exist on PORT 6A, IN313–IN324 will be 
mapped from the next module appearing in the TiDL system. Mapping order 
determination starts with PORT 6A and ends with the last port, PORT 6H.

                    

                    

Figure 2.26 SEL-2243 Power Coupler

First SEL-2244-2 DI module IN301–IN312

Second SEL-2244-2 DI module IN313–IN324

Third SEL-2244-2 DI module IN401–IN412

Fourth SEL-2244-2 DI module IN413–IN424
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SEL-2244-5 Fast High-Current Digital Output Module

The SEL-2244-5 Fast High-Current Digital Output Module consists of 10 fast, 
high-current output contacts. The outputs use the first 8 of the10 outputs and map 
as follows:

                    

Fifth SEL-2244-2 DI module IN501–IN512

Sixth SEL-2244-2 DI module IN513–IN524

                    

Figure 2.27 SEL-2244-2 Digital Input Module

First SEL-2244-5 DO Module OUT301–OUT308

Second SEL-2244-5 DO Module OUT309–OUT316

Third SEL-2244-5 DO Module OUT401–OUT408

Fourth SEL-2244-5 DO Module OUT409–OUT416

Fifth SEL-2244-5 DO Module OUT501–OUT508

Sixth SEL-2244-5 DO Module OUT509–OUT516
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For both the DI and DO modules, use 24–12 AWG (0.2–3.31 mm2) wire of suffi-
cient current capacity to connect to the digital input and output terminals for your 
application.

The order of mapping for DO modules is the same as that for DI modules.

SEL-2245-42 AC Analog Input Module

The SEL-2245-42 AC Analog Input Module (see Figure 2.29) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See Topologies on page 2.36 for more information on supported relay 
topologies and their connections.

                    

Figure 2.28 SEL-2244-5 Fast High-Current Digital Output Module
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Topologies
The SEL-487B Relay has a set of fixed topologies. These topologies map the 
voltages and currents internally in the relay to maintain existing settings and 
functionality. When the TiDL system is commissioned (see Commissioning on 
page 2.39), the firmware validates the connected Axion nodes and identifies if 
the installed CT/PT modules in the system match one of the supported topologies 
for the SEL-487B.

Ports listed as optional in the following topology diagrams do not require a 
CT/PT module to be connected to them. All other ports require a CT/PT module 
to be connected for the relay to verify the topology.

                    

Figure 2.29 SEL-2245-42 AC Analog Input Module
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Figure 2.30 Topology 1

Port
6A
6B
6C
6D
6E
6F
6G
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I01, I02, I03, V01, V02, V03
I04, I05, I06
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I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
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V0,
V1,
V2

Feeder 1

I04, I05, I06

Feeder 2
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Feeder 3

I10, I11, I12

Feeder 4

SEL Axion SEL Axion SEL Axion SEL Axion

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

SEL Relay

Control House

Substation Yard
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Figure 2.31 Topology 2

Port
6A
6B
6C
6D
6E
6F
6G
6H

Analogs
I01, I02, I03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
V01, V02, V03

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I01, I02, I03 I04, I05, I06 I07, I08, I09 I10, I11, I12

SEL Axion SEL AxionSEL AxionSEL AxionSEL Axion

SEL Relay

Control House

Substation Yard
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Commissioning
In TiDL applications, the relay receives currents from an Axion module. You 
must set the nominal current input of the relay to either 1 A or 5 A. Many settings 
and ranges of settings depend on the nominal current. Use the CFG CTNOM 
command to set the nominal current value. At Access level 2, issue a CFG 
CTNOM 1 to set the relay to 1 A values or use the command CFG CTNOM 5 to 
set it to 5 A values. This command is only available in relays that support TiDL 
technology. Note that after issuing this command, the relay settings are forced to 
their default values and the relay turns off and back on again to reinitialize the 
settings. The relay defaults to 5 A nominal, so only use this command if you are 
switching to a 1 A setting (see Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual for more information). The 
SEL-2245-42 AC Analog Input Module also sets its internal calculations based 
on this command. The relay internally transmits these data to the Axion modules 
and adjusts the scaling in the appropriate Axion module when this command is 
used.

In addition to the CT nominal values, TiDL relays also require that the nominal 
frequency be set by issuing the CFG NFREQ command. At Access level 2, issue 
a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a CFG NFREQ 50 
to set the relay to 50 Hz nominal. This command changes the NFREQ setting and 

                    

Note: This topology uses three or four CT/PT modules installed in one Axion node. The first module maps to the I01–I03 
currents and V01–V03 voltages, the second module maps to the I04–I06 currents, and the third maps to the I07–I09 
currents. Similar mapping occurs in the second Axion.

Figure 2.32 Topology 3

Port
6A

6B

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

Line 1

I04, I05, I06

Line 2

I07, I09, I09

Line 3 SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I10, I11, I12 I13, I14, I15 I16, I17, I18 I19, I20, I21

SEL Axion

SEL Relay

Control House

Substation Yard
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restarts the relay, and it is only available in TiDL relays. The relay defaults to 
60 Hz. This command should be issued after the CFG CTNOM command but 
before settings are sent to the relay.

The TiDL system uses a commissioning feature to identify that the connected 
Axion nodes meet the requirements of the supported topologies for the applied 
relay. These topologies are a balance between copper reduction and number of 
nodes. The nodes must be connected in one of the supported topologies so that 
the relay will map the voltages and currents accordingly.

The SEL-487B has a new interface on its back panel that replaces the original CT 
and PT input connections. These standard inputs are replaced with a module 
interface that supports eight fiber ports, labeled PORT 6A–PORT 6H (see Figure 2.33).

                    

Once all the Axion nodes are connected to the relay, press the COMMISSION push-
button on the module interface. This process verifies that the connected ports and 
Axion nodes are installed according to one of the supported topologies. Once the 
process is complete, the topology is stored in memory. At each additional startup 
of the relay, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes whether any of the CT/PT modules within the 
node have changed. If the topology needs to be changed (e.g., modules are added 
or replaced), the system will need to be recommissioned by pressing the COMMIS-
SION pushbutton.

When the commissioning and validation of the topology is complete, the voltages 
and currents map according to the topology assignments (see Topologies on 
page 2.36). Secondary injection testing takes place at each Axion node. Test 
sources must inject voltages and currents to the Axion node to verify correct 
installation and mapping. Monitoring of the voltages and currents remains in the 
control house with the relay.

LED Status
As shown in Figure 2.33, the TiDL relay provides LED status indication about 
the network and configuration. Once the system is connected, and the COMMISSION 
button pressed, the LEDs will provide the status of the commissioning process. 
Table 2.8 shows the status of the rear-panel LEDs for each commissioning state.

                    

                    

Figure 2.33 TiDL (EtherCAT) Module Interface

Commissioning 

Button

Commission LED 

for Network Status

Eight Fiber-Optic 100 Mbps 

EtherCAT Ports

LEDs for Axion 

Node Status

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 1 of 2)

State Description LED Status

Initial State Determining if topology exists Green COMMISSION LED OFF

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF

Red LED: PORT 6A–PORT 6H ON
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IRIG-B Input Connections
The SEL-487B accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are the BNC connector labeled IRIG-B 
and Pin 4 (+) and Pin 6 (–) of the DB-9 rear-panel serial port labeled PORT 1. 
When you use the PORT 1 input, ensure that you connect Pins 4 and 6 with the 
proper polarity. See Communications Ports Connections on page 2.42 for other 
DB-9 connector pinouts and additional details.

These inputs accept the dc shift time code generator output (demodulated) 
IRIG-B signal with a positive edge on the time mark. For more information on 
IRIG-B and the SEL-487B, see IRIG-B Inputs on page 2.12.

The PORT 1 IRIG-B input connects to a 2.5-k grounded resistor and goes 
through a single logic signal buffer. The PORT 1 IRIG-B is equipped with robust 
ESD and overvoltage protection but is not optically isolated. When you are using 
the PORT 1 input, ensure that you connect Pin 4 (+) and Pin 6 (–) with the proper polarity.

The IRIG Network should be properly terminated with an external termination 
resistor (SEL 240-1802, BNC Tee, and 240-1800, BNC terminator 50 ohms) 
placed on the unit that is farthest from the source. This termination provides 
impedance matching of the cable for the best possible signal-to-noise ratio.

When the distance between the SEL-487B and the IRIG-B sending device 
exceeds the cable length recommended for conventional EIA-232 metallic con-
ductor cables, you can use transceivers to provide isolation and to establish com-
munication to remote locations.

Verify Topology Determining if topology is supported Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H Blinking

Red LED: PORT 6A–PORT 6H ON

Topology Mismatch Connection does not match supported topology Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF—mismatched/unused

ON—matched

Red LED: PORT 6A–PORT 6H Blinking—mismatched

ON—matched

OFF—ports unused

Topology Matched Connection matches topology Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H OFF

N/A A commissioned port experiences an error Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H Blinking—failed port

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 2 of 2)

State Description LED Status
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Conventional fiber-optic and telephone modems do not support IRIG-B signal 
transmission. The SEL-2810 Fiber-Optic Transceiver/Modem includes a channel 
for the IRIG-B time code. These transceivers enable you to synchronize time pre-
cisely from IRIG-B time-code generators (such as the SEL-2032 Communica-
tions Processor) over a fiber-optic communications link.

For ease of connection or for runs as long as 300 feet from the IRIG-B generator 
to the SEL-487B, use the BNC IRIG-B input to connect the IRIG-B input of the 
SEL-487B to the IRIG-B generation equipment. Make this connection with a 
50  coaxial cable assembly.

Each SEL-487B provides two IRIG-B BNC connectors, labeled IN and OUT. The 
IRIG OUT connector does not support high-accuracy IRIG timekeeping. It lacks 
the C37.118 IRIG Control Bits.

Step 1. Referring to the external source connections in Figure 2.34, connect 
the IRIG-B signals to the IN connection of Relay A to update the 
clock of Relay A.

Step 2. Connect the OUT connection of Relay A to the IN connector of Relay 
B to update the clock in Relay B.

A similar connection between Relay B and Relay C updates the time 
in Relay C. 

NOTE: The IRIG OUT connection 
works regardless of the type of 
external time source connected to the 
relay.

                    

In the absence of an external IRIG-B signal, connect the relays as shown by the 
internal source connections in Figure 2.34. Connected this way, Relay B uses the 
clock of Relay A as time reference, and Relay C uses the clock of Relay B as 
time reference.

Communications Ports Connections
The SEL-487B has three rear-panel EIA-232 serial communications ports labeled 
PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For information on 
serial communications, see Establishing Communication on page 3.3 in the 
SEL-400 Series Relays Instruction Manual.

                    

Figure 2.34 Time Synchronization Connections Between Three Relays
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CAUTION

In addition, the rear panel features a PORT 5 for an optional factory-installed 
Ethernet communications card. For additional information about communica-
tions topologies and standard protocols that are available in the SEL-487B, see 
Section 10: Communications Interfaces in this manual and Section 15: Commu-
nications Interfaces, Section 16: DNP3 Communication, and Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Serial Ports
The SEL-487B serial communications ports use EIA-232 standard signal levels 
in a D-subminiature 9-pin (DB-9) connector. To establish communication 
between the relay and a DTE device (a computer terminal, for example) with a 
DB-9 connector, use an SEL-C234A cable. Alternatively, you can use an 
SEL-C662 cable to connect to a USB port.

Figure 2.34 shows the configuration of SEL-C234A cable that you can use for 
basic ASCII and binary communication with the relay. A properly configured 
ASCII terminal, terminal emulation program, or QuickSet along with the 
SEL-C234A cable provides communication with the relay in most cases.

                    

Serial Cables
Using an improper cable can cause numerous problems or failure to operate, so 
be sure to specify the proper cable for application of your SEL-487B. Several 
standard SEL communications cables are available for use with the relay. The 
following list provides rules and practices you should follow for successful com-
munication using EIA-232 serial communications devices and cables:

Severe power and ground problems 
can occur on the communications 
ports of this equipment as a result of 
using non-SEL cables. Never use stan-
dard null-modem cables with this 
equipment.

➤ Route communications cables well away from power and control 
circuits. Switching spikes and surges in power and control circuits 
can cause noise in the communications circuits if power and control 
circuits are not adequately separated from communications cables.

➤ You should keep the length of the communications cables as short as 
possible to minimize communications circuit interference and also to 
minimize the magnitude of hazardous ground potential differences 
that can develop during abnormal power system conditions.

                    

Figure 2.35 SEL-487B-to-Computer DB-9 Connector
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➤ EIA-232 communications cable lengths should never exceed 15.24 m 
(50 feet), and you should always use shielded cables for 
communications circuit lengths greater than 3.048 m (10 feet).

➤ Modems provide communication over long distances and give 
isolation from ground potential differences that are present between 
device locations. (Examples are the SEL-2800-series transceivers.)

➤ Lower data speed communication is less susceptible to interference 
and will transmit greater distances over the same medium than higher 
data speeds. You should use the lowest data speed that provides an 
adequate data transfer rate.

Ethernet Network Connections
The optional Ethernet card for the SEL-487B comes with two ports, either A and 
B or C and D. You can use either installed port. These ports can work together to 
provide a primary and backup interface. Other operating modes (FIXED and 
SWITCHED) are also available. The following list describes the Ethernet card 
port options.

➤ 10/100BASE-T. 10 Mbps or 100 Mbps communications using Cat 5 
cable (category 5 twisted-pair) and an RJ45 connector

➤ 100BASE-FX. 100 Mbps communications over multimode fiber-
optic cable using an LC connector

                    

Ethernet Card Rear-Panel Layout
Rear-panel layouts for the three Ethernet card port configurations are shown in 
Figure 2.36–Figure 2.41.

                    

                    

                    

Optional fiber-optic ports

                    

Figure 2.36 Two 100BASE-FX Port Configuration on Ports 5A and 5B

                    

Figure 2.37 Two 100BASE-T Port Configuration on Ports 5A and 5B

CAUTION
Use of controls or adjustments, or per-
formance of procedures other than 
those specified herein, may result in 
hazardous radiation exposure.

WARNING
Do not look into the end of an optical 
cable connected to an optical output.

WARNING
Do not perform any procedures or 
adjustments that this instruction man-
ual does not describe.
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Twisted-Pair Networks
NOTE: Use caution with UTP cables 
as these cables do not provide 
adequate immunity to interference in 
electrically noisy environments unless 
additional shielding measures are 
employed.

While Unshielded Twisted Pair (UTP) cables dominate office Ethernet networks, 
Shielded Twisted Pair (STP) cables are often used in industrial applications. The 
SEL-487B Ethernet card is compatible with standard UTP cables as well as STP 
cables for Ethernet networks.

Typically, UTP cables are installed in relatively low-noise environments, includ-
ing offices, homes, and schools. Where noise levels are high, you must either use 
STP cables or shield UTP cables, using grounded ferrous raceways such as steel 
conduit.

Several types of STP bulk cable and patch cables are available for use in Ethernet 
networks. If noise in your environment is severe, you should consider using fiber-
optic cables. We strongly advise against using twisted-pair cables for segments 
that leave or enter the control enclosure.

If you use twisted-pair cables, you should use care to isolate these cables from 
sources of noise to the maximum extent possible. Do not install twisted-pair 
cables in trenches, raceways, or wireways with unshielded power, instrumenta-
tion, or control cables. Do not install twisted-pair cables in parallel with power, 
instrumentation, or control wiring within panels, rather make them perpendicular 
to the other wiring.

You must use a cable and connector rated as Category 5 (Cat 5) to operate the 
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower categories 
are becoming rare and because you may upgrade a 10 Mbps network to 
100 Mbps, we recommend using all Cat 5 components.

                    

Figure 2.38 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5A 
and 5B

                    

Figure 2.39 Two 100BASE-FX Port Configuration on Ports 5C and 5D

                    

Figure 2.40 Two 10/100BASE-T Port Configuration on Ports 5C and 5D

                    

Figure 2.41 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5C 
and 5D

WARNING
During installation, maintenance, or 
testing of the optical ports, use only 
test equipment qualified for Class 1 
laser products.

WARNING
Incorporated components, such as 
LEDs and transceivers, are not user 
serviceable. Return units to SEL for 
repair or replacement.
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Some industrial Ethernet network devices use 9-pin connectors for STP cables. 
The Ethernet card RJ45 connectors are grounded, so you can ground the shielded 
cable using a standard, externally shielded jack with cables terminating at the 
Ethernet card.

AC/DC Connection Diagrams
You can apply the SEL-487B to different power system busbar layouts. 
Figure 2.42 shows one particular application scheme with connections that repre-
sent typical interfaces to the relay for a single zone layout. Figure 2.43 depicts 
typical connections for a three-relay application.
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Figure 2.42 Typical External AC/DC Connections for a Single-Relay Application
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Figure 2.43 Typical External AC/DC Connections for a Three-Relay Application
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings



3.23

Date Code 20230830 Instruction Manual SEL-487B Relay

Testing
Checking Relay Operation

Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Front-Panel Operations

The SEL-487B relay front panel makes power system data collection and system 
control quick and efficient. Using the front panel, you can examine power system 
operating information, view and change port, group, and global settings, and per-
form relay control functions. The relay features a straightforward menu-driven 
control structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LED (light-emitting diodes) indicators give a quick look 
at SEL-487B operation status. You can perform often-used control actions rap-
idly by using the large direct-action pushbuttons. All of these features help you 
operate the relay from the front panel and include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing port, group, global, date, and time settings

➤ Controlling relay operations

General front-panel operations are described in Section 4: Front-Panel Opera-
tions in the SEL-400 Series Relays Instruction Manual. This section provides 
additional information that is unique to the SEL-487B. This section includes the 
following:

➤ Front-Panel LCD Default Displays on page 4.1

➤ Front-Panel Menus and Screens on page 4.5

➤ Target LEDs on page 4.7

➤ Front-Panel Operator Control Pushbuttons on page 4.9

Front-Panel LCD Default Displays
The SEL-487B has two screen scrolling modes: autoscrolling and manual scroll-
ing. After the initial relay power up, or after front-panel time out, the LCD pres-
ents each of the display screens in this sequence:

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Enabled metering screens

➤ Zone configuration screens

If enabled, the relay displays the metering and zone configuration screens in the 
order listed in Table 4.1 (see Figure 4.4 for samples of the metering screens). 
This sequence comprises the ROTATING DISPLAY.

                    

Table 4.1 Metering Screens Enable Settings (Sheet 1 of 2)

Name Description Range Default

STA_BAT Station Battery Screen Y, N N

FUND_VI Fundamental Voltage and Current Screens Y, N Y
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Use the front-panel settings (the SET F command from a communications port 
or the Front Panel settings in ACSELERATOR QuickSet SEL-5030 Software) to 
access the metering screen enable settings. Entering a Y (Yes) for a metering 
screen enable setting results in the corresponding metering screen appearing in 
the ROTATING DISPLAY. Entering an N (No) hides the metering screen from pre-
sentation in the ROTATING DISPLAY. If all metering screen enable settings are set 
to N (No) and there are no configured display points screens, the DIFF screen 
appears by default in the ROTATING DISPLAY. Figure 4.1 shows a ROTATING DIS-
PLAY example consisting of an example alarm points screen, a display points 
screen, and one of the factory-default metering screens (the screen values in 
Figure 4.1 are representative values).

                    

DIFF Differential Metering Y, N Y

ZONECFG Terminals Associated With Zones Y, N Y

                    

Figure 4.1 ROTATING DISPLAY

Table 4.1 Metering Screens Enable Settings (Sheet 2 of 2)

Name Description Range Default

Tie-Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

ZONE  IOP      IRT
 1     0.12     2.3
 2     0.05     1.0
 3     0.01     1.3
 4     0.10     2.1
 5     0.07     1.7
 6     0.06     1.5
          

          (PER UNIT)

ROTATING DISPLAY

Press  for menu

Other Screens

Buscoupler 2
   --Open--

Bus Section 1
   --Closed--

SF6 ALARM

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu
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The active alarm points are the first screens in the ROTATING DISPLAY (see Alarm 
Points on page 4.7 in the SEL-400 Series Relays Instruction Manual). Each alarm 
points screen shows as many as 11 alarm conditions. The SEL-487B can present 
a maximum of six alarm points screens. 

The active display points are the next screens in the ROTATING DISPLAY (see Dis-
play Points on page 4.10 in the SEL-400 Series Relays Instruction Manual). Each 
display points screen shows as many as 11 enabled display points. (With 94 dis-
play points, the SEL-487B can present a maximum of 9 display point screens.) If 
a display point does not have text to display, the screen space for that display 
point is maintained.

METER
Factory-enabled metering screens scroll through the following metering screens:

➤ Differential quantities

➤ Zone configuration (when active)

➤ Fundamental Current

➤ Fundamental Voltage

Figure 4.2 shows the zone specific and check zone differential metering screens. 
The display shows the Bus-Zone number and the operating and restraint current 
for each active zone. An active zone is a zone with at least one terminal in the 
zone. Zones become inactive when there are no terminals connected to the zone 
or when the zone was merged with other zones. Inactive zones are not displayed. 
Figure 4.2 shows an example with two zones active.

                    

Figure 4.3 shows the screen displaying the terminal(s) present in each active 
zone. For each active zone, the relay displays the terminals connected to that par-
ticular zone. When two zones merge, the new zone carries the zone number of the 
lower of the two zones. For example, when Zones 2 and 4 merge, the new com-
bined zone becomes Zone 2.

                    

Figure 4.4 shows the fundamental current screens, displaying the primary current 
and phase angle for each terminal.

                    

Figure 4.2 Differential Screens

                    

Figure 4.3 Terminals in Zone Screen

ZONE SPECIFIC
ZONE  IOP      IRT
 1    0.12     2.3
 2    0.05     1.0
 

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

CHECK ZONE
ZONE  IOP      IRT
 1    0.00     2.7
 2    0.00     2.71
 3    0.00     2.7

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

TERMINALS IN ZONE 1
 TRFR_1    FEEDR_3
 TRFR_2    FEEDR_5
 FEEDR_1   FEEDR_8
   •          •
   •          •
   •          •
   •          •
   •          •
   •          • 
 

ROTATING DISPLAY

Press  For Menu
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All angles are referenced to the voltage connected to voltage terminal V01. If 
voltage at terminal V01 is not available, the relay selects V02, and then V03. In 
the absence of voltage inputs, the relay references the current input of I01, pro-
vided the current is above 0.05 • INOM. If I01 is not above this current level, the 
relay references the current from I02, if available. If I02 is not available, the relay 
continues to I03, I04, and so on until it finds a current input above 0.05 • INOM.

Figure 4.5 shows the primary voltage magnitudes and angles from the three volt-
age inputs in kV.

                    

                    

Figure 4.4 Fundamental Primary Current Screens

                    

Figure 4.5 Fundamental Primary Voltage Screen

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE

FDR_1   214.45   45°
FDR_2   230.07   50°
FDR_3   121.49 -143°
TRFR_1   20.64 -119°
TB_1    212.32   75°
TB_1    321.44   49°  
  

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I13     214.45   45°
I14     230.07   50°
I15     121.49 -143°
I16      20.64 -119°
I17     212.32   75°
I18      21.44   49°

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I07     214.45   45°
I08     230.07   50°
I09     121.49 -143°
I10      20.64 -119°
I11     212.32   75°
I12     321.44   49°

ROTATING DISPLAY

Press  For Menu

Press  For Menu

Press  For Menu

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I19     214.45   45°
I20     230.07   50°
I21     121.49 -143°

ROTATING DISPLAY

Press  For Menu

PRIMARY VOLTAGE (kV)

TERM ID  MAG/ANGLE
V01     88.00    5˚
V02     88.00 –125˚
V03     88.00  115˚
          

          

ROTATING DISPLAY

Press  For Menu
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Use the SET F command and set STA_BAT = Y to enable the station battery 
screen, as displayed in Figure 4.6.

                    

Front-Panel Menus and Screens
Operate the SEL-487B front panel through a sequence of menus that you view on 
the front-panel display. The MAIN MENU is the introductory menu for other front-
panel menus. These additional menus allow you on-site access to control and port 
settings. Use the following menus and screens to set the relay and perform local 
control actions:

➤ Support Screens
➢ Adjust Contrast
➢ Password

➤ MAIN MENU 
➢ EVENTS
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST

➢ RESET ACCESS LEVEL 

See Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual for information on most of these screens. The following screen descrip-
tions are unique to the SEL-487B.

Events
Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual describes viewing summary events from the front panel. Figure 4.7 illus-
trates what a summary event report looks like in an SEL-487B.

                    

                    

Figure 4.6 Station Battery Screen

STATION BATTERY

VDC1 = 124.7 V

ROTATING DISPLAY

Press  For Menu

                    

Figure 4.7 EVENT SUMMARY Screen

12/28/2002    GROUP1 
10:45:12.738
EVENT:         87BTR
TARGETS:
87_DIFF
ZONE_1      

EVENT SUMMARY  10005
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View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the SEL-487B. In the MAIN MENU, 
highlight the VIEW CONFIGURATION option by using the navigation pushbuttons. 
The relay presents five screens in the order shown in Figure 4.8. Use the naviga-
tion pushbuttons to scroll through these screens. When finished viewing these 
screens, press ESC to return to the MAIN MENU.

                    
                    

Figure 4.8 VIEW CONFIGURATION Sample Screens

FID=SEL-487B-1-R308-
  V0-Z010005-
  D20150414
PART NUMBER: 0487B1X
  6252XC2XEH7EEXXX
S/N=0000000000
SELBOOT:
  BFID=SLBT-4XX-
  R209-V0-Z001002-
  D20150130
  CHECKSUM: 4DDF

CONFIGURATION INFO

INTERFACE BOARDS:
  BOARD 1:24 INPUTS
           8 OUTPUTS     
  BOARD 2:NOT
          INSTALLED
  BOARD 3:NOT
          INSTALLED
  BOARD 4:NOT
          INSTALLED
EXTENDED FEATURES:
  IEC 61850

CONFIGURATION INFO

COMMUNICATIONS CARD:
  ETHERNET
    PORT A: NA
    PORT B: NA
    PORT C: COPPER
    PORT D: COPPER

CONFIGURATION INFO

IF THE CONFIGURATION
IS NOT WHAT YOU 
EXPECTED, CONTACT
SEL FOR ASSISTANCE.

CONFIGURATION INFO

MAINBOARD:
  CODE FLASH: 12 MB
  DATA FLASH: 52 MB
  RAM:        64 MB
  EEPROM:    128 KB

ANALOG INPUTS:
  CURRENTS:  5 A
  VOLTAGE:  67 V

CONFIGURATION INFO
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Target LEDs
The SEL-487B gives you at-a-glance confirmation of relay conditions via opera-
tion and target LEDs. These LEDs are located in the middle of the relay front 
panel. The SEL-487B provides either 16 or 24 LEDs, depending on ordering 
options selected.

The general operation and configuration of these LEDs is described in Section 4: 
Front-Panel Operations in the SEL-400 Series Relays Instruction Manual. Please 
note that the SEL-487B has the alternate behavior on the Tn_LED bits: they latch 
independently of the trip condition. For a concise listing of the default program-
ming on the front-panel LEDs, see Front-Panel Settings on page 12.20 in the 
SEL-400 Series Relays Instruction Manual.

Use the slide-in labels to mark the LEDs with custom names. Included on the 
SEL-400 Series Product Literature DVD are Customer Label Templates to print 
labels for the slide-in label carrier. Figure 4.9 shows the arrangement of the oper-
ation and target LEDs region into several areas described in Table 4.2.

                    

                    

                    

Figure 4.9 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)

Table 4.2 Front-Panel Target LEDs

Label Function

ENABLED, TRIP Operational

87 (DIFF), BKR FAIL, ZONE 1, ZONE 2, ZONE 3, 
ZONE 4, ZONE 5, ZONE 6, 50, 51

Protection and Zone Indication

CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM

Alarms

27a, 59a, V01 ONa, V02 ONa, V03 ONa

BUS FAULTa, 52 ALARMa

IRIG LOCKa

a Only available in 24 LED models.

Voltage Status

Miscellaneous Status

Clock Status

Protection and 
Zone Indication

Alarms

Operational

Voltage 
Status

Miscellaneous 
Status

Clock Status
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Protection and Zone Indication
The SEL-487B indicates essential information about the most recent relay trip 
event with the LEDs of the Protection and Zone Indication area. These trip types 
are 87 (DIFF), BKR FAIL, ZONE 1–6, 50, 51. 

The 87 (DIFF) target LED illuminates and latches the indication, indicating 
operation of any one of the six SEL-487B differential elements. 

The BKR FAIL target LED illuminates and latches the indication, indicating 
operation of any one of the 21 SEL-487B breaker failure elements.

The ZONE 1–6 target LEDs illuminate and latches the indication, indicating 
the zone(s) in which the fault occurred.

The 50 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, instantaneous elements.

The 51 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, time-delayed overcurrent elements.

Alarms
The alarm area target indicators are the CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM LEDs. 

The CT ALARM (current transformer) target illuminates but does not latch the 
indication when any one of the six sensitive differential elements times out.

The 87 BLOCKED target illuminates and latches the indication when any one of 
the six Zone Supervision (ZnS) SELOGIC control equations becomes a 
logical 0. 

The TOS (Terminal Out of Service) target illuminates but does not latch the 
indication when any one of the 21 terminals is out of service.

The 89 IN PROG target illuminates but does not latch the indication when a 
disconnect operation is in progress on any one of the 60 disconnects.

The 89 ALARM (Disconnect Alarm) target illuminates but does not latch the 
indication when the disconnect alarm 89AL asserts.

The PT ALARM (potential transformer) target illuminates and latches after a 
240-cycle time delay, indicating the presence of a negative- or zero-sequence 
voltage. This function works on the assumption that all three phases from the 
PTs are available in the same relay with an ABC phase rotation. In a three-
relay application, wire the three phases from the PTs to the same SEL-487B.

Voltage Status
The 27 target LED illuminates when any one of the terminal undervoltage ele-
ments operates.

The 59 target LED illuminates when any one of the terminal overvoltage ele-
ments operates.

The V01 ON, V02 ON, and V03 ON LEDs illuminate when the terminal filtered 
instantaneous voltages are greater than 55 V. See Table 8.50 for setting default 
values. The default setting of 55 V is 82 percent of the line-to-neutral nominal 
voltage of 67 V to coincide with the nominal line-to-line voltage of 115 V.
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Miscellaneous Status
The BUS FAULT target LED illuminates when a busbar fault is detected (Relay 
Word bit FAULT is asserted).

The 52 ALARM target LED illuminates when the relay detects any circuit breaker 
alarm (Relay Word bit 52AL is asserted).

Clock Status
The IRIG LOCK target LED illuminates in the SEL-487B when the relay detects 
synchronization to an external clock with less than 500 ns of jitter (Relay Word 
bit TIRIG is asserted). See IRIG-B Timekeeping on page 11.1 in the SEL-400 
Series Relays Instruction Manual for complete details.

Front-Panel Operator Control Pushbuttons
The SEL-487B front panel features large operator control pushbuttons coupled 
with amber annunciator LEDs for local control. Figure 4.10 shows this region of 
the relay front panel with factory-default configurable front-panel label text. The 
SEL-487B provides either 8 or 12 pushbuttons depending on ordering options 
selected.

                    

Factory-default programming associates specific relay functions with the push-
buttons and LEDs. The SEL-487B default setting uses only three of the pushbut-
tons, as listed in Table 4.3. For a concise listing of the default programming for 
the front-panel pushbuttons and LEDs, see Front-Panel Settings on page 8.21.

                    

Press the operator control pushbuttons momentarily to toggle on and off the func-
tions listed adjacent to each LED/pushbutton combination. The operator control 
pushbuttons and LEDs are programmable. Figure 4.11 describes the factory 
defaults for the three operator controls.

                    

Figure 4.10 Operator Control Pushbuttons and LEDs (8 Pushbutton Version)

Table 4.3 Operator Control Pushbuttons and LEDs—Factory Defaults

LED Function

87 (DIFF) ENABLED Enable the differential protection

BKR FAIL ENABLED Enable the breaker failure protection

RELAY TEST MODE Enable the differential and breaker failure 
protection, but inhibit trip outputs

Operator 
Control Pushbutton

Annunciator LED
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There are two ways to program the operator control pushbuttons. The first is 
through front-panel settings PBn_HMI. These settings allow any of the operator 
control pushbuttons to be programmed to display a particular HMI screen cate-
gory. The HMI screen categories available are Alarm Points, Display Points, 
Event Summaries, and SER. All PBn_HMI settings are OFF by default. Front-
panel setting NUM_ER allows the user to define the number of event summaries 
that are displayed via the operator control pushbutton; it has no effect on the 
event summaries automatically displayed or the event summaries available 
through the main menu. Each HMI screen category can be assigned to a single 
pushbutton. Attempting to program more than one pushbutton to a single HMI 
screen category will result in an error. After assigning a pushbutton to an HMI 
screen category, pressing the pushbutton will jump to the first available HMI 
screen in that particular category. If more than one screen is available, a naviga-
tion scroll bar will be displayed. Pressing the navigation arrows will scroll 
through the available screens. Subsequent pressing of the operator control push-
button will advance through the available screens, behaving the same as the Right 
Arrow or the Down Arrow pushbutton. Pressing the ESC pushbutton will return the 
user to the ROTATING DISPLAY. 

The second way to program the operator control pushbutton is through SELOGIC 
control equations, using the pushbutton output as a programming element. Using 
SELOGIC control equations, you can change the default pushbutton and LED 
functions. Use the slide-in labels to mark the pushbuttons and pushbutton LEDs 
with custom names to reflect any programming changes that you make. The 
labels are keyed; you can insert each Operator Control Label in only one position 
on the front of the relay. Word processor templates for printing slide-in labels are 
included on the SEL-400 Series Product Literature DVD. See Front-Panel Tem-
plates on page 2.2 for more information on changing the slide-in labels.

The SEL-487B has two types of outputs for each of the front-panel pushbuttons. 
Relay Word bits represent the pushbutton presses. One set of Relay Word bits fol-
lows the pushbutton and another set pulses for one processing interval when the 
button is pressed. Relay Word bits PB1–PB12 are the “follow” outputs of opera-
tor control pushbuttons. Relay Word bits PB1_PUL–PB12PUL are the “pulsed” 
outputs.

Annunciator LEDs for each operator control pushbutton are PB1_LED–
PB12LED. The factory defaults programmed for three LEDs used are protection 
latches (PLT01, for example), settings groups, and Relay Word bits. The asserted 
and deasserted colors for the LED are determined with settings PB1COL–
PB12COL (12-pushbutton version). Options include red, green, amber, or off. 
You can change the LED indications to fit your specific control and operational 
requirements. This programmability allows great flexibility and provides opera-
tor confidence and safety, especially in indicating the status of functions that are 
controlled both locally and remotely.



4.11

Date Code 20230830 Instruction Manual SEL-487B Relay

Front-Panel Operations
Front-Panel Operator Control Pushbuttons

                    
                    

Figure 4.11 Factory-Default Operator Control Pushbuttons

PB1_LED = DIFF_EN
# Differential

Protection Enabled

PB2_LED = BF_EN
# Breaker Failure

Enabled

PB4_LED = TNS_SW
# Test normal

Switch Enabled

PB3_LED = NA

SELOGIC

Factory
Setting

Operator
Control

Pushbutton
LED

Label Description

Press this operator control pushbutton enable differential protection. The 
corresponding 87 (DIFF) ENABLED LED is illuminated amber indicating that 
DIFF_EN=1. DIFF_EN is the default alias setting for the Relay Word bit PLT01. 
DIFF_EN is included in the Terminal to Bus Connection Logic setting for IqqBZpV 
(qq = 00–21, p = 1–6) and effectively supervises the terminal to bus-zone 
connection. Therefore, if PB1 is not pressed, DIFF_EN = 0 and the terminal Iqq will 
not be connected to bus zone BZp. To disable differential protection, press and 
hold this pushbutton for one second until the LED is no longer illuminated. If the 
LED is off, DIFF_EN = 0.

Press this operator control pushbutton enable breaker failure initiate settings. 
The corresponding BKR FAIL ENABLED LED is illuminated amber indicating that 
BF_EN = 1. BF_EN is the default alias setting for the Relay Word bit PLT02. BF_EN is 
included in the Breaker Failure Initiate setting for BFI01–BFI06. Therefore, if PB2 is 
not pressed, BF_EN = 0 and the breaker failure initiate equation cannot be true. To 
disable breaker failure protection, press and hold this pushbutton for one second 
until the LED is no longer illuminated. If the LED is off, BF_EN = 0. 

Press this operator control pushbutton to disable outputs OUT101–OUT105 and 
close OUT107. The corresponding RELAY TEST MODE LED is illuminated amber 
indicating that TNS_SW = 1. TNS_SW is the default alias setting for the Relay Word 
bit PLT03. TNS_SW is included in the output equation for OUT101–OUT105. 
Therefore, if PB4 is pressed, TNS_SW = 1 and the output equations supervised by 
this Relay Word bit cannot be true and the associated outputs will not close. This 
is useful functionality for testing TRIP01–TRIP05 equations during commissioning, 
but preventing the output operation. To disable the test mode, press and hold this 
pushbutton for one second until the LED is no longer illuminated. If the LED is off, 
TNS_SW = 0. 

PB5_LED = NA
PB6_LED = NA
PB7_LED = NA
PB8_LED = NA
PB9_LED = NA

PB10_LED = NA
PB11_LED = NA
PB12_LED = NA
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Protection Functions

This section provides a detailed explanation of the SEL-487B relay protection 
functions. Each subsection provides an explanation of the function, along with a 
list of the corresponding settings and Relay Word bits. Logic diagrams and other 
figures are included.

Functions discussed in this section are listed below.

➤ Busbar Protection Elements on page 5.1

➤ Check Zone Protection Elements on page 5.10

➤ Sensitive Differential Element on page 5.12

➤ Zone Supervision Logic on page 5.14

➤ Dynamic Zone Selection Logic on page 5.14

➤ Check Zone Selection on page 5.16

➤ Instantaneous/Delayed Overcurrent Elements on page 5.17

➤ Selectable Time-Overcurrent Elements (51) on page 5.18

➤ Over- and Undervoltage Elements on page 5.25

➤ Open-Phase Detection Logic on page 5.28

➤ Open CT Detection Logic on page 5.29

➤ Circuit Breaker Failure Protection on page 5.30

➤ Circuit Breaker Failure Trip Logic on page 5.34

➤ Bus Coupler/Bus Sectionalizer Configurations on page 5.36

➤ Coupler Security Logic on page 5.37

➤ Disconnect Monitor on page 5.43

➤ Zone-Switching Supervision Logic on page 5.45

➤ Differential Trip Logic on page 5.47

➤ Breaker Trip Logic on page 5.48

➤ Circuit Breaker Status Logic on page 5.49

Busbar Protection Elements
Busbar protection philosophy traditionally calls for two-out-of-two trip criteria, 
where two separate measuring elements must agree before protection issues a trip 
signal. Realization of the two-out-of-two trip criteria can occur by using one of 
the combinations of measuring elements listed below:

➤ Dual differential element combination (main zone and check zone)

➤ Differential element and directional element combination (main zone 
and directional element)

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Each combination has an advantage over the other; the weakness of one being the 
strength of the other. In particular, differential elements (amplitude comparators) 
are more vulnerable to CT saturation than directional elements (phase compara-
tors), but directional elements (phase comparators) are more vulnerable to high-
impedance faults.

CT saturation is a concern in networks with high fault currents. Poor CT selec-
tion increases the potential for CT saturation. In networks with impedance 
grounding, all ground faults are high-impedance faults. Although relays may 
have been correctly selected in the initial network design, changes in the network 
may adversely influence the network parameters. For example, network exten-
sions or reduced source impedance result in higher fault current, and deteriora-
tion of the substation grounding mat at the substation may result in higher fault 
impedance for ground faults.

Modern busbar protection relays should not only include protection elements to 
allow for diverse network parameters, but the implementation of these elements 
in the relays must ensure continual, uncompromising relay performance, despite 
changes in network parameters. In general, busbar protection must comply with 
the following performance requirements:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Minimum delay for evolving faults

The SEL-487B meets the above performance requirements during all system 
operating conditions. The relay includes six busbar protection elements for the 
protection of as many as six zones. Each of the six busbar protection elements 
consists of the following three elements (see Figure 5.1):

➤ Differential element using phasor values

➤ Directional element using phasor values 

➤ Fault detection logic using instantaneous values

Figure 5.1 shows a block diagram of one of the six busbar protection elements, 
with only two (I01 and I02) of the available 21 current inputs connected. The 
relay uses the highest CT ratio (CTRMAX) divided by the lowest CT ratio 
(CTRMIN) to verify that the CT ratio mismatch for the differential protection is 
less than 10:1. Only CT ratios associated with terminals that are used in the ter-
minal-to-bus-zone settings will be used to determine CTRMAX and CTRMIN. 
Because the relay accepts current inputs from CTs with a 10:1 ratio mismatch, 
the calculations for the differential elements are performed on per unit values. 
The relay uses the highest CT ratio (CTRMAX) of the installed CT ratios as a ref-
erence value in converting the input currents from ampere to per unit values. 
Using Equation 5.1, the relay calculates a normalization factor value (TAP) for 
each terminal:

                    

Equation 5.1

                    

where:

TAPnn = TAP value for each terminal to convert current from ampere to 
per unit (nn = 01–21)

CTRMAX = Highest CT ratio of the terminals used in the terminal-to-bus-
zone settings

INOM = Nominal CT secondary current (1 A or 5 A)

CTRnn = CT ratio of the specific terminal

TAPnn
CTRMAX INOM

CTRnn
--------------------------------------------=
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Using the TAPnn values, the relay calculates the current in per unit values for 
each terminal as shown in Equation 5.2:

                    

Equation 5.2

                    

Figure 5.1 shows the block diagram for Busbar Protection Element 1, one of six 
busbar protection elements available in the relay. Throughout the following ele-
ment descriptions, the numerical part of the Relay Word bits refers either to ele-
ments from a specific busbar protection element (1–6) or the specific terminal 
number (01–21). In most cases, the protection element descriptions refer to ele-
ments from Busbar Protection Element 1. For example, FDIF1 in Figure 5.1 
refers to the output from the filtered differential element of Busbar Protection 
Element 1. I01 and I02 refer to current inputs from Terminal I01 and 
Terminal I02.

                    

Referring to Figure 5.1, after the per unit conversion, the data (I01CR and 
I02CR) follow two separate paths. One path is through a digital band-pass filter 
(DBPF) to the filtered differential element and the directional element; the other 
path brings the instantaneous values to the fault detection logic.

The filtered differential element uses the input currents from each terminal in a 
protection zone to calculate the operate and restraint currents. The directional 
element compares the direction of current at a reference terminal to the direction 
of current at all other terminals in a protection zone to calculate fault direction. 
Several elements combine in the fault detection logic to distinguish between 
internal or busbar faults (FAULT1) and external faults (CON1).

where:

InnCR = Per unit current for Terminals I01–I21

Inn = Current in amperes for Terminals I01–I21

pu = per unit

                    

Figure 5.1 Block Diagram Showing the Logic for Busbar Protection Element 1
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AND Gate 1 combines the OR combination of the directional element (DE1F) 
and internal fault element (FAULT1) with the sensitive differential element 
(87ST1) to supervise the filtered differential element. P87R1, the output from 
Gate 1, drives a security timer that controls the final output (87R1) of the busbar 
protection element. 

The logic includes three dedicated check zones (see Check Zone Protection Ele-
ments on page 5.10). This flexibility provides the opportunity to configure the 
dual differential (main zone and check zone) element combination.

Filtered Differential Element
The following discussion refers to the Filtered Differential Element 1, (with only 
Terminals 01 and 02 connected to the element) but applies equally well to the 
remaining five filtered differential elements. Using the output quantities from the 
digital band-pass filter (cosine filter), the filtered differential element calculates a 
restraint quantity, IRT1, and an operating quantity, IOP1, according to 
Equation 5.3 and Equation 5.4:

                    

Equation 5.3

and

                    

Equation 5.4

                    

Figure 5.2 shows a block diagram of the elements necessary for obtaining the dif-
ferential and restraint quantities used in the filtered differential elements. Relay 
Word bit FDIF1 is the output from the differential calculation. Relay Word bit 
87O1 asserts when the differential current exceeds the O87P threshold. Together 
these two Relay Word bits form the filtered differential element characteristic.

                    

Figure 5.3 shows the characteristic of the differential element as a straight line 
through the origin of the form:

                    

Equation 5.5

where:

I01CF and I02CF = Filtered per unit current values from Terminals I01 and 
I02

                    

Figure 5.2 Filtered Differential Element 1
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For operating quantities (IOP1) exceeding the threshold level O87P and falling in 
the operate region of Figure 5.3, the filtered differential element issues an output. 
There are two slope settings. Slope 1 (SLP1) is effective for internal faults, and 
Slope 2 (SLP2) is effective for external faults. To change the slope values, first 
enable the advanced settings by setting EADVS := Y in Group Settings and then 
proceed to change the slope values. When the fault detection logic detects an 
external fault condition, Relay Word bit CON1 asserts. CON1 switches the slope 
of the differential characteristic from Slope 1 to Slope 2 to add security to the fil-
tered differential element (see Fault Detection Logic on page 5.7).

Directional Element
The relay includes directional elements that supervise the filtered differential ele-
ments. In particular, the directional elements provide additional security to the 
filtered differential elements during external faults with heavy CT saturation con-
ditions. Each of the six busbar protection elements has a directional element spe-
cific to that differential element.

The directional element compares the direction of current at the reference termi-
nal to the direction of current at all other qualifying terminals in each zone. A 
qualifying terminal is a terminal with current value greater than the 50DSP 
threshold setting; the relay selects one of these currents as a reference. For each 
calculation, the relay uses the real part of the product of the terminal current and 
the conjugate of the current at the reference terminal, as depicted in Figure 5.4.

                    

The relay declares an internal fault condition when the direction of current at all 
the remaining terminals coincides with the direction of current at the reference 
terminal. For the directional element to begin processing, the current values of at 
least two terminals within the zone must exceed the 50DSP threshold. Figure 5.5 
shows the directional element characteristic, the shaded area indicating an inter-
nal fault.

                    

Figure 5.3 Filtered Differential Element Characteristic
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Figure 5.4 Torque Calculation Used in the Directional Element to Determine 
Fault Direction
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T = Re(IT01 • IREF*)

IREF

IT01
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The relay acquires the terminals within each specific protection zone from the 
zone selection logic. The relay determines the terminals with phase current 
greater than the 50DSP threshold and selects one of the currents greater than the 
50DSP threshold as a reference. The relay establishes fault direction by compar-
ing the direction of current at the reference terminal to that at the remaining ter-
minals in the zone with phase current greater than the 50DSP threshold.

Referring to Figure 5.6, consider the case of four terminals in Zone 1, with inputs 
labeled I01CF, I02CF, I03CF, and I04CF. Further, assume that the current magni-
tude in terminal I04CF is below the 50DSP threshold.

                    

First, the directional element determines which terminals have phase current 
magnitude greater than the 50DSP threshold. Because the current magnitude of 
input I04CF is below the 50DSP threshold, the relay selects only inputs I01CF, 
I02CF, and I03CF for further processing. The relay selects input I01CF as the ref-
erence (IREF) and compares the direction of current I02CF (IT02) and current 
I03CF (IT03) to this reference. DE1F asserts only if the direction of current at 
both IT02 and IT03 coincides with the direction of current at the reference termi-
nal according to the directional element characteristic shown in Figure 5.5. 

                    

Figure 5.5 Directional Element Characteristic, the Shaded Area Indicating an 
Internal Fault

                    

Figure 5.6 Directional Element Logic
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Fault Detection Logic
The fault detection logic distinguishes between external faults (external fault 
detection logic) and internal faults (internal fault detection logic), as shown in 
Figure 5.7. When the fault detection logic detects an external fault, Relay Word 
bit CON1 asserts, and when the fault detection logic detects an internal fault, 
Relay Word bit FAULT1 asserts.

                    

Elements in the fault detection logic use instantaneous per unit currents to calcu-
late a restraint quantity, IRT1R, and an operating quantity, IOP1R, according to 
Equation 5.6 and Equation 5.7:

                    

Equation 5.6

and

                    

Equation 5.7

                    

Figure 5.8 shows a block diagram of how the fault detection logic obtains 
restraint quantity IRT1R and operating quantity IOP1R.

                    

External Fault Detection Logic
In general, operating and restraint currents increase simultaneously for internal 
faults; for external faults, only the restraint current increases if there is no CT sat-
uration. By comparing the change in operating current (IOP1R) to the change in 
restraint current (IRT1R), the relay detects external fault conditions. Because 
CTs can saturate during external faults, the relay asserts the external fault condi-
tion (Relay Word bit CON1) for 60 cycles after detecting an external fault. 
Figure 5.9 shows the logic for detecting external fault conditions.

                    

Figure 5.7 Fault Detection Logic That Distinguishes Between External and 
Internal Faults

where:

I01CR and I02CR = Instantaneous per unit current from Terminals 01 and 02.

                    

Figure 5.8 Fault Detection Logic Obtaining Restraint and Operating Quantities
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Asserting CON1 for 60 cycles can slow relay operation for evolving faults 
(where the fault starts as an external fault and then develops into an internal 
fault). To prevent delayed tripping, CON1 resets when either the directional ele-
ment (DE1F) detects an evolving fault or the internal fault detection logic (IFAU-
LT1) confirms an internal fault condition. 

Relay Word bit CON1 controls the operating mode of the relay by asserting when 
the relay detects an external fault. The relay operates normally with CON1 deas-
serted but switches to a high-security mode when CON1 asserts. High security 
causes the following in the relay:

➤ Slope 1 changes to Slope 2.

➤ Delay time of the adaptive security timer increases.

Resetting CON1 releases the relay from the high-security mode, and the relay 
operates with the normal settings.

Internal Fault Detection Logic 
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.10 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. When the raw operate current (IOP1R) exceeds 
the active slope and the O87P setting, RDIF1 asserts. RDIF1 forms the input into 
the consecutive measurement fault detection logic and the fast fault detection 
logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the IFAULT1 Relay Word bit asserts.

                    

If surge (lightning) arresters are installed on busbars, a path to ground exists 
when these devices conduct, resulting in operating current in the differential ele-
ments. The fast fault detection logic qualifies the operating current with a time 

                    

Figure 5.9 External Fault Detection Logic
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Figure 5.10 Internal Fault Detection, Instantaneous Differential Element, 
Consecutive Measurement Fault Detection, and Fast Fault Detection Logics
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delay to differentiate between operating current resulting from surge arrester con-
duction and operating current because of internal faults. If the fast fault detection 
logic detects an internal fault, Relay Word bit GFAULT1 asserts.

Protection Element Output Logic
Figure 5.11 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
protection element output, Relay Word bit 87R1):

➤ An output from the filtered differential element, FDIF1

➤ An output from the filtered differential element threshold, 87O1

➤ An output from either the directional element (DE1F) or the internal 
fault detection logic (FAULT1)

➤ No output from the sensitive differential element (87ST1) with 
E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87R1 starts the adaptive security timer. CON1 also controls the security timer 
time setting; when CON1 asserts, the relay increases the time delay by 0.4 cycles 
to increase security for the protection element.

Table 5.1 shows operating times for the bus differential elements. Figure 5.12 
shows the average operating times (minimum of five trials) for the differential 
element. Operating times include the time it takes for the 87R element to assert 
and does not take into consideration the output contact closure time. Tests were 
performed for 1, 2, 3, 4, 5, 6, and 7 multiples of pickup setting. At 7 times the set-
ting, the deviation was 0.02 cycles. These tests do not include fault resistance. 
Operating times are the same for 50 Hz and 60 Hz.

                    

                    

q See Figure 5.47.

Figure 5.11 Differential Element Output: Final Conditions and Adaptive Security 
Timer

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
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Check Zone Protection Elements
The SEL-487B logic includes three dedicated check zones, providing the flexibil-
ity and opportunity to configure the dual differential (main zone and check zone) 
element combination.

Figure 5.13 shows the block diagram for a Check Zone 1 Protection Element 
(Check Zones 2 and 3 are similar). Throughout the following element descrip-
tions, the numerical part of the Relay Word bits refers to the specific terminal 
number (01–21). I01 and I02 refer to current inputs from Terminal I01 and Ter-
minal I02.

                    

6 0.51

7 0.52

                    

Figure 5.12 Average 87R Operating Times
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Figure 5.13 Block Diagram Showing Logic for Check Zone Protection Element 1
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Check Zone Filtered Differential Element
Figure 5.14 shows a block diagram of the elements necessary for obtaining the 
differential and restraint quantities used in the check zone filtered differential ele-
ments. Relay Word bit FDIFCZ1 is the output from the check zone differential 
calculation. Relay Word bit 87OCZ1 asserts when the differential current 
exceeds the CZO87P threshold. Together these two Relay Word bits form the 
check zone filtered differential element characteristic.

                    

Check Zone External Fault Detection Logic
Figure 5.15 shows the logic for detecting external fault conditions.

                    

To change the threshold values, first enable the advanced settings (see Section 8: 
Settings for more information on setting the relay) by setting EADVS := Y in 
Group Settings and then enable the check zone settings by setting ECHKZN := Y. 

Check Zone Internal Fault Detection Logic
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.16 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. RDIFCZ1, the output from the instantaneous 
differential element, forms the input into the consecutive measurement fault 
detection logic and the fast fault detection logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the Relay Word bit IFLTCZ1 asserts.

                    

Figure 5.14 Check Zone Filtered Differential Element 1
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Figure 5.15 Check Zone External Fault Detection Logic
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Check Zone Protection Element Output Logic
Figure 5.17 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
Check Zone Protection Element output, Relay Word bit 87RCZ1):

➤ An output from the check zone filtered differential element 
(FDIFCZ1)

➤ An output from the check zone filtered differential element threshold 
(87OCZ1)

➤ An output from either the check zone directional element (DECZ1F) 
or the check zone internal fault detection logic (FLTCZ1)

➤ No output from the check zone sensitive differential element 
(87STCZ1) with E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87RCZ1 starts the adaptive security timer. CONCZ1 also controls the security 
timer time setting; when CONCZ1 asserts, the relay increases the time delay by 
0.4 cycles to increase security for the protection element.

Sensitive Differential Element
For each zone, sensitive differential elements detect differential current resulting 
from CT open or short circuits conditions. If such a condition exceeds a settable 
delay, the element asserts an alarm. There are two Relay Word bits per zone: an 
instantaneous Relay Word bit, 87S1, and a time-delayed Relay Word bit, 87ST1. 

                    

Figure 5.16 Check Zone Internal Fault Detection, Instantaneous Differential 
Element, Consecutive Measurements Fault Detection, and Fast Fault Detection 
Logics
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Figure 5.17 Check Zone Differential Element Output: Final Conditions and 
Adaptive Security Timer
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Use 87ST1, the time-delayed output, for alarming and supervision. Each sensi-
tive differential element compares the sensitive differential element operating 
quantity, IOP1, against the S87P threshold.

                    

The status of the sensitive differential element is one of the four conditions con-
sidered in the final output logic of the differential protection element (see 
Figure 5.18). With E87SSUP := Y, the output 87STn supervises the differential 
protection element. When E87SSUP := N the sensitive differential (87STn) ele-
ment does not supervise the differential protection elements (87Rn). Setting 
E87SSUP := N only removes the supervision function from the differential ele-
ment, but does not disable the sensitive differential elements. The sensitive differ-
ential elements are still running and available for other functions such as 
asserting an alarm.

The sensitive differential elements may assert under load conditions if not set 
properly. To prevent these elements from asserting under load conditions, set the 
differential threshold setting 50 percent higher than the natural out-of-balance 
current at the station. Be sure to measure the worst natural out-of-balance current 
at the station. For example, in a double busbar layout with bus-zone-to-bus-zone 
connections, first merge the bus-zones before making the measurement (see 
Dynamic Zone Selection Logic on page 5.14 and Bus-Zone-to-Bus-Zone Connec-
tions on page 6.33 for more information). Use the MET DIF command to read 
the per unit operating current values from each protection zone.

Check Zone Sensitive Differential Element
                    

Each check zone has an independent sensitive differential element. There are two 
Relay Word bits per zone: an instantaneous Relay Word bit, 87SCZ1, and a time-
delayed Relay Word bit, 87STCZ1. Use 87STCZ1, the time-delayed output, for 
alarming and supervision. Each sensitive differential element compares the sensi-
tive differential element operating quantity, IOPCZ1, against the CZS87P thresh-
old.

                    

Figure 5.18 Sensitive Differential Element (87S)
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Figure 5.19 Check Zone Sensitive Differential Element (87S)
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Zone Supervision Logic
This logic provides final supervision criteria before a trip signal is issued. 
Figure 5.20 shows the logic for Differential Element 1, but similar logic is avail-
able for all six differential elements. Relay Word bit 87R1 is the output from the 
differential element, and Z1S is a SELOGIC control equation in the zone configu-
ration settings. The differential trip logic uses Relay Word bit 87Z1, the output 
from this logic, to determine which terminals to trip. See Differential Trip Logic 
on page 5.47 for more detail.

                    

Setting Z1S is a SELOGIC control equation in which you can program the condi-
tions for supervising the differential element (87R1). For example, this is the set-
ting in which you enter the output from the check zone differential element 
during check zone configuration. Consider the case where a check zone is config-
ured and 87CZ1 is the check zone element output. Both the check zone and the 
sensitive differential elements must supervise the 87R1 element. With 
E87SSUP := Y, 87ST1 is already included in the differential element supervision 
(one of the four final conditions; see Figure 5.11). Only the check zone informa-
tion is required:

Z1S := 87CZ1

Dynamic Zone Selection Logic
Busbar protection involves assigning the appropriate input current values to the 
corresponding differential elements for calculation of per zone operating and 
restraint quantities and determining the breakers to trip for differential and 
breaker failure protection operation. To allow flexible substation configuration 
without compromising busbar protection, the relay dynamically reassigns input 
currents to the appropriate differential elements when the station configuration 
changes.

Disconnect and breaker auxiliary contacts typically provide station configuration 
information in the form of control inputs, entered into the relay as SELOGIC con-
trol equations. By evaluating these SELOGIC control equations, the zone selection 
logic assigns the currents to the appropriate differential elements. When discon-
nects are closed in such a way that a solid connection exists between two (or 
more) zones, the zones merge, and only one zone is active. The active zone after 
a merge is always the zone with the lowest number. For example, if Zone 3 and 
Zone 4 merge, Zone 3 encompasses Zone 4.

When the SELOGIC control equation representing the Terminal-to-Bus-Zone 
becomes a logical 1, the zone selection algorithm processes the current values 
associated with that particular terminal (see Table 5.2). When the equation is log-
ical 0, the current values are neither processed nor considered in the differential 
calculations. This is also true for the trip output. When the SELOGIC control 
equation of a terminal is a logical 0, the differential element issues no trip signals 
to that terminal.

                    

Figure 5.20 Zone and Check Zone Supervision Logic

87R1

Z1S
87Z1

87RCZ1

CZ1S
87CZ1

NOTE: Setting E87ZSUP := N sets 
ZnS to logical 1. This setting prevents 
the inadvertent blocking of the 
differential elements.

CAUTION
Setting E87ZSUP := Y enables the 
zone supervision in all six zones. If you 
do not enter any supervision condi-
tions for a particular zone, be sure to 
enter a 1 at the SELOGIC control equa-
tion prompt.
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To properly configure the station, the zone selection algorithm requires the fol-
lowing information:

➤ Terminals to bus-zones connections, IqqBZpV.

➤ Interconnections between bus-zones, BZpBZpV.

                    

Both IqqBZpV and BZpBZpV are SELOGIC control equation variables that you 
enter in the relay when using the SET Z command to set the relay. In QuickSet, 
IqqBZpV is found in Group > Zone Configuration > Terminal To Bus-Zone 
Connections and BZpBZpV is found in Group > Zone Configuration > Bus-
Zone To Bus-Zone Connections.

Selecting the Zones
The relay runs the zone selection algorithm every protection processing interval 
and sets the appropriate zone switching operation (ZSWOPp) Relay Word bits 
for one cycle when there is a status change in either IqqBZpV (terminal is con-
nected to or disconnected from a bus-zone) or BZpBZpV (two or more bus-zones 
are connected together).

Based on the SELOGIC control equations IqqBZpV and BZpBZpV, the zone 
selection logic determines the following:

➤ The bus-zone(s) to be included in each protection zone

➤ The active terminals to be included in each protection zone

➤ The terminals to trip for differential and breaker failure protection 
operations

Table 5.3 shows the Relay Word bits available in the zone selection logic with 
their descriptions.

                    

Table 5.2 Current Values Assigned to the Differential Element as a Function of 
the Disconnect Status

SELOGIC Control 
Equation

Status Meaning in the Differential Calculation

I01BZ1V := D891 D891 = 1 (closed) I01 is part of differential Bus-Zone 1

I01BZ1V := D891 D891 = 0 (open) I01 is not part of differential Bus-Zone 1

where:

I01BZ1V = SELOGIC control equation declaring the conditions when Ter-
minal 1 connects to Bus-Zone 1

D891 = input from Terminal 1 disconnect auxiliary contact that 
changes state when the disconnect switch changes state

where:

qq = 01–21 (Terminal 1 to Terminal 21)

p = 1–6 (Bus-Zone 1 to 6)

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 1 of 2)

Quantity Description

ZSWOPp Picks up following a change to either bus-zone-to-bus-zone or terminal-to-
bus-zone conditions in Zone p

ZONEp Differential Zone p is active

IqqBZpV Terminal qq connected to BZp

BZpBZpV A connection exists between BZp and BZp
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Check Zone Selection
The check zone function in the SEL-487B-1 differs in three ways from the check 
zone in the SEL-487B-0:

➤ Each SEL-487B-1 has three check zones

➤ There are no Terminal-to-Check-Zone Connection Logic settings, 
IqqCZ1V, in the SEL-487B-1

➤ The SEL-487B-1 includes Advance Check Zone settings

The single check zone in each SEL-487B-0 means that you can use the check 
zone only in a three-relay application. The three check zones in each 
SEL-487B-1 makes it possible to configure a check zone for each of the three 
phases in a single-relay application. 

On the basis that terminals in the check zone are independent of the disconnect 
auxiliary contact status, there is no need to configure Terminal-to-Check-Zone 
Connection Logic (i.e., IqqCZ1V in the SEL-487B-0) in the SEL-487B-1. There-
fore, to include a terminal in the check zone, just enter the Terminal, Check-
Zone, Polarity (P,N) settings, as shown below.

                    

In QuickSet, go to Check Zone Configuration > Terminal qq To Check Zone 
Connections and set CTqqCZp (p = 1–3) to Y to include a terminal in a check 
zone as shown in Figure 5.21. 

ZNpIqq Terminal qq connected to Zone p

ZNpIqqT Terminal qq connected to Zone p and will be tripped

BZpBZpR A connection exists between BZp and BZp and the coupler is removed

ZpBZp Bus-Zone p is part of Protective Zone p

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 2 of 2)

Quantity Description

Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ?N
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When you enter a check zone in the Terminal-to-Check-Zone settings, the corre-
sponding CZONEx (x = 1–3) Relay Word bit asserts. For example, in the above 
example, Relay Word bit CZONE1 asserts, but not Relay Word bits CZONE2 or 
CZONE3. Use the TAR ASCII command to verify the status of these Relay 
Word bits.

                    

The Advance Check Zone Settings provide a method to configure a check zone 
for applications with in-board CTs (see Example of Check Zone With In-Board 
(Bushing) CTs on page 6.23).

The SEL-487B-1 still includes Check Zone Supervision setting. Use these set-
tings to disable the entire check zone. In the following example, CZ1S is set to 1 
(the default setting), meaning that the check zone is always in service.

                    

Instantaneous/Delayed Overcurrent Elements
Each of the 21 terminals includes a single level of phase instantaneous and time-
delayed overcurrent elements. Figure 5.22 shows the logic for the 50Pnn ele-
ment. Labels FIM (Filtered, Instantaneous, Magnitude) are included for informa-
tional purposes and indicate specific processes used in the relay (see Section 12: 
Analog Quantities for more information about analog quantities).

The logic compares the magnitudes of phase input current InnFIM to a pickup 
setting 50PnnP. If the current magnitude exceeds the pickup level, Relay Word bit 
50Pnn asserts and the timer starts timing. After the time specified by the delay 

                    

Figure 5.21 Check Zone Settings

=>>TAR CZONE1<Enter>
*       *       *       *       *       CZONE3  CZONE2  CZONE1  
0       0       0       0       0       0       0       1

Check Zone Supervision
Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ?Y
Check Zone 1 Supervision (SELogic Equation)
CZ1S := 1

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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setting 50PnnD expires, a second Relay Word bit, 50PnnT, asserts. Relay Word 
bit 50PnnT only asserts if Relay Word bit 50Pnn remains asserted for the dura-
tion of the 50PnnD time setting. When Relay Word bit 50Pnn deasserts, the timer 
resets without delay, along with 50PnnT if it has asserted.

                    

The definite-time overcurrent elements are not enabled in the default settings. 
Enable the elements by setting E50 := nn (nn = 01–21). After enabling the ele-
ments, the definite-time overcurrent elements of all 21 terminals are available but 
are still set to OFF. For example, assume we want definite-time overcurrent pro-
tection for Terminal 05. Set E50 := 5, making the definite-time overcurrent ele-
ments of Terminal 01–Terminal 05 available. Because the default settings for the 
definite-time overcurrent elements are OFF, the elements are not active. Only 
enter settings at the definite-time overcurrent protection prompt of Terminal 05. 
Terminal 05 is the only terminal with definite-time overcurrent protection; the 
definite-time overcurrent protection for Terminal 01–Terminal 04 remains 
switched OFF.

Selectable Time-Overcurrent Elements (51)
Instead of having dedicated inverse-time overcurrent elements for each current 
channel, the relay offers the flexibility of an unassigned time-overcurrent ele-
ment, each with the choice of five US and five IEC operating curves. Unassigned 
means that the 51 element operating quantities are available for assignment, as 
the application requires (see Table 5.6).

The inverse-time overcurrent elements are not enabled in the default settings. 
Enable the desired number of elements by setting E51 := nn (nn = 01–21). 
Choose from any filtered instantaneous phase current quantity magnitudes 
(I01FIM–I21FIM) to set as the operate quantity, 51Onn.

Table 5.4 shows the five US characteristics, and Table 5.5 shows the five IEC 
characteristics. Each table shows the five operating time equations, together with 
the five electromechanical reset characteristic equations.

                    

                    

Figure 5.22 Phase Instantaneous and Time-Delayed Overcurrent Elements

50PnnD

0
CYC

InnFIM

50Pnn

50PnnT50PnnP
(Setting)

nn = 01, 02, . . .21

Timer 50P

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 1 of 2)

Curve Type Operating Time Reset Time

U1 (Moderately Inverse)  

U2 (Inverse)  

U3 (Very Inverse)  

Tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = TR TD 1.08
1 M2

–
---------------- 
 • =

Tp TD 0.180 5.95
M2 1–
----------------+ 

 • = TR TD 5.95
1 M2

–
---------------- 
 • =

Tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = TR TD 3.88
1 M2

–
---------------- 
 • =
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U4 (Extremely Inverse)  

U5 (Short-Time Inverse)  

a TP = Operating Time
TR = Reset Time
TD = Time-Delay Setting
M = Measured Current / Pickup Current

Table 5.5 IEC Time-Overcurrent Equations

Curve Type Operating Time Reset Time

C1 (Standard Inverse) 

C2 (Very Inverse) 

C3 (Extremely Inverse) 

C4 (Long-Time Inverse) 

C5 (Short-Time Inverse) 

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 2 of 2)

Curve Type Operating Time Reset Time

Tp TD 0.02434 5.64
M2 1–
----------------+ 

 • = TR TD 5.64
1 M2

–
---------------- 
 • =

Tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = TR TD 0.323
1 M2

–
---------------- 
 • =

Tp TD 0.14
M0.02 1–
---------------------- 
 • = TR TD 13.5

1 M2
–

---------------- 
 • =

Tp TD 13.5
M 1–
-------------- 
 • = TR TD 47.3

1 M2
–

---------------- 
 • =

Tp TD 80
M2 1–
---------------- 
 • = TR TD 80

1 M2
–

---------------- 
 • =

Tp TD 120
M 1–
-------------- 
 • = TR TD 120

1 M–
-------------- 
 • =

Tp TD 0.05
M0.04 1–
---------------------- 
 • = TR TD 4.85

1 M2
–

---------------- 
 • =
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Figure 5.23 U.S. Curves U1, U2, U3, and U4
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Figure 5.24 U.S. Curve U5 and IEC Curves C1, C2, and C3
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The 51 overcurrent elements of the relay have dynamic pickup (51Pxx) and time-
delay (51TDxx) values. Because these settings can be programmed by means of 
protection math variables (PMVs), their actual value cannot be checked at setting 
time. To ensure that the pickup and time-delay values are within their predefined 
limits, the relay uses a limit check to verify the validity of setting values. Relay 
Word bits 51TMxx (time-dial limit check) and 51MMxx (pickup-limit check) are 
used to indicate a setting that is outside of the limit check thresholds. If the maxi-
mum limit thresholds are exceeded, the relay uses the maximum limit value. If 
the minimum limit thresholds are exceeded, the relay uses the minimum limit 
value (see Figure 5.26).

                    

                    

Figure 5.25 IEC Curves C4 and C5
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Example 5.1

The Terminal 01 current channel input is 5 A nominal …. From relay part 
number

51O01 := I01FIM

 Therefore 51B101 := 0.25 (lower limit)

 And 51B201 := 16.0 (upper limit)

5 A Current Terminal: (Determined by Relay part number and the operating 
quantity)

B1 := 0.25 and B2 := 16.0
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If the calculated pickup value is greater than 3.2, the relay logic clamps the 
pickup value at 3.2. Similarly, if the value is less than 0.05, the relay logic clamps 
the pickup value at 0.05. At the same time that it clamps the values to these lim-
its, the logic sets a limit bit (51MMxx) to indicate to the user that the read-in 
value is outside the specified limits.

Logic
                    

Settings Description 
Operating Quantity

The 51 elements are unassigned, so you can select the operating quantity from 
Table 5.6.

                    

The Terminal 01 current channel input is 1 A nominal …. From relay part 
number

51O01 := I01FIM

Therefore 51B101 := 0.05 (lower limit)

And 51B201 := 3.2 (upper limit)

1 A Current Terminal: (Determined by relay part number and the operating 
quantity)

B1 := 0.05 and B2 := 3.2

Example 5.1  (Continued)

                    

Figure 5.26 Time-Overcurrent Logic

51Pxx
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51TDxx

(Time Dial)

51Txx

(Element Time Out)
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(Element Reset)

Limit check

0
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Overcurrent Element 

Limit check
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51Oxx
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51TCxx

(Torque Control)

51Sxx

(Element Pickup)

SI

51TMxx (Time Dial Limits Exceeded)

51MMxx (Pickup Limits Exceeded)

Operating Quantity

51RSxx

(EM Reset)

Where: xx = 01–21

Note: If the relay is using TiDL (EtherCAT), the operating 
times will be delayed by 1.5 ms. Use caution when setting
the relay coordination times to account for this added delay.

Table 5.6 Time-Overcurrent Operating Quantity List 

Analog Quantity Description

InnFIMa

a Where nn = 01–21.

Filtered Instantaneous Terminal nn Current Magnitude
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Pickup and Time-Dial Settings
Pickup setting 51P01, operating on the ratio of the measured current to the 
pickup setting (multiple of pickup setting), moves the characteristic horizontally 
to vary the pickup current; time-dial (multiplier) setting 51TD01 moves the curve 
vertically to vary the operating time for a given multiple of pickup.

Both pickup (51P01) and time-dial (51TD01) settings are math variables instead 
of fixed settings. SEL math variables, unlike fixed settings that cannot be dynam-
ically changed, allow for the adaptive changing of pickup and time- dial settings 
without the need for changing relay setting groups. However, if your installation 
does not require adaptive pickup and/or time-dial settings changes, use the time-
overcurrent element as a conventional 51 element. For a conventional element, 
simply enter the pickup and time-dial settings as numbers, such as: 

51P01 = 1.5

51TD01 = 1

Upper and Lower Range Limits
When you use SEL math variables, the selected analog value can exceed the 
upper value of the pickup range, or it can fall below the lower value of the pickup 
range. When this happens, the relay assigns the appropriate threshold value to the 
element and continues to calculate the trip time. For the 51Pnn pickup settings, 
the upper threshold is 3.2 for 1 A relays and 16 for 5 A relays. The lower thresh-
old is 0.05 for 1 A relays and 0.25 for 5 A relays. For the 51TDnn time-dial set-
tings, the U.S. curve thresholds are 0.5 and 15, and the IEC thresholds are 0.05 
and 1.0. In addition, the relay also asserts the appropriate Relay Word bits: 
51MM01 (pickup value out of bounds) and/or 51TM01 (time-dial value out of 
bounds).

                    

Example 5.2

For example, you want a 1 A relay to pick up at 1.5 A when IN201 asserts 
and to pick up at 2 A when IN202 asserts (IN201 deasserted). Program the 
following:

51P01 := IN201 • 1.5 + IN202 • 2

With IN201 asserted (logical 1), and IN202 deasserted (logical 0), the 51P01 
setting is:

(1 • 1.5) + (0 • 2) = 1.5 + 0 = 1.5

When IN202 asserts (IN201 deasserted), the 51P01 setting is:

(0 • 1.5) + (1 • 2) = 0 + 2 = 2

If, however, IN202 asserts while IN201 is still asserted, the 51P01 setting is:

(1 • 1.5) + (1 • 2) = 1.5 + 2 = 3.5

Because 3.5 exceeds the upper range value of 3.2, the relay clamps the set-
ting at 3.2 and asserts Relay Word bit 51MM01.
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Torque Control
SELOGIC control equation 51TC01 allows you to state the conditions when the 
element must run. When 51TC01 asserts (logical 1), switch S1 in Figure 5.26 
closes, and the relay evaluates input 51O01. For example, if the element should 
only measure when the circuit breaker is closed, enter the following:

51TC01 := IN201 (Breaker auxiliary “A” contact connected to IN201)

With this setting, switch S1 closes only when IN201 is a logical 1. If the element 
must measure all the time, enter the following:

51TC01 := 1

EM Reset
Setting 51RS01 defines whether the curve resets like an electromechanical disk 
or after one power system cycle when current drops below pickup. If you set 
51RS01 = Y, then the relay resets according to the reset timer equations for that 
particular curve (see Table 5.4 or Table 5.5). If you set 51RS01 = N, then the 
relay resets after one power system cycle when current drops below pickup.

Over- and Undervoltage Elements
The SEL-487B offers as many as six undervoltage and six overvoltage elements. 
Each of these 12 elements has two levels, for a total of 24 over- and undervoltage 
elements. Figure 5.27 shows the over- and undervoltage element logic.

Use the E27 and E59 settings to enable as many over- and undervoltage elements 
as you need.

Select any operating quantity shown in Table 5.7 for the 27Ok settings, and any 
value from Table 5.8 for the 59Ok settings as an input quantity (27Ok and 59Ok 
settings). You can select the same quantity for an undervoltage element as for an 
overvoltage element.

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Settings Descriptions
E27 Enable Undervoltage Elements

Use the E27 setting to enable the number of undervoltage elements you want the 
relay to use. Each undervoltage element provides two pickup settings levels.

27Ok Undervoltage Element Operating Quantity
Select the operating quantity 27Ok (k = 1–6) you want for each voltage element 
from Table 5.7.

                    

                    

Figure 5.27 Over- and Undervoltage Logic
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Table 5.7 Undervoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage
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27PkP1 Undervoltage Element Level 1 Pickup
The 27PkP1 (k = 1–6) undervoltage element Level 1 pickup setting is typically 
used for alarm level indication of undervoltage conditions. The setting is in sec-
ondary voltage. The Level 1 pickup has a definite-time delay (27PkD1) that can 
be used to provide a time delay on the assertion of the undervoltage element.

27PkP2 Undervoltage Element Level 2 Pickup
The 27PkP2 (k = 1–6) undervoltage element Level 2 pickup setting is typically 
used for undervoltage tripping conditions. The setting is in secondary voltage. 
The Level 2 pickup has no definite-time delay.

27TCk Undervoltage Element Torque Control
The 27TCk (k = 1–6) undervoltage element torque control uses a SELOGIC con-
trol equation to provide torque control of the undervoltage elements. All under-
voltage elements are blocked from operation when the 27TCk input evaluates to a 
zero. The default setting of 1 allows the undervoltage elements to always operate.

27PkD1 Undervoltage Element Level 1 Delay
When the system voltage falls below the undervoltage setting value, the under-
voltage timer starts timing. Set the delay (in cycles) for which the timer must run 
before the 27PkD1 (k = 1–6) setting asserts the output.

E59 Enable Overvoltage Elements
Use the E59 setting to enable the number of overvoltage elements you want to 
use in the relay. Each overvoltage element provides two pickup setting levels.

59Ok Overvoltage Element Operating Quantity
Select the operating quantity 59Ok (k = 1–6) you want for each voltage terminal 
from Table 5.8.

                    

59PkP1 Overvoltage Element Level 1 Pickup
Set pickup thresholds for the voltage values above which you want the Level 1 
overvoltage elements to assert. The Level 1 pickup has a definite-time delay 
(59PkD1) that can be used to provide a time delay on the assertion of the over-
voltage element.

Table 5.8 Overvoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage

3V2FIM Negative-sequence fundamental filtered voltage

3V0FIM Zero-sequence fundamental filtered voltage
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59PkP2 Overvoltage Element Level 2 Pickup
Set pickup thresholds for the voltage values above which you want the Level 2 
overvoltage elements to assert.

The 59PkP2 (k = 1–6) overvoltage element Level 2 pickup setting is typically 
used for overvoltage tripping conditions. The setting is in secondary voltage. The 
Level 2 pickup has no definite-time delay.

59TCk Overvoltage Element Torque Control
The 59TCk (k = 1–6) overvoltage element torque control uses a SELOGIC control 
equation to provide torque control of the overvoltage elements. All overvoltage 
elements are blocked from operation when the 59TCk input evaluates to a zero. 
The default setting of 1 allows the overvoltage elements to always operate.

59PkD1 Overvoltage Element Level 1 Delay
When the system voltage exceeds the overvoltage setting value, the overvoltage 
timer starts timing. Set the delay (in cycles) for which the timer must run before 
the 59PkD1 (k = 1–6) setting asserts the output.

Certain protection philosophies require voltage supervision for a trip. Each 
SEL-487B provides two levels of negative-sequence voltage and two levels of 
zero-sequence voltage elements to satisfy this requirement. In addition, the relay 
also provides two levels of phase undervoltage (27) and overvoltage (59) ele-
ments for each of the three phases.

Open-Phase Detection Logic
Subsidence current results from energy trapped in a CT magnetizing branch after 
a circuit breaker opens to clear a fault or interrupt load. This current exponen-
tially decays and delays the resetting of instantaneous overcurrent elements used 
for breaker failure protection. Breaker failure protection requires fast open-phase 
detection to ensure fast resetting of instantaneous overcurrent elements. 
Figure 5.28 shows open-phase logic that asserts SEL-487B open-phase detection 
elements OPHnn (nn = 01, 02, …21) in less than one cycle, even during subsid-
ence current conditions.

                    
                    

q See Figure 5.51.

Figure 5.28 Open-Phase Detection
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The logic measures the zero crossings and maximum and minimum current val-
ues of each phase. The relay declares an open phase when the logic does not 
detect a zero crossing or current value within 7/12 of a power system cycle since 
the previous measurement. The bottom path in Figure 5.28 is used to detect when 
the nominal current input for any channel is nearing the point of clipping at the 
analog to digital converter. If current channel clipping is imminent, current is 
above subsidence levels and the open-phase logic is forced to a false condition.

Open CT Detection Logic
When a CT opens, there is an incremental increase in operating current and a cor-
responding incremental decrease in restraint current. The two increments should 
result in a summation equal to zero.

Figure 5.29 shows the open current transformer detection logic. The change in 
operating current (IOPnR), the change in restraint current (IRTnR), and oper-
ating current (IOPn) are the analog inputs to the logic.

The AND gate output asserts when the following conditions are true:

➤ IOPnR is a positive value (greater than or equal to 0.05 pu)

➤ IRTnR is a negative value (less than –0.05 pu)

➤ The sum of IOPnR and IRTnR is very small (less than 0.05 pu)

➤ The filtered operating current (IOPn) is greater than or equal to 
Group Setting S87P

When the AND gate output is asserted, Relay Word bit OCTZn asserts and is 
latched. SELOGIC control equation ROCTZn resets the latch and Relay Word bit 
OCTZn clears. Reset has priority over set.

The lower portion of the logic asserts Relay Word bit RSTOCTn, the default 
value for SELOGIC control equation ROCTZn. RSTOCTn asserts when any of the 
following conditions are true:

➤ IOPn is less than 90 percent of group setting S87P

➤ IOPn is less than 0.05
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Table 5.9 shows the Relay Word bits available in the check zone selection logic 
with their descriptions.

                    

Circuit Breaker Failure Protection
The SEL-487B has complete breaker failure protection that includes retrip for 
each of the 21 terminals. This protection uses open-phase detection logic, pro-
vided with subcycle current reset, to reduce breaker failure coordination times. 
Two options are available for application of breaker failure protection:

➤ Schemes equipped with external breaker failure relays. These 
schemes send a bus trip (output from the breaker failure relay on the 
terminal panel) command to the bus protection relay (SEL-487B) 
that requires only the zone selection and output contacts to operate 
the appropriate breakers.

➤ Schemes using the internal breaker failure protection of the 
SEL-487B. These schemes send a breaker failure initiate (normally a 
trip output) command to the bus protection relay. The SEL-487B 
includes breaker failure logic, as well as zone selection and output 
contacts, to operate the appropriate breakers.

Apply either option exclusively, or use a combination of the two options at the 
same station. For example, use the breaker failure relays on the feeder panels for 
protection philosophies requiring discrete breaker failure relays, but use the built-

                    

Figure 5.29 Zone n Open CT Detector

Table 5.9 Relay Word Bits in the Open CT Detection Logic

Quantity Description

OCTZn Zone n Open CT detected

ROCTZn Reset Zone n Open CT detector (SELOGIC control equation)

RSTOCTn Zone n Open CT detection reset

ROCTZn

OCTZn

RSTOCTn

S

R

Q
0.05

—1

0.9

0.05

DIOPnR

DIRTnR

IOPn
S87P

n can be 1–6

�
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in breaker failure protection in the SEL-487B for all other terminals at the sta-
tion. Connect breaker failure initiate signals from these terminals to any one of 
six independent optoisolated inputs. These inputs are available on each INT4 
interface board. Figure 5.30 shows logic for Terminal 01; similar logic is avail-
able for all 21 terminals.

                    

Schemes Using Internal Breaker Failure Relays 
The basic breaker failure logic does not include logic to seal-in the breaker fail-
ure initiate signals. For applications where BFI seal-in and extension are 
required, alternate BFI logic is provided. Set EXBF01 := N to enable the internal 
breaker failure logic for Terminal 01. Refer to Figure 5.30.

Breaker Failure Logic
The breaker failure logic requires the trip signal to be continuously present for 
the duration of the breaker failure timer because the BFI signal is not sealed in. If 
an external BFI signal falls away for one processing interval longer than the 
debounce dropout time setting of the input, the breaker failure timers reset. Wire 
breaker failure initiate circuitry, typically a trip output contact from a protection 
relay, to one of the six independent optoisolated inputs and assign the input to 
BFI01.

When the trip contact from the protection relay closes to assert BFI01, timers 
BFPU01 (Terminal I01 circuit breaker failure timer) and RTPU01 (Terminal I01 
retrip timer) start timing. If BF101 remains asserted when the retrip timer 
expires, Relay Word bit RT01 asserts. Use this Relay Word bit as an output to 
attempt another trip pulse to the circuit breaker before the relay issues a bus trip 
command. When timer BFPU01 expires, Relay Word bit FBF01 asserts if 50F01 
is asserted. Use this Relay Word bit in the circuit breaker tripping logic to cause a 
circuit breaker failure trip.

If the circuit breaker opens successfully before timer BFPU01 or timer RTPU01 
expires, the cessation of current flow on the circuit will cause the fast breaker 
open detector element OPH01 to assert, dropping out element 50F01. This will 
block the assertion of the breaker failure Relay Word bit FBF01. If the trip con-
tact from the protection relay opens before timer RTP01 expires, the BFPU01 
timer and RTPU01 timers will drop out and neither RT01 nor FBF01 will assert.

This logic is suitable for applications where two breakers must open to interrupt 
fault current, such as in breaker-and-a-half and ring-bus configurations. For these 
applications, breaker failure logic that requires both BFI and 50F to be asserted 
before the timer starts is often not suitable. The problem occurs because the 50F 

                    

Figure 5.30 Breaker Failure Logic
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element may not assert until the first of the two breakers opens and the current 
redistributes so that all of it goes through the failed breaker. This situation results 
in a delay of the Breaker 2 breaker failure time equal to the time for Breaker 1 to 
interrupt the current. The 50 breaker failure logic does not have this problem.

Alternate Breaker Failure Initiating Input With Extension and/or Seal 
In Logic

The alternate BFI logic lets you choose to either extend the breaker failure initi-
ate signal or seal in the breaker failure initiate signal. Figure 5.31 shows the com-
bined logic for both breaker failure initiating input extension (AND Gate 1) and 
seal-in (AND Gates 1 and 2) functions. This logic can also be used for applica-
tions where it is required to have 50F01 asserted before the breaker failure timer 
can start.

                    

Breaker Failure Initiating Input Seal In

Use the seal-in option if the breaker failure initiation signal is not continuous and 
fault current is immediately available (single-breaker applications). Referring to 
Figure 5.31, set EXBF01 := N to enable the internal breaker failure logic. Set 
EBFIS01 := Y to set the top input of AND Gate 2 to a logical 1. Wire the breaker 
failure initiate signal to the SEL-487B, and assign the input to ATBFI01. Then 
assign Relay Word bit ABFIT01 to BFI01 (Figure 5.30). On receipt of the 
breaker failure initiate signal, AND Gate 1 turns on. The output from AND Gate 
1 starts the breaker failure timers (Figure 5.30) and turns AND Gate 2 on. If the 
initiate signal is present for longer than the Timer BFISP01 setting, the output 
from Gate 1 seals in for as long as the current exceeds the 50FP01 threshold. Set 
the Timer BFISP01 setting longer than a quarter cycle to prevent seal-in for spu-
rious signals, but set it shorter than the initiate signal to ensure seal-in.

Breaker Failure Initiating Input Extension

Use the extension option in conjunction with the seal in option if the breaker fail-
ure initiation signal is not continuous, but fault current is not immediately avail-
able to start the breaker failure timers (double-breaker applications). 

The logic still requires the current to be above the 50FP01 threshold after timer 
BFIDO01 times out to keep Gate 1 turned on. Set EXBF01 := N to enable the 
internal breaker failure logic. Referring to Figure 5.31, wire the breaker failure 
initiate signal to the SEL-487B, and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). In the absence of fault current, 
and on receipt of the rising edge of the breaker failure initiate signal at input 

                    

Figure 5.31 Circuit Breaker Failure Initiation Extension and Seal In
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ATBFI01, AND Gate 1 turns on. When AND Gate 1 turns on, Relay Word bit 
ABFIT01 asserts, causing timers BFPU01 and RTP01 to start timing 
(Figure 5.30). 

When Breaker 1 opens, enough current flows through Breaker 2 to assert the 
50F01 Relay Word bit. Refer to Figure 5.31 and note that the current flowing 
through Breaker 2 replaces the output from timer BFIDO01 and keeps Gate 1 
turned on, sustaining the input to the breaker failure timers. Set Timer BFIDO01 
longer than the time Breaker 1 takes to interrupt the current, but shorter than the 
Timer BFPU01setting. This setting ensures that, after Breaker 1 opens, Timer 
BFPU01 will continue to run while current greater than 50FP01 is present.

Supervising Breaker Failure Initiate With the Fault Detector

Use the alternate BFI logic if the breaker failure initiation signal must be super-
vised by current before the BFPU01 timer can start. Set EXBF01 := N to enable 
the internal breaker failure logic. Referring to Figure 5.31, wire the breaker fail-
ure initiate signal to the SEL-487B and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). Set BFIDO01 to 0.0 CYC. In 
this configuration, the upper input to AND Gate 1 is controlled by 50F01 and the 
lower input to AND Gate 1 is controlled by ATBFI01. Thus, ABFIT01 will not 
assert and start the BFPU01 and RTP01 timers (Figure 5.30) unless both ATB-
FI01 and 50F01 are asserted.

Schemes Equipped With External Breaker Failure Relays
Set EXBF01 := Y to enable the external breaker failure logic. This setting effec-
tively reduces the logic to that shown in Figure 5.32. 

                    

Wire breaker failure initiate circuitry to one of the SEL-487B inputs, and assign 
the input to XBF01. Relay Word bit FBF01 immediately asserts upon assertion of 
the input signal.

Retrip
Some circuit breakers have two separate trip coils. If one trip coil fails, local pro-
tection can attempt to energize the second trip coil (often connected to a separate 
battery) to prevent an impending circuit breaker failure operation. Configure your 
protection system to always attempt a local retrip using the second trip coil 
before the circuit breaker failure pickup timer expires. RTPU01 (Retrip Time 
Delay on Pickup Timer) begins timing when BFI01 asserts. Relay Word bit RT01 
(Breaker 1 Retrip) asserts immediately after RTPU01 times out. Assign a control 
output to trip the circuit breaker when Relay Word bit RT01 asserts. 

Breaker Failure Clearing Times
Figure 5.33 is based on actual test data at room temperature using various set-
tings. Relay element specifications given in Section 1: Introduction and Specifi-
cations include the entire temperature range of the relay. Output contact times are 
not included.

NOTE: Although BFIDO01 is set to 
0.0, the timer picks up for one 
processing interval after assertion.

                    

Figure 5.32 Breaker Failure Logic for External Breaker Failure
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Circuit Breaker Failure Trip Logic
Following a breaker failure relay operation, the SEL-487B breaker failure trip 
logic sends trip signals to all of the breakers the logic identifies as being in the 
same bus-zone as the faulted breaker. The logic uses breaker failure trip informa-
tion from the internal breaker failure logic and zone selection information to 
determine which breakers to trip. Figure 5.34 shows the processing sequence for 
tripping the breakers according to the breaker failure operation FBF01.

                    

Figure 5.33 Breaker Failure Clearing Times
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For example, assume Terminals I01, I02, I03, and I04 are in Bus-Zone 1, with 
Terminal 01 failing for an external fault. The logic determines that Terminal 01 is 
in Bus-Zone 1, just as Terminals 02, 03, and 04 are also in Bus-Zone 1. The relay 
asserts Relay Word bits SBFTR01, SBFTR02, SBFTR03, and SBFTR04. With 
the assumption that there are four breakers, assign these four Relay Word bits to 
the corresponding TR01, TR02, TR03, and TR04 trip equations.

The breaker failure trip logic asserts the breaker failure trips as shown in 
Table 5.10.

                    

                    

Figure 5.34 Station Breaker Failure Trip Logic

Table 5.10 Station Breaker Failure Trips (Sheet 1 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

I01 SBFTR01

I02 SBFTR02

I03 SBFTR03

104 SBFTR04

105 SBFTR05

106 SBFTR06

107 SBFTR07

108 SBFTR08

109 SBFTR09

110 SBFTR10

I11 SBFTR11

I12 SBFTR12

Start

End

FBF01 
Asserted?

Read zone(s) that 
include Terminal 01

Assert BFZp

Read terminals
to trip within
active zone(s)

Generate trip for 
terminals in the 
involved zones 

(SBFTRkk)

No

Yes



5.36

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Functions
Bus Coupler/Bus Sectionalizer Configurations

SBFTR is the OR combination of SBFTR01 to SBFTR21.

Bus Coupler/Bus Sectionalizer Configurations
With the flexibility of SELOGIC control equations, you can configure any one of 
the bus sectionalizer (tie breaker) configurations in Figure 5.35–Figure 5.37 
without additional wiring; it is simply a software configuration change.

CT Either Side of the Breaker With Overlap
Figure 5.35 shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in overlap. For an overlap application, con-
nect the CTs so that each zone of protection (B1 and B2) includes the tie-breaker 
circuit breaker. For example, for Fault 1, only the differential element of Busbar 
B2 operates; the differential element of Busbar B1 is stable. However, because of 
the overlap connections, both differential elements operate for Fault F2.

                    

CT Either Side of the Breaker With Breaker Differential
Figure 5.36 also shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in a breaker differential application. For a 
breaker differential application, connect the CTs so that each zone of protection 
(B1 and B2) excludes the tie-breaker circuit breaker. For example, for Fault F1, 
the differential element of Busbar B2 operates; the differential element of Busbar 
B1 is stable. The differential element of both Busbar B1 and Busbar B2 is stable 
for Fault F2. To provide protection for Fault F2, configure an additional differen-
tial zone of protection across the tie-breaker circuit breaker. 

I13 SBFTR13

I14 SBFTR14

I15 SBFTR15

I16 SBFTR16

I17 SBFTR17

I18 SBFTR18

I19 SBFTR19

I20 SBFTR20

I21 SBFTR21

Table 5.10 Station Breaker Failure Trips (Sheet 2 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

                    

Figure 5.35 Two CTs With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
F1F2

B2

52
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Single CT, Single or Two Cores With Overlap
Figure 5.37 shows a bus sectionalizer with a single CT on one side of the circuit 
breaker with the protection arranged in overlap.

                    

Refer to the application examples in Section 6: Protection Application Examples 
for more information.

Coupler Security Logic
A fault between bus coupler circuit breaker and CT usually results in the loss of 
multiple zones as well as in delayed fault clearance, except for where the bus 
coupler has overlapping zones of protection where both zones are tripped instan-
taneously. For bus coupler configurations such as breaker differential and single 
CT applications, fault clearance time usually equals the bus coupler breaker fail-
ure time for faults between the CT and the breaker. The coupler security logic 
includes logic to shorten this time so that it equals the operating time of the bus 
coupler circuit breaker. Coupler security logic also includes logic to prevent trip-
ping of multiple bus-zones instead of just the faulted bus-zone. Although identi-
fying the faulted bus-zone introduces a trip delay, this delay is still shorter than 
the bus coupler breaker failure time.

Preventing the loss of multiple bus-zones requires two steps. First, the coupler 
security logic allows the differential elements to trip only the bus coupler circuit 
breaker, thereby interrupting the fault current from the unfaulted bus-zone. Then, 
this logic removes the bus coupler CTs from all differential calculations. Remov-
ing the bus coupler CTs from the differential calculations of the unfaulted bus-
zone has no effect on the stability of this bus-zone because it no longer contrib-
utes to the fault current. However, removing the bus coupler CTs from the differ-
ential calculations of the faulted bus-zone causes the differential elements of the 
faulted bus-zone to operate. This application trips only the faulted bus-zone, 
thereby preventing the indiscriminate loss of multiple zones, irrespective of the 
fault position or CT location.

                    

Figure 5.36 Two CTs With the Busbar Protection Configured as Breaker 
Differential

52

Bus 1 Bus 2

B1 B2

87

F2 F1

                    

Figure 5.37 Single CT With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
B2

F1

52
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In most cases, breaker auxiliary contacts provide circuit breaker status informa-
tion. However, circuit breaker auxiliary contact failure or misalignment can result 
in relay misoperation instead of accelerated tripping. The following discussion 
describes network operating conditions that may result in relay misoperation and 
shows how the coupler security logic in the SEL-487B prevents these possible 
misoperations. Two examples of accelerated tripping show how to apply the cou-
pler security logic to breaker differential and single CT applications. In all cases, 
assume circuit breaker operating times to be two cycles.

Network Operating Condition 1
Figure 5.38 depicts a subset of a substation showing Bus Sectionalizer Breaker Z, 
and two terminals labeled Feeder 1 and Feeder 2. Zone 1 and Zone 2 are the two 
bus sections at the station, with the bus sectionalizer busbar protection arranged 
in overlap. Because both sectionalizer disconnects (Z891 and Z892) are closed, 
the currents from the sectionalizer CTs are considered in the differential calcula-
tions. In this example, the bus sectionalizer circuit breaker is open, and both 
feeder circuit breakers are closed. Table 5.11 summarizes the prevailing network 
operating conditions.

                    

                    

Assume now that Fault F1 occurs as indicated in Figure 5.38. Because the cur-
rents from the sectionalizer CTs are considered in the differential calculations, 
and because the bus sectionalizer busbar protection is arranged in overlap, both 
zones trip. Table 5.12 summarizes the event.

                    

One solution for overcoming this problem is to include the bus sectionalizer cir-
cuit breaker auxiliary contact together with the disconnect auxiliary contact as a 
condition for CT consideration in the differential calculations. With the bus sec-
tionalizer circuit breaker auxiliary contact included in the conditions, the current 

                    

Figure 5.38 Fault F1 Between Bus Sectionalizer and CT With the Bus 
Sectionalizer Circuit Breaker Open

Table 5.11 Summary of the Network Conditions Shown in Figure 5.38

Station Conditions Fault Description

Bus sectionalizer Circuit Breaker Z open

Both bus sectionalizer disconnects (Z891 and 
Z892) closed

All other breakers and disconnects closed

Fault F1 develops between the sectionalizer 
circuit breaker and CT

Table 5.12 Summary of the Event for Fault F1 Shown in Figure 5.38

Tripping for Fault F1 Clearing Time Zones Lost Comment

All breakers in both zones trip 
without time delay

2 cycles 2 Zone 2 tripped unneces-
sarily

Z891 Z892

Zone 1

891

5252

Zone 2

892

Z

F1

Feeder 1 Feeder 2

Overlap
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inputs from the bus sectionalizer CTs are not considered in the differential calcu-
lations when the bus sectionalizer circuit breaker is open. In this case, only 
Zone 1 trips for Fault F1 in Figure 5.38.

Including the bus sectionalizer circuit breaker auxiliary contact solves the prob-
lem in Network Operating Condition 1. However, Network Operating 
Condition 2 shows that the busbar protection is still not completely secure, 
although the conditions for CT consideration in the differential calculations now 
include the bus sectionalizer circuit breaker auxiliary contact.

Network Operating Condition 2
Figure 5.39 shows the same substation under different operating conditions. The 
bus sectionalizer circuit breaker auxiliary contact 52A forms part of the condi-
tions for CT consideration in the differential calculations. Although the discon-
nects are closed, the bus sectionalizer circuit breaker is open and the differential 
calculations do not consider the bus sectionalizer CT inputs in the differential 
calculation. Fault F2 in Figure 5.39 represents grounding straps that were inad-
vertently left on the busbars in Zone 1. The Feeder 1 circuit breaker is open, and 
the bus sectionalizing circuit breaker is about to close. Table 5.13 summarizes the 
prevailing network operating conditions.

                    

                    

If the bus sectionalizing circuit breaker auxiliary contacts are misaligned or fail 
in such a way that the CTs from the sectionalizer are not considered in the differ-
ential calculation at fault inception, the Zone 2 differential elements misoperate. 
Table 5.14 summarizes the event.

                    

                    

Figure 5.39 Closing the Bus Sectionalizing Circuit Breaker Onto a Faulted 
Busbar

Table 5.13 Summary of the Events for Fault F2 Shown in Figure 5.39

Station Conditions Fault Description

Bus sectionalizer Breaker Z closing

Both bus sectionalizer disconnects (Z891 and Z892) are closed

All Zone 2 feeder breakers and disconnects (892) are closed

All Zone 1 feeder disconnects (891) are open

Sectionalizer breaker closes 
onto Fault F2

Table 5.14 Summary of the Event for Fault F2 Shown in Figure 5.39

Tripping for F2 Clearing Time Zones Lost Comment

All breakers in Zone 2 
trip without time delay 
(Feeder 2 and Circuit 
Breaker Z)

2 cycles 1 Incorrect tripping for terminals 
connected to Zone 2; only termi-
nals connected to Zone 1 
(Breaker Z) should have tripped.

Z891 Z892

Zone 2

F2

Zone 1

52A

Overlap

891

52

Feeder 1

52

892

Feeder 2
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Use the coupler security logic (see Figure 5.40) in the SEL-487B to prevent relay 
misoperation for network conditions 1 and 2.

Coupler Security Logic
Inserting the bus sectionalizer CTs into the differential calculations before fault 
inception prevents relay misoperation for Network Operating Condition 2. 
Figure 5.40 shows one of the four coupler security logics available in the relay. 
Wire a bus sectionalizer auxiliary contact to input CB52A1, and wire the bus sec-
tionalizer circuit breaker closing signal to input CBCLS1. Inputs CB52A1 and 
CBCLS1 coordinate the bus sectionalizer CT insertion into and removal from the 
differential calculation. For breaker differential applications, enter CSL1, the 
output from the coupler security logic, instead of the bus sectionalizer circuit 
breaker auxiliary contact, as a condition for CT consideration in the differential 
calculations.

As shown in Figure 5.40, the breaker auxiliary contact (CB52A1) and the close 
signal (CBCLS1) are in parallel. Issuing the close signal to the bus sectionalizer 
circuit breaker close coil also asserts Relay Word bit CSL1. Timer CBCLD01 
maintains the close signal for five cycles (default setting), allowing ample time 
for the bus sectionalizer circuit breaker auxiliary contact to change state. When 
Relay Word bit CSL1 asserts, the CTs are immediately considered in the differ-
ential calculation. Because the bus sectionalizer CTs are considered in the differ-
ential calculation before fault inception, Zone 2 is stable for Network Operating 
Condition 2.

                    

When the bus sectionalizer circuit breaker trips, misaligned circuit breaker auxil-
iary contacts can remove the bus sectionalizer CTs from the differential calcula-
tion while current still flows through the bus sectionalizer circuit breaker. Timer 
CB52D01 maintains the status of the bus sectionalizer circuit breaker auxiliary 
contact as closed for four cycles (default setting) after the contact changes state. 
During this four-cycle time delay, the bus sectionalizer CTs are still considered in 
the differential calculation, allowing the bus sectionalizer circuit breaker ample 
time to interrupt the current.

ACTRP1, the third input into the coupler security logic provides an input to 
accelerate tripping of the bus sectionalizer circuit breaker for faults between bus 
sectionalizer circuit breaker and CT. Accelerated tripping operating time is the 
time period greater than the bus sectionalizer circuit breaker operating time (typi-
cally 2 cycles) but shorter than the breaker failure time (typically 6–10 cycles).

                    

Figure 5.40 Coupler Security Logic for Accelerated Tripping and Busbar 
Protection Security for Circuit Breaker Auxiliary Contact Misalignment
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Breaker Differential
Figure 5.41 shows an application of breaker differential protection. There are 
CTs on either side of the bus sectionalizing circuit breaker, and we configure a 
differential zone of protection across the bus sectionalizing circuit breaker. This 
is in addition to Zone 1 and Zone 2 of the busbar protection. Any of the six zones 
may be used for breaker differential protection. Breaker differential protection is 
a good choice for stations where preservation of supply is more important than a 
very fast clearing time.

                    

We use the coupler security logic (initially without an ACTRP1 input) and con-
sider the relay operation for Fault F3 in Figure 5.41. Circuit Breaker Z opens 
after two cycles, deasserting the input to CB52A1. When Circuit Breaker Z trips, 
fault current no longer flows from Zone 2, but Zone 1 still contributes to the fault. 
Four cycles after Circuit Breaker Z trips (CB52D01 default time), Relay Word bit 
CSL1 deasserts, removing both bus sectionalizing CTs from all three differential 
elements (breaker differential, Zone 1, and Zone 2). Zone 2 is stable after remov-
ing the CTs from the Zone 2 differential calculations because Zone 2 no longer 
contributes to the fault. However, Zone 1 still contributes to the fault, and remov-
ing the CTs from the Zone 1 differential calculations causes the Zone 1 differen-
tial elements to operate, clearing the fault. Only one zone is lost, although this 
loss occurs after a time delay. Table 5.15 summarizes the events.

                    

Because Fault F3 is external to Zone 1 and Zone 2, both of these zones are stable 
for as long as the sectionalizing breaker CTs are considered in the differential 
calculations. If the sectionalizing breaker fails, both Zone 1 and Zone 2 trip only 
after breaker failure time.

                    

Figure 5.41 CTs on Either Side of the Sectionalizer Circuit Breaker With 
Breaker Differential Across Breaker Z

Table 5.15 Summary of the Event for Fault F3 Shown in Figure 5.41

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer CB52A1 expires 4 cycles 0 Relay Word bit CSL1 deas-
serts, unbalancing Zone 1

SEL-487B operating time 1 cycle 0 Typical operating time is 0.75 
cycles

All circuit breakers in Zone 1 
trip

2 cycles 1 Total clearing time is 10 
cycles

Z891 Z892

Zone 2

F3

Zone 1

Z

52A

Diff

891

52

Feeder 1

52

892

Feeder 2
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Function ACTRP1 provides an input for removing the bus sectionalizing CTs 
sooner. One solution is to assign 87R3, the output from the sectionalizer breaker 
differential element to input ACTRP1. Relay Word bit 87R3 asserts when there is 
a fault within the sectionalizer zone. With ACTPPU1 set to 4 cycles, Relay Word 
bit CSL1 deasserts about 2 cycles after the sectionalizing circuit breaker inter-
rupts the fault current. Table 5.16 summarizes the events.

                    

Single CT Application
Figure 5.42 shows the same substation, now with only one CT installed on the 
bus sectionalizer. The busbar protection is connected in overlap. The challenge 
for the busbar protection is to distinguish between faults F4 and F5. When Fault 
F5 occurs, Zone 1 is stable and the Zone 2 protection immediately trips Feeder 2 
and the bus sectionalizer circuit breaker. Tripping Feeder 2 and the bus sectional-
izer circuit breaker clears Fault F5.

                    

When Fault F4 occurs, Zone 1 is stable, and, as before, the Zone 2 protection 
immediately trips Feeder 2 and the bus sectionalizer circuit breaker. Tripping 
Feeder 2 and the bus sectionalizer circuit breaker, however, does not clear Fault 
F4, and fault current still flows through the bus sectionalizer CT. At the same 
time, the busbar protection also initiates breaker failure protection on Feeder 2 
and the bus sectionalizer. This fault current causes the breaker failure protection 
of the bus sectionalizer to continue timing, although the bus sectionalizer circuit 
breaker tripped. After the bus sectionalizer breaker failure timer times out, all cir-
cuit breakers in Zone 1 trip. Both Zone 1 and Zone 2 trip to clear this fault.

Table 5.16 Summary of the Event for Fault F3 Using the Accelerated Trip 
Function

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles. Timer ACTPPU1 starts 
timing

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer ACTPPU1 expires 2 cycles 0 Reduce this setting for faster 
clearance

SEL-487B operating time 1 cycle 0 Typical operating time is 
0.75 cycles

All circuit breakers in 
Zone 1 trip

2 cycles 1 Total clearing time is 8 cycles

                    

Figure 5.42 Single CT Application With Fault F4 Between the Bus Sectionalizer 
Circuit Breaker and CT
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If delayed tripping time for Zone 2 busbar faults is in order, use a combination of 
the zone supervision and coupler security logic to prevent losing both zones. 
Assign 87R2, the output from the Zone 2 differential element, to ACTRP1, the 
accelerated trip input of the coupler security logic. Assign the negated output 
from the coupler security logic (NOT CSL1) to supervise the Zone 2 differential 
element output (Z2S := NOT CSL1). For single CT applications, enter CB52A1, 
the bus sectionalizer circuit breaker auxiliary contact, as a condition for CT con-
sideration in the differential calculations for the zone supervised by CSL1 (Zone 
2 in this case). Then, enter CB52T1, the coupler status timed-out bit, as a condi-
tion for CT consideration in the differential calculations for the unsupervised 
zone (Zone 1 in this case).

For faults in Zone 2, trip only the bus sectionalizer circuit breaker. After the bus 
sectionalizer opens, remove the bus sectionalizer CT from the differential calcu-
lations of Zone 2. After a set delay of at least 2 cycles (to allow the 87R2 element 
to reset), remove the Zone 2 supervision and the bus sectionalizer CT from the 
differential calculations of Zone 1. The operation of the logic is as follows:

When either Fault F4 or Fault F5 occurs, the Zone 2 differential element 
operates to clear the fault. The Zone 2 zone supervision prevents Relay Word 
bit 87Z2 from asserting and only the bus sectionalizer circuit breaker 
receives a trip signal. The circuit breaker trips two cycles later, removing CT 
cores C1 and eventually C2 from the differential calculations for Zone 1 and 
Zone 2. 

For Fault F4, the bus sectionalizer circuit breaker is open, but fault current 
still flows through CT Cores C1 and C2. Removing the bus sectionalizer CTs 
from all differential calculations prevents Zone 2 from operating (current 
from CT Core C1 removed) but causes Zone 1 to operate (balancing current 
from CT Core C2 removed). 

For Fault F5, tripping the bus sectionalizer circuit breaker interrupts the fault 
current contribution from Zone 1, and the Zone 1 differential element is sta-
ble. The Zone 2 zone supervision prevents tripping of terminals in Zone 2, 
until Accelerate Trip Timer ACTRP1 times out. When ACTRP1 times out, 
coupler security logic output CSL1 deasserts. When Relay Word bit CSL1 
deasserts, Relay Word bit Z2S asserts, allowing the Zone 2 differential ele-
ment (87Z2) to operate and issuing a trip signal to all circuit breakers in 
Zone 2. See Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180 for an example.

Disconnect Monitor
Disconnect auxiliary contacts provide the zone selection logic with the informa-
tion required to dynamically assign current inputs to the appropriate differential 
elements. Figure 5.43 depicts the logic for Disconnect Logic Circuit 01 in the 
relay, one of 60 disconnect logic circuits available in the relay. This logic requires 
both normally open (89A) and/or normally closed (89B) disconnect auxiliary 
contacts.

Table 5.17 shows the four possible disconnect auxiliary contact combinations, 
and the way in which the relay interprets these combinations. Applying the prin-
ciple of (disconnect) NOT OPEN = (disconnect) CLOSED, the relay properly 
coordinates the primary current flow and the CT current assignment to the appro-
priate differential element.
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The following description of the contact combinations assumes the disconnect 
auxiliary contacts are the only conditions declared in the terminal-to-bus-zone 
variable settings.

                    

Case 1 occurs when disconnect auxiliary contact 89A and auxiliary contacts 89B 
are open simultaneously. This case is the intermediate position in an open-to-
close or close-to-open operation. Timer 89ALP01 times for this condition and 
asserts Relay Word bit 89AL01 when the disconnect auxiliary contacts remain in 
the intermediate position for a period exceeding the 89ALP01 timer setting. 
Relay Word bit 89OIP01 also asserts during this period, indicating a disconnect 
operation in progress condition. The relay considers the disconnect main contact 
closed during this period, and the CTs are considered in the differential calcula-
tions.

Case 2 is the only combination of disconnect auxiliary contacts for which the 
relay considers the disconnect main contact to be open. This is also the only com-
bination for which the CTs are not considered in the differential calculations.

Case 3 is the only combination of disconnect auxiliary contacts for which the 
relay confirms the disconnect main contacts to be closed. Relay Word bit 89CL01 
asserts to indicate the main contact close position. The CTs are considered in the 
differential calculations.

Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALP01 times for this condition and asserts Relay Word bit 89AL01 when the 
disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

The relay includes 60 alarm timers that provide individual time settings for 60 
disconnect logic circuits. These individual timers are useful in installations where 
the disconnect travel times differ substantially. In particular, sequentially oper-
ated devices (pantographs, for example) have travel times much longer than nor-
mal disconnects.

Relay Word bit 89OIP represents the OR combination of Relay Word bits 
89OIP01–89OIP60, and Relay Word bit 89AL (not shown) is respectively the OR 
combination of Relay Word bits 89AL01–89AL60.

Table 5.17 Disconnect 89A and 89B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89CL01)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 5.43 Disconnecting Switch Status Logic
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To ensure correct differential element operation, the contacts must comply with 
the requirements listed in Table 5.18.

                    

Figure 5.44 shows the disconnect auxiliary contact requirements with respect to 
the arcing point.

                    

Zone-Switching Supervision Logic
Because the disconnect monitoring logic requires both 89A and 89B disconnect 
auxiliary contacts, installations with only an 89A (or 89B) contact available can-
not use the disconnect monitoring logic. In these installations, there is always 
uncertainty whether the disconnect auxiliary contact actually changed status. 
This is important information because busbar protection will misoperate if input 
currents are assigned to the incorrect differential elements. Zone-switching 
supervision logic uses the ZSWOP Relay Word bit (see Dynamic Zone Selection 
Logic on page 5.14) that asserts for any terminal-to-bus-zone or bus-zone-to-bus-
zone change. In other words, the ZSWOP Relay Word bit provides an acknowl-
edgment that the relay has recognized a change in disconnect auxiliary contact 
status. Figure 5.45 shows the logic.

Table 5.18 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the arcing point (the point where primary 
current starts to flow).

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the arcing point (the point where 
primary current has stopped flowing).

                    

Figure 5.44 Disconnecting Switch Main Contact, 89a, and 89b Status for Open-to-Close and Close-to-Open 
Conditions
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Asserting Relay Word bit ZSWO activates the logic (i.e., the rising edge of 
ZSWO starts Timer ZSWOPU) and asserts the ZSWOIP bit for the period when 
the timer is timing. When the zone selection logic acknowledges a change in dis-
connect status, the ZSWOP Relay Word bit asserts and resets the timer. If the 
Zone Selection does not acknowledge the switching operation within the 
ZSWOPU time setting, the logic asserts the switching operation alarm 
ZSWOAL. SELOGIC control equation RZSWOAL provides the input to reset the 
alarm.

There is only one zone-switching supervision logic in the relay; disconnect open 
and close commands must be combined externally to the relay for electrically 
operated disconnects, as shown in Figure 5.46. 

                    

For manually operated disconnects, configure one of the SEL-487B front-panel 
pushbuttons as an input to assert the ZSWO Relay Word bit. Timer ZSWOPU has 
a range of more than 27 minutes, allowing ample time for the operating proce-
dures. 

                    

Figure 5.45 Zone-Switching Supervision Logic

                    

Figure 5.46 External Wiring and Initiation Input for Zone-Switching 
Supervision
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Differential Trip Logic
This is the final stage of the differential trip output. Figure 5.47 is the Bus-Zone 
portion of Figure 5.20 from the zone supervision logic. At this point, the differ-
ential element has operated (87R1), and all supervising criteria are met (Z1S). 
The differential trip logic now acquires all Zone 1 terminals and generates a trip 
output to the appropriate breakers.

                    

Figure 5.48 shows the processing sequence for tripping the breakers as a function 
of the differential element operation, 87Zn, where n = 1–6.

                    

The differential trip logic asserts differential trips as shown in Table 5.19.

                    

                    

q See Figure 5.11.

Figure 5.47 Differential Element Zone Supervision for Zone 1

                    

Figure 5.48 Bus Differential Trip Logic

Table 5.19 Differential Trips (Sheet 1 of 2)

Terminal Within a Zone Differential Trip Bit

I01 87BTR01

I02 87BTR02

I03 87BTR03

104 87BTR04

105 87BTR05

106 87BTR06

107 87BTR07

108 87BTR08

109 87BTR09

87R1
87Z1

Z1S
q

Start

End

87Zn 
Asserted?

Read
terminals to

trip within Zone n 

Generate trip
for the selected 

terminals 87BTRkk
kk = 01, . . . , 21

No

Yes
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This is the final stage of the check zone differential trip output. Figure 5.49 is the 
check zone portion of Figure 5.20 from the zone supervision logic. At this point, 
the Check Zone Differential Element has operated (87RCZ1), and all supervising 
criteria are met (CZ1S). The supervised trip output is then asserted (87CZ1). The 
check zone output is independent of the bus zones and is not processed by the dif-
ferential trip logic shown in Figure 5.48.

                    

Breaker Trip Logic
Figure 5.50 shows the tripping logic for Terminal 01 in the SEL-487B. The 
remaining logic for Terminal 02–Terminal 21 is identical and uses variables 
TR02–TR21 and ULTR02–ULTR21, and TRIP02–TRIP21, respectively. 

NOTE: In the trip logic, the set or 
latch function (TRkk) has priority over 
the reset or unlatch (ULTRkk) function 
(kk = 1–21).

                    

Enable the trip logic settings by setting the Global setting NUMBK = kk, where 
kk is the number of breakers at the station. For example, if you have 12 terminals 
installed at a substation, set NUMBK = 12.

110 87BTR10

I11 87BTR11

I12 87BTR12

I13 87BTR13

I14 87BTR14

I15 87BTR15

I16 87BTR16

I17 87BTR17

I18 87BTR18

I19 87BTR19

I20 87BTR20

I21 87BTR21

                    

Figure 5.49 Differential Element Zone Supervision for Check Zone

Table 5.19 Differential Trips (Sheet 2 of 2)

Terminal Within a Zone Differential Trip Bit

87RCZ1

CZ1S
87CZ1

                    

Figure 5.50 Trip Logic for Breaker 1
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Asserting TR01 directly asserts TRIP01 via input OR Gate 1 and starts the Mini-
mum Trip Duration Timer (TDURD). TRIP01 asserts for a minimum of TDURD 
cycles, even if TR01 is asserted for as little as one processing interval, or if the 
unlatch portion of the logic is asserted before TDURD expires. The default set-
ting of TDURD is twelve cycles.

TRIP01 also seals itself in via AND Gate 1. This AND gate receives the negated 
inputs from the unlatching functions. As long as ULTR01 or TRGTR are not 
asserted, TRIP01 remains sealed in. TRIP01 is used to drive an output contact to 
initiate tripping of the breaker.

You can use one of four methods to unlatch the trip logic. One method is to assert 
either one of SELOGIC control equation setting ULTR01 or SELOGIC control 
equation setting RSTTRGT. You can also push the TARGET RESET pushbutton on 
the front panel or send the TAR R serial port command to assert Relay Word bit 
TRGTR for one processing interval. Relay Word bit TRGTR also resets the LED 
targets on the front panel. In the trip logic, assertion of ULTR01, RSTTRGT, or 
TRGTR places a zero input on AND Gate 1 and, thereby, breaks the TRIP01 
seal-in loop.

Note that TRIP01 is always asserted when TR01 is asserted, regardless of the 
action of ULTR01 or the TARGET RESET commands, and that TRIP01 will be 
asserted for a minimum of TDURD cycles no matter how short the length of time 
TR01 has been asserted.

Circuit Breaker Status Logic
Figure 5.51 shows the circuit breaker status logic, which uses the combination of 
breaker 52A (normally open) auxiliary contact and the open-phase detection 
function, OPH. Because 52B (normally closed) contacts are not always available 
and as a means to reduce the number of I/O required, the 52B contacts are not 
required in the logic. However, for applications where the protection philosophy 
requires a 52B (normally closed) contact, wire the 52B contact into the relay, but 
use the negated form of the 52B contact in the logic, i.e., NOT 52B (52A01 := 
NOT IN301).

Relay Word bits 52CL01–52CL21 assert when the breaker is closed. Open-phase 
detection logic (OPHnn) Relay Word bits are included in the circuit breaker sta-
tus logic to guard against delayed breaker status declaration resulting from possi-
ble breaker auxiliary contact misalignment. If a discrepancy between the open-
phase detection logic and the breaker auxiliary contact exists for as long as five 
cycles, the logic generates an alarm that indicates one of the following:

➤ Possible auxiliary contact supply voltage failure 

➤ Possible failure in an auxiliary contact connection circuit

➤ Possible failure of auxiliary contact mechanism

The logic in Figure 5.51 is generic for three-pole or single-pole breaker mecha-
nisms.
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Note that OPHnn Relay Word bits assert when no current flows through the cir-
cuit breaker and that set has priority over reset in the circuit breaker status logic. 
Table 5.20 shows the output states for all possible breaker conditions.

                    

                    

q See Figure 5.28.

Figure 5.51 Breaker Status and Alarm Logic

Table 5.20 Conditions and Results for the Circuit Breaker Status Logic

Breaker Status
52A01 or 

NOT 52B01
OPH01 52CL01 52AL01

Open 0 1 (no current) 0 0

Closed 1 1 (no current) 1 0

Open 0 0 (current flow) 1 1 (after 5 cyc)

Closed 1 0 (current flow) 1 0

52Ann

OPHnn

Relay
Word
Bits

52CLnn

52ALnn

Relay
Word
Bits

5
CYC 0

CYC

S

R

Q

Set has priority

Alarm Timer

q



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 6

Protection Application Examples

Configuring the system is the most challenging of the many activities associated 
with using the SEL-487B relay. System configuration includes renaming (alias-
ing) terminals and bus-zones, assigning input contacts to selected relay logics, 
declaring terminal-to-bus-zone connections, declaring bus-zone-to-bus-zone con-
nections, configuring bus couplers and check zones, and assigning logics to relay 
outputs. System configuration requires careful consideration of the following 
items because they both influence the number of SEL-487B relays and ordering 
options needed:

➤ primary layout of the substation

➤ choice of protection elements

For example, substations with seven or fewer terminals require only one relay. To 
monitor both 89A and 89B contacts, however, you must equip this relay with the 
correct number of interface boards to ensure an adequate number of input con-
tacts.

The following discussion provides general guidelines and outlines general factors 
that should be considered when using ASCII commands to configure your relay. 
The section also provides application examples for some of the more common 
busbar layouts. Included in this section are the following topics:

➤ Input, Logic, and Output Assigning Process on page 6.2

➤ Relay Differential Element Composition on page 6.3

➤ CT Requirements on page 6.12

➤ Disconnect Requirements on page 6.15

➤ Alias Names on page 6.18

➤ Bus-Zone Configurations on page 6.18

➤ Bus-Zone-to-Bus-Zone Connections on page 6.33

➤ Zone Supervision on page 6.36

➤ Trip Logic on page 6.36

➤ Output Assignments on page 6.37

➤ Summary on page 6.37

➤ Application 1: Single Bus and Tie Breaker (Three Relays) on 
page 6.39

➤ Application 2: Single Bus and Tie Breaker (Single Relay) on 
page 6.60

➤ Application 3: Breaker-and-a-Half on page 6.84

➤ Application 4: Single Bus and Transfer Bus With Bus Coupler on 
page 6.111

➤ Application 5: Double Bus With Bus Coupler on page 6.133

➤ Application 6: Double and Transfer Bus With Two Busbars on 
page 6.156
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➤ Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180

➤ Application 8: Double and Transfer Bus (Inboard CTs) on 
page 6.206

Input, Logic, and Output Assigning Process
Figure 6.1 shows a block diagram of the SEL-487B input, logic, and output 
assigning process for system configuration and protection element settings. Digi-
tal input sources include disconnect and breaker auxiliary contacts, breaker fail-
ure initiate signals, and breaker close signals. Current and potential transformers 
provide analog inputs. Use alias settings to assign more meaningful names to 
primitive Relay Word bits and/or analog names, or use the primitive names of the 
input quantities to configure and set the relay. The relay has many ready-made 
logic functions available; however, assign these functions before they become 
operative. System configuration includes terminal-to-bus-zone and bus-zone-to-
bus-zone assignments, zone supervision, and zone-switching supervision set-
tings. Scheme settings include enable settings, differential and sensitive differen-
tial element settings, directional element settings, selected relay logic settings, 
and output assignment.

                    
                    

Figure 6.1 Block Diagram of the Input, Logic, and Output Assigning Process for System Configuration Protection 
Element Settings
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Relay Differential Element Composition
Each SEL-487B accepts as many as 21 current inputs (I01–I21) and then assigns 
these inputs to any of six differential elements (BZ1–BZ6). Figure 6.2 shows a 
block diagram of the arrangement.

                    

Single-Relay Application
Because differential calculations occur on a per-phase basis, each phase of a 
three-phase system must bear a unique identification. Figure 6.3 shows a typical 
single-line diagram of a station consisting of two busbars (NORTH and SOUTH), 
a tie breaker (Z), and four terminals.

                    

Because the station has no more than seven terminals, a single SEL-487B suf-
fices. Figure 6.4 shows the SEL-487B and a three-phase representation of TD, 
one of the terminals at the station.

                    

Figure 6.2 Block Diagram Showing Nine Current Inputs and Six Differential 
Elements

BZ1 BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 
(partial)

Six Differential Elements

21 Analog Current Inputs (only 9 shown)

                    

Figure 6.3 Single-Line Diagram of a Station With Two Busbars and a Tie 
Breaker
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Because differential calculations for each protection zone require an individual 
differential element, assign an individual differential element to each phase. This 
assignment uses three of the available six differential elements in the relay for 
Busbar NORTH. In this example, assign the phases and differential elements as 
shown in Figure 6.5. Each assignment is a software assignment, as indicated by 
the dotted lines; no electrical wires are required.

Assign the A-phase differential element of Busbar NORTH to differential 
element BZ1

Assign the B-phase differential element of Busbar NORTH to differential 
element BZ2

Assign the C-phase differential element of Busbar NORTH to differential 
element BZ3

                    

Figure 6.4 Three-Phase Diagram of Terminal TD, the NORTH Busbar, and the SEL-487B
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To make the bus-zone labels more substation specific, assign the following alias 
names to the bus-zones, as shown in Figure 6.6:

For the A-phase differential element BZ1, assign NORTH_A

For the B-phase differential element BZ2, assign NORTH_B

For the C-phase differential element BZ3, assign NORTH_C

                    

Figure 6.5 A Three-Phase Zone Requires Three Differential Elements
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For the current inputs in a single-relay application, wire A-phase, B-phase, and 
C-phase to adjacent terminal connections such as I01, I02, and I03, as shown in 
Figure 6.7. These connections are copper wires connecting the CTs to the relay.

                    

Figure 6.6 Three Differential Elements With Alias Names for a Three-Phase Bus-Zone in a Single Relay Application
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Reference Figure 6.3 and continue CT connections by wiring the CT inputs from 
TE (I04–I06) and Z1 (tie breaker configured in overlap) to I07–I09. Connect the 
CTs from Z2, TF, and TG, following the same procedure to complete protection 
for both bus-zones.

Digital inputs control the dynamic assignment of input currents to differential 
elements. If you need dynamic zone selection, wire into the relay the auxiliary 
contacts from the disconnect (89), the circuit breaker (52), or any other condi-
tions that must ultimately be considered in the zone selection logic. Figure 6.8 
shows the disconnect and circuit breaker wiring for Terminal TD.

Only the differential elements are enabled for this example. If you need other 
functions such as breaker failure protection, wire those inputs to the relay. You 
need all six zones and all 21 current channels to configure the remaining termi-
nals in the same way. Figure 6.9 shows the complete station analog channel con-
figuration.

                    

Figure 6.7 Three Differential Elements and Three CT Inputs in a Single-Relay Application
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Three-Relay Application
Consider now the same station, configured with three relays instead of one. In the 
three-relay application, a total of 21 current inputs are available. As before, the 
label NORTH in the single-line diagram consists of A-phase, B-phase, and 
C-phase, and each of the three phases is assigned to a differential element. 
NORTH still requires three differential elements, but the application uses one dif-
ferential element from each of the three relays, as shown in Figure 6.10, instead 
of three elements in the same relay.

                    

Figure 6.8 Disconnect and Circuit Breaker Wiring for Terminal TD

                    

Figure 6.9 Complete Station Configuration, Using Two Three-Phase Bus-Zones and All 21 Current Inputs in a Single-
Relay Application
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Instead of wiring A-phase, B-phase, and C-phase to adjacent terminal connec-
tions on the same relay, as with the single-relay application shown in Figure 6.7, 
wire each phase to a separate relay. For example, wire A-phase to the A-Phase 
SEL-487B Terminal I01, B-phase to the B-Phase SEL-487B Terminal I01, and 
C-phase to the C-Phase SEL-487B Terminal I01, as shown in Figure 6.11.

                    

Figure 6.10 One Differential Element From Each of the Three Relays in a Three-Relay Application
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Figure 6.12 shows the CT wiring for one of the three relays with all A-phase 
inputs of the station and two bus-zones assigned. B-phase and C-phase relays 
have similar arrangements.

                    

Figure 6.11 CT Wiring in a Three-Relay Application Showing One CT Input to Each of the Three Relays
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Because the differential elements are in three different relays, each of these relays 
must receive the same information from the digital inputs. Figure 6.13 shows 
jumpers between relays for the case where only one 89 contact and one 52 auxil-
iary contact are available.

                    

Figure 6.12 CT Wiring for A-Phase Relay, With All A-Phase Inputs of the Station 
and Two Bus-Zones Assigned
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CT Requirements
CT Connections

Connect all CTs to the relay in wye configuration. The SEL-487B does not 
account for delta-connected CTs.

                    

Figure 6.13 Jumpers Between Relays From Digital Inputs 52 and 89
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CT Sizing
Sizing a CT to avoid saturation for maximum asymmetrical fault current is ideal 
but not always possible. Such sizing requires CTs with C voltage ratings greater 
than (1 + X/R) times the burden voltage for the maximum symmetrical fault cur-
rent, where X/R is the reactance-to-resistance ratio of the primary system.

As a rule of thumb, CT performance will be satisfactory if the CT secondary 
maximum symmetrical external fault current multiplied by the total secondary 
burden in ohms is less than half the C voltage rating of the CT.

For correct operation, the relay algorithm requires that the CTs not saturate for 
2 ms following an external fault inception. The IEEE Document C37.110 Guide 
for the Application of Current Transformers Used for Protective Relaying Pur-
poses contains guidelines that will provide a conservative recommendation of the 
proper CT characteristics needed for low impedance bus differential protection 
using the SEL-487B. SEL also offers an executable CT saturation program called 
SEL Two_CTs to assist in determining the CT performance. This program is 
available on the SEL-400 Series Product Literature DVD.

CT Ratio Selection
For installations with different CT ratios, be sure that the highest/lowest CT ratio 
does not exceed 10. The SEL-487B selects the highest CT ratio and calculates 
settings TAP01–TAP21, provided that the ratio TAPMAX/TAPMIN is less than or 
equal to 10. If the ratio TAPMAX/TAPMIN is greater than 10, select a different CT 
ratio.

CT Grounding
Because each of the 21 current channels is independent, be sure to apply a ground 
to each set of three CTs forming the current input from each terminal. Such 
grounding connections are usually in the form of short jumpers on the rear of the 
relay that together create a common connection among terminals. For example, 
in a three-relay application that uses all 21 terminals, apply 20 jumpers to create a 
common ground connection point (a single-relay that uses all 21 terminals 
requires 6 jumpers). Then connect this common point at one location to the sta-
tion ground mat. Be sure to make ground connections in accordance with ANSI/
IEEE C57.13.3-1983.

Polarity
IEEE Std C37.110-1996 provides the following definition of polarity:

The designation of the relative instantaneous directions of the currents enter-
ing the primary terminals and leaving the secondary terminals during most 
of each half cycle. Primary and secondary terminals are said to have the 
same polarity when, at a given instant during most of each cycle, the current 
enters the identified, similarly marked primary lead and leaves the identified, 
similarly marked secondary terminals in the same direction, as though the 
two terminals formed a continuous circuit.

Figure 6.14 shows some of the common polarity marks used to indicate CT 
polarity.
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Polarity marks are also declared on the relay analog input terminals as dots above 
the relay terminal, as shown in Figure 6.15. 

                    

Guideline for Establishing CT Polarity
Configure a CT to have a positive polarity when the primary current entering the 
zone of protection is in phase with the secondary current entering the polarity 
marked terminal on the relay. Because CTs are commonly positioned to point 
toward the zone of protection, secondary connections are generally polarity-to-
polarity or “dot-to-dot.” If a CT points away from the zone of protection, apply a 
polarity-to-nonpolarity connection to continue a positive convention. This results 
in positive polarity declarations for all CTs in software.

If a single CT has two zone boundaries or is shared by an adjacent zone, you can-
not use a positive convention for both zones. In this case, configure the CT polar-
ity to be negative for the non-conforming zone.

Figure 6.16 and Figure 6.17 show examples for determining polarity.

                    

                    

Figure 6.14 Polarity Marks

                    

Figure 6.15 Polarity Marks Above the Odd-Numbered CT Terminals at the Rear 
of the Relay
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Figure 6.16 Declare Positive Polarity in Software (Preferred)

SEL-487B

Protected Bus ZoneI
pri

Polarity-to-
polarity connection

52

I
sec

SEL-487B

Protected Bus ZoneI
pri

Polarity-to-
nonpolarity connection

52

I
sec



6.15

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Disconnect Requirements

                    

For simplicity, all application examples in this manual assume polarity-to-
polarity connections between the CTs and relay.

Disconnect Requirements
Disconnect auxiliary contacts provide Zone Selection Logic with the information 
required to dynamically assign the appropriate current inputs to the correct differ-
ential elements. To ensure correct differential element operation, the contacts 
must comply with the requirements listed in Table 6.1.

                    

Figure 6.18 shows the disconnect auxiliary contact requirements with respect to 
the arcing point. The position of 0% travel in Figure 6.18 indicates the position 
when the main contacts are fully open, and the 100% position indicates when the 
main contacts are fully closed.

                    

When both 89A and 89B contacts are available, use the disconnect monitoring 
logic in the SEL-487B to establish the principle of

(disconnect) NOT OPEN = (disconnect) CLOSED

                    

Figure 6.17 Declare Negative Polarity in Software
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Table 6.1 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the “arcing” point, the point where pri-
mary current starts to flow.

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the “arcing” point, the point 
where primary current has stopped flowing.

                    

Figure 6.18 Disconnect Auxiliary Contact Requirements With Respect to the 
Arcing Point for an Open-to-Close Disconnect Operation
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Applying this principle, the relay properly coordinates the primary current flow 
and the CT current assignment to the appropriate differential element. When both 
89A and 89B disconnect auxiliary contacts are available, use the disconnect mon-
itoring logic to monitor the disconnect operating time and disconnect status. 
Table 6.2 shows the four possible disconnect auxiliary contact combinations and 
the way the relay interprets these combinations.

                    

Table 6.2 (Disconnect Status column) shows that the output from the disconnect 
monitor logic interprets the disconnect as always closed, except for Case 2. With 
this interpretation, the relay assigns the input currents to the applicable differen-
tial elements for Case 1, Case 3, and Case 4. The following discussion considers 
the four cases in more detail.

Disconnect Open to Close Operation
Figure 6.19 shows the disconnect main contact starting to travel in an open-to-
close operation. Auxiliary contact B is still closed, and auxiliary contact A is 
open. Table 6.2 shows this as Case 2; the disconnect is considered open, and the 
current is removed from all differential elements. This is the only combination of 
auxiliary contacts for which the relay considers the disconnect main contacts to 
be open.

                    

Intermediate Position 
Figure 6.20 shows the intermediate position (Case 1 in Table 6.2) in a disconnect 
open-to-close operation, with both A and B auxiliary contacts open for a period 
of time. Enter this time duration as the disconnect switch alarm timer setting 
value (89ALPnn). By choosing the auxiliary contacts that will change status as 
soon as disconnect travel starts and close only near the end of travel, the interme-
diate position time duration can be accurately measured. Should the disconnect 

Table 6.2 Disconnect A and B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89 CLnn)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 6.19 Disconnect Main Contacts and Auxiliary Contact A Open, Auxiliary 
Contact B Closed; Disconnect Is Considered Open
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remain in the intermediate position for longer than the 89ALPnn (nn = 1–60) 
time setting, the disconnect switch alarm timer expires and asserts 89ALnn, the 
disconnect monitor alarm. 

NOTE: The relay includes 60 alarm 
timers that provide individual time 
settings for 60 disconnect logic 
circuits. These individual timers are 
useful in installations where the 
disconnect travel times differ 
substantially. In particular, 
sequentially operated devices 
(pantographs, for example) have 
travel times much longer than normal 
disconnects. Relay Word bit 89OIP 
represents the OR combination of 
Relay Word bits 89OIP01–89OIP60, 
and Relay Word bit 89AL is 
respectively the OR combination of 
Relay Word bits 89AL01–89AL60.

                    

When auxiliary contact B opens, the disconnect is considered closed (Case 1 in 
Table 6.2). When the disconnect is considered closed, the CT currents are 
assigned to applicable differential elements, and the disconnect switch alarm 
timer starts to time. Because disconnect auxiliary contact B opens well in 
advance of the arcing point, the CT currents are assigned to applicable differen-
tial elements before primary current flows.

Auxiliary Contact A Closes
Figure 6.21 shows contact status after auxiliary contact A closes, with the main 
contact past the arcing point and approaching the end of the close operation.

                    

When the A contact closes, the disconnect switch alarm timer stops and the Dis-
connect Monitoring Logic considers the disconnect main contact to be closed.

Disconnect Open and Closed Simultaneously
Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALPnn times for this condition and asserts Relay Word bit 89ALnn when the 

                    

Figure 6.20 Intermediate Position With Both Auxiliary Contacts Open; the 
Disconnect Is Considered Closed
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Figure 6.21 The Main Contact Has Completed 95% of Travel; Contact A Is 
Closed, Contact B Is Open, and the Disconnect Is Considered Closed
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disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

Close-to-Open Operation
For the close-to-open operation, CT currents must remain assigned to the differ-
ential elements for as long as primary current flows. When the auxiliary 
contact A opens (Case 1), we again enter the intermediate position, as depicted in 
Figure 6.20. In the intermediate position, the CT currents are still assigned to the 
differential elements, and the disconnect switch alarm timer (89ALnn) starts to 
time. Only when auxiliary contact B closes (Figure 6.19) are the CT currents 
removed from the differential elements, which are safely past the arcing point.

Many disconnect switches provide only auxiliary contact B. Table 6.3 shows the 
two possible disconnect auxiliary contact positions and status interpretations.

                    

Alias Names
Any Relay Word bit, analog quantity, or default terminal name can be renamed 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. See the description in Alias Settings on page 12.25 in the 
SEL-400 Series Relays Instruction Manual for more details.

Bus-Zone Configurations
Dynamic zone selection is the process the relay uses to assign or remove CT cur-
rents from the differential elements as a function of the Boolean value (logical 0 
or logical 1) of a particular SELOGIC control equation. The SELOGIC control 
equation is a setting in the form of InnBZkC and InnBZkV (nn = 01–21, and 
k = 1–6). When setting SELOGIC control equations, use a separate SELOGIC con-
trol equation for each busbar to which the terminal can connect.

NOTE: In Quickset, the Terminal-to-
Bus-Zone connection setting, 
InnBZkC, is broken down into two 
setting: CTnnBZk and TBZPx (x = 1–
126). CTnnBZk enables Terminal nn to 
be connected to Bus-Zone k. TBZPx 
sets the polarity of the Terminal nn to 
Bus-Zone k connection.

In general, a terminal can be identified as either a normal terminal (feeders, lines, 
transformers, etc.) or as a tie breaker (bus coupler). For terminals, typical inputs 
are disconnect auxiliary contacts and, in some cases, circuit breaker auxiliary 
contacts. Bus couplers have specific logic and configuration options that require 
inputs in addition to disconnect and circuit breaker auxiliary contacts to ensure 
security and dependability.

When configuring bus-zone protection, the goal is to accomplish the following:

➤ Protect the busbars for all operating conditions

➤ Eliminate all dead zones

➤ Open the minimum number of breakers when tripping

Table 6.3 Disconnect Auxiliary Contact Status Interpretation When Only 
Auxiliary Contact B Is Available

89B01 Disconnect Position

0 Closed

1 Open
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➤ Implement the check zone without disconnect supervision, if a check 
zone is required

When the terminal-to-bus-zone SELOGIC control equation (InnBZkV Terminal to 
Bus Connection Logic) is logical 0, differential calculations do not consider the 
CT inputs from that specific terminal, and no trip outputs from the differential 
elements are issued to that terminal. Of particular concern are instances when 
more than one disconnect for any particular terminal are closed at the same time. 
When this happens, parallel paths form, possibly resulting in the unbalance of 
multiple zones, as shown in Figure 6.22 and Figure 6.23. Under balanced condi-
tions, the current toward the busbars equals the current away from the busbars, 
and the differential current in any differential element is practically zero.

In practice, the most popular implementation for preventing misoperation when 
parallel paths form is to combine the parallel paths into a single zone and route 
the CTs to a single differential element. Another option is to use a check zone by 
combining all terminals at a specific voltage level into a single zone independent 
of the terminal-to-bus-zone SELOGIC control equations. Using the check zone as 
a second trip criterion prevents relay misoperation in the case of parallel paths.

In general, apply the following rules when setting terminal-to-bus-zone SELOGIC 
control equations:

➤ Observe the correct CT polarity

➤ Avoid parallel operating conditions

➤ When parallel paths are unavoidable, take necessary precautions

Two situations exist where parallel paths are unavoidable: when two disconnects 
are closed simultaneously and when using inboard (bushing) CTs.

Two Disconnects Closed Simultaneously
Figure 6.22 shows a double busbar layout in which two disconnects can be closed 
simultaneously. With the tie breaker (TZ) connected in overlap, CT1 and CT2 
form Differential Element 1, and CT3 and CT4 form Differential Element 2. 
There are no parallel paths in Figure 6.22, and both differential elements are bal-
anced. Calculate the differential currents with the following expression:

                    

Equation 6.1

                    

where:

IDIFF1 = The differential current calculated in Differential Element 1

In = CT currents from the n terminals assigned to Differential Ele-
ment 1

IDIFF1   In
1

n

=
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Closing 891_TA in Figure 6.23 forms a parallel path between the two busbars, 
and both differential elements are unbalanced. 

                    

Figure 6.22 Both Differential Elements Balanced
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To prevent misoperation, combine the two bus-zones by stating the conditions 
governing the combinations during setting of bus-zones-to-bus-zones connec-
tions. When using bushing (inboard) CTs, combining bus-zones involves includ-
ing a circuit breaker as part of the connection. You can include a circuit breaker 
provided that the circuit breaker auxiliary contact is wired to the relay and 
included in the bus-zones-to-bus-zones settings.

Inboard (Bushing) CTs
Figure 6.24 shows an outboard CT, and Figure 6.25 shows an inboard CT. Defin-
ing a CT as inboard or outboard only has meaning when a terminal is on transfer. 
To define the terms, refer to the area between the circuit breaker and the CT, and 
determine the connection to the transfer bus.

➤ Outboard CT: the connection to the transfer bus is between the circuit 
breaker and the CT (Figure 6.24).

➤ Inboard CT: the connection to the transfer bus is not between the 
circuit breaker and the CT (Figure 6.25).

                    

Figure 6.23 Both Differential Elements Unbalanced
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Figure 6.24 Outboard CT

                    

Figure 6.25 Inboard CT
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Bushing CTs (typically the source of inboard CTs) present two difficulties to bus 
protection when a terminal is on transfer:

➤ A transfer differential zone cannot be formed because of a lack of CT 
inputs.

➤ The check zone is unbalanced.

Not having a transfer differential zone is not a major problem if it is understood 
that the transfer busbar becomes part of the line and forms part of the line protec-
tion when a terminal is on transfer. However, the unbalanced check zone usually 
necessitates blocking busbar protection when a terminal is on transfer.

Example of Check Zone With In-Board (Bushing) CTs
Instead of blocking the check zone protection when a terminal is on transfer, you 
can use the Advance Check Zone function to include a terminal from the bus cou-
pler in the check zone differential element calculations. Although this approach 
deviates from the practice of having the check zone CTs independent of discon-
nect auxiliary contacts, it provides an opportunity to still have a check zone for 
in-board CT applications. Figure 6.26 shows an example of an application with 
in-board CTs that includes a check zone. In Figure 6.26, Feeder 1 connects to 
Bus 1 (i.e., not on transfer). Under these conditions, Zone 1 (formed by I01 and 
I03), Zone 2 (formed by I02 and I04), and the check zone (formed by I01 and 
I04) are all balanced.

                    

In Figure 6.27, Feeder 1 connects to the Transfer busbar. When Feeder 1 con-
nects to the Transfer busbar, note the following conditions:

1. Line CT I01 of Feeder 1 is no longer in the circuit.

2. Without I01, the current to balance I03 is missing, resulting in an 
unbalanced Zone 1.

3. Without I01, the current to balance I04 is missing, resulting in an 
unbalanced check zone.

4. I02 and I04 are still available so that Zone 2 is balanced.

                    

Figure 6.26 Normal Operating Conditions
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To balance Zone 1, we need to remove I03 from the Zone 1 differential element 
calculations. You can remove I03 with existing settings; either by means of the 
Terminal-to-Bus-Zone settings, or by means of the Zone Supervision settings 
(see Application 6: Double and Transfer Bus With Two Busbars on page 6.156).

To balance the Check Zone, we need to add I02 to the Check Zone differential 
element calculations by means of the Advanced Check Zone settings. The steps 
are as follows:

1. Include I02 in the Terminal to Check Zone Connection settings.

2. Use the Advanced Check Zone settings to remove I02 from the 
Check Zone differential element calculations, except when Feeder 1 
is on transfer.

Following is an example of how to use the Advance Check Zone function to bal-
ance the Check Zone for this application.

NOTE: In Quickset, these settings are 
made in Group > Zone Configuration > 
Check Zone Configuration > Terminal nn to 
Check Zone Connections. 

                    

Table 6.4 discusses the settings mentioned above. Please pay close attention to 
the comments mentioned in Step 4.

                    

Figure 6.27 Feeder With Inboard CTs
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Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y <Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  <Enter>
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? Y <Enter>
Include coupler 1 in check zone 1 (SELogic Eq.)
CZ11R := NA
?  89CL04 <Enter>
Terminal associated with coupler 1 in CZ1 (Inn)      CZ11M   :=        ?I02 <Enter>
Include coupler 2 in check zone 1 (SELogic Eq.)
CZ12R := NA
?END <Enter>
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Table 6.5 shows the settings for the Advance Check Zone.

                    

Terminal Configurations
In essence, busbar protection is assigning the correct CT currents to the appropri-
ate differential elements. Disconnect auxiliary contacts provide the information 
necessary for busbar protection, and breaker auxiliary contacts provide the 
breaker status for refining the protection. SELOGIC control equations provide the 
mechanism for declaring the conditions when the currents are assigned to the 
appropriate differential elements. Entering data in the relay requires two steps. 
The first identifies the terminal and attributes, and the second involves creation of 
the SELOGIC control equation stating the conditions for the CTs to be considered 
in the differential calculation. Bus couplers (tie breakers) require more condition 
information when two or more bus-zones are combined.

Step 1. Identify the terminal, the bus-zone to which the terminal can connect, 
and the CT polarity when this connection is made.

The following is the relay prompt for the Step 1 entry:

                    

Table 6.4 Discussion of the Advanced Check Zone Settings

Step Number Setting Comment

Step 1 ECHKZN  := Y Enable the three Check Zones.

Step 2 Terminal, Check-Zone, Polarity 
(P,N) ?  I02 CZ1 P <Enter>

This is the non-conventional setting. Here we add the bus coupler CT to the 
Check Zone. This is the first part of the solution. Under normal operating con-
ditions (when no terminal is on transfer) the bus coupler CTs must be 
EXCLUDED from the Check Zone differential element calculations. You 
MUST complete the second part of this setting under the Advance Check Zone 
Settings.

Step 3 EADVCZ := Y Enable the Advance Check Zone Settings.

Step 4 Include coupler 1 in check 
zone 1 (SELogic Eq.)

CZ11R := NA ?  89CL04 <Enter>

This is the second part of the solution. CZ11R is similar to the Terminal to Bus-
Zone Connections (i.e., here is where you enter the conditions when the bus 
coupler CT must be included in the Check Zone differential element calcula-
tions). Assuming you assigned Disconnect Logic 89CL04 to the Transfer Dis-
connect for I02, enter 89CL04.

CZ11R defeats the Check zone setting of Step 2. This means that, although the 
list of Check Zone terminals (Step 2) includes I02, I02 is only included in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Step 5 CZ11M := I02 Enter the bus coupler terminal (I02 in this example) you want to include in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Table 6.5 Advance Check Zone Settings

Label Prompt Default Value

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqR Include Coupler q in Check Zone p (SELOGIC Eq.) NA

CZpqM Terminal associated with Coupler q in CZp (Inn)

Terminal, Bus-Zone, Polarity (P,N)

?
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Step 2. State the conditions when Terminal will be connected to the Bus-
Zone:

I01BZ2V :=

Think of Terminal as the CT of that particular terminal and Bus-
Zone as the busbar to which the CT will be connected for differential 
and restraint current calculations. In other words, assign the CT 
(Terminal) to busbar (Bus-Zone) under the following conditions: 
I01BZ2V := <conditions>.

Figure 6.28 shows Terminal NEW_YRK. The differential calculations consider 
the CT when disconnect NEW891 closes to complete the connection to Bus-Zone 
NORTH.

                    

Step 3. Enter the data as follows:

                    

Entering incorrect information may result in relay misoperation. To 
reduce potential entry of incorrect information, the relay provides a 
double check to verify that terminal and bus-zone connections are 
indeed as intended. The next prompt has two parts:

➢ The relay states terminal and bus-zone alias names just entered.

➢ The relay generates a prompt with the primitive terminal and 
bus-zone names.

Thus, the prompt now appears as follows:

                    

                    

Figure 6.28 Terminal NEW_YRK Disconnects NEW892 and NEW891 and Bus-
Zone NORTH

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := 

NORTH

NEW891

NEW892

NEW_YRK

52
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Step 4. Enter the conditions under which Terminal NEW_YRK is to be 
assigned to Busbar NORTH by specifying the particular disconnect 
(89) auxiliary contact that will connect the terminal to the busbar.

For example, when Disconnect NEW891 is closed, Terminal 
NEW_YRK is connected to Busbar NORTH. A Terminal, Bus-Zone, 
Polarity (P, N), and I01BZ1V setting is required for each 89 contact 
that results in a terminal-to-busbar connection. Consider a terminal 
that can be connected to Busbar 1, Busbar 2, and the transfer bus. 
Because the terminal connects to three busbars, provide terminal-to-
bus-zone (Terminal, Bus-Zone, Polarity) and conditions for 
consideration in the differential calculations [I01BZnV (n = 3)] for 
each of the three busbars.

Step 5. Enter the following settings for Terminal NEW_YRK:

                    

Entries here assign CT currents to differential elements. Take care to 
first investigate the position of the CT for each entry. For example, 
refer to Figure 6.24, and observe that regardless of which disconnect 
closes (A891, A892 or A898), current always flows through the CT. 
This is not the case with inboard CTs; closing B898 in Figure 6.25 
bypasses the CT, and no current flows in the inboard CT.

Step 6. Determine the CT polarity, assuming a polarity-to-polarity 
connection. Figure 6.29 shows that the CT polarity is positive.

                    

Step 7. Omit the final argument if the CT polarity is positive. For example,

                    

has the same meaning as

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Terminal Bus-Zone 
Connections > Terminal 1 To Bus-Zone Connections. Set CT01BZ1 = Y, 
TBZP1 = P, and I01BZ1V = NEW891. NEW_YRK and NORTH are automati-
cally populated into the TBZT1 and TBZB1 fields as the alias names for I01 and 
BZ1. 

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := NEW891 <Enter>

                    

Figure 6.29 Positive CT Polarity for Terminal NEW_YRK

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH <Enter>

NORTH

NEW891

NEW892

NEW_YRK

52
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Bus Coupler (Tie Breaker) Configurations
In general, bus couplers are usually configured according to one of the three 
cases shown in Figure 6.31:

➤ Case 1: Single CT, single or two cores (two cores shown) with 
overlap

➤ Case 2: CT either side of the breaker, configured in overlap

➤ Case 3: CT either side of the breaker with breaker differential

                    

A discussion on how to set the three configurations follows.

Label all CTs as indicated in Figure 6.32 (i.e., CPL1 and CPL2) with the under-
standing that CPL1 is wired to Terminal I01, and CPL2 to Terminal I02 of the 
SEL-487B.

                    

Figure 6.30 Terminal to Bus-Zone Connections Screen

                    

Figure 6.31 Three Typical Cases of Bus Coupler Configurations
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Case 1: Single CT, Single or Two Cores (Two Cores Shown) With Overlap
Step 1. For an overlap, establish the following relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminal CPL1, assuming a polarity-to-
polarity connection. Figure 6.33 shows that the polarity of Terminal 
CPL1 is negative.

                    

Step 3. Determine the polarity of Terminal CPL2, assuming a polarity-to-
polarity connection. Figure 6.34 shows that the polarity of Terminal 
CPL2 is positive.

                    

Figure 6.32 General Information Regarding the Three Typical Bus Coupler 
Configurations
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Figure 6.33 Negative CT Polarity for Terminal CPL1
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Step 4. Figure 6.35 shows an extract from the SET Z 1 ASCII command in 
determining the terminal-to-bus-zone settings in the relay.

                    

This concludes the Case 1 configuration.

Case 2: CT Either Side of the Breaker, Configured in Overlap
Step 1. As we did before for an overlap, establish the following 

relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminals CPL1 and CPL2, assuming 
polarity-to-polarity connections. Figure 6.36 shows that the polarities 
of Terminals CPL1 and CPL2 are positive.

                    

Figure 6.34 Positive CT Polarity for Terminal CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,N <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL2 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.35 Using the SET Z 1 Command to Determine Terminal-to-Bus-Zone 
Settings
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Figure 6.37 shows an extract from use of the SET Z 1 ASCII command to set the 
terminal-to-bus-zone settings in the relay.

                    

This concludes the configuration for Case 2.

Case 3: CT Either Side of the Breaker With Breaker Differential
Step 1. Use one of the six available differential elements to configure the 

breaker differential.

For the bus coupler in the example, three differential elements are 
required; the third differential element covers only the common area 
between the two CTs.

In addition to the breaker differential, configure the same CTs (CPL1 
and CPL2) to balance SOUTH and NORTH. For the breaker 
differential, establish the following relationships:

For balancing SOUTH and NORTH:

➣ CPL1 and NORTH when CPL892 is closed

➣ CPL2 and SOUTH when CPL891 is closed

For the breaker differential:

➣ CPL1 and ZONE3 when CPL891 or CPL892 is closed

➣ CPL2 and ZONE3 when CPL891 or CPL892 is closed

                    

Figure 6.36 Positive CT Polarity for Both Terminals CPL1 and CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,P <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL21 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.37 Using the SET Z 1 Command to Set the Terminal-to-Bus-Zone 
Settings
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Considering both Terminals CPL1 and CPL2, we determine that both 
polarities are negative, when we balance SOUTH and NORTH, as 
shown in Figure 6.38.

                    

Step 2. Determine the polarity of Terminals CPL1 and CPL2 for the breaker 
differential (ZONE3), assuming polarity-to-polarity connections. 
Figure 6.39 shows that the polarities of Terminals CPL1 and CPL2 
for the breaker differential are positive.

                    

                    

Figure 6.38 Negative CT Polarities for Both Terminals CPL1 and CPL2 When 
Balancing SOUTH and NORTH

                    

Figure 6.39 Positive CT Polarities for Both Terminals CPL1 and CPL2 for the 
Breaker Differential
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Figure 6.40 shows the entries for Terminals CPL1 and CPL2.

                    

Bus-Zone-to-Bus-Zone Connections
Bus-zone-to-bus-zone settings are used only when bus-zone-to-bus-zone connec-
tions are formed between two or more busbars, particularly when the connection 
is formed without a circuit breaker between the busbars. For example, closing 
disconnects D891 and D892 in Figure 6.41 forms a solid connection between 
NORTH and SOUTH, and there is no circuit breaker between the busbars.

                    

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,NORTH,N <Enter>
CPL1 to NORTH Connection (SELogic Equation)
I01BZ1V := CPL892 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL1,ZONE3,P <Enter>
CPL1 to ZONE3 Connection (SELogic Equation)
I01BZ3V := CPL891 OR CPL892 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,SOUTH,N <Enter>
CPL2 to SOUTH Connection (SELogic Equation)
I02BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,ZONE3,P <Enter>
CPL2 to ZONE3 Connection (SELogic Equation)
I02BZ3V := CPL891 OR CPL892 <Enter>

Figure 6.40 Entries for Terminals CPL1 and CPL2

                    

Figure 6.41 Forming Bus-Zone-to-Bus-Zone Connections With and Without a 
Circuit Breaker
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By contrast, closing E892 and E898 or E891, E892, and E898 also forms a con-
nection between Busbar 1 and Busbar 2, but now there exists a circuit breaker 
between the busbars, namely the Terminal E circuit breaker. The significance of 
the bus-zone-to-bus-zone connection is twofold.

➤ Both differential zones (SOUTH and NORTH) must operate when a 
fault develops on either zone during the time when the two 
differential zones are connected via disconnects D891 and D892 (or 
similar connections).

➤ Parallel paths are formed, and both differential zones may be 
unbalanced (see Figure 6.23).

When two bus-zones are combined, bus coupler CTs are redundant and are 
removed from the differential calculations.

One protection philosophy requires the tripping of only those circuit breakers that 
can contribute fault current to optimize breaker maintenance. However, there is 
also the protection philosophy that requires all breakers in the faulted differential 
zone to be tripped. To satisfy both protection philosophies, the SEL-487B offers 
the choice of leaving the bus coupler closed or issuing a trip signal. The first 
prompt in this group asks you for the two busbars that will be combined.

Step 1. From Figure 6.41, we see that we would enter SOUTH and NORTH 
at the prompt (without spaces between the differential zone names or 
the comma).

                    

Step 2. Next, the SELOGIC control equation that declares the digital input 
conditions which must be a logical 1 for the relay to recognize the 
combination of SOUTH and NORTH. Again, the relay states the 
names you enter and then generates a prompt with the primitive 
names as a double check.

List all of the several possible combinations, separating each 
combination with the OR function. From Figure 6.41, NORTH and 
SOUTH are combined when D891 and D892 are closed, or when 
E891 and E892 are closed:

                    

NOTE: When the bus-zone-to-bus- 
zone SELOGIC control equation 
includes the circuit breaker, be sure to 
also include the breaker auxiliary 
contact status (not only the 
disconnect status) to ensure separate 
bus-zones when the circuit breaker is 
open.

This setting identifies the particular differential zones that can be 
combined and the conditions under which this combination can take 
place.

Step 3. The next setting allows you to select a subset of the conditions stated 
in the previous setting. In the present example, there is no subset, and 
the setting is a repeat of the previous setting.

                    

Step 4. Next, state the terminals to be removed when the two differential 
zones are combined. In most cases, these terminals are the bus 
coupler CTs, as is the case in Figure 6.41. You would, therefore, 
enter the bus coupler terminal names at the prompt.

Bus-Zone,Bus-Zone?

SOUTH,NORTH <Enter>

SOUTH to NORTH Connection (SELogic Equation)

BZ1BZ2V := (D891 AND D892) OR (E891 AND E892) <Enter> 

Remove Terminals when NORTH and SOUTH Bus-Zones merge (SELogic Equation)
BZ1BZ2R := NA

?  (D891 AND D892) OR (E891 AND E892) <Enter>
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Step 5. To end this group, select whether the bus coupler must be tripped (Y) 
when a fault occurs in the combined protection zone during the time 
when the two bus-zones are merged, or whether the bus coupler must 
not be issued a trip signal (N). Again, as a double check, the relay 
states the primitive names of the terminals that must be removed:

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Bus-Zone to Bus-Zone 
Connections > Bus-Zone to Bus-Zone Connections Blocks 1–5. Set 
CBZ1BZ2 = Y, BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), 
BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), CPT11 = CPL1, 
CPT21 = CPL2, and BZBZT1 = Y. NORTH and SOUTH are automatically popu-
lated into the BZBZ11 and BZBZ21 fields as the alias names for BZ1 and BZ2.

                    

Terminals Removed when NORTH and SOUTH Bus-Zone merge (Ter k,...,Ter n)
BZ1BZ2M :=

?CPL1,CPL2 <Enter>

Trip Terminals CPL1, CPL2 (Y,N)
BZ1BZ2T := N

?  Y <Enter>

                    

Figure 6.42 Bus-Zone to Bus-Zone Blocks 1–5
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Zone Supervision
This is the final check before a bus-zone trip (87Z1) is issued for each of the six 
differential zones. Figure 6.43 shows the relay logic for this function, where the 
output from the differential calculations (87R1) is ANDed with the zone supervi-
sion conditions. See Section 5: Protection Functions for more information.

                    

This is a good place to include the overall check zone differential element output, 
if one was configured.

Assume Check Zone 1 was configured. Enter the following to include the check 
zone.

                    

Trip Logic
Figure 6.44 shows the steps necessary for assigning protection functions to the 
trip logic.

Make sure all selected protection functions appear in the trip equation.

For example, having selected the breaker failure protection, assign the output 
from this logic to the output contact, or the contact will not assert when the 
breaker failure protection operates. For Terminal I06 wired to OUT201, the fol-
lowing includes differential protection, internal breaker failure protection, and 
time-overcurrent protection.

                    

                    

Figure 6.43 Zone Supervision Logic

Z1S:= 87CZ1 <Enter>

87R1

Z1S
87Z1

=>>SET TR06 <Enter>
Group 1
Trip Logic
Trip 06 (SELogic Equation)
TR06 := NA
?  87BTR06 OR SBFTR06 OR 51P01T <Enter>
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?  END <Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.44 Assign the Protection Functions to the Trip Logic
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Output Assignments
Figure 6.45 shows the steps necessary for assigning the output from the trip logic 
(TRIP06) to output contact OUT201.

                    

Summary
In general, system configuration can be summarized in the four-step approach 
shown in Figure 6.46. Use the worksheets provided on the SEL-400 Series Prod-
uct Literature DVD to collect and organize the data before configuring and set-
ting the relay.

                    

Step 1. Assess your station and select appropriate protection functions.

Inspect the substation layout to make the appropriate selection in 
terms of number of bus-zones, number of terminals, CT ratio 
mismatch, I/O count, etc.

As for protection functions, decide whether to use internal or external 
breaker failure protection, breaker differential, or an overlap coupler 
CT application (if two sets of CTs are available), etc.

Step 2. Assign alias names.

Because configuration settings use terminal names, assign alias 
names at this point.

Step 3. Configure your system.

Entries here determine the CT/differential element assignment with 
the terminal-to-bus-zone and bus-zone-to-bus-zone settings, while 
zone supervision and zone-switching supervision provide for 
additional control and information.

=>>SET O OUT201 <Enter>
Output
Interface Board #1
OUT201 := NA
?  TRIP06 <Enter>
OUT202 := NA
?  END <Enter>
Output
Main Board
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.45 Assigning the Output From the Trip Logic to an Output Contact

                    

Figure 6.46 Information Flow Diagram

Configuration:
Terminal-to-Bus-Zone
Bus-Zone-to-Bus-Zone
Zone Supervision
Zone Switching       
 Supervision

Alias Assignments:
IN206,
BER891, I03, FDR1

Outputs:
TR01 := 87BTR01
OUT301 := TRIP09

Station 
Assessment

Protection 
Function Selection

+
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Step 4. Assign outputs.

For each terminal, select the relay functions for which the terminal 
will be issued a trip signal.

Use Table 6.6–Table 6.11 to assist with Step 1 of the configuration process.

                    

                    

                    

                    

Table 6.6 Primary Plant Data 

Items Requirement for Your Plant

Number of terminals (maximum 21)

Number of busbars (maximum 6)

Number of main zones (maximum 6)

Number of check zones (maximum 3)

Number of bus couplers or tie breakers (maximum 4)a

a Mutually exclusive; sum of bus couplers and bus sections cannot exceed four.

Inboard CTs (Y,N)

Maximum/minimum CT ratio

Table 6.7 Data for Bus Coupler 1 and Bus Coupler 2

Bus Coupler 1 Data Bus Coupler 2 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.8 Data for Bus Coupler 3 and Bus Coupler 4 

Bus Coupler 3 Data Bus Coupler 4 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.9 Disconnect, Breaker, and Input Data

Items Requirement for Your Plant

Number of 89A (N/O) contacts?a

a Allocate independent optoisolated inputs to the selected logic.

Number of 89B (N/C) contacts?a

Disconnect Monitoring Logic? (maximum 60)

Zone-Switching Supervision Logic?

Number of 52A contacts
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Application 1: Single Bus and Tie Breaker (Three Relays)
This application describes the busbar arrangement shown in Figure 6.47, a single 
bus with bus sectionalizer (tie breaker), three-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Table 6.10 Breaker Failure Data

Items Requirement for Your Plant

Number of internal breaker failure circuits

Number of external breaker failure circuits

Additional security?a

a Allocate independent optoisolated inputs to the selected logic.

Table 6.11 End-Zone Protection

Items Requirement for Your Plant

Number of 52A (N/O) contacts?a

a Allocate this number of common optoisolated input contacts.

Number of communication outputs required?b

b Allocate this number of independent output contacts.

                    

Figure 6.47 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler or 
sectionalizing breaker) configuration. The classification for this application is:

➤ Description

➢ Single bus with tie breaker

➤ Current Transformers

➢ Outboard (free standing)

➤ Disconnects

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration

➢ Overlap

➤ Future expansion

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Use the Disconnect Monitoring Logic.

3. Block the busbar protection for an open-circuit CT.

4. Configure check-zone protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for a check zone, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. To properly identify and categorize the protection philos-
ophy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.61 and select the standard functions 
required for the application. Table 6.12 shows the selection of the standard func-
tions.
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Check-Zone Protection

Figure 6.48 shows a station with check-zone protection. Check-zone protection 
stems from the philosophy of providing an additional trip criterion before issuing 
a busbar protection trip signal. This philosophy encompasses additional trip crite-
ria such as directional elements and overcurrent elements.

When using check-zone protection as an additional criterion, the practice is to 
provide a measurement from a second differential element that is independent of 
the disconnect auxiliary contact status. Using a measurement independent of the 
disconnect auxiliary contact status prevents differential element misoperation 
resulting from disconnect auxiliary contact failure.

Table 6.12 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection, zone specific Check-zone 
protection

Dynamic zone selection logic Yes Use the zone selection to reconfigure the dif-
ferential protection according to the discon-
nect positions

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Enter the check zone and zone-specific con-
ditions to supervise the zone-specific differ-
ential elements

Zone-switching supervision logic No 89A and 89B disconnect contacts available; 
therefore, this logic is not required

Coupler security logic No Two CTs with overlap configuration do not 
require the coupler security logic

Circuit breaker failure protection No Not required

Instantaneous overcurrent protec-
tion

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence volt-
age elements

No Not required
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Both the Check Zone and either Zone 1 or Zone 2 differential elements must 
assert before a busbar protection trip output asserts. Use the Differential Element 
Zone Supervision setting to comply with the requirement for both check zone 
and zone-specific differential elements to assert. Figure 6.49 shows the zone 
supervision logic. Relay Word bit 87R1 is the output from the Zone 1 differential 
element and Z1S is the SELOGIC control equation where we enter conditions for 
supervising the Zone 1 differential element. (See Zone Configuration Group Set-
tings on page 6.54 for more detail.)

                    

Create the check-zone protection by configuring a check zone when entering the 
zone configuration settings (ECHKZN := Y).

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

                    

Figure 6.48 Station With Two Zone-Specific Bus-Zones and an Overall Check Zone
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Figure 6.49 Zone Supervision Logic
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Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 7 three-phase terminals (21 CTs), we can install a single 
SEL-487B. For stations with more than 21 and as many as 63 CTs, we install 3 
SEL-487B Relays. Use Equation 6.2 to calculate the number of current channels 
at the station, and use Equation 6.3 to calculate the number of zones at the sta-
tion.

                    

Equation 6.2

                    

Equation 6.3

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 2 (Zone 1 and Zone 2). The number of check zones required is 1 
(Check Zone 1). One SEL-487B suffices for these requirements, but the require-
ment for 4 future feeders increases the number of per-phase CTs to 30. Because 
each SEL-487B has 21 analog input channels, we need 3 relays. This is known as 
a three-relay application.

In a three-relay application, each relay provides six zones and three check zones 
of protection for one of the three phases of the power system. For example, wire 
all the A-phase CTs to Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hard wiring) the 
input and output contacts to the other two relays. This example shows the setting 
and configuration for the A-phase relay, so identified with an appended letter A 
(LOND_A). For the other two relays, the settings and configuration are the same 
as for the A-phase relay, but the appended letter changes according to the letter 
designation of the relay. For example, the corresponding LOND_A setting is 
LOND_B in the B-phase relay and LOND_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application.

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; therefore, the number of disconnect logics 
required is six. Each disconnect monitoring logic requires two disconnect auxil-
iary contact inputs: an 89A and an 89B contact. Use Equation 6.4 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.4

Table 6.13 summarizes the input contact required for this application.

                    

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

Table 6.13 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 6 • 2 = 12

Total number of inputs 12

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs. From the input contact perspective, 
we need one interface board. It is not necessary to include I/O for future expan-
sion with the initial order; install additional I/O if and when required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
Table 6.14 shows the breakdown and the total number of relay output contacts 
required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts.

The interface boards may have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board can be ordered with an option 
that provides six high-speed, high-interrupting output contacts and two standard 
output contacts. For fast busbar fault clearance, assign each circuit breaker trip 
output to a high-speed, high-interrupting output contact for each of the circuit 
breakers at the station. From the output contact perspective, we need one inter-
face board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Table 6.14 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Total number of relay output contacts 5
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Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

➤ Check-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.15 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie-breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.15 shows the assignment for the A-phase relay starting with the tie-
breaker CTs, followed by the four terminals, taken left to right from Figure 6.47.

                    

Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.16.

                    

Check-Zone Alias Assignment
Each SEL-487B provides three check zones. For the A-phase relay, we use the 
check zone with the alias name as shown in Table 6.17.

                    

Table 6.15 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 SEC1_A

TIE-BREAKER CT2, A-Phase I02 SEC2_A

LONDON, A-phase I03 LOND_A

BERLIN, A-phase I04 BERL_A

NEW YORK, A-phase I05 NEWY_A

CANBERRA, A-phase I06 CANB_A

Table 6.16 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 EAST_A

Table 6.17 Alias Name for the Check Zone

Check-Zone Name Description Alias

CZ1 Check Zone CHECK_A
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Input to Logic Allocation and Alias Assignment
Table 6.13 shows that we require 12 digital inputs. We now assign the 12 digital 
input contacts to the selected logic and assign alias names to the input contacts 
and logic elements. Because of the functional requirement of this application, we 
do not need to use any digital inputs on the main board.

Input Contact to Logic Allocation and Alias Assignment, Interface 
Board 1 (200)

Table 6.18 shows the disconnect auxiliary contact input allocations and the alias 
names. Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are independent 
inputs for breaker failure initiate inputs; these inputs are not used in the present 
application.

                    

Assign Alias Names to the Selected Standard Logic
Referring to Table 6.12, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.50 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements).

Table 6.18 Alias Names for the Breaker Status Logic Output Relay Word Bits

Input Description Alias

IN204 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN205 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN206 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN207 TIE-BREAKER disconnect (EAST) NC contact ISE892B

IN208 LONDON disconnect N/O contact ILON89A

IN209 LONDON disconnect N/C contact ILON89B

IN210 BERLIN disconnect N/O contact IBER89A

IN211 BERLIN disconnect N/C contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B



6.47

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 1: Single Bus and Tie Breaker (Three Relays)

                    

Table 6.19 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets that the disconnect main contacts as closed. Use Relay 
Word bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control 
equations. We also assign alias names to the alarm Relay Word bits (89ALnn). 
Table 6.20 shows the alias names.

                    

                    

Figure 6.50 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.19 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits

Input Description Alias

89A01 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B01 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A02 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B02 TIE-BREAKER disconnect (EAST) NC contact SEC892B

89A03 LONDON disconnect NO contact LON89A

89B03 LONDON disconnect NC contact LON89B

89A04 BERLIN disconnect NO contact BER89A

89B04 BERLIN disconnect NC contact BER89B

89A05 NEW YORK disconnect NO contact NEW89A

89B05 NEW YORK disconnect NC contact NEW89B

89A06 CANBERRA disconnect NO contact CAN89A

89B06 CANBERRA disconnect NC contact CAN89B

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 1 of 2)

Primitive Name Description Alias

89CL01 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL02 TIE-BREAKER disconnect (EAST) is closed SEC289C

89CL03 LONDON disconnect is closed LOND89C

89CL04 BERLIN disconnect is closed BERL89C

89CL05 NEW YORK disconnect is closed NEWY89C

89CL06 CANBERRA disconnect is closed CANB89C

89AL01 TIE-BREAKER disconnect (WEST) alarm SEC189A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.51 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.21 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information).

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.53 for more information). Table 6.22 shows the primitive differential trip 
bit names, the alias names for the differential trip bits, and the terminal with 
which the relay associates each differential trip bit.

                    

89AL02 TIE-BREAKER disconnect (EAST) alarm SEC289A

89AL03 LONDON disconnect alarm LOND89A

89AL04 BERLIN disconnect alarm BERL89A

89AL05 NEW YORK disconnect alarm NEWY89A

89AL06 CANBERRA disconnect alarm CANB89A

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 2 of 2)

Primitive Name Description Alias

Table 6.21 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip EASTA_T

87CZ1 Check Zone differential element trip CHECA_T

                    

Figure 6.51 Differential Trip Logic for Differential Element 1

Table 6.22 Primitive Differential Trip Bit Names, Alias Names for the 
Differential Trip Bits, and Associated Terminals

Differential Trip Bit Alias Comments

87BTR01 87SEC1A Associated with Terminal 01

87BTR02 87SEC2A Associated with Terminal 02

87BTR03 87LON_A Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87NEW_A Associated with Terminal 05

87BTR06 87CAN_A Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.52 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers setting 
(NUMBK) and the number of trip equations, i.e., the number of trip equations 
(TRkk) equals the number of circuit breakers (NUMBK) setting. Table 6.23 
shows the five primitive and alias names for the trip logic of each terminal.

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.14 
shows the breakdown of the five relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.24 shows TEST and 
ALARM protection logic assigned to the output contacts of the main board out-
put contacts. Table 6.25 shows the linking of the trip logic outputs to the relay 
output contacts of Interface Board 1 and the alias names of the of the interface 
board output contacts.

                    

Figure 6.52 Breaker Trip Logic

Table 6.23 Primitive and Alias Names for the Trip Logic of Each Terminal 

Primitive Name Description Alias Name

TRIP01 Trip output of the sectionalizing breaker asserted TRSEC_A

TRIP02 Trip output of the LONDON Terminal asserted TRLON_A

TRIP03 Trip output of the BERLIN Terminal asserted TRBER_A

TRIP04 Trip output of the NEW YORK Terminal asserted TRNEW_A

TRIP05 Trip output of the CANBERRA Terminal asserted TRCAN_A

TRIPkk

Relay
Word
Bit

TRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip 
Duration Timer

kk = 01 to 05
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Output Alias Assignment, Main Board
This application requires no output contacts from the main board.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can be ordered to include six high-speed, 
high-interrupting output contacts. Table 6.25 shows the alias assignment for the 
five terminals of the A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.53.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary terminal contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals

Table 6.24 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.25 Alias Assignment for the Five Terminals in Our Example 

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output SECTR_A

OUT202a LONDON trip logic output LONTR_A

OUT203a BERLIN trip logic output BERTR_A

OUT204a NEW YORK trip logic output NEWTR_A

OUT205a CANBERRA trip logic output CANTR_A
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.54.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Figure 6.53 Substation Layout With Specific Terminal Information

WEST EAST

LOND89A
LON89B

LONTR_A

I03 = LOND_A I04 = BERL_A I05 = NEWY_A I06 = CANB_A

I01 = SEC1_A                     I02 = SEC2_A

BER89A
BER89A

BERTR_A

NEW89A
NEW89B

NEWTR_A

CAN89A
CAN89B

CANTR_A

SEC891A
SEC891B

SEC892A
SEC892BSEC_TRP

200/5 2000/5

2000/5 2000/5
52

52 52

LONDON BERLIN

2000/5

52

NEW YORK

2000/5

52

CANBERRA

BZ1 = WEST_A BZ2 = EAST_A

OVERLAP
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Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.55.

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in Figure 6.56.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter> 
Alias
Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.54 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.55 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,SEC1_A <Enter>
20:
?  I02,SEC2_A <Enter>
21:
?  I03,LOND_A <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,NEWY_A <Enter>
24:
?  I06,CANB_A <Enter>
25:
?  BZ1,WEST_A <Enter>
26:
?  BZ2,EAST_A <Enter>
27:
?  CZ1,CHECK_A <Enter>
28:
?  IN204,ISE891A <Enter>
29:
?  IN205,ISE891B <Enter>
30:

•
•
•
?  OUT204,NEWTR_A <Enter>
92:
?  OUT205,CANTR_A <Enter>
93:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.56 Analog Quantities and Relay Word Bit Alias Names
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Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.57 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either alias names or prim-
itive names when entering settings.

NOTE: The relay interprets the 
number of circuit breakers (NUMBK) 
as the number of circuit breaker poles, 
not as the number of circuit breakers.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. Because we do not need circuit breaker auxiliary 
contacts for this application, set 52A01–52A05 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
06). Travel time is the time period when both disconnect auxiliary contacts are in 
the open position (see Figure 6.20 for more information). Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

=>>SET G <Enter>
Global
General Global Settings

Station Identifier (40 characters)
SID := "Station A"
?  <Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6<Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ? <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ? <Enter>
Independent Control Input Settings (Y,N)             EICIS   := N      ? <Enter>
Data Reset Control (Y,N)                             EDRSTC  := N      ? <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ><Enter>

Figure 6.57 Global Settings for Application 1
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the LONDON feeder, all three phases 
(LOND_A, LOND_B, and LOND_C) operate together. Because the relay mea-
sures the three phases in three separate relays (phase LOND_A in the A-phase 
relay, phase LOND_B in B-phase relay, etc.), we need to convey the disconnect 
status to all three relays. 

The check zone performs supervision, so you must first determine zone configu-
ration settings for the check zone before determining settings for Zone 1 and 
Zone 2. Configure the check zone by declaring all terminals but the tie-breaker 
(bus sectionalizer) CTs in the terminal-to-check-zone SELOGIC control equa-
tions. Never include the tie-breaker CTs in the check zone. Figure 6.61 shows the 
zone configuration group settings.

Disconnect Inputs and Timers

N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ISE891A<Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ISE891B<Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400<Enter>
N/O Contact Input -DS02 (SELogic Equation)

89A02 := NA
?  ISE892A<Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  ISE892B<Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400<Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  ILON89A<Enter>

.

.

.
  
DS06 Alarm Pickup Delay (0-99999 cyc)                89ALP06 := 300    ?400<Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ? <Enter>
DNP Session Time Base (LOCAL, UTC)                   DNPSRC  := UTC    ? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.57 Global Settings for Application 1 (Continued)
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Use the Differential Element Zone Supervision setting to comply with the 
requirement for both check zone and zone-specific differential elements to assert 
before a busbar protection trip output asserts. For this application, we allocated 
BZ1 for Zone 1, BZ2 for Zone 2, and CZ1 for the overall check zone (see 
Table 6.16). Because the check zone is independent from any other zone, the 
relay does not follow the differential trip logic shown in Figure 6.58 when the 
check zone asserts.

                    

The implication of this independence is that the Check Zone Supervision Logic 
can be left to its default value of 1 as seen in Figure 6.59. The same effect is 
achieved by setting E87CZSP = N.

                    

For the zone-specific elements, enter the Check Zone differential element trip 
output 87CZ1 as a supervisory condition for each zone, as shown in Figure 6.60.

                    

                    

Figure 6.58 Bus Differential Trip Logic

                    

Figure 6.59 Check-Zone Supervision Logic

                    

Figure 6.60 Zone Supervision for Zone 1 (a) and Zone 2 (b)

Start

End
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Generate trip for the 
selected terminals 
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Be sure to include Relay Word bit 87CZ1 as the supervisory condition for all 
zones encompassed by the Check Zone. Set E87ZSUP = Y to enable the Differ-
ential Element Zone Supervision settings, then enter the supervision settings.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration group default settings. With the zone con-
figuration group default settings deleted, the setting prompts no longer reference 
the default settings. The zone configuration group default settings are for a spe-
cific substation with arbitrarily selected alias names, serving only as an example.

                    

=>>SET Z TE<Enter>
Zone Config Group 1
Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?400<Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?400<Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40<Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400<Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400<Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400<Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEAT_A, P
?  DELETE 100<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01 BZ2 P<Enter>
SEC1_A to EAST_A Connection (SELogic Equation)
I01BZ2V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02 BZ1 P<Enter>
SEC2_A to WEAT_A Connection (SELogic Equation)
I02BZ1V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03 BZ1 P<Enter>
LOND_A to WEAT_A Connection (SELogic Equation)
I03BZ1V := NA
?  LOND89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04 BZ1 P<Enter>
BERL_A to WEAT_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05 BZ2 P<Enter>
NEWY_A to EAST_A Connection (SELogic Equation)
I05BZ2V := NA
?  NEWY89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06 BZ2 P<Enter>
CANB_A to EAST_A Connection (SELogic Equation)
I06BZ2V := NA
?  CANB89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  <Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?  <Enter>

Zone Supervision

Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y<Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  87CZ1<Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  87CZ1<Enter>

Figure 6.61 Zone Configuration Group Settings for Application 1
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element by setting 
E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information). Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, and EVOLT := N 
because we do not use the coupler security logic, terminal out of service, breaker 
failure protection, overcurrent elements, or voltage elements in this application.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.22) when the differential 

Zone Switching Supervision

Zone Switching Supervision (Y,N)                     EZSWSUP := N      ? <Enter>

Zone Open CT Detector

Reset Zone 1 Open CT Detector (SELogic Equation)
ROCTZ1 := RSTOCT1
?  <Enter>
Reset Zone 2 Open CT Detector (SELogic Equation)
ROCTZ2 := RSTOCT2
?  <Enter>
Check Zone Configuration
Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y<Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I05 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I06 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? <Enter>

Check Zone Supervision

Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ? <Enter>

Current Normalization Factor

Normalization Factor -I01                            TAP01   := 5.00   ?
Normalization Factor -I02                            TAP02   := 5.00   ?
Normalization Factor -I03                            TAP03   := 50.00  ?
Normalization Factor -I04                            TAP04   := 5.00   ?
Normalization Factor -I05                            TAP05   := 5.00   ?
Normalization Factor -I06                            TAP06   := 5.00   ?
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.61 Zone Configuration Group Settings for Application 1 (Continued)
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element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. Because the tie breaker has two analog 
channels but only one circuit breaker, include both differential trip bits 
(87SEC1A and 87SEC2A) in trip equation TR01.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting. Set the timer TDURD longer than 
the clearing time of the slowest circuit breaker at the station. For this application, 
we use the default values for the Sensitive Differential Element, the Restrained 
Differential Element, the Directional Element, and the Trip Duration Timer. 
Figure 6.62 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration

Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element

Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>

Check Zone Sensitive Differential Element

CZ Sensitive Diff. Element Pickup (0.05-1 pu)        CZS87P  := 0.10   ?> <Enter>

Restrained Differential Element

Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Check Zone Restrained Differential Element

CZ Restrained Diff Element Pickup (0.10-4 pu)        CZO87P  := 1.00   ?> <Enter>

Directional Element

Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87SEC1A
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? 

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87SEC2A
?  87LON_A <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? 

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_A
?  87BER_A <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? 

Figure 6.62 Protection Group Settings for Application 1
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay, and connect the cable to the circuit 
breaker trip coil to any one of the three relays.

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA. Figure 6.63 shows the control output settings.

                    

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BER_A
?  87NEW_A<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? 

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87NEW_A OR SBFTR06 OR 87CAN_A
?  87CAN_A<Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? 

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.62 Protection Group Settings for Application 1 (Continued)

=>>SET O <Enter>

Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  NA <Enter>

OUT102 := TRLON_A AND NOT PLT03
?  NA <Enter>
OUT103 := TRBER_A AND NOT PLT03
?  NA <Enter>

OUT104 := TRNEW_A AND NOT PLT03
?  NA <Enter>
OUT105 := TRCAN_A AND NOT PLT03
?  NA <Enter>

OUT106 := NA
? > <Enter>

Interface Board #1
OUT201 := NA
?  TRSEC_A AND NOT PLT03 <Enter>
OUT202 := NA
?  TRLON_A AND NOT PLT03 <Enter>

Figure 6.63 Control Output Settings for Application 1
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This concludes the settings for Application 1.

Application 2: Single Bus and Tie Breaker (Single Relay)
This application describes the busbar arrangement shown in Figure 6.64, a single 
bus with bus sectionalizer (tie breaker), single-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

OUT203 := NA
?  TRBER_A AND NOT PLT03 <Enter>
OUT204 := NA
?  TRNEW_A AND NOT PLT03 <Enter>

OUT205 := NA
?  TRCAN_A AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.63 Control Output Settings for Application 1 (Continued)

                    

Figure 6.64 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie breaker (bus coupler or 
sectionalizing breaker) configuration.

➤ Description:

➢ Single bus with tie breaker

➤ Current Transformers:

➢ Outboard

➤ Disconnect:

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration:

➢ Overlap

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Block the busbar protection for an open-circuit CT.

3. Use the Disconnect Monitoring Logic.

4. Include end-zone protection with direct transfer tripping for the four 
feeders.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for end-zone protection, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. Breaker failure protection is a standard function but end-
zone protection is not. To properly identify and categorize the protection philoso-
phy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.86 and select the standard functions 
required for the application. Table 6.26 shows the selection of the standard func-
tions.
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User-Defined Functions
Identify logic functions we need for the application that are not part of the stan-
dard logic in the relay. For this application, end-zone protection for the four feed-
ers is not a standard function; we use SELOGIC control equations to create this 
logic.

End-Zone Protection

Figure 6.65 shows end-zone fault F1, which is a fault between the feeder CT and 
circuit breaker. The busbar protection at Busbar S operates for this fault and trips 
Circuit Breaker 1, but the line still feeds the fault from the source at Busbar R.

                    

Fault F1 is only cleared when Circuit Breaker 2 at Busbar R trips. In step-dis-
tance protection schemes, Circuit Breaker 2 trips after a time delay, typically on 
the order of 400 ms. Using end-zone protection, we can shorten this time by 
sending a direct transfer trip (DTT) from Station S to Circuit Breaker 2 at 
Station R to trip Circuit Breaker 2.

Table 6.26 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch.

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available.

Differential protection Yes Busbar protection (zone specific and 
check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the 
differential protection according to the 
disconnect positions

Sensitive differential protection Yes CT open circuit detection.

Zone supervision logic No Not required

Zone-switching supervision logic No 89A and 89B disconnect contacts avail-
able, so this logic is not required.

Coupler security logic No Two CTs configured in overlap configura-
tion do not require the coupler security 
logic.

Circuit breaker failure protection No Not required

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage 
elements

No Not required

                    

Figure 6.65 Fault Between Circuit Breaker 1 and the CT at Busbar S

Busbar SSource S Busbar R Source R

1 2

Infeed
from Source R

LineCT CT

F1
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This logic detects faults under the following three conditions:

➤ The differential protection has issued a trip signal to the circuit 
breaker. 

➤ There is still current flowing in the feeder CT after Circuit Breaker 1 
has been open for 5 cycles. 

➤ The busbar disconnect of the feeder is closed. 

Create the above-mentioned end-zone logic by programming four protection 
SELOGIC control variables (PSV01–PSV04) when setting the protection logic, 
and assign the alias names as described in Assign Alias Names to the User-
Defined Logic.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.5 to calculate the number of current channels at the station, and 
use Equation 6.6 to calculate the number of zones at the station.

                    

Equation 6.5

                    

Equation 6.6

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 6. Because each SEL-487B has 21 analog input channels and 6 zones, 
we need only one SEL-487B. This is known as a single-relay application.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.7 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.7

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

# relay inputs required = 2 # disconnect monitoring logics• 
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The protection philosophy calls for end-zone protection. Because there are four 
feeder circuit breakers at the station the number of circuit breaker auxiliary inputs 
we need is four. Table 6.27 summarizes the input contact required for this appli-
cation. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; the six independent input contacts are 
available for breaker failure initiate inputs. Because this application has no circuit 
breaker failure protection, the independent input contacts are available for circuit 
breaker auxiliary contact inputs. However, in anticipation of future circuit 
breaker failure protection installation, instead use the grouped input contacts on 
the interface board for the circuit breaker auxiliary contact inputs and disconnect 
contact inputs. From the input contact perspective, we need one interface board.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
We also need direct transfer trip output contacts for the end-zone protection for 
each of the four feeders. Table 6.28 shows the breakdown and the total number of 
relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). 
Table 6.28 shows that we need nine output contacts; the eight main board output 
contacts are insufficient for our application. Also, the main board contacts are all 
standard output contacts.

The interface boards can have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board provides six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign the circuit breaker trip outputs to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. 
Although the standard output contacts are slightly slower (6 ms for resistive 
loads) than the high-speed, high-interrupting output contacts, we use the main 
board output contact for direct transfer tripping. From the output contact perspec-
tive, we need one interface board. If you require fast output contacts for direct 
transfer tripping, add another interface board to the relay.

Table 6.27 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 6 = 12

Number of relay inputs required for end-zone protection 4

Total number of inputs 16

Table 6.28 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Number of relay output contacts required for direct transfer tripping 4

Total number of relay output contacts 9
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The conclusion from the preceding analysis is that we need one SEL-487B, 
equipped with a single interface board, for this application.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

NOTE: Alias names cannot exceed 
seven characters.

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.29 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.29 shows the assignment taken from Figure 6.64.

                    

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 1 of 2)

CTs Analog Channel Alias

LONDON, A-phase I01 LOND_A

LONDON, B-phase I02 LOND_B

LONDON, C-phase I03 LOND_C

BERLIN, A-phase I04 BERL_A

BERLIN, B-phase I05 BERL_B

BERLIN, C-phase I06 BERL_C

NEW YORK, A-phase I07 NEWY_A

NEW YORK, B-phase I08 NEWY_B

NEW YORK, C-phase I09 NEWY_C
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Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. In this application, we use all 
six zones with alias names as shown in Table 6.30.

                    

Input-to-Logic Allocation and Alias Assignment
Table 6.27 shows that we require 16 digital inputs. We now assign the digital 
inputs to the selected logic, and apply alias names to the inputs and logic ele-
ments. Because of the functional requirement of this application, we do not need 
to use any digital inputs on the main board. 

Input-to-Logic-Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.31 shows the circuit breaker auxiliary contact input allocations, the dis-
connect auxiliary contact input allocations, and the alias names. Inputs IN201, 
IN202, IN203, IN213, IN214, and IN215 are independent inputs for breaker fail-
ure initiate inputs; these inputs are not used in this application.

                    

CANBERRA, A-phase I10 CANB_A

CANBERRA, B-phase I11 CANB_B

CANBERRA, C-phase I12 CANB_C

TIE-BREAKER CT1, A-phase I13 SEC1_A

TIE-BREAKER CT1, B-phase I14 SEC1_B

TIE-BREAKER CT1, C-phase I15 SEC1_C

TIE-BREAKER CT2, A-phase I16 SEC2_A

TIE-BREAKER CT2, B-phase I17 SEC2_B

TIE-BREAKER CT2, C-phase I18 SEC2_C

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 2 of 2)

CTs Analog Channel Alias

Table 6.30 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 WEST_B

BZ3 Bus-Zone 3 WEST_C

BZ4 Bus-Zone 4 EAST_A

BZ5 Bus-Zone 5 EAST_B

BZ6 Bus-Zone 6 EAST_C

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 1 of 2)

Input Description Alias

IN204 LONDON circuit breaker ILON52A

IN205 BERLIN circuit breaker IBER52A

IN206 NEW YORK circuit breaker INEW52A

IN207 CANBERRA circuit breaker ICAN52A
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Assign Alias Names to the Selected Standard Logic
Referring to Table 6.26, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.66 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements.)

                    

Table 6.32 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

IN208 LONDON disconnect NO contact ILON89A

IN209 LONDON disconnect NC contact ILON89B

IN210 BERLIN disconnect NO contact IBER89A

IN211 BERLIN disconnect NC contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B

IN219 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN220 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN221 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN222 TIE-BREAKER disconnect (EAST) NC contact ISE892B

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 2 of 2)

Input Description Alias

                    

Figure 6.66 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 1 of 2)

Input Description Alias

89A01 LONDON disconnect NO contact LON89A

89B01 LONDON disconnect NC contact LON89B

89A02 BERLIN disconnect NO contact BER89A

89B02 BERLIN disconnect NC contact BER89B

89A03 NEW YORK disconnect NO contact NEW89A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. We also 
assign alias names to the alarm Relay Word bits (89ALnn). Table 6.33 shows the 
alias names.

                    

Breaker Status Logic

Figure 6.67 shows the breaker status logic circuit associated with current channel 
I01. This logic includes an OPH01 input from the open-phase detection logic. 
Open-phase detection logic asserts the OPH01 Relay Word bit when the logic 
measures no current in that specific phase. Alarm output 52AL01 asserts when 
the 52A01 and OPH01 inputs are both deasserted for longer than 5 cycles. For 
example, when the circuit breaker is open (52A01 is logical 0), Relay Word bit 
OPH01 asserts (changes to logical 1) when current stops flowing. AND Gate 2 in 
Figure 6.67 outputs a logical 0 and the timer does not run. However, if current 
still flows through the CT when the circuit breaker is open (end-zone fault, for 
example), Relay Word bit OPH01 does not assert (remains at logical 0) and the 
timer starts.

89B03 NEW YORK disconnect NC contact NEW89B

89A04 CANBERRA disconnect NO contact CAN89A

89B04 CANBERRA disconnect NC contact CAN89B

89A05 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B05 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A06 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B06 TIE-BREAKER disconnect (EAST) NC contact SEC892B

Table 6.33 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits 

Primitive Name Description Alias

89CL01 LONDON disconnect is closed LOND89C

89CL02 BERLIN disconnect is closed BERL89C

89CL03 NEW YORK disconnect is closed NEWY89C

89CL04 CANBERRA disconnect is closed CANB89C

89CL05 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL06 TIE-BREAKER disconnect (EAST) is closed SEC289C

89AL01 LONDON disconnect alarm LON89AL

89AL02 BERLIN disconnect alarm BER89AL

89AL03 NEW YORK disconnect alarm NEW89AL

89AL04 CANBERRA disconnect alarm CAN89AL

89AL05 TIE-BREAKER disconnect (WEST) alarm SE189AL

89AL06 TIE-BREAKER disconnect (EAST) alarm SE289AL

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 2 of 2)

Input Description Alias
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Wire a single, normally open circuit breaker auxiliary contact from each of the 
four feeder circuit breakers to an individual relay input (IN204, IN205, IN206, 
and IN207). In this example, we do not assign alias names to the Relay Word 
bits; we use the primitive names instead. Because this is a single-relay applica-
tion, the three phases of each terminal are in the same relay. Table 6.34 shows the 
breaker status logic input and output Relay Word bits.

                    

                    

Figure 6.67 Breaker Status Logic

Table 6.34 Breaker Status Logic Input and Output Relay Word Bits 

Primitive Name Description

52A01 LONDON A-phase NO contact

52AL01 LONDON A-phase discrepancy alarm

52A02 LONDON B-phase NO contact

52AL02 LONDON B-phase discrepancy alarm

52A03 LONDON C-phase NO contact

52AL03 LONDON C-phase discrepancy alarm

52A04 BERLIN A-phase NO contact

52AL04 BERLIN A-phase discrepancy alarm

52A05 BERLIN B-phase NO contact

52AL05 BERLIN B-phase discrepancy alarm

52A06 BERLIN C-phase NO contact

52AL06 BERLIN C-phase discrepancy alarm

52A07 NEW YORK A-phase NO contact

52AL07 NEW YORK A-phase discrepancy alarm

52A08 NEW YORK B-phase NO contact

52AL08 NEW YORK B-phase discrepancy alarm

52A09 NEW YORK C-phase NO contact

52AL09 NEW YORK C-phase discrepancy alarm

52A10 CANBERRA A-phase NO contact

52AL10 CANBERRA A-phase discrepancy alarm

52A11 CANBERRA B-phase NO contact

52AL11 CANBERRA B-phase discrepancy alarm

52A12 CANBERRA C-phase NO contact

52AL12 CANBERRA C-phase discrepancy alarm

52A01

OPH01

Relay
Word
Bits

52CL01

52AL01

Relay
Word
Bits

5
CYC 0

CYC

Alarm Timer

1

2

S

R

Q

Set has priority
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.68 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.35 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR21 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we will 
use 18 of the 87BTRmm (mm = 01–21) Relay Word bits. Table 6.36 shows the 
primitive differential trip bit names and the alias names for the differential trip 
bits.

                    

Table 6.35 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip WESTB_T

87Z3 Zone 3 differential element trip WESTC_T

87Z4 Zone 4 differential element trip EASTA_T

87Z5 Zone 5 differential element trip EASTB_T

87Z6 Zone 6 differential element trip EASTC_T

                    

Figure 6.68 Differential Trip Logic for Differential Element 1

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 1 of 2)

Differential Trip Bit Alias Comments

87BTR01 87LON_A Associated with Terminal 01

87BTR02 87LON_B Associated with Terminal 02

87BTR03 87LON_C Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87BER_B Associated with Terminal 05

87BTR06 87BER_C Associated with Terminal 06

87BTR07 87NEW_A Associated with Terminal 07

87BTR08 87NEW_B Associated with Terminal 08

87BTR09 87NEW_C Associated with Terminal 09

87BTR10 87CAN_A Associated with Terminal 10

87BTR11 87CAN_B Associated with Terminal 11

87BTR12 87CAN_C Associated with Terminal 12

87BTR13 87SEC1A Associated with Terminal 13

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip 
bits within zone

• 
• 
•

87BTRmm

87BTRnn

mm = first terminal within zone 
nn = last terminal within zone
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.69 shows the general tripping logic for the 15 trip outputs used in this 
application. (See Section 5: Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals 15.

After setting the TRnn trip equations, the relay associates each TRnn trip equa-
tion with a particular circuit breaker pole; we must combine the trip equations in 
the output settings to form a single output for the tie breaker (see the Protection 
Group Settings on page 6.80). For example, after setting TR01 := 87BTR01 and 
TR02 := 87BTR02, the relay associates Trip Equation TR01 with Terminal 01 
(LOND_A), Trip Equation TR02 with Terminal 02 (LOND_B), and so on. 
Table 6.37 shows the 15 primitive and alias names for the trip logic of each termi-
nal.

                    

87BTR14 87SEC1B Associated with Terminal 14

87BTR15 87SEC1C Associated with Terminal 15

87BTR16 87SEC2A Associated with Terminal 16

87BTR17 87SEC2B Associated with Terminal 17

87BTR18 87SEC2C Associated with Terminal 18

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 2 of 2)

Differential Trip Bit Alias Comments

                    

Figure 6.69 Breaker Trip Logic

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 1 of 2)

Primitive Name Description Alias

TRIP01 Trip output of the LONDON terminal A-Phase asserted TRLON_A

TRIP02 Trip output of the LONDON terminal B-Phase asserted TRLON_B

TRIP03 Trip output of the LONDON terminal C-Phase asserted TRLON_C

TRIP04 Trip output of the BERLIN terminal A-Phase asserted TRBER_A

TRIP05 Trip output of the BERLIN terminal B-Phase asserted TRBER_B

TRIP06 Trip output of the BERLIN terminal C-Phase asserted TRBER_C

TRIP07 Trip output of the NEW YORK terminal A-Phase asserted TRNEW_A

TRIP08 Trip output of the NEW YORK terminal B-Phase asserted TRNEW_B

TRIP09 Trip output of the NEW YORK terminal C-Phase asserted TRNEW_C

TRIPkk

Relay
Word
BitTRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip
Duration Timer

kk = 01 to 15
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Assign Alias Names to the User-Defined Logic
We created the general end-zone protection logic under User-Defined Functions 
on page 6.62. We now assign the application-specific alias names to all the 
appropriate Relay Word bits in the end-zone protection logic.

End-Zone Protection

Table 6.38 shows the alias names for the four protection SELOGIC control equa-
tion variables (PSV01–PSV04).

                    

Figure 6.70 shows the end-zone logic with the alias names instead of the primi-
tive names. The logic declares an end-zone fault when the following three condi-
tions are met: 

➤ A differential trip signal has been issued to the circuit breaker

➤ Current continues to flow through the feeder CT after a 5-cycle delay

➤ The busbar disconnect of the feeder is closed. 

Note that the second condition is met by using the built-in 5-cycle delay of 
52ALnn, which is the alarm timer output of the circuit breaker status logic. Cre-
ate similar logic for the other three feeders with the protection logic settings.

                    

TRIP10 Trip output of the CANBERRA terminal A-Phase asserted TRCAN_A

TRIP11 Trip output of the CANBERRA terminal B-Phase asserted TRCAN_B

TRIP12 Trip output of the CANBERRA terminal C-Phase asserted TRCAN_C

TRIP13 Trip output of the sectionalizing breaker A-Phase asserted TRSEC_A

TRIP14 Trip output of the sectionalizing breaker B-Phase asserted TRSEC_B

TRIP15 Trip output of the sectionalizing breaker C-Phase asserted TRSEC_C

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 2 of 2)

Primitive Name Description Alias

Table 6.38 Alias Names for the End-Zone Protection Logic

Primitive Name Description Alias

PSV01 End-zone element for LONDON terminal LOND_EZ

PSV02 End-zone element for BERLIN terminal BERL_EZ

PSV03 End-zone element for NEW YORK terminal NEWY_EZ

PSV04 End-zone element for CANBERRA terminal CANB_EZ

                    

Figure 6.70 End-Zone Logic With the Alias Names for the London Feeder

TRLON_A

TRLON_B

TRLON_C

1

52AL01

52AL02

52AL03

LOND89C

2

LOND_EZ
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Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.28 
shows the breakdown of the nine relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.39 shows the linking of 
the end-zone protection logic to the output contacts of the main board and the 
alias names of the relay main board output contacts. Table 6.40 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1 and the 
alias names of the of the interface board output contacts.

Output Alias Assignment–Main Board
We assign the outputs from the end-zone protection logics as direct transfer trip 
(DTT) functions to the output contacts of the main board. Wire the direct transfer 
trip outputs to the communications equipment or terminal panel to transmit the 
signal to the remote busbar.

                    

Output Alias Assignment–Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.40 shows the alias assignment for the five terminals 
in our example.

                    

Table 6.39 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT101 DTT for an end zone fault on LONDON Feeder LON_DTT

OUT102 DTT for an end zone fault on BERLIN Feeder BER_DTT

OUT103 DTT for an end zone fault on NEW YORK Feeder NEW_DTT

OUT104 DTT for an end zone fault on CANBERRA Feeder CAN_DTT

OUT105 NA NA

OUT106 NA NA

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.40 Alias Assignment for the Five Terminals in Our Example

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT201a

a High-speed, high-interrupting outputs.

LONDON trip logic output LON_TRP

OUT202a BERLIN trip logic output BER_TRP

OUT203a NEW YORK trip logic output NEW_TRP

OUT204a CANBERRA trip logic output CAN_TRP

OUT205a TIE-BREAKER trip logic output SEC_TRP
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Station Layout Update
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.71.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminals CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Protection Logic Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.72.

                    

Figure 6.71 Substation Layout With Specific Terminal Information
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After inspecting the list, we decide that the only useful alias names are those of 
the 16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.73.

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the 18 analog channels and Relay Word bits, as shown in 
Figure 6.74.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.72 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.73 Deletion of the First 43 Alias Names

1:OUT107,"TEST"
?  <Enter>
19:
?  I01,LOND_A <Enter>
20:
?  I02,LOND_B <Enter>

21:
?  I03,LOND_C <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,BERL_B <Enter>

24:
?  I06,BERL_C <Enter>
•
•
•
133:
?  OUT204,CAN_TRP <Enter>

134:
?  OUT205,SEC_TRP <Enter>
135:
?  END <Enter>
Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.74 Analog Quantities and Relay Word Bit Alias Names for 
Application 2
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Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Settings Group 1 to Protection Settings 
Group 2, global settings such as station name and relay name still apply. 
Figure 6.75 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either alias names or primi-
tive names when entering settings.

Carefully consider circuit breaker related settings when applying the relay in a 
single-relay application. The relay considers all applications to be three-relay 
applications; there is no setting distinguishing a single-relay application from a 
three-relay application. In particular, the relay interprets the number of circuit 
breakers (NUMBK) as the number of circuit breaker poles, not as the number of 
circuit breakers.

In this single-relay application example, there are 15 circuit breaker poles at the 
substation, and the value of NUMBK is 15. However, wire only one circuit 
breaker auxiliary contact from each circuit breaker to the relay; see the TRkk, 
TRIPkk, and the output settings for information on how to set the relay for this 
application.

There exists a direct relationship between the number of circuit breakers and the 
number of breaker status logics, i.e., the number of breaker input equations 
(52Akk) equals the number of circuit breakers (NUMBK). Enter the number of 
poles at the station for the NUMBK setting. Because the relay interprets the num-
ber of circuit breakers (NUMBK) as the number of circuit breaker poles, the set-
ting of NUMBK in this application equals 15.

Setting NUMBK equal to 15 makes 15 corresponding circuit breaker auxiliary 
input equations (52A01–52A15), and 15 corresponding trip equations (TR01–
TR15) available for setting. Although 15 circuit breaker auxiliary input equations 
are available, there are only four circuit breaker auxiliary contacts wired to the 
relay, one contact from each of the four feeder circuit breakers at the station. 
Group three circuit breaker auxiliary input equations to form an association with 
a circuit breaker, and enter the same contact name for the three circuit breaker 
auxiliary input equations. For example, group circuit breaker auxiliary input 
equations 52A01, 52A02, and 52A03 to form an association with the LONDON 
circuit breaker.

Table 6.31 shows the allocation of ILON52A, the circuit breaker auxiliary con-
tact to relay input IN204. We use relay input IN204 to monitor the status of the 
LONDON circuit breaker. All three circuit breaker auxiliary input equations 
(52A01, 52A02, and 52A03) must assert when ILON52A asserts, so ILON52A 
must appear in all three circuit breaker auxiliary input equations. Because we do 
not need a circuit breaker auxiliary contact from the tie breaker, set 52A13–
52A15 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics although 
there are 12 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPnn setting (nn = 01–06). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.
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=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?15 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?<Enter>
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>
Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ILON52A <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
?  ILON52A <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  ILON52A <Enter>
N/O Contact Input -BK04 (SELogic Equation)
52A04 := NA
?  IBER52A <Enter>

N/O Contact Input -BK05 (SELogic Equation)
52A05 := NA
?  IBER52A <Enter>
N/O Contact Input -BK06 (SELogic Equation)
52A06 := NA
?  IBER52A <Enter>
N/O Contact Input -BK07 (SELogic Equation)

•
•
•

52A13 := NA
?  <Enter>
N/O Contact Input -BK13 (SELogic Equation)
52A14 := NA
?  <Enter>
N/O Contact Input -BK14 (SELogic Equation)
52A15 := NA
?  <Enter>

N/O Contact Input -BK15 (SELogic Equation)
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ILON89A <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ILON89B <Enter>

Figure 6.75 Global Settings for Application 2
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and to assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three phases. For example, when we close the busbar disconnect on 
the LONDON feeder, all three phases (LOND_A, LOND_B, and LOND_C) 
operate together. Because the relay measures the three phases in three separate 
differential elements (phase LOND_A in differential element WEST_A, phase 
LOND_B in differential element WEST_B, etc.), we need to convey the discon-
nect status to all three differential elements. Table 6.33 shows the alias names of 
the disconnect status Relay Word bits; Figure 6.76 shows the zone configuration 
group settings.

The zone configuration group default settings are for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration group settings for the new substation, delete the exist-
ing zone configuration default settings. With the zone configuration group default 
settings deleted, the setting prompts no longer reference the default settings.

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ? <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IBER89A <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IBER89B <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ? <Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.75 Global Settings for Application 2 (Continued)
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=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?40 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?40 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40 <Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400 <Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400 <Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400 <Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?400 <Enter>
Current Transformer Ratio -I08 (1-50000)             CTR08   := 600    ?400 <Enter>
Current Transformer Ratio -I09 (1-50000)             CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)             CTR10   := 600    ?400 <Enter>
Current Transformer Ratio -I11 (1-50000)             CTR11   := 600    ?400 <Enter>

•
•
•

Current Transformer Ratio -I18 (1-50000)             CTR18   := 600    ?400 <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEST_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>

LOND_A to WEST_A Connection (SELogic Equation)
I01BZ1V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
LOND_B to WEST_B Connection (SELogic Equation)
I02BZ2V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>

LOND_C to WEST_C Connection (SELogic Equation)
I03BZ3V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BERL_A to WEST_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

BERL_B to WEST_B Connection (SELogic Equation)
I05BZ2V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
BERL_C to WEST_C Connection (SELogic Equation)
I06BZ3V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ4,P <Enter>

NEWY_A to EAST_A Connection (SELogic Equation)
I07BZ4V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ5,P <Enter>
NEWY_B to EAST_B Connection (SELogic Equation)
I08BZ5V := NA
?  NEWY89C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ6,P <Enter>
NEWY_C to EAST_C Connection (SELogic Equation)
I09BZ6V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I10,BZ4,P <Enter>

CANB_A to EAST_A Connection (SELogic Equation)
I10BZ4V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I11,BZ5,P <Enter>
CANB_B to EAST_B Connection (SELogic Equation)
I11BZ5V := NA
?  CANB89C <Enter>

Figure 6.76 Zone Configuration Group Settings for Application 2
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, and E59 := 
N because we do not use the Coupler Security Logic, terminal out of service, 
breaker failure protection, overcurrent elements, or voltage elements in this appli-
cation. Pay close attention to the trip logic (TR01–TR15) settings.

Terminal, Bus-Zone, Polarity (P,N)
?  I12,BZ6,P <Enter>
CANB_C to EAST_C Connection (SELogic Equation)
I12BZ6V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I13,BZ4,P <Enter>

SEC1_A to EAST_A Connection (SELogic Equation)
I13BZ4V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I14,BZ5,P <Enter>
SEC1_B to EAST_B Connection (SELogic Equation)
I14BZ5V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I15,BZ6,P <Enter>

SEC1_C to EAST_C Connection (SELogic Equation)
I15BZ6V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I16,BZ1,P <Enter>
SEC2_A to WEST_A Connection (SELogic Equation)
I16BZ1V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I17,BZ2,P <Enter>
SEC2_B to WEST_B Connection (SELogic Equation)
I17BZ2V := NA
?  SEC189C AND SEC298C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I18,BZ3,P <Enter>
SEC2_C to WEST_C Connection (SELogic Equation)
I18BZ3V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.76 Zone Configuration Group Settings for Application 2 (Continued)
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Because we use one SEL-487B, CTs from the three phases (A-phase, B-phase, 
and C-phase) from each terminal are assigned to three different differential ele-
ments (see Single-Relay Application on page 6.3).

Setting NUMBK (Global Settings) equal to 15 also makes 15 corresponding trip 
equations (TR01–TR15) available for setting. Table 6.36 shows the 18 differen-
tial trip bits that assert when the differential protection operates. Setting the trip 
equations involves assigning the 18 differential trip bits to the correct 15 trip 
equations. There are six differential elements in the relay, and because there are 
six bus-zones at the station, we use all six differential elements.

For the per-phase differential calculations, the relay assigns the individual phases 
of each terminal to three separate differential elements. (Strictly speaking, the 
relay assigns the phases according to the zone configuration group settings. How-
ever, correct zone configuration group settings cause the relay to assign the indi-
vidual phases of each terminal to three separate differential elements.) The tie 
breaker has six CTs; one CT assigned to each of the six differential elements. 
Because the tie breaker has only one circuit breaker, operation of any one of the 
six differential elements must trip the tie-breaker circuit breaker. For this reason, 
we include the two A-phase differential trip bits (87SEC1A and 87SEC2A) in the 
same trip equation, the two B-phase differential trip bits (87SEC1B and 
87SEC2B) in the same trip equation, and so on.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.

Although the SEL-487B includes 21 trip logics, there is only one Minimum Trip 
Duration Time Delay (TDURD) setting. Set the timer TDURD longer than the 
clearing time of the slowest circuit breaker at the station.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element, the Directional Element, and the Trip 
Duration Timer. Figure 6.77 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87LON_A
?  87LON_A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87LON_B
?  87LON_B <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Figure 6.77 Protection Group Settings for Application 2
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This concludes the protection group settings. The next settings class is the protec-
tion logic settings.

Protection Logic Settings
Use the protection logic settings to create logics in the relay. Figure 6.78 shows 
the settings in our example. Protection Latch Bit PLT01 constitutes the differen-
tial enable function on the front-panel pushbutton labeled 87(DIFF) ENABLED. Lines 
22–27 show the programming for the end-zone protection. Figure 6.78 shows the 
protection logic settings.

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_C
?  87LON_C <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

•
•
•
Trip 12 (SELogic Equation)
TR12 := NA
?  87CAN_C <Enter>
Unlatch Trip 12 (SELogic Equation)
ULTR12 := NA
?<Enter>

Trip 13 (SELogic Equation)
TR13 := NA
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 13 (SELogic Equation)
ULTR13 := NA
?<Enter>

Trip 14 (SELogic Equation)
TR14 := NA
?  87SEC1B OR 87SEC2B <Enter>
Unlatch Trip 14 (SELogic Equation)
ULTR14 := NA
?<Enter>

Trip 15 (SELogic Equation)
TR15 := NA
?  87SEC1C AND 87SEC2C <Enter>
Unlatch Trip 15 (SELogic Equation)
ULTR15 := NA
?  <Enter>

Trip Logic
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.77 Protection Group Settings for Application 2 (Continued)
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This concludes the protection logic settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need nine output contacts for our example:

➤ four for the direct transfer trip outputs

➤ five for the bus-bar protection trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings.

Because the relay interprets the NUMBK setting as the number of poles, there are 
15 trip equations for this application. There is, of course, only one circuit breaker 
for each terminal. We, therefore, combine the appropriate trip outputs from the 
breaker trip logic (TRIP01–TRIP15, see Figure 6.69) to provide a single trip out-
put for each circuit breaker. For example, we set the trip equations (Protection 
Group Settings) for the London terminal to TR01 := 87LON_A, TR02 := 87LON_B, 
and TR03 := 87LON_C, with the corresponding breaker trip logic output alias 
names of TRLON_A, TRLON_B, and TRLON_C. Because Terminal LONDON 
has only one circuit breaker, we assign only one trip output contact (OUT201) to 
trip the circuit breaker. Therefore, assertion of any one of the three breaker trip 
logic outputs (TRLON_A, TRLON_B, or TRLON_C) must trip the circuit 
breaker of the London terminal. To achieve this tripping, set Output OUT201 
equal to the OR combination of the three breaker trip logic outputs.

=>>SET L <Enter>

Protection 1

1: PLT01S := NOT PLT01 AND PLT04 # DIFFERENTIAL ENABLED
?  ><Enter>
21: 
?  # END-ZONE PROTECTION FOR THE LONDON FEEDER <Enter>
22:
? LOND_EZ:=(TRLON_A OR TRLON_B OR TRLON_C) AND (52AL01 OR 52AL02 OR 52AL03) AND 

LOND89C <Enter>

7:
? # END-ZONE PROTECTION FOR THE BERLIN FEEDER <Enter>
23:
? BERL_EZ:=(TRBER_A OR TRBER_B OR TRBER_C) AND (52AL04 OR 52AL05 or 52AL06) AND 

BERL89C <Enter>
24:
? # END-ZONE PROTECTION FOR THE NEW YORK FEEDER <Enter>
25:
? NEWY_EZ:=(TRNEW_A OR TRNEW_B OR TRNEW_C) AND (52AL07 or 52AL08 or 52AL09) \ AND 

NEWY89C <Enter>
26:
? # END-ZONE PROTECTION FOR THE CANBERRA FEEDER <Enter>

27:
? CANB_EZ:=(TRCAN_A OR TRCAN_B OR TRCAN_C) AND (52AL10 OR 52AL11 OR 52AL12) \ AND 

CANB89C <Enter>
28:
? END <Enter>

Protection 1
•
•
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.78 Protection Logic Settings for Application 2
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NOTE: The tie-breaker trip equations 
(TR13–TR15) already include the 
combination of two differential 
elements (87SEC1A OR 87SEC2A, 
etc.).

Figure 6.79 shows the settings. We include Protection Latch Bit PLT03 in the 
output equation. With PLT03 included in every output equation, the RELAY TEST 
MODE pushbutton disables all output contacts. We assign the direct transfer trip 
outputs to the main board contacts and the bus-zone protection to the trip outputs 
of the interface board. Figure 6.79 shows the output settings.

                    

This concludes the settings for Application 2.

Application 3: Breaker-and-a-Half
This application describes the breaker-and-a-half busbar arrangement shown in 
Figure 6.80. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  LOND_EZ AND NOT PLT03 <Enter>
OUT102 := TRSEC_B AND NOT PLT03
?  BERL_EZ AND NOT PLT03 <Enter>
OUT103 := TRSEC_C AND NOT PLT03
?  NEWY_EZ AND NOT PLT03 <Enter>
OUT104 := TRLON_A AND NOT PLT03
?  CANB_EZ AND NOT PLT03 <Enter>
OUT105 := TRLON_B AND NOT PLT03
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRLON_A OR TRLON_B OR TRLON_C) AND NOT PLT03 <Enter>
OUT202 := NA
?  (TRBER_A OR TRBER_B OR TRBER_C) AND NOT PLT03 <Enter>
OUT203 := NA
?  (TRNEW_A OR TRNEW_B OR TRNEW_C) AND NOT PLT03 <Enter>
OUT204 := NA
?  (TRCAN_A OR TRCAN_B OR TRCAN_C) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TRSEC_A OR TRSEC_B OR TRSEC_C) AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.79 Control Output Settings for Application 2
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information.

➤ Description:

➢ Breaker-and-a-half

➤ Current Transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ No disconnect auxiliary contacts are available

➤ Future expansion:

➢ One feeder

                    

Figure 6.80 Breaker-and-a-Half Busbar Layout
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Use the terminal out-of-service function.

2. Use the voltage elements as an additional trip criterion, and generate 
an event report when the voltage elements assert.

3. Block the busbar protection for an open-circuit CT.

4. Use the internal breaker failure protection in the relay for Terminals 
TD, TE, and TF and include retrip for each terminal.

5. Protect the two busbars with separate relays.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. The SEL-487B offers a number of protection func-
tions as standard features, but it also includes the capability through SELOGIC 
control equations to create user-configurable functions. To properly identify and 
categorize the protection philosophy requirements, group the protection functions 
as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions necessary for 
the application. Table 6.41 shows the selection of the standard functions.

                    

Table 6.41 Section of Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic No No disconnect auxiliary contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic No No disconnect auxiliary contacts available

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Supervise tripping with the undervoltage 
elements as well as the negative- and zero-
sequence overvoltage elements

Zone-switching supervision logic No No disconnect auxiliary contacts available

Coupler security logic No Breaker-and-a-half busbar layout does not 
require this function
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.8 to calculate the number of current channels at the station, and 
use Equation 6.9 to calculate the number of zones at the station.

                    

Equation 6.8

                    

Equation 6.9

The protection philosophy calls for a separate relay for each busbar. There are 
three terminals in each zone, for a total of nine analog channels. Because of 
future expansion, however, add 3 more channels for a total of 12. Each 
SEL-487B has 21 analog channels, so that one relay has enough analog inputs to 
protect one of the busbars; we need 2 relays to protect both busbars.

Therefore, an SEL-487B protects busbar NORTH, and a separate SEL-487B pro-
tects the SOUTH busbar. This is known as a single-relay application. The follow-
ing discussion describes setting the relay that protects the NORTH busbar. 
Configuration settings for the relay protecting the SOUTH busbar are the same, 
except for the alias names. System settings such as CT ratios may be different.

Circuit breaker failure protection Yes Use the internal circuit breaker failure pro-
tection

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements Yes Use these elements as an additional trip cri-
terion

Zero- or negative-sequence voltage 
elements

Yes Use these elements as an additional trip cri-
terion

Table 6.41 Section of Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. The protec-
tion philosophy calls for breaker failure protection. We, therefore, need a breaker 
failure initiate input contact for each of the three terminals. Table 6.42 summa-
rizes the input contact requirement for this application.

                    

The relay main board has seven input contacts, sufficient for our application. 
From the input contact perspective, we only need the main board; we do not need 
an interface board.

Number of Relay Output Contacts
Circuit breakers TD, TE, and TF each need a trip output contact as well as a 
direct transfer trip (DTT). Table 6.43 shows the breakdown and the total number 
of relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). There 
are enough output contacts on the main board, but these contacts are all standard 
output contacts. The interface boards can have high-speed, high-interrupting out-
put contacts that provide faster contact closure. Each interface board provides six 
high-speed, high-interrupting output contacts and two standard output contacts. 
For fast busbar fault clearance, assign each circuit breaker trip output to a high-
speed, high-interrupting output contact. From the output contact perspective, we 
need one interface board.

The conclusion from the preceding analysis is that we need one SEL-487B per 
busbar, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ the number of SEL-487B Relays necessary for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

Table 6.42 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for circuit breaker failure protection 3

Total number of inputs 3

Table 6.43 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for differential, breaker failure trip-
ping, and direct transfer trip

3

Number of relay output contacts required for direct transfer tripping 3

Total number of relay output contacts 6
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
Table 6.44 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase CT from Terminal TD to relay channel I01, 
and assign to this CT the alias name TD_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.44 shows the assignment starting with Terminal TD, followed by Termi-
nal TE, and Terminal TF, taken left-to-right from Figure 6.80.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. In this application, we use 
three of the six zones with alias names as shown in Table 6.45.

                    

Table 6.44 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

Terminal TD, A-phase I01 TD_A

Terminal TD, B-phase I02 TD_B

Terminal TD, C-phase I03 TD_C

Terminal TE, A-phase I04 TE_A

Terminal TE, B-phase I05 TE_B

Terminal TE, C-phase I06 TE_C

Terminal TF, A-phase I07 TF_A

Terminal TF, B-phase I08 TF_B

Terminal TF, C-phase I09 TF_C

Table 6.45 Alias Names for Three of the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 NORTH_A

BZ2 Bus-Zone 2 NORTH_B

BZ3 Bus-Zone 3 NORTH_C
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Input-to-Logic Allocation and Alias Assignment
Table 6.42 shows that we require three digital inputs. We now assign the digital 
inputs to the selected logic and apply alias names to the inputs and logic ele-
ments. Because we installed an interface board, we use the independent inputs on 
the interface board for the breaker failure initiate inputs, instead of the inputs on 
the main board.

Input-to-Logic Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.46 shows the breaker failure initiate input allocations.

                    

Assign Alias Names to the Selected Standard Logic
The following explains each selected function in reference to Table 6.41. Alias 
name assignments are also included. 

Breaker Failure

This application is a breaker-and-a-half busbar layout. For such busbar layouts, 
two circuit breakers must operate to clear a fault. Figure 6.81 shows fault F1, for 
which both Circuit Breaker TD and Circuit Breaker TG must operate to clear the 
fault. For certain faults, the current distribution may be such that Circuit Breaker 
TD carries the bulk of the fault current, as shown in Figure 6.81.

                    

Because of the current distribution, Terminal TG may only have enough current 
to assert the breaker failure current element threshold (50Fnn) when Circuit 
Breaker TD opens, as shown in Figure 6.82. 

Table 6.46 Alias Names for the Breaker Failure Input Contacts

Input Description Alias

IN201 Terminal TD breaker failure initiate ITD_BFI

IN202 Terminal TE breaker failure initiate ITE_BFI

IN203 Terminal TF breaker failure initiate ITF_BFI

                    

Figure 6.81 Current Distribution for Fault F1 With Circuit Breaker TD and 
Circuit Breaker TG Closed

R

TD TG

F1
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This situation delays initiation of the breaker failure protection of Terminal TG 
until Circuit Breaker TD interrupts the current. However, both circuit breakers 
receive the trip signal at the same time and are expected to operate at the same 
time. Use breaker failure protection Scheme 2 to prevent this delay. See Circuit 
Breaker Failure Protection on page 5.30 for more information. 

Because the protection philosophy calls for use of the internal breaker failure 
protection, wire a breaker failure initiate contact from each feeder panel to an 
independent relay input contact. Table 6.47 shows the primitive names and the 
alias names of the breaker failure initiate Relay Word bits (see the Protection 
Group Settings on page 6.100 for more information).

                    

We also assign alias names to breaker failure logic output Relay Word bits. 
Table 6.48 shows the primitive names and the alias names.

                    

                    

Figure 6.82 Current Flow for Fault F1 After Circuit Breaker TD Opened

Table 6.47 Alias Names for the Breaker Failure Initiate Relay Word Bits 

Logic Name Description Alias

ATBFI01 Terminal TD A-phase breaker failure protection initiate input TDA_BFI

ATBFI02 Terminal TD B-phase breaker failure protection initiate input TDB_BFI

ATBFI03 Terminal TD C-phase breaker failure protection initiate input TDC_BFI

ATBFI04 Terminal TE A-phase breaker failure protection initiate input TEA_BFI

ATBFI05 Terminal TE B-phase breaker failure protection initiate input TEB_BFI

ATBFI06 Terminal TE C-phase breaker failure protection initiate input TEC_BFI

ATBFI07 Terminal TF A-phase breaker failure protection initiate input TFA_BFI

ATBFI08 Terminal TF B-phase breaker failure protection initiate input TFB_BFI

ATBFI09 Terminal TF C-phase breaker failure protection initiate input TFC_BFI

Table 6.48 Alias Names for the Breaker Failure Logic Output Relay Word Bits

Logic Name Description Alias

FBF01 Terminal TD A-phase breaker failure protection asserted TDA_BF

FBF02 Terminal TD B-phase breaker failure protection asserted TDB_BF

FBF03 Terminal TD C-phase breaker failure protection asserted TDC_BF

FBF04 Terminal TE A-phase breaker failure protection asserted TEA_BF

FBF05 Terminal TE B-phase breaker failure protection asserted TEB_BF

FBF06 Terminal TE C-phase breaker failure protection asserted TEC_BF

FBF07 Terminal TF A-phase breaker failure protection asserted TFA_BF

FBF08 Terminal TF B-phase breaker failure protection asserted TFB_BF

FBF09 Terminal TF C-phase breaker failure protection asserted TFC_BF

R

TD TG

F1
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Alias Assignment

Figure 6.83 shows the station breaker failure trip logic. Relay Word bits FBF01–
FBF09 are the inputs to the station breaker failure trip logic; Relay Word bits 
SBFTR01–SBFTR09 are the outputs from the station breaker failure trip logic. 
Relay Breaker failure trip bits SBFTR01–SBFTR09 assert to trip the circuit 
breakers of the terminals in the bus-zone with the failed circuit breaker. (See 
Section 5: Protection Functions for more information.)

                    

Table 6.49 shows the station breaker failure Relay Word bits and the alias names 
for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection (see the Control Out-
put Settings on page 6.110 for more information).

Differential Trip Logic and Differential Element Alias Assignment

Figure 6.84 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.)

Differential trip bits 87BTR01–87BTR09 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Table 6.50 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Figure 6.83 Station Breaker Failure Trip Logic

Table 6.49 Primitive Terminal and Station Breaker Failure Trip Relay Word Bit 
Names and the Alias Names for the Breaker Failure Trip Bits 

Primitive 
Name

Description
Alias 

Names

SBFTR01 Terminal TD A-phase station breaker failure protection asserted TDA_SBF

SBFTR02 Terminal TD B-phase station breaker failure protection asserted TDB_SBF

SBFTR03 Terminal TD C-phase station breaker failure protection asserted TDC_SBF

SBFTR04 Terminal TE A-phase station breaker failure protection asserted TEA_SBF

SBFTR05 Terminal TE B-phase station breaker failure protection asserted TEB_SBF

SBFTR06 Terminal TE C-phase station breaker failure protection asserted TEC_SBF

SBFTR07 Terminal TF A-phase station breaker failure protection asserted TFA_SBF

SBFTR08 Terminal TF B-phase station breaker failure protection asserted TFB_SBF

SBFTR09 Terminal TF C-phase station breaker failure protection asserted TFC_SBF

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR09

FBF01

FBF09

                    

Figure 6.84 Differential Trip Logic for Differential Element 1
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Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we want 
to trip three terminals. Table 6.51 shows the primitive terminal names, the differ-
ential trip bit names, and the alias names for the differential trip bits.

                    

Breaker Trip Logic and Trip Alias Assignment 

Figure 6.85 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information.)

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals nine. After setting the TRkk trip equations, 
the relay associates each TRkk trip equation with a particular circuit breaker pole; 
we must combine the trip equations in the output settings to form a single output 
for the circuit breaker (see Control Output Settings on page 6.110 for more infor-
mation). For example, after setting TR01 := 87BTR01 OR SBFTR01 and 

Table 6.50 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip NORTA_T

87Z2 Zone 2 differential element trip NORTB_T

87Z3 Zone 3 differential element trip NORTC_T

Table 6.51 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits

Primitive Name Description Alias

87BTR01 Terminal TD A-phase differential protection trip asserted TD_TA

87BTR02 Terminal TD B-phase differential protection trip asserted TD_TB

87BTR03 Terminal TD C-phase differential protection trip asserted TD_TC

87BTR04 Terminal TE A-phase differential protection trip asserted TE_TA

87BTR05 Terminal TE B-phase differential protection trip asserted TE_TB

87BTR06 Terminal TE C-phase differential protection trip asserted TE_TC

87BTR07 Terminal TF A-phase differential protection trip asserted TF_TA

87BTR08 Terminal TF B-phase differential protection trip asserted TF_TB

87BTR09 Terminal TF C-phase differential protection trip asserted TF_TC

                    

Figure 6.85 Breaker Trip Logic
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TR02 := 87BTR02 OR SBFTR02, the relay associates Trip Equation TR01 with 
Terminal 01 (TD_A), Trip Equation TR02 with Terminal 02 (TD_B), and so on. 
Table 6.52 shows the primitive and alias names for the trip logic of each terminal. 

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.43 
shows the breakdown of the relay outputs that we need for this application. We 
now assign specific relay output contacts to the relay functions and assign alias 
names to the relay output contacts. Table 6.53 shows the main board assignments 
and alias names. 

Output Alias Assignment, Main Board
This application requires no main board output contacts.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.54 shows the assignments and alias names for Inter-
face Board 1.

Table 6.52 Primitive and Alias Names for the Trip Logic of Each Terminal

Primitive Name Description Alias Name

TRIP01 Terminal TD A-phase trip output asserted TRTD_A

TRIP02 Terminal TD B-phase trip output asserted TRTD_B

TRIP03 Terminal TD C-phase trip output asserted TRTD_C

TRIP04 Terminal TE A-phase trip output asserted TRTE_A

TRIP05 Terminal TE B-phase trip output asserted TRTE_B

TRIP06 Terminal TE C-phase trip output asserted TRTE_C

TRIP07 Terminal TF A-phase trip output asserted TRTF_A

TRIP08 Terminal TF B-phase trip output asserted TRTF_B

TRIP09 Terminal TF C-phase trip output asserted TRTF_C

Table 6.53 Alias Assignment for the Trip Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update
We are now ready to set and configure the relay. Write down all the relevant 
information onto the station diagram, as shown in Figure 6.86. Figure 6.86 shows 
the updated station layout for both relays.

1. Write down the bus-zone, terminal, and disconnect names.

2. Allocate the terminals CTs to the relay input current channels.

3. Allocate the auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the station terminals.

                    

Table 6.54 Alias Assignments for the Output Contacts of Interface Board 1

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

Terminal TD trip output TD_TRIP

OUT202a Terminal TE trip output TE_TRIP

OUT203a Terminal TF trip output TF_TRIP

OUT204a Terminal TD direct transfer trip output TD_DTT

OUT205a Terminal TE direct transfer trip output TE_DTT

OUT206a Terminal TF direct transfer trip output TF_DTT

                    

Figure 6.86 Substation Layout With Specific Terminal Information
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Front Panel Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. Type SET T <Enter> to enter the alias setting class. Many 
default Relay Word bits have useful alias names ready for use. Type LIST 
<Enter> to see a list of default primitive names and associated alias names, as 
shown in Figure 6.87.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.88. 

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the analog channels and Relay Word bits, as shown in Figure 6.89.

We include the alias names for the three protection latch bits (PLT01, PLT02, and 
PLT03). We use these protection latch bits for local control of the differential ele-
ments (PLT01), the breaker fail protection (PLT02), and the relay test mode 
(PLT03). Because the protection logic default settings include these three protec-
tion latch bits as default settings, we did not select these protection latch bits as 
user-defined logic.

=>>SET T <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.87 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.88 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is the Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.90 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either the alias names or 
the primitive names when entering settings.

Enter the number of poles at the station for the NUMBK settings. There are three 
terminals in the differential equation, each with three poles. The total number of 
poles, therefore, equals nine poles, and we set NUMBK to 9.

Setting NUMBK to 9 makes 9 corresponding circuit breaker auxiliary input 
equations (52A01–52A09) and nine corresponding trip equations (TR01–TR09) 
available for setting. Because we do not need circuit breaker auxiliary inputs for 
this example, we need not enter values for the circuit breaker auxiliary input 
equations. For this example, the only Global setting change is the number of cir-
cuit breakers; all other settings remain at default settings.

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,TD_A <Enter>
20:
?  I02,TD_B <Enter>
21:
?  I03,TD_C <Enter>
22:
?  I04,TE_A <Enter>
23:
?  I05,TE_B <Enter>
24:
?  I06,TE_C <Enter>
•
•
•
136:
?  PLT01,DIFF_EN <Enter>
137:
?  PLT02,BF_EN <Enter>
138:
?  PLT03,TNS_SW <Enter>
139:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.89 Analog Quantities and Relay Word Bits Alias Names
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. In this application, there are no disconnect 
auxiliary contacts available, and we permanently assign analog channels to the 
appropriate differential elements. All 21 channels are available for setting, but 
only the first 9 are part of the differential protection. We, therefore, assign only 
the first nine analog channels to the differential elements. The protection philoso-
phy calls for the use of the voltage elements as an additional trip criterion.

Calculate the ratio settings as follows:

                    

Equation 6.10

Figure 6.91 shows the zone configuration settings.

Because there are no disconnects available at this station, we cannot use the 
dynamic zone selection logic. Because we cannot use the dynamic zone selection 
logic, the CTs are always considered in the differential equations.

When we consider only the disconnect auxiliary contacts as conditions in the ter-
minal-to-bus-zone connection settings, we would have entered a 1 for each of the 
terminal-to-bus-zone connection settings.

This example, however, also includes two other conditions that must be a logical 
1 before the relay considers the CTs in the differential equations. The two condi-
tions are

➤ the differential enable switch (Alias DIFF_EN)

➤ and the terminal-out-of-service switch (TOSnn, where nn is the 
terminal number)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?9 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?END <Enter>
Global
•
•
•
52A08 := NA
52A09 := NA
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.90 Global Settings for Application 3
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Front-panel pushbutton PB1 controls DIFF_EN. The function of DIFF_EN is to 
remove all the terminals from the differential equations with a single command. 
Enter DIFF_EN at every terminal-to-bus-zone variable.

The terminal out-of-service switch, which removes individual terminals from the 
differential calculations, is part of the front-panel local controls. Include an indi-
vidual terminal out-of-service (TOSnn) for each terminal.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example. Delete the terminal-to-
bus-zone default settings for ease of setting zone configuration settings for the 
new substation. With the terminal-to-bus-zone default settings deleted, the setting 
prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.91 shows the Zone 
configuration settings for this application. Instead of entering 1 AND DIFF_EN 
AND NOT TOSnn, we omit the 1, and enter only DIFF_EN AND NOT TOSnn 
for each setting.

                    

=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)          PTR1    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V02 (1-10000)          PTR2    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V03 (1-10000)          PTR3    := 2000   ?1000 <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)            CTR01   := 600    ?400 <Enter>
Current Transformer Ratio -I02 (1-50000)            CTR02   := 600    ?400 <Enter>

•
•
•
Current Transformer Ratio -I09 (1-50000)            CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)            CTR10   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TD_A, NORTH_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TD_A to NORTH_A Connection (SELogic Equation)
I01BZ1V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
TD_B to NORTH_B Connection (SELogic Equation)
I02BZ2V := NA
?  PLT01 AND NOT TOS01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>
TD_C to NORTH_C Connection (SELogic Equation)
I03BZ3V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
TE_A to NORTH_A Connection (SELogic Equation)
I04BZ1V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

TE_B to NORTH_B Connection (SELogic Equation)
I05BZ2V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
TE_C to NORTH_C Connection (SELogic Equation)
I06BZ3V := NA
?  PLT01 AND NOT TOS02 <Enter>

Figure 6.91 Zone Configuration Group Settings for Application 3
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N because we do not use the Coupler Security Logic.

Terminal out of service is a local bit (local bits provide programming capabilities 
for functions available on the front-panel screen under LOCAL CONTROL). Include 
the terminal out of service in the trip equations to disable the outputs from indi-
vidual terminals.

This local control selectively takes a terminal out of service, whereas the 87(DIFF) 
ENABLED pushbutton disables all the trip outputs. Set ETOS := 3 because there are 
three breakers in the bus-zone differential protection.

There are nine breaker poles (NUMBK := 9), all of which need relay breaker fail-
ure protection. Set EBFL := 9 to enable nine breaker failure logics. Set E50 := N 
and E51 := N because we do not need overcurrent protection for this application.

Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ1,P <Enter>
TF_A to NORTH_A Connection (SELogic Equation)
I07BZ1V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ2,P <Enter>

TF_B to NORTH_B Connection (SELogic Equation)
I08BZ2V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ3,P <Enter>
TF_C to NORTH_C Connection (SELogic Equation)
I09BZ3V := NA
?  PLT01 AND NOT TOS03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
? DELETE 100 <Enter>
Bus-Zone, Bus-Zone
?<Enter>

Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  592P1 OR 592P1 OR 271P1 <Enter>
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.91 Zone Configuration Group Settings for Application 3 (Continued)
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The protection philosophy calls for undervoltage as an additional trip criterion. 
Because the voltage elements are enabled in the default settings, leave EVOLT := Y.

Default settings for the differential elements are 60 percent for Slope 1 and 80 
percent for Slope 2. Enable the advanced settings by setting EADVS := Y to 
change the slope setting.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available. For this application, we use the default values 
for the sensitive differential element, the restrained differential element, and the 
directional element.

The protection philosophy calls for breaker failure protection. This application 
shows an example of how to calculate breaker failure settings for the Terminal 
TD circuit breaker. In this example, we apply the settings calculated for Terminal 
TD to all the terminals at the station. Because network parameters are different, 
be sure to calculate values for the other terminals; do not assume that settings for 
one terminal apply to all other terminals at the same station.

EBFL, Enable Breaker Fail Setting

Enter the number of per-pole breaker fail logics you want to enable.

In this single-relay application, we need nine per-pole breaker fail logics, because 
we must provide breaker failure protection for three breakers.

EBFL := 9 Enable breaker fail

Figure 6.92 shows the components of breaker failure protection for line protec-
tion. Do not consider remote terminal information when considering breaker fail-
ure protection for equipment such as capacitor banks, transformers, etc.

                    

Use the SEL-487B to provide circuit breaker failure protection for Circuit 
Breaker TD in Figure 6.93.

                    

Figure 6.92 Breaker Failure Timing Diagram

Breaker Failure 
Initiate Assertion

Transfer
Trip Asserts

BF Trip
Outputs
 Assert

BF Timer Delay (BFPU)

Communications Channel Time

Absolute Maximum Fault Clearing Time

t
Local Backup 

Breakers 
Trip Time

Remote Breakers
Trip Time

Protective Relay
Operate Time

Maximum Breaker
Operating Time

Open-Phase 
Detection 

Assertion Time
Safety Margin

 Time

Fault Occurs

Trip Asserts
Normal

Operation

Breaker
Failure

Operation

Auxiliary Breaker Failure
Relay Operate Time



6.102

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 3: Breaker-and-a-Half

Figure 6.93 shows the power system for this example. Line 1 and Line 2 connect 
Station S and Station R. We set the breaker failure protection in the SEL-487B to 
detect circuit breaker failures for Terminal TD at Station S. This example uses a 
line with three-pole tripping, but the relay provides the flexibility to also apply 
circuit breaker failure for single-pole trip circuit breakers. This flexibility is pos-
sible because the current measurement and timers are available on a per-phase 
basis.

                    

50FP01, Phase Current Level Detector Setting 
NOTE: This is one method for 
calculating setting 50FP01. Use your 
company’s practices and policies for 
determining the pickup setting for 
your particular application.

Set the current pickup (50FP01) greater than maximum load and less than the 
fault current that flows through Terminal TD. Assume that the total load current 
(IS) is 3.25 A secondary, supplied from Substation S. Calculate setting 50FP01 
with all the load current IS through Terminal TD.

                    

Equation 6.11

A fault study shows that the minimum ground fault current, Ifault minimum, is 
4.2 A secondary when the parallel line is in service at minimum generation. Cal-
culate the 50FP01 setting for dependability at half the minimum fault current.

                    

Equation 6.12

Although the result of this setting calculation is less than maximum load, obtain 
greater dependability by using this calculation to set the 50FP01 element to 
2.10 A.

                    

Figure 6.93 Power System for Circuit Breaker Failure Scheme 2
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BFPU01, Circuit Breaker Failure Time Delay Setting

BFPU01 (Breaker Failure Time Delay-Terminal TD) is the time for which the 
input (BFI01) to Timer BFPU01 must be continuously present to result in a cir-
cuit breaker failure trip operation. The recommended setting for BFPU1 is the 
sum of the following:

➤ Maximum circuit breaker operating time

➤ OPH01 maximum dropout time

➤ Safety margin

Figure 6.94 shows the timing diagram for setting Timer BFPU01. 

                    

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

To maintain system stability, you must clear the fault within the total clearing 
time, assumed to be 17 cycles for this example. Use the maximum operating time 
of the local and remote circuit breakers. The maximum circuit breaker operating 
time, tbk, is 3 cycles for this example.

Use 0.75 cycle for tOPH, the maximum assertion time of the open-phase detec-
tor, OPH01. You must also include the communications channel time, tch, for 
remote circuit breaker tripping. To determine setting BFPU1, you must find the 
safety margin, ts. Use Equation 6.13 to calculate the safety margin:

                    

Equation 6.13

                    

                    

Figure 6.94 Timing Diagram for Setting BFPU01–Scheme 2
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where:

ts = safety margin

tt = total clearing time (17 cycles)

t1r = line protection maximum operating time (2 cycles)

t1bk = local circuit breaker maximum operating time (3 cycles)

ts tt – tlr tlbk t+ OPH t86 tch t+ rbk+ + + =

17 – (2 + 3 + 0.75 + 1 + 1 + 3)=

5.75 cycles=
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Use the safety margin result from Equation 6.13 to calculate BFPU01:

                    

Equation 6.14

BFPU01 := 9.50 cycles Breaker Failure Time Delay

RTPU01, Retrip Time Delay Setting

If the circuit breaker is equipped with two trip coils, the relay should attempt to 
retrip the protected circuit breaker before a circuit breaker failure trip asserts. In 
this example, local circuit breaker maximum operating time is 3 cycles, and the 
open-phase detection assertion is 0.75 cycle. Wait 4 cycles for the retrip.

RTPU01 := 4.00 Retrip Time Delay

BFI01 and ABFI01, Circuit Breaker Initiation Settings

Figure 6.95 shows the breaker failure initiate contact for Terminal TD. Wire sim-
ilar contacts for Terminal TE and Terminal TF into the SEL-487B.

                    

For this example, assume the breaker failure initiate signal is continuous. 
Because this is a breaker-and-a-half busbar layout, use the input extension option 
of Alternate Breaker Failure Initiating Input With Extension and/or Seal In Logic 
on page 5.32 (see Circuit Breaker Failure Protection on page 5.30 for more 
information).

Figure 6.96 shows the circuit breaker failure initiation extension and seal-in 
logic, and Figure 6.97 shows the circuit breaker failure logic. 

tOPH = open-phase detection OPH01 maximum assertion time (0.75 cycle)

t86 = auxiliary breaker failure relay operating time (1 cycle)

tch = communications channel maximum operating time (1 cycle)

trbk = remote circuit breaker maximum operating time (3 cycles)

BFPU01 t1bk tOPH ts+ +=

3 + 0.75 + 5.75=

9.5 cycles=

                    

Figure 6.95 Breaker Failure Protection Wiring for Terminal TD
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Scheme 2 uses a combination of the logic in Figure 6.96 and Figure 6.97 by set-
ting the output from the circuit breaker failure initiation extension and seal-in 
logic (ABFIT01, Figure 6.96) as the breaker failure initiate input of the breaker 
failure logic (BFI01, Figure 6.97).

                    

Because this is an example of a three-pole circuit breaker, enter the same breaker 
failure initiate input (IN201) for all three phases (ATBFI01–ATBFI03) for Termi-
nal TD.

Table 6.55 shows the breaker failure initiate input (IN201) and the assignment 
and setting to combine the logic for Terminal TD, stating the alias names where 
applicable. Settings for the remaining terminals are similar.

                    

                    

Figure 6.96 Circuit Breaker Failure Initiation Extension and Seal-In Logic

                    

Figure 6.97 Circuit Breaker Failure Logic

Table 6.55 Input and Relay Word Bit Assignments and Settings for the 
Combined Logic

Assignment Setting to Achieve the Assignment

IN201 to ATBFI01 TDA_BFI := ITD_BFI

IN201 to ATBFI02 TDB_BFI := ITD_BFI

IN201 to ATBFI03 TDC_BFI := ITD_BFI

ABFIT01 to BFI01 BFI01 := ABFIT01

ABFIT02 to BFI02 BFI02 := ABFIT02

ABFIT03 to BFI03 BFI03 := ABFIT03

Relay
Word
Bit

ATBFI01

EBFIS01 := Y 
(Logical 1 if EBFIS01 := Y)

50F01

SELOGIC
Setting 0

BFIDO01 
(1.5 CYC)

ABFIT01

0

(0.5 CYC) 
BFISP01

1

2

Relay
Word
BitsXBF01

EXBF01 := Y 
(Logical 1 if EXBF01 := Y)

BFI01

I01

50FP01

OPH01

SELOGIC
Settings

BFPU01

0
CYC

RTPU01

0
CYC

FBF01

50F01

BFIT01

RT01
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BFIDO01, Circuit Breaker Failure Protection Initiation Dropout Delay 
Setting

Setting EBFIS01 applies to the case where the breaker failure initiate signal is not 
continuous. Because the breaker failure initiate signal is continuous in this exam-
ple, leave EBFIS01 at the default value of N. Consider the case where the entire 
fault current initially flows through Terminal TG, and no current flows through 
Terminal TD. Timer BFIDO01 replaces the current input 50FI01 (Figure 6.96) 
for the period when the entire fault current flows through Circuit Breaker TG. 
During this period, not enough current is available to assert Relay Word bit 
50FI01 to turn AND Gate 1 on (Figure 6.96). Timer BFIDO01 extends the 
breaker failure initiate signal, waiting for Terminal TD to interrupt the fault cur-
rent. The maximum circuit breaker operating time for Terminal TG is 3 cycles; 
allow a short safety margin and set Timer BFIDO01 to 4 cycles.

BFIDO1 := 4.00 Breaker Failure Initiate Dropout Delay-BK1

Negative- and Zero-Sequence Overvoltage, Thresholds and Phase 
Undervoltage Settings

Conduct fault studies to obtain appropriate settings for the negative-sequence and 
zero-sequence overvoltage elements.

For this example, assume a setting of 15 V for both negative-sequence and zero-
sequence overvoltage elements and 45 V for the undervoltage elements. 

59P1P1 := 15 Overvoltage Element 1 pickup setting. Use 59O1 = 3V2FIM for 
the negative-sequence operating quantity.

59P2P1 := 15 Overvoltage Element 2 pickup setting. Use 59O2 = 3V0FIM for 
the zero-sequence operating quantity.

27P1P1 := 45 Undervoltage Element 1 pickup setting. Use V0nFIM (n = 1–3) 
for the undervoltage operating quantity.

TR01–TR09, Trip Equations Settings

Pay close attention to the trip logic (TR01–TR09) settings. Because this is a sin-
gle-relay application, CTs from the three phases (A-phase, B-phase, and C-phase) 
from each terminal are assigned to three different differential elements (see Sin-
gle-Relay Application on page 6.3). Setting NUMBK (Global settings) to 9 also 
makes 9 corresponding trip equations (TR01–TR09) available for setting. All 
nine channels are part of the breaker failure protection, as well as part of the bus-
zone protection. Therefore, we include the differential trip outputs as well as the 
station breaker fail trip outputs in the trip equation of each terminal. Setting the 
trip equations involves assigning the nine differential trip bits to the correct nine 
trip equations, and assigning the nine station breaker failure trip bits to the cor-
rect nine trip equations. 

TDURD, Minimum Trip Duration Time Delay Setting

Although the SEL-487B includes nine trip logics, there is only one Minimum 
Trip Duration Time Delay setting. Set the timer TDURD longer than the operat-
ing time of the slowest circuit breaker at the station, using the default value of 
12 cycles.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.
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The SEL-487B triggers an event report when any one of the following Relay 
Word bits asserts:

➤ 87BTR (any one of the differential trip bits)

➤ SBFTR (any one of the station breaker failure trip bits)

➤ TRIP (any one of the nine trip logic outputs)

➤ ER (user-defined functions)

➤ TRI (ASCII command)

The protection philosophy calls for the relay to generate an event report when the 
negative-sequence and zero-sequence overvoltage elements assert. To achieve 
this, enter Relay Word bit 591P1 and 592P1 at the ER prompt.

ER := 591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3

Protection Latch bit PLT02 enables/disables the breaker failure protection in the 
default settings. Include PLT02 in each breaker failure initiate setting for the BKR 
FAIL ENABLE pushbutton to control the breaker failure protection. Figure 6.98 
shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?3 <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?9 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?> <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Terminal Out-of-Service
Terminal 01 Out-of-Service (SELogic Equation)
TOS01 := LB01
?  > <Enter>
Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?<Enter>
Fault Current Pickup -BK01 (0.50-50 amps,sec)        50FP01  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK01 (0.00-6000 cyc)    BFPU01  := 6.00   ?9.5 <Enter>
Retrip Delay -BK01 (0.00-6000 cyc)                   RTPU01  := 3.00   ?4 <Enter>

Breaker Fail Initiate -BK01 (SELogic Equation)
BFI01 := IN101 AND BF_EN
?  ABFIT01 <Enter>
Alt Breaker Fail Initiate -BK01 (SELogic Equation)
ATBFI01 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK01 (Y,N)            EBFIS01 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ?4 <Enter>

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?<Enter>
Fault Current Pickup -BK02 (0.50-50 amps,sec)        50FP02  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK02 (0.00-6000 cyc)    BFPU02  := 6.00   ?9.5 <Enter>
Retrip Delay -BK02 (0.00-6000 cyc)                   RTPU02  := 3.00   ?4 <Enter>
Breaker Fail Initiate -BK02 (SELogic Equation)
BFI02 := IN102 AND BF_EN
?  ABFIT02 <Enter>

Alt Breaker Fail Initiate -BK02 (SELogic Equation)
ATBFI02 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK02 (Y,N)            EBFIS02 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ?4 <Enter>
•
•
•

Figure 6.98 Protection Group Settings for Application 3
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This concludes the protection group settings. The next settings class is the front-
panel settings.

Front-Panel Settings
The front-panel settings class is where we set functions visible and accessible 
from the front panel. Settings include LEDs, pushbuttons, front-panel screen 
selection, display point, and local control. All of these functions have default set-
tings, except five pushbuttons and the display points.

Because not all functions are required in this application, change the settings 
according to the protection philosophy. Remove the following LED settings:

➤ ZONE 4 trip indication (LED 6)

➤ ZONE 5 trip indication (LED 7)

➤ ZONE 6 trip indication (LED 8)

➤ 50 indication (LED 9)

Trip Logic
Trip 01 (SELogic Equation)
TR01 := TDA_SBF OR TD_TA
?<Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := TDB_SBF OR TD_TB
?<Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>
Trip 03 (SELogic Equation)
TR03 := TDC_SBF OR TD_TC
?<Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Trip 04 (SELogic Equation)
TR04 := TEA_SBF OR TE_TA
?<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := TEB_SBF OR TE_TB OR TEC_SBF OR TE_TC
?  TEB_SBF OR TE_TB <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Trip 06 (SELogic Equation)
TR06 := NA
?  TEC_SBF OR TE_TC
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?<Enter>
•
•
•
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000  ? <Enter>

Event Report Trigger Equation (SELogic Equation)
ER := R_TRIG 87ST
?  591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3 <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.98 Protection Group Settings for Application 3 (Continued)
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➤ 51 indication (LED 10)

➤ 89 IN PROG (LED 14)

➤ 89 ALARM (LED 15)

Also, change the number of Local bits for the TOS (Terminal Out of Service) 
function to the correct number, 3. Figure 6.99 shows the settings.

                    

=>>SET F <Enter>
Front Panel
Front Panel Settings
Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Enable LED Asserted Color (R,G)                      EN_LEDC := G      ? <Enter>
Trip LED Asserted Color (R,G)                        TR_LEDC := R      ? <Enter>

Pushbutton LED 1 (SELogic Equation)
PB1_LED := PLT01 # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
PB1_LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB1_COL := AO     ? <Enter>
Pushbutton LED 2 (SELogic Equation)

PB2_LED := PLT02 # BREAKER FAILURE ENABLED
.
.
.
PB12LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB12COL := AO     ? <Enter>

Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  <Enter>
Target LED 1 Latch (Y,N)                             T1LEDL  := Y      ? <Enter>
T1_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T1LEDC  := RO     ? <Enter>
Target LED 2 (SELogic Equation)
T2_LED := SBFTR
?  <Enter>
.
.
.

Target LED 6 Latch (Y,N)                             T6LEDL  := Y      ?N <Enter>
T6_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T6LEDC  := RO     ? <Enter>
Target LED 7 (SELogic Equation)
T7_LED := 87Z5
?  <Enter>
Target LED 7 Latch (Y,N)                             T7LEDL  := Y      ?N <Enter>
T7_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T7LEDC  := RO     ? <Enter>
Target LED 8 (SELogic Equation)
T8_LED := 87Z6
?  <Enter>
Target LED 8 Latch (Y,N)                             T8LEDL  := Y      ?N <Enter>
T8_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T8LEDC  := RO     ? <Enter>

Target LED 9 (SELogic Equation)
T9_LED  := 50P01T OR 50P02T OR 50P03T OR 50P04T OR 50P05T OR 50P06T OR \
            50P07T OR 50P08T OR 50P09T OR 50P10T OR 50P11T OR 50P12T OR \
            50P13T OR 50P14T OR 50P15T OR 50P16T OR 50P17T OR 50P18T OR \
            50P19T OR 50P20T OR 50P21T
?  <Enter>
Target LED 9 Latch (Y,N)                             T9LEDL  := Y      ?N <Enter>
T9_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T9LEDC  := RO     ? <Enter>
Target LED 10 (SELogic Equation)
T10_LED := 51T01 OR 51T02 OR 51T03 OR 51T04 OR 51T05 OR 51T06 OR \
            51T07 OR 51T08 OR 51T09 OR 51T10 OR 51T11 OR 51T12 OR \
            51T13 OR 51T14 OR 51T15 OR 51T16 OR 51T17 OR 51T18 OR \
            51T19 OR 51T20 OR 51T21
?  <Enter>
Target LED 10 Latch (Y,N)                            T10LEDL := Y      ?N <Enter>
T10LED Assert & Deassert Color (Enter 2: R,G,A,O)    T10LEDC := RO     ? <Enter>

Target LED 11 (SELogic Equation)
T11_LED := 87ST
?  <Enter>
.
.
.
?  <Enter>
Target LED 24 Latch (Y,N)                            T24LEDL := N      ? <Enter>
T24LED Assert & Deassert Color (Enter 2: R,G,A,O)    T24LEDC := RO     ? <Enter>

Figure 6.99 Front-Panel Settings for Application 3
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This concludes the front-panel settings. The next settings class is the control out-
put settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need six output contacts for our example:

➤ three for the differential and breaker failure trip outputs

➤ three for direct transfer trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings. 

Because the relay interprets the NUMBK setting as the number of poles, there are 
nine trip equations for this application. There is, of course, only one circuit 
breaker for each terminal. We therefore combine the appropriate trip outputs 
from the breaker trip logic (TRIP01–TRIP09, see Figure 6.85) to provide a single 
trip output for each circuit breaker. For example, we set (Group settings) the trip 
equations for Terminal TD to TR01 := TDA_SBF OR TD_TA, TR02 := 

Selectable Screens for the Front Panel

Front Panel Display Update Rate (OFF,1-15 seconds)   SCROLD  := 5      ? <Enter>
Station Battery Screen (Y,N)                         STA_BAT := N      ? <Enter>
Fundamental Voltage and Current Screen (Y,N)         FUND_VI := Y      ? <Enter>
Differential Metering (Y,N)                          DIFF    := Y      ? <Enter>
Terminals Associated with Zones (Y,N)                ZONECFG := Y      ? <Enter>

Selectable Operator Pushbuttons

Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)          PB1_HMI := OFF    ?> <Enter>

Front Panel Event Display

Enable HMI Auto Display of Event Summaries (Y,N)     DISP_ER := Y      ?> <Enter>

Display Points
(Boolean):RWB Name, "Label", "Set String", "Clear String", "Text Size"
(Analog) : Analog Quantity Name, "User Text and Formatting", "Text Size"

1: 
?  <Enter>

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB01,"F1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB01,"Terminal TD","OUT OF SERVICE","IN SERVICE",N<Enter>
2: LB02,"F2 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB02,"Terminal TE","OUT OF SERVICE","IN SERVICE",N<Enter>
3: LB03,"F3 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB03,"tERMINAL TF","OUT OF SERVICE","IN SERVICE",N<Enter>
4: LB04,"T1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  DELETE<Enter>
4: LB05,"TB OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  END<Enter>

Front Panel

Front Panel Settings

•
•
•

SER Parameters

SER_PP  := N
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.99 Front-Panel Settings for Application 3 (Continued)
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TDB_SBF OR TD_TB, and TR03 := TDC_SBF OR TD_TC, with the corre-
sponding breaker trip logic output alias names of TRTD_A, TRTD_B, and TRT-
D_C. Because Terminal TD has only one circuit breaker, assertion of any one of 
the three breaker trip logic outputs (TRTD_A, TRTD_B, or TRTD_C) must trip 
the circuit breaker of Terminal TD. To achieve this combination, enter all three of 
the breaker trip logic output Relay Word bits in the output equation of the circuit 
breaker of Terminal TD. We assign the output Relay Word bits of the breaker fail-
ure logic to output contacts OUT204, OUT205, and OUT206 for direct transfer 
tripping.

Figure 6.100 shows the output settings. We include Protection Latch Bit PLT03 
in the output equation. With PLT03 included in every output equation, the RELAY 
TEST MODE pushbutton disables all output contacts. 

                    

This concludes the settings for Application 3.

Application 4: Single Bus and Transfer Bus With Bus 
Coupler

This application describes the busbar arrangement shown in Figure 6.101, single 
bus and transfer bus with tie breaker (bus coupler). The busbar arrangement con-
sists of two busbars (main busbar and transfer busbar), four feeders and a tie 
breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

=>>SET O <Enter>
Output
Main Board
OUT101 := TRTD_A AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRTD_B AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRTD_C AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRTE_A AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRTE_B AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRTD_A OR TRTD_B OR TRTD_C) AND NOT PLTO3 <Enter>
OUT202 := NA
?  (TRTE_A OR TRTE_B OR TRTE_C) AND NOT PLTO3 <Enter>
OUT203 := NA
?  (TRTF_A OR TRTF_B OR TRTF_C) AND NOT PLTO3 <Enter>

OUT204 := NA
?  (TDA_SBF OR TDB_SBF OR TDC_SBF) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TEA_SBF OR TEB_SBF OR TEC_SBF) AND NOT PLT03 <Enter>
OUT206 := NA
?  TFA_SBF OR TFB_SBF OR TFC_SBF AND NOT PLT03 <Enter>
OUT207 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.100 Output Settings for Application 3
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➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Single bus and transfer bus with tie breaker

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ Only 89A disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one CT core for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.101 Single Bus and Transfer Bus With Bus Coupler (Tie Breaker)

Transfer Bus

Busbar 1

D891

D893

Z892

Z891

3000/5

4000/5

3000/5 3000/5 3000/5

D892 E891

E893

E892 F891

F893

F892 G891

G893

G892

MEXICO RIO DE JANEIRO BOGOTA PANAMA

TIE BREAKER

52

52 52 52 52



6.113

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 4: Single Bus and Transfer Bus With Bus Coupler

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the 89B disconnect auxiliary contacts to dynamically configure 
the station.

4. Use the zone-switching supervision logic.

5. Prevent the loss of Busbar 1 for a fault between the tie breaker and 
tie-breaker CT.

6. Ensure bus-zone protection stability for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. For example, in this application the protection phi-
losophy calls for the use of the zone-switching supervision, but not for breaker 
failure protection. The SEL-487B offers a number of protection functions as stan-
dard features, but it also includes the capability through SELOGIC control equa-
tions to create user-configurable functions.

To prevent tripping of Busbar 1 when there is a fault between the tie breaker and 
tie-breaker CT, we can delay tripping of Busbar 1 and trip the tie breaker first 
(see Protection Group Settings on page 6.127). We then remove the tie-breaker 
currents from the differential calculations. To remove the tie-breaker currents 
from the differential calculations, we use the breaker auxiliary contact from the 
tie breaker and a combination of the coupler security logic and zone supervision.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.56 shows the selection of the standard functions.

                    

Table 6.56 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic No We need both 89A and 89B disconnect; only 
the 89A contact is available.
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User-Defined Functions
This application requires no user-defined functions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ and the number of interface boards (as many as four interface boards 
per relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.15 to calculate the number of current channels at the station, and 
use Equation 6.16 to calculate the number of zones at the station.

                    

Equation 6.15

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of pre-
venting the loss of Busbar 1 for a fault between 
the tie breaker and the tie-breaker CT.

Zone-switching supervision 
logic

Yes Use this logic when only one (either 89A or 
89B) disconnect contact is available.

Coupler security logic Yes Use the coupler security logic in a single CT 
application for enhanced protection for faults 
between the tie-breaker CT and circuit breaker.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.56 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs
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Equation 6.16

The number of per-phase CTs at the station is 15 (the tie breaker has three CT 
cores), and one SEL-487B suffices. However, the requirement for five future 
feeders increases the number of per-phase CTs to 30. Because each SEL-487B 
has 21 analog input channels, we need three relays. This is known as a three-relay 
application.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, identi-
fied with an appended letter A (MEXCO_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MEXCO_A setting is MEXCO_B in the B-phase relay, and 
MEXCO_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The protection philosophy calls for disconnect auxiliary contacts to dynamically 
configure the station. Because each terminal provides only one disconnect auxil-
iary contact, we cannot use the disconnect monitoring logic. Each feeder has two 
busbar disconnects (891 and 892), and the tie breaker also has two disconnects 
(891 and 892). Each feeder therefore requires two inputs, and the tie breaker 
requires two inputs, for a total number of ten disconnect logics.

The protection philosophy also calls for zone-switching supervision logic, and 
we will use the coupler security logic to prevent tripping of Busbar 1 when there 
is a fault between the tie breaker and tie-breaker CT. For the zone-switching 
supervision logic, connect the close and open signals from each disconnect in 
parallel, and wire the parallel combination as a single input into the relay (see 
Zone Configuration Group Settings on page 6.123). 

The coupler security logic requires three inputs:

➤ a close signal

➤ a circuit breaker 52A auxiliary contact

➤ an input for the accelerated tripping function (see Figure 6.110 for 
more information)

We need one input for the circuit breaker 52A auxiliary contact and one input for 
the closing signal. For the accelerated tripping input (ACTRP1), we use the out-
put from the BZ1 differential element (87R1). Table 6.57 summarizes the input 
contacts necessary for this application. 

# of bus-zones required = # of per-phase station bus sections
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The relay main board has seven inputs, insufficient inputs for our application. 
Each interface board provides two sets of nine grouped inputs and six indepen-
dent inputs. Use the grouped inputs for the disconnect auxiliary contact inputs; 
the six independent inputs are available for breaker failure initiate inputs. 
Because this application has no circuit breaker failure protection, and the circuit 
breaker closing signals are best suited for independent inputs, use the indepen-
dent inputs on the interface board for the circuit breaker closing signal. From the 
input perspective, we need one interface board. It is not necessary to include I/O 
for future expansion with the initial order; install additional I/O if and when 
required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.58 shows the breakdown and the total number of relay output 
contacts required for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts. The interface 
boards can have high-speed, high-interrupting output contacts that provide faster 
contact closure. Each interface board provides six high-speed, high-interrupting 
output contacts and two standard output contacts. For fast busbar fault clearance, 
assign each circuit breaker trip output to a high-speed, high-interrupting output 
contact for each of the circuit breakers at the station. From the output contact per-
spective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays necessary for the application

➤ The number of inputs

Table 6.57 Number of Required Relay Inputs

Input Description Inputs

Number of relay inputs required for the disconnect contacts (4 • 2) + 2 = 10

Number of relay inputs required for disconnect open/close 
signal

1

Number of relay inputs required for the coupler security 
logic on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary contact)

Total number of inputs 13

Table 6.58 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping the circuit breakers 5

Total number of relay output contacts 5
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➤ The number of output contacts

➤ The selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation, and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.59 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.59 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from Figure 6.101.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.60.

                    

Table 6.59 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MEXICO terminal, A-phase I02 MEXCO_A

RIO DE JANEIRO terminal, A-phase I03 RIODJ_A

BOGOTA terminal, A-phase I04 BOGOT_A

PANAMA terminal, A-phase I05 PANAM_A

Table 6.60 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 BUS_A

BZ2 Bus-Zone 2 TRANS_A
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Input-to-Logic Allocation 
Table 6.57 shows that we require 13 digital inputs. We now assign the 13 digital 
input contacts to the selected logic. There are 18 grouped and 6 independent 
input contacts on the interface board. We assign the 10 disconnect inputs to the 
grouped terminals and the remaining 3 inputs to the independent relay inputs on 
the interface board.

Input Contact to Logic Allocation, Main Board

This application requires no main board inputs.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.61 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because inputs IN201–IN203 and IN213–IN215 are independent inputs, 
assign the inputs for the coupler security logic and the open/closing signals to 
these relay inputs.

                    

Identification of the Selected Standard Logic
The following explains each selected function in reference to Table 6.56. Alias 
name assignments are also included.

Differential Trip Logic Identification

Figure 6.102 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if zone supervision conditions permit an output from 
the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.62 shows the Relay Word bits and description for the zone differential 
protection outputs.

Table 6.61 Relay Input-to-Relay Logic Assignment

Input Description

IN201 TIE-BREAKER circuit breaker 52A auxiliary contact

IN202 TIE-BREAKER circuit breaker closing signal

IN203 Disconnect open/closing signal

IN204 TIE-BREAKER disconnect (BUS_A) NO contact

IN205 TIE-BREAKER disconnect (TRANS_A) NO contact

IN206 MEXICO terminal disconnect (BUS_A) NO contact

IN207 MEXICO terminal disconnect (TRANS_A) NO contact

IN208 RIO DE JANEIRO terminal disconnect (BUS_A) NO contact

IN209 RIO DE JANEIRO terminal disconnect (TRANS_A) NO contact

IN210 BOGOTA terminal disconnect (BUS_A) NO contact

IN211 BOGOTA terminal disconnect (TRANS_A) NO contact

IN212 PANAMA terminal disconnect (BUS_A) NO contact

IN216 PANAMA terminal disconnect (TRANS_A) NO contact
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.122 for more information). Table 6.63 shows the differential trip bit and 
the associated terminals.

                    

Relay Logic-to-Output Contact Allocation 
Table 6.58 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.64 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.65 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Contact Allocation, Main Board
This application requires only the TEST and ALARM output contacts from the 
main board.

                    

Table 6.62 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.102 Differential Trip Logic for Differential Element 1

Table 6.63 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

Table 6.64 Alias Names and Contact Allocation of the Main Board Output 
Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Output Contact Allocation, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.65 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.103.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Table 6.65 Allocation of the Interface Board Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-breaker trip logic output

OUT202a MEXICO trip logic output

OUT203a RIO DE JANERO trip logic output

OUT204a BOGOTA trip logic output

OUT205a PANAMA trip logic output

                    

Figure 6.103 Substation Layout With Specific Information

Transfer Bus

Busbar 1

D891

D893

Z892

Z891

3000/5

4000/5

3000/5 3000/5 3000/5

D892 E891

E893

E892 F891

F893

F892 G891

G893

G892

MEXICO RIO DE JANEIRO BOGOTA PANAMA

TIE BREAKER

TRANS_A (BZ2)

BUS_A (BZ1)

IN205

IN204

IN206 IN207 IN208 IN209 IN210 IN211 IN212 IN216

I02 MEXCO_A I03 RIODJ_A I04 BOGOT_A I05 PANAM_A

I01 = TIE_A

52

52 52 52 52
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay.

Type SET T <Enter> to enter the alias setting class. Many default Relay Word 
bits have useful alias names ready for use. Type LIST <Enter> to see a list of 
default primitive names and associated alias names, as shown in Figure 6.104.

After inspecting the list, we decide the only useful alias names are those of the 24 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.105. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.106.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>

1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.104 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.105 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.107 shows the setting changes we need for our example. 

Because there are five circuit breakers at the station, set NUMBK to 5. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input contact for the tie-breaker auxiliary contact (52A01 := 
IN201). Set the remaining four circuit breaker auxiliary input equations (52A02–
52A05) to NA.

                    

v1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>

28:
?  I02,MEXCO_A <Enter>
29:
?  I03,RIODJ_A <Enter>
30:
?  I04,BOGOT_A <Enter>

31:
?  I05,PANAM_A <Enter>
32:
?  BZ1,BUS_A <Enter>
33:
?  BZ2,TRANS_A <Enter>

34:
?  PLT01,DIFF_EN <Enter>
35:
? PLT03,TNS_SW <Enter>
36:
? END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.106 Analog Quantities and Relay Word Bits Alias Names

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?  <Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Figure 6.107 Global Settings for Application 4
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contact status to determine the station configuration and assign the input currents 
from the CTs to the appropriate differential elements. For each terminal, wire an 
89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Mexico feeder, all three phases 
(MEXCO_A, MEXCO_B, and MEXCO_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MEXCO_A in the 
A-phase relay, phase MEXCO_B in B-phase relay, etc.), we must convey the dis-
connect status to all three relays. 

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN201<Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter> 
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ?> <Enter>
Global
•
•
•
EVELOCK := 0        DNPSRC  := UTC
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.107 Global Settings for Application 4 (Continued)
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For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the terminal to the 
transfer busbar (disconnect G892 on the Panama Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one feeder will be on transfer at any given time, i.e., the tie-
breaker disconnects and the feeder transfer disconnect (n892, n = D, 
E, F, G) of only one of the four feeders can be closed simultaneously.

➤ Only Busbar 1 can be the source busbar.

➤ The operating sequence to put a feeder on transfer is fixed.

Because the operating sequence defines a set of operating rules, settings engi-
neers can decide on appropriate terminal-to-bus-zone and bus-zone-to-bus-zone 
settings for each step.

Table 6.66 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Refer to Figure 6.103 and consider a case in which we put the PANAMA Feeder 
on transfer.

Assume the tie breaker is open and both tie-breaker disconnects are open.

                     

Because the operating sequence prevents connections that could result in relay 
misoperation, we must merge the zones during the intermediate position (Step 2 
in Table 6.66). We define this intermediate position as the time when disconnects 
n891 and n892 of any feeder are closed simultaneously.

Enter this state to merge the zones in the bus-zone-to-bus-zone connections:

BZ1BZ2V := (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 
AND IN216)

Table 6.66 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Close tie-breaker disconnects 
Z892 and Z891. Close the tie-
breaker circuit breaker.

Feeder Disconnects D891, E891, F891, and 
G891 as well as D893, E893, F893, and G893 
are now closed. Feeder Disconnects D892, E892, 
F892, and G892 are open. Closing the tie breaker 
brings both busbars to the same potential.

2 Close the Panama G892 discon-
nect.

Closing Disconnect G892 forms a bus-zone-to-
bus-zone connection, resulting in a parallel 
path between the tie breaker and the Panama 
Feeder. Merge the two zones to prevent possi-
ble relay misoperation.

3 Open the Panama circuit breaker. Although the current distribution is known at 
this point, the feeder is still considered in the 
intermediate position and the two zones are 
still merged.

4 Open the line disconnect (G893) 
of the Panama feeder. Open the 
Busbar 1 (G891) disconnect.

Opening G891 removes the bus-zone-to-bus-
zone connection, forming two independent 
zones. The Panama feeder is now on transfer.
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We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 1 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ1 differential element out-
put by the negated coupler security output (ZS1 := NOT CSL1) (see Protection 
Group Settings on page 6.127 for more information).

I01BZ1V and I01BZ2V, the tie-breaker terminal-to-bus-zone settings, comprise 
the disconnect auxiliary contacts (IN204 and IN205), the circuit breaker auxiliary 
contact (CB52A1), the circuit breaker closing signal (CBCLST1), and the cou-
pler status timed out bit (CB52T1). (See Figure 6.110 and Protection Group Set-
tings on page 6.127 for more detail.)

In this application, the disconnect provides only one (89B) disconnect auxiliary 
contact. We cannot use the disconnect monitoring logic because the disconnect 
monitoring logic requires two disconnect auxiliary contacts. For installations 
with only one disconnect auxiliary contact, use the zone-switching supervision 
logic. (See Section 5: Protection Functions for more information.) Enable the 
zone switching supervision by setting EZSWSUP := Y. Connect the open and 
close signals from the disconnects in parallel (see Figure 6.108).

In this application, we assign this parallel connection to relay input IN203. Set 
ZSWO := IN203.

Alarm ZSWOAL stays asserted indefinitely in the event of the disconnect auxil-
iary contact failing to change status. Use pushbutton PB5 to reset Alarm 
ZSWOAL when a disconnect auxiliary contact fails to change status. Set 
RZSWOAL := PB5. 

                    

Measure each disconnect travel time.

Set the zone-switching operation pickup delay (ZSWOPU) to a value longer than 
the time necessary for the slowest disconnect to complete an open-to-close, or 
close-to-open operation. Based on previous experience with similar equipment, 
we set the ZSWOPU to 3600 cycles in this example. Figure 6.109 shows the zone 
configuration settings for this application.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example.

For ease of setting zone configuration settings for the new substation, delete the 
terminal-to-bus-zone connections default settings. With the terminal-to-bus-zone 
connections default settings deleted, the setting prompts no longer reference the 
default settings.

                    

Figure 6.108 External Wiring and Initiation Input for Zone-Switching 
Supervision

Open Signal, 
Terminal 01

Close Signal, 
Terminal 01

Open Signal, 
Terminal nn

Close Signal, 
Terminal nn

• • •

IN203

+

–
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You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.109 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?600 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, BUS_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TIE_A to BUS_A Connection (SELogic Equation)
I01BZ1V := NA
?  IN204 AND IN205 AND (CB52A1 OR CBCLST1) <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ2,N <Enter>
TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ2V := NA
?  IN204 AND IN205 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ1,P <Enter>
MEXCO_A to BUS_A Connection (SELogic Equation)
I02BZ1V := NA
?  IN206 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>

MEXCO_A to TRANS_A Connection (SELogic Equation)
I02BZ2V := NA
?  IN207 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ1,P <Enter>
RIODJ_A to BUS_A Connection (SELogic Equation)
I03BZ1V := NA
?  IN208 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ2,P <Enter>

RIODJ_A to TRANS_A Connection (SELogic Equation)
I03BZ2V := NA
?  IN209 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BOGOT_A to BUS_A Connection (SELogic Equation)
I04BZ1V := NA
?  IN210 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ2,P <Enter>

BOGOT_A to TRANS_A Connection (SELogic Equation)
I04BZ2V := NA
?  IN211 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ1,P <Enter>
PANAM_A to BUS_A Connection (SELogic Equation)
I05BZ1V := NA
?  IN212 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

PANAM_A to TRANS_A Connection (SELogic Equation)
I05BZ2V := NA
?  IN216 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  BZ1,BZ2 <Enter>

BUS_A to TRANS_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>
Connection to Remove Terminals when BUS_A and TRANS_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>

Figure 6.109 Zone Configuration Group Settings for Application 4
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings. Default settings for the differential elements are 60 percent 
for Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable 
the advanced settings by setting EADVS := Y. With EADVS := Y, the slope set-
tings and incremental restrained and operating current settings become available. 
For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information).

We need one coupler security logic for this application. Set ECSL := 1. Set 
ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N because we do not use the terminal out of service function, breaker 
failure protection, overcurrent elements, voltage elements, or advanced settings 
in this application.

Setting NUMBK to 5 (Global settings) makes five corresponding circuit breaker 
auxiliary input equations (52A01–52A05), and five corresponding trip equations 
(TR01–TR05) available for setting. Each of the five analog channels has a corre-
sponding differential trip bit that asserts (Table 6.63) when the differential ele-
ment asserts.

Be sure to include these differential trip bits in the trip equations of all circuit 
breakers you want to trip. When applying the coupler security logic as in this 
example, include the differential element trip output (87R1) and the 87BTR01 
differential trip bit in the tie-breaker trip logic. 

Terminals Removed when BUS_A and TRANS_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>
Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?

Zone Supervision
Differential Element Zone Supervision (Y,N)         E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT CSL1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  > <Enter>

Zone Switching Supervision (Y,N)                    EZSWSUP := N      ?Y <Enter>
Zone Switching Operation (SELogic Equation)
ZSWO := NA
?  IN203 <Enter>
Reset Zone Switching Op Alarm (SELogic Equation)
RZSWOAL := NA
?  PB5 <Enter>
Zone Switching Op Pickup Delay (0-99999 cyc)        ZSWOPU  := 1800   ?3600 <Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.109 Zone Configuration Group Settings for Application 4 (Continued)
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The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Figure 6.110 shows the combination of the coupler security logic and the zone 
supervision with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the fixed logic.

                    

The protection philosophy calls for the loss of only one zone when a fault 
between the tie-breaker CT and circuit breaker occurs. Use the coupler security 
logic to prevent the loss of Busbar 1 for a fault between the tie-breaker CT and 
circuit breaker. Be aware, however, that using this logic delays relay operation for 
all busbar faults on Busbar 1. 

Assume for this application that the maximum circuit breaker tripping time is two 
cycles and that the maximum closing time is four cycles. Refer to Figure 6.110, 
and notice the difference in the CB52A1 and CBCLS1 inputs from the regular 
coupler security application. Input CBCLS1 provides the closing signal informa-
tion to the relay. For an open-to-close operation, Input CBCLS1 asserts when the 
operator issues a closing signal to the circuit breaker, asserting Relay Word bits 
I01BZ1V and I01BZ2V. When Relay Word bits I01BZ1V and I01BZ2V assert, 
the relay considers the CT in the differential equations. Inserting the CTs in the 
differential equations before primary current flows emulates the early make, late 
break timing requirement for the disconnect auxiliary contacts. Set the timer 
dropout time (CBCLDO1) to a value longer than the maximum breaker closing 
time. In this example, allow a short safety margin and set CBCLDO1 to 5 cycles 
(default value). A setting of five cycles allows the circuit breaker ample time to 
change state, during which time Relay Word bit CB52A1 asserts. 

When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 

                    

Figure 6.110 Coupler Security Logic With Applied Input Settings
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use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 2. However, because we supervise all Zone 1 faults, 
premature removal of the CTs does not adversely affect Zone 1 differential ele-
ments.

Figure 6.111 shows just the tie breaker and two terminals of the application. The 
single CT on the tie breaker has one core, providing CT information to both dif-
ferential elements. The challenge to the coupler security logic is to trip BZ2 and 
not BZ1 for Fault F1. This requirement contradicts the existing configuration, for 
it calls for the coupler security logic to prevent BZ1 from operating for an in-
zone fault (fault on Busbar 1) and for BZ2 to operate for an out-of-zone fault 
(fault on Busbar 1). 

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection BZ2 is stable, and differential protection BZ1 immedi-
ately trips the Mexico circuit breaker and the tie-breaker circuit breaker. How-
ever, tripping the Mexico circuit breaker and the tie-breaker circuit breaker does 
not clear Fault F1. Fault current still flows from the Rio de Janeiro Feeder, 
through the transfer bus, and into the fault. Although breaker failure protection 
will operate to trip the Rio de Janeiro circuit breaker, this operation takes place 
after the breaker failure time delay. After the tie-breaker breaker failure timer 
times out, all circuit breakers in BZ2 zone trip, resulting in both BZ1 and BZ2 
tripping to clear Fault F1. 

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in such a way that tripping of the BZ1 bus-zone is only permitted 
when the tie-breaker circuit breaker is open. To prevent tripping BZ1, configure 
the relay to achieve the following:

                    

Figure 6.111 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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➤ Check if the tie-breaker circuit breaker is closed.

➤ If the tie-breaker circuit breaker is closed, trip only the tie breaker to 
interrupt the fault current from BZ1; trip no other circuit breakers.

➤ If the tie breaker is open, allow normal busbar protection tripping.

➤ When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of BZ1 and eventually BZ2.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 1 requires the following two settings:

➤ Supervising the BZ1 differential element

➤ Issuing a trip signal to the tie breaker first

Supervise the BZ1 differential element output with the negated output from the 
coupler security logic (Z1S := NOT CSL1). We assign 87R1, the unsupervised 
output from the BZ1 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.110 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the 
supervision from the BZ1 differential element. 

Supervising the BZ1 differential element in this way prevents the tripping of all 
terminals in BZ1, including the tie breaker. To trip the tie breaker, include 87R1, 
the unsupervised output from Differential Element 1 in the trip equation of the tie 
breaker.

After the tie breaker opens (two cycles), we remove the tie-breaker CT from the 
differential calculations of BZ1, but not the BZ1 supervision. Maintain the BZ1 
supervision for at least another 1.25 cycles (add a safety margin of 0.75 cycle) to 
allow the differential element to reset. Achieve this delay by setting ACTPPU1 to 
at least 4 cycles.

For Fault F1, BZ1 operates, asserting Relay Word bit 87R1. When Relay Word 
bit 87R1 asserts, the accelerated trip timer starts timing. Because of the BZ1 zone 
supervision (NOT CSL1), 87Z1 cannot assert, and only the bus tie breaker 
receives a trip signal.

Two cycles later, the tie-breaker trips, interrupting the fault current contribution 
from BZ1. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ1V and eventually I01BZ2V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the tie 
breaker is open, but fault current still flows through the CT. Removing the tie-
breaker CTs from all differential calculations does not trip BZ1 (no fault current 
contribution from BZ1) but causes BZ2 to operate (BZ2 balancing tie-breaker CT 
removed), tripping all circuit breakers on the transfer bus. Removing the bus sec-
tionalizer CTs also deasserts Relay Word bit 87R1, causing the accelerated trip 
timer to stop timing. Fault F1 is now cleared, although there is a time delay.

For Fault F2, the initial tripping is the same as for Fault F1: BZ1 operates, assert-
ing Relay Word bit 87R1. When Relay Word bit 87R1 asserts, the accelerated trip 
timer starts timing. Because of the BZ1 zone supervision (NOT CSL1), 87Z1 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.
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Two cycles later, the tie-breaker circuit breaker trips, and the auxiliary contact 
changes state at the same time. When the auxiliary contact changes state, Relay 
Word bit CB52A1 deasserts, causing Relay Word bits I01BZ1V and eventually 
I01BZ2V to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deas-
sert, the relay removes the CTs from the differential calculations for BZ1 and 
BZ2. Because the circuit breaker is open, terminals from BZ2 no longer contrib-
ute to the fault, and BZ2 is stable. However, the BZ1 zone supervision (NOT 
CSL1) still supervises the BZ1 trip output for another two cycles. Two cycles 
later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. When 
Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the zone 
supervision from BZ1, issuing a trip signal to all circuit breakers on Busbar 1.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.112 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN201 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ?<Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN202 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ?<Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R1 <Enter>

Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ?<Enter>
Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87R1 OR 87BTR01 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR02 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR03 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Figure 6.112 Protection Group Settings for Application 4
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay. Connect the cable to the circuit breaker trip coil to any one of the 
three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.113 shows the control output settings.

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR04 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR05 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?<Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.112 Protection Group Settings for Application 4 (Continued)
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This concludes the settings for Application 4.

Application 5: Double Bus With Bus Coupler
This application describes the busbar arrangement shown in Figure 6.114, double 
bus with tie breaker (bus coupler). The busbar arrangement consists of two bus-
bars (main busbar and transfer busbar), four terminals and a tie breaker. Consider 
the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  > <Enter>

•
•
•
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.113 Control Output Settings for Application
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

                    

Figure 6.114 Double Bus With Bus Coupler (Tie Breaker)
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3. Use the disconnect auxiliary contacts to dynamically configure the 
differential protection.

4. Use the disconnect monitor logic

5. Use external breaker failure protection.

6. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 6 of the protection philosophy calls for 
stable differential protection for all operating conditions. There are two network 
conditions when the differential protection can become unstable:

➤ When disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ When the transfer disconnect of any feeder is closed

By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.67 shows the selection of the standard functions.

                    

Table 6.67 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differential 
protection according to the disconnect positions

Sensitive differential pro-
tection

Yes Use the sensitive differential element as CT open 
circuit detection

Zone supervision logic Yes Use the zone supervision logic to ensure stable dif-
ferential protection for all operating conditions

Zone-switching supervi-
sion logic

No 89A and 89B disconnect contacts available so this 
logic is not required

Coupler security logic No Two CTs in overlap configuration do not require the 
coupler security logic

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs we install 3 SEL-487B Relays. 
Use Equation 6.17 to calculate the number of current channels at the station, and 
use Equation 6.18 to calculate the number of zones at the station.

                    

Equation 6.17

                    

Equation 6.18

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays. This example shows the setting and configura-
tion for the A-phase relay, so identified with an appended letter A (MADRI_A). 
For the other two relays, the settings and configuration are the same as for the A-

Time-overcurrent protec-
tion

No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.67 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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phase relay, but the appended letter changes according to the letter designation of 
the relay. For example, the corresponding MADRI_A setting is MADRI_B in the 
B-phase relay, and MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires three disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.19 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.19

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.68 summarizes the input contact required for this application. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; and five of the six independent input 
contacts for the breaker failure inputs. From the input contact perspective, we 
need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.69 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.68 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.69 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts; high-speed, high-
interrupting output contacts provide for faster contact closure. Each interface 
board can provide six high-speed, high-interrupting output contacts, and two 
standard output contacts. For fast busbar fault clearance, assign each circuit 
breaker trip output to a high-speed, high-interrupting output contact for each of 
the circuit breakers at the station. From the output contact perspective, we need 
one interface board. 

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the number of the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and external circuit breaker failure inputs to 
specific relay input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.70 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.70 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.114.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.71.

                    

Input to Logic Allocation 
Table 6.68 shows that we require 33 digital inputs. We now assign the 33 digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact to Logic Allocation, Interface Board 1 (200)

Table 6.72 and Table 6.73 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs. 

                    

Table 6.70 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.71 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.73 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

                    

Assignment of the Selected Standard Logic
Referring to Table 6.67, the following is a discussion on each selected function. 

Disconnect Monitoring Logic 

Figure 6.115 shows one of the 60 disconnect monitor logic circuits available in 
the relay. (See Dynamic Zone Selection Logic on page 5.14 for more information 
on the disconnect auxiliary contact requirements).

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 2 of 2)

Input Description

Table 6.73 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.74 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.115 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.74 Disconnect Auxiliary Contact Relay Word Bits

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.116 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.75 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.147 for more information). Table 6.76 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.117 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

Table 6.75 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.116 Differential Trip Logic for Differential Element 1

Table 6.76 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Table 6.77 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.118 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.72 to the appropriate 
XBFnn (nn = 01–06) of the breaker failure protection logic (see Protection 
Group Settings on page 6.153). Table 6.78 shows the primitive names and assign-
ments.

                    

                    

Figure 6.117 Breaker Failure Trip Logic

Table 6.77 Station Breaker Failure Trip Bit Names and Associated Terminal 
Names

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.118 Breaker Failure Logic for External Breaker Failure

Table 6.78 Breaker Failure Logic Output Relay Word Bits

Logic Name Description

IN201 TIE1_A breaker failure protection asserted

IN201 TIE2_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFnn
EXBF01 = Y 

(Logical 1 if EXBF01 = Y)

SELOGIC
Setting

FBF01
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.69 shows the breakdown of the five relay outputs we need for Applica-
tion 5. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.79 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.80 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.80 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.119.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.79 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.80 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-Breaker trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.119 Substation Layout With Specific Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.120.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.121. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.122. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.120 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.121 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>

33:
?  BZ1,ZONE1_A <Enter>
34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names



6.147

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 5: Double Bus With Bus Coupler

This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.123 shows the setting changes we need for our example.

Because we declared the alias names in the previous setting class, use either the 
alias names or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–60). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>
Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

Figure 6.123 Global Settings for Application 5
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the London feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>

DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>

N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•

N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ? <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.123 Global Settings for Application 5 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected.

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., disconnect G898 on the CAIRO Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z892 or Z891) and the transfer 
disconnect (n898, n = D, E, F, and G) of only one of the four feeders 
can be closed simultaneously.

➤ Either Busbar B1 or Busbar B2 can be the source busbar.

➤ When closing the transfer disconnect, the protection of the transfer 
busbar becomes part of the line protection.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.81 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that the tie breaker and tie-breaker disconnects are closed. For brevity, 
we consider only the MADRID and CAIRO Feeders in the following discussion. 
Consider a case where we put the CAIRO Feeder on transfer, with Busbar B2 
selected as the source busbar.

                    

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 1 of 2)

Step 
Number

Description Comment

1 Switch Terminals TD, 
TE, and TF to the 
source busbar (B2).

Assume that all FDRs are connected to B1. Close the dis-
connects that connect the terminals to Busbar B2 (D892, 
E892, F892, and G892), and open the disconnects that 
connect the terminals to Busbar B1 (D891, E891, and 
F891). After Step 1, CAIRO is the only feeder connected 
to Busbar B1, see Figure 6.124. Both Bus-zone B2 (I03 + 
I01 = Is – Is = 0) and Bus-Zone B1 are balanced (I02 + 
I06 = Is – Is = 0).

2 Close the transfer dis-
connect (G898) of the 
terminal going on 
transfer.

This operation forms a parallel path, with current IS split-
ting at the G894 and G898 junction; not all current flows 
through the CAIRO CT. There are still two bus-zones (B1 
and B2), but because the current from the CAIRO CT is 
missing (worst case), Bus-Zone B1 can misoperate. 
Remove Bus-Zone B1 by removing the CAIRO CT and 
tie-breaker channel I02 from the differential calculations. 
(See the ensuing discussion and Figure 6.125). The trans-
fer busbar is now part of the line protection.
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Figure 6.124 shows the station after Step 1 in Table 6.81. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. With all trans-
fer disconnects open, all the CT secondary currents are available, and both Bus-
Zones B1 and B2 are balanced.

                    

Figure 6.125 shows the current distribution for the condition when disconnect 
G891 and disconnect G898 are both closed. Current IS enters the MADRID ter-
minal, flows through the tie breaker, busbar B1, and as far as the junction 
between disconnect G894 and G898. At this junction, the current splits into ia 
and ib. As a worst-case scenario, assume the entire current, IS, flows through dis-
connect G898, with no current flowing through the CAIRO CT. To balance the 
B1 differential element, we need the sum of the currents in the B1 element to 
equal zero. Without the CAIRO CT current contribution, the differential element 
is unbalanced and can result in misoperation. To conclude, the current input from 

3 Open the circuit 
breaker of the termi-
nal going on transfer.

Opening the CAIRO circuit breaker interrupts the current 
path through the circuit breaker. Tie-breaker channel I01 
remains part of the differential calculations to balance the 
current flow to the CAIRO Feeder.

4 Open the source bus-
bar disconnect (G894) 
and the line discon-
nect (G895) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating sequence; 
the operation has no effect on the busbar protection. 

                    

Figure 6.124 Bus-Zone B1 and Bus-Zone B2 Are Balanced When Both Transfer 
Disconnects Are Open

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 2 of 2)

Step 
Number

Description Comment

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6
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the CAIRO CT is uncertain when disconnect G891 and disconnect G898 are both 
closed, and disappears when the circuit breaker opens. For these reasons, Bus-
Zone B1 cannot form a reliable differential zone when disconnect G898 closes. 
Differential Element B2 remains stable, and the B2 Busbar protection is secure.

                    

By removing the CAIRO CT as well as the tie-breaker I02 channel from the dif-
ferential calculations, we effectively remove Differential element B1. We can 
achieve the same result in two ways:

➤ by using the zone supervision setting (ZnS)

➤ entering values for each of the terminal-to-bus-zone settings

This example uses the first option (i.e., the zone supervision setting).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

1. With no feeder on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections. 

2. A feeder is on transfer when any n898 AND n891, or any n898 AND 
n892 (n = D, E, F, and G) disconnects are closed simultaneously. 

3. When a feeder is on transfer and B2 is the source busbar, remove I02. 
B2 is the source busbar when n891 AND n898 (n = D, E, F, and G) 
disconnects are closed.

                    

Figure 6.125 Current Distribution During Transfer Procedure Using Inboard CTs

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898
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G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6

D894 and
D898 Junction

Worst case: ia » Is 

Worst case: ib » 0 

Current –Is
is missing in
this CT, without 
which +Is in the
tie-breaker channel 
I02 is unbalanced



6.152

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 5: Double Bus With Bus Coupler

4. When a feeder is on transfer and B1 is the source busbar, remove I01. 
B1 is the source busbar when n892 AND n898 (n = D, E, F, and G) 
disconnects are closed.

Z1S:= NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 
89CL11) OR (89CL12 AND 89CL14))

Z2S:= NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 
89CL11) OR (89CL13 AND 89CL14))

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration default settings.

With the zone configuration default settings deleted, the setting prompts no lon-
ger reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.126 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Figure 6.126 Zone Configuration Group Settings for Application 5



6.153

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 5: Double Bus With Bus Coupler

This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available. For 
this application, we use the default values for the Sensitive Differential Element, 
the Restrained Differential Element, and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>

CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>

Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>
Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
? <Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>

Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 89CL11) OR (8\
9CL12 AND 89CL14)) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (8\
9CL13 AND 89CL14)) <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.126 Zone Configuration Group Settings for Application 5 (Continued)
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TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Select six as the number of breaker failure logics for this application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.76) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.77) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both Differential Trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01).

Figure 6.127 shows the protection group settings for this application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>

Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.127 Protection Group Settings for Application 5
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>

•
•
•
External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF06 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK06 (0.00-1000 cyc)   BFIDO06 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>
•
•
•

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>

Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.127 Protection Group Settings for Application 5 (Continued)



6.156

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 6: Double and Transfer Bus With Two Busbars

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA.

Figure 6.128 shows the control output settings.

                    

This concludes the settings for Application 5.

Application 6: Double and Transfer Bus With Two Busbars
This describes the busbar arrangement shown in Figure 6.129. The busbar 
arrangement consists of two busbars (main busbar and transfer busbar), four ter-
minals and a tie breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>

OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.128 Control Output Settings for Application 5
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

                    

Figure 6.129 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker)

Z8
91

Z8
92

40
00

/5

40
00

/5 TI
E 

BR
EA

KE
R

52

B1 B2

D8
91

D8
92

D8
93

30
00

/5

52

D8
98

M
AD

RI
D

E8
91

E8
92

E8
93

30
00

/5

52

E8
98

M
IL

AN

F8
91

F8
92

F8
93

30
00

/5

52

F8
98

RO
M

E

G8
91

G8
92

G8
93

30
00

/5

52

G8
98

CA
IR

O



6.158

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 6: Double and Transfer Bus With Two Busbars

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

3. Ensure stable differential protection for all operating conditions.

4. Use the disconnect auxiliary contacts to dynamically configure the 
station.

5. Use the disconnect monitor logic.

6. Use external breaker failure protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 3 of the protection philosophy calls for 
stable differential protection for all operating conditions.

There are two network conditions when the differential protection can become 
unstable: when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time, or when the transfer disconnect of any feeder is closed. 
By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.82 shows the selection of the standard functions.

                    

Table 6.82 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the station according to the dis-
connect positions.

Sensitive differential protection Yes Use the sensitive differential element as CT open circuit detection.

Zone supervision logic Yes Use the zone supervision logic to compensate for the inboard CTs 
during the bypass period, as well as when a feeder is on transfer.

Zone-switching supervision logic No 89A and 89B disconnect contacts available, so this logic is not required.

Coupler security logic No Not required

Circuit breaker failure protection Yes External breaker failure
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.20 to calculate the number of current channels at the station, and 
use Equation 6.21 to calculate the number of zones at the station.

                    

Equation 6.20

                    

Equation 6.21

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage elements No Not required

Table 6.82 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the 4 feeders requires 3 disconnect monitoring logic and 
the tie breaker requires 2; the number of disconnect logics required is therefore 
14. Each disconnect monitoring logic requires two disconnect auxiliary contact 
inputs: an 89A and an 89B contact. Use Equation 6.22 to calculate the number of 
relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.22

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.83 summarizes the input contact required for this application. 

                    

The relay main board has seven inputs, which are not enough inputs for our appli-
cation. Each interface board provides two sets of nine grouped inputs and six 
independent input contacts. Use the grouped inputs for the disconnect auxiliary 
contact inputs and the six independent inputs for the breaker failure inputs. From 
the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.84 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.83 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.84 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5



6.161

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 6: Double and Transfer Bus With Two Busbars

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts, and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following: 

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ Selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay.

However, we still need to do the following:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.85 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.85 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.129.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.86.

                    

Input-to-Logic Allocation 
Table 6.83 shows that we require 33 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.87 and Table 6.88 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs.

                    

Table 6.85 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.86 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.88 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs. 

                    

Assignment of the Selected Standard Logic
Referring to Table 6.82, the following is a discussion on each selected function. 

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 2 of 2)

Input Description

Table 6.88 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Disconnect Monitoring Logic 

Figure 6.130 shows one of the 60 disconnect monitor logic circuits available in 
the relay (see Figure 6.20). 

                    

Table 6.89 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.130 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Disconnect Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 14
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.131 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.90 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.170 for more information). Table 6.91 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Disconnect Input Description

Table 6.90 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.131 Differential Trip Logic for Differential Element 1

Table 6.91 Differential Trip Bit Names and the Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.132 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.92 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.133 shows the 
logic for the external breaker failure function.

                    

Table 6.87 and Table 6.88 show the appropriate XBFqq (qq = 1–6) and relay 
input assignment (see Protection Group Settings on page 6.177).

                    

Figure 6.132 Breaker Failure Trip Logic

Table 6.92 Station Breaker Failure Trip Relay Word Bit Names and Associated 
Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.133 Breaker Failure Logic for External Breaker Failure

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.84 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.93 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.94 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.94 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.134.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.93 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.94 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.134 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.135.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.136. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.137. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.135 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.136 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.138 shows the setting changes we need for our example. Because we 
declared the alias names in the previous setting class, use either the alias names 
or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–14). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>

Figure 6.138 Global Settings for Application 6
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfiguring the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration, and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Milan feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>

DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)

•
•
•
N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.138 Global Settings for Application 6 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected (B1).

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., Disconnect G898 on the Cairo Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the 
transfer Disconnect (n898, n = D, E, F, and G) of only one of the four 
feeders can be closed at a time.

➤ Only Busbar B2 can be the source busbar.

➤ The transfer busbar (B1) becomes part of the line protection when a 
terminal is on transfer.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.95 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that Disconnects Z891 and Z892 and the tie-breaker circuit breaker are 
closed. For brevity, we consider only the MADRID and CAIRO terminals in the 
following discussion. Consider the case where we put Terminal CAIRO on trans-
fer.

                    

Table 6.95 Fixed Operating Sequence to Put a Terminal on Transfer

Step 
Number

Description Comment

1 Switch terminals TD, TE, and 
TF to the source busbar (B2).

Close all disconnects that connect the terminals to 
busbar B2 (D892, E892, F892, and G892), and 
open all disconnects that connect the terminals to 
busbar B1 (D891, E891, F891, and G891). No 
current flows through the tie breaker, see 
Figure 6.139. Bus-Zone B1 does not operate 
because no current flows through the tie breaker. 
Bus-Zone B2 is balanced because I03 + I06 = 0.

2 Close the transfer Disconnect 
(G898) of the terminal going 
on transfer.

This operation forms a parallel path, with 
(ia + ib – ia – ib) current Is splitting into ia and ib at 
the D892 and Busbar B2 junction, as shown in 
Figure 6.140. To overcome this problem, remove 
tie-breaker Channel I02 from the B1 differential 
calculations when G898 closes. (See the ensuing 
discussion and Figure 6.140). 

3 Open the circuit breaker of the 
terminal going on transfer.

Opening the CAIRO circuit breaker interrupts the 
current path through the circuit breaker. Tie-
breaker Channel I01 remains part of the B2 differ-
ential calculations to balance the current flow to 
the CAIRO Terminal.

4 Open the source busbar Dis-
connect (G892) and the line 
Disconnect (G893) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating 
sequence; the operation has no effect on the bus-
bar protection. 



6.173

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 6: Double and Transfer Bus With Two Busbars

Figure 6.139 shows the station after Step 1 in Table 6.95. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. Because tie-
breaker Disconnect Z891 is still closed, both bus-zones B1 and B2 are active. 
Bus-Zone B1 has only one CT (tie-breaker Channel I02) in place, but because no 
current flows through the tie breaker, the relay does not operate. Having both 
zones active provides the benefit of detecting faults on B1 during these operating 
conditions.

                    

Closing Disconnect G898 in Step 2 of Table 6.95 forms a parallel path. Current Is 
enters at the MADRID terminal and splits into ia and ib at the D892 and Busbar 
B2 junction. This current distribution unbalances B1 because current –ia is miss-
ing in the CAIRO CT. The two differential elements calculate the differential cur-
rents as follows:

Element for Busbar B1:

Equation 6.23

Element for Busbar B2:

Equation 6.24

                    

Figure 6.139 Bus-Zones B1 and B2 Are Balanced When All Transfer Disconnects 
Are Open
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In Step 3 of Table 6.95, we open the CAIRO circuit breaker and the parallel path 
no longer exists. Current ib disappears and Is flows as shown in Figure 6.141. The 
differential element for Busbar B2 is stable (I01 + I03 = 0), but the differential 
element for Busbar B1 is unbalanced. To conclude, the differential element for 
Busbar B1 is unbalanced during the transition period (when a parallel path exists) 
as well as when the terminal is on transfer.

                    

Figure 6.140 Current Distribution During Transfer Procedure Using Inboard CTs
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Because Disconnect G898 bypasses the CAIRO CT, we cannot provide differen-
tial protection for Busbar B1. Because we cannot provide differential protection 
for Busbar B1, we need to remove the existing differential B1 element to prevent 
misoperation. We remove differential B1 element by using a zone supervision 
setting (ZnS).

In this application, the tie-breaker current assignment to the differential elements 
depends on the position of only one of the tie-breaker disconnects: current Chan-
nel I01 is assigned to B2 when Z892 is closed. Likewise, current Channel I02 is 
assigned to B1 when Z891 is closed. The assignment of the feeder currents to the 
differential elements depends solely on the corresponding B1 and B2 disconnect 
positions (n891 and n892).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
Current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

➤ With no terminal on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections.

➤ A terminal is on transfer when any n898 (n = D, E, F, and G) 
disconnect is closed.

➤ When a terminal is on transfer, disable the differential element for 
Busbar B1.

                    

Figure 6.141 Current Distribution After Opening the Circuit Breaker of the 
Terminal Going on Transfer
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Set the Zone Supervision setting for Busbar B1 as follows: Z1S := NOT (89CL05 
OR 89CL08 OR 89CL11 OR 89CL14). Figure 6.142 shows the Zone Configura-
tion settings for this application.

The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration settings for the new substation, delete the terminal-to-
bus-zone default settings. With the terminal-to-bus-zone default settings deleted, 
the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.142 
shows the Zone Configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A, <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>

Figure 6.142 Zone Configuration Group Settings for Application 6
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT(89CL05 OR 89CL08 OR 89CL11 OR 89CL14) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?<Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.142 Zone Configuration Group Settings for Application 6 (Continued)
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This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Therefore, select six as the number of breaker failure logics for this 
application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.91) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.92) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both differential trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01). Figure 6.143 shows the protection group settings for this 
application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>

Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>

Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>

Figure 6.143 Protection Group Settings for Application 6
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This concludes the protection group settings. The next settings class is control 
output settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>
•
•
•

External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF05 := NA
?  IN302<Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.143 Protection Group Settings for Application 6 (Continued)
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Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.144 shows the control output settings.

                    

Application 7: Double and Transfer Bus (Outboard CTs)
This application describes the busbar arrangement shown in Figure 6.145. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>

OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.144 Control Output Settings for Application 6
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and it declares the tie-breaker (bus coupler) 
configuration.

➤ Description:

➢ Double bus with transfer busbar

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one core used for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.145 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Outboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Use external breaker failure protection.

6. Prevent the loss of Busbar B2 for a fault between the tie breaker and 
tie-breaker CT.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. For example, in this application, the protection philosophy calls for 
the use of breaker failure protection but not for overcurrent protection. The 
SEL-487B offers a number of protection functions as standard features, but it 
also offers the capability through SELOGIC control equations for you to create 
user-configurable functions. 

To prevent tripping of Busbar B2 when there is a fault between the tie breaker 
and tie-breaker CT, we can delay tripping of Busbar B2 and trip the tie breaker 
first (see Protection Group Settings on page 6.200). We then remove the tie-
breaker currents from the differential calculations of both zones to trip Busbar B1 
and not Busbar B2.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations).

Standard Functions
Refer to Protection Philosophy on page 6.182 and select the standard functions 
necessary for the application. Table 6.96 shows the selection of standard func-
tions.

                    

Table 6.96 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay).

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards. 

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.25 to calculate the number of current channels at the station, and 
use Equation 6.26 to calculate the number of zones at the station.

                    

Equation 6.25

                    

Equation 6.26

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differen-
tial protection according to the disconnect positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of prevent-
ing the loss of Busbar B2 for a fault between the tie 
breaker and the tie-breaker CT.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so this 
logic is not required.

Coupler security logic Yes Use the coupler security logic in a single CT appli-
cation for enhanced protection for faults between 
the tie-breaker CT and the circuit breaker.

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.96 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station CTs
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The number of per-phase CTs at the station is 15 (tie breaker has three CT cores), 
so one SEL-487B suffices. However, the requirement for 5 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required therefore is 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.27 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts.

                    

Equation 6.27

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. When a circuit breaker fails, the relay uses this informa-
tion to only trip the terminals in the bus-zone with the failed circuit breaker. Wire 
a breaker failure output contact from each breaker failure relay on each of the ter-
minals to the SEL-487B. 

We will use the coupler security logic to prevent tripping of Busbar B2 when 
there is a fault between the tie breaker and the tie-breaker CT. The coupler secu-
rity logic requires three inputs: a close signal, a circuit breaker 52A auxiliary 
contact, and an input for the accelerated tripping function (see Figure 6.110 for 
more information). We need one input for the circuit breaker 52A auxiliary con-
tact and one input for the closing signal. For the accelerated tripping input 
(ACTRP1), we use the output from the B2 differential element (87R2). 
Table 6.97 summarizes the input contact necessary for this application.

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, an insufficient number of inputs 
for our application. Each interface board provides two sets of nine grouped inputs 
and six independent inputs. Use the grouped inputs for the disconnect auxiliary 
contact inputs, and use the six independent inputs for the breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.98 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of inputs

➤ The number of output contacts

➤ The selected protection functions

Table 6.97 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Number of relay inputs required for breaker failure protection 5

Number of relay inputs required for the coupler security logic 
on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary 52A 
contact)

Total number of inputs 37

Table 6.98 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.99 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.99 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.145.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
three bus-zone alias names, as shown in Table 6.100.

                    

Table 6.99 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MADRID terminal, A-phase I02 MADRI_A

MILAN terminal, A-phase I03 MILAN_A

ROME terminal, A-phase I04 ROME_A

CAIRO terminal, A-phase I05 CAIRO_A

Table 6.100 Alias Names for the Three Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

BZ3 Transfer busbar TRANS_A
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Input-to-Logic Allocation 
Table 6.97 shows that we require 37 digital inputs. We now assign the digital 
inputs to the selected logic. Because of the functional requirements of this appli-
cation, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.101 and Table 6.102 show the disconnect and circuit breaker failure con-
tact input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure (only one 
breaker failure initiate input for the tie breaker) initiate input signals, tie-breaker 
52A auxiliary contact, and the tie-breaker closing signal to these relay inputs.

                    

Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.102 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

Table 6.101 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS _A) NO contact

IN209 TIE-BREAKER disconnect (TRANS _A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN213 TIE-BREAKER circuit breaker 52A auxiliary contact

IN214 TIE-BREAKER circuit breaker closing signal

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS _A) NO contact

IN218 MADRID terminal disconnect (TRANS _A) NC contact

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS _A) NO contact

IN224 MILAN terminal disconnect (TRANS _A) NC contact
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Assignment of the Selected Standard Logic
The following discussion references Table 6.96 in explaining each selected function.

Disconnect Monitoring Logic 

Figure 6.146 shows one of the 60 disconnect monitor logic circuits available in 
the relay.

                    

Table 6.103 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

Table 6.102 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact

                    

Figure 6.146 Disconnect Monitoring Logic Circuit for Terminal 01

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 TIE-BREAKER disconnect (TRANS_A) NO contact

89B03 TIE-BREAKER disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect inputs to the other 
two relays. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.147 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.104 shows Relay Word bits and description for the differential protection 
outputs.

                    

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN_A disconnect (ZONE1_A) NC contact

89A08 MILAN_A disconnect (ZONE2_A) NO contact

89B08 MILAN_A disconnect (ZONE2_A) NC contact

89A09 MILAN_A disconnect (TRANS_A) NO contact

89B09 MILAN_A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME_A disconnect (ZONE1_A) NC contact

89A11 ROME_A disconnect (ZONE2_A) NO contact

89B11 ROME_A disconnect (ZONE2_A) NC contact

89A12 ROME_A disconnect (TRANS_A) NO contact

89B12 ROME_A disconnect (TRANS_A) NC contact

89A13 CAIRO_A disconnect (ZONE1_A) NO contact

89B13 CAIRO_A disconnect (ZONE1_A) NC contact

89A14 CAIRO_A disconnect (ZONE2_A) NO contact

89B14 CAIRO_A disconnect (ZONE2_A) NC contact

89A15 CAIRO_A disconnect (TRANS_A) NO contact

89B15 CAIRO_A disconnect (TRANS_A) NC contact

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.104 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

87Z3 Transfer zone differential element trip
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.195). Table 6.105 shows the differential trip bit names and the associated 
terminal current channels.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.148 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF05 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR05 are the outputs from the station breaker failure logic. 
Breaker failure trip bits SBFTR01–SBFTR05 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.106 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip five circuit breakers. 

                    

Figure 6.147 Differential Trip Logic for Differential Element 1

Table 6.105 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

                    

Figure 6.148 Breaker Failure Trip Logic

Table 6.106 Station Breaker Failure Trip Bits and Associated Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR05

FBF01

FBF05
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Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.149 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.101 and Table 6.102 
to the appropriate XBFqq (qq = 01–05) of the breaker failure protection logic 
(see Protection Group Settings on page 6.200). Table 6.107 shows the relay input 
and terminal assignments.

                    

Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.98 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.108 shows TEST and ALARM protection logic output assign-
ment to the main board output contacts. Table 6.109 shows the linking of the trip 
logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.109 shows the assignments for the five terminals of 
the A-phase relay.

                    

Figure 6.149 Breaker Failure Logic for External Breaker Failure

Table 6.107 Breaker Failure Logic Input Relay Word Bits

Logic Name Description

IN201 TIE_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)

Table 6.108 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.150.

1. Write down the bus-zone, terminal, and disconnect names. 

2. Allocate the terminal CTs to the relay input current channels.

3. Allocate the terminal auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the terminals.

Table 6.109 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip output

OUT202a MADRID trip output

OUT203a MILAN trip output

OUT204a ROME trip output

OUT205a CAIRO trip output
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.150 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.151.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.152. 

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.153.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

.

.

.
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.151 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.152 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.154 shows the settings changes we need for our example. Because we 
declared the alias names in the previous settings class, use either the alias names 
or the primitive names when entering settings. 

Set NUMBK to 5 because there are five circuit breakers at the station. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input for the breaker status logic (52A01) for current channel 
I01 (52A01 := IN213). Set the remaining four circuit breaker auxiliary input 
equations (52A02–52A05) to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 15 disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
15). Travel time is the period during which both disconnect auxiliary contacts are 
in the open position. Measure the travel time during commissioning and adjust 
the settings appropriately. Based on previous experience with similar equipment, 
we set the tie-breaker disconnect travel time to 400 cycles in this example.

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>
28:
?  I02,MADRI_A <Enter>
29:
?  I03, MILAN_A <Enter>

30:
?  I04, ROME_A <Enter>
31:
?  I05, CAIRO_A <Enter>
32:
?  BZ1,ZONE1_A <Enter>
33:
?  BZ2,ZONE2_A <Enter>
34:
?  BZ3,TRANS_A <Enter>

35:
?  END <Enter>
Alias
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.153 Analog Quantities and Relay Word Bit Alias Names
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This concludes the Global settings. The next settings class is the zone configura-
tion Group settings.

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN213 <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>

N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>

N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter> 
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?400 <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>

DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.154 Global Settings
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Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes (see Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements.

For each disconnect, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays. Because we wire a disconnect auxiliary contacts 
to only one relay, jumper (hardwire) the contact to the two other relays. For 
example, when we close the busbar disconnect on the Milan feeder, all three 
phases (MILAN_A, MILAN_B, and MILAN_C) operate together. Because the 
relay measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays.

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the feeder to the 
transfer busbar (Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many possible discon-
nect combinations, we will configure the relay according to the following operat-
ing conditions:

1. Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step. 
Table 6.110 shows the operating sequence for the settings in this 
application; many other operating sequences are possible and in use.

Refer to Figure 6.157 and consider a case in which we put the CAIRO Feeder on 
transfer. Assume that the tie breaker is closed and that tie-breaker disconnect 
Z891 and disconnect Z892 are closed.
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The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names serving only as an example.

We use a combination of the zone supervision and coupler security logic to pre-
vent tripping Busbar 2 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ2 differential element out-
put by the negated coupler security output (ZS2 := NOT CSL1) see the Protec-
tion Group Settings on page 6.200 for more information.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.155 
shows the zone configuration settings for this application.

                    

Table 6.110 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Switch all terminals to the source bus-
bar (B2).

Close all the disconnects that connect the 
terminals to ZONE2_A (D892, E892, etc.)

2 Open the tie-breaker circuit breaker. 
Open Disconnect Z891, and close Dis-
connect Z898.

Closing Disconnects Z891 and Z898 
forms the path from source busbar to 
transfer busbar (Busbar B2 to Busbar T).

3 Close the tie-breaker circuit breaker. Busbar B2 and Busbar T are at the same 
potential.

4 Close the transfer disconnect of the ter-
minal going on transfer (G898).

The relay now forms a differential zone 
for the transfer busbar.

5 Open the circuit breaker of the terminal 
going on transfer (Cairo circuit 
breaker).

Terminal G is now on transfer. Operation 
of disconnect G893 does not affect the 
busbar protection, and is not mentioned.

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ? <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>

TIE_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
? (89CL01 OR 89CL03) AND 89CL02 AND (CB52A1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE1_A,N <Enter>
TIE_A to ZONE1_A Connection (SELogic Equation)
I01BZ1V := NA
?  89CL01 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,TRANS_A,N <Enter>

TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ3V := NA
?  89CL03 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL04 <Enter>

Figure 6.155 Zone Configuration Group Settings
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I02BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,TRANS_A,P <Enter>

MADRI_A to TRANS_A Connection (SELogic Equation)
I02BZ3V := NA
?  89CL06 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL08 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,TRANS_A,P <Enter>
MILAN_A to TRANS_A Connection (SELogic Equation)
I03BZ3V := NA
?  89CL09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL10 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,TRANS_A,P <Enter>
ROME_A to TRANS_A Connection (SELogic Equation)
I04BZ3V := NA
?  89CL12 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL14 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,TRANS_A,P <Enter>
CAIRO_A to TRANS_A Connection (SELogic Equation)
I05BZ3V := NA
?  89CL15 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>

ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>

Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?<Enter>

Figure 6.155 Zone Configuration Group Settings (Continued)
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This concludes the zone configuration Group settings. The next settings class is 
the protection Group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17). Because we do not use 
the terminal out of service, overcurrent elements, or voltage elements in this 
application, set ETOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N. 

Because the relay associates breaker failure protection with each current channel, 
select the number of breaker failure logics (EBFL setting) equal to the number of 
current channels, not the number of circuit breakers.

This application has five circuit breakers, and also five current channels (tie 
breaker has one CT channel). Therefore, select 5 as the number of breaker failure 
logics for this application. Setting NUMBK equal to 5 makes five corresponding 
circuit breaker auxiliary input equations (52A01–52A05), and five corresponding 
trip equations (TR01–TR05) available for setting. Be sure to include the Differ-
ential Trip bits in the trip equations of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative way is to enter specific reset conditions at the ULTRkk set-
tings.

Each of the five analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.107) when the breaker failure element asserts.

Be sure to include these station breaker failure trip bits in the trip equations of all 
circuit breakers you want to trip.

We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 2 for faults between the tie-breaker circuit breaker and the 
CT.

Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT CSL1 <Enter> 
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  <Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.155 Zone Configuration Group Settings (Continued)
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Figure 6.156 shows the combination of the coupler security logic and the zone 
supervision, with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the logic.

                    

Assume for this application that the maximum circuit breaker tripping time is 2 
cycles and that the maximum closing time is 3 cycles. Refer to Figure 6.156, and 
notice that Inputs CB52A1 and CBCLS1 provide the circuit breaker status and 
the closing signal information to the relay. These two inputs are in parallel, com-
plementing each other to provide accurate circuit breaker status during open-to-
close and close-to-open circuit breaker operations.

When the operator issues a closing signal to the circuit breaker, Input CBCLS1 
asserts, asserting Relay Word bit CBCLST1. We used CBCLST1 in the 
I01BZ1V, I01BZ2V, and I01BZ3V terminal-to-bus-zone settings. When Relay 
Word bits I01BZ1V, I01BZ2V, and I01BZ3V assert, the relay considers the CT in 
the differential calculations.

Set the timer dropout time (CBCLDO1) to a value longer than the maximum 
breaker closing time. In this example, allow a short safety margin and set 
CBCLDO1 to 5 cycles (default value). 

Inserting the CTs in the differential equations before primary current flows emu-
lates the early make, late break timing requirement for the disconnect auxiliary 
contacts. A setting of 5 cycles allows the circuit breaker ample time to change 
state, during which time the CB52A1 Relay Word bit asserts.

                    

Figure 6.156 Combination of the Coupler Security Logic and the Zone 
Supervision to Prevent the Loss of Two Zones
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When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 
use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 1 and Zone 3. However, because we supervise all Zone 
2 faults, premature removal of the CTs does not adversely affect Zone 2 differen-
tial elements.

Two tie-breaker operating conditions are possible: when the tie breaker connects 
between Busbar B1 and Busbar B2 (Disconnect Z891 and Disconnect Z892 are 
closed) or when the tie breaker connects between Busbar B2 and the Transfer 
busbar (Disconnect Z892 and Disconnect Z898 are closed).

The following discussion describes the prevention of the loss of Busbar 2 when 
the tie breaker connects between Busbar B1 and Busbar B2, but the same argu-
ment applies when a feeder is on transfer.

Figure 6.157 shows Busbar B1, Busbar B2, the tie breaker, and two of the four 
terminals at the station. The challenge to the coupler security logic is to trip Bus-
bar B1 and not Busbar B2 for Fault F1. This requirement contradicts the existing 
configuration because it calls for the coupler security logic to prevent the differ-
ential element of Busbar B2 from operating for an in-zone fault (fault on Busbar 
2), and for the differential element of Busbar B1 to operate for an out-of-zone 
fault (fault on Busbar 2).

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection B1 is stable, and differential protection B2 immediately 
trips the MADRID circuit breaker and the tie-breaker circuit breaker. However, 
tripping the MADRID circuit breaker and the tie-breaker circuit breaker does not 
clear Fault F1. Fault current still flows from the MILAN Feeder through Busbar 
B1 and into the fault. Although breaker failure protection will operate to trip the 

                    

Figure 6.157 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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MILAN circuit breaker, this operation takes place after the breaker failure time 
delay. After the tie-breaker breaker failure timer times out, all circuit breakers in 
B1 trip, resulting in both B1 and B2 tripping to clear Fault F1.

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in a way that trips bus-zone B2 only when the tie-breaker circuit 
breaker is open. To prevent tripping of bus-zone B2, configure the relay to 
achieve the following:

1. Check if the tie breaker is closed. If the tie breaker is closed, trip only 
the tie breaker to interrupt the fault current from B2; trip no other 
circuit breakers. If the tie breaker is open, allow normal busbar 
protection tripping.

2. When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of B2 and eventually B1.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 2 requires the following two settings:

➤ supervising the BZ2 differential element

➤ issuing a trip signal to the tie breaker first

Supervise the BZ2 differential element output with the negated output from the 
coupler security logic (Z2S := NOT CSL1). We assign 87R2, the unsupervised 
output from the BZ2 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.156 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
supervision from the BZ2 differential element. 

Supervising the BZ2 differential element in this way prevents the tripping of all 
terminals in BZ2, including the tie breaker. To still trip the tie breaker, include 
87R2, the unsupervised output from Differential Element 2, in the trip equation 
of the tie breaker.

After the tie breaker opens, we remove the tie-breaker CT from the differential 
calculations of BZ2, but not the BZ2 supervision. Maintain the BZ2 supervision 
for at least another 1.25 cycles (add a safety margin of 0.75 cycles) to allow the 
differential element to reset. Achieve this delay by setting ACTPPU1 to at least 4 
cycles.

For Fault F1, BZ2 operates, asserting Relay Word bit 87R2. When Relay Word 
bit 87R2 asserts, the accelerated trip timer starts timing. Because of the BZ2 zone 
supervision (NOT CSL1), 87Z2 cannot assert, and only the bus coupler circuit 
breaker receives a trip signal. 

Two cycles later, the tie breaker trips, interrupting the fault current contribution 
from BZ2. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ2V and eventually I01BZ1V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the bus 
coupler circuit breaker is open, but fault current still flows through the CT. BZ2 is 
stable when the relay removes the CTs because the bus coupler circuit breaker is 
open, and terminals from BZ2 no longer contribute to the fault. However, remov-
ing the CTs causes BZ1 to operate because the BZ1 balancing current from the 
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bus coupler CT disappeared. Removing the bus sectionalizer CTs also deasserts 
Relay Word bit 87R2, causing the accelerated trip timer to stop timing. Fault F1 
is now cleared, by tripping the correct busbar, although after a time delay. 

For Fault F2, the initial tripping is the same as for Fault F1: BZ2 operates, assert-
ing Relay Word bit 87R2. When Relay Word bit 87R2 asserts, the accelerated trip 
timer starts timing. Because of the BZ2 zone supervision (NOT CSL1), 87Z2 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.

Two cycles later, the tie breaker trips, and the auxiliary contact changes state at 
the same time. When the auxiliary contact changes state, Relay Word bit 
CB52A1 deasserts, causing Relay Word bits I01BZ2V and eventually I01BZ1V 
to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the 
relay removes the CTs from the differential calculations for BZ1 and BZ2. 
Because the bus coupler circuit breaker is open, terminals from BZ1 no longer 
contribute to the fault and BZ1 is stable. However, the BZ2 zone supervision 
(NOT CSL1) still supervises the BZ2 trip output for another two cycles. Two 
cycles later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
zone supervision from BZ2 and issuing a trip signal to all circuit breakers on 
Busbar 2.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.158 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?5 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN213 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ? <Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN214 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ? <Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R2 <Enter>
Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ? <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN202 <Enter>

Figure 6.158 Protection Group Settings for Application 7
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.159 shows the control output settings.

Breaker 03 Failure Logic
External Breaker Fail -BK03 (Y,N)                    EXBF03  := N      ?Y <Enter>
External Brkr Fail Init -BK03 (SELogic Equation)
XBF03 := NA
?  IN203 <Enter>
Breaker 04 Failure Logic
External Breaker Fail -BK04 (Y,N)                    EXBF04  := N      ?Y <Enter>
External Brkr Fail Init -BK04 (SELogic Equation)
XBF04 := NA
?  IN301<Enter>

External Breaker Fail -BK05 (Y,N)                    EXBF05  := N      ?Y <Enter>
External Brkr Fail Init -BK05 (SELogic Equation)
XBF05 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR 87R2 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.158 Protection Group Settings for Application 7 (Continued)
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This concludes the settings for Application 7.

Application 8: Double and Transfer Bus (Inboard CTs)
This application describes the busbar arrangement shown in Figure 6.160. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>

OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>

OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.159 Control Output Settings for Application 7
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description: Double bus with transfer busbar

➤ Current transformers: Bushing (inboard)

➤ Disconnects: 89A and 89B disconnect auxiliary contacts are 
available

➤ Bus coupler (tie breaker): Two CTs, configured in overlap

➤ Future expansion: Four feeders

                    

Figure 6.160 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Inboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT.

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. The SEL-487B offers a number of protection functions as standard 
features, but it also offers the capability through SELOGIC control equations for 
you to create user-configurable functions. Requirement 5 of the protection phi-
losophy calls for stable differential protection for all operating conditions. There 
are two network conditions when the differential protection can become unstable:

➤ when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ when the transfer disconnect of any feeder is closed

By following the correct operating sequence, and by declaring the appropriate 
conditions in the terminal-to-bus-zone and bus-zone-to-bus-zone connection set-
tings of the zone selection logic, the relay is stable for all operating conditions. 

Standard Functions
Refer to Protection Philosophy on page 6.208 and select the standard functions 
necessary for the application. Table 6.111 shows the selection of standard func-
tions.

                    

Table 6.111 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protection Yes Use the sensitive differential element as CT 
open-circuit detection.
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.28 to calculate the number of current channels at the station, and 
use Equation 6.29 to calculate the number of zones at the station.

                    

Equation 6.28

                    

Equation 6.29

The number of per-phase CTs at the station is 18 (tie breaker has six CT cores), 
so one SEL-487B suffices. However, the requirement for four future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need three relays. This is known as a three-relay appli-
cation. In a three-relay application, each relay provides six zones of protection 

Zone supervision logic No Not required. We achieve relay stability with 
terminal-to-bus-zone and bus-zone-to-bus-zone 
connection settings.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so 
this logic is not required.

Coupler security logic No Two CTs configured in overlap do not require 
the coupler security logic.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.111 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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for one of the three phases of the power system. For example, wire all the 
A-phase CTs to Relay 1, all the B-phase CTs to Relay 2, and all the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hardwire) the 
input and output contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required is therefore 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.30 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts. 

                    

Equation 6.30

Table 6.112 summarizes the input contact required for this application.

                    

The relay main board has seven inputs, an insufficient number of inputs for our 
application. Each interface board provides two sets of nine grouped inputs and 
six independent inputs. Use the grouped inputs for the disconnect auxiliary con-
tact inputs, and use the six independent inputs for future breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.113 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

Table 6.112 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Total number of inputs 30

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.113 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board output contacts are all standard output contacts. 
The interface boards have high-speed, high-interrupting output contacts that pro-
vide faster contact closure. Each interface board can provide six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign each circuit breaker trip output to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. From the 
output contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ The selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Assign each CT input to a specific relay analog channel

➤ Assign each disconnect input to specific relay inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.114 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.114 shows the assignment for the A-phase relay starting with 
the tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.160.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. Although there are three bus-
bars at the station, we only provide differential protection for Busbar B1 and Bus-
bar B2. Because the feeders have bushing CTs, the transfer busbar never forms 
part of the busbar protection. For the A-phase relay, we use two bus-zones with 
alias names as shown in Table 6.115.

                    

Input-to-Logic Allocation 
Table 6.112 shows that we require 30 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.116 and Table 6.117 show the disconnect auxiliary contact input alloca-
tions. Because Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are inde-
pendent inputs, we preserve these for future circuit breaker failure inputs.

                    

Table 6.114 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.115 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.116 Disconnect Contact Input Allocations (Sheet 1 of 2)

Input Description

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS_A) NO contact

IN209 TIE-BREAKER disconnect (TRANS_A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS_A) NO contact

IN218 MADRID terminal disconnect (TRANS_A) NC contact
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Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.117 shows the disconnect and auxiliary contact input allocations. 
Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are independent 
inputs, we preserve these inputs for future circuit breaker failure inputs.

                    

Assignment of the Selected Standard Logic
The following discussion references Table 6.111 in explaining each selected 
function. 

Disconnect Monitoring Logic 

Figure 6.161 shows the disconnect monitor logic circuit available in the relay. 
See Figure 6.120 for more information.

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS_A) NO contact

IN224 MILAN terminal disconnect (TRANS_A) NC contact

Table 6.116 Disconnect Contact Input Allocations (Sheet 2 of 2)

Input Description

Table 6.117 Disconnect Contact Input Allocations

Input Description

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.118 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

                    

Figure 6.161 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 TIE-BREAKER disconnect (TRANS_A) NO

89B03 TIE-BREAKER disconnect (TRANS _A) NC

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN _A disconnect (ZONE1_A) NC contact

89A08 MILAN _A disconnect (ZONE2_A) NO contact

89B08 MILAN _A disconnect (ZONE2_A) NC contact

89A09 MILAN _A disconnect (TRANS_A) NO contact

89B09 MILAN _A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME _A disconnect (ZONE1_A) NC contact

89A11 ROME _A disconnect (ZONE2_A) NO contact

89B11 ROME _A disconnect (ZONE2_A) NC contact

89A12 ROME _A disconnect (TRANS_A) NO contact

89B12 ROME _A disconnect (TRANS_A) NC contact

89A13 CAIRO _A disconnect (ZONE1_A) NO contact

89B13 CAIRO _A disconnect (ZONE1_A) NC contact

89A14 CAIRO _A disconnect (ZONE2_A) NO contact

89B14 CAIRO _A disconnect (ZONE2_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15



6.215

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 8: Double and Transfer Bus (Inboard CTs)

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.162 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.119 shows Relay Word bits and description for the zone differential pro-
tection outputs. Because of the bushing (inboard) CTs, we cannot provide differ-
ential protection for the transfer busbar.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.219 for more information). Table 6.120 shows the differential trip bit 
names and the associated terminal current channels.

                    

89A15 CAIRO _A disconnect (TRANS_A) NO contact

89B15 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.119 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.162 Differential Trip Logic for Differential Element 1

Table 6.120 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.113 shows the relay outputs we need for this application. We now link the 
appropriate relay logic outputs to specific relay output contacts. Table 6.121 
shows TEST and ALARM protection logic output assignment to the main board 
output contacts. Table 6.122 shows the linking of the trip logic outputs to the 
relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.122 shows the assignment of the A-phase relay out-
put terminals.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.163.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.121 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 
Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.122 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201 TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.163 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.164.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.165.

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.166.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.164 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.165 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>
29:
?  I03,MADRI_A <Enter>

30:
?  I04,MILAN_A <Enter>
31:
?  I05,ROME_A <Enter>

32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.167 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either the alias names or the 
primitive names when entering settings. 

The NUMBK setting declares the number of circuit breakers at the station. In our 
example, there are five circuit breakers at the station, and we set NUMBK to 5. 
Setting NUMBK to 5 makes five corresponding circuit breaker auxiliary input 
equations (52A01–52A05), and five corresponding trip equations (TR01–TR05) 
available for setting.

In this application, we do not require circuit breaker auxiliary contacts, therefore 
set all circuit breaker auxiliary input equations to NA. 

The NUMDS setting declares the number of disconnect monitor logics we need, 
not the number of disconnect inputs. In our example, we need 15 disconnect 
monitor logics. You can set each disconnect travel time individually with the 
89ALPpp setting (pp = 01–15). Travel time is the period during which both dis-
connect auxiliary contacts are in the open position. Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>
Alias

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>

Figure 6.167 Global Settings for Application 8
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This concludes the Global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes. In this example, the dynamic zone selection logic uses the disconnect 
auxiliary contacts status to determine the station configuration and assign the 
input currents from the CTs to the appropriate differential elements.

For each terminal, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays.

Because we wire a disconnect auxiliary contact to only one relay, jumper (hard-
wire) the contact to the two other relays. For example, when we close the busbar 
disconnect on the MILAN feeder, all three phases (MILAN_A, MILAN_B, and 

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>

N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ? <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ? <Enter>

N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.167 Global Settings for Application 8 (Continued)
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MILAN_C) operate together. Because the relay measures the three phases in 
three separate relays (phase MILAN_A in the A-phase relay, phase MILAN_B in 
B-phase relay, etc.), we need to convey the disconnect status to all three relays. 

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
feeder circuit breaker (e.g., Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to a fixed operating 
sequence. Because the operating sequence defines a set of operating rules, set-
tings engineers can decide on appropriate terminal-to-bus-zone and bus-zone-to-
bus-zone settings for each step. The following defines the operating sequence for 
this application; many other operating sequences are possible and in use:

1. Only one feeder will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, and G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. No busbar protection exists for the transfer busbar. The transfer 
busbar is always part of the line protection. This is the key statement 
from the setting viewpoint. By declaring appropriate terminal-to-bus-
zone connection conditions, we can prevent relay misoperation when 
putting a feeder on transfer. In particular, we do not assign a 
differential element for the transfer busbar. Remove channel I02 from 
Busbar B1 differential calculations when any transfer disconnect 
closes. 

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.168 shows the Zone 
configuration settings for this application. 

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>

Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Figure 6.168 Zone Configuration Group Settings for Application 8
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL02 AND 89CL01 AND NOT(89CL03 OR 89CL06 OR 89CL09 OR 89CL12 OR 89CL15) 

<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL04 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL07 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>

ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>

CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL14 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>

Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.168 Zone Configuration Group Settings for Application 8 (Continued)
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element, and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17 for more information).

Because we do not use the coupler security logic, overcurrent elements, terminal 
out of service, breaker failure protection, or voltage elements in this application, 
set ESCL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, 
and EADVS := N. 

Setting NUMBK equal to 5 makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.120) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.169 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>

Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.169 Protection Group Settings for Application 8
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.170 shows the control output settings.

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87BTR01 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>
Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR05 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? <Enter>
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.169 Protection Group Settings for Application 8 (Continued)
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This concludes the settings for Application 8.

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.170 Control Output Settings for Application 8
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Metering, Monitoring, and Reporting

The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n
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Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report
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➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.
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➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Settings

Section 12: Settings in the SEL-400 Series Relays Instruction Manual describes 
common platform settings. This section contains tables of relay settings for the 
SEL-487B relay.

The relay hides some settings based upon other settings. If you set an Enable set-
ting to OFF, for example, the relay hides all settings associated with that Enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in the applications sections of the instruction manual where appropriate.

The settings prompts in this section are similar to the ASCII terminal and 
ACSELERATOR QuickSet SEL-5030 Software prompts. The prompts in this sec-
tion are unabbreviated and show all possible setting options.

For information on using settings in protection and automation, see the examples 
in Section 6: Protection Application Examples. The section contains information 
on the following settings classes.

➤ Alias Settings on page 8.1

➤ Global Settings on page 8.3

➤ Zone Configuration Settings on page 8.7

➤ Group Settings on page 8.13

➤ Protection Freeform SELOGIC Control Equations on page 8.20

➤ Automation Freeform SELOGIC Control Equations on page 8.21

➤ Notes Settings on page 8.21

➤ Output Settings on page 8.21

➤ Front-Panel Settings on page 8.21

➤ Report Settings on page 8.24

➤ Port Settings on page 8.25

➤ DNP3 Settings—Custom Maps on page 8.25

Alias Settings
See Alias Settings on page 12.25 in the SEL-400 Series Relays Instruction Man-
ual for a complete description of alias settings. The SEL-487B supports aliases 
for terminal names and bus-zone names, in addition to Relay Word bits and ana-
log quantities. Table 8.1 lists the default alias settings for the SEL-487B.

                    

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.

Table 8.1 Default Alias Settings (Sheet 1 of 3)

Label Default Value

I01 FDR_1

I02 FDR_2

I03 FDR_3
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I04 TRFR_1

I05 TB_1

I06 TB_2

BZ1 BUS_1

BZ2 BUS_2

FBF01 F1_BF

FBF02 F2_BF

FBF03 F3_BF

FBF04 T1_BF

FBF05 TB1_BF

FBF06 TB2_BF

87Z1 Z1_TRIP

87Z2 Z2_TRIP

IN101 F1_BFI

IN102 F2_BFI

IN103 F3_BFI

IN104 T1_BFI

IN105 TB_BFI

PLT01 DIFF_EN

PLT02 BF_EN

PLT03 TNS_SW

87ST1 CTZ1_AN

87ST2 CTZ2_AN

SBFTR01 F1_BFT

SBFTR02 F2_BFT

SBFTR03 F3_BFT

SBFTR04 T1_BFT

SBFTR05 TB1_BFT

SBFTR06 TB2_BFT

87BTR01 F1_DPT

87BTR02 F2_ DPT

87BTR03 F3_ DPT

87BTR04 T1_ DPT

87BTR05 TB1_ DPT

87BTR06 TB2_ DPT

OUT101 F1_TRP

OUT102 F2_TRP

OUT103 F3_TRP

OUT104 T1_TRP

OUT105 TB_TRP

OUT107 TEST

Table 8.1 Default Alias Settings (Sheet 2 of 3)

Label Default Value
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Global Settings
                    

OUT108 NOALARM

TLED_1 87_DIFF

TLED_2 BK_FAIL

TLED_3 ZONE_1

TLED_4 ZONE_2

TLED_5 ZONE_3

TLED_6 ZONE_4

TLED_7 ZONE_5

TLED_8 ZONE_6

TLED_9 50_TRIP

TLED_10 51_TRIP

TLED_11 CT_ALRM

TLED_12 87_BLK

TLED_13 TOS

TLED_14 89_OIP

TLED_15 89_ALRM

TLED_16 PT_ALRM

TLED_17 27_LED

TLED_18 59_LED

TLED_19 V01_ON

TLED_20 V02_ON

TLED_21 V03_ON

TLED_22 FLT_LED

TLED_23 52_ALRM

TLED_24 IRIGLED

Table 8.1 Default Alias Settings (Sheet 3 of 3)

Label Default Value

Table 8.2 Global Settings Categories (Sheet 1 of 2)

Settings Reference

General Global Settings Table 8.3

Global Enables Table 8.4

Station DC Monitor Table 8.5

Control Inputs (Global) Table 8.6

Main Board Control Inputs Table 8.7

Interface Board #1 Control Inputs Table 8.8

Interface Board #2 Control Inputs Table 8.9

Interface Board #3 Control Inputs Table 8.10

Interface Board #4 Control Inputs Table 8.11

Settings Group Selection Table 8.12
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Time and Date Management Table 8.13

Data Reset Control Table 8.14

Breaker Inputs Table 8.15

Disconnects Inputs and Timers Table 8.16

DNP Table 8.18

Table 8.3 General Global Settings

Label Prompt Default Value

SID Station Identifier (40 characters) Station A

RID Relay Identifier (40 characters) Relay 1

CONAM Company Name (5 characters) abcde

NUMBK Number of Breakers (N, 1–21) 5

NUMDS Number of Disconnects (N, 1–60) N

NFREQ Nominal System Frequency (50, 60 Hz) 60

Table 8.4 Global Enables

Label Prompt Default Value

EDCMON Station DC Battery Monitor (Y, N) N

EICIS Independent Control Input Settings (Y, N) N

EDRSTC Data Reset Control (Y, N) N

EGADVS Advanced Global Settings (Y, N) N

Table 8.5 Station DC Monitor

Label Prompt Default Value

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) 100

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) 127

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) 137

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) 142

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) 9

DC1GF Ground Detection Factor (1.00–2.00) 1.05

Table 8.6 Control Inputs (Global)

Label Prompt Default Value Increment

GINPU Input Pickup Delay (0.0–30 ms) 2.0 0.5

GINDO Input Dropout Delay (0.0–30 ms) 2.0 0.5

Table 8.2 Global Settings Categories (Sheet 2 of 2)

Settings Reference
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Table 8.7 Main Board Control Inputs

Label Prompt Default Value Increment

IN101PU Input IN101 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN101DO Input IN101 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN107PU Input IN107 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN107DO Input IN107 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.8 Interface Board #1 Control Inputs

Label Prompt Default Value Increment

IN201PU Input IN201 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN201DO Input IN201 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN224PU Input IN224 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN224DO Input IN224 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.9 Interface Board #2 Control Inputs

Label Prompt Default Value Increment

IN301PU Input IN301 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN301DO Input IN301 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN324PU Input IN324 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN324DO Input IN324 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.10 Interface Board #3 Control Inputs

Label Prompt Default Value Increment

IN401PU Input IN401 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN401DO Input IN401 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN424PU Input IN424 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN424DO Input IN424 Dropout Delay (0.0–30 ms) 2.0a 0.5
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Table 8.11 Interface Board #4 Control Inputs

Label Prompt Default Value Increment

IN501PU Input IN501 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN501DO Input IN501 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN524PU Input IN524 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN524DO Input IN524 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.12 Settings Group Selection

Label Prompt Default Value

SS1 Select Setting Group 1 (SELOGIC Equation) NA

SS2 Select Setting Group 2 (SELOGIC Equation) NA

SS3 Select Setting Group 3 (SELOGIC Equation) NA

SS4 Select Setting Group 4 (SELOGIC Equation) NA

SS5 Select Setting Group 5 (SELOGIC Equation) NA

SS6 Select Setting Group 6 (SELOGIC Equation) NA

TGR Group Change Delay (1–54000 cycles) 180

Table 8.13 Time and Date Management

Label Prompt Default Value

DATE_F Date Format (MDY, YMD, DMY) MDY

IRIGC IRIG-B Control Bits Definition (NONE, C37.118) NONE

UTCOFFa

a All data, reports, and commands from the relay are displayed in local time, referenced to an 
internal UTC master clock. Use the UTCOFF setting to specify the time offset from UTC time 
reference with respect to the relay location. (The only data still displayed in UTC time is 
streaming IEC 61850 data.)

Offset From UTC to Local Time (–15.5 to 15.5) –8

BEG_DSTb

b The BEG_DST (and END_DST) daylight-saving time setting consists of four fields or OFF: 
hh = local time hour (0–23); defines when daylight-saving time begins.
n = the week of the month when daylight-saving time begins (1–3, L); occurs in either the 1st, 

2nd, 3rd, or last week of the month.
d = day of week (1–7); Sunday is the first day of the week.
mm = month (1–12).
OFF = hides the daylight-saving time settings.

Begin DST (hh, n, d, mm, or OFF) "2, 2, 1, 3"

END_DST End DST (hh, n, d, or mm) "2, 1, 1, 11"

Table 8.14 Data Reset Control

Label Prompt Default Value

RST_BAT Reset Battery Monitoring (SELOGIC Equation) NA

RSTTRGT Target Reset (SELOGIC Equation) NA

RSTDNPE Reset DNP Fault Summary Data (SELOGIC Equation) TRGTR

RST_HAL Reset Warning Alarm Pulsing (SELOGIC Equation) NA



8.7

Date Code 20230830 Instruction Manual SEL-487B Relay

Settings
Zone Configuration Settings

                    

                    

                    

                    

Make Table 8.19 settings when advanced Global settings are enabled 
(EGADVS := Y) and only for unique system configurations. Changing the 
OPHDO setting affects the filtered current level that declares an open phase, 
which has effects throughout the protection logic. SEL recommends leaving the 
OPHDO setting at the default value.

                    

Zone Configuration Settings
The following zone configuration settings are the default settings for all six settings 
groups. You can set each of the six zone configuration settings groups independently.

Table 8.15 Breaker Inputs

Label Prompt Default Value

52A01 N/O Contact Input–BK01 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

52A21 N/O Contact Input–BK21 (SELOGIC Equation) NA

Table 8.16 Disconnect Inputs

Label Prompt Default Value Increment

89A01 N/O Contact Inputs–DS01 (SELOGIC Equation) NA

89B01 N/C Contact Inputs–DS01 (SELOGIC Equation) NA

89ALP01 DS01 Alarm Pickup Delay (0–99999 cyc) 300 1

•
•
•

•
•
•

•
•
•

89A60 N/O Contact Inputs–DS60 (SELOGIC Equation) NA

89B60 N/C Contact Inputs–DS60 (SELOGIC Equation) NA

89ALP60 DS60 Alarm Pickup Delay (0–99999 cyc) 300 1

Table 8.17 Access Control

Label Prompt Default Value

EACC Enable ACC access level (SELOGIC Equation) 1

E2AC Enable ACC–2AC access levels (SELOGIC Equation) 1

Table 8.18 DNP

Label Prompt Default Value Increment

EVELOCK Event Summary Lock Period (0–1000 s) 0 1

DNPSRC DNP Session Time Base (LOCAL,UTC) UTC

Table 8.19 Open-Phase Logic

Setting Prompt Default Value

OPHDOa

a Range and default value shown are for a 5 A relay. For a 1 A relay, divide the range and default 
value by 5.

Line Open Phase Threshold (0.01–5 A, sec) 0.2
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Table 8.20 Zone Configuration Settings Categories

Settings Reference

Potential Transformer Ratios Table 8.21

Current Transformer Ratios Table 8.22

Terminal-to-Bus-Zone Connections Table 8.23, Table 8.24

Bus-Zone-to-Bus-Zone Connections Table 8.25, Table 8.26

Zone Supervision Table 8.27

Zone Switching Supervision Table 8.28

Zone Open CT Detection Table 8.29

Check Zone Configuration and Terminal-to-Check-Zone Connections Table 8.30, Table 8.31

Check Zone Supervision Table 8.32

Current Normalization Factor a

a This setting is included here because it appears in the read-back information as TAPnn values 
(nn = 01–21). However, the user cannot set these values; the SEL-487B calculates these internally 
using the nominal current and CT ratios. See Section 5: Protection Functions for more 
information.

Table 8.21 Potential Transformer Ratios

Label Prompt Default Value

PTR1 Potential Transformer Ratio–V01 (1–10000) 2000

PTR2 Potential Transformer Ratio–V02 (1–10000) 2000

PTR3 Potential Transformer Ratio–V03 (1–10000) 2000

Table 8.22 Current Transformer Ratios

Label Prompt Default Value

CTR01 Current Transformer Ratio–I01 (1–50000) 600

CTR02 Current Transformer Ratio–I02 (1–50000) 600

•
•
•

•
•
•

•
•
•

CTR21 Current Transformer Ratio–I21 (1–50000) 600

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

I01BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_1, BUS_1,P

I01BZ1V FDR_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS01

I02BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_2, BUS_1,P

I02BZ1V FDR_2 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS02

I03BZ2C Terminal, Bus-Zone, Polarity (P, N) FDR_3, BUS_2,P

I03BZ2V FDR_3 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS03

I04BZ2C Terminal, Bus-Zone, Polarity (P, N) TRFR_1, BUS_2,P

I04BZ2V TRFR_1 to BUS_2 Connection (SELOGIC Equa-
tion)

DIFF_EN AND NOT TOS04

I05BZ1C Terminal, Bus-Zone, Polarity (P, N) TB_1, BUS_1,P

I05BZ1V TB_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05
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I06BZ2C Terminal, Bus-Zone, Polarity (P, N) TB_2, BUS_2,P

I06BZ2V TB_2 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05

•
•
•

•
•
•

•
•
•

InnBZpCa, b Terminal, Bus-Zone, Polarity (P, N) None

InnBZpV Inn to BZp Connection (SELOGIC Equation) NA

a nn = 1–21.
b p = 1–6.

Table 8.24 Terminal-to-Bus-Zone Connections, QuickSet View

Label Prompt Default Value

CT01BZ1 Connect Terminal 01 to Bus-Zone 1 (Select: Y, N) Y

TBZT1 Terminal I01 FDR_1d

TBZB1 Bus-Zone BZ1 BUS_1d

TBZP1 Polarity I01-BZ1 (Select: P, N) P

I01BZ1V Terminal to Bus Connection Logic (SELOGIC Equation) DIFF_EN AND 
NOT TOS01

CT01BZ2 Connect Terminal 01 to Bus-Zone 2 (Select: Y, N) N

TBZT2 Terminal I01 d

TBZB2 Bus-Zone BZ2 d

TBZP2 Polarity I01-BZ2 (Select: P,N) P

I01BZ2V Terminal to Bus Connection Logic (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

CTnnBZpa,b

a nn = 1–21.
b p = 1–6.

Connect Terminal nn to Bus-Zone p (Select: Y, N) Y

TBZTbc

c b = 1–126. The setting shown in the Terminal Emulation Program, InnBZpC, is equivalent to the 
combination of the three block settings: TBZTb, TBZBb, TBZPb. These settings are separated 
into 126 blocks in the QuickSet view to show configuration options for every terminal to bus-zone 
connection option. (21 terminals • 6 bus zones = 126 blocks). 

Terminal Inn d

d This setting is shown for clarity and not user configurable. It is active when CTnnBZp = Y and 
defaults to the terminal, bus, or alias name. 

TBZBbc Bus-Zone BZp d

TBZPbc Polarity Inn-BZp (Select: P, N) P

InnBZpVa,b Terminal to Bus Connection Logic (SELOGIC Equation) NA

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

BZpBZmCa, b Bus-Zone, Bus-Zone None

BZpBZmVa, b BZp to BZm Connection (SELOGIC Equation) NA

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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BZpBZmRa, b Connection to Remove Terminals when BZp and BZm 
merge (SELOGIC Equation)

NA

BZpBZmMa, b Terminals Removed when BZp and BZm Bus-Zones 
merge (Ter k,. . .,Ter n)c

None

BZpBZmTa, b Trip Terminals Ter k, . . ., Ter n (Y, N) N

a p = 1–6.
b m = 1–6.
c Terminal k, Terminal 1, or Terminal n (maximum of four terminals from 01–21).

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 1 of 2)

Label Prompt Default Value

CBZ1BZ2 Connect Bus-Zone 1 to Bus-Zone 2 (Select: Y, N) N

BZBZ11 Bus-Zone BZ1 BUS_1a

BZBZ21 Bus-Zone BZ2 BUS_2a

BZ1BZ2V Bus to Bus Connection Logic (SELOGIC Equation) NA

BZ1BZ2R Removed Terminal Logic (SELOGIC Equation) NA

CPT11 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT21 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT31 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT41 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

BZBZT1 Trip Selected Terminal(s) above? (Select: Y, N) N

•
•
•

•
•
•

•
•
•

CBZpBZmb, c Connect Bus-Zone p to Bus-Zone m (Select: Y, N) N

BZBZ1bd Bus-Zone BZp BZpa

BZBZ2b Bus-Zone BZm BZma

BZpBZmV Bus to Bus Connection Logic (SELOGIC Equation) NA

BZpBZmR Removed Terminal Logic (SELOGIC Equation) NA

CPT1be Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT2b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT3b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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CPT4b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

BZBZTb Trip Selected Terminal(s) above? (Select: Y, N) N

a This setting is shown for clarity and not user configurable. It is active when CBZpBZm =Y and 
defaults to the bus or alias name.

b p = 1–6.
c m = 1–6.
d b = 1–15. These settings are separated into 15 blocks in the QuickSet view to show configuration 

options for every bus-zone-to-bus-zone connection option.
e The setting shown in the Terminal Emulation Program, BZpBZmM, is equivalent to the 

combination of the four QuickSet block settings: CPT1b, CPT2b, CPT3b, CPT4b.

Table 8.27 Zone Supervision 

Label Prompt Default Value

E87ZSUP Differential Element Zone Supervision (Y, N) N

Z1S Zone 1 Supervision (SELOGIC Equation) 1

Z2S Zone 2 Supervision (SELOGIC Equation) 1

Z3S Zone 3 Supervision (SELOGIC Equation) 1

Z4S Zone 4 Supervision (SELOGIC Equation) 1

Z5S Zone 5 Supervision (SELOGIC Equation) 1

Z6S Zone 6 Supervision (SELOGIC Equation) 1

Table 8.28 Zone Switching Supervision

Label Prompt Default Value

EZSWSUP Zone Switching Supervision (Y, N) N

ZSWO Zone Switching Operation (SELOGIC Equation) NA

RZSWOAL Reset Zone Switching Op Alarm (SELOGIC Equation) NA

ZSWOPU Zone Switching Op Pickup Delay (0–99999 cyc) 1800

Table 8.29 Zone Open CT Detection

Label Prompt Default Value

ROCTZ1 Reset Zone 1 Open CT Detector (SELOGIC Equation) RSTOCT1

ROCTZ2 Reset Zone 2 Open CT Detector (SELOGIC Equation) RSTOCT2

ROCTZ3 Reset Zone 3 Open CT Detector (SELOGIC Equation) RSTOCT3

ROCTZ4 Reset Zone 4 Open CT Detector (SELOGIC Equation) RSTOCT4

ROCTZ5 Reset Zone 5 Open CT Detector (SELOGIC Equation) RSTOCT5

ROCTZ6 Reset Zone 6 Open CT Detector (SELOGIC Equation) RSTOCT6

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 2 of 2)

Label Prompt Default Value
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Table 8.30 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
Terminal Emulation Program View

Label Prompt Default Value

ECHKZN Enable Check Zones at Station (Y, N) N

InnCZpCa, b

a nn = 1–21.
b p = 1–3.

Terminal, Check-Zone, Polarity (P, N) None

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqRb, c

c q = 1–4.

Include Coupler q in Check Zone p (SELOGIC Equation) NA

CZpqMa, b, c Inn to CZp Connection (SELOGIC Equation)

Table 8.31 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
QuickSet View

Label Prompt Default Value

CT01CZ1 Connect Terminal 1 to Check-Zone 1 (Select: Y, N) N

TCZT1 Terminal I01 FDR_1a

a This setting is shown for clarity and not user configurable. It is active when CTnnCZp = Y and 
defaults to the terminal, check zone or alias name.

TCZC1 Check Zone CZ1 CZ1a

TCZP1 Polarity I01-CZ1 (Select: P, N) P

•
•
•

•
•
•

•
•
•

CTnnCZpb,c

b nn = 1–21.
c p = 1–3.

Connect Terminal Inn to Check-Zone p (Select: Y, N) N

TCZTbd

d b = 1–63. These settings are separated into 63 blocks in the QuickSet view to show configuration 
options for every terminal-to-check-zone connection option (21 terminals • 3 check zones). The 
setting shown in the Terminal Emulation Program, InnCZpC, is equivalent to the combination of 
the three QuickSet block settings: TCZTb, TCZCb, TCZPb.

Terminal Inn Inna

TCZCb Check Zone CZp CZpa

TCZPb Polarity Inn-CZp (Select: P, N) P

Table 8.32 Check Zone Supervision

Label Prompt Default Value

E87CZSP Differential Element Check Zone Supervision (Y, N) N

CZnSa

a n = 1–3.

Check Zone n Supervision (SELOGIC Control Equation)b

b 0 is not a valid value for this setting.

1
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Table 8.33 Group Settings Categories 

Settings Reference

Relay Configuration Table 8.34

Sensitive Differential Elements Table 8.35

Check Zone Sensitive Differential Elements Table 8.36

Restrained Differential Elements Table 8.37

Check Zone Restrained Differential Elements Table 8.38

Phase Directional Element Table 8.39

Coupler Security Logic Table 8.40

Terminal Out of Service Table 8.41

Breaker Failure Logic Table 8.42

Definite-Time Overcurrent Elements Table 8.43

Inverse-Time Overcurrent Elements Table 8.44

Under- and Overvoltage Elements Table 8.45, 
Table 8.46

Trip Logic Table 8.47

Table 8.34 Relay Configuration 

Label Prompt Default Value

E87SSUP Sensitive Differential Element Supervision (Y, N) Y

ECSL Coupler Security Logic (N, 1–4) N

ETOS Terminal Out of Service (N, 1–21) 5

EBFL Breaker Failure Logic (N, 1–21) 6

E50 Definite-Time Overcurrent Elements (N, 1–21) N

E51 Inverse-Time Overcurrent Elements (N, 1–21) N

EADVS Advanced Settings (Y, N) N

E27 Enable Under Voltage Elements (N, 1–6) N

E59 Enable Over Voltage Elements (N, 1–6) N

Table 8.35 Sensitive Differential Elements

Label Prompt Default Value Increment

S87P Sensitive Differential Element Pickup (0.05–1 pu) 0.10 0.01

87STPU 87S Timer Pickup Delay (50–6000 cyc) 300 1

Table 8.36 Check Zone Sensitive Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZS87P Check Zone Sensitive Differential Element 
Pickup (0.05–1 pu)

0.10 0.01

CZ87STP Check Zone 87S Time Pickup Delay 
(50–6000 cyc)

300 1
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Table 8.37 Restrained Differential Elements

Label Prompt Default Value Increment

O87P Restrained Diff Element Pickup (0.10–4 pu) 1.00 0.01

SLP1 Restrained Slope 1 Percentage (15–90%) 60 1

SLP2 Restrained Slope 2 Percentage (50–90%) 80 1

RTDI Incr Restrained Current Threshold (0.10–10 pu) 1.20 0.01

OPDI Incr Operating Current Threshold (0.10–10 pu) 1.20 0.01

Table 8.38 Check Zone Restrained Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZO87P Check Zone Restrained Diff Element Pickup 
(0.10–4 pu)

1.00 0.01

CZSLP1 Check Zone Restrained Slope 1 Percentage
(5–90%)

60 1

CZSLP2 Check Zone Restrained Slope 2 Percentage
(15–90%)

80 1

CZRTDI Check Zone Incr Restrained Current Threshold 
(0.10–10 pu)

1.20 0.01

CZOPDI Check Zone Incr Operating Current Threshold 
(0.10–10 pu)

1.20 0.01

Table 8.39 Phase Directional Element

Label Prompt Default Value Increment

50DSP Dir Element O/C Supervision Pickup (0.05–3 pu) 0.05 0.01

Table 8.40 Coupler Security Logic (1–4)

Label Prompt Default Value Increment

CB52A1 Coupler 1 Status (SELOGIC Equation) NA

CB52DO1 Coupler 1 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS1 Coupler 1 Close Command (SELOGIC Equation) NA

CBCLDO1 Coupler 1 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP1 Coupler 1 Acc Trip (SELOGIC Equation) NA

ACTPPU1 Coupler 1 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083

•
•
•

•
•
•

•
•
•

•
•
•

CB52A4 Coupler 4 Status (SELOGIC Equation) NA

CB52DO4 Coupler 4 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS4 Coupler 4 Close Command (SELOGIC Equation) NA

CBCLDO4 Coupler 4 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP4 Coupler 4 Acc Trip (SELOGIC Equation) NA

ACTPPU4 Coupler 4 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083
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Table 8.41 Terminal Out of Service (1–21)

Label Prompt Default Value

TOS01 Terminal 01 Out-of-Service (SELOGIC Equation) LB01 

TOS02 Terminal 02 Out-of-Service (SELOGIC Equation) LB02 

TOS03 Terminal 03 Out-of-Service (SELOGIC Equation) LB03 

TOS04 Terminal 04 Out-of-Service (SELOGIC Equation) LB04 

TOS05 Terminal 05 Out-of-Service (SELOGIC Equation) LB05 

TOS06 Terminal 06 Out-of-Service (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TOS21 Terminal 21 Out-of-Service (SELOGIC Equation) NA

Table 8.42 Breaker Failure Logic (1–21) (Sheet 1 of 4)

Label Prompt Default Value Increment

Breaker 01 Failure Logic

EXBF01 External Breaker Fail–BK01 (Y, N) N

XBF01 External Brkr Fail Init–BK01 (SELOGIC Equation) NA

50FP01 Fault Current Pickup–BK01 (0.50–50 amps, sec) 3.00 0.01

BFPU01 Brkr Fail Init Pickup Delay–BK01 (0.00–6000 cyc) 6.00 0.083

RTPU01 Retrip Delay–BK01 (0.00–6000 cyc) 3.00 0.083

BFI01 Breaker Fail Initiate–BK01 (SELOGIC Equation) F1_BFI AND 
BF_EN

ATBFI01 Alt Breaker Fail Initiate–BK01 (SELOGIC Equa-
tion)

NA

EBFIS01 Breaker Fail Initiate Seal-In–BK01 (Y, N) N

BFISP01 Breaker Fail Init Seal-In Delay–BK01 (0.00–
1000 cyc)

0.50 0.083

BFIDO01 Brkr Fail Init Dropout Delay–BK01 (0.00–
1000 cyc)

1.50 0.083

Breaker 02 Failure Logic

EXBF02 External Breaker Fail–BK02 (Y, N) N

XBF02 External Brkr Fail Init–BK02 (SELOGIC Equation) NA

50FP02 Fault Current Pickup–BK02 (0.50–50 amps, sec) 3.00 0.01

BFPU02 Brkr Fail Init Pickup Delay–BK02 (0.00–6000 cyc) 6.00 0.083

RTPU02 Retrip Delay–BK02 (0.00–6000 cyc) 3.00 0.083

BFI02 Breaker Fail Initiate–BK02 (SELOGIC Equation) F2_BFI AND 
BF_EN

ATBFI02 Alt Breaker Fail Initiate–BK02 (SELOGIC Equa-
tion)

NA

EBFIS02 Breaker Fail Initiate Seal-In–BK02 (Y, N) N

BFISP02 Breaker Fail Init Seal-In Delay–BK02 (0.00–
1000 cyc)

0.50 0.083

BFIDO02 Brkr Fail Init Dropout Delay–BK02 (0.00–
1000 cyc)

1.50 0.083
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Breaker 03 Failure Logic

EXBF03 External Breaker Fail–BK03 (Y, N) N

XBF03 External Brkr Fail Init–BK03 (SELOGIC Equation) NA

50FP03 Fault Current Pickup–BK03 (0.50–50 amps, sec) 3.00 0.01

BFPU03 Brkr Fail Init Pickup Delay–BK03 (0.00–6000 cyc) 6.00 0.083

RTPU03 Retrip Delay–BK03 (0.00–6000 cyc) 3.00 0.083

BFI03 Breaker Fail Initiate–BK03 (SELOGIC Equation) F3_BFI AND 
BF_EN

ATBFI03 Alt Breaker Fail Initiate–BK03 (SELOGIC Equa-
tion)

NA

EBFIS03 Breaker Fail Initiate Seal-In–BK03 (Y, N) N

BFISP03 Breaker Fail Init Seal-In Delay–BK03 (0.00–
1000 cyc)

0.50 0.083

BFIDO03 Brkr Fail Init Dropout Delay–BK03 (0.00–
1000 cyc)

1.50 0.083

Breaker 04 Failure Logic

EXBF04 External Breaker Fail–BK04 (Y, N) N

XBF04 External Brkr Fail Init–BK04 (SELOGIC Equation) NA

50FP04 Fault Current Pickup–BK04 (0.50–50 amps, sec) 3.00 0.01

BFPU04 Brkr Fail Init Pickup Delay–BK04 (0.00–6000 cyc) 6.00 0.083

RTPU04 Retrip Time Delay–BK04 (0.00–6000 cyc) 3.00 0.083

BFI04 Breaker Fail Initiate–BK04 (SELOGIC Equation) T1_BFI AND 
BF_EN

ATBFI04 Alt Breaker Fail Initiate–BK04 (SELOGIC Equa-
tion)

NA

EBFIS04 Breaker Fail Initiate Seal-In–BK04 (Y, N) N

BFISP04 Breaker Fail Init Seal-In Delay–BK04 (0.00–
1000 cyc)

0.50 0.083

BFIDO04 Brkr Fail Init Dropout Delay–BK04 (0.00–
1000 cyc)

1.50 0.083

Breaker 05 Failure Logic

EXBF05 External Breaker Fail–BK05 (Y, N) N

XBF05 External Brkr Fail Init–BK05 (SELOGIC Equation) NA

50FP05 Fault Current Pickup–BK05 (0.50–50 amps, sec) 3.00 0.01

BFPU05 Brkr Fail Init Pickup Delay–BK05 (0.00–
6000 cyc)

6.00 0.083

RTPU05 Retrip Delay–BK05 (0.00–6000 cyc) 3.00 0.083

BFI05 Breaker Fail Initiate–BK05 (SELOGIC Equation) TB_BFI AND 
BF_EN

ATBFI05 Alt Breaker Fail Initiate–BK05 (SELOGIC Equa-
tion)

NA

EBFIS05 Breaker Fail Initiate Seal-In–BK05 (Y, N) N

BFISP05 Breaker Fail Init Seal-In Delay–BK05 (0.00–
1000 cyc)

0.50 0.083

BFIDO05 Brkr Fail Init Dropout Delay–BK05 (0.00–
1000 cyc)

1.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 2 of 4)

Label Prompt Default Value Increment
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Breaker 06 Failure Logic

EXBF06 Enable External Breaker Fail–BK06 (Y, N) N

XBF06 External Brkr Fail Init–BK06 (SELOGIC Equation) NA

50FP06 Fault Current Pickup–BK06 (0.50–50 amps, sec) 3.00 0.01

BFPU06 Brkr Fail Init Pickup Delay–BK06 (0.00–6000 cyc) 6.00 0.083

RTPU06 Retrip Delay–BK06 (0.00–6000 cyc) 3.00 0.083

BFI06 Breaker Fail Initiate–BK06 (SELOGIC Equation) IN106 AND 
BF_EN

ATBFI06 Alt Breaker Fail Initiate–BK06 (SELOGIC Equa-
tion)

NA

EBFIS06 Breaker Fail Initiate Seal-In–BK06 (Y, N) N

BFISP06 Breaker Fail Init Seal-In Delay–BK06 (0.00–
1000 cyc)

0.50 0.083

BFIDO06 Brkr Fail Init Dropout Delay–BK06 (0.00–
1000 cyc)

1.50 0.083

Breaker 07 Failure Logic

EXBF07 External Breaker Fail–BK07 (Y, N) N

XBF07 External Brkr Fail Init–BK07 (SELOGIC Equation) NA

50FP07 Fault Current Pickup–BK07 (0.50–50 amps, sec) 3.00 0.01

BFPU07 Brkr Fail Init Pickup Delay–BK07 (0.00–6000 cyc) 6.00 0.083

RTPU07 Retrip Delay–BK07 (0.00–6000 cyc) 3.00 0.083

BFI07 Breaker Fail Initiate–BK07 (SELOGIC Equation) NA

ATBFI07 Alt Breaker Fail Initiate–BK07 (SELOGIC Equa-
tion)

NA

EBFIS07 Breaker Fail Initiate Seal-In–BK07 (Y, N) N

BFISP07 Breaker Fail Init Seal-In Delay–BK07 (0.00–
1000 cyc)

0.50 0.083

BFIDO07 Brkr Fail Init Dropout Delay–BK07 (0.00–
1000 cyc)

1.50 0.083

Breaker 08 Failure Logic

EXBF08 External Breaker Fail–BK08 (Y, N) Y

XBF08 External Brkr Fail Init–BK08 (SELOGIC Equation) NA

50FP08 Fault Current Pickup–BK08 (0.50–50 amps, sec) 3.00 0.01

BFPU08 Brkr Fail Init Pickup Delay–BK08 (0.00–6000 cyc) 6.00 0.083

RTPU08 Retrip Delay–BK08 (0.00–6000 cyc) 3.00 0.083

BFI08 Breaker Fail Initiate–BK08 (SELOGIC Equation) NA

ATBFI08 Alt Breaker Fail Initiate–BK08 (SELOGIC Equa-
tion)

NA

EBFIS08 Breaker Fail Initiate Seal-In–BK08 (Y, N) N

BFISP08 Breaker Fail Init Seal-In Delay–BK08 (0.00–
1000 cyc)

0.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 3 of 4)

Label Prompt Default Value Increment
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BFIDO08 Brkr Fail Init Dropout Delay–BK08 (0.00–
1000 cyc)

1.50 0.083

•
•
•

•
•
•

•
•
•

•
•
•

Breaker 21 Failure Logic

EXBF21 External Breaker Fail–BK21 (Y, N) Y

XBF21 External Brkr Fail Init–BK21 (SELOGIC Equation) NA

50FP21 Fault Current Pickup–BK21 (0.50–50 amps, sec) 3.00 0.01

BFPU21 Brkr Fail Init Pickup Delay–BK21 (0.00–6000 cyc) 6.00 0.083

RTPU21 Retrip Delay–BK21 (0.00–6000 cyc) 3.00 0.083

BFI21 Breaker Fail Initiate–BK21 (SELOGIC Equation) NA

ATBFI21 Alt Breaker Fail Initiate–BK21 (SELOGIC Equa-
tion)

NA

EBFIS21 Breaker Fail Initiate Seal-In–BK21 (Y, N) N

BFISP21 Breaker Fail Init Seal-In Delay–BK21 (0.00–
1000 cyc)

0.50 0.083

BFIDO21 Brkr Fail Init Dropout Delay–BK21 (0.00–
1000 cyc)

1.50 0.083

Table 8.43 Definite-Time Overcurrent Elements 

Label Prompt Default Value Increment

50P01P Terminal 01 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P01D Terminal 01 Pickup Delay (0.00–99999 cyc) 10.00 0.167

•
•
•

•
•
•

•
•
•

•
•
•

50P21P Terminal 21 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P21D Terminal 21 Pickup Delay (0.00–99999 cyc) 10.00 0.167

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 1 of 2)

Label Prompt Default Value

51O01 Inverse Time O/C 01 Operate Quantity I01FIM

51P01a Inverse Time O/C 01 Pickup (SELOGIC Equation)
(0.25–16 A, sec)

0.50

51C01 Inverse Time O/C 01 Curve (U1–U5, C1–C5) U1

51TD01 Inverse Time O/C 01 Time Dial (0.50–15) [U1–U5]

or

Inverse Time O/C 01 Time Dial (0.05–1) [C1–C5]

0.50

51RS01 Inverse Time O/C 01 EM Reset (Y, N) Y

51TC01 Inverse Time O/C 01 Torque Cont (SELOGIC Equation) 1

•
•
•

•
•
•

•
•
•

51O21 Inverse Time O/C 21 Operate Quantity I21FIM

Table 8.42 Breaker Failure Logic (1–21) (Sheet 4 of 4)

Label Prompt Default Value Increment
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51P21a Inverse Time O/C 21 Pickup (SELOGIC Equation)
(0.50–16 A, sec)

0.50

51C21 Inverse Time O/C 21 Curve (U1–U5, C1–C5) U1

51TD21 Inverse Time O/C 21 Time Dial (0.50–15) [U1–U5] 

or

Inverse Time O/C 21 Time Dial (0.05–1) [C1–C5]

0.50

51RS21 Inverse Time O/C 21 EM Reset (Y, N) Y

51TC21 Inverse Time O/C 21 Torque Cont (SELOGIC Equation) 1

a The acceptable range of result of the math equation must be within specific limits depending on 
the nominal current. For 5 A nominal current input, the range is 0.25–16.0 A, sec. For 1 A nominal 
current input, 0.05–3.2 A, sec. See Section 5: Protection Functions for more information.

Table 8.45 Undervoltage Elements 

Label Prompt Default Value Increment

270na

a n = 1–6.

U/V Element n Operating Quantity V1FIM

27PnP1a U/V Element n Level 1 P/U (2.00–300 V, sec) 20.00 0.01

27TCna U/V Element n Torque Control (SELOGIC Eqn) 1

27PnD1a U/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

27PnP2a U/V Element n Level 2 P/U (2.00–300 V, sec) 15.00 0.01

Table 8.46 Overvoltage Elements 

Label Prompt Default Value Increment

590na

a n = 1–6.

O/V Element n Operating Quantity V1FIM

59PnP1a O/V Element n Level 1 P/U (2.00–300 V, sec) 76.00 0.01

59TCna O/V Element n Torque Control (SELOGIC Eqn) 1

59PnD1a O/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

59PnP2a O/V Element n Level 2 P/U (2.00–300 V, sec) 80.00 0.01

Table 8.47 Trip Logic (Sheet 1 of 2)

Label Prompt Default Value Increment

TR01 Trip 01 (SELOGIC Equation) F1_BFT OR F1_DPT

ULTR01 Unlatch Trip 01 (SELOGIC Equation) NA

TR02 Trip 02 (SELOGIC Equation) F2_BFT OR F2_DPT

ULTR02 Unlatch Trip 02 (SELOGIC Equation) NA

TR03 Trip 03 (SELOGIC Equation) F3_BFT OR F3_DPT

ULTR03 Unlatch Trip 03 (SELOGIC Equation) NA

TR04 Trip 04 (SELOGIC Equation) T1_BFT OR T1_DPT

ULTR04 Unlatch Trip 04 (SELOGIC Equation) NA

TR05 Trip 05 (SELOGIC Equation) TB1_BFT OR TB1_DPT OR 
TB2_BFT OR TB2_DPT

ULTR05 Unlatch Trip 05 (SELOGIC Equation) NA

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 2 of 2)

Label Prompt Default Value
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Protection Freeform SELOGIC Control Equations
The following protection freeform SELOGIC control equation settings are the 
default settings for all six settings groups. You can set each of the six protection 
freeform SELOGIC control equation settings groups independently. See Multiple 
Setting Groups on page 12.4 in the SEL-400 Series Relays Instruction Manual.

                    

TR06 Trip 06 (SELOGIC Equation) NA

ULTR06 Unlatch Trip 06 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TR21 Trip 21 (SELOGIC Equation) NA

ULTR21 Unlatch Trip 21 (SELOGIC Equation) NA

TDURD Minimum Trip Duration Time Delay
(2.000–8000 cyc)

12.000 0.083

ER Event Report Trigger Equation 
(SELOGIC Equation)

R_TRIG 87ST 

Table 8.47 Trip Logic (Sheet 2 of 2)

Label Prompt Default Value Increment

Table 8.48 Protection Freeform SELOGIC Control Equations

Label Default Value

PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED

PLT01R := PCT02Q AND DIFF_EN AND NOT PLT04

PLT02S := NOT BF_EN AND PLT05 # BREAKER FAILURE ENABLED

PLT02R := PCT03Q AND BF_EN AND NOT PLT05

PLT03S := NOT TNS_SW AND PLT06 # RELAY TEST MODE

PLT03R := PCT04Q AND TNS_SW AND NOT PLT06

PLT04S := PB1_PUL AND NOT DIFF_EN # ONLY ONE OP PER PB1 PRESS

PLT04R := PB1_PUL AND DIFF_EN

PLT05S := PB2_PUL AND NOT BF_EN # ONLY ONE OP PER PB2 PRESS

PLT05R := PB2_PUL AND BF_EN

PLT06S := PB4_PUL AND NOT TNS_SW # ONLY ONE OP PER PB4 PRESS

PLT06R := PB4_PUL AND TNS_SW

PCT01PU := 240

PCT01IN := PCT01IN := 3V2FIM > 20 OR 3V0FIM > 20

PCT02PU := 60 # 1 SEC DELAY DISABLE ON PB1

PCT02IN := PB1

PCT03PU := 60 # 1 SEC DELAY DISABLE ON PB2

PCT03IN := PB2

PCT04PU := 60 # 1 SEC DELAY DISABLE ON PB4

PCT04IN := PB4
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Automation Freeform SELOGIC Control Equations
See Automation Freeform SELOGIC Control Equations on page 12.26 in the 
SEL-400 Series Relays Instruction Manual for a description of automation 
SELOGIC control equations. The SEL-487B supports 10 blocks of 100 lines.

Notes Settings
Use the Notes settings like a text pad to leave notes about the relay. See Notes 
Settings on page 12.29 in the SEL-400 Series Relays Instruction Manual for addi-
tional information on Notes settings.

Output Settings
Output Settings on page 12.26 in the SEL-400 Series Relays Instruction Manual 
contains a description of the relay’s output settings. This subsection describes 
SEL-487B-specific default values.

                    

All interface board default output SELOGIC equations default to NA.

Front-Panel Settings
See Front-Panel Settings on page 12.20 in the SEL-400 Series Relays Instruction 
Manual for a complete description of front-panel settings. This subsection lists 
the SEL-487B-specific default settings values.

                    

Table 8.49 Main Board

Label Default Value

OUT101 TRIP01 AND NOT TNS_SW

OUT102 TRIP02 AND NOT TNS_SW

OUT103 TRIP03 AND NOT TNS_SW

OUT104 TRIP04 AND NOT TNS_SW

OUT105 TRIP05 AND NOT TNS_SW

OUT106 NA

OUT107 TNS_SW #RELAY TEST MODE

OUT108 NOT (SALARM OR HALARM)

Table 8.50 Front-Panel Settings (Sheet 1 of 4)

Label Default Value

FP_TO 15

EN_LEDCa G

TR_LEDCa R

PB1_LED DIFF_EN # Differential Protection Enabled

PB1_COLa AO
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PB2_LED BF_EN # Breaker Failure Enabled

PB2_COLa AO

PB3_LED NA

PB3_COLa AO

PB4_LED TNS_SW # Test Normal Switch Enabled

PB4_COLa AO

PB5_LED NA

PB5_COLa AO

PB6_LED NA

PB6_COLa AO

PB7_LED NA

PB7_COLa AO

PB8_LED NA 

PB8_COLa,b AO

PB9_LEDb NA 

PB9_COLa,b AO

PB10LEDb NA 

PB10COLa,b AO

PB11LEDb NA 

PB11COLa,b AO

PB12LEDb NA 

PB12COLa,b AO

T1_LED 87BTR

T1LEDL Y

T1LEDCa RO

T2_LED SBFTR

T2LEDL Y

T2LEDCa RO

T3_LED Z1_TRIP

T3LEDL Y

T3LEDCa RO

T4_LED Z2_TRIP

T4LEDL Y

T4LEDCa RO

T5_LED 87Z3

T5LEDL Y

T5LEDCa RO

T6_LED 87Z4

T6LEDL Y

T6LEDCa RO 

T7_LED 87Z5

Table 8.50 Front-Panel Settings (Sheet 2 of 4)

Label Default Value
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T7LEDL Y

T7LEDCa RO

T8_LED 87Z6

T8LEDL Y

T8LEDCa RO

T9_LED 50P01T OR 50P02T OR. . .50P21T

T9LEDL Y

T91LEDCa RO

T10_LED 51T01 OR 51T02 OR. . .51T21

T10LEDL Y

T10LEDCa RO

T11_LED 87ST

T11LEDL N

T11LEDCa RO

T12_LED NOT (Z1S AND Z2S AND. . .Z6S)

T12LEDL Y

T12LEDCa RO

T13_LED TOS01 OR TOS02 OR. . .TOS21

T13LEDL N

T13LEDCa RO

T14_LED 89IOP

T14LEDL N

T14LEDCa RO

T15_LED 89AL

T15LEDL N

T15LEDCa RO

T16_LED PCT01Q

T16LEDL Y

T16LEDCa RO

T17_LEDc 271P1 OR 272P1 OR 272P2 OR 273P1 OR 273P2

T17LEDLc N

T17LEDCa,c RO

T18_LEDc 591P1 OR 591P2 OR 292P1 OR 592P2 OR 593P1 OR 593P2

T18LEDLc N

T18LEDCa,c RO

T19_LEDc V01FIM>55

T19LEDLc N

T19LEDCa,c RO

T20_LEDc V02FIM>55

T20LEDLc N

T20LEDCa,c RO

Table 8.50 Front-Panel Settings (Sheet 3 of 4)

Label Default Value
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The SEL-487B supports the SCROLD, STA_BAT, FUND_VI, DIFF, and 
ZONECFG choices for selectable screens, as described in Table 12.38 in the 
SEL-400 Series Relays Instruction Manual.

Report Settings
The SEL-487B contains the Report Settings described in Report Settings on 
page 12.27 in the SEL-400 Series Relays Instruction Manual.

                    

T21_LEDc V03FIM>55

T21LEDLc N

T21LEDCa,c RO

T22_LEDc FAULT

T22LEDLc N

T22LEDCa,c RO

T23_LEDc 52AL

T23LEDLc N

T23LEDCa,c RO

T24_LEDc TIRIG

T24LEDLc N

T24LEDCa,c RO

a LED color settings are only available on HMI2 models.
b PB9–PB12 settings are only available on 12-pushbutton models.
c T17LED–T24LED settings are only available on 12-pushbutton models.

Table 8.50 Front-Panel Settings (Sheet 4 of 4)

Label Default Value

Table 8.51 Default Event Report Settings (Sheet 1 of 2)

Position Primitive Name Alias Name

1 87Z1 Z1_TRIP

2 87Z2 Z2_TRIP

3 #

4 FBF01 F1_BF

5 FBF02 F2_BF

6 FBF03 F3_BF

7 FBF04 T1_BF

8 FBF05 TB1_BF

9 FBF06 TB2_BF

10 #

11 PLT01 DIFF_EN

12 PLT02 BF_EN

13 PLT03 TNS_SW

14 #

15 IN101 F1_BFI
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Port Settings
The SEL-487B Port settings are described in Port Settings on page 12.6 in the 
SEL-400 Series Relays Instruction Manual.

The fast message read data access settings listed in Table 12.8 in the SEL-400 
Series Relays Instruction Manual are included in the SEL-487B, except 
FMRDMND and FMRBRKR.

                    

DNP3 Settings—Custom Maps
The SEL-487B DNP3 custom map settings operate as described in DNP3 Set-
tings—Custom Maps on page 12.19 in the SEL-400 Series Relays Instruction 
Manual. See Section 10: Communications Interfaces for the default map configu-
ration.

16 IN102 F2_BFI

17 IN103 F3_BFI

18 IN104 T1_BFI

19 IN105 TB_BFI

20 #

21 OUT101 F1_TRIP

22 OUT102 F2_TRIP

23 OUT103 F3_TRIP

24 OUT104 T1_TRIP

25 OUT105 TB_TRIP

26 OUT106

27 #

28 OUT107 TEST

29 OUT108 NOALARM

Table 8.51 Default Event Report Settings (Sheet 2 of 2)

Position Primitive Name Alias Name

Table 8.52 MIRRORED BITS Protocol Default Settings

Label Default Value

MBANA1 PMV58

MBANA2 PMV59

MBANA3 PMV60

MBANA4 PMV61

MBANA5 PMV62

MBANA6 PMV63

MBANA7 PMV64
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the SEL-487B relay. This section explains the commands that you send 
to the SEL-487B using SEL ASCII communications protocol. The relay responds 
to commands such as settings, metering, and control operations.

This section lists all the commands supported by the relay, but most are described 
in Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruc-
tion Manual. This section provides information on commands and command 
options that are unique to the SEL-487B.

This section lists American National Standard Code for Information Interchange 
(ASCII) commands alphabetically. Commands, command options, and command 
variables that you enter are shown in bold. Lowercase italic letters and words in a 
command represent command variables that you determine based on the applica-
tion (for example, Zone n = 1–6, remote bit number nn = 01–96, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters (upper- or lowercase); for example, ACCESS 
becomes ACC. Always send a carriage return <CR> character, or a carriage 
return character followed by a line feed character <CR><LF>, to command the 
relay to process the ASCII command. Usually, most terminals and terminal pro-
grams interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the SEL-487B are Access Level 0, Access 
Level 1, Access Level B (breaker), Access Level P (protection), Access Level A 
(automation), Access Level O (output), and Access Level 2. 

Description of Commands
Table 9.1 lists all the commands supported by the relay with the corresponding 
links to the descriptions in Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual.
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Command List
                    

Table 9.1 SEL-487B List of Commands (Sheet 1 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 

2ACCESS 2ACCESS on page 14.1

AACCESS AACCESS on page 14.3

ACCESS ACCESS on page 14.3

BACCESS BACCESS on page 14.3

BNAME BNAME on page 14.4

CAL CAL on page 14.5

CASCII CASCII on page 14.6

CEVENT CEVENT on page 14.7 (In the SEL-487B, CEV L provides a 12-samples/cycle large-resolution event 
report.)

CFG CTNOM i CFG CTNOM on page 14.10 (in the SEL-487B, the nominal current choices are 1 and 5 for 1 A nominal 
and 5 A nominal CT inputs.)

CFG NFREQ f CFG NFREQ on page 14.11

CHISTORY CHISTORY on page 14.11

COMMUNICATIONS c COMMUNICATIONS on page 14.12

CONTROL nn CONTROL nn on page 14.24

COPY COPY on page 14.25 (In addition to the typical classes, the zone (Z) class can also be copied using the 
COPY command.)

CPR CPR on page 14.26

CSER CSER on page 14.26

CSTATUS CSTATUS on page 14.28

CSUMMARY CSUMMARY on page 14.28

DATE DATE on page 14.29

DNAME X DNAME X on page 14.30

DNP DNP on page 14.30

ETHERNET ETHERNET on page 14.30

EVENT EVENT on page 14.32 (The SEL-487B supports large resolution 12-samples/cycle event reports.)

EXIT EXIT on page 14.36

FILE FILE on page 14.36

GOOSE GOOSE on page 14.37

GROUP GROUP on page 14.40

HELP HELP on page 14.40

HISTORY HISTORY on page 14.40

ID ID on page 14.42

LOOPBACK LOOPBACK on page 14.43

MAC MAC on page 14.45

MAP MAP on page 14.45

METER METER on page 14.46 (For all other METER options, see METER on page 9.4 in this section.)

MET AMV MET AMV on page 14.46

MET ANA MET ANA on page 14.47
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MET BAT MET BAT on page 14.47 (The SEL-487B provides battery metering for one battery monitor channel.)

MET CZq See MET CZq on page 9.4 in this section.

MET DIF See MET DIF on page 9.4 in this section.

MET PMV MET PMV on page 14.49

MET SEC See MET SEC on page 9.5 in this section.

MET SEC CZn See MET SEC CZq on page 9.5 in this section.

MET SEC Zn See MET SEC Zn on page 9.5 in this section.

MET Zn See MET Zn on page 9.5 in this section.

OACCESS OACCESS on page 14.50

OPEN n OPEN n on page 14.50 (The SEL-487B supports 21 circuit breakers, designated 1–21.)

PACCESS PACCESS on page 14.51

PASSWORD PASSWORD on page 14.51

PING PING on page 14.52

PORT PORT on page 14.52

PROFILE PROFILE on page 14.53

PULSE PULSE on page 14.54

QUIT QUIT on page 14.54

SER SER on page 14.55

SET SET on page 14.57 (Table 9.9 lists the options available in the SEL-487B.)

SHOW SHOW on page 14.58 (Table 9.10 lists the class and instance options available in the SEL-487B.)

SNS SNS on page 14.59

STATUS STATUS on page 14.59

SUMMARY SUMMARY on page 14.61

TARGET TARGET on page 14.62

TEST DB TEST DB on page 14.64

TEST DB2 TEST DB2 on page 14.65

TEST FM TEST FM on page 14.67

TIME TIME on page 14.70

TRIGGER TRIGGER on page 14.72

VECTOR VECTOR on page 14.72

VERSION VERSION on page 14.72

VIEW VIEW on page 14.74

ZONE See ZONE on page 9.7 in this section.

ZON T See ZON T on page 9.8 in this section.

ZON k See ZON k on page 9.8 in this section.

Table 9.1 SEL-487B List of Commands (Sheet 2 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 
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METER
The METER command displays reports about quantities the relay measures in 
the power system and internal relay operating quantities. For more information 
on power system measurements, see Section 7: Metering, Monitoring, and 
Reporting.

MET
NOTE: Data obtained with the MET 
command during dynamic zone 
selection may be unreliable.

Use the MET command to view fundamental metering quantities. The relay fil-
ters harmonics to present only measured quantities at the power system funda-
mental operating frequency.

                    

Some situations require that you repeatedly monitor the power system for a brief 
period; specify a number after any MET command to automatically repeat the 
command.

MET CZq
Use the MET CZq (q = 1–3) command to view the current magnitude, angle, and 
polarity of each terminal in Check Zone q and the voltage in primary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET DIF
Use the MET DIF command to view the operate and restraint differential cur-
rents in the active zones in per unit values as well as the reference current (IREF).

                    

Table 9.2 MET Command

Command Description Access Level

MET Display fundamental metering data. 1, B, P, A, O, 2

MET k Display fundamental metering data successively for 
k times.

1, B, P, A, O, 2

Table 9.3 MET CZq Command

Commanda

a q = 1–3.

Description Access Level

MET CZq Display primary metering data for Check Zone q. 1, B, P, A, O, 2

MET CZq k Display primary metering data for Check Zone q suc-
cessively for k times.

1, B, P, A, O, 2

Table 9.4 MET DIF Command

Command Description Access Level

MET DIF Display the operate and restraint differential currents 
and IREF metering data.

1, B, P, A, O, 2

MET DIF k Display the operate and restraint differential currents 
and IREF metering data successively for k times.

1, B, P, A, O, 2
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MET SEC
Use the MET SEC command to view the current magnitude, angle, and CT ratio 
of each terminal. The view also includes voltage magnitudes in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC CZq
Use the MET SEC CZq (q = 1–3) command to view the current magnitude, 
angle, CT ratio, and polarity of each terminal in Check Zone q and the voltage in 
secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC Zn
Use the MET SEC Zn command to view the current magnitude, angle, CT ratio, 
and polarity of each terminal in a particular protection zone (n = 1–6), the bus-
zones in Protection Zone n, and the voltage in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET Zn
Use the MET Zn command to view the current magnitude, angle, and polarity of 
each terminal in a particular protection zone (n = 1–6), the bus-zones in Protec-
tion Zone n, and the voltage in primary values.

Table 9.5 MET SEC Command

Command Description Access Level

MET SEC Display secondary metering data. 1, B, P, A, O, 2

MET SEC k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.6 MET SEC CZq Command

Commanda

a q = 1–3.

Description Access Level

MET SEC CZq Display secondary metering data for Check Zone q. 1, B, P, A, O, 2

MET SEC CZq k Display secondary metering data for Check Zone q 
successively for k times.

1, B, P, A, O, 2

Table 9.7 MET SEC Zn Command

Commanda

a Parameter n is 1–6 to indicate 6 zones.

Description Access Level

MET SEC Zn Display secondary metering data. 1, B, P, A, O, 2

MET SEC Zn k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2
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If an alias name for the terminal exists, the relay displays the alias name.

SET
Table 9.9 lists the options specifically available in the SEL-487B.

                    

Table 9.8 MET Zn Command

Command Description Access Level

MET Zn Display primary metering data. 1, B, P, A, O, 2

MET Zn k Display primary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.9 SET Command Overview

Command Description Access Level

SET Set the Group relay settings, beginning at the first set-
ting in the active group.

P, 2

SET na

a Parameter n = 1–6, representing Group 1–Group 6.

Set the Group n relay settings, beginning at the first 
setting in the group.

P, 2

SET A Set the Automation SELOGIC control equation relay 
settings in Block 1.

A, 2

SET A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Set the Automation SELOGIC control equation relay 
settings in Block m.

A, 2

SET D Set the serial port DNP3 remapping settings, begin-
ning at the first setting in this class.

P, A, O, 2

SET F Set the Front Panel relay settings, beginning at the first 
setting in this class.

P, A, O, 2

SET G Set the Global relay settings, beginning at the first set-
ting in this class.

P, A, O, 2

SET L Set the Protection SELOGIC control equation relay set-
tings for the active group.

P, 2

SET L na Set the Protection SELOGIC relay settings for Group n. P, 2

SET O Set the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

O, 2

SET P Set the port presently in use, beginning at the first set-
ting for this port.

P, A, O, 2

SET P pc

c Parameter p = 1–3, F, or 5, corresponding to Port 1–Port 3, Port F, or Port 5.

Set the communications Port relay settings for Port p, 
beginning at the first setting for this port.

P, A, O, 2

SET R Set the Report relay settings, beginning at the first set-
ting for this class.

P, A, O, 2

SET T Set the alias settings. P, A, O, 2

SET Z Set the active group zone configuration settings, 
beginning at the first setting.

P, 2

SET Z na Set the configuration setting for Group n, beginning at 
the first setting.

P, 2
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SHOW
Table 9.10 lists the class and instance options available in the SEL-487B.

                    

ZONE
The ZONE command causes the relay to display the active protection zones and 
the terminal and bus-zone names in each active protection zone, where active 
means a zone with at least one terminal in the zone.

Use the ZON command to display the terminal and bus-names associated with all 
active zones.

                    

Table 9.10 SHO Command Overview

Command Description Access Level

SHO Show the Group relay settings, beginning at the first 
setting in the active group.

1, B, P, A, O, 2

SHO na

a Parameter n = 1–6, representing Group 1–Group 6.

Show Group n settings, beginning at the first setting in 
Group n.

1, B, P, A, O, 2

SHO A Show the Automation SELOGIC control equation relay 
settings in Block 1.

1, B, P, A, O, 2

SHO A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Show the Automation SELOGIC control equation relay 
settings in Block m. 

1, B, P, A, O, 2

SHO D Show the serial DNP3 remapping settings. 1, B, P, A, O, 2

SHO F Show the Front Panel relay settings, beginning at the 
first setting in this class.

1, B, P, A, O, 2

SHO G Show the Global relay settings, beginning at the first 
setting in this class.

1, B, P, A, O, 2

SHO L Show the Protection SELOGIC control equation relay 
settings for the active group.

1, B, P, A, O, 2

SHO L na Show the Protection SELOGIC control equation relay 
settings for Group n.

1, B, P, A, O, 2

SHO O Show the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

1, B, P, A, O, 2

SHO P Show the relay settings for the port presently in use, 
beginning at the first setting.

1, B, P, A, O, 2

SHO P pc

c Parameter p = 1–3, F, and 5 which corresponds to Port 1–Port 3, Port F, and Port 5.

Show the communications Port relay settings for 
Port p, beginning at the first setting for this port.

1, B, P, A, O, 2

SHO R Show the Report relay settings, beginning at the first 
setting for this class.

1, B, P, A, O, 2

SHO T Show the alias settings. 1, B, P, A, O, 2

SHO Z Show the zone configuration settings for the active 
group.

1, B, P, A, O, 2

SHO Z na Show the zone configuration settings for Group n. 1, B, P, A, O, 2

Table 9.11 ZON Command

Command Description Access Level

ZON Display the terminal and bus-zone names associated 
with all active zones.

1, B, P, A, O, 2
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ZON T
Use the ZON T command to display the terminal names in each active zone, 
selected for tripping by differential and breaker failure protection.

                    

When two zones combine, the combined zone includes the terminals from both 
merged zones. Not all terminals in the combined zone may be required to trip for 
a differential element operation. ZON T provides a list of all terminals assigned 
to trip in all the zones at the station, and ZON T k provides a list of the terminals 
to trip in a specific zone.

ZON k
Use the ZON k (k = 1–6) command to display the terminals in Zone k, if Zone k 
is active.

                    

Table 9.12 ZON T Command

Command Description Access Level

ZON T Display the terminals programmed for tripping in all 
zones.

1, B, P, A, O, 2

Table 9.13 ZON k Command

Command Description Access Level

ZON ka

a Parameter k is 1–6.

Display the terminals in Zone k. 1, B, P, A, O, 2



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 1 0

Communications Interfaces

Section 15: Communications Interfaces through Section 18: Synchrophasors in 
the SEL-400 Series Relays Instruction Manual describe the various communica-
tions interfaces and protocols used in SEL-400 series relays. This section 
describes aspects of the communications protocols that are unique to the 
SEL-487B relay. The following topics are discussed:

➤ Communications Database on page 10.1

➤ DNP3 Communication on page 10.6

➤ IEC 61850 Communication on page 10.13

Communications Database
The SEL-487B maintains a database to describe itself to external devices via the 
SEL Fast Message Data Access protocol. This database includes a variety of data 
within the relay that are available to devices connected in a serial or Ethernet net-
work. The database includes the regions and data described in Table 10.1. Use the 
MAP and VIEW commands to display maps and contents of the database 
regions. See Section 14: ASCII Command Reference in the SEL-400 Series 
Relays Instruction Manual for more information on the MAP and VIEW com-
mands.

                    

Data within the Ethernet card regions are available for access by external devices 
via the SEL Fast Message protocol.

The LOCAL region contains the device FID, SID, and RID. It will also provide 
appropriate status points. This region is updated on settings changes and when-
ever monitored status points change (see Table 10.2).

Table 10.1 SEL-487B Database Regions

Region Name Contents Update Rate

LOCAL Relay identification data including FID, 
Relay ID, Station ID, and active protection 
settings group

Updated on settings change 
and whenever monitored values 
change

METER Metering and measurement data 0.5 s

TARGET Selected rows of Relay Word bit data 0.5 s

HISTORY Relay event history records for the 10 most 
recent events

Within 15 s of any new event

STATUS Self-test diagnostic status data 5 s

ANALOGS Protection and automation math variables 0.5 s
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The METER region contains all the basic meter and energy information. This 
region is updated every 0.5 seconds. See Table 10.3 for the map.

                    

Table 10.2 SEL-487B Database Structure—LOCAL Region

Address 
(Hex)

Name Type Description

0000 FID char[48] FID string

0030 BFID char[48] SELBOOT FID string

0060 SER_NUM char[16] Device Serial number, from factory settings

0070 PART_NUM char[24] Device part number, from factory settings

0088 CONFIG char[8] Device configuration string (as reported in ID com-
mand)

0090 SPECIAL char[8] Special device configuration string (as reported in ID 
command)

0098 DEVICE_ID char[40] Relay ID setting, from global settings

00C0 NODE_ID char[40] Station ID from global settings

00E8 GROUP int Active group

00E9 STATUS int Status indication: 0 for okay, 1 for failure

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 1 of 3)

Address 
(Hex)

Name Type Description

1000 _YEAR int 4-digit year when data were sampled

1001 DAY_OF_YEAR int 1–366 day when data were sampled

1002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

1004 FREQ float System frequency (Hertz)

1006 VDC float Battery voltage (Volts)

1008, 100A I01 float[2] I01 current magnitude (amperes primary) and 
phase (degrees)

100C, 100E I02 float[2] I02 current magnitude (amperes primary) and 
phase (degrees)

1010, 1012 I03 float[2] I03 current magnitude (amperes primary) and 
phase (degrees)

1014, 1016 I04 float[2] I04 current magnitude (amperes primary) and 
phase (degrees)

1018. 101A I05 float[2] I05 current magnitude (amperes primary) and 
phase (degrees)

101C, 101E I06 float[2] I06 current magnitude (amperes primary) and 
phase (degrees)

1020, 1022 I07 float[2] I07 current magnitude (amperes primary) and 
phase (degrees)

1024, 1026 I08 float[2] I08 current magnitude (amperes primary) and 
phase (degrees)

1028, 102A I09 float[2] I09 current magnitude (amperes primary) and 
phase (degrees)

102C, 102E I10 float[2] I10 current magnitude (amperes primary) and 
phase (degrees)

1030, 1032 I11 float[2] I11 current magnitude (amperes primary) and 
phase (degrees)
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1034, 1036 I12 float[2] I12 current magnitude (amperes primary) and 
phase (degrees)

1038, 103A I13 float[2] I13 current magnitude (amperes primary) and 
phase (degrees)

103C, 103E I14 float[2] I14 current magnitude (amperes primary) and 
phase (degrees)

1040, 1042 I15 float[2] I15 current magnitude (amperes primary) and 
phase (degrees)

1044, 1046 I16 float[2] I16 current magnitude (amperes primary) and 
phase (degrees)

1048, 104A I17 float[2] I17 current magnitude (amperes primary) and 
phase (degrees)

104C, 104E I18 float[2] I18 current magnitude (amperes primary) and 
phase (degrees)

1050, 1052 I19 float[2] I19 current magnitude (amperes primary) and 
phase (degrees)

1054, 1056 I20 float[2] I20 current magnitude (amperes primary) and 
phase (degrees)

1058, 105A I21 float[2] I21 current magnitude (amperes primary) and 
phase (degrees)

105C RSRVD1 float[6] Reserved for 3 future currents; always report 
as 0

1068, 106A V01 float[2] V01 voltage magnitude (Volts primary) and 
phase (degrees)

106C, 106E V02 float[2] V02 voltage magnitude (Volts primary) and 
phase (degrees)

1070, 1072 V03 float[2] V03 voltage magnitude (Volts primary) and 
phase (degrees)

1074 RSRVD2 float[6] Reserved for 3 future voltages; always report 
as 0

1080 IOP1 float Zone 1 Operating Current (per unit)

1082 IOP2 float Zone 2 Operating Current (per unit)

1084 IOP3 float Zone 3 Operating Current (per unit)

1086 IOP4 float Zone 4 Operating Current (per unit)

1088 IOP5 float Zone 5 Operating Current (per unit)

108A IOP6 float Zone 6 Operating Current (per unit)

108C IRT1 float Zone 1 Restraint Current (per unit)

108E IRT2 float Zone 2 Restraint Current (per unit)

1090 IRT3 float Zone 3 Restraint Current (per unit)

1092 IRT4 float Zone 4 Restraint Current (per unit)

1094 IRT5 float Zone 5 Restraint Current (per unit)

1096 IRT6 float Zone 6 Restraint Current (per unit)

1098 IOPCZ1 float Check Zone 1 Operating Current (per unit)

109A IRTCZ1 float Check Zone 1 Restraint Current (per unit)

109C IOPCZ2 float Check Zone 2 Operating Current (per unit)

109E IRTCZ2 float Check Zone 2 Restraint Current (per unit)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 2 of 3)

Address 
(Hex)

Name Type Description
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The TARGET region contains the entire visible Relay Word plus the rows desig-
nated specifically for the TARGET region. This region is updated every 0.5 sec-
onds. See Table 10.4 for the map. See Section 11: Relay Word Bits for detailed 
information on the Relay Word bits.

                    

The HISTORY region contains all information available in a History report for 
the most recent 10 events. This region is updated within 15 seconds of any new 
events. See Table 10.5 for the map.

                    

10A0 IOPCZ3 float Check Zone 3 Operating Current (per unit)

10A2 IRTCZ3 float Check Zone 3 Restraint Current (per unit)

Table 10.4 SEL-487B Database Structure—TARGET Region

Address 
(Hex)

Name Type Description

3000 _YEAR int 4-digit year when data were sampled

3001 DAY_OF_YEAR int 1–366 day when data were sampled

3002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

3004 TARGET char[~499] Entire Relay Word with bit labels

Table 10.5 SEL-487B Database Structure—HISTORY Region

Address 
(Hex)

Name Type Description

4000 _YEAR int 4-digit year when data were sampled

4001 DAY_OF_YEAR int 1–366 day when data were sampled

4002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

4004 REF_NUM int[10] Event serial number (10000–42767)

400E MONTH int[10] Month of event

4018 DAY int[10] Day of event

4022 YEAR int[10] Year of event

402C HOUR int[10] Hour of event

4036 MIN int[10] Minute of event

4040 SEC int[10] Second of event

404A MSEC int[10] Milliseconds of event

4054 EVENT char[100] Event type string

40B8 GROUP int[10] Active group during fault

40C2 TARGETS char[1000] System targets from event (100 characters per 
event)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 3 of 3)

Address 
(Hex)

Name Type Description
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The STATUS region contains complete relay status information. This region is 
updated every 5 seconds. See Table 10.6 for the map.

                    

The ANALOGS region contains protection and automation variables. This region 
is updated every 0.5 seconds. See Table 10.7 for the map.

                    

The database is virtual device 1 in the relay. You can display the contents of a 
region using the MAP 1:region command (where region is one of the database 
region names listed in Table 10.1). An example of the MAP command is shown 
in Figure 10.1.

Table 10.6 SEL-487B Database Structure—STATUS Region

Address 
(Hex)

Name Type Description

6000 _YEAR int 4-digit year when data were sampled

6001 DAY_OF_YEAR int 1–366 day when data were sampled

6002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

6004 CH1_24(mV) int[24] Channel offsets, use 0 if not measured

601C MOF(mV) int Master offset

601D MOF2(mV) int Master offset 2

601E OFF_WARN char[8] Offset warning string

6026 OFF_FAIL char[8] Offset failure string

602E PS3(V) float 3.3 Volt power supply voltage

6030 PS5(V) float 5 Volt power supply voltage

6032 PS_N5(V) float –5 Volt regulated voltage

6034 PS15(V) float 15 Volt power supply voltage

6036 PS_N15(V) float –15 Volt power supply voltage

6038 PS_WARN char[8] Power supply warning string

6040 PS_FAIL char[8] Power supply failure string

6048 HW_FAIL char[40] Hardware failure strings

6070 CC_STA char[40] Comm. card status strings

6098 PORT_STA char[160] Serial port status strings

6138 TIME_SRC char[10] Time source

6142 LOG_ERR char[40] SELOGIC error strings

616A TEST_MD char[160] Test mode string

620A WARN char[32] Warning strings for any active warnings

622A FAIL char[64] Failure strings for any active failures

Table 10.7 SEL-487B Database Structure—ANALOGS Region

Address 
(Hex)

Name Type Description

7000 _YEAR int 4-digit year when data were sampled

7001 DAY_OF_YEAR int 1–366 day when data were sampled

7002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

7004 PMV01_64 float[64] PMV01–PMV64

7084 AMV001_256 float[256] AMV001–AMV256
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DNP3 Communication
DNP3 operation is described in Section 16: DNP3 Communication in the 
SEL-400 Series Relay Instruction Manual. This subsection describes aspects of 
DNP3 communications that are unique to the SEL-487B.

Reference Data Map
Table 10.8 shows the SEL-487B DNP3 reference data map. The reference data 
map contains all of the data available to the DNP3 protocol. You can use the 
default map or the custom DNP3 mapping functions of the SEL-487B to include 
only the points required by your application.

=>>MAP 1:METER <Enter>

Virtual Device 1, Data Region METER Map

Data Item    Starting Address   Type

_YEAR        1000h              int
DAY_OF_YEAR  1001h              int
TIME(ms)     1002h              int[2]
FREQ         1004h              float
VDC          1006h              float
I01          1008h              float[2]
I02          100ch              float[2]
I03          1010h              float[2]
I04          1014h              float[2]
I05          1018h              float[2]
I06          101ch              float[2]
I07          1020h              float[2]
I08          1024h              float[2]
I09          1028h              float[2]
I10          102ch              float[2]
I11          1030h              float[2]
I12          1034h              float[2]
I13          1038h              float[2]
I14          103ch              float[2]
I15          1040h              float[2]
I16          1044h              float[2]
I17          1048h              float[2]
I18          104ch              float[2]
I19          1050h              float[2]
I20          1054h              float[2]
I21          1058h              float[2]
RSRVD1       105ch              float[6]
V01          1068h              float[2]
V02          106ch              float[2]
V03          1070h              float[2]
RSRVD2       1074h              float[6]
IOP1         1080h              float
IOP2         1082h              float
IOP3         1084h              float
IOP4         1086h              float
IOP5         1088h              float
IOP6         108ah              float
IRT1         108ch              float
IRT2         108eh              float
IRT3         1090h              float
IRT4         1092h              float
IRT5         1094h              float
IRT6         1096h              float
IOPCZ1       1098h              float
IRTCZ1       109ah              float
IOPCZ2       109ch              float
IRTCZ2       109eh              float
IOPCZ3       10a0h              float
IRTCZ3       10a2h              float

Figure 10.1 MAP 1:METER Command Example
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The entire Relay Word (Table 11.1) is part of the DNP3 reference map. You may 
include any label in the Relay Word as part of a DNP3 custom map. Note that 
Binary Inputs registered as SER points (SET R settings) will maintain SER-qual-
ity time stamps for DNP3 events.

The SEL-487B scales analog values by the indicated settings or fixed scaling. 
Analog inputs for event (fault) summary reporting use a default scale factor of 1 
and deadband of ANADBM. Per-point scaling and deadband settings specified in 
a custom DNP3 map will override defaults.

                    

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 1 of 3)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 Relay Word Relay Word bit label. See Section 11: Relay Word Bits.

Binary Outputs

10, 12 RB01–RB96 Remote bits RB01–RB96

10, 12 RB01:RB02
RB03:RB04
RB05:RB06 
•
•
•
RB93:RB94

RB95:RB96

Remote bit pairs RB01–RB96

10, 12 OCn Pulse Open Circuit Breaker n command, where n = 1–21

10, 12 OCn:NOOP Open/Close pair for Circuit Breaker n, where n = 1–21 (the close portion has 
no action)

10, 12 RST_BAT Reset battery monitor data

10, 12 RSTTRGT Reset front-panel targets

10, 12 RSTDNPE Reset (clear) DNP3 Event Summary AIs

10, 12 NXTEVE Load next fault event into DNP3 Event Summary AIs

Binary Counters 

20, 22 ACTGRP Active settings group

20, 22 ACN01CV–ACN32CV Automation SELOGIC counter value 1–32

20, 22 PCN01CV–PCN32CV Protection SELOGIC counter value 1–32

Analog Inputs 

30, 32 InnFMa 1-cycle average phase current (magnitude), where nn = 01–21

30, 32 InnFAa 1-cycle average phase current (angle), where nn = 01–21

30, 32 VmmFMb 1-cycle average phase voltage (magnitude), where mm = 01–03

30, 32 VmmFAb 1-cycle average phase voltage (angle), where mm = 01–03
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30, 32 DC1c Station battery 1 dc voltage

30, 32 IOPkFd Zone k one-cycle average operating current (k = 1–6)

30, 32 IRTkFd Zone k one-cycle average restraint current (k = 1–6)

30, 32 IOPCZpFd Check Zone p one-cycle average operating current (p = 1–3)

30, 32 IRTCZpFd Check Zone p one-cycle average restraint current (p = 1–3)

30, 32 PMV001–PMV064c Protection SELOGIC math variables

30, 32 AMV001–AMV256c Automation SELOGIC math variables

30, 32 PNC01CV–PNC32CVc Protection SELOGIC counter current value

30, 32 TODMSc UTC time of day in milliseconds (0–86400000) 

30, 32 ANC01CV–ANC32CVc Automation SELOGIC counter current value

30, 32 ACTGRPc Active group setting

30, 32 THRc UTC time, hour (0–23)

30, 32 TMINc UTC time, minute (0–59)

30, 32 TSECc UTC time, seconds (0–59)

30, 32 TMSECc UTC time, milliseconds (0–999)

30, 32 DDOMc UTC date, day of the month (1–31)

30, 32 DMONc UTC date, month (1–12)

30, 32 DYEARc UTC date, year (2000–2200)

30, 32 TLODMSc Local time of day in milliseconds (0–86400000)

30, 32 TLHRc Local time, hour (0–23)

30, 32 TLMINc Local time, minute (0–59)

30, 32 TLSECc Local time, seconds (0–59)

30, 32 TLMSECc Local time, milliseconds (0–999)

30, 32 DLDOMc Local date, day of the month (1–31)

30, 32 DLDOYc Local date, day of the year (1–366)

30, 32 DLMONc Local date, month (1–12)

30, 32 DLYEARc Local date, year (2000–2200)

30, 32 RA001–RA256c Remote analogs from Ethernet card

30, 32 RAO01–RAO64c Remote analog output

30, 32 RLYTEMPc Relay internal temperature (deg. C)

30, 32 MAXGRP Maximum number of protection groups

Event Summary Analog Inputs 

30, 32e FTYPEc, e Fault type

30, 32e FTAR1c, e Fault targets (upper byte is 1st target row, lower byte is 2nd target row)

30, 32e FTAR2c, e Fault targets (upper byte is 3rd target row, lower byte is 0)

30, 32e FGRPc, e Fault settings group

30, 32e FTIMEUH, FTIMEUM, FTIMEULc, e Fault time (UTC) in DNP3 format—high, middle, and low 16 bits

30, 32e FTIMEH, FTIMEM, FTIMELc, e Fault time (local) in DNP3 format—high, middle, and low 16 bits

30, 32e FUNRc, e Number of unread fault summaries

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 2 of 3)

Object Label Description
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Binary Outputs
Use the Trip and Close, Latch On/Off, and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table 10.9. Pulse operations provide a pulse with duration of one protection pro-
cessing interval. Cancel an operation in progress by issuing a NUL Trip/Close 
Code with a NUL Operation Type.

                    

Relay Fault Summary Data
When a relay event occurs (TRIP asserts, ER asserts, or TRI asserts), whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs (see 
Table 10.8) will be generated if any of them change beyond their dead-band value 
after scaling (usually whenever a new relay event occurs and is loaded into the 
event summary analog inputs). Events are detected approximately twice a second 
by the scanning process.

Analog Outputs 

40, 41 ACTGRP Active settings group

40, 41 RA001–RA256 Remote Analogs

a Default current scaling DECPLA on magnitudes and scale factor of 100 on angles. Dead band ANADBA on magnitudes and ANADBM on angles.
b Default voltage scaling DECPLV on magnitudes and scale factor of 100 on angles. Dead band ANADBV on magnitudes and ANADBM on angles.
c Default scale factor of 1 and dead band ANADBM.
d Default miscellaneous scaling DECPLM and dead band ANADBM.
e Event data shall be generated for all Event Summary Analog Inputs if any of them change beyond their dead band after scaling.

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 3 of 3)

Object Label Description

Table 10.9 SEL-487B Object 12 Control Operations

Label Close/Any Trip/Any NUL/Latch On NUL/Latch Off NUL/Pulse On NUL/Pulse Off

RB01–RB96 Pulse on Remote 
Bit RB01–RB96

Pulse on Remote Bit 
RB01–RB96

Set Remote Bit 
RB01–RB96

Clear Remote Bit 
RB01–RB96

Pulse on Remote 
Bit RB01–RB96

Clear Remote 
Bit RB01–RB96

RBxx: RByy Pulse on RByy 
RB01–RB96

Pulse on RBxx 
RB01–RB96

Pulse RByy Pulse RBxx Pulse RByy Pulse RBxx 

OCx Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Set OCx
x = 01–21

Clear OCx
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Clear OCx
x = 01–21

OCx: NOOP No action Open Circuit Breaker 
x (Pulse on OCx)
x = 1–21

No action Pulse On OCx No action Pulse OCx

RST_BAT Reset battery moni-
toring 

Reset breaker moni-
toring 

Reset battery mon-
itoring

No action Reset battery moni-
toring

No action

RSTTRGT Reset front-panel 
targets

Reset front-panel 
targets

Reset front-panel 
targets

No action Reset front-panel 
targets

No action

RSTDNPE Reset DNP3 event 
summary

Reset DNP3 event 
summary

Reset DNP3 event 
summary

No action Reset DNP3 event 
summary

No action

NXTEVE Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest relay 
event (LIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest 
event summary 
(LIFO)
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See Table 10.10 for the components of the FTYPE analog input point. The bit 
asserted in the upper byte indicates the event cause (Trigger, Trip, ER element, 
etc.). The lower byte of FTYPE is always 0. If no bits are asserted in the upper 
byte, there is no valid fault summary loaded.

                    

Default Data Map
Table 10.11 shows the SEL-487B default DNP3 data map. The default data map 
is an automatically generated subset of the reference map. All data maps are ini-
tialized to the default values. If the default maps are not appropriate, you can also 
use the custom DNP mapping commands SET D n and SHOW D n, where n is 
the map number, to edit or create the map required for your application.

                    

Table 10.10 Object 30, 32, FTYPE Upper Byte-Event Cause

Bit Position
Value Event Cause

7 6 5 4 3 2 1 0

0 No fault summary loaded

X 1 Trigger command

X 4 Trip element

X 8 Event report element

X 16 Breaker failure trip

X 32 Differential trip

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 1 of 4)

Object Index Label Description

Binary Inputs

01, 02 0 RLYDIS Relay disabled

01, 02 1 TRIPLED Trip LED

01, 02 2 STFAIL Relay diagnostic failure

01, 02 3 STWARN Relay diagnostic warning

01, 02 4 STSET Settings have changed or relay restarted

01, 02 5 SALARM Software alarm

01, 02 6 HALARM Hardware alarm

01, 02 7 BADPASS Invalid password attempt alarm

01, 02 8 UNRDEV Unread fault summary available

01, 02 9 OPH01 Terminal 1 open-phase detector

01, 02 10 OPH02 Terminal 2 open-phase detector

01, 02 11 OPH03 Terminal 3 open-phase detector

01, 02 12 OPH04 Terminal 4 open-phase detector

01, 02 13 OPH05 Terminal 5 open-phase detector

01, 02 14 OPH06 Terminal 6 open-phase detector

01, 02 15 52A01 Circuit Breaker 1 open status

01, 02 16 52AL01 Circuit Breaker 1 alarm

01, 02 17 52A02 Circuit Breaker 2 open status

01, 02 18 52AL02 Circuit Breaker 2 alarm

01, 02 19 52A03 Circuit Breaker 3 open status
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01, 02 20 52AL03 Circuit Breaker 3 alarm

01, 02 21 52A04 Circuit Breaker 4 open status

01, 02 22 52AL04 Circuit Breaker 4 alarm

01, 02 23 89A01 Disconnect 1 closed status

01, 02 24 89AL01 Disconnect 1 alarm

01, 02 25 89A02 Disconnect 2 closed status

01, 02 26 89AL02 Disconnect 2 alarm

01, 02 27 89A03 Disconnect 3 closed status

01, 02 28 89AL03 Disconnect 3 alarm

01, 02 29 89A04 Disconnect 4 closed status

01, 02 30 89AL04 Disconnect 4 alarm

01, 02 31 89A05 Disconnect 5 closed status

01, 02 32 89AL05 Disconnect 5 alarm

01, 02 33 89A06 Disconnect 6 closed status

01, 02 34 89AL06 Disconnect 6 alarm

01, 02 35 89A07 Disconnect 7 closed status

01, 02 36 89AL07 Disconnect 7 alarm

01, 02 37 89A08 Disconnect 8 closed status

01, 02 38 89AL08 Disconnect 8 alarm

01, 02 39 TLED_1 Target LED 1 on relay front panel

01, 02 40 TLED_2 Target LED 2 on relay front panel

01, 02 41 TLED_3 Target LED 3 on relay front panel

01, 02 42 TLED_4 Target LED 4 on relay front panel

01, 02 43 TLED_5 Target LED 5 on relay front panel

01, 02 44 TLED_6 Target LED 6 on relay front panel

01, 02 45 TLED_7 Target LED 7 on relay front panel

01, 02 46 TLED_8 Target LED 8 on relay front panel

01, 02 47 TLED_9 Target LED 9 on relay front panel

01, 02 48 TLED_10 Target LED 10 on relay front panel

01, 02 49 TLED_11 Target LED 11 on relay front panel

01, 02 50 TLED_12 Target LED 12 on relay front panel

01, 02 51 TLED_13 Target LED 13 on relay front panel

01, 02 52 TLED_14 Target LED 14 on relay front panel

01, 02 53 TLED_15 Target LED 15 on relay front panel

01, 02 54 TLED_16 Target LED 16 on relay front panel

01, 02 55 IN101 Main Board Input 1

01, 02 56 IN102 Main Board Input 2

01, 02 57 IN103 Main Board Input 3

01, 02 58 IN104 Main Board Input 4

01, 02 59 IN105 Main Board Input 5

01, 02 60 IN106 Main Board Input 6

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 2 of 4)

Object Index Label Description
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01, 02 61 IN107 Main Board Input 7

01, 02 62 PSV01 Protection SELOGIC Variable 1 

01, 02 63 PSV02 Protection SELOGIC Variable 2 

01, 02 64 PSV03 Protection SELOGIC Variable 3 

01, 02 65 PSV04 Protection SELOGIC Variable 4 

01, 02 66 PSV05 Protection SELOGIC Variable 5 

01, 02 67 PSV06 Protection SELOGIC Variable 6 

01, 02 68 PSV07 Protection SELOGIC Variable 7

01, 02 69 PSV08 Protection SELOGIC Variable 8 

01, 02 70 ASV001 Automation SELOGIC Variable 1 

01, 02 71 ASV002 Automation SELOGIC Variable 2

01, 02 72 ASV003 Automation SELOGIC Variable 3 

01, 02 73 ASV004 Automation SELOGIC Variable 4 

01, 02 74 ASV005 Automation SELOGIC Variable 5 

01, 02 75 ASV006 Automation SELOGIC Variable 6 

01, 02 76 ASV007 Automation SELOGIC Variable 7

01, 02 77 ASV008 Automation SELOGIC Variable 8 

01, 02 78 OUT101 Main Board Output 1

01, 02 79 OUT102 Main Board Output 2

01, 02 80 OUT103 Main Board Output 3

01, 02 81 OUT104 Main Board Output 4

01, 02 82 OUT105 Main Board Output 5

01, 02 83 OUT106 Main Board Output 6

01, 02 84 OUT107 Main Board Output 7

Binary Outputs

10, 12 0–31 RB01–RB32 Remote bits RB01–RB32

10, 12 32 OC01 Pulse Open Circuit Breaker 1 command

10, 12 33 OC02 Pulse Open Circuit Breaker 2 command

10, 12 34 OC03 Pulse Open Circuit Breaker 3 command

10, 12 35 OC04 Pulse Open Circuit Breaker 4 command

10, 12 36 RST_BAT Reset battery monitor data

10, 12 37 RSTTRGT Reset front-panel targets

10, 12 38 RSTDNPE Reset (clear) DNP3 Event Summary AIs

Binary Counters 

20, 22 0 ACTGRP Active settings group

Analog Inputs 

30, 32 0 I01FM 1-cycle average Terminal 1 current (magnitude)

30, 32 1 I01FA 1-cycle average Terminal 1 current (angle)

30, 32 2 I02FM 1-cycle average Terminal 2 current (magnitude)

30, 32 3 I02FA 1-cycle average Terminal 2 current (angle)

30, 32 4 I03FM 1-cycle average Terminal 3 current (magnitude)

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 3 of 4)
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IEC 61850 Communication
General IEC 61850 operation is described in Section 17: IEC 61850 Communica-
tion in the SEL-400 Series Relays Instruction Manual. This section describes 
characteristics of IEC 61850 that are specific to the SEL-487B.

Logical Nodes
Table 10.12 and Table 10.13 show the logical nodes (LNs) supported in the 
SEL-487B and the Relay Word bits or Measured Values mapped to those LNs. 
Additionally, the relay supports the CFG Logical Device logical nodes as 
described in Section 17: IEC 61850 Communication in the SEL-400 Series 
Relays Instruction Manual.

Table 10.12 shows the LNs associated with protection elements, defined as Logi-
cal Device PRO.

30, 32 5 I03FA 1-cycle average Terminal 3 current (angle)

30, 32 6 I04FM 1-cycle average Terminal 4 current (magnitude)

30, 32 7 I04FA 1-cycle average Terminal 4 current (angle)

30, 32 8 I05FM 1-cycle average Terminal 5 current (magnitude)

30, 32 9 I05FA 1-cycle average Terminal 5 current (angle)

30, 32 10 I06FM 1-cycle average Terminal 6 current (magnitude)

30, 32 11 I06FA 1-cycle average Terminal 6 current (angle)

30, 32 12 V01FM 1-cycle average Terminal 1 voltage (magnitude)

30, 32 13 V01FA 1-cycle average Terminal 1 voltage (angle)

30, 32 14 V02FM 1-cycle average Terminal 2 voltage (magnitude)

30, 32 15 V02FA 1-cycle average Terminal 2 voltage (angle)

30, 32 16 V03FM 1-cycle average Terminal 3 voltage (magnitude)

30, 32 17 V03FA 1-cycle average Terminal 3 voltage (angle)

30, 32 18 FTYPE Fault type

30, 32 19 FTAR1 Fault targets (Upper byte is 1st target row, lower byte is 
2nd target row)

30, 32 20 FTAR2 Fault targets (Upper byte is 3rd target row, lower byte is 0)

30, 32 21 FGRP Fault settings group

30, 32 22 FTIMEUH Fault time (UTC) in DNP3 format (high 16 bits)

30, 32 23 FTIMEUM Fault time (UTC) in DNP3 format (middle 16 bits)

30, 32 24 FTIMEUL Fault time (UTC) in DNP3 format (low 16 bits)

30, 32 25 FUNR Number of unread fault summaries

30, 32 26 RLYTEMP Internal box temperature in degrees Celsius

Analog Outputs 

40, 41 0 ACTGRP Active settings group

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 4 of 4)

Object Index Label Description
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Table 10.12 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

BKRCSWI1 Pos.Oper.ctlVal OC01:NOOPa Circuit Breaker 1 open command

BKRCSWI2 Pos.Oper.ctlVal OC02:NOOPa Circuit Breaker 2 open command

BKRCSWI3 Pos.Oper.ctlVal OC03:NOOPa Circuit Breaker 3 open command

BKRCSWI4 Pos.Oper.ctlVal OC04:NOOPa Circuit Breaker 4 open command

BKRCSWI5 Pos.Oper.ctlVal OC05:NOOPa Circuit Breaker 5 open command

BKRCSWI6 Pos.Oper.ctlVal OC06:NOOPa Circuit Breaker 6 open command

BKRCSWI7 Pos.Oper.ctlVal OC07:NOOPa Circuit Breaker 7 open command

BKRCSWI8 Pos.Oper.ctlVal OC08:NOOPa Circuit Breaker 8 open command

BKRCSWI9 Pos.Oper.ctlVal OC09:NOOPa Circuit Breaker 9 open command

BKRCSWI10 Pos.Oper.ctlVal OC10:NOOPa Circuit Breaker 10 open command

BKRCSWI11 Pos.Oper.ctlVal OC11:NOOPa Circuit Breaker 11 open command

BKRCSWI12 Pos.Oper.ctlVal OC12:NOOPa Circuit Breaker 12 open command

BKRCSWI13 Pos.Oper.ctlVal OC13:NOOPa Circuit Breaker 13 open command

BKRCSWI14 Pos.Oper.ctlVal OC14:NOOPa Circuit Breaker 14 open command

BKRCSWI15 Pos.Oper.ctlVal OC15:NOOPa Circuit Breaker 15 open command

BKRCSWI16 Pos.Oper.ctlVal OC16:NOOPa Circuit Breaker 16 open command

BKRCSWI17 Pos.Oper.ctlVal OC17:NOOPa Circuit Breaker 17 open command

BKRCSWI18 Pos.Oper.ctlVal OC18:NOOPa Circuit Breaker 18 open command

BKRCSWI19 Pos.Oper.ctlVal OC19:NOOPa Circuit Breaker 19 open command

BKRCSWI20 Pos.Oper.ctlVal OC20:NOOPa Circuit Breaker 20 open command

BKRCSWI21 Pos.Oper.ctlVal OC21:NOOPa Circuit Breaker 21 open command

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODb IEC 61850 mode/behavior status

BFR1RBRF1 Str.general BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation

BFR1RBRF1 OpEx.general FBF01 Circuit Breaker 1 failure

BFR1RBRF1 OpIn.general RT01 Circuit Breaker 1 retrip

BFR2RBRF2 Str.general BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

BFR2RBRF2 OpEx.general FBF02 Circuit Breaker 2 failure

BFR2RBRF2 OpIn.general RT02 Circuit Breaker 2 retrip

BFR3RBRF3 Str.general BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

BFR3RBRF3 OpEx.general FBF03 Circuit Breaker 3 failure

BFR3RBRF3 OpIn.general RT03 Circuit Breaker 3 retrip

BFR4RBRF4 Str.general BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

BFR4RBRF4 OpEx.general FBF04 Circuit Breaker 4 failure

BFR4RBRF4 OpIn.general RT04 Circuit Breaker 4 retrip

BFR5RBRF5 Str.general BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

BFR5RBRF5 OpEx.general FBF05 Circuit Breaker 5 failure

BFR5RBRF5 OpIn.general RT05 Circuit Breaker 5 retrip
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BFR6RBRF6 Str.general BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

BFR6RBRF6 OpEx.general FBF06 Circuit Breaker 6 failure

BFR6RBRF6 OpIn.general RT06 Circuit Breaker 6 retrip

BFR7RBRF7 Str.general BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

BFR7RBRF7 OpEx.general FBF07 Circuit Breaker 7 failure

BFR7RBRF7 OpIn.general RT07 Circuit Breaker 7 retrip

BFR8RBRF8 Str.general BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

BFR8RBRF8 OpEx.general FBF08 Circuit Breaker 8 failure

BFR8RBRF8 OpIn.general RT08 Circuit Breaker 8 retrip

BFR9RBRF9 Str.general BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

BFR9RBRF9 OpEx.general FBF09 Circuit Breaker 9 failure

BFR9RBRF9 OpIn.general RT09 Circuit Breaker 9 retrip

BFR10RBRF10 Str.general BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

BFR10RBRF10 OpEx.general FBF10 Circuit Breaker 10 failure

BFR10RBRF10 OpIn.general RT10 Circuit Breaker 10 retrip

BFR11RBRF11 Str.general BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

BFR11RBRF11 OpEx.general FBF11 Circuit Breaker 11 failure

BFR11RBRF11 OpIn.general RT11 Circuit Breaker 11 retrip

BFR12RBRF12 Str.general BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

BFR12RBRF12 OpEx.general FBF12 Circuit Breaker 12 failure

BFR12RBRF12 OpIn.general RT12 Circuit Breaker 12 retrip

BFR13RBRF13 Str.general BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

BFR13RBRF13 OpEx.general FBF13 Circuit Breaker 13 failure

BFR13RBRF13 OpIn.general RT13 Circuit Breaker 13 retrip

BFR14RBRF14 Str.general BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

BFR14RBRF14 OpEx.general FBF14 Circuit Breaker 14 failure

BFR14RBRF14 OpIn.general RT14 Circuit Breaker 14 retrip

BFR15RBRF15 Str.general BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

BFR15RBRF15 OpEx.general FBF15 Circuit Breaker 15 failure

BFR15RBRF15 OpIn.general RT15 Circuit Breaker 15 retrip

BFR16RBRF16 Str.general BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

BFR16RBRF16 OpEx.general FBF16 Circuit Breaker 16 failure

BFR16RBRF16 OpIn.general RT16 Circuit Breaker 16 retrip

BFR17RBRF17 Str.general BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

BFR17RBRF17 OpEx.general FBF17 Circuit Breaker 17 failure

BFR17RBRF17 OpIn.general RT17 Circuit Breaker 17 retrip

BFR18RBRF18 Str.general BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

BFR18RBRF18 OpEx.general FBF18 Circuit Breaker 18 failure

BFR18RBRF18 OpIn.general RT18 Circuit Breaker 18 retrip

BFR19RBRF19 Str.general BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

BFR19RBRF19 OpEx.general FBF19 Circuit Breaker 19 failure

Table 10.12 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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BFR19RBRF19 OpIn.general RT19 Circuit Breaker 19 retrip

BFR20RBRF20 Str.general BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

BFR20RBRF20 OpEx.general FBF20 Circuit Breaker 20 failure

BFR20RBRF20 OpIn.general RT20 Circuit Breaker 20 retrip

BFR21RBRF21 Str.general BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

BFR21RBRF21 OpEx.general FBF21 Circuit Breaker 21 failure

BFR21RBRF21 OpIn.general RT21 Circuit Breaker 21 retrip

BKRCSWI1 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI1 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI1 OpOpn.general OC01 Circuit Breaker 1 open command

BKRCSWI1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

BKRCSWI2 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI2 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI2 OpOpn.general OC02 Circuit Breaker 2 open command

BKRCSWI2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

BKRCSWI3 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI3 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI3 OpOpn.general OC03 Circuit Breaker 3 open command

BKRCSWI3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

BKRCSWI4 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI4 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI4 OpOpn.general OC04 Circuit Breaker 4 open command

BKRCSWI4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

BKRCSWI5 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI5 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI5 OpOpn.general OC05 Circuit Breaker 5 open command

BKRCSWI5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

BKRCSWI6 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI6 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI6 OpOpn.general OC06 Circuit Breaker 6 open command

BKRCSWI6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

BKRCSWI7 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI7 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI7 OpOpn.general OC07 Circuit Breaker 7 open command

BKRCSWI7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

BKRCSWI8 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI8 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI8 OpOpn.general OC08 Circuit Breaker 8 open command

BKRCSWI8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

BKRCSWI9 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI9 LocSta.stVal LOCSTA Control authority at station level

Table 10.12 Logical Device: PRO (Protection) (Sheet 3 of 10)
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BKRCSWI9 OpOpn.general OC09 Circuit Breaker 9 open command

BKRCSWI9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

BKRCSWI10 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI10 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI10 OpOpn.general OC10 Circuit Breaker 10 open command

BKRCSWI10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

BKRCSWI11 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI11 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI11 OpOpn.general OC11 Circuit Breaker 11 open command

BKRCSWI11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

BKRCSWI12 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI12 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI12 OpOpn.general OC12 Circuit Breaker 12 open command

BKRCSWI12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

BKRCSWI13 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI13 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI13 OpOpn.general OC13 Circuit Breaker 13 open command

BKRCSWI13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

BKRCSWI14 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI14 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI14 OpOpn.general OC14 Circuit Breaker 14 open command

BKRCSWI14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

BKRCSWI15 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI15 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI15 OpOpn.general OC15 Circuit Breaker 15 open command

BKRCSWI15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

BKRCSWI16 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI16 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI16 OpOpn.general OC16 Circuit Breaker 16 open command

BKRCSWI16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

BKRCSWI17 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI17 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI17 OpOpn.general OC17 Circuit Breaker 17 open command

BKRCSWI17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

BKRCSWI18 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI18 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI18 OpOpn.general OC18 Circuit Breaker 18 open command

BKRCSWI18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

BKRCSWI19 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI19 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI19 OpOpn.general OC19 Circuit Breaker 19 open command

Table 10.12 Logical Device: PRO (Protection) (Sheet 4 of 10)
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BKRCSWI19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

BKRCSWI20 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI20 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI20 OpOpn.general OC20 Circuit Breaker 20 open command

BKRCSWI20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

BKRCSWI21 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI21 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI21 OpOpn.general OC21 Circuit Breaker 21 open command

BKRCSWI21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

D87RPDIF1 Op.general 87R1 Zone 1 restraint differential element picked

D87RPDIF1 Str.general P87R1 Zone 1 instantaneous differential element picked

D87RPDIF2 Op.general 87R2 Zone 2 restraint differential element picked

D87RPDIF2 Str.general P87R2 Zone 2 instantaneous differential element picked

D87RPDIF3 Op.general 87R3 Zone 3 restraint differential element picked

D87RPDIF3 Str.general P87R3 Zone 3 instantaneous differential element picked

D87RPDIF4 Op.general 87R4 Zone 4 restraint differential element picked

D87RPDIF4 Str.general P87R4 Zone 4 instantaneous differential element picked

D87RPDIF5 Op.general 87R5 Zone 5 restraint differential element picked

D87RPDIF5 Str.general P87R5 Zone 5 instantaneous differential element picked

D87RPDIF6 Op.general 87R6 Zone 6 restraint differential element picked

D87RPDIF6 Str.general P87R6 Zone 6 instantaneous differential element picked

FLTRDRE1 FltTyp.stVal FLTYPEd Affected phases for the latest event

FLTRDRE1 FltCaus.stVal FLTCAUSe Event cause for the latest event

FLTRDRE1 FltNum.stVal FLRNUM Event number

FLTRDRE1 RcdMade.stVal FLREP Event report present

PROLPHD1 PhyHealth.stVal EN?3:1f Relay enabled

T87ZPTRC1 Tr.general 87Z1 Zone 1 differential element trip

T87ZPTRC2 Tr.general 87Z2 Zone 2 differential element trip

T87ZPTRC3 Tr.general 87Z3 Zone 3 differential element trip

T87ZPTRC4 Tr.general 87Z4 Zone 4 differential element trip

T87ZPTRC5 Tr.general 87Z5 Zone 5 differential element trip

T87ZPTRC6 Tr.general 87Z6 Zone 6 differential element trip

TRIPPTRC7 Tr.general TRIP01 Terminal 1 trip output

TRIPPTRC8 Tr.general TRIP02 Terminal 2 trip output

TRIPPTRC9 Tr.general TRIP03 Terminal 3 trip output

TRIPPTRC10 Tr.general TRIP04 Terminal 4 trip output

TRIPPTRC11 Tr.general TRIP05 Terminal 5 trip output

TRIPPTRC12 Tr.general TRIP06 Terminal 6 trip output

TRIPPTRC13 Tr.general TRIP07 Terminal 7 trip output

TRIPPTRC14 Tr.general TRIP08 Terminal 8 trip output

TRIPPTRC15 Tr.general TRIP09 Terminal 9 trip output
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TRIPPTRC16 Tr.general TRIP10 Terminal 10 trip output

TRIPPTRC17 Tr.general TRIP11 Terminal 11 trip output

TRIPPTRC18 Tr.general TRIP12 Terminal 12 trip output

TRIPPTRC19 Tr.general TRIP13 Terminal 13 trip output

TRIPPTRC20 Tr.general TRIP14 Terminal 14 trip output

TRIPPTRC21 Tr.general TRIP15 Terminal 15 trip output

TRIPPTRC22 Tr.general TRIP16 Terminal 16 trip output

TRIPPTRC23 Tr.general TRIP17 Terminal 17 trip output

TRIPPTRC24 Tr.general TRIP18 Terminal 18 trip output

TRIPPTRC25 Tr.general TRIP19 Terminal 19 trip output

TRIPPTRC26 Tr.general TRIP20 Terminal 20 trip output

TRIPPTRC27 Tr.general TRIP21 Terminal 21 trip output

X52AXCBR1 Loc.stVal LOC IED local status

X52AXCBR1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

X52AXCBR2 Loc.stVal LOC IED local status

X52AXCBR2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

X52AXCBR3 Loc.stVal LOC IED local status

X52AXCBR3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

X52AXCBR4 Loc.stVal LOC IED local status

X52AXCBR4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

X52AXCBR5 Loc.stVal LOC IED local status

X52AXCBR5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

X52AXCBR6 Loc.stVal LOC IED local status

X52AXCBR6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

X52AXCBR7 Loc.stVal LOC IED local status

X52AXCBR7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

X52AXCBR8 Loc.stVal LOC IED local status

X52AXCBR8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

X52AXCBR9 Loc.stVal LOC IED local status

X52AXCBR9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

X52AXCBR10 Loc.stVal LOC IED local status

X52AXCBR10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

X52AXCBR11 Loc.stVal LOC IED local status

X52AXCBR11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

X52AXCBR12 Loc.stVal LOC IED local status

X52AXCBR12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

X52AXCBR13 Loc.stVal LOC IED local status

X52AXCBR13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

X52AXCBR14 Loc.stVal LOC IED local status

X52AXCBR14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

X52AXCBR15 Loc.stVal LOC IED local status
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X52AXCBR15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

X52AXCBR16 Loc.stVal LOC IED local status

X52AXCBR16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

X52AXCBR17 Loc.stVal LOC IED local status

X52AXCBR17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

X52AXCBR18 Loc.stVal LOC IED local status

X52AXCBR18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

X52AXCBR19 Loc.stVal LOC IED local status

X52AXCBR19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

X52AXCBR20 Loc.stVal LOC IED local status

X52AXCBR20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

X52AXCBR21 Loc.stVal LOC IED local status

X52AXCBR21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

X89CLXSWI1 Loc.stVal LOC IED local status

X89CLXSWI1 Pos.stVal 89CL01?1:2c Disconnect 1 closed

X89CLXSWI2 Loc.stVal LOC IED local status

X89CLXSWI2 Pos.stVal 89CL02?1:2c Disconnect 2 closed

X89CLXSWI3 Loc.stVal LOC IED local status

X89CLXSWI3 Pos.stVal 89CL03?1:2c Disconnect 3 closed

X89CLXSWI4 Loc.stVal LOC IED local status

X89CLXSWI4 Pos.stVal 89CL04?1:2c Disconnect 4 closed

X89CLXSWI5 Loc.stVal LOC IED local status

X89CLXSWI5 Pos.stVal 89CL05?1:2c Disconnect 5 closed

X89CLXSWI6 Loc.stVal LOC IED local status

X89CLXSWI6 Pos.stVal 89CL06?1:2c Disconnect 6 closed

X89CLXSWI7 Loc.stVal LOC IED local status

X89CLXSWI7 Pos.stVal 89CL07?1:2c Disconnect 7 closed

X89CLXSWI8 Loc.stVal LOC IED local status

X89CLXSWI8 Pos.stVal 89CL08?1:2c Disconnect 8 closed

X89CLXSWI9 Loc.stVal LOC IED local status

X89CLXSWI9 Pos.stVal 89CL09?1:2c Disconnect 9 closed

X89CLXSWI10 Loc.stVal LOC IED local status

X89CLXSWI10 Pos.stVal 89CL10?1:2c Disconnect 10 closed

X89CLXSWI11 Loc.stVal LOC IED local status

X89CLXSWI11 Pos.stVal 89CL11?1:2c Disconnect 11 closed

X89CLXSWI12 Loc.stVal LOC IED local status

X89CLXSWI12 Pos.stVal 89CL12?1:2c Disconnect 12 closed

X89CLXSWI13 Loc.stVal LOC IED local status

X89CLXSWI13 Pos.stVal 89CL13?1:2c Disconnect 13 closed

X89CLXSWI14 Loc.stVal LOC IED local status

X89CLXSWI14 Pos.stVal 89CL14?1:2c Disconnect 14 closed

Table 10.12 Logical Device: PRO (Protection) (Sheet 7 of 10)

Logical Node Attribute Data Source Comment
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X89CLXSWI15 Loc.stVal LOC IED local status

X89CLXSWI15 Pos.stVal 89CL15?1:2c Disconnect 15 closed

X89CLXSWI16 Loc.stVal LOC IED local status

X89CLXSWI16 Pos.stVal 89CL16?1:2c Disconnect 16 closed

X89CLXSWI17 Loc.stVal LOC IED local status

X89CLXSWI17 Pos.stVal 89CL17?1:2c Disconnect 17 closed

X89CLXSWI18 Loc.stVal LOC IED local status

X89CLXSWI18 Pos.stVal 89CL18?1:2c Disconnect 18 closed

X89CLXSWI19 Loc.stVal LOC IED local status

X89CLXSWI19 Pos.stVal 89CL19?1:2c Disconnect 19 closed

X89CLXSWI20 Loc.stVal LOC IED local status

X89CLXSWI20 Pos.stVal 89CL20?1:2c Disconnect 20 closed

X89CLXSWI21 Loc.stVal LOC IED local status

X89CLXSWI21 Pos.stVal 89CL21?1:2c Disconnect 21 closed

X89CLXSWI22 Loc.stVal LOC IED local status

X89CLXSWI22 Pos.stVal 89CL22?1:2c Disconnect 22 closed

X89CLXSWI23 Loc.stVal LOC IED local status

X89CLXSWI23 Pos.stVal 89CL23?1:2c Disconnect 23 closed

X89CLXSWI24 Loc.stVal LOC IED local status

X89CLXSWI24 Pos.stVal 89CL24?1:2c Disconnect 24 closed

X89CLXSWI25 Loc.stVal LOC IED local status

X89CLXSWI25 Pos.stVal 89CL25?1:2c Disconnect 25 closed

X89CLXSWI26 Loc.stVal LOC IED local status

X89CLXSWI26 Pos.stVal 89CL26?1:2c Disconnect 26 closed

X89CLXSWI27 Loc.stVal LOC IED local status

X89CLXSWI27 Pos.stVal 89CL27?1:2c Disconnect 27 closed

X89CLXSWI28 Loc.stVal LOC IED local status

X89CLXSWI28 Pos.stVal 89CL28?1:2c Disconnect 28 closed

X89CLXSWI29 Loc.stVal LOC IED local status

X89CLXSWI29 Pos.stVal 89CL29?1:2c Disconnect 29 closed

X89CLXSWI30 Loc.stVal LOC IED local status

X89CLXSWI30 Pos.stVal 89CL30?1:2c Disconnect 30 closed

X89CLXSWI31 Loc.stVal LOC IED local status

X89CLXSWI31 Pos.stVal 89CL31?1:2c Disconnect 31 closed

X89CLXSWI32 Loc.stVal LOC IED local status

X89CLXSWI32 Pos.stVal 89CL32?1:2c Disconnect 32 closed

X89CLXSWI33 Loc.stVal LOC IED local status

X89CLXSWI33 Pos.stVal 89CL33?1:2c Disconnect 33 closed

X89CLXSWI34 Loc.stVal LOC IED local status

X89CLXSWI34 Pos.stVal 89CL34?1:2c Disconnect 34 closed

X89CLXSWI35 Loc.stVal LOC IED local status

Table 10.12 Logical Device: PRO (Protection) (Sheet 8 of 10)
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X89CLXSWI35 Pos.stVal 89CL35?1:2c Disconnect 35 closed

X89CLXSWI36 Loc.stVal LOC IED local status

X89CLXSWI36 Pos.stVal 89CL36?1:2c Disconnect 36 closed

X89CLXSWI37 Loc.stVal LOC IED local status

X89CLXSWI37 Pos.stVal 89CL37?1:2c Disconnect 37 closed

X89CLXSWI38 Loc.stVal LOC IED local status

X89CLXSWI38 Pos.stVal 89CL38?1:2c Disconnect 38 closed

X89CLXSWI39 Loc.stVal LOC IED local status

X89CLXSWI39 Pos.stVal 89CL39?1:2c Disconnect 39 closed

X89CLXSWI40 Loc.stVal LOC IED local status

X89CLXSWI40 Pos.stVal 89CL40?1:2c Disconnect 40 closed

X89CLXSWI41 Loc.stVal LOC IED local status

X89CLXSWI41 Pos.stVal 89CL41?1:2c Disconnect 41 closed

X89CLXSWI42 Loc.stVal LOC IED local status

X89CLXSWI42 Pos.stVal 89CL42?1:2c Disconnect 42 closed

X89CLXSWI43 Loc.stVal LOC IED local status

X89CLXSWI43 Pos.stVal 89CL43?1:2c Disconnect 43 closed

X89CLXSWI44 Loc.stVal LOC IED local status

X89CLXSWI44 Pos.stVal 89CL44?1:2c Disconnect 44 closed

X89CLXSWI45 Loc.stVal LOC IED local status

X89CLXSWI45 Pos.stVal 89CL45?1:2c Disconnect 45 closed

X89CLXSWI46 Loc.stVal LOC IED local status

X89CLXSWI46 Pos.stVal 89CL46?1:2c Disconnect 46 closed

X89CLXSWI47 Loc.stVal LOC IED local status

X89CLXSWI47 Pos.stVal 89CL47?1:2c Disconnect 47 closed

X89CLXSWI48 Loc.stVal LOC IED local status

X89CLXSWI48 Pos.stVal 89CL48?1:2c Disconnect 48 closed

X89CLXSWI49 Loc.stVal LOC IED local status

X89CLXSWI49 Pos.stVal 89CL49?1:2c Disconnect 49 closed

X89CLXSWI50 Loc.stVal LOC IED local status

X89CLXSWI50 Pos.stVal 89CL50?1:2c Disconnect 50 closed

X89CLXSWI51 Loc.stVal LOC IED local status

X89CLXSWI51 Pos.stVal 89CL51?1:2c Disconnect 51 closed

X89CLXSWI52 Loc.stVal LOC IED local status

X89CLXSWI52 Pos.stVal 89CL52?1:2c Disconnect 52 closed

X89CLXSWI53 Loc.stVal LOC IED local status

X89CLXSWI53 Pos.stVal 89CL53?1:2c Disconnect 53 closed

X89CLXSWI54 Loc.stVal LOC IED local status

X89CLXSWI54 Pos.stVal 89CL54?1:2c Disconnect 54 closed

X89CLXSWI55 Loc.stVal LOC IED local status

X89CLXSWI55 Pos.stVal 89CL55?1:2c Disconnect 55 closed

Table 10.12 Logical Device: PRO (Protection) (Sheet 9 of 10)
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Table 10.13 shows the LNs associated with measuring elements, defined as Logi-
cal Device MET.

                    

X89CLXSWI56 Loc.stVal LOC IED local status

X89CLXSWI56 Pos.stVal 89CL56?1:2c Disconnect 56 closed

X89CLXSWI57 Loc.stVal LOC IED local status

X89CLXSWI57 Pos.stVal 89CL57?1:2c Disconnect 57 closed

X89CLXSWI58 Loc.stVal LOC IED local status

X89CLXSWI58 Pos.stVal 89CL58?1:2c Disconnect 58 closed

X89CLXSWI59 Loc.stVal LOC IED local status

X89CLXSWI59 Pos.stVal 89CL59?1:2c Disconnect 59 closed

X89CLXSWI60 Loc.stVal LOC IED local status

X89CLXSWI60 Pos.stVal 89CL60?1:2c Disconnect 60 closed

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

PROLPHD1 PhyNam.hwRev HWREVg Hardware version of the relay mainboard

PROLPHD1 PhyNam.model PARNUM Relay part number

PROLPHD1 PhyNam.serNum SERNUM Relay serial number

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a Writing a value of 1 pulses the first bit. Writing a value of 0 results in no operation.
b I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
c If closed, value = 2. If open, value = 1.
d FLTYPE is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.14 for more details.
e FLTCAUS is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.15 for more details.
f If enabled, value = 1. If disabled, value = 3.
g HWREV is an internal data source and is not available to the user.

Table 10.12 Logical Device: PRO (Protection) (Sheet 10 of 10)

Logical Node Attribute Data Source Comment

Table 10.13 Logical Device: MET (Metering) (Sheet 1 of 3)

Logical Node Attribute Data Source Comment

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODa IEC 61850 mode/behavior status

DCZBAT1 BatWrn.stVal DC1W DC monitor warning alarm

DCZBAT1 BatFail.stVal DC1F DC monitor fail alarm

DCZBAT1 BatGndFlt.st.Val DC1G DC monitor ground fault alarm

DCZBAT1 BatDvAlm.stVal DC1R DC monitor alarm for ac ripple

METLPHD1 PhyHealth.stVal EN?3:1b Relay enabled

Functional Constraint = MX

DCZBAT1 Vol.instMag.f DC1 Station battery dc voltage

IOPMMXN1 Amp.instMag.f IOP1F 1-cycle average Zone 1 operating current

IOPMMXN2 Amp.instMag.f IOP2F 1-cycle average Zone 2 operating current
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IOPMMXN3 Amp.instMag.f IOP3F 1-cycle average Zone 3 operating current

IOPMMXN4 Amp.instMag.f IOP4F 1-cycle average Zone 4 operating current

IOPMMXN5 Amp.instMag.f IOP5F 1-cycle average Zone 5 operating current

IOPMMXN6 Amp.instMag.f IOP6F 1-cycle average Zone 6 operating current

IRTMMXN1 Amp.instMag.f IRT1F 1-cycle average Zone 1 restraint current

IRTMMXN2 Amp.instMag.f IRT2F 1-cycle average Zone 2 restraint current

IRTMMXN3 Amp.instMag.f IRT3F 1-cycle average Zone 3 restraint current

IRTMMXN4 Amp.instMag.f IRT4F 1-cycle average Zone 4 restraint current

IRTMMXN5 Amp.instMag.f IRT5F 1-cycle average Zone 5 restraint current

IRTMMXN6 Amp.instMag.f IRT6F 1-cycle average Zone 6 restraint current

METMMXN1 Amp.instMag.f I01FM 1-cycle average Phase 01 current (magnitude)

METMMXN2 Amp.instMag.f I02FM 1-cycle average Phase 02 current (magnitude)

METMMXN3 Amp.instMag.f I03FM 1-cycle average Phase 03 current (magnitude)

METMMXN4 Amp.instMag.f I04FM 1-cycle average Phase 04 current (magnitude)

METMMXN5 Amp.instMag.f I05FM 1-cycle average Phase 05 current (magnitude)

METMMXN6 Amp.instMag.f I06FM 1-cycle average Phase 06 current (magnitude)

METMMXN7 Amp.instMag.f I07FM 1-cycle average Phase 07 current (magnitude)

METMMXN8 Amp.instMag.f I08FM 1-cycle average Phase 08 current (magnitude)

METMMXN9 Amp.instMag.f I09FM 1-cycle average Phase 09 current (magnitude)

METMMXN10 Amp.instMag.f I10FM 1-cycle average Phase 10 current (magnitude)

METMMXN11 Amp.instMag.f I11FM 1-cycle average Phase 11 current (magnitude)

METMMXN12 Amp.instMag.f I12FM 1-cycle average Phase 12 current (magnitude)

METMMXN13 Amp.instMag.f I13FM 1-cycle average Phase 13 current (magnitude)

METMMXN14 Amp.instMag.f I14FM 1-cycle average Phase 14 current (magnitude)

METMMXN15 Amp.instMag.f I15FM 1-cycle average Phase 15 current (magnitude)

METMMXN16 Amp.instMag.f I16FM 1-cycle average Phase 16 current (magnitude)

METMMXN17 Amp.instMag.f I17FM 1-cycle average Phase 17 current (magnitude)

METMMXN18 Amp.instMag.f I18FM 1-cycle average Phase 18 current (magnitude)

METMMXN19 Amp.instMag.f I19FM 1-cycle average Phase 19 current (magnitude)

METMMXN20 Amp.instMag.f I20FM 1-cycle average Phase 20 current (magnitude)

METMMXN21 Amp.instMag.f I21FM 1-cycle average Phase 21 current (magnitude)

METVMMXN1 Vol.instMag.f V01FM 1-cycle average Phase 01 voltage (magnitude)

METVMMXN2 Vol.instMag.f V02FM 1-cycle average Phase 02 voltage (magnitude)

METVMMXN3 Vol.instMag.f V03FM 1-cycle average Phase 03 voltage (magnitude)

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

METLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay mainboard

METLPHD1 PhyNam.model PARNUM Relay part number

METLPHD1 PhyNam.serNum SERNUM Relay serial number

Table 10.13 Logical Device: MET (Metering) (Sheet 2 of 3)

Logical Node Attribute Data Source Comment
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Functional Constraint = DC

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
b If enabled, value = 1. If disabled, value = 3
c HWREV is an internal data source and is not available to the user.

Table 10.13 Logical Device: MET (Metering) (Sheet 3 of 3)

Logical Node Attribute Data Source Comment

Table 10.14 FLTYPE—Fault Type

Value Fault Type

0 No fault type identified/present

Table 10.15 FLTCAUS—Fault Cause

Value Fault Cause

0 No fault summary loaded

1 Trigger command

2 Trip element

3 Event report element

4 Differential trip

5 Breaker failure trip
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Relay Word Bits

This section contains tables of the Relay Word bits available in the SEL-487B 
relay. Table 11.1 lists the Relay Word bits in alphabetical order; Table 11.2 lists 
every Relay Word bit row and the bits contained within each row.

Alphabetical List
                    

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 1 of 79)

Name Bit Description Row

271P1 Undervoltage Element 1, Level 1 asserted 221

271P1T Undervoltage Element 1, Level 1 timed out 221

271P2 Undervoltage Element 1, Level 2 asserted 221

272P1 Undervoltage Element 2, Level 1 asserted 221

272P1T Undervoltage Element 2, Level 1 timed out 221

272P2 Undervoltage Element 2, Level 2 asserted 221

273P1 Undervoltage Element 3, Level 1 asserted 222

273P1T Undervoltage Element 3, Level 1 timed out 222

273P2 Undervoltage Element 3, Level 2 asserted 222

274P1 Undervoltage Element 4, Level 1 asserted 222

274P1T Undervoltage Element 4, Level 1 timed out 222

274P2 Undervoltage Element 4, Level 2 asserted 222

275P1 Undervoltage Element 5, Level 1 asserted 223

275P1T Undervoltage Element 5, Level 1 timed out 223

275P2 Undervoltage Element 5, Level 2 asserted 223

276P1 Undervoltage Element 6, Level 1 asserted 223

276P1T Undervoltage Element 6, Level 1 timed out 223

276P2 Undervoltage Element 6, Level 2 asserted 223

27TC1 Undervoltage Element 1, torque control 221

27TC2 Undervoltage Element 2, torque control 221

27TC3 Undervoltage Element 3, torque control 222

27TC4 Undervoltage Element 4, torque control 222

27TC5 Undervoltage Element 5, torque control 223

27TC6 Undervoltage Element 6, torque control 223

50DS01 Terminal 01 directional element current threshold exceeded 173

50DS02 Terminal 02 directional element current threshold exceeded 173

50DS03 Terminal 03 directional element current threshold exceeded 173

50DS04 Terminal 04 directional element current threshold exceeded 173
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50DS05 Terminal 05 directional element current threshold exceeded 173

50DS06 Terminal 06 directional element current threshold exceeded 173

50DS07 Terminal 07 directional element current threshold exceeded 173

50DS08 Terminal 08 directional element current threshold exceeded 173

50DS09 Terminal 09 directional element current threshold exceeded 174

50DS10 Terminal 10 directional element current threshold exceeded 174

50DS11 Terminal 11 directional element current threshold exceeded 174

50DS12 Terminal 12 directional element current threshold exceeded 174

50DS13 Terminal 13 directional element current threshold exceeded 174

50DS14 Terminal 14 directional element current threshold exceeded 174

50DS15 Terminal 15 directional element current threshold exceeded 174

50DS16 Terminal 16 directional element current threshold exceeded 174

50DS17 Terminal 17 directional element current threshold exceeded 175

50DS18 Terminal 18 directional element current threshold exceeded 175

50DS19 Terminal 19 directional element current threshold exceeded 175

50DS20 Terminal 20 directional element current threshold exceeded 175

50DS21 Terminal 21 directional element current threshold exceeded 175

50F01 Circuit Breaker 1 breaker failure current threshold exceeded 183

50F02 Circuit Breaker 2 breaker failure current threshold exceeded 184

50F03 Circuit Breaker 3 breaker failure current threshold exceeded 185

50F04 Circuit Breaker 4 breaker failure current threshold exceeded 186

50F05 Circuit Breaker 5 breaker failure current threshold exceeded 187

50F06 Circuit Breaker 6 breaker failure current threshold exceeded 188

50F07 Circuit Breaker 7 breaker failure current threshold exceeded 189

50F08 Circuit Breaker 8 breaker failure current threshold exceeded 190

50F09 Circuit Breaker 9 breaker failure current threshold exceeded 191

50F10 Circuit Breaker 10 breaker failure current threshold exceeded 192

50F11 Circuit Breaker 11 breaker failure current threshold exceeded 193

50F12 Circuit Breaker 12 breaker failure current threshold exceeded 194

50F13 Circuit Breaker 13 breaker failure current threshold exceeded 195

50F14 Circuit Breaker 14 breaker failure current threshold exceeded 196

50F15 Circuit Breaker 15 breaker failure current threshold exceeded 197

50F16 Circuit Breaker 16 breaker failure current threshold exceeded 198

50F17 Circuit Breaker 17 breaker failure current threshold exceeded 199

50F18 Circuit Breaker 18 breaker failure current threshold exceeded 200

50F19 Circuit Breaker 19 breaker failure current threshold exceeded 201

50F20 Circuit Breaker 20 breaker failure current threshold exceeded 202

50F21 Circuit Breaker 21 breaker failure current threshold exceeded 203

50P01 Terminal 01 instantaneous overcurrent element 207

50P01T Terminal 01 definite-time overcurrent element timed out 207

50P02 Terminal 02 instantaneous overcurrent element 207

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 2 of 79)

Name Bit Description Row
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50P02T Terminal 02 definite-time overcurrent element timed out 207

50P03 Terminal 03 instantaneous overcurrent element 207

50P03T Terminal 03 definite-time overcurrent element timed out 207

50P04 Terminal 04 instantaneous overcurrent element 207

50P04T Terminal 04 definite-time overcurrent element timed out 207

50P05 Terminal 05 instantaneous overcurrent element 208

50P05T Terminal 05 definite-time overcurrent element timed out 208

50P06 Terminal 06 instantaneous overcurrent element 208

50P06T Terminal 06 definite-time overcurrent element timed out 208

50P07 Terminal 07 instantaneous overcurrent element 208

50P07T Terminal 07 definite-time overcurrent element timed out 208

50P08 Terminal 08 instantaneous overcurrent element 208

50P08T Terminal 08 definite-time overcurrent element timed out 208

50P09 Terminal 09 instantaneous overcurrent element 209

50P09T Terminal 09 definite-time overcurrent element timed out 209

50P10 Terminal 10 instantaneous overcurrent element 209

50P10T Terminal 10 definite-time overcurrent element timed out 209

50P11 Terminal 11 instantaneous overcurrent element 209

50P11T Terminal 11 definite-time overcurrent element timed out 209

50P12 Terminal 12 instantaneous overcurrent element 209

50P12T Terminal 12 definite-time overcurrent element timed out 209

50P13 Terminal 13 instantaneous overcurrent element 210

50P13T Terminal 13 definite-time overcurrent element timed out 210

50P14 Terminal 14 instantaneous overcurrent element 210

50P14T Terminal 14 definite-time overcurrent element timed out 210

50P15 Terminal 15 instantaneous overcurrent element 210

50P15T Terminal 15 definite-time overcurrent element timed out 210

50P16 Terminal 16 instantaneous overcurrent element 210

50P16T Terminal 16 definite-time overcurrent element timed out 210

50P17 Terminal 17 instantaneous overcurrent element 211

50P17T Terminal 17 definite-time overcurrent element timed out 211

50P18 Terminal 18 instantaneous overcurrent element 211

50P18T Terminal 18 definite-time overcurrent element timed out 211

50P19 Terminal 19 instantaneous overcurrent element 211

50P19T Terminal 19 definite-time overcurrent element timed out 211

50P20 Terminal 20 instantaneous overcurrent element 211

50P20T Terminal 20 definite-time overcurrent element timed out 211

50P21 Terminal 21 instantaneous overcurrent element 212

50P21T Terminal 21 definite-time overcurrent element timed out 212

51MM01 Inverse-time Element 01 pickup setting outside of specified limits 219

51MM02 Inverse-time Element 02 pickup setting outside of specified limits 219

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 3 of 79)

Name Bit Description Row
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51MM03 Inverse-time Element 03 pickup setting outside of specified limits 219

51MM04 Inverse-time Element 04 pickup setting outside of specified limits 219

51MM05 Inverse-time Element 05 pickup setting outside of specified limits 220

51MM06 Inverse-time Element 06 pickup setting outside of specified limits 220

51MM07 Inverse-time Element 07 pickup setting outside of specified limits 220

51MM08 Inverse-time Element 08 pickup setting outside of specified limits 220

51MM09 Inverse-time Element 09 pickup setting outside of specified limits 232

51MM10 Inverse-time Element 10 pickup setting outside of specified limits 232

51MM11 Inverse-time Element 11 pickup setting outside of specified limits 232

51MM12 Inverse-time Element 12 pickup setting outside of specified limits 232

51MM13 Inverse-time Element 13 pickup setting outside of specified limits 233

51MM14 Inverse-time Element 14 pickup setting outside of specified limits 233

51MM15 Inverse-time Element 15 pickup setting outside of specified limits 233

51MM16 Inverse-time Element 16 pickup setting outside of specified limits 233

51MM17 Inverse-time Element 17 pickup setting outside of specified limits 234

51MM18 Inverse-time Element 18 pickup setting outside of specified limits 234

51MM19 Inverse-time Element 19 pickup setting outside of specified limits 234

51MM20 Inverse-time Element 20 pickup setting outside of specified limits 234

51MM21 Inverse-time Element 21 pickup setting outside of specified limits 252

51R01 Inverse-time Element 01 reset 254

51R02 Inverse-time Element 02 reset 254

51R03 Inverse-time Element 03 reset 254

51R04 Inverse-time Element 04 reset 254

51R05 Inverse-time Element 05 reset 254

51R06 Inverse-time Element 06 reset 254

51R07 Inverse-time Element 07 reset 254

51R08 Inverse-time Element 08 reset 254

51R09 Inverse-time Element 09 reset 253

51R10 Inverse-time Element 10 reset 253

51R11 Inverse-time Element 11 reset 253

51R12 Inverse-time Element 12 reset 253

51R13 Inverse-time Element 13 reset 253

51R14 Inverse-time Element 14 reset 253

51R15 Inverse-time Element 15 reset 253

51R16 Inverse-time Element 16 reset 253

51R17 Inverse-time Element 17 reset 381

51R18 Inverse-time Element 18 reset 381

51R19 Inverse-time Element 19 reset 381

51R20 Inverse-time Element 20 reset 381

51R21 Inverse-time Element 21 reset 381

51S01 Inverse-time Element 01 picked up 213

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 4 of 79)

Name Bit Description Row



11.5

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

51S02 Inverse-time Element 02 picked up 213

51S03 Inverse-time Element 03 picked up 213

51S04 Inverse-time Element 04 picked up 213

51S05 Inverse-time Element 05 picked up 214

51S06 Inverse-time Element 06 picked up 214

51S07 Inverse-time Element 07 picked up 214

51S08 Inverse-time Element 08 picked up 214

51S09 Inverse-time Element 09 picked up 215

51S10 Inverse-time Element 10 picked up 215

51S11 Inverse-time Element 11 picked up 215

51S12 Inverse-time Element 12 picked up 215

51S13 Inverse-time Element 13 picked up 216

51S14 Inverse-time Element 14 picked up 216

51S15 Inverse-time Element 15 picked up 216

51S16 Inverse-time Element 16 picked up 216

51S17 Inverse-time Element 17 picked up 217

51S18 Inverse-time Element 18 picked up 217

51S19 Inverse-time Element 19 picked up 217

51S20 Inverse-time Element 20 picked up 217

51S21 Inverse-time Element 21 picked up 218

51T01 Inverse-time Element 01 timed out 213

51T02 Inverse-time Element 02 timed out 213

51T03 Inverse-time Element 03 timed out 213

51T04 Inverse-time Element 04 timed out 213

51T05 Inverse-time Element 05 timed out 214

51T06 Inverse-time Element 06 timed out 214

51T07 Inverse-time Element 07 timed out 214

51T08 Inverse-time Element 08 timed out 214

51T09 Inverse-time Element 09 timed out 215

51T10 Inverse-time Element 10 timed out 215

51T11 Inverse-time Element 11 timed out 215

51T12 Inverse-time Element 12 timed out 215

51T13 Inverse-time Element 13 timed out 216

51T14 Inverse-time Element 14 timed out 216

51T15 Inverse-time Element 15 timed out 216

51T16 Inverse-time Element 16 timed out 216

51T17 Inverse-time Element 17 timed out 217

51T18 Inverse-time Element 18 timed out 217

51T19 Inverse-time Element 19 timed out 217

51T20 Inverse-time Element 20 timed out 217

51T21 Inverse-time Element 21 timed out 218

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 5 of 79)

Name Bit Description Row
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51TM01 Inverse-time Element 01 time-dial setting outside of specified limits 219

51TM02 Inverse-time Element 02 time-dial setting outside of specified limits 219

51TM03 Inverse-time Element 03 time-dial setting outside of specified limits 219

51TM04 Inverse-time Element 04 time-dial setting outside of specified limits 219

51TM05 Inverse-time Element 05 time-dial setting outside of specified limits 220

51TM06 Inverse-time Element 06 time-dial setting outside of specified limits 220

51TM07 Inverse-time Element 07 time-dial setting outside of specified limits 220

51TM08 Inverse-time Element 08 time-dial setting outside of specified limits 220

51TM09 Inverse-time Element 09 time-dial setting outside of specified limits 232

51TM10 Inverse-time Element 10 time-dial setting outside of specified limits 232

51TM11 Inverse-time Element 11 time-dial setting outside of specified limits 232

51TM12 Inverse-time Element 12 time-dial setting outside of specified limits 232

51TM13 Inverse-time Element 13 time-dial setting outside of specified limits 233

51TM14 Inverse-time Element 14 time-dial setting outside of specified limits 233

51TM15 Inverse-time Element 15 time-dial setting outside of specified limits 233

51TM16 Inverse-time Element 16 time-dial setting outside of specified limits 233

51TM17 Inverse-time Element 17 time-dial setting outside of specified limits 234

51TM18 Inverse-time Element 18 time-dial setting outside of specified limits 234

51TM19 Inverse-time Element 19 time-dial setting outside of specified limits 234

51TM20 Inverse-time Element 20 time-dial setting outside of specified limits 234

51TM21 Inverse-time Element 21 time-dial setting outside of specified limits 252

52A01 Circuit Breaker 01 status 7

52A02 Circuit Breaker 02 status 7

52A03 Circuit Breaker 03 status 7

52A04 Circuit Breaker 04 status 8

52A05 Circuit Breaker 05 status 8

52A06 Circuit Breaker 06 status 8

52A07 Circuit Breaker 07 status 9

52A08 Circuit Breaker 08 status 9

52A09 Circuit Breaker 09 status 10

52A10 Circuit Breaker 10 status 10

52A11 Circuit Breaker 11 status 10

52A12 Circuit Breaker 12 status 11

52A13 Circuit Breaker 13 status 11

52A14 Circuit Breaker 14 status 11

52A15 Circuit Breaker 15 status 12

52A16 Circuit Breaker 16 status 12

52A17 Circuit Breaker 17 status 13

52A18 Circuit Breaker 18 status 13

52A19 Circuit Breaker 19 status 13

52A20 Circuit Breaker 20 status 14
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52A21 Circuit Breaker 21 status 14

52AL Any circuit breaker alarm 14

52AL01 Circuit Breaker 01 alarm 7

52AL02 Circuit Breaker 02 alarm 7

52AL03 Circuit Breaker 03 alarm 7

52AL04 Circuit Breaker 04 alarm 8

52AL05 Circuit Breaker 05 alarm 8

52AL06 Circuit Breaker 06 alarm 9

52AL07 Circuit Breaker 07 alarm 9

52AL08 Circuit Breaker 08 alarm 9

52AL09 Circuit Breaker 09 alarm 10

52AL10 Circuit Breaker 10 alarm 10

52AL11 Circuit Breaker 11 alarm 10

52AL12 Circuit Breaker 12 alarm 11

52AL13 Circuit Breaker 13 alarm 11

52AL14 Circuit Breaker 14 alarm 12

52AL15 Circuit Breaker 15 alarm 12

52AL16 Circuit Breaker 16 alarm 12

52AL17 Circuit Breaker 17 alarm 13

52AL18 Circuit Breaker 18 alarm 13

52AL19 Circuit Breaker 19 alarm 13

52AL20 Circuit Breaker 20 alarm 14

52AL21 Circuit Breaker 21 alarm 14

52CL01 Circuit Breaker 01 closed 7

52CL02 Circuit Breaker 02 closed 7

52CL03 Circuit Breaker 03 closed 8

52CL04 Circuit Breaker 04 closed 8

52CL05 Circuit Breaker 05 closed 8

52CL06 Circuit Breaker 06 closed 9

52CL07 Circuit Breaker 07 closed 9

52CL08 Circuit Breaker 08 closed 9

52CL09 Circuit Breaker 09 closed 10

52CL10 Circuit Breaker 10 closed 10

52CL11 Circuit Breaker 11 closed 11

52CL12 Circuit Breaker 12 closed 11

52CL13 Circuit Breaker 13 closed 11

52CL14 Circuit Breaker 14 closed 12

52CL15 Circuit Breaker 15 closed 12

52CL16 Circuit Breaker 16 closed 12

52CL17 Circuit Breaker 17 closed 13

52CL18 Circuit Breaker 18 closed 13
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52CL19 Circuit Breaker 19 closed 14

52CL20 Circuit Breaker 20 closed 14

52CL21 Circuit Breaker 21 closed 14

591P1 Overvoltage Element 1, Level 1 asserted   224

591P1T Overvoltage Element 1, Level 1 timed out 224

591P2 Overvoltage Element 1, Level 2 asserted   224

592P1 Overvoltage Element 2, Level 1 asserted   224

592P1T Overvoltage Element 2, Level 1 timed out 224

592P2 Overvoltage Element 2, Level 2 asserted   224

593P1 Overvoltage Element 3, Level 1 asserted   225

593P1T Overvoltage Element 3, Level 1 timed out 225

593P2 Overvoltage Element 3, Level 2 asserted   225

594P1 Overvoltage Element 4, Level 1 asserted   225

594P1T Overvoltage Element 4, Level 1 timed out 225

594P2 Overvoltage Element 4, Level 2 asserted   225

595P1 Overvoltage Element 5, Level 1 asserted   226

595P1T Overvoltage Element 5, Level 1 timed out 226

595P2 Overvoltage Element 5, Level 2 asserted   226

596P1 Overvoltage Element 6, Level 1 asserted   226

596P1T Overvoltage Element 6, Level 1 timed out 226

596P2 Overvoltage Element 6, Level 2 asserted   226

59TC1 Overvoltage Element 1, torque control 224

59TC2 Overvoltage Element 2, torque control 224

59TC3 Overvoltage Element 3, torque control 225

59TC4 Overvoltage Element 4, torque control 225

59TC5 Overvoltage Element 5, torque control 226

59TC6 Overvoltage Element 6, torque control 226

87BTR Any terminal bus-zone differential trip asserted 231

87BTR01 Terminal 01 bus-zone differential trip asserted 228

87BTR02 Terminal 02 bus-zone differential trip asserted 228

87BTR03 Terminal 03 bus-zone differential trip asserted 228

87BTR04 Terminal 04 bus-zone differential trip asserted 228

87BTR05 Terminal 05 bus-zone differential trip asserted 228

87BTR06 Terminal 06 bus-zone differential trip asserted 228

87BTR07 Terminal 07 bus-zone differential trip asserted 228

87BTR08 Terminal 08 bus-zone differential trip asserted 228

87BTR09 Terminal 09 bus-zone differential trip asserted 229

87BTR10 Terminal 10 bus-zone differential trip asserted 229

87BTR11 Terminal 11 bus-zone differential trip asserted 229

87BTR12 Terminal 12 bus-zone differential trip asserted 229

87BTR13 Terminal 13 bus-zone differential trip asserted 229
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87BTR14 Terminal 14 bus-zone differential trip asserted 229

87BTR15 Terminal 15 bus-zone differential trip asserted 229

87BTR16 Terminal 16 bus-zone differential trip asserted 229

87BTR17 Terminal 17 bus-zone differential trip asserted 230

87BTR18 Terminal 18 bus-zone differential trip asserted 230

87BTR19 Terminal 19 bus-zone differential trip asserted 230

87BTR20 Terminal 20 bus-zone differential trip asserted 230

87BTR21 Terminal 21 bus-zone differential trip asserted 230

87CZ1 Check Zone 1 differential element trip 447

87CZ2 Check Zone 2 differential element trip 447

87CZ3 Check Zone 3 differential element trip 447

87O1 Zone 1 restraint differential operating current above O87P 159

87O2 Zone 2 restraint differential operating current above O87P 161

87O3 Zone 3 restraint differential operating current above O87P 163

87O4 Zone 4 restraint differential operating current above O87P 165

87O5 Zone 5 restraint differential operating current above O87P 167

87O6 Zone 6 restraint differential operating current above O87P 169

87OCZ1 Check Zone 1 restraint differential operating current above CZO87P 450

87OCZ2 Check Zone 2 restraint differential operating current above CZO87P 452

87OCZ3 Check Zone 3 restraint differential operating current above CZO87P 454

87R1 Zone 1 restraint differential element picked up 159

87R2 Zone 2 restraint differential element picked up 161

87R3 Zone 3 restraint differential element picked up 163

87R4 Zone 4 restraint differential element picked up 165

87R5 Zone 5 restraint differential element picked up 167

87R6 Zone 6 restraint differential element picked up 169

87RCZ1 Check Zone 1 restraint differential element picked up 450

87RCZ2 Check Zone 2 restraint differential element picked up 452

87RCZ3 Check Zone 3 restraint differential element picked up 454

87S1 Zone 1 sensitive differential element picked up 157

87S2 Zone 2 sensitive differential element picked up 157

87S3 Zone 3 sensitive differential element picked up 157

87S4 Zone 4 sensitive differential element picked up 157

87S5 Zone 5 sensitive differential element picked up 157

87S6 Zone 6 sensitive differential element picked up 157

87SCZ1 Check Zone 1 sensitive differential element picked up 448

87SCZ2 Check Zone 2 sensitive differential element picked up 448

87SCZ3 Check Zone 3 sensitive differential element picked up 448

87ST Any sensitive differential element timer timed out 158

87ST1 Zone 1 sensitive differential element timed out 158

87ST2 Zone 2 sensitive differential element timed out 158
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87ST3 Zone 3 sensitive differential element timed out 158

87ST4 Zone 4 sensitive differential element timed out 158

87ST5 Zone 5 sensitive differential element timed out 158

87ST6 Zone 6 sensitive differential element timed out 158

87STCZ1 Check Zone 1 sensitive differential element timed out 449

87STCZ2 Check Zone 2 sensitive differential element timed out 449

87STCZ3 Check Zone 3 sensitive differential element timed out 449

87Z1 Zone 1 differential element trip 235

87Z2 Zone 2 differential element trip 235

87Z3 Zone 3 differential element trip 235

87Z4 Zone 4 differential element trip 235

87Z5 Zone 5 differential element trip 235

87Z6 Zone 6 differential element trip 235

89A01 Disconnect 01 A auxiliary contact closed 17

89A02 Disconnect 02 A auxiliary contact closed 17

89A03 Disconnect 03 A auxiliary contact closed 18

89A04 Disconnect 04 A auxiliary contact closed 18

89A05 Disconnect 05 A auxiliary contact closed 19

89A06 Disconnect 06 A auxiliary contact closed 20

89A07 Disconnect 07 A auxiliary contact closed 20

89A08 Disconnect 08 A auxiliary contact closed 21

89A09 Disconnect 09 A auxiliary contact closed 22

89A10 Disconnect 10 A auxiliary contact closed 22

89A11 Disconnect 11 A auxiliary contact closed 23

89A12 Disconnect 12 A auxiliary contact closed 23

89A13 Disconnect 13 A auxiliary contact closed 24

89A14 Disconnect 14 A auxiliary contact closed 25

89A15 Disconnect 15 A auxiliary contact closed 25

89A16 Disconnect 16 A auxiliary contact closed 26

89A17 Disconnect 17 A auxiliary contact closed 27

89A18 Disconnect 18 A auxiliary contact closed 27

89A19 Disconnect 19 A auxiliary contact closed 28

89A20 Disconnect 20 A auxiliary contact closed 28

89A21 Disconnect 21 A auxiliary contact closed 29

89A22 Disconnect 22 A auxiliary contact closed 30

89A23 Disconnect 23 A auxiliary contact closed 30

89A24 Disconnect 24 A auxiliary contact closed 31

89A25 Disconnect 25 A auxiliary contact closed 32

89A26 Disconnect 26 A auxiliary contact closed 32

89A27 Disconnect 27 A auxiliary contact closed 33

89A28 Disconnect 28 A auxiliary contact closed 33
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89A29 Disconnect 29 A auxiliary contact closed 34

89A30 Disconnect 30 A auxiliary contact closed 35

89A31 Disconnect 31 A auxiliary contact closed 35

89A32 Disconnect 32 A auxiliary contact closed 36

89A33 Disconnect 33 A auxiliary contact closed 37

89A34 Disconnect 34 A auxiliary contact closed 37

89A35 Disconnect 35 A auxiliary contact closed 38

89A36 Disconnect 36 A auxiliary contact closed 38

89A37 Disconnect 37 A auxiliary contact closed 39

89A38 Disconnect 38 A auxiliary contact closed 40

89A39 Disconnect 39 A auxiliary contact closed 40

89A40 Disconnect 40 A auxiliary contact closed 41

89A41 Disconnect 41 A auxiliary contact closed 42

89A42 Disconnect 42 A auxiliary contact closed 42

89A43 Disconnect 43 A auxiliary contact closed 43

89A44 Disconnect 44 A auxiliary contact closed 43

89A45 Disconnect 45 A auxiliary contact closed 44

89A46 Disconnect 46 A auxiliary contact closed 45

89A47 Disconnect 47 A auxiliary contact closed 45

89A48 Disconnect 48 A auxiliary contact closed 46

89A49 Disconnect 49 A auxiliary contact closed 47

89A50 Disconnect 50 A auxiliary contact closed 47

89A51 Disconnect 51 A auxiliary contact closed 48

89A52 Disconnect 52 A auxiliary contact closed 48

89A53 Disconnect 53 A auxiliary contact closed 49

89A54 Disconnect 54 A auxiliary contact closed 50

89A55 Disconnect 55 A auxiliary contact closed 50

89A56 Disconnect 56 A auxiliary contact closed 51

89A57 Disconnect 57 A auxiliary contact closed 52

89A58 Disconnect 58 A auxiliary contact closed 52

89A59 Disconnect 59 A auxiliary contact closed 53

89A60 Disconnect 60 A auxiliary contact closed 53

89AL Any disconnect auxiliary contact discrepancy alarm 55

89AL01 Disconnect 01 auxiliary contact discrepancy alarm 17

89AL02 Disconnect 02 auxiliary contact discrepancy alarm 18

89AL03 Disconnect 03 auxiliary contact discrepancy alarm 18

89AL04 Disconnect 04 auxiliary contact discrepancy alarm 19

89AL05 Disconnect 05 auxiliary contact discrepancy alarm 20

89AL06 Disconnect 06 auxiliary contact discrepancy alarm 20

89AL07 Disconnect 07 auxiliary contact discrepancy alarm 21

89AL08 Disconnect 08 auxiliary contact discrepancy alarm 21
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89AL09 Disconnect 09 auxiliary contact discrepancy alarm 22

89AL10 Disconnect 10 auxiliary contact discrepancy alarm 23

89AL11 Disconnect 11 auxiliary contact discrepancy alarm 23

89AL12 Disconnect 12 auxiliary contact discrepancy alarm 24

89AL13 Disconnect 13 auxiliary contact discrepancy alarm 25

89AL14 Disconnect 14 auxiliary contact discrepancy alarm 25

89AL15 Disconnect 15 auxiliary contact discrepancy alarm 26

89AL16 Disconnect 16 auxiliary contact discrepancy alarm 26

89AL17 Disconnect 17 auxiliary contact discrepancy alarm 27

89AL18 Disconnect 18 auxiliary contact discrepancy alarm 28

89AL19 Disconnect 19 auxiliary contact discrepancy alarm 28

89AL20 Disconnect 20 auxiliary contact discrepancy alarm 29

89AL21 Disconnect 21 auxiliary contact discrepancy alarm 30

89AL22 Disconnect 22 auxiliary contact discrepancy alarm 30

89AL23 Disconnect 23 auxiliary contact discrepancy alarm 31

89AL24 Disconnect 24 auxiliary contact discrepancy alarm 31

89AL25 Disconnect 25 auxiliary contact discrepancy alarm 32

89AL26 Disconnect 26 auxiliary contact discrepancy alarm 33

89AL27 Disconnect 27 auxiliary contact discrepancy alarm 33

89AL28 Disconnect 28 auxiliary contact discrepancy alarm 34

89AL29 Disconnect 29 auxiliary contact discrepancy alarm 35

89AL30 Disconnect 30 auxiliary contact discrepancy alarm 35

89AL31 Disconnect 31 auxiliary contact discrepancy alarm 36

89AL32 Disconnect 32 auxiliary contact discrepancy alarm 36

89AL33 Disconnect 33 auxiliary contact discrepancy alarm 37

89AL34 Disconnect 34 auxiliary contact discrepancy alarm 38

89AL35 Disconnect 35 auxiliary contact discrepancy alarm 38

89AL36 Disconnect 36 auxiliary contact discrepancy alarm 39

89AL37 Disconnect 37 auxiliary contact discrepancy alarm 40

89AL38 Disconnect 38 auxiliary contact discrepancy alarm 40

89AL39 Disconnect 39 auxiliary contact discrepancy alarm 41

89AL40 Disconnect 40 auxiliary contact discrepancy alarm 41

89AL41 Disconnect 41 auxiliary contact discrepancy alarm 42

89AL42 Disconnect 42 auxiliary contact discrepancy alarm 43

89AL43 Disconnect 43 auxiliary contact discrepancy alarm 43

89AL44 Disconnect 44 auxiliary contact discrepancy alarm 44

89AL45 Disconnect 45 auxiliary contact discrepancy alarm 45

89AL46 Disconnect 46 auxiliary contact discrepancy alarm 45

89AL47 Disconnect 47 auxiliary contact discrepancy alarm 46

89AL48 Disconnect 48 auxiliary contact discrepancy alarm 46

89AL49 Disconnect 49 auxiliary contact discrepancy alarm 47
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89AL50 Disconnect 50 auxiliary contact discrepancy alarm 48

89AL51 Disconnect 51 auxiliary contact discrepancy alarm 48

89AL52 Disconnect 52 auxiliary contact discrepancy alarm 49

89AL53 Disconnect 53 auxiliary contact discrepancy alarm 50

89AL54 Disconnect 54 auxiliary contact discrepancy alarm 50

89AL55 Disconnect 55 auxiliary contact discrepancy alarm 51

89AL56 Disconnect 56 auxiliary contact discrepancy alarm 51

89AL57 Disconnect 57 auxiliary contact discrepancy alarm 52

89AL58 Disconnect 58 auxiliary contact discrepancy alarm 53

89AL59 Disconnect 59 auxiliary contact discrepancy alarm 53

89AL60 Disconnect 60 auxiliary contact discrepancy alarm 54

89B01 Disconnect 01 B auxiliary contact closed 17

89B02 Disconnect 02 B auxiliary contact closed 17

89B03 Disconnect 03 B auxiliary contact closed 18

89B04 Disconnect 04 B auxiliary contact closed 19

89B05 Disconnect 05 B auxiliary contact closed 19

89B06 Disconnect 06 B auxiliary contact closed 20

89B07 Disconnect 07 B auxiliary contact closed 20

89B08 Disconnect 08 B auxiliary contact closed 21

89B09 Disconnect 09 B auxiliary contact closed 22

89B10 Disconnect 10 B auxiliary contact closed 22

89B11 Disconnect 11 B auxiliary contact closed 23

89B12 Disconnect 12 B auxiliary contact closed 24

89B13 Disconnect 13 B auxiliary contact closed 24

89B14 Disconnect 14 B auxiliary contact closed 25

89B15 Disconnect 15 B auxiliary contact closed 25

89B16 Disconnect 16 B auxiliary contact closed 26

89B17 Disconnect 17 B auxiliary contact closed 27

89B18 Disconnect 18 B auxiliary contact closed 27

89B19 Disconnect 19 B auxiliary contact closed 28

89B20 Disconnect 20 B auxiliary contact closed 29

89B21 Disconnect 21 B auxiliary contact closed 29

89B22 Disconnect 22 B auxiliary contact closed 30

89B23 Disconnect 23 B auxiliary contact closed 30

89B24 Disconnect 24 B auxiliary contact closed 31

89B25 Disconnect 25 B auxiliary contact closed 32

89B26 Disconnect 26 B auxiliary contact closed 32

89B27 Disconnect 27 B auxiliary contact closed 33

89B28 Disconnect 28 B auxiliary contact closed 34

89B29 Disconnect 29 B auxiliary contact closed 34

89B30 Disconnect 30 B auxiliary contact closed 35
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89B31 Disconnect 31 B auxiliary contact closed 35

89B32 Disconnect 32 B auxiliary contact closed 36

89B33 Disconnect 33 B auxiliary contact closed 37

89B34 Disconnect 34 B auxiliary contact closed 37

89B35 Disconnect 35 B auxiliary contact closed 38

89B36 Disconnect 36 B auxiliary contact closed 39

89B37 Disconnect 37 B auxiliary contact closed 39

89B38 Disconnect 38 B auxiliary contact closed 40

89B39 Disconnect 39 B auxiliary contact closed 40

89B40 Disconnect 40 B auxiliary contact closed 41

89B41 Disconnect 41 B auxiliary contact closed 42

89B42 Disconnect 42 B auxiliary contact closed 42

89B43 Disconnect 43 B auxiliary contact closed 43

89B44 Disconnect 44 B auxiliary contact closed 44

89B45 Disconnect 45 B auxiliary contact closed 44

89B46 Disconnect 46 B auxiliary contact closed 45

89B47 Disconnect 47 B auxiliary contact closed 45

89B48 Disconnect 48 B auxiliary contact closed 46

89B49 Disconnect 49 B auxiliary contact closed 47

89B50 Disconnect 50 B auxiliary contact closed 47

89B51 Disconnect 51 B auxiliary contact closed 48

89B52 Disconnect 52 B auxiliary contact closed 49

89B53 Disconnect 53 B auxiliary contact closed 49

89B54 Disconnect 54 B auxiliary contact closed 50

89B55 Disconnect 55 B auxiliary contact closed 50

89B56 Disconnect 56 B auxiliary contact closed 51

89B57 Disconnect 57 B auxiliary contact closed 52

89B58 Disconnect 58 B auxiliary contact closed 52

89B59 Disconnect 59 B auxiliary contact closed 53

89B60 Disconnect 60 B auxiliary contact closed 54

89CL01 Disconnect 01 closed 17

89CL02 Disconnect 02 closed 17

89CL03 Disconnect 03 closed 18

89CL04 Disconnect 04 closed 19

89CL05 Disconnect 05 closed 19

89CL06 Disconnect 06 closed 20

89CL07 Disconnect 07 closed 21

89CL08 Disconnect 08 closed 21

89CL09 Disconnect 09 closed 22

89CL10 Disconnect 10 closed 22

89CL11 Disconnect 11 closed 23
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89CL12 Disconnect 12 closed 24

89CL13 Disconnect 13 closed 24

89CL14 Disconnect 14 closed 25

89CL15 Disconnect 15 closed 26

89CL16 Disconnect 16 closed 26

89CL17 Disconnect 17 closed 27

89CL18 Disconnect 18 closed 27

89CL19 Disconnect 19 closed 28

89CL20 Disconnect 20 closed 29

89CL21 Disconnect 21 closed 29

89CL22 Disconnect 22 closed 30

89CL23 Disconnect 23 closed 31

89CL24 Disconnect 24 closed 31

89CL25 Disconnect 25 closed 32

89CL26 Disconnect 26 closed 32

89CL27 Disconnect 27 closed 33

89CL28 Disconnect 28 closed 34

89CL29 Disconnect 29 closed 34

89CL30 Disconnect 30 closed 35

89CL31 Disconnect 31 closed 36

89CL32 Disconnect 32 closed 36

89CL33 Disconnect 33 closed 37

89CL34 Disconnect 34 closed 37

89CL35 Disconnect 35 closed 38

89CL36 Disconnect 36 closed 39

89CL37 Disconnect 37 closed 39

89CL38 Disconnect 38 closed 40

89CL39 Disconnect 39 closed 41

89CL40 Disconnect 40 closed 41

89CL41 Disconnect 41 closed 42

89CL42 Disconnect 42 closed 42

89CL43 Disconnect 43 closed 43

89CL44 Disconnect 44 closed 44

89CL45 Disconnect 45 closed 44

89CL46 Disconnect 46 closed 45

89CL47 Disconnect 47 closed 46

89CL48 Disconnect 48 closed 46

89CL49 Disconnect 49 closed 47

89CL50 Disconnect 50 closed 47

89CL51 Disconnect 51 closed 48

89CL52 Disconnect 52 closed 49
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89CL53 Disconnect 53 closed 49

89CL54 Disconnect 54 closed 50

89CL55 Disconnect 55 closed 51

89CL56 Disconnect 56 closed 51

89CL57 Disconnect 57 closed 52

89CL58 Disconnect 58 closed 52

89CL59 Disconnect 59 closed 53

89CL60 Disconnect 60 closed 54

89OIP Any disconnect operation in progress 55

89OIP01 Disconnect 01 operation in progress 17

89OIP02 Disconnect 02 operation in progress 18

89OIP03 Disconnect 03 operation in progress 18

89OIP04 Disconnect 04 operation in progress 19

89OIP05 Disconnect 05 operation in progress 19

89OIP06 Disconnect 06 operation in progress 20

89OIP07 Disconnect 07 operation in progress 21

89OIP08 Disconnect 08 operation in progress 21

89OIP09 Disconnect 09 operation in progress 22

89OIP10 Disconnect 10 operation in progress 23

89OIP11 Disconnect 11 operation in progress 23

89OIP12 Disconnect 12 operation in progress 24

89OIP13 Disconnect 13 operation in progress 24

89OIP14 Disconnect 14 operation in progress 25

89OIP15 Disconnect 15 operation in progress 26

89OIP16 Disconnect 16 operation in progress 26

89OIP17 Disconnect 17 operation in progress 27

89OIP18 Disconnect 18 operation in progress 28

89OIP19 Disconnect 19 operation in progress 28

89OIP20 Disconnect 20 operation in progress 29

89OIP21 Disconnect 21 operation in progress 29

89OIP22 Disconnect 22 operation in progress 30

89OIP23 Disconnect 23 operation in progress 31

89OIP24 Disconnect 24 operation in progress 31

89OIP25 Disconnect 25 operation in progress 32

89OIP26 Disconnect 26 operation in progress 33

89OIP27 Disconnect 27 operation in progress 33

89OIP28 Disconnect 28 operation in progress 34

89OIP29 Disconnect 29 operation in progress 34

89OIP30 Disconnect 30 operation in progress 35

89OIP31 Disconnect 31 operation in progress 36

89OIP32 Disconnect 32 operation in progress 36
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89OIP33 Disconnect 33 operation in progress 37

89OIP34 Disconnect 34 operation in progress 38

89OIP35 Disconnect 35 operation in progress 38

89OIP36 Disconnect 36 operation in progress 39

89OIP37 Disconnect 37 operation in progress 39

89OIP38 Disconnect 38 operation in progress 40

89OIP39 Disconnect 39 operation in progress 41

89OIP40 Disconnect 40 operation in progress 41

89OIP41 Disconnect 41 operation in progress 42

89OIP42 Disconnect 42 operation in progress 43

89OIP43 Disconnect 43 operation in progress 43

89OIP44 Disconnect 44 operation in progress 44

89OIP45 Disconnect 45 operation in progress 44

89OIP46 Disconnect 46 operation in progress 45

89OIP47 Disconnect 47 operation in progress 46

89OIP48 Disconnect 48 operation in progress 46

89OIP49 Disconnect 49 operation in progress 47

89OIP50 Disconnect 50 operation in progress 48

89OIP51 Disconnect 51 operation in progress 48

89OIP52 Disconnect 52 operation in progress 49

89OIP53 Disconnect 53 operation in progress 49

89OIP54 Disconnect 54 operation in progress 50

89OIP55 Disconnect 55 operation in progress 51

89OIP56 Disconnect 56 operation in progress 51

89OIP57 Disconnect 57 operation in progress 52

89OIP58 Disconnect 58 operation in progress 53

89OIP59 Disconnect 59 operation in progress 53

89OIP60 Disconnect 60 operation in progress 54

ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate 183

ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate 184

ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate 185

ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate 186

ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate 187

ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate 188

ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate 189

ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate 190

ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate 191

ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate 192

ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate 193

ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate 194

ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate 195
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ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate 196

ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate 197

ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate 198

ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate 199

ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate 200

ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate 201

ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate 202

ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate 203

ACCESS A user is connected at Access Level B or higher 377

ACCESSP Pulsed when higher level access achieved 377

ACN01Q Automation counter Output 1 366

ACN01R Automation counter Reset 1 370

ACN02Q Automation counter Output 2 366

ACN02R Automation counter Reset 2 370

ACN03Q Automation counter Output 3 366

ACN03R Automation counter Reset 3 370

ACN04Q Automation counter Output 4 366

ACN04R Automation counter Reset 4 370

ACN05Q Automation counter Output 5 366

ACN05R Automation counter Reset 5 370

ACN06Q Automation counter Output 6 366

ACN06R Automation counter Reset 6 370

ACN07Q Automation counter Output 7 366

ACN07R Automation counter Reset 7 370

ACN08Q Automation counter Output 8 366

ACN08R Automation counter Reset 8 370

ACN09Q Automation counter Output 9 367

ACN09R Automation counter Reset 9 371

ACN10Q Automation counter Output 10 367

ACN10R Automation counter Reset 10 371

ACN11Q Automation counter Output 11 367

ACN11R Automation counter Reset 11 371

ACN12Q Automation counter Output 12 367

ACN12R Automation counter Reset 12 371

ACN13Q Automation counter Output 13 367

ACN13R Automation counter Reset 13 371

ACN14Q Automation counter Output 14 367

ACN14R Automation counter Reset 14 371

ACN15Q Automation counter Output 15 367

ACN15R Automation counter Reset 15 371

ACN16Q Automation counter Output 16 367
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ACN16R Automation counter Reset 16 371

ACN17Q Automation counter Output 17 368

ACN17R Automation counter Reset 17 372

ACN18Q Automation counter Output 18 368

ACN18R Automation counter Reset 18 372

ACN19Q Automation counter Output 19 368

ACN19R Automation counter Reset 19 372

ACN20Q Automation counter Output 20 368

ACN20R Automation counter Reset 20 372

ACN21Q Automation counter Output 21 368

ACN21R Automation counter Reset 21 372

ACN22Q Automation counter Output 22 368

ACN22R Automation counter Reset 22 372

ACN23Q Automation counter Output 23 368

ACN23R Automation counter Reset 23 372

ACN24Q Automation counter Output 24 368

ACN24R Automation counter Reset 24 372

ACN25Q Automation counter Output 25 369

ACN25R Automation counter Reset 25 373

ACN26Q Automation counter Output 26 369

ACN26R Automation counter Reset 26 373

ACN27Q Automation counter Output 27 369

ACN27R Automation counter Reset 27 373

ACN28Q Automation counter Output 28 369

ACN28R Automation counter Reset 28 373

ACN29Q Automation counter Output 29 369

ACN29R Automation counter Reset 29 373

ACN30Q Automation counter Output 30 369

ACN30R Automation counter Reset 30 373

ACN31Q Automation counter Output 31 369

ACN31R Automation counter Reset 31 373

ACN32Q Automation counter Output 32 369

ACN32R Automation counter Reset 32 373

ACT01Q Automation conditioning timer Output 01 484

ACT02Q Automation conditioning timer Output 02 484

ACT03Q Automation conditioning timer Output 03 484

ACT04Q Automation conditioning timer Output 04 484

ACT05Q Automation conditioning timer Output 05 484

ACT06Q Automation conditioning timer Output 06 484

ACT07Q Automation conditioning timer Output 07 484

ACT08Q Automation conditioning timer Output 08 484
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ACT09Q Automation conditioning timer Output 09 485

ACT10Q Automation conditioning timer Output 10 485

ACT11Q Automation conditioning timer Output 11 485

ACT12Q Automation conditioning timer Output 12 485

ACT13Q Automation conditioning timer Output 13 485

ACT14Q Automation conditioning timer Output 14 485

ACT15Q Automation conditioning timer Output 15 485

ACT16Q Automation conditioning timer Output 16 485

ACT17Q Automation conditioning timer Output 17 486

ACT18Q Automation conditioning timer Output 18 486

ACT19Q Automation conditioning timer Output 19 486

ACT20Q Automation conditioning timer Output 20 486

ACT21Q Automation conditioning timer Output 21 486

ACT22Q Automation conditioning timer Output 22 486

ACT23Q Automation conditioning timer Output 23 486

ACT24Q Automation conditioning timer Output 24 486

ACT25Q Automation conditioning timer Output 25 487

ACT26Q Automation conditioning timer Output 26 487

ACT27Q Automation conditioning timer Output 27 487

ACT28Q Automation conditioning timer Output 28 487

ACT29Q Automation conditioning timer Output 29 487

ACT30Q Automation conditioning timer Output 30 487

ACT31Q Automation conditioning timer Output 31 487

ACT32Q Automation conditioning timer Output 32 487

ACTRP1 Coupler 1 accelerated trip SELOGIC control equation 176

ACTRP2 Coupler 2 accelerated trip SELOGIC control equation 177

ACTRP3 Coupler 3 accelerated trip SELOGIC control equation 178

ACTRP4 Coupler 4 accelerated trip SELOGIC control equation 179

ACTRPT1 Coupler 1 accelerated trip timed out 176

ACTRPT2 Coupler 2 accelerated trip timed out 177

ACTRPT3 Coupler 3 accelerated trip timed out 178

ACTRPT4 Coupler 4 accelerated trip timed out 179

AFRTEXA Automation SELOGIC control equation first execution automation 375

AFRTEXP Automation SELOGIC control equation first execution protection 375

ALT01 Automation Latch 1 354

ALT02 Automation Latch 2 354

ALT03 Automation Latch 3 354

ALT04 Automation Latch 4 354

ALT05 Automation Latch 5 354

ALT06 Automation Latch 6 354

ALT07 Automation Latch 7 354

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 20 of 79)
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ALT08 Automation Latch 8 354

ALT09 Automation Latch 9 355

ALT10 Automation Latch 10 355

ALT11 Automation Latch 11 355

ALT12 Automation Latch 12 355

ALT13 Automation Latch 13 355

ALT14 Automation Latch 14 355

ALT15 Automation Latch 15 355

ALT16 Automation Latch 16 355

ALT17 Automation Latch 17 356

ALT18 Automation Latch 18 356

ALT19 Automation Latch 19 356

ALT20 Automation Latch 20 356

ALT21 Automation Latch 21 356

ALT22 Automation Latch 22 356

ALT23 Automation Latch 23 356

ALT24 Automation Latch 24 356

ALT25 Automation Latch 25 357

ALT26 Automation Latch 26 357

ALT27 Automation Latch 27 357

ALT28 Automation Latch 28 357

ALT29 Automation Latch 29 357

ALT30 Automation Latch 30 357

ALT31 Automation Latch 31 357

ALT32 Automation Latch 32 357

ANOKA Channel A MIRRORED BITS analog transfer OK 404

ANOKB Channel B MIRRORED BITS analog transfer OK 405

AST01Q Automation sequencing timer Output 1 358

AST01R Automation sequencing timer Reset 1 362

AST02Q Automation sequencing timer Output 2 358

AST02R Automation sequencing timer Reset 2 362

AST03Q Automation sequencing timer Output 3 358

AST03R Automation sequencing timer Reset 3 362

AST04Q Automation sequencing timer Output 4 358

AST04R Automation sequencing timer Reset 4 362

AST05Q Automation sequencing timer Output 5 358

AST05R Automation sequencing timer Reset 5 362

AST06Q Automation sequencing timer Output 6 358

AST06R Automation sequencing timer Reset 6 362

AST07Q Automation sequencing timer Output 7 358

AST07R Automation sequencing timer Reset 7 362

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 21 of 79)

Name Bit Description Row



11.22

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

AST08Q Automation sequencing timer Output 8 358

AST08R Automation sequencing timer Reset 8 362

AST09Q Automation sequencing timer Output 9 359

AST09R Automation sequencing timer Reset 9 363

AST10Q Automation sequencing timer Output 10 359

AST10R Automation sequencing timer Reset 10 363

AST11Q Automation sequencing timer Output 11 359

AST11R Automation sequencing timer Reset 11 363

AST12Q Automation sequencing timer Output 12 359

AST12R Automation sequencing timer Reset 12 363

AST13Q Automation sequencing timer Output 13 359

AST13R Automation sequencing timer Reset 13 363

AST14Q Automation sequencing timer Output 14 359

AST14R Automation sequencing timer Reset 14 363

AST15Q Automation sequencing timer Output 15 359

AST15R Automation sequencing timer Reset 15 363

AST16Q Automation sequencing timer Output 16 359

AST16R Automation sequencing timer Reset 16 363

AST17Q Automation sequencing timer Output 17 360

AST17R Automation sequencing timer Reset 17 364

AST18Q Automation sequencing timer Output 18 360

AST18R Automation sequencing timer Reset 18 364

AST19Q Automation sequencing timer Output 19 360

AST19R Automation sequencing timer Reset 19 364

AST20Q Automation sequencing timer Output 20 360

AST20R Automation sequencing timer Reset 20 364

AST21Q Automation sequencing timer Output 21 360

AST21R Automation sequencing timer Reset 21 364

AST22Q Automation sequencing timer Output 22 360

AST22R Automation sequencing timer Reset 22 364

AST23Q Automation sequencing timer Output 23 360

AST23R Automation sequencing timer Reset 23 364

AST24Q Automation sequencing timer Output 24 360

AST24R Automation sequencing timer Reset 24 364

AST25Q Automation sequencing timer Output 25 361

AST25R Automation sequencing timer Reset 25 365

AST26Q Automation sequencing timer Output 26 361

AST26R Automation sequencing timer Reset 26 365

AST27Q Automation sequencing timer Output 27 361

AST27R Automation sequencing timer Reset 27 365

AST28Q Automation sequencing timer Output 28 361
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AST28R Automation sequencing timer Reset 28 365

AST29Q Automation sequencing timer Output 29 361

AST29R Automation sequencing timer Reset 29 365

AST30Q Automation sequencing timer Output 30 361

AST30R Automation sequencing timer Reset 30 365

AST31Q Automation sequencing timer Output 31 361

AST31R Automation sequencing timer Reset 31 365

AST32Q Automation sequencing timer Output 32 361

AST32R Automation sequencing timer Reset 32 365

ASV001 Automation SELOGIC control equation Variable 1 322

ASV002 Automation SELOGIC control equation Variable 2 322

ASV003 Automation SELOGIC control equation Variable 3 322

ASV004 Automation SELOGIC control equation Variable 4 322

ASV005 Automation SELOGIC control equation Variable 5 322

ASV006 Automation SELOGIC control equation Variable 6 322

ASV007 Automation SELOGIC control equation Variable 7 322

ASV008 Automation SELOGIC control equation Variable 8 322

ASV009 Automation SELOGIC control equation Variable 9 323

ASV010 Automation SELOGIC control equation Variable 10 323

ASV011 Automation SELOGIC control equation Variable 11 323

ASV012 Automation SELOGIC control equation Variable 12 323

ASV013 Automation SELOGIC control equation Variable 13 323

ASV014 Automation SELOGIC control equation Variable 14 323

ASV015 Automation SELOGIC control equation Variable 15 323

ASV016 Automation SELOGIC control equation Variable 16 323

ASV017 Automation SELOGIC control equation Variable 17 324

ASV018 Automation SELOGIC control equation Variable 18 324

ASV019 Automation SELOGIC control equation Variable 19 324

ASV020 Automation SELOGIC control equation Variable 20 324

ASV021 Automation SELOGIC control equation Variable 21 324

ASV022 Automation SELOGIC control equation Variable 22 324

ASV023 Automation SELOGIC control equation Variable 23 324

ASV024 Automation SELOGIC control equation Variable 24 324

ASV025 Automation SELOGIC control equation Variable 25 325

ASV026 Automation SELOGIC control equation Variable 26 325

ASV027 Automation SELOGIC control equation Variable 27 325

ASV028 Automation SELOGIC control equation Variable 28 325

ASV029 Automation SELOGIC control equation Variable 29 325

ASV030 Automation SELOGIC control equation Variable 30 325

ASV031 Automation SELOGIC control equation Variable 31 325

ASV032 Automation SELOGIC control equation Variable 32 325

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 23 of 79)

Name Bit Description Row



11.24

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

ASV033 Automation SELOGIC control equation Variable 33 326

ASV034 Automation SELOGIC control equation Variable 34 326

ASV035 Automation SELOGIC control equation Variable 35 326

ASV036 Automation SELOGIC control equation Variable 36 326

ASV037 Automation SELOGIC control equation Variable 37 326

ASV038 Automation SELOGIC control equation Variable 38 326

ASV039 Automation SELOGIC control equation Variable 39 326

ASV040 Automation SELOGIC control equation Variable 40 326

ASV041 Automation SELOGIC control equation Variable 41 327

ASV042 Automation SELOGIC control equation Variable 42 327

ASV043 Automation SELOGIC control equation Variable 43 327

ASV044 Automation SELOGIC control equation Variable 44 327

ASV045 Automation SELOGIC control equation Variable 45 327

ASV046 Automation SELOGIC control equation Variable 46 327

ASV047 Automation SELOGIC control equation Variable 47 327

ASV048 Automation SELOGIC control equation Variable 48 327

ASV049 Automation SELOGIC control equation Variable 49 328

ASV050 Automation SELOGIC control equation Variable 50 328

ASV051 Automation SELOGIC control equation Variable 51 328

ASV052 Automation SELOGIC control equation Variable 52 328

ASV053 Automation SELOGIC control equation Variable 53 328

ASV054 Automation SELOGIC control equation Variable 54 328

ASV055 Automation SELOGIC control equation Variable 55 328

ASV056 Automation SELOGIC control equation Variable 56 328

ASV057 Automation SELOGIC control equation Variable 57 329

ASV058 Automation SELOGIC control equation Variable 58 329

ASV059 Automation SELOGIC control equation Variable 59 329

ASV060 Automation SELOGIC control equation Variable 60 329

ASV061 Automation SELOGIC control equation Variable 61 329

ASV062 Automation SELOGIC control equation Variable 62 329

ASV063 Automation SELOGIC control equation Variable 63 329

ASV064 Automation SELOGIC control equation Variable 64 329

ASV065 Automation SELOGIC control equation Variable 65 330

ASV066 Automation SELOGIC control equation Variable 66 330

ASV067 Automation SELOGIC control equation Variable 67 330

ASV068 Automation SELOGIC control equation Variable 68 330

ASV069 Automation SELOGIC control equation Variable 69 330

ASV070 Automation SELOGIC control equation Variable 70 330

ASV071 Automation SELOGIC control equation Variable 71 330

ASV072 Automation SELOGIC control equation Variable 72 330

ASV073 Automation SELOGIC control equation Variable 73 331
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ASV074 Automation SELOGIC control equation Variable 74 331

ASV075 Automation SELOGIC control equation Variable 75 331

ASV076 Automation SELOGIC control equation Variable 76 331

ASV077 Automation SELOGIC control equation Variable 77 331

ASV078 Automation SELOGIC control equation Variable 78 331

ASV079 Automation SELOGIC control equation Variable 79 331

ASV080 Automation SELOGIC control equation Variable 80 331

ASV081 Automation SELOGIC control equation Variable 81 332

ASV082 Automation SELOGIC control equation Variable 82 332

ASV083 Automation SELOGIC control equation Variable 83 332

ASV084 Automation SELOGIC control equation Variable 84 332

ASV085 Automation SELOGIC control equation Variable 85 332

ASV086 Automation SELOGIC control equation Variable 86 332

ASV087 Automation SELOGIC control equation Variable 87 332

ASV088 Automation SELOGIC control equation Variable 88 332

ASV089 Automation SELOGIC control equation Variable 89 333

ASV090 Automation SELOGIC control equation Variable 90 333

ASV091 Automation SELOGIC control equation Variable 91 333

ASV092 Automation SELOGIC control equation Variable 92 333

ASV093 Automation SELOGIC control equation Variable 93 333

ASV094 Automation SELOGIC control equation Variable 94 333

ASV095 Automation SELOGIC control equation Variable 95 333

ASV096 Automation SELOGIC control equation Variable 96 333

ASV097 Automation SELOGIC control equation Variable 097 334

ASV098 Automation SELOGIC control equation Variable 098 334

ASV099 Automation SELOGIC control equation Variable 099 334

ASV100 Automation SELOGIC control equation Variable 100 334

ASV101 Automation SELOGIC control equation Variable 101 334

ASV102 Automation SELOGIC control equation Variable 102 334

ASV103 Automation SELOGIC control equation Variable 103 334

ASV104 Automation SELOGIC control equation Variable 104 334

ASV105 Automation SELOGIC control equation Variable 105 335

ASV106 Automation SELOGIC control equation Variable 106 335

ASV107 Automation SELOGIC control equation Variable 107 335

ASV108 Automation SELOGIC control equation Variable 108 335

ASV109 Automation SELOGIC control equation Variable 109 335

ASV110 Automation SELOGIC control equation Variable 110 335

ASV111 Automation SELOGIC control equation Variable 111 335

ASV112 Automation SELOGIC control equation Variable 112 335

ASV113 Automation SELOGIC control equation Variable 113 336

ASV114 Automation SELOGIC control equation Variable 114 336
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ASV115 Automation SELOGIC control equation Variable 115 336

ASV116 Automation SELOGIC control equation Variable 116 336

ASV117 Automation SELOGIC control equation Variable 117 336

ASV118 Automation SELOGIC control equation Variable 118 336

ASV119 Automation SELOGIC control equation Variable 119 336

ASV120 Automation SELOGIC control equation Variable 120 336

ASV121 Automation SELOGIC control equation Variable 121 337

ASV122 Automation SELOGIC control equation Variable 122 337

ASV123 Automation SELOGIC control equation Variable 123 337

ASV124 Automation SELOGIC control equation Variable 124 337

ASV125 Automation SELOGIC control equation Variable 125 337

ASV126 Automation SELOGIC control equation Variable 126 337

ASV127 Automation SELOGIC control equation Variable 127 337

ASV128 Automation SELOGIC control equation Variable 128 337

ASV129 Automation SELOGIC control equation Variable 129 338

ASV130 Automation SELOGIC control equation Variable 130 338

ASV131 Automation SELOGIC control equation Variable 131 338

ASV132 Automation SELOGIC control equation Variable 132 338

ASV133 Automation SELOGIC control equation Variable 133 338

ASV134 Automation SELOGIC control equation Variable 134 338

ASV135 Automation SELOGIC control equation Variable 135 338

ASV136 Automation SELOGIC control equation Variable 136 338

ASV137 Automation SELOGIC control equation Variable 137 339

ASV138 Automation SELOGIC control equation Variable 138 339

ASV139 Automation SELOGIC control equation Variable 139 339

ASV140 Automation SELOGIC control equation Variable 140 339

ASV141 Automation SELOGIC control equation Variable 141 339

ASV142 Automation SELOGIC control equation Variable 142 339

ASV143 Automation SELOGIC control equation Variable 143 339

ASV144 Automation SELOGIC control equation Variable 144 339

ASV145 Automation SELOGIC control equation Variable 145 340

ASV146 Automation SELOGIC control equation Variable 146 340

ASV147 Automation SELOGIC control equation Variable 147 340

ASV148 Automation SELOGIC control equation Variable 148 340

ASV149 Automation SELOGIC control equation Variable 149 340

ASV150 Automation SELOGIC control equation Variable 150 340

ASV151 Automation SELOGIC control equation Variable 151 340

ASV152 Automation SELOGIC control equation Variable 152 340

ASV153 Automation SELOGIC control equation Variable 153 341

ASV154 Automation SELOGIC control equation Variable 154 341

ASV155 Automation SELOGIC control equation Variable 155 341
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ASV156 Automation SELOGIC control equation Variable 156 341

ASV157 Automation SELOGIC control equation Variable 157 341

ASV158 Automation SELOGIC control equation Variable 158 341

ASV159 Automation SELOGIC control equation Variable 159 341

ASV160 Automation SELOGIC control equation Variable 160 341

ASV161 Automation SELOGIC control equation Variable 161 342

ASV162 Automation SELOGIC control equation Variable 162 342

ASV163 Automation SELOGIC control equation Variable 163 342

ASV164 Automation SELOGIC control equation Variable 164 342

ASV165 Automation SELOGIC control equation Variable 165 342

ASV166 Automation SELOGIC control equation Variable 166 342

ASV167 Automation SELOGIC control equation Variable 167 342

ASV168 Automation SELOGIC control equation Variable 168 342

ASV169 Automation SELOGIC control equation Variable 169 343

ASV170 Automation SELOGIC control equation Variable 170 343

ASV171 Automation SELOGIC control equation Variable 171 343

ASV172 Automation SELOGIC control equation Variable 172 343

ASV173 Automation SELOGIC control equation Variable 173 343

ASV174 Automation SELOGIC control equation Variable 174 343

ASV175 Automation SELOGIC control equation Variable 175 343

ASV176 Automation SELOGIC control equation Variable 176 343

ASV177 Automation SELOGIC control equation Variable 177 344

ASV178 Automation SELOGIC control equation Variable 178 344

ASV179 Automation SELOGIC control equation Variable 179 344

ASV180 Automation SELOGIC control equation Variable 180 344

ASV181 Automation SELOGIC control equation Variable 181 344

ASV182 Automation SELOGIC control equation Variable 182 344

ASV183 Automation SELOGIC control equation Variable 183 344

ASV184 Automation SELOGIC control equation Variable 184 344

ASV185 Automation SELOGIC control equation Variable 185 345

ASV186 Automation SELOGIC control equation Variable 186 345

ASV187 Automation SELOGIC control equation Variable 187 345

ASV188 Automation SELOGIC control equation Variable 188 345

ASV189 Automation SELOGIC control equation Variable 189 345

ASV190 Automation SELOGIC control equation Variable 190 345

ASV191 Automation SELOGIC control equation Variable 191 345

ASV192 Automation SELOGIC control equation Variable 192 345

ASV193 Automation SELOGIC control equation Variable 193 346

ASV194 Automation SELOGIC control equation Variable 194 346

ASV195 Automation SELOGIC control equation Variable 195 346

ASV196 Automation SELOGIC control equation Variable 196 346
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ASV197 Automation SELOGIC control equation Variable 197 346

ASV198 Automation SELOGIC control equation Variable 198 346

ASV199 Automation SELOGIC control equation Variable 199 346

ASV200 Automation SELOGIC control equation Variable 200 346

ASV201 Automation SELOGIC control equation Variable 201 347

ASV202 Automation SELOGIC control equation Variable 202 347

ASV203 Automation SELOGIC control equation Variable 203 347

ASV204 Automation SELOGIC control equation Variable 204 347

ASV205 Automation SELOGIC control equation Variable 205 347

ASV206 Automation SELOGIC control equation Variable 206 347

ASV207 Automation SELOGIC control equation Variable 207 347

ASV208 Automation SELOGIC control equation Variable 208 347

ASV209 Automation SELOGIC control equation Variable 209 348

ASV210 Automation SELOGIC control equation Variable 210 348

ASV211 Automation SELOGIC control equation Variable 211 348

ASV212 Automation SELOGIC control equation Variable 212 348

ASV213 Automation SELOGIC control equation Variable 213 348

ASV214 Automation SELOGIC control equation Variable 214 348

ASV215 Automation SELOGIC control equation Variable 215 348

ASV216 Automation SELOGIC control equation Variable 216 348

ASV217 Automation SELOGIC control equation Variable 217 349

ASV218 Automation SELOGIC control equation Variable 218 349

ASV219 Automation SELOGIC control equation Variable 219 349

ASV220 Automation SELOGIC control equation Variable 220 349

ASV221 Automation SELOGIC control equation Variable 221 349

ASV222 Automation SELOGIC control equation Variable 222 349

ASV223 Automation SELOGIC control equation Variable 223 349

ASV224 Automation SELOGIC control equation Variable 224 349

ASV225 Automation SELOGIC control equation Variable 225 350

ASV226 Automation SELOGIC control equation Variable 226 350

ASV227 Automation SELOGIC control equation Variable 227 350

ASV228 Automation SELOGIC control equation Variable 228 350

ASV229 Automation SELOGIC control equation Variable 229 350

ASV230 Automation SELOGIC control equation Variable 230 350

ASV231 Automation SELOGIC control equation Variable 231 350

ASV232 Automation SELOGIC control equation Variable 232 350

ASV233 Automation SELOGIC control equation Variable 233 351

ASV234 Automation SELOGIC control equation Variable 234 351

ASV235 Automation SELOGIC control equation Variable 235 351

ASV236 Automation SELOGIC control equation Variable 236 351

ASV237 Automation SELOGIC control equation Variable 237 351
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ASV238 Automation SELOGIC control equation Variable 238 351

ASV239 Automation SELOGIC control equation Variable 239 351

ASV240 Automation SELOGIC control equation Variable 240 351

ASV241 Automation SELOGIC control equation Variable 241 352

ASV242 Automation SELOGIC control equation Variable 242 352

ASV243 Automation SELOGIC control equation Variable 243 352

ASV244 Automation SELOGIC control equation Variable 244 352

ASV245 Automation SELOGIC control equation Variable 245 352

ASV246 Automation SELOGIC control equation Variable 246 352

ASV247 Automation SELOGIC control equation Variable 247 352

ASV248 Automation SELOGIC control equation Variable 248 352

ASV249 Automation SELOGIC control equation Variable 249 353

ASV250 Automation SELOGIC control equation Variable 250 353

ASV251 Automation SELOGIC control equation Variable 251 353

ASV252 Automation SELOGIC control equation Variable 252 353

ASV253 Automation SELOGIC control equation Variable 253 353

ASV254 Automation SELOGIC control equation Variable 254 353

ASV255 Automation SELOGIC control equation Variable 255 353

ASV256 Automation SELOGIC control equation Variable 256 353

ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation 183

ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation 184

ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation 185

ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation 186

ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation 187

ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation 188

ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation 189

ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation 190

ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation 191

ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation 192

ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation 193

ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation 194

ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation 195

ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation 196

ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation 197

ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation 198

ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation 199

ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation 200

ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation 201

ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation 202

ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation 203

AUNRLBL Automation SELOGIC control equation unresolved label 375
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BADPASS Pulsed when user enters three successive bad passwords 376

BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation 183

BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation 184

BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation 185

BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation 186

BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation 187

BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation 188

BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation 189

BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation 190

BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation 191

BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation 192

BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation 193

BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation 194

BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation 195

BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation 196

BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation 197

BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation 198

BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation 199

BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation 200

BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation 201

BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation 202

BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation 203

BFIT01 Circuit Breaker 1 breaker failure timed out 183

BFIT02 Circuit Breaker 2 breaker failure timed out 184

BFIT03 Circuit Breaker 3 breaker failure timed out 185

BFIT04 Circuit Breaker 4 breaker failure timed out 186

BFIT05 Circuit Breaker 5 breaker failure timed out 187

BFIT06 Circuit Breaker 6 breaker failure timed out 188

BFIT07 Circuit Breaker 7 breaker failure timed out 189

BFIT08 Circuit Breaker 8 breaker failure timed out 190

BFIT09 Circuit Breaker 9 breaker failure timed out 191

BFIT10 Circuit Breaker 10 breaker failure timed out 192

BFIT11 Circuit Breaker 11 breaker failure timed out 193

BFIT12 Circuit Breaker 12 breaker failure timed out 194

BFIT13 Circuit Breaker 13 breaker failure timed out 195

BFIT14 Circuit Breaker 14 breaker failure timed out 196

BFIT15 Circuit Breaker 15 breaker failure timed out 197

BFIT16 Circuit Breaker 16 breaker failure timed out 198

BFIT17 Circuit Breaker 17 breaker failure timed out 199

BFIT18 Circuit Breaker 18 breaker failure timed out 200

BFIT19 Circuit Breaker 19 breaker failure timed out 201
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BFIT20 Circuit Breaker 20 breaker failure timed out 202

BFIT21 Circuit Breaker 21 breaker failure timed out 203

BFZ1 Zone 1 breaker failure 240

BFZ2 Zone 2 breaker failure 240

BFZ3 Zone 3 breaker failure 240

BFZ4 Zone 4 breaker failure 240

BFZ5 Zone 5 breaker failure 240

BFZ6 Zone 6 breaker failure 240

BLKLPTS Block low-priority source from updating relay time 379

BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards 472

BNC_OK IRIG-B signal from BNC port is available and has sufficient quality 472

BNC_RST Disqualify BNC IRIG-B time source 472

BNC_SET Qualify BNC IRIG-B time source 472

BNC_TIM A valid IRIG-B time source is detected on BNC port 473

BNCSYNC Synchronized to a high-quality BNC IRIG source 474

BRKENAB Asserts to indicate breaker control enable jumper is installed 377

BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed 136

BZ1BZ2V A connection exists between BZ1 and BZ2 128

BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed 136

BZ1BZ3V A connection exists between BZ1 and BZ3 128

BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed 136

BZ1BZ4V A connection exists between BZ1 and BZ4 128

BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed 136

BZ1BZ5V A connection exists between BZ1 and BZ5 128

BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed 136

BZ1BZ6V A connection exists between BZ1 and BZ6 128

BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed 137

BZ2BZ3V A connection exists between BZ2 and BZ3 129

BZ2BZ4R A connection exists between BZ2 and BZ4 and a coupler is removed 137

BZ2BZ4V A connection exists between BZ2 and BZ4 129

BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed 137

BZ2BZ5V A connection exists between BZ2 and BZ5 129

BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed 137

BZ2BZ6V A connection exists between BZ2 and BZ6 129

BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed 138

BZ3BZ4V A connection exists between BZ3 and BZ4 130

BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed 138

BZ3BZ5V A connection exists between BZ3 and BZ5 130

BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed 138

BZ3BZ6V A connection exists between BZ3 and BZ6 130

BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed 139
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BZ4BZ5V A connection exists between BZ4 and BZ5 131

BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed 139

BZ4BZ6V A connection exists between BZ4 and BZ6 131

BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed 140

BZ5BZ6V A connection exists between BZ5 and BZ6 132

CB52A1 Coupler 1 status SELOGIC control equation 176

CB52A2 Coupler 2 status SELOGIC control equation 177

CB52A3 Coupler 3 status SELOGIC control equation 178

CB52A4 Coupler 4 status SELOGIC control equation 179

CB52T1 Coupler 1 status timed out 176

CB52T2 Coupler 2 status timed out 177

CB52T3 Coupler 3 status timed out 178

CB52T4 Coupler 4 status timed out 179

CBADA Channel A MIRRORED BITS unavailability 404

CBADB Channel B MIRRORED BITS unavailability 405

CBCLS1 Coupler 1 close command SELOGIC control equation 176

CBCLS2 Coupler 2 close command SELOGIC control equation 177

CBCLS3 Coupler 3 close command SELOGIC control equation 178

CBCLS4 Coupler 4 close command SELOGIC control equation 179

CBCLST1 Coupler 1 close command timed out 176

CBCLST2 Coupler 2 close command timed out 177

CBCLST3 Coupler 3 close command timed out 178

CBCLST4 Coupler 4 close command timed out 179

CHSG Asserted during settings group change 255

CON1 Zone 1 in high-security mode 159

CON2 Zone 2 in high-security mode 161

CON3 Zone 3 in high-security mode 163

CON4 Zone 4 in high-security mode 165

CON5 Zone 5 in high-security mode 167

CON6 Zone 6 in high-security mode 169

CONCZ1 Check Zone 1 in high-security mode 450

CONCZ2 Check Zone 2 in high-security mode 452

CONCZ3 Check Zone 3 in high-security mode 454

CSL1 Coupler 1 security logic picked up 176

CSL2 Coupler 2 security logic picked up 177

CSL3 Coupler 3 security logic picked up 178

CSL4 Coupler 4 security logic picked up 179

CZ11R Include Bus Coupler 1 in Check Zone 1 407

CZ12R Include Bus Coupler 2 in Check Zone 1 407

CZ13R Include Bus Coupler 3 in Check Zone 1 407

CZ14R Include Bus Coupler 4 in Check Zone 1 407
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CZ1S Check Zone 1 supervision asserted 446

CZ21R Include Bus Coupler 1 in Check Zone 2 407

CZ22R Include Bus Coupler 2 in Check Zone 2 407

CZ23R Include Bus Coupler 3 in Check Zone 2 407

CZ24R Include Bus Coupler 4 in Check Zone 2 407

CZ2S Check Zone 2 supervision asserted 446

CZ31R Include Bus Coupler 1 in Check Zone 3 443

CZ32R Include Bus Coupler 2 in Check Zone 3 443

CZ33R Include Bus Coupler 3 in Check Zone 3 443

CZ34R Include Bus Coupler 4 in Check Zone 3 443

CZ3S Check Zone 3 supervision asserted 446

CZONE1 Check Zone 1 is active 445

CZONE2 Check Zone 2 is active 445

CZONE3 Check Zone 3 is active 445

DC1F DC monitor fail alarm 227

DC1G DC monitor ground fault alarm 227

DC1R DC monitor alarm for ac ripple 227

DC1W DC monitor warning alarm 227

DE1F Zone 1 forward directional element picked up 172

DE2F Zone 2 forward directional element picked up 172

DE3F Zone 3 forward directional element picked up 172

DE4F Zone 4 forward directional element picked up 172

DE5F Zone 5 forward directional element picked up 172

DE6F Zone 6 forward directional element picked up 172

DECZ1F Check Zone 1 forward directional element picked up 456

DECZ2F Check Zone 2 forward directional element picked up 456

DECZ3F Check Zone 3 forward directional element picked up 456

DOKA Channel A MIRRORED BITS communications normal status 404

DOKB Channel B MIRRORED BITS communications normal status 405

DOP1 Zone 1 incremental operating current picked up 159

DOP2 Zone 2 incremental operating current picked up 161

DOP3 Zone 3 incremental operating current picked up 163

DOP4 Zone 4 incremental operating current picked up 165

DOP5 Zone 5 incremental operating current picked up 167

DOP6 Zone 6 incremental operating current picked up 169

DOPCZ1 Check Zone 1 incremental operating current picked up 450

DOPCZ2 Check Zone 2 incremental operating current picked up 452

DOPCZ3 Check Zone 3 incremental operating current picked up 454

DRT1 Zone 1 incremental restraint current picked up 159

DRT2 Zone 2 incremental restraint current picked up 161

DRT3 Zone 3 incremental restraint current picked up 163
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DRT4 Zone 4 incremental restraint current picked up 165

DRT5 Zone 5 incremental restraint current picked up 167

DRT6 Zone 6 incremental restraint current picked up 169

DRTCZ1 Check Zone 1 incremental restraint current picked up 450

DRTCZ2 Check Zone 2 incremental restraint current picked up 452

DRTCZ3 Check Zone 3 incremental restraint current picked up 454

DST Daylight-saving time 470

DSTP IRIG-B daylight-saving time pending 470

DUMMY 0 471

E2AC Enable Levels 1–2 access (SELOGIC control equation) 377

EACC Enable Level 1 access (SELOGIC control equation) 377

EN Relay enabled 0

ER Event report trigger equation (SELOGIC control equation) 241

EVELOCK Event summary lock period 241

EXT1 Zone 1 external fault declaration 159

EXT2 Zone 2 external fault declaration 161

EXT3 Zone 3 external fault declaration 163

EXT4 Zone 4 external fault declaration 165

EXT5 Zone 5 external fault declaration 167

EXT6 Zone 6 external fault declaration 169

EXTCZ1 Check Zone 1 external fault declaration 450

EXTCZ2 Check Zone 2 external fault declaration 452

EXTCZ3 Check Zone 3 external fault declaration 454

FAULT Busbar fault in any zone 171

FAULT1 Zone 1 fault detector picked up 159

FAULT2 Zone 2 fault detector picked up 161

FAULT3 Zone 3 fault detector picked up 163

FAULT4 Zone 4 fault detector picked up 165

FAULT5 Zone 5 fault detector picked up 167

FAULT6 Zone 6 fault detector picked up 169

FBF01 Circuit Breaker 1 failure 183

FBF02 Circuit Breaker 2 failure 184

FBF03 Circuit Breaker 3 failure 185

FBF04 Circuit Breaker 4 failure 186

FBF05 Circuit Breaker 5 failure 187

FBF06 Circuit Breaker 6 failure 188

FBF07 Circuit Breaker 7 failure 189

FBF08 Circuit Breaker 8 failure 190

FBF09 Circuit Breaker 9 failure 191

FBF10 Circuit Breaker 10 failure 192

FBF11 Circuit Breaker 11 failure 193
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FBF12 Circuit Breaker 12 failure 194

FBF13 Circuit Breaker 13 failure 195

FBF14 Circuit Breaker 14 failure 196

FBF15 Circuit Breaker 15 failure 197

FBF16 Circuit Breaker 16 failure 198

FBF17 Circuit Breaker 17 failure 199

FBF18 Circuit Breaker 18 failure 200

FBF19 Circuit Breaker 19 failure 201

FBF20 Circuit Breaker 20 failure 202

FBF21 Circuit Breaker 21 failure 203

FDIF1 Zone 1 filtered restrained differential element picked up 160

FDIF2 Zone 2 filtered restrained differential element picked up 162

FDIF3 Zone 3 filtered restrained differential element picked up 164

FDIF4 Zone 4 filtered restrained differential element picked up 166

FDIF5 Zone 5 filtered restrained differential element picked up 168

FDIF6 Zone 6 filtered restrained differential element picked up 170

FDIFCZ1 Check Zone 1 filtered restrained differential element picked up 451

FDIFCZ2 Check Zone 2 filtered restrained differential element picked up 453

FDIFCZ3 Check Zone 3 filtered restrained differential element picked up 455

FLTCZ1 Check Zone 1 fault detector picked up 450

FLTCZ2 Check Zone 2 fault detector picked up 452

FLTCZ3 Check Zone 3 fault detector picked up 454

FSERP1 Fast SER enabled for Serial Port 1 444

FSERP2 Fast SER enabled for Serial Port 2 444

FSERP3 Fast SER enabled for Serial Port 3 444

FSERP5 Fast SER enabled for Serial Port 5 444

FSERPF Fast SER enabled for Serial Port F 444

GFAULT1 Zone 1 fast fault detection 160

GFAULT2 Zone 2 fast fault detection 162

GFAULT3 Zone 3 fast fault detection 164

GFAULT4 Zone 4 fast fault detection 166

GFAULT5 Zone 5 fast fault detection 168

GFAULT6 Zone 6 fast fault detection 170

GFLTCZ1 Check Zone 1 fast fault detection 451

GFLTCZ2 Check Zone 2 fast fault detection 453

GFLTCZ3 Check Zone 3 fast fault detection 455

GRPSW Pulsed when settings group changes 376

HALARM Relay diagnostic failure or warning 376

HALARMA Relay warning periodic alarm 376

HALARML Latching relay failure alarm 376

HALARMP Relay warning alarm pulse 376
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I01BZ1V Terminal I01 connected to BZ1 56

I01BZ2V Terminal I01 connected to BZ2 60

I01BZ3V Terminal I01 connected to BZ3 64

I01BZ4V Terminal I01 connected to BZ4 68

I01BZ5V Terminal I01 connected to BZ5 72

I01BZ6V Terminal I01 connected to BZ6 76

I02BZ1V Terminal I02 connected to BZ1 56

I02BZ2V Terminal I02 connected to BZ2 60

I02BZ3V Terminal I02 connected to BZ3 64

I02BZ4V Terminal I02 connected to BZ4 68

I02BZ5V Terminal I02 connected to BZ5 72

I02BZ6V Terminal I02 connected to BZ6 76

I03BZ1V Terminal I03 connected to BZ1 56

I03BZ2V Terminal I03 connected to BZ2 60

I03BZ3V Terminal I03 connected to BZ3 64

I03BZ4V Terminal I03 connected to BZ4 68

I03BZ5V Terminal I03 connected to BZ5 72

I03BZ6V Terminal I03 connected to BZ6 76

I04BZ1V Terminal I04 connected to BZ1 56

I04BZ2V Terminal I04 connected to BZ2 60

I04BZ3V Terminal I04 connected to BZ3 64

I04BZ4V Terminal I04 connected to BZ4 68

I04BZ5V Terminal I04 connected to BZ5 72

I04BZ6V Terminal I04 connected to BZ6 76

I05BZ1V Terminal I05 connected to BZ1 56

I05BZ2V Terminal I05 connected to BZ2 60

I05BZ3V Terminal I05 connected to BZ3 64

I05BZ4V Terminal I05 connected to BZ4 68

I05BZ5V Terminal I05 connected to BZ5 72

I05BZ6V Terminal I05 connected to BZ6 76

I06BZ1V Terminal I06 connected to BZ1 56

I06BZ2V Terminal I06 connected to BZ2 60

I06BZ3V Terminal I06 connected to BZ3 64

I06BZ4V Terminal I06 connected to BZ4 68

I06BZ5V Terminal I06 connected to BZ5 72

I06BZ6V Terminal I06 connected to BZ6 76

I07BZ1V Terminal I07 connected to BZ1 56

I07BZ2V Terminal I07 connected to BZ2 60

I07BZ3V Terminal I07 connected to BZ3 64

I07BZ4V Terminal I07 connected to BZ4 68

I07BZ5V Terminal I07 connected to BZ5 72
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I07BZ6V Terminal I07 connected to BZ6 76

I08BZ1V Terminal I08 connected to BZ1 56

I08BZ2V Terminal I08 connected to BZ2 60

I08BZ3V Terminal I08 connected to BZ3 64

I08BZ4V Terminal I08 connected to BZ4 68

I08BZ5V Terminal I08 connected to BZ5 72

I08BZ6V Terminal I08 connected to BZ6 76

I09BZ1V Terminal I09 connected to BZ1 57

I09BZ2V Terminal I09 connected to BZ2 61

I09BZ3V Terminal I09 connected to BZ3 65

I09BZ4V Terminal I09 connected to BZ4 69

I09BZ5V Terminal I09 connected to BZ5 73

I09BZ6V Terminal I09 connected to BZ6 77

I10BZ1V Terminal I10 connected to BZ1 57

I10BZ2V Terminal I10 connected to BZ2 61

I10BZ3V Terminal I10 connected to BZ3 65

I10BZ4V Terminal I10 connected to BZ4 69

I10BZ5V Terminal I10 connected to BZ5 73

I10BZ6V Terminal I10 connected to BZ6 77

I11BZ1V Terminal I11 connected to BZ1 57

I11BZ2V Terminal I11 connected to BZ2 61

I11BZ3V Terminal I11 connected to BZ3 65

I11BZ4V Terminal I11 connected to BZ4 69

I11BZ5V Terminal I11 connected to BZ5 73

I11BZ6V Terminal I11 connected to BZ6 77

I12BZ1V Terminal I12 connected to BZ1 57

I12BZ2V Terminal I12 connected to BZ2 61

I12BZ3V Terminal I12 connected to BZ3 65

I12BZ4V Terminal I12 connected to BZ4 69

I12BZ5V Terminal I12 connected to BZ5 73

I12BZ6V Terminal I12 connected to BZ6 77

I13BZ1V Terminal I13 connected to BZ1 57

I13BZ2V Terminal I13 connected to BZ2 61

I13BZ3V Terminal I13 connected to BZ3 65

I13BZ4V Terminal I13 connected to BZ4 69

I13BZ5V Terminal I13 connected to BZ5 73

I13BZ6V Terminal I13 connected to BZ6 77

I14BZ1V Terminal I14 connected to BZ1 57

I14BZ2V Terminal I14 connected to BZ2 61

I14BZ3V Terminal I14 connected to BZ3 65

I14BZ4V Terminal I14 connected to BZ4 69
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I14BZ5V Terminal I14 connected to BZ5 73

I14BZ6V Terminal I14 connected to BZ6 77

I15BZ1V Terminal I15 connected to BZ1 57

I15BZ2V Terminal I15 connected to BZ2 61

I15BZ3V Terminal I15 connected to BZ3 65

I15BZ4V Terminal I15 connected to BZ4 69

I15BZ5V Terminal I15 connected to BZ5 73

I15BZ6V Terminal I15 connected to BZ6 77

I16BZ1V Terminal I16 connected to BZ1 57

I16BZ2V Terminal I16 connected to BZ2 61

I16BZ3V Terminal I16 connected to BZ3 65

I16BZ4V Terminal I16 connected to BZ4 69

I16BZ5V Terminal I16 connected to BZ5 73

I16BZ6V Terminal I16 connected to BZ6 77

I17BZ1V Terminal I17 connected to BZ1 58

I17BZ2V Terminal I17 connected to BZ2 62

I17BZ3V Terminal I17 connected to BZ3 66

I17BZ4V Terminal I17 connected to BZ4 70

I17BZ5V Terminal I17 connected to BZ5 74

I17BZ6V Terminal I17 connected to BZ6 78

I18BZ1V Terminal I18 connected to BZ1 58

I18BZ2V Terminal I18 connected to BZ2 62

I18BZ3V Terminal I18 connected to BZ3 66

I18BZ4V Terminal I18 connected to BZ4 70

I18BZ5V Terminal I18 connected to BZ5 74

I18BZ6V Terminal I18 connected to BZ6 78

I19BZ1V Terminal I19 connected to BZ1 58

I19BZ2V Terminal I19 connected to BZ2 62

I19BZ3V Terminal I19 connected to BZ3 66

I19BZ4V Terminal I19 connected to BZ4 70

I19BZ5V Terminal I19 connected to BZ5 74

I19BZ6V Terminal I19 connected to BZ6 78

I20BZ1V Terminal I20 connected to BZ1 58

I20BZ2V Terminal I20 connected to BZ2 62

I20BZ3V Terminal I20 connected to BZ3 66

I20BZ4V Terminal I20 connected to BZ4 70

I20BZ5V Terminal I20 connected to BZ5 74

I20BZ6V Terminal I20 connected to BZ6 78

I21BZ1V Terminal I21 connected to BZ1 58

I21BZ2V Terminal I21 connected to BZ2 62

I21BZ3V Terminal I21 connected to BZ3 66
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I21BZ4V Terminal I21 connected to BZ4 70

I21BZ5V Terminal I21 connected to BZ5 74

I21BZ6V Terminal I21 connected to BZ6 78

IFAULT1 Zone 1 fault detection 160

IFAULT2 Zone 2 fault detection 162

IFAULT3 Zone 3 fault detection 164

IFAULT4 Zone 4 fault detection 166

IFAULT5 Zone 5 fault detection 168

IFAULT6 Zone 6 fault detection 170

IFLTCZ1 Check Zone 1 fault detection 451

IFLTCZ2 Check Zone 2 fault detection 453

IFLTCZ3 Check Zone 3 fault detection 455

IN101 Main board Input 01 272

IN102 Main board Input 02 272

IN103 Main board Input 03 272

IN104 Main board Input 04 272

IN105 Main board Input 05 272

IN106 Main board Input 06 272

IN107 Main board Input 07 272

IN201 Optional I/O Board 1 Input 01 276

IN202 Optional I/O Board 1 Input 02 276

IN203 Optional I/O Board 1 Input 03 276

IN204 Optional I/O Board 1 Input 04 276

IN205 Optional I/O Board 1 Input 05 276

IN206 Optional I/O Board 1 Input 06 276

IN207 Optional I/O Board 1 Input 07 276

IN208 Optional I/O Board 1 Input 08 276

IN209 Optional I/O Board 1 Input 09 277

IN210 Optional I/O Board 1 Input 10 277

IN211 Optional I/O Board 1 Input 11 277

IN212 Optional I/O Board 1 Input 12 277

IN213 Optional I/O Board 1 Input 13 277

IN214 Optional I/O Board 1 Input 14 277

IN215 Optional I/O Board 1 Input 15 277

IN216 Optional I/O Board 1 Input 16 277

IN217 Optional I/O Board 1 Input 17 278

IN218 Optional I/O Board 1 Input 18 278

IN219 Optional I/O Board 1 Input 19 278

IN220 Optional I/O Board 1 Input 20 278

IN221 Optional I/O Board 1 Input 21 278

IN222 Optional I/O Board 1 Input 22 278
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IN223 Optional I/O Board 1 Input 23 278

IN224 Optional I/O Board 1 Input 24 278

IN301 Optional I/O Board 2 Input 01 280

IN302 Optional I/O Board 2 Input 02 280

IN303 Optional I/O Board 2 Input 03 280

IN304 Optional I/O Board 2 Input 04 280

IN305 Optional I/O Board 2 Input 05 280

IN306 Optional I/O Board 2 Input 06 280

IN307 Optional I/O Board 2 Input 07 280

IN308 Optional I/O Board 2 Input 08 280

IN309 Optional I/O Board 2 Input 09 281

IN310 Optional I/O Board 2 Input 10 281

IN311 Optional I/O Board 2 Input 11 281

IN312 Optional I/O Board 2 Input 12 281

IN313 Optional I/O Board 2 Input 13 281

IN314 Optional I/O Board 2 Input 14 281

IN315 Optional I/O Board 2 Input 15 281

IN316 Optional I/O Board 2 Input 16 281

IN317 Optional I/O Board 2 Input 17 282

IN318 Optional I/O Board 2 Input 18 282

IN319 Optional I/O Board 2 Input 19 282

IN320 Optional I/O Board 2 Input 20 282

IN321 Optional I/O Board 2 Input 21 282

IN322 Optional I/O Board 2 Input 22 282

IN323 Optional I/O Board 2 Input 23 282

IN324 Optional I/O Board 2 Input 24 282

IN401 Optional I/O Board 3 Input 01 284

IN402 Optional I/O Board 3 Input 02 284

IN403 Optional I/O Board 3 Input 03 284

IN404 Optional I/O Board 3 Input 04 284

IN405 Optional I/O Board 3 Input 05 284

IN406 Optional I/O Board 3 Input 06 284

IN407 Optional I/O Board 3 Input 07 284

IN408 Optional I/O Board 3 Input 08 284

IN409 Optional I/O Board 3 Input 09 285

IN410 Optional I/O Board 3 Input 10 285

IN411 Optional I/O Board 3 Input 11 285

IN412 Optional I/O Board 3 Input 12 285

IN413 Optional I/O Board 3 Input 13 285

IN414 Optional I/O Board 3 Input 14 285

IN415 Optional I/O Board 3 Input 15 285
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IN416 Optional I/O Board 3 Input 16 285

IN417 Optional I/O Board 3 Input 17 286

IN418 Optional I/O Board 3 Input 18 286

IN419 Optional I/O Board 3 Input 19 286

IN420 Optional I/O Board 3 Input 20 286

IN421 Optional I/O Board 3 Input 21 286

IN422 Optional I/O Board 3 Input 22 286

IN423 Optional I/O Board 3 Input 23 286

IN424 Optional I/O Board 3 Input 24 286

IN501 Optional I/O Board 4 Input 01 288

IN502 Optional I/O Board 4 Input 02 288

IN503 Optional I/O Board 4 Input 03 288

IN504 Optional I/O Board 4 Input 04 288

IN505 Optional I/O Board 4 Input 05 288

IN506 Optional I/O Board 4 Input 06 288

IN507 Optional I/O Board 4 Input 07 288

IN508 Optional I/O Board 4 Input 08 288

IN509 Optional I/O Board 4 Input 09 289

IN510 Optional I/O Board 4 Input 10 289

IN511 Optional I/O Board 4 Input 11 289

IN512 Optional I/O Board 4 Input 12 289

IN513 Optional I/O Board 4 Input 13 289

IN514 Optional I/O Board 4 Input 14 289

IN515 Optional I/O Board 4 Input 15 289

IN516 Optional I/O Board 4 Input 16 289

IN517 Optional I/O Board 4 Input 17 290

IN518 Optional I/O Board 4 Input 18 290

IN519 Optional I/O Board 4 Input 19 290

IN520 Optional I/O Board 4 Input 20 290

IN521 Optional I/O Board 4 Input 21 290

IN522 Optional I/O Board 4 Input 22 290

IN523 Optional I/O Board 4 Input 23 290

IN524 Optional I/O Board 4 Input 24 290

IO300OK Communications status of Interface Board 300 when installed or commissioned 475

IO400OK Communications status of Interface Board 400 when installed or commissioned 475

IO500OK Communications status of Interface Board 400 when installed or commissioned 475

LB_DP01 Local Bit 01 status display (SELOGIC control equation) 461

LB_DP02 Local Bit 02 status display (SELOGIC control equation) 461

LB_DP03 Local Bit 03 status display (SELOGIC control equation) 461

LB_DP04 Local Bit 04 status display (SELOGIC control equation) 461

LB_DP05 Local Bit 05 status display (SELOGIC control equation) 461
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LB_DP06 Local Bit 06 status display (SELOGIC control equation) 461

LB_DP07 Local Bit 07 status display (SELOGIC control equation) 461

LB_DP08 Local Bit 08 status display (SELOGIC control equation) 461

LB_DP09 Local Bit 09 status display (SELOGIC control equation) 462

LB_DP10 Local Bit 10 status display (SELOGIC control equation) 462

LB_DP11 Local Bit 11 status display (SELOGIC control equation) 462

LB_DP12 Local Bit 12 status display (SELOGIC control equation) 462

LB_DP13 Local Bit 13 status display (SELOGIC control equation) 462

LB_DP14 Local Bit 14 status display (SELOGIC control equation) 462

LB_DP15 Local Bit 15 status display (SELOGIC control equation) 462

LB_DP16 Local Bit 16 status display (SELOGIC control equation) 462

LB_DP17 Local Bit 17 status display (SELOGIC control equation) 463

LB_DP18 Local Bit 18 status display (SELOGIC control equation) 463

LB_DP19 Local Bit 19 status display (SELOGIC control equation) 463

LB_DP20 Local Bit 20 status display (SELOGIC control equation) 463

LB_DP21 Local Bit 21 status display (SELOGIC control equation) 463

LB_DP22 Local Bit 22 status display (SELOGIC control equation) 463

LB_DP23 Local Bit 23 status display (SELOGIC control equation) 463

LB_DP24 Local Bit 24 status display (SELOGIC control equation) 463

LB_DP25 Local Bit 25 status display (SELOGIC control equation) 464

LB_DP26 Local Bit 26 status display (SELOGIC control equation) 464

LB_DP27 Local Bit 27 status display (SELOGIC control equation) 464

LB_DP28 Local Bit 28 status display (SELOGIC control equation) 464

LB_DP29 Local Bit 29 status display (SELOGIC control equation) 464

LB_DP30 Local Bit 30 status display (SELOGIC control equation) 464

LB_DP31 Local Bit 31 status display (SELOGIC control equation) 464

LB_DP32 Local Bit 32 status display (SELOGIC control equation) 464

LB_DP33 Local Bit 33 status display (SELOGIC control equation) 496

LB_DP34 Local Bit 34 status display (SELOGIC control equation) 496

LB_DP35 Local Bit 35 status display (SELOGIC control equation) 496

LB_DP36 Local Bit 36 status display (SELOGIC control equation) 496

LB_DP37 Local Bit 37 status display (SELOGIC control equation) 496

LB_DP38 Local Bit 38 status display (SELOGIC control equation) 496

LB_DP39 Local Bit 39 status display (SELOGIC control equation) 496

LB_DP40 Local Bit 40 status display (SELOGIC control equation) 496

LB_DP41 Local Bit 41 status display (SELOGIC control equation) 497

LB_DP42 Local Bit 42 status display (SELOGIC control equation) 497

LB_DP43 Local Bit 43 status display (SELOGIC control equation) 497

LB_DP44 Local Bit 44 status display (SELOGIC control equation) 497

LB_DP45 Local Bit 45 status display (SELOGIC control equation) 497

LB_DP46 Local Bit 46 status display (SELOGIC control equation) 497
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LB_DP47 Local Bit 47 status display (SELOGIC control equation) 497

LB_DP48 Local Bit 48 status display (SELOGIC control equation) 497

LB_DP49 Local Bit 49 status display (SELOGIC control equation) 498

LB_DP50 Local Bit 50 status display (SELOGIC control equation) 498

LB_DP51 Local Bit 51 status display (SELOGIC control equation) 498

LB_DP52 Local Bit 52 status display (SELOGIC control equation) 498

LB_DP53 Local Bit 53 status display (SELOGIC control equation) 498

LB_DP54 Local Bit 54 status display (SELOGIC control equation) 498

LB_DP55 Local Bit 55 status display (SELOGIC control equation) 498

LB_DP56 Local Bit 56 status display (SELOGIC control equation) 498

LB_DP57 Local Bit 57 status display (SELOGIC control equation) 498

LB_DP58 Local Bit 58 status display (SELOGIC control equation) 499

LB_DP59 Local Bit 59 status display (SELOGIC control equation) 499

LB_DP60 Local Bit 60 status display (SELOGIC control equation) 499

LB_DP61 Local Bit 61 status display (SELOGIC control equation) 499

LB_DP62 Local Bit 62 status display (SELOGIC control equation) 499

LB_DP63 Local Bit 63 status display (SELOGIC control equation) 499

LB_DP64 Local Bit 64 status display (SELOGIC control equation) 499

LB_SP01 Local Bit 01 supervision (SELOGIC control equation) 457

LB_SP02 Local Bit 02 supervision (SELOGIC control equation) 457

LB_SP03 Local Bit 03 supervision (SELOGIC control equation) 457

LB_SP04 Local Bit 04 supervision (SELOGIC control equation) 457

LB_SP05 Local Bit 05 supervision (SELOGIC control equation) 457

LB_SP06 Local Bit 06 supervision (SELOGIC control equation) 457

LB_SP07 Local Bit 07 supervision (SELOGIC control equation) 457

LB_SP08 Local Bit 08 supervision (SELOGIC control equation) 457

LB_SP09 Local Bit 09 supervision (SELOGIC control equation) 458

LB_SP10 Local Bit 10 supervision (SELOGIC control equation) 458

LB_SP11 Local Bit 11 supervision (SELOGIC control equation) 458

LB_SP12 Local Bit 12 supervision (SELOGIC control equation) 458

LB_SP13 Local Bit 13 supervision (SELOGIC control equation) 458

LB_SP14 Local Bit 14 supervision (SELOGIC control equation) 458

LB_SP15 Local Bit 15 supervision (SELOGIC control equation) 458

LB_SP16 Local Bit 16 supervision (SELOGIC control equation) 458

LB_SP17 Local Bit 17 supervision (SELOGIC control equation) 459

LB_SP18 Local Bit 18 supervision (SELOGIC control equation) 459

LB_SP19 Local Bit 19 supervision (SELOGIC control equation) 459

LB_SP20 Local Bit 20 supervision (SELOGIC control equation) 459

LB_SP21 Local Bit 21 supervision (SELOGIC control equation) 459

LB_SP22 Local Bit 22 supervision (SELOGIC control equation) 459

LB_SP23 Local Bit 23 supervision (SELOGIC control equation) 459
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LB_SP24 Local Bit 24 supervision (SELOGIC control equation) 459

LB_SP25 Local Bit 25 supervision (SELOGIC control equation) 460

LB_SP26 Local Bit 26 supervision (SELOGIC control equation) 460

LB_SP27 Local Bit 27 supervision (SELOGIC control equation) 460

LB_SP28 Local Bit 28 supervision (SELOGIC control equation) 460

LB_SP29 Local Bit 29 supervision (SELOGIC control equation) 460

LB_SP30 Local Bit 30 supervision (SELOGIC control equation) 460

LB_SP31 Local Bit 31 supervision (SELOGIC control equation) 460

LB_SP32 Local Bit 32 supervision (SELOGIC control equation) 460

LB_SP33 Local Bit 33 supervision (SELOGIC control equation) 492

LB_SP34 Local Bit 34 supervision (SELOGIC control equation) 492

LB_SP35 Local Bit 35 supervision (SELOGIC control equation) 492

LB_SP36 Local Bit 36 supervision (SELOGIC control equation) 492

LB_SP37 Local Bit 37 supervision (SELOGIC control equation) 492

LB_SP38 Local Bit 38 supervision (SELOGIC control equation) 492

LB_SP39 Local Bit 39 supervision (SELOGIC control equation) 492

LB_SP40 Local Bit 40 supervision (SELOGIC control equation) 492

LB_SP41 Local Bit 41 supervision (SELOGIC control equation) 493

LB_SP42 Local Bit 42 supervision (SELOGIC control equation) 493

LB_SP43 Local Bit 43 supervision (SELOGIC control equation) 493

LB_SP44 Local Bit 44 supervision (SELOGIC control equation) 493

LB_SP45 Local Bit 45 supervision (SELOGIC control equation) 493

LB_SP46 Local Bit 46 supervision (SELOGIC control equation) 493

LB_SP47 Local Bit 47 supervision (SELOGIC control equation) 493

LB_SP48 Local Bit 48 supervision (SELOGIC control equation) 493

LB_SP49 Local Bit 49 supervision (SELOGIC control equation) 494

LB_SP50 Local Bit 50 supervision (SELOGIC control equation) 494

LB_SP51 Local Bit 51 supervision (SELOGIC control equation) 494

LB_SP52 Local Bit 52 supervision (SELOGIC control equation) 494

LB_SP53 Local Bit 53 supervision (SELOGIC control equation) 494

LB_SP54 Local Bit 54 supervision (SELOGIC control equation) 494

LB_SP55 Local Bit 55 supervision (SELOGIC control equation) 494

LB_SP56 Local Bit 56 supervision (SELOGIC control equation) 494

LB_SP57 Local Bit 57 supervision (SELOGIC control equation) 495

LB_SP58 Local Bit 58 supervision (SELOGIC control equation) 495

LB_SP59 Local Bit 59 supervision (SELOGIC control equation) 495

LB_SP60 Local Bit 60 supervision (SELOGIC control equation) 495

LB_SP61 Local Bit 61 supervision (SELOGIC control equation) 495

LB_SP62 Local Bit 62 supervision (SELOGIC control equation) 495

LB_SP63 Local Bit 63 supervision (SELOGIC control equation) 495

LB_SP64 Local Bit 64 supervision (SELOGIC control equation) 495
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LB01 Local Bit 01 256

LB02 Local Bit 02 256

LB03 Local Bit 03 256

LB04 Local Bit 04 256

LB05 Local Bit 05 256

LB06 Local Bit 06 256

LB07 Local Bit 07 256

LB08 Local Bit 08 256

LB09 Local Bit 09 257

LB10 Local Bit 10 257

LB11 Local Bit 11 257

LB12 Local Bit 12 257

LB13 Local Bit 13 257

LB14 Local Bit 14 257

LB15 Local Bit 15 257

LB16 Local Bit 16 257

LB17 Local Bit 17 258

LB18 Local Bit 18 258

LB19 Local Bit 19 258

LB20 Local Bit 20 258

LB21 Local Bit 21 258

LB22 Local Bit 22 258

LB23 Local Bit 23 258

LB24 Local Bit 24 258

LB25 Local Bit 25 259

LB26 Local Bit 26 259

LB27 Local Bit 27 259

LB28 Local Bit 28 259

LB29 Local Bit 29 259

LB30 Local Bit 30 259

LB31 Local Bit 31 259

LB32 Local Bit 32 259

LB33 Local Bit 33 488

LB34 Local Bit 34 488

LB35 Local Bit 35 488

LB36 Local Bit 36 488

LB37 Local Bit 37 488

LB38 Local Bit 38 488

LB39 Local Bit 39 488

LB40 Local Bit 40 488

LB41 Local Bit 41 489
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LB42 Local Bit 42 489

LB43 Local Bit 43 489

LB44 Local Bit 44 489

LB45 Local Bit 45 489

LB46 Local Bit 46 489

LB47 Local Bit 47 489

LB48 Local Bit 48 489

LB49 Local Bit 49 490

LB50 Local Bit 50 490

LB51 Local Bit 51 490

LB52 Local Bit 52 490

LB53 Local Bit 53 490

LB54 Local Bit 54 490

LB55 Local Bit 55 490

LB56 Local Bit 56 490

LB57 Local Bit 57 491

LB58 Local Bit 58 491

LB59 Local Bit 59 491

LB60 Local Bit 60 491

LB61 Local Bit 61 491

LB62 Local Bit 62 491

LB63 Local Bit 63 491

LB64 Local Bit 64 491

LBOKA Channel A MIRRORED BITS normal status (loopback) 404

LBOKB Channel B MIRRORED BITS normal status (loopback mode) 405

LINK5A Link status of Port 5A connection 441

LINK5B Link status of Port 5B connection 441

LINK5C Link status of Port 5C connection 441

LINK5D Link status of Port 5D connection 441

LNKFAIL Link status of the active port 441

LOC Control authority at local (bay) level 480

LOCSTA Control authority at station level 480

LPHDSIM 61850 Logical Node for Physical Device Simulation 406

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, the 
upcoming leap second is deleted; otherwise, the leap second is added.

470

LPSECP Leap second pending 470

MATHERR SELOGIC control equation math error 374

MLTLEV Multi-level control authority 480

OC01 Circuit Breaker 01 open command 249

OC02 Circuit Breaker 02 open command 249

OC03 Circuit Breaker 03 open command 249
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OC04 Circuit Breaker 04 open command 249

OC05 Circuit Breaker 05 open command 249

OC06 Circuit Breaker 06 open command 249

OC07 Circuit Breaker 07 open command 249

OC08 Circuit Breaker 08 open command 249

OC09 Circuit Breaker 09 open command 250

OC10 Circuit Breaker 10 open command 250

OC11 Circuit Breaker 11 open command 250

OC12 Circuit Breaker 12 open command 250

OC13 Circuit Breaker 13 open command 250

OC14 Circuit Breaker 14 open command 250

OC15 Circuit Breaker 15 open command 250

OC16 Circuit Breaker 16 open command 250

OC17 Circuit Breaker 17 open command 251

OC18 Circuit Breaker 18 open command 251

OC19 Circuit Breaker 19 open command 251

OC20 Circuit Breaker 20 open command 251

OC21 Circuit Breaker 21 open command 251

OCTZ1 Zone 1 open CT detection 155

OCTZ2 Zone 2 open CT detection 155

OCTZ3 Zone 3 open CT detection 155

OCTZ4 Zone 4 open CT detection 155

OCTZ5 Zone 5 open CT detection 155

OCTZ6 Zone 6 open CT detection 155

OPH01 Terminal 01 open phase detected 4

OPH02 Terminal 02 open phase detected 4

OPH03 Terminal 03 open phase detected 4

OPH04 Terminal 04 open phase detected 4

OPH05 Terminal 05 open phase detected 4

OPH06 Terminal 06 open phase detected 4

OPH07 Terminal 07 open phase detected 4

OPH08 Terminal 08 open phase detected 4

OPH09 Terminal 09 open phase detected 5

OPH10 Terminal 10 open phase detected 5

OPH11 Terminal 11 open phase detected 5

OPH12 Terminal 12 open phase detected 5

OPH13 Terminal 13 open phase detected 5

OPH14 Terminal 14 open phase detected 5

OPH15 Terminal 15 open phase detected 5

OPH16 Terminal 16 open phase detected 5

OPH17 Terminal 17 open phase detected 6
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OPH18 Terminal 18 open phase detected 6

OPH19 Terminal 19 open phase detected 6

OPH20 Terminal 20 open phase detected 6

OPH21 Terminal 21 open phase detected 6

OUT101 Main board Output 1 384

OUT102 Main board Output 2 384

OUT103 Main board Output 3 384

OUT104 Main board Output 4 384

OUT105 Main board Output 5 384

OUT106 Main board Output 6 384

OUT107 Main board Output 7 384

OUT108 Main board Output 8 384

OUT201 Optional I/O Board 1 Output 1 388

OUT202 Optional I/O Board 1 Output 2 388

OUT203 Optional I/O Board 1 Output 3 388

OUT204 Optional I/O Board 1 Output 4 388

OUT205 Optional I/O Board 1 Output 5 388

OUT206 Optional I/O Board 1 Output 6 388

OUT207 Optional I/O Board 1 Output 7 388

OUT208 Optional I/O Board 1 Output 8 388

OUT209 Optional I/O Board 1 Output 9 389

OUT210 Optional I/O Board 1 Output 10 389

OUT211 Optional I/O Board 1 Output 11 389

OUT212 Optional I/O Board 1 Output 12 389

OUT213 Optional I/O Board 1 Output 13 389

OUT214 Optional I/O Board 1 Output 14 389

OUT215 Optional I/O Board 1 Output 15 389

OUT216 Optional I/O Board 1 Output 16 389

OUT301 Optional I/O Board 2 Output 1 390

OUT302 Optional I/O Board 2 Output 2 390

OUT303 Optional I/O Board 2 Output 3 390

OUT304 Optional I/O Board 2 Output 4 390

OUT305 Optional I/O Board 2 Output 5 390

OUT306 Optional I/O Board 2 Output 6 390

OUT307 Optional I/O Board 2 Output 7 390

OUT308 Optional I/O Board 2 Output 8 390

OUT309 Optional I/O Board 2 Output 9 391

OUT310 Optional I/O Board 2 Output 10 391

OUT311 Optional I/O Board 2 Output 11 391

OUT312 Optional I/O Board 2 Output 12 391

OUT313 Optional I/O Board 2 Output 13 391
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OUT314 Optional I/O Board 2 Output 14 391

OUT315 Optional I/O Board 2 Output 15 391

OUT316 Optional I/O Board 2 Output 16 391

OUT401 Optional I/O Board 3 Output 1 392

OUT402 Optional I/O Board 3 Output 2 392

OUT403 Optional I/O Board 3 Output 3 392

OUT404 Optional I/O Board 3 Output 4 392

OUT405 Optional I/O Board 3 Output 5 392

OUT406 Optional I/O Board 3 Output 6 392

OUT407 Optional I/O Board 3 Output 7 392

OUT408 Optional I/O Board 3 Output 8 392

OUT409 Optional I/O Board 3 Output 9 393

OUT410 Optional I/O Board 3 Output 10 393

OUT411 Optional I/O Board 3 Output 11 393

OUT412 Optional I/O Board 3 Output 12 393

OUT413 Optional I/O Board 3 Output 13 393

OUT414 Optional I/O Board 3 Output 14 393

OUT415 Optional I/O Board 3 Output 15 393

OUT416 Optional I/O Board 3 Output 16 393

OUT501 Optional I/O Board 4 Output 1 394

OUT502 Optional I/O Board 4 Output 2 394

OUT503 Optional I/O Board 4 Output 3 394

OUT504 Optional I/O Board 4 Output 4 394

OUT505 Optional I/O Board 4 Output 5 394

OUT506 Optional I/O Board 4 Output 6 394

OUT507 Optional I/O Board 4 Output 7 394

OUT508 Optional I/O Board 4 Output 8 394

OUT509 Optional I/O Board 4 Output 9 395

OUT510 Optional I/O Board 4 Output 10 395

OUT511 Optional I/O Board 4 Output 11 395

OUT512 Optional I/O Board 4 Output 12 395

OUT513 Optional I/O Board 4 Output 13 395

OUT514 Optional I/O Board 4 Output 14 395

OUT515 Optional I/O Board 4 Output 15 395

OUT516 Optional I/O Board 4 Output 16 395

P5ABSW Port 5A or 5B has just become active 473

P5ASEL Port 5A active/inactive 442

P5BSEL Port 5B active/inactive 442

P5CSEL Port 5C active/inactive 442

P5DSEL Port 5D active/inactive 442

P87R1 Zone 1 instantaneous differential element picked up 159
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P87R2 Zone 2 instantaneous differential element picked up 161

P87R3 Zone 3 instantaneous differential element picked up 163

P87R4 Zone 4 instantaneous differential element picked up 165

P87R5 Zone 5 instantaneous differential element picked up 167

P87R6 Zone 6 instantaneous differential element picked up 169

P87RCZ1 Check Zone 1 instantaneous differential element picked up 450

P87RCZ2 Check Zone 2 instantaneous differential element picked up 452

P87RCZ3 Check Zone 3 instantaneous differential element picked up 454

PASSDIS Asserts to indicate password disable jumper is installed 377

PB1 Pushbutton 1 382

PB1_LED Pushbutton 1 LED 398

PB1_PUL Pushbutton 1 pulse input 396

PB10 Pushbutton 10 383

PB10LED Pushbutton 10 LED 399

PB10PUL Pushbutton 10 pulse input 397

PB11 Pushbutton 11 383

PB11LED Pushbutton 11 LED 399

PB11PUL Pushbutton 11 pulse input 397

PB12 Pushbutton 12 383

PB12LED Pushbutton 12 LED 399

PB12PUL Pushbutton 12 pulse input 397

PB2 Pushbutton 2 382

PB2_LED Pushbutton 2 LED 398

PB2_PUL Pushbutton 2 pulse input 396

PB3 Pushbutton 3 382

PB3_LED Pushbutton 3 LED 398

PB3_PUL Pushbutton 3 pulse input 396

PB4 Pushbutton 4 382

PB4_LED Pushbutton 4 LED 398

PB4_PUL Pushbutton 4 pulse input 396

PB5 Pushbutton 5 382

PB5_LED Pushbutton 5 LED 398

PB5_PUL Pushbutton 5 pulse input 396

PB6 Pushbutton 6 382

PB6_LED Pushbutton 6 LED 398

PB6_PUL Pushbutton 6 pulse input 396

PB7 Pushbutton 7 382

PB7_LED Pushbutton 7 LED 398

PB7_PUL Pushbutton 7 pulse input 396

PB8 Pushbutton 8 382

PB8_LED Pushbutton 8 LED 398
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PB8_PUL Pushbutton 8 pulse input 396

PB9 Pushbutton 9 383

PB9_LED Pushbutton 9 LED 399

PB9_PUL Pushbutton 9 pulse input 397

PCN01Q Protection counter Output 01 314

PCN01R Protection counter Reset 01 318

PCN02Q Protection counter Output 02 314

PCN02R Protection counter Reset 02 318

PCN03Q Protection counter Output 03 314

PCN03R Protection counter Reset 03 318

PCN04Q Protection counter Output 04 314

PCN04R Protection counter Reset 04 318

PCN05Q Protection counter Output 05 314

PCN05R Protection counter Reset 05 318

PCN06Q Protection counter Output 06 314

PCN06R Protection counter Reset 06 318

PCN07Q Protection counter Output 07 314

PCN07R Protection counter Reset 07 318

PCN08Q Protection counter Output 08 314

PCN08R Protection counter Reset 08 318

PCN09Q Protection counter Output 09 315

PCN09R Protection counter Reset 09 319

PCN10Q Protection counter Output 10 315

PCN10R Protection counter Reset 10 319

PCN11Q Protection counter Output 11 315

PCN11R Protection counter Reset 11 319

PCN12Q Protection counter Output 12 315

PCN12R Protection counter Reset 12 319

PCN13Q Protection counter Output 13 315

PCN13R Protection counter Reset 13 319

PCN14Q Protection counter Output 14 315

PCN14R Protection counter Reset 14 319

PCN15Q Protection counter Output 15 315

PCN15R Protection counter Reset 15 319

PCN16Q Protection counter Output 16 315

PCN16R Protection counter Reset 16 319

PCN17Q Protection counter Output 17 316

PCN17R Protection counter Reset 17 320

PCN18Q Protection counter Output 18 316

PCN18R Protection counter Reset 18 320

PCN19Q Protection counter Output 19 316
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PCN19R Protection counter Reset 19 320

PCN20Q Protection counter Output 20 316

PCN20R Protection counter Reset 20 320

PCN21Q Protection counter Output 21 316

PCN21R Protection counter Reset 21 320

PCN22Q Protection counter Output 22 316

PCN22R Protection counter Reset 22 320

PCN23Q Protection counter Output 23 316

PCN23R Protection counter Reset 23 320

PCN24Q Protection counter Output 24 316

PCN24R Protection counter Reset 24 320

PCN25Q Protection counter Output 25 317

PCN25R Protection counter Reset 25 321

PCN26Q Protection counter Output 26 317

PCN26R Protection counter Reset 26 321

PCN27Q Protection counter Output 27 317

PCN27R Protection counter Reset 27 321

PCN28Q Protection counter Output 28 317

PCN28R Protection counter Reset 28 321

PCN29Q Protection counter Output 29 317

PCN29R Protection counter Reset 29 321

PCN30Q Protection counter Output 30 317

PCN30R Protection counter Reset 30 321

PCN31Q Protection counter Output 31 317

PCN31R Protection counter Reset 31 321

PCN32Q Protection counter Output 32 317

PCN32R Protection counter Reset 32 321

PCT01Q Protection conditioning timer Output 01 304

PCT02Q Protection conditioning timer Output 02 304

PCT03Q Protection conditioning timer Output 03 304

PCT04Q Protection conditioning timer Output 04 304

PCT05Q Protection conditioning timer Output 05 304

PCT06Q Protection conditioning timer Output 06 304

PCT07Q Protection conditioning timer Output 07 304

PCT08Q Protection conditioning timer Output 08 304

PCT09Q Protection conditioning timer Output 09   305

PCT10Q Protection conditioning timer Output 10 305

PCT11Q Protection conditioning timer Output 11 305

PCT12Q Protection conditioning timer Output 12 305

PCT13Q Protection conditioning timer Output 13 305

PCT14Q Protection conditioning timer Output 14 305
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PCT15Q Protection conditioning timer Output 15 305

PCT16Q Protection conditioning timer Output 16 305

PFRTEX Protection SELOGIC control equation first execution 374

PLT01 Protection Latch 01   300

PLT02 Protection Latch 02 300

PLT03 Protection Latch 03 300

PLT04 Protection Latch 04 300

PLT05 Protection Latch 05 300

PLT06 Protection Latch 06 300

PLT07 Protection Latch 07 300

PLT08 Protection Latch 08 300

PLT09 Protection Latch 09    301

PLT10 Protection Latch 10 301

PLT11 Protection Latch 11 301

PLT12 Protection Latch 12 301

PLT13 Protection Latch 13 301

PLT14 Protection Latch 14 301

PLT15 Protection Latch 15 301

PLT16 Protection Latch 16 301

PLT17 Protection Latch 17 302

PLT18 Protection Latch 18 302

PLT19 Protection Latch 19 302

PLT20 Protection Latch 20 302

PLT21 Protection Latch 21 302

PLT22 Protection Latch 22 302

PLT23 Protection Latch 23 302

PLT24 Protection Latch 24 302

PLT25 Protection Latch 25 303

PLT26 Protection Latch 26 303

PLT27 Protection Latch 27 303

PLT28 Protection Latch 28 303

PLT29 Protection Latch 29 303

PLT30 Protection Latch 30 303

PLT31 Protection Latch 31 303

PLT32 Protection Latch 32 303

PST01Q Protection sequencing timer Output 01 306

PST01R Protection sequencing timer Reset 01 310

PST02Q Protection sequencing timer Output 02 306

PST02R Protection sequencing timer Reset 02 310

PST03Q Protection sequencing timer Output 03 306

PST03R Protection sequencing timer Reset 03 310
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PST04Q Protection sequencing timer Output 04 306

PST04R Protection sequencing timer Reset 04 310

PST05Q Protection sequencing timer Output 05 306

PST05R Protection sequencing timer Reset 05 310

PST06Q Protection sequencing timer Output 06 306

PST06R Protection sequencing timer Reset 06 310

PST07Q Protection sequencing timer Output 07 306

PST07R Protection sequencing timer Reset 07 310

PST08Q Protection sequencing timer Output 08 306

PST08R Protection sequencing timer Reset 08 310

PST09Q Protection sequencing timer Output 09 307

PST09R Protection sequencing timer Reset 09 311

PST10Q Protection sequencing timer Output 10 307

PST10R Protection sequencing timer Reset 10 311

PST11Q Protection sequencing timer Output 11 307

PST11R Protection sequencing timer Reset 11 311

PST12Q Protection sequencing timer Output 12 307

PST12R Protection sequencing timer Reset 12 311

PST13Q Protection sequencing timer Output 13 307

PST13R Protection sequencing timer Reset 13 311

PST14Q Protection sequencing timer Output 14 307

PST14R Protection sequencing timer Reset 14 311

PST15Q Protection sequencing timer Output 15 307

PST15R Protection sequencing timer Reset 15 311

PST16Q Protection sequencing timer Output 16 307

PST16R Protection sequencing timer Reset 16 311

PST17Q Protection sequencing timer Output 17 308

PST17R Protection sequencing timer Reset 17 312

PST18Q Protection sequencing timer Output 18 308

PST18R Protection sequencing timer Reset 18 312

PST19Q Protection sequencing timer Output 19 308

PST19R Protection sequencing timer Reset 19 312

PST20Q Protection sequencing timer Output 20 308

PST20R Protection sequencing timer Reset 20 312

PST21Q Protection sequencing timer Output 21 308

PST21R Protection sequencing timer Reset 21 312

PST22Q Protection sequencing timer Output 22 308

PST22R Protection sequencing timer Reset 22 312

PST23Q Protection sequencing timer Output 23 308

PST23R Protection sequencing timer Reset 23 312

PST24Q Protection sequencing timer Output 24 308
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PST24R Protection sequencing timer Reset 24 312

PST25Q Protection sequencing timer Output 25 309

PST25R Protection sequencing timer Reset 25 313

PST26Q Protection sequencing timer Output 26 309

PST26R Protection sequencing timer Reset 26 313

PST27Q Protection sequencing timer Output 27 309

PST27R Protection sequencing timer Reset 27 313

PST28Q Protection sequencing timer Output 28 309

PST28R Protection sequencing timer Reset 28 313

PST29Q Protection sequencing timer Output 29 309

PST29R Protection sequencing timer Reset 29 313

PST30Q Protection sequencing timer Output 30 309

PST30R Protection sequencing timer Reset 30 313

PST31Q Protection sequencing timer Output 31 309

PST31R Protection sequencing timer Reset 31 313

PST32Q Protection sequencing timer Output 32 309

PST32R Protection sequencing timer Reset 32 313

PSV01 Protection SELOGIC control equation Variable 01 292

PSV02 Protection SELOGIC control equation Variable 02 292

PSV03 Protection SELOGIC control equation Variable 03 292

PSV04 Protection SELOGIC control equation Variable 04 292

PSV05 Protection SELOGIC control equation Variable 05 292

PSV06 Protection SELOGIC control equation Variable 06 292

PSV07 Protection SELOGIC control equation Variable 07 292

PSV08 Protection SELOGIC control equation Variable 08 292

PSV09 Protection SELOGIC control equation Variable 09 293

PSV10 Protection SELOGIC control equation Variable 10 293

PSV11 Protection SELOGIC control equation Variable 11 293

PSV12 Protection SELOGIC control equation Variable 12 293

PSV13 Protection SELOGIC control equation Variable 13 293

PSV14 Protection SELOGIC control equation Variable 14 293

PSV15 Protection SELOGIC control equation Variable 15 293

PSV16 Protection SELOGIC control equation Variable 16 293

PSV17 Protection SELOGIC control equation Variable 17 294

PSV18 Protection SELOGIC control equation Variable 18 294

PSV19 Protection SELOGIC control equation Variable 19 294

PSV20 Protection SELOGIC control equation Variable 20 294

PSV21 Protection SELOGIC control equation Variable 21 294

PSV22 Protection SELOGIC control equation Variable 22 294

PSV23 Protection SELOGIC control equation Variable 23 294

PSV24 Protection SELOGIC control equation Variable 24 294
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PSV25 Protection SELOGIC control equation Variable 25 295

PSV26 Protection SELOGIC control equation Variable 26 295

PSV27 Protection SELOGIC control equation Variable 27 295

PSV28 Protection SELOGIC control equation Variable 28 295

PSV29 Protection SELOGIC control equation Variable 29 295

PSV30 Protection SELOGIC control equation Variable 30 295

PSV31 Protection SELOGIC control equation Variable 31 295

PSV32 Protection SELOGIC control equation Variable 32 295

PSV33 Protection SELOGIC control equation Variable 33 296

PSV34 Protection SELOGIC control equation Variable 34 296

PSV35 Protection SELOGIC control equation Variable 35 296

PSV36 Protection SELOGIC control equation Variable 36 296

PSV37 Protection SELOGIC control equation Variable 37 296

PSV38 Protection SELOGIC control equation Variable 38 296

PSV39 Protection SELOGIC control equation Variable 39 296

PSV40 Protection SELOGIC control equation Variable 40 296

PSV41 Protection SELOGIC control equation Variable 41 297

PSV42 Protection SELOGIC control equation Variable 42 297

PSV43 Protection SELOGIC control equation Variable 43 297

PSV44 Protection SELOGIC control equation Variable 44 297

PSV45 Protection SELOGIC control equation Variable 45 297

PSV46 Protection SELOGIC control equation Variable 46 297

PSV47 Protection SELOGIC control equation Variable 47 297

PSV48 Protection SELOGIC control equation Variable 48 297

PSV49 Protection SELOGIC control equation Variable 49 298

PSV50 Protection SELOGIC control equation Variable 50 298

PSV51 Protection SELOGIC control equation Variable 51 298

PSV52 Protection SELOGIC control equation Variable 52 298

PSV53 Protection SELOGIC control equation Variable 53 298

PSV54 Protection SELOGIC control equation Variable 54 298

PSV55 Protection SELOGIC control equation Variable 55 298

PSV56 Protection SELOGIC control equation Variable 56 298

PSV57 Protection SELOGIC control equation Variable 57 299

PSV58 Protection SELOGIC control equation Variable 58 299

PSV59 Protection SELOGIC control equation Variable 59 299

PSV60 Protection SELOGIC control equation Variable 60 299

PSV61 Protection SELOGIC control equation Variable 61 299

PSV62 Protection SELOGIC control equation Variable 62 299

PSV63 Protection SELOGIC control equation Variable 63 299

PSV64 Protection SELOGIC control equation Variable 64 299

PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards 474
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PTP_OK PTP is available and has sufficient quality 473

PTP_RST Disqualify PTP time source 473

PTP_SET Qualify PTP time source 473

PTP_TIM A valid PTP time source is detected 473

PTPSYNC Synchronized to a high-quality PTP source 474

PUNRLBL Protection SELOGIC control equation unresolved label 374

RB01 Remote Bit 01 271

RB02 Remote Bit 02 271

RB03 Remote Bit 03 271

RB04 Remote Bit 04 271

RB05 Remote Bit 05 271

RB06 Remote Bit 06 271

RB07 Remote Bit 07 271

RB08 Remote Bit 08 271

RB09 Remote Bit 09 270

RB10 Remote Bit 10 270

RB11 Remote Bit 11 270

RB12 Remote Bit 12 270

RB13 Remote Bit 13 270

RB14 Remote Bit 14 270

RB15 Remote Bit 15 270

RB16 Remote Bit 16 270

RB17 Remote Bit 17 269

RB18 Remote Bit 18 269

RB19 Remote Bit 19 269

RB20 Remote Bit 20 269

RB21 Remote Bit 21 269

RB22 Remote Bit 22 269

RB23 Remote Bit 23 269

RB24 Remote Bit 24    269

RB25 Remote Bit 25 268

RB26 Remote Bit 26 268

RB27 Remote Bit 27 268

RB28 Remote Bit 28 268

RB29 Remote Bit 29 268

RB30 Remote Bit 30 268

RB31 Remote Bit 31 268

RB32 Remote Bit 32 268

RB33 Remote Bit 33 267

RB34 Remote Bit 34 267

RB35 Remote Bit 35 267
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RB36 Remote Bit 36 267

RB37 Remote Bit 37 267

RB38 Remote Bit 38 267

RB39 Remote Bit 39 267

RB40 Remote Bit 40 267

RB41 Remote Bit 41 266

RB42 Remote Bit 42 266

RB43 Remote Bit 43 266

RB44 Remote Bit 44 266

RB45 Remote Bit 45 266

RB46 Remote Bit 46 266

RB47 Remote Bit 47 266

RB48 Remote Bit 48 266

RB49 Remote Bit 49 265

RB50 Remote Bit 50 265

RB51 Remote Bit 51 265

RB52 Remote Bit 52 265

RB53 Remote Bit 53 265

RB54 Remote Bit 54 265

RB55 Remote Bit 55 265

RB56 Remote Bit 56 265

RB57 Remote Bit 57 264

RB58 Remote Bit 58 264

RB59 Remote Bit 59 264

RB60 Remote Bit 60 264

RB61 Remote Bit 61 264

RB62 Remote Bit 62 264

RB63 Remote Bit 63 264

RB64 Remote Bit 64 264

RB65 Remote Bit 65 263

RB66 Remote Bit 66 263

RB67 Remote Bit 67 263

RB68 Remote Bit 68 263

RB69 Remote Bit 69 263

RB70 Remote Bit 70 263

RB71 Remote Bit 71 263

RB72 Remote Bit 72 263

RB73 Remote Bit 73 262

RB74 Remote Bit 74 262

RB75 Remote Bit 75 262

RB76 Remote Bit 76 262
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RB77 Remote Bit 77 262

RB78 Remote Bit 78 262

RB79 Remote Bit 79 262

RB80 Remote Bit 80 262

RB81 Remote Bit 81 261

RB82 Remote Bit 82 261

RB83 Remote Bit 83 261

RB84 Remote Bit 84 261

RB85 Remote Bit 85 261

RB86 Remote Bit 86 261

RB87 Remote Bit 87 261

RB88 Remote Bit 88 261

RB89 Remote Bit 89 260

RB90 Remote Bit 90 260

RB91 Remote Bit 91 260

RB92 Remote Bit 92 260

RB93 Remote Bit 93 260

RB94 Remote Bit 94 260

RB95 Remote Bit 95 260

RB96 Remote Bit 96 260

RBADA Channel A MIRRORED BITS outage too long 404

RBADB Channel B MIRRORED BITS outage too long 405

RDIF1 Zone 1 unfiltered restrained differential element picked up 160

RDIF2 Zone 2 unfiltered restrained differential element picked up 162

RDIF3 Zone 3 unfiltered restrained differential element picked up 164

RDIF4 Zone 4 unfiltered restrained differential element picked up 166

RDIF5 Zone 5 unfiltered restrained differential element picked up 168

RDIF6 Zone 6 unfiltered restrained differential element picked up 170

RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up 451

RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up 453

RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up 455

RMB1A Channel A receive MIRRORED BIT 1 400

RMB1B Channel B receive MIRRORED BIT 1 402

RMB2A Channel A receive MIRRORED BIT 2 400

RMB2B Channel B receive MIRRORED BIT 2 402

RMB3A Channel A receive MIRRORED BIT 3 400

RMB3B Channel B receive MIRRORED BIT 3 402

RMB4A Channel A receive MIRRORED BIT 4 400

RMB4B Channel B receive MIRRORED BIT 4 402

RMB5A Channel A receive MIRRORED BIT 5 400

RMB5B Channel B receive MIRRORED BIT 5 402
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RMB6A Channel A receive MIRRORED BIT 6 400

RMB6B Channel B receive MIRRORED BIT 6 402

RMB7A Channel A receive MIRRORED BIT 7 400

RMB7B Channel B receive MIRRORED BIT 7 402

RMB8A Channel A receive MIRRORED BIT 8 400

RMB8B Channel B receive MIRRORED BIT 8 402

ROCTZ1 Zone 1 open CT logic reset 154

ROCTZ2 Zone 2 open CT logic reset 154

ROCTZ3 Zone 3 open CT logic reset 154

ROCTZ4 Zone 4 open CT logic reset 154

ROCTZ5 Zone 5 open CT logic reset 154

ROCTZ6 Zone 6 open CT logic reset 154

ROKA Channel A MIRRORED BITS normal status (non-loopback) 404

ROKB Channel B MIRRORED BITS normal status (non-loopback mode) 405

RST_BAT Reset battery monitoring 440

RST_HAL Reset HALARMA 440

RSTDNPE Reset DNP fault summary data 440

RSTOCT1 Zone 1 open CT detection reset 156

RSTOCT2 Zone 2 open CT detection reset 156

RSTOCT3 Zone 3 open CT detection reset 156

RSTOCT4 Zone 4 open CT detection reset 156

RSTOCT5 Zone 5 open CT detection reset 156

RSTOCT6 Zone 6 open CT detection reset 156

RSTTRGT Target reset (SELOGIC control equation) 440

RT01 Circuit Breaker 1 retrip 183

RT02 Circuit Breaker 2 retrip 184

RT03 Circuit Breaker 3 retrip 185

RT04 Circuit Breaker 4 retrip 186

RT05 Circuit Breaker 5 retrip 187

RT06 Circuit Breaker 6 retrip 188

RT07 Circuit Breaker 7 retrip 189

RT08 Circuit Breaker 8 retrip 190

RT09 Circuit Breaker 9 retrip 191

RT10 Circuit Breaker 10 retrip 192

RT11 Circuit Breaker 11 retrip 193

RT12 Circuit Breaker 12 retrip 194

RT13 Circuit Breaker 13 retrip 195

RT14 Circuit Breaker 14 retrip 196

RT15 Circuit Breaker 15 retrip 197

RT16 Circuit Breaker 16 retrip 198

RT17 Circuit Breaker 17 retrip 199
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RT18 Circuit Breaker 18 retrip 200

RT19 Circuit Breaker 19 retrip 201

RT20 Circuit Breaker 20 retrip 202

RT21 Circuit Breaker 21 retrip 203

RZSWOAL Reset zone switching operation alarm 152

SALARM Non-diagnostic alarm pulse 376

SBFTR Any circuit breaker failure trip 239

SBFTR01 Circuit Breaker 01 breaker failure trip 236

SBFTR02 Circuit Breaker 02 breaker failure trip 236

SBFTR03 Circuit Breaker 03 breaker failure trip 236

SBFTR04 Circuit Breaker 04 breaker failure trip 236

SBFTR05 Circuit Breaker 05 breaker failure trip 236

SBFTR06 Circuit Breaker 06 breaker failure trip 236

SBFTR07 Circuit Breaker 07 breaker failure trip 236

SBFTR08 Circuit Breaker 08 breaker failure trip 236

SBFTR09 Circuit Breaker 09 breaker failure trip 237

SBFTR10 Circuit Breaker 10 breaker failure trip 237

SBFTR11 Circuit Breaker 11 breaker failure trip 237

SBFTR12 Circuit Breaker 12 breaker failure trip 237

SBFTR13 Circuit Breaker 13 breaker failure trip 237

SBFTR14 Circuit Breaker 14 breaker failure trip 237

SBFTR15 Circuit Breaker 15 breaker failure trip 237

SBFTR16 Circuit Breaker 16 breaker failure trip 237

SBFTR17 Circuit Breaker 17 breaker failure trip 238

SBFTR18 Circuit Breaker 18 breaker failure trip 238

SBFTR19 Circuit Breaker 19 breaker failure trip 238

SBFTR20 Circuit Breaker 20 breaker failure trip 238

SBFTR21 Circuit Breaker 21 breaker failure trip 238

SC850BM SELOGIC control for IEC 61850 blocked mode 476

SC850LS SELOGIC control for control authority at station level 480

SC850SM SELOGIC control for IEC 61850 simulation mode 476

SC850TM SELOGIC control for IEC 61850 test mode 476

SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards 473

SER_OK IRIG-B signal from serial port 1 is available and has sufficient quality 472

SER_RST Disqualify serial IRIG-B time source 472

SER_SET Qualify serial IRIG-B time source 472

SER_TIM A valid IRIG-B time source is detected on serial port 473

SERSYNC Synchronized to a high-quality serial IRIG source 474

SETCHG Pulsed when settings change 376

SG1 Settings Group 1 active 255

SG2 Settings Group 2 active 255
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SG3 Settings Group 3 active 255

SG4 Settings Group 4 active 255

SG5 Settings Group 5 active 255

SG6 Settings Group 6 active 255

SPEN Signal Profiling enabled 467

TBNC The active relay time source is BNC IRIG 378

TESTDB Communications card database test bit 406

TESTDB2 DNP test bit 406

TESTFM Fast meter test bit 406

TESTPUL Pulse test bit 406

TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source 379

TIRIG Assert while time is based on IRIG for both mark and value 378

TLED_1 Front-panel target LED 1 1

TLED_10 Front-panel target LED 10 2

TLED_11 Front-panel target LED 11 2

TLED_12 Front-panel target LED 12 2

TLED_13 Front-panel target LED 13 2

TLED_14 Front-panel target LED 14 2

TLED_15 Front-panel target LED 15 2

TLED_16 Front-panel target LED 16 2

TLED_17 Front-panel target LED 17 3

TLED_18 Front-panel target LED 18 3

TLED_19 Front-panel target LED 19 3

TLED_2 Front-panel target LED 2 1

TLED_20 Front-panel target LED 20 3

TLED_21 Front-panel target LED 21 3

TLED_22 Front-panel target LED 22 3

TLED_23 Front-panel target LED 23 3

TLED_24 Front-panel target LED 24 3

TLED_3 Front-panel target LED 3 1

TLED_4 Front-panel target LED 4 1

TLED_5 Front-panel target LED 5 1

TLED_6 Front-panel target LED 6 1

TLED_7 Front-panel target LED 7 1

TLED_8 Front-panel target LED 8 1

TLED_9 Front-panel target LED 9 2

TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source 379

TMB1A Channel A transmit MIRRORED BIT 1 401

TMB1B Channel B transmit MIRRORED BIT 1 403

TMB2A Channel A transmit MIRRORED BIT 2 401

TMB2B Channel B transmit MIRRORED BIT 2 403
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TMB3A Channel A transmit MIRRORED BIT 3 401

TMB3B Channel B transmit MIRRORED BIT 3 403

TMB4A Channel A transmit MIRRORED BIT 4 401

TMB4B Channel B transmit MIRRORED BIT 4 403

TMB5A Channel A transmit MIRRORED BIT 5 401

TMB5B Channel B transmit MIRRORED BIT 5 403

TMB6A Channel A transmit MIRRORED BIT 6 401

TMB6B Channel B transmit MIRRORED BIT 6 403

TMB7A Channel A transmit MIRRORED BIT 7 401

TMB7B Channel B transmit MIRRORED BIT 7 403

TMB8A Channel A transmit MIRRORED BIT 8 401

TMB8B Channel B transmit MIRRORED BIT 8 403

TOS01 Terminal 01 out of service 180

TOS02 Terminal 02 out of service 180

TOS03 Terminal 03 out of service 180

TOS04 Terminal 04 out of service 180

TOS05 Terminal 05 out of service 180

TOS06 Terminal 06 out of service 180

TOS07 Terminal 07 out of service 180

TOS08 Terminal 08 out of service 180

TOS09 Terminal 09 out of service 181

TOS10 Terminal 10 out of service 181

TOS11 Terminal 11 out of service 181

TOS12 Terminal 12 out of service 181

TOS13 Terminal 13 out of service 181

TOS14 Terminal 14 out of service 181

TOS15 Terminal 15 out of service 181

TOS16 Terminal 16 out of service 181

TOS17 Terminal 17 out of service 182

TOS18 Terminal 18 out of service 182

TOS19 Terminal 19 out of service 182

TOS20 Terminal 20 out of service 182

TOS21 Terminal 21 out of service 182

TPLLEXT Update PLL using external signal 379

TPTP The active relay time source is PTP 378

TQUAL1 Time quality, binary, add 1 when asserted 470

TQUAL2 Time quality, binary, add 2 when asserted 470

TQUAL4 Time quality, binary, add 4 when asserted 470

TQUAL8 Time quality, binary, add 8 when asserted 470

TRGTR Reset all active target Relay Words 466

TRIP Any terminal trip output 245
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TRIP01 Terminal 01 trip output 242

TRIP02 Terminal 02 trip output 242

TRIP03 Terminal 03 trip output 242

TRIP04 Terminal 04 trip output 242

TRIP05 Terminal 05 trip output 242

TRIP06 Terminal 06 trip output 242

TRIP07 Terminal 07 trip output 242

TRIP08 Terminal 08 trip output 242

TRIP09 Terminal 09 trip output 243

TRIP10 Terminal 10 trip output 243

TRIP11 Terminal 11 trip output 243

TRIP12 Terminal 12 trip output 243

TRIP13 Terminal 13 trip output 243

TRIP14 Terminal 14 trip output 243

TRIP15 Terminal 15 trip output 243

TRIP16 Terminal 16 trip output 243

TRIP17 Terminal 17 trip output 244

TRIP18 Terminal 18 trip output 244

TRIP19 Terminal 19 trip output 244

TRIP20 Terminal 20 trip output 244

TRIP21 Terminal 21 trip output 244

TRIPLED Trip LED 0

TSER The active relay time source is serial IRIG 378

TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired 379

TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired 379

TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements 378

TSSW High-priority time source switching 379

TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source 379

TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized 378

TUPDH Assert if update source is high-priority time source 378

TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted 469

TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted 469

TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted 469

TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted 469

TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted 469

TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise 469

ULTR01 Terminal 01 unlatch trip 246

ULTR02 Terminal 02 unlatch trip 246

ULTR03 Terminal 03 unlatch trip 246

ULTR04 Terminal 04 unlatch trip 246

ULTR05 Terminal 05 unlatch trip 246
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ULTR06 Terminal 06 unlatch trip 246

ULTR07 Terminal 07 unlatch trip 246

ULTR08 Terminal 08 unlatch trip 246

ULTR09 Terminal 09 unlatch trip 247

ULTR10 Terminal 10 unlatch trip 247

ULTR11 Terminal 11 unlatch trip 247

ULTR12 Terminal 12 unlatch trip 247

ULTR13 Terminal 13 unlatch trip 247

ULTR14 Terminal 14 unlatch trip 247

ULTR15 Terminal 15 unlatch trip 247

ULTR16 Terminal 16 unlatch trip 247

ULTR17 Terminal 17 unlatch trip 248

ULTR18 Terminal 18 unlatch trip 248

ULTR19 Terminal 19 unlatch trip 248

ULTR20 Terminal 20 unlatch trip 248

ULTR21 Terminal 21 unlatch trip 248

UPD_BLK Block updating internal clock period and master time 472

UPD_EN Enable updating internal clock with selected external time source 378

VB001 Virtual Bit 001 439

VB002 Virtual Bit 002 439

VB003 Virtual Bit 003 439

VB004 Virtual Bit 004 439

VB005 Virtual Bit 005 439

VB006 Virtual Bit 006 439

VB007 Virtual Bit 007 439

VB008 Virtual Bit 008 439

VB009 Virtual Bit 009 438

VB010 Virtual Bit 010 438

VB011 Virtual Bit 011 438

VB012 Virtual Bit 012 438

VB013 Virtual Bit 013 438

VB014 Virtual Bit 014 438

VB015 Virtual Bit 015 438

VB016 Virtual Bit 016 438

VB017 Virtual Bit 017 437

VB018 Virtual Bit 018 437

VB019 Virtual Bit 019 437

VB020 Virtual Bit 020 437

VB021 Virtual Bit 021 437

VB022 Virtual Bit 022 437

VB023 Virtual Bit 023 437
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VB024 Virtual Bit 024 437

VB025 Virtual Bit 025 436

VB026 Virtual Bit 026 436

VB027 Virtual Bit 027 436

VB028 Virtual Bit 028 436

VB029 Virtual Bit 029 436

VB030 Virtual Bit 030 436

VB031 Virtual Bit 031 436

VB032 Virtual Bit 032 436

VB033 Virtual Bit 033 435

VB034 Virtual Bit 034 435

VB035 Virtual Bit 035 435

VB036 Virtual Bit 036 435

VB037 Virtual Bit 037 435

VB038 Virtual Bit 038 435

VB039 Virtual Bit 039 435

VB040 Virtual Bit 040 435

VB041 Virtual Bit 041 434

VB042 Virtual Bit 042 434

VB043 Virtual Bit 043 434

VB044 Virtual Bit 044 434

VB045 Virtual Bit 045 434

VB046 Virtual Bit 046 434

VB047 Virtual Bit 047 434

VB048 Virtual Bit 048 434

VB049 Virtual Bit 049 433

VB050 Virtual Bit 050 433

VB051 Virtual Bit 051 433

VB052 Virtual Bit 052 433

VB053 Virtual Bit 053 433

VB054 Virtual Bit 054 433

VB055 Virtual Bit 055 433

VB056 Virtual Bit 056 433

VB057 Virtual Bit 057 432

VB058 Virtual Bit 058 432

VB059 Virtual Bit 059 432

VB060 Virtual Bit 060 432

VB061 Virtual Bit 061 432

VB062 Virtual Bit 062 432

VB063 Virtual Bit 063 432

VB064 Virtual Bit 064 432
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VB065 Virtual Bit 065 431

VB066 Virtual Bit 066 431

VB067 Virtual Bit 067 431

VB068 Virtual Bit 068 431

VB069 Virtual Bit 069 431

VB070 Virtual Bit 070 431

VB071 Virtual Bit 071 431

VB072 Virtual Bit 072 431

VB073 Virtual Bit 073 430

VB074 Virtual Bit 074 430

VB075 Virtual Bit 075 430

VB076 Virtual Bit 076 430

VB077 Virtual Bit 077 430

VB078 Virtual Bit 078 430

VB079 Virtual Bit 079 430

VB080 Virtual Bit 080 430

VB081 Virtual Bit 081 429

VB082 Virtual Bit 082 429

VB083 Virtual Bit 083 429

VB084 Virtual Bit 084 429

VB085 Virtual Bit 085 429

VB086 Virtual Bit 086 429

VB087 Virtual Bit 087 429

VB088 Virtual Bit 088 429

VB089 Virtual Bit 089 428

VB090 Virtual Bit 090 428

VB091 Virtual Bit 091 428

VB092 Virtual Bit 092 428

VB093 Virtual Bit 093 428

VB094 Virtual Bit 094 428

VB095 Virtual Bit 095 428

VB096 Virtual Bit 096 428

VB097 Virtual Bit 097 427

VB098 Virtual Bit 098 427

VB099 Virtual Bit 099 427

VB100 Virtual Bit 100 427

VB101 Virtual Bit 101 427

VB102 Virtual Bit 102 427

VB103 Virtual Bit 103 427

VB104 Virtual Bit 104 427

VB105 Virtual Bit 105 426
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VB106 Virtual Bit 106 426

VB107 Virtual Bit 107 426

VB108 Virtual Bit 108 426

VB109 Virtual Bit 109 426

VB110 Virtual Bit 110 426

VB111 Virtual Bit 111 426

VB112 Virtual Bit 112 426

VB113 Virtual Bit 113 425

VB114 Virtual Bit 114 425

VB115 Virtual Bit 115 425

VB116 Virtual Bit 116 425

VB117 Virtual Bit 117 425

VB118 Virtual Bit 118 425

VB119 Virtual Bit 119 425

VB120 Virtual Bit 120 425

VB121 Virtual Bit 121 424

VB122 Virtual Bit 122 424

VB123 Virtual Bit 123 424

VB124 Virtual Bit 124 424

VB125 Virtual Bit 125 424

VB126 Virtual Bit 126 424

VB127 Virtual Bit 127 424

VB128 Virtual Bit 128 424

VB129 Virtual Bit 129 423

VB130 Virtual Bit 130 423

VB131 Virtual Bit 131 423

VB132 Virtual Bit 132 423

VB133 Virtual Bit 133 423

VB134 Virtual Bit 134 423

VB135 Virtual Bit 135 423

VB136 Virtual Bit 136 423

VB137 Virtual Bit 137 422

VB138 Virtual Bit 138 422

VB139 Virtual Bit 139 422

VB140 Virtual Bit 140 422

VB141 Virtual Bit 141 422

VB142 Virtual Bit 142 422

VB143 Virtual Bit 143 422

VB144 Virtual Bit 144 422

VB145 Virtual Bit 145 421

VB146 Virtual Bit 146 421
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VB147 Virtual Bit 147 421

VB148 Virtual Bit 148 421

VB149 Virtual Bit 149 421

VB150 Virtual Bit 150 421

VB151 Virtual Bit 151 421

VB152 Virtual Bit 152 421

VB153 Virtual Bit 153 420

VB154 Virtual Bit 154 420

VB155 Virtual Bit 155 420

VB156 Virtual Bit 156 420

VB157 Virtual Bit 157 420

VB158 Virtual Bit 158 420

VB159 Virtual Bit 159 420

VB160 Virtual Bit 160 420

VB161 Virtual Bit 161 419

VB162 Virtual Bit 162 419

VB163 Virtual Bit 163 419

VB164 Virtual Bit 164 419

VB165 Virtual Bit 165 419

VB166 Virtual Bit 166 419

VB167 Virtual Bit 167 419

VB168 Virtual Bit 168 419

VB169 Virtual Bit 169 418

VB170 Virtual Bit 170 418

VB171 Virtual Bit 171 418

VB172 Virtual Bit 172 418

VB173 Virtual Bit 173 418

VB174 Virtual Bit 174 418

VB175 Virtual Bit 175 418

VB176 Virtual Bit 176 418

VB177 Virtual Bit 177 417

VB178 Virtual Bit 178 417

VB179 Virtual Bit 179 417

VB180 Virtual Bit 180 417

VB181 Virtual Bit 181 417

VB182 Virtual Bit 182 417

VB183 Virtual Bit 183 417

VB184 Virtual Bit 184 417

VB185 Virtual Bit 185 416

VB186 Virtual Bit 186 416

VB187 Virtual Bit 187 416
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VB188 Virtual Bit 188 416

VB189 Virtual Bit 189 416

VB190 Virtual Bit 190 416

VB191 Virtual Bit 191 416

VB192 Virtual Bit 192 416

VB193 Virtual Bit 193 415

VB194 Virtual Bit 194 415

VB195 Virtual Bit 195 415

VB196 Virtual Bit 196 415

VB197 Virtual Bit 197 415

VB198 Virtual Bit 198 415

VB199 Virtual Bit 199 415

VB200 Virtual Bit 200 415

VB201 Virtual Bit 201 414

VB202 Virtual Bit 202 414

VB203 Virtual Bit 203 414

VB204 Virtual Bit 204 414

VB205 Virtual Bit 205 414

VB206 Virtual Bit 206 414

VB207 Virtual Bit 207 414

VB208 Virtual Bit 208 414

VB209 Virtual Bit 209 413

VB210 Virtual Bit 210 413

VB211 Virtual Bit 211 413

VB212 Virtual Bit 212 413

VB213 Virtual Bit 213 413

VB214 Virtual Bit 214 413

VB215 Virtual Bit 215 413

VB216 Virtual Bit 216 413

VB217 Virtual Bit 217 412

VB218 Virtual Bit 218 412

VB219 Virtual Bit 219 412

VB220 Virtual Bit 220 412

VB221 Virtual Bit 221 412

VB222 Virtual Bit 222 412

VB223 Virtual Bit 223 412

VB224 Virtual Bit 224 412

VB225 Virtual Bit 225 411

VB226 Virtual Bit 226 411

VB227 Virtual Bit 227 411

VB228 Virtual Bit 228 411
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VB229 Virtual Bit 229 411

VB230 Virtual Bit 230 411

VB231 Virtual Bit 231 411

VB232 Virtual Bit 232 411

VB233 Virtual Bit 233 410

VB234 Virtual Bit 234 410

VB235 Virtual Bit 235 410

VB236 Virtual Bit 236 410

VB237 Virtual Bit 237 410

VB238 Virtual Bit 238 410

VB239 Virtual Bit 239 410

VB240 Virtual Bit 240 410

VB241 Virtual Bit 241 409

VB242 Virtual Bit 242 409

VB243 Virtual Bit 243 409

VB244 Virtual Bit 244 409

VB245 Virtual Bit 245 409

VB246 Virtual Bit 246 409

VB247 Virtual Bit 247 409

VB248 Virtual Bit 248 409

VB249 Virtual Bit 249 408

VB250 Virtual Bit 250 408

VB251 Virtual Bit 251 408

VB252 Virtual Bit 252 408

VB253 Virtual Bit 253 408

VB254 Virtual Bit 254 408

VB255 Virtual Bit 255 408

VB256 Virtual Bit 256 408

XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation) 183

XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation) 184

XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation) 185

XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation) 186

XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation) 187

XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation) 188

XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation) 189

XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation) 190

XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation) 191

XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation) 192

XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation) 193

XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation) 194

XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation) 195
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XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation) 196

XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation) 197

XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation) 198

XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation) 199

XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation) 200

XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation) 201

XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation) 202

XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation) 203

YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 468

YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 468

YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 468

YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 468

YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 468

YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 468

YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 468

YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 468

Z1BZ1 Bus-Zone 1 is part of Protective Zone 1 144

Z1BZ2 Bus-Zone 2 is part of Protective Zone 1 144

Z1BZ3 Bus-Zone 3 is part of Protective Zone 1 144

Z1BZ4 Bus-Zone 4 is part of Protective Zone 1 144

Z1BZ5 Bus-Zone 5 is part of Protective Zone 1 144

Z1BZ6 Bus-Zone 6 is part of Protective Zone 1 144

Z1S Zone 1 supervision asserted 153

Z2BZ2 Bus-Zone 2 is part of Protective Zone 2 145

Z2BZ3 Bus-Zone 3 is part of Protective Zone 2 145

Z2BZ4 Bus-Zone 4 is part of Protective Zone 2 145

Z2BZ5 Bus-Zone 5 is part of Protective Zone 2 145

Z2BZ6 Bus-Zone 6 is part of Protective Zone 2 145

Z2S Zone 2 supervision asserted 153

Z3BZ3 Bus-Zone 3 is part of Protective Zone 3 146

Z3BZ4 Bus-Zone 4 is part of Protective Zone 3 146

Z3BZ5 Bus-Zone 5 is part of Protective Zone 3 146

Z3BZ6 Bus-Zone 6 is part of Protective Zone 3 146

Z3S Zone 3 supervision asserted 153

Z4BZ4 Bus-Zone 4 is part of Protective Zone 4 147

Z4BZ5 Bus-Zone 5 is part of Protective Zone 4 147

Z4BZ6 Bus-Zone 6 is part of Protective Zone 4 147

Z4S Zone 4 supervision asserted 153

Z5BZ5 Bus-Zone 5 is part of Protective Zone 5 148

Z5BZ6 Bus-Zone 6 is part of Protective Zone 5 148

Z5S Zone 5 supervision asserted 153
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Z6BZ6 Bus-Zone 6 is part of Protective Zone 6 149

Z6S Zone 6 supervision asserted 153

ZN1I01 Terminal 01 connected to Zone 1 80

ZN1I01T Terminal 01 connected to Zone 1 and will be tripped 104

ZN1I02 Terminal 02 connected to Zone 1 80

ZN1I02T Terminal 02 connected to Zone 1 and will be tripped 104

ZN1I03 Terminal 03 connected to Zone 1 80

ZN1I03T Terminal 03 connected to Zone 1 and will be tripped 104

ZN1I04 Terminal 04 connected to Zone 1 80

ZN1I04T Terminal 04 connected to Zone 1 and will be tripped 104

ZN1I05 Terminal 05 connected to Zone 1 80

ZN1I05T Terminal 05 connected to Zone 1 and will be tripped 104

ZN1I06 Terminal 06 connected to Zone 1 80

ZN1I06T Terminal 06 connected to Zone 1 and will be tripped 104

ZN1I07 Terminal 07 connected to Zone 1 80

ZN1I07T Terminal 07 connected to Zone 1 and will be tripped 104

ZN1I08 Terminal 08 connected to Zone 1 80

ZN1I08T Terminal 08 connected to Zone 1 and will be tripped 104

ZN1I09 Terminal 09 connected to Zone 1 81

ZN1I09T Terminal 09 connected to Zone 1 and will be tripped 105

ZN1I10 Terminal 10 connected to Zone 1 81

ZN1I10T Terminal 10 connected to Zone 1 and will be tripped 105

ZN1I11 Terminal 11 connected to Zone 1 81

ZN1I11T Terminal 11 connected to Zone 1 and will be tripped 105

ZN1I12 Terminal 12 connected to Zone 1 81

ZN1I12T Terminal 12 connected to Zone 1 and will be tripped 105

ZN1I13 Terminal 13 connected to Zone 1 81

ZN1I13T Terminal 13 connected to Zone 1 and will be tripped 105

ZN1I14 Terminal 14 connected to Zone 1 81

ZN1I14T Terminal 14 connected to Zone 1 and will be tripped 105

ZN1I15 Terminal 15 connected to Zone 1 81

ZN1I15T Terminal 15 connected to Zone 1 and will be tripped 105

ZN1I16 Terminal 16 connected to Zone 1 81

ZN1I16T Terminal 16 connected to Zone 1 and will be tripped 105

ZN1I17 Terminal 17 connected to Zone 1 82

ZN1I17T Terminal 17 connected to Zone 1 and will be tripped 106

ZN1I18 Terminal 18 connected to Zone 1 82

ZN1I18T Terminal 18 connected to Zone 1 and will be tripped 106

ZN1I19 Terminal 19 connected to Zone 1 82

ZN1I19T Terminal 19 connected to Zone 1 and will be tripped 106

ZN1I20 Terminal 20 connected to Zone 1 82
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ZN1I20T Terminal 20 connected to Zone 1 and will be tripped 106

ZN1I21 Terminal 21 connected to Zone 1 82

ZN1I21T Terminal 21 connected to Zone 1 and will be tripped 106

ZN2I01 Terminal 01 connected to Zone 2 84

ZN2I01T Terminal 01 connected to Zone 2 and will be tripped 108

ZN2I02 Terminal 02 connected to Zone 2 84

ZN2I02T Terminal 02 connected to Zone 2 and will be tripped 108

ZN2I03 Terminal 03 connected to Zone 2 84

ZN2I03T Terminal 03 connected to Zone 2 and will be tripped 108

ZN2I04 Terminal 04 connected to Zone 2 84

ZN2I04T Terminal 04 connected to Zone 2 and will be tripped 108

ZN2I05 Terminal 05 connected to Zone 2 84

ZN2I05T Terminal 05 connected to Zone 2 and will be tripped 108

ZN2I06 Terminal 06 connected to Zone 2 84

ZN2I06T Terminal 06 connected to Zone 2 and will be tripped 108

ZN2I07 Terminal 07 connected to Zone 2 84

ZN2I07T Terminal 07 connected to Zone 2 and will be tripped 108

ZN2I08 Terminal 08 connected to Zone 2 84

ZN2I08T Terminal 08 connected to Zone 2 and will be tripped 108

ZN2I09 Terminal 09 connected to Zone 2 85

ZN2I09T Terminal 09 connected to Zone 2 and will be tripped 109

ZN2I10 Terminal 10 connected to Zone 2 85

ZN2I10T Terminal 10 connected to Zone 2 and will be tripped 109

ZN2I11 Terminal 11 connected to Zone 2 85

ZN2I11T Terminal 11 connected to Zone 2 and will be tripped 109

ZN2I12 Terminal 12 connected to Zone 2 85

ZN2I12T Terminal 12 connected to Zone 2 and will be tripped 109

ZN2I13 Terminal 13 connected to Zone 2 85

ZN2I13T Terminal 13 connected to Zone 2 and will be tripped 109

ZN2I14 Terminal 14 connected to Zone 2 85

ZN2I14T Terminal 14 connected to Zone 2 and will be tripped 109

ZN2I15 Terminal 15 connected to Zone 2 85

ZN2I15T Terminal 15 connected to Zone 2 and will be tripped 109

ZN2I16 Terminal 16 connected to Zone 2 85

ZN2I16T Terminal 16 connected to Zone 2 and will be tripped 109

ZN2I17 Terminal 17 connected to Zone 2 86

ZN2I17T Terminal 17 connected to Zone 2 and will be tripped 110

ZN2I18 Terminal 18 connected to Zone 2 86

ZN2I18T Terminal 18 connected to Zone 2 and will be tripped 110

ZN2I19 Terminal 19 connected to Zone 2 86

ZN2I19T Terminal 19 connected to Zone 2 and will be tripped 110
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ZN2I20 Terminal 20 connected to Zone 2 86

ZN2I20T Terminal 20 connected to Zone 2 and will be tripped 110

ZN2I21 Terminal 21 connected to Zone 2 86

ZN2I21T Terminal 21 connected to Zone 2 and will be tripped 110

ZN3I01 Terminal 01 connected to Zone 3 88

ZN3I01T Terminal 01 connected to Zone 3 and will be tripped 112

ZN3I02 Terminal 02 connected to Zone 3 88

ZN3I02T Terminal 02 connected to Zone 3 and will be tripped 112

ZN3I03 Terminal 03 connected to Zone 3 88

ZN3I03T Terminal 03 connected to Zone 3 and will be tripped 112

ZN3I04 Terminal 04 connected to Zone 3 88

ZN3I04T Terminal 04 connected to Zone 3 and will be tripped 112

ZN3I05 Terminal 05 connected to Zone 3 88

ZN3I05T Terminal 05 connected to Zone 3 and will be tripped 112

ZN3I06 Terminal 06 connected to Zone 3 88

ZN3I06T Terminal 06 connected to Zone 3 and will be tripped 112

ZN3I07 Terminal 07 connected to Zone 3 88

ZN3I07T Terminal 07 connected to Zone 3 and will be tripped 112

ZN3I08 Terminal 08 connected to Zone 3 88

ZN3I08T Terminal 08 connected to Zone 3 and will be tripped 112

ZN3I09 Terminal 09 connected to Zone 3 89

ZN3I09T Terminal 09 connected to Zone 3 and will be tripped 113

ZN3I10 Terminal 10 connected to Zone 3 89

ZN3I10T Terminal 10 connected to Zone 3 and will be tripped 113

ZN3I11 Terminal 11 connected to Zone 3 89

ZN3I11T Terminal 11 connected to Zone 3 and will be tripped 113

ZN3I12 Terminal 12 connected to Zone 3 89

ZN3I12T Terminal 12 connected to Zone 3 and will be tripped 113

ZN3I13 Terminal 13 connected to Zone 3 89

ZN3I13T Terminal 13 connected to Zone 3 and will be tripped 113

ZN3I14 Terminal 14 connected to Zone 3 89

ZN3I14T Terminal 14 connected to Zone 3 and will be tripped 113

ZN3I15 Terminal 15 connected to Zone 3 89

ZN3I15T Terminal 15 connected to Zone 3 and will be tripped 113

ZN3I16 Terminal 16 connected to Zone 3 89

ZN3I16T Terminal 16 connected to Zone 3 and will be tripped 113

ZN3I17 Terminal 17 connected to Zone 3 90

ZN3I17T Terminal 17 connected to Zone 3 and will be tripped 114

ZN3I18 Terminal 18 connected to Zone 3 90

ZN3I18T Terminal 18 connected to Zone 3 and will be tripped 114

ZN3I19 Terminal 19 connected to Zone 3 90
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ZN3I19T Terminal 19 connected to Zone 3 and will be tripped 114

ZN3I20 Terminal 20 connected to Zone 3 90

ZN3I20T Terminal 20 connected to Zone 3 and will be tripped 114

ZN3I21 Terminal 21 connected to Zone 3 90

ZN3I21T Terminal 21 connected to Zone 3 and will be tripped 114

ZN4I01 Terminal 01 connected to Zone 4 92

ZN4I01T Terminal 01 connected to Zone 4 and will be tripped 116

ZN4I02 Terminal 02 connected to Zone 4 92

ZN4I02T Terminal 02 connected to Zone 4 and will be tripped 116

ZN4I03 Terminal 03 connected to Zone 4 92

ZN4I03T Terminal 03 connected to Zone 4 and will be tripped 116

ZN4I04 Terminal 04 connected to Zone 4 92

ZN4I04T Terminal 04 connected to Zone 4 and will be tripped 116

ZN4I05 Terminal 05 connected to Zone 4 92

ZN4I05T Terminal 05 connected to Zone 4 and will be tripped 116

ZN4I06 Terminal 06 connected to Zone 4 92

ZN4I06T Terminal 06 connected to Zone 4 and will be tripped 116

ZN4I07 Terminal 07 connected to Zone 4 92

ZN4I07T Terminal 07 connected to Zone 4 and will be tripped 116

ZN4I08 Terminal 08 connected to Zone 4 92

ZN4I08T Terminal 08 connected to Zone 4 and will be tripped 116

ZN4I09 Terminal 09 connected to Zone 4 93

ZN4I09T Terminal 09 connected to Zone 4 and will be tripped 117

ZN4I10 Terminal 10 connected to Zone 4 93

ZN4I10T Terminal 10 connected to Zone 4 and will be tripped 117

ZN4I11 Terminal 11 connected to Zone 4 93

ZN4I11T Terminal 11 connected to Zone 4 and will be tripped 117

ZN4I12 Terminal 12 connected to Zone 4 93

ZN4I12T Terminal 12 connected to Zone 4 and will be tripped 117

ZN4I13 Terminal 13 connected to Zone 4 93

ZN4I13T Terminal 13 connected to Zone 4 and will be tripped 117

ZN4I14 Terminal 14 connected to Zone 4 93

ZN4I14T Terminal 14 connected to Zone 4 and will be tripped 117

ZN4I15 Terminal 15 connected to Zone 4 93

ZN4I15T Terminal 15 connected to Zone 4 and will be tripped 117

ZN4I16 Terminal 16 connected to Zone 4 93

ZN4I16T Terminal 16 connected to Zone 4 and will be tripped 117

ZN4I17 Terminal 17 connected to Zone 4 94

ZN4I17T Terminal 17 connected to Zone 4 and will be tripped 118

ZN4I18 Terminal 18 connected to Zone 4 94

ZN4I18T Terminal 18 connected to Zone 4 and will be tripped 118
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ZN4I19 Terminal 19 connected to Zone 4 94

ZN4I19T Terminal 19 connected to Zone 4 and will be tripped 118

ZN4I20 Terminal 20 connected to Zone 4 94

ZN4I20T Terminal 20 connected to Zone 4 and will be tripped 118

ZN4I21 Terminal 21 connected to Zone 4 94

ZN4I21T Terminal 21 connected to Zone 4 and will be tripped 118

ZN5I01 Terminal 01 connected to Zone 5 96

ZN5I01T Terminal 01 connected to Zone 5 and will be tripped 120

ZN5I02 Terminal 02 connected to Zone 5 96

ZN5I02T Terminal 02 connected to Zone 5 and will be tripped 120

ZN5I03 Terminal 03 connected to Zone 5 96

ZN5I03T Terminal 03 connected to Zone 5 and will be tripped 120

ZN5I04 Terminal 04 connected to Zone 5 96

ZN5I04T Terminal 04 connected to Zone 5 and will be tripped 120

ZN5I05 Terminal 05 connected to Zone 5 96

ZN5I05T Terminal 05 connected to Zone 5 and will be tripped 120

ZN5I06 Terminal 06 connected to Zone 5 96

ZN5I06T Terminal 06 connected to Zone 5 and will be tripped 120

ZN5I07 Terminal 07 connected to Zone 5 96

ZN5I07T Terminal 07 connected to Zone 5 and will be tripped 120

ZN5I08 Terminal 08 connected to Zone 5 96

ZN5I08T Terminal 08 connected to Zone 5 and will be tripped 120

ZN5I09 Terminal 09 connected to Zone 5 97

ZN5I09T Terminal 09 connected to Zone 5 and will be tripped 121

ZN5I10 Terminal 10 connected to Zone 5 97

ZN5I10T Terminal 10 connected to Zone 5 and will be tripped 121

ZN5I11 Terminal 11 connected to Zone 5 97

ZN5I11T Terminal 11 connected to Zone 5 and will be tripped 121

ZN5I12 Terminal 12 connected to Zone 5 97

ZN5I12T Terminal 12 connected to Zone 5 and will be tripped 121

ZN5I13 Terminal 13 connected to Zone 5 97

ZN5I13T Terminal 13 connected to Zone 5 and will be tripped 121

ZN5I14 Terminal 14 connected to Zone 5 97

ZN5I14T Terminal 14 connected to Zone 5 and will be tripped 121

ZN5I15 Terminal 15 connected to Zone 5 97

ZN5I15T Terminal 15 connected to Zone 5 and will be tripped 121

ZN5I16 Terminal 16 connected to Zone 5 97

ZN5I16T Terminal 16 connected to Zone 5 and will be tripped 121

ZN5I17 Terminal 17 connected to Zone 5 98

ZN5I17T Terminal 17 connected to Zone 5 and will be tripped 122

ZN5I18 Terminal 18 connected to Zone 5 98
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ZN5I18T Terminal 18 connected to Zone 5 and will be tripped 122

ZN5I19 Terminal 19 connected to Zone 5 98

ZN5I19T Terminal 19 connected to Zone 5 and will be tripped 122

ZN5I20 Terminal 20 connected to Zone 5 98

ZN5I20T Terminal 20 connected to Zone 5 and will be tripped 122

ZN5I21 Terminal 21 connected to Zone 5 98

ZN5I21T Terminal 21 connected to Zone 5 and will be tripped 122

ZN6I01 Terminal 01 connected to Zone 6 100

ZN6I01T Terminal 01 connected to Zone 6 and will be tripped 124

ZN6I02 Terminal 02 connected to Zone 6 100

ZN6I02T Terminal 02 connected to Zone 6 and will be tripped 124

ZN6I03 Terminal 03 connected to Zone 6 100

ZN6I03T Terminal 03 connected to Zone 6 and will be tripped 124

ZN6I04 Terminal 04 connected to Zone 6 100

ZN6I04T Terminal 04 connected to Zone 6 and will be tripped 124

ZN6I05 Terminal 05 connected to Zone 6 100

ZN6I05T Terminal 05 connected to Zone 6 and will be tripped 124

ZN6I06 Terminal 06 connected to Zone 6 100

ZN6I06T Terminal 06 connected to Zone 6 and will be tripped 124

ZN6I07 Terminal 07 connected to Zone 6 100

ZN6I07T Terminal 07 connected to Zone 6 and will be tripped 124

ZN6I08 Terminal 08 connected to Zone 6 100

ZN6I08T Terminal 08 connected to Zone 6 and will be tripped 124

ZN6I09 Terminal 09 connected to Zone 6 101

ZN6I09T Terminal 09 connected to Zone 6 and will be tripped 125

ZN6I10 Terminal 10 connected to Zone 6 101

ZN6I10T Terminal 10 connected to Zone 6 and will be tripped 125

ZN6I11 Terminal 11 connected to Zone 6 101

ZN6I11T Terminal 11 connected to Zone 6 and will be tripped 125

ZN6I12 Terminal 12 connected to Zone 6 101

ZN6I12T Terminal 12 connected to Zone 6 and will be tripped 125

ZN6I13 Terminal 13 connected to Zone 6 101

ZN6I13T Terminal 13 connected to Zone 6 and will be tripped 125

ZN6I14 Terminal 14 connected to Zone 6 101

ZN6I14T Terminal 14 connected to Zone 6 and will be tripped 125

ZN6I15 Terminal 15 connected to Zone 6 101

ZN6I15T Terminal 15 connected to Zone 6 and will be tripped 125

ZN6I16 Terminal 16 connected to Zone 6 101

ZN6I16T Terminal 16 connected to Zone 6 and will be tripped 125

ZN6I17 Terminal 17 connected to Zone 6 102

ZN6I17T Terminal 17 connected to Zone 6 and will be tripped 126
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ZN6I18 Terminal 18 connected to Zone 6 102

ZN6I18T Terminal 18 connected to Zone 6 and will be tripped 126

ZN6I19 Terminal 19 connected to Zone 6 102

ZN6I19T Terminal 19 connected to Zone 6 and will be tripped 126

ZN6I20 Terminal 20 connected to Zone 6 102

ZN6I20T Terminal 20 connected to Zone 6 and will be tripped 126

ZN6I21 Terminal 21 connected to Zone 6 102

ZN6I21T Terminal 21 connected to Zone 6 and will be tripped 126

ZONE1 Differential Zone 1 is active 150

ZONE2 Differential Zone 2 is active 150

ZONE3 Differential Zone 3 is active 150

ZONE4 Differential Zone 4 is active 150

ZONE5 Differential Zone 5 is active 150

ZONE6 Differential Zone 6 is active 150

ZSWO Zone switching operation 152

ZSWOAL Zone switching operation alarm 152

ZSWOIP Zone switching operation in progress 152

ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone 151

ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1 151

ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2 151

ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3 151

ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4 151

ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5 151

ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6 151

Table 11.2 Row List of Relay Word Bits (Sheet 1 of 99)

Row Name Bit Description

Enable and Target LEDs

0 EN Relay enabled

0 TRIPLED Trip LED

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

Target LEDs

1 TLED_1 Front-panel target LED 1
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1 TLED_2 Front-panel target LED 2

1 TLED_3 Front-panel target LED 3

1 TLED_4 Front-panel target LED 4

1 TLED_5 Front-panel target LED 5

1 TLED_6 Front-panel target LED 6

1 TLED_7 Front-panel target LED 7

1 TLED_8 Front-panel target LED 8

2 TLED_9 Front-panel target LED 9

2 TLED_10 Front-panel target LED 10

2 TLED_11 Front-panel target LED 11

2 TLED_12 Front-panel target LED 12

2 TLED_13 Front-panel target LED 13

2 TLED_14 Front-panel target LED 14

2 TLED_15 Front-panel target LED 15

2 TLED_16 Front-panel target LED 16

3 TLED_17 Front-panel target LED 17

3 TLED_18 Front-panel target LED 18

3 TLED_19 Front-panel target LED 19

3 TLED_20 Front-panel target LED 20

3 TLED_21 Front-panel target LED 21

3 TLED_22 Front-panel target LED 22

3 TLED_23 Front-panel target LED 23

3 TLED_24 Front-panel target LED 24

Open-Phase Detectors

4 OPH08 Terminal 08 open phase detected

4 OPH07 Terminal 07 open phase detected

4 OPH06 Terminal 06 open phase detected

4 OPH05 Terminal 05 open phase detected

4 OPH04 Terminal 04 open phase detected

4 OPH03 Terminal 03 open phase detected

4 OPH02 Terminal 02 open phase detected

4 OPH01 Terminal 01 open phase detected

5 OPH16 Terminal 16 open phase detected

5 OPH15 Terminal 15 open phase detected

5 OPH14 Terminal 14 open phase detected

5 OPH13 Terminal 13 open phase detected

5 OPH12 Terminal 12 open phase detected

5 OPH11 Terminal 11 open phase detected

5 OPH10 Terminal 10 open phase detected

5 OPH09 Terminal 09 open phase detected

6 * Reserved
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6 * Reserved

6 * Reserved

6 OPH21 Terminal 21 open phase detected

6 OPH20 Terminal 20 open phase detected

6 OPH19 Terminal 19 open phase detected

6 OPH18 Terminal 18 open phase detected

6 OPH17 Terminal 17 open phase detected

52 Status

7 52AL03 Circuit Breaker 03 alarm

7 52A03 Circuit Breaker 03 status

7 52CL02 Circuit Breaker 02 closed

7 52AL02 Circuit Breaker 02 alarm

7 52A02 Circuit Breaker 02 status

7 52CL01 Circuit Breaker 01 closed

7 52AL01 Circuit Breaker 01 alarm

7 52A01 Circuit Breaker 01 status

8 52A06 Circuit Breaker 06 status

8 52CL05 Circuit Breaker 05 closed

8 52AL05 Circuit Breaker 05 alarm

8 52A05 Circuit Breaker 05 status

8 52CL04 Circuit Breaker 04 closed

8 52AL04 Circuit Breaker 04 alarm

8 52A04 Circuit Breaker 04 status

8 52CL03 Circuit Breaker 03 closed

9 52CL08 Circuit Breaker 08 closed

9 52AL08 Circuit Breaker 08 alarm

9 52A08 Circuit Breaker 08 status

9 52CL07 Circuit Breaker 07 closed

9 52AL07 Circuit Breaker 07 alarm

9 52A07 Circuit Breaker 07 status

9 52CL06 Circuit Breaker 06 closed

9 52AL06 Circuit Breaker 06 alarm

10 52AL11 Circuit Breaker 11 alarm

10 52A11 Circuit Breaker 11 status

10 52CL10 Circuit Breaker 10 closed

10 52AL10 Circuit Breaker 10 alarm

10 52A10 Circuit Breaker 10 status

10 52CL09 Circuit Breaker 09 closed

10 52AL09 Circuit Breaker 09 alarm

10 52A09 Circuit Breaker 09 status

11 52A14 Circuit Breaker 14 status
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11 52CL13 Circuit Breaker 13 closed

11 52AL13 Circuit Breaker 13 alarm

11 52A13 Circuit Breaker 13 status

11 52CL12 Circuit Breaker 12 closed

11 52AL12 Circuit Breaker 12 alarm

11 52A12 Circuit Breaker 12 status

11 52CL11 Circuit Breaker 11 closed

12 52CL16 Circuit Breaker 16 closed

12 52AL16 Circuit Breaker 16 alarm

12 52A16 Circuit Breaker 16 status

12 52CL15 Circuit Breaker 15 closed

12 52AL15 Circuit Breaker 15 alarm

12 52A15 Circuit Breaker 15 status

12 52CL14 Circuit Breaker 14 closed

12 52AL14 Circuit Breaker 14 alarm

13 52AL19 Circuit Breaker 19 alarm

13 52A19 Circuit Breaker 19 status

13 52CL18 Circuit Breaker 18 closed

13 52AL18 Circuit Breaker 18 alarm

13 52A18 Circuit Breaker 18 status

13 52CL17 Circuit Breaker 17 closed

13 52AL17 Circuit Breaker 17 alarm

13 52A17 Circuit Breaker 17 status

14 52AL Any circuit breaker alarm

14 52CL21 Circuit Breaker 21 closed

14 52AL21 Circuit Breaker 21 alarm

14 52A21 Circuit Breaker 21 status

14 52CL20 Circuit Breaker 20 closed

14 52AL20 Circuit Breaker 20 alarm

14 52A20 Circuit Breaker 20 status

14 52CL19 Circuit Breaker 19 closed

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

16 * Reserved

16 * Reserved
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16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

89 Disconnect Status

17 89CL02 Disconnect 02 closed

17 89B02 Disconnect 02 B auxiliary contact closed

17 89A02 Disconnect 02 A auxiliary contact closed

17 89AL01 Disconnect 01 auxiliary contact discrepancy alarm

17 89OIP01 Disconnect 01 operation in progress

17 89CL01 Disconnect 01 closed

17 89B01 Disconnect 01 B auxiliary contact closed

17 89A01 Disconnect 01 A auxiliary contact closed

18 89A04 Disconnect 04 A auxiliary contact closed

18 89AL03 Disconnect 03 auxiliary contact discrepancy alarm

18 89OIP03 Disconnect 03 operation in progress

18 89CL03 Disconnect 03 closed

18 89B03 Disconnect 03 B auxiliary contact closed

18 89A03 Disconnect 03 A auxiliary contact closed

18 89AL02 Disconnect 02 auxiliary contact discrepancy alarm

18 89OIP02 Disconnect 02 operation in progress

19 89OIP05 Disconnect 05 operation in progress

19 89CL05 Disconnect 05 closed

19 89B05 Disconnect 05 B auxiliary contact closed

19 89A05 Disconnect 05 A auxiliary contact closed

19 89AL04 Disconnect 04 auxiliary contact discrepancy alarm

19 89OIP04 Disconnect 04 operation in progress

19 89CL04 Disconnect 04 closed

19 89B04 Disconnect 04 B auxiliary contact closed

20 89B07 Disconnect 07 B auxiliary contact closed

20 89A07 Disconnect 07 A auxiliary contact closed

20 89AL06 Disconnect 06 auxiliary contact discrepancy alarm

20 89OIP06 Disconnect 06 operation in progress

20 89CL06 Disconnect 06 closed

20 89B06 Disconnect 06 B auxiliary contact closed

20 89A06 Disconnect 06 A auxiliary contact closed

20 89AL05 Disconnect 05 auxiliary contact discrepancy alarm

21 89AL08 Disconnect 08 auxiliary contact discrepancy alarm

21 89OIP08 Disconnect 08 operation in progress
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21 89CL08 Disconnect 08 closed

21 89B08 Disconnect 08 B auxiliary contact closed

21 89A08 Disconnect 08 A auxiliary contact closed

21 89AL07 Disconnect 07 auxiliary contact discrepancy alarm

21 89OIP07 Disconnect 07 operation in progress

21 89CL07 Disconnect 07 closed

22 89CL10 Disconnect 10 closed

22 89B10 Disconnect 10 B auxiliary contact closed

22 89A10 Disconnect 10 A auxiliary contact closed

22 89AL09 Disconnect 09 auxiliary contact discrepancy alarm

22 89OIP09 Disconnect 09 operation in progress

22 89CL09 Disconnect 09 closed

22 89B09 Disconnect 09 B auxiliary contact closed

22 89A09 Disconnect 09 A auxiliary contact closed

23 89A12 Disconnect 12 A auxiliary contact closed

23 89AL11 Disconnect 11 auxiliary contact discrepancy alarm

23 89OIP11 Disconnect 11 operation in progress

23 89CL11 Disconnect 11 closed

23 89B11 Disconnect 11 B auxiliary contact closed

23 89A11 Disconnect 11 A auxiliary contact closed

23 89AL10 Disconnect 10 auxiliary contact discrepancy alarm

23 89OIP10 Disconnect 10 operation in progress

24 89OIP13 Disconnect 13 operation in progress

24 89CL13 Disconnect 13 closed

24 89B13 Disconnect 13 B auxiliary contact closed

24 89A13 Disconnect 13 A auxiliary contact closed

24 89AL12 Disconnect 12 auxiliary contact discrepancy alarm

24 89OIP12 Disconnect 12 operation in progress

24 89CL12 Disconnect 12 closed

24 89B12 Disconnect 12 B auxiliary contact closed

25 89B15 Disconnect 15 B auxiliary contact closed

25 89A15 Disconnect 15 A auxiliary contact closed

25 89AL14 Disconnect 14 auxiliary contact discrepancy alarm

25 89OIP14 Disconnect 14 operation in progress

25 89CL14 Disconnect 14 closed

25 89B14 Disconnect 14 B auxiliary contact closed

25 89A14 Disconnect 14 A auxiliary contact closed

25 89AL13 Disconnect 13 auxiliary contact discrepancy alarm

26 89AL16 Disconnect 16 auxiliary contact discrepancy alarm

26 89OIP16 Disconnect 16 operation in progress

26 89CL16 Disconnect 16 closed
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26 89B16 Disconnect 16 B auxiliary contact closed

26 89A16 Disconnect 16 A auxiliary contact closed

26 89AL15 Disconnect 15 auxiliary contact discrepancy alarm

26 89OIP15 Disconnect 15 operation in progress

26 89CL15 Disconnect 15 closed

27 89CL18 Disconnect 18 closed

27 89B18 Disconnect 18 B auxiliary contact closed

27 89A18 Disconnect 18 A auxiliary contact closed

27 89AL17 Disconnect 17 auxiliary contact discrepancy alarm

27 89OIP17 Disconnect 17 operation in progress

27 89CL17 Disconnect 17 closed

27 89B17 Disconnect 17 B auxiliary contact closed

27 89A17 Disconnect 17 A auxiliary contact closed

28 89A20 Disconnect 20 A auxiliary contact closed

28 89AL19 Disconnect 19 auxiliary contact discrepancy alarm

28 89OIP19 Disconnect 19 operation in progress

28 89CL19 Disconnect 19 closed

28 89B19 Disconnect 19 B auxiliary contact closed

28 89A19 Disconnect 19 A auxiliary contact closed

28 89AL18 Disconnect 18 auxiliary contact discrepancy alarm

28 89OIP18 Disconnect 18 operation in progress

29 89OIP21 Disconnect 21 operation in progress

29 89CL21 Disconnect 21 closed

29 89B21 Disconnect 21 B auxiliary contact closed

29 89A21 Disconnect 21 A auxiliary contact closed

29 89AL20 Disconnect 20 auxiliary contact discrepancy alarm

29 89OIP20 Disconnect 20 operation in progress

29 89CL20 Disconnect 20 closed

29 89B20 Disconnect 20 B auxiliary contact closed

30 89B23 Disconnect 23 B auxiliary contact closed

30 89A23 Disconnect 23 A auxiliary contact closed

30 89AL22 Disconnect 22 auxiliary contact discrepancy alarm

30 89OIP22 Disconnect 22 operation in progress

30 89CL22 Disconnect 22 closed

30 89B22 Disconnect 22 B auxiliary contact closed

30 89A22 Disconnect 22 A auxiliary contact closed

30 89AL21 Disconnect 21 auxiliary contact discrepancy alarm

31 89AL24 Disconnect 24 auxiliary contact discrepancy alarm

31 89OIP24 Disconnect 24 operation in progress

31 89CL24 Disconnect 24 closed

31 89B24 Disconnect 24 B auxiliary contact closed
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31 89A24 Disconnect 24 A auxiliary contact closed

31 89AL23 Disconnect 23 auxiliary contact discrepancy alarm

31 89OIP23 Disconnect 23 operation in progress

31 89CL23 Disconnect 23 closed

32 89CL26 Disconnect 26 closed

32 89B26 Disconnect 26 B auxiliary contact closed

32 89A26 Disconnect 26 A auxiliary contact closed

32 89AL25 Disconnect 25 auxiliary contact discrepancy alarm

32 89OIP25 Disconnect 25 operation in progress

32 89CL25 Disconnect 25 closed

32 89B25 Disconnect 25 B auxiliary contact closed

32 89A25 Disconnect 25 A auxiliary contact closed

33 89A28 Disconnect 28 A auxiliary contact closed

33 89AL27 Disconnect 27 auxiliary contact discrepancy alarm

33 89OIP27 Disconnect 27 operation in progress

33 89CL27 Disconnect 27 closed

33 89B27 Disconnect 27 B auxiliary contact closed

33 89A27 Disconnect 27 A auxiliary contact closed

33 89AL26 Disconnect 26 auxiliary contact discrepancy alarm

33 89OIP26 Disconnect 26 operation in progress

34 89OIP29 Disconnect 29 operation in progress

34 89CL29 Disconnect 29 closed

34 89B29 Disconnect 29 B auxiliary contact closed

34 89A29 Disconnect 29 A auxiliary contact closed

34 89AL28 Disconnect 28 auxiliary contact discrepancy alarm

34 89OIP28 Disconnect 28 operation in progress

34 89CL28 Disconnect 28 closed

34 89B28 Disconnect 28 B auxiliary contact closed

35 89B31 Disconnect 31 B auxiliary contact closed

35 89A31 Disconnect 31 A auxiliary contact closed

35 89AL30 Disconnect 30 auxiliary contact discrepancy alarm

35 89OIP30 Disconnect 30 operation in progress

35 89CL30 Disconnect 30 closed

35 89B30 Disconnect 30 B auxiliary contact closed

35 89A30 Disconnect 30 A auxiliary contact closed

35 89AL29 Disconnect 29 auxiliary contact discrepancy alarm

36 89AL32 Disconnect 32 auxiliary contact discrepancy alarm

36 89OIP32 Disconnect 32 operation in progress

36 89CL32 Disconnect 32 closed

36 89B32 Disconnect 32 B auxiliary contact closed

36 89A32 Disconnect 32 A auxiliary contact closed
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36 89AL31 Disconnect 31 auxiliary contact discrepancy alarm

36 89OIP31 Disconnect 31 operation in progress

36 89CL31 Disconnect 31 closed

37 89CL34 Disconnect 34 closed

37 89B34 Disconnect 34 B auxiliary contact closed

37 89A34 Disconnect 34 A auxiliary contact closed

37 89AL33 Disconnect 33 auxiliary contact discrepancy alarm

37 89OIP33 Disconnect 33 operation in progress

37 89CL33 Disconnect 33 closed

37 89B33 Disconnect 33 B auxiliary contact closed

37 89A33 Disconnect 33 A auxiliary contact closed

38 89A36 Disconnect 36 A auxiliary contact closed

38 89AL35 Disconnect 35 auxiliary contact discrepancy alarm

38 89OIP35 Disconnect 35 operation in progress

38 89CL35 Disconnect 35 closed

38 89B35 Disconnect 35 B auxiliary contact closed

38 89A35 Disconnect 35 A auxiliary contact closed

38 89AL34 Disconnect 34 auxiliary contact discrepancy alarm

38 89OIP34 Disconnect 34 operation in progress

39 89OIP37 Disconnect 37 operation in progress

39 89CL37 Disconnect 37 closed

39 89B37 Disconnect 37 B auxiliary contact closed

39 89A37 Disconnect 37 A auxiliary contact closed

39 89AL36 Disconnect 36 auxiliary contact discrepancy alarm

39 89OIP36 Disconnect 36 operation in progress

39 89CL36 Disconnect 36 closed

39 89B36 Disconnect 36 B auxiliary contact closed

40 89B39 Disconnect 39 B auxiliary contact closed

40 89A39 Disconnect 39 A auxiliary contact closed

40 89AL38 Disconnect 38 auxiliary contact discrepancy alarm

40 89OIP38 Disconnect 38 operation in progress

40 89CL38 Disconnect 38 closed

40 89B38 Disconnect 38 B auxiliary contact closed

40 89A38 Disconnect 38 A auxiliary contact closed

40 89AL37 Disconnect 37 auxiliary contact discrepancy alarm

41 89AL40 Disconnect 40 auxiliary contact discrepancy alarm

41 89OIP40 Disconnect 40 operation in progress

41 89CL40 Disconnect 40 closed

41 89B40 Disconnect 40 B auxiliary contact closed

41 89A40 Disconnect 40 A auxiliary contact closed

41 89AL39 Disconnect 39 auxiliary contact discrepancy alarm
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41 89OIP39 Disconnect 39 operation in progress

41 89CL39 Disconnect 39 closed

42 89CL42 Disconnect 42 closed

42 89B42 Disconnect 42 B auxiliary contact closed

42 89A42 Disconnect 42 A auxiliary contact closed

42 89AL41 Disconnect 41 auxiliary contact discrepancy alarm

42 89OIP41 Disconnect 41 operation in progress

42 89CL41 Disconnect 41 closed

42 89B41 Disconnect 41 B auxiliary contact closed

42 89A41 Disconnect 41 A auxiliary contact closed

43 89A44 Disconnect 44 A auxiliary contact closed

43 89AL43 Disconnect 43 auxiliary contact discrepancy alarm

43 89OIP43 Disconnect 43 operation in progress

43 89CL43 Disconnect 43 closed

43 89B43 Disconnect 43 B auxiliary contact closed

43 89A43 Disconnect 43 A auxiliary contact closed

43 89AL42 Disconnect 42 auxiliary contact discrepancy alarm

43 89OIP42 Disconnect 42 operation in progress

44 89OIP45 Disconnect 45 operation in progress

44 89CL45 Disconnect 45 closed

44 89B45 Disconnect 45 B auxiliary contact closed

44 89A45 Disconnect 45 A auxiliary contact closed

44 89AL44 Disconnect 44 auxiliary contact discrepancy alarm

44 89OIP44 Disconnect 44 operation in progress

44 89CL44 Disconnect 44 closed

44 89B44 Disconnect 44 B auxiliary contact closed

45 89B47 Disconnect 47 B auxiliary contact closed

45 89A47 Disconnect 47 A auxiliary contact closed

45 89AL46 Disconnect 46 auxiliary contact discrepancy alarm

45 89OIP46 Disconnect 46 operation in progress

45 89CL46 Disconnect 46 closed

45 89B46 Disconnect 46 B auxiliary contact closed

45 89A46 Disconnect 46 A auxiliary contact closed

45 89AL45 Disconnect 45 auxiliary contact discrepancy alarm

46 89AL48 Disconnect 48 auxiliary contact discrepancy alarm

46 89OIP48 Disconnect 48 operation in progress

46 89CL48 Disconnect 48 closed

46 89B48 Disconnect 48 B auxiliary contact closed

46 89A48 Disconnect 48 A auxiliary contact closed

46 89AL47 Disconnect 47 auxiliary contact discrepancy alarm

46 89OIP47 Disconnect 47 operation in progress
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46 89CL47 Disconnect 47 closed

47 89CL50 Disconnect 50 closed

47 89B50 Disconnect 50 B auxiliary contact closed

47 89A50 Disconnect 50 A auxiliary contact closed

47 89AL49 Disconnect 49 auxiliary contact discrepancy alarm

47 89OIP49 Disconnect 49 operation in progress

47 89CL49 Disconnect 49 closed

47 89B49 Disconnect 49 B auxiliary contact closed

47 89A49 Disconnect 49 A auxiliary contact closed

48 89A52 Disconnect 52 A auxiliary contact closed

48 89AL51 Disconnect 51 auxiliary contact discrepancy alarm

48 89OIP51 Disconnect 51 operation in progress

48 89CL51 Disconnect 51 closed

48 89B51 Disconnect 51 B auxiliary contact closed

48 89A51 Disconnect 51 A auxiliary contact closed

48 89AL50 Disconnect 50 auxiliary contact discrepancy alarm

48 89OIP50 Disconnect 50 operation in progress

49 89OIP53 Disconnect 53 operation in progress

49 89CL53 Disconnect 53 closed

49 89B53 Disconnect 53 B auxiliary contact closed

49 89A53 Disconnect 53 A auxiliary contact closed

49 89AL52 Disconnect 52 auxiliary contact discrepancy alarm

49 89OIP52 Disconnect 52 operation in progress

49 89CL52 Disconnect 52 closed

49 89B52 Disconnect 52 B auxiliary contact closed

50 89B55 Disconnect 55 B auxiliary contact closed

50 89A55 Disconnect 55 A auxiliary contact closed

50 89AL54 Disconnect 54 auxiliary contact discrepancy alarm

50 89OIP54 Disconnect 54 operation in progress

50 89CL54 Disconnect 54 closed

50 89B54 Disconnect 54 B auxiliary contact closed

50 89A54 Disconnect 54 A auxiliary contact closed

50 89AL53 Disconnect 53 auxiliary contact discrepancy alarm

51 89AL56 Disconnect 56 auxiliary contact discrepancy alarm

51 89OIP56 Disconnect 56 operation in progress

51 89CL56 Disconnect 56 closed

51 89B56 Disconnect 56 B auxiliary contact closed

51 89A56 Disconnect 56 A auxiliary contact closed

51 89AL55 Disconnect 55 auxiliary contact discrepancy alarm

51 89OIP55 Disconnect 55 operation in progress

51 89CL55 Disconnect 55 closed
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52 89CL58 Disconnect 58 closed

52 89B58 Disconnect 58 B auxiliary contact closed

52 89A58 Disconnect 58 A auxiliary contact closed

52 89AL57 Disconnect 57 auxiliary contact discrepancy alarm

52 89OIP57 Disconnect 57 operation in progress

52 89CL57 Disconnect 57 closed

52 89B57 Disconnect 57 B auxiliary contact closed

52 89A57 Disconnect 57 A auxiliary contact closed

53 89A60 Disconnect 60 A auxiliary contact closed

53 89AL59 Disconnect 59 auxiliary contact discrepancy alarm

53 89OIP59 Disconnect 59 operation in progress

53 89CL59 Disconnect 59 closed

53 89B59 Disconnect 59 B auxiliary contact closed

53 89A59 Disconnect 59 A auxiliary contact closed

53 89AL58 Disconnect 58 auxiliary contact discrepancy alarm

53 89OIP58 Disconnect 58 operation in progress

54 * Reserved

54 * Reserved

54 * Reserved

54 * Reserved

54 89AL60 Disconnect 60 auxiliary contact discrepancy alarm

54 89OIP60 Disconnect 60 operation in progress

54 89CL60 Disconnect 60 closed

54 89B60 Disconnect 60 B auxiliary contact closed

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 89OIP Any Disconnect operation in progress

55 89AL Any Disconnect auxiliary contact discrepancy alarm

Terminal-to-Bus-Zone Connection

56 I08BZ1V Terminal I08 connected to BZ1

56 I07BZ1V Terminal I07 connected to BZ1

56 I06BZ1V Terminal I06 connected to BZ1

56 I05BZ1V Terminal I05 connected to BZ1

56 I04BZ1V Terminal I04 connected to BZ1

56 I03BZ1V Terminal I03 connected to BZ1

56 I02BZ1V Terminal I02 connected to BZ1

56 I01BZ1V Terminal I01 connected to BZ1
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57 I16BZ1V Terminal I16 connected to BZ1

57 I15BZ1V Terminal I15 connected to BZ1

57 I14BZ1V Terminal I14 connected to BZ1

57 I13BZ1V Terminal I13 connected to BZ1

57 I12BZ1V Terminal I12 connected to BZ1

57 I11BZ1V Terminal I11 connected to BZ1

57 I10BZ1V Terminal I10 connected to BZ1

57 I09BZ1V Terminal I09 connected to BZ1

58 * Reserved

58 * Reserved

58 * Reserved

58 I21BZ1V Terminal I21 connected to BZ1

58 I20BZ1V Terminal I20 connected to BZ1

58 I19BZ1V Terminal I19 connected to BZ1

58 I18BZ1V Terminal I18 connected to BZ1

58 I17BZ1V Terminal I17 connected to BZ1

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

60 I08BZ2V Terminal I08 connected to BZ2

60 I07BZ2V Terminal I07 connected to BZ2

60 I06BZ2V Terminal I06 connected to BZ2

60 I05BZ2V Terminal I05 connected to BZ2

60 I04BZ2V Terminal I04 connected to BZ2

60 I03BZ2V Terminal I03 connected to BZ2

60 I02BZ2V Terminal I02 connected to BZ2

60 I01BZ2V Terminal I01 connected to BZ2

61 I16BZ2V Terminal I16 connected to BZ2

61 I15BZ2V Terminal I15 connected to BZ2

61 I14BZ2V Terminal I14 connected to BZ2

61 I13BZ2V Terminal I13 connected to BZ2

61 I12BZ2V Terminal I12 connected to BZ2

61 I11BZ2V Terminal I11 connected to BZ2

61 I10BZ2V Terminal I10 connected to BZ2

61 I09BZ2V Terminal I09 connected to BZ2

62 * Reserved
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62 * Reserved

62 * Reserved

62 I21BZ2V Terminal I21 connected to BZ2

62 I20BZ2V Terminal I20 connected to BZ2

62 I19BZ2V Terminal I19 connected to BZ2

62 I18BZ2V Terminal I18 connected to BZ2

62 I17BZ2V Terminal I17 connected to BZ2

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

64 I08BZ3V Terminal I08 connected to BZ3

64 I07BZ3V Terminal I07 connected to BZ3

64 I06BZ3V Terminal I06 connected to BZ3

64 I05BZ3V Terminal I05 connected to BZ3

64 I04BZ3V Terminal I04 connected to BZ3

64 I03BZ3V Terminal I03 connected to BZ3

64 I02BZ3V Terminal I02 connected to BZ3

64 I01BZ3V Terminal I01 connected to BZ3

65 I16BZ3V Terminal I16 connected to BZ3

65 I15BZ3V Terminal I15 connected to BZ3

65 I14BZ3V Terminal I14 connected to BZ3

65 I13BZ3V Terminal I13 connected to BZ3

65 I12BZ3V Terminal I12 connected to BZ3

65 I11BZ3V Terminal I11 connected to BZ3

65 I10BZ3V Terminal I10 connected to BZ3

65 I09BZ3V Terminal I09 connected to BZ3

66 * Reserved

66 * Reserved

66 * Reserved

66 I21BZ3V Terminal I21 connected to BZ3

66 I20BZ3V Terminal I20 connected to BZ3

66 I19BZ3V Terminal I19 connected to BZ3

66 I18BZ3V Terminal I18 connected to BZ3

66 I17BZ3V Terminal I17 connected to BZ3

67 * Reserved

67 * Reserved
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67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

68 I08BZ4V Terminal I08 connected to BZ4

68 I07BZ4V Terminal I07 connected to BZ4

68 I06BZ4V Terminal I06 connected to BZ4

68 I05BZ4V Terminal I05 connected to BZ4

68 I04BZ4V Terminal I04 connected to BZ4

68 I03BZ4V Terminal I03 connected to BZ4

68 I02BZ4V Terminal I02 connected to BZ4

68 I01BZ4V Terminal I01 connected to BZ4

69 I16BZ4V Terminal I16 connected to BZ4

69 I15BZ4V Terminal I15 connected to BZ4

69 I14BZ4V Terminal I14 connected to BZ4

69 I13BZ4V Terminal I13 connected to BZ4

69 I12BZ4V Terminal I12 connected to BZ4

69 I11BZ4V Terminal I11 connected to BZ4

69 I10BZ4V Terminal I10 connected to BZ4

69 I09BZ4V Terminal I09 connected to BZ4

70 * Reserved

70 * Reserved

70 * Reserved

70 I21BZ4V Terminal I21 connected to BZ4

70 I20BZ4V Terminal I20 connected to BZ4

70 I19BZ4V Terminal I19 connected to BZ4

70 I18BZ4V Terminal I18 connected to BZ4

70 I17BZ4V Terminal I17 connected to BZ4

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

72 I08BZ5V Terminal I08 connected to BZ5

72 I07BZ5V Terminal I07 connected to BZ5

72 I06BZ5V Terminal I06 connected to BZ5
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72 I05BZ5V Terminal I05 connected to BZ5

72 I04BZ5V Terminal I04 connected to BZ5

72 I03BZ5V Terminal I03 connected to BZ5

72 I02BZ5V Terminal I02 connected to BZ5

72 I01BZ5V Terminal I01 connected to BZ5

73 I16BZ5V Terminal I16 connected to BZ5

73 I15BZ5V Terminal I15 connected to BZ5

73 I14BZ5V Terminal I14 connected to BZ5

73 I13BZ5V Terminal I13 connected to BZ5

73 I12BZ5V Terminal I12 connected to BZ5

73 I11BZ5V Terminal I11 connected to BZ5

73 I10BZ5V Terminal I10 connected to BZ5

73 I09BZ5V Terminal I09 connected to BZ5

74 * Reserved

74 * Reserved

74 * Reserved

74 I21BZ5V Terminal I21 connected to BZ5

74 I20BZ5V Terminal I20 connected to BZ5

74 I19BZ5V Terminal I19 connected to BZ5

74 I18BZ5V Terminal I18 connected to BZ5

74 I17BZ5V Terminal I17 connected to BZ5

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

76 I08BZ6V Terminal I08 connected to BZ6

76 I07BZ6V Terminal I07 connected to BZ6

76 I06BZ6V Terminal I06 connected to BZ6

76 I05BZ6V Terminal I05 connected to BZ6

76 I04BZ6V Terminal I04 connected to BZ6

76 I03BZ6V Terminal I03 connected to BZ6

76 I02BZ6V Terminal I02 connected to BZ6

76 I01BZ6V Terminal I01 connected to BZ6

77 I16BZ6V Terminal I16 connected to BZ6

77 I15BZ6V Terminal I15 connected to BZ6

77 I14BZ6V Terminal I14 connected to BZ6

77 I13BZ6V Terminal I13 connected to BZ6
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77 I12BZ6V Terminal I12 connected to BZ6

77 I11BZ6V Terminal I11 connected to BZ6

77 I10BZ6V Terminal I10 connected to BZ6

77 I09BZ6V Terminal I09 connected to BZ6

78 * Reserved

78 * Reserved

78 * Reserved

78 I21BZ6V Terminal I21 connected to BZ6

78 I20BZ6V Terminal I20 connected to BZ6

78 I19BZ6V Terminal I19 connected to BZ6

78 I18BZ6V Terminal I18 connected to BZ6

78 I17BZ6V Terminal I17 connected to BZ6

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

80 ZN1I08 Terminal 08 connected to Zone 1

80 ZN1I07 Terminal 07 connected to Zone 1

80 ZN1I06 Terminal 06 connected to Zone 1

80 ZN1I05 Terminal 05 connected to Zone 1

80 ZN1I04 Terminal 04 connected to Zone 1

80 ZN1I03 Terminal 03 connected to Zone 1

80 ZN1I02 Terminal 02 connected to Zone 1

80 ZN1I01 Terminal 01 connected to Zone 1

81 ZN1I16 Terminal 16 connected to Zone 1

81 ZN1I15 Terminal 15 connected to Zone 1

81 ZN1I14 Terminal 14 connected to Zone 1

81 ZN1I13 Terminal 13 connected to Zone 1

81 ZN1I12 Terminal 12 connected to Zone 1

81 ZN1I11 Terminal 11 connected to Zone 1

81 ZN1I10 Terminal 10 connected to Zone 1

81 ZN1I09 Terminal 09 connected to Zone 1

82 * Reserved

82 * Reserved

82 * Reserved

82 ZN1I21 Terminal 21 connected to Zone 1

82 ZN1I20 Terminal 20 connected to Zone 1
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82 ZN1I19 Terminal 19 connected to Zone 1

82 ZN1I18 Terminal 18 connected to Zone 1

82 ZN1I17 Terminal 17 connected to Zone 1

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

84 ZN2I08 Terminal 08 connected to Zone 2

84 ZN2I07 Terminal 07 connected to Zone 2

84 ZN2I06 Terminal 06 connected to Zone 2

84 ZN2I05 Terminal 05 connected to Zone 2

84 ZN2I04 Terminal 04 connected to Zone 2

84 ZN2I03 Terminal 03 connected to Zone 2

84 ZN2I02 Terminal 02 connected to Zone 2

84 ZN2I01 Terminal 01 connected to Zone 2

85 ZN2I16 Terminal 16 connected to Zone 2

85 ZN2I15 Terminal 15 connected to Zone 2

85 ZN2I14 Terminal 14 connected to Zone 2

85 ZN2I13 Terminal 13 connected to Zone 2

85 ZN2I12 Terminal 12 connected to Zone 2

85 ZN2I11 Terminal 11 connected to Zone 2

85 ZN2I10 Terminal 10 connected to Zone 2

85 ZN2I09 Terminal 09 connected to Zone 2

86 * Reserved

86 * Reserved

86 * Reserved

86 ZN2I21 Terminal 21 connected to Zone 2

86 ZN2I20 Terminal 20 connected to Zone 2

86 ZN2I19 Terminal 19 connected to Zone 2

86 ZN2I18 Terminal 18 connected to Zone 2

86 ZN2I17 Terminal 17 connected to Zone 2

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved
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87 * Reserved

87 * Reserved

88 ZN3I08 Terminal 08 connected to Zone 3

88 ZN3I07 Terminal 07 connected to Zone 3

88 ZN3I06 Terminal 06 connected to Zone 3

88 ZN3I05 Terminal 05 connected to Zone 3

88 ZN3I04 Terminal 04 connected to Zone 3

88 ZN3I03 Terminal 03 connected to Zone 3

88 ZN3I02 Terminal 02 connected to Zone 3

88 ZN3I01 Terminal 01 connected to Zone 3

89 ZN3I16 Terminal 16 connected to Zone 3

89 ZN3I15 Terminal 15 connected to Zone 3

89 ZN3I14 Terminal 14 connected to Zone 3

89 ZN3I13 Terminal 13 connected to Zone 3

89 ZN3I12 Terminal 12 connected to Zone 3

89 ZN3I11 Terminal 11 connected to Zone 3

89 ZN3I10 Terminal 10 connected to Zone 3

89 ZN3I09 Terminal 09 connected to Zone 3

90 * Reserved

90 * Reserved

90 * Reserved

90 ZN3I21 Terminal 21 connected to Zone 3

90 ZN3I20 Terminal 20 connected to Zone 3

90 ZN3I19 Terminal 19 connected to Zone 3

90 ZN3I18 Terminal 18 connected to Zone 3

90 ZN3I17 Terminal 17 connected to Zone 3

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

92 ZN4I08 Terminal 08 connected to Zone 4

92 ZN4I07 Terminal 07 connected to Zone 4

92 ZN4I06 Terminal 06 connected to Zone 4

92 ZN4I05 Terminal 05 connected to Zone 4

92 ZN4I04 Terminal 04 connected to Zone 4

92 ZN4I03 Terminal 03 connected to Zone 4

92 ZN4I02 Terminal 02 connected to Zone 4
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92 ZN4I01 Terminal 01 connected to Zone 4

93 ZN4I16 Terminal 16 connected to Zone 4

93 ZN4I15 Terminal 15 connected to Zone 4

93 ZN4I14 Terminal 14 connected to Zone 4

93 ZN4I13 Terminal 13 connected to Zone 4

93 ZN4I12 Terminal 12 connected to Zone 4

93 ZN4I11 Terminal 11 connected to Zone 4

93 ZN4I10 Terminal 10 connected to Zone 4

93 ZN4I09 Terminal 09 connected to Zone 4

94 * Reserved

94 * Reserved

94 * Reserved

94 ZN4I21 Terminal 21 connected to Zone 4

94 ZN4I20 Terminal 20 connected to Zone 4

94 ZN4I19 Terminal 19 connected to Zone 4

94 ZN4I18 Terminal 18 connected to Zone 4

94 ZN4I17 Terminal 17 connected to Zone 4

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

96 ZN5I08 Terminal 08 connected to Zone 5

96 ZN5I07 Terminal 07 connected to Zone 5

96 ZN5I06 Terminal 06 connected to Zone 5

96 ZN5I05 Terminal 05 connected to Zone 5

96 ZN5I04 Terminal 04 connected to Zone 5

96 ZN5I03 Terminal 03 connected to Zone 5

96 ZN5I02 Terminal 02 connected to Zone 5

96 ZN5I01 Terminal 01 connected to Zone 5

97 ZN5I16 Terminal 16 connected to Zone 5

97 ZN5I15 Terminal 15 connected to Zone 5

97 ZN5I14 Terminal 14 connected to Zone 5

97 ZN5I13 Terminal 13 connected to Zone 5

97 ZN5I12 Terminal 12 connected to Zone 5

97 ZN5I11 Terminal 11 connected to Zone 5

97 ZN5I10 Terminal 10 connected to Zone 5

97 ZN5I09 Terminal 09 connected to Zone 5

Table 11.2 Row List of Relay Word Bits (Sheet 20 of 99)
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98 * Reserved

98 * Reserved

98 * Reserved

98 ZN5I21 Terminal 21 connected to Zone 5

98 ZN5I20 Terminal 20 connected to Zone 5

98 ZN5I19 Terminal 19 connected to Zone 5

98 ZN5I18 Terminal 18 connected to Zone 5

98 ZN5I17 Terminal 17 connected to Zone 5

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

100 ZN6I08 Terminal 08 connected to Zone 6

100 ZN6I07 Terminal 07 connected to Zone 6

100 ZN6I06 Terminal 06 connected to Zone 6

100 ZN6I05 Terminal 05 connected to Zone 6

100 ZN6I04 Terminal 04 connected to Zone 6

100 ZN6I03 Terminal 03 connected to Zone 6

100 ZN6I02 Terminal 02 connected to Zone 6

100 ZN6I01 Terminal 01 connected to Zone 6

101 ZN6I16 Terminal 16 connected to Zone 6

101 ZN6I15 Terminal 15 connected to Zone 6

101 ZN6I14 Terminal 14 connected to Zone 6

101 ZN6I13 Terminal 13 connected to Zone 6

101 ZN6I12 Terminal 12 connected to Zone 6

101 ZN6I11 Terminal 11 connected to Zone 6

101 ZN6I10 Terminal 10 connected to Zone 6

101 ZN6I09 Terminal 09 connected to Zone 6

102 * Reserved

102 * Reserved

102 * Reserved

102 ZN6I21 Terminal 21 connected to Zone 6

102 ZN6I20 Terminal 20 connected to Zone 6

102 ZN6I19 Terminal 19 connected to Zone 6

102 ZN6I18 Terminal 18 connected to Zone 6

102 ZN6I17 Terminal 17 connected to Zone 6

103 * Reserved
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103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

104 ZN1I08T Terminal 08 connected to Zone 1 and will be tripped

104 ZN1I07T Terminal 07 connected to Zone 1 and will be tripped

104 ZN1I06T Terminal 06 connected to Zone 1 and will be tripped

104 ZN1I05T Terminal 05 connected to Zone 1 and will be tripped

104 ZN1I04T Terminal 04 connected to Zone 1 and will be tripped

104 ZN1I03T Terminal 03 connected to Zone 1 and will be tripped

104 ZN1I02T Terminal 02 connected to Zone 1 and will be tripped

104 ZN1I01T Terminal 01 connected to Zone 1 and will be tripped

105 ZN1I16T Terminal 16 connected to Zone 1 and will be tripped

105 ZN1I15T Terminal 15 connected to Zone 1 and will be tripped

105 ZN1I14T Terminal 14 connected to Zone 1 and will be tripped

105 ZN1I13T Terminal 13 connected to Zone 1 and will be tripped

105 ZN1I12T Terminal 12 connected to Zone 1 and will be tripped

105 ZN1I11T Terminal 11 connected to Zone 1 and will be tripped

105 ZN1I10T Terminal 10 connected to Zone 1 and will be tripped

105 ZN1I09T Terminal 09 connected to Zone 1 and will be tripped

106 * Reserved

106 * Reserved

106 * Reserved

106 ZN1I21T Terminal 21 connected to Zone 1 and will be tripped

106 ZN1I20T Terminal 20 connected to Zone 1 and will be tripped

106 ZN1I19T Terminal 19 connected to Zone 1 and will be tripped

106 ZN1I18T Terminal 18 connected to Zone 1 and will be tripped

106 ZN1I17T Terminal 17 connected to Zone 1 and will be tripped

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

108 ZN2I08T Terminal 08 connected to Zone 2 and will be tripped

108 ZN2I07T Terminal 07 connected to Zone 2 and will be tripped
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108 ZN2I06T Terminal 06 connected to Zone 2 and will be tripped

108 ZN2I05T Terminal 05 connected to Zone 2 and will be tripped

108 ZN2I04T Terminal 04 connected to Zone 2 and will be tripped

108 ZN2I03T Terminal 03 connected to Zone 2 and will be tripped

108 ZN2I02T Terminal 02 connected to Zone 2 and will be tripped

108 ZN2I01T Terminal 01 connected to Zone 2 and will be tripped

109 ZN2I16T Terminal 16 connected to Zone 2 and will be tripped

109 ZN2I15T Terminal 15 connected to Zone 2 and will be tripped

109 ZN2I14T Terminal 14 connected to Zone 2 and will be tripped

109 ZN2I13T Terminal 13 connected to Zone 2 and will be tripped

109 ZN2I12T Terminal 12 connected to Zone 2 and will be tripped

109 ZN2I11T Terminal 11 connected to Zone 2 and will be tripped

109 ZN2I10T Terminal 10 connected to Zone 2 and will be tripped

109 ZN2I09T Terminal 09 connected to Zone 2 and will be tripped

110 * Reserved

110 * Reserved

110 * Reserved

110 ZN2I21T Terminal 21 connected to Zone 2 and will be tripped

110 ZN2I20T Terminal 20 connected to Zone 2 and will be tripped

110 ZN2I19T Terminal 19 connected to Zone 2 and will be tripped

110 ZN2I18T Terminal 18 connected to Zone 2 and will be tripped

110 ZN2I17T Terminal 17 connected to Zone 2 and will be tripped

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

112 ZN3I08T Terminal 08 connected to Zone 3 and will be tripped

112 ZN3I07T Terminal 07 connected to Zone 3 and will be tripped

112 ZN3I06T Terminal 06 connected to Zone 3 and will be tripped

112 ZN3I05T Terminal 05 connected to Zone 3 and will be tripped

112 ZN3I04T Terminal 04 connected to Zone 3 and will be tripped

112 ZN3I03T Terminal 03 connected to Zone 3 and will be tripped

112 ZN3I02T Terminal 02 connected to Zone 3 and will be tripped

112 ZN3I01T Terminal 01 connected to Zone 3 and will be tripped

113 ZN3I16T Terminal 16 connected to Zone 3 and will be tripped

113 ZN3I15T Terminal 15 connected to Zone 3 and will be tripped

113 ZN3I14T Terminal 14 connected to Zone 3 and will be tripped
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113 ZN3I13T Terminal 13 connected to Zone 3 and will be tripped

113 ZN3I12T Terminal 12 connected to Zone 3 and will be tripped

113 ZN3I11T Terminal 11 connected to Zone 3 and will be tripped

113 ZN3I10T Terminal 10 connected to Zone 3 and will be tripped

113 ZN3I09T Terminal 09 connected to Zone 3 and will be tripped

114 * Reserved

114 * Reserved

114 * Reserved

114 ZN3I21T Terminal 21 connected to Zone 3 and will be tripped

114 ZN3I20T Terminal 20 connected to Zone 3 and will be tripped

114 ZN3I19T Terminal 19 connected to Zone 3 and will be tripped

114 ZN3I18T Terminal 18 connected to Zone 3 and will be tripped

114 ZN3I17T Terminal 17 connected to Zone 3 and will be tripped

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

116 ZN4I08T Terminal 08 connected to Zone 4 and will be tripped

116 ZN4I07T Terminal 07 connected to Zone 4 and will be tripped

116 ZN4I06T Terminal 06 connected to Zone 4 and will be tripped

116 ZN4I05T Terminal 05 connected to Zone 4 and will be tripped

116 ZN4I04T Terminal 04 connected to Zone 4 and will be tripped

116 ZN4I03T Terminal 03 connected to Zone 4 and will be tripped

116 ZN4I02T Terminal 02 connected to Zone 4 and will be tripped

116 ZN4I01T Terminal 01 connected to Zone 4 and will be tripped

117 ZN4I16T Terminal 16 connected to Zone 4 and will be tripped

117 ZN4I15T Terminal 15 connected to Zone 4 and will be tripped

117 ZN4I14T Terminal 14 connected to Zone 4 and will be tripped

117 ZN4I13T Terminal 13 connected to Zone 4 and will be tripped

117 ZN4I12T Terminal 12 connected to Zone 4 and will be tripped

117 ZN4I11T Terminal 11 connected to Zone 4 and will be tripped

117 ZN4I10T Terminal 10 connected to Zone 4 and will be tripped

117 ZN4I09T Terminal 09 connected to Zone 4 and will be tripped

118 * Reserved

118 * Reserved

118 * Reserved

118 ZN4I21T Terminal 21 connected to Zone 4 and will be tripped
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118 ZN4I20T Terminal 20 connected to Zone 4 and will be tripped

118 ZN4I19T Terminal 19 connected to Zone 4 and will be tripped

118 ZN4I18T Terminal 18 connected to Zone 4 and will be tripped

118 ZN4I17T Terminal 17 connected to Zone 4 and will be tripped

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

120 ZN5I08T Terminal 08 connected to Zone 5 and will be tripped

120 ZN5I07T Terminal 07 connected to Zone 5 and will be tripped

120 ZN5I06T Terminal 06 connected to Zone 5 and will be tripped

120 ZN5I05T Terminal 05 connected to Zone 5 and will be tripped

120 ZN5I04T Terminal 04 connected to Zone 5 and will be tripped

120 ZN5I03T Terminal 03 connected to Zone 5 and will be tripped

120 ZN5I02T Terminal 02 connected to Zone 5 and will be tripped

120 ZN5I01T Terminal 01 connected to Zone 5 and will be tripped

121 ZN5I16T Terminal 16 connected to Zone 5 and will be tripped

121 ZN5I15T Terminal 15 connected to Zone 5 and will be tripped

121 ZN5I14T Terminal 14 connected to Zone 5 and will be tripped

121 ZN5I13T Terminal 13 connected to Zone 5 and will be tripped

121 ZN5I12T Terminal 12 connected to Zone 5 and will be tripped

121 ZN5I11T Terminal 11 connected to Zone 5 and will be tripped

121 ZN5I10T Terminal 10 connected to Zone 5 and will be tripped

121 ZN5I09T Terminal 09 connected to Zone 5 and will be tripped

122 * Reserved

122 * Reserved

122 * Reserved

122 ZN5I21T Terminal 21 connected to Zone 5 and will be tripped

122 ZN5I20T Terminal 20 connected to Zone 5 and will be tripped

122 ZN5I19T Terminal 19 connected to Zone 5 and will be tripped

122 ZN5I18T Terminal 18 connected to Zone 5 and will be tripped

122 ZN5I17T Terminal 17 connected to Zone 5 and will be tripped

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved
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123 * Reserved

123 * Reserved

123 * Reserved

124 ZN6I08T Terminal 08 connected to Zone 6 and will be tripped

124 ZN6I07T Terminal 07 connected to Zone 6 and will be tripped

124 ZN6I06T Terminal 06 connected to Zone 6 and will be tripped

124 ZN6I05T Terminal 05 connected to Zone 6 and will be tripped

124 ZN6I04T Terminal 04 connected to Zone 6 and will be tripped

124 ZN6I03T Terminal 03 connected to Zone 6 and will be tripped

124 ZN6I02T Terminal 02 connected to Zone 6 and will be tripped

124 ZN6I01T Terminal 01 connected to Zone 6 and will be tripped

125 ZN6I16T Terminal 16 connected to Zone 6 and will be tripped

125 ZN6I15T Terminal 15 connected to Zone 6 and will be tripped

125 ZN6I14T Terminal 14 connected to Zone 6 and will be tripped

125 ZN6I13T Terminal 13 connected to Zone 6 and will be tripped

125 ZN6I12T Terminal 12 connected to Zone 6 and will be tripped

125 ZN6I11T Terminal 11 connected to Zone 6 and will be tripped

125 ZN6I10T Terminal 10 connected to Zone 6 and will be tripped

125 ZN6I09T Terminal 09 connected to Zone 6 and will be tripped

126 * Reserved

126 * Reserved

126 * Reserved

126 ZN6I21T Terminal 21 connected to Zone 6 and will be tripped

126 ZN6I20T Terminal 20 connected to Zone 6 and will be tripped

126 ZN6I19T Terminal 19 connected to Zone 6 and will be tripped

126 ZN6I18T Terminal 18 connected to Zone 6 and will be tripped

126 ZN6I17T Terminal 17 connected to Zone 6 and will be tripped

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

Bus-Zone-to-Bus-Zone Connection

128 * Reserved

128 * Reserved

128 BZ1BZ6V A connection exists between BZ1 and BZ6

128 BZ1BZ5V A connection exists between BZ1 and BZ5

128 BZ1BZ4V A connection exists between BZ1 and BZ4
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128 BZ1BZ3V A connection exists between BZ1 and BZ3

128 BZ1BZ2V A connection exists between BZ1 and BZ2

128 * Reserved

129 * Reserved

129 * Reserved

129 BZ2BZ6V A connection exists between BZ2 and BZ6

129 BZ2BZ5V A connection exists between BZ2 and BZ5

129 BZ2BZ4V A connection exists between BZ2 and BZ4

129 BZ2BZ3V A connection exists between BZ2 and BZ3

129 * Reserved

129 * Reserved

130 * Reserved

130 * Reserved

130 BZ3BZ6V A connection exists between BZ3 and BZ6

130 BZ3BZ5V A connection exists between BZ3 and BZ5

130 BZ3BZ4V A connection exists between BZ3 and BZ4

130 * Reserved

130 * Reserved

130 * Reserved

131 * Reserved

131 * Reserved

131 BZ4BZ6V A connection exists between BZ4 and BZ6

131 BZ4BZ5V A connection exists between BZ4 and BZ5

131 * Reserved

131 * Reserved

131 * Reserved

131 * Reserved

132 * Reserved

132 * Reserved

132 BZ5BZ6V A connection exists between BZ5 and BZ6

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved
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133 * Reserved

133 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

136 * Reserved

136 * Reserved

136 BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed

136 BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed

136 BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed

136 BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed

136 BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed

136 * Reserved

137 * Reserved

137 * Reserved

137 BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed

137 BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed

137 BZ2BZ4R A connection exists between BZ2and BZ4 and a coupler is removed

137 BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed

137 * Reserved

137 * Reserved

138 * Reserved

138 * Reserved

138 BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed

138 BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed

138 BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed

138 * Reserved

138 * Reserved
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138 * Reserved

139 * Reserved

139 * Reserved

139 BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed

139 BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed

139 * Reserved

139 * Reserved

139 * Reserved

139 * Reserved

140 * Reserved

140 * Reserved

140 BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 29 of 99)

Row Name Bit Description



11.108

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

144 * Reserved

144 * Reserved

144 Z1BZ6 Bus-Zone 6 is part of Protective Zone 1

144 Z1BZ5 Bus-Zone 5 is part of Protective Zone 1

144 Z1BZ4 Bus-Zone 4 is part of Protective Zone 1

144 Z1BZ3 Bus-Zone 3 is part of Protective Zone 1

144 Z1BZ2 Bus-Zone 2 is part of Protective Zone 1

144 Z1BZ1 Bus-Zone 1 is part of Protective Zone 1

145 * Reserved

145 * Reserved

145 Z2BZ6 Bus-Zone 6 is part of Protective Zone 2

145 Z2BZ5 Bus-Zone 5 is part of Protective Zone 2

145 Z2BZ4 Bus-Zone 4 is part of Protective Zone 2

145 Z2BZ3 Bus-Zone 3 is part of Protective Zone 2

145 Z2BZ2 Bus-Zone 2 is part of Protective Zone 2

145 * Reserved

146 * Reserved

146 * Reserved

146 Z3BZ6 Bus-Zone 6 is part of Protective Zone 3

146 Z3BZ5 Bus-Zone 5 is part of Protective Zone 3

146 Z3BZ4 Bus-Zone 4 is part of Protective Zone 3

146 Z3BZ3 Bus-Zone 3 is part of Protective Zone 3

146 * Reserved

146 * Reserved

147 * Reserved

147 * Reserved

147 Z4BZ6 Bus-Zone 6 is part of Protective Zone 4

147 Z4BZ5 Bus-Zone 5 is part of Protective Zone 4

147 Z4BZ4 Bus-Zone 4 is part of Protective Zone 4

147 * Reserved

147 * Reserved

147 * Reserved

148 * Reserved

148 * Reserved

148 Z5BZ6 Bus-Zone 6 is part of Protective Zone 5

148 Z5BZ5 Bus-Zone 5 is part of Protective Zone 5

148 * Reserved

148 * Reserved

148 * Reserved

148 * Reserved

149 * Reserved
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149 * Reserved

149 Z6BZ6 Bus-Zone 6 is part of Protective Zone 6

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

Zone Selection

150 * Reserved

150 * Reserved

150 ZONE6 Differential Zone 6 is active

150 ZONE5 Differential Zone 5 is active

150 ZONE4 Differential Zone 4 is active

150 ZONE3 Differential Zone 3 is active

150 ZONE2 Differential Zone 2 is active

150 ZONE1 Differential Zone 1 is active

151 * Reserved

151 ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone

151 ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6

151 ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5

151 ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4

151 ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3

151 ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2

151 ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1

152 * Reserved

152 * Reserved

152 * Reserved

152 * Reserved

152 ZSWOAL Zone switching operation alarm

152 ZSWOIP Zone switching operation in progress

152 ZSWO Zone switching operation

152 RZSWOAL Reset zone switching operation alarm

Zone Supervision

153 * Reserved

153 * Reserved

153 Z6S Zone 6 supervision asserted

153 Z5S Zone 5 supervision asserted

153 Z4S Zone 4 supervision asserted

153 Z3S Zone 3 supervision asserted

153 Z2S Zone 2 supervision asserted

153 Z1S Zone 1 supervision asserted
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Open CT Detector

154 * Reserved

154 * Reserved

154 ROCTZ6 Zone 6 open CT logic reset

154 ROCTZ5 Zone 5 open CT logic reset

154 ROCTZ4 Zone 4 open CT logic reset

154 ROCTZ3 Zone 3 open CT logic reset

154 ROCTZ2 Zone 2 open CT logic reset

154 ROCTZ1 Zone 1 open CT logic reset

155 * Reserved

155 * Reserved

155 OCTZ6 Zone 6 open CT detection

155 OCTZ5 Zone 5 open CT detection

155 OCTZ4 Zone 4 open CT detection

155 OCTZ3 Zone 3 open CT detection

155 OCTZ2 Zone 2 open CT detection

155 OCTZ1 Zone 1 open CT detection

156 * Reserved

156 * Reserved

156 RSTOCT6 Zone 6 open CT detection reset

156 RSTOCT5 Zone 5 open CT detection reset

156 RSTOCT4 Zone 4 open CT detection reset

156 RSTOCT3 Zone 3 open CT detection reset

156 RSTOCT2 Zone 2 open CT detection reset

156 RSTOCT1 Zone 1 open CT detection reset

Sensitive Element (87S)

157 * Reserved

157 * Reserved

157 87S6 Zone 6 sensitive differential element picked up

157 87S5 Zone 5 sensitive differential element picked up

157 87S4 Zone 4 sensitive differential element picked up

157 87S3 Zone 3 sensitive differential element picked up

157 87S2 Zone 2 sensitive differential element picked up

157 87S1 Zone 1 sensitive differential element picked up

158 * Reserved

158 87ST Any sensitive differential element timer timed out

158 87ST6 Zone 6 sensitive differential element timed out

158 87ST5 Zone 5 sensitive differential element timed out

158 87ST4 Zone 4 sensitive differential element timed out

158 87ST3 Zone 3 sensitive differential element timed out

158 87ST2 Zone 2 sensitive differential element timed out
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158 87ST1 Zone 1 sensitive differential element timed out

Differential Elements

159 87R1 Zone 1 restraint differential element picked up

159 P87R1 Zone 1 instantaneous differential element picked up

159 87O1 Zone 1 restraint differential operating current above O87P

159 FAULT1 Zone 1 fault detector picked up

159 CON1 Zone 1 in high-security mode

159 EXT1 Zone 1 external fault declaration

159 DOP1 Zone 1 incremental operating current picked up

159 DRT1 Zone 1 incremental restraint current picked up

160 * Reserved

160 * Reserved

160 * Reserved

160 * Reserved

160 FDIF1 Zone 1 filtered restrained differential element picked up

160 RDIF1 Zone 1 unfiltered restrained differential element picked up

160 IFAULT1 Zone 1 fault detection

160 GFAULT1 Zone 1 fast fault detection

161 87R2 Zone 2 restraint differential element picked up

161 P87R2 Zone 2 instantaneous differential element picked up

161 87O2 Zone 2 restraint differential operating current above O87P

161 FAULT2 Zone 2 fault detector picked up

161 CON2 Zone 2 in high-security mode

161 EXT2 Zone 2 external fault declaration

161 DOP2 Zone 2 incremental operating current picked up

161 DRT2 Zone 2 incremental restraint current picked up

162 * Reserved

162 * Reserved

162 * Reserved

162 * Reserved

162 FDIF2 Zone 2 filtered restrained differential element picked up

162 RDIF2 Zone 2 unfiltered restrained differential element picked up

162 IFAULT2 Zone 2 fault detection

162 GFAULT2 Zone 2 fast fault detection

163 87R3 Zone 3 restraint differential element picked up

163 P87R3 Zone 3 instantaneous differential element picked up

163 87O3 Zone 3 restraint differential operating current above O87P

163 FAULT3 Zone 3 fault detector picked up

163 CON3 Zone 3 in high-security mode

163 EXT3 Zone 3 external fault declaration

163 DOP3 Zone 3 incremental operating current picked up
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163 DRT3 Zone 3 incremental restraint current picked up

164 * Reserved

164 * Reserved

164 * Reserved

164 * Reserved

164 FDIF3 Zone 3 filtered restrained differential element picked up

164 RDIF3 Zone 3 unfiltered restrained differential element picked up

164 IFAULT3 Zone 3 fault detection

164 GFAULT3 Zone 3 fast fault detection

165 87R4 Zone 4 restraint differential element picked up

165 P87R4 Zone 4 instantaneous differential element picked up

165 87O4 Zone 4 restraint differential operating current above O87P

165 FAULT4 Zone 4 fault detector picked up

165 CON4 Zone 4 in high-security mode

165 EXT4 Zone 4 external fault declaration

165 DOP4 Zone 4 incremental operating current picked up

165 DRT4 Zone 4 incremental restraint current picked up

166 * Reserved

166 * Reserved

166 * Reserved

166 * Reserved

166 FDIF4 Zone 4 filtered restrained differential element picked up

166 RDIF4 Zone 4 unfiltered restrained differential element picked up

166 IFAULT4 Zone 4 fault detection

166 GFAULT4 Zone 4 fast fault detection

167 87R5 Zone 5 restraint differential element picked up

167 P87R5 Zone 5 instantaneous differential element picked up

167 87O5 Zone 5 restraint differential operating current above O87P

167 FAULT5 Zone 5 fault detector picked up

167 CON5 Zone 5 in high-security mode

167 EXT5 Zone 5 external fault declaration

167 DOP5 Zone 5 incremental operating current picked up

167 DRT5 Zone 5 incremental restraint current picked up

168 * Reserved

168 * Reserved

168 * Reserved

168 * Reserved

168 FDIF5 Zone 5 filtered restrained differential element picked up

168 RDIF5 Zone 5 unfiltered restrained differential element picked up

168 IFAULT5 Zone 5 fault detection

168 GFAULT5 Zone 5 fast fault detection
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169 87R6 Zone 6 restraint differential element picked up

169 P87R6 Zone 6 instantaneous differential element picked up

169 87O6 Zone 6 restraint differential operating current above O87P

169 FAULT6 Zone 6 fault detector picked up

169 CON6 Zone 6 in high-security mode

169 EXT6 Zone 6 external fault declaration

169 DOP6 Zone 6 incremental operating current picked up

169 DRT6 Zone 6 incremental restraint current picked up

170 * Reserved

170 * Reserved

170 * Reserved

170 * Reserved

170 FDIF6 Zone 6 filtered restrained differential element picked up

170 RDIF6 Zone 6 unfiltered restrained differential element picked up

170 IFAULT6 Zone 6 fault detection

170 GFAULT6 Zone 6 fast fault detection

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 FAULT Busbar fault in any zone

Directional Element (Diff Zone)

172 * Reserved

172 * Reserved

172 DE6F Zone 6 forward directional element picked up

172 DE5F Zone 5 forward directional element picked up

172 DE4F Zone 4 forward directional element picked up

172 DE3F Zone 3 forward directional element picked up

172 DE2F Zone 2 forward directional element picked up

172 DE1F Zone 1 forward directional element picked up

173 50DS08 Terminal 08 directional element current threshold exceeded

173 50DS07 Terminal 07 directional element current threshold exceeded

173 50DS06 Terminal 06 directional element current threshold exceeded

173 50DS05 Terminal 05 directional element current threshold exceeded

173 50DS04 Terminal 04 directional element current threshold exceeded

173 50DS03 Terminal 03 directional element current threshold exceeded

173 50DS02 Terminal 02 directional element current threshold exceeded

173 50DS01 Terminal 01 directional element current threshold exceeded
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174 50DS16 Terminal 16 directional element current threshold exceeded

174 50DS15 Terminal 15 directional element current threshold exceeded

174 50DS14 Terminal 14 directional element current threshold exceeded

174 50DS13 Terminal 13 directional element current threshold exceeded

174 50DS12 Terminal 12 directional element current threshold exceeded

174 50DS11 Terminal 11 directional element current threshold exceeded

174 50DS10 Terminal 10 directional element current threshold exceeded

174 50DS09 Terminal 09 directional element current threshold exceeded

175 * Reserved

175 * Reserved

175 * Reserved

175 50DS21 Terminal 21 directional element current threshold exceeded

175 50DS20 Terminal 20 directional element current threshold exceeded

175 50DS19 Terminal 19 directional element current threshold exceeded

175 50DS18 Terminal 18 directional element current threshold exceeded

175 50DS17 Terminal 17 directional element current threshold exceeded

Coupler Security Logic

176 * Reserved

176 CSL1 Coupler 1 security logic picked up

176 ACTRPT1 Coupler 1 accelerated trip timed out

176 ACTRP1 Coupler 1 accelerated trip SELOGIC control equation

176 CBCLST1 Coupler 1 close command timed out

176 CBCLS1 Coupler 1 close command SELOGIC control equation

176 CB52T1 Coupler 1 status timed out

176 CB52A1 Coupler 1 status SELOGIC control equation

177 * Reserved

177 CSL2 Coupler 2 security logic picked up

177 ACTRPT2 Coupler 2 accelerated trip timed out

177 ACTRP2 Coupler 2 accelerated trip SELOGIC control equation

177 CBCLST2 Coupler 2 close command timed out

177 CBCLS2 Coupler 2 close command SELOGIC control equation

177 CB52T2 Coupler 2 status timed out

177 CB52A2 Coupler 2 status SELOGIC control equation

178 * Reserved

178 CSL3 Coupler 3 security logic picked up

178 ACTRPT3 Coupler 3 accelerated trip timed out

178 ACTRP3 Coupler 3 accelerated trip SELOGIC control equation

178 CBCLST3 Coupler 3 close command timed out

178 CBCLS3 Coupler 3 close command SELOGIC control equation

178 CB52T3 Coupler 3 status timed out

178 CB52A3 Coupler 3 status SELOGIC control equation
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179 * Reserved

179 CSL4 Coupler 4 security logic picked up

179 ACTRPT4 Coupler 4 accelerated trip timed out

179 ACTRP4 Coupler 4 accelerated trip SELOGIC control equation

179 CBCLST4 Coupler 4 close command timed out

179 CBCLS4 Coupler 4 close command SELOGIC control equation

179 CB52T4 Coupler 4 status timed out

179 CB52A4 Coupler 4 status SELOGIC control equation

Terminal Out of Service

180 TOS08 Terminal 08 out of service

180 TOS07 Terminal 07 out of service

180 TOS06 Terminal 06 out of service

180 TOS05 Terminal 05 out of service

180 TOS04 Terminal 04 out of service

180 TOS03 Terminal 03 out of service

180 TOS02 Terminal 02 out of service

180 TOS01 Terminal 01 out of service

181 TOS16 Terminal 16 out of service

181 TOS15 Terminal 15 out of service

181 TOS14 Terminal 14 out of service

181 TOS13 Terminal 13 out of service

181 TOS12 Terminal 12 out of service

181 TOS11 Terminal 11 out of service

181 TOS10 Terminal 10 out of service

181 TOS09 Terminal 09 out of service

182 * Reserved

182 * Reserved

182 * Reserved

182 TOS21 Terminal 21 out of service

182 TOS20 Terminal 20 out of service

182 TOS19 Terminal 19 out of service

182 TOS18 Terminal 18 out of service

182 TOS17 Terminal 17 out of service

Breaker Failure

183 FBF01 Circuit Breaker 1 failure

183 XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation)

183 RT01 Circuit Breaker 1 retrip

183 ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate

183 ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation

183 BFIT01 Circuit Breaker 1 breaker failure timed out

183 BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation
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183 50F01 Circuit Breaker 1 breaker failure current threshold exceeded

184 FBF02 Circuit Breaker 2 failure

184 XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation)

184 RT02 Circuit Breaker 2 retrip

184 ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate

184 ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation

184 BFIT02 Circuit Breaker 2 breaker failure timed out

184 BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

184 50F02 Circuit Breaker 2 breaker failure current threshold exceeded

185 FBF03 Circuit Breaker 3 failure

185 XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation)

185 RT03 Circuit Breaker 3 retrip

185 ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate

185 ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation

185 BFIT03 Circuit Breaker 3 breaker failure timed out

185 BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

185 50F03 Circuit Breaker 3 breaker failure current threshold exceeded

186 FBF04 Circuit Breaker 4 failure

186 XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation)

186 RT04 Circuit Breaker 4 retrip

186 ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate

186 ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation

186 BFIT04 Circuit Breaker 4 breaker failure timed out

186 BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

186 50F04 Circuit Breaker 4 breaker failure current threshold exceeded

187 FBF05 Circuit Breaker 5 failure

187 XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation)

187 RT05 Circuit Breaker 5 retrip

187 ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate

187 ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation

187 BFIT05 Circuit Breaker 5 breaker failure timed out

187 BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

187 50F05 Circuit Breaker 5 breaker failure current threshold exceeded

188 FBF06 Circuit Breaker 6 failure

188 XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation)

188 RT06 Circuit Breaker 6 retrip

188 ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate

188 ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation

188 BFIT06 Circuit Breaker 6 breaker failure timed out

188 BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

188 50F06 Circuit Breaker 6 breaker failure current threshold exceeded
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189 FBF07 Circuit Breaker 7 failure

189 XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation)

189 RT07 Circuit Breaker 7 retrip

189 ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate

189 ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation

189 BFIT07 Circuit Breaker 7 breaker failure timed out

189 BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

189 50F07 Circuit Breaker 7 breaker failure current threshold exceeded

190 FBF08 Circuit Breaker 8 failure

190 XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation)

190 RT08 Circuit Breaker 8 retrip

190 ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate

190 ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation

190 BFIT08 Circuit Breaker 8 breaker failure timed out

190 BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

190 50F08 Circuit Breaker 8 breaker failure current threshold exceeded

191 FBF09 Circuit Breaker 9 failure

191 XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation)

191 RT09 Circuit Breaker 9 retrip

191 ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate

191 ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation

191 BFIT09 Circuit Breaker 9 breaker failure timed out

191 BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

191 50F09 Circuit Breaker 9 breaker failure current threshold exceeded

192 FBF10 Circuit Breaker 10 failure

192 XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation)

192 RT10 Circuit Breaker 10 retrip

192 ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate

192 ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation

192 BFIT10 Circuit Breaker 10 breaker failure timed out

192 BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

192 50F10 Circuit Breaker 10 breaker failure current threshold exceeded

193 FBF11 Circuit Breaker 11 failure

193 XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation)

193 RT11 Circuit Breaker 11 retrip

193 ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate

193 ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation

193 BFIT11 Circuit Breaker 11 breaker failure timed out

193 BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

193 50F11 Circuit Breaker 11 breaker failure current threshold exceeded

194 FBF12 Circuit Breaker 12 failure
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194 XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation)

194 RT12 Circuit Breaker 12 retrip

194 ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate

194 ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation

194 BFIT12 Circuit Breaker 12 breaker failure timed out

194 BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

194 50F12 Circuit Breaker 12 breaker failure current threshold exceeded

195 FBF13 Circuit Breaker 13 failure

195 XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation)

195 RT13 Circuit Breaker 13 retrip

195 ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate

195 ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation

195 BFIT13 Circuit Breaker 13 breaker failure timed out

195 BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

195 50F13 Circuit Breaker 13 breaker failure current threshold exceeded

196 FBF14 Circuit Breaker 14 failure

196 XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation)

196 RT14 Circuit Breaker 14 retrip

196 ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate

196 ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation

196 BFIT14 Circuit Breaker 14 breaker failure timed out

196 BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

196 50F14 Circuit Breaker 14 breaker failure current threshold exceeded

197 FBF15 Circuit Breaker 15 failure

197 XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation)

197 RT15 Circuit Breaker 15 retrip

197 ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate

197 ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation

197 BFIT15 Circuit Breaker 15 breaker failure timed out

197 BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

197 50F15 Circuit Breaker 15 breaker failure current threshold exceeded

198 FBF16 Circuit Breaker 16 failure

198 XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation)

198 RT16 Circuit Breaker 16 retrip

198 ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate

198 ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation

198 BFIT16 Circuit Breaker 16 breaker failure timed out

198 BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

198 50F16 Circuit Breaker 16 breaker failure current threshold exceeded

199 FBF17 Circuit Breaker 17 failure

199 XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation)
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199 RT17 Circuit Breaker 17 retrip

199 ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate

199 ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation

199 BFIT17 Circuit Breaker 17 breaker failure timed out

199 BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

199 50F17 Circuit Breaker 17 breaker failure current threshold exceeded

200 FBF18 Circuit Breaker 18 failure

200 XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation)

200 RT18 Circuit Breaker 18 retrip

200 ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate

200 ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation

200 BFIT18 Circuit Breaker 18 breaker failure timed out

200 BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

200 50F18 Circuit Breaker 18 breaker failure current threshold exceeded

201 FBF19 Circuit Breaker 19 failure

201 XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation)

201 RT19 Circuit Breaker 19 retrip

201 ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate

201 ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation

201 BFIT19 Circuit Breaker 19 breaker failure timed out

201 BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

201 50F19 Circuit Breaker 19 breaker failure current threshold exceeded

202 FBF20 Circuit Breaker 20 failure

202 XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation)

202 RT20 Circuit Breaker 20 retrip

202 ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate

202 ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation

202 BFIT20 Circuit Breaker 20 breaker failure timed out

202 BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

202 50F20 Circuit Breaker 20 breaker failure current threshold exceeded

203 FBF21 Circuit Breaker 21 failure

203 XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation)

203 RT21 Circuit Breaker 21 retrip

203 ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate

203 ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation

203 BFIT21 Circuit Breaker 21 breaker failure timed out

203 BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

203 50F21 Circuit Breaker 21 breaker failure current threshold exceeded

204 * Reserved

204 * Reserved

204 * Reserved
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204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

Overcurrent Elements

207 50P04T Terminal 04 definite-time overcurrent element timed out

207 50P04 Terminal 04 instantaneous overcurrent element

207 50P03T Terminal 03 definite-time overcurrent element timed out

207 50P03 Terminal 03 instantaneous overcurrent element

207 50P02T Terminal 02 definite-time overcurrent element timed out

207 50P02 Terminal 02 instantaneous overcurrent element

207 50P01T Terminal 01 definite-time overcurrent element timed out

207 50P01 Terminal 01 instantaneous overcurrent element

208 50P08T Terminal 08 definite-time overcurrent element timed out

208 50P08 Terminal 08 instantaneous overcurrent element

208 50P07T Terminal 07 definite-time overcurrent element timed out

208 50P07 Terminal 07 instantaneous overcurrent element

208 50P06T Terminal 06 definite-time overcurrent element timed out

208 50P06 Terminal 06 instantaneous overcurrent element

208 50P05T Terminal 05 definite-time overcurrent element timed out

208 50P05 Terminal 05 instantaneous overcurrent element

209 50P12T Terminal 12 definite-time overcurrent element timed out

209 50P12 Terminal 12 instantaneous overcurrent element

209 50P11T Terminal 11 definite-time overcurrent element timed out
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209 50P11 Terminal 11 instantaneous overcurrent element

209 50P10T Terminal 10 definite-time overcurrent element timed out

209 50P10 Terminal 10 instantaneous overcurrent element

209 50P09T Terminal 09 definite-time overcurrent element timed out

209 50P09 Terminal 09 instantaneous overcurrent element

210 50P16T Terminal 16 definite-time overcurrent element timed out

210 50P16 Terminal 16 instantaneous overcurrent element

210 50P15T Terminal 15 definite-time overcurrent element timed out

210 50P15 Terminal 15 instantaneous overcurrent element

210 50P14T Terminal 14 definite-time overcurrent element timed out

210 50P14 Terminal 14 instantaneous overcurrent element

210 50P13T Terminal 13 definite-time overcurrent element timed out

210 50P13 Terminal 13 instantaneous overcurrent element

211 50P20T Terminal 20 definite-time overcurrent element timed out

211 50P20 Terminal 20 instantaneous overcurrent element

211 50P19T Terminal 19 definite-time overcurrent element timed out

211 50P19 Terminal 19 instantaneous overcurrent element

211 50P18T Terminal 18 definite-time overcurrent element timed out

211 50P18 Terminal 18 instantaneous overcurrent element

211 50P17T Terminal 17 definite-time overcurrent element timed out

211 50P17 Terminal 17 instantaneous overcurrent element

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 50P21T Terminal 21 definite-time overcurrent element timed out

212 50P21 Terminal 21 instantaneous overcurrent element

Inverse-Time Overcurrent Elements

213 51S04 Inverse-time Element 04 picked up

213 51T04 Inverse-time Element 04 timed out

213 51S03 Inverse-time Element 03 picked up

213 51T03 Inverse-time Element 03 timed out

213 51S02 Inverse-time Element 02 picked up

213 51T02 Inverse-time Element 02 timed out

213 51S01 Inverse-time Element 01 picked up

213 51T01 Inverse-time Element 01 timed out

214 51S08 Inverse-time Element 08 picked up

214 51T08 Inverse-time Element 08 timed out

214 51S07 Inverse-time Element 07 picked up
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214 51T07 Inverse-time Element 07 timed out

214 51S06 Inverse-time Element 06 picked up

214 51T06 Inverse-time Element 06 timed out

214 51S05 Inverse-time Element 05 picked up

214 51T05 Inverse-time Element 05 timed out

215 51S12 Inverse-time Element 12 picked up

215 51T12 Inverse-time Element 12 timed out

215 51S11 Inverse-time Element 11 picked up

215 51T11 Inverse-time Element 11 timed out

215 51S10 Inverse-time Element 10 picked up

215 51T10 Inverse-time Element 10 timed out

215 51S09 Inverse-time Element 09 picked up

215 51T09 Inverse-time Element 09 timed out

216 51S16 Inverse-time Element 16 picked up

216 51T16 Inverse-time Element 16 timed out

216 51S15 Inverse-time Element 15 picked up

216 51T15 Inverse-time Element 15 timed out

216 51S14 Inverse-time Element 14 picked up

216 51T14 Inverse-time Element 14 timed out

216 51S13 Inverse-time Element 13 picked up

216 51T13 Inverse-time Element 13 timed out

217 51S20 Inverse-time Element 20 picked up

217 51T20 Inverse-time Element 20 timed out

217 51S19 Inverse-time Element 19 picked up

217 51T19 Inverse-time Element 19 timed out

217 51S18 Inverse-time Element 18 picked up

217 51T18 Inverse-time Element 18 timed out

217 51S17 Inverse-time Element 17 picked up

217 51T17 Inverse-time Element 17 timed out

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 51S21 Inverse-time Element 21 picked up

218 51T21 Inverse-time Element 21 timed out

219 51MM04 Inverse-time Element 04 pickup setting outside of specified limits

219 51TM04 Inverse-time Element 04 time-dial setting outside of specified limits

219 51MM03 Inverse-time Element 03 pickup setting outside of specified limits

219 51TM03 Inverse-time Element 03 time-dial setting outside of specified limits
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219 51MM02 Inverse-time Element 02 pickup setting outside of specified limits

219 51TM02 Inverse-time Element 02 time-dial setting outside of specified limits

219 51MM01 Inverse-time Element 01 pickup setting outside of specified limits

219 51TM01 Inverse-time Element 01 time-dial setting outside of specified limits

220 51MM08 Inverse-time Element 08 pickup setting outside of specified limits

220 51TM08 Inverse-time Element 08 time-dial setting outside of specified limits

220 51MM07 Inverse-time Element 07 pickup setting outside of specified limits

220 51TM07 Inverse-time Element 07 time-dial setting outside of specified limits

220 51MM06 Inverse-time Element 06 pickup setting outside of specified limits

220 51TM06 Inverse-time Element 06 time-dial setting outside of specified limits

220 51MM05 Inverse-time Element 05 pickup setting outside of specified limits

220 51TM05 Inverse-time Element 05 time-dial setting outside of specified limits

Under- and Overvoltage Elements

221 271P1 Undervoltage Element 1, Level 1 asserted   

221 271P1T Undervoltage Element 1, Level 1 timed out 

221 271P2 Undervoltage Element 1, Level 2 asserted   

221 27TC1 Undervoltage Element 1, torque control 

221 272P1 Undervoltage Element 2, Level 1 asserted   

221 272P1T Undervoltage Element 2, Level 1 timed out 

221 272P2 Undervoltage Element 2, Level 2 asserted   

221 27TC2 Undervoltage Element 2, torque control 

222 273P1 Undervoltage Element 3, Level 1 asserted   

222 273P1T Undervoltage Element 3, Level 1 timed out 

222 273P2 Undervoltage Element 3, Level 2 asserted   

222 27TC3 Undervoltage Element 3, torque control 

222 274P1 Undervoltage Element 4, Level 1 asserted   

222 274P1T Undervoltage Element 4, Level 1 timed out 

222 274P2 Undervoltage Element 4, Level 2 asserted   

222 27TC4 Undervoltage Element 4, torque control 

223 275P1 Undervoltage Element 5, Level 1 asserted   

223 275P1T Undervoltage Element 5, Level 1 timed out 

223 275P2 Undervoltage Element 5, Level 2 asserted   

223 27TC5 Undervoltage Element 5, torque control 

223 276P1 Undervoltage Element 6, Level 1 asserted   

223 276P1T Undervoltage Element 6, Level 1 timed out 

223 276P2 Undervoltage Element 6, Level 2 asserted   

223 27TC6 Undervoltage Element 6, torque control 

224 591P1 Overvoltage Element 1, Level 1 asserted   

224 591P1T Overvoltage Element 1, Level 1 timed out 

224 591P2 Overvoltage Element 1, Level 2 asserted   

224 59TC1 Overvoltage Element 1, torque control 
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224 592P1 Overvoltage Element 2, Level 1 asserted   

224 592P1T Overvoltage Element 2, Level 1 timed out 

224 592P2 Overvoltage Element 2, Level 2 asserted   

224 59TC2 Overvoltage Element 2, torque control 

225 593P1 Overvoltage Element 3, Level 1 asserted   

225 593P1T Overvoltage Element 3, Level 1 timed out 

225 593P2 Overvoltage Element 3, Level 2 asserted   

225 59TC3 Overvoltage Element 3, torque control 

225 594P1 Overvoltage Element 4, Level 1 asserted   

225 594P1T Overvoltage Element 4, Level 1 timed out 

225 594P2 Overvoltage Element 4, Level 2 asserted   

225 59TC4 Overvoltage Element 4, torque control 

226 595P1 Overvoltage Element 5, Level 1 asserted   

226 595P1T Overvoltage Element 5, Level 1 timed out 

226 595P2 Overvoltage Element 5, Level 2 asserted   

226 59TC5 Overvoltage Element 5, torque control 

226 596P1 Overvoltage Element 6, Level 1 asserted   

226 596P1T Overvoltage Element 6, Level 1 timed out 

226 596P2 Overvoltage Element 6, Level 2 asserted   

226 59TC6 Overvoltage Element 6, torque control 

Battery Monitor

227 DC1F DC monitor fail alarm

227 DC1W DC monitor warning alarm

227 DC1G DC monitor ground fault alarm

227 DC1R DC monitor alarm for ac ripple

227 * Reserved

227 * Reserved

227 * Reserved

227 * Reserved

Bus-Zone Trip

228 87BTR08 Terminal 08 bus-zone differential trip asserted

228 87BTR07 Terminal 07 bus-zone differential trip asserted

228 87BTR06 Terminal 06 bus-zone differential trip asserted

228 87BTR05 Terminal 05 bus-zone differential trip asserted

228 87BTR04 Terminal 04 bus-zone differential trip asserted

228 87BTR03 Terminal 03 bus-zone differential trip asserted

228 87BTR02 Terminal 02 bus-zone differential trip asserted

228 87BTR01 Terminal 01 bus-zone differential trip asserted

229 87BTR16 Terminal 16 bus-zone differential trip asserted

229 87BTR15 Terminal 15 bus-zone differential trip asserted

229 87BTR14 Terminal 14 bus-zone differential trip asserted
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229 87BTR13 Terminal 13 bus-zone differential trip asserted

229 87BTR12 Terminal 12 bus-zone differential trip asserted

229 87BTR11 Terminal 11 bus-zone differential trip asserted

229 87BTR10 Terminal 10 bus-zone differential trip asserted

229 87BTR09 Terminal 09 bus-zone differential trip asserted

230 * Reserved

230 * Reserved

230 * Any terminal bus-zone differential trip asserted

230 87BTR21 Terminal 21 bus-zone differential trip asserted

230 87BTR20 Terminal 20 bus-zone differential trip asserted

230 87BTR19 Terminal 19 bus-zone differential trip asserted

230 87BTR18 Terminal 18 bus-zone differential trip asserted

230 87BTR17 Terminal 17 bus-zone differential trip asserted

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 87BTR Any terminal bus-zone differential trip asserted

Inverse-Time Overcurrent Elements

232 51MM12 Inverse-time Element 12 pickup setting outside of specified limits

232 51TM12 Inverse-time Element 12 time-dial setting outside of specified limits

232 51MM11 Inverse-time Element 11 pickup setting outside of specified limits

232 51TM11 Inverse-time Element 11 time-dial setting outside of specified limits

232 51MM10 Inverse-time Element 10 pickup setting outside of specified limits

232 51TM10 Inverse-time Element 10 time-dial setting outside of specified limits

232 51MM09 Inverse-time Element 09 pickup setting outside of specified limits

232 51TM09 Inverse-time Element 09 time-dial setting outside of specified limits

233 51MM16 Inverse-time Element 16 pickup setting outside of specified limits

233 51TM16 Inverse-time Element 16 time-dial setting outside of specified limits

233 51MM15 Inverse-time Element 15 pickup setting outside of specified limits

233 51TM15 Inverse-time Element 15 time-dial setting outside of specified limits

233 51MM14 Inverse-time Element 14 pickup setting outside of specified limits

233 51TM14 Inverse-time Element 14 time-dial setting outside of specified limits

233 51MM13 Inverse-time Element 13 pickup setting outside of specified limits

233 51TM13 Inverse-time Element 13 time-dial setting outside of specified limits

234 51MM20 Inverse-time Element 20 pickup setting outside of specified limits

234 51TM20 Inverse-time Element 20 time-dial setting outside of specified limits

234 51MM19 Inverse-time Element 19 pickup setting outside of specified limits
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234 51TM19 Inverse-time Element 19 time-dial setting outside of specified limits

234 51MM18 Inverse-time Element 18 pickup setting outside of specified limits

234 51TM18 Inverse-time Element 18 time-dial setting outside of specified limits

234 51MM17 Inverse-time Element 17 pickup setting outside of specified limits

234 51TM17 Inverse-time Element 17 time-dial setting outside of specified limits

Bus-Zone Trip

235 * Reserved

235 * Reserved

235 87Z6 Zone 6 differential element trip

235 87Z5 Zone 5 differential element trip

235 87Z4 Zone 4 differential element trip

235 87Z3 Zone 3 differential element trip

235 87Z2 Zone 2 differential element trip

235 87Z1 Zone 1 differential element trip

Breaker Failure Trip

236 SBFTR08 Circuit Breaker 08 breaker failure trip

236 SBFTR07 Circuit Breaker 07 breaker failure trip

236 SBFTR06 Circuit Breaker 06 breaker failure trip

236 SBFTR05 Circuit Breaker 05 breaker failure trip

236 SBFTR04 Circuit Breaker 04 breaker failure trip

236 SBFTR03 Circuit Breaker 03 breaker failure trip

236 SBFTR02 Circuit Breaker 02 breaker failure trip

236 SBFTR01 Circuit Breaker 01 breaker failure trip

237 SBFTR16 Circuit Breaker 16 breaker failure trip

237 SBFTR15 Circuit Breaker 15 breaker failure trip

237 SBFTR14 Circuit Breaker 14 breaker failure trip

237 SBFTR13 Circuit Breaker 13 breaker failure trip

237 SBFTR12 Circuit Breaker 12 breaker failure trip

237 SBFTR11 Circuit Breaker 11 breaker failure trip

237 SBFTR10 Circuit Breaker 10 breaker failure trip

237 SBFTR09 Circuit Breaker 09 breaker failure trip

238 * Reserved

238 * Reserved

238 * Reserved

238 SBFTR21 Circuit Breaker 21 breaker failure trip

238 SBFTR20 Circuit Breaker 20 breaker failure trip

238 SBFTR19 Circuit Breaker 19 breaker failure trip

238 SBFTR18 Circuit Breaker 18 breaker failure trip

238 SBFTR17 Circuit Breaker 17 breaker failure trip

239 * Reserved

239 * Reserved
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239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 SBFTR Any circuit breaker failure trip

240 * Reserved

240 * Reserved

240 BFZ6 Zone 6 breaker failure

240 BFZ5 Zone 5 breaker failure

240 BFZ4 Zone 4 breaker failure

240 BFZ3 Zone 3 breaker failure

240 BFZ2 Zone 2 breaker failure

240 BFZ1 Zone 1 breaker failure

Miscellaneous Logic Elements

241 ER Event report trigger equation (SELOGIC control equation)

241 EVELOCK Event summary lock period

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

Trip and Unlatch

242 TRIP08 Terminal 08 trip output

242 TRIP07 Terminal 07 trip output

242 TRIP06 Terminal 06 trip output

242 TRIP05 Terminal 05 trip output

242 TRIP04 Terminal 04 trip output

242 TRIP03 Terminal 03 trip output

242 TRIP02 Terminal 02 trip output

242 TRIP01 Terminal 01 trip output

243 TRIP16 Terminal 16 trip output

243 TRIP15 Terminal 15 trip output

243 TRIP14 Terminal 14 trip output

243 TRIP13 Terminal 13 trip output

243 TRIP12 Terminal 12 trip output

243 TRIP11 Terminal 11 trip output

243 TRIP10 Terminal 10 trip output

243 TRIP09 Terminal 09 trip output

244 * Reserved
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244 * Reserved

244 * Reserved

244 TRIP21 Terminal 21 trip output

244 TRIP20 Terminal 20 trip output

244 TRIP19 Terminal 19 trip output

244 TRIP18 Terminal 18 trip output

244 TRIP17 Terminal 17 trip output

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 TRIP Any terminal trip output

246 ULTR08 Terminal 08 unlatch trip

246 ULTR07 Terminal 07 unlatch trip

246 ULTR06 Terminal 06 unlatch trip

246 ULTR05 Terminal 05 unlatch trip

246 ULTR04 Terminal 04 unlatch trip

246 ULTR03 Terminal 03 unlatch trip

246 ULTR02 Terminal 02 unlatch trip

246 ULTR01 Terminal 01 unlatch trip

247 ULTR16 Terminal 16 unlatch trip

247 ULTR15 Terminal 15 unlatch trip

247 ULTR14 Terminal 14 unlatch trip

247 ULTR13 Terminal 13 unlatch trip

247 ULTR12 Terminal 12 unlatch trip

247 ULTR11 Terminal 11 unlatch trip

247 ULTR10 Terminal 10 unlatch trip

247 ULTR09 Terminal 09 unlatch trip

248 * Reserved

248 * Reserved

248 * Reserved

248 ULTR21 Terminal 21 unlatch trip

248 ULTR20 Terminal 20 unlatch trip

248 ULTR19 Terminal 19 unlatch trip

248 ULTR18 Terminal 18 unlatch trip

248 ULTR17 Terminal 17 unlatch trip

Breaker Open Controls

249 OC08 Circuit Breaker 08 open command

Table 11.2 Row List of Relay Word Bits (Sheet 50 of 99)
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249 OC07 Circuit Breaker 07 open command

249 OC06 Circuit Breaker 06 open command

249 OC05 Circuit Breaker 05 open command

249 OC04 Circuit Breaker 04 open command

249 OC03 Circuit Breaker 03 open command

249 OC02 Circuit Breaker 02 open command

249 OC01 Circuit Breaker 01 open command

250 OC16 Circuit Breaker 16 open command

250 OC15 Circuit Breaker 15 open command

250 OC14 Circuit Breaker 14 open command

250 OC13 Circuit Breaker 13 open command

250 OC12 Circuit Breaker 12 open command

250 OC11 Circuit Breaker 11 open command

250 OC10 Circuit Breaker 10 open command

250 OC09 Circuit Breaker 09 open command

251 * Reserved

251 * Reserved

251 * Reserved

251 OC21 Circuit Breaker 21 open command

251 OC20 Circuit Breaker 20 open command

251 OC19 Circuit Breaker 19 open command

251 OC18 Circuit Breaker 18 open command

251 OC17 Circuit Breaker 17 open command

Inverse-Time Overcurrent Elements

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 51MM21 Inverse-time Element 21 pickup setting outside of specified limits

252 51TM21 Inverse-time Element 21 time-dial setting outside of specified limits

253 51R16 Inverse-time Element 16 reset

253 51R15 Inverse-time Element 15 reset

253 51R14 Inverse-time Element 14 reset

253 51R13 Inverse-time Element 13 reset

253 51R12 Inverse-time Element 12 reset

253 51R11 Inverse-time Element 11 reset

253 51R10 Inverse-time Element 10 reset

253 51R09 Inverse-time Element 09 reset

254 51R08 Inverse-time Element 08 reset
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254 51R07 Inverse-time Element 07 reset

254 51R06 Inverse-time Element 06 reset

254 51R05 Inverse-time Element 05 reset

254 51R04 Inverse-time Element 04 reset

254 51R03 Inverse-time Element 03 reset

254 51R02 Inverse-time Element 02 reset

254 51R01 Inverse-time Element 01 reset

Setting Group Bits

255 SG6 Settings Group 6 active

255 SG5 Settings Group 5 active

255 SG4 Settings Group 4 active

255 SG3 Settings Group 3 active

255 SG2 Settings Group 2 active

255 SG1 Settings Group 1 active

255 CHSG Asserted during settings group change

255 * Reserved

Local Bits

256 LB08 Local Bit 08

256 LB07 Local Bit 07

256 LB06 Local Bit 06

256 LB05 Local Bit 05

256 LB04 Local Bit 04

256 LB03 Local Bit 03

256 LB02 Local Bit 02

256 LB01 Local Bit 01

257 LB16 Local Bit 16

257 LB15 Local Bit 15

257 LB14 Local Bit 14

257 LB13 Local Bit 13

257 LB12 Local Bit 12

257 LB11 Local Bit 11

257 LB10 Local Bit 10

257 LB09 Local Bit 09

258 LB24 Local Bit 24

258 LB23 Local Bit 23

258 LB22 Local Bit 22

258 LB21 Local Bit 21

258 LB20 Local Bit 20

258 LB19 Local Bit 19

258 LB18 Local Bit 18

258 LB17 Local Bit 17
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Row Name Bit Description



11.131

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

259 LB32 Local Bit 32

259 LB31 Local Bit 31

259 LB30 Local Bit 30

259 LB29 Local Bit 29

259 LB28 Local Bit 28

259 LB27 Local Bit 27

259 LB26 Local Bit 26

259 LB25 Local Bit 25

Remote Bits

260 RB89 Remote Bit 89

260 RB90 Remote Bit 90

260 RB91 Remote Bit 91

260 RB92 Remote Bit 92

260 RB93 Remote Bit 93

260 RB94 Remote Bit 94

260 RB95 Remote Bit 95

260 RB96 Remote Bit 96

261 RB81 Remote Bit 81

261 RB82 Remote Bit 82

261 RB83 Remote Bit 83

261 RB84 Remote Bit 84

261 RB85 Remote Bit 85

261 RB86 Remote Bit 86

261 RB87 Remote Bit 87

261 RB88 Remote Bit 88

262 RB73 Remote Bit 73

262 RB74 Remote Bit 74

262 RB75 Remote Bit 75

262 RB76 Remote Bit 76

262 RB77 Remote Bit 77

262 RB78 Remote Bit 78

262 RB79 Remote Bit 79

262 RB80 Remote Bit 80

263 RB65 Remote Bit 65

263 RB66 Remote Bit 66

263 RB67 Remote Bit 67

263 RB68 Remote Bit 68

263 RB69 Remote Bit 69

263 RB70 Remote Bit 70

263 RB71 Remote Bit 71

263 RB72 Remote Bit 72
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264 RB57 Remote Bit 57

264 RB58 Remote Bit 58

264 RB59 Remote Bit 59

264 RB60 Remote Bit 60

264 RB61 Remote Bit 61

264 RB62 Remote Bit 62

264 RB63 Remote Bit 63

264 RB64 Remote Bit 64

265 RB49 Remote Bit 49

265 RB50 Remote Bit 50

265 RB51 Remote Bit 51

265 RB52 Remote Bit 52

265 RB53 Remote Bit 53

265 RB54 Remote Bit 54

265 RB55 Remote Bit 55

265 RB56 Remote Bit 56

266 RB41 Remote Bit 41

266 RB42 Remote Bit 42

266 RB43 Remote Bit 43

266 RB44 Remote Bit 44

266 RB45 Remote Bit 45

266 RB46 Remote Bit 46

266 RB47 Remote Bit 47

266 RB48 Remote Bit 48

267 RB33 Remote Bit 33

267 RB34 Remote Bit 34

267 RB35 Remote Bit 35

267 RB36 Remote Bit 36

267 RB37 Remote Bit 37

267 RB38 Remote Bit 38

267 RB39 Remote Bit 39

267 RB40 Remote Bit 40

268 RB25 Remote Bit 25 

268 RB26 Remote Bit 26 

268 RB27 Remote Bit 27 

268 RB28 Remote Bit 28 

268 RB29 Remote Bit 29 

268 RB30 Remote Bit 30 

268 RB31 Remote Bit 31 

268 RB32 Remote Bit 32 

269 RB17 Remote Bit 17 
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269 RB18 Remote Bit 18 

269 RB19 Remote Bit 19 

269 RB20 Remote Bit 20 

269 RB21 Remote Bit 21 

269 RB22 Remote Bit 22 

269 RB23 Remote Bit 23 

269 RB24 Remote Bit 24

270 RB09 Remote Bit 09

270 RB10 Remote Bit 10

270 RB11 Remote Bit 11

270 RB12 Remote Bit 12

270 RB13 Remote Bit 13

270 RB14 Remote Bit 14

270 RB15 Remote Bit 15

270 RB16 Remote Bit 16

271 RB01 Remote Bit 01

271 RB02 Remote Bit 02

271 RB03 Remote Bit 03

271 RB04 Remote Bit 04

271 RB05 Remote Bit 05

271 RB06 Remote Bit 06

271 RB07 Remote Bit 07

271 RB08 Remote Bit 08

Contact Inputs

272 * Reserved

272 IN107 Main board Input 07

272 IN106 Main board Input 06

272 IN105 Main board Input 05

272 IN104 Main board Input 04

272 IN103 Main board Input 03

272 IN102 Main board Input 02

272 IN101 Main board Input 01

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

274 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 55 of 99)

Row Name Bit Description



11.134

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

276 IN208 Optional I/O Board 1 Input 08

276 IN207 Optional I/O Board 1 Input 07

276 IN206 Optional I/O Board 1 Input 06

276 IN205 Optional I/O Board 1 Input 05

276 IN204 Optional I/O Board 1 Input 04

276 IN203 Optional I/O Board 1 Input 03

276 IN202 Optional I/O Board 1 Input 02

276 IN201 Optional I/O Board 1 Input 01

277 IN216 Optional I/O Board 1 Input 16

277 IN215 Optional I/O Board 1 Input 15

277 IN214 Optional I/O Board 1 Input 14

277 IN213 Optional I/O Board 1 Input 13

277 IN212 Optional I/O Board 1 Input 12

277 IN211 Optional I/O Board 1 Input 11

277 IN210 Optional I/O Board 1 Input 10

277 IN209 Optional I/O Board 1 Input 09

278 IN224 Optional I/O Board 1 Input 24

278 IN223 Optional I/O Board 1 Input 23

278 IN222 Optional I/O Board 1 Input 22

278 IN221 Optional I/O Board 1 Input 21

278 IN220 Optional I/O Board 1 Input 20

278 IN219 Optional I/O Board 1 Input 19

278 IN218 Optional I/O Board 1 Input 18

278 IN217 Optional I/O Board 1 Input 17

279 * Reserved

279 * Reserved
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279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

280 IN308 Optional I/O Board 2 input 08 

280 IN307 Optional I/O Board 2 input 07 

280 IN306 Optional I/O Board 2 input 06 

280 IN305 Optional I/O Board 2 input 05 

280 IN304 Optional I/O Board 2 input 04 

280 IN303 Optional I/O Board 2 input 03 

280 IN302 Optional I/O Board 2 input 02 

280 IN301 Optional I/O Board 2 input 01

281 IN316 Optional I/O Board 2 input 16 

281 IN315 Optional I/O Board 2 input 15 

281 IN314 Optional I/O Board 2 input 14 

281 IN313 Optional I/O Board 2 input 13 

281 IN312 Optional I/O Board 2 input 12 

281 IN311 Optional I/O Board 2 input 11 

281 IN310 Optional I/O Board 2 input 10 

281 IN309 Optional I/O Board 2 input 09

282 IN324 Optional I/O Board 2 input 24

282 IN323 Optional I/O Board 2 input 23

282 IN322 Optional I/O Board 2 input 22

282 IN321 Optional I/O Board 2 input 21

282 IN320 Optional I/O Board 2 input 20

282 IN319 Optional I/O Board 2 input 19

282 IN318 Optional I/O Board 2 input 18

282 IN317 Optional I/O Board 2 input 17

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

284 IN408 Optional I/O Board 3 input 08

284 IN407 Optional I/O Board 3 input 07

284 IN406 Optional I/O Board 3 input 06
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Row Name Bit Description



11.136

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

284 IN405 Optional I/O Board 3 input 05

284 IN404 Optional I/O Board 3 input 04

284 IN403 Optional I/O Board 3 input 03

284 IN402 Optional I/O Board 3 input 02

284 IN401 Optional I/O Board 3 input 01

285 IN416 Optional I/O Board 3 input 16

285 IN415 Optional I/O Board 3 input 15

285 IN414 Optional I/O Board 3 input 14

285 IN413 Optional I/O Board 3 input 13

285 IN412 Optional I/O Board 3 input 12

285 IN411 Optional I/O Board 3 input 11

285 IN410 Optional I/O Board 3 input 10

285 IN409 Optional I/O Board 3 input 09

286 IN424 Optional I/O Board 3 input 24

286 IN423 Optional I/O Board 3 input 23

286 IN422 Optional I/O Board 3 input 22

286 IN421 Optional I/O Board 3 input 21

286 IN420 Optional I/O Board 3 input 20

286 IN419 Optional I/O Board 3 input 19

286 IN418 Optional I/O Board 3 input 18

286 IN417 Optional I/O Board 3 input 17

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

288 IN508 Optional I/O Board 4 input 08

288 IN507 Optional I/O Board 4 input 07

288 IN506 Optional I/O Board 4 input 06

288 IN505 Optional I/O Board 4 input 05

288 IN504 Optional I/O Board 4 input 04

288 IN503 Optional I/O Board 4 input 03

288 IN502 Optional I/O Board 4 input 02

288 IN501 Optional I/O Board 4 input 01

289 IN516 Optional I/O Board 4 input 16

289 IN515 Optional I/O Board 4 input 15

289 IN514 Optional I/O Board 4 input 14

289 IN513 Optional I/O Board 4 input 13
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289 IN512 Optional I/O Board 4 input 12

289 IN511 Optional I/O Board 4 input 11

289 IN510 Optional I/O Board 4 input 10

289 IN509 Optional I/O Board 4 input 09

290 IN524 Optional I/O Board 4 input 24

290 IN523 Optional I/O Board 4 input 23

290 IN522 Optional I/O Board 4 input 22

290 IN521 Optional I/O Board 4 input 21

290 IN520 Optional I/O Board 4 input 20

290 IN519 Optional I/O Board 4 input 19

290 IN518 Optional I/O Board 4 input 18

290 IN517 Optional I/O Board 4 input 17

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

Protection SELOGIC Variables

292 PSV08 Protection SELOGIC control equation Variable 08 

292 PSV07 Protection SELOGIC control equation Variable 07 

292 PSV06 Protection SELOGIC control equation Variable 06 

292 PSV05 Protection SELOGIC control equation Variable 05 

292 PSV04 Protection SELOGIC control equation Variable 04 

292 PSV03 Protection SELOGIC control equation Variable 03 

292 PSV02 Protection SELOGIC control equation Variable 02 

292 PSV01 Protection SELOGIC control equation Variable 01      

293 PSV16 Protection SELOGIC control equation Variable 16 

293 PSV15 Protection SELOGIC control equation Variable 15 

293 PSV14 Protection SELOGIC control equation Variable 14 

293 PSV13 Protection SELOGIC control equation Variable 13 

293 PSV12 Protection SELOGIC control equation Variable 12 

293 PSV11 Protection SELOGIC control equation Variable 11 

293 PSV10 Protection SELOGIC control equation Variable 10 

293 PSV09 Protection SELOGIC control equation Variable 09      

294 PSV24 Protection SELOGIC control equation Variable 24

294 PSV23 Protection SELOGIC control equation Variable 23

294 PSV22 Protection SELOGIC control equation Variable 22

294 PSV21 Protection SELOGIC control equation Variable 21
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294 PSV20 Protection SELOGIC control equation Variable 20

294 PSV19 Protection SELOGIC control equation Variable 19

294 PSV18 Protection SELOGIC control equation Variable 18

294 PSV17 Protection SELOGIC control equation Variable 17

295 PSV32 Protection SELOGIC control equation Variable 32

295 PSV31 Protection SELOGIC control equation Variable 31

295 PSV30 Protection SELOGIC control equation Variable 30

295 PSV29 Protection SELOGIC control equation Variable 29

295 PSV28 Protection SELOGIC control equation Variable 28

295 PSV27 Protection SELOGIC control equation Variable 27

295 PSV26 Protection SELOGIC control equation Variable 26

295 PSV25 Protection SELOGIC control equation Variable 25

296 PSV40 Protection SELOGIC control equation Variable 40

296 PSV39 Protection SELOGIC control equation Variable 39

296 PSV38 Protection SELOGIC control equation Variable 38

296 PSV37 Protection SELOGIC control equation Variable 37

296 PSV36 Protection SELOGIC control equation Variable 36

296 PSV35 Protection SELOGIC control equation Variable 35

296 PSV34 Protection SELOGIC control equation Variable 34

296 PSV33 Protection SELOGIC control equation Variable 33

297 PSV48 Protection SELOGIC control equation Variable 48

297 PSV47 Protection SELOGIC control equation Variable 47

297 PSV46 Protection SELOGIC control equation Variable 46

297 PSV45 Protection SELOGIC control equation Variable 45

297 PSV44 Protection SELOGIC control equation Variable 44

297 PSV43 Protection SELOGIC control equation Variable 43

297 PSV42 Protection SELOGIC control equation Variable 42

297 PSV41 Protection SELOGIC control equation Variable 41

298 PSV56 Protection SELOGIC control equation Variable 56

298 PSV55 Protection SELOGIC control equation Variable 55

298 PSV54 Protection SELOGIC control equation Variable 54

298 PSV53 Protection SELOGIC control equation Variable 53

298 PSV52 Protection SELOGIC control equation Variable 52

298 PSV51 Protection SELOGIC control equation Variable 51

298 PSV50 Protection SELOGIC control equation Variable 50

298 PSV49 Protection SELOGIC control equation Variable 49

299 PSV64 Protection SELOGIC control equation Variable 64

299 PSV63 Protection SELOGIC control equation Variable 63

299 PSV62 Protection SELOGIC control equation Variable 62

299 PSV61 Protection SELOGIC control equation Variable 61

299 PSV60 Protection SELOGIC control equation Variable 60
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299 PSV59 Protection SELOGIC control equation Variable 59

299 PSV58 Protection SELOGIC control equation Variable 58

299 PSV57 Protection SELOGIC control equation Variable 57

Protection SELOGIC Latches

300 PLT08 Protection Latch 08 

300 PLT07 Protection Latch 07

300 PLT06 Protection Latch 06 

300 PLT05 Protection Latch 05

300 PLT04 Protection Latch 04 

300 PLT03 Protection Latch 03

300 PLT02 Protection Latch 02 

300 PLT01 Protection Latch 01

301 PLT16 Protection Latch 16 

301 PLT15 Protection Latch 15 

301 PLT14 Protection Latch 14 

301 PLT13 Protection Latch 13 

301 PLT12 Protection Latch 12 

301 PLT11 Protection Latch 11 

301 PLT10 Protection Latch 10 

301 PLT09 Protection Latch 09 

302 PLT24 Protection Latch 24

302 PLT23 Protection Latch 23

302 PLT22 Protection Latch 22

302 PLT21 Protection Latch 21

302 PLT20 Protection Latch 20

302 PLT19 Protection Latch 19

302 PLT18 Protection Latch 18

302 PLT17 Protection Latch 17

303 PLT32 Protection Latch 32

303 PLT31 Protection Latch 31

303 PLT30 Protection Latch 30

303 PLT29 Protection Latch 29

303 PLT28 Protection Latch 28

303 PLT27 Protection Latch 27

303 PLT26 Protection Latch 26

303 PLT25 Protection Latch 25

Protection SELOGIC Conditioning Timers

304 PCT08Q Protection conditioning timer Output 08

304 PCT07Q Protection conditioning timer Output 07

304 PCT06Q Protection conditioning timer Output 06

304 PCT05Q Protection conditioning timer Output 05 
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304 PCT04Q Protection conditioning timer Output 04

304 PCT03Q Protection conditioning timer Output 03

304 PCT02Q Protection conditioning timer Output 02

304 PCT01Q Protection conditioning timer Output 01

305 PCT16Q Protection conditioning timer Output 16 

305 PCT15Q Protection conditioning timer Output 15 

305 PCT14Q Protection conditioning timer Output 14 

305 PCT13Q Protection conditioning timer Output 13 

305 PCT12Q Protection conditioning timer Output 12 

305 PCT11Q Protection conditioning timer Output 11 

305 PCT10Q Protection conditioning timer Output 10 

305 PCT09Q Protection conditioning timer Output 09   

Protection SELOGIC Sequencing Timers

306 PST08Q Protection sequencing timer Output 08 

306 PST07Q Protection sequencing timer Output 07 

306 PST06Q Protection sequencing timer Output 06 

306 PST05Q Protection sequencing timer Output 05 

306 PST04Q Protection sequencing timer Output 04 

306 PST03Q Protection sequencing timer Output 03 

306 PST02Q Protection sequencing timer Output 02 

306 PST01Q Protection sequencing timer Output 01 

307 PST16Q Protection sequencing timer Output 16 

307 PST15Q Protection sequencing timer Output 15 

307 PST14Q Protection sequencing timer Output 14 

307 PST13Q Protection sequencing timer Output 13 

307 PST12Q Protection sequencing timer Output 12 

307 PST11Q Protection sequencing timer Output 11 

307 PST10Q Protection sequencing timer Output 10 

307 PST09Q Protection sequencing timer Output 09 

308 PST24Q Protection sequencing timer Output 24

308 PST23Q Protection sequencing timer Output 23

308 PST22Q Protection sequencing timer Output 22

308 PST21Q Protection sequencing timer Output 21

308 PST20Q Protection sequencing timer Output 20

308 PST19Q Protection sequencing timer Output 19

308 PST18Q Protection sequencing timer Output 18

308 PST17Q Protection sequencing timer Output 17

309 PST32Q Protection sequencing timer Output 32

309 PST31Q Protection sequencing timer Output 31

309 PST30Q Protection sequencing timer Output 30

309 PST29Q Protection sequencing timer Output 29
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309 PST28Q Protection sequencing timer Output 28

309 PST27Q Protection sequencing timer Output 27

309 PST26Q Protection sequencing timer Output 26

309 PST25Q Protection sequencing timer Output 25

310 PST08R Protection sequencing timer Reset 08 

310 PST07R Protection sequencing timer Reset 07 

310 PST06R Protection sequencing timer Reset 06 

310 PST05R Protection sequencing timer Reset 05 

310 PST04R Protection sequencing timer Reset 04 

310 PST03R Protection sequencing timer Reset 03 

310 PST02R Protection sequencing timer Reset 02 

310 PST01R Protection sequencing timer Reset 01 

311 PST16R Protection sequencing timer Reset 16 

311 PST15R Protection sequencing timer Reset 15 

311 PST14R Protection sequencing timer Reset 14 

311 PST13R Protection sequencing timer Reset 13 

311 PST12R Protection sequencing timer Reset 12 

311 PST11R Protection sequencing timer Reset 11 

311 PST10R Protection sequencing timer Reset 10 

311 PST09R Protection sequencing timer Reset 09 

312 PST24R Protection sequencing timer Reset 24

312 PST23R Protection sequencing timer Reset 23

312 PST22R Protection sequencing timer Reset 22

312 PST21R Protection sequencing timer Reset 21

312 PST20R Protection sequencing timer Reset 20

312 PST19R Protection sequencing timer Reset 19

312 PST18R Protection sequencing timer Reset 18

312 PST17R Protection sequencing timer Reset 17

313 PST32R Protection sequencing timer Reset 32

313 PST31R Protection sequencing timer Reset 31

313 PST30R Protection sequencing timer Reset 30

313 PST29R Protection sequencing timer Reset 29

313 PST28R Protection sequencing timer Reset 28

313 PST27R Protection sequencing timer Reset 27

313 PST26R Protection sequencing timer Reset 26

313 PST25R Protection sequencing timer Reset 25

Protection SELOGIC Counters

314 PCN08Q Protection counter Output 08

314 PCN07Q Protection counter Output 07

314 PCN06Q Protection counter Output 06

314 PCN05Q Protection counter Output 05
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314 PCN04Q Protection counter Output 04

314 PCN03Q Protection counter Output 03

314 PCN02Q Protection counter Output 02

314 PCN01Q Protection counter Output 01

315 PCN16Q Protection counter Output 16

315 PCN15Q Protection counter Output 15

315 PCN14Q Protection counter Output 14

315 PCN13Q Protection counter Output 13

315 PCN12Q Protection counter Output 12

315 PCN11Q Protection counter Output 11

315 PCN10Q Protection counter Output 10

315 PCN09Q Protection counter Output 09

316 PCN24Q Protection counter Output 24

316 PCN23Q Protection counter Output 23

316 PCN22Q Protection counter Output 22

316 PCN21Q Protection counter Output 21

316 PCN20Q Protection counter Output 20

316 PCN19Q Protection counter Output 19

316 PCN18Q Protection counter Output 18

316 PCN17Q Protection counter Output 17

317 PCN32Q Protection counter Output 32

317 PCN31Q Protection counter Output 31

317 PCN30Q Protection counter Output 30

317 PCN29Q Protection counter Output 29

317 PCN28Q Protection counter Output 28

317 PCN27Q Protection counter Output 27

317 PCN26Q Protection counter Output 26

317 PCN25Q Protection counter Output 25

318 PCN08R Protection counter reset 08

318 PCN07R Protection counter reset 07

318 PCN06R Protection counter reset 06

318 PCN05R Protection counter reset 05

318 PCN04R Protection counter reset 04

318 PCN03R Protection counter reset 03

318 PCN02R Protection counter reset 02

318 PCN01R Protection counter reset 01

319 PCN16R Protection counter reset 16

319 PCN15R Protection counter reset 15

319 PCN14R Protection counter reset 14

319 PCN13R Protection counter reset 13

319 PCN12R Protection counter reset 12

Table 11.2 Row List of Relay Word Bits (Sheet 64 of 99)

Row Name Bit Description
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319 PCN11R Protection counter reset 11

319 PCN10R Protection counter reset 10

319 PCN09R Protection counter reset 09

320 PCN24R Protection counter reset 24

320 PCN23R Protection counter reset 23

320 PCN22R Protection counter reset 22

320 PCN21R Protection counter reset 21

320 PCN20R Protection counter reset 20

320 PCN19R Protection counter reset 19

320 PCN18R Protection counter reset 18

320 PCN17R Protection counter reset 17

321 PCN32R Protection counter reset 32

321 PCN31R Protection counter reset 31

321 PCN30R Protection counter reset 30

321 PCN29R Protection counter reset 29

321 PCN28R Protection counter reset 28

321 PCN27R Protection counter reset 27

321 PCN26R Protection counter reset 26

321 PCN25R Protection counter reset 25

Automation SELOGIC Variables

322 ASV008 Automation SELOGIC control equation Variable 8 

322 ASV007 Automation SELOGIC control equation Variable 7 

322 ASV006 Automation SELOGIC control equation Variable 6 

322 ASV005 Automation SELOGIC control equation Variable 5 

322 ASV004 Automation SELOGIC control equation Variable 4 

322 ASV003 Automation SELOGIC control equation Variable 3 

322 ASV002 Automation SELOGIC control equation Variable 2 

322 ASV001 Automation SELOGIC control equation Variable 1    

323 ASV016 Automation SELOGIC control equation Variable 16 

323 ASV015 Automation SELOGIC control equation Variable 15 

323 ASV014 Automation SELOGIC control equation Variable 14 

323 ASV013 Automation SELOGIC control equation Variable 13 

323 ASV012 Automation SELOGIC control equation Variable 12 

323 ASV011 Automation SELOGIC control equation Variable 11 

323 ASV010 Automation SELOGIC control equation Variable 10 

323 ASV009 Automation SELOGIC control equation Variable 09      

324 ASV024 Automation SELOGIC control equation Variable 24

324 ASV023 Automation SELOGIC control equation Variable 23

324 ASV022 Automation SELOGIC control equation Variable 22

324 ASV021 Automation SELOGIC control equation Variable 21

324 ASV020 Automation SELOGIC control equation Variable 20

Table 11.2 Row List of Relay Word Bits (Sheet 65 of 99)

Row Name Bit Description
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324 ASV019 Automation SELOGIC control equation Variable 19

324 ASV018 Automation SELOGIC control equation Variable 18

324 ASV017 Automation SELOGIC control equation Variable 17

325 ASV032 Automation SELOGIC control equation Variable 32

325 ASV031 Automation SELOGIC control equation Variable 31

325 ASV030 Automation SELOGIC control equation Variable 30

325 ASV029 Automation SELOGIC control equation Variable 29

325 ASV028 Automation SELOGIC control equation Variable 28

325 ASV027 Automation SELOGIC control equation Variable 27

325 ASV026 Automation SELOGIC control equation Variable 26

325 ASV025 Automation SELOGIC control equation Variable 25

326 ASV040 Automation SELOGIC control equation Variable 40

326 ASV039 Automation SELOGIC control equation Variable 39

326 ASV038 Automation SELOGIC control equation Variable 38

326 ASV037 Automation SELOGIC control equation Variable 37

326 ASV036 Automation SELOGIC control equation Variable 36

326 ASV035 Automation SELOGIC control equation Variable 35

326 ASV034 Automation SELOGIC control equation Variable 34

326 ASV033 Automation SELOGIC control equation Variable 33

327 ASV048 Automation SELOGIC control equation Variable 48

327 ASV047 Automation SELOGIC control equation Variable 47

327 ASV046 Automation SELOGIC control equation Variable 46

327 ASV045 Automation SELOGIC control equation Variable 45

327 ASV044 Automation SELOGIC control equation Variable 44

327 ASV043 Automation SELOGIC control equation Variable 43

327 ASV042 Automation SELOGIC control equation Variable 42

327 ASV041 Automation SELOGIC control equation Variable 41

328 ASV056 Automation SELOGIC control equation Variable 56

328 ASV055 Automation SELOGIC control equation Variable 55

328 ASV054 Automation SELOGIC control equation Variable 54

328 ASV053 Automation SELOGIC control equation Variable 53

328 ASV052 Automation SELOGIC control equation Variable 52

328 ASV051 Automation SELOGIC control equation Variable 51

328 ASV050 Automation SELOGIC control equation Variable 50

328 ASV049 Automation SELOGIC control equation Variable 49

329 ASV064 Automation SELOGIC control equation Variable 64

329 ASV063 Automation SELOGIC control equation Variable 63

329 ASV062 Automation SELOGIC control equation Variable 62

329 ASV061 Automation SELOGIC control equation Variable 61

329 ASV060 Automation SELOGIC control equation Variable 60

329 ASV059 Automation SELOGIC control equation Variable 59

Table 11.2 Row List of Relay Word Bits (Sheet 66 of 99)

Row Name Bit Description
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329 ASV058 Automation SELOGIC control equation Variable 58

329 ASV057 Automation SELOGIC control equation Variable 57

330 ASV072 Automation SELOGIC control equation Variable 72

330 ASV071 Automation SELOGIC control equation Variable 71

330 ASV070 Automation SELOGIC control equation Variable 70

330 ASV069 Automation SELOGIC control equation Variable 69

330 ASV068 Automation SELOGIC control equation Variable 68

330 ASV067 Automation SELOGIC control equation Variable 67

330 ASV066 Automation SELOGIC control equation Variable 66

330 ASV065 Automation SELOGIC control equation Variable 65

331 ASV080 Automation SELOGIC control equation Variable 80

331 ASV079 Automation SELOGIC control equation Variable 79

331 ASV078 Automation SELOGIC control equation Variable 78

331 ASV077 Automation SELOGIC control equation Variable 77

331 ASV076 Automation SELOGIC control equation Variable 76

331 ASV075 Automation SELOGIC control equation Variable 75

331 ASV074 Automation SELOGIC control equation Variable 74

331 ASV073 Automation SELOGIC control equation Variable 73

332 ASV088 Automation SELOGIC control equation Variable 88

332 ASV087 Automation SELOGIC control equation Variable 87

332 ASV086 Automation SELOGIC control equation Variable 86

332 ASV085 Automation SELOGIC control equation Variable 85

332 ASV084 Automation SELOGIC control equation Variable 84

332 ASV083 Automation SELOGIC control equation Variable 83

332 ASV082 Automation SELOGIC control equation Variable 82

332 ASV081 Automation SELOGIC control equation Variable 81

333 ASV096 Automation SELOGIC control equation Variable 96

333 ASV095 Automation SELOGIC control equation Variable 95

333 ASV094 Automation SELOGIC control equation Variable 94

333 ASV093 Automation SELOGIC control equation Variable 93

333 ASV092 Automation SELOGIC control equation Variable 92

333 ASV091 Automation SELOGIC control equation Variable 91

333 ASV090 Automation SELOGIC control equation Variable 90

333 ASV089 Automation SELOGIC control equation Variable 89

334 ASV104 Automation SELOGIC control equation Variable 104

334 ASV103 Automation SELOGIC control equation Variable 103

334 ASV102 Automation SELOGIC control equation Variable 102

334 ASV101 Automation SELOGIC control equation Variable 101

334 ASV100 Automation SELOGIC control equation Variable 100

334 ASV099 Automation SELOGIC control equation Variable 099

334 ASV098 Automation SELOGIC control equation Variable 098

Table 11.2 Row List of Relay Word Bits (Sheet 67 of 99)

Row Name Bit Description
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334 ASV097 Automation SELOGIC control equation Variable 097

335 ASV112 Automation SELOGIC control equation Variable 112

335 ASV111 Automation SELOGIC control equation Variable 111

335 ASV110 Automation SELOGIC control equation Variable 110

335 ASV109 Automation SELOGIC control equation Variable 109

335 ASV108 Automation SELOGIC control equation Variable 108

335 ASV107 Automation SELOGIC control equation Variable 107

335 ASV106 Automation SELOGIC control equation Variable 106

335 ASV105 Automation SELOGIC control equation Variable 105

336 ASV120 Automation SELOGIC control equation Variable 120

336 ASV119 Automation SELOGIC control equation Variable 119

336 ASV118 Automation SELOGIC control equation Variable 118

336 ASV117 Automation SELOGIC control equation Variable 117

336 ASV116 Automation SELOGIC control equation Variable 116

336 ASV115 Automation SELOGIC control equation Variable 115

336 ASV114 Automation SELOGIC control equation Variable 114

336 ASV113 Automation SELOGIC control equation Variable 113

337 ASV128 Automation SELOGIC control equation Variable 128

337 ASV127 Automation SELOGIC control equation Variable 127

337 ASV126 Automation SELOGIC control equation Variable 126

337 ASV125 Automation SELOGIC control equation Variable 125

337 ASV124 Automation SELOGIC control equation Variable 124

337 ASV123 Automation SELOGIC control equation Variable 123

337 ASV122 Automation SELOGIC control equation Variable 122

337 ASV121 Automation SELOGIC control equation Variable 121

338 ASV136 Automation SELOGIC control equation Variable 136

338 ASV135 Automation SELOGIC control equation Variable 135

338 ASV134 Automation SELOGIC control equation Variable 134

338 ASV133 Automation SELOGIC control equation Variable 133

338 ASV132 Automation SELOGIC control equation Variable 132

338 ASV131 Automation SELOGIC control equation Variable 131

338 ASV130 Automation SELOGIC control equation Variable 130

338 ASV129 Automation SELOGIC control equation Variable 129

339 ASV144 Automation SELOGIC control equation Variable 144

339 ASV143 Automation SELOGIC control equation Variable 143

339 ASV142 Automation SELOGIC control equation Variable 142

339 ASV141 Automation SELOGIC control equation Variable 141

339 ASV140 Automation SELOGIC control equation Variable 140

339 ASV139 Automation SELOGIC control equation Variable 139

339 ASV138 Automation SELOGIC control equation Variable 138

339 ASV137 Automation SELOGIC control equation Variable 137

Table 11.2 Row List of Relay Word Bits (Sheet 68 of 99)

Row Name Bit Description
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340 ASV152 Automation SELOGIC control equation Variable 152

340 ASV151 Automation SELOGIC control equation Variable 151

340 ASV150 Automation SELOGIC control equation Variable 150

340 ASV149 Automation SELOGIC control equation Variable 149

340 ASV148 Automation SELOGIC control equation Variable 148

340 ASV147 Automation SELOGIC control equation Variable 147

340 ASV146 Automation SELOGIC control equation Variable 146

340 ASV145 Automation SELOGIC control equation Variable 145

341 ASV160 Automation SELOGIC control equation Variable 160

341 ASV159 Automation SELOGIC control equation Variable 159

341 ASV158 Automation SELOGIC control equation Variable 158

341 ASV157 Automation SELOGIC control equation Variable 157

341 ASV156 Automation SELOGIC control equation Variable 156

341 ASV155 Automation SELOGIC control equation Variable 155

341 ASV154 Automation SELOGIC control equation Variable 154

341 ASV153 Automation SELOGIC control equation Variable 153

342 ASV168 Automation SELOGIC control equation Variable 168

342 ASV167 Automation SELOGIC control equation Variable 167

342 ASV166 Automation SELOGIC control equation Variable 166

342 ASV165 Automation SELOGIC control equation Variable 165

342 ASV164 Automation SELOGIC control equation Variable 164

342 ASV163 Automation SELOGIC control equation Variable 163

342 ASV162 Automation SELOGIC control equation Variable 162

342 ASV161 Automation SELOGIC control equation Variable 161

343 ASV176 Automation SELOGIC control equation Variable 176

343 ASV175 Automation SELOGIC control equation Variable 175

343 ASV174 Automation SELOGIC control equation Variable 174

343 ASV173 Automation SELOGIC control equation Variable 173

343 ASV172 Automation SELOGIC control equation Variable 172

343 ASV171 Automation SELOGIC control equation Variable 171

343 ASV170 Automation SELOGIC control equation Variable 170

343 ASV169 Automation SELOGIC control equation Variable 169

344 ASV184 Automation SELOGIC control equation Variable 184

344 ASV183 Automation SELOGIC control equation Variable 183

344 ASV182 Automation SELOGIC control equation Variable 182

344 ASV181 Automation SELOGIC control equation Variable 181

344 ASV180 Automation SELOGIC control equation Variable 180

344 ASV179 Automation SELOGIC control equation Variable 179

344 ASV178 Automation SELOGIC control equation Variable 178

344 ASV177 Automation SELOGIC control equation Variable 177

345 ASV192 Automation SELOGIC control equation Variable 192

Table 11.2 Row List of Relay Word Bits (Sheet 69 of 99)

Row Name Bit Description
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345 ASV191 Automation SELOGIC control equation Variable 191

345 ASV190 Automation SELOGIC control equation Variable 190

345 ASV189 Automation SELOGIC control equation Variable 189

345 ASV188 Automation SELOGIC control equation Variable 188

345 ASV187 Automation SELOGIC control equation Variable 187

345 ASV186 Automation SELOGIC control equation Variable 186

345 ASV185 Automation SELOGIC control equation Variable 185

346 ASV200 Automation SELOGIC control equation Variable 200

346 ASV199 Automation SELOGIC control equation Variable 199

346 ASV198 Automation SELOGIC control equation Variable 198

346 ASV197 Automation SELOGIC control equation Variable 197

346 ASV196 Automation SELOGIC control equation Variable 196

346 ASV195 Automation SELOGIC control equation Variable 195

346 ASV194 Automation SELOGIC control equation Variable 194

346 ASV193 Automation SELOGIC control equation Variable 193

347 ASV208 Automation SELOGIC control equation Variable 208

347 ASV207 Automation SELOGIC control equation Variable 207

347 ASV206 Automation SELOGIC control equation Variable 206

347 ASV205 Automation SELOGIC control equation Variable 205

347 ASV204 Automation SELOGIC control equation Variable 204

347 ASV203 Automation SELOGIC control equation Variable 203

347 ASV202 Automation SELOGIC control equation Variable 202

347 ASV201 Automation SELOGIC control equation Variable 201

348 ASV216 Automation SELOGIC control equation Variable 216

348 ASV215 Automation SELOGIC control equation Variable 215

348 ASV214 Automation SELOGIC control equation Variable 214

348 ASV213 Automation SELOGIC control equation Variable 213

348 ASV212 Automation SELOGIC control equation Variable 212

348 ASV211 Automation SELOGIC control equation Variable 211

348 ASV210 Automation SELOGIC control equation Variable 210

348 ASV209 Automation SELOGIC control equation Variable 209

349 ASV224 Automation SELOGIC control equation Variable 224

349 ASV223 Automation SELOGIC control equation Variable 223

349 ASV222 Automation SELOGIC control equation Variable 222

349 ASV221 Automation SELOGIC control equation Variable 221

349 ASV220 Automation SELOGIC control equation Variable 220

349 ASV219 Automation SELOGIC control equation Variable 219

349 ASV218 Automation SELOGIC control equation Variable 218

349 ASV217 Automation SELOGIC control equation Variable 217

350 ASV232 Automation SELOGIC control equation Variable 232

350 ASV231 Automation SELOGIC control equation Variable 231

Table 11.2 Row List of Relay Word Bits (Sheet 70 of 99)

Row Name Bit Description
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350 ASV230 Automation SELOGIC control equation Variable 230

350 ASV229 Automation SELOGIC control equation Variable 229

350 ASV228 Automation SELOGIC control equation Variable 228

350 ASV227 Automation SELOGIC control equation Variable 227

350 ASV226 Automation SELOGIC control equation Variable 226

350 ASV225 Automation SELOGIC control equation Variable 225

351 ASV240 Automation SELOGIC control equation Variable 240

351 ASV239 Automation SELOGIC control equation Variable 239

351 ASV238 Automation SELOGIC control equation Variable 238

351 ASV237 Automation SELOGIC control equation Variable 237

351 ASV236 Automation SELOGIC control equation Variable 236

351 ASV235 Automation SELOGIC control equation Variable 235

351 ASV234 Automation SELOGIC control equation Variable 234

351 ASV233 Automation SELOGIC control equation Variable 233

352 ASV248 Automation SELOGIC control equation Variable 248

352 ASV247 Automation SELOGIC control equation Variable 247

352 ASV246 Automation SELOGIC control equation Variable 246

352 ASV245 Automation SELOGIC control equation Variable 245

352 ASV244 Automation SELOGIC control equation Variable 244

352 ASV243 Automation SELOGIC control equation Variable 243

352 ASV242 Automation SELOGIC control equation Variable 242

352 ASV241 Automation SELOGIC control equation Variable 241

353 ASV256 Automation SELOGIC control equation Variable 256

353 ASV255 Automation SELOGIC control equation Variable 255

353 ASV254 Automation SELOGIC control equation Variable 254

353 ASV253 Automation SELOGIC control equation Variable 253

353 ASV252 Automation SELOGIC control equation Variable 252

353 ASV251 Automation SELOGIC control equation Variable 251

353 ASV250 Automation SELOGIC control equation Variable 250

353 ASV249 Automation SELOGIC control equation Variable 249

Automation SELOGIC Latches

354 ALT08 Automation Latch 8

354 ALT07 Automation Latch 7

354 ALT06 Automation Latch 6

354 ALT05 Automation Latch 5

354 ALT04 Automation Latch 4

354 ALT03 Automation Latch 3

354 ALT02 Automation Latch 2

354 ALT01 Automation Latch 1

355 ALT16 Automation Latch 16

355 ALT15 Automation Latch 15

Table 11.2 Row List of Relay Word Bits (Sheet 71 of 99)

Row Name Bit Description
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355 ALT14 Automation Latch 14

355 ALT13 Automation Latch 13

355 ALT12 Automation Latch 12

355 ALT11 Automation Latch 11

355 ALT10 Automation Latch 10

355 ALT09 Automation Latch 9

356 ALT24 Automation Latch 24

356 ALT23 Automation Latch 23

356 ALT22 Automation Latch 22

356 ALT21 Automation Latch 21

356 ALT20 Automation Latch 20

356 ALT19 Automation Latch 19

356 ALT18 Automation Latch 18

356 ALT17 Automation Latch 17

357 ALT32 Automation Latch 32

357 ALT31 Automation Latch 31

357 ALT30 Automation Latch 30

357 ALT29 Automation Latch 29

357 ALT28 Automation Latch 28

357 ALT27 Automation Latch 27

357 ALT26 Automation Latch 26

357 ALT25 Automation Latch 25

Automation SELOGIC Sequencing Timers

358 AST08Q Automation sequencing timer Output 8

358 AST07Q Automation sequencing timer Output 7

358 AST06Q Automation sequencing timer Output 6

358 AST05Q Automation sequencing timer Output 5

358 AST04Q Automation sequencing timer Output 4

358 AST03Q Automation sequencing timer Output 3

358 AST02Q Automation sequencing timer Output 2

358 AST01Q Automation sequencing timer Output 1

359 AST16Q Automation sequencing timer Output 16

359 AST15Q Automation sequencing timer Output 15

359 AST14Q Automation sequencing timer Output 14

359 AST13Q Automation sequencing timer Output 13

359 AST12Q Automation sequencing timer Output 12

359 AST11Q Automation sequencing timer Output 11

359 AST10Q Automation sequencing timer Output 10

359 AST09Q Automation sequencing timer Output 9

360 AST24Q Automation sequencing timer Output 24

360 AST23Q Automation sequencing timer Output 23

Table 11.2 Row List of Relay Word Bits (Sheet 72 of 99)

Row Name Bit Description
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360 AST22Q Automation sequencing timer Output 22

360 AST21Q Automation sequencing timer Output 21

360 AST20Q Automation sequencing timer Output 20

360 AST19Q Automation sequencing timer Output 19

360 AST18Q Automation sequencing timer Output 18

360 AST17Q Automation sequencing timer Output 17

361 AST32Q Automation sequencing timer Output 32

361 AST31Q Automation sequencing timer Output 31

361 AST30Q Automation sequencing timer Output 30

361 AST29Q Automation sequencing timer Output 29

361 AST28Q Automation sequencing timer Output 28

361 AST27Q Automation sequencing timer Output 27

361 AST26Q Automation sequencing timer Output 26

361 AST25Q Automation sequencing timer Output 25

362 AST08R Automation sequencing timer Reset 8

362 AST07R Automation sequencing timer Reset 7

362 AST06R Automation sequencing timer Reset 6

362 AST05R Automation sequencing timer Reset 5

362 AST04R Automation sequencing timer Reset 4

362 AST03R Automation sequencing timer Reset 3

362 AST02R Automation sequencing timer Reset 2

362 AST01R Automation sequencing timer Reset 1

363 AST16R Automation sequencing timer Reset 16

363 AST15R Automation sequencing timer Reset 15

363 AST14R Automation sequencing timer Reset 14

363 AST13R Automation sequencing timer Reset 13

363 AST12R Automation sequencing timer Reset 12

363 AST11R Automation sequencing timer Reset 11

363 AST10R Automation sequencing timer Reset 10

363 AST09R Automation sequencing timer Reset 9

364 AST24R Automation sequencing timer Reset 24

364 AST23R Automation sequencing timer Reset 23

364 AST22R Automation sequencing timer Reset 22

364 AST21R Automation sequencing timer Reset 21

364 AST20R Automation sequencing timer Reset 20

364 AST19R Automation sequencing timer Reset 19

364 AST18R Automation sequencing timer Reset 18

364 AST17R Automation sequencing timer Reset 17

365 AST32R Automation sequencing timer Reset 32

365 AST31R Automation sequencing timer Reset 31

365 AST30R Automation sequencing timer Reset 30

Table 11.2 Row List of Relay Word Bits (Sheet 73 of 99)

Row Name Bit Description
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365 AST29R Automation sequencing timer Reset 29

365 AST28R Automation sequencing timer Reset 28

365 AST27R Automation sequencing timer Reset 27

365 AST26R Automation sequencing timer Reset 26

365 AST25R Automation sequencing timer Reset 25

Automation SELOGIC Counters

366 ACN08Q Automation counter Output 8

366 ACN07Q Automation counter Output 7

366 ACN06Q Automation counter Output 6

366 ACN05Q Automation counter Output 5

366 ACN04Q Automation counter Output 4

366 ACN03Q Automation counter Output 3

366 ACN02Q Automation counter Output 2

366 ACN01Q Automation counter Output 1

367 ACN16Q Automation counter Output 16

367 ACN15Q Automation counter Output 15

367 ACN14Q Automation counter Output 14

367 ACN13Q Automation counter Output 13

367 ACN12Q Automation counter Output 12

367 ACN11Q Automation counter Output 11

367 ACN10Q Automation counter Output 10

367 ACN09Q Automation counter Output 9

368 ACN24Q Automation counter Output 24

368 ACN23Q Automation counter Output 23

368 ACN22Q Automation counter Output 22

368 ACN21Q Automation counter Output 21

368 ACN20Q Automation counter Output 20

368 ACN19Q Automation counter Output 19

368 ACN18Q Automation counter Output 18

368 ACN17Q Automation counter Output 17

369 ACN32Q Automation counter Output 32

369 ACN31Q Automation counter Output 31

369 ACN30Q Automation counter Output 30

369 ACN29Q Automation counter Output 29

369 ACN28Q Automation counter Output 28

369 ACN27Q Automation counter Output 27

369 ACN26Q Automation counter Output 26

369 ACN25Q Automation counter Output 25

370 ACN08R Automation counter Reset 8

370 ACN07R Automation counter Reset 7

370 ACN06R Automation counter Reset 6

Table 11.2 Row List of Relay Word Bits (Sheet 74 of 99)

Row Name Bit Description
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370 ACN05R Automation counter Reset 5

370 ACN04R Automation counter Reset 4

370 ACN03R Automation counter Reset 3

370 ACN02R Automation counter Reset 2

370 ACN01R Automation counter Reset 1

371 ACN16R Automation counter Reset 16

371 ACN15R Automation counter Reset 15

371 ACN14R Automation counter Reset 14

371 ACN13R Automation counter Reset 13

371 ACN12R Automation counter Reset 12

371 ACN11R Automation counter Reset 11

371 ACN10R Automation counter Reset 10

371 ACN09R Automation counter Reset 9

372 ACN24R Automation counter Reset 24

372 ACN23R Automation counter Reset 23

372 ACN22R Automation counter Reset 22

372 ACN21R Automation counter Reset 21

372 ACN20R Automation counter Reset 20

372 ACN19R Automation counter Reset 19

372 ACN18R Automation counter Reset 18

372 ACN17R Automation counter Reset 17

373 ACN32R Automation counter Reset 32

373 ACN31R Automation counter Reset 31

373 ACN30R Automation counter Reset 30

373 ACN29R Automation counter Reset 29

373 ACN28R Automation counter Reset 28

373 ACN27R Automation counter Reset 27

373 ACN26R Automation counter Reset 26

373 ACN25R Automation counter Reset 25

SELOGIC Error and Status Reporting

374 PUNRLBL Protection SELOGIC control equation unresolved label

374 PFRTEX Protection SELOGIC control equation first execution

374 MATHERR SELOGIC control equation math error

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

375 AUNRLBL Automation SELOGIC control equation unresolved label

375 AFRTEXP Automation SELOGIC control equation first execution protection

375 AFRTEXA Automation SELOGIC control equation first execution automation

Table 11.2 Row List of Relay Word Bits (Sheet 75 of 99)

Row Name Bit Description



11.154

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

Alarms

376 SALARM Non-diagnostic alarm pulse

376 HALARM Relay diagnostic failure or warning

376 BADPASS Pulsed when user enters three successive bad passwords

376 HALARML Latching relay failure alarm

376 HALARMP Relay warning alarm pulse

376 HALARMA Relay warning periodic alarm

376 SETCHG Pulsed when settings change

376 GRPSW Pulsed when settings group changes

377 ACCESS A user is connected at Access Level B or higher

377 ACCESSP Pulsed when higher level access achieved

377 EACC Enable Level 1 access (SELOGIC control equation)

377 E2AC Enable Levels 1–2 access (SELOGIC control equation)

377 *

377 *

377 *

377 *

377 PASSDIS Asserts to indicate password disable jumper is installed

377 BRKENAB Asserts to indicate breaker control enable jumper is installed

Time and Date Management

378 TBNC The active relay time source is BNC IRIG

378 TPTP The active relay time source is PTP

378 TIRIG Assert while time is based on IRIG for both mark and value

378 TUPDH Assert if update source is high-priority time source

378 TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized

378 TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements

378 TSER The active relay time source is serial IRIG

378 UPD_EN Enable updating internal clock with selected external time source

379 TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source

379 BLKLPTS Block low priority source from updating relay time

379 TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source

379 TPLLEXT Update PLL using external signal

379 TSSW High priority time source switching

379 TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source

379 TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired

379 TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired

Table 11.2 Row List of Relay Word Bits (Sheet 76 of 99)

Row Name Bit Description
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380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

Inverse-Time Overcurrent Elements

381 * Reserved

381 * Reserved

381 * Reserved

381 51R21 Inverse-time Element 21 reset

381 51R20 Inverse-time Element 20 reset

381 51R19 Inverse-time Element 19 reset

381 51R18 Inverse-time Element 18 reset

381 51R17 Inverse-time Element 17 reset

Pushbuttons

382 PB1 Pushbutton 1

382 PB2 Pushbutton 2

382 PB3 Pushbutton 3

382 PB4 Pushbutton 4

382 PB5 Pushbutton 5

382 PB6 Pushbutton 6

382 PB7 Pushbutton 7

382 PB8 Pushbutton 8

383 PB9 Pushbutton 9

383 PB10 Pushbutton 10

383 PB11 Pushbutton 11

383 PB12 Pushbutton 12

383 * Reserved

383 * Reserved

383 * Reserved

383 * Reserved

Contact Outputs

384 OUT108 Main board Output 8 

384 OUT107 Main board Output 7 

384 OUT106 Main board Output 6 

384 OUT105 Main board Output 5 

384 OUT104 Main board Output 4 

384 OUT103 Main board Output 3 

Table 11.2 Row List of Relay Word Bits (Sheet 77 of 99)
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384 OUT102 Main board Output 2 

384 OUT101 Main board Output 1 

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

388 OUT208 Optional I/O Board 1 Output 8 

388 OUT207 Optional I/O Board 1 Output 7 

388 OUT206 Optional I/O Board 1 Output 6 

388 OUT205 Optional I/O Board 1 Output 5 

388 OUT204 Optional I/O Board 1 Output 4 

388 OUT203 Optional I/O Board 1 Output 3 

388 OUT202 Optional I/O Board 1 Output 2 

388 OUT201 Optional I/O Board 1 Output 1 

389 OUT216 Optional I/O Board 1 Output 16

389 OUT215 Optional I/O Board 1 Output 15

389 OUT214 Optional I/O Board 1 Output 14

389 OUT213 Optional I/O Board 1 Output 13

389 OUT212 Optional I/O Board 1 Output 12

389 OUT211 Optional I/O Board 1 Output 11

389 OUT210 Optional I/O Board 1 Output 10
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389 OUT209 Optional I/O Board 1 Output 9

390 OUT308 Optional I/O Board 2 Output 8 

390 OUT307 Optional I/O Board 2 Output 7 

390 OUT306 Optional I/O Board 2 Output 6 

390 OUT305 Optional I/O Board 2 Output 5 

390 OUT304 Optional I/O Board 2 Output 4 

390 OUT303 Optional I/O Board 2 Output 3 

390 OUT302 Optional I/O Board 2 Output 2 

390 OUT301 Optional I/O Board 2 Output 1 

391 OUT316 Optional I/O Board 2 Output 16

391 OUT315 Optional I/O Board 2 Output 15

391 OUT314 Optional I/O Board 2 Output 14

391 OUT313 Optional I/O Board 2 Output 13

391 OUT312 Optional I/O Board 2 Output 12

391 OUT311 Optional I/O Board 2 Output 11

391 OUT310 Optional I/O Board 2 Output 10

391 OUT309 Optional I/O Board 2 Output 9

392 OUT408 Optional I/O Board 3 Output 8 

392 OUT407 Optional I/O Board 3 Output 7 

392 OUT406 Optional I/O Board 3 Output 6 

392 OUT405 Optional I/O Board 3 Output 5 

392 OUT404 Optional I/O Board 3 Output 4 

392 OUT403 Optional I/O Board 3 Output 3 

392 OUT402 Optional I/O Board 3 Output 2 

392 OUT401 Optional I/O Board 3 Output 1 

393 OUT416 Optional I/O Board 3 Output 16

393 OUT415 Optional I/O Board 3 Output 15

393 OUT414 Optional I/O Board 3 Output 14

393 OUT413 Optional I/O Board 3 Output 13

393 OUT412 Optional I/O Board 3 Output 12

393 OUT411 Optional I/O Board 3 Output 11

393 OUT410 Optional I/O Board 3 Output 10

393 OUT409 Optional I/O Board 3 Output 9

394 OUT508 Optional I/O Board 4 Output 8 

394 OUT507 Optional I/O Board 4 Output 7 

394 OUT506 Optional I/O Board 4 Output 6 

394 OUT505 Optional I/O Board 4 Output 5 

394 OUT504 Optional I/O Board 4 Output 4 

394 OUT503 Optional I/O Board 4 Output 3 

394 OUT502 Optional I/O Board 4 Output 2 

394 OUT501 Optional I/O Board 4 Output 1 
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395 OUT516 Optional I/O Board 4 Output 16

395 OUT515 Optional I/O Board 4 Output 15

395 OUT514 Optional I/O Board 4 Output 14

395 OUT513 Optional I/O Board 4 Output 13

395 OUT512 Optional I/O Board 4 Output 12

395 OUT511 Optional I/O Board 4 Output 11

395 OUT510 Optional I/O Board 4 Output 10

395 OUT509 Optional I/O Board 4 Output 9

Pushbuttons Pulse Inputs

396 PB1_PUL Pushbutton 1 pulse input

396 PB2_PUL Pushbutton 2 pulse input

396 PB3_PUL Pushbutton 3 pulse input

396 PB4_PUL Pushbutton 4 pulse input

396 PB5_PUL Pushbutton 5 pulse input

396 PB6_PUL Pushbutton 6 pulse input

396 PB7_PUL Pushbutton 7 pulse input

396 PB8_PUL Pushbutton 8 pulse input

397 PB9_PUL Pushbutton 9 pulse input

397 PB10PUL Pushbutton 10 pulse input

397 PB11PUL Pushbutton 11 pulse input

397 PB12PUL Pushbutton 12 pulse input

397 * Reserved

397 * Reserved

397 * Reserved

397 * Reserved

Pushbutton LED Bits

398 PB1_LED Pushbutton 1 LED

398 PB2_LED Pushbutton 2 LED

398 PB3_LED Pushbutton 3 LED

398 PB4_LED Pushbutton 4 LED

398 PB5_LED Pushbutton 5 LED

398 PB6_LED Pushbutton 6 LED

398 PB7_LED Pushbutton 7 LED

398 PB8_LED Pushbutton 8 LED

399 PB9_LED Pushbutton 9 LED

399 PB10LED Pushbutton 10 LED

399 PB11LED Pushbutton 11 LED

399 PB12LED Pushbutton 12 LED

399 * Reserved

399 * Reserved

399 * Reserved
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399 * Reserved

MIRRORED BITS

400 RMB8A Channel A receive MIRRORED BIT 8 

400 RMB7A Channel A receive MIRRORED BIT 7 

400 RMB6A Channel A receive MIRRORED BIT 6 

400 RMB5A Channel A receive MIRRORED BIT 5 

400 RMB4A Channel A receive MIRRORED BIT 4 

400 RMB3A Channel A receive MIRRORED BIT 3 

400 RMB2A Channel A receive MIRRORED BIT 2 

400 RMB1A Channel A receive MIRRORED BIT 1 

401 TMB8A Channel A transmit MIRRORED BIT 8 

401 TMB7A Channel A transmit MIRRORED BIT 7 

401 TMB6A Channel A transmit MIRRORED BIT 6 

401 TMB5A Channel A transmit MIRRORED BIT 5 

401 TMB4A Channel A transmit MIRRORED BIT 4 

401 TMB3A Channel A transmit MIRRORED BIT 3 

401 TMB2A Channel A transmit MIRRORED BIT 2 

401 TMB1A Channel A transmit MIRRORED BIT 1 

402 RMB8B Channel B receive MIRRORED BIT 8

402 RMB7B Channel B receive MIRRORED BIT 7

402 RMB6B Channel B receive MIRRORED BIT 6

402 RMB5B Channel B receive MIRRORED BIT 5

402 RMB4B Channel B receive MIRRORED BIT 4

402 RMB3B Channel B receive MIRRORED BIT 3

402 RMB2B Channel B receive MIRRORED BIT 2

402 RMB1B Channel B receive MIRRORED BIT 1

403 TMB8B Channel B transmit MIRRORED BIT 8

403 TMB7B Channel B transmit MIRRORED BIT 7

403 TMB6B Channel B transmit MIRRORED BIT 6

403 TMB5B Channel B transmit MIRRORED BIT 5

403 TMB4B Channel B transmit MIRRORED BIT 4

403 TMB3B Channel B transmit MIRRORED BIT 3

403 TMB2B Channel B transmit MIRRORED BIT 2

403 TMB1B Channel B transmit MIRRORED BIT 1

404 ROKA Channel A MIRRORED BITS normal status (non-loopback)

404 RBADA Channel A MIRRORED BITS outage too long

404 CBADA Channel A MIRRORED BITS unavailability

404 LBOKA Channel A MIRRORED BITS normal status (loopback)

404 ANOKA Channel A MIRRORED BITS analog transfer OK

404 DOKA Channel A MIRRORED BITS communications normal status

404 * Reserved
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404 * Reserved

405 ROKB Channel B MIRRORED BITS normal status (non-loopback mode)

405 RBADB Channel B MIRRORED BITS outage too long

405 CBADB Channel B MIRRORED BITS unavailability

405 LBOKB Channel B MIRRORED BITS normal status (loopback mode)

405 ANOKB Channel B MIRRORED BITS analog transfer OK

405 DOKB Channel B MIRRORED BITS communications normal status

405 * Reserved

405 * Reserved

Test Bits

406 TESTDB2 DNP test bit

406 TESTDB Communications card database test bit

406 TESTFM Fast meter test bit

406 TESTPUL Pulse test bit

406 LPHDSIM IEC 61850 Logical Node for physical device simulation

406 * Reserved

406 * Reserved

406 * Reserved

Advanced Check Zone Bits

407 CZ24R Include Bus Coupler 4 in Check Zone 2

407 CZ23R Include Bus Coupler 3 in Check Zone 2

407 CZ22R Include Bus Coupler 2 in Check Zone 2

407 CZ21R Include Bus Coupler 1 in Check Zone 2

407 CZ14R Include Bus Coupler 4 in Check Zone 1

407 CZ13R Include Bus Coupler 3 in Check Zone 1

407 CZ12R Include Bus Coupler 2 in Check Zone 1

407 CZ11R Include Bus Coupler 1 in Check Zone 1

Virtual Bits

408 VB249 Virtual Bit 249

408 VB250 Virtual Bit 250

408 VB251 Virtual Bit 251

408 VB252 Virtual Bit 252

408 VB253 Virtual Bit 253

408 VB254 Virtual Bit 254

408 VB255 Virtual Bit 255

408 VB256 Virtual Bit 256

409 VB241 Virtual Bit 241

409 VB242 Virtual Bit 242

409 VB243 Virtual Bit 243

409 VB244 Virtual Bit 244

409 VB245 Virtual Bit 245
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409 VB246 Virtual Bit 246

409 VB247 Virtual Bit 247

409 VB248 Virtual Bit 248

410 VB233 Virtual Bit 233

410 VB234 Virtual Bit 234

410 VB235 Virtual Bit 235

410 VB236 Virtual Bit 236

410 VB237 Virtual Bit 237

410 VB238 Virtual Bit 238

410 VB239 Virtual Bit 239

410 VB240 Virtual Bit 240

411 VB225 Virtual Bit 225

411 VB226 Virtual Bit 226

411 VB227 Virtual Bit 227

411 VB228 Virtual Bit 228

411 VB229 Virtual Bit 229

411 VB230 Virtual Bit 230

411 VB231 Virtual Bit 231

411 VB232 Virtual Bit 232

412 VB217 Virtual Bit 217

412 VB218 Virtual Bit 218

412 VB219 Virtual Bit 219

412 VB220 Virtual Bit 220

412 VB221 Virtual Bit 221

412 VB222 Virtual Bit 222

412 VB223 Virtual Bit 223

412 VB224 Virtual Bit 224

413 VB209 Virtual Bit 209

413 VB210 Virtual Bit 210

413 VB211 Virtual Bit 211

413 VB212 Virtual Bit 212

413 VB213 Virtual Bit 213

413 VB214 Virtual Bit 214

413 VB215 Virtual Bit 215

413 VB216 Virtual Bit 216

414 VB201 Virtual Bit 201

414 VB202 Virtual Bit 202

414 VB203 Virtual Bit 203

414 VB204 Virtual Bit 204

414 VB205 Virtual Bit 205

414 VB206 Virtual Bit 206
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414 VB207 Virtual Bit 207

414 VB208 Virtual Bit 208

415 VB193 Virtual Bit 193

415 VB194 Virtual Bit 194

415 VB195 Virtual Bit 195

415 VB196 Virtual Bit 196

415 VB197 Virtual Bit 197

415 VB198 Virtual Bit 198

415 VB199 Virtual Bit 199

415 VB200 Virtual Bit 200

416 VB185 Virtual Bit 185

416 VB186 Virtual Bit 186

416 VB187 Virtual Bit 187

416 VB188 Virtual Bit 188

416 VB189 Virtual Bit 189

416 VB190 Virtual Bit 190

416 VB191 Virtual Bit 191

416 VB192 Virtual Bit 192

417 VB177 Virtual Bit 177

417 VB178 Virtual Bit 178

417 VB179 Virtual Bit 179

417 VB180 Virtual Bit 180

417 VB181 Virtual Bit 181

417 VB182 Virtual Bit 182

417 VB183 Virtual Bit 183

417 VB184 Virtual Bit 184

418 VB169 Virtual Bit 169

418 VB170 Virtual Bit 170

418 VB171 Virtual Bit 171

418 VB172 Virtual Bit 172

418 VB173 Virtual Bit 173

418 VB174 Virtual Bit 174

418 VB175 Virtual Bit 175

418 VB176 Virtual Bit 176

419 VB161 Virtual Bit 161

419 VB162 Virtual Bit 162

419 VB163 Virtual Bit 163

419 VB164 Virtual Bit 164

419 VB165 Virtual Bit 165

419 VB166 Virtual Bit 166

419 VB167 Virtual Bit 167
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419 VB168 Virtual Bit 168

420 VB153 Virtual Bit 153

420 VB154 Virtual Bit 154

420 VB155 Virtual Bit 155

420 VB156 Virtual Bit 156

420 VB157 Virtual Bit 157

420 VB158 Virtual Bit 158

420 VB159 Virtual Bit 159

420 VB160 Virtual Bit 160

421 VB145 Virtual Bit 145

421 VB146 Virtual Bit 146

421 VB147 Virtual Bit 147

421 VB148 Virtual Bit 148

421 VB149 Virtual Bit 149

421 VB150 Virtual Bit 150

421 VB151 Virtual Bit 151

421 VB152 Virtual Bit 152

422 VB137 Virtual Bit 137

422 VB138 Virtual Bit 138

422 VB139 Virtual Bit 139

422 VB140 Virtual Bit 140

422 VB141 Virtual Bit 141

422 VB142 Virtual Bit 142

422 VB143 Virtual Bit 143

422 VB144 Virtual Bit 144

423 VB129 Virtual Bit 129

423 VB130 Virtual Bit 130

423 VB131 Virtual Bit 131

423 VB132 Virtual Bit 132

423 VB133 Virtual Bit 133

423 VB134 Virtual Bit 134

423 VB135 Virtual Bit 135

423 VB136 Virtual Bit 136

424 VB121 Virtual Bit 121

424 VB122 Virtual Bit 122

424 VB123 Virtual Bit 123

424 VB124 Virtual Bit 124

424 VB125 Virtual Bit 125

424 VB126 Virtual Bit 126

424 VB127 Virtual Bit 127

424 VB128 Virtual Bit 128
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425 VB113 Virtual Bit 113

425 VB114 Virtual Bit 114

425 VB115 Virtual Bit 115

425 VB116 Virtual Bit 116

425 VB117 Virtual Bit 117

425 VB118 Virtual Bit 118

425 VB119 Virtual Bit 119

425 VB120 Virtual Bit 120

426 VB105 Virtual Bit 105

426 VB106 Virtual Bit 106

426 VB107 Virtual Bit 107

426 VB108 Virtual Bit 108

426 VB109 Virtual Bit 109

426 VB110 Virtual Bit 110

426 VB111 Virtual Bit 111

426 VB112 Virtual Bit 112

427 VB097 Virtual Bit 097

427 VB098 Virtual Bit 098

427 VB099 Virtual Bit 099

427 VB100 Virtual Bit 100

427 VB101 Virtual Bit 101

427 VB102 Virtual Bit 102

427 VB103 Virtual Bit 103

427 VB104 Virtual Bit 104

428 VB089 Virtual Bit 089

428 VB090 Virtual Bit 090

428 VB091 Virtual Bit 091

428 VB092 Virtual Bit 092

428 VB093 Virtual Bit 093

428 VB094 Virtual Bit 094

428 VB095 Virtual Bit 095

428 VB096 Virtual Bit 096

429 VB081 Virtual Bit 081

429 VB082 Virtual Bit 082

429 VB083 Virtual Bit 083

429 VB084 Virtual Bit 084

429 VB085 Virtual Bit 085

429 VB086 Virtual Bit 086

429 VB087 Virtual Bit 087

429 VB088 Virtual Bit 088

430 VB073 Virtual Bit 073
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430 VB074 Virtual Bit 074

430 VB075 Virtual Bit 075

430 VB076 Virtual Bit 076

430 VB077 Virtual Bit 077

430 VB078 Virtual Bit 078

430 VB079 Virtual Bit 079

430 VB080 Virtual Bit 080

431 VB065 Virtual Bit 065

431 VB066 Virtual Bit 066

431 VB067 Virtual Bit 067

431 VB068 Virtual Bit 068

431 VB069 Virtual Bit 069

431 VB070 Virtual Bit 070

431 VB071 Virtual Bit 071

431 VB072 Virtual Bit 072

432 VB057 Virtual Bit 057

432 VB058 Virtual Bit 058

432 VB059 Virtual Bit 059

432 VB060 Virtual Bit 060

432 VB061 Virtual Bit 061

432 VB062 Virtual Bit 062

432 VB063 Virtual Bit 063

432 VB064 Virtual Bit 064

433 VB049 Virtual Bit 049

433 VB050 Virtual Bit 050

433 VB051 Virtual Bit 051

433 VB052 Virtual Bit 052

433 VB053 Virtual Bit 053

433 VB054 Virtual Bit 054

433 VB055 Virtual Bit 055

433 VB056 Virtual Bit 056

434 VB041 Virtual Bit 041

434 VB042 Virtual Bit 042

434 VB043 Virtual Bit 043

434 VB044 Virtual Bit 044

434 VB045 Virtual Bit 045

434 VB046 Virtual Bit 046

434 VB047 Virtual Bit 047

434 VB048 Virtual Bit 048

435 VB033 Virtual Bit 033

435 VB034 Virtual Bit 034
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435 VB035 Virtual Bit 035

435 VB036 Virtual Bit 036

435 VB037 Virtual Bit 037

435 VB038 Virtual Bit 038

435 VB039 Virtual Bit 039

435 VB040 Virtual Bit 040

436 VB025 Virtual Bit 025

436 VB026 Virtual Bit 026

436 VB027 Virtual Bit 027

436 VB028 Virtual Bit 028

436 VB029 Virtual Bit 029

436 VB030 Virtual Bit 030

436 VB031 Virtual Bit 031

436 VB032 Virtual Bit 032

437 VB017 Virtual Bit 017

437 VB018 Virtual Bit 018

437 VB019 Virtual Bit 019

437 VB020 Virtual Bit 020

437 VB021 Virtual Bit 021

437 VB022 Virtual Bit 022

437 VB023 Virtual Bit 023

437 VB024 Virtual Bit 024

438 VB009 Virtual Bit 009

438 VB010 Virtual Bit 010

438 VB011 Virtual Bit 011

438 VB012 Virtual Bit 012

438 VB013 Virtual Bit 013

438 VB014 Virtual Bit 014

438 VB015 Virtual Bit 015

438 VB016 Virtual Bit 016

439 VB001 Virtual Bit 001

439 VB002 Virtual Bit 002

439 VB003 Virtual Bit 003

439 VB004 Virtual Bit 004

439 VB005 Virtual Bit 005

439 VB006 Virtual Bit 006

439 VB007 Virtual Bit 007

439 VB008 Virtual Bit 008

Data Reset Bits

440 RST_BAT Reset battery monitoring 

440 RSTTRGT Target reset (SELOGIC control equation)
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440 RSTDNPE Reset DNP fault summary data 

440 RST_HAL Reset HALARMA

440 * Reserved

440 * Reserved

440 * Reserved

440 * Reserved

Ethernet Switch

441 LINK5A Link status of Port 5A connection

441 LINK5B Link status of Port 5B connection

441 LINK5C Link status of Port 5C connection

441 LINK5D Link status of Port 5D connection

441 LNKFAIL Link status of the active port

441 * Reserved

441 * Reserved

441 * Reserved

442 P5ASEL Port 5A active/inactive

442 P5BSEL Port 5B active/inactive

442 P5CSEL Port 5C active/inactive

442 P5DSEL Port 5D active/inactive

442 * Reserved

442 * Reserved

442 * Reserved

442 * Reserved

Advanced Check Zone Bits

443 * Reserved

443 * Reserved

443 * Reserved

443 * Reserved

443 CZ34R Include Bus Coupler 4 in Check Zone 3

443 CZ33R Include Bus Coupler 3 in Check Zone 3

443 CZ32R Include Bus Coupler 2 in Check Zone 3

443 CZ31R Include Bus Coupler 1 in Check Zone 3

Fast SER Enable Bits

444 FSERP1 Fast SER enabled for Serial Port 1

444 FSERP2 Fast SER enabled for Serial Port 2

444 FSERP3 Fast SER enabled for Serial Port 3

444 FSERPF Fast SER enabled for Serial Port F

444 FSERP5 Fast SER enabled for Serial Port 5

444 * Reserved

444 * Reserved

444 * Reserved
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Check Zone Activation

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 CZONE3 Check Zone 3 is active

445 CZONE2 Check Zone 2 is active

445 CZONE1 Check Zone 1 is active

Check Zone Supervision

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 CZ3S Check Zone 3 supervision asserted

446 CZ2S Check Zone 2 supervision asserted

446 CZ1S Check Zone 1 supervision asserted

Check Zone Trip

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 87CZ3 Check Zone 3 differential element trip

447 87CZ2 Check Zone 2 differential element trip

447 87CZ1 Check Zone 1 differential element trip

Check Zone Elements

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 87SCZ3 Check Zone 3 sensitive differential element picked up

448 87SCZ2 Check Zone 2 sensitive differential element picked up

448 87SCZ1 Check Zone 1 sensitive differential element picked up

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved
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449 87STCZ3 Check Zone 3 sensitive differential element timed out

449 87STCZ2 Check Zone 2 sensitive differential element timed out

449 87STCZ1 Check Zone 1 sensitive differential element timed out

450 87RCZ1 Check Zone 1 restraint differential element picked up

450 P87RCZ1 Check Zone 1 instantaneous differential element picked up

450 87OCZ1 Check Zone 1 restraint differential operating current above CZO87P

450 FLTCZ1 Check Zone 1 fault detector picked up

450 CONCZ1 Check Zone 1 in high-security mode

450 EXTCZ1 Check Zone 1 external fault declaration

450 DOPCZ1 Check Zone 1 incremental operating current picked up

450 DRTCZ1 Check Zone 1 incremental restraint current picked up

451 * Reserved

451 * Reserved

451 * Reserved

451 * Reserved

451 FDIFCZ1 Check Zone 1 filtered restrained differential element picked up

451 RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up

451 IFLTCZ1 Check Zone 1 fault detection

451 GFLTCZ1 Check Zone 1 fast fault detection

452 87RCZ2 Check Zone 2 restraint differential element picked up

452 P87RCZ2 Check Zone 2 instantaneous differential element picked up

452 87OCZ2 Check Zone 2 restraint differential operating current above CZO87P

452 FLTCZ2 Check Zone 2 fault detector picked up

452 CONCZ2 Check Zone 2 in high-security mode

452 EXTCZ2 Check Zone 2 external fault declaration

452 DOPCZ2 Check Zone 2 incremental operating current picked up

452 DRTCZ2 Check Zone 2 incremental restraint current picked up

453 * Reserved

453 * Reserved

453 * Reserved

453 * Reserved

453 FDIFCZ2 Check Zone 2 filtered restrained differential element picked up

453 RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up

453 IFLTCZ2 Check Zone 2 fault detection

453 GFLTCZ2 Check Zone 2 fast fault detection

454 87RCZ3 Check Zone 3 restraint differential element picked up

454 P87RCZ3 Check Zone 3 instantaneous differential element picked up

454 87OCZ3 Check Zone 3 restraint differential operating current above CZO87P

454 FLTCZ3 Check Zone 3 fault detector picked up

454 CONCZ3 Check Zone 3 in high-security mode

454 EXTCZ3 Check Zone 3 external fault declaration
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454 DOPCZ3 Check Zone 3 incremental operating current picked up

454 DRTCZ3 Check Zone 3 incremental restraint current picked up

455 * Reserved

455 * Reserved

455 * Reserved

455 * Reserved

455 FDIFCZ3 Check Zone 3 filtered restrained differential element picked up

455 RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up

455 IFLTCZ3 Check Zone 3 fault detection

455 GFLTCZ3 Check Zone 3 fast fault detection

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 DECZ3F Check Zone 3 forward directional element picked up

456 DECZ2F Check Zone 2 forward directional element picked up

456 DECZ1F Check Zone 1 forward directional element picked up

Local Bit Supervision

457 LB_SP08 Local Bit 08 supervision (SELOGIC control equation)

457 LB_SP07 Local Bit 07 supervision (SELOGIC control equation)

457 LB_SP06 Local Bit 06 supervision (SELOGIC control equation)

457 LB_SP05 Local Bit 05 supervision (SELOGIC control equation)

457 LB_SP04 Local Bit 04 supervision (SELOGIC control equation)

457 LB_SP03 Local Bit 03 supervision (SELOGIC control equation)

457 LB_SP02 Local Bit 02 supervision (SELOGIC control equation)

457 LB_SP01 Local Bit 01 supervision (SELOGIC control equation)

458 LB_SP16 Local Bit 16 supervision (SELOGIC control equation)

458 LB_SP15 Local Bit 15 supervision (SELOGIC control equation)

458 LB_SP14 Local Bit 14 supervision (SELOGIC control equation)

458 LB_SP13 Local Bit 13 supervision (SELOGIC control equation)

458 LB_SP12 Local Bit 12 supervision (SELOGIC control equation)

458 LB_SP11 Local Bit 11 supervision (SELOGIC control equation)

458 LB_SP10 Local Bit 10 supervision (SELOGIC control equation)

458 LB_SP09 Local Bit 09 supervision (SELOGIC control equation)

459 LB_SP24 Local Bit 24 supervision (SELOGIC control equation)

459 LB_SP23 Local Bit 23 supervision (SELOGIC control equation)

459 LB_SP22 Local Bit 22 supervision (SELOGIC control equation)

459 LB_SP21 Local Bit 21 supervision (SELOGIC control equation)

459 LB_SP20 Local Bit 20 supervision (SELOGIC control equation)

459 LB_SP19 Local Bit 19 supervision (SELOGIC control equation)
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459 LB_SP18 Local Bit 18 supervision (SELOGIC control equation)

459 LB_SP17 Local Bit 17 supervision (SELOGIC control equation)

460 LB_SP32 Local Bit 32 supervision (SELOGIC control equation)

460 LB_SP31 Local Bit 31 supervision (SELOGIC control equation)

460 LB_SP30 Local Bit 30 supervision (SELOGIC control equation)

460 LB_SP29 Local Bit 29 supervision (SELOGIC control equation)

460 LB_SP28 Local Bit 28 supervision (SELOGIC control equation)

460 LB_SP27 Local Bit 27 supervision (SELOGIC control equation)

460 LB_SP26 Local Bit 26 supervision (SELOGIC control equation)

460 LB_SP25 Local Bit 25 supervision (SELOGIC control equation)

Local Bit Status

461 LB_DP08 Local Bit 08 status display (SELOGIC control equation)

461 LB_DP07 Local Bit 07 status display (SELOGIC control equation)

461 LB_DP06 Local Bit 06 status display (SELOGIC control equation)

461 LB_DP05 Local Bit 05 status display (SELOGIC control equation)

461 LB_DP04 Local Bit 04 status display (SELOGIC control equation)

461 LB_DP03 Local Bit 03 status display (SELOGIC control equation)

461 LB_DP02 Local Bit 02 status display (SELOGIC control equation)

461 LB_DP01 Local Bit 01 status display (SELOGIC control equation)

462 LB_DP16 Local Bit 16 status display (SELOGIC control equation)

462 LB_DP15 Local Bit 15 status display (SELOGIC control equation)

462 LB_DP14 Local Bit 14 status display (SELOGIC control equation)

462 LB_DP13 Local Bit 13 status display (SELOGIC control equation)

462 LB_DP12 Local Bit 12 status display (SELOGIC control equation)

462 LB_DP11 Local Bit 11 status display (SELOGIC control equation)

462 LB_DP10 Local Bit 10 status display (SELOGIC control equation)

462 LB_DP09 Local Bit 09 status display (SELOGIC control equation)

463 LB_DP24 Local Bit 24 status display (SELOGIC control equation)

463 LB_DP23 Local Bit 23 status display (SELOGIC control equation)

463 LB_DP22 Local Bit 22 status display (SELOGIC control equation)

463 LB_DP21 Local Bit 21 status display (SELOGIC control equation)

463 LB_DP20 Local Bit 20 status display (SELOGIC control equation)

463 LB_DP19 Local Bit 19 status display (SELOGIC control equation)

463 LB_DP18 Local Bit 18 status display (SELOGIC control equation)

463 LB_DP17 Local Bit 17 status display (SELOGIC control equation)

464 LB_DP32 Local Bit 32 status display (SELOGIC control equation)

464 LB_DP31 Local Bit 31 status display (SELOGIC control equation)

464 LB_DP30 Local Bit 30 status display (SELOGIC control equation)

464 LB_DP29 Local Bit 29 status display (SELOGIC control equation)

464 LB_DP28 Local Bit 28 status display (SELOGIC control equation)

464 LB_DP27 Local Bit 27 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 93 of 99)

Row Name Bit Description
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464 LB_DP26 Local Bit 26 status display (SELOGIC control equation)

464 LB_DP25 Local Bit 25 status display (SELOGIC control equation)

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

Target Logic Bits

466 TRGTR Reset all active target Relay Words

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

Signal Profiling

467 SPEN Signal profiling enabled

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

IRIG-B Control Bits

468 YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 

468 YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 

468 YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 

468 YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 

468 YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 

468 YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 

468 YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 

468 YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 

469 * Reserved

469 * Reserved

469 TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted

469 TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted

Table 11.2 Row List of Relay Word Bits (Sheet 94 of 99)

Row Name Bit Description
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469 TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted

469 TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted

469 TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted

469 TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise

470 DST Daylight-saving time

470 DSTP IRIG-B daylight-saving time pending

470 LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, 
the upcoming leap second is deleted; otherwise, the leap second is added.

470 LPSECP Leap second pending

470 TQUAL8 Time quality, binary, add 8 when asserted

470 TQUAL4 Time quality, binary, add 4 when asserted

470 TQUAL2 Time quality, binary, add 2 when asserted

470 TQUAL1 Time quality, binary, add 1 when asserted

471 DUMMY 0

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

Time and Date Management

472 SER_SET Qualify serial IRIG-B time source

472 SER_RST Disqualify serial IRIG-B time source

472 BNC_SET Qualify BNC IRIG-B time source

472 BNC_RST Disqualify BNC IRIG-B time source

472 BNC_OK IRIG-B signal from BNC port is available and has sufficient quality

472 SER_OK IRIG-B signal from Serial Port 1 is available and has sufficient quality

472 UPD_BLK Block updating internal clock period and master time

472 BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards

473 SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards

473 BNC_TIM A valid IRIG-B time source is detected on BNC port

473 SER_TIM A valid IRIG-B time source is detected on serial port

473 PTP_TIM A valid PTP time source is detected

473 PTP_SET Qualify PTP time source

473 PTP_RST Disqualify PTP time source

473 PTP_OK PTP is available and has sufficient quality

473 P5ABSW Port 5A or 5B has just become active

474 PTPSYNC Synchronized to a high-quality PTP source

474 PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards

474 SERSYNC Synchronized to a high-quality serial IRIG source

Table 11.2 Row List of Relay Word Bits (Sheet 95 of 99)
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474 BNCSYNC Synchronized to a high-quality BNC IRIG source

474 * Reserved

474 * Reserved

474 * Reserved

474 * Reserved

Axion Status

475 IO500OK Communications are good with virtual interface board 500

475 IO400OK Communications are good with virtual interface board 400

475 IO300OK Communications are good with virtual interface board 300

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

IEC 61850 Mode Control Bits

476 SC850TM SELOGIC control for IEC 61850 test mode

476 SC850BM SELOGIC control for IEC 61850 blocked mode

476 SC850SM SELOGIC control for IEC 61850 simulation mode

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

IED Local Remote Bits

480 LOC Control authority at local (bay) level

480 SC850LS SELOGIC control for control authority at station level

480 MLTLEV Multi-level control authority

480 LOCSTA Control authority at station level

480 * Reserved

480 * Reserved

480 * Reserved

480 * Reserved

Automation SELOGIC Conditioning Timers

484 ACT08Q Automation conditioning timer Output 08

484 ACT07Q Automation conditioning timer Output 07

484 ACT06Q Automation conditioning timer Output 06

484 ACT05Q Automation conditioning timer Output 05

484 ACT04Q Automation conditioning timer Output 04

484 ACT03Q Automation conditioning timer Output 03

484 ACT02Q Automation conditioning timer Output 02

484 ACT01Q Automation conditioning timer Output 01

Table 11.2 Row List of Relay Word Bits (Sheet 96 of 99)
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485 ACT16Q Automation conditioning timer Output 16

485 ACT15Q Automation conditioning timer Output 15

485 ACT14Q Automation conditioning timer Output 14

485 ACT13Q Automation conditioning timer Output 13

485 ACT12Q Automation conditioning timer Output 12

485 ACT11Q Automation conditioning timer Output 11

485 ACT10Q Automation conditioning timer Output 10

485 ACT09Q Automation conditioning timer Output 09

486 ACT24Q Automation conditioning timer Output 24

486 ACT23Q Automation conditioning timer Output 23

486 ACT22Q Automation conditioning timer Output 22

486 ACT21Q Automation conditioning timer Output 21

486 ACT20Q Automation conditioning timer Output 20

486 ACT19Q Automation conditioning timer Output 19

486 ACT18Q Automation conditioning timer Output 18

486 ACT17Q Automation conditioning timer Output 17

487 ACT32Q Automation conditioning timer Output 32

487 ACT31Q Automation conditioning timer Output 31

487 ACT30Q Automation conditioning timer Output 30

487 ACT29Q Automation conditioning timer Output 29

487 ACT28Q Automation conditioning timer Output 28

487 ACT27Q Automation conditioning timer Output 27

487 ACT26Q Automation conditioning timer Output 26

487 ACT25Q Automation conditioning timer Output 25

Local Bits 2

488 LB40 Local Bit 40 

488 LB39 Local Bit 39 

488 LB38 Local Bit 38 

488 LB37 Local Bit 37 

488 LB36 Local Bit 36 

488 LB35 Local Bit 35 

488 LB34 Local Bit 34 

488 LB33 Local Bit 33

489 LB48 Local Bit 48 

489 LB47 Local Bit 47 

489 LB46 Local Bit 46 

489 LB45 Local Bit 45 

489 LB44 Local Bit 44 

489 LB43 Local Bit 43 

489 LB42 Local Bit 42

489 LB41 Local Bit 41 

Table 11.2 Row List of Relay Word Bits (Sheet 97 of 99)
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490 LB56 Local Bit 56 

490 LB55 Local Bit 55 

490 LB54 Local Bit 54 

490 LB53 Local Bit 53 

490 LB52 Local Bit 52 

490 LB51 Local Bit 51 

490 LB50 Local Bit 50 

490 LB49 Local Bit 49 

491 LB64 Local Bit 64 

491 LB63 Local Bit 63 

491 LB62 Local Bit 62 

491 LB61 Local Bit 61 

491 LB60 Local Bit 60 

491 LB59 Local Bit 59 

491 LB58 Local Bit 58 

491 LB57 Local Bit 57 

Local Bit Supervision 2

492 LB_SP40 Local Bit 40 supervision (SELOGIC control equation)

492 LB_SP39 Local Bit 39 supervision (SELOGIC control equation)

492 LB_SP38 Local Bit 38 supervision (SELOGIC control equation)

492 LB_SP37 Local Bit 37 supervision (SELOGIC control equation)

492 LB_SP36 Local Bit 36 supervision (SELOGIC control equation)

492 LB_SP35 Local Bit 35 supervision (SELOGIC control equation)

492 LB_SP34 Local Bit 34 supervision (SELOGIC control equation)

492 LB_SP33 Local Bit 33 supervision (SELOGIC control equation)

493 LB_SP48 Local Bit 48 supervision (SELOGIC control equation)

493 LB_SP46 Local Bit 46 supervision (SELOGIC control equation)

493 LB_SP45 Local Bit 45 supervision (SELOGIC control equation)

493 LB_SP44 Local Bit 44 supervision (SELOGIC control equation)

493 LB_SP43 Local Bit 43 supervision (SELOGIC control equation)

493 LB_SP42 Local Bit 42 supervision (SELOGIC control equation)

493 LB_SP41 Local Bit 41 supervision (SELOGIC control equation)

494 LB_SP56 Local Bit 56 supervision (SELOGIC control equation)

494 LB_SP55 Local Bit 55 supervision (SELOGIC control equation)

494 LB_SP54 Local Bit 54 supervision (SELOGIC control equation)

494 LB_SP53 Local Bit 53 supervision (SELOGIC control equation)

494 LB_SP52 Local Bit 52 supervision (SELOGIC control equation)

494 LB_SP51 Local Bit 51 supervision (SELOGIC control equation)

494 LB_SP50 Local Bit 50 supervision (SELOGIC control equation)

494 LB_SP49 Local Bit 49 supervision (SELOGIC control equation)

495 LB_SP64 Local Bit 64 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 98 of 99)
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495 LB_SP63 Local Bit 63 supervision (SELOGIC control equation)

495 LB_SP62 Local Bit 62 supervision (SELOGIC control equation)

495 LB_SP61 Local Bit 61 supervision (SELOGIC control equation)

495 LB_SP60 Local Bit 60 supervision (SELOGIC control equation)

495 LB_SP59 Local Bit 59 supervision (SELOGIC control equation)

495 LB_SP58 Local Bit 58 supervision (SELOGIC control equation)

495 LB_SP57 Local Bit 57 supervision (SELOGIC control equation)

Local Bit Status 2

496 LB_DP40 Local Bit 40 status display (SELOGIC control equation)

496 LB_DP39 Local Bit 39 status display (SELOGIC control equation)

496 LB_DP38 Local Bit 38 status display (SELOGIC control equation)

496 LB_DP37 Local Bit 37 status display (SELOGIC control equation)

496 LB_DP36 Local Bit 36 status display (SELOGIC control equation)

496 LB_DP35 Local Bit 35 status display (SELOGIC control equation)

496 LB_DP34 Local Bit 34 status display (SELOGIC control equation)

496 LB_DP33 Local Bit 33 status display (SELOGIC control equation)

497 LB_DP48 Local Bit 48 status display (SELOGIC control equation)

497 LB_DP47 Local Bit 47 status display (SELOGIC control equation)

497 LB_DP46 Local Bit 46 status display (SELOGIC control equation)

497 LB_DP45 Local Bit 45 status display (SELOGIC control equation)

497 LB_DP44 Local Bit 44 status display (SELOGIC control equation)

497 LB_DP43 Local Bit 43 status display (SELOGIC control equation)

497 LB_DP42 Local Bit 42 status display (SELOGIC control equation)

497 LB_DP41 Local Bit 41 status display (SELOGIC control equation)

498 LB_DP57 Local Bit 57 status display (SELOGIC control equation)

498 LB_DP56 Local Bit 56 status display (SELOGIC control equation)

498 LB_DP55 Local Bit 55 status display (SELOGIC control equation)

498 LB_DP54 Local Bit 54 status display (SELOGIC control equation)

498 LB_DP53 Local Bit 53 status display (SELOGIC control equation)

498 LB_DP52 Local Bit 52 status display (SELOGIC control equation)

498 LB_DP51 Local Bit 51 status display (SELOGIC control equation)

498 LB_DP50 Local Bit 50 status display (SELOGIC control equation)

498 LB_DP49 Local Bit 49 status display (SELOGIC control equation)

499 LB_DP64 Local Bit 64 status display (SELOGIC control equation)

499 LB_DP63 Local Bit 63 status display (SELOGIC control equation)

499 LB_DP62 Local Bit 62 status display (SELOGIC control equation)

499 LB_DP61 Local Bit 61 status display (SELOGIC control equation)

499 LB_DP60 Local Bit 60 status display (SELOGIC control equation)

499 LB_DP59 Local Bit 59 status display (SELOGIC control equation)

499 LB_DP58 Local Bit 58 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 99 of 99)

Row Name Bit Description



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 1 2

Analog Quantities

This section contains tables of the analog quantities available within the 
SEL-487B relay.

Use Table 12.1 and Table 12.2 as a reference for labels in this manual and as a 
resource for quantities you use in SELOGIC control equation relay settings. 
Table 12.1 lists the analog quantities alphabetically, and Table 12.2 groups the 
analog quantities by function.

                    

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 1 of 3)

Label Description Units

3V0FII Filtered instantaneous zero sequence voltage (imaginary) Volts [V] (secondary)

3V0FIM Filtered instantaneous zero sequence voltage (magnitude) Volts [V] (secondary)

3V0FIR Filtered instantaneous zero sequence voltage (real) Volts [V] (secondary)

3V2FII Filtered instantaneous negative sequence voltage (imaginary) Volts [V] (secondary)

3V2FIM Filtered instantaneous negative sequence voltage (magnitude) Volts [V] (secondary)

3V2FIR Filtered instantaneous negative sequence voltage (real) Volts [V] (secondary)

51P01–51P21 51 element 01–21 pickup value Amperes [A] (secondary)

51TD01–51TD21 51 element 01–21 time-dial setting –

ACN01CV–ACN32CV Automation SELOGIC counter current value

ACN01PV–ACN32PV Automation SELOGIC counter preset value

ACT01DO–ACT32DO Automation SELOGIC conditioning timer dropout time seconds

ACT01PU–ACT32PU Automation SELOGIC conditioning timer pickup time seconds

ACTGRP Active group setting

AMV001–AMV256 Automation SELOGIC math variable

AST01ET–AST32ET Automation SELOGIC math sequencing timer elapsed time seconds

AST01PT–AST32PT Automation SELOGIC sequencing timer preset time seconds

BNCDSJI BNC port 100PPS data stream jitter µs

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy µs

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy µs

BNCTBTW Time between BNC 100PPS pulses µs

CUR_SRC Current high-priority time source

DC1 Station Battery 1 dc voltage Volts [V]

DC1MAX Maximum dc 1 voltage Volts [V]

DC1MIN Minimum dc 1 voltage Volts [V]

DC1NE Average negative-to-ground dc 1 voltage Volts [V]

DC1PO Average positive-to-ground dc 1 voltage Volts [V]

DC1RI AC ripple of dc 1 voltage Volts [V]

DDOM UTC Date, day of the month (1–31) day
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DDOW UTC Date, day of the week (1-SU,.., 7-SA)

DDOY UTC Date, day of the year (1–366) day

DLDOM Local date, day of the month (1–31) day

DLDOW Local date, day of the week (1-SU,.., 7-SA)

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

I01FA–I21FA 1-cycle average phase current (angle) Degrees [°] 

I01FIA–I21FIA Filtered instantaneous phase current (angle) Degrees [°] 

I01FII–I21FII Filtered instantaneous phase current (imaginary) Amperes [A] (secondary)

I01FIM–I21FIM Filtered instantaneous phase current (magnitude) Amperes [A] (secondary)

I01FIR–I21FIR Filtered instantaneous phase current (real) Amperes [A] (secondary)

I01FM–I21FM 1-cycle average phase current (magnitude) Amperes [A] (primary)

I850MOD IEC 61850 mode/behavior status N/A

IOPCZ1–IOPCZ3 Check Zone 1–3 operating current per unit [pu]

IOPCZ1F–IOPCZ3F 1-cycle average Check Zone 1–3 operating current per unit [pu]

IOP1–IOP6 Zone 1–6 operating current per unit [pu]

IOP1F–IOP6F 1-cycle average Zone 1–6 operating current per unit [pu]

IRTCZ1–IRTCZ3 Check Zone 1–3 Restraint current per unit [pu]

IRTCZ1F–IRTCZ3F 1-cycle average Check Zone 1–3 restraint current per unit [pu]

IRT1–IRT6 Zone 1–6 restraint current per unit [pu]

IRT1F–IRT6F 1-cycle average Zone 1–6 restraint current per unit [pu]

MB1A–MB7A A Channel received MIRRORED BITS analog values

MB1B–MB7B B Channel received MIRRORED BITS analog values

NEW_SRC Selected high-priority time source

PCN01CV–PCN32CV Protection SELOGIC counter current value

PCN01PV–PCN32PV Protection SELOGIC counter preset value

PCT01DO–PCT16DO Protection SELOGIC conditioning timer dropout time cycles

PCT01PU–PCT16PU Protection SELOGIC conditioning timer pickup time cycles

PMV01–PMV64 Protection SELOGIC math variable

PST01ET–PST32ET Protection SELOGIC sequencing timer elapsed time cycles

PST01PT–PST32PT Protection SELOGIC sequencing timer preset time cycles

PTPDSJI PTP 100PPS data stream jitter in µs µs

PTPMCC PTP master clock class enumerated value N/A

PTPOFST Raw clock offset between PTP master and relay time ns

PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs

PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs

PTPPORT Active PTP port number N/A

PTPSTEN PTP port state enumerated value

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 2 of 3)

Label Description Units
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PTPTBTW Time between PTP 100PPS pulses in µs µs

RA001–RA256 Remote analogs

RAO01–RAO64 Remote analog output –

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

SERDSJI Serial port 100PPS data stream jitter µs

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy µs

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy µs

SERTBTW Time between serial 100PPS pulses µs

SQUAL Synchronization accuracy of the selected high-priority time source µs

THR UTC time, hour (0–23) hour

TLHR Local time, hour (0–23) hour

TLMIN Local time, minute (0–59) min

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

TLODMS Local time of day in milliseconds (0–86400000) ms

TLSEC Local time, seconds (0–59) seconds

TMIN UTC time, minute (0–59) minutes

TMSEC UTC time, milliseconds (0–999) ms

TNSEC UTC time, nanoseconds (0–999999) ns

TODMS UTC time of day in milliseconds (0–86400000) ms

TQUAL Worst-case clock time error of the selected high-priority time source seconds

TSEC UTC time, seconds (0–59) seconds

TUTC Offset from local time to UTC time hours

V1FII Filtered instantaneous positive-sequence voltage (imaginary) Volts [V] (secondary)

V1FIM Filtered instantaneous positive-sequence voltage (magnitude) Volts [V] (secondary)

V1FIR Filtered instantaneous positive-sequence voltage (real) Volts [V] (secondary)

V01FA–V03FA 1-cycle average phase voltage (angle) Degrees [°]

V01FIA–V03FIA Filtered instantaneous phase voltage (angle) Degrees [°]

V01FII–F03FII Filtered instantaneous phase voltage (imaginary) Volts [V] (secondary)

V01FIM–V03FIM Filtered instantaneous phase voltage (magnitude) Volts [V] (secondary)

V01FIR–F03FIR Filtered instantaneous phase voltage (real) Volts [V] (secondary)

V01FM–V03FM 1-cycle average phase voltage (magnitude) Kilovolts [kV] (primary)

Table 12.2 Analog Quantities Sorted by Function (Sheet 1 of 4)

Label Description Units

Current

InnFIMa Phase-filtered instantaneous current magnitude A (sec)

InnFIAa Phase-filtered instantaneous current angle degrees

InnFIRa Phase-filtered instantaneous current (real) A (sec)

InnFIIa Phase-filtered instantaneous current (imaginary) A (sec)

InnFMa Phase one-cycle average current magnitude A (pri)

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 3 of 3)

Label Description Units
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InnFAa Phase one-cycle average current angle degrees

IOPkb Zone k operating current pu

IOPCZpc Check Zone p operating current pu

IRTkb Zone k restraint current pu

IRTCZpc Check Zone p restraint current pu

IOPkFb Zone k one-cycle average operating current pu

IOPCZpFc Check Zone p one-cycle average operating current pu

IRTkFb Zone k one-cycle average restraint current pu

IRTCZpFc Check Zone p one-cycle average restraint current pu

Voltage

VmmFIMd Phase-filtered instantaneous voltage magnitude V (sec)

VmmFIAd Phase-filtered instantaneous voltage angle degrees

VmmFIRd Phase-filtered instantaneous voltage (real) V (sec)

VmmFIId Phase-filtered instantaneous voltage (imaginary) V (sec)

VmmFMd Phase one-cycle average voltage magnitude kV (pri)

VmmFAd Phase one-cycle average voltage angle degrees

V1FIM Positive-sequence filtered instantaneous voltage magnitude, V1 V (sec)

V1FIR Positive-sequence filtered instantaneous voltage (real) V (sec)

V1FII Positive-sequence filtered instantaneous voltage (imaginary) V (sec)

3V2FIM Negative-sequence filtered instantaneous voltage magnitude, 3V2 V (sec)

3V2FIR Negative-sequence filtered instantaneous voltage (real) V (sec)

3V2FII Negative-sequence filtered instantaneous voltage (imaginary) V (sec)

3V0FIM Zero-sequence filtered instantaneous voltage magnitude, 3V0 V (sec)

3V0FIR Zero-sequence filtered instantaneous voltage (real) V (sec)

3V0FII Zero-sequence filtered instantaneous voltage (imaginary) V (sec)

DC1 Filtered dc monitor voltage V

DC1PO Average positive-to-ground dc voltage V

DC1NE Average negative-to-ground dc voltage V

DC1RI AC ripple of dc voltage (peak-to-peak) V

DC1MIN Minimum dc voltage V

DC1MAX Maximum dc voltage V

Database Structure

RA001–RA256 Remote analogs from Ethernet card N/A

Output Settings

RAO001–RAO064 Remote analog output N/A

Date and Time

TODMS UTC time of day in milliseconds (0–86399999) ms

THR UTC time, hour (0–23) hours

TMIN UTC time, minute (0–59) minutes

TSEC UTC time, seconds (0–59) seconds

TMSEC UTC time, milliseconds (0–999) ms

Table 12.2 Analog Quantities Sorted by Function (Sheet 2 of 4)

Label Description Units
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TNSEC UTC time, nanoseconds (0–999999) ns

DDOW UTC date, day of the week (Encoded value: 1 = Sun, 2 = Mon, 3 = Tue, 4 = Wed, 
5 = Thu, 6 = Fri, 7 = Sat)

n/a

DDOM UTC date, day of the month (1–31) day

DDOY UTC date, day of the year (1–366) day

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

TLODMS Local time of Day in Milliseconds (0–86400000) ms

TLHR Local time, hour (0–23) hr

TLMIN Local time, minute (0–59) min

TLSEC Local time, seconds (0–59) s

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

DLDOW Local date, day of the week (1-SU,.., 7-SA) n/a

DLDOM Local date, day of the month (1–31) day

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

IRIG-B Control Function

TUTC Offset from local time to UTC time hr

TQUAL Worst-case clock time error of the selected high-priority time source s

NEW_SRC Selected high-priority time source n/a

CUR_SRC Current high-priority time source n/a

SQUAL Synchronization accuracy of the selected high-priority time source s

BNCDSJI BNC port 100PPS data stream jitter s

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy s

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy s

BNCTBTW Time between BNC 100PPS pulses s

SERDSJI Serial port 100PPS data stream jitter s

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy s

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy s

SERTBTW Time between serial 100PPS pulses s

MIRRORED BITS Communications

MB1A–MB7A MIRRORED BITS communications Channel A received analog values n/a

MB1B–MB7B MIRRORED BITS communications Channel B received analog values n/a

SELOGIC and Automation Elements

PMV01–PMV64 Protection SELOGIC control equation math variable n/a

PCT01PU–PCT16PU Protection conditioning timer pickup time cycles

PCT01DO–PCT16DO Protection conditioning timer dropout time cycles

PST01ET–PST32ET Protection sequencing timer elapsed time cycles

PST01PT–PST32PT Protection sequencing timer preset time cycles

Table 12.2 Analog Quantities Sorted by Function (Sheet 3 of 4)

Label Description Units
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PCN01CV–PCN32CV Protection counter current value n/a

PCN01PV–PCN32PV Protection counter preset value n/a

AMV001–AMV256 Automation SELOGIC control equation math variable n/a

ACT01PU–ACT32PU Automation conditioning timer pickup time seconds

ACT01DO–ACT32DO Automation conditioning timer dropout time seconds

AST01ET–AST32ET Automation sequencing timer elapsed time seconds

AST01PT–AST32PT Automation sequencing timer preset time seconds

ACN01CV–ACN32CV Automation counter current value n/a

ACN01PV–ACN32PV Automation counter preset value n/a

Setting Group

ACTGRP Active group setting n/a

51 Elements

51Pmmd 51 element mm pickup value A (sec)

51TDmmd 51 element mm time-dial setting n/a

Auxiliary Channels

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

IEEE 1588 PTP Status

PTPDSJI PTPDSJI PTP 100PPS data stream jitter in µs µs 

PTPMCC PTP master clock class enumerated value N/A

PTPOTJS PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs 

PTPOTJF PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs 

PTPOFST PTPOFST Raw clock offset between PTP master and relay time ns 

PTPPORT Active PTP port number N/A

PTPTBTW PTPTBTW Time between PTP 100PPS pulses in µs µs 

PTPSTEN PTPSTEN PTP Port State enumerated value 

IEC 61850 Mode/Behavior Status

I850MOD IEC 61850 mode/behavior status N/A

a nn = 01–21.
b k = 1–6.
c p = 1–3.
d mm = 01–03.

Table 12.2 Analog Quantities Sorted by Function (Sheet 4 of 4)

Label Description Units
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Introduction

The SEL-400 series family of relays feature high-performance protection for a 
variety of applications. All relays feature extensive metering, monitoring, and 
data recording, including high-resolution data capture and reporting.

Relays feature expanded SELOGIC control equation programming for easy and 
flexible implementation of custom protection and control schemes. The relays 
have separate protection and automation SELOGIC control equation programming 
areas with extensive protection and automation programming capability.

Relays provide extensive communications interfaces from standard SEL ASCII 
and enhanced MIRRORED BITS communications protocols to Ethernet connectiv-
ity with the optional Ethernet card. With the Ethernet card, you can employ com-
mon industry communications tools, including Telnet, File Transfer Protocol 
(FTP), DNP3 (serial and LAN/WAN), and the IEC 61850 Edition 2 standard 
suite of protocols.

Relays interface with SEL Grid Configurator or ACSELERATOR QuickSet 
SEL-5030 Software. SEL Grid Configurator or QuickSet assists you in setting, 
controlling, and acquiring data from the relays, both locally and remotely. 
ACSELERATOR Architect SEL-5032 Software enables you to view and configure 
IEC 61850 settings via a GUI.

Most relays support synchrophasor measurement. Synchrophasor measurements 
are available when a high-accuracy time source is connected to the relay. The 
relay supports the IEEE C37.118 standard for synchrophasors for power systems.

Most relays feature bay control functionality. The mimic display selected is dis-
played on the front-panel screen in one-line diagram format. The number of dis-
connects and breakers that can be controlled by the relay are a function of the 
selected mimic display screen. Control of the breakers and disconnects is avail-
able through front-panel pushbuttons, ASCII interface, Fast Message protocol, or 
SELOGIC control equations.

A simple and robust hardware design features efficient digital signal processing. 
Combined with extensive self-testing, these features provide relay reliability and 
enhance relay availability.

Common Features
Automation. Take advantage of enhanced automation features that include 

programmable elements for local control, remote control, protection 
latching, and automation latching. Local metering on the large-format 
front-panel LCD eliminates the need for separate panel meters. Use serial 
and Ethernet links to efficiently transmit key information, including 
metering data, protection element and control I/O status, Sequential 
Events Recorder (SER) reports, breaker monitor, relay summary event 
reports, and time synchronization. Use expanded SELOGIC control equa-

NOTE: Some SEL-400 series relays 
are compliant with Edition 1 of the 
IEC 61850 standard.

NOTE: Some relays are only 
supported by SEL Grid Configurator. 
See Section 2: PC Software for more 
details.
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tions with math and comparison functions in control applications. Incor-
porate as many as 1000 lines of automation logic to speed and improve 
control actions.

Oscillography and Event Reporting. Record voltages, currents, and internal 
logic points as fast as an 8 kHz sampling rate. Phasor and harmonic anal-
ysis features allow investigation of relay and system performance.

Sequential Events Recorder (SER). Record the last 1000 entries, including set-
ting changes, startups, and selectable logic elements.

High-Accuracy Time Stamping. Time-stamp binary COMTRADE event reports 
with real-time accuracy of better than 10 µs. View system state informa-
tion to an accuracy of better than 1/4 of an electrical degree.

Digital Relay-to-Relay Communication. Use enhanced MIRRORED BITS com-
munications to monitor internal element conditions between relays within 
a station, or between stations, by using SEL fiber-optic transceivers. Send 
digital, analog, and virtual terminal data over the same MIRRORED BITS 
channel.

Ethernet Access. Access all relay functions with the optional Ethernet card. 
Interconnect with automation systems by using IEC 61850 or DNP3 
LAN/WAN protocols directly or through an SEL-3530 RTAC. Use FTP 
for high-speed data collection.

Time-Domain Link (TiDL). Reduce costs with TiDL technology. With this sim-
ple-to-configure solution, the relay ac inputs and most of its digital inputs 
and outputs are distributed using TiDL merging units.

Parallel Redundancy Protocol (PRP). Provide seamless recovery from any sin-
gle Ethernet network failure with this protocol, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are fully duplicated 
with both copies operating in parallel.

Increased Security. Set unique passwords for each access level. The relay 
divides control and settings into seven relay access levels. The relay has 
separate breaker, protection, automation, and output access levels, among 
others.

Rules-Based Settings Editor. Communicate with and set the relay by using an 
ASCII terminal, or use the PC-based SEL Grid Configurator or QuickSet 
software.

Settings Reduction. Show only the settings for the functions and elements you 
have enabled using internal relay programming.

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making initial programming and maintenance easy.
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PC Software

Refer to Table 2.1 to navigate to the information about the PC software program 
available based on your relay.

                    

SEL Grid Configurator Software
SEL Grid Configurator Software is a tool for engineers and technicians to 
quickly and easily design, deploy, and manage device configurations for power 
system protection, control, metering, and monitoring. Through use of this soft-
ware, you can perform the following:

➤ Configure settings for supported devices.

➤ Organize and manage device settings.

➤ Read and send settings for supported devices.

➤ Read reports from supported devices.

Installation
Overview

To install the software, you must have at least the following.

Table 2.1 SEL Software

Relay Model Available Settings Software

SEL-400G See SEL Grid Configurator Software on page 2.1

SEL-401 See SEL Grid Configurator Software on page 2.1

SEL-411L-0, -1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-411L-2 See SEL Grid Configurator Software on page 2.1

SEL-421-4, -5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-421-7 See SEL Grid Configurator Software on page 2.1

SEL-451-5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-451-6 See SEL Grid Configurator Software on page 2.1

SEL-487B-1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487B-2 See SEL Grid Configurator Software on page 2.1

SEL-487E-3, -4 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487E-5 See SEL Grid Configurator Software on page 2.1

SEL-487V See ACSELERATOR QuickSet SEL-5030 Software on page 2.14
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Two different installations of Grid Configurator are offered: an Admin Install and 
a User Install. Both install the same version of the software but support different 
use cases. SEL recommends using the Admin Install in most cases. Table 2.3 
illustrates the differences and the different use cases for the two installation 
types.

                    

Examples of when to use the User Install:

➤ A user must install the software but lacks administrative privileges on 
the computer.

➤ A user wants to try a new version of Grid Configurator before full 
deployment.

➤ A user must use Grid Configurator on the same computer on which 
an incompatible (and unable to be upgraded) version of QuickSet is 
installed.

ACSELERATOR QuickSet Compatibility

If using the Legacy Device Driver, QuickSet version 6.3.0.7 or later is required 
for compatibility with Grid Configurator. If using Device Manager, QuickSet 
version 6.8.2.0 or later is required for compatibility with SEL Grid Configurator.

Table 2.2 Minimum Requirements

Supported Operating Systems:
Microsoft Windows 10 (64-bit)

Microsoft Server 2016 (64-bit)

Processor Speed: 1 GHz (64-bit) or faster

RAM: 2 GB

Disk Space: 1 GB available

Printer: Default printer installed for printer settings

Monitor:

1280 x 800 or higher resolution monitor

Note: For best viewing of the application windows and 
text, you may need to enter your Windows operating sys-
tem settings and adjust the screen resolution settings to 
make text and other items larger or smaller.

Other Peripherals: Mouse or other pointing device

Communications:
Serial or Ethernet connections to allow communication 
with SEL devices

Required Third-Party Software: Microsoft .NET Framework 4.7.2

Table 2.3 Differences Between Admin Install and User Install

Admin Install User Install

Requires administrative privileges to install on the computer. Does NOT require administrative privileges to install 
on the computer.

Accessible by all users on the same computer. Accessible only to the user that installed the software.

Uses the ACSELERATOR Database, the same database used by ACSELERATOR 
QuickSet Device Manager, if installed. This provides a means to view and 
access supported devices from both Grid Configurator and Device Manager.

Uses a separate database from QuickSet Device Man-
ager. The User Install of Grid Configurator cannot con-
nect to an ACSELERATOR Database.

May require an update to QuickSet and Device Manager for compatibility. If 
an update is necessary, the user will be notified during Grid Configurator 
installation. The user will then have the opportunity to cancel installation at 
that time.

Never requires an update to an existing installation of 
QuickSet.
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Installation Instructions
Once you have decided on the best installation, perform the following:

Step 1. Obtain the SEL Grid Configurator installation files from either the 
website (selinc.com/products/5037) or SEL Compass software.

Step 2. Run the installation file.

Step 3. If you agree to the terms of the license agreement, select I accept the 
license agreement.

Step 4. If you are running the User Install, select Install and go to Step 6. If 
you are running the Admin install, select Next and continue to 
Step 5.

NOTE: The following option is only 
available in the Admin Install. Skip 
Step 5 if you are running the User 
Install.

Step 5. Select the desired installation type.

a. Select Typical to use all default installation options, and then 
select Install to install the application.

                    

b. Select Custom to choose where to install the application and the 
ACSELERATOR Database.

c. Select Next.

d. Enter the desired folder location or select Browse to select a 
folder and then select Next.

                    

e. Enter the desired folder locations for the database binaries and 
data or select Browse to select a folder and then select Install.

                    

Figure 2.1 Select Typical to Accept All Default Installation Options or Select 
Custom to View or Modify Them

                    

Figure 2.2 Select the Install Location for SEL Grid Configurator

https://selinc.com/products/5037/
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Step 6. After the installation process has been completed, select Next.

Step 7. Select Finish to close the installation wizard.

                    

Silent Installation

Grid Configurator supports a command-line interface for silent, automated instal-
lations. The following parameters are supported:

➤ /Silent: Requires no end-user interaction and supports automated 
installs via scripting.

➤ /AgreeEULA: Represents an explicit approval of the License 
Agreement (EULA) to prevent showing the License Agreement 
form. This must be included with the /Silent option to perform a 
silent installation of Grid Configurator.

➤ /InstallPath: Specifies the selected folder location when the default 
is not desired.

➤ /DatabaseBinInstallPath: Specifies the selected folder location for 
database binary files.

➤ /DatabaseDataInstallPath: Specifies the selected folder location for 
database data files.

                    

Figure 2.3 Select the Install Location for the ACSELERATOR Database

                    

Figure 2.4 SEL Grid Configuration Installation Completed Successfully



2.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

PC Software
SEL Grid Configurator Software

Examples:

To perform a silent, default installation, execute the following:

                    

To perform a silent installation while specifying the installation paths, exe-
cute the following:

                    

Uninstalling Grid Configurator
Grid Configurator supports uninstallation by the following methods:

➤ Through Windows Apps & features (Admin Install only)

➤ Through Windows Start Menu via an Uninstall SEL Grid 
Configurator shortcut in the SEL Applications folder (User Install 
only)

➤ Through SEL Compass

➤ Silently using the Grid Configurator uninstaller’s command-line 
interface

Grid Configurator Uninstaller

The Grid Configurator uninstaller (uninstall.exe) is located in the Uninstall folder 
in the Grid Configurator install folder. The following parameters are supported:

➤ /Silent: A silent uninstallation shall be performed.

➤ /RemoveDatabaseData: Database data will be removed as part of 
uninstallation (User Install only).

Example:

To perform a silent uninstall, execute the following:

                    

Removing Database Data (User Install Only)

The database data contains device information, settings, and collected device 
reports. By default, the database data will remain on the machine when uninstall-
ing Grid Configurator. An option to remove the database data is available with 
the User Uninstall but not the Admin Uninstall. If you intend to reinstall Grid 
Configurator in the future, it is recommended to not remove this data. To remove 
the database data, select the box in the User Uninstallation Wizard (see 
Figure 2.5).

SEL.Grid.UserInstaller-x.x.x.x.exe /Silent /AgreeEULA

SEL.Grid.AdminInstaller-x.x.x.x.exe /Silent /AgreeEULA /InstallPath=”(Select file 
location)”

/DatabaseBinInstallPath=”(Select database binaries location)” 
/DatabaseDataInstallPath=

”(Select Database data location)” 

uninstall.exe /Silent
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In the case of the Admin Uninstall, the ACSELERATOR Database is not automati-
cally removed. The ACSELERATOR Database requires manual removal via Win-
dows Apps & features or SEL Compass.

Getting Started
This section provides the basic process for creating and deploying settings for a 
new device. More detailed information on each part of the user interface is avail-
able in the SEL Grid Configurator Instruction Manual. When you create a new 
device project, the software will prompt you for a part number. If you have none 
at the present time, start with the default part number; you may change it later.

Step 1. Using a computer on which Windows 10 is installed, open Grid Con-
figurator by selecting the Windows start button (left end of the Task-
bar in Windows 10), scroll down and select SEL Applications, then 
select the Grid Configurator icon. Alternatively, you can pin Grid 
Configurator to the start panel, taskbar, or desktop on your computer.

Step 2. Create a new device by selecting Add Device from the context menu 
at the top of the System Explorer, as Figure 2.6 illustrates.

                    

                    

Figure 2.5 Option to Remove Database Data on Uninstallation (User Install 
Only)

                    

Figure 2.6 Add a New Device Project
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Step 3. Select the type of device.

Step 4. Fill in a project name, setting version, and part number. Select OK. A 
device project includes all of the information (such as settings, 
comments, communications parameters, etc.) that Grid Configurator 
manages for a device, Figure 2.7 shows how a new device project 
looks in the System Explorer.

                    

Step 5. Select Main Features > Protection Elements from the Device 
Explorer, as illustrated in the green highlighted area of Figure 2.8. 
Using the controls next to the Available Protection Elements, enable 
as many protection functions as necessary. Repeat for each setting 
group by using the group selector (highlighted in orange in 
Figure 2.8) in the Device Commands menu. The features and groups 
Grid Configurator shows in this view vary greatly depending upon 
the relay, meter, or distribution controller you are configuring. Refer 
to the device instruction manual for detailed information about the 
features available in your particular device.

                    

                    

Figure 2.7 New Device in the System Explorer

                    

Figure 2.8 Protection Elements View
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The views and editors available in the Device Explorer vary 
depending upon the device. The functionality of the device being 
configured determines the available settings groups. In the Settings 
Grid view, settings are organized hierarchically in a tree format. 
Settings categories have a small triangle to the left. When you select 
this triangle, the settings category expands to show additional 
available settings related to the overarching category, as shown in 
Figure 2.9. Select the triangle again to collapse that portion of the 
tree.

In any device settings view, such as Protection Elements or Settings 
Grid, an indicator displays next to any setting you have changed. The 
change indicator persists as long as you have the device project open.

                    

Some settings will be disabled (grayed out) by default. Grid 
Configurator displays settings as disabled according to such various 
factors as your part number selection, which protections elements 
you have enabled, etc. Refer to your device instruction manual to 
learn details about the specific settings for your device. Grid 
Configurator makes settings available for editing once you change 
the options that caused them to be unavailable.

Step 6. In the Settings Grid view, expand the tree to see all settings and 
groups available in your device. Select an entry in the tree to view the 
settings editor for that element. Edit the setting value either by 
directly editing in the grid or by selecting the ellipsis button in the 
Value cell if available. Figure 2.10 shows an example of each editing 
workflow. For setting 50P1P, which requires a numerical entry, you 
can directly select and edit the necessary value in the Value cell. Set-
ting 67P1TC requires a SELOGIC control equation, which provides a 
window to help the user build their desired torque-control equation. 
Select the ellipsis button in the Value cell to open the SELOGIC con-
trol equation builder. Create the equation and then select OK.

                    

Figure 2.9 Settings Grid View
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If you enter a settings value into a field and that value is invalid or 
outside the acceptable range, as shown in Figure 2.10, Grid 
Configurator displays an error icon in the Value cell for that setting. 
A message explaining the error displays if you hover over the Value 
cell. Correct these errors prior to deploying settings.

Select the alarm icon in the Device Commands menu, as shown in 
Figure 2.11, to see Project Notifications, a report of all settings errors 
in a device project. Select the notification message to immediately 
navigate to the invalid setting.

                    

Step 7. For all remaining settings, navigate the tree or use the search bar to 
find the necessary settings and alter the appropriate values.

Step 8. Select Communications > Connections, as shown in Figure 2.12. 
Enter the connection parameters for your device. Grid Configurator 
can communicate with devices via serial or network connections.

                    

Figure 2.10 Editing Settings and Automatic Validation

                    

Figure 2.11 Viewing Project Notifications
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Step 9. Select Communications > Security, as illustrated in Figure 2.13. By 
default, Grid Configurator has the default passwords for your device 
type. Enter custom passwords if you use them. Refer to your device 
instruction manual to learn about the access levels and password 
options for your device.

                    

                    

                    

Figure 2.12 Configuring Communications Options

                    

Figure 2.13 Configuring Security Options

                    

Figure 2.14 Connecting to a Device
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Step 10. Select Connect in the Device Commands Menu, as shown in 
Figure 2.14. Once the connection is active, you will see a success 
message and a green dot displays in the device tab and next to the 
device name in the System Explorer. As long as Grid Configurator 
has an active connection with the device shown in your workspace, 
device commands appear similar to Figure 2.15.

                    

Step 11. Select the Send button, as shown in Figure 2.15, to deploy settings to 
the device. Select the green Device Operations icon in the Title Bar, 
as shown in Figure 2.16, to view the progress of the operation.

                    

Step 12. To cancel an operation, select Device Operations > Cancel Opera-
tion > OK.

                    

Step 13. Select Disconnect from the Device Commands Menu to terminate 
the connection to the device.

Grid Configurator Interface
Introduction

The user interface of Grid Configurator is divided into a number of viewable 
areas that can generally be categorized as follows:

                    

Figure 2.15 Device Commands Menu for Connected Devices

                    

Figure 2.16 Title Bar During Settings Deployment

                    

Figure 2.17 Opening the Send Report
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Navigators: One or more navigators can be open and visible in the user interface 
at any time. These generally sit vertically (top to bottom) in the user interface and 
contain content in rows. In some cases, the content will be hierarchical and col-
lapsible so you can focus only on what you need. A scroll bar appears if the con-
tent still extends beyond the viewable space. When the scroll bar appears, Grid 
Configurator offers three navigational options: 

1. Press and drag with your mouse on the scroll bar

2. Hover the mouse over the sidebar and use the mouse scroll wheel

3. Touch the scroll bar and drag your finger in the direction you want 
the view to move

IMPORTANT: Opening multiple 
navigators on a smaller screen can 
make the workspace too confining. 
You can collapse or expand any 
navigator individually.

Title Bar: The blue bar at the top of the user interface. It contains the application 
title and a number of icons for common actions that affect the entire application.

Workspace: The previously mentioned sections of the user interface enable and 
support the core of the application, your workspace. The content (or view) in the 
workspace changes depending on the project type and workflow, but the work-
space generally includes editable content and reports. Enter and edit content as 
necessary. Reports are read-only and provide information about your project. As 
with navigators, Grid Configurator displays scroll bars if the content extends 
beyond the viewable space.

Accessing Contextual Information

The menu system in Grid Configurator primarily displays via context menus. 

Select the ellipsis button, , to display the context menu for the item with 

which you are working. Select  in the title bar to activate application help.

User Interface Sections
1. Title Bar: Includes the software title and such application-level con-

trols as the light and dark theme.

2. System Explorer: A navigator that includes a hierarchical view of 
all devices in your system. Open device projects from the System 
Explorer.

3. Workspace: The display of any open view or project. Commands 
and features differ according to the use case for any particular view.
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Light and Dark Theme
                    

As shown in Figure 2.19, toggle the rocker bar on the right side of the title bar to 
switch between the light and dark theme for the user interface.

                    

Figure 2.18 Grid Configurator User Interface Overview

e
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q

                    

Figure 2.19 Dark Theme
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SEL Grid Configurator Report Retrieval
Use SEL Grid Configurator to download the Sequence of Events records or relay 
oscillography records, as highlighted in Figure 2.20.

                    

ACSELERATOR QuickSet SEL-5030 Software
This section provides information on the following topics:

➤ QuickSet Setup on page 2.15

➤ Settings Database Management and Drivers on page 2.17

➤ QuickSet Main Menu on page 2.21

➤ Create and Manage Relay Settings on page 2.21

➤ QuickSet HMI on page 2.30

➤ Analyze Events on page 2.33

➤ QuickSet Help on page 2.34

SEL-400 series relays come with ACSELERATOR QuickSet SEL-5030 Software, 
a powerful relay settings, analysis, and measurement tool, to aid you in applying 
and using the relay. QuickSet reduces engineering costs for relay settings, logic 
programming, and system analysis. QuickSet makes it easier for you to do the 
following:

➤ Create and manage relay settings

➢ Create settings for one or more relays

➢ Store and retrieve settings with Windows-based PCs

➢ Upload and download relay settings files to and from relays

➤ Analyze events

➢ Use the integrated waveform (single event reports) analysis tools

                    

Figure 2.20 SEL Grid Configurator Report Retrieval



2.15

Date Code 20230830 Instruction Manual SEL-400 Series Relays

PC Software
ACSELERATOR QuickSet SEL-5030 Software

➤ Control the relay

➢ Command relay operation through use of a GUI environment

➢ Execute relay serial port commands in terminal mode

➤ Configure the serial port and passwords

SEL provides QuickSet for easier, more efficient configuration of the relay set-
tings. However, you do not have to use QuickSet to configure a relay; you can use 
an ASCII terminal or a computer running terminal emulation software to access 
all relay settings and metering. QuickSet gives you the advantages of rules-based 
settings checks, SELOGIC control equation Expression Builder, and event analysis.

QuickSet Setup
Obtaining QuickSet

QuickSet can be obtained from the Download area of the SEL website. To have 
the software automatically update as new relay drivers are released, download 
and install SEL Compass Software, and then use Compass to download and 
install QuickSet. When you download QuickSet within Compass, you will be 
asked to select which relay drivers you wish to include. Select drivers for all SEL 
relays that you may be required to set. If later you find that additional drivers are 
required, QuickSet provides an easy method to request new drivers and updates 
(see Updating QuickSet on page 2.15).

QuickSet is also available on DVD upon request.

Updating QuickSet
The QuickSet software consists of a core application plus driver files for individ-
ual devices. As new device firmware versions are released, you may need to 
update QuickSet to add new driver files. This may be accomplished several ways:

➤ When the Enable Update Notifications check box is selected in the 
Tools > Options menu of SEL Compass, the Compass software will 
automatically check for updates on a specified schedule and facilitate 
the update process.

➤ The Update icon on the QuickSet startup screen starts SEL Compass 
and checks for updates.

➤ The Install Devices button on the Settings Editor Selection window 
starts SEL Compass and presents a menu of available drivers.

➤ Check for updates in the Help menu starts SEL Compass and 
checks for updates.

An Internet connection is required to add new drivers and to receive update noti-
fications.

Serial Communication Parameters
QuickSet can communicate with a relay via any relay serial port set to SEL proto-
col or via Ethernet. Use the Communication Parameters dialog box to config-
ure relay communications settings.

Step 1. Select the Communication menu on the top QuickSet toolbar.

Step 2. Select Parameters to open this dialog box.

Figure 2.21 shows the QuickSet Communication Parameters dialog 
box.
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You can use serial communication via relay Ports 1, 2, 3, and F (front panel). 
Figure 2.21 shows the default serial port parameters (9600, 8, N, 1).

Step 1. Enter your relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Step 2. If you choose a connection type from the Active Connection Type 
dropdown list that is a telephone modem, enter the dial-up telephone 
number in the Phone Number text box.

Ethernet Card
Use the optional Ethernet card for File Transfer Protocol (FTP) and Telnet net-
work communications.

FTP Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the FTP File Transfer Option button to select FTP as the net-
work communications protocol.

Step 3. Enter the IP address of the relay Ethernet port as the Host IP address.

Step 4. Enter the FTP port number.

Step 5. Enter the relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

See Changing the Default Passwords in the Terminal on page 3.11.

                    

Figure 2.21 QuickSet Communication Parameters Dialog Box
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Step 6. Use the Save to Address Book button to save the entered informa-
tion with a Connection Name for later use.

Step 7. Enable the Ethernet port setting FTPSERV.

Telnet Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the Telnet File Transfer Option button to select Telnet as the 
network communications protocol.

The Telnet session uses the relay passwords on the Communication Parameters 
dialog box (Figure 2.21). See Telnet on page 15.16 for more information on Telnet.

Terminal Window
The terminal window provides an ASCII interface on which you can communi-
cate with the relay. This is a basic terminal emulation. Many third-party terminal 
emulation programs are available with file transfer encoding schemes.

Step 1. Select the QuickSet Communication menu.

Step 2. Select Terminal to start the terminal window.

Another convenient method to start the terminal is to press <Ctrl+T>.

Terminal Logging 
When you select the Terminal Logging check box in the Communication 
menu, QuickSet records communications events and errors in a log.

Step 1. Select Communication > Logging > Connection Log to view the 
log.

Step 2. Clear the log by selecting Communication > Logging > Clear 
Connection Log.

Settings Database Management and Drivers
Database Manager 

QuickSet uses a relay database to save relay settings. QuickSet contains sets of 
all settings files for each relay that you specify in the Database Manager. 
Choose appropriate storage backup methods and a secure location for storing 
your relay database files. Use the File > Database Manager menu to retrieve a 
relay database from computer memory.

Relay Database

The default relay database file already configured in QuickSet is Relay.rdb. This 
database contains example settings files for the SEL products with which you can 
use QuickSet.

Step 1. Open the Database Manager to access the database.

a. Select File in the QuickSet top toolbar.

b. Select the Database Manager menu item. You will see a dialog 
box similar to Figure 2.22.



2.18

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
ACSELERATOR QuickSet SEL-5030 Software

Step 2. If you wish, you can enter descriptions of the database and/or relay in 
the Database Description and/or Settings Description text boxes.

A relay description would consist of special operating characteristics 
that describe the relay settings including the protection scheme 
settings and communications settings.

                    

Step 3. Highlight one of the relays listed in Settings.

Step 4. Select Copy to create a new collection of relay settings.

QuickSet prompts you to provide a new name.

Copy/Move Relays Between Databases

You can create multiple relay databases with the Database Manager; these data-
bases are useful for grouping similar protection schemes or geographic areas.

Step 1. Select the Copy/Move Relays Between Settings Databases tab to 
access the dialog box shown in Figure 2.23.

Step 2. Select the ellipsis next to Settings Database B to open a relay database.

Step 3. Navigate to the desired database location.

Step 4. Select Open.

For example, Relay2.rdb is the B relay database in Figure 2.23.

Step 5. Highlight a relay in the A database.

Step 6. Select Copy or Move.

Step 7. Select the > button to create a new relay in the B database.

Reverse this process to take relays from the B database to the A database.

Copy creates an identical relay that appears in both databases. Move removes the 
relay from one database and places the relay in another database.

Figure 2.22 QuickSet Database Manager Relay Database
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Create a New Database
Step 1. To create and copy an existing database of relays to a new database, 

select the File > Database Manager menu.

Step 2. Select Copy/Move Relays Between Databases on the Database 
Manager dialog box.

QuickSet opens the last active database and assigns it as Database A 
(see Figure 2.23).

Step 3. Select the ellipsis next to Settings Database B.

QuickSet prompts you for a file location.

Step 4. Type a new database name.

Step 5. Select Open.

Step 6. Answer Yes.

The program creates a new empty database.

Step 7. Load relays into the new database as in Copy/Move Relays Between 
Databases on page 2.18.

Drivers 
Relay settings folders in QuickSet are closely associated with the QuickSet relay 
driver that you used to create the settings. The relay settings and the QuickSet 
drivers must match.

Step 1. Use one of the following methods to view the relay FID (firmware 
identification) number to determine the active QuickSet drivers.

➢ Enter Access Level 1 and use the STATUS command from the 
serial port terminal emulation window.

➢ Type ID <Enter> in the computer emulation software window 
(<Ctrl+T> from QuickSet).

Figure 2.23 QuickSet Database Manager Copy/Move
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Step 2. Locate and record the Z-number in the FID string.

The Z-number helps determine the proper QuickSet relay settings 
driver version when creating or editing relay settings files.

Step 3. View the QuickSet settings driver information at the bottom of the 
Settings Editor window.

The first portion of the Z-number is the QuickSet settings driver 
version number (see Figure 2.24).

Step 4. Compare the QuickSet driver number and the relay FID number.

This QuickSet driver Z-number and the corresponding part of the 
relay FID must match.

                    

Use the first portion of the Z-number (Z001XXX, for example) to 
determine the correct Settings Editor version to select.

Step 5. View the top of the Settings Editor window to check the Settings 
Editor driver number (see Figure 2.25).

                    

As SEL develops new drivers, you can update your existing QuickSet with spe-
cific relay drivers for each SEL product that uses QuickSet. Use SEL Compass 
(selinc.com/products/compass/) to download the latest QuickSet drivers.

Figure 2.24 QuickSet Software Driver Information in the FID String

FID = SEL-487B-1-R306-V0-Z007005-D20130606

Relay Settings Driver Version Number

HMI Version Number

                    

Figure 2.25 Relay Settings Driver Version Number

Settings Editor Tree View Driver Version

https://selinc.com/products/compass/
http://selinc.com/products/compass/
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QuickSet Main Menu
The main menu provides the following options and submenu options. Selected 
submenu options are explained in detail in Table 2.4.

                    

Create and Manage Relay Settings
QuickSet enables you to create settings for one or more relays. You can store 
existing relay settings downloaded from relays with QuickSet, creating a library 
of relay settings (see Database Manager on page 2.17). You can then modify and 
upload these settings from your settings library to a relay. QuickSet makes setting 
the relay easy and efficient.

Table 2.4 QuickSet Submenu Options

File

➤ New—Create new settings for a connected device or offline.

➤ Open—Open existing settings stored in a Relay Database (RDB) file.

➤ Close—Close settings instance that is open in the QuickSet window.

➤ Save/Save As—Save settings instance that is open in the QuickSet window to the active Relay Database 
(RDB) file.

➤ Print Device Settings—Print standard or custom settings reports.

➤ Read—Read settings from a connected device and display the settings in the QuickSet window.

➤ Send—Send settings instance that is open in the QuickSet window to a connected device.

➤ Active Database—Change which Relay Database (RDB) file is used for the Open and Save/Save As 
commands.

➤ Database Manager—Open Database Manager to create a new Relay Database (RDB) file, copy settings within 
the active Relay Database (RDB) file, add descriptions to settings within the database, and copy and move 
settings between different databases.

➤ Exit—Quit the QuickSet software.

Edit

➤ Copy—Copy settings from one Settings Group to another.

➤ Search—Search for a text string within the settings instance.

➤ Compare—Compare the settings instance that is open in the QuickSet window to another settings instance in 
the Relay Database file.

➤ Merge—Merge the settings instance that is open in the QuickSet window with another settings instance in the 
Relay Database file.

➤ Part Number—Change the current part number for the settings instance that is open in the QuickSet window.

Communications

➤ Connect—Request QuickSet to attempt to connect to a device by using the current Connection Parameters.

➤ Parameters—Modify the Communications Parameters, including connection type (Serial, Network, or 
Modem), PC port numbers, speed, and settings, device passwords, IP addresses, ports, and file transfer 
options, and modem phone numbers and speeds.

➤ Network Address Book—Select from a list of Ethernet-connected devices. Add or modify devices by 
specifying the Connection Name, IP Address, Telnet Port Number, User ID, and Password.

➤ Terminal—Open terminal window to issue ASCII commands directly to a connected relay.

➤ Logging—Initiate terminal logging to record terminal communications. View and clear the connection log.

Tools

➤ Settings—Convert settings between settings versions. Import and export settings from and to text files.

➤ HMI—Open HMI for connected device and manage custom HMI Device Overviews.

➤ Events—Collect event and view reports from connected devices.

➤ Options—Control QuickSet options, including Setting Comments, Event Viewer, and Terminal Options.

➤ Firmware Loader—Upgrade relay firmware.

Help ➤ Access program and settings help.
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Relay Part Number 
The relay part number determines the settings that QuickSet displays and the func-
tions that the software controls. When configuring QuickSet to control a particular 
relay, you should confirm that the QuickSet part number matches the relay part 
number so that you can access all of the settings you need for your relay.

Configuring the Relay Part Number
Step 1. Select the QuickSet Edit menu.

Step 2. Select Part Number in the dropdown list, as shown in Figure 2.26.

                    

You will see the Device Part Number dialog box, similar to the one 
shown in Figure 2.27 for the SEL-487B.

Step 3. Use the arrows inside the text boxes to match corresponding portions 
of the Device Part Number dialog box to your relay. Alternatively, 
select Edit in the lower left corner of the Device Part Number 
screen and paste in the desired part number.

                     

Figure 2.26 Retrieving the Device Part Number
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Settings Overview
QuickSet arranges relay settings in easy-to-understand categories (for an expla-
nation of settings organization, see Making Simple Settings Changes on 
page 3.15). These categories of collected settings help you quickly set the relay. 
Figure 2.28 is an example of relay settings categories in the Settings Editor tree 
view.

QuickSet shows all of the settings categories in the settings tree view. When you 
enable and disable settings categories, the tree view remains constant, but when 
you select the tree view to access the settings in a disabled category, the disabled 
settings are dimmed. For example try the following steps:

Step 1. Select Global > Station DC Monitoring and observe that the set-
tings are dim.

Step 2. To enable the Station DC Monitor settings, select the Global > Gen-
eral Global Settings/Enables branch of the settings tree view.

Step 3. Change the EDCMON Station DC Battery Monitor setting to Y.

Step 4. Figure 2.28 through Figure 2.30 illustrates this feature of QuickSet.

                    

Figure 2.27 Setting the Relay Part Number in QuickSet
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Figure 2.28 Station DC Settings

                    

Figure 2.29 Enable EDCMON in Global Settings
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Figure 2.30 DC Monitor Settings Enabled
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Settings Editor
Use the Settings Editor to enter relay settings. Figure 2.31 illustrates the import-
ant features of the editor. These features include the QuickSet settings driver ver-
sion number (the first three digits of the Z-number) in the lower left corner of the 
Settings Editor.

                    

Entering Settings
Step 1. Select the arrows to expand the Settings Tree View (see 

Figure 2.31).

Step 2. Select the circle buttons to select the settings class, instance, and cat-
egory that you want to change.

Step 3. Use the <Tab> key to move to the setting text book and from setting 
to setting when entering and editing.

Step 4. The right-click mouse button allows access to two special functions 
when you are editing settings: Previous Value and Default Value. It 
also allows the user to Add a Comment to the selected setting or 
Search for Selected Text.

                    

Figure 2.31 QuickSet Settings Editor

Settings Tree View
Relay Settings 
Driver Version NumberEllipsis Button Settings Dialog Box Text Box

Error Text Region
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Step 5. Use the following methods to edit the settings from QuickSet.

➢ Restore previous values. Right-click the mouse over the setting 
and select Previous Value.

➢ Restore default values. Right-click in the setting dialog box and 
select Default Value.

If you enter a setting that is out of range or has an error, an error 
message appears at the bottom of the Settings Editor window. 
To correct the error, proceed to Step 6.

Step 6. Correct settings errors.

a. Double-click the error listing in the Settings Editor window.

b. Enter a valid input for the setting where the error appears.

Ellipsis Button
QuickSet includes a feature called an ellipsis button (see Figure 2.32).

                    

The ellipsis button is a square button with three dots, as shown in Figure 2.33. 
Use the ellipsis button to build expressions or assist with entering settings in the 
relay. Whether the ellipsis button is an expression builder or a setting assistant 
depends on the selected relay function and is preprogrammed in the relay. For 
example, Figure 2.33 shows the ellipsis button as a setting assistant, entering 
settings for the SER.

Step 1. Enter the SER settings by selecting on the Report > SER Settings in 
the Tree View.

Step 2. Select the SITM1 SER Points and Alias, Point 1 ellipsis button, 
which makes the R1-SITM1 window available.

Step 3. Select the Relay Word bit ellipsis button in the R1-SITM1 window.

The software displays a list of Relay Word bits available in the relay 
that you can select to enter in the SER report.

                    

Figure 2.32 Ellipsis Button
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Expression Builder
The ellipsis button also allows access to an expression builder. SELOGIC control 
equations are a powerful means for customizing relay performance. Creating 
these equations can be difficult because of the large number of relay elements 
(Relay Word bits) and analog quantities in the relay. QuickSet simplifies this pro-
cess with the expression builder, a rules-based editor for programming SELOGIC 
control equations. The expression builder organizes relay elements, analog quan-
tities, and SELOGIC control equation variables and focuses your equation deci-
sion making.

Expression Builder Organization

The Expression Builder dialog box is organized into two main parts represent-
ing the left side (LVALUE) and right side (RVALUE) of the SELOGIC control 
equation. (The LVALUE is fixed for all settings except Protection Free-Form 
SELOGIC and Automation Free-Form SELOGIC control equation settings—see 
Fixed SELOGIC Control Equations on page 13.6.) Figure 2.34 shows the two 
sides of the Expression Builder, with the SELOGIC control equation that you are 
constructing at the top of the dialog box. Note the dark vertical line and the 
equals sign (:=) separating the equation’s left and right sides.

                    

Figure 2.33 Location of Ellipsis Button
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Using the Expression Builder
Step 1. For Protection Free-Form SELOGIC and Automation Free-Form 

SELOGIC control equations, select the type of result (LVALUE) for 
the SELOGIC control equation to use the Expression Builder.

QuickSet shows Relay Word bits available for use in compiling 
expressions. The program shows the relay elements for each type of 
SELOGIC control equation (e.g., Boolean Variables, Math Variables).

On the right side of the equation (RVALUE), you can select broad 
categories of relay elements, analog quantities, counters, timers, 
latches, Boolean variables, and math variables.

Step 2. Select a category in the RVALUE tree view.

The Expression Builder displays all elements for that category in the 
list at the bottom right side. Directly underneath the right side of the 
equation, you can choose operations to include in the RVALUE. 
These operations include basic logic functions, rising and falling-
edge triggers, expression compares, and math functions. For more 
information on programming SELOGIC control equations, see 
Section 13: SELOGIC Control Equation Programming.

                    

Figure 2.34 QuickSet Expression Builder
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QuickSet HMI
Use the QuickSet HMI feature to view real-time relay information in a graphical 
format. Use the virtual relay front panel to read metering and targets (see 
Figure 2.35) for a representative example.

                    

Open the QuickSet HMI
Select Tools > HMI > HMI in the QuickSet menu bar. QuickSet opens the HMI 
window and downloads the interface data. The HMI can also be accessed by 
using the HMI icon.

QuickSet HMI Features
Table 2.5 lists typical functions in the HMI tree view and a brief explanation of 
each function. The specific options available for any specific relay depend on the 
features available in that relay.

                    

                    

Figure 2.35 Virtual Relay Front Panel

Table 2.5 QuickSet HMI Tree View Functions (Sheet 1 of 2)

Function Description

Device Overview View general metering, selected targets, control input, control 
outputs, and the virtual front panel

Contact I/O View status of contact inputs and contact outputs
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Phasors A graphical and textual representation of phase and sequence 
voltages and currents.

Time and 
Communications

View for Time Quality, MIRRORED BITS Channel A or B, real-
time control (RTC) Channel. Precision Time Protocol (PTP), or 
Sampled Values status.

Fundamental Metering A table of instantaneous voltages, currents, powers, and fre-
quency.

Zone Metering View active Zone meter reports.

Differential Metering View differential currents of all active zones.

Unbalance Metering View the differential and unbalanced metering data.

Synchrophasor A table of synchrophasor data.

Demand/Peak A table showing demand and peak demand values. This display 
also allows demand and peak demand values to be reset.

Min/Max A table showing maximum/minimum metering quantities. This 
display also allows maximum/minimum metering quantities to be 
reset.

Energy A table showing energy import/export. This display also allows 
energy values to be reset.

Temperature View the temperature measurements received from the 
SEL-2600A.

Protection Math Variables View the protection math variable values.

Automation Math Vari-
ables

View the automation math variable values.

MIRRORED BITS Commu-
nications

View the MIRRORED BITS communications analog quantities.

Through Faults View the through-fault data.

Thermal Monitoring View the most recent saved thermal report of the transformer(s) 
monitored by the device.

Breaker n Monitoring 
(n can be S,T,U,W, or X)

View a comprehensive circuit breaker report that includes inter-
rupted currents, number of operations, and mechanical and elec-
trical operating times.

Analog Signal Profile View the Signal Profile data for as many as 20 user-selectable 
analog values.

VSSI Report View the voltage sag, swell, and interruption report.

Targets View Relay Word bits in a row/column format.

Status A list of relay status conditions.

LDP View load profile data.

SER Sequential Events Recorder (SER) data listed oldest to newest, 
top to bottom.

Set the range of SER records with the dialog boxes at the bottom 
of the display.

SSI View voltage Sag, Swell, and Interruption data.

Breaker Monitor Data A table showing the latest circuit breaker monitor data.

Control Window Metering and records reset buttons, trip and close control, output 
pulsing, target reset, time and date set, group switch, and remote 
bit control.

Table 2.5 QuickSet HMI Tree View Functions (Sheet 2 of 2)

Function Description
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The flashing LED representation in the lower left of the QuickSet window indi-
cates an active data update via the communications channel (see Figure 2.35). 
Select the button marked Disable Update to suspend HMI use of the communi-
cations channel.

HMI Device Overview

Select the Device Overview branch to display an overview of the relay operation. 
This view includes a summary of information from many of the other HMI 
branches, including fundamental metering, contact input/output status, and front-
panel LED status.

The Device Overview colors and text can be customized. White LED symbols 
indicate a deasserted condition and LED symbols with any other color indicate an 
asserted condition. Select an LED symbol to change its assert color.

HMI Control Window

Select the Control Window branch to reset metering values, clear event records, 
trip and close reclosers/breakers, pulse output contacts, and set and clear remote 
bits (see Figure 2.36) for a representative example.

                    

Other HMI Branches

The remaining HMI branches display metering, targets, status, reporting, and 
monitoring information.

                    

Figure 2.36 Control Window
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HMI Configurations

Customized Device Overviews can be saved as HMI Configurations. To save the 
current configuration, select Tools > HMI > Save Configuration to save the 
configuration under the current name, or Tools > HMI > Save Configuration As 
to specify a configuration name.

HMI configurations are identified by relay type and a configuration name. To use 
an existing configuration, select Tools > HMI > Select Configuration. To view 
available configurations, select Tools > HMI > Manage Configurations. To 
make an existing configuration the default configuration for a given relay type, 
select the configuration in the Manage Configurations window, select Edit, and 
select the Default check box.

Analyze Events
QuickSet has integrated analysis tools that help you retrieve information about 
protection system operations quickly and easily. Use the protection system event 
information that relays store to evaluate the performance of a protection system.

Event Waveforms
Relays record power system events for all trip situations and for other operating 
conditions programmed with SELOGIC control equations.

The relays provide two types of event data captures:

➤ Event report oscillography that uses filtered sample-per-cycle data

➤ Unfiltered (raw) data

Use QuickSet to view event report oscillograms, phasor diagrams, harmonic 
analysis, and settings.

Read History

You can retrieve event files stored in the relay and transfer these files to a com-
puter. To download event files from the relay, open the QuickSet Tools > Events 
menu on the QuickSet toolbar and select Get Event Files. The Event History 
dialog box will appear (similar to Figure 2.37).
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Get Event

Highlight the event you want to view and select the Get Selected Event button. 
The Event Options dialog box allows selection of Event Type and Event Length. 
When downloading is complete, QuickSet asks for a location to save the file on 
your computer. Select Tools > Events> View Event Files with SynchroWAVe 
Event and select an event file to view events saved on your computer. 

QuickSet Help
Various forms of QuickSet help are available as shown in Table 2.6. Press <F1> 
to open a context-sensitive help file with the appropriate topic as the default. 
Other ways to access help are shown in Table 2.6.

                    

                    

Figure 2.37 Retrieving an Event History

Checks the connected relay for 
new event records and updates 
the event history list.

Sends a trigger command to the 
connected relay and updates the 
event history list.

Downloads selected events from
the relays and saves in the format 
indicated in the Event Type 
dropdown list.

Table 2.6 Accessing QuickSet Help

Help Description

General QuickSet Select Help > Contents from the main menu bar.

HMI Application Select Help > HMI Help from the main menu bar.

Relay Settings Select Help > Settings Help from the from the main menu bar.

Database Manager Select Help from the bottom of the Database Manager window.

Communications Parameters Select Help from the bottom of the Communications Parame-
ters window.
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Basic Relay Operations

The SEL-400 series relays are powerful tools for power system protection and 
control. Understanding basic relay operation principles and methods will help 
you use the relay effectively. This section presents the fundamental knowledge 
you need to operate the relay, organized by task. These tasks help you become 
familiar with the relay and include the following:

➤ Inspecting a New Relay on page 3.1

➤ Establishing Communication on page 3.3

➤ Access Levels and Passwords on page 3.7

➤ Checking Relay Status on page 3.13

➤ Making Simple Settings Changes on page 3.15

➤ Examining Metering Quantities on page 3.34

➤ Examining Relay Elements on page 3.42

➤ Reading Oscillograms, Event Reports, and SER on page 3.46

➤ Operating the Relay Inputs and Outputs on page 3.55

➤ Configuring Timekeeping on page 3.65

➤ Readying the Relay for Field Application on page 3.66

Perform these tasks to gain a good understanding of relay operation, be able to 
confirm that the relay is properly connected, and be more effective when using 
the relay. To work through the examples in this section, you need to install the 
relay either in a final installation or in a laboratory configuration. See Section 2: 
Installation in the product-specific instruction manual for more information.

Inspecting a New Relay
NOTE: Do not connect power to the 
relay until you have completed your 
inspection of the relay. See the 
product-specific Installation section 
for details on applying power. Failure 
to follow these instructions can lead 
to equipment damage.

The following items are included in your shipment from SEL:

➤ Relay

➤ DVD containing the electronic versions of all SEL-400 series 
manuals, data sheets, configurable label kits and instructions, and 
DNP3 files

➤ SEL Grid Configurator Software, ACSELERATOR QuickSet 
SEL-5030 Software, and ACSELERATOR Architect SEL-5032 
Software

➤ Configurable Front-Panel Label Kit

➤ SEL Contact Card

If any item is missing or damaged, please contact your distributor or SEL immediately.
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Initial Inspection
Perform the following initial inspection when the relay arrives:

Step 1. Remove the protective wrapping from the relay.

Step 2. Observe the outside of the front cover and the rear panel.

Step 3. Check that no significant scratches or dents are evident on any outer 
surface.

Step 4. Confirm that all terminal strips on the rear panel are secure.

Perform the following steps and use care when cleaning the relay:

Step 1. Use a mild soap or detergent solution and a damp cloth to clean the 
relay chassis.

Be careful cleaning the front and rear panels because a permanent 
plastic sheet covers each panel; do not use abrasive materials, 
polishing compounds, or harsh chemical solvents (such as xylene or 
acetone) on any relay surface.

Step 2. Allow the relay to air dry, or wipe dry with a soft dry cloth.

Verify Relay Configuration
When you first inspect the relay, confirm that the relay power supply voltage and 
nominal ac signal magnitudes are appropriate for your application. Examine the 
serial number label on the relay rear panel. Figure 3.1 shows a sample rear-panel 
serial number label.

                    

NOTE: Do not use this page for 
ordering a relay. For ordering 
information, refer to the relay Model 
Option Table available at selinc.com, 
or contact your SEL Sales 
Representatives.

Figure 3.1 shows a serial number label for an SEL-451 with additional I/O in a 
4U horizontal chassis. This example serial number label is for a 5 A-per-phase 
secondary CT input relay. For information on CT and PT inputs, Do not use this 
page for ordering a relay. For ordering information, refer to the SEL-451 Model 
Option Table available at selinc.com/products/, or contact your SEL Sales Repre-
sentatives.

The power supply specification in Figure 3.1 indicates that this relay is equipped 
with a power supply that accepts a nominal 48–125 Vdc input. This power supply 
also accepts a 110–120 Vac input. Refer to the serial number label affixed to the 
back of your relay to determine the power supply voltage you should apply to the 
relay power supply input terminals. As this label indicates, the voltage source 
should be capable of providing at least 35 W for dc inputs and 90 VA for ac 
inputs. See Section 1: Introduction and Specifications in the product-specific 
instruction manual for more information on power supply specifications.

                    

Figure 3.1 Sample Relay Serial Number Label

Part Number
Serial Number

Power Supply Input
Specifications

Secondary Current Input

Secondary Voltage Input

I/O Interface Board(s)
Logic Input Rating
(See Logic Input Ratings, below)

https://selinc.com/products/
http://selinc.com/
http://selinc.com/
http://selinc.com/
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The serial number label does not list power system phase rotation and frequency 
ratings, because you can use relay settings to configure these parameters. The 
factory defaults are ABC phase rotation and 60 Hz nominal frequency. See Mak-
ing Settings Changes in Initial Global Settings on page 3.21 for details on setting 
these parameters.

Input Ratings
The serial number label in Figure 3.1 only lists control input voltages for I/O 
Interface Boards that have optoisolated inputs, which is determined at ordering 
time. The other types of control inputs (direct-coupled) have settable pickup volt-
ages, and do not appear on the serial number label. See Control Input Assignment 
on page 3.62 for more information.

Establishing Communication
Once you have applied the correct power input successfully, you are ready to 
operate the relay. Use the relay front panel and the communications ports to com-
municate with the relay.

Front-panel control of relay functions involves use of a menu system that you 
access through the LCD and the six navigational pushbuttons shown in 
Figure 3.2. For complete instructions on using the front-panel menu system, see 
Front-Panel Menus and Screens on page 4.14.

                    

Fast and efficient communication with the relay is available through communica-
tions ports such as PORT F, also shown in Figure 3.2. A design philosophy for all 
SEL relays is that an ASCII or open terminal is all that you need to communicate 
with the relay. Many off-the-shelf computer programs provide terminal emula-
tion. These programs are inexpensive and widely available.

Use the cable connections appropriate for your terminal configuration. See 
Section 15: Communications Interfaces for more information on communica-
tions ports.

All ASCII commands you send to the relay must terminate with a carriage return 
or carriage return/line feed; the terminal emulation program appends the neces-
sary carriage return when you press <Enter>.

                    

Figure 3.2 PORT F, LCD, and Navigation Pushbuttons

Navigation
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Title
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You can truncate commands to the first three characters: EVENT 1 becomes EVE 1. 
Use upper- and lowercase characters without distinction, except in passwords, 
which are case-sensitive. For a list of ASCII commands see Section 14: ASCII 
Command Reference.

Help
When you are using a terminal, you can access built-in relay help for each ASCII 
command. Relay help is access-level sensitive; you see only the ASCII com-
mands for the present access level when you type HELP <Enter>. For in-depth 
information on a particular ASCII command, enter the command name after typ-
ing HELP. For example, for help on the EVENT ASCII command, type 
HELP EVE <Enter>.

When you are using QuickSet, press <F1> to get help, or select the Help menu 
from the QuickSet toolbars. The help information in QuickSet gives detailed 
information and sample screens in a GUI format.

Making an EIA-232 Serial Port Connection
The following steps use any popular computer terminal emulation software and 
SEL serial cables to connect to the relay.

Use an SEL-C234A cable to connect a 9-pin computer serial port to the relay. 
Use an SEL-C227A cable to connect a 25-pin computer serial port to the relay. 
For computers with USB ports, use an SEL-C662 USB-to-serial cable to connect 
to the relay. See Section 15: Communications Interfaces for further information 
on serial communications connections. These and other cables are available from 
SEL. Contact the factory or your local distributor for more information.

Step 1. Use the serial cable to connect the computer to the relay via PORT F 
on the relay front panel.

Step 2. Apply power to both the computer and to the relay.

Step 3. Start the computer terminal emulation program.

Step 4. Set your computer terminal emulation program serial communica-
tions parameters. 

The default relay communications port settings are listed in 
Table 3.1.

Also set the terminal program to emulate either VT100 or VT52 
terminals. These terminal emulations work best with SEL relays.

                    

Table 3.1 General Serial Port Settings

Name Description Default

PROTO Protocol (SEL, DNP, MBA, MBB, RTD, PMU) SEL

SPEED Data speed (300 to 57600, SYNC) 9600

DATABIT Data bits (7, 8 bits) 8

PARITY Parity (Odd, Even, None) N

STOPBIT Stop bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N
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Step 5. To check the communications link, press <Enter> to confirm that 
you can communicate with the relay. 

You will see the Access Level 0 = prompt at the left side of your 
computer screen (column 1).

If you do not see the prompt, check the cable connections and 
confirm the settings in your terminal emulation program match the 
default communications parameters shown in Table 3.1.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to that shown in 
Figure 3.3. (Text that you type is emphasized in bold letters.)

If you see jumbled characters, change the terminal emulation type in 
the computer terminal program.

                    

When you communicate with the relay at the Access Level 0 = prompt, you are in 
security Access Level 0. You cannot view or control relay functions at this level. 

Higher access levels are password-protected and allow increased control over 
relay operation. For more information on access levels and password protection, 
see Changing the Default Passwords in the Terminal on page 3.11.

Making an Ethernet Telnet Connection
Factory-default settings for the Ethernet ports disable all Ethernet protocols. 
Enable the Telnet protocol with the SET P 5 command by using any of the serial 
ports. Command SET P 5 accesses settings for all Ethernet ports on the relay.

Make the following settings by using the SET P 5 command:

➤ EPORT = Y

➤ IPADDR = IP Address assigned by network administrator in 
classless inter-domain routing (CIDR) notation

➤ DEFRTR = Default router gateway IP Address assigned by network 
administrator

➤ NETMODE = FAILOVER

➤ ETELNET = Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any non-
process bus Ethernet port on the relay. Verify that the amber LINK LED illumi-
nates on the connected relay port. Many computers and most Ethernet switches 
support autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, 
such as an SEL-C627 cable, will work. When the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. For fiber-optic 
Ethernet ports, use an SEL-C807 cable (62.5/200 m multimode fiber-optic 
cable) or SEL-C808 cable (62.5/125 m multimode fiber-optic cable). Use a Tel-
net client or QuickSet on the host PC to communicate with the relay. During 
Ethernet transmit or receive activity, the green Activity LED blinks on the relay 
Ethernet port. To terminate a Telnet session, use the command EXI <Enter> from 
any access level.

=QUIT <Enter>

Relay 1                                    Date: 04/16/2004  Time: 00:01:05.209
Station A                                  Serial Number: 2001001234

=

Figure 3.3 Report Header

NOTE: For the five-port Ethernet 
card, set EINTF to CD and/or E. Then, 
set ETELNET to CD and/or E.

NOTE: If connecting to a single-
mode SFP, use an SEL-C809 cable 
(9 m single-mode fiber-optic cable).
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Making an Ethernet Web Server (HTTP) Connection
When PORT 5 setting EHTTP is enabled, the relay serves read-only webpages dis-
playing certain settings, metering, and status reports. The relay-embedded HTTP 
server has been optimized and tested to work with the most popular web brows-
ers, but should work with any standard web browser. As many as four users can 
access the embedded HTTP server simultaneously.

To begin using the embedded read-only HTTP server, launch your web browser, 
and browse to http://IPADDR, where IPADDR is the PORT 5 setting IPADDR 
(e.g., http://192.168.1.2). The relay responds with a login screen as shown in 
Figure 3.4.

                    

Choose ACC for the username, type in the relay Access Level 1 password, and 
select Submit. The only username allowed is ACC. The relay responds with the 
homepage shown in Figure 3.5. While you remain logged in to the relay, the web-
page displays the approximate time as determined by the relay time-of-day clock, 
and increments the displayed time once per second based on the clock contained 
in your PC.

Once the user is logged in, the HTTP server displays the Meter webpage. This 
page will refresh within five seconds and includes all metering options available 
and enabled on the relay.

                    

Figure 3.4 HTTP Server Login Screen
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Select any menu selection in the left pane to navigate through the available web-
pages.

Access Levels and Passwords
NOTE: Perform the password change 
steps described in Changing the 
Default Passwords in the Terminal on 
page 3.11.

It is extremely important that you change the factory-default passwords pro-
grammed in the relay. Setting unique passwords for the relay access levels 
increases the security of your substation and the power system.

This section begins with information on the access level/password system in 
SEL-400 series relays and includes an example of changing the default pass-
words.

Access Levels
Access levels control whether you can perform different operations within the 
relay. These security levels are labeled 0, 1, B, P, A, O, 2, and C. Figure 3.6 pres-
ents an overview of the general access level structure in the relay.

                    

Figure 3.5 Example HTTP Server Meter Page



3.8

SEL-400 Series Relays Instruction Manual Date Code 20230830

Basic Relay Operations
Access Levels and Passwords

                    

Access Level 0 is the least secure and most limited access level, and Access 
Level 2 is the most secure level at which you have total relay functionality 
(Level C is reserved for SEL factory operations. Only go to level C to change the 
level C password or under the direction of an SEL employee). For example, from 
Access Level 1, you can view settings, but you cannot change settings unless you 
are at a higher access level.

Table 3.2 lists access levels and operator functions for the relay.

                    

The relay performs command interpretation and execution according to your val-
idated access level. Each access level has a password that the relay must verify 
before you can control the relay at that level. Table 3.3 lists the access level com-
mands with corresponding passwords.

                    

                    

Figure 3.6 Access Level Structure

Table 3.2 SEL-400 Series Relays Access Levels

Access Level Prompt Allowed Operations

0 = Log in to Access Level 1.

1 => View data and status information.

B ==> Access Level 1 functions plus breaker control and data.

P P=> Access Level B functions plus protection settings.

A A=> Access Level B functions plus automation settings.

O O=> Access Level B functions plus output settings.

2 =>> Perform all relay access level functions.

C ==>> SEL factory-specific functions. For a list of commands 
available, contact SEL.

Table 3.3 Access Level Commands and Passwords

Access Level Command Factory-Default Password

0 QUIT (None)

1 ACCESS OTTER

B BACCESS EDITH

P PACCESS AMPERE

A AACCESS VOLTA

O OACCESS WATT

2 2ACCESS TAIL

C CAL Sel-1

Access Level x
(Note: Use xAC to switch

between any of the access
levels x, where x = B, P, A, O, 2)

ACC

QUIT

QUIT

ACC
QUIT

ACC

xAC

xAC

CAL
(from 2AC only)

Access
Level 0

Access
Level 1

Access
Level C
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Communications Ports Access Levels
Entrance to the higher security levels is sequential. You must first enter a correct 
password to move from Access Level 0 to Access Level 1.

To enter Access Levels B, P, A, O, and 2, you must enter a correct password from 
Access Level 1. For example, to go to the O (Output) Access Level from Access 
Level 1, type OAC <Enter>. At the Password: ? prompt, type your Access 
Level O password.

To enter Access Level C, you must enter a correct password from Access Level 2.

Use the relay QUIT command from any access level to return the relay to Access 
Level 0. To reestablish control at a previous access level from Access Level 1, 
you must use the access level commands and passwords to log in to that previous 
access level.

When a connection with the relay times out, the relay reduces the access level to 
Access Level 0 for that communications port connection.

Use the MAXACC port setting  to limit the maximum access level permitted on a 
station bus port. This can be useful to restrict what remote users can do. For the 
five-port Ethernet card, use the MAXACCE port setting to limit the maximum 
access level permitted on the engineering access port (PORT 5E).

Communications Ports Access Control
Port access control provides a flexible way to manage access permissions on des-
ignated ports. For example, a remote administrator (e.g., SCADA) can use this 
feature to grant temporary or limited access to personnel in the field.

Set port setting EPAC = Y to enable access control on a particular port. Use the 
Global SELOGIC equations EACC and E2AC to define the access criteria for all 
EPAC enabled ports. If EACC and E2AC evaluate to 0, all access requests are 
denied. If EACC evaluates to 1, Access Level 1 requests are permitted. If E2AC 
evaluates to 1, all access level requests are permitted (see Figure 3.7). Note that 
passwords are still required to escalate privilege.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Port access control does not apply when the relay is disabled, the password 
jumper is installed (PASSDIS = 1), or when EPAC = N, nor can it be used to 
decrease a user’s current access level or exceed the MAXACC setting level of the 
port.

Front-Panel Access Levels
The lowest access level for the front panel is Access Level 1. To enter Access 
Levels B, P, A, O, and 2, you must enter a correct password from Access Level 1.

The front-panel LCD displays a password prompt when you attempt to control 
the relay at any access level higher than Access Level 1. (For more information 
on entering passwords from the front panel, see PASSWORD on page 14.51.)

The front-panel MAIN MENU item RESET ACCESS LEVEL returns the relay to Access 
Level 1. In addition, when the front-panel inactivity timer times out (indicated by 
the ROTATING DISPLAY on the front-panel LCD), the relay returns the front-panel 
access level to Access Level 1.

ACCESS Command
NOTE: You can shorten relay 
commands to the first three letters of 
the full command. Section 14: ASCII 
Command Reference for more 
information.

Enter the ACCESS (ACC) command to change to Access Level 1. Passwords are 
case-sensitive; you must enter a password exactly as set.

                    

Figure 3.7 Port Access Control Flow Chart

Port n2 Access 
Request

EPAC

Allow1 Access Levels 1–2
1

Y

N

E2AC

0

Allow1 Access Level 1
1

EACC

0

Restrict Port n2 Access

Global 
SELOGIC 
Setting

Global 
SELOGIC 
Setting

Port n2

Setting

1 Requires correct password for the requested access level
2 Where n = 1, 2, 3, F, or 5
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If you enter the password correctly, the relay moves to Access Level 1 and the 
Access Level 1 => prompt appears. If you are at a higher access level (B, P, A, O, 
and 2), you can reduce the access level to Access Level 1 by entering the ACC 
command. The relay performs no password validation to reduce the present 
access level.

Higher Access Level Commands
Enter the commands in Table 3.3 to enter access levels above Access Level 1. For 
example, enter the 2ACCESS (2AC) command to change to Access Level 2.

If you are presently at Access Level 1, B, P, A, or O, typing 2AC <Enter> causes 
the relay to prompt you to type the Access Level 2 password. If the present level 
is Access Level 0, the relay responds with Invalid Access Level. The relay 
pulses alarm Relay Word bit SALARM when entering Access Levels B, P, A, O, 
and 2 from a lower access level.

If an incorrect password is entered three times, the relay asserts the BADPASS 
and SALARM Relay Word bits for one second and displays on a communica-
tions terminal screen the following error message:

WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED

In addition, you cannot make further access level entry attempts for 30 seconds. 
The relay terminates the communications connection after the third failed attempt 
when you use Ethernet via an Ethernet card, DNP3 (Distributed Network Proto-
col version 3.0), or MIRRORED BITS communications virtual terminal mode. For 
more information on these protocols, see Section 15: Communications Interfaces 
and Section 16: DNP3 Communication.

If your connection to the relay has an inactivity time-out (in the SET P port set-
tings), the relay automatically closes the communications connection and 
changes to Access Level 0 when the time-out occurs.

Passwords
Valid passwords are character sequences of as many as 12 characters. Valid pass-
word characters are any printable ASCII character. HMI password entry is lim-
ited to upper- and lowercase letters, numbers, underscore, and period, so you 
must limit your password to these characters if you need to do privileged opera-
tions from the front panel. Passwords are case-sensitive.

It is important that you change all of the passwords from their default values. 
This will protect you from unauthorized access.

Use strong passwords. Strong passwords contain a mix of the valid password 
characters in a combination that does not spell common words in any portion of 
the password.

Changing the Default Passwords in the Terminal
Step 1. Confirm that the relay is operating (see Establishing Communication on 

page 3.3).

Step 2. Establish communication with the relay (see Making an EIA-232 
Serial Port Connection on page 3.4 to learn how to use a terminal to 
communicate with the relay).

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Step 3. Enter Access Level C (Access Level 2 is sufficient except when 
changing the Access Level C password).

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password OTTER and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

NOTE: Passwords are case-sensitive; 
you must enter passwords exactly as 
set. 

d. At the password prompt, type TAIL <Enter>.

e. You will see the Access Level 2 =>> prompt.

f. Type CAL <Enter>.

g. At the password prompt, type Sel-1 <Enter>.

You will see the Access Level C ==>> prompt.

Step 4. To set a new password for Access Level 2, type the following:

PAS 2 <Enter>.

Step 5. Before you can change to a new password, the relay prompts you to 
first confirm the existing password. Enter the existing password and 
press <Enter>.

                    

Step 6. The relay prompts you for the new password, and a confirmation of 
the new password, as follows:

                    

Notice that the new password is not displayed. After the 
confirmation, the new password is in effect. The relay will issue a 
weak password warning if the new password does not include at least 
one special character, number, lowercase letter, and uppercase letter.

Step 7. Set new passwords for each access level.

In a similar manner as the previous step, create new strong passwords 
for each access level.

Step 8. Commit these passwords to memory, permanently record your new 
passwords, and store this permanent record in a secure location.

To eliminate password verification for an access level, enter DISABLE in place 
of the new password. This action will disable the password of that level; there-
fore, the relay does not check for a password upon entering that access level.

If you forget a password or encounter difficulty changing the default passwords, 
you can temporarily disable password verification. See Section 2: Installation in 
the product-specific instruction manual for information on the password disable 
jumper.

Old Password:  ?**** <Enter>

New Password:  ?**** <Enter>

Confirm New Password:  ?**** <Enter>
Password Changed
CAUTION: This password can be strengthened. Strong Pass-
words do not include a name, date, acronym or word. They 
consist of the maximum allowable characters, with at least 
one special character, number, lower-case letter, and 
upper-case letter. A change in password is recommended. 
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Checking Relay Status
With continual self-testing, the relay monitors the internal operation of all cir-
cuits to verify optimal performance of relay functions. If an internal circuit, pro-
tection algorithm, or automation algorithm enters an out-of-tolerance operating 
range, the relay reports a status warning. In the unlikely event that an internal 
failure occurs, the relay reports a status failure. For more information on relay 
status, see Relay Self-Tests on page 10.19.

You can check relay status through a communications port by using a terminal, 
terminal emulation computer program, or QuickSet. In addition, you can use the 
relay front panel to view status information.

Checking Relay Status by Using the Terminal
The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay (see Making an EIA-232 Serial Port Con-
nection on page 3.4). In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

Step 1. Enter Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 2. Type STA <Enter>. The relay returns a status terminal screen simi-
lar to that in Figure 3.8.

                    

Step 3. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on 
page 14.59.

=>STA <Enter> 
Relay 1                                          Date: 03/17/2023 Time:07:02:50.776
Station A                                        Serial Number: 1230769999
FID=SEL-451-5-Rxxx-V0-Zxxxxxx-Dyyyymmdd            CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.8 Relay Status
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Checking Relay Status in SEL Grid Configurator
You can use SEL Grid Configurator to check relay status. 

The following procedure assumes that you are familiar with SEL Grid Configurator. 

Step 1. Configure SEL Grid Configurator communications with the relay. 
See Section 2: PC Software for information on communicating with 
a relay in SEL Grid Configurator.

Step 2. Open a terminal communication session with the relay in SEL Grid 
Configurator.

a. Type STA <Enter>. The relay returns a status terminal similar to 
that in Figure 3.9.

                    

b. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on page 14.59.

Checking Relay Status in QuickSet
You can use QuickSet to check relay status. Use the HMI > Meter Control 
menu to view status conditions.

The following procedure assumes that you are familiar with QuickSet. 

Step 1. Configure QuickSet communications with the relay. See Section 2: 
PC Software for information on communicating with a relay in 
QuickSet.

Step 2. Select Tools in the top toolbar and select the HMI menu to start the 
QuickSet operator interface.

Step 3. Select the Status button of the HMI tree view (see Figure 3.10).

QuickSet displays the relay status with a display similar to that in 
Figure 3.10.

                    

=>STA <Enter> 
Relay 1                                         Date: 03/17/2023  Time:07:02:50.776
Station A                                       Serial Number: 1230769999
FID=SEL-451-6-Rxxx-V0-Zxxxxxx-Dyyyymmdd           CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.9 Relay Status

                    

Figure 3.10 Retrieving Relay Status in QuickSet
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Checking Relay Status From the Front Panel
Use the front-panel display and navigation pushbuttons to check relay status. See 
Section 4: Front-Panel Operations for information on using the relay front panel.

Step 1. Apply power to the relay, and note that the LCD shows a sequence of 
screens called the ROTATING DISPLAY.

(If you do not operate the front panel for a certain period, the relay 
will enter front-panel time-out mode and you will see the sequential 
screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU as shown in 
Figure 3.11.

                    

Step 3. View the relay status.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the RELAY STATUS action item (see Figure 3.11).

b. Press the ENT pushbutton.

You will see the RELAY STATUS screen (the second screen of 
Figure 3.11).

Step 4. Press the ESC pushbutton to return to the MAIN MENU.

Step 5. Press ESC pushbutton again to return to the ROTATING DISPLAY.

For more information on the front-panel screen presentations and the items in the 
RELAY STATUS screens, see Relay Status on page 4.30.

Making Simple Settings Changes
The relay settings structure makes setting the relay easy and efficient. Settings 
are grouped logically, and relay elements that are not used in your selected pro-
tection scheme are hidden. SEL Grid Configurator or QuickSet uses a similar 
method to focus your attention on the active settings. Unused relay elements and 
inactive settings are dimmed (grayed) in the menus. See Section 2: PC Software 
for more information.

                    

Figure 3.11 Checking Relay Status From the Front-Panel LCD

(a)

(b)

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

RELAY STATUS
SEL-451-5-Rxxx-V0-
 Zxxxxxx-Dyyyymmdd

RELAY ENABLED
NO FAILURES OR
WARNINGS

S/N=1230769999

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Settings Structure
SEL-400 series relays use a settings structure that assigns each relay setting to a 
specific location based on the setting type. A top-down organization allocates 
relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 3.12 to understand the settings structure in a typical relay. The 
top layer of the settings structure contains classes and instances. Class is the pri-
mary sort level; all classes have at least one instance, and some classes have mul-
tiple instances. Settings classes and related instances for the SEL-451, which are 
typical of SEL-400 series relays, are listed in Table 3.4. See Section 8: Settings of 
the product-specific instruction manual for details on the classes and instances 
for a given relay.
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Figure 3.12 Example Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

ESOTFESOTF

ELOADELOAD

E50PE50P

Enables

EDCMON

EICIS

EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Load
Encroachment

Load
Encroachment

ZLFZLF

ZLRZLR

SettingSetting

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global SET G P, A, O, 2

Group Individual scheme settings Group 1

•
•
•

Group 6

Group 1 settings

•
•
•

Group 6 settings

SET 1, SET S 1

•
•
•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of Table 3.4. 
The relay presents the Global settings categories at the SET G command; no 
instance numbers follow SET G. Conversely, the Port settings command has five 
instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To access the PORT 1 set-
tings, type SET P 1 <Enter>. If you do not specify which port to set, the relay 
defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•
•
•

PORT 3

PORT 5

PORT 6 (TiDL 
relays only)

Front-panel port

PORT 1 settings

•
•
•

PORT 3 settings

Communications card settings

TiDL Topology Settings 
(TiDL relays only)

SET P F

SET P 1

•
•
•

SET P 3

SET P 5

(Only available via 
SEL Grid Conifgu-
rator)

P, A, O, 2

Report Report settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection 
SELOGIC 
control equations

Protection-related SELOGIC 
control equations

Group 1

•
•
•

Group 6

Group 1 protection SELOGIC 
control equations

•
•
•

Group 6 protection 
SELOGIC control equations

SET L 1

•
•
•

SET L 6

P, 2

Automation 
SELOGIC control 
equations

Automation-related SELOGIC 
control equations

Block 1

•
•
•

Block 10

Block 1 automation 
SELOGIC control equations

•
•
•

Block 10 automation 
SELOGIC control equations

SET A 1

•
•
•

SET A 10

A, 2

DNP3 Direct Network Protocol data 
remapping

Map 1
•
•
•

Map 5

SET D 1
•
•
•

SET D 5

P, A, O, 2

Output SELOGIC 
control equations

Relay control output settings 
and MIRRORED BITS commu-
nication transmit equations

Output SET O O, 2

Bay Bay control settings Bay SET B P, 2

Alias Set aliases Analog or digi-
tal quantities

SET T P, A, O, 2

Notes Freeform programming to 
leave notes in the relay

Notes 100 lines SET N P, A, O, 2

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Alias Settings
Although the relay provides extensive programming facilities and opportunity for 
comments, troubleshooting customized programs is sometimes difficult. Aliases 
provide an opportunity to assign more meaningful names to the generic variable 
names to improve the readability of the program.

Rename, or assign as many as 200 alias names to any Relay Word bit or analog 
quantity in the relay. The maximum length of an alias is seven characters. Valid 
characters are 0–9, A–Z (only uppercase), and _ (underscore), and must contain 
at least one alphabetic character. Ensure that no Relay Word bit or analog quan-
tity appears more than once in the alias settings. Each alias name must be unique, 
i.e., you cannot use the name of an existing Relay Word bit or analog quantity. If 
you remove the alias name, all settings that referenced that alias revert to the 
original name.

Use the SHO T command to view the default settings, as shown in Figure 3.13.

                    

Making Text-Edit Mode Alias Changes
Assign the alias name THETA to math variable PMV01 and the alias TAN to 
math variable PMV02. These variables are then used in calculating the tangent of 
theta, using their alias names in the equation.

Step 1. Prepare to control the relay at Access Level 2.

a. Type ACC <Enter> at a communications terminal.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>. 

d. Type the correct password to go to Access Level 2.

You will see the =>> prompt.

Step 2. Type SET T <Enter> to access the alias settings.

Figure 3.14 shows a representative computer terminal screen.

Step 3. Type > <Enter> for the relay to display the first line that you can 
edit.

Step 4. Type PMV01,THETA <Enter> at the Line 2 ? settings prompt to set 
the alias for PMV01.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 3: followed by the ? settings prompt.

Step 5. Type PMV02,TAN <Enter> at the Line 3 ? settings prompt to set 
the alias for PMV02.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 4: followed by the ? settings prompt.

=>>SHO T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
=>>

Figure 3.13 Default Alias Settings
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Step 6. Type END <Enter> to end the settings session.

The relay scrolls a readback of all the front-panel settings, eventually 
displaying the Save settings (Y, N) ? prompt. At the end of the 
readback information, just before the Save settings (Y, N) ? 
prompt, you can verify the new display point information.

Step 7. Type Y <Enter> to save the new settings.

                    

Use the alias names, instead of the Relay Word bits, in SELOGIC control equation 
programming. Figure 3.15 shows an example of an alias used in protection logic 
programming.

                    

Changing Settings by Using the Terminal
When you change settings (with any SET command) from a terminal, the relay 
shows the setting category, prompt, present value, and action prompt.

Figure 3.16 shows two settings examples: multiple-line settings (SID and RID) 
and an in-line setting (NUMBK) for relay Global settings from Access Level P 
(protection). The relay prompts you for input by presenting an action prompt. 
You have many options for navigating the settings at the ? prompt.

Table 3.5 lists the operations possible from a settings action prompt.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
?   <Enter>
2:
?  PMV01,THETA <Enter>
3:
?  PMV02,TAN <Enter>

4:
?  END <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: PMV01,"THETA"
3: PMV02,"TAN"

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Using Text-Edit Mode Line Editing to Set Aliases

=>>SET L <Enter>
Protection 1
1: PLT01S := PB1_PUL AND NOT PLT01 #GROUND ENABLED
?  > <Enter>
15:
?  THETA:=I01FA <Enter>

16:
?  TAN:=SIN(THETA)/COS(THETA) <Enter>
17:
?  END <Enter>
Protection 1
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.15 Using Text-Edit Mode Line Editing to Set Protection Logic
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When you exit settings entry from the SET commands, the relay responds with 
Save settings (Y,N)?. If you answer Y <Enter>, the relay writes the new set-
tings to nonvolatile storage. If you answer N <Enter>, the relay discards any set-
tings changes you have made.

Making Settings Changes in Initial Global Settings
You must configure SEL-400 series relays for specific conditions found in the 
power system where you are connecting the relay. For example, in most SEL-400 
series relays you must set the nominal frequency and phase rotation.

The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay; see Making an EIA-232 Serial Port Con-
nection on page 3.4 for a step-by-step procedure. In addition, you must be 
familiar with relay access levels and passwords. See Changing the Default Pass-
words in the Terminal on page 3.11 to change the default access level passwords.

This example jumps to a Global setting that is not at the beginning of the Global 
settings list. Thus, you enter SET G, the setting name, and <Enter>. To start at 
the beginning of the Global settings, simply type SET G <Enter> without a set-
tings name.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.16 Components of SET Commands

Table 3.5 Actions at Settings Prompts

Action Relay Response

<Enter> Accept setting and move to the next setting; if at the last setting, exit settings.

[value] <Enter> Enter the given value and move to the next setting if valid; if at the last set-
ting, exit settings.

^ <Enter> Move to the previous setting; if at the top of settings, stay at the present setting.

< <Enter> Move to the top of the previous settings category; if at the top of settings, 
stay at the present setting.

> <Enter> Move to the top of the next settings category; if in the last category, exit settings.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort the editing session without saving changes.

==>SET G <Enter>

Global

General Global Settings

Station Identifier (40 characters)

SID := "Station A"

? <Enter>

Relay Identifier (40 characters)

RID := "Relay 1"

? <Enter>

Number of Breakers in Scheme (1,2)       NUMBK   := 1     ? <Enter>

Category

Prompt
Present Value
Action Prompt

Present
Value

Prompt Action
 Prompt
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c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Type SET G NFREQ <Enter> (this sets the nominal system frequency 
using the NFREQ setting, which has options of 50 Hz and 60 Hz).

The relay responds with a terminal screen display similar to that 
shown in Figure 3.17.

                    

Step 3. Accept the default settings.

a. For a 60 Hz system, press <Enter> to accept the NFREQ exist-
ing value of 60 (Hz).

The relay presents the next setting, which is the PHROT (phase 
rotation) setting.

b. Type <Enter> to accept the ABC phase rotation default. 

Step 4. Set the date format:

The relay can report dates in three formats: MDY, YMD, and DMY 
(where M = month, D = date, and Y = year).

a. For this procedure, type YMD <Enter>.

At each setting in turn, the relay presents the settings prompt, 
name, present value, and action prompt.

Note that SELOGIC control equation settings, such as FAULT in 
Figure 3.17, can appear on multiple lines.

b. If you make a mistake or want to go backward through the 
settings, type the ^ character (on most computer keyboards, this 
is a shifted numeral 6) and <Enter>.

Refer to Table 3.5 for this and other navigational aids. 

Step 5. End the settings session.

a. Type END <Enter> at the FAULT action prompt.

(The Fault SELOGIC control equation remains unchanged.) 

The relay next scrolls a readback of all the Global settings, 
eventually displaying the following prompt:
Save settings (Y,N) ?

(In Figure 3.17, a vertical ellipsis represents the relay 
information during readback.)

b. Examine the settings readback to verify your new settings.

c. Answer Y <Enter> to save your new settings.

=>>SET G NFREQ <Enter>
Global

General Global Settings

Nominal System Frequency (50,60 Hz)                NFREQ   := 60     ? <Enter>
System Phase Rotation (ABC,ACB)                    PHROT   := ABC    ? <Enter>
Date Format (MDY,YMD,DMY)                          DATE_F  := MDY    ? YMD <Enter>
Fault Condition Equation (SELogic Equation)
FAULT := 51S1 OR 51S2 OR 50P1
?  END <Enter>

•
•
•

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.17 Example Global Settings
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The TERSE Option

You can avoid viewing the entire class settings summary the relay displays when 
you type END <Enter> midway through a settings class or instance.

On slow data speed links, waiting for the complete settings readback can clog 
your automation control system or take too much of your time for a few settings 
changes. Eliminate the settings readback by appending TERSE to the SET command.

Text-Edit Mode Line Editing
Some relay settings present multiple input lines to your terminal; you use basic 
line text editing commands to construct the setting. For display, the relay refer-
ences each line of the setting by line number, not by the setting name. See Mak-
ing Text-Edit Mode Settings Changes on page 3.23 for an example of a text-edit 
mode setting.

While in the text-edit mode, you see a prompt consisting of the line number and 
the present setting for that line. You can keep the setting, enter a new setting, or 
delete the setting. Table 3.6 lists the commands for text-edit mode.

                    

Use commas to separate the items in a text-edit mode setting when you are enter-
ing multiple items per line. After you enter each line, the relay checks the validity 
of the setting. If the entered setting is invalid, the relay responds with an error 
message and prompts you again for the setting.

Making Text-Edit Mode Settings Changes
The procedure in the following steps familiarizes you with basic text-edit mode 
line editing.

Table 3.6 Actions at Text-Edit Mode Prompts

Action Relay Response

<Enter> Accept the setting and move to the next line; if at the last line or at a 
blank line, exit settings.

>n <Enter> Move to line n. If this is beyond the end of the list, move to a blank line 
following the last line.

^ <Enter> Move to the previous line; if at the first line, stay at the present line.

< <Enter> Move to the first line.

> <Enter> Move to a blank line following the last line.

LIST <Enter> List all settings and return to the present action prompt.

DELETE [n] 
<Enter>

Delete the present line and subsequent lines for a total of n lines; n = 1 
if not provided. Lines after deletion shift upward by the number of lines 
deleted.

INSERT <Enter> Insert a blank line at the present location; the present line and subse-
quent lines shift downward.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort editing session without saving changes.

NOTE: To begin an entry with one of 
these keywords, especially in notes 
settings, put the string in quotes:  e.g., 
"END OF REPORT".
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Example 3.1 Text-Edit Mode Line Editing

Set Display Point 1 through Display Point 3 to show the status of Circuit 
Breaker 1, Circuit Breaker 2, and the operational state (on or off) of the 
transformer cooling fans near the circuit breaker bay where you have 
installed the relay. See Display Points on page 4.10 for information on pro-
gramming display points.

For this example, use inputs IN101, IN102, and IN105. You can use other 
inputs for your particular application.

This procedure assumes that you have successfully established communica-
tion with the relay (see Making an EIA-232 Serial Port Connection on 
page 3.4). In addition, you must be familiar with relay access levels and 
passwords (see Changing the Default Passwords in the Terminal on 
page 3.11) to change the default access level passwords.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the Access Level 2 password and press <Enter>.

You will see the Access Level 2 =>> prompt.

Step 2. Access the display point settings.

a. Type SET F <Enter> to modify the front-panel settings.

b. Advance through the front-panel settings (repeatedly type > and 
then <Enter>) until you reach the Display Points category.

Figure 3.18 shows a representative terminal screen. The 
relay displays the first line that you can edit. For the case of 
display points, the line number is the display point number.

Step 3. At the Line 1 settings ? prompt, type the following to create Dis-
play Point 1:

IN101,CB1,CLOSED,OPEN <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 2: followed by the settings ? prompt (see Figure 3.18).

Step 4. At the Line 2 settings ? prompt, type the following to create Dis-
play Point 2:

IN102,CB2,CLOSED,OPEN <Enter> 

The relay verifies that this is a valid entry, then responds with the next 
line prompt 3: followed by the settings ? prompt (see Figure 3.18).

Step 5. At the Display Points prompt, use the text-edit mode line edit-
ing commands to list the active display points. Type the following:

LIST <Enter>

After showing the active display points, the relay returns to 
Line 3 followed by the settings ? prompt.

Step 6. Type the following to create Display Point 3:

IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 4: followed by the settings ? prompt (see Figure 3.18).

NOTE: Use quotation marks when 
entering alias strings that contain spaces 
or punctuation marks, as shown in the 
IN105 sample, Step 6.
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Step 7. Type END <Enter> to end the editing session.

The relay scrolls a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (A 
vertical ellipsis in Figure 3.18 represents the readback.)

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save the new settings.
                    

This procedure proposes connecting the transformer bank fan sensor to relay 
input IN105. In the SET G (GLOBAL) command, verify that the debounce 
time settings IN105PU and IN105DO are correct for your fan-running sen-
sor. To access separate input parameters, you must first enable independent 
control input settings with setting EICIS. To change the input conditioning, 
enter the following settings:

EICIS := Y Enable Independent Control Input Settings (Y, N)

IN105PU := 0.3750 Pickup Delay for Contact Input IN105 (0.0000–5 cyc)

IN105DO := 0.3750 Dropout Delay for Contact Input IN105 (0.0000–5 cyc)

Use the appropriate interface hardware to connect the fan-running sensor to 
IN105. Choose any relay input that conforms to your requirements.

Example 3.1 Text-Edit Mode Line Editing (Continued)

                    

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: 
? IN101,CB1,CLOSED,OPEN <Enter>
2: 
? IN102,CB2,CLOSED,OPEN <Enter>
3:
? LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S

3:
? IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>
4:
? END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.18 Using Text-Edit Mode Line Editing to Set Display Points
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Example 3.2 Leaving a Note in the Relay

For this example, assume you are testing a line, but you will be away for a 
few days. You want to leave your colleague, Marius, a note telling him where 
you left the drawings and settings. Use the Notes function in the relay to 
leave the note, as shown in Figure 3.19. All relevant procedures in this sec-
tion assume that you have successfully established communication with the 
relay. In addition, you must be familiar with relay access levels and pass-
words to change the default access level passwords. Furthermore, Step 1 
applies to all relevant tests, and is not repeated for each test.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the Notes settings.

a. Type SET N <Enter> to access the Notes settings.

b. At the Line 1 settings ? prompt, type the Line 1 text shown 
in Figure 3.19 (as many as 70 characters without wrap), and 
press <Enter>.

The relay verifies that this is a valid entry, then responds 
with the next line prompt 2: followed by the settings ? prompt.

Step 3. At the Line 2 settings ? prompt, type the Line 2 text shown in 
Figure 3.19.

Because there are more than 70 characters, the relay rejects the entry.

Re-enter the text, but keep the number of characters at 70 or 
fewer.

Step 4. After the last entry, type END <Enter>.

This tells the relay that you have completed the setting change.

Step 5. Type Y <Enter> at the prompt Save settings (Y,N) to save 
the settings.
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To read the note, type SHO N <Enter>, as shown in Figure 3.20.

                    

                    

=>>SET N <Enter>
Notes
1:
? Marius, this is the relay for CARR substation <Enter>
2:
? The Sacramento line drawings and setting sheets are in the top drawer in the sub\
station. <Enter>
Note cannot exceed 70 chars

2:
? The Sacramento line drawings and settings are in the <Enter>
3:
? top drawer in the substation. <Enter>
4:
? END <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: The Sacramento line drawings and settings are in the
3: top drawer in the substation.

Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 3.19 Leave a Note in the Relay

=>>SHO N <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: Capacitor Bank 1 drawings and settings are in the
3: top drawer in the substation.
=>>

Figure 3.20 Read a Note in the Relay

Example 3.3 Deleting a Display Point

This example shows you how to delete a previously used display point. In the 
SET F command, at the Display Points and Aliases prompt, use the text-edit 
mode line editing commands to set and delete the display points. This proce-
dure shows two previously programmed display points that indicate on the 
front-panel LCD the status of Circuit Breaker 1 and Circuit Breaker 2. Relay 
control inputs IN101 and IN102 are the Relay Word bits for the Circuit 
Breaker 1 and Circuit Breaker 2 display points, respectively (see Making 
Text-Edit Mode Settings Changes on page 3.23). You can use other inputs for 
your particular application.

The procedure in the following steps assumes that you have successfully 
established communication with the relay (see Making an EIA-232 Serial 
Port Connection on page 3.4). In addition, you must be familiar with relay 
access levels and passwords (see Changing the Default Passwords in the Ter-
minal on page 3.11).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>. 

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.
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Step 2. Access the Display Points and Aliases prompt.

a. Enter the SET F command.

b. Advance through the front-panel settings (repeatedly type > 
and then <Enter>) until you reach the Display Points and 
Aliases category.

Figure 3.21 shows a representative terminal screen. The 
relay displays the first line that you can edit. For display 
points, the line number is the display point number.

                    

Step 3. List the present display points. 

a. Type LIST <Enter> at the Display Points ? prompt.

b. After showing the active display points, the relay returns to 
Line 1 followed by the settings ? prompt.

Step 4. Type <Enter> once to proceed to the Line 2 present value and 
settings ? prompt.

Step 5. Type DELETE <Enter> to delete Display Point 2.

Step 6. Type LIST <Enter> to examine the remaining display points. 

Former Display Point 2 is eliminated, and Display Point 3 moves 
up to Position 2.

The relay returns to Line 2 followed by the settings ? prompt.

Example 3.3 Deleting a Display Point (Continued)

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
?  LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

1: IN101,"CB1","CLOSED","OPEN",S
?  <Enter>
2: IN102,"CB2","CLOSED","OPEN",S
?  DELETE <Enter>
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.21 Using Text-Edit Mode Line Editing to Delete a Display Point
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Settings in SEL Grid Configurator
See Getting Started on page 2.6 for steps on creating and deploying settings 
within SEL Grid Configurator.

Settings in QuickSet
See Section 2: PC Software for steps on creating and deploying settings within 
QuickSet.

Settings From the Front Panel
You can use the relay front panel to enter some of the relay settings. The relay 
presents the settings in order from class to instance (if applicable) to category to 
the particular setting, in a manner similar to setting the relay using a terminal.

Use the LCD and the adjacent navigation pushbuttons to enter each character of 
the setting in sequence. This can be a laborious process for some settings (e.g., 
long SELOGIC control equations). However, if you need to make a quick correc-
tion or have no faster means to make settings, settings functions are available at 
the front panel. For more information on making settings changes from the front 
panel, see Set/Show on page 4.26.

Entering DATE and TIME From the Front Panel
The purpose of the procedure in the following steps is to familiarize you with 
entering data from the relay front panel.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the relay front-panel display shows a sequence of LCD 
screens called the ROTATING DISPLAY. (If you do not operate the front 
panel for a certain period, the relay will enter front-panel time-out 
mode and you will see the sequential screens of the ROTATING 
DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU of Figure 3.22.

Step 7. Type END <Enter> to end the settings process.

The relay next scrolls a readback of all the Front-Panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.21, a vertical ellipsis represents this scrolling 
readback.) 

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save your new settings.

Example 3.3 Deleting a Display Point (Continued)
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Step 3. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item (see Figure 3.22).

b. Press the ENT pushbutton.

You will see the SET/SHOW submenu (the second screen in 
Figure 3.22).

Step 4. View the date/time screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the DATE/TIME action item (Figure 3.22, second 
screen).

b. Press the ENT pushbutton.

The relay next displays the DATE/TIME submenu (the third screen 
of Figure 3.22).

                    
                    

Figure 3.22 DATE and TIME Settings From Front-Panel LCD
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Step 5. Set the date.

a. Press the ENT pushbutton.

The relay shows the last screen of Figure 3.22, the DATE edit 
screen.

b. Use the Up Arrow and Down Arrow navigation pushbuttons to 
increase and decrease the date position numbers.

Step to the next or previous position by using the Left Arrow and 
Right Arrow pushbuttons.

c. When finished adjusting the new date, press ENT.

The relay returns the display to the DATE/TIME submenu. Note 
that the relay reports the TIME SOURCE as FP DATE (front-panel 
date). 

Step 6. Press ESC repeatedly to normalize the front-panel display.

Changing a Relay Setting From the Front Panel
The purpose of the procedure in the following steps is to provide additional prac-
tice at entering relay settings from the front panel. In this example, you change 
the PORT F front-panel communications port settings.

Step 1. View the MAIN MENU.

a. If you have been using the front panel (as in the previous exam-
ple), press the ESC key repeatedly until you see the MAIN MENU.

b. If the relay is displaying the ROTATING DISPLAY, press the ENT 
pushbutton to display the MAIN MENU.

Figure 3.23(a) shows the MAIN MENU at the beginning of the 
front-panel settings process.

Step 2. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item, as shown in Figure 3.23(a).

b. Press the ENT pushbutton. You will see the SET/SHOW submenu 
screen, as shown in Figure 3.23(b).

Step 3. Select PORT F.

a. Highlight PORT and press the ENT pushbutton.

The relay displays the PORT instances screen, as shown in 
Figure 3.23(c).

b. Choose the port you want to configure by using the Up Arrow and 
Down Arrow navigation pushbuttons to move the screen arrow.

For this example, select PORT F and press ENT.

Step 4. View the Communications Settings category screen.

a. The relay displays the Port F category screen, as shown in 
Figure 3.23(d). Use the Up Arrow and Down Arrow navigation push-
buttons to select the settings category.

b. For this example, highlight Communications Settings and press 
ENT.

The relay displays the Communications Settings screen, as 
shown in Figure 3.23(e).
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Step 5. Change settings.

a. Highlight the SPEED setting.

b. Press ENT.

(The relay possibly requires a password here; see Passwords on 
page 3.11 and Section 4: Front-Panel Operations.)

The LCD displays the SPEED selection submenu that has all the 
possible choices for serial data speeds.

The highlighted selection in Figure 3.23(f) indicates the default 
setting of 9600 (bps).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to select 
a different speed.

d. Once you have selected a data speed, press the ENT pushbutton.

NOTE: Once you have changed 
communications parameters, you 
must change the corresponding 
parameters in your terminal 
emulation program to communicate 
with the relay via a communications 
port.

Step 6. End the settings session.

a. The relay returns to the previous category settings list screen. 
Press ESC to return to the categories screen where you see the 
Save Settings item at the bottom of the screen.

b. Use the Up Arrow and Down Arrow pushbuttons to highlight Save 
Settings and press ENT.

c. Highlight YES, and then press ENT.

The relay validates the setting and returns to the PORT screen, as 
shown in Figure 3.23(c).

Step 7. Press ESC repeatedly to return to the MAIN MENU.
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Figure 3.23 SET/SHOW Menus
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Examining Metering Quantities
The SEL-400 series relays feature high-accuracy power system metering. You 
can view fundamental and rms quantities by using a communications terminal, 
QuickSet, or the front panel. For more information on relay metering, see 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual.

View Metering by Using the Terminal
The procedure in the following steps shows how to use a terminal or terminal 
emulation computer program to view power system metering. In this example, 
you connect specific voltages and currents for a 5 A, 60 Hz relay. Scale these 
quantities appropriately for your particular relay.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). Step 1 through Step 7 are necessary if you have 
not yet configured the relay and want to test metering by using a test source. If 
the relay is already connected to the system, you may jump to Step 8 to view the 
system metering information.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Set the relay to a nominal operation mode.

a. Use a terminal to perform the initial Global settings relay setup in 
Making Settings Changes in Initial Global Settings on page 3.21.

b. Set the relay for 60 Hz operation, ABC phase rotation.

Step 3. Some SEL-400 series relays support voltage and current source 
selection. In these relays, configure the source selection appropriate for 
metering testing. The following shows how to do this in an SEL-451 
(see Figure 3.24). Use the terminal to set Global setting ESS := 1.

a. Type SET G ESS TERSE <Enter>.

b. Type 1 <Enter>.

c. Type END <Enter> to finish this settings session.

d. Answer Y <Enter> to the save settings prompt.
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Step 4. Set CT and PT ratios. The specific CT and PT configuration settings 
depends on the relay. The following shows a typical set of configura-
tion choices. Use the terminal to set Group 1 setting CTRW := 200 
(the CT W-input ratio), and PTRY := 2000.0 (the PT Y-input ratio).

a. Type SET CTRW TERSE <Enter>.

b. If the CTRW setting is not 200, type 200 <Enter>.

c. Proceed as shown in Figure 3.25 to PTRY and change PTRY to 
2000.0, if needed.

d. Type END <Enter> to finish this settings session.

e. Answer Y <Enter> to the save settings prompt.

                    

Step 5. Turn the relay off.

Step 6. Connect analog inputs. The specific connections depend on the relay. 
The following illustrates a typical set of voltage and current connec-
tions.

a. If three voltage sources and three current sources are available, 
connect the sources to the relay as shown in Figure 3.26.

If three voltage sources and two current sources are available, use 
the connection diagram of Figure 3.27.

b. Apply 67 V per phase (line-to-neutral) in ABC phase rotation.

c. Apply 2.0 A per phase, in phase with the applied phase voltages.

=>>SET G ESS TERSE <Enter> 
Global

Current and Voltage Source Selection

Current and Voltage Source Selection (Y,N,1,2,3,4)      ESS   := N    ? 1 <Enter>
Line Current Source (IW,COMB)                           LINEI := IW   ? END <Enter>

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.24 Setting ESS in the Terminal

=>>SET CTRW TERSE  <Enter>                                                                                                                                                  
Group 1                                                                                                                                                            
                                                                                                                                                                   
Line Configuration                                                                                                                                                 
                                                                                                                                                                   
Current Transformer Ratio - Input W (1-50000)       CTRW   := 120    ?200 <Enter>
Current Transformer Ratio - Input X (1-50000)       CTRX   := 120    ? <Enter>
Potential Transformer Ratio - Input Y (1.0-10000)   PTRY   := 180.0  ?2000.0 <Enter>
PT Nominal Voltage (L-L) - Input Y (60-300 V,sec)   VNOMY  := 115    ?END <Enter>

                                                                                                                                                                   
Save settings (Y,N)  ? Y <Enter>                                                                                                                                            
Saving Settings, Please Wait...........                                                                                                                            
Settings Saved                                                                                                                                                     
                                                                                                                                                                   
=>>

Figure 3.25 Setting CTRW and PTRY in the Terminal
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Figure 3.26 Test Connections Using Three Voltage Sources/Three Current Sources

                    

Figure 3.27 Test Connections Using Two Current Sources for Three-Phase 
Faults and METER Test
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Step 7. Turn the relay on.

Step 8. View metering.

a. Type ACC <Enter> to log in to the relay at Access Level 1.

b. Type the password and press <Enter>.

c. Type MET <Enter>.

The relay displays the fundamental frequency (50 Hz or 60 Hz) 
metering information in a manner similar to that shown in Figure 3.28.

                    

The metering quantities of View Metering by Using the Terminal on page 3.34 are 
the fundamental line quantities. Other variants of the MET command give differ-
ent relay metering quantities. See Section 8: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for more information on the 
specific metering options available in a specific relay.

View Metering by Using QuickSet
Use the procedures in the following steps to examine the relay metering with the 
QuickSet HMI.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). You should also be familiar with QuickSet (see 
Checking Relay Status in QuickSet on page 3.14 and Section 2: PC Software).

Step 1. Start QuickSet and establish a connection with the relay. See Step 1 
and Step 2 of Checking Relay Status in QuickSet on page 3.14 for 
details on how to do this.

Step 2. Set the relay to a nominal operation mode, and set it for 60-Hz 
operation, ABC phase rotation.

=>>MET <Enter> 
                                                                                                                                                                   
Relay 1                                    Date: 03/17/2023  Time: 01:35:05.221
Station A                                  Serial Number: 1230769999
                                                                                                                                                                   
                      Phase Currents
                 IA        IB        IC
I MAG (A)       398.882   399.041   398.784
I ANG (DEG)      -1.18   -120.97    119.21

                      Phase Voltages                Phase-Phase Voltages
                 VA        VB        VC           VAB       VBC       VCA
V MAG (kV)      133.994   133.986   133.953      231.903   231.815   232.450
V ANG (DEG)      -0.17   -120.02    120.18        29.91    -89.92    150.01

                    Sequence Currents (A)          Sequence Voltages (kV)
                  I1        3I2       3I0         V1        3V2       3V0
MAG             398.901     2.159     2.588     133.977     0.692     0.713
ANG (DEG)        -0.98    -62.68   -115.80        0.00    -53.25   -120.79

                   A           B           C             3P
P (MW)            53.44       53.46       53.41         160.31
Q (MVAR)           0.95        0.89        0.91           2.75
S (MVA)           53.45       53.47       53.42         160.33
POWER FACTOR       1.00        1.00        1.00           1.00
                    LAG         LAG         LAG            LAG
                                                                                                                                                                   
FREQ (Hz)       60.00       VDC1(V)   125.00   VDC2(V)    48.00
                                                                                                                                                                   
=>>

Figure 3.28 Terminal Screen MET Metering Quantities
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Step 3. Set a basic voltage and current configuration.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Global to expand the Global branch (see Figure 3.29).

b. Select the Current and Voltage Source Selection branch.

You will see the Current and Voltage Source Selection dialog 
box as shown in Figure 3.29.

c. Choose 1 from the dropdown list under ESS Current and 
Voltage Source Selection.

                    

Step 4. Set PT and CT ratios.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Group 1 to expand this branch (see Figure 3.30).

b. Select the dropdown arrow next to Set 1.

c. Select Line Configuration.

You will see the Line Configuration window similar to 
Figure 3.30.

d. Enter setting CTRW Current Transformer Ratio - Input W as 
200, and the PTRY Potential Transformer Ratio - Input Y as 
2000.

e. Save the settings and send the Group 1 settings if you change the 
settings (see Step 6 and Step 7).

                    

Figure 3.29 Global Alternate Source Selection Settings in QuickSet 
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Step 5. Start the QuickSet operator interface.

Step 6. In the top toolbar select Tools > HMI > HMI to start the GUI.

Step 7. Select the Phasors button of the HMI tree view (see Figure 3.31) to 
view phasors.

QuickSet displays fundamental line metering quantities with a 
display similar to Figure 3.32. (The test setup is adjusted for an 
approximately 30-degree lagging current.)

                    

Figure 3.30 Group 1 Terminal Configuration Settings in QuickSet
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Figure 3.31 HMI Phasors View in QuickSet
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Step 8. Select the Instantaneous button of the HMI tree view to see meter-
ing information similar to Figure 3.32.

View Metering From the Front Panel
In most SEL-400 series relays, you can use the front-panel display and naviga-
tion pushbuttons to view the metering quantities of the relay (see Meter on 
page 4.16 for more information on viewing metering on the relay front panel). 
The screens in this procedure are for an SEL-451 with one circuit breaker, and 
this example assumes that you have not enabled the demand metering or synchro-
nism-check features.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the LCD shows a sequence of screens called the ROTATING 
DISPLAY. (If you do not operate the front panel for a certain period, 
the relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU at the top of 
Figure 3.33.

Step 3. View the metering selection screen.

a. Highlight the METER action item (see the first screen of 
Figure 3.33).

b. Press the ENT pushbutton.

The relay displays the METER submenu (the second screen in 
Figure 3.33).

                    

Figure 3.32 Instantaneous Metering Quantities in QuickSet HMI
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Step 4. View the metering screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the FUNDAMENTAL METER action item, as shown in 
Figure 3.33(b).

b. Press the ENT pushbutton.

The relay displays the first FUNDAMENTAL METER screen, shown in 
Figure 3.33(c).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to move 
among the fundamental line quantities metering screens.

Step 5. Press the ESC pushbutton repeatedly to return to the MAIN MENU.

                    

Examining Relay Elements
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements.

                    

Figure 3.33 Front-Panel Screens for METER

VOLTAGE (kV)
  VA = 133.9     0°
  VB = 133.9  -120°
  VC = 133.9   120°
CURRENT (A)
  IA = 400.5   -31°
  IB = 397.4  -151°
  IC = 400.1    90°
FREQ = 60.00 Hz
VDC1 =   9.2 V
VDC2 =  10.7 V

FUND LINE METER

VOLTAGE (kV)
 VAB = 231.8    30°
 VBC = 231.8   -90°
 VCA = 232.2   150°

FUND LINE METER

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU METER MENU

RMS METER
FUNDAMENTAL METER
ENERGY METER
MAX/MIN

METER SUBMENU

LINE
BREAKER 1

•
•
•

(a) (b) (c)

(d)

(e)



3.43

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Examining Relay Elements

View Relay Elements in the Terminal
The procedure in the following steps shows you how to view a change in state for 
the SEL-451 50P1 Phase-Instantaneous Overcurrent element from a communica-
tions port.

                    

For this procedure, you must have a serial terminal or computer with terminal 
emulation software and a variable current source for relay testing.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords and enter higher relay access levels).

Step 1. Type ACC <Enter> at a communications terminal.

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 3. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 4. Type TAR 50P1 <Enter> to view the initial element status.

The relay returns a target terminal screen similar to that shown in 
Figure 3.34.

                    

Step 5. View the element status change.

a. Type TAR 50P1 1000 <Enter> (this command causes the relay 
to repeat the TAR 50P1 command 1000 times). For more infor-
mation on the TAR command see Section 14: ASCII Command 
Reference.

b. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold. 

c. Type <Ctrl+X> to stop the relay from presenting the target 
display before completion of the 1000 target repeats.

View Relay Elements From the Front-Panel LCD
You can use the front-panel display and navigation pushbuttons to check Relay 
Word bit elements. See Section 4: Front-Panel Operations for more information 
on using the relay front panel.

Table 3.7 Phase-Instantaneous Overcurrent Pickup

Setting Description Default

50P1P Level 1 Pickup (OFF, 0.25–100 A secondary) 15.00

=>TAR 50P1 <Enter>
50P1  50P2  50P3  50P4  67P1  67P2  67P3  67P4
0     0     0     0     0     0     0     0 
=>

Figure 3.34 Sample Targets Display on a Serial Terminal
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This procedure uses the SEL-451 50P1 Phase-Instantaneous Overcurrent element.

Step 1. Display the MAIN MENU.

Step 2. If the relay LCD is in the ROTATING DISPLAY, press the ENT pushbut-
ton to display the MAIN MENU similar to that in Figure 3.35.

Step 3. Press the Down Arrow navigation pushbutton to highlight the RELAY 
ELEMENTS action item, as shown in Figure 3.35(a).

Step 4. Press the ENT pushbutton.

You will see a RELAY ELEMENTS screen, as shown in Figure 3.35(b).

                    

Step 5. Display the 50P1 Relay Word bit on the front-panel LCD screen.

a. Press ENT to go to the ELEMENT SEARCH submenu of Figure 3.35(c).

b. Use the navigation keys to highlight 5 and then press ENT to enter 
the character 5 in the text input field.

                    

Figure 3.35 Viewing Relay Word Bits From the Front-Panel LCD
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c. Enter the 0, P, and 1 characters in the same manner.

d. Highlight ACCEPT and press ENT.

The relay displays the LCD screen containing the 50P1 element, 
as shown Figure 3.35(d).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 7. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the 50P1 target on the front-panel display.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold.

Step 8. Press ESC to return to the MAIN MENU.

View Relay Elements by Using the Front-Panel LED
The procedure in the following steps shows you how to use a front-panel LED to 
view a change in state for the SEL-451 50P1 Phase-Instantaneous Overcurrent 
element.

In this example, use SEL Grid Configurator or QuickSet to configure the relay. 
See Section 2: PC Software for information on creating and deploying settings. 
In addition, you need a variable current source suitable for relay testing.

Step 1. Read the relay settings.

Step 2. Set a pushbutton LED SELOGIC control equation.

a. Expand the Front Panel branch of the Settings tree view and 
select Pushbuttons.

b. Select in the PB6_LED text box and type 50P1.

c. Tab or select to any other text box.

The software checks the validity of the setting.

Step 3. Send the new settings to the SEL-451.

Step 4. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 5. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the LED next to Pushbutton 6 on the SEL-451 front panel.

You will see the LED illuminate when the input current exceeds 
the 50P1P setting threshold.
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Reading Oscillograms, Event Reports, and SER
SEL-400 series relays have great capabilities for storing and reporting power sys-
tem events. These include high-resolution oscillography with sampling as high as 
8 kHz, event reports that encompass important variables in the power system, and 
the SER that reports changing power system conditions and relay operating 
states.

You can view oscillograms taken from high-resolution raw data or from filtered 
event report data. Each type of presentation gives you a unique view of the power 
system. High-resolution oscillograms are useful for viewing system transients 
and dc artifacts outside the relay filter system; event report oscillograms give you 
a picture of the quantities that the relay used in the protection algorithms.

The examples listed in this section give step-by-step procedures to acquaint you 
with these features. Section 9: Reporting provides a complete discussion of these 
relay features.

Generating an Event
To view high-resolution raw data oscillograms and event reports, you must gener-
ate a relay event. High-resolution oscillography and event reports use the same 
event triggering methods. The relay uses multiple sources to initiate a data cap-
ture, including any of the following: Relay Word bit TRIP asserts, SELOGIC con-
trol equation ER (event report trigger), or the TRI command. (Factory-default 
setup does not include the PUL command as an event report trigger. You can add 
the PUL command by entering the Relay Word bit TESTPUL in the ER 
SELOGIC control equation.)

You can use an event trigger to initiate capturing power system data. The proce-
dure in the following steps shows how to use the TRI command (see TRIGGER 
on page 14.72), which triggers an event capture. In this example, the relay uses 
default parameters to record the event. These parameters are at a sampling rate 
(SRATE) of 2000 samples per second (2 kHz), a pre-trigger or pre-fault record-
ing length (PRE) of 0.1 seconds, and an event report length (LER) of 0.5 seconds. 
See Duration of Data Captures and Event Reports on page 9.9 for complete 
information on changing these default settings to match your application.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Connect voltage and current sources to the relay secondary voltage 
and secondary current inputs (use the connections of View Metering 
by Using the Terminal on page 3.34 and Figure 3.26 or Figure 3.27).

Step 2. Apply power to the relay, and establish a terminal connection with 
the relay.

Step 3. Trigger an Event by typing TRIG <Enter>.

Reading the Event History
The relay has multiple convenient methods for checking whether you success-
fully captured power system data. The following describes how to view the event 
history data through use of the ASCII terminal interface.
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Reading the Event History in the Terminal
The procedure in the following steps shows how to use the relay HIS command 
to confirm that you captured power system data with an event trigger. This exam-
ple assumes that you have successfully established communication with the relay 
(see Making an EIA-232 Serial Port Connection on page 3.4). In addition, you 
must be familiar with relay access levels and passwords (see Changing the 
Default Passwords in the Terminal on page 3.11 to change the default access 
level passwords).

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type HIS <Enter> to examine the event history

You will see a screen display similar to Figure 3.36.

                    

For more information on the event history, see Event History on page 9.27.

Viewing High-Resolution Oscillograms
Once you have successfully generated an event, you can view high-resolution 
oscillograms and event report oscillograms about this event. When gathered from 
a field-installed relay, this information helps you assess power system operating 
conditions. In addition, when you first install the relay, this reporting information 
helps you confirm that you have connected the relay correctly.

The relay provides high-resolution oscillography data in the binary COMTRADE 
file format (IEEE/ANSI standard C37.111-1999 and C37.111-2013 formats are 
supported). File transfer is the only mechanism for retrieving high-resolution 
COMTRADE data from the relay.

The SEL-5601-2 SYNCHROWAVE Event is a program you can use to view COM-
TRADE data. Many third-party software suppliers can provide you with pro-
grams to display and manipulate COMTRADE files.

=>HIS <Enter>                                                                                                                                                              
                                                                                                                                                                   
Relay 1                                    Date: 04/20/2015  Time: 17:27:44.140
Station A                                  Serial Number: 1150019999
                                                                                                                                                                   

#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10024 03/03/2015 08:33:29.201 TRIP  $$$$.$$     0  1
10023 03/02/2015 15:41:35.777 ER    $$$$.$$     0  1
10022 03/02/2015 15:41:35.227 ER    $$$$.$$     0  1
10021 03/02/2015 15:41:34.577 ER    $$$$.$$     0  1
10020 03/02/2015 15:41:34.152 ER    $$$$.$$     0  1
10019 03/02/2015 15:41:32.702 ER    $$$$.$$     0  1
10018 02/24/2015 15:22:19.496 TRIG  $$$$.$$     1  3

10017 02/24/2015 15:22:17.705 TRIG  $$$$.$$     1  3
10016 02/23/2015 17:42:56.581 TRIG  $$$$.$$     1  3
10015 02/20/2015 19:23:41.369 BCG      0.02  3442  3
10014 02/20/2015 17:14:40.056 CA T     7.28  2449  3  TIME A_FAULT C_FAULT

=>

Figure 3.36 Sample HIS Command Output in the Terminal
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Retrieving High-Resolution COMTRADE Data in the Terminal
The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the high-resolution 
raw oscillography data for this event.

Perform the steps listed in Generating an Event on page 3.46 before executing 
the instructions in this example. For this procedure, you must use a communica-
tions terminal emulation computer program capable of file transfers.

If you need help finding a terminal emulation program, contact the SEL factory 
or your local Technical Service Center.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR EVENTS <Enter> to view the contents of the 
events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

The relay shows three high-resolution oscillography files with the 
file name extensions .HDR, .CFG, and .DAT for each event.

This example uses the IEEE C37.111-1999 COMTRADE file 
HR_10000 as the number of the event that you recently triggered; use 
the event number corresponding to your triggered event.

                    

Step 3. Type FILE READ EVENTS HR_10000.* <Enter> to ready the 
relay to transfer the HR_10000.HDR, HR_10000.CFG, and 
HR_10000.DAT files to your computer. 

Step 4. Download the files. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if this transfer type is not 
already enabled).

➢ Select Receive.

==>>file dir events

171101,155138316,OT,SID,RID,CONAM,HR,10000.CFG R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.DAT R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.HDR R 11/01/2017 08:51:38

C4_10000.TXT R 11/01/2017 08:51:38

C8_10000.TXT R 11/01/2017 08:51:38

CHISTORY.TXT R

E4_10000.TXT R 11/01/2017 08:51:38

E8_10000.TXT R 11/01/2017 08:51:38

HISTORY.TXT R

HR_10000.CFG R 11/01/2017 08:51:38

HR_10000.DAT R 11/01/2017 08:51:38

HR_lOOOO .HDR R 11/01/2017 08:51:38

Figure 3.37 EVENTS Folder Files
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You will usually see a confirmation message when the file transfer is 
complete.

When these files have transferred successfully, you have the entire 
COMTRADE file for the high-resolution raw data capture.

Step 5. Use SYNCHROWAVE Event, QuickSet, or other COMTRADE-capa-
ble programs to play back high-resolution raw data oscillograms of 
the high-resolution raw data capture files you just transferred. 

                    

You can also examine a phasors display, an event harmonic analysis display, and 
the event summary from the Event Waveform View menu. See Section 9: 
Reporting for more information.

Viewing Event Report Data
Examine relay event reports to inspect the operating quantities the relay used at 
each triggered event. Unlike the raw data samples/second high-resolution oscil-
lography files, these reports contain the filtered samples/cycle data the relay uses 
to make protection decisions. Event reports are useful for determining why the 
relay operated for a particular set of power system conditions. For more informa-
tion on event reports, see Event Report on page 9.14.

The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the event report data 
files for this event. Perform the steps listed in Generating an Event on page 3.46 
before executing the instructions in this example. For this procedure, you must 
use a terminal program capable of Ymodem protocol file transfer.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.38 Sample Event Oscillogram
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Step 2. Type FILE DIR EVENTS <Enter> to view the events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

In the figure, the relay shows two event report files: E4_10000.TXT 
and E8_10000.TXT, and two Compressed ASCII event report files: 
C4_10000.TXT and C8_10000.TXT.

Step 3. Type FILE READ EVENTS C8_10000.TXT <Enter> to transfer 
the Compressed ASCII event report file to your computer.

Step 4. Download the file. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When this file has transferred successfully, use SYNCHROWAVE 
Event to play back the event report oscillograms of the 8-samples/
cycle event report file you just transferred.

Viewing SER Records
The relay SER records relay operating changes and relay element states. In 
response to an element change of state, the SER logs the element, the element 
state, and a time stamp. Program the relay elements that the relay stores in the 
SER records, thus capturing significant system events such as an input/output 
change of state, element pickup/dropout, recloser state changes, etc.

The relay stores the latest 1000 entries to a nonvolatile record. Use the relay com-
munications ports or QuickSet to view the SER records. For more information on 
the SER, see Section 9: Reporting.

The latest 200 SER events are viewable from the front panel. For more informa-
tion, see Section 4: Front-Panel Operations.
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Figure 3.39 Selecting SER Points and Aliases Settings in QuickSet

                    

Figure 3.40 SER Points and Aliases Settings in QuickSet
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Step 6. Enter SER settings.

a. For this example, open the entry form by selecting the  button 
beside the SITM1 SER Points and Aliases, Point 1 entry field. 
We will change this SER point to report the operation of the TAR-
GET RESET pushbutton.

b. Select the  button beside the Relay Word Bit entry field.

c. Select Target Logic Bits, and then double-click TRGTR to copy 
the TRGTR name into the Relay Word Bit field. This also 
copies TRGTR to the Reporting Name (or alias) field.

d. Type Target Reset PB in the Alias Name field.

e. Type TEST in the Set Alias field.

f. Type OFF in the Clear Alias field.

g. Select OK.

Step 7. Select File > Save to save the new settings in QuickSet.

Step 8. Upload the new settings to the relay.

a. Select File > Send.

QuickSet prompts you for the settings class you want to send to 
the relay, as shown in the first dialog box of Figure 3.41.

b. Select the Report check box.

c. Select OK.

QuickSet responds with the second dialog box of Figure 3.41.

If you see no error message, the new settings are loaded in the relay.

                    

Step 9. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 10. View the SER report.

a. Start the QuickSet operator interface.

b. In the top toolbar Tools menu, select HMI > HMI.

c. Select the SER button of the HMI tree view (see Figure 3.42).

QuickSet displays the SER records with a display similar to 
Figure 3.43.

NOTE: SITMn (where n = 1—250) are 
the setting names associated with 
your SER points.

                    

Figure 3.41 Uploading Report Settings to the Relay
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The relay lists the SER records in chronological order from top to bottom as 
shown in Figure 3.43. In addition, the relay numbers each record with the most 
recent record as number 1; new events are usually more important for determin-
ing the effects of recently occurring power system events.

For each application of power to the relay, the SER reports a “Power-up” indica-
tion and the active settings group. A properly operating relay immediately goes to 
the enabled state, an event that causes the SER to report another SER record. The 
SER reports the TARGET RESET button when you press the pushbutton and it 
remains asserted for one processing interval.

Setting the SER and Examining the SER Record in the Terminal
The procedure in the following steps shows how to use a terminal connected to a 
relay communications port to set an element in the SER. Use text-edit mode line 
editing to enter the SER settings (see Text-Edit Mode Line Editing on page 3.23). 
Also included is a procedure for viewing the SER report with a terminal.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.42 Retrieving SER Records With QuickSet 

                    

Figure 3.43 SER Records in the QuickSet HMI
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Enter SER trigger data.

a. Type SET R TERSE <Enter> to access the Report settings (see 
Figure 3.44).

b. Press <Enter> to move past the SER Chatter Criteria setting.

c. At the SER Points ? prompt line, type the following:

TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>.

At the next line, type END <Enter>.

d. The relay prompts you to save the new setting; type Y <Enter>.

                    

Step 3. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 4. Type SER <Enter> (at the Access Level 1 prompt or higher) to view 
the SER report.

The relay presents a screen similar to the SER display of Figure 3.43.

Downloading an SER Report File
The procedure in the following steps shows you how to retrieve the SER report 
stored in the relay as a file. For this procedure, you must use a terminal emulation 
program with file transfer capability.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR REPORTS <Enter> to view the events file direc-
tory.

The terminal lists the file names for standard reports as shown in 
Figure 3.45.

=>>SET R TERSE <Enter>
Report
SER Chatter Criteria
Automatic Removal of Chattering SER Points (Y,N)   ESERDEL := N   ? <Enter>

SER Points
(Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm) 
1:
? TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>
2:
? END <Enter>  

Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.44 Setting an SER Element: Terminal
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Step 3. Prepare the relay to download the SER report.

a. Type FILE READ REPORTS SER.TXT <Enter>.

b. If you want the Compressed ASCII file, type the following:

FILE READ REPORTS CSER.TXT <Enter>
                    

Step 4. Download the SER report. Perform the steps necessary for your ter-
minal emulation program to receive a file.

Typically, these are the file transfer steps:

NOTE: Transferring SER files (or 
CSER files) with the FILE READ REPORTS 
SER.TXT command, performs an SER CV 
command as part of the transfer. SER 
CV clears the SER information from 
the present port. With the SER 
information cleared, there are no data 
available for subsequent SER or CSER 
transfers from the same port.

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When the SER.txt file has transferred successfully, use a word-pro-
cessing program to view the contents of the file.

You will see the SER records in a format similar to Figure 3.43.

Operating the Relay Inputs and Outputs
The SEL-400 series relays give you great ability to perform control actions at bay 
and substation locations via the relay control outputs. The control outputs close 
and open circuit breakers, switch disconnects, and operate auxiliary station 
equipment such as fans and lights. The relay reads data from the power system 
and interfaces with external signals (contact closures and data) through the con-
trol inputs. This section is an introduction to operating the control outputs and 
control inputs. For more information on connecting and applying the control out-
puts and control inputs, see Section 2: Installation in the product-specific instruc-
tion manual.

Control Output
The relay features standard, hybrid (high-current interrupting), and high-speed 
high-current interrupting control outputs that you can use to control circuit break-
ers and other devices in an equipment bay or substation control house.

=>FILE DIR REPORTS <Enter>
BRE_1.TXT                        R                                              
BRE_2.TXT                        R                                              
BRE_S1.TXT                       R                                              
BRE_S2.TXT                       R                                              
CBRE.TXT                         R                                              
CHISTORY.TXT                     R                                              
CPRO.TXT                         R                                              
CSER.TXT                         R                                              
HISTORY.TXT                      R                                              
PRO.TXT                          R                                              
SER.TXT                          R                                              
=>

Figure 3.45 Example Reports File Structure
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Pulsing a Control Output in the Terminal
When first connecting the relay, or at any time that you want to test relay control 
outputs, perform the following procedure. The procedure in the following steps 
shows how to use a communications terminal to pulse the control output contacts. 
Perform the steps in this example to become familiar with relay control and serial 
communication. For more information on the PULSE command, see PULSE on 
page 14.54.

This example assumes that you have successfully established communication 
with the relay; see Making an EIA-232 Serial Port Connection on page 3.4 for a 
step-by-step procedure. In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

NOTE: To pulse an output, the circuit 
breaker control enable jumper must 
be installed on the main board.

Step 1. Prepare to control the relay at Access Level B.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type BAC <Enter>.

d. Type the correct password to go to Access Level B.

You will see the Access Level B ==> prompt.

Step 2. Attach an indicating device (ohmmeter with a beep sounder or a test 
set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

Step 3. Perform the pulse operation.

a. Type PULSE OUT104 <Enter>.

The relay confirms your request to pulse an output with a prompt 
such as that shown in Figure 3.46.

b. Type Y <Enter> at the prompt.

You will see or hear the indicating device turn on for a second 
and then turn off.

                    

You can also pulse an output for longer than the default one-second period. If you 
enter a number after the PULSE command, that number specifies the duration in 
seconds for the pulse. For example, if you enter PULSE OUT104 3 <Enter>, the 
relay pulses OUT104 for three seconds.

 Pulsing a Control Output on the Front Panel
The procedure in the following steps shows you how to use the front-panel dis-
play and navigation pushbuttons to check for proper operation of the relay con-
trol outputs. See Section 4: Front-Panel Operations for information on using the 
relay front panel.

Step 1. Attach an indicating device (an ohmmeter with a beep sounder or a 
test set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

==>PULSE OUT104 <Enter>
Pulse contact OUT104 for 1 seconds(Y/N)       ? Y <Enter>
==>

Figure 3.46 Terminal Display for PULSE Command



3.57

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Operating the Relay Inputs and Outputs

Step 2. View the front-panel display.

After applying power to the relay, note that the LCD shows a 
sequence of screens called the ROTATING DISPLAY.

(Also, if you do not operate the front panel for a certain period, the 
relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 3. Press the ENT pushbutton to view the MAIN MENU, similar to that in 
Figure 3.47(a).

                    

Step 4. View the LOCAL CONTROL screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the LOCAL CONTROL action item, as shown in 
Figure 3.47(a).

b. Press the ENT pushbutton.

You will see the LOCAL CONTROL submenu as shown in 
Figure 3.47(b).

Step 5. View the OUTPUT TESTING screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the --OUTPUT TESTING-- action item, as shown in 
Figure 3.47(b).

b. Press the ENT pushbutton.

The relay displays the OUTPUT TESTING submenu, as shown in 
Figure 3.47(c).

                    

Figure 3.47 Front-Panel Menus for Pulsing OUT104

OUT101
OUT102
OUT103
OUT104
OUT105
OUT106
OUT107
OUT108
   PULSE OUTPUT?

OUTPUT TESTING

NO  YES 

 

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

LOCAL CONTROL

--BREAKER CONTROL--
5 MVA XFMR Fans
--OUTPUT  TESTING--

(a)

(b)

(c)
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Step 6. Command the relay to pulse the control output.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight OUT104 as shown in Figure 3.47(c).

b. Press the Right Arrow navigation pushbutton to highlight YES 
under PULSE OUTPUT?

c. Press the ENT pushbutton.

The relay detects your request for a function at an access level for 
which you do not yet have authorization. Whenever this 
condition occurs, the relay displays the password access screen 
as shown in Figure 3.48.

                    

Step 7. Input a password and pulse the output.

a. Enter a valid Access Level B, P, A, O, or 2 password. 

(The front panel is always at Access Level 1, so you do not enter 
the Access Level 1 password.)

Enter a valid password by using the navigation pushbuttons to 
select, in sequence, the alphanumeric characters that correspond 
to your password.

b. Press the ENT pushbutton at each password character. 

(If you make a mistake, highlight the BACKSPACE option and press 
ENT to reenter a character or characters.)

c. After entering all password characters, press the Up Arrow or Down 
Arrow pushbuttons to highlight ACCEPT, and press ENT.

The relay pulses the output, and you will see the indicating 
device turn on for a second and then turn off.

Controlling a Relay Control Output With a Local Bit in the Terminal
In this example, you set Local Bit 3 to start the transformer cooling fans near the 
breaker bay where you have installed the SEL-451. Thus, you can use the LCD 
screen and navigation pushbuttons to toggle relay Local Bit 3 to control the state 
of the cooling fans. Relay Word bit LB_SP03 provides supervision for Local Bit 3. 
Relay Word bit LB_SP03 must be asserted for successful Local Bit 3 operations. 
For more information on local bits, see Local Control Bits on page 4.22.

The procedure in the following steps proposes connecting the transformer bank 
fan control to relay output OUT105. You can choose any relay output that conforms 
to your requirements.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.48 Password Entry Screen

A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z a b c d e f
g h i j k l m n
o p q r s t u v
w x y z 0 1 2 3
4 5 6 7 8 9 _ .
ACCEPT  BACKSPACE

PASSWORD REQUIRED
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the local control settings.

a. Type SET F <Enter>.

b. Repeatedly type > and then <Enter> to advance through the 
front-panel settings until you reach the Local Control category.

Figure 3.49 shows a representative terminal screen.

                    

Step 3. Type LIST <Enter> at the Local Control ? prompt to list the active 
control points.

This example assumes that you are using no local bits, so the relay 
returns you to Line 1 followed by the settings ? prompt.

Step 4. Type LB03,“5 MVA XFMR Fans”,ON,OFF,N <Enter> at the Line 
? prompt.

The relay checks that this is a valid entry and responds with the next 
line prompt 2: followed by the settings ? prompt.

Step 5. End the settings session.

a. Type END <Enter>.

The relay displays a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.49 a vertical ellipsis represents the readback.)

At the end of the readback information, just before the Save settings 
(Y,N) ? prompt, you can see the new local bit information.

b. Type Y <Enter> to save your new settings.

Step 6. Set OUT105 to respond to Local Bit 3.

a. Type SET O OUT105 <Enter> (see Figure 3.50).

b. At the ? prompt, type LB03 <Enter>.

c. At the next ? prompt, type END <Enter>.

d. When prompted to save settings, type Y <Enter>.

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1:
? LIST <Enter>
1:
? LB03,"5 MVA XFMR Fans",ON,OFF,N <Enter>
2:
? END <Enter>

           •
           •
           •
Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB03,"5 MVA XMFR Fans","ON","OFF",N 
Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
 =>>

Figure 3.49 Using Text-Edit Mode Line Editing to Set Local Bit 3
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Step 7. Test the connection and programming.

a. Use the appropriate interface hardware to connect the fan control 
start circuit to OUT105.

b. At the relay front-panel MAIN MENU, select LOCAL CONTROL and 
press the ENT pushbutton as shown in Figure 3.51(a).

c. Select 5 MVA XFMR Fans on the LOCAL CONTROL screen as shown 
in Figure 3.51(b).

d. Press ENT to see the 5 MVA XFMR Fans as shown in Figure 3.51(c).

e. Highlight 1 ON and press ENT.

The graphical local control handle moves to the 1 position. At 
this time, the transformer fans will begin running.

=>>SET O OUT105 <Enter> 
Output 
Main Board 
OUT105 :== NA 
? LB03 <Enter> 
OUT106 := NA 
? END <Enter> 
Output 

Main Board 
OUT101  := T3P1 #BREAKER 1 TRIP                                                                                                                                    
OUT102  := T3P1 #EXTRA BREAKER 1 TRIP                                                                                                                              
OUT103  := BK1CL #BREAKER 1 CLOSE                                                                                                                                  
OUT104 := NA
OUT105 := LB03
OUT106 := NA
OUT107 := NA
OUT108 := NOT (HALARM OR SALARM)

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.50 Setting Control Output OUT105 in the Terminal



3.61

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Operating the Relay Inputs and Outputs

                    

Setting Outputs for Tripping and Closing
To actuate power system circuit breakers, you must configure the control outputs 
to operate the trip bus and close bus. The relay uses internal logic and SELOGIC 
control equations to activate the control outputs.

Trip Output Signals
All SEL-400 series relays are capable of three-pole tripping and some are capable 
of single-pole tripping. There are many Relay Word bits (e.g., T3P1, T3P2, and 
3PT) that you can program to drive control outputs to trip circuit breakers. See 
Section 5: Protection in the product-specific instruction manual for complete 
information on tripping equations and settings. For target illumination at tripping, 
see Section 4: Front-Panel Operations.

Close Output Signals
Some SEL-400 series relays feature an automatic recloser for single-circuit 
breaker and two-circuit breaker applications, with as many as four autoreclose 
shots. See Section 6: Autoreclosing for more information.

                    

Figure 3.51 Front-Panel LOCAL CONTROL Screens
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Assigning Control Outputs for Tripping and Closing
The procedure in the following steps shows a method for setting the relay to 
operate the trip bus and the close bus at a typical substation. This procedure 
assigns a close output at OUT106. This example is specific to the SEL-451 relay, 
but similar configuration changes can be made in all SEL-400 series relays.

This example assumes that are familiar with SEL Grid Configurator or QuickSet 
(see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Main Board output settings.

a. Expand the Outputs branch of the Settings tree view.

b. Select Main Board.

Step 3. Assign a control output for the close bus.

a. In the Main Board Outputs dialog box, select the OUT106 text 
box and type the following:

BK1CL #ADDITIONAL BREAKER 1 CLOSE

(The # indicates that a comment follows.)

b. Select or tab to another text box.

The software checks that your entry is valid.

Step 4. Upload the new settings to the relay.

Control Input Assignment
Most SEL-400 series relays have control inputs on the main board (IN101–IN107), 
and on one or more optional I/O interface boards (IN201–IN2xx, IN301–IN3xx, 
etc.), if so equipped.

There are two types of input circuitry: direct-coupled and optoisolated. Table 3.8 
lists the main differences between the two types of control inputs. Only the 
SEL-421 and SEL-451 are available with interface boards that support direct-
coupled inputs. All SEL-400 series relays support optoisolated inputs.

                    

The default value for Global setting EICIS (Enable Independent Control Input 
Settings) is N, which hides all individual control input settings and only presents 
some overall settings that will apply to all control inputs. Set EICIS := Y to gain 
full access to the individual control input settings.

Table 3.8 Control Input Characteristics

Direct-Coupled Optoisolated

Pickup characteristics: Pickup voltage can be selected via Global settings. 
Can have different pickup voltages on each input.

Pickup voltage is determined by hardware: one of six volt-
age levels determined at time of factory order. All pickup 
voltages are the same on each I/O interface board.

Polarity-sensitive: Yes (will not respond to reverse polarity signals). A + 
polarity mark is printed over the positive terminals.

No (will respond to signals of either polarity). No polarity 
mark. AC signal detection is possible.a

Where found: INT1, INT5, and INT6 I/O Interface Boards 
(available in SEL-421 and SEL-451 relays).

SEL-400 Series Main Board (IN101–IN107).

All other interface boards.

a With appropriate debounce settings (see Section 2: Installation of the product-specific instruction manual).
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) in 
the Terminal

This is a step-by-step procedure to configure a control input that reflects the state 
of the circuit breaker auxiliary (52A) NO (normally open) contact. A common 
relay input is from circuit breaker auxiliary contacts; the relay monitors the 52A 
contacts to detect the closed/open status of the circuit breaker. Perform the fol-
lowing steps to connect three-pole circuit breaker auxiliary contacts to the relay. 
This example was created using an SEL-451. Refer to the product-specific 
instruction manual for the correct Relay Word bit names for each product.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Configure the relay to read the circuit breaker auxiliary contact. 

a. Type SET M <Enter> (see Figure 3.52).

These settings are the breaker monitor settings.

b. Type <Enter> to bypass the Breaker 1 Monitoring enable, and 
<Enter> again to bypass the Breaker 2 Monitoring enable 
(NUMBK := 2 in this example).

The relay displays the 52AA1 SELOGIC control equation action 
prompt.

c. Type IN101 <Enter> at the ? prompt to specify input IN101 as 
the control input that represents the close/open state of Circuit 
Breaker 1.

Press <Enter> until the relay displays the 52AA2 SELOGIC 
control equation action prompt.

d. Type IN102 <Enter> at the ? prompt to specify input IN102 as 
the control input that represents the close/open state of Circuit 
Breaker 2.

Step 3. End the settings process. The relay next scrolls a readback of all the 
Global settings, eventually displaying the Save settings (Y,N) ? 
prompt.

a. In the readback information, just before the Save settings 
(Y,N) ? prompt, confirm the new control input information.

b. Answer Y <Enter> to save your new settings.
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) 
Via Software

The procedure in the following steps shows how to program the relay control 
input IN101 to read the state of circuit breaker auxiliary contacts. This example 
uses a single three-pole tripping breaker. Modify the procedure listed here for 
your application.

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Control Inputs settings.

a. Select the arrow next to the Global branch of the Settings tree 
view.

b. Select the arrow next to the Control Inputs branch of the 
Settings tree view.

Step 3. Set EICIS Independent Control Input Settings to Y.

Step 4. Set the control input IN101 debounce time.

For this example, assume that the auxiliary contacts are slow and 
noisy; you must provide a slightly longer debounce time for these 
contacts.

a. Double-click the mouse cursor (or press <Tab>) to highlight 
IN101PU Pickup Delay for Contact Input.

b. Delete the present setting by pressing <Delete>.

c. Type 0.25 <Enter>.

d. Similarly change the IN101DO Input IN101 Dropout Delay 
to 0.25.

The software checks the value.

Step 5. Configure the relay to read the circuit breaker auxiliary contact.

a. Expand the Breaker Monitor branch of the Settings tree view 
by selecting the + button.

b. In the tree view, select Breaker 1 to select circuit breaker 
monitor settings for Circuit Breaker 1.

=>>SET M <Enter> 
Breaker Monitor 
Breaker Configuration 
Breaker 1 Monitoring (Y,N) EB1MON  := N ? <Enter> 
Breaker 2 Monitoring (Y,N) EB2MON  := N ? <Enter> 
Breaker 1 Inputs 

N/O Contact Input -BK1 (SELogic Equation) 
52AA1 := NA 
?  IN101 <Enter> 
Breaker 2 Inputs 
N/O Contact Input -BK2 (SELogic Equation) 
52AA2 := NA 
?  IN102 <Enter> 
Breaker Monitor 

Breaker Configuration 
EB1MON  := N        EB2MON  := N
Breaker 1 Inputs 
52AA1   := IN101 
Breaker 2 Inputs 
52AA2   := IN102 
Save settings (Y,N)  ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
=>>

Figure 3.52 Setting 52AA1 in the Terminal
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c. Set the 52AA1 SELOGIC control equation by selecting in the text 
box labeled 52AA1 N/O Contact Input.

d. Type IN101, and then select or <Tab> to another field to specify 
input IN101 as the control input that represents the close/open 
state of Circuit Breaker 1.

Step 6. Upload the new settings to the SEL-451.

Special Considerations for TiDL
In Time-Domain Link (TiDL) systems, IN301–IN324, OUT301–OUT316, 
IN401–IN424, OUT401–OUT416, IN501–IN524, and OUT501–OUT516 are 
provided from TiDL merging units. See Section 19: Digital Secondary Systems 
for more information on TiDL I/O.

Configuring Timekeeping
The relay features high-accuracy timekeeping when supplied with an IRIG-B or 
Ethernet Precision Time Protocol (PTP) signal. When the supplied clock signal is 
sufficiently accurate, most SEL-400 series relays can act as a phasor measure-
ment unit (PMU) and transmit synchrophasor data representative of the power 
system at fixed time periods to an external data processor. The relay can also 
record COMTRADE event report data by using the high-accuracy time stamp. 
See Oscillography on page 9.9 and Time-Synchronized Triggers on page 11.10 
for details on these applications.

IRIG-B and PTP
The relay has two input connectors that accept IRIG-B (Inter-Range Instrumenta-
tion Group-B) demodulated time-code format: the IRIG-B pins of aerial PORT 1, 
and the IRIG-B BNC connector. In relays with Ethernet, Precision Time Protocol 
(PTP) can also be used to provide high-accuracy time. See Section 11: Time and 
Date Management for more information on using IRIG-B and PTP.

Monitoring High-Accuracy Time Source Status
The purpose of the procedure in the following steps is to show one method for 
deriving the TIME Q Time Source information from Relay Word bits TSOK and 
TIRIG when using an IRIG Time Source. The TSOK Relay Word bit is at logical 
1 when the relay is in HIRIG time mode. For this application example, use a pro-
tection SELOGIC variable (PSV) to monitor timekeeping status.

PSV02 asserts when the relay is synchronized to the HIRIG source. A departure from 
this condition asserts the relay alarm output (OUT108 for this application example).

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings

Step 2. Access the protection free-form SELOGIC settings.

a. Select the arrow next to Group 1 in the Settings tree view.

b. Select the Protection Logic 1 settings.

NOTE: The SEL-487V does not 
support PTP.
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Step 3. Enter the two lines of SELOGIC control equation programming in the 
Protection Free-Form Logic Settings shown in Figure 3.53.

                    

Step 4. Configure a control output to alarm a loss-of-HIRIG mode.

a. In the Settings tree view, select Outputs and then select Main 
Board.

b. In the OUT108 Main Board Outputs text box, enter the OR 
NOT PSV02 condition to the preexisting OUT108 := NOT 
(SALARM OR HALARM) equation.

Step 5. Upload the new settings to the relay.

To confirm that you have prepared an out-of-synchronization/loss-of-HIRIG 
mode alarm, disconnect the IRIG-B input. The relay alarm will activate.

Readying the Relay for Field Application
Before applying the relay in your power system, set the relay for your particular 
field application. Be sure to modify the relay factory-default settings for your 
power system conditions to enable relay features to help you protect and control 
your system.

This procedure is a guide to help you ready the relay for field application. If you 
are unfamiliar with the steps in this procedure, see the many relay usage exam-
ples presented in this section. This is a suggested procedure; modify the proce-
dure as necessary to conform to your standard company practices.

Step 1. Open the appropriate low-voltage breaker(s) and remove fuses to ver-
ify removal of control power and ac signals from the relay.

Step 2. Isolate the relay TRIP control output.

Step 3. Perform point-to-point continuity checks on the circuits associated 
with the relay to verify the accuracy and correctness of the ac and dc 
connections.

Step 4. Apply power to the relay.

The green ENABLED LED on the front panel will illuminate.

Step 5. Use an SEL-C234A cable to connect a serial terminal to the relay.

Step 6. Start the terminal (usually a PC with terminal emulation software).

Step 7. Establish communication with the relay at Access Level 0.

Step 8. Proceed to Access Level 2 (see Changing the Default Passwords in 
the Terminal on page 3.11).

Step 9. Change the default passwords (see Changing the Default Passwords 
in the Terminal on page 3.11).

Step 10. Set the DATE and TIME (see Making Simple Settings Changes on 
page 3.15).

Step 11. Use test sources to verify relay ac connections (see Examining 
Metering Quantities on page 3.34).

Step 12. Verify control input connections.

SET L <Enter>

17: #CHECK THE TIME SYNCHRONIZATION RELAY WORD BIT FOR HIRIG

18: PSV02 := TSOK

Figure 3.53 Programming a PSV to Monitor HIRIG in QuickSet
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Step 13. Verify control output connections.

Step 14. Perform protection element tests.

Step 15. Set the relay (see Making Simple Settings Changes on page 3.15, 
Section 12: Settings, and Section 6: Protection and Protection Appli-
cation Examples in the product-specific instruction manual).

Step 16. Connect the relay for tripping/closing duty.

Step 17. From Access Level 2, use a communications terminal to issue appli-
cable commands (listed in Table 3.9) to clear the relay data buffers.

                    

Step 18. Connect the secondary voltage and current inputs.

Step 19. Use the MET command or the QuickSet HMI to view relay metering 
to confirm secondary connections (see Examining Metering 
Quantities on page 3.34).

Table 3.9 Communications Port Commands That Clear Relay Buffers

Communications Port Command Task Performed

MET RD Reset demand meter data

MET RP Reset peak demand meter data

MET RE Reset energy meter data

MET RM Reset maximum/minimum meter data

HIS CA Reset event report and history buffers

SER CA Reset Sequential Events Recorder data
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Front-Panel Operations

The relay front panel makes power system data collection and system control 
quick and efficient. Using the front panel, you can analyze power system operat-
ing information, view and change relay settings, and perform relay control func-
tions. The relay features a straightforward menu-driven control structure 
presented on the front-panel LCD. Front-panel targets and other LED indicators 
provide a quick look at relay operation status. You can perform often-used con-
trol actions rapidly by using the large direct-action pushbuttons. All of these fea-
tures help you operate the relay from the front panel and include:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

This section describes features found in many, but not necessarily all, SEL-400 
series relays. See the relay-specific instruction manuals to determine which front-
panel features are supported in that relay. This section includes the following:

➤ Front-Panel Layout on page 4.1

➤ Front-Panel Menus and Screens on page 4.14

➤ Front-Panel Automatic Messages on page 4.32

➤ Operation and Target LEDs on page 4.33

➤ Front-Panel Operator Control Pushbuttons on page 4.35

Front-Panel Layout
Some SEL-400 series relays come with a front panel with 16 target LEDs and 8 
operator pushbuttons. Others come with 24 target LEDs and 12 operator pushbut-
tons. Refer to the product-specific instruction manual to see which displays are 
available for any specific relay. Figure 4.1, Figure 4.2, and Figure 4.3 show what 
these front-panel options look like in the SEL-451 and the SEL-487E relays. 
Some relays are also available with direct-action pushbuttons for breaker control, 
which is illustrated in Figure 4.2.
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Figure 4.1 SEL-451 Front Panel (8-Pushbutton Model)

                    

Figure 4.2 SEL-451 Front Panel (12-Pushbutton Model) with Optional Auxiliary Trip/Close Buttons
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A 128 x 128 pixel LCD shows relay operating data including event summaries, 
metering, settings, and relay self-test information. 

Six navigation pushbuttons adjacent to the LCD window control the relay menus 
and information screens. Sequentially rotating display screens provide important 
power system metering parameters; you can easily change this ROTATING DIS-
PLAY to suit your particular onsite monitoring needs. Use a simple and efficient 
menu structure to operate the relay from the front panel. With these menus you 
can quickly access relay metering, control, and settings.

Front-panel LEDs indicate the relay operating status. You can confirm that the 
relay is operational by viewing the ENABLED LED. The relay illuminates the TRIP 
LED target to indicate a tripping incident. The relay is factory programmed for 
particular relay elements to illuminate the other target LEDs. You can program 
these target LEDs to show the results of the most recent relay trip event. The 
asserted and deasserted colors for the LEDs are programmable.

Select relay models feature auxiliary TRIP/CLOSE pushbuttons. These pushbuttons 
are electrically isolated from the rest of the relay.

The relay front panel features large operator control pushbuttons with annuncia-
tor LEDs that facilitate local control. Factory-default settings associate specific 
relay functions with these direct-action pushbuttons and LEDs. Using SELOGIC 
control equations or front-panel settings PBn_HMI, you can readily change the 
default direct-action pushbutton functions and LED indications to fit your spe-
cific control and operational needs. Change the pushbutton and pushbutton LED 
labels with the slide-in labels adjacent to the pushbuttons. The asserted and deas-
serted colors for the LEDs are programmable in 12-pushbutton models.

The relay front panel includes an EIA-232 serial port (labeled PORT F) for con-
necting a communications terminal or using the ACSELERATOR QuickSet SEL-5030 
Software program. Use the common EIA-232 open ASCII communications proto-
col to communicate with the relay via front-panel PORT F. Other communications 
protocols available with the front-panel port are MIRRORED BITS communica-
tions, and DNP3. For more information on communications protocols and PORT F, 
see Section 15: Communications Interfaces.

                    

Figure 4.3 SEL-487E Front Panel
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Front-Panel LCD
The LCD is the prominent feature of the relay front panel. Figure 4.4 shows the 
following areas contained in the LCD:

➤ Title area

➤ Main area

➤ Message area

➤ Scroll bars

The scroll bars are present only when a display has multiple screens.

                    

Front-Panel Inactivity Time-Out
An LCD backlight illuminates the screen when you press any front-panel push-
button. This backlight extinguishes after a front-panel inactivity time-out period. 
You can control the duration of the time-out with relay setting FP_TO, listed in 
Table 4.1. 

To set FP_TO, use the SET F (set front panel) settings from any communications 
port or use the Front Panel branch of the QuickSet Settings tree view. The maxi-
mum backlight time is 60 minutes (FP_TO = 60). When the front panel times out, 
the relay displays an automatic ROTATING DISPLAY, described later in this section 
under Screen Scrolling on page 4.5.

                    

Navigating the Menus
The relay front panel presents a menu system for accessing metering, settings, 
and control functions. Use the LCD and the six pushbuttons adjacent to the dis-
play (see Figure 4.4) to navigate these front-panel menus.

The navigation pushbutton names and functions are the following:

➤ ESC—Escape pushbutton

➤ ENT—Enter pushbutton

➤ Left Arrow, Right Arrow, Up Arrow, and Down Arrow—Navigation pushbuttons

                    

Figure 4.4 LCD and Navigation Pushbuttons
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Table 4.1 Front-Panel Inactivity Time-Out Setting

Name Description Range Default

FP_TO Front-panel display time-out OFF, 1–60 minutes 15 minutes
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Menus show lists of items that display information or control the relay. A rectan-
gular box around an action or choice indicates the menu item you have selected. 
This rectangular box is the menu item highlight.

Figure 4.5 shows an example of RELAY ELEMENTS highlighted in an example MAIN 
MENU. When you highlight a menu item, pressing the ENT pushbutton selects the 
highlighted item.

                    

The Up Arrow pushbutton and Down Arrow pushbutton scroll the highlight box to 
the previous or next menu selection, respectively. When there is more than one 
screen of menu items, pressing the Up Arrow while at the first menu item causes 
the display to show the previous set of full-screen menu items, with the last menu 
item highlighted. Pressing the Down Arrow while at the bottom menu item causes 
the display to show the next set of full-screen menu items, with the first menu 
item highlighted.

Pressing the ESC pushbutton reverts the LCD to the previous screen. Pressing ESC 
repeatedly returns you to the MAIN MENU. If a status warning, alarm condition, or 
event condition is active (not acknowledged or reset), the relay displays the full-
screen status warning, alarm screen, or trip event screen in place of the MAIN 
MENU.

Screen Scrolling
SEL-400 series relays have two screen scrolling modes: autoscrolling mode and 
manual-scrolling mode. After front-panel time-out, the LCD presents each of the 
display screens in this sequence:

➤ One-line diagram (if applicable)

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Other enabled screens

See the product-specific instruction manual for the details of the other screens 
that are supported and how they are enabled.

                    

Figure 4.5 RELAY ELEMENTS Highlighted in Example MAIN MENU
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Figure 4.6 illustrates an example rotating display sequence. The active alarm 
points are the first screens in the ROTATING DISPLAY (see Alarm Points on 
page 4.7). Each alarm points screen shows as many as 11 alarm conditions. The 
relay can present a maximum of six alarm points screens.

The active display points are the next screens in the ROTATING DISPLAY after 
alarm points (see Display Points on page 4.10). Each display points screen shows 
as many as 11 enabled display points (with 192 display points, the relay can pres-
ent a maximum of 18 display points screens). If a display point does not have text 
to display, the screen space for that display point is maintained.

                    

Figure 4.6 Sample ROTATING DISPLAY
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Autoscrolling Mode
Autoscrolling mode shows each screen for a user-configurable period of time. 
Front Panel setting SCROLD defines the period of time for which each screen is 
shown. When you first apply power to the relay, the LCD shows the autoscrolling 
ROTATING DISPLAY. With SCROLD := OFF, the screen remains on the first screen 
in the rotating display order; automatic rotation of additional screens is disabled.

The autoscrolling ROTATING DISPLAY also appears after a front-panel inactivity 
time-out (see Front-Panel Inactivity Time-Out on page 4.4). The relay retrieves 
data prior to displaying each new screen. The relay does not update screen infor-
mation during the display interval. At any time during autoscrolling mode, press-
ing ENT takes you to the MAIN MENU. Pressing any of the four navigation 
pushbuttons switches the display to manual-scrolling mode.

Manual-Scrolling Mode
In manual-scrolling mode, you can use the directional navigation arrow pushbut-
tons to select the next or previous screen. Pressing the Down Arrow or Right Arrow 
pushbuttons switches the display to the next screen; pressing the Up Arrow or Left 
Arrow pushbuttons switches the display to the previous screen.

In manual-scrolling mode, the display shows arrows at the top and bottom of the 
vertical scroll bar. The screen arrows indicate that you can navigate between the 
different screens at will. The relay retrieves data prior to displaying each new 
screen. Unlike the autoscrolling mode, the relay continues to update screen infor-
mation while you view it in the manual-scrolling mode. To return to autoscrolling 
mode, press ESC or wait for a front-panel time-out.

Alarm Points
You can display messages on the front-panel LCD that indicate alarm conditions 
in the power system. The relay uses alarm points to place these messages on the 
LCD.

Figure 4.7 shows a sample alarm points screen. The relay is capable of displaying 
as many as 66 alarm points. The relay automatically displays new alarm points 
while in manual-scrolling mode and in autoscrolling mode. While you navigate 
the HMI menu structure, the relay does not automatically display the alarm 
points. Instead, ALARM EVENT displays in the footer. When you escape the HMI 
menu structure, the relay will display the alarm points screen.

                    
                    

Figure 4.7 Sample Alarm Points Screen

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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The alarm point setting is an element of the SER settings. To enable an alarm 
point, enable the HMI alarm parameter of the SER Point Settings listed in 
Table 4.2. The format for entering the SER point data is the following comma-
delimited string:

Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm

Names can contain any valid ASCII character. Enclose the name within quotation 
marks. See Example 4.1 for particular information on the format for entering 
SER point data.

                    

If you enter a Relay Word bit that does not match a valid relay element, the relay 
displays: Unknown relay word reference. If you enter an alias or name that is 
too long, the relay displays: Alias label too long.

The relay displays alarm points in a similar fashion as the SER. As many as 
19 characters of the given alias are displayed, with one character reserved for the 
“*.” The asterisk denotes if the element is asserted. Initially, an alarm point must 
be asserted to be displayed; after the corresponding element deasserts, the aster-
isk is removed, but the alias is not. The relay displays alarm points in reverse 
chronological order, just as in the SER, with the most recently asserted alarm dis-
played on the top. Deasserted alarms may be removed from the display with user 
acknowledgment, as shown in Example 4.1.

                    

Table 4.2 SER Point Settings

Description Range

Relay Word Bit Any valid relay element

Reporting Name 20-character maximum ASCII string

SET State Name (logical 1) 20-character maximum ASCII string

CLR State Name (logical 0) 20-character maximum ASCII string

HMI Alarm Y, N

Example 4.1 Creating an Alarm Point

Alarm points screens provide operator feedback about the status of system 
conditions. An alarm points screen contains 11 alarm points; this example 
demonstrates a method to set the alarm point message that is shown in 
Figure 4.7. This example is based on the Relay Word bit IN101 asserting 
when Circuit Breaker 1 is in an alarm condition.

In the Report settings (SET R), enter the following after the SER Points 
Line 1 prompt:

1: IN101,“Circuit BK1 SF6 Gas”,“Alarm”,“Normal”,“Y”

The circuit breaker alarm condition is indicated by the set state, "Alarm" and 
the circuit breaker normal condition is indicated by the clear state "Normal." 
The HMI Alarm parameter is set to “Y” to enable alarm points screen dis-
play of this element.

While in the scrolling mode, the assertion of IN101 will cause the alarm 
points screen (as shown in Figure 4.7) to be automatically displayed. Upon 
the deassertion of IN101, the asterisk will disappear, as shown in Figure 4.8.
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Pressing the ENT pushbutton will allow the user to acknowledge and clear 
deasserted alarms. Before clearing, you will be prompted to confirm that this 
is the intended action, as shown in Figure 4.9.
                    

In the case that all alarms are deasserted, pressing the ENT pushbutton will 
allow the user to acknowledge and clear all alarms. After clearing, a screen 
showing the results of the action will be shown, as in Figure 4.10.
                    

Alarm points are not updated for a particular element if it has been deleted 
from the SER because of chatter criteria (see Automatic Deletion and Rein-
sertion on page 9.31). Upon reinsertion, the element state will be updated on 
the alarm point display. If the relay enters a period of SER data loss, the sta-
tus of alarm points cannot be determined. The screen shown in Figure 4.11 
will appear until you exit the data loss condition, at which point the alarm 
point elements will be polled and displayed if asserted. Subsequent alarm 
point assertions will be displayed above the data loss message.

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.8 Deasserted Alarm Point

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

                    
                    

Figure 4.9 Clear Alarm Point Confirmation Screen

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

Are you sure you
want to clear
inactive alarms?
Press  to clear 

                    
                    

Figure 4.10 No Alarm Points Screen

NO ALARM POINTS
EXIST.

ALARM POINTS
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Display Points
You can display messages on the relay front-panel LCD that indicate conditions 
in the power system. The relay uses display points to place these messages on the 
LCD.

Figure 4.12 shows a sample display points screen. Display points can show the 
status of Relay Word bits or display the value of analog quantities. The relay has 
192 possible display points; Table 4.3 and Table 4.4 list the display points set-
tings. The relay updates the display points data once per second if you are view-
ing the display points in manual-scrolling mode; in autoscrolling mode the relay 
updates the display points information each time the screen appears in the ROTAT-
ING DISPLAY sequence.

                    

To enable a display point, enter the display point settings listed in Table 4.3 or 
Table 4.4. All display points occupy one, and only one, line on the display at all 
times. The height of the line is determined by the “Text Size” setting parameter. 
Display points of single-line height span one screen in total width. Display points 
of double-line height span two screens in total width. You can use multiple dis-
play points to simulate multiple lines.

Use the following syntax to display the given Relay Word bit exactly as seen in 
the navigational menu (name and value).

DPxx := Name

Use the following syntax to display the given Relay Word bit as seen in the navi-
gational menu, replacing the name of the value with the given alias string. The 
text size determines if the display will be in single font or double font. If the text 
size is empty, the display will be in single font.

DPxx := Name, “Alias”, “Text Size”

                    

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.11 Alarm Points Data Loss Screen

##SER DATA LOSS##

ALARM POINTS

Press   to acknldge

                    

Figure 4.12 Sample Display Points Screen

Circuit Breaker 1
   --Closed--

DISPLAY POINTS

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

SF6 ALARM
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Use the following syntax to display the given Relay Word bit with the given alias. 
If the Relay Word bit is asserted (logical 1), the LCD displays the set string in the 
place of the value. If the Relay Word bit is deasserted (logical 0), the LCD dis-
plays the clear string in the place of the value. One or all of Alias, Set String, or 
Clear String can be empty. If Alias is empty, then the LCD displays only the Set 
or Clear Strings. If either Set String or Clear String is empty, then an empty line 
is displayed when the bit matches that state. The text size determines if the dis-
play will be in single font or double font. If the text size is empty, the display will 
be in single font.

DPxx := Name, “Alias”, “Set String”, “Clear String”, “Text Size”

Use the following syntax to display the given analog quantity with the given text 
and formatting. Formatting must be in the form Width.Decimal,Scale with the 
value of Name, scaled by “Scale,” formatted with total width “Width” and “Deci-
mal” decimal places. The width value includes the decimal point and sign charac-
ter, if applicable. The “Scale” value is optional; if omitted, the scale factor is 
processed as 1. If the numeric value is smaller than the field size requested, the 
field is padded with spaces to the left of the number. If the numeric value will not 
fit within the field width given, “$” characters are displayed. The text size deter-
mines if the display will be in single font or double font. If the text size is empty, 
the display will be in single font.

DPxx := Name, “(Text1 Width.Decimal,Scale) Text2”, “Text Size”
                    

                    

                    

Table 4.3 Display Point Settings—Boolean

Description Range

Relay Word Bit Name See the relay-specific instruction manual for a list of Relay 
Word bits available in that relay.

Alias ASCII string

Set String ASCII string

Clear String ASCII string

Text Size S, D

Table 4.4 Display Point Settings—Analog

Description Range

Analog Quantity Name See the relay-specific instruction manual for a list of avail-
able analog quantities

“User Text and Formatting” ASCII string

Text Size S, D

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 1 of 2)

Example Display Point Setting Value Example Display

IN101 IN101=1
IN101=0

MWHAIN,“{7.2}” 1234.56

50P1,Overcurrent,, Overcurrent=1
Overcurrent=0

PSV01,Control,On,Off Control=On
Control=Off

PSV02,Breaker,Tripped, Breaker=Tripped
Empty Line
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If you enter a Relay Word bit or Analog Quantity that does not match a valid 
relay element, the relay displays: Invalid element. If you enter a display point 
that exceeds the allowable length, the relay displays: Too many characters. If 
you enter an invalid scale factor, invalid width, too many parameters, or omit nec-
essary quotation marks or brackets, the relay displays an error message. If a dis-
play point was used previously and you want to remove the display point, you 
can delete the display point. In the Front Panel settings (SET F), at the Display 
Points and Aliases prompt, use the text-edit mode line editing commands to set 
the display points (see Text-Edit Mode Line Editing on page 3.23 for information 
on text-edit mode line editing). To delete Display Point 1, type DELETE 
<Enter> at the Front Panel settings Line 1 prompt.

                    

50P1,,,Overcurrent Empty Line

Overcurrent

MWHAIN,“A Ph Import={7.2}” A Ph Import=1234.56

MWHAIN,“A Ph Import={7.3}” A Ph Import=$$$.$$$

MWHAIN,“A Ph Imp {4}MWh” A Ph Imp 1234MWh

PAD,“{7.2}” 1234.56

PAD,“A Ph Dem Pwr={4.1}” A Ph Dem Pwr=1234.5

ICD,“C Demand={5}” C Demand= 1230

ICD,“C Demand={4.2,0.001} kA” C Demand=1.23 kA

MWHAOUT,“A Phase Out={3, 1000}” A Phase Out=1234

MWHAOUT,“A Phase Out={3, 1000} kWH” A Phase Out=$$$ kWh

1,“Fixed Text” Fixed Text

0,“Fixed Text” Fixed Text

1, Empty Line

0, Empty Line

Display Point is hidden

Example 4.2 Creating a Display Point

Display points screens can be used to provide operator feedback about the 
readiness of equipment connected to the relay. A display points screen con-
tains 11 display points; this example demonstrates a method to set the dis-
play point messages that are shown in Figure 4.12. This example uses an 
SEL-451 with an additional I/O interface board.

This example is based on a three-pole circuit breaker. Relay Word bit 52AA1 
will assert when Circuit Breaker 1 is in the closed position.

IN109 will assert when Circuit Breaker 1 is in an alarm condition. B2IAFIM 
is the filtered instantaneous magnitude for the A-Phase current through 
Circuit Breaker 2.

In the Front Panel settings (SET F), enter the following after the Display 
Points and Aliases Line 1 prompt:

1: 1,“Circuit Breaker 1”

2: 52AA1,,“ --Closed--”,“ --Open--”

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 2 of 2)

Example Display Point Setting Value Example Display
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3: 0

4: 0,“Circuit BK1 SF6 Gas”

5: IN109,,“ --Alarm--”,“ --Normal--”

6: 1

7: 1,“Circuit Breaker 2”

8: B2IAFIM,“ A PH=(6.1,1) A pri”

9: IN109,, “SF6 ALARM”, D

Fixed text is set by assigning an alias to a “1” or “0.” Blank lines are set by 
assigning a blank alias to a “1” or “0.” The circuit breaker closed condition is 
indicated by the set state, “--Closed--” where leading spaces are added to 
center the set state message. Add a clear state named “--Open--” to show that 
the circuit breaker is open. The circuit breaker alarm condition is indicated 
by the set state, “--Alarm--” where leading spaces are added to center the set 
state message. Add a clear state named “--Normal--” to show that the circuit 
breaker is not in alarm. User text “A PH=” and “A pri” allows for customized 
display of the Circuit Breaker 2 A-Phase current, which has been formatted 
to display numerically as XXXX.X. Double font display is used to give 
greater visibility to the SF6 Alarm. A horizontal scroll appears while in man-
ual-scrolling mode regardless of whether or not the display point label width 
requires two full screens to display.

Example 4.3 Monitoring Test Modes With Display Points

This example uses the Relay Word bit TESTFM (Fast Meter test running) to 
activate a front-panel display point that alerts an onsite operator that the 
relay is in Fast Meter test mode.

In the Front Panel settings (SET F), enter the following after the Line 10 
prompt:

10: TESTFM,,“FAST METER TEST!!!!”

The LCD displays the screen shown in Figure 4.13 as a part of the ROTATING 
DISPLAY if the Fast Meter test is running. (Instruct the operator to view the 
relay front panel for messages or warnings as the last item on a “Leaving the 
Substation” checklist.)

Again, this display point application example does not require a clear state, 
so the clear state is blank. If the Fast Meter test is not running and no other 
display points are active, the relay shows a blank screen in the ROTATING 
DISPLAY.
                    

Example 4.2 Creating a Display Point (Continued)

                    
                    

Figure 4.13 Fast Meter Display Points Sample Screen

FAST METER TEST!!!!

ROTATING DISPLAY

Press  for menu
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Front-Panel Menus and Screens
Operate the relay front panel through a sequence of menus that you view on the 
front-panel display. The MAIN MENU is the introductory menu for other front-panel 
menus (see Figure 4.5). These additional menus allow you onsite access to 
metering, control, and settings for configuring the relay to your specific applica-
tion needs. The following menus and screens are representative of what is typi-
cally found in SEL-400 series relays, but each relay has a slightly different list. 
See the relay-specific instruction manual to see what is available in that relay.

➤ Support Screens
➢ Contrast
➢ Password

➤ MAIN MENU 
➢ METER
➢ EVENTS
➢ BREAKER MONITOR
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST
➢ RESET ACCESS LEVEL
➢ ONE LINE DIAGRAM

Support Screens
The relay displays special screens over the top of the menu or screen that you are 
using to control the relay or view data. These screens are the ADJUST CONTRAST 
screen and the PASSWORD REQUIRED screen.

Contrast
You can adjust the LCD screen contrast to suit your viewing angle and lighting 
conditions. To change screen contrast, press and hold the ESC pushbutton for one 
second. The relay displays a contrast adjustment box superimposed over the dis-
play.

Figure 4.14 shows the contrast adjustment box with the MAIN MENU screen in the 
background. Pressing the Right Arrow pushbutton increases the contrast. Pressing 
the Left Arrow pushbutton decreases the screen contrast. When finished adjusting 
the screen contrast, press the ENT pushbutton.

                    
                    

Figure 4.14 Contrast Adjustment

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL 

MAIN MENU

Adjust Contrast

Press   when done
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Password
The relay uses passwords to control access to settings and control menus. The 
relay has six access-level passwords. See Access Levels and Passwords on 
page 3.7 for more information on access levels and setting passwords. The relay 
front panel is at Access Level 1 upon initial power-up and after front-panel time 
out.

Password validation occurs only when you request a menu function that is at a 
higher access level than the presently authorized level. At this point, the relay dis-
plays a password entry screen, shown in Figure 4.15. This screen has a blank 
password field and an area containing alphabetic, numeric, and special password 
characters with a movable highlight box.

                    

Enter the password by pressing the navigation pushbuttons to move the highlight 
box through the alphanumeric field. When at the desired character, press ENT. The 
relay enters the selected character in the password field and moves the dark box 
cursor one space to the right. You can backspace at any time by highlighting the 
BACKSPACE character and then pressing ENT. When finished, enter the password by 
highlighting the ACCEPT option and then pressing ENT.

If you entered a valid password for an access level greater than or equal to the 
required access level, the relay authorizes front-panel access to the combination 
of access levels (new level and all lower levels) for which the password is valid. 
The relay replaces the password screen with the menu screen that was active 
before the password validation routine. When you enter Access Levels B, P, A, 
O, and 2, the Relay Word bit SALARM pulses for one second.

If you did not enter a valid password, the relay displays the error screen shown in 
Figure 4.16. Entering a valid password for an access level below the required 
access level also causes the relay to generate the error screen. In both password 
failure cases, the relay does not change the front-panel access level (it does not 
reset to Access Level 1 if at a higher access level). The relay displays the 
PASSWORD INVALID screen for five seconds. If you do not want to wait for the 
relay to remove the message, press any of the six navigational pushbuttons during 
the five-second error message to return to the previous screen in which you were 
working.

                    

                    

Figure 4.15 Enter Password Screen

                    

Figure 4.16 Invalid Password Screen

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.

A B C D E F G H I J K
L M N O P Q R S T U V
W X Y Z a b c d e f g
h i j k l m n o p q r
s t u v w x y z 0 1 2
3 4 5 6 7 8 9 _ . ( )
\ ‘ “ ~ ! ? @ # $ % ^
& * _ + / ; : ’ < > ,
{ } [ ] | =
ACCEPT  BACKSPACE

Password Required Password
Field

The Password Entered
Is Not Sufficient for
The Required Access
Level.

Password Invalid
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If three failed login attempts occur within a 1-minute interval, the relay disables 
login attempts for 30 seconds and pulses the SALARM and BADPASS Relay 
Word bits for 1 second. If the user tries to login within the 30 seconds, the error 
message in Figure 4.17 displays for 4 to 6 seconds. Pressing the navigation but-
tons while this message is displayed removes the error message sooner but the 
password entry remains disabled for the original 30 seconds.

                    

Main Menu
The MAIN MENU is the starting point for all other front-panel menus. A representa-
tive relay MAIN MENU is shown in Figure 4.18. When the front-panel LCD is in the 
ROTATING DISPLAY, press the ENT pushbutton to show the MAIN MENU.

                    

Meter
The relay displays metering screens on the LCD. Highlight METER and press ENT 
on the MAIN MENU screen to select these screens. The metering screens available 
are relay-specific and are described in each relay-specific instruction manuals.

Events
The relay front panel features summary event reporting, which simplifies post-
fault analysis. These summary event reports include all trip events, event and data 
capture triggering (via the ER SELOGIC control equation), and manual triggers. 
The relay displays event reports based on the Relay Word bit elements in the ER 
(event report trigger) SELOGIC control equation. See Event Report on page 9.14 
for more information on event reports.

The front-panel event buffer size is 100 summaries. The relay numbers summary 
events in order from 10000 through 42767 and displays the most recent summa-
ries on the LCD.

                    

Figure 4.17 Password Lockout Screen

Maximum Passord
Attempts Exceeded,
Access Temporarily
Denied

Access Denied

                    

Figure 4.18 MAIN MENU

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU



4.17

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Front-Panel Operations
Front-Panel Menus and Screens

You can view summary event reports from the relay front-panel display by select-
ing EVENTS from the MAIN MENU. The relay presents the Events Menu as shown in 
Figure 4.19. Select Event Summary from the Events Menu to view event sum-
mary data. Figure 4.20 shows sample Event Summary screens for a phase-to-
phase-to-ground fault. Use the Right Arrow and Left Arrow pushbuttons to show 
each of the summary screens for the event. Event reports can also be viewed via a 
front-panel automatic message (see Front-Panel Automatic Messages on 
page 4.32) or programmable front-panel operator control pushbutton (see Front-
Panel Operator Control Pushbuttons on page 4.35).

                    

The horizontal scroll bar indicates that you can view other event 10002 screens. 
Use the Up Arrow and Down Arrow pushbuttons to move among the events in the 
summary buffer. Press ESC to return to the Events Menu and ESC again to return to 
the MAIN MENU.

                    

SER
The Sequential Events Recorder (SER) records state changes of user-program-
mable Relay Word bits. State changes are time-tagged for future analysis of relay 
operations during an event. See Sequential Events Recorder (SER) on page 9.28 
for more information on SER events. To view SER events from the front panel, 
select EVENTS from the MAIN MENU and SER Events from the Events Menu as 
shown in Figure 4.19. SER events are also viewable using programmable front-
panel operator control pushbuttons; see Front-Panel Operator Control Pushbut-
tons on page 4.35.

Figure 4.21 illustrates the SER Events display screen. Data reported in this 
screen for each event are the SER Point Alias Name, Asserted or Deasserted 
state, and the Date and Time of the event. When in the SER Events screen, three 
SER records are displayed on one screen. Using the navigation pushbuttons, the 
most recent 200 SER events are viewable on the front-panel display. The top 
event is the most recent event, and the bottom event is the oldest. The upper right 
of the screen displays the sequential indexes of the SER events currently being 
viewed. If a new event occurs while viewing the SER events, the display does not 
update with the new event automatically. To include the new SER event in the 

                    

Figure 4.19 Events Menu Screen

                    

Figure 4.20 Example EVENT SUMMARY Screens

Event Summary
SER Events      

Events Menu

03/15/2001   GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:           3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002
TARGETS:
COMM 
PHASE B
PHASE C
GROUND
50      

EVENT SUMMARY 10002
FAULT QUANTITIES
(kV/A)
VA =    131     0.7˚
VB =    113  -123.4˚
VC =    113   124.7˚

IA =    200    -0.5˚
IB =   2478   172.3˚
IC =   2480     6.7˚
IG =    212   -11.3˚

EVENT SUMMARY 10002
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display, exit the SER screen by pressing ESC and re-enter the SER Events screen 
by pressing ENT with the SER Events selection highlighted. This rebuilds the SER 
Events display and contains the latest SER events triggered.

                    

If no SER events are available, the message shown in Figure 4.22 is displayed.

                    

While viewing the SER events, front-panel pushbuttons provide navigation and 
control functions as indicated in Table 4.6.

                    

Hold down either the Up Arrow or Down Arrow to achieve accelerated scrolling. 
Holding down the Up Arrow or Down Arrow navigates one screen at a time for the 
first five screens, and then increases to five screens at a time if the button remains 
pressed. Accelerated scrolling stops at the newest or oldest SER event record 
available, depending on the direction of the scrolling.

When the upper limit of the SER events is reached, press the Down Arrow one 
more time and the report will wrap around to display the screen containing the 
first SER event. Similarly, when the lower limit of the SER events is reached, 
press the Up Arrow one more time and the report will wrap around to display the 
screen containing the last SER event.

                    

Figure 4.21 SER Events Screen

                    

Figure 4.22 No SER Events Screen

Table 4.6 Front-Panel Pushbutton Functions While Viewing SER Events

Pushbutton Description

Up Arrow, 
Down Arrow

Navigates one screen at a time up or down. Each screen contains three SER 
events. Accelerated scrolling is obtained when the pushbutton remains 
pressed (see accelerated scrolling behavior below).

Left Arrow, 
Right Arrow

Navigates between SER events to allow adjacent SER events to be displayed 
on one screen. For example, if events 1, 2, and 3 are displayed, press the 
Right Arrow once to display events 2, 3, and 4 in the same screen. No acceler-
ated scrolling is provided with the Left Arrow and Right Arrow pushbuttons.

ESC Returns to the Events Menu

ENT Does nothing

Local 
Disabled
02/16/06 11:11:01.993

Local
Enabled
02/16/06 10:11:19.090

IN101
Asserted
02/16/06 03:22:01.988

SER Events   001-003

No SER Events
Available

SER Events   
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By default, three SER events are shown per screen. You can change this to five 
per screen by setting SER_PP to Y. This will cause the element name and state 
information to be shown on the same line, with the element name truncated to ten 
characters and the state truncated to eight characters.

Breaker Monitor
Some SEL-400 series relays feature an advanced circuit breaker monitor. Select 
BREAKER MONITOR from the MAIN MENU to view circuit breaker monitor alarm data 
on the front-panel display. See the relay-specific instruction manual for the sup-
ported options and example screens.

Relay Elements (Relay Word Bits)
You can view the RELAY ELEMENTS screen to check the state of the Relay Word 
bits in the relay. The relay has two unique manual-scrolling features for viewing 
these elements:

➤ Accelerated navigation

➤ Search

These Relay Word bit scrolling features make selecting elements from among the 
many relay targets easy and efficient. Figure 4.23 shows an example of the RELAY 
ELEMENTS screen. If an alias exists for an element, the alias name is displayed 
instead of the element name. An asterisk character (*—shown in Figure 4.23) 
indicates that this Relay Word bit position is reserved for future use.

                    

When you move item by item through the Relay Word bit table, pressing the Up 
Arrow or Down Arrow pushbuttons shows each previous or next screen in turn.

Accelerated navigation occurs when you press and hold the Up Arrow or Down 
Arrow pushbuttons. Holding the Up Arrow or Down Arrow pushbuttons repeats the 
regular pushbutton action at two rows every second for the first ten rows. Con-
tinue pressing the Up Arrow or Down Arrow pushbutton to cause the relay screen 
scrolling to accelerate to 20 rows per second. When you are scrolling up in accel-
erated scrolling, scrolling will stop at the first relay elements screen. When you 
are scrolling down, scrolling will stop at the last screen.

                    

Figure 4.23 RELAY ELEMENTS Screen

ROW 28     ROW 29
*          *
51S2R  =1  *
51S2T  =0  *
51S2   =0  *
*          *
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51S1   =0  51S3   =0

SEARCH

RELAY ELEMENTS

Press  to search
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Search mode allows you to find a specific relay target element quickly. 
Figure 4.24 shows the menu screen that the relay displays when you select the 
SEARCH option of the RELAY ELEMENTS initial menu.

When you first enter this search menu, the block cursor is at the beginning of the 
element name field and the highlight box in the alphanumeric field is around the 
letter A. Use the navigation pushbuttons to move through the alphanumeric char-
acters. If the highlight is on one of the characters, pressing ENT enters the charac-
ter at the block cursor location in the element name field. Next, the block cursor 
moves automatically to the character placeholder to the right. If the block cursor 
was already at the first character position on the left, the block cursor remains at 
the end of the name field. To backspace the cursor in the element name field, 
move the highlight to BACKSPACE and press ENT. When you have finished entering 
an element name, move the highlight to ACCEPT and press ENT. At any time, press-
ing ESC returns the display to the RELAY ELEMENTS screen.

If the highlight is on ACCEPT, the relay finds the matching relay element when you 
press ENT. The relay first searches for alias names, seeking an exact match. If the 
relay does not find an exact alias name match, it searches for an exact primitive 
name match. If there is no exact primitive name match, the relay initiates a partial 
alias name string search, followed by a partial primitive name string search. If the 
relay finds no match, the screen displays an error message and stays in the ELE-
MENT SEARCH screen. If the relay finds a match, the screen displays the element 
row containing the matching element.

Local Control
The relay provides great flexibility in power system control through the LOCAL 
CONTROL menus. You can use the front-panel LOCAL CONTROL menus to perform 
these relay functions:

➤ Trip and close circuit breakers (password required)

➤ Assert, deassert, and pulse relay control outputs to command station 
control actions

➤ Test relay outputs (password required)

In the first LOCAL CONTROL submenu of Figure 4.25, you can choose BREAKER 
CONTROL, LOCAL BITS CONTROL, or OUTPUT TESTING. You must install the circuit 
breaker control enable jumper to enable circuit breaker control and output testing 
capability. The submenu will not display the --BREAKER CONTROL-- option and 
the --OUTPUT TESTING-- option if the breaker jumper is not installed. (The relay 
checks the status of the breaker jumper whenever you activate the front-panel set-
tings and at power-up.) If the breaker jumper is not installed, and there are no 
local bits enabled, the relay displays an information message when you attempt 
to enter LOCAL CONTROL and the screen returns to the MAIN MENU after a short delay.

                    

Figure 4.24 ELEMENT SEARCH Screen
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Local bit names that you have programmed (see Example 4.4) appear in the local 
control bit names field between --BREAKER CONTROL-- and --OUTPUT TESTING--, 
as shown in Figure 4.25. Use the Up Arrow and Down Arrow pushbuttons to high-
light the local control action you want to perform. Pressing ENT takes you to the 
specific LOCAL CONTROL screen.

                    

Breaker Control
The BREAKER CONTROL option presents a circuit breaker selection submenu if the 
relay is configured to control multiple breakers. Use the navigation pushbuttons 
and ENT to select the circuit breaker you want to control.

Figure 4.26 shows the BREAKER CONTROL submenu and sample circuit breaker 
control screens for BREAKER 1. Use the Up Arrow and Down Arrow pushbuttons to 
highlight the TRIP BREAKER 1 or CLOSE BREAKER 1 control actions.

When you highlight the trip option and press ENT, the relay displays the confirma-
tion message OPEN COMMAND ISSUED and trips Circuit Breaker 1 (Relay Word bit 
OC1 pulses). The BREAKER 1 STATUS changes to OPEN.

When you highlight the close option and press ENT, the relay displays the confir-
mation message CLOSE COMMAND ISSUED and closes Circuit Breaker 1 (Relay 
Word bit CC1 pulses). The BREAKER 1 STATUS changes to CLOSED. (Be aware that 
not all SEL-451 relays support breaker close operations.)

                    

Figure 4.25 LOCAL CONTROL Initial Menu

LOCAL CONTROL
--BREAKER CONTROL--

Enable Bus Switching
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Local Control Bits
The relay provides 64 local control bits with SELOGIC control equation supervi-
sion. These local bits replace substation control handles to perform switching 
functions such as bus transfer switching. The relay saves the states of the local 
bits in nonvolatile memory and restores the local bit states at relay power-up.

NOTE: The default settings for 
LB_SPnn are “1”. The default settings 
satisfy the local bit supervision logic 
so that local bit operations can take 
place.

Local control bit supervision is available through a SELOGIC control equation 
provided in the Front Panel settings (LB_SPnn). For local bit operations to take 
place, the corresponding LB_SPnn must be asserted. Table 4.8 defines the local 
bit SELOGIC settings available in the Front Panel settings class. Figure 4.28 illus-
trates the logic that supervises all local bit operations (Set, Clear, Pulse).

NOTE: The default settings for 
LB_DPnn are LBnn. The default 
settings cause the local bit switch to 
move to the corresponding state of 
the local bit (asserted = 1, 
deasserted = 0).

The SELOGIC control equation local bit status (LB_DPnn) is provided to return 
the status of a device that is being controlled by the local bit. The LB_DPnn 
Relay Word bit drives the state of the graphical switch on the display (i.e., with 
LB_DPnn deasserted, the switch points to 0).

Any unused local control bits default to the clear (logical 0) state. Also, any 
reconfigured local bit retains the existing bit state after you change the bit setting. 
Deleting a local bit sets that bit to the clear (logical 0) state.

                    

Figure 4.26 Example BREAKER CONTROL Screens
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In the top part of Figure 4.27, the following custom-labeled functions are those 
controlled by local control bit operation.

➤ Enable Bus Switching

➤ North Bus MOD

➤ South bus MOD

➤ Bus Tie Interlock

➤ Alternate Settings 3

In addition, Figure 4.27 gives an example of a custom labeled function, Bus Tie 
Interlock. The LCD shows a graphic representation of a substation control han-
dle. The LB_DPnn SELOGIC control equation determines the state of the switch 
position on the LCD. If the LB_DPnn Relay Word bit is deasserted, the graphic 
control handle points to 0; if the LB_DPnn Relay Word bit is asserted, the switch 
points to 1.

You can program names or aliases for the local bit clear and set states—these 
appear next to logical 0 and logical 1, respectively, in the lower portion of the 
sample Bus Tie Interlock screens of Figure 4.27. Use the Up Arrow and Down Arrow 
pushbuttons to highlight the set (1) or clear (0) control actions. Highlighting the 
set option (shown in Figure 4.27 as Closed (OK to TIE)) and pressing ENT 
changes the local control bit and performs the required control action. If the 
LB_DPnn Relay Word bit asserts, the graphical switch moves to 1 to indicate the 
asserted local bit status.

                    

To enable a local bit, enter the local bit settings in Table 4.7. The format for 
entering the local bit data is the comma-delimited string:

local bit,control function name,alias for the set state,alias for the clear 
state,pulse enable

                    

Figure 4.27 LOCAL CONTROL Example Menus
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Names or aliases can contain any printable ASCII character except double quota-
tion marks. Use double quotation marks to enclose the name or alias. See 
Example 4.4 for particular information on enabling a local control bit.

                    

The pulse state enable setting at the end of the setting string is optional. If your 
application requires a pulsed or momentary output, you can activate an output 
pulse by setting the option at the end of the local bit command string to Y (for 
Yes). The default for the pulse state is N (for No); if you do not specify Y, the 
local bit defaults at N and gives a continuous set or clear switch level.

If you enter an invalid setting, the relay displays an error message prompting you 
to correct your input. If you do not enter a valid local bit number, the relay dis-
plays A local bit element must be entered. If you enter a local bit number and that 
local bit is already in use, the relay displays the local bit element is already in 
use. Likewise, if you do not enter valid local bit name, set alias, and clear alias, 
the relay returns an error message. If an alias is too long, the relay displays the 
message Too many characters.

                    

The Local Bit Supervision SELOGIC control equation provides supervision of 
Local Bit Set, Clear, and Pulse operations.

The Local Bit Status Display SELOGIC control equation returns the status of the 
local bit switch state.

                    

Table 4.7 Local Bit Control Settingsa

a n = 1–64.

Description Range Default

Local Bit n 1–64 1

Local Bit n Name 20-character maximum ASCII string (blank)

Local Bit n Set Alias (1 state) 20-character maximum ASCII string (blank)

Local Bit n Clear Alias (0 state) 20-character maximum ASCII string (blank)

Pulse Local Bit n Y, N N

Table 4.8 Local Bit SELOGICa

a n = 1–64, and only available if the corresponding local bit is defined.

Description Range Default

Local Bit Supervision n SELOGIC Control Equation, NA 1

Local Bit Status Display n SELOGIC Control Equation, NA LBn

                    

Figure 4.28 Local Bit Supervision Logic
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Output Testing
NOTE: The circuit breaker control 
enable jumper BREAKER must be 
installed to perform output testing.

You can check for proper operation of the relay control outputs by using the OUT-
PUT TESTING submenu of the LOCAL CONTROL menu. A menu screen similar to 
Figure 4.29 displays a list of the control outputs available in your relay configuration.

                    

Example 4.4 Enabling Local Bit Control

This application example demonstrates a method to create one of the control 
points in the LOCAL CONTROL screens of Figure 4.27 to control the interlock 
on a power bus tie circuit breaker. Perform the following actions to create a 
local control bit:

➤ Eliminate previous usage of the local bit and condition the state 
of the local bit

➤ Set the local bit

➤ Assign the local bit to a relay output

If you are using a previously used local bit, delete all references to the local 
bit from the SELOGIC control equations already programmed in the relay. A 
good safety practice would be to disconnect any relay output that was pro-
grammed to that local bit.

To change the local bit state, select the bit and set it to the state you want. In 
addition, you can delete the local bit, which changes the state of this local bit 
to logical 0 when you save the settings. To delete, use the front-panel set-
tings. When using a communications port and terminal, use the text-edit 
mode line setting editing commands at the Local Bits and Aliases prompt to 
go to the line that lists Local Bit 9. (See Text-Edit Mode Line Editing on 
page 3.23 for information on text-edit mode line editing.) To delete Local 
Bit 9, type DELETE <Enter> after the line that displays Local Bit 9 infor-
mation. For example, if a previously programmed Local Bit 9 appears in the 
SET F line numbered listings on Line 1, then typing DELETE <Enter> at 
Line 1 deletes Local Bit 9.

Next, set the local bit. In the Front Panel settings (SET F), enter the following:

1: LB09,“Bus Tie Interlock”,“Closed (OK to TIE)”,“Open (No TIE)”,N

This sets Local Bit 9 to “Bus Tie Interlock” with the set state as “Closed (OK 
to TIE)” and the clear state as “Open (No TIE).”

Assign the local bit to a relay output. In the Output settings (SET O), set the 
SELOGIC control equation, OUT201, to respond to Local Bit 9.

OUT201 := LB09

Use the appropriate interface hardware to connect the circuit breaker inter-
lock to OUT201.

                    

Figure 4.29 OUTPUT TESTING Screen

OUTPUT TESTING
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Set/Show
You can use the SET/SHOW menus to examine or modify relay port settings, 
Global settings, active group settings, and date/time. See Table 4.9 for a list of 
settings classes and settings that you can change from the front panel.

                    

Figure 4.30 shows an example of entering the SEL-451 setting CTRW (Terminal 
W CT ratio) from the front panel. At the MAIN MENU, select the SET/SHOW item and 
press ENT. The LCD screen displays the SET/SHOW screen as shown in 
Figure 4.30. You can use the navigation pushbuttons to select the relay settings 
class (PORT, GROUP, and GLOBAL) or to change the ACTIVE GROUP or the DATE/
TIME. For this example, select the GROUP class.

Next, select the particular instance of the settings class. For the PORT settings 
class, the instances are PORT 1, PORT 2, PORT 3, PORT F, and PORT 5. For the 
GROUP class, the instances are the numbered groups from 1 through 6 and M, the 
breaker monitor (see the GROUP screen in Figure 4.30). The class GLOBAL, the set-
ting ACTIVE GROUP = n (where n is a number from 1 to 6), and the settings for 
DATE/TIME have no settings instance screens. In the GROUP screen, move the high-
light box to 3 and press ENT.

Proceed to selecting the settings category. The GROUP submenu in Figure 4.30 is 
an example of settings Group 3 categories. Once you have highlighted the set-
tings category, pressing ENT causes the relay to display the particular settings in 
that category. The LINE CONFIGURATION screen in Figure 4.30 shows the settings 
that you can set in the line configuration settings category.

To edit or examine a setting, use the Up Arrow and Down Arrow pushbuttons to 
highlight that setting, then press ENT. The relay displays a settings entry screen 
with the existing setting value (see the SET CTRW screen in Figure 4.30). If the 
prompt for the selected setting does not fit on the line, the relay scrolls the setting 
prompt across the screen.

Enter the setting name by using a method similar to the method described in 
Relay Elements (Relay Word Bits) on page 4.19. Place characters in the element 
name field (with the block cursor) by using the navigation pushbuttons.

For the SEL-411L, SEL-421, SEL-451, and SEL-487E, if you are setting an ele-
ment that supports combinations, and the number of possible combinations is 
small, the relay displays the possible combinations allowed for the setting that 
you can select. If there is a high number of possible combinations for a setting, a 
window of selectable ASCII characters displays (see the Character or String or 
SELOGIC control equations display in Figure 4.31), and you will need to input 
the necessary combination by using the ASCII character display.

If the data you entered are valid (within settings range checks), the front-panel 
display returns to the settings category screen that shows each setting and corre-
sponding present value (see the LINE CONFIGURATION screen of Figure 4.30). If 

Table 4.9 Settings Available From the Front Panel

Class/Setting Description

PORT Relay communications port settings

GLOBAL Global relay settings

GROUP Relay group settings

ACTIVE GROUP Active settings group number 1–6

DATE/TIME Date and time settings
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the data you entered are invalid, the relay displays an error message screen, then 
returns to the particular settings entry screen so you can attempt a valid settings 
entry (see the CTRW screen of Figure 4.30).

When finished entering the new settings data, press ESC. The relay prompts you 
with a Save Settings screen. Using the navigation pushbuttons, answer YES to 
make the settings change(s), or NO to abort the settings change(s).

                    
                    

Figure 4.30 Example SET/SHOW Screens
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The relay displays different settings entry screens depending on the settings type. 
For the CTRW setting in Figure 4.30, the relay requires basic alphanumeric input. 
Other settings can have other data input requirements. The front-panel settings 
input data types are the following:

➤ Basic alphanumeric

➤ Character or string or SELOGIC control equations

➤ Setting options

For alphanumeric settings, the relay presents the character or string input screen. 
Some settings have specific options; use the setting options screens to select 
these options. Figure 4.31 shows examples of the settings input screens.

                    

Active Group
Perform the following steps to change the active setting group:

Step 1. Select the ACTIVE GROUP option of the SET/SHOW submenu screen 
(shown in Figure 4.30) to change the settings group.

The relay performs a password validation test at this point to confirm 
that you have Breaker Access Level authorization or above.

Step 2. If access is allowed, and all the results of SELOGIC control equations 
SS1–SS6 are not logical 1 (asserted), then the relay displays the EDIT 
ACTIVE GROUP screen in Figure 4.32.

The relay shows the active group and underlines the group number 
after NEW GROUP =.

Step 3. Use the Up Arrow and Down Arrow pushbuttons to increase or decrease 
the NEW GROUP number.

Step 4. Once you have selected the new active group, press ENT to change the 
relay settings to this new settings group.

                    

Figure 4.31 Sample Settings Input Screens
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Date/Time
Another submenu item of the SET/SHOW first screen (Figure 4.30) is the DATE/
TIME screen shown in Figure 4.33. By default, the relay generates date and time 
information internally; you can also use external high-accuracy time modes with 
time sources such as a GPS receiver.

Figure 4.33 shows the relay date/time screen when a high-accuracy source is in 
use. Possible time sources, qqqqq, are listed in Table 11.5. If you use a high-accu-
racy time source, edits are disabled, the DATE/TIME display does not show the 
highlight, and the screen does not show the help message on the bottom line.

                    

When no external time source is connected, you can use the front-panel DATE and 
TIME entry screens to set the date and time.

Figure 4.34 shows an example of these edit screens. Use the Left Arrow and Right 
Arrow navigation pushbuttons to move the underscore cursor; use the Up Arrow and 
Down Arrow navigation pushbuttons to increment or decrement each date and time 
digit as appropriate to set the date and time. For a description of the LAST UPDATE 
SOURCE field, see Configuring Timekeeping on page 3.65.

                    

Figure 4.32 Changing the ACTIVE GROUP

EDIT ACTIVE GROUP
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Figure 4.33 DATE/TIME Screen
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To enable a high-accuracy external time source, connect an IRIG-B or Precision 
Time Protocol (PTP) clock to the relay. For a discussion of the timing modes in 
the relay see Section 11: Time and Date Management.

Relay Status
The relay performs continuous hardware and software self-checking. If any vital 
system in the relay approaches a failure condition, the relay issues a status warn-
ing. If the relay detects a failure, the relay displays the status failure RELAY STA-
TUS screen immediately on the LCD.

For both warning and failure conditions, the relay shows the error message for 
the system or function that caused the warning or failure condition. You can 
access the RELAY STATUS screen via the MAIN MENU. The RELAY STATUS screen 
shows the firmware identification number (FID), serial number, whether the relay 
is enabled, and any status warnings.

Figure 4.35 shows examples of a normal RELAY STATUS screen, a status warning 
RELAY STATUS screen, and a status failure RELAY STATUS screen. For more infor-
mation on status warning and status failure messages, see Relay Self-Tests on 
page 10.19.

                    

View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the relay. In the MAIN MENU, high-
light the VIEW CONFIGURATION option by using the navigation pushbuttons. A 
series of screens will be presented describing the relay configuration. See the 
relay-specific instruction manual to see the specific information provided in that 
relay.

                    

Figure 4.34 Edit DATE and Edit TIME Screens
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Figure 4.35 Relay STATUS Screens
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Display Test
You can use the DISPLAY TEST option of the MAIN MENU to confirm operation of 
all of the LCD pixels. The LCD screen alternates the on/off state of the display 
pixels once every time you press ENT. Figure 4.36 shows the resulting two 
screens. The DISPLAY TEST option also illuminates all of the front-panel LEDs. 
To exit the test mode, press ESC.

NOTE: The LCD DISPLAY TEST does 
NOT reset the front-panel LED targets.

                    

Reset Access Level
The relay uses various passwords to control access to front-panel functions. As 
you progress through these menus, the relay detects the existing password level 
and prompts you for valid passwords before allowing you access to levels greater 
than Access Level 1 (see Password on page 4.15). When you want to return the 
front-panel to the lowest access level (Access Level 1), highlight RESET ACCESS 
LEVEL item on the MAIN MENU. Pressing ENT momentarily displays the screen of 
Figure 4.37 and places the front panel at Access Level 1.

The relay automatically resets the access level to Access Level 1 upon front-
panel time-out (setting FP_TO is not set to OFF). Use this feature to reduce the 
front-panel access level before the time-out occurs.

                    

One-Line Diagram
Most SEL-400 series relays support one-line diagrams on the front-panel LCD. 
The ONE-LINE DIAGRAM option from the front-panel MAIN MENU displays the one-
line diagram that has been selected in the Bay settings class. From this screen, 
disconnect switch open and close operations, as well as breaker open and close 
operations can be performed. This screen also displays labels for the different 
apparatus in the bay configuration and Analog Quantity metering values. The 
one-line diagram, display labels, and Analog Quantities are settable in the Bay 
class settings. See Figure 4.38 for an illustration of the one-line diagram.

For navigation and control operations in the one-line diagram screen, see Bay 
Control Front-Panel Operations on page 5.12.

                    

Figure 4.36 DISPLAY TEST Screens

DISPLAY TEST
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DISPLAY TEST

All LEDs should
be lit.

                    

                    

Figure 4.37 RESET ACCESS LEVEL Screen

RESET ACCESS LEVEL

Front panel access
level reset.
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Front-Panel Automatic Messages
The relay automatically displays alert messages. Any message generated because 
of an alert condition takes precedence over the normal ROTATING DISPLAY and 
the MAIN MENU. Alert conditions include these significant events:

➤ Alarm Point asserts

➤ Event reports and trips (user-defined)

➤ Status warnings

➤ Status failures

To display event reports automatically from the ROTATING DISPLAY, you must set 
front-panel setting DISP_ER to Y. Front-panel setting TYPE_ER allows the user 
to define which types of event reports will be automatically displayed from the 
normal ROTATING DISPLAY; ALL will display all event types defined in the relay, 
and TRIP will display only the event types that include the assertion of the TRIP 
Relay Word bit.

For alarm point assertions, qualified event reports (including trip events) and sta-
tus warnings, the relay displays the corresponding full-screen automatic message, 
only if the front-panel display is in the time-out or standby condition (the relay is 
scrolling through the default display points/enabled metering screens of the 
ROTATING DISPLAY or is displaying the MAIN MENU). When a status warning, 
alarm, or event is triggered, the relay full-screen presentation is similar to the 
screens of Figure 4.39.

                    

If you are on site using the relay front panel in menus and screens other than the 
MAIN MENU and a status warning occurs, an alarm point asserts, or an event report 
triggers, the relay shows automatic messages at the bottom of the active screen in 
the message area.

                    

Figure 4.38 One-Line Diagram Screen
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Figure 4.39 Sample Status Warning and Trip EVENT SUMMARY Screens
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For example, the message area shows RELAY STATUS WARNING for a status warn-
ing. Figure 4.40 is an example of a status warning notification that appears in the 
message area of a LOCAL CONTROL (local bit) screen. If an alarm point asserts 
while you are using a front-panel screen, the message area notification reads: 
ALARM EVENT. If a trip event occurs while you are using a front-panel screen, the 
message area notification reads RELAY EVENT. When you repeatedly press ESC (as 
if returning to the MAIN MENU) during this warning or trip alert situation, the relay 
displays the corresponding full-screen automatic message concerning the warn-
ing or trip in place of the MAIN MENU. If the front-panel display is at the MAIN 
MENU and a status warning occurs, the full-screen warning replaces the MAIN 
MENU. After you view the warning, alarm, or trip screen, pressing ESC returns the 
LCD to the MAIN MENU.

                    

For a status failure, the relay immediately displays the full-screen status alert 
regardless of the present front-panel operating state. The relay displays no further 
LCD screens until the status failure clears. Should an unlikely status failure event 
occur, contact your local Technical Service Center or an SEL factory representa-
tive (see Technical Support on page 10.35).

Operation and Target LEDs
The relay gives you at-a-glance confirmation of relay conditions via operation 
and target LEDs. These LEDs are located in the middle of the relay front panel. 
SEL-400 series relays provide either 16 or 24 LEDs depending on ordering 
option.

You can reprogram all of these indicators except the ENABLED and TRIP LEDs to 
reflect other operating conditions than the factory-default programming 
described in this section. Settings Tn_LED are SELOGIC control equations that, 
when asserted during a relay trip event, light the corresponding LED (n = 1–24). LED 
positions are described in parentheses next to each LED in Figure 4.41.

Set TnLEDL := Y to latch the LEDs during trip events; when you set 
TnLEDL := N, the trip latch supervision has no effect and the LED follows the 
state of the Tn_LED SELOGIC control equation. The relay reports these targets in 
event reports; set the alias name listed in the report (as many as seven characters) 
by aliasing the Tn_LED bits with the SET T command or with QuickSet. In 12-
pushbutton models, the asserted and deasserted colors for the LED are deter-
mined with settings TnLEDC. Options include red, green, amber, or off. In some 
SEL-400 series relays, if TnLEDL = Y, the relay latches the target on the rising 
edge of the target bit. In these relays, to cause the bits to latch with trip, modify 
the equation to include AND R_TRIG TRIP. Refer to the Target LEDs section in 
the relay-specific Front-Panel Operations section to determine if the LED latches 
with the rising edge of TRIP or on the rising edge of Tn_LED.

                    

Figure 4.40 Sample Status Warning in the LCD Message Area

1 Closed (OK to TIE)
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After setting the target LEDs, issue the TAR R command to reset the target 
LEDs. For a description of the default LED behavior for a specific relay, see the 
Front Panel Operations section in the relay-specific instruction manual.

Use the slide-in labels to mark the LEDs with custom names. Configurable label 
templates included on the SEL-400 Series Product Literature DVD allow you to 
customize the front-panel labels.

                    

Operational
The ENABLED LED indicates that the relay is active. Trip events illuminate the TRIP 
LED. The prominent location of the TRIP LED in the top target area helps you 
recognize a trip event quickly. Program settings EN_LEDC and TR_LEDC to 
determine the color of the respective LED. Options include red or green.

TARGET RESET and Lamp Test
For a trip event, the relay latches the trip-involved target LEDs. Press the TARGET 
RESET pushbutton to reset the latched target LEDs. When a new trip event occurs 
and you have not reset the previously latched trip targets, the relay clears the 
latched targets and displays the new trip targets.

Pressing the TARGET RESET pushbutton illuminates all the LEDs. Upon releasing 
the TARGET RESET pushbutton, two possible trip situations can exist: the conditions 
that caused the relay to trip have cleared, or the trip conditions remain present at 
the relay inputs. If the trip conditions have cleared, the latched target LEDs turn 
off. If the trip event conditions remain, the relay re-illuminates the corresponding 
target LEDs. The TARGET RESET pushbutton also removes the trip automatic mes-
sage displayed on the LCD menu screens if the trip conditions have cleared.

Lamp Test Function With TARGET RESET

The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing TAR-
GET RESET illuminates all the front-panel LEDs, and these LEDs remain illumi-
nated for as long as you press TARGET RESET. The target LEDs return to a normal 
operational state after you release the TARGET RESET pushbutton.

                    

Figure 4.41 SEL-451 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)
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Other Target Reset Options

You can reset the target LEDs with the ASCII command TAR R; see TARGET on 
page 14.62 for more information.

The TAR R command and the TARGET RESET pushbutton also control the TRGTR 
Relay Word bit, which can be used for other functions. TRGTR is the factory-
default setting for the unlatch trip SELOGIC control equation, ULTR, in group 
settings.

You can reset the targets from the QuickSet Control branch of the HMI tree 
view. Programming specific conditions in the SELOGIC control equation RST-
TRGT is another method to reset the relay targets. Access RSTTRGT in the relay 
Global settings (Data Reset Control); to use RSTTRGT, you must enable data 
reset control with Global setting EDRSTC := Y.

Front-Panel Operator Control Pushbuttons
The relay front panel features large operator control pushbuttons coupled with 
amber annunciator LEDs for local control. Figure 4.42 shows this region of the 
relay front panel with example factory-default configurable front-panel label text. 
SEL-400 series relays provide either 8 or 12 pushbuttons depending on the prod-
uct and ordering option.

                    

See Section 4: Front-Panel Operations of the product-specific instruction manual 
for a description of the default configuration of operator control pushbuttons and 
LEDs.

                    

Figure 4.42 SEL-451 Default Operator Control Pushbuttons and LEDs (8 or 12 
Pushbuttons)

Operator
Control Pushbutton Annunciator LED
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Control

The SEL-400 series relays provide many control features, including circuit 
breaker controls, disconnect controls, remote bit controls, and bay control. This 
section describes these control capabilities.

➤ Circuit Breaker Status and Control on page 5.1

➤ Disconnect Logic on page 5.2

➤ Remote Bits on page 5.12

➤ Bay Control Front-Panel Operations on page 5.12

➤ Bay Control Screens on page 5.29

➤ Customizable Screens on page 5.36

➤ Bay Control Example Application on page 5.37

See the specific relay instruction manuals to see how many breakers, disconnects, 
and remote bits are available and to determine whether or not bay control is sup-
ported.

To provide reliable detection of pulsed control bits that assert for one protection 
logic processing interval within automation logic, conditioning is applied to the 
control bit to extend the momentary assertion through the automation processing 
interval. This conditioning ensures the reliable detection of control bit (OCn, 
CCn, 89OCm, 89CCm, 89OCMm, 89CCMm, and RB01–RB64) assertion in 
automation logic (where n and m are product-specific designations). Control bits 
that assert and deassert multiple times within the same automation logic process-
ing interval will be processed as asserting continuously for the entire automation 
logic processing interval.

Circuit Breaker Status and Control
SEL-400 series relays include circuit breaker status logic for all supported circuit 
breakers. The circuit breaker status logic uses the 52A_k setting (SELOGIC con-
trol equation) and open-phase detection logic to determine the state of Circuit 
Breaker k, and declare Circuit Breaker k alarm conditions. See Section 5: Protec-
tion Functions of the product-specific instruction manual for a description of cir-
cuit breaker status logic Relay Word bits and circuit breaker status logic 
diagrams.

SEL-400 series relays support opening and closing breakers. These operations 
can be controlled via the terminal commands OPEN and CLOSE, the binary ter-
minal Fast Operate messages, various supported communications protocols, the 
front-panel menus, and through the bay control one-line screens. These controls 
operate the open control (OCk) and close control (CCk) bits. These bits are used 
in the relay trip and close logic to integrate these external controls with the relay 
automatic trip and close behavior. See Section 6: Protection Application Exam-
ples in the product-specific instruction manual for more information on the trip 
and close logic.



5.2

SEL-400 Series Relays Instruction Manual Date Code 20230830

Control
Disconnect Logic

Disconnect Logic
Disconnect Switch Close and Open Control Logic

Figure 5.1 and Figure 5.2 shows the Disconnect Logic that generates open and 
close output signals necessary to perform the open and close disconnect opera-
tions. Use the seal-in timers (89CSTm and 89OSTm) to monitor and control dis-
connect operations. All disconnect control methods (HMI, ASCII, SELOGIC 
control equations, and Fast Operate) drive the Close and Open Control Logic in 
the relay.

                    

                    

NOTE: Disconnect logic is processed 
four times per power cycle for all 
products except the SEL-400G. The 
SEL-400G processes disconnect logic 
at a rate of 5 ms. 

                    

Figure 5.1 Disconnect Switch Close Logic

                    

Figure 5.2 Disconnect Switch Open Logic
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Disconnect Switch Close and Open Control Logic Status Inputs
89CLSm, 89OPEm

Disconnect Switch Close Logic (Figure 5.1) and Open Logic (Figure 5.2) gener-
ate Relay Word bits 89CLSm and 89OPEm, which drive the open and close oper-
ations. To ensure that an open and close disconnect signal cannot occur at the 
same time, 89CLSm and 89OPEm also block operation of the opposing logic. 
Therefore, Relay Word bit 89CLSm is an input to the Disconnect Open Logic, 
and Relay Word bit 89OPEm is an input to the Disconnect Close Logic.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CRSm, 89ORSm 

The 89CRSm and 89ORSm SELOGIC control equations provide the flexibility to 
select the signals that reset the close (89CLSm) or open (89OPEm) outputs. 
89CRSm defaults to (89CLm OR 89CSIm), and 89ORSm defaults to (89OPNm 
OR 89OSIm).

89CSIm, 89OSIm

Set 89CSTm and 89OSTm to seal in the open and close signals for each individ-
ual installation. Relay Word bits 89CSIm and 89OSIm are the outputs of the close 
and open seal-in timers, and assert after the appropriate timers expire. By default, 
89CSIm and 89OSIm are used in the 89CRSm and 89ORSm SELOGIC control 
equations to reset the close and open signals, 89CLSm and 89OPEm, that drive 
the disconnect switch motor.

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. With the default settings, when Relay 
Word bit 89CLm asserts, the close seal-in circuit is blocked, causing 89CLSm to 
deassert. Likewise, with the default settings, when Relay Word bit 89OPNm 
asserts, the open seal-in circuit is blocked, causing 89OPEm to deassert.

89ALm

The disconnect switch status and alarm logic in Figure 5.3 generates the 89ALm 
Relay Word bit. When Relay Word bit 89ALm asserts, it resets the seal-in cir-
cuits, deasserting the 89CLSm/89OPEm signals.

LOCAL

The LOCAL Relay Word bit asserts when LOCAL SELOGIC control equation 
asserts to a logical 1. When the LOCAL Relay Word bit asserts, only the HMI 
commands (89CCMm and 89OCMm), can initiate close and open operations. 
When the LOCAL Relay Word bit is deasserted, the 89CLOSE, 89OPEN, 
SELOGIC disconnect close/open, and Fast Operate disconnect close/open com-
mands can perform disconnect close and open operations. The default value for 
this setting is NA.
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Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the close or open SELOGIC equations to initiate a disconnect 
switch operation. Use care when using SELOGIC control equations for disconnect 
switch operations; this disconnect operate method is not supervised by the 
breaker jumper or appropriate relay access levels as is the case with other discon-
nect operation methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are initiated from the one-line diagram on the 
front-panel screen. If the LOCAL Relay Word bit is not asserted, then Relay 
Word bits 89CCMm or 89OCMm cannot assert.

89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Seal-In Timer Settings
89CSTm, 89OSTm

89CSTm and 89OSTm settings are for defining the time required for the discon-
nect switch to complete a close or open operation.

Disconnect Switch Close and Open Control Logic Output
89CLSm, 89OPEm

The 89CLSm and 89OPEm Relay Word bits are used in SELOGIC output equa-
tions to perform close and open disconnect switch operations.

Disconnect Switch Close and Open Control Logic Processing
Figure 5.1 shows the Disconnect Switch Close Logic and Figure 5.2 shows the 
Disconnect Switch Open Logic.
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Some motor-operated disconnect switches have their own seal-in circuits to seal 
the closing and opening signals in. Other motor-operated disconnect switches, 
however, require external sealed-in circuits to maintain the closing and opening 
signals for the duration of the disconnect operation.

With SELOGIC control equations 89CRSm and 89ORSm set to the default set-
tings (include Relay Word bits 89CSIm and 89OSIm), the open and close signals 
remain asserted for the time settings of the Close and Open Seal-In Timers, 
89CSTm and 89OSTm. 

If the 89OBLm SELOGIC control equation and the 89OPEm and the LOCAL 
Relay Word bits are deasserted, then any of the relay close disconnect operate 
methods can assert Relay Word bit 89CLSm, and initiate the Close Seal-In Timer, 
89CSTm. Enter Relay Word bit 89CLSm into a SELOGIC output equation to drive 
the motor of the disconnect.

Set the Close Seal-In Timer, 89CSTm, long enough to keep Relay Word bit 
89CLSm asserted long enough to complete the disconnect operation. 

To account for slow operate times because of cold weather or low battery voltage, 
set the 89CSTm time 10 to 15 percent longer than the expected operate time. This 
guarantees that the disconnect switch has fully operated before the 89CLSm sig-
nal is removed. When the 89CSTm seal-in timer expires, 89CSIm asserts, or the 
disconnect switch normally open contact closes (89CLm asserted), the 89CLSm 
output deasserts. This completes an open-to-close cycle of the Disconnect Close 
Logic; the Disconnect Open Logic in Figure 5.2 behaves in the same manner.

Disconnect switch status and alarm logic in Figure 5.3 generates Relay Word bit 
89ALm. When Relay Word bit 89ALm asserts, a disconnect alarm condition 
exists. The 89ALm Relay Word bit ensures that the close or open signal does not 
remain asserted when a disconnect switch alarm condition exists. When Relay 
Word bit 89ALm asserts or the seal-in timer expires, the 89CLSm or 89OPEm 
signals deassert.

When a close operation is inadvertently initiated with the disconnect switch 
already closed, and the 89CRSm SELOGIC control equation is set as defaulted 
(89CLm OR 89CSIm), the asserted 89CLm Relay Word bit (close status) will 
block the seal-in circuit before the timer expires. This will deassert the 89CLSm 
Relay Word bit, which drives the disconnect switch motor. In this way, 89CLSm 
asserts for only one processing interval.

If an open command was sent within the 89CSIm time, an open and close signal 
could be sent to the disconnect switch at the same time. The 89CLSm Relay 
Word bit input to the Disconnect Switch Open Logic guarantees that open and 
close commands are not transmitted to the disconnect switch simultaneously. 
When the 89CLSm Relay Word bit deasserts, an open command can be per-
formed. The 89OBLm SELOGIC control equation provides an additional custom-
izable method for blocking the initiation of a close command. The Relay Word 
bit 89OPEm, and 89CBLm inputs to the Disconnect Switch Close Logic serves 
the same purpose.

Disconnect Switch Status and Alarm Logic
The disconnect switch auxiliary contacts are inputs to the Disconnect Switch Sta-
tus and Alarm Logic as shown in Figure 5.3. SELOGIC control equation 89AMm 
is the input for the normally open an auxiliary contact, and SELOGIC control 
equation 89BMm is the input for the normally closed Form B auxiliary contact. 
For the Status and Alarm Logic to function correctly, wire the Form A and 
Form B contacts each to separate inputs on the relay. When ordering a relay, con-

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current inter-
rupting capacity must clear the coil 
current in the disconnect motor 
before the output on the relay opens. 
Failure to observe this safeguard 
could result in damage to the relay 
output contacts.
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sider the number of inputs required for the disconnects being controlled. The 
number of auxiliary contacts for some systems may require that the relay be con-
figured with additional I/O boards.

Disconnect operations are possible with only one auxiliary contact input, but 
with this implementation the Status and Alarm Logic will not provide accurate 
Alarm, Operation in Progress, or Bus-zone protection reporting. When only one 
auxiliary contact is available for input, set one SELOGIC control equation to the 
available auxiliary contact input and invert the other SELOGIC control equation:

89AMm := IN102 

89BMm := NOT IN102
                    

Disconnect Switch Status and Alarm Logic Inputs 
89AMm, 89BMm

The 89AMm and 89BMm SELOGIC control equations represent the normally 
open and normally closed disconnect switch auxiliary contacts. Typically, these 
are set to relay inputs that are wired to the auxiliary contacts.

89CIMm, 89OIMm

Input 89CIMm asserts for expiration of the close immobility timer, while input 
89OIMm asserts for expiration of the open immobility timer. Timer expiration 
indicates one of two conditions. The first is that an open-to-close operation of the 
disconnect switch failed to move the switch enough to open the normally closed 
auxiliary contact 89BMm. The second is that a close-to-open operation of the dis-
connect switch failed to move the switch sufficiently to open the normally open 
auxiliary contact 89AMm.

Disconnect Switch Status and Alarm Logic Settings
89ALPm

This setting in the Bay settings class defines the disconnect switch alarm time. 

                    

Figure 5.3 Disconnect Switch Status and Alarm Logic
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Disconnect Switch Status and Alarm Logic Outputs
89ALm

If a disconnect switch operation initiated from the front panel does not complete, 
the 89ALPm timer expires and the 89ALm Relay Word bit asserts. Expiration of 
the 89ALPm timer indicates that an initiated disconnect operation failed to com-
plete and the disconnect switch is in an undetermined state. In addition, the 
89CSTm or 89OSTm timer also expires to deassert the output signal (89CLSm or 
89OPEm), thus ensuring that there is not a constant signal applied to the disconnect.

89OIPm

When Relay Word bit 89OIPm asserts, a disconnect switch operation is in prog-
ress. Relay Word bit 89OIP asserts when the states of the 89BMm and 89AMm 
Relay Word bits are the same, i.e., both asserted or both deasserted.

89CLBm

This Relay Word bit is used for bus-zone protection and asserts when the discon-
nect is no longer open (89BMm deasserted).

89CLm

When Relay Word bit 89CLm asserts, the disconnect switch is closed.

89OPNm

When Relay Word bit 89OPNm asserts, the disconnect switch is open.

Disconnect Switch Status and Alarm Logic Processing
Figure 5.3 shows the Disconnect Switch Status and Alarm Logic. Inputs to this 
logic are the normally open (89AMm) and normally closed (89BMm) disconnect 
switch auxiliary contacts.

To understand the logic in Figure 5.3, consider an open-to-close operation. The 
first disconnect operation scenario looks at a successful open-to-close disconnect 
switch operation; a successful close-to-open operation is similar. In the open 
state, 89AMm is deasserted and 89BMm is asserted. Once a close command is 
initiated in the relay, the disconnect switch starts to move and 89BMm deasserts. 
When 89BMm deasserts, the 89ALPm pickup timer starts to time. With 89BMm 
deasserted, the state of the disconnect switch cannot be determined, because both 
disconnect switch auxiliary contacts are deasserted. Set the 89ALPm timer longer 
than the expected undetermined disconnect state time, but less than the 89CSTm 
or 89OSTm seal-in timers. If the 89ALPm timer expires, the 89ALm Relay Word 
bit asserts. Relay Word bit 89ALm asserts when the disconnect operation does 
not complete successfully. When the 89ALPm timer begins timing, the operation 
in progress, Relay Word bit 89OIPm, and Relay Word bit 89CLBm assert. The 
89CLBm Relay Word bit is for bus-zone protection, this bit asserts when the 
89BMm input deasserts.

During the disconnect switch operation-in-progress condition, Relay Word bits 
89CLm and 89OPNm are both deasserted because the state of the disconnect 
switch is undetermined. Once the disconnect switch auxiliary contact Relay 
Word bit 89AMm asserts, the condition has been met to declare the disconnect 
switch closed. When 89AMm asserts, the 89CLm Relay Word bit asserts, 
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89ALPm stops timing, Relay Word bit 89OIPm deasserts, and Relay Word bit 
89CLBm remains asserted. This sequence completes a successful open-to-close 
disconnect switch operation.

The second disconnect operation scenario is for an unsuccessful open-to-close 
operation, which, until 89ALPm starts timing, is identical to the successful oper-
ation in the previously discussed first scenario.

During operation of the 89ALPm timer, the disconnect switch begins moving. 
The close disconnect switch output signal 89CLSm clears upon expiration of the 
89CSTm seal-in timer. The logic then provides the disconnect switch additional 
time to complete the close operation, in case some inertia from the motor rotor 
keeps the disconnect motor in motion. By setting the 89ALPm timer longer than 
the 89CSTm seal-in timer, you can ensure retention of the close signal until the 
disconnect switch closes completely. If there is no complete disconnect switch 
operation during the time 89ALPm defines, the relay asserts Relay Word bit 
89ALm and reports that the disconnect switch is in an undetermined state.

The scenario in which both 89AMm and 89BMm are asserted simultaneously 
would occur on a rare disconnect switch failure or a short-circuited auxiliary con-
tact wire connection. When this condition occurs for 89ALPm seconds, the 
89ALm alarm status output will assert.

Disconnect Switch Close and Open Immobility Timer Logic
The Close and Open Immobility Timer Logic detects when a disconnect opera-
tion failed to initiate.

                    

                    

                    

Figure 5.4 Close Immobility Timer Logic
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Figure 5.5 Open Immobility Timer Logic

Open
Immobility Timer

89OITm

60
CYC

*89OIRm
(default setting:

NOT 89CLm)
Relay
Word
Bits

89OIMm

(Reset)

*89OBLm

89CLSm

89OCMm

89OCm (ASCII)
**89OCNm (k – 1/8 cyc.)

**89OCNm (k)

*LOCAL

*   SELOGIC control equation
** This SELOGIC control equation is
      processed 8 times per power cycle,
      2.5 ms for the SEL-400G.



5.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Control
Disconnect Logic

Close and Open Immobility Timer Logic Inputs 
LOCAL

The LOCAL Relay Word bit supervises local disconnect control and is based on 
the LOCAL SELOGIC control equation in the Bay settings class. Disconnect 
switch operations from the front panel are possible when the LOCAL Relay 
Word bit is asserted, in other words, the LOCAL Relay Word bit prevents control 
from the HMI without proper supervision.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CIRm, 89OIRm

The 89CIRm and 89OIRm SELOGIC control equations provide the flexibility to 
customize resetting the Close and Open Immobility Timers. By default, 89CIRm 
is set to NOT 89OPNm, and 89OIRm is set to NOT 89CLm. 

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. 

Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the SELOGIC close or open to initiate a disconnect switch opera-
tion. Use care when using SELOGIC control equations for disconnect switch oper-
ations; this disconnect operate method is not supervised by the breaker jumper or 
appropriate relay access levels as is the case with other disconnect operation 
methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are executed from the one-line diagram on the 
front-panel screen. The LOCAL Relay Word bit must be asserted, for Relay 
Word bits 89CCMm or 89OCMm to assert.
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89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Switch Close and Open Immobility Timer Logic Settings 
89CITm, 89OITm

89CITm and 89OITm timer settings in the Bay settings class define the close and 
open immobility timers.

Disconnect Switch Close and Open Immobility Timer Logic Outputs 
89CIMm, 89OIMm

When 89CIMm or 89OIMm asserts, the close or open immobility timer has 
expired.

Disconnect Switch Close and Open Immobility Timer Logic Processing
The Close and the Open Immobility Timer Logic detect when one of the close or 
open disconnect switch methods does not initiate successfully. In other words, it 
reports when the disconnect switch failed to start moving. The open and close 
immobility timer logic circuits are similar. When a close operation is initiated, 
the rising-edge-triggered Close Immobility Timer starts timing. Once the discon-
nect switch starts to move away from its open position, Relay Word bit 89OPNm 
deasserts (see Figure 5.3). If the 89OPNm Relay Word bit deasserts, the close 
immobility timer resets and 89CIMm remains deasserted. On the other hand, if 
the 89OPNm Relay Word bit stays asserted, the close immobility timer does not 
reset. After the close immobility timer expires, 89CIMm asserts for one second. 
When 89CIMm asserts, the close operation is considered to have failed to initiate. 
89CIMm is an input to the disconnect switch status and alarm logic for alarm 
condition indications. 

This logic also uses the LOCAL Relay Word bit to supervise front-panel opera-
tions. With the LOCAL Relay Word bit deasserted, no disconnect operations can 
be initiated from the one-line diagram. With the LOCAL Relay Word bit asserted, 
Relay Word bit 89CCMm asserts for one-quarter cycle when the ENT pushbutton 
is pressed and a disconnect switch is highlighted in the one-line diagram.

Close, Open, and Undetermined State Indications
This section discusses the way the close and open immobility timers work in con-
junction with the disconnect alarm timer to provide disconnect control and alarm 
indications. When the disconnect switch main contact is stationary (closed or 
open) the state of the disconnect switch is easily determined.

If the disconnect switch main contact is open:

➤ Normally closed Form B auxiliary contact (89BMm asserted) is closed

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open
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If the disconnect switch main contact is closed:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm asserted) is closed

If an operation of the disconnect switch is in progress, the state of the disconnect 
switch main contact is undetermined:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open

Any undetermined state of the disconnect switch main contact should be moni-
tored. The relay can be configured to wait for the disconnect switch operation to 
complete, and issue an alarm if the disconnect switch remains in the undeter-
mined state longer than the 89ALPm time. Figure 5.6 illustrates how the state of 
the auxiliary contacts change for an open-to-close operation in progress and how 
the 89CSTm, 89CITm, and 89ALPm timers are configured to manage the unde-
termined time. The close-to-open scenario would be similar.

With the disconnect switch in the open state, the normally closed Form B auxil-
iary contact is closed (89BMm asserted) and the normally open Form A auxiliary 
contact is open (89AMm deasserted). The 89CSTm seal-in timer starts timing 
when a disconnect switch close command is issued. The output of the 89CSTm 
seal-in timer keeps the close signal asserted for the duration of the expected dis-
connect switch operate time. Set the seal-in timer 10 to 15 percent longer than the 
expected disconnect operate time, to allow for slow disconnect operation times 
caused by cold temperatures or low battery voltages.

                    

When the normally closed auxiliary contact (SELOGIC input 89BMm) deasserts, 
the disconnect switch is in an undetermined state. No proper position indication 
from either of the disconnect switch auxiliary contacts (89BMm or 89AMm) is 
available. Once the auxiliary normally closed contact (SELOGIC input 89BMm) 
deasserts, the 89ALPm timer starts timing. The 89ALPm timer monitors the 
undetermined state of the disconnect switch. For the 89ALPm timer to initialize, 
the disconnect switch has to move a minimum distance to open the normally 
closed auxiliary contact (open-to-close operation). Set the 89ALPm timer longer 

                    

Figure 5.6 Disconnect in Transition
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than the expected undetermined state time, but less than the 89CSTm seal-in 
timer. If the normally open auxiliary contact fails to close within the undeter-
mined state time, the 89ALPm timer expires and an alarm condition is declared.

The Close Immobility Logic starts the Close Immobility Timer for an operation 
where the disconnect switch does not move the minimum distance to open the 
normally closed auxiliary contact (open-to-close operation). When the close 
immobility timer expires, an alarm condition is declared and Relay Word bit 
89ALm asserts. If the disconnect moves enough to open the normally closed aux-
iliary contact, the Close Immobility timer resets and no alarm condition is 
declared (see Figure 5.4).

Remote Bits 
Remote bits provide a means for sending remote control commands to relay 
logic. As indicated in Table 14.46, remote bits have three operating states: clear, 
set, and pulse. It is important to understand the differences between the use of 
pulsed remote bits in automation and protection SELOGIC control equations. 
Remote bits can be operated from multiple communications interfaces, including 
the CON command from a terminal (serial or Telnet), Fast Operate messages, 
and DNP3.

A pulsed remote bit will assert the respective remote bit Relay Word bit (RBnn, 
nn = 01–64) for one processing interval (1/8 of a power system cycle). When 
used in Protection SELOGIC, which also executes at one processing interval, 
pulsed remote bits provide a momentary means for operating a variety of logic 
functions, including Protection Latches, Boolean logic expressions, and Protec-
tion Logic Counters. Because the pulsed remote bit and Protection processing 
both operate within the same processing interval, the use of pulsed remote bits is 
reliable and deterministic.

Bay Control Front-Panel Operations
Each relay has a default one-line diagram. Sometimes these diagrams fit on a sin-
gle screen and sometimes they require more than one screen that you can pan 
across. For example, Figure 5.7 shows the default one-line diagram for the 
SEL-487E. You can display either of two parts of the diagram by using the 
Up Arrow and Down Arrow pushbuttons to pan between an upper screen and a lower 
screen. The upper screen shows the HV equipment and transformer, while the 
lower screen shows the transformer and LV equipment. The relay displays the 
upper screen by default.

NOTE: The SEL-487B supports 96 
remote bits and has a processing 
interval of 1/12 of a power system 
cycle.
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One-Line Diagram and Labels
Figure 5.8 is an example of a default one-line diagram. The Bay settings class has 
settings for defining labels and analog quantities. One-line diagrams are com-
prised of the following:

➤ Bay Names and Bay Labels

➤ Busbars and Busbar Labels

➤ Breakers and Breaker Labels

➤ Disconnect Switches and Disconnect Switch Labels

➤ Equipment and Equipment Labels

➤ Analog Display Points

                    

                    

Figure 5.7 SEL-487E Default One-Line Diagram

NOTE: Not all SEL-400 series relays 
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Figure 5.8 Bay Control One-Line Diagram
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Front-Panel Pushbutton Navigation Operations in the One-Line Diagram
Navigation within the one-line diagram requires that the front-panel access level 
be at Breaker Access Level or higher and the Breaker Jumper be installed. If nav-
igation is attempted when:

➤ The front panel is not at the Breaker Access Level or higher and passwords 
are enabled, the relay prompts you to enter the appropriate passwords.

➤ The Breaker Jumper is not installed, the Breaker Control Disabled 
Please Install the Breaker Jumper message briefly appears on the 
screen.

Use the arrow pushbuttons on the front panel to navigate within the one-line dia-
gram. When you first select the one-line diagram, none of the apparatus on the 
one-line diagram are highlighted. Press the Left Arrow or Right Arrow pushbutton to 
enter the one-line diagram and highlight the apparatus. Once you enter the one-
line diagram, navigation between the disconnect switch and circuit breaker sym-
bols as follows:

➤ Pressing the Right Arrow pushbutton highlights the elements from left-
to-right and top-to-bottom. 

➤ When reaching the right-most bottom element, the following Right Arrow 
keystroke “rolls over” and again highlights the left-most top element.

➤ The Left Arrow pushbutton operates in reverse, i.e., from right-to-left, 
and bottom-to-top.

➤ Pressing the ENT pushbutton selects the highlighted symbol.

➤ Pressing the ESC pushbutton returns you to the previous screen.

Additionally, if the one-line diagram spans multiple screens, you can pan 
between the portions of the diagram by using the up and down arrows:

➤ Pressing the Down Arrow pushbutton while displaying the top bay 
control screen, displays the bottom bay control screen. 

➤ Pressing the Down Arrow pushbutton while displaying the bottom bay 
control screen or the Up Arrow pushbutton while displaying the top 
bay control screen, does nothing.

➤ Pressing the Up Arrow pushbutton while displaying the bottom bay 
control screen displays the top bay control screen.

Circuit Breaker and Disconnect Definitions and State Representations
Table 5.1 shows the apparatus definitions and symbols displayed on the one-line 
diagram.

                    

Each apparatus (circuit breaker or disconnect switch) can be in one of the follow-
ing six states:

➤ Open, not highlighted

➤ Open, highlighted

Table 5.1 Circuit Breaker and Disconnect Switch Definitions

Circuit Breaker 
Open

Circuit Breaker 
Closed

Disconnect Open Disconnect Closed

                                                                                

NOTE: The intermediate states only 
apply to disconnect switches because 
circuit breaker operations have a 
short duration.
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➤ Closed, not highlighted

➤ Closed, highlighted

➤ Intermediate, not highlighted (intermediate = transition between 
open and closed states)

➤ Intermediate, highlighted

Table 5.2 describes how the one-line diagram represents the different states of the 
breakers, and how highlighting the breaker affects the display of the symbol.

                    

Table 5.3 describes how the one-line diagram represents the different states of the 
disconnect switches, and how highlighting the disconnect switch affects the dis-
play of the symbol. Unlike the fast operation time of the circuit breaker, the dis-
connect switch operation-in-progress time is longer than the breaker operation 
time. Table 5.3 describes how apparatus appear in the one-line diagram when a 
disconnect operation is in progress.

                    

Table 5.2 Circuit Breaker State Representations

Apparatus Position Symbol
Asserted Relay 

Word Bit

Circuit breaker open, not highlighted                     NOT 52CLSMm

Circuit breaker open, highlighteda

a When the circuit breaker is highlighted, the two symbols shown alternate in the display.

                    NOT 52CLSMm

Circuit breaker closed, not highlighted                     52CLSMm

Circuit breaker closed, highlighted                     52CLSMm

Table 5.3 Disconnect Switch State Representations (Sheet 1 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit

Disconnect open, not highlighted                     89OPNm

Disconnect closed, not highlighted                     89CLm

Disconnect open, highlighteda                     89OPNm
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The one-line diagram indicates highlighted text with a box around the current 
selection.

Rack-Type Breaker Mosaics
The SEL-400 series relays support the display of three-position rack-type break-
ers (also referred to as truck-type breakers) in the bay mimic screens on the front-
panel LCD. The three positions, (racked out, test, and racked in) are determined 
by the combination of the 52nRACK and 52nTEST bay settings (breaker n desig-
nation depends on the relay model). Navigate to the Mimic Busbar Layout 
Screen Number setting under Bay Control in the ACSELERATOR QuickSet 
SEL-5030 Software to identify mimic screens that contain a rack-type breaker.

Figure 5.9 shows the displayed mosaics based on the combination of the 
52nRACK and 52nTEST settings. For non-rack type breakers, the 52nRACK and 
52nTEST settings do not impact any display and control of the non-rack type 
breakers.

Disconnect closed, highlighteda                     89CLm

Disconnect Operation In Progress, 
not highlightedb

                    89OIPm

Disconnect Operation In Progress, 
highlightedc

                    89OIPm

a When the disconnect switch is highlighted and no operation is in progress, a square box 
alternately frames the switch symbol.

b For a disconnect switch operation in progress where the disconnect switch is not highlighted, the 
symbol displayed is the present state symbol and then the opposite state symbol. This sequence 
repeats until the disconnect switch operation completes.

c For a disconnect switch operation in progress where the disconnect is highlighted, the symbol 
displayed is the present state symbol, then the present state symbol highlighted, then the 
opposite state symbol, and finally the opposite state symbol highlighted. This sequence repeats 
until the disconnect switch operation completes.

Table 5.3 Disconnect Switch State Representations (Sheet 2 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit
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When 52nRACK = 52nTEST = 0, as shown in Figure 5.9(a), the racked-out 
breaker mosaic appears. Because the breaker is racked out, the 52nCLSM setting 
is irrelevant for the purposes of the display. When 52nTEST = 1 and 
52nRACK = 0, as shown in Figure 5.9(b), the breaker is in the test position. In 
this position, the breaker can either be open or closed, depending on the 
52nCLSM setting. When 52nRACK = 1 and 52nTEST = 0, as shown in 
Figure 5.9(c), the breaker is in the racked-in position. While in the racked-in 
position, the breaker can be open or closed depending on the 52nCLSM setting. 
When 52nRACK = 52nTEST = 1, as shown in Figure 5.9(d), the display alter-
nates between the mosaics shown to indicate an indeterminate state for the 
breaker position because the breaker cannot physically be in both the test and 
racked-in position at the same time.

For relays that support and are set for single-pole breakers (BKnTYP := 1), the 
rack-type breaker mosaics follow functionality similar to non-rack type breaker 
mosaics, depending on pole status and the EPOLDIS setting. The breaker must 
also be in the test or racked-in position; if the breaker is in the racked out posi-
tion, only Figure 5.9(a) appears. If the logic declares a pole discrepancy and 
EPOLDIS := 1, the one-line diagram follows the same alternating pattern as 
shown in Figure 5.9(d). When you select the breaker on the front-panel HMI, a 
pole discrepancy screen appears, showing the state (OPENED or CLOSED) for 
each pole. If EPOLDIS := 0, the one-line diagram still has the alternating pattern 
shown in Figure 5.9(d), but the pole discrepancy screen does not appear and only 
shows STATUS UNKNOWN for the status field in Figure 5.9(b).

When in the test or racked-in position, the breaker alarm setting, 52n_ALM, is 
checked. If 52n_ALM := 1, the displayed breaker alternates between a closed and 
open breaker in either the test (Figure 5.9[b]) or racked-in (Figure 5.9[c]) posi-
tion regardless of breaker contact state. However, for single-pole breakers, if the 
logic declares a pole discrepancy, the pole discrepancy screen displays when you 
select the breaker on the front-panel HMI.

You can access breaker control of available breakers regardless of rack position 
(racked-in, test, racked-out) and breaker state (open, closed). Some breakers in 
the one-line diagrams are status-only and are not controllable. See One-Line Dia-
grams in Section 4: Front-Panel Operations of the product-specific instruction 
manuals for information on breakers that have control or status-display-only 
functionality.

                    

Figure 5.9 Rack-Type Breaker Mosaics
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Status-Only Disconnects
The SEL-400 series relays can display status-only disconnects. The Disconnect 
Front Panel Control Enable setting, 89CTLn, (see Section 11: Relay Word Bits in 
the product-specific instruction manuals for the number of supported discon-
nects) applies to both two- and three-position disconnects in the HMI one-line 
diagram, and it determines whether a selected disconnect can be controlled from 
the front-panel HMI (89CTLn := 1) or cannot (89CTLn := 0 or NA). The 
89CTLn setting differs from the LOCAL setting in that the LOCAL setting is a 
global local control enable setting and 89CTLn is a control enable setting on a 
per-disconnect level. The LOCAL setting has priority over the 89CTLn setting.

The default setting of 89CTLn := 1 allows for disconnect control and maintains 
disconnect front-panel control functionality after a relay firmware upgrade (even 
when upgrading from a firmware that does not support status-only disconnects). 
When 89CTLn := 1, the relay follows the control functionality outlined in this 
section. When 89CTLn := 0 or NA, you cannot select the specified disconnect 
when you are navigating the one-line diagram from the relay front-panel HMI, 
preventing you from selecting the disconnect for a control function.

Three-position disconnects have a 89CTLn disconnect control enable setting for 
each disconnect position (in-line or ground). The disconnect is selectable for con-
trol from the one-line diagram when either 89CTLn := 1 and the switch is open, 
or when either 89CTLn := 1 and the switch is closed in the corresponding posi-
tion to the 89CTLn := 1 setting. When in the control window, only control 
options available based on the 89CTLn settings display. For example, if the dis-
connect is open, and the ground 89CTLn := 0 and the in-line 89CTLn := 1, the 
only control option displayed will be to close the in-line disconnect. If the switch 
is closed to a position whose 89CTLn := 0, the switch is not selectable when nav-
igating the one-line diagram. However, should the 89ALn Relay Word bit assert 
for either disconnect position, the disconnect is selectable from the front panel 
regardless of the 89CTLn setting, and a view-only window for the disconnect 
appears that has no control functions available for the disconnect.

If the corresponding 89CTLn disconnect control enable setting transitions from 
an asserted to a deasserted state while in the control window, the front panel dis-
plays NOT ALLOWED when you have selected an open or close function.

Circuit Breaker and Disconnect Switch Operations From the Front Panel
Circuit Breaker Open/Close

Figure 5.10 shows the Breaker Control Screens available after pressing the ENT 
pushbutton (ONELINE bay control screen), with the circuit breaker highlighted 
(Only highlighted breakers on the one-line diagram can initiate breaker open or 
close operations). Pressing the ENT pushbutton with the breaker highlighted and 
the LOCAL Relay Word bit asserted displays the Breaker Control Screen in 
Figure 5.10(b). If the LOCAL Relay Word bit is not asserted when the ENT push-
button is pressed, the relay displays the screen in Figure 5.10(c) for three seconds 
and then returns to the screen in Figure 5.10(a).
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Single-Pole Tripping
With a single-pole breaker, the individual poles operate independently, and nor-
mal operation is for one pole to be open for a short period, while the other two 
poles are closed. However, it is possible that one (or more) poles may fail to com-
plete a particular operation, resulting in a pole-discrepancy condition. For exam-
ple, if the breaker is issued a CLOSE command, two poles may close but one 
pole may remain open. If this condition lasts for longer than 1.5 seconds, the 
HMI displays the pole discrepancy screen shown in Figure 5.11(c) so that the 
operator can immediately identify the offending pole. You can operate the 
breaker from the pole discrepancy screen after the discrepancy has been rectified. 
All other screens are the same as when you set the relay to three-pole operations.

                    

Figure 5.10 Screens for Circuit Breaker Selection
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Disconnect Switch Open/Close
Figure 5.12(a) shows the Disconnect Control Screens available when you press 
the ENT pushbutton, in ONELINE bay control screen, with the disconnect switch 
highlighted. If the LOCAL Relay Word bit is asserted and the disconnect switch 
is highlighted when you press the ENT pushbutton, the Disconnect Control Screen 
in Figure 5.12(b) appears. Use the Up Arrow and Down Arrow pushbuttons to navi-
gate between the disconnect control functions in Figure 5.12(b). If the LOCAL 
Relay Word bit is not asserted when the ENT pushbutton is pressed, the relay dis-
plays screen in Figure 5.12(c) for three seconds and then returns to the screen in 
Figure 5.12(a).

                    

Figure 5.11 Screens During a Pole-Discrepancy Condition
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Figure 5.13, Figure 5.14, and Figure 5.15 show all the possible screens during an 
open-to-close operation of Disconnect 1. Operation of the remaining disconnects 
is identical. Close-to-open operations are similar, the only difference being that 
the open Relay Word bits apply instead of the close Relay Word bits. The screen 
in Figure 5.13(a) is displayed after you press the ENT pushbutton with Disconnect 
1 open and highlighted in the one-line diagram.

When you enter the disconnect screen in Figure 5.13(a), the state that the discon-
nect switch is in is highlighted, in other words, if Relay Word bit 89OPN1 is 
asserted, the OPEN DISCONNECT text has a box drawn around it.

To close the disconnect switch, use the Up Arrow or Down Arrow pushbutton to 
highlight the CLOSE DISCONNECT text.

If Relay Word bit 89CCM1 asserts after you press the ENT key, the relay displays 
the screen with the caption CLOSE COMMAND ISSUED in Figure 5.13(c) for three 
seconds. While the disconnect operation is in progress, the relay displays the 
screen with the caption IN PROGRESS in Figure 5.14(a) and the disconnect sym-
bol alternately displays the present state symbol and the opposite state symbol. If 
another disconnect operation attempt is made while a disconnect operation is in 

                    

Figure 5.12 Screens for Disconnect Switch Selection
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progress, the relay displays the screen with the caption *NOT ALLOWED* in 
Figure 5.14(b) for three seconds and then the relay returns to the screen in 
Figure 5.14(a).

If Relay Word bit 89CCM1 does not assert, the relay displays the *NOT ALLOWED* 
error message shown in Figure 5.13(d) for three seconds and then displays again 
the screen in Figure 5.13(b).

When Relay Word bit 89CCMD1 asserts, the Close Immobility Timer starts. If 
Relay Word bit 89CCMD1 asserts, two scenarios are possible: the disconnect 
fails to close, or the disconnect closes successfully. In the case of a successful 
close operation, the relay displays the screen in Figure 5.15(b).

Failing to close also has two possible scenarios: the disconnect starts to move, but 
does not complete the operation, or the disconnect switch operation does not initiate.

When Relay Word bit 89OPN1 deasserts, the Close Immobility timer resets, indi-
cating that the disconnect switch has started to move. If Relay Word bit 89CL1 
fails to assert in the expected operation time, the disconnect switch has failed to 
complete the close operation in the expected time. Failure of the 89CL1 Relay 
Word bit to assert in the expected disconnect switch operation time causes the 
89AL1 Relay Word bit to assert. When Relay Word bit 89AL1 asserts, the relay 
displays the screen Figure 5.15(a) (see Disconnect Switch Status and Alarm 
Logic on page 5.5).

If Relay Word bit 89OPN1 fails to deassert before the Close Immobility Timer 
expires, Relay Word bit 89ICM1 asserts and the relay displays the screen with the 
caption STATUS UNKNOWN in Figure 5.15(a). See Disconnect Switch Close and 
Open Immobility Timer Logic on page 5.8 for more information regarding the 
close and open immobility timer logic.

When the disconnect operation completes successfully, the relay displays the 
screen in Figure 5.15(b) until the front-panel timer times out or the ESC pushbut-
ton is pressed.
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Figure 5.13 HMI Disconnect Operation Initiation
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When you initially enter the Disconnect Control Screen, the disconnect switch is 
in one of four states: disconnect open (89OPNm), disconnect closed (89CLm), 
disconnect undetermined without alarm (89OIPm), or disconnect undetermined 
with alarm (89ALm). If Relay Word bit 89OIPm is asserted, the relay displays the 
screen in Figure 5.14(a); if Relay Word bit 89ALm is asserted, the relay displays 
the screen in Figure 5.15(a). If both Relay Word bits 89OIPm and 89ALm are 
asserted, Relay Word bit 89ALm takes priority. If Relay Word bit 89OPNm is 
asserted, the relay displays the screen in Figure 5.13(a). This is the initial screen 
for an open-to-close operation. If Relay Word bit 89CLm is asserted, the relay 
displays the screen in Figure 5.15(b). This is the initial screen for a close-to-open 
operation. 

                    

Figure 5.14 HMI Disconnect Operation in Progress
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Three-Position Disconnect State Representation and Operations From 
the Front Panel

A three-position disconnect switch consists of two standard disconnects that 
operate together to form a three-position disconnect. All logic diagrams of the 
standard disconnect apply to the three-position disconnect, including all settings 
and Relay Word bits associated with the two individual disconnects. The three-
position disconnect has two labels, one for the in-line branch and one for the 
ground (perpendicular) branch. In the example shown in Figure 5.16, the three-
position disconnect is made up of Disconnect SW3 and Disconnect SW4. As 
with the standard disconnect, be sure to correlate the disconnect wiring and set-
tings with the disconnects assigned to the three-position disconnect image on the 
one-line diagram.

                    

Table 5.4 displays how the bay screen one-line diagram represents the different 
states of the three-position disconnect switch.

                    

Figure 5.15 HMI Disconnect Operation Completed
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Figure 5.16 Bay Control One-Line Diagram With Three-Position Disconnect Open
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Similar to the standard disconnect, if a three-position disconnect is highlighted 
on the one-line diagram and the ENT pushbutton is pressed, a control screen is dis-
played. The control screen shows the present status of the disconnect based on 
the disconnect status bits (89CLm, 89OPNm, 89OIPm, and 89ALm) from both 
disconnects that make up the three-position disconnect. The status is shown via 
the disconnect symbol and the status labels as shown in Figure 5.17(a).

Figure 5.17(a) shows the control screen of a three-position disconnect with both 
disconnects in the open state. Figure 5.17(b) shows the control screen of a three-
position disconnect with the in-line disconnect closed and the ground disconnect 
open. Likewise, Figure 5.17(c) shows the control screen of a three-position dis-
connect with the in-line disconnect open and the ground disconnect closed.

Table 5.4 Three-Position Disconnect Switch State Representations

Apparatus Position Symbol Asserted Relay Word Bits

Both disconnects open                     89OPN3 and 89OPN4

Disconnect 3 (in-line) closed

Disconnect 4 (ground) opened

                    89CL3 and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) closed

                    89OPN3 and 89CL4

Disconnect 3 (in-line) intermediatea

Disconnect 4 (ground) opened

b (89OIP3 or 89AL3) and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) intermediatea

b 89OPN3 and (89OIP4 or 89AL4)

All other status combinations

Disconnect 3 closed, Disconnect 4 closed

Disconnect 3 closed, Disconnect 4 intermediatea

Disconnect 3 intermediatea, Disconnect 4 closed

Disconnect 3 intermediatea, Disconnect 4 intermediatea

b

89CL3 and 89CL4

89CL3 and (89OIP4 or 89AL4)

(89OIP3 or 89AL3) and 89CL4

(89OIP3 or 89AL3) and (89OIP4 or 89AL4)

a Intermediate = transition between open and closed states.
b The image alternates between the two symbols shown.
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The three-position disconnect logic is identical to two standard disconnects, but 
control actions are limited as shown in Table 5.5. A control action is only avail-
able if the disconnect name is listed next to the action as indicated in the Control 
Options Displayed column. For example, in the second set of control actions, 
where Disconnect SW3 is closed and Disconnect SW4 is open, the only control 
actions available are to open or close Disconnect SW3. Figure 5.17(b) shows the 
control screen for this condition.

                    

                    

Figure 5.17 Three-Position Disconnect Control Screens
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Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 1 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

Disconnect SW3: Open

Disconnect SW4: Open

OPENED

OPENED

SW3

SW4

CLOSE SW3

OPENa

CLOSE SW4

CLOSE SW3

NO OPEN CONTROL

CLOSE SW4

Disconnect SW3: Closed

Disconnect SW4: Open

CLOSED

OPENED

SW3

SW4

CLOSE SW3b

OPEN SW3

CLOSE 

CLOSE SW3

OPEN SW3

NO CONTROL for SW4

Disconnect SW3: Open

Disconnect SW4: Closed

OPENED

CLOSED

SW3

SW4

CLOSE

OPEN SW4

CLOSE SW4c

NO CONTROL for SW3

OPEN SW4

CLOSE SW4

Disconnect SW3: Open

Disconnect SW4: Alarm

OPENED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect



5.28

SEL-400 Series Relays Instruction Manual Date Code 20230830

Control
Bay Control Front-Panel Operations

The following example shows the process of changing a three-position discon-
nect from closed in-line to closed to ground. This process requires that you first 
open the in-line disconnect before you can close the ground disconnect.

Starting with the one-line diagram in Figure 5.18, highlight the three-position 
disconnect and press the ENT pushbutton. If the LOCAL Relay Word bit is 
asserted, the control screen shown in Figure 5.17(b) is displayed on the screen. 
Note that the only options at this point are to open or close Disconnect SW3. 
Therefore, use the Up Arrow or Down Arrow pushbutton to move the highlight box 
to the OPEN SW3 position. Then press the ENT pushbutton to open Disconnect 
SW3. If Disconnect SW3 successfully opens, the control screen will change as 
shown in Figure 5.17(a). Note that the control actions changed so that Discon-
nect SW4 can now be closed. At this point, use the Up Arrow or Down Arrow push-
button to move the highlight box to the CLOSE SW4 position and press the ENT 
pushbutton to close Disconnect SW4. If Disconnect SW4 is successfully closed, 
the control screen will change as show in Figure 5.17(c).

                    

Disconnect SW3: Alarm

Disconnect SW4: Open

UNKNOWN

OPENED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Alarm

CLOSED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Closed

UNKNOWN

CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Closed

CLOSED 
CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Alarm

UNKNOWN

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

a See Figure 5.17(a).
b See Figure 5.17(b).
c See Figure 5.17(c).

Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 2 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

                    

Figure 5.18 Bay Control One-Line Diagram With Three-Position Disconnect 
Closed In-Line
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The relay does not include any default bay mimic screens with three-position dis-
connects. Should your application require different bay mimic screens with three-
position disconnects, contact SEL.

Bay Control Screens
QuickSet and SEL Grid Configurator Software provide an easy and intuitive way 
to configure and set the bay control function. The following screenshots show the 
bay control screens in SEL Grid Configurator; the functionality shown is similar 
in Quickset but it does not include the bay screen search tool.

Select the Bay Control button from the tree to see the first interactive bay forms 
in SEL Grid Configurator, as shown in Figure 5.19.

                    

Use the bay screen mimic diagram lookup tool to find the mimic diagrams appli-
cable to your application by filtering by the number of displayed breakers and 
disconnections, as shown in Figure 5.20.

                    

Figure 5.19 Interactive Bay Control Setting Form
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MIMIC
In most SEL-400 series relays, a single one-line diagram needs to be selected. 
However, in some relays, such as the SEL-487E, multiple screens need to be 
selected to build up the total composite one-line diagram.

Bay Name
There are 20 characters available for the bay name. This name appears on all the 
bay control screens.

Local
The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the input contact IN107 can 
accommodate existing bay controls that use a key to manually change from 
remote to local control. The key switch is made to actuate a contact when the key 
is turned, as shown in Figure 5.21. With the contact of the switch wired to the 
input, the key switch provides local and remote control. Make the following set-
ting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107

                    

Figure 5.20 Mimic Diagrams
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Bus Names
Figure 5.22 shows the bay screen settings filter automatically to only display set-
tings associated with the item you selected in your mimic diagram. Enter the 
name of the busbar (e.g., 132 Bus No 1), and select OK.

                    

Disconnect Assignments
To configure disconnects, select the disconnect switch. The settings filter auto-
matically to only show the selected disconnect settings, as shown in Figure 5.23.

                    

                    

Figure 5.21 Local and Remote Control Logic With Key Control

–

+

Rated DC
Input Voltage

Contact closed = Local control
Contact open = Remote control

IN107

                    

Figure 5.22 Setting Busbar Names in SEL Grid Configurator

                    

Figure 5.23 Disconnect Assignment Dialog Box, SW1
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D01HMIN

Enter a Disconnect 1 label on the HMI (Figure 5.23). The number of characters is 
limited to a maximum string width of 18 pixels (approximately four characters).

D01CTLN

Enter a Disconnect 1 label on the control screen. Enter a descriptive name (there 
are 15 characters available) that clearly identifies the disconnect.

89AM01, 89BM01

These SELOGIC control equations report the state of Disconnect 1 auxiliary con-
tacts. Both equations must be programmed for the Disconnect Switch Status and 
Alarm Logic to function correctly.

89ALP01

This timer counts down when both 89AM01 and 89BM01 are in the same state 
(both asserted or both deasserted). When this disconnect alarm timer expires, an 
alarm condition exists and the 89AL01 Relay Word bit asserts.

Set the 89ALP01 timer longer than the expected operation (undetermined state) 
time, but less than the 89CST01 or 89OST01 seal-in timers.

89CCN01, 89OCN01

These SELOGIC control equations close or open Disconnect 1. Take care when 
programming these equations, because there is no breaker jumper supervision or 
access level safeguard in place for this disconnect operate method. These settings 
only work when the LOCAL Relay Word bit is deasserted.

89CTL01

This SELOGIC control equation identifies Disconnect 1 as controllable 
(89CTL01 := 1) or status-only (89CTL01 := 0). When controllable, all control 
functionality is available for Disconnect 1. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLn setting for each discon-
nect position.

89CST01, 89OST01

These seal-in timers are intended to keep the close or open signal asserted long 
enough to allow the Disconnect 1 operation to complete. Set the seal-in timers 10 
to 15 percent longer than the expected disconnect operate time to give the discon-
nect switch time to complete the operation.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the seal-in timers.

89CIT01, 89OIT01

The close/open Disconnect 1 immobility timers are triggered at the same time as 
the seal-in timers. Expiration of these immobility timers indicates that the Dis-
connect 1 auxiliary contact status failed to change state within the expected time 
frame.
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Set the immobility timers longer than the expected time for the disconnect to 
leave the initial state (as reported by the 89AM01 and 89BM01 Relay Word bits), 
but less than the seal-in timer.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the immobility timers.

89CRS01, 89ORS01

These settings reset the seal-in circuit when either the seal-in timer expires or the 
intended open/close status signal asserts. This is intended to stop driving the Dis-
connect 1 motor to close or open when the desired state has been reached.

89CBL01, 89OBL01

These SELOGIC control equations provide an optional custom method for block-
ing all means of close/open control for Disconnect 1.

89CIR01, 89OIR01

These SELOGIC control equations reset the Disconnect 1 close/open immobility 
timers.

Breaker Assignments
Configure the breaker by selecting the box next to the breakers. The settings filter 
automatically, as shown in Figure 5.24.

                    

BKq

In some relays, each numbered breaker (q = 1, 2, 3, 4, or 5) can be assigned to 
NA or one of the terminals. No terminal can be assigned twice. Unused breaker 
numbers are forced to NA.

BmHMINM

Enter a Breaker m label on the HMI (one-line diagram). The number of charac-
ters is limited to a maximum string width of 17 pixels (approximately four char-
acters).

BmCTLNM

Enter a Breaker m label on the control screen. Enter a descriptive breaker name 
(as many as 15 characters).

                    

Figure 5.24 Breaker Settings, Breaker S
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52mCLSM, 52m_ALM

These SELOGIC control equations report breaker close status and breaker alarm 
status. Any bit in the Relay Word, as well as logical operators, can be pro-
grammed into these SELOGIC control equations.

52mRACK, 52mTEST

These SELOGIC control equations modify the display of rack-type breaker mosa-
ics. The settings are shown for both rack-type and non-rack type breakers, but 
only impact the display of rack-type breakers. The settings do not have any con-
trol functionality impact on any breaker. See Figure 5.9 for settings impact on the 
rack-type breaker mosaic display.

Analog Display
If analog display points are not required, leave the setting(s) blank, because the 
relay displays only the defined display points.

Select analog display label MDELE1 in the interactive one-line diagram to display 
the form shown in Figure 5.25. Select the Expression Builder button to display 
the form shown in Figure 5.26. The Expression Builder helps build the analog 
quantity setting string. Press the Expression Builder button on the form shown in 
Figure 5.26 to find the Analog or Fixed Element to be displayed.

                    

To display fixed text instead of analog quantities, enter the number 1 in the Ana-
log or Fixed Element field.

                    

Figure 5.25 Analog Quantity Setting Form
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Select the FREQ System Frequency (see Figure 5.27). Enter a Pre-Text, for 
example 'Frq=', as shown in Figure 5.27. Set the numerical display format to 5.2; 
this displays frequency up to two decimal places. You can scale the numerical 
value of FREQ to display a scaled value of the analog quantity. For example, a 
scaling value of 0.5 displays only half the value of FREQ, while a scaling value 
of 2 displays twice the value of FREQ. Enter text, such as the units of the analog 
quantity in the Post-Text field. Test the entries by typing a value of 60.51 in the 
preview analog display field. Select the Preview button, and verify that all entries 
are correct and will fit on the screen.

                    

                    

Figure 5.26 Analog Quantity Setting Form

                    

Figure 5.27 Example of an Analog Quantity Expression
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SEL recommends that you use the MDELEn expression builder within QuickSet 
or SEL Grid Configurator when creating these settings. However, if you enter the 
expression from the ASCII command line, the format of the user input is as fol-
lows:

Analog Quantity Label,"Pre-Text = {x.y,z} Post-Text"

where:

                    

For example, if you wanted to display the VAZFM analog quantity with 3 total 
digits with 1 digit following a decimal point and no scaling, enter the following 
on the command line:

VAZFM,"VAZ = {3.1,1} V"

The setting value reported in QuickSet or SEL Grid Configurator is expected to 
be reported differently than what is accepted on the ASCII command line. 

Customizable Screens
SEL-400 series relays support custom mimic display screens. Custom mimic dis-
play screens are developed by the SEL factory by using your requirements, and 
then added to the QuickSet relay driver. The following images show the breaker 
and power system variants supported in custom mimic display screens. For a 
complete list of mimic display screens available in SEL-400 series relays, see 
selinc.com/app/mimic-diagram/.

Available Circuit Breakers
Figure 5.28 shows the different types of circuit breakers and disconnects available. 

x = total number of digits of the number to display (includes number of dig-
its following a decimal point)

y = total number of digits to display following a decimal point

z = scaling factor

https://selinc.com/app/mimic-diagram/
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Available Power System Components
Figure 5.29 shows the different types of power system components available.

                    

Bay Control Example Application
This example demonstrates configuring a bay control screen for an SEL-451. 
Similar configurations can be done with other SEL-400 series relays.

                    

Figure 5.28 Different Types of Circuit Breakers and Disconnects
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Figure 5.29 Power System Components
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Bus 1, Bus 2, and Transfer BUS Bay With Ground Switch (MIMIC := 4)
Figure 5.30 illustrates the Bus 1, Bus 2, and Transfer Bus Bay with Ground 
Switch (MIMIC := 4). The Bay configuration used in this example provides five 
disconnect switches, one breaker, and the ability to display as many as six Analog 
Quantities. The labels and Analog Quantities shown in Figure 5.30 are all a result 
of the settings entered in this example. See Table 5.6 for a complete list of Bay 
settings for this application.

                    

Bay Control Settings
General One-Line Settings

One-Line Diagram

This setting selects the one-line diagram that defines the bay configuration, and it 
must exactly match the bay configuration being controlled. Failure to select the 
exact one-line diagram that describes the bay configuration being controlled 
could result in misapplications.

MIMIC := 4

Bay Name

Enter a bay name (as many as 20 characters) that defines the bay being controlled.

BAYNAME := BAY CONTROL

Bay Label

As many as two bay labels are available in one-line diagrams 14, 17, 18, and 23. 
BAYLAB1 and BAYLAB2 settings can accept as many as eight characters, 
depending on the pixel width of the string.

BAYLAB1 or BAYLAB2 are not required because the MIMIC setting selected in 
this example does not include bay labels. If MIMIC 14, 17, 18, or 23 had been 
selected, the relay would have prompted for BAYLAB1 and BAYLAB2 settings.

Busbar Information
Bus-Name Labels

Based on the MIMIC setting, the relay provides as many as nine bus-name labels 
in the one-line diagram. With MIMIC set to 4, the relay requires three bus-name 
labels, one for the transfer bus, one for Bus 2, and one for Bus 1. The top-most 

                    

Figure 5.30 Illustration of One-Line Diagram After Entering Example Settings
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bus in the one-line diagram is BUSNAM1 and the bottom-most bus in the one-line 
diagram is the highest number bus available for the selected MIMIC setting, three 
in this case.

Enter bus-name labels (as many as ten characters) that describe each bus in the 
one-line diagram.

The actual number of characters accepted depends on the pixel width of the string.

BUSNAM1 := Bus T

BUSNAM2 := Bus 2

BUSNAM3 := Bus 1

Breaker Information

The relay displays breaker information for as many as three breakers. For the bay 
configuration in this example, the relay displays one. If more breakers were sup-
ported, based on the MIMIC setting selected, the settings associated with addi-
tional breakers would follow Breaker 1 settings.

Breaker Name Label

Enter a breaker name (as many as six characters) that describes each circuit 
breaker in the one-line diagram.

The actual number of characters accepted depends on pixel width of the string.

B1HMINM := Bkr 1

Breaker Status

This SELOGIC control equation reports breaker close status and breaker alarm 
status. Any bit in the Relay Word can be programmed into this SELOGIC control 
equation, as well as logical operators. The equations below return the state of the 
Bkr 1 status and any Bkr 1 alarm conditions.

521CLSM := 52ACL1

521_ALM := 52AAL1

Disconnect Information

The relay provides disconnect switch information for as many as ten disconnect 
switches. For the bay configuration selected in this example, the relay supports 
five disconnect switches.

Disconnect Name Label

Enter disconnect labels of as many as six characters in length that describe each 
disconnect switch in the one-line diagram. The actual number of characters 
accepted depends on pixel width of the string.

D01HMIN := Dis 1
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Disconnect Status

Wire the normally open and normally closed auxiliary contacts from the discon-
nect switch to relay inputs, and program the relay inputs into 89AM01 and 
89BM01 SELOGIC control equations. These equations report the state of the dis-
connect switch auxiliary contacts. Both equations must be programmed for the 
Disconnect Switch Status and Alarm Logic to function correctly.

89AM01 := IN103

89BM01 := IN104

Disconnect Alarm Pickup Delay

This setting monitors disconnect open/close operations (the undetermined time) 
of the disconnect switch. When the disconnect alarm timer expires, an alarm con-
dition exists and the 89AL1 Relay Word bit asserts. Set the 89ALPm timer longer 
than the expected operation (undetermined state) time, but less than the 89CSITm 
or 89OSITm seal-in timers. The expected disconnect operation time in this exam-
ple is 250 cycles. 89ALPm is entered in cycles and has a range of 1–99999.

89ALP01 := 260

Disconnect Close/Open Control

Program SELOGIC control equations 89CCNn and 89OCNn to close or open dis-
connect switch n, respectively. Great care needs to be used when programming 
these equations because there are no breaker jumper supervision or access level 
safeguards in place for this disconnect operate method. The settings in this exam-
ple close the disconnect switch when Remote Bit 1 is set and open the disconnect 
switch when Remote Bit 1 is cleared. The 89CCN01 SELOGIC example below 
also includes additional supervision logic where the close operation only operates 
if Breaker 1 is open (NOT 52CLS1) and the disconnect switch is in the opposite 
state (89OPN1). When these conditions are met, a close disconnect operation will 
initiate. Relay Word bit 89CLS1 is the output of the seal-in timer and asserts 
when Relay Word bit 89CCN01 asserts. Relay Word bit 89OPN1 deasserts as 
soon as the disconnect switch starts to move. The OR combination of Relay Word 
bit 89CLS1 and 89OPN1 keeps the close disconnect signal asserted until the dis-
connect operation has completed. The SELOGIC control equations below demon-
strate disconnect lockout control in the relay. The 89OCN01 SELOGIC control 
equation illustrates the same type of supervision for the disconnect switch open 
logic.

89CCN01 := RB01 AND (89OPN1 OR 89CLS1) AND NOT 52CLSM1

89OCN01 := NOT RB01 AND (89CL1 OR 89OPEN1) AND NOT 52CLSM1

Disconnect Front-Panel Control Enable

Program SELOGIC control equation 89CTLn to identify a disconnect as control-
lable (89CTLn := 1) or status-only (89CTLn := 0). When a disconnect is identi-
fied as controllable, the disconnect can be selected when navigating the relay 
front-panel HMI. When a disconnect is identified as status-only, the disconnect 
cannot be selected when navigating the relay front-panel HMI. Three-position 
disconnects have a control equation for each disconnect position. The SELOGIC 
control equation below identifies the disconnect as controllable.

89CTL01 := 1
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Disconnect Close/Open Seal-in Timers

The seal-in timers assert the close or open signal long enough to allow the dis-
connect operation to complete. Set the seal-in timer 10 to 15 percent longer than 
the expected disconnect operate time to give the disconnect switch time to com-
plete the operation. 89CSTm and 89OSTm are entered in cycles and have a range 
of 1–99999. The example shown anticipates a disconnect switch operate time of 
approximately 250 cycles.

Cold weather and low battery voltages can impact operation times. Be sure to 
consider these conditions when setting the seal-in timers.

The output contacts must not be used to break the motor coil current. An auxil-
iary contact with adequate current interrupting capacity must first interrupt cur-
rent supply to the motor before the relay contact opens. Include the auxiliary 
contact clearing time when setting the disconnect seal-in timer.

89CST01 := 280

89OST01 := 280

Disconnect 2–5

Disconnect switch settings 2–5 are similar to the Disconnect Switch 1 examples 
above. See Table 5.6 for a complete list of Bay Class settings for this application.

One-Line Analog Display

One-line diagrams in the relay can contain as many as six Analog Quantity dis-
play points. The MIMIC setting selected in this example displays six Analog Dis-
play points. See Display Points on page 4.10 for Display Point programming. 
The settings below illustrate how to display text and Analog Quantities available 
in the mimic display. If analog display points are not required to appear in the 
one-line diagram, leave the setting(s) blank, and the relay will only display the 
defined display points.

1. 1, “Analogs”

2. IAWM, “IA:(4.0,1)A”

3. VABFM, “V:(3.0,1)kV”

4. FREQ, “F:(4.1,1)Hz”

5. 3P, “P:(3.0,1)MW”

6. 3Q_F, “Q:(3.0,1)MVR”

Control Selection

The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the SEL-451 input contact 
IN107 can accommodate existing bay controls that use a key to manually change 
from remote to local control. The key switch is made to actuate a contact when 
the key is turned, as shown in Figure 5.31. With the contact of the switch wired to 
the SEL-451 input, the key switch provides local and remote control. Make the 
following setting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107
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Front Panel Settings
The one-line diagram is one of the screens that are available for display in the 
rotating display. To display RMS_V, RMS_I, and ONELINE screens on the rotat-
ing display every five seconds, make the following Front Panel settings.

SCROLD := 5

RMS_V := Y

RMS_I := Y

RMS_VPP := N

RMS_W := N

FUNDVAR := N

RMS_VA := N

RMS_PF := N

RMS_BK1 := N

RMS_BK2 := N

STA_BAT := N

FUND_VI := N

FUNDSEQ := N

FUND_BK := N

ONELINE := Y

The following settings in the Front Panel settings provide immediate display of 
the one-line diagram screen when Pushbutton 2 is pressed.

PB2_HMI := BC

Output Settings
Output Logic Settings

This illustrates the ability to program disconnect lockout protection for the 
selected one-line diagram. To eliminate the danger of closing or opening the 
ground switch on an energized line, the disconnect switch cannot operate unless 
Breaker 1 is open. When the Disconnect 1 close command is executed (89CLS1), 

                    

Figure 5.31 Local and Remote Control Logic With Key Control

–

+

Rated SEL-451
DC Input Voltage

Contact closed = Local control
Contact open = Remote control

SEL-451
IN107
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OUT103 only asserts if the state of Breaker 1 is open (NOT 52CLS1). This illus-
trates disconnect switch lockout protection through SELOGIC control equations. 
The SELOGIC control equation for OUT104 below illustrates similar lockout pro-
tection for the disconnect switch open operation. Wire OUT103 to the disconnect 
switch closing circuit and OUT104 to the disconnect switch opening circuit.

OUT103 := 89CLS1 AND NOT 52CLSM1

OUT104 := 89OPEN1 AND NOT 52CLSM1

Another example of disconnect lockout would be to ensure that Dis 3 never 
closes when the ground disconnect switch Dis 5 is closed. Enter the SELOGIC 
control equation below for Dis 3 switch lockout protection. 89CLS3 is the close 
disconnect switch Relay Word bit for Disconnect 3 and the 89OPN5 Relay Word 
bit is the status of Disconnect 5. The SELOGIC control equation below will not 
assert OUT201 unless both conditions are true.

OUT201 := 89CLS3 AND 89OPN5

These are just a few examples of disconnect lockout control. Use Relay Word bits 
and SELOGIC programming to design lockout control scenarios required for the 
configuration being controlled.

The SELOGIC Output settings listed in Table 5.6 are example close and open dis-
connect equations with disconnect lockout control for Switches 1–5.

                    

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 1 of 3)

Setting Description Entry

General One-Line Settings

MIMIC One-line Screen Number (1–999) 4

BAYNAME Bay Name (20 characters) BAY CONTROL

Busbar Information

BUSNAM1 Busbar 1 Name (40 pixels, 6–10 characters) Bus T

BUSNAM2 Busbar 2 Name (40 pixels, 6–10 characters) Bus 2

BUSNAM3 Busbar 3 Name (40 pixels, 6–10 characters) Bus 1

Breaker Information

B1HMINM Breaker 1 HMI Name (max 3–17 characters) Bkr 1

B1CTLNM Breaker 1 HMI Cntl Scr. Name (max. 15 characters) Bkr 1

521CLSM Breaker 1 Close Status (SELOGIC Equation) 52ACL1

521_ALM Breaker 1 Alarm Status (SELOGIC Equation) 52AAL1

Disconnect Information

D1HMIN Disconnect 1 HMI Name (max 3–17 characters) D1

D1CTLN Disconnect 1 Name (25 pixels, max. 15 characters) Dis 1

89AM1 Disconnect 1 N/O Contact (SELOGIC Equation) IN103

89BM1 Disconnect 1 N/C Contact (SELOGIC Equation) IN104

89ALP1 Disconnect 1 Alarm Pickup Delay (1–99999 cyc) 260

89CCN1 Disconnect 1 Close Control (SELOGIC Equation) 89CC01

89OCN1 Disconnect 1 Open Control (SELOGIC Equation) 89OC01

89CST1 Disconnect 1 Close Seal-in Time (1–99999 cyc) 280

89OST1 Disconnect 1 Open Seal-in Time (1–99999 cyc) 280

D2HMIN Disconnect 2 HMI Name (max. 3–17 characters) D2

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current-
interrupting capacity must clear the 
coil current in the disconnect motor 
before the output opens. Failure to 
observe this safeguard could result in 
damage to the output contacts.
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D2CTLN Disconnect 2 Name (25 pixels, 4–6 characters) Dis 2

89AM2 Disconnect 2 N/O Contact (SELOGIC Equation) 1

89BM2 Disconnect 2 N/C Contact (SELOGIC Equation) 0

89ALP2 Disconnect 2 Alarm Pickup Delay (1–99999 cyc) 260

89CCN2 Disconnect 2 Close Control (SELOGIC Equation) 89CC02

89OCN2 Disconnect 2 Open Control (SELOGIC Equation) 89OC02

89CST2 Disconnect 2 Close Seal-in Time (1–99999 cyc) 280

89OST2 Disconnect 2 Open Seal-in Time (1–99999 cyc) 280

D3HMIN Disconnect 3 HMI Name (max. 3–17 characters) D3

D3CTLN Disconnect 3 Name (25 pixels, 4–6 characters) Dis 3

89AM3 Disconnect 3 N/O Contact (SELOGIC Equation) 1

89BM3 Disconnect 3 N/C Contact (SELOGIC Equation) 0

89ALP3 Disconnect 3 Alarm Pickup Delay (1–99999 cyc) 260

89CCN3 Disconnect 3 Close Control (SELOGIC Equation) 89CC03

89OCN3 Disconnect 3 Open Control (SELOGIC Equation) 89OC03

89CST3 Disconnect 3 Close Seal-in Time (1–99999 cyc) 280

89OST3 Disconnect 3 Open Seal-in Time (1–99999 cyc) 280

D4HMIN Disconnect 4 HMI Name (1–99999 cyc) D4

D4CTLN Disconnect 4 Name (25 pixels, 4–6 characters) Dis 4

89AM4 Disconnect 4 N/O Contact (SELOGIC Equation) 1

89BM4 Disconnect 4 N/C Contact (SELOGIC Equation) 0

89ALP4 Disconnect 4 Alarm Pickup Delay (1–99999 cyc) 260

89CCN4 Disconnect 4 Close Control (SELOGIC Equation) 89CC04

89OCN4 Disconnect 4 Open Control (SELOGIC Equation) 89OC04

89CST4 Disconnect 4 Close Seal-in Time (1–99999 cyc) 280

89OST4 Disconnect 4 Open Seal-in Time (1–99999 cyc) 280

D5HMIN Disconnect 5 HMI Name (1–9999) D5

89AM5 Disconnect 5 N/O Contact (SELOGIC Equation) 0

89BM5 Disconnect 5 N/C Contact (SELOGIC Equation) 0

89ALP5 Disconnect 5 Alarm Pickup Delay (1–99999 cyc) 260

89CCN5 Disconnect 5 Close Control (SELOGIC Equation) 89CC05

89OCN5 Disconnect 5 Open Control (SELOGIC Equation) 89OC05

89CST5 Disconnect 5 Close Seal-in Time (1–99999 cyc) 280

89OST5 Disconnect 5 Open Seal-in Time (1–99999 cyc) 280

One-Line Analog Display

1 1, “Analogs”

2 IAWM, “IA:(4.0,1)A”

3 VABFM, “V:(3.0,1)kV”

4 FREQ, “F:(4.1,1)Hz”

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 2 of 3)

Setting Description Entry
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5 3P, “P:(3.0,1)MW”

6 3Q_F, “Q:(3.0,1)MVR”

Control Selection

LOCAL Local Control (SELOGIC control equation) IN107

Table 5.7 Application Example Front Panel Settings

Setting Description Entry

Selectable Screens for the Front Panel

SCROLD Front Panel Display Update Rate (OFF, 1–15 secs) 5

RMS_V RMS Line Voltage Screen (Y, N) Y

RMS_I RMS Line-Current Screen (Y, N) Y

RMS_VPP RMS Line Voltage Phase-to-Phase Screen N

RMS_W RMS Active Power Screen N

FUNDVAR Fundamental Reactive Power Screen N

RMS_VA RMS Apparent Power Screen N

RMS_PF RMS Power Factor Screen N

RMS_BK1 RMS Breaker 1 Currents Screen N

RMS_BK2 RMS Breaker 2 Currents Screen N

STA_BAT Station Battery Screen N

FUND_VI Fundamental Voltage and Current Screen N

FUNDSEQ Fundamental Sequence Quantities Screen N

FUND_BK Fundamental Breaker Currents Screen N

ONELINE One-Line Bay Control Diagram Y

Selectable Operator Pushbuttons

PB2_HMI Pushbutton 2 HMI Screen BC

Table 5.8 Application Example Output Settings, Output SELOGIC Control Equations

Setting Description Entry

OUT103 OUT103 SELOGIC control equation 89CLS1 AND NOT 52CLSM1

OUT104 OUT104 SELOGIC control equation 89OPEN1 AND NOT 52CLSM1

OUT105 OUT105 SELOGIC control equation 89CLS2 AND NOT 52CLSM1

OUT106 OUT106 SELOGIC control equation 89OPEN2 AND NOT 52CLSM1

OUT201 OUT201 SELOGIC control equation 89CLS3 AND 89OPN5

OUT202 OUT202 SELOGIC control equation 89OPEN3 AND 52CLSM1

OUT203 OUT203 SELOGIC control equation 89CLS4 AND NOT 52CLSM1

OUT204 OUT204 SELOGIC control equation 89OPEN4 AND NOT 52CLSM1

OUT205 OUT205 SELOGIC control equation 89CLS5 AND NOT 52CLSM1

OUT206 OUT206 SELOGIC control equation 89OPEN5 AND NOT 52CLSM1

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 3 of 3)

Setting Description Entry
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Autoreclosing

This section describes the operation of autoreclose logic in SEL-400 series relays 
that include an autorecloser. This section covers the following topics:

➤ Autoreclosing States on page 6.2

➤ One-Circuit-Breaker Autoreclosing on page 6.4

➤ Two-Circuit-Breaker Autoreclosing on page 6.10

➤ Autoreclose Logic Diagrams on page 6.26

➤ Manual Closing on page 6.40

➤ Voltage Checks for Autoreclosing and Manual Closing on page 6.43

➤ Settings and Relay Word Bits for Autoreclosing and Manual Closing 
on page 6.46

The relay autoreclose function provides complete control for single circuit 
breaker and two circuit breaker reclosing schemes. The autoreclose function 
accommodates both single-pole and three-pole reclosing. Some SEL-400 series 
relays only support three-pole operations. See the Features section in Section 1: 
Introduction and Specifications in the product-specific instruction manual to 
determine the reclosing capability of each relay. Relays that support single-pole 
breaker operations can be set for a total of two single-pole reclose shots. Three-
pole breaker operations can be set for as many as four three-pole reclose shots.

You can designate the leader and follower circuit breakers in a two-circuit 
breaker configuration. The relay recloser can dynamically change leader and fol-
lower designations based on settings and operating conditions.

You can program the autoreclose logic to perform one shot of high-speed three-
pole reclose. This high-speed three-pole shot replaces one of the four delayed 
time three-pole shots. There is no difference between a shot of high-speed three-
pole reclose and a shot of delayed three-pole autoreclose; simply select the open 
interval time accordingly.

Two autoreclose modes are available when using the relay to control two circuit 
breakers:

➤ Combined two-breaker mode (setting E79 := Y)—both circuit 
breakers must trip before any reclosing can occur. 

➤ Independent two-breaker mode (setting E79 := Y1)—the follower 
circuit breaker can trip and reclose even when the lead breaker has 
not operated. This is useful on both ring bus and breaker-and-a-half 
schemes, where the follower breaker is a tie breaker that can be 
tripped by protection on either side.

For single circuit breaker applications, use setting E79 := Y.

NOTE: The relay voltage check 
elements (for bus and line voltages) 
may be used without the synchronism-
check feature, however, for certain 
voltage connections, some of the 
synchronism-check settings need to 
be entered to ensure that the correct 
voltages are used.
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Autoreclosing States
The autoreclose logic for either circuit breaker can be in one of the following five 
states (see Figure 6.1):

➤ Start (common to both circuit breakers) (79STRT)

➤ Reset per circuit breaker (BK1RS, BK2RS)

➤ Single-pole autoreclose cycle (common to both circuit breakers) (79CY1)

➤ Three-pole autoreclose cycle (common to both circuit breakers) (79CY3)

➤ Lockout, per circuit breaker (BK1LO, BK2LO)

Start (79STRT)
The autoreclose logic is in the Start state for both circuit breakers during the fol-
lowing conditions:

➤ Startup

➤ Restart

➤ Any relay settings change

The relay stores the previous reclosing state for Relay Word bits 79CY1, 79CY3, 
BK1LO, BK2LO, BK1RS, and BK2RS when a restart or any relay settings 
change occurs.

At startup, the recloser logic goes from the start state to the lockout state. For a 
restart or a settings change, the recloser logic enters the start state, then goes to 
lockout if the circuit breakers were open before the restart or settings change. If 
the circuit breakers were previously closed, then the recloser logic proceeds 
through the 3PMRCD (Manual Close Reclaim Time Delay) time and then goes to 
the ready state.

Reset (BK1RS, BK2RS)
The autoreclose logic is in the reset or ready state for either circuit breaker when 
the circuit breaker is ready to begin an autoreclose cycle. There are three reset 
state timers. After a successful reclose cycle, the relay goes to the reset state after 
reclaim times SPRCD (Single-Pole Reclaim Time Delay) for single-pole auto-
matic and 3PRCD (Three-Pole Reclaim Time Delay) for three-pole automatic 
reclosing. If the recloser has been in a lockout condition, the Ready or Reset state 
cannot occur until the 3PMRCD (Manual Close Reclaim Time Delay) timer has 
expired. You can only block the reclaim time after a successful reclose cycle. Set-
ting 79BRCT (Block Reclaim Timer) prevents timing of reclaim timers SPRCD, 
3PRCD, and 3PMRCD.

Single-Pole Autoreclose (79CY1)
This state does not apply to relays that only support three-pole reclosing. The 
autoreclose logic is in a single-pole autoreclose cycle for either circuit breaker if 
all of the following conditions are satisfied:

➤ Single-pole trip occurs

➤ Condition(s) to initiate a single-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a single-pole 
autoreclose cycle (that is, reset)
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Three-Pole Autoreclose (79CY3)
The autoreclose logic is in a three-pole autoreclose cycle for either circuit breaker 
if all of the following conditions are satisfied:

➤ Three-pole trip occurs

➤ Condition(s) to initiate a three-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a three-pole 
autoreclose cycle (that is, reset)

Lockout (BK1LO, BK2LO)
The lockout state is the default state of any circuit breaker after startup. Other 
conditions place the recloser in the LO state. The relay recloser has a drive-to-
lockout function that you can program for any external or internal condition—use 
setting 79DTL. A circuit breaker can go to lockout by two methods. The circuit 
breaker enters the lockout state if either of the following occur:

➤ Supervisory Relay Word bits SPnCLS or 3PnCLS do not assert 
within the BKnCLSD time

➤ The circuit breaker does not close within the BKCFD time

The timer for both supervisory Relay Word bits SPnCLS and 3PnCLS is setting 
BKnCLSD. Setting BKnCLSD = OFF disables the BKnCLSD delay timer, 
requiring either SPnCLS or 3PnCLS to assert before transitioning to the next 
state.

In applications using two circuit breakers, you can designate one circuit breaker 
as the leader and the other circuit breaker as the follower. The relay freezes the 
leader/follower decision during an autoreclose cycle unless the autoreclose logic 
receives another initiation.

If the recloser receives another initiation, the logic reevaluates the leader and fol-
lower circuit breakers to determine the number of circuit breakers in a scheme 
(NBKn), the leader circuit breaker (LEADBKn), and the follower circuit breaker 
(FOLBKn). This determination is based on the service status of the circuit break-
ers. The logic considers a circuit breaker out of service if the circuit breaker goes 
to lockout. The logic considers a circuit breaker to be in service as soon as the 
circuit breaker closes and is no longer in lockout.

State Diagram
Figure 6.1 illustrates how the autoreclose logic moves from one state to another 
with respect to Circuit Breaker 1. (This diagram is identical for Circuit Breaker 2; 
replace the 1 in the Relay Word bits with 2.) The Relay Word bits that correspond 
to each state are shown (see Table 6.1). A solid path between two states indicates 
that the logic can move in only one direction. Two broken paths between two 
states indicate the logic can move in either direction between the two states. The 
dashed vertical line that runs through the center of the figure indicates the states 
common to both circuit breakers.

Table 6.1 describes each of the five states with respect to Circuit Breaker 1, along 
with the corresponding Relay Word bits.

NOTE: The autoreclose function runs 
once per power-system cycle. To 
ensure that the logic detects transient 
element state changes that initiate 
closing, you should extend the 
assertion time of transient element 
states to 1 cycle.
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One-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay autoreclose capabilities: 

➤ Single-pole mode (SPAR) 

➤ Three-pole mode (3PAR) 

➤ Single- and three-pole mode (SPAR/3PAR) 

Relay settings ESPR1 (Single-Pole Reclose Enable—BK1) and E3PR1 (Three-
Pole Reclose Enable—BK1) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.8 and Figure 6.9. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPR1, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.8). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PR1, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.9). 

                    

Figure 6.1 Autoreclose State Diagram for Circuit Breaker 1

Table 6.1 Autoreclose Logical States for Circuit Breaker 1

State Description Relay Word Bit

Start Startup, or relay settings change 79STRT

Reset Circuit Breaker 1 reset BK1RS

Single-pole autoreclose cyclea

a 79CY1 is only available in relays that support single-pole breaker operations.

Single-pole autoreclose 79CY1

Three-pole autoreclose cycle Three-pole autoreclose cycle 79CY3

Lockout Lockout BK1LO

79CY1

79CY3

79STRT

BK1LO

Breaker 1 
Reset or 
Ready

Breaker 1 
Lockout

1-Pole 
Auto-Reclose

Start

3-Pole 
Auto-Reclose

BK1RS
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Other recloser settings include the initial recloser settings (see Enable Autore-
close Logic for Two Circuit Breakers on page 6.22) and the trip logic enable set-
tings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.9).

Single-Pole Mode
Figure 6.11 shows the one circuit breaker single-pole autoreclose cycle 79CY1. 
The cycle starts when Relay Word bit SPARC asserts. The recloser waits as long 
as 10 cycles for the circuit breaker to open (indicated by Relay Word bit SPO) 
and then begins timing SPOID (Single-Pole Open Interval Delay) when the cir-
cuit breaker opens. After single-pole open interval time SPOID expires, the relay 
recloses the circuit breaker if supervisory condition SP1CLS (Single-Pole BK1 
Reclose Supervision) is satisfied within the duration of timer BK1CLSD (BK1 
Reclose Supervision Delay).

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires.

SPRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer SPRCD (Single-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit SPLSHT (Single-
Pole Reclose Last Shot). When SPLSHT is asserted, the recloser forces all subse-
quent relay trips to three-pole only mode.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via one of the following three methods while 
SPLSHT is asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer SPRCD expires. 

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 
79CY3. 

➤ If a fault occurs during the SPRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example) 
the recloser exits the 79CY1 cycle state and goes to the lockout state 
BK1LO.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer SPRCD expires.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, the recloser asserts SPARC for single-pole initiate conditions 
and returns to the beginning of the 79CY1 cycle state; the recloser 
increments the shot counter and begins the next open interval timer. 

NOTE: Single-pole mode is only 
supported in relays that provide 
single-pole breaker control.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PR1 is logical 1, for example) and 
proceeds to the autoreclose three-pole cycle state 79CY3. 

➤ If a multiphase fault occurs during the SPRCD reclaim time, and the 
three-pole reclose conditions are not satisfied (E3PR1 is logical 0, for 
example), the recloser exits the 79CY1 cycle state and goes to the 
lockout state BK1LO. 

Lockout State From 79CY1

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(NSPSHOT).

➤ Supervision condition SP1CLS fails to assert in BK1CLSD time.

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening).

➤ The circuit breaker fails to close within BKCFD time.

➤ Any time Relay Word bit 79DTL asserts.

Three-Pole Mode 
Figure 6.12 shows the one circuit breaker autoreclose cycle 79CY3. The cycle 
starts when Relay Word bit 3PARC asserts. The recloser checks SELOGIC control 
equation 79SKP at this point to determine whether to increment the shot counter. 
The recloser waits indefinitely for the circuit breaker to open, as indicated by 
Relay Word bit 3POLINE. The recloser begins timing 3POID1 (Three-Pole Open 
Interval 1 Delay) when the circuit breaker opens. After the open interval time 
3POID1 expires, the relay asserts Relay Word bit BK1CL to reclose the circuit 
breaker if supervisory condition 3P1CLS (Three-Pole BK1 Reclose Supervision) 
is satisfied within the duration of timer BK1CLSD (BK1 Reclose Supervision 
Delay). 

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires. 

3PRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer 3PRCD (Three-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit 3PLSHT (Three-
Pole Reclose Last Shot). 

3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via one of the following two methods while 
3PLSHT is asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
exits the 79CY3 cycle state and goes to the lockout state BK1LO. 
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3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits three possible state transitions when 3PLSHT is not asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied (E3PR1 is logical 1, for example) and returns to the 
beginning of the 79CY3 cycle state; the recloser increments the shot 
counter and begins the next open interval timer. 

➤ If a fault occurs during the 3PRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example), 
the recloser exits the 79CY3 cycle state and goes to the lockout state 
BK1LO.

Lockout State From 79CY3

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(N3PSHOT)

➤ Supervision condition 3P1CLS fails to assert in BK1CLSD time

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening)

➤ The circuit breaker fails to close within BK1CFD time

➤ Relay Word bit 79DTL asserts

Single- and Three-Pole Mode
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.5. The recloser closes the circuit breaker and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.6.

Three-Pole Priority 
If a single-pole autoreclose cycle 79CY1 is in progress and the relay receives an 
initiation for three-pole reclosing 3PRI, the recloser immediately starts a three-
pole autoreclose cycle 79CY3.

Active Circuit Breakers
Two Relay Word bits describe when Circuit Breaker 1 is active for the autore-
close logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

NOTE: Single- and three-pole mode 
is only supported in breakers that 
provide single-pole breaker control.
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NBK1 equals logical 1 when Circuit Breaker 1 is closed and the autoreclose logic 
is reset, or if the autoreclose logic is in an autoreclose cycle (79CY1 or 79CY3). 
NBK0 equals logical 1 when Circuit Breaker 1 is open and not in an autoreclose 
cycle (79CY1 or 79CY3), or if the autoreclose logic is locked out (BK1LO).

Enable Autoreclose Logic for One Circuit Breaker
Three-Pole Trip Circuit Breaker

The initial settings necessary to enable autoreclose for a single three-pole trip cir-
cuit breaker are shown in Table 6.2.

                    

Single-Pole Trip Circuit Breaker
The initial settings necessary to enable autoreclose for one single-pole trip circuit 
breaker are shown in Table 6.3.

                    

Recloser Mode Enables
The SELOGIC control equations E3PR1 and ESPR1 are used to set the relay auto-
reclose modes. Table 6.4 illustrates how to enable the autoreclose modes for Cir-
cuit Breaker 1.

Table 6.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applies to relays that support single-pole breaker operations.

Breaker 1 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC control equation) IN101

Relay Configuration (Group)

E79 Reclosing Y

Table 6.3 One-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Relay Configuration (Group)

E79 Reclosing Y
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When E3PR1 
equals logical 1, the relay can attempt a three-pole autoreclose cycle for Circuit 
Breaker 1. If E3PR1 equals logical 0, the relay goes to lockout following a three-
pole trip for Circuit Breaker 1.

ESPR1 is the SELOGIC control equation that enables single-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When ESPR1 
equals logical 1, the relay can attempt a single-pole autoreclose cycle for Circuit 
Breaker 1. If ESPR1 equals logical 0, the relay cannot initiate a single-pole auto-
reclose cycle.

Set either or both E3PR1 and ESPR1 according to your reclosing requirements 
and relay reclosing capabilities. For single-pole reclosing, set ESPR1 to evaluate 
to logical 1 and set NSPSHOT to the desired number of single-pole reclose shots. 
For three-pole reclosing, set E3PR1 to evaluate to logical 1 and set N3PSHOT for 
the desired number of three-pole shots. For both single-pole and three-pole 
reclosing, set ESPR1 to evaluate to logical 1, set E3PR1 to evaluate to logical 1, 
and configure settings NSPSHOT and N3PSHOT for the desired number of 
reclose shots of each type (see Recloser Mode Enables on page 6.8).

Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(recloser three-pole trip enable) and R3PTE1 (recloser three-pole trip enable Cir-
cuit Breaker 1) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := R3PTE1 Breaker 1 3PT (SELOGIC equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing. Enter enable settings ESPR1 and E3PR1 as appropriate for 
your application.

Relay Word bits R3PTE and R3PTE1 are logical 1 for either of the following 
conditions when the setting NUMBK (number of breakers in scheme) is logical 1 
and SPLSHT (single-pole last shot) is asserted (see Figure 6.9):

➤ BK1TYP := 3 (Breaker 1 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Table 6.4 One Circuit Breaker Modes of Operation

E3PR1 ESPR1a

a ESPR1 only applies to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT and E3PT1 via a control input (for example):

E3PT := NOT IN104 Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := NOT IN104 Breaker 1 3PT (SELOGIC equation)

Connect the external recloser single-pole trip output signal to IN104. Other exter-
nal recloser signals are required; consult the external recloser documentation for 
interconnection with the relay.

Two-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay reclose capabilities:

➤ Single-pole mode (SPAR)

➤ Three-pole mode (3PAR)

➤ Single- and three-pole mode (SPAR/3PAR)

Relay settings ESPRn (Single-Pole Reclose Enable—BKn) and E3PRn (Three-
Pole Reclose Enable—BKn) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.9 and Figure 6.10. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPRn, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.9). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PRn, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.10).

Single-pole recloser settings also include the initial recloser settings (see Enable 
Autoreclose Logic for One Circuit Breaker on page 6.8) and the trip logic enable 
settings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.25).

Single-Pole Mode
Figure 6.13 and Figure 6.14 show the two circuit breaker single-pole autoreclose 
cycle 79CY1 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit SPARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2.

The recloser checks for an SPO (Single-Pole Open) condition for either the 
leader or follower, and waits as long as 10 cycles for the circuit breakers to open. 
If the leader or follower shows a single-pole open inside the 10-cycle window, the 

NOTE: In the following discussion, 
n = 1 or 2 for Circuit Breaker BK1 or 
BK2.
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recloser proceeds to timing SPOID (Single-Pole Open Interval Delay). The 
recloser goes to lockout if the circuit breakers fail to open (no close attempts fol-
low). If an evolving fault results in a three-pole trip condition that asserts 3PARC, 
then the recloser exits the 79CY1 cycle and goes to the three-pole cycle 79CY3. 
When E79 := Y1, a Single-Pole Open Interval Supervision Condition (SPOISC) 
must be satisfied before the recloser can proceed to timing SPOID. If the supervi-
sory condition is not met within the duration of timer SPOISD (Single-Pole Open 
Interval Supervision Delay), the recloser goes to lockout.

After single-pole open interval time SPOID expires, the recloser closes the leader 
if the single-pole open condition is still in effect and supervisory condition 
SPnCLS (Single-Pole BKn Reclose Supervision) is satisfied within the duration 
of timer BKnCLSD (BKn Reclose Supervision Delay). If the leader circuit 
breaker has more than one pole open at the end of the SPOID time, the recloser 
sends the leader to lockout BKnLO. 

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
after timer BKCFD expires. If the leader closes within the BKCFD time, the 
recloser goes to SPRCD (Single-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted. 

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a single-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). If multiple poles of the follower circuit breaker are open, the recloser 
sends the follower to lockout BKnLO. When TBBKD expires, the recloser closes 
the follower breaker if FBKCEN (Follower Breaker Closing Enable) is asserted 
and supervisory condition SPnCLS is satisfied within the duration of timer 
BKnCLSD. At the follower close command, the recloser starts timer BKCFD 
(Breaker Close Failure Delay). If the follower fails to close, the recloser sends the 
follower to lockout after timer BKCFD expires. If the leader circuit breaker is not 
in lockout, the recloser begins timing SPRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the SPRCD (Single-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted. 

SPRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit SPLSHT (Single-Pole Reclose Last 
Shot). When SPLSHT is asserted, the recloser forces all subsequent relay trips to 
three-pole only mode.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted: 

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, then the recloser asserts SPARC if all single-pole initiate 
conditions are satisfied and goes to the beginning of the 79CY1 
cycle. The recloser then recalculates and freezes the calculation for 
the number of active circuit breakers, the leader, and the follower. 
The recloser then increments the shot counter and begins the next 
open interval timer.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PRn is logical 1, for example) and recalculates 
the number of active circuit breakers, the leader, and the follower before 
proceeding to the autoreclose three-pole cycle state 79CY3.

➤ If a multiphase fault occurs during the SPRCD reclaim time, 
SPLSHT is not asserted, and the three-pole reclose conditions are not 
satisfied (E3PRn is logical 0, for example) and the recloser exits the 
79CY1 cycle state and goes to the lockout state BKnLO.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via three methods while SPLSHT is asserted:

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 79CY3.

➤ If a fault occurs during the SPRCD reclaim time and the three-pole 
reclose conditions are not satisfied (E3PRn is logical 0, for example), 
then the recloser exits the 79CY1 cycle state and goes to the lockout 
state BknLO.

Lockout State From 79CY1

The recloser goes to lockout (BKnLO) when the number of trips exceeds the 
maximum number of shots (NSPSHOT), supervision condition SPnCLS fails to 
assert in BKnCLSD time, Relay Word bit 3POLINE asserts (for a circuit breaker 
manual opening), the circuit breaker fails to close within BKCFD time, or any 
time Relay Word bit 79DTL asserts.

Three-Pole Mode
Figure 6.15 and Figure 6.16 show the two circuit breaker three-pole autoreclose 
cycle 79CY3 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit 3PARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2. The recloser checks SELOGIC control equation 79SKP at this point to 
determine whether to increment the shot counter.

The recloser waits for 3POLINE to assert:

➤ if E79 := Y, 3POLINE asserts when both breakers (leader and 
follower) open (see Figure 6.15)

➤ if E79 := Y1, 3POLINE asserts when at least one breaker (leader or 
follower) opens (see Figure 6.16) 

If 3POLINE asserts within the 3PRIH time delay, the recloser proceeds to timing 
3POID1 (Three-Pole Open Interval 1 Delay). If 3POLINE fails to assert within 
the 3PRIH time-delay setting, the recloser goes to lockout. If the 3PRIH 
setting = OFF, the recloser will wait indefinitely for 3POLINE to assert before 
proceeding to timing 3POID1. If SELOGIC control equation 3PFARC (Three-
Pole Fast ARC Enable) is asserted, the recloser times the open interval time from 
setting 3PFOID (Three-Pole Fast Open Interval Delay). When E79 := Y1, a 
Three-Pole Open Interval Supervision Condition (3POISC) must be satisfied 

NOTE: The recloser logic is only 
processed every 1 cycle. To ensure 
proper timing and to avoid going to 
lockout unnecessarily, add an 
additional 1 cycle to the 3PRIH setting 
to properly account for processing 
delays.
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before the recloser can proceed to timing 3POID1. If the supervisory condition is 
not met within the duration of timer 3POISD (Three-Pole Open Interval Supervi-
sion Delay), the recloser goes to lockout.

After three-pole open interval time 3POID or 3PFOID expires.

➤ and E79 := Y, the recloser attempts to close the leader breaker, as 
discussed below (first checking the supervisory condition 3PnCLS).

➤ and E79 := Y1, the recloser checks if the leader breaker is open. If 
open, it attempts to close the leader breaker, as discussed below (first 
checking the supervisory condition 3PnCLS). If the leader breaker is 
closed (it never opened at the outset), the recloser skips the leader 
breaker close logic and attempts to close the follower breaker, as 
discussed further below (first checking for two active breakers and an 
open follower breaker, before starting timer TBBKD [Time Between 
Breakers for ARC]).

The recloser closes the leader if supervisory condition 3PnCLS (Three-Pole BKn 
Reclose Supervision) is satisfied within the duration of timer BKnCLSD (BKn 
Reclose Supervision Delay).

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
BKnLO after timer BKCFD expires. If the leader closes within the BKCFD time, 
the recloser goes to 3PRCD (Three-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted.

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a three-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). When TBBKD expires, the recloser closes the follower breaker if FBK-
CEN (Follower Breaker Closing Enable) is asserted and supervisory condition 
3PnCLS is satisfied within the duration of timer BKnCLSD. At the follower 
close command, the recloser starts timer BKCFD (Breaker Close Failure Delay). 
If the follower fails to close, the recloser sends the follower to lockout after timer 
BKCFD expires. If the leader circuit breaker is not in lockout, the recloser begins 
timing 3PRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the 3PRCD (Three-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted.

3PRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit 3PLSHT (Three-Pole Reclose Last Shot).

3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits two possible state transitions when 3PLSHT is not asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs while the 3PRCD reclaim timer is timing, then the 
recloser asserts 3PARC if all three-pole initiate conditions are 
satisfied and goes to the beginning of the 79CY3 cycle. The recloser 
then recalculates and freezes the number of active circuit breakers, 
the leader, and the follower. The recloser then increments the shot 
counter and begins the next open interval timer.
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3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via two methods while 3PLSHT is asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS. 

➤ If a fault occurs during the 3PRCD reclaim time and 3PLSHT is 
asserted, then the recloser goes to lockout BKnLO.

Lockout State From 79CY3

The recloser goes to lockout (BKnLO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots (N3PSHOT)

➤ Supervision condition 3PnCLS fails to assert in BKnCLSD time

➤ Relay Word bit 3POLINE asserts for a circuit breaker manual 
opening (no qualified autoreclose initiation 3PARC)

➤ The circuit breaker fails to close within BKCFD time

➤ SELOGIC equation 79DTL asserts

Single- and Three-Pole Mode 
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.10. The recloser closes the circuit breakers and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.12.

Three-Pole Priority
If a single-pole autoreclose cycle is in progress (79CY1) and the relay receives an 
initiation for three-pole reclosing (3PRI), the recloser immediately starts a three-
pole autoreclose cycle (79CY3).

Active Circuit Breakers
The following three Relay Word bits describe when Circuit Breaker BK1 and 
Circuit Breaker BK2 are active for the autoreclose logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

➤ NBK2, Two Breakers Active in Reclose Scheme

Leader and Follower Circuit Breakers
One circuit breaker is the leader and the other is the follower for circuit breaker-
and-a-half and ring-bus arrangements. Figure 6.2 illustrates a multiple circuit 
breaker arrangement. The leader recloses first. If the leader recloses successfully, 
the follower also typically recloses. 
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Choose Circuit Breaker BK1 as the leader and Circuit Breaker BK2 as the fol-
lower. If Circuit Breaker BK1 is out of service (for maintenance, for example), 
the relay can automatically make Circuit Breaker BK2 the leader.

The relay freezes the leader, follower, and number of active circuit breaker desig-
nations during an autoreclose cycle. If the logic receives another reclose initia-
tion, the relay reevaluates the leader, follower, and number of active circuit 
breaker designations. The logic considers a circuit breaker out of service if the 
circuit breaker goes to lockout, and declares a circuit breaker to be in service as 
soon as the circuit breaker closes and is no longer in lockout.

Leader Logic
Relay settings SLBK1 (Leader Breaker = Breaker 1) and SLBK2 (Leader 
Breaker = Breaker 2) SELOGIC control equations determine the criteria for relay 
selection of the active leader. Set SLBK1 := 1 to select Circuit Breaker BK1 as 
the leader; set SLBK2 := 1 to select Circuit Breaker BK2 as the leader. SLBK1 
has priority over SLBK2; if you set both settings to 1 or both to 0, Circuit 
Breaker BK1 is the leader.

Circuit Breaker BK1 is the leader for the following conditions:

➤ BK1 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK1 is selected as the leader 
(SLBK1 := 1)

➤ BK1 and BK2 are in service and the setting combination SLBK1 := 0 
and SLBK2 := 1 is not in effect

Circuit Breaker BK2 is the leader for the following conditions:

➤ BK2 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK2 is selected as the leader 
(SLKBK1 := 0 and SLBK2 := 1)

➤ If neither circuit breaker is in service, there is no leader

The following three Relay Word bits describe which circuit breaker is the leader:

➤ LEADBK0, No Breaker In Service

➤ LEADBK1, Leader Breaker = Breaker 1

➤ LEADBK2, Leader Breaker = Breaker 2

The relay loads the corresponding circuit breaker settings into the leader Relay 
Word bits (LEADBK0, LEADBK1, and LEADBK2). If there is no leader (no cir-
cuit breaker is active), the relay loads a logical 0 into LEADBK1 and LEADBK2, 
and a logical 1 into LEADBK0.

                    

Figure 6.2 Multiple Circuit Breaker Arrangement

Bus 1

(Leader) (Follower)

Line

Bus 2

BK2BK1
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Follower Logic
The FBKCEN SELOGIC control equation, Follower Breaker Closing Enable, 
defines the conditions necessary for the follower breaker to reclose.

The relay selects the follower as follows:

➤ If Circuit Breaker BK1 is the leader and Circuit Breaker BK2 is not 
locked out, then Circuit Breaker BK2 is the follower.

➤ If Circuit Breaker BK2 is the leader and Circuit Breaker BK1 is not 
locked out, then Circuit Breaker BK1 is the follower.

➤ If fewer than two circuit breakers are in service (NBK0 or NBK1 is 
asserted), then there is no follower.

The following three Relay Word bits describe which circuit breaker is the follower:

➤ FOLBK0, No Follower Breaker

➤ FOLBK1, Follower Breaker = Breaker 1

➤ FOLBK2, Follower Breaker = Breaker 2

If there is no follower (in the case of only one circuit breaker, for example), the 
relay loads a logical 0 into the follower SELOGIC control equation FBKCEN.

Dynamic Selection of Leader and Follower Circuit Breakers
The relay dynamically selects the leader and follower circuit breakers during the 
reclose cycle. The relay calculates the leader in the ready (reset) state. At the start 
of the reclose cycle, the relay freezes this calculation and sets circuit breaker des-
ignations. The leader/follower designation can dynamically change in the cycle if 
the leader circuit breaker goes to lockout and FBKCEN is asserted.

Set the initial leader/follower designation and follower close conditions with set-
tings SLBK1 (Lead Breaker = Breaker 1), SLBK2 (Lead Breaker = Breaker 2), 
and FBKCEN (Follower Breaker Closing Enable). Table 6.5 shows the permuta-
tions of these settings.

                    

Table 6.5 Dynamic Leader/Follower Settings (Sheet 1 of 2)

SLBK1 SLBK2 FBKCEN Comments

0 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.

0 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1.

0 1 0 BK2 is the leader; BK1 is the leader only if BK2 LO and 
BK1 is closed. BK1 will not close as the follower upon 
successful close of leader BK2.

0 1 1 BK2 is the leader; BK1 is the leader only if BK2 LO. 
BK1 will close if BK2 LO after BKCFD. BK1 will close 
as the follower after TBBKD upon successful close of the 
leader BK1. 

1 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.
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Circuit Breaker BK1 is always the leader if SLBK1 is asserted and BK1 is not 
locked out. Circuit Breaker BK2 is the leader if SLBK2 is asserted, BK2 is not 
locked out, and SLBK1 is not asserted. The second circuit breaker can become 
the leader when the leader is locked out.

Setting FBKCEN does not pick the follower, but decides when the second circuit 
breaker can reclose. If the leader goes to lockout, then the follower goes to lock-
out if FBKCEN := 0. If, however, the leader is manually opened, the follower 
breaker can become the leader (after being manually closed) and can close via a 
reclose cycle if FBKCEN := 1. If you want the follower breaker to close only for 
specific conditions, use the enable settings to force this close requirement. For 
example, Circuit Breaker BK2 can dynamically become the leader if BK1 is 
locked out and BK2 is closed. If you do not want BK2 to become the leader, set 
FBKCEN := 52AA1. Also see Example One: No Follower on page 6.17 for 
another method to prevent BK2 from becoming the leader.

The following examples help illustrate how the relay autoreclose logic dynami-
cally determines the leader and follower circuit breakers. These examples 
describe a two circuit breaker scheme (such as used in a circuit breaker-and-a-
half arrangement) as shown in Figure 6.3.

Example One: No Follower
This example describes recloser states when Circuit Breaker BK1 fails to reclose 
following the first three-pole open interval delay. Set the FBKCEN SELOGIC 
control equation to prevent Circuit Breaker BK2 from closing as the follower. 
The leader and follower selection settings are shown in Table 6.6. 

                    

1 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1. 

1 1 0 Same as 1/0/0.

1 1 1 Same as 1/0/1.

1 0 52AA1 BK1 is the leader; BK2 to LO is the leader if BK1 LO. 
BK2 will close as the follower after TBBKD upon success-
ful close of the leader BK1.

Table 6.5 Dynamic Leader/Follower Settings (Sheet 2 of 2)

SLBK1 SLBK2 FBKCEN Comments

                    

Figure 6.3 Multiple Circuit Breaker Arrangement

Bus 1

(Leader) (Follower)

Line

Three-phase fault

Bus 2
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Reset State and 79CY3 Cycle State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.7 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Lockout State

Circuit Breaker BK1 fails to close when the first three-pole open interval expires 
and goes to lockout. Circuit Breaker BK2 goes to lockout. Table 6.8 defines the 
logical state of the autoreclose logic at this point.

                    

Reset State After Reclaim Time

Circuit Breaker BK2 is manually closed and now becomes active as the leader 
after 3PMRCD (Manual Close Reclaim Time Delay). Subsequent reclosing 
occurs with BK2. Table 6.9 defines the logical state of the autoreclose logic at 
this point.

Table 6.6 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 0

Table 6.7 Example One: Reset and 79CY3 States

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.8 Example One: Lockout State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Block Reclosing With Enable Settings

To block BK2 as leader use the enable settings; set ESPR2 := NBK2 and 
E3PR2 := NBK2. With these enable settings BK2 never becomes the leader cir-
cuit breaker.

Example Two: BK2 as Successful Follower and Dynamic Leader
Another example is similar to the first with SLBK1/SLBK2/FBKCEN at 1/0/1 
(see Table 6.10).

                    

Reset State 
Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. At the start of the reclose cycle, Relay Word bits 
LEADBK1, FOLBK2, and NBK2 are asserted (see Table 6.11). 

                    

Table 6.9 Example One: Reset State After Reclaim Time

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.10 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 1

Table 6.11 Example Two: Initial Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1
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When BK1 successfully recloses, BK2 closes as the follower after timer TBBKD 
(Time Between Breakers for ARC). 

If BK1 goes to lockout during a reclose cycle (after BKCFD time), then BK2 will 
close as the follower. After timer 3PRCD (Three-Pole Reclaim Time Delay) 
expires, the recloser enters the reset state for BK2 (BK2RS). The recloser dynam-
ically recalculates the leader and follower circuit breakers. BK2 becomes the 
leader with Relay Word bits LEADBK2, FOLBK0, and NBK1 asserted (see 
Table 6.12). When BK2 becomes the leader, the recloser immediately issues the 
close command to BK2 and does not add any additional SPOID or 3POID inter-
val time.

                    

Example Three: BK2 as Conditional Follower
One method to program BK2 for closing only after a successful BK1 close is to 
set SLBK1/SLBK2/FBKCEN as in Table 6.13.

                    

Reset State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.14 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Table 6.12 Example Two: Final Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.13 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 52AA1

Table 6.14 Example Three: Reset State (Sheet 1 of 2)

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0
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79CY3 Cycle State

The autoreclose logic receives a three-pole initiation. Table 6.15 defines the logi-
cal state of the autoreclose logic for this example during the three-pole autore-
close cycle.

                    

BK2 closes as the follower when BK1 successfully closes (after timer TBBKD).

Lockout State

Circuit Breaker BK1 must close before Circuit Breaker BK2. If Circuit Breaker 
BK1 fails to close and goes to lockout, then Circuit Breaker BK2 goes to lockout 
as well because BK2 cannot close as the follower and cannot dynamically 
become the leader. Table 6.16 defines the logical state of the autoreclose logic for 
this example following the unsuccessful reclose attempt.

                    

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.14 Example Three: Reset State (Sheet 2 of 2)

Relay Word Bit Description Logical State

Table 6.15 Example Three: Three-Pole Cycle State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.16 Example Three: Lockout State, BK

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Example Four: Input Selection of Leader
Figure 6.4 illustrates a circuit breaker-and-a half configuration for this particular 
example. The leader and follower selection settings are shown in Table 6.17. Cir-
cuit Breaker BK1 is out of service for maintenance and Disconnect Switch 1 is 
open.

                    

                    

Table 6.18 defines the logical state of the autoreclose logic for this example prior 
to the initiation of an autoreclose cycle. These conditions are frozen during an 
autoreclose cycle. The relay autoreclose logic can unfreeze these conditions if the 
relay receives another initiation.

                    

Enable Autoreclose Logic for Two Circuit Breakers
Three-Pole Trip Circuit Breakers

The initial settings necessary to enable autoreclose for two three-pole trip circuit 
breakers are shown in Table 6.19.

Table 6.17 Leader/Follower Selection

Setting Label Setting

SLBK1 IN106 (Disconnect 1 a contacts)

SLBK2 IN107 (Disconnect 2 a contacts)

FBKCEN 0

                    

Figure 6.4 Leader/Follower Selection by Relay Input

Table 6.18 Two Circuit Breakers: Circuit Breaker BK1 Out of Service

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Bus 1

(Leader)

Line

to
IN106

to
IN107

Out of Service 
(maintenance)

Bus 2

BK2BK1
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Single-Pole Trip Circuit Breakers
The initial settings necessary to enable autoreclose for two single-pole trip circuit 
breakers are shown in Table 6.20. 

                    

Recloser Mode Enables
The SELOGIC control equations E3PRn and ESPRn set the relay for the three 
autoreclose modes. Table 6.21 and Table 6.22 illustrate how to enable the autore-
close modes per circuit breaker.

                    

Table 6.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applicable to products that support single-pole tripping and reclosing.

Breaker 1 Trip Type 3

BK2TYPa Breaker 2 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC Equation) IN101

Breaker 2 Inputs (Breaker Monitor)

52AA2 N/O Contact Input—BK2 (SELOGIC Equation) IN102

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.20 Two-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

BK2TYP Breaker 2 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Breaker 2 Inputs (Breaker Monitor)

52AA2 A-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN104

52AB2 B-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN105

52AC2 C-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN106

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 1 of 2)

E3PR1 ESPR1a Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK1. You can assign this setting to a control input. ESPR1 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK1. You can assign this setting to a control input.

When ESPR1 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK1. If ESPR1 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK1.

When E3PR1 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK1. If E3PR1 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK1 and the corresponding 
leader logic transfers automatically to Circuit Breaker BK2.

                    

E3PR2 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK2. You can assign this setting to a control input. ESPR2 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK2. You can assign this setting to a control input.

When ESPR2 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK2. If ESPR2 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK2.

When E3PR2 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK2. If E3PR2 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK2.

Assert one or all SELOGIC control equations E3PR1, E3PR2, ESPR1, and ESPR2 
according to your reclosing requirements.

For single-pole reclosing, set ESPR1 := 1 and set NSPSHOT to the desired num-
ber of single-pole reclose shots. For three-pole reclosing, set E3PR1 := 1 and set 
N3PSHOT for the desired number of three-pole shots. For both single-pole and 
three-pole reclosing, set ESPR1 := 1, E3PR1 := 1, and configure settings NSP-
SHOT and N3PSHOT for the desired number of reclose shots of each type (see 
Recloser Mode Enables on page 6.8).

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

a Only applicable to relays that support single-pole reclosing.

Table 6.22 Circuit Breaker BK2 Modes of Operation

E3PR2 ESPR2a

a Only applicable to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 2 of 2)

E3PR1 ESPR1a Result
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Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(Recloser Three-Pole Trip Enable), R3PTE1 (Circuit Breaker BK1 Recloser 
Three-Pole Trip Enable) and R3PTE2 (Circuit Breaker BK2 Recloser Three-Pole 
Trip Enable) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := R3PTE1 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := R3PTE2 Breaker 2 Three-Pole Trip (SELOGIC Equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing.

Enter enable settings ESPR1 and E3PR1 as appropriate for your application. By 
default, the relay is a single-pole tripping relay; that is, if E3PT is logical 0 and 
E3PT1 equals logical 0, the relay can single-pole trip Circuit Breaker BK1. If 
E3PT1 equals logical 1, the relay can only three-pole trip Circuit Breaker BK1. 
The same conditions apply to setting E3PT2 and Circuit Breaker BK2.

Table 6.23 summarizes the relay trip logic enable options.

                    

Relay Word bits R3PTE1 and R3PTE2 both equal logical 1 for any of the follow-
ing conditions when Global setting NUMBK (Number of Breakers in Scheme) is 
2 and SPLSHT (Single-Pole Last Shot) is asserted (see Figure 6.9):

➤ BK1TYP and BK2TYP equal 3 (Circuit Breaker 1 and Circuit 
Breaker 2 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Example 6.1 Conditional Three-Pole Tripping for Circuit Breaker BK2

Your system reclosing requirement is that Circuit Breaker BK2 always three-
pole trips, unless Circuit Breaker BK2 is the leader. (This occurs when Cir-
cuit Breaker BK1 is out of service.) Program SELOGIC control equation 
ESPR2 as follows:

ESPR2 := LEADBK2 AND BK1LO Single-Pole Reclose Enable—BK2 
(SELOGIC Equation)

Table 6.23 Trip Logic Enable Options

Enable Condition Circuit Breaker BK1 Circuit Breaker BK2

E3PT E3PT1 E3PT2
Single-

Pole Trip
Three-

Pole Trip
Single-

Pole Trip
Three-Pole 

Trip

0 0 0 x x

0 0 1 x x

0 1 0 x x

0 1 1 x x

1 0 0 x x

1 0 1 x x

1 1 0 x x

1 1 1 x x
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT, E3PT1, and E3PT2 via control inputs (for example):

E3PT := IN104 Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := IN105 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := IN106 Breaker 2 Three-Pole Trip (SELOGIC Equation)

Connect the external recloser single-pole trip output signal to IN104, the Circuit 
Breaker BK1 trip type signal to IN105, and the Circuit Breaker BK2 trip type sig-
nal to IN106. Other external recloser signals are required; consult the external 
recloser documentation for interconnection with the relay.

In installations where the external reclosing relay does not provide three-phase 
trip control signals, the TOP (Trip during Open-Pole) Relay Word bit can be used 
in the E3PT setting. This Relay Word bit will assert just after a single- or two-
pole trip, and remain asserted until the TOPD timer expires. If a new trip occurs 
during this time, the E3PT := TOP setting would then cause a three-pole trip. 

Autoreclose Logic Diagrams
                    
                    

Figure 6.5 Circuit Breaker Pole-Open Logic Diagram—Single-Pole Relays

NOTE: If E79 := N, the autoreclose 
logic is not processed and the resultant 
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Figure 6.6 Circuit Breaker Pole-Open Logic Diagrams—Three-Pole Relays

                    

Figure 6.7 Line-Open Logic Diagram When E79 := Y

                    

Figure 6.8 Line-Open Logic Diagram When E79 := Y1
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Figure 6.9 Single-Pole Reclose Enable
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Figure 6.10 Three-Pole Reclose Enable
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Figure 6.11 One Circuit Breaker Single-Pole Cycle State (79CY1)
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Figure 6.12 One Circuit Breaker Three-Pole Cycle State (79CY3)
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y

12

3

6

9

12

3

6

9

12

3

6

9

Is Leader Allowed
to Close (SPnCLS)?

12

3

6

9

Note: If BKnCLSD = OFF, the timer is disabled, and
requires SPnCLS to assert before issuing a Leader
Breaker CLOSE command.

To Beginning of 79CY1

Time Between
Breakers (TBBKD)

Recalculate NBKn,
Leader, and Follower

Timed
Out

SPARC

3PARC
79CY3

C

Yes
To Reclaim Stage

Does Follower
Have Single Pole Open?

B
No

NBK2NBK1

Breaker Close
Failure Timer (BKCFD)

Yes

Determine Active
Breakers in Scheme

No Timing

Did Leader Close?
(ULCLn Asserts)

A

Yes

Does Follower
Have Single Pole Open?

LBKCL

Yes

No

Issue Leader
CLOSE Command No

Lockout
(BKnLO)

NBK1

NBK2

Send Leader
to Lockout (BKnLO)

Determine Active
Breakers in Scheme

Timed
Out

Does Leader Have
a Single Pole Open?

Close
Supervision

Delay (BKnCLSD)

Timed
Out

Yes

No

Timing

Timed Out

Single Pole
Interval Timer (SPOID)

3PARC
79CY3 Yes

No

Has Leader or Follower
Opened Single Pole?

79CY1

79CY1

Freeze Leader, Follower,
and NBKn Calculations

SPARC

A



6.32

SEL-400 Series Relays Instruction Manual Date Code 20230830

Autoreclosing
Autoreclose Logic Diagrams

                    

Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y (Continued)
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1 (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)

12

3

6

9

12

3

6

9

12

3

6

9

To Beginning
of State

Yes
Note: If BKnCLSD = OFF, the
timer is disabled, and
requires 3PnCLS to assert
before issuing a Leader
Breaker CLOSE command.

To Beginning
of 79CY3

3PARC

BKR Close Failure
Timer (BKCFD)

D

To Reclaim
Stage

Lockout
(BKnLO)

Send Follower
to Lockout

Timed
Out

Timing
No

Yes

Has the Follower Closed?
(ULCLn Asserts)

Is the Leader in 
the Lockout State?

Yes

NoFBKCL

Follower Breaker
Close Supervision
Timer (BKnCLSD)

Timed Out, or 
3-Pole Reclosing

Disabled for
Follower Breaker

(E3PRn = 0)

D

FOLBKR = L/O

Issue Follower
CLOSE Command

Send Follower
to Lockout (BKnLO)

Leader To
Reclaim Stage

Timing

No

Yes
No

No

No

Yes

Lockout
(BKnLO)

Send Follower
to Lockout

Have Follower Close
Supervision Conditions

Been Met (3PnCLS)?

Is Follower Closing
Enabled (FBKCEN = 1)?

Is the Leader in 
the Lockout State?

Timed
Out

3PARC

3PARC D
To Beginning

of State

Time Between
Breaker (TBBKD)

To Reclaim
Stage

D

Yes No Yes

LEADBKR = L/O

Is the Follower Closed?

Determine Leader
and Send Leader
to Lockout State

To Reclaim
Stage

Is the Follower Closed?

NBK2NBK1

Determine Active
Breakers in Scheme

A C



6.40

SEL-400 Series Relays Instruction Manual Date Code 20230830

Autoreclosing
Manual Closing

Manual Closing
Manual closing is available via the relay to issue a close to the circuit breaker(s) 
via the same close logic outputs used in autoreclosing (Relay Word bits BK1CL 
and BK2CL for as many as two circuit breakers). The manual close logic can be 
user-configured in most any manner with SELOGIC settings BK1MCL and 
BK2MCL. Figure 6.17 is a flowchart of the manual close logic. This logic is 
enabled with Manual Closing enable setting EMANCL := Y.

Figure 6.17 only details the manual close logic for one circuit breaker (breaker 
BK1). The manual close logic for a second circuit breaker (breaker BK2), if 
enabled (Global setting NUMBK := 2), is similar. The only difference between 
the breaker BK1 and breaker BK2 manual close logic in Figure 6.17 is the substi-
tution of settings and logic outputs (BK2MCL for BK1MCL, ULCL2 for 
ULCL1, etc.). A manual close is issued for breaker BK1 if all of the following are true:

➤ A new manual close signal for breaker BK1 is detected (rising-edge 
assertion of SELOGIC setting BK1MCL)

➤ No unlatch close conditions are present (SELOGIC setting ULCL1 
deasserted)

➤ No close is presently in progress for breaker BK1 (Relay Word bit 
output BK1CL is deasserted)

If a manual close is successfully issued for breaker BK1, then:

➤ Close logic output BK1CL asserts

➤ The close failure timer starts timing

                    

Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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If breaker BK1 closes successfully, then:

➤ The unlatch close condition asserts (indicating breaker closure)

➤ Close logic output BK1CL deasserts

If breaker BK1 does not close successfully, then:

➤ The close failure timer times out (Relay Word bit BK1CFT asserts 
momentarily)

➤ Close logic output BK1CL deasserts

Note in Figure 6.17 that if breaker BK1 manual close logic is actively operating 
(as described in the preceding steps), then breaker BK2 manual close logic can-
not be actively operating. Breaker BK2 manual close logic only has a chance to 
operate if breaker BK1 manual close logic is not actively operating and two 
breakers are enabled for the scheme (Global setting NUMBK := 2). Thus, manual 
closing can only be attempted for one breaker at a time.
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Figure 6.17 Manual Close Logic

START

Manual Close Logic Enabled?

EMANCL := Y

Assert Close Output
(BK1CL := 1)

Load Breaker Close Failure Timer
With Value of BKCFD

Unlatch Close Output?
(ULCL1 := 1 ?)

Deassert Close Output
(BK1CL := 0)

END

Number of Breakers
in Scheme?

NUMBK := ?

Decrement Breaker
Close Failure Timer

Assert Breaker Close
Failure output
(BK1CFT := 1)

Breaker BK1Y

Y

N

Y

Y

N

N

N

1

Breaker BK2

From Breaker BK2 logic

Breaker 2 Manual Close Logic Similar to Breaker 1

Breaker Close Failure
Timer Timed Out ?

New Manual Close signal
and

No Unlatch Close Condition
and

No Close in Progress?

(BK1MCL and Not (ULCL1)
and Not (BK1CL))

2



6.43

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Autoreclosing
Voltage Checks for Autoreclosing and Manual Closing

Voltage Checks for Autoreclosing and Manual Closing
Voltage elements are available for a final check of line and bus voltages before an 
autoreclose or manual close is issued. These voltage elements and corresponding 
pickup settings are enabled with Reclosing Voltage Check enable setting 
EVCK := Y. Figure 6.18 shows the application of these voltage elements and 
Figure 6.19 and Figure 6.20 show their implementation. Check voltages for 
arrangements of as many as two circuit breakers (Global setting NUMBK := 2), 
as shown in Figure 6.18. If the relay is only connected to a single breaker (Global 
setting NUMBK := 1), then settings 27BK2P and 59BK2P and their associated 
elements (LLDB2, DLDB2, and DLLB2) are not available.

Voltages VS1 and VS2 in Figure 6.18, Figure 6.19, and Figure 6.20 are popu-
lated by the synchronism-check settings. For VS1 and VS2, the voltages are 
determined by the corresponding SYNCS1, ASYNCS1, and ALTS1 settings for 
VS1, and the SYNCS2, ASYNCS2, and ALTS2 settings for VS2. When 
EISYNC := N, Figure 6.19 logic is active and VP is determined by the SYNCP 
setting. When EISYNC := Y, Figure 6.20 logic is active and VP1 is the Breaker 1 
synchronism-check polarizing voltage determined by the SYNCP1, ASYNP11, 
ASYNP12, ALTP11, and ALTP12 settings, and VP2 is the Breaker 2 synchro-
nism-check polarizing voltage determined by the SYNCP2, ASYNP21, 
ASYNP22, ALTP21, and ALTP22 settings. Review details of synchronism 
checking in the Protection section of the desired product-specific instruction 
manual. 

When EISYNC := N, the pickup settings in Figure 6.19 are made on the VP volt-
age base. VP is the voltage reference for voltage angle and magnitude. Only volt-
age magnitude is of concern for the settings in Figure 6.19, not voltage angle.

When EISYNC := Y, pickup settings 27LP and 59LP in Figure 6.20 are not 
breaker-independent and must be made to take into account both the VP1 
(Breaker 1) and VP2 (Breaker 2) voltage bases. Take into account any compen-
sating factors by using the synchronism-check logic; review details of synchro-
nism checking in Section 5: Protection Functions in the product-specific 
instruction manual for the impact of compensating factors and active, alternative 
polarizing voltages.

Figure 6.18 implies that three-phase voltage is available from the line PTs. But, 
resultant voltage VP corresponds to only one phase of this three-phase voltage 
(e.g., setting SYNCP = VAY; VP is the normalized voltage from voltage input 
VAY). All the voltage elements in Figure 6.19 are single-phase voltage elements, 
detecting live or dead voltage on the bus side with a single-phase voltage ele-
ment, and likewise on the line side.

Whether or not synchronism-check logic is used, it still has to be enabled for the 
respective breaker (E25BK1 := Y, Y1, or Y2 and E25BK2 := Y, Y1, or Y2) to 
allow the corresponding voltage source selection settings to be made.

Live Line/Live Bus
Note in Figure 6.18 that live line/live bus is not available for either circuit 
breaker. Voltage elements 59VP, 59VS1, and 59VS2, described in the 
Section 5: Protection Functions of the desired product-specific instruction man-
ual, are available for such a function (e.g., 59VP AND 59VS1 for live line/live bus 1).

NOTE: For SV subscriber and TiDL 
relays, logic that includes the LLDB1, 
DLLB1, DLDB1, LLDB2, DLLB2, DLDB2 
Relay Word bits must be supervised 
with logic that ensures that the line 
and bus voltages are OK. For example, 
LLDB1 AND (NOT(VYBK OR VZBK)).
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Supervising Circuit Breaker Closing with Voltage Checks
Supervising Autoreclosing

For a fault on the line in Figure 6.18, both breakers trip open and the lead breaker 
recloses first. For example, presume the lead breaker closes only if its respective 
bus is live and the line is dead (dead line/live bus; see Figure 6.18). Then, after 
successful reclose of the lead breaker, the follower breaker closes on synchro-
nism check. Such reclose supervision logic is realized as follows for respective 
breakers BK1 and BK2:

3P1CLS := LEADBK1 AND DLLB1 OR FOLBK1 AND 25A1BK1 OR …

3P2CLS := LEADBK2 AND DLLB2 OR FOLBK2 AND 25A1BK2 OR …

Note that the lead breaker and follower breaker supervision (Relay Word bits 
LEADBKn and FOLBKn, respectively) provides dynamic control for reclose 
supervision. One, but not both, of the breakers can reclose for a dead line/live bus 
condition (lead breaker), while the other then closes for a synchronism-check 
condition (follower breaker).

Supervising Manual Closing

Voltage checks can also be used to supervise manual closing. For example, pre-
sume that manual closing of breaker BK1 (Figure 6.18) should not be allowed if 
the respective bus is dead (dead line/dead bus or live line/dead bus condition):

BK1MCL := NOT(DLDB1 OR AND LLDB1) AND (…)
                    
                    

Figure 6.18 Voltage Check Element Applications

NOTE: This is an example application 
with EISYNC := N.
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Figure 6.19 Voltage Check Element Logic (EISYNC := N)

                    

Figure 6.20 Voltage Check Element Logic (EISYNC := Y)

NOTE: Active logic when EISYNC := N.
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Settings and Relay Word Bits for Autoreclosing and Manual 
Closing

See the product-specific instruction manual Group Settings tables related to 
Reclose under the Settings section for a complete list of all autoreclose related 
settings. Table 6.24 provides all of the Relay Word bits for autoreclosing.

                    

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 1 of 2)

Name Description

BK1RS Breaker 1 in Reset State

BK2RS Breaker 2 in Reset State

79CY1a Relay in Single-Pole Reclose Cycle State

79CY3 Relay in Three-Pole Reclose Cycle State

BK1LO Breaker 1 in Lockout State

BK2LO Breaker 2 in Lockout State

SPARCa Single-Pole Reclose Initiate Qualified

SPOISCa Single-Pole Open Interval Supervision Condition

SPOIa Single-Pole Open Interval Timing

SPSHOT0a Single-Pole Shot Counter = 0

SPSHOT1a Single-Pole Shot Counter = 1

SPSHOT2a Single-Pole Shot Counter = 2

SPLSHTa Single-Pole Reclose Last Shot

SPRCIPa Single-Pole Reclaim In-Progress

3PARC Three-Pole Reclose Initiate Qualified

3POISC Three-Pole Open Interval Supervision Condition

3POI Three-Pole Open Interval Timing

3PSHOT0 Three-Pole Shot Counter = 0

3PSHOT1 Three-Pole Shot Counter = 1

3PSHOT2 Three-Pole Shot Counter = 2

3PSHOT3 Three-Pole Shot Counter = 3

3PSHOT4 Three-Pole Shot Counter = 4

3PLSHT Three-Pole Reclose Last Shot

3PRCIP Three-Pole Reclaim In-Progress

SPOBK1a Single-Pole Open Breaker 1

2POBK1a Two Poles Open Breaker 1

3POBK1 Three-Pole Open Breaker 1

SPOBK2a Single-Pole Open Breaker 2

2POBK2a Two Poles Open Breaker 2

3POBK2 Three-Pole Open Breaker 2

3POBK1 Three-Pole Open Breaker 1

3POLINE Three-Pole Open Line

R3PTE Three-Pole Tripping and Reclosing Only

R3PTE1 Recloser Three-Pole Trip Enable -BK1
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R3PTE2 Recloser Three-Pole Trip Enable -BK2

BK1CL Breaker 1 Close Command

BK2CL Breaker 2 Close Command

BK1CLST Breaker 1 Close Supervision Delay Timed Out

BK2CLST Breaker 2 Close Supervision Delay Timed Out

BK1CFT Breaker 1 Close Failure Delay Timed Out

BK2CFT Breaker 2 Close Failure Delay Timed Out

BK1CLSS Breaker 1 in Close Supervision State

BK2CLSS Breaker 2 in Close Supervision State

BK1EXT Breaker 1 Closed Externally

BK2EXT Breaker 2 Closed Externally

BK1RCIP BK1 Reclaim in Progress

BK2RCIP BK2 Reclaim in Progress

79STRT Relay in Start State

TBBK Time Between Breakers Timing

LEADBK0 No Leader Breaker

LEADBK1 Leader Breaker = Breaker 1

LEADBK2 Leader Breaker = Breaker 2

FOLBK0 No Follower Breaker

FOLBK1 Follower Breaker = Breaker 1

FOLBK2 Follower Breaker = Breaker 2

NBK0 No Breaker Active in Reclose Scheme

NBK1 One Breaker Active in Reclose Scheme

NBK2 Two Breakers Active in Reclose Scheme

LLDB1 Live Line—Dead Bus 1 (59L AND 27BK1)

DLLB1 Dead Line—Live Bus 1 (27L AND 59BK1)

DLDB1 Dead Line—Dead Bus 1 (27L AND 27BK1)

LLDB2 Live Line—Dead Bus 2 (59L AND 27BK2)

DLLB2 Dead Line—Live Bus 2 (27L AND 59BK2)

DLDB2 Dead Line—Dead Bus 2 (27L AND 27BK2)

a Only applicable to products that support single-pole reclosing.

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 2 of 2)

Name Description
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Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane
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Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy
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Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(a)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(b)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(c)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

0 5 10 15 Time
(minutes)

0 5 10 15 Time
(minutes)

(d)



7.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Metering
Demand Metering

Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Excess kA 
Interrupted

Deviations in Station 
Battery Voltages

Station Battery Voltages

Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings
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Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=
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Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip

All Poles Closed All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

TBC
TCA

TAB
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)
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Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.
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Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service

Chassis
Ground

Power

Battery 
Charger

125 Vdc

Relay

Comm.
Equipment

+

–

Vdc 1
–

+

Vdc 2
–

+
Battery 
Charger

48 Vdc

Power
+

–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57
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trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual
S E C T I O N 9

Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.
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Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)
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TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)
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Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times

PRE

LER

Event Trigger

NOTE: Relays with DSS technology 
adjust COMTRADE files automatically 
by the channel delay associated with 
the DSS technology used. This allows 
for comparison with COMTRADE files 
gathered from traditional, non-DSS 
relays. CEV files, however, retain the 
channel delay because those files 
show how the relay operated based on 
the received signals. 
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.



9.15

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Reporting
Event Reports, Event Summaries, and Event Histories

By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...

IN201
#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)
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Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.



10.6

SEL-400 Series Relays Instruction Manual Date Code 20230830

Testing, Troubleshooting, and Maintenance
Testing Features and Tools

Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment

SEL-487B

Mod.stVal = Test/Blocked

SV1_Test
SV2_Test

Sim.stVal = TRUE

SV1

TCTR2

XCBR1

PTRC

PDIF

SV2

CB1 CB3

CB4CB2

GOOSE 1GOOSE 1

TCTR5

XCBR3

SEL-401 #1 SEL-401 #3

Test Set

Not Processed Processed

Physical output
is blocked

Logical Connections

Physical Connections

                    

Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message
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model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution



10.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Relay Troubleshooting

                    

Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block

Connector
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Time and Date Management

The SEL-400 series relays can determine the time from a variety of sources, 
including IRIG-B, Precision Time Protocol (PTP) (IEEE 1588), SNTP, DNP3, 
MIRRORED BITS, terminal TIME and DATE commands, and HMI settings. 
(Refer to the appropriate sections in the product-specific instruction manual to 
learn about using these various time sources.) Most of these sources provide only 
an approximate measure of time. For high-accuracy time synchronization, which 
is needed to support synchrophasors and to ease comparison of system-wide 
events, a high-accuracy time source must be provided, such as IRIG-B with 
C37.118 extensions or PTP with power system profile. This section focuses on 
issues related to high-accuracy timekeeping. The relay records power system 
events with very high accuracy when you provide high-accuracy clock input sig-
nals. Relays placed at key substations can give you information on power system 
operating conditions in real time.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

Based on the high-accuracy time input, the relay calculates synchrophasors for 
currents and line voltages (for each phase and for positive-sequence), as specified 
in IEEE C37.118, Standard for Synchrophasor Measurements for Power Sys-
tems. You can then perform detailed analysis and calculate load flow from the 
synchrophasors. See Section 18: Synchrophasors for more information about 
phasor measurement functions in the relay.

This section presents details on these measurements as well as suggestions for 
further application areas. The topics of this section are the following:

➤ IRIG-B Timekeeping on page 11.1

➤ PTP Timekeeping on page 11.2

➤ Time Source Selection on page 11.5

➤ Time Quality Indications on page 11.5

➤ Time-Synchronized Events on page 11.10

IRIG-B Timekeeping
The relay is capable of high-accuracy timekeeping when supplied with an 
IRIG-B signal. When the supplied clock signal is sufficiently accurate, the relay 
can act as a phasor measurement unit (PMU) and transmit synchrophasor data 
representative of the power system at fixed time periods to an external data pro-
cessor. The relay can also record COMTRADE event report data by using the 
high-accuracy time stamp.

The relay has two input connectors that accept IRIG-B demodulated time-code 
format: the IRIG-B pins of serial PORT 1, and the IRIG-B BNC connector. See 
Section 2: Installation in the product-specific instruction manual for more infor-
mation on connecting these inputs.
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The IRIG-B inputs can be used for high-accuracy timekeeping purposes with as 
high as 1 s accuracy with an appropriate time source. See Table 11.1 for relay 
timekeeping mode details.

                    

Only one IRIG-B time source can be used by the relay, and the signal connected 
to the IRIG-B BNC connector takes priority over the serial PORT 1 IRIG-B pins. If 
a signal is detected on the IRIG-B BNC input, the IRIG-B pins of serial PORT 1 
will be ignored, unless the serial PORT 1 IRIG-B has better quality than the BNC input.

The relay determines the suitability of the IRIG-B signal connected to the BNC 
connector for high-accuracy timekeeping by applying two tests:

➤ Measuring whether the jitter between positive-transitions (rising 
edges) of the clock signal is less than 500 ns.

➤ Decoding the time-error information contained in the IRIG-B control 
field and determining that analog quantity TQUAL is less than 10–6 
seconds (1 s).

If a valid source is detected on the BNC or serial port IRIG inputs, BNC_TIM 
and BNC_OK or SER_TIM and SER_OK will be set, respectively.

PTP Timekeeping
In addition to IRIG-B, Precision Time Protocol (PTP), as specified in IEEE 
1588-2008, can be used for high-accuracy timekeeping. The relay can only be 
synchronized by a grandmaster on the PTP timescale, not an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative proce-
dure and can change at any time during normal operation. The PTP timescale 
uses the PTP epoch of January 1 1970 00:00:00 TAI (International Atomic 
Time), which corresponds to December 31 1969 23:59:51.999918 UTC (Coordi-
nated Universal Time). Its unit of time is the SI second and accounts for leap sec-
onds. 

The offset between TAI and UTC time is included in the PTP announce message, 
along with a flag that indicates whether or not the offset is valid. The relay will 
use the offset sent by the Grand Master (GM) clock to determine UTC time 

NOTE: The SEL-2407 Satellite-
Synchronized Clock meets both the 
relay accuracy and IEEE C37.118 
requirements for a high-accuracy time 
source.

Table 11.1 Relay Timekeeping Modes

Item Internal Clock IRIG HIRIG (or High-Accuracy IRIG) PTP HPTP

Best accuracy 
(condition)

Depends on 
last method of 
setting, or syn-
chronizationa

500 µs (when time-
source jitter is less 
than 3 ms)

1 µs (when time-source jitter is 
less than 500 ns, and time-error 
is less than 1 µs)b

Determined by PTP 
master (Master clock 
sync and announce 
interval <= 4 s) 

1 µs (Master clock 
sync and announce 
interval <= 4 s, and 
TQUAL <1 µs)

IRIG-B connec-
tion required

None BNC connector (pre-
ferred), or serial PORT 1

BNC connector (preferred), or 
serial PORT 1

PTP time source 
connected

PTP time source 
connected

Relay Word bits TIRIG = 0
TSOK = 0
BNC_TIM = 0
SER _TIM = 0
BNC_OK = 0
SER_OK = 0
TLOCAL = 0
TGLOBAL = 0

TIRIG = 1
TSOK = 0
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 1
TGLOBAL = 0

TIRIG = 1
TSOK = 1
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 0
TGLOBAL = 1

TPTP = 1
TSOK = 0
TLOCAL = 1
TGLOBAL = 0
PTP_OK = 1

TPTP = 1
TSOK = 1
TLOCAL = 0
TGLOBAL = 1
PTP_OK = 1

a The internal clock in the relay can be synchronized via SNTP, DNP3, SEL-2030 Communications Processor, or MIRRORED BITS communications.
b The time source must include the IEEE C37.118 IRIG-B control bit assignments and the Global setting IRIGC must be set to C37.118 to provide 

the time-error estimate for the clock. In products that support line-current differential protection, the jitter requirement for HIRIG is 50 ns.

NOTE: If the time-code signal 
connected to the BNC connector 
degrades in quality, the relay will not 
switchover to the IRIG-B pins of serial 
PORT 1. The relay will only switch to 
serial PORT 1 if the signal on the BNC 
connector completely fails or the 
accuracy is better on serial PORT 1 than 
on the BNC input (e.g., the cable is 
unplugged).

NOTE: The SEL-487V does not 
support PTP.
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regardless of validity. Because of this, all SEL devices (and other slave devices 
that share this behavior) synchronized with the GM will retain relational accuracy 
with each other even if, in certain cases, the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the C37.238 profile). In accordance with IEEE 1588-2008 16.3.3.4, 
this value must include the TAI to UTC offset to reflect local time at the node, or 
slave device. If the relay receives a TAI to Local offset value that does not include 
the TAI to UTC offset, it may incorrectly calculate UTC and Local time. Also, if 
the announce message does not include the TAI to Local offset value, the relay 
will use its configured Time and Date settings (UTCOFF, BEG_DST, and 
END_DST) to calculate local time. This is one reason that the relay Time and 
Date settings must match the settings in the GM clock, or devices that are syn-
chronized may have issues with time-alignment.

To use PTP, the relay part number must include the Ethernet card option that sup-
ports PTP and PTP must be enabled in PORT 5 settings and properly configured. 
The relay must be connected to a network containing an appropriate PTP master, 
and all intervening switches must be IEEE 1588 aware. For SEL-400 series 
relays with a two- or four-port Ethernet card, PTP is only available on Ethernet 
PORT 5A and PORT 5B. For SEL-400 series relays with the five-port Ethernet card, 
PTP is available on either Ethernet PORT 5A and PORT 5B or PORT 5C and PORT 5D. 
PTPPORT is an analog quantity that can be used to identify the active port. 
PTPPORT = 1 if PORT A is the active port, PTPPORT = 2 if PORT B is the active 
port, PTPPORT = 3 if PORT C is the active port, PTPPORT = 4 if PORT D is the 
active port, and PTPPORT = 0 if PTP is not synchronized. See Precision Time 
Protocol (PTP) on page 15.17 for more information on configuring the relay and 
the Ethernet network for PTP.

To achieve basic synchronization to PTP, the master clock sync and announce 
interval must not exceed four seconds. The Relay Word bit PTP_TIM indicates 
that this basic level of synchronization has been achieved. If the network is not 
introducing excessive jitter in the time-synchronized messages, PTP_OK will be 
set indicating the presence of time synchronization. The analog quantity PTPSTEN 
can be used to indicate the state of the PTP port as follows: 1 = Initializing, 
2 = Faulty, 3 = Disabled, 4 = Listening, 8 = Uncalibrated, 9 = Slave.

PTP Over PRP Networks
SEL-400 series relays support PTP time synchronization over a PRP network. 
When the relay operates in this network mode, the default, C37.238, and 
61850-9-3 PTP profiles are available. When using PTP time synchronization over 
a PRP network, you must use the LAYER2 option for the PTP transport mecha-
nism setting PTPTR.

The SEL-400 series relays support PTP time synchronization over Parallel 
Redundancy Protocol (PRP) networks. In a PRP network, a dual attached node 
(DAN) receives a pair of duplicated packets.

PTP messages that transverse through two distinct networks suffer a different 
amount of delays. Figure 11.1 shows that path delays via LAN A and LAN B are 
different. These delays include link delays and residence time. PTP-capable 
Ethernet switches in these LANs should update PTP messages with the actual 
residence time and request/reply to path delay messages. It should not alter PTP 
messages by appending RCTs. The dual attached slave clock receives two differ-
ent sets of PTP messages, as shown in Figure 11.1. The two ports independently 
determine its port state.

NOTE: The relay processes PTP 
messages with or without RCTs.
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The relay can only synchronize to one PTP grandmaster clock. If two PTP mas-
ters are available, the SEL-400 series relays use the Best Master Clock Algorithm 
(BMCA) to select the best PTP master on LAN A and selects the best PTP master 
on LAN B. It further selects the best master between LAN A and LAN B based 
on each PTP master's BMCA characteristics and the locally derived offsets 
between the relay and the BMCA-selected master. If the BMCA-selected master 
is less than or equal to 1 s, the relay synchronizes itself with the BMCA-
selected master time information. Otherwise, the relay uses the time information 
from the LAN A master if the LAN B master has locally derived offsets less than 
or equal to 1 ms. If not, the relay continues using the BMCA-selected master. The 
SEL-400 series relays use the analog quantity PTPPORT to indicate the port to 
which the relay is synchronized. If PTPPORT = 1, the relay is synchronized to 
the best PTP master on Ethernet PORT 5A. If PTPPORT = 2, the relay is synchro-
nized to the best PTP master on Ethernet PORT 5B. If PTPPORT = 3, the relay is 
synchronized to the best PTP master on Ethernet PORT 5C. If PTPPORT = 4, the 
relay is synchronized to the best PTP master on Ethernet PORT 5D. The ASCII 
command COM PTP also displays the port status in COM PTP on page 14.14. If 
a port is selected to synchronize the relay, the port status is ACTIVE; otherwise, 
it is PASSIVE.

                    

Figure 11.1 PTP Time Synchronization Over a PRP Network

LAN A LAN B

Master Clock A Master Clock B

Port A Port B

Residence Time Residence Time

Ordinary Clock

Transparent Clock Transparent Clock

SEL-400 Series Relay

Delay_Req_A Delay_Req_B

Link Delay Link Delay

Announce_A Announce_B

Sync_A

Follow_up_BFollow_up_A

Sync_B

Delay_Resp_BDelay_Resp_A

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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Time Source Selection
IRIG-B via BNC connection, IRIG-B via serial PORT 1 , and PTP can all be con-
nected to the relay. Each of these can provide a high-quality time value. The relay 
selects between these sources by using the following priority scheme:

1. IRIG-B BNC high quality (BNC_OK = 1)

2. IRIG-B serial port high quality (SER_OK = 1)

3. PTP high quality (PTP_OK = 1)

4. PTP nominal quality (PTP_TIM = 1)

5. IRIG-B BNC nominal quality (BNC_TIM = 1)

6. IRIG-B serial port nominal quality (SER_TIM = 1)

The TIME command indicates what source is being used. This is also available 
in the analog quantity CUR_SRC as shown in Table 11.2.

                    

If IRIG-B and PTP are not available, then the time can be set via any low-priority 
time source: SNTP, DNP3, TIME and DATE commands, front-panel set date/
time, and extended MIRRORED BITS.

Time Quality Indications
Analog Quantities and Relay Word Bits

You can check the status of timekeeping by checking the relevant analog quanti-
ties or Relay Word bits. Once a time source is connected, wait at least 20 seconds 
to allow for a solid synchronization to take place.

If you are using a time source that provides time-quality information (IRIG-B 
with C37.118 or PTP), then the presently reported time quality is available via 
the TQUAL analog quantity and the TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits. Table 11.3 and Table 11.4 show how these are 
encoded for IRIG and the three supported PTP Profiles.

                    

Table 11.2 CUR_SRC Encoding

Source  CUR_SRC value

BNC IRIG-B 1

Serial Port IRIG-B 2

PTP 4

None of the above 8

Table 11.3 Time Quality Encoding (IRIG) (Sheet 1 of 2)

IRIG

Master Clock Accuracy (ns) TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Clock failure, time not reliable 1 1 1 1 Unknowna

10 seconds 1 0 1 1 10

1 second 1 0 1 0 1

100 milliseconds 1 0 0 1 0.1

10 milliseconds 1 0 0 0 0.01
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PTP supports Default profile, C37.238 Power Profile, and IEC/IEEE 61850-9-3 
Power Utility Automation Profile, which is set by the PORT 5 setting PTPPRO. 
PTP reports the time quality through TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits, which are the same bits used if IRIG-B is the time 
source. If PTPPRO = DEFAULT or 61850-9-3, the time quality is reported based 
only on the accuracy of the master clock. If PTPPRO = C37.238, the time quality 
is reported based on the accuracy of the master clock (Grandmaster timeinaccu-
racy) plus the inaccuracy of the network (Network timeinaccuracy). For this pro-
file, if either Grandmaster timeinaccuracy or Network time-inaccuracy is the 
maximum value, the relay will set all TQUAL bits to 1.

NOTE: If the Global setting IRIGC is 
changed from NONE to C37.118, the 
relay asserts TGLOBAL before 
completely assessing the time-
synchronization state. The 
assessment completes and TGLOBAL 
has the correct value approximately 5 
seconds after you make such a 
settings change.

If the relay is synchronized to an IRIG-B or PTP time source, the TSYNC bit will 
be set. If the quality of this synchronization is 1 s or better, then TSOK is set, 
indicating this bit has sufficient accuracy for synchrophasors. TGLOBAL will 
assert if a high-accuracy source is being used and the source indicates it is pro-
viding 1 s or better accuracy, and the Global setting IRIGC = C37.118 for BNC 
IRIG applications. Refer to Figure 11.3 for TLOCAL qualifying criteria.

1 millisecond 0 1 1 1 0.001

100 microseconds 0 1 1 0 0.0001

10 microseconds 0 1 0 1 0.00001

1 microsecond 0 1 0 0 0.000001

100 nanoseconds 0 0 1 1 0.0000001

10 nanoseconds 0 0 1 0 0.00000001

1 nanosecond 0 0 0 1 0.000000001

a The relay reports the 32-bit float limit (i.e., 3.40282347E+38).

Table 11.4 Time Quality Encoding (PTP)

PTP Profile (PTPPRO = DEFAULT, C37.238, 61850-9-3)

Time_inaccuracy = Grandmaster timeinaccuracy + Network 
timeinaccuracy (ns)a

a This only applies to C37.238.

TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Grandmaster timeinaccuracy  4294967295 or Network
timeinaccuracy  4294967295a

1 1 1 1 Grandmaster 
timeinaccuracy

+

Network 
timeinaccuracya

1,000,000,000  time_inaccuracy < 10,000,000,000 1 0 1 1

100,000,000  time_inaccuracy < 1,000,000,000 1 0 1 0

10,000,000  time_inaccuracy < 100,000,000 1 0 0 1

1,000,000  time_inaccuracy < 10,000,000 1 0 0 0

100,000  time_inaccuracy < 1,000,000 0 1 1 1

10,000  time_inaccuracy < 100,000 0 1 1 0

1,000  time_inaccuracy < 10,000 0 1 0 1

100  time_inaccuracy < 1,000 0 1 0 0

10  time_inaccuracy < 100 0 0 1 1

1  time_inaccuracy < 10a 0 0 1 0

time_inaccuracy = 0a 0 0 0 0

Table 11.3 Time Quality Encoding (IRIG) (Sheet 2 of 2)

IRIG
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As an example of checking IRIG status, use the command TAR TIRIG to view 
the relevant Relay Word bits, as shown in Figure 11.2. Only the state of the 
TIRIG and TSOK Relay Word bits are discussed in the troubleshooting steps 
below. The other Relay Word bits of interest to this discussion are TUPDH, 
which indicates that the relay internal clock is presently being updated by the 
HIRIG source, TSYNCA, which acts as an alarm bit that asserts when the relay is 
not synchronized to either an internal or an external source. TSYNCA will only 
assert briefly when the HIRIG time source is connected or disconnected.
                    

The TIRIG and TSOK Relay Word bits should be asserted (logical 1), indicating 
that the relay is in the high-accuracy IRIG timekeeping mode (HIRIG).

If TSOK is not asserted, but TIRIG is asserted, the relay is in regular IRIG time-
keeping mode. Following is a list of possible reasons for not entering HIRIG mode:

➤ The IRIG-B clock does not use the IEEE C37.118 control bit 
assignments, or the IRIG-B signal is not of sufficient accuracy.

➤ The termination resistor, required by some IRIG clocks, is not installed.

➤ The time-source clock is reporting that its time error is greater than 1 s.

If neither TSOK nor TIRIG is asserted, the relay is not in an IRIG time-source 
mode. Following is a list of possible reasons for not entering IRIG mode:

➤ The IRIG-B clock signal is improperly configured.

➤ The termination resistor, required by some IRIG clocks, is not installed.

NOTE: At startup, TPTP can assert 
as fast as 1.5 seconds after PTP_TIM 
asserts.

TBNC asserts when BNC IRIG is used to update the relay master time. Likewise, 
TSER asserts when serial IRIG is selected and TPTP asserts when PTP is the 
active source updating the relay master time. At any given time, only one of these 
three bits can equal logical 1.

Global Time Source vs Local Time Source
An SEL-400 series relay indicates that it is synchronized with either a global or 
local time source according to the logic as shown in Figure 11.3. When 
CUR_SRC is IRIG or PTP and TSOK is asserted, the relay determines the status 
of TGLOBAL or TLOCAL following the logic diagram in Figure 11.3. 

=>TAR TIRIG <Enter>

*       *       TIRIG   TUPDH   TSYNCA  TSOK    PMDOK   FREQOK
0       0       1       1       0       1       1       0
=>

Figure 11.2 Confirming the High-Accuracy Timekeeping Relay Word Bits
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TIME Q Command
The TIM Q command provides details about relay timekeeping (see Table 11.3 
and Table 11.4). The internal clock of the relay is initially calibrated at the SEL 
factory. An external IRIG or PTP source is required to eliminate clock drift. The 
Time Source field provides the present high-accuracy timing input source; 
entries for this line are HIRIG, IRIG, HPTP, PTP, or OTHER. The Last Update 
Source reports the source from which the relay referenced the last time value 
measurement. Entries for this line can be high-priority or low-priority sources. 
Table 11.5 lists the possible Last Update Source values for the relay.
                    

                    

                    

Figure 11.3 TLOCAL and TGLOBAL Logic

5 S

CUR_SRC = IRIG
TSYNC

IRIGC = C37.118

Holdover Timer TLOCAL

TGLOBAL

TQUAL  1 �s

5 S

CUR_SRC = PTP
TSYNC Holdover Timer

TQUAL  1 �s

master_clock_class = 6

master_clock_class = 7

=>>TIM Q <Enter>

Relay 1                                    Date: 03/17/2023 Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP
Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

=>>

Figure 11.4 Sample TIM Q Command Response

Table 11.5 Date/Time Last Update Sources (Sheet 1 of 2)

Time Input Source Mode Priority Time Source

HIRIG High Time/date from the high-accuracy IRIG-B input

SNTP Low Simple Network Time Protocol

IRIG High Time/date from the IRIG-B format time base signal

HPTP High Time/date from a high-accuracy PTP source

PTP High Time/date from a PTP source

DNP Low Time/date from the DNP3 communications port

MIRRORED BITS Low Time/date from the Mirrored Bit port

SNTP Low Time/date from SNTP server
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The Time Mark Period value indicates the instantaneous period in which the 
relay measures the time-source inputs. The relay displays the time mark periods 
showing the present time precision derived from the applied time-source signals.

The TIME Q command is also helpful for troubleshooting IRIG and PTP prob-
lems. If the Time Mark Period value changes significantly between successive 
TIME Q commands, there may be too much noise in the time signal for the relay 
timekeeping function.

Adaptive Internal Clock Period Adjustment
The Internal Clock Period, as shown in the TIME Q command response in 
Figure 11.4, is the internal relay timekeeping period. The relay adjusts this mas-
ter internal clock when you apply HIRIG or HPTP mode timekeeping, adapting 
the internal relay clock for your installation temperature conditions. If you lose 
the timing lock, the relay internal clock operates at this precisely adapted clock 
period until HIRIG or HPTP mode is restored. Time tags for event reports during 
a loss of high-accuracy timekeeping remain very accurate. Lower-accuracy time 
sources do not adaptively adjust the internal relay clock period.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained by 
the device as well as statistics for the measured time offsets with the parent (mas-
ter) clock. The PTP data sets contain information about the state, identity, and 
configuration of the local, parent, and grandmaster clocks in addition to proper-
ties of the time being distributed by the grandmaster clock. See COM PTP on 
page 14.14 for more information on this command.

Daylight-Saving Time (DST)
The status of DST time can be determined by one of three possible high-priority 
sources (BNC, SER, or PTP). The daylight-saving time pending Relay Word bit 
(DSTP) is valid only when IRIG is the active source. When PTP is selected, it 
sets the DSTP bit to zero at all times. If no high-priority source with daylight-
saving time information is available, the DST bit is determined based on the 
BEG_DST and END_DST Global settings.

When using PTP as the Time Synchronization source, the PTP master may not 
provide valid DST information as the relay powers up. To ensure the relay pow-
ers up with the correct time when synced to a PTP source, you must ensure that 
the relay Time and Date Management settings and the PTP master configuration 
are in agreement.

ASCII TIME Low Time from the relay serial ports

ASCII DATE Low Date from the relay serial ports

NONV CLK Low Time/date from the nonvolatile memory clock

FRONT PANEL TIME Low Time from the front-panel TIME entry screen

FRONT PANEL DATE Low Time from the front-panel DATE entry screen

Table 11.5 Date/Time Last Update Sources (Sheet 2 of 2)

Time Input Source Mode Priority Time Source
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Time-Synchronized Events
Time-Synchronized Triggers

You can program the relay to perform data captures at specific times. Relays that 
are time-locked by using HIRIG mode provide high-accuracy time-synchronized 
data captures. When you use this method on multiple relays, the actual trigger 
times can differ by as much as 5 ms, but the information in the binary COM-
TRADE file outputs from each relay is time-stamped at very high accuracy. Do 
not assume that the relay triggers are locked with high accuracy; rather, compare 
corresponding time-stamped data points from each COMTRADE file.

Time Triggering the Relay
Perform the following steps to trigger an event data capture in the relay at a spe-
cific time. These settings cause the relay to initiate a data capture at 12:00:30 p.m. 
Use other SELOGIC control equations in a similar manner to trigger relay event 
recordings.

Step 1. Start SEL Grid Configurator Software and establish communications 
with the relay.

Step 2. Select Read to read the present configuration in the relay.

The relay sends all configuration and settings data to SEL Grid 
Configurator.

Step 3. Select the Settings Grid > Protection > Protection Logic. Leave 
the Protection Group dropdown menu set at 1.

Step 4. Enter time trigger settings:

a. Select in the first available line of protection logic.

b. In the Edit Pane for the line, enter or search for PMV64, then 
enter := to continue building the equation.

c. On the right side of the equation, search for and select THR 
(which is the Time in Hours analog quantity) or enter THR after 
the equation equal sign.

d. Double-click THR (Time in Hours).

e. Use the # character to add a comment to the line.

                    

NOTE: The MET PM time command can 
be used to capture synchrophasor data 
at a specific time if synchrophasors are 
enabled with Global setting EPMU := Y.

                    

Figure 11.5 Setting PMV64 With the Expression Builder Dialog Box
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Step 5. In a similar manner, build a freeform SELOGIC control equation pro-
gram in Protection Logic that causes protection freeform SELOGIC 
control equation variable PSV02 to assert to logical 1 at 
12:00:30.005 p.m. Use the following expressions:

PMV64 := THR # Clock hours

PMV63 := TMIN # Clock minutes

PMV62 := TSEC # Clock seconds

PSV02 := (PMV64=12) AND (PMV63=00) AND (PMV62=30) # 
Set PSV02 at 12:00:30

Step 6. Navigate to the ER setting in your Settings Grid view under Group 1 
settings.

Step 7. Select in the ER Event Report Trigger Equation (SELOGIC) text 
box and add OR R_TRIG PSV02 to the end of elements already in 
this SELOGIC control equation.

COMTRADE File Information
Retrieve the COMTRADE files for the time-triggered data captures from each 
relay with the FILE READ command.

Parse the binary COMTRADE data for the power system currents and voltages 
you need to calculate system quantities.

Fault Analysis
Use the relay measurement and communications capabilities to obtain precise 
simultaneous measurements from the power system at different locations. Com-
bining system measurements from a number of key substations gives you a snap-
shot picture of the phasor relationships in the power system at a particular time. 
You can perform extensive fault analysis by evaluating the simultaneous mea-
surements gathered at a central computer or data server.

Install at least two relays in the power system to implement dynamic phasor 
determination. Figure 11.6 shows an example of a 230 kV overhead transmission 
line with a relay at each terminal. Connect GPS clocks (such as the SEL-2407) at 
each substation to provide high-accuracy time-signal inputs for each relay.

                    

With synchronized and time-stamped binary COMTRADE data, you can develop 
automated computer algorithms for comparing these data from different locations 
in the power system.

In particular, you can use fault data extracted from two relays. Use third-party 
software to filter the binary COMTRADE data so that the signals are composed 
of fundamental quantities only (50 Hz or 60 Hz). You can also use third-party 

NOTE: In this example, the event 
report trigger will occur between 
12:30:00.002 and 12:30:00.005 
because of the method of relay 
protection logic processing.

NOTE: You should be careful to 
remove this event report trigger once 
you have completed your testing. 
Otherwise, the relay will continue to 
trigger new events every day at the 
programmed time.

                    

Figure 11.6 230 kV Transmission Line System

Z1L, Z0LZ1S, Z0S
BK1

GPS Rx

S (Harvard) R (Princeton)

BK2
Z1R, Z0R

GPS Rx

RelayRelay
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software to convert the binary COMTRADE data to ASCII COMTRADE files. 
Use the Phasor Diagram in the SEL-5601 SYNCHROWAVE Event to select the 
appropriate pre-fault and post-fault quantities. 

Power Flow Analysis
Use SEL-400 series relays to develop instantaneous power flow data. Obtain the 
voltage and current phasors from different power system buses at the same 
instant and use these measurements to determine power flow at that instant. Use 
the synchronized phasor measurement capabilities of the relay and the METER 
PM command or a Synchrophasor Protocol to collect synchronized voltage and 
current data. Use this information to confirm your power flow models.

For example, consider four SEL-421 Relays installed in the power system as shown in 
Figure 11.7. Substations S and R provide generation for the load at Substation T.

                    

Table 11.6 lists the voltage and current measured by the four SEL-421 Relays at 
one particular time.

                    

                    

Figure 11.7 500 kV Three-Bus Power System

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 1 of 2)

Voltage Current

SEL-421 at Substation S

VAS 288.675 kV 0° IAS 238.995 A 41.9°

VBS 288.675 kV 240° IBS 238.995 A –78.1°

VCS 288.675 kV 120° ICS 238.995 A 161.9°

SEL-421 at Substation R

VAR 303.109 kV –0.2° IAR 234.036 A –44.2°

VBR 303.109 kV 239.8° IBR 234.036 A 195.8°

VCR 303.109 kV 119.8° ICR 234.036 A 75.8°

SEL-421 at Substation T Looking Toward Substation S

VAT–S  295.603 kV –1.6° IAT–S 238.995 A –138.1°

VBT–S 295.603 kV 238.4° IBT–S 238.995 A 101.9°

VCT–S 295.603 kV 118.4° ICT–S 238.995 A –18.1°

S

R

T

SEL-421

SEL-421

SEL-421

SEL-421

GPS Rx

GPS Rx

GPS Rx

GPS Rx
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Use Equation 11.1 to calculate the generation supplied from Substation S and 
Substation R, plus the load at Substation T.
                    

Equation 11.1

                    

The complex power generation supplied by Substation S is:
                    

The complex power generation supplied by Substation R is:
                    

The load at Substation T supplied by Substation S is:
                    

The load at Substation T supplied by Substation R is:
                    

The total load at Substation T is:
                    

SEL-421 at Substation T Looking Toward Substation R

VAT–R 295.603 kV –1.6° IAT–R 234.036 A 135.8°

VBT–R 295.603 kV 238.4° IBT–R 234.036 A 15.8°

VCT–R 295.603 kV 118.4° ICT–R 234.036 A –104.2°

where:
S3 = Three-phase complex power (MVA)
P3 = Three-phase real power (MW)
Q3 = Three-phase imaginary power (MVAR)
Vpp = Phase-to-phase voltage
Vp = Phase-to-neutral voltage
I*L = Complex conjugate of the line current

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 2 of 2)

Voltage Current

S3ø P3ø jQ3ø +=

3 Vpp IL• • =

3 Vp IL• • =

SS 3 288.675 kV 0•   238.995 A 41.9– • =

154.1  MW j138.2  MVAR–=

SR 3 303.109 kV 0.2– •   234.036 A 44.2 • =

152.6  MW j148.3  MVAR+=

ST S– 3 295.603 kV 1.6– •   238.995 A 138.1 • =

153.7–   MW j145.9  MVAR+=

ST R– 3 295.603 kV 1.6– •   234.036 A 135.8–  • =

152.8–   MW j140.5  MVAR–=

ST ST S– ST R–+=

306.5–   MW  j5.4  MVAR+=
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Use the power flow solution to verify the instantaneous positive-sequence imped-
ances of your system transmission lines.

State Estimation Verification
Electric utility control centers have used state estimation to monitor the state of 
the power system for the past 20 years. The state estimator calculates the state of 
the power system by using measurements such as complex power, voltage magni-
tudes, and current magnitudes received from different substations. State estima-
tion uses an iterative, nonlinear estimation technique. The state of the power 
system is the set of all positive-sequence voltage phasors in the network. Typi-
cally, several seconds or minutes elapse from the time of the first measurement to 
the time of the first estimation. Therefore, state estimation is a steady-state repre-
sentation of the power system.

Consider using precise simultaneous positive-sequence voltage measurements 
from the power system to verify your state estimation model. Take time-synchro-
nized high-resolution positive-sequence voltage measurements at all substations. 
Send the relay synchrophasor messages to a central database to determine the 
power system state.

Power system contingency analysis models rely on state-estimation techniques, 
and may have inaccuracies caused by incorrect present-state information, or 
errors in system characteristics, such as incorrect line and source impedance esti-
mates. The simultaneous event-report triggering technique described earlier in 
this section can be used to verify present models.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

With SEL-400 series relays acting as phasor measurement units (PMUs) installed 
in several substations, synchrophasor measurements can be transmitted to a cen-
tral processor in near-real time, providing very accurate snapshots of the power 
system. This type of data processing system provides system-state measurements 
that are a few seconds old, rather than state estimates that may be several minutes 
old. In addition, the synchrophasor results are real measurements, rather than 
estimates. 

See Section 18: Synchrophasors for information on the PMU settings and the 
communications protocols available for synchrophasor data collection.

                    

Figure 11.8 Power Flow Solution
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This section contains tables of relay settings that are common to most SEL-400 
series relays. See the product-specific instruction manuals for details of all set-
tings available in the relay.

The relay hides some settings based upon other settings. If you set an enable set-
ting to OFF, for example, the relay hides all settings associated with that enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in Section 6: Protection Application Examples in the product-specific 
instruction manuals, where appropriate.

The settings prompts in this section are similar to the ASCII terminal and SEL 
Grid Configurator software prompts. The prompts in this section are unabbrevi-
ated and show all possible setting options.

This section describes how settings are organized, explains the concept of set-
tings groups, and then describes some common relay settings:

➤ Settings Structure on page 12.1

➤ Multiple Setting Groups on page 12.4

➤ Port Settings on page 12.6

➤ DNP3 Settings—Custom Maps on page 12.19

➤ Front-Panel Settings on page 12.20

➤ Alias Settings on page 12.25

➤ Protection Freeform SELOGIC Control Equations on page 12.26

➤ Automation Freeform SELOGIC Control Equations on page 12.26

➤ Output Settings on page 12.26

➤ Report Settings on page 12.27

➤ Notes Settings on page 12.29

Settings Structure
The settings structure assigns each relay setting to a specific location based on 
the setting type. A top-down organization allocates relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 12.1 to understand the settings structure in a typical SEL-400 
series relay. The top layer of the settings structure contains classes and instances. 
Class is the primary sort level; all classes have at least one instance, and some 
classes have multiple instances. Typical settings classes and related instances are 
listed in Table 12.1.

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Figure 12.1 Typical Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

E21PE21P

E21MGE21MG

E21XGE21XG

Enables

EDCMON
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EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Mho Phase
 Dist.

Mho Phase
 Dist.

Z1MPZ1MP

Z2MPZ2MP

SettingSetting

Table 12.1 Typical Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global Global settings SET G P, A, O, 2

Group Individual scheme settings Group 1

•

•

•

Group 6

Group 1 settings

•

•

•

Group 6 settings

SET 1, SET S 1

•

•

•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2

Bay Control Bay Control Settings Bay Control SET B 1 P, A, O, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of 
Table 12.1. The relay presents the Global settings categories at the SET G com-
mand; no instance numbers follow SET G. Conversely, the Port settings com-
mand has five instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To 
access the PORT 1 settings, type SET P 1 <Enter>. If you do not specify which 
port to set, the relay defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•

•

•

PORT 3

PORT 5

PORT 6 (TiDL 
[T-Protocol] 
relays only)

Front-panel port

PORT 1 settings

•

•

•

PORT 3 settings

Ethernet card settings

TiDL topology settings 
(TiDL [T-Protocol] relays 
only)

SET P F

SET P 1

•

•

•

SET P 3

SET P 5

(Only available 
via SEL Grid 
Configurator)

P, A, O, 2

Report Event report and SER settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection Protection-related SELOGIC con-
trol equations

Protection 1

•

•

•

Protection 6

Group 1 protection 
SELOGIC control equations
•

•

•

Group 6 protection 
SELOGIC control equations

SET L 1

•

•

•

SET L 6

P, 2

Automation Automation-related SELOGIC 
control equations

Automation 1

•

•

•

Automation 10

Block 1 automation 
SELOGIC control equations

•

•

•

Block 10 automation 
SELOGIC control equations

SET A 1

•

•

•

SET A 10

A, 2

DNP Distributed Network Protocol 
data remapping

DNP 1

•

•

•

DNP 5

SET D 1

•

•

•

SET D 5

P, A, O, 2

Output Relay control output settings and 
MIRRORED BITS communications 
transmit equations

Output SET O O, 2

Alias Alias settings Alias SET T P, A, O, 2

Notes Freeform programming to 
include notes

Notes 100 lines SET N P, A, O, 2

Table 12.1 Typical Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Multiple Setting Groups
The SEL-400 series relays have six independent setting groups. Each setting 
group has complete relay settings and protection SELOGIC settings. The active 
setting group can be:

➤ Shown or selected with the SEL ASCII serial port GROUP 
command—see GROUP on page 14.40.

➤ Shown or selected from the front-panel LCD with the MAIN menu 
Set/Show menu item and the Active Group submenu item as 
described in Figure 4.32.

➤ Selected with SELOGIC control equation settings SS1 through SS6. 
Settings SS1 through SS6 have priority over all other selection 
methods. Use remote bits in these equations to select setting groups 
with Fast Operate commands as described in SEL Fast Meter, Fast 
Operate, Fast SER Messages, and Fast Message Data Access on 
page 15.33.

➤ Shown with DNP3 Objects 20 and 22 and selected with Objects 40 
and 41.

Setting Groups: Application Ideas
Setting groups can be used for such applications as:

➤ Environmental conditions such as winter storms, periods of high 
summer heat, etc.

➤ Hot-line tag that disables closing and sensitizes protection

➤ Commissioning and operation

Active Setting Group Indication
Only one setting group can be active at a time. Relay Word bits SG1 through SG6 
indicate the active setting group, as shown in Table 12.2.

                    

Table 12.2 Definitions for Active Setting Group Indication Relay Word Bits SG1 
Through SG6

Relay Word Bit Definition

CHSG Indication that a group switch timer is operating or a group switch change 
is underway

SG1 Indication that setting Group 1 is the active setting group

SG2 Indication that setting Group 2 is the active setting group

SG3 Indication that setting Group 3 is the active setting group

SG4 Indication that setting Group 4 is the active setting group

SG5 Indication that setting Group 5 is the active setting group

SG6 Indication that setting Group 6 is the active setting group
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For example, if setting Group 4 is the active setting group, Relay Word bit SG4 
asserts to logical 1, and the other Relay Word bits SG1, SG2, SG3, SG5, and SG6 
are all deasserted to logical 0.

Active Setting Group Selection
The Global settings class contains the SELOGIC control equation settings SS1 
through SS6, as shown in Table 12.3.

NOTE: The settings group switching 
settings are checked once per cycle. 
When setting TGR := 0, in order for a 
transient assertion to be recognized, 
it should be conditioned to remain 
asserted for at least 1 cycle.

                    

The operation of these settings is explained with the following example.

Assume the active setting group starts out as setting Group 3. Corresponding 
Relay Word bit SG3 is asserted to logical 1 as an indication that setting Group 3 
is the active setting group.

With setting Group 3 as the active setting group, setting SS3 has priority. If set-
ting SS3 is asserted to logical 1, setting Group 3 remains the active setting group, 
regardless of the activity of settings SS1, SS2, SS4, SS5, and SS6. With settings 
SS1 through SS6 all deasserted to logical 0, setting Group 3 still remains the 
active setting group.

With setting Group 3 as the active setting group, if setting SS3 is deasserted to 
logical 0 and one of the other settings (e.g., setting SS5) asserts to logical 1, the 
relay switches from setting Group 3 as the active setting group to another setting 
group (e.g., setting Group 5) as the active setting group, after qualifying time set-
ting TGR (Global settings):

                    

NOTE: The CHSG Relay Word bit 
does not operate for settings changes 
initiated by the serial port or front 
panel methods.

In this example, TGR qualifies the assertion of setting SS5 before it can change 
the active setting group. Relay Word bit CHSG asserts when the TGR timer is 
picked up and timing, and also when a setting group change has been initiated.

Active Setting Group Changes
The relay is disabled for less than one second while in the process of changing 
active setting groups. Relay elements, timers, and logic are reset, unless indicated 
otherwise in the specific logic description. For example, local bit (LB01 through 
LB64), remote bit (RB01 through RB64), and latch bit (PLT01 through PLT32) 
states are retained during an active setting group change. The output contacts do 
not change state until the relay enables in the new settings group and the 
SELOGIC control equations are processed to determine the output contact status 
for the new group. 

Table 12.3 Definitions for Active Setting Group Switching SELOGIC Control 
Equation Settings SS1 Through SS6

Setting Definition

SS1 Go to (or remain in) setting Group 1

SS2 Go to (or remain in) setting Group 2

SS3 Go to (or remain in) setting Group 3

SS4 Go to (or remain in) setting Group 4

SS5 Go to (or remain in) setting Group 5

SS6 Go to (or remain in) setting Group 6

TGR Group Change 
Delay Setting

(settable from 0 to 54000 cycles)

NOTE: The SEL-487B supports 96 
remote bits and all 96 are retained.
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After a group change, an automatic message will be sent to any serial port that 
has setting AUTO := Y (see Table 12.7).

Active Setting: Nonvolatile State
Power Loss

The active setting group is retained if power to the relay is lost and then restored. 
If a particular setting group is active (e.g., setting Group 5) when power is lost, 
the same setting group is active when power is restored.

Settings Change
If individual settings are changed for the active setting group or one of the other 
setting groups, the active setting group is retained, much like in the preceding 
explanation.

If individual settings are changed for a setting group other than the active setting 
group, there is no interruption of the active setting group, so the relay is not 
momentarily disabled.

If the individual settings change causes a change in one or more SELOGIC control 
equation settings SS1 through SS6, the active setting group can be changed, sub-
ject to the newly enabled SS1 through SS6 settings.

Port Settings
                    

Table 12.4 Port Settings Categories (Sheet 1 of 2)

Settings Reference

Serial Settings

Protocol Section (Serial) Table 12.5

Communications Settings Table 12.6

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

DNP Configuration (Serial) Table 12.9

MIRRORED BITS Protocol Settings Table 12.10

RTD Protocol Settings Table 12.11

PMU Protocol Settings Table 12.12

Ethernet Settings (Two- or Four-Port Ethernet Card)

Protocol Selection (Ethernet) Table 12.13

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP Configuration Table 12.14

FTP Configuration Table 12.15

HTTP Server Configuration Table 12.16

Telnet Configuration Table 12.17

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19
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Serial Settings
                    

Table 12.6 settings are available for serial ports if the preceding setting 
PROTO  RTD.

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration (Ethernet) Table 12.23

Phasor Measurement Configuration Table 12.24

SNTP Selection Table 12.25

PTP Settings Table 12.26

Ethernet Settings (Five-Port Ethernet Card)

Protocol Selection (Five-Port Ethernet Card) Table 12.27

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP/Network Configuration Table 12.28

FTP Configuration (Five-Port Ethernet Card) Table 12.29

HTTP Server Configuration (Five-Port Ethernet Card) Table 12.30

Telnet Configuration (Five-Port Ethernet Card) Table 12.31

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration Table 12.23

Phasor Measurement Configuration (Five-Port Ethernet Card) Table 12.32

SNTP Selection Table 12.25

PTP Settings (Five-Port Ethernet Card) Table 12.33

TiDL Settings

TiDL Channel Map (Port 6) See TiDL (T-Protocol) on 
page 19.1

Table 12.4 Port Settings Categories (Sheet 2 of 2)

Settings Reference

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: TiDL Channel Map is only 
available in SEL Grid Configurator and 
only for TiDL (T-Protocol) relays.

Table 12.5 Protocol Selection (Serial)

Setting Prompt Default

EPORTa

a Setting EPORT to N on PORT 1 has no effect on the operation of IRIG-B on PORT 1.

Enable Port (Y, N) Y

EPAC Enable Port Access Control (Y, N) N

MAXACC Maximum Access Level (1, B, P, A, O, 2, C) C

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) SEL
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Table 12.7 settings are available if Port setting PROTO := SEL, DNP, or PMU.

                    

                    

Table 12.6 Communications Settings

Setting Prompt Default

MBTa

a Only applicable if PROTO := MBA, MBB, MBGA, or MBGB.

Using Pulsar 9600 modem? (Y, N) N

SPEEDb

b For PROTO := MBA, MBB, MBGA, or MBGB, 57600 is not available.

Data Speed (300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 
SYNCc)

c SYNC option only available for PROTO := MBA, MBB, MBGA, or MBGB on rear-panel serial ports.

9600

DATABITd

d For PROTO := SEL only.

Data Bits (7, 8 bits) 8

PARITYc Parity (Odd, Even, None) N

STOPBITe

e For PROTO := SEL, DNP, MBA, MBB, MBGA, MBGB, or PMU only.

Stop Bits (1, 2 bits) 1

RTSCTSf

f For PROTO := SEL or PMU only.

Enable Hardware Handshaking (Y, N) N

Table 12.7 SEL Protocol Settings

Setting Prompt Default

TIMEOUTa

a Hidden for PROTO := PMU. For Ethernet ports, TIMEOUT := TIDLE.

Port Time-Out (OFF, 1–60 minutes) 5

AUTOb

b Hidden for PROTO := DNP or PMU.

Send Auto-Messages to Port (Y, N) Y

FASTOPc

c Hidden for PROTO := DNP.

Enable Fast Operate Messages (Y, N) N

TERTIM1d

d Hidden for PROTO := PMU.

Initial Delay-Disconnect Sequence (0–600 seconds) 1

TERSTRNd Termination String-Disconnect Sequence (9 characters maximum)e

e TERSTRN set at /005 is <Ctrl+E>.

"\005"

TERTIM2d Final Delay-Disconnect Sequence (0–600 seconds) 0

Table 12.8 Fast Message Read Data Access

Setting Prompt Default

FMRENAB Enable Fast Message Read Data Access (Y/N) Y

FMRLCL Enable Local Region for Fast Message Access (Y/N) N

FMRMTR Enable Meter Region for Fast Message Access (Y/N) Y

FMRDMND Enable Demand Region for Fast Message Access (Y/N) Y

FMRTAR Enable Target Region for Fast Message Access (Y/N) Y

FMRHIS Enable History Region for Fast Message Access (Y/N) N

FMRBRKR Enable Breaker Region for Fast Message Access (Y/N) N

FMRSTAT Enable Status Region for Fast Message Access (Y/N) N

FMRANA Enable Analog Region for Fast Message Access (Y/N) Y

NOTE: Not all of these settings are 
available in every SEL-400 series 
relay. Just those that apply to 
features in the relay are available.
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Table 12.9 settings are available if Port setting PROTO := DNP.

                    

Table 12.9 DNP Configuration (Serial) (Sheet 1 of 2)

Setting Prompt Default

DNPADR DNP Address (0–65519) 0

DNPID DNP ID for Object 0, Var 246 (20 characters) "Relay1-DNP"

DNPMAP DNP Session Map (1–5) 1

ECLASSB Class for Binary Event Data (OFF, 1–3) 1

ECLASSC Class for Counter Event Data (OFF, 1–3) OFF

ECLASSA Class for Analog Event Data (OFF, 1–3) 2

ECLASSV Class for Virtual Terminal Data (OFF, 1–3) OFF

TIMERQ Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLA Currents Scaling (0–3 decimal places) 1

DECPLV Voltages Scaling (0–3 decimal places) 1

DECPLM Misc Data Scaling (0–3 decimal places) 1

STIMEO Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DRETRY Data Link Retries (OFF, 1–15) OFF

DTIMEO Data Link Time-Out (0.0–30.0 seconds) 1.0

MINDLY Minimum Delay from DCD to TX (0.00–1.00 seconds) 0.05

MAXDLY Maximum Delay from DCD to TX (0.00–1.00 seconds) 0.10

PREDLY Settle Time -RTS On to TX (OFF, 0.00–30.00 seconds) 0.00

PSTDLY Settle Time -TX to RTS Off (0.00–30.00 seconds) 0.00

DNPCL Enable Control Operations (Y, N) N

AIVAR Default Variation for Analog Inputs (1–6) 2

ANADBA Analog Reporting Deadband for Currents (0–32767) 100

ANADBV Analog Reporting Deadband for Voltages (0–32767) 100

ANADBM Analog Reporting Deadband (0–32767) 100

ETIMEO Event Message Confirm Time-Out (1–50 seconds) 2

UNSOL Enable Unsolicited Reporting (Y, N) N

PUNSOL Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADR DNP Address to Report to (0–65519) 1

NUMEVE Number of Events to Transmit On (1–200) 10

AGEEVE Age of Oldest Event to Transmit On (0–99999) 2

URETRY Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEO Unsolicited Message Offline Time-Out (OFF, 1–5000 sec) 60

EVEMOD Event Mode (SINGLE, MULTI) SINGLE

MODEM Modem Connected to Port (Y, N) N

MSTR Modem Startup String (30 chars max) "E0X0&D0S0=4"

PH_NUM1 Phone Number for Dial-Out (30 chars max) ""

PH_NUM2 Backup Phone Number for Dial-Out (30 chars max) ""

RETRY1 Retry Attempts for Phone 1 Dial-Out (1–20) 5

RETRY2 Retry Attempts for Phone 2 Dial-Out (1–20) 5



12.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

Settings
Port Settings

Table 12.10 settings are available if Port setting PROTO := MBA, MBB, MBGA, 
or MBGB.

                    

MDTIME Time to Attempt Dial (5–300 seconds) 60

MDRET Time Between Dial-Out Attempts (5–3600 seconds) 120

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting Prompt Default

TX_ID MIRRORED BITS ID of This Device (1–4) 2

RX_ID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (0–10000 seconds) 10

CBADPU Channel Unavailability to Set CBAD (1–100000 ppm) 20000

TXMODE Transmission Mode (N-Normal, P-Paced) N

MBNUM Number of MIRRORED BITS Channels (0–8) 8

RMB1FL RMB1 Channel Fail State (0, 1, P) P

RMB1PU RMB1 Pickup Time (1–8 messages) 1

RMB1DO RMB1 Dropout Time (1–8 messages) 1

RMB2FL RMB2 Channel Fail State (0, 1, P) P

RMB2PU RMB2 Pickup Time (1–8 messages) 1

RMB2DO RMB2 Dropout Time (1–8 messages) 1

RMB3FL RMB3 Channel Fail State (0, 1, P) P

RMB3PU RMB3 Pickup Time (1–8 messages) 1

RMB3DO RMB3 Dropout Time (1–8 messages) 1

RMB4FL RMB4 Channel Fail State (0, 1, P) P

RMB4PU RMB4 Pickup Time (1–8 messages) 1

RMB4DO RMB4 Dropout Time (1–8 messages) 1

RMB5FL RMB5 Channel Fail State (0, 1, P) P

RMB5PU RMB5 Pickup Time (1–8 messages) 1

RMB5DO RMB5 Dropout Time (1–8 messages) 1

RMB6FL RMB6 Channel Fail State (0, 1, P) P

RMB6PU RMB6 Pickup Time (1–8 messages) 1

RMB6DO RMB6 Dropout Time (1–8 messages) 1

RMB7FL RMB7 Channel Fail State (0, 1, P) P

RMB7PU RMB7 Pickup Time (1–8 messages) 1

RMB7DO RMB7 Dropout Time (1–8 messages) 1

RMB8FL RMB8 Channel Fail State (0, 1, P) P

RMB8PU RMB8 Pickup Time (1–8 messages) 1

RMB8DO RMB8 Dropout Time (1–8 messages) 1

MBTIME Accept Mirrored Bits Time Synchronization (Y, N) N

MBNUMAN Number of Analog Channels (0–7) 0

MBANA1 Selection for Analog Channel 1 (analog label) a

MBANA2 Selection for Analog Channel 2 (analog label) a

Table 12.9 DNP Configuration (Serial) (Sheet 2 of 2)

Setting Prompt Default
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Table 12.11 settings are available if Port setting PROTO := RTD.

                    

Table 12.12 settings are available if Port setting PROTO := PMU.

                    

Ethernet Settings
Two- or Four-Port Ethernet Card

                    

See Table 12.7 for SEL protocol settings. 

See Table 12.8 for Fast Message read data access settings.

MBANA3 Selection for Analog Channel 3 (analog label) a

MBANA4 Selection for Analog Channel 4 (analog label) a

MBANA5 Selection for Analog Channel 5 (analog label) a

MBANA6 Selection for Analog Channel 6 (analog label) a

MBANA7 Selection for Analog Channel 7 (analog label) a

MBNUMVT Number of Virtual Terminal Channels (OFF, 0-7) OFF

a The default of the MBANAn settings is relay-specific. See the product-specific instruction manual 
to find these defaults.

Table 12.11 RTD Protocol Settings

Setting Prompt Default

RTDNUM RTD Number of Inputs (0–12) 12

RTDnTYa

a Where n is the number of RTD inputs enabled in the RTDNUM setting.

RTD n Type (NA, PT100, NI100, NI120, CU10)b

b NA designates an input that is not connected to an RTD device.

PT100

Table 12.12 PMU Protocol Settings

Setting Prompt Default

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDa

a Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCb

b Setting hidden when PMUMODE := CLIENTA or CLIENTB.

PMU Output Data Configuration (1–5) 1

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting Prompt Default

Table 12.13 Protocol Selection (Ethernet)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

EPACa

a Does not apply to TiDL Channel Map (PORT 6).

Enable Port Access Control (Y, N) N

MAXACCa Maximum Access Level (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N
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Table 12.14 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default router (w.x.y.z) 192.168.1.1

BUSMODEa

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.

Bus Operating Mode (INDEPEND, MERGED) INDEPEND

NETMODE Operating Mode (FIXED, FAILOVER, SWITCHED, PRP...) FAILOVER

NETPORT Primary Network Port (A, B, C, D)b

b The specific options available depend on the physical ports installed in the hardware.

A

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

PRPINTV PRP Supervision TX Interval (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB (0–255)c

c LSB stands for least significant bit.

0

FTIME Failover Time-Out (0–65535 milliseconds) 1

NETASPDd

d This setting applies only if the port is installed and it is a twisted-pair port (10/100BASE-T).

Port 5A Speed (Auto, 10, 100) AUTO

NETBSPDd Port 5B Speed (Auto, 10, 100) AUTO

NETCSPDd Port 5C Speed (Auto, 10, 100) AUTO

NETDSPDd Port 5D Speed (Auto, 10, 100) AUTO

Table 12.15 FTP Configuration

Setting Prompt Default

FTPSERV Enable FTP Server (Y, N) N

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.16 HTTP Server Configuration

Setting Prompt Default

EHTTP Enable HTTP Server (Y, N) N

HTTPPOR HTTP Server TCP/IP Port Number (1–65534) 80

HIDLE HTTP Session Inactivity Timeout (1–30 minutes) 5

Table 12.17 Telnet Configuration

Setting Prompt Default

ETELNET Enable Telnet (Y, N) N

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.
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Table 12.20 settings are available in relays that support IEC 61850-9-2 SV publi-
cations.

                    

Table 12.21 settings are available in relays that support IEC 61850-9-2 SV sub-
scriptions.

                    

Table 12.18 IEC 61850 Configuration

Setting Prompt Default

E61850 Enable IEC 61850 Protocol (Y, N) N

EGSEa

a Hidden if E61850 := N.

Enable IEC 61850 GSE (Y, N) N

EMMSFSa Enable MMS File Services (Y, N) N

Table 12.19 IEC 61850 Mode/Behavior Configuration

Setting Prompt Default

E850MBC Enable 61850 Mode/Behavior Control (Y, N) N

EOFFMTX Enable GOOSE and SV Tx in Off Mode (Y, N) N

Table 12.20 SV Transmit Configuration

Settinga

a Available for SV publishers only. Hidden and disabled if E61850 := N.

Prompt Default

SVTXEN Enable SV Transmission (Number of streams 0–7) 0

SVTADRpb

b p represents the publication number. Only settings for publications enabled by SVTXEN will be 
visible.

SVT p Destination MAC Addressc

c Layer 2 multicast address only. Broadcast address is not allowed.

01-0C-CD-04-00-0p

TAPPIDpb SV Stream p Tx APPID (0x4000–0x7FFF)d

d The 0x prefix is used to indicate that this setting is in hexadecimal.

0x4000

TSVIDpb SVID p (String of 63 characters a–z, A–Z, _, 0–9)e

e The 9-2LE guideline supports as many as 34 characters in SVID strings. Consider this limit when 
configuring interoperable SV systems.

"4000"

TVLANpb SV p Transmit VLAN ID (1–4094) 1

TPRIOpb SV p Transmit VLAN Priority (0–7) 4

SVTpICHb SVTXp Channel Current Terminal (W, X) W

SVTpVCHb SVTXp Channel Voltage Terminal (Y, Z) Y

Table 12.21 SV Receive Configuration (Sheet 1 of 2)

Settinga Prompt Default

SVRXEN Enable SV Reception (Number of streams 0–7)b 0

SVRADRsc SV Stream s Subscribed MAC Addressd 01-0C-CD-04-00-0s

RAPPIDsc SV Stream s Rx APPID (0x4000–0x7FFF)e 0x4000

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: The destination MAC 
addresses of all published multicast 
messages (SV, GOOSE) must be 
unique. Otherwise, messages may be 
incorrectly routed. The relay issues a 
diagnostic warning if any SVT 
destination MAC address (SVTADRp) 
is the same as a GOOSE destination 
MAC address.

NOTE: SV configuration settings are 
only available in SV relays.
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Table 12.23 settings are available if Port setting PROTO := DNP.

                    

SVRsICHc, f SVRXs Channel Current Terminal (OFF, W, X) W

SVRsVCHc, g SVRXs Channel Voltage Terminal (OFF, Y, Z) Y

a Available for SV subscribers only. Hidden and disabled if E61850 := N.
b The SEL-411L, SEL-421, and SEL-451 support 0—4 streams.
c s represents the subscription number. Only settings for subscriptions enabled by SVRXEN will be 

visible.
d Layer 2 multicast address only. Broadcast address is not allowed.
e The 0x prefix is used to indicate that this setting is in hexadecimal.
f The SEL-487E supports current Terminals S, T, U, W, X, and Y with Terminal S serving as default. 

The SEL-487B supports current Terminals I01—I19 with Terminal I01 serving as default. Each 
terminal option listed refers to three terminals grouped together. For example, I01 refers to I01—
I03, I04 refers to I04—I06, etc.

g The SEL-487E supports voltage Terminals V and Z with Terminal V serving as default. The 
SEL-487B only supports the voltage Terminal V01, which serves as default. The setting V01 
includes voltage terminals V01, V02, and V03.

Table 12.22 IEC SV Channel Settings

Setting Prompt Default

CH_DLY Sampled Value Channel Delay (1.00–3.00 milliseconds) 1.50

Table 12.23 DNP Configuration (Ethernet) (Sheet 1 of 2)

Setting Prompt Default

EDNP Enable DNP Sessions (0–6) 0

DNPADRa DNP Address (0–65519) 0

DNPPNUMa DNP TCP and UDP Port (1025–65534) 20000

DNPIDa DNP ID for Object 0, Var 246 (20 characters) "RELAY1-DNP"

Ethernet DNP3 Master n Configuration, n = 1 to value of EDNP, max 6a

DNPIPn IP Address (w.x.y.z) 192.168.1.[100+n]

DNPTRn Transport Protocol (UDP, TCP) TCP

DNPUDPnb UDP Response Port (REQ, 1025–65534) 20000

DNPMAPn DNP Session Map (1–5) 1

CLASSBn Class for Binary Event Data (OFF, 1–3) 1

CLASSCn Class for Counter Event Data (OFF, 1–3) OFF

CLASSAn Class for Analog Event Data (OFF, 1–3) 2

TIMERQn Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLAn Currents Scaling (0–3 decimal places) 1

DECPLVn Voltages Scaling (0–3 decimal places) 1

DECPLMn Misc Data Scaling (0–3 decimal places) 1

STIMEOn Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DNPINAnc Seconds to Send Data Link Heartbeat (0–7200) 120

DNPCLn Enable Control Operations (Y, N) N

AIVARn Default Variation for Analog Inputs (1–6) 2

ANADBAnd Analog Reporting Deadband for Currents (0–32767) 100

ANADBVnd Analog Reporting Deadband for Voltages (0–32767) 100

ANADBMnd Analog Reporting Deadband (0–32767) 100

Table 12.21 SV Receive Configuration (Sheet 2 of 2)

Settinga Prompt Default

NOTE: SV channel delay settings are 
only available in SV relays.
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ETIMEOn Event Message Confirm Time-Out (1–50 seconds) 2

UNSOLne Enable Unsolicited Reporting (Y, N) N

PUNSOLnf Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADRnf DNP Address to Report to (0–65519) 1

NUMEVEnf Number of Events to Transmit On (1–200) 10

AGEEVEnf Age of Oldest Event to Transmit On (0–99999) 2

URETRYnf Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEOnf Unsolicited Message Offline Time-Out (1–5000 seconds) 60

EVEMODn Event Mode (SINGLE, MULTI) SINGLE

a Hidden if EDNP := 0.
b Hidden if DNPTRn := TCP.
c Hidden if DNPTRn := UDP.
d Hidden if CLASSAn := OFF.
e Hidden if CLASSAn := CLASSBn := CLASSCn := OFF.
f Hidden if UNSOLn := N.

Table 12.24 Phasor Measurement Configuration

Setting Prompt Default

EPMIPa

a Set EPMIP := Y to access remaining settings.

Enable C37.118 Communications (Y, N) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

Table 12.25 SNTP Selection (Sheet 1 of 2)

Setting Prompt Default

ESNTP SNTP Enable (OFF, UNICAST, MANYCAST, BROADCAST) OFF

SNTPRAT SNTP Request Update Rate (15–3600 seconds) 60

SNTPTOa SNTP Timeout (5–20 seconds) 5

SNTPPIP SNTP Primary Server IP Address (w.x.y.z)b 192.168.1.110

Table 12.23 DNP Configuration (Ethernet) (Sheet 2 of 2)

Setting Prompt Default
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Five-Port Ethernet Card
                    

SNTPBIPc SNTP Backup Server IP Address (w.x.y.z)b 192.168.1.111

SNTPPOR SNTP IP Local Port Number (1–65534) 123

a Setting hidden and forced to 5 if ESNTP := BROADCAST.
b Where w: 0—126, 128—239, x: 0—255, y: 0—255, z: 0—255 if ESNTP := MANYCAST or where 

w: 0—126, 128-223, x: 0—255, y: 0—255, z: 0—255 if ESNTP := UNICAST or BROADCAST.
c This setting is hidden if ESNTP  UNICAST.

Table 12.26 PTP Settings

Setting Prompt Default

EPTPa

a This setting is not available if the hardware does not support PORT 5A and PORT 5B or if the 
ports are used in SWITCHED mode.

Enable PTP (Y, N) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRb

b Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if NETMODE := PRP and NETPORT := A or B. Also hidden and forced to LAYER2 if NETPORT := C 
or D.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)c

c If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTd

d Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPne

e Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACnf

f Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRIng

g Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANh

h Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRh PTP VLAN Priority (0–7) 4

Table 12.25 SNTP Selection (Sheet 2 of 2)

Setting Prompt Default

NOTE: PTP is only supported on 
Ethernet PORT 5A and PORT 5B. Most 
SEL-400 series relays only support 
two ports at a time and must have 
PORT 5A and PORT 5B selected by the 
MOT option in these relays. Relays 
that support four ports will have PTP 
on PORT 5A and PORT 5B but will not 
require selection of a different MOT 
option to have PTP available.

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 1 of 2)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

BUSMODEa Bus Operating Mode (INDEPEND, MERGED) INDEPEND

EINTF Enable Interface (combo of AB, CD, E) AB, CD, E

EPACb Enable Port Access Control (Y, N) N

MAXACCb, c Max Acc Level for Stn Bus (1, B, P, A, O, 2, C) C
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See Table 12.7 for SEL protocol settings. See Table 12.8 for Fast Message read 
data access settings. Table 12.28 settings are available on the five-port Ethernet 
card (PORT 5).

                    

                    

MAXACCEb, d Max Acc Level for Eng Acc (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.
b Does not apply to TiDL Channel Map (PORT 6).
c Hidden if EINTF does not contain CD and BUSMODE := INDEPEND. If BUSMODE := MERGED, the 

prompt is “Max ACC Level for Prc Bus (1, B, P, A, O, 2, C).”
d Hidden if EINTF does not contain E.

Table 12.28 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

NETMODP Operating Mode for 5A, 5B (FIXED, FAILOVER, PRP) FAILOVER

NETPORP Primary Network Port for 5A, 5B (A, B) A

PRPINTP PRP Supervision TX Interval for 5A, 5B (1–10 seconds) 2

PRPADDP PRP Destination Addr LSB for 5A, 5B (0–255)a

a LSB stands for least significant bit.

0

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default Router (w.x.y.z) 192.168.1.1

NETMODE Operating Mode for 5C, 5D (FIXED, FAILOVER, PRP) FAILOVER

NETPORT Primary Network Port for 5C, 5D (C, D) C

PRPINTV PRP Supervision TX Interval for 5C, 5D (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB for 5C, 5D (0–255)a 0

FTIMEb

b If BUSMODE := MERGED, the prompt is “Failover Time-Out for 5A, 5B (0-65535 milliseconds).”

Failover Time-Out for 5C, 5D (0–65535 milliseconds) 1

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

IPADDRE Device IP Address / CIDR Prefix for 5E (w.x.y.z/t) 192.168.2.2/24

DEFRTRE Default Router for 5E (w.x.y.z) 192.168.2.1

Table 12.29 FTP Configuration (Five-Port Ethernet Card)

Setting Prompt Default

FTPSERVa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable FTP Server (OFF or combo of CD, E) OFF

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 2 of 2)

Setting Prompt Default

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.
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See Table 12.18 for IEC 61850 configuration settings.

See Table 12.19 for IEC 61850 mode/behavior configuration settings.

See Table 12.20 for SV transmit configuration settings.

See Table 12.21 for SV receive configuration settings. 

See Table 12.22 for IEC SV channel settings.

See Table 12.23 for DNP configuration settings.

                    

See Table 12.25 for SNTP selection settings.

Table 12.30 HTTP Server Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EHTTPa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable HTTP Server (OFF or combo of CD, E) OFF

HTTPPOR HTTP Server TCP/IP Port Number (1-65534) 80

HIDLE HTTP Session Inactivity Timeout (1-30 minutes) 5

Table 12.31 Telnet Configuration (Five-Port Ethernet Card)

Setting Prompt Default

ETELNETa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable Telnet Server (OFF or combo of CD, E) OFF

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

Table 12.32 Phasor Measurement Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EPMIPa

a If BUSMODE := MERGED, the range is (N, AB, E). Set EPMIP := AB, CD, or E to access remaining 
settings.

Enable C37.118 Comms (N, CD, E) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.

NOTE: If BUSMODE := INDEPEND 
and EINTF contains CD and E, enabling 
SEL protocol, MMS, or DNP allows the 
protocol to be processed on both the 
station bus and engineering access 
interfaces. Similarly, if BUSMODE := 
MERGED and EINTF contains E, 
enabling these protocols allows them 
to be processed on both the process 
bus and engineering access interfaces.
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DNP3 Settings—Custom Maps
                    

The fault location minimum and maximum settings determine what fault data are 
sent to a DNP3 master. This affects all DNP3 sessions that use the current DNP3 
map.

NOTE: MINDIST and MAXDIST only 
apply to relays that provide a fault 
location.

                    

Table 12.33 PTP Settings (Five-Port Ethernet Card)

Setting Prompt Default

EPTP Enable PTP (N, AB, CD) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRa

a Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if EPTP := AB and BUSMODE := INDEPEND. Hidden and forced to LAYER2 if EPTP := AB and 
BUSMODE := MERGED and NETMODP := PRP. Also hidden and forced to LAYER2 if EPTP := CD 
and NETMODE := PRP.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)b

b If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTc

c Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPnd

d Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACne

e Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRInf

f Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANg

g Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRg PTP VLAN Priority (0–7) 4

Table 12.34 DNP3 Settings Categories

Settings Reference

DNP3 Fault Location Min and Max Table 12.35

Binary Input Map Table 12.36

Binary Output Map Table 12.36

Counter Map Table 12.36

Analog Input Map Table 12.36

Analog Output Map Table 12.36

Table 12.35 Minimum and Maximum Fault Location

Setting Prompt Default

MINDIST Min Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF

MAXDIST Max Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF
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The remainder of this settings class consists of a set of freeform categories for 
configuring the map for the various DNP3 data types. The category headers indi-
cate the syntax of the entries. Table 12.36 shows these headers. All entries require 
a data label. The deadband and scale-factor parameters are optional. The defaults 
are relay-specific, so refer to the product-specific instruction manual to see the 
defaults for these settings.

                    

Front-Panel Settings
                    

The defaults for the pushbuttons and targets in the Front-Panel Settings category 
are relay-specific. See the product-specific instruction manual to find these defaults.

                    

Table 12.36 DNP3 Map Category Headers

Binary Input Map (Binary Input Label)

Binary Output Map (Binary Output Label)

Counter Map (Counter Label, Deadband)

Analog Input Map (Analog Input Label, Scale Factor, Deadband)

Analog Output Map (Analog Output Label)

Table 12.37 Front-Panel Settings Categories

Settings Reference

Front-Panel Settings Table 12.38

Selectable Screens for the Front Panel Table 12.39

Selectable Operator Pushbuttons Table 12.40

Front-Panel Event Display Table 12.41

Display Points

Local Control

Local Bit SELOGIC Table 12.42

SER Parameters Table 12.43

Table 12.38 Front-Panel Settings (Sheet 1 of 4)

Setting Prompt

FP_TO Front Panel Display Time-Out (OFF,1–60 min)

EN_LEDC Enable LED Asserted Color (R,G)

TR_LEDC Trip LED Asserted Color (R,G) 

PB1_LED Pushbutton LED 1 (SELOGIC Equation)

PB1_COL PB1_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB2_LED Pushbutton LED 2 (SELOGIC Equation)

PB2_COL PB2_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB3_LED Pushbutton LED 3 (SELOGIC Equation)

PB3_COL PB3_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB4_LED Pushbutton LED 4 (SELOGIC Equation)

PB4_COL PB4_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB5_LED Pushbutton LED 5 (SELOGIC Equation)

PB5_COL PB5_LED Assert and Deassert Color (Enter 2: R,G,A,O)
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PB6_LED Pushbutton LED 6 (SELOGIC Equation)

PB6_COL PB6_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB7_LED Pushbutton LED 7 (SELOGIC Equation)

PB7_COL PB7_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB8_LED Pushbutton LED 8 (SELOGIC Equation)

PB8_COL PB8_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB9_LEDa Pushbutton LED 9 (SELOGIC Equation)

PB9_COLa PB9_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB10LEDa Pushbutton LED 10 (SELOGIC Equation)

PB10COLa PB10_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB11LEDa Pushbutton LED 11 (SELOGIC Equation)

PB11COLa PB11_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB12LEDa Pushbutton LED 12 (SELOGIC Equation)

PB12COLa PB_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T1_LED Target LED 1 (SELOGIC Equation)

T1LEDL Target LED 1 Latch (Y, N)

T1LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T2_LED Target LED 2 (SELOGIC Equation)

T2LEDL Target LED 2 Latch (Y, N)

T2LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T3_LED Target LED 3 (SELOGIC Equation)

T3LEDL Target LED 3 Latch (Y, N)

T3LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T4_LED Target LED 4 (SELOGIC Equation)

T4LEDL Target LED 4 Latch (Y, N)

T4LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T5_LED Target LED 5 (SELOGIC Equation)

T5LEDL Target LED 5 Latch (Y, N)

T5LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T6_LED Target LED 6 (SELOGIC Equation)

T6LEDL Target LED 6 Latch (Y, N)

T6LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T7_LED Target LED 7 (SELOGIC Equation)

T7LEDL Target LED 7 Latch (Y, N)

T7LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T8_LED Target LED 8 (SELOGIC Equation)

T8LEDL Target LED 8 Latch (Y, N)

T8LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T9_LED Target LED 9 (SELOGIC Equation)

T9LEDL Target LED 9 Latch (Y, N)

T9LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

Table 12.38 Front-Panel Settings (Sheet 2 of 4)

Setting Prompt
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T10_LED Target LED 10 (SELOGIC Equation)

T10LEDL Target LED 10 Latch (Y, N)

T10LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T11_LED Target LED 11 (SELOGIC Equation)

T11LEDL Target LED 11 Latch (Y, N)

T11LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T12_LED Target LED 12 (SELOGIC Equation)

T12LEDL Target LED 12 Latch (Y, N)

T12LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T13_LED Target LED 13 (SELOGIC Equation)

T13LEDL Target LED 13 Latch (Y, N)

T13LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T14_LED Target LED 14 (SELOGIC Equation)

T14LEDL Target LED 14 Latch (Y, N)

T14LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T15_LED Target LED 15 (SELOGIC Equation)

T15LEDL Target LED 15 Latch (Y, N)

T15LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T16_LED Target LED 16 (SELOGIC Equation)

T16LEDL Target LED 16 Latch (Y, N)

T16LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T17_LEDb Target LED 17 (SELOGIC Equation)

T17LEDLb Target LED 17 Latch (Y, N)

T17LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T18_LEDb Target LED 18 (SELOGIC Equation)

T18LEDLb Target LED 18 Latch (Y, N)

T18LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T19_LEDb Target LED 19 (SELOGIC Equation)

T19LEDLb Target LED 19 Latch (Y, N)

T19LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T20_LEDb Target LED 20 (SELOGIC Equation)

T20LEDLb Target LED 20 Latch (Y, N)

T20LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T21_LEDb Target LED 21 (SELOGIC Equation)

T21LEDLb Target LED 21 Latch (Y, N)

T21LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T22_LEDb Target LED 22 (SELOGIC Equation)

T22LEDLb Target LED 22 Latch (Y, N)

T22LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T23_LEDb Target LED 23 (SELOGIC Equation)

T23LEDLb Target LED 23 Latch (Y, N)

Table 12.38 Front-Panel Settings (Sheet 3 of 4)

Setting Prompt
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T23LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T24_LEDb Target LED 24 (SELOGIC Equation)

T24LEDLb Target LED 24 Latch (Y, N)

T24LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

a PB9–PB12 settings are only available on 12 pushbutton models.
b T17–T24 settings are only available on 12 pushbutton models.

Table 12.39 Selectable Screens for the Front Panel

Setting Prompt Default

SCROLD Front-Panel Display Update Rate (OFF, 1–15 sec) 5

ONELINE One-Line Bay Control Diagram (Y,N) Y

RMS_V RMS Line Voltage Screen (Y,N) N

RMS_I RMS Line Current Screen (Y,N) Y

RMS_VPP RMS Line Voltage Phase to Phase Screen (Y,N) N

RMS_W RMS Active Power Screen (Y,N) N

FUNDVAR Fundamental Reactive Power Screen (Y,N) N

RMS_VA RMS Apparent Power Screen (Y,N) N

RMS_PF RMS Power Factor Screen (Y,N) N

RMS_BK1 RMS Breaker 1 Currents Screen (Y,N) N

RMS_BK2 RMS Breaker 2 Currents Screen (Y,N) N

STA_BAT Station Battery Screen (Y,N) N

FUND_VI Fundamental Voltage and Current Screen (Y,N) Y

FUNDSEQ Fundamental Sequence Quantities Screen (Y,N) N

FUND_BK Fundamental Breaker Currents Screen (Y,N) N

DIFF_L Differential Metering Local Currents Screen (Y,N) Y

DIFF_T Differential Metering Total Currents Screen (Y,N) Y

DIFF Differential Metering (Y,N) Y

ZONECFG Terminals Associated with Zones (Y,N) Y

Table 12.40 Selectable Operator Pushbuttons (Sheet 1 of 2)

Setting Prompt Default

PB1_HMI Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB2_HMI Pushbutton 2 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB3_HMI Pushbutton 3 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB4_HMI Pushbutton 4 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB5_HMI Pushbutton 5 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB6_HMI Pushbutton 6 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB7_HMI Pushbutton 7 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB8_HMI Pushbutton 8 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB9_HMIc Pushbutton 9 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB10HMIc Pushbutton 10 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

Table 12.38 Front-Panel Settings (Sheet 4 of 4)

Setting Prompt

NOTE: The specific settings available 
in this category for a relay depends on 
the features of that relay.

NOTE: In some relays, rather than 
picking from a list of screens, as 
shown here, there is a freeform 
settings block in which you can list the 
screens you want in the order you 
want them displayed.
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Boolean display points are selected by using freeform settings fields. Two types 
of display points can be entered: Boolean and analog. For Boolean display points, 
the entry syntax is:

Bit name, "Label", "Set String", "Clear String", Text Size"

For an analog display point, the syntax is:

Analog name, "User Text and Formatting", "Text Size"

See the Front-Panel Operations section for more information on configuring dis-
play points.

Local control bits are configured by using the Local Control category. This is a 
freeform category. Each entry has the following syntax:

Local bit name, "Label", "Set State", "Clear State", Pulse enable

See Local Control on page 4.20 for more information on configuring local con-
trol bits.

                    

                    

PB11HMIc Pushbutton 11 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB12HMIc Pushbutton 12 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

a PBn_HMI can only be set to DP if a valid display point has been set.
b Each instance (AP, DP, EVE, SER) can only be set to a single operator pushbutton.

OFF = No HMI Pushbutton Operation
AP = Alarm Points
DP = Display Points
EVE = Event Summaries
SER = SER HMI Display

c PB9–PB12 settings are only available on 12-pushbutton models.

Table 12.41 Front-Panel Event Display

Setting Prompt Default

DISP_ER Enable HMI Auto Display of Events Summaries (Y,N) Y

TYPE_ER Types of Events for HMI Auto Display (ALL,TRIP)a

a Setting is only available if DISP_ER := Y.

ALL

NUM_ER Operator Pushbutton Events to Display (1–100)b

b Setting is only available if an operator pushbutton has been set to EVE.

10c

c Some relays default NUM_ER to 3.

Table 12.42 Local Bit SELOGICa

a Settings in Table Table 12.42 appear if the associated local bit is defined. If no local bits are 
defined, the whole category is hidden.

Setting Prompt Default

LB_SPmm Local Bit Supervision (SELOGIC Equation, NA) 1

LB_DPmm Local Bit Status Display (SELOGIC Equation, NA) LBmm

Table 12.43 SER Parameters

Setting Prompt Default

SER_PP  Five Events per SER Events page? (Y for 5, N for 3) N

Table 12.40 Selectable Operator Pushbuttons (Sheet 2 of 2)

Setting Prompt Default



12.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Settings
Alias Settings

Alias Settings
Although SEL-400 series relays provide extensive programming facilities and 
opportunity for comments, troubleshooting customized programs is sometimes 
difficult. Aliases provide an opportunity to assign more meaningful names to the 
generic variable names to improve the readability of the program. These aliases 
can be used in settings and SELOGIC equations and are used in most relay reports. 
Assign a valid seven-character alias name to any Relay Word bit or any Analog 
Quantity. (Some SEL-400 series relays support aliasing additional types of data.)

Invalid alias names include the following keywords used by settings and 
SELOGIC control equations:

➤ END

➤ INSERT

➤ DELETE

➤ LIST

➤ NA

➤ OFF

SELOGIC control equation operators (e.g., NOT, AND, OR, COS) cannot be used 
as alias names. A quantity may only be assigned one alias. An alias cannot match 
an existing Relay Word or analog quantity name.

Alias names are valid when the following are true:

➤ They consist of a maximum of seven characters.

➤ They are constructed using characters 0–9, uppercase A–Z, or the 
underscore (_).

For example, the default name for contact output OUT101 is OUT101. You could 
change the default name to an alias, BK1_TR, for example.

Alias settings consists of a single freeform settings category. As many as 200 
aliases may be assigned. The default alias configuration is relay-specific. See the 
relay instruction manual for the default aliases. Figure 12.2 shows an example 
that uses the SET T command to set two aliases.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])

1: EN,"RLY_EN"
? <Enter>
2: 
?  OUT101, BK1_TR
3:
? END <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: OUT101,"BK1_TR"
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 12.2 Changing a Default Name to an Alias
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Protection Freeform SELOGIC Control Equations
Protection freeform SELOGIC control equations are in Classes 1 through 6 corre-
sponding to settings Groups 1 through Group 6 (see Multiple Setting Groups on 
page 12.4).

As many as 250 lines of freeform equations may be entered in each of six settings 
groups, although the actual maximum capacity may be less. See SELOGIC Con-
trol Equation Capacity on page 13.5 for more information. The default configu-
ration of the protection SELOGIC control equations is relay-specific. See the 
product-specific instruction manual to see the defaults.

Automation Freeform SELOGIC Control Equations
Automation freeform SELOGIC control equations are in Blocks 1 through 10.

The SEL-400 series relays do not contain any automation freeform SELOGIC set-
tings in the factory-default settings.

The relay has a capacity of 100 lines of automation freeform SELOGIC control 
equations in each of 10 automation setting blocks. See SELOGIC Control Equa-
tion Capacity on page 13.5 for more information.

Output Settings
                    

The Main Board output settings consists of SELOGIC control equations 
OUT101–OUT108. The defaults are relay-specific; see the relay-specific instruc-
tion manual to see the defaults. Some SEL-400 series relays do not have any 
main board outputs, in which case this category is not available.

The Interface Board output settings consists of SELOGIC control equations 
OUTx01–OUTx16 where x = 2–5, corresponding to Interface Boards 1 to 4. The 
category for any interface board is only available if the interface board is 
installed. The defaults are relay-specific; see the relay-specific instruction man-
ual to see the defaults.

Table 12.45 settings are available if an Ethernet card is present and IEC 61850 is 
ordered.

NOTE: Some versions of some 
SEL-400 series relays have only one 
automation setting block with a 
capacity of 100 lines of automation 
freeform SELOGIC control equations.

Table 12.44 Output Settings Categories

Settings Reference

Main Board

Interface Board #1

Interface Board #2

Interface Board #3

Interface Board #4

Remote Analog Outputs Table 12.45

MIRRORED BITS Transmit Equations Table 12.46

87L Communications Bitsa

a Only available in products that support 87L communication.

Table 12.47

NOTE: In TiDL (EtherCAT) relays, 
Interface Boards 2—4 are always 
considered to be available. Depending 
on the Axion modules connected, 
these outputs may or may not be 
physically present. In TiDL (T-Protocol) 
relays, Interface Boards 1—4 are 
always considered to be available. 
Depending on the SEL-TMU modules 
connected, Outputs 2—4 may or may 
not be physically present.
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NOTE: This category is only available 
in relays that support 87L 
communications.

                    

Report Settings
                    

Table 12.45 Remote Analog Outputs

Setting Prompt Default

RAO01

•
•
•

RAO64

Remote Analog Output 01 (SELOGIC)

•
•
•

Remote Analog Output 64 (SELOGIC)

NA

•
•
•

NA

Table 12.46 MIRRORED BITS Transmit Equations

Setting Prompt Default

TMB1A
•
•
•

TMB8A

Mirrored Bit 1 Channel A Equation (SELOGIC)
•
•
•

Mirrored Bit 8 Channel A Equation (SELOGIC)

NA
•
•
•
NA

TMB1B
•
•
•
TMB8B

Mirrored Bit 1 Channel B Equation (SELOGIC)

•
•
•

Mirrored Bit 8 Channel B Equation (SELOGIC)

NA
•
•
•
NA

Table 12.47 87L Communications Bits

Settinga, b

a x = 1–8. These settings are hidden when E87CH = N or 2E or 3E or 4E. Also hidden if there is no 
serial communications card installed.

b nn = 01–32. These settings are visible when E87CH = 2E, 3E, or 4E, and are hidden in all other cases.

Prompt Default

87TxP1 Serial Comm. Transmit Bit x Port 1 (SELOGIC) NA

87TxP2 Serial Comm. Transmit Bit x Port 2 (SELOGIC) NA

87TnnE Ethernet Comm. Transmit Bit nn (SELOGIC) NA

Table 12.48 Report Settings Categories

Settings Reference

SER Chatter Criteria Table 12.49

SER Points

Signal Profile Table 12.50

Event Reporting Table 12.51

Event Reporting Analog Quantities

Event Reporting Digital Elements
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The SER Points category is a freeform category for listing points to record in the 
SER. Each point can be given a reporting name, a set state name, and a clear state 
name. You can also indicate whether or not to make this point visible as an alarm 
point on the front-panel LCD. The syntax for entry is:

Relay Word Bit Label, "Reporting Name", "Set State Name", "Clear State 
Name", HMI Alarm Indication

Each of the names may consist of any printable ASCII character. The HMI alarm 
condition is a Y/N choice. By default, there are no SER points configured.

The signal profile settings category consists of a freeform block for selecting ana-
log quantities to include in the signal profile followed by the settings described in 
Table 12.50. Any of the analog quantities listed in Section 12:Analog Quantities 
in the product-specific instruction manual may be selected. As many as 20 analog 
quantities can be included in the signal profile.

                    

                    

The Event Report Analog Quantities category is a freeform category in which 
you can select as many as 20 analog quantities to report in the relay event reports. 
By default, no analog quantities are configured.

Table 12.49 SER Chatter Criteria

Setting Prompt Default

ESERDEL Automatic Removal of Chattering SER Points (Y, N) N

SRDLCNTa

a Setting is only available if ESERDEL := Y.

Number of Counts Before Auto-Removal (2–20) 5

SRDLTIMa Time for Auto-Removal (0.1–30 seconds) 1.0

Table 12.50 Signal Profile

Setting Prompt Default

SPAR Signal Profile Acq. Rate (1,5,15,30,60 min) 5

SPEN Signal Profile Enable (SELOGIC Eqn.) 0

Table 12.51 Event Reporting

Setting Prompt Default

ERDIG Store Selected (S) or All (A) Relay Word Bits S

SRATE Sample Rate of Event Report (1, 2, 4, 8 kHz) 2

LERa

a The upper end of the range is reduced by a factor of 4 if ERDIG is set to A.

Length of Event Report (0.25–3.00 seconds); SRATE := 8 0.50

PREb

b The upper limit for PRE is the set LER minus 0.05 s.

Length of Pre-Fault (0.05–0.25 seconds); SRATE := 8 0.10

LERa Length of Event Report (0.25–6.00 seconds); SRATE := 4 0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 4 0.10

LERa Length of Event Report (0.25–12.00c seconds); SRATE := 2

c In the SEL-411L, the upper bound is 9.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 2 0.10

LERa Length of Event Report (0.25–24.00d seconds); SRATE := 1 

d In the SEL-411L, the upper bound is 12.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 1 0.10
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The Event Reporting Digital Elements category is a freeform settings area in 
which as many as 800 Relay Words from as many as 100 Relay Word bit rows 
may be selected. See the product-specific instruction manual for the default con-
figuration. The 100 row limit includes the base set of Relay Word bits always 
included in oscillography and event reports as described in Section 7: Metering, 
Monitoring, and Reporting in the product-specific instruction manual.

Notes Settings
Avoid losing important information about the relay. Use the Notes settings like a 
text pad to leave notes about the relay in the Notes area of the relay. Notes entries 
are in a single block of 100 lines. By default, there is no text stored in the Notes set-
tings.
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SELOGIC Control Equation Programming

This section describes use of SELOGIC control equations and programming to 
customize relay operation and automate substations. This section covers the fol-
lowing topics:

➤ Separation of Protection and Automation Areas on page 13.1

➤ SELOGIC Control Equation Setting Structure on page 13.2

➤ SELOGIC Control Equation Capacity on page 13.5

➤ SELOGIC Control Equation Programming on page 13.6

➤ SELOGIC Control Equation Elements on page 13.9

➤ SELOGIC Control Equation Operators on page 13.24

➤ Effective Programming on page 13.34

➤ SEL-311 and SEL-351 Series Users on page 13.36

Separation of Protection and Automation Areas
SEL-400 series relays act as protective relays and as smart nodes in distributed 
substation automation. The relay collects data, coordinates inputs from many 
interfaces, and automatically controls substation equipment. The relay performs 
protection and automation functions but keeps programming of these functions 
separate. For example, someone modifying or testing a capacitor bank control 
system or station restoration system created in automation programming should 
not be able to corrupt programming for protection tasks. Similarly, extended pro-
tection algorithms must operate at protection speeds unaffected by the volume of 
automation programming.

SEL-400 series relays contain several separate programming areas discussed in 
SELOGIC Control Equation Setting Structure. Separate access levels and pass-
words control access to each programming area and help eliminate accidental 
programming changes. For example, use Access Level P to modify protection 
configuration and protection freeform SELOGIC control equation programming 
and Access Level A to access automation programming. If you want unlimited 
access to both automation and protection configuration and programming, use 
Access Level 2.

NOTE: If you want unlimited access 
to both automation and protection 
configuration and programming, log in 
to Access Level 2.

Protection and automation areas must interact and exchange information. Protec-
tion and automation interact and exchange information through separate storage 
areas (variables) for results of automation and protection programming. The relay 
combines the results in the output settings that drive relay outputs to control sub-
station equipment. Separation of protection and automation storage areas is illus-
trated in Figure 13.1.
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Figure 13.1 illustrates how the SEL-400 series relays keep protection and auto-
mation programming separate while still exchanging information. The arrows 
indicate data flow between components. The Relay Word Bits and Analog Quan-
tities are visible to protection, automation, and output programming. Protection 
programming uses the Relay Word Bits, Analog Quantities, Protection Variables, 
and Automation Variables as inputs, but only writes and stores information to the 
Protection Variables. Similarly, automation programming uses data from all parts 
of the relay, but only stores data in the Automation Variables.

The Output SELOGIC control equation settings use the Relay Word Bits, Analog 
Quantities, Protection Variables, and Automation Variables to control outputs and 
other information leaving the relay. Use the output settings to create a custom 
combination of the results of protection and automation operations. For example, 
an OR operation will activate an output when protection or automation program-
ming results necessitate activating the output. You can use more complicated 
logic to supervise control of the output with other external and internal informa-
tion. For example, use a command from the SCADA master to supervise auto-
mated control of a motor-operated disconnect in the substation.

SELOGIC Control Equation Setting Structure
SEL-400 series relays use SELOGIC control equations in three major areas. First, 
you can customize protection operations with SELOGIC control equation settings 
and freeform programming. Second, there is a freeform programming area for 
more sophisticated automation SELOGIC control equation programming. Third, 
there is a fixed area for relay output programming. The SELOGIC control equa-
tion programming areas are shown in Figure 13.2. There are also a small number 
of fixed SELOGIC control equations in other settings areas including front-panel 
settings that allow you to customize relay features not directly related to protec-
tion or automation.

                    

Figure 13.1 Protection and Automation Separation
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Protection
Protection SELOGIC control equation programming includes a fixed area and a 
freeform area. You can configure many protection settings within the relay (for 
example TR) with fixed SELOGIC control equation programming. Use these set-
tings to control protection operation and customize relay operation. The pro-
gramming and operation of fixed SELOGIC control equations in this area is very 
similar to programming in SEL-300 series relays.

There is a freeform SELOGIC control equation programming area associated with 
protection. Because this area operates at the protection processing interval along 
with protection algorithms and outputs, use this area to extend and customize 
protection operation. Protection freeform SELOGIC control equation program-
ming includes a complete set of timers, counters, and variables.

For all protection settings, including protection SELOGIC control equation pro-
gramming, there are six groups of settings that you activate with the protection 
settings group selection. Only one group is active at a time. When you switch 
groups, for example, you can activate completely different programming that cor-
responds to the conditions indicated by the active group. See Multiple Setting 
Groups on page 12.4 for more information.

If you want the programming to operate identically in all groups, develop the set-
tings in one group and copy these to all groups. You can copy settings by using 
the COPY command documented in COPY on page 14.25. You can also perform 
cut-and-paste operations in the ACSELERATOR QuickSet SEL-5030 software. 

                    

Figure 13.2 SELOGIC Control Equation Programming Areas
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NOTE: Perform operations that are 
not time critical in automation 
SELOGIC control equation 
programming. You can use this 
automation to reduce the demand and 
complexity of protection SELOGIC 
control equation programming.

All of the SELOGIC control equation programming in the protection area executes 
at the same deterministic interval as the protection algorithms. Because of this 
type of programming execution, you can use protection freeform and fixed pro-
gramming to extend and customize protection operation.

Automation
Automation SELOGIC control equation programming is a large freeform pro-
gramming area that provides as many as ten blocks. The relay executes each 
block sequentially from the first block to the last. You do not need to fill a block 
completely or enter any equations in a block before starting to write SELOGIC 
control equations in the following blocks.

SEL-400 series relays dedicate a minimum processing time when executing auto-
mation SELOGIC control equations. If the processing load is light, the relay uses 
more processing time for executing automation programming. This means that 
the overall execution time fluctuates. You can display the average and peak exe-
cution time with the STATUS S ASCII command. Use the STATUS SC com-
mand to reset the peak execution time.

NOTE: Organize automation SELOGIC 
control equation programming into 
blocks based on function. It is easier 
to edit and troubleshoot small 
partially filled blocks that contain 
related programming.

Use automation SELOGIC control equation programming to automate tasks that 
do not require time-critical, deterministic execution. For example, if you are 
coordinating control inputs from a substation HMI and SCADA master, use auto-
mation freeform SELOGIC control equations and set the output contact setting to 
the automation SELOGIC control equation variable that contains the result.

Perform time-critical tasks with protection freeform SELOGIC control equations. 
For example, if you require a SELOGIC control equation for TR (trip) that con-
tains more than 15 elements, you must perform that calculation in several steps. 
Because detection of a TR condition is a time-critical activity, perform the calcu-
lation with protection freeform SELOGIC control equations and set TR to the pro-
tection SELOGIC control equation variable that contains the result.

Because automation runs at a slower rate than protection, you must be careful 
when using protection bits within automation equations. Protection bits can 
assert and deassert again too fast for automation equations to consistently see 
them. Therefore, you may need to hold protection bits asserted for a second, by 
using conditioning timers, before using them in SELOGIC equations.

Outputs
To provide protection and automation area separation, the output settings are in a 
fixed SELOGIC control equation area separate from protection and automation 
programming. You can take advantage of this separation to combine protection 
and automation in a manner that best fits your application. Outputs include the 
relay control outputs, outgoing MIRRORED BITS points, and remote analog out-
puts. The relay executes output logic and processes outputs at the protection pro-
cessing interval.
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SELOGIC Control Equation Capacity
SELOGIC control equation capacity is a measure of how much remaining space 
you have available for programming. In both protection and automation, 
SELOGIC control equation capacity includes execution capacity and settings stor-
age capacity.

The relay will reject any setting that exceeds the available settings storage capac-
ity and execution capacity. You can then accept the previous settings you have 
entered and examine your settings.

Protection
SEL-400 series relays typically provide storage space for as many as 250 lines of 
protection freeform programming. See the product-specific instruction manual 
for the number of lines limit for any specific product. Because the relay executes 
protection fixed and freeform logic at a deterministic interval, there is a limit to 
the amount of SELOGIC control equation programming that the relay can execute. 
The relay calculates total capacity in terms of settings capacity and execution 
capacity.

NOTE: The SEL-487B supports 100 
lines of protection freeform 
programming.

Rather than limit parameters to guarantee that your application not exceed the 
maximum processing requirements, the relay measures and calculates the avail-
able capacity when you enter SELOGIC control equations. The relay will not 
allow you to enter programming that will cause the relay to be unable to complete 
all protection SELOGIC control equations each protection processing interval.

There are six protection settings groups. Only one protection settings group can 
be active. When a protection settings group is active, the relay executes SELOGIC 
control equations in the Global Settings, Protection Group Settings, Protection 
Freeform Settings, Output Settings, and several other settings areas. The relay 
calculates protection capacities based on the total amount of SELOGIC control 
equation programming executed when the protection settings group is active. Use 
the STATUS S command to display the remaining settings capacity and execu-
tion capacity for protection fixed and freeform logic.

Automation
SEL-400 series relays provide storage space for as many as 10 blocks of as many 
as 100 lines of automation freeform programming each. Use the STATUS S com-
mand to display the remaining settings capacity and execution capacity for auto-
mation freeform logic.

There is a maximum execution capacity and settings storage capacity. If you 
enter a setting that exceeds maximum capacity, the relay will reject the setting. 
You will have the opportunity to reenter the setting or save any other settings you 
entered during that session.
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SELOGIC Control Equation Programming
There are two major areas where SEL-400 series relays use SELOGIC control 
equations. First, fixed SELOGIC control equations define the operation of fixed 
protection elements or outputs. As with SEL-300 series relay programming, pro-
tection programming and outputs use fixed SELOGIC control equations. Second, 
you can use freeform SELOGIC control equations for freeform programming that 
includes mathematical operations, custom logic execution order, extended relay 
customization, and automated operation.

Fixed SELOGIC Control Equations
Fixed result SELOGIC control equations are equations in which the left side 
(result storage location), or LVALUE, is fixed. Programming in SEL-300 series 
relays consists of all fixed SELOGIC control equations. Fixed equations include 
protection and output settings that you set with SELOGIC control equations.

Fixed SELOGIC control equations are Boolean equations. Fixed result control 
equations can be as simple as a single element reference (for example PSV01) or 
can include a complex equation. An example of fixed programming is shown in 
Example 13.1.

                    

Freeform SELOGIC Control Equations
Freeform SELOGIC control equations provide advanced relay customization and 
automation programming. There are freeform SELOGIC control equation pro-
gramming areas used for protection and automation. You can use freeform 
SELOGIC control equation programming to enter program steps sequentially so 
that the relay will perform steps in the order that you specify. You can refer to 
storage locations multiple times and build up intermediate results in successive 

Example 13.1 Fixed SELOGIC Control Equations

The following equations are examples of fixed SELOGIC control equations 
for relay Output OUT101. The text after the # character is a comment 
included in the equation and stored in the relay for future reference and doc-
umentation.

OUT101 := 1 # Turn on OUT101

OUT101 := NA # Do not evaluate an equation for OUT101

OUT101 := OUT102 AND RB02 # Turn on OUT101 if OUT102 and 
RB02 are on

Fixed SELOGIC control equations include expressions that evaluate to a 
Boolean value, True or False, represented by a logical 1 or logical 0.

OUT101 := PSV04 # Turn on OUT101 if protection PSV04 is on

More complex programming in the freeform area controls OUT101. The 
result of the freeform programming is available as an element in a fixed 
equation.

OUT101 := AMV003 > 5 # Turn on OUT101 if AMV003 is greater than 5

While you cannot perform mathematical operations in fixed programming, 
you can perform comparisons on the results of mathematical operations per-
formed elsewhere.
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equations. You can also enter entire line comments to help document program-
ming. Mathematical operations are available only in freeform SELOGIC control 
equation programming areas. An example of freeform SELOGIC control equation 
programming is shown in Example 13.2.

                    

Assignment Statements
Both fixed and freeform SELOGIC control equations are a basic type of computer 
programming statement called an assignment statement. Assignment statements 
have a basic structure similar to that shown below:

LVALUE := Expression

Starting at the left, the LVALUE is the location where the result of an evaluation 
of the expression on the right will be stored. The := symbol marks the statement 
as an assignment statement and provides a delimiter or separator between the 
LVALUE and the expression. Type the := symbol as a colon and equal sign. The 
assignment symbol is different than a single equal sign (=) to avoid confusion 
with a logical comparison between two values. The type of LVALUE must match 
the result of evaluating the expression on the right.

There are two basic types of assignment statements that form SELOGIC control 
equations. In the first type, Boolean SELOGIC control equations, the relay evalu-
ates the expression on the right to a result that is a logical 1 or a logical 0. The 
LVALUE must be some type of Boolean storage location or setting that requires a 
Boolean value. For example, the setting for the Protection Conditioning Timer 7 
Input, PCT07IN, requires a value of 0 or 1, which you set with a Boolean 
SELOGIC control equation.

The second type is a math SELOGIC control equation. Use the math SELOGIC 
control equation to perform numerical calculations on data in the relay. For 
example, in protection freeform programming in an SEL-451, enter 
AMV034 := 5 * BK1IAFM to store the product of 5 and the Circuit Breaker 1 
A-Phase current in automation math variable 34. Example 13.3 lists several 
examples of Boolean and math SELOGIC control equations.

Example 13.2 Freeform SELOGIC Control Equations

The following equations are examples of freeform SELOGIC control equa-
tions. The text after the # character is a comment included in the equation 
and stored in the relay for future reference and documentation.

# Freeform equation example programming

#

# Is 80% of A-Phase fundamental voltage greater than 12kV?

PMV01 := VAFM * 0.8 # 80% of A-Phase fundamental voltage

PSV04 := PMV01 >= 12000 # True if A-Phase fundamental voltage 
is greater than or equal to 12000

Use comments to group settings in the freeform SELOGIC control equations 
by task and to document individual equations. In this example, an intermedi-
ate calculation generates the value we want to test to determine if PSV04 
will be turned on.



13.8

SEL-400 Series Relays Instruction Manual Date Code 20230830

SELOGIC Control Equation Programming
SELOGIC Control Equation Programming

                    

Comments
Include comment statements in SELOGIC control equations to help document 
SELOGIC control equation programming. The relay provides the following two 
type of comments:

➤ in-line comments: (*comment*)

➤ end-of-line comments: #xxx

Example of in-line comment:

PCT01IN := (*this is an in-line comment*) PMV04 (*this is an in-line 
comment *)

Example of end-of-line comment:

PCT01IN := 10 # this is an end-of-line comment

If you begin a SELOGIC control equation with an end-of-line comment character, 
then the entire line is a comment.

NOTE: During troubleshooting or 
testing, reenter a line and insert the 
comment character to disable it. Enter 
the line without the comment 
character to enable the line later 
when you want it to be executed.

Comments are a powerful documentation tool for helping both you and others 
understand the intent of programming and configuration of the settings. You can 
use comments liberally; comments do not reduce SELOGIC control equation exe-
cution capacity.

Example 13.3 Boolean and Math SELOGIC Control Equations

The equations below are examples of Boolean SELOGIC control equations.

# Example Boolean SELOGIC control equations

PSV01 := IN101 # Store the value of IN101 in PSV01

PSV02 := IN101 AND RB03 # Store result of logical AND in 
PSV02

PST01IN := IN104 # Use IN104 as the input value for PST01

PSV03 := PMV33 >= 7 # Set PSV03 when PMV33 greater than or 
equal to 7

The lines below are examples of math SELOGIC control equations.

# Example math SELOGIC control equations

PMV01 := 5 # Store the constant 5 in PMV01

PMV02 := 0.5 * VAFM # Store the product of A-Phase voltage and 
0.5 in PMV02
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SELOGIC Control Equation Elements
SELOGIC control equation elements are a collection of storage locations, timers, 
and counters that you can use to customize the operation of your relay and to 
automate substation operation. The elements that you can use in SELOGIC control 
equations are summarized in Table 13.1. The specific number of the various types 
of elements varies between SEL-400 series relays. See the product-specific 
instruction manual to determine the number of each type of element in that relay.

                    

Relay Word Bits and Analog Quantities
Data within the relay are available for use in SELOGIC control equations. Relay 
Word bits are binary data that include protection elements, input status, and out-
put status. See Section 11: Relay Word Bits in each product-specific instruction 
manual to view a list of Relay Word bits available within that relay. Analog quan-
tities are analog values within the relay including measured and calculated val-
ues. Section 12: Analog Quantities in each product-specific instruction manual 
contains a list of analog quantities available within the relay.

Special Condition Bits
Several Relay Word bits are available for special conditions related to SELOGIC 
control equation programming in the relay. You can use these bits in SELOGIC 
control equation programming to react to these conditions. You can also send 
these bits to other devices through relay interfaces including MIRRORED BITS 
communications and DNP3. The special condition bits are shown in Table 13.2.

The relay sets the first execution bits AFRTEXA, AFRTEXP, and PFRTEX 
momentarily to allow you to detect changes in the relay operation. The relay sets 
these bits and clears them as described in Table 13.2, Table 13.3, and Table 13.4. 
You can use these bits to force logic and calculations to reset or take a known 
state on power-up or settings change operations.

Table 13.1 Summary of SELOGIC Control Equation Elements

Element Description

Relay Word bits Boolean value data

Analog quantities Received, measured, and calculated values

Special condition bits Bits that indicate special SELOGIC control equation execution 
conditions

SELOGIC control equation 
variables

Storage locations for the results of Boolean SELOGIC control 
equations

SELOGIC control equation 
math variables

Storage locations for the results of math SELOGIC control equations

Latch bits Nonvolatile storage for the results of Boolean SELOGIC control 
equations

Conditioning timers Pickup and dropout style timers similar to those used in SEL-300 
series relays

Sequencing timers On-delay timers similar to those used in programmable logic con-
trollers

Counters Counters that count rising edges of Boolean value inputs
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SELOGIC Control Equation Variables
There are two types of SELOGIC control equation variables: Boolean and math.

SELOGIC Control Equation Boolean Variables
SELOGIC control equation Boolean variables are binary storage locations. Each 
variable equals either logical 1 or logical 0. This manual refers to these variables 
and the relay displays these as 1 and 0, respectively. Think also of the states 1 and 
0 as True and False, respectively, when you evaluate Boolean logic statements. 
The quantities of SELOGIC control equation Boolean variables available in the 
different programming areas are listed in Table 13.5.

                    

Use the SELOGIC control equation Boolean variables in freeform logic state-
ments in any order you want. Use a SELOGIC control equation Boolean variable 
more than once in freeform logic programming, and use SELOGIC control equa-
tion Boolean variables as arguments in SELOGIC control equations. Example 13.4 
illustrates SELOGIC control equation variable usage. You can view the status of 
individual control equation Boolean bits in the Relay Word using the TARGET 

Table 13.2 First Execution Bit Operation on Power-Up

Name Description

AFRTEXA Relay sets on power-up and clears after each automation programming block 
has been executed once.

AFRTEXP Relay sets on power-up. Relay clears after it enables protection and all auto-
mation programming blocks have been executed once.

PFRTEX Relay sets on startup. Relay clears after protection runs for 1 cycle.

Table 13.3 First Execution Bit Operation on Automation Settings Change

Name Description

AFRTEXA Relay sets on settings change and clears after each automation programming 
block has been executed once.

AFRTEXP Relay sets on settings change. Relay clears after it enables protection and all 
automation programming blocks have been executed once.

PFRTEX Relay sets on settings change. Relay clears after protection runs for 1 cycle.

Table 13.4 First Execution Bit Operation on Protection Settings Change, Group 
Switch, and Source Selection

Name Description

AFRTEXA Relay does not set.

AFRTEXP Relay sets when listed event occurs. Relay clears after it enables protection 
and all automation programming blocks have been executed once.

PFRTEX Relay sets when listed event occurs. Relay clears after protection runs for 1 
cycle.

Table 13.5 SELOGIC Control Equation Boolean Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
Boolean variables

64 PSV01–PSV64

Automation SELOGIC control equation 
Boolean variables

256 ASV001–ASV256
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command. Use the TAR PSVnn command or the TAR ASVnnn command to 
view the Relay Word row containing the protection or automation Boolean bit 
specified by the number nn. You can also view the status of Boolean bits through 
the relay LCD front-panel display by selecting RELAY ELEMENTS from the Main 
Menu and scrolling through the rows of Relay Word bits.

                    

SELOGIC Control Equation Math Variables
SELOGIC control equation math variables are math calculation storage results. As 
with protection and automation SELOGIC control equation Boolean variables, 
there are separate storage areas for protection and automation math calculations. 
The quantities of SELOGIC control equation math variables available in the 
SEL-400 series relays are shown in Table 13.6.

                    

Use math variables in freeform programming to store the results of math calcula-
tions as arguments in math calculations and comparisons. Example 13.5 illus-
trates SELOGIC control equation math variable usage. You can view the results of 
protection and automation math variables by using the METER command. Use 
the MET PMV command to see all protection math variable results (PMV01–
PMV64). Similarly, use the MET AMV command to see all automation math 
variable results (AMV001–AMV256).

Example 13.4 SELOGIC Control Equation Boolean Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation Boolean variables. Each 
line has a comment after the # that provides additional detail.

PSV01 := 1 # Set PSV01 to 1 always

PSV09 := PSV54 AND ASV005 # Set to result of Boolean AND

PSV02 := PMV05 > 5 # Set if PMV05 is greater than 5

You can use SELOGIC control equation variables more than once in freeform 
programming. The SELOGIC control equations below use ASV100 and 
ASV101 to calculate intermediate results.

# Remote control 1

ASV100 := RB14 AND ALT01 # Supervise remote control with ALT01

ASV101 := RB15 AND PLT07 # Supervise remote control with PLT07

ASV201 := ASV100 OR ASV101 # Store desired control in ASV201

# Remote control 2

ASV100 := RB18 AND ALT09 # Supervise remote control with ALT09

ASV101 := RB19 AND PLT13 # Supervise remote control with PLT13

ASV202 := ASV100 OR ASV101 # Store desired control in ASV202

Table 13.6 SELOGIC Control Equation Math Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
math variables

64 PMV01–PMV64

Automation SELOGIC control equa-
tion math variables

256 AMV001–AMV256
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Latch Bits
Latch bits are nonvolatile storage locations for Boolean information. Latch bits 
are in several settings areas of the relay, as shown in Table 13.7. Latch bits have 
two input parameters, Reset and Set, and one Latched Value, as shown in 
Table 13.8.

                    

Example 13.5 SELOGIC Control Equation Math Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation math variables by using 
analog quantities available in the SEL-421. Each line has a comment after 
the # that provides additional description.

PMV01 := 378.62 # Store 387.62 in PMV01

PMV09 := 5 + VAFM # Store sum of 5 and A-Phase voltage in kV in 
PMV09

You can use SELOGIC control equation math variables more than once in 
freeform programming. Use AMV010 in the following SELOGIC control 
equations to calculate intermediate results.

# Determine if any phase voltage is greater than 13 kV

# A-Phase

AMV010 := VAFIM/1000 # VA in kV

ASV010 := AMV010 > 13 # Set if greater than 13 kV

# B-Phase

AMV010 := VBFIM/1000 # VB in kV

ASV011 := AMV010 > 13 # Set if greater than 13 kV

# C-Phase

AMV010 := VCFIM/1000 # VC in kV

ASV012 := AMV010 > 13 # Set if greater than 13 kV

# Combine phase results

ASV013 := ASV010 OR ASV011 OR ASV012

Table 13.7 Latch Bit Quantities

Type
Typical 
Quantity

Name Range

Protection freeform latch bits 32 PLT01–PLT32

Automation latch bits 32 ALT01–ALT32
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Latch bits provide nonvolatile storage of binary information. A latch can have the 
value of logical 0 or logical 1. Latch bits also retain their state through changes in 
the active protection settings group. Because storage of latch bits is in nonvolatile 
memory, the state of latch bits remains unchanged indefinitely, even when power 
is lost to the relay.

As with logic latches used in digital electronics, each latch bit has a Set input and 
a Reset input. The relay evaluates the latch bit value at the end of each logic pro-
cessing interval by using the values for Set and Reset calculated during the pro-
cessing interval. Latch bits are reset dominant. If the Set and Reset inputs are 
both asserted, the relay will reset the latch.

Latch bits are available in two different programming areas of the relay. First, 
there are 32 latch bits, PLT01–PLT32, that are associated with protection set-
tings. Second, there are 32 latch bits, ALT01–ALT32, available in automation 
freeform programming. You can view the status of individual latch bits in the 
Relay Word using the TARGET command. Use the TAR PLTnn command or 
the TAR ALTnn command to view the Relay Word row containing the protec-
tion or automation latch bit specified by the two-digit number, nn. You can also 
view the status of latch bits through the relay LCD front-panel display by select-
ing RELAY ELEMENTS from the Main Menu and scrolling through the rows of 
Relay Word bits.

Protection Latch Bits
Program the 32 latch bits, PLT01–PLT32, in the protection freeform SELOGIC 
control equation programming area. There is a separate protection freeform 
SELOGIC control equation programming area associated with each protection set-
tings group. The latches in protection can have separate programming for Set and 
Reset in each protection settings group. While each protection latch value 
remains unchanged for a change in the active protection settings group, you can 
enter different Set and Reset programming for each protection settings group.

There are Set and Reset settings for each latch bit available in each group. For 
example, PLT01R and PLT01S are available in all six freeform settings groups 
and all control the same Latch Bit, PLT01. This structure allows you to either 
program each latch to operate in the same way for each group or behave differ-
ently based on the active protection settings group. For example, you could pro-
gram the protection latch to set on IN107 when Protection Settings Group 1 is 
active and program the latch to set on IN106 when Protection Settings Group 2 is 
active. If you do not enter a setting for the Reset and Set in a protection settings 
group, the latch bit will remain unchanged when that protection settings group is 
active. Example 13.6 illustrates protection latch bit usage.

Table 13.8 Latch Bit Parameters

Type Item Description Setting
Name 
Examples

Input Reset Reset latch when on Boolean SELOGIC control equation PLT01R

ALT01R

Input Set Set latch when on Boolean SELOGIC control equation PLT01S

ALT01S

Output Latched 
Value

Latched Value of 0 or 1 Value for use in Boolean SELOGIC 
control equations

PLT01

ALT24
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Example 13.6 Protection Latch Bits

This example studies the factory settings for the HOT LINE TAG operator 
control logic in the SEL-451. Protection Latch Bit 4 (PLT04) is used as a 
close enable signal, which is deasserted during Hot Line Tag conditions. 
When the HOT LINE TAG operator control is pressed, Relay Word bit 
PB5_PUL pulses for one processing interval, and one of two actions will 
occur, depending on the previous state of PLT04:

➤ If PLT04 was previously asserted, the PB5_PUL is ANDed with 
PLT04 in the PLT04R SELOGIC equation, causing PLT04 to 
deassert. In this state, closing is blocked.

➤ If PLT04 was previously deasserted, the PB5_PUL is ANDed 
with NOT PLT04 in the PLT04S SELOGIC equation, causing 
PLT04 to assert. In this state, closing is permitted.

The settings below are duplicated in the Protection SELOGIC control equation 
freeform programming areas corresponding to each of six setting groups:

# Store HOT LINE TAG state in PLT04, controlled by front-panel pushbutton

# 

PLT04S := PB5_PUL AND NOT PLT04

PLT04R := PB5_PUL AND PLT04 # HOT LINE TAG (WHEN PLT04 
DEASSERTED)

#

# PLT04 defeats the RECLOSE ENABLED operator control function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT LINE TAG 
DISABLES RECLOSE

In the factory settings for PLT04S and PLT04R, rising-edge operators are not 
required because Relay Word bit PB5_PUL only asserts for one processing 
interval. If the application required control input IN103 to set or clear the 
Hot Line Tag function in addition to the operator control pushbutton, the set-
tings would look like this:

PLT04S := (PB5_PUL OR R_TRIG IN103) AND NOT PLT04

PLT04R := (PB5_PUL OR R_TRIG IN103) AND PLT04 # HOT LINE 
TAG (WHEN PLT04 DEASSERTED)

If the R_TRIG operators were not present, Protection Latch Bit 4 (PLT04) 
would oscillate whenever IN103 was asserted, and the final state after IN103 
deasserts would be indeterminate. To prevent contact bounce sensed by Con-
trol Input IN103 from triggering multiple rising edges, make appropriate 
debounce time settings.

Protection Latch Bit 4 (PLT04) appears in the factory settings for several 
SELOGIC control equations in the SEL-451:

➤ In the Protection SELOGIC control equation freeform programming 
area, PLT04 defeats the RECLOSE ENABLED operator control 
function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT 
LINE TAG DISABLES RECLOSE

➤ In the front-panel settings, PB5_LED follows the inverted state 
of PLT04:

PB5_LED := NOT PLT04 #HOT LINE TAG
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Evaluation of the latch bit value occurs at the end of the protection SELOGIC con-
trol equation execution cycle. The values evaluated for Reset (PLTnnR) and Set 
(PLTnnS) during SELOGIC control equation execution remain unchanged until 
after the evaluation of all SELOGIC control equations, when the relay evaluates 
the latch bit value (PLTnn). For example, if you have multiple SELOGIC control 
equations for set, the last equation in the protection freeform area dominates, and 
the relay uses this equation to evaluate the latch.

Automation Latch Bits
The automation latch bits, ALT01–ALT32, are available in automation freeform 
settings. Write freeform SELOGIC control equations to set and reset these bits. As 
with protection latch bits, the relay stores automation latch bits in nonvolatile 
memory and preserves these through a relay power cycle and group change oper-
ations. With protection latch bits, you can implement Set and Reset programming 
for each protection settings group. Automation SELOGIC control equation pro-
gramming, however, has only one programming area active for all protection set-
tings groups.

The relay evaluates the latch bit value at the end of the automation freeform 
SELOGIC control equation execution cycle. The values for Reset (ALTnnR) and 
Set (ALTnnS) remain unchanged until evaluation of all SELOGIC control equa-
tions, when the relay evaluates the latch (ALTnn). For example, if you have mul-
tiple SELOGIC control equations for set, the last equation in the automation 
freeform area dominates, and the relay uses this equation to evaluate the latch.

Conditioning Timers
Use conditioning timers to condition Boolean values. Conditioning timers either 
stretch incoming pulses or allow you to require that an input take a state for a cer-
tain period before reacting to the new state. Conditioning timers are available in 
the protection freeform area and automation freeform area, as shown in 
Table 13.9. Conditioning timers have the three input parameters and one output 
shown in Table 13.10.

➤ In group settings, PLT04 supervises close and reclose 
conditions:

➢ Autoreclose enable

E3PR1 := PLT02 AND PLT04

➢ Autoreclose drive-to-lockout

79DTL := NOT (PLT02 AND PLT04) AND (3PT OR NOT 
52AA1)

➢ Manual close

BK1MCL := (CC1 OR PB7_PUL) AND PLT04

The above settings allow the HOT LINE TAG operator control pushbutton to 
enable or disable close operations in the SEL-451. Any changes to these fac-
tory settings should be carefully designed and tested to ensure proper operation.

Example 13.6 Protection Latch Bits (Continued)
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A conditioning timer output turns on and becomes logical 1, after the input turns 
on and the Pickup Time expires. An example timing diagram for a conditioning 
timer, PCT01, with a Pickup Time setting greater than zero and a Dropout Time 
setting of zero is shown in Figure 13.3. In the example timing diagram, the Input, 
PCT01IN, turns on and the timer Output, PCT01Q, turns on after the Pickup 
Time, PCT01PU, expires. Because the Dropout Time setting is zero, the Output 
turns off when the Input turns off.

                    

If the Pickup Time is not satisfied, the timer Output never turns on, as illustrated 
in Figure 13.4. If the input reasserts again, one or more processing intervals later, 
the conditioning timer pickup timer begins timing again from zero.

Table 13.9 Conditioning Timer Quantities

Type Quantity Name Range

Automation freeform conditioning timers 32 ACT01–ACT32

Protection freeform conditioning timers 32 PCT01–PCT32

Table 13.10 Conditioning Timer Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay times Boolean SELOGIC control 
equation setting

PCT01IN

ACT01IN

Input Pickup 
Time

Time that the input must be 
on before the output turns on

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01PU

ACT01PU

Input Dropout 
Time

Time that the output stays on 
after the input turns off

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01DO

ACT01DO

Output Output Timer output Value for Boolean 
SELOGIC control equations

PCT01Q

ACT01Q

                    

Figure 13.3 Conditioning Timer With Pickup and No Dropout Timing Diagram

NOTE: Times for protection timers 
must not exceed 2,000,000 cycles for 
proper operation.

NOTE: The SEL-487B provides 16 
protection conditioning timers.

PCT01IN

PCT01Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Pickup
Time

PCT01PU

Pickup Time 
Expires
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A conditioning timer output turns off when the input turns off and the Dropout 
Time expires. An example timing diagram for a conditioning timer, PCT02, with 
a Pickup Time setting of zero and a Dropout Time setting greater than zero is 
shown in Figure 13.5. Because the Pickup Time, PCT02PU, setting is zero, the 
Output, PCT02Q, turns on when the Input, PCT02IN, turns on. The Output turns 
off after the Input turns off and the Dropout Time, PCT02DO, expires. If the 
input reasserts before the dropout time expires, the dropout timer resets so it 
begins timing again from zero when the input drops out again.

                    

Combining the features shown above, Figure 13.6 illustrates conditioning timer 
operation for use of both the pickup and dropout characteristics. The Output, 
PCT03Q, turns on after the Input, PCT03IN, turns on and the Pickup Time, 
PCT03PU, expires. The Output turns off after the Input turns off and the Dropout 
Time, PCT03DO, expires.

                    

Figure 13.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram

                    

Figure 13.5 Conditioning Timer With Dropout and No Pickup Timing Diagram
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For protection conditioning timers, set the Pickup Time and Dropout Time in 
cycles and fractions of a cycle (represented in decimal form). The relay processes 
protection conditioning timers once for each protection processing interval. The 
relay asserts the timer output on the first processing interval when the elapsed 
time exceeds the setting. In most SEL-400 series relays, the protection processing 
interval is 1/8 cycle (or 0.125 cycles). See the product-specific instruction manual to 
determine the specific processing interval. Actual settings, programming, and opera-
tion are illustrated in Example 13.7.

For automation conditioning timers, set the Pickup Time and Dropout Time in 
seconds. The relay processes automation conditioning timers once for each auto-
mation processing interval. The execution interval depends on the amount of 
automation programming. Determine the average automation execution interval 
with the STATUS S command.

NOTE: This example shows timer 
pickup and dropout settings in cycles. 
The SEL-400G relay uses seconds for 
these settings.

                    

                    

Figure 13.6 Conditioning Timer With Pickup and Dropout Timing Diagram
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Example 13.7 Conditioning Timer Programming and Operation

This example uses protection freeform conditioning timer seven, PCT07. 
The freeform settings are as shown here:

PCT07PU := 5.3 # Pickup set to 5.3 cycles

PCT07D0 := 6.0 # Dropout set to 6.0 cycles

PCT07IN := IN101 # Operate on the first input on the main board

PSV29 := PCT07Q # Protection SELOGIC control equation variable fol-
lows the timer output

The operation of the timer when IN101 turns on for 7 cycles is shown in the 
timing diagram in Figure 13.7. Because the pickup setting is an uneven num-
ber of protection processing intervals (1/8 cycle), the pickup occurs on the 
first 1/8th cycle after the Pickup Time of 5.3 cycles expires.
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In freeform programming, the relay evaluates the timer at execution of the timer 
Input SELOGIC control equation (PCTnnIN or ACTnnIN). The relay loads the 
Pickup Time (PCTnnPU or ACTnnPU) and Dropout Time (PCTnnDO or ACTn-
nDO) into the timer when the relay observes the appropriate edge in the input. If 
you enter a math expression for Pickup Time or Dropout Time, the relay uses the 
value calculated before the Input SELOGIC control equation. If your Pickup Time 
or Dropout Time equation is below the Input equation (has a higher expression 
line number), the relay will use the value calculated on the previous SELOGIC 
control equation execution interval. Because the relay calculates the last value for 
pickup or dropout in this manner, we recommend for most applications that you 
enter the Pickup Time, Dropout Time, and Input statements together in the order 
shown in Example 13.7. You can view the status of the conditioning timer output 
Relay Word bits by using the TAR PCTnnQ or TAR ACTnnQ command, where 
nn is the number of the conditioning timer. You can also view the status of these 
timer elements through the relay front-panel LCD by selecting RELAY ELEMENTS 
from the Main Menu and scrolling through the rows of Relay Word bits.

Sequencing Timers
NOTE: Times for protection timers 
with timer settings based on power 
system cycles must not exceed 
2,000,000 cycles for proper 
operation.

Sequencing timers are useful for sequencing operation. There are two main dif-
ferences between sequencing timers and conditioning timers. First, sequencing 
timers integrate pulses of the input to count up a total time. Second, the elapsed 
time a sequencing timer counts is visible; you can use this time in other SELOGIC 
control equation programming or make this time visible through one of the relay 
communications protocol interfaces. Sequencing timers are available in the pro-
tection freeform area and automation freeform area as shown in Table 13.11. 
Sequencing timers have three input parameters and two outputs listed in Table 13.12.

                    

                    

Example 13.7 Conditioning Timer Programming and Operation (Continued)

                    
                    

Figure 13.7 Conditioning Timer Timing Diagram for Example 13.7
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Table 13.11 Sequencing Timer Quantities

Type Typical Quantity Name Range

Protection freeform sequencing timers 32 PST01–PST32

Automation freeform sequencing timers 32 AST01–AST32



13.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

SELOGIC Control Equation Programming
SELOGIC Control Equation Elements

                    

A sequencing timer counts time by incrementing the Elapsed Time when 
SELOGIC control equation execution reaches the Input equation if the Reset is off 
and the Input is on. The Output turns on when the Elapsed Time reaches or 
exceeds the Preset Time. Whenever the Reset is on, the relay sets the Output to 
zero, then clears the Elapsed Time, and stops accumulating time (even if Input is on).

Figure 13.8 is a timing diagram for typical sequencing timer operation.

                    

Timers in protection programming operate in the relay protection logic process-
ing interval, while timers in automation programming operate in seconds. As 
with protection conditioning timers, operation depends on the logic processing 
interval. For example, in most SEL-451 series relays the logic processing interval 
is 1/8 cycle, so the relay effectively rounds up all operation to the nearest 0.125 
cycles. With automation programming, the execution interval depends on the 
amount of automation programming. Determine the average automation execu-
tion interval with the STATUS S command.

The automation timers operate using a real-time clock. Each time the relay evalu-
ates the Input (ASTnnIN) the relay adds the elapsed time since the last execution 
to the Elapsed Time (ASTnnET). The accuracy of the timer in stopping and start-
ing when the input of the timer turns on averages half an automation execution 

Table 13.12 Sequencing Timer Parameters

Type Item Description Setting Name Examples

Input Input Value that the relay times Boolean SELOGIC control equation setting PST01IN

AST07IN

Input Preset 
Time

Time the input must be on 
before the output turns on

Time value. Protection uses the relay protection logic processing 
interval, while automation uses seconds.

PST01PT

AST07PT

Input Reset Timer reset Boolean SELOGIC control equation setting PST01R

AST07R

Output Elapsed 
Time

Time accumulated since 
the last reset

Value for math SELOGIC control equations. Protection uses the relay 
protection logic processing interval, while automation uses seconds.

PST01ET

AST07ET

Output Output Timer output Value for Boolean SELOGIC control equations PST01Q

AST07Q

                    

Figure 13.8 Sequencing Timer Timing Diagram

Elapsed Time
Increases While

Input Is On
Elapsed Time 

Does Not Reset 
When Input Is Off

Elapsed Time Reaches 
Preset Value

Elapsed Time 
PST01ET

Input
PST01IN

Reset 
PST01R

Output 
PST01Q

Preset Value
PST01PT



13.21

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Elements

cycle. If you change automation freeform programming, you must also check the 
new automation average execution cycle to verify that you will obtain satisfac-
tory accuracy for your application. Example 13.8 describes typical timer pro-
gramming and describes the resulting operation.

                    

In freeform programming, the relay evaluates the timer at the timer Input 
SELOGIC control equation (PSTnnIN or ASTnnIN). If you enter an expression 
for the timer Reset (PSTnnR or ASTnnR) or Preset Time (PSTnnPT or ASTnnPT), 
the values for Reset and Preset Time that the relay uses are the last values that the 
relay calculates before the input SELOGIC control equation calculation. Because 
the relay uses the last values for Reset and Preset Time value in this manner, we 
recommend for most applications that you enter the Preset Time, Reset, and Input 
statements together in the order shown in Example 13.8. You can view the current 
state of the timer by assigning the elapsed time output of the sequencing timer to 
a math variable. Example 13.8 shows how you would assign the elapsed time out-
put for automation sequence timer AST01 to automation math variable AMV256. 
To see the elapsed time value, issue the MET AMV command to display the val-
ues of the automation math variables. Likewise, you can assign the elapsed time 
output of a protection sequence timer to a protection math variable.

The elapsed time output is stored in volatile memory. Elapsed time resets to zero 
for both protection and automation sequential timers when relay power cycles, 
you change settings or settings groups, or you perform any function that restarts 
the relay.

Example 13.8 Automation Sequencing Timer Programming

The equations below are an example of programming for an automation 
sequencing timer, AST01. Each timer input is programmed as a separate 
statement in automation SELOGIC control equation programming.

# Example programming of sequencing timer to time Input IN101 and IN102

AST01PT := 7.5 # Timer Preset Time of 7.5 seconds

AST01R := RB03 # Reset timer when RB03 turns on

AST01IN := IN101 AND IN102 # Timing time when IN101 and IN102 
are on

ASV001 := AST01Q # ASV001 tracks output of timer

AMV256 := AST01ET # AMV256 tracks timing progress

In this example, timer AST01 times the quantity IN101 AND IN102 and 
turns on when the total time reaches 7.5 seconds. If the Input, AST01IN, is 
on for approximately 1 second every minute, the Output, AST01Q, will turn 
on during the eighth minute, when the accumulated elapsed time exceeds 7.5 
seconds.
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Counters
NOTE: Preset values for counters 
must not exceed 8,000,000 for 
proper operation. 

Use counters to count changes or edges in Boolean values. Each time the value 
changes from logical 0 to logical 1 (a rising edge), the counter Current Value 
increments. Counters are available in the protection freeform area and automa-
tion freeform area, as shown in Table 13.13. Counters have three input parame-
ters, Input, Preset Value, and Reset; and two outputs, Current Value and Output, 
as listed in Table 13.14.

                    

                    

In freeform programming, the relay evaluates the counter at execution of the 
counter Input SELOGIC control equation (PCNnnIN or ACNnnIN). If you enter 
an expression for the counter Reset (PCNnnR) or the counter Preset (PCNnnPV), 
the values for Reset and Preset that the relay uses are the last values the relay cal-
culates before the input SELOGIC control equation calculation. Because the relay 
uses the last values for Reset and Preset in this manner, we recommend for most 
applications that you enter the Preset, Reset, and Input statements together in the 
order shown in Example 13.9. You can view the current value of the counter by 
assigning the protection counter current value, PCNnnCV, to a protection math 
variable or by assigning the automation counter current value, ACNnnCV, to an 
automation math variable. View the math variable values by issuing the appropri-
ate MET PMV or MET AMV commands.

The current value count is stored in volatile memory. The count resets to zero for 
both protection and automation sequential timers when relay power cycles, you 
change settings or settings groups, or you perform any function that restarts the 
relay.

                    

Table 13.13 Counter Quantities

Type Typical Quantity Name Range

Protection counters 32 PCN01–PCN32

Automation counters 32 ACN01–ACN32

Table 13.14 Counter Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay 
counts

Boolean SELOGIC control 
equation setting

PCN01IN

ACN09IN

Input Preset Value Number of counts 
before the output turns 
on

Constant or expression for 
the number of counts

PCN01PV

ACN09PV

Input Reset Counter reset Boolean SELOGIC control 
equation setting

PCN01R

ACN09R

Output Current 
Value

Current accumulated 
count

Value for math SELOGIC 
control equations

PCN01CV

ACN09CV

Output Output Counter output Value for Boolean 
SELOGIC control equations

PCN01Q

ACN09Q

Example 13.9 Counter Programming

The freeform programming equations that follow demonstrate how to enter 
settings to control a protection counter in protection freeform SELOGIC con-
trol equation programming. Programming for an automation counter is similar.
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Protection Counter 1 counts close operations of the circuit breaker associ-
ated with the 52AA1 element. Initially, the current value, PCN01CV, is zero. 
The relay increments the current value each time the circuit breaker closes. 
The relay increases the count value, PCN01CV, each time the circuit breaker 
closes and the element 52AA1 value changes from 0 to 1 (a rising edge). 
When the count reaches 1000, the timer automatically resets and begins 
counting again.

# Example protection counter programming

#

# This example counts how many times a circuit breaker closes

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := 52AA1

The SELOGIC control equations below provide multiple-change detection 
counting both close and open operations of the circuit breaker. The interme-
diate value PSV01 turns on for one processing interval each time the circuit 
breaker closes. The intermediate value PSV02 turns on for one processing 
interval each time the circuit breaker opens. The OR combination of PSV01 
and PSV02 contains a rising edge for each circuit breaker operation, open or 
closed, that Protection Counter 1 counts.

# Example protection counter programming

#

# This example counts how many times a circuit breaker operates either 
open or closed

#

# Detect OPEN and CLOSE and combine

PSV01 := R_TRIG 52AA1 # Pulse for each close

PSV02 := F_TRIG 52AA1 # Pulse for each open

PSV03 := PSV01 OR PSV02 # Pulse for each open or close

#

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := PSV03 # Count open and close operations

PSV04 := PCN01CV >900 # PSV04 signals impending reset

Example 13.9 Counter Programming (Continued)
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SELOGIC Control Equation Operators
There are two types of SELOGIC control equations. Boolean SELOGIC control 
equations comprise the first type. These equations are expressions that evaluate to 
a Boolean value of 0 or 1. Math SELOGIC control equations constitute the second 
type. The relay evaluates these equations to yield a result having a numerical 
value (for example, 6.25 or 1055).

Left value, LVALUE, determines the type of SELOGIC control equation you need 
for a setting or for writing freeform programming. If the LVALUE is a Boolean 
type (ER, ASV001, etc.) then the type of expression you need is a Boolean 
SELOGIC control equation. If the LVALUE is a numerical (non-Boolean) value 
(PMV12, PCT01PV, etc.), the type of expression you need is a math SELOGIC 
control equation.

Writing SELOGIC control equations requires that you use the appropriate opera-
tors and correct SELOGIC control equation syntax to combine relay elements 
including analog values, Relay Word bits, incoming control points, and SELOGIC 
control equation elements within the relay. The operators are grouped into two 
types, according to the type of SELOGIC control equation in which you can apply 
these operators.

Operator Precedence
When you combine several operators and operations within a single expression, 
the relay evaluates the operations from left to right, starting with the highest pre-
cedence operators working down to the lowest precedence. This means that if 
you write an equation with three AND operators, for example PSV01 AND 
PSV02 AND PSV03, each AND will be evaluated from the left to the right. If 
you substitute NOT PSV04 for PSV03 to make PSV01 AND PSV02 AND NOT 
PSV04, the relay evaluates the NOT operation of PSV04 first and uses the result 
in subsequent evaluation of the expression. While you cannot use all operators in 
any single equation, the overall operator precedence follows that shown in 
Table 13.15.

                    

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 1 of 2)

Operator Description

(Expression) Parenthesis

Identifier (argument list) Function evaluation

– Negation

NOT Complement

R_TRIG

F_TRIG Edge Trigger

SQRT, LN, EXP, LOG, COS, SIN, ACOS, 
ASIN, ABS, CEIL, FLOOR

Math Functions

* Multiply

/ Divide

+ Add

– Subtract

<, >, <=, >= Comparison

= Equality

<> Inequality



13.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Operators

Boolean Operators
Use Boolean operators to combine values with a resulting Boolean value. The 
arguments of the operator may be either numbers or Boolean values, but the 
result of the operation must be a Boolean value. Combine the operators to form 
statements that evaluate complex Boolean logic. Table 13.16 contains a summary 
of Boolean operators available in SEL-400 series relays.

                    

Parentheses
Use paired parentheses to control the execution order of operations in a SELOGIC 
control equation. Use as many as 14 nested sets of parentheses in each SELOGIC 
control equation. The relay calculates the result of the operation on the innermost 
pair of parentheses first and then uses this result with the remaining operations. 
Table 13.17 is a truth table for an example operation that illustrates how paren-
theses can affect equation evaluation.

                    

AND Boolean AND

OR Boolean OR

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 2 of 2)

Operator Description

Table 13.16 Boolean Operator Summary

Operator Description

( ) Parentheses

NOT Logical inverse

AND Logical AND

OR Logical OR

R_TRIG Rising-edge trigger

F_TRIG Falling-edge trigger

>, <, =, <=, >=, <> Comparison of values

Table 13.17 Parentheses Operation in Boolean Equation

A B C A AND B OR C A AND (B OR C)

0 0 0 0 0

0 0 1 1 0

0 1 0 0 0

0 1 1 1 0

1 0 0 0 0

1 0 1 1 1

1 1 0 1 1

1 1 1 1 1
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NOT
Use NOT to calculate the inverse of a Boolean value according to the truth table 
shown in Table 13.18.

                    

AND
Use AND to combine two Boolean values according to the truth table shown in 
Table 13.19.

                    

OR
Use OR to combine two Boolean values according to the truth table shown in 
Table 13.20.

                    

R_TRIG
R_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Figure 13.9. Use R_TRIG to sense when a value changes 
from logical 0 to logical 1 and take action only once when the value changes. The 
R_TRIG output is a pulse of one protection processing interval duration (typi-
cally 1/8th cycle). This rising-edge pulse output asserts one processing interval 
after the monitored element asserts.

Table 13.18 NOT Operator Truth Table

Value A NOT A

0 1

1 0

Table 13.19 AND Operator Truth Table

Value A Value B A AND B

0 0 0

0 1 0

1 0 0

1 1 1

Table 13.20 OR Operator Truth Table

Value A Value B A OR B

0 0 0

0 1 1

1 0 1

1 1 1
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The argument of an R_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a rising edge of a calculated quantity is shown in 
Example 13.10.

                    

F_TRIG
F_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Example 13.10. Use F_TRIG to sense when a value 
changes from logical 1 to logical 0 and take action only after the value changes 
state. The F_TRIG output is a pulse of one protection processing interval dura-
tion (typically 1/8th cycle). This pulse output asserts one processing interval after 
the monitored element deasserts.

                    

Figure 13.9 R_TRIG Timing Diagram

Example 13.10 R_TRIG Operation

The SELOGIC control equation below is invalid.

PSV15 := R_TRIG (PSV01 AND PSV23) # Invalid statement, do not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the R_TRIG operation on the result, as shown below.

PSV14 := PSV01 AND PSV23 # Calculate quantity in an intermediate 
result variable

PSV15 := R_TRIG PSV14 # Perform an R_TRIG on the quantity

Relay Word Bit  A

R_TRIG A

R_TRIG A
Deasserts

R_TRIG A
Asserts

Relay Word Bit A Changes
From 0 to 1

1 
Processing 

Interval

1 
Processing 

Interval
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The argument of an F_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a falling edge of a calculated quantity is shown in 
Example 13.11.

                    

Comparison
Comparison is a mathematical operation that compares two numerical values 
with a result of logical 0 or logical 1. AND and OR operators compare Boolean 
values; comparison functions compare floating-point values such as currents and 
other quantities. Comparisons and truth tables for operation of comparison func-
tions are shown in Table 13.21.

NOTE: Be careful how you use the 
equal (=) and the inequality (<>) 
operators. Because the relay uses a 
floating-point format to calculate 
analog values, only integer numbers 
will match exactly. Allow a small 
hysteresis of the following form: 
PSV01 := I01FM < 10.002 AND 
I01FM > 9.988.

                    

                    

Figure 13.10 F_TRIG Timing Diagram

Example 13.11 F_TRIG Operation

The SELOGIC control equation below shows an invalid use of the F_TRIG 
operation.

ASV015 := F_TRIG (ASV001 AND ALT11) # Invalid statement, do 
not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the F_TRIG operation on the result, as shown below.

ASV014 := ASV001 AND ALT11 # Calculate quantity in an intermedi-
ate result variable

ASV015 := F_TRIG ASV14 # Perform an F_TRIG on the quantity

Relay Word Bit A

F_TRIG A

F_TRIG A
Deasserts

F_TRIG A
Asserts

Relay Word Bit A Changes
From 1 to 0

1 
Processing 

Interval

1 
Processing 

Interval

Table 13.21 Comparison Operations

A B A > B A B A = B A <> B A  B A < B

6.35 7.00 0 0 0 1 1 1

5.10 5.10 0 1 1 0 1 0

4.25 4.00 1 1 0 1 0 0
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Math Operators
Use math operators when writing math SELOGIC control equations. Math 
SELOGIC control equations manipulate numerical values and provide a numerical 
base 10 result. Table 13.22 summarizes the operators available for math SELOGIC 
control equations.

                    

Parentheses
Use parentheses to control the order in which the relay evaluates math operations 
within a math SELOGIC control equation. Also use parentheses to group expres-
sions that you use as arguments to function operators such as SIN and COS. 
Include as many as 14 levels of nested parentheses in your math SELOGIC control 
equation. Example 13.12 shows how parentheses affect the operation and evalua-
tion of math operations.

                    

Math Error Detection
If a math operation results in an error, the relay turns on the math error bit, 
MATHERR, in the Relay Word. A settings change or the STATUS SC command 
resets this bit. For example, if you attempt to take the square root of a negative 
number (SQRT –5), the math error bit will be asserted until you clear the bit with 
a STATUS SC command or change settings.

Table 13.22 Math Operator Summary

Operator Description

( ) Parentheses

+, –, *, / Arithmetic

SQRT Square root

LN, EXP, LOG Natural logarithm, exponentiation of e, base 10 loga-
rithm

COS, SIN, ACOS, ASIN Cosine, sine, arc cosine, arc sine

ABS Absolute value

CEIL Rounds to the nearest integer toward infinity

FLOOR Rounds to the nearest integer toward minus infinity

– Negation

Example 13.12 Using Parentheses in Math Equations

The freeform math SELOGIC control equations below show examples of 
parentheses usage.

# Examples of parenthesis usage

AMV001 := AMV005 * (AMV004 + AMV003) # Calculate sum first, 
then product

AMV002 := AMV010 * (AMV009 + (AMV016 / AMV015)) # Nest 
parentheses

AMV003 := SIN (AMV037 + PMV42) # Group terms for a function
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Arithmetic
Use arithmetic operators to perform basic mathematical operations on numerical 
values. Arguments of an arithmetic operation can be either Boolean or numerical 
values. In a numerical operation, the relay converts logical 0 or logical 1 to the 
numerical value of 0 or 1. For example, multiply numerical values by Boolean 
values to perform a selection operation. Use parentheses to group terms in math 
SELOGIC control equations and control the evaluation order and sequence of 
arithmetic operations.

NOTE: IEEE 32-bit floating-point 
numbers have a precision of 
approximately seven significant digits. 
This means that numbers bigger than 
10,000,000 will lose precision in the 
least significant digit. Do not 
implement counters expecting them 
to get bigger than 10,000,000. Do not 
expect precise accuracy in analog 
quantities when they get bigger than 
10,000,000.

The relay uses IEEE 32-bit floating-point numbers to perform SELOGIC control 
equation mathematical operations. If an operation results in a quantity that is not 
a numerical value, the SELOGIC control equation status bit that signals a math 
error, MATHERR, asserts. The value that the relay stored previously in the speci-
fied result location is not replaced. The relay clears the corresponding math error 
bits if you change SELOGIC control equation settings (protection or automation), 
or if you issue a STATUS SC command. Example 13.13 contains examples of 
arithmetic operations in use.

                    

Table 13.23 Math Error Examples

Example Value in PMV01 Type MATHERR

PMV01 := PMV02 / 0 0a

a Evaluation of expression results in an error and prevents storage of new result. In the example, 
PMV01 remains 0. If the argument were a variable, PMV01 would contain the result of the last 
evaluation when the argument is valid.

Divide by zero Yes

PMV01 := LN ( 0 ) 0a LN of 0 Yes

PMV01 := LN ( -1) 0a LN of negative number Yes

PMV01 := SQRT ( -1) 0a Square root of a negative number Yes

Example 13.13 Using Arithmetic Operations

The freeform math SELOGIC control equations below show examples of 
arithmetic operator usage.

# Arithmetic examples

AMV001 := AMV005 + AMV034 # Calculate sum 

AMV002 := AMV005 – AMV034 # Calculate difference

AMV003 := AMV005 * AMV034 # Calculate product

AMV004 := AMV005 / AMV034 # Calculate quotient

The lines below demonstrate the use of Boolean values with the multiplica-
tion operation.

# Use of multiplication to select numerical values based on active set-
tings group

# Use 7 if protection settings group 1 active

# Use 5 if protection settings group 2 active

AMV005 := 7 * SG1 + 5 * SG2
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SQRT
Use the SQRT operation to calculate the square root of the argument. Use paren-
theses to delimit the argument of a SQRT operation. A negative argument for the 
SQRT operation results in a math error and assertion of the corresponding math 
error bit described in Arithmetic. Example 13.14 shows examples of the SQRT 
operator in use.

                    

LN, EXP, and LOG
LN and EXP are complementary functions for operating with natural logarithms 
or logarithms calculated to the natural base e. LN calculates the natural logarithm 
of the argument. LOG calculates the base 10 logarithm of the argument. A nega-
tive or zero argument for the LN and LOG operation results in a math error and 
assertion of the corresponding math error bit described in Arithmetic. EXP calcu-
lates the value of e raised to the power of the argument. Example 13.15 shows 
examples of expressions that use the LN, EXP, and LOG operators. Use parenthe-
ses to delimit the argument of a LN, EXP, or LOG operation.

                    

The lines below demonstrate math calculation error detection.

# The line below results in a math error if AMV029 becomes 0

AMV006 := 732 / AMV029

In the second line, if AMV029 is 6 on the first pass through the automation 
programming, the relay stores the result 122 in AMV006. If on the next pass 
AMV029 is 0, the MATHERR bit asserts and the value in AMV006 does not 
update.

Example 13.13 Using Arithmetic Operations (Continued)

Example 13.14 Using the SQRT Operator

The freeform math SELOGIC control equations below show examples of 
SQRT operator usage.

# SQRT examples

AMV001 := SQRT (AMV005) # Single argument version of SQRT

AMV002 := SQRT (AMV005 + AMV034) # Calculates the square root 
of the sum

AMV003 := SQRT (AMV007) # Produces a math error if AMV007 is 
negative

Example 13.15 Using the LN, EXP, and LOG Operators

The freeform math SELOGIC control equations below are examples of LN, 
EXP, and LOG operator usage.

# LN examples

AMV001 := LN (AMV009) # Natural logarithm of AMV009

AMV002 := LN (AMV009 + AMV034) # Natural logarithm of the sum

AMV003 := LN (AMV010) # Produces error if AMV010 is 0 or negative
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SIN and COS
Use the SIN or COS operators to calculate the sine or cosine of the argument. 
SIN and COS operate in degrees, the unit of angular measure the SEL-451 uses 
to express metering quantities. Example 13.16 shows examples of SIN and COS. 
Use parentheses to delimit the argument of a SIN or COS operation.

                    

ASIN and ACOS
Use the ASIN or ACOS operators to calculate the angle resulting from the trigo-
nometric function equivalent to a given number (the argument), where the func-
tion is sine or cosine. ASIN and ACOS operate in degrees. An argument less than 
–1 or larger than 1 results in a math error and assertion of the corresponding math 
bit described in Arithmetic on page 13.30. Example 13.17 shows examples of 
ASIN and ACOS. Use parentheses to delimit the argument of an ASIN or ACOS 
operation.

# EXP examples

AMV004 := EXP (2) # Calculates e squared

AMV005 := EXP (AMV003) # Calculates e to the power AMV003

AMV006 := EXP (AMV046 + AMV047) # e raised to the power of the sum

# LOG examples

AMV007 := LOG (AMV012) # Base 10 logarithm of AMV012

AMV008 := LOG (AMV012 + AMV022) # Base 10 logarithm of the sum

AMV009 := LOG (AMV100) # Produces an error if AMV100 is 0 or 
negative

Example 13.15 Using the LN, EXP, and LOG Operators (Continued)

Example 13.16 Using the SIN and COS Operators

The freeform math SELOGIC control equations below are examples of SIN 
and COS.

# SIN examples

AMV001 := SIN (AMV005) # Sine of AMV005

AMV002 := SIN (AMV005 + AMV034) # Sine of the sum

# COS examples

AMV003 := COS (AMV005) # Cosine of AMV005

AMV004 := COS (AMV005 + AMV006) # Cosine of the sum



13.33

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Operators

                    

ABS
Use the ABS operation to calculate absolute value of the argument. Use parenthe-
ses to group a math expression as the argument of an ABS operation. If the argu-
ment of the ABS operation is negative, the result is the value multiplied by –1. If 
the argument of the ABS operation is positive, the result is the same quantity as 
the argument. Example 13.18 contains examples of the ABS operator in use.

                    

CEIL
Use the CEIL operator to round the argument to the nearest integer toward posi-
tive infinity. Use parentheses to group a math expression as the argument of a 
CEIL operation. Example 13.19 contains examples of the CEIL operator.

                    

Example 13.17 Using the ASIN and ACOS Operators

The freeform math SELOGIC control equations below are examples of ASIN 
and ACOS.

# ASIN examples

AMV001 := ASIN (AMV010) # Arc sine of AMV010

AMV002 := ASIN (AMV010 + AMV011) # Arc sine of the sum

AMV003 := ASIN (AMV012) # Produces an error if |AMV012| > 1

# ACOS examples

AMV004 := ACOS (AMV010) # Arc cosine of AMV010

AMV005 := ACOS (AMV010 + AMV011) # Arc cosine of the sum

AMV006 := ACOS (AMV012) # Produces an error if |AMV012| > 1

Example 13.18 Using the ABS Operator

The freeform math SELOGIC control equations below show examples of the 
ABS operator usage.

# ABS examples

AMV001 := ABS (-6) # Stores 6 in AMV001

AMV002 := ABS (6) # Stores 6 in AMV002

AMV003 := ABS (AMV009) # Absolute value of AM009

AMV004 := ABS (AMV005 + AMV034) # Absolute value of the sum

Example 13.19 Using the CEIL Operator

The freeform math SELOGIC control equations below show examples of the 
CEIL operator usage.

# CEIL examples

AMV001 := CEIL (5.99) # Stores 6 in AMV001

AMV002 := CEIL (–4.01) # Stores –4 in AMV002
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FLOOR
Use the FLOOR operator to round the argument to the nearest integer toward 
minus infinity. Use parentheses to group a math expression as the argument of a 
FLOOR operation. Example 13.20 contains examples of the FLOOR operator.

                    

Negation
Use the negation (–) operation to change the sign of the argument. The argument 
of the negation operation is multiplied by –1. Negation of a positive value results 
in a negative value, while negation of a negative value results in a positive value. 
Example 13.21 contains examples of expressions that use the negation operator.

                    

Effective Programming
This section contains several ideas useful for creating, maintaining, and trouble-
shooting programming in SEL-451 series relays protection and automation 
SELOGIC control equation programming environments.

Planning and Documentation
When you begin to configure the relay to perform a new automation task or cus-
tomize protection operation, take time to design, document, and implement your 
project. Scale the planning effort to match the overall size of the project, but 
spend sufficient time planning to do the following:

➤ Document the inputs and outputs of your programming. This may 
include protection elements, physical inputs and outputs, metering 
quantities, user inputs, and other information within the relay.

➤ Document the processing or outcome of the programming. List the 
major tasks you want the relay to perform and provide detail about 
the algorithm you will use for each task. For example, if you need a 
timer or a counter, make a note of the requirements and how you will 
use these elements.

Example 13.20 Using the FLOOR Operator

The freeform math SELOGIC control equations below show examples of the 
FLOOR operator usage.

# FLOOR examples

AMV001 := FLOOR (5.99) # Stores 5 in AMV001

AMV002 := FLOOR (–4.01) # Stores –5 in AMV002

Example 13.21 Using the Negation Operator

The freeform math SELOGIC control equations below show examples of 
negation operator usage.

# Negation examples

AMV001 := -AMV009 # If AMV009 is 5, stores –5 in AMV001

AMV002 := -AMV009 # If AMV009 is –5, stores 5 in AMV002
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➤ Work in a top-down method, specifying and moving to more detailed 
levels, until you have sufficient information to create the settings. For 
simple tasks, one level may be sufficient. For complex tasks, such as 
automated station restoration, you may need several levels to move 
from idea to implementation.

Comments
SELOGIC control equation comments are very powerful tools for dividing, docu-
menting, and clarifying your programming. Even if you completely understand 
your programming during installation and commissioning, comments will be 
very helpful if you need to modify operation a year later.

Create these comments in the fixed and freeform SELOGIC control equations, and 
store these comments in the relay. Obtain comments to assist you in using the 
ASCII interface or SEL configuration software, regardless of whether you have 
the original files downloaded to the relay.

Comments add structure to freeform programming environments such as Visual 
Basic, C, and freeform SELOGIC control equations. Example 13.22 shows how to 
use comments to divide and structure freeform SELOGIC control equation pro-
gramming.

                    

Example 13.22 Comments in Freeform SELOGIC Control Equation Programming

Use comments to divide and direct your eye through freeform programming.

#

# This is a header comment that divides sections of freeform programming

#

AMV003 := 15 * AMV003 # Explain this line here

#

# This comment is a header for the next section.

# Inputs: provide more detail for more complex tasks

# Outputs: describe how the programming affects the relay operation

# Processing: discuss how the programming itself operates

#

ASV004 := ACN01Q AND RB03 # First line of next section

Many texts on programming in various computer programming languages 
suggest that you cannot include too many comments. The main reason to 
include comments is that something you find obvious may not be obvious to 
your coworker who will have to work with your programming in the future. 
Adding comments also gives you the opportunity to think about whether the 
program performs the function you intended.
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Aliases
SEL-400 series relays provide the ability to alias Relay Word bit and analog 
quantity names. To make SELOGIC programming more understandable, alias the 
names of variables being used to something meaningful. For example, you could 
assign PMV01 an alias of THETA and PMV02 an alias of TAN and then write a 
SELOGIC equation of:

TAN := SIN(THETA)/COS(THETA)

See Alias Settings on page 12.25 for more information on creating aliases.

Testing
After documentation and comments, the next essential element of an effective 
approach to programming is testing. Two types of testing are critical for deter-
mining if programming for complex tasks operates properly. First, test and 
observe whether the program performs the function you want under the condi-
tions you anticipated. Second, look for opportunities to create conditions that are 
abnormal and determine how your program reacts to unusual conditions.

For example, test your system in unanticipated, but possible conditions such as 
loss of power, loss of critical field inputs, unexpected operator inputs, and condi-
tions that result from likely failure scenarios of the equipment in your system. It 
is unlikely that you will find every possible weakness, but careful consideration 
and testing for abnormal conditions will help you avoid a failure and may reveal 
deficiencies in the normal operation of your system. Alternatively, you can sub-
stitute a remote bit or local bit that you can manually control to help exercise 
your logic.

Modify your SELOGIC control equations to simulate the process. While you may 
be unable to change the state of a discrete input easily, such as IN101, you can 
substitute a logical 1 or logical 0 in your logic to simulate the operation of IN101 
and observe the results. Alternatively, you can substitute a remote bit or local bit 
that you can manually control to help exercise your logic.

Use the SER capabilities of the relay to monitor and record inputs, internal calcu-
lations, and outputs. For operations that occur very quickly, use the SER during 
testing to reconstruct the operation of your logic.

Use the MET PMV and MET AMV commands to display the contents of the 
protection or automation math variables.

SEL-311 and SEL-351 Series Users
You can convert logic that you have used in SEL-311 and SEL-351 series relays 
to logic for an SEL-400 series relay. In the SEL-351 series relays, SELOGIC con-
trol equation programming is restricted to equations where the left-side value, 
LVALUE, is fixed. SEL-400 series relays use a combination of fixed and 
freeform programming. Table 13.24 shows comparable features between the 
fixed logic settings of the SEL-351-5, -6, -7 series relays and the corresponding 
logic elements that can be programmed in an SEL-400 series relay by using 
freeform logic programming.
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Table 13.25 is a summary that compares SELOGIC control equation programming 
in SEL-351 series relays and SEL-311 series relays with typical SEL-400 series 
relays.

                    

Table 13.26 shows the SEL-400 series Boolean operators compared to the opera-
tors used in the SEL-351 series relays.

                    

In the SEL-351 series relays, SELOGIC control equation variables and timers are 
connected. Each SELOGIC control equation variable is the input to a timer. In 
SEL-400 series relays, timers and SELOGIC control equation variables are independent.

Table 13.24 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Programming Equivalent Functions

Feature SEL-351 Series 
SEL-400 Series Protection 
Freeform Style

SELOGIC control equation variables SV1–SV16 PSV01–PSV64

Timer Input SV1–SV16 PCT01–PCT32

Timer Pickup settings SV1PU–SV16PU PCT01PU–PCT32PU

Timer Dropout settings SV1DO–SV16DO PCT01DO–PCT32DO

Timer Outputs SV1T–SV16T PCT01Q–PCT32Q

Latch Bit Set Control SET1–SET16 PLT01S–PLT16S 

Latch Bit Reset Control RST1–RST16 PLT01R–PLT16R 

Latch Bit LT1–LT16 PLT01–PLT16

Table 13.25 SEL-400 Series SELOGIC Control Equation Programming Summary

Element
SEL-351 Series/
SEL-311 Series

Typical SEL-400 Series

Protection 
Free Form

Automation 
Free Form

SELOGIC control equation variables 16 64 256

SELOGIC math variables 0 64 256

Conditioning timersa

a Similar to SEL-300 series relay SELOGIC control equation programming.

16 32b

b The SEL-487B provides 16 protection conditioning timers.

32

Sequencing timers 0 32 32

Counters 0 32 32

Latch bits 16 32 32

Table 13.26 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Boolean Operators

Feature SEL-351 Series SEL-400 Series

Logical AND operator * AND

Logical OR operator + OR

Logical NOT operator ! NOT

Parentheses ( ) ( )

Rising, falling-edge operators /, \ R_TRIG, F_TRIG
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The SELOGIC control equation Boolean operators in SEL-400 series relays are 
different from those used in SEL-300 series relays. For example, if you wish to 
convert programming from an SEL-311 or SEL-351 series relay to an SEL-400 
series relay, you must convert the operators. Example 13.23 and Example 13.24 
demonstrate conversion of several settings to the SEL-451 setting.

                    

NOTE: Not all SEL-400 series relay 
SELOGIC timers are set in cycles. See 
the product-specific instruction 
manual for the applicable timer 
settings.

                    

                    

Example 13.23 Converting SEL-351 Series Relay SELOGIC Control Equation 
Variables

If you have the following SELOGIC control equation in an SEL-351 series 
relay, convert it as shown below.
                    

In an SEL-400 series relay, use the line shown below.

PSV01 := IN101 OR RB03 AND PLT04 # Freeform example

In the example above, first convert the + and * operators in the expression to 
the OR and AND operators. In the freeform example, use a protection 
SELOGIC control equation variable for the result. In the protection group set-
tings example, use the input of a timer, as shown in Table 13.21.

                    

SV1 = IN101 + RB3 * LT4

Example 13.24 Converting SEL-351 Series Relay SELOGIC Control Equation 
Timers

If you have the following SELOGIC control equation timer in an SEL-351 
series relay, convert it as shown below.
                    

In an SEL-400 series relay, use the format shown below.

#

# Freeform programming conversion of timer

#

PCT01PU := 5.25 # Pickup of 5.25 cycles

PCT01DO := 3.5 # Dropout of 3.5 cycles

PCT01IN := IN101 # Use the timer to monitor IN101

In the output settings, set OUT101 as shown below:

OUT101 := PCT01Q

Example 13.25 Converting SEL-351 Series Relay Latch Bits

If you have the following SELOGIC control equation latch programming in 
an SEL-351 series relay, convert it as shown below.
                    

                    

SV1 = IN101
SV1PU = 5.25
SV1DO = 3.50
OUT101 = SV1T

                    

SET1 = RB4
RST1 = RB5
OUT101 = LT1
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In an SEL-400 series relay, use the format shown below.

Protection freeform style settings:

#

# Freeform programming conversion of latch bit

#

PLT01S := RB04 # Set if RB04

PLT01R := RB05 # Reset if RB05

In the output settings, set OUT101 as shown below:

OUT101 := PLT01

Example 13.25 Converting SEL-351 Series Relay Latch Bits (Continued)
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the relay. This section explains common SEL-400 series relay commands 
that you send to the relay by using SEL ASCII communications protocol. The 
relay responds to commands such as settings, metering, and control operations.

Not every command listed in this section is supported by every SEL-400 series 
relay. Additionally, some SEL-400 series relays support additional commands. 
See the product-specific instruction manual to see what specific commands are 
supported in that relay.

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables that you enter are shown in bold. Lowercase 
italic letters and words in a command represent command variables that you 
determine based on the application (for example, circuit breaker number n = 1 or 2, 
remote bit number nn = 01–32, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters; for example, ACCESS becomes ACC. Always 
send a carriage return <CR> character, or a carriage return character followed by 
a line feed character <CR><LF> to command the relay to process the ASCII 
command. Usually, most terminals and terminal programs interpret the <Enter> 
key as a <CR>. For example, to send the ACCESS command, type ACC 
<Enter>. For more information on SEL ASCII protocol, including handshaking, 
see Section 15: Communications Interfaces.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the relay are Access Level 0, Access Level 1, 
Access Level B (breaker), Access Level P (protection), Access Level A (automa-
tion), Access Level O (output), and Access Level 2. For information on access 
levels see Changing the Default Passwords in the Terminal on page 3.11.

Command Description
2ACCESS

Use the 2AC command to gain access to Access Level 2 (full relay control). See 
Access Levels and Passwords on page 3.7 for more information.

                    

Table 14.1 2AC Command

Command Description Access Level

2AC Go to Access Level 2 (full relay control). 1, B, P, A, O, 2
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89CLOSE n
Use the 89CLOSE n command to close disconnect switches. (The number of 
disconnects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is open and Relay Word bit LOCAL is deasserted, the 
89CLOSE n command asserts Relay Word bit 89CLSn for the 89CSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to close, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89CLOSE command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 
within 30 seconds, the relay exits the 89CLOSE command and reads the status 
of the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use the 
89CLSn Relay Word bit as part of a SELOGIC Output control equation to close 
the appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89CLOSE n command, the relay 
responds with Command aborted because the relay is disabled. If the cir-
cuit breaker control enable jumper J18C (BREAKER) is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed.

When the 89CLOSE n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds, CLOSE DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds with Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

89OPEN n
Use the 89OPEN n command to open disconnect switches. (The number of dis-
connects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is closed and Relay Word bit LOCAL is deasserted, the 
89OPEN n command asserts Relay Word bit 89OPENn for the 89OSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to open, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89OPEN command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 

Table 14.2 89CLOSE n Command

Command Description Access Level

89CLOSE n Set Relay Word bit 89CLSn B, P, A, O, 2
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within 30 seconds, the relay exits the 89OPEN command and reads the status of 
the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use Relay 
Word bit 89OPENn as part of a SELOGIC Output control equation to open the 
appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89OPEN n command, the relay 
responds with Command Aborted because the relay is disabled. If the circuit 
breaker control enable jumper J18C (BREAKER) is not in place, the relay aborts 
the command and responds Aborted: the breaker jumper is not installed.

When the 89OPEN n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds with Open DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

AACCESS
Use the AAC command to gain access to Access Level A (automation). See 
Access Levels and Passwords on page 3.7 for more information.

                    

ACCESS
Use the ACC command to gain access to Access Level 1 (monitor). See Access 
Levels and Passwords on page 3.7 for more information.

                    

BACCESS
Use the BAC command to gain access to Access Level B (breaker). See Access 
Levels and Passwords on page 3.7 for more information.

                    

Table 14.3 89OPEN n Command

Command Description Access Level

89OPEN n Set Relay Word bit 89OPENn B, P, A, O, 2

Table 14.4 AAC Command

Command Description Access Level

AAC Go to Access Level A (automation). 1, B, P, A, O, 2

Table 14.5 ACC Command

Command Description Access Level

ACC Go to Access Level 1 (monitoring). 0, 1, B, P, A, O, 2

Table 14.6 BAC Command

Command Description Access Level

BAC Go to Access Level B (breaker). 1, B, P, A, O, 2
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BNAME
The BNA command produces ASCII names of all relay Fast Meter status bits in a 
Compressed ASCII format. See SEL Protocol on page 15.28 for more informa-
tion on Fast Meter and the Compressed ASCII command set.

                    

BREAKER
Use the BREAKER command to display circuit breaker reports and the circuit 
breaker history reports. You can also preload accumulated breaker monitor data. 
The BRE command also resets the circuit breaker monitor data. To use the BRE 
command, you must enable the circuit breaker monitors for the circuit breakers 
of interest. See Circuit Breaker Monitor on page 8.1 for more information.

BRE n
The BRE n command displays the comprehensive circuit breaker report that 
includes interrupted currents, number of operations, and mechanical and electri-
cal operating times, among many parameters. The relay displays a listing of 
breaker monitor alarms with the breaker report.

                    

BRE n C and BRE n R
The BRE n C and BRE n R commands clear/reset the circuit breaker monitor 
data. Options C and R are identical.

                    

Table 14.7 BNA Command

Command Description Access Level

BNA Display ASCII names of all relay status bits. 0, 1, B, P, A, O, 2

NOTE: Not all SEL-400 series relays 
support breaker monitoring.

Table 14.8 BRE n Command

Command Description Access Level

BRE na

a Parameter n = breaker identification character.

Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

Table 14.9 BRE n C and BRE n R Commands

Command Description Access Level

BRE na C

a Parameter n = breaker identification character.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE n R Clear Circuit Breaker n data to zero. B, P, A, O, 2
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BRE C A and BRE R A
The BRE C A and BRE R A commands clear all circuit breaker monitor data for 
all circuit breakers from memory. Options C A and R A are identical.

                    

BRE n H
Display the circuit breaker monitor history report with the BRE n H command. 
The breaker history report is a summary of recent circuit breaker operations.

                    

BRE n P
Use the BRE n P command to preload existing circuit breaker contact wear, 
operation counts, and accumulated currents to the circuit breaker monitor.

                    

CAL
Use the CAL command to gain access to Access Level C. See Access Levels and 
Passwords on page 3.7 for more information. Only go to Level C to modify the 
default password or under the direction of an SEL employee. The additional com-
mands available at Level C are not intended for normal operational purposes.

                    

Table 14.10 BRE C A and BRE R A Commands

Command Description Access Level

BRE C A Clear all circuit breaker data. B, P, A, O, 2

BRE R A Clear all circuit breaker data. B, P, A, O, 2

Table 14.11 BRE n H Command

Command Description Access Level

BRE na H

a Parameter n = breaker identification character.

Display history data for the last 128 Circuit 
Breaker n operations.

1, B, P, A, O, 2

Table 14.12 BRE n P Command

Command Description Access Level

BRE na P
a Parameter n = breaker identification character.

Preload previously accumulated Breaker n data. B, P, A, O, 2

Table 14.13 CAL Command

Command Description Access Level

CAL Go to Access Level C. 2, C
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CASCII
The CAS command produces the Compressed ASCII configuration message. 
This configuration instructs an external computer on the method for extracting 
data from other Compressed ASCII commands. See SEL Compressed ASCII 
Commands on page 15.29 for an example of the CAS command configuration 
message and for further information on the Compressed ASCII command set.

                    

CBREAKER
NOTE: Not all SEL-400 series relays 
support breaker monitoring

The CBREAKER command provides a Compressed ASCII response circuit 
breaker report that is similar to the BREAKER command. You must enable the 
Breaker Monitor function for at least one breaker to generate the Compressed 
ASCII report. You can specify a specific circuit breaker to retrieve a report for 
one circuit breaker only. See SEL Compressed ASCII Commands on page 15.29 
for information on the Compressed ASCII command set.

CBR
Use the CBR command to gather the comprehensive circuit breaker report in 
Compressed ASCII format.

                    

CBR TERSE
The CBR TERSE command omits the breaker report labels.

                    

Table 14.14 CAS Command

Command Description Access Level

CAS Return the Compressed ASCII configuration message. 0, 1, B, P, A, O, 2

Table 14.15 CBR Command

Command Description Access Level

CBR Return the most recent circuit breaker reports for all circuit 
breakers in Compressed ASCII format.

1, B, P, A, O, 2

CBR na

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.16 CBR TERSE Command

Command Description Access Level

CBR TERSE Return the most recent circuit breaker report for all cir-
cuit breakers in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2

CBR na 
TERSE

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2
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CEVENT
NOTE: The SEL-400G relay does not 
support Compressed ASCII events.

The CEVENT command provides a Compressed ASCII response similar to the 
EVENT command. See SEL Compressed ASCII Commands on page 15.29 for 
information on the Compressed ASCII command set.

CEV
Use the CEV command to gather relay event reports. When parameter n is 1–9999, 
n indicates the order of the event report. The most recent event report is 1, the 
next most recent report is 2, and so on. When parameter n is 10000–42767, n 
indicates the absolute serial number of the event report.

                    

CEV ACK
Use CEV ACK to acknowledge viewing the oldest unacknowledged event on the 
present communications port. View this event with the CEV NEXT or EVE 
NEXT commands.

                    

CEV C
Use CEV C to return a 15-cycle length event report with analog and digital infor-
mation in Compressed ASCII format. The Lyyy option overrides the C option 
(see CEV Lyyy).

                    

Table 14.17 CEV Command

Command Description Access Level

CEV Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

CEV na

a Parameter n indicates event order or serial number.

Return particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.18 CEV ACK Command

Command Description Access Level

CEV ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.19 CEV C Command

Command Description Access Level

CEV C Return the most recent event report at a 15-cycle length 
with 8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV C n Return particular n event report at a 15-cycle length with 
8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV L
Use CEV L to return a large resolution event report in Compressed ASCII for-
mat. The Sx option overrides the L option (see CEV Sx).

NOTE: Not all SEL-400 series relays 
support the CEV L option.

                    

CEV Lyyy
Command CEV Lyyy returns a specified length event report in Compressed 
ASCII format, where Lyyy indicates a length of yyy cycles. You can specify yyy 
from 1 cycle to a value including and beyond the event report total cycle length. 
If yyy is longer than the total length, the relay returns the full event report. The 
Lyyy option overrides the C option.

                    

CEV NEXT
CEV NEXT returns the oldest unacknowledged event report on the present com-
munications port in Compressed ASCII format.

                    

CEV NSET
The CEV NSET command returns the Compressed ASCII event report with no 
relay settings.

                    

Table 14.20 CEV L Command

Commanda

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Description Access Level

CEV L Return the most recent event report at full length with large 
resolution data in Compressed ASCII format.

1, B, P, A, O, 2

CEV n L Return particular n event report at full length with large res-
olution data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.21 CEV Lyyy Command

Command Description Access Level

CEV Lyyy Return yyy cycles of the most recent event report (includ-
ing settings) with 4-samples/cycle data in Compressed 
ASCII format.

1, B, P, A, O, 2

CEV na Lyyy

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return yyy cycles of a particular n event report with 
4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.22 CEV N Command

Command Description Access Level

CEV N Return the oldest unacknowledged event report with 4-sam-
ples/cycle sampling in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.23 CEV NSET Command

Command Description Access Level

CEV NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSET

a Parameter n indicates event order or serial number.

Return a particular n event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV NSUM
The CEV NSUM returns the Compressed ASCII event report with no event summary.

                    

CEV Sx
Use the CEV Sx command to specify the sample data resolution of the Com-
pressed ASCII event report. The sample data resolution x can be 4, 8, or 12, depend-
ing on the relay; the default value is 4-samples/cycle if you do not specify Sx. The 
Sx option overrides the L option.

                    

CEV TERSE
The CEV TERSE command returns a Compressed ASCII event report without 
the event report labels.

                    

Use the TERSE option with any of the CEV commands except CEV ACK.

Table 14.24 CEV NSUM Command

Command Description Access Level

CEV NSUM Return the most recent event report without the event 
summary at full length with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSUM

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.25 CEV Sx Command

Command Description Access Level

CEV Sx Return the most recent event report at full length with 
x-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na Sx

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report at full length with x-sam-
ples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.26 CEV TERSE Command

Command Description Access Level

CEV TERSE Return the most recent event report at full length with-
out the report labels with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na TERSE

a Parameter n indicates event order or serial number.

Return a particular n event report at full length without 
the report labels with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2
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CEV Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, Sx, and TERSE in one 
command. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option

➤ The Sx option overrides the L option

➤ Enter the options in any order

Table 14.27 lists the choices you can make in the CEV command. Combine 
options on each row, selecting one option from each column, to create a CEV 
command.

                    

The following examples illustrate some possible option combinations.

                    

CFG
In TiDL and IEC Sampled Values (SV) subscriber relays, certain aspects of the 
relay must be configured before the relay can be set. This command is used to 
perform this configuration.

CFG CTNOM
In TiDL and IEC SV subscriber relays, use the CFG CTNOM command to 
inform the relay which CT inputs are 1 A nominal and which are 5 A nominal. 
(By default, the relay assumes all CT inputs are 5 A nominal.) This is necessary 
so the relay scales the information correctly. See Section 2: Installation of the 
product-specific instruction manual for more information on using this command 
as part of configuring the relay. On a secondary current configuration change, the 
relay defaults the global and protection group settings and then performs a 
restart, so make this command before sending Global or Group settings.

                    

Table 14.27 CEV Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C Lyyy, C NSET, NSUM, TERSE

Example Description

CEV L10 S8 Return 10 cycles of an 8-samples/cycle Compressed ASCII event report 
for the most recent event.

CEV L10 L Return 10 cycles of an large resolution Compressed ASCII event report 
for the most recent event (same as above).

CEV 2 C NSUM 
TERSE

For the second most recent event, return 15 cycles of the event in Com-
pressed ASCII format with no event summary and no report label lines 
with large resolution data.

Table 14.28 CFG CTNOM Command

Command Description Access Level

CFG CTNOM na

a The parameter n (or parameters) is relay-specific.

Change nominal CT configuration to selected value 2

NOTE: The SEL-487E-5 includes 
additional user inputs. See the 
SEL-487E-5 instruction manual for the 
additional user inputs.

NOTE: See the firmware entries in 
product-specific Appendix A tables for 
the following entry:

Modified CFG CTNOM command to 
only default global and group 
settings on a nominal secondary 
current configuration change.

The firmware versions prior to this 
change default all settings.
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CFG NFREQ
In TiDL (EtherCAT) relays that support SEL-2240 Axion nodes only, use the 
CFG NFREQ command to set the nominal frequency of the relay (which is 
60 Hz by default). In relays that do not support TiDL (EtherCAT), the nominal 
frequency is controlled by the NFREQ Global setting. This should be configured 
after the nominal currents are configured (through the use of the CFG CTNOM 
command) and before settings are loaded into the relay. This will restart the relay.

                    

CHISTORY
The CHISTORY command provides a HISTORY report in the Compressed 
ASCII format.

CHI
Use the CHI command to gather one-line descriptions of event reports.

                    

CHI TERSE
The CHI TERSE command returns a Compressed ASCII event report without 
the event report label lines.

                    

CLOSE n
Use the CLOSE n command to close a circuit breaker. The main board circuit 
breaker jumper (on jumper BREAKER) must be in place. Further, you must 
enable breaker control for any breakers you want to control.

Table 14.29 CFG NFREQ Command

Command Description Access Level

CFG NFREQ f Change nominal frequency to f (50 or 60) 2

Table 14.30 CHI Command

Command Description Access Level

CHI Return the data as contained in the History report (short 
form descriptions) for the most recent 100 event reports in 
Compressed ASCII format (for SEL-2030 compatibility).

1, B, P, A, O, 2

CHI A Return one-line descriptions of the most recent 100 event 
reports in Compressed ASCII format.

1, B, P, A, O, 2

CHI k Return one-line descriptions of the most recent k number 
of event reports in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.31 CHI TERSE Command

Command Description Access Level

CHI TERSE Return one-line descriptions for the most recent 100 
event reports without the label lines in Compressed 
ASCII format.

1, B, P, A, O, 2

CHI k TERSE Return one-line descriptions for the most recent k num-
ber of event reports without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2
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The CLOSE n command asserts Relay Word bit CCn. The CCn bit must be 
included in the close SELOGIC equation for breaker n (BKnMCL) for this com-
mand to effect a close operation. The relay uses these equations and additional 
relay logic to assert a control output (for example, OUT103 := BK1CL) to close a 
circuit breaker.

                    

If the circuit breaker control enable jumper BREAKER is in place, the relay 
responds with Close breaker (Y/N)?. When you answer Y <Enter> (for yes), 
the relay prompts, Are you sure (Y/N)?. If you again answer Y <Enter>, the 
relay asserts the Relay Word bit for one processing interval.

If you have assigned a circuit breaker auxiliary contact (52A) to a relay control 
input (based on the 52AAn, 52ABn, 52ACn settings), the relay waits 0.5 second, 
checks the state of the circuit breaker, and issues either a Breaker OPEN or 
Breaker CLOSED message.

If circuit breaker control enable jumper BREAKER is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed. If the relay is disabled, the relay responds with Command aborted 
because relay is disabled. If Breaker n is not enabled and you issue the 
CLOSE n command, the relay responds with Breaker n is not available.

COMMUNICATIONS
The COMMUNICATIONS command displays communications statistics for 
the MIRRORED BITS communications channels and for synchrophasor client 
channels. Some relays support additional options to the COM command besides 
those described here.

COM c
Use the COM c command to view records of the MIRRORED BITS communica-
tions buffers for specific relay communications channels.
                    

The c option in the COM command is A for MIRRORED BITS communications 
Channel A, B for MIRRORED BITS communications Channel B, and Channel M 
for the MIRRORED BITS communications channels in general. If both MIRRORED 
BITS communications channels are in use, then the M option does not function 
and you must specify A or B.

Table 14.32 CLOSE n Command

Command Description Access Level

CLOSE n Command the relay to close Circuit Breaker n. B, P, A, O, 2

NOTE: The SEL-487B does not 
support the CLOSE command.

NOTE: CCn Relay Word bits are 
pulsed for two processing intervals in 
the SEL-487E.

Table 14.33 COM c Commanda

a Parameter c is A, B, or M for Channel A, Channel B, and MIRRORED BITS communications channels, 
respectively.

Command Description Access Level

COM A Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel A.

1, B, P, A, O, 2

COM B Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel B.

1, B, P, A, O, 2

COM M Return a summary report of the last 255 records in the commu-
nications buffer for either MIRRORED BITS communications 
Channel A or Channel B when only one channel is enabled.

1, B, P, A, O, 2
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COM c C and COM c R
The COM c C and COM c R commands clear/reset the communications buffer 
data for the specified Channel c. Options C and R are identical.

                    

COM c L m n and COM c L date1 date2
Use COM c L to list the records in the communications buffer in a specified 
manner. The relay returns the list of records in rows. You can specify a range of 
buffer records in forward or reverse chronological order or in forward or reverse 
date order. Date parameter entries depend on the setting DATE_F format you 
chose in the relay Global settings.

The relay organizes the records in rows in a 256-entry buffer in newest to oldest 
time order. The relay puts the newest record in the buffer and discards the oldest 
record if the buffer is full.

Table 14.35 is a representative list of options for listing records in the communi-
cations buffer.

                    

Table 14.34 COM c C and COM c R Command

Command Description Access Level

COM A C Clear/reset communications buffer data for MIRRORED BITS 
communications Channel A.

P, A, O, 2

COM B R Clear/reset communications buffer data for MIRRORED BITS 
communications Channel B.

P, A, O, 2

COM M C Clear/reset communications buffer data for either MIRRORED 
BITS communications Channel A or Channel B when only 
one channel is enabled.

P, A, O, 2

Table 14.35 COM c L Command

Command Description Access Level

COM A L Display all available records from MIRRORED BITS com-
munications Channel A; the most recent record is Row 1 
(at the top of the report) and the oldest record is at the 
bottom of the report.

1, B, P, A, O, 2

COM B L ka

a Parameter k indicates a specific number of communications buffer records.

Display the first k records for MIRRORED BITS commu-
nications Channel B; the most recent record is Row 1 (at 
the top of the report) and the oldest record is at the bot-
tom of the report.

1, B, P, A, O, 2

COM M L m nb

b Parameters m and n are communications buffer row numbers.

Display the records for either MIRRORED BITS commu-
nications Channel A or Channel B when only one chan-
nel is enabled; show the records with Record m at the top 
of the report through Record n at the bottom of the 
report.

1, B, P, A, O, 2

COM A L date1c

c Enter date1 and date2 in the same format as Global setting DATE_F.

Display the records from MIRRORED BITS communica-
tions Channel A on the date date1.

1, B, P, A, O, 2

COM B L date1 
date2c

Display the records from MIRRORED BITS communica-
tions Channel B between the dates date1 and date2. The 
date listed first, date1, is at the top of the report; the date 
listed second, date2, is at the bottom of the report.

1, B, P, A, O, 2
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COM PRP 
The COM PRP command is only available when using the five-port Ethernet 
card. The command displays the health of your PRP network for GOOSE and SV. 
The logic is processed once per second and is designed to detect persistent net-
work errors. The logic is not intended to detect intermittent packet loss. If a port 
receives PRP messages on LAN A that match those received on LAN B, the relay 
asserts the applicable PRP supervision Relay Word bits PRPAGOK, PRPBGOK, 
PRPCGOK, PRPDGOK, PRPASOK, and PRPBSOK and reports OK in the COM 
PRP response. If a port does not receive PRP messages on one LAN within 
6 seconds of receiving them on the other LAN, the relay deasserts the applicable 
PRP supervision bits and reports WARNING in the COM PRP response. If a port 
does not receive any expected PRP duplicates on one of the LANs, the relay 
reports FAIL for that port. If the station bus or process bus is not configured for 
PRP, the command reports PRP DISABLED for that bus. Note that a loss of link 
deasserts associated PRP supervision bits immediately. Also, these bits only 
supervise the PRP network and not the quality status of the SV and GOOSE pro-
tocols themselves. 

Additionally, the command provides statistics for the process and station bus 
ports including the number of GOOSE and SV messages received on one LAN 
but not the other, the number of link-down incidents, and the accumulated link 
downtime since the last reset. 

                    

Figure 14.1 shows an example response to the COM PRP command for an SV 
Subscriber.

                    

COM PTP
The COM PTP command provides a report of the Precision Time Protocol 
(PTP) data sets maintained by the device as well as statistics for the measured 
time offsets with the parent (master) clock. The PTP data sets contain informa-

Table 14.36 COM PRP Command

Command Description Access Level

COM PRP Display PRP information and statistics for the five-port 
Ethernet card.

1, B, P, A, O, 2

COM PRP C Clear PRP statistics. 1, B, P, A, O, 2

=>>COM PRP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:43:22.620
Station A                                  Serial Number: 1230769999

PROCESS BUS
PRP PORT 5A GOOSE Status: OK
PRP PORT 5A SV Status:    OK
PRP PORT 5B GOOSE Status: WARNING
PRP PORT 5B SV Status:    FAIL

STATION BUS
PRP PORT 5C GOOSE Status: OK
PRP PORT 5D GOOSE Status: FAIL

PRP Statistics Information
                                     PORT 5A    PORT 5B    PORT 5C    PORT 5D
-------------------------------------------------------------------------------
Duplicate SV PRP Pkts Not RCVD             0      99999          0         20
Duplicate GOOSE PRP Pkts Not RCVD          0          0          0         20
Link Down Counter                          0          1          0          1
Link Downtime (s)                          0          2          0         60

Date and Time from the last reset: 01/23/2023 - 13:11:09

=>>

Figure 14.1 Sample COM PRP Command Response

NOTE: The COM PRP command is only 
relevant when the relay is receiving 
PRP traffic from the network. The PRP 
supervision bits are time-delayed. SEL 
recommends using them for 
monitoring purposes only.
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tion about the state, identity, and configuration of the local, parent, and grand-
master clocks in addition to properties of the time being distributed by the 
grandmaster clock.

                    

If PTP is disabled or the relay hardware does not support PTP, then the COM 
PTP command will respond with PTP Not Enabled. If a settings change is in 
progress or if the hardware is not yet initialized, then the COM PTP command 
will respond with Data unavailable, please try again later. 

                    

Table 14.37 COM PTP Command

Command Description Access Level

COM PTP Display PTP data sets and offset statistics 2

COM PTP C Clears PTP offset statistics 2

=>>COM PTP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:43.516
Station A                                  Serial Number: 1230769999

PTP offset statistics previously cleared on 02/24/2016 14:08:36.303 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : Layer2
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 44 55 66
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 1
  Slave Only : true

Current Data Set
  Steps Removed : 1
  Offset from Master : -5 ns
  Mean Path Delay : 0 ns

Parent Data Set
  Parent Port Identity 
    Clock Identity : 00 30 A7 FF FE 04 7C 22
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 04 7C 22
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale (6)
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0
  Grandmaster Priority1 : 0
  Grandmaster Priority2 : 0

Time Properties Data Set
  Current UTC Offset : 0 
  Current UTC Offset Valid : true 
  Leap59 : false 
  Leap61 : false 
  Time Traceable : true 
  Frequency Traceable : true 
  PTP Timescale : true 
  Time Source : PTP 
  Local Time Offset 
    Offset Valid : true 
    Name : PST
    Current Offset : 3600
    Jump Seconds : 3600
    Time of Next Jump : 1456797635 

Figure 14.2 Sample COM PTP Command Response
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COM RTC
Use the COM RTC to get a report on the status of the configured synchrophasor 
client channels.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 44 55 66
    Port Number: 1 
  Port State : SLAVE 
  Log Pdelay Request Interval : 0 
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 2 intervals
  Path Delay Mechanism : Peer-to-Peer 
  Failed to Receive Response : true 
  Received Multiple Pdelay Responses : false 
  Reason for Non-synchronization :  
  Port status : A, ACTIVE

Time Offset Statistics
  Mean : -0.013393 ns
  Standard Deviation : 5.291062 ns
  Latest Time Offsets with respect to Reference Time (in ns)
    #1 :                       -5 
    #2 :                       -1 
    #3 :                        0 
    #4 :                        1 
    #5 :                       -1 
    #6 :                        2 
    #7 :                        8 
    #8 :                        3 
    #9 :                        1 

    #10 :                       -9 
    #11 :                        2 
    #12 :                        0 
    #13 :                        3 
    #14 :                       -4 
    #15 :                       -9 
    #16 :                        5 
    #17 :                       -1 
    #18 :                       -4 
    #19 :                       -4 
    #20 :                        1 
    #21 :                        5 
    #22 :                        7 
    #23 :                       -7 
    #24 :                       -1 
    #25 :                        6 
    #26 :                       -2 
    #27 :                       -2 
    #28 :                        8 
    #29 :                       -5 
    #30 :                        2 
    #31 :                        0 
    #32 :                       -2 

=>>

Figure 14.2 Sample COM PTP Command Response (Continued)

Table 14.38 COM RTC Command

Commanda

a Parameter c is A, B, or absent for Channel A, Channel B, or all enabled channels, respectively.

Description Access Level

COM RTC Return a report describing the communications on all 
enabled synchrophasor client channels.

1, B, P, A, O, 2

COM RTC A Return a report describing the communications on syn-
chrophasor client Channel A.

1, B, P, A, O, 2

COM RTC B Return a report describing the communications on syn-
chrophasor client Channel B.

1, B, P, A, O, 2
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COM RTC c C and COM RTC c R
The COM RTC C and COM RTC R commands clear/reset the maximum 
packet delay. The C and R options are identical.

                    

COM SV
COM SV (SEL SV Publisher Relays)

NOTE: Not all SEL-400 series relays 
support the COM SV command

The COM SV command displays information and statistics for the SV publica-
tions that can be used for troubleshooting purposes.

                    

The information displayed for each SV publication is described in Table 14.41.

                    

Table 14.39 COM RTC c C and COM RTC c R Command

Command Description Access Level

COM RTC C Clear/reset the maximum packet delay on all enabled 
synchrophasor client channels.

P, A, O, 2

COM RTC A R Clear/reset the maximum packet delay on synchrophasor 
client Channel A.

P, A, O, 2

COM RTC B C Clear/reset the maximum packet delay on synchrophasor 
client Channel B.

P, A, O, 2

Table 14.40 COM SV Command (SEL SV Publisher Relays)

Command Description Access Level

COM SV Displays information for the SV publications 1, B, P, A, O, 2

COM SV k Displays information for the SV publications successively 
for k times

1, B, P, A, O, 2

Table 14.41 Accessible Information for Each SV Publication (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode When SEL TEST SV Mode = Off, the SEL SV publisher relay is 
publishing normal SV messages. When SEL TEST SV Mode = On, the 
SEL SV publisher relay is publishing TEST SV messages.

When SEL TEST SV Mode = On, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise. See TEST SV on 
page 14.68 in this section for more information.

SV Control Reference This field represents the control reference for the SV publication.

When the SEL SV publisher relay is configured via Configured IED 
Description (CID) file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) 
and the SampledValueControl name (SV Control Block Name). e.g., 
SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

Multicast Address
(MultiCastAddr)

This field is the multicast destination address for the SV publication 
and is expressed as six sets of hexadecimal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the pri-
ority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the SV publication. Spaces 
are used if the VLAN is unavailable or unknown.

AppID This hexadecimal field is the value of the Application Identifier for 
the SV publication.
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Figure 14.3 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via CID file.

                    

Figure 14.4 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via PORT 5 Settings.

Sampled Value Identi-
fier (SV ID)

This field is the identifier string value for the SV publication (as 
many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source of the SEL SV 
publisher relay at the time of the most recent SV published message. 

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accu-
racy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID 
(PTP power profile only).

Data Set Reference This field contains the DataSetReference (Data Set Reference) for 
the SV publication.

When the SEL SV publisher relay is configured via CID file, this 
field includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class) and SampledValueC-
ontrol datSet (Data Set Name), e.g., SEL_421CFG/
LLN0$PhsMeas1.

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

SEL_421CFG/LLN0$MS$MSVCB01
 01-0C-CD-04-00-01  4:1    4001      2  
 SV ID: 4001
 Data Set: SEL_421CFG/LLN0$PhsMeas1

SEL_421CFG/LLN0$MS$MSVCB02
 01-0C-CD-04-00-02  4:1    4002      2  
 SV ID: 4002
 Data Set: SEL_421CFG/LLN0$PhsMeas2

SEL_421CFG/LLN0$MS$MSVCB03
 01-0C-CD-04-00-03  4:1    4003      2  
 SV ID: 4003
 Data Set: SEL_421CFG/LLN0$PhsMeas3

Figure 14.3 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Publisher Relay

Table 14.41 Accessible Information for Each SV Publication (Sheet 2 of 2)

Data Field Description
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If the COM SV command is issued during CID file processing or right after SV 
settings change in PORT 5, the relay responds with IEC 61850 configuration is 
in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV publications or subscriptions 
are configured in the CID file when the COM SV command is issued, the relay 
responds with No SV publications configured.

COM SV (SV Subscriber Relays)

The COM SV command displays information and statistics for the SV subscrip-
tions that can be used for troubleshooting purposes.

                    

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

 01-0C-CD-04-00-01  4:1    4101      2  
 SV ID: 4101
 Data Set: 

 01-0C-CD-04-00-02  4:1    4102      2  
 SV ID: 4102
 Data Set: 

 01-0C-CD-04-00-03  4:1    4103      2  
 SV ID: 4103
 Data Set: 

Figure 14.4 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Publisher Relay

Table 14.42 COM SV Command (SEL SV Subscriber Relays)

Command Description Access Level

COM SV Displays information for the SV subscriptions. 1, B, P, A, O, 2

COM SV k Displays information for the SV subscriptions succes-
sively for k times.

1, B, P, A, O, 2

COM SV S Displays a list with the SubsID, AppID, and Control-
BlockReference identifier for each of the SV subscriptions 
configured.

1, B, P, A, O, 2

COM SV S 
[id|ALL]

Displays statistics information and downtime timers for 
all [ALL] or a specific SV subscription [id] based on the 
parameters entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] [L]

Displays an extended report containing statistics informa-
tion, downtime timers and occurred failures for all [ALL] 
or a specific SV subscription [id] based on the parameters 
entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] C

Clears the statistics for a particular SV subscription if the 
identifier [id] is entered. Otherwise clears the statistics for 
all the configured SV subscriptions whether or not the 
[ALL] parameter is entered.

1, B, P, A, O, 2
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Table 14.43 describes the available information for each SV subscription when 
commands in Table 14.42 are entered.

                    

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode This field indicates whether or not the SEL SV subscriber relay is in SEL TEST SV Mode. If On, then the 
SEL SV subscriber relay accepts SV publications that have the TEST bit of the quality attribute set. While in 
Test mode, the SEL SV subscriber relay continues to accept SV publications that do not have the TEST bit 
of the quality attribute set.

When SEL TEST SV Mode = On, Relay Word bit SVSTST is asserted; SVSTST is deasserted otherwise. 
See TEST SV on page 14.68 for more information.

SIMULATED Mode This field indicates whether or not the SEL SV subscriber relay is currently accepting simulated SV publica-
tions. If On, then the SEL SV subscriber relay accepts all the SV publications that have the LPHDSIM mode 
set.

See the Section 17: IEC 61850 Communication for more information about the Simulated Mode.

SV Control Reference This field represents the control reference for the SV subscriptions.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and the SampledValueControl name 
(SV Control Block Name). e.g., SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

AppID This hexadecimal field represents the value of the Application Identifier for the SV subscription.

Accumulated downtime 
duration (since last reset)

Displays the accumulated downtime duration attributed to errors since the last time the statistics were 
cleared.

Maximum downtime 
duration

Displays the maximum duration of continuous downtime attributed to errors, accumulated over the previous 
30-second maximum rolling window to the issue of the COM SV command.

Code (SV Subscriptions 
Failure Report)

Displays one of the values under Table 14.44 either for warning or error code.

This code indicates a warning or error code for each SV subscription in effect at the time the command was 
executed. If multiple warnings or errors are present for an SV subscription, only the code with the highest 
priority is displayed.

If the COM SV S [id|ALL] L is executed, a listed report containing the last eight most recent failures with 
the highest priority error code will be displayed for one or all the SV subscriptions based in the parameters 
entered.

Multicast Address 
(MultiCastAddr)

This field is the multicast destination address for the received SV message expressed as six sets of hexadec-
imal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the priority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the received SV message. Spaces are used if the VLAN is unavail-
able or unknown.

Sampled Value Identifier 
(SV ID)

This field is the identifier string value for the received SV message (as many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source for the most recent received SV message.

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accuracy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID (PTP power profile only).
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Data Set Reference This field contains the DataSetReference (Data Set Reference) for the received SV message.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and SampledValueControl datSet (Data 
Set Name), e.g., SEL_421CFG/LLN0$PhsMeas1.

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

Network Delay This field contains the calculated real-time network delay SVNDmma for an SV subscription.

When the SEL SV subscriber relay is in coupled clock mode (SVCC = 1) and subscribed to an SV publica-
tion (SVSmmOK = 1), this field contains the value of the network delay (SVNDmm) for this particular SV 
subscription. If SVNDmm > 9.99 ms, this field is $$$.

When the SEL SV subscriber relay is not in coupled clock mode (SVCC = 0) or not subscribed to an SV 
publication (SVSmmOK = 0), this field is NA.

a Parameter mm = 1—7, representing the SV identifier for that SV subscription.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

– 1 The subscribing device is disabled or becomes unresponsive. Error

MSG CORRUPTED 2 Displayed when a received SV message does not meet the proper format 
or is corrupted.

Error

ASDU ERROR 3 Displayed when the noASDU (Number of Application Service Data Units 
[ASDUs]) is greater than one. The SEL SV subscriber relay only supports 
a maximum of one ASDU per stream.

Error

SVID RANGE ERR 4 Displayed when the SVID of the received SV message is less than 1 char-
acter or greater than 63 characters long.

Error

SMPCNT RANGE ERR 5 Displayed when the out-of-range (OOR) error occurs. 

This error is present when the smpCnt exceeds the expected range (0–
3999 for 4 kHz or 0–4799 for 4.8 kHz).

Error

CONF REV MISMA 6 Displayed when the value of the configuration revision number in the 
received SV message does not match with the value of the configuration 
revision number present in the CID file.

Error

SMPSYNC MISMA 7 Displayed when the SmpSynch of the received SV message does not 
match with the SmpSynch value of the first configured SV subscription.

This message is also displayed if a received SV message is rejected 
because its SmpSynch value is zero.

Error

PDU LENGTH ERR 8 Displayed when the length of received SV message does not match with 
the length reported in the header of the SV message structure.

Error

INVALID QUAL 9 Displayed when any of the quality bits in Table 14.45 are non-zero for any 
of the subscribed current or voltage channels (excluding the neutral chan-
nels) in a received SV message and the SEL SV subscriber relay is not in 
TEST Mode (SVSTST = 0).

After three consecutive invalid SV messages are interpolated, subsequent 
received packets are discarded.

Error

SV STREAM LOST 10 Displayed after the SEL SV subscriber relay has not received four or more 
consecutive SV messages.

Error

CH DLY EXCEEDED 11 Displayed when the measured network delay (SVNDmmb) of any sub-
scribed SV messages exceeds the configured CH_DLY setting when in 
coupled clock mode (SVCC = 1).

Warning

INTERPOLATED 12 Displayed after the loss of 1–3 consecutive SV messages when the SEL 
SV subscriber relay starts to interpolate the lost SV message.

Warning

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 2 of 2)

Data Field Description
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Table 14.45 details the quality bits defined by the IEC 61850-7-3:2010 standard 
(Section 6.2.1, Table 2) as well as the derived extension from the IEC 61850 
9-2LE_R2-1 standard. If any of the quality bits (shown in italics) in Table 14.45 
is non-zero for any of the subscribed current or voltage channels excluding the 
neutral channels and unmapped channels in a received SV message, the corre-
sponding incoming SV message is discarded.

                    

Figure 14.5 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via CID file.

                    

OUT OF SEQUENC 13 Displayed when the out-of-sequence (OOS) error occurs.

This error is present when the smpCnt value between the received SV 
messages is not sequential.

Warning

QUALITY (TEST) 14 Displayed when the TEST bit of the quality attribute in a received SV 
message is set and the SEL SV subscriber relay is in TEST mode 
(SVSTST = 1).

Warning

SIMULATED –c Displayed when the LPHDSIM mode in the received SV message is set. Warning

a Enumerations are used to communicate SV error codes in the LSVS logical node.
b Parameter mm = 1–7, representing the SV identifier for that SV subscription.
c Simulation mode is indicated in the LSVS logical node by SimSt.stVal and is not part of the ErrSt.stVal enumeration list.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

Table 14.45 Quality Bits in an IEC SV Message

Attribute Default Value

validity Good

detailQual

Overflow FALSE

outOfRange FALSE

badReference FALSE

oscillatory FALSE

Failure FALSE

oldData FALSE

inconsistent FALSE

inaccurate FALSE

Source process

Test FALSE

operatorBlocked FALSE

Deriveda

a All values of the derived quality attribute are accepted.

FALSE

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay
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Figure 14.6 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via PORT 5 settings.

                    

Figure 14.7 gives an example response to the COM SV S ALL L command with 
the SEL SV subscriber relay configured via CID file.

                    

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 01-0C-CD-04-00-A1  4:5    41A1      2                            0.83
 SV ID: 41A1
 Data Set: SEL_4217_MU01CFG/LLN0$PhsMeas1

SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 01-0C-CD-04-00-A2  4:5    41A2      1        SIMULATED           0.83
 SV ID: 41A2
 Data Set: SEL_4217_MU02CFG/LLN0$PhsMeas1

SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 01-0C-CD-04-00-A3  4:5    41A3      2                            NA
 SV ID: 41A3
 Data Set: SEL_4217_MU03CFG/LLN0$PhsMeas1

SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 01-0C-CD-04-00-A4  4:5    41A4      1        INTERPOLATED        1.83
 SV ID: 41A4
 Data Set: SEL_4217_MU04CFG/LLN0$PhsMeas1

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
 
 01-0C-CD-04-00-A1   :     41A1      2       QUALITY (TEST)       0.63
 SV ID:  
 Data Set: 

 01-0C-CD-04-00-A2   :     41A2      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A3   :      41A3      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A4   :      41A4      2       INTERPOLATED         0.63
 SV ID:  
 Data Set:  

Figure 14.6 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Subscriber Relay

=>>COM SV S ALL L <Enter>

TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 SV SubsID 1
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 AppID   : 41A1
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.002
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure
 1    05/13/2017    00:30:19    SV STREAM LOST
 2    05/13/2017    00:29:05    SMPSYNC MISMA

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay (Continued)
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If the COM SV command is issued during CID file processing or right after an 
SV settings change in PORT 5, the relay responds with IEC 61850 configuration 
is in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the COM SV command is issued, the relay responds with No 
SV Subscriptions configured.

CONTROL nn
Use the CONTROL nn command to set, clear, or pulse internal Relay Word bits. 
Remote bits in SELOGIC control equations are similar to hardwired control 
inputs, in that you use these bits to affect relay operation from outside sources. 
For control inputs, external input to the relay comes through the rear panel; in the 
case of the CON nn command, external control signals come through the com-
munications ports. See Remote Bits on page 5.12 for information on remote bits.

                    

 SV SubsID 2
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 AppID   : 41A2
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.000
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 3
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 AppID   : 41A3
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:01:00.000
 Maximum downtime duration                          : 50.000

 #    Date          Time        Failure
 1    05/13/2017    23:10:19    SVID RANGE ERR

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 4
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 AppID   : 41A4
 Last Update : 05/12/2017 17:42:01

 Accumulated downtime duration (since last reset)   : 0000:00:10.006
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay (Continued)

Table 14.46 CON nn Command

Command Description Access Level

CON nna C

a Parameter nn is the remote bit reference for RBnn.

Clear Remote Bit nn. P, A, O, 2

CON nn P Pulse Remote Bit nn for one processing cycle. P, A, O, 2

CON nn S Set Remote Bit nn. P, A, O, 2
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If you enter CON nn with no set, clear, or pulse option specified, the relay 
responds, Control RBnn:. You must then provide the control action (set, clear, or 
pulse) that you want to perform. (The relay checks only the first character; you 
can type Set and Clear.) When you issue a valid CON command, the relay per-
forms the control action immediately and displays Remote Bit Operated.

COPY
The COPY command copies the settings from one class instance to another 
instance in the same class. For example, you can copy Group settings from one 
group to another. You cannot copy Group settings to Port settings.

This command is limited to the same access level as the SET command for the 
class of settings you are copying.

                    

The parameters m and n must be valid and distinct (not the same) instance num-
bers. You can typically choose from classes of group (S), port (P), and protection 
SELOGIC control equations (L). Some SEL-400 series relays support copying 
additional classes. The COPY command is not available within the Automation 
class and is not available for the Breaker Monitor settings.

In addition, port settings instances must be compatible; you cannot copy from/to 
PORT 5 and the other communications ports settings. You cannot copy to a port 
that is presently in transparent communication. If you attempt such a copy, the 
relay responds with Cannot copy to a port involved in transparent com-
munication. In addition, you cannot copy to the present port (the port you are 
using to communicate with the relay). If you attempt such a copy, the relay 
responds with Cannot copy port settings to present port.

When you enter the COPY command with valid parameters, the relay responds 
with Are you sure (Y/N)?. Answer Y <Enter> (for yes) to complete copying.

If the destination instance is the active group, the relay changes to the new set-
tings and pulses the SALARM Relay Word bit.

Table 14.47 COPY Command

Command Description Access Level

COPY m na

a Parameters m and n are 1 to 6 for the Group class and 1, 2, 3, and F for the Port class.

Copy settings from instance m of the Group settings to 
instance n of the Group settings.

P, A, O, 2

COPY class m nb

b Parameter class is S, P, and L for group settings, port settings, and protection SELOGIC control 
equations, respectively.

Copy settings from instance m of Class class to instance 
n of Class class.

P, A, O, 2
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CPR
Use the CPR command to access the Signal Profile data for as many as 20 user-
selectable analog values in Compressed ASCII format. Notice that the CPR 
records are in reverse chronological progression as compared to the PRO reports.

                    

CSER
The CSER command provides an SER report in Compressed ASCII format. The 
default order of the CSER command (chronologically newest to oldest from list 
top to list bottom) is the reverse of the SER command (oldest to newest from list 
top to list bottom).

CSE
Use the CSE command to gather Sequential Events Recorder (SER) records. You 
can sort these records in numerical or date order.

                    

Table 14.48 CPR Command

Command Description Access Level

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m Displays the first m rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m n (m > n) Displays the row between m and n, (including m and n). 1, B, P, A, O, 2

CPR date1 Displays all the rows that were recorded on that date, with 
the latest row at the bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chrono-
logically precedes date2), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chrono-
logically precedes date1), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR TERSE The CPR TERSE command omits the report labels. 1, B, P, A, O, 2

Table 14.49 CSE Command (Sheet 1 of 2)

Command Description Access Level

CSE Return all records from the SER in Compressed ASCII 
format, with the most recent (lowest number) at the 
beginning of the list and the oldest (highest number) at 
the end of the list.

1, B, P, A, O, 2

CSE ka Return the k most recent records from the SER in Com-
pressed ASCII format, with the most recent (lowest 
number) at the beginning of the list and the oldest (high-
est number) at the end of the list.

1, B, P, A, O, 2
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CSE TERSE
The CSE TERSE command returns a SER report in Compressed ASCII format 
without labels; the relay sends only the data (including header data). You can 
apply the TERSE option with any of the CSE commands.

                    

CSE m nb Return the SER records in Compressed ASCII format 
from m to n.

If m is greater than n, then records appear with the oldest 
(highest number) at the beginning of the list and the 
most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list and 
the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1c Return the SER records in Compressed ASCII format on 
date date1.

1, B, P, A, O, 2

CSE date1 date2c Return the SER records in Compressed ASCII format 
from date date1 to date date2.

1, B, P, A, O, 2

a Parameter k indicates a specific number of SER records.
b Parameters m and n indicate an SER record number.
c Enter date1 and date2 in the same format as Global setting DATE_F.

Table 14.49 CSE Command (Sheet 2 of 2)

Command Description Access Level

Table 14.50 CSE TERSE Command

Command Description Access Level

CSE TERSE Return all SER records without the label lines in 
Compressed ASCII format.

1, B, P, A, O, 2

CSE k TERSEa

a Parameter k indicates a specific number of SER records.

Return the k most recent SER records without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSE m n TERSEb

b Parameters m and n indicate an SER record number.

Return the SER records in Compressed ASCII for-
mat from m to n without the label lines in Com-
pressed ASCII format.

If m is greater than n, then records appear with the 
oldest (highest number) at the beginning of the list 
and the most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list 
and the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1 
TERSEc

c Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records in Compressed ASCII for-
mat on date date1 without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2

CSE date1 date2 
TERSEc

Return the SER records in Compressed ASCII for-
mat from date date1 to date date2 without the label 
lines in Compressed ASCII format.

1, B, P, A, O, 2
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CSTATUS
The CSTATUS command provides a STATUS report in the Compressed ASCII 
format. The TERSE option eliminates the report label lines.

                    

CSUMMARY
The CSUMMARY provides the same information as the SUMMARY command 
but in Compressed ASCII format. You can combine the n, ACK, MB, and 
TERSE options.

CSU
Use the CSU command to gather event report summaries.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

CSU ACK
Use the CSU ACK command to acknowledge an event summary that you recently 
retrieved with the CSU NEXT command on the present communications port.

                    

CSU MB
The CSU MB command causes the relay to output the labels for the MIRRORED 
BITS communications channel data in Compressed ASCII format.

                    

Table 14.51 CST Command

Command Description Access Level

CST Return the relay status in Compressed ASCII. 1, B, P, A, O, 2

CST TERSE Return the relay status in Compressed ASCII; suppress the 
label lines and transmit only the data lines.

1, B, P, A, O, 2

Table 14.52 CSU Command

Command Description Access Level

CSU Return the most recent event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

CSU na

a Parameter n indicates event order or serial number.

Return a particular n event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

Table 14.53 CEV ACK Command

Command Description Access Level

CSU ACK Acknowledge the oldest unacknowledged event summary at 
the present communications port for Compressed ASCII format.

1, B, P, A, O, 2

Table 14.54 CSU MB Command

Command Description Access Level

CSU MB Return the MIRRORED BITS communications channel labels. 1, B, P, A, O, 2
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CSU NEXT
Use the CSU NEXT command to view the oldest unacknowledged event sum-
mary in Compressed ASCII format.

                    

CSU TERSE
The TERSE command option returns an event summary report in Compressed 
ASCII format without labels; the relay sends only the data (including header data).

                    

You can apply the TERSE option with any of the CSU commands except CSU 
ACK and CSU MB.

DATE
Use the DATE command to view and set the relay date. The relay can overwrite 
the date that you enter by using other time sources, such as IRIG and DNP3. 
Enter the DATE command with a date to set the internal clock date. You can sep-
arate the month, day, and year parameters with spaces, commas, slashes, colons, 
and semicolons.

Set the year in two-digit form (for dates 2000–2099) or four-digit form. If you 
enter the year as 12, the relay date is 2012. You must enter the data in the format 
specified in the Global setting DATE_F.

If an IRIG-B time synchronization signal is connected to the relay, the DAT com-
mand cannot alter the month or day portion of the date. If the IRIG-B time SNTP 
time source is connected, the DAT command cannot alter any time setting.

                    

Table 14.55 CSU N Command

Command Description Access Level

CSU N View the oldest unacknowledged event summary. 1, B, P, A, O, 2

Table 14.56 CSU TERSE Command

Command Description Access Level

CSU TERSE Return the event summary report without the label lines 
in Compressed ASCII format.

1, B, P, A, O, 2

CSU na TERSE

a Parameter n indicates event number or serial order.

Return a particular n event summary report without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSU N TERSE View the oldest unacknowledged event summary without 
the label lines in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.57 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1, B, P, A, O, 2

DATE datea

a Enter date parameters in the same order as Global setting DATE_F.

Set the internal clock date. 1, B, P, A, O, 2
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DNAME X
The DNA X command produces the ASCII names of all relay digital I/O (input/
output) quantities reported in a Fast Meter message in Compressed ASCII format.

                    

DNP
The DNP command accesses the serial port DNP3 settings and is similar to the 
SHOW D command. Use the DNP or DNP VIEW command to show the relay 
serial port DNP3 settings beginning at the first setting label just like SHOW D. 
Issue the DNP command with any parameter param to set the serial port DNP3 
settings; the relay begins at the first DNP3 setting just like SET D.

                    

ETHERNET
The ETH command displays the current Ethernet port (PORT 5) configuration and 
status. Communications statistics, such as the number of packets, bytes, and 
errors received and sent, are displayed for the ports that carry standard Ethernet, 
DNP3 or optional IEC 61850 communications. Other commands are available to 
display similar statistics for ports that exclusively carry other types of traffic, for 
example, COM 87L for 87L traffic.

ETH
Use the ETH command when troubleshooting Ethernet connections.

                    

Table 14.58 DNA Command

Command Description Access Level

DNA X Display ASCII names of all relay digital I/O. 0, 1, B, P, A, O, 2

Table 14.59 DNP Command

Command Description Access Level

DNP Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP VIEW Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP param Set the serial port DNP3 settings (same as SET D); begin 
at the first DNP3 setting.

P, A, O, 2

Table 14.60 ETH Command

Command Description Access Level

ETH Displays information about Ethernet port(s) 1, B, P, A, O, 2
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Figure 14.8 shows a sample ETH command response for a relay with four cop-
per Ethernet ports and PORT 5 setting NETMODE = FAILOVER. Different Ether-
net configurations and different NETMODE settings result in slightly different 
information being displayed. 

                    

Figure 14.9 shows a sample ETH command response for a relay with the five-
port Ethernet card, BUSMODE set to INDEPEND, NETMODE and NETMODP 
set to PRP, and all interfaces enabled.

                    

==>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 16:07:59.368
Station A                                  Serial Number: 1230769999

MAC 1: 00-30-A7-06-21-EE
MAC 2: 00-30-A7-06-21-EF
IP ADDRESS: 192.168.1.89/20
DEFAULT GATEWAY: 192.168.1.1

NETMODE: FAILOVER

PRIMARY PORT:      5C
ACTIVE PORT:       5D

             LINK   SPEED  DUPLEX  MEDIA
PORT 5C      Down   ---    ---     FX
PORT 5D      Up     100M   Full    TX

        PACKETS                 BYTES               ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
    318292   326702     40080159   22834008         0       4

Figure 14.8 Sample ETH Command Response for the Two-Port Ethernet Card

=>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:41:24.123
Station A                                  Serial Number: 1230769999

BUSMODE: INDEPENDENT

PROCESS BUS
MODE: PRP
PORTS 5A/5B MAC: 00-30-A7-00-00-03

STATION BUS
MODE: PRP
PORTS 5C/5D MAC: 00-30-A7-00-00-04
IP ADDRESS: 192.168.1.31/24
DEFAULT GATEWAY: 192.168.1.1

ENGINEERING ACCESS
PORT 5E MAC: 00-30-A7-00-00-05
IP ADDRESS: 192.168.2.31/24
DEFAULT GATEWAY: 192.168.2.1

ETHERNET PORT STATUS
             LINK  SPEED  DUPLEX  MEDIA
--------------------------------------------------------------------
PORT 5A      Up    1000M  Full    SX
PORT 5B      Up    1000M  Full    SX
PORT 5C      Up    100M   Full    FX
PORT 5D      Up    100M   Full    FX
PORT 5E      Up    100M   Full    FX

PACKET COUNT
             SENT     RCVD     DISC     ERROR
--------------------------------------------------------------------
PORT 5A    284003  4238102        0        0
PORT 5B    283878  4238078        0        0
PORT 5C    137629   418243   355859        0
PORT 5D    137609   961288   960074        0
PORT 5E     12020    14880      640        0

SFP TRANSCEIVER INFO
             RX Power(dBm)  TX Power(dBm)  Temp(C)
--------------------------------------------------------------------
PORT 5A       -15.90        -17.06          41.1
PORT 5B       -33.98        -17.14          41.0
PORT 5C       -18.73        -17.06          40.2
PORT 5D       -18.01        -17.14          39.6
PORT 5E       -18.12        -17.08          49.2

=>>

Figure 14.9 Sample ETH Command Response for the Five-Port Ethernet Card 
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ETH C and ETH R
The ETH C and ETH R commands clear the Ethernet connection statistics. 
Option C and R are identical.

                    

When you issue the ETH C and ETH R command, the relay sends the following 
prompt: Are you sure (Y/N)?. If you answer Y <Enter>, the relay clears the 
Ethernet statistics and response: Ethernet Statistics Cleared.

EVENT
NOTE: The SEL-400G relay does not 
support 4-sample/cycle events. 
Filtered and unfiltered events are 
presented in the COMTRADE format.

Use the EVENT command to view the relay filtered event reports (see Event 
Report on page 9.14 for information on event reports).

EVE
The EVE command displays the full-length event reports stored in relay memory. 
When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

                    

EVE A
The EVE A command returns only the analog information in the event report.

                    

Table 14.61 ETH C and ETH R Command

Command Description Access Level

ETH C Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

ETH R Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

Table 14.62 EVE Command

Command Description Access Level

EVE Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na

a Parameter n indicates event order or serial number.

Return a particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.63 EVE A Command

Command Description Access Level

EVE A Return only the analog information for the most recent 
event report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE A na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the analog information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE ACK
Use EVE ACK to acknowledge the oldest unacknowledged event that you 
recently viewed with the EVE NEXT or the CEV NEXT commands on the pres-
ent communications port.

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the EVE NEXT command, the relay responds with Event sum-
mary number n has not been viewed with the NEXT option.

EVE C
Use EVE C to return a 15-cycle length event report with both analog and digital 
data. You cannot mix the A and D options with the EVE C command. The Lyyy 
option overrides the C option (see EVE Lyyy on page 14.34).

                    

EVE D
Use EVE D to return only the digital information in the event report.

                    

Table 14.64 EVE ACK Command

Command Description Access Level

EVE ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.65 EVE C Command

Command Description Access Level

EVE C Return the most recent event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

EVE C na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

Table 14.66 EVE D Command

Command Description Access Level

EVE D Return only the digital information for the most recent event 
report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE D na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the digital information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE L
Use EVE L to return a large resolution event report. The Sx option overrides the 
L option (see EVE Sx on page 14.35).

                    

EVE Lyyy
Command EVE Lyyy returns a specified length event report, where Lyyy indi-
cates a length of yyy cycles. You can specify yyy from 1 cycle up to a value 
including and exceeding the event report total cycle length. If yyy is longer than 
the total length, the relay returns the full duration event report. The Lyyy option 
overrides the C option.

                    

EVE NEXT
EVE NEXT returns the oldest unacknowledged event report on the present com-
munications port.

                    

EVE NSET
The EVE NSET command returns the event report with no relay settings.

                    

Table 14.67 EVE L Command

Command Description Access Level

EVE L Return the most recent event report at full length with large 
resolution data.

1, B, P, A, O, 2

EVE na L

a Parameter n indicates event order or serial number.

Return a particular n event report at full length with large 
resolution data.

1, B, P, A, O, 2

Table 14.68 EVE Lyyy Command

Commanda

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Description Access Level

EVE Lyyy Return yyy cycles of the most recent event report (including 
settings) with 4-samples/cycle data.

1, B, P, A, O, 2

EVE n Lyyy Return yyy cycles of a particular n event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.69 EVE N Command

Command Description Access Level

EVE N Return the oldest unacknowledged event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.70 EVE NSET Command

Command Description Access Level

EVE NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSET
a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE NSUM
The EVE NSUM returns the event report with no event summary.

                    

EVE Sx
Use the EVE Sx command to specify the sample data resolution of the event 
report. The sample data resolution x is either 4-samples/cycle or large resolution; 
the default value is 4-samples/cycle if you do not specify Sx. The Sx option over-
rides the L option.

                    

EVE Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, and Sx, in one com-
mand. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option.

➤ The Sx option overrides the L option.

➤ When choosing option A or option D as a report type, you cannot use 
option C to specify the report length at 15 cycles. Use option Lyyy at 
L015 to specify a 15-cycle report.

➤ Enter the options in any order.

Table 14.73 lists the choices you can make in the EVE command. Combine 
options on each row, selecting one option from each column, to create an EVE 
command.

                    

Table 14.71 EVE NSUM Command

Command Description Access Level

EVE NSUM Return the most recent event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSUM
a Parameter n indicates event order or serial number.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.72 EVE Sx Command

Command Description Access Level

EVE Sx Return the most recent event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

EVE na Sx

a Parameter n indicates event order or serial number; x is 4, 8, or 12 to represent data at 
4 samples/cycle, 8 samples/cycle, or 12 samples/cycle respectively. See the product-specific 
instruction manual to see whether 8 or 12 samples/cycle are supported for larger resolution reports.

Return a particular n event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.73 EVE Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C, A, D Lyyy, C NSET, NSUM



14.36

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

The following examples illustrate some possible option combinations.

                    

EXIT
Use the EXIT command to terminate a Telnet session and revert to Access Level 0 
(exit relay control).

                    

FILE
The FILE command provides a safe and efficient means of transferring files 
between IEDs and external support software (ESS) by providing Ymodem file 
transfer. The FILE commands are especially useful for retrieving high-resolution 
sampled data in binary COMTRADE format from the relay.

                    

All text enclosed in [brackets] indicates optional command line parameters. The 
specific directories available in the relay depends on the relay model, but typi-
cally includes EVENTS, REPORTS, SETTINGS, and SYNCHROPHASOR 
directories. For FILE READ operations, specify the directory parameters as 
needed. The FILE WRITE command is available only for the SETTINGS directory.

Table 14.74 EVE Command Examples

Example Description

EVE L010 S8 Return 10 cycles of an 8-samples/cycle event report for the most recent event.

EVE L10 A Return 10 cycles of the analog portion only of the most recent event report 
at 4-samples/cycle resolution.

EVE 2 C NSUM For the second most recent event, return the event with 8-samples/cycle 
data, and omit the event summary.

Table 14.75 EXIT Command

Command Description Access Level

EXIT Terminate the Ethernet port Telnet sessions and go to 
Access Level 0 (exit relay control)

0, 1, B, P, A, O, 2

Table 14.76 FILE Command

Command Description Access Level

FILE DIR
directory

Returns a list of filenames in specified directory (direc-
tory). If not specified, then the list of files and directories in 
the root directory is returned.

1, B, P, A, O, 2

FILE READ 
directory
filename

Initiates a file transfer of the file filename (in the folder 
directory) from the relay to ESS. The filename parameter is 
required.

1, B, P, A, O, 2

FILE 
WRITE 
SETTINGS
filename

Initiates a file transfer of the file filename from ESS to the 
relay. If the filename parameter is not specified, the file 
name must be given in the Ymodem header.

P, A, O, 2
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GOOSE
Use the GOOSE command to display transmit and receive GOOSE messaging 
information, which can be used for troubleshooting.

                    

The information displayed for each GOOSE IED is described in Table 14.78.

                    

                    

Table 14.77 GOOSE Command

Command Description Access Level

GOOSE Displays GOOSE information 1, B, P, A, O, 2

GOOSE k Displays GOOSE information successively for k times 1, B, P, A, O, 2

Table 14.78 Accessible GOOSE IED Information

IED Description

Transmit GOOSE 
Control Reference

This field represents the GOOSE control reference information that includes the IED name, ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class), and GSEControl name (GSE Control Block Name) (e.g., 
SEL_411L_OtterCFG/LLN0$DSet13).

Receive GOOSE 
Control Reference

This field shall contain the goCbRef (GOOSE Control Block Reference) information that includes the iedName 
(IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and cbName (GSE Control 
Block Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Multicast Address 
(MultiCastAddr)

This hexadecimal field represents the GOOSE multicast address.

Priority Tag (Ptag) This three-bit decimal field represents the priority tag value, where spaces are used if the priority tag is unknown.

VLAN (Vlan) This 12-bit decimal field represents the virtual LAN setting, where spaces are used if the virtual LAN is unknown.

State Number 
(StNum)

This hexadecimal field represents the state number that increments with each state change.

Sequence Number 
(SqNum)

This hexadecimal field represents the sequence number that increments with each GOOSE message sent.

Time to Live (TTL) This field contains the time (in ms) before the next message is expected.

Transmit Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the IED name, LN0 lnClass (Logical Node 
Class), and GSEControl datSet (Data Set Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the iedName (IED name), ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class) and datSet (Data Set Name) (e.g., SEL_411L_1CFG/
LLN0$DSet13).

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or becomes 
unresponsive after the GOOSE command has been issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the con-
figuration revision number in the received GOOSE message does not 
match with the value of the configuration revision number present in the 
CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE message 
has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message does 
not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error
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An example response to the GOOSE command is shown in Figure 14.10.
                    

If the GOOSE command is issued during CID file processing, the relay responds 
with CID file is currently being processed. No GOOSE statistics 
available. When GOOSE is disabled by settings (EGSE = N), the relay sends 
Command is not available in responding to a GOOSE command. If an error is 
detected during the processing of the IEC 61850 file, the relay responds with 
Error detected in parsing the CID file. All GOOSE processing dis-
abled to a GOOSE command.

GOO S
The GOO S command provides statistics for GOOSE subscriptions.

                    

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the StNum or 
SqNum value between received GOOSE messages is not sequential.

Warning

INVALID QUAL 7 Invalid data quality received Warning

a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

=>>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_OtterCFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10  4:1     1          166        457
   Data Set: SEL_411L_OtterCFG/LLN0$DSet13

GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487B_1CFG/LLN0$DSet13

SEL_2440_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-0A   :      0          0          0      TTL EXPIRED
   Data Set: SEL_2440_1CFG/LLN0$DSet13

SEL_487E_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487E_1CFG/LLN0$DSet13

SEL_710_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-08   :      0          0          0      TTL EXPIRED
   Data Set: SEL_710_1CFG/LLN0$DSet13

IEC 61850 Mode/Behavior: Blocked
IEC 61850 Simulation Mode: On

Figure 14.10 GOOSE Command Response for the Two- or Four-Port Ethernet 
Card

Table 14.80 GOO S Command (Sheet 1 of 2)

Command Description Access Level

GOO S Display a list of GOOSE subscriptions with their ID. 1,B,P,A,O,2

GOO S n Display GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL Display GOOSE statistics for all subscriptions. 1,B,P,A,O,2

GOO S n L Display GOOSE statistics for subscription ID n including 
error history. 

1,B,P,A,O,2
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When reporting a list of subscriptions with the GOO S command, the response 
includes the subscription ID, the application identifier, and the GOOSE control 
block reference. The other variants of GOO S provide statistics on the selected 
subscriptions. Figure 14.11 and Figure 14.12 illustrates this.

                    

                    

GOO S ALL L Display GOOSE statistics for all subscriptions including 
error history. 

1,B,P,A,O,2

GOO S n C Clear GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL C Clear GOOSE statistics for all subscriptions. 1,B,P,A,O,2

==>GOO S 2 <Enter>

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 06/30/2014 10:59:29.760  To: 06/30/2014 11:10:32.817

 Accumulated downtime duration                      : 0000:10:59.325
 Maximum downtime duration                          : 0000:10:59.325
 Date & time maximum downtime began                 : 06/30/2014 10:59:33.492
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 1 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 654 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

Figure 14.11 Example GOO S Command Response

=>>GOO S ALL L <Enter>

 SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet01
 AppID   : 4113 
 From    : 07/01/2014 11:23:13.851  To: 07/01/2014 11:37:54.790

 Accumulated downtime duration                      : 0000:00:34.002
 Maximum downtime duration                          : 0000:00:13.000
 Date & time maximum downtime began                 : 07/01/2014 11:35:36.048
 Number of messages received out-of-sequence(OOS)   : 4 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 12 
 Calculated number of messages lost due to OOS      : 30 

 #    Date        Time          Duration        Failure
 1    07/01/2014  11:37:02.051  0000:00:01.000  OUT OF SEQUENCE
 2    07/01/2014  11:36:59.051  0000:00:03.000  CONF. REV. MISMATCH
 3    07/01/2014  11:36:38.050  0000:00:00.999  OUT OF SEQUENCE
 4    07/01/2014  11:36:29.049  0000:00:09.000  NEEDS COMMISSIONING
 5    07/01/2014  11:36:09.049  0000:00:00.999  OUT OF SEQUENCE
 6    07/01/2014  11:36:03.049  0000:00:06.000  CONF. REV. MISMATCH
 7    07/01/2014  11:35:48.048  0000:00:00.999  OUT OF SEQUENCE

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 07/01/2014 11:37:45.158  To: 07/01/2014 11:37:54.796

Figure 14.12 Example GOO S ALL L Command Response

Table 14.80 GOO S Command (Sheet 2 of 2)

Command Description Access Level
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GROUP
Use the GROUP command to view the present group number or to change the 
active group.

                    

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)?. Answer Y <Enter> to change the active group. 
The relay asserts the Relay Word bit SALARM for at least one second when you 
change the active group.

If any of the SELOGIC control equations SS1–SS6 are set when you issue the 
GROUP n command, the group change will fail. The relay responds with No 
group change: SELogic equations SS1-SS6 have priority over GROUP 
command.

HELP
The HELP command gives a list of commands available at the present access 
level. You can also get a description of any particular command; type HELP fol-
lowed by the name of the command for help on each command.

                    

HISTORY
The HISTORY command displays a quick synopsis of the last 100 events that 
the relay has captured. The rows in the HISTORY report typically contains the 
event serial number, date, time, location, maximum current, active group, and tar-
gets. (The specific content depends on the relay.) See Section 9: Reporting and 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual for more information on history reports.

 Accumulated downtime duration                      : 0000:00:09.638
 Maximum downtime duration                          : 0000:00:09.638
 Date & time maximum downtime began                 : 07/01/2014 11:37:45.158
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

 #    Date        Time          Duration        Failure

Figure 14.12 Example GOO S ALL L Command Response (Continued)

Table 14.81 GROUP Command

Command Description Access Level

GROUP Display the presently active group. 1, B, P, A, O, 2

GROUP na

a Parameter n indicates group numbers 1–6.

Change the active group to Group n. B, P, A, O, 2

Table 14.82 HELP Command

Command Description Access Level

HELP Display a list of each command available at the present 
access level with a one-line description.

1, B, P, A, O, 2

HELP command Display information on the command command. 1, B, P, A, O, 2



14.41

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

HIS
Use the HIS command to list one-line descriptions of relay events. You can list 
event histories by number or by date.

                    

HIS C and HIS R
The HIS C and HIS R commands clear/reset the history data and corresponding 
high-resolution/event report data on the present port. Options C and R are identical.

                    

The relay prompts you with Are you sure (Y/N)? when you issue the HIS C 
and HIS R commands. If you answer Y <Enter>, the relay clears the present port 
history data.

HIS CA and HIS RA
The HIS CA and HIS RA commands clear all history data and event reports 
from memory. Use these commands to completely delete high-resolution/event 
report data captures.

                    

If you issue the HIS CA and HIS RA commands, the relay prompts you with Are 
you sure (Y/N)?. If you answer Y <Enter>, the relay clears all history data and 
event reports. The relay resets the event report number to 10000.

Table 14.83 HIS Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom of 
the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS ka

a Parameter k indicates an event number.

Return the k most recent event histories with the oldest at the 
bottom of the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS date1b

b Enter date1 and date2 in the order selected by the Global setting DATE_F.

Return the event histories on date date1. 1, B, P, A, O, 2

HIS date1 date2b Return the event histories from date1 to date2, with 
date1 at the bottom of the list and date2 at the top of the list.

1, B, P, A, O, 2

Table 14.84 HIS C and HIS R Commands

Command Description Access Level

HIS C Clear/reset event data on the present port only. 1, B, P, A, O, 2

HIS R Clear/reset event data on the present port only. 1, B, P, A, O, 2

Table 14.85 HIS CA and HIS RA Commands

Command Description Access Level

HIS CA Clear all event data for all ports. P, A, O, 2

HIS RA Clear all event data for all ports. P, A, O, 2
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ID
Use the ID command to extract relay identification codes.

                    

Each line of the ID command report contains an identification code and a line 
checksum. The relay presents these codes in the following order:

FID: the Firmware Identification string

BFID: the Boot Firmware Identification string

CID: the checksum of the firmware

DEVID: the RID string as stored in the relay settings of the IED

DEVCODE: a unique Device Code (for Modbus identification purposes)

PARTNO: the Part Number

SERIALNO: the serial number of the relay

CONFIG: abcdef

The designator positions indicate a specific relay configuration:

“a” represents the nominal frequency, where 0 = N/A, 1 = 60 Hz, and 
2 = 50 Hz.

“b” represents the phase rotation, where 0 = N/A, 1 = ABC, and 2 = ACB.

“c” represents the phase input current scaling, where 0 = N/A, 1 = 5 A, 
and 2 = 1 A.

“d” represents the neutral input current scaling, where 0 = N/A, 1 = 5 A, 
2 = 1 A.

“e” represents the voltage input connection, where 0 = N/A, 1 = Delta, 
and 2 = Wye.

“f” represents the current input connection, where 0 = N/A, 1 = Delta, and 
2 = Wye.

SPECIAL: the Special Configuration Designators—a mechanism for antici-
pating future product enhancements

If the device supports IEC 61850 and the IEC 61850 protocol is enabled, the ID 
command will display the following additional information.

➤ iedName: the IED name (e.g., SEL-411L_OtterTail)

➤ type: the IED type (e.g., SEL-411L)

➤ configVersion: the CID file configuration version (e.g., 
ICD-411L-R100-V0-Z001001-20060512)

➤ LIB61850ID: an eight-character code indicating the IEC 61850 
library version within the product

A sample ID command response from the relay (with IEC 61850 enabled) is 
shown in Figure 14.13.

Table 14.86 ID Command

Command Description Access Level

ID Return a list of relay identification codes. 0, 1, B, P, A, O, 2
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IRIG
The IRIG command directs the relay to use the next available demodulated 
IRIG-B time code to update the relay internal clock. For information on the IRIG 
time mode, see IRIG-B Timekeeping on page 11.1.

                    

NOTE: Not all SEL-400 series relays  
support the IRIG command.

The IRIG command was originally provided in the relay as a testing aid. The 
IRIG command was used to update the relay internal clock with the IRIG-B time 
value without waiting for the 30-second confirmation time delay.

There is no longer a 30-second confirmation time delay—the relay uses the IRIG 
time source as soon as it determines that the signal is valid, a process that may 
take several seconds. Once the IRIG signal is verified, the relay clock is updated 
once per second. The IRIG command is still available, but is no longer neces-
sary. To check IRIG status, use the TIME Q command instead—see TIME Q 
Command on page 11.8.

If the relay has no valid IRIG-B time code at the rear panel, or if the TIME Q 
command reports a relay time source other than IRIG or HIRIG, the relay 
responds to the IRIG command with the following error message, IRIG-B DATA 
ERROR. See the TIME command for more information.

LOOPBACK
Use the LOOPBACK command to instruct the relay to receive the transmitted 
MIRRORED BITS communications data on the same serial port. See SEL MIR-
RORED BITS Communication on page 15.36 for more information on MIRRORED 
BITS communications.

LOOP
The LOOP command puts the relay serial port in loopback if you have previ-
ously configured the port for MIRRORED BITS communications. If you have 
enabled both of the MIRRORED BITS communications channels (A and B), then 
you must specify the channel parameter. If you have only one of the channels 

=ID <ENTER>
"FID=SEL-451-5-R319-V0-Z024013-D20170608","0916"
"BFID=SLBT-4XX-R209-V0-Z001002-D20150130","097C"
"CID=85F4","0264"
"DEVID=Relay 1","0467"
"DEVCODE=40","030B"
"PARTNO=04515415XC4X4H60X0XXX","07B3"
"SERIALNO=1230769999","0517"
"CONFIG=11102200","03EA"
"SPECIAL=000000","03CE"
"iedName=SEL_451_1","05CD"
"type=SEL_451","044C"
"configVersion=ICD-451-R301-V0-Z316006-D20170130","0D1C"
"LIB61850ID=9048BE8A","04EA"

=

Figure 14.13 Sample ID Command Response From Ethernet Card

Table 14.87 IRIG Command

Command Description Access Level

IRIG Lock the relay internal clock to the IRIG-B time-code input. 1, B, P, A, O, 2
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enabled, then the relay assumes that channel if you do not specify that channel in 
the command. If you do not specify a time-out period, the relay provides a 5-min-
ute time-out.

                    

You can enter the options in any order. If you operate the relay by using both 
MIRRORED BITS communications channels (A and B), then you must specify the 
channel parameter by using the LOOP A command and the LOOP B command.

When you issue the LOOP command, the relay responds with statements about 
the loopback time, status of the RMB (Receive MIRRORED BITS), and Are you 
sure (Y/N)?. If you answer Y <Enter>, the relay responds with Loopback Mode 
Started.

In the loopback mode, ROK drops out and the relay uses LBOK to indicate 
whether the data transmissions are satisfactory. The relay collects COM data as 
usual. Time synchronization and virtual terminal modes are not available during 
loopback. The relay continues passing analog quantities.

LOOP DATA
The LOOP DATA command tells the relay to pass input MIRRORED BITS com-
munications data through to the receive (RMB) bits, as in the nonloopback mode.

                    

The relay ignores received values if you do not specify the DATA option. You 
can enter the options in any order.

Table 14.88 LOOP Command

Command Description Access Level

LOOP Begin loopback of a single enabled MIRRORED BITS commu-
nications channel (either Channel A or Channel B) for 5 minutes; 
ignore input data and force receive bits (RMB) to defaults.

P, A, O, 2

LOOP ca

a Parameter c is A or B, representing Channel A or Channel B.

Begin loopback of MIRRORED BITS communications 
Channel c for 5 minutes; ignore input data and force receive 
bits (RMB) to defaults.

P, A, O, 2

LOOP t Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

LOOP t c Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

Table 14.89 LOOP DATA Command

Command Description Access Level

LOOP DATA Begin loopback of a single MIRRORED BITS communica-
tions channel (either Channel A or Channel B) for 5 min-
utes: pass input data to receive data as in nonloopback mode.

P, A, O, 2

LOOP c DATA Begin loopback of MIRRORED BITS communications 
Channel c only for 5 minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2

LOOP c DATA t Begin loopback of MIRRORED BITS communications 
Channel c only for t minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2
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LOOP R
The LOOP R command terminates the loopback condition on MIRRORED BITS 
communications channels in loopback. If you do not specify a Channel c, then 
the relay disables loopback on both channels. If you specify a channel, you can 
enter the options in any order.

                    

MAC
The MAC command returns the Media Access Control (MAC) addresses of the 
Ethernet ports.

                    

A sample MAC command response for a relay with the four-port Ethernet card is 
shown in Figure 14.14.

                    

A sample MAC command response for a relay with the five-port Ethernet card is 
shown in Figure 14.15. The first MAC address is associated with the station bus, 
the second with the process bus, and the third with the engineering access net-
work.

                    

MAP
Use the MAP command to view the organization of the relay database. The MAP 
command in the relay is very similar to the MAP command in the SEL-2020 and 
SEL-2030 Communications Processors.

Table 14.90 LOOP R Command

Command Description Access Level

LOOP R Cease loopback on all MIRRORED BITS communications 
channels. (Reset the channels to normal use.)

P, A, O, 2

LOOP c R Cease loopback on MIRRORED BITS communications 
Channel c. (Reset Channel c to normal use.)

P, A, O, 2

Table 14.91 MAC Command

Command Description Access Level

MAC Display all Ethernet ports MAC addresses 1, B, P, A, O, 2

=>>MAC <Enter>
Port 5-1 MAC Address:  01-30-A7-00-00-01
Port 5-2 MAC Address:  01-30-A7-00-00-02

Figure 14.14 Sample MAC Command Response for the Two- or Four-Port 
Ethernet Card

=>MAC <Enter>
Port 5-1 MAC Address:  00-30-A7-00-00-03
Port 5-2 MAC Address:  00-30-A7-00-00-04
Port 5-3 MAC Address:  00-30-A7-00-00-05
=>

Figure 14.15 Sample MAC Command Response for the Five-Port Ethernet Card
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MAP 1
The MAP 1 command lists the relay database regions. Typical database region 
names are LOCAL, METER, DEMAND, TARGET, HISTORY, BREAKER, 
STATUS, and ANALOGS.

                    

MAP 1 region and MAP 1 region BL
Use the MAP 1 command with the region option to view the layout of a specific 
region.

                    

The region option is the database region name shown in the simple MAP 1 com-
mand response. The region map consists of columns for data item labels, data-
base address, and data type.

If you specify the BL option and the region contains items with bit labels, the 
relay lists these bit labels in MSB (most significant bit) to LSB (least significant 
bit) order. The TARGET region is usually the only region containing bit labels.

METER
The METER command displays reports about quantities the relay measures in 
the power system (voltages, currents, frequency, remote analogs, and so on) and 
internal relay operating quantities (math variables and synchronism-check values).

All SEL-400 series relays support a METER command, but the options and 
responses are device specific. See the product-specific instruction manual for 
details of the METER command. Included below are the variants of the 
METER command that are common.

MET AMV
The MET AMV command lists automation math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

Table 14.92 MAP 1 Command

Command Description Access Level

MAP 1 List the database regions in the relay. 1, B, P, A, O, 2

Table 14.93 MAP 1 region Command

Command Description Access Level

MAP 1 region List the data labels, database address, and data type. 1, B, P, A, O, 2

MAP 1 region BL List the data labels, database address, and data type; 
list the bit labels, if assigned.

1, B, P, A, O, 2

Table 14.94 MET AMV Command

Command Description Access Level

MET AMV Display all automation math variables. 1, B, P, A, O, 2

MET AMV k Display all automation math variables successively for k times. 1, B, P, A, O, 2
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MET ANA
Use the MET ANA command to view the analog quantities from the MIRRORED 
BITS communications channels.

                    

If you have not enabled the MIRRORED BITS communications channels and the 
remote analog data, the relay response to this command will not include any val-
ues. If MIRRORED BITS communications is enabled but not communicating, the 
relay will display ERROR under the RMBA or RMBB entries, depending on settings.

MET BAT
Use the MET BAT command to view the station dc monitor quantities for the 
battery voltages.

NOTE: Some relays provide one 
battery monitor channel and some 
support two.

                    

If you have not enabled the Station DC Battery Monitor, the relay responds with 
DC Monitor Is Not Enabled. (Enable the dc monitor with the Global setting 
EDCMON.)

The reset command, MET RBM, resets the dc monitor maximum/minimum 
metering quantities. When you issue the MET RBM command, the relay 
responds with Reset Max/Min Battery Metering (Y/N)?. If you answer Y 
<Enter>, the relay responds, Max/Min Battery Reset.

MET D
Use the MET D command to view the demand and peak demand quantities.

NOTE: Not all SEL-400 series relays 
support demand metering.

                    

The reset command (MET RD) resets the demand metering quantities. When 
you issue the MET RD command, the relay responds, Reset Demands (Y/N)?. 
If you answer Y <Enter>, the relay responds, Demands Reset.

Table 14.95 MET ANA Command

Command Description Access Level

MET ANA Display the MIRRORED BITS communications analog quanti-
ties.

1, B, P, A, O, 2

MET ANA k Display the MIRRORED BITS communications analog quan-
tities successively for k times.

1, B, P, A, O, 2

Table 14.96 MET BAT Command

Command Description Access Level

MET BAT Display station battery measurements. 1, B, P, A, O, 2

MET BAT k Display station battery measurements successively for k times. 1, B, P, A, O, 2

MET RBM Reset station battery measurements. P, A, O, 2

Table 14.97 MET D Command

Command Description Access Level

MET D Display demand metering data. 1, B, P, A, O, 2

MET D k Display demand metering data successively for k times 1, B, P, A, O, 2

MET RD Reset demand metering data. P, A, O, 2

MET RP Reset peak demand metering data. P, A, O, 2
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The reset command, MET RP, resets the peak demand metering quantities. 
When you issue the MET RP command, the relay responds, Reset Peak Demands 
(Y/N)?. If you answer Y <Enter>, the relay responds, Peak Demands Reset.

MET M
Use the MET M command to view power system maximum and minimum quantities.

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.

                    

The reset command, MET RM, resets the maximum/minimum metering quanti-
ties. When you issue the MET RM command, the relay responds, Reset Max/
Min Metering (Y/N)? If you answer Y <Enter>, the relay responds, Max/Min Reset.

MET PM
Use the MET PM command to view the time-synchronized quantities. The relay 
must be in the high-accuracy timekeeping HIRIG or HPTP mode. For more infor-
mation on high-accuracy timekeeping, see Section 11: Time and Date Manage-
ment.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

If the relay is not in the high-accuracy IRIG (HIRIG) timekeeping mode, it will 
respond to the MET PM command with the following message:

Aborted: A High Accuracy Time Source is Required

If Global enable setting EPMU := N, the relay will respond to the MET PM 
command with:

Synchronized phasor measurement is not enabled

To request a report of the synchrophasor data at a specific time, enter the optional 
time parameter as a time of day. For example, the relay will respond to the MET 
PM 16:40:10 command with:

Synchronized Phasor Measurement Data Will Be Displayed at 
16:40:10.000

Table 14.98 MET M Command

Command Description Access Level

MET M Display maximum/minimum metering data. 1, B, P, A, O, 2

MET M k Display maximum/minimum metering data successively 
for k times.

1, B, P, A, O, 2

MET BKna M

a Parameter n is the breaker indication.

Display Breaker n maximum/minimum metering data. 1, B, P, A, O, 2

MET BKn M k Display Breaker n maximum/minimum metering data 
successively for k times.

1, B, P, A, O, 2

MET RM Reset maximum/minimum metering data. P, A, O, 2

Table 14.99 MET PM Command

Command Description Access Level

MET PM Display time-synchronized values. 1, B, P, A, O, 2

MET PM k Display time-synchronized values successively for k times. 1, B, P, A, O, 2

MET PM time Display time-synchronized values captured at trigger time. 1, B, P, A, O, 2

MET PM HIS Display time-synchronized values captured for the previ-
ous MET PM command.

1, B, P, A, O, 2
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In this example, when the internal clock reaches 16:40:10.000, the relay will dis-
play the synchrophasor data from that exact time. If the relay is not in HIRIG 
mode at that time, it will display the following message:

Aborted: A High Accuracy Time Source is Required

After the MET PM time command is issued, other MET PM commands may be 
entered without affecting the timed request, even if the stated time has not 
arrived. However, issuing a second MET PM time command while the first com-
mand is still pending will cancel the first command request in favor of the newer 
request.

If you are not connected to the relay when the MET PM time command issues its 
timed response, you can use the MET PM HIS command to view this response. 
This permits you to issue MET PM time to multiple relays by using a common 
time and then go back later to see the results from all the relays at this common 
instant in time.

See Section 18: Synchrophasors for more information on phasor measurement 
functions, and View Synchrophasors by Using the MET PM Command on 
page 18.21 for sample MET PM responses.

MET PMV
Use the MET PMV command to view the protection math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

MET RTC
Use the MET RTC command to view the data received on all active synchropha-
sor client channels.

                    

MET T
Use the MET T command to view the temperature data from the SEL-2600A 
RTD Module. This command requires setting PROTO = RTD for the serial port 
connected to the SEL-2600A RTD Module.

Table 14.100 MET PMV Command

Command Description Access Level

MET PMV Display all protection math variables. 1, B, P, A, O, 2

MET PMV k Display all protection math variables. 1, B, P, A, O, 2

Table 14.101 MET RTC Command

Command Description Access Level

MET RTC Display received synchrophasor client data 1, B, P, A, O, 2

MET RTC k Display received synchrophasor client data k times 1, B, P, A, O, 2
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The relay displays the number of resistance temperature detector (RTD) channels 
specified by the RTDNUM Port Setting. If the RTD protocol is not enabled on 
any of the relay ports, the relay displays the following:

No data available

If there is a communications failure between the relay and the SEL-2600A, as 
indicated by the RTDCOMF Relay Word bit, the relay displays the following:

Communication Failure

If the RTDFL Relay Word bit is set to indicate a SEL-2600A failure, the relay 
displays the following:

SEL-2600 Failure

If any of the RTDxTY Port Settings are set to NA, the relay displays the follow-
ing for that channel:

Channel Not Used

If the RTDxxST Relay Word bit is set for any of the RTDNUM channels being 
reported, the relay displays the following:

Channel Failure

OACCESS
Use the OACCESS command to gain access to Access Level O (output). See 
Access Levels and Passwords on page 3.7 for more information.

                    

OPEN n
Use the OPEN n command to open a circuit breaker(s). The OPEN n command 
pulses Relay Word bit OCn. Usually, you configure these Relay Word bits as part 
of the SELOGIC control equations that trip the appropriate circuit breaker. See 
Trip Logic in Section 5: Protection Functions of the product-specific instruction 
manual for information on trip SELOGIC control equations.

                    

If you have disabled the relay and attempt an OPEN n command, the relay 
responds, Command aborted because the relay is disabled. If the circuit 
breaker control enable jumper BREAKER is not in place, the relay aborts the 
command and responds, Aborted: the breaker jumper is not installed.

Table 14.102 MET T Command

Command Description Access Level

MET T Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module.

1, B, P, A, O, 2

MET T k Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module successively for k times.

1, B, P, A, O, 2

NOTE: Some SEL-400 series relays 
use the option MET RTD to get this 
same information.

NOTE: The SEL-487B does not 
support RTD inputs.

Table 14.103 OAC Command

Command Description Access Level

OAC Go to Access Level O (output). 1, B, P, A, O, 2

Table 14.104 OPEN n Command

Command Description Access Level

OPEN n Pulse Relay Word bit OCn. B, P, A, O, 2
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When you issue the OPEN n command, and the circuit breaker control enable 
jumper is in place, the relay responds, Open breaker (Y/N)?. If you answer 
Y <Enter>, the relay responds, Are you sure (Y/N)?. If you answer Y 
<Enter>, the relay asserts OCn for one processing interval.

If you have assigned auxiliary contact 52A inputs for this circuit breaker, the 
relay waits 0.5 seconds, checks the state of the breaker auxiliary contacts, and 
responds Breaker OPEN or Breaker CLOSED, as appropriate.

If Breaker n is not enabled, the relay responds, Breaker n is not available.

PACCESS
Use the PACCESS command to gain access to Access Level P (protection). See 
Access Levels and Passwords on page 3.7 for more information.

                    

PASSWORD
Use the PASSWORD command to control password protection for relay access levels.

PAS n
The relay changes the existing password for the specified access level that you 
specify when you issue the PAS n command. To change a password at any level, 
you must be Access Level 2.

                    

Relay access levels that have passwords are 1, B, P, A, O, 2, and C. Valid pass-
words are character sequences of as many as 12 characters. Valid characters are 
any printable ASCII character.

All passwords are case-sensitive. When you successfully enter a new password, 
the relay pulses the Relay Word bit SALARM for at least one second, and 
responds, Set.

Passwords for each access level can be disabled by setting the new password to 
DISABLE. When the password for a certain access level is set to DISABLE, no 
password is required for entering that access level in the ACC command, and the 
relay does not prompt for an old password when changing the password. The 
relay issues a Password Disabled message instead of Password Changed after 
disabling the password.

Entering PAS n and entering a new password re-enables the password require-
ment for that access level. SEL does not recommend disabling passwords.

Table 14.105 PAC Command

Command Description Access Level

PAC Go to Access Level P (protection). 1, B, P, A, O, 2

Table 14.106 PAS level New_Password Command

Command Description Access Levels

PAS na

a Parameter n represents the relay Access Levels 1, B, P, A, O, or 2.

Set a new password for Access Level n. 2

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass word 
may allow unauthorized access. SEL 
shall not be responsible for any damage 
resulting from unauthorized access.
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PING
Use the PING command to determine whether the network is connected properly 
and other network devices are reachable.

                    

When the IP address parameter is not of a valid format, the relay responds with 
Invalid IP address. After a valid PING command is issued, the relay sends out 
an Internet Control Message Protocol (ICMP) echo request messages at one sec-
ond intervals until receiving a carriage return <CR> or five minutes elapses. A 
sample PING command response is shown in Figure 14.16.

                    

PORT
The PORT command can be used to connect to a remote relay.

PORT p
The PORT p command connects a relay serial port to another device through a 
virtual terminal session.

NOTE: The BAY1 and BAY2 options 
only apply to relays that support 87L 
communications and have the 
corresponding bay card installed.

In the relay, serial port virtual terminal capability is available in MIRRORED BITS 
communications. You must have previously configured the serial port for MIR-
RORED BITS communications operation, set port setting MBNUM less than 8, and 
have at least one virtual terminal session available (set MBNUMVT to 0 or 
greater). Choosing MBNUMVT to 0 uses virtual terminal within the synchroni-
zation channel only. See SEL MIRRORED BITS Communication on page 15.36 for 
information on the MIRRORED BITS communications protocol.

                    

Table 14.107 PING Command

Command Description Access Level

PING addra

a IP address of device to ping in the format of four decimal numbers (0–255) separated by periods.

Send ICMP echo request messages to remote device at addr. 1, B, P, A, O, 2

=>>PING 192.9.201.1 <Enter>

Pinging 192.9.201.1
Press <Enter> to Terminate Ping Test.

Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.

Ping Results:

   Number of Ping Messages:
      Transmitted:   4
      Received:      4

   Elapsed Time:    11 seconds

=>>

Figure 14.16 Sample PING Command Response

NOTE: The relay uses one router to 
route PING commands outside the 
local network. If default routers 
associated with station bus (DEFRTR) 
and engineering access (DEFRTRE) 
are configured, the relay sends ping 
requests to the router specified by the 
DEFRTR setting.

Table 14.108 PORT p Command

Command Description Access Level

PORT pa

a Parameter p is 1, 2, 3, and F to indicate Communications PORT 1 — PORT 3 and PORT F, or BAY1 or 
BAY2 for 87L ports.

Connect to a remote device through PORT p (over MIRRORED 
BITS communications virtual terminal mode).

1, B, P, A, O, 2
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When the relay establishes a connection, the relay responds, Transparent ses-
sion to Port p established. To quit the transparent connection, type the con-
trol string that you specify in port setting TERSTRN; the default is <Ctrl+E>. 
Only one transparent port connection to each MIRRORED BITS communications 
port is possible at one time. If you issue a PORT p command when the selected 
session is already active, the relay responds, Transparent session already in use.

If you issue the PORT p command to PORT 1, PORT 2, PORT 3, PORT F, BAY 1, or BAY 2 
(87L ports) and you have not properly configured the MIRRORED BITS communica-
tions port, the MBNUMVT is not set to 1 or larger, Invalid destination port.

PORT KILL n
It is possible to forcefully disconnect a transparent session from another port (a 
port not involved in the present transparent connection) by using the PORT 
KILL n command (shown in Table 14.109).

                    

The port parameter n can refer to either of the ports involved in the session you 
want to kill. When you issue the PORT KILL n command, the relay responds, 
Kill connection between ports m and n (Y/N)? Answer Y <Enter> to ter-
minate the connection. The relay sends a character sequence to the remote relay 
(to make sure the remote device is left in a known state) and responds, Connec-
tion between ports m and n disconnected.

PROFILE
Use the PROFILE command (PRO) to access the Signal Profile data for as 
many as 20 user selectable analog values.

                    

Table 14.109 PORT KILL n Command

Command Description Access Level

PORT KILL na 

a Parameter n is 1, 2, 3, F, BAY1, or BAY2 (for 87L ports) to indicate Communications Ports 1, 2, 3, or 
F, BAY1, or BAY2; n is not the present port.

Terminate the virtual terminal connection with a remote 
device through port n by using a port not involved in the 
connection.

P, A, O, 2

Table 14.110 PRO Command (Sheet 1 of 2)

Command Description Access Level

PRO Displays the first 20 rows of the profile report, with the 
oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m Displays the first m rows of the report, with the oldest 
row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m n (m > n) Displays the row between m and n, (including m and n) with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 Displays all the rows that were recorded on that date, with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chronolog-
ically precedes date2, with the oldest row (date1) at the 
top and the latest row (date2) at the bottom.

1, B, P, A, O, 2

PRO date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chronolog-
ically precedes date1, with the oldest row (date2) at the 
top and the latest row (date1) at the bottom.

1, B, P, A, O, 2
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PULSE
Use the PULSE OUTnnn command to pulse any of the relay control outputs for 
a specified time. This function aids you in relay testing and commissioning. If the 
output is open, the PUL command momentarily closes the output; if the output is 
closed, the PUL command momentarily opens the output. The control outputs 
are OUTnnn, where nnn represents the 100-series, 200-series, 300-series, 
400-series, and 500-series addresses.

                    

If the circuit breaker control enable jumper BREAKER is not in place, the relay aborts 
the command and responds, Aborted: the breaker jumper is not installed.

NOTE: The PULSE command does not 
update the OUTnnn Relay Word bit 
when it is used in other SELOGIC 
control equations. If the output Relay 
Word bit is assigned to another 
SELOGIC setting, the SER will report 
that OUTnnn asserted, but the 
corresponding SELOGIC setting will not 
be updated.

When you issue the PUL command and the breaker jumper is in place, the relay 
responds, Pulse contact OUTnnn for s seconds (Y/N)?. If you answer 
Y <Enter>, the relay asserts OUTnnn for the time you specify.

During the PUL operation, the Relay Word bit corresponding to the control out-
put you specified (OUTnnn) asserts; Relay Word bit TESTPUL also asserts 
during any PUL command, so you can monitor pulse operation by programming 
TESTPUL into event triggers and alarm outputs.

QUIT
Use the QUIT command to revert to Access Level 0 (exit relay control).

                    

Access Level 0 is the lowest access level; the relay performs no password check 
to descend to this level (or remain at this level).

In a Telnet session, QUIT terminates the connection.

PRO D Displays, for each port, the maximum number of days 
data may be acquired with the present settings before 
data overwrite occurs.

1, B, P, A, O, 2

PRO C or R Clears the signal profile data from nonvolatile memory 
on a per-port basis. The data are still visible to other 
ports and to file transfer accesses and is cleared inde-
pendently for those points-of-view.

B, P, A, O, 2

PRO CA or RA Completely clears all signal profile data from nonvola-
tile memory. 

P, A, O, 2

Table 14.110 PRO Command (Sheet 2 of 2)

Command Description Access Level

Table 14.111 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. B, P, A, O, 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. B, P, A, O, 2

Table 14.112 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0 (exit relay control). 0, 1, B, P, A, O, 2
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RTC
Use the RTC command to display a description of all data being received on syn-
chrophasor client channels. This report will list the analog quantity and Relay 
Word bits the data gets stored in locally, matched up with a label provided by the 
sending PMU. Use this information as aid to understanding the local values.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

SER
The SER command retrieves SER records. The relay SER captures state changes 
of Relay Word bit elements and relay conditions. Relay conditions include 
startup, relay enable/disable, group changes, settings changes, memory queue 
overflow, and SER autoremoval/reinsertion. For more information on the SER, 
see Sequential Events Recorder (SER) on page 9.28.

SER
The default order of the SER command is oldest to newest from list top to list 
bottom. You can view the SER records in numerical or date order.

                    

Table 14.113 RTC Command

Command Description Access Level

RTC Display report of all configured synchrophasor client 
data labels.

1, B, P, A, O, 2

Table 14.114 SER Command

Command Description Access Level

SER Return the 20 most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER k Return the k most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER m na

a Parameters m and n indicate an SER number, which the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest 
(highest number) at the top of the list and the most 
recent (lowest number) at the bottom of the list.

If m is less than n, records appear with the most 
recent (lowest number) at the top of the list and the 
oldest (highest number) at the bottom of the list.

1, B, P, A, O, 2

SER date1b

b Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records on date date1. 1, B, P, A, O, 2

SER date1 date2b Return the SER records from date1 at the top of the 
list, to date2 at the bottom of the list.

1, B, P, A, O, 2
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SER C and SER R
The SER C and SER R commands clear/reset the SER records for the present 
port. Options C and R are identical.

                    

The relay prompts you with Clear the sequential events recorder for 
this port. Are you sure (Y/N)? when you issue the SER C or SER R com-
mand. If you answer Y <Enter>, the relay clears the particular port SER records.

SER CA and SER RA
The SER CA and SER RA commands clear all SER records from memory. 

                    

If you issue the SER CA or SER RA command, the relay prompts you with 
Clear the sequential events recorder for all ports. Are you sure (Y/
N)? commands. If you answer Y <Enter>, the relay clears all SER records in 
nonvolatile memory.

SER CV and SER RV
The SER CV and SER RV commands clear any SER data records that have been 
viewed from the present port. The two commands are equivalent.

                    

If you issue the SER CV or SER RV command, the relay prompts you with 
Clear viewed SER records for this port. Are you sure (Y/N)?. If you 
answer Y <Enter>, the relay clears all SER records viewed from this port. The 
data are still visible to other ports and to file transfer accesses, and they must be 
cleared independently for those ports. Data not yet viewed remain available.

Table 14.115 SER C and SER R Commands

Command Description Access Level

SER C Clear/reset SER records on the present port. 1, B, P, A, O, 2

SER R Clear/reset SER records on the present port. 1, B, P, A, O, 2

Table 14.116 SER CA and SER RA Commands

Command Description Access Level

SER CA Clear SER data for all ports. P, A, O, 2

SER RA Clear SER data for all ports. P, A, O, 2

Table 14.117 SER CV or SER RV Commands

Command Description Access Level

SER CV Clear viewed SER data for this port. 1, B, P, A, O, 2

SER RV Clear viewed SER data for this port. 1, B, P, A, O, 2
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SER D
The SER D command shows a list of SER items that the relay has automatically 
removed. These are “chattering” elements. You can automatically remove chat-
tering SER elements in the SER Chatter Criteria category of the Report settings; 
the enable setting is ESERDEL.

                    

If you issue the SER D command and you have not enabled automatic removal of 
chattering SER elements (Report setting ESERDEL), the relay responds, Auto-
matic removal of chattering SER elements not enabled.

SET
Use the SET command to change relay settings. The relay settings structure is 
ordered and contains these items (in structure order): classes, instances, catego-
ries, and settings. An outline of the relay settings structure is as follows:

Classes (Global, Group, Breaker Monitor, Protection, Automation, Outputs, 
Front Panel, Report, DNP3, and Ports)

Instances (some classes have instances: Group = 1–6; Protection = 1–6; 
Automation = 1–10; PORTs = 1–3, F, 5)

Categories (collections of similar settings)

Settings (specific relay settings with values)

The SET and SHOW commands contain these settings structure items, which 
you must specify in order from class to instance (if applicable) to setting. The 
order that specific settings appear in the relay settings structure is factory pro-
grammed.

SET
The SET command with no options or parameters accesses the relay settings 
Group class and the instance corresponding to the active group. To set a different 
instance, specify the instance number (1–6).

                    

Table 14.118 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is remov-
ing from the SER records.

1, B, P, A, O, 2

Table 14.119 SET Command Overview (Sheet 1 of 2)

Commanda Description Access Level

SET Set the Group relay settings, beginning at the first setting in 
the active group.

P, 2

SET n Set the Group n relay settings, beginning at the first setting 
n each instance.

P, 2

SET label Set the Group relay settings, beginning at the active group 
setting label label.

P, 2

SET n label Set the Group n relay settings, beginning at setting label 
label.

P, 2

SET c Set class c, using the default instance beginning at the first 
setting.

P,A,O,2
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The specific classes and instances available depends on the relay. See the relay-
specific instruction manual for the specific options that are available. The relay 
validates your settings entries as you enter each setting. At the end of a settings 
instance session, the relay responds with a readback of all the settings in the set-
tings instance, then prompts you with Save settings (Y,N)?. If you answer Y 
<Enter>, the relay pulses the Relay Word bit SALARM, and responds, Saving 
Settings, Please Wait........... The relay saves the new settings, then 
responds, Settings Saved. If you answer N <Enter> to the save settings 
prompt, the relay responds, Settings aborted.

SET TERSE
Use the TERSE option to inhibit the relay from sending the settings class or 
instance readback when you end a settings session. SEL recommends that you 
use the TERSE option sparingly; you should review the readback information to 
confirm that you have entered the settings that you intended.

                    

You can use the TERSE option in any SET command at any position after typing 
SET. When you end the settings edit session, the relay responds, Save settings 
(Y,N)?. If you answer Y <Enter>, the relay pulses the Relay Word bit SAL-
ARM, and responds, Saving Settings, Please Wait............ The relay 
saves the new settings, then responds, Settings Saved. If you answer N 
<Enter> to the save settings prompt, the relay responds, Settings aborted.

SHOW
The SHOW command shows the relay settings. When showing settings, the relay 
displays the settings label and the present value from nonvolatile memory.

The relay organizes settings in classes, instances, categories, and specific set-
tings; see SET on page 14.57 for information on settings organization. The relay 
displays each setting in the order specified in the settings tables. When you are 

SET c i Set class c, instance i, beginning at the first setting. P,A,O,2

SET c i label Set class c, instance i, beginning at setting label. P,A,O,2

a Parameter n = 1–6, representing Group 1–6. 
c = settings class (relay specific).
i = class instance (choices depends on the class).

Table 14.119 SET Command Overview (Sheet 2 of 2)

Commanda Description Access Level

Table 14.120 SET TERSE Command Examples

Command Description Access Level

SET TERSE SET Group relay settings for the active group, 
beginning at the first setting in this instance; omit 
settings readback.

P, 2

SET 3 TEa label

a TERSE may be entered as TE, as shown in this example.

SET Group 3 settings, beginning at the settings 
label label; omit settings readback.

P, 2

SET P p label TERSE Set the communications port relay settings for 
PORT p, beginning at the settings label label; omit 
readback.

P, A, O, 2
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using a terminal and you specify a setting in the middle of a settings category, the 
relay displays the category title, then proceeds with the class or instance settings 
from the setting that you specified.

                    

SNS
In response to the SNS command, the relay sends the names of the SER ele-
ments. This is a comma-delimited string used to support the SEL Fast SER 
report.

                    

STATUS
The STATUS command reports relay status information that the relay derives 
from internal diagnostic routines and self-tests. See Relay Self-Tests on 
page 10.19 for information on relay diagnostics.

STA
The STA command with no options displays a short-form relay status report. 
Items in the STA report are the header, failures, warnings, SELOGIC control equa-
tion programming environment errors, and relay operational status. See Checking 
Relay Status on page 3.13 for information on relay status reports.

                    

Table 14.121 SHO Command Overview

Commanda

a Parameter n = 1–6, representing Group 1–6.
c = settings class (relay specific).
i = class instance (choices depends on the class).

Description Access Level

SHO Show the Group relay settings, beginning at the first setting 
in the active group.

1, B, P, A, O, 2

SHO n Show the Group n relay settings, beginning at the first set-
ting in each instance.

1, B, P, A, O, 2

SHO label Show the Group relay settings, beginning at the active 
group settings label label.

1, B, P, A, O, 2

SHO n label Show the Group n relay settings, beginning at the settings 
label label.

1, B, P, A, O, 2

SHO c Show class c using the default instance beginning at the first 
setting.

P, A, O, 2

SHO c i Show class c, instance i beginning at the first setting. P, A, O, 2

SHO c i label Show class c, instance i, beginning at setting label. P, A, O, 2

Table 14.122 SNS Command

Command Description Access Level

SNS Send the names of SER elements. 0, 1, B, P, A, O, 2

Table 14.123 STA Command

Command Description Access Level

STA Return the relay status. 1, B, P, A, O

STA Return the relay status and show a new hardware configura-
tion prompt.

2
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If you change an I/O interface board, the relay detects the new configuration and 
initiates a status warning. When you issue the STA command at Access Level 2, 
the relay responds to this situation with Accept new hardware configuration 
(Y/N)?. If you answer Y <Enter>, the relay responds, New configuration 
accepted. If you answer N <Enter>, the relay responds, Command aborted.

STA A
Use the STA A command to view the entire relay status report. Items in the full 
status report include the short-form status report items plus data on A/D (analog/
digital) channel offsets, power supply voltages, temperature, communications 
interfaces, time-source synchronization, IEC 61850 Mode/Behavior, and 
IEC 61850 Simulation Mode.

                    

STA C and STA R
The STA C and STA R commands restart the relay. Thus, these commands clear 
a transient failure should this unlikely event occur. Options C and R are identical. 
Contact your Technical Service Center or the SEL Factory before using this command.

                    

STA S
Use the STA S command to view all SELOGIC control equation storage and exe-
cution capacity and operating errors.

                    

STA SC and STA SR
The STA SC and STA SR commands clear/reset the SELOGIC control equation 
operating errors from the status report if the errors are no longer present. In addi-
tion, these commands reset the Automation SELOGIC Peak and Average Execu-
tion Cycle Time statistics.

                    

Table 14.124 STA A Command

Command Description Access Level

STA A Display all items of the status report. 1, B, P, A, O, 2

Table 14.125 STA C and STA R Command

Command Description Access Level

STA C Reset the relay. 2

STA R Reset the relay. 2

Table 14.126 STA S Command

Command Description Access Level

STA S Display detailed SELOGIC control equation error information. 1, B, P, A, O, 2

Table 14.127 STA SC and STA SR Command

Command Description Access Level

STA SC Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2

STA SR Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2
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STA T
Use the STA T command to view the status of the TiDL ports of your relay and 
connected SEL-TMUs.

                    

Table 14.129 shows the error messages that could be displayed and the appropri-
ate action.

                    

SUMMARY
The SUMMARY command displays a summary event report. See Event Sum-
mary on page 9.26 for information on summary event reports.

SUM
Use the SUM command to view the event summary reports in the relay memory.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

Table 14.128 STA T Command

Command Description Access Level

STA T Display TiDL system status 1, B, P, A, 0, 2

NOTE: The STA T command is only 
available in TiDL relays that support 
T-Protocol.

In the STA T command, SEL-TMU type (1 
or 2) is indicated. SEL-TMU type 
indicates the following:

1: 4CT/4PT SEL-TMU

2: 8CT SEL-TMU

Table 14.129 STA T SEL-TMU Error Messages and User Action

Error Message User Action

TMU STREAM LOSS Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

WRONG TMU CONNECTED The SEL-TMU connected to the port does not match what is expected according to the current commis-
sioned system. Reconnect the appropriate SEL-TMU to this port.

TMU ERROR Issue the VEC command, and contact SEL technical support.

BAD TMU DATA Issue the VEC command, and contact SEL technical support.

CHANNEL DELAY EXCEEDED Issue the VEC command, and contact SEL technical support. 

TMU RX ERROR Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

Table 14.130 SUM Command

Command Description Access Level

SUM Return the most recent event summary. 1, B, P, A, O, 2

SUM na

a Parameter n indicates event order or serial number; see the event history report (HIS on 
page 14.41 command).

Return an event summary for event n. 1, B, P, A, O, 2
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SUM ACK
Use SUM ACK to acknowledge an event summary that you recently viewed with 
the SUM NEXT command on the present communications port. Acknowledge 
the oldest summary (specify no event number).

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the SUM NEXT command, the relay responds, Event summary 
number n has not been viewed with the NEXT option.

SUM NEXT
Use the SUM N command to view the oldest (next) unacknowledged event summary.

                    

TARGET
The TARGET command displays the elements for a selected row in the Relay 
Word bit table.

TAR
Use the TAR command to view a row of Relay Word bit elements or aliases. 
When using the TAR command, you can specify the row number or element name.

                    

The relay memorizes the latest target row input conditioned by your present 
access level. The relay displays Row 0 if you have not specified a row since the 
relay was turned on, the access level has timed out, or you have issued the QUIT 
command.

Table 14.131 SUM ACK Command

Command Description Access Level

SUM ACK Acknowledge the oldest unacknowledged event sum-
mary at the present communications port.

1, B, P, A, O, 2

Table 14.132 SUM N Command

Command Description Access Level

SUM N View the oldest unacknowledged event summary at the 
present communications port.

1, B, P, A, O, 2

Table 14.133 TAR Command

Command Description Access Level

TAR Display target Row 0 or display the most recently viewed 
target row.

1, B, P, A, O, 2

TAR n Display target Row n. 1, B, P, A, O, 2

TAR n ka

a Parameter k is the repeat count from 1–32767.

Display target Row n and repeat for k times; the repeat 
count k must follow the row number.

1, B, P, A, O, 2

TAR name Display the target row with the element name name. 1, B, P, A, O, 2

TAR name k Display the target row with the element name name and 
repeat for k times; the repeat count k can be before or 
after the name option.

1, B, P, A, O, 2
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If you specify the repeat count k at a number greater than 8, the relay displays the 
repeated target rows on the terminal screen in groups of eight, with the target row 
elements listed above each grouping.

TAR ALL
Use the TAR ALL command to display all of the relay targets.

                    

TAR R
The TAR R command has two functions. Use this command to reset any latched 
relay targets resulting from a tripping event. Also employ the TAR R command 
to reset to Row 0 the memorized target row that the relay reports when you issue 
a simple TAR command.

                    

TAR X
Use the TAR X command to view a different target row in the Relay Word bit 
table than the target row in the target row repeat memory. This function is useful 
for relay testing. See Testing With Relay Word Bits on page 10.7 for more infor-
mation.

                    

You can place the X option at any position in the TAR command.

Table 14.134 TAR ALL Command

Command Description Access Level

TAR ALL Display all target rows. 1, B, P, A, O, 2

Table 14.135 TAR R Command

Command Description Access Level

TAR R Reset latched targets and return memorized row to Row 0. 1, B, P, A, O, 2

Table 14.136 TAR X Command

Commanda

a Parameter k is the repeat count from 1–32767.

Description Access Level

TAR n X Display target Row n, but do not memorize Row n. 1, B, P, A, O, 2

TAR X n k Display target Row n and repeat for k times, but do not 
memorize Row n. The repeat count k must follow the 
row number.

1, B, P, A, O, 2

TAR name X Display the target row with the element name name, but 
do not memorize the row number.

1, B, P, A, O, 2

TAR name X k Display the target row with the element name name and 
repeat for k times, but do not memorize the row number. 
The repeat count k can be at any position in the com-
mand after TAR.

1, B, P, A, O, 2
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TEC
Enter the TEC (time-error calculation) command to display the present time-
error estimate and the status of the time-error control equations, and to modify 
the time-error correction value.

NOTE: Not all SEL-400 series relays 
support the TEC command.

                    

Use the TEC n command to preload the time-error correction value, TECORR. If 
the value n is within range, the relay will prompt you with Are you sure (Y/
N)?. If the prompt is acknowledged, the relay sets analog quantity TECORR = n, 
and asserts Relay Word bit PLDTE for approximately 1.5 cycles. The relay then 
displays the new TECORR value, along with the remaining TEC command data.

The TECORR value does not affect the TE (time-error) estimate until the 
LOADTE SELOGIC equation asserts.

TEST DB
The TEST DB command is used for testing access of the virtual device database 
used for Fast Message Data Access.

TEST DB
Use the TEST DB command to write temporary values to the virtual device data-
base to verify the database values. The relay contains a database that describes 
the relay to external devices. When other devices access the relay via the Fast 
Message protocol, the relay appears as a virtual device described by the database. 
The relay is Virtual Device 1.

The virtual database is accessible to master stations of supported Fast Message 
protocol connected to the relay through serial communication or Ethernet net-
work. You can therefore test the read functionality of the Fast Message protocol 
in the serial port or Ethernet interface with this command.

Use the TEST DB 1 command to override any value in the relay database. You 
must understand the relay database structure to effectively use the TEST DB 
command. Use the MAP and VIEW commands to see the organization and con-
tents of the database.

Table 14.137 TEC Command

Command Description Access Level

TEC Display time-error data. 1, B, P, A, O, 2

TEC n Preload time-error correction value n, 
where –30.000 <= n <= 30.000.

B, P, A, O, 2
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Values you enter in the relay database are override values. Use the TEST DB 
command to write override values in the database accessed through the Fast Mes-
sage Data Access operations.

                    

The database address addr can be any legitimate decimal or hexadecimal address. 
(A hexadecimal address is a numeral with an “h” suffix or a “0x” prefix.)

You can enter the override value value1 as an integer, a floating-point number 
(which overrides two registers), a character (which must be in single quotes), or a 
string (which must be in double quotes and overrides the number of registers cor-
responding to the length of the string).

If a date/time stamp is also provided (M D Y h m s), the relay will change the 
static state given and, for any bits being changed by this operation, queued entries 
will be pushed with the provided date/time stamp. If no queue is associated with 
the database region (determined by addr), the date/time stamp will be ignored.

The order that the date should be entered on the command line depends upon the 
DATE_F (Global) setting. For example, if DATE_F := DMY, you would enter 
TEST DB 1 addr value D M Y h m s.

While there are active test data, the relay asserts Relay Word bit TESTDB.

TEST DB OFF
Use the TEST DB OFF command to end the testing session and remove the 
override values. The relay returns the database registers to the pretest values.

                    

TEST DB2
The TEST DB2 command is used to test DNP3 and IEC 61850 communications 
protocols.

Table 14.138 TEST DB Command

Command Description Access Level

TEST DB Display present override values by virtual device 
number and address.

1, B, P, A, O, 2

TEST DB 1 addr 
value1

Write new data value1 to the database at an address 
addr.

B, P, A, O, 2

TEST DB 1 addr 
value1 M D Y h m s

Write new data value1 to the database at an address 
addr and include the provided date/time stamp 
M D Y h m s.

B, P, A, O, 2

Table 14.139 TEST DB OFF Command

Command Description Access Level

TEST DB OFF Clear all override testing values from all virtual devices. B, P, A, O, 2

TEST DB OFF 1 Clear all override testing values from Virtual Device 1 
(the relay).

B, P, A, O, 2

TEST DB OFF 1 
region

Clear all override testing values from the region region in 
Virtual Device 1 (the relay).

B, P, A, O, 2
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TEST DB2
In addition to Fast Message Protocol, the communications protocols supported 
by the relay include DNP3, IEC 61850 MMS, and GOOSE. These data include 
both digital quantities and analog quantities.

Use the TEST DB2 command to override any DNP3 or IEC 61850 value. The 
data that can be overridden include both digital and analog quantities.

                    

The override value value1 can be logical 0 or logical 1 for digital and status ele-
ments. The analog value2 can be an integer or a floating-point number.

The Relay Word bit TESTDB2 will be asserted while there are points in this test 
mode.

If IEC 61850 Mode/Behavior is not On, the relay will not process the TEST DB2 
command.

TEST DB2 OFF
Use the TEST DB2 OFF command to end the testing session and remove the 
override values. The relay returns the modified registers to the pretest values.

                    

When removing all existing digital override values, the relay responds, Digital 
Overrides Removed. If no digital override is ever configured, the Overrides Not 
Found message will be displayed. The analog override removal acknowledgment 
messages are similar.

If IEC 61850 Test Mode/Behavior changes from On, the TEST DB2 command 
deactivates. All overrides clear and the TESTDB2 Relay Word bit deasserts.

Table 14.140 TEST DB2 Command

Command Description Access Level

TEST DB2 Display present analog and digital override names and 
values.

1, B, P, A, O, 2

TEST DB2 D 
name1a value1

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Write the specified override value value1 into the digital 
quantity name1.

B, P, A, O, 2

TEST DB2 A 
name2b value2

b The analog name2 is any analog available in the DNP3 reference map and any analog listed as a 
data source for IEC 61850 logical devices. This excludes the event summary analog inputs.

Write the specified override value value2 into the analog 
quantity name2.

B, P, A, O, 2

Table 14.141 TEST DB2 OFF Command

Command Description Access Level

TEST DB2 D 
OFF

Clear all digital override testing values. B, P, A, O, 2

TEST DB2 D 
name1a OFF

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Clear digital override testing value specified by name 
name1.

B, P, A, O, 2

TEST DB2 A 
OFF

Clear all analog override testing values. B, P, A, O, 2

TEST DB2 A 
name2b OFF

b See Section 12: Analog Quantities in the product-specific instruction manual for available analog 
name2.

Clear analog override testing value specified by name 
name2.

B, P, A, O, 2
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TEST FM
The TEST FM command overrides normal Fast Meter quantities for testing pur-
poses. You can override only “reported” Fast Meter values. For more information 
on Fast Meter and the relay, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST FM
Values you enter in Fast Meter storage are “override values.” Use the TEST FM 
command to display override values and write override values in the Fast Meter 
report.

                    

When you display Fast Meter data overrides with the TEST FM command, the 
relay shows the item label, and override values.

To force a value, use the TEST FM label value1 value2 command. The item 
label label is any analog channel label in the Fast Meter configuration (if avail-
able), any digital element label (from the DNA command), and any status ele-
ment label (from the BNA command) except the TEST and FMTEST items.

The value value1 can be logical 0 or logical 1 for digital and status elements, or a 
floating-point value for all meter quantities. For meter items that report a pair of 
values in the Fast Meter message, value1 is the magnitude and value2, if pro-
vided, is the angle. If you do not specify value2, the relay uses an angle of 0.

When you have successfully added a new Fast Meter test value (for example, 
TEST FM IA1 3.7 0.0), the relay responds, Override Added.

The relay asserts Relay Word bit TESTFM while any Fast Meter override data 
are present in the relay.

Fast Meter Status Byte

Bits labeled TEST and FMTEST reside in the Fast Meter status byte. If any item 
within the Fast Meter message is in test mode, the relay sets the TEST bit. Simi-
larly, if any item in any Fast Meter message is in test mode, the FMTEST is set in 
all three Fast Meter responses.

TEST FM DEM
Use the TEST FM DEM command to insert override values in Fast Meter 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM DEM 
command.

                    

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

Table 14.142 TEST FM Command

Command Description Access Level

TEST FM Display present override values. 1, B, P, A, O, 2

TEST FM label 
value1 value2

Write new data value1 and value2 to the Fast Meter 
report at the item label label. Parameter value2 is optional.

B, P, A, O, 2

Table 14.143 TEST FM DEM Command

Command Description Access Level

TEST FM DEM 
label value1

Write new data value1 to the Fast Meter demand meter 
report at the item label label.

B, P, A, O, 2
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TEST FM OFF
Use the TEST FM OFF command to remove override values. The relay returns 
the Fast Meter registers to the pretest values.

                    

When you have successfully removed a Fast Meter test value (for example, 
TEST FM IA1 OFF), the relay responds, Override Removed. When an attempt 
to remove an FM test value fails, the relay responds, Override Not Found. When 
removing all FM test values (for example, TEST FM OFF), the relay responds, 
All Overrides Removed.

TEST FM PEAK
Use the TEST FM PEAK command to insert override values in Fast Meter peak 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM 
PEAK command.

                    

TEST SV
TEST SV (SEL SV Publisher Relay)

NOTE: Not all SEL-400 series relays 
support the TEST SV command.

The TEST SV command is a SEL SV testing command. Do not confuse this with 
IEC 61850 Test Mode, which is enabled by PORT 5 setting E850MBC. The 
TEST SV command allows the SEL SV publisher relay to generate and publish 
test signals on all the configured SV publications. The TEST SV command pro-
vides a facility to test SV publishing functionality without the need for current 
and/or voltage sources present in the terminals of the SEL SV publisher relay.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV publisher relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered. With the TEST SV 
mode enabled, the test bit in the quality attribute asserts in all outgoing SV publi-
cations. The mode of the device (LLN0.Mod) is not changed and it remains in 
normal operation mode. PubSim and Sim bits are also not modified.

Table 14.144 TEST FM OFF Command

Command Description Access Level

TEST FM label OFF Clear the override values for the Fast Meter item label. B, P, A, O, 2

TEST FM OFF Clear all override testing values from Fast Meter. B, P, A, O, 2

Table 14.145 TEST FM PEAK Command

Command Description Access Level

TEST FM PEAK 
label value1

Write new data value1 to the Fast Meter peak demand 
meter report at the item label label. 

B, P, A, O, 2

Table 14.146 TEST SV Command in an SEL SV Publisher Relay

Command Description Access Level

TEST SVa

a The test mode does not influence GOOSE or MMS functionality.

Initiates the SV publication of test signals.

When TEST SV Mode = ON, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Ends the SV publication of test signals. Relay Word bit 
SVPTST is cleared.

B, P, A, O, 2
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Table 14.147 shows a detailed description of how the output values for the SEL 
SV publisher relay are calculated while in TEST SV mode.

                    

Table 14.148 shows the secondary values used while the SEL SV publisher relay 
is in TEST SV mode.

                    

When you enable or disable the SEL TEST SV mode, the SV publications are 
disabled momentarily, causing a brief interruption in the outgoing SV publica-
tions.

If the PORT 5 SV settings are not in use and no SV publications are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV publications configured.

You cannot use the TEST SV command if IEC 61850 Test Mode is enabled and 
active mode is not on.

Table 14.147 SV Output Values During TEST SV Mode

Physical 
Measurement

Description Setting Source

CURRENT The value for each Channel IA, IB, and IC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the CTRW setting from the presently 
active group settings. The CTRW is used for both IW and IX scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel IN in each winding is the sum of IA, IB, and IC values.

CTRW, ACTGRP, 
PHROT

VOLTAGE The value for each Channel VA, VB, and VC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the PTRY setting from the presently 
active group settings. The PTRY is used for both VY and VZ scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel VN in each winding is the sum of VA, VB, and VC values.

PTRY, ACTGRP, 
PHROT

FREQUENCY The value for the frequency corresponds to the NFREQ setting. NFREQ

PHASE ROTATION The phase sequence corresponds to the PHROT setting. PHROT

Table 14.148 Secondary Values Used During TEST SV Mode

IEC Notation SEL Notation
Magnitude (RMS) Angle (degrees)

5A 1A ABC ROT ACB ROT

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0 0 0 0

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0 0 0 0
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TEST SV (SEL SV Subscriber Relay)

The TEST SV command provides a facility to test SV functionality. The TEST 
SV command allows the SEL SV subscriber relay to accept SV test messages on 
all the configured SV subscriptions.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV subscriber relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV subscriptions configured.

Considerations for an SEL SV Subscriber Relay During TEST SV Mode

The SEL SV subscriber relay will process and execute all the associated protec-
tion logic, operating in the same way as if the SEL SV subscriber relay were 
receiving valid SV messages.

The SEL SV subscriber relay will continue to accept incoming SV messages that 
do not have the TEST bit of the quality attribute asserted.

For TEST SV mode to function, the IEC 61850 Mode/Behavior must be On.

TIME
Use the TIME command to view and set the relay time clock. The ASCII inter-
face is just one source by which you can set the internal clock. Other sources can 
override the ASCII TIME command; overriding occurs in HIRIG time mode, 
IRIG time mode, and when using DNP3. See Section 11: Time and Date Man-
agement for more information on configuring time functions.

TIME
The TIME command returns information about the internal relay clock. You can 
also set the clock to local time if you specify hours and minutes (seconds data are 
optional). Separate the hours, minutes, and seconds with colons, semicolons, 
spaces, commas, or slashes.

                    

If a valid IRIG-B, PTP, or SNTP signal is connected to the relay, the TIM com-
mand cannot be used to set the relay time.

Table 14.149 TEST SV Command in an SEL SV Subscriber Relay

Command Description Access Level

TEST SVa

a The Test mode does not influence GOOSE or MMS functionality.

Instructs the SEL SV subscriber relay to accept SV test 
messages.

When TEST SV Mode = ON, Relay Word bit SVSTST is 
asserted; SVSTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Instructs the SEL SV subscriber relay to reject the 
received SV messages with the test bit of the quality attri-
bute asserted. Relay Word bit SVSTST is cleared.

B, P, A, O, 2

=>>TIME <Enter>
local: 16:48:33     UTC: 23:48:33     UTC Offset: -07.0 hrs
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Use the TIME hh:mm and TIME hh:mm:ss commands to set the relay internal 
clock time. The value hh is for hours from 0–23, the value mm is for minutes 
from 0–59, and the value ss is for seconds from 0–59. If you enter a valid time, 
the relay updates and saves the time in the nonvolatile clock, and displays the 
time you just entered. If you enter an invalid time, the relay responds, Invalid 
Time.

TIME Q
The TIME Q command returns detailed information on the relay internal clock. 
Use this command to query the status of high-accuracy time source inputs and the 
present clock time mode.

                    

When you issue the TIME Q command, the relay reports statistics on the relay 
time sources. These statistics include the present time source and the last time 
value update source (see TIME Q Command on page 11.8).

                    

                    

Table 14.150 TIME Command

Command Description Access Level

TIME Display the present relay internal clock time, in three 
formats: local, UTC, and UTC offset.

1, B, P, A, O, 2

TIME hh:mm Set the relay internal clock to hh:mm. 1, B, P, A, O, 2

TIME hh:mm:ss Set the relay internal clock to hh:mm:ss. 1, B, P, A, O, 2

Table 14.151 TIME Q Command

Command Description Access Level

TIME Q Display detailed information about the internal relay clock; 
query relay time.

1, B, P, A, O, 2

=>TIME Q <Enter>

Station A                                  Date: 03/17/2023  Time: 23:04:16.336
Relay 1                                    Serial Number: 1230769999

Time Source: HIRIG
Last Update Source: HIRIG

IRIG Time Quality:   0.000 ms

Time Mark Period:   999.990539 ms

Internal Clock Period:  20.000006 ns

Figure 14.17 Sample TIME Q Command Response With IRIG

=>>TIME Q <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP

Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

Figure 14.18 Sample Time Q Command Response With PTP
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TIME DST
In response to the TIME DST command, the relay displays local time, UTC time 
and UTC Offset, followed by daylight-saving time rules and information.

                    

                    

TRIGGER
The TRIGGER command initiates data captures for high-resolution oscillogra-
phy and event reports. For information on high-resolution oscillography and 
event reports see Triggering Data Captures and Event Reports on page 9.7.

Use the TRI command to trigger the relay to record data for high-resolution 
oscillography and event reports.

                    

When you issue the TRI command, the relay responds, Triggered. If the event 
did not trigger within 1 second, the relay responds, Did not trigger.

VECTOR
The VECTOR command displays information useful to the factory for trouble-
shooting purposes.

Use the VEC command to view diagnostic information recorded by the relay. In TiDL 
relays, you can also view the diagnostic information of connected SEL-TMUs.

                    

VERSION
The VERSION command displays the relay hardware and software configuration.

=>>TIME DST <Enter>
local: 11:28:19     UTC: 18:28:19     UTC Offset: -07.0 hrs

Daylight Savings Time Begin Rule: 2nd Sunday of March at 02:00
Daylight Savings Time End Rule: 1st Sunday of November at 02:00

Daylight Savings Time Presently Active

Next Daylight Savings Time Beginning: 03/11/2012 02:00
Next Daylight Savings Time Ending: 11/06/2011 02:00
=>>

Table 14.152 TIME DST Command

Command Description Access Level

TIME DST Daylight-saving time rules and information 1, B, P, A, O

Table 14.153 TRI Command

Command Description Access Level

TRI Trigger relay data capture. 1, B, P, A, O, 2

Table 14.154 VEC Command

Command Description Access Level

VEC Report relay internal diagnostics information. 2
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Use the VER command to list the part numbers, serial numbers, checksums, soft-
ware release numbers, and other important relay configuration information. 

                    

When you issue the VER command, the relay displays the latest release numbers 
for various items, typically including:

➤ FID

➤ CID

➤ Part number

➤ Serial number

➤ SELBOOT BFID

➤ Main board memory types and sizes

➤ Front-panel hardware

➤ Analog inputs ratings

➤ Interface board inputs and outputs

➤ Bay cards

➤ Extended relay features list

A sample VER command response is shown in Figure 14.19.

                    

Table 14.155 VER Command

Command Description Access Level

VER Display the hardware and software configurations. 1, B, P, A, O, 2

=>VER <Enter>
FID=SEL-451-6-R404-V0-Z104102-D20230317
CID=XXXX
Part Number:  04516XX0X600XE9H4C4XXXXXX
Serial Number:  1230769999
SELboot:
    BFID= SLBT-4XX-R302-V0-Z001002-D20230317
    Checksum:  XXXX

Mainboard:
    Code FLASH Size:   12 MB
    Data FLASH Size:   52 MB
    RAM Size:          64 MB
    EEPROM Size:      128 kB

Front Panel: installed
Analog Inputs:
    W:  Currents:  5 Amp
    X:  Currents:  5 Amp
    Y:  Voltage:   67 Volts
    Z:  Voltage:   67 Volts

Interface Boards:
    Board 1:  24 inputs   8 outputs
    Board 2: not installed
    Board 3: not installed
    Board 4: not installed

Bay Cards:
    Bay 1:  not installed
    Bay 2:  not installed
    Bay 3:  Ethernet Configuration 9
             Port 5A: 1000BASE-SX (8131-01)
             Port 5B: 1000BASE-SX (8131-01)
             Port 5C: 100BASE-FX (8103-01)
             Port 5D: 100BASE-FX (8103-01)
             Port 5E: 100BASE-FX (8103-01)
    Bay 4:  RS-232 and IRIG-B

Extended Relay Features:
    IEC 61850

If the above information is not as expected, contact SEL for assistance.

=>>

Figure 14.19 Sample VER Command Response
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If an item is not installed, the VER report indicates Not installed at the appro-
priate line. If a detected hardware configuration does not match the component 
part number, the relay adds the statement Warning - hardware does not match 
part number on the corresponding line.

VIEW
Use the VIEW command to examine data within the relay database. You can 
view these data in three ways:

➤ Region

➤ Register item

➤ Bit

The VIEW command in the relay is very similar to the VIEW command in SEL 
Communications Processors. See Section 10: Communications Interfaces in the 
product-specific instruction manual for more information on the relay database 
regions and data types.

Typical relay regions are LOCAL, METER, DEMAND, TARGET, HISTORY, 
BREAKER, STATUS, and ANALOGS; view this list with the MAP 1 command.

The relay is Virtual Device 1; all commands begin with VIEW 1. In all database 
views, if a data item is in test mode (controlled by TEST DB command), the 
relay displays an asterisk (*) mark following the data value.

VIEW 1 Commands—Region
Use the commands in Table 14.156 to view the contents of the database regions.

                    

VIEW 1 Commands—Register Item
Use the commands in Table 14.157 to view register items in the relay database. 
Typical examples of register items in the METER region are IA1, I0_1, VB, and 
PF. Examples of register items in the LOCAL region are FID, SER_NUM, and 
PART_NUM.

                    

Table 14.156 VIEW 1 Commands—Region

Command Description Access Level

VIEW 1 region Display the data in the relay database in the region region. 1, B, P, A, O, 2

VIEW 1 region BL Display the data in the region region and include bit labels. 1, B, P, A, O, 2

Table 14.157 VIEW 1 Commands—Register Item (Sheet 1 of 2)

Command Description Access Level

VIEW 1 addr Display the data in the relay database at register 
address addr.

1, B, P, A, O, 2

VIEW 1 addr 
NR ma

Display the data beginning at register address addr 
and continue for m registers.

1, B, P, A, O, 2

VIEW 1 region 
item_label

Display the data for the addresses in the region 
item_label area of the database.

1, B, P, A, O, 2

VIEW 1 region 
item_label NR m

Display the data for addresses in the region item_label 
area of the database; begin at the start of item_label 
and proceed for m registers.

1, B, P, A, O, 2
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In the VIEW 1 addr commands, option addr is the register address. Use the 
MAP 1 region command to find the register address. You can specify register 
addresses as a decimal or hexadecimal number. (A hexadecimal address is a 
numeral with an “h” suffix or a “0x” prefix.) If you specify the data by address or 
by offset with the addr and offset options, the relay returns the data in hexadeci-
mal number format. The NR option specifies the number of registers m that the 
relay includes in the data listing.

VIEW 1 Commands—Bit
Use commands in Table 14.158 to inspect a specific bit in the relay database. The 
relay displays bit data as the bit label or number and the value logical 1 or logical 
0. An example of a relay response for bit commands is 1:TARGET:ALTI = 0, 
where ALTI is the bit label and 0 is the bit value.

                    

The command option bit is the bit number. If you access bit data, the relay dis-
plays the bit label or number and the value (logical 0 or logical 1). If you refer-
ence the data by label with the BL and bit_label options, the relay returns the 
data according to the data type.

Use the VIEW 1 bit_label command as a shorthand method to inspect a specific 
data bit in the relay database. The relay searches the entire relay database struc-
ture for the bit label you specified; this process takes more time and processing 
than narrowing the search by using the VIEW 1 region command and the 
VIEW 1 addr command with the bit label option bit_label.

VIEW 1 region 
offset

Display the data for the address in the database region 
region at the offset offset from the beginning of the region.

1, B, P, A, O, 2

VIEW 1 region 
offset NR m

Display the data for the addresses in the database 
region region; begin at the offset offset from the begin-
ning of the region and proceed for m registers.

1, B, P, A, O, 2

a Parameter m is an integer value representing the number of registers.

Table 14.157 VIEW 1 Commands—Register Item (Sheet 2 of 2)

Command Description Access Level

Table 14.158 VIEW 1 Commands—Bita

a Parameter bit is a number from 0–15, with 0 as the LSB (least significant bit).

Command Description Access Level

VIEW 1 addr bit Display the value at register address addr for the bit 
number bit.

1, B, P, A, O, 2

VIEW 1 bit_label Display the value for the bit with the bit label bit_label. 1, B, P, A, O, 2

VIEW 1 region 
bit_label

Display the value for the particular bit with the bit 
label bit_label in the region region.

1, B, P, A, O, 2

VIEW 1 region 
offset bitb

b Parameter offset is a decimal or hexadecimal number to indicate the offset.

Display the value for the bit bit in the region region 
that is offset from the beginning of the region by offset 
offset.

1, B, P, A, O, 2
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Communications Interfaces

This section provides information on communications interface options for 
SEL-400 series relays. The following topics are discussed:

➤ Serial Communication on page 15.2

➤ Serial Port Hardware Protocol on page 15.4

➤ Ethernet Communications on page 15.6

➤ Virtual File Interface on page 15.20

➤ Software Protocol Selections on page 15.27

➤ SEL Protocol on page 15.28

➤ SEL MIRRORED BITS Communication on page 15.36

➤ SEL Distributed Port Switch Protocol (LMD) on page 15.43

➤ SEL-2600A RTD Module Operation on page 15.43

➤ Direct Networking Example on page 15.45

The relay collects, stores, and calculates a variety of data. These include electri-
cal power system measurements, calculated quantities, diagnostic data, equip-
ment monitoring data, fault oscillography, and sequential event reports. A 
communications interface is the physical connection on the relay that you can use 
to collect data from the relay, set the relay, and perform relay test and diagnostic 
functions.

The relay has three rear-panel serial ports and one front-panel serial port. These 
serial ports conform to the EIA-232 standard (often called RS-232). Several 
optional SEL devices are available to provide alternative physical interfaces, 
including EIA-485 and fiber-optic cable. The relay also has an Ethernet card to 
support a variety of communication protocols. TiDL relays also have a TiDL 
communications board that replaces the local CT/PT inputs.

Once you have established a physical connection, you must use a communica-
tions protocol to interact with the relay. A communications protocol is a language 
that you can use to perform relay operations and collect data. For information on 
protocols that you can use with the relay, see the instruction manual sections 
listed in Table 15.1.

                    

Table 15.1 Relay Communications Protocols (Sheet 1 of 2)

Communications Protocol Communications Interface For More Information See

ASCII Commands EIA-232a or Telnet using Ethernet Section 14: ASCII Command Reference

Distributed Port Switch (LMD) SEL-2885 EIA-232 to EIA-485 transceiver on 
an EIA-232 port

SEL Distributed Port Switch Protocol (LMD) 
on page 15.43

DNP3 EIA-232a or Ethernet Section 16: DNP3 Communication

File Transfer Protocol (FTP) Ethernet FTP on page 15.15

HTTP Ethernet HTTP (Hypertext Transfer Protocol) Server on 
page 15.20

IEC 61850 Ethernet Section 17: IEC 61850 Communication
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Serial Communication
Each relay has four serial ports that you can use for serial communication with 
other devices. 

EIA-232 Interfaces
The relay has four EIA-232 communications interfaces. The serial port locations 
for the 4U chassis are shown in Figure 15.1 and Figure 15.2; other chassis sizes 
are similar. The port on the front panel is PORT F and the three rear-panel ports are 
PORT 1, PORT 2, and PORT 3.

                    

MIRRORED BITS Communications EIA-232a SEL MIRRORED BITS Communication on 
page 15.36

Phasor Measurement Protocols 
(IEEE C37.118 and SEL Fast Message)

EIA-232a

Ethernetb
Section 18: Synchrophasors

Precision Time Protocol (PTP) Ethernet Precision Time Protocol (PTP) on page 15.17

Parallel Redundancy Protocol (PRP) Ethernet Network Connection by Using PRP Operating 
Mode on page 15.12 and Network Connection 
by Using PRP Operating Mode on page 15.14

SEL Binary Protocols (Fast Meter, Fast 
Operate, Fast SER)

EIA-232a or Telnet using Ethernet SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SEL Fast Message RTD Protocol EIA-232a SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SNTP Ethernet SNTP on page 15.16

Telnet Ethernet Telnet on page 15.16

T-Protocol TiDL Communications TiDL (T-Protocol) on page 19.1

a You can add converters to transform EIA-232 to other physical interfaces.
b Phasor Measurement over the Ethernet card is only available via IEEE C37.118 protocol.

Table 15.1 Relay Communications Protocols (Sheet 2 of 2)

Communications Protocol Communications Interface For More Information See

                    

Figure 15.1 Relay 4U Chassis Front-Panel Layout
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The EIA-232 ports are standard female 9-pin connectors with the pin numbering 
shown in Figure 15.3. The pin functions are listed in Table 15.2. Pin 1 can pro-
vide power to an external device.

                    

                    

The +5 V serial port supply that is common to all three rear serial ports is moni-
tored by the relay. If the +5 V supply is overloaded, the relay issues an 
HALARM warning (pulses HALARM bit for 5 seconds) and displays a port 
overload message in the relay status report. The serial port keeps working, 
regardless of this condition.

EIA-232 Communications Cables
For most installations, you can obtain information on the proper EIA-232 cable 
configuration from the SEL-5801 Cable Selector Program. Using the SEL-5801 
software, you can choose a cable by application. The software provides the SEL 

                    

Figure 15.2 Example 4U Rear-Panel Layout in Relay With Bay Cards

                    

Figure 15.3 EIA-232 Connector Pin Numbers

Table 15.2 EIA-232 Pin Assignments

Pin Signal Name Description Comments

1 5 Vdc Modem power Jumper selectable on PORT 1–
PORT 3. No connection on PORT F.

2 RXD Receive data

3 TXD Transmit data

4 +IRIG-B Time-code signal positive PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.

5 GND Signal ground Also connected to chassis ground.

6 –IRIG-B Time-code signal negative PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.

7 RTS Request to send

8 CTS Clear to send (input)

8 TX/RX CLK (for 
SPEED := SYNC, 
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cable number with wiring and construction information, so you can order the 
appropriate cable from SEL or construct one. If you do not see information for 
your application, please contact SEL and we will assist you. You can obtain a 
copy of the SEL-5801 software by contacting SEL or from selinc.com.

Severe power and ground problems can occur on the communications ports of 
this equipment as a result of using non-SEL cables. Never use standard null-
modem cables with this equipment.

You can connect to a standard 9-pin computer port with an SEL-C234A cable for 
relay configuration and programming with a terminal program or with the 
ACSELERATOR QuickSet SEL-5030 software.

Fiber-Optic Interface
You can add transceivers to the EIA-232 ports to use fiber-optic cables to connect 
devices. We strongly recommend that you use fiber-optic cables to connect 
devices within a substation. Power equipment and control circuit switching can 
cause substantial interference with communications circuits. You can also experi-
ence significant ground potential differences during fault conditions that can 
interfere with communications and damage equipment. Fiber-optic cables pro-
vide electrical isolation that increases safety and equipment protection.

Use the SEL-2800 product family transceivers for multimode or single-mode 
fiber-optic communications. All of these transceivers are port powered, require 
no settings, and operate automatically over a broad range of data rates. SEL-2800 
series transceivers operate over the same wide temperature ranges as SEL relays, 
providing reliable operations in extreme conditions.

EIA-485
There is no EIA-485 port integral to the relay. You can install an SEL-2885 or 
SEL-2886 transceiver to convert one of the rear-panel EIA-232 ports (PORT 1–
PORT 3) on the relay to an EIA-485 port. The SEL-2885 and SEL-2886 are pow-
ered by the +5 Vdc output on Pin 1. These transceivers offer transformer isolation 
not found on most EIA-232-to-EIA-485 transceivers. See the transceiver product 
fliers for more information.

The SEL-2885 offers the SEL Distributed Port Switch Protocol (LMD). With this 
protocol you can selectively communicate with multiple devices on an EIA-485 
network. You can communicate with other network nodes including EIA-232 
devices with an SEL-2885 and SEL devices having integral EIA-485 ports. You 
can find more information about using SEL LMD in SEL Distributed Port Switch 
Protocol (LMD) on page 15.43.

Serial Port Hardware Protocol
The serial ports comply with the EIA-232 Standard (formerly known as RS-232). 
The serial ports support RTS/CTS hardware flow control. See also Software Flow 
Control on page 15.32.

http://selinc.com
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Hardware Flow Control
Hardware handshaking is one form of flow control that two serial devices use to 
prevent input buffer information overflow and loss of characters. To support 
hardware handshaking, connect the RTS output pin of each device to the CTS 
input pin of the other device. To enable hardware handshaking, use the SET P 
command (or front-panel SET pushbutton sequence) to set RTSCTS := Y. Disable 
hardware handshaking by setting RTSCTS := N. Table 15.3 shows actions the 
relay takes for the RTSCTS setting values and the conditions relevant to hard-
ware flow control.

                    

Note that the relay must assert the RTS pin to provide power for some modems, 
fiber-optic transceivers, and hardware protocol converters that are port powered. 
Check the documentation for any port-powered device to determine if the device 
supports hardware handshaking or if you must always assert RTS (RTSCTS := N) 
for proper operation.

Data Frame
The relay ports use asynchronous data frames to represent each character of data. 
Four port settings influence the framing: SPEED, DATABIT, PARITY, and 
STOPBIT. The time allocated for one bit is the reciprocal of the SPEED. For 
example, at 9600 bits per second, one bit-time is 0.104 milliseconds (ms).

The default port framing uses one start bit, eight data bits, no parity bit, and one 
stop bit. The transmitter asserts the TXD line for one data frame, as described in 
the following steps:

The TXD pin is normally in a deasserted state.

➤ To send a character, the transmitter first asserts the TXD pin for one 
bit time (start bit).

➤ For each data bit, if the bit is set, the transmitter asserts TXD for one 
bit time. If the bit is not set, it deasserts the pin for one bit time (data 
bits).

➤ If the PARITY setting is E, the transmitter asserts or deasserts the 
parity bit so that the number of asserted data bits plus the parity bit is 
an even number. If the PARITY setting is O, the transmitter asserts or 
deasserts the parity bit so that the number of asserted data bits plus 
the parity bit is an odd number. If the PARITY setting is N, the data 
frame does not include a parity bit.

Table 15.3 Hardware Handshaking

Setting 
RTSCTS Value

Condition Relay Action

N All Assert RTS output pin and ignore CTS 
input pin.

Y Normal input reception Assert RTS output pin.

Y Local input buffer is close to full Deassert RTS pin to signal remote device 
to stop transmitting.

Y Normal transmission Sense CTS input is asserted, transmit 
normally.

Y Remote device buffer is close to full, 
so remote device deasserts RTS

Sense CTS input is deasserted, stop 
transmitting.
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➤ At the completion of the data bits and parity bit (if any), the 
transmitter deasserts the line for one bit time (stop bit). If STOPBIT 
is set to 2, the transmitter deasserts the line for one more bit time 
(stop bit).

➤ Until the relay transmits another character, the TXD pin will remain 
in the unasserted state.

Ethernet Communications
Ethernet Card

The SEL-400 series relays support an Ethernet card. In some SEL-400 series 
devices, this is a daughter card to the main board, as shown in Figure 15.4. In 
others, it goes into BAY 3, as shown in Figure 15.5 and Figure 15.6. The Ethernet 
card is optional except in relays configured for SV and TiDL. You can either field 
install the card or order the relay with the card installed at the factory. As with 
other SEL products, SEL has designed and tested SEL Ethernet cards for opera-
tion in harsh environments.

                    

                    

                    

In some relay models, the Ethernet card has two or four ports and is available 
with standard twisted-pair and fiber-optic physical interfaces. Other models sup-
port a five-port Ethernet card with small form-factor pluggable (SFP) ports, as 
shown in Figure 15.6. The Ethernet card includes redundant physical interfaces 
with the capability to automatically transfer communications to the backup inter-
face in the event that the primary network fails. For information on substation 
integration architectures, see Section 16: DNP3 Communication and Section 17: 
IEC 61850 Communication.

                    

Figure 15.4 Example Two-Port Ethernet Card

                    

Figure 15.5 Example Four-Port Ethernet Card

                    

Figure 15.6 Five-Port Ethernet Card

CAUTION
The Ethernet card is not hot-swappa-
ble. To avoid equipment damage, 
remove power from the relay before 
removing or installing the Ethernet 
card.
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Once installed in a relay, the settings needed for network operation and data 
exchange protocols, including DNP3 and IEC 61850, are available in the Port 5 
settings.

Ethernet Network Operation
You should carefully design your Ethernet network to maximize reliability, mini-
mize system administration effort, and provide adequate security. SEL recom-
mends that you work with a networking professional to design your substation 
Ethernet network.

Use the network configuration settings shown in Table 12.14 and Table 12.28 to 
configure the relay for operation on an IP network and to set other parameters 
affecting the physical Ethernet network interface operation. Depending on the 
model and ordering selection, the relay is equipped with either two, four, or five 
Ethernet ports. See Table 15.4 for information on what protocols are available on 
which ports for various Ethernet cards and configurations.

                    

The relay IP address setting uses Classless Inter-Domain Routing (CIDR) notation 
and a variable-length subnet mask (VLSM) to define its local network and host address.

An IP address consists of two parts: a prefix that identifies the network followed 
by a host address within that network. Early network devices used a subnet mask 
to define the network prefix of an associated host address. Within the mask, sub-
net boundaries were defined by the 8-bit segments of the 32-bit IP address. These 
boundaries constrained network prefixes to 8, 16, or 24 bits, defining Class A, B, 
and C networks, respectively.

This classful networking often created subnetworks that were not sized effi-
ciently for actual requirements. CIDR allows more effective usage of a given 
range of IP addresses. In CIDR notation, you enter the IP address setting in the 
form a.b.c.d/p, where a.b.c.d is the host address in standard dotted decimal form 
and p is the network prefix expressed as the number of “1” bits in the mask. For 
example, if IPADDR := 192.168.1.2/24, the host address is 192.168.1.2 and the 
network prefix is the first 24 bits of the address, or 192.168.1. The network 
address is derived by applying the network prefix to the IP address and filling the 
remaining bits with zeros (in our example, it is 192.168.1.0). The broadcast 

Table 15.4 Ethernet Protocol Options

Ethernet Card Typea, b, c

a IP refers to FTP, HTTP, Telnet, SNTP, MMS, DNP, and IEEE C37.118.
b The SEL-487B does not support IEEE C37.118.
c Some relay models do not support SV.

PORT 5A and PORT 5B PORT 5C and PORT 5D PORT 5E

Two-Port

5A, 5B PRP, PTP, GOOSE, IP — —

5C, 5D — PRP, GOOSE, IP —

Four-Port

Independent Bus Mode, Station Bus = (5A, 5B) PRP, PTP, GOOSE, IP GOOSE, SV —

Independent Bus Mode, Station Bus = (5C, 5D) PTP, GOOSE, SV PRP, GOOSE, IP —

Merged Bus Mode PTP, GOOSE, SV, IP — —

Five-Port

Independent Bus Mode PRP, PTP, GOOSE, SV PRP, PTP, GOOSE, IP IPd

d PORT E does not support SNTP.

Merged Bus Mode PRP, PTP, GOOSE, SV, IP — IPd
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address is derived similarly, but the remaining bits are filled with ones 
(192.168.1.255 for the example above). Neither the network (base) address nor the 
broadcast address can be used for any host or router addresses on the network.

                    

The relay uses the default router address setting to determine how to communi-
cate with nodes on other local networks. The relay communicates with the 
default router to send data to nodes on other local networks. The default router 
must be on the same local network as the relay or the relay will reject the default 
router setting. You must also coordinate the default router with your general net-

Table 15.5 CIDR Notation

CIDR Value Subnet Mask

/32 255.255.255.255

/31 255.255.255.254

/30 255.255.255.252

/29 255.255.255.248

/28 255.255.255.240

/27 255.255.255.224

/26 255.255.255.192

/25 255.255.255.128

/24 255.255.255.000

/23 255.255.254.000

/22 255.255.252.000

/21 255.255.248.000

/20 255.255.240.000

/19 255.255.224.000

/18 255.255.192.000

/17 255.255.128.000

/16 255.255.000.000

/15 255.254.000.000

/14 255.252.000.000

/13 255.248.000.000

/12 255.240.000.000

/11 255.224.000.000

/10 255.192.000.000

/9 255.128.000.000

/8 255.000.000.000

/7 254.000.000.000

/6 252.000.000.000

/5 248.000.000.000

/4 240.000.000.000

/3 224.000.000.000

/2 192.000.000.000

/1 128.000.000.000

/0 000.000.000.000
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work implementation and administration plan. See Table 15.6 for examples of 
how the IP address and subnet mask define the network and node and how these 
settings affect the default router setting.

If there is no router on the network, enter a null string (“”).

                    

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, DNP3, IEC 61850 
MMS, and IEEE C37.118.

The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT settings, 
can be used to verify that the computer at the remote end of a TCP connection is 
still available. If ETCPKA is enabled and the relay does not transmit any TCP 
data within the interval specified by the KAIDLE setting, the relay sends a keep-
alive packet to the remote computer. If the relay does not receive a response from 
the remote computer within the time specified by KAINTV, the keep-alive packet 
is retransmitted as many as KACNT times. After this count is reached, the relay 
considers the remote device no longer available, so the relay can terminate the 
connection without waiting for the idle timer (TIDLE or FTPIDLE) to expire.

The relay monitors Manufacturing Message Specification (MMS) inactivity to 
identify and disconnect MMS clients that have stopped communicating with it. 
You can set it from 0 to 42000000 seconds via the IED Properties MMS Settings 
in ACSELERATOR Architect SEL-5032 Software. The MMS Inactivity default 
value is either 120 seconds or 900 seconds, depending on the relay. Setting this 
value to 0 disables the MMS Inactivity timer. If enabled, the relay starts a timer 
for an MMS session after it receives an MMS request from the client on that ses-
sion. It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it avail-
able for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to specifi-
cally handle MMS clients that do not disconnect properly. As there are a limited 
number of MMS sessions available, this ensures that misbehaving MMS clients 
do not take up multiple MMS sessions. Note that the MMS inactivity time-out 
can still disconnect an MMS session even if the relay receives TCP keep-alive 
messages from that MMS client.

The two-port and four-port Ethernet cards operate over either twisted-pair or 
fiber-optic media. Each Ethernet card is equipped with two or four network ports. 
You can select the medium for each port (10/100 Mbps twisted-pair or 100 Mbps 
fiber-optic). 

The five-port Ethernet card uses SFP ports with compatible SFP transceivers. The 
transceivers are not included with the card and must be ordered separately. See 
Table 15.7 or selinc.com/products/sfp/ for a list of compatible SFP transceivers.

Table 15.6 Default Router Address Setting Examples

IP Address (CIDR) Network Address Broadcast Address Default Router Rangea

a The Default Router cannot be the same as the IP Address, Network Address, or Broadcast 
Address.

192.168.1.2/28 192.168.1.0 192.168.1.15 192.168.1.0–192.168.1.15

192.168.1.2/24 192.168.1.0 192.168.1.255 192.168.1.ab

b Value in the range 0—255.

192.168.1.2/20 192.168.0.0 192.168.15.255 192.168.0.ab–192.168.15.ab

192.168.1.2/16 192.168.0.0 192.168.255.255 192.168.ab.bb

192.168.1.2/12 192.160.0.0 192.175.255.255 192.160.ab.bb–192.175.ab.bb

192.168.1.2/8 192.0.0.0 192.255.255.255 192.ab.bb.cb

192.168.1.2/4 192.0.0.0 207.255.255.255 192.ab.bb.cb–207.ab.bb.cb

https://selinc.com/products/sfp/
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The five-port Ethernet card is only supported in certain products with a compati-
ble firmware version. See Appendix A: Firmware, ICD File, and Manual Versions 
in the product-specific instruction manual for firmware that supports the five-port 
Ethernet card. Upgrading to this firmware while retaining an existing card will 
not impact your settings or functionality. Converting an existing card to the five-
port Ethernet card will default the Port 5 settings.

Redundant Ethernet Ports (Two- or Four-Port Ethernet Card)
PORT 5A, PORT 5B and PORT 5C, PORT 5D are Ethernet port pairs. One port pair is for 
TCP/IP or UDP/IP Ethernet communications, including FTP, Telnet, DNP3 
LAN/WAN, etc., and IEC 61850 GOOSE. You can configure these ports for redun-
dant network architectures, or force the relay to use a single Ethernet port for 
these protocols. If the relay has four ports, the second port pair can be used for 
relay-specific functionality. PTP is only available on PORT 5A and PORT 5B when 
using the two- or four-port Ethernet card.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure the relay for FAILOVER mode.

➤ NETMODE := FAILOVER

➤ NETPORT := the preferred primary network port

➤ FTIME := desired time-out for the active port before failover to the 
backup port

Connect the relay to redundant networks as shown in Figure 15.7.

Table 15.7 SFP Transceivers for the Five-Port Ethernet Card

Transceiver 
Part Number

Interface Modea, b Type Max. Distance Wavelength
TX Power
(dBm)

RX Sens. 
Max. (dBm)

RX Sens. 
Min. (dBm)

8131-01 1000BASE-SX MM Dual-fiber 300 m (62.5/125 m)
550 m (50/125 m)

850 nm –2.5 to –9 0 –18

8103-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8109-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8130-01 1000BASE-LX SM Dual-fiber 10 km 1310 nm –3 to –9.5 –3 –21

8130-02 1000BASE-LX SM Dual-fiber 20 km 1310 nm –1 to –6 –3 –22

8130-03 1000BASE-LX SM Dual-fiber 30 km 1310 nm 0 to –5 –3 –24

8130-04 1000BASE-LX SM Dual-fiber 40 km 1310 nm 3 to –2 –3 –24

8130-05 1000BASE-XD SM Dual-fiber 50 km 1550 nm 0 to –5 –3 –24

8130-06 1000BASE-ZX SM Dual-fiber 80 km 1550 nm 5 to 0 –3 –24

8130-08 1000BASE-ZX SM Dual-fiber 160 km 1550 nm 5 to 1 –10 –36

8130-10 1000BASE-ZX SM Dual-fiber 200 km 1550 nm 8 to 5 –10 –36

a MM = multimode.
b SM = single-mode.

NOTE: The process bus on the four-
port Ethernet card uses FAILOVER 
operating mode with no time-out 
delay.
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On startup, the relay communicates using the primary network port selected by 
the NETPORT setting. If the relay detects a link failure on the primary port, it 
asserts the LNKFAIL Relay Word bit. If the standby port’s link is up, the relay 
activates the standby network port after time FTIME. If the link status on the pri-
mary port returns to normal before time FTIME, the failover timer resets and 
operation continues on the primary network port. Similarly, if the relay detects a 
link failure on the standby port and the primary port’s link is up, the relay acti-
vates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

Network Connection by Using Isolated IP Operating Mode
The Isolated IP mode (NETMODE = ISOLATEIP) permits IEC 61850 GOOSE 
messages on two ports, but restricts IP traffic to just one port. This mode is useful 
for cases where it is desired to connect one port to a secured network (the IP port) 
but have the other port leave the security perimeter.

NOTE: If NETMODE = ISOLATEIP, 
Precision Time Protocol (PTP) is only 
supported on the port designated as 
the IP port.

The NETPORT setting selects which port will be the IP port. The other port will 
only support GOOSE traffic. IP transmissions will only go out the IP port. IP 
receptions will only be processed from the IP port. GOOSE publications will go 
out both ports. GOOSE subscriptions will be accepted from either port. Any non-
GOOSE traffic received on the non-IP port will be ignored. No traffic will go 
from one external port to the other.

Network Connection by Using SWITCHED Operating Mode
Make Port 5 setting NETMODE = SWITCHED to activate the internal Ethernet 
switch. The internal switch connects a single Ethernet stack inside the relay to 
two external Ethernet ports. The combination of relay and internal switch operate 
the same as if a single Ethernet port on a relay were connected to an external 
unmanaged Ethernet switch. Use the internal switch to add devices to a network, 
as shown in Figure 15.8.

                    

Figure 15.7 Failover Network Topology
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NOTE: The TiDL relay Ethernet ports 
operate with a BUSMODE setting of 
INDEPEND. This allows for process bus 
GOOSE messages to be received by 
the relay on the non-IP ports. The 
non-IP ports operate in a fixed 
FAILOVER mode. 

NOTE:  For very small values of 
FTIME, or for a failover event on the 
process bus, the assertion or 
deassertion of LNKFAIL and LNKFL2 
can be too short for a state change to 
register in the SER.
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Using this topology, the internal network switch of the relay supports connecting 
Ethernet devices in series. Each relay in the chain acts as a network hub. Network 
traffic originating from a relay is forwarded to the adjacent relay, and so on, until 
the traffic reaches its destination. In this SWITCHED mode, each relay is forced 
to process and filter traffic not intended for it, which results in a reduced overall 
network performance. This configuration is only recommended for temporary 
use. Note that PTP functionality is not available in SWITCHED operating mode.

When using this switched mode, do not to connect the last device back to the 
Managed Ethernet Switch, thereby creating a loop or ring. 

In switched mode, the internal Ethernet switch of the relay is an unmanaged 
Ethernet switch and does not provide RSTP functionality. You will experience 
very large RSTP healing times in such a network.

Network Connection by Using Fixed Operating Mode
Force the relay to use a single station bus Ethernet port by making setting 
NETMODE := FIXED. When NETMODE := FIXED, only the port selected by 
NETPORT is active. The other port is disabled.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks (IEC 
62439-3). The purpose of the protocol is to provide seamless recovery from any 
single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel.

Make the following settings in Port 5 to configure the relay for PRP mode.

➤ NETMODE := PRP

➤ PRPTOUT := desired time-out for PRP frame entry

➤ PRPINTV := desired supervision frame transmit interval

➤ PRPADDR := PRP destination MAC address least significant bit

When NETMODE is not set to PRP, the PRP settings are hidden.

                    

Figure 15.8 Using Internal Ethernet Switch to Add Networked Devices
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Enabling PRP doubles the number of Ethernet packets received on the station 
bus. You may need to reduce the number of incoming GOOSE subscriptions so 
that you do not exceed the relay’s incoming GOOSE buffers, which are sized to 
accommodate a maximum of 128 GOOSE messages.

Redundant Ethernet Ports (Five-Port Ethernet Card)
The five-port Ethernet card includes many of the same capabilities and settings as 
the two- and four-port Ethernet cards. It also provides new and enhanced capabil-
ities such as PRP and fast failover on both the station bus and process bus. 
PORT 5A and PORT 5B are reserved for process bus network. PORT 5C and PORT 5D 
are reserved for the station bus network. PORT 5E operates on an isolated network 
with a unique IP address making it ideal for engineering and data access. PORT 5E 
supports IP protocols including FTP, HTTP, Telnet, MMS, DNP, and IEEE C37.118. 
PTP is available on either port pair PORT 5A, PORT 5B or PORT 5C, PORT 5D. All 
ports support 100 Mbps speeds. PORT 5A and PORT 5B also support 1 Gbps speeds 
to satisfy potentially large traffic requirements on the process bus. Use the enable 
interface setting, EINTF, to enable the network interfaces required for your appli-
cation. If a network interface is not included in EINTF setting, the relay hides the 
settings associated with that interface.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FAILOVER mode.

➤ NETMODP := FAILOVER (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FAILOVER (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

➤ FTIME := desired time-out for the active port before failover to the 
backup port for the station bus

Connect the relay to a redundant network like the one shown in Figure 15.7. On 
startup, the relay communicates using the primary network ports selected by the 
NETPORT and NETPORP settings. If the relay detects a link failure on the pri-
mary port and the standby port’s link is up, the relay activates the standby net-
work port. The failover time on the process bus is immediate (less than 
100 microseconds) and will drop no more than one SV sample. The failover time 
on the station bus occurs after time FTIME. If the link status on the primary port 
on the station bus returns to normal before time FTIME, the failover timer resets 
and operation continues on the primary network port. Similarly, if the relay detects 
a link failure on the standby port on the station bus and the primary port’s link is 
up, the relay activates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

NOTE: For a 1000BASE-X 
connection, the active port will not 
failover to the standby port if only the 
transmit path fails.

NOTE: For very small values of FTIME, 
or for a failover event on the process 
bus, the assertion or deassertion of 
LNKFAIL and LNKFL2 can be too short 
for a state change to register in the 
SER. 
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Network Connection by Using Fixed Operating Mode
Make the following settings in Port 5 to configure ports PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FIXED mode.

➤ NETMODP := FIXED (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FIXED (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

Only the ports selected by NETPORT and NETPORP are active. PORT 5E is not 
affected by these settings.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks 
(IEC 62439-3). The purpose of the protocol is to provide seamless recovery from 
any single Ethernet network failure. 

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel. 

Make the following settings in Port 5 to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for PRP mode.

➤ NETMODP := PRP (for the process bus)

➤ PRPINTP := desired supervision frame transmit interval for the 
process bus

➤ PRPADDP := PRP destination MAC address least significant bit for 
the process bus

➤ NETMODE := PRP (for the station bus)

➤ PRPINTV := desired supervision frame transmit interval for the 
station bus

➤ PRPADDR := PRP destination MAC address least significant bit for 
the station bus

➤ PRPTOUT := desired time-out for PRP frame entry

Enabling PRP on a port pair doubles the number of Ethernet packets received on 
that interface. You may need to reduce the number of incoming GOOSE sub-
scriptions on the port pairs so that you do not exceed the relay’s incoming 
GOOSE buffers which are sized to accommodate a maximum of 128 GOOSE 
messages.

Configure the PTHDLY setting to P2P to cause the relay to synchronize both the 
primary and standby ports. This allows the relay to seamlessly maintain PTP syn-
chronization during a failover operation. This does not apply when PTHDLY is 
set to E2E.

The relay provides PRP supervision bits for GOOSE and SV. See COM PRP on 
page 14.14 for more information. 

Figure 15.9 shows an example PRP network with an SEL-421-7 and SEL-401. 
The five-port Ethernet cards in the relays allow for PRP on both the station bus 
and process bus, as well as a separate network for engineering access.
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Ethernet Protocols
NOTE: The relay prioritizes 
processing IEC 61850 GOOSE data 
over the data access protocols listed 
above. With GOOSE enabled, high 
GOOSE traffic to and from the relay 
sustained over long periods may 
cause slowed responsiveness to data 
transfer requests via TCP/IP protocols.

Access data by using either the standard TCP/IP Telnet and FTP interfaces or, 
optionally, through the (Web) HTTP Server, DNP3 LAN/WAN or IEC 61850 
interface. You cannot access all data through all interfaces. See the appropriate 
interface section below for details on data access.

FTP
FTP is a standard application-level protocol for exchanging files between com-
puters over a TCP/IP network. The relay Ethernet card operates as an FTP server, 
presenting files to FTP clients. The relay Ethernet card supports one FTP connec-
tion at a time. Subsequent requests to establish FTP sessions will be denied. If your 
FTP client does not work properly, be sure to set your client to use a single session.

Table 12.15 and Table 12.29 list lists the settings that affect FTP server operation.

File Structure

The basic file structure is organized as a directory and subdirectory tree similar to 
that used by Unix, DOS, Windows, and other common operating systems. See 
Virtual File Interface on page 15.20 for information on the basic file structure.

Access Control

The standard FTP logins consist of the three-character access level command 
(e.g., ACC, BAC) with their respective passwords. For example, with default 
passwords, if you use the username of 2AC and password of TAIL, you will con-
nect with Access Level 2 privileges. 

                    

Figure 15.9 Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards
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The relay validates FTP clients and controls access by limiting failed password 
attempts. If a user attempts to log into the relay with three consecutive invalid 
login attempts within a 1-minute period, the relay disables login requests for 
30 seconds and pulses the SALARM and BADPASS Relay Word bits.

FTP settings control anonymous file access features. The special FTP username 
“anonymous” does not require a password. It has the access rights of the access 
level selected by the FTPAUSR setting. For example, if FTPAUSR is set to 1 (for 
Access Level 1), the FTP anonymous user has Access Level 1 rights.

SEL advises against enabling anonymous FTP logins (FTPANMS = Y) except 
under test conditions. The Ethernet card does not require a password for the spe-
cial FTP username “anonymous”. If you enable anonymous FTP logins, you are 
allowing unrestricted access to the relay and host files.

Telnet
Telnet is part of the TCP/IP protocol suite. A Telnet connection provides access 
to the relay user interface. The relay supports as many as three Telnet connections 
at a time. When you connect with Telnet and log in to the relay, you can use all of 
the ASCII and Compressed ASCII commands described in Section 14: ASCII 
Command Reference to configure and interact with the relay. You can also use the 
SEL binary Fast Meter and Fast Operate commands described in SEL Fast Meter, 
Fast Operate, Fast SER Messages, and Fast Message Data Access on page 15.33.

Use a Telnet client or QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the EXI command from any access level.

Table 12.17 and Table 12.31 list the settings that affect Telnet operation.

SNTP
When SNTP is enabled (Port 5 setting ESNTP is not OFF), the relay internal 
clock conditionally synchronizes to the time of day served by a Network Time 
Protocol (NTP) server. The relay uses a simplified version of NTP called the 
SNTP. SNTP is not as accurate as IRIG-B or PTP. The relay can use SNTP as a 
less accurate primary time source, or as a backup to the higher accuracy IRIG-B 
or PTP time sources.

If an IRIG-B time source is connected and either Relay Word bits TSOK or 
TIRIG assert, then the relay synchronizes the internal time-of-day clock to the 
incoming IRIG-B time-code signal, even if SNTP is configured in the relay and 
an NTP server is available. If the IRIG-B source is disconnected (TIRIG deas-
sert) then the relay synchronizes the internal time-of-day clock to the NTP server 
if available. In this way an NTP server acts as either the primary time source, or 
as a backup time source to the more accurate IRIG-B time source. The above is 
also true if the relay is connected to an accurate PTP time source, but TPTP (not 
TIRIG) will deassert when the PTP time source is disconnected.

Three SEL application notes available from the SEL website describe how to cre-
ate an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve 
NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create 
a Stratum 1 Linux NTP Server
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Configuring SNTP Client in the Relay

To enable SNTP in the relay, set Port 5 setting ESNTP to UNICAST, MANY-
CAST, or BROADCAST. Table 12.25 lists the settings associated with SNTP.

SNTP Operation Modes

The following sections explain the setting associated with each SNTP operation 
mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST

In unicast mode of operation the SNTP client in the relay requests time updates 
from the primary (IP address setting SNTPPIP) or backup (IP address setting 
SNTPBIP) NTP server at a rate defined by setting SNTPRAT. If the NTP server 
does not respond with the period defined by the sum of setting SNTPTO and 
SNTPRAT then the relay tries the other SNTP server. When the relay success-
fully synchronizes to the primary NTP time server, Relay Word bit TSNTPP 
asserts. When the relay successfully synchronizes to the backup NTP time server, 
Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST

In manycast mode of operation the relay initially sends an NTP request to the 
broadcast address contained in setting SNTPPIP. The relay continues to broad-
cast requests at a rate defined by setting SNTPRAT. When a server replies, the 
relay considers that server to be the primary NTP server, and switches to UNI-
CAST mode, asserts Relay Word bit TSNTPP, and thereafter requests updates 
from the primary server. If the NTP server stops responding for time SNTPTO, 
the relay deasserts TSNTPP and begins to request time from the broadcast 
address again until a server responds.

ESNTP = BROADCAST

Setting SNTPPIP = 0.0.0.0 while ESNTP = BROADCAST, the relay will listen 
for and synchronize to any broadcasting NTP server. If setting SNTPPIP is set to 
a specific IP address while setting ESNTP = BROADCAST, then the relay will 
listen for and synchronize to only NTP server broadcasts from that address. 
When synchronized the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within the 
SNTPT0 setting value after the period defined by setting SNTPRAT.

SNTP Accuracy Considerations

SNTP time synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and rout-
ers between the SNTP Server and the relay.

When installed on a network with low burden configured with one Ethernet 
switch between the relay and the SNTP Server, and when using 
ESNTP = UNICAST or MANYCAST, the relay time synchronization error to 
the SNTP server is typically less than ±1 millisecond.

Precision Time Protocol (PTP)
The two-port and four-port Ethernet cards support PTP on port pair PORT 5A, 
PORT 5B. The five-port Ethernet card supports PTP on either port pair PORT 5A, 
PORT 5B or PORT 5C, PORT 5D. The relay supports Precision Time Protocol 
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version 2 (PTPv2) as a slave-only clock as defined by IEEE-1588-2008. PTP pro-
vides high accuracy timing over an Ethernet network, eliminating the need for a 
separate IRIG-B cable and connection. To achieve the best accuracy (<1 µs), it is 
necessary to have one or more PTP master clocks and that all intervening equip-
ment (e.g., Ethernet switches) need to be 1588-aware (i.e., all intervening net-
work devices need to be transparent or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS input, 
is a master clock. The intervening switches are transparent clocks. It is also possi-
ble to connect networks together and pass time from one network to another by 
using boundary clocks. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not 1588-aware would not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP clocks 
implement algorithms to select the best available clock. The one selected for use 
by an end device is the grandmaster clock. A complete description of possible 
PTP networking configurations is beyond the scope of this manual. You can learn 
more about configuring a PTP network in these application guides:

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality in a Redundant Network Topology” (AN2015-07)

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality to Isolated Ethernet Networks” (AN2015-06)

To configure PTP, update the Port 5 PTP settings as described in Table 12.26 and 
Table 12.33. By default, PTP is disabled in the relay. Enable PTP to make the 
other PTP settings available.

Within PTP, there are multiple clock profiles available. A profile defines the set 
of PTP features available in a specific application domain. SEL-400 series relays 
support three profiles: Default, Power System profile (C37.238-2011), and Power 
Utility Automation profile (IEC/IEEE 61850-9-3-2016).

The Power profile provides predictable performance and the highest accuracy 
with compensation for network inaccuracies. This Power profile also allows for 
unique identification of grandmaster clocks, providing better security when oper-
ating in local clock mode.

The Power profile is only supported on Layer 2 networks and exclusively uses 
the peer-to-peer Delay Mechanism. All messages must be sent at 1-second inter-
vals, must have 802.1Q VLAN tags, and Announce messages must include 
grandmaster ID and (maximum) inaccuracy fields. Transparent clocks are man-
datory in a power profile network; boundary clocks are not allowed. For a net-
work with less than 16 hops between Grandmaster and IED, the Power profile 
can deliver time with better accuracy than 1 s. Select the profile by using the 
PTPPRO setting.

The Default profile has many optional features. It was intended to address com-
mon applications, so has been implemented by most PTP-capable devices. The 
Default profile supports both UDP or Layer 2 (802.3) Ethernet transport, and can 
use either end-to-end (E2E) or peer-to-peer (P2P) Delay Mechanism. Grandmas-
ter clocks can send Announce, Sync, and Delay request messages over a wide 
range of intervals. A Default profile network can consist of boundary clocks or 
transparent clocks anywhere between the grandmaster and the end devices. A 
well-designed Default profile network with an accurate grandmaster can achieve 
better than 1 s accuracy

The 61850-9-3 Power Utility Automation profile is only supported on Layer 2 
networks and exclusively uses the peer-to-peer delay mechanism. Grandmaster 
clocks can send Announce and Sync messages over a wide range of intervals. A 

NOTE: The SEL-2488 with the PTP 
option is a PTP grandmaster clock 
capable GPS receiver.

NOTE: See Appendix A: Firmware, 
ICD File, and Manual Versions in the 
product-specific instruction manual 
for firmware that supports PTP over 
PRP.
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61850-9-3 profile network can consist of boundary clocks or transparent clocks 
anywhere between the grandmaster and the end devices. The performance 
requirements for this profile are listed in the IEC 61850 standard part 9-3 docu-
mentation. This profile does not account for network time inaccuracy calcula-
tions, but a well-designed network can achieve better than 1 s accuracy.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation between clocks that participate in different application 
domains to coexist on the same network. Domains are identified by domain num-
bers. The domain number for the relay is selected by the DOMNUM setting. Set 
DOMNUM to match the domain number configured in the master clocks the 
relay should synchronize with.

The relay supports transport of PTP messages over UDP or layer 2 (Ethernet). 
Use the PTPTR setting to select the PTP transport mechanism. This needs to 
match the transport mechanism used in the master clocks. Layer 2 Ethernet trans-
port is available with both the Default and Power System profiles. If operating in 
a UDP network, PTP will operate on port 320. Except for peer delay messages, 
the relay sets the time allowed to live (TTL) value in the UDP/IP header of PTP 
messages to 64. This allows the possibility of synchronizing relay time through 
routers across a WAN to a PTP master. High-accuracy synchronization may not 
be achievable across the WAN, so it is left to the user to determine if the accuracy 
meets the needs of their application.

When using the Power System profile, use the VLAN number and priority set-
tings PVLAN and PVLANPR to set the VLAN ID and priority, respectively, of 
the Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the relay.

PTP defines two methods for calculating and correcting for the communications 
path delay between the relay and the master clock: end-to-end (Delay Request-
Response) and peer-to-peer (Peer Delay Request-Response). The end-to-end 
mechanism calculates the total path delay between the relay and the master clock. 
The peer-to-peer mechanism calculates the total path delay in a piecemeal fash-
ion between each device in the path. Peer-to-peer is the more accurate method 
and is recommended for use in SEL relays. The relay periodically initiates path 
delay calculations. Use the PTHDLY and PDINT settings to configure the path 
delay method and the path delay request rate. If PTHDLY is set to OFF, then the 
relay will not calculate and correct for path delay. Only the peer-to-peer mecha-
nism is available for Power System profile and 61850-9-3.

By default, the relay will synchronize to any clock on the network that it evalu-
ates to be the best clock based on the Best Master Clock Algorithm (BMCA). 
Use the Acceptable Master Table settings to specify a list of master (grandmaster 
or boundary) clocks to which the relay may synchronize. The relay will not syn-
chronize to any master clock that is not in the list. It is recommended to use this 
feature for additional security. The AMNUM setting selects the number of master 
clocks you will list in this table. The default value is OFF, which means the relay 
will synchronize to any master clock on the network. If AMNUM is set to a value 
other than OFF, that number of allowable masters must be identified in accor-
dance with the PTP transport chosen, i.e., MAC address for 802.3 or IP address 
for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify the 
IP addresses of the clocks the relay is permitted to synchronize to. If PTP trans-
port is set to layer 2, use the AMMACn settings to specify the MAC addresses of 
the clocks the relay is permitted to synchronize to.

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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If the ALTPRIn (alternate priority 1 for master n) setting is set to a positive value, 
the priority1 value in received Announce messages from the corresponding mas-
ter clock will be replaced by the ALTPRIn value before applying the BMCA. The 
ALTPRIn values reprioritize the master clocks locally. A discussion of reasons to 
apply alternative priorities is beyond the scope of this manual. If you are not 
familiar with the Best Master Clock Algorithm, leave the setting set to 0.

HTTP (Hypertext Transfer Protocol) Server
The relay provides an HTTP (Web) server to provide read-only access to selected 
settings, metering, and reports. The HTTP server supports as many as four ses-
sions at a time. Table 12.16 and Table 12.30 list the settings that affect HTTP 
server operation.

When enabled, the HTTP server opens TCP/IP Port 80 by default. Set HTTPPOR 
to configure any other port as needed.

The relay validates HTTP server access by limiting failed password attempts. If a 
user attempts to log into the relay with three consecutive invalid login attempts 
within a 1-minute period, the relay disables login requests for 30 seconds and 
pulses the SALARM and BADPASS Relay Word bits.

Virtual File Interface
You can retrieve and send data as files through the virtual file interface of the 
relay. Devices with embedded computers can also use the virtual file interface. 
When using serial ports or virtual terminal links, use the FILE DIR command. 
When you use an Ethernet card, the FTP protocol supported by Ethernet presents 
the file structure and sends and receives files.

The relay has a two-level file structure. There are a few files at the root level and 
three or more subdirectories or folders. Some SEL-400 series relays support 
directories in addition to those listed here. Table 15.8 shows the directories and 
the contents of each directory.

                    

NOTE: The Acceptable Master Table 
feature may not work for transport 
over Layer 2 if the intervening 
Ethernet switch(es) modify the source 
MAC address of Announce messages 
passing through them. With transport 
over Layer 2, the relay uses the 
source MAC address to identify if an 
Announce message is coming from a 
master clock in the table.

Table 15.8 Virtual File Structure

Directory Usage Access Level

Root CFG.TXT file, CFG.XMLa file, SWCFG.ZIP file 
and the following directories

a Present only if the Ethernet card is installed.

1

SETTINGS Relay Settings 1

REPORTS SER, circuit breaker, protection and history reports 1

EVENTS EVE, CEV, COMTRADE, and history reports 1

SYNCHROPHASORSb

b Only present in SEL-400 series relays that support synchrophasors.

Synchrophasor recording files 1

UPGRADEc

c Only present in SEL-400 series relays running SELBOOT R300 or newer and relay firmware that 
supports firmware upgrades over Ethernet. Directory is not available if Port 5 settings 
EETHFWU := N.

Digitally signed firmware upgrades 2
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System Data Format
Settings files and the CFG.TXT file use the system data format (SDF) unless oth-
erwise specified. The files may contain keywords to aid external support software 
(ESS) parsing. A keyword is defined as a string surrounded by the open and close 
bracket characters, followed by a carriage return and line feed. Only one keyword 
is allowed per line in the file. For example, the keyword INFO would look like 
this in the file: [INFO]<CR><LF>.

Records are defined as comma-delimited text followed by a carriage return and 
line feed. One line in a text file equals one record. Fields are defined as comma-
delimited text strings.

Comma-Delimited Text Rules
Field strings are separated by commas or spaces and may be enclosed in optional 
double quotation marks. Double quotes within the field string are repeated to dis-
tinguish these double quotes from the quotes that surround the field string. 
Delimiters are spaces and commas that are not contained within double quotes. 
Two adjacent commas indicate an empty string, but spaces that appear next to 
another delimiter are ignored. Consider the following examples for converting a 
list of fields to comma-delimited text. Consider the following list of fields.

Stri,ng 1

Stri"ng 2

String 3

String4

The translation to comma-delimited text is as follows:

"Stri,ng 1","Stri""ng 2","String 3","String4"

Root Directory
The root directory contains three or more subdirectories and two or three files 
(CFG.TXT, CFG.XML, and SWCFG.ZIP). CFG.XML is only present if an 
Ethernet card is installed. SWCFG.ZIP is for internal use.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each setting class. ESS retrieves the CFG.TXT file to interact automatically 
with the connected relay.

CFG.XML File (Read-Only)
Present only in units with an Ethernet card installed, the CFG.XML file is supple-
mentary to the CFG.TXT file. The CFG.XML file describes the IED configura-
tion and includes firmware identification, settings class names, and configuration 
file information.

SWCFG.ZIP File (Read/Write)
The SWCFG.ZIP file is a compressed file used to store ESS settings. It is read-
able at Access Level 1 and above, and writable at Access Level 2 and above.
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Settings Directory 
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather than 
directly accessing them via other means. External settings support software reads 
settings from all of these files to perform its functions. The relay only allows you 
to write to the individual SET_cn files, where c is the settings class code and n is 
the settings instance. Except for the SET_61850 CID file, changing settings with 
ESS involves the following steps:

Step 1. The PC software reads the CFG.TXT and SET_ALL.TXT files from 
the relay.

Step 2. You modify the settings at the PC. For each settings class that you 
modify, the software sends a SET_cn.TXT file to the relay.

Step 3. The PC software reads the ERR.TXT file. If it is not empty, the relay 
detects errors in the SET_cn.TXT file.

Step 4. For any detected errors, modify the settings and send the settings 
until the relay accepts your settings.

Step 5. Repeat Step 2–Step 4 for each settings class that you want to modify.

Step 6. Test and commission the relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in the relay.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 15.9 summarizes the 
typical settings files. The exact list of settings files depends on the specific set-
tings classes available in each relay model. The settings class is designated by c, 
and the settings instance number is n.

BAY_SCREEN.TXT
NOTE: Not all SEL-400 series relays 
support bay mimic screens.

The BAY_SCREEN.TXT file describes the content of the custom bay mimic 
screen that can be selected for display on the HMI. This file is generated by 
QuickSet and may be downloaded to the relay when Bay Control settings are 
changed.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT or 
SET_61850.CID file written to the relay. If there were no errors, the file is empty. 
If errors occurred, the relay logs these errors in the ERR.TXT file.

SET_61850.CID
Present if ordered with the IEC 61850 protocol option, the SET_61850.CID file 
contains the IEC 61850 Configured IED Description (CID) in XML. This file is 
generated by Architect and downloaded to the relay. See Section 17: IEC 61850 
Communication for more information on the SET_61850.CID file.
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Reports Directory
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 15.10. Note that the relay provides a report file that contains the latest 
information each time you request the file.

NOTE: Not all SEL-400 series relays 
support breaker monitoring and 
corresponding breaker files.

                    

Table 15.9 Typical Settings Directory Files

Settings Class Filename Settings Description Read Access Level Write Access Level

A SET_An.TXT Automation; n in range 1–10
For relay-0, n = 1

1, B, P, A, O, 2 A, 2

B SET_B1.TXT Bay Control 1, B, P, A, O, 2 P, A, O, 2

D SET_Dn.TXT DNP3 remapping; n in range 1–5 1, B, P, A, O, 2 P, A, O, 2

F SET_F1.TXT Front panel 1, B, P, A, O, 2 P, A, O, 2

G SET_G1.TXT Global 1, B, P, A, O, 2 P, A, O, 2

L SET_Ln.TXT Protection logic; n in range 1–6 1, B, P, A, O, 2 P, 2

M SET_SM.TXT Breaker monitor settings 1, B, P, A, O, 2 P, 2

N SET_N1.TXT Notes 1, B, P, A, O, 2 P, A, O, 2

O SET_O1.TXT Contact outputs 1, B, P, A, O, 2 O, 2

P SET_Pn.TXT Port; n in range 1, 2, 3, 5, F 1, B, P, A, O, 2 P, A, O, 2

R SET_R1.TXT Report 1, B, P, A, O, 2 P, A, O, 2

S SET_Sn.TXT Group n; n in range 1–6 1, B, P, A, O, 2 P, 2

T SET_T1.TXT Alias settings 1, B, P, A, O, 2 P, A, O, 2

All SET_ALL.TXT All instances of all setting classes 1, B, P, A, O, 2 N/A

All ERR.TXT Error log for most recently written settings file 1, B, P, A, O, 2 N/A

NA SET_61850.CID IEC 61850 configured IED description file 1, B, P, A, O, 2 2

NA BAY_SCREEN.TXT Custom bay mimic screen content 1, B, P, A, O, 2 P, A, O, 2

Table 15.10 REPORTS Directory Files (Sheet 1 of 2)

Filea Usage: All Are Read-Only Files

SER.TXTb SER report

CSER.TXTb Compressed ASCII SER report

BRE_n.TXT BRE n H report, n is the breaker reference

BRE_Sn.TXT BRE Sn report, n is the breaker reference

CBRE.TXT Compressed ASCII breaker monitor report

HISTORY.TXT History file

CHISTORY.TXT Compressed ASCII History file

PRO.TXTb Profiling report

CPRO.TXTb Compressed ASCII profiling report

TFE.TXTb, c Through-fault event report

THE.TXTb, c Thermal report

THE_D.TXTb, c Daily thermal report
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Events Directory
NOTE: Most SEL-400 Series Relays 
provide large resolution event reports 
of 8 samples/cycle. The SEL-487B 
provides large resolution event 
reports of 12 samples/cycle. The 
SEL-400G provides all event reports in 
IEEE C37.111-2013 COMTRADE format. 
Filtered event reports use a 
2.5 millisecond sample rate.

The relay provides history, event reports, and oscillography files in the EVENTS 
directory. Event reports are available in a variety of formats. Depending on the 
relay, these may include SEL ASCII 4- or 8-samples/cycle reports and Com-
pressed ASCII 4- or 8-samples/cycle reports. The size of each event report file is 
determined by the LER setting in effect at the time the event is triggered. Higher 
resolution oscillography is available in binary COMTRADE (IEEE C37.111-
1999 and C37.111-2013) format at the sample rate (SRATE) and length (LER) 
settings in effect at the time the event is triggered. 

The 4- and 8-samples/cycle report files (files with names that begin with E or C) 
are text files with the same format as the EVENT and CEVENT command 
responses. Event file names start with the prefix E4_, E8_, E12, C4_, C8_, C12, 
or HR_, followed by a unique event serial number. For example, if one event is 
triggered, with serial number of “10001”, the EVENTS directory contains the 
files shown in Table 15.13. Event oscillography in COMTRADE format consists 
of three files (.CFG, .DAT, and .HDR).

The file names for the C37.111-1999 COMTRADE event files have the following 
format:

pq_nnnnn.rrr

                    

The file names for the C37.111-2013 COMTRADE event files have the following 
format:

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.rrr

                    

THE_H.TXTb, c Hourly thermal report

VSS.TXTb, c Voltage sag swell report

a Report files are read-only
b Report clears/resets when retrieved though use of a serial port.
c Not available on all SEL-400 series relays. See the product-specific instruction manual for 

availability.

Table 15.10 REPORTS Directory Files (Sheet 2 of 2)

Filea Usage: All Are Read-Only Files

Table 15.11 C37.111-1999 COMTRADE Event File Names

Variable Description

pq One of the following:

HR (indicating high-resolution event file)

HF (indicating high-impedance fault event reports, if supported by the 
relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 1 of 2)

Variable Description

yy Last two digits of year

mm The month (01 to 12)

dd The day (01 to 31)
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the yymmdd and hhMMss values are based on the SOC (second of century) of the 
first triggered data point as specified in the COMTRADE C37.111 standard.

Spaces and characters ? " / \ < > * | : ; [ ] $ % { } are not supported in the RID or 
SID used in the C37.111-2013 filenames, and the relay will automatically 
remove them.

                    

hh The hour (00 to 23)

MM The minute (00 to 59)

ss The second (00 to 59)

mmm The millisecond (000 to 999)

aaaaa The last five characters of the SID setting (after removing spaces)

bbbbb The last five characters of the RID setting (after removing spaces)

ccccc The CONAM setting

pq One of the following:

HR (indicating high-resolution event file)

LR (indicating low-resolution event file, if supported by the relay)

DR (indicating disturbance recording event files, if supported by the relay)

HF (indicating high-impedance fault event reports, if supported by the relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 2 of 2)

Variable Description

Table 15.13 EVENTS Directory Files (for Event 10001)

File Usage

HISTORY.TXT History file; read-only

CHISTORY.TXT Compressed ASCII history file; read-only

C4_10001.TXT 4-samples/cycle Compressed ASCII event report; read-only

C8_10001.TXTa 8-samples/cycle Compressed ASCII event report; read-only

E4_10001.TXT 4-samples/cycle event report; read-only

E8_10001.TXTb 8-samples/cycle event report; read-only

HR_10001.CFG Sample/second C37.111-1999 COMTRADE configuration file; read-only

HR_10001.DAT Sample/second C37.111-1999 COMTRADE binary data file; read-only

HR_10001.HDR Sample/second C37.111-1999 COMTRADE header file; read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.CFGc Sample/Second C37.111-2013 COMTRADE configuration file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.DAT Sample/Second C37.111-2013 data file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.HDR Sample/Second C37.111-2013 COMTRADE header file, read-only

a In the SEL-487B, this is replaced with C1210001.TXT, which provides a 12-samples/cycle Compressed ASCII event report.
b In the SEL-487B, this is replaced with E1210001.TXT, which provides a 12-samples/cycle event report.
c See the filename descriptions in Figure 15.12 for an explanation of the variable names used in the C37.111-2013 COMTRADE format.
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Synchrophasors Directory 
Table 15.14 shows an example SYNCHROPHASORS directory. Synchrophasor 
data recording is enabled when synchrophasors are enabled and EPMDR := Y. 
The filename includes a time stamp based on the first data frame in the file. The 
data in the file conforms to the IEEE C37.118 data format.

                    

Upgrade Directory
Table 15.15 shows the file contents of the UPGRADE directory. The UPGRADE 
directory is only available via FTP at Access Level 2 and above on relays that 
support Ethernet firmware upgrades. The directory is not available if the Port 5 
setting EETHFWU := N. The RELAY.ZDS and SELBOOT.ZDS are write-only 
files, whereas the ERR.TXT is a read-only file.

NOTE: The UPGRADE directory is 
not available via FTP if FTPANM := Y.

                    

Batch File Access
You can access files as a batch by using the supported wildcard characters * or ?. 
Use * to match any sequence of characters and ? to match any single character.

FTP and MMS Wildcard Usage
Table 15.16 shows examples using supported wildcards. Note that these wild-
cards may be appended to a directory path (e.g., /specified_directory/*.txt).

                    

Table 15.14 SYNCHROPHASORS Directory File Sample

File Description

080528,160910,0,ONA,1,ABC.PMU 080528 = date

160910 = time

0 = GMT (no time offset)

ONA = Last three letter (spaces removed) of the 
PMSTN setting

1 = PMID setting

ABC = CONAM setting (company name)

PMU = file name extension indicating synchrophasor 
recording file

Table 15.15 UPGRADE Directory File Sample

File Description

ERR.TXT Digitally signed firmware upgrade error file, read-
only

RELAY.ZDS Digitally signed firmware upgrade file, write-only

SELBOOT.ZDS SELBOOT firmware digitally signed upgrade file, 
write-only

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 1 of 2)

Usage Description Example Note

*xyz Lists all files and/or subdirectories, within a specified direc-
tory, whose names (including extension) end with xyz.

/*.TXT List all files with the .TXT 
extension

abc* Lists all files and/or subdirectories, within a specified 
directory, whose names begin with abc.

/SETTINGS/SET* List all settings files that start 
with SET
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Ymodem Wildcard Usage
Event, report, synchrophasor, and settings files can be accessed as a batch by 
using wildcards.

                    

Software Protocol Selections
The relay supports the protocols and command sets shown in Table 15.18.

                    

*mno* Lists all files and/or subdirectories, within a specified 
directory, whose names contain mno.

/EVENTS/*_100* List all events that contain _100 
in the ID number

abc?.xyza Lists all files, within a specified directory, whose names 
begin with abc and whose names (including extension) end 
with xyz and have any one single character following the 
letter c.

/EVENTS/C?_10007.CEV Retrieves both the filtered and 
raw compressed event reports 
pertaining to the unique event 
number 10007

a Only available for FTP.

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 2 of 2)

Usage Description Example Note

NOTE: Ymodem protocol only 
supports wildcard file retrieval 
operations for event files. 

NOTE: Wildcards cannot be used in 
the last five digits of the file name 
when retrieving event reports.

Table 15.17 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Selects all files whose names (including 
extension) end with xyz.

FILE DIR EVENTS *.CFG Lists all COMTRADE.CFG files

abc* Selects all files whose names begin with 
abc.

FILE READ EVENTS 
HR_10007*

Retrieves all of the three files for the COM-
TRADE event 10007 (HR_10007.CFG, 
HR_10007.DAT, and HR_10007.HDR)

*mno* Selects all files whose names contain 
mno.

FILE READ EVENTS 
*10007*

Retrieves all event files pertaining to the 
unique event number 10007 (including both the 
filtered and raw compressed event reports and 
all three comtrade files)

abc?.xyz Selects all files whose names begin with 
abc and whose names (including exten-
sion) end with xyz and have any one sin-
gle character following the letter c.

FILE DIR SETTINGS 
SET_D?.TXT

Lists all of the DNP settings files 
(SET_D1.TXT–SET_D5.TXT)

Table 15.18 Supported Serial Command Sets (Sheet 1 of 2)

PROTO Setting 
Value

Command Set Description

SEL SEL ASCII Commands and responses

SEL SEL Compressed ASCII Commands and comma-delimited responses

SEL SEL Fast Meter Binary meter and digital element commands 
and responses

SEL SEL Fast Operate Binary operation commands

SEL SEL Fast Message Fast Message database access, binary SER 
commands and responses

MBA, MBB, 
MBGA, or MBGB

SEL MIRRORED BITS 
communications

Binary high-speed control commandsNOTE:  Not all SEL-400 series relays 
support MBGA and MBGB protocol.
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Virtual Serial Ports
Actual serial ports are described in Serial Port Hardware Protocol on page 15.4. 
In addition to actual serial ports, the relay supports several virtual serial ports. A 
virtual serial port does the following:

➤ Transmits and receives characters through a different mechanism 
than the physical serial port

➤ “Encapsulates” characters in virtual terminal messages of a different 
protocol

➤ Simulates an actual serial port with setting PROTO := SEL

➤ May have restrictions imposed by the protocol that encapsulates the 
virtual serial data

You can set the relay to use virtual serial ports encapsulated in SEL MIRRORED 
BITS communications links, DNP3 links, and through Telnet over Ethernet.

SEL Protocol
This section describes the command sets that are active when the port setting 
PROTO := SEL. You can also access these protocols through virtual serial ports 
that simulate ports with PROTO := SEL.

SEL ASCII Commands
SEL originally designed the SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing terminal. 
A computer with a serial port can also use the SEL ASCII protocol to communi-
cate with the relay, collect data, and issue commands.

The ASCII character set specifies numeric codes that represent printing charac-
ters and control characters. The complete ASCII command set is shown in 
Section 14: ASCII Command Reference. Table 15.19 shows the subset of the 
ASCII control characters used in this section.

                    

PMU Phasor Measurement Unit Binary Synchrophasor Protocol, as selected 
by Port Setting PMUMODE and Global Setting 
MFRMT (see Section 18: Synchrophasors).

RTD SEL Fast Message protocol 
for resistance temperature 
detector (RTD) data

As many as 12 analog temperature readings 
from the SEL-2600A.

DNP DNP3 Level 2 Outstation Binary commands and responses (see 
Section 16: DNP3 Communication).

Table 15.18 Supported Serial Command Sets (Sheet 2 of 2)

PROTO Setting 
Value

Command Set Description

NOTE:  Not all SEL-400 series relays 
support synchrophasors (the PMU 
protocol choice).

NOTE: Not all SEL-400 series relays 
support RTD communications with 
the SEL-2600A.

Table 15.19 Selected ASCII Control Characters (Sheet 1 of 2)

Decimal Code Name Usage Keystroke(s)

13 CR Carriage return <Enter> or <RETURN> or <Ctrl+M>

10 LF Line feed <Ctrl+J>
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The <Enter> key on standard keyboards sends the ASCII character CR for a car-
riage return. This manual instructs you to press the <Enter> key after commands 
to send the proper ASCII code to the relay. A correctly formatted command 
transmitted to the relay consists of the command, including optional parameters, 
followed by either a CR character (carriage return) or CR and LF characters (car-
riage return and line feed). The following line contains this information in the 
format this manual uses to describe user input:

<command> <Enter> or <command> <Enter> <CR>

You may truncate commands to the first three characters. For example, 
EVENT 1 <Enter> is equivalent to EVE 1 <Enter>. You may use upper- and 
lowercase characters without distinction, except in passwords.

In response to a command, the relay may respond with an additional dialog line 
or message. The relay transmits dialog lines in the following format:

<DIALOG LINE ><CR><LF>

The relay transmits messages in the following format:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

…

<LAST MESSAGE LINE><CR><LF>< ETX>

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX. Each line of the message ends with 
a carriage return, CR, and line feed, LF.

Send the CAN character to the relay to abort a transmission in progress. For 
example, if you request a long report and want to terminate transmission of this 
report, depress the <Ctrl> and <X> keys (<Ctrl+X>) to terminate the report.

SEL Compressed ASCII Commands
The relay supports a subset of SEL ASCII commands identified as Compressed 
ASCII commands. Each of these commands results in a comma-delimited mes-
sage that includes a checksum field. Most spreadsheet and database programs can 
directly import comma-delimited files. Devices with embedded processors con-
nected to the relay can execute software to parse and interpret comma-delimited 
messages without expending the customization and maintenance labor needed to 
interpret nondelimited messages. The relay calculates a checksum for each line 
by numerically summing all of the bytes that precede the checksum field in the 
message. The program that uses the data can detect transmission errors in the 
message by summing the characters of the received message and comparing this 
sum to the received checksum.

02 STX Start of transmission <Ctrl+B>

03 ETX End of transmission <Ctrl+C>

24 CAN Cancel <Ctrl+X>

17 XON Flow control on <Ctrl+Q>

19 XOFF Flow control off <Ctrl+S>

Table 15.19 Selected ASCII Control Characters (Sheet 2 of 2)

Decimal Code Name Usage Keystroke(s)
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Most commands are available only in SEL ASCII format. Selected commands 
have versions in both standard SEL ASCII and Compressed ASCII formats. 
Compressed ASCII reports generally have fewer characters than conventional 
SEL ASCII reports, because the compressed reports reduce blanks, tabs, and 
other white space between data fields to a single comma.

Compressed ASCII Message Format

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

...

<LAST MESSAGE LINE><CR><LF><ETX>

Each line in the message consists of one or more data fields, a checksum field, 
and a CRLF. Commas separate adjacent fields. Each field is either a number or a 
string. Number fields contain base-10 numbers that use the ASCII characters 0–
9, plus (+), minus (-), and period (.). String fields begin and end with quote marks 
and contain standard ASCII characters. Hexadecimal numbers are contained in 
string fields.

The checksum consists of four ASCII characters that are the hexadecimal repre-
sentation of the two-byte binary checksum. The checksum value is the sum of the 
first byte on a line (first byte following <STX>, <CR>, or <CR><LF>) through the 
comma preceding the checksum.

If you request data with a Compressed ASCII command and these data are not 
available, (in the case of an empty history buffer or invalid event request), the 
relay responds with the following Compressed ASCII format message:

<STX>“No Data Available”,“0668”<CR><ETX>
                    
                    

Table 15.20 lists the typical Compressed ASCII commands and contents of the 
command responses. The Compressed ASCII commands are described in 
Section 14: ASCII Command Reference.

                    

where:
No Data Available is a text string field.

0668 is the checksum field, which is a hexadecimal 
number represented by a character string.

Table 15.20 Typical Compressed ASCII Commands (Sheet 1 of 2)

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII commands 
available at access levels > 0

0

CBREAKER Circuit breaker data 1

CEVENT Event report 1

CHISTORY List of events 1

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top

CSER Sequential Events Recorder report 1

CSTATUS Self-diagnostic status 1

CSUMMARY Summary of an event report 1
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CASCII Configuration Message for Compressed ASCII Commands

The CASCII message provides a block of data for each of the Compressed ASCII 
commands supported by an SEL device. The block of data for each command 
provides message description information to allow automatic data extraction. The 
relay arranges items in the Compressed ASCII configuration message in a pre-
defined order. For the purpose of improving products and services, SEL some-
times changes the items and item order. The information presented below 
explains the message and serves as a guide to the items in Compressed ASCII 
configuration messages.

A Compressed ASCII command can require multiple header and data configura-
tion lines. The general format of a Compressed ASCII configuration message is 
the following:

                    

Definitions for the items and fields in a Compressed ASCII configuration mes-
sage are the following:

➤ n is the number of Compressed ASCII command descriptions to follow.

➤ COMMAND is the ASCII name for the Compressed ASCII command 
that the requesting device (terminal or external software) sends. The 
naming convention for the Compressed ASCII commands is a C 
character preceding the typical command. For example, CSTATUS, 
abbreviated to CST, is the Compressed ASCII STATUS command.

➤ #H identifies a header line to precede one or more data lines; the # 
character represents the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII labels.

➤ xxxxx is an ASCII name for corresponding data on following data 
lines. Maximum ASCII name width is ten characters.

➤ #D identifies a data format line; the # character represents the 
maximum number of data lines in command response.

➤ ddd identifies a format field containing one of the following type 
designators:

➢ I—Integer data

➢ F—Floating-point data

➢ zS—String of maximum z characters (for example, enter 10S for 
a 10-character string)

➤ yyyy is the 4-byte hex ASCII representation of the checksum. Every 
checksum is followed by a new line indication (<CR><LF>).

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0

Table 15.20 Typical Compressed ASCII Commands (Sheet 2 of 2)

Command Response Access Level

<STX>"CAS",n,"yyyy"<CR><LF>
"COMMAND 1",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>

"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF>
•
•
•

"COMMAND n",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF><ETX>

NOTE: Compressed ASCII is self-
describing and may vary with the 
firmware version of your relay. Before 
you program a master device to send 
and parse Compressed ASCII 
commands and responses, you should 
perform a CASCII command on your 
relay or contact SEL for more detailed 
information.
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Software Flow Control
Software handshaking is a form of flow control that two serial devices use to pre-
vent input buffer overflow and loss of characters. The relay uses XON and XOFF 
control characters to implement software flow control for ASCII commands.

The relay transmits the XOFF character when the input buffer is more than 75 
percent full. The connected device should monitor the data it receives for the 
XOFF character to prevent relay input buffer overflow. The external device 
should suspend transmission at the end of a message in progress when it receives 
the XOFF character. When the relay has processed the input buffer so that the 
buffer is less than 25 percent full, the relay transmits an XON character. The 
external device should resume normal transmission after receiving the XON 
character.

The relay also uses XON/XOFF flow control to delay data transmission to avoid 
overflow of the input buffer in a connected device. When the relay receives an 
XOFF character during transmission, it pauses transmission at the end of the 
message in progress. If there is no message in progress when the relay receives 
the XOFF character, it blocks transmission of any subsequent message. Normal 
transmission resumes after the relay receives an XON character.

Automatic Messages
If you enable automatic messages, AUTO = Y, the relay issues a message any 
time the relay turns on, asserts a self-test, changes to another settings group, or 
triggers an event. For virtual ports, the relay issues automatic messages only if 
the connection is active. Automatic messages contain the following information:

➤ Power-up: When you turn on the relay, the message provides the 
terminal ID and the present date and time.

➤ Self-test failure: When the relay detects an internal failure, the 
automatic message is the same as the relay response to the STATUS 
command.

➤ Group switch: Whenever a settings group change occurs, the 
message contains the relay ID, terminal ID, present date and time, 
and the selected settings group.

➤ Events: When the relay triggers an event, the automatic message is 
the same as the relay response to the SUMMARY command.

Time-Out
Use the TIMEOUT setting to set the idle time for each port. Idle time is the 
period when no ASCII characters are transmitted and received (interleaved Fast 
Messages do not affect the idle time). When the idle time exceeds the TIMEOUT 
setting, the following takes place: 

➤ The access level changes to Access Level 0.

➤ The front-panel targets reset to TAR 0 if the port had previously 
remapped the targets.

➤ Virtual connections are disconnected.

➤ The software flow control state changes to XON.

When set to OFF, the port never times out.



15.33

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Communications Interfaces
SEL Protocol

Interleaved ASCII and Binary Messages
SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view using a terminal or terminal emulation 
package. The binary data streams can interrupt the ASCII data stream to obtain 
information; the ASCII data stream continues after the interruption. This mecha-
nism uses a single communications channel for ASCII communication (transmis-
sion of an event report, for example) interleaved with short bursts of binary data 
to support fast acquisition of metering data. The device connected to the other 
end of the link requires software that uses the separate data streams to exploit this 
feature. However, you do not need a device to interleave data streams to use the 
binary or ASCII commands. Note that XON, XOFF, and CAN operations operate 
on only the ASCII data stream.

An example of using these interleaved data streams is when the relay communi-
cates with an SEL communications processor. The communications processor 
performs autoconfiguration by using a single data stream and SEL Compressed 
ASCII and binary messages. In subsequent operations, the communications pro-
cessor uses the binary data stream for Fast Meter, Fast Operate, and Fast SER 
messages to populate a local database and to perform SCADA operations. At the 
same time, you can use the ASCII data stream for commands and responses.

SEL Fast Meter, Fast Operate, Fast SER Messages, and Fast Message 
Data Access

SEL Fast Meter is a binary message that you solicit with binary commands. Fast 
Operate is a binary message for control. The relay can also send unsolicited Fast 
SER messages and unsolicited synchrophasor messages automatically. If the 
relay is connected to an SEL communications processor, these messages provide 
the mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction. 

This section summarizes the binary commands and messages and includes our 
recommendation for using Fast Commands and Compressed ASCII configura-
tion information to communicate with the relay. You need this information to 
develop or specify the software an external device uses to communicate using 
Fast Messages with the relay. To support this type of development, you will also 
need to contact SEL for Fast Message protocol details.

Table 15.21 lists the two-byte Fast Commands and the actions the relay takes in 
response to each command.

                    

Table 15.21 Fast Commands and Response Descriptions (Sheet 1 of 2)

Command 
(Hex)

Name Response Description

A5B9h Status acknowledge message Clears Fast Meter status byte and sends cur-
rent status.

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and 
general relay configuration information.

A5C1h Fast Meter configuration block Defines contents of Fast Meter data message.

A5C2h Demand Fast Meter configuration 
block

Defines contents of demand Fast Meter data 
message.

A5C3h Peak demand Fast Meter config-
uration block

Defines contents of peak demand Fast Meter 
data message.

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

NOTE:  Not all SEL-400 series relays 
support demand metering and the 
corresponding fast commands.
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Fast Operate commands use one of the two-byte command types shown in 
Table 15.22. Each Fast Operate command also includes additional bytes that 
specify a remote bit or circuit breaker bit.

                    

The Fast Operate messages transfer control commands through the binary data 
stream. You must enable Fast Operate messages for a port before the relay 
accepts these messages on that port. In the port settings, when the protocol is set 
to SEL, the FASTOP setting is visible. Set FASTOP :=Y to enable Fast Operate 
commands or to N to disable Fast Operate commands.

General Fast Messages have a two-byte identifier (A546h) and a function code. 
Fast SER messages are general Fast Messages that transport Sequential Event 
Recorder report information. The Fast SER messages include function codes to 
accomplish different tasks. Table 15.23 lists the Fast SER function codes and the 
actions the relay takes in response to each command.

                    

A5CEh Fast Operate configuration block Defines available circuit breaker, remote bits, 
and associated commands.

A5D1h Fast Meter data message Defines present values of analog and digital 
data.

A5D2h Demand Fast Meter data message Defines values of most recently completed 
demand period.

A5D3h Peak demand Fast Meter data 
message

Defines values for peak demands as of end of 
most recently completed demand periods.

Table 15.22 Fast Operate Command Types

Command 
(Hex)

Name Description

A5E0h Fast Operate command for 
remote bits

Sends command code that will change the 
state of a remote bit, if setting FASTOP :=Y 
for this port.

A5E3h Fast Operate command for cir-
cuit breaker bits

Sends command code that will change the 
state of a circuit breaker control bit, if setting 
FASTOP :=Y for this port.

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 1 of 2)

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition block 
request

Relay transmits Fast Message definition 
request acknowledge (Function Code 80).

01h Enable unsolicited transfers Relay transmits Fast SER command acknowl-
edged message (Function Code 81) and sets 
relay element bit FSERx. Relay will transmit 
subsequent SER events (Unsolicited SER 
broadcast, Function Code 18).

02h Disable unsolicited transfers Relay sends Fast SER command acknowl-
edged message (Function Code 82) and clears 
relay element bit FSERx. Relay will not 
transmit subsequent SER messages.

05h Ping—determine channel is 
operable

Relay aborts unsolicited message in progress 
and transmits ping acknowledge message 
(Function Code 85).

Table 15.21 Fast Commands and Response Descriptions (Sheet 2 of 2)

Command 
(Hex)

Name Response Description
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The SEL Fast Message Synchrophasor Protocol is described in Section 18: Syn-
chrophasors.

Recommended Use of Relay Self-Description Messages for Automatic 
Configuration

Compressed ASCII and Fast Message commands provide information to allow an 
external computer-based device to adapt to the special messages for each relay. 
The SEL communications processors use the self-description messages to config-
ure a database and name the elements in the database.

Table 15.24 lists commands and command usage in the recommended order of 
execution for automatic configuration.

                    

98h Fast SER Message acknowl-
edge

Relay completes dialog processing for unso-
licited message sequence.

30h Device description request Relay sends summary of data blocks avail-
able (Function Code B0h).

31h Data format request Relay sends description of requested data 
block, including data labels and types (Func-
tion Code B1h).

33h Bit label request Relay sends set of bit labels for specific data 
item (Function Code B3h).

10h Data request Relay responds with set of requested data 
(Function Code 90h).

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 2 of 2)

Function 
Code (Hex)

Function Relay Action

Table 15.24 Commands in Recommended Sequence for Automatic Configuration

Command ASCII or 
hexadecimal (h suffix)

Response Usage

ID Relay identification ID and FID 

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and general relay configuration infor-
mation

A5C1h, A5C2h,
A5C3h

Fast Meter configuration blocks Defines contents of Fast Meter data messages

BNAME Binary names ASCII names of status bits

DNAME Digital I/O name ASCII names of digital I/O points

SNS SER names ASCII names for SER data points

CASCII Compressed ASCII configuration block Configuration data for Compressed ASCII commands with access 
levels > 0

A5CEh Fast Operate configuration block Defines available circuit breaker and remote bits, and associated com-
mands, if setting FASTOP :=Y for this port
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SEL MIRRORED BITS Communication
With SEL-patented MIRRORED BITS communications protocol, protective relays 
and other devices can directly exchange information quickly, securely, and with 
minimal cost. Use MIRRORED BITS communications for remote control, remote 
sensing, or communications-assisted protection schemes such as permissive over-
reaching transfer trip (POTT) and directional comparison blocking (DCB).

SEL products support several variations of MIRRORED BITS communications pro-
tocols. Through port settings, you can set the relay for compatible operation with 
SEL-300 series relays, the SEL-2505 or SEL-2506 Remote I/O Modules, and the 
SEL-2100 Protection Logic Processors. These devices use MIRRORED BITS com-
munications to exchange the states of eight logic bits. You can also use settings to 
select extensions of the MIRRORED BITS communications protocols, available 
only in SEL-400 series relays, to exchange analog values, synchronize clocks, 
and engage in virtual terminal dialogs. Table 15.25 summarizes MIRRORED BITS 
communications features.

                    

Communications Channels and Logical Data Channels
The relay supports two MIRRORED BITS communications channels, designated A 
and B. Use the port setting PROTO to assign one of the MIRRORED BITS commu-
nications channels to a serial port: PROTO := MBA or MBGA for MIRRORED 
BITS communications Channel A or PROTO := MBB or MBGB for MIRRORED 
BITS communications Channel B.

Transmitted bits include TMB1A–TMB8A and TMB1B–TMB8B. The last letter 
(A or B) designates with which channel the bits are associated. These bits are 
controlled by SELOGIC control equations. Received bits include RMB1A–
RMB8A and RMB1B–RMB8B. You can use received bits as arguments in 
SELOGIC control equations. The channel status bits are ROKA, RBADA, 
CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, DOKA, ANOKA, 
DOKB, and ANOKB. You can also use these bits as arguments in SELOGIC con-
trol equations. Use the COM command for additional channel status information.

Within each MIRRORED BITS communications message for a given channel (A or 
B), there are eight logical data channels (1–8). In operation compatible with other 
SEL products, you can use the eight logical data channels for TMB1–TMB8. If 

Table 15.25 MIRRORED BITS Communications Features

Feature Compatibility

Transmit and receive logic bits SEL-300 series relays, SEL-2505, SEL-2506, 
SEL-2100, SEL-400 series relays

Transmit and receive analog values SEL-400 series relays

Synchronize time SEL-400 series relays

Send and receive virtual serial port characters SEL-400 series relays

Support synchronous communications channel SEL-400 series relays
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you use fewer than eight transmit bits, Data Channel 8 is reserved to support data 
framing and time synchronization features. You can assign the eight logical data 
channels as follows:

➤ Logic bits: Setting MBNUM controls the number of channels used 
for logic bits, TMB1–TMB8, inclusive.

➢ If you set MBNUM to 8, then you cannot use channels for any of 
the following features.

➢ If you set MBNUM to less than 8, you can use the remaining 
channels (as many as eight total) for the features listed below.

➤ Message and time synchronization: If MBNUM is less than 8, the 
relay dedicates a logical data channel to message framing and time 
synchronization. This feature is enabled by the MBTIME setting.

➤ Analog channels: Setting MBNUMAN controls the number of 
analog channels. It is not guaranteed that multiple analog quantities 
will come from the same relay sampling interval.

➢ If MBNUM := 8, all channels are used for logic bits and 
MBNUMAN is forced to 0.

➢ If MBNUM := 7, seven channels are used for logic bits and one 
channel is used for message and time synchronization.

➢ If MBNUM is less than 7, you can use the remaining channels 
for analog channels by setting the desired number of channels in 
MBNUMAN (1 to 7 – MBNUM).

Note: Analog quantities are converted to Integer values for 
transmission via MIRRORED BITS. Because of this, they will lose any 
fractional value they may have had. To maintain a fixed resolution, 
multiply the analog quantity by a set value before transmission, and 
divide by the same quantity upon reception. To maintain accuracy, 
add 0.5 to the analog quantity after any scaling.

➤ Virtual terminal sessions: Setting MBNUMVT controls the number 
of additional channels available for the virtual terminal session.

➢ If MBNUMVT := OFF, the relay does not dedicate any 
additional channels to the virtual terminal session.

➢ If there are spare channels (7 – MBNUM – MBNUMAN > 0), 
you can use MBNUMVT to dedicate these additional channels 
to the virtual terminal session.

➢ With MBNUM = 7 or less and MBNUMVT = 0, virtual terminal 
is still possible because the relay uses the eighth element for 
time synchronization and virtual terminal.

The virtual terminal session uses channels differently than other data 
exchange mechanisms. There can be only one active virtual terminal 
session across a MIRRORED BITS link. One channel, included in the 
synchronization data, is always dedicated to this virtual terminal 
session. If you assign additional channels to the virtual terminal 
session (set MBNUMVT > 0), you will improve the performance of 
the virtual terminal session. The relay uses the additional channels to 
exchange data more quickly.
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Operation
MBG Protocol

The MBG protocol selection allows the user to move the MIRRORED BITS Trans-
mit equations to the Group settings for more flexibility in bus transfer schemes. 
Using MBG will allow the MIRRORED BITS settings to transfer with a Group 
Switch when it occurs.

NOTE: The MBG protocol option is 
only available in some SEL-400 series 
relays.

To enable the MBG protocol, set the Port setting PROTO := MBGA to enable 
Channel A MIRRORED BITS, or PROTO := MBGB for Channel B MIRRORED 
BITS. Next, the protocol will need to be enabled in the Group settings.

Under Group settings, enable the MBG protocol for Channel A by setting 
EMBA := Y. When this setting is enabled, the transmit equation settings 
TX_IDA, RX_IDA, and TMBnA will be available in the Group settings and will 
be hidden from the Port settings.

The MBG protocol can also be enabled for Channel B by setting EMBB := Y. 
When this setting is enabled, the transmit equation settings TX_IDB, RX_IDB, 
and TMBnB will be available in the Group settings and will be hidden from the 
Port settings.

MB8
While the relay does not have a setting for the MB8 protocol implemented in 
some SEL products, you can configure the relay to communicate with devices set 
to MB8A or MB8B (such as the SEL-351S or SEL-2505). Set the protocol set-
ting PROTO to MBA or MBB. Set the STOPBIT setting to 2. Set all other set-
tings to match those in the other device.

Message Transmission
The relay transmits a MIRRORED BITS communications message as fast as it can 
for the configured data rate. At 9600 bps, this is approximately one message 
every 1/4-cycle. At 19200 bps, it is approximately every 1/8-cycle. At 38400 bps, 
it is approximately two every 1/8-cycle. However, if pacing is enabled, it slows to 
one message every 3 ms at 19200 and 38400 bps (see Table 15.28). Each mes-
sage contains the most recent values of the transmit bits. If you enabled any of the 
extended features through the settings, note that the relay transmits a portion of 
the extended data in each message.

If you have specified virtual terminal data channels for this port, the designated 
data channels are normally idle. If you use the PORT command to open a virtual 
terminal session for this port and type characters, the relay transmits these char-
acters through the virtual terminal logical data channels.
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Message Reception Overview
When the devices are synchronized and the MIRRORED BITS communications 
channel is in a normal state, the relay decodes and checks each received message. 
If the message is valid, the relay performs the following operations:

➤ Sends each received logic bit (RMBn) to the corresponding pickup 
and dropout security counters, that in turn set or clear the RMBnc 
relay element bits.

➤ Accumulates the analog data, and every 18th message, updates the 
received analog quantities.

➤ Accumulates the virtual terminal information, and every 18th 
message, makes the received character or characters available to the 
virtual terminal.

Message Decoding and Integrity Checks
The relay provides indication of the status of each MIRRORED BITS communica-
tions channel, with element bits ROKA and ROKB. During normal operation, the 
relay sets the ROKc bit. The relay clears the bit upon detecting any of the follow-
ing conditions:

➤ Parity, framing, or overrun errors

➤ Receive data redundancy error

➤ Receive message identification error

➤ No message received in the time three messages have been sent

The relay will assert ROKc only after successful synchronization as described 
below and two consecutive messages pass all of the data checks described above. 
After ROKc is reasserted, received data may be delayed while passing through 
the security counters described below.

While ROKc is not set, the relay does not transfer new RMB data to the pickup-
dropout security counters described below. Instead, the relay sends one of the 
user-definable default values to the security counter inputs. For each RMBn, 
specify the default value with setting RMBnFL, as follows:

➤ 1

➤ 0

➤ P (to use last valid value)

Individual pickup and dropout security counters supervise the movement of each 
received data bit into the corresponding RMBn element. You can set each pickup/
dropout security counter from 1 to 8. A setting of 1 causes a security counter to 
pass every occurrence, while a setting of 8 causes a counter to wait for eight con-
secutive occurrences in the received data before updating the data bits. The 
pickup and dropout security count settings are separate. Control the security 
count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout timer, 
except that the counter uses units of counted received messages instead of time. 
An SEL relay communicating with another SEL relay typically sends and 
receives MIRRORED BITS communications messages eight times per power sys-
tem cycle. Therefore, a security counter set to two counts will delay a bit by 
approximately 1/4 of a power system cycle. Reference Table 15.28 for the mes-
sage rates based on the settings. You must consider the impact of the security 
counter settings in the receiving device to determine the channel timing performance.

NOTE: c represents the MIRRORED 
BITS channel (A or B), n represents the 
MIRRORED BITS data channel data 
number (1—8).
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Channel Synchronization
When an SEL relay detects a communications error, it deasserts ROKA or 
ROKB. The relay transmits an attention message until it receives an attention 
message that includes a match to the TX_ID setting value. If the attention mes-
sage is successful, the relay has properly synchronized and data transmission will 
resume. If the attention message is not successful, the relay will repeat the atten-
tion message until it is successful.

Loopback Testing
Use the LOOP command to verify the communications channel. In this mode, 
the relay expects the transmitted data to be looped back to the relay to test the 
data transmissions, including communications data. At the remote end, jumper 
the send and receive communications channels to complete the path for the test. 
While in loopback mode, ROKc is deasserted, and LBOKc asserts and deasserts 
based on the received data checks.

Channel Monitoring
Based on the results of data checks (described above), the relay collects informa-
tion regarding the 255 most recent communications errors. Each record contains 
at least the following fields:

➤ Dropout Time/Date

➤ Pickup Time/Date

➤ Time elapsed during dropout

➤ Reason for dropout

Use the COM command to generate a long or summary report of the communi-
cations errors.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions by 
using SELOGIC control equations. You 
can use these alarm conditions to 
monitor and report a communications 
channel failure.

There is a single record for each outage, but an outage can evolve. For example, 
the initial cause could be a data disagreement, but framing errors can extend the 
outage. If the channel is presently down, the COMM record will only show the 
initial cause, but the COMM summary will display the present cause of failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay will assert a user-accessible flag, RBADA or RBADB. When 
channel unavailability exceeds a user-definable threshold for Channel A or B, the 
relay asserts a user-accessible flag, CBADA or CBADB.

MIRRORED BITS Communications Protocol for the Pulsar 9600-BPS Modem
To use a Pulsar MBT modem, set setting MBT := Y. Setting MBT := Y hides set-
ting SPEED and forces it to 9600, and hides setting RTSCTS and forces it to a 
value of N. The relay also injects a delay (idle time) of 3 ms between messages.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify that 
MIRRORED BITS communications matches this specification. 

NOTE: The MBT9600 modem 
requires +5 Vdc from pin 1 of the DB 9 
connector. A rear serial port can 
supply this voltage if its jumper is set. 
See Serial Port Jumpers in the 
product-specific instruction manual 
for more information.

NOTE: You must consider the idle 
time in the calculations of data 
transfer latency through a Pulsar MBT 
modem system.
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Settings
The port settings associated with MIRRORED BITS communications are shown in 
Table 15.26 and Table 15.27.

Set PROTO := MBA or MBGA to enable the MIRRORED BITS communications 
protocol Channel A on this port. Set PROTO := MBB or MBGB to enable the 
MIRRORED BITS communications protocol Channel B on this port.

                    

Setting SPEED := SYNC (available only on the rear-panel serial ports for which 
PROTO := MBA, MBB, MBGA, or MBGB) places the serial port in synchronous 
(or externally clocked) mode. The serial port hardware will synchronize transmit 
and receive data (TX/RX) to a clock signal applied to the Pin 8 input at any effec-
tive data rate as high as 64000. This setting choice will suit certain synchronous 
communications networks.

The relay uses the RBADPU setting to determine how long a channel error must 
persist before the relay asserts RBADA or RBADB. The relay deasserts RBADA 
and RBADB when it no longer detects a channel error. RBADA and RBADB 
update immediately in the MIRRORED BITS protocol but may take several milli-
seconds to update for SELOGIC control equations. It is recommended to use 
RBADA and RBADB in SELOGIC control equations for monitoring purposes 
only.

The relay uses the CBADPU setting to determine when to assert CBADA and 
CBADB. If the short-term channel downtime ratio exceeds CBADPU, the relay 
asserts the appropriate CBAD bit.

The TXMODE setting provides compatibility with SEL devices that are not 
SEL-400 series relays. The relay can send messages more quickly than the 
SEL-300 series relays and other SEL devices can process these messages. This 
could lead to loss of data and a failure to communicate properly. When you set 
TXMODE to P, the relay sends new MIRRORED BITS messages every 3 ms even if 
the selected data speed (SPEED setting) would allow more frequent messages.

As a function of the settings for SPEED, TXMODE, and MBT, the message 
transmission periods are shown in Table 15.28.

                    

Table 15.26 General Port Settings Used With MIRRORED BITS Communications

Name Description Range Default

PROTO Protocol None, SEL, DNP, MBA, 
MBB, MBGA, MBGB, 
RTD, PMU

SEL

MBT Enable Pulsar 9600 modem Y, N N

SPEED Data speed. Hidden and set to 9600 if 
MBT := Y

300, 600, 1200, 2400, 4800, 
9600, 19200, 38400, SYNC

9600

STOPBIT Stop bits. Hidden and set to 1 if MBT := Y 1, 2 1

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 1 of 2)

Name Description Range

TX_ID MIRRORED BITS communications ID of this 
device

1–4

RX_ID MIRRORED BITS communications ID of 
device connected to this port

1–4 (must be different than 
TX_ID)

RBADPU Outage duration to set RBAD 1–10000 seconds

CBADPU Channel unavailability to set CBAD 1–100000 parts per million
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Set the RX_ID of the local relay to match the TX_ID of the remote relay. In a 
three-terminal case, Relay X transmits to Relay Y, Relay Y transmits to Relay Z, 
and Relay Z transmits to Relay X. Table 15.29 lists the MIRRORED BITS commu-
nications ID settings for Relays X, Y, and Z.

TXMODE Transmission modea N (normal), P (paced)

MBNUM Number of MIRRORED BITS communications 
data channels used for logic bits

0–8

RMB1FLb RMB1 channel fail state 0, 1, P

RMB1PUb RMB1 pickup message count 1–8

RMB1DOb RMB1 dropout message count 1–8

•

•

•

•

•

•

RMB8FLb RMB8 channel fail state 0, 1, P

RMB8PUb RMB8 pickup message count 1–8

RMB8DOb RMB8 dropout message count 1–8

MBTIME MIRRORED BITS time synchronize enable Y, N

MBNUMAN Number of analog data channels

(hidden and set to 0 if MBNUM := 7 or 8)

0–n, 
n = 7–MBNUM

MBANA1c Selection for analog Channel 1 Analog quantity label

MBANA2c Selection for analog Channel 2 Analog quantity label

MBANA3c Selection for analog Channel 3 Analog quantity label

MBANA4c Selection for analog Channel 4 Analog quantity label

MBANA5c Selection for analog Channel 5 Analog quantity label

MBANA6c Selection for analog Channel 6 Analog quantity label

MBANA7c Selection for analog Channel 7 Analog quantity label

MBNUMVT Number of virtual terminal channels OFF, 0–n,
n = 7–MBNUM–MBNUMAN

a Must be P for connections to devices that are not SEL-400 series relays.
b Hidden based on MBNUM setting.
c Hidden based on MBNUMAN setting.

Table 15.28 MIRRORED BITS Communications Message Transmission Period

Speed in Bits 
per Second

TXMODE := NORMAL 
MBT := N

TXMODE := PACED 
MBT := N

MBT :=Y

38400 1.0 ms 3.0 ms N/A

19200 2.0 ms 3.0 ms N/A

9600 4.0 ms 4.0 ms 7.0 ms

4800 8.0 ms 8.0 ms N/A

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 2 of 2)

Name Description Range
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SEL Distributed Port Switch Protocol (LMD) 
The relay does not have built-in LMD protocol, but you can connect the relay to 
an SEL-2885 EIA-232 to EIA-485 Transciever and connect the SEL-2885 to an 
EIA-485 multidrop network. See the SEL-2885 EIA-232 to EIA-485 Transceiver 
product flyer for more information on the settings, configuration, and application 
of the SEL-2885. Application Guide AG94-03 provides additional details for 
applying this protocol and is available at selinc.com.

SEL-2600A RTD Module Operation
The SEL-2600A RTD Module Protocol (RTD) enables communication with an 
SEL-2600A via an SEL-2800 (EIA-232 to Fiber-Optic) Transceiver.

NOTE: Not all SEL-400 series relays 
support communication with 
SEL-2600A RTD Modules.

                    

This protocol supports data acquisition of as many as 12 temperature channels 
and places the results directly into predefined analog quantities (RTD01–RTD12) 
inside the relay for use in freeform SELOGIC applications. For more information 
on the SEL-2600A or SEL-2800, contact your local technical service center, the 
SEL factory, or visit the SEL website at selinc.com for a copy of the SEL-2600A 
and SEL-2800 product fliers.

Initialization
Perform the following steps to prepare the relay for communicating with an 
SEL-2600A RTD module:

Step 1. Set the desired port to RTD protocol.

Step 2. Set the port setting RTDNUM to the number of RTDs attached to the 
SEL-2600A.

Step 3. Set the RTD type settings (RTDnnTY) to the appropriate RTD type.

Step 4. Connect the SEL-2600A RTD Module to the port via the SEL-2800 
(EIA-232 to Fiber-Optic) Transceiver.

Table 15.29 MIRRORED BITS Communications ID Settings for Three-Terminal 
Application

Relay TX_ID RX_ID

X 1 3

Y 2 1

Z 3 2

                    

Figure 15.10 SEL-2600A RTD Module and the Relay

RTD

RTD

SEL-2600A
RTD Module

SEL-2800 Relay

https://selinc.com/
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Operation
The SEL-2600A RTD module sends all temperature measurements to the relay 
every 0.5 seconds. The relay places the received temperature measurements into 
analog quantities RTD01–RTD12 for use in freeform SELOGIC applications. The 
data range is from –50 to +250 °C.

NOTE: When a channel status bit is 
not asserted, the data in the 
respective analog quantity is the last 
valid temperature, not the current 
temperature.

If the relay stops receiving valid analog quantities from a certain channel, the 
temperature stored in the relay freezes at the last received value. Fifteen status 
bits help supervise decisions based on temperature measurements. Table 15.30 
describes how to interpret the status bits.

                    

To view the temperature measurements received from the SEL-2600A, issue the 
MET T command, as depicted in Figure 15.11.

                    

The MET T command displays the following messages:

➤ Channel Failure: This message is displayed for each channel whose 
channel status bit is not asserted.

➤ Channel Not Used: This message is displayed for each channel 
whose channel type is set to NA.

When there is a status problem with the SEL-2600A RTD module, the MET T 
command will respond with an informational message, as shown in Figure 15.12.

                    

The four possible messages for status problems, with their interpretation, are 
indicated in Table 15.31.

Table 15.30 RTD Status Bits

RTD Status Bit Description

RTDFL Asserts if the SEL-2600A experiences an internal problem.

RTDCOMF Asserts if the relay does not receive a valid measurement from the 
SEL-2600A for 1.25 seconds.

RTD01ST–RTD12ST Assert when an RTD is attached to a channel and the SEL-2600A is 
able to read RTD.

RTDIN SEL-2600 input status bit. Asserts when the SEL-2600 is healthy and 
the received data indicates the assertion of the input.

=>>MET T <Enter>
Relay 1                                    Date: 03/17/2023  Time: 13:42:13.220
Station A                                  Serial Number: 1230769999
RTD Input Temperature Data (deg. C)
RTD  1 = -48

RTD  2 = Channel Failure
RTD  3 =   0
RTD  4 =  24
RTD  5 = Channel Not Used
RTD  6 =  72
RTD  7 = Channel Failure
RTD  8 = 120

RTD  9 = Channel Not Used
RTD 10 = 168
RTD 11 = 192
RTD 12 = 216

Figure 15.11 MET T Command Response

=>>MET T
SEL-2600 Failure

Figure 15.12 MET T Command Response for Status Problem

NOTE: In some SEL-400 series 
relays, you must use MET RTD instead 
of MET T.
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Direct Networking Example
This example demonstrates direct networking to the relay through use of the 
Ethernet card. Figure 15.13 shows the Ethernet network topology. This examples 
uses an SEL-421, but the same concepts apply to any SEL-400 series relay.

                    

Application
The Ethernet network is used primarily for an engineering connection to the 
devices in the substation either across the WAN or from the local computer. The 
engineer can use FTP to collect settings, oscillography, and other file data directly 
from the SEL-421 Relays. The engineer can also use Telnet to establish a termi-
nal connection to the SEL-421 Relays or through the SEL-3530 to one of the 
serial IEDs to configure these devices or obtain diagnostic information. The 
SEL-3530 provides IRIG-B time synchronization to all the IEDs via a serial con-
nection.

Table 15.31 MET T Command Status Messages

Message Interpretation

SEL-2600 Failure RTDFL status bit asserted

Communication Failure RTDCOMF status bit asserted

No data available Port Protocol not set to RTD

Channel Failure RTDxxST status bit deasserted

                    

Figure 15.13 Example Direct Networking Topology
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Settings
This example focuses on the relay labeled Line 1 shown in Figure 15.13. Port 5 
settings for the SEL-421 configure the Ethernet card. Port 5 settings for this 
example are shown in Table 15.32.

                    

FTP Session
Figure 15.14 is a screen capture of an FTP session with the relay. The FTP client 
used for this example is included with the Windows operating system and acces-
sible through a command prompt window. The operator connects to the relay, 
moves to the SETTINGS directory, and collects the Port 5 settings. Figure 15.14 
shows a portion of the Port 5 settings in the SET_P5.TXT file.

Table 15.32 SEL-421 Port 5 Direct Networking Settings

Setting Name Setting Description

BUSMODEa INDEPEND Bus operating mode

EINTFa CD Enable interface

IPADDR 10.201.0.112/16 IP network address

DEFRTR 10.201.0.1 Default router

ETCPKA N Disable TCP keep-alive functionality

KAIDLE 10 Length of time to wait with no detected activity before sending a keep-alive packet 
(must be greater than or equal to KAINTV)

KAINTV 1 Length of time to wait between sending keep-alive packets after receiving no response 
for the prior keep-alive packet (must be less than or equal to KAIDLE)

KACNT 6 Maximum number of keep-alive packets to send

NETPORT C Primary network port selected to PORT 5C

NETCSPDb A Automatically detect network speed on PORT C

FTPSERV Yc Enabled FTP server

FTPCBAN FTP SERVER: FTP connect banner

FTPIDLE 5 FTP connection time-out in minutes

FTPANMS N Anonymous login disabled so that passwords are required for all FTP users

FTPAUSR “” Host user from which anonymous FTP client inherits access rights—not used in this 
application

ETELNET Yc Enable Telnet server

TCBAN HOST TERMINAL SERVER: Host Telnet connect banner

TPORT 23 Host Telnet TCP/IP port

TIDLE 5 Telnet connection time-out in minutes

a Five-port Ethernet card only.
b Not applicable for fiber ports.
c Set to CD when using the five-port Ethernet card.
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C:\>ftp 10.201.0.112 <Enter>
Connected to 10.201.0.112.
220 FTP SERVER:
User (10.201.0.112:(none)): 2AC
331 User name okay, need password.
Password:
230 User logged in, proceed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
CFG.TXT
CFG.XML
EVENTS
REPORTS
SETTINGS
SWCFG.ZIP

SYNCHROPHASORS
226 Closing data connection.
ftp: 72 bytes received in 0.00Seconds 72.00Kbytes/sec.
ftp> cd SETTINGS
250 CWD  requested file action okay, completed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
BAY_SCREEN.TXT
ERR.TXT

SET_A1.TXT
SET_A10.TXT
SET_A2.TXT
SET_A3.TXT
SET_A4.TXT
SET_A5.TXT
SET_A6.TXT
SET_A7.TXT
SET_A8.TXT
SET_A9.TXT
SET_ALL.TXT

SET_B1.TXT
SET_D1.TXT
SET_D2.TXT
SET_D3.TXT
SET_D4.TXT
SET_D5.TXT
SET_F1.TXT
SET_G1.TXT
SET_L1.TXT
SET_L2.TXT
SET_L3.TXT
SET_L4.TXT
SET_L5.TXT
SET_L6.TXT

SET_N1.TXT
SET_O1.TXT
SET_P1.TXT
SET_P2.TXT
SET_P3.TXT
SET_P5.TXT
SET_PF.TXT
SET_R1.TXT
SET_S1.TXT
SET_S2.TXT
SET_S3.TXT
SET_S4.TXT
SET_S5.TXT
SET_S6.TXT
SET_SM.TXT
SET_T1.TXT

UPGRADE_RPT.TXT
226 Closing data connection.
ftp: 536 bytes received in 0.01Seconds 53.60Kbytes/sec.
ftp> get SET_P5.TXT
200 PORT Command okay.
150 File status okay; about to open data connection.
226 Closing data connection.
ftp: 3853 bytes received in 0.01Seconds 428.11Kbytes/sec.
ftp> quit
221 Goodbye.

C:\>

Figure 15.14 Example FTP Session
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Telnet Session
This section contains screen captures of a Telnet session with the Line 1 
SEL-421. The Telnet application is included with the Windows operating system. 
Figure 15.16 shows the login dialog box and the entries required to connect to the 
SEL-421.
                    

Figure 15.17 is a screen capture of a Telnet session with the relay. The operator 
connects to the relay, and displays the Port 5 settings. Only a portion of the Port 5 
settings are shown.

[INFO]
RELAYTYPE=SEL
FID=SEL-421-X045-V0-Z001001-D20010106
BFID=SLBT-CFS-X000
PARTNO=SEL-400H1234
[IOBOARDS]
[COMCARDS]
, SEL-2701-X061-V0-Z000000-D20010117, SLBT-2701-X021-V0-Z000000-D20010109, 1
[P5]

"TIMEOUT",5
"AUTO",Y
"FASTOP",N
"TERTIM1",1
"TERSTRN","\005"
"TERTIM2",0

"IPADDR","10.201.0.112"
"SUBNETM","255.255.0.0"
"DEFRTR","10.201.0.1"
"NETPORT","C"
"FAILOVR","N"

"FTIME",5
"NETCSPD","A"
"NETDSPD","A"
"FTPSERV","Y"

"FTPCBAN","FTP SERVER:"
"FTPIDLE",5
"FTPANMS","N"
"FTPAUSR","ACC"

"T1CBAN","HOST TERMINAL SERVER:"
"T1INIT","N"
"T1RECV","Y"
"T1PNUM",23

"T2CBAN","CARD TERMINAL SERVER:"
"T2RECV","Y"
"T2PNUM",1024
"TIDLE",5
Remaining settings not shown

Figure 15.15 Partial Contents of SET_P5.TXT

                    

Figure 15.16 Telnet Connection Dialog Box
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TERMINAL SERVER:
=ACC <Enter>

Password: ?OTTER <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:08.142
Station A                                  Serial Number: 1230769999

Level 1

=>2AC <Enter>

Password: ?TAIL <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:23.082
Station A                                  Serial Number: 1230769999

Level 2

=>>SHO P 5 <Enter>
Port 5

Protocol Selection

EPORT   := Y        EPAC    := N        MAXACC  := C

SEL Protocol Settings

AUTO    := Y        FASTOP  := N        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Fast Message Read Data Access

FMRENAB := Y        FMRLCL  := N        FMRMTR  := Y        FMRDMND := Y
FMRTAR  := Y        FMRHIS  := N        FMRBRKR := N        FMRSTAT := N
FMRANA  := Y

IP Configuration

IPADDR  := 10.201.0.112/16
DEFRTR  := "10.201.0.1"
ETCPKA  := Y        KAIDLE  := 10       KAINTV  := 1        KACNT   := 6
NETMODE := FIXED    NETPORT := C        NETASPD := AUTO     NETBSPD := AUTO
NETCSPD := AUTO     NETDSPD := AUTO

FTP Configuration

FTPSERV := N

HTTP Server Configuration

EHTTP   := N

Telnet Configuration

ETELNET := Y
TCBAN   := "TERMINAL SERVER:"
TPORT   := 23       TIDLE   := 15

DNP Configuration

EDNP    := 0

Phasor Measurement Configuration

EPMIP   := N

SNTP Protocol Selection

ESNTP   := OFF

PTP Settings

EPTP    := N
=>>QUI <Enter>

Figure 15.17 Example Telnet Session
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DNP3 Communication

The relay provides a DNP3-2009 Level 2 outstation interface for direct network 
connections to the relay. This section covers the following topics:

➤ Introduction to DNP3 on page 16.1

➤ DNP3 in the Relay on page 16.7

➤ DNP3 Documentation on page 16.12

➤ DNP3 Serial Application Example on page 16.26

➤ DNP3 LAN/WAN Application Example on page 16.31

Introduction to DNP3
A SCADA manufacturer-developed DNP3 from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, version 3 of the protocol 
has also become popular for local substation data collection. DNP3 has been 
standardized as IEEE 1815.

Rather than wiring individual input and output points from the station RTU to the 
station IEDs, many stations use DNP3 to convey measurement and control data 
over a single serial or Ethernet cable to the RTU. The RTU then forwards data to 
the offsite master station. By using a data communications protocol rather than 
hard wiring, designers have reduced installation, commissioning, and mainte-
nance costs while increasing remote control and monitoring flexibility.

The DNP User’s Group maintains and publishes DNP3 standards in cooperation 
with IEEE. See the DNP User’s Group website (www.dnp.org) for more informa-
tion on DNP3 standards, implementers of DNP3, and tools for working with 
DNP3.

DNP3 Specifications
DNP3 is a feature-rich protocol with many ways to accomplish tasks. The 
Interoperability section of IEEE 1815 defines four levels of subsets to help 
improve interoperability. The levels are listed in Table 16.1.

                    

Table 16.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communications requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data 

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communications requirements

Large RTUs, SCADA masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA masters
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Each level is a proper superset of the next lower-numbered level. A higher level 
device can act as a master to a lower level device, but can only use the data types 
and functions implemented in the lower level device. For example, a typical 
SCADA master is a Level 3 device and can use Level 2 (or lower) functions to 
poll a Level 2 (or lower) device by using only the data types and functions that 
the lower-level device uses. A lower-level device can also poll a higher-level 
device, but the lower level device can only access the features and data available 
to its level.

Data Handling
Objects

DNP3 uses a system of data references called object types, commonly referred to 
as objects. Each subset level specification requires a minimum implementation of 
objects and also recommends several optional objects. DNP3 objects are specifi-
cations for the type of data the object carries. An object can include a single value 
or more complex data. Some objects serve as shorthand references for collections 
of data or even all data within the DNP3 device.

Each instance of the object includes an index that makes it unique. For example, 
each binary status point (Object 1) has an index. If there are 16 binary status 
points, these points are Object 1, Index 0 through Object 1, Index 15. Note that 
index numbers are 0-based.

Each object also includes multiple versions called variations. For example, 
Object 1 has three variations: 0, 1, and 2. Variation 0 is used to request Object 1 
data from a DNP3 device by using its default variation. Variation 1 is used to 
specify binary input values only and Variation 2 is used to specify binary input 
values with status information.

Each DNP3 device has both a list of objects and a map of object indices. The list 
of objects defines the available objects, variations, and qualifier codes. The map 
defines the indices for objects that have multiple instances and what data or con-
trol points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. DNP3 
terminology describes all points from the perspective of the master. Binary points 
for control that move from the master to the outstation are called binary outputs, 
while binary status points within the outstation are called binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object listing 
for the device shows the permitted function codes for each type of object. The 
most common DNP3 function codes are listed in Table 16.2.

                    

Table 16.2 Selected DNP3 Function Codes

Function Code Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a select-before-execute operate

4 Execute Second part of a select-before-execute operate

5 Direct operate One-step operation with acknowledgment

6 Direct operate, no ack. One-step operation with no acknowledgment
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range speci-
fies the indices of the objects of interest. DNP3 masters use qualifier codes to 
compose the shortest, most concise message possible when requesting points 
from a DNP3 remote device.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses two 
bytes. An example request using qualifier code 01 might have the four-hexadeci-
mal byte range field, 00h 04h 00h 10h, that specifies points in the range 4–16.

Access Methods
DNP3 has many features that help it obtain maximum possible message effi-
ciency. DNP3 Masters send requests with the least number of bytes by using spe-
cial objects, variations, and qualifiers that reduce the message size. Other features 
eliminate the continual exchange of static (unchanging) data values. These fea-
tures optimize use of bandwidth and maximize performance over a connection of 
any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit val-
ues that have not changed. Event data are time-stamped records that show when 
observed measurements changed. For binary points, the outstation device logs 
changes from logical 1 to logical 0 and from logical 0 to logical 1. For analog 
points, the remote device logs changes that exceed a deadband. DNP3 outstation 
devices collect event data in a buffer that either the master can request or the 
device can send to the master without a request message. Data sent from the out-
station to the master without a polling request are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved for 
reading the present value (static data). Classes 1, 2, and 3 are event data classes. 
The meaning of Classes 1 to 3 is arbitrary and defined by the application at hand. 
With remotes that contain great amounts of data or in large systems, the three 
event classes provide a framework for prioritizing different types of data. For 
example, you can poll once a minute for Class 1 data, once an hour for Class 2 
data, and once a day for Class 3 data.

Class 0 polling is also known as static polling, or simple polling of the present 
value of data points within the outstation. By combining event data polls, unsolic-
ited messaging, and static polling, you can operate your system in one of the four 
access methods shown in Table 16.3.

The access methods listed in Table 16.3 are in order of increasing communica-
tions efficiency. With various tradeoffs, each method is less demanding of com-
munications bandwidth than the previous one. For example, unsolicited report-
by-exception consumes less communications bandwidth because of the elimina-
tion of polling messages from the master required by polled report-by-exception. 
You must also consider overall system size and the volume of data communica-
tion expected to properly evaluate which access method provides optimum per-
formance for your application.
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Binary Control Operations
DNP3 masters use the Object 12 control relay output block to perform binary 
control operations. The control relay output block has both a trip/close selection 
and a code selection. The trip/close selection allows a single index to operate two 
related control points, such as trip and close or raise and lower. Trip/close pair 
operation is not recommended for new DNP3 devices, but is often included for 
interoperability with older DNP3 master implementations.

The control relay output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited sub-
set of the possible combinations of the code field. Sometimes, DNP3 outstations 
assign special operation characteristics to the latch and pulse selections.

Conformance Testing
In addition to the protocol specifications, the DNP User’s Group has approved 
conformance testing requirements for all levels of outstation devices. Some 
implementers perform their own conformance specification testing, while some 
contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and remote will be 
fully interoperable (work together properly for all implemented features). Con-
formance testing does help to standardize the testing procedure and move the 
DNP3 implementers toward a higher level of interoperability. 

DNP3 Serial Network Issues
You can build a DNP3 network by using either a multidrop or star topology. Each 
DNP3 network has one or more DNP3 masters and DNP3 outstations. 
Figure 16.1 shows the DNP3 multidrop network topology. 

                    

Table 16.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only.

Polled report-by-
exception

Master polls frequently for event data and occasionally for Class 0 
data.

Unsolicited report-by-
exception

Remote devices send unsolicited event data to the master, and the 
master occasionally polls for Class 0 data.

Quiescent Master never polls and relies on unsolicited reports only.

                    

Figure 16.1 DNP3 Multidrop Network Topology

Master

Remote 2Remote 1 Remote n
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Figure 16.2 shows the DNP3 star network topology.

                    

DNP3 multidrop networks that are used within substations often use an EIA-485 
physical layer. The multidrop network is vulnerable to the failure of a single 
transmitter. If any one transmitter fails in a state that disrupts signals on the net-
work, the network will fail. The DNP3 star network topology eliminates the net-
work transmitters and other single points of failure related to the physical 
medium.

If you are planning either a DNP3 star or multidrop network topology, you 
should consider the benefits of including an SEL communications processor such 
as the SEL-2032 or SEL-3530 RTAC in your design. A network with a communi-
cations processor is shown in Figure 16.3. A DNP3 network that includes a com-
munications processor has a lower data latency and shorter scan time than 
comparable networks through two primary mechanisms. First, the communica-
tions processor collects data from all remotes in parallel rather than one-by-one. 
Second, the master can collect all data with one message and response, drasti-
cally reducing message overhead.

                    

In the communications processor DNP3 network, you can also collect data from 
devices that do not support the DNP3 protocol. SEL communications processors 
can collect data and present it to the master as DNP3 data regardless of the proto-
col between the SEL communications processor and the remote device.

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (open systems inter-
connect) model called the enhanced performance architecture. The layer defini-
tion helps to categorize functions and duties of various software components that 
make up the protocol. The middle layer, the data link layer, includes several func-
tions for error checking and media access control.

                    

Figure 16.2 DNP3 Star Network Topology

                    

Figure 16.3 DNP3 Network With Communications Processor

Master

Remote 2Remote 1 Remote n

Master

Remote 2Remote 1 Remote n

Communications 
Processor



16.6

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
Introduction to DNP3

A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this fea-
ture helps you recognize a failed device or failed communications link quickly, it 
also adds significant overhead to the DNP3 conversation. Consider for your indi-
vidual application whether you require this link integrity function at the expense 
of overall system speed and performance.

The DNP3 specification recommends against using data link confirmations 
because these processes can add to traffic in situations where communications 
are marginal. The increased traffic will reduce connection throughput further, 
possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single network medium, you 
must provide a mechanism to resolve the resulting network medium contention. 
For example, unsolicited reporting results in network medium contention if you 
do not design your network as a star topology of point-to-point connections or 
use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a col-
lision avoidance feature. Before sending a message, a DNP3 device listens for a 
carrier signal to verify that no other node is transmitting data. The device trans-
mits if there is no carrier or waits for a random time before rechecking for a car-
rier signal. However, if two nodes both detect a lack of carrier at the same instant, 
these two nodes could begin simultaneous transmission of data and cause a data 
collision. If your network allows for spontaneous data transmission including 
unsolicited event data transmissions, you also must use application confirmation 
to provide a retry mechanism for messages lost as a result of data collisions.

DNP3 LAN/WAN Considerations
The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the transport 
layer frames of the IP suite. This allows the IP stack to deliver the DNP3 data link 
layer frames to the destination in place of the original DNP3 physical layer. The 
DNP User’s Group Technical Committee has recommended the following guide-
lines for carrying DNP3 over a network:

➤ DNP3 shall use the IP suite to transport messages over a LAN/WAN

➤ Ethernet is the recommended physical link, though others may be 
used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP may be used for highly reliable single segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is used 
for either TCP or UDP.

The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table 16.4.



16.7

Date Code 20230830 Instruction Manual SEL-400 Series Relays

DNP3 Communication
DNP3 in the Relay

                    

DNP3 in the Relay
The relay is a DNP3-2009 Level 2 outstation device. The relay DNP3 interface 
has the capabilities summarized in Table 16.5.

                    

Data Access
You can use any of the data access methods listed in Table 16.6. Table 16.6 also 
lists the relay DNP3 settings. You must configure the DNP3 master for the data 
access method you select.

Table 16.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data (CDPD) X

Low-priority data, for example, data monitor or configuration information X

Table 16.5 Relay DNP3 Feature Summary

Feature Application

DNP3 event data reporting More efficient polling through event collection or unsolic-
ited data

Time-tagged events Time-stamped SER data

Control output relay blocks Operator-initiated control

Write analog set point Change the active protection settings group

Time synchronization Set the relay time from the master station or automatically 
request time synchronization from the master

Custom mapping Increase communications efficiency by organizing data and 
reducing available data to what you need for your applica-
tion

Modem support Reduce the cost of the communications channel by either 
master dialing to relay or relay dialing to master

Analog deadband settings per 
session

Deadbands may be set to different values per session 
depending on desired application

Virtual Terminal Provides engineering access for configuration, diagnostics, 
and other tasks over the existing DNP3 connection

TEST DB2 command Test DNP3 protocol interface without disturbing protection

Support for Object 0 Device 
Attributes

Provides Device Attributes (Device ID, Number of binary, 
analog and counter points, Manufacturer information, etc.) 
for the device specific to the current connected DNP3 ses-
sion in use

XML DNP3 Device Profile 
Document

The DNP3 Device Profile document contains the complete 
information on DNP3 Protocol support in the relay. This 
information is available in XML format.
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In both the unsolicited report-by-exception and quiescent polling methods shown 
in Table 16.6, you must make a selection for the PUNSOL setting. This setting 
enables or disables unsolicited data reporting when you turn the relay on. If your 
master can send the DNP3 message to enable unsolicited reporting from the 
relay, you should set PUNSOL to No.

NOTE: The DNP3 LAN/WAN settings 
have names similar to the serial port 
settings above, but include the session 
number n as a suffix ranging from 1 to 
6 (for example, CLASSB1, UNSOL1, 
PUNSOL1). All settings with the same 
numerical suffix comprise the 
complete DNP3 LAN/WAN session 
configuration.

While automatic unsolicited data transmission on power-up is convenient, prob-
lems can result if your master is not prepared to start receiving data immediately 
when you turn on the relay. If the master does not acknowledge the unsolicited 
data with an application confirm, the relay will resend the data until it is acknowl-
edged. On a large system, or in systems where the processing power of the master 
is limited, you may have problems when several outstations simultaneously begin 
sending data and waiting for acknowledgment messages.

Collision Avoidance
If your application requires unsolicited reporting from multiple devices on a sin-
gle (serial) network medium, you must select a half-duplex medium or a medium 
that supports carrier detection to avoid data collisions. EIA-485 two-wire net-
works are half-duplex. EIA-485 four-wire networks do not provide carrier detection.

The relay uses application confirmation messages to guarantee delivery of unso-
licited event data before erasing the local event data buffer. Data collisions are 
typically resolved when messages are repeated until confirmed.

The relay pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. If you use the settings of 0.10 seconds for MAXDLY and 0.05 seconds for 
MINDLY, the relay will insert a random delay of 50 to 100 ms (milliseconds) 
between the end of carrier detection and the start of data transmission.

Transmission Control
If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio sys-
tem for your serial DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay between 
RTS signal control and data transmission. For example, an EIA-485 transceiver 
typically requires 10–20 ms to change from receive to transmit. If you set the pre-
delay to 30 ms, you will avoid data loss resulting from data transmission begin-
ning at the same time as RTS signal assertion.

Table 16.6 DNP3 Access Methods

Access Method Master Polling Relay Settings

Polled static Class 0 Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to OFF, UNSOL to N.

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, UNSOL to N.

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently, 
mainly relies on unsolicited 
messages

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, set UNSOL to Y and PUN-
SOL to Y or N.

Quiescent Class 0, 1, 2, 3 never, relies 
completely on unsolicited 
messages

Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to the desired event class, set 
UNSOL and PUNSOL to Y.

NOTE: Because unsolicited 
messaging only operates properly in 
some situations, for maximum 
performance and minimum risk of 
configuration problems, SEL 
recommends the polled report-by-
exception access method.
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Event Data
DNP3 event data objects contain change-of-state and time-stamp information 
that the relay collects and stores in a buffer. You can configure the relay to either 
report the data without a polling request from the master (unsolicited data) or 
hold the data until the master requests it with an event poll message.

With the event class settings ECLASSB, ECLASSC, ECLASSA, and ECLASSV 
you can set the event class for binary, counter, analog, and virtual terminal infor-
mation. You can use the classes as a simple priority system for collecting event 
data. The relay does not treat data of different classes differently with respect to 
unsolicited messages, but the relay does allow the master to perform independent 
class polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. Confirm 
that the polling configuration of your 
master allows independent polling for 
each class before implementing 
separate classes in the relay.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in DNP3 Settings—
Custom Maps on page 12.19. You can either set and use default deadband and 
scaling according to data type or use a custom data map to select deadbands on a 
point-by-point basis. See Configurable Data Mapping on page 16.23 for a dis-
cussion of how to set scaling and deadband operation on a point-by-point basis.

The serial port settings ANADBA, ANADBV, and ANADBM (ANADBAn, 
ANADBVn, and ANADBMn for Ethernet port settings on session n) control 
default deadband operation for the specified data type. Because DNP3 Objects 30 
and 32 use integer data by default, you can use scaling to send digits after the 
decimal point and avoid truncating to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling setting 
of 1, the value transmitted is 126. With a scaling setting of 3, the value transmit-
ted is 12632. You must make certain that the maximum value does not exceed 
32767 if you are polling the default 16-bit variations for Objects 30 and 32, but 
you can send some decimal values by using this technique. You must also config-
ure the master to perform the appropriate division on the incoming value to dis-
play it properly.

Set the default analog value scaling with the DECPLA, DECPLV, and DECPLM 
settings (DECPLAn, DECPLVn, and DECPLMn for Ethernet port settings on 
session n). Application of event reporting deadbands occurs after scaling in the 
DECPLA, DECPLV, and DECPLM. For example, if you set DECPLA to 2 and 
ANADBA to 10, a measured current of 10.14 amperes would be scaled to the 
value 1014 and would have to increase to more than 1024 or decrease to less than 
1004 (a deadband of 0.2 amperes) for the relay to report a new event value.

The relay uses the NUMEVE and AGEEVE settings (NUMEVEn and AGEEVEn 
Ethernet port settings for session n) to decide when to send unsolicited data to the 
master. The relay sends an unsolicited report when the total number of events 
accumulated in the event buffer reaches NUMEVE. The relay also sends an unso-
licited report if the age of the oldest event in the buffer exceeds AGEEVE. The 
relay has the buffer capacities listed in Table 16.7.

                    

Table 16.7 Relay Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog One event per analog input in the DNP3 Map

Counters One event per counter input in the DNP3 Map

Virtual Terminal Objects 5



16.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 in the Relay

Binary Controls
The relay provides more than one way to control individual points within the 
relay. The relay maps incoming control points either to remote bits within the 
relay or to internal command bits that cause circuit breaker operations.

NOTE: The port setting DNPCL (or 
DNPCLn for DNP3 LAN/WAN session 
n) must be set to Y to enable binary 
controls for the DNP3 session. Binary 
Output Status requests (Object 10, 
Variation 2) and Class 0 requests will 
have no Binary Outputs in the 
response unless DNPCL := Y.

A DNP3 technical bulletin (Control Relay Output Block Minimum Implementa-
tion 9701-002) recommends that you use one point per Object 12, control block 
output relay. You can use this method to perform pulse on, latch on, and latch off 
operations on selected remote bits.

If your master does not support the single-point-per-index messages or single-
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page 16.20.

Time Synchronization
The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time syn-
chronization in the event the relay loses primary synchronization through the 
IRIG-B TIME input or some other high-accuracy source. 

Enable time synchronization with the TIMERQ setting (TIMERQn for DNP3 
LAN/WAN Session n) and use Object 50, Variation 1, and Object 52, Variation 2 
(Object 50, Variation 3 for DNP3 LAN/WAN), to set the time via a DNP3 master.

TIMERQ can be set in one of three ways:

➤ A numeric setting of 1–32767 minutes specifies the rate at which the 
relay shall request a time synchronization.

➤ A setting of M disables the relay from requesting a time 
synchronization, but still allows the relay to accept and apply time 
synchronization messages from the master.

➤ A setting of I disables the relay from requesting a time 
synchronization, and sets the relay to ignore time synchronization 
messages from the master.

Effective January 1, 2008, the DNP3 standard requires that DNP3 time corre-
spond to Coordinated Universal Time (UTC). To help ease into the transition to 
this standard, you can use the DNPSRC Global setting to determine whether the 
relay will use local or UTC time for DNP3.

When requesting time synchronization with DNPSRC := UTC, the relay will 
treat incoming DNP3 time-set messages as UTC time. All DNP3 event time-
stamps (binary input changes with time, analog input changes with time, etc.) 
will be in UTC time.

When requesting time synchronization with DNPSRC := LOCAL, the relay will 
treat incoming time set by the DNP3 master as local time. All DNP3 event time-
stamps will be in local time.

When setting the time with local time, there is an ambiguity during the last hour 
of daylight-saving time (DST) and to resolve this ambiguity, if the relay accepts a 
Time Set request in this hour, it will assume the time is in DST.
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Modem Support
The relay DNP3 implementation includes modem support. Your DNP3 master 
can dial-in to the relay and establish a DNP3 connection. The relay can automati-
cally dial out and deliver unsolicited DNP3 event data. When the relay dials out, 
it waits for the CONNECT message from the local modem and for assertion of 
the relay CTS line before continuing the DNP3 transaction. This requires a con-
nection from the modem DCD to the relay CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
relay to other devices.

Either connect the modem to a computer and configure it before connecting it to 
the relay, or program the appropriate modem setup string in the modem startup 
string setting MSTR. Use the PH_NUM1 setting to set the phone number that 
you want the relay to dial. The relay will automatically send the ATDT modem 
dial command and then the contents of the PH_NUM1 setting when dialing the 
modem. PH_NUM1 is a text setting that must conform to the AT modem com-
mand set dialing string standard. Use a comma (,) for a pause of four seconds. 
You may need to include a nine to reach an outside line or a one if the number 
requires long distance access. You can also insert other special codes your tele-
phone service provider designates for block call waiting and other telephone line 
features.

The relay supports backup dial-out to a second phone number. If PH_NUM2 is 
set, the RETRY1 setting is used to configure the number of times the relay tries 
to dial PH_NUM1 before dialing PH_NUM2. Similarly, the RETRY2 setting 
configures the number of times the relay tries to dial PH_NUM2 before trying 
PH_NUM1. MDTIME sets the length of time from initiating the call to declaring 
it failed because of no connection, and MDRET sets the time between dial-out 
attempts.

DNP3 Settings
DNP3 configuration involves both Global (SET G) and Port (SET P) settings. 
The Global settings govern behavior for all DNP3 sessions, serial or LAN/WAN. 
The Port settings apply to specific DNP3 sessions only.

There are two Global settings that directly configure DNP3. These settings, EVE-
LOCK and DNPSRC, define the behavior of Fault Summary event retrieval and 
the DNP3 session time base. See Reading Relay Event Data on page 16.21 for 
more information on EVELOCK. The DNPSRC setting can be either LOCAL or 
UTC (default). See Time Synchronization on page 16.10 for more information on 
the DNPSRC setting.

The DNP3 protocol settings are shown in Table 12.9 and Table 12.23. The DNP3 
protocol settings are in the port settings for the port that you select for the DNP3 
protocol. You can use DNP3 on any of the serial ports (PORT F and PORT 1–
PORT 3) or Ethernet port (PORT 5), but you can only enable DNP3 on one 
serial port at a time. You may enable as many as six DNP3 sessions over Ether-
net, independent of the number of serial DNP3 sessions enabled.

Warm Start and Cold Start
The DNP3 function codes for warm start and cold start reset the relay serial port 
or DNP3 Ethernet session. These function codes do not interrupt protection pro-
cesses within the relay.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must set the 
port data speed slower than the 
effective data rate of the modem.
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Testing
Use the TEST DB2 command to test the data mapping from the relay to your 
DNP3 master. You can use the TEST DB2 command to force DNP3 values by 
object type and label. Although the relay reports forced values to the DNP3 host, 
these values do not affect protection processing within the relay. The TEST DB2 
command operates by object type and label, so it works equally well with custom 
mapping and the default DNP3 maps. See TEST DB2 on page 14.65 for more 
information.

When you are using the TEST DB2 command to test DNP3 operation, the Relay 
Word bit TESTDB2 will be asserted to indicate that test mode is active. The 
DNP3 status bit will also show forced status for any object variations that include 
status.

DNP3 Documentation
Object List

Table 16.8 lists the objects and variations with supported function codes and 
qualifier codes available in the relay. The list of supported objects conforms to 
the format laid out in the DNP3 specifications and includes both supported and 
unsupported objects. Those that are supported include the function and qualifier 
codes. The objects that are not supported are shown without any corresponding 
function and qualifier codes.

                    

NOTE: The TEST DB2 command will 
override the state of all instances of 
the forced bit or value for all active 
protocols. This includes DNP3 serial 
and LAN/WAN and IEC 61850 GOOSE 
and Manufacturing Message 
Specification (MMS). Before using the 
command, take precautions to ensure 
against unintended operations from 
inadvertent messages sent as the 
result of a TEST DB2 override, for 
example, a bit used to trip a breaker 
on a remote relay via IEC 61850 
GOOSE.

Table 16.8 Relay DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes

0 211 Device attributes—User-specific sets of attributes 1 0 129 0, 17

0 212 Device attributes—Master data set prototypes 1 0 129 0, 17

0 213 Device attributes—Outstation data set prototypes 1 0 129 0, 17

0 214 Device attributes—Master data sets 1 0 129 0, 17

0 215 Device attributes—Outstation data sets 1 0 129 0, 17

0 216 Device attributes—Max. binary outputs per request 1 0 129 0, 17

0 219 Device attributes—Support for analog output events 1 0 129 0, 17

0 220 Device attributes—Max. analog output index 1 0 129 0, 17

0 221 Device attributes—Number of analog outputs 1 0 129 0, 17

0 222 Device attributes—Support for binary output events 1 0 129 0, 17

0 223 Device attributes—Max. binary output index 1 0 129 0, 17

0 224 Device attributes—Number of binary outputs 1 0 129 0, 17

0 225 Device attributes—Support for frozen counter events 1 0 129 0, 17

0 226 Device attributes—Support for frozen counters 1 0 129 0, 17

0 227 Device attributes—support for counter events 1 0 129 0, 17

0 228 Device attributes—Max. counter index 1 0 129 0, 17

0 229 Device attributes—Number of counters 1 0 129 0, 17

0 230 Device attributes—Support for frozen analog inputs 1 0 129 0, 17

0 231 Device attributes—Support for analog input events 1 0 129 0, 17
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0 232 Device attributes—Max. analog input index 1 0 129 0, 17

0 233 Device attributes—Number of analog inputs 1 0 129 0, 17

0 234 Device attributes—Support for double-bit events 1 0 129 0, 17

0 235 Device attributes—Max. double-bit binary index 1 0 129 0, 17

0 236 Device attributes—Number of double-bit binaries 1 0 129 0, 17

0 237 Device attributes—Support for binary input events 1 0 129 0, 17

0 238 Device attributes—Max. binary input index 1 0 129 0, 17

0 239 Device Attributes—Number of binary inputs 1 0 129 0, 17

0 240 Device attributes—Max. transmit fragment size 1 0 129 0, 17

0 241 Device attributes—Max. receive fragment size 1 0 129 0, 17

0 242 Device attributes—Device manufacturer’s software version 1 0 129 0, 17

0 243 Device attributes—Device manufacturer’s hardware version 1 0 129 0, 17

0 245 Device attributes—User-assigned location name 1 0 129 0, 17

0 246 Device attributes—User-assigned ID code/number 1 0 129 0, 17

0 247 Device attributes—User-assigned device name 1 0 129 0, 17

0 248 Device attributes—Device serial number 1 0 129 0, 17

0 249 Device attributes—DNP3 subset and conformance 1 0 129 0, 17

0 250 Device attributes—Device manufacturer’s product name 
and model

1 0 129 0, 17

0 252 Device attributes—Device manufacturer’s name 1 0 129 0, 17

0 254 Device attributes—Non-specific all attributes request 1 0, 6 129 0, 17

0 255 Device attributes—List of attribute variations 1 0, 6 129 0, 17

1 0 Binary input—All variations 1 0, 1, 6, 7, 8, 
17, 28

1 1 Binary input 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

1 2a Binary input with status 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

2 0 Binary input change—All variations 1 6, 7, 8

2 1 Binary input change without time 1 6, 7, 8 129 17, 28

2 2 Binary input change with time 1 6, 7, 8 129, 130 17, 28

2 3 Binary input change with relative time 1 6, 7, 8 129 17, 28

10 0 Binary output—All variations 1 0, 1, 6, 7, 8

10 1 Binary output

10 2a Binary output status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control block—All variations

12 1 Control relay output block 3, 4, 5, 6 17, 28 129 echo of 
request

12 2 Pattern control block 3, 4, 5, 6 7 129 echo of 
request

12 3 Pattern mask 3, 4, 5, 6 0, 1 129 echo of 
request

Table 16.8 Relay DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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20 0 Binary counter—All variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 1 32-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 2 16-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 3 32-Bit delta counter

20 4 16-Bit delta counter

20 5 32-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 6a 16-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 7 32-Bit delta counter without flag

20 8 16-Bit delta counter without flag

21 0 Frozen counter—All variations

21 1 32-Bit frozen counter

21 2 16-Bit frozen counter

21 3 32-Bit frozen delta counter

21 4 16-Bit frozen delta counter

21 5 32-Bit frozen counter with time of freeze

21 6 16-Bit frozen counter with time of freeze

21 7 32-Bit frozen delta counter with time of freeze

21 8 16-Bit frozen delta counter with time of freeze

21 9 32-Bit frozen counter without flag

21 10 16-Bit frozen counter without flag

21 11 32-Bit frozen delta counter without flag

21 12 16-Bit frozen delta counter without flag

22 0 Counter change event—All variations 1 6, 7, 8

22 1 32-Bit counter change event without time 1 6, 7, 8 129 17, 28

22 2a 16-Bit counter change event without time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit delta counter change event without time

22 4 16-Bit delta counter change event without time

22 5 32-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 6 16-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 7 32-Bit delta counter change event with time

22 8 16-Bit delta counter change event with time

23 0 Frozen counter event—All variations

23 1 32-Bit frozen counter event without time

23 2 16-Bit frozen counter event without time

23 3 32-Bit frozen delta counter event without time

23 4 16-Bit frozen delta counter event without time

Table 16.8 Relay DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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23 5 32-Bit frozen counter event with time

23 6 16-Bit frozen counter event with time

23 7 32-Bit frozen delta counter event with time

23 8 16-Bit frozen delta counter event with time

30 0 Analog input—All variations 1 0, 1, 6, 7, 8, 
17, 28

30 1b 32-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 2b 16-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129, 130 0, 1, 17, 28

30 3b 32-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 4b 16-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 5b Single-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 6b Double-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

31 0 Frozen analog input—All variations

31 1 32-Bit frozen analog input

31 2 16-Bit frozen analog input

31 3 32-Bit frozen analog input with time of freeze

31 4 16-Bit frozen analog input with time of freeze

31 5 32-Bit frozen analog input without flag

31 6 16-Bit frozen analog input without flag

32 0 Analog change event—All variations 1 6, 7, 8

32 1b 32-Bit analog change event without time 1 6, 7, 8 129 17, 28

32 2b 16-Bit analog change event without time 1 6, 7, 8 129, 130 17, 28

32 3 32-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 4 16-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 5b Single-precision floating-point analog change event with-
out time

1 6, 7, 8 129 17, 18

32 6b Double-precision floating-point analog change event 
without time

1 6, 7, 8 129 17, 18

32 7b Single-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

32 8b Double-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

33 0 Frozen analog event—All variations

33 1 32-Bit frozen analog event without time

33 2 16-Bit frozen analog event without time

33 3 32-Bit frozen analog event with time

33 4 16-Bit frozen analog event with time

Table 16.8 Relay DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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34 0 Analog input deadband—All variations 1 0, 1, 6, 7, 8, 
17, 28

34 1 16-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 2a 32-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 3 Single-precision floating-point analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

40 0 Analog output status—All variations 1 0, 1, 6, 7, 8

40 1 32-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2a 16-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Single-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Double-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog output block—All variations

41 1 32-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 2 16-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 3 Single-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 4 Double-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

50 0 Time and date—All variations

50 1 Time and date 1, 2 7, 8 
index = 0

129 07, 
quantity = 1

50 2 Time and date with interval

50 3 Time and date at last recorded time 2 7
quantity = 1

129

51 0 Time and date CTO—All variations

51 1 Time and date CTO 129 07, 
quantity = 1

51 2 Unsynchronized time and date CTO 129 07, 
quantity = 1

52 0 Time delay—All variations

52 1 Time delay, coarse  

52 2 Time delay, fine 129 07, 
quantity = 1

60 0 All classes of data 1, 20, 21, 22 6, 7, 8

60 1 Class 0 data 1, 22 6, 7, 8

60 2 Class 1 data 1, 20, 21, 22 6, 7, 8

60 3 Class 2 data 1, 20, 21, 22 6, 7, 8

60 4 Class 3 data 1, 20, 21, 22 6, 7, 8

70 1 File identifier

80 1 Internal indications 2 0, 1 
index = 4, 7

Table 16.8 Relay DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Device Profile
The DNP3 Device Profile document, available on the supplied DVD or as a 
download from the SEL website, contains the standard device profile information 
for the relay. This information is also available in XML format. Please refer to 
this document for complete information on DNP3 Protocol support in the relay.

Reference Data Map
Table 16.9 shows the common portions of the relay DNP3 reference data map. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete DNP3 reference map for that relay. You can use the 
default map or the custom DNP3 mapping functions of the relay to include only 
the points required by your application.

The entire Relay Word bit table (see Section 11: Relay Word Bits in the product-
specific instruction manual) is part of the DNP3 reference map. You may include 
any label in the Relay Word bit table as part of a DNP3 custom map.

The relay scales analog values by the indicated settings or fixed scaling. Analog 
inputs for event (fault) summary reporting use a default scale factor of 1 and 
deadband of ANADBM. Per-point scaling and deadband settings specified in a 
custom DNP3 map will override defaults.

81 1 Storage object

82 1 Device profile

83 1 Private registration object

83 2 Private registration object descriptor

90 1 Application identifier

100 1 Short floating point

100 2 Long floating point

100 3 Extended floating point

101 1 Small packed binary—Coded decimal

101 2 Medium packed binary—Coded decimal

101 3 Large packed binary—Coded decimal

112 All Virtual terminal output block 2 6

113 All Virtual terminal event data 1 6 129, 130 17, 28

N/A No object required for the following function codes: 

13 cold start 

14 warm start 

23 delay measurement

13, 14, 23

a Default variation.
b Setting AIVAR determines default variation.

Table 16.8 Relay DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Table 16.9 Relay DNP3 Reference Data Map (Sheet 1 of 2)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 LDATPFW Leading true power factor A-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDBTPFW Leading true power factor B-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDCTPFW Leading true power factor C-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LD3TPFW Leading true power factor three-phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 Relay Word Relay Word bit label

Binary Outputs

10, 12 RB01–RBnn Remote bits RB01–RBnna

10, 12 RB01:RB02

RB03:RB04

RB05:RB06 

•

•

•

RBmm:RBnn

Remote bit pairs RB01–RBnna

10, 12 OCm Pulse open Circuit Breaker m commandb

10, 12 CCm Pulse close Circuit Breaker m commandb

10, 12 OCm:CCm Open/close pair for Circuit Breaker mb

10, 12 89OC01–89OCdd Open Disconnect Switch Control 1–ddc

10, 12 89CC01–89CCdd Close Disconnect Switch Control 1–ddc

10, 12 89OC01:89CC01 
89OC02:89CC02 
89OC03:89CC03

•

•

•

89OCdd:89CCdd

Open/close Disconnect Switch Control Pair 1–ddc

10, 12 RST_DEM Reset demandsd

10, 12 RST_PDM Reset demand peaksd

10, 12 RST_ENE Reset energiesd

10, 12 RSTMML Reset min/max metering data for the lined

10, 12 RSTMMBm Reset min/max metering data for Circuit Breaker md

10, 12 RST_BKm Reset Breaker m monitor datad

10, 12 RST_BAT Reset battery monitor datad

10, 12 RST_79C Reset recloser shot counterd

10, 12 RSTFLOC Reset fault location datad

10, 12 RSTTRGT Reset front-panel targetsd
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Device Attributes (Object 0)
Table 16.8 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the relay will send attributes that apply to that par-
ticular DNP3 session. Because the relay supports custom DNP3 maps, these val-
ues will likely be different for each session.

The relay uses its internal settings for the following variations:

➤ Variation 245—SID Global setting

➤ Variation 246—DNPID port setting

➤ Variation 247—RID Global setting

Binary Inputs
Binary inputs (Objects 1 and 2) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. The relay will respond to an Object 2, 
Variation 3 request, but the response will contain no data.

The relay scans binary inputs approximately twice per second to generate DNP3 
change events. When time is reported with these event objects, it is the time at 
which the scanner observed the bit change. This may be significantly delayed 
from when the original source changed and should not be used for sequence-of-
events determination. Binary inputs registered with SER are derived from the 
SER process and carry the time stamp of actual occurrence. Some additional 
binary inputs are available to DNP3, most without SER time stamps. For exam-
ple, RLYDIS is derived from the relay status variable, STWARN and STFAIL are 
derived from the diagnostic task data, and UNRDEV and NUNREV are derived 
from the event queue. Another binary input, STSET, is derived from the SER and 
carries the time stamp of actual occurrence.

10, 12 RSTDNPE Reset (clear) DNP3 event summary AIsd

10, 12 NXTEVE Load next fault event into DNP3 event summary AIs

Binary Counters

20, 22 ACTGRP Active settings group

NOTE: Additional binary counters are relay-specific. See the relay instruction manual to see what counter objects are available.

Analog Inputs

NOTE: The analog inputs available is relay dependent. See the relay instruction manual to determine what analog inputs are available.

Analog Outputs 

40, 41 ACTGRP0 Active settings group

40, 41 TECORRe Time-error preload value

40, 41 RA001–RA256 Remote analogs

a The number of remote bits available, nn, depends on the specific relay. See the relay instruction manual to see how many are available.
b The number of breakers to control and their designations, m, depends on the specific relay. See the relay instruction manual to determine 

which breakers are available.
c The number of disconnect controls, dd, available depends on the relay. See the relay instruction manual to determine how many disconnects 

are supported. Not all SEL-400 series relays support disconnect controls.
d Not all SEL-400 series relays support all of these resets. See the relay instruction manual to see which specific controls are available.
e In milliseconds, –30000  time  30000. When writing to this value, the Relay Word bit PLDTE asserts for approximately 1.5 cycles.

Table 16.9 Relay DNP3 Reference Data Map (Sheet 2 of 2)

Object Label Description
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Binary Outputs
Binary output status (Object 10, Variation 2) is supported as defined by 
Table 16.8. Static reads of points RB01–RBnn, OCm, CCm, 89OC01–89OCdd, 
and 89CC01–89CCdd respond with the online bit set and the state of the 
requested bit. Reads from control-only binary output points (such as the data 
reset controls RSTTRGT and RSTDNPE) respond with the online bit set and a 
state of 0. 

The relay supports control relay output block objects (Object 12, Variation 1). 
The control relays correspond to the remote bits and other functions as shown 
above. Each DNP3 control message contains a trip/close code (TRIP, CLOSE, or 
NUL) and an operation type (PULSE ON, LATCH ON, LATCH OFF, or NUL). 
The trip/close code works with the operation type to produce set, clear, and pulse 
operations.

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, and 
single-point controls follow the complementary latch or activation model. In the 
complementary two-output model, paired points only support close or trip opera-
tions, which, when issued, will pulse on the first or second point in the pair, 
respectively. Latch commands and pulse operations without a trip code are not 
supported. An operation in progress may be canceled by issuing a NUL trip/close 
code with a NUL operation type. Single output points support both pulse and 
latch operations. See Control Point Operation on page 16.20 for details on con-
trol operations.

The status field is used exactly as defined. All other fields are ignored. A pulse 
operation is asserted for a single processing interval. You should exercise caution 
if sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this may result in some of the pulse commands being ignored and the 
return of an already active status message. The relay will only honor the first ten 
points in an Object 12, Variation 1 request. Any additional points in the request 
will return the DNP3 status code TOO_MANY_OBJS.

The relay also supports pattern control blocks (Object 12, Variations 2 and 3) to 
control multiple binary output points. Variation 2 defines the control type (trip/
close, set/clear, or pulse) and the range of points to operate. Variation 3 provides 
a pattern mask that indicates which points in that range should be operated. 
Object 12, Variations 2 and 3 define the entire control command: the DNP3 mas-
ter must send both for a successful control. For example, the DNP3 master sends 
an Object 12, Variation 2 message to request a trip of the range of indices 0–7. 
The DNP3 master then sends an Object 12, Variation 3 message with a hexadeci-
mal value of “BB” as the pattern mask (converted to binary notation: 10111011). 
Read right to left in increasing bit order, the pattern block control command will 
result in a TRIP of indexes 0, 1, 3 to 5, and 7.

Control Point Operation
Use the trip and close, latch on/off and pulse on operations with Object 12 con-
trol relay output block command messages to operate the binary output points. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete table of object 12 controls available in that relay. Pulse 
operations provide a pulse with duration of one protection processing interval. 
Cancel an operation in progress by issuing a NUL trip/close code with a NUL 
operation type.
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Analog Inputs
Analog inputs (Objects 30 and 32) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is defined by the AIVAR 
(AIVARn for DNP3 LAN/WAN session n) setting. Only the Read function code 
(1) is allowed with these objects.

NOTE: Sequence current quantities 
are forced to 0 if the value is below 
0.5 percent of INOM.

Unless otherwise indicated, analog values are reported in primary units. Voltage 
magnitudes below 0.10 volts secondary and current magnitudes below 
0.5 percent of INOM are forced to 0, as are their corresponding angles. Default 
scaling is indicated in the product-specific instruction manual, but default scaling 
can be overridden by per-point scaling in a custom DNP3 map. The DECPLA, 
DECPLV, and DECPLM settings are the default scaling factors (in powers of 10) 
for current magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. See Configurable Data Mapping on page 16.23 for more information.

Default deadbands are also indicated in the product-specific instruction manual 
and may be overridden by per-point deadband configuration. In general, the 
ANADBA, ANADBV, and ANADBM settings are the default deadbands for cur-
rent magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. Deadbands are applied after any custom or default scaling factors. Events 
are generated when values exceed deadbands.

Reading Relay Event Data
The relay provides protective relay event history information in one of two 
modes: single-event or multiple-event access. Each DNP3 session begins in the 
mode specified by Port setting EVEMODn (where n = 1–6 for Ethernet sessions 
and not present for serial sessions). The selected mode is entered when the relay 
is first enabled, when there is a DNP3 settings change, a DNP3 map change, or 
an SER settings change. When EVEMODn = SINGLE, the relay powers up in 
single-event mode. When EVEMODn = MULTI, the relay powers up in multiple-
event mode. A DNP3 session will switch to multiple-event mode if the session 
DNP3 master sends a control to the NXTEVE binary output control point. The 
DNP3 session will revert to the default mode after a power cycle or relay restart.

When a relay event occurs, (TRIP asserts, ER asserts, or TRI asserts) whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP3. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs will be gener-
ated if any of them change beyond their deadband value after scaling (usually 
whenever a new relay event occurs and is loaded into the event summary analog 
inputs). Events are detected approximately twice a second by the scanning process.

The specific fault data available and its encoding is relay-specific. See Section 
10: Communications Interfaces in the product-specific instruction manual for 
information on the relay reports fault data.

Single-Event Mode
Single-event mode provides the most recent tripping event. When a relay event 
occurs and FLOC is in range of MINDIST and MAXDIST, these data regions are 
copied to the DNP3 fault summary analog inputs, generating appropriate DNP3 
events. The relay shall then ignore any subsequent events for EVELOCK (Global 
setting) time. When the EVELOCK setting is zero, single-event mode effectively 
acts as a zero-buffer FIFO queue. In this mode, relay events are presented to gen-
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erate DNP3 events for the fault summary analog inputs as they occur. Fault sum-
mary analog inputs shall be reset to 0 on a rising edge of RSTDNPE (Global 
SELOGIC equation result). The relay element EVELOCK shall be set when a 
relay event is triggered and reset when EVELOCK time expires.

Multiple-Event Mode
Relay multiple-event summary data can be read in two ways: first in, first out 
(FIFO); or last in, first out (LIFO).

See FIFO on page 16.22 and LIFO on page 16.22 below for procedures to 
retrieve relay events that occur when FLOC is in range of MINDIST and MAX-
DIST. Event retrieval as shown below is a manual monitor, control, and poll pro-
cess. A DNP3 master can collect relay event summaries by using event data 
rather than the static data polling described below. For best results, the master 
must control the NXTEVE binary output no faster than once every two seconds 
to load a new event into the event summary analog inputs. If the NXTEVE binary 
output is controlled at a faster rate, some DNP3 events may not be recognized 
and processed by the DNP3 event scanner.

FIFO
Multiple-event FIFO mode shall be initiated if the DNP3 session master operates 
the NXTEVE (next event) control. The master should monitor the UNRDEV 
binary input point, which will be asserted when there is an unread relay event 
summary. The NUNREV bit will also be asserted as long as there remain any 
unread events newer than the currently loaded event summary. To read the oldest 
unread relay event summary, the master should send a close, latch on, or pulse on 
control to the NXTEVE binary output point. This will load the relay event sum-
mary analogs with information from the oldest relay event summary, discarding 
the values from the previous load.

After reading the analogs, the master should again check the UNRDEV binary 
input point, which will be on if there is another unread relay event summary. The 
master should continue this process until the UNRDEV binary input point deas-
serts. If the master attempts to load values by controlling the NXTEVE output 
point when the UNRDEV binary input point is deasserted, the relay event type 
analog (FTYPE) will be loaded with zero. With the FIFO method, the relay event 
summaries will always be collected in chronological order.

LIFO
Multiple-event LIFO mode event summary retrieval is similar to FIFO retrieval, 
with the following difference: to read the newest unread relay event summary, the 
master should send a latch off control to the NXTEVE binary output point. As 
with FIFO retrieval, the master should monitor the UNRDEV binary input to 
determine if there are any unread events. Users must be aware of one caveat with 
LIFO retrieval: if an event occurs while in the process of reading the newest 
event(s) event collection will no longer continue in reverse chronological order. 
The next event read will be the newest event, and will proceed with the next new-
est, but any events that have already been read shall be skipped. The NUNREV 
bit will be asserted if this happens, signifying that the currently loaded event 
summary is no longer the newest event.
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Analog Outputs
Analog outputs (Objects 40 and 41) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is Variation 2. If an invalid value 
is written, the relay will ignore the value without generating an error.

The relay will only honor the first ten points in a request. Any additional points in 
the request will be ignored without generating an error.

Counters
Counters (Object 20 and 22) are supported as defined by Table 16.8. The default 
variation for Object 20 is Variation 6, and Variation 2 is the default for Object 22. 
Counters shall only support the Read function code (1). A Read of Object 21 will 
receive a Null response. The default deadband is 0, which may be overridden by a 
per-point deadband in a custom map. Scaling for counters is always 1.

Default Data Map
See Section 10: Communications Interfaces in the product-specific instruction 
manual to see the relay default map. If the default maps are not appropriate, you 
can also use the custom DNP3 mapping commands SET D n and SHOW D n, 
where n is the map number, to edit or create the map required for your application.

Configurable Data Mapping
One of the most powerful features of the relay DNP3 implementation is the abil-
ity to remap DNP3 data and, for analog and counter inputs, specify per-point 
scaling and deadbands. Remapping is the process of selecting data from the 
default or reference map and organizing it into a data set optimized for your 
application. The relay uses point labels rather than point indexes in a reference 
map to streamline the remapping process. This enables you to quickly create a 
custom map without having to search for point indexes in a large reference map.

You may use any of the five available DNP3 maps to exchange data with any 
DNP3 master. Each map is initially populated with default data points, as 
described in the Default DNP3 Map. You may remap the points in a default map 
to create a custom map with as many as:

➤ 400 binary inputs

➤ 160 binary outputs

➤ 20 counters

➤ 200 analog inputs

➤ 100 analog outputs

Use the settings Class D to access the relay DNP3 map settings shown in DNP3 
Settings—Custom Maps on page 12.19. There are five DNP3 maps available to 
customize, or leave as default.

The mapping settings are entered in a line-based freeform format. An example of 
these settings is shown in Figure 16.4. You can program a custom scaling and 
deadband for each point where indicated. If you do not specify a custom scaling 
or deadband, the relay will use the default for the type of value you are mapping. 
For example, if you enter the label 3P_F in Row 1 of the custom analog map with 
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no other parameters, the power in MW will be available as Objects 30 and 32, 
Index 0 and the relay will use the default scaling DECPLM and default deadband 
of ANADBM.

You can use the SHOW D x command to view the DNP3 data map settings, 
where x is the DNP3 map number from 1 to 5. See Figure 16.4 for an example 
display of Map 1.

                    

You can use the SET D x command (where x is the map number), to edit or create 
custom DNP3 data maps. You can also use QuickSet, which is recommended for 
this purpose.

See the Reference Map to determine the available choices for each object type.

For binary inputs, a value of 0 or 1 may be used instead of a label; this will cause 
the relay to report that value for that point. Similarly, for counters and analog 
inputs, a value of 0 may be used instead of a label, which will cause the relay to 
report 0 for that point. A NOOP can be used as a placeholder for binary or analog 
outputs-control of a point with this label does not change any relay values nor 
respond with an error message. Duplicate point labels are not allowed within a 
map, except for the values 0 or 1 or NOOP.

=>>SHO D 1 <Enter>
DNP 1

DNP Object Default Map Enables

MINDIST := OFF MAXDIST := OFF

Binary Input Map
(Binary Input Label)

1: EN_RLY
2: TRIPLED
•
•
•
13: RB04
14: RB05
15: RB06

Binary Output Map
(Binary Output Label)

1: RB01
2: RB02
•
•
•
5: RB05
6: RB06

Counter Map
(Counter Label, Deadband)

1: ACTGRP

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: IAWFMC
2: IAWFAC
•
•
•
15: 3SWFC
16: VDC1

Analog Output Map
(Analog Output Label)

1: ACTGRP

Figure 16.4 Sample Response to SHO D Command
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You can customize the DNP3 analog input map with per-point scaling and dead-
band settings. Class scaling (DECPLAn, DECPLVn, and DECPLMn) and dead-
band settings (ANADBAn, ANADBVn, and ANADBMn) are applied to indices 
that do not have per-point entries. Per-point scaling overrides any class scaling 
and deadband settings. Unlike per-point scaling, class-level scaling is specified 
by an integer in the range 0–3 (inclusive), which indicates the number of decimal 
place shifts. In other words, you should select 0 to multiply by 1, 1 for 10, 2 for 
100, or 3 for 1000.

NOTE: The settings above contain 
the DNP3 LAN/WAN session suffix n. 
This suffix is not present in serial port 
DNP3 settings.

Scaling factors allow you to overcome the limitations imposed, by default, of the 
integer nature of Objects 30 and 32. For example, DNP3, by default, truncates a 
value of 11.4 A to 11 A. You may use scaling to include decimal point values by 
multiplying by a power of 10. For example, if you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master 
to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer value 
of 32767. For example, if you have a value that can reach 157834, you cannot 
send it using DNP3 16-bit analog object variations. You could use a scaling factor 
of 0.1 so that the maximum value reported is 15783. You can then multiply the 
value by 10 in the master to see a value of 157830. You will lose some precision 
as the last digit is dropped in the scaling process, but you can transmit the scaled 
value by using the default variations for DNP3 Objects 30 and 32.

If your DNP3 master has the capability to request floating-point analog input 
variations, the relay will support them. These floating-point variations, 5 and 6 
for Object 30 and 5–8 for Object 32, allow the transmission of 16- or 32-bit 
floating-point values to DNP3 masters. When used, these variations eliminate the 
need for scaling and maintain the resolution of the relay analog values. Note that 
this support is greater than DNP3 Level 4 functionality, so you must confirm that 
your DNP3 master can work with these variations before you consider using 
floating-point analog variations.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SET D command for analog inputs. Alterna-
tively, you can use the QuickSet software to simplify custom data map creation. 
The example uses quantities available in the SEL-411L, but similar operations 
can be performed on any SEL-400 series relay.

Consider a case where you want to set the analog input points in a map as shown 
in Table 16.10.

                    

To set these points as part of custom map 1, you can use the SET D 1 TERSE 
command as shown in Figure 16.5.

Table 16.10 Sample Custom DNP3 Analog Input Map

Point Index Description Label Scaling Deadband

0 Fundamental IA magnitude LIAFM Default Default

1 Fundamental IB magnitude LIBFM Default Default

2 Fundamental IC magnitude LICFM Default Default

3 Fundamental IC magnitude LIAFM Default Default

4 Fundamental three-phase power 3P_F 5 Default

5 Fundamental A-Phase magnitude VAFM Default Default

6 Fundamental A-Phase angle VAFA 1 15

7 Frequency FREQ 0.01 1
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DNP3 Serial Application Example
Application

This example uses an SEL-421 connected to an RTU over an EIA-485 network. 
The RTU collects basic metering information from the relay and other devices. 
The network for this example is shown in Figure 16.6.

                    

The metering and status data that the RTU collects from the relay are listed in 
Table 16.11.

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ?
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ?

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)
1:
? LIBFM <Enter>
2:
? LICFM <Enter>
3:
? LIAFM <Enter>
4:
? 3P_F,5 <Enter>

5:
? VAFM <Enter>
6:
? VAFA,1,15 <Enter>
7:
? FREQ,.01,1 <Enter>
8:
? END
Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 16.5 Sample Custom DNP3 Analog Input Map Settings

                    

Figure 16.6 DNP3 Application Network Diagram

To SCADA Control Center
RTU

SEL-2030

SEL-421 DNP3 IED

Non-DNP3 IED Non-DNP3 IED
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Table 16.11 DNP3 Application Example Data Map

Label Object
Custom 

Map Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OC1:CC1 10, 12 6 Circuit Breaker 1 trip/close pair

LIAFM 30, 32 0 IA magnitude

LIAFA 30, 32 1 IA angle

LIBFMa

a Assume the largest expected current is 2000 A and scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

30, 32 2 IB magnitude

LIBFAb

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.

30, 32 3 IB angle

LICFMa 30, 32 4 IC magnitude

LICFAb 30, 32 5 IC angle

VAFMc

c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 
of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.

30, 32 6 VAY magnitude

VAFAb 30, 32 7 VAY angle

VBFMc 30, 32 8 VBY magnitude

VBFAb 30, 32 9 VBY angle

VCFMc 30, 32 10 VCY magnitude

VCFAb 30, 32 11 VCY angle

3P_Fd

d For a maximum load of 800 MW (or 800 mVar), scale the power by a factor of 40 to provide a 
resolution of 0.025 MW and a maximum value of 819.175 MW. Report 1 MW for change event 
reporting.

30, 32 12 Three-phase real power in MW

3Q_Fd 30, 32 13 Three-phase reactive power in MVAR

DC1e

e VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

30, 32 14 DC1 voltage multiplied by 100

ACTGRP 40 0 Active settings group
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Settings
Figure 16.7 shows how to enter the new map into the relay. Use the SET D com-
mand and enter N at the prompts shown in Figure 16.7 to allow changes to the 
existing maps. Press <Enter> at the empty line prompt to advance to the next 
map. For example, press <Enter> at line 10 of the Binary Input Map to advance 
to the Binary Output Map. If the prompt contains an entry, you can enter the 
greater-than symbol (>) and press <Enter> to advance to the next step.

                    

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ? <Enter>
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ? <Enter>

Binary Input Map
(Binary Input Label)

1: RLYDIS
?  DELETE 100 <Enter>
1:
?  EN <Enter>
2:
?  TRIPLED <Enter>
3:
?  IN101 <Enter>
4:
?  IN102 <Enter>
5:
?  IN103 <Enter>

6:
?  IN104 <Enter>
7:
?  SALARM <Enter>
8:
?  HALARM <Enter>
9:
?  TESTDB2 <Enter>
10:
? <Enter>

Binary Output Map
(Binary Output Label)

1: RB01
?  DELETE 100 <Enter>
1:
?  RB01 <Enter>
2:
?  RB02 <Enter>
3:
?  RB03 <Enter>
4:
?  RB04 <Enter>
5:
?  RB05 <Enter>
6:
?  RB06 <Enter>
7:
?  OC1:CC1 <Enter>
8:
? <Enter>

Counter Map
(Counter Label, Deadband)

1: ACTGRP
?
2: BKR1OPA
? DELETE 100 <Enter>
2: 
? <Enter>

Figure 16.7 SEL-421 Example DNP Map Settings
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Table 16.12 lists the settings for PORT 3 for this example. The physical connection 
between the relay and the DNP3 master is an EIA-485 network. An SEL-2884 
interface converter on the relay PORT 3 provides conversion from EIA-232 to 
EIA-485. Unsolicited reporting has been disabled because the network is wired 
as a four-wire connection and does not provide carrier detection or the opportu-
nity to monitor for data traffic on the network.

                    

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: LIAFM
?  <Enter>
2: LIAFA
?  LIAFA,1,200 <Enter>
3: LIBFM
? <Enter>
4: LIBFA
?  LIBFA,1,200 <Enter>
5: LICFM
? <Enter>
6: LICFA
?  LICFA,1,200 <Enter>
7: B1IAFM
?  VAFM <Enter>
8: B1IAFA
?  VAFA,1,200 <Enter>

9: B1IBFM
?  VBFM <Enter>
10: B1IBFA
?  VBFA,1,200 <Enter>
11: B1ICFM
?  VCFM <Enter>
12: B1ICFA
?  VCFA,1,200 <Enter>
13: B2IAFM
?  3P_F,40,40 <Enter>
14: B2IAFA
?  3Q_F,40,40 <Enter>
15: B2IBFM
?  DC1,,200 <Enter>
16: B2IBFA
?  DELETE 200 <Enter>
16:
? <Enter>

Analog Output Map
(Analog Output Label)

1: ACTGRP
? <Enter>
2:
? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable port

EPAC N Enable port access control

MAXACC 2 Maximum access level for virtual terminal sessions

PROTO DNP DNP3 protocol

SPEED 9600 Data speed

PARITY N No parity bit

STOPBIT 1 1 stop bit

TIMEOUT 5 Time out virtual terminal session after 5 minutes

TERTIM1 1 Check for termination after 1 second idle time

Figure 16.7 SEL-421 Example DNP Map Settings (Continued)
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In this example, the polling method employed by the RTU DNP3 master is polled 
report-by-exception. The master device normally polls for events only. Once 
every 25 event polls, the master polls for Class 0 data (status of all points). This 
polling method allows the master to collect data efficiently from the IEDs by not 
continuously polling and receiving data that are not changing.

TERSTRN “\005” Virtual terminal termination string

TERTIM2 0 No delay before accepting termination string

DNPADR 101 DNP3 address = 101

DNPID “RELAY1-DNP” DNP ID for Object 0 self-description

DNPMAP 1 Use DNP3 Map 1

ECLASSB 1 Event Class 1 for binary event data

ECLASSC 1 Event Class 1 for counter event data

ECLASSA 1 Event Class 1 for analog event data

ECLASSV OFF Disable virtual terminal event data (this feature is not 
supported by the DNP3 master)

TIMERQ I Ignore time-set request because IRIG-B is used for 
time synchronization

DECPLA 1 Scale current, multiplying by 10 to send amperes and 
tenths of an ampere. The relay would report a value of 
10.4 as 104, which would remain unscaled at the mas-
ter. 

DECPLV 2 Scale voltage, multiplying by 100 to send kilovolts, 
tenths, and hundredths of a kilovolt

DECPLM 2 Scale miscellaneous analog data, multiplying by 100 
to send whole numbers and hundredths. The relay 
would report a value of 5.25 as 525, which would 
remain unscaled at the master.

STIMEO 10.0 10 second select before operate time-out

DRETRY OFF Turn off data link retries

MINDLY 0.05 Minimum delay from DCD to TX

MAXDLY 0.10 Maximum delay from DCD to TX

PREDLY 0.025 Settle time from RTS on to TX to allow EIA-485 
transceiver to switch to transmit mode

PSTDLY 0.00 Settle time from TX to RTS off—not required in this 
application

DNPCL Y Enable controls for DNP3

AIVAR 2 Default AI variation

ANADBA 50 Analog reporting deadband for currents, 5 A based on 
DECPLA scaling factor

ANADBV 100 Analog reporting deadband for voltages, 1 kV based 
on DECPLV scaling factor

ANADBM 100 Miscellaneous analog value deadband, based on 
DECPLM scaling factor

ETIMEO 10 Event Message Confirm Time-Out, 10 seconds

UNSOL N Unsolicited reporting disabled (data retrieval method 
is polled report-by-exception)

MODEM N No modem connected to port

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 2 of 2)

Setting Name Setting Description
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DNP3 LAN/WAN Application Example
Application

This example uses an SEL-487E connected to an RTU over an Ethernet (TCP) 
network. The RTU collects basic metering information from the relay. The net-
work for this example is shown in Figure 16.8.

                    

The polling method employed by the RTU DNP3 master is polled report-by-
exception, so it normally only does event polls. Once every 25 event polls, the 
master polls for Class 0 data (status of all points). This polling method allows the 
master to collect data efficiently from the IEDs by only polling and receiving data 
that has changed.

The RTU, which will act as the DNP3 master to the SEL-487E outstation, has an 
IP address of 192.9.0.3 and a DNP3 address of 12. The SEL-487E should be 
assigned an IP address of 192.9.0.2, default router of 192.9.0.1, and DNP3 
address of 101.

All event data (analog, binary, counter) should be assigned to CLASS 1. All 
Binary Inputs should have SOE-quality time stamps.

The desired DNP3 data map is shown in Table 16.13.

                    

                    

Figure 16.8 DNP3 LAN/WAN Application Example Ethernet Network

Table 16.13 DNP3 Application Example Data Map (Sheet 1 of 2)

Label Object
Custom Map 

Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RTUTo SCADA Network  Switch

SEL-2030SEL-487E

Non-DNP3 IED Non-DNP3 IED



16.32

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 LAN/WAN Application Example

Settings
Use SEL Grid Configurator to enter the DNP3 protocol settings and new data map into 
the relay.

                    

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OCS:CCS 10, 12 6 Circuit Breaker S trip/close pair

IASFMC 30, 32 0 A-Phase Current magnitude

IASFAC 30, 32 1 A-Phase Current angle

IBSFMCa 30, 32 2 B-Phase Current magnitude

IBSFACb 30, 32 3 B-Phase Current angle

ICSFMCa 30, 32 4 C-Phase Current magnitude

ICSFACb 30, 32 5 C-Phase Current angle

VAVFMC 30, 32 6 VA Phase Voltage magnitude, Terminal V

VAVFACb 30, 32 7 VA Phase Voltage angle, Terminal V

VBVFMCc 30, 32 8 VB Phase Voltage magnitude, Terminal V

VBVFACb 30, 32 9 VB Phase Voltage angle, Terminal V

VCVFMCc 30, 32 10 VC Phase Voltage magnitude, Terminal V

VCVFACb 30, 32 11 VC Phase Voltage angle, Terminal V

VDCd 30, 32 12 VDC voltage multiplied by 100

ACTGRP 40 0 Active settings group

a Assume the largest expected current is 2000 A, scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.
c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 

of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.
d VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

Table 16.13 DNP3 Application Example Data Map (Sheet 2 of 2)

Label Object
Custom Map 

Index
Description

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable Ethernet port

IPADDR 192.9.0.2/16 Relay IP address and network in classless inter-domain routing (CIDR) notation

DEFRTR 192.9.0.1 Default router

EDNP 1 Enable DNP3 LAN/WAN Session 1 

DNPADR 101 DNP3 address for relay is 101

DNPPNUM 20000a DNP3 port number for TCP 

DNPID RELAY1DNP DNP3 ID for Object 0 self-description

DNPIP1 192.9.0.3 DNP3 Master (RTU) IP address

DNPTR1 TCP Use TCP transport

DNPMAP1 1 Use DNP3 Map 1 for DNP3 LAN/WAN Session 1 

CLASSB1 1 Binary event data = Class 1

CLASSC1 1 Counter event data = Class 1
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To meet the requirement for SOE-quality time stamps, enter all binary inputs into 
the SER report. See Figure 16.9 for a screenshot of the process.

CLASSA1 1 Analog event data = Class 1

TIMERQ1 1 Ignore time synchronization requests from DNP3 Master

DECPLA1 2 Scale analog current data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLV1 2 Scale analog voltage data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLM1 2 Scale analog miscellaneous data, multiplying by 10 to send whole numbers and tenths. The relay 
would report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

STIMEO1 1.0a 1.0 second to select before operate time-out

DNPINA1 120a Wait 120 seconds to send inactive heartbeat

DNPCL1 Y Allow DNP3 controls for this session

AIVAR1 2 Default AI variation 

ANADBA1 200 Analog deadband counts, set to 2 engineering units, based on DECPLA scaling factor

ANADBV1 200 Analog deadband counts, set to 2 engineering units, based on DECPLV scaling factor

ANADBM1 200 Analog deadband counts, set to 2 engineering units, based on DECPLM scaling factor

ETIMEO1 2a Event message confirm time-out (2 s)

UNSOL1 N Disable unsolicited reporting for Master 1

a Default value.

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 2 of 2)

Setting Name Setting Description

                    

Figure 16.9 Add Binary Inputs to SER Point List
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IEC 61850 Communication

The relay supports the following features using Ethernet and IEC 61850.

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. The 
relay also supports as many as seven buffered and seven unbuffered 
report control blocks. See Table 17.32 for logical node mapping that 
enables SCADA control (including Setting Group Switch) via a 
MMS browser. Controls support the Direct Normal Security and 
Enhanced Security (Direct or Select Before Operate) control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with as 
many as 128 incoming (receive) and 8 outgoing (transmit) messages. 
Virtual Bits (VB001–VB256) and remote analogs (RA001–RA256) 
can be mapped from incoming GOOSE messages. Remote analog 
outputs (RAO01–RAO64) provide peer-to-peer real-time analog data 
transmission.

➤ Sampled Values—Use Sampled Values (SV) to replace the 
traditional copper wiring between instrument transformers and the 
relay. Connect an SEL SV publisher to CTs and VTs to publish SV. 
Use SV subscriber relays to subscribe to these SV messages. 
SEL-400 series SV products are compliant to the UCA 61850 9-2LE 
guidelines. In accordance with the guideline, each publication 
includes one application service data unit (ASDU), with four current 
and four voltage channels. Supported publication rates are 4.8 kHz 
for a 60 Hz power system and 4 kHz for a 50 Hz power system. SEL 
SV publishers support as many as seven SV streams. SEL SV 
subscriber relays support subscribing to as many as seven streams.

NOTE: The relay ships with a default 
CID file installed, which supports basic 
IEC 61850 functionality. A new CID file 
should be loaded if a change in the 
relay configuration is required. If an 
invalid CID file is transferred, the relay 
will reject the file and revert to the 
previous valid CID file.

➤ Configuration—Use File Transfer Protocol (FTP) client software or 
ACSELERATOR Architect SEL-5032 Software to transfer the 
Substation Configuration Language (SCL) Configured IED 
Description (CID) file to the relay. SEL-400 series SV products also 
support SV configuration via PORT 5 settings.

➤ Commissioning and Troubleshooting—Use software such as MMS 
Object Explorer and AX-S4 MMS from Sisco, Inc., to browse the 
relay logical nodes and verify functionality.

This section presents the information you need to use the IEC 61850 features of 
the relay.

➤ Introduction to IEC 61850 on page 17.2

➤ IEC 61850 Operation on page 17.3

➤ IEC 61850 Configuration on page 17.38

➤ Logical Nodes on page 17.45

➤ Protocol Implementation Conformance Statement on page 17.79

➤ ACSI Conformance Statements on page 17.85

NOTE: The CID file contains only the 
necessary data for the required 
datasets, reports, GOOSE/SV 
publications, subscriptions, and 
supervisions. This helps prevent a CID 
file from exceeding its allocated 
memory. Refer to Section 10: Testing, 
Troubleshooting, and Maintenance for 
more information

NOTE: Not all SEL-400 series relays 
support SV publication or 
subscription.
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Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the Institute 
of Electrical and Electronics Engineers, Inc. (IEEE) began to define a Utility 
Communications Architecture (UCA). They initially focused on inter-control 
center and substation-to-control center communications and produced the Inter-
Control Center Communications Protocol (ICCP) specification. This specifica-
tion, later adopted by the IEC as 60870-6 TASE.2, became the standard protocol 
for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical Committee 
57 of the IEC to create a common international standard. Their joint efforts cre-
ated the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 speci-
fication, plus additional functionality. The standard describes client/server and 
peer-to-peer communications, substation design and configuration, testing, and 
project standards.

The IEC 61850 standard consists of the parts listed in Table 17.1. These parts 
were first published between 2001 and 2004, and they are often referred to as 
IEC 61850 Edition 1 (Ed1). Selected parts of these standards were released in 
2011 and tagged as Edition 2 (Ed2). Some SEL-400 series devices are compliant 
with Ed2. Please refer to the product-specific manual to identify such devices.

It is possible and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backward compatibil-
ity, i.e., Ed2 devices can send and receive messages to and from Ed1 devices. 
However, there are important considerations to be made when adding Ed2 
devices to an existing Ed1 system. Please refer to Potential Client and Automa-
tion Application Issues With Edition 2 Upgrades on page 17.90 for more infor-
mation.

                    

Table 17.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equipment—
Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equipment—
Abstract communication service interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equipment—
Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equipment—
Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM—Mapping to Manufacturing

Messaging Specification (MMS) 

(ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 8802-3)

IEC 61850-9-1 SCSM—Sampled values over serial multidrop point-to-point link
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The IEC 61850 document set, available directly from the IEC at www.iec.ch, 
contains information necessary for successful implementation of this protocol. 
SEL strongly recommends that anyone involved with the design, installation, 
configuration, or maintenance of IEC 61850 systems be familiar with the appro-
priate sections of this standard.

IEC 61850 Operation
IEC 61850 and Ethernet networking model options are available when ordering a 
new relay and may also be available as field upgrades to relays equipped with the 
Ethernet card. In addition to IEC 61850, the Ethernet card provides support pro-
tocols and data exchange, including FTP and Telnet, to SEL devices. Access the 
relay PORT 5 settings to configure all of the Ethernet settings, including IEC 
61850 network settings.

The relay supports IEC 61850 services, including transport of logical node 
objects, over TCP/IP. The relay can coordinate a maximum of seven concurrent 
IEC 61850 MMS sessions.

Object Models
The IEC 61850 standard relies heavily on the Abstract Communication Service 
Interface (ACSI) models to define a set of services and the responses to those ser-
vices. In terms of network behavior, abstract modeling enables all IEDs to act 
identically. These abstract models are used to create objects (data items) and ser-
vices that exist independently of any underlying protocols. These objects are in 
conformance with the common data class (CDC) specification IEC 61850-7-3, 
which describes the type and structure of each element within a logical node. 
CDCs for status, measurements, controllable analogs and statuses, and settings 
all have unique CDC attributes. Each CDC attribute belongs to a set of functional 
constraints that groups the attributes into specific categories such as status (ST) 
and description (DC). Functional constraints, CDCs, and CDC attributes are used 
as building blocks for defining logical nodes. Table 17.2 shows the CDCs sup-
ported in SEL-400 series relays.

                    

IEC 61850-9-2 SCSM—Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table 17.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

Table 17.2 Relay Common Data Classes (Sheet 1 of 2)

CDC Name Description

Status Information

SPS Single point status

DPS Double point status

INS Integer status

ENS Enumerated status

ACT Protection activation information

ACD Directional protection activation information

http://www.iec.ch
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UCA2 used GOMSFE (Generic Object Models for Substation and Feeder Equip-
ment) to present data from station IEDs as a series of objects called models or 
bricks. The IEC working group has incorporated GOMSFE concepts into the 
standard, with some modifications to terminology; one change was the renaming 
of bricks to logical nodes. Each logical node represents a group of data (controls, 
status, measurements, etc.) associated with a particular function. For example, 
the MMXU logical node (polyphase measurement unit) contains measurement 
data and other points associated with three-phase metering including voltages 

BCR Binary counter reading

VSS Visible string status

Measurand Information

MV Measured value

CMV Complex measured value

SAV Sampled value

WYE Phase-to-ground/neutral-related measured 
values of a three-phase system.

DEL Phase-to-phase-related measured values of a 
three-phase system

SEQ Sequence

Status Settings

SPG Single point setting

ING Integer status setting

ENG Enumerated status setting

ORG Object reference setting

TSG Time setting group

CUG Currency setting group

VSG Visible string setting

Analog Settings

ASG Analog setting

CURVE Setting curve

Description Information

DPL Device name plate

LPL Logical node name plate

Controls

SPC Controllable single point

DPC Controllable double point

ENC Controllable enumerated status

INC Controllable integer status

BSC Binary controlled step position information

ISC Integer controlled step position information

APC Controllable analog process value

BAC Binary controlled analog process value

Table 17.2 Relay Common Data Classes (Sheet 2 of 2)

CDC Name Description
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and currents. Each IED may contain many functions such as protection, meter-
ing, and control. Multiple logical nodes represent the functions in multifunction 
devices.

Logical nodes can be organized into logical devices that are similar to directories 
on a computer disk. As represented in the IEC 61850 network, each physical 
device can contain many logical devices and each logical device can contain 
many logical nodes. Many relays, meters, and other IEC 61850 devices contain 
one primary logical device where all models are organized.

IEC 61850 devices are capable of self-description. You do not need to refer to the 
specifications for the logical nodes, measurements, and other components to 
request data from another IEC 61850 device. IEC 61850 clients can request and 
display a list and description of the data available in an IEC 61850 server device. 
Simply run an MMS browser to query devices on an IEC 61850 network and dis-
cover what data are available. Self-description also permits extensions to both 
standard and custom data models. Instead of having to look up data in a profile 
stored in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available data.

Unlike other SCADA that present data as a list of addresses or indices, IEC 
61850 presents data with descriptors in a composite notation made up of compo-
nents. Table 17.3 shows how the A-Phase current expressed as 
MMXU$A$phsA$cVal is broken down into its component parts.

                    

Functional Naming
Substation design typically starts with a one-line diagram and progresses down to 
the assignment of functions to IEDs. In this top-down approach, the functions are 
identified and named independently from the IEDs to which they are assigned. 
Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a logical 
device based on the function it provides independent of the name of the IED to 
which the function is assigned. The alternative is product naming, which pre-
pends the IED name to the logical device instance to create the logical device 
name. The functional name is used on the communications interface for all refer-
ences to data in the logical device.

SEL-400 series relays support functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable functional 
name editing on Server Model tab of supporting IEDs check box, as shown in 
Figure 17.1.

Table 17.3 Example IEC 61850 Descriptor Components

Component Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Subdata Object A-Phase

cVal Data Attribute Complex value

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support for 
this feature before configuring 
functional names in a publishing IED. 
Earlier SEL-400 series relays firmware 
that does not support functional 
naming can subscribe to GOOSE and 
SV publications from IEDs that use 
functional naming.
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To provide functional names to the logical devices, navigate to the Server Model 
tab for the IED. Because datasets and control blocks are in the CFG logical 
device, any functional name given to the CFG logical device instance is used in 
dataset references, control block references, and in published GOOSE messages, 
as shown in Figure 17.2. The IED Server Model also allows the user to change 
the default logical node prefix and instance values.

                    

Data Mapping
Device data are mapped to IEC 61850 LN according to rules defined by SEL. 
Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) for the mandatory 
content and usage of these LNs. The relay logical nodes are grouped under Logi-
cal Devices for organization based on function. See Table 17.4 for descriptions of 
the logical devices in a relay. See Logical Nodes on page 17.45 for a description 
of the LNs that make up these logical devices.

                    

Figure 17.1 Enabling Functional Naming in Architect

                    

Figure 17.2 Server Model View in Architect
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MMS
MMS provides services for the application-layer transfer of real-time data within 
a substation LAN. MMS was developed as a network-independent data exchange 
protocol for industrial networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can become 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. MMS 
supports complex named objects and flexible services that enable mapping to 
IEC 61850 in a straightforward manner. This was why the UCA users group used 
MMS for UCA from the start, and why the IEC chose to keep it for IEC 61850. 
MMS associations are discussed within IEC61850-8-1, clause 10 of the edition 1 
standard.

If MMS authentication is enabled, the device will authenticate each MMS associ-
ation by requiring the client to provide the password authentication parameter 
with a value that is equal to the 2AC password of the relay.

➤ If the correct password authentication parameter value is not 
received, the device will return a not authenticated error code. If a 
user attempts to log into the relay with three consecutive invalid login 
attempts within a 1-minute period, the relay will disable login 
requests for 30 seconds and pulse the SALARM and BADPASS 
Relay Word bits.

➤ If the correct password authentication parameter value is received, 
the device will provide a successful association response. The device 
will allow access to all supported MMS services for that association.

Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its outputs, 
external devices, or internal functions. This is accomplished by the IEC 61850 
control model, which provides services to execute control commands. The con-
trol models are defined in IEC 61850-7-2 and the mapping to the MMS applica-
tion protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

Table 17.4 Relay Logical Devices

Logical Device Description

CFG Configuration elements—data sets and report control blocks

PRO Protection elements—protection functions and breaker control

MET Metering or Measurement elements—currents, voltages, power, etc.

CON Control elements—remote bits

ANN Annunciator elements—alarms, status values

MUa

a This only applies to merging units.

Merging unit elements—voltage and current channels



17.8

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Operation

The SEL-400 series relays support four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-400 series relays support the previous control models for SPC, DPC, 
and ENC controllable CDCs as defined in IEC 61850-8-1:2004. Other controlla-
ble CDCs defined in the standard are either unsupported or must be configured 
with the status-only control model. Supported CDCs include remote bits RBG-
GIOn in the CON Logical Device (LD), and breaker and disconnect switch con-
trols xxXCBRnn and xxXSWInn in the PRO LD. ENC is used to control the 
IEC 61850 Mode/Behavior. One control model must be selected during initial 
IED configuration in Architect and is applied throughout the CID file. This con-
trol model will apply to all controls in the IED.

Direct Control Models

The “Direct” control models provide the simplest means to initiate actions on the 
server. In these models, the client issues a control request via MMS, the server 
validates the request. Once validated, the server attempts to act upon the request. 
Note that if multiple clients are trying to perform control actions, the server will 
do nothing to prevent this. 

SBO Control Model

The SBO control model supports the SelectWithValue Service and can be used to 
prevent multiple clients from performing simultaneous control actions. In this 
mode, a client has to “reserve” the control object by sending a “select” control 
command. Once an object is selected, only the client that made the selection is 
allowed to perform control actions on it. If that client does not send a valid oper-
ate request for the object by the time the select time-out runs out, the object 
becomes available for selection again. The relay will support as many as ten 
pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, an 
error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute with 
trigger option.

Security in Control Models

“Security” in the control model context refers to additional supervision of the sta-
tus value by the control object. The “enhanced security” models report additional 
error information on failed operations to the requesting client unlike the models 
with “normal security”. Enhanced security control models provide a command 
termination report indicating if the control actually reached the new state as com-
manded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

NOTE: When an IED is configured 
with the SBO with Enhanced Security 
control model, the sboTimeout 
attribute of the controllable CDCs in 
the CID file is set to ten seconds. This 
time-out is not configurable via 
Architect.

NOTE: The maximum time required 
for a control operation to be 
completed should be less than the 
configured time-out period to avoid 
erroneous command termination 
reports indicating failure.
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Optional Control Configurations

The SEL-400 series relays do not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects may 
be configured to be pulsed by direct modification of the CID file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking

The IEC 61850 standards make provision for control object interlocking, and the 
IEC 61850-7-4 standard explains how this is performed using the CILO logical 
node. The CILO logical node has two data objects, namely Enable Open (EnaOpn) 
and Enable Close (EnaCls), for each breaker or disconnect control object.

The SEL-400 series relays use control interlocking to supervise the open and 
close controls from MMS Clients. The relay accomplishes this by checking each 
CSWI logical node control object against an associated CILO logical node data 
object. When the associated CILO logical node EnaCls and EnaOpn data objects 
are not asserted, the relay blocks the control operation and sends the AddCause 
“Blocked-by-interlocking” to the MMS Client.

Table 17.5 defines how control interlocking is implemented in the CILO logical node.

                    

SCBKnBO and SCBKnBC are SELOGIC control equations. Program these equa-
tions in the Protection SELOGIC setting (SET L) to block breaker operation. Pro-
gram the 89CBLmm and 89OBLmm SELOGIC control equations in the Bay 
settings (SET B) to block disconnect operation.

                    

Table 17.5 CILO Logical Node EnaOpn and EnaCls Equations

CILO LN Data Object Data Source Data Source Equation

EnaCls BKENCna

a n = Breaker terminal.

NOT SCBKnBCa

EnaOpn BKENOna NOT SCBKnBOa

EnaCls 89ENCmmb

b mm = Disconnect switch number.

NOT (89CBLmm OR 89OPEmm)b

EnaOpn 89ENOmmb NOT (89OBLmm OR 89CLSmm)b

NOTE: Not all SEL-400 series relays 
support control interlocking.

NOTE: The IEC 61850 CILO 
interlocking function does not affect 
controls sent by any other protocols 
or local front-panel operations.

                    

Figure 17.3  CSWI Logical Node Direct Operate Command Request 
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Figure 17.3 shows how the relay responds to CSWI logical node command 
requests from MMS Clients when IEC 61850 control interlocking is applied. The 
SBO control model performs the same check when the select control command is 
received and again when the operate control is received.

Local/Remote Control Authority

Control commands at a substation originate from one of three levels: remote (net-
work control center) level, station level, or bay level. Under certain operational 
conditions (e.g., during maintenance), it may be necessary to block control com-
mands from one or more of these levels. The local/remote control feature allows 
users to enable or disable control authority at any of the three levels. The level at 
which a control command originates is determined by the value of the ori-
gin.orCat (originator category) attribute in the command. 

SEL-400 series relays support the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and con-
figurable attributes in the LLN0 logical node in each logical device. Table 17.6 
describes the attributes and their data sources.

                    

Using these three attributes, you can enable or disable control authority at any of 
the three switching levels, as shown in Table 17.7.

                    

By default, all three attributes are set to False, so only remote commands are allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC control 
equation SC850LS asserts and set to False when SC850LS deasserts. LOCSTA 
may also be controlled through MMS, but if it is set to True through SELOGIC 
control equations, it cannot be set to False through MMS.

Table 17.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multi-level control authority

Table 17.7 Control Authority Settings

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 5) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA

T X X AAa

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (True or False)
AA = Command is allowed
NA = Command is not allowed

NA NA

F T T AA AA NA
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In SEL-400 series relays that support local/remote control authority, the assertion 
of the LOCAL Relay Word bit will change the XCBR and XSWI logical nodes to 
local mode. This blocks all control commands to the associated CSWI logical 
nodes.

Control Requests
IEC 61850 control services are implemented by reading and writing to pseudo-
variables in the relay in response to MMS requests. Similar to how client requests 
are generated and mapped to MMS read or write service requests, server actions 
are also mapped to internal commands, read and write actions and MMS infor-
mation report messages. In the case of an unsuccessful control request, the relay 
will send the appropriate response PDU indicating that there was a problem and 
an MMS information report that contains more detailed information about the 
problem that occurred.

When writing controls, the client must select and write the entire Oper, SBOw or 
Cancel structure to the relay. See Figure 17.4 for the attributes of the CON Logi-
cal Device and ST and CO functional constraints (FC) of LN RBGGIO1 used for 
controls of RB01 through RB08.

                    

Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of 
IEC 61850-7-2 for additional information on the AddCause values.

The SEL-400 series relays support the AddCause values in Table 17.8 as part of 
the LastApplError information report.

                    

                    

Figure 17.4 MMS Client View of the CON Logical Device

Table 17.8 AddCause Descriptions (Sheet 1 of 2)

AddCause 
Enumeration

AddCause Description Error Condition

0 Unknown No other AddCause value defined within this section applies

2 Blocked-by-switching-hierarchy Logical node is set to local mode, i.e., Loc.stVal = true

3 Select-failed Originator category not allowed to issue control commands or SelectWithValue operation fails



17.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Operation

Any AddCause value not specified above is not supported. Control CDC data 
attributes, which are associated with unsupported AddCause values and are not 
part of a control structure, will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal, which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper, or Cancel structure, will be ignored. 

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 client 
without having to revert to the command line or some other tool. However, this 
has great potential for integration with IEC 61850 SCADA systems, which would 
be able to control setting groups through IEC 61850 MMS.

The IEC 61850 specification outlines a method for switching the current settings 
group to another preconfigured settings group. The setting group control block, 
or SGCB, contains the SettingControl element that enables settings group con-
trol. The SEL-400 series relays require the minimum versions of the firmware 
and ICD files to enable the SGCB. Refer to Appendix A in the product-specific 
manuals for supported firmware and ICD versions. In the IEC 61850 standard, 
SGCB class includes an attribute for the active settings group, or ActSG, as a 
read/write attribute. The ActSG is a read-only attribute in SEL-400 series relays. 
Adding the ActSG attribute with a value to the SettingControl element of the ICD 
file results in the relay ignoring the value and continuing to use the existing active 
settings group when the ICD file is downloaded.

When the IEC 61850 functions of the relay are enabled, the selectActiveSG ser-
vice allows an MMS client to request that the relay change the active setting 
group. The MMS client can request a group switch by writing a valid setting 
group number to ActSG. The relay updates the ActSG value under the following 
conditions:

➤ The value written to ActSG is valid and not the current active group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

4 Invalid-position For controls with enhanced security, an AddCause of “Invalid-position” (4) will be sent 
if the control status changes to an unexpected value. If no control status change is detected 
after the operate time-out period, an AddCause of “Time-limit-over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-in-execution Control object is already selected by the client, and

1. Logical node is set to local mode i.e., Loc.stVal = true, or

2. Originator category not allowed to issue control commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Block-by-interlocking Selection of switch device failed due to interlock check

12 Command-already-in-execution Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. (The control failed to reach its intended 
state prior to time-out.)

18 Object-not-selected Cancel operation fails

Table 17.8 AddCause Descriptions (Sheet 2 of 2)

AddCause 
Enumeration

AddCause Description Error Condition
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Note that if the value written to ActSG is the same as the current group, the relay 
will not attempt to switch settings groups. Please refer to Multiple Setting Groups 
on page 12.4 for more information on group settings.

Service Tracking
The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging ser-
vices, and group switch control services. IEC 61850 Edition 2 defines the service 
tracking feature to allow these services to be reported or logged, whether they 
succeed or fail.

SEL-400 series relays support the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these ser-
vices.

Tracking of these services is enabled by data objects in the service tracking logi-
cal node LTRK. Table 17.9 lists the service tracking data objects. Their data attri-
butes mirror those in the service request or in the control block that was the target 
of the service request.

                    

Refer to Table 17.26 for information regarding the available attributes in each 
tracking data object.

Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute ser-
viceType provides an enumerated value for the specific service requested or exe-
cuted. Table 17.10 defines the service type enumerations.

                    

Table 17.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a controllable double-point object

EncTrk CTS Tracks control service requests targeted at a controllable enumerated 
status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection

Table 17.10 IEC 61850 Service Type Enumeration

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the following buffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, PurgeBuf, EntryID, or GI

26 SetURCBValues Write request on one or more of the following unbuffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control object configured with enhanced security control model

54 InternalChange Report control block has been automatically disabled, i.e., RptEna is set to False after a loss of 
association with the client
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The attribute errorCode provides the error code that indicates whether the service 
was successful or unsuccessful. The codes are listed in Table 17.11 together with 
the corresponding ACSI errors.

                    

When creating datasets to track the services through information reporting, it is 
important to include the tracking data objects as a whole object (FCD—function-
ally constrained data), and not as individual data attributes (FCDA—functional 
constrained data attribute). Only the objRef attribute has a trigger option (dupd—
data update) and can trigger a report. The dupd trigger option must also be enabled 
in the report control block that is reporting changes in the tracking data objects.

File Services
The Ethernet file system allows reading or writing data as files. The file system 
supports FTP and MMS file transfer. The file system provides:

➤ A means for the device to transfer data as files.

➤ A hierarchal file structure for the device data.

The relay supports MMS file transfer with or without authentication. Note that 
the MMS File Transfer service will still be supported even if the relay contains an 
invalid CID file. The service is intended to support:

➤ Settings file download and upload

➤ CID file download and upload

➤ Event report retrieval

MMS File Services are enabled or disabled via PORT 5 settings, EMMSFS. Per-
missions for the Access Level 2 apply to MMS File Services requests. All files 
and directories that are available at the Access Level 2 via any supported file 
transfer mechanism (FTP, file read/write, etc.) are also available for transfer via 
MMS File Services.

Table 17.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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SCL Files
Substation Configuration Language (SCL) is an XML-based configuration lan-
guage used to support the exchange of database configuration data between dif-
ferent tools, which may come from different manufacturers. There are four types 
of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file describes the capabilities of an IED, including information on LN 
and GOOSE support. The SSD file describes the single-line diagram of the sub-
station and the required LNs. The SCD file contains information on all IEDs, 
communications configuration data, and a substation description. The CID file, 
of which there may be several, describes a single instantiated IED within the 
project, and includes address information.

Reports
The relay supports buffered and unbuffered report control blocks in the report 
model as defined in IEC 61850-8-1:2011. The predefined reports shown in 
Figure 17.5 are available by default via IEC 61850.

                    

There are 14 report control blocks (7 each of buffered and unbuffered reports). 
For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can reallocate 
data within each report data set to present different data attributes for each report 
beyond the predefined data sets.

                    

Figure 17.5 Relay Predefined Reports
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For buffered reports, connected clients may edit the report parameters shown in 
Table 17.12.

                    

Similarly, for unbuffered reports, connected clients may edit the report parame-
ters shown in Table 17.13.

                    

Table 17.12 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

entryID

BufTm YES 500

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa, b

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. Buffered reports begin buffering at startup.

YESa 0

PurgeBuf YESa FALSE

EntryId YES 0

Table 17.13 Unbuffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

BufTm YES 250

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

FALSE
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For buffered reports, only one client can enable the RptEna attribute of the BRCB 
at a time resulting in a client association for that BRCB. Once enabled, the asso-
ciated client has exclusive access to the BRCB until the connection is closed or 
the client disables the RptEna attribute. Once enabled, all unassociated clients 
have read-only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna attribute 
of an URCB at a time resulting in multiple client associations for that URCB. 
Once enabled, each client has independent access to a copy of that URCB.

The Resv attribute is writable, however, the relay does not support reservations. 
Writing any field of the URCB causes the client to obtain their own copy of the 
URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value with 
a resolution of 1 ms. However, the integrity report is only sent when the period 
has been detected as having expired. The report service rate of 2 Hz results in a 
report being sent within 500 ms of expiration of the IntgPd. The new IntgPd will 
begin at the time that the current report is serviced.

When configuring buffered and unbuffered reports that contain only analog val-
ues, a data change report only is triggered when there is a change in the magni-
tude value in excess of the deadband setting. When configuring buffered and 
unbuffered reports that contain a combination of digital and analog values, any 
digital value change triggers a data change report, which contains the current 
value of the analogs contained in the report at the time of the trigger.

Data Sets
IEC 61850 data sets are lists of references to DataObject attributes for the pur-
pose of efficient observation and transmission of data. Architect ICD files come 
with predefined data sets that can be used to transfer data via GOOSE messages, 
SV messages, or MMS reports.

➤ GOOSE: You can use predefined or edited data sets, or create new 
data sets for outgoing GOOSE transmission.

➤ SV: Four predefined data sets are provided. Each data set includes 
three phase currents and the neutral current as well as three phase 
voltages and the neutral voltage.

➤ Reports: Fourteen predefined data sets (BRDSet01–BRDSet07 and 
URDSet01–URDSet07) correspond to the default seven buffered and 
seven unbuffered reports. Note that you cannot change the number 
(14) of each type of report (buffered or unbuffered) within Architect. 
However, you can alter the data attributes that a data set contains or 
even create new data sets, and so define what data an IEC 61850 
client receives with a report. 

Supplemental Software Support
Examine the data structure and values of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, Inc.

The settings needed to browse the relay with an MMS browser are shown below.

                    

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and Quality
In addition to the various data values, the two attributes quality and t (time stamp) 
are available at any time. The time stamp is determined when data or quality 
change is detected. A change in the quality attribute can also be used to issue an 
internal event.

The time stamp is applied to all data and quality attributes (Boolean, Bstrings, 
Analogs, etc.) in the same fashion when a data or quality change is detected. 
However, there is a difference in how the change is detected between the different 
attribute types. For points in a data set that are also listed in the SER, the change 
is detected by the SER process. For all other Booleans or Bstrings, the change is 
detected via the scanner, which compares the last state against the previous state 
to detect the change. For analogs, the scanner looks at the amount of change rela-
tive to the deadband configured for the point to indicate a change and apply the 
time stamp. In all cases, these timestamps are used for the reporting model.

LN data attributes listed in the SER will have SER timestamps of 1 ms accuracy 
for data change events. All other LN data attributes are scanned on a 1/2-second 
interval for data change and have 1/2-second time stamp accuracy.

The relay uses GOOSE quality attributes to indicate the quality of the data in its 
transmitted GOOSE messages. Under normal conditions, all attributes are zero, 
indicating good quality data. Figure 17.6 shows the GOOSE quality attributes 
available to devices that subscribe to GOOSE messages from relay data sets that 
contain them. Internal status indicators provide the information necessary for the 
device to set these attributes. For example, if the device becomes disabled, as 
shown via status indications (e.g., an internal self-test failure), the relay will set 
the Validity attribute to INVALID and the Failure attribute to TRUE. Note that 
the relay does not set any of the other quality attributes. These attributes will 
always indicate FALSE (0). See the Architect help for additional information on 
GOOSE Quality attributes.

                    
                    

Figure 17.6 GOOSE Quality Attributes



17.19

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
IEC 61850 Operation

GOOSE
The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the message several 
times, increasing the likelihood that other devices receive the messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, con-
trols, and measured values between peers on an IEC 61850 network. Configure 
SEL devices to respond to GOOSE messages from other network devices with 
Architect. Also, configure outgoing GOOSE messages for SEL devices in Archi-
tect. See the Architect help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text identification 
and multicast group to identify and filter incoming GOOSE messages.

Virtual bits (VB001–VB256) are control inputs that you can map to values from 
incoming GOOSE messages by using the Architect software. See the VBnnn bits 
in Table 17.26, Table 17.27, and Table 17.28 for details on which logical nodes 
and names are used for these bits. This information can be useful when searching 
through device data with MMS browsers. If you intend to use any relay Virtual 
bits for controls, you must create SELOGIC equations to define these operations. 
The relay is capable of receiving and sending analog values via peer-to-peer 
GOOSE messages. Remote analogs (RA001–RA256) are analog inputs that you 
can map to values from incoming GOOSE messages. Remote analog outputs 
(RAO01–RAO64) can be used to transmit analog values via GOOSE messages. 
You must create SELOGIC control equations to assign internal relay values to 
RAO points to transmit them via GOOSE.

GOOSE Processing
SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the installed Ethernet port. 

Outgoing GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can define as many as eight data sets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. A single DA can be mapped to one or more outgoing GOOSE 
data sets, or one or more times within the same outgoing GOOSE 
data set. A user can also map a single GOOSE data set to multiple 
GOOSE control blocks. The number of unique Boolean variables is 
limited to a combined total of 512 digital bits across all eight 
outgoing messages.

➤ High-speed GOOSE messaging (as defined under GOOSE 
Performance) is available for GOOSE messages that contain either 
all Boolean data or a combination of Boolean data and remote analog 
output (RAO01–RAO64) data.

➤ The relay will transmit all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not retriggered, then 
following the initial transmission, the relay shall retransmit that 
GOOSE based on the Min. Time and Max. Time configured for that 
GOOSE message. The first transmission shall occur immediately 
upon triggering of an element within the GOOSE data set. The 
second transmission shall occur Min. Time later. The third shall 
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occur Min. Time after the second. The fourth shall occur twice Min. 
Time after the third. All subsequent transmissions shall occur at the 
Max Time interval. For example, a message with a Min. Time of 4 
ms and Max. Time of 1000 ms, will be transmitted upon triggering, 
then retransmitted at intervals of 4 ms, 4 ms, 8 ms, and then at 1000 
ms indefinitely or until another change triggers a new GOOSE 
message (See IEC 61850-8-1, Sec. 18.1).

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted entirely 
in a single network frame.

➤ The relay will maintain the configuration of outgoing GOOSE 
through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can configure the relay to subscribe to as many as 128 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE messages 
which are mapped to Virtual Bits (VBnnn). Virtual bits are volatile 
and are reset to zero when a new CID file is loaded, the device is 
restarted, or they are overwritten by data from a subscribed GOOSE 
message.

➤ The relay recognizes incoming GOOSE messages as valid based on 
the following content:

➢ Source broadcast MAC address

➢ Data Set Reference*

➢ Application ID*

➢ GOOSE Control Reference*

➢ Configuration Revision*

➢ Needs Commissioning*

➢ Quality Test*

➤ Every received and validated GOOSE message that indicates a data 
change, by an incremented status number, is evaluated as follows:

➢ Data within the received GOOSE data set that are mapped to 
host data bits are identified.

➢ Mapped bits are compared against a local version of the 
available host data bits.

➢ If the state of the received bits is different than the local version:

➣ Update the local version with the new state for that bit.

➣ Pass the new state for the bit to the relay.

➤ Reject all DA contained in an incoming GOOSE based on the 
presence of the following error indications created by inspection of 
the received GOOSE:

➢ Configuration Mismatch: The configuration number of the 
incoming GOOSE changes.

➢ Needs Commissioning: This Boolean parameter of the incoming 
GOOSE is true.

NOTE: Options marked with * are 
configurable via tools such as 
Architect. The relay, by default, checks 
against this parameter. 

Any GOOSE message that fails these 
checks shall be rejected. You can find 
the default quality check in the quality 
mask in Architect. See Figure 17.16 for 
an example.
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➢ Test Mode: This Boolean parameter of the incoming GOOSE is 
true.

➢ Decode Error: The format of the incoming GOOSE is not as 
configured.

➤ The relay will discard incoming GOOSE under the following 
conditions:

➢ After a permanent (latching) self-test failure

➢ When EGSE is set to No

Link-layer priority tagging and virtual LAN is supported as described in Annex C 
of IEC 61850-8-1:2011.

GOOSE Performance
For outgoing high-speed data (as identified under GOOSE Processing), transmis-
sion of GOOSE begins within 2 ms of transition of digital data within the relay. 
Note that you can include RAO points in outgoing GOOSE for high-speed trans-
mission. Only the transition of a digital point will trigger the transmission within 
2 ms. For all other data contained in outgoing GOOSE, transmission of GOOSE 
begins within 500 ms of transition of data within the relay. For incoming GOOSE 
data with an included change of state, the corresponding mapped virtual bit states 
update within two processing intervals.

Sampled Values
NOTE: Not all SEL-400 series 
products support SV.

IEC 61850 9-2, also known as Sampled Values (SV), describes a service that 
brings digital samples of analog signals from the substation yard to the control 
house. Multiple components are essential to successful implementation of such a 
service. SV publishers, also known as merging units, locally sample and convert 
analog signals to digital time-stamped samples. They then publish these samples 
with minimum delays via an Ethernet connection. Ethernet connections are 
established between SV publishers and SV subscribers for transmitting SV sam-
ples and GOOSE messages. This network is also called the process bus network. 
The information exchange between the SV publisher and the SV-
subscribing relays is based on a publisher/subscriber mechanism that is similar to 
GOOSE messaging. The SV subscribing relay receives the time-stamped SV 
messages and checks the timeliness of the samples. Messages are buffered and 
then used by the relays.

To promote interoperability and fast deployment of SV, UCA International Users 
Group released “Implementation Guideline for Digital Interface to Instrument 
Transformers Using IEC 61850-9-2” and described a subset of IEC 61850-9-2, 
also known as UCA 61850 9-2LE or simply 9-2LE. The SEL-400 series SV 
products are compliant with the 9-2LE guideline, also known as the 9-2LE pro-
file in this manual.

You can configure the SEL-400 series SV products via Architect or by using 
PORT 5 settings. See IEC 61850 Configuration on page 17.38 for more informa-
tion on SV product configuration.
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SV Processing
SV Publication

An SV publisher is an interface to the non-conventional instrument transformers 
(NCIT) and traditional instrument transformers. When an SV publisher is con-
nected to a traditional instrument transformer, it is also called a standalone merg-
ing unit. The SV publisher samples the analog data at 8 kHz and downsamples to 
4.8 kHz/4.0 kHz when the nominal frequency is 60 Hz/50 Hz. A time stamp rep-
resentation, known as smpCnt, is encoded with each published SV message. 
Given the sampling rate and the need to maintain the time coherence of samples 
from multiple merging units, merging units must be time-synchronized to high-
accuracy time source. See Section 11: Time and Date Management for time-syn-
chronization methods. The difference between the time encoded by the smpCnt 
in an SV message and the time that the message is published at the Ethernet inter-
face is the merging unit processing delay. This delay and the transmitting delay 
over a process bus network is the total network delay. See SV Network Delays on 
page 17.25 for more about network delay.

SV Data Set

SEL SV publishers can transmit multiple SV data streams. Each SV message 
includes four currents and four voltages. For example, the SEL-401 Protection, 
Automation, and Control Merging Unit has inputs for 12 analog measurements (6 
currents and 6 voltages). This means that the merging unit function requires at 
least two streams to send all available voltage/current inputs. Merging units sup-
port as many as seven output streams, allowing unmatched flexibility with mea-
surement channel assignment and precise routing of duplicate streams.

Primary/Secondary Scale Factor

The analog measurements inside SV messages represent the primary side of the 
instrument transformer. When connecting a standalone merging unit to a conven-
tional transformer, a scale factor should be applied such that the measured sec-
ondary quantity is scaled to primary values. For example, if the SEL-401 IW 
terminal is connected to an ANSI C600 1200/5 CT, the merging unit CT ratio 
CTRW should be set as 1200/5 = 240. Once CTRW is set, the measured second-
ary quantity on IW is scaled by CTRW before it is transmitted.

Time Synchronization

SmpCnt is a representation of the time stamp, which is encoded in each SV mes-
sage. If SV messages from multiple merging units are used for an application, the 
smpCnt from these merging units must represent the same time instance to cor-
rectly align the data. High-accuracy time synchronization is critical. SEL-400 
series relays can be synchronized with high-quality IRIG-B or high-quality Preci-
sion Time Protocol (PTP). The quality of smpCnt at the time the sample was 
taken is indicated by the SmpSynch value included in each SV message. When a 
merging unit is not time synchronized to any time source, its sample time error is 
unknown. Without time synchronization, the relay sets the smpSynch to 0. When 
the merging unit is synchronized to a high-quality local time source (TLOCAL = 
1), the smpSynch is set to 1. When the merging unit is synchronized to a high-
quality global time source (TGLOBAL = 1), the smpSynch is set to 2. TLOCAL 
and TGLOBAL are indicators of the time-synchronization source. See 
Section 11: Time and Date Management for information about TLOCAL and 
TGLOBAL.
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SEL merging units use the information in Table 17.14 and Table 17.15 to deter-
mine the quality of sample timing and the smpSynch values. See Table 17.14 and 
Table 17.15 for smpSynch values.

When high-quality IRIG-B is the current time source (CUR_SRC = BNC_IRIG 
or CUR_SRC = SER_IRIG):

                    

When high-quality PTP is the current time source (CUR_SRC = PTP):

                    

SV Subscription
An SEL SV relay can receive one or more SV streams from one or more merging 
units. SEL SV relays only support receiving 9-2LE-compliant SV messages. 
Once messages are received, samples are buffered to ensure that samples used to 
calculate protection elements are from the same time. The SV message attribute, 
smpCnt, is used to check and align samples. SV messages can be published at 
different frequencies based on the nominal frequency. The SEL SV relay nominal 
frequency setting must match the merging unit nominal frequency.

Primary/Secondary Scale Factor

SV messages provide current and voltage measurements in terms of the primary 
side of the instrument transformers. SEL SV relay protection calculations are 
based on traditional secondary quantities. Thus, the received digital samples must 
be scaled to the secondary properly. For example, if the SV stream comes from a 
merging unit that is connected to a 1200/5 CT, the SEL SV relay CT ratio settings 
should be 240.

Current Summation 

To provide a similar function to sum currents by connecting copper wires 
together, SEL-400 series relays provide current summation via SV subscriptions. 
You can map as many as three SV current channels (UCA 9-2LE-compliant) to 
the same SV subscriber relay analog channel. You can enable this function by 
clearing Hide current summation rows in Architect in the SV Receive tab.

Table 17.14 Mechanism of Determining smpSynch Values With an IRIG-B Time 
Source

Time Synchronization Status smpSynch Value

TGLOBAL =  1 2

TLOCAL =  1 1

TGLOBAL =  0

TLOCAL =  0

0

Table 17.15 Mechanism of Determining smpSynch Values With a PTP Time Source

Profile MU Sync State smpSynch Value

Power System or Default Profile TGLOBAL =  1 2

Power System Profile TLOCAL =  1 GMIDa

a Grand Master ID

Default Profile TLOCAL =  1 1

Power System or Default Profile TGLOBAL =  0

TLOCAL =  0

0

NOTE: Use caution when externally 
summing CT currents for differential 
protection. Because the resulting 
restraint current can be lower than 
expected, this can have implications 
for protection security.
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Example 17.1 Current Summation Via SV Subscription

In this example, a transmission line connects to a line reactor. The line cur-
rent is the sum of the two breaker currents minus the reactor current. Merg-
ing unit Bay1MU #1 current transformer logical nodes TCTR1 and TCTR2 
are both mapped to Terminal W on the SEL-421-7 Protection, Automation, 
and Control System With Sampled Values. SEL-421-7 Current Channel IAW 
has current measurements summed from Bay1MU #1...TCTR1.Amp.instMag.i 
and Bay1MU #1...TCTR2.Amp.instMag.i. The reactor current published 
from Bay1MU #2 is mapped to Terminal X on the SEL-421-7. The Terminal 
W and Terminal X currents are then combined by setting LINEI := COMB in 
Global settings.

                                        
                    
                    

Figure 17.7 Example Current Summation
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SV Network Delays

The SV merging unit and process bus network act as the data acquisition system 
for an SV relay. There are time delays introduced by DSS. The delays of an SV 
stream include the merging unit processing delay and the process bus network 
delay. The sum of these is called the network delay. SEL SV relays measure and 
report this network delay. The measured network delay for each SV subscription 
is stored as an analog quantity and reported via the COM SV ASCII command. 
See Section 9: ASCII Command Reference in the product-specific instruction 
manual for more detailed information.

SEL SV relays account for a network delay by buffering SV samples. The buffer 
length is controlled by the CH_DLY setting. Set the CH_DLY setting to the fol-
lowing value:

                    

Equation 17.1

                    

N = 3 is a good choice for typical applications because it allows the relay to ride 
through a loss of three packets. The allowable range for N is 1–3. The CH_DLY 
setting is specified in milliseconds (ms), and the SVNDmm value is reported in 
milliseconds (ms), both in the COM SV command response and as a user-acces-

The corresponding configuration is shown in Figure 17.8.
                    

Example 17.1 Current Summation Via SV Subscription (Continued)

                    
                    

Figure 17.8 Example Current-Summation Configuration

where:

MAX(SVNDmm) is the maximum network delay out of all received streams

N is the number of lost packets you want the relay to ride 
through by interpolating data

CH_DLY MAX SVNDmm  N 1+  Sample Period • +=
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sible analog quantity. Convert the last part of the channel delay equation to milli-
seconds by treating a sample period as 0.2083 ms for a 60 Hz system, or 0.25 ms 
for a 50 Hz system.

SEL SV relays wait to start resampling until samples arrive for the configured 
CH_DLY. This design also provides a consistent delay (CH_DLY) to protection 
and control operations, which overcomes the non-deterministic delays caused by 
the Ethernet process bus network.

If SV messages of the first SV subscription, which is listed first in the COM SV 
command response, are delayed by more than CH_DLY, they are considered lost. 
If less than three consecutive messages are delayed or missing, the SEL SV relay 
interpolates for these delayed or lost messages. If more than three samples are 
delayed or missing, the SEL relay ASCII command COM SV reports SV STREAM 
LOST for this scenario.

The protection and control operation times are delayed by the configured 
CH_DLY. Use caution when setting the relay coordination times to account for 
this added delay.

Coupled Clocks Mode
SEL recommends configuring a high-quality time source for the SV relays. 
Depending on the time-synchronization status, an SEL SV relay operates in one 
of two modes: the freewheeling mode and the coupled clock mode. SEL SV sub-
scribers use the same logic as SEL SV publishers to determine a local smpSynch 
based on its time-synchronization status. When the incoming smpSynch of the 
first SV subscription is non-zero and matches the local smpSynch, the relay oper-
ates in coupled clocks mode and SVCC asserts. When operating in coupled 
clocks mode, the relay can calculate the network delay for incoming SV streams. 
These delays are stored in analog quantities SVNDmm where mm is the subscrip-
tion number. The delays are also reported in the COM SV command response. 
When operating in the freewheeling mode, the SV relay will not provide the net-
work delay statistics.

Subscription Reference Stream
SEL SV relays store the smpSynch of each subscribed SV stream in analog quan-
tities SVmmSNC, where mm is the subscription number. If a CID file is used, the 
first subscription stream in the CID file is used as the smpSynch reference. If the 
PORT 5 SV setting is used, the subscription with the subscribed MAC address set 
by SVRADR1 is the first subscription and is used as the smpSynch reference. In 
coupled clock mode, any subsequent streams that do not have the same 
smpSynch as the time reference are discarded. If the relay stops receiving data 
for the first subscription stream, the last smpSynch value received from the first 
subscription stream continues to remain as the time reference. If the smpSynch 
value of the first subscription stream is zero, only the first subscription stream is 
accepted. If the relay operates in freewheeling mode, only the first subscription 
stream is accepted.

Station Bus and Process Bus (Four-Port Ethernet Card)
The SEL SV publishers and subscribers allow flexible station bus and process 
bus configurations when using the four-port Ethernet card. If BUSMODE := 
INDEPEND, station bus traffic (typically MMS and GOOSE) will only be trans-
mitted out on the station bus ports, and process bus traffic (typically SV and 
GOOSE) will only be transmitted on process bus ports. If BUSMODE := 
MERGED, all communications use PORT 5A and PORT 5B, with process bus and 

NOTE: The MERGED BUSMODE is 
not recommended for long-term 
operations, as the large amount of 
process bus traffic can adversely 
affect station bus functions when the 
buses are combined.
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station bus traffic merged on the same physical network, and the process bus 
ports are disabled. The designation of station bus and process bus is controlled by 
NETPORT settings. The station bus port is the same as the primary port, as spec-
ified by NETPORT settings. If NETPORT := A or NETPORT := B, then PORT 5A 
and PORT 5B are used for station bus communication and PORT 5C and PORT 5D are 
used for process bus communication. If NETPORT := C or NETPORT := D, then 
PORT 5C and PORT 5D are used for station bus communication and PORT 5A and 
PORT 5B are used for process bus communication. IEEE 1588-based time syn-
chronization is only available on PORT 5A and PORT 5B when using the four-port 
Ethernet card. If you want PTP time synchronization on the process bus, use 
PORT 5A and PORT 5B for process-bus communications. Figure 17.9 shows some 
common network configurations, including the NETPORT and BUSMODE set-
tings used.

Figure 17.9 shows an independent bus mode network schematic with PTP time 
synchronization on the process bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := C.

                    

Figure 17.10 shows an independent bus mode network schematic with PTP time 
synchronization on the station bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := A.

                    

Figure 17.11 shows an independent bus mode network schematic with local IRIG 
time source. In this schematic, the merging unit has settings BUSMODE := 
INDEPEND and NETPORT := A.

                    

Figure 17.9 Independent Bus Mode With PTP Time Synchronization on the 
Process Bus

                    

Figure 17.10 Independent Bus Mode With PTP Time Synchronization on the 
Station Bus
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Figure 17.12 shows a merged bus mode network schematic with PTP time syn-
chronization. Process bus and station bus traffic are all processed in PORT A. In 
this schematic, the merging unit has settings BUSMODE := MERGED and 
NETPORT := A.

                    

Station Bus and Process Bus (Five-Port Ethernet Card)
When using the five-port Ethernet card, the station bus and process bus designa-
tions are fixed. If BUSMODE := INDEPEND, the process bus is assigned to 
PORT 5A and PORT 5B, and the station bus is assigned to PORT 5C and PORT 5D. If 
BUSMODE := MERGED, traffic is processed on PORT 5A and PORT 5B, and 
PORT 5C and PORT 5D are disabled. The engineering access port (PORT 5E) is not 
associated with the BUSMODE setting; therefore, its designation and functional-
ity remain the same. The card uses three source MAC addresses. The first MAC 
address is applied to the process bus. The second MAC address is applied to the 
station bus. The third MAC address is applied to the engineering access port. 
IEEE 1588-based time synchronization is available on either the process bus or 
station bus when using the five-port Ethernet card.

IEC 61850 Messaging (Four-Port Ethernet Card)
The SEL-400 series relays publish and subscribe GOOSE messages on both the 
station bus and the process bus ports when using the four-port Ethernet card. 
GOOSE subscription error out of sequence may be reported if GOOSE messages 
from station bus and process bus are not isolated properly via network manage-
ment. For example, Figure 17.13 shows an SEL merging unit publishing two 
GOOSE messages from the station bus and process bus. Without proper GOOSE 

                    

Figure 17.11 Independent Bus Mode With IRIG Time Synchronization

                    

Figure 17.12 Merged Bus Mode With PTP Time Synchronization
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messages routing on the Ethernet switch, the SV relay receives GOOSE mes-
sages #1 and #2 from the process bus and the station bus, and out-of-sequence 
error is reported for GOOSE messages #1 and #2 subscriptions. Proper manage-
ment and segregation of GOOSE messages from the station bus and the process 
resolves this. For example, if GOOSE message #1 is designed for the process bus 
only, engineers can configure the station bus Ethernet switch to only forward 
GOOSE message #2 and the process bus Ethernet switch to only forward 
GOOSE message #1 via VLAN management.

SEL recommends using an SEL software-defined network (SDN) Ethernet 
switch to engineer each Ethernet traffic flow. Engineers can plan the network 
path for process bus GOOSE messages to flow through the process bus SDN 
switch only and discard the station bus GOOSE messages.

                    

IEC 61850 Messaging (Five-Port Ethernet Card)
To configure IEC 61850 messaging in the five-port Ethernet card, download a 
ClassFileVersion 007 CID file to the relay. This file provides multiple access 
points to differentiate between the process bus, station bus, and engineering 
access networks, as well as to define which services are available on those net-
works. Use Architect to configure communications for each network. For exam-
ple, to publish a GOOSE message on process bus PORT 5A and PORT 5B, select 
interface P1 in the address dropdown menu in the GOOSE transmit editor, as 
shown in Figure 17.14.

                    

The five-port Ethernet card supports two levels of GOOSE message VLAN prior-
itization: high and low. GOOSE messages with VLAN tags priorities from 0–3 
are processed as low priority. GOOSE messages with VLAN priorities tags from 
4–7 are processed as high priority. GOOSE messages without VLAN tags are 
processed as low priority.

                    

Figure 17.13 Use Ethernet Switch to Engineer Network Path for GOOSE Messages
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Figure 17.14 GOOSE Transmit Interface Selection (Five-Port Ethernet Card)
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IEC 61850 Simulation Mode
NOTE: SV simulation is only 
applicable in IEDs with SV subscription 
capability.

The SEL-400 series relays (including the SEL-401) can be configured to operate 
in simulation mode. In this mode, the SEL-400 series relays continue to process 
normal SV or GOOSE messages until a simulated SV or GOOSE message is 
received for a subscription. Once a simulated SV or GOOSE message is received, 
only simulated SV or GOOSE messages are processed for that subscription. The 
simulated mode only terminates when LPHDSIM is returned to FALSE. When 
the relay is not in the simulation mode, only normal SV or GOOSE messages are 
processed for all subscriptions.

A user can place the SEL-400 series relays in IEC 61850 simulation mode by set-
ting LPHDSIM (CFG.DevIDLPHD1.Sim.stVal) to true via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the relay 
rejects MMS attempts to enter or exit simulation mode until SC850SM deasserts.

IEC 61850 Mode/Behavior
NOTE: IEC 61850 Mode/Behavior is 
only available in IEDs with IEC 61850 
Edition 2 support.

The IEC 61850-7-4:2010 standard defines behaviors of different modes to facili-
tate testing. SEL-400 series relays support the following modes:

➤ On

➤ Blocked 

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is jointly determined by the logical device mode and its log-
ical node mode according to the IEC 61850 standard. For SEL-400 series relays, 
the selected IEC 61850 Mode/Behavior applies to the entire IED, including all its 
logical devices and all logical nodes. The behavior of the IED is always the same 
as the selected mode.

Table 17.16 describes the available services based on the mode/behavior of the IED.

                    

Table 17.16 IEC 61850 Services Available Based on Mode/Behavior

Mode MMS
GOOSE
Publication and Subscription

SV
Publication and Subscription

On Available Available Available

Blocked Available Available Available

Test Available Available Available

Test/Blocked Available Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE and SV publication in mode Off are disabled if EOFFMTX = N.

Publicationb
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The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior, as shown in Table 17.17.

                    

Mode/Behavior Control
Enable Mode/Behavior Control

IEC 61850 Mode/Behavior, by default, is disabled on SEL-400 series relays. To 
enable IEC 61850 Mode/Behavior, you must set PORT 5 setting E61850 to Y. To 
enable IEC 61850 Mode/Behavior control, you must set port setting E850MBC 
to Y and the CID file setting controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of IEC 61850 
Mode/Behavior when adding an IED into an Architect project, as shown in 
Figure 17.15. 

                    

Enhanced Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported pro-
vide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED testing, a 
technician can disable unplanned switching of IEC 61850 Mode/Behavior by set-
ting E850MBC to N after switching the relay back to On mode.

Table 17.17 Analog Quantity I850MOD Status Based on the Selected IEC 61850 
Mode/Behavior

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported

                    

Figure 17.15 Set controllableModeSupported = True
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Change Mode Via MMS or SELOGIC 
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode data 
object (Mod.Oper.ctlVal) in logical device CFG. Note that Mod.Oper.ctlVal in 
other logical devices does not accept MMS writes.

                    

You can also control IEC 61850 Mode/Behavior through use of the SET L com-
mand with protection SELOGIC variables SC850TM and SC850BM on the left 
side of protection logic equations. These variables are the SELOGIC controls for 
the Test mode and the Blocked mode, respectively.

                    

                    

Write Values to Mod.Oper.ctlVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

SC850TM SC850BM Selected IEC 61850 Mode/Behavior

0 0 See Notea

a Note: The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 (true), 
SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See Noteb

b Note: You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are not 
evaluated.

See Noteb Off

Example 17.2 Change Mode Via SELOGIC

In this example, pushbuttons PB1 and PB2 control SC850TM. Pushbuttons 
PB3 and PB4 control SC850BM. If you press PB1, the relay enters Test mode. 
If you press PB3, the relay transitions from Test mode into Test/Blocked 
mode. Press PB2 and PB4 to reset Test mode and Blocked mode, respectively.
                    

You can read the current IEC 61850 Mode/Behavior through an MMS client 
or by using the STA A commands.

NOTE: The variables SC850TM and 
SC850BM are not protection settings.

                    

=>>SHO L 

Protection 1

1: PLT01S := PB1

2: PLT01R := PB2

3: SC850TM := PLT01

4: PLT02S := PB3

5: PLT02R := PB4

6: SC850BM := PLT02
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Mode Indications on HMI
If the Mode/Behavior is Test, Blocked, or Test/Blocked, the relay toggles the 
Enabled LED on the front panel approximately every half a second to alarm users 
that the relay is not in On mode. When the relay is placed in Off mode, the relay 
is disabled and the relay Enabled LED is solid red.

Incoming Messages Processing
IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-400 series relays, by default, check if the quality 
operatorBlocked = False; if not, the relays treat the messages as invalid. You can 
disable the default check by changing the quality mask of GOOSE subscriptions. 
Figure 17.16 illustrates the default quality check for GOOSE subscription on 
SEL-400 series relays.

                    

Relay Operation for Different IEC 61850 Modes/Behaviors
Refer to Section 10: Testing, Troubleshooting, and Maintenance for information 
on how to use the various modes in testing.

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/Behavior 
status as On and processes all inputs and outputs as normal. If the quality of the 
subscribed SV messages satisfies Table 14.45, the relay processes the received 
SV messages as valid. If the quality of the subscribed GOOSE messages satisfies 
the GOOSE processing (see GOOSE Processing on page 17.19), the relay pro-
cesses the received GOOSE messages as valid.

                    

Figure 17.16 Default Quality Check on GOOSE Subscription if Quality Is Present
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Figure 17.17 illustrates the mode/behavior.

                    

Mode: Blocked
The relay operates in Blocked mode similarly to how it operates in On mode, 
except that it does not operate any physical contact outputs in this mode. It does 
continue to operate control bits such as remote bits and output contact bits.

                    

Table 17.18 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid

SVa

a IEC SV subscribers only.

Processed Processed as invalid

Table 17.19 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

SVa

a IEC SV publishers only.

False

                    

Figure 17.17 Relay Operations in On Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the 
IEC 61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 

Processed

Processed
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GOOSE

(q.test = False)
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(q.test = False)
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Logical Connections

                    

Figure 17.18 Relay Operations in Blocked Mode

Processed
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Processed
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GOOSE
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SV
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MMS Controls
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Mode/Behavior = Blocked

Physical contacts
are BLOCKED
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MMS Controls
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Logical Connections

NOTE: In Blocked mode, the physical 
output contacts are frozen in the state 
they were in prior to entering Blocked 
mode.
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Mode: Test
In Test mode, the relay processes valid incoming test signals or normal messages 
and operates physical contact outputs if triggered. In this mode/behavior, outgo-
ing MMS, GOOSE, and SV messages have the quality test bit set to True if the 
quality test bit is present. If the quality of the subscribed SV messages satisfies 
Table 14.45 (regardless of whether the quality test bit is set to True or False), the 
relay processes the received SV messages as valid. If the quality of the sub-
scribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False—see GOOSE 
Processing on page 17.19), the relay processes the received GOOSE messages as 
valid.

                    

                    

Figure 17.19 illustrates the mode/behavior.

                    

Mode: Test/Blocked
In Test/Blocked mode (see Section 10: Testing, Troubleshooting, and Mainte-
nance) for more information), the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In this 
mode/behavior, outgoing MMS, GOOSE, and SV messages have the quality test 
bit set to True if the quality test bit is present. If the quality of the subscribed SV 
messages satisfies Table 14.45 (regardless of whether the quality test bit is set to 
True or False), the relay processes the received SV messages as valid. If the qual-

Table 17.20 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed

SVa

a IEC SV subscribers only.

Processed Processed

Table 17.21 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

SVa

a IEC SV publishers only.

True

                    

Figure 17.19 Relay Operations in Test Mode 

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 

Processed
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(q.test = True/False)

SV
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MMS Controls
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Logical Connections
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ity of the subscribed GOOSE messages satisfies the user-defined quality type 
definition (regardless of whether the quality test bit is set to True or False—see 
GOOSE Processing on page 17.19), the relay processes the received GOOSE 
messages as valid.

Figure 17.20 illustrates the mode/behavior.

                    

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE and SV messages. 
The relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. The relay is in a disabled state, and 
it no longer trips any physical contact outputs.

In this mode, the relay is in a disabled state. Relay Word bit EN is set to False. 
The device processes MMS control requests to change the active mode of 
IEC 61850 Mode/Behavior if the quality Test bit of the control is set to False.

If EOFFMTX is set to True, the relay continues to transmit SV messages and 
GOOSE messages with the quality test bit set to False (0) and the validity set to 
Invalid (01) if the quality is present in the messages. If EOFFMTX is set to False, 
the relay does not transmit GOOSE or SV messages in this mode. The relay also 
does not process any incoming GOOSE and SV messages.

                    

                    

                    

Figure 17.20 Relay Operations in Test/Blocked Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 
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Physical contacts 
are BLOCKED
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Table 17.22 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With Quality 
Test Bit Set to False (0)

Incoming Message With 
Quality Test Bit Set to True (1)

MMS Relay Only Processes Messages 
to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

SV Not Processed Not Processed

Table 17.23 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

SV Invalid



17.37

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
IEC 61850 Mode/Behavior

Figure 17.21 illustrates the IEC 61850 Mode/Behavior.

                    

Relay Output Contact Behavior Following a Power Cycle
The behavior of the relay output contacts vary based on the IEC 61850 mode in 
which the relay existed prior to the power cycle. The behavior for all contact out-
puts at relay loss of power is to de-energize the contact outputs (open for nor-
mally open and close for normally closed). Upon restoring power, the relay re-
establishes the IEC 61850 mode prior to loss of power, and if the IEC 61850 
mode was Blocked or Test/Blocked, the relay will not operate the output contacts 
based on the SELOGIC control equations, even if the outputs were energized prior 
to the power cycle. Table 17.24 describes all scenarios.

                    

SEL TEST SV Mode
The SEL SV subscriber relay and the SEL SV publisher relay both support TEST 
SV mode. This mode is designed to validate SV communications during testing.

SEL SV Subscriber Relay
When the TEST SV command is executed on an SEL SV subscriber relay, it sets 
the Relay Word bit SVSTST to TRUE. In this mode, the relay accepts either 
TEST SV data (test bit of the quality attribute is TRUE) or normal SV data (test 

                    

Figure 17.21 Relay Operations in Off Mode

Not Processed

Not Processed

Not Processed

IED
GOOSE

(q.test = True/False)

SV
(q.test = True/False)

MMS Controls
(q.test = True/False)

Mode/Behavior = Off

If EOFFMTX = Y, GOOSE is transmitted 
with q.validity = Invalid

If EOFFMTX = Y, SV is transmitted 
with q.validity = Invalid

Physical contacts 
are BLOCKED

Logical Connections

Table 17.24 Output Contact Behavior for IEC 61850 Modes Following a Power 
Cycle

IEC 61850 Mode 
Prior to Power Cycle

Output Contact 
State Prior to 
Power Cycle

Output Contact 
State During Power 
Off

Output Contact 
State Following the 
Power Cycle

ON 0 0 0

BLOCKED 0 0 0

TEST 0 0 0

TEST/BLOCKED 0 0 0

OFF 0 0 0

ON 1 0 1

BLOCKED 1 0 0

TEST 1 0 1

TEST/BLOCKED 1 0 0

OFF 1 0 0
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bit of the quality attribute is FALSE). If the relay receives TEST SV data, the 
warning code QUALITY(TEST) is used to indicate the subscription status. While in 
TEST SV mode, the relay processes the SV stream and exercises all associated 
protection logic.

If the SEL SV subscriber relay is not in TEST SV mode, SVSTST is set to 
FALSE and the relay only accepts SV data with a valid quality. If TEST SV data 
are received, messages are discarded and error code INVALID QUAL is used to 
indicate the subscription status.

SEL SV Publisher Relay
When the TEST SV command is executed on the SEL-421 or SEL-401 SV pub-
lisher relays, it sets the Relay Word bit SVPTST to TRUE. In this mode, the relay 
generates test signals on all configured SV streams. The test bit in the quality 
attribute is TRUE for all published SV messages. The published signals are 
scaled from secondary values (Magnitude in Table 17.25) to primary values in 
accordance with the CT and PT ratio setting as follows:

➤ CTRW is used for both IW and IX scaling.

➤ PTRY is used for both VY and VZ scaling.

                    

Refer to Section 14: ASCII Command Reference for more information about the 
TEST SV command.

IEC 61850 Configuration
Settings

Table 12.18 lists the IEC 61850 settings. Table 12.19 lists the Mode/Behavior set-
tings. These settings are only available if your device includes the optional 
IEC 61850 protocol.

Architect
The Architect software enables protection and integration engineers to design 
and commission IEC 61850 substations containing SEL IEDs.

Table 17.25 Secondary Quantities for the SEL-400 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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Engineers can use Architect to perform the following configuration tasks.

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Configure SV publication and subscription, if supported.

➤ Edit and create GOOSE and SV data sets.

➤ Read non-SEL IED Capability Description (ICD) and CID files and 
determine the available IEC 61850 messaging options.

➤ Use or edit preconfigured data sets for reports.

➤ Load device settings as part of IEC 61850 CID files into SEL IEDs.

➤ Generate ICD files that will provide SEL IED descriptions to other 
manufacturers’ tools so they can use SEL GOOSE messages and 
reporting features.

Architect provides a GUI for engineers to select, edit, and create IEC 61850 
GOOSE messages important for substation protection, coordination, and control 
schemes. Typically, the engineer first places icons representing IEDs in a substa-
tion container, then edits the outgoing GOOSE messages or creates new ones for 
each IED. The engineer may also select incoming GOOSE messages for each 
IED to receive from any other IEDs in the domain. Architect has the capability to 
read other manufacturers’ ICD and CID files, enabling the engineer to map the 
data seamlessly into SEL IED logic. See the Architect help for more information.

Architect also provides a GUI for engineers to configure SV publications and SV 
subscriptions when the IED supports SV. The process is similar to that described 
for GOOSE, except that SEL SV devices can either publish or subscribe to SV, 
but not both. The engineer edits or creates SV publication data sets to configure 
the SEL SV publisher(s). Architect then displays the available SV publications in 
the project, using any SV publications defined in the project, including those 
from imported CID files from other manufacturers' SV publishers. The engineer 
then configures subscriptions by mapping the published data to the available ana-
log channels in the SEL SV subscriber.

The following example includes configurations via the Architect software. The 
software supports IEC 61850 MMS, GOOSE, and SV configurations. This exam-
ple shows how to use the software to configure two SV publications on an 
SEL-401 and an SEL-421.

NOTE: Not all SEL-400 series relays 
support SV.

NOTE: Other manufacturers’ ICD and 
CID files must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet this 
criteria, the relay will reject the CID 
file upon download. Edit other 
manufacturers’ ICD and CID files prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

NOTE: Use unique VLAN tags when 
publishing 87L, GOOSE, and SV 
messages to avoid mixing process bus 
traffic with station bus traffic. 
However, the VLAN IDs of subscribed 
GOOSE messages can be the same as 
outgoing 87L or SV VLAN IDs.
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Example 17.3 SV Application

Step 1. Open Architect.

Step 2. Insert the SEL-401 ICD and the SEL-421-7 SV Subscriber 
Relay ICD in the project tree.

                    
                    
                    

Figure 17.22 Add ICD to Project Tree
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Step 3. Create an SV Publication for the SEL-401. Configure SVID, 
MAC address, APP ID, and VLAN information as desired. 
Select an SV data set to associate it with the SV publication.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.23 Configure an SV Publication



17.42

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Configuration

Step 4. To view the content of the data set, select the … icon next to the 
data set.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.24 Example SV Publication Data Set
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Step 5. Select the SEL-421 and select the SV Receive tab to configure 
the SV subscriptions as shown in Figure 17.25.

                    

Step 6. Right-click the IED, and choose to send the CID file. Ensure that 
the FTP function is enabled on the IEDs before sending CID 
files.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.25 Configure SV Subscription

                    
                    

Figure 17.26 Send SEL-401 CID File
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SV Configuration
The SEL-400 series relays support SV configuration via Architect or PORT 5 set-
tings via ACSELERATOR QuickSet SEL-5030 Software, terminal window, or 
front-panel HMI. PORT 5 SV settings take precedence over any SV configuration 
via CID files. If SVTXEN > 0 or SVRXEN > 0, PORT 5 SV configuration is used.

                    

Step 7. Issue the COM SV command on the merging unit and the relay 
to verify successful publication and subscription.

                    

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.27 Send SEL-421-7 CID File

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SV Publication Information

MultiCastAddr Ptag:Vlan AppID smpSynch
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 0
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.28 SEL-401 Publication Status

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SIMULATED Mode: Off

SV Subscription Status

MultiCastAddr Ptag:Vlan AppID smpSynch Code Network Delay (ms)
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 1
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.29 SEL-421-7 SV Subscription Status
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SV Communication Status
SEL SV publisher relays, including the SEL-421-7 SV Publisher and the 
SEL-401, support as many as seven SV publications. The SEL-421 or SEL-401 
indicates the publication status by using Relay Word bits SVPnnOK (nn= 01 to 
07). If a publication is configured, the corresponding SVPnnOK Relay Word bit 
asserts. The COM SV command provides a detailed report on the configured SV 
publications.

The SEL SV publisher relay supports as many as seven SV subscriptions. The 
SEL SV publisher relay monitors each incoming SV stream and, when queried 
with the COM SV command, reports errors or warnings if detected. For example, 
if the relay has not received four or more consecutive SV messages, COM SV 
reports the error code SV STREAM LOST. If the received SV messages include more 
than one application service data unit (ASDU), the error code ASDU ERROR is 
reported to indicate that the SEL-400 only supports one ASDU. Warning codes 
include CH DLY EXCEEDED, INTERPOLATED, SIMULATED, etc. For example, if the 
measured network delay of any subscribed SV stream exceeded the CH_DLY 
when the relay is in coupled clock mode. If SV subscriptions experience an error, 
the corresponding subscription status, SVSnnOK (nn = 01–07), deasserts.

Refer to Section 14: ASCII Command Reference for more information about the 
COM SV command.

SEL ICD File Versions
Architect version 1.1.69.0 and higher supports multiple ICD file versions for 
each IED in a project. Because relays with different firmware may require differ-
ent CID file versions, this allows users to manage the CID files of all IEDs within 
a single project.

Ensure that you work with the appropriate version of Architect relative to your 
current configuration, existing project files, and ultimate goals. If you desire the 
best available IEC 61850 functionality for your SEL relay, obtain the latest ver-
sion of Architect and select the appropriate ICD version(s) for your needs. Archi-
tect generates CID files from ICD files so the ICD file version Architect uses also 
determines the CID file version generated.

As of this writing, Architect comes with several versions of relay ICD files. ICD 
file descriptions in Architect indicate the minimum firmware versions required to 
use that particular file. Unless otherwise indicated, ICD files will work with firm-
ware higher than the firmware in the description. but not with lower firmware 
versions.

See Appendix A: Firmware, ICD File, and Manual Versions in the product-spe-
cific instruction manual for a list of ICD versions and corresponding firmware 
versions.

Logical Nodes
Each logical device (LD) has a set of common data objects at the top-level LN0. 
These represent the current state of the device, as well as some informational 
data. These data objects are: Mod (Mode), Beh (Behavior), Health, and NamPlt. 
See below for a brief description of each object.
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Mode
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Mod stVal:
                    

The top-level logical node of each LD also includes the following Mod attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in your 
CFG logical device.

Behavior
SEL-400 series relay LNs include the following enumerations for Beh stVal:
                    

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Health stVal:
                    

The top-level logical node of each LD also includes the following Health attri-
butes: 

Health q and Health t per the Time Stamps and Quality section.

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Health stVal Enumeration Health stVal Value Description

1 Ok EN Relay Word bit = 1

3 Alarm EN Relay Word bit = 0
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NamPlt
The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value.

➤ NamPlt d, which is the LD description.

Common Logical Nodes
Table 17.26–Table 17.29 show the logical nodes (LNs) supported in all SEL-400 
series relays. See the respective product-specific instruction manuals to see 
which additional logical nodes are available in that relay.

Table 17.26 shows the LNs associated with the Logical Node CFG.

                    

Table 17.26 Logical Device: CFG (Configuration) (Sheet 1 of 7)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

EALCCH1 RsStat.Oper.ctlVal EARSTa, b Reset engineering access statistics

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE, SV, and 87L traffic).

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValc I60MODd IEC 61850 mode/behavior control

LGOSne RsStat.Oper.ctlVal GRSTnf Reset GOOSE statistics for Message n

LSVSng RsStat.Oper.ctlVal SRSTnf Reset SV statistics for SV Stream n

PBLCCH1 RsStat.Oper.ctlVal PBRSTa, b Reset process bus statistics

SBLCCH1 RsStat.Oper.ctlVal SBRSTa, b Reset station bus statistics

Functional Constraint = DC

DevIDLPHD1 PhyNam.hwRev HWREVh Hardware version of the relay main board

DevIDLPHD1 PhyNam.model PARNUM Relay part number string

DevIDLPHD1 PhyNam.serNum SERNUM Relay serial number string

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal EN?3:1i Relay enabled

EALCCH1 ChLiv.stVal EACHa, b Status of engineering access channel

EALCCH1 RxCnt.actVal EARXa, b Number of non-SV, non-GOOSE frames received on the engineering access 
channel

EALCCH1 TxCnt.actVal EATXa, b Number of frames transmitted on the engineering access channel

EALCCH1 RsStat.stVal EARSTa, b Status of engineering access statistics reset

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant GOOSE channels
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GOLCCH2 FerCh.stValj GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stValj GORFERa Frame error rate on the redundant GOOSE channel

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP channels

IPLCCH1 FerCh.stValj IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stValj IPRFERa Frame error rate on the redundant IP channel

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE, SV, and 87L 
traffic)

LLN0 Mod.stVal I60MODd IEC 61850 mode/behavior status

LLN0 Health.stVal EN?3:1i Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSne NdsCom.stVal GNCMnf Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSne St.stVal GSTnf Status of the subscription (True = active, False = not active) for GOOSE 
Message n

LGOSne SimSt.stVal GSIMnf Status showing that simulation messages are received and accepted for 
GOOSE Message n

LGOSne LastStNum.stVal GLSTnf Last state number received (StNum) for GOOSE Message n

LGOSne LastSqNum.stVal GLSQnf Last sequence number received (SqNum) for GOOSE Message n

LGOSne LastTal.stVal GTALnf Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSne ConfRevNum.stVal –k Expected configuration revision number for GOOSE Message n

LGOSne RxConfRevNum.stVal GCNFnf Received configuration revision number for GOOSE Message n

LGOSne ErrSt.stVall GERRnf Error status of the subscription for GOOSE Message n

LGOSne OosCnt.stVal GOOSnf Number of out-of-sequence (OOS) errors for GOOSE Message n

LGOSne TalCnt.stVal GTLCnf Number of time-allowed-to-live violations for GOOSE Message n

LGOSne DecErrCnt.stVal GDERnf Number of messages that failed decoding for GOOSE Message n

LGOSne BufOvflCnt.stVal GBFOnf Number of messages lost because of buffer overflow for GOOSE Message n

LGOSne MsgLosCnt.stVal GMSLnf Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSne MaxMsgLos.stVal GMXMnf Maximum number of sequential messages lost because of OOS error (esti-
mated) for GOOSE Message n

LGOSne InvQualCnt.stVal GIDQnf Number of mapped incoming GOOSE data with invalid quality for GOOSE 
Message n

LGOSne RsStat.stVal GRSTnf Status of statistics reset for GOOSE messages

LSVSng NdsCom.stVal SNCMnf Subscription needs commissioning for SV Stream n. True if ConfRevNum does 
not match RxConfRevNum

LSVSng St.stVal SSTnf Status of the subscription (True = active, False = not active) for SV Stream n

LSVSng SimSt.stVal SSIMnf Status showing that simulation messages are received and accepted for SV 
Stream n
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LSVSng ConfRevNum.stVal –k Expected configuration revision number for SV Stream n

LSVSng RxConfRevNum.stVal SCNFnf Received configuration revision number for SV Stream n

LSVSng SmpSynch.stValm, n SSMPnf Synchronization state for SV Stream n

LSVSng ErrSt.stValo SERRnf Error status of the subscription for SV Stream n

LSVSng OosCnt.stVal SOOSnf Number of OOS errors for SV Stream n

LSVSng DscdCnt.stVal SDISnf Number of messages that were discarded for SV Stream n

LSVSng IntpCnt.stVal SINTnf Number of messages interpolated for SV Stream n

LSVSng RsStat.stVal SRSTnf Status of statistics reset for SV Stream n

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of TimeStamp)

20: 1 s accuracy (2–20)

10: 1 ms accuracy (2–10)

7: 10 ms accuracy (2–7)

31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity

If TmSrcTyp is PTP, TmSrc indicates the timeSource as defined by 
IEEE 1588-2008

If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP server

For all other values of TmSrcTyp, TmSrc is set to “NA”

LTMS TmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits TSNTP, TPTP, and 
TIRIG

1: Unknown

2: SNTP

3: PTP

4: IRIG-B

LTMS TmSyn.stVal TSSYNa, p Traceability of the reference time to which the IED is synchronized

2: GlobalAreaClock—Time synchronized to a clock that is traceable to a 
global reference, or TmSrcTyp is SNTP

1: LocalAreaClock—Time synchronized to a local area clock that is not 
traceable to a global reference

0: InternalClock—Not synchronized to an external clock source

LTMS TmSynLkd.stVal TSSYNLKa Status of clock synchronization:

1: Locked

2: Unlocked for 0–10 seconds

3: Unlocked for 10–100 seconds

4: Unlocked for 100–1000 seconds

5: Unlocked for more than 1000 seconds

PBLCCH1 ChLiv.stVal PBCHa, b Status of process bus primary channel

PBLCCH1 RedChLiv.stVal PBRCHa, b Status of process bus redundant channel

PBLCCH1 RxCnt.actVal PBRXa, b Number of non-SV, non-GOOSE frames received on the process bus primary 
channel

PBLCCH1 RedRxCnt.actVal PBRRXa, b Number of non-SV, non-GOOSE frames received on the process bus redun-
dant channel

PBLCCH1 RxCntGo.actVal PBRXGOa, b Number of GOOSE frames received on the process bus primary channel

PBLCCH1 RedRxCntGo.actVal PBRRXGOa, b Number of GOOSE frames received on the process bus redundant channel

PBLCCH1 RxCntSv.actVal PBRXSVa, b Number of SV frames received on the process bus primary channel

PBLCCH1 RedRxCntSv.actVal PBRRXSVa, b Number of SV frames received on the process bus redundant channel
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PBLCCH1 TxCnt.actVal PBTXa, b Number of frames transmitted on both process bus channels

PBLCCH1 FerCh.stVal PBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus pri-
mary channel over the last 1000 processed PRP frames

PBLCCH1 RedFerCh.stVal PBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus 
redundant channel over the last 1000 processed PRP frames

PBLCCH1 FerChGo.stVal PBFRGOa, b Number of GOOSE PRP frames missed on the process bus primary channel 
over the last 1000 processed PRP frames

PBLCCH1 RedFerChGo.stVal PBRFRGOa, b Number of GOOSE PRP frames missed on the process bus redundant channel 
over the last 1000 processed PRP frames

PBLCCH1 FerChSv.stVal PBFRSVa, b Number of SV PRP frames missed on the process bus primary channel over 
the last second

PBLCCH1 RedFerChSv.stVal PBRFRSVa, b Number of SV PRP frames missed on the process bus redundant channel over 
the last second

PBLCCH1 RsStat.stVal PBRSTa, b Status of process bus statistics reset

SBLCCH1 ChLiv.stVal SBCHa, b Status of station bus primary channel

SBLCCH1 RedChLiv.stVal SBRCHa, b Status of station bus redundant channel

SBLCCH1 RxCnt.actVal SBRXa, b Number of non-SV, non-GOOSE frames received on the station bus primary 
channel

SBLCCH1 RedRxCnt.actVal SBRRXa, b Number of non-SV, non-GOOSE frames received on the station bus redundant 
channel

SBLCCH1 RxCntGo.actVal SBRXGOa, b Number of GOOSE frames received on the station bus primary channel

SBLCCH1 RedRxCntGo.actVal SBRRXGOa, b Number of GOOSE frames received on the station bus redundant channel

SBLCCH1 TxCnt.actVal SBTXa, b Number of frames transmitted on both station bus channels

SBLCCH1 FerCh.stVal SBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus pri-
mary channel over the last 1000 processed PRP frames

SBLCCH1 RedFerCh.stVal SBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus redun-
dant channel over the last 1000 processed PRP frames

SBLCCH1 FerChGo.stVal SBFRGOa, b Number of GOOSE PRP frames missed on the station bus primary channel 
over the last 1000 processed PRP frames

SBLCCH1 RedFerChGo.stVal SBRFRGOa, b Number of GOOSE PRP frames missed on the station bus redundant channel 
over the last 1000 processed PRP frames

SBLCCH1 RsStat.stVal SBRSTa, b Status of station bus statistics reset

Functional Constraint = MX

LGOSne TotDwnTm.instMag.f GDWTnf Total downtime in seconds for GOOSE Message n

LGOSne MaxDwnTm.instMag.f GMXDnf Maximum continuous downtime in seconds for GOOSE Message n

LSVSng NetwDly.instMag.fq SNETnf Network delay in milliseconds for SV Stream n

LSVSng TotDwnTm.instMag.f SDWTnf Total downtime in seconds for SV Stream n

LSVSng MaxDwnTm.instMag.f SMXDnf Maximum continuous downtime in seconds for SV Stream n

LTMS TmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second points on the 
synchronized time; TmTosPer is set to 0 for time sources other than high-
accuracy PTP or IRIG-B

Functional Constraint = SP

EALCCH1 ApNam.setVal –b, k Access point name for the engineering access channel

GOLCCH2 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 4: 
PRP, 5: IsolatedIP)

IPLCCH1 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 
4: PRP, 5: IsolatedIP). 
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LGOSne GoCBRef.setSrcRef –k Configured GOOSE control block reference for GOOSE Message n

LGOSne DatSet.setSrcRef –k Configured data set reference for GOOSE Message n

LGOSne GoID.setVal –k Configured ID for GOOSE Message n

LGOSne Addr.setVal –k Configured multicast MAC address for GOOSE Message n

LGOSne VlanID.setVal –k Configured VLAN ID for GOOSE Message n

LGOSne VlanPri.setVal –k Configured VLAN priority for GOOSE Message n

LGOSne AppID.setVal –k Configured APPID for GOOSE Message n

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

LSVSng SvCBRef.setSrcRef –k Configured SV control block reference for SV Stream n

LSVSng DatSet.setSrcRef –k Configured data set reference for SV Stream n

LSVSng SvID.setVal –k Configured SV ID for SV Stream n

LSVSng Addr.setVal –k Configured multicast MAC address for SV Stream n

LSVSng VlanID.setVal –k Configured VLAN ID for SV Stream n

LSVSng VlanPri.setVal –k Configured VLAN priority for SV Stream n

LSVSng AppID.setVal –k Configured APPID for SV Stream n

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

PBLCCH1 ApNam.setVal –b, k Access point name for the process bus

PBLCCH1 NetModP.setVal NETMODPb PORT 5 network operating mode setting for the process bus (1: Fixed, 2: 
Failover, 3: PRP)

PBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

PBLCCH1 NetPorP.setVal NETPORPb PORT 5 primary network port setting for the process bus (1: A, 2: B)

SBLCCH1 ApNam.setVal –b, k Access point name for the station bus

SBLCCH1 NetMode.setVal NETMODEb PORT 5 network operating mode setting for the station bus (1: Fixed, 2: 
Failover, 3: PRP)

SBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

SBLCCH1 NetPort.setVal NETPORTb PORT 5 primary network port setting for the station bus (1: C, 2: D)

Functional Constraint = SR

LTRK1 SpcTrk.objRef _r ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 SpcTrk.errorCode _r, t ACSI service error status

LTRK1 SpcTrk.ctlVal _r Control value in the request

LTRK1 SpcTrk.ctlNum _r Control number in the request

LTRK1 SpcTrk.origin.orCat _r Originator category value in the request

LTRK1 SpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 SpcTrk.T _r Time-stamp value in the request

LTRK1 SpcTrk.Test _r Test value in the request

LTRK1 SpcTrk.Check _r Check condition value in the request

LTRK1 SpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 DpcTrk.objRef _r ACSI reference of the DPC object targeted in the request
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LTRK1 DpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 DpcTrk.errorCode _r, t ACSI service error status

LTRK1 DpcTrk.ctlVal _r Control value in the request

LTRK1 DpcTrk.ctlNum _r Control number in the request

LTRK1 DpcTrk.origin.orCat _r Originator category value in the request

LTRK1 DpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 DpcTrk.T _r Time-stamp value in the request

LTRK1 DpcTrk.Test _r Test value in the request

LTRK1 DpcTrk.Check _r Check condition value in the request

LTRK1 DpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 EncTrk.objRef _r ACSI reference of the ENC object targeted in the request

LTRK1 EncTrk.serviceType _r, s Type of service requested or executed

LTRK1 EncTrk.errorCode _r, t ACSI service error status

LTRK1 EncTrk.ctlVal _r Control value in the request

LTRK1 EncTrk.ctlNum _r Control number in the request

LTRK1 EncTrk.origin.orCat _r Originator category value in the request

LTRK1 EncTrk.origin.orIdent _r Originator identity value in the request

LTRK1 EncTrk.T _r Time-stamp value in the request

LTRK1 EncTrk.Test _r Test value in the request

LTRK1 EncTrk.Check _r Check condition value in the request

LTRK1 EncTrk.respAddCause _r AddCause value returned in the response

LTRK1 BrcbTrk.objRef _r ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 BrcbTrk.errorCode _r, t ACSI service error status

LTRK1 BrcbTrk.rptID _r RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna _r RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet _r DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev _r ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds _r OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm _r BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum _r SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps _r TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd _r IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi _r GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf _r PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID _r EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry _r TimeOfEntry attribute value in the target BRCB object

LTRK1 UrcbTrk.objRef _r ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 UrcbTrk.errorCode _r, t ACSI service error status

LTRK1 UrcbTrk.rptID _r RptID attribute value in the request or target URCB object
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Table 17.27 shows the LNs associated with control elements, defined as Logical 
Device CON.

                    

LTRK1 UrcbTrk.rptEna _r RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv _r Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet _r DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev _r ConfRev attribute value in the target URCB object

LTRK1 UrcbTrk.optFlds _r OptFlds attribute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm _r BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum _r SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps _r TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd _r IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi _r GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef _r ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType _r, s Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode _r, t ACSI service error status

LTRK1 SgcbTrk.numOfSG _r NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG _r ActSG attribute value in the request

LTRK1 SgcbTrk.editSG _r EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit _r CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm _r LActTm attribute value in the target SGCB object after activation of the set-
tings group

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on page 17.31 

for more details.
d I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
e Where n = 1–64, corresponding to the first 64 GOOSE message subscriptions.
f Internal data source not available to the user. See COM SV on page 14.17 and GOOSE on page 14.37 for more information.
g Where n = 1–7, corresponding to each of the seven possible SV subscriptions.
h HWREV is an internal data source and is not available to the user.
i If enabled, value = 1. If disabled, value = 3.
j When NETMODE = PRP the value indicates the number of duplicate frames not received for every 1000 PRP tagged frames received.
k Data source defined in the IEC 61850 Configured IED Description (CID) file.
l See Table 14.79 for a description of each enumeration.
m See Table 14.43 for a description of each enumeration.
n The value is the 16-bit integer limit (i.e., 32768) if SmpSynch is NA in the COM SV response.
o See Table 14.44 for a description of each enumeration.
p If (TGLOBAL = 1 OR TmSrcTyp = SNTP), the value is set to 2. If TLOCAL = 1, the value is set to 1. Otherwise, the value is set to 0.
q The value is the 32-bit float limit (i.e., 3.40282347E+38) if NetwDly is NA in the COM SV response.
r The value depends on the ACSI service type requested, the target object, and the error status.
s Refer toTable 17.10 IEC 61850 service type enumeration.
t Refer to Table 17.11 IEC 61850 ACSI service error.
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Functional Constraint = CO

PRBGGIO1a SPCSO01.Oper.ctlVal RB01:RB01 Pulse Remote Bit 1

PRBGGIO1a SPCSO02.Oper.ctlVal RB02:RB02 Pulse Remote Bit 2

NOTE: For logical node PRBGGIO, 
writing TRUE to either operSet or 
operClear pulses the remote bit.
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PRBGGIO1a SPCSO03.Oper.ctlVal RB03:RB03 Pulse Remote Bit 3

PRBGGIO1a SPCSO04.Oper.ctlVal RB04:RB04 Pulse Remote Bit 4

PRBGGIO1a SPCSO05.Oper.ctlVal RB05:RB05 Pulse Remote Bit 5

PRBGGIO1a SPCSO06.Oper.ctlVal RB06:RB06 Pulse Remote Bit 6

PRBGGIO1a SPCSO07.Oper.ctlVal RB07:RB07 Pulse Remote Bit 7

PRBGGIO1a SPCSO08.Oper.ctlVal RB08:RB08 Pulse Remote Bit 8

PRBGGIO2a SPCSO09.Oper.ctlVal RB09:RB09 Pulse Remote Bit 9

PRBGGIO2a SPCSO10.Oper.ctlVal RB10:RB10 Pulse Remote Bit 10

PRBGGIO2a SPCSO11.Oper.ctlVal RB11:RB11 Pulse Remote Bit 11

PRBGGIO2a SPCSO12.Oper.ctlVal RB12:RB12 Pulse Remote Bit 12

PRBGGIO2a SPCSO13.Oper.ctlVal RB13:RB13 Pulse Remote Bit 13

PRBGGIO2a SPCSO14.Oper.ctlVal RB14:RB14 Pulse Remote Bit 14

PRBGGIO2a SPCSO15.Oper.ctlVal RB15:RB15 Pulse Remote Bit 15

PRBGGIO2a SPCSO16.Oper.ctlVal RB16:RB16 Pulse Remote Bit 16

PRBGGIO3a SPCSO17.Oper.ctlVal RB17:RB17 Pulse Remote Bit 17

PRBGGIO3a SPCSO18.Oper.ctlVal RB18:RB18 Pulse Remote Bit 18

PRBGGIO3a SPCSO19.Oper.ctlVal RB19:RB19 Pulse Remote Bit 19

PRBGGIO3a SPCSO20.Oper.ctlVal RB20:RB20 Pulse Remote Bit 20

PRBGGIO3a SPCSO21.Oper.ctlVal RB21:RB21 Pulse Remote Bit 21

PRBGGIO3a SPCSO22.Oper.ctlVal RB22:RB22 Pulse Remote Bit 22

PRBGGIO3a SPCSO23.Oper.ctlVal RB23:RB23 Pulse Remote Bit 23

PRBGGIO3a SPCSO24.Oper.ctlVal RB24:RB24 Pulse Remote Bit 24

PRBGGIO4a SPCSO25.Oper.ctlVal RB25:RB25 Pulse Remote Bit 25

PRBGGIO4a SPCSO26.Oper.ctlVal RB26:RB26 Pulse Remote Bit 26

PRBGGIO4a SPCSO27.Oper.ctlVal RB27:RB27 Pulse Remote Bit 27

PRBGGIO4a SPCSO28.Oper.ctlVal RB28:RB28 Pulse Remote Bit 28

PRBGGIO4a SPCSO29.Oper.ctlVal RB29:RB29 Pulse Remote Bit 29

PRBGGIO4a SPCSO30.Oper.ctlVal RB30:RB30 Pulse Remote Bit 30

PRBGGIO4a SPCSO31.Oper.ctlVal RB31:RB31 Pulse Remote Bit 31

PRBGGIO4a SPCSO32.Oper.ctlVal RB32:RB32 Pulse Remote Bit 32

PRBGGIO5 SPCSO33.Oper.ctlVal RB33:RB33 Pulse Remote Bit 33

PRBGGIO5 SPCSO34.Oper.ctlVal RB34:RB34 Pulse Remote Bit 34

PRBGGIO5 SPCSO35.Oper.ctlVal RB35:RB35 Pulse Remote Bit 35

PRBGGIO5 SPCSO36.Oper.ctlVal RB36:RB36 Pulse Remote Bit 36

PRBGGIO5 SPCSO37.Oper.ctlVal RB37:RB37 Pulse Remote Bit 37

PRBGGIO5 SPCSO38.Oper.ctlVal RB38:RB38 Pulse Remote Bit 38

PRBGGIO5 SPCSO39.Oper.ctlVal RB39:RB39 Pulse Remote Bit 39

PRBGGIO5 SPCSO40.Oper.ctlVal RB40:RB40 Pulse Remote Bit 40

PRBGGIO6 SPCSO41.Oper.ctlVal RB41:RB41 Pulse Remote Bit 41

PRBGGIO6 SPCSO42.Oper.ctlVal RB42:RB42 Pulse Remote Bit 42

PRBGGIO6 SPCSO43.Oper.ctlVal RB43:RB43 Pulse Remote Bit 43
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PRBGGIO6 SPCSO44.Oper.ctlVal RB44:RB44 Pulse Remote Bit 44

PRBGGIO6 SPCSO45.Oper.ctlVal RB45:RB45 Pulse Remote Bit 45

PRBGGIO6 SPCSO46.Oper.ctlVal RB46:RB46 Pulse Remote Bit 46

PRBGGIO6 SPCSO47.Oper.ctlVal RB47:RB47 Pulse Remote Bit 47

PRBGGIO6 SPCSO48.Oper.ctlVal RB48:RB48 Pulse Remote Bit 48

PRBGGIO7 SPCSO49.Oper.ctlVal RB49:RB49 Pulse Remote Bit 49

PRBGGIO7 SPCSO50.Oper.ctlVal RB50:RB50 Pulse Remote Bit 50

PRBGGIO7 SPCSO51.Oper.ctlVal RB51:RB51 Pulse Remote Bit 51

PRBGGIO7 SPCSO52.Oper.ctlVal RB52:RB52 Pulse Remote Bit 52

PRBGGIO7 SPCSO53.Oper.ctlVal RB53:RB53 Pulse Remote Bit 53

PRBGGIO7 SPCSO54.Oper.ctlVal RB54:RB54 Pulse Remote Bit 54

PRBGGIO7 SPCSO55.Oper.ctlVal RB50:RB55 Pulse Remote Bit 55

PRBGGIO7 SPCSO56.Oper.ctlVal RB56:RB56 Pulse Remote Bit 56

PRBGGIO8 SPCSO57.Oper.ctlVal RB57:RB57 Pulse Remote Bit 57

PRBGGIO8 SPCSO58.Oper.ctlVal RB58:RB58 Pulse Remote Bit 58

PRBGGIO8 SPCSO59.Oper.ctlVal RB59:RB59 Pulse Remote Bit 59

PRBGGIO8 SPCSO60.Oper.ctlVal RB60:RB60 Pulse Remote Bit 60

PRBGGIO8 SPCSO61.Oper.ctlVal RB61:RB61 Pulse Remote Bit 61

PRBGGIO8 SPCSO62.Oper.ctlVal RB62:RB62 Pulse Remote Bit 62

PRBGGIO8 SPCSO63.Oper.ctlVal RB63:RB63 Pulse Remote Bit 63

PRBGGIO8 SPCSO64.Oper.ctlVal RB64:RB64 Pulse Remote Bit 64

PRBGGIO9b SPCSO65.Oper.ctlVal RB65:RB65 Pulse Remote Bit 65

PRBGGIO9b SPCSO66.Oper.ctlVal RB66:RB66 Pulse Remote Bit 66

PRBGGIO9b SPCSO67.Oper.ctlVal RB67:RB67 Pulse Remote Bit 67

PRBGGIO9b SPCSO68.Oper.ctlVal RB68:RB68 Pulse Remote Bit 68

PRBGGIO9b SPCSO69.Oper.ctlVal RB69:RB69 Pulse Remote Bit 69

PRBGGIO9b SPCSO70.Oper.ctlVal RB70:RB70 Pulse Remote Bit 70

PRBGGIO9b SPCSO71.Oper.ctlVal RB71:RB71 Pulse Remote Bit 71

PRBGGIO9b SPCSO72.Oper.ctlVal RB72:RB72 Pulse Remote Bit 72

PRBGGIO10b SPCSO73.Oper.ctlVal RB73:RB73 Pulse Remote Bit 73

PRBGGIO10b SPCSO74.Oper.ctlVal RB74:RB74 Pulse Remote Bit 74

PRBGGIO10b SPCSO75.Oper.ctlVal RB75:RB75 Pulse Remote Bit 75

PRBGGIO10b SPCSO76.Oper.ctlVal RB76:RB76 Pulse Remote Bit 76

PRBGGIO10b SPCSO77.Oper.ctlVal RB77:RB77 Pulse Remote Bit 77

PRBGGIO10b SPCSO78.Oper.ctlVal RB78:RB78 Pulse Remote Bit 78

PRBGGIO10b SPCSO79.Oper.ctlVal RB79:RB79 Pulse Remote Bit 79

PRBGGIO10b SPCSO80.Oper.ctlVal RB80:RB80 Pulse Remote Bit 80

PRBGGIO11b SPCSO81.Oper.ctlVal RB81:RB81 Pulse Remote Bit 81

PRBGGIO11b SPCSO82.Oper.ctlVal RB82:RB82 Pulse Remote Bit 82
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PRBGGIO11b SPCSO83.Oper.ctlVal RB83:RB83 Pulse Remote Bit 83

PRBGGIO11b SPCSO84.Oper.ctlVal RB84:RB84 Pulse Remote Bit 84

PRBGGIO11b SPCSO85.Oper.ctlVal RB85:RB85 Pulse Remote Bit 85

PRBGGIO11b SPCSO86.Oper.ctlVal RB86:RB86 Pulse Remote Bit 86

PRBGGIO11b SPCSO87.Oper.ctlVal RB87:RB87 Pulse Remote Bit 87

PRBGGIO11b SPCSO88.Oper.ctlVal RB88:RB88 Pulse Remote Bit 88

PRBGGIO12b SPCSO89.Oper.ctlVal RB89:RB89 Pulse Remote Bit 89

PRBGGIO12b SPCSO90.Oper.ctlVal RB90:RB90 Pulse Remote Bit 90

PRBGGIO12b SPCSO91.Oper.ctlVal RB91:RB91 Pulse Remote Bit 91

PRBGGIO12b SPCSO92.Oper.ctlVal RB92:RB92 Pulse Remote Bit 92

PRBGGIO12b SPCSO93.Oper.ctlVal RB93:RB93 Pulse Remote Bit 93

PRBGGIO12b SPCSO94.Oper.ctlVal RB94:RB94 Pulse Remote Bit 94

PRBGGIO12b SPCSO95.Oper.ctlVal RB95:RB95 Pulse Remote Bit 95

PRBGGIO12b SPCSO96.Oper.ctlVal RB96:RB96 Pulse Remote Bit 96

RBGGIO1a SPCSO01.Oper.ctlVal RB01 Remote Bit 1

RBGGIO1a SPCSO02.Oper.ctlVal RB02 Remote Bit 2

RBGGIO1a SPCSO03.Oper.ctlVal RB03 Remote Bit 3

RBGGIO1a SPCSO04.Oper.ctlVal RB04 Remote Bit 4

RBGGIO1a SPCSO05.Oper.ctlVal RB05 Remote Bit 5

RBGGIO1a SPCSO06.Oper.ctlVal RB06 Remote Bit 6

RBGGIO1a SPCSO07.Oper.ctlVal RB07 Remote Bit 7

RBGGIO1a SPCSO08.Oper.ctlVal RB08 Remote Bit 8

RBGGIO2a SPCSO09.Oper.ctlVal RB09 Remote Bit 9

RBGGIO2a SPCSO10.Oper.ctlVal RB10 Remote Bit 10

RBGGIO2a SPCSO11.Oper.ctlVal RB11 Remote Bit 11

RBGGIO2a SPCSO12.Oper.ctlVal RB12 Remote Bit 12

RBGGIO2a SPCSO13.Oper.ctlVal RB13 Remote Bit 13

RBGGIO2a SPCSO14.Oper.ctlVal RB14 Remote Bit 14

RBGGIO2a SPCSO15.Oper.ctlVal RB15 Remote Bit 15

RBGGIO2a SPCSO16.Oper.ctlVal RB16 Remote Bit 16

RBGGIO3a SPCSO17.Oper.ctlVal RB17 Remote Bit 17

RBGGIO3a SPCSO18.Oper.ctlVal RB18 Remote Bit 18

RBGGIO3a SPCSO19.Oper.ctlVal RB19 Remote Bit 19

RBGGIO3a SPCSO20.Oper.ctlVal RB20 Remote Bit 20

RBGGIO3a SPCSO21.Oper.ctlVal RB21 Remote Bit 21

RBGGIO3a SPCSO22.Oper.ctlVal RB22 Remote Bit 22

RBGGIO3a SPCSO23.Oper.ctlVal RB23 Remote Bit 23

RBGGIO3a SPCSO24.Oper.ctlVal RB24 Remote Bit 24

RBGGIO4a SPCSO25.Oper.ctlVal RB25 Remote Bit 25

RBGGIO4a SPCSO26.Oper.ctlVal RB26 Remote Bit 26
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RBGGIO4a SPCSO27.Oper.ctlVal RB27 Remote Bit 27

RBGGIO4a SPCSO28.Oper.ctlVal RB28 Remote Bit 28

RBGGIO4a SPCSO29.Oper.ctlVal RB29 Remote Bit 29

RBGGIO4a SPCSO30.Oper.ctlVal RB30 Remote Bit 30

RBGGIO4a SPCSO31.Oper.ctlVal RB31 Remote Bit 31

RBGGIO4a SPCSO32.Oper.ctlVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.Oper.ctlVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.Oper.ctlVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.Oper.ctlVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.Oper.ctlVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.Oper.ctlVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.Oper.ctlVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.Oper.ctlVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.Oper.ctlVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.Oper.ctlVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.Oper.ctlVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.Oper.ctlVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.Oper.ctlVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.Oper.ctlVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.Oper.ctlVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.Oper.ctlVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.Oper.ctlVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.Oper.ctlVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.Oper.ctlVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.Oper.ctlVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.Oper.ctlVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.Oper.ctlVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.Oper.ctlVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.Oper.ctlVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.Oper.ctlVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.Oper.ctlVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.Oper.ctlVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.Oper.ctlVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.Oper.ctlVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.Oper.ctlVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.Oper.ctlVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.Oper.ctlVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.Oper.ctlVal RB64 Remote Bit 64

RBGGIO9 SPCSO65.Oper.ctlVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.Oper.ctlVal RB66 Remote Bit 66

RBGGIO9b SPCSO67.Oper.ctlVal RB67 Remote Bit 67
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RBGGIO9b SPCSO68.Oper.ctlVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.Oper.ctlVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.Oper.ctlVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.Oper.ctlVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.Oper.ctlVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.Oper.ctlVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.Oper.ctlVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.Oper.ctlVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.Oper.ctlVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.Oper.ctlVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.Oper.ctlVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.Oper.ctlVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.Oper.ctlVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.Oper.ctlVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.Oper.ctlVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.Oper.ctlVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.Oper.ctlVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.Oper.ctlVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.Oper.ctlVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.Oper.ctlVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.Oper.ctlVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.Oper.ctlVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.Oper.ctlVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.Oper.ctlVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.Oper.ctlVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.Oper.ctlVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.Oper.ctlVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.Oper.ctlVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.Oper.ctlVal RB96 Remote Bit 96

Functional Constraint = DC

CTRLLPHD1 PhyNam.model PARNUM Relay part number string

CTRLLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

CTRLLPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

CTRLLPHD1 PhyHealth.stVal EN?3:1d Relay enabled

LLN0 Mod.stVal I60MODe IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

PRBGGIO1a SPCSO01.stVal RB01 Remote Bit 1
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PRBGGIO1a SPCSO02.stVal RB02 Remote Bit 2

PRBGGIO1a SPCSO03.stVal RB03 Remote Bit 3

PRBGGIO1a SPCSO04.stVal RB04 Remote Bit 4

PRBGGIO1a SPCSO05.stVal RB05 Remote Bit 5

PRBGGIO1a SPCSO06.stVal RB06 Remote Bit 6

PRBGGIO1a SPCSO07.stVal RB07 Remote Bit 7

PRBGGIO1a SPCSO08.stVal RB08 Remote Bit 8

PRBGGIO2a SPCSO09.stVal RB09 Remote Bit 9

PRBGGIO2a SPCSO10.stVal RB10 Remote Bit 10

PRBGGIO2a SPCSO11.stVal RB11 Remote Bit 11

PRBGGIO2a SPCSO12.stVal RB12 Remote Bit 12

PRBGGIO2a SPCSO13.stVal RB13 Remote Bit 13

PRBGGIO2a SPCSO14.stVal RB14 Remote Bit 14

PRBGGIO2a SPCSO15.stVal RB15 Remote Bit 15

PRBGGIO2a SPCSO16.stVal RB16 Remote Bit 16

PRBGGIO3a SPCSO17.stVal RB17 Remote Bit 17

PRBGGIO3a SPCSO18.stVal RB18 Remote Bit 18

PRBGGIO3a SPCSO19.stVal RB19 Remote Bit 19

PRBGGIO3a SPCSO20.stVal RB20 Remote Bit 20

PRBGGIO3a SPCSO21.stVal RB21 Remote Bit 21

PRBGGIO3a SPCSO22.stVal RB22 Remote Bit 22

PRBGGIO3a SPCSO23.stVal RB23 Remote Bit 23

PRBGGIO3a SPCSO24.stVal RB24 Remote Bit 24

PRBGGIO4a SPCSO25.stVal RB25 Remote Bit 25

PRBGGIO4a SPCSO26.stVal RB26 Remote Bit 26

PRBGGIO4a SPCSO27.stVal RB27 Remote Bit 27

PRBGGIO4a SPCSO28.stVal RB28 Remote Bit 28

PRBGGIO4a SPCSO29.stVal RB29 Remote Bit 29

PRBGGIO4a SPCSO30.stVal RB30 Remote Bit 30

PRBGGIO4a SPCSO31.stVal RB31 Remote Bit 31

PRBGGIO4a SPCSO32.stVal RB32 Remote Bit 32

PRBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

PRBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

PRBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

PRBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

PRBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

PRBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

PRBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

PRBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

PRBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

PRBGGIO6 SPCSO42.stVal RB42 Remote Bit 42
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PRBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

PRBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

PRBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

PRBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

PRBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

PRBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

PRBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

PRBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

PRBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

PRBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

PRBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

PRBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

PRBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

PRBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

PRBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

PRBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

PRBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

PRBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

PRBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

PRBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

PRBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

PRBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

PRBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

PRBGGIO9b SPCSO66.stVal RB66 Remote Bit 66

PRBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

PRBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

PRBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

PRBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

PRBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

PRBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

PRBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

PRBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

PRBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

PRBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

PRBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

PRBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

PRBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

PRBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

PRBGGIO11b SPCSO81.stVal RB81 Remote Bit 81
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PRBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

PRBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

PRBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

PRBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

PRBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

PRBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

PRBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

PRBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

PRBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

PRBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

PRBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

PRBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

PRBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

PRBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

PRBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

RBGGIO1 SPCSO01.stVal RB01 Remote Bit 1

RBGGIO1 SPCSO02.stVal RB02 Remote Bit 2

RBGGIO1 SPCSO03.stVal RB03 Remote Bit 3

RBGGIO1 SPCSO04.stVal RB04 Remote Bit 4

RBGGIO1 SPCSO05.stVal RB05 Remote Bit 5

RBGGIO1 SPCSO06.stVal RB06 Remote Bit 6

RBGGIO1 SPCSO07.stVal RB07 Remote Bit 7

RBGGIO1 SPCSO08.stVal RB08 Remote Bit 8

RBGGIO2 SPCSO09.stVal RB09 Remote Bit 9

RBGGIO2 SPCSO10.stVal RB10 Remote Bit 10

RBGGIO2 SPCSO11.stVal RB11 Remote Bit 11

RBGGIO2 SPCSO12.stVal RB12 Remote Bit 12

RBGGIO2 SPCSO13.stVal RB13 Remote Bit 13

RBGGIO2 SPCSO14.stVal RB14 Remote Bit 14

RBGGIO2 SPCSO15.stVal RB15 Remote Bit 15

RBGGIO2 SPCSO16.stVal RB16 Remote Bit 16

RBGGIO3 SPCSO17.stVal RB17 Remote Bit 17

RBGGIO3 SPCSO18.stVal RB18 Remote Bit 18

RBGGIO3 SPCSO19.stVal RB19 Remote Bit 19

RBGGIO3 SPCSO20.stVal RB20 Remote Bit 20

RBGGIO3 SPCSO21.stVal RB21 Remote Bit 21

RBGGIO3 SPCSO22.stVal RB22 Remote Bit 22

RBGGIO3 SPCSO23.stVal RB23 Remote Bit 23

RBGGIO3 SPCSO24.stVal RB24 Remote Bit 24

RBGGIO4 SPCSO25.stVal RB25 Remote Bit 25
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RBGGIO4 SPCSO26.stVal RB26 Remote Bit 26

RBGGIO4 SPCSO27.stVal RB27 Remote Bit 27

RBGGIO4 SPCSO28.stVal RB28 Remote Bit 28

RBGGIO4 SPCSO29.stVal RB29 Remote Bit 29

RBGGIO4 SPCSO30.stVal RB30 Remote Bit 30

RBGGIO4 SPCSO31.stVal RB31 Remote Bit 31

RBGGIO4 SPCSO32.stVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.stVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

RBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.stVal RB66 Remote Bit 66
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RBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

RBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.stVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a The SEL-487V supports only RBGGIO1–RBGGIO4 and PRBGGIO1–PRBGGIO4.
b Only the SEL-487B supports RBGGIO9–RBGGIO12 and PRBGGIO9–PRBGGIO12.
c HWREV is an internal data source and is not available to the user.
d If enabled, value = 1. If disabled, value = 3.
e I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
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Table 17.28 shows the LNs associated with the annunciation element, defined as 
Logical Device ANN.

                    

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 1 of 16)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

ETHGGIO2 SPCSO01.Oper.ctlVal ETHRSTa, b Reset Ethernet card statisitcs

Functional Constraint = DC

STALPHD1 PhyNam.model PARNUM Relay part number string

STALPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

STALPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = MX

ACNGGIO2 AnIn001.instMag.f ACN01CV Automation SELOGIC Counter 01 
current value

ACNGGIO2 AnIn002.instMag.f ACN02CV Automation SELOGIC Counter 02 
current value

ACNGGIO2 AnIn003.instMag.f ACN03CV Automation SELOGIC Counter 03 
current value

•
•
•

ACNGGIO2 AnIn014.instMag.f ACN14CV Automation SELOGIC Counter 14 
current value

ACNGGIO2 AnIn015.instMag.f ACN15CV Automation SELOGIC Counter 15 
current value

ACNGGIO2 AnIn016.instMag.f ACN16CV Automation SELOGIC Counter 16 
current value

AMVGGIO1 AnIn001.instMag.f AMV001 Automation SELOGIC Math 
Variable 001

AMVGGIO1 AnIn002.instMag.f AMV002 Automation SELOGIC Math 
Variable 002

AMVGGIO1 AnIn003.instMag.f AMV003 Automation SELOGIC Math 
Variable 003

•
•
•

AMVGGIO1 AnIn062.instMag.f AMV062 Automation SELOGIC Math 
Variable 062

AMVGGIO1 AnIn063.instMag.f AMV063 Automation SELOGIC Math 
Variable 063

AMVGGIO1 AnIn064.instMag.f AMV064 Automation SELOGIC Math 
Variable 064

AMVGGIO2 AnIn065.instMag.f AMV065 Automation SELOGIC Math 
Variable 065

AMVGGIO2 AnIn066.instMag.f AMV066 Automation SELOGIC Math 
Variable 066

AMVGGIO2 AnIn067.instMag.f AMV067 Automation SELOGIC Math 
Variable 067

NOTE: Some products support only 
64 AMVs in their ANN Logical Device.
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•
•
•

AMVGGIO2 AnIn126.instMag.f AMV126 Automation SELOGIC Math 
Variable 126

AMVGGIO2 AnIn127.instMag.f AMV127 Automation SELOGIC Math 
Variable 127

AMVGGIO2 AnIn128.instMag.f AMV128 Automation SELOGIC Math 
Variable 128

AMVGGIO8d AnIn129.instMag.f AMV129 Automation SELOGIC Math 
Variable 129

AMVGGIO8d AnIn130.instMag.f AMV130 Automation SELOGIC Math 
Variable 130

AMVGGIO8d AnIn131.instMag.f AMV131 Automation SELOGIC Math 
Variable 131

•
•
•

AMVGGIO8d AnIn190.instMag.f AMV190 Automation SELOGIC Math 
Variable 190

AMVGGIO8d AnIn191.instMag.f AMV191 Automation SELOGIC Math 
Variable 191

AMVGGIO8d AnIn192.instMag.f AMV192 Automation SELOGIC Math 
Variable 192

AMVGGIO9d AnIn193.instMag.f AMV193 Automation SELOGIC Math 
Variable 193

AMVGGIO9d AnIn194.instMag.f AMV194 Automation SELOGIC Math 
Variable 194

AMVGGIO9d AnIn195.instMag.f AMV195 Automation SELOGIC Math 
Variable 195

•
•
•

AMVGGIO9d AnIn254.instMag.f AMV254 Automation SELOGIC Math 
Variable 254

AMVGGIO9d AnIn255.instMag.f AMV255 Automation SELOGIC Math 
Variable 255

AMVGGIO9d AnIn256.instMag.f AMV256 Automation SELOGIC Math 
Variable 256

ETHGGIO2 AnIn01.instMag.f P5ARXPa, b SFP transceiver receive power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn02.instMag.f P5BRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn03.instMag.f P5CRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn04.instMag.f P5DRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn05.instMag.f P5ERXPa, b SFP transceiver receive power info 
(dBm) on PORT 5E
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ETHGGIO2 AnIn06.instMag.f P5ATXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn07.instMag.f P5BTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn08.instMag.f P5CTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn09.instMag.f P5DTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn10.instMag.f P5ETXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5E

ETHGGIO2 AnIn11.instMag.f P5ATMPa, b SFP transceiver temperature info 
(°C) on PORT 5A

ETHGGIO2 AnIn12.instMag.f P5BTMPa, b SFP transceiver temperature info 
(°C) on PORT 5B

ETHGGIO2 AnIn13.instMag.f P5CTMPa, b SFP transceiver temperature info 
(°C) on PORT 5C

ETHGGIO2 AnIn14.instMag.f P5DTMPa, b SFP transceiver temperature info 
(°C) on PORT 5D

ETHGGIO2 AnIn15.instMag.f P5ETMPa, b SFP transceiver temperature info 
(°C) on PORT 5E

PCNGGIO1 AnIn001.instMag.f PCN01CV Protection SELOGIC Counter 01 cur-
rent value

PCNGGIO1 AnIn002.instMag.f PCN02CV Protection SELOGIC Counter 02 cur-
rent value

PCNGGIO1 AnIn003.instMag.f PCN03CV Protection SELOGIC Counter 03 cur-
rent value

•
•
•

PCNGGIO1 AnIn014.instMag.f PCN14CV Protection SELOGIC Counter 14 cur-
rent value

PCNGGIO1 AnIn015.instMag.f PCN15CV Protection SELOGIC Counter 15 cur-
rent value

PCNGGIO1 AnIn016.instMag.f PCN16CV Protection SELOGIC Counter 16 cur-
rent value

PMVGGIO3 AnIn01.instMag.f PMV01 Protection SELOGIC Math Variable 01

PMVGGIO3 AnIn02.instMag.f PMV02 Protection SELOGIC Math Variable 02

PMVGGIO3 AnIn03.instMag.f PMV03 Protection SELOGIC Math Variable 03

•
•
•

PMVGGIO3 AnIn62.instMag.f PMV62 Protection SELOGIC Math Variable 62

PMVGGIO3 AnIn63.instMag.f PMV63 Protection SELOGIC Math Variable 63

PMVGGIO3 AnIn64.instMag.f PMV64 Protection SELOGIC Math Variable 64

RAGGIO1 Ra001.instMag.f RA001 Remote Analog Input 001

RAGGIO1 Ra002.instMag.f RA002 Remote Analog Input 002

RAGGIO1 Ra003.instMag.f RA003 Remote Analog Input 003
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•
•
•

RAGGIO1 Ra030.instMag.f RA030 Remote Analog Input 030

RAGGIO1 Ra031.instMag.f RA031 Remote Analog Input 031

RAGGIO1 Ra032.instMag.f RA032 Remote Analog Input 032

RAGGIO2 Ra033.instMag.f RA033 Remote Analog Input 033

RAGGIO2 Ra034.instMag.f RA034 Remote Analog Input 034

RAGGIO2 Ra035.instMag.f RA035 Remote Analog Input 035

•
•
•

RAGGIO2 Ra062.instMag.f RA062 Remote Analog Input 062

RAGGIO2 Ra063.instMag.f RA063 Remote Analog Input 063

RAGGIO2 Ra064.instMag.f RA064 Remote Analog Input 064

RAGGIO3 Ra065.instMag.f RA065 Remote Analog Input 065

RAGGIO3 Ra066.instMag.f RA066 Remote Analog Input 066

RAGGIO3 Ra067.instMag.f RA067 Remote Analog Input 067

•
•
•

RAGGIO3 Ra094.instMag.f RA094 Remote Analog Input 094

RAGGIO3 Ra095.instMag.f RA095 Remote Analog Input 095

RAGGIO3 Ra096.instMag.f RA096 Remote Analog Input 096

RAGGIO4 Ra097.instMag.f RA097 Remote Analog Input 097

RAGGIO4 Ra098.instMag.f RA098 Remote Analog Input 098

RAGGIO4 Ra099.instMag.f RA099 Remote Analog Input 099

•
•
•

RAGGIO4 Ra126.instMag.f RA126 Remote Analog Input 126

RAGGIO4 Ra127.instMag.f RA127 Remote Analog Input 127

RAGGIO4 Ra128.instMag.f RA128 Remote Analog Input 128

RAGGIO5 Ra129.instMag.f RA129 Remote Analog Input 129

RAGGIO5 Ra130.instMag.f RA130 Remote Analog Input 130

RAGGIO5 Ra131.instMag.f RA131 Remote Analog Input 131

•
•
•

RAGGIO5 Ra158.instMag.f RA158 Remote Analog Input 158

RAGGIO5 Ra159.instMag.f RA159 Remote Analog Input 159

RAGGIO5 Ra160.instMag.f RA160 Remote Analog Input 160

RAGGIO6 Ra161.instMag.f RA161 Remote Analog Input 161

RAGGIO6 Ra162.instMag.f RA162 Remote Analog Input 162
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RAGGIO6 Ra163.instMag.f RA163 Remote Analog Input 163

•
•
•

RAGGIO6 Ra190.instMag.f RA190 Remote Analog Input 190

RAGGIO6 Ra191.instMag.f RA191 Remote Analog Input 191

RAGGIO6 Ra192.instMag.f RA192 Remote Analog Input 192

RAGGIO7 Ra193.instMag.f RA193 Remote Analog Input 193

RAGGIO7 Ra194.instMag.f RA194 Remote Analog Input 194

RAGGIO7 Ra195.instMag.f RA195 Remote Analog Input 195

•
•
•

RAGGIO7 Ra222.instMag.f RA222 Remote Analog Input 222

RAGGIO7 Ra223.instMag.f RA223 Remote Analog Input 223

RAGGIO7 Ra224.instMag.f RA224 Remote Analog Input 224

RAGGIO8 Ra225.instMag.f RA225 Remote Analog Input 225

RAGGIO8 Ra226.instMag.f RA226 Remote Analog Input 226

RAGGIO8 Ra227.instMag.f RA227 Remote Analog Input 227

•
•
•

RAGGIO8 Ra254.instMag.f RA254 Remote Analog Input 254

RAGGIO8 Ra255.instMag.f RA255 Remote Analog Input 255

RAGGIO8 Ra256.instMag.f RA256 Remote Analog Input 256

RAOGGIO1 Rao01.instMag.f RAO01 Remote Analog Output 01

RAOGGIO1 Rao02.instMag.f RAO02 Remote Analog Output 02

RAOGGIO1 Rao03.instMag.f RAO03 Remote Analog Output 03

•
•
•

RAOGGIO1 Rao30.instMag.f RAO30 Remote Analog Output 30

RAOGGIO1 Rao31.instMag.f RAO31 Remote Analog Output 31

RAOGGIO1 Rao32.instMag.f RAO32 Remote Analog Output 32

RAOGGIO2 Rao33.instMag.f RAO33 Remote Analog Output 33

RAOGGIO2 Rao34.instMag.f RAO34 Remote Analog Output 34

RAOGGIO2 Rao35.instMag.f RAO35 Remote Analog Output 35

•
•
•

RAOGGIO2 Rao62.instMag.f RAO62 Remote Analog Output 62

RAOGGIO2 Rao63.instMag.f RAO63 Remote Analog Output 63

RAOGGIO2 Rao64.instMag.f RAO64 Remote Analog Output 64
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Functional Constraint = ST

STALPHD1 PhyHealth.stVal EN?3:1e Relay enabled

LLN0 Mod.stVal I60MODf IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

ALMGGIO1 Ind01.stVal SALARM Software alarm

ALMGGIO1 Ind02.stVal HALARM Hardware alarm

ALMGGIO1 Ind03.stVal BADPASS Invalid password attempt alarm

ALMGGIO1 Ind04.stVal SETCHG Pulsed alarm for settings changes

ALMGGIO1 Ind05.stVal GRPSW Pulsed alarm for group switches

ALMGGIO1 Ind06.stVal ACCESS A user is logged in at Access 
Level B or higher

ALMGGIO1 Ind07.stVal PASSDIS Asserts to indicate password disable 
jumper is installed

ALMGGIO1 Ind08.stVal BRKENAB Asserts to indicate breaker control 
enable jumper is installed

ALTGGIO5 Ind01.stVal ALT01 Automation Latch 1

ALTGGIO5 Ind02.stVal ALT02 Automation Latch 2

ALTGGIO5 Ind03.stVal ALT03 Automation Latch 3

•
•
•

ALTGGIO5 Ind30.stVal ALT30 Automation Latch 30

ALTGGIO5 Ind31.stVal ALT31 Automation Latch 31

ALTGGIO5 Ind32.stVal ALT32 Automation Latch 32

ASVGGIO4 Ind001.stVal ASV001 Automation SELOGIC Variable 1

ASVGGIO4 Ind002.stVal ASV002 Automation SELOGIC Variable 2

ASVGGIO4 Ind003.stVal ASV003 Automation SELOGIC Variable 3

•
•
•

ASVGGIO4 Ind126.stVal ASV126 Automation SELOGIC Variable 126

ASVGGIO4 Ind127.stVal ASV127 Automation SELOGIC Variable 127

ASVGGIO4 Ind128.stVal ASV128 Automation SELOGIC Variable 128

ETHGGIO1 Ind01.stVal P5ASEL PORT 5A active/inactive

ETHGGIO1 Ind02.stVal LINK5A Link status of PORT 5A connection

ETHGGIO1 Ind03.stVal P5BSEL PORT 5B active/inactive

ETHGGIO1 Ind04.stVal LINK5B Link status of PORT 5B connection

ETHGGIO1 Ind05.stVal P5CSEL PORT 5C active/inactive

ETHGGIO1 Ind06.stVal LINK5C Link status of PORT 5C connection

ETHGGIO1 Ind07.stVal P5DSEL PORT 5D active/inactive

ETHGGIO1 Ind08.stVal LINK5D Link status of PORT 5D connection

ETHGGIO1 Ind09.stVal LNKFAIL Link status of the active station bus port

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 6 of 16)
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ETHGGIO1 Ind10.stVal LNKFL2g Link status of the active process bus 
port

ETHGGIO1 Ind11.stVal P5ESELb PORT 5E active/inactive

ETHGGIO1 Ind12.stVal LINK5Eb Link status of the PORT 5E connec-
tion

ETHGGIO2 CntVal01.actVal P5ATPTXa, b Total number of packets transmitted 
on PORT 5A

ETHGGIO2 CntVal02.actVal P5BTPTXa, b Total number of packets transmitted 
on PORT 5B

ETHGGIO2 CntVal03.actVal P5CTPTXa, b Total number of packets transmitted 
on PORT 5C

ETHGGIO2 CntVal04.actVal P5DTPTXa, b Total number of packets transmitted 
on PORT 5D

ETHGGIO2 CntVal05.actVal P5ETPTXa, b Total number of packets transmitted 
on PORT 5E

ETHGGIO2 CntVal06.actVal P5ATPRXa, b Total number of packets received on 
PORT 5A

ETHGGIO2 CntVal07.actVal P5BTPRXa, b Total number of packets received on 
PORT 5B

ETHGGIO2 CntVal08.actVal P5CTPRXa, b Total number of packets received on 
PORT 5C

ETHGGIO2 CntVal09.actVal P5DTPRXa, b Total number of packets received on 
PORT 5D

ETHGGIO2 CntVal10.actVal P5ETPRXa, b Total number of packets received on 
PORT 5E

ETHGGIO2 CntVal11.actVal P5ATPDIa, b Total number of packets discarded 
on PORT 5A

ETHGGIO2 CntVal12.actVal P5BTPDIa, b Total number of packets discarded 
on PORT 5B

ETHGGIO2 CntVal13.actVal P5CTPDIa, b Total number of packets discarded 
on PORT 5C

ETHGGIO2 CntVal14.actVal P5DTPDIa, b Total number of packets discarded 
on PORT 5D

ETHGGIO2 CntVal15.actVal P5ETPDIa, b Total number of packets discarded 
on PORT 5E

ETHGGIO2 CntVal16.actVal P5ATEPRa, b Total number of erroneous packets 
received on PORT 5A

ETHGGIO2 CntVal17.actVal P5BTEPRa, b Total number of erroneous packets 
received on PORT 5B

ETHGGIO2 CntVal18.actVal P5CTEPRa, b Total number of erroneous packets 
received on PORT 5C

ETHGGIO2 CntVal19.actVal P5DTEPRa, b Total number of erroneous packets 
received on PORT 5D

ETHGGIO2 CntVal20.actVal P5ETEPRa, b Total number of erroneous packets 
received on PORT 5E

ETHGGIO2 SPCSO1.stVal ETHRSTa, b Status of Ethernet card statistics 
reset

IN1GGIO14h Ind01.stVal IN101 Main Board Input 1

IN1GGIO14h Ind02.stVal IN102 Main Board Input 2
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IN1GGIO14h Ind03.stVal IN103 Main Board Input 3

IN1GGIO14h Ind04.stVal IN104 Main Board Input 4

IN1GGIO14h Ind05.stVal IN105 Main Board Input 5

IN1GGIO14h Ind06.stVal IN106 Main Board Input 6

IN1GGIO14h Ind07.stVal IN107 Main Board Input 7

IN2GGIO15 Ind01.stVal IN201 First Optional I/O Board Input 1 (if 
installed)

IN2GGIO15 Ind02.stVal IN202 First Optional I/O Board Input 2 (if 
installed)

IN2GGIO15 Ind03.stVal IN203 First Optional I/O Board Input 3 (if 
installed)

•
•
•

IN2GGIO15 Ind22.stVal IN222 First Optional I/O Board Input 22 (if 
installed)

IN2GGIO15 Ind23.stVal IN223 First Optional I/O Board Input 23 (if 
installed)

IN2GGIO15 Ind24.stVal IN224 First Optional I/O Board Input 24 (if 
installed)

IN3GGIO16 Ind01.stVal IN301 Second Optional I/O Board Input 1 (if 
installed)

IN3GGIO16 Ind02.stVal IN302 Second Optional I/O Board Input 2 (if 
installed)

IN3GGIO16 Ind03.stVal IN303 Second Optional I/O Board Input 3 (if 
installed)

•
•
•

IN3GGIO16 Ind22.stVal IN322 Second Optional I/O Board Input 22 (if 
installed)

IN3GGIO16 Ind23.stVal IN323 Second Optional I/O Board Input 23 (if 
installed)

IN3GGIO16 Ind24.stVal IN324 Second Optional I/O Board Input 24 (if 
installed)

IN4GGIO18i Ind01.stVal IN401 Third Optional I/O Board Input 1 (if 
installed)

IN4GGIO18i Ind02.stVal IN402 Third Optional I/O Board Input 2 (if 
installed)

IN4GGIO18i Ind03.stVal IN403 Third Optional I/O Board Input 3 (if 
installed)

•
•
•

IN4GGIO18i Ind22.stVal IN422 Third Optional I/O Board Input 22 (if 
installed)

IN4GGIO18i Ind23.stVal IN423 Third Optional I/O Board Input 23 (if 
installed)
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IN4GGIO18i Ind24.stVal IN424 Third Optional I/O Board Input 24 (if 
installed)

IN5GGIO13j Ind01.stVal IN501 Fourth Optional I/O Board Input 01 
(if installed)

IN5GGIO13j Ind02.stVal IN502 Fourth Optional I/O Board Input 02 
(if installed)

IN5GGIO13j Ind03.stVal IN503 Fourth Optional I/O Board Input 03 
(if installed)

•

•

•

IN5GGIO13j Ind22.stVal IN522 Fourth Optional I/O Board Input 22 
(if installed)

IN5GGIO13j Ind23.stVal IN523 Fourth Optional I/O Board Input 23 
(if installed)

IN5GGIO13j Ind24.stVal IN524 Fourth Optional I/O Board Input 24 
(if installed)

LBGGIO1k Ind01.stVal LB01 Local Bit 1

LBGGIO1k Ind02.stVal LB02 Local Bit 2

LBGGIO1k Ind03.stVal LB03 Local Bit 3

•
•
•

LBGGIO1k Ind62.stVal LB62 Local Bit 62

LBGGIO1k Ind63.stVal LB63 Local Bit 63

LBGGIO1k Ind64.stVal LB64 Local Bit 64

MBOKGGIO13 Ind01.stVal ROKA Normal MIRRORED BITS communica-
tions Channel A status while not in 
loopback mode

MBOKGGIO13 Ind02.stVal RBADA Outage too long on MIRRORED BITS 
communications Channel A

MBOKGGIO13 Ind03.stVal CBADA Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel A

MBOKGGIO13 Ind04.stVal LBOKA Normal MIRRORED BITS communica-
tions Channel A status while in loop-
back mode

MBOKGGIO13 Ind05.stVal ANOKA Analog transfer OK on MIRRORED 
BITS communications Channel A

MBOKGGIO13 Ind06.stVal DOKA Normal MIRRORED BITS communica-
tions Channel A status

MBOKGGIO13 Ind07.stVal ROKB Normal MIRRORED BITS communica-
tions Channel B status while not in 
loopback mode

MBOKGGIO13 Ind08.stVal RBADB Outage too long on MIRRORED BITS 
communications Channel B

MBOKGGIO13 Ind09.stVal CBADB Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel B
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MBOKGGIO13 Ind10.stVal LBOKB Normal MIRRORED BITS communica-
tions Channel B status while in loop-
back mode

MBOKGGIO13 Ind11.stVal ANOKB Analog transfer OK on MIRRORED 
BITS communications Channel B

MBOKGGIO13 Ind12.stVal DOKB Normal MIRRORED BITS communica-
tions Channel B status

OUT1GGIO17l Ind01.stVal OUT101 Main Board Output 1

OUT1GGIO17l Ind02.stVal OUT102 Main Board Output 2

OUT1GGIO17l Ind03.stVal OUT103 Main Board Output 3

OUT1GGIO17l Ind04.stVal OUT104 Main Board Output 4

OUT1GGIO17l Ind05.stVal OUT105 Main Board Output 5

OUT1GGIO17l Ind06.stVal OUT106 Main Board Output 6

OUT1GGIO17l Ind07.stVal OUT107 Main Board Output 7

OUT1GGIO17l Ind08.stVal OUT108 Main Board Output 8

OUT2GGIO16 Ind01.stVal OUT201 First Optional I/O Board Output 1

OUT2GGIO16 Ind02.stVal OUT202 First Optional I/O Board Output 2

OUT2GGIO16 Ind03.stVal OUT203 First Optional I/O Board Output 3

•
•
•

OUT2GGIO16 Ind14.stVal OUT214 First Optional I/O Board Output 14

OUT2GGIO16 Ind15.stVal OUT215 First Optional I/O Board Output 15

OUT2GGIO16 Ind16.stVal OUT216 First Optional I/O Board Output 16

OUT3GGIO17 Ind01.stVal OUT301 Second Optional I/O Board Output 1

OUT3GGIO17 Ind02.stVal OUT302 Second Optional I/O Board Output 2

OUT3GGIO17 Ind03.stVal OUT303 Second Optional I/O Board Output 3

•
•
•

OUT3GGIO17 Ind14.stVal OUT314 Second Optional I/O Board Output 14

OUT3GGIO17 Ind15.stVal OUT315 Second Optional I/O Board Output 15

OUT3GGIO17 Ind16.stVal OUT316 Second Optional I/O Board Output 16

OUT4GGIO19i Ind01.stVal OUT401 Third Optional I/O Board Output 1

OUT4GGIO19i Ind02.stVal OUT402 Third Optional I/O Board Output 2

OUT4GGIO19i Ind03.stVal OUT403 Third Optional I/O Board Output 3

•
•
•

OUT4GGIO19i Ind14.stVal OUT414 Third Optional I/O Board Output 14

OUT4GGIO19i Ind15.stVal OUT415 Third Optional I/O Board Output 15

OUT4GGIO19i Ind16.stVal OUT416 Third Optional I/O Board Output 16

OUT5GGIO18j Ind01.stVal OUT501 Fourth Optional I/O Board Output 1 

OUT5GGIO18j Ind02.stVal OUT502 Fourth Optional I/O Board Output 2 
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OUT5GGIO18j Ind03.stVal OUT503 Fourth Optional I/O Board Output 3 

•
•
•

OUT5GGIO18j Ind14.stVal OUT514 Fourth Optional I/O Board 
Output 14

OUT5GGIO18j Ind15.stVal OUT515 Fourth Optional I/O Board 
Output 15

OUT5GGIO18j Ind16.stVal OUT516 Fourth Optional I/O Board 
Output 16

OUT3SGGIO1 Ind01.stVal OUT301S TiDL mapped OUT301 contact status

OUT3SGGIO1 Ind02.stVal OUT302S TiDL mapped OUT302 contact status

OUT3SGGIO1 Ind03.stVal OUT303S TiDL mapped OUT303 contact status

•
•
•

OUT3SGGIO1 Ind14.stVal OUT314S TiDL mapped OUT314 contact status

OUT3SGGIO1 Ind15.stVal OUT315S TiDL mapped OUT315 contact status

OUT3SGGIO1 Ind16stVal OUT316S TiDL mapped OUT316 contact status

OUT4SGGIO2 Ind01stVal OUT401S TiDL mapped OUT401 contact status

OUT4SGGIO2 Ind02.stVal OUT402S TiDL mapped OUT402 contact status

OUT4SGGIO2 Ind03.stVal OUT403S TiDL mapped OUT403 contact status

•
•
•

OUT4SGGIO2 Ind14.stVal OUT414S TiDL mapped OUT414 contact status

OUT4SGGIO2 Ind15.stVal OUT415S TiDL mapped OUT415 contact status

OUT4SGGIO2 Ind16stVal OUT416S TiDL mapped OUT416 contact status

OUT5SGGIO3 Ind01stVal OUT501S TiDL mapped OUT501 contact status

OUT5SGGIO3 Ind02.stVal OUT502S TiDL mapped OUT502 contact status

OUT5SGGIO3 Ind03.stVal OUT503S TiDL mapped OUT503 contact status

•
•
•

OUT5SGGIO3 Ind14.stVal OUT514S TiDL mapped OUT514 contact status

OUT5SGGIO3 Ind15.stVal OUT515S TiDL mapped OUT515 contact status

OUT5SGGIO3 Ind16stVal OUT516S TiDL mapped OUT516 contact status

PBLEDGGIO8 Ind01.stVal PB1_LED Pushbutton 1 LED

PBLEDGGIO8 Ind02.stVal PB2_LED Pushbutton 2 LED

PBLEDGGIO8 Ind03.stVal PB3_LED Pushbutton 3 LED

PBLEDGGIO8 Ind04.stVal PB4_LED Pushbutton 4 LED

PBLEDGGIO8 Ind05.stVal PB5_LED Pushbutton 5 LED

PBLEDGGIO8 Ind06.stVal PB6_LED Pushbutton 6 LED

PBLEDGGIO8 Ind07.stVal PB7_LED Pushbutton 7 LED

PBLEDGGIO8 Ind08.stVal PB8_LED Pushbutton 8 LED
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PBLEDGGIO8 Ind09.stVal PB9_LED Pushbutton 9 LED

PBLEDGGIO8 Ind10.stVal PB10LED Pushbutton 10 LED

PBLEDGGIO8 Ind11.stVal PB11LED Pushbutton 11 LED

PBLEDGGIO8 Ind12.stVal PB12LED Pushbutton 12 LED

PLTGGIO2 Ind01.stVal PLT01 Protection Latch 1

PLTGGIO2 Ind02.stVal PLT02 Protection Latch 2

PLTGGIO2 Ind03.stVal PLT03 Protection Latch 3

•
•
•

PLTGGIO2 Ind30.stVal PLT30 Protection Latch 30

PLTGGIO2 Ind31.stVal PLT31 Protection Latch 31

PLTGGIO2 Ind32.stVal PLT32 Protection Latch 32

PRPGGIO1 Ind01.stVal PRPAGOKb PRP PORT 5A GOOSE status

PRPGGIO1 Ind02.stVal PRPBGOKb PRP PORT 5B GOOSE status

PRPGGIO1 Ind03.stVal PRPCGOKb PRP PORT 5C GOOSE status

PRPGGIO1 Ind04.stVal PRPDGOKb PRP PORT 5D GOOSE status

PRPGGIO1 Ind05.stVal PRPASOKb PRP PORT 5A SV status

PRPGGIO1 Ind06.stVal PRPBSOKb PRP PORT 5B SV status

PSVGGIO1 Ind01.stVal PSV01 Protection SELOGIC Variable 1

PSVGGIO1 Ind02.stVal PSV02 Protection SELOGIC Variable 2

PSVGGIO1 Ind03.stVal PSV03 Protection SELOGIC Variable 3

•
•
•

PSVGGIO1 Ind62.stVal PSV62 Protection SELOGIC Variable 62

PSVGGIO1 Ind63.stVal PSV63 Protection SELOGIC Variable 63

PSVGGIO1 Ind64.stVal PSV64 Protection SELOGIC Variable 64

RMBAGGIO9 Ind01.stVal RMB1A Channel A Receive Mirrored Bit 1

RMBAGGIO9 Ind02.stVal RMB2A Channel A Receive Mirrored Bit 2

RMBAGGIO9 Ind03.stVal RMB3A Channel A Receive Mirrored Bit 3

RMBAGGIO9 Ind04.stVal RMB4A Channel A Receive Mirrored Bit 4

RMBAGGIO9 Ind05.stVal RMB5A Channel A Receive Mirrored Bit 5

RMBAGGIO9 Ind06.stVal RMB6A Channel A Receive Mirrored Bit 6

RMBAGGIO9 Ind07.stVal RMB7A Channel A Receive Mirrored Bit 7

RMBAGGIO9 Ind08.stVal RMB8A Channel A Receive Mirrored Bit 8

RMBBGGIO11 Ind01.stVal RMB1B Channel B Receive Mirrored Bit 1

RMBBGGIO11 Ind02.stVal RMB2B Channel B Receive Mirrored Bit 2

RMBBGGIO11 Ind03.stVal RMB3B Channel B Receive Mirrored Bit 3

RMBBGGIO11 Ind04.stVal RMB4B Channel B Receive Mirrored Bit 4

RMBBGGIO11 Ind05.stVal RMB5B Channel B Receive Mirrored Bit 5

RMBBGGIO11 Ind06.stVal RMB6B Channel B Receive Mirrored Bit 6

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 12 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support the 
RMBAGGIO9 and RMBBGGIO11 logical 
nodes.
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RMBBGGIO11 Ind07.stVal RMB7B Channel B Receive Mirrored Bit 7

RMBBGGIO11 Ind08.stVal RMB8B Channel B Receive Mirrored Bit 8

RTCAGGIO1 Ind01.stVal RTCAD01 RTC Remote Data Bits, Channel A, 
Bit 1

RTCAGGIO1 Ind02.stVal RTCAD02 RTC Remote Data Bits, Channel A, 
Bit 2

RTCAGGIO1 Ind03.stVal RTCAD03 RTC Remote Data Bits, Channel A, 
Bit 3

•
•
•

RTCAGGIO1 Ind14.stVal RTCAD14 RTC Remote Data Bits, Channel A, 
Bit 14

RTCAGGIO1 Ind15.stVal RTCAD15 RTC Remote Data Bits, Channel A, 
Bit 15

RTCAGGIO1 Ind16.stVal RTCAD16 RTC Remote Data Bits, Channel A, 
Bit 16

RTCBGGIO2 Ind01.stVal RTCBD01 RTC Remote Data Bits, Channel B, 
Bit 1

RTCBGGIO2 Ind02.stVal RTCBD02 RTC Remote Data Bits, Channel B, 
Bit 2

RTCBGGIO2 Ind03.stVal RTCBD03 RTC Remote Data Bits, Channel B, 
Bit 3

•
•
•

RTCBGGIO2 Ind14.stVal RTCBD14 RTC Remote Data Bits, Channel B, 
Bit 14

RTCBGGIO2 Ind15.stVal RTCBD15 RTC Remote Data Bits, Channel B, 
Bit 15

RTCBGGIO2 Ind16.stVal RTCBD16 RTC Remote Data Bits, Channel B, 
Bit 16

RTDHGGIO1 Ind01.stVal RTD01ST RTD Status for Channel 1

RTDHGGIO1 Ind02.stVal RTD02ST RTD Status for Channel 2

RTDHGGIO1 Ind03.stVal RTD03ST RTD Status for Channel 3

RTDHGGIO1 Ind04.stVal RTD04ST RTD Status for Channel 4

RTDHGGIO1 Ind05.stVal RTD05ST RTD Status for Channel 5

RTDHGGIO1 Ind06.stVal RTD06ST RTD Status for Channel 6

RTDHGGIO1 Ind07.stVal RTD07ST RTD Status for Channel 7

RTDHGGIO1 Ind08.stVal RTD08ST RTD Status for Channel 8

RTDHGGIO1 Ind09.stVal RTD09ST RTD Status for Channel 9

RTDHGGIO1 Ind10.stVal RTD10ST RTD Status for Channel 10

RTDHGGIO1 Ind11.stVal RTD11ST RTD Status for Channel 11

RTDHGGIO1 Ind12.stVal RTD12ST RTD Status for Channel 12

SGGGIO1 Ind01.stVal SG1 Settings Group 1 active

SGGGIO1 Ind02.stVal SG2 Settings Group 2 active

SGGGIO1 Ind03.stVal SG3 Settings Group 3 active

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 13 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support 
synchrophasor real-time control (RTC) 
logical nodes.

NOTE: Not all relays support logical 
node RTDHGGIO1 for RTD inputs.
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SGGGIO1 Ind04.stVal SG4 Settings Group 4 active

SGGGIO1 Ind05.stVal SG5 Settings Group 5 active

SGGGIO1 Ind06.stVal SG6 Settings Group 6 active

SGGGIO1 Ind07.stVal CHSG Settings group change

SGGGIO1 Ind08.stVal GRPSW Pulsed alarm for group switches

TLEDGGIO7 Ind01.stVal EN Relay enabled

TLEDGGIO7 Ind02.stVal TRIPLED Trip LED

TLEDGGIO7 Ind03.stVal TLED_1 Target LED 1

TLEDGGIO7 Ind04.stVal TLED_2 Target LED 2

TLEDGGIO7 Ind05.stVal TLED_3 Target LED 3

TLEDGGIO7 Ind06.stVal TLED_4 Target LED 4

TLEDGGIO7 Ind07.stVal TLED_5 Target LED 5

TLEDGGIO7 Ind08.stVal TLED_6 Target LED 6

TLEDGGIO7 Ind09.stVal TLED_7 Target LED 7

TLEDGGIO7 Ind10.stVal TLED_8 Target LED 8

TLEDGGIO7 Ind11.stVal TLED_9 Target LED 9

TLEDGGIO7 Ind12.stVal TLED_10 Target LED 10

TLEDGGIO7 Ind13.stVal TLED_11 Target LED 11

TLEDGGIO7 Ind14.stVal TLED_12 Target LED 12

TLEDGGIO7 Ind15.stVal TLED_13 Target LED 13

TLEDGGIO7 Ind16.stVal TLED_14 Target LED 14

TLEDGGIO7 Ind17.stVal TLED_15 Target LED 15

TLEDGGIO7 Ind18.stVal TLED_16 Target LED 16

TLEDGGIO7 Ind19.stVal TLED_17 Target LED 17

TLEDGGIO7 Ind20.stVal TLED_18 Target LED 18

TLEDGGIO7 Ind21.stVal TLED_19 Target LED 19

TLEDGGIO7 Ind22.stVal TLED_20 Target LED 20

TLEDGGIO7 Ind23.stVal TLED_21 Target LED 21

TLEDGGIO7 Ind24.stVal TLED_22 Target LED 22

TLEDGGIO7 Ind25.stVal TLED_23 Target LED 23

TLEDGGIO7 Ind26.stVal TLED_24 Target LED 24

TMBAGGIO10 Ind01.stVal TMB1A Channel A Transmit Mirrored Bit 1

TMBAGGIO10 Ind02.stVal TMB2A Channel A Transmit Mirrored Bit 2

TMBAGGIO10 Ind03.stVal TMB3A Channel A Transmit Mirrored Bit 3

TMBAGGIO10 Ind04.stVal TMB4A Channel A Transmit Mirrored Bit 4

TMBAGGIO10 Ind05.stVal TMB5A Channel A Transmit Mirrored Bit 5

TMBAGGIO10 Ind06.stVal TMB6A Channel A Transmit Mirrored Bit 6

TMBAGGIO10 Ind07.stVal TMB7A Channel A Transmit Mirrored Bit 7

TMBAGGIO10 Ind08.stVal TMB8A Channel A Transmit Mirrored Bit 8

TMBBGGIO12 Ind01.stVal TMB1B Channel B Transmit Mirrored Bit 1

TMBBGGIO12 Ind02.stVal TMB2B Channel B Transmit Mirrored Bit 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 14 of 16)

Logical Node Attribute Data Source Comment

NOTE: The TLEDGGIO7 logical node 
always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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TMBBGGIO12 Ind03.stVal TMB3B Channel B Transmit Mirrored Bit 3

TMBBGGIO12 Ind04.stVal TMB4B Channel B Transmit Mirrored Bit 4

TMBBGGIO12 Ind05.stVal TMB5B Channel B Transmit Mirrored Bit 5

TMBBGGIO12 Ind06.stVal TMB6B Channel B Transmit Mirrored Bit 6

TMBBGGIO12 Ind07.stVal TMB7B Channel B Transmit Mirrored Bit 7

TMBBGGIO12 Ind08.stVal TMB8B Channel B Transmit Mirrored Bit 8

TPortGGIO1 Ind01.stVal TDLCMSD TiDL active topology commissioned

TPortGGIO1 Ind02.stVal TIDLALM TiDL alarm

TPortGGIO1 Ind03.stVal P6AMAP PORT 6A mapped

TPortGGIO1 Ind04.stVal P6AOK PORT 6A OK

TPortGGIO1 Ind05.stVal P6BMAP PORT 6B mapped

TPortGGIO1 Ind06.stVal P6BOK PORT 6BOK

TPortGGIO1 Ind07.stVal P6CMAP PORT 6C mapped

TPortGGIO1 Ind08.stVal P6COK PORT 6C OK

TPortGGIO1 Ind09.stVal P6DMAP PORT 6D mapped

TPortGGIO1 Ind10.stVal P6DOK PORT 6D OK

TPortGGIO1 Ind11.stVal P6EMAP PORT 6E mapped

TPortGGIO1 Ind12.stVal P6EOK PORT 6E OK

TPortGGIO1 Ind13.stVal P6FMAP PORT 6F mapped

TPortGGIO1 Ind14.stVal P6FOK PORT 6F OK

TPortGGIO1 Ind15.stVal P6GMAP PORT 6G mapped

TPortGGIO1 Ind16.stVal P6GOK PORT 6G OK

TPortGGIO1 Ind17.stVal P6HMAP PORT 6H mapped

TPortGGIO1 Ind18.stVal P6HOK PORT 6H OK

VBGGIO1 Ind001.stVal VB001 Virtual Bit 001

VBGGIO1 Ind002.stVal VB002 Virtual Bit 002

VBGGIO1 Ind003.stVal VB003 Virtual Bit 003

•
•
•

VBGGIO1 Ind126.stVal VB126 Virtual Bit 126

VBGGIO1 Ind127.stVal VB127 Virtual Bit 127

VBGGIO1 Ind128.stVal VB128 Virtual Bit 128

VBGGIO2k Ind129.stVal VB129 Virtual Bit 129

VBGGIO2k Ind130.stVal VB130 Virtual Bit 130

VBGGIO2k Ind131.stVal VB131 Virtual Bit 131

•
•
•

VBGGIO2k Ind254.stVal VB254 Virtual Bit 254

VBGGIO2k Ind255.stVal VB255 Virtual Bit 255

VBGGIO2k Ind256.stVal VB256 Virtual Bit 256

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 15 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node TPortGGIO1.
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SEL Nameplate Data
The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical device 
contains the Nameplate DOI (instantiated data object) with the following data.

                    

Protocol Implementation Conformance Statement
Table 17.30 and Table 17.31 are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, only the optional ser-
vices and functions are listed.

                    

Functional Constraint = SP

LLN0 GrReg.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c HWREV is an internal data source and is not available to the user.
d Only the SEL-487B supports AMVGGIO8 and AMVGGIO9.
e If enabled, value = 1. If disabled, value = 3.
f I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
g Only applicable to SEL-400 series relays with SV support and the SEL-411L with 87L over 

Ethernet.
h Not all SEL-400 series relays support main board inputs.
i Not all SEL-400 series relays support a third interface board.
j Not all SEL-400 series relays support four interface boards.
k Not supported in the SEL-487V.
l Not all SEL-400 series relays support main board outputs.

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 16 of 16)

Logical Node Attribute Data Source Comment

Table 17.29 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

d Description of LD

configRev Always 0

1dNs IEC 61850-7-4:2007A

Table 17.30 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
management

A3 GSSE N N

A4 Time Sync N N
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Refer to the ACSI Conformance Statements on page 17.85 for information on the 
supported services.

MMS Conformance
The manufacturing message specification (MMS) stack provides the basis for 
many IEC 61850 protocol services. Table 17.32 defines the service support 
requirement and restrictions of the MMS services in the SEL-400 series devices. 
Generally, only those services whose implementation is not mandatory are 
shown. Refer to the IEC 61850 standard Part 8-1 for more information.

                    

Table 17.31 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, not GSSE

T4 GSSE N N

T5 Time Sync N N

Table 17.32 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore
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reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

Table 17.32 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table 17.33 lists specific settings for the MMS parameter conformance building 
block (CBB).

                    

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete Y

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table 17.33 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table 17.32 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following variable access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 stan-
dard Part 8-1 for more information.

                    

                    

                    

                    

Table 17.34 AlternateAccessSelection Conformance Statement

AlternateAccessSelection
Client-CR Server-CR

Supported Supported

accessSelection Y

component Y

index

indexRange

allElements

alternateAccess Y

selectAccess Y

component Y

index

indexRange

allElements

Table 17.35 VariableAccessSpecification Conformance Statement

VariableAccessSpecification
Client-CR Server-CR

Supported Supported

listOfVariable Y

variableSpecification Y

alternateAccess Y

variableListName Y

Table 17.36 VariableSpecification Conformance Statement

VariableSpecification
Client-CR Server-CR

Supported Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table 17.37 Read Conformance Statement (Sheet 1 of 2)

Read
Client-CR Server-CR

Supported Supported

Request

specificationWithResult

variableAccessSpecification
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Response

variableAccessSpecification Y

listOfAccessResult Y

Table 17.38 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

name

address

Response

mmsDeletable

address

typeSpecification

Table 17.39 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

variableListName

listOfVariable

variableSpecification

alternateAccess

Response

Table 17.40 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes
Client-CR Server-CR

Supported Supported

Request

ObjectName

Response

mmsDeletable Y

listOfVariable Y

variableSpecification Y

alternateAccess Y

Table 17.37 Read Conformance Statement (Sheet 2 of 2)

Read
Client-CR Server-CR

Supported Supported
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GOOSE Services Conformance Statement
                    

ACSI Conformance Statements
                    

Table 17.41 DeleteNamedVariableList Conformance Statement

DeleteNamedVariableList
Client-CR Server-CR

Supported Supported

Request

Scope

listOfVariableListName

domainName

Response

numberMatched

numberDeleted

DeleteNamedVariableList-Error

Table 17.42 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y

Table 17.43 Basic Conformance Statement (Sheet 1 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa

Client-Server Roles

B11 Server side (of TWO-PARTY-APPLICATION-ASSOCIATION) Y

B12 Client side (of TWO-PARTY-APPLICATION-ASSOCIATION)  

SCSMs Supported

B21 SCSM: IEC 6185-8-1 used Y

B22 SCSM: IEC 6185-9-1 used Deprecated in 
Edition 2

B23 SCSM: IEC 6185-9-2 used

B24 SCSM: other

Generic Substation Event (GSE) Model

B31 Publisher side Y

B32 Subscriber side Y  
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Transmission of Sampled Value Model (SVC)

B41 Publisher side Y

B42 Subscriber side Y

a Y = supported
N or blank = not supported

Table 17.44 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscribera Server/Publishera Value/Comments

If Server Side (B11) and/or Client Side (B12) Supported

M1 Logical device Y

M2 Logical node Y

M3 Data Y

M4 Data set Y

M5 Substitution

M6 Setting group control Y

Reporting

M7 Buffered report control Y

M7–1 sequence-number Y

M7–2 report-time-stamp Y

M7–3 reason-for-inclusion Y

M7–4 data-set-name Y

M7–5 data-reference Y

M7–6 buffer-overflow Y

M7–7 entryID Y

M7–8 BufTim Y

M7–9 IntgPd Y

M7–10 GI Y

M7–11 conf-revision Y

M8 Unbuffered report control Y

M8–1 sequence-number Y

M8–2 report-time-stamp Y

M8–3 reason-for-inclusion Y

M8–4 data-set-name Y

M8–5 data-reference Y

M8–6 BufTim Y

M8–7 IntgPd Y

M8–8 GI Y

M8–9 conf-revision Y

Logging

M9 Log control

M9–1 IntgPd

Table 17.43 Basic Conformance Statement (Sheet 2 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa
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M10 Log

M11 Control Y

M17 File transfer Y

M18 Application association Y

M19 GOOSE control block Y

M20 Sampled Value control block Yb

If GSE (B31/32) Is Supported

M12 GOOSE Y

M13 GSSE Deprecated in Edition 2

If SVC (B41/42) Is Supported

M14 Multicast SVC Yb

M15 Unicast SVC Yb

For All IEDs

M16 Time Y Time source with required accuracy shall be available.

Only the time master is an SNTP (Mode 4 response) 
time server.

All other client/server devices require SNTP (Mode 
3 request) clients.

a Y = supported
N or blank = not supported

b SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC Client (C) Server (S) Comments

Server

S1 1, 2 GetServerDirectory

(LOGICAL-DEVICE)

TP Y

Application Association

S2 1, 2 Associate Y

S3 1, 2 Abort Y

S4 1, 2 Release Y

Logical Device

S5 1, 2 GetLogicalDeviceDirectory TP Y

Logical Node 

S6 1, 2 GetLogicalNodeDirectory TP Y

S7 1, 2 GetAllDataValues TP Y

Data

S8 1, 2 GetDataValues TP Y

S9 1, 2 SetDataValues TP

S10 1, 2 GetDataDirectory TP Y

S11 1, 2 GetDataDefinition TP Y

Table 17.44 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscribera Server/Publishera Value/Comments
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Data Set

S12 1, 2 GetDataSetValues TP Y

S13 1, 2 SetDataSetValues TP

S14 1, 2 CreateDataSet TP

S15 1, 2 DeleteDataSet TP

S16 1, 2 GetDataSetDirectory TP Y

Substitution

S17 1 SetDataValues TP

Setting Group Control

S18 1, 2 SelectActiveSG TP Y

S19 1, 2 SelectEditSG TP

S20 1, 2 SetEditSGValues TP

S21 1, 2 ConfirmEditSGValues TP

S22 1, 2 GetEditSGValues TP

S23 1, 2 GetSGCBValues TP Y

Reporting

Buffered Report Control Block (BRCB)

S24 1, 2 Report TP Y

S24–1 1, 2 data-change (dchg) Y

S24–2 1, 2 quality-change (qchg) Y

S24–3 1, 2 data-update (dupd)

S25 1, 2 GetBRCBValues TP Y

S26 1, 2 SetBRCBValues TP Y

Unbuffered Report Control Block (URCB)

S27 1, 2 Report TP Y

S27–1 1, 2 data-change (dchg) Y

S27–2 1, 2 quality-change (qchg) Y

S27–3 1, 2 data-update (dup)

S28 1, 2 GetURCBValues TP Y

S29 1, 2 SetURCBValues TP Y

Logging

Log Control Block

S30 1, 2 GetLCBValues TP

S31 1, 2 SetLCBValues TP

Log

S32 1, 2 QueryLogByTime TP

S33 1, 2 QueryLogAfter TP

S34 1, 2 GetLogStatusValues TP

Generic Substation Event Model (GSE)

GOOSE

S35 1, 2 SendGOOSEMessage MC Y

Table 17.45 ACSI Service Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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GOOSE-CONTROL-BLOCK

S36 1, 2 GetGoReference TP

S37 1, 2 GetGOOSEElementNumber TP

S38 1, 2 GetGoCBValues TP Y

S39 1, 2 SetGoCBValues TP

GSSE

S40 1 SendGSSEMessage MC Deprecated in Edition 2

GSSE-CONTROL-BLOCK

S41 1 GetReference TP Deprecated in Edition 2

S42 1 GetGSSEElementNumber TP Deprecated in Edition 2

S43 1 GetGsCBValues TP Deprecated in Edition 2

S44 1 SetGsCBValues TP Deprecated in Edition 2

Transmission of Sampled Value Model (SVC)

Multicast SV

S45 1, 2 SendMSVMessage MC Ya

Multicast Sampled Value Control Block

S46 1, 2 GetMSVCBValues TP Ya

S47 1, 2 SetMSVCBValues TP

Unicast SV

S48 1, 2 SendUSVMessage TP

Unicast Sampled Value Control Block

S49 1, 2 GetUSVCBValues TP

S50 1, 2 SetUSVCBValues TP

Control

S51 1, 2 Select

S52 1, 2 SelectWithValue TP Y

S53 1, 2 Cancel TP Y

S54 1, 2 Operate TP Y

S55 1, 2 CommandTermination TP Y

S56 1, 2 TimeActivatedOperate TP

File Transfer

S57 1, 2 GetFile TP Y

S58 1, 2 SetFile TP

S59 1, 2 DeleteFile TP

S60 1, 2 GetFileAttributeValues TP Y

S61 1, 2 GetServerDirectory

(FILE SYSTEM)

TP Y

Table 17.45 ACSI Service Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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Potential Client and Automation Application Issues With 
Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or automa-
tion applications may experience with IEC 61850 Edition 2 (Ed2) ICD and firm-
ware changes. However, such issues may be resolved by reconfiguring the client 
or automation application or worked around by restoring the Ed1 (CID) configu-
ration. None of these should prevent a client application from dynamically dis-
covering the data in the IED as long as the application adheres to the 
specification of the standard. Note that upgrading to Ed2 firmware will not break 
existing Ed1 configurations (CID files) in the field, nor require loading an Ed2 
version of the CID file.

Unexpected Error Messages
Some MMS and control errors have been changed in Ed2. Hence, the firmware 
now issues only the Ed2-compliant errors. Clients or automation applications that 
rely on the Ed1-compliant errors will not function correctly. You can resolve this 
by reconfiguring the client or automation application to accept Ed2-compliant 
errors.

Missing or Unknown Data Objects and Attributes
Ed2 has changed some data object and attribute names, as well as the data types 
of some attributes. Ed2 also prohibits the use of proprietary CDCs. See Common 
Logical Nodes on page 17.47 and the logical nodes tables in each product-spe-
cific manual to determine the Ed2 names. This may cause the failure of clients or 

Time

T1 1, 2 Time resolution of internal clock 20 Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

T2 1, 2 Time accuracy of internal clock IRIG-B

T4

PTP

T4

SNTP

T1

TL (ms) (low-accuracy), T3 < 7) (only Ed. 2)

T0 (ms) ( 10 ms), 7  T3 < 10

T1 (µs) ( 1 ms), 10  T3 < 13

T2 (µs) ( 100 µS), 13  T3 < 15

T3 (µs) ( 25 µS), 15  T3 < 18

T4 (µs) ( 25 µS), 15  T3 < 18

T5 (µs) ( 1 µS), T3  20

T3 1, 2 Supported TimeStamp resolution IRIGB

18

PTP

18

SNTP

7

Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

a SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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automation applications that rely on the Ed1 names. A workaround is to use the 
Ed1 version of the CID file, if available, to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 names.

Unable to Find Operate Time-Out
A proprietary method was used to specify the operate time-out of control objects 
in the CID files. A client or automation application that relies on this proprietary 
method will fail to find the operate time-out in the CID file. A workaround is to 
use the Ed1 CID file to configure the IED. You can also resolve this by reconfig-
uring the client or automation application to accept the Ed2 control object operate 
time-outs.

Unexpected Control Block Data Attribute Type
The string type data attributes in control blocks (RptID, DatSet, etc.) have been 
changed from a maximum length of 65 to 129 characters, i.e., VisString65 to Vis-
String129. Some clients and automation applications might see this as an error 
when the type is reported in the MMS GetVariableAccessAttributes response. 
You can resolve this by reconfiguring the client or automation application.

Unexpected Reports
Ed2 requires report buffering to start when the device is turned on, unlike in the 
Ed1 implementation where report buffering started after the first report enable. If 
a client or automation application relies on the Ed1 behavior, it might fail or indi-
cate an error if the IED sends buffered reports immediately after the first enable. 
You can resolve this by reconfiguring the client or automation application.

Failure to Reselect a Control Object Before the Time-Out
In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-out 
to restart. According to Ed2, this reselection is supposed to fail. Ed1-based cli-
ents or automation applications that rely on successful reselection might operate 
incorrectly. You can resolve this by reconfiguring the client or automation appli-
cation.

Test Control Commands Fail Immediately
In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate time-
out error after the operate time-out expired. However, in Ed2, any such test com-
mands will fail immediately with an error indicating that the command is blocked 
because the IED is not in the appropriate mode. Clients or automation applica-
tions that depend on the Ed1 behavior might fail. You can resolve this by recon-
figuring the client or automation application.
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No Reports
Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Synchrophasors

Most SEL-400 series relays can be configured to function as a phasor measure-
ment unit (PMU).

This section covers: 

➤ Synchrophasor Measurement on page 18.3

➤ Settings for Synchrophasors on page 18.6

➤ Synchrophasor Quantities on page 18.18

➤ View Synchrophasors by Using the MET PM Command on page 18.21

➤ IEEE C37.118 Synchrophasor Protocol on page 18.23

➤ SEL Fast Message Synchrophasor Protocol on page 18.29

➤ Control Capabilities on page 18.33

➤ PMU Recording Capabilities on page 18.42

Introduction 
The word synchrophasor is derived from two words: synchronized phasor. Syn-
chrophasor measurement refers to the concept of providing measurements taken 
on a synchronized schedule in multiple locations. A high-accuracy clock, com-
monly a Global Positioning System (GPS) receiver such as the SEL-2407 Satel-
lite-Synchronized Clock, makes synchrophasor measurement possible.

The availability of an accurate time reference over a large geographic area allows 
multiple devices, such as a number of relays, to synchronize the gathering of 
power system data. The accurate clock allows precise event report triggering and 
other offline analysis functions.

The Global settings class contains the synchrophasor settings, including the 
choice of Synchrophasor Protocol and the synchrophasor data set the relay will 
transmit. The Port settings class selects which port(s) are configured for Synchro-
phasor Protocol use.

The high-accuracy timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement.

When synchrophasor measurement is enabled, the relay creates the synchropha-
sor data set at a rate of either 50 or 60 times per second, depending on the nomi-
nal system frequency (Global setting NFREQ). This data set, including time-of-
sample, is available in analog quantities in the relay (see Synchrophasor Analog 
Quantities). You can view synchrophasor data over the relay ASCII terminal inter-
face (see View Synchrophasors by Using the MET PM Command on page 18.21).
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The value of synchrophasor data increases greatly when the data can be shared 
over a communications network in real time. Two Synchrophasor Protocols are 
available in the relay that allow for a centralized device to collect data efficiently 
from several PMUs. Some possible uses of a system-wide synchrophasor system 
include the following:

➤ Power system state measurement 

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power system disturbance analysis

The SEL-5078-2 SYNCHROWAVE Central Software quickly translates power sys-
tem data into visual information. It is a powerful yet easy-to-use solution for dis-
playing and analyzing real-time streaming data, archived data, and relay event 
data, and provides a time-synchronized, wide-area view of your system. SYN-
CHROWAVE Central includes Event Viewer, providing engineers and operators 
the ability to view PMU data and perform event analysis by viewing relay event 
reports directly from SYNCHROWAVE Central.

NOTE: The SEL-3555 RTAC with the 
SVP library has replaced the SEL-3378, 
which is no longer in production, but 
you can still use the SEL-3378 in the 
examples in this section.

The SEL-3555 Real-Time Automation Controller (RTAC) is a real-time synchro-
phasor programmable logic controller. Use the SEL-3555 to collect synchropha-
sor messages from relays and PMUs. The SEL-3555 time-aligns incoming 
messages and processes these messages with an internal logic engine. Addition-
ally, the SEL-3555 can send calculated or derived data to devices such as other 
synchrophasor vector processors (SVPs), phasor data concentrators (PDCs), and 
monitoring systems.

In any installation, the relay can use only one of the synchrophasor message for-
mats, SEL Fast Message Synchrophasor, or IEEE C37.118, as selected by Global 
setting MFRMT. The chosen format is available on multiple serial ports when 
port setting(s) PROTO :=  PMU. IEEE C37.118 is available over Ethernet when 
the PORT 5 setting EPMIP is enabled.

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchophasor protocol.

With either the SEL Fast Message or IEEE C37.118 synchrophasor format, the 
relay can receive control operation commands over the same channel used for 
synchrophasor data transmission. These commands are SEL Fast Operate mes-
sages, which are described in SEL Fast Meter, Fast Operate, Fast SER Messages, 
and Fast Message Data Access on page 15.33.

After enabling the data recording function with the Global EPMDR settings, 
record synchrophasor data using the PMTRIG setting. When PMTRIG asserts, 
the relay records IEEE synchrophasor data in binary format for the duration spec-
ified with the PMLER setting. The relay stores these files in the synchrophasor 
subdirectory in the relay. 

You can configure the relay to receive IEEE C37.118 protocol synchrophasor 
data. The relay receives the data over a serial connection and stores these data in 
Analog Quantities. Time-alignment is automatic. Use the local phasor data and as 
many as two remote sets of phasor data in SELOGIC equations.

Functionality in IEEE C37.118.1-2011-Compliant Synchrophasors
When compared to IEEE C37.118-2005, IEEE C37.118.1 has several differ-
ences, some of which are described below.

NOTE: All references to IEEE C37.118.1 
in this document are references to 
IEEE C37.118.1-2011, as amended by 
IEEE C37.118.1a-2014.

Performance Classes. IEEE C37.118.1 introduced two performance classes: 
P class and M class. P class (protection) is for applications that require a faster 
response and less filtering. M class (measurement) is for applications that require 
more accuracy and do not require minimal reporting delay. 
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Specified Latency. IEEE C37.118.1 introduced message latency requirements. 
In this context, message latency is defined as the time interval between when an 
event occurs on the power system to the time that it is reported in data. 

Dynamic Performance. IEEE C37.118.1 introduced dynamic performance 
requirements, whereas the 2005 standard only specified performance when the 
power system was in steady state.

Rate-of-Change of Frequency (ROCOF). IEEE C37.118.1 introduced require-
ments on the responsiveness of ROCOF beyond that of the 2005 standard. One 
effect of these changes is to make ROCOF more sensitive to noise, so care should 
be taken before applying the ROCOF value to a control scheme.

Synchrophasor Measurement
The PMU uses the signal processing shown in Figure 18.1 to measure the syn-
chrophasors. The input signal passes through a traditional anti-aliasing low-pass 
filter (LPF). This filter has a cutoff frequency of 250 Hz. The PMU decimates 
this 8 kHz filtered data by eight and then processes the resulting data at 1 kHz.

NOTE: This section describes 
IEEE C37.118-2005-compliant devices. 

The PMU then modulates the 1 kHz data with two sinusoids, each 90 degrees 
apart to produce real and imaginary components of the synchrophasor. The mod-
ulating sinusoids are synchronized to absolute time to provide an absolute time 
reference for the synchrophasor. Also an angular compensation factor compen-
sates for the phase shift introduced by the PMU hardware and software.

The modulated data are filtered using low-pass filters. The filter coefficients are 
based on NFREQ, PMAPP, and MRATE. The filtered data provides good attenu-
ation for harmonics and interharmonics. For PMAPP = F and N the attenuation is 
20 dB. For PMAPP = 1 the attenuation is 40 dB.

Relays with DSS technology adjust synchrophasors automatically by the channel 
delay associated with the DSS technology used. This allows for comparing syn-
chrophasor measurements gathered from traditional, non-DSS relays.

                    

Figure 18.2 shows the magnitude frequency response of the synchronized phasor 
measurement for PMAPP = F, N, and 1 for MRATE = 60.

                    

Figure 18.1 Synchrophasor Processing Block Diagram
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After low-pass filtering, the data are decimated to the nominal power system 
frequency (NFREQ).

If frequency-based phasor compensation is enabled (PHCOMP = Y), the relay 
calculates a compensation factor based on the measured synchrophasor fre-
quency (FREQPM) and filter configuration (based on NFREQ, MRATE, and 
PMAPP). The PMU then corrects the measured synchrophasors by this factor.

Using the VmCOMP and InCOMP settings, the PMU compensates the voltage and 
current synchrophasors for any externally introduced phase angle errors. The PMU 
adds the user-entered phase angle to the phase angle of the measured synchrophasor.

The PMU converts the synchrophasor data to primary units by multiplying them 
with the respective PT or CT ratios. Note that the resulting data VkmSF and 
IknSF is in complex form (A + jB). The PMU calculates the positive-sequence 
synchrophasor with the three-phase synchrophasors.

The PMU then converts all synchrophasor data to polar and rectangular quantities. The 
data are available as analog quantities as well as for the synchrophasor data frames. 
The synchrophasor data are updated at the nominal power system frequency.

Accuracy
For devices that comply to IEEE C37.118.1, refer to the IEEE standard.

For synchrophasors that comply to the 2005 standard, the following phasor mea-
surement accuracy is valid when frequency-based phasor compensation is 
enabled (Global setting PHCOMP := Y), and when the phasor measurement 
application setting is in the narrow bandwidth mode (Global setting PMAPP := N).

NOTE: When the PMU is in the fast 
response mode (Global setting 
PMAPP := F), the TVE is within 
specified limits only when the out of 
band interfering signals influence 
quantity is not included.

TVE (total vector error) 1% for one or more of the following influence quantities.

➤ For PMAPP = N Signal Frequency Range: ±5 Hz of nominal 
(50 or 60 Hz)

➤ For PMAPP = 1 Signal Frequency Range: ±2 Hz of 60 Hz

➤ Voltage Magnitude Range: 30 V–150 V

➤ Current Magnitude Range: (0.1–2) • INOM, (INOM = 1 A or 5 A)

➤ Phase Angle Range: –179.99° to 180°

➤ Harmonic distortion 10 percent (any harmonic) 

➤ Out of band interfering signals 10 percent

                    

Figure 18.2 Magnitude Frequency Response
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The out-of-band interfering signal frequency (fi) must satisfy:

| fi – NFREQ | > MRATE/2, 

where NFREQ is nominal system frequency and MRATE is the message rate, as 
defined in IEEE C37.118.

It is important to note that the synchrophasors can only be correlated when the 
PMU is in HIRIG or HPTP timekeeping mode, which can be verified by monitor-
ing the TSOK Relay Word bit. When TSOK = logical 1, the PMU timekeeping is 
synchronized to the high-accuracy IRIG-B signal or Precision Time Protocol 
(PTP) time source, and the synchrophasor data are precisely time-stamped. See 
Section 11: Time and Date Management for details.

PMU Data Block Status 
In a PMU data frame, each data block is headed by a two-byte STAT field. This 
field indicates the status of the PMU data block. Bit 15 of the STAT field indi-
cates the validity of data. SEL-400 series relays assert bit 15 of the STAT when 
synchrophasor test mode indicator PMTEST asserts or SVBK_EX asserts in 
SEL-400 series Sampled Values (SV)-subscriber relays.

For SV-subscribing relays, configure Global setting SVBLK to assert on errors 
encountered in SV data acquisition. For example, set SVBLK := IAWBK OR 
IBWBK OR ICWBK. In this example, if SV data for any Terminal W current is 
lost, SVBK_EX asserts, which then asserts bit 15 in the STAT field, indicating 
current data have errors and, therefore, synchrophasor data are invalid.

For an explanation of other bits in the STAT field, refer to the IEEE C37.118 standard.

Synchrophasor Frequency
The PMU calculates frequency deviation and rate-of-change of frequency from 
the synchrophasor positive-sequence voltage angle (V1nPMA, where 
n = PMFRQST) as follows.

First, the PMU calculates the frequency deviation from nominal using the 
following formula.

                    

Equation 18.1

Where k is the V1nPMA and k-1 is V1nPMA calculated 1 cycle previously.  
t is the time difference between the angle calculations (k increments once a 
nominal power system cycle).

Next, the PMU averages the frequency deviation as shown in Equation 18.2 and 
Equation 18.3.

If the frequency application is smooth (PMFRQA = S)

                    

Equation 18.2

NOTE: Applies to IEEE C37.118-2005-
compliant devices.

fk
k k 1–– 

t 360
-----------------------------=

favgk

fk n–

n 0=

9


 
 
 
 

fmax1– fmax2– fmin1– fmin2–

6
---------------------------------------------------------------------------------------------------------=
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If the frequency application is fast (PMFRQA = F)

                    

Equation 18.3

The PMU then calculates rate-of-change of frequency, dƒ/dt from the averaged 
frequencies deviations (Equation 18.4).

                    

Equation 18.4

If the frequency value is equal to or within ±20 Hz and V1nMPM/PTRn 
(secondary) is larger than 0.1 • VNOMn then:

                    

If the frequency value exceeds ±20 Hz or the V1nMPM/PTRn (secondary) is 
below 0.1 • VNOMn then:

                    

The frequency and rate-of-change of frequency are available as analog quantities 
as well as for the synchrophasor data frames. The data are updated at the nominal 
power system frequency.

                    

Settings for Synchrophasors
Each SEL-400 series relay supports a variety of current and voltage terminals. 
See the product-specific instruction manuals for specific settings based on the 
synchrophasor standard supported and to see which terminals are available to 
synchrophasors. Synchrophasors are primarily configured through the Global set-
tings. There are also a few port settings necessary to enable synchrophasor com-
munications.

Global Settings
The Global enable setting EPMU must be set to Y before the remaining synchro-
phasor settings are available. The PMU is disabled when EPMU := N.

FREQPMk = favgk + NFREQ <analog>

DFDTPMk = df/dtk <analog>

After six consecutive cycles

FROKPMk = 1 <digital>

FREQPMk = FREQPMk-1 <analog>

DFDTPMk = 0 <analog>

FROKPMk = 0 <digital>

Table 18.1 Synchrophasor Analog Quantities Frequency

Name Description Units

FREQPM Measured system frequency Hz

DFDTPM Rate-of-change of frequency Hz/s

favgk

fk n–

n 0=

3


 
 
 
 

fmax– fmin–

2
--------------------------------------------------------------=

df/dtk
favgk favgk 1–– 

t
---------------------------------------------=
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Descriptions for some of the settings in Table 18.2 are as follows.

MFRMT

Selects the message format for synchrophasor data.

SEL recommends the use of MFRMT := C37.118 for any new PMU applications 
because of increased setting flexibility and the expected availability of software 
for synchrophasor processors. The PMU still includes the MFRMT := FM setting 
choice to maintain compatibility in any systems presently using SEL Fast Mes-
sage synchrophasors. 

MRATE

Selects the message rate in messages per second for synchrophasor data.

Table 18.2 Global Settings for Configuring the PMU

Setting Setting Prompt

EPMU Synchronized Phasor Measurement (Y, N)

MFRMTa

a Not used in IEEE C37.118-2011-compliant devices.

Message Format (C37.118, FM)

MRATEa Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

b If NFREQ = 50 then the range is 1, 2, 5, 10, 25, 50.

PMAPPa PMU Application (F, N, 1)

MRATEnc

c Only used in IEEE C37.118-2011-compliant devices.

Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

PMAPPnc PMU Application (P, M)

PMLEGCYa Synchrophasor Legacy Settings (Y, N, N1d)

d PMLEGCY option of N1 only applies to the SEL-487E.

NUMPHDC Number of Data Configurations (1–5)

PMSTNqe

e q = 1–NUMPHDC.

Station Name (16 characters)

PMIDqe PMU Hardware ID (1–65534)

PHDVqe Phasor Data Set, Voltages (V1, PH, ALL)

PHDIqe Phasor Data Set, Currents (I1, PH, ALL)

PHNRqe Phasor Num. Representation (I = Integer, F = Float)

PHFMTqe Phasor Format (R = Rectangular, P = Polar)

FNRqe Freq. Num. Representation (I = Integer, F = Float)

TREA[1–4] Trigger Reason Bit [1–4] (SELOGIC Equation)

PMTRIG Trigger (SELOGIC Equation)

PMTEST PMU in Test Mode (SELOGIC Equation)

VkCOMPf

f k = voltage terminal.

Comp. Angle Terminal k (–179.99° to 180°)

InCOMPg

g n = current terminal.

Comp. Angle Terminal n (–179.99° to 180°)

PMFRQST PMU Primary Frequency Source Terminal

PMFRQAa PMU Frequency Application (F, S)

PHCOMPa Freq. Based Phasor Compensation (Y, N)
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Choose the MRATE setting that suits the needs of your PMU application. The 
PMU supports as many as 60 messages per second if NFREQ = 60 and as many 
as 50 messages per second if NFREQ = 50.

MRATEn

Selects the message rate in messages per second for synchrophasor data per data 
configuration 1–5. MRATEn must be set to the same value across all data config-
urations that share the same filter type. The filter type is determined by the 
PMAPPn setting.

PMAPP

Selects the type of digital filters used in the synchrophasor measurement.

➤ The Narrow Bandwidth setting (N) represents filters with a cutoff 
frequency approximately 1/4 of MRATE. The response in the 
frequency domain is narrower, and response in the time domain is 
slower. This method results in synchrophasor data that are free of 
aliasing signals and well suited for post-disturbance analysis. 

➤ The Fast Response setting (F) represents filters with a higher cutoff 
frequency. The response in the frequency domain is wider and the 
response in the time domain is faster. This method results in 
synchrophasor data that can be used in synchrophasor applications 
requiring more speed in tracing system parameters.

➤ The Filter One setting (1) represents filters that have a response much 
narrower than the narrow bandwidth filters. This method has a better 
step response with overshoot within 7.5 percent. This filter is 
available only for MRATE = 60.

PMAPPn

Selects the type of digital filters used in the synchrophasor measurement per data 
configuration 1–5. The filter that you select is applied to all configured data streams.

IEEE C37.118.1-2011 defines two performance classes: P (protection) and 
M (meter). P class measurements has faster response times and lower message 
latency. M class measurements are more accurate but have a slower response time 
and higher message latency.

For more information on the filtering classes, refer to the IEEE C37.118 standard.

PMLEGCY

This setting is provided for supporting legacy synchrophasor settings. Set this to 
N to access the latest features. See Legacy Settings on page 18.15 to see a 
description of the legacy settings. The remainder of this section describes the 
non-legacy settings. Relays that support IEEE C37.118.1-2011 do not contain 
this setting.

NUMPHDC

Enables as many as five unique synchrophasor data configurations.

The four serial ports (PORT 1, PORT 2, PORT 3, and PORT F) and two Ethernet ses-
sions (TCP/UDP Sessions 1 and 2) can be mapped to any of these five data con-
figurations. In other words each port can be configured to send unique 
synchrophasor data streams.
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PMSTNq and PMIDq

Defines the station name and number of the PMU for data configuration q.

The PMSTNq setting is an ASCII string with as many as 16 characters. The 
PMIDq setting is a numeric value. Use your utility or synchrophasor data con-
centrator naming convention to determine these settings. PMSTNq allows all 
printable characters.

Phasors Included in the Data q
Terminal Name, Relay Word Bit, Alternative Terminal Name

Specify the terminal for Synchrophasor measurement and transmission in the 
synchrophasor data stream q.

This is a freeform setting category for enabling the terminals for synchrophasor 
measurement and transmission. This freeform setting has three arguments. Spec-
ify the terminal name (any one of the valid terminals for the relay) for the first 
argument. Specify any Relay Word bit for the second argument. Specify the alter-
native terminal name (any one of the valid terminals for the relay) for the third 
argument.

The second and third arguments are optional unless switching between terminals 
is required. Whenever the Relay Word bit in the second argument is asserted the 
terminal synchrophasor data are replaced by the alternative terminal data.

PHDVq

Selects the type of voltages to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDVq := V1, sends only positive-sequence voltage synchrophasors 
of selected terminals.

➤ PHDVq := PH, sends only phase voltage synchrophasors of selected 
terminals.

➤ PHDVq := ALL, sends phase and positive-sequence voltage 
synchrophasors of selected terminals.

PHDIq

Selects the type of currents to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDIq := I1, sends only positive-sequence current synchrophasors of 
selected terminals. 

➤ PHDIq := PH, sends only phase current synchrophasors of selected 
terminals.

➤ PHDIq := ALL, sends phase and positive-sequence current 
synchrophasors of selected terminals.

PHNRq

Selects the numeric representation, integer (I) or floating-point (F), of voltage 
and current phasor data in the synchrophasor data stream q. This setting affects 
the synchrophasor data packet size.
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➤ PHNRq := I sends each voltage and/or current synchrophasor as 2 
two-byte integer values. The PMU uses ((7 • INOM • CT Ratio) / 
32768) • 100000)) for the current phasor scaling factor and uses 
((150 • PTR) / 32768) • 100000)) for the voltage phasor scaling 
factor. INOM is 1 A or 5 A.

➤ PHNRq := F sends each voltage and/or current synchrophasor as 2 
four-byte floating-point values.

PHFMTq

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream q.

➤ PHFMTq := R (rectangular) sends each voltage and/or current 
synchrophasor as a pair of signed real and imaginary values. 

➤ PHFMTq := P (polar) sends each voltage and/or current 
synchrophasor as a magnitude and angle pair. The angle is in radians 
when PHNRq := F, and in radians • 104 when PHNRq := I. The range 
is – < angle  .

In both the rectangular and polar representations, the values are scaled in root 
mean square (rms) units. For example, a synchrophasor with a magnitude of 1.0 
at an angle of –30 degrees will have a real component of 0.866, and an imaginary 
component of –0.500.

FNRq

Selects the numeric representation, integer (I) or floating-point (F), of the two 
frequency values in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ FNRq := I sends the frequency data as a difference from nominal 
frequency, NFREQ, with the following formula.

(FREQPM – NFREQ) • 1000, 

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := I also sends the rate-of-change-of-frequency data with 
scaling. 

DFDTPM • 100,

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := F sends the measured frequency data and rate-of-change of 
frequency as two four-byte, floating-point values.

Phasor Aliases in Data Configuration q
Phasor Name, Alias Name

This is a freeform setting category with two arguments. Specify the phasor name 
and a 16 character descriptive name to be included in the synchrophasor data 
stream q. If a phasor is not assigned a descriptive name, it will be described using 
the phasor name.
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Analog Quantities in Data Configuration q
Analog Quantity Name, Alias Name 

This is a freeform setting category with two arguments. Specify the analog quan-
tity name and an optional 16 character descriptive name to be included in the syn-
chrophasor data stream q. See Section 12: Analog Quantities in the product-
specific instruction manual for a list of analog quantities that the PMU supports. 
The PMU can be configured for as many as 16 unique analog quantities for each 
data configuration q. The analog quantities are floating-point values, so each ana-
log quantity the PMU includes will take four bytes.

Digitals in Data Configuration q 
Relay Word Bit Name, Alias Name

This is a freeform setting category with two arguments. Specify the Relay Word 
bit name and an optional 16 character descriptive name that you need to include 
in the synchrophasor data stream q. See the Relay Word Bits section of the relay-
specific instruction manual for a list of Relay Word bits that the PMU supports. 
You can configure the PMU for as many as 64 unique digitals for each data con-
figuration.

TREA1, TREA2, TREA3, TREA4, and PMTRIG

Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU Trigger 
setting, PMTRIG, are SELOGIC control equations. The PMU evaluates these 
equations and places the results in Relay Word bits with the same names: 
TREA1–TREA4 and PMTRIG.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG no more 
frequently than once every four hours 
if EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The Trigger Reason equations represent the Trigger Reason bits in the STAT field 
of the data packet. After the Trigger Reason bits are set to convey a message, the 
PMTRIG Equation should be asserted long enough to allow the synchrophasor 
processor to read the TREA1–TREA4 fields. To calculate how long PMTRIG 
should remain asserted (in seconds), divide 1 by the MRATE Global settings 
value. For example, if MRATE = 60, PMTRIG should be asserted at least 17 ms. 
If MRATE = 1, PMTRIG should be asserted at least 1 second.

The IEEE C37.118 standard defines the first 8 of 16 binary combinations of these 
trigger reason bits (Bits 0–3).

The remaining eight binary combinations are available for user definition.

The PMU does not automatically set the TREA1–TREA4 or PMTRIG Relay 
Word bits—these bits must be programmed.

These bits may be used to send various messages at a low bandwidth via the syn-
chrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the trigger 
reason messages in SELOGIC.

Use these Trigger Reason bits if your synchrophasor system design requires these 
bits. The PMU synchrophasor processing and protocol transmission are not 
affected by the status of these bits.
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PMTEST

Program this SELOGIC setting to force the PMU to test mode. The SELOGIC eval-
uation of this setting, PMTEST is mapped to the data valid bit (i.e., bit 15) in the 
STAT field.

VkCOMP

The VkCOMP (k = voltage terminals) setting allows correction for any steady-
state voltage phase errors (from the PTs or wiring characteristics). See Synchro-
phasor Measurement on page 18.3 for details on this setting.

InCOMP

The InCOMP (n = current terminals) settings allow correction for any steady-
state phase errors (from the CTs or wiring characteristics). See Synchrophasor 
Measurement on page 18.3 for details on these settings.

PMFRQST

Selects the voltage terminal that will be the primary source of the system fre-
quency for the PMU calculations. For example, if PMFRQST = Z, then the Z PT 
terminal is the source for frequency estimation.

PMFRQA

Selects the PMU frequency application. A setting of S sets a smooth frequency 
application. A setting of F selects a fast frequency application.

NOTE: Does not apply to newer 
synchrophasors.

The frequency application is used in the calculation of the rate-of-change of fre-
quency for a given analog signal. A smooth frequency application setting 
(PMFRQA = S) uses 9 cycles of data for the rate-of-change calculation. A fast 
frequency application setting (PMFRQA = F) uses 3 cycles of data for the rate-
of-change calculation.

The fast frequency application will detect rapid changes in frequency faster, but 
will also contain more low-level oscillations. The slow frequency application will 
provide a rate-of-change profile that is smoother, but slower to respond to rapid 
frequency fluctuations.

PHCOMP

Enables or disables frequency-based compensation for synchrophasors.

NOTE: Does not apply to newer 
synchrophasors.

For most applications, set PHCOMP := Y to activate the algorithm that compen-
sates for the magnitude and angle errors of synchrophasors for frequencies that 
are off nominal.

For PMAPP = F or N, the PMU only compensates if the estimated frequency is 
±5 Hz of nominal frequency. For PMAPP = 1 the PMU compensates if the fre-
quency is ±2 Hz of nominal frequency.

Serial Port Settings
The port settings found in Table 18.3 are used for configuring synchrophasor data 
transmission over a serial port.
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Descriptions for some of the settings in Table 18.3 are as follows.

PROTO

Setting this to PMU enables synchrophasor data transmission on the specific 
serial port. Once set to PMU that specific serial port cannot be used for accessing 
settings or issuing any ASCII commands.

If PROTO := PMU and MFRMT := C37.118, then the serial port will only 
respond to IEEE C37.118 commands.

➤ Stop synchrophasor data 

➤ Start synchrophasor data

➤ Send header data

➤ Send Configuration 1 data

➤ Send Configuration 2 data

➤ Process extended frame data

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

If PROTO := PMU or SEL and MFRMT := FM, then the serial port will only 
respond to SEL Fast Message synchrophasor commands.

SPEED

Select the data rate (300–57600) for synchrophasor data transmission on the spe-
cific serial port. This setting affects the synchrophasor data packet size. See Com-
munications Bandwidth on page 18.24 for detailed information.

PMUMODE

Set PMUMODE := SERVER if the serial port is intended to send synchrophasor 
data. Client applications are described in Real-Time Control on page 18.36.

PMODC
NOTE: If PMODC is set to a number 
that exceeds the setting for 
NUMPHDC, the port sends the data for 
the first PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific serial port. This setting affects the synchrophasor data packet 
size. See Communications Bandwidth on page 18.24 for detailed information. 
Through the use of this setting each serial port can be configured to stream 
unique synchrophasor data.

Table 18.3 Serial PORT 1, PORT 2, PORT 3, PORT F Settings for 
Synchrophasors

Setting Description

PROTO Protocol (SEL, DNP, MBA, MBB, PMUa)

a The specific protocol choices available depends on the relay.

SPEED Data Speed (300–57600)

STOPBIT Stop Bits (1, 2)

RTSCTS Enable Hardware Handshaking (Y, N)

FASTOP Enable Fast Operate Messages (Y, N)

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER)

PMODC PMU Output Data Configuration (1–5)



18.14

SEL-400 Series Relays Instruction Manual Date Code 20230830

Synchrophasors
Settings for Synchrophasors

EPMU := N Supersedes Synchrophasor Port Settings

The PROTO := PMU settings choice can be made even when Global setting 
EPMU := N. However, in this situation, the serial port will not respond to any 
commands or requests. Either enable synchrophasors by setting EPMU to Y, or 
change the port PROTO setting to SEL.

If you use a computer terminal session or ACSELERATOR QuickSet SEL-5030 
Software connected to a serial port, and then set that same serial port PROTO set-
ting to PMU, you will lose the ability to communicate with the relay through 
ASCII commands or virtual file interface commands. If this happens, either con-
nect via another serial port (that has PROTO := SEL) or use the front-panel HMI 
SET/SHOW screen to change the disabled port PROTO setting back to SEL.

Ethernet Port Settings
The settings found in Table 12.24 and Table 12.32 are used for configuring syn-
chrophasor data transmission over an Ethernet port. Descriptions for some of the 
settings are as follows.

EPMIP

This setting enables synchrophasor data transmission over Ethernet. Enabling 
EPMIP when Global setting EPMU := N results in the relay ignoring any incom-
ing synchrophasor requests regardless of whether the Ethernet port settings are 
correct or not.

PMOTS[2]

Selects the PMU Output transport scheme for session 1 and 2, respectively.

➤ PMOTS[2] := TCP establishes a single, persistent TCP socket for 
transmitting and receiving synchrophasor messages (both commands 
and data), as illustrated in Figure 18.3.

                    

➤ PMOTS[2] := UDP_T establishes two socket connections. A 
nonpersistent TCP connection is used for receiving synchrophasor 
command messages as well as synchrophasor configuration and 
header response messages. A persistent UDP connection is used to 
transmit synchrophasor data messages. Figure 18.4 depicts the 
UDP_T connection.

➤ PMOTS[2] := UDP_U uses the same connection scheme as the 
UDP_T except the synchrophasor configuration and header response 
messages are sent over the UDP connection, as shown in Figure 18.4.

                    

Figure 18.3 TCP Connection

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 1
   - Synchrophasor Configuration Response 2
   - Synchrophasor Header Frame

TCP Socket

(Persistent)

SEL-400
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➤ PMOTS[2] := UDP_S establishes a single persistent UDP socket to 
transmit synchrophasor messages. Synchrophasor data are 
transmitted whenever new data are read. With this communications 
scheme, the relay sends a “Synchrophasor Configuration 
Response 2” once every minute, as shown in Figure 18.5.

                    

PMODC[2]
NOTE: If PMODC is set to a number 
that exceeds the setting for NUMPHDC, 
the port sends the data for the first 
PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific session 1 and 2. Using this setting, each Ethernet session can 
be configured to stream unique synchrophasor data.

PMOIPA[2]

Defines the PMU Output Client IP address for session 1 and 2, respectively.

PMOTCP[2]

Defines the TCP/IP (Local) port number for session 1 and 2, respectively. These 
port numbers must all be unique.

PMOUDP[2]

Defines the UDP/IP (Remote) port number for session 1 and 2, respectively.

Legacy Settings
The PMU provides the following legacy synchrophasor settings that can be 
enabled by setting PMLEGCY = Y.

                    

Figure 18.4 UDP_T and UDP_U Connections

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame
   If PMOTS[2] is UDP_T
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

C37.118
   - Synchrophasor Measurement
   If PMOTS[2] is UDP_U
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

TCP Socket

(Nonpersistent)

UDP Socket

(Persistent)

SEL-400

                    

Figure 18.5 UDP_S Connection

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 2 
    (Sent once per minute)

UDP Socket

(Persistent)

SEL-400
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PMSTN and PMID

Defines the name and number of the PMU. The PMSTN setting is an ASCII string 
with as many as 16 characters. The PMID setting is a numeric value (1–65534). Use 
your utility or synchrophasor data concentrator naming convention to determine 
these settings.

PHVOLT and PHDATAV

PHDATAV and PHVOLT select which voltage synchrophasors to include in the 
data packet. If MFRMT = FM, the only options available are V1 and ALL.

➤ PHDATAV := V1 will transmit only positive-sequence voltage,V1

➤ PHDATAV = PH will transmit phase voltages only (VA, VB, VC)

➤ PHDATAV := ALL will transmit V1, VA, VB, and VC

➤ PHDATAV := NA will not transmit any voltages

PHVOLT selects the voltage sources for the synchrophasor data selected by PHDATAV.

Use the PHVOLT setting to select any combination of available voltage terminals.

PHCURR and PHDATAI

PHDATAI and PHCURR select which current synchrophasors to include in the 
data packet.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1

➤ PHDATAI := PH transmits phase currents (IA, IB, IC)

➤ PHDATAI := ALL will transmit I1, IA, IB, and IC

➤ PHDATAI := NA will not transmit any currents

PHCURR selects the source current(s) for the synchrophasor data selected by 
PHDATAI.

Use the PHCURR setting to select any combination of available current termi-
nals. If MFRMT = FM, only a single terminal can be selected.

PHNR

Selects the numerical representation of voltage and current phasor data in the 
synchrophasor data stream. If MFRMT = FM, this setting is forced to F, a 
floating-point value. 

PHFMT

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream. If MFRMT = FM, this setting is forced to P, for polar 
phasor format. This setting is hidden if PHDATAV and PHDATAI = NA. 

FNR

Selects the numeric representation of the two frequency values in the synchro-
phasor data stream. If MFRMT = FM, this setting is forced to F, a floating-point value. 
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NUMANA

Selects the number of user-definable analog values to be included in the synchro-
phasor data stream.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–16 sends the user-definable analog values, as 
listed in Table 18.4.

The format of the user-defined analog data is always floating point, and each 
value occupies four bytes. If MFRMT = FM, this setting is forced to 0 and the 
relay does not send any user-definable analog values.

                    

NUMDSW

Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

Setting NUMDSW := 0 sends no user-definable binary status words.

Setting NUMDSW := 1, 2, 3, or 4 sends the user-definable binary status words, 
as listed in Table 18.5. If MFRMT = FM, this is forced to 1.

                    

Table 18.4 User-Defined Analog Values Selected by NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 PMV64 4

2 Above, plus PMV63 8

3 Above, plus PMV62 12

4 Above, plus PMV61 16

5 Above, plus PMV60 20

6 Above, plus PMV59 24

7 Above, plus PMV58 28

8 Above, plus PMV57 32

9 Above, plus PMV56 36

10 Above, plus PMV55 40

11 Above, plus PMV54 44

12 Above, plus PMV53 48

13 Above, plus PMV52 52

14 Above, plus PMV51 56

15 Above, plus PMV50 60

16 Above, plus PMV49 64

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 1 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [PSV64, PSV63 … PSV49] 2
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Synchrophasor Quantities
Relay Word Bits

This section describes the Relay Word bits that are related to synchrophasor mea-
surement.

The Synchrophasor Trigger Relay Word bits in Table 18.6 follow the state of the 
SELOGIC control equations of the same name. These Relay Word bits are 
included in the IEEE C37.118 synchrophasor data frame STAT field. See 
Table 18.6 for standard definitions for these settings.

                    

The Time-Synchronization Relay Word bits in Table 18.7 indicate the present sta-
tus of the high-accuracy timekeeping function of the relay.

                    

2 [PSV64, PSV63 … PSV49]

[PSV48, PSV47 … PSV33]

4

3 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

6

4 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

[PSV16,PSV15 … PSV01]

8

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 2 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

Table 18.6 Synchrophasor Trigger Relay Word Bits

Name Description

PMTRIG Trigger (SELOGIC control equation)

TREA4 Trigger Reason Bit 4 (SELOGIC control equation)

TREA3 Trigger Reason Bit 3 (SELOGIC control equation)

TREA2 Trigger Reason Bit 2 (SELOGIC control equation)

TREA1 Trigger Reason Bit 1 (SELOGIC control equation)

Table 18.7 Time-Synchronization Relay Word Bits

Name Description

TIRIG Asserts while relay time is based on IRIG-B time source.

PTP Synchronized to a PTP source.

TPTP The active relay time source is PTP.

TSOK Time synchronization OK. Asserts while time is based on high-accuracy 
IRIG-B or PTP time source (HIRIG or HPTP mode) of sufficient accuracy 
for synchrophasor measurement.

PTPSYNC Asserts while the relay is synchronized to a high-quality PTP time source.

PMDOK Phasor measurement data OK. Asserts when the relay is enabled and syn-
chrophasors are enabled (Global setting EPMU := Y).
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When using the relay as a synchrophasor client, the Relay Word bits in Table 18.8 
indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Table 18.9.

                    

Analog Quantities
The synchrophasor measurements in Table 18.10 are available whenever Global 
setting EPMU := Y. When EPMU := N, these analog quantities are set to 0.0000. 

It is important to note that the synchrophasors are only valid when the relay is in 
HIRIG or HPTP timekeeping mode, which can be verified by monitoring the 
TSOK Relay Word bit. When TSOK = logical 1, the relay timekeeping is syn-
chronized to the high-accuracy IRIG-B signal or PTP time source, and the syn-
chrophasor data are precisely time-stamped.

Table 18.8 Synchrophasor Client Status Bits for Real-Time Control

Name Description

RTCENA Asserts for one processing interval when a valid message is received on Channel A.

RTCENB Asserts for one processing interval when a valid message is received on Channel B.

RTCROKA Asserts for one processing interval when data are aligned for Channel A. Use 
this bit to condition usage of the Channel A data.

RTCROKB Asserts for one processing interval when data are aligned for Channel B. Use 
this bit to condition usage of the Channel B data.

RTCROK Asserts for one processing interval when data for all enabled channels are 
aligned. Use this bit to condition general usage of the aligned synchrophasor data.

RTCDLYA This bit is asserted when the last received valid message on Channel A is older 
than MRTCDLY.

RTCDLYB This bit is asserted when the last received valid message on Channel B is older 
than MRTCDLY.

RTCSEQA This bit is asserted when the processed received message on Channel A is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel A data in applications where sequential data are required.

RTCSEQB This bit is asserted when the processed received message on Channel B is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel B data in applications where sequential data are required.

RTCCFGA Indicates Channel A is successfully configured.

RTCCFGB Indicates Channel B is successfully configured.

Table 18.9 Remote Synchrophasor Data Bits for Real-Time Control

Name Description

RTCAD01–RTCAD16 First 16 digitals received in synchrophasor message on Channel A. 
Only valid when RTCROKA is asserted.

RTCBD01–RTCBD16 First 16 digitals received in synchrophasor message on Channel B. 
Only valid when RTCROKB is asserted.

NOTE: Sampled Values-subscribing 
relays experience a communication 
delay in their analog data. Time-
stamping of synchrophasor data is 
adjusted by the PORT 5 channel delay 
setting CH_DLY.
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When using the relay for synchrophasor acquisition, the delayed and aligned analog 
quantities listed in Table 18.11 are available. Be aware that these quantities are only 
valid when RTCROK is asserted and only for the enabled channels. The specific chan-
nel quantities are also valid whenever their respective RTCROKc Relay Word bit is set.

                    

Table 18.10 Synchrophasor Analog Quantities

Name Description Units

Frequency

FREQPM Measured system frequencya

a Measured value if the voltages are valid and EMPU = Y, otherwise FREQPM = nominal frequency 
setting NFREQ, and DFDT is zero.

Hz

DFDTPM Rate-of-change of frequency, df/dta Hz/s

Synchrophasor Measurements

VkmPMM, 
VkmPMA, 
VkmPMR, 
VkmPMIb, c

b k = A, B, or C.
c m = voltage terminal.

Phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

V1mPMM, 
V1mPMA, 
V1mPMR, 
V1mPMI

Positive-sequence synchrophasor voltage (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

IknPMM, 
IknPMA, 
IknPMR, 
IknPMId

d n = current terminal.

Phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n 

A Primary, 
degrees, 
A Primary, 
A Primary

I1nPMM, 
I1nPMA, 
I1nPMR, 
I1nPMI

Positive-sequence synchrophasor current (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal n

A Primary, 
degrees, 
A Primary, 
A Primary

SODPM Second of the day of the PM data s

FOSPM Fraction of the second of the PM data s

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 1 of 2)

Name Description Units

RTCAP01–RTCAP32 Remote phasor pairs for Channel A. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBP01–RTCBP32 Remote phasor pairs for Channel B. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCAA01–RTCAA08 Remote analogs for Channel A. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBA01–RTCBA08 Remote analogs for Channel B. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCFA Remote frequency for Channel A. Hz

RTCFB Remote frequency for Channel B. Hz

RTCDFA Remote frequency rate-of-change for Channel A. Hz/s

RTCDFB Remote frequency rate-of-change for Channel B. Hz/s

VkmPMMD, VkmPMAD,
VkmPMRD, VkmPMIDa, b

Aligned phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m.

kV Primary, degrees, 
kV Primary, kV Primary
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View Synchrophasors by Using the MET PM Command
The MET PM serial port ASCII command may be used to view the PMU syn-
chrophasor measurements. See METER on page 14.46 for general information on 
the MET command.

The MET PM command can be used as follows:

➤ As a test tool, to verify connections, phase rotation, and scaling.

➤ As an analytical tool, to capture synchrophasor data at an exact time, 
to compare it with similar data captured in other phasor measurement 
unit(s) at the same time.

➤ As a method of periodically gathering synchrophasor data through a 
communications processor.

Figure 18.6 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Synchrophasor Metering menu in Quick-
Set, and has a similar format to Figure 18.6.

The MET PM command can work even when no serial or Ethernet ports are con-
figured for sending synchrophasor data.

The MET PM command will only operate when the relay is in the HIRIG time-
keeping mode, as indicated by Relay Word bit TSOK = logical 1.

The MET PM command shows if there is a serial port configuration error. If any 
of the SPCERp bits assert, then the command displays Y. Otherwise, it displays N.

The MET PM command checks for assertion of the PMTEST bit to show 
whether the PMU is in a test mode. If the bit is asserted then the command dis-
plays Y. Otherwise, it displays N.

V1mPMMD, V1mPMAD, 
V1mPMRD, V1mPMIDb

Aligned positive-sequence synchrophasor voltage (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal m.

kV Primary,

degrees,

kV Primary,

kV Primary

IknPMMD, IknPMAD,
IknPMRD, IknPMIDa, c

Aligned phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

I1nPMMD, I1nPMAD, 

I1nPMRD, I1nPMIDc
Aligned positive-sequence synchrophasor current (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

SODPMD Second-of-day for all aligned data. Seconds

FOSPMD Fraction-of-second for all aligned data. Seconds

FREQPMD Aligned local system frequency. Hz

DFDTPMD Aligned local rate-of-change of frequency. Hz/s

a k = A, B, or C.
b m = voltage terminal.
c n = current terminal.

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 2 of 2)

Name Description Units
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The MET PM time command can be used to direct the PMU to display the syn-
chrophasor for an exact specified time, in 24-hour format. For example, entering 
the command MET PM 14:14:12 will result in a response similar to Figure 18.6 
occurring just after 14:14:12, with the time stamp 14:14:12.000000. 

If you are not connected to the PMU when the MET PM time command issues 
its timed response, you can use the MET PM HIS command to view this 
response. This permits you to issue MET PM time to multiple PMUs at a certain 
point in time and then go back later to see the results from all the PMUs at that 
point in time.

See MET PM on page 14.48 for complete command options, and error messages.

                    

=>>MET PM <Enter>                                                                      
Relay 1                                    Date: 04/20/2015 Time: 22:02:12.000 
Station A                                  Serial Number: 1152490016 

Time Quality   Maximum time synchronization error:  0.000 (ms)  TSOK = 1
Serial Port Configuration Error: N                     PMU in TEST MODE = N

Synchrophasors                                                                  
                     VV Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)        127.266   126.972   127.148            127.128                  
ANG (DEG)        73.542   -46.400  -166.103             73.677                  

                     VZ Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)         76.383    76.103    76.277             76.254                  
ANG (DEG)        73.623   -46.319  -166.175             73.707                  

                     IS Phase Currents          IS Pos. Sequence Current        
                 IA        IB        IC                  I1S                    
MAG (A)         221.707   221.851   221.661            221.740                  
ANG (DEG)        57.667   -62.223   177.875             57.767                  

                     T Phase Currents          IT Pos. Sequence Current        
                 IA        IB        IC                  I1T                    
MAG (A)         440.487   441.507   440.698            440.897                  
ANG (DEG)      -122.055   118.057    -1.933           -121.983                  

                     I IU Phase Currents          IU Pos. Sequence Current        
                 IA        IB        IC                  I1U                    
 I1U                                                                            
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IW Phase Currents          IW Pos. Sequence Current        
                 IA        IB        IC                  I1W                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IX Phase Currents          IX Pos. Sequence Current        
                 IA        IB        IC                  I1X                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IY Phase Currents          IY Pos. Sequence Current        
                 IA        IB        IC                  I1Y                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

Figure 18.6 Sample SEL-487E MET PM Command Response
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IEEE C37.118 Synchrophasor Protocol
The relay complies with IEEE C37.118, Standard for Synchrophasor Measure-
ments for Power Systems, when Global setting MFRMT := C37.118. The proto-
col is available on Serial Ports 1, 2, 3, and F by setting the corresponding Port 
setting PROTO := PMU. The protocol is available over Ethernet when EPMIP is 
enabled.

This section does not cover the details of the protocol, but highlights some of the 
important features and options that are available.

Settings Affect Message Contents
The relay allows several options for transmitting synchrophasor data. These are 
controlled by Global settings described in Settings for Synchrophasors. You can 
select how often to transmit the synchrophasor messages (MRATE), which syn-
chrophasors to transmit, which numeric representation to use, and which coordi-
nate system to use.

The relay automatically includes the frequency and rate-of-change of frequency 
in the synchrophasor messages. Global setting FNRq selects the numeric format 
to use for these two quantities.

The relay can include as many as sixteen user-programmable analog values in the 
synchrophasor message and 0, 16, 32, 48, or 64 digital status values.

The relay always includes the results of four synchrophasor trigger reason 
SELOGIC equations TREA1, TREA2, TREA3, and TREA4, and the trigger 
SELOGIC control equation result PMTRIG, in the synchrophasor message.

FREQ (Hz) 59.990          Frequency Tracking = Y                                
Rate-of-change of FREQ (Hz/s)    0.00                                           

Digitals                                                                        
PSV08  PSV07  PSV06  PSV05  PSV04  PSV03  PSV02  PSV01                          
  0      0      0      0      0      0      0      0                            
PSV16  PSV15  PSV14  PSV13  PSV12  PSV11  PSV10  PSV09                          
  0      0      0      0      0      0      0      0                            
PSV24  PSV23  PSV22  PSV21  PSV20  PSV19  PSV18  PSV17                          
  0      0      0      0      0      0      0      0                            
PSV32  PSV31  PSV30  PSV29  PSV28  PSV27  PSV26  PSV25                          
  0      0      0      0      0      0      0      0                            
PSV40  PSV39  PSV38  PSV37  PSV36  PSV35  PSV34  PSV33                          
  0      0      0      0      0      0      0      0                            
PSV48  PSV47  PSV46  PSV45  PSV44  PSV43  PSV42  PSV41                          
  0      0      0      0      0      0      0      0                            
PSV56  PSV55  PSV54  PSV53  PSV52  PSV51  PSV50  PSV49                          
  0      0      0      0      0      0      0      0                            
PSV64  PSV63  PSV62  PSV61  PSV60  PSV59  PSV58  PSV57                          
  0      0      0      0      0      0      0      0                            

Analogs                                                                         
PMV49      0.000  PMV50      0.000  PMV51      0.000  PMV52      0.000          
PMV53      0.000  PMV54      0.000  PMV55      0.000  PMV56      0.000          
PMV57      0.000  PMV58      0.000  PMV59      0.000  PMV60      0.000          
PMV61      0.000  PMV62      0.000  PMV63      0.000  PMV64      0.000          
=>>

Figure 18.6 Sample SEL-487E MET PM Command Response (Continued)
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Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message rate of once per second places little burden on 
the communications channel. As more synchrophasors, analog values, or digital 
status words are added, or if the message rate is increased, some communications 
channel restrictions come into play.

If the SPEED setting on any serial port set with PROTO := PMU is insufficient 
for the PMU Global settings, the relay or QuickSet will display an error message 
and fail to save settings until the error is corrected.

The IEEE C37.118 synchrophasor message format always includes 16 bytes for 
the message header and terminal ID, time information, and status bits. The selec-
tion of synchrophasor data, numeric format, programmable analog, and program-
mable digital data will add to the byte requirements. Table 18.12 can be used to 
calculate the number of bytes in a synchrophasor message.

                    

Table 18.13 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 20 bytes.

                    

Table 18.12 Size of a IEEE C37.118 Synchrophasor Message

Item
Possible 
number of 
quantities 

Bytes per 
quantity

Minimum 
number of 
bytes

Maximum 
number of 
bytes

Fixed 18 18

Synchrophasorsa

a Some SEL relays have a smaller number of possible synchrophasors.

0, 1, 2…32 4 (PHNR := I)

8 (PHNR := F)

0 256

Frequency 2 (fixed) 2 (FNR := I)

4 (FNR := F)

4 8

Analog Values 0 – 16 4 0 64

Digital Status Words 0 – 4 2 0 8

Total (Minimum and Maximum) 22 354

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 1 of 2)

Global Setting 
MRATE

Maximum Message Size

300 600 1200 2400 4800 9600 19200 38400 57600

1 21 42 85 170 340 680 1360 2720 4080

2 21 42 85 170 340 680 1360 2040

4 (60 Hz only) 21 42 85 170 340 680 1020

5 34 68 136 272 544 816

10 34 68 136 272 408

12 (60 Hz only) 28 56 113 226 340

15 (60 Hz only) 21 45 90 181 272

20 (60 Hz only) 34 68 136 204

25 (50 Hz only) 27 54 108 163
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Referring to Table 18.12 and Table 18.13, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one syn-
chrophasor and one digital status word, and this message would consume 
between 26 and 34 bytes, depending on the numeric format settings. This type of 
message could be sent at any message rate (MRATE) when SPEED := 38400 or 
57600, as fast as MRATE := 50 or 30 when SPEED := 19200, and as fast as 
MRATE := 25 or 20 when SPEED := 9600.

Another example application has messages comprised of eight synchrophasors, 
one digital status word, and two analog values. This type of message would con-
sume between 62 and 98 bytes, depending on the numeric format settings. The 
62-byte version, using integer numeric representation, could be sent at any mes-
sage rate (MRATE) when SPEED := 57600. The 98-byte version, using floating-
point numeric representation, could be sent at as fast as MRATE := 30 when 
SPEED := 57600, as fast as MRATE := 25 when SPEED := 38400, and as fast as 
MRATE := 12 when SPEED := 19200.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with IEEE C37.118 commands, including commands to start and stop synchro-
phasor data transmission, and commands to request a configuration block from 
the relay, so the synchrophasor processor can automatically build a database 
structure.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission when the appropriate command is received from the synchrophasor 
processor. The relay can also indicate when a configuration change occurs, so the 
synchrophasor processor can request a new configuration block and keep its data-
base up-to-date.

The relay will only respond to configuration block request messages when it is in 
the nontransmitting mode.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 

30 (60 Hz only) 22 45 90 136

50 (50 Hz only) 27 54 81

60 (60 Hz only) 22 45 68

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 2 of 2)

Global Setting 
MRATE

Maximum Message Size
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required to have the same SPEED setting, although the slowest SPEED setting on 
a PROTO := PMU port will affect the maximum Global MRATE setting that can 
be used.

Ethernet Operation
IEEE C37.118 Synchrophasors may be used over Ethernet if an Ethernet card is 
installed in the relay. Four transport methods are supported: UDP_U, UDP_S, 
UDP_T, and TCP.

UDP_U, UDP_S, UDP_T
UDP stands for User Datagram Protocol and is a network protocol used for the 
Internet. UDP uses a simple transmission model without implicit handshaking 
interchanges for guaranteeing reliability, ordering, or data integrity. As such, 
UDP minimizes additional overhead needed to send messages. Time-sensitive 
applications often use UDP because dropping packets is preferable to waiting for 
delayed packets, which may not be an option in a real-time system. UDP_S is a 
version of UDP that only sends data; no reverse messaging is used, thus provid-
ing streaming data in one direction only. UDP_T uses a TCP socket to command 
and configure PMU measurements, and then uses a UDP socket for sending data 
out. UDP_U is the same as UDP_T except that the synchrophasor configuration 
and header response messages are sent over UDP instead of TCP. A user may 
choose to use UDP to minimize the additional overhead bits added and thus min-
imize the communications bandwidth needed to send PMU information out of a 
substation. UDP_S uses the least amount of overhead (and provides some addi-
tional security as the PMU or PDC using this method is only sending data and 
ignores any messages coming in). 

TCP
TCP stands for Transmission Control Protocol and is a connection-oriented pro-
tocol, which means that it requires handshaking to set up end-to-end communica-
tions. Once a connection is set up, user data may be sent bi-directionally over the 
connection. TCP manages message acknowledgment, retransmission, and time-
outs. With TCP, there are no lost data; the server will request the lost portion to 
be resent. Additionally, TCP ensures that the messages are received in the order 
sent. TCP provides the most robust connection, but it also adds additional over-
head bits to any message data.

PMU Setting Example
A power utility is upgrading the line protection on its 230 kV system to use the 
SEL-421 relay as main protection. The grid operator also wants the utility to 
install PMUs in each 230 kV substation to collect data for a new remedial action 
scheme, and to eventually replace their present state estimation system.

The PMU data collection requirements call for the following data, collected at 10 
messages per second:

➤ Frequency

➤ Positive-sequence voltage from the bus in each substation

➤ Three-phase and positive-sequence current for each line terminal

➤ Indication when the line breaker is open

➤ Indication when the voltage or frequency information is unusable
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➤ Ambient temperature (one reading per station) 

➤ Station battery voltage

➤ No relay control from the PMU communications port, for the initial 
stage of the project

The utility is able to meet the grid operator requirements with the relay, an 
SEL-2600A RTD Module, an SEL-2407 Satellite-Synchronized Clock, and an 
SEL-3555 in each substation.

This example will cover the PMU settings in one of the relays.

Some system details:

➤ The nominal frequency is 60 Hz.

➤ The line is protected by a breaker-and-a-half scheme.

➤ The station ambient temperature is collected by an SEL-2600A, 
Channel RTD01.

➤ The line PTs and wiring have a phase error of 4.20 degrees (lagging) 
at 60 Hz.

➤ The Breaker 1 CTs and wiring have a phase error of 3.50 degrees 
(lagging) at 60 Hz.

➤ The Breaker 2 CTs and wiring have a phase error of 5.50 degrees 
(lagging) at 60 Hz.

➤ The synchrophasor data will be using PORT 3, and the maximum bps 
allowed is 19200.

➤ The system designer specified floating-point numeric representation 
for the synchrophasor data, and rectangular coordinates.

➤ The system designer specified integer numeric representation for the 
frequency data.

➤ The system designer specified fast synchrophasor response, because 
the data are being used for system monitoring.

The protection settings and resistance temperature detector (RTD) serial port set-
tings will not be shown.

Determining Settings
The protection engineer performs a bandwidth check, using Table 18.12, and 
determines the required message size. The system requirements, in order of 
appearance in Table 18.12, are as follows.

➤ 5 Synchrophasors, in floating-point representation

➤ Integer representation for the frequency data

➤ 2 analog values

➤ 3 digital status bits, which require one status word

The message size is 16 + 5 • 8 + 2 • 2 + 2 • 4 + 1 • 2 = 70 bytes. Using 
Table 18.13, the engineer verifies that the port bps of 19200 is adequate for the 
message, at 10 messages per second.

Protection Math Variables PMV64 and PMV63 will be used to transmit the 
RTD01 ambient temperature data and the station battery voltage DC1, respectively.
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The Protection SELOGIC Variables PSV64, PSV63, and PSV62 will be used to 
transmit the breaker status, loss-of-potential alarm, and frequency measurement 
status, respectively.

The PORT 3 FASTOP setting will be set to N, to disable any control attempts from 
the PMU port.

Make the Global settings as shown in Table 18.14.

                    

Table 18.14 Example Synchrophasor Global Settings (Sheet 1 of 2)

Setting Description Value

NFREQ Nominal System Frequency (50, 60 Hz) 60

NUMBK Number of Breakers in Scheme (1, 2) 2

EPMU Enable Synchronized Phasor Measurement (Y, N) Y

MFRMT Message Format (IEEE C37.118, FM) C37.118

MRATE Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60) 10

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 
1 = Extra Narrowa)

F

PMLEGCY Synchrophasor Legacy Settings N

NUMPHDC Number of Phasor Data Configurations 1

PMFRQA PMU Frequency Application (F = Fast, S = Slow) S

PHCOMP Frequency-Based Phasor Compensation (Y, N) Y

PMSTN Station Name (16 characters) SAMPLE1

PMID PMU Hardware ID (1–65534) 14

PHVI111 Phasor 1 (S, W, X, Y, Z) Y

PHVT112 Phasor 2 (S, W, X, Y, Z) W

PHVI113 Phasor 3 (S, W, X, Y, Z) X

PHDV1 Phasor Data Set, Voltages (I1, PH, ALL) V1

VYCOMP Voltage Angle Compensation Factor (–179.99 to 180 degrees) 4.20

PHDI1 Phasor Data Set, Currents (I1, PH, ALL) ALL

IWCOMP IW Angle Compensation Factor (–179.99 to 180 degrees) 3.50

IXCOMP IX Angle Compensation Factor (–179.99 to 180 degrees) 5.50

PHNR1 Phasor Numeric Representation (I = Integer, F = Floating point) F

PHFMT1 Phasor Format (R = Rectangular coordinates, P = Polar coordinates) R

FNR1 Frequency Numeric Representation (I = Integer, F = Float) I

PMAQ11 Any Analog Quantity or alias RTD01

PMAA11 Alias Name for the analog quantity AmbientTemp

PMAQ12 Any Analog Quantity or alias DC1

PMAA12 Alias Name for the analog quantity StationBattery

PMDG11 Any Relay Word bit or alias PSV64

PMDA11 Alias Name of Relay Word bit LineBKStatus

PMDG12 Any Relay Word bit or alias LOP

TREA1 Trigger Reason Bit 1 (SELOGIC Equation) NA

TREA2 Trigger Reason Bit 2 (SELOGIC Equation) NA

TREA3 Trigger Reason Bit 3 (SELOGIC Equation) NA

TREA4 Trigger Reason Bit 4 (SELOGIC Equation) NA
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The line breaker status must be created with protection SELOGIC variables. Make 
the Protection Freeform logic settings in Table 18.15 in all six settings groups.

                    

Make the Table 18.16 settings for serial PORT 3, using the SET P 3 command. 

                    

SEL Fast Message Synchrophasor Protocol
NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

SEL Fast Message Unsolicited Write (synchrophasor) messages are general Fast 
Messages (A546h) that transport measured synchrophasor information. The relay 
can send unsolicited write messages as fast as every 50 ms on a 60 Hz system, 
and 100 ms on a 50 Hz system. When MFRMT = FM, set PMLEGCY = Y to use 
Global settings PHDATAV, PHDATAI, PHVOLT, and PHCURR to select the 
voltage and current data to include in the Fast Message. Not all messages are sup-
ported at all data speeds. If the selected data rate is not sufficient for the given 
message length, the relay responds with an error message.

Table 18.17 lists the Synchrophasor Fast Message Write function codes and the 
actions the relay takes in response to each command.

PMTRIG Trigger (SELOGIC Equation) NA

EPMDR Enable PMU Data Recording N

PMTEST PMU Test Mode Equation (SELOGIC Equation) NA

a Option 1 is available only if MRATE = 60.

Table 18.15 Example Synchrophasor Protection Freeform Logic Settings

Setting Value

PSV64 NOT (3PO OR SPO) # Line breaker status

Table 18.16 Example Synchrophasor Port Settings

Setting Description Value

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) PMU

SPEED Data Speed (300 to 57600) 19200

STOPBIT Stop Bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N

FASTOP Enable Fast Operate Messages (Y, N) N

PMU MODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

PMODC PMU Output Data Configuration 1

Table 18.14 Example Synchrophasor Global Settings (Sheet 2 of 2)

Setting Description Value
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See the SEL application guide “Using SEL-421 Relay Synchrophasors in Basic 
Applications” (AG2002-08) for more information on the SEL Fast Message Syn-
chrophasor Protocol.

Fast Message Synchrophasor Settings
The settings for SEL Fast Message synchrophasors are listed in Table 18.18. 
Many of these settings are identical to the settings for the IEEE C37.118 format 
(see Settings for Synchrophasors on page 18.6).

                    

Certain settings in Table 18.18 are hidden, depending on the status of other set-
tings. For example, if PHDATAI := NA, the PHCURR setting is hidden to limit 
the number of settings for your synchrophasor application.

Table 18.17 Fast Message Command Function Codes for Synchrophasor Fast Write

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition 
block request

Relay transmits Fast Message definition request acknowledge (Function Code 80)

01h Enable unsolicited 
transfer

Relay transmits Fast Message command acknowledged message (Function Code 81). Relay trans-
mits Synchrophasor Measured Quantities (function to enable: Unsolicited Write broadcast, Func-
tion Code 20)

02h Disable unsolicited 
transfer

Relay sends Fast Message command acknowledge message (Function Code 82) and discontinues 
transferring unsolicited synchrophasor messages (function to disable: Unsolicited Write broadcast, 
Function Code 20)

05h Ping: determine if 
channel is operable

Relay aborts unsolicited message in progress and transmits ping acknowledge message (Function 
Code 85)

Table 18.18 PMU Settings in the Relay for SEL Fast Message Protocol (in Global 
Settings)

Setting Description

EPMU Enable Synchronized Phasor Measurement (Y, N)

MFRMT Message Format (C37.118, FM)a

a C37.118 = IEEE Std C37.118. FM := SEL Fast Message. Set MFRMT := FM to enter the Fast Message 
settings.

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 1 = Extra Narrowb)

b Option 1 is not available when MFRMT = FM.

PMLEGCYc

c PMLEGCY must be set to Y to access the data configuration settings shown in this table.

Synchrophasor Legacy Settings (Y, N)

PHCOMP Frequency-Based Phasor Compensation (Y, N)

PMID PMU Hardware ID (0–4294967295)

PHVOLT Include Voltage Terminal

PHDATAV Phasor Data Set, Voltages (V1, ALL)

VkCOMPd

d k = voltage terminal.

Vk Voltage Angle Compensation Factor (–179.99 to +180 degrees)

PHCURRe

e Setting hidden when PHDATAI := NA.

Current Source

PHDATAIf

f When PHDATAV:= V1, this setting is forced to NA and cannot be changed.

Phasor Data Set, Currents (ALL, NA)

InCOMPg

g n = current terminal.

In Angle Compensation Factor (–179.99 to +180 degrees)
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The SEL Fast Message Synchrophasor Protocol always includes the frequency 
information in floating-point representation, and 14 user-programmable 
SELOGIC variables PSV49–PSV64. There are no user-programmable analog 
quantities in the SEL Fast Message Synchrophasor Protocol.

Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message period of one second places little burden on 
the communications channel. As more synchrophasors are added, or if the mes-
sage rate is increased, some communications channel restrictions come into play.

In the SEL Fast Message Synchrophasor Protocol, the master device determines 
the message period (the time among successive synchrophasor message time-
stamps) in the enable request. If the relay can support the requested message 
period on that serial port, the relay acknowledges the request (if an acknowledge 
was requested) and commences synchrophasor data transmission. If the relay 
cannot support the requested message period, the relay responds with a response 
code indicating bad data (if an acknowledge was requested).

The SPEED setting on any serial port set with PROTO := PMU should be set as 
high as possible, to allow for the largest number of possible message period 
requests to be successful.

The relay Fast Message synchrophasor format always includes 32 bytes for the 
message header and terminal ID, time information, frequency, and status bits. 
The selection of synchrophasor data will add to the byte requirements. 
Table 18.19 can be used to calculate the number of bytes in a synchrophasor message.

                    

Table 18.20 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 40 bytes.

                    

Referring to Table 18.19 and Table 18.20, it is clear that the lower SPEED set-
tings are very restrictive.

Table 18.19 Size of an SEL Fast Message Synchrophasor Message

Item
Possible 
Number of 
Quantities

Bytes per 
Quantity

Minimum 
Number of 
Bytes

Median 
Number of 
Bytes

Maximum 
Number of 
Bytes

Fixed 32 32 32

Synchrophasors 1, 4, or 8 8 8 32 64

Total (Minimum, Median, and Maximum) 40 64 96

Table 18.20 Serial Port Bandwidth for Synchrophasors (in Bytes)

Requested Message 
Period (ms)

Equivalent Message 
Rate (messages per 
second)

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400 57600

1000 1 41 83 166 333 666 1332 2665 3998

500 2 41 83 166 333 666 1332 1999

250 (60 Hz only) 4 41 83 166 333 666 999

200 5 66 133 266 533 799

100 10 66 133 266 399

50 (60 Hz only) 20 66 133 199
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Some observations from Table 18.20 follow.

➤ A serial port set with SPEED := 38400 or 57600 can handle any size 
message at any data rate.

➤ A serial port set with SPEED := 19200 can handle a single-
synchrophasor or four-synchrophasor message at any data rate, and 
any size message as fast as 10 messages per second.

➤ A serial port set with SPEED := 9600 can handle a single-
synchrophasor message at any data rate, a four-synchrophasor 
message at as fast as 10 messages per second, and any size message 
at as fast as 5 messages per second.

➤ A serial port set with SPEED := 300 cannot be used for Fast Message 
synchrophasors.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with SEL Fast Message commands, including commands to start and stop syn-
chrophasor data transmission, and commands to request a configuration block 
from the relay, so the synchrophasor processor determine the correct configura-
tion for storing the synchrophasor data.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission on a particular serial port when the disable command is received 
from the synchrophasor processor, or when the relay settings for that port are 
changed. The relay will stop synchrophasor transmission on all serial ports when 
any Global or Group settings change is made.

The relay will respond to configuration block request messages regardless of the 
present transmit status, waiting only as long as it takes for any partially sent mes-
sages to be completely transmitted.

The relay will respond to a ping request immediately upon receipt, terminating 
any partially sent messages.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 
required to have the same SPEED setting, although the SPEED setting on each 
PROTO := PMU port will affect the minimum synchrophasor message data 
period that can be used on that port.
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Control Capabilities
Serial Port Fast Operate Operation

The PMU can be configured to process SEL Fast Operate commands received on 
serial ports that have the Port setting PROTO := PMU, when the Port setting 
FASTOP := Y, and Global Settings EPMU := Y and PMAPP := F.

This functionality can allow a remote device (client) to initiate control actions in 
a serially connected PMU without the need for a separate communications inter-
face. The client should enable Fast Operate Transmit on the serial port connected 
to the PMU. This can be accomplished with Global Setting EPMU := Y, Port Set-
tings PROTO := PMU, FASTOP := Y, and PMUMODE set to either CLIENTA or 
CLIENTB.

The client can request a Fast Operate Configuration Block when the relay is in 
the nontransmitting mode, and the relay will respond with a message, which 
includes codes that define the circuit breaker and remote bit control points that 
are available via Fast Operate commands. 

Once the control points are identified, the Fast Operate Output (FOP) Control 
Bits can be assigned to SELOGIC equations in the client’s SELOGIC freeform pro-
tection logic settings. FOP Control Bits take the form FOPp_n, where p is the 
serial port (F, 1, 2, or 3) and n is the bit number from 01–32. The bit number can 
correspond to a circuit breaker or remote bit control in the local relay, identified 
in the Fast Operate Configuration Block.

A change to any FOPp_n value will cause the client to transmit a Fast Operate 
remote bit control message on PORT p. If the FOP control bit asserts, the message 
will contain the opcode to set the corresponding control bit in the PMU. If it 
deasserts, the message will contain the opcode to clear the control bit. The 
remote device will send a Fast Operate message no later than 20 ms after it 
detects a change in the FOP bit.

The PMU will process Fast Operate requests regardless of whether synchropha-
sors are being transmitted, as long as serial port setting FASTOP := Y and PMU-
MODE is set to SERVER. When FASTOP := N, the relay will ignore Fast 
Operate commands. Use the FASTOP := N option to lock out any control actions 
from that serial port if required by your company operating practices.

SEL Fast Operate commands are discussed in SEL Fast Meter, Fast Operate, Fast 
SER Messages, and Fast Message Data Access on page 15.33.

The PMU can also process the Fast Operate commands embedded in the 
extended frame of the IEEE C37.118 command frame. This way you can accom-
plish both synchrophasor measurement and control by using the same 
IEEE C37.118 protocol on both serial and Ethernet interfaces. This way is also 
independent of the FASTOP setting.

Ethernet Fast Operate Operation
Fast Operate commands can be issued from a host device to control the function 
of remote bits and breaker operation in the relay. When coupled with synchrophasor 
measurements, Fast Operate commands can provide control to system events.

The implementation using the extended frame in the IEEE C37.118 synchropha-
sor packet makes it possible to send Fast Operate commands and synchrophasor 
data over the same Ethernet session. The Fast Operate command is embedded in 
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the extended frame of the IEEE C37.118 command frame. See the following 
example for configuration and setup of the IEEE C37.118 extended frame imple-
mentation.

                    

Should you need to change the relay protection scheme because of system con-
figuration or to shed bus load to maintain voltage quality, you can program your 
SVP to send control commands to the relay according to an algorithm. You can 
set a remote bit in the relay to change the group settings for an alternative protec-
tion scheme or send a PULSE command to the circuit breaker to disconnect load 
from the system.

To set the relay for such a control scenario, first configure synchrophasors for the 
IEEE C37.118 protocol. Figure 18.8 depicts one way to configure synchropha-
sors for transport. In this SEL-487E example, all of the S- and T-terminal phase 
currents and Z-terminal voltages, along with the positive-sequence values, are 
transmitted in polar floating-point format at a message rate of 60 messages per 
second. The filter settings are configured for a fast response with phase compensation.

Example 18.1 Synchrophasor Control Application

Refer to Table 18.14 for an example of a PMU communications network 
with an SVP collecting and analyzing synchrophasor data in the network, 
based on a programmed power flow and voltage regulation scheme. Each of 
the depicted PMU/IEDs are connected to a load, feeder line, or generation 
facility streaming synchrophasors to the SVP.
                    

                    

                    

Figure 18.7 Synchrophasor Control Application
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Next, configure the Ethernet port to transmit synchrophasor data and accept Fast 
Operate commands. To enable an Ethernet port to accept Fast Operate com-
mands, simply set FASTOP := Y.

                    

Using the C37.118 extended frame option to transport Fast Operate commands it 
is necessary to setup only one TCP/UDP session (see Figure 18.10).

                    

Synchronized Phasor Configuration Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := 1        PMLEGCY := N
NUMPHDC := 1

Synchrophasor Data Configuration 1

PMSTN1  := "PMU Control"
PMID1   := 1

Phasors Included in the Data 1

Terminal Name, Relay Word Bit, Alternate Terminal Name

1: Z
2: S
3: T

PHDV1   := ALL      PHDI1   := ALL      PHNR1   := F        PHFMT1  := P
FNR1    := F

Phasor Aliases in Data Configuration 1
 (Phasor Name, Alias Name)

Synchrophasor Analog Quantities in Data Configuration 1
 (Analog Quantity Name, Alias Name)

Synchrophasor Digitals in Data Configuration 1
 (Digital Name, Alias Name)

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
PMTEST  := NA
VZCOMP  := 0.00     ISCOMP  := 0.00     ITCOMP  := 0.00     PMFRQA  := S
PHCOMP  := Y

Synchronized Phasor Recorder Settings

EPMDR   := N

Synchronized Phasor Real Time Control Settings

RTCRATE := 2        MRTCDLY := 500

Figure 18.8 PMU Global Settings

SEL Protocol Settings

AUTO    := Y        FASTOP  := Y        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Figure 18.9 Enabling Fast Operate Messages on PORT 5

Phasor Measurement Configuration

EPMIP   := Y        PMOTS1  := UDP_T
PMOIPA1 := "192.168.1.3"
PMOTCP1 := 4712     PMOUDP1 := 4713     PMOTS2  := OFF

Figure 18.10 Ethernet PORT 5 Settings for Communications Using C37.118 
Extended Fame
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The relay is now ready to start transmitting synchrophasors and receive Fast 
Operate commands from the SVP.

Real-Time Control
The PMU can be configured to process IEEE C37.118 synchrophasor data 
received from two remote PMUs over serial ports. The PMU processes the 
remote PMU data, time-aligns them with the local data, and makes them avail-
able as analogs and digitals. Use the local synchrophasor analogs and as many as 
two remote sets of synchrophasor analogs in SELOGIC equations to do real-time 
control (RTC) applications.

Table 18.21 shows the serial port settings that need to be configured for RTC 
applications.

                    

Descriptions for the settings in Table 18.21 are as follows.

PMUMODE

Selects whether the port is operating as a synchrophasor server (source of data) or 
a client (consumer of data). When the port is intended to be a source of synchro-
phasor data, set this setting to SERVER. The Global setting MFRMT determines 
the format of the transmitted data. When using the port to receive synchrophasor 
data from another device, set this setting to either CLIENTA or CLIENTB. Only 
two ports may be configured as client ports and they must be uniquely configured 
for Channel A or Channel B. When a port is configured to receive synchrophasor 
data, the port will only receive data that uses the IEEE C37.118 format, regard-
less of the MFRMT setting.

RTCID

Expected synchrophasor ID from remote relay.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), it will only accept incoming messages that contain this ID. 
Make sure this ID matches the ID configured in the remote relay.

PMODC

Select the data configuration set to be sent out from that port. This setting is only 
available when the PMUMODE=SERVER.

Table 18.22 shows the Global settings that need to be configured for RTC applications.

Table 18.21 Serial Port Settings for RTC

Setting Description Default

PMUMODEa

a Set PROTO := PMU to enable (on this port) the Synchrophasor Protocol selected by Global setting 
MFRMT.

PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDb

b Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCc

c Only available when PMUMODE := SERVER.

PMU Output Data Configuration (1–5) 1
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Descriptions for the settings in Table 18.22 are as follows.

RTCRATE

Rate at which to expect messages from the remote synchrophasor device.

When the PMU is operating as a synchrophasor client (PMUMODE set to 
CLIENTA or CLIENTB), the relay will only accept incoming messages at this 
rate. Make sure the remote synchrophasor source(s) is configured to send mes-
sages at this same rate.

MRTCDLY

Selects the maximum acceptable delay for received synchrophasor messages.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), the relay only accepts incoming messages that are not 
older than allowed by this setting. When determining an appropriate value for 
this setting, consider the channel delay, the transfer time at the selected baud rate, 
plus add some margin for internal delays in both the remote and local relay.

When you use the PMU for synchrophasor acquisition, the delayed and aligned 
analog quantities specific to that relay are available. Be aware that these quanti-
ties are only valid when RTCROK is asserted and only for the enabled channels. 
The specific channel quantities are also valid whenever their respective 
RTCROKp Relay Word bit is set (see Table 18.10).

When using the relay as a synchrophasor client, the Relay Word bits in 
Table 18.23 indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Figure 18.24.

Table 18.22 Global Settings for RTC

Setting Description Default

RTCRATE Remote Messages per Second

(1, 2, 5, 10, or 50 when NFREQ := 50)

(1, 2, 4, 5, 10, 12, 15, 20, 30, or 60 when NFREQ := 60)

2

MRTCDLY Maximum RTC Synchrophasor Packet Delay (20–1000 ms) 500

NOTE: The maximum channel delay 
is available in the COM RTC command.

Table 18.23 Synchrophasor Client Status Bits

Name Description

RTCENpa Asserts for one processing interval when a valid message is received on Channel p.

RTCROKpa Asserts for one processing interval when data are aligned for Channel p. Use this bit to condition usage of the Channel p 
data.

RTCROK Asserts for one processing interval when data for all enabled channels are aligned. Use this bit to condition general 
usage of the aligned synchrophasor data.

RTCDLYpa This bit is asserted when the last received valid message on Channel p is older than MRTCDLY.

RTCSEQpa This bit is asserted when the processed received message on Channel p is the expected next-in-sequence. It is deasserted 
if it is not. The deassertion implies that one or more packets of information were lost. Use this bit to condition usage of 
Channel p data in applications where sequential data are required.

RTCCFGpa Indicates Channel p is successfully configured.

a p = A or B.
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Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYp 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 
maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

Several Relay Word bits are useful for monitoring system status. Add RTCCFGp 
and RTCDLYp to the SER.

The RTCCFGp Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGp deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

If the RTCCFGp Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the SELOGIC 
equation is the correct value to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received on 
Channel A within the window you set with the local MRTCDLY setting (100 ms 
in this example). If the RTCDLYA asserts, consider three options. First, the 
MRTCDLY setting can be increased. However, the MRTCDLY setting is your 
way of guaranteeing operation within a certain time. Increasing MRTCDLY 
allows for communications channels with longer transmission delay, but at the 
cost of increasing the maximum time of operation. A second option is to improve 
the communications channel so that it operates within the required MRTCDLY 
setting time. A final option is available if the assertion of MRTCDLY results 
from a temporary communications channel disruption. In this case, putting RTC-
DLYA in the SER provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.11 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

Table 18.24 Remote Synchrophasor Data Bits

Name Description

RTCpD[16]a First 16 digitals received in synchrophasor message on Channel p. Only valid when RTCROKp is asserted.

a p = A or B.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.11 Example COM RTC Command Response
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Real-Time Control Example
Figure 18.12 shows an application example using SEL-411L Relays. In this 
example, Area 2 supplies power to Area 1 and Area 3. An important contingency 
is loss of both Link 1 and Link 2. In such a case, the generators in Area 2 acceler-
ate. Alternative paths between Area 2 and Area 1 can also become stressed 
beyond their design limits. A simple solution is to measure the phase angle 
between Area 1 and Area 2. When the angle exceeds a predetermined limit, con-
trol the generation to avoid exceeding system limits.

                    

Figure 18.13 shows the SELOGIC for the relay controlling the generator (called 
the local relay in this example). Lines 1 and 2 store phasor data into PMV53 and 
PMV54 so they can be viewed through use of the MET PMV command. Line 3 
computes the angle difference between the local and remote relays. RTCAP02 is 
the remote V1Y angle. Lines 4–10 unwrap the phase angle when the difference 
exceeds ±180 degrees.

RTCROKA pulses true whenever a good synchrophasor message is received. For 
purposes of this example, we need it to hold true until the next message is 
received. To achieve this, lines 11-13 implement a timer to extend this bit by 1.75 
cycles. A message is expected every 1 cycle; the additional 0.75 cycles covers 
any jitter that may occur in the rate or message receipt. Line 14 calculates a qual-
ification signal consisting of the local and remote quality indicators. RTCROKA 
is the local indicator that has been extended as PCT01. RTCAD16 is the remote 
quality indicator. Figure 18.14 shows its construction at the remote relay.

Line 15 computes absolute value of the angle. Line 16 checks the angle against 
the reference value. In this case, the reference value is 10 degrees.

The final result, PSV03, asserts when the relay receives a synchrophasor message 
with an angle difference exceeding 10 degrees.

                    

Figure 18.12 Real-Time Control Application
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Figure 18.14 shows the SELOGIC settings for the remote relay. Set PSV64 to 
indicate that the sending data are correct. These data are sent with the synchro-
phasor data in the IEEE C37.118 data packet and are received by the local relay 
as RTCAD16. The RTCAD16 qualification on line 11 of the local relay (see 
Figure 18.13) contains this remote data quality indicator. A local relay quality 
indicator also qualifies line 11.

                    

Set the remote relay Global settings according to Figure 18.15. Set the number of 
digitals (NUMDSW) to one. In this case, the relay sends SELOGIC values 
PSV49–PSV64 in the IEEE C37.118 data packet. This is how the remote TSOK 
AND PMDOK qualification maps to the local RTCAD16 Relay Word bit. Set the 
PMU application (PMAPP) to fast, because this is a protection application. 
Therefore, you must choose a filter for faster response. Also set the synchropha-
sor enable Global setting to yes (EPMU = Y). The MRTCDLY and RTCRATE 
settings are set but not used by the remote relay.

                    

Set the local relay Global settings according to Figure 18.16. It is important for 
synchrophasors to be enabled (EPMU = Y), the application to be fast (PMAPP = F), 
the compensation settings to be set correctly (VYCOMP, VZCOMP, IWCOMP, 
and IXCOMP), and for IRIGC = C37.118.

Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYA 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 

Protection 1
1: PMV53 := V1YPMAD
2: PMV54 := RTCAP02
3: PMV55 := V1YPMAD - RTCAP02
4: PSV01 := PMV55 >= 180.000000
5: PMV01 := -180.000000
6: PSV02 := PMV55 <= PMV01
7: PMV01 := PMV55 + 360.000000

8: PMV02 := PMV55 - 360.000000
9: PMV55 :=NOT PSV01*PMV55+PSV01*PMV02
10: PMV55 :=NOT PSV02*PMV55+PSV02*PMV01
11: PCT01PU := 0.000000
12: PCT01DO := 1.750000
13: PCT01N := R_TRIG RTCROKA
14: PSV01 := PCT01Q AND RTCAD16
15: PMV56 := ABS(PMV55)
16: PSV03 :=(PMV56 > 10.000000) AND PSV01

Figure 18.13 Local Relay SELOGIC Settings

1: PSV64 := TSOK AND PMDOK

Figure 18.14 Remote Relay SELOGIC Settings

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "REMOTE RTC"
PMID    := 8
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 1

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.15 Remote Relay Global Settings
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maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

The other Global settings are not relevant to this application.

                    

Set the port settings for the port that sends the synchrophasor data on the remote 
relay, according to Figure 18.17.

                    

Set the port settings for the port that receives the synchrophasor data on the local 
relay, according to Figure 18.18. Notice that the RTCID setting must match the 
PMID setting of the remote relay.

                    

Several Relay Word bits are useful for monitoring system status. Add RTCCFGA 
and RTCDLYA to the SER.

The RTCCFGA Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGA deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "LOCAL RTC"
PMID    := 4
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 0

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA 
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.16 Local Relay Global Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := SERVER

Figure 18.17 Remote Relay Port Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := CLIENTA
RTCID   := 8

Figure 18.18 Local Relay Port Settings
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If the RTCCFGA Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the 
SELOGIC equation (for example, RTCAP02 in Figure 18.13) is the correct value 
to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received 
within the window you set with the local MRTCDLY setting (100 ms in this 
example). If the RTCDLYA asserts, consider three options. First, the MRTCDLY 
setting can be increased. However, the MRTCDLY setting is your way of guaran-
teeing operation within a certain time. Increasing MRTCDLY allows for commu-
nications channels with longer transmission delay, but at the cost of increasing 
the maximum time of operation. A second option is to improve the communica-
tions channel so that it operates within the required MRTCDLY setting time. A 
final option is available if the assertion of RTCDLY results from a temporary 
communications channel disruption. In this case, putting RTCDLYA in the SER 
provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.19 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

PMU Recording Capabilities
The PMU can be configured to record synchrophasor data by setting EPMDR := Y. 
Select one of the data configuration q you want to record using SPMDR setting 
where q = 1–NUMPHDC. Create a recording trigger using PMTRIG SELOGIC 
setting. On the rising edge of PMTRIG, the PMU starts recording synchrophasor 
data. The duration and the pretrigger duration of the recording are user-settable.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG only once 
during a four-hour period if 
EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The PMU stores these files in the SYNCHROPHASOR subdirectory with .PMU 
extension. Use FILE READ or File Transfer Protocol (FTP) to retrieve these 
stored data files. The file is in binary format and IEEE C37.118 data format compliant.

The file starts with a Configuration 2 frame followed by the data frames as shown 
below.

<Configuration 2 Frame>

<Data Frame 1>

<Data Frame 2>

.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.19 Example COM RTC Command Response
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.

.

<Data Frame t>

<Data Frame t+1>

.

.

.

<Data Frame n>

where:

t = the number of pretrigger data frames, and is equal to PMPRE • MRATE.

n = the total number of data frames, and is equal to PMLER • MRATE.

<Data Frame t+1> is the first data frames with Bit 11 in the STAT field 
(PMTRIG) asserted.

The recorded file has the following file naming convention.

yymmdd,hhmmss,0,aaa,bbb,ccc.PMU

where,

yymmdd, hhmmss = the UTC time stamp of the first data frame in the file 
with bit 11 (PMTRIG) asserted

aaa = the last three characters of the PMSTNq setting (after removing char-
acters “ / \ < > * | : ; [ ] $ % { } and the spaces)

bbb = the last three characters of the PMIDq

ccc = the last three characters of the CONAM setting (after removing the 
spaces)

Additional PMTRIG assertions are ignored during recording. 

Table 18.25 shows the setting name, description, and default value to help config-
ure the data recording.

                    

Descriptions for the settings in Table 18.25 are as follows.

EPMDR

Use the EPMDR setting to enable synchrophasor data recording. This setting is 
hidden when EPMU := N. When EPMDR = Y, phasor measurement data record-
ing will begin on the rising edge of PMTRIG. Any subsequent PMTRIG assertions 

Table 18.25 PMU Recording Settings

Setting Description

EPMDRa

a This setting is forced to N if MFRMT = FM.

Enable PMU Data Recording (Y, N) 

SPMDRb

b This setting is hidden if EPMRD = N.

Select Data Configuration for PMU Recording (1–NUMPHDC)

CONAMc

c Global Setting.

Company Name (1–5 characters)

PMLERb Length of PMU Triggered Data (2–120 s)

PMPREb Length of PMU Pretriggered Data (1–20 s)
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during the allotted recording period (PMLER) will not result in another PMU data 
recording being started. The relay will store synchrophasor measurement data as a 
IEEE C37.118 binary format file that can be retrieved from the relay by using 
FTP. Synchrophasor data are recorded into a file with extension *.PMU.

SPMDR

The SPMDR setting provides a means for selecting any one of the enabled data 
configuration 1–NUMPHDC for synchrophasor data recording.

PMLER

PMLER sets the total length of the synchrophasor data recording, in seconds. 
The PMLER time includes the PMPRE time. For example, if PMLER is set for 
30 seconds of PMU recorded data, and PMPRE is set for 10 seconds of pretrigger 
data, the final recording will contain 10 seconds of pretrigger data and 20 seconds 
of triggered data for a total report time of 30 seconds.

PMPRE

The PMPRE setting sets the length of the pretrigger data within the synchropha-
sor data recording. The PMPRE data begins at the PMTRIG point of the record-
ing, and extends back in time (previous time to the trigger event) for the 
designated amount of time.
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Digital Secondary Systems

Some SEL-400 series relays can receive analog and binary inputs from a digital 
secondary system (DSS). DSS technology uses merging units to measure cur-
rents and voltages and perform substation control operations. This technology 
provides flexible solutions, reduces the cost of copper, and improves overall 
safety in the substation.

Refer to Table 19.1 to select your DSS of interest.

                    

Time-Domain Link (TiDL)
TiDL (T-Protocol)

The TiDL (T-Protocol) relays identified in Table 19.1 receive analog and binary 
input data from connected SEL-TMUs. A TiDL system communicates over 
direct fiber-optic connections between relays and SEL-TMUs.

Designing and implementing a TiDL system uses the following the general process.

➤ Design a TiDL system from one-line diagram

➤ Configure a TiDL system in SEL Grid Configurator

➤ Connect and commission the TiDL system

➤ Operate the TiDL system

Table 19.1 SEL DSS Technologies

DSS Technology
Supported 
Relays

SEL Supported 
Merging Units

Supported Features

Page LinkSelective 
Protection 
Disabling

Multiple 
Point-to-
Point Direct 
Connections

Custom 
Topologies

TiDL
(T-Protocol)

SEL-411L-2
SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-TMU Yes Yes Yes TiDL (T-Protocol) 
on page 19.1

TiDLa

(EtherCAT)

a TiDL (EtherCAT) technology is no longer offered.

SEL-421-4, -5
SEL-451-5
SEL-487B-1
SEL-487E-3, -4

SEL-2240 Axion Nodes No No No TiDL (EtherCAT) 
on page 19.17

Sampled Values
(IEC 61850-9-2LE)

SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-401
SEL-421-7
Other IEC 61850-9-2LE-
Compliant Publishers

Yes No Yes IEC 61850-9-2 
Sampled Values 
(SV) on page 19.23
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For an example configured TiDL substation and a guide for setting up your first 
TiDL system, see the SEL-400 Series TiDL QuickStart Guide available on 
selinc.com. For detailed information on the SEL-TMU, refer to the SEL TiDL 
Merging Unit Instruction Manual.

Figure 19.1 highlights a high-level SEL TiDL substation.

                    

Some of the benefits of a TiDL system include:

➤ No external time source required for relay and merging unit 
synchronization

➤ SEL TiDL relays and SEL-TMUs communicate via a  nonroutable 
protocol that does not offer interactive remote user access. These 
features minimize security complexity and the associated compliance 
costs in a DSS.

➤ Simplified system configuration through SEL Grid Configurator 
software:

➢ Custom topology configuration

➢ Commissioning through SEL Grid Configurator

➢ Commissioning report providing the present system level 
overview.

SEL TiDL relays can communicate with as many as eight SEL-TMUs. An 
SEL-TMU can then communicate with as many as four SEL TiDL relays.

A SEL TiDL system has a fixed channel delay of 1 millisecond. See Section 1: 
Specifications in the product-specific manual to see the link budget specifications 
of the TiDL (T-Protocol) communications ports.

                    

Figure 19.1 TiDL High-Level Substation Overview
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When configuring a TiDL system in SEL Grid Configurator (see TiDL Mapping 
on page 19.4), create the SEL-TMUs by SEL-TMU type (either 4CT/4PT or 
8CT), then map to the appropriate relay TiDL ports according to your TiDL sub-
station requirements. When a commissioning attempt occurs (see Commissioning 
TiDL Systems on page 19.14), the relay checks that the SEL-TMU type physi-
cally connected to each relay TiDL port matches your configuration. If all con-
nected SEL-TMUs match the expected SEL-TMU type, the relay successfully 
commissions that system and creates a correlation lock between each commis-
sioned relay TiDL port and its unique SEL-TMU that was connected during the 
commissioning process. Once commissioned, each relay TiDL port will only 
accept incoming data from the unique SEL-TMU it commissioned. This provides 
additional security to a DSS. Should an SEL-TMU need to be replaced, see 
Replacing SEL-TMUs on page 19.17.

Selective Protection Disabling
See Section 5: Protection Functions of the product-specific instruction manual 
for channel status bits and the role they play in providing selective protection dis-
abling in cases where analog data are lost.

Important Selective Protection Disabling Considerations

When an SEL-TMU is connected to multiple TiDL relays, the following situa-
tions can result in a momentary communication loss with the shared relays:

➤ Modifying the TiDL I/O map

➤ Decommissioning a connected relay on an active SEL-TMU port

➤ Initiating a relay firmware upgrade to a connected relay

Implement selective protection disabling in the other connected relays to avoid an 
adverse impact on relay protection functions.

TiDL Binary Input and Output Behavior
When a relay is commissioned, 300-, 400-, and 500-level I/O are mapped from 
SEL-TMUs.

Binary inputs are user-settable with default settings that make the binary inputs 
behave as level-sensitive inputs. The default settings for input and dropout 
thresholds are modified by the nominal voltage of the I/O board local to the relay. 
See TiDL Binary Input Settings on page 19.10 for additional information on 
binary input settings.

Because binary outputs on an SEL-TMU can be shared among the connected 
TiDL relays, each TiDL relay maps the status of the SEL-TMU binary outputs to 
local output status bits local to each relay (OUTxxxS). For example, if a relay has 
the SEL-TMU binary output OUT01 mapped to OUT301 locally, the OUT301S 
Relay Word bit indicates the state of OUT01 to the local relay.

Binary inputs and outputs do not have to map to the same I/O in each connected 
relay. For example, OUT01 on the SEL-TMU could map to OUT301 of the SEL 
TiDL relay connected to SEL-TMU PORT 1, OUT307 of the SEL TiDL relay con-
nected to SEL-TMU PORT 2, OUT405 of the SEL TiDL relay connected to 
SEL-TMU PORT 3, and OUT503 of the SEL TiDL relay connected to SEL-TMU 
PORT 4. In such a case, the output control equation for OUT01 can be considered 
as OUT01TMU := OUT301Relay 1 + OUT307Relay 2 + OUT405Relay 3 + 
OUT503Relay 4.
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Decommissioned Relay I/O Statuses

When a TiDL relay is decommissioned, all I/O Relay Word bit statuses revert to 
their default deasserted state.

TiDL Mapping
When configuring your TiDL I/O mapping, first add devices to your SEL Grid 
Configurator workspace according to your TiDL substation requirements. 
Figure 19.2 shows the process for adding a device to a folder or just to the overall 
workspace. All TiDL devices added to an SEL Grid Configurator workspace are 
available for mapping purposes, not just those co-located within the same folder.
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Repeat the steps in Figure 19.2 to add all remaining devices in your TiDL substa-
tion. Next, enable the TiDL I/O Map (Port 6) of the relay you are currently con-
figuring in SEL Grid Configurator, as shown in Figure 19.3.

                    

Figure 19.2 Adding a Device to the SEL Grid Configurator Workspace

c. Select the device 
to be added.

d. Enter a device name.

e. Configure the device 
part number (or select 
the SEL-TMU variant)
by using the drop-down 
list or entering the 
part number manually.

g. Select Okay.

a. Select the ellipses button 
associated with the new folder. 

b. Select
Add Device.

Note: If you did not create a folder and are just adding 
devices to the SEL Grid workspace, select the Add 
Device icon to add a new device to the overall SEL 
Configurator Grid workspace.

f. Select the desired relay 
nominal secondary current.
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Next, configure your TiDL relay and SEL-TMU port mapping by following the 
process shown in Figure 19.4.

                    

Figure 19.3 Navigating to the TiDL I/O Map Workspace

c. Select TiDL I/O Map.

a. Select the relay 
to be configured.

TiDL I/O Map workspace 
cells become active.

d. Select the Enable 
Port 6 check box.

b. Select 
Communications.
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Proceed to configuring your I/O mapping. You can only use I/O from the 
SEL-TMUs configured as mapped to your relay from Figure 19.4 when configur-
ing your relay I/O mapping. Figure 19.5 shows the process for configuring I/O 
mapping.

                    

NOTE:  You can use all SEL-TMUs in the SEL Grid Configurator workspace to create a topology mapping.

Figure 19.4 Configure Port Mapping

a. Select the ellipses button 
associated with the relay 
TiDL port being mapped.

d. Select OK to complete mapping.

f. Repeat Steps a–e for additional ports.

e. Verify proper mapping for first port.

c. Select the SEL-TMU TiDL port that 
completes the connection.
Note: The selected SEL-TMU port is only 
for bookkeeping purposes and does not 
impact the TiDL system functionality. The 
port selected here does not have to match 
the actual SEL-TMU port used.

b. Select the SEL-TMU 
that will be connected 
to this port.

Note: Use the x button to clear 
a port mapping, if desired.
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SEL TiDL Relay Nominal Secondary Current
The SEL-400 devices accept 1A or 5A CTs. Configure an SEL TiDL relay via 
SEL Grid Configurator (see Figure 19.11) or the CFG CTNOM command to set 
the nominal secondary current for its mapped CT inputs. The SEL TiDL relays 
follow the same makeup of nominal CT inputs as their corresponding traditional 
relay version. This means that for SEL TiDL relays, with the exception of the 
SEL-487E-5, all CT terminals share the same nominal secondary. The 
SEL-487E-5 provides options for modifying the nominal secondary on a per-ter-
minal basis.

By default, the relay assumes 5A nominal secondaries.

When the CFG CTNOM command is issued by either SEL Grid Configurator or 
through an ASCII terminal and only if the nominal secondary is changed (i.e., 
changing from 5A nominal to 1A nominal, or 1A nominal to 5A nominal), 
Global and Group settings are forced to default, then the relay restarts.

When you are adding a device to the SEL Grid Configurator System Explorer, 
select the applicable secondary current options for the device. Figure 19.6(a) 
shows options for an SEL-451-6 and Figure 19.6(b) shows options for a 
SEL-487E-5. From the selected secondary current options, SEL Grid Configura-
tor creates a device with defaults and settings ranges based on the nominal sec-
ondary currents.

                    

q See Figure 19.4.

Figure 19.5 Configure I/O Mapping

a. Select the ellipsis button 
associated with I/O to be mapped.

f. Verify the proper mapping 
for the local relay I/O.

d. For current terminal mapping, use the + symbol to 
add additional SEL-TMU current inputs to the local current 
mapping equation. Select the + symbol only if performing 
digital current summation.

c. Select the SEL-TMU I/O to map 
to the local I/O mapping equation.

e. Select Okay.

b. From the TMU 
Device list, select 
the SEL-TMU from 
which the I/O is 
mapped.

Note: Only SEL-TMU devices that have been mapped to a relay port 
(see q) appear in the list of SEL-TMU devices from which you can map I/O.

g. Repeat Steps a–f for all
remaining I/O mapping.

Note: Use the Clear 
I/O Mappings to 
erase all current I/O 
mapping configura-
tions of the relay.

NOTE: In the SEL-451-6 R401 
firmware, the CFG CTNOM command 
defaults all relay settings, which will 
also decommission the relay’s TiDL 
mapping. SEL Grid Configurator can 
only configure the nominal secondary 
current of the SEL-451-6 in firmware 
versions R402 and newer.
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To see the configured nominal secondary current of a device in SEL Grid Config-
urator, see the SEL Grid Configurator settings of SECINC (in relays other than 
the SEL-487E-5) or CURSTU and CURXYZ (in the SEL-487E-5).

Reading Settings in SEL Grid Configurator

When reading settings from a device in SEL Grid Configurator, you can do one 
of the following:

➤ Read settings to a device that already exists in the SEL Grid 
Configurator workspace

➤ Add a device to the SEL Grid Configurator workspace by using the 
retrieved settings

For the first case, if you read settings for a device that already exists in the SEL 
Grid Configurator workspace, the following can occur:

➤ The configuration in SEL Grid Configurator matches the relay 
configuration and settings are automatically loaded.

➤ A discrepancy exists between SEL Grid Configurator and the relay. 
In this case, SEL Grid Configurator alerts and asks the user what the 
nominal secondary current configuration should be.

For the second case, if you add a device to SEL Grid Configurator by using the 
retrieved settings, SEL Grid Configurator creates a device with a nominal sec-
ondary current configuration that matches the relay configuration in your project.

Modifying Previously Configured Nominal Secondary Current

If a device in SEL Grid Configurator requires updating the nominal secondary 
current, follow the process outlined in Figure 19.7.

                    

Figure 19.6 Configure Device Nominal Secondary Current Configuration

(a) (b)
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TiDL Binary Input Settings
The SEL TiDL relay binary inputs that are mapped from SEL-TMUs behave as 
user-settable inputs. Pickup and dropout levels are also set independently per 
relay. This means that an SEL-TMU binary input that is shared among multiple 
relays does not require the same pickup and dropout thresholds configured in 
each relay; they can be set differently. Although you can set shared inputs inde-
pendently, SEL typically recommends to set settings for shared inputs consis-
tently among the connected relays.

                    

Figure 19.7 Modifying Nominal Secondary Current Configuration

a. Select Edit Nameplate.

b. Select desired nominal 
secondary current.

c. Select OK.

d. Select what you want SEL Grid 
Configurator to do. 
Note: S1 through S6 settings are 
Protection Group settings only. They 
do not include protection freeform logic.

e. Select OK.
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By default, all binary inputs have settings determined by the additional I/O board 
in slot Position B of the local relay. All virtual I/O default to the threshold levels 
similar to the level-sensitive board through the GINP setting. If the mapped 
binary inputs all share the same pickup, dropout, etc. settings but are different 
from the default, change the GINP, GINDF, etc. settings and leave EICIS := N. 
However, if the mapped binary inputs require different settings on a per input 
basis, follow the process outlined in Figure 19.4.

You can send binary input settings to a relay prior to, during, or any time follow-
ing a TiDL relay commissioning without needing to re-commission your TiDL 
relay.
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Figure 19.8 Binary Input Settings Flow Diagram

a. Select the relay for which 
you want to set binary inputs.

b. Select Settings Grid
for the relay.

c. Select Control Inputs to 
expand the workspaces.

d. Select General 
(Control Inputs)

e. Change the EICIS setting by 
doing one of the following:

i. Select the 
ellipses button 
associated with 
the current value 
to which EICIS is 
set (default is N).

i. Double-click the 
entry in the Value 
field for the EICIS 
setting name to 
highlight it. 

Enter Y to overwrite, 
then press Enter.

ii. Select Y.

iii. Select OK.

f. Verify EICIS = Y. The 
setting name has a 
yellow bar next to it to 
indicate a recent 
change to the setting.g. Select the interface 

board of the input you 
are setting.

h. Double-click the entry 
in the Value field for the 
setting to highlight it, 
enter your desired 
setting, and press Enter.

i. Repeat Steps g and h for 
the remaining input 
settings.
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SEL Grid Configurator Aliasing
SEL Grid Configurator provides an option of aliasing the SEL-TMU I/O. 
Through aliasing the SEL-TMU I/O, you can make the mapping configuration 
more intuitive. Figure 19.9 shows the steps for aliasing SEL-TMU I/O.

                    

Once the alias is created, it appears in the TMU I/O Selection dialog box. The 
original I/O name appears in parentheses following the alias name.

                    

Figure 19.9 Creating Aliases for SEL-TMU I/O

a. Select the 
SEL-TMU to 
alias I/O. b. Select I/O Interface.

This opens the I/O
INTERFACE workspace for 
the selected SEL-TMU.

e. Enter your alias.

d. Select the alias cell for 
the I/O for which you want 
to create an alias to activate 
the cell.

f. Repeat Steps d and e 
for the remaining 
inputs you want to alias.

c. Select Inputs.
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Commissioning TiDL Systems
Figure 19.11 shows the process for commissioning a TiDL system. Each TiDL 
system (a TiDL relay and the connected SEL-TMU TiDL ports) is commissioned 
independently with no impact to other relays and SEL-TMUs already in service 
(outside of shared SEL-TMU outputs that you can now control through the newly 
commissioned relay).

                    

Figure 19.10 Aliases Shown in TMU I/O Selection Dialog Box

NOTE: To decommission a TiDL 
system use the R_S command, send a 
TiDL channel map without selecting 
Commission, or send an empty TiDL 
channel map.
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q See Figure 19.6; w See Figure 19.7

Figure 19.11 SEL TiDL Relay Commissioning

SEL TiDL Relay
SEL-TMU

a. Connect the TiDL relay and 
all SEL-TMU devices according 

your configured mapping.
b. In SEL Grid Configurator, select the 
relay you are commissioning.

c. Select Device to 
expand the list of 
objects under it.

d. Select 
Connections.

f. Enter connection 
details for your desired 
connection type.

g. Select Connect.

h. Verify the dot on 
the device tab is 
green, indicating an 
active connection.  

i. Select Send.

e. Select your desired Connection 
Type from the drop-down box.

SEL Grid Configurator displays a warning message that it will configure the relay 
according to the selected secondary configuration if there is a mismatch between 
the relay’s active nominal secondary configuration and the configuration selected 
in q. See w if you want to modify how the relay is configured.

By default, the All check box is selected. When commissioning a TiDL system, you 
can send settings prior to, during, or after a commissioning.  However, this 
example only sends the channel map.
If SEL Grid displays the nominal secondary mismatch message, consider sending 
SET_G1.TXT and SET_S1.TXT–SET_S6.TXT because they are defaulted on the relay 
following SEL Grid Configurator configuring the relay.

j. Select the TiDL I/O Map (Port 6) and Commission check boxes.
If you only select the TiDL I/O Map (Port 6) check box when sending settings, the 
TiDL relay will decommission.

SEL Grid Configurator now configures the relay current nominal secondaries 
(if needed), sends selected settings, and commissions the TiDL system.

k. Select Ok.
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Following a commissioning attempt, the result is provided, as shown in 
Figure 19.12. For successful attempts, you can generate a commissioning report 
that includes a record of the relay and SEL-TMUs commissioned. For failed 
attempts, SEL Grid Configurator displays error messages that indicate the reason 
why the commissioning attempt failed. In addition to the provided commission-
ing report, following any commissioning attempt, a SER entry is recorded to 
indicate a commissioning attempt and the result (successful, unsuccessful, etc.). 

                    
                    

Figure 19.12 TiDL Commissioning Report

a. Select Commissioning Report to download 
a report in a provided format of your choice.

b. Select the report format 
of your choosing.

c. Select Download.
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TiDL System Troubleshooting

Use the STA T command (see STA T on page 14.61) to view the current opera-
tional status of your TiDL system.

For commissioned SEL-TMUs, the STA T command indicates OK for an 
SEL-TMU device that is communicating and properly commissioned or an error 
if the corresponding SEL-TMU is not communicating with the relay. Check the 
fiber connection between the relay and SEL-TMU. Use the VEC command (see 
VECTOR on page 14.72) to obtain relevant SEL-TMU diagnostics, then contact 
SEL technical support.

Ports that are not mapped according to the configured topology are indicated as 
Not Mapped in the STA T command response.

Replacing SEL-TMUs

Anytime a commissioned SEL-TMU is replaced, each TiDL system that uses the 
SEL-TMU in mapping must be recommissioned by following the process out-
lined in Figure 19.11.

TiDL (EtherCAT)
NOTE: TiDL (EtherCAT) technology is 
no longer offered. It is recommended 
to use TiDL (T-Protocol).

The TiDL (EtherCAT) relays identified in Table 19.1 can receive analog and 
binary inputs from the SEL-2240 Axion. The Axion provides the analog and 
binary data over an IEC 61158 EtherCAT, TiDL network. This technology pro-
vides very low and deterministic latency over point-to-point architecture. Point-
to-point architecture eliminates the need for time synchronization between the 
Axion nodes and the relay. In addition, it eliminates the complex communica-
tions network often associated with DSS and simplifies the programming and 
installation process.

SEL-400 series relays with TiDL can receive as many as eight fiber links from as 
many as eight Axion nodes. Not all nodes have to supply analog data—some can 
supply digital input and output (I/O) only. The firmware will recognize and vali-
date the connected Axion modules and determine if they match a predefined sup-
ported topology. The supported topologies are balanced between copper 
reduction and the number of required Axion nodes. Refer to Section 2: Installa-
tion in the product-specific instruction manuals to review the supported TiDL 
topologies.
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SEL-400 series relays that support TiDL are only available in a 4U chassis. These 
relays support an I/O board on the relay, and, when applicable, main board I/O. 
These I/Os will be mapped to the 100- and 200-level inputs and outputs. Axion 
modules provide additional I/O by using the internal digital Relay Word bits for 
the 300, 400, and 500 levels of the relays. Note that when the relay part number 
supports TiDL, all output settings for I/O are available. Correctly set these out-
puts for what is installed because all output settings will be available but all may 
not be physically installed in your system.

Relay Word bits IO300OK, IO400OK, and IO500OK indicate the status of 
installed I/O boards in standard relays or whether an Axion module is commis-
sioned. These bits can also identify whether a board is installed or when an Axion 
I/O module fails.

                    

                    

Figure 19.13 Sample TiDL System Topology

SEL Relay

SEL Axion

SEL AxionSEL Axion

SEL Axion SEL Axion

IAW
IBW
ICW

VAY
VBY
VCY

IAX
IBX
ICX

1 Phase
(VBZ)

1 Phase
(VAZ)

Line

Substation Yard

Control House

                    

Figure 19.14 Rear Panel of Relays With TiDL
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TiDL applications use the SEL-2240 Axion, which is a fully integrated analog 
and digital I/O control solution suitable for DSS. An Axion node consists of a 10-
slot, 4-slot, or dual 4-slot chassis that is configurable to contain a power module 
and combinations of CT/PT, digital input (DI), or digital output (DO) modules.

                    

Each chassis requires a SEL-2243 Power Coupler (see Figure 19.16). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. See the SEL-2240 Axion Instruction Manual 
for more information.

                    

The SEL-2244-2 Digital Input Module (see Figure 19.17) consists of 24 optoiso-
lated inputs that are not polarity-dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay. For more information on DI mapping, refer to Section 2: 
Installation in the product-specific instruction manuals.

                    

Figure 19.15 Axion Chassis

                    

Figure 19.16 SEL-2243 Power Coupler
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The SEL-2244-5 Fast High-Current Digital Output Module (see Figure 19.18) 
consists of ten fast, high-current output contacts. The TiDL system can map as 
many as 48 DO points to the relay. For more information on DO mapping, refer 
to Section 2: PC Software.

                    

The SEL-2245-42 AC Analog Input Module (see Figure 19.19) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See the supported topologies in Section 2: Installation in the product-spe-
cific instruction manual for more information.

                    

Figure 19.17 SEL-2244-2 Digital Input Module

                    

Figure 19.18 SEL-2244-5 Fast High-Current Digital Output Module
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A simple commissioning process identifies the connected TiDL system and veri-
fies it matches one of the supported relay topologies. Once the commissioning 
process is complete, the topology is stored in memory. At each additional relay 
startup, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes if any CT/PT modules within the node have 
changed.

Secondary injection testing takes place at each Axion node. Test sources are 
required to inject voltages and current to the Axion node to verify correct instal-
lation and mapping. Monitoring of the voltages and currents will remain in the 
control house at the relay location.

TiDL (EtherCAT) Settings
In TiDL (EtherCAT) relays, there are configurable settings that are specific to 
those applications in QuickSet. These settings are needed to help configure 
QuickSet and control attributes such as setting ranges, defaults, and functionality. 
These settings are not part of the actual relay firmware, and therefore are not sent 
to the relay at the time the settings transfer. SECINC is one of these configurable 
settings. SECINC determines the nominal current input for the connected Axion 
units. In the relay, the user issues an ASCII command, CFG CTNOM n, to set 
the relay firmware to the correct nominal current being received from the TiDL 
Axion units. Once the command has been used to set the nominal current value 
from the Axion units, use QuickSet to set SECINC (see Figure 19.20) to that 
same nominal value to adjust all QuickSet setting ranges to the appropriate 
scales.

                    

Figure 19.19 SEL-2245-42 AC Analog Input Module

NOTE: The relay must be configured 
using the CFG CTNOM n command 
before the settings are transferred to 
the relay to avoid erasing the 
transferred settings. The commands 
used to set the nominal current in the 
relay will default all settings after the 
commands are issued. Changing the 
SECINC, CURSTU, or CURWXY 
settings in QuickSet will not change 
the rest of the settings in QuickSet 
back to default but will provide an 
error if any of the current settings are 
now out of range. In addition, when 
the relay is connected to QuickSet, 
the software reads the configuration 
of the relay and appropriately 
updates this setting automatically; 
however, this setting must work 
offline and develop settings when not 
connected to the relay.
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Some relays, such as the SEL-487E, have multiple setting combinations. The 
QuickSet settings for the SEL-487E, CURSTU and CURWXY, are shown in 
Figure 19.21. and are used instead of SECINC. For more information on the set-
tings options, review the CFG CTNOM command operation in Section 2: Instal-
lation of the product-specific instruction manual.

                    

If at the time the relay settings are transferred, the QuickSet settings SECINC, 
CURSTU, or CURWXY do not match the nominal current set in the relay by the 
CFG CTNOM command, the settings transfer is rejected and an error message is 
displayed.

For relays that do not support DSS, the SECINC setting is grayed out in QuickSet 
(see Figure 19.22). Settings CURSTU and CURWXY are also grayed out in the 
SEL-487E.

                    

Figure 19.20 SECINC Setting

                    

Figure 19.21 SEL-487E Nominal Current Selection
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IEC 61850-9-2 Sampled Values (SV)
Some SEL-400 series relays are available with the capability to either publish or 
subscribe to analogs in accordance with the UCA International Users Group’s 
“Implementation Guideline for Digital Interface to Instrument Transformers 
Using IEC 61850-9-2,” The 9-2LE guideline is a subset of IEC 61850-9-2 and 
specifies, among other things, logical devices, data set contents, sampling rates, 
the time-synchronization method, and the message format. The 9-2LE guideline 
clarified ambiguities in the 9-2 standard, improving interoperability between SV 
devices from different manufacturers.

Architecture
9-2LE uses OSI Layer 2 multicast messages on standard Ethernet network archi-
tecture. Merging units such as the SEL-421-7 SV Publisher enabled or the 
SEL-401 Merging Unit sample analog values, convert them to digital signals, and 
then publish them over the Ethernet network. Two key components of SV mes-
sages (besides the current and voltage data) are the destination MAC address and 
the application ID, or APPID. Relays, meters, DFRs, and other devices on the 
network can selectively subscribe to the SV streams they need for their applica-
tion based on these attributes. Because SV streams only carry current and voltage 
measurements, to accommodate digital input and output data or controls, 
IEC 61850 GOOSE must also be configured on the network. This network, 
which carries data essential for the first level of basic substation processes, is 
known as the process bus. Another network commonly associated with IEC 
61850 is known as the station bus, which carries station-level communications 
such as SCADA.

The process bus allows a single merging unit to share its data with multiple 
devices and for a single device to receive data from multiple merging units. To 
align these data, 9-2LE requires time synchronization for all devices. This can 
also be accomplished over either the process bus or the station bus network via 
IEEE 1588 or Precision Time Protocol (PTP). Alternatively, SEL SV devices can 
be synchronized via IRIG-B. Because of the bandwidth requirements and mes-
sage types that can be present on the process bus, optimal SV performance 
requires a well-engineered process bus and station bus network.

                    

Figure 19.22 SECINC Disabled
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Refer to Section 17: IEC 61850 Communication for information on process bus 
and station bus designations for the four-port and five-port Ethernet cards.

Benefits of a 9-2LE SV System
Some of the benefits of a 9-2LE SV system include:

➤ Set the relay as you would conventional SEL-400 series relays 
through use of QuickSet or SEL Grid Configurator and 
ACSELERATOR Architect SEL-5032 Software.

➤ Decrease costs through copper reduction and data sharing.

➤ Increase safety in the substation by removing high-energy cables 
from the control house. This also eliminates the concern of an open 
circuited CT when a relay is removed from service.

SV Publication 
SV Publication Capability

Some SEL-400 series relays are available with the capability for SV publication. 
Enabling SV publication through settings—PORT 5 setting SVTXEN > 0 or via 
Configured IED Description (CID) file—enables the merging unit functionality 
of the device. The SV publication capability of each SEL SV publishing devices 
is identical, so throughout this section, SEL devices with SV publication enabled 
are referred to as SV publishers.

The SV publisher digitizes the data from its voltage and current inputs, records 
its current state of time synchronization, scales these values to primary units by 
using the CT and PT ratio settings, and then transmits these values in accordance 
with the 9-2LE guideline. SEL SV publishers support the “MSVCB01” model of 
the multicast SV control block described in the guideline, which includes a single 
application service data unit (ASDU). The transmission rate is 80 samples per 

                    

Figure 19.23 Example SV Network
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nominal frequency cycle. If the nominal frequency setting of the SV publisher 
NFREQ = 50 Hz or 60 Hz, the SV transmission rate is 4000 or 4800 samples per 
second, respectively.

The SV publisher can publish as many as seven SV streams simultaneously. SV 
publication is independent of the protection elements, so protection functionality 
remains secure even when the SV publisher is publishing the maximum number 
of SV streams.

Because multiple SV streams may be received by a single subscriber, all streams 
usually require time-alignment to a time source with an accuracy of <1 µs. SV 
messages indicate the synchronization state of the SV publisher at the time the 
sample was taken. This value, smpSynch in the SV message, will be 0, 1, or 2, to 
indicate whether the merging unit was synchronized with a global time source 
(2), a local time source (1), or an internal clock (0). If the SV publisher is syn-
chronized with an IEEE 1588 PTP time source that uses the PTP Power Profile 
(C37.238), the smpSynch value is equal to the ID of the grandmaster clock, usu-
ally a value between 5 and 254. The subscriber can also operate in the local time 
mode with a single time source accuracy of >1 s.

Though SV messages do not contain an actual time stamp, they do include a 
value, smpcnt (sample count), that the publisher increments for each message 
that it transmits, which represents the time at which the sample was taken. For 
every SV message that the SV publisher transmits, smpcnt increments until it 
reaches a value of 4799 on a 60 Hz system, or 3999 on a 50 Hz system. At the top 
of the second, smpcnt resets to 0. Smpcnt can be used to calculate the time stamp 
of the message in relation to the most recent top of a second by multiplying it by 
the transmission interval (208.33 µs for a 60 Hz system or 250 µs for a 50 Hz sys-
tem). For example, a message with smpcnt=699 on a 50 Hz system was taken 
699 • 250 µs = 174.75 ms after the top of the second.

SV Publisher Configuration
Architect provides support for the configuration of the SEL SV publisher via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more information, see 
IEC 61850 Configuration on page 17.38.
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Architect includes an ICD file for the SEL-401 and an ICD file for the 
SEL-421-7 SV Publisher. ICD files of both SV publishers contain default SV 
data sets, which contain combinations of the current and voltage terminals avail-
able on the publisher, i.e., W and Y, W and Z, X and Y, or X and Z. You can 
choose to publish any of these preconfigured data sets or create and publish a 
custom data set that conforms to the 9-2LE guideline. This feature is useful if you 
need the SV publisher to send anything other than all phases (A, B, C, and neu-
tral) of a current or voltage terminal in an SV stream.

SV publications may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. You can use PORT 5 settings to quickly configure SV 
streams that do not require much customization. All phases (A, B, C, and neutral) 
of a current or voltage terminal must be mapped to an SV stream, and each 
stream must contain at least one set of voltage or current terminal phase quantities.

SV Publisher Startup 
When initially turned on, the SV publisher ENABLED LED illuminates as soon as 
protection functionality is enabled, typically within 10 seconds, but there can be 
an additional delay of approximately 6 seconds before the initial SV publication 
is transmitted. Once the SV publisher has begun transmitting SV streams, they 
can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV publications stop if the SV publisher is disabled (EN Relay Word bit = False), 
the PORT 5 setting EPORT is set to “N”, or the processor fails. SV publications 
will not resume unless the disabling condition is addressed.

                    

Figure 19.24 Example Architect SV Publication Configuration
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SV Publisher Diagnostics and Testing
Once SV publication is configured and enabled, new commands are available to 
verify configuration, diagnose and troubleshoot SV communications, and aid in 
commissioning and testing: COM SV and TEST SV.

The COM SV command displays information about the SV streams that the unit 
is configured to publish. The data includes the SV destination MAC address, 
Application ID, message name, data set name, VLAN ID, and priority if the SV 
publisher is configured via CID file. If the publisher is configured via PORT 5 set-
tings, the data set name remains blank because it is not used in PORT 5 settings, 
and therefore unavailable. For more information on the COM SV command, see 
Section 9: ASCII Command Reference in the product-specific manual.

The TEST SV command places the SV publisher into TEST SV mode. In this 
mode, it replaces the current and voltage data of all SV configured streams with 
predefined signals for a period of 15 minutes. Also, the SV publisher asserts the 
test bit in the quality attribute of each current and voltage to identify it as test 
data. Note that the SV publisher remains in normal mode, and does not enter 
IEC 61850 Test mode. This does not affect metering or protection functions on 
the SV publisher. The COM SV command indicates whether the SV publisher is 
in TEST SV mode by displaying the information at the top of the response. Refer 
to the TEST SV command description in Section 9: ASCII Command Reference 
in the product-specific manual for more information.

SV Subscriber
SV Subscriber Functionality

SEL SV subscriber relays do not have current or voltage input terminals like con-
ventional relays. SV subscriber relays also do not have internal instrument trans-
formers. Conventional relays are typically ordered from the factory with either 1 A 
or 5 A nominal CTs, which provide the full range of measured values for the cur-
rent input terminals. Before or during installation, SEL SV subscriber relays must 
be configured with the same nominal current value of the merging unit for proper 
operation. The ASCII command CFG CTNOM n, where n is 1 or 5, must be used 
to configure the SV subscriber with the nominal current value of the subscribed 
merging unit. Refer to the Section 9: ASCII Command Reference in the SEL-421-7 
Instruction Manual for more information on the CFG CTNOM command.

                    
                    

Figure 19.25 SEL-421-7 SV Subscriber Relay, 4U Rear Panel

Five-port Ethernet card ordering option depicted.
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SV Subscribers, such as the SEL-421-7 SV Subscriber Relay, must be configured 
to subscribe to 9-2LE-compliant SV streams to enable any protection functions. 
When configured via PORT 5 settings, all phases (A, B, and C) of a current or volt-
age terminal must come from an SV stream, and terminals cannot be mapped 
more than once. When configured using Architect, as many as three streams can 
be summed and mapped to a single terminal. The SEL-421-7 SV Subscriber 
Relay and SEL-451 SV Subscriber Relay can receive as many as four streams 
when configured through PORT 5 settings, and the SEL-487E SV Subscriber 
Relay and SEL-487B SV Subscriber Relay can receive as many as seven streams 
when configured through PORT 5 settings. All SV subscriber relays can receive as 
many as seven streams when configured through use of a CID file. 

Once SV subscriptions are configured and are being received, the SV subscriber 
relay provides a suite of protection functionality. Please refer to the specific prod-
uct instruction manual for a list of available protection functions.

Note that IEC 61850-9-2LE only covers the publication and subscription of ana-
log data. To communicate digital input and output data or controls, IEC 61850 
GOOSE must be configured and optimized on either the process bus or the sta-
tion bus.

SV Subscriber Configuration 
Architect provides support for the configuration of the SEL SV subscriber via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more detailed information, 
see IEC 61850 Configuration on page 17.38.

                    

When configuring the SV subscriber, SV subscriptions are accomplished in the 
same manner as GOOSE subscriptions. Simply drag a published current into an 
appropriate current slot, or a published voltage into a voltage slot in the SV sub-
scriber SV Receive tab. Note that even though a publisher may have a neutral 
current or voltage value in its publication, the SEL subscriber does not have a 
neutral current or voltage slot to map it into. Finally, configure the time reference 
of the subscriber (which selects the device whose smpSynch value all other sub-
scribed messages must match) by selecting the device name from the dropdown 
list labeled Time Reference. See Subscription Reference Stream on page 17.26 

                    

Figure 19.26 Example Architect SV Subscription Configuration
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for more information about the reference stream. Architect also allows as many 
as three received current streams to be summed and mapped to a single relay cur-
rent terminal.

SV subscriptions may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. PORT 5 settings can be used to quickly configure SV 
subscriptions that do not require much customization. All phases (A, B, C) of a 
current or voltage terminal must be mapped to an SV subscription. Please note 
that regardless of the configuration method, you cannot map a current or voltage 
phase value into more than one subscriber slot.

SV Subscriber Startup 
When initially turned on, the SV subscriber ENABLED LED illuminates as soon as 
protection functionality is enabled, which can take as long as 17 seconds but will 
typically be within 10 seconds. Once the SV subscriber has begun accepting SV 
streams, SV processing can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV subscriptions are disabled if the SV subscriber is disabled (EN Relay Word 
bit = False), the PORT 5 setting EPORT is set to “N”, or the processor fails. SV 
subscriptions do not resume unless the disabling condition is addressed. When 
SV subscriptions are disabled, so is the primary means of data acquisition for the 
relay. Take care to recognize when such a condition occurs, generate appropriate 
warnings or alarms, and resolve any issues.

SV Subscriber Diagnostics and Testing
Once SV subscriptions are configured and enabled, new commands are available 
to verify configuration, diagnose and troubleshoot SV communications, and aid 
in commissioning and testing: COM SV and TEST SV. 

The COM SV command displays information about the SV streams to which the 
unit has been configured to subscribe. The data includes the SV destination MAC 
address, Application ID, message name, data set name, VLAN ID, and priority if 
the information is available. If information is not available, the field remains 
blank. The COM SV command also provides statistics for individual subscribed 
SV streams and any error conditions that are currently present or were present 
during the previous 30 seconds. For more information on the COM SV com-
mand, see Section 9: ASCII Command Reference in the product-specific manual.

See Table 14.44 for detailed explanations of the information provided in the 
COM SV command.

If any subscribed SV streams are lost, the SV subscriber can still be able to pro-
vide some subset of metering and protection functionality, depending on what 
data are in the missing stream(s). For example, consider an SV subscriber that 
has two active subscriptions with the first one providing one set of terminal cur-
rents and voltages, and the other providing another set of currents. If the second 
subscription is lost, the SV subscriber can still provide metering data and some 
degree of overcurrent and LOP protection with the data available from the first 
stream. Refer to the product-specific instruction manual for available protection 
features.
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The TEST SV command places the SV subscriber into SEL’s TEST SV mode. In 
this mode, it accepts any subscribed messages with or without the test bit of the 
quality attribute set. The data that the SV subscriber receives while in TEST SV 
mode are processed as valid data, so take care to ensure that outputs are blocked 
to prevent any undesired operations. The MET command reflects the received 
data as actual data, even with the test bit asserted. The COM SV command indi-
cates whether the SV subscriber is in TEST SV mode by displaying the informa-
tion at the top of the response. Refer to the TEST SV command description in 
Section 9: ASCII Command Reference of the product-specific manual for more 
information.

The health of the incoming SV subscription data channels can be monitored with 
the SV subscription Relay Word bits SVSALM, SVSmmOK, and SVCC, and the 
SVNDmm (where mm is the SV stream number 01–07) analog quantities. The 
SVSmmOK Relay Word bits are asserted when subscription mm is configured 
and data conforming with the 9-2LE guideline is being actively received from it. 
The SVCC (SV coupled clocks mode) Relay Word bit is asserted when the SV 
subscriber is synchronized with the same smpSynch value as the subscription ref-
erence stream. The SVNDmm analog quantities indicate the measured channel 
delay of each subscription and are compared with the PORT 5 CH_DLY setting to 
generate an alarm condition as described in the following.

The SVSALM Relay Word bit is a general purpose alarm that will assert for the 
following conditions:

➤ The SV subscriber has lost sync with the device providing its 
reference stream

➤ One or more subscribed SV streams network delays exceed the 
CH_DLY setting

➤ One or more subscribed SV streams are no longer being received 
(lost)

➤ One or more subscribed SV streams have a subscription status 
SVSmmOK bit that is not set. 

The SV subscriber also provides analog channel status Relay Word bits, which 
are useful for supervising protection based on the state of SV communications for 
each current and voltage channel. These bits include nnnOK and nnnBK bits, 
where nnn is the product-specific current or voltage channel that can potentially 
be mapped to data from an incoming SV stream, for example, IAW, IBW, ICW, 
VAY, VBY, VCY, etc. in the SEL-421-7 SV Subscriber Relay. The nnnOK bits 
asserts for all data channels that are mapped to a subscribed SV stream and have 
data actively being received from it. The nnnBK bits are the inverse of the 
nnnOK bits.

See Section 5: Protection Functions of the product-specific manual for more 
information on SV status logic.

NOTE: TEST SV is an SEL proprietary 
mode. For the IEC 61850-compliant 
modes, see IEC 61850 Simulation 
Mode on page 17.30 and IEC 61850 
Mode/Behavior on page 17.30.
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Overview
The SEL-710-5 Motor Protection Relay is designed to protect three-phase 
motors. The basic relay provides locked rotor, overload, unbalance, and short 
circuit protection. Voltage-based and RTD-based protection are available as 
options. All relay models provide monitoring functions.

This manual contains the information needed to install, set, test, operate, and 
maintain any SEL-710-5. You need not review the entire manual to perform 
specific tasks. 

Features
The SEL-710-5 protection and control features depend on the model selected. 
The models are configured with current/voltage input cards on Slot Z and 
specific option cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with the number 8 in the 
SEL-710-5 Model Options Table (MOT, see Models on page 1.4). For 
example, 81 in the MOT for Slot Z indicates a SELECT 4 ACI/3 AVI card with 
three-phase ac current inputs (1 A nominal), neutral ac current input (1 A 
nominal), and three-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with the number 7 in the 
SEL-710-5 Model Options Table (MOT). For example, 74 in the MOT for 
Slot E indicates a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash detection 
channels and 3 differential current channels.

Table 1.1 shows the different applications for which the SEL 710-5 can be 
used. Current inputs are 1 A, 5 A, or 2.5 mA (neutral only) nominal rating and 
voltage inputs are 300 V continuous rating.

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 1 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs

07105xxxxxxx Induction Motor Protection All Models All Models None (0X) NA

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels 
and Differential Protection

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

IA, IB, IC, IN, 
VA, VB, VC, N

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, 
AF4, IA87, IB87, 
IC87, COM
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Standard Protection 
Features

➤ Thermal Overload (Thermal Model) (49)

➤ Undercurrent (Load Loss) (37)

➤ Current Balance and Phase Loss (46)

➤ Overcurrent (Load Jam)

➤ Short Circuit (50P)

➤ Ground Fault—Residual Overcurrent (50G)

➤ Ground Fault—Neutral Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Incipient Cable Fault (50INC)

➤ Loss of Field (40)

➤ Out of Step (78)

➤ Phase Reversal (47) (current based)

➤ Induction Motor Starting/Running

➢ Start Motor Timer

➢ Notching or Jogging Device (66)

➢ TCU (Thermal Capacity Utilization) Start Inhibit

➢ Anti-Backspin Timer

➢ Emergency Start

➢ Two-Speed Protection

➢ Reduced Voltage Starting (19)

➢ Stall–Speed Switch (14)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Underpower (37)

➢ Reactive Power

➢ Phase Reversal (47)

➢ Power Factor (55)

➤ Frequency (81)

➤ Breaker/Contactor Failure Protection

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, 
AF4, AF5, AF6, 
AF7, AF8

07105xxx75xx Synchronous Motor 
Protection With 
Differential Protection

SYNCH/3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, 
IEX+, IEX–, IA87, 
IB87, IC87, COM

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 2 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs
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➤ VFD Motor Protection

➤ Broken Rotor Bar Detection Element (BBDE)

➤ Vibration Monitoring

Optional Protection 
and Control Features

➤ Synchronous Motor Protection and Control 

➢ Starting Control

➢ Power Factor/Reactive Power Regulator

➢ Loss of Synchronism (pull-out)

➢ Field Resistance, Voltage, and Current Elements

➤ Arc-Flash Protection 

➢ 4 Arc-Flash Detection Inputs

➢ 8 Arc-Flash Detection Inputs

➤ Differential Overcurrent (87M)

➤ PTC Overtemperature (Positive Temperature Coefficient 
Switching Thermistor) (49) 

➤ RTD-Based Protection: As many as ten (10) RTDs can be 
monitored when an internal RTD card is used, or as many as 
twelve (12) when an external SEL-2600 RTD Module with the 
ST option is used. There are separate Trip and Warn settings for 
each RTD.

Front-Panel Options The SEL-710-5 offers two front-panel HMI layouts that are model and option 
dependent. Table 1.2 lists the HMI options for the SEL-710-5 front panel. For 
ordering options, refer to the SEL-710-5 MOT.

 

Monitoring Features ➤ Event Summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event Reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Motor operating statistics since the last reset:

➢ Running and stopped times

➢ Number of starts and emergency starts

➢ Average and peak metering values during start and run 
periods

Table 1.2 SEL-710-5 Front-Panel Options

Model/Display Description
Front-Panel Option 
(MOT String Digit 

Number 18)

Number of 
Pushbuttons

LED Type
IRIG or PTC 

Option

SEL-710-5 With Two-Line Display
(2 x 16 characters)

0 8 Tricolor IRIG

SEL-710-5 With Two-Line Display
(2 x 16 characters)

1 8 Tricolor PTC

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

A 8 Tricolor IRIG

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

B 8 Tricolor PTC
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➢ Load profiling

➢ Number of various alarms and trips

➤ Motor Start Reports, for as long as 240 seconds, for each of the 
last 30 starts

➤ Motor Start Trend data for the past eighteen 30-day intervals

➤ A complete suite of accurate metering functions

➤ Broken rotor bar detection reports

➤ Breaker Health

➤ Vibration Monitoring

➤ 97FM elements for frequency components detection

➤ Motor monitoring using Fourier Transform and Compressed 
Meter commands.

Communications and 
Control Features

➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet port(s), and fiber-optic rear-panel EIA-232 port

➤ Built-in web server

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, Simple Network Time 
Protocol (SNTP), IEEE-1588-2008 firmware-based Precision 
Time Protocol (PTP), MIRRORED BITS, IEC 61850 Edition 2, 
IEC 60870-5-103, EtherNet/IP, DeviceNet, Parallel 
Redundancy Protocol (PRP), and Rapid Spanning Tree 
Protocol (RSTP)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare

Language Support ➤ The standard relay front-panel overlay is in English; a Spanish 
overlay is available as an ordering option. Text displayed on the 
HMI display will correspond to the ENGLISH or SPANISH 
ordering option.

➤ All of the ASCII command responses can be displayed in 
English or Spanish. When you set the port setting LANG to 
either ENGLISH or SPANISH (see Table 4.93), the SEL-710-5 
ASCII commands display in the corresponding language.

➤ Web server reports can be displayed in English or Spanish by 
setting the Ethernet Port 1 setting LANG to either ENGLISH or 
SPANISH. 

Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. See 

the latest Model Option Table for the SEL-710-5 with the two-line display and 
the SEL-710-5 with the touchscreen display at selinc.com on the SEL-710-5 

https://selinc.com/products/?configurable.yes
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product page under Documentation > Ordering Information. Options and 
accessories are as follows:

SEL-710-5 Base Unit ➤ Front panel with two-line display or with touchscreen display

➢ Eight programmable pushbuttons, each with two 
tricolor LEDs

➢ Eight target tricolor LEDs (six programmable)

➢ Operator control interface

➢ Front EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)—EIA-232 serial 
port, Multimode (ST) fiber-optic serial port, and IRIG-B time 
code input or PTC Input

➤ Three expansion slots for optional cards (Slots C, D, and E)

➤ Current/Voltage Inputs Card (Slots Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII, SEL Fast Meter, 
Fast Operate, Fast SER

➢ SEL Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS Communications

➤ Breaker Wear Monitoring

➤ Broken Rotor Bar Detection Element (BBDE)

Options ➤ Slot E Options: 

➢ 4 Arc Flash/Differential Inputs 

➢ Synchronous Motor/Differential Inputs

➢ 8 Arc Flash Inputs 

➤ Input/Output (I/O) Options: 

➢ Additional digital I/O (4 DI/4 DO, 4 DI/3 DO, 8 DI, 
8 DO, 3 DI/4 DO/1 AO, 14 DI)

➢ Additional analog I/O (4 AI/4 AO, 8 AI)

➢ 10 RTD inputs

➤ Front-panel HMI options (see Table 1.2)

➤ Communications Options (Protocols/Ports):

➢ EIA-485/EIA-232/Ethernet ports

➢ Multimode (ST) fiber-optic serial port

➢ Modbus RTU, Modbus TCP/IP protocol

➢ DNP3 serial and LAN/WAN

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)
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➢ IEC 61850 Edition 2

➢ IEC 60870-5-103

➢ SNTP

➢ PTP (firmware-based)

➢ EtherNet/IP

➢ PRP

➢ RSTP

➤ Choice of IRIG-B time-code input or PTC (thermistor) input

➤ Language Options

➢ The relay supports English or Spanish language as an 
ordering option

➤ Conformal coating for chemically harsh and/or high-moisture 
environments

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ Synchronous Motor Voltage Divider Module 
(P/N  915900294)

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ External RTD protection:

➢ SEL-2600 RTD Modules (ST option only)

➢ A simplex 62.5/200 µm fiber-optic cable with an ST 
connector for connecting the external RTD module to 
the SEL-710-5

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible 
ST fiber-optic port) for connection to relay fiber-optic serial 
Port 2, or use SEL-2505 with EIA-232 (DB-9) serial port to 
connect to EIA-232 Port 3 on the relay

➤ SEL-710-5 Configurable Labels

➤ Rack-Mounting Kits:

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Euro Connector Kit

➤ Ring Terminal Kit for all connections to the relay

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-710-5 mounting accessories for competitor products, including 
adapter plates, visit selinc.com/app/mounting-selector/.

https://selinc.com/applications/mountingselector/
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Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ With or without zero-sequence core-balance current 
transformer

➤ With or without external RTD module

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motors

➤ VFD motor application

➤ Synchronous motor application

➤ With or without arc-flash protection

Figure 1.1 shows across-the-line starting ac connections. Refer to Section 2: 
Installation for additional applications and the related connection diagrams.

Figure 1.1 AC Connections—Across-the-Line Starting

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 
chassis must be grounded in the relay cabinet.

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01
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Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-710-5 effectively. This section presents the fundamental knowledge 
you need to operate the SEL-710-5, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-710-5 with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.22.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

Establishing 
Communication

The SEL-710-5 has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL-C234A cable (or 
equivalent) to connect the SEL-710-5 to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC to the SEL-710-5 with the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.3. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You see the = prompt at the left side of the computer screen. 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.3.
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Step 6. Type QUIT <Enter> to view the relay report header.

The relay should respond as shown in Figure 1.2. If you see 
jumbled characters, change the terminal emulation type in the 
PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.16 for factory-default passwords) to go to Access 
Level 1.

Checking the 
Relay Status

Use the STA command to view the SEL-710-5 operational status. The status 
report includes the analog channel dc offset and monitored component status, 
as shown in Figure 1.3.

If a communications card with Modbus RTU protocol is present, the status 
report depicted in Figure 1.3 applies. If a communications card with the 
DeviceNet protocol is present, the DeviceNet status will be included, as 
shown in Figure 1.4. 

Table 1.3 SEL-710-5 Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
SEL-710-5              Date: 05/17/2013  Time: 10:22:14.348
MOTOR RELAY Time Source: Internal
=

Figure 1.2 Response Header

=>>STA <Enter>

SEL-710-5                                Date: 07/08/2016   Time: 18:12:11.105
SYNCHRONOUS MTR                          Time Source: External

Serial Num = 1120340538     FID = SEL-710-5-X143-V0-Z002001-D20160630
CID = 3FA3                  PART NUM = 071050E1B6X9X7586063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.80   2.49   3.32   3.76    4.95   -1.25   -5.05   3.04

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  12    10    10    10    -9    -8    -7    -5    -4    -4    -3

  Relay Enabled 

=>>

Figure 1.3 STA Command Response—No Communications Card or EIA-232/
EIA-485 Communications Card
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Table 7.57 provides the definition of each status report designator and 
Table 11.8 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification string (FID), and checksum string (CID). These strings 
uniquely identify the relay and the version of the operating firmware.

Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-710-5. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay replies:

5/29/2013 

If the DATE_F setting is YMD, the relay replies:

2013/5/29

If the DATE_F setting is DMY, the relay replies:

29/5/2013

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2013 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/13

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

=>>STA <Enter>

SEL-710-5                                Date: 05/14/2000   Time: 14:35:45.595
MOTOR RELAY                              Time Source: Internal

Serial Num = 000000000000000
FID = SEL-710-5-X051-V0-Z001001-D20130506               CID = 1368
PART NUM = 071050E1BA30X7585063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.21

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.81   2.50   3.36   3.75    4.99   -1.24   -4.96   3.00

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA      DN_RATE   DN_STATUS
  1          1a25 df42h  125kbps   0000 0001

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  11    14    13    13    -1    -1    0     -8    -10   -7    $$$

  Relay Enabled

=>>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-710-5. The relay 
replies with the stored time in 24-hour format. For example:

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, or semicolons.
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Specifications
U.Instruction Manual

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)
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Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms

Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)
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Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km

Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)
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Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13
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EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle
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Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: Off, 0.01–650.00 A primary; 
0.01 A rms increment

2.5 mA models: Off, 0.01–25.00 A primary; 
0.01 A rms increment

Accuracy:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)

Time Delay: 0.0–5.0 s, 0.01 s increment

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup
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Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C



1.20

SEL-710-5 Relay Instruction Manual Date Code 20220826

Introduction and Specifications
Specifications

RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM

IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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Overview
The first steps in applying the SEL-710-5 Motor Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. Carefully plan relay placement, 
cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-710-5. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-710-5 product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Physical Location The SEL-710-5 is EN 61010-1 certified at Installation/Overvoltage 

Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-710-5 is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.15.) 
For EN 61010-1 certification, the SEL-710-5 rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations Class I, 
Division 2, Groups A, B, C, and D, and temperature class T3C with a maximum 
surrounding air temperature of 50°C.
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Relay Mounting To flush mount the SEL-710-5 in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel. The relay is rated 
IP65 when the two-line display model is enclosed in a panel and rated IP54 
when the touchscreen display model is enclosed in a panel. 

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Models, Options, and Accessories on page 1.4 for information on 
mounting accessories.

I/O Configuration
Your SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, arc-flash 
detectors, and voltage/current cards are available for the SEL-710-5. 
Figure 2.2 shows the slot allocations for the cards.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply and C, D, or E slots with 24–48 Vdc/
Vac digital input options. Relays manufactured after May 18, 2022 will be 
provided with orange Euro connector for low-voltage power supply and digital 
inputs. Refer Figure 2.13 and Figure 2.15 for orange Euro connector 
examples.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

5.47
(139.0)

7.36
(187.0)

5.80
(147.4)

5.67
(144.0)

7.56
(192.0)

1.12
(28.5)

i9089b
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Figure 2.2 Slot Allocations for Different Cards

Rear-Panel Slot

A B C D E Z

Software Reference
1 3 4 5

(e.g., OUT101) (e.g., IN301) (e.g., OUT401) (e.g., AI501)

Description
Power supply 
and I/O carda 

CPU/comm. 
cardb 

Comm. or input/
outputc card

Input/outputc 
or RTD card

Input/outputc or 
current/voltage card

Current/voltage 
card

Card Type

SELECT EIA-232/485 

SELECT DeviceNet 

SELECT 3 DI/4 DO/1 AO (one card per relay)   

SELECT 4 DI/4 DO   

SELECT 4 DI/3 DO (2 Form C, 1 Form B)   

SELECT 8 DO   

SELECT 8 DI   

SELECT 8 AI   

SELECT 14 DId   

SELECT 4 AI/4 AO (one card per relay)   

SELECT 10 RTD 

SELECT 4 AFDI/3 DIFF ACI (MOT…x74…) 

SELECT SYNCH/3 DIFF ACI (MOT…x75…) 

SELECT 8 AFDI (MOT…x76…) 

SELECT 4 ACI/3 AVI (MOT.…x81/82/83/85/86/87x…) 

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports. The IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1). IRIG-B is also supported via fiber-optic serial port 
(Port 2) and rear-panel EIA-232 serial port (Port 3). You can use only one input at a time.

c Digital or analog.
d Requires R200 or higher firmware revision.

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O or Arc Flash or ACI/AVI 
Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot Z)
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Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-710-5 relay. It has two digital 
inputs and three digital outputs (two normally open Form-A contact outputs 
and one Form-C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the base-
unit options shown in Table 2.2.

Port F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

Table 2.1 Power Supply Inputs (PSIO/2 DI/3 DO) Card Terminal Designations

Side-Panel
Connections Label

Terminal 
Number Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T 
Ethernet copper port or 100BASE-FX 
Ethernet fiber-optic port

2 Rear Panel Standard Isolated multimode fiber-optic port with 
ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or EIA-485 
serial port
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Port 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ Simple Network Time Protocol (SNTP)

➤ Parallel Redundancy Protocol (PRP)

➤ EtherNet/IP

➤ Precision Time Protocol (PTP)

➤ IEC 61850

➤ FTP

➤ Telnet

Port 2 and Port 3 support the following protocols:

➤ Modbus RTU Slave

➤ DNP3 Level 2 Outstation

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ IEC 60870-5-103

Communications Card 
(Slot C)

Either the DeviceNet (see Appendix I: DeviceNet Communications) or the 
EIA-232/EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ Port 4A, an isolated EIA-485 serial port interface

➤ Port 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Select either EIA-232 or EIA-485 functionality using the Port 4 Setting 
COMM Interface. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

NOTE: After any change, be sure to 
thoroughly test the settings.
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➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ DNP3 Level 2 Outstation

➤ IEC 60870-5-103

Current/Voltage Card 
(4 ACI/3 AVI)

MOT…x81x… (1 A phase, 1 A neutral CTs); …x85x… (5 A phase, 5 A neutral 
CTs); …x82x… (1 A phase, 5 A neutral CTs); …x86x… (5 A phase, 
1 A neutral CTs); …x83x… (1 A phase, 2.5 mA neutral CTs); or …x87x… 
(5 A phase, 2.5 mA neutral CTs). Supported in Slot Z of the SEL-710-5 relay, 
this card has current inputs for three-phase CTs, neutral current CTs, and 
voltage inputs for three-phase (wye or delta) PTs. You can order one of three 
neutral CT ratings, 1 A, 5 A, or 2.5 mA (high sensitivity).

Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number Description

Z01

Z02

IA, A-phase current input

Z03

Z04

IB, B-phase current input

Z05

Z06

IC, C-phase current input

Z07

Z08

IN, Neutral current input

Z09

Z10

Z11

Z12

VA, A-phase voltage input

VB, B-phase voltage input

VC, C-phase voltage input

N, common connection for VA, VB, VC

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

WARNING
Voltage measurement circuits have 
high input impedance and will 
respond to stray signals when left 
open (disconnected). Always isolate 
the relay control circuit before 
opening the voltage input test 
switches or performing work on the 
voltage circuit. Z03

Z04
IB

Z05

Z06
IC

Z07

Z08
IN

Z02
IA

Z01

ACI

AVI

Z09

Z 1 1

WYE

VA VA

VB VB
(COM)

VC VC

Z12 N COM

OPEN
DELTA

Z10
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Four Arc-Flash 
Detection Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(4 AFDI/3 DIFF ACI)

MOT…x74x… Supported only in Slot E of the SEL-710-5, this card has four 
arc-flash fiber-optic transmit and receive inputs (AF1–AF4) and three 
differential current inputs (IA87, IB87, and IC87). Table 2.5 shows the 
terminal designation.

Three Synchronous 
Motor Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(SYNCH/3 DIFF ACI) 

MOT…x75x… Supported only in Slot E of the SEL-710-5, this card has three 
synchronous motor inputs (VDR, VEX, and IEX) and three differential 
current inputs (IA87, IB87, and IC87). IEX can use either (0–10 V) voltage or 
(4–20 mA) current input based on the position of the DCCT switch. Table 2.6 
shows the terminal designation.

Table 2.5 Four Arc-Flash Detection Inputs and Three AC Current Inputs 
(4 AFDI/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 IA87, A-phase differential current input

E06 IB87, B-phase differential current input

E07 IC87, C-phase differential current input

E08 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

05

06

I A87

COM

I C87

I B87

07

08

0 1

TX RX

02

03

04

AF 1

AF2

AF3

AF4

Table 2.6 Three Synchronous Motor Inputs and Three AC Current Inputs 
(SYNCH/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 VDR+, Field Discharge Resistor Voltage 
(Positive)

E02 VDR-,Field Discharge Resistor Voltage 
(Negative)

E03 VEX+, Exciter Voltage (Positive)

E04 VEX-, Exciter Voltage (Negative)

E05 IEX+, Exciter Current (Positive)

E06 IEX-, Exciter Current (Negative)

IEX DCCT Type Selection Switch

E07 IA87, A-phase differential current input

E08 IB87, B-phase differential current input

E09 IC87, C-phase differential current input

E10 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

C O M

07

08

09

1 0

VDR +

VDR –

VEX +

VEX –

01

02

03

04

05

06

EX +

EX  –

A 8 7

B 8 7

C 8 7

EX DCCT  TYPE

0-10V 4-20mA

AV

AC



2.8

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
I/O Configuration

Eight Arc-Flash 
Detection Inputs 
(8 AFDI)

MOT…x76x… Supported only in Slot E of the SEL-710-5, this card has eight 
arc-flash fiber-optic transmit and receive inputs (AF1–AF8). Table 2.7 shows 
the terminal designations.

Analog Inputs Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.8 shows the terminal designation.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal 
Designations

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 AF5 Channel TX and RX Inputs

E06 AF6 Channel TX and RX Inputs

E07 AF7 Channel TX and RX Inputs

E08 AF8 Channel TX and RX Inputs

TX RX

0 1

02

03

04

AF 1

AF2

AF3

AF4

05 AF5

06 AF6

07 AF7

08 AF8

Table 2.8 Eight Analog Inputs (8 AI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

NOTE: Connection lengths less than 
10 meters for analog inputs and 
outputs meet the requirements of IEC 
60255-26 and IEC 60255-27.
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I/O Card (4 AI/4 AO) Supported in only one of the nonbase unit slots (Slot C through Slot E), this 
card has four analog inputs and four analog outputs. Table 2.9 shows the 
terminal designation.

I/O Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs (normally open contact outputs), and one analog 
output. Table 2.10 shows the terminal designation.

NOTE: The analog output is self-
powered and has an isolated power 
supply.

Table 2.9 Four Analog Inputs/Four Analog Outputs (4 AI/4 AO) Card 
Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog outputs (4 AI/4 AO, 
3 DI/4 DO/1 AO) are isolated (dielectric 
level up to 1.0 kVac) from each other 
and from the chassis ground.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

Table 2.10 Three Digital Inputs/Four Digital Outputs/One Analog Output 
(3 DI/4 DO/1 AO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 3-wire RTD inputs. Table 2.11 
shows the terminal designation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form B digital output (normally closed), and two Form C 
digital output contacts. Table 2.12 shows the terminal designation.

Table 2.11 RTD Inputs (10 RTD) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

•

•

•

•

•

•

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: Use passive resistors to 
simulate temperatures. Note that 
using RTD simulators to test RTD 
inputs can damage the relay.

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

NOTE: All Comp/Shield terminals are 
internally connected to the relay 
chassis and ground. 

Table 2.12 Four Digital Inputs/Three Digital Outputs (4 DI/3 DO) 
Card Terminal Designation 

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1
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I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are normally open contact 
outputs or all fast hybrid outputs (high-speed, high-current interrupting). 
Table 2.13 shows the terminal designation.

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.14 shows the terminal designation.

Table 2.13 Four Digital Input/Four Digital Output (4 DI/4 DO) 
Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

Table 2.14 Eight Digital Input (8 DI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element

INPUTS:

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1
IN_0 1

IN_02

IN_03

IN_04

IN_05

IN_06

IN_07

IN_08
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I/O Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital outputs. Table 2.15 shows the terminal designation.

The 8 DO card, shown in Table 2.15, has all 8 Form A contacts. Refer to the 
SEL-710-5 Model Option Table for all the variants available (8A, 8B, 4A/4B, 
2A/6B, 6A/2B).

I/O Card (14 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.15 Eight Digital Output (8 DO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC 
control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC 
control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC 
control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC 
control equation

09, 10 OUTx05, driven by OUTx05 SELOGIC 
control equation

11, 12 OUTx06, driven by OUTx06 SELOGIC 
control equation

13, 14 OUTx07, driven by OUTx07 SELOGIC 
control equation

15, 16 OUTx08, driven by OUTx08 SELOGIC 
control equation

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel 
Connections Label

Terminal 
Number

Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01 

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

INx01, drives INx01 element

INx02, drives INx02 element

INx03, drives INx03 element

INx04, drives INx04 element

INx05, drives INx05 element

INx06, drives INx06 element

INx07, drives INx07 element

COM

INx08, drives INx08 element

INx09, drives INx09 element

INx10, drives INx10 element

INx11, drives INx11 element

INx12, drives INx12 element

INx13, drives INx13 element

INx14, drives INx14 element

COM
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Card Configuration 
Procedure

Changing card positions, or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to use the SET command to program the 
I/O settings).

The SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
The SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-710-5 in Slots C, D, 
and E. Optional communications cards are available only for Slot C; an RTD 
card is available only for Slot D; and synchronous motor inputs, current, and 
arc flash cards are available only on Slot E. Figure 2.2 shows the slot 
allocations for the cards.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations that provide options for an array of applications. Choose 
the combination of option cards most suited for your application.

Swapping Optional I/O Cards
When an I/O card is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 
OUT401–OUT404 are available. If OUT401 = IN101 AND 50P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-710-5 can be upgraded by adding as many as three cards.

Installation
Perform the following procedure to install or replace any one of the cards into 
Slots C, D, E, or Z of the base unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and A02–
and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material the may remain inside the SEL-710-5 case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

DANGER
Disconnect or de-energize all 
external connections before 
opening this device. Contact with 
hazardous voltages and currents 
inside this device can cause 
electrical shock resulting in injury 
or death.

NOTE: To replace the 
communications card in Slot C with 
a standard I/O card, remove the 
white, stick-on label on the back 
plate to see the correct slots for 
the selected I/O card.
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If you have a two-line display front panel, perform Step 11 
through Step 19; if you have a touchscreen display front panel, 
proceed to Step 20. 

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted in the wrong slot. Begin again at 
Step 2.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:

STATUS

Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:

Serial Num

000000000000000000000000

Step 16. Press the ENT pushbutton.

The front panel displays the following:

Confirm Hardware

Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:

Accept New Config?

No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:

Config Accepted.

Enter to Reboot

Step 19. Press ENT and proceed to Step 22.
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Step 20. Wait for the Device Status screen to appear, and then verify the 
new part number and tap Yes to confirm the new configuration.

Step 21. Tap OK on the notification screen to reboot the relay.

Step 22. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED is turned on to indicate the card was installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the digits shown below. These digits remain unchanged, 
i.e., these digits retain the same character as before the 
reconfiguration. A communications card (DeviceNet or 
EIA-232/485) installed in Slot C will be reflected as an empty 
slot in the part number. A regular 4 DI/4 DO card and a hybrid 
4 DI/4 DO card have the same device ID. When interchanging 
these two cards, the part number for the respective slots should 
be updated manually. Use the STATUS command to view the 
part number.

Step 23. Update the side-panel drawing with the drawing sticker 
provided in the option card kit. If necessary, replace the rear 
panel with the one applicable for the card and attach the 
terminal marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial number 
label with the updated part number.

Step 24. Reconnect all connection plugs and add any additional wiring/
connectors required by the new option card.

Slot B CPU Card Replacement
Before replacing the Slot B card, do the following:

 1. Ensure that the card has the latest firmware from the factory.

 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

 3. Save all the settings and event reports before replacing the card.

 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option on page B.19.

071050E1B5X1X7586000X

NOTE: If adding a SELECT 
SYNCH/3 DIFF card, perform R_S 
from Access Level C after accepting 
the configuration and rebooting the 
relay.
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Perform the following steps to replace the existing CPU card with a new card:

Step 1. Turn off the power to the relay.

Step 2. Use ground strap between yourself and relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the card from its slot and insert the new card.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via the terminal emulation 
software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the relay serial number and part number to the 
appropriate values, type END, and then save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial and part 
numbers of your relay are correct.

Slot A Power Supply Card
If you are replacing a power supply card, change the part number accordingly, 
using the PARTNO command from Access Level C. Install new side stickers 
on the relay.

Analog Input (AI) 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in Position 1–2; for a voltage channel, insert Jumper x in Position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Voltage/Current 
Jumper Selection

Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and 
10. For a voltage analog output selection, insert a jumper between Pins 3 and 
4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: There is no jumper between 
pins 5 and 6 for a voltage analog 
output selection.

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self-powered and has an 
isolated power supply.

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
(Start/Stop Control), 
and SELBOOT Jumper 
Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password Jumper, Breaker Jumper (Start/Stop Control), 
and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-710-5 experiences 
an internal failure, communication with the relay can be compromised. 
Forcing the relay to SELBOOT provides you with a way to download new 
firmware. To force the relay to SELBOOT, place the jumper in Position C, as 
shown in Figure 2.7 (SELBOOT forced). After the relay is forced to SELBOOT, 
you can only communicate with it via the front-panel port.

To gain access to Level, Level 2, and Level C command levels without 
passwords, place the jumper in Position A, as shown in Figure 2.7 (Password 
Bypassed). Note that you can only access command levels without passwords 
to the access level set for the MAXACC setting for the port through which you 
are communicating. Although you gain access to Level 2 and Level C without 
a password, the alarm contact still closes momentarily when accessing Level 2 
and Level C. See Table 2.17 for the functions of the three sets of pins and their 
jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B On (start/stop enabled) Enable breaker (start/stop 
control)a

a Enable/disable serial port, front panel, and Fast Operate commands for breaker control.
The jumper position affects the breaker control by using the STR or STO commands and 
output contact control by using the PULSE command via the serial port, the front-panel 
menu-driven user interface, or the communications protocols. The jumper position does not 
affect the operation of the local bits, the remote bits, or the front-panel programmable 
pushbuttons.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT

Forced

Remote Breaker Control
(Start/Stop)
Allowed

JMP1

A B C

JMP1

A B C
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Relay Connections
Side-Panel and 
Rear-Panel Diagrams

The physical layout of the connectors on the side-panel and rear-panel 
diagrams of three sample configurations of the SEL-710-5 are shown in 
Figure 2.8 through Figure 2.12.

Figure 2.8 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO and Synchronous 
Motor/Differential Option (Relay MOT: 071050E1AA3CA75850830)

Figure 2.9 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, 
Fast Hybrid 4 DI/4 DO and 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A6XCA74851300)

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.10 No Ethernet, Fiber-Optic Serial, EIA-232 Communications, IRIG-B, 8 DO, Fast Hybrid 4 DI/4 DO, 
8 Arc-Flash Option (Relay MOT: 071050E1A2ACA73850000)

Figure 2.11 Copper Ethernet, Fiber-Optic Serial, EIA-485 Serial Communications, IRIG-B, 8 DI, Fast Hybrid 4 DI/
4 DO, 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A3ACA74850300)

i6300a

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.12 Dual Copper Ethernet, Fiber-Optic Serial, EIA-232 Serial Communications, IRIG-B, 14 DI, 10 RTD and 
Synchronous Motor Differential Option (Relay MOT: 071050S1A4A9X7585A670)

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.13 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply options. Figure 2.13 shows the orange 
Euro connector with 24–48 Vdc power supply rating.

Figure 2.13 Slot A Euro Connector

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-710-5; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V maximum.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.49 for details. Be sure to use fuses that comply with 
IEC 60127-2.

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage 
can result if you do not use proper 
ESD procedures. Ground yourself, 
your work surface, and this 
equipment before removing any 
cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL 
about returning this device and 
related SEL equipment for service.
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Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1  mm2) to 18 AWG (0.8  mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

The relay IN input can be connected to the ground CT, as shown in 
Figure 2.24. Connecting the IN input residually requires you to select a 
relatively high overcurrent element pickup setting to avoid tripping due to 
false residual current caused by CT saturation during high starting current. 
The IN connection shown in Figure 2.24 is preferred and provides for a lower 
ratio flux-balance CT that avoids saturation and provides greater ground fault 
sensitivity.

When you use a ground CT, its placement is critical and depends on the type 
of cable used to connect the motor to the source. As Figure 2.14 shows, using 
unshielded cable requires that the CT be placed between the neutral 
connection to ground and the motor, with the neutral lead included in the CT 
window. With shielded cable, the shield connection to ground must pass 
through the CT window.

Figure 2.14 Ground CT Placement

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial Port 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the Port 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size 26 AWG through 
14 AWG. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

Load

A

B

C

N

Source

Load

A

B

C

Source

Shielded Cable

Shields Connected

to Ground on Load Side 

Unshielded Cable
x:1 or x:5 Window CT

Neutral Connected to 

Ground on Source Side Only

x:1 or x:5 Window CT

Stress

Cone Shields
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-710-5 accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but you should use only one at a time. You can use IRIG-B (B01 and 
B02) inputs, an SEL communications processor via EIA-232 serial Port 3, or 
fiber-optic serial Port 2. The available communications processors are the 
SEL-2032, SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. You 
can also use the SEL-3530 Real-Time Automation Controller (RTAC) to 
provide IRIG-B input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have 
the terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or 
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a 
fiber-optic cable pair with ST connectors (C805, C807, C808) to connect to 
Port 2 on the SEL-710-5. Refer to Section 7: Communications for details on 
IRIG-B connections examples and on SEL-2401/2407/2404 for time source.

Ethernet Port
The SEL-710-5 can be ordered with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to Port 1 of the device using a standard 
RJ45 connector for the copper port and an LC connector for the fiber-optic port.

Fiber-Optic Serial Port
The fiber-optic serial port is compatible with the SEL-2812 (with IRIG-B), the 
SEL-2814 Fiber-Optic Transceivers, or SEL-2600 RTD Modules.

I/O Connections Digital inputs, when selected with 24 Vdc/Vac or 48 Vdc/Vac input voltage 
option, come with an orange Euro connector on the slot. Figure 2.15 shows 
the orange Euro connector for the 3 DI/4 DO/1 AO digital input option on 
Slot C.

Figure 2.15 Slot C Euro Connector

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.16 and Figure 2.17.
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Figure 2.16 Control I/O Connections—4 AI/4 AO Option in Slot D

Figure 2.17 Control I/O Connections—Internal RTD Option
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Notes:

• The chassis ground connector located on the rear-panel card in Slot A must always be connected to the 

local ground mat.

• Power supply rating (110–240 Vac, 110-250 Vdc or 24–48 Vdc) depends on the relay part number.

• Optoisolated Inputs IN101 and IN102 are standard and located on the card in Slot A.

• All optoisolated inputs are single-rated: 24, 48, 110, 125, 220, or 250 Vac/Vdc. Standard Inputs IN101/102 

can have a different rating than the optional IN401/402/403/404 (not shown).

• Output Contacts OUT101, OUT102, and OUT103 are standard and located on the card in Slot A.

• The analog (transducer) outputs shown are located on the optional I/O expansion card in Slot D.

• The fiber-optic serial port is located on the card in Slot B. A Simplex 62.5/200 µm fiber-optic cable is 

required to connect the SEL-710-5 with an SEL-2600 Series RTD Module. This fiber-optic cable should be 

1000 meters or shorter.

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

NOTE: The B01–B02 
input located on the 
card in Slot B is either a 
PTC (thermistor) input 
or an IRIG-B Time-Code 
input depending on the 
SEL-710-5 model 
number. As many as six 
thermistors can be 
connected in series. 
Refer to Table 2.18 for 
PTC external cable 
length restrictions. 
Note that B01–B02 
based IRIG or PTC input 
is not available in 
SEL-710 models with 
fiber-optic or dual 
copper Ethernet port. 
Also, note that relays 
with PTC do not 
support IRIG-B. 
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PTC Wiring Table 2.18 shows the maximum cable lengths for the PTC connections.

RTD Wiring Table 2.19 shows the maximum cable lengths for the RTD connections that 
satisfy the 25-ohm limit required for connecting to SEL devices.

Refer to SEL application guide Applying Various Types of RTDs with SEL 
Devices (AG2017-09). This application guide specifies the correct connection 
of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note Wiring SEL-2400, 
SEL-2200, and SEL-700 Series Devices (AN2014-08)—and avoid fitting 
multiple wires into a single terminal, the bird-caging effect of stranded wires, 
and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.18. Also 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Table 2.18 PTC Cable Requirements

Wire Size, Twisted Pair 
AWG No.

Maximum Length (meters) 
Shielded Cable

Maximum Length (meters) 
Unshielded Cable

20 200  100

18 300  100

17 400  100

16 600  100

14 1000  100

Table 2.19 Typical Maximum RTD Lead Length 

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m

NOTE: RTD inputs are not 
internally protected for 
electrical surges. External 
protection is recommended if 
surge protection is desired.

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.
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Figure 2.18 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams for the following 
applications:

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motor

➤ Full-Voltage Reversing Starter

➤ VFD Motor 

➤ Synchronous Motor 

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.19 shows the output OUT103 relay coil and Form C contact. When the 
relay coil de-energizes, the contact between A07 and A08 opens while the 
contact between A07 and A09 closes.

Figure 2.19 Output OUT103 Relay Output Contact Configuration

The SEL-710-5 provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occur in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-710-5 is 
powered and operational.

➤ When the SEL-710-5 generates a trip signal, the relay coil is 
de-energized.

➤ The relay coil is also de-energized if the SEL-710-5 power 
supply voltage is removed or if the SEL-710-5 fails (self-test 
status is FAIL).

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time 
to open the contacts) for fast-hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).
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Figure 2.20 shows fail-safe and nonfail-safe wiring methods to control 
breakers and contactors.

Figure 2.20 Breaker Trip Coil and Contactor Connections with OUT103FS := Y and OUT103FS := N

Figure 2.21 shows a typical contactor application using the factory-default 
settings for output OUT102 and output OUT103. Note that the START Relay 
Word bit is used to start the motor in addition to the manual start pushbutton. 
This allows internal relay logic to start the motor. See Figure 4.30 for the logic 
the relay uses to initiate motor starts.

Figure 2.21 Contactor Application Using Factory-Default Settings

A07

52A

Fail-Safe
(Electrically Held Open)
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52A

Breaker Trip Coil
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Contactor Coil

Breaker Trip CoilTC

TC

CR

CR

A09

A08

A07

Fail-Safe
(Electrically Held Closed)

OUT103FS = Y

Note: Contacts shown with OUT103 relay coil de-energized

Contactor

CR

CR

OUT102 := START

STOP

START

Contactor Coil

OUT103FS := Y
OUT103 := TRIP OR PB04

Fail-Safe
(electrically held)

A06

A05

A08

A07
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High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity–
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, the ac voltages can be directly connected, wye-
wye VT connected, open-delta VT connected, or a single-phase VT can be 
used. Figure 2.22 and Figure 2.23 show the methods of connecting single-
phase and three-phase voltages.

Figure 2.22 Single Phase Voltage Connections

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short 
circuit arc flash incident energy.

A B C

Single Phase-to-Neutral VT Connection

Single Phase-to-Phase VT Connection

F1

A B C
Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

SEL-710-5

SEL-710-5

F1
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The VT secondary circuit should be grounded in the relay cabinet.

For open-delta VT connections, the figure shows grounding B-phase (Z10). You can 
choose to ground A-phase or C-phase instead of B-phase, but keep the jumper 
between terminals Z10 and Z12 as is.

Figure 2.23 Voltage Connections

A B C

A B C

SEL-710-5
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Z10

Z11

Z12

Direct Connection

Wye-Wye VT Connection

Open-Delta VT Connection

F1

F2

F3

F1, F2, and F3 are fuses

SEL-710-5

F1

F3

A B C

SEL-710-5

F1

F2

F3



2.30

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
AC/DC Control Connection Diagrams

Across-the-Line 
Starting

Figure 2.24 AC Connections With Core-Balance Neutral CT

Figure 2.25 and Figure 2.26 show current circuit connections for the 
differential elements.

Figure 2.25 AC Connections With Core-Balance Differential CTs

SEL-710-5

CBT
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IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 chassis should be grounded in the relay cabinet.

SEL-710-5 with 4 AFDI/3 DIFF ACI Card in Slot E

A

B

C

IA87 IB87 IC87

E05 E06 E07 E08

MOTOR
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Figure 2.26 AC Connections With Source- and Neutral-Side CTs

The implementation in Figure 2.27 requires the following settings:

Figure 2.27 Control Connections for Fail-Safe Tripping
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Star-Delta Starting The implementation in Figure 2.28 and Figure 2.29 requires the following 
settings.

Figure 2.28 AC Connections for Star-Delta Starting

Figure 2.29 Control Connections for Star-Delta Starting

NOTE: A single winding motor rated 
for Star-Delta starting is required. 
The current transformers must be 
located as shown, outside the delta.

OUT101 := SALARM OR HALARM OUT401 := DELTA

OUT103 := TRIP OR PB04 OUT402 := STAR

OUT103FS := Y
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Two-Speed Motor In Figure 2.30, contactors C1 and C2 are interlocked so that only one is 
energized to select either Speed1 or Speed2. The following setting is required.

SPEED2 := IN101

Figure 2.30 AC Connections for Two-Speed Motor—Paralleled CTs
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Full-Voltage 
Reversing Starter

Set FVR Phasing (FVR-PH) to identify the phase that is not affected by the 
Reverse contactor. For example, the FVR starter shown in Figure 2.31 
requires the following settings.

When phase CTs are located on the bus side of the contactor, set 
FVR_PH := NONE or set.

Figure 2.31 AC Connections for Full-Voltage Reversing (FVR) Starter

E2SPEED := Y FVR_PH := A SPEED2 := IN101

E2SPEED := N SPEED2 := 0

C

A
B

C AB

SEL-710-5

CBT IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

F R

R F

A11

Z

A12

IN101

R

+/H

—/N

R

F Forward Contactor

Reverse Contactor

N



2.35

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
AC/DC Control Connection Diagrams

VFD Motor 
Application

The implementation in Figure 2.32 requires the following group settings. 

VFDAPP := Y

LOAD_ZS must be set ≤ FLA1. This represents load at zero speed. 

Similarly, set FREQ_FL between 10 and 70 Hz. This represents the frequency 
below which the full load current is derated. Refer to Configuration Settings 
on page 4.4 for details.

In a VFD application, the SEL-710-5 uses rms currents (that include 
harmonics) instead of fundamental frequency currents for the overcurrent and 
thermal protection (50, 51, and 49 including Motor State Logic) elements. The 
SEL-710-5 with VFD tracks frequency of the phase current inputs only. When 
voltage inputs are used, they should be from the same side of the VFD as the 
current inputs (e.g., the motor side for connections shown in Figure 2.31). 
SEL strongly discourages the use of voltage-based protection, including 
under- and overvoltage, power factor, underpower, reactive power (27/59, 
55, 37, and VAR) elements unless the voltage inputs are substantially 
sinusoidal.

Figure 2.32 AC Connections for a VFD Motor Application
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Synchronous Motor 
Application 

The ac/dc connection diagram showing a brush type synchronous motor in 
Figure 2.33 requires the group setting, SYNTYPE := BRUSH. Refer to 
Synchronous Motor Settings on page 4.71 for more details on synchronous 
motor applications, including setting of loss-of-field, field resistance, current 
and voltage elements, out-of-step element, power factor, and reactive power 
elements.

Figure 2.33 AC/DC Connections for a Brush-Type Synchronous Motor Application
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Figure 2.34 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 2.35 DC Control Connection Diagram for the Synchronous Motor Application
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Synchronous Motor Voltage Divider Module
The voltage divider module (VDM) provides attenuation to the VDR and 
VEX voltages when connected to the relay.

➤ VDR Divider DC Ratio: 5.4

➤ VEX Divider DC Ratio: 2.1

Note that the cable length has a negligible impact on signal accuracy, but can 
impact noise pickup. To minimize noise coupling, SEL recommends that you 
place the module near the synchronous motor field winding and use a 
14–18 AWG shielded, twisted-pair cable with the shield grounded at the relay 
cabinet to connect the VDM to the relay.

Charging capacitance on the wiring between the VDM and the relay 
attenuates the VDR voltage magnitude measurement during the first part of 
the motor start sequence. The start sequence logic is not affected by this 
voltage magnitude attenuation.

Figure 2.36 Synchronous Motor Voltage Divider Module (SEL P/N 915900294)

Figure 2.37 DIN-Rail Mounting Dimensions for the Module

DANGER
Synchronous Motor Voltage Divider 
Module terminals carry high ac/dc 
voltage signals. Disconnect the device 
from the synchronous motor before 
working on the device. Contact with 
live wires can cause electrical shock 
resulting in injury or death.

NOTE: Connection of any test meter 
should be limited to the input side of 
the divider module. This is to avoid 
inaccuracy in voltage measurements 
due to high input impedance of the 
module.

Relay Connector 

Pin  Relay Side Connections
1 VDR+, Field Discharge Resistor Voltage 

(Positive) to E01
3 VDR—, Field Discharge Resistor Voltage 

(Negative) to E02
6 VEX+, Exciter Voltage (Positive) to E03
8 VEX—, Exciter Voltage (Negative) to E04

Motor Connector

Pin  Motor Side Connections
1 VDRM+, Field Discharge Resistor 

Voltage (Positive)
6 VDRM—, Field Discharge Resistor 

Voltage (Negative)
11 VEXM+, Exciter Voltage (Positive)
16 VEXM—, Exciter Voltage (Negative)

Use Twisted Pairs on This Side

LEGEND

in
(mm) i9313a

SIDEFRONT
5.30

(134.6)

4.75

(120.7)

1.87

(47.5)
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Arc-Flash Protection
System Installation This section describes an arc-flash system installation, the sensor 

characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 11: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also refer to SEL application 
guide Using the SEL-751 and SEL-751A for Arc-Flash Detection 
(AG2011-01) available on the SEL website, for more details.

Figure 2.38 shows main system components comprising: current input card, 
the arc-flash/differential input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.11 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 4 AFDI/3 DIFF 
ACI card for arc-flash protection. Figure 2.10 shows the rear-panel layout and 
the side-panel I/0 designations for the relay model with the 8 AFDI card. 
Installation instructions for 8 AFDI are similar to the 4 AFDI/3 DIFF ACI card.

Figure 2.38 SEL-710-5 With an Arc-Flash Option Card and Fiber-Optic-Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location varies depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 

With 4 AFDI/3 DIFF ACI Card in Slot EWith 8 AFDI Card in Slot E
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clearance and creepage requirements. Sensors should be permanently affixed 
using supplied mounting grommets or permanent cable ties. Figure 2.39 
shows an example of a typical jacketed-fiber installation. 

Figure 2.39 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept above 50 mm (2 in). Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is required to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-710-5 relay as 
shown in Figure 2.38.

Point-Sensor 
Installation 

The point sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.40 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.40 Point-Sensor Assembly

There is a standard point sensor or a window point sensor available for the 
point-sensor assembly.

The standard point sensor is optimized for mounting inside the switchgear 
compartment. Figure 2.41 shows the standard point-sensor dimensions.

Dual V-Pin
Latch

V-Pin
Terminators

Black-Jacketed Fiber Zipcord Duplex

01-35 Meters

Sensor
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Figure 2.41 Standard Point-Senor Dimensions

The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.42.

Figure 2.42 Standard Point-Sensor Installation

The window point sensor is optimized for mounting outside switchgear, 
motor control centers, or breaker cabinets to detect an arc flash inside the 
enclosure. Figure 2.43 shows the window point-sensor dimensions.

Figure 2.43 Window Point-Sensor Dimensions

1. Mounting Grommet Insertion
(1/4” diameter hole)

2. Sensor Insertion
(1/4” diameter hole)

0.519 in
(13.17 mm)

1.199 in
(30.46 mm)

0.087 in
(2.2 mm)

0.140 in
(3.56 mm)

0.547 in
(13.9 mm)

0.400 in
(10.16 mm)

0.250 in
(6.35 mm)

0.169 in
(4.3 mm)

1/4” diameter hole

1/4” diameter hole

0.144 in

(3.67 mm)

0.479 in

(12.16 mm)

0.153 in

(3.89 mm) 1.402 in

(35.61 mm)

0.169 in

(4.3 mm)

0.087 in

(2.2 mm)0.389 in

(9.89 mm)

0.664 in

(16.86 mm)
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The window point sensor requires two holes to be drilled on the enclosure, as 
shown in Figure 2.44. The sensor must be mounted from the outside and 
secured in the correct position to the switchgear by using the self-tapping 
screws provided.

Figure 2.44 Window Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.45, Figure 2.46, and Figure 2.47 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts that are most likely to cause an arc-flash event. 

Figure 2.45 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.46 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.47 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)

120%

100%

80%

60%

40%

20%

0%

0°
350°                               10°

340°                                                               20°

330°                                                                                          30°

320°                                                                                                                    40°

310°                                                                                                                                            50°

300°                                                                                                                                                              60°

290°                                                                                                                                                                             70°

280°                                                                                                                                                                                    80°

270°                                                                                                                                                                                         90°

260°                                                                                                                                                                                        100°

250°                                                                                                                                                                              110°

240°                                                                                                                                                                 120°

230°                                                                                                                                               130°

220°                                                                                                                        140°

210°                                                                                             150°

200°                                                               160°
190°                                 170°

180°

120%

100%

80%

60%

40%

20%

0%

0°
350°                               10°

340°                                                               20°

330°                                                                                          30°

320°                                                                                                                    40°

310°                                                                                                                                            50°

300°                                                                                                                                                              60°

290°                                                                                                                                                                             70°

280°                                                                                                                                                                                    80°

270°                                                                                                                                                                                         90°

260°                                                                                                                                                                                        100°

250°                                                                                                                                                                              110°

240°                                                                                                                                                                 120°

230°                                                                                                                                               130°

220°                                                                                                                        140°

210°                                                                                             150°

200°                                                               160°
190°                                 170°

180°



2.44

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
Arc-Flash Protection

Fiber Sensor 
Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.48 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.49 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.48 Clear-Jacketed Fiber Sensor Assembly

Figure 2.49 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.50. Two connector options (V-pin and ST) are available to transition 
from the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.51. 
The ST connector option is generally superior because of positive locking.

Figure 2.50 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. 
The maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both, clear-jacketed fiber and black-jacketed fiber sections (the 

i8004c

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber 
Transition Connectors 

(V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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black-jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.51.

Figure 2.51 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section

The clear-jacketed fiber loop should be returned through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains below 35 m, irrespective of the 
SEL-710-5 dual V-pin connector orientation. 

Application Example Figure 2.52 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. Breaker 1 is protected by an 
SEL-751 relay and Breakers 2 and 3 are protected by SEL-710-5 relays. 
Radial feeder breakers 2 and 3 must be tripped for downstream faults, 
normally located in the outgoing cable termination compartment. To obtain 
better coverage, multiple sensors can be installed in the same compartment, as 
shown in the lower right corner of the figure with sensors marked LS1 and 
LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right-hand corner 
of Figure 2.52). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When desired radial feeder relays sensors (such as LS3 connected to the lower 
right-hand relay) can be used to transfer trip the upstream breaker. Logic 
equations required for this function are shown in Output Logic Programming 
in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the arc-flash 
protection system in service, first 
make sure all the sensors are 
correctly installed, and then execute 
the AFT command to initiate a self-
test.
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Figure 2.52 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 Arc-Flash 
Detection (AFD) Fiber Cables and Accessories MOT. The losses and budget 
values shown in Table 2.20 are typical values. See Table 2.21 for SEL-C804 
and SEL-C814 arc-flash detection cable specifications.

SEL-710SEL-710

SEL-751

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs with point or clear-jacketed fiber sensors.

Table 2.20 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.53.

Figure 2.53 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.54. 

Table 2.21 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40 to +85°C –55 to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

Core Diameter 980 μm 980 μm

Cladding Diameter 1000 μm 1000 μm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm 
(0.087 in x 0.17 in)

2.20 mm (0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull 
Tension

140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull 
Tension

43.8 N (3 lb/ft) 43.8 N (3 lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) .175 dB/m .175 dB/m

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.54 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for 
transportation. For multimode fiber-optic arc-flash detection sensors with 
additional splice connectors, refer to the SEL-C814 Arc-Flash Detection 
(AFD) Fiber Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.55, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.55 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.56, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

01-35 Meters

“A” Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 meters

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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Figure 2.56 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 meters

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Section 3
PC Interface

Overview
The SEL-710-5 Relay is able to communicate with your computer in three 
different ways.

➤ The web server requires a web browser (Microsoft Internet 
Explorer, Mozilla FireFox, Google Chrome, etc.) and an 
Ethernet cable. The relay must have the Ethernet port option. 
See Web Server for functional details and capabilities.

➤ The SEL software solution requires downloading QuickSet (via 
Compass) to your computer. Communication to the relay is 
accomplished through a serial or Ethernet port. Refer to 
QuickSet Software for functional details and capabilities.

➤ The ASCII command line requires PC-based terminal 
emulation software (HyperTerminal, Tera Term, etc.), a serial 
or Ethernet port, and a serial or Ethernet cable to connect to the 
relay. Refer to Section 7: Communications for details on ASCII 
commands and functions supported.

Web Server

Connection and Login 
to Web Server

The web server provides a graphical user interface for the relay without 
loading any software on your PC. The user interface is contained in the relay 
firmware. To connect to the web server of the SEL-710-5, the relay and your 
PC must be connected to the same Ethernet network. The network can be of 
any size, from a company-wide network to a direct-connect from your PC to 
the relay. The connection from the relay is through the Ethernet port of the 
relay (Port 1). To start communicating with the relay, you must enter a valid IP 
address (SET P 1 IPADDR) and valid default router (SET P 1 DEFRTR) via 
the serial port of the relay. Be sure to obtain the IP address and default router 
from your IT resource to avoid network conflicts with duplicate IP addresses.

The SEL-710-5 comes pre-loaded with settings that enable you to 
communicate with the relay over a simple network. The network consists of 
connecting the SEL-710-5 (via Port 1) directly to the Ethernet port of your 
computer. Connect to Ethernet Port 1 of the relay by using a standard RJ45 
connector for the copper port and an LC connector for the fiber-optic port. 
This connection requires that the computer not be connected to any other 
network (see Figure 3.1).

NOTE: We have tested the web 
server for correct operation and 
formatting with the following 
browsers: Internet Explorer 8, 
Firefox 14, and Chrome 5.

There are a wide variety of browsers 
available. While most browsers have 
the same functionality, we cannot 
guarantee the correct operation and 
formatting for all of them.
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Figure 3.1 Direct Connection of SEL-710-5 to a Computer

The default IP address is 192.168.1.2 and the default router is 192.168.1.1. 
Once the network is configured, as shown in Figure 3.1, you can connect to 
the web server in the relay by entering 192.168.1.2 in the address bar of your 
web browser (as shown in Figure 3.2).

Figure 3.2 Login Page of Web Server for SEL-710-5

Cat-5e Cable 
(SEL-C627M or Equivalent)

SEL-710-5

NOTE: For relays with the fiber-
optic Ethernet ports, use a 
commercially available 100BASE-FX 
to 100BASE-TX media converter to 
interface with a PC RJ45 port. Use 
SEL-C808 62.5/125 μm Multimode 
Fiber-Optic Cable to connect to 
Port 1 on the relay. 
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The Login page of the web server allows you to access either the ACC or 2AC 
level. The menu item you select under Access Level determines the access 
level at which you enter the web server (see Figure 3.3). For factory-default 
passwords, refer to Table 7.44: Factory-Default Passwords for Access Levels 
1, 2, and C. Meter, Reports, Communications, Relay Status, and Settings 
(Show Only) require Access Level 1 or 2. Systems/File Management 
requires Access Level 2.

 

Figure 3.3 Selecting Access Level 2 From Web Server Login

Meter The web server offers a convenient method for displaying all metering reports 
stored in the relay. Located on the navigation pane, the Meter menu contains 
categories for each of the meter reports. When you select a category from the 
Meter menu, its corresponding meter report is displayed (see Figure 3.4).

NOTE: All meter reports will 
automatically update. To disable 
updates, select the Disable Page Refresh 
button at the bottom of the display 
window.
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Figure 3.4 Fundamental Meter Report

Reports In addition to metering data, the SEL-710-5 collects and stores a variety of 
data and statistics from the power system. These data are stored and reported 
through a series of reports. Located on the navigation pane, the Report menu 
contains categories for each of the reports stored in the relay (Event Reports, 
Sequential Events Recorder, Load Profile, etc.). When you select a category 
from the Reports menu, its corresponding report is displayed.

Event Reports
Event reports stored in the SEL-710-5 can be exported in three different 
formats (Binary COMTRADE, Raw CEV, or Filtered CEV format). When 
you select Event Reports, a list of all the event reports presently stored in the 
relay is shown (see Figure 3.5).

After selecting the event format to be used, select the event report to export by 
clicking on the event you need. When prompted, you can then open or save the 
event.
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In addition to allowing you to retrieve events, the Event Reports page allows 
you to clear all events stored in the relay or to trigger events. Clear Event 
Report History erases the events from the nonvolatile memory of the relay. 
Trigger Event Report commands the relay to do an event capture of the present 
voltages and currents detected by the relay (see Figure 3.5).

Figure 3.5 Event Report Webpage

Sequential Events Recorder
In addition to event reports, the SEL-710-5 collects and stores time-stamped 
data for assertion and deassertion of Relay Word bits. These data are captured 
in the Sequential Events Recorder (SER) and can be exported through the web 
server. 

When you select Sequential Events Recorder, a list of all SER reports 
presently stored in the relay displays (see Figure 3.6). SER reports stored in 
the SEL-710-5 can be downloaded or cleared by clicking the appropriate 
button at the bottom of the webpage. 
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Figure 3.6 Sequential Events Recorder Report

Load Profile 
The SEL-710-5 collects and stores time-stamped data of analog quantities. 
These data are reported in the load profile report.

When you select the Load Profile menu item, a list of all the load profile 
reports presently stored in the relay displays (see Figure 3.7). You can use the 
two buttons at the bottom of the display window to export or clear the load 
profile reports stored in the SEL-710-5. 

 

Figure 3.7 Load Profile Webpage
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Motor Statistics 
The SEL-710-5 collects and stores statistics of the motor service. These data 
are reported in the Motor Statistics report.

When you select Motor Statistics, all the motor operating statistics reports 
presently stored in the relay display (see Figure 3.8). Motor operating 
statistics reports stored in the SEL-710-5 can be cleared using the Clear 
Motor Operating Statistics button at the bottom of the screen. This webpage 
is updated automatically. The automatic update can be disabled by clicking 
Disable Page Refresh at the bottom of the screen.

Figure 3.8 Motor Operating Statistics Webpage

Motor Start 
The SEL-710-5 collects and stores statistics about each start of the motor. 
These data are reported in separate Motor Start reports.

When you select Motor Start, the Motor Start reports presently stored in the 
relay display (see Figure 3.9). Click on the report to download it to your 
computer and open the report with the Motor Start report viewer in QuickSet.
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Figure 3.9 Motor Start Report Webpage

Motor Start Trend
The SEL-710-5 collects and stores statistics of each start over an 18-month 
period. These data are reported in the Motor Start Trend report.

When you select Motor Start Trend, the Motor Start Trend report presently 
stored in the relay displays (see Figure 3.10). The Motor Start Trend report 
stored in the SEL-710-5 can be either cleared or downloaded with the buttons 
at the bottom of the screen.

 

Figure 3.10 Motor Start Trend 

Breaker Monitor Report
The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance (see Breaker Monitoring on page 5.23). When you select 
Breaker Monitor Report, the breaker monitor report presently stored in the 
relay displays (see Figure 3.11). The breaker monitor report stored in the 
SEL-710-5 can be downloaded with the Download Breaker Monitor Report 
button.
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Figure 3.11 Breaker Monitor Report

Communications You can view the Ethernet port configuration details including the MAC 
address of the relay by clicking Communications > Ethernet (see 
Figure 3.12). Use the Clear Ethernet Statistics button to clear PACKETS, 
BYTES, and ERRORS data. Refer to Section 7: Communications for further 
details on the Ethernet command. 

 

Figure 3.12 MAC Address

Relay Status
The Relay Status menu lists the status report pages available through the web 
server (Self-Tests, Relay Word Bits, and SELOGIC Counters). When you select 
a status report from the Relay Status menu, the corresponding status report 
displays.
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Self-Tests
The SEL-710-5 has continual diagnostics that verify the status of the relay 
hardware. The results of these diagnostics can be viewed by selecting Relay 
Status > Self-Tests in the navigation pane. Relay Status contains categories 
for each of the status pages in the web server (Self-Tests, Relay Word Bits, 
and SELOGIC Counters).

When you select Relay Status > Self-Tests, the status of the relay, including 
the serial number, part number, and self-tests results, is displayed (see 
Figure 3.13).

 

Figure 3.13 Self-Tests Webpage

Relay Word Bits
The web server can display the present state of the Relay Word bits of the 
relay.

Selecting Relay Word Bits displays the state of all the Relay Word bits (see 
Figure 3.14). Note that Relay Word bits shown in yellow are asserted. This 
webpage is updated automatically; you can disable the automatic updates by 
clicking Disable Page Refresh. Scroll up or down to view the remaining Relay 
Word bits not visible on the screen.
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Figure 3.14 Relay Word Bits Webpage

SELOGIC Counters
When you select Relay Status > SELOGIC Counters, the count of each of the 
enabled SELOGIC counters displays (see Figure 3.15). A counter is only 
displayed when it is enabled.

 

Figure 3.15 SELOGIC Counters Webpage
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Settings When you select Settings on the navigation pane, a list of all the available 
settings classes in the SEL-710-5 displays. Select a class of settings to view 
each of the settings in that class (Group, Logic, Global, Report, etc.). 
Figure 3.16 shows the Group 1 settings category.

 

Figure 3.16 Group 1 Settings Webpage

System
File Management (Firmware Upgrade)

The web server offers a convenient method for upgrading relay firmware. 
Select System > File Management (on the navigation pane) to upgrade your 
relay firmware (see Figure 3.17).

 

Figure 3.17 Upgrade Relay Firmware From the File Management Webpage
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When preparing to upgrade relay firmware, you must first have the new relay 
firmware. The firmware is designated with a .zds extension. Use the Browse 
button to select the firmware you want sent to the relay, then click Upgrade 
Firmware to start the upgrade process (see Figure 3.17). See Appendix B: 
Firmware Upgrade Instructions for complete details on the firmware upgrade 
procedure.

Language Support The web server reports can be displayed in English or Spanish by setting the 
Ethernet Port 1 setting LANG to ENGLISH or SPANISH.

QuickSet Software
This section describes how to get started with the SEL-710-5 Relay and 
ACSELERATOR QuickSet SEL-5030 Software. SEL provides many PC 
software solutions (applications) to support the SEL-710-5 and other SEL 
devices. Table 3.1 lists SEL-710-5 software solutions.

 

QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-710-5. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-710-5.

Table 3.1 SEL Software Solutions 

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and settings of multiple relays

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5036 ACSELERATOR Bay Screen 
Builder SEL-5036 Software

Designs and manages bay screens in conjunction with SEL-5030 for the SEL-710-5 
with the color touchscreen display

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and summarizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII format event report oscillography; performs 
custom calculations on analog, digital, and complex quantities; and analyzes the 
Impedance Plane for distance element (mho) operation, the Alpha Plane for 
differential element (78L) operation, and the Bewley Lattice for traveling wave data

SEL-5801 SEL-5801 Cable Selector Selects the proper SEL cables for your application
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Setup Follow the steps outlined in Section 2: Installation to prepare the SEL-710-5 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-710-5 and your PC.

Step 2. Apply power to the SEL-710-5.

Step 3. Start QuickSet.

Communications
QuickSet uses relay communications Port 1 through Port 4, or Port F (front 
panel), to communicate with the SEL-710-5. Perform the following steps to 
configure QuickSet to communicate with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.18.

Figure 3.18 Communications Parameter Menu Selection

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.19.

Table 3.2 QuickSet Applications 

Application Description

Rules-Based 
Settings Editor

Provides online or offline device settings that include 
interdependency checks. Use this feature to create and manage 
settings for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature to 
simplify commissioning testing.

Design Templatesa

a Available only in licensed versions of QuickSet.

Allows you to customize relay settings to particular applications 
and to store those settings in design templates. You can lock settings 
to match your standards or lock and hide settings that are not used.

Event Analysis Provides oscillography and other event analysis tools.

Bay Control Allows you to design new bay screens and edit existing bay screens 
by launching the Bay Screen Builder software for SEL-710-5 
Relays with the color touchscreen display.

Settings Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature to 
ensure proper communications and to directly interface with the 
device.

Help Provides general QuickSet and device-specific QuickSet context.
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Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-710-5 default settings by 
entering the Access Level 1 and Access Level 2 passwords in 
the respective text boxes.

Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.20. 

For the SEL-710-5, always select FTP as the file transfer 
option.

Step 6. Exit the menu by clicking OK when finished.

Terminal

Terminal Window
Select Communications > Terminal on the main menu bar (see Figure 3.21) 
to open the terminal window.

NOTE: Factory-default 
passwords for Access 
Level 1 and 2 are OTTER 
and TAIL, respectively.

Figure 3.19 Serial Port Communication 
Parameters Dialog Box

Figure 3.20 Network Communication 
Parameters Dialog Box
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Figure 3.21 Communications Terminal Menu Selection

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulator. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or pressing <Ctrl+T>. Verify 
proper communications with the relay by opening a terminal window, pressing 
<Enter> a few times, and verifying that a prompt is received. If a prompt is 
not received, verify proper setup.

Terminal Logging
To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Driver and Part Number
After clicking Communications > Terminal, access the relay at Access 
Level 1. Issue the ID command to receive an identification report, as shown in 
Figure 3.22.

Locate and record the Z-number (Z003002) in the FID string. The first portion 
of the Z-number (Z003…) determines the settings driver version when you are 
creating or editing relay settings files in QuickSet. The use of the driver 
version is discussed in more detail in Settings Editor on page 3.21. Compare 
the part number (PARTNO=7105XXXXXXXXXXXXXX) with the Model Option Table 
(MOT) to ensure the correct relay configuration. The SEL display package 
version can be found in Table A.5. The customer display package (CDP) 

=ID <Enter>
"FID=SEL-710-5-X219-V0-Z003002-D20180416","0912"
"BFID=BOOTLDR-R501-V0-Z000000-D20140224","0947"
"CID=DA16","0269"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X7583A21X","074A"
"CONFIG=112512000","041F"
"SEL DISPLAY PACKAGE=1.0.40710.2170","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_1","0664"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X202-V0-Z200006-D20180403","0D7E"
"LIB61850ID=3DB89FD6","04FF"
= 

Figure 3.22 Relay Response to the ID Command

NOTE: The SEL display package and 
customer display package versions 
are only displayed in the touchscreen 
display model.
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version has a unique ID code based on the total number of seconds from 
1/1/2000 to the time stamp when the CDP was created and downloaded to the 
relay via QuickSet.

Settings Database 
Management and 
Driver

QuickSet uses a database to save the relay settings. QuickSet contains sets of 
all settings files for each relay specified in the database manager. Choose 
appropriate backup storage methods and a secure location for storing the 
database files.

Database Manager
Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the database manager to access the database. Click File > 
Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter a description for the database in the Database 
Description text box. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description text box. These can 
include the protection scheme settings and communications 
settings. 

Step 4. Highlight a relay or settings file listed in Settings and click the 
Copy button to create a new set of settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases
Copy creates an identical device or settings file that appears in both databases. 
Move removes the device or settings file from one database and places the 
device or settings file in another database. To copy/move settings between 
settings databases, perform the following steps:

Step 1. Select the Copy/Move Settings Between Settings Databases 
tab to create multiple databases with the database manager; 
these databases are useful for grouping similar protection 
schemes or geographic areas. 

Step 2. Click the Settings Database B  button to open a relay 
database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or settings file in Settings 
Database A.

b. Click Copy or Move, and click the > button to create a 
new device or settings file in Settings Database B.

Step 4. Reverse this process to copy or move a device or settings file 
from Settings Database B to Settings Database A. 
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Create a New Database/Copy an Existing Database
To create a new database: 

Step 1. Click File > Database Manager, and click New. QuickSet 
prompts you for a file name. 

Step 2. Type the new database name (and select a new location if the 
new location differs from the existing one), and click Save. 
QuickSet displays the message Settings [path and 
filename] was successfully created. 

Step 3. Click OK.

To copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Settings Databases tab.

QuickSet opens the last active database and assigns it as 
Settings Database A. 

Step 2. Click the Settings Database B  button; QuickSet prompts 
you for a file location. 

Step 3. Type a new database name and click Open. Click Yes; the 
program creates a new empty database. Load devices or 
settings files into the new database as in Copy/Move Settings 
Between Databases on page 3.17.

Settings QuickSet has the capability of creating settings for one or more SEL-710-5 
Relays. Store existing relay settings downloaded from SEL-710-5 Relays with 
QuickSet. Create a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-710-5. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-710-5; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor
The settings editor shows the relay settings in easy-to-understand categories. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menu. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled.

Settings Menu
QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own settings records. Use the File menu to open (Open) an 
existing record, create and open a new (New) record, or read (Read) relay 
settings from a connected SEL-710-5 and then create and open a new record. 
Click Tools > Settings > Convert to convert and open an existing record in 
the settings editor.
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File > New
To configure SEL-710-5 settings with the settings editor, click File > New on 
the main menu bar and select the SEL-710-5 and the latest driver version 
(00X) on the Settings Editor Selection screen, as shown in Figure 3.23.

QuickSet creates the new settings file using the driver that you specify in the 
Settings Editor Selection screen. QuickSet uses the Z-number in the FID 
string to create a particular settings file.

Figure 3.23 Driver Selection

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the settings 
editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.24. Click OK when finished.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Create and open a new record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.24 Update Part Number

Figure 3.25 shows the Settings Editor screen. Check the driver version 
number in the title bar of the Settings Editor screen. Compare the QuickSet 
settings driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct settings editor 
to display.

Figure 3.25 New Settings Editor Screen

File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the settings editor.

File > Read
When the Read menu item is selected, QuickSet uses serial protocols to read 
the device settings from the connected device. As QuickSet reads the device, a 
Transfer Status dialog box appears.

Device Version 
Number
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Tools > Settings > Convert
Use the Convert menu item (Tools > Settings) to convert from one settings 
version to another. Typically, this utility is used to upgrade an existing settings 
file to a newer version because devices are using a newer version number. 
QuickSet provides a Convert Settings report that shows missed, changed, and 
invalid settings created as a result of the conversion. Review this report to 
determine whether changes are necessary.

Settings Editor
Use the settings editor to enter settings. The settings editor includes the 
settings driver version (the first three digits of the Z-number) in the Settings 
Editor screen title bar.

Enter Settings

NOTE: Settings changes made 
during the edit session are not read by 
the relay unless they are transferred 
to the relay with the Send menu item.

Step 1. Click the  drop-downs and the buttons in the settings tree 
view to expand and select the settings you want to change. 

Step 2. Press <Tab> to navigate through the settings, or click a setting 
text box. 

Step 3. To restore the previous value for a setting, right-click on the 
setting text box and select Previous Value.

Step 4. To restore the factory-default settings value, right-click on the 
setting text box and select Default Value.

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the settings editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder
SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with Expression Builder, a 
rules-based editor for programming SELOGIC control equations. Expression 
Builder organizes device elements, analog quantities, and SELOGIC control 
equation variables.

Access Expression Builder. Use the ellipsis button  that follows the 
settings text boxes in the settings editor to create an expression, as shown in 
Figure 3.26.

NOTE: Be sure to enable the 
functions you need (Logic 
Settings > SELOGIC Enable) before 
using Expression Builder.
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Figure 3.26 Expression Created With Expression Builder

Using Expression Builder. The expression builder screen is organized into 
three main parts: the expression builder text box, the left side column, which 
contains broad categories of device elements, analog quantities, counters, 
timers, latches, and logic variables, and the right side column, which displays 
category operands for use in the expression. Directly underneath the 
expression builder text box is a row of operators that you can include in your 
expression. The operators include basic logic, rising- and falling-edge 
triggers, expression compares, and comments.

Touchscreen Settings and Bay Screen Builder
The touchscreen settings are available when the touchscreen display option is 
selected as part of the front-panel options. This option provides you with the 
ability to design bay screen one-line diagrams with the help of the Bay Screen 
Builder. For more information, refer to Bay Screens Design Using QuickSet 
and Bay Screen Builder on page 9.10.

File > Save
Select the Save menu item from the File menu once settings are entered into 
QuickSet to ensure that the settings are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section(s) that you want to transfer to the relay by 
selecting the appropriate check box and clicking OK.

Edit > Part Number
Use the Part Number menu item to change the part number.

Text Files
Select Tools > Settings > Import or Tools > Settings > Export on the main 
menu bar to import or export settings from or to a text file. Use this feature to 
create a small file that can be easily stored or sent electronically.

Ellipsis Button

Created Expression
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Event Analysis QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-710-5 stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.27 shows the event retrieval screen.

Figure 3.27 Retrieve Events Screen

You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 10: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.27.

View Event History
The SEL-710-5 is capable of capturing two types of events (4 samples/cycle 
filtered and 32 samples/cycle raw). These two types of events can be captured 
in either the compressed ASCII (.cev) or COMTRADE format. Quickset 
allows for downloading both .cev and COMTRADE events. Use the Event 
Type drop-down menu shown in Figure 3.27 to select the 32 samples/cycle 
unfiltered (raw) or COMTRADE format event data (default is 4 samples/cycle 
filtered data). For information on other methods of retrieving COMTRADE 
events from the relay, see Retrieving COMTRADE Event Files on page 10.30.

Get Event
Highlight the event you want to view (e.g., Event 1 in Figure 3.27), select the 
event type from the Event Type drop-down menu (4 samples or 32 samples), 
and click Get Selected Events. QuickSet then queries where to save the file 
on your computer, as shown in Figure 3.28.
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Figure 3.28 Save the Retrieved Event

When saving an event report, select a save location and a file name for your 
report. Select either Default Naming or Custom Naming. Default naming 
has predefined tags and organization, which appears in the Format text box 
when default naming is selected. You can use custom naming to create file 
names specific to your application by selecting and organizing your own tags 
(listed in Available Tags).

View Event Files
Click Tools > Events to view an event with SYNCHROWAVE Event. You can 
view multiple events by clicking on Load Event > Add New Event in 
SYNCHROWAVE Event.

Meter and Control Click on Tools > HMI > HMI to display a screen similar to the one shown in 
Figure 3.29. The HMI tree view shows all the functions available in the HMI 
function. Unlike the self-configuration of the device settings tree, the HMI 
tree remains the same regardless of the type of cards installed. For example, if 
no analog input card is installed, the analog input function is still available, but 
the relay responds as follows:

No Analog Input Card Present.

Device Overview
The Device Overview screen provides an overview of the device. The contact 
I/O portion of the screen displays the status of the two inputs and three outputs 
of the main board. You cannot change these assignments.
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Figure 3.29 Device Overview Screen

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit and click Update to assign the Relay Word bit to the LED. To 
change the color of the LED, click in the square and make your selection from 
the color palette.

The front-panel LEDs display the status of the 24 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignments. The 
Fundamental, Min/Max, Energy, etc., screens display the corresponding 
values.

Click Targets in the tree view to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (RB02 = 1), the Relay Word bit is 
asserted. When a Relay Word bit has a value of 0 (RB02 = 0), the Relay Word 
bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Click on the Motor Start Report > Data button to display the compressed 
(*.cmsr) motor start report data or on the Graph button to display the report 
graphically as shown in Figure 3.30.
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Figure 3.30 Graphical Display of Motor Start Report

Figure 3.31 shows the control screen. From here you can reset metering data; 
clear the event history, SER, MIRRORED BITS report, or LDP; or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If supported, you can run arc-flash sensor diagnostic tests.

Figure 3.31 Control Screen
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To control the remote bits, click on the appropriate square (RB01–RB32), then 
select the operation from the box shown in Figure 3.32.

Figure 3.32 Remote Bit Operation Selection

Language Support
QuickSet has multi-language support. Click on the Language menu to choose 
from English, Spanish, French, Portuguese, Russian, Turkish, or Chinese, as 
seen in Figure 3.33. Selecting any of these choices converts the menu items in 
QuickSet to the selected language.

Figure 3.33 Language Support Options

Additionally, if Spanish or English is selected from the Language menu, the 
relay settings displayed by QuickSet are converted into the corresponding 
language as shown in Figure 3.34.

NOTE: If the SEL-710-5 is connected 
to any SEL communications 
processor (SEL-203x or RTAC), the 
corresponding LANG port setting 
must be set to ENGLISH.



3.28

SEL-710-5 Relay Instruction Manual Date Code 20220826

PC Interface
QuickSet Software

Figure 3.34 Spanish Settings QuickSet Display

Each communications port (serial or Ethernet) on the SEL-710-5 can be 
independently set to display either English or Spanish. Changing the port 
setting LANG to SPANISH or ENGLISH results in the QuickSet HMI and all 
of its available functions displaying in the corresponding language. For 
example, if the Control Window is selected in the HMI while the setting 
LANG := SPANISH, QuickSet displays the Control Window (Ventana de 
Control) in Figure 3.35.

NOTE: Once the HMI screen is 
displayed in QuickSet, the LANG 
setting does not affect the displayed 
HMI. To change the language of the 
HMI, close the HMI, change the LANG 
setting, and then reopen the HMI.
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Figure 3.35 Spanish Control Window (Ventana de Control) Display

QuickSet Help Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-710-5 Settings Select Settings Help from the Help menu bar 
while the settings editor is open.
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Protection and Logic Functions

Overview
This section describes the SEL-710-5 Motor Protection Relay settings, includ-
ing the motor protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and the front-panel 
display.

This section includes the following subsections:

Application Data. Lists information that you need to know about the 
protected motor before calculating the relay settings.

Group Settings (SET Command).

ID Settings and Configuration Settings. Lists the ID settings and the 
settings that configure the relay inputs to accurately measure and 
interpret the ac current and voltage input signals.

Protection Elements. Lists settings and logic associated with the 
protection elements, including the thermal element, overcurrent 
elements, load-loss functions, and load-jam functions.

➤ Thermal Overload Element

➤ Slip-Dependent Thermal Model for Synchronous Motors

➤ Overcurrent Elements and Time-Overcurrent Elements

➤ Differential Element s

➤ Load-Jam Elements

➤ Undercurrent (Load Loss) Elements

➤ Current Unbalance Elements

➤ Start Monitoring/Incomplete Start Sequence

➤ Star-Delta (Wye-Delta) Starting

➤ Start Inhibit Function

➤ Phase Reversal Protection

➤ Speed Switch (Stalling During Start) Function

➤ Virtual Speed Switch

➤ PTC/RTD-Based Protection

➤ Undervoltage Function and Overvoltage Function

➤ Inverse-Time Undervoltage Protection and Inverse-Time 
Overvoltage Protection

Synchronous Motor Settings. Lists settings associated with synchronous 
motor protection and control. 

➤ Loss-of-Field Element

➤ Out-of-Step Element

NOTE: Factory-default settings for 
the SEL-710-5 are not selected for 
any particular application. You must 
compute, document, and send the 
appropriate settings to the relay for 
your application.
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➤ Field Resistance Element

➤ Field Current Element

➤ Field (Exciter) Voltage Element

➤ Power Factor Correction

➤ PID Controller

➤ Synchronous Motor Synchronization

Trip Logic. Lists settings associated with Trip Inhibit, Trip/Close logic and 
Motor Control logic.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to configure 
the relay to your power system, date format, analog inputs/outputs, and 
logic equations.

General Settings. Lists the global system settings like phase rotation, 
nominal frequency, date format, etc.

Broken Rotor Bar Protection. Lists the settings to configure Broken Rotor 
Bar protection. Describes the element operation and commands 
associated with the element.

Multiple Settings Groups. Lists settings for active group selection and 
describes configuration of active group selection via SELOGIC control 
equations.

Time and Date Management Settings. Lists settings for time and date 
management and describes configuration of these settings. Covers 
supported time protocols.

Breaker Failure Settings. Lists the settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists the settings for the arc-flash elements 
including arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists the settings and 
gives an example.

Analog Outputs. Describes analog output functionality, lists the settings 
and gives an example. Data Reset
Lists the data reset SELOGIC control equation settings for resetting 
targets, energy metering, max/min metering, demand metering and 
peak demand metering.

Breaker Monitor. Lists the settings and describes the breaker monitor 
function that you can use for scheduling circuit breaker maintenance.

Data Reset. Lists the data reset SELOGIC control equation settings for 
resetting targets, energy metering, max/min metering, demand 
metering and peak demand metering.

Access Control. Describes the SELOGIC control equation setting you 
would use for disabling settings changes from the relay front panel.

Time-Synchronization Source. Describes the setting you would use for 
choosing IRIG1 or IRIG2 as the time-synchronization source.

Disconnect Control Settings. Lists settings that configure the relay front- 
and rear-panel communications ports.

Local/Remote Control. Describes the local/remote motor control function.

Port Settings (SET P Command). Lists the settings that configure the relay 
front- and rear-panel serial ports.
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Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
recorder, event, motor start, and load profile reports.

DNP Map Settings (Set D Command). Shows the DNP user map register 
settings.

Modbus Map Settings (SET M Command). Lists Modbus user map register 
settings.

EtherNet/IP Assembly Map Settings (SET E Command). Shows EtherNet/IP 
assembly map settings.

Touchscreen Settings. The touchscreen settings apply to relays that support 
the color touchscreen display. (The settings are supported in 
ACSELERATOR QuickSet SEL-5030 Software only.)

When you calculate the protection element settings to protect your motor, pro-
ceed through the subsections listed earlier. See Section 6: Settings for the list 
of all settings (SEL-710-5 Settings Sheets) and various methods of accessing 
them.

You can enter the settings by using the front-panel SET RELAY function (see 
Section 8: Front-Panel Operations), the serial port (see Section 7: Communi-
cations), the EIA-485 port (see Appendix E: Modbus Communications), the 
DeviceNet port (see Appendix I: DeviceNet Communications), or the Ethernet 
port (see Section 7: Communications).

Application Data
It is faster and easier for you to calculate settings for the SEL-710-5 if you col-
lect the following information before you begin (collect the information for 
each speed for a two-speed motor application).

➤ Specifications of the protected motor, including the following 
details:

➢ Rated full-load current

➢ Service factor

➢ Locked rotor current

➢ Maximum locked rotor time with the motor at ambient 
and/or operating temperature

➢ Maximum motor starts per hour, if known

➢ Minimum time between motor starts, if known

➢ Full-load slip, per unit (for induction motor only)

➢ Locked rotor torque, per unit (for induction motor only)

➤ Additional data regarding the motor application, including the 
following information:

➢ Minimum no load current or power

➢ Motor accelerating time. This is the normal time 
required for the motor to reach full speed.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure I.1).
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➢ Maximum time to reach motor full load

This time can be significantly longer than the motor 
accelerating time, particularly in pump motor applica-
tions where the motor runs at full speed for some time 
before the pump reaches full head and full load.

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature detectors (RTDs), 
if used

➤ Expected fault current magnitudes for motor or cable ground and 
three-phase faults

Group Settings (SET Command)
ID Settings All models of the SEL-710-5 have the identifier settings described in 

Table 4.1.

The SEL-710-5 prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location, process, circuit, size, or equipment number of the protected 
motor.

Configuration 
Settings

Table 4.1 Identifier Settings

Setting Prompt Setting Range Setting Name := Factory Default

UNIT ID LINE 1 16 Characters RID := SEL-710-5

UNIT ID LINE 2 16 Characters TID := MOTOR RELAY

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYN MOTOR TYPE BRUSH, BRUSHLESS, NONE SYNTYPE := BRUSHLESS

PHASE CT RATIO 1–5000 CTR1 := 100

MOTOR FLA 0.2–5000 A pri FLA1 := 250a

VFD APPLICATION Y, N VFDAPP := N

LOAD @ ZEROSPEED 0.2–5000.0 A pri LOAD_ZS := 50.0

MNFREQ @ FULLOAD 10.00–70.00 Hz FREQ_FL := 60.00

TWO SPEED ENABLE Y, N E2SPEED := N

CT RATIO–2nd 1–5000 CTR2 := 100

MOTOR FLA–2nd 0.2–5000 A pri FLA2 := 250a

FVR PHASING NONE, A, B, C FVR_PH := NONE
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The CT ratio and full-load current settings configure the relay to accurately 
scale measured values and report the primary quantities. Calculate the phase 
and neutral CT ratios by dividing the primary rating by the secondary rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR1 or CTR2 := 100/5 := 20.

The FLA settings are in primary amperes, see Example 4.3 for sample calcula-
tions of Motor FLA. See the full-voltage reversing starter in Full-Voltage 
Reversing Starter on page 2.34 for a description of the setting FVR_PH. 
Table 4.3 shows the voltage settings. In applications in which only a single 
current is available, set SINGLEI equal to the measured phase. When 
SINGLEI is not equal to N, the relay performance changes in the following 
ways:

➤ Power and Current Elements. When you use one current, the 
relay assumes that the system currents are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced currents.

➤ Thermal Model and Protection Elements. When you use one 
current, the thermal model will operate assuming balanced 
currents. Since negative-sequence currents cannot be measured 
and cause significant additional heating during motor starting, 
the thermal model would underestimate the heating in the motor, 
under-protecting it. Protection elements that utilize zero- and 
negative-sequence elements are not disabled when using one 
current, but do not provide adequate protection.

➤ Metering. When you use one current, the relay displays that 
phase’s magnitude and angle. The relay displays a zero for the 
magnitudes of the unmeasured currents. Balanced currents are 
assumed for power, power factor, IG, and 3I2 metering.

➤ Event Reports. When you use one current, the unmeasured 
currents are reported as 0. 

NOTE: A minimum time delay 
greater than 100 ms is recommended 
for phase overcurrent elements when 
using the relay for a VFD application.

For the motors connected to a variable frequency drive (VFD), use 
VFDAPP := Y. The relay uses rms current magnitudes (that include harmon-
ics) instead of fundamental for the phase overcurrent elements (50P, 51P, 
51A, 51B, 51C) and the motor thermal model (49T) when VFDAPP := Y. The 
rest of the relay settings do not use rms magnitude for a VFD application. 
Exercise caution when setting protection elements using fundamental magni-
tude for VFD applications because rich harmonic content can distort the fun-
damental magnitude. SEL  strongly discourages the use of voltage-based 
protection, including under- and overvoltage, power factor, underpower, 
reactive power (27/59, 55, 37, and VAR) elements unless the voltage inputs 
are substantially sinusoidal.

A sustained low-speed operation in the variable frequency drive application 
can cause motor damage unless overload protection accounts for the poor 
cooling resulting from the low speed. Set the rated load at zero speed 

NEUTRAL CT RATIO 1–2000 CTRN := 100

SINGLE I INPUT N, IA, IB, IC SINGLEI := N

a FLAn default settings are 50 A for secondary phase input current of 1 A.

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NOTE: The SEL-710-5 normally uses 
settings CTR1 and FLA1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2 
and FLA2 (see Table 4.67).

NOTE: FLA setting is limited to 
20%–160% of CT primary rating. 
Refer to Table 6.6 for the allowable 
FLA/CTR ranges.

NOTE: Single current measurement 
is intended for control and power 
factor correction applications. It is not 
adequate for protection.
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(LOAD_ZS) to continuous current allowed at zero speed and minimum fre-
quency at full load (FREQ_FL) to the lowest frequency at which the cooling is 
near normal. The relay automatically adapts the trip threshold of the stator and 
rotor thermal protection elements by a factor of KVF using their respective 
thermal time constant. Figure 4.1 shows the typical characteristics of the KVF 
for specific example settings. To disable this feature, set the rated load at zero 
speed (LOAD_ZS) equal to the motor full load current (FLA1); this results in 
KVF = 1.0 at all operating frequencies irrespective of the FREQ_FL setting.

Figure 4.1 KVF Factor Versus VFD Output Frequency

These settings configure the relay voltage inputs to correctly measure and 
scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the VT 
ratio.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 4000 V motor application where 4200:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 4200/120 := 35 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE PT RATIO 1.00–250.00 PTR := 35.00

LINE VOLTAGEa

a The line voltage setting is in primary volts.

100–30000 V pri VNOM := 4160

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

SINGLE V INPUT Y, N SINGLEV := N
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Example Settings:
VFDAPP := Y  LOAD_ZS := 8 A (typically set 40% of FLA)
FLA1 := 20 A  FREQ_FL := 20 Hz (typically set < 50% of FNOM)
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In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.22, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA 
for an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the fol-
lowing ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced voltages.

➤ Metering. When you use one voltage, the relay displays that 
magnitude and phase angle. The relay displays zero for the 
magnitudes of the unmeasured voltages. Balanced voltages are 
assumed for power, power factor, VG, and 3V2 metering.

➤ Event Reports. When you use one voltage, the unmeasured 
voltages are reported as 0.

VNOM/PTR Range 
Check

The relay performs a range check for the PTR and VNOM settings that 
depends upon the voltage-input delta or wye configuration. When setting 
DELTA_Y is DELTA, then the allowed range of the quotient VNOM/PTR is 
100–250 V (l-l). When setting DELTA_Y is WYE, then the allowed range of 
VNOM/PTR is 100–440 V (l-l). 

Note that the VNOM is always set in line-to-line voltage, irrespective of the 
DELTA or WYE configuration. The expanded range of VNOM/PTR for the 
WYE configuration is intended only for the solidly grounded power systems. 
Do not use VNOM/PTR > 250 V if the system is either ungrounded or high 
impedance grounded. This is because a line-to-ground fault in such a system 
can raise line-to-ground voltage on ungrounded phases by a factor of 1.732.

Protection Elements
Thermal Overload Element

The SEL-710-5 motor thermal element provides integrated protection for all 
of the following motor operating conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Unbalance Current/Negative-Sequence Current Heating

➤ Repeated or Frequent Starting

The Thermal Method setting (SETMETH) selects the thermal element algo-
rithm that is used in the SEL-710-5. The Thermal Method setting essentially 
offers the two options described below.

Rating Thermal Method (SETMETH := Rating or Rating_1). When this 
method is selected, the relay configures a thermal curve based on the 
motor full-load amperes, service factor, run state time constant, locked 
rotor amperes, hot locked rotor time, and acceleration factor (locked 
rotor trip time dial) settings. When the optional settings, full-load slip 
and locked rotor torque are set, the relay uses a slip-dependent thermal 
model during the motor start.

Curve Thermal Method (SETMETH := Curve). When selected, the relay 
offers 45 standard motor thermal limit curves, or you can construct a 
custom curve.

NOTE: When you set Run State Time 
Constant (RTC1 or RTC2) to Auto, the 
relay automatically configures the 
overload curves so that the hot stator 
and cold rotor limits are the same at 
locked rotor current, which is typical 
for a rotor limited motor. For a stator 
limited motor, see the discussions 
later in this section.
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Both thermal element setting methods provide outstanding motor protection. 
In each case, the relay operates a thermal model with a trip value defined by 
the relay settings and a present heat estimate that varies with time and chang-
ing motor current. The relay expresses the present motor thermal estimate as 
the % Thermal Capacity Used for stator and for rotor. When either % Thermal 
Capacity reaches 100 percent, the relay trips. You can see the present % Ther-
mal Capacity values by using the relay front-panel Meter > Thermal function 
or the serial port METER T command. See Appendix K: Motor Thermal Ele-
ment for more detail on the thermal model.

The SEL-710-5 uses setting SF as the overload pickup threshold. For IEC and 
NEMA motors with service factor 1.0, consider an SF setting of 1.05 or higher. 

If the thermal model is turned off (E49MOTOR := N), the thermal model is 
disabled, the output of the thermal model is blocked, and the relay reports the 
% Thermal Capacities as 0, as noted in Section 5: Metering and Monitoring.

When you enable overload protection, the relay requires information about the 
protected motor capabilities. Obtain the required information (except the 
acceleration factor) from the motor specifications. Full load slip (FLS) and 
locked rotor torque (LRQ) are optional. The relay automatically enhances the 
thermal model by using slip-dependent rotor resistance when FLS and LRQ 
are known (see Appendix K: Motor Thermal Element for details). 

Table 4.4 Overload (Thermal Model) Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OVERLOAD ENABLE Y, N E49MOTOR := Y

FULL LOAD SLIP OFF, 0.0010–0.1000 pu FLS := OFF

LOCKD RTR TORQUE 0.30–2.00 pu LRQ := 0.80

SLIP SOURCEa

a The setting SLIPSRC is not applicable to induction motor applications. For induction motor 
applications, the relay uses R1 by default when the setting FLS is not set to OFF. SLIPSRC can 
be set for synchronous motor applications. For more information, refer to Settings Guidelines 
under Slip-Dependent Thermal Model for Synchronous Motors.

VDR, STAT, R1 SLIPSRC := STAT

THERMAL METHODb

b The Rating and Curve Methods are available for the SETMETH setting only when the FLS 
setting is OFF.

RATING, RATING_1, 
CURVE

SETMETH := RATING_1

OL RESET LEVEL 10%–99% TCU 49RSTP := 75

SERVICE FACTOR 1.01–1.50 SF := 1.15

MOTOR LRA 2.5–12.0 xFLA LRA1 := 6.0

LOCKD RTR TIME 1 1.0–600.0 s LRTHOT1 := 10.0

ACCEL FACTOR 0.10–1.50 TD1 :=1.00

STATOR TC AUTO, 1–2000 min RTC1 := AUTO

MOTOR LRA–2nd 2.5–12.0 xFLA2 LRA2 := 6.0

LOCKD RTR TIME 2 1.0–600.0 s LRTHOT2 := 10.0

ACCEL FACT–2nd 0.10–1.50 TD2 :=1.00

STATOR TC–2nd AUTO, 1–2000 min RTC2 := AUTO

THERM OL CURVE1 1–46 CURVE1 := 5

THERM OL CURVE2 1–45 CURVE2 := 7
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For high-inertia motor applications, consider the slip-dependent thermal 
model when the FLS and LRQ data are available from the motor manufac-
turer. The speed switch element (see Table 4.28) with the virtual speed switch incor-
porated provides additional locked rotor protection that is particularly useful in high-
inertia motor applications and when the FLS/LRQ data are not readily available.

Rating Thermal Method
The SEL-710-5 runs rotor and stator models simultaneously. The rotor ther-
mal model trips in locked rotor time at locked rotor current. Set 
SETMETH := RATING if you want the rotor model to trip in hot locked rotor 
time even when the rotor is at lower than normal operating temperatures. This 
is a conservative approach suitable for most applications where motor acceler-
ation time is significantly less than hot locked rotor time. Set SETMETH := 
RATING_1 if the acceleration time is close to hot locked rotor time or if the 
number of starts allowed from cold is important. The relay automatically uses 
SETMETH := RATING_1 when the FLS setting previously described is enabled.

The stator model provides overload protection by limiting the stator heat 
energy estimate to a value represented by the overload settings.

Note that the locked rotor time setting is for a hot-rotor condition. If only one 
locked rotor time is specified for a particular motor, unless the specification 
states otherwise, assume the time is the cold locked rotor time. Multiply the 
cold locked rotor time by 0.833 to determine a hot locked rotor time that is 
acceptable for most motors.

The Relay Word bit 50S asserts when the motor current is greater than 2.5 
times FLA and deasserts when the current drops below 2.4 times FLA.

EXAMPLE 4.3 Thermal Element Setting

A 4000 V, 600 HP motor is protected by the SEL-710-5 Thermal Overload 
Element. The motor data sheet includes the following information.

Rated Horsepower = 600 HP
Rated Voltage = 4000 V
Rated Full-Load Current = 80 A
Rated Locked Rotor Amps = 480 A
Safe Stall Time at 100% Volts:

Cold = 18 seconds
Hot = 15 seconds

Service Factor = 1.2

Phase current transformers with 100:5 A rating are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below:

Current Transformer Ratio: CTR1 := 100/5 := 20 (see Group 
Settings (SET Command))
Full-Load Amps (FLA): FLA1 := 80 A primary (see Group Settings 
(SET Command))
Service Factor: SF := 1.2
Locked Rotor Amps: LRA1 := 480.0/80.0 := 6.0 xFLA
Hot Locked Rotor Time: LRTHOT1 := 15.0 seconds
Run State Time Constant: RTC1 := AUTO

The acceleration factor (TD1) setting reduces or extends the allowed 
accelerating time under locked rotor conditions. You can always safely 
set this value equal to 1.00.

If you know that the driven load always accelerates in less than the 
rated locked rotor time, you can use a TD1 setting less than 1.00 to 
provide a faster trip in locked rotor conditions. Do not, however, set 
the TD1 setting greater than 1.00, except to allow a start with a longer 
than normal accelerating time (e.g., high inertia motor application, 
emergency condition). When TD1 is set greater than 1.00, use the 

NOTE: When SETMETH := RATING, 
the relay automatically raises the 
initial heat estimate in the rotor 
model at Starting (motor current > 
2.5 per unit of FLA) to a full-load 
operating level. You may observe a 
sudden rise in % Thermal Capacity 
value when you start the motor. This 
is normal operation for the 
SEL-710-5.

NOTE: The SEL-710-5 normally uses 
settings CTR1, FLA1, LRA1, LRTHOT1, 
TD1, RTC1, and CURVE1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2, 
FLA2, LRA2, LRTHOT2, TD2, RTC2, 
and CURVE2 (see Table 4.68) instead.
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speed switch (see Table 4.28) to provide locked rotor protection. See 
Figure 4.2 for the thermal overload limits for selected settings. 
Thermal Element Trip-Time Equations on page K.9 shows the 
equations for these and additional curves as well as definitions for 
hot stator and hot rotor.

In a particular application, a motor with a 10-second hot locked rotor 
time always starts in 5 seconds.

Setting the TD1 equal to 0.75 causes the relay to trip in 7.5 seconds 
under locked rotor conditions. This setting allows ample time for the 
motor to start, but does not subject the motor to the full 10 seconds 
of locked rotor current if a locked rotor start attempt takes place.

We recommend that you set RTC1 (and RTC2 if E2SPEED = Y and 
SPEED2 control input is asserted) to the specific values supplied by 
the motor manufacturer for optimum overload protection. For this 
example, assume that the actual RTC data are not available and the 
motor is rotor limited. When set to AUTO, the relay uses the following 
rotor limited motor equation to calculate the RTC.

If the RTC data are not available for a stator limited motor, use the 
following equation to calculate the RTC.

Figure 4.2 Thermal Overload Limits (Rating Method)

NOTE: When set to AUTO, the relay 
rounds down the calculated value of 
RTC if the decimal value is less than 
5. Relay rounds up the RTC value if 
the decimal is equal to 5 or greater 
value. RTC TD 0.2+( ) LRTHOT•
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2
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–

--------------------------------------------------•

-------------------------------------------------------------------------- minutes=
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(B) Service Factor = 1.15

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)
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Curve Thermal Method
The Curve method is similar to the Rating method, except in the following 
ways:

➤ You select one of the 45 available standard motor overload/ 
locked rotor curves, or set Curve := 46 to configure a custom 
curve, then, set the motor-rated Full-Load Amps and Service 
Factor. Based on the curve number, the relay automatically 
determines and hides LRA, LRTHOT, TD, and RTC settings. 

➤ The relay does not raise the initial heat estimate at starting 
(motor current > 2.5 per unit of FLA). The locked rotor trip time, 
for a motor at ambient temperature, is 120 percent of the time for 
the same motor at operating temperature (similar to the Rating_1 
method). The Relay Word bit 50S asserts when the motor current 
is greater than 2.5 times FLA and deasserts when the current 
drops below 2.4 times FLA.

Figure 4.3 shows several of the available curves. Thermal Element Trip-Time 
Equations on page K.9 shows the equations for these and additional curves. 
Be sure that the standard curve you select trips in a time less than or equal to 
the motor-rated locked rotor time at locked rotor current. Each increase in the 
curve number yields a 2.5-second increase in the curve thermal limit time at 
six times the full-load current. For a cold rotor, the curve 10 trip time at six 
times the full-load current is 25 seconds. Table 4.5 shows the thermal limit 
time versus current for several curves.

Figure 4.3 Thermal Overload Limits (Curve Method)

For a hot rotor, each increase in the curve number yields a 2.08-second 
increase in the hot rotor thermal limit time at six times the full-load current.
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1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)

1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
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 Thermal Method := Curve
 Curve  (see the curves)
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EXAMPLE 4.4 Thermal Element Curve Method Setting

A 4160 V, 800 HP motor is to be protected through use of the 
SEL-710-5 Thermal Element Curve Method. The motor data sheet 
includes the following information.

Rated Horsepower (HP) = 800 HP
Rated Voltage (V) = 4160 V
Rated Full-Load Current (A) = 101.0 A
Rated Locked Rotor Amps (A) = 620.4 A
Safe Stall Time, Hot = 30 seconds
Service Factor = 1.15

Each increase in generic curve number increases the hot rotor 
thermal limit time by 2.08 seconds at six times the full-load current. 
Therefore, we can select the maximum curve number by using the 
following equation:

Phase current transformers having 150:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are shown 
below.

Current Transformer Ratio (CTR) = 150/5 = 30
Full-Load Amps (FLA) = 101 A primary
Service Factor (SF) = 1.15
Curve Number (CURVE) = 14

See Example 4.3 for the equation to calculate the RTC; use TD=1, 
LRA=6, and LRTHOT=Curve# • 2.08.

Table 4.5 Thermal Limit Tripping Times in Seconds vs. Multiples of Full-Load Amps (Service Factor = 1.01)a

Multiples of FLA Curve 1 Curve 2 Curve 3 Curve 5 Curve 10 Curve 15 Curve 30 Curve 45 Remarks

1.10 318.3 636.5 954.8 1,591 3,183 4,774 9,548 14,321 Stator Model 
Limitsb

1.20 171.7 343.4 515.1 858.6 1,717 2,576 5,151 7,727

1.30 115.0 229.9 344.9 574.9 1,150 1,725 3,449 5,174

1.40 84.83 169.7 254.5 424.1 848.3 1,272 2,545 3,817

1.50 66.21 132.4 198.6 331.1 662.1 993.2 1,986 2,979

2.00 28.51 57.02 85.53 142.6 285.1 427.7 855.3 1,283

2.45 17.27 34.53 51.80 86.33 172.7 259.0 518.0 777.0

2.50 14.40 28.80 43.20 72.00 144 216 432 648.0 Rotor Model 
Limitsc

3.00 10.00 20.00 30.00 50.00 100 150 300 450.0

4.00 5.63 11.25 16.88 28.13 56.25 84.38 169 253.1

5.00 3.60 7.20 10.80 18.00 36.00 54.00 108 162.0

6.00 2.50 5.00 7.50 12.50 25.00 37.50 75.00 112.5

7.00 1.84 3.67 5.51 9.18 18.37 27.55 55.10 82.65

8.00 1.41 2.81 4.22 7.03 14.06 21.09 42.19 63.28

9.00 1.11 2.22 3.33 5.56 11.11 16.67 33.33 50.00

10.0 0.90 1.80 2.70 4.50 9.00 13.50 27.00 40.50

11.0 0.74 1.49 2.23 3.72 7.44 11.16 22.31 33.47

12.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13

14.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13
a (Trip time for Curve n) = (Trip time for Curve 45)*n/45 at same multiple of FLA.
b Tripping times are for the stator initially at operating temperature (hot).
c Tripping times are for the rotor initially at ambient temperature (cold).

Curve Number Locked Rotor Amps FLA⁄( )2 Safe Stall Time, Hot in seconds( )•
36 2.08•

---------------------------------------------------------------------------------------------------------------------------------------------------------------<

Curve 15.12  select curve 15 or less;<
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RTC = 81 minutes
COOLTIME = 3 • 81 + 1 = 244 minutes

When the thermal element setting method is set to CURVE1 := 46, the relay 
allows you to construct a custom motor protection curve using as few as 5 or 
as many as 28 thermal limit points. The relay requires:

➤ The Full-Load Amps and Service Factor ratings for the motor.

➤ Time to Trip settings at 2.00 and 2.50 times Full-Load Amps for 
overload protection (hot stator trip-times).

➤ Time to Trip settings at 5.50, 6.00, and 6.50 times Full-Load 
Amps for locked rotor protection (cold rotor trip-times). 

If you wish to emulate a manufacturer’s specified thermal limit curve, you 
must enter additional hot stator and cold rotor time points along the curve. If 
you do not enter a time for a point, enter AUTO. The relay automatically uses 
a calculated thermal limit time between the entered time points.

You can use this method if the motor thermal limit curve includes a disconti-
nuity between the stator limit curve and the locked rotor limit curve, as shown 
in Figure 4.4. See Table 4.6 for the available settings to construct a custom 
curve.

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Trip Time @ 1.05 FL 1.0–6000.0 s, Auto TTT105 := AUTO

Trip Time @ 1.10 FL 1.0–6000.0 s, Auto TTT110 := AUTO

Trip Time @ 1.20 FL 1.0–6000.0 s, Auto TTT120 := AUTO

Trip Time @ 1.30 FL 1.0–6000.0 s, Auto TTT130 := AUTO

Trip Time @ 1.40 FL 1.0–6000.0 s, Auto TTT140 := AUTO

Trip Time @ 1.50 FL 1.0–6000.0 s, Auto TTT150 := AUTO

Trip Time @ 1.75 FL 1.0–6000.0 s, Auto TTT175 := 625.0

Trip Time @ 2.00 FL 1.0–6000.0 s TTT200 := 400.0

Trip Time @ 2.25 FL 1.0–6000.0 s, Auto TTT225 := AUTO

Trip Time @ 2.50 FL 1.0–6000.0 s TTT250 := 225.0

Trip Time @ 2.75 FL 1.0–6000.0 s, Auto TTT275 := AUTO

Trip Time @ 3.00 FL 1.0–6000.0 s, Auto TTT300 := AUTO

Trip Time @ 3.50 FL 1.0–6000.0 s, Auto TTT350 := AUTO

Trip Time @ 4.00 FL 1.0–6000.0 s, Auto TTT400 := 72.0

Trip Time @ 4.50 FL 1.0–6000.0 s, Auto TTT450 := 58.0

Trip Time @ 5.00 FL 1.0–600.0 s, Auto TTT500 := 30.0

Trip Time @ 5.50 FL 1.0–600.0 s TTT550 := 25.0

Trip Time @ 6.00 FL 1.0–600.0 s TTT600 := 18.1

Trip Time @ 6.50 FL 1.0–600.0 s TTT650 := 15.2

Trip Time @ 7.00 FL 1.0–600.0 s, Auto TTT700 := 13.2

Trip Time @ 7.50 FL 1.0–600.0 s, Auto TTT750 := AUTO

NOTE: Refer to AG2018-23: 
Testing Curve 46 in SEL Motor 
Protection Relays for more details 
on testing user-defined thermal 
curve 46 in SEL motor protection 
relays.

NOTE: Trip times for FL values as 
high as 2.5 FL are Hot Stator trip 
times. Trip times for FL values greater 
than 2.5 FL are Cold Rotor trip times.
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EXAMPLE 4.5 Thermal Element Curve Method, Curve := 46

A 4000 V, 3000 HP motor is to be protected using the SEL-710-5 
Relay Thermal Element Curve Method. The motor data sheet includes 
the following information:

Rated Horsepower (HP) = 3000 HP
Rated Voltage (V) = 4000 V
Rated Full-Load Current (A) = 366 A
Rated Locked Rotor Amps (A) = 2380 A
Safe Stall Time at 100% Volts

Cold = 16 seconds
Hot = 12 seconds

Service Factor = 1.25

The motor data sheet also includes the Thermal Limit Curve shown in 
Figure 4.4.

Figure 4.4 3000 HP Example Motor Thermal Limit Curve

Trip Time @ 8.00 FL 1.0–600.0 s, Auto TTT800 := AUTO

Trip Time @ 8.50 FL 1.0–600.0 s, Auto TTT850 := AUTO

Trip Time @ 9.00 FL 1.0–600.0 s, Auto TTT900 := AUTO

Trip Time @ 9.50 FL 1.0–600.0 s, Auto TTT950 := AUTO

Trip Time @10.0 FL 1.0–600.0 s, Auto TTT1000 := AUTO

Trip Time @ 11.0 FL 1.0–600.0 s, Auto TTT1100 := AUTO

Trip Time @ 12.0 FL 1.0–600.0 s, Auto TTT1200 := AUTO

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Acceleration

Overload

Locked Rotor

1 2 3 4 5 6 7 8 9 10 20

Multiples of Full-Load Amps

Ti
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The discontinuities in the thermal limit curve between the Overload, 
Acceleration, and Locked Rotor curve sections make this motor 
become ideal for protection by using a purpose-built thermal limit 
curve. The Curve setting method provides the facility to protect this 
motor.

By examining the curve, we can find the thermal limit times at various 
multiples of Full-Load Current, as listed in Table 4.7. These times map 
directly to the relay settings shown.

Phase current transformers having 500:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below.

Current Transformer Ratio (CTR) = 500/5 = 100
Full-Load Amps (FLA) = 366 A primary
Service Factor (SF) = 1.25
Time to Trip at 1.30 x FLA (TTT130) = AUTO
Time to Trip at 1.40 x FLA (TTT140) = AUTO
Time to Trip at 1.50 x FLA (TTT150) = AUTO
Time to Trip at 1.75 x FLA (TTT175) = 625.0 seconds
Time to Trip at 2.00 x FLA (TTT200) = 400.0 seconds
Time to Trip at 2.25 x FLA (TTT225) = AUTO
Time to Trip at 2.50 x FLA (TTT250) = 225.0 seconds
Time to Trip at 2.75 x FLA (TTT275) = AUTO
Time to Trip at 3.00 x FLA (TTT300) = AUTO
Time to Trip at 3.50 x FLA (TTT350) = AUTO
Time to Trip at 4.00 x FLA (TTT400) = 72.0 seconds
Time to Trip at 4.50 x FLA (TTT450) = 58.0 seconds
Time to Trip at 5.00 x FLA (TTT500) = 30.0 seconds
Time to Trip at 5.50 x FLA (TTT550) = 25.0 seconds
Time to Trip at 6.00 x FLA (TTT600) = 18.1 seconds
Time to Trip at 6.50 x FLA (TTT650) = 15.2 seconds
Time to Trip at 7.00 x FLA (TTT700) = 13.2 seconds
Time to Trip at 7.50 x FLA (TTT750) = AUTO
Time to Trip at 8.00 x FLA (TTT800) = AUTO
Time to Trip at 8.50 x FLA (TTT850) = AUTO
Time to Trip at 9.00 x FLA (TTT900) = AUTO
Time to Trip at 9.50 x FLA (TTT950) = AUTO
Time to Trip at 10.0 x FLA (TTT1000) = AUTO
Time to Trip at 11.0 x FLA (TTT1100) = AUTO
Time to Trip at 12.0 x FLA (TTT1200) = AUTO

Table 4.7 3000 HP Motor Thermal Limit Times

Multiples of Full-Load Current Thermal Limit Time (Seconds)

1.75 625

2.00 400

2.50 225

4.00 72

4.50 58

5.00 30

5.50 25

6.00 18.1

6.50 15.2

7.00 13.2
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The relay neither requests settings for thermal limit times less than the service 
factor nor does it require that all settings have a time entered. You can enter 
AUTO for some points and the relay automatically builds the thermal limit 
curve between the nearest two specified points. For instance, a relay thermal 
limit characteristic between 2.5 and 4.0 times Full-load Amps forms a contin-
uous curve between 225 seconds and 72 seconds.

When SETMETH := CURVE and CURVE := 46, then the relay uses the fol-
lowing equation to calculate TD and RTC1 values:

Equation 4.1

Continue calculating the balance of thermal element settings with the overload 
settings in Table 4.8.

Additional Thermal Overload Settings

When the motor thermal capacity used exceeds the overload warning level 
setting (TCAPU), the relay issues a warning and asserts Relay Word bit 49A. 
The early warning allows you to correct the load problem before a thermal trip 
occurs. Note that the warning and Relay Word bit 49A deassert when the ther-
mal capacity used goes below 90% of the pickup level.

Set TCAPU using the following criterion to avoid nuisance overload warnings 
when running the motor at full load.

Equation 4.2

The motor tripping and starting functions include supervision to help prevent a 
thermal trip on a normal start. The relay prevents motor starting until the 
thermal element has enough available rotor thermal capacity to allow a motor 
start without tripping. Set the start inhibit level TCSTART greater than the 

TD TTT600
Ta

---------------------  where Ta TTT550 TTT600 TTT650+ +( )
3

--------------------------------------------------------------------------------==

and

RTC1 LRTHOT1 TD 0.2+( )•

60 ln 36 0.9 SF•( )2
–

36 SF( )2
–

---------------------------------------
 
 
 

•

--------------------------------------------------------------  minutes=

Table 4.8 Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias)

Setting Prompt Setting Range Setting Name := Factory Default

OL WARN LEVEL OFF, 50–99 %TCU TCAPU := 85

START INH. LEVEL OFF, 1–99 %TCU TCSTART := OFF

LEARN TCSTART? Y, N TCLRNEN := Y

STOP COOL TIME 1–6000 min COOLTIME := 84

STOP COAST TIME 1–3600 sec COASTIME := 5

LEARN COOLTIME? Y, N COOLEN := N

OL RTD BIASING Y, N ETHMBIAS := N

NOTE: The Overload Alarm function 
(Relay Word bit 49A) has a built-in 
hysteresis of 10% of the pickup level 
(setting TCAPU). The hysteresis 
prevents the alarm from chattering. 
The alarm drops out when the TCU 
drops below 90% of the pickup level.

TCAPU 100
SF2
--------->
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rotor thermal capacity required to start (Start TCU) the motor. Refer to 
Figure 4.75, which shows the TCSTART usage for the thermal lockout logic. 
This feature can be disabled by setting TCSTART equal to OFF.

Equation 4.3

NOTE: A 5%—10% margin is 
suggested for Equation 4.2, 
Equation 4.3, and Equation 4.4.

The function of setting 49RSTP is similar to that of TCSTART, except that 
49RSTP determines the stator thermal capacity above which the relay does 
not allow reset.

Equation 4.4

When you use the Use Learned Starting Thermal Capacity function 
(TCLRNEN := Y and TCSTART≠ Off), the relay records the rotor thermal 
capacity used during the past five starts and uses it in the thermal model in 
place of the TCSTART setting. The learned TCSTART is 115 percent of the 
largest of the last five starting thermal capacities. The relay records the ther-
mal capacity and uses it in the thermal model in place of the TCSTART set-
ting. The relay requires that the rotor thermal model cool enough to permit 
that start. 

EXAMPLE 4.6 Learned Starting Thermal Capacity Calculation

Over the past five starts, a motor has used 24%, 27%, 22%, 25%, and 
26% of thermal capacity. The largest thermal capacity to start is 
27%. The relay requires that the present TCURTR drop below 69% 
(100%–31%) before a new start is allowed. 

You can view the present learned thermal capacity to start (Start TC) using the 
serial port MOTOR command or the front-panel Monitor\Display Mot 
Data\Learn Parameters (see Figure 8.7).

The relay uses the COOLTIME setting to determine the thermal model time 
constant when the motor is stopped. A stopped motor can take longer to cool 
than a running motor because of reduced airflow or loss of forced coolant. 
Based on the setting names, the stopped cooling time equation is shown in 
Equation 4.5. The relay prompts you with the minimum allowable COOL-
TIME when you attempt to save a value shorter than the minimum. This is 
useful when RTC is set to AUTO.

Equation 4.5

The factory-default settings assume that the motor stopped cooling time is the 
same as the motor running cooling time.

Motor manufacturers sometimes provide cooling parameters for a stopped 
motor in the form of either a cooling time constant or a cooling time. If a time 
constant is provided, multiply this value by three to calculate the motor 
stopped cooling time setting (COOLTIME). If a time is provided, use this 
time directly for COOLTIME. 

TCSTART Start TCU( )>

where:
RTC = RTC1 or RTC2 (whichever is higher)

49RSTP 100
SF2
---------<

NOTE: Reset the learned 
parameters prior to putting the relay 
in service (e.g., use the RLP 
Command) to erase any unintentional 
data learned during testing.

COOLTIME 3 RTC•  minutes>
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Set COASTIME to 90%–95% of the time the motor coasts before the rotor 
stops on a normal stop. The relay automatically delays the use of the slower 
cooling rate (based on COOLTIME) by this setting, which can significantly 
reduce the wait time before the next start may be allowed by thermal lock out. 
Figure 4.5 shows the coast-stop logic diagram. If the normal motor coast time 
is not available or if it is not necessary to minimize the wait time before the 
next start, you can safely leave the COASTIME setting at the default value of 
5 seconds.

Figure 4.5 Coast-Stop Logic Diagram

When the relay monitors one or more RTDs in the motor windings and an 
ambient temperature RTD, the relay learns the stator cooling time by 
monitoring the winding temperature when the motor is stopped. If you set 
Use Learned Cooling Time (COOLEN) equal to Y, the relay learns the 
cooling time over five stops and uses it in the thermal model in place of the 
Motor Stopped Cooling Time setting. However, when no ambient RTD is 
selected in the settings or if the ambient RTD/winding RTD has failed open or 
short, and COOLEN is set to Y, the relay does not learn the stator cooling time 
over five stops and continues to use the COOLTIME setting. Figure 4.6 shows 
the MOT command response for this case.

NOTE: Normal motor starts are 
inhibited until the COASTOP Relay 
Word bit asserts; however, the 
emergency start is not. See Start 
Inhibit Function on page 4.41.

SET

CLR

COASTOP

Relay
Word
BitsPOWERUP*

49T_RTR
SPDSTR

JAMTRIP

0

0.5 s
Latch 1

S

R

Q

Timer 1

Q

0

COASTIME

STOPPED

STOPPED
Timer 2

OR1

AND1

AND2

NOT2

NOT3

SPEEDSW

AND4

AND3

NO

NOT1

T1
SPEEDSW

Relay
Word
Bits

OR2

* POWERUP is an internal bit; it asserts for 1/4 cycle every time the relay turns on.
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The Learned Cooling Time function can revise the Cool Time only if the 
learned value is greater than the COOLTIME setting.

When you apply the user-defined curve Thermal Element Setting Method 
Curve1 := 46, the rotor and stator cooling time constants for the motor can 
differ significantly. Therefore, in this case, disable Use Learned Cooling Time 
(COOLEN = N) unless the motor manufacturer recommends a cooling time or 
time constant.

You can bias the thermal model by ambient temperature when ETHMBIAS is 
set equal to Y. Use the ambient temperature above 40°C and the winding RTD 
trip temperature setting to calculate the overload RTD bias.

When the ambient RTD temperature is greater than 40°C, and the minimum 
stator winding trip threshold is greater than 40°C, then the stator RTD trip 
temperatures are lowered (if ERTDBIAS := Y) as follows:

Calculate the RTD thermal capacity used (TCRTD) from the stator winding 
RTD closest to its corresponding trip threshold and the ambient temperature 
RTD. If ETHMBIAS := Y, then compare this value against the thermal model 
thermal capacity for the RTD bias alarm.

=>>MOT <Enter>

SEL-710-5                                Date: 03/22/2017   Time: 11:02:25.671
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    06/28/2016
Last Reset Time      14:44:47
Running Time          0:01:01
Stopped Time       >  245:10:13
Time Running (%)          0.0
Total MWhr (MWhr)         0.0
Number of Starts          443
Emergency Starts           18

Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       1.2    116.0
Max Start I (A)     97.7   1344.0
Min Start V (V)    527.9      0.0
Start %TCU          23.2   1322.2
Running %TCU         6.4    689.8
RTD %TCU            61.4    100.0
Running Cur (A)    117.7    591.8
Running kW         126.8   3862.0
Running kVARin     252.1   2299.1
Running kVARout     39.7   2306.0
Running kVA        368.1   4048.6
Max WDG RTD (C)      104      249
Max BRG RTD (C)  NA       NA
Ambient RTD (C)      219      220
Max OTH RTD (C)  NA       NA

Learn Parameters
CoolTime (s)  Insufficient Data
Start TC (%)  Insufficient Data

=>>

Figure 4.6 MOTOR Command Response

KRTD = TAMB – 40 Limit: 0 < KRTD < 45

TVRTDn = TRTMPn – KRTD Limit: TVRTDn > MIN (85, TRTMPn)

where
TAMB = measured ambient temperature

TVRTDn = biased stator winding temperature trip threshold for the 
nth winding RTD

TRTMPn = the nth winding trip threshold setting

NOTE: In addition to setting 
ETHMBIAS := Y, you must set one 
RTD location equal to ambient, at 
least one RTD location equal to 
winding, and set the winding trip level 
(see Table 4.30 for details).
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Calculate the ambient bias factor KTH using the following equations. Use the 
factor KTH in the thermal model to calculate start and run state trip values.

Slip-Dependent Thermal Model for Synchronous Motors
Slip-dependent thermal models enable longer motor start times, which are 
often needed on high inertia applications. The SEL-710-5 slip-dependent ther-
mal model uses the locked rotor torque (LRQ) in per unit of the full load 
torque of the motor, the locked rotor current (LRA) in per unit of FLA, and the 
full load slip of the motor (FLS). These numbers are readily available for most 
induction motors. 

For synchronous motors, however, these numbers are generally unavailable. 
To compute the LRQ setting, both the locked rotor torque and the full load 
torque of the machine operating as an induction motor must be available; but, 
the full load torque of synchronous motors operating as induction machines is 
seldom available. 

Similarly, to compute the LRA setting, the locked rotor current, and the full 
load current of the machine operating as induction in primary amps must be 
available; but again, the full load current of synchronous motors operating as 
induction machines is unavailable. Finally, the full load slip of synchronous 
motors operating as induction machines is unavailable to set the FLS setting.

In this section, we detail a procedure to set the SEL-710-5 thermal model to 
adequately protect synchronous motors connected to high inertia loads.

Rotor Thermal Model
The slip-independent rotor thermal model integrates the motor starting current 
over time to estimate the rotor temperature. On each processing interval the 
relay computes the rotor TCU using

where
TRTDn = the winding RTD temperature that is closest to its trip 

temperature
TVRTDn = the corresponding biased stator winding trip 

temperature
TAMB = measured ambient temperature

where
0 = <= KTH <=1

min{TRTMPn} = the stator RTD trip threshold temperature 
corresponding to the winding temperature TRTDn

TCRTD 1
TVRTDn TRTDn–

TVRTDn TAMB–
-------------------------------------------–=

KTH 1{ }   TAMB 40°C or min TRTMPn{ } 60°C≤ ≤=

KTH 1  
KRTD

min TRTMPn{ }
-----------------------------------------–

 
 
 

=    TAMB 40°C and min TRTMPn{ } 60°C> >

TCU k[ ] 100
tΣ0

kI2 k[ ]Δ

LRA2 LRT•
---------------------------------•=
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Note that if the current remains at the locked rotor value (LRA) for the locked 
rotor time (LRT) the TCU reaches 100% as defined by the locked rotor time 
and current.

Multiplying and dividing the TCU equation by the rotor resistance, we obtain:

where (LRA2 • LRT • Rr) is the energy that the rotor absorbs before reaching a 
damaging temperature. The numerator is the amount of energy added to the 
rotor by time k. The slip-dependent thermal model recognizes that the rotor 
resistance is a function of the slip. To include the rotor resistance dependence 
on the slip, we rewrite the TCU equation as follows:

where the rotor resistance as a function of the slip Rr(S) is given by:
Rr(S) = R1S + R0(1–S) with . Using Rr 
into the latest TCU expression:

The ratio of R1S[k] + R0(1–S[k]) to R1is between 1, when the slip is one and 
0 < R0/R1 < 1 when the slip is zero, making the TCU increments smaller than 
in the slip-independent thermal model. The smaller TCU increments lead to 
longer start times. Figure 4.7 shows a comparison of the slip-independent 
thermal model to the slip-dependent thermal model where R0/R1 = 2/3. Note 
that as the slip approaches zero the slope of the slip-dependent TCU goes 
down allowing for two additional seconds of start time.

Figure 4.7 Slip-Dependent and Slip-Independent Thermal Models

TCU k[ ] 100
tΣ0

kI2 k[ ] Rr•Δ

LRA2 LRT Rr••
--------------------------------------------•=

TCU k[ ] 100 Δt
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----------------------------------

I2 k[ ] Rr S k[ ]( )• 

Rr 1( )
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k
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For induction motors, the R0/R1 ratio is generally between 1/3 and 1/6. For 
synchronous motors, the ratio is generally between 1/3 and 1/6. The following 
guidelines lead to R0/R1 = 1/3.

Settings Guidelines
These settings guidelines pertain specifically to synchronous motors that are 
connected to high-inertia loads, which require start times longer than the 
locked rotor time. To enable the slip-dependent thermal model, set FLS and 
LRQ to:

 

where LRA is the locked rotor current in per unit FLA. Internally, the relay 
sets R0 = FLS and R1 = LRQ/LRA2.

The SLIPSRC setting specifies the source for the motor slip used in the 
thermal model. Three options are available: STAT, VDR, and R1. Select the 
SLIPSRC setting based on the following guidelines.

STAT: The relay computes the motor slip based on the stator 
measurements as described in U.S. Patent Application Publication 
No. 2015/0088444, "Monitoring Synchronization of a Motor Using Stator 
Current Measurements." Use this method for brushless synchronous 
motors or when the field measurements are unavailable to the relay.

VDR: The relay computes the motor slip based on the field voltage 
measurement (VDR). Use this method when field voltage measurements 
are available. When the VDR option is selected, make sure that 
STSEQEN asserts with the STARTING Relay Word bit.

R1: The relay computes the motor slip based on the positive-sequence 
resistance measured during motor start up. This method is not 
recommended for synchronous motors. If this method is necessary for 
your application, contact SEL.

For an extensive comparison of STAT VDR and R1 methods, refer to 
“Synchronous rotor thermal model based on stator current modulation,” The 
Journal of Engineering, vol. 2018, no. 15, pp. 866–870, Oct. 2018. 

Overcurrent Elements
If the SEL-710-5 is connected to a motor protected by a fused contactor, 
disable the phase overcurrent element by setting its trip level to OFF. If the 
relay is connected to a device capable of interrupting fault current, use the 
element to detect and trip for phase overcurrent faults. Set the phase overcur-
rent trip level (50P1P) equal to 2.0 times the motor locked rotor current with a 
0.0 second time delay. Set the phase overcurrent warn level (50P2P) to the 
value you want with an appropriate time delay.

FLS 1
3 LRA2

• 
------------------------:= 

LRQ 1.0:= 

Table 4.9 Phase Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

PH OC TRIP LVL OFF, 0.10–20.00 xFLA  50P1P := 10.00

PH OC TRIP DLAY OFF, 0.00–5.00 s  50P1D := 0.00

PH OC WARN LVL OFF, 0.10–20.00 xFLA  50P2P := OFF

PH OC WARN DLAY OFF, 0.00–5.00 s  50P2D := 0.50
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The phase overcurrent elements (50P1 and 50P2; see Figure 4.8) normally 
operate using the output of the cosine filter. However, when the harmonic dis-
tortion index exceeds a fixed threshold, which indicates severe CT saturation, 
the phase overcurrent elements operate on the output of the peak detector. 

The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two methods provides an elegant 
solution for ensuring dependable short circuit overcurrent element operation.

The relay offers two types of ground fault detecting overcurrent elements. The 
neutral overcurrent elements (50N1T and 50N2T) operate with current mea-
sured by the IN input. The residual (RES) overcurrent elements (50G1T and 
50G2T) operate with the current derived from the phase currents (see 
Figure 4.8).

Table 4.10 Neutral Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NEUT OC TRIP LVL OFF, 0.01–650.00 A pri 50N1P := OFF

NEU OC TRIP DLAY OFF, 0.00–5.00 s 50N1D := 0.50

NEUT OC WARN LVL OFF, 0.01–650.00 A pri 50N2P := OFF

NEU OC WARN DLAY OFF, 0.0–120.0 s 50N2D := 10.0

NOTE: The phase overcurrent 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK50P := Y (see Table 4.64 for 
details).

NOTE: Neutral OC trip level settings 
are in primary amperes.

NOTE: The 50N1P and 50N2P 
settings ranges are dependent on the 
neutral CT ratio CTRN. Refer to 
Table 6.6 for the settings 
interdependency.

NOTE: The neutral and residual 
overcurrent elements are disabled by 
the Relay Word bit BLKPROT if the 
setting BLK50EF := Y (see Table 4.64 
for details).

NOTE: For the 2.5 mA models, the 
50NxP element includes a security 
timer of 100 ms.
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Figure 4.8 Overcurrent Element Logic

When a core-balance CT is connected to the relay IN input, as in Figure 2.24, 
use the neutral overcurrent element to detect motor ground faults. Calculate 
the trip and warn level settings based on the available ground fault current and 
the core-balance CT ratio.

EXAMPLE 4.7 Ground Fault Core-Balance CT Application

A resistance-grounded transformer limits the current for motor or 
cable ground faults. The resistor is sized to limit the current to 10 A 
primary. The three motor leads are passed through the window of a 
10:1 core-balance CT. The CT secondary is connected to the SEL-710-5 
IN current input (terminals Z07, Z08), as shown in Figure 4.9. Setting 
the Neutral OC CT Ratio (CTRN—see Group Settings (SET Command) 
on page 4.4) equal to 10 and Neutral Trip Lvl (50N1P) equal to 5 A 
with a 0.10-second time delay ensures that the element quickly 
detects and trips for motor ground faults, but prevents misoperation 
resulting from unequal breaker or contactor pole closing times.

50P1P

|IP|

IA

IB

IC

IN

PHROT

IG Current
Magnitude

Calculations

|IP|

|IN|

|IG|

50P1T

50P2P
50P2T

50N1P

|IN|

50N1T

50N2P
50N2T

50G1P

|IG|

50G1T

50G2P
50G2T

Settings

(Maximum Phase Current Magnitude)

(Core-Balance Current Magnitude)

(Residual Current Magnitude)

50P1D

0

50P2D

0

50N1D

0

50G2D

0

50G1D

0

50N2D

0

Negative-Sequence 
Current Calculation

(Negative-Sequence Current Magnitude) |3I2|

Relay 
Word
 Bits 

50Q1P

|3I2|

50Q1T

50Q2P
50Q2T

50Q2D

0

50Q1D

0

50P1P

50P2P

50N1P

50N2P

50G1P

50G2P

50Q1P

50Q2P

|IIAI|

|IIBI|

(A-Phase Current Magnitude)

(B-Phase Current Magnitude)

(C-Phase Current Magnitude) |IICI|
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Figure 4.9 Ground Fault Protection Using Core-Balance CT

When a core-balance CT is not available, use the 50G residual overcurrent 
elements. Set the residual overcurrent trip level (50G1P) between one-half and 
one-fifth of the full-load phase current, and set the residual overcurrent trip 
delay (50G1D) equal to 0.2 seconds. Set the warn level more sensitively, but 
with a longer time delay. The long time delay allows the sensitive warn ele-
ment to ride through the false residual current that can be caused by phase CT 
saturation during motor starting.

The relay offers a negative-sequence overcurrent element to be used in addi-
tion to or instead of the 46 Current Unbalance element to detect phase-to-
phase faults, phase reversal, single phasing, and heavy motor unbalance.

Incipient Cable Fault
The incipient cable fault element is used to detect self-clearing half- to one-
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled.

Table 4.11 Residual Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

RES OC TRIP LVL OFF, 0.10–20.00 xFLA  50G1P := OFF

RES OC TRIP DLAY OFF, 0.00–5.00 s  50G1D := 0.50

RES OC WARN LVL OFF, 0.10–20.00 xFLA  50G2P := OFF

RES OC WARN DLAY OFF, 0.0–120.0 s  50G2D := 10.0

Table 4.12 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NSEQ OC TRIP LVL OFF, 0.10–20.00 xFLA 50Q1P := 3.00

NSEQ OC TRIP DLY OFF, 0.1–120.0 s 50Q1D := 0.1

NSEQ OC WARN LVL OFF, 0.10–20.00 xFLA 50Q2P := 0.30

NSEQ OC WARN DLY OFF, 0.1–120.0 s 50Q2D := 0.2

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Motor

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to motor ground faults is 
less when the residual overcurrent 
element is used instead of the CB 
element. A separate ground fault 
detection method should be used if a 
CB CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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The logic, as detailed in Figure 4.11, detects when two consecutive raw sam-
ples of phase current are higher than the user-defined threshold and asserts the 
respective phase 50INCx (x = A, B, or C) Relay Word bit. If the overcurrent 
clears within three half cycles, then an event is recorded in a history report and 
the counter is incremented. The phase of the cable, total number of events on 
each phase, and the timestamps of the most recent 32 events are kept in the 
report (see Figure 4.10), which is displayed by using the HIS 50INC com-
mand (see Table 7.31). 

To reset the counter and the event report, issue the HIS 50INC C command.

Figure 4.11 Incipient Cable Fault Logic

The logic provides a threshold for alarm via 50IALC and a threshold for trip-
ping 50ITRC, depending on the number of detected events. These have corre-
sponding Relay Word bits, 50IALCx and 50ITRCx, for each phase when the 
count on that phase is higher than the respective threshold.

=>>HIS 50IN <Enter>

SEL-710-5                                Date: 08/29/2019   Time: 11:09:24.098
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X269-V0-Z004003-D20190828

#     DATE        TIME        CNTA   CNTB   CNTC   INCF PHASE
1     08/29/2019 11:09:15.497  1      0      0       A      
2     08/29/2019 11:09:15.747  2      0      0       A      
3     08/29/2019 11:09:15.998  3      0      0       A      
4     08/29/2019 11:09:16.248  4      0      0       A      
5     08/29/2019 11:09:16.498  5      0      0       A      

LAST RESET =  08/29/2019 11:09:09.024

=>>

Figure 4.10 HIS 50INC Report Response

50IALCA

50ITRCA

50IALC

50ITRC

Reset

Counter
8

Samples

2

16
Samples

46
Samples 50INCTA

50INCA

16

1
Samples

E50INC

|IA RAW|

Settings

Relay
Word
Bit

Relay
Word
Bits

Relay
Word
Bit

Settings

Table 4.13 Incipient Cable Fault Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

50INC PU LVL OFF, 5–50.00 Aa

1–10.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

E50INC := 15

E50INC := 3

50INC WARN COUNT 1–100 50IALC := 1

50INC TRIP COUNT 1–100 50ITRC := 10
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Time-Overcurrent Elements
One level of inverse-time element is available for A-, B-, and C-phase, and 
negative-sequence overcurrent. Also, two levels of inverse-time elements are 
available for maximum phase and residual overcurrent. See Table 4.14 
through Table 4.17 for available settings.

NOTE: Time-overcurrent elements 
trip level settings are in secondary 
amperes.

You can select from five U.S. and five IEC inverse characteristics. Table 4.18 
and Table 4.19 show equations for the curves and Figure 4.16 through 
Figure 4.25 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use 51_CT if you want to 
raise the curves by a constant time. Also, you can use 51_MR if you want to 
ensure the curve times no faster than a minimum response time.

Each element can be torque controlled using appropriate SELOGIC control 
equations (e.g., when 51P1TC := IN401, the 51P1 element is operational only 
if IN401 is asserted).

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51AP := OFF
51AP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 s 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51BP := OFF
51BP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 s 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51CP := OFF
51CP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c,
0.05–1.00d

51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 s 51CCT := 0.00
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.12.

Figure 4.12 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P1P := OFF

51P1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c,

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 s 51P1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P2P := OFF

51P2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

51ATC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.4)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.

SELOGIC
Setting

Setting
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.13.

Figure 4.13 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 s 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.16 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

a For INOM = 5 A.
b For INOM = 1 A.

51QP := OFF
51QP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 s 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P
|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC
Torque Control

51P1P Pickup

51P1R Reset

51P1T Curve
 Timeout

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

Y Electromechanical
N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings
  51P1P Pickup
  51P1C Curve Type
  51P1TD Time Dial
  51P1RS Electromechanical
    Reset? (Y/N)
  51P1CT Const. Time Add.
  51P1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown Figure 4.14.

Figure 4.14 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G1P := OFF

51G1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 s 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G2P := OFF

51G2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 s 51G2CT := 0.00

51QTC

SELOGIC
Torque Control

SELOGIC
Setting

(From Figure 4.4)

51QP

|3I2|

Setting

Torque Control Switch

Pickup

Curve
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to resid-
ual current IG as shown Figure 4.15.

Figure 4.15 Residual Time-Overcurrent Elements 51G1T and 51G2T

Relay Word Bit ORED51T
Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 
51BT, 51CT, 51PIT, 51P2T, 51G1T, 51G2T, or 51QT are asserted.

Time-Overcurrent Curves
The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.12 through 
Figure 4.15). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.20 through Figure 4.25. Curves U1, U2, and U3 (Figure 4.16 through 
Figure 4.19) conform to IEEE C37.112-1996, Standard Inverse-Time Charac-
teristic Equations for Overcurrent Relays.

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

710-5_IM_0175_ResidentialTimeOvercurrent_a.eps

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch
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Table 4.18 Equations Associated With U.S. Curves 

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.16

U2 (Inverse) Figure 4.17

U3 (Very Inverse) Figure 4.18

U4 (Extremely Inverse) Figure 4.19

U5 (Short-Time Inverse) Figure 4.20

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

Table 4.19 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.21

C2 (Very Inverse) Figure 4.22

C3 (Extremely Inverse) Figure 4.23

C4 (Long-Time Inverse) Figure 4.24

C5 (Short-Time Inverse) Figure 4.25

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M2
–

---------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.16 U.S. Moderately Inverse Curve: U1 Figure 4.17 U.S. Inverse Curve: U2

Figure 4.18 U.S. Very Inverse Curve: U3 Figure 4.19 U.S. Extremely Inverse Curve: U4
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Figure 4.20 U.S. Short-Time Inverse Curve: U5 Figure 4.21 IEC Class A Curve (Standard Inverse): C1

Figure 4.22 IEC Class B Curve (Very Inverse): C2 Figure 4.23 IEC Class C Curve (Extremely Inverse): C3
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Differential Elements
The SEL-710-5 optionally provides two definite-time delayed differential 
overcurrent elements. See Figure 4.26 for the element logic diagrams. Use the 
relay with either core-balance differential CTs (see Figure 2.25) or with sepa-
rate CTs on the source and neutral sides of the motor (see Figure 2.26).

A dedicated CT ratio setting (CTR87M) is provided for the differential ele-
ments. This is particularly useful when core-balance differential CTs are used 
because CBCT reads zero if balanced; therefore, you can detect small currents 
with high CT ratios.

Figure 4.24 IEC Long-Time Inverse Curve: C4 Figure 4.25 IEC Short-Time Inverse Curve: C5
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Table 4.20 Motor Differential Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DIFF ENABLE Y, N E87M := N

DIFF CT RATIO 1–5000 CTR87M := 100

DIFF 1 TRIP LVL OFF, 0.05–8.00 A sec 87M1P := OFF

DIFF 1 TRIP DLY 0.00–60.00 s 87M1TD := 0.10

DIFF 1 TRQ CON SELOGIC 87M1TC := 50S

DIFF 2 TRIP LVL OFF, 0.05–8.00 A sec 87M2P := OFF

DIFF 2 TRIP DLY 0.00–60.00 s 87M2TD := 0.10

DIFF 2 TRQ CON SELOGIC 87M2TC := NOT 50S

NOTE: If the SEL-710-5 is connected 
to a motor protected by a fused 
contactor, disable the differential 
elements by setting the trip level to 
OFF. If the relay is connected to a 
device capable of interrupting fault 
current, use the element to detect and 
trip for differential faults.
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Each differential element can be set independently with operate level 
(pickup), delay, and torque control equations to provide flexibility. For 
example, the factory-default torque control equations allow you to set higher 
level 1 pickup during motor starting for better security and lower level 2 
pickup during the rest of the times for more sensitive protection. Note that 
false differential current is more likely during motor starting because of large 
inrush currents.

Figure 4.26 Differential Element Logic

Load-Jam Elements
Load-jam protection is available only when the relay detects that the motor is 
in the RUNNING state. During a load-jam condition, the motor stalls and the 
phase current rises to near the locked rotor value. When load-jam tripping is 
enabled and the phase current exceeds the jam trip level setting (LJTPU) for 
longer than the time delay setting (LJTDLY), the relay trips (see Figure 4.27). 
Set the jam trip level greater than the expected normal load current but less 
than the rated locked rotor current. This setting is entered in per unit of the 
Full-Load Amps (FLA) setting.

I87max

87M1TC

I87max

87M2TC

Relay
Word
Bits

87M1

87M1T

87M2

87M2T

87M1TD

87M2TD

0

Torque Control Switch

Torque Control Switch

87M1P

87M2P

I87max = max (|IA87|, |IB87|, |IC87|)
If 87MxTC = 1, the associated torque control switch is closed

Settings Inputs_________ _______

0

Table 4.21 Load-Jam Settings 

Setting Prompt Setting Range Setting Name := Factory Default

JAM TRIP LEVEL OFF, 1.00–6.00 xFLA  LJTPU := OFF

JAM TRIP DELAY 0.0–120.0 s  LJTDLY := 0.5

JAM WARN LEVEL OFF, 1.00–6.00 xFLA  LJAPU := OFF

JAM WARN DELAY 0.0–120.0 s  LJADLY := 5.0

NOTE: The load-jam elements are 
disabled by the Relay Word bit 
BLKPROT if the setting BLK48 := Y 
(see Table 4.64 for details).
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Figure 4.27 Load-Jam Element Logic

Undercurrent (Load Loss) Elements
The relay arms the load-loss detection logic a settable time after the motor 
starts, as defined by the undercurrent start delay time setting (LLSDLY) and 
shown in Figure 4.28. Set this delay to allow pumps or compressors to reach 
normal load. Once armed, this function issues a warning or trip if phase cur-
rent drops below warn or trip level for the specified time delay. You can block 
these elements using SELOGIC (see Table 4.64).

Set the undercurrent trip and warn levels greater than the expected motor 
no-load current, but less than the minimum current expected when the motor 
is operating normally. These settings are entered in per unit of the Full-Load 
Amps (FLA) setting.

If you expect the motor to normally operate at no load, disable the trip and 
warn elements by setting LLTPU and LLAPU equal to OFF. The relay auto-
matically hides the associated time delay settings.

 LJAPU, LJTPU = Load-Jam Alarm and Trip Pickup
 I1 =  Positive-Sequence Current Magnitude
 RUNNING = Motor is Running
 LJADLY, LJTDLY = Load-Jam Alarm and Trip Delay
 JAMALRM, JAMTRIP = Load-Jam Alarm and Trip
 FLA = Full-Load Amps Setting

| I1 |

LJAPU = Off

LJTPU = Off

(LJAPU) (FLA)

(LJTPU) (FLA)

RUNNING

JAMALRM

JAMTRIPSettings

Settings

LJTDLY

0

LJADLY

0

Relay 
Word 
Bits

Relay 
Word 
Bits

Note: When LJAPU or LJTPU = OFF is satisfied, a logical 1 input is generated.

Table 4.22 Undercurrent Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UC TRIP LEVEL OFF, 0.10–1.00 xFLA  LLTPU := OFF

UC TRIP DELAY 0.4–120.0 s  LLTDLY := 5.0

UC WARN LEVEL OFF, 0.10–1.00 xFLA  LLAPU := OFF

UC WARN DELAY 0.4–120.0 s  LLADLY := 10.0

UC START DELAY 0–5000 s  LLSDLY := 0

NOTE: The undercurrent elements 
are disabled by the Relay Word bit 
BLKPROT if the setting BLK37 := Y 
(see Table 4.64 for details).
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Figure 4.28 Undercurrent (Load-Loss) Logic

Current Unbalance Elements
Unbalanced motor terminal voltages cause unbalanced stator currents to flow 
in the motor. The negative-sequence current component of the unbalanced 
current causes significant rotor heating. While the SEL-710-5 motor thermal 
element models the heating effect of the negative-sequence current, you may 
want the additional unbalanced and single-phasing protection offered by the 
current unbalance element.

The SEL-710-5 calculates percent unbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current, 
Iav, is greater than the motor-rated full-load current, the relay calculates the 
percent unbalance: 

Equation 4.6

 LLTPU = Load-Loss Trip Pickup Setting
 LLAPU = Load-Loss Alarm Pickup Setting
 STARTING = Motor Is Starting
 RUNNING = Motor Is Running
 LOSSTRIP = Load-Loss Trip
 LOSSALRM = Load-Loss Alarm

 I1 = Positive-Sequence Current Magnitude
 FLA = Full-Load Amps Setting
 LLTDLY = Load-Loss Trip Delay Setting
 LLSDLY = Load-Loss Start Delay Setting
 LLADLY = Load-Loss Alarm Delay Setting

| I1 |

| I1 |

LLTPU = OFF

LLAPU = OFF

LLTPU (FLA)

RUNNING
37LLTC

37LLTC

STARTING

RUNNING

Load-Loss Start
Delay Timer

Rising
Edge Detect

Load-Loss Trip
Delay Timer

Load-Loss Alarm
Delay Timer

LLAPU (FLA)

LOSSTRIP
LLTDLY

0

LLSDLY

0

LOSSALRM
LLADLY

0

Relay
Word
  Bits  

Relay
Word
  Bits  

Setting

Setting

Settings

Note: When LLTPU or LLAPU = OFF is satisfied, a logical 1 input is generated.

Table 4.23 Current Unbalance Settings 

Setting Prompt Setting Range Setting Name := Factory Default

CI TRIP LEVEL OFF, 5%–80%  46UBT := 20

CI TRIP DELAY 0–240 s  46UBTD := 5

CI WARN LEVEL OFF, 5%–80%  46UBA := 10

CI WARN DELAY 0–240 s  46UBAD := 10

NOTE: The current unbalance 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK46 := Y (see Table 4.64 for 
details).

UB% 100 Im
Iav
-------• =



4.39

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

When the average current is less than the motor-rated full-load current, the 
relay calculates the percent unbalance:

Equation 4.7

In either case, the function is disabled if the average phase current magnitude 
is less than 25 percent of the Full-Load Amps setting (see Figure 4.29).

Figure 4.29 Current Unbalance Element Logic

A one percent voltage unbalance typically causes an approximate 6 percent 
current unbalance in induction motors. If a 2 percent voltage unbalance can 
occur in your location, set the current unbalance warn level greater than 
12 percent to prevent nuisance alarms. A 15 percent current unbalance warn 
level setting corresponds to an approximate 2.5 percent voltage unbalance, 
and a 20 percent current unbalance trip setting corresponds to an approximate 
3.3 percent voltage unbalance. A 10-second alarm delay and 5-second trip 
delay should provide adequate performance in most applications.

Start Monitoring/Incomplete Start Sequence
If motor starting has not finished by the START_T time, the relay produces a 
trip if the SMTRIP Relay Word bit (start motor time-out) asserts and is 
included in the TR equation. Use Start Monitoring to backup other protection 
and control elements, for example, the thermal model and the synchronous 
motor start sequence. 

UB% 100 Im
FLA
-----------• =

where
UB% Current unbalance percentage=

Im max Imax Iav– Imin Iav–,{ }=

where
Imax max Ia Ib Ic, ,{ }=

Imin min Ia Ib Ic, ,{ }=

Iav Ia Ib Ic+ +( ) 3⁄=

FLA Motor-rated full-load current=

46UBAD

0
46UBA

46UBTD

0
46UBT

Enable

Enable

Im

Iav
|IA|

|IC|

FLA

46UBA

46UBT

|IB|

Relay
Word
Bits

%UB = (Im/Iav) • 100%

Avg.

• 0.25

Max.
Dev.

Settings

Inputs %UB = (Im/FLA) • 100%

 IA = Phase Current
 IB = Phase Current
 IC = Phase Current
 FLA = Full-Load Amps
 46UBA = Phase Current Unbalance Warn Setting
 46UBT = Phase Current Unbalance Trip Setting

 Avg. = Average
 Iav = Average Phase Current Magnitude
 Im = Highest Unbalance Current Magnitude
 46UBAD = Phase Current Unbalance Alarm Delay
 46UBTD = Phase Current Unbalance Trip Delay

NOTE: With star-delta (wye-delta) 
starting, the total starting time (star 
and delta) is monitored. If immediate 
tripping is required in the event of 
stalling, monitoring must be provided 
by a speed switch function.
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Figure 4.30 shows the typical current during motor start and the START_T 
time setting. For a synchronous motor application (SYNTYPE := BRUSH OR 
BRUSHLESS), if the motor has not synchronized (SRUNNING := 0) by the 
START_T time, the relay produces a trip if the SMTRIP Relay Word bit (start 
motor time-out) asserts and is included in the TR equation.

Figure 4.30 Monitoring Motor Starting Time 

Figure 4.31 Synchronous Motor Incomplete Sequence Monitoring

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star to delta (wye to delta) 
as soon as the starting current drops to the near-rated value in star (wye). The 
relay makes the change to delta within the STAR_MAX setting (if used), 
regardless of the magnitude of the starting current. This feature is not avail-
able when VFDAPP := Y.

You can switch the maximum permissible time for the star (wye) operation on 
or off, as necessary. If it is off, the change to delta is made solely based on the 
motor current. If the motor has to be switched off when the total start time 
(star and delta) exceeds a set time, start monitoring must also be used.

Table 4.24 Start Monitor Settings

Setting Prompt Setting Range Setting Name := Factory Default

START MOTOR TIME OFF, 1–240 s  START_T := OFF

≤ 1.1  FLA 

1

2

3

t

tv

≥ 1.2  FLA 

IRelay
Word
Bits

STARTING = 1

RUNNING = 1

 1 = Motor starting current ≥ 1.2 FLA
 2= Rated conditions
 tv = START_T time
 3 = Tripping if starting lasts too long

STARTING
SRUNNING OR TRIP

SYNTYPE = NONE
START_T

0
SMTRIP

Table 4.25 Star-Delta Settings

Setting Prompt Setting Range Setting Name := Factory Default

STAR-DELTA ENABL Y, N  ESTAR_D := N

MAX STAR TIME OFF, 1–600 s  STAR_MAX := OFF

NOTE: In addition to enabling the 
star-delta, you must assign star and 
delta to auxiliary output relays (one 
each); see Figure 2.28 for a typical 
connection diagram.
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Figure 4.32 Star-Delta Starting

Start Inhibit Function
When the protected motor is rated for a specific maximum number of starts 
per hour or minimum time between starts, set the MAXSTART and TBSDLY 
settings accordingly. If the relay detects MAXSTART starts within 60 min-
utes and the motor stops or is tripped, the relay asserts the TRIP output contact 
to prevent an additional start until 60 minutes after the oldest start. If the 
motor stops or is tripped within TBSDLY minutes of the last start, the relay 
asserts the TRIP output contact to prevent a new start until TBSDLY minutes 
after the most recent start.

In certain pump applications, fluid flowing backward through the pump can 
spin the pump motor for a short time after the motor is stopped. Any attempt 
to start the motor during this time can be damaging. To prevent motor starts 
during the backspin period, enter a time in minutes in the RESTART BLK 
TIME setting. If the relay trips or the motor is stopped, the relay generates a 
trip signal and maintain it for at least this amount of time. The relay does not 
issue a start during the restart block period.

The relay maintains the trip signal until enough time passes for the motor to be 
safely restarted. During the lockout period, the relay displays a countdown 
time in minutes to the next allowed start. 

The emergency restart function overrides all three limits (in addition to the 
motor coasting; see Figure 4.5), allowing the motor to be placed back in ser-
vice in an emergency.

STOPPED

DELTA

STARTING
I1 < 0.635*FLA

STAR

STOPPED
TRIP

S

R

STAR

DELTA

S

R

A

0

20 ms

0

50 ms

0

Relay
Word
Bits

Relay
Word
Bits

A := STAR_MAX (user setting)
FLA = Full Load Amps

Table 4.26 Start Inhibit Settings

Setting Prompt Setting Range Setting Name := Factory Default

STARTS/HR. OFF, 1–15  MAXSTART := OFF

MIN. OFF TIME OFF, 1–150 min  TBSDLY := OFF

RESTART BLK TIME OFF, 1–1500 min  ABSDLY := OFF

NOTE: See Figure 4.74 and 
Figure 4.78 for the stop/trip and start 
logic diagrams.

NOTE: The starts/hour element is 
disabled by the Relay Word bit 
BLKPROT if the setting BLK66 := Y 
(see Table 4.64 for details).
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Phase Reversal Protection
The SEL-710-5 uses phase currents or phase voltages (if available) to deter-
mine that the phase rotation of signals applied to the relay matches the phase 
rotation setting, PHROT. When you set E47T equal to Y, the relay trips 
0.5 seconds after incorrect phase rotation signals are applied to the relay. 
Incorrect phase rotation is determined using currents as voltages (see 
Figure 4.33).

To ensure that phase reversal protection is enabled in case PHROT is set 
wrong, make sure the setting E47T is equal to Y and Relay Word bit 47T is in 
the TRIP equation.

Figure 4.33 Phase Reversal Element Logic

Table 4.27 Phase Reversal Setting

Setting Prompt Setting Range Setting Name := Factory Default

PH REV. ENABLE Y, N  E47T := Y

0.5 s

0

47T

E47T = Y
Voltage Option = Y

DELTA_Y = Wye

|VA|

|VB|

|VC|

|VAB|

|VBC|

60 V

0.5 • |V2|

0.25 • FLA
min

|V1|

|IA|

|IB|

|IC|

0.5 • |I2|
|I1|

35 V

Relay
Word
Bits

Relay
Inputs

I1, V1 and I2, V2 indicate positive-sequence 
and negative-sequence quantities.
FLAmin = Lowest Full-Load Current Setting Allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary

Relay
Inputs
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Speed Switch (Stalling During Start) Function
Use the physical speed switch to supplement the locked rotor (LR) protection 
normally provided by other elements, for example, the motor thermal model. 
Typically the speed switch provides faster LR protection than the other ele-
ments and is desirable in any motor application to minimize thermal and 
mechanical stresses caused by motor locked rotor currents. The SEL-710-5 
relay offers a virtual speed switch (VSS) logic that can be used when the phys-
ical speed switch is not available. The logic also includes monitoring of the 
physical speed switch, if present, to enhance its reliability. 

When the SPDSDLYT setting is set, the relay trips if motor speed is not 
detected either by the physical or virtual speed switch SPDSDLYT seconds 
after the motor start begins. A separate delay, SPDSDLYA, can also be set to 
provide a warning before the speed switch trip.

Figure 4.34 shows typical currents during motor start (normal and stall during 
start) and the SPDSDLYT time setting. 

Figure 4.34 Stalling During Starting

Virtual Speed Switch
The virtual speed switch (VSS) provides the following major features when 
enabled by setting VSSEN := Y. See Figure 4.35 for additional detail.

➤ Across-The-Line (ATL) Starting: The VSS is intended for ATL 
motor starting with acceleration times greater than 5 seconds.

➤ Subtransient Current Override: An inherent delay of 0.5 seconds 
overrides the subtransient inrush current typically present during 
ATL starts.

Table 4.28 Speed Switch Settings

Setting Prompt Setting Range Setting Name := Factory Default

SS TRIP DELAY OFF, 1–240 s  SPDSDLYT := OFF

SS WARN DELAY OFF, 1–240 s  SPDSDLYA := OFF

VIR SS ENABLE Y, N VSSEN := N

VIR SS CONSTANT 0.80–0.98 VSSCONST := 0.95

SS FAIL OPEN DLY OFF, 0.5–2.0 s FAILOPND := OFF

SS FAIL CLOS DLY 0.1–120 min FAILCLSD := 5.0

SS FAIL RESET SELOGIC SSFLRST := PB05

NOTE: In addition to setting the 
SS DELAY, connect the speed switch 
contact (if used) to an input assigned 
to the speed switch (see Table 4.68 
and Figure 2.16 for connection 
diagrams).

I

1
2

t
v

t

I
FLA 

FLA 

 1 = Normal start without hindrance by high overload or stalling
 2 = Stalling during starting
 t

v
 = SS TRIP DELAY time
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➤ Starting Current Profile Monitoring: The VSS algorithm 
requires both of the following occurrences to validate the rotor 
movement.

➢ Detection of a decreasing current trend after the sub-
transient delay.

➢ A minimum drop in starting current by a user setting 
VSSCONST.

The Relay Word bit VIRSPDSW asserts if the above criteria are 
met. VIRSPDSW, intended for LR protection, remains asserted 
until the motor stops, indicated by the assertion of Relay Word 
bit STOPPED. The VSS logic disregards the stop coast time 
previously described (see Table 4.8).

➤ The following data for each motor start are stored and available 
as long as the motor is running. They automatically reset when 
the motor stops.

➢ VSSCNTR: Shows the VSS logic time for the latest 
motor start in counts, 0.5 seconds per count from the 
motor start.

➢ VSSCURRn and VSSCNTn (n = 1–3): Three current 
levels (in per unit of FLA) show the trend of the 
magnitudes and associated counts for the latest motor 
start.

➢ VIRSPDSW: Relay Word bit that detects the rotor 
speed by VSS logic.

Use the VSSCONST default setting of 0.95 for most applications; however, 
change it to suit your specific application, as needed.
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Figure 4.35 Virtual Speed Switch Flow Chart

Figure 4.36 shows the physical speed switch monitoring logic. Essentially, the 
logic compares the operations of the physical and virtual speed switches to 
detect a failure of the physical switch. There are two timer settings, one each, 
to detect a Failed Open and a Failed Close condition. Set the FAILOPND set-
ting equal to the typical closing time of the physical switch to detect the rotor 
speed. Set the FAILCLSD setting to the longest expected rotor coasting-to-
stop time plus at least a 5 percent margin. Either Relay Word bit FAILOPN or 
FAILCLS will assert and latch-in when detecting a Failed Open or a Failed 
Close condition. By default, the front-panel pushbutton PB05 and its associ-
ated LED are programmed for this feature. Change the SSFLRST SELOGIC 
control equation and the PB5A_LED/PB5B_LED settings if the default set-
tings are unacceptable.

NO

YES

1

STOPPED RUNNING STARTING

Motor State?

Reset:
VIRSPDSW = 0
PULSEGEN = 0
VSSCNTR = 0
VSSCNTn = 0
VSSCURRn = 0
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pulse 0.5 sec after 
initiation and every 
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0
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NONO

Advance the 
VSSCNTR

END

START



4.46

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.36 Speed Switch Monitoring Logic

Figure 4.37 shows the speed switch element logic that provides the additional 
LR protection with VSS and/or physical speed switch inputs. Set SPDSDLYT 
longer than the assert time of the physical and virtual speed switch but shorter 
than the locked rotor withstand time. If VSSEN := Y, set SPDSDLYT ≥ 3 sec-
onds to coordinate with the VIRSPDSW operate time. 

Figure 4.37 Speed Switch Element Alarm/Trip Logic

PTC/RTD-Based Protection
Thermistor (PTC) Input Function

You can connect as many as six thermistor detectors (PTC) to the SEL-710-5 
with PTC option. The detectors are typically embedded in the stator winding 
of the motor, and they monitor the actual temperature of the winding. This 
function is independent of the thermal model and accounts for conditions such 
as ambient temperature, obstructed cooling, etc. 

The sensors have a low resistance below the rated response temperature and 
increase their resistance (exponentially) in the range of the rated response 
temperature. The rated response temperature is defined by the PTC sensor. 
Motors with different thermal insulation classes (Class F or H) are equipped 
with different PTC sensors, each of which has its own response temperature, 
such as 120°, 130°, and 140°C.

AND1

AND2

Relay
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Relay
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Bit

SPDSFAILNOT2

NOT1

Relay
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STOPPED

VIRSPDSW

SSFLRST

SPEEDSW
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0
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OR1
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0
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SET

CLR
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S

R

Q

Q
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CLR
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S
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Q
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SPDSDLYA

0
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0
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SPDSAL

SPDSTR

ENHSPDSW

Timer2

Timer1

NOT2

NOT1

STARTING

VIRSPDSW

SPDSFAIL

SPEEDSW

AND1

OR1
AND2

Table 4.29 PTC Setting

Setting Prompt Setting Range Setting Name := Factory Default

PTC ENABLE Y, N  EPTC := N

NOTE: In addition to enabling the 
PTC function, you must also connect 
at least one thermistor to the relay 
(see Figure 2.17 for a connection 
diagram).

NOTE: The PTC element is disabled 
by the Relay Word bit BLKPROT if the 
setting BLK49PTC := Y (see Table 4.64 
for details).
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The detectors and their leads are monitored for short circuits. Figure 4.38 
shows the characteristics of the PTC.

Figure 4.38 Characteristic of PTC Sensors From IEC 34-11-2

RTD Input Function
When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 
the internal RTD card (set E49RTD := INT) option, the SEL-710-5 offers sev-
eral protection and monitoring functions, settings for which are described in 
Table 4.30. See Figure 2.16 for the RTD module fiber-optic cable connec-
tions. If the relay does not have internal or external RTD inputs, set 
E49RTD := NONE.

4000

1330

550

250

100

20

10
—20°C

0°C
TNF

 TNF = Nominal pickup temperature (°C)
 R (Ω) = Resistance in sensor circuits (ohms)

TNF — 20 K
TNF —   5 K

TNF + 15 K
TNF +  5 K

R 
(W

)

Table 4.30 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250°C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250°C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

RTD12 LOCATION OFF, AMB, OTH RTD12LOC := OFF

RTD12 IDENTIFIER 10 characters RTD12NAM :=

RTD12 TYPE PT100, NI100, NI120, CU10 RTD12TY := PT100

RTD12 TRIP LEVEL OFF, 1–250°C TRTMP12 := OFF

RTD12 WARN LEVEL OFF, 1–250°C ALTMP12 := OFF

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

TMP RTD BIASING? Y, N ERTDBIAS := N

NOTE: The SEL-710-5 monitors as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.30 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.

NOTE: The RTD elements are 
disabled by the Relay Word bit 
BLKPROT if the setting 
BLK49RTD := Y (see Table 4.64 for 
details).
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RTD Location. The relay allows you to independently define the location 
of each monitored RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type. The four available RTD types are the following:

➤ 100 Ω platinum (PT100)

➤ 100 Ω nickel (NI100)

➤ 120 Ω nickel (NI120)

➤ 10 Ω copper (CU10)

RTD Trip/Warning Levels. The SEL-710-5 provides temperature warn-
ings and trips through use of the RTD temperature measurements and the 
warning and trip temperature settings in Table 4.30.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding tem-
perature trip if one or two of the healthy winding RTDs indicate a temperature 
greater than their RTD trip temperature settings. Two winding RTDs must 
indicate excessive temperature when the winding trip voting setting equals Y. 
Only one excessive temperature indication is required if winding trip voting is 
not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for ambi-
ent and other RTDs.

To disable any of the temperature warning or trip functions, set the appropri-
ate temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip func-
tions. The relay includes specific logic to indicate if RTD leads are shorted or 
open. Refer to SEL Application Guide AG2016-10: How to Identify a Faulty 
RTD Connected to an SEL-700 Series Relay to determine if the RTD con-
nected to an SEL-700 series relay is faulty.

RTD Biasing. When you have connected an ambient temperature sensing 
RTD and set trip temperatures for one or more winding RTDs, the relay gives 
you the option to enable RTD trip temperature biasing by setting ERTDBIAS 
equal to Y. The thermal model can also be biased by setting ETHMBIAS 
equal to Y (see Table 4.8). 

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP indicators 
are delayed by approximately 12 
seconds.
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When you enable either biasing, the relay does the following:

➤ Calculates RTD % Thermal Capacity and adds the value to the 
Thermal Meter values.

➤ Automatically reduces the winding RTD trip temperatures if 
ambient temperature rises above 40°C and ERTDBIAS is set 
equal to Y.

➤ Automatically reduces the thermal model element trip threshold 
if ambient temperature rises above 40°C and ETHMBIAS is set 
equal to Y.

➤ Provides an RTD bias alarm if the winding temperature exceeds 
a 60°C rise above ambient and the RTD % Thermal Capacity 
exceeds the thermal element % Thermal Capacity by more than 
10 percent.

The relay uses Equation 4.8 to calculate RTD % Thermal Capacity.

Equation 4.8

As ambient temperature rises, the ability of a motor to shed heat to the sur-
roundings is reduced and internal temperatures rise. 

When you enable RTD biasing, the SEL-710-5 automatically reduces the 
RTD trip temperatures for all winding RTDs when the ambient temperature is 
above 40°C. The relay reduces the trip temperatures by 1°C for each degree 
rise in ambient temperature above 40°C.

Finally, when you enable thermal model biasing, the relay provides an RTD 
bias alarm when the RTD % Thermal Capacity exceeds the thermal element 
% Thermal Capacity by more than 10 percentage points while the winding 
temperature rise is higher than 60°C above ambient. This alarm indicates that 
the motor lost coolant flow or that the winding RTD trip temperature is con-
servatively low.

For all the RTD thermal capacity and bias calculations previously described, 
the relay uses the winding RTD with the measured temperature closest to the 
winding trip value. 

Table 4.31 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.31 RTD Resistance Versus Temperature (Sheet 1 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

RTD%
Thermal Capacity

Winding RTD
Temperature 

  Ambient
Temperature 
 –

Winding RTD Trip
Temperature 

  Ambient
Temperature 
 –

---------------------------------------------------------------------------------------------- 100%•=

NOTE: An open condition for an 
RTD is detected if the temperature 
is greater than 250°C and a short 
condition is detected if the 
temperature is less than —50°C.
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Undervoltage Function

Overvoltage Function

When you connect the SEL-710-5 voltage inputs to phase-to-phase connected 
VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of phase-
to-phase overvoltage and undervoltage elements.

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73

Table 4.31 RTD Resistance Versus Temperature (Sheet 2 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

Table 4.32 Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UV TRIP LEVEL OFF, 0.02–1.00 xVnm  27P1P := OFF

UV TRIP DELAY 0.0–120.0 s  27P1D := 0.5

UV WARN LEVEL OFF, 0.02–1.00 xVnm  27P2P := OFF

UV WARN DELAY 0.0–120.0 s  27P2D := 5.0

Table 4.33 Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

OV TRIP LEVEL OFF, 0.02–1.20 xVnm  59P1P := 1.10

OV TRIP DELAY 0.0–120.0 s  59P1D := 0.5

OV WARN LEVEL OFF, 0.02–1.20 xVnm  59P2P := OFF

OV WARN DELAY 0.0–120.0 s  59P2D := 5.0

NOTE: The under- and overvoltage 
level settings are in per unit nominal 
voltage, Vnm. The relay automatically 
calculates Vnm using the settings 
VNOM and DELTA_Y as follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if 
DELTA_Y := WYE.
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When you connect the SEL-710-5 voltage inputs to phase-to-neutral con-
nected VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of 
phase-to-neutral overvoltage and undervoltage elements.

Each of the elements has an associated time delay. You can use these elements 
as you choose for tripping and warning. Figure 4.39 and Figure 4.40 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.39 Undervoltage Element Logic

27P1P • Vnm

|VP|

27P1D

0
27P1T

When DELTA_Y := WYE

When DELTA_Y := DELTA

27P2P • Vnm 27P2D

0
27P2T

27P1D

0
27P1T

27P2D

0
27P2T

Relay
Word
Bits

27P1P • Vnm

|VPP|

27P2P • Vnm

Relay
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VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Minimum Phase Voltage Magnitude)

(Minimum Phase-to-Phase Voltage Magnitude)

 27P1P, 27P2P = Settings 
 Vnm = Effective Nominal Voltage

27P1

27P2

27P1

27P2
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Figure 4.40 Overvoltage Element Logic

Inverse-Time Undervoltage Protection
The SEL-710-5 provides two inverse-time undervoltage protection elements 
(27I1 and 27I2). Based on relay hardware options and settings, the 27I ele-
ment offers the flexibility of using various analog quantities as operating 
quantities. The availability of these analog quantities is contingent on the set-
tings DELTA_Y and SINGLEV, as indicated in Table 4.34.

 59P1P, 59P2P = Settings
 Vnm = Effective Nominal Voltage

VAB or VA

VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Maximum Phase Voltage Magnitude)

(Maximum Phase-to-Phase Voltage Magnitude)

59P1P • Vnm

|VP|

59P1D

0
59P1T

59P2P • Vnm

0

59P2D
59P2T

59P1D

0
59P1T

0

59P2D
59P2T

Relay
Word
Bits

When DELTA_Y := WYE

When DELTA_Y := DELTA

59P1P • Vnm

|VPP|

59P2P • Vnm

59P1

59P2

59P1

59P2

NOTE: VAR Trip and Warning Level 
settings are in primary kVAR.

Table 4.34 Operating Quantities for the 27I Element

Settings Operating Quantities Available in 27InOQ Rangea

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 27InP (n = 1 or 2).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B-phase voltage VC: Magnitude of C-phase voltage
VBC: Magnitude of B-to-C-phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A-phase voltage MINLL: Magnitude of the minimum phase-to-phase voltage
VA: Magnitude of A-phase voltage MINLN: Magnitude of the minimum phase-to-neutral voltage
VB: Magnitude of B-phase voltage
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Figure 4.41 shows the inputs, settings, and outputs of the inverse-time under-
voltage element.

n = 1 or 2. q Refer to Table 4.34.

Figure 4.41 Logic Diagram of the Inverse-Time Undervoltage Element

When the fundamental frequency component of the operating quantity falls 
below the pickup setting (27InP), Relay Word bit 27In asserts. The timer does 
not start to integrate unless the operating quantity falls below 0.975 • 27InP. 
The inverse-time undervoltage protection element has the characteristic 
defined by Equation 4.9.

Equation 4.9

The settings used are listed in Table 4.35.

The SEL-710-5 provides three curve options for each of the 27I elements, set-
table via the 27InCRV setting—CURVEA, CURVEB, and COEF (user pro-
grammable curve). CURVEA is compliant with IEC 60255-127 and is the 

Table 4.35 Inverse-Time Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

27I ENABLE Y, N E27In := N

OPERATING QTY Refer to Table 4.34 27InOQ := VAB

PICKUP LVL Refer to Table 4.34 27InP := 120.00

CURVE CURVEA, CURVEB, COEF 27InCRV := CURVEA

COEFF A 0.00–3.00 27InCFA := 1

COEFF B 0.00–3.00 27InCFB := 0

COEFF C 0.01–3.00 27InCFC := 1

TIME DIAL 0.00–16.00 27InTD := 1.00

RESET TIME 0.00–1.00 sec 27InTTR := 0.01

TRQ CONTROL SELOGIC 27InTC := 1

Settings

Relay
Word
Bits

27I Inverse-Time
Undervoltage Element

Settings

 27InP Pick up value    
 27InCRV Curve selection    
 27InCFA Coefficient A   
  27InCFB Coefficient B    
 27InCFC Coefficient C    
 27InTD Time dial    
 27InTTR Time to reset    
 27InTC Torque control

27In

27InT

27InRS

27InP

27InOQ

27InTC

1

TTTn 27InTD 27InCFB 27InCFA

1 27InOQ
27InP

---------------------– 
  27InCFC
-------------------------------------------------------+

 
 
 
 
 

•=



4.54

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

IEC standard curve as shown in Figure 4.42. CURVEB is a non-standard 
curve as shown in Figure 4.42. The curve option COEF is the user program-
mable curve. Set the coefficient related settings 27InCFA, 27InCFB and 
27InCFC to realize the curve that meets your application needs. Table 4.36 
shows the parameters of the three curves. Note that when 27InCRV is set to 
CURVEA or CURVEB the coefficient related settings 27InCFA, 27InCFB 
and 27InCFC are forced to the values shown in Table 4.36 and hidden.

When the operating quantity exceeds the pickup level, 27InP, then the output 
remains deasserted. If the operating quantity exceeds the pickup level for the 
reset time setting, 27InTTR, then the time integrator resets to 0.

 

Figure 4.42 Inverse Time-Undervoltage Element Curves 

Inverse-Time Overvoltage Protection
There are four inverse-time overvoltage elements (59I) available. Based on 
relay hardware options and settings, the 59I element offers the flexibility of 
using various analog quantities as operating quantities. The availability of 
these analog quantities is contingent on the settings DELTA_Y and 
SINGLEV, as indicated in Table 4.37.

Table 4.36 Specification of Inverse-Time Undervoltage Protection Element

Curve Description

Curve Defining Constants

27InCFA 27InCFB 27InCFC

Curve A 1 0 1

Curve B 0.98 1.28 2.171

Programmable Curve 0.00–3.00 0.00–3.00 0.01–3.00

n = 1 or 2.

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Curve A Curve B

Multiples of Pickup Multiples of Pickup
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Figure 4.43 shows the inputs, settings and outputs of the inverse-time over-
voltage element.

 

n = 1, 2, 3, or 4. q Refer to Table 4.37.

Figure 4.43 Logic Diagram of the Inverse-Time Overvoltage Element

When the fundamental frequency component of the operating quantity 
exceeds the pickup setting, 59InP, Relay Word bit 59In asserts. The timer 
won't start to integrate unless the operating quantity exceeds 1.025 • 59InP. 
The inverse-time overvoltage protection element has the characteristic defined 
by Equation 4.10.

Equation 4.10

Table 4.37 Operating Quantities for the 59I Element

Settings Operating Quantities Available in 59InOQ Setting Rangea

DELTA_
Y

SINGLE
V

VAB VBC VCA VA VB VC VG V1 3V2 MAXLL MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 59InP (n = 1, 2, 3, or 4).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B phase voltage VG: Magnitude of zero-sequence voltage
VBC: Magnitude of B-to-C phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A phase voltage 3V2: Magnitude of negative-sequence voltage
VA: Magnitude of A-phase voltage MAXLL: Magnitude of the maximum phase-to-phase voltage
VB: Magnitude of B-phase voltage MAXLN: Magnitude of the maximum phase-to-neutral voltage
VC: Magnitude of C-phase voltage

Settings

Relay
Word
Bits

59I Inverse-Time
Overvoltage Element

Settings

 59InP Pick up value    
 59InCRV Curve selection    
 59InCFA Coefficient A   
  59InCFB Coefficient B    
 59InCFC Coefficient C    
 59InTD Time dial    
 59InTTR Time to reset    
 59InTC Torque control

59In

59InT

59InRS

59InP

59InOQ

59InTC

1

TTTn 59InTD 59InCFB 59InCFA
59InOQ
59InP

--------------------- 
  59InCFC

1–

-------------------------------------------------------+

 
 
 
 
 

•=
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The settings used are listed in Table 4.38.

The SEL-710-5 provides four curve options for each of the 59I elements, set-
table via the 59InCRV setting—CURVEA, CURVEB, CURVEC, and COEF 
(user-programmable curve). The characteristics of Curve A, Curve B, and 
Curve C are shown in Figure 4.44.

The curve option COEF is the user-programmable curve. Set the coefficient 
related settings 59InCFA, 59InCFB, and 59InCFC to realize the curve that 
meets your application needs. Table 4.39 shows the parameters of the three 
curves. Note that when 59InCRV is set to CURVEA, CURVEB, or CURVEC 
the coefficient related settings 59InCFA, 59InCFB, and 59InCFC are forced 
to the values shown in Table 4.39 and hidden.

When the operating quantity remains lower than the pickup level, 59InP, then 
the output remains deasserted. If the operating quantity gets lower than the 
pickup level for the reset time setting, 59InTTR, then the time integrator resets 
to 0.

Table 4.38 Inverse-Time Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

59I ENABLE Y, N E59In := N

OPERATING QTY Refer to Table 4.37 59InOQ := VAB

PICKUP LVL Refer to Table 4.37 59InP := 120.00

CURVE CURVEA, CURVEB, 
CURVEC, COEF

59InCRV := CURVEA

COEFF A 0.00–6.00 59InCFA := 3.88

COEFF B 0.00–3.00 59InCFB := 0.96

COEFF C 0.01–3.00 59InCFC := 2.00

TIME DIAL 0.00–16.00 59InTD := 1.00

RESET TIME 0.00–1.00 sec 59InTTR := 0.01

TRQ CONTROL SELOGIC 59InTC := 1

Table 4.39 Specification of Inverse-Time Overvoltage Protection Element

Curve Description

Curve Defining Constants

59InCFA 59InCFB 59InCFC

Curve A 3.88 0.96 2

Curve B 5.64 0.24 2

Curve C 0.14 0 0.02

Programmable Curve 0.00–6.00 0.00–3.00 0.01–3.00

n = 1, 2, 3, or 4.
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Figure 4.44 Inverse-Time Overvoltage Element Curves

VAR Function
If the positive or negative reactive power exceeds the appropriate level for 
longer than the time-delay setting, the relay issues a warning or trip signal. 
The reactive power elements are disabled when the motor is stopped or 
starting.

Figure 4.45 shows the logic diagram for the VAR elements. These elements 
detect synchronous motor out-of-step or loss-of-field conditions. In the case of 
synchronous motor applications, SYNTYPE := BRUSH or BRUSHLESS, 
program the VARDLY setting to a value that ensures that the currents and 
voltages are stabilized after the motor is synchronized. This prevents any nui-
sance trips immediately after the synchronization process.

Time Dial = 1
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Curve A Curve B Curve C

Multiples of Pickup Multiples of Pickup Multiples of Pickup
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Table 4.40 VAR Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEG VAR TRIP LEV OFF, 1–25000 kVAR pri NVARTP := OFF

POS VAR TRIP LEV OFF, 1–25000 kVAR pri PVARTP := OFF

VAR TRIP DELAY 0–240 s VARTD := 1

NEG VAR WARN LEV OFF, 1–25000 kVAR pri NVARAP := OFF

POS VAR WARN LEV OFF, 1–25000 kVAR pri PVARAP := OFF

VAR WARN DELAY 0–240 s VARAD := 1

VAR ARMING DELAY 0–5000 s VARDLY := 0
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Figure 4.45 Reactive Power (VAR) Element Logic

Refer to Figure 5.12 for the relay power measurement convention. For relay 
application on an induction motor, disable the elements by setting both the 
negative VAR warn level (NVARAP) and negative VAR trip level 
(NVARTP) settings to OFF.

Underpower Function
If the real three-phase power falls below the warning or trip level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
underpower elements are disabled when the motor is stopped or starting. 

Figure 4.46 shows the logic diagram for the underpower elements. These ele-
ments operate in addition to the load-loss function, and you can use them to 
detect motor load loss and other underpower conditions.

You can disable the elements by setting the underpower warning level 
(37PAP) and underpower trip level (37PTP) settings to OFF.

In the case of synchronous motor applications, SYNTYPE := BRUSH or 
BRUSHLESS, program the 37DLY setting to a value that ensures that the cur-
rents and voltages are stabilized after the motor is synchronized. This prevents 
any nuisance trips immediately after the synchronization process.

RUNNING

PVARTP

–(NVARTP)

Measured
Reactive Power

PVARAP

–(NVARAP)

VARA
VARAD

0

VART
VARTD

0

+Q

–Q

–P +P

PVARTP
PVARAP

NVARAP
NVARTPALARM

TRIP

Relay
Word
Bits

Relay
Word
Bits

Settings

VARDLY

0

Table 4.41 Underpower Settings

Setting Prompt Setting Range Setting Name := Factory Default

UP TRIP LEVEL OFF, 1–25000 kW pri  37PTP := OFF

UP TRIP DELAY 1–240 s  37PTD := 1

UP WARN LEVEL OFF, 1–25000 kW pri  37PAP := OFF

UP WARN DELAY 1–240 s  37PAD := 1

UP ARMING DELAY 0–5000 s 37DLY := 0

NOTE: Underpower Trip and Warning 
Level settings are in primary kW.
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Figure 4.46 Underpower Element Logic

Power Factor Elements
If the measured power factor falls below the leading or lagging level for lon-
ger than the time-delay setting, the relay can issue a warning or trip signal. 
The power factor elements are disabled when the motor is stopped or starting. 

Figure 4.47 shows the logic diagram for power factor elements. These ele-
ments can be used to detect synchronous motor out-of-step or loss-of-field 
conditions. In the case of synchronous motor applications, SYNTYPE := 
BRUSH or BRUSHLESS, program the 55DLY setting to a value that ensures 
that the currents and voltages are stabilized after the motor is synchronized. 
This prevents any nuisance trips immediately after the synchronization pro-
cess. Refer to Figure 5.12 for the relay power measurement convention.

Disable the elements by setting all four power factor level settings to OFF.

37PAD

0
37PA

RUNNING

Measured
Real Power

37PAP

37PTP

37PTD

0
37PT

Relay
Word
Bits

Relay
Word
Bit

Settings

37DLY

0

Table 4.42 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99  55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99  55LDTP := OFF 

PF TRIP DELAY 1–240 s  55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99  55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99  55LDAP := OFF

PF WARN DELAY 1–240 s  55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

PF CURRENT SUP OFF, 0.05–2.00 • INOM A sec 55I1SUP := OFF

PF TRQ CTRL SELOGIC 55TC := SRUNNING
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Figure 4.47 Power Factor Elements Logic

Power Factor Loss-of-Synchronism Detection
The SEL-710-5 includes a loss-of-synchronism (pull-out) detection logic that 
operates when the motor power factor falls below the relay setting POPFSP. 
As shown in Figure 4.48, the loss-of-synchronism logic is available for the 
synchronous motor only (SYNTYPE := NONE) and it is supervised by a min-
imum positive-sequence current and the relay RUNNING state. To accelerate 
operation, the logic also determines a pull-out condition when the positive-
sequence current is greater than 3.5 times the full-load current. At these cur-
rent levels, the pull-out condition is practically unavoidable; see the technical 
paper, “Performance of Synchronous Motors Loss-of-Synchronism Protec-
tion,” by M. Donolo, P. Donolo, S. Patel, and V. Yedidi, presented at the 2017 
Petroleum and Chemical Industry Technical Conference (PCIC). This logic is 
evaluated every quarter cycle. Use PORSFL for time-qualified tripping due to 
a detected pull-out condition for which the motor is no longer expected to 
resynchronize.

|Measured Power Factor|

RUNNING

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY

55TC

I1 > 55I1SUP

55I1SUP = OFF 1

2

S1

Switch S1 is in position 1 when SYNTYPE := NONE; 
otherwise, it is in position 2
OFF = Logic 1 
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Figure 4.48 Loss-of-Synchronism Detection Logic

Loss-of-Potential (LOP) Protection
The SEL-710-5 sets Relay Word bit LOP (loss-of-potential) upon detecting a 
loss of relay ac voltage input such as that caused by blown potential fuses or 
by the operation of molded-case circuit breakers. Because accurate relaying 
potentials are required by certain protection elements (for example, undervolt-
age 27 elements), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 20 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (above a predetermined threshold) in positive-sequence (I1), 
negative-sequence (I2), or zero-sequence currents (I0). If this condition per-
sists for 1 second, then the relay latches the LOP Relay Word bit at logical 1. 
The relay resets the LOP Relay Word bit when the conditions to the RESET 
input of the latch are met as shown in Figure 4.49.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation (see Table 4.44 for the LOPBLK setting and 
Figure 4.49 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 20 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.8). 

Relay
Word
  Bits  

PORSRTD

| IP |

3.5 * FLA1

PFANG

POPFSP

| I1 |

Pull Out Resync,

Ride-Thru Delay

0.2 * FLA1

RUNNING

SYNTYPE ! = NONE

PODTCT

Pull Out Detected

PORSFL

Pull Out Resync FAIL

ACOS

Setting

Setting

Setting

Setting

Relay
Word
  Bits  

Table 4.43 Loss-of-Synchronism Detection Settings

Setting Prompt Setting Range Setting Name := Factory Default

PO PF SET POINT 0.10–0.99 POPFSP := 0.70

PO PU DELAY 0.1–60.0 sec PORSRTD := 1.0

Table 4.44 Loss-of-Potential (LOP) Setting

Setting Prompt Setting Range Setting Name := Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying poten-
tials for correct operation. It is critical that the relay detects an LOP condition 
and prevents operation of these elements. For example, if a wrench drops on 
the phase-voltage input fuse holders, the relay LOP logic accurately deter-
mines that this loss of input voltages is an LOP condition and does not trip (if 
the LOP Relay Word bit supervises selected tripping elements, see 
Example 4.8). If you are using voltage-determined relay elements for tripping 
decisions, then blocking these elements is crucial when the voltage compo-
nent is no longer valid.

EXAMPLE 4.8 Supervising Voltage-Element Tripping With LOP

Use the LOP function to supervise undervoltage tripping. If you use 
the undervoltage trip element 27P1, then change a portion of the 
SV01 equation to the following:

SV01 := …OR (NOT LOP AND 27P1T) OR…

Similarly, if you want the remaining voltage-affected elements to act 
only when there are correct relaying potentials voltage, use the 
following in the equation:

…OR (NOT LOP AND (LOADLOW OR 37PT OR 55T OR VART)) OR…

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

LOP Monitoring and Alarms
Take steps to immediately correct an LOP problem so that normal protection 
is rapidly re-established. Include the LOP Relay Word bit in an output contact 
alarm to notify operation personnel of abnormal voltage input conditions and 
failures that can be detrimental to the protection system performance if not 
quickly corrected. 

Figure 4.49 Loss-of-Potential (LOP) Logic

60

S

R

Q

Q

0

0

60

1

0

LOP
| V1 | > 10.5 V

Δ| V1 | > 20%
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   Bit   

Δ ∠ I1 > 10°

Δ ∠ I2 > 10°

Δ ∠ I0 > 10°
Note: 

INOM is 1 A or 5 A, depending on the part number.

INOM is the phase secondary input rating.

VNOM (in primary volts) and PTR are norminal 

line-line voltage and PT ratio settings.

LOPBLK

SELOGIC

Setting
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Frequency Elements
The SEL-710-5 provides four trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an underfre-
quency element. When the level setting is greater than the nominal frequency 
setting, the element operates as an overfrequency element. 

Figure 4.50 shows the logic diagram for the frequency elements.

Figure 4.50 Over- and Underfrequency Element Logic

Detecting Frequency Components With the 97FM Element
The 97FM elements monitor the magnitude of a user-selected frequency com-
ponent in different analog signals (see Table 4.46) by evaluating an individual 
term of the discrete Fourier transform (DFT). The SEL-710-5 Relay provides 
five of these elements. 

Table 4.45 Frequency Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 15.00–70.00 Hz 81D1TP := OFF

FREQ1 TRIP DELAYa

a Frequency element time delays are best set at least three cycles at the lowest 81U pickup 
setting.

0.00–400.00 s 81D1TD := 1.0

81D1 TRQCTRL SELOGIC 81D1TC := 1

FREQ2 TRIP LEVEL OFF, 15.00–70.00 Hz 81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 s 81D2TD := 1.0

81D2 TRQCTRL SELOGIC 81D2TC := 1

FREQ3 TRIP LEVEL OFF, 15.00–70.00 Hz 81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 s 81D3TD := 1.0

81D3 TRQCTRL SELOGIC 81D3TC := 1

FREQ4 TRIP LEVEL OFF, 15.00–70.00 Hz 81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 s 81D4TD := 1.0

81D4 TRQCTRL SELOGIC 81D4TC := 1

NOTE:  The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 0.1 • 
(nominal CT rating). The measured 
frequency is set to nominal frequency 
setting (FNOM) if the signal is below 
the minimum level.

FREQ

81DnTP

81D1T
81D2T
81D3T
81D4T

81DnTP ≤ FNOM
81DnTP ≥ FNOM

FREQTRK

81DnTD

0

81DnTC

 n = Frequency Elements 1–4
 FREQ = Measured Frequency
 81DnTP = Frequency Pickup Setting
 FNOM = Nominal Frequency Setting
 81DnTD = Over- and Underfrequency Element Pickup Time Delay
 81DnT = Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
 FREQTRK = Relay Is Tracking Frequency
 81DnTC = SELOGIC Setting for Torque Control  of the Frequency Element
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The 97FM element may be configured in three different operating modes: 
SU_EU (secondary or engineering units) mode, seen in Figure 4.51, in which 
the magnitude of the selected quantity at the selected frequency is compared 
to a threshold in the corresponding secondary or engineering units; dB_DC 
mode, seen in Figure 4.52, in which the magnitude of the selected component 
is obtained in dB of the dc component of the same signal; and finally, dB_FN 
mode, also seen in Figure 4.52, in which the magnitude of the selected com-
ponent is obtained in dB of the fundamental component. The 97xPT setting is 
used to choose the operating mode.

Figure 4.51 SU_EU Operating Mode (97FMxPT = SU_EU)

Table 4.46 Operating Quantities and Associated Sampling Rates 

97FMxOQ Operating Quantity

FNOM = 60 FNOM = 50

Delta T
Max 97FMxFS 

Setting
Delta T

Max 97FMxFS 
Setting

VA Raw VA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VB Raw VB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VC Raw VC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VAB Raw VAB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VBC Raw VBC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VCA Raw VCA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IA Raw IA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IB Raw IB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IC Raw IC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

P Three-phase active 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

Q Three-phase reactive 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

S Three-phase apparent 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

97FMxTD

0

97Fx

97FxT
Goertzel 

Filter

fnot

97FMxP

97FMxOQ

97FMxFS

Relay
Word
BitsSettings
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Figure 4.52 dB_DC (97FMxPT = dB_BC) and dB_FN (97FMxPT = dB_FN) 
Operating Modes

When the 97FMx analog quantity exceeds the corresponding threshold 
97FMxP, the element asserts the 97Fx Relay Word bit and the time-delayed 
97FxT Relay Word bit. These Relay Word bits may be directly monitored in 
the SER report. In some applications, these Relay Word bits may repeatedly 
assert and de-assert, cluttering the SER report. To avoid this, use the 
97FMxER timer. While 97FMxERT is deasserted, the 97FMx element gener-
ates a report every time that 97FxT asserts, as shown in Figure 4.53.

Figure 4.53 97FMxER Timer Logic

You can use the HIS FMR command to access these reports. Figure 4.54 
details the data included in the reports.

Frequency Resolution
The 97xFM element uses a windowed Goertzel filter to isolate the desired fre-
quency component. The capacity of this filter to reject off frequencies is 
shown in Figure 4.55.

=>>HIS FMR 10

SEL-710-5                                Date: 04/16/2019   Time: 16:47:59.217
SYNCHRONOUS MTR                          Time Source: External

 #     DATE        TIME          97FMx       97FMxOQ  97FMxFS  97FMxFR  97FMxPT
1    04/16/2019  16:47:54.211    0.17        Q        1.00     0.5      DB_DC 
2    04/16/2019  16:47:48.200    15.85       Q        1.00     0.5      DB_DC 
3    04/16/2019  16:47:36.205    6.53        Q        1.00     0.5      DB_DC 
4    04/16/2019  16:47:20.200    4.01        Q        1.00     0.5      DB_DC 
5    04/16/2019  16:46:58.184    43.34       Q        1.00     0.5      DB_DC 
6    04/16/2019  16:46:54.174    4.89        Q        1.00     0.5      DB_DC 
7    04/16/2019  16:46:46.183    21.89       Q        1.00     0.5      DB_DC 
8    04/16/2019  16:46:42.178    21.31       Q        1.00     0.5      DB_DC 
9    04/16/2019  16:46:38.168    1.04        Q        1.00     0.5      DB_DC 
10   04/16/2019  16:46:28.178    5.62        Q        1.00     0.5      DB_DC

Figure 4.54 HIS FMR Command Response 

dB Calculation
20log10(a/b)

Goertzel 
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fnot

97FMxOQ a

Goertzel 
Filter

fnot

b

97FMxTD

0

97Fx

97FxT

97FMxP

97FMxFS

97FMxPT

97FMxPT has two modes in this diagram: dB_DC and dB_FN.

Settings

Relay
Word
Bits

97FMxERDO

97FmxERPU

Save Data 
to Flash

97FxT

97FMxER 97FMxERT
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Figure 4.55 Filter Frequency Response

Frequency Tracking
The relay tracks the fundamental frequency by adjusting the sampling rate by 
a factor equal to FREQ / FNOM. As the sampling rate changes, the effective 
pickup frequency of the 97FM element also moves by the same factor. Use the 
following equation to find the effective pickup frequency of the 97FM ele-
ment:

Table 4.47 Frequency Magnitude Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

97FM ENABLE (Y N) E97FMx := N

OPERATING QTTY IA, IB, IC, VAB, VBC, VCA, VA, VB, VC, 
P, Q, S

97FMxOQ := P

FREQ SETPOINT 0.00–960.00 Hz (for analogs and FNOM = 60)

0.00–800.00 Hz (for analogs and FNOM = 50)

0.00–60.00 Hz (for P, Q, S, and FNOM = 60)

0.00–50.00 Hz (for P, Q, S, and FNOM = 50)

97FMxFS := 20

PICKUP TYPE SU_EU, DB_FN (for currents and voltages)

SU_EU, DB_DC (for P, Q, and S)

97FMxPT := 
SU_EU

FREQ 
RESOLUTION

0.1, 0.5, 1, 5, 10, 20 Hz 97FMxFR := 1

PICKUP LEVEL 0.00–11250000.00 kVar (for Q)

0.00–11250000.00 kVA (for S)

0.00–11250000.00 kW (for P)

0.00–2 • INOM A sec (for I)

2.00–300.00 V sec (for V)

-60.00–0.00 (for DBs)

97FMxP := 0.00

TIME DELAY 0.0–6000.0 sec 97FMxTD := 0.0

Effective Pickup Frequency FREQ 97FMxFS•
FNOM

----------------------------------------------=
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Monitoring Sub-Synchronous Resonance and Load Variations
To detect low-frequency power oscillation resulting from sub-synchronous 
resonance or motor load oscillations, set a 97FM element as follows. If the 
frequency of the oscillation is known to be 1 Hz and the magnitude is 10 kW, 
set the 97FM element according to Table 4.48.

With these settings, the element will save, at most, one event per hour.

Monitoring High-Frequency Current Oscillations
Current signature analysis is widely used to diagnose conditions such as bro-
ken rotor bars, load misalignment, bearing damage, etc. The frequency 
F = FREQ • (7 – 6 • SLIP) is associated with broken bar conditions and may 
be useful in identifying cases where the main side bands are too close to the 
fundamental frequency. For FREQ = 60 Hz and a SLIP of one percent, this 
frequency is 416.4 Hz. For this component, first use the CMET S or 
MET FFT commands to determine a baseline value in dB of the fundamental. 
Then set the 97FM element pickup value to alert you when the component 
exceeds this baseline. If the baseline value is –45 dB, set the element as fol-
lows:

TRQ CONTROL SELOGIC 97FMxTC := 1

EVENT TIMER SELOGIC 97FMxER := 0

PICKUP TIMER 0–30000 min 97FmxPU := 0

DROPOUT TIMER 0–30000 min 97FmxDO := 600

Table 4.47 Frequency Magnitude Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

Table 4.48 97FM Element Settings for an Oscillation With 1 Hz Frequency 
and 10 kW Magnitude 

Setting Name Value

E97FM1 Y

97FM1OQ P

97FM1FS 1 Hz

97FM1PT SU_EU

97FM1FR 1 Hz

97FM1P 5 kW

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min
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Vibration Monitoring
The SEL-710-5 provides five vibration monitoring elements, and each ele-
ment can monitor a connected vibration transducer via analog inputs or math 
variables. For this application, these transducers are expected to measure a 
broadband frequency spectrum of vibration velocity at different strategically 
placed locations and output a 4–20 mA or 0–10 V signal that is proportional to 
the rms of the vibration velocity. The ISO 20816 standards describe the place-
ment, frequency ranges, and type of vibration measurement to use for differ-
ent machines and footings.

Each vibration measurement is compared against a set of thresholds that 
define the four evaluation zones:

➤ Zone A: Recently Commissioned

➤ Zone B: Acceptable

➤ Zone C: Warn

➤ Zone D: Damaging

Typical machine thresholds for rms velocity measurements, based on the class 
of motor, are included in Table 4.50. The class of motor and units of measure-
ment are selectable with the VIBCLASS and VIBUN settings, respectively. 
The analog inputs or math variables used to monitor the vibration need to be 
scaled to match the units used in the VIBUN setting.

The SEL-710-5 also allows for custom thresholds when VIBCLASS is set to 
MANUAL. This is useful for different machine types, orientations, and foot-
ings based on ISO 20816 tables or on-site test results.

Table 4.49 97FM Element Settings for Baseline Frequency Value of –45 dB

Setting Name Value

E97FM1 Y

97FM1OQ IA

97FM1FS 416 Hz

97FM1PT dB_FN

97FM1FR 1 Hz

97FM1P –40 dB

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min

Table 4.50 Machine Class Thresholds

VIBUN == mm/sec VIBUN == in/sec

VIBCLASS Class I Class II Class III Class IV Class I Class II Class III Class IV

VIBABP 1.12 1.8 2.8 4.5 0.04 0.07 0.11 0.18

VIBBCP 2.8 4.5 7.1 11.2 0.11 0.18 0.28 0.44

VIBCDP 7.1 11.2 18 28 0.28 0.44 0.70 1.10
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Figure 4.56 details the threshold logic for each element, as well as the pro-
vided Relay Word bits associated with each zone condition for use in alarm or 
trip conditions.

Figure 4.56 Vibration Monitoring Threshold Logic

Vibration Monitoring Example
This example uses a 10 kW motor with three vibration velocity-measuring 
transducers (P/N LP202-0R3-2E). Due to its size, the motor would fall under 
Class I of the ISO 20816-1 standard. Use a 20816-N (n > 1) standard for the 
type of machine in your application, if available, as a reference for setting the 
thresholds. 

The vibration transducers in this example output a 4–20 mA signal that is pro-
portional to the rms velocity of vibration in mm/sec. The signals are con-
nected to an analog card in Slot 4 of the relay. To configure the analog inputs 
on an analog card, see Analog Inputs. Following configuration, we ensure that 
the JMPn (n = 1, 2, or 3) jumpers on the board are in Position 1-2 for current 
measurement. The measurement range of these transducers is 0 to 
12.7 mm/sec, as defined in the transducer specifications, so we start with set-
ting AI40nEL set to 0 and AI40nEH set to 12.7. After calibrating for the dc 
offset, we set our analog inputs as shown in Table 4.52 for this application.

Table 4.51 Vibration Monitoring Settings 

Setting Prompt Setting Range Setting Name := Factory Default

ANALOG SELECTION OFF, MV01–MV32, AIx0y VIBAQx := OFF

PICKUP TIMER 0.00–400.00 s VIBPUT := 10.00

TRQ CONTROL SELOGIC VIBTC := 1

MACHINE CLASS CI, CII, CIII, CIV, MANUAL VIBCLASS := CI

VELOCITY UNITS mm/sec, in/sec VIBUN := mm/sec

A–B THRESHOLD 0.00–100.00 VIBABP := 1.12

B–C THRESHOLD 0.00–100.00 VIBBCP := 2.80

C–D THRESHOLD 0.00–100.00 VIBCDP := 7.10

Relay
Word
Bits

SELOGIC
Setting

VIBPUT

VIBPUT

VIBPUT

VIBPUT

VIBAQxAP

VIBAQxAT

VIBAQxBT

VIBAQxBP

VIBAQxCP

VIBAQxCT

VIBAQxDT

VIBAQxDP

VIBAQx

VIBABP

VIBBCP

VIBCDP
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With the analog inputs configured, we can set the vibration monitoring set-
tings. Given the class of the motor and the unit of measurement of the trans-
ducers, we would apply the settings listed in Table 4.53.

The touchscreen display option for the SEL-710-5 provides a screen to moni-
tor the measured vibration values in a bar graph, as seen in Figure 4.57. You 
can navigate to this screen from the Home screen by selecting Monitor > 
Vibration.

Table 4.52 Vibration Example Analog Input Settings

Setting Value

AI401TYP I

AI401L 4.000

AI401H 20.000

AI401EL –0.002

AI401EH 12.698

AI402TYP I

AI402L 4.000

AI402H 20.000

AI402EL –0.001

AI402EH 12.699

AI403TYP I

AI403L 4.000

AI403H 20.000

AI403EL –0.003

AI403EH 12.697

Table 4.53 Vibration Example Settings

Setting Value

VIBAQ1 AI401

VIBAQ2 AI402

VIBAQ3 AI403

VIBCLASS CI

VIBUN MM/SEC
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Figure 4.57 Vibration Monitoring Screen

Load Control Function
The SEL-710-5 has the capability to control external devices based on the 
parameter load control selection. You can select current, power, or stator ther-
mal capacity utilized to operate auxiliary outputs. Load control is active only 
when the motor is in the running state.

When the selected parameter exceeds the load control upper-level setting for 
one second, the auxiliary relay assigned to LOADUP operates. The auxiliary 
relay resets when the parameter drops below the upper-level setting for 
one second.

When the selected parameter drops below the load control lower-level setting 
for one second, the auxiliary relay assigned to LOADLOW operates. The 
auxiliary relay resets when the parameter is above the lower-level setting for 
one second. You can use this feature to control the motor load within set 
limits.

Synchronous Motor 
Settings

Some synchronous motor settings are available when a card with three syn-
chronous motor inputs and three ac current inputs is installed and the setting 
SYNTYPE := BRUSH/BRUSHLESS. Synchronous Motor Running State 
Relay Word bit, SRUNNING, can be used in the torque-control equation to 
enable brush/brushless protection functions. See Figure 4.76 for the synchro-
nous motor running state logic.

Loss-of-Field Element
Loss-of-field causes the synchronous motor to act as an induction motor. The 
SEL-710-5 uses a pair of offset mho circles to detect loss-of-field. Because 

Table 4.54 Load Control Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOAD CONTROL SEL OFF, Current, Power, TCU LOAD := OFF

LD CTL CUR UPPER OFF, 0.20–2.00 xFLA LOADUPP := OFF

LD CTL CUR LOWER OFF, 0.20–2.00 xFLA LOADLOWP := OFF

LD CTL PWR UPPER OFF, 1–25000 kW pri LOADUPP := OFF

LD CTL PWR LOWER OFF, 1–25000 kW pri LOADLOWP := OFF

LD CTL TCU UPPER OFF, 1–99 %TCU LOADUPP := OFF

LD CTL TCU LOWER OFF, 1–99 %TCU LOADLOWP := OFF

NOTE: Prompts of the settings 
LOADUPP and LOADLOWP are 
dependent on the LOAD setting. All 
possible prompts are shown in 
Table 4.54. The relay shows only the 
appropriate prompts based on the 
LOAD setting.

NOTE: In addition to setting the load 
control levels, you must assign the 
LOADUP and LOADLOW settings to 
auxiliary output relays (one each); see 
Table 4.77, and Figure 2.10 for the 
connection diagrams.
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loss-of-field affects all three phases, the condition is balanced. The SEL-710-5 
uses measured positive-sequence impedance to form the mho circles.

Typically, Zone 1 and Zone 2 are offset from the origin of the impedance 
plane by a value equal to half of the machine transient reactance, as shown in 
Figure 4.59. Zone 1 is intended to operate with little time delay in the event of 
a loss-of-field under full load conditions. Zone 2 reaches farther and operates 
with a longer time delay. Zone 2 is intended to trip for loss-of-field conditions 
that occur under light load conditions. The loss-of-field elements are super-
vised by the 40ZTC torque-control setting.

Figure 4.58 Loss-of-Field Logic Diagram

Set E40 := Y to enable loss-of-field protection elements. If loss-of-field pro-
tection is not necessary, set E40 := N.

The Zone 1 element typically is applied as a tripping function. Zone 1 diame-
ter and offset setting guidelines are described below. Set the Zone 1 offset 
equal to half the motor transient reactance, X'd, in secondary ohms. Zone 1 
loss-of-field tripping is typically performed with short or zero time delay. Use 
the 40Z1D setting to add any necessary delay.

Table 4.55 Loss-of-Field Protection Settings

Setting Prompt  Setting Range
 Setting Name := 
Factory Default

LOSS OF FIELD EN Y, N E40 := N

Z1 MHO DIAMETER OFF, 0.1–100 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

40Z1P := 13.4a

Z1 OFFSET 0.0–50.0 ohm seca 40XD1 := 2.5a 

Z1 TIME DELAY 0.00–400.00 s 40Z1D := 0.00

Z2 MHO DIAMETER OFF, 0.1–100 ohm seca 40Z2P := 13.4a 

Z2 OFFSET 0.0–50.0 ohm seca 40XD2 := 2.5a

Z2 TIME DELAY 0.00–400.00 s 40Z2D := 0.50

40Z TRQCTRL SELOGIC 40ZTC := NOT LOP AND 
SRUNNING

Impedance
Calculation

40Z1D

0

40Z2D

0

Relay
Word
Bits

Zone 1 
Calculation

Zone 2 
Calculation

SELOGIC
Setting

Setting

Z1Ω

40Z1T

40Z2T

40Z2

40Z1

40ZTC

40Z2P

40XD2

40Z1P

40ZTC

V1

I1

40XD1
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The 40Z1 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 1 mho circle defined by the 
offset and diameter settings.

The 40Z1T Relay Word bit asserts 40Z1D seconds after 40Z1 asserts.

The Zone 2 element typically is applied as a time-delayed tripping function. 
Zone 2 diameter and offset setting guidelines are described below.

Zone 2 loss-of-field tripping typically is performed with a time delay of 0.5 to 
0.6 seconds. Set 40Z2D equal to the necessary delay.

The 40Z2 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 2 mho circle defined by the 
offset and diameter settings. The 40Z2T Relay Word bit asserts 40Z2D sec-
onds after 40Z2 asserts. 

The loss-of-field elements are disabled when the 40ZTC SELOGIC control 
equation equals logical 0. The relay allows these elements to operate when the 
40ZTC SELOGIC control equation equals logical 1. With the default setting, 
the loss-of-field elements operate when the relay detects that the motor is syn-
chronized and no loss-of-potential condition exists. To prevent any nuisance 
trips immediately after the synchronization process, an additional pickup 
delay can stabilize the currents and voltages. Use the SELOGIC variables to 
program this delay, and add it to torque control. See the following example.

Setting Calculation
Collect the following information to set loss-of-field.

➤ Synchronous motor direct axis reactance, Xd, in secondary ohms

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Synchronous motor-rated line-to-line voltage, in secondary volts 
(VNOM)

➤ Synchronous motor-rated phase current, in secondary amperes 
(INOM = Full load current, secondary)

Loss-of-Field Protection Using Offset Zone 2
When setting Zone 2 with an offset, set the Zone 1 diameter equal to 1.0 per 
unit impedance.

Set the Zone 1 offset equal to half the synchronous motor transient reactance, 
X'd, in secondary ohms. Typically, the Xd is greater than 1 per unit impedance. 
However, if Xd is less than or equal to 1 per unit impedance, set the 40Z1P 
shorter so that the worst-case stable power system swing does not enter the 
Zone 1 characteristic.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
40ZTC := SV10T

NOTE: The loss-of-field elements 
require at least 0.25 volts of positive-
sequence voltage and 0.25 amperes 
of positive-sequence current to 
operate.

40Z1P
VNOM

1.73 INOM•
------------------------------  Ω=

40XD1
X′d
2

--------  Ω=
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Zone 1 loss-of-field tripping is typically performed with short or zero time 
delay.

Set the Zone 2 diameter equal to the machine direct axis reactance, Xd, in 
secondary ohms.

Set the Zone 2 offset equal to the Zone 1 offset.

Set the Zone 2 time delay long enough to avoid an incorrect operation during a 
worst-case stable power system swing condition, typically 0.5 to 0.6 seconds 
or according to the recommendations of the synchronous motor manufacturer.

The Relay Word bits 40Z1T and 40Z2T are configured to trip the synchronous 
motor breaker in the factory-default logic (see Trip/Close Logic for details). 
You must change the setting if your application requires a different action.

Figure 4.59 Loss-of-Field Element Operating Characteristic, Zone 2 Offset

Out-of-Step Element
The SEL-710-5 contains an out-of-step element to detect out-of-step condi-
tions between two interconnected systems. Two interconnected systems expe-
rience an out-of-step condition for several reasons. A synchronous motor out-
of-step condition (also referred to as pole-slipping) usually occurs because of 
an under-excited motor condition, an excessively reduced supply voltage, or 
an excessively loaded shaft. 

Detecting and isolating an out-of-step condition as early as possible is impera-
tive because the resulting high peak currents, winding stresses, and high shaft 
torques are very damaging to the synchronous motor.

40Z1D 0.0 seconds=

40Z2P XdΩ=

40XD2
X′d
2

--------  Ω=

 40Z2D 0.5 seconds=

40Z2P = Xd

Zone 2

40Z1P = 1.0 pu Zone 1

R

X’d
2

X
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The SEL-710-5 implements two out-of-step tripping schemes: single blinder 
and double blinder. Select whichever scheme suits your application, or you 
can disable out-of-step protection. Set E78 := 1B or 2B to enable out-of-step 
protection elements. If out-of-step protection is not necessary, set E78 := N.

Single-Blinder Scheme
The single-blinder scheme, shown in Figure 4.60, consists of mho element 
78Z1, right blinder 78R1, and left blinder 78R2.

Figure 4.60 Single-Blinder Scheme Operating Characteristics

Table 4.56 Out-of-Step Protection Settings

Setting Prompt  Setting Range
Setting Name := 
Factory Default

OUT-OF-STEP PROT N, 1B, 2B E78 := 1B

FORWARD REACH 0.1–100.0 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

78FWD := 8a

REVERSE REACH 0.1–100.0 ohm seca 78REV := 8a

RIGHT BLINDERb

b Right/Left Blinder settings apply to single-blinder scheme (1B) only.

0.1–50.0 ohm seca 78R1 := 6a

LEFT BLINDERb 0.1–50.0 ohm seca 78R2 := 6a

OUTER BLINDERc 

c Outer/Inner Blinder and OOS Delay settings apply to double-blinder scheme (2B) only.

0.2–100.0 ohm seca 78R1 := 6a

INNER BLINDERc 0.1–50.0 ohm seca 78R2 := 6a

OOS DELAYc 0.00–1.00 s 78D := 0.05

OOS TRIP DELAY 0.00–1.00 s 78TD := 0

OOS TRIP DUR 0.00–5.00 s 78TDURD := 0

POS-SEQ CURRENT 0.25-30.00 A secd

d Range and default setting shown are for 5 A CT. Divide by 5 for 1 A rated CTs.

50ABC := 0.25d

OOS TRQCTRL SELOGIC OOSTC := NOT LOP AND 
SRUNNING

Diameter of 78Z1 = (78REV + 78FWD)

78R2
Pickup

78R1
Pickup

78R1
Right Blinder

R

78R2
Left Blinder

78REV

78FWD

C B A

78R2 78R1
78Z1
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This scheme detects an out-of-step condition by tracking the path of positive-
sequence impedance trajectories that pass through the protection zone. If the relay 
detects an out-of-step condition, the following Relay Word bits assert:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance moves from the load region into Area A (left blinder 
78R2 and mho element 78Z1 assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances to Area B between the two blinders (right blinder 
78R1, left blinder 78R2, and mho element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle via 
Area C, the rising-edge triggered timer with 78TD pickup delay 
and 78TDURD dropout-delay starts timing. Relay Word bit 
OOST remains picked up for 78TDURD seconds after the 
pickup delay time 78TD expires.

➤ The previous description is only for trajectories traveling from 
right to left. Out-of-step trajectories traveling from left to right 
traverse the protection zone in the reverse sequence (that is, from 
Area C to B to A). The Relay Word bits assert in the same way, 
whether trajectories travel from right to left or from left to right.

The single-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by tracking the path of the impedance trajectory. During 
short-circuit faults, the impedance moves from the load region to inside the 
mho element and between the two blinders almost instantaneously, preventing 
the out-of-step function from picking up.

Figure 4.61 shows the logic diagram for the single-blinder scheme. In the fig-
ure, the states of 78R1 and 78R2 are latched on the rising edge of SWING to 
determine if the swing has entered the 78Z1 mho circle from the right or the 
left. (For OOST to occur, the swing must exit the 78Z1 mho circle in the 
opposite direction from which it entered.) The latched states of 78R1 and 
78R2 are retained until the next time SWING asserts, which is the next time a 
power system swing occurs.

The sum of the forward and reverse reaches (the diameter of the mho circle) 
has to be 100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

The blinder settings must be greater than or equal to five percent of either the 
forward or the reverse reach, whichever is greater.

The relay allows the element to operate when the OOSTC SELOGIC control 
equation equals logical 1. With the default setting, the 78 element operates 
when the relay detects that the motor is synchronized and no loss-of-potential 
condition exists. To prevent any nuisance trips immediately after the synchro-
nization process, an additional pickup delay can stabilize the currents and 
voltages. Use the SELOGIC variables to program this delay, and add it to 
torque control. See the following example. 

Block the operation of the 78 element for certain conditions, such as the pres-
ence of excessive negative-sequence currents, by setting OOSTC to NOT 
50Q1P. Refer to Logic Settings (SET L Command) on page 4.101 for a 
detailed discussion of SELOGIC control equations.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
OOSTC := SV10T
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The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for 78TDURD is zero because the Relay Word bit OOST is configured to trip 
the synchronous motor breaker with default trip logic TR (which includes an 
identical timer TDURD). You must change the settings (trip logic and/or 
78TDURD) if your application requires a different action.

The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications; however, a higher setting can be applied based on minimum 
expected swing currents. Note that the positive-sequence current levels below 
the 50ABC setting block the out-of-step function.

Both 78R1 and 78R2 must be within the mho circle.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study

Convert all impedances to synchronous motor base kV.
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Figure 4.61 Single-Blinder Scheme Logic Diagram

Recommendations. Figure 4.62 shows the elements set according to the 
following recommendations.

A transient stability study normally provides adequate data for setting the ele-
ments and timers properly. The out-of-step protection zone, which is limited 
by mho element 78Z1, includes the synchronous motor. Normally, set reverse 
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reach 78REV at 2–3 times the synchronous motor transient reactance, and set 
forward reach 78FWD at 0.05–0.15 times the synchronous motor transient 
reactance, X'd, to provide adequate coverage with a margin of error.

Set the left and right blinders to detect all out-of-step conditions. To do this, 
the right and left blinders are set so that the equivalent machine angles  and 
β are approximately 120 degrees, as shown in Figure 4.62. Separation angles 
of 120 degrees or greater between the two sources usually results in loss of 
synchronism.

Make sure that the mho element and the blinders do not include the maximum 
possible synchronous motor load, to avoid assertion of 78Z1, 78R1, and 78R2 
under normal system operation. 

Figure 4.62 Single-Blinder Typical Settings

Double-Blinder Scheme
The double-blinder scheme, shown in Figure 4.63, consists of mho element 
78Z1 and two blinder pairs: outer resistance blinder 78R1 and inner resistance 
blinder 78R2. This scheme uses timer 78D as part of its logic to detect out-of-
step conditions. The scheme declares an out-of-step condition if the positive-
sequence impedance stays between the two blinders for more than 78D sec-
onds and advances farther inside the inner blinder. The logic issues an out-of-
step trip once an out-of-step condition is established and the positive-sequence 
impedance exits the mho circle.

α
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X’d: Synchronous Motor  Transient 
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Zs: System Impedance
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Figure 4.63 Double-Blinder Scheme Operating Characteristics

If the relay detects an out-of-step condition, it asserts the following Relay 
Word bits:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance stays between the outer and inner blinders for more 
than 78D seconds (78R1 asserts, mho element 78Z1 may or may 
not assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances farther inside the inner blinder (78R1, 78R2, and mho 
element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle, the 
rising-edge triggered timer with 78TD pickup delay and 
78TDURD dropout delay starts timing. Relay Word bit OOST 
remains picked up for 78TDURD seconds after pickup delay 
time 78TD expires.

The double-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by monitoring the length of time that the impedance trajec-
tory stays between the two blinders. During short-circuit faults, the impedance 
either moves inside the inner blinder or goes through the two blinders almost 
instantaneously so that the 78D does not time out. Either case prevents the 
out-of-step element from picking up. Figure 4.65 shows the logic diagram for 
the double-blinder scheme.

The sum of the forward and reverse reaches (the diameter of the mho circle) is 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

Set the inner blinder (78R2) so that its setting is greater than or equal to five 
percent of either the forward or the reverse reach, whichever is greater.

The 78 element torque control SELOGIC control equation OOSTC has a 
default setting of one. If this value is left at one, the out-of-step element is not 
controlled by any other conditions external to the element. Block operation of 
the 78 element for certain conditions, such as the presence of excessive nega-
tive-sequence currents, by setting OOSTC to NOT 50Q1P. Refer to Logic Set-
tings (SET L Command) for a detailed discussion of SELOGIC control 
equations.

78R2
Pickup
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78R2 78R1
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The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications. Apply a higher setting based on minimum expected swing cur-
rents. Note that the positive-sequence current levels below the 50ABC setting 
block the out-of-step function.

The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for the 78TDURD is zero because the Relay Word bit OOST is configured to 
trip the synchronous motor breaker with default trip logic TR (which includes 
an identical timer TDURD). Change the settings (trip logic and/or 78TDURD) 
if your application requires a different action.

The inner resistance blinder must be inside the mho circle while the outer 
resistance blinder should be outside the mho circle for the logic to operate cor-
rectly.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd in secondary ohms.

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study.

Convert all impedances to synchronous motor base kV.

Recommendations. Figure 4.64 shows the elements set according to the 
following recommendations.

The out-of-step protection zone, which is limited by mho element 78Z1, 
includes the synchronous motor. Normally, set reverse reach 78REV at 2–3 
times the synchronous motor transient reactance, and set forward reach 
78FWD at 0.05–0.15 times the synchronous motor transient reactance, X'd, to 
provide adequate coverage with a margin of error.

Set the inner blinder 78R2 to detect all out-of-step conditions. To do this, set 
the inner blinder so that the equivalent machine angle, shown in Figure 4.64, 
is approximately 120 degrees. A separation angle of 120 degrees or greater 
between two sources generally results in loss of synchronism.

Set the outer blinder 78R1 and out-of-step timer 78D to satisfy the following:

➤ The outer blinder should not assert on maximum load.

➤ The outer blinder should lie outside the mho circle, to satisfy the 
relay logic.

➤ The outer blinder should separate from the inner blinder far 
enough to ensure that the 78D timer accurately times the out-of-
step slip cycle.

The SEL-710-5 processes the out-of-step logic every half cycle of the system 
frequency. To ensure that the relay times the out-of-step slip frequency accu-
rately, separate the outer and inner blinders appropriately. For example, 
assume that the highest out-of-step frequency encountered is five slip cycles 
per second, which translates to 30 degrees per cycle (60 Hz). Set the blinders 
with a 70-degree separation. This separation translates to a positive-sequence 
impedance travel time of 2.3 cycles between the two blinders, which should 
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provide adequate timing accuracy. Set the 78D timer at approximately 0.034 
seconds (two cycles), which ensures that 78D will pick up for swings travel-
ing at 30 degrees per cycle or less.

The out-of-step slip frequency is a system-specific value. A transient stability 
study normally determines this variable and, therefore, the double-blinder set-
tings.

Figure 4.64 Double-Blinder Typical Settings

78FWD: Forward Reach
78REV: Reverse Reach
X’

d
: Synchronous Motor Transient Reactance

ZS: System Impedance
M-N: Total Impedance Between Synchronous 

Motor and System

S-S1: Perpendicular Bisector of M-N
α: Angle of Separation Between Synchronous Motor 

and System Measured at 78R2
γ: Angle of Separation Between Synchronous Motor 

and System Measured at 78R1
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Figure 4.65 Double-Blinder Scheme Logic Diagram
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Field Resistance Element
This feature is available only if an external dc transducer is used separately to 
convert the primary field dc current to a low level signal (4 to 20 mA dc or 
0 to +10 Vdc) for the relay field current input, IEX, and an SEL external volt-
age divider board is connected to convert the primary field (exciter) dc voltage 
to a reduced voltage signal for the relay field voltage input, VEX. FDCURIN, 
FD_20 mA/ FD_5 V settings must be set to detect the primary field current. 
See Section 2: Installation for the board switch positions.

Primary field resistance is the ratio of the primary field voltage to the primary 
field current. If the primary field resistance goes above the field resistance 
warning or trip level for longer than a 10-second time delay, the relay issues a 
warning signal. 

The field resistance elements operate only when the field resistance torque 
control, FDRESTC, asserts. You can also disable the elements by setting the 
field resistance warning level settings to OFF.

An increase in field resistance indicates an increase in field temperature. This 
function is an estimation of the field resistance as the exciter voltage measure-
ment excludes the compensation for brush and cable voltage drop.

Field Current Element
The field current feature is available only if an external dc transducer is 
installed separately to convert primary field/exciter dc current to low level sig-
nal (4 to 20 mA dc or 0 to +10 Vdc) for relay field current input, IEX. See 
Section 2: Installation for the board switch positions.

Set the FD_20 mA setting to a primary field current value corresponding to a 
dc transducer output of 20 mA or set the FD_5 V setting to a primary field 
current value corresponding to a dc transducer output of 5 V. 

If the primary field current, IEX, falls below the field undercurrent warning or 
trip level for longer than the time-delay setting, the relay issues a warning or 
trip signal. If the primary field current, IEX, goes above the field overcurrent 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. 

The field current is operational only when the field current torque control, 
FDCTC, is asserted. You can also disable the elements by setting the field cur-
rent warning level and trip level settings to OFF. For a brushless application, 
use DCCT to measure the auxiliary exciter dc field current, IEX.

Table 4.57 Field Resistance Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD RES WARN 1 OFF, 0.10–500.00 ohm pri FDRES1P := OFF

FLD RES WARN 2 OFF, 0.10–500.00 ohm pri FDRES2P := OFF

FLDR TRQ CTRL SV FDRESTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD CURRENT IN I, V FDCURIN := I

FLD CUR @ 20 mA 1.0–2000.0 A dc pri FD_20mA := 400.0
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Field (Exciter) Voltage Element
The field voltage feature is available only when an SEL external voltage 
divider board is installed to convert the primary field (exciter) dc voltage to 
reduced voltage signal for relay field voltage input, VEX. 

If the primary field (exciter) voltage, VEX, falls below the field undervoltage 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. If the primary field (exciter) voltage, VEX, goes above 
the field overvoltage warning or trip level for longer than the time-delay set-
ting, the relay issues a warning or trip signal. 

The field voltage elements operate only when the field voltage torque control, 
FDVTC, asserts. You can also disable the elements by setting the field voltage 
warning level and field voltage trip level settings to OFF. For a brushless 
application, use the auxiliary exciter dc voltage for VEX input.

FLD CUR @ 5V 1.0–2000.0 A dc pri FD_5V := 400.0

FLD UC TRIP LEVEL OFF, 1.0–2000.0 A dc pri FDUC1P := OFF

FLD UC TRIP DLY 0.3–100.0 sec FDUC1D := 0.5

FLD UC WARN LVL OFF, 1.0–2000.0 A dc pri FDUC2P := OFF

FLD UC WARN DLY 0.3–100.0 sec FDUC2D := 5.0

FLD OC TRIP LVL OFF, 1.0–2000.0 A dc pri FDOC1P := OFF

FLD OC TRIP DLY 0.3–100.0 sec FDOC1D := 0.5

FLD OC WARN LVL OFF, 1.0–2000.0 A dc pri FDOC2P := OFF

FLD OC WARN DLY 0.3–100.0 sec FDOC2D := 5.0

FLDC TRQ CTRL SV FDCTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.59 Field Voltage Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD UV TRIP LVL OFF, 1.0–350.0 Vdc pri FDUV1P := OFF

FLD UV TRIP DLY 0.3–100.0 sec FDUV1D := 0.5

FLD UV WARN LVL OFF, 1.0–350.0 Vdc pri FDUV2P := OFF

FLD UV WARN DLY 0.3–100.0 sec FDUV2D := 5.0

FLD OV TRIP LVL OFF, 1.0–350.0 Vdc pri FDOV1P := OFF

FLD OV TRIP DLY 0.3–100.0 sec FDOV1D := 0.5

FLD OV WARN LVL OFF, 1.0–350.0 Vdc pri FDOV2P := OFF

FLD OV WARN DLY 0.3–100.0 sec FDOV2D := 5.0

FLDV TRQ CTRL SV FDVTC := NOT STOPPED
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Power Factor Correction 
The SEL-710-5 includes a power factor correction logic that compares the 
reactive power consumed by the motor with a required calculated reactive 
power set point and generates a command to raise or lower the excitation. 
Note that a positive required reactive power set point makes the motor behave 
as an inductive load and that a negative required reactive power set point 
makes the motor behave as a capacitive load.

With EPFC set to QSPMV, the reactive power set point is determined by a 
SELOGIC math variable. The SELOGIC math variable is selected using the 
PFQSP relay setting. For example, to select MV11, set PFQSP to 11, then the 
dynamically evaluated value in MV11 is used as the reactive power set point. 
With EPFC set to PFSP, the reactive power set point is computed using the 
measured active power of the motor, and power factor set point specified by 
PFSPAN and PFLDLG settings. Figure 4.66 shows the reactive power set 
point logic.

Figure 4.66 Reactive Power Set Point Calculation

Every five seconds, the difference between the measured reactive power and 
the reactive power set point (ΔQ) is compared to two reactive power thresh-
olds in a double deadband logic. When ΔQ is greater than the short step reac-
tive power threshold (PFSTH), the logic asserts the field voltage short raise 
Relay Word bit (FVSRT) for FVSDO seconds. Similarly, when ΔQ is greater 
than the long step reactive power threshold (PFLTH), the logic asserts the 
field voltage long raise Relay Word bit (FVLRT) for FVLDO seconds. The 
same thresholds and drop out timers are used to assert the field voltage short 
and long lower Relay Word bits (FVSLT and FVLLT) when ΔQ turns out to 
be negative. Figure 4.67 details the double deadband logic. 

Figure 4.67 Double Deadband Logic

NOTE: The time constants for the 
active power filter and reactive 
power filter are 30 seconds and 1 
second, respectively.
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The SEL-710-5 uses the FVLR, FVSR, FVLL, FVSL pulses to obtain the 
analog quantity OUTVAL, which is used to connect to a field controller that 
accepts an analog input. OUTVAL is computed as follows:

IF (PFCNTRL == 0) THEN: OUTVAL = PFCOVL

ELSE: OUTVAL[k] = OUTVAL[k – 1] + (FVLR • n) + (FVSR • m) 
– (FVLL • n) – (FVSL • m)

where:
m = PFSTH • 1000 • 100 / (3 • FLA1 • VNOM / SQRT(3))
n = m • ((PFLTH / PFSTH) – 1)

The range of OUTVAL (0 to 100) is meant to cover the operational range of 
the field voltage. Ensure that the analog output range provides the field con-
troller with the appropriate minimum and maximum operable field voltage for 
the machine. During a relay restart, OUTVAL is set to PFCOVL regardless of 
the value of PFCNTRL. 

The PFINBN Relay Word bit indicates that the reactive power is within the 
given band. The PFGUT Relay Word bit asserts when the reactive power is 
outside the given band for more than 10 minutes indicating that the system did 
not correct the power factor. 

PID Controller
The SEL-710-5 includes a Type B PID controller with two modes of opera-
tion: as a generic controller utilizing math variables, or for power factor cor-
rection through an analog field controller. The controller assumes that the 
units of the set point (SP) and the process variable (PV) are in percentages and 
that the control action is PV-SP. The PID controller is processed with the 
math variables and analog quantities at an interval of 25 ms. Figure 4.68 pres-
ents the PID internal structure. Note that the derivative is computed using the 
process variable rather than the error (Type B PID configuration).

Table 4.60 Power Factor Correction Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PF CPMP OFF, PFSP, QSPMV EPFC := OFF

PF SET POINT OFF, 0.50–1.00 PFSPAN := OFF

LEADLAG LEAD, LAG PFLDLG := LEAD

Q SP MATH VAR 1–32 PFQSP := 32

DEADBAND L TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFLTH := 0.05 • YYYY

DEADBAND S TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFSTH := 0.01 • YYYY

LONG STEP LENGTH 0.0–3.0 sec FVLDO := 1.0

SHRT STEP LENGTH 0.0–3.0 sec FVSDO := 0.5

SYNCVOLTAGE 0%–100% PFCOVL := 100

SYNC VLTG CNTRL SELOGIC PFCNTRL := SRUNNING

NOTE: For power factor correction, 
SEL strongly recommends using the 
double deadband algorithm 
described in Power Factor Correction 
over the PID methods because of 
instabilities that may arise from 
system conditions and parameters.



4.88

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.68 PID Controller

When EPID is set to PIDMV, the PID controller will use the values of the 
math variables corresponding to PISPMV and PIPVMV as the set point and 
the process variable, respectively (e.g., PISPMV = 1 and PIPVMV = 2 will 
use MV01 and MV02). Since the PID controller assumes a PV–SP control 
action, you can achieve an SP–PV control action by setting the math variables 
you use to multiply by –1.

When EPID is set to PFSP, the PID controller will calculate a reactive power 
set point using the measured real power with the PISP and PILDLG settings, 
while the process variable will use the measured reactive power These values 
are converted to per unit through the use of the FLA1 and VNOM settings.

Set Point
(SP) Σ Σ—
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Error
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PIKC • Error 
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Error 
PIDOUT

Table 4.61 PID Controller Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PID N, PFSP, PIDMV EPID := N

PF SET POINT 0.10–1.00 PISP := 1.00

LEADLAG LEAD, LAG PILDLG := LEAD

MV SET POINT 1–32 PISPMV := 1

MV PROCESS VAR 1–32 PIPVMV := 1

INTEGRAL INIT VAL 0.0–100.0 PISTART := 50.0

GAIN CONSTANT 0.000 to 15.000 PIKC := 1.000

INT TIME CONST 0.01 to 600.00 sec PITI := 0.01

DERIV TIME CONST 0.000 to 5.000 sec PITD := 0.000

OUTPUT FLOOR 0.0–99.9 PIMIN := 0.0

OUTPUT CEILING 0.1–100.0 PIMAX := 100.0

INTEGRAL FREEZE SELOGIC PIFRE := 0

PID LOGIC CNTRL SELOGIC PIRUN := 1
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The analog quantity output of the PID controller, PIDOUT, is given as a per-
centage and is bounded by the floor setting, PIMIN, and the ceiling setting, 
PIMAX. An anti-integral windup scheme is implemented by freezing the inte-
gral term when either of two scenarios occurs: the calculated PIDOUT is 
above the PIMAX setting and the error is positive, or the calculated PIDOUT 
is below the PIMIN setting and the error is negative. The integral term can 
also be frozen when the SELOGIC equation PIFRE evaluates to a logical 1. In 
either case, the Relay Word bit PIAW will assert when the integral term is frozen.

Synchronous Motor Synchronization
The SEL-710-5 provides three different methods for synchronous motor syn-
chronization: 

➤ Time-delayed start for brushless synchronous motors

➤ Slip-dependent synchronization based on field voltage 
measurements

➤ Slip-dependent synchronization based on stator current 
measurements

Time-Delayed Starting for Brushless Synchronous Motors
Time-delayed starting is applicable to brushless type machines when setting 
SYNTYPE := BRUSHLESS. The brushless motor is started by first applying 
ac power to the stator windings. Once the relay detects the machine is in the 
STARTING or RUNNING state, the relay asserts the 41CLOSE Relay Word 
bit after a fixed time-delay setting, 41DELAY. Use the 41CLOSE bit to oper-
ate an output contact directly. This output contact can be wired to close the 
field contactor or breaker circuit to apply dc excitation to the motor field 
winding.

Figure 4.69 Starting Brushless Synchronous Motor

Brush-Type Synchronous Motor Synchronization
The SEL 710-5 has the capability to synchronize a brush-type synchronous 
motor. Use an SEL external voltage divider board to convert the voltage 
across the field voltage discharge resistor (VDR) to a level suitable to the 
relay. Refer to Figure 2.33 for a connection diagram of the external voltage 
divider board. Proper polarity, as shown in Figure 2.33, is essential when con-
necting the VDR input to the relay. 

The following steps are part of the synchronization process:

1. Closing of the field circuit via the field discharge resistor

2. Application of three-phase power to stator

Table 4.62 Brushless Synchronous Motor Start-Sequence Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

41 CLOSE DELAY 0.0–100.0 sec 41DELAY := 3.0

41DELAY

0

SYNTYPE := BRUSHLESS

TRIP

STOPPED

41CLOSERelay
Word
  Bits  

Relay
Word
  Bit  

Setting

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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3. Application of field excitation when desired slip and angle are reached

4. Tripping of the motor in case of incomplete sequence

The motor is started with the discharge resistor connected across the motor 
field winding via the 41b auxiliary contact. The brush-type motor is started by 
applying ac power to the stator windings. This results in a rotating magnetic 
field in the air gap at synchronous speed. The rotating magnetic field, in 
effect, induces EMF in the amortisseur windings (also referred to as damper 
windings) and the field winding. The torque produced by the induced currents 
in the amortisseur windings causes the motor to operate as an induction motor 
and to accelerate to near synchronous speed. On the other hand, the induced 
current in the field circuit circulates through the VDR. The relay uses the 
voltage across the VDR to determine the exact moment to energize the field 
winding as explained in the following text. 

The relay uses the settings in Table 4.63 as part of the start sequence. 

Figure 4.70 shows the synchronous motor start sequence enable logic. Pro-
gram the SELOGIC setting STSEQEN to initiate the synchronization process. 
If the field excitation voltage, VEX, is wired to the relay, a field undervoltage 
element is set and programmed as part of STSEQEN, ensuring that appropri-
ate field voltage is present before the start sequence is initialized.

Program the percentage of the synchronization slip setting, SYNSLIP, as rec-
ommended in the synchronous motor data sheet. The relay calculates the slip 
frequency in percent from the VDR signal, FREQR, at every zero crossing, 
i.e., SMSLIP = (FREQR / FNOM) • 100, and compares it to the SYNSLIP set-
ting. If the calculated rotor slip frequency is less than or equal to the SYN-
SLIP setting, the relay declares that the required slip is reached and sets the 
SLIPRECH Relay Word bit. The relay simultaneously keeps track of the posi-
tive-to-negative zero crossing (PNZC) of the VDR signal rotor angle to allow 
for the effective pull-in of the rotor when the field is applied to synchronize 
the motor.

Figure 4.70 Synchronous Motor Start Sequence Enable Logic

Figure 4.71 shows the 41CLOSE logic for a brush-type synchronous motor. 
The DRVECLS (drive-to-close for an effective pull-in) or RELUCLS (reluc-
tance torque synchronizing) Relay Word bits set the 41CLOSE.

Table 4.63 Synchronous Motor Start Sequence Settings

Setting Prompt Setting Range Setting Name := Factory Default

STRT SEQ ENABLE  SELOGIC STSEQEN := R_TRIG STARTING 
AND NOT 47T AND NOT SMTRIP 
AND NOT (FDUV1T OR FDUV2T)

SYNCHRONIZE SLIP  1.0%–10.0% SYNSLIP := 2.0

UNLATCH 41CLOSE  SELOGIC UL41CL := TRIP OR STOPPED

MIN CLOSE DELAYa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

 0.1–99.0 sec 41MNDLY := 0.1

WARNING
Do not attempt to synchronize the 
brush-type synchronous motor 
without the external voltage divider 
board. Severe damage to the relay can 
result if the external voltage divider 
board is improperly connected.

NOTE: The input to VDRM should be 
greater than 54 V for the synchronous 
motor start logic to work.

SYNTYPE := BRUSH

STSEQEN

STOPPED OR TRIP

SYNENAND1
OR1

AND2SELOGIC
Setting

Setting Relay
Word
Bit
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The FREQDECAY input supervises both of these bits. This input qualifies a 
proper start sequence by ensuring that the VDR observed is favorable (e.g., 
negative and decreasing signal) after assertion of the SYNEN bit. The relay 
computes the speed of the rotor using consecutive zero crossings in the VDR 
signal. The relay computes two quantities to show the rotor speed: 
1) SMSLIP, in percentage, where 100 means stand-still and 0 means synchro-
nous speed; and 2) FREQR, in hertz.

Once the required slip frequency is reached, the relay issues a 41CLOSE via 
DRVECLS on the immediate or subsequent PNZC transition of the VDR sig-
nal for an effective pull-in of the rotor. 

If the SLIPRECH asserts while the signal is unfavorable (e.g., VDR negative 
but increasing), the PNZC may not be dependable. In this case, the relay 
issues a 41CLOSE via RELUCLS for a reluctance close. For the RELUCLS 
Relay Word bit to assert, the VDR voltage has to be unfavorable for a period 
greater than the SYNSLIP setting expressed in seconds. For example, if 
SYNSLP = 10% and FNOM = 60 Hz, then the SYNSLP setting expressed in 
seconds is 1/6 Hz = 0.167 seconds. Use the 41CLOSE bit to operate an output 
contact directly. Wire this output contact to close the field contactor or 
breaker circuit, to apply dc excitation to the motor field winding, and to open 
the field discharge resistance circuit. 

Figure 4.71 41CLOSE Logic for Brush-Type Synchronous Motor

Use the UL41CL SELOGIC setting to unlatch the 41CLOSE Relay Word bit in 
the event of a TRIP or when the motor has stopped. In applications that 
require line current supervision, i.e., for a line current less than 1.1 • FLA1, 
the ADV_RUNN Relay Word bit can be programmed into UL41CL 
(UL41CL := TRIP OR STOPPED OR NOT ADV_RUNN) to supervise the 
41CLOSE bit. Refer to Figure 4.77 for the ADV_RUNN Relay Word bit.

Monitor the synchronous motor starting sequence with the START_T setting 
(see Figure 4.30 and Figure 4.31) to trip the motor in case of an incomplete 
start sequence, i.e., the 41CLOSE does not assert within START_T time. The 
SEL-710-5 decides the state of the synchronous motor based on the 
synchronous motor running state logic shown in Figure 4.76. Program the 
FDCMIN and 41A settings accordingly to indicate to the relay that the 
synchronous motor field contactor or breaker is closed.

41CLOSE

Relay
Word
Bit

DRVECLS

RELUCLS

SLIPRECH

UL41CL

FreqDecay

FreqDecay

VDR PNZC

0.0 V

VDR SYNSLIPa S

R

a Period corresponding to SYNSLIP setting in seconds.

SELOGIC
Setting

Relay
Word
  Bits  

Relay
Word
  Bits  

0.0 V
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See Figure 4.72 for an event capture of synchronous motor starting. Along 
with the line currents and voltages, the CEV report in SEL-710-5 also 
captures the VDR voltage and rotor frequency, FREQR, measured at each 
zero-crossing. In Figure 4.72, the capture uses the following event report 
settings: PRE = 10 cyc, LER = 180 cyc, and ER = R_TRIG STARTING. For 
motors with a starting time longer than three seconds, program ER = R_TRIG 
STARTING OR R_TRIG 41CLOSE, as needed.

Figure 4.72 SEL-710-5 Event Capture Of Synchronous Motor Starting 

Synchronization Based on Stator Measurements
This method is intended for synchronization of motors with salient poles and 
start times of at least three seconds. The SEL-710-5 Relay calculates the slip, 
SMSLIP2, based on the stator measurements and compares it with SYNSLIP 
(in percentage), as seen in Figure 4.73 (refer to Table 4.63 for settings). When 
the calculated slip, SMSLIP2, is less than the SYNSLIP setting, the relay 
declares that the required slip for synchronization is reached and the SLIPBT 
Relay Word bit asserts. The SLIPOK Relay Word bit supervises the SLIPBT 
Relay Word bit. The SLIPOK Relay Word Bit asserts when the slip calculated 
based on the stator measurements is reliable. The motor slip computation 
logic is enabled by Field Close Enable or the motor state logic declaring that 
the motor is in the STARTING state.

The 41CLOSE2 Relay Word bit is set by the 41CLS2 Relay Word bit. Use the 
41CLOSE2 Relay Word bit to close the field breaker. A timer supervises this 
logic. The timer guarantees that synchronization does not happen before the 
minimum timer expires (Ta) or after the maximum timer expires (Tb). Pro-
gram the 41MNDLY setting to 30 to 40 percent of the minimum start time. 
Use the UL41CL SELOGIC setting to unlatch the 41CLOSE2 Relay Word bit 
in the event of a TRIP or when the motor has come to a STOP.

NOTE: VDR in the CEV report is in 
volts primary, equivalent to VDRM 
shown in Figure 2.33.

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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Figure 4.73 Slip-Computation Using Stator Measurements for Slip-Dependent Thermal Model and Synchronous 
Motor Synchronization

While this synchronization method is adequate to synchronize both brush and 
brushless motors, synchronization based on the VDR measurements is the 
preferred method for brush motors. Synchronization based on the VDR mea-
surements allows for the closing of the field on a positive-to-negative zero 
crossing of the VDR signal for an effective pull-in of the rotor. Refer to 
Table 4.63 for the settings related to this method.

Trip Logic
Trip Inhibit (Block) Function

You can assign any control input to the SELOGIC control equation 
BLKPROT. The relay uses the BLKPROT Relay Word bit to disable one or 
more protective functions listed in Table 4.64 when the BLKPROT control 
input asserts. 

Relay
Word
  Bit  

UL41CL

41CLS2

STARTING

Reset has Priority

41CLOSE2

Ta = max(0.2, 41MNDLY minimum sync time)
Tb = max(41DELAY, Ta + 0.1)
Ts = Tb + 2 cycles

S

R

Q

Ta

TbTs

SYNSLIP

SLIPOK

SMSLIP2

SLIPBT

Ia, Ib, Ic

Relay
Word
  Bits  

Relay
Word
  Bit  

Relay
Word
  Bit  

Relay
Word
  Bit  

Setting

SELOGIC
Setting

Va, Vb, Vc
Vab, Vbc, Vca

ENABLE

Outputs updated 
every 8 cycles

Motor Slip Computation

Field Close Enable

0

Relay
Word
  Bits  

STSEQEN

TRIP
STOPPED

SELOGIC
Setting

Table 4.64 Trip Inhibit Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

BLOCK PROTECT SELOGIC Variable BLKPROT := 0

CURRENT IMBALANC Y, N BLK46 := N

JAM Y, N BLK48 := N

GROUND FAULT Y, N BLK50EF := N

SHORT CIRCUIT Y, N BLK50P := N

UNDERCURRENT Y, N BLK37 := N

START INHIBIT Y, N BLK66 := N
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During certain operational phases when the level (e.g., motor current) differs 
from normal values, selected functions are completely disabled as long as the 
control input is asserted. For operational phases such as those listed below, 
you could have no warning, no trip or reset, and tripping delays that begin to 
run only after the function is reenabled:

➤ During starting (earth fault and short-circuit protection) 

➤ At no-load (protection against asymmetry and underload) 

➤ During brief overload phases (high overload/jam) 

➤ During commissioning and fault location (localizing the source 
of the trouble)

Trip/Close Logic
The SEL-710-5 tripping logic is designed to trip or stop motors energized 
through circuit breakers or contactors. The relay logic lets you define the con-
ditions that cause a trip, the conditions that unlatch the trip, and the perfor-
mance of the relay output contact motor contactor or breaker. Figure 4.74 
illustrates the tripping logic.

PTC Y, N BLK49PTC := N

RTD Y, N BLK49RTD := N

Table 4.64 Trip Inhibit Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.65 Trip and Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 s TDURD := 0.5

TRIP EQUATION SV TR := 49T OR LOSSTRIP OR JAMTRIP 
OR 46UBT OR 50P1T OR 50G1T OR 
59P1T OR 47T OR SPDSTR OR 50N1T 
OR SMTRIP OR (27P1T AND NOT LOP) 
OR SV01T OR SV03T

REMOTE TRIP EQN SV REMTRIP := 0

TRIP ON LOCKOUT Y, N TRIPONLO := Y

UNLATCH TRIP EQN SV ULTRIP := 0

CONTACTOR STATUS SV 52A := 0

FLD BRKR STATUS SV 41A := 0

NOTE:  The factory-default 
assignment of the Relay Word bit 
TRIP is the output OUT103. See 
Table 4.77 for the output contacts 
settings.
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Figure 4.74 Stop/Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following text.

TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the STOP Relay Word bit (asserted at the front panel or by 
the STOP command) are maintained for at least the duration of the minimum 
trip duration time (TDURD) setting.

0

TDURDSTOP

TRIP

Trigger Events

Reset TRIP LED

STOPPED

THERMLO
NOSLO
TBSLO
ABSLO

TRIPONLO = Y

TRGTR

TR

 STOPPED = Motor Stopped Relay Word Bit
 THERMLO = Thermal Element Lockout
 NOSLO = Starts-Per-Hour Lockout
 TBSLO = Minimum Time Between Starts Lockout
 ABSLO = Antibackspin Lockout
 TRIPONLO = Trip on Lockout
 ULTRIP = Unlatch Trip SELOGIC Control Equation
 RSTTRGT = Target Reset SELOGIC Control Equation

 TRGTR = Target Reset Command, Front Panel or 
Serial Ports

 EMRSTR = Emergency Start Command, Front 
Panel or Modbus/DeviceNet Command

 TR = Trip SELOGIC Control Equation
 STOP = Motor Stop Command, Front Panel or 

Serial Ports
 TDURD = Minimum Trip Time Setting

 EMRSTR

52A
RSTLED = Y

Relay
Word
  Bits  

ULTRIP
RSTTRGT

SELOGIC
Settings

Relay
Word
  Bit  

Relay
Word
  Bit  

SELOGIC
Setting

RSTTRGT

SELOGIC
Setting

Relay
Word
  Bits  

Communications
Command

Target Reset

Pushbutton
TARGET RESET

Serial Port 
Command

TAR R

 EMRSTR

TRGTR
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TR Trip Conditions SELOGIC Control Equation
The SEL-710-5 Trip Logic offers two ways to stop the protected motor:

➤ Conditions mapped to TR

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

Either of the two conditions will trigger an event report. The relay controls the 
tripping output contact(s) when the Relay Word bit TRIP appears in an output 
contact SELOGIC control equation. Default relay settings have output OUT103 
set to TRIP and fail-safe setting OUT103FS at Y (see Fail-Safe/Nonfail-Safe 
Tripping on page 2.26).

Set the TR SELOGIC control equation to include an OR-combination of all the 
enabled protection element Relay Word bits that you want to cause the relay 
to trip. Use the factory-default setting as a guideline.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. 

For example, the following settings trip the breaker by input IN303 via REM-
TRIP.

    REMTRIP := IN303

    TR :=...OR REMTRIP

The HMI displays Remote Trip to indicate the trip by remote trip logic.

ULTRIP Unlatch Trip Conditions SELOGIC Control Equation
Following a fault, the trip signal is maintained until all of the following condi-
tions are true:

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ All the motor lockout functions, described below, deassert to 
logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

➢ An emergency restart command is executed or the 
EMRSTR SELOGIC control equation setting asserts to 
logical 1.

NOTE: The outputs in the 
SEL-710-5 are not designed to 
interrupt the trip coil current. An 
auxiliary contact with adequate 
current interrupting capacity must 
clear the trip coil current before the 
output of the SEL-710-5 opens. 
Failure to observe this safeguard 
could result in damage to the 
SEL-710-5 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
Bit TRIP, which stays asserted for the 
duration of the TDURD setting or 
until TRIP is unlatched, whichever is 
longer.

NOTE: You can use an indirect 
mapping (e.g., SV01T) as in the 
factory-default setting. See 
Table 4.65 for the SV01 settings.

NOTE: The factory-default setting of 
the ULTRIP provides a manual reset 
of the protection trips. Set the 
ULTRIP := 1 if you want an automatic 
reset. You can make the automatic 
reset by a selected element; for 
example, set ULTRIP := F_TRIG 49T in 
a two-wire motor control circuit.
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Lockout After Stop
When TRIPONLO := Y, the relay automatically locks out the motor by assert-
ing the trip signal under any of the following conditions:

➤ Antibackspin Lockout. The ABSDLY timer has not expired 
since the motor trip occurred. The trip signal is maintained until 
the ABSDLY timer expires.

➤ Minimum Time Between Starts Lockout. A new start is not 
permitted until after the minimum time between starts has 
passed. The trip signal is maintained until a start is permitted.

➤ Starts-Per-Hour Limit Lockout. If the starts-per-hour limit has 
been met, a new start is not permitted until 60 minutes after the 
oldest start. The trip signal is maintained until a start is 
permitted.

➤ Thermal Element Lockout. The motor thermal element 
% Thermal Capacity Used value is too high to permit a normal 
motor start without tripping. The trip signal is maintained until 
the % Thermal Capacity decreases to a level where a start can 
safely take place, as shown in Figure 4.75.

Figure 4.75 Thermal Element Lockout Logic

If any of the previous protection functions is not enabled by the relay settings, 
that function does not affect trip unlatch.

Also note that the relay automatically asserts the trip signal if the motor stops 
and a lockout condition is in effect. The trip signal is cleared once all the 
enabled lockout conditions are cleared.

52A and 52B Contactor/Breaker Status SELOGIC Control Equations
Use the SELOGIC settings 52A and 52B to map the respective breaker or con-
tactor auxiliary contacts to the relay. Because the 52b contact is not always 
available and to reduce the number of I/O required, the breaker status logic 
does not include the 52B contact. The relay uses the 52A Relay Word bit as 
the status of the breaker/contactor in conjunction with the protection elements, 
motor state, trip, and close logic. The default 52B setting is NOT 52A. The 
factory-default setting assumes no auxiliary contact connection (52A := 0).

NOTE: For the disconnect settings 
and logic, refer to Disconnect Control 
Settings on page 9.2. For the 
touchscreen relay option, refer to 
Table 9.5 for typical disconnect 
symbols. For the settings related to 
bay control disconnect symbols, refer 
to Table 9.7 and the corresponding 
descriptions.

If you connect the breaker auxiliary contacts to digital inputs, you must 
change the factory-default logic equations for 52A and 52B. For example, set 
52A := IN101 and 52B := IN102 if you connect the 52a and 52b contacts to 
inputs IN101 and IN102, respectively.

100—TCSTART

TCURTR

49RSTP
TCUSTR

THERMLO

Relay
Word
Bit

Note: TCSTART is the setting, unless a learned value is available.

NOTE: When the 52A setting is 
used with an appropriate control 
input, it enhances the motor state 
logic (see Figure 4.77). This is 
particularly important if the motor 
has low operational idling current 
(less than 10 percent FLA).
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NOTE: For the settings related to the 
local/remote breaker control function, 
refer to Local/Remote Control on 
page 9.7. For breaker control via the 
front-panel pushbuttons, refer to 
Front-Panel Operator Control 
Pushbuttons on page 8.18. For breaker 
control via the two-line display, refer 
to Control Menu on page 8.10. For 
breaker control via the touchscreen, 
refer to Motor/Disconnect Control Via 
the Touchscreen on page 9.8.

The SEL-710-5 relay with the touchscreen display option additionally pro-
vides the ability to design detailed single-line diagrams and display the 
breaker and disconnect status. Refer to Table 9.1 for typical circuit breaker 
symbols available for display on the bay screens. For settings related to bay 
control breaker symbols, refer to Table 9.7 and the corresponding description

41A Field Contactor/Breaker Status Conditions for the SELOGIC Control 
Equation

You can connect an auxiliary contact of the 41 contactor or breaker to the 
relay. The SELOGIC control equation 41A allows you to configure the relay 
for either the 41b or 41a contact input. The factory-default setting assumes no 
auxiliary contact connection (41A := 0). 

If you connect the breaker auxiliary contact to a digital input, you must 
change the factory-default logic equation for 41A. For example, set 
41A := IN101 if you connect the 41a contact to input IN101.

Synchronous motor is latched to be in synchronized running state, SRUN-
NING, either when the relay detects the 41A field breaker status as closed or 
when the relay detects a field current greater than minimum field current set-
ting, FDCMIN, while the machine is in the RUNNING state. The FDCURIN, 
FD_20 mA/ FD_5 V (see Section 2: Installation for the board switch position) 
settings must be set to detect primary field current. The SRUNNING state is 
unlatched by the motor STOPPED state.

Figure 4.76 Synchronous Motor Running State Logic

Motor Control
The motor control settings interface the SEL-710-5 for external start control 
and motor speed control. Table 4.67 lists these SELOGIC control equation 
settings.

Table 4.66 Start Sequence Setting

Setting Prompt Setting Range Setting Name := Factory Default

MN FDC TO SYNCa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

0.5–2000.0 A dc pri FDCMIN := 400.0

NOTE: When used with an 
appropriate control input, the 41A 
setting enhances the synchronous 
motor running state logic 
(see Figure 4.76).

SRUNNING

Relay
Word
Bit

IEX > FDCMIN

41A

Relay
Word
Bits

S

R

RUNNING

STOPPED

300 ms

0
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In VFD applications, connect the auxiliary contact of the bypass switch to the 
input assigned to the setting VFD Bypass (VFDBYPAS) only if the optional 
voltage inputs are connected. The relay automatically switches from rms to 
fundamental magnitudes for protection elements when the VFD is bypassed 
(VFDBYPAS is asserted).

Figure 4.77 Motor State Logic

Table 4.67 Motor Control Settings 

Setting Prompt Setting Range Setting Name := Factory Default

START EQUATION SELOGIC STREQ := PB03

BLK START SELOGIC BLKSTSR := STOPPED AND (THERMLO 
OR NOSLO OR TBSLO OR ABSLO)

EMERGENCY START SELOGIC EMRSTR := 0

SPEED2 SELOGIC SPEED2 := 0

SPEED SWITCH SELOGIC SPEEDSW := 0

VFDBYPASS SELOGIC VFDBYPAS := 0

 FLAn = Effective full-load current. (n is 1 or 2 for Speed 1 or Speed 2)

 FLAmin = Lowest full-load current setting allowed;

         FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.

 I1, I2 = Positive-/negative-sequence motor current; except (I1 + I2) = average phase current for a VFD application.

T1 and T2 are Timers.

L1, L2, L3, and L4 are Latches.

/ indicates reset on rising 

   edge of the Reset input.

50S, 52A are Relay Word bits.

300 ms

0

/

STOPPED

(I1+I2) < 0.1 • FLAmin

52A

T1

STARTING

RUNNING

L1

S

R

Relay
Word
Bits

50 ms

0

/

RUNNING

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A
300 ms

0

T2

STARTING

STOPPED

L3

S

R

/

ADV_RUNN

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A

STARTING

STOPPED

L4

S

R

/

STARTING

(I1+I2) > 0.25 • FLAmin

50S = 1

STOPPED

RUNNING

L2

S
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Start Controls
Figure 4.78 shows the logic the relay uses to initiate motor starts.

Figure 4.78 Start Logic

If the TRIP Relay Word bit is not asserted, the relay asserts the START Relay 
Word bit in response to any of the following conditions:

➤ Start motor signal is received from SELOGIC control equation 
STREQ

➤ Emergency restart signal is received from SELOGIC control 
equation EMRSTR, front panel, or Modbus/DeviceNet 
command

➤ Start motor signal is received from the front panel or serial ports

The START Relay Word bit remains asserted for 0.5 seconds unless the relay 
trips or the BLKSTR bit asserts. If the relay trips or the BLKSTR bit asserts 
before the 0.5 second timer expires, the relay resets the timer, clearing the 
START Relay Word bit.

In an emergency, it can be necessary to quickly start the motor even though a 
protection lockout condition exists and is holding the TRIP output asserted. The 
lockout might be a result of the thermal element or another protection function 
(see Figure 4.74). You can override all of the lockout conditions. Use the 
emergency restart function.

The relay asserts the emergency restart bit (EMRSTR) in response to any of 
the following conditions:

➤ The control input assigned to EMRSTR asserts

➤ The relay receives an emergency restart control command from 
the front panel or Modbus/DeviceNet command

When the emergency restart bit asserts, the relay does the following:

➤ Resets the motor thermal element capacity used to 0 percent.

➤ Manipulates the starts-per-hour, minimum time between starts, 
and antibackspin functions to permit an immediate start.

➤ Deasserts the TRIP output if no fault detecting element is picked up.

➤ Initiates a motor start through the logic shown in Figure 4.78.

Speed Controls
You can assign any control input to the SELOGIC control equations SPEED2 
and SPEEDSW. When the SPEED2 control input is asserted and the two-
speed enable setting E2SPEED is Y, the SEL-710-5 selects second values for 
the settings shown in Table 4.68. See Table 4.2 and Table 4.4 for a full 
description of various settings. Use the SPEED2 input for two-speed motor 
applications. You can also use this input to change the settings in applications 
where ambient temperature varies appreciably (e.g., exposed water pumps 
with different capacities during daytime and at night). This feature is not 
available when VFDAPP := Y.

TRIP OR BLKSTR
Reset

START
STREQ

EMRSTR
STR

0

0.5 s

Relay
Word
Bits

Relay
Word
Bits
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The SPEEDSW control input provides an indication of the rotor speed to the 
speed switch logic. Refer to Table 4.28 for more detail.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed below.

SELOGIC Enables Table 4.69 shows the enable settings for latch bits (ELAT), SELOGIC control 
equations (including timers; ESV), Counters (ESC), and math variable equa-
tions (EMV). This helps limit the number of settings that you need to make. 
For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output con-
tact state. The SEL-710-5 latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output con-
tact goes back to the state of the latch control switch after device initialization. 
Traditional latching device output contact states are changed by pulsing the 
latching device inputs (see Figure 4.79). Pulse the set input to close (set) the 
latching device output contact. Pulse the reset input to open (reset) the latch-
ing device output contact. The external contacts wired to the latching device 
inputs are often from remote control equipment (e.g., SCADA, RTU).

Table 4.68 Settings Selected by SPEED2 Input 

Setting Description
Normal Setting Prompt
(Normal Setting Name)

Second Setting Prompt 
(Second Setting Name)

Phase CT Ratio PHASE CT RATIO (CTR1) CT RATIO–2nd (CTR2)

Full-Load Current MOTOR FLA (FLA1) MOTOR FLA–2nd (FLA2)

Locked Rotor Current MOTOR LRA (LRA1) MOTOR LRA–2nd (LRA2)

Hot-Locked Rotor Time LOCKD RTR TIME 1 
(LRTHOT1)

LOCKD RTR TIME 2
(LRTHOT2)

Acceleration Factor ACCEL FACTOR (TD1) ACCEL FACT–2nd (TD2)

Run State Time Constant STATOR TC (RTC1) STATOR TC–2nd (RTC2)

Overload Curve Number THERM OL CURVE1 
(CURVE1)

THERM OL CURVE2
(CURVE2)

Table 4.69 Enable Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SELOGIC Latches N, 1–32 ELAT := N

SV/Timers N, 1–32 ESV := 3

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional settings change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(approximately 5–10 seconds after 
turn on).
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Figure 4.79 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-710-5 provide latching device 
functionality. Figure 4.80 shows the logic diagram of a latch switch. The out-
put of the latch control switch is a Relay Word bit LTn (n = 01–32), called a 
latch bit.

Figure 4.80 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit 
LTn deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-710-5 includes 32 latches. Table 4.70 shows the SET and RESET 
default settings for Latch 1. The remaining latches have the same settings.

Latch Bits: Nonvolatile State
Power Loss

The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is deas-
serted (LT03 := logical 0) when power is restored.

Table 4.70 Latch Bits Equation Settings 

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset)
(n = 01 through 32)

Device
Word
Bits

SELOGIC
Setting
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Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on 
page 4.102 explanation. If the individual settings change causes a change in 
SELOGIC control equation settings SETn or RSTn (n = 1 through 32), the 
retained states of the latch bits can be changed, subject to the newly enabled 
settings SETn or RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a fixed pickup and dropout debounce delay that can help in providing the 
necessary time qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your applica-
tion. Only the enabled SELOGIC control equations appear for settings. Each 
SELOGIC control equation variable/timer has a SELOGIC control equation set-
ting input and variable/timer outputs as shown in Figure 4.81. Timers SV01T 
through SV32T in Figure 4.81 have a setting range of 0.00–3000.00 seconds. 
This timer setting range applies to both pickup and dropout times (SVnPU and 
SVnDO, n = 1 through 32).

NOTE: Any SELOGIC equation that 
contains a RWB/analog quantity that 
gets hidden because of a setting 
change or a configuration change 
would show up as a BAD SELOGIC 
EQUATION.

Figure 4.81 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC equation, including a total 
of 14 elements in parentheses (see Table 4.72 for more information).

SELOGIC Control Equation Operators
Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 
already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an assignment operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean alge-
bra logic, combining Relay Word bits together with one or more of the Bool-
ean operators listed in Table 4.72. Math SELOGIC control equation settings 
operate on numerical values, using one or more of the Mathematical operators 
listed in Table 4.72. These numerical values can be mathematical variables or 
actual real numbers.

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

SVnPU

SVnDO

Relay
Word
Bits
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The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.9 for an explanation 
on improving the accuracy of the math operations by managing the processing 
order.

EXAMPLE 4.9 Improving the Accuracy of Math Operations

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 
calculation and scales it by 128, then rounds this up to a 2. The relay 
then multiplies the result by 100,000 and stores it as 200,000. When 
the number is reported, the relay divides out the scale factor (128) 
and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This 
result is then rounded and stored as 184,615. The relay then divides 
184,615 by 128 and reports 1442.3.

Example 4.9 illustrates how important it is to avoid calculations where a small 
number is divided by a large number followed by multiplication. It will 
amplify the error significantly.

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.71, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. Use scaling factors where possible to 
avoid the error introduced by the fixed point processor when multiplying and 
dividing fractional numbers.

You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.73 for this and other 
Boolean and math operators and values.

Table 4.71 Math Variable Fractional Multiplication Results

MV01 := 0.01*10 Result = 0.08 Error = 20%

MV01 := 0.05*10 Result = 0.47 Error = 6%

MV01 := 0.1*10 Result = 1.02 Error = 2.0%

MV01 := 0.5*10 Result = 5.00 Error = 0%

MV01 := 0.99*10 Result = 9.92 Error = 0.2%

NOTE: Math variables are reset to 
zero if the relay loses power because 
the math variables are stored in 
volatile memory.
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Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-710-5 evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for exam-
ple SV01 AND SV02 AND SV03, each AND is evaluated from the left to the 
right. If you substitute NOT SV04 for SV03 to make SV01 AND SV02 AND 
NOT SV04, the device evaluates the NOT operation of SV04 first and uses 
the result in subsequent evaluation of the expression.

Parentheses Operator ( ). You can use more than one set of parentheses 
in a SELOGIC control equation setting. For example, the following Boolean 
SELOGIC control equation setting has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

The logic within the parentheses is processed first and then the two parenthe-
ses resultants are ANDed together. Use as many as 14 sets of parentheses in a 
single SELOGIC control equation setting. The parentheses can be nested 
(parentheses within parentheses).

Math Negation Operator (–). The negation operator – changes the sign 
of a numerical value. For example:

MV01 := RB01

When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Table 4.72 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean 
and/or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply

divide

Mathematical

+
-

add

subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality

inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest 
precedence)
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Boolean NOT Operator (NOT). Apply the NOT operator to a single 
Relay Word bit and to multiple elements (within parentheses).

An example of a single Relay Word bit is as follows:

SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as fol-
lows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the follow-
ing example. 

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

This equation sets MV01 to 12 whenever IN101 asserts, otherwise it incre-
ments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG). Apply the rising-edge opera-
tor, R_TRIG, to individual Relay Word bits only; you cannot apply R_TRIG 
to groups of elements within parentheses. When any Relay Word bit asserts 
(going from logical 0 to logical 1), R_TRIG interprets this logical 0 to 
logical 1 transition as a “rising edge” and asserts to logical 1 for one process-
ing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing inter-
val when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG). Apply the falling-edge oper-
ator, F_TRIG, to individual Relay Word bits only; you cannot apply F_TRIG 
to groups of elements within parentheses. The falling-edge operator, F_TRIG, 
operates similarly to the rising-edge operator, but operates on Relay Word bit 
deassertion (elements going from logical 1 to logical 0) instead of Relay Word 
bit assertion. When the Relay Word bit deasserts, F_TRIG interprets this 
logical 1 to logical 0 transition as a “falling edge” and asserts to logical 1 for 
one processing interval, as shown in Figure 4.82.
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Figure 4.82 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators. If Relay Word bits (which are effectively 
Boolean resultants, equal to logical 1 or logical 0) are used in mathematical 
operations (*, /, +, and –), they are treated as numerical values 0 and 1, 
depending on if the Relay Word bit is equal to logical 0 or logical 1, respec-
tively.

Boolean Comparison Operators. Comparisons (<, >, <=, and >=) are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true) or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison ends up as a 
Boolean resultant. 

For example, if the output of a math variable is above a certain value, an out-
put contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8 in value, output contact OUT103 
asserts (OUT103 = logical 1). If the math variable (MV01) is less than or 
equal to 8 in value, output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality and Inequality Operators. Equality (=) and inequal-
ity (<>) operators operate similar to the comparison operators. These are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true), or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison, ends up as a 
Boolean resultant. For example, if the output of a math variable is not equal to 
a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45 in value, output contact 
OUT102 asserts (effectively OUT102 := logical 1). If the math variable 
(MV01) is equal to 45 in value, output contact OUT102 deasserts (effectively 
OUT102 := logical 0). The following table shows other operators and values 
that you can use in writing SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When Power Lost or Settings Changed
If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.83 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.83 Example Use of SELOGIC Variables/Timers

SV/Timers Settings
The SEL-710-5 includes 32 SELOGIC variables. Table 4.74 shows the pick-up, 
drop-out, and equation settings for SV01, SV02, and SV03. The remaining 
SELOGIC variables have the same default settings as SV02.

Table 4.73 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.74 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

SV TIMER PICKUP 0.00–3000.00 sec SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR BRGTRIP OR 
OTHTRIP OR AMBTRIP OR REMTRIP 
OR 37PT OR VART OR PTCTRIP OR 
81D1T OR 81D2T OR 81D3T OR 81D4T 
OR 50Q1T OR 87M1T OR 87M2T
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Counter Variables SELOGIC counters are up- or down-counting elements, updated every process-
ing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.84 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.84 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and Digi-
tal output SC01QU asserts when the counter reaches the programmable count 
value. Use the reset input (SC01R) to force the count to zero, and the analog 
output (SCnn) with analog comparison operators. Table 4.75 describes the 
counter inputs and outputs, and Table 4.76 shows the order of precedence of 
the control inputs.

SV TIMER PICKUP 0.00–3000.00 sec SV02PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV02DO := 0.000

SV INPUT SELOGIC SV02 := NA

SV TIMER PICKUP 0.00–3000.00 sec SV03PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV03DO := 0.000

SV INPUT SELOGIC SV03 := 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR FDOV1T 
OR FDRES1T OR SV01T OR OOST OR 
55T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 sec SV32 := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV05 := 0.00

SV INPUT SELOGIC SV05 := NA

Table 4.74 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.75 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the 
output (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: For device configurations that 
include either current or voltage 
cards, the SEL-710-5 tracks the 
frequency. When tracking the 
frequency, the processing interval 
varies with the frequency.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled).

NOTE: If setting SCnnCU is set to NA, 
the counter counts downward only.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output

NOTE: SELOGIC counters are reset 
to zero if the relay loses power 
because the counters are stored in 
volatile memory.



4.110

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Logic Settings (SET L Command)

Figure 4.85 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This indi-
cates that there is no intentional lag between the control input asserting and 
the count value changing. Most of the pulses in the diagram are on every sec-
ond processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.85 Example of the Effects of the Input Precedence

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a SELOGIC 
control equation and viewed using the COU 
command.

Table 4.76 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.75 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

SC01R

SC01LD

SC01CU

SC01CD

SC01PV = 7

SC01

= Sample

One Processing Interval

Two Processing Intervals6
5
4
3
2
1
0

Relay
Word
Bits

SELOGIC
Setting

Setting

Analog
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears in 
Figure 4.85, just before the “one processing interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters.

Output Contacts You can use SELOGIC control equations to map protection (trip and warning) 
and general-purpose control elements to the outputs with the SEL-710-5. In 
addition, you can enable fail-safe output contact operation for relay contacts 
on an individual basis.

Table 4.77 Control Output Equations and Contact Behavior Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := START

OUT103 FAIL-SAFE Y, N OUT103FS := Y

OUT103 SELOGIC OUT103 := TRIP or PB04

•
•
•

•
•
•

•
•
•

OUT401 FAIL-SAFE Y, N OUT401FS := N

OUT401 SELOGIC OUT401 := 0

OUT402 FAIL-SAFE Y, N OUT402FS := N

OUT402 SELOGIC OUT402 := 0

OUT403 FAIL-SAFE Y, N OUT403FS := N

OUT403 SELOGIC OUT403 := 0

OUT404 FAIL-SAFE Y, N OUT404FS := N

OUT404 SELOGIC OUT404 := 0

•
•
•

•
•
•

•
•
•

OUT408 FAIL-SAFE Y, N OUT408FS := N

OUT408 SELOGIC OUT408 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs in Slot D 
are shown. The outputs in Slots C and 
E have similar settings. 
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If the contact fail-safe is enabled, the relay output is held in its energized posi-
tion when relay control power is applied. The output falls to its de-energized 
position when control power is removed. Contact positions with de-energized 
output relays are indicated on the relay chassis and in Figure 2.16 and 
Figure 2.17.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected to the motor breaker or contactor, the motor is automatically 
tripped when relay control power fails. This setting/connection philosophy is 
appropriate if the protected motor is more valuable than the process that the 
motor supports. 

In critical applications where the protected motor is not more valuable than 
the process, you may want the motor to run even if the relay is out of service. 
In this case, disable TRIP output fail-safe by selecting N. In addition, you can 
select any of the auxiliary outputs to be fail-safe or nonfail-safe, according to 
what you need for your application. 

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix J: MIRRORED BITS Communications and SEL-710-5 Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings Set the FNOM setting equal to your system nominal frequency. The DATE_F 

setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Section 5: Meter-
ing and Monitoring for more details.

Set the SELOGIC control equation FAULT to temporarily block Maximum and 
Minimum Metering on page 5.6.

Table 4.78 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DMY DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := STARTING OR 50S
OR 50G1P OR 50N1P OR TRIP
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Figure 4.86 Phase Rotation Setting

Broken Rotor Bar 
Protection

The SEL-710-5 helps detect broken rotor bars when the broken rotor bar pro-
tection is enabled. This feature is not available when setting SYNTYPE := 
BRUSH/BRUSHLESS. Broken rotor bars cause reduced accelerating torque, 
increased motor heating, and increased vibrations, which can lead to further 
mechanical motor damage. The SEL-710-5 detects current signatures that are 
generated by broken rotor bars, and alerts about the problem. 

When the broken bar detection element is in automatic mode (EBBD := 
AUTO_SET), the SEL-710-5 periodically looks in the stator current spectrum 
for frequency components associated with broken bars. The SEL-710-5 uses 
the relative magnitude of these frequency components to estimate the damage 
to the bars in the rotor. Table 4.79 shows the status for the associated Relay 
Word bits under different operating conditions.

Relay Word bits BBD1T, BBD2T, and BBD3T show the condition of the 
rotor bars. When no damage is detected, all three Relay Word bits are de-
asserted. Relay Word bit BBD3T asserts when the stator currents show signa-
tures consistent with at least one broken bar. Relay Word bit BBD2T asserts 
when the stator currents show signatures consistent with multiple broken bars. 
Finally, Relay Word bit BBD1T asserts when the stator currents show signa-
tures consistent with severe rotor bar damage.

HIS BBD Command
Every time the SEL-710-5 detects a broken bar condition, the relay stores a 
broken bar event report that can be viewed with the HIS BBD command. The 
HIS BBD command shows the frequency of the detected broken bar component 
and its magnitude. Figure 4.87 shows the HIS BBD command output.

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B

Table 4.79 Broken Rotor Bar Relay Word Bits

Relay Word Bit

Condition BBD1T BBD2T BBD3T

No damage to rotor bars detected 0 0 0

Current signatures consistent with one broken bar 0 0 1

Current signatures consistent with multiple broken bars 0 1 1

Current signatures consistent with severe rotor bars damage 1 1 1

IMPORTANT: Oscillating motor 
loads and ripples in the motor supply 
voltage can produce stator current 
signatures like those produced by 
broken bars, causing the detection 
element to assert the associated 
Relay Word bits. Refer to the SEL 
technical paper, “Detecting Broken 
Rotor Bars With Zero-Setting 
Protection,” by Carlos Pezzani, Pablo 
Donolo, Guillermo Bossio, Marcos 
Donolo, Armando Guzman, and 
Stanley Zocholl (see selinc.com/
literature/technical-papers/) for 
methods to deal with these. 

https://selinc.com/literature/technical-papers/
https://selinc.com/literature/technical-papers/
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Set the broken bar detection element to manual, EBBD := MANUAL_SET, to 
display the internal settings of the broken bar detection algorithm shown in 
Table 4.80.

The broken bar detection algorithm run rate setting (BBDTD) specifies how 
often the broken bar detection algorithm runs. The lower and upper frequency 
bound settings (BBDLB and BBDUB) determine the range of frequencies, 
measured from the system operating frequency, that are scanned for broken 
bar components. 

When the operating slip of the protected motor is known, the BBDE security 
can be improved by narrowing the distance between the lower and upper fre-
quency bound settings. For example, if the operating slip of a 50 Hz motor is 
2 percent, the broken bar frequency components are expected to be 2 Hz 
(2 • 50 Hz • 2% = 2 Hz) away from the system frequency and the lower and 
upper frequency bound settings can be moved to 1 Hz and 2.5 Hz, respec-
tively. 

=>HIS BBD <Enter>

SEL-710-5                                Date: 02/15/2013   Time: 14:22:39.986
MOTOR RELAY                              Time Source: External

 #     DATE      TIME           FREQ_SB(Hz)  MAG(db)  BBD1T BBD2T BBD3T
1    02/06/2013  11:16:29.761   1.50         -36.51    0     1     1
2    02/06/2013  11:06:29.772   1.50         -36.46    0     1     1
3    02/06/2013  10:56:29.780   1.50         -36.64    0     1     1
4    02/06/2013  10:46:29.713   1.50         -36.76    0     1     1
.
.
.
1021 02/04/2013  09:56:48.807   1.50         -36.30    0     1     1
1022 02/04/2013  09:46:48.842   1.50         -35.98    0     1     1
1023 02/04/2013  09:36:48.819   1.50         -36.15    0     1     1
1024 02/04/2013  09:26:48.804   1.50         -36.25    0     1     1

Figure 4.87 HIS BBD Command Output

Table 4.80 Broken Bar Detection Settings 

Setting prompt Setting Range Setting Name := Factory Default

EN BRKN BAR DET AUTO_SET, 
MANUAL_SET, N

EBBD := N

BBD RUN RATE 1–180 min BBDTD := 10 

FREQ LOWER 
BOUND 

0.0–1.0 Hz BBDLB := 0.3 

FREQ UPPER BOUND 2.0–10.0 Hz BBDUB := 3.0 

BBD LEVEL1 PU  –80 to –1 dB BBDTH1 := –35 

BBD LEVEL2 PU  –80 to –1 dB BBDTH2 := –39 

BBD LEVEL3 PU  –80 to –1 dB BBDTH3 := –44 

BBD LEVEL4 PU  –80 to –1 dB BBDTH4 := –49 

BBD MIN MARGIN 1–80 dB MAR_AVG := 15 

DF FROM FNOM 0.10–3.00 Hz FNOM_TH := 0.50 

DF FROM INI FREQ 0.01–10.00 Hz F0_TH := 0.35 

DI FROM INI CURR  0.01–1.00 xFLA I0_TH := 0.10 

BLK BELOW CUR LV  0.20–2.00 xFLA I_TH := 0.50 
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Depending on the application, different methods may be available to deter-
mine the operating slip of the protected motor. Handheld tachometer measure-
ments are often adequate. If the PTs are mounted on the motor side of the 
contactors, the operating slip may be obtained by using the MMR command. 
The SEL-710-5 tracks the residual voltage frequency of the motor as it spins 
down. Additionally, the SEL-710-5 records the loading on the motor immedi-
ately before disconnection. The relay then uses this frequency and load to 
compute the full-load rotor resistance, R0, which is presented by the MMR 
command (see MMR Command on page 7.57). Using the values in the MMR 
report, you can calculate the slip/speed in pu of the motor before de-energiza-
tion as follows: Slip/speed = R0 • POSTOP. From there, you can calculate the 
slip frequency in hertz as follows: Slip frequency = Slip/speed • FNOM. 

Alternatively, the operating speed of the protected motor may be obtained by 
identifying the rotational speed sidebands in the current spectrum by using the 
CMET S command. The rotational speed of the sidebands (FRSB) appears at 
FRSB = FREQ ± FREQM, where FREQM is the rotational speed of the 
machine in hertz. To find FRSB, first compute the synchronous speed of the 
motor (FRS) in hertz using FRS = FREQ – (FREQ / NPP) where NPP is the 
number of pole pairs of the motor. Then use the CMET S command to obtain 
the current spectrum of the motor while operating under load. The lower 
FRSB sideband appears to the right of FREQ – FRS and the upper FRSB 
appears to the left of FREQ – FRS. Figure 4.88 identifies each quantity in the 
current spectrum of a 50 Hz two pole pair motor.

Figure 4.88 Spectrum Analysis of 50 Hz Two Pole Pair Motor

FREQM is equal to FREQ – FRSB. Using the values from Figure 4.88, 
FREQM = 50 – 25.5 = 24.5 Hz. In this case, the SLIP = (25 – 24.5) / 25 = 0.02. In 
turn, the broken bar sidebands should land at (1 – 2 • SLIP) • FREQ = 48 Hz 
and at (1 + 2 • SLIP) • FREQ = 52 Hz, as seen in Figure 4.88. 

Thresholds BBDTH1, BBDTH2, and BBDTH3, are associated with Relay 
Word bits BBD1T, BBD2T, and BBD3T, respectively. When the magnitude 
of the broken bar frequency component in dB exceeds the BBDTHx threshold, 

FRSB = 25.5 Hz

FRS = 25 Hz

FREQ = 50 Hz
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the associated BBDxT Relay Word bit asserts. The relay uses the BBDTH4 
setting as a healthy motor threshold and the MAR_AVG setting to block the 
element under noisy operating conditions.

When the systems frequency (FREQ) is more than FNOM_TH from FNOM, 
the SEL-710-5 blocks the operation of the broken bar detection element to 
avoid running under abnormal system conditions. The default value of 
FNOM_TH may need to be adjusted in systems with large frequency excursions.

The broken bar detection element does not operate if the frequency measured 
anywhere inside the observation window goes beyond F0_TH Hz from the 
frequency measured at the beginning of the observation window. Similarly, 
the broken bar detection elements do not operate if the current measured any-
where inside the observation window goes beyond I0_TH xFLA A from the 
current measured at the beginning of the observation window. Additionally, 
the broken bar detection element does not operate when the current on the 
motor is below the I_TH xFLA A setting.

The SEL technical paper, Detecting Broken Rotor Bars With Zero-Setting Pro-
tection, by Carlos Pezzani, et al., (see selinc.com/literature/technical-papers/) 
details additional information about this broken rotor bar detection method.

The SEL-710-5 includes two Fourier Transform commands; the MET FFT 
command and the CMET S command for monitoring the motor. Refer to 
Motor Monitoring Using Fourier Analysis in Section 5: Metering and Moni-
toring.

Multiple Settings 
Groups

SEL-710-5 Relays have four independent settings groups. Each settings group 
has complete relay settings and protection SELOGIC settings. The active 
settings group can be:

➤ Viewed on the front-panel two-line LCD using the MAIN > 
Set/Show > Active Group menus.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.29.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.29.

➤ Selected using SELOGIC control equation settings SS1 through 
SS4, as shown in Table 4.81.

If SELOGIC control equations SS1–SS4 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If SELOGIC control equations are defined but evaluate to logical 0, or if 
they are not defined, the GROUP n command can be used to select the active 
settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1, SG2, and SG4 are deasserted to logical 0.

https://selinc.com/api/download/98367/
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS4, as shown in Table 4.81.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1, SS2, or SS4. If 
settings SS1 through SS4 all deassert to logical 0, settings Group 3 remains 
the active settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 4.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 

Table 4.81 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 s TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0

SELECT GROUP4 SELOGIC SS4 := 0
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other than the active settings group, there is no interruption of the active 
settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS4, the active settings group can be changed, subject to the 
newly enabled SS1–SS4 settings.

Time and Date 
Management Settings

The SEL-710-5 supports several methods of updating the relay time and date. 
For SNTP applications, refer to Simple Network Time Protocol (SNTP) on 
page 7.16. For PTP applications, refer to Precision Time Protocol (PTP) on 
page 7.19. See Table 4.82 for the time and date management settings that are 
available in the Global settings.

IRIGC
IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC, 
Daylight Saving Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay adjusts the synchrophasor time 
stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated Universal Time (UTC) Offset Setting
The SEL-710-5 has a Global setting UTC_OFF, settable from –24.00 to 
24.00 hours, in 0.25 hour increments. The relay uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not con-
sidered because the other time sources are defined as local time.

Table 4.82 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B CONTROL BITS 
DEFINITION

NONE, C37.118 IRIGC := NONE

OFFSET FROM UTC –24.00 to 24.00 hours, 
rounds up to the nearest 
0.25 hour

UTC_OFF := 0.00

MONTH TO BEGIN DST OFF, 1–12 DST_BEGM := OFF

WEEK OF THE MONTH TO 
BEGIN DST

1–3, L DST_BEGW := 2

DAY OF THE WEEK TO BEGIN 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_BEGD := SUN

LOCAL HOUR TO BEGIN DST 0–23 DST_BEGH := 2

MONTH TO END DST 1–12 DST_ENDM := 11

WEEK OF THE MONTH TO END 
DST

1–3, L DST_ENDW := 1

DAY OF THE WEEK TO END 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_ENDD := SUN

LOCAL HOUR TO END DST 0–23 DST_ENDH := 2
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Automatic Daylight-Saving Time Settings
The SEL-710-5 can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-710-5 will change to and from daylight-saving time 
every year at the specified time. Device Word bit DST asserts when daylight-
saving time is active.

The SEL-710-5 interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting of the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a month.

As an example, consider the following settings:

DST_BEGM = 3

DST_BEGW = L

DST_BEGD = SUN

DST_BEGH = 2

DST_ENDM = 10

DST_ENDW = 3

DST_ENDD = WED

DST_ENDH = 3

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word 
bit, regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time set-
tings are properly configured.
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Simple Network Time Protocol (SNTP)
The SEL-710-5 Port 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.16 for a description and Table 7.7 for the settings.

Precision Time Protocol (PTP)
The SEL-710-5 Port 1 (Ethernet Port) supports PTP. See Precision Time Pro-
tocol (PTP) on page 7.19 and Table 7.9 for the settings.

PTP Timekeeping
When you use PTP, the SEL-710-5 can only be synchronized by a 
grandmaster (GM) clock on the PTP timescale, not one on an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative 
procedure and can change at any time during normal operation. The PTP 
timescale uses the PTP epoch of January 1, 1970 00:00:00 International 
Atomic Time (TAI), which corresponds to December 31, 1969 
23:59:51.999918 UTC. The unit of time for the PTP timescale is the SI second 
and accounts for leap seconds. As of June 2016, TAI is 37 seconds ahead of 
UTC.

When the SEL-710-5 is synchronized to a PTP master and the UTC offset 
information from the PTP master is valid, the PTP master instructs the 
SEL-710-5 when to go into daylight-saving time (DST) and when to exit 
DST. The PTP master also provides the UTC offset at this time. Otherwise, 
the SEL-710-5 uses the internal values for DST and UTC offset.

The offset between TAI and UTC is included in the PTP announce message, 
along with a flag that indicates whether the offset is valid. The SEL-710-5 
uses the offset it receives from the GM clock to determine UTC regardless of 
validity. Because of this, all SEL devices and other slave devices that share 
this behavior and are synchronized with the GM retain relational accuracy 
with each other even if the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the Power, C37.238 profile). In accordance with 
IEEE 1588-2008 16.3.3.4, this value must include the TAI to UTC offset to 
reflect local time at the node, or slave device. If the SEL-710-5 receives a TAI 
to Local offset value that does not include the TAI to UTC offset, it may 
incorrectly calculate UTC and local time. Also, if the announce message does 
not include the TAI to Local offset value, the SEL-710-5 uses its configured 
Time and Date Management Settings (UTC_OFF and DST_BEGM) to 
calculate local time. This is one reason that the SEL-710-5 Time and Date 
Management Settings must match the settings in the GM clock, or 
synchronized devices may have issues with time alignment.

SEL-710-5 relays only synchronize to clocks that serve TAI and do not 
support PTP in SWITCHED NETMODE. Additionally, the maximum 
synchronization interval that SEL-710-5 relays can support is 16 seconds.

If you want to use PTP, the SEL-710-5 part number must include the option 
for PTP and PTP must be enabled in the Port 1 settings (EPTP := Y). The 
SEL-710-5 must be connected to a network containing an appropriate PTP 
master, and all intervening switches must be IEEE 1588-aware. For 
SEL-710-5 relays, PTP is only available on Ethernet Ports 1A and 1B. See 
Precision Time Protocol (PTP) on page 7.19 for more information on 
configuring the relay and the Ethernet network for PTP.
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PTP Over PRP Networks
In SEL-710-5 relays, PTP over PRP is based on a first-come, first-served 
method. While the SEL-710-5 Relay monitors incoming traffic on both Port 
1A and Port 1B, it will synchronize to the first port on which it receives its 
first PTP message. If incoming PTP messages stop on that synchronized port, 
the relay waits 70 seconds and if no PTP messages appear within those 70 
seconds, it switches to the other port.

Breaker Failure 
Settings

The SEL-710-5 provides flexible breaker failure logic (see Figure 4.89). In 
the default breaker failure logic, assertion of Relay Word bit TRIP starts the 
BFD timer if the average motor current is above 0.1 • FLAmin. If the current 
remains above the threshold for BFD delay setting, Relay Word bit BFT 
asserts. Use the BFT to operate an output relay to trip appropriate backup 
breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is not wanted 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.89 Breaker Failure Logic

Arc-Flash Protection The SEL-710-5 offers advanced arc-flash protection capability aimed at mini-
mizing the hazards associated with high energy arc (faults) in metal-enclosed 
and metal-clad switchgear. The system supports as many as eight fiber-optic 
light sensors capable of detecting the high energy arc-flash events and tripping 
the breaker within milliseconds of the fault. Light sensors are supervised with 
an instantaneous overcurrent element offering enhanced security against false 

Table 4.83 Breaker Failure Setting

Setting Prompt Setting Range Setting Name := Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 s BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.1 • FLA
min

|IAV|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit

FLAmin = Lowest full-load current setting allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or 
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.
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trips. Each of these sensors can be routed to multiple tripping outputs (using 
SELOGIC equations) offering ultimate flexibility in creating multiple protec-
tion zones (breaker truck cabinet, bus, PT cubicle, etc.).

SEL-710-5 arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time is typically longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in individ-
ual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. Both types of sensors are supervised by using a 
loopback-based attenuation measurement method, and can be used inter-
changeably on each of the eight light inputs. Refer to AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for details.

Arc-Flash Overcurrent Elements (50PAF, 50NAF)
Table 4.84 shows the settings for the arc-flash instantaneous overcurrent ele-
ments. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

NOTE: The 50NAFP setting is not 
available with the 2.5 mA neutral 
channel option.

The arc-flash overcurrent elements use raw A/D converter samples, and pro-
cess them 16 times per cycle. Individual samples are compared with the set-
ting threshold as shown in Figure 4.90, followed by a security counter 
requiring that two samples in a row be above the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to overreach under high harmonic load conditions. To avoid unin-
tended element pickup, arc-flash trip level 50PAFP should be set at least 2 
times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush/load pickup conditions is expected and is 
normally taken into account by the arc-flash light-based supervision.

Table 4.84 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 A seca

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 A secb

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.05–10.00 A seca 50NAFP := OFF

 0.01–2.00 A secb
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Figure 4.90 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-Overlight Elements (TOL1 through TOL8)
The SEL-710-5 relay offers eight fiber-optic light sensor inputs. Each input is 
associated with one inverse time-overlight element offering enhanced security 
coupled with fast operation. Shape of the inverse time characteristic is fixed 
offering robust rejection of unrelated light events without adding unnecessary 
settings. Table 4.85 shows the arc-flash time-overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) that represents the type of sensor installed. Keyword POINT rep-
resents a point sensor, while the keyword FIBER represents a clear-jacketed 
fiber loop sensor.

TOL pickup parameter makes it possible to set the individual light threshold 
levels for each of the eight sensors. Pickup level is expressed in the percent of 
full scale, which is directly related to the light intensity level measured by the 
sensor.

When required, channel sensitivity can be compared to a light intensity level 
expressed in lux as shown in Table 4.86. However, because of the association 
of light sensitivity with fiber length (which is installation dependent), TOL 
element settings are expressed as a percentage of the available A/D converter 
range.
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50PAF element is shown, 50NAF element is similar, responds to current measured by the IN input.

Table 4.85 Arc-Flash Time-Overlight Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL2P := 3.0

•

•

•

•

•

•

•

•

•

SENSOR 8 TYPE NONE, POINT, FIBER AFSENS8 := NONE

TOL 8 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL8P := 3.0

AFD OUTPUT SLOT 101_3, 301_4, 401_4 AOUTSLOT := 101_3
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The default processing interval in the SEL-710-5 is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as four outputs that are processed every 1/16 of a power system cycle. Use the 
setting AOUTSLOT to select these outputs. For instance, if Slot 3 (Slot C) is 
selected (AOUTSLOT := 301_4) the SELOGIC control equations OUT301, 
OUT302, OUT303, and OUT304 are processed at 1/16 of the cycle rate. To 
get the fastest possible operate time, use the contacts selected by the AOUT-
SLOT setting for tripping. For fastest output response times, use the high-cur-
rent, high-speed, hybrid outputs. The Relay Word bits corresponding to these 
OUTxxx control equations, along with all of the TOL, 50PAF, and 50NAF 
bits are processed at 1/16 of a power system cycle. for the SER.

Figure 4.91 shows the TOL element logic diagram. 

Figure 4.91 Inverse Time-Overlight Element Logic

Figure 4.92 shows the inverse time-overlight element curve shape. The ele-
ment uses 32 samples per cycle data, processed 16 times per cycle. TOL ele-
ment algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system 
cycle.

a Setting range with point sensor.
b Setting range with fiber sensor.
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Figure 4.92 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, SEL recom-
mends that the element be set based on the ambient light level. This approach 
guarantees maximum sensitivity coupled with the fastest tripping time.

Typical ambient light levels are shown in Table 4.86. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as the MET L command. Set the 
TOL pickup to the lowest possible light intensity level but above the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (noncritical loads), it may be neces-
sary to operate without overcurrent element supervision (OUTxxx := TOLn), 
relying only on the light detection element instead of having the overcurrent 
element (50PAF) supervise the light element (TOLn) in the output logic 
(OUTxxx := 50PAF AND TOLn). This approach offers fastest tripping times, 
but is less secure (can be tripped with the light input only).
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Table 4.86 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

> 20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, “Electric Arc Burn Hazards,” IEEE Transactions on Industry 
Applications, Vol. 42, No. 1. January/February 2006.

NOTE: The high-speed outputs 
selected by the AOUTSLOT setting, 
being Form A, cannot be used in fail-
safe mode and should be disabled 
(set OUTxxxFS := N).
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Output Logic Programming
Arc-flash protection involves detecting an overcurrent as well as light (arc). 
Location of the light sensors and source(s) of the arc energy must also be con-
sidered in developing the trip output logic. If the relay detects both signals 
simultaneously, it is desirable to trip the source breaker(s).

The Relay Word bits for arc-flash protection (see Figure 4.90 and 
Figure 4.91) are: 50PAF, 50NAF, TOL1, TOL2, TOL3, TOL4, TOL5, TOL6, 
TOL7, and TOL8.

Select two output contacts for high-speed processing by setting AOUTSLOT 
appropriately. The high-speed contact should be used for arc-flash tripping 
instead of the default OUT103 shown in Table 4.77. Also to ensure all the 
advantages of the trip logic (trip seal-in, event report trigger, etc.) the arc-flash 
trip should be included in the trip equation TR (see Table 4.84 and 6 for 
detail).

To get additional speed, select the fast hybrid output option card (4 DI/4 DO). 
This card contains trip duty rated solid-state output contacts, which operate 
within 50 µs (as much as 8 ms faster than the standard electromechanical out-
puts).

EXAMPLE 4.10 Output Logic Programming Example 1

SEL-710-5 applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of 
the source breaker and output contacts in Slot 3 are selected for high-
speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR 
TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2 OR TOL3)

EXAMPLE 4.11 Output Logic Programming Example 2

SEL-710-5 applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is 
located upstream of the feeder breaker, and output contacts in Slot 3 
are selected for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR 
TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 
does not include overcurrent element supervision. When desired, this 
supervision should be added by upstream relay(s). For instance, you 
can do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
desired. 
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Analog Inputs The SEL-710-5 tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.93. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.93 Analog Input Card Adaptive Name

Analog Input Calibration Process
In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a compen-
sation factor. These compensation factors correct the signal offset errors to 
within ±1 µA or ±1 mV.

Calculate the signal offset compensation factor through the following proce-
dure:

1. Turn the SEL-710-5 on and allow it to warm up for a few 
minutes.

2. Set the analog inputs for each analog channel to the desired 
range using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (for example, ±1 mA).

3. Short each analog input in turn at the device terminals using 
short, low resistance leads with solid connections.

4. Enter the MET AI 10 command to obtain 10 measurements for 
each channel.

5. Record these 10 measurements, then calculate the average of 
the 10 measurements. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting Example
Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures tem-
perature on a transformer load tap changer mechanism. For this temperature 
transducer, 4 mA corresponds to –50°C, and 20 mA corresponds to 150°C. 
You have already installed the correct hardware jumper (see Figure 2.3 for 
more information) for Input 1 to operate as a current input. At turn on, allow 
approximately five seconds for the SEL-710-5 to start up, perform self-diag-
nostics, and detect installed cards.

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Table 4.87 summarizes the steps and describes the settings we carry out in this 
example.

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts alphanu-
meric characters, the name AIx0yNAM setting must begin with an alpha char-
acter (A through Z) and not a number. The device displays the following 
prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC control equations, Signal Pro-
files, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag names char-
acters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, type I <Enter> (for a current-driven 
device) at AI301TYP, which is the next prompt (enter V if this is a voltage-
driven device). The next two settings define the lower level (AI301L) and the 
upper level (AI301H) of the transducer. In this example, the low level is 4 mA 
and the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign descrip-
tive names for engineering units. Because we measure temperature in this 
example, enter degrees C as engineering units. Type –50 <Enter> for the 
lower level and 150 <Enter> for the upper level.

Table 4.87 Summary of Steps

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 1 value

14 105 Enter HIGH ALARM value

NOTE: The AIx0yNAM setting 
cannot accept analog quantities, 
duplicate names, or other AI names. 
If any of these are entered, the relay 
will issue the Invalid Element 
message.

NOTE: Because the SEL-710-5 
accepts current values ranging from 
–20.48 to 20.48 mA, be sure to enter 
the correct range values.
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With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in engi-
neering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm func-
tions: low warnings and alarm functions assert when the measured value falls 
below the setting; high warnings and alarm functions assert when the mea-
sured values rise above the setting. 

In this example, we measure the oil temperature of a power transformer, and 
we want the following three actions to take place at three different tempera-
ture values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower val-
ues (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher values 
as shown in Figure 4.94. Set inputs connected to voltage driven transducers in 
a similar way.

Analog (DC Transducer) Input Board
Table 4.88 shows the setting prompt, setting range, and factory-default set-
tings for an analog input card in Slot 3. For the name setting (AI301NAM, for 
example), enter only alphanumeric and underscore characters. Characters are 
not case sensitive, but the device converts all lowercase characters to upper-
case. Although the device accepts alphanumeric characters, the name 
AI30-NAM setting must begin with an alpha character (A–Z) and not a num-
ber.

=>>SET G AI301NAM TERSE <Enter>

Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>

Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.94 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C
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Analog Outputs If an SEL-710-5 configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1–4. Figure 4.95 shows the x and y variable allocation for the analog output 
card.

Figure 4.95 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the ana-
log quantity we assign to Analog Output 1 (when set to OFF, the device hides 
all associated AOx0y settings and no value appears on the output). You can 
assign any of the analog quantities listed in Appendix M: Analog Quantities. 
Table 4.89 shows the setting prompt, setting range, and factory-default set-
tings for an analog card in Slot 3.

Table 4.88 Analog Input Card in Slot 3 

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters (0–9, A–Z, _) AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V.

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

AO301 ANALOG QTY Off, one analog 
quantity

AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-710-5 hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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In this example, assume you want to display, in the control room, the analog 
quantity (refer to Appendix M: Analog Quantities) IA_MAG, and the A-phase 
current magnitude in primary amperes (0 to 3000 A) using a –20 to +20 mA 
analog output channel. Install an analog input/output card in Slot C (SELECT 
4 AI/4 AO) and set the card channel AO301 as shown in Figure 4.96. Note 
that the AO301 channel has to be configured as a “current analog output” 
channel (refer to Figure 2.4 to Figure 2.6).

The display instrument expects –20 mA when the IA_MAG current is 
0 amperes primary and +20 mA when it is 3000 amperes primary.

Breaker Monitor The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitoring on page 5.23 for a detailed descrip-
tion and Table 5.7 for the settings.

Data Reset The RSTTRGT setting resets the trip output and front-panel TRIP LED, pro-
vided there is no trip condition present (including start inhibit lockouts). See 
Figure 4.74 for more details. The RSTENRGY and RSTMXMN settings reset 
the Energy and Max/Min Metering values, respectively. Use the RSTMOT 
setting to reset the motor statistics and the motor start reports. You can assign 
a contact input (for example, RSTTRGT := IN401) to each of these settings if 
you want remote reset.

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V.

=>>SET G AO301AQ TERSE <Enter>

Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? –20 <Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20 <Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>> 

Figure 4.96 Analog Output Settings

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.90 Data Reset Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0
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Access Control The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings with serial port commands. Table 4.91 shows the settings 
prompt, setting range, and factory-default settings.

Time-Synchronization 
Source

The SEL-710-5 accepts a demodulated IRIG-B time signal. Table 4.92 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial Port 3 for the time signal 
input. When you use fiber-optic Port 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.23 and 
IRIG-B on page 7.8 for additional information.

Disconnect Control 
Settings

The SEL-710-5 supports as many as eight two-position and two three-position 
disconnects. For the disconnect settings and logic, refer to Disconnect Control 
Settings on page 9.2. The SEL-710-5 relay with the touchscreen display 
option additionally provides the ability to design detailed single-line diagrams 
and display the breaker and disconnect status. Refer to Table 9.5 for typical 
disconnect symbols available for display on the bay screens. For the settings 
related to bay control disconnect symbols, refer to Table 9.7 and the corre-
sponding description.

Local/Remote Control The SEL-710-5 supports local/remote control of the motor breaker/contactor 
and disconnect. For the settings related to the local/remote control function, 
refer to Local/Remote Control on page 9.7. For motor control via front-panel 
pushbuttons, refer to Front-Panel Operator Control Pushbuttons on page 8.18. 
For motor control via the two-line display, refer to Control Menu on 
page 8.10. The touchscreen allows you to control the motor through the fol-
lowing applications: Bay Screen, Start Motor, and Stop Motor. For motor 
control via the touchscreen display, refer to Motor/Disconnect Control Via the 
Touchscreen on page 9.8.

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET MOT REPORT SELOGIC RSTMOT := 0

Table 4.90 Data Reset Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.91 Settings Change Disable Setting

Setting Prompt Setting Range Setting Name := Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

NOTE: DSABLSET does not disable 
setting changes from the serial or 
Ethernet ports.

NOTE: Do not set maximum access 
level setting MAXACC := ACC on all 
ports at the same time when using 
the DSABLSET setting. This will lock 
you out from editing settings.

Table 4.92 Time-Synchronization Source Setting

Setting Prompt Setting Range Setting Name := Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-710-5 provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: Port F (front panel) is an 
EIA-232 port; Port 1 is an optional Ethernet port(s); Port 2 is a fiber-optic serial 
port; and Port 3 (rear) is optionally an EIA-232 or EIA-485 port. On the 
optional communications card, you can select Port 4 as either EIA-485 or 
EIA-232 (not both) with the COMMINF setting. See Table 4.93 through 
Table 4.98 for the port settings. See the appropriate appendix for additional 
information on communications protocols (DNP3, Modbus, EtherNet/IP, 
IEC 61850, IEC 60870-5-103, DeviceNet, and MIRRORED BITS) of interest.

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Setting EPORT to N disables the port and hides the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

PORT F

PORT 1

Table 4.93 Front-Panel Serial Port Settings 

Setting Prompt Setting Range
Setting Name :=
Factory Default

ENABLE PORT Y, N EPORT := Y

ENABLE ETHERNET FIRMWARE 
UPGRADE

Y, N EETHFWU := N

PROTOCOL SEL, MOD PROTO := SEL

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE (ENGLISH, SPANISH) ENGLISH, SPANISH LANG := ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.94 Ethernet Port Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 
255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

ENABLE TCP KEEP-ALIVE Y, N ETCPKA := Y

TCP KEEP-ALIVE IDLE RANGE 1–20 sec KAIDLE := 10
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TCP KEEP-ALIVE INTERVAL 
RANGE

1–20 sec KAINTV := 1

TCP KEEP-ALIVE COUNT 
RANGE

1–20 KACNT := 6

OPERATING MODE FIXED, FAILOVER, 
SWITCHED, PRP

NETMODE := 
FAILOVER

FAILOVER TIMEOUT OFF, 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

PRP ENTRY TIMEOUT 400–10000 msec PRPTOUT := 500

PRP DESTINATION ADDR LSB 0–255 PRPADDR := 0

PRP SUPERVISION TX 
INTERVAL

1–10 sec PRPINTV := 2

NETWRK PORTA SPD AUTO; 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO; 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

LANGUAGE ENGLISH, SPANISH LANG := ENGLISH

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET CONNECT BANNER 254 characters TCBAN := TERMINAL 
SERVER

TELNET TIME OUT 1–30 min TIDLE := 15

FAST OP MESSAGES Y, N FASTOP := N

ENABLE FTP Y, N EFTPSERV := Y

FTP MAXIMUM ACCESS LEVEL 1, 2, C FTPACC := 2

FTP USER NAME 20 characters FTPUSER := FTPUSER

FTP CONNECT BANNER 254 characters FTPBAN := FTP

FTP IDLE TIME-OUT 5–255 min FTPIDLE := 5

ENABLE IEC 61850 PROTOCOL Y, N E61850 := N

ENABLE IEC 61850 GSE Y, N EGSE := N

ENABLE MMS FILE SERVICES Y, N EMMSFS := N

ENABLE 61850 MODE/
BEHAVIOR CONTROL

Y, N E850MBC := N

ENABLE GOOSE TX IN OFF 
MODE

Y, N EOFFMTX := N

ENABLE MODBUS SESSIONS 0–2 EMOD := 0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP1 := 0.0.0.0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP2 := 0.0.0.0

MODBUS TCP PORT 1 1–65534 MODNUM1 := 502

MODBUS TCP PORT 2 1–65534 MODNUM2 := 502

MODBUS TIMEOUT 1 15–900 sec MTIMEO1 := 15

MODBUS TIMEOUT 2 15–900 sec MTIMEO2 := 15

Table 4.94 Ethernet Port Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is functional 
with protection enabled as soon as 
the ENABLED LED comes ON (about 
5—10 seconds from turn on).

NOTE: The Telnet LANG setting also 
applies to the web server interface.

NOTE: The FASTOP setting only 
functions when using SEL Fast 
Operate protocol to operate/set/pulse 
breaker bits and remote bits. This 
setting has no effect on other 
protocols.
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2, C HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

ENABLE RSTP Y, N ERSTP := N

BRIDGE PRIORITYb 0–61440 BRDGPRI := 49152

PORTA PRIORITYb 0–240 PORTAPRI := 128

PORTB PRIORITYb 0–240 PORTBPRI := 128

ENABLE DNP SESSIONc 0–5 EDNP := 0

ENABLE SNTP CLIENTd OFF, UNICAST, 
MANYCAST, 
BROADCAST

ESNTP := OFF

ENABLE PTPe Y, N EPTP := N

ENABLE ETHERNET/IPf Y, N EEIP := N

a MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, 
which effectively disables security and allows any master to communicate).

b The bridge priority and port priority settings should be in increments of 4096 and 16, 
respectively.

c See Table D.7 for a complete list of the DNP3 session settings.
d See Table 7.7 for a complete list of SNTP settings and their descriptions.
e See Table 7.9 for a complete list of PTP settings and their descriptions.
f See Table F.1 for a complete list of EtherNet/IP settings and their descriptions.

Table 4.94 Ethernet Port Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.95 Port Number Settings That Must Be Unique 

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO = DEFAULT and PTPTR = UDP 
(Ports 319 and 320 are reserved)

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are 
reserved)
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PORT 2

PORT 3

Table 4.96 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.

Table 4.97 Rear-Panel Serial Port (EIA-232) Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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PORT 4

Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After T_OUT minutes of inactivity on a serial port at Access Level 2, the port 
automatically returns to Access Level 0. This security feature helps prevent 
unauthorized access to the relay settings if the relay is accidentally left in 
Access Level 2. If you do not want the port to time out, set T_OUT equal to 0 
minutes.

For detailed information on communications protocols, refer to Appendix C: 
SEL Communications Processors, Appendix D: DNP3 Communications, 
Appendix E: Modbus Communications, Appendix F: EtherNet/IP Communi-
cations, Appendix G: IEC 61850 Communications, Appendix H: IEC 60870-
5-103 Communications, Appendix I: DeviceNet Communications, and 
Appendix J: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix J: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. 
To enable support for hardware (RTS/CTS) flow control, set the RTSCTS set-
ting equal to Y.

Table 4.98 Rear-Panel Serial Port (EIA-232/EIA-485) Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB, 
103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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On Ports F, 2, 3, and 4, when PROTO := SEL, use the LANG setting to com-
municate with the relay in English or Spanish. On Port 1 with the ENABLE 
TELNET := Y use the LANG setting to communicate with the relay in 
English or Spanish, Refer to the SEL-710-5 Relay Command Summary.

Set the AUTO := Y to allow automatic messages at a serial port.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-710-5 Fast Operate commands.

Set PROTO := DNET to establish communications when the DeviceNet card 
is used. Table 4.99 shows the additional settings, which can be set only at the 
rear on the DeviceNet card. Once the relay detects the DeviceNet card, all 
Port 4 settings are hidden. Refer to Appendix I: DeviceNet Communications 
for details on DeviceNet.

Front-Panel Settings (SET F Command)
The SEL-710-5 supports various front-panel options (see Table 1.2). This sec-
tion covers all of the front-panel related settings, except the touchscreen dis-
play settings. Refer to Table 9.7 for the touchscreen display settings. The 
touchscreen display settings are not settable via the SET F command.

General Settings Local bits provide control from the front panel (local bits), and display points 
display selected information on the LCD. However, you need to first enable 
the appropriate number of local bits and display points necessary for your 
application. When your SEL-710-5 arrives, four display points are already 
enabled, but no local bits are enabled. If more display points are necessary for 
your application, use the EDP setting to enable as many as 32 display points. 
Use the ELB setting to enable as many as 32 local bits. 

The EDP setting and the corresponding display point settings are not available 
for the touchscreen display model. The touchscreen display model provides 
you with the ability to configure bay screens with analog and digital labels, 
similar to the display point functionality in the two-line display model. Refer 
to Section 9: Bay Control for the procedure to create configurable bay screens.

Table 4.99 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.100 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABLa

a The setting EDP is not supported in the touchscreen display model.

N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N
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To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the dis-
play is within an Access Level 2 function when a time-out occurs, such as the 
device setting entry, the function is automatically terminated (without saving 
changes) after inactivity for this length of time. After terminating the function, 
the front-panel display returns to the default display. The FP_TO setting is not 
available in the touchscreen display model. Refer to Section 9: Bay Control 
for the touchscreen display settings.If you prefer to disable the front-panel 
time-out function during device testing, set the LCD time-out (FP_TO) equal 
to OFF. 

Use the front-panel LCD contrast setting FP_CONT to adjust the contrast of 
the LCD. The FP_CONT setting is not available in the touchscreen display 
model. 

Use the front-panel automessage setting FP_AUTO to define the display of 
Trip/Warning messages. Set FP_AUTO either to OVERRIDE or ROTATING 
for when the relay triggers a Trip/Warning message. Choosing OVERRIDE 
triggers the Trip/Warning message to override the rotating display, while 
choosing ROTATING will add the Trip/Warning message to the rotating dis-
play. Refer to Table 9.7 for the equivalent touchscreen display settings. Note 
that the FP_AUTO setting is not available in the touchscreen display model. 
The touchscreen display provides settings that allow you to choose from a 
wide range of screens, including custom screens, that can be displayed as part 
of the rotating display. The touchscreen automatically flashes a screen that 
overrides the rotating display in the case of trip or diagnostic failures. Refer to 
Section 8: Front-Panel Operations for more information on trip and diagnostic 
messages. 

Set RSTLED := Y to automatically reset the latched LEDs when the breaker 
or contactor closes.

The MAXACC setting (under Front-Panel Settings) selects the highest access 
level for the front panel. If MAXACC is set to 1, the front panel only allows 
metering and read access to the settings. If MAXACC is set to 2, the front 
panel allows breaker control and read/write access to the settings.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD. Although the LCD displays a 
maximum of 16 characters at a time, you can enter as many as 60 characters. 
For text exceeding 16 characters, the LCD displays the first 16 characters, 
then scrolls through the remaining text not initially displayed on the screen.

Table 4.101 LCD Settings

Setting Prompt Range
Setting Name := 
Factory Default

LCD TIMEOUTa 

a These settings are not supported in the touchscreen display model.

OFF, 1–30; min FP_TO :=15

LCD CONTRASTa 1–16 FP_CONT := 10

FP AUTOMESSAGESa OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

MAXIMUM ACCESS 
LEVELa

1, 2, C MAXACC := 2

NOTE: All Target LED settings can 
be found in Table 4.109.

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix L: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

“Name”, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see below). Commas are significant in identi-
fying and separating the four strings. Use quotation marks only if the text you 
enter for Alias, Set String, or Clear String contains commas or spaces. For 
example, DP01 = Name, Text is valid, but Name, Alias 3 is not valid (contains 
a space). Correct the Alias name by using the quotation marks: Name, “Text 
3”. You can customize the data display format by entering data in selected 
strings only. Table 4.103 shows the various display appearances resulting 
from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.103 shows examples of settings that always, never, or condi-
tionally hide a display point.

Table 4.102 Front-Panel Display Point Settings

Setting Prompt Setting Range
Setting Name := Factory 
Default

DISPLAY POINT DP01 60 characters DP01 := RID,”{16}”

DISPLAY POINT DP02 60 characters DP02 := TID,”{16}”

DISPLAY POINT DP03 60 characters DP03 :=

•
•
•

•
•
•

•
•
•

DISPLAY POINT DP32 60 characters DP32 := 

where:

Name = Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)
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Examples of selected display point settings, showing the resulting front-panel dis-
plays are discussed in the following text. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When the 
HV circuit breaker is open, we want the LCD to show: TRFR 1 HV BRKR: OPEN, 
and when the HV circuit breaker is closed, we want the display to show: TRFR 1 HV 
BRKR: CLOSED. We also want similar displays for the LV breaker. 

After connecting a Form A (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-710-5, we are ready to program the display points 
using the following information for the HV breaker (the LV breaker is 
similar):

➤ Name—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED 
The Form A (normally open) contact asserts or sets Relay Word 
bit IN101 when the circuit breaker is closed.

➤ Clear String—OPEN 
The Form A (normally open) contact deasserts or clears Relay 
Word bit IN101 when the circuit breaker is open.

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Table 4.103 Settings That Always, Never, or Conditionally Hide a Display Point 

Programmable Automation 
Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101, TRFR1, CLOSED, OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101, TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101, TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101, TRFR1, CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is deasserted

DP01 := IN101, “TRFR 1”, OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is asserted

DP01 := 1, {} 1 {} — — Displays empty line

DP01 := 1, “Fixed text” 1 Fixed Text — — Displays the fixed text

DP01 := 0 0 — — — Hides the display point

Table 4.104 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN



4.142

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Front-Panel Settings (SET F Command)

Figure 4.97 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.98 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.99 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.98 Front-Panel Display—Both HV and LV Breakers Open

Figure 4.99 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV break-
ers, and the relay displays the information as shown in Figure 4.100. When 
the HV breaker opens (LV breaker is still closed), the relay removes the line 
containing the HV breaker information because the Clear String information 
was omitted. Because the line containing the HV breaker information is 
removed, the relay now displays the LV breaker information on the top line, 
as shown in Figure 4.101.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.97 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>
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Figure 4.100 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.101 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.102.

Figure 4.102 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.105 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

Figure 4.103 shows the front-panel display for the entry in Table 4.105. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.103 Front-Panel Display for a Binary Entry in the Name String Only

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>

Table 4.105 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0
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Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

“Name”, “User Text and Formatting”.

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.106 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.104 shows the front-panel display for the entry in Table 4.106, using 
the SET F command as follows:

Figure 4.104 Front-Panel Display for an Analog Entry in the 
Name String Only

Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.107 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting strings (DP02), using the 
SET F command as follows:

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display (all 
binary quantities occupy one line on the display).

User Text and
Formatting

= Display the user text, replacing the numerical formatting 
{width.dec,scale} with the value of Name, scaled by 
“scale”, formatted with total width “width” and “dec” 
decimal places. Name can be either an analog quantity or 
a Relay Word bit. The width value includes the decimal 
point and sign character, if applicable. The “scale” value
 is optional; if omitted, the scale factor is 1. If the numeric 
value is smaller than the string size requested, the string is 
padded with spaces to the left of the number. If the 
numeric value does not fit within the string width given, 
the string grows (to the left of the decimal point) to 
accommodate the number.

Table 4.106 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>
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Figure 4.105 shows the front-panel display for the entry in Table 4.107. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.105 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the engi-
neering units. For example, in the Group setting example, we set AI301EU to 
degrees C. With this setting, the front-panel display looks as shown in 
Figure 4.106.

Figure 4.106 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on 
two different lines, use a display point for each word, i.e., DP01 = 1, 
“DEFAULT” and DP02 = 1,“SETTINGS”. Table 4.108 shows other options 
and front-panel displays for the User Text and Formatting settings.

The following is an example of an application of analog settings. Assume we 
also want to know the hot-spot temperature, oil temperature, and winding tem-
perature of the transformer at a certain installation. To measure these tempera-

Table 4.107 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

Table 4.108 Example Settings and Displays 

Example Display Point Setting Value Example Display

AI301,"TEMP {4} deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP = {4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1 = {4,1000}" TEMP HV HS1 =1234

1,{} Empty line

1,"Fixed Text" Fixed Text

0 Hides the display point

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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tures, install an analog card in relay Slot C and connect 4–20 mA transducers 
inputs to analog inputs AI301 (hot-spot temperature), AI302 (oil temperature), 
and AI303 (winding temperature).

First, enable enough display points for the analog measurements (e.g., 
EDP = 5). Figure 4.107 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category.)

Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.108.

Figure 4.108 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the desired units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits go back to 

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.107 Adding Temperature Measurement Display Points

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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their states after the device initialization. Each local bit requires 3 of the 
following 4 settings, using a maximum of 14 characters for the NLBnn 
setting, and a maximum 7 characters for the remainder.

➤ NLBnn: Names the switch (normally the function that the switch 
performs, such as SUPERV SW) that appears on the LCD.

➤ CLBnn: Clears the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Sets the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulses the local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before deasserting 
again. Enter the text that describes the intended operation when 
LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 
Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.109 shows the set-
tings to program the two local bits.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>
Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SUPERV SW <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>
LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.109 Adding Two Local Bits
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Target LED Settings The SEL-710-5 offers the following types of LEDs. See Figure 8.2 and 
Figure 8.31 for the programmable LED locations:

➤ One ENABLED and one TRIP tricolored LED

➤ Six tricolored programmable target LEDs

➤ Sixteen tricolored programmable pushbutton LEDs

You can program all 22 LEDs using SELOGIC control equations, the only dif-
ference being that the target LEDs also include a latch function.

Target LEDs
The ENABLED and TRIP LEDs are not programmable. Except for choosing the 
LED illuminated color (LEDENAC or LEDTRPC), they are fixed-function 
LEDs. The ENABLED LED illuminates when the SEL-710-5 is powered cor-
rectly, is functional, and has no self-test failures. The TRIP LED illuminates 
and latches in at the rising-edge of any trip that comes from the trip logic. The 
LEDENAC setting is not supported in the touchscreen display models. For 
touchscreen display relays, the illuminated color of the ENABLED LED is fixed 
at green.

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) con-
trol the six front-panel LEDs. If the Tn_LEDL is set to Y, the LED will assert 
if a trip condition occurs and the T0n_LED equation asserts within 1.5 cycles 
of the trip assertion. At this point, the LED is latched. To reset these latched 
LEDs, the TRIP condition should no longer exist, and one of the following 
must occur:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the TAR R command.

➤ The assertion of the SELOGIC equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.109 shows the target LED settings. The factory-default settings shown 
match the as-shipped front-panel overlay (see Figure 8.2). You can change the 
settings to suit your application. See Section 8: Front-Panel Operations for 
slide-in labels for custom LED designations. 

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by pressing the TARGET RESET 
pushbutton if the target conditions 
are absent.

NOTE: Relay Word bits TLED_01 
through TLED_06 are not accessible 
to the user in the SYNCHROWAVE Event 
file.

Table 4.109 Target LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

ENA_LED COLORb R, G, A LEDENAC := G

TRIP_LED COLOR R, G, A LEDTRPC :=R

TRIP LATCH T_LED Y, N T01LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T01LEDC := R

LED1 EQUATION SELOGIC T01_LED := 49T OR AMBTRIP OR BRGTRIP OR OTHTRIP 
OR WDGTRIP

TRIP LATCH T_LED Y, N T02LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T02LEDC := R

LED2 EQUATION SELOGIC T02_LED := 50P1T OR 50N1T OR 50G1T
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . ., 8A, 8B) SELOGIC control equa-
tion settings. When these Relay Word bits assert, the corresponding LED also 
asserts.
Table 4.110 shows the setting prompts, settings ranges, and default settings for 
the LEDs. The factory-default settings shown match the shipped front-panel 
overlay (see Figure 8.2). You can change the settings to suit your application. 
See Section 8: Front-Panel Operations for slide-in labels for custom LED des-
ignations. 

TRIP LATCH T_LED Y, N T03LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T03LEDC := R

LED3 EQUATION SELOGIC T03_LED := 46UBT OR 47T

TRIP LATCH T_LED Y, N T04LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T04LEDC := R

LED4 EQUATION SELOGIC T04_LED := LOSSTRIP OR 37PT

TRIP LATCH T_LED Y, N T05LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T05LEDC := R

LED5 EQUATION SELOGIC T05_LED := (NOT STOPPED AND 27P1T) OR 59P1T

TRIP LATCH T_LED Y, N T06LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T06LEDC := R

LED6 EQUATION SELOGIC T06_LED := 87M1T OR 87M2T

a R = Red, G = Green, and A = Amber.
b The setting LEDENAC is not supported in the touchscreen display model.

Table 4.109 Target LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

Table 4.110 Pushbutton LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1ALEDC := AO

PB1A_LED EQUATION SELOGIC PB1A_LED := PB01

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1BLEDC := AO

PB1B_LED EQUATION SELOGIC PB1B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2ALEDC := AO

PB2A_LED EQUATION SELOGIC PB2A_LED := PB02

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2BLEDC := AO

PB2B_LED EQUATION SELOGIC PB2B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3ALEDC := AO

PB3A_LED EQUATION SELOGIC PB3A_LED := PB03
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PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3BLEDC := AO

PB3B_LED EQUATION SELOGIC PB3B_LED := STARTING OR RUNNING

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4ALEDC := AO

PB4A_LED EQUATION SELOGIC PB4A_LED := PB04

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4BLEDC := AO

PB4B_LED EQUATION SELOGIC PB4B_LED := STOPPED

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5ALEDC := AO

PB5A_LED EQUATION SELOGIC PB5A_LED := FAILOPN

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5BLEDC := AO

PB5B_LED EQUATION SELOGIC PB5B_LED := FAILCLS

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6ALEDC := AO

PB6A_LED EQUATION SELOGIC PB6A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6BLEDC := AO

PB6B_LED EQUATION SELOGIC PB6B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7ALEDC := AO

PB7A_LED EQUATION SELOGIC PB7A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7BLEDC := AO

PB7B_LED EQUATION SELOGIC PB7B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8ALEDC := AO

PB8A_LED EQUATION SELOGIC PB8A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8BLEDC := AO

PB8B_LED EQUATION SELOGIC PB8B_LED := 0

a Setting is a two-letter combination of the letters R, G, A, O, where the asserted/deasserted color choices are: R = Red, G = Green, 
A = Amber, O = Off. Asserted and deasserted colors must be different.

Table 4.110 Pushbutton LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default
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Report Settings (SET R Command)
The report settings use Relay Word bits for the SER and event report trigger 
as shown in Table 4.111 and Table 4.112. See Appendix L: Relay Word Bits for 
details. Refer to Section 10: Analyzing Events for additional information about 
SER and event reports.

SER Trigger Lists

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way the relay elements listed in the previous SER settings are dis-
played in the SER report. 

In addition, the Alias settings allow you to change the text displayed when a 
particular element is asserted and deasserted. The relay permits as many as 32 
unique aliases, as defined by the Enable Alias Settings (EALIAS) setting. The 
factory-default alias settings are shown in Table 4.113.

Define the enabled alias settings by entering the Relay Word bit name, a 
space, the desired alias, a space, the text to display when the condition asserts, 
a space, and the text to display when the condition deasserts. 

See Table L.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay interprets a space as the break between two strings. If you wish to clear a 
string, simply type NA.

Table 4.111 SERa Trigger Settings

a Use as many as 24 Relay Word bits separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 ABSLO TBSLO NOSLO THERMLO 
PB01 PB02 PB03 PB04

SER2 SER2 := 49T 49T_STR 49T_RTR LOSSTRIP JAMTRIP 46UBT 
50P1T RTDT PTCTRIP 50G1T VART 37PT 27P1T 59P1T 47T 
55T SPDSTR 50N1T SMTRIP 81D1T 81D2T OTHTRIP 87M1T 
87M2T

SER3 SER3 := AMBTRIP PTCFLT RTDFLT COMMIDLE 
COMMLOSS REMTRIP RSTTRGT 49A LOSSALRM 
JAMALRM 46UBA RTDA 55A 50N2T 50G2T VARA 37PA 
27P2T 59P2T 50P2T 50Q1T 50Q2T

SER4 SER4 := SPDSAL 81D3T 81D4T OTHALRM AMBALRM 
SALARM WARNING LOADUP LOADLOW 50P2T STOPPED 
RUNNING STARTING STAR DELTA START SPEED2

Table 4.112 Enable Alias Settings

Setting Prompt Setting Range Setting Name := Factory Default

Enable ALIAS Settings N, 1–32 EALIAS = 15

ALIAS1 = STARTING MOTOR_STARTING BEGINS ENDS
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Event Report Settings Event reports are 15, 64, or 180 cycles in length as determined by the LER set-
ting. For an LER of 15, the prefault length, PRE, is in the range of 1–10. For 
an LER of 64, the prefault length, PRE, is in the range of 1–59. For an LER of 
180, the prefault length, PRE, is in the range of 1–175. The relay typically 
holds at least forty-nine 15-cycle event reports, twenty-three 64-cycle event 
reports, or nine 180-cycle event reports.

Trigger CMET S R Event Reports
The SEL-710-5 captures a 19200-sample raw event report on rising edges of 
CMETSRTG. For example, you can set CMETSRTG = STARTING to cap-
ture the start of the motor. By providing this lengthy, high-resolution report, 
the relay enables external data processing while saving standard event reports 
for protection functions. 

Table 4.113 SET R SER Alias Settings

Setting 
Prompt

Relay Word 
Bit Alias

Asserted 
Text

Deasserted 
Text

ALIAS1 := STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2 := RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3 := STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4 := JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5 := LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6 := LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7 := 46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8 := 46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9 := 49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 := 49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 := 47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 := PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 := PB03 fp_start PICKUP DROPOUT

ALIAS15 := PB04 fp_stop PICKUP DROPOUT

ALIAS16 := NA — — —

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

ALIAS32 := NA — — —

Table 4.114 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG LOSSALRM OR 
R_TRIG 46UBA OR R_TRIG 49A OR 
R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA

EVENT LENGTH 15, 64, 180 cyc LER := 15

PREFAULT LENGTH 1–175 cyc PRE := 5

NOTE: Event report data stored in 
the relay are lost when you change 
the LER setting. Save the data before 
changing the setting.
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Start Report Settings The setting MSRR defines the resolution of the motor start report. The report 
is always triggered by each motor start; to trigger for additional conditions, 
use the SELOGIC control equation MSRTRG. For more information on the 
motor start report, go to Section 5: Metering and Monitoring.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix M: Analog Quantities 
for a list of the available analog quantities. Also set the LDAR to the acquisi-
tion rate for the report that you want.

DNP Map Settings (Set D Command)
Table 4.118 shows the available settings. See Appendix D: DNP3 Communi-
cations for additional details.

Table 4.115 Meter Report Settings

Setting Prompt Setting Range Setting Name := Factory 

CMET S R TRIGGER SELOGIC CMETSRTG := 0

Table 4.116 Motor Start Report Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

MSR RESOLUTION 0.25, 0.5, 1, 2, 5, 20 cyc MSRR := 5

MSR TRIGGERa

a Do not use SELOGIC control equation MSRTRG to capture starting conditions. Starting 
conditions are automatically captured for each start. Using SELOGIC control equations for the 
starting conditions may result in incorrect data in the MST and MOT records.

SELOGIC MSRTRG := 0

Table 4.117 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST 0, as many as 17 analog quantities LDLIST := 0

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15

IMPORTANT: All stored load data 
are lost when changing the LDLIST.

Table 4.118 DNP Map Settingsa (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

·
·
·

·
·
·

·
·
·

DNP Binary Input Label Name 10 characters BI_99 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.119 shows the available settings. See Appendix E: Modbus Communi-

cations for additional details.

42

DNP Binary Output Label Name 10 characters BO_00 := RB01

·
·
·

·
·
·

·
·
·

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

·
·
·

·
·
·

·
·
·

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Counter Label Name 11 characters CO_31 := NA

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Table 4.118 DNP Map Settingsa (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.119 User Map Register Settingsa

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range Setting Name := Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

•
•
•

•
•
•

•
•
•

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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EtherNet/IP Assembly Map Settings (SET E Command)
Table 4.120 shows the available assembly map settings. See Appendix F: 
EtherNet/IP Communications for additional details.

Touchscreen Settings
The touchscreen settings apply to relays that support the color touchscreen 
display and are discussed in Section 9: Bay Control (see Table 9.7).

Table 4.120 EtherNet/IP Assembly Map 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Input Assembly (IA) Binary

EIP Input Assembly Binary Label 
Name

10 characters IAB _00 := NA

• • •

• • •

• • •

EIP Input Assembly Binary Label 
Name

10 characters IAB _99 := NA

Input Assembly (IA) Analog

EIP Input Assembly Analog Label 
Name

10 characters IAA_00 := NOOP

IAA_01 := NA

• • •

• • •

• • •

EIP Input Assembly Analog Label 
Name

10 characters IAA_99 := NA

Output Assembly (OA) Binary

EIP Output Assembly Binary Label 
Name

10 characters OAB _00 := NA

• • •

• • •

• • •

EIP Output Assembly Binary Label 
Name

10 characters OAB _31 := NA

Output Assembly (OA) Analog

EIP Output Assembly Analog 
Label Name

10 characters OAA_00 := NOOP

OAA_01 := NA

• • •

• • •

• • •

EIP Output Assembly Analog 
Label Name

10 characters OAA _31 := NA
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Section 5
Instruction Manual

Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)
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The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor
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Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>
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When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report
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The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.
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Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.
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Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 
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Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-710

(+)

(—)



5.34

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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U.Instruction Manual

Settings

Overview
The SEL-710-5 Motor Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following 11 settings 
classes:

1. Group n (n = 1, 2, 3, or 4)

2. Logic Group n (n = 1, 2, 3, or 4)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. EtherNet/IP

7. Report

8. Modbus

9. DNP3

10. IEC 60870-5-103

11. Touchscreen (this setting class is only available for models with 
the color touchscreen display)

Some settings classes have multiple instances. In the previous list, there are 
five port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

IMPORTANT: Upon relay initial 
turn on or Port 1 setting changes or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(about 5–10 seconds from turn on).

Table 6.1 Methods of Accessing Settingsa

Web Serverb Serial Port Commandsc Front-Panel HMI Set/Show 
Menud

ACSELERATOR QuickSet 
SEL-5030 Softwareb

Display 
Settings

All settings All settings 
(SHO command)

Global, Group, and Port 
settings

All settings

Change 
Settings

Not available All settings
(SET command)

Global, Group, and Port 
settings

All settings

a These settings access methods do not apply to the touchscreen settings.
b Refer to Section 3: PC Interface for detailed information.
c Refer to Section 7: Communications for detailed information on set up and use of the serial communications port and Ethernet port.
d Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, menus and screens, and operator control 

pushbuttons.
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The SEL-710-5 Settings Sheets at the end of this section list all SEL-710-5 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Touchscreen settings are only available through QuickSet for models with the 
color touchscreen display. These settings are not available via the ASCII 
terminal, unlike the other relay settings. Refer to Section 9: Bay Control for 
detailed information on individual settings.

View/Change Settings With the Two-Line Front Panel
You can use the pushbuttons on the front panel to view/change settings. See 
Section 8: Front-Panel Operations for the details on front-panel operation.

Enter the front-panel menu by pushing the ESC pushbutton. The following 
message appears:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pressing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
presents you with the RELAY settings as listed in the SEL-710-5 Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pressing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the MOTOR FLA, FLA1 setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-710-5 is shipped 

with factory-default settings. 
Calculate the settings for your motor 
to ensure secure and dependable 
protection. Document the settings on 
the SEL-710-5 Settings Sheets at the 
end of this section before entering 
new settings in the relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

GROUP
1
2
3
4

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Thermal Overload
  •
  •
Trip/Close Logic
Motor Control

FLA1 Setting

MOTOR FLA
FLA1 = 0250.0 A 

Config Menu

CTR1
               100
FLA1
           250.0 A 
  •
  •
  •
SINGLEV
                 N
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View/Change Settings With the Touchscreen Front Panel
You can view or change Port, Global, Group, Date and Time, and Touchscreen 
settings by using the touchscreen display. Tapping the Settings folder on the 
Home screen navigates you to the Settings screen through which you can 
view or change settings. Refer to Touchscreen Display Front Panel on page 
8.20 for detailed information on how to view or change settings by using the 
touchscreen display.

View/Change Settings Over Communications Port 
Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port via a personal computer and how to use 
ASCII commands to communicate with the relay.

View Settings Use the SHO command to view relay settings. The SHO command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHO 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHO command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

Table 6.2 SHO Command Options

Command  Description

SHO n Shows relay group settings: n specifies the settings group (1, 2, 3, 
or 4); n defaults to active settings group if not listed.

SHO L n Shows logic settings: n specifies the settings group (1, 2, 3, or 4); 
n defaults to active settings group if not listed.

SHO G Shows global configuration settings

SHO P n Shows serial port settings for Port n (n = F, 1, 2, 3, or 4)

SHO F Shows front-panel display and LED settings

SHO E Show EtherNet/IP assembly map settings

SHO R Shows Sequential Event Report (SER) and event report settings

SHO M Shows Modbus map settings

SHO D Shows DNP3 map settings

SHO I Shows IEC 60870-5-103 map settings

Table 6.3 SET Command Options (Sheet 1 of 2)

Command Settings Type  Description

SET n Group Protection elements, timers, etc., for settings 
Group n (1, 2, 3, or 4)

SET L n Logic SELOGIC control equations for settings 
Group n (1, 2, 3, or 4)

SET G Global Global configuration settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a settings 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and in the 
two-line display model, the ENABLED LED extinguishes while the relay is 
disabled. In the touchscreen display model, the ENABLED LED stays 
illuminated while the relay saves the setting.

To change a specific setting, enter the command shown in Table 6.5.

SET P n Port Serial port settings for serial Port n (1, 2, 3, 4, or 
F)

SET F Front Panel Front-panel display and LED settings

SET E EtherNet/IP EtherNet/IP assembly map settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP3 DNP3 map settings

SET I IEC 60870-5-103 IEC 60870-5-103 user map settings

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format (Sheet 1 of 2)

SET n m s TERSE

where:

n is left blank or is G, L, F, R, M, or P to identify the class of settings.

m is 1, 2, 3, or 4 when n = G or L for group settings; m defaults to 1 if the 
parameter is left blank.

is F, 1, 2, 3, or 4 when n = P for port settings; m defaults to the active port if 
the parameter is left blank.

Table 6.3 SET Command Options (Sheet 2 of 2)

Command Settings Type  Description
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Setting Entry Error Messages
As you enter relay settings, the relay checks the setting entered against the 
range for the setting as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues one 
of the error messages shown in Table 6.6, and returns you to the settings list 
for a correction.

s is the name of the specific setting you wish to jump to and begin setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you wish to review the settings before saving, do not use the TERSE 
option.

Table 6.5 SET Command Format (Sheet 2 of 2)

SET n m s TERSE

Table 6.6 Setting Interdependency Error Messages (Sheet 1 of 2)

Error Message Setting/Function Correct the Condition

50PmP • FLAn/CTRn must be greater 
than or equal to 0.50 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.5

50PmP • FLAn/CTRn must be greater 
than or equal to 0.10 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.1

50NnP must be within (0.050 • CTRN) 
xx.xx and (10.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

50NnP must be within (0.010 • CTRN) 
xx.xx and (2.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

Choose PRE from 1–10 cycles Event Report 
Settings

Modify the PRE setting to satisfy the requirement 
shown in the error message.

50NnP must be within (0.000125 • 
CTRN) xx.xx and (0.0125 • CTRN) 
yy.yy 
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

CTRn,FLAn Setting Combination Out 
of Range
(n = 1 or 2)

Main Settings Modify the CTRn or FLAn setting to satisfy:

1.0 ≤ (FLAn/CTRn), ≤ 8 for phase input current 
rating of 5 A

0.2 ≤ (FLAn/CTRn), ≤ 1.6 for phase input current 
rating of 1 A
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View Settings Using the Web Server
Refer to Section 3: PC Interface for information on how to set up 
communication and how to access the relay on an Ethernet port with a 
personal computer.

View Settings Once communication with the relay is established through the web server, the 
home page screen appears in your browser window. Click on Settings from 
the navigation pane to view all the available settings classes, as shown in 
Figure 6.2. Access Level 1 and Access Level 2 are both view only. At this 
level, settings are dimmed and you cannot modify them. Click on a settings 
class to view its settings. 

Figure 6.2 Web Server Settings Screen

Minimum STOP COOL TIME: xxxx min Thermal Overload Modify the COOLTIME setting to satisfy the 
requirement shown in the error message.

Only one ambient RTD allowed
(n = 1–12)

RTD Modify the RTD location setting (RTDnLOC) to satisfy 
the requirement shown in the error message.

Output contacts cannot be set to 
NA.

Output Contact 
Logic Setting

Use 0, 1, or SELOGIC control equation for the logic 
setting.

PTR Setting Out of Range Main Settings Modify VNOM or PTR setting to satisfy:
100 ≤ (VNOM/PTR) ≤ 250 for DELTA_Y := DELTA
100 ≤ (VNOM/PTR) ≤ 440 for DELTA_Y := WYE

Table 6.6 Setting Interdependency Error Messages (Sheet 2 of 2)

Error Message Setting/Function Correct the Condition
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These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the communications ports. See Section 4: Protection and Logic Functions 
in the instruction manual for detailed descriptions of the settings.

➤ Some settings require an optional module. Refer to the SEL-710-5 Model Option Table and the notes 
with the following settings for details on which settings are available in a specific model. 
ACSELERATOR QuickSet SEL-5030 Software, which shows and hides settings depending on the MOT 
part number selected, is the best way to view the settings available in a specific model. Some of the set-
tings ranges can be more restrictive than shown because of settings interdependency checks performed 
when new settings are saved.

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

Configuration

UNIT ID LINE 1 (16 Characters)  RID :=

UNIT ID LINE 2 (16 Characters)  TID :=

SYN MOTOR TYPE (BRUSH, BRUSHLESS, NONE)
(SYNTYPE forced to NONE and hidden when Slot E ≠ 75)

SYNTYPE :=

PHASE CT RATIO (1–5000) CTR1 :=

MOTOR FLA (0.2–5000.0 A) FLA1 :=

VFD APPLICATION (Y, N) VFDAPP :=

LOAD @ ZEROSPEED (0.2–5000.0 A)
(Shown when VFDAPP:= Y)

LOAD_ZS :=

MNFREQ @ FULLOAD (10.00–70.00 Hz)
(Shown when VFDAPP:= Y)

FREQ_FL :=

TWO SPEED ENABLE (Y, N)
(E2SPEED forced to N and hidden when VFDAPP:= Y)

E2SPEED :=

CT RATIO–2ND (1–5000)
(Hidden when E2SPEED := N)

CTR2 :=

MOTOR FLA–2ND (0.2–5000.0 A)
(Hidden when E2SPEED := N)

FLA2 :=

FVR PHASING (NONE, A, B, C)
(Hidden when E2SPEED := N)

FVR_PH :=

NEUTRAL CT RATIO (1–2000) CTRN :=

PHASE PT RATIO (1.00–250.00) PTR :=

LINE VOLTAGE (100–30000 V) VNOM :=

XFMR CONNECTION (DELTA, WYE) DELTA_Y :=

SINGLE I INPUT (N, IA, IB, IC) SINGLEI :=

SINGLE V INPUT (Y, N) SINGLEV :=
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Thermal Overload
OVERLOAD ENABLE (Y, N) E49MOTOR :=

(All of the following thermal overload settings are hidden when E49MOTOR := N)

FULL LOAD SLIP (OFF, 0.0010–0.1000 pu)
(Forced to OFF and hidden when any of the following apply: E2SPEED := Y; 

ESTAR_D := Y; or VFDAPP := Y)

FLS :=

SLIP SOURCE (VDR, STAT, R1)
(Forced to R1 and hidden when E2SPEED := Y, ESTAR_D := Y, or VFDAPP := Y; 

Hidden when no synchronous motor card is available; Hidden when FLS := OFF; 
VDR hidden from range when SYNTYPE := BRUSHLESS)

SLIPSRC :=

LOCKD RTR TORQUE (0.30–2.00 pu)
(Hidden when FLS := OFF)

LRQ :=

THERMAL METHOD (RATING, RATING_1, CURVE)
(CURVE and RATING hidden when 0.001 ≤ FLS ≤ 0.10)

SETMETH :=

OL RESET LEVEL (10–99% TCU) 49RSTP :=

SERVICE FACTOR (1.01–1.50) SF :=

MOTOR LRA (2.5–12.0 xFLA)
(Forced to 6 and hidden when SETMETH := CURVE)

LRA1 :=

LOCKD RTR TIME 1 (1.0–600.0 sec)
(Hidden when SETMETH := CURVE)

LRTHOT1 :=

ACCEL FACTOR (0.10–1.50)
(Hidden when SETMETH := CURVE or when 0.001 ≤ FLS ≤ 0.10; forced to 1.00 

when 1 ≤ CURVE1 ≤ 45 or when 0.001 ≤ FLS ≤ 0.10)

TD1 :=

STATOR TC (AUTO, 1–2000 min)
(Hidden when SETMETH := CURVE)

RTC1 :=

MOTOR LRA–2ND (2.5–12.0 xFLA)
(Hidden when E2SPEED := N; forced to 6 and hidden when SETMETH := CURVE)

LRA2 :=

LOCKD RTR TIME 2 (1.0–600.0 sec)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

LRTHOT2 :=

ACCEL FACT–2ND (0.10–1.50)
(Hidden when E2SPEED := N; hidden and forced to 1.00 when 

SETMETH := CURVE)

TD2 :=

STATOR TC–2ND (AUTO, 1–2000 min)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

RTC2 :=

THERM OL CURVE1 (1–46)
(Hidden when SETMETH := RATING or RATING_1)

CURVE1 :=

TRIP TIME @ 1.05FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.05)

TTT105 :=

TRIP TIME @ 1.10FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.10)

TTT110 :=

TRIP TIME @ 1.20FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.20)

TTT120 :=

TRIP TIME @ 1.30FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.30)

TTT130 :=

TRIP TIME @ 1.40FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.40)

TTT140 :=

TRIP TIME @ 1.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF := 1.50)

TTT150 :=
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TRIP TIME @ 1.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT175 :=

TRIP TIME @ 2.00FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT200 :=

TRIP TIME @ 2.25FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT225 :=

TRIP TIME @ 2.50FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT250 :=

TRIP TIME @ 2.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT275 :=

TRIP TIME @ 3.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT300 :=

TRIP TIME @ 3.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT350 :=

TRIP TIME @ 4.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT400 :=

TRIP TIME @ 4.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT450 :=

TRIP TIME @ 5.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT500 :=

TRIP TIME @ 5.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT550 :=

TRIP TIME @ 6.00FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT600 :=

TRIP TIME @ 6.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT650 :=

TRIP TIME @ 7.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT700 :=

TRIP TIME @ 7.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT750 :=

TRIP TIME @ 8.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT800 :=

TRIP TIME @ 8.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT850 :=

TRIP TIME @ 9.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT900 :=

TRIP TIME @ 9.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT950 :=

TRIP TIME @ 10.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1000 :=

TRIP TIME @ 11.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1100 :=

TRIP TIME @ 12.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1200 :=

THERM OL CURVE2 (1–45)
(Hidden when SETMETH := RATING or RATING_1 or when E2SPEED := N)

CURVE2 :=

OL WARN LEVEL (OFF, 50–99% TCU) TCAPU :=

START INH. LEVEL (OFF, 1–99% TCU) TCSTART :=

LEARN TCSTART? (Y, N)
(Hidden when TCSTART := OFF)

TCLRNEN :=

STOP COOL TIME (1–6000 min) COOLTIME :=

STOP COAST TIME (1–3600 sec) COASTIME :=
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Phase Overcurrent

Neutral Overcurrent
(Refer to Table 6.6 for setting interdependency checks. The following pickup settings are in primary amperes.)

Residual Overcurrent

Negative-Sequence Overcurrent

Incipient Cable Fault

LEARN COOLTIME? (Y, N)
(Hidden when E49RTD := NONE)

COOLEN :=

OL RTD BIASING? (Y, N)
(Hidden when E49RTD := NONE)

ETHMBIAS :=

PH OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50P1P :=

PH OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P1D :=

PH OC WARN LVL (OFF, 0.10–20.00 xFLA) 50P2P :=

PH OC WARN DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P2D :=

NEUT OC TRIP LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC TRIP LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N1P :=

NEU OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50N1D :=

NEUT OC WARN LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC WARN LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N2P :=

NEU OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50N2D :=

RES OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50G1P :=

RES OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50G1D :=

RES OC WARN LVL (OFF, 0.10–20.00 xFLA) 50G2P :=

RES OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50G2D :=

NSEQ OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50Q1P :=

NSEQ OC TRIP DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q1D :=

NSEQ OC WARN LVL (OFF, 0.10–20.00 xFLA) 50Q2P :=

NSEQ OC WARN DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q2D :=

50INC PU LVL (OFF, (1.00–10.00) • INOM A) E50INC :=

50INC WARN COUNT (1, 2, . . . 100) 50IALC :=

50INC TRIP COUNT (1, 2, . . . 100) 50ITRC :=
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Phase Time Overcurrent

Maximum Phase Time Overcurrent

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51AP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51AC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51ATD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51ARS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51ACT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51AMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51ATC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51BP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51BTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51BRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden is associated pickup is OFF)

51BMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51BTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51CP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51CTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51CRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51CTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1CT :=
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Negative-Sequence Time-Overcurrent

Residual Ground Time-Overcurrent

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P2C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P2TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A)
(INOM 5 or 1 for 5 A or 1 A phase CTs)

51QP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 or 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51QTD :=

EM RESET DELAY (Y, N) 
(Hidden when associated pickup is OFF)

51QRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51QTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G2C :=
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Motor Differential Overcurrent

Jam

Undercurrent

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G2TC :=

DIFF ENABLE (Y, N) E87M :=

DIFF CT RATIO (1–5000)
(Hidden when E87M := N)

CTR87M :=

DIFF 1 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M1P :=

DIFF 1 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M1P := OFF)

87M1TD :=

DIFF 1 TRQ CON (SELOGIC)
(Hidden when 87M1P := OFF)

87M1TC :=

DIFF 2 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M2P :=

DIFF 2 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M2P := OFF)

87M2TD :=

DIFF 2 TRQ CON (SELOGIC)
(Hidden when 87M2P := OFF)

87M2TC :=

JAM TRIP LEVEL (OFF, 1.00–6.00 xFLA) LJTPU :=

JAM TRIP DELAY (0.0–120.0 sec)
(When LJTPU := OFF, LJTDLY is hidden and JAMTRIP is deasserted all the time)

LJTDLY :=

JAM WARN LEVEL (OFF, 1.00–6.00 xFLA) LJAPU :=

JAM WARN DELAY (0.0–120.0 sec)
(When LJAPU := OFF, LJADLY is hidden and JAMALRM is deasserted all the 

time)

LJADLY :=

UC TRIP LEVEL (OFF, 0.10–1.00 xFLA) LLTPU :=

UC TRIP DELAY (0.4–120.0 sec)
(Hidden when associated pickup is OFF)

LLTDLY :=

UC WARN LEVEL (OFF, 0.10–1.00 xFLA) LLAPU :=

UC WARN DELAY (0.40–120.0 sec)
(Hidden when associated pickup is OFF)

LLADLY :=

UC START DELAY (0–5000 sec)
(Hidden when LLTPU and LLAPU are OFF)

LLSDLY :=
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Current Unbalance

Start Monitoring

Star-Delta
(Forced to N and hidden when VFDAPP := Y)

Start Inhibit

Phase Reversal

Speed Switch

PTC

CI TRIP LEVEL (OFF, 5–80%) 46UBT :=

CI TRIP DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBTD :=

CI WARN LEVEL (OFF, 5–80%) 46UBA :=

CI WARN DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBAD :=

START MOTOR TIME (OFF, 1–240 sec) START_T :=

STAR-DELTA ENABL (Y, N) ESTAR_D :=

MAX STAR TIME (OFF, 1–600 sec)
(Hidden when ESTAR_D := N)

STAR_MAX :=

STARTS/HR. (OFF, 1–15) MAXSTART :=

MIN. OFF TIME (OFF, 1–150 min) TBSDLY :=

RESTART BLK TIME (OFF, 1–1500 min) ABSDLY :=

PH REV. ENABLE (Y, N) E47T :=

SS TRIP DELAY (OFF, 1–240 sec) SPDSDLYT :=

SS WARN DELAY (OFF, 1–240 sec) SPDSDLYA :=

VIR SS ENABLE (Y, N) 
(Forced to N and hidden when VFDAPP := Y)

VSSEN :=

VIR SS CONSTANT (0.80–0.98) 
(Hidden when VSSEN := N)

VSSCONST :=

SS FAIL OPEN DLY (OFF, 0.5–2.0 sec) 
(Forced to OFF and hidden when VSSEN := N)

FAILOPND :=

SS FAIL CLOS DLY (0.1–120.0 min) 
(Hidden when VSSEN := N or FAILOPND := OFF)

FAILCLSD :=

SS FAIL RESET (SELOGIC) 
(Hidden when VSSEN := N or FAILOPND := OFF) 

SSFLRST :=

PTC ENABLE (Y, N)
(Hidden when the PTC option is not selected)

EPTC :=
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RTD
RTD ENABLE (INT, EXT, NONE)

(The INT option is hidden from the range when there is no internal RTD card 
installed; all the following RTD settings are hidden when E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD1TY, TRTMP1, and ALTMP1 settings are hidden when RTD1LOC := OFF)

RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250°C) TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250°C) ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD2TY, TRTMP2, and ALTMP2 settings are hidden when RTD2LOC := OFF)

RTD2LOC :=

RTD2 TYPE (PT100, NI100, NI120, CU10) RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250°C) TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250°C) ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD3TY, TRTMP3, and ALTMP3 settings are hidden when RTD3LOC := OFF)

RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250°C) TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250°C) ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD4TY, TRTMP4, and ALTMP4 settings are hidden when RTD4LOC := OFF)

RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250°C) TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250°C) ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD5TY, TRTMP5, and ALTMP5 settings are hidden when RTD5LOC := OFF)

RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250°C) TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250°C) ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD6TY, TRTMP6, and ALTMP6 settings are hidden when RTD6LOC := OFF)

RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250°C) TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250°C) ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD7TY, TRTMP7, and ALTMP7 settings are hidden when RTD7LOC := OFF)

RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250°C) TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250°C) ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD8TY, TRTMP8, and ALTMP8 settings are hidden when RTD8LOC := OFF)

RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) RTD8TY :=

RTD8 TRIP LEVEL (OFF, 1–250°C) TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250°C) ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD9TY, TRTMP9, and ALTMP9 settings are hidden when RTD9LOC := OFF)

RTD9LOC :=
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Loss of Potential

Undervoltage

Overvoltage

RTD9 TYPE (PT100, NI100, NI120, CU10) RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250°C) TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250°C) ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD10TY, TRTMP10, and ALTMP10 settings are hidden when RTD10LOC := OFF)

RTD10LOC :=

RTD10 TYPE (PT100, NI100, NI120, CU10) RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250°C) TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250°C) ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD11TY, TRTMP11, and ALTMP11 settings are hidden when 

RTD11LOC := OFF); RTD11LOC is hidden and forced to OFF when 
E49RTD := INT)

RTD11LOC :=

RTD11 TYPE (PT100, NI100, NI120, CU10) RTD11TY :=

RTD11 TRIP LEVEL (OFF, 1–250°C) TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250°C) ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD12TY, TRTMP12, and ALTMP12 settings are hidden when 

RTD12LOC := OFF); RTD12LOC hidden and forced to OFF when 
E49RTD := INT)

RTD12LOC :=

RTD12 TYPE (PT100, NI100, NI120, CU10) RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250°C) TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250°C) ALTMP12 :=

WIND TRIP VOTING (Y, N)
(When less than two locations are WDG, the associated trip voting settings are 

hidden)

EWDGV :=

BEAR TRIP VOTING (Y, N)
(When less than two locations are BRG, the associated trip voting settings are hidden)

EBRGV :=

TMP RTD BIASING? (Y, N)
(Shown only when one RTD location is set to AMB and at least one RTD location is 

set to WDG)

ERTDBIAS :=

LOP BLOCK (SELOGIC) LOPBLK :=

UV TRIP LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P1D :=

UV WARN LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=

UV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P2D :=

OV TRIP LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P1D :=
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27 Inverse-Time Undervoltage

OV WARN LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P2D :=

27I ENABLE (Y, N) E27I1 :=

(The following 27I1 inverse-time undervoltage settings are hidden if E27I1 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I1P :=

CURVE (CURVEA, CURVEB, COEF) 27I1CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFC :=

TIME DIAL (0.00–16.00) 27I1TD :=

RESET TIME (0.00–1.00 s) 27I1TTR :=

TRQ CONTROL (SELOGIC) 27I1TC :=

27I ENABLE (Y, N) E27I2 :=

(The following 27I2 settings are hidden if E27I2 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I2P :=

CURVE (CURVEA, CURVEB, COEF) 27I2CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFC :=

TIME DIAL (0.00–16.00) 27I2TD :=

RESET TIME (0.00–1.00 s) 27I2TTR :=

TRQ CONTROL (SELOGIC) 27I2TC :=

Table SET.1 Range Dependencies for 27I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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59 Inverse-Time Overvoltage
59I ENABLE (Y, N) E59I1 :=

(The following 59I1 inverse-time overvoltage settings are hidden if E59I1 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I1P :=

CURVE (CURVEA, CURVEB, COEF) 59I1CR :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFC :=

TIME DIAL (0.00–16.00) 59I1TD :=

RESET TIME (0.00–1.00 s) 59I1TTR :=

TRQ CONTROL (SELOGIC) 59I1TC :=

59I ENABLE (Y, N) E59I2 :=

(The following 59I2 settings are hidden if E59I2 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I2P :=

CURVE (CURVEA, CURVEB, COEF) 59I2CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFC :=

TIME DIAL (0.00–16.00) 59I2TD :=

RESET TIME (0.00–1.00 s) 59I2TTR :=

TRQ CONTROL (SELOGIC) 59I2TC :=

59I ENABLE (Y, N) E59I3 :=

(The following 59I3 settings are hidden if E59I3 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I3OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I3P :=

CURVE (CURVEA, CURVEB, COEF) 59I3CRV :=

Table SET.2 Range Dependencies for 59I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC VG V1 3V2 MAXLN MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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Var

Loss of Field
(Hidden when SYNTYPE := NONE and E40 forced to default, N)

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFC :=

TIME DIAL (0.00–16.00) 59I3TD :=

RESET TIME (0.00–1.00 s) 59I3TTR :=

TRQ CONTROL 59I3TC :=

59I ENABLE (Y, N) E59I4 :=

(The following 59I4 settings are hidden if E59I4 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I4OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I4P :=

CURVE (CURVEA, CURVEB, COEF) 59I4CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFC :=

TIME DIAL (0.00–16.00) 59I4TD :=

RESET TIME (0.00–1.00 s) 59I4TTR :=

TRQ CONTROL (SELOGIC) 59I4TC :=

NEG VAR TRIP LEV (OFF, 1–25000 kVAR) NVARTP :=

POS VAR TRIP LEV (OFF, 1–25000 kVAR) PVARTP :=

VAR TRIP DELAY (1–240 sec)
(Hidden when NVARTP and PVARTP are OFF)

VARTD :=

NEG VAR WARN LEV (OFF, 1–25000 kVAR) NVARAP :=

POS VAR WARN LEV (OFF, 1–25000 kVAR) PVARAP :=

VAR WARN DELAY (1–240 sec)
(Hidden when NVARAP and PVARAP are OFF)

VARAD :=

VAR ARMING DELAY (0–5000 sec)
(Hidden when NVARTP, PVARTP, NVARAP, and PVARAP are OFF)

VARDLY :=

LOSS OF FIELD EN (Y, N)
(All the following settings are hidden when E40 := N)

E40 :=

Z1 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM = 5 A or 1 A)

40Z1P :=

Z1 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z1P := OFF)

40XD1 :=

Z1 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z1P := OFF)

40Z1D :=

Z2 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM := 5 or 1)

40Z2P :=

Z2 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z2P := OFF)

40XD2 :=
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Out of Step

Field Resistance

Field Current
(Hidden when SYNTYPE := NONE; FDUC1P, FDUC2P, FDOC1P, and FDOC2P forced to default, OFF)

Z2 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z2P := OFF)

40Z2D :=

40Z TRQ CTRL (SELOGIC) 40ZTC :=

OUT-OF-STEP PROT (N, 1B, 2B)
(The following settings are hidden when E78 := N)

E78 :=

FORWARD REACH ((0.5–500.0)/INOM ohm sec) 78FWD :=

REVERSE REACH ((0.5–500.0)/INOM ohm sec) 78REV :=

RIGHT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R1 :=

LEFT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R2 :=

OUTER BLINDER ((1.0–500.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R1 :=

INNER BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R2 :=

OOS DELAY (0.00–1.00 sec)
(Hidden when E78 := 1B)

78D :=

OOS TRIP DELAY (0.00–1.00 sec) 78TD :=

OOS TRIP DUR (0.00–5.00 sec) 78TDURD :=

POS-SEQ CURRENT ((0.05–6.00) • INOM A) 50ABC :=

OOS TRQ CTRL (SELOGIC) OOSTC :=

(Hidden when SYNTYPE := NONE; FDRES1P and FDRES2P forced to default, OFF)

FLD RES WARN 1 (OFF, 0.10–500.00 ohm) FDRES1P :=

FLD RES WARN 2 (OFF, 0.10–500.00 ohm) FDRES2P :=

FLDR TRQ CTRL (SELOGIC) FDRESTC :=

FLD CURRENT IN (I, V) FDCURIN :=

FLD CUR @ 20 mA (1.0–2000.0 A)
(Shown when FDCURIN := I)

FD_20mA :=

FLD CUR @ 5V (1.0–2000.0 A)
(Shown when FDCURIN := V)

FD_5V :=

FLD UC TRIP LEVEL (OFF, 1.0–2000.0 A) FDUC1P :=

FLD UC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC1D :=

FLD UC WARN LVL (OFF, 1.0–2000.0 A) FDUC2P :=

FLD UC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC2D :=

FLD OC TRIP LVL (OFF, 1.0–2000.0 A) FDOC1P :=

FLD OC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC1D :=
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Field Voltage
(Hidden when SYNTYPE := NONE; FDUV1P, FDUV2P, FDOV1P, FDOV2P forced to default, OFF)

Start Sequence
(Hidden when SYNTYPE := NONE; hidden and not processed when VFDAPP := Y)

Underpower

Power Factor

FLD OC WARN LVL (OFF, 1.0–2000.0 A) FDOC2P :=

FLD OC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC2D :=

FLDC TRQ CTRL (SELOGIC) FDCTC :=

FLD UV TRIP LVL (OFF, 1.0–350.0 V) FDUV1P :=

FLD UV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV1D :=

FLD UV WRN LVL (OFF, 1.0–350.0 V) FDUV2P :=

FLD UV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV2D :=

FLD OV TRIP LVL (OFF, 1.0–350.0 V) FDOV1P :=

FLD OV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV1D :=

FLD OV WARN LVL (OFF, 1.0–350.0 V) FDOV2P :=

FLD OV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV2D :=

FLD TRQ CTRL (SELOGIC) FDVTC :=

STRT SEQ ENABLE (SELOGIC) STSEQEN :=

SYNCHRONIZE SLIP (1.0–10.0%) SYNSLIP :=

UNLATCH 41CLOSE (SELOGIC) UL41CL :=

41 CLOSE DELAY (0.0–100.0 sec) 41DELAY :=

MN FDC TO SYNC (0.5–2000.0 A) FDCMIN :=

MIN CLOSE DELAY (0.1–99.0 sec) 41MNDLY :=

UP TRIP LEVEL (OFF, 1–25000 kW) 37PTP :=

UP TRIP DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PTD :=

UP WARN LEVEL (OFF, 1–25000 kW) 37PAP :=

UP WARN DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PAD :=

UP ARMING DELAY (0–5000 sec) 37DLY :=

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec)
(Hidden when 55LDTP and 55LG TP are OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=
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Power Factor Correction

Frequency

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec)
(Hidden when 55LDAP and 55LGAP are OFF)

55AD :=

PF ARMING DELAY (0–5000 sec)
(Hidden when 55LGTP, 55LDTP, 55LGAP, and 55LDAP are OFF)

55DLY :=

PF CURRENT SUP (OFF, 0.05–2.00 • INOM A)
(Hidden when SYNTYPE := NONE; INOM := 5 or 1)

55I1SUP :=

PF TRQ CTRL (SELOGIC)
(Hidden when SYNTYPE := NONE)

55TC :=

PO PF SET POINT (0.10-0.99) (Hidden when SYNTYPE := NONE) POPFSP :=

PO PU DELAY (0.1-60.0 sec) (Hidden when SYNTYPE := NONE) PORSRTD :=

ENABLE PF CPMP (OFF, PFSP, QSPMV) EPFC :=

(The following power factor correction settings are hidden when EPFC := OFF)

PF SET POINT (OFF, 0.50–1.00) (Hidden when EPFC := QSPMV) PFSPAN :=

LEADLAG (LEAD, LAG) (Hidden when EPFC := QSPMV) PFLDLG :=

Q SP MATH VAR (1–32) (Hidden when EPFC := PFSP) PFQSP :=

DEADBAND L TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFLTH > PFSTH)

PFLTH :=

DEADBAND S TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFSTH < PFLTH)

PFSTH :=

LONG STEP LENGTH (0.0–3.0 sec) (FVLDO > FVSDO) FVLDO :=

SHRT STEP LENGTH (0.0–3.0 sec) (FVSDO < FVLDO) FVSDO :=

SYNCVOLTAGE (0–100%) PFCOVL :=

SYNC VLTG CNTRL (SELOGIC) PFCNTRL :=

FREQ1 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D1TD :=

81D1 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D1TC :=

FREQ2 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D2TD :=

81D2 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D2TC :=

FREQ3 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D3TD :=

81D3 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D3TC :=

FREQ4 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D4TD :=

81D4 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D4TC :=
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Load Control

Vibration Monitoring

Trip Inhibit

LOAD CONTROL SEL (OFF, CURRENT, POWER, TCU)
(When LOAD := OFF, the rest of the load control settings are hidden)

LOAD :=

LD CTL CUR UPPER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := CURRENT)

LOADUPP :=

LD CTL CUR LOWER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL PWR UPPER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADUPP :=

LD CTL PWR LOWER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL TCU UPPER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADUPP :=

LD CTL TCU LOWER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADLOWP :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ1 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ2 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ3 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ4 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ5 :=

PICKUP TIMER (0.00–400.00) VIBPUT :=

TRQ CONTROL (SELOGIC) VIBTC :=

MACHINE CLASS (CI, CII, CIII, CIV, MANUAL) VIBCLASS :=

VELOCITY UNITS (mm/sec, in/sec) VIBUN :=

A–B THRESHOLD (0.00–100.00) VIBABP :=

B–C THRESHOLD (0.00–100.00) VIBBCP :=

C–D THRESHOLD (0.00–100.00) VIBCDP :=

BLOCK PROTECTION (SELOGIC) BLKPROT :=

CURRENT IMBALANC (Y, N) BLK46 :=

JAM (Y, N) BLK48 :=

GROUND FAULT (Y, N) BLK50EF :=

SHORT CIRCUIT (Y, N) BLK50P :=

UNDERCURRENT (Y, N) BLK37 :=

START INHIBIT (Y, N) BLK66 :=

PTC (Y, N) (Hidden when the PTC option is not selected) BLK49PTC :=

RTD (Y, N) BLK49RTD :=
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Trip/Close

Motor Control

Logic Settings (SET L Command)

SELOGIC Enables

Latch Bits Equations

MIN TRIP TIME (0.0–400.0 sec) TDURD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

TRIP ON LOCKOUT (Y, N) TRIPONLO :=

UNLATCH TRIP EQN (SELOGIC) ULTRIP :=

CONTACTOR STATUS (SELOGIC) 52A :=

CONTACTOR STATUS (SELOGIC) 52B :=

FLD BRKR STATUS (SELOGIC)
(Hidden when SYNTYPE := NONE)

41A :=

START EQUATION (SELOGIC) STREQ :=

BLK START (SELOGIC) BLKSTR :=

EMERGENCY START (SELOGIC) EMRSTR :=

SPEED 2 (SELOGIC)
(Hidden and not processed when E2SPEED := NONE)

SPEED2 :=

SPEED SWITCH (SELOGIC) SPEEDSW :=

VFD BYPASS (SELOGIC)
(Hidden and not processed when VFDAPP := N)

VFDBYPAS :=

SELOGIC LATCHES (N, 1–32) ELAT :=

SV/TIMERS (N, 1–32) ESV :=

SELOGIC COUNTERS (N, 1–32) ESC :=

MATH VARIABLES (N, 1–32) EMV :=

SET01 :=

RST01 :=

SET02 :=

RST02 :=

SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=
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SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 :=

RST09 :=

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 :=

RST17 :=

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=

SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 :=

RST25 :=

SET26 :=
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SELOGIC Variable Timers

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=
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SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=

SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=
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Counters Equations

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPUT (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=
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SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=

SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=

SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=
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SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=

SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=
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Math Variables

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=

SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=
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Base Output

Slot C Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=

MV29 :=

MV30 :=

MV31 :=

MV32 :=

OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT304 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

OUT305 FAIL-SAFE (Y, N) OUT305FS :=

OUT305 :=
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Slot D Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

Slot E Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

OUT306 FAIL-SAFE (Y, N) OUT306FS :=

OUT306 :=

OUT307 FAIL-SAFE (Y, N) OUT307FS :=

OUT307 :=

OUT308 FAIL-SAFE (Y, N) OUT308FS :=

OUT308 :=

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=

OUT405 FAIL-SAFE (Y, N) OUT405FS :=

OUT405 :=

OUT406 FAIL-SAFE (Y, N) OUT406FS :=

OUT406 :=

OUT407 FAIL-SAFE (Y, N) OUT407FS :=

OUT407 :=

OUT408 FAIL-SAFE (Y, N) OUT408FS :=

OUT408 :=

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT504 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

OUT505 FAIL-SAFE (Y, N) OUT505FS :=

OUT505 :=

OUT506 FAIL-SAFE (Y, N) OUT506FS :=

OUT506 :=
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MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

Global Settings

General

Broken Bar Detection

OUT507 FAIL-SAFE (Y, N) OUT507FS :=

OUT507 :=

OUT508 FAIL-SAFE (Y, N) OUT508FS :=

OUT508 :=

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

(Shown when SYNTYPE := NONE)

EN BRKN BAR DET (AUTO_SET, MANUAL_SET, N)
(The following broken bar detection settings are hidden and set to default values 

when EBBD :=  AUTO_SET; they are shown when EBBD := MANUAL_SET; and 
they are hidden when EBBD := N)

EBBD :=

BBD RUN RATE (1–180 min) BBDTD :=

FREQ LOWER BOUND (0.0–1.0 Hz) BBDLB :=

FREQ UPPER BOUND (2.0–10.0 Hz) BBDUB :=
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Group Selection

Time and Date Management

Breaker Failure

BBD LEVEL1 PU (–80 to –1 dB) BBDTH1 :=

BBD LEVEL2 PU (–80 to –1 dB) BBDTH2 :=

BBD LEVEL3 PU (–80 to –1 dB) BBDTH3 :=

BBD LEVEL4 PU (–80 to –1 dB) BBDTH4 :=

BBD MIN MARGIN (1–80 dB) MAR_AVG :=

DF FROM FNOM (0.10–3.00 Hz) FNOM_TH :=

DF FROM INI FREQ (0.01–10.00 Hz) F0_TH :=

DI FROM INI CURR (0.01–1.00 xFLA) I0_TH :=

BLK BELOW CUR LV (0.20–2.00 xFLA) I_TH :=

GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

SELECT GROUP4 (SELOGIC) SS4 :=

CTRL BITS DEFN (NONE, C37.118) (Hidden when the PTC option is selected) IRIGC :=

OFFSET FROM UTC (–24.00 to 24.00 hours)
(Automatically rounds up to the nearest quarter)

UTC_OFF :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_BEGW :=

DAY OF THE WEEK TO BEGIN DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_BEGH :=

MONTH TO END DST (1–12)
(Hidden when DST_BEGM is OFF)

DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_ENDH :=

52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.31
of 90

Date _______________ SEL-710-5 Settings Sheets
Arc-Flash Protection Global Settings

Arc-Flash Protection

AIx01

(The following arc-flash settings are hidden until an arc-flash card (74 or 76) is inserted in Slot E)

AF PH OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom phase}, 
0.10–20.00 A {1 A nom phase})

50PAFP :=

AF N OC TRP LVL (OFF, 0.01-2.00 A for 1 A nominal neutral; OFF, 0.05-10.00 A for 5 A 
nominal neutral) (Hidden if 2.5 mA neutral) (Hidden if 50AFP := OFF)

50NAFP :=

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 :=

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) TOL1P :=

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 :=

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) TOL2P :=

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 :=

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE) TOL3P :=

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 :=

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE) TOL4P :=

SENSOR 5 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS5 :=

TOL 5 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL5P :=

SENSOR 6 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS6 :=

TOL 6 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL6P :=

SENSOR 7 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS7 :=

TOL 7 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL7P :=

SENSOR 8 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS8 :=

TOL 8 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL8P :=

AFD OUTPUT SLOT (101_3, 301_4, 401_4)
(301_4 and 401_4 are not available when the slots do not have an output card.)

AOUTSLOT :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx01 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx01NAM :=

AIx01 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx01TYP :=

AIx01 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01L :=

AIx01 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01H :=

AIx01 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01L :=

AIx01 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01H :=

AIx01 ENG UNITS (16 characters) AIx01EU :=
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AIx02

AIx03

AIx01 EU LOW (–99999.000 to 99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx01EL setting)

AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx01LW1 :=

AIx01 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to 99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to 99999.000) AIx01HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx02 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx02NAM :=

AIx02 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx02TYP :=

AIx02 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02L :=

AIx02 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02H :=

AIx02 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02L :=

AIx02 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to 99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx02EL setting)

AIx02EH :=

AIx02 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx02LW1 :=

AIx02 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to 99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to 99999.000) AIx02HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx03 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx03NAM :=

AIx03 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx03TYP :=
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AIx04

AIx03 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03L :=

AIx03 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03H :=

AIx03 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03L :=

AIx03 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to 99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx03EL setting)

AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx03LW1 :=

AIx03 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to 99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to 99999.000) AIx03HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx04 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx04NAM :=

AIx04 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx04TYP :=

AIx04 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04L :=

AIx04 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04H :=

AIx04 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04L :=

AIx04 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=

AIx04 EU LOW (–99999.000 to 99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx04EL setting)

AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx04LW1 :=

AIx04 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to 99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to 99999.000) AIx04HAL :=
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AIx05

AIx06

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx05 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx05NAM :=

AIx05 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx05TYP :=

AIx05 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05L :=

AIx05 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05H :=

AIx05 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05L :=

AIx05 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to 99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx05EL setting)

AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx05LW1 :=

AIx05 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to 99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to 99999.000) AIx05HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx06 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx06NAM :=

AIx06 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx06TYP :=

AIx06 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06L :=

AIx06 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06H :=

AIx06 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06L :=

AIx06 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to 99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx06EL setting)

AIx06EH :=
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AIx07

AIx08

AIx06 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx06LW1 :=

AIx06 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to 99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to 99999.000) AIx06HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx07 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx07NAM :=

AIx07 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx07TYP :=

AIx07 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07L :=

AIx07 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07H :=

AIx07 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07L :=

AIx07 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to 99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx07EL setting)

AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx07LW1 :=

AIx07 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to 99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to 99999.000) AIx07HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx08 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx08NAM :=

AIx08 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx08TYP :=

AIx08 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08L :=
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AOx01

AIx08 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08H :=

AIx08 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08L :=

AIx08 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to 99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx08EL setting)

AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx08LW1 :=

AIx08 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to 99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to 99999.000) AIx08HAL :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx01 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx01AQ :=

AOx01 TYPE (I, V)
(Hidden when AOx01AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx01TYP :=

AOx01 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF)

AOx01AQL :=

AOx01 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF; must be greater than AOx01AQL setting)

AOx01AQH :=

AOx01 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=

AOx01 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.37
of 90

Date _______________ SEL-710-5 Settings Sheets
AOx02 Global Settings

AOx02

AOx03

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx02 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx02AQ :=

AOx02 TYPE (I, V)
(Hidden when AOx02AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx02TYP :=

AOx02 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF)

AOx02AQL :=

AOx02 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF; must be greater than AOx02AQL setting)

AOx02AQH :=

AOx02 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

AOx02 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx03 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx03AQ :=

AOx03 TYPE (I, V)
(Hidden when AOx03AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx03TYP :=

AOx03 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF)

AOx03AQL :=

AOx03 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF; must be greater than AOx03AQL setting)

AOx03AQH :=

AOx03 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=

AOx03 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=
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AOx04

Breaker Monitor

Data Reset

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx04 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx04AQ :=

AOx04 TYPE (I, V)
(Hidden when AOx04AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx04TYP :=

AOx04 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF)

AOx04AQL :=

AOx04 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF; must be greater than AOx04AQL setting)

AOx04AQH :=

AOx04 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

AOx04 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

BREAKER MONITOR (Y, N)
(Hidden if EBMON := N)

EBMON :=

CL/OPN OPS SETPT 1 (0–65000)
(COSP1 must be > COSP2)

COSP1 :=

CL/OPN OPS SETPT 2 (0–65000)
(COSP2 must be > COSP3)

COSP2 :=

CL/OPN OPS SETPT 3 (0–65000) COSP3 :=

kA PRI INTERRPTD 1 (0.10–999.00)
(KASP1 must be < KASP2)

KASP1 :=

kA PRI INTERRPTD 2 (0.10–999.00)
(KASP2 must be < KASP3)

KASP2 :=

kA PRI INTERRPTD 3 (0.10–999.00)
(KASP3 must be at least 5 times but no more than 100 times the KASP1 value)

KASP3 :=

BRKR MON CONTROL (SELOGIC) BKMON :=

RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY :=
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Access Control
(DSABLSET applies only to the front panel, DSABLSET := 1 does not prevent settings change via the SET serial port 

command)

Time-Synchronization Source
(Category is hidden when PTC is available)

Two-Position Disconnect

RESET MAX/MIN (SELOGIC) RSTMXMN :=

RESET MOT REPORT (SELOGIC) RSTMOT :=

DISABLE SETTINGS (SELOGIC) DSABLSET :=

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

EN 2P DISC (N, 1–8) 89EN2P :=

2P DISC 1 NAME (16 characters) 89NM2P1 :=

2P DISC 1 MODE (Control, Monitor) 89MD2P1 :=

DISC 1 N/O CONT (SELOGIC) 89A2P1 :=

DISC 1 N/C CONT (SELOGIC) 89B2P1 :=

DISC 1 ALM PU (0.00–300.00 sec) 89A2P1D :=

DISC 1 SEALIN (0.00–300.00 sec) 89S2P1D :=

DISC 1 IMMOBI (0.00–300.00 sec) 89I2P1D :=

DISC 1 CL CONT (SELOGIC) 89RC2P1 :=

DISC 1 CL BLK (SELOGIC) 89CB2P1 :=

DISC 1 CL RST (SELOGIC) 89CR2P1 :=

DISC 1 CL IM RS (SELOGIC) 89CT2P1 :=

DISC 1 OP CONT (SELOGIC) 89RO2P1 :=

DISC 1 OP BLK (SELOGIC) 89OB2P1 :=

DISC 1 OP RST (SELOGIC) 89OR2P1 :=

DISC 1 OP IM RS (SELOGIC) 89OT2P1 :=

2P DISC 2 NAME (16 characters) 89NM2P2 :=

2P DISC 2 MODE (Control, Monitor) 89MD2P2 :=

DISC 2 N/O CONT (SELOGIC) 89A2P2 :=

DISC 2 N/C CONT (SELOGIC) 89B2P2 :=

DISC 2 ALM PU (0.00–300.00 sec) 89A2P2D :=

DISC 2 SEALIN (0.00–300.00 sec) 89S2P2D :=

DISC 2 IMMOBI (0.00–300.00 sec) 89I2P2D :=

DISC 2 CL CONT (SELOGIC) 89RC2P2 :=

DISC 2 CL BLK (SELOGIC) 89CB2P2 :=

DISC 2 CL RST (SELOGIC) 89CR2P2 :=
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DISC 2 CL IM RS (SELOGIC) 89CT2P2 :=

DISC 2 OP CONT (SELOGIC) 89RO2P2 :=

DISC 2 OP BLK (SELOGIC) 89OB2P2 :=

DISC 2 OP RST (SELOGIC) 89OR2P2 :=

DISC 2 OP IM RS (SELOGIC) 89OT2P2 :=

2P DISC 3 NAME (16 characters) 89NM2P3 :=

2P DISC 3 MODE (Control, Monitor) 89MD2P3 :=

DISC 3 N/O CONT (SELOGIC) 89A2P3 :=

DISC 3 N/C CONT (SELOGIC) 89B2P3 :=

DISC 3 ALM PU (0.00–300.00 sec) 89A2P3D :=

DISC 3 SEALIN (0.00–300.00 sec) 89S2P3D :=

DISC 3 IMMOBI (0.00–300.00 sec) 89I2P3D :=

DISC 3 CL CONT (SELOGIC) 89RC2P3 :=

DISC 3 CL BLK (SELOGIC) 89CB2P3 :=

DISC 3 CL RST (SELOGIC) 89CR2P3 :=

DISC 3 CL IM RS (SELOGIC) 89CT2P3 :=

DISC 3 OP CONT (SELOGIC) 89RO2P3 :=

DISC 3 OP BLK (SELOGIC) 89OB2P3 :=

DISC 3 OP RST (SELOGIC) 89OR2P3 :=

DISC 3 OP IM RS (SELOGIC) 89OT2P3 :=

2P DISC 4 NAME (16 characters) 89NM2P4 :=

2P DISC 4 MODE (Control, Monitor) 89MD2P4 :=

DISC 4 N/O CONT (SELOGIC) 89A2P4 :=

DISC 4 N/C CONT (SELOGIC) 89B2P4 :=

DISC 4 ALM PU (0.00–300.00 sec) 89A2P4D :=

DISC 4 SEALIN (0.00–300.00 sec) 89S2P4D :=

DISC 4 IMMOBI (0.00–300.00 sec) 89I2P4D :=

DISC 4 CL CONT (SELOGIC) 89RC2P4 :=

DISC 4 CL BLK (SELOGIC) 89CB2P4 :=

DISC 4 CL RST (SELOGIC) 89CR2P4 :=

DISC 4 CL IM RS (SELOGIC) 89CT2P4 :=

DISC 4 OP CONT (SELOGIC) 89RO2P4 :=

DISC 4 OP BLK (SELOGIC) 89OB2P4 :=

DISC 4 OP RST (SELOGIC) 89OR2P4 :=

DISC 4 OP IM RS (SELOGIC) 89OT2P4 :=

2P DISC 5 NAME (16 characters) 89NM2P5 :=

2P DISC 5 MODE (Control, Monitor) 89MD2P5 :=

DISC 5 N/O CONT (SELOGIC) 89A2P5 :=

DISC 5 N/C CONT (SELOGIC) 89B2P5 :=

DISC 5 ALM PU (0.00–300.00 sec) 89A2P5D :=

DISC 5 SEALIN (0.00–300.00 sec) 89S2P5D :=
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DISC 5 IMMOBI (0.00–300.00 sec) 89I2P5D :=

DISC 5 CL CONT (SELOGIC) 89RC2P5 :=

DISC 5 CL BLK (SELOGIC) 89CB2P5 :=

DISC 5 CL RST (SELOGIC) 89CR2P5 :=

DISC 5 CL IM RS (SELOGIC) 89CT2P5 :=

DISC 5 OP CONT (SELOGIC) 89RO2P5 :=

DISC 5 OP BLK (SELOGIC) 89OB2P5 :=

DISC 5 OP RST (SELOGIC) 89OR2P5 :=

DISC 5 OP IM RS (SELOGIC) 89OT2P5 :=

2P DISC 6 NAME (16 characters) 89NM2P6 :=

2P DISC 6 MODE (Control, Monitor) 89MD2P6 :=

DISC 6 N/O CONT (SELOGIC) 89A2P6 :=

DISC 6 N/C CONT (SELOGIC) 89B2P6 :=

DISC 6 ALM PU (0.00–300.00 sec) 89A2P6D :=

DISC 6 SEALIN (0.00–300.00 sec) 89S2P6D :=

DISC 6 IMMOBI (0.00–300.00 sec) 89I2P6D :=

DISC 6 CL CONT (SELOGIC) 89RC2P6 :=

DISC 6 CL BLK (SELOGIC) 89CB2P6 :=

DISC 6 CL RST (SELOGIC) 89CR2P6 :=

DISC 6 CL IM RS (SELOGIC) 89CT2P6 :=

DISC 6 OP CONT (SELOGIC) 89RO2P6 :=

DISC 6 OP BLK (SELOGIC) 89OB2P6 :=

DISC 6 OP RST (SELOGIC) 89OR2P6 :=

DISC 6 OP IM RS (SELOGIC) 89OT2P6 :=

2P DISC 7 NAME (16 characters) 89NM2P7 :=

2P DISC 7 MODE (Control, Monitor) 89MD2P7 :=

DISC 7 N/O CONT (SELOGIC) 89A2P7 :=

DISC 7 N/C CONT (SELOGIC) 89B2P7 :=

DISC 7 ALM PU (0.00–300.00 sec) 89A2P7D :=

DISC 7 SEALIN (0.00–300.00 sec) 89S2P7D :=

DISC 7 IMMOBI (0.00–300.00 sec) 89I2P7D :=

DISC 7 CL CONT (SELOGIC) 89RC2P7 :=

DISC 7 CL BLK (SELOGIC) 89CB2P7 :=

DISC 7 CL RST (SELOGIC) 89CR2P7 :=

DISC 7 CL IM RS (SELOGIC) 89CT2P7 :=

DISC 7 OP CONT (SELOGIC) 89RO2P7 :=

DISC 7 OP BLK (SELOGIC) 89OB2P7 :=

DISC 7 OP RST (SELOGIC) 89OR2P7 :=

DISC 7 OP IM RS (SELOGIC) 89OT2P7 :=

2P DISC 8 NAME (16 characters) 89NM2P8 :=

2P DISC 8 MODE (Control, Monitor) 89MD2P8 :=
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Three-Position Disconnect

DISC 8 N/O CONT (SELOGIC) 89A2P8 :=

DISC 8 N/C CONT (SELOGIC) 89B2P58 :=

DISC 8 ALM PU (0.00–300.00 sec) 89A2P8D :=

DISC 8 SEALIN (0.00–300.00 sec) 89S2P8D :=

DISC 8 IMMOBI (0.00–300.00 sec) 89I2P8D :=

DISC 8 CL CONT (SELOGIC) 89RC2P8 :=

DISC 8 CL BLK (SELOGIC) 89CB2P8 :=

DISC 8 CL RST (SELOGIC) 89CR2P8 :=

DISC 8 CL IM RS (SELOGIC) 89CT2P8 :=

DISC 8 OP CONT (SELOGIC) 89RO2P8 :=

DISC 8 OP BLK (SELOGIC) 89OB2P8 :=

DISC 8 OP RST (SELOGIC) 89OR2P8 :=

DISC 8 OP IM RS (SELOGIC) 89OT2P8 :=

EN 3P DISC (N, 1–2) 89EN3P :=

3P DISC 1 NAME (16 characters) 89NM3P1 :=

3P DISC 1 MODE (Control, Monitor) 89MD3P1 :=

LDISC 1 N/O CONT (SELOGIC) 89A3PL1 :=

LDISC 1 N/C CONT (SELOGIC) 89B3PL1 :=

LDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PL1D :=

LDISC 1 SEALIN (0.00–300.00 sec) 89S3PL1D :=

LDISC 1 IMMOBI (0.00–300.00 sec) 89I3PL1D :=

LDISC 1 CL CONT (SELOGIC) 89RC3PL1 :=

LDISC 1 CL BLK (SELOGIC) 89CB3PL1 :=

LDISC 1 CL RST (SELOGIC) 89CR3PL1 :=

LDISC 1 CL IM RS (SELOGIC) 89CT3PL1 :=

LDISC 1 OP CONT (SELOGIC) 89RO3PL1 :=

LDISC 1 OP BLK (SELOGIC) 89OB3PL1 :=

LDISC 1 OP RST (SELOGIC) 89OR3PL1 :=

LDISC 1 OP IM RS (SELOGIC) 89OT3PL1 :=

EDISC 1 N/O CONT (SELOGIC) 89A3PE1 :=

EDISC 1 N/C CONT (SELOGIC) 89B3PE1 :=

EDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PE1D :=

EDISC 1 SEALIN (0.00–300.00 sec) 89S3PE1D :=

EDISC 1 IMMOBI (0.00–300.00 sec) 89I3PE1D :=

EDISC 1 CL CONT (SELOGIC) 89RC3PE1 :=

EDISC 1 CL BLK (SELOGIC) 89CB3PE1 :=

EDISC 1 CL RST (SELOGIC) 89CR3PE1 :=

EDISC 1 CL IM RS (SELOGIC) 89CT3PE1 :=

EDISC 1 OP CONT (SELOGIC) 89RO3PE1 :=
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Control Configuration

61850 Mode Control
(Hidden when IEC 61850 is not supported)

EDISC 1 OP BLK (SELOGIC) 89OB3PE1 :=

EDISC 1 OP RST (SELOGIC) 89OR3PE1 :=

EDISC 1 OP IM RS (SELOGIC) 89OT3PE1 :=

3P DISC 2 NAME (16 characters) 89NM3P2 :=

3P DISC 2 MODE (Control, Monitor) 89MD3P2 :=

LDISC 2 N/O CONT (SELOGIC) 89A3PL2 :=

LDISC 2 N/C CONT (SELOGIC) 89B3PL2 :=

LDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PL2D :=

LDISC 2 SEALIN (0.00–300.00 sec) 89S3PL2D :=

LDISC 2 IMMOBI (0.00–300.00 sec) 89I3PL2D :=

LDISC 2 CL CONT (SELOGIC) 89RC3PL2 :=

LDISC 2 CL BLK (SELOGIC) 89CB3PL2 :=

LDISC 2 CL RST (SELOGIC) 89CR3PL2 :=

LDISC 2 CL IM RS (SELOGIC) 89CT3PL2 :=

LDISC 2 OP CONT (SELOGIC) 89RO3PL2 :=

LDISC 2 OP BLK (SELOGIC) 89OB3PL2 :=

LDISC 2 OP RST (SELOGIC) 89OR3PL2 :=

LDISC 2 OP IM RS (SELOGIC) 89OT3PL2 :=

EDISC 2 N/O CONT (SELOGIC) 89A3PE2 :=

EDISC 2 N/C CONT (SELOGIC) 89B3PE2 :=

EDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PE2D :=

EDISC 2 SEALIN (0.00–300.00 sec) 89S3PE2D :=

EDISC 2 IMMOBI (0.00–300.00 sec) 89I3PE2D :=

EDISC 2 CL CONT (SELOGIC) 89RC3PE2 :=

EDISC 2 CL BLK (SELOGIC) 89CB3PE2 :=

EDISC 2 CL RST (SELOGIC) 89CR3PE2 :=

EDISC 2 CL IM RS (SELOGIC) 89CT3PE2 :=

EDISC 2 OP CONT (SELOGIC) 89RO3PE2 :=

EDISC 2 OP BLK (SELOGIC) 89OB3PE2 :=

EDISC 2 OP RST (SELOGIC) 89OR3PE2 :=

EDISC 2 OP IM RS (SELOGIC) 89OT3PE2 :=

ENABLE LOC REM CON (Y, N) EN_LRC :=

LOCAL CONTROL (SELOGIC) LOCAL :=

CONTROL FOR IEC 61850 BLOCKED MODE (SELOGIC) SC850BM :=

CONTROL FOR IEC 61850 TEST MODE (SELOGIC) SC850TM :=
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61850 Simulation Mode
(Hidden when IEC 61850 is not supported)

61850 Local Remote
(Hidden when IEC 61850 is not supported)

SET PORT p (p = F, 1, 2, 3, or 4) Command

PORT F

Communications

Modbus

PORT 1
Ethernet Port in Slot B.
(Hidden when Ethernet option is not included) (IP addresses are entered using zzz = 1–126, 128–223; yyy = 0–255; 

xxx = 0–255; www = 0–255)

SELOGIC CONTROL FOR IEC 61850 SIMULATION MODE (SELOGIC) SC850SM :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT STATION LEVEL 
(SELOGIC) SC850LS :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT LOCAL/BAY LEVEL 
(SELOGIC) LOC :=

SELOGIC CONTROL FOR MULTILEVEL MODE OF CONTROL AUTHORITY 
(SELOGIC) MLTLEV :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD)

BITS :=

PARITY (O, E, N) PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD)

AUTO :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL)

SLAVEID :=

ENABLE PORT (Y, N) EPORT :=

ENABLE ETHERNET FIRMWARE UPGRADE (Y, N) EETHFWU :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=
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DEFAULT ROUTER (zzz.yyy.xxx.www)
Note: Setting DEFRTR := 0.0.0.0 disables the default router.

DEFRTR :=

ENABLE TCP KEEP-ALIVE (Y, N) ETCPKA :=

TCP Keep-Alive Idle Range (1–20 sec)
(Hidden when ETCPKA := N)

KAIDLE :=

TCP Keep-Alive Interval Range (1–20 sec)
(Hidden when ETCPKA := N)

KAINTV :=

TCP Keep-Alive Count Range (1–20)
(Hidden when ETCPKA := N)

KACNT :=

OPERATING MODE (FIXED, FAILOVER, SWITCHED, PRP)
(Hidden when dual redundant Ethernet Port option is not included)

NETMODE :=

FAILOVER TIMEOUT (OFF, 0.10–65.00 sec)
(Hidden when dual redundant Ethernet Port option is not included or when 

NETMODE is not set to FAILOVER)

FTIME :=

PRIMARY NETPORT (A, B)
(Hidden when dual redundant Ethernet Port option is not included)

NETPORT :=

PRP ENTRY TIMEOUT (400–10000 ms)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPTOUT :=

PRP DESTINATION ADDR LSB (0–255)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPADDR :=

PRP SUPERVISION TX INTERVAL (1–10 s)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPINTV :=

NETWRK PORTA SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETASPD :=

NETWRK PORTB SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

TELNET PORT (23, 1025–65534)
Note: See Table SET.1 and the note at the end of PORT 1 settings.

TPORT :=

TELNET CONNECT BANNER (254 characters) TCBAN :=

TELNET TIME-OUT (1–30 min) TIDLE :=

FAST OP MESSAGES (Y, N)
Note: The FAST OP MESSAGES setting only functions when using SEL Fast 

Operate protocol to operate/set/pulse breaker bits and remote bits. This setting has 
no effect on Modbus, DNP, EtherNet/IP, or IEC 61850 protocols.

FASTOP :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP MAXIMUM ACCESS (LEVEL 1, 2, C) FTPACC :=

FTP USER NAME (20 characters) FTPUSER :=

FTP CONNECT BANNER (254 characters) FTPCBAN :=

FTP IDLE TIME-OUT (5–255 min) FTPIDLE :=

ENABLE IEC 61850 PROTOCOL (Y, N)
(Hidden and forced to N when IEC 61850  is not supported)

E61850 :=

ENABLE IEC 61850 GSE (Y, N)
(Hidden and forced to N when E61850 := N)

EGSE :=

ENABLE MMS FILE SERVICES (Y, N) EMMSFS :=
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DNP3 Protocol
(All of the following DNP3 settings are hidden when DNP3 is not an option)

Session 1

ENABLE 61850 MODE/BEHAVIOR CONTROL (Y, N) E850MBC :=

ENABLE GOOSE Tx IN OFF MODE (Y, N) EOFFMTX :=

ENABLE MODBUS SESSIONS (0–2) EMOD :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0)

MODIP1 :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0 or 1)

MODIP2 :=

Note: MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, which effectively disables 
security and allows any master to communicate).

MODBUS TCP PORT1 (1–65534)
(Hidden when EMOD := 0) 
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM1 :=

MODBUS TCP PORT2 (1–65534)
(Hidden when EMOD := 0 or 1)
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM2 :=

MODBUS TIMEOUT 1 (15–900 sec)
(Hidden when EMOD := 0)

MTIMEO1 :=

MODBUS TIMEOUT 2 (15–900 sec)
(Hidden when EMOD := 0 or 1)

MTIMEO2 :=

ENABLE HTTP SERVER (Y, N) EHTTP :=

HTTP MAXIMUM ACCESS LEVEL (1, 2, C)
(Hidden when EHTTP := N)

HTTPACC :=

HTTP SERVER TCP/IP PORT NUMBER (1–65534)
(Hidden when EHTTP := N)
(NOTE: See Table SET.3 and the note at the end of PORT 1settings)

HTTPPORT :=

HTTP CONNECT BANNER (254 ASCII printable characters
(Hidden when EHTTP := N)

HTTPBAN :=

HTTP WEB SERVER TIMEOUT (1–60 min)
(Hidden when EHTTP := N)

HTTPIDLE :=

ENABLE RSTP (Y, N)
(Hidden when the dual redundant Ethernet port option is not included or if 

NETMODE ≠ SWITCHED)

ERSTP :=

BRIDGE PRIORITY (0–61440)
(Hidden if ERSTP := N; input must be set in increments of 4096)

BRDGPRI :=

PORTA PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTAPRI :=

PORTB PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTBPRI :=

ENABLE DNP SESSIONS (0–5)
(The following DNP3 settings are hidden when EDNP := 0)

EDNP :=

DNP TCP AND UDP PORT (1–65534)
See Table SET.3 and the note at the end of PORT 1 settings.

DNPNUM :=

DNP ADDRESS (0–65519) DNPADR :=

(The DNP IP address of each session (DNPIP1, DNPIP2, etc.) must be unique)

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP1 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR1 :=
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Session 2
(All Session 2 settings are hidden when EDNP < 2)

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP1 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6)
(Only applies to objects 30 and 32)

DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 :=  0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR1 := UDP)

DNPINA1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT ON TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP2 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR2 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP2 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR2 :=

DNP MAP (1–3) DNPMAP2 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI2 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB2 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC2 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA2 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA2 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV2 :=
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Session 3
(All Session 3 settings are hidden when EDNP < 3)

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM2 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBA2 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBV2 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

MINUTES FOR REQUEST INTERAL (I, M, 1–32767) TIMERQ2 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO2 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR2 := UDP)

DNPINA2 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO2 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA2 := 0, ECLASSB2 := 0, and 

ECLASSC2 := 0)
(All subsequent settings are hidden and forced to N if UNSOL2 := N)

UNSOL2 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL2 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE2 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE2 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY2 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO2 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP3 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR3 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP3 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR3 :=

DNP MAP (1–3) DNPMAP3 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI3 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB3 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC3 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA3 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA3 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV3 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM3 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBA3 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBV3 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ3 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO3 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR3 := UDP)

DNPINA3 :=
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(All Session 4 settings are hidden when EDNP < 4)

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO3 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA3 := 0, ECLASSB3 := 0, and 

ECLASSC3 := 0)
(All subsequent settings are hidden and forced to N if UNSOL3 := N)

UNSOL3 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL3 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE3 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE3 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY3 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO3 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP4 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR4 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP4 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR4 :=

DNP MAP (1–3) DNPMAP4 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI4 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB4 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC4 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA4 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA4 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV4 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM4 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBA4 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBV4 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0 and ECLASSC4 := 0)

ANADBM4 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ4 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO4 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR4 := UDP)

DNPINA4 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO4 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA4 := 0, ECLASSB4 := 0, and 

ECLASSC4 := 0)
(All subsequent settings are hidden and forced to N if UNSOL4 := N)

UNSOL4 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N)
(Hidden when UNSOL3 := N)

PUNSOL4 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE4 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE4 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY4 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO4 :=
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Session 5
(All Session 5 settings are hidden when EDNP < 5)

SNTP Client Protocol Settings

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP5 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR5 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP5 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR5 :=

DNP MAP (1–3) DNPMAP5 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI5 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB5 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC5 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA5 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA5 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV5 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM5 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBA5 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBV5 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0 and ECLASSC5 := 0)

ANADBM5 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ5 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO5 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR5 := UDP)

DNPINA5 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO5 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA5 := 0, ECLASSB5 := 0, and 

ECLASSC5 := 0)
(All subsequent settings are hidden and forced to N if UNSOL5 := N)

UNSOL5 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL5 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE5 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE5 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY5 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO5 :=

ENABLE SNTP CLIENT (OFF, UNICAST, MANYCAST, BROADCAST)
(All subsequent category settings are hidden if ESNTP := OFF)

ESNTP :=

PRIMARY SERVER IP ADDRESS (zzz.yyy.xxx.www)
(To accept updates from any server when ESNTP := BROADCAST, set SNTPPSIP 

to 0.0.0.0; only IP addresses in the range 224.0.0.1 through 239.255.255.255 are 
valid when ESNTP := MANYCAST)

SNTPPSIP :=

Make the following setting when ESNTP := UNICAST

BACKUP SERVER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if ESNTP is not equal to UNICAST)

SNTPBSIP :=

SNTP IP (LOCAL) PORT NUMBER (1–65534)
See Port Number Settings Must be Unique and Table SET.3

SNTPPORT :=
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PTP Settings

EtherNet/IP Settings

SNTP UPDATE RATE (15–3600 sec) SNTPRATE :=

Make the following setting when ESNTP := UNICAST or MANYCAST

SNTP TIMEOUT (5–20 sec)
(Hidden and forced to 5 if ESNTP := BROADCAST)
(SNTPTO must be less than setting SNTPRATE)

SNTPTO :=

ENABLE PTP (Y, N)
(All subsequent category settings are hidden if EPTP := N)
(Hidden and forced to N if NETMODE := SWITCHED)

EPTP :=

PTP PROFILE (DEFAULT, C37.238)
(Hidden and forced to C37.238 if NETMODE := PRP)

PTPPRO :=

PTP TRANSPORT MECHANISM (UDP, LAYER2)
(Hidden and forced to LAYER2 if PTPPRO := C37.238 or if NETMODE := PRP)

PTPTR :=

PTP DOMAIN NUMBER (0–255) DOMNUM :=

PTP PATH DELAY MECHANISM (P2P, E2E, OFF)
(Hidden and forced to P2P if PTPPRO := C37.238 or if NETMODE := PRP)

PTHDLY :=

PEER DELAY REQUEST INTERVAL (1, 2, 4, 8, 16, 32, 64 seconds)
(Hidden if PTHDLY ≠ P2P and if PTPPRO ≠ C37.238 and if NETMODE ≠ PRP)

PDINT :=

PTP NUMBER OF ACCEPTABLE MASTERS, (OFF, 1–5) AMNUM :=

PTP ACCEPTABLE MASTER n IP (zzz.yyy.xxx.www)
(Hidden if n > AMNUM or if AMNUM := OFF or if PTPTR := LAYER2 or if 

NETMODE := PRP or if PTPPRO := C37.238)

AMIPn :=

PTP ACCEPTABLE MASTER n MAC (xx:xx:xx:xx:xx:xx)
(Hidden if AMNUM := OFF or if NETMODE ≠ PRP and if PTPTR ≠ LAYER2 and 

if PTPPRO ≠ C37.238)

AMMACn :=

PTP ALTERNATIVE PRIORITY1 FOR MASTER n (0–255)
(Hidden if n > AMNUM or if AMNUM := OFF)

ALTPRIn :=

PTP VLAN IDENTIFIER (1–4094)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLAN :=

PTP VLAN PRIORITY (0–7)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLANPR :=

ENABLE ETHERNET IP (Y, N) EEIP :=

CONFIGURATION ID (0–255) CONFIGID :=

MAJOR EDS REVISION (1–255) MAJORED
S

:=

MINOR EDS REVISION (1–255) MINOREDS :=

NUMBER OF IP ADDRESSES FOR EIP SCANNER (OFF, 1–8)
(OFF allows anonymous clients)

NUMIP :=

IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if NUMIP := OFF, or if n > NUMIP
NOTE: EIPIPn settings shall not be equal to the value of the IPADDR setting. EIPIP1 

through EIPIP8 must be unique)

EIPIPn :=

NUMBER OF IO CONNECTIONS (1–6) NUMCONN :=

APLLICATION TYPE (EXCLUSIVE_OWNER, INPUT_ONLY)
(NOTE: At most, three EXCLUSIVE_OWNER types are allowed)

APPTYPn :=

INPUT ASSEMBLY (IA1, IA2, IA3, OA1, OA2, OA3) INASSMn :=

OUTPUT ASSEMBLY (OA1, OA2, OA3)
(Hidden if APPTYPn := INPUT_ONLY)

OUTASSMn :=
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.3 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

PORT 2
(Fiber-Optic Serial Port in Slot B; the following settings are autoset and hidden if E49RTD := EXT)

P

Communications

Modbus

Table SET.3 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO := DEFAULT and PTPTR := UDP, 
Ports 319 and 320 are reserved

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are reserved)

a. MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 
numbers of other protocols.

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD, DNP, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when E49RTD := EXT or PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, SEL, or MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=
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DNP3 Protocol
(Hidden when PROTO := SEL, MB_, 103,or MOD)

MIRRORED BITS Protocol
(Hidden when PROTO:= SEL, 103, DNP, or MOD)

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PIKCUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

PORT 3
EIA-232/485 Port in Slot B.

Communications

RMB3 PIKCUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, or 

MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.55
of 90

Date _______________ SEL-710-5 Settings Sheets
PORT 3 SET PORT p (p = F, 1, 2, 3, or 4) Command

Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, 103, MB_, or MOD)

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=

DNP Address (0–65519) DNPADR :=

DNP Address to Report to (0–65519) REPADR1 :=

DNP Map (1–3) DNPMAP1 :=

Analog Input Default Variation (1–6) DVARAI1 :=

Class for Binary Event Data (0–3) ECLASSB1 :=

Class for Counter Event Data (0–3) ECLASSC1 :=

Class for Analog Event Data (0–3) ECLASSA1 :=

Currents Scaling Decimal Places (0–3) DECPLA1 :=

Voltages Scaling Decimal Places (0–3) DECPLV1 :=

Misc Data Scaling Decimal Places (0–3) DECPLM1 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0  and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N) PUNSOL1 :=

Number of Events to Transmit On (1–200) NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec) AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10) URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec) UTIMEO1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, 103, or MOD)

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR :=

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 sec) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 s) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 s) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=
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PORT 4
EIA-232/485 Port or DeviceNet Port in Slot C.

Interface Select
(Hidden when PROTO := DNET)

Communications

Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, MB_, DNET, 103, or MOD)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL 
(SEL, DNP, MOD, DNET, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103)

PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

COMM INTERFACE (232, 485) COMMINF :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps)
(Hidden when PROTO := DNET)

SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := DNET or MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden when PROTO := MOD, MB_, DNET, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, 103, 

MB_, or DNET)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := DNP, MOD, MB_, DNET, or 103)

FASTOP :=

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, MB_, or DNET)

SLAVEID :=

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, DNET, 103, or MOD)

CLAS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0 sec) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5 sec)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MODEM CONNECTED TO PORT (Y, N) MODEM :=

MODEM STARTUP STRING (30 characters) MSTR :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM1 :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM2 :=

RETRY ATTEMPTS FOR PHONE 1 DIAL-OUT (1–20) RETRY1 :=

RETRY ATTEMPTS FOR PHONE 2 DIAL-OUT (1–20) RETRY2 :=

TIME TO ATTEMPT DIAL (5–300 sec) MDTIME :=

TIME BETWEEN DIAL-OUT ATTEMPTS (5–3600 sec) MDRET :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.59
of 90

Date _______________ SEL-710-5 Settings Sheets
General Front-Panel Settings (Set F Command)

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Front-Panel Settings (Set F Command)

General

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PICKUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=

RMB3 PICKUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

DISPLY PTS ENABL (N, 1–32)
(Hidden and forced to N if the front-panel MOT option is A/B)

EDP :=

LOCAL BITS ENABL (N, 1–32) ELB :=

LCD TIMEOUT (OFF, 1–30 min)
(Hidden and forced to OFF if the front-panel MOT option is A/B)

FP_TO :=

LCD CONTRAST (1–8)
(Hidden if the front-panel MOT option is A/B)

FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING)
(Hidden and forced to N if the front-panel MOT option is A/B)

FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

ENA_LED COLOR (R = Red, G = Green, A = Amber)
(Hidden and forced to N if the front-panel MOT option is A/B)

LEDENAC :=

TRIP_LED COLOR (R = Red, G = Green, A = Amber) LEDTRPC :=

MAXIMUM ACCESS LEVEL (1, 2)
(Hidden if the front-panel MOT option is A/B)

MAXACC :=
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Target LED
(R = Red, G = Green, A= Amber)

Operator Control LED
Asserted/deasserted color choices: R = Red, G = Green, A = Amber, O = Off. Asserted and deasserted colors must be 

different.

TRIP LATCH T_LED (Y, N) T01LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T01LEDC :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T02LEDC :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T03LEDC :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T04LEDC :=

LED4 EQUATION (SELOGIC) T04_LED :=

TRIP LATCH T_LED (Y, N) T05LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T05LEDC :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T06LEDC :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1ALEDC :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1BLEDC :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2ALEDC :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2BLEDC :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3ALEDC :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3BLEDC :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4ALEDC :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=
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Display Point
(The following display point settings are hidden if the front-panel MOT option is A/B)
Display point settings (maximum 60 characters):

Boolean: Relay Word Bit Name, “Alias”, “Set String”, “Clear String”
Analog: Analog Quantity Name, “User Text and Formatting”

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4BLEDC :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5ALEDC :=

PB5A_LED EQUATION (SELOGIC) PB5A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5BLEDC :=

PB5B_LED EQUATION (SELOGIC) PB5B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6ALEDC :=

PB6A_LED EQUATION (SELOGIC) PB6A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6BLEDC :=

PB6B_LED EQUATION (SELOGIC) PB6B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7ALEDC :=

PB7A_LED EQUATION (SELOGIC) PB7A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7BLEDC :=

PB7B_LED EQUATION (SELOGIC) PB7B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8ALEDC :=

PB8A_LED EQUATION (SELOGIC) PB8A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8BLEDC :=

PB8B_LED EQUATION (SELOGIC) PB8B_LED :=

DISPLAY POINT DP01 DP01 :=

DISPLAY POINT DP02 DP02 :=

DISPLAY POINT DP03 DP03 :=

DISPLAY POINT DP04 DP04 :=

DISPLAY POINT DP05 DP05 :=

DISPLAY POINT DP06 DP06 :=

DISPLAY POINT DP07 DP07 :=

DISPLAY POINT DP08 DP08 :=

DISPLAY POINT DP09 DP09 :=

DISPLAY POINT DP10 DP10 :=

DISPLAY POINT DP11 DP11 :=

DISPLAY POINT DP12 DP12 :=

DISPLAY POINT DP13 DP13 :=

DISPLAY POINT DP14 DP14 :=
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Local Bits Labels
LB_NAME (14 characters); CLEAR LB_ LABEL, SET LB_ LABEL, and PULSE LB_ LABEL (7 characters)

DISPLAY POINT DP15 DP15 :=

DISPLAY POINT DP16 DP16 :=

DISPLAY POINT DP17 DP17 :=

DISPLAY POINT DP18 DP18 :=

DISPLAY POINT DP19 DP19 :=

DISPLAY POINT DP20 DP20 :=

DISPLAY POINT DP21 DP21 :=

DISPLAY POINT DP22 DP22 :=

DISPLAY POINT DP23 DP23 :=

DISPLAY POINT DP24 DP24 :=

DISPLAY POINT DP25 DP25 :=

DISPLAY POINT DP26 DP26 :=

DISPLAY POINT DP27 DP27 :=

DISPLAY POINT DP28 DP28 :=

DISPLAY POINT DP29 DP29 :=

DISPLAY POINT DP30 DP30 :=

DISPLAY POINT DP31 DP31 :=

DISPLAY POINT DP32 DP32 :=

LB_NAME NLB01 :=

CLEAR LB_ LABEL CLB01 :=

SET LB_ LABEL SLB01 :=

PULSE LB_ LABEL PLB01 :=

LB_NAME NLB02 :=

CLEAR LB_ LABEL CLB02 :=

SET LB_ LABEL SLB02 :=

PULSE LB_ LABEL PLB02 :=

LB_NAME NLB03 :=

CLEAR LB_ LABEL CLB03 :=

SET LB_ LABEL SLB03 :=

PULSE LB_ LABEL PLB03 :=

LB_NAME NLB04 :=

CLEAR LB_ LABEL CLB04 :=

SET LB_ LABEL SLB04 :=

PULSE LB_ LABEL PLB04 :=

LB_NAME NLB05 :=

CLEAR LB_ LABEL CLB05 :=

SET LB_ LABEL SLB05 :=

PULSE LB_ LABEL PLB05 :=

LB_NAME NLB06 :=

CLEAR LB_ LABEL CLB06 :=

SET LB_ LABEL SLB06 :=

PULSE LB_ LABEL PLB06 :=

LB_NAME NLB07 :=

CLEAR LB_ LABEL CLB07 :=

SET LB_ LABEL SLB07 :=

PULSE LB_ LABEL PLB07 :=

LB_NAME NLB08 :=

CLEAR LB_ LABEL CLB08 :=

SET LB_ LABEL SLB08 :=

PULSE LB_ LABEL PLB08 :=

LB_NAME NLB09 :=

CLEAR LB_ LABEL CLB09 :=

SET LB_ LABEL SLB09 :=

PULSE LB_ LABEL PLB09 :=

LB_NAME NLB10 :=

CLEAR LB_ LABEL CLB10 :=

SET LB_ LABEL SLB10 :=

PULSE LB_ LABEL PLB10 :=
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LB_NAME NLB11 :=

CLEAR LB_ LABEL CLB11 :=

SET LB_ LABEL SLB11 :=

PULSE LB_ LABEL PLB11 :=

LB_NAME NLB12 :=

CLEAR LB_ LABEL CLB12 :=

SET LB_ LABEL SLB12 :=

PULSE LB_ LABEL PLB12 :=

LB_NAME NLB13 :=

CLEAR LB_ LABEL CLB13 :=

SET LB_ LABEL SLB13 :=

PULSE LB_ LABEL PLB13 :=

LB_NAME NLB14 :=

CLEAR LB_ LABEL CLB14 :=

SET LB_ LABEL SLB14 :=

PULSE LB_ LABEL PLB14 :=

LB_NAME NLB15 :=

CLEAR LB_ LABEL CLB15 :=

SET LB_ LABEL SLB15 :=

PULSE LB_ LABEL PLB15 :=

LB_NAME NLB16 :=

CLEAR LB_ LABEL CLB16 :=

SET LB_ LABEL SLB16 :=

PULSE LB_ LABEL PLB16 :=

LB_NAME NLB17 :=

CLEAR LB_ LABEL CLB17 :=

SET LB_ LABEL SLB17 :=

PULSE LB_ LABEL PLB17 :=

LB_NAME NLB18 :=

CLEAR LB_ LABEL CLB18 :=

SET LB_ LABEL SLB18 :=

PULSE LB_ LABEL PLB18 :=

LB_NAME NLB19 :=

CLEAR LB_ LABEL CLB19 :=

SET LB_ LABEL SLB19 :=

PULSE LB_ LABEL PLB19 :=

LB_NAME NLB20 :=

CLEAR LB_ LABEL CLB20 :=

SET LB_ LABEL SLB20 :=

PULSE LB_ LABEL PLB20 :=

LB_NAME NLB21 :=

CLEAR LB_ LABEL CLB21 :=

SET LB_ LABEL SLB21 :=

PULSE LB_ LABEL PLB21 :=

LB_NAME NLB22 :=

CLEAR LB_ LABEL CLB22 :=

SET LB_ LABEL SLB22 :=

PULSE LB_ LABEL PLB22 :=

LB_NAME NLB23 :=

CLEAR LB_ LABEL CLB23 :=

SET LB_ LABEL SLB23 :=

PULSE LB_ LABEL PLB23 :=

LB_NAME NLB24 :=

CLEAR LB_ LABEL CLB24 :=

SET LB_ LABEL SLB24 :=

PULSE LB_ LABEL PLB24 :=

LB_NAME NLB25 :=

CLEAR LB_ LABEL CLB25 :=

SET LB_ LABEL SLB25 :=

PULSE LB_ LABEL PLB25 :=

LB_NAME NLB26 :=

CLEAR LB_ LABEL CLB26 :=

SET LB_ LABEL SLB26 :=

PULSE LB_ LABEL PLB26 :=

LB_NAME NLB27 :=

CLEAR LB_ LABEL CLB27 :=

SET LB_ LABEL SLB27 :=

PULSE LB_ LABEL PLB27 :=

LB_NAME NLB28 :=

CLEAR LB_ LABEL CLB28 :=

SET LB_ LABEL SLB28 :=

PULSE LB_ LABEL PLB28 :=

LB_NAME NLB29 :=

CLEAR LB_ LABEL CLB29 :=

SET LB_ LABEL SLB29 :=

PULSE LB_ LABEL PLB29 :=

LB_NAME NLB30 :=

CLEAR LB_ LABEL CLB30 :=

SET LB_ LABEL SLB30 :=

PULSE LB_ LABEL PLB30 :=

LB_NAME NLB31 :=

CLEAR LB_ LABEL CLB31 :=
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Touchscreen Settings
(Shown if the front-panel and IRIG-B/PTC MOT option is A or B)
(Note: The Touchscreen settings category is only available in QuickSet, with the exception of the settings FPTO, FPDUR, 

and FPBAB, which are also available to set via the touchscreen display.)

Touchscreen Configuration

Rotating Display
(Refer to Table 8.7 for the setting range)

Pushbuttons
(OFF, refer to Table 8.17 for the setting range)

SET LB_ LABEL SLB31 :=

PULSE LB_ LABEL PLB31 :=

LB_NAME NLB32 :=

CLEAR LB_ LABEL CLB32 :=

SET LB_ LABEL SLB32 :=

PULSE LB_ LABEL PLB32 :=

DISPLAY HOME SCREEN (Refer to Table 8.17 for setting range) FPHOME :=

DISPLAY TIME-OUT (1–30 min) FPTO :=

ROTATING DISPLAY TRANSITION TIME (3–15 sec) FPDUR :=

BACKLIGHT ACTIVE BRIGHTNESS (1–10) FPBAB :=

ROTATING DISPLAY 01 FPRD01 :=

ROTATING DISPLAY 02 FPRD02 :=

ROTATING DISPLAY 03 FPRD03 :=

ROTATING DISPLAY 04 FPRD04 :=

ROTATING DISPLAY 05 FPRD05 :=

ROTATING DISPLAY 06 FPRD06 :=

ROTATING DISPLAY 07 FPRD07 :=

ROTATING DISPLAY 08 FPRD08 :=

ROTATING DISPLAY 09 FPRD09 :=

ROTATING DISPLAY 10 FPRD10 :=

ROTATING DISPLAY 11 FPRD11 :=

ROTATING DISPLAY 12 FPRD12 :=

ROTATING DISPLAY 13 FPRD13 :=

ROTATING DISPLAY 14 FPRD14 :=

ROTATING DISPLAY 15 FPRD15 :=

ROTATING DISPLAY 16 FPRD16 :=

PUSHBUTTON 01 HMI SCREEN FPPB01 :=

PUSHBUTTON 02 HMI SCREEN FPPB02 :=

PUSHBUTTON 03 HMI SCREEN FPPB03 :=

PUSHBUTTON 04 HMI SCREEN FPPB04 :=
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Bay Control Breaker

Bay Control Two-Position Disconnect

PUSHBUTTON 05 HMI SCREEN FPPB05 :=

PUSHBUTTON 06 HMI SCREEN FPPB06 :=

PUSHBUTTON 07 HMI SCREEN FPPB07 :=

PUSHBUTTON 08 HMI SCREEN FPPB08 :=

BREAKER TRIP TYPE (3) BK01TTY :=

BREAKER MODE (CONTROL, MONITOR) BK01MOD :=

BREAKER CLOSE STATUS (Relay Word bit) BK01CS :=

BREAKER OPEN STATUS (Relay Word bit) BK01OS :=

BREAKER ALARM STATUS (Relay Word bit) BK01AS :=

BREAKER HMI CLOSE COMMAND (Relay Word bit) BK01CLC :=

BREAKER HMI OPEN COMMAND (Relay Word bit) BK01OPC :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D01MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS01CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS01OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS01IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS01AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS01CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS01OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D02MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS02CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS02OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS02IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS02AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS02CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS02OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D03MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS03CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS03OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS03IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS03AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS03CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS03OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D04MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS04CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS04OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS04IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS04AS :=
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Bay Control Three-Position Disconnect

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS04CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS04OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D05MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS05CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS05OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS05IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS05AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS05CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS05OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D06MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS06CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS06OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS06IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS06AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS06CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS06OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D07MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS07CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS07OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS07IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS07AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS07CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS07OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D08MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS08CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS08OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS08IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS08AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS08CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS08OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D01MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID01CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID01OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID01IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID01AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID01CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID01OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED01CS :=
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THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED01OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED01IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED01AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED01CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED01OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D02MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID02CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID02OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID02IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID02AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID02CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID02OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED02CS :=

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED02OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED02IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED02AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED02CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED02OP :=

ANALOG QUANTITY ALAB01 :=

ANALOG QUANTITY ALAB02 :=

ANALOG QUANTITY ALAB03 :=

ANALOG QUANTITY ALAB04 :=

ANALOG QUANTITY ALAB05 :=

ANALOG QUANTITY ALAB06 :=

ANALOG QUANTITY ALAB07 :=

ANALOG QUANTITY ALAB08 :=

ANALOG QUANTITY ALAB09 :=

ANALOG QUANTITY ALAB10 :=

ANALOG QUANTITY ALAB11 :=

ANALOG QUANTITY ALAB12 :=

ANALOG QUANTITY ALAB13 :=

ANALOG QUANTITY ALAB14 :=

ANALOG QUANTITY ALAB15 :=

ANALOG QUANTITY ALAB16 :=

ANALOG QUANTITY ALAB17 :=
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Digital Label

ANALOG QUANTITY ALAB18 :=

ANALOG QUANTITY ALAB19 :=

ANALOG QUANTITY ALAB20 :=

ANALOG QUANTITY ALAB21 :=

ANALOG QUANTITY ALAB22 :=

ANALOG QUANTITY ALAB23 :=

ANALOG QUANTITY ALAB24 :=

ANALOG QUANTITY ALAB25 :=

ANALOG QUANTITY ALAB26 :=

ANALOG QUANTITY ALAB27 :=

ANALOG QUANTITY ALAB28 :=

ANALOG QUANTITY ALAB29 :=

ANALOG QUANTITY ALAB30 :=

ANALOG QUANTITY ALAB31 :=

ANALOG QUANTITY ALAB32 :=

RELAY WORD BIT DLAB01 :=

RELAY WORD BIT DLAB02 :=

RELAY WORD BIT DLAB03 :=

RELAY WORD BIT DLAB04 :=

RELAY WORD BIT DLAB05 :=

RELAY WORD BIT DLAB06 :=

RELAY WORD BIT DLAB07 :=

RELAY WORD BIT DLAB08 :=

RELAY WORD BIT DLAB09 :=

RELAY WORD BIT DLAB10 :=

RELAY WORD BIT DLAB11 :=

RELAY WORD BIT DLAB12 :=

RELAY WORD BIT DLAB13 :=

RELAY WORD BIT DLAB14 :=

RELAY WORD BIT DLAB15 :=

RELAY WORD BIT DLAB16 :=

RELAY WORD BIT DLAB17 :=

RELAY WORD BIT DLAB18 :=

RELAY WORD BIT DLAB19 :=

RELAY WORD BIT DLAB20 :=

RELAY WORD BIT DLAB21 :=

RELAY WORD BIT DLAB22 :=

RELAY WORD BIT DLAB23 :=

RELAY WORD BIT DLAB24 :=
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Report Settings (SET R Command)
SER Trigger Lists

Relay Word Bit Aliases
ALIASn := 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'
Alias, asserted, and deasserted text strings can be as many as 15 characters in length. Use NA to disable the setting.

RELAY WORD BIT DLAB25 :=

RELAY WORD BIT DLAB26 :=

RELAY WORD BIT DLAB27 :=

RELAY WORD BIT DLAB28 :=

RELAY WORD BIT DLAB29 :=

RELAY WORD BIT DLAB30 :=

RELAY WORD BIT DLAB31 :=

RELAY WORD BIT DLAB32 :=

SERn := as many as 24 Relay Word elements, separated by spaces or commas. Use NA to disable the setting.

SER1 :=

SER2 :=  

SER3 :=

SER4 :=

ENABLE ALIAS (N, 1–32) EALIAS :=

(All subsequent ALIAS settings are hidden and forced to NA if EALIAS := N)
ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=

ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=
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Event Report

Start Report

Fast Message Read Settings
FMRnNAM := any valid string (no spaces allowed; should be different from other FMRxNAM).
FMRn := as many as 24 analog quantities separated by spaces or commas (analog quantities listed here are included in the 

Fast Message read request).
Use NA to disable the setting.

ALIAS20 ALIAS20 :=

ALIAS21 ALIAS21 :=

ALIAS22 ALIAS22 :=

ALIAS23 ALIAS23 :=

ALIAS24 ALIAS24 :=

ALIAS25 ALIAS25 :=

ALIAS26 ALIAS26 :=

ALIAS27 ALIAS27 :=

ALIAS28 ALIAS28 :=

ALIAS29 ALIAS29 :=

ALIAS30 ALIAS30 :=

ALIAS31 ALIAS31 :=

ALIAS32 ALIAS32 :=

EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15, 64, 180 cycles) LER :=

PREFAULT LENGTH (1–10 cycles {if LER := 15}, 1–59 cycles {if LER := 64}, 
1–175 cycles {if LER := 180})

PRE :=

MSR RESOLUTION (0.25, 0.5, 1, 2, 5, 20 cycles) MSRR :=

MSR TRIGGER (SELOGIC) MSRTRG :=

FMR1 NAME (9 characters) FMR1NAM :=

FAST MESSAGE READ FMR1 (24 analog quantities) FMR1 :=

FMR2 NAME (9 characters) FMR2NAM :=

FAST MESSAGE READ FMR2 (24 analog quantities) FMR2 :=

FMR3 NAME (9 characters) FMR3NAM :=

FAST MESSAGE READ FMR3 (24 analog quantities) FMR3 :=

FMR4 NAME (9 characters) FMR4NAM :=

FAST MESSAGE READ FMR4 (24 analog quantities) FMR4 :=
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Fast Message Remote Analog Settings
Remote Analog Value Type (I, F, L), I = Integer, F = Float, L = Long

Load Profile

Modbus Map Settings (SET M Command)

Modbus User Map
User Map Register Label Name (8 characters); see Appendix E: Modbus Communications for additional details.

RA01TYPE :=

RA02TYPE :=

RA03TYPE :=

RA04TYPE :=

RA05TYPE :=

RA06TYPE :=

RA07TYPE :=

RA08TYPE :=

RA09TYPE :=

RA10TYPE :=

RA11TYPE :=

RA12TYPE :=

RA13TYPE :=

RA14TYPE :=

RA15TYPE :=

RA16TYPE :=

RA17TYPE :=

RA18TYPE :=

RA19TYPE :=

RA20TYPE :=

RA21TYPE :=

RA22TYPE :=

RA23TYPE :=

RA24TYPE :=

RA25TYPE :=

RA26TYPE :=

RA27TYPE :=

RA28TYPE :=

RA29TYPE :=

RA30TYPE :=

RA31TYPE :=

RA32TYPE :=

LDP LIST (NA, as many as 17 analog quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min) LDAR :=

MOD_001 :=

MOD_002 :=

MOD_003 :=

MOD_004 :=

MOD_005 :=

MOD_006 :=

MOD_007 :=

MOD_008 :=

MOD_009 :=

MOD_010 :=

MOD_011 :=

MOD_012 :=

MOD_013 :=

MOD_014 :=

MOD_015 :=

MOD_016 :=

MOD_017 :=

MOD_018 :=

MOD_019 :=

MOD_020 :=

MOD_021 :=

MOD_022 :=

MOD_023 :=

MOD_024 :=

MOD_025 :=

MOD_026 :=
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MOD_027 :=

MOD_028 :=

MOD_029 :=

MOD_030 :=

MOD_031 :=

MOD_032 :=

MOD_033 :=

MOD_034 :=

MOD_035 :=

MOD_036 :=

MOD_037 :=

MOD_038 :=

MOD_039 :=

MOD_040 :=

MOD_041 :=

MOD_042 :=

MOD_043 :=

MOD_044 :=

MOD_045 :=

MOD_046 :=

MOD_047 :=

MOD_048 :=

MOD_049 :=

MOD_050 :=

MOD_051 :=

MOD_052 :=

MOD_053 :=

MOD_054 :=

MOD_055 :=

MOD_056 :=

MOD_057 :=

MOD_058 :=

MOD_059 :=

MOD_060 :=

MOD_061 :=

MOD_062 :=

MOD_063 :=

MOD_064 :=

MOD_065 :=

MOD_066 :=

MOD_067 :=

MOD_068 :=

MOD_069 :=

MOD_070 :=

MOD_071 :=

MOD_072 :=

MOD_073 :=

MOD_074 :=

MOD_075 :=

MOD_076 :=

MOD_077 :=

MOD_078 :=

MOD_079 :=

MOD_080 :=

MOD_081 :=

MOD_082 :=

MOD_083 :=

MOD_084 :=

MOD_085 :=

MOD_086 :=

MOD_087 :=

MOD_088 :=

MOD_089 :=

MOD_090 :=

MOD_091 :=

MOD_092 :=

MOD_093 :=

MOD_094 :=

MOD_095 :=

MOD_096 :=

MOD_097 :=

MOD_098 :=

MOD_099 :=

MOD_100 :=

MOD_101 :=

MOD_102 :=

MOD_103 :=

MOD_104 :=

MOD_105 :=

MOD_106 :=

MOD_107 :=

MOD_108 :=
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DNP3 Map Settings (Set DNP n Command)
(Hidden when the DNP option is not included)
Use the SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: DNP3 

Communications for details. DNP Map1 is shown below (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 
1 table).

Binary Input Map
DNP Binary Input Label Name (10 characters)

MOD_109 :=

MOD_110 :=

MOD_111 :=

MOD_112 :=

MOD_113 :=

MOD_114 :=

MOD_115 :=

MOD_116 :=

MOD_117 :=

MOD_118 :=

MOD_119 :=

MOD_120 :=

MOD_121 :=

MOD_122 :=

MOD_123 :=

MOD_124 :=

MOD_125 :=

BI_00 :=

BI_01 :=

BI_02 :=

BI_03 :=

BI_04 :=

BI_05 :=

BI_06 :=

BI_07 :=

BI_08 :=

BI_09 :=

BI_10 :=

BI_11 :=

BI_12 :=

BI_13 :=

BI_14 :=

BI_15 :=

BI_16 :=

BI_17 :=

BI_18 :=

BI_19 :=

BI_20 :=

BI_21 :=

BI_22 :=

BI_23 :=

BI_24 :=

BI_25 :=

BI_26 :=

BI_27 :=

BI_28 :=

BI_29 :=

BI_30 :=

BI_31 :=

BI_32 :=

BI_33 :=

BI_34 :=

BI_35 :=

BI_36 :=

BI_37 :=

BI_38 :=

BI_39 :=

BI_40 :=

BI_41 :=

BI_42 :=

BI_43 :=

BI_44 :=

BI_45 :=
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Binary Output Map
DNP Binary Output Label Name (10 characters)

BI_46 :=

BI_47 :=

BI_48 :=

BI_49 :=

BI_50 :=

BI_51 :=

BI_52 :=

BI_53 :=

BI_54 :=

BI_55 :=

BI_56 :=

BI_57 :=

BI_58 :=

BI_59 :=

BI_60 :=

BI_61 :=

BI_62 :=

BI_63 :=

BI_64 :=

BI_65 :=

BI_66 :=

BI_67 :=

BI_68 :=

BI_69 :=

BI_70 :=

BI_71 :=

BI_72 :=

BI_73 :=

BI_74 :=

BI_75 :=

BI_76 :=

BI_77 :=

BI_78 :=

BI_79 :=

BI_80 :=

BI_81 :=

BI_82 :=

BI_83 :=

BI_84 :=

BI_85 :=

BI_86 :=

BI_87 :=

BI_88 :=

BI_89 :=

BI_90 :=

BI_91 :=

BI_92 :=

BI_93 :=

BI_94 :=

BI_95 :=

BI_96 :=

BI_97 :=

BI_98 :=

BI_99 :=

BO_00 :=

BO_01 :=

BO_02 :=

BO_03 :=

BO_04 :=

BO_05 :=

BO_06 :=

BO_07 :=

BO_08 :=

BO_09 :=

BO_10 :=

BO_11 :=

BO_12 :=

BO_13 :=

BO_14 :=

BO_15 :=

BO_16 :=

BO_17 :=

BO_18 :=

BO_19 :=
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Analog Input Map
DNP Analog Input Label Name (24 characters)

BO_20 :=

BO_21 :=

BO_22 :=

BO_23 :=

BO_24 :=

BO_25 :=

BO_26 :=

BO_27 :=

BO_28 :=

BO_29 :=

BO_30 :=

BO_31 :=

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=

AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=

AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=
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Analog Output Map
DNP Analog Output Label Name (10 characters)

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=

AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

AO_00 :=

AO_01 :=

AO_02 :=

AO_03 :=

AO_04 :=

AO_05 :=

AO_06 :=

AO_07 :=

AO_08 :=

AO_09 :=

AO_10 :=

AO_11 :=

AO_12 :=

AO_13 :=

AO_14 :=

AO_15 :=

AO_16 :=

AO_17 :=

AO_18 :=

AO_19 :=

AO_20 :=

AO_21 :=

AO_22 :=

AO_23 :=

AO_24 :=

AO_25 :=

AO_26 :=

AO_27 :=

AO_28 :=

AO_29 :=

AO_30 :=

AO_31 :=
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Counter Map
DNP Counter Label Name (11 characters)

IEC 60870-5-103 Map Settings (SET I Command)
(Hidden if the IEC 60870-5-103 option is not included)
Use the SET I command to input the map required for the IEC 60870-5-103 protocol.

Binary Input Map

CO_00 :=

CO_01 :=

CO_02 :=

CO_03 :=

CO_04 :=

CO_05 :=

CO_06 :=

CO_07 :=

CO_08 :=

CO_09 :=

CO_10 :=

CO_11 :=

CO_12 :=

CO_13 :=

CO_14 :=

CO_15 :=

CO_16 :=

CO_17 :=

CO_18 :=

CO_19 :=

CO_20 :=

CO_21 :=

CO_22 :=

CO_23 :=

CO_24 :=

CO_25 :=

CO_26 :=

CO_27 :=

CO_28 :=

CO_29 :=

CO_30 :=

CO_31 :=

103BI00 :=

103BI01 :=

103BI02 :=

103BI03 :=

103BI04 :=

103BI05 :=

103BI06 :=

103BI07 :=

103BI08 :=

103BI09 :=

103BI10 :=

103BI11 :=

103BI12 :=

103BI13 :=

103BI14 :=

103BI15 :=

103BI16 :=

103BI17 :=

103BI18 :=

103BI19 :=

103BI20 :=

103BI21 :=

103BI22 :=

103BI23 :=

103BI24 :=

103BI25 :=

103BI26 :=

103BI27 :=

103BI28 :=

103BI29 :=

103BI30 :=

103BI31 :=
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Binary Target Map

103BI32 :=

103BI33 :=

103BI34 :=

103BI35 :=

103BI36 :=

103BI37 :=

103BI38 :=

103BI39 :=

103BI40 :=

103BI41 :=

103BI42 :=

103BI43 :=

103BI44 :=

103BI45 :=

103BI46 :=

103BI47 :=

103BI48 :=

103BI49 :=

103BI50 :=

103BI51 :=

103BI52 :=

103BI53 :=

103BI54 :=

103BI55 :=

103BI56 :=

103BI57 :=

103BI58 :=

103BI59 :=

103BI60 :=

103BI61 :=

103BI62 :=

103BI63 :=

103BI64 :=

103BI65 :=

103BI66 :=

103BI67 :=

103BI68 :=

103BI69 :=

103BI70 :=

103BI71 :=

103BI72 :=

103BI73 :=

103BI74 :=

103BI75 :=

103BI76 :=

103BI77 :=

103BI78 :=

103BI79 :=

103BI80 :=

103BI81 :=

103BI82 :=

103BI83 :=

103BI84 :=

103BI85 :=

103BI86 :=

103BI87 :=

103BI88 :=

103BI89 :=

103BI90 :=

103BI91 :=

103BI92 :=

103BI93 :=

103BI94 :=

103BI95 :=

103BI96 :=

103BI97 :=

103BI98 :=

103BI99 :=

103BT00 :=

103BT01 :=

103BT02 :=

103BT03 :=

103BT04 :=

103BT05 :=

103BT06 :=

103BT07 :=
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Fault Analog Map

Binary Control Map

Measurand Map

103FA00 :=

103FA01 :=

103FA02 :=

103FA03 :=

103FA04 :=

103FA05 :=

103FA06 :=

103FA07 :=

103FA08 :=

103FA09 :=

103FA10 :=

103FA11 :=

103FA12 :=

103FA13 :=

103FA14 :=

103FA15 :=

103FA16 :=

103FA17 :=

103FA18 :=

103FA19 :=

103FA20 :=

103FA21 :=

103FA22 :=

103FA23 :=

103FA24 :=

103FA25 :=

103FA26 :=

103FA27 :=

103FA28 :=

103FA29 :=

103FA30 :=

103FA31 :=

103BO00 :=

103BO01 :=

103BO02 :=

103BO03 :=

103BO04 :=

103BO05 :=

103BO06 :=

103BO07 :=

103BO08 :=

103BO09 :=

103BO10 :=

103BO11 :=

103BO12 :=

103BO13 :=

103BO14 :=

103BO15 :=

103BO16 :=

103BO17 :=

103BO18 :=

103BO19 :=

103BO20 :=

103BO21 :=

103BO22 :=

103BO23 :=

103BO24 :=

103BO25 :=

103BO26 :=

103BO27 :=

103BO28 :=

103BO29 :=

103BO30 :=

103BO31 :=

3MLB000 :=

3MLB001 :=

3MLB002 :=

3MLB003 :=
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3MLB004 :=

3MLB005 :=

3MLB006 :=

3MLB007 :=

3MLB008 :=

3MLB009 :=

3MLB010 :=

3MLB011 :=

3MLB012 :=

3MLB013 :=

3MLB014 :=

3MLB015 :=

3MLB016 :=

3MLB017 :=

3MLB018 :=

3MLB019 :=

3MLB020 :=

3MLB021 :=

3MLB022 :=

3MLB023 :=

3MLB024 :=

3MLB025 :=

3MLB026 :=

3MLB027 :=

3MLB028 :=

3MLB029 :=

3MLB030 :=

3MLB031 :=

3MLB032 :=

3MLB033 :=

3MLB034 :=

3MLB035 :=

3MLB036 :=

3MLB037 :=

3MLB038 :=

3MLB039 :=

3MLB040 :=

3MLB041 :=

3MLB042 :=

3MLB043 :=

3MLB044 :=

3MLB045 :=

3MLB046 :=

3MLB047 :=

3MLB048 :=

3MLB049 :=

3MLB050 :=

EtherNet/IP Assembly Map Settings (SET E Command)

EtherNet/IP Assembly Map
(See Appendix F: EtherNet/IP Communications for additional details)
(EtherNet/IP Assembly Map settings are hidden if EtherNet/IP is not included)
(Use SET E n command where n = 1, 2, or 3 to create as many as three EtherNet/IP Assembly Maps)
(This is EtherNet/IP Assembly Map 1 (EtherNet/IP Assembly Map 2 and EtherNet/IP Assembly Map 3 are identical to 

EtherNet/IP Assembly Map 1))

Input Assembly (IA) Binary

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_00:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_01:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_02:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_03:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_04:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_05:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_06:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_07:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_08:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_09:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_10:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_11:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_12:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_13:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_14:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_15:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_16:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_17:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_18:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_19:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_20:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_21:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_22:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_23:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_24:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_25:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_26:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_27:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_28:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_29:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_30:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_31:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_32:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_33:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_34:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_35:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_36:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_37:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_38:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_39:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_40:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_41:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_42:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_43:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_44:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_45:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_46:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_47:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_48:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_49:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_50:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_51:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_52:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_53:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_54:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_55:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_56:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_57:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_58:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_59:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_60:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_61:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_62:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_63:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_64:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_65:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_66:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_67:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_68:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_69:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_70:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_71:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_72:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_73:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_74:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_75:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_76:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_77:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_78:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_79:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_80:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_81:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_82:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_83:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_84:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_85:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_86:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_87:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_88:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_89:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_90:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_91:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_92:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_93:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_94:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_95:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_96:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_97:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_98:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_99:=

Input Assembly (IA) Analog

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_00:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_01:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_02:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_03:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_04:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_05:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_06:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_07:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_08:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_09:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_10:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_11:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_12:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_13:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_14:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_15:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_16:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_17:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_18:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_19:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_20:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_21:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_22:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_23:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_24:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_25:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_26:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_27:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_28:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_29:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_30:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_31:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_32:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_33:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_34:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_35:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_36:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_37:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_38:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_39:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_40:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_41:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_42:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_43:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_44:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_45:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_46:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_47:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_48:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_49:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_50:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_51:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_52:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_53:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_54:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_55:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_56:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_57:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_58:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_59:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_60:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_61:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_62:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_63:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_64:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_65:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_66:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_67:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_68:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_69:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_70:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_71:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_72:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_73:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_74:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_75:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_76:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_77:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_78:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_79:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_80:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_81:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_82:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_83:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_84:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_85:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_86:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_87:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_88:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_89:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_90:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_91:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_92:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_93:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_94:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_95:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_96:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_97:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_98:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_99:=

Output Assembly (OA) Binary

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_00:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_01:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_02:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_03:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_04:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_05:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_06:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_07:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_08:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_09:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_10:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_11:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_12:=
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EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_13:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_14:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_15:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_16:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_17:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_18:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_19:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_20:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_21:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_22:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_23:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_24:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_25:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_26:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_27:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_28:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_29:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_30:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_31:=

Output Assembly (OA) Analog

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_00:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_01:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_02:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_03:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_04:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_05:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_06:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_07:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_08:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_09:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_10:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_11:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_12:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_13:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_14:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_15:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_16:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_17:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_18:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_19:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_20:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_21:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_22:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_23:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_24:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_25:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_26:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_27:=



SET.90
 of 90

SEL-710-5 Settings Sheets Date________________
EtherNet/IP Assembly Map Settings (SET E Command) EtherNet/IP Assembly Map

SEL-710-5 Relay Instruction Manual Date Code 20220826

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_28:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_29:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_30:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_31:=
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Section 7
R.Instruction Manual

Communications

Overview
A communications interface and protocol are required for communicating 
with the SEL-710-5 Motor Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay.

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-710-5 physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber-optic Ethernet port, 
single- or dual-redundant.

Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-710-5. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Table 7.1 SEL-710-5 Communications Port Interfaces

Port Communications Port Interface Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Standard

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the SEL-2600 RTD 
Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix I: DeviceNet Communications for information on the DeviceNet communications card.
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Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances as long as 15 m (49 ft) in 
low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-710-5 Relay

Some of the SEL devices available for integration or communications system 
robustness are included in the following list:

➤ SEL communications processors 

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to relay fiber-optic serial Port 2, 
or SEL-2505 with EIA-232 (DB-9) serial port to connect to 
EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.

Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS := Y. Disable hardware 
handshaking by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1
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Fiber-Optic Serial Port Use the optional fiber-optic port (Port 2) for safety and communications 
distances as far as 1 km. For communications distances as far as 4 km, use an 
SEL-2812 transceiver on Port 3. Although Port 2 and the SEL-2812 are 
compatible, Port 2 is less sensitive than the SEL-2812, which limits the 
distance to 1 km. Port 2 can receive the RTD measurement information from 
the optional external SEL-2600 RTD Module.

Telnet or the Web 
Server

Factory-default settings for the Ethernet ports disable all Ethernet protocols 
except for Telnet, HTTP, and PING. Command SET P 1 accesses settings for 
both Ethernet ports on the SEL-710-5: Port 1A and Port 1B. See the Ethernet 
port settings in Table 4.94 for a sample of the SET P 1 command with factory-
default settings.

Set the listed settings to the following using the SET P 1 command:

➤ IPADDR := IP address assigned by the network administrator

➤ DEFRTR := Default router IP address assigned by the network 
administrator

➤ NETMODE := SWITCHED (available with dual Ethernet 
ports)

➤ ETELNET := Y

➤ EHTTP := Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any 
Ethernet port on the relay. Verify that the amber Link LED illuminates on the 
connected relay port. Many computers and most Ethernet switches support 
autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, such 
as an SEL-C627 cable, will work. If the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. If your relay 
is equipped with dual Ethernet ports, connect to either port. Use a Telnet 
application of QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the command EXI from any access level.

In addition, you can communicate with the relay through your web browser. 
Launch a web browser and go to http://IPADDR, where IPADDR is the Port 1 
IPADDR setting.

To terminate the session, close the web browser (see Section 3: PC Interface 
for more details).

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-710-5 Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if a failure in the primary network is detected. The 
basic concept in the Parallel Redundancy Protocol (PRP) mode of operation is 
that the Ethernet network and all traffic are fully duplicated, with the two 
copies operating in parallel. The purpose of the protocol is to provide seamless 
recovery from any single Ethernet network failure. In addition to failover and 
PRP modes, the unit can operate in a “fixed connection (to netport) mode” or 
in a “switched mode” (as an unmanaged switch).

Carefully design your Ethernet network to maximize reliability, minimize 
system administrator efforts, and provide adequate security. SEL recommends 
that you work with a networking professional to design your substation 
Ethernet network.

NOTE: Telnet and the web server 
work with other NETMODE settings 
as well, but NETMODE = SWITCHED is 
the easiest to begin communication. 
The relay hides setting NETMODE 
when it is equipped with a single 
Ethernet port.
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Several settings control how the relay with the optional Ethernet card operates 
on an Ethernet network. These settings include IP addressing information, 
network port failover options, and network speed.

Use the network configuration settings shown in Table 4.94 to configure the 
relay for operation on an IP network and to set other parameters affecting the 
physical Ethernet network interface operation.

Figure 7.1 shows an example of a simple Ethernet network configuration, 
Figure 7.2 shows an example of an Ethernet network configuration with dual 
redundant connections, and Figure 7.3 shows an example of an Ethernet 
network configuration with ring structure.

Figure 7.1 Simple Ethernet Network Configuration

Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Cat 5 shielded, twisted-pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports
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Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched Mode)

Dual Network Port Operation
The SEL-710-5 dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the desired network port failover time. (OFF, 
0.10–65.00 seconds).

Step 3. Set NETPORT to the preferred network interface.

On startup, the relay communicates via the NETPORT (primary port) 
selected. If the SEL-710-5 detects a link failure on the primary port, it 
activates the standby port after the failover time, FTIME, elapses. If the link 
status on the primary link returns to normal before the failover time expires, 
the failover timer resets and uninterrupted operation continues on the primary 
network port. 

Setting FTIME := OFF allows fast port switching (with no intentional delay). 
Fast port switching occurs within one processing interval (typically 4 to 5 ms) 
and helps with IEC 61850 GOOSE performance.

After failover, while communicating via standby port, the SEL-710-5 checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The port of choice for communications is 
reevaluated on change of settings or failure of the standby port or on reboot. 
The relay returns to operation on the primary link under those conditions if it 
detects a normal link status. When the active and backup links both fail, the 
relay alternates checking for the link status of the primary and standby ports.

Switched Mode
If you have a network configuration where you want to use the relay as an 
unmanaged or managed switch, set NETMODE to SWITCHED. Set 
ERSTP := Y to use it as a managed switch. In SWITCHED mode, both links 

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) for 

copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NETWORK

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.



7.6

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
Communications Interfaces

are enabled. The relay responds to the messages it receives on either port. All 
the messages received on one network port that are not addressed to the relay 
are transmitted out of the other port without any modifications. In this mode, 
the relay ignores the NETPORT setting.

SWITCHED mode is often used to connect several relays to each other, 
creating a network of relays, then connecting at least two relays to a managed 
switch for redundancy. This configuration is popular because it reduces cost 
and reduces the number of devices in a network without sacrificing 
redundancy. Basically, each relay has a redundant path to the network. Refer 
to Figure 7.3.

There are compromises to be made in this configuration, however. When 
connecting cables between multiple switches in an Ethernet network, physical 
loops (rings) may occur that cause traffic storms, total bandwidth 
consumption, and other improper functioning. As a result, a subset of the 
relays in this configuration can seem unresponsive for extended periods of 
time.

For example, in Figure 7.3, imagine that a DNP master is receiving DNP UDP 
unsolicited messages from the relays. When a link is broken, it can sometimes 
take as long as 5 minutes for communications to be restored. For a similar 
network involving IEC 61850 GOOSE and a broken link, the restoration time 
can be greater than 5 seconds. The relay offers Rapid Spanning Tree Protocol 
(RSTP) mode to improve restoration times in such configurations. With RSTP 
enabled, the expected restoration time of the before-mentioned GOOSE 
network is around 100 ms.

RSTP protocol controls active paths in an Ethernet network to avoid loops and 
enable a level of redundancy. All Port 1 protocols are supported when RSTP is 
enabled. Refer to Rapid Spanning Tree Protocol (RSTP) on page 7.22 for 
additional details. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

PRP Connection Mode
Parallel Redundancy Protocol (PRP) is part of an IEC standard for high-
availability automation networks (IEC 62439-3). The purpose of the protocol 
is to provide seamless recovery from any single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully 
duplicated with the two copies operating in parallel.

Make the following settings for Port 1 to configure the relay for PRP mode.

➤ NETMODE = PRP

➤ PRPTOUT = desired timeout for PRP frame entry

➤ PRPADDR = PRP destination MAC address LSB (least 
significant byte of “01-15-4E-00-01-XX,” converted to decimal 
and entered as 0–255)

➤ PRPINTV = desired supervision frame transmit interval
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When NETMODE is not set to PRP, the settings shown in Table 7.2 are 
hidden.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports are capable of autonegotiating to 
determine the link speed and duplex mode. Accomplish this by setting the 
NETASPD and NETBSPD (network speed) to AUTO. Set single or dual 
copper ports to a specific speed to be able to apply them in networks with 
older switch devices. However, the speed setting is ignored for fiber Ethernet 
ports. The single and dual fiber Ethernet ports are fixed by the hardware to 
work at 100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option of selecting the primary port of 
communication in failover or fixed communication modes. 

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE or FTPIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. You can set it from 0 to 4,200,000 seconds 
via the IED Properties MMS Settings in ACSELERATOR Architect SEL-5032 
Software. The MMS inactivity default value is either 120 seconds or 
900 seconds, depending on the relay firmware version. Setting this value to 0 
disables the MMS inactivity timer. If enabled, the relay starts a timer for an 
MMS session after it receives an MMS request from the client on that session. 
It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it 
available for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 

Table 7.2 PRP Settings

Setting Prompt Setting Description
Setting 
Range 

Setting Name := 
Factory Default

PRP ENTRY 
TIMEOUT

PRP Entry Timeout 400–10000 ms PRPTOUT := 500

PRP 
DESTINATION 
ADDR LSB

The multicast MAC address of 
PRP supervision frames is 
01-15-4E-00-01-XX where XX 
is specified by this setting in 
decimal notation as 0–255

 0–255 PRPADDR := 0 

PRP 
SUSPERVISION 
TX INTERVAL

PRP Supervision TX Interval  1–10 second PRPINTV := 2 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-710-5 has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, only one 
input can be used at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with a dual Ethernet port, 
a fiber-optic Ethernet port, or a PTC option. Refer to Figure 7.4 for a 
connection diagram.

B01–B02 IRIG-B input is available on all models except those with the fiber-optic 
Ethernet, dual-copper Ethernet, or PTC options.
You cannot bring IRIG-B via Port 2 or 3 if B01–B02 input is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: Port 3 (EIA-232 Option Only)
This input is available on all models except those with the PTC option. 
Connect to an SEL communications processor with an SEL-C273A cable to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect an SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B input to Port 3.

You cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 Port 3 (SEL Communications 
Processor as Source)

NOTE: Relays with the PTC option 
do not have IRIG-B capability.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5
+ IRIG

– IRIGSEL-C962
Cable

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB-9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL-C273A
Cable

SEL-710-5

DB-9
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Cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input Via EIA-232 Port 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: Port 2 (Fiber-Optic Serial Port)
This input is available on all models except those with the PTC option. Fiber-
Optic Serial Port 2 can be used to bring IRIG-B input to the relay as shown in 
Figure 7.7 and Figure 7.8.

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 (SEL-2030/2032 
Time Source)

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 
(SEL-2401/2404/2407 Time Source)

Time Quality of the 
IRIG Source

The time-synchronization Relay Word bits in Table 7.3 indicate the present 
status of the timekeeping function of the SEL-710-5.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5

DB-9

BNC

IED

(Any EIA-232
serial application)

SEL-C292A
Cable

SEL C953
Cable

BNC-T Connector (3-way)
SEL P/N 240-1802

DB-9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB-9 Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-710-5

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB-9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

SEL-C654
Cable

Port 2

Set switch to J1 for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-710-5
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The Relay Word bit TSOK indicates that the time synchronization is OK. The 
SEL-710-5 determines the suitability of the IRIG-B signal for normal 
accuracy by applying several tests:

➤ Seconds, minutes, and day fields are in range.

➤ Time from two consecutive messages differs by one second, 
except for leap second or daylight-saving time transitions.

➤ When IRIGC := C37.118, the signal contains the correct parity 
bit.

The SEL-710-5 determines the suitability of the IRIG-B signal for high-
accuracy timekeeping by applying two additional tests:

➤ The jitter between positive transitions (rising edges) of the 
clock signal is less than 500 ns.

➤ The time-error information contained in the IRIG-B control 
field indicates a time error of less than 10–6 seconds (1 µs).

When IRIGC := NONE, the relay asserts TSOK only when the first test is met. 
When IRIGC := C37.118 and an appropriate IRIG-B signal is connected, the 
Relay Word bit TSOK asserts only when these two tests are met. The time 
error information in the IRIG-B control field is mapped to the TQUAL bits in 
the relay. Table 7.4 lists the TQUAL bits and how they translate to time 
quality. The values 0 (Locked) and 4 (1 µs) indicate that the relay is receiving 
high-accuracy IRIG.

When the IRIG signal is lost, IRIGOK deasserts. However, TSOK remains 
asserted for a holdover period of as long as 15 seconds. If the IRIG signal is 
not restored within 15 seconds, TSOK also deasserts.

Table 7.3 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy.

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 1 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

0 0 0 0 0 Locked

0 0 0 1 1 1 nanosecond

0 0 1 0 2 10 nanoseconds

0 0 1 1 3 100 nanoseconds

0 1 0 0 4 1 microsecond

0 1 0 1 5 10 microseconds

0 1 1 0 6 100 microseconds

0 1 1 1 7 1 millisecond

1 0 0 0 8 10 milliseconds

1 0 0 1 9 100 milliseconds

1 0 1 0 10 1 second

1 0 1 1 11 10 seconds

1 1 0 0 12 100 seconds

NOTE: The jitter measurement for 
the IRIG signal could take as long as 
15 seconds to determine. During this 
time, TSOK is not asserted.
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc power is available on Pin 1 only on EIA-232 Port 3 and EIA-232 
Port 4.

Connect Your 
PC to the Relay

The front port of the SEL-710-5 is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.5. You can connect to a standard 9-pin computer port with an 
SEL-C234A cable; wiring for this cable is shown in Figure 7.10. The 
SEL-C234A cable and other cables are available from SEL. Use the 
SEL-5801 Cable Selector software to select an appropriate cable for another 
application. This software is available for free download from the SEL 
website at selinc.com.

For the best performance, use an SEL-C234A cable not more than 15 m (49 ft) 
long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-710-5. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers
Table 7.5 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-710-5 to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

1 1 0 1 13 1000 seconds

1 1 1 0 14 10000 seconds

1 1 1 1 15 Fault

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 2 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

Table 7.5 EIA-232/EIA-485 Serial Port Pin Functions

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232b

b For relays with the PTC option, this port does not support IRIG-B.

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

5  4  3  2  1

9  8  7  6

NOTE: Serial communications 
cables that are used in the 710-5 
relays for the MIRRORED BITS protocol 
should have the R designation at the 
end of the SEL cable number instead 
of an A. For example, use SEL-C234R 
instead of SEL-C234A. The SEL-C234R 
cable is double shielded and provides 
better data integrity compared to the 
SEL-C234A.

https://selinc.com/
https://selinc.com/
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Figure 7.10 SEL-C234A Cable—SEL-710-5 to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-710-5 to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-710-5 to Modem

Figure 7.13 SEL-C272A Cable—SEL-710-5 to SEL Communications 
Processor (Without IRIG-B Signal)

SEL-710-5 Relay
9-Pin Male
D Subconnector

9-Pin Female
D Subconnector

2
3
5
8

3
2
5
8
7
1
4
6

RXD
TXD
GND
CTS

TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-710-5 Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
2
9
8

7
3
2
1
4
5
6
8
20

GND
TXD
RXD
GND
CTS

GND
RXD
TXD
GND
RTS
CTS
DSR
DCD
DTR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-710-5 Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
7
2
8
9

7
2
20
3
8
1

GND
TXD
RTS
RXD
CTS
GND

GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

**DCE Device

**DCE = Data Communications Equipment (Modem, etc.)

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
5
7
8

3
2
5
8
7

RXD
TXD
GND
RTS
CTS

TXD
RXD
GND
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-710-5 Relay
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Figure 7.14 SEL-C273A Cable—SEL-710-5 to SEL Communications 
Processor (With IRIG-B Signal)

Communications Protocols
Protocols Although the SEL-710-5 supports a wide range of protocols, not all protocols 

are available on all ports. In addition, not all hardware options support all 
protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for Port 1. Table 7.6 shows the ports and the protocols 
available on each port.

SEL Communications 
Protocols

SEL ASCII.
This protocol is described in SEL ASCII Protocol and Commands on 
page 7.25.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-710-5 Relay

Table 7.6 Protocols Supported on the Various Ports

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer 
Protocol, and Modbus RTU Slave

PORT 1a

a PORT 1 concurrently supports two Modbus, two FTP, two Telnet, five DNP3 LAN/WAN, one 
SNTP, one PTP, and seven IEC 61850 sessions, as well as two EIP I/O connections and six EIP 
message connections.

Modbus TCP/IP, FTP, IEC 61850, DNP3 LAN/WAN, EtherNet/IP, SNTP, 
PTP, and Telnet (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL 
Fast Operate, SEL Fast SER, SEL Fast Message, web server (HTTP), 
PRP, and RSTP) 

PORT 2 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, 
SEL Fast Operate, SEL Fast SER, SEL Fast Message, SEL Settings File 
Transfer, SEL MIRRORED BITS, DNP3, IEC 60870-5-103, and Modbus 
RTU Slave

PORT 3 All the protocols supported by PORT 2

PORT 4 All the protocols supported by PORT 2 or DeviceNet

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Compressed ASCII
This protocol provides compressed versions of some of the ASCII commands. 
The compressed commands are described in SEL ASCII Protocol 
and Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Meter
This protocol supports binary messages to transfer metering and digital 
element messages. Compressed ASCII commands that support Fast Meter are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Operate
This protocol supports binary messages to transfer operation messages. The 
protocol is described in Appendix C: SEL Communications Processors.

SEL Fast Message.
 This protocol uses binary messages to receive and transmit data from or to an 
SEL Communications Processor. The protocol is described in Appendix C: 
SEL Communications Processors.

SEL Fast SER.
 This protocol is used to receive binary Sequential Events Record unsolicited 
responses. The protocol is described in Appendix C: SEL Communications 
Processors.

Other Supported 
Protocols

MIRRORED BITS Protocol
The SEL-710-5 supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on Port 3 of the base unit and MBB on Port 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry. The MIRRORED BITS protocol 
is described in Appendix J: MIRRORED BITS Communications.

Modbus RTU Protocol
The SEL-710-5 provides Modbus RTU support. Modbus is a standard protocol 
described in Appendix E: Modbus Communications.

Distributed Network Protocol (DNP3)
The SEL-710-5 provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-710-5 provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix I: DeviceNet Communications.
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IEC 60870-5-103 Protocol
The SEL-710-5 provides IEC 60870-5-103 protocol support if the option is 
selected. The protocol is available on Ports 2, 3, and 4. All ports operate using 
the same map settings. The IEC 60870-3-105 protocol is described in 
Appendix H: IEC 60870-5-103 Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus TCP, HTTP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

Carefully design your Ethernet network to maximize reliability, minimize 
system administration effort, and provide adequate security. Work with a 
networking professional to design your substation Ethernet network.

File Transfer Protocol (FTP) and MMS File Transfer
FTP is a standard protocol for exchanging files between computers over a 
TCP/IP network. The SEL-710-5 operates as an FTP server, presenting files to 
FTP clients. To create an FTP session, you need the FTP username and 
password. The default username and password are FTPUSER and TAIL, 
respectively. The SEL-710-5 supports two FTP sessions at a time. Requests to 
establish additional FTP sessions are denied.

Manufacturing Message Specification (MMS) is used in IEC 61850 
applications and provides services for the transfer of real-time data, including 
files, within a substation LAN.

File Structure
The file structure is organized as a directory and subdirectory tree similar to 
that used by Windows and other common operating systems. See Virtual File 
Interface on page 7.74 for information on available files.

File dates within the last 12 months are displayed with month, day, hour, and 
minutes. Dates older than twelve months have the year, month, and day. The 
times are UTC.

Access Control
To log in to the FTP server, enter the value of the Port 1 setting FTPUSER as 
the username in your FTP application. Enter the Port 1 setting FTPACC level 
password as the password in your FTP application. Note that FTP does not 
encrypt passwords before sending them to the server.

MMS is enabled when the Port 1 setting E61850 is set to Y. No authentication 
is required. MMS File Transfer is enabled when setting EMMSFS is set to Y. 
If MMS Authentication is enabled via the CID file, then an authenticated 
connection must be established via MMS for MMS file transfer to take place.

Using FTP and MMS
A free FTP application is included with most web browsers and PC operating 
systems. You can also obtain free or inexpensive FTP applications from the 
Internet. Once you have retrieved the necessary files, be sure to close the FTP 
connection by using the disconnect function of your FTP application or 
completely closing the application. Failure to do so can cause the FTP 
connection to remain open, which blocks subsequent connection attempts 
until FTPIDLE time expires. See Appendix G: IEC 61850 Communications 
for information about using MMS.
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Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ Fast SER

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

Ping Server
Ping is an application based on ICMP over an IP network. A free Ping 
application is included with most computer operating systems. Use a Ping 
client with the relay Ping server to verify that your network configuration is 
correct.

IEC 61850
Use as many as seven sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
64 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix G: IEC 61850 Communications.

Simple Network Time Protocol (SNTP)
When Port 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less-accurate primary time source, or as 
a backup to the higher-accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise the relay remains at an 
elevated access level until TIDLE 
expires.
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Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Serve NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Create a Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make Port 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.7 shows each setting associated with 
SNTP.

SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST. In unicast mode of operation, the SNTP client in the 
relay requests time updates from the primary (IP address setting SNTPPSIP) 
or backup (IP address setting SNTPBSIP) NTP server at a rate defined by 
setting SNTPRATE. If the NTP server does not respond with the period 
defined by setting SNTPTO, then the relay tries the other SNTP server. When 
the relay successfully synchronizes to the primary NTP time server, Relay 
Word bit TSNTPP asserts. When the relay successfully synchronizes to the 
backup NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST. In the manycast mode of operation, the relay 
initially sends an NTP request to the broadcast address contained in setting 
SNTPPSIP. The relay continues to broadcast requests at a rate defined by 
setting SNTPRATE. When a server replies, the relay considers that server to 
be the primary NTP server, and switches to UNICAST mode, asserts Relay 
Word bit TSNTPP, and thereafter requests updates from the primary server. If 

Table 7.7 Settings Associated With SNTP 

Setting Setting Description Setting Range
Factory Default 
Setting

ESNTP Selects the mode of operation of SNTP. See descriptions in 
SNTP Operation Modes on page 7.17. 

UNICAST, MANY-
CAST, BROADCAST

OFF

SNTPPSIP Selects primary NTP server when ESNTP = UNICAST, or 
broadcast address when ESNTP = MANYCAST or 
BROADCAST.

Valid IP Address 192.168.1.1

SNTPPSIB Selects backup NTP server when ESNTP = UNICAST. Valid IP Address 192.168.1.1

SNTPPORT Ethernet port used by SNTP. Leave at default value unless 
otherwise required.

1–65534 123

SNTPRATE Determines the rate at which the relay asks for the updated 
time from the NTP server when ESNTP = UNICAST or 
MANYCAST. Determines the amount of time the relay 
waits for an NTP broadcast when ESNTP = BROADCAST.

15–3600 seconds 60

SNTPTO Determines the amount of time the relay waits for the NTP 
master to respond when ESNTP = UNICAST or MANY-
CAST.

5–20 seconds 5
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the NTP server stops responding for time SNTPTO, the relay deasserts 
TSNTPP and begins to broadcast requests again until the original or another 
server responds.

ESNTP = BROADCAST. If setting SNTPPSIP = 0.0.0.0 while setting 
ESNTP = BROADCAST, the relay listens for and synchronizes to any 
broadcasting NTP server. If setting SNTPPSIP is set to a specific IP address 
while setting ESNTP = BROADCAST, then the relay listens for and 
synchronizes to only NTP server broadcasts from that address. When 
synchronized, the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within five 
seconds after the period defined by setting SNTPRATE.

SNTP Accuracy Considerations
SNTP time-synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and 
routers between the SNTP Server and the SEL-710-5. Network monitoring 
software can also be used to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-710-5 and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time-synchronization error with the SNTP server is 
typically less than ±1 millisecond.

Embedded Web Server (HTTP)
When Port 1 setting EHTTP := Y, the relay serves webpages displaying 
settings, metering, status reports, event files, etc. The relay-embedded web 
server has been optimized and tested to work with the most popular web 
browsers, but should work with any standard web browser. As many as three 
users can access the embedded web server simultaneously. To begin using the 
embedded read-only web server, launch your web browser and browse to 
http://IPADDR, where IPADDR is the Port 1 setting IPADDR 
(e.g., http://192.168.1.2).

Login using your username and password to view or export various reports, 
view settings, monitor communications or relay status, or upgrade firmware 
(Access Level 2 only).

To log out of the web server, either close the web browser window or click on 
Logout in the banner bar near the top of the webpage.For more information on 
the web server, see Section 3: PC Interface.
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Table 7.8 lists the HTTP settings that are available for configuring the web 
server.

Precision Time Protocol (PTP)
Configuring PTP in the Relay

PTP implementation in the SEL-710-5 is firmware-based only. If the EPTP 
setting is available and set to Y, the SEL-710-5 supports PTP Version 2 
(PTPv2) as a slave-only clock as defined by IEEE 1588-2008 on Port 1A and 
Port 1B. Table 7.9 shows the settings associated with PTP.

Table 7.8 HTTP Server Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2 HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

Table 7.9 Settings Associated With PTP 

Setting Range Description
Factory Default 
Setting

EPTP Y, N When set to Y, the device becomes a slave PTP clock N

PTPPRO DEFAULT, C37.238 Sets the PTP profile DEFAULT

PTPTR UDP, LAYER2 Transport mechanism for PTP messages UDP

DOMNUM 0–255 PTP domain number of the clock 0

PTHDLY P2P, E2E, OFF Path delay measurement method to be used on the PTP 
network

E2E

PDINT 1, 2, 4, 8, 16, 32, 64 sec Duration of time between transmissions of peer delay 
request messages

1

AMNUM 1–5, OFF Number of acceptable PTP masters OFF

AMIP[n]a zzz.yyy.xxx.www

zzz: 1–126, 128–223

yyy: 0–255

xxx: 0–255

www: 0–255

Acceptable master IP addresses 192.168.1.12na

AMMAC[n]a Acceptable master MAC addresses 00-30-A7-00-00-0mb

ALTPRI[n]a 0–255 If the acceptable table master option is enabled and this 
setting value is not zero, the Priority 1 value received in 
the announce message from the specified master will 
be replaced by this value and used in the Best Master 
Clock Algorithm (BMCA)

0

PVLAN 1–4094 VLAN ID for a C37.238 Ethernet frame 1

PVLANPR 0–7 VLAN priority for a C37.238 Ethernet frame 4

a n = 1–5.
b m = A–E.
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To achieve the best accuracy (< 1 ms), it is necessary to have one or more PTP 
master clocks and for all intervening equipment (e.g., Ethernet switches) to be 
IEEE 1588-aware (i.e., all intervening network devices need to be transparent 
or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS 
input, is a master clock. The intervening switches are transparent clocks. You 
can use boundary clocks to connect networks together and pass time from one 
network to another. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not IEEE 1588-aware do not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP 
clocks implement algorithms to select the best available clock. The one 
selected for use by an end device is the grandmaster clock. You can learn more 
about configuring a PTP network in the following application notes:

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality in a Redundant Network 
Topology,” SEL Application Note (AN2015-07), 2015. 
Available: selinc.com.

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality to Isolated Ethernet Networks,” 
SEL Application Note (AN2015-06), 2015. Available: 
selinc.com.

To configure PTP, update the Port 1 PTP settings as described in Table 7.9. By 
default, PTP is disabled in the SEL-710-5. Set EPTP to Y to enable PTP and 
to make the other PTP settings available.

PTP implementation in the SEL-710-5 supports both one-step and two-step 
clocks. A one-step clock uses a single event message to provide time 
information. A two-step clock uses the combination of an event message and a 
subsequent general message to provide time information.

Within PTP, there are multiple clock profiles available. A profile defines the 
set of PTP features available in a specific application domain. SEL-710-5 
relays support two profiles: Default and Power (C37.238-2011). 

The Default profile has many optional features and is intended to address 
common applications. The Default profile supports both UDP and Layer 2 
(802.3) Ethernet transport, and it can use either the end-to-end (E2E) or the 
peer-to-peer (P2P) delay mechanism. Grandmaster clocks can send Announce, 
Sync, and Delay request messages over a wide range of intervals. A Default 
profile network can consist of boundary clocks or transparent clocks anywhere 
between the grandmaster and the end devices. The only performance 
requirement for the Default profile is that a master clock must maintain 
frequency accuracy to within 0.01 percent.

The Power profile has minimal optional features in order to facilitate 
interoperability and performance predictability. The Power profile is only 
supported on Layer 2 networks and exclusively uses the peer-to-peer delay 
mechanism. All messages must be sent at 1-second intervals, have 802.1Q 
VLAN tags, and include grandmaster ID and (maximum) inaccuracy fields in 
the announce message. Transparent clocks are mandatory in a Power profile 
network while boundary clocks are not allowed. Select the profile by using the 
PTPPRO setting.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation among clocks that participate in different 
application domains to coexist on the same network. Domains are identified 
by domain numbers. The DOMNUM setting determines the domain number 

https://selinc.com/
https://selinc.com/
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for the SEL-710-5. Set DOMNUM to match the domain number configured in 
the master clocks to which the SEL-710-5 should synchronize.

The SEL-710-5 supports transport of PTP messages over UDP or Layer 2 
(Ethernet). Use the PTPTR setting to select the PTP transport mechanism. 
This needs to match the transport mechanism used in the master clocks. Only 
Layer 2 is available with the Power profile. If operating in a UDP network, 
PTP operates on Ports 319 or 320. Except for peer delay messages, the 
SEL-710-5 sets the time allowed to live (TTL) value in the UDP/IP header of 
PTP messages to 64. This allows you to use routers across a WAN to 
synchronize the SEL-710-5 PTP master. High-accuracy synchronization may 
not be achievable across the WAN, so it is left to you to determine if the 
accuracy meets the needs of your application.

When using the Power profile, use the VLAN identifier and priority settings, 
PVLAN and PVLANPR, to set the VLAN ID and priority, respectively, of the 
Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the SEL-710-5 Relay.

PTP defines two methods for calculating and correcting the communications 
path delay between the SEL-710-5 and the master clock: end-to-end (Delay 
Request-Response) and peer-to-peer (Peer Delay Request Response). The 
end-to-end mechanism calculates the total path delay between the SEL-710-5 
and the master clock.

The peer-to-peer mechanism calculates the total path delay in a piecemeal 
fashion between each device in the path. Peer-to-peer is the more accurate 
method and is recommended for use in the SEL-710-5. Only the peer-to-peer 
mechanism is available for the Power profile. The SEL-710-5 periodically 
initiates path delay calculations. Use the PTHDLY and PDINT settings to 
configure the path delay method and the path delay request rate. If PTHDLY is 
set to OFF, the SEL-710-5 will not calculate and correct for path delay.

By default, the SEL-710-5 synchronizes to any clock on the network that it 
evaluates to be the best clock based on the Best Master Clock Algorithm 
(BMCA). Use the settings to specify a list of master (grandmaster or 
boundary) clocks to which the SEL-710-5 may synchronize. The SEL-710-5 
will not synchronize to any master clock that is not in the list. Use this feature 
for additional security. The AMNUM setting selects the number of master 
clocks you list. The default value is OFF, which results in the SEL-710-5 
synchronizing to any master clock on the network. If you set AMNUM to a 
value other than OFF, you must identify the number of allowable masters in 
accordance with the PTP transport you have chosen, i.e., MAC address for 
802.3 or IP address for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify 
the IP addresses of the clocks to which the SEL-710-5 is permitted to 
synchronize. If PTP transport is set to Layer 2, use the AMMACn settings to 
specify the MAC addresses of the clocks to which the SEL-710-5 is permitted 
to synchronize.

If the ALTPRIn (Alternate Priority1 for Master n) setting is set to a positive 
value, the ALTPRIn value replaces the Priority1 value in received Announce 
messages from the corresponding master clock before the application of the 
BMCA. The ALTPRIn values reprioritize the master clocks locally.

EtherNet/Industrial Protocol (IP)
EtherNet/IP is an industrial protocol that uses standard Ethernet and TCP/IP 
technology to transport Common Industrial Protocol (CIP) packets. You can 
enable EtherNet/IP on Port 1 for a maximum of eight simultaneous CIP 
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connections. Of these eight simultaneous connections, you can have as many 
as two Class 1 (I/O) connections and as many as six combined Class 3 
messages and Unconnected Message Manager (UCMM) messages.

When configuring EIP on Port 1, you can create as many as six Class 1 (I/O) 
connection configurations. Of these six, only two can be used simultaneously. 
Of the remaining six available connection configurations, as many as three can 
be Exclusive Owner connection configurations. The remaining number of 
connection configurations must be Input Only connection configurations. 
EtherNet/IP is described in detail in Appendix F: EtherNet/IP 
Communications.

Rapid Spanning Tree Protocol (RSTP)
RSTP is a protocol and is a distributed algorithm that is defined in the 
IEEE 802.1Q-2014 standard. Devices communicate RSTP through packets 
called Bridge Protocol Data Units (BPDUs) that travel between adjacent 
RSTP-enabled devices. These frames allow the devices to determine the root 
bridge in the network, as well as defines the state and role of each port of 
devices connected in the RSTP network.

Table 7.10 and Table 7.11 provide the various roles and states supported by 
the SEL-710-5. Use the RSTP command to view the assigned state and role of 
a port. The relay keeps a log of the states and roles in the Sequential Events 
Recorder (SER) report.

There are three RSTP settings available to set on Port 1 after RSTP is enabled. 
They include the bridge priority (BRDGPRI), which is used to help determine 
the root bridge in the network, and the port priorities (PORTAPRI and 

Table 7.10 RSTP Roles Supported in the SEL-710-5

Roles Definition

Root Port A port with the shortest patha to the root bridge. All STP and 
RSTP capable bridges must have exactly one except the root 
bridge, which cannot have any.

a This is not always the shortest path. The settings in the network define the path costs, so the 
root port is the one with the smallest path costs to the root switch. There may be a physically 
shorter path, but because of the path costs of the other devices, a longer path to the root 
may be used.

Designated Port The port that connects a LAN to its designated bridge.

Alternate Port Represents the best alternate path to the root bridge. This path is 
different than using the root port. The alternate port moves to the 
forwarding state if there is a failure on the designated port for the 
segment.

Backup Port Represents a redundant path to a segment where another port on 
the bridge already connects.

Disabled The port is disabled during the role initialization or it is disabled 
due to a link or hardware failure.

Table 7.11 RSTP States Supported in the SEL-710-5

States Definition

Forwarding A port receiving and transmitting message frames and BPDUs.

Learning A port receiving and transmitting BPDUs; this port does not 
receive or transmit message frames.

Discarding A port receiving BPDUs; this port does not receive or transmit 
message frames.

NOTE: Exercise caution when 
disabling RSTP (ERSTP := N) in a 
relay connected in a switched 
network because doing so could 
introduce network loops.
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PORTBPRI) for Ports 1A and 1B, which are used to help determine the root 
port of the device. See Table 7.50 for more information regarding these 
settings.

Example of a Simple Topology
The simplest example of a loop is a network of devices connected in a ring 
(Figure 7.15). Devices connected in a ring topology allow traffic to go from 
one port on one device to another port on another device in either direction 
around the ring, as the two green lines show in Figure 7.15 between Devices 1 
and 6.

Figure 7.15 Physical Ring Without Loop Mitigation

Disabling the link between Devices 3 and 4 forces traffic to follow a single 
path across the network (as the green line in Figure 7.16 shows). The process 
of disabling links to logically remove loops from the network is called 
convergence because the devices use RSTP to converge the network into a 
stable configuration without any loops.

Figure 7.16 Network Convergence With Logically Disabled Link

The logically disabled connections remain physically present and can be 
quickly enabled by RSTP to provide an alternative path for the network traffic 
in the event of a physical network failure. For example, if the link between 
Devices 2 and 3 were to fail, traffic would be disrupted on the network, as 
indicated by the dashed green line in Figure 7.17. Devices 2 and 3 would 
respond by using RSTP and BPDUs to inform the other devices in the network 
that an event occurred. The rapid spanning tree algorithm (RSTA) in each 
network device would then use BPDUs over RSTP to communicate with their 
respective connected devices, in turn, and eventually the logically disabled 
link between Devices 3 and 4 would be re-enabled, as shown in Figure 7.18.
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Figure 7.17 Physical Link Failure Between Devices

Figure 7.18 Network Convergence

As the green line in Figure 7.18 shows, traffic can still flow between 
Devices 3 and 5 but now it is through a different path. The process of 
re-enabling disabled links to allow traffic to flow and heal the network is 
called reconvergence. During this change in the network, traffic is temporarily 
disrupted. Figure 7.3 shows a typical network diagram that uses SEL-710-5 in 
a switched network with ERSTP := Y. Refer to SEL application guide 
“Understanding RSTP and Choosing the Best Network Topology” 
(AG2017-21) at selinc.com for additional information on RSTP.

RSTP Performance Measurement
Figure 7.19 shows a convergence example involving a ring network where 
both SEL-2730M switches and all seven SEL-700 series relays are configured 
with default RSTP settings. In this example, there is a transmitting device 
connected to the North SEL-2730M switch and a receiving device connected 
to the South SEL-2730M switch.

As a result of the devices being configured with default RSTP settings, the 
network converges to break the loop at Relay 14. This configuration results in 
the port for Relay 14 to be in discarding state (indicated by “D”). In this state, 
traffic flows from the North SEL-2730M switch to the South SEL-2730M 
switch by passing through Link L1.

For this example, consider a link-down event occurring at Link L1. A link-
down event is when the cable that connects two devices is physically broken 
(indicated by the slash). After this link-down event, the network takes 
approximately 150 ms to reconverge such that the discarding port on Relay 14 
transitions into a forwarding state. This allows traffic to flow from the 
North SEL-2730M switch to the South SEL-2730M switch by passing 
through all seven relays.
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Figure 7.19 Link-Down Event at Link L1

If additional relays are added to this example network, the reconvergence time 
increases by approximately 20 ms per additional relay.

SEL-700 series relays are configured with a Max Age value of 40. This means 
that a network with SEL-700 series RSTP devices should be created with the 
understanding that the maximum number of hops from the root in the network 
should not exceed 40.

To understand the importance of enabling RSTP in an SEL-700 series relay 
ring network in comparison to leaving it disabled, refer to the SEL application 
guide “Maintaining Switched-Mode Relay Responsiveness in an RSTP 
Network” (AG2019-15).

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

Software Flow 
Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
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<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-710-5.



7.26

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages are  
accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when XOFF is received and can resume when the relay 
sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.12 lists these messages.

Access Levels You can issue commands to the SEL-710-5 via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-710-5 Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-710-5 Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level; should be used under 
direction of SEL only)

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Set EPORT to N to disable the port and hide the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

Table 7.12 Serial Port Automatic Messages

Condition Description

Start Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 10: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-710-5 sends a status report each time a self-test 
warning or failure condition is detected. See STATUS Com-
mand (Relay Self-Test Status) on page 7.67.
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Access Level 0
Once serial port communication is established with the SEL-710-5, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-710-5 Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-710-5 to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.31 for more detail.

Access Level 1
When the SEL-710-5 is in Access Level 1, the relay sends the following 
prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-710-5 sends the prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

All of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is used exclusively by the SEL factory and SEL field service 
personnel to diagnose troublesome installations. A list of commands available 
at Access Level C is available from SEL upon request. Do not enter Access 
Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C. Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-710-5 Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands required by SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C is a restricted access level, and should only be 
used under direction of SEL

The SEL-710-5 responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the 
beginning:

Table 7.13 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting]                              Date: mm/dd/yyyy  Time: hh:mm:ss.sss
[TID Setting]                          Time Source: external

Table 7.13 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 710-5; see ID Settings on page 4.4.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = MOTOR RELAY; see ID Settings on 
page 4.4.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and external if an 
input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

89CLOSE Command (Close Disconnect)
The 89C command (see Table 7.14 for the command description and the 
format) is used to close a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89C m command 
asserts Relay Word Bit 89CC2Pm for a quarter-cycle when executed, while 
the 89C n m command asserts Relay Word bit 89CC3Pnm for a quarter-cycle 
when executed. See Table 9.2 for how these Relay Word bits are used in the 
disconnect close control logic.

 

To issue the 89C 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Table 7.14 89CLOSE Command

Command Description Access Level

89C m Closes Two-position Disconnect m 2

89C n m Closes Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to close.

n L or E, to signal an in-line or earthing disconnect, respectively.

=>>89C 1 <Enter>

Close 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Closed

=>>
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Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89C 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89C command. Following the in-progress state, 
the Relay Word bit that asserts determines the subsequent status message 
displayed in the terminal: Disconnect Open if 89OP2Pm or 89OP3Pnm is 
asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is asserted, or 
Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm is asserted. 
See Disconnect Control Settings on page 9.2.

The 89C command is supervised by the main board breaker control jumper 
(see Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89C command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89C command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89C command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

89OPEN Command (Open Disconnect)
The 89O command (see Table 7.15 for the command description and the 
format) is used to open a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89O m command 
asserts Relay Word Bit 89OC2Pm for a quarter-cycle when executed, while 
the 89O n m command asserts Relay Word bit 89OC3Pnm for a quarter-cycle 
when executed. See Figure 9.3 for how these Relay Word bits are used in the 
disconnect close control logic.

 

=>>89C L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89C L 1 <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.15 89OPEN Command

Command Description Access Level

89O m Opens Two-position Disconnect m 2

89O n m Opens Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to open.

n L or E, to signal an in-line or earthing disconnect, respectively.
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To issue the 89O 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89O 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89O Command. Following the in-progress 
state, the Relay Word bit that asserts determines the subsequent status 
message displayed in the terminal: Disconnect Open if 89OP2Pm or 
89OP3Pnm is asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is 
asserted, or Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm 
is asserted. See Disconnect Control Settings on page 9.2.

The 89O command is supervised by the main board breaker control (see 
Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89O command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89O command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89O command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.16) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-710-5 Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.26 for a discussion of placing 
the relay in an access level.

=>>89O 1 <Enter>

Open 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Open

=>>

=>>89O L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89O L 1 <Enter>

Command Aborted: Device in Local Control

=>>
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Password Requirements
Passwords are required unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.58 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.58. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

Table 7.16 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>
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At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
Access Level C can be accessed from Access Level 2 with the CAL 
command. The relay pulses the SALARM Relay Word bit for one second after 
a successful Level 2 or Level C access, or if access is denied.

AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (from Access Level 2) to initiate a self-test of the arc-
flash detection channels 1 to 4. This test requires that the relay has the 
SELECT 4 AFDI/3 DIFF ACI or the SELECT 8 AFDI card in Slot E and that 
the external fiber-optic connections are complete. The test checks the integrity 
of the arc-flash detection system. Figure 7.20 shows an example of the AFT 
command response. Refer to Section 11: Testing and Troubleshooting for 
details on the arc-flash self-tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 8. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word bits stay asserted continuously for 10 
seconds.

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: 
hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-710-5                                 Date: 6/09/2013  Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.20 AFT Command Response
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ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.17 for the command 
description and for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before reaching the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale over the time specified

When parameter p is a percentage, the relay displays the following message 
during the test:

When parameter p is a ramp function, the device displays the following 
message during the test:

Table 7.17 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output channel. 2

Parameters

c The analog channel (either the channel name, e.g., A0301, or the channel 
number, e.g., 301).

p A percentage of full scale, or either the letter “R” or “r” to indicate ramp 
mode.

t The duration (in decimal minutes) of the test.

Outputting xx.xx [units] to Analog Output Port for y.y minutes. Press any key 
to end test

where:
xx.xx is the calculation of percent of full scale
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

Ramping Analog Output at xx.xx [units]/min; full scale in y.y minutes. Press 
any key to end test

where:
xx.xx is the calculation based upon range/time t
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

NOTE: 0% = low span, 100% = high 
span. For a scaled output from 4–
20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.
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For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume the analog output signal 
type is 4–20 mA, and we want to test the analog output at 75 percent of rating 
for 5.5 minutes. 

To check the device output, calculate the expected mA output as follows:

To start the test, enter ANA AO301 75 5.5 at the Access Level 2 prompt:

Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

Analog Output Port Test Complete

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =
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BRE Command (Breaker Monitor Data)
Use the BRE command (Access Level 1) to view the breaker monitor report. 
See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor.

 

BRE W or R Command (Preload/Reset Breaker Wear)
The BRE W command (Access Level 2) only saves new settings after the 
Save Changes (Y/N)? message. If a data entry error is made using the 
BRE W command, the values echoed after the Invalid format, changes 
not saved message are the previous BRE values, unchanged by the aborted 
BRE W attempt.

Use the BRE R command (Access Level 2) to reset the breaker monitor:

=>BRE <Enter>

SEL-710-5                               Date: 12/04/2009   Time: 14:26:57
MOTOR PROTECTION RELAY                  Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2009 11:16:21

=>

=>>BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>
                                      IB      = 0.0      ? 18.6  <Enter>
                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>
                                      IB      = 0.0      ? 0.6  <Enter>
                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>
                                      B-phase =   0       ? 28  <Enter>
                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2009 ? 12/04/2009  <Enter>
                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? Y <Enter>

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? Y <Enter>
Clearing Complete

=>>LAST RESET 02/03/10 05:41:07



7.37

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor. 

CEV Command
The SEL-710-5 provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SYNCHROWAVE Event SEL-5601-2 Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT n 
(CEV n) command to display Compressed ASCII event reports. Parameter n 
indicates the event number. The events can be accessed by the event record 
number or by their unique reference number. The most recent event report is 
record number one (1), the next most recent report is record number two (2), 
and so on. Reference numbers start at 10000 and increment by 1 with each 
event. When the event report list is cleared, the reference number resets to 
10000. See Table C.2 for further information. Compressed ASCII Event 
Reports contain all of the Relay Word bits. The CEV n R command gives the 
raw Compressed ASCII event report. Additionally, the compressed event 
report has the arc-flash detector light measurements.

CMET S and CMET S R Commands
The CMET S command collects data simultaneously from all Ia, Ib, Ic, Va, 
Vb, and Vc and the output contains frequencies and associated magnitudes. 
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Motor Monitoring Using Fourier Analysis on page 5.11 for further details.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained 
by the device as well as statistics for the measured time offsets with the parent 
(master) clock. The PTP data sets contain information about the state, identity, 
and configuration of the local, parent, and grandmaster clocks, in addition to 
properties of the time being distributed by the grandmaster clock.

If the EPTP setting is set to NO, and the COM PTP command (with or 
without any parameters) is sent to the relay, the relay responds with:

If a temporary resource shortage exists, a settings change is in progress, or the 
PTP component is not yet initialized, and the COM PTP command is sent to 
the relay, the relay responds with:

Table 7.18 COM PTP Command

Command Description Access Level

COM PTP Displays the PTP data sets and offset statistics for 
the active PTP slave port of the last active PTP slave 
port before all PTP slave ports went down.

1

COM PTP C or R Clears or resets the PTP offset statistics for all 
ports.

1

=>COM PTP <Enter>

PTP not enabled
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If EPTP is enabled and the COM PTP C or R command is sent to the 
SEL-710-5, the SEL-710-5 responds with: 

If you select Y, the relay responds with: Clearing Complete. If you select N, 
the relay responds with: Command Canceled. If you select anything else, the 
relay responds with: Command Canceled. 

If a COM PTP C or R command is sent to the SEL-710-5 and the PTP 
component is enabled but not yet initialized, the SEL-710-5 responds with:

The SEL-710-5 Relay saves the date and time when the PTP offset statistics 
are cleared. The format of the offset clearing data matches the DATE_F 
Global Setting. The statistic clearing date and time is the time of the last user 
reset through an ASCII command, the last Port 1 settings change, or the last 
power up. The time stamp of the most recent event is displayed.

An example response to the COM PTP command when PTP is available is 
shown in Figure 7.21.

=>COM PTP <Enter>

Command is not available

=>COM PTP C <Enter>

Clear PTP offset statistics?
Are you sure? Y N

=>COM PTP R <Enter>

Command is not available

=>>COM PTP <Enter>

SEL-710-5                                   Date: 05/13/2019   Time: 10:01:41.976
MOTOR RELAY                                 Time Source: External

PTP offset statistics previously cleared on 05/09/2019 09:32:18 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : UDP
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 12 32 22
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 0
  Slave Only : true

Figure 7.21 COM PTP Command Response 
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A description of each PTP data set displayed in Figure 7.21 is given in 
Table 7.19.

Current Data Set
  Steps Removed : 1

Parent Data Set
  Parent Port Identity
  Clock Identity : 00 30 A7 FF FE 0B 29 91
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 0B 29 91
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale 6
    Clock Accuracy : Within 100 ns
    Offset Log Variance : 18887
  Grandmaster Priority1 : 128
  Grandmaster Priority2 : 128

Time Properties Data Set
  Current UTC Offset : 37
  Current UTC Offset Valid : true
  Leap59 : false
  Leap61 : false
  Time Traceable : true
  Frequency Traceable : true
  PTP Timescale : true
  Time Source : GPS
  Local Time Offset 
    Offset Valid : true
    Name : UTC-07:00
    Current Offset : -25237 s
    Jump Seconds : -3600 s
    Time of Next Jump : 1572771637 s

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 12 32 22
    Port Number : 1
  Port State : SLAVE
  Log Pdelay Request Interval : 0
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 4 intervals
  Path Delay Mechanism : P2P
  Failed to Receive Response : true
  Received Multiple Pdelay Responses : false
  Reason for Non-synchronization : 
  Port status : A, ACTIVE

=>>

Figure 7.21 COM PTP Command Response  (Continued)

Table 7.19 PTP Data Set Descriptions (Sheet 1 of 5)

Type of Data Set Information Field Description

Settings PTP Profile This value is the same as PTPPRO.

Transport 
Mechanism

This value is the same as PTPTR.

Path Delay This value is the same as PTHDLY.

Default Two Step For the default data set, this is set to TRUE. A two-step clock uses the combination of 
an event message and a subsequent general message to provide time information. A 
one-step clock uses a single event message to provide time information.

Clock Identity This is an 8-octet number that uniquely identifies the clock on the network. It is 
derived from the Ethernet MAC address.

Number of Ports This is the number of Ethernet ports used to communicate PTP messages. It is 
always 1 for SEL-710-5 relays.

Clock Quantity This contains information about clock class, accuracy, and variance of the 
SEL-710-5.
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Priority1 This is the first priority for the SEL-710-5 used in the default BMCA. It is always set 
to 255.

Priority2 This is the second priority for the SEL-710-5 used in the default BMCA. It is always 
set to 255.

Domain Number This value is the same as DOMNUM. It is the PTP domain number to which the clock 
belongs.

Slave Only This value is always TRUE for SEL-710-5 relays.

Current Steps Removed This is the number of communication paths between the SEL-710-5 Relay and the 
grandmaster clock. A communication path is the link between a master and a slave 
port. Hence, links to transparent clocks do not count as separate paths. The values 
range from 1 to 65535.

Parent Parent Port Identity This contains the clock identity and port number of the adjacent clock to which the 
SEL-710-5 clock is synchronized. The port number identifies the specific port on the 
adjacent clock from which the SEL-710-5 clock is receiving PTP messages. 

Grandmaster Clock 
Identity

This is the clock identity of the grandmaster clock to which the SEL-710-5 is 
synchronized. 

Grandmaster Clock 
Quality

This contains the class, accuracy, and variance of the grandmaster clock.

Grandmaster Clock 
Class

This field displays an ASCII message based on the received clock class code as 
described in the following table.

Table 7.19 PTP Data Set Descriptions (Sheet 2 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

68–122, 133–170, 216–232 Profile specific value

6 Synchronized with PTP timescale

13 Holdover with PTP timescale

14 Synchronized with ARB timescale

52 Holdover degrade A with PTP timescale

58 Holdover degrade A with ARB timescale

187 Holdover degrade B with PTP timescale

193 Holdover degrade B with ARB timescale

248 Default

255 Slave only

All other codes Reserved with decimal code value (xxx)
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Grandmaster Clock 
Accuracy

This field displays an ASCII message based on the received clock accuracy 
enumeration value as described in the following table.

Grandmaster 
Priority1

This is the priority1 value set in the grandmaster clock. If the setting ALTPRIn > 0, 
its value is used as the reported priority1 value for grandmaster n. The expected value 
is between 0 to 255.

Grandmaster 
Priority 2

This is the priority2 value set in the grandmaster clock. The expected value is 
between 0 to 255.

C37.238 TLV 
Information

This is the C37.238 TLV information received. It is valid only in the Power profile. In 
the case of Default profile, this section is hidden.

Time Properties Current UTC Offset This is the current number of leap seconds between TAI and UTC. 

Current UTC Offset 
Valid

This attribute is TRUE if the Current UTC Offset is valid and should be used. It is 
FALSE otherwise.

Leap59 This is set to TRUE if there is an impending leap second removal, i.e., the last minute 
of the current day contains 59 seconds. 

Leap61 This is set to TRUE if there is an impending leap second insertion, i.e., the last minute 
of the current day contains 61 seconds. 

Time Traceable This indicates if the time being served is traceable to UTC reference time. 

Frequency Traceable This indicates if the frequency being distributed is traceable to a primary source. 

Table 7.19 PTP Data Set Descriptions (Sheet 3 of 5)

Type of Data Set Information Field Description

Value (Hex) Message

20 Within 25 ns

21 Within 100 ns

22 Within 250 ns

23 Within 1 μs

24 Within 2.5 μs

25 Within 10 μs

26 Within 25 μs

27 Within 100 μs

28 Within 250 μs

29 Within 1 ms

2A Within 2.5 ms

2B Within 10 ms

2C Within 25 ms

2D Within 100 ms

2E Within 1 s

2F Within 10 s

30 Within 10 s

31 Greater than 10 s

80–FD Profile specific value (0xyy)

FE Unknown

All other values Reserved (0xyy)
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PTP Timescale This is TRUE if the time being served uses the PTP/UTC timescale. Otherwise, it is 
FALSE.

Time Sources This shows the source of the time being distributed based on the value of the time 
source enumeration as shown in the following table.

Local Time Offset This is the offset of local time from UTC and information about impending change in 
the offset.

Port Port Identity This contains the clock ID and port number of the SEL-710-5 Relay on the PTP 
network. 

Port State This is the synchronization state of the SEL-710-5: LISTENING, SLAVE, 
UNCALIBRATED, or FAULTY. The relay is synchronized if the state is SLAVE.

Log Delay Request 
Interval

If the end-to-end delay mechanism is enabled, this is the logarithm to base 2 of the 
delay request intervals (in seconds) received from the master clock. If the peer-to-
peer (P2P) delay mechanism is enabled, these data are hidden. Also, these data are 
hidden when delay mechanism is set to OFF.

Log Pdelay Request 
Interval

If the peer-to-peer (P2P) delay mechanism is enabled, this is the logarithm to base 2 
of the configured peer delay request intervals (PDINT). If the end-to-end delay 
mechanism is enabled, these data are hidden. Also, these data are hidden when the 
delay mechanism is set to OFF.

Peer Mean Path 
Delay

If the peer-to-peer (P2P) delay mechanism is enabled, this is the measured mean peer 
delay on the SEL-710-5. If the peer-to-peer (P2P) delay mechanism is not selected 
(PTHDLY := P2P), these data are hidden.

Announce Receipt 
Timeout

This value is always four announce intervals. 

Path Delay 
Mechanism

This is the same value as PTHDLY.

Failed to Receive 
Response

The value is TRUE if no response is received after five consecutive Delay or Pdelay 
Requests from the port. Otherwise, the value is FALSE. These data are hidden if 
PTHDLY := OFF.

Received Multiple 
Pdelay Responses

This is set to TRUE if a response is received from more than one clock to a Pdelay 
request from the SEL-710-5. The port state will transition to faulty when this 
happens. The value is reset to FALSE when only one clock responds to Pdelay 
requests from the SEL-710-5. These data are hidden if PTHDLY := P2P.

Table 7.19 PTP Data Set Descriptions (Sheet 4 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

10 ATOMIC_CLOCK

20 GPS

30 TERRESTRIAL_RADIO

40 PTP

50 NTP

60 HAND_SET

90 OTHER

A0 INTERNAL_OSCILLATOR

F0–FE PROFILE SPECIFIC VALUE (0xyy)

All other values RESERVED (0xyy)
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COMMUNICATIONS Command
The COM x command (see Table 7.20) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix J: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
Relay Word bits ROKA or ROKB. The Last Error field displays the reason for 
the most recent channel error, even if the channel was already failed. We 
define failure reasons as one of the following error types:

Reason for Non-
synchronization

If the SEL-710-5 fails to synchronize, this field provides one of the following reasons 
for the failure: incorrect domain number, clock not in the acceptable master table, or 
missing TLV in Announce messages. Otherwise, the string is empty. See the 
following table.

Port Status This displays the Port 1A or 1B time-synchronization status. If the port is not 
synchronized to a PTP master, NA is displayed. If a port is in the SLAVE state and it 
is chosen as master, ACTIVE is displayed.

Additional port status indications are available via Relay Word bits PTPA, PTPB, 
PASEL, and PBSEL. When Ethernet Port 1A is active, PASEL asserts. Similarly, 
when Ethernet Port 1B is active, PBSEL asserts. If the operating mode on Port 1 of 
the relay is PRP, PTP is enabled. If the relay is receiving PTP messages on Port 1A, 
PTPA asserts. Similarly, in PTP mode, if PTP is enabled and the relay is receiving 
PTP messages on Port 1B, PTPB asserts. 

Table 7.19 PTP Data Set Descriptions (Sheet 5 of 5)

Type of Data Set Information Field Description

Number Reason for Non-synchronization Display Strings

1 Received Announce message for a different domain: 
<domain number>

2 Received Announce message from an unacceptable master: 
<MAC or IP address>

3 Required TLV is missing or incorrectly formatted by clock:

<clock ID>

➤ Device disabled ➤ Re-sync
➤ Framing error ➤ Data error
➤ Parity error ➤ Loopback
➤ Overrun ➤ Underrun

Table 7.20 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 

COM S B 

Returns a summary report of the last 255 records in the 
communications buffer for either MIRRORED BITS com-
munications Channel A or Channel B when only one 
channel is enabled. 

1 

 

COM A Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel A. 

1 

COM B Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel B. 

1 

COM L A Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel A. 

1 
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.21) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.21.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.22) to copy the settings of Group j 
to the settings of Group k. The settings of Group j effectively overwrite the 
settings of Group k. Parameters j and k can be any available settings group 
number 1 through 4.

COM L B Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel B. 

1 

COM C Clears all communications records. If both MIRRORED 
BITS channels are enabled, omitting the channel speci-
fier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.20 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.21 CONTROL Command

Command Description Access Level

CON RBnn k Sets a Remote Bit to set, clear, or pulse. 2

Subcommand

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

Parameters

nn A number from 01 to 32, representing RB01 through RB32.

k S, C, or P.

=>>CON RB05 S <Enter>

Table 7.22 COPY Command

Command Description Access Level 

COP j k Copies settings in Group j to settings in Group k. 2 

Parameters

j 1, 2, 3, or 4.

k 1, 2, 3, or 4.
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For example when you enter the COP 1 3 command, the relay responds, Are 
you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.23).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.24) to view and set the relay date.

The relay can overwrite the date entered by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(Port 1) status, as shown in Figure 7.22, for the redundant fiber-optic (FX) 
Ethernet Port 1A and Port 1B configuration. The copper Ethernet port is labeled 
as TX. The response is similar for relays with the single Ethernet port option. 

Different Ethernet configurations and different NETMODE settings result in 
slightly different information being displayed, as shown in Figure 7.22 
through Figure 7.26.

Table 7.23 COUNTER Command

Command Description Access Level

COU n Displays current state of device counters n times, with a 
1/2-second delay between each display.

1

Table 7.24 Date Command

Command Description Access Level

DATE Displays the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Sets the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1
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=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:16:05.914
MOTOR RELAY                                Time Source: External

NETMODE: PRP

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
      5098     1000       645526      88876         0       0

=>

Figure 7.22 Ethernet Port (PORT 1) Status Report When NETMODE := PRP

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:18:11.791
MOTOR RELAY                                Time Source: External

NETMODE: FIXED

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
       143      107        14652       7861         0       0

=>

Figure 7.23 Ethernet Port (PORT 1) Status Report When 
NETMODE := FIXED
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=>ETH <Enter>

SEL-710-5                                  Date: 10/25/2016   Time: 10:59:25.558
MOTOR RELAY                                Time Source: Internal

NETMODE: FAILOVER

PRIMARY PORT:  1A
ACTIVE PORT:   1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Down   --     --     TX

IP Port:

MAC: 00-30-A7-67-32-10
IP ADDRESS: 10.10.52.244
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        36       72         2660       5081         0       0

GOOSE Port:

MAC: 00-30-A7-78-10-20

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
         0        0            0          0         0       0

=>

Figure 7.24 Ethernet Port (PORT 1) Status Report When 
NETMODE := FAILOVER, E61850 := Y, and EGSE := Y

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:21:34.698
MOTOR RELAY                                Time Source: External

NETMODE: SWITCHED

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        93       74         8537       5096         0       0

=>

Figure 7.25 Ethernet Port (PORT 1) Status Report When 
NETMODE := SWITCHED

NOTE: Relays with older CPU cards 
can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).
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The command response for the single Ethernet port option is as shown in 
Figure 7.26.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.25) to view event reports. See Section 10: 
Analyzing Events for further details on retrieving and analyzing event reports. 
See the HISTORY Command on page 7.53 for details on clearing event 
reports.

FILE Command
The FIL command (see Table 7.26) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FIL command is supported if you connect over the serial or 
Ethernet ports.

=>ETH <Enter>

SEL-710-5                                 Date: 06/05/2010 Time: 10:41:44
MOTOR RELAY                               Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 
 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>

Figure 7.26 Ethernet Port (PORT 1) Status Report for the Single Ethernet 
Port Option

Table 7.25 EVENT Command (Event Reports)

Command Description Access Level

EVE Return the most recent event report (including set-
tings and summary) at full length with 4 samples per 
cycle data

1

EVE [DIF] n Returns the n event report (standard or differential) 
with 4 samples/cycle data.

1

EVE [DIF] n R Returns the n event report (standard or differential) 
with raw (unfiltered) 32 samples/cycle analog data 
and 4 samples/cycle digital data.

1

Parameters

DIF Specifies a differential event report. If DIF is not specified, the relay 
displays a standard event report.

n Indicates a record or event reference number. The most recent event has 
a record number of 1 and increments by 1 with each event, whereas the 
event reference number is a unique number that starts at 10000 and 
increments by 1 with each event (see Event Reference Number on 
page 10.4 for details). If n is not specified, the relay displays the latest 
event report by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which can be used for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.27.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.26 FILE Command

Command Description Access Level

FIL DIR Returns a list of files. 1

FIL READ 
filename

Transfers settings file filename from the relay to 
the PC.

1

FIL WRITE 
filename

Transfers settings file filename from the PC to the 
relay.

2

FIL SHOW 
filename

Displays contents of the file filename. 1

Table 7.27 GOOSE Command Variants 

Command Variant Description
Access 
Level

GOOSE Displays GOOSE information. 1

GOOSE k Displays GOOSE information k times. 1

GOOSE S Displays a list of GOOSE subscriptions with their 
ID.

1

GOOSE S n Displays GOOSE statistics for all subscription ID n. 1

GOOSE S ALL Displays GOOSE statistics for all subscriptions. 1

GOOSE S n L Displays GOOSE statistics for subscription ID n 
including error history.

1

GOOSE S ALL L Displays GOOSE statistics for all subscriptions 
including error history.

1

GOOSE S n C Clears GOOSE statistics for subscription ID n. 1

GOOSE S ALL C Clears GOOSE statistics for all subscriptions. 1

Information Field Description

Transmit
GOOSE Control Reference

This field represents the GOOSE control reference information that includes the IED 
name, ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and GSECon-
trol name (GSE Control Block Name) (e.g., SEL_351S_1CFG/LLN0$GO$GooseD-
Set13).

Receive
GOOSE Control Reference

This field represents the goCbRef (GOOSE Control Block Reference) information that 
includes the iedName (IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical 
Node Class), and cbName (GSE Control Block Name) 
(e.g., SEL_351S_1CFG/LLN0$GO$GooseDSet13).

MultiCastAddr (Multicast Address) This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where spaces are used if the 
priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area Network) value, where 
spaces are used if the virtual LAN is unknown.

StNum (State Number) This hexadecimal field represents the state number that increments with each state change.
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SqNum (Sequence Number) This hexadecimal field represents the sequence number that increments with each retrans-
mitted GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is expected.

Code When appropriate, this text field contains warning or error condition text that is abbrevi-
ated as follows:

Transmit Data Set Reference This field represents the DataSetReference (Data Set Reference) that includes the IED 
name, LN0 lnClass (Logical Node Class), and GSEControl datSet (Data Set Name) 
(e.g., SEL_351S_1CFG/LLN0$DSet13).

Receive Data Set Reference This field represents the datSetRef (Data Set Reference) that includes the iedName (IED 
name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and datSet 
(Data Set Name) (e.g., SEL_351S_1CFG/LLN0$DSet13).

Ctrl Ref/
ControlBlockReference

This is the GOOSE control block reference. It is a concatenation of the logical device 
name, LLN0 (logical node containing the control block), GO (functional constraint), and 
the GSEControl name. (e.g. SEL_351S_1CFG/LLN0$GO$GooseDSet13) 

AppID This is the application identifier as a decimal number. 

From This is the date and time the current statistics collection started. 

To This is the date and time the GOOSE statistics command was executed. 

Accumulated downtime dura-
tion

This represents the total amount of time a subscription was in an error state. The duration 
is displayed in the format: hhhh:mm:ss.zzz.

Maximum downtime duration This represents the maximum amount of time a subscription was continuously in error 
state. The duration is displayed in the format: hhhh:mm:ss.zzz.

Date & time maximum downtime 
began

This is the date and time the recorded maximum downtime started. 

Number of messages received 
out-of-sequence (OOS)

This represents the total number of messages received with either the state number and/or 
sequence number out-of-sequence. This includes cases where more than one instance of a 
message is received within a single relay processing interval. In this case, the most recent 
message is processed and the others are discarded.

Number of time-to-live (TTL) 
violations detected 

This represents the total number of times a message was not received within the expected 
period/interval. 

Number of messages incor-
rectly encoded or corrupted

This represents the total number of messages that were identified with this subscription 
but were either incorrectly encoded or encoded with a wrong dataset. 

Number of messages lost due 
to receive overflow

This represents the total number of messages that were not processed because memory 
resources were exhausted. This includes cases where more than one instance of a message 
is received within a single relay processing interval. In this case, the most recent message 
is processed and the others are discarded.

Calculated max. sequential 
messages lost due to OOS

This represents the maximum estimated number of messages that were missed after 
receiving a message with a higher state or sequence number than expected.

Calculated number of mes-
sages lost due to OOS

This represents the total of all estimated number of messages lost due to state or sequence 
number skip in received messages. 

Information Field Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired
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Figure 7.27 shows an example response to the GOOSE command.

Table 7.28 Warning and Error Codes for GOOSE Subscriptions

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or 
becomes unresponsive after the GOOSE command has been 
issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the 
configuration revision number in the received GOOSE message 
does not match with the value of the configuration revision 
number present in the CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE 
message has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message 
does not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the 
StNum or SqNum value between received GOOSE messages is 
not sequential.

Warning

INVALID QUAL 7 Invalid date quality received. Warning
a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

=>GOOSE

GOOSE Transmit Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_710d5_1CFG/LLN0$GO$GPub01
 01-0C-CD-01-00-18 4:1     4120   1          5580       362   
 Data Set: SEL_710d5_1CFG/LLN0$GPDSet01

SEL_710d5_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-04 4:3     4      11119      3          944   
 Data Set: SEL_710d5_1CFG/LLN0$NewDataset

GOOSE Receive Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-05 4:3     5      1          5563       2000    
 Data Set: SEL_700G_1CFG/LLN0$NewDataset

SEL_787d4_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-03 4:3     3      1          5522       2000    
 Data Set: SEL_787d4_1CFG/LLN0$NewDataset

=>GOO S 1 L

Figure 7.27 GOOSE Command Response



7.52

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

GROUP Command
Use the GROUP command (see Table 7.29) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change fails. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.30) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 AppID   : 5    
 From    : 04/20/2018 12:38:30.275  To: 04/20/2018 14:13:43.289

 Accumulated downtime duration                      : 0000:00:09.891
 Maximum downtime duration                          : 0000:00:09.891
 Date & time maximum downtime began                 : 04/20/2018 12:40:21.460
 Number of messages received out-of-sequence(OOS)   : 0
 Number of time-to-live(TTL) violations detected    : 1
 Number of messages incorrectly encoded or corrupted: 0
 Number of messages lost due to receive overflow    : 0
 Calculated max. sequential messages lost due to OOS: 0
 Calculated number of messages lost due to OOS      : 0

 #    Date        Time          Duration        Failure
 1    04/20/2018  12:40:21.460  0000:00:09.891  TTL EXPIRED

Figure 7.27 GOOSE Command Response (Continued)

Table 7.29 GROUP Command

Command Description Access Level

GROUP Displays the active group. 1

GROUP n Modifies the active Group n. 2

Parameter

n Indicates group numbers 1–4.

Table 7.30 HELP Command

Command Description Access Level

HELP Displays a list of each command available at the 
present access level with a one-line description.

1

HELP command Displays information on the command command. 1
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HISTORY Command
Use the HIS command (see Table 7.31) to view a list of one-line descriptions of 
relay events or clear the list (and corresponding event reports) from nonvolatile 
memory. For more information on event reports, see Section 10: Analyzing Events.

ID Command
Use the ID command (see Table 7.32) to extract device identification codes, as 
shown in Figure 7.28. You can use the information in the SPECIAL field in 
the ID command response to determine the hardware and firmware 
compatibility of the relay. Contact SEL technical support before you 
downgrade the relay firmware.

Table 7.31 HISTORY Command 

Command Description Access Level

HIS Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list.

1

HIS [50INC or 
BBD] n

Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list, beginning at event n.

1

HIS [50INC or 
BBD] C or R

Clears/resets the event history and all corre-
sponding event reports from nonvolatile mem-
ory.

1

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

1

HIS date1 date 2 Return the event summaries from date1 to date2, 
with date1 at the bottom of the list and date2 at 
the top of the list.

1

HIS CA or RA Clears/resets the event history and all corre-
sponding event reports from nonvolatile memory 
and resets the unique reference number to 
10000.

1

Parameter

BBD Returns event histories for the broken bar detection element. If 
BBD is not specified, the relay displays histories for the standard 
event report.

50INC Returns event histories for the incipient cable fault detection ele-
ment. If 50INC is not specified, the relay displays histories for the 
standard event report. 

n Indicates an event reference number. The event reference number 
is a unique number that starts at 10000 and increments by 1 with 
each event (see Event Reference Number on page 10.4 for 
details).

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display 
a chronological progression through the report. Enter the newest 
date first to display a reverse chronological progression. Date 
entries are dependent on the date format setting DATE_F.

Table 7.32 ID Command

Command Description Access Level

ID Returns a list of device identification codes. 0
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IRIG Command
Use the IRIG command to direct the relay to read the demodulated IRIG-B 
time code at the serial port or IRIG-B input (see Table 7.33).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRIG command to synchronize the 
relay clock with IRIG-B. Use the IRIG command to determine if the relay is 
properly reading the IRIG-B signal.

L_D Command (Load Firmware)
Use the L_D command (see Table 7.34) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: Firmware Upgrade 
Instructions for further details on downloading firmware. Only download 
firmware to the front port.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

Figure 7.28 ID Command Response

Table 7.33 IRIG Command

Command Description Access Level

IRIG Forces synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRIG <Enter>

SEL-710-5                  Date: 12/10/2003 Time: 08:56:03.190
MOTOR RELAY                Time Source: external
=>

Table 7.34 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads firmware to the relay. 2
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LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.35) to view and manage the Load Profile 
report (see Figure 5.27). If there are no stored data and an LDP command is 
issued, the relay responds with No data available.

LOOPBACK Command
The LOO command (see Table 7.36) is used for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix J: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing is wrong and ROK is deasserted. The 
LOO command tells the MIRRORED BITS software to temporarily expect to 
see its own data looped back as its input. In this mode, LBOK asserts if error-
free data are received. The LOO command with just the channel specifier, 
enables looped back mode on that channel for five minutes, while the inputs 
are forced to the default values.

Table 7.35 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Displays a numeric progression of all load pro-
file report rows. Use the LDP command with 
parameters to display a numeric or reverse 
numeric subset of the load profile rows.

1

LDP C Clears the load profile report from nonvolatile 
memory.

1

Parameters

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric pro-
gression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with date1 
and ending with date2. Enter the oldest date first to display a chrono-
logical progression through the report. Enter the newest date first to 
display a reverse chronological progression. Date entries are depen-
dent on the date format setting DATE_F.

Table 7.36 LOO Command

Command Description Access Level 

LOO Enables loopback testing of MIRRORED BITS channels. 2 

LOO A Enables loopback on MIRRORED BITS Channel A for 
the next 5 minutes. 

2 

LOO B Enables loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

LOO R Cancels the loopbackl test. 2

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>



7.56

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the desired number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command causes both channels to be disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as shown 
below.

MET Command (Metering Data)
The MET command (see Table 7.37 and Table 7.38) provides access to the 
relay metering data.

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>>MAC <Enter>

Port 1 (IP) MAC Address:      00-30-A7-67-32-10
Port 1 (GOOSE) MAC Address:   00-30-A7-78-10-20

=>>

NOTE: Relays with older CPU 
cards can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).

Table 7.37 Meter Command

Command Description Access Level

MET c n Displays metering data. 1

MET c R Resets metering data. 2

Parameters

c Identifies meter class. If c is not specified, the relay displays the funda-
mental meter report.

n Specifies the number of times (1–32767) to repeat the meter response.

Table 7.38 Meter Class (Sheet 1 of 2)

c Meter Class

F Fundamental Metering

Ea Energy Metering 

Ma Maximum/Minimum Metering

RMS RMS Metering
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Confirm by 
selecting Y and pressing ENT. The metering quantities are reset and the relay 
responds with Reset Complete.

MMR Command
Use the MMR (motor maintenance report) command to review for each start/
stop cycle motor parameters, such as:

➤ Time to start/stop

➤ Power on start/stop

➤ Maximum starting current

➤ Minimum starting voltage

➤ Slip on stop

The MMR command displays the values recorded during a baseline run and 
each subsequent run. The MMR report includes data for the latest 360 start/
stop cycles, along with the data captured in the baseline run.

See Motor Maintenance Report on page 5.18 for information on the contents 
of the motor maintenance report.

MOTOR Command
The MOT command (see Table 7.40) displays motor operating statistics 
including the following:

➤ Motor running time, stopped time, and percent time running.

➤ Total number of motor starts.

➤ Number of emergency starts.

FFT Fast Fourier Transform Data Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

L Light Metering for arc-flash detection (AFD)

MV SELOGIC Math Variable Metering

RA Remote Analog Metering

a Reset command available.

Table 7.38 Meter Class (Sheet 2 of 2)

c Meter Class

Table 7.39 MMR Command

Command Description Access Level

MMR Displays stored motor parameters for each start/stop 
cycle along with the baseline run.

1

MMR C Clears stored motor parameters for each start/stop 
cycle and readies the relay to compute a new set of 
baseline run parameters in the following start/stop 
cycle.

2
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Section 5: Metering and Monitoring includes additional details on the motor 
operating statistics report. Issuing the MOT R or MOT C command from 
Access Level 2 clears both motor statistics and motor start reports.

MSR or CMSR Command
Use the MSR (Motor Start Report) command (see Table 7.41) to view motor 
start reports. The relay records a 720-data point report each time the motor 
starts. Use the CMSR n command for compressed motor start reports.  
QuickSet supports viewing of the compressed motor start reports (*.cmsr).

See Section 5: Metering and Monitoring for information on the contents of 
motor start reports. Issuing the MOT R or MOT C command from Access 
Level 2 clears both motor statistics and motor start reports.

MST Command
Use the MST (Motor Start Trend) command (see Table 7.42) to review the 
motor start trend data. The relay records the number of starts and average 
information for each of the past eighteen 30-day periods. See Section 5: 
Metering and Monitoring for information on the contents of the motor start 
trend data.

PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.43) to change existing passwords.

Table 7.40 MOTOR Command 

Command Description Access Level

MOT Displays machine operating statistical monitoring of 
the protected device.

1

MOT C or R Use this command to clear/reset the motor statistic and 
motor start report records.

2

Table 7.41 MSR (Motor Start Report) Command

Command Description Access Level

MSR n Returns the n motor start report where n is event record or 
reference number. The n defaults to 1, where 1 is the most 
recent event.

1

CMSR n Shows compressed motor start record data, where n is the 
event record or reference number.

1

Table 7.42 MST (Motor Start Trend) Command

Command Description Access Level

MST Returns the motor start trend data 1

MST R or C Resets or clears the data stored in the motor start trend 
buffers.

2

Table 7.43 PASSWORD Command

Command Description Access Level

PAS level Changes password for Access Level level. 2, C

Parameter

level Parameter level represents the relay Access Levels 1, 2, or C.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.
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The factory-default passwords are as shown in Table 7.44.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change the Access Level 2 password and PAS C to 
change the Access Level C password.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are shown below:

➤ #0t3579!ijd7

➤ $A24.68&,mvj

➤ (Ih2dcs)36dn

➤ *4u-Iwg+?lf-

PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 1) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (Port 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.29. 

The command structure is:

PING x.x.x.x t 

where: 

x.x.x.x is the Host IP address and 

Table 7.44 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Passwords

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1  <Enter>
New PW: ?#Ot3579!ijd7 <Enter>
Confirm PW: ?#Ot3579!ijd7 <Enter>
Password Changed
=>>

Table 7.45 Valid Password Characters

Alpha
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric
0 1 2 3 4 5 6 7 8 9

Special
! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~



7.60

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing Q.

PULSE Command
Use the PULSE command (see Table 7.46) to pulse any of the relay outputs 
for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact closes 
or opens depending on the output contact type (a or b). The PUL command 
energizes the coil and does not have any effect if the coil is already energized. 
The outputs are OUTnnn, where nnn represents 101–103 (standard), 301–308 
(optional), 401–408 (optional), or 501–508 (optional). For example, 
OUTPUT 301 refers to Output 01 in Slot C. 

QUIT Command
Use the QUIT command (see Table 7.47) to revert to Access Level 0.

Access Level 0 is the lowest access level; the SEL-710-5 performs no 
password check to descend to this level (or to remain at this level).

=>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

=>

Figure 7.29 PING Command Response

Table 7.46 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnn Pulses output OUTnnn for 1 second. 2

PUL OUTnnn s Pulses output OUTnnn for s seconds. 2

Parameters

nnn Output number.

s Time in seconds, with a range of 1–30.

NOTE: The PULSE command is 
available when the breaker control 
jumper on the main board is in the 
ENABLED position.

Table 7.47 QUIT Command

Command Description Access Level

QUIT Goes to Access Level 0. 0
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R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.48) to restore factory-default settings.

RSTP Command
Use the RSTP command (see Figure 7.49) to display the RSTP statistics and 
the present RSTP configuration when RSTP is enabled.

Table 7.50 describes the information displayed in the output of the RSTP 
command.

Table 7.48 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restores the factory-default settings and passwords and 
reboots the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.49 RSTP Command

Command Description Access Level

RSTP Displays the RSTP statistics and the present RSTP 
configuration.

1

Table 7.50 RSTP Command Definitions (Sheet 1 of 2)

Information Field Description

ROOT BRIDGE Reveals the role of the relay in the RSTP configuration. It will either display YES or 
NO.

BRIDGE ID Displays the Bridge ID of the relay, which consists of the bridge priority (in decimal 
format) and the MAC address of the relay.

ROOT BRIDGE ID Displays the Bridge ID of the root bridge, which consists of the bridge priority (in 
decimal format) and the MAC address of the root bridge.

ROOT PORT Displays the port number (i.e., Port 1A or Port 1B) that is forwarding towards the root 
bridge when the relay is a designated bridge. If the relay is the root bridge, this dis-
plays NA.

TIME SINCE TOPOLOGY CHANGE Displays the number of seconds since the last topology change occurred.

BRIDGE PRIORITY Determines the root bridge. The bridge with the lowest value becomes the root bridge. 
It can be set under the Port 1 settings.

HELLO TIME Interval in which the relay sends BPDUs. It is fixed at 2 seconds.

MAX AGE Maximum number of hops before a BPDU is discarded. It is fixed at 40.

FORWARD DELAY The time that the relay must spend in the listening and learning states before transi-
tioning to forwarding. It is fixed at 21 seconds. This is only used when the relay is in 
STP compatibility mode.

PORT 1A PROTOCOL Displays either STP or RSTP.

PORT 1B PROTOCOL Displays either STP or RSTP.

PORT 1A STATE The state of Port 1A.

PORT 1B STATE The state of Port 1B.

PORT 1A ROLE The role of Port 1A.

PORT 1B ROLE The role of Port 1B.

PORT 1A PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.
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Figure 7.30 shows an example response to the RSTP command.

RLP Command
Use the RLP command (see Table 7.51) to reset learned motor parameters.

In response to the RLP command, the device responds with the following 
prompt: Reset Cooltime (Y/N)? If you confirm the prompt, the device 
resets the learned cooling time and responds: Learned Cooling Time 
Reset. Otherwise, the device aborts the request and responds: Command 
Canceled. The device then responds: Reset Start TC (Y/N)? If you 
confirm the prompt, the device resets the Learned Starting Thermal Capacity 
and responds: Learned Starting TC Reset. Otherwise, the device aborts 
the request and responds with Command Canceled.

PORT 1B PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.

PORT 1A PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1B PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1A EDGE PORT If YES, Port 1A is an edge port. If NO, it is not.

PORT 1B EDGE PORT If YES, Port 1B is an edge port. If NO, it is not.

PORT 1A BPDU COUNT Displays the number of BPDUs received on Port 1A.

PORT 1B BPDU COUNT Displays the number of BPDUs received on Port 1B.

Table 7.50 RSTP Command Definitions (Sheet 2 of 2)

Information Field Description

=>RSTP <Enter>

SEL-710-5                                 Date: 08/26/2022   Time: 10:37:34.788
MOTOR RELAY                          Time Source: External

RSTP Communication Statistics: 

Root Bridge: NO
Bridge Id: 36864-0030A7169000
Root Bridge Id: 12288-0030A70B64F9
Root Port: 1A
Time Since Topology Change: 76601 sec
Bridge Priority: 36864;   Hello Time:  2 sec
Max Age: 40;   Forward Delay:  21 sec

PORT PROTOCOL  STATE       ROLE    PRIORITY  PATHCOST EDGE #BPDU-RCVD 
 1A   RSTP   Forwarding   Rootport    128    200000   False     39608 
 1B   RSTP   Discarding   Disabled    128    200000   False      1077 

=>

Figure 7.30 RSTP Command Response

Table 7.51 RLP Command

Command Description Access Level

RLP Resets learned motor parameters 2
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SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.52) to view and manage the Sequential 
Events Recorder report. See Section 10: Analyzing Events for further details 
on SER reports. If there is no SER report row stored, the relay responds with 
No Data Available.

SET Command (Change Settings)
Use the SET command to view or change the relay settings (see Table 7.53).

Table 7.52 SER Command (Sequential Events Recorder Report) 

Command Description Access Level

SER Displays a chronological progression of all available 
SER rows (as many as 1024 rows). Row 1 is the most 
recently triggered row and row 1024 is the oldest.

1

SER C or R Clears/resets the SER records. 1

Parameters

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the report. 
Enter the larger number first to display a reverse numeric progression of 
rows. For example, use SER 1 10 to return the first 10 rows in numeric 
order or SER 10 1 to return these same items in reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use SER 1/1/
2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date begin-
ning with date1 and ending with date2. Enter the oldest date first to dis-
play a chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F. For example, use SER 1/5/
2003 1/7/2003 to return all records for January 5, 6, and 7, 2003.

Table 7.53 SET Command (Change Settings) (Sheet 1 of 2)

Command Description Access Level

SET n s TERSE Sets the relay settings, beginning at the first 
setting for Group n.

2

SET E TERSE Sets the EtherNet/IP settings. 2

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.54.

The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SET L n s TERSE Sets the general logic settings for Group n. 2

SET G s TERSE Sets the global settings. 2

SET P k s TERSE Sets the serial port settings. k specifies the 
port; k defaults to the active port if not listed.

2

SET R s TERSE Sets the report settings such as Sequential 
Events Recorder (SER) and Event Report (ER) 
settings.

2

SET F s TERSE Sets the front-panel settings. 2

SET I TERSE Sets the IEC 60870-5-103 settings. 2

SET M s TERSE Sets the Modbus User Map settings. 2

SET DNP m s TERSE Sets the DNP Map m settings. 2

Table 7.54 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.53 SET Command (Change Settings) (Sheet 2 of 2)

Command Description Access Level

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.55 for the 
SHOW command settings and format.

Table 7.55 SHOW Command (Show/View Settings)

Command Description Access Level

SHO n s Shows the relay settings for Group n. 1

SHO E Shows the EtherNet/IP assembly map settings. 1

SHO L n s Shows the general logic settings for Group n. 1

SHO G s Shows the Global settings. 1

SHO P k s Shows the serial port settings. k specifies the port 
(1, 2, 3, 4, or F); k defaults to the active port if not 
listed.

1

SHO R s Shows the report settings, such as Sequential 
Events Recorder (SER) and Event Report (ER) set-
tings.

1

SHO F s Shows the front-panel settings. 1

SHO I Shows the IEC 60870-5-103 settings. 1

SHO M s Shows the Modbus User Map settings. 1

SHO DNP m s Shows the DNP Map m settings. 1

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s The name of the specific setting you want to view. Jumps to this set-
ting. If s is not entered, the relay starts at the first setting.

=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-710-5
TID      := SYNCHRONOUS MTR

Config Settings
SYNTYPE  := BRUSHLESS     CTR1     := 100           FLA1     := 250.0
VFDAPP   := N             CTRN     := 100           PTR      := 35.00
VNOM     := 4160          DELTA_Y  := DELTA         SINGLEV  := N

Thermal Overload
E49MOTOR := Y             SETMETH  := RATING        49RSTP   := 75
SF       := 1.15          LRA1     := 6.0           LRTHOT1  := 10.0
TD1      := 1.00          RTC1     := AUTO          TCAPU    := 85
TCSTART  := OFF           COOLTIME := 84

Phase Overcurr
50P1P    := 10.00         50P1D    := 0.00          50P2P    := OFF

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF

Residual Overcur
50G1P    := OFF           50G2P    := OFF

Neq Seq Overcur
50Q1P    := 3.00          50Q1D    := 0.10          50Q2P    := 0.30
50Q2D    := 0.2

Figure 7.31 SHOW Command Example
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Phase TOC
51AP     := OFF           51BP     := OFF           51CP     := OFF

Maximum Ph TOC
51P1P    := OFF           51P2P    := OFF

Negative Seq TOC
51QP     := OFF

Residual TOC
51G1P    := OFF           51G2P    := OFF

Motor Diff OC
E87M     := N

Jam Settings
LJTPU    := OFF           LJAPU    := OFF

Undercurrent Set
LLTPU    := OFF           LLAPU    := OFF

Current Imb Set
46UBT    := 20            46UBTD   := 5             46UBA    := 10
46UBAD   := 10

Start Monitoring
START_T  := OFF

Star-Delta Set
ESTAR_D  := N

Start Inhibt Set
MAXSTART := OFF           TBSDLY   := OFF           ABSDLY   := OFF

Phase Rev Set
E47T     := Y

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF

27 Inverse Time
E27I1    := N             E27I2    := N

59 Inverse Time
E59I1    := N             E59I2    := N             E59I3    := N
E59I4    := N

VAR Settings
NVARTP   := OFF           PVARTP   := OFF           NVARAP   := OFF
PVARAP   := OFF

Loss of Field Set
E40      := N

Out of Step
E78      := N

Field Res Set
FDRES1P  := OFF           FDRES2P  := OFF
FDRESTC  := SRUNNING

Field Current Set
FDCURIN  := I             FD_20mA  := 400.0         FDUC1P   := OFF
FDUC2P   := OFF           FDOC1P   := OFF           FDOC2P   := OFF
FDCTC    := SRUNNING

Field Voltage Set
FDUV1P   := OFF           FDUV2P   := OFF           FDOV1P   := OFF
FDOV2P   := OFF
FDVTC    := NOT STOPPED

Start Seq Set
41DELAY  := 3.0           FDCMIN   := 400.0

Figure 7.31 SHOW Command Example (Continued)
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.56) displays the status report. See 
Figure 7.32 for an example of a status report.

Refer to Section 11: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.57 shows the status report definitions and message formats for each 
test. Refer to Figure 1.3 and Figure 1.4 for examples of the STATUS 
command response.

Underpower Set
37PTP    := OFF           37PAP    := OFF

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF           55I1SUP  := OFF
55TC     := SRUNNING

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF

Load Control Set
LOAD     := OFF

Trip Inhibit
BLKPROT  := 0
BLK46    := N             BLK48    := N             BLK50EF  := N

BLK50P   := N             BLK37    := N             BLK66    := N
BLK49RTD := N

Trip/Close Logic
TDURD    := 0.5

TR       := 49T OR LOSSTRIP OR JAMTRIP OR 46UBT OR 50P1T OR 50G1T OR 59P1T OR
            47T OR SPDSTR OR 50N1T OR SMTRIP OR ( 27P1T AND NOT LOP ) OR SV01T
            OR SV03T
REMTRIP  := 0
TRIPONLO := Y
ULTRIP   := 0

52A      := 0
41A      := 0

Motor Control
STREQ    := PB03
BLKSTR   := STOPPED AND ( THERMLO OR NOSLO OR TBSLO OR ABSLO )
EMRSTR   := 0
SPEEDSW  := 0

=>

Figure 7.31 SHOW Command Example (Continued)

Table 7.56 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Displays the relay self-test information n times (n = 1–
32767). Defaults to 1 if n is not specified.

1

STA S Displays the memory and execution utilization for the 
SELOGIC control equations.

1

STA C or R Reboots the relay and clears self-test warning and fail-
ure status results.

2
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Figure 7.32 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

Table 7.57 STATUS Command Report and Definitions 

STATUS Report 
Designator

Definition Message Format

Serial Num Serial number Text Data

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

Current Offset
(IA, IB, IC, IN, 
IA87, IB87, IC87)

Measurement of dc offset in hardware cir-
cuits of current channels

Measurement of 
dc Offset/WARN

Voltage Offset
(VA, VB, VC, 
VDR)

Measurement of dc offset in hardware cir-
cuits of voltage channels

Measurement of 
dc Offset/WARN

x.x V Power supply status Voltage/FAIL

FPGA FPGA programming unsuccessful, or 
FPGA failed

OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL

HMI Front-panel FPGA programming unsuc-
cessful, or front-panel FPGA failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that 
runs in RAM

OK/FAIL

NON_VOL Integrity of data stored in nonvolatile 
memory

OK/FAIL

BATT Clock battery voltage Voltage/WARN

CLOCK Clock functionality OK/WARN

PTC Integrity of PTC OK/FAIL

RTD Integrity of RTD module/communications OK/FAIL

CARD_Z Integrity of Card Z OK/FAIL

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications 
data rate ___kbps

Text Data

DN_Status DeviceNet connection and fault status 
000b bbbb

Text Data

CID_FILE Configured IED description file OK/FAIL



7.69

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

STOP Command
The STOP command (see Table 7.58) causes the relay to trip, opening the 
motor contactor or circuit breaker and stopping the motor. For further details 
refer to Figure 4.74.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the 
STOP command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), 
the relay does not execute the STOP command, and it responds with the 
following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

STR Command
The STR command (see Table 7.59) uses internal relay logic to initiate a 
motor start. For further details refer to Section 4: Protection and Logic 
Functions.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the STR 
command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the STR command from the ASCII terminal, and it 
responds with the following:

=>STA S <Enter>
SEL-710-5                                Date: 05/09/2006   Time: 15:44:46
MOTOR RELAY                              Time Source: Internal
Part Number  071050E1B0X0X7286023X
Global (%)    76
FP (%)        77
Report (%)    62
               GROUP 1  GROUP 2  GROUP 3  GROUP 4
Execution (%)   90       95       95       95
Group (%)       67       70       70       70
Logic (%)       89       90       90       90

=>

Figure 7.32 Typical Relay Output for STATUS S Command

NOTE: The STA S report shows the 
available SELOGIC capacity of the 
relay. For example, execution 90% 
means that 90% of the execution 
capacity is still available. 

Table 7.58 STOP Command

Command Description Access Level

STOP Initiates user operation of an output to stop the motor. 2

=>>STO <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.59 STR Command

Command Description Access Level

STR Initiates user operation of an output to start and run the 
motor.

2
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The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

SUMMARY Command
The SUM command (see Table 7.60) displays an event summary in human 
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., OVERLOAD TRIP).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.61) displays the status of front-panel target 
LEDs or Relay Word bits, whether these LEDs or Relay Word bits are asserted 
or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.62. All Relay Word 
rows are described in Table L.1 and Table L.2. Relay Word bits are used in 
SELOGIC control equations. See Appendix L: Relay Word Bits.

=>>STR <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.60 SUMMARY Command

Command Description Access Level

SUM n Displays event summary n (where n is either the event 
record or the reference number).

1

SUM R or C Clears the archive. 1

Table 7.61 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

 TAR Displays Relay Word Row 0 or the last dis-
played target row.

1

TAR name k Displays the target row with target name in the 
row. Repeat display of this row for repeat count k.

1

TAR n Displays target row n. 1

TAR n k Displays target row n. Repeat display of row n 
for repeat count k.

1

TAR R Clears front-panel tripping targets. Unlatches 
the trip logic for testing purposes (see 
Figure 8.2). Shows Relay Word Row 0.

1

Parameters

name Displays the Relay Word row with Relay Word bit name.

n Shows Relay Word row number n.

k Repeats k times (1–32767).

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

TEST DB Command
Use the TEST DB command to temporarily force the relay to send fixed 
analog and/or digital values over communications interfaces for protocol 
testing.

If the relay is enabled to control IEC 61850 mode/behavior, then the TEST 
DB command can only be used when the relay is in On mode. The TEST DB 
command cannot be used in any other mode.

If the TEST DB command is active while the relay is in On mode, a change of 
mode will deactivate the TEST DB command.

The TEST DB command provides a method to override Relay Word bits or 
analog values to aid testing and commissioning of communications interfaces 
only and should not be used on an energized system. The command overrides 
values in the communications interfaces (ASCII, SEL Fast Message, DNP, 
Modbus, EtherNet/IP, IEC 60870-5-103, and IEC 61850) only. The actual 
values used by the relay for protection and control are not changed. However, 
remote devices may use these analog and digital signals to make control 
decisions. Ensure that remote devices are properly configured to receive the 
overridden data before using the TEST DB command.

R1xx firmware versions use a previous version of the TEST DB command 
that aids testing and commissioning of IEC 61850 protocol only. Note that the 
TEST DB command supported by R1xx firmware versions provides a method 
to override Relay Word bits only and should not be used on an energized 
system. If used on an energized system, the command can lead to undesired 
operations including a potential trip. 

Table 7.62 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

Table 7.63 TEST DB Commands 

Command Description Access Level

TEST DB Displays the present status of digital and 
analog overrides.

2

TEST DB A name value Forces the protocol analog element name to 
override value.

2

TEST DB D name value Forces the protocol digital element name to 
override value.

2

TEST DB name OFF Clears (analog or digital) override for ele-
ment name.

2

TEST DB A OFF Clears all analog overrides. 2

TEST DB D OFF Clears all digital overrides 2

TEST DB OFF Clears all analog and digital overrides. 2

WARNING
To reduce the chance of a false 
operating decision when using the 
TEST DB command, ensure that 
protocol master device(s) flag the data 
as “forced or test data”. One possible 
method is to monitor the TESTDB 
Relay Word bit.

NOTE: The TEST DB command does 
not support digital points in the case 
of SEL Fast Message protocol.
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To override analog data in a communications interface, enter the following 
from Access Level 2 or higher:

where value is a numerical value and name is an analog label from Table M.1, 
Analog Quantities, with an “x” in the DNP, Modbus, EtherNet/IP, Fast Meter, 
IEC 60870 5-103, or IEC 61850 column. For example, the TEST DB 
command can be used to force the value of the A-phase current magnitude 
transmitted to a remote device to 100 amperes:

To override digital data in an SEL ASCII, Modbus, EtherNet/IP, DNP, IEC 
60870-5-103, or IEC 61850 communications interface, enter the following 
from Access Level 2 or higher:

where name is a Relay Word bit (see Table L.1) and value is 1 or 0. For 
example, if Relay Word bit 51P1T := logical 0, the TEST DB command can 
be used effectively to test the communications interface by forcing the 
communicated status of this Relay Word bit to logical 1:

Values listed in the SER triggers SER1, SER2, SER3, and SER4 cannot be 
overridden.

When the relay is not in Test Mode, the relay responds to either the digital or 
analog override request with the following message:

The relay responds:

Relay Word bit TESTDB will also assert to indicate that Test Mode is active. If the 
relay is already in the test mode (overrides are already active), the relay responds:

=>>TEST DB A name value <Enter>

=>>TEST DB A IA_MAG 100 <Enter>

=>>TEST DB D name value <Enter>

=>>TEST DB D 51P1T 1 <Enter>

WARNING:  TEST MODE is not a regular operation.
Communication outputs of the device will be overridden by simulated values.

Are you sure (Y/N)? Y <Enter>

Test Mode Active.  Use Test DB OFF command to exit Test Mode.
Override Added

Override Added

NOTE: When using the TEST DB 
command to generate values for Fast 
Meter testing, you may need to 
override all current and voltage 
angles (IA_ANG, VA_ANG, etc.) to 
ensure the expected phase 
relationship.

NOTE: When using the TEST DB 
command, specifying a negative value 
may yield an unexpected display in 
some instances.
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The TEST DB command alone displays the present status of digital and 
analog overrides. An example TEST DB response after two analogs follows:

Individual overrides are cleared using the TEST DB command with the OFF 
parameter:

Entering TEST DB A OFF clears all analog overrides and TEST DB D OFF 
clears all digital overrides. Entering TEST DB OFF without any parameters 
clears all overrides. When there are no overrides, the relay automatically exits 
the Test Mode and clears all overrides if no TEST DB commands are entered 
for 30 minutes.

TIME Command (View/Change Time)
The TIME command (see Table 7.64) returns information about the 
SEL-710-5 internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-710-5 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.65) to trigger the SEL-710-5 to record 
data for high-resolution oscillographs and event reports.

=>>TEST DB <Enter>

SEL-710-5                          Date: 02/02/09    Time: 16:24:38.764
FEEDER RELAY                     Time Source: Internal

NAME          OVERRIDE VALUE
IA_MAG             100.0000
FREQ                60.0000

=>>

=>>TEST DB D or A name OFF <Enter> 

Table 7.64 TIME Command (View/Change Time)

Command Description Access Level

TIME Displays the present internal clock time. 1

TIME hh Sets the internal clock to hh. 1

TIME hh:mm Sets the internal clock to hh:mm. 1

TIME hh:mm:ss Sets the internal clock to hh:mm:ss. 1

Table 7.65 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Triggers an event report data capture. 1
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When you issue the TRI command, the SEL-710-5 responds with Triggered. 
If the event does not trigger within one second, the relay responds with Did 
not trigger. See Section 10: Analyzing Events for further details on event 
reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command under the direction of SEL. The information 
contained in a vector report is formatted for SEL in-house use only. Your SEL 
application engineer or the factory may request a VEC command capture to 
help diagnose a relay or system problem.

Language Support
All of the ASCII commands can be displayed in multiple languages (English 
or Spanish). When you set the port setting LANG (see Table 4.96) to either 
ENGLISH or SPANISH, the SEL-710-5 displays the ASCII commands in the 
corresponding language. See the SEL-710-5 Relay Command Summary for a 
list of commands.

Virtual File Interface
You can retrieve and send data as files through the relay virtual file interface. 
Devices with embedded computers can also use the virtual file interface. 
When using serial ports with SEL ASCII protocol or an Ethernet port with 
Telnet, use the FILE DIR command to access the file interface. When using 
the Ethernet port, the FTP and MMS protocols supported by the Ethernet port 
present the file structure and send and receive files.

Send and receive files using the following three protocols:

FTP and MMS File 
Structure

The Ethernet FTP and the IEC 61850 MMS have a two-level file structure. 
Files are available at the root level and subdirectories. Table 7.67 shows the 
directories and their contents.

Table 7.66 VEC Command

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2

Protocol Port Availability

File Transfer Protocol (FTP) Ethernet Only

Manufacturing Message Specification (MMS) Ethernet Only

Ymodem Serial and Ethernet

Table 7.67 FTP and MMS Virtual File Structure (Sheet 1 of 2)

Directory Contents

/ (Root) CFG.TXT file, CFG.XML file, ERR.TXT file and SET_61850.CID 
and the SETTINGS, REPORTS, EVENTS, COMTRADEa, and 
HMIb directories

/SETTINGS Relay settings

/REPORTS SER, LDP, MOT, MST, MSR, BRE, and HIS reports
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Root Directory
The root directory (/) contains files and subdirectories as shown in Table 7.67.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each settings class. External support software retrieves the CFG.TXT file 
to interact automatically with the relay. Calibration settings are included only 
when the file is read at Access Level C.

CFG.XML File (Read-Only)
Present only in units with the Ethernet option, the CFG.XML file is 
supplementary to the CFG.TXT file. The CFG.XML file describes the IED 
configuration and any options such as the Ethernet port, and includes firmware 
identification, settings class names, and configuration file information.

ERR.TXT (Read-Only) and SET_61850.CID File
Present if ordered with the IEC 61850 protocol option. The ERR.TXT file 
contents is based on the most recent SET_61850.CID file written to the relay. 
If there were no errors, the file is empty. If errors occurred, the relay logs these 
errors in the ERR.TXT file. The SET_61850.CID file contains the IEC 61850 

/EVENTS CEV, COMTRADE, and HIS reports

/COMTRADEa COMTRADE events

/HMIb Touchscreen settings (SET_HMI.zds and CDP.zds) and diagnostics 
(HMI_ALL.zip)

a The COMTRADE directory is only available in MMS file structure.
b Available only in the SEL-710-5 touchscreen display model. HMI_ALL.zip is not available in the 

MMS file structure.

Table 7.67 FTP and MMS Virtual File Structure (Sheet 2 of 2)

Directory Contents

[INFO]
RELAYTYPE=SEL-710-5
FID=SEL-710-5-X209-V0-Z003002-D20180124
BFID=BOOTLDR-R500-V0-Z000000-D20090925
PARTNO=071050E1BA3BX7486A270
[FRONTPANEL]
BDP=1.0.40710.2081
[CLASSES]
PF,"Port F"
P4,"Port 4"
P2,"Port 2"
P3,"Port 3"
P1,"Port 1"
G,"Global"
1,"Group 1"
2,"Group 2"
3,"Group 3"
4,"Group 4"
L1,"Logic 1"
L2,"Logic 2"
L3,"Logic 3"
L4,"Logic 4"

M,"Modbus User Map"
R,"Report"
F,"Front Panel"
D1,"DNP Map 1 Settings"
D2,"DNP Map 2 Settings"
D3,"DNP Map 3 Settings"
I,"IEC 60870-5-103 Map"
E1,"EtherNet/IP Assembly Map 1 Settings"
E2,"EtherNet/IP Assembly Map 2 Settings"
E3,"EtherNet/IP Assembly Map 3 Settings"

Figure 7.33 CFG.TXT File
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configured IED description in XML. ACSELERATOR Architect SEL-5032 
Software generates and then downloads this file to the relay. See Appendix G: 
IEC 61850 Communications for more information.

Settings Directory (Available for FTP and MMS)
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather 
than directly accessing them via other means. External settings support 
software reads settings from all of these files to perform its functions. The 
relay only allows you to write to the individual SET_cn files, where c is the 
settings class code and n is the settings instance. Except for the SET_61850 
CID file, changing settings with external support software involves the 
following steps:

Step 1. Read the CFG.TXT and the SET_ALL.TXT files from the 
relay using a support software.

Step 2. Modify the settings for each settings class and send the 
corresponding SET_cn.TXT file to the relay using the support 
software.

Step 3. Read the ERR.TXT file from the relay. If the ERR.TXT file is 
empty, the relay detected no errors in the SET_Cn.TXT file and 
it is accepted. 

Step 4. For any detected errors, fix the SET_cn.TXT file as indicated 
by the ERR.TXT file and send the SET_cn.TXT file to the 
relay.

Step 5. Repeat Step 2 to Step 4 for each setting class that you want to 
modify.

Step 6. After all setting changes are complete, test and commission the 
relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in 
the relay. Calibration settings are included only when the file is read at Access 
Level C.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 7.68 summarizes 
the settings files. The settings class is designated by c, and the settings 
instance number is designated by n.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT file 
written to the relay. If there were no errors, the file is empty. If errors occurred, 
the relay logs these errors in the ERR.TXT file.

Table 7.68 Settings Directory Files (Sheet 1 of 2)

File Name Settings Description

SET_n.TXT Group; n in range 1-4

SET_Dn.TXT DNP3 Map; n in range 1-4

SET_En.TXT EtherNet/IP Assembly Map; n in range 1–3

SET_F.TXT Front panel
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Reports Directory (Read-Only) (Available for FTP and MMS)
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 7.69. Note that the relay provides a report file that contains the latest 
information each time you request the file. Each time you request a report, the 
relay stores its corresponding command response in the designated text file.

SET_G.TXT Global

SET_I.TXT 60870 Map

SET_Ln.TXT Logic; n in range 1-4

SET_M.TXT Modbus Map

SET_Pn.TXT Port; n in range 1, 2, 3, 4, F

SET_R.TXT Report

SET_ALL.TXT All instances of all settings classes

ERR.TXT Error log for most recently written settings file

Table 7.68 Settings Directory Files (Sheet 2 of 2)

File Name Settings Description

Table 7.69 Reports Directory Files

File Name Description
Equivalent 
Command 
Response

BRE.TXT Breaker Report BRE

CHISTORY.TXT Compressed ASCII History Report CHI

HISTORY.TXT History Report HIS

CLDP.TXT Compressed Load Profile Data CLDP

LDP.TXT Load Profile Data LDP

CSER.TXT Compressed Sequence of Events CSER

SER.TXT Sequence of Events SER

MOT.TXT Motor Statistics Report MOT

MST.TXT Motor Start Trend Report MST

HIS_BBD.TXT Broken Bar Detection History Report HIS BBD

CM_nnnnn.CEV Compressed Motor Start Report; event ID 
number = nnnnn

CMSR nnnnn

MSR_nnnnn.CFGa Motor Start Report COMTRADE config-
uration file; event ID number = nnnnn

N/A

MSR_nnnnn.DATa Motor Start Report COMTRADE binary 
data file; event ID number = nnnnn

N/A

MSR_nnnnn.HDRa

a Also available in the COMTRADE directory for MMS only.

Motor Start Report COMTRADE header 
file; event ID number = nnnnn

N/A
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Events Directory (Read-Only)
The relay provides history, event reports, and oscillography files in the 
EVENTS directory as shown in Table 7.70.

Event reports are available in the following formats:

➤ SEL Compressed ASCII

➤ Binary COMTRADE format (IEEE C37.111-1999)

The size of each event report file is determined by the LER setting in effect at 
the time the event is triggered.

Compressed SEL ASCII event report files are generated, when requested, by 
storing the appropriate command response shown in Table 7.70.

Oscillography files are generated at the time the event is triggered (see Event 
Reporting on page 10.2). Higher resolution oscillography is available with 
SEL Compressed ASCII 32 sample/cycle raw event reports and binary 
COMTRADE files.

COMTRADE event files are available to read as a batch. See Batch File 
Access on page 7.80.

HR_nnnnn.* (Read-Only)
The three files HR_nnnnn.CFG, HR_nnnnn.DAT, and HR_nnnnn.HDR shown 
in Table 7.70 are used to create an event report that conforms to the 
COMTRADE standard. The event is an unfiltered (raw) 32 samples/cycle 
event. The field, nnnnn, corresponds to the unique event identification number 
displayed by the HIS command. For details on event reports see Section 10: 
Analyzing Events.

COMTRADE Directory (Available Only for MMS)
When using MMS file transfer, conveniently retrieve all of the COMTRADE 
files from the COMTRADE directory. Note that the COMTRADE files are 
also available in the Events directory. Refer to Table 7.70 for all the files 
available in the COMTRADE directory.

Table 7.70 Event Directory Files 

File Name Description
Equivalent Command 
Response

CHISTORY.TXTa Compressed ASCII History Report CHI

HISTORY.TXTa History Report HIS

C4_nnnnn.CEV Compressed 4-samples/cycle ASCII filtered event report; event ID 
number = nnnnn

CEV nnnnn

CR_nnnnn.CEV Compressed 32-samples/cycle ASCII raw event report; event ID 
number = nnnnn

CEV R nnnnn

HR_nnnnn.CFGb COMTRADE configuration file; event ID number = nnnnn N/A

HR_nnnnn.DATb COMTRADE binary data file; event ID number = nnnnn N/A

HR_nnnnn.HDRb COMTRADE header file; event ID number = nnnnn N/A

a Also available in the Reports directory for convenience.
b Also available in the COMTRADE directory for MMS only.
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HMI Directory (Read and Write)
Use the HMI directory to retrieve the diagnostic information and the setting 
files that apply to the touchscreen. Refer to Table 7.67 for all the files available 
in the HMI directory.

Ymodem File 
Structure

All the files available (see Table 7.71) for Ymodem protocol are in the root 
directory. See FILE Command on page 7.48 for a response to the FIL DIR 
command.

Table 7.71 Files Available for Ymodem Protocol (Sheet 1 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

CFG.TXT See Root Directory on page 7.75 1, 2, C N/A

ERR.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_ALL.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_n.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_C.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 C C

SET_Dn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_F.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_G.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_I.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Ln.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_M.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Pn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_R.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

C4_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CM_nnnnn.CMSR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CR_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.CFG See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.DAT See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.HDR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

BRE.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CHISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CLDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

LDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CSER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MOT.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A
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Batch File Access Files can be accessed as a batch by using the supported wildcard character, *.

FTP and MMS Wildcard Usage
Table 7.72 shows examples using supported wildcards. Note that these 
wildcards may be appended to a directory path (e.g., /specified_directory/
*.txt).

MST.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HIS_BBD.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.CFGb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.DATb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.HDRb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SET_HMI.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

CDP.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

HMI_ALL.zip See HMI Directory (Read and Write) on page 7.79 1, 2, C N/A

a Calibration settings are included only when accessed at Access Level C.
b Also available in the COMTRADE directory for MMS only.

Table 7.71 Files Available for Ymodem Protocol (Sheet 2 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

Table 7.72 FTP and MMS Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files and/or subdirectories 
in a specified directory whose 
name (including extension) ends 
with xyz.

/*.TXT List all files with the 
.TXT extension.

abc* Lists all files and/or subdirectories 
in a specified directory whose 
name begins with abc.

/SETTINGS/SET* List all settings files 
that start with SET.

*mno* Lists all files and/or subdirectories 
in a specified directory whose 
name contains mno.

/EVENTS/*_100* List all events that 
contain _100 in the 
ID number.
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Ymodem Wildcard Usage
Event, report, and diagnostic files can also be accessed as a batch using 
wildcards.

Table 7.73 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files that end 
with xyz.

FILE DIR 
HIS*.TXT

Lists all of the metering files 
(HISTORY.TXT)

abc* Lists all files whose 
name begins with abc.

FILE READ 
HR_10007*

Retrieves all of the three files for 
the COMTRADE event 10007 
(HR_10007.CFG, HR_10007.DAT, 
and HR_10007.HDR)

NOTE: Ymodem protocol does not 
support wildcards for settings files.
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Section 8
R.Instruction Manual

Front-Panel Operations

Overview
The front panel of the SEL-710-5 Motor Protection Relay makes data 
collection and control quick and efficient. You can order the SEL-710-5 with 
either the two-line LCD, or the 5-inch, color, 800 x 480-pixel touchscreen 
display, as shown in Table 1.2 and Figure 8.1. Each display option comes with 
eight control pushbuttons. Use either front panel to analyze operating 
information, view and change relay settings, and perform control functions. 
You can use the front-panel to accomplish the following activities:

➤ Read metering

➤ Inspect targets

➤ Access settings

➤ Control relay operations

➤ View diagnostics

The two-line display and the touchscreen display front-panel models are 
similar in all aspects except the display and navigation scheme. The 
touchscreen display model offers additional features with respect to 
monitoring, control, and device status that are discussed in Touchscreen 
Display Front Panel. The function of operation and target LEDs and the 
TARGET RESET and control pushbuttons are similar in both front-panel 
variations.

Figure 8.1 SEL-710-5 Front-Panel Options
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This section includes the following:

➤ Two-Line Display Front Panel on page 8.2. Discusses the 
navigation scheme in the two-line display models, the 
operation of target LEDs, and programming of the control 
pushbuttons.

➤ Touchscreen Display Front Panel on page 8.20. Discusses the 
navigation scheme and the display screens in the touchscreen 
display model.

Two-Line Display Front Panel
Front-Panel Layout Figure 8.2 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 serial port (PORT F). See Section 7: Communications 
for details on the serial port.

You can customize the versatile front panel of the SEL-710-5 by using the 
following features:

➤ Rotating display on the HMI

➤ Programmable tricolor target LEDs

➤ Programmable tricolor pushbutton LEDs

➤ Slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

NOTE: Refer to Figure 8.31 for the 
pushbutton and LED numbering 
conventions.

NOTE: If the relay part number 
specifies the Spanish language 
option, all of the front-panel 
pushbuttons and LED labels will be in 
Spanish.
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Figure 8.2 Front-Panel Overview
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Two-Line Display HMI
Contrast

You can adjust the LCD screen contrast to suit your viewing angle and 
lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-710-5 displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

Front-Panel Automatic Messages
The relay displays automatic messages, overriding the rotating display, under 
the conditions described in Table 8.1, with the relay failure having the highest 
priority, followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure still overrides the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-710-5 front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.

NOTE: The two-line display updates 
every second.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detects any self-test failure Displays the type of latest failure (see Section 11: Testing and Troubleshooting).

Relay trip occurs without any lockouts Displays the latest trip reason until the targets are unlatched.

Relay trip occurs along with a lockout Displays the type or cause of the trip and when the TARGET RESET pushbutton is 
pressed, displays the time to reset and lockout type. Refer to Table 10.1 for a list 
of trip display messages.

When the relay has lockout because of the num-
ber of starts or time between starts or antiback-
spin or thermal lockout

Displays the type of lockout condition, lockout time remaining, and TRIP* at the 
end of the lockout if TRIPONLO := Y. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, the relay displays the type of lockout condition and the 
lockout time remaining, but no TRIP* message is displayed and the TRIP bit is 
not latched.

If a start is attempted on a lockout, the type of lockout condition and the lockout 
time remaining are displayed.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition has occurred Displays the type of alarm. The TRIP LED is also flashing during an alarm con-
dition. See Table 8.3 for a list of alarm conditions.

During emergency start Displays Emergency Start.
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In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.3 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 passwords. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.4 for you to enter the password.

Figure 8.4 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel time-out, setting FP_TO. A timer is reset 
every time a front-panel pushbutton is pressed. Once the time-out period has 
expired, the access level is reset to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Password=
Del Clr Accept
A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z . . . . . .
a b c d e f g h
i j k l m n o p
q r s t u v w x
y z . . . . . .
0 1 2 3 4 5 6 7
8 9 . . . . . .
! " # $ % & ' (
) * + , - . / :
; < = > ? @ [ \
] ^ _ ` { | } ~
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Front-Panel Menus and Screens
Navigating the Menus

The SEL-710-5 front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD. Use the keypad (shown in Figure 8.5) to maneuver within 
the front-panel menu structure, described in detail throughout the remainder of 
this section. Table 8.2 describes the function of each front-panel pushbutton.

Figure 8.5 Front-Panel Pushbuttons

The SEL-710-5 automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu
Figure 8.6 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC Escape from the current menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

ESC
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Figure 8.6 Main Menu

Meter Menu. Select the Meter menu item from the MAIN menu as shown in 
Figure 8.7 to view metering data. The Meter menu has menu items for 
viewing different types of metering data like Fundamental, rms, Thermal, etc. 
Select the type of metering and view the data using the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Figure 8.7 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy or Max/
Min menu item from the METER menu and select the Display menu item as 
shown in Figure 8.8.

Figure 8.8 METER Menu and ENERGY Submenu

Energy or Max/Min metering data can be reset from the front-panel HMI by 
selecting the Reset menu item in the Energy or Max/Min menu. After selecting 
Reset and confirming the reset, the relay displays as shown in Figure 8.9.
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Status
Breaker
Quit

METER
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Max/Min
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Analog Inputs
Math Variables
Remote Analogs
Light Intensity

(Meter Selected)MAIN
Meter
Events
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Control
Set/Show
Status
Breaker
Quit

ENERGY
Display
Reset

(Energy Selected)

METER
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Thermal
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Remote Analogs
Light Intensity
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Figure 8.9 Relay Response When Energy or Max/Min Metering Is Reset

Assume the relay configuration contains no analog input cards. In response to 
a request for analog data (selecting Analog Inputs), the device displays the 
message as shown in Figure 8.10.

Figure 8.10 Relay Response When No Analog Cards Are Installed

Assume the math variables are not enabled. In response to a request for math 
variable data (selecting Math Variables), the device displays the message as 
shown in Figure 8.11.

Figure 8.11 Relay Response When No Math Variables Enabled

Events Menu. Select the Events menu item from the MAIN menu as shown in 
Figure 8.12. EVENTS menu has Display and Clear as menu items. Select 
Display to view events and Clear to delete all the events data.

Figure 8.12 MAIN Menu and EVENTS Submenu

Figure 8.13 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.13 EVENTS Menu and DISPLAY Submenu

Reset Complete

No Analog Input
Cards Present

No Math
Variables
Enabled (see EMV 
Setting)

MAIN
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Targets
Control
Set/Show
Status
Breaker
Quit

EVENTS
Display
Clear

(Events Selected)

DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear

(Display Selected)
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When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.14.

Figure 8.14 Relay Response When No Event Data Available

When Clear is selected from the EVENTS menu and confirming the selection, 
the relay displays as shown in Figure 8.15 after clearing the events data.

Figure 8.15 Relay Response When Events Are Cleared

Monitor Menu. Select the Monitor menu item on the MAIN menu as shown in 
Figure 8.16. The Monitor menu has Display Mot Data, Clear Motor Data and 
Reset Learn Data as menu items. 

Figure 8.16 MAIN Menu and MONITOR Submenu

Select Display Mot Data from the MONITOR menu as shown in Figure 8.17 to 
view motor operating statistics. See Motor Operating Statistics on page 5.20 
for a description of the data available.

Figure 8.17 MONITOR Menu and DISPLAY MOT DATA Submenu

Motor operating statistics can be cleared from the front-panel HMI by 
selecting Clear Mot Data menu item in the MONITOR menu. You need a Level 2 
access to clear motor operating statistics.

No Data
Available

Clearing
Complete

NOTE: Reset Learn Data is available 
only when TCLRNEN = Y or 
COOLEN = Y.

MAIN
Meter
Events
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Targets
Control
Set/Show
Status

MONITOR
Display Mot Data
Clear Motor Data
Reset Learn Data
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NOTE: Learn Parameters is available 
only when TCLRNEN = Y or 
COOLEN = Y.

DISPLAY MOT DATA
Motor Use Data
Avg/Peak Data
Learn Parameters
Trip/Alarm Data

MONITOR
Display Mot Data
Clear Motor Data
Reset Learn Data

(Display Mot Data Selected)
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Select Reset Learn Data from MONITOR menu as shown in Figure 8.18 to reset 
learn data. You need a Level 2 access to reset learn data.

Figure 8.18 MONITOR Menu and RESET LEARN DATA Submenu

Targets Menu. Select the Targets menu item on the MAIN menu as shown in 
Figure 8.19 to view the binary state of the target rows. Each target row has 
eight Relay Word bits as shown in Table L.1. 

Figure 8.19 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.20.

Figure 8.20 TARGETS Menu Navigation

Control Menu. Select the Control menu item on the MAIN menu as shown in 
Figure 8.21 to go to the CONTROL menu. 
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Figure 8.21 MAIN Menu and CONTROL Submenu

The CONTROL menu has Stop Motor, Emergency Restrt, Start Motor, 
Outputs, Local Bits, and Reset TCU as menu items. 

Select the Stop Motor menu item to assert Relay Word bit STOP that stops the 
motor (see Figure 4.74).

Select the Start Motor menu item to assert Relay Word bit STR that initiates 
a motor start (see Figure 4.78). 

Stop Motor and Start Motor control actions via the front panel are supervised 
by the position of the breaker jumper (refer to Table 2.17), the status of the 
LOCAL bit when EN_LRC := Y, and the access level (requires Access 
Level 2). Start Motor is additionally supervised by any lockouts that are 
configured. For a list of lockouts, refer to Lockout After Stop on page 4.97. For 
more details on local/remote control function, refer to Local/Remote Control 
on page 9.7. 

Select the Emergency Restrt menu item to assert Relay Word bit EMRSTR 
that initiates an emergency start (see Figure 4.78). Note that the Emergency 
Restart control action via the front panel is supervised by the position of the 
breaker jumper (refer to Table 2.17) and the access level (requires Access 
Level 2). 

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.22 to test (pulse) SEL-710-5 output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.22 CONTROL Menu and OUTPUTS Submenu
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Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches, and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.146 
for more information), local bit 1 replaces a supervisory switch. Figure 8.23 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN), and changes to asserted (SUPER 
SW = CLOSE) as shown in the final screen of Figure 8.23.

Figure 8.23 CONTROL Menu and LOCAL BITS Submenu

Select the Reset TCU menu item to reset the thermal capacity used (see 
Thermal Overload Element on page 4.7 for description). Note that resetting 
TCU requires Level 2 access.

Set/Show Menu. Select the Set/Show menu item on the MAIN menu. The Set/
Show menu is used to view or modify the settings (Global, Group, and Port), 
Active Group, Date, and Time. Note that modifying the settings requires 
Level 2 access.

Figure 8.24 MAIN Menu and SET/SHOW Submenu
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Quit
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Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made using ACSELERATOR QuickSet SEL-5030 
Software or ASCII SET commands via a communications port.

Figure 8.25 SET/SHOW Menu

Status Menu. Select the Status menu item on the MAIN menu as shown in 
Figure 8.26 to access Relay Status data and Reboot Relay. See STATUS 
Command (Relay Self-Test Status) on page 7.67 for the STATUS data field 
description.

PORT 
F
2
3
4

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

GLOBAL
General Settings
Group Selection
•••
Control Configuration

GROUP
1
2
3
4

1
ID Settings
Config Settings
. . .
Motor Control

F
Protocol Select
Comm Settings

Active Group
 1

Date
 03/29/2006

Time
 14:04:36

(F Selected)

(1 Selected)

(Time Selected)

Password
1

(Password Selected)

(Date Selected)

(Active Selected)

(Port Selected)

(Group Selected)

(Global Selected)



8.14

SEL-710-5 Relay Instruction Manual Date Code 20220826

Front-Panel Operations
Two-Line Display Front Panel

Figure 8.26 MAIN Menu and Status Submenu

Breaker Menu. Select the Breaker menu item on the MAIN menu as shown in 
Figure 8.27 to access Breaker Monitor data or Reset the data. See Breaker 
Monitoring on page 5.23, in Section 5: Metering and Monitoring for a 
detailed description.

Figure 8.27 MAIN Menu and Breaker Submenu

Quit. Use the Quit menu item to exit Access Level 2 and go to Access 
Level 1.

Figure 8.28 Quit Menu Item

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. The HMI 
can display either ENGLISH or SPANISH. See the SEL-710-5 Relay 
Command Summary for a list of commands.
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Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Figure 8.29 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.148 for 
the SELOGIC control equations and the tricolor LED color selection settings.

Figure 8.29 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.29. Use settings T0nLEDC to select the LED color (R–red, G–green, 
A–amber). Parameter n is a number from 1 through 6 that indicates each LED. 
If the latch setting (T0nLEDL) for a certain LED is set to N, then the LED 
follows the status of the corresponding control equation (T0n_LED). When 
the equation asserts, the LED illuminates, and when the equation deasserts, 
the LED extinguishes. If the latch setting is set to Y, the LED will assert if a 
trip condition occurs and the T0n_LED equation is asserted within 1.5 cycles 
of the trip assertion. At this point, the LED latches in and can be reset using 
the TARGET RESET pushbutton or the TAR R command as long as the target 
conditions are absent. For a concise listing of the default programming on the 
front-panel LEDs, see Table 4.109.

The SEL-710-5 comes with slide-in labels for custom LED designations that 
match custom LED logic. The Configurable Label kit (includes blank labels, 
word processor templates, and instructions) is provided when the SEL-710-5 
is ordered.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. Note that 

T01_LED

T06_LED

ENABLED

TRIP

THERMAL OL

INST OC

FIELD LOSS

LOW PF

INCOMP SEQ

DIFFRNTIAL

Factory-Default Label for Models 
With Synchronous Motor Protection

•

•

•

•

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay. 
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the TRIP LED can indicate a warning condition only if the LED is not latched 
due to any active TRIP condition. For Relay Word bit definitions see 
Appendix L: Relay Word Bits.

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Overload Warning 49A AND RUNNING

Locked Rotor Warning 49A AND STARTING

Undercurrent Warning LOSSALRM

Jam Warning JAMALRM

Current Imbal. Warning 46UBA OR 50Q2T

Ground Fault Warning 50N2T OR 50G2T

Overcurrent Warning 50P2T

Speed Switch Warning SPDSAL

Undervoltage Warning 27P2T

Overvoltage Warning 59P2T

Underpower Warning 37PA

Power Factor Warning 55A

Reactive Power Warning VARA

RTD Warning WDGALRM OR BRGALRM ORAMBALRM OR OTH-
ALRM

RTD Failure RTDFLT

PTC Failure PTCFLT

Field Undercurrent Warning FDUC2T

Field Overcurrent Warning FDOC2T

Field Undervoltage Warning FDUV2T

Field Overvoltage Warning FDOV2T

Field Resistance Warning FDRES2T

Broken Bar Warning BBD1T OR BBD2T OR BBD3T

Comm. Loss Warning COMMLOSS

Comm. Idle Warning COMMIDLE

Comm. Fault Warning COMMFLT
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TARGET RESET Pushbutton
Target Reset

For a trip event, the SEL-710-5 latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.30 TARGET RESET Pushbutton

Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the Target LEDs; see Table 7.61 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting Target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.131 
for further information.
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Front-Panel Operator Control Pushbuttons 
The SEL-710-5 features eight operator-controlled pushbuttons, each with two 
programmable tricolor pushbutton LEDs, for local control as shown in 
Figure 8.31.

Figure 8.31 Operator Control Pushbuttons and LEDs

Pressing any one of these eight pushbuttons asserts the corresponding PBn 
(n = 01 through 08) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
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pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable using front-panel settings PBnm_LED 
(where n = 1 through 8 and m = A or B). PBnm _LED settings are SELOGIC 
control equations that, when asserted, illuminate the corresponding LED for 
as long as the input is asserted. When the input deasserts, the LED also 
deasserts without latching. Use PBnmLEDC settings to select the LED color 
(R–red, G–green, A–amber) for both the asserted and deasserted state of the 
LED.

Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the slide-in label to mark the pushbuttons and 
pushbutton LEDs with custom names to reflect any programming changes that 
you make. Included on the SEL-710-5 Product Literature CD are word 
processor templates for printing slide-in labels. See the instructions included 
in the Configurable Label kit for more information on changing the slide-in 
labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-710-5 Front-Panel Operator Control Functions 

Control Functions Labels

Press the AUXn operator control pushbutton to enable/disable user-programmed auxiliary 
control. The corresponding LED can be programmed to illuminate during the enabled state.

NOTE: The AUXn operator control does not perform any function with the factory settings. Also, 
AUX1 to AUX6 pushbuttons do not perform any function in the factory-default settings. These 
pushbuttons are available to configure any application you may select.

For Models With Synchronous Motor Protection:

The AUX2 pushbutton is not used in the factory settings but can be easily programmed to 
perform a user control function.

The top LED is programmed to indicate FLD BRKR CLOSED (Relay Word bit 41A—
field breaker is closed) in the factory settings. The bottom LED is programmed to indicate 
FLD BRKR OPEN (Relay Word bit NOT 41A—field breaker is open).

For All Models:

Press the START operator control pushbutton to close the breaker and start the motor. The 
pushbutton corresponds to Relay Word bit PB03. The PB03 Relay Word bit is used in the 
default SELOGIC control equation for STREQ (Start Equation, see Figure 4.78). The corre-
sponding MOTOR RUNNING LED (Relay Word bit STARTING or RUNNING asserts) illumi-
nates, indicating that the breaker is closed and the motor is running.

Press the STOP operator control pushbutton to trip the breaker and stop the motor. The push-
button corresponds to Relay Word bit PB04. The PB04 Relay Word bit is used in the 
default SELOGIC control equation for OUT103 (see Figure 4.74). The corresponding 
MOTOR STOPPED LED (Relay Word bit STOPPED asserts) illuminates, indicating that the 
breaker is open and the motor is stopped.

Press the SS RST operator control pushbutton to reset the FAILOPN or FAILCLS Relay 
Word bits that assert and latch-in when detecting a Failed Open or a Failed Close condition 
of the physical speed switch. See Figure 4.36 for more details. 

AUX1

AUX 2
FLD BRKR OPEN

FLD BRKR CLOSED

START
MOTOR RUNNING

STOP
MOTOR STOPPED

SS RST
FAILED CLOSED

FAILED OPEN
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Touchscreen Display Front Panel
The SEL-710-5 Feeder Protection Relay can be ordered with an optional 
touchscreen display (5-inch, color, 800 x 480 pixels). The touchscreen display 
makes relay data metering, monitoring, and control quick and efficient. The 
touchscreen display option in the SEL-710-5 features a straightforward 
application-driven control structure and includes intuitive and graphical screen 
designs.

Front-Panel Layout The touchscreen front panel is the same as the two-line display in regards to 
the target LEDs, operator control pushbuttons, and the TARGET RESET 
pushbutton. Refer to Operation and Target LEDs on page 8.15 for a detailed 
description of these features. In addition, the touchscreen front panel features 
a HOME  pushbutton.

Touchscreen Display 
HMI

This section explains the navigation of the front-panel touchscreen and all the 
features it supports.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, and SER information

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings 

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a specific screen

Figure 8.32 shows the relay touchscreen display components and indicators.

Figure 8.32 Touchscreen Display Components and Indicators

NOTE: The touchscreen display 
updates every 250 ms.

Sidebar

Notification
Bar

Screen Title

Diagnostics Icon

Access Level
Indication

Local/Remote
Indication
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Home Pushbutton
Use the HOME  pushbutton to wake up the touchscreen after the inactivity 
timer expires and the screen goes dark. While the default mapping of the HOME 
pushbutton is the Home screen (see Figure 8.33), you can program the HOME 
pushbutton to jump to any screen. Refer to Table 8.17 for a list of screens 
available for the HOME pushbutton. Use the FPHOME setting in the 
Touchscreen settings of QuickSet to program a specific screen.

Touchscreen Backlight
Adjustment

Touchscreen displays have an LED backlight. You can adjust the touchscreen 
backlight to suit your viewing angle and lighting conditions. To change the 
backlight settings, tap the Settings folder and then tap the Touchscreen 
application. Use the FPBAB setting to adjust the brightness of the display. The 
backlight of the display goes dark 60 minutes after the inactivity timer (1–
30 min) expires.

Table 8.5 Touchscreen Display Component and Indicator Descriptions

Display 
Components and 

Indicators
Function or Indication

Screen Title Shows the display name of a screen (see Figure 8.32).

Sidebar Shows the navigation icons (see Figure 8.32).

Notification Bar Shows the notification messages and help text for screens 
(see Figure 8.32).

Diagnostics Icon ON if there are any warning/diagnostic failures on the unit.

Normal (no warnings or diagnostic failures present). Icon is OFF.

Warning. Icon asserts in amber.

Diagnostic failure. Icon asserts in red.

Local/Remote 
Indication

Indicates the status of the local/remote control. Refer to Local/
Remote Control on page 9.7 for more details.

When EN_LRC := Y and LOCAL := 1, relay control is in local 
mode, i.e., STR and STOP bits can be processed via the front 
panel only.

When EN_LRC := Y and LOCAL := 0, relay control is in remote 
mode, i.e., STR and STOP bits can be processed via remote 
sources/protocols only.

When EN_LRC := N, relay control is in local/remote control, 
i.e., STR and STOP bits can be processed from both the front 
panel and the remote sources/protocols.

Access Level 
Indication

Indicates the access level that the device is on at the time. 
Shows ACC if the device is on access level 1 and 2AC if on 
access level is 2.
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Front-Panel Automatic Messages
The relay displays automatic messages that override the present display under 
the conditions described in Table 8.6. When the relay has a failure, trip, 
lockout, or alarm condition, the trip and diagnostic messages screen will 
appear on the display. These messages can also be accessed by tapping the 
Trip & Diag. Messages application in the Device Info folder.

Front-Panel Security
Use the Access Level folder on the Home screen for login/logout operations.

The SEL-710-5 front panel typically operates at Access Level 1 and allows 
you to view relay measurements and settings. Particular activities, such as 
editing settings and controlling output contacts, are restricted to those 
operators who know the Access Level 2 password.

When an activity requires Access Level 2, an authentication screen appears on 
the display, which requires you to enter the Level 2 password to proceed 
further. After you have correctly entered the password, you can perform other 
Access Level 2 operations without re-entering the password. You will have to 
re-enter the password if the front-panel inactivity timer, FPTO, expires.

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing the passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO, in the Touchscreen 
application in the Settings folder. The timeout resets each time you press a 
front-panel pushbutton or tap the display. Once the timeout expires, the access 
level resets to the ACC access level. You can manually reset the access level 
by tapping Logout in the Access Level folder.

Table 8.6 Front-Panel Automatic Messages

Condition Front-Panel Message

Relay detects any failure Displays the latest failure type (refer to Section 11: Testing and Troubleshooting).

Relay trip occurs Displays the type or cause of the trip (refer to Table 10.1 for a list of trip display mes-
sages).

When the relay has a lockout because of 
the number of starts, time between starts, 
antibackspin, or thermal lockout

Displays the type of lockout condition and time remaining of the lockout with the great-
est time remaining.

If TRIPONLO := Y, then at the end of the lockout TRIP* will be displayed as a trip 
message if no other trip condition is present. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, then no TRIP* message is displayed and the TRIP bit is not 
latched.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition occurs Displays the type of alarm. The TRIP LED also flashes during an alarm condition (refer 
to Table 8.3 for a list of the warning conditions).
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Touchscreen
Navigating the Touchscreen Folders and Applications

Use the front-panel touchscreen and pushbuttons to access data measured and 
stored by the relay and to perform relay operations. All relay information and 
operations are available through the touchscreen via folders, applications, and 
the buttons in the sidebar. Table 8.7 describes the functions of the sidebar 
buttons.

The relay wakes up to the screen set in the FPHOME setting, unless the 
rotating display is enabled. If the rotating display is enabled and the inactivity 
time has expired, the relay wakes up to the rotating display. Pressing the HOME 
pushbutton a second time returns you to the screen set in the FPHOME 
setting.

You can navigate the touchscreen by tapping the folders and applications. Tap 
a folder or an application to view available applications or access an 
application, respectively. Folders and applications are labeled according to 
functionality.

Table 8.7 Sidebar Buttons 

Button
Button 
Name

Function Button
Button 
Name

Function

Up
Pages up in applications with multiple 
screens; when on the first screen, this 
button is disabled.

Back
Returns to the preceding screen, 
e.g., from applications to folders.

Down
Pages down in applications with 
multiple screens; when on the last 
screen, this button is disabled.

Pause Stops updating the phasors.

Left

Pages left on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the left.

Play
Updates the phasor values from the 
relay as the screen refreshes.

Right

Pages right on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the right.

Refresh
Reloads the data when new data are 
available.

Reset
Resets the accumulating quantities, 
such as energy, to zero.

Trigger 
Event

Triggers an event

Save Saves the edited settings to the relay. Search
Search tool (e.g., search for the status 
of a Relay Word bit).

Cancel 
Save

Cancels the setting edits. Trash Deletes the records from the report.
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Table 8.8 shows a list of folders and applications available on the Home 
screen.

The applications shown in the folders are based on the part number. For 
example, if the relay does not support arc flash, the Light Intensity and Arc-
Flash Diagnostics applications are not shown in the Meter and Device Info 
folders, respectively.

Descriptions of the folders and applications on the Home screen follow.

Bay Screens
Tap this application to navigate to as many as five customer-designed screens 
(Bay Screen 1 through Bay Screen 5, see Table 8.17). You can design these 
screens using ACSELERATOR Bay Screen Builder SEL-5036 Software. Refer 
to Section 9: Bay Control for the procedure to create custom screens.

Figure 8.33 Home (Default FPHOME Setting)

Table 8.8 Home Folders and Applications

Screen Name Folder or Application Name Comments

Home

Bay Screens Always available

Meter Always available

Monitor Always available

Reports Always available

Control Always available

Settings Always available

Device Info Always available

Access Level Always available

Rotating Display Always available

NOTE: Five bay screens are always 
rendered on the touchscreen. Any 
unused screens are blank.
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Figure 8.34 Bay Screens Application

Meter
Tapping this folder navigates you to the Meter screen, as shown in 
Figure 8.35. This screen lists all of the available metering applications. The 
applications on the Meter screen are part number dependent. Only those 
metering applications specific to your part number appear on the Meter 
screen. Tapping an application on the Meter screen shows you the report for 
that particular application.

Figure 8.35 Meter Applications
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Table 8.9 identifies all the applications available in the Meter folder.

Figure 8.36 and Figure 8.37 show typical screens for phasor and fundamental 
metering.

A reset feature is provided for the Energy, Max/Min, and Thermal 
applications. Tap the Reset button to navigate to the reset confirmation screen. 
Once you confirm the reset, the data are reset to zero. Figure 8.38 and 
Figure 8.39 show typical screens for energy metering and reset confirmation.

Table 8.9 Meter Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Meter

Phasors Always available

Fundamental Always available

RMS Always available

Energy Available if the relay supports 
voltages

Max/Min Always available

Analog Inputs Shown when (Slot C = 5x or 6x) or 
(Slot D = 5x or 6x) or (Slot E = 5x 
or 6x)

Thermal Always available

Math Variables Always available

Remote Analogs Always available

Light Intensity Shown when Slot E = 74 or 76

Figure 8.36 Meter Phasors Figure 8.37 Meter Fundamental



8.27

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

Monitor
Tapping this folder navigates you to the Monitor screen, as shown in 
Figure 8.40. Monitor the status of the Relay Word bits (targets), digital 
outputs, digital inputs, SELogic counters, and breaker wear data using the 
respective applications (Relay Word Bits, Digital Outputs, Digital Inputs, 
SELogic Counters, Breaker Wear, and Vibration).

Figure 8.40 Monitor Applications

Table 8.10 identifies all the applications available in the Monitor folder.

Tap the Breaker Wear application to view accumulated breaker wear/
operations. You can reset the accumulated data by tapping the Reset button 
provided in the sidebar of the Breaker Wear application. Typical screens for 
the Breaker Wear application follow.

Figure 8.38 Meter Energy Figure 8.39 Meter Energy Reset

Table 8.10 Monitor Application Availability

Folder Name Application Name Comments

Monitor

Relay Word Bits Always available

Digital Outputs Always available

Digital Inputs Always available

SELOGIC Counters Always available

Breaker Wear Always available

Vibration Always available
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Monitor the status of the Relay Word bits using the Relay Word Bits screen. 
Note that asserted Relay Word bits are highlighted in blue. You can use the 
Search button in the Relay Word Bits application to view the status of a Relay 
Word bit. To search for a Relay Word bit, you must enter the full name of the 
Relay Word bit in the screen Search Relay Word Bit SEARCH field. 
Figure 8.43 and Figure 8.44 show typical Relay Word bits monitoring screens.

The Vibration application dynamically displays the measured values of 
vibration in a bar graph, as shown in Figure 8.45. See Vibration Monitoring on 
page 4.68 for additional information.

Figure 8.45 Vibration

Figure 8.41 Breaker Wear Trips Figure 8.42 Breaker Wear A, B, C, and Last Reset

Figure 8.43 Monitor Relay Word Bits Figure 8.44 Search Relay Word Bits
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Reports
Tapping this folder navigates you to the Reports screen where you can access 
the Events, SER, Motor Start Trend, and Motor Statistics applications. Use 
these applications to view events, SERs, MSTs, and MOTs.

Figure 8.46 Reports Applications

Table 8.11 identifies all the applications available in the Reports folder.

To view the summary of a particular event record, tap the event record on the 
Event History screen. You can also trigger an event from the Event History 
screen using the Trigger Event Button. When new records become available 
while viewing Events or SER, the up and down buttons are disabled and the 
footer displays a message to refresh the screen. You can use the Refresh 
button to update the screen. Tap the Trash button on the Event History, 
Sequential Event Report, Motor Start Trend, and Motor Statistics screens and 
confirm the delete action to remove the records from the relay. Figure 8.47 
through Figure 8.49 show typical Event History, Sequential Event Report, and 
Motor Statistics screens.

Table 8.11 Reports Application Availability

Folder Name Application Name Comments

Reports

Events Always available

SER Always available

Motor Start Trend Always available

Motor Statistics Always available

Figure 8.47 Event History Figure 8.48 Event Summary
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Control
Tapping this folder navigates you to the Control screen, as shown in 
Figure 8.51. Use the Control folder applications Start Motor, Stop Motor, 
Output Pulsing, Local Bits, Emergency Restart, and Reset TCU to perform a 
motor start command, perform a motor stop command, pulse output contacts, 
control local bits, perform an emergency restart command, or to reset the 
thermal model.

Start Motor, Stop Motor, and Output Pulsing applications require that the 
breaker jumper be installed on the slot B board. Refer to Password, Breaker 
(Start/Stop Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

Figure 8.51 Control Applications

Table 8.12 identifies all the applications available in the Control folder.

Figure 8.49 Sequential Events Recorder Figure 8.50 Motor Statistics

Table 8.12 Control Application Availability

Folder Name Application Name Comments

Control

Start Motor Always available

Stop Motor Always available

Output Pulsing Always available

Local Bits Always available

Emergency Restart Always available

Reset TCU Always available
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To perform motor control, tap the Start Motor or Stop Motor application and 
then tap and confirm the control action. Motor control through the touchscreen 
is supervised by (1) the status of the LOCAL bit when EN_LRC := Y, (2) the 
position of the breaker jumper, and (3) the access level (requires 2AC). 
Start Motor is additionally supervised by any lockouts that are configured. For 
a list of lockouts, refer to Lockout After Stop on page 4.97. If there is an active 
lockout, the relay displays a notification screen as shown in Figure 8.52. 
When EN_LRC := N, supervision through the LOCAL bit is ignored, while 
supervision through the breaker jumper and access level are maintained.

Figure 8.52 Active Lockout Notification

When local/remote supervision setting EN_LRC := Y and LOCAL := 0, the 
Start Motor and Stop Motor applications block the control action with an 
associated footer notification. Figure 8.53 shows a Motor Stop confirmation 
screen with a remote supervision block notification. For the settings related to 
the local/remote control function, refer to Local/Remote Control on page 9.7.

Figure 8.53 Stop Motor Confirmation Screen

Tap the Emergency Restart application and confirm the control action 
allowing the motor to be placed back in service in an emergency. Note that the 
Emergency Restart control action via the touchscreen is supervised by the 
position of the breaker jumper (refer to Table 2.17) and the access level 
(requires Access Level 2). 

To pulse a digital output contact, tap the Output Pulsing application. Navigate 
to the desired output contact screen, tap the desired output, and confirm the 
control action. The output tile will be highlighted in blue on assertion, as 
shown in Figure 8.54. An output contact cannot be pulsed if it is already 
asserted. Pulsing the output contact requires that the breaker jumper be 
installed and that you have Level 2 access.
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To control the local bits, tap the Local Bits application. You can control the 
desired local bit by tapping on the corresponding row. Depending on the state, 
tap and confirm the type of action you would like to perform. Figure 8.56 
through Figure 8.58 show typical local bits control screens.

Device Info
Tapping this folder navigates you to the Device Info screen where you can 
access specific device information applications (Status, Configuration, 
Arc-Flash Diagnostics, and Trip & Diag. Messages) and the Reboot 
application.

Figure 8.54 Digital Output Pulsing—Slot A Figure 8.55 Digital Output Pulsing Confirmation

Figure 8.56 Local Bits Figure 8.57 Local Bits Notification

Figure 8.58 Local Bits Confirmation
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Figure 8.59 Device Info Applications

Table 8.13 identifies all the applications available in the Device Info folder.

Tap the Status application to view the relay status, firmware version, part 
number, etc., as shown in Figure 8.60. Use the Configuration application to 
view port information, the jumper positions for the breaker, etc., as shown in 
Figure 8.61. If the relay detects any new card in one of the slots, it disables 
and directs you to accept the change in configuration, as shown in Figure 8.62. 
Figure 8.60 through Figure 8.62 show typical screens for device 
configuration, device status, and trip and diagnostic messages.

Table 8.13 Device Info Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Device Info

Status Always available

Configuration Always available

Reboot Always available

Arc-Flash Diagnostics Shown when Slot E = 74 or 76

Trip & Diag. Messages Always available

Figure 8.60 Device Status Figure 8.61 Device Configuration
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Figure 8.62 Model Number Confirmation

When a diagnostic failure, trip, lockout, or warning occurs, the relay displays 
the diagnostic message on the screen until it is either overridden by the restart 
of the rotating display or the inactivity timer expires. To view the trip and 
diagnostic messages, tap the Trip & Diag. Messages application in the Device 
Info folder.

Figure 8.63 Trip and Diagnostic Messages

Tap on the Arc-Flash Diagnostics application to run a diagnostic check on the 
arc-flash sensors. Figure 8.64 and Figure 8.65 show typical arc-flash 
diagnostics screens.

Figure 8.64 Arc-Flash Diagnostics Figure 8.65 Arc-Flash Diagnostics Confirmation
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Access Level
Tapping this folder navigates you to the Access Level screen where you can 
either log in to or log out of Access Level 2.

Figure 8.66 Access Level Applications

Table 8.14 identifies all of the applications available in the Access Level 
folder.

Note that when an application requires Access Level 2 and the relay is at 
Access Level 1, the relay automatically displays the authentication screen 
requiring you to enter the password before performing a control operation, 
editing setting, etc.

Settings
Tapping this folder navigates you to the Settings screen where you can access 
settings applications (Global, Touchscreen) or settings folders (Port, Group, 
Date and Time) through which you can set or show settings.

Table 8.14 Access Level Application Availability

Folder Name Application Name Comments

Access Level
Login Always available

Logout Always available

Figure 8.67 Authentication Figure 8.68 Login Confirmation
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Figure 8.69 Settings Folders and Applications

Table 8.15 identifies all of the folders and applications available in the 
Settings folder.

Table 8.16 identifies all the applications available in each folder (Port, Group, 
Date and Time) in the Settings folder.

Table 8.15 Settings Folder and Application Availability

Folder Name Folder or Application Name Comments

Settings

Port Always available

Global Always available

Group Always available

Date and Time Always available

Touchscreen Always available

Table 8.16 Settings Folders Port, Group, and Date and Time Application 
Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Port

Port F Always available

Port 1 Shown when Slot B ≠ x0x or x1x

Port 2 Shown when E49RTD ≠ EXT

Port 3 Always available

Port 4 Shown when Slot C = Ax or 0x, 
i.e., Slot C has a comms card or is 
empty

Group

Set 1 Always available

Logic 1 Always available

Set 2 Always available

Logic 2 Always available

Set 3 Always available

Logic 3 Always available

Set 4 Always available

Logic 4 Always available

Date and Time
Date Always available

Time Always available
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Figure 8.70 and Figure 8.71 show typical port and group settings screens.

To edit a setting, tap on a setting row and enter the Access Level 2 password. 
If the relay is already at Level 2, the relay does not prompt for password 
authentication. After entering the value, tap the Save button to save your edit, 
or click the Cancel Save button to cancel the edit (see Table 8.7). If the 
Save/Cancel Save buttons are not visible, tap the Back button until they 
appear. When editing a settings class (e.g., Set 1 in Group Settings), you 
cannot navigate to another class (e.g., Logic 1) without saving or discarding 
the settings change made in Set 1.

Figure 8.70 Port Settings Figure 8.71 Group Settings

Figure 8.72 Set 1 Settings Figure 8.73 Thermal Overload Settings

Figure 8.74 Set/Show Settings Edit



8.38

SEL-710-5 Relay Instruction Manual Date Code 20220826

Front-Panel Operations
Touchscreen Display Front Panel

You can control the screen brightness, the screen inactivity timer settings, etc., 
through the Touchscreen application.

Rotating Display
Tapping this application allows you to start the rotating display. You can pick 
as many as 16 screens through which the display can rotate after the inactivity 
timer expires. Refer to Table 9.7 for the equivalent touchscreen display 
settings.

Tapping any screen while the display is rotating takes you to that particular 
screen. You can perform the needed operation and use the Back button to 
return to the Home screen.

Figure 8.77 Rotating Display

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. See the 
SEL-710-5 Relay Command Summary for a list of the commands.

Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Refer to Operation and Target LEDs on page 8.15 for details 
on the ENABLED, TRIP, and other programmable LEDs and their operation, and 
possible warning conditions on the relay.

Figure 8.75 Touchscreen Settings Figure 8.76 Touchscreen Settings Edit
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TARGET RESET Pushbutton
Refer to TARGET RESET Pushbutton on page 8.17 for the operation of the 
TARGET RESET pushbutton, the lamp test, and other target reset options.

Front-Panel Operator Control Pushbuttons
The SEL-710-5 touchscreen display features eight operator-controlled 
pushbuttons, each with two programmable tricolor pushbutton LEDs, for local 
control, as shown in Table 8.4. Refer to Front-Panel Operator Control 
Pushbuttons on page 8.18 for details on operator control pushbuttons and 
LEDs and their programming.

You can use the front-panel operator control pushbuttons to jump to a specific 
screen while using them for START/STOP operations, etc. You can program 
the selectable operator pushbutton screen settings under the Touchscreen 
settings category in QuickSet and map the button to a specific screen. For 
example, PB03, which is used to start a motor by default, can be programmed 
to jump to a bay screen by mapping the pushbutton touchscreen setting 
FPPB03 to Bay Screen 1. When you press PB03, the display jumps to Bay 
Screen 1, where you can see a visual confirmation of the START action.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 1 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments

Bay Screens

Bay Screen 1 Displays Bay Screen 1

Bay Screen 2 Displays Bay Screen 2

Bay Screen 3 Displays Bay Screen 3

Bay Screen 4 Displays Bay Screen 4

Bay Screen 5 Displays Bay Screen 5

Meter

Phasors

Phasor Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Phasor Screen 2 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental

Fundamental Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Fundamental Screen 2 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, MLOAD, 3V2, VAVE, 
UBV

Shown when 
DELTA_Y = DELTA
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Fundamental Screen 3 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental Screen 4 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, VG_MAG, VG_ANG, 
MLOAD, 3V2, VAVE, UBV

Shown when DELTA_Y = WYE

Fundamental Screen 5 P, Q, S, PF Always available

Fundamental Screen 6 IA87, IB87, IC87, VEX, 
IEX, Rf

Shown when Slot E = 74 or 75

RMS

RMS Screen 1 IARMS, IBRMS, ICRMS, 
INRMS, VABRMS, 
VBCRMS, VCARMS

Shown when 
DELTA_Y = DELTA

RMS Screen 2 IARMS, IBRMS, ICRMS, 
INRMS, VARMS, VBRMS, 
VCRMS

Shown when DELTA_Y = WYE

Energy

Energy Screen 1 MWH3P, MVARH3PI, 
MVARH3PO, MVAH3P

Always available

Energy Reset Screen Reset Energy data Always available

Max/Min

Max/Min Screen 1 IAMX, IAMN, IBMX, IBMN, 
ICMX, ICMN, INMX, INMN, 
IGMX, IGMN, VABMX, 
VABMN, VAMX, VAMN, 
VBCMX, VBCMN, VBMX, 
VBMN, VCAMX, VCAMN, 
VCMX, VCMN, VSMX, 
VSMN, kW3MX, kW3MN, 
kVAR3MX, kVAR3MN, 
kVA3MX, kVA3MN, 
FREQMX, FREQMN, 
RTD1MX–RTD12MX, 
RTD1MN–RTD12MN, 
AI301MX–AI308MX, 
AI301MN–AI308MN, 
AI401MX–AI408MX, 
AI401MN–AI408MN, 
AI501MX–AI508MX, 
AI501MN–AI508MN, 
MM_LRD

Always available

Max/Min Reset Screen Reset Max/Min data Always available

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 2 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Analog 
Inputs

Analog Inputs Screen 1 AI301–AI308, AI401–AI408, 
AI501–AI508

Available if the relay supports 
analog inputs

Thermal

Thermal Screen 1 RTDWDGMX, RTDBRGMX, 
RTDAMB, RTDOTHMX

Shown when E49RTD ≠ NONE

Thermal Screen 2 RTD1– RTD12 Shown when E49RTD ≠ NONE

Thermal Screen 3 MLOAD, TCUSTR, TCURTR, 
THRMTP, TRST, STRTAV

Always available

Math
Variables

Math Variables Screen 1 MV01–MV32 Shown when EMV ≠ N; shows 12 
math variables per page

Remote
Analogs

Remote Analogs Screen 1 RA001–RA012 Always available

Remote Analogs Screen 2 RA013–RA024 Always available

Remote Analogs Screen 3 RA025–RA036 Always available

Remote Analogs Screen 4 RA037–RA048 Always available

Remote Analogs Screen 5 RA049–RA060 Always available

Remote Analogs Screen 6 RA061–RA072 Always available

Remote Analogs Screen 7 RA073–RA084 Always available

Remote Analogs Screen 8 RA085–RA096 Always available

Remote Analogs Screen 9 RA097–RA108 Always available

Remote Analogs Screen 10 RA109–RA120 Always available

Remote Analogs Screen 11 RA121–RA128 Always available

Light
Intensity

Light Screen 1 LSENS1, LSENS2, LSENS3, 
LSENS4

Shown when Slot E = 74

Light Screen 2 LSENS1, LSENS2, LSENS3, 
LSENS4, LSENS5, LSENS6, 
LSENS7, LSENS8

Shown when Slot E = 76

Monitor

Relay Word
Bits

Relay Word Bits Screen 1 Shows status of all the relay 
word bits

Shows 32 RWBs per page

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 3 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital
Inputs

Digital Inputs Screen 1 IN101, IN102 Always available

Digital Inputs Screen 2 IN301, IN302, IN303, IN304 Shown when Slot C= Dx or 
1x or Cx

Digital Inputs Screen 3 IN301, IN302, IN303 Shown when Slot C = Bx

Digital Inputs Screen 4 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308

Shown when Slot C = 3x 

Digital Inputs Screen 5 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308, 
IN309, IN310, IN311, IN312, 
IN313, IN314

Shown when Slot C = 4x

Digital Inputs Screen 6 IN401, IN402, IN403, IN404 Shown when Slot D = Dx or 
1x or Cx

Digital Inputs Screen 7 IN401, IN402, IN403 Shown when Slot D = Bx

Digital Inputs Screen 8 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408

Shown when Slot D = 3x

Digital Inputs Screen 9 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408, 
IN409, IN410, IN411, IN412, 
IN413, IN414

Shown when Slot D = 4x

Digital Inputs Screen 10 IN501, IN502, IN503, IN504 Shown when Slot E = Dx or 
1x or Cx

Digital Inputs Screen 11 IN501, IN502, IN503 Shown when Slot E = Bx

Digital Inputs Screen 12 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508

Shown when Slot E = 3x

Digital Inputs Screen 13 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508, 
IN509, IN510, IN511, IN512, 
IN513, IN514

Shown when Slot E = 4x

Digital
Outputs

Digital Outputs Screen 1 OUT101, OUT102, OUT103 Always available

Digital Outputs Screen 2 OUT301, OUT302, OUT303, 
OUT304

Shown when Slot C = Bx or 
1x or Cx

Digital Outputs Screen 3 OUT301, OUT302, OUT303 Shown when Slot C = Dx

Digital Outputs Screen 4 OUT301, OUT302, OUT303, 
OUT304, OUT305, OUT306, 
OUT307, OUT308

Shown when Slot C = 2x

Digital Outputs Screen 5 OUT401, OUT402, OUT403, 
OUT404

Shown when Slot D = Bx or 
1x or Cx

Digital Outputs Screen 6 OUT401, OUT402, OUT403 Shown when Slot D = Dx

Digital Outputs Screen 7 OUT401, OUT402, OUT403, 
OUT404, OUT405, OUT406, 
OUT407, OUT408

Shown when Slot D = 2x

Digital Outputs Screen 8 OUT501, OUT502, OUT503, 
OUT504

Shown when Slot E = Bx or 
1x or Cx

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 4 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital Outputs Screen 9 OUT501, OUT502, OUT503 Shown when Slot E = Dx

Digital Outputs Screen 10 OUT501, OUT502, OUT503, 
OUT504, OUT505, OUT506, 
OUT507, OUT508

Shown when Slot E = 2x

SELOGIC

Counters

SELOGIC Counters Screen 1 SC01–SC32 Shown when ESC ≠ N; shows 12 
SELOGIC counters per page

Breaker 
Wear

Breaker Wear Screen 1 INTT, EXTT, INTIA, INTIB, 
INTIC, EXTIA, EXTIB, 
EXTIC

Shown when EBMON = Y

Breaker Wear Screen 2 WEARA, WEARB, WEARC Shown when EBMON = Y

Vibration

Vibration Screen 1 VIBAQ1, VIBAQ2, VIBAQ3, 
VIBAQ4, VIBAQ5

Always available

Reports

Events

Event History Screen 1 Shows the event records in the 
relay

SER

SER Screen 1 Shows the Sequential Event 
Records (SERs) in the relay

MST

MST Screen 1 Shows the Motor Start Trend data 
in the relay

MOT

MOT Screen 1 Shows the Motor Operating Sta-
tistics in the relay

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 5 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Device Info

Status

Status Screen 1 Status, serial number, 
FID string, part number, SEL 
display, customer display, 
IEC 61850 CID

Always available

Status Screen 2 Diagnostic status for the relay 
cards and power supply rails. 
CARD_C, CARD_D, 
CARD_E, CARD_Z, FPGA, 
GPSB, HMI, RAM, ROM, 
CR_RAM, NON_VOL, 
CLOCK, RTD, CID_FILE, 
+0.9V CHK (V), 
+1.2V CHK (V), 
+1.5V CHK (V), 
+1.8V CHK (V), 
+2.5V CHK (V), 
+3.3V CHK (V), 
+3.75V CHK (V), 
+5.0V CHK (V), 
–1.25V CHK (V), 
–5.0V CHK (V), 
BATT CHK (V)

Always available

Status Screen 3 DN_MAC_ID, ASA, 
DN_RATE, DN_STATUS

Shown if the DeviceNet option is 
available

Status Screen 4 OFFSETS: IA, IB, IC, IN, VA, 
VB, VC, IA87, IB87, IC87, 
VDR

Always available

Configuration

Configuration Screen 1 Part number, Port F protocol, 
Port F baud rate, Port 1 IP 
address, Port 1 default router, 
MAC address (IP), MAC 
address (GOOSE), breaker 
control jumper, password 
bypass jumper, rated frequency, 
phase rotation, nominal phase 
CT rating, nominal/neutral CT 
rating, PT connection, date 
format

Some of the quantities are part-
number dependent and will be 
hidden if the part number does not 
support them

Trip and 
Diagnostics

Trip and Diagnostic Screen 1 Diagnostic failures, trip event 
types, lockouts, and warnings

Always available

a In addition to the listed screens, the Home screen is available for the HOME pushbutton. By default, the HOME pushbutton is programmed to 
the Home screen.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 6 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Section 9
Bay Control

Overview
The SEL-710-5 Relay with the touchscreen display option provides you with 
the ability to design bay configuration screens to meet your system needs. The 
bay configuration can be displayed as a single-line diagram (SLD) on the 
touchscreen. You can create as many as five bay screens with one controllable 
breaker, as many as eight two-position disconnects, and as many as two three-
position disconnects. ANSI and IEC symbols, along with analog and digital 
labels, are available for you to create detailed single-line diagrams of the bay 
to indicate the status of the breaker and disconnects, bus voltages, and power 
flow through the breaker. In addition to single-line diagrams, you can design 
the screens to show the status of various relay elements via Relay Word bits or 
to show analog quantities for commissioning or day-to-day operations. These 
screens can be designed with the help of ACSELERATOR Bay Screen Builder 
SEL-5036 Software in conjunction with ACSELERATOR QuickSet SEL-5030 
Software. Note that the bay screen related settings can only be set via 
QuickSet (setting via an ASCII terminal is not supported).

This section covers all aspects of the SEL-710-5 Relay bay control.

➤ Circuit Breaker Symbol Settings and Status Logic on page 9.1

➤ Disconnect Control Settings on page 9.2

➤ Local/Remote Control on page 9.7

➤ Motor/Disconnect Control Via the Touchscreen on page 9.8

➤ Bay Screens Design Using QuickSet and Bay Screen Builder on 
page 9.10

➤ Bay Control Application Example on page 9.19

Circuit Breaker 
Symbol Settings and 
Status Logic

The SEL-710-5 supports one breaker that can be controlled and monitored via 
the bay screen. Use the SELOGIC settings 52A and 52B to map the respective 
breaker auxiliary contacts to the relay. Because the 52B contact is not always 
available in all applications, the breaker status logic does not include the 52B 
contact. The relay uses the 52A Relay Word bit as the status of the breaker in 
conjunction with the protection elements and trip and close logic. The default 
setting for 52B is NOT 52A. Map 52A and 52B Relay Word bits to the 
settings associated with the breaker symbol under the Bay Control settings in 
QuickSet to display the status of the breaker on the bay screen.

Use SELOGIC to create dual-point status of the breaker with breaker alarm 
indication. Refer to Table 9.7 for the Bay Control breaker settings. Refer to 
Bay Control Application Example on page 9.19 for example settings. Refer to 
Table 4.65 and 52A and 52B Contactor/Breaker Status SELOGIC Control 
Equations on page 4.97 for 52A and 52B settings and descriptions. Refer to 
Trip/Close Logic on page 4.94 for more information on the breaker trip and 
close logic.
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Table 9.1 provides typical ANSI and IEC breaker symbols that are supported 
by Bay Screen Builder. Column 1 identifies the standard (ANSI/IEC) and the 
type of breaker. Columns 3, 4, and 5 identify closed, open, and alarm states of 
the breaker image, respectively. Bay Screen Builder allows you to set the 
breaker color sequence property (identified in Column 2) for each of these 
states. Select the breaker color sequence based on your system convention. 
For a complete list of ANSI and IEC circuit breaker symbols available to use 
with the bay screens, refer to the ACSELERATOR Bay Screen Builder SEL-5036 
Software Instruction Manual, available in the Help > Contents menu of Bay 
Screen Builder. 

Disconnect Control 
Settings

The SEL-710-5 supports control of as many as eight two-position and two 
three-position disconnects. Refer to Table 9.2 and Table 9.3 for the two- and 
three-position switch settings. The following description applies to both the 
two- and three-position switches enabled by the 89EN2P and 89EN3P 
settings. Generic setting names are used in the following description for 
simplicity. For example, the label setting for two-position Switch 1 
(89NM2P1) is represented by 89NMkm, where k is the switch type (2P, 3PL, 
or 3PE) and m is the switch number (m = 1–8 if k = 2P and m = 1–2 if k = 3PL 
or 3PE).

Use the 89NMkm setting to name the disconnect using a maximum of sixteen 
characters. The 89Akm and 89Bkm SELOGIC control equation settings 
represent the normally open and normally close disconnect auxiliary contacts. 
Typically, these SELOGIC control equation settings are set to SEL-710-5 
inputs that are wired to the corresponding auxiliary contacts. Figure 9.1 shows 
the dual-point disconnect status logic. The Relay Word bits 89CLkm and 
89OPkm indicate whether the disconnect is in a fully close or fully open state, 
respectively. 89ALkm indicates the alarm status of the disconnect and asserts 
when the disconnect is in an undetermined state for longer than the 89AkmD 
time setting. The 89ALkm alarm bit also asserts if the switch fails to start 
close or open operation after a successful command is issued. Set the 89AkmD 
timer longer than the highest expected operation time (undetermined state).

Table 9.1 Circuit Breaker Symbols

Type
Breaker Color 

Sequence
State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI Breaker Red, Green, Amber

ANSI Truck Operated Breaker Black, White, Grey

IEC Breaker Green, Red, Amber

IEC Truck Operated Breaker Transparent
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Table 9.2 Two-Position Disconnect Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 2P DISC N, 1–8 89EN2P := 8

Disconnect ma

a  The value of m can be set to any number between 1 and the value of setting 89EN2P.

2P DISC m NAME 16 characters 89NM2Pm := 2Pm

DIS m N/O CONT SELOGIC 89A2Pm := 0

DIS m N/C CONT SELOGIC 89B2Pm := NOT 89A2Pm

DIS m ALM PU 0.00–300.00 sec 89A2PmD := 5.00

DIS m SEALIN OFF, 0.00–300.00 sec 89S2PmD := 4.67

DIS m IMMOBI OFF, 0.00–300.00 sec 89I2PmD := 0.33

DIS m CL CONT SELOGIC 89RC2Pm := 89CC2Pm

DIS m CL BLK SELOGIC 89CB2Pm := 89AL2Pm

DIS m CL RST SELOGIC 89CR2Pm := 89CL2Pm OR 
89CS2Pm OR 89 ALP2m

DIS m CL IM RS SELOGIC 89CT2Pm := NOT 89OP2Pm

DIS m OP CONT SELOGIC 89RO2Pm := 89OCPm

DIS m OP BLK SELOGIC 89OB2Pm := 89AL2Pm

DIS m OP RST SELOGIC 89OR2Pm := 89OP2Pm OR 
89OS2Pm OR 89AL2Pm

DIS m OP IM RS SELOGIC 89OT2Pm := NOT 89CL2Pm

Table 9.3 Three-Position Disconnect Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 3P DISC N, 1–2 89EN3P := N

Disconnect ma

3P DISC m NAME 16 characters 89NM3Pm := 3Pm

In-Line Disconnect

LDIS m N/O CONT SELOGIC 89A3PLm := 0

LDIS m N/C CONT SELOGIC 89B3PLm := NOT 89A3PLm

LDIS m ALM PU 0.00–300.00 sec 89A3PLmD := 5.00

LDIS m SEALIN OFF, 0.00–300.00 sec 89S3PLmD := 4.67

LDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PLmD := 0.33

LDIS m CL CONT SELOGIC 89RC3PLm := 89CC3PLm

LDIS m CL BLK SELOGIC 89CB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89 AL3PEm

LDIS m CL RST SELOGIC 89CR3PLm := 
89CL3PLm OR 89CS3PLm 
OR 89AL3PLm

LDIS m CL IM RS SELOGIC 89CT3PLm := 
NOT 89OP3PLm

LDIS m OP CONT SELOGIC 89RO3PLm := 89OC3PLm



9.4

SEL-710-5 Relay Instruction Manual Date Code 20220826

Bay Control
Overview

LDIS m OP BLK SELOGIC 89OB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89AL3PEm

LDIS m OP RST SELOGIC 89OR3PLm := 
89OP3PLm OR 89OS3PLm 
OR 89AL3PLm

LDIS m OP IM RS SELOGIC 89OT3PLm := 
NOT 89CL3PLm

Earthing Disconnect

EDIS m N/O CONT SELOGIC 89A3Pm := 0

EDIS m N/C CONT SELOGIC 89B3Pm := NOT 89A3PEm

EDIS m ALM PU 0.00–300.00 sec 89A3PEmD := 5.00

EDIS m SEALIN OFF, 0.00–300.00 sec 89S3PEmD := 4.67

EDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PEmD := 0.33

EDIS m CL CONT SELOGIC 89RC3PEm := 89CC3PEm

EDIS m CL BLK SELOGIC 89CB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m CL RST SELOGIC 89CR3PEm := 
89CL3PEm OR 89CS3PEm 
OR 89AL3PEm

EDIS m CL IM RS SELOGIC 89CT3PEm := 
NOT 89OP3PEm

EDIS m OP CONT SELOGIC 89RO3PEm := 89OC3PEm

EDIS m OP BLK SELOGIC 89OB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m OP RST SELOGIC 89OR3PEm := 
89OP3PEm OR 89OS3PEm 
OR 89AL3PEm

EDIS m OP IM RS SELOGIC 89OT3PEm := 
NOT 89CE3PLm

a  The value of m can be set to any number between 1 and the value of setting 89EN3P.

Table 9.3 Three-Position Disconnect Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 9.1 Dual-Point Disconnect Status Logic

The close and open logic shown in Figure 9.2 and Figure 9.3 are primarily for 
control of motor operated disconnects. The settings and control described 
below are not intended for manually operated disconnects and can be ignored. 
The description of close and open control logic applies to all two- and three-
position motor operate disconnects that are enabled.

Figure 9.2 Disconnect Close Logic

Close control action of a disconnect can be initiated via the front-panel HMI 
Bay Screen application (Relay Word bit 89CMkm) or remotely (i.e., via 
communications protocols [Relay Word bit 89CCkm] or the SELOGIC control 
equation setting [89RCkm]). Close control from the HMI requires that local 
control be enabled (Relay Word bit LOCAL asserted). When Relay Word bit 
LOCAL is asserted, remote close control is blocked. Use the 89CBkm 
SELOGIC control equation setting to block both local and remote control, if 
required. The logic automatically seals-in a successful close signal (Relay 
Word bit 89Ckm) until the user-defined reset Relay Word bit 89CRkm asserts. 
By default, the relay uses the seal-in timer output to avoid a premature reset of 

Alarm Timer
Setting Relay

Word
Bits

Relay
Settings

1

2

89IPkm

89CLkm

89OPkm

1
5 sec

89AkmD

89Akm

89Bkm

k = 2P, 3PL, or 3PE
m = 1–16 (if k = 2P) or 1–2 (if k = 3PL or 3PE)

2

89ALkm

3
89OIkm

89CIkm

Relay
Word
Bits

Relay
Word
Bits

89CMkm (HMI)
(supervised by LOCAL)

89CCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89CRkm

89RCkm

Close Immobility Timer

Close Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89CIkm

89CSkm

2
4

3
3

1
1

2
89CBkm

89Okm

89Ckm

Relay
Word
Bits

(Reset 89IkmD)

89CEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89CTkm

Settings



9.6

SEL-710-5 Relay Instruction Manual Date Code 20220826

Bay Control
Overview

the close signal. An immobility timer detects if the disconnect remains in the 
fully open position for longer than the 89IkmD time setting after the close 
signal is issued (89Ckm asserts) by the assertion of Relay Word bit 89CIkm.

Figure 9.3 Disconnect Open Logic

Similarly, open control action of a disconnect can be initiated via the front-
panel HMI (Relay Word bit 89OMkm) or remotely (i.e., communications 
protocols [Relay Word bit 89OCkm] or the SELOGIC control equation setting 
[89ROkm]). Open control from the HMI requires that local control be enabled 
(Relay Word bit LOCAL asserted). When Relay Word bit LOCAL is asserted, 
remote close is blocked. Use the 89OBkm SELOGIC control equation setting to 
block both local and remote control, if required. The logic automatically seals-
in a successful open signal (Relay Word bit 89Okm) until the user-defined 
reset Relay Word bit 89ORkm asserts. By default, the relay uses the seal-in 
timer output to avoid premature reset of the open signal. An immobility timer 
detects if the disconnect remains in the fully close position for longer than the 
89IkmD time setting after the open signal is issued (89Okm asserts) by the 
assertion of Relay Word bit 89OIkm.

The factory-default values of all the other settings should be suitable for most 
applications, however, they must be reviewed and edited for specific 
requirements.

Refer to Table 9.5 for the Bay Control disconnect settings. Refer to Bay 
Control Application Example on page 9.19 for example settings. Table 9.5 
provides typical ANSI and IEC disconnect symbols that are available to use in 

Relay
Word
Bits

89OMkm (HMI)
(supervised by LOCAL)

89OCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89ORkm

89ROkm

Open Immobility Timer

Open Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89OIkm

89OSkm

2
4

3
3

1
1

2
89OBkm

89Ckm

89Okm

Relay
Word
Bits

(Reset 89IkmD)

89OEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89OTkm

Settings

Table 9.4 Disconnect Control Setting Guidelines

Setting Remarks

89ENk Enable required number of 2- and 3-position switches

89NMkm Label each switch with a unique name

89Akm SELOGIC control equation for normally open auxiliary contact of the switch

89Bkm SELOGIC control equation for normally close auxiliary contact of the switch

89AkmD Operate alarm delay; set longer than the highest expected operate time of 
the switch

89SkmD Seal-in delay; set longer than the highest expected operate time of the motor 
operated switch



9.7

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Bay Control
Overview

bay screen design. Column 1 identifies the standard (ANSI/IEC) and the type 
of disconnect. Column 2 identifies the interior color property of the 
disconnect. Columns 3, 4, and 5 identify closed, open, and alarm states of the 
disconnect. For a complete list of ANSI and IEC disconnect symbols available 
to use with the bay screens, refer to the ACSELERATOR Bay Screen Builder 
SEL-5036 Software Instruction Manual.

Local/Remote Control The SEL-710-5 supports local/remote motor control functionality through 
supervision of the STR and STOP motor control Relay Word bits and local/
remote disconnect control functionality through supervision in the disconnect 
open and close control logic (See Figure 9.2 and Figure 9.3). The supervision 
can be enabled or disabled with the global setting EN_LRC (see Table 9.6). To 
enable local/remote supervision of the breaker and disconnect control, set 
EN_LRC := Y. When EN_LC := Y, the LOCAL SELOGIC control equation is 
available. 

The relay controls the status of the LOCAL Relay Word bit based on the 
EN_LRC setting and the selection applies to both the breaker and the 
disconnect control.

Table 9.5 Disconnect Symbols

Type Interior Color State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI and IEC Disconnect

(Two-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect

(Two-Position)

Transparent

ANSI and IEC Disconnect 
(Three-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect 

(Three-Position)

Transparent

Table 9.6 Local/Remote Motor Control Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE LOC REM CON Y, N EN_LRC := N

LOCAL CONTROLa

a This setting is hidden when EN_LRC := N.

SELOGIC LOCAL := 0
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➤ When EN_LRC := Y and LOCAL := 1, the relay processes the 
STR and STOP commands from the front panel (two-line 
display or touchscreen). The STR and STOP commands from 
remote sources/protocols (ASCII terminal, SEL Fast Operate, 
DNP, Modbus, EtherNet/IP, IEC 61850, etc.) are blocked.

➤ When EN_LRC := Y and LOCAL := 0, the relay processes the 
STR and STOP commands from remote sources/protocols 
(ASCII terminal, SEL Fast Operate, DNP, Modbus, 
EtherNet/IP, IEC 61850, etc.). The commands from the front 
panel are blocked (two-line display or touchscreen).

➤ When EN_LRC := N, the relay processes the STR and STOP 
commands from both the front panel (two-line display or 
touchscreen) and remote sources/protocols (ASCII terminal, 
SEL Fast Operate, DNP, Modbus, EtherNet/IP, IEC 61850, 
etc.).

Enable the local/remote control for proper supervision of motor control and 
operator safety. Map the LOCAL SELOGIC control equation to the status of 
the local/remote switch on the panel, if available. Alternatively, program one 
of the front-panel pushbuttons and an LED in conjunction with a SELOGIC 
latch to mimic the local/remote switch and map it to the LOCAL SELOGIC 
control equation.

When EN_LRC := Y, the status of the local/remote control is indicated on the 
footer of the touchscreen as “L” for local (LOCAL = 1) and “R” for remote 
(LOCAL = 0). If you do not intend to use the built-in local/remote function, 
and prefer to create your own control function using SELOGIC and remote bits, 
then set EN_LRC := N. In which case, the footer indicates “LR,” as shown in 
Figure 9.4, indicating that STR and STOP bits are processed from both the 
touchscreen and the remote sources/protocols. Local/remote indication is only 
available on the SEL-710-5 touchscreen display model. Refer to Bay Control 
Application Example on page 9.19 for example settings.

Figure 9.4 Local/Remote Control Mode Indication

Motor/Disconnect 
Control Via the 
Touchscreen

The SEL-710-5 enables you to control the motor from the touchscreen or the 
two-line LCD and the disconnect from the touchscreen. Motors and 
disconnects can also be controlled through the front-panel operator control 
pushbuttons. Refer to Front-Panel Operator Control Pushbuttons on 
page 8.39 for a discussion on motor control via the control pushbuttons. Refer 
to Control Menu on page 8.10 for instructions on motor control via the two-
line LCD. This section discusses motor and disconnect control via 
touchscreen.
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The touchscreen allows you to control the motor via two applications: Bay 
Screens and Motor Start/Stop Control; however, only the Bay Screens 
application allows control of the disconnects. The Bay Screens application is 
available on the Home screen. Breaker and disconnect control via the Bay 
Screens application requires you to design a bay control single-line diagram. 
Figure 9.5 shows a sample single-line diagram with a controllable breaker, 
disconnect, and analog quantities. For more details on how to design this 
screen, refer to Bay Control Application Example.

You can also control the motor via Motor Start and Motor Stop applications, 
which are available in the Control folder. These application are built-in and 
are always available for you to perform motor control. Figure 9.6 shows the 
Start Motor application display and Figure 9.7 shows the Stop Motor 
application display.

Figure 9.5 Bay Screens Application Display With a Single-Line Diagram

Figure 9.6 Start Motor Application

Figure 9.7 Stop Motor Application
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The Bay Screens, Motor Start, and Motor Stop applications use the STR and 
STOP bits and require you use their respective START and TRIP bits to 
perform motor control. For more details on how to program these bits, refer to 
Bay Control Application Example. The Bay Screens and Breaker Control 
applications use the 89OMkm and 89CMkm bits to perform disconnect control 
(see Figure 9.2 and Figure 9.3 for details). The relay checks for the following 
conditions, in the order shown. Only when the conditions are satisfied can you 
perform breaker or disconnect control.

1. EN_LRC := Y and Relay Word bit LOCAL is asserted. If 
EN_LRC := N, then this check is ignored.

2. The breaker control jumper on the slot B board is installed. The 
Relay Word bit BKJMP stays asserted when the breaker control 
jumper is installed. Refer to Password, Breaker (Start/Stop 
Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

3. You are at Access Level 2. The relay prompts for the Access 
Level 2 password if you are not at Access Level 2.

4. There are no active lockouts. If there is one or more active 
lockout, the relay displays those which are active and the 
greatest time remaining. This condition is only checked when 
issuing a START via Motor Start or CLOSE via Bay Screen 
application.

When the conditions are satisfied, the application pulses the STR or STOP bit, 
respectively, depending on your selection for motor start or stop.

Bay Screens Design 
Using QuickSet and 
Bay Screen Builder

QuickSet and Bay Screen Builder provide user-friendly interfaces to set the 
touchscreen settings. The touchscreen settings are not available for setting via 
ASCII terminal, unlike the other relay settings. The touchscreen settings are 
only available if the relay part number is configured with the touchscreen 
display under Front-Panel Options drop down as shown in Figure 9.8. 
Figure 9.9 shows the Touchscreen settings in QuickSet.

Figure 9.8 QuickSet Front-Panel Options
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Figure 9.9 QuickSet Touchscreen Settings

Table 9.7 Touchscreen Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Display Settings

Display Home Screen See Table 8.17 FPHOME := HOME

Display Time-Out 1–30 min FPTO := 15

Rotating Display Transition Time 3–15 sec FPDUR := 5

Backlight Active Brightness 1–10 FPBAB := 6

Rotating Display Screen Settings

Rotating Display 01 See Table 8.17 FPRD01 := Bay Screen 1

Rotating Display 02 See Table 8.17 FPRD02 :=

•

•

•

•

•

•

•

•

•

Rotating Display 15 See Table 8.17 FPRD15 :=

Rotating Display 16 See Table 8.17 FPRD16 :=

Pushbutton Settings (nn = 01–08)

Pushbutton nn HMI Screen OFF, See Table 8.17 FPPBnn := OFF

Bay Control Breaker Settings

Breaker Trip Type 3 BK01TTY := 3

Breaker Mode CONTROL, 
MONITOR

BK01MOD := MONITOR

Breaker 1 Close Status Relay Word Bit BK01CS := 52A1

Breaker 1 Open Status Relay Word Bit BK01OS := 52B1

NOTE: The settings in Table 9.7 shall 
be populated under each of the 
custom screens (sld1–sld5) based on 
the dynamic symbols chosen by the 
user.
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Breaker 1 Alarm Status Relay Word Bit BK01AS := NA

Breaker 1 HMI Close Command Relay Word Bit BK01CLC := NA

Breaker 1 HMI Open Command Relay Word Bit BK01OPC := NA

Breaker 2 Close Status Relay Word Bit BK02CS := 52A2

Breaker 2 Open Status Relay Word Bit BK02OS := 52B2

Breaker 2 Alarm Status Relay Word Bit BK02AS := NA

Breaker 2 HMI Close Command Relay Word Bit BK02CLC := NA

Breaker 2 HMI Open Command Relay Word Bit BK02OPC := NA

Breaker 3 Close Status Relay Word Bit BK03CS := 52A3

Breaker 3 Open Status Relay Word Bit BK03OS := 52B3

Breaker 3 Alarm Status Relay Word Bit BK03AS := NA

Breaker 3 HMI Close Command Relay Word Bit BK03CLC := NA

Breaker 3 HMI Open Command Relay Word Bit BK03OPC := NA

Breaker 4 Close Status Relay Word Bit BK04CS := 52A4

Breaker 4 Open Status Relay Word Bit BK04OS := 52B4

Breaker 4 Alarm Status Relay Word Bit BK04AS := NA

Breaker 4 HMI Close Command Relay Word Bit BK04CLC := NA

Breaker 4 HMI Open Command Relay Word Bit BK04OPC := NA

Bay Control Disconnect Settings
Two-Position Disconnects (m = 1–8)

Two-Position Disconnect Close 
Status

Relay Word bit 2DSmCS :=

Two-Position Disconnect 
Open Status

Relay Word Bit 2DSmOS :=

Two-Position Disconnect 
In-Progress Status

Relay Word Bit 2DSmIS := NA

Two-Position Disconnect 
Alarm Status

Relay Word Bit 2DSmAS := NA

Two-Position Disconnect HMI 
Close Command

89CM2P1–89CM2P8 2DSmCL := NA

Two-Position Disconnect HMI 
Open Command

89OM2P1–89OM2P8 2DSmOP := NA

Bay Control Disconnect Settings
Three-Position Disconnects (m = 1–2)

Three-Position In-Line 
Disconnect Close Status

Relay Word bit 3IDmCS :=

Three-Position In-Line 
Disconnect Open Status

Relay Word Bit 3IDmOS :=

Table 9.7 Touchscreen Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Display Settings
Use these settings to configure the touchscreen. Pressing the HOME pushbutton 
on the front panel takes you to the screen configured as part of the FPHOME 
setting. By default, FPHOME is set to the Home screen, which displays the 
Home screen folders and applications. You can set FPHOME to any screen 
that you like to view when the HOME pushbutton is pressed (see Table 8.17 for 
the list of available screens).

Three-Position In-Line 
Disconnect In-Progress Status

Relay Word Bit 3IDmIS := NA

Three-Position In-Line 
Disconnect Alarm Status

Relay Word Bit 3IDmAS := NA

Three-Position In-Line 
Disconnect HMI Close Command

89CM3PL1–
89CM3PL2

3IDmCL := NA

Three-Position In-Line 
Disconnect HMI Open Command

89OM3PL1–
89OM3PL2

3IDmOP := NA

Three-Position Earthing 
Disconnect Close Status

Relay Word Bit 3EDmCS :=

Three-Position Earthing 
Disconnect Open Status

Relay Word Bit 3EDmOS :=

Three-Position Earthing 
Disconnect In-Progress Status

Relay Word Bit 3EDmIS := NA

Three-Position Earthing 
Disconnect Alarm Status

Relay Word Bit 3EDmAS := NA

Three-Position Earthing 
Disconnect HMI Close Command

89CM3PE1–
89CM3PE2

3EDmCL := NA

Three-Position Earthing 
Disconnect HMI Open Command

89OM3PE1–
89OM3PE2

3EDmOP := NA

Bay Control Analog Label Settings (qq = 01–32)

Analog Quantity Analog Quantity ALAB01 := STRING_RID

Analog Quantity Analog Quantity ALAB02 := STRING_TID

Analog Quantity Analog Quantity ALAB03 := IAW1_MAG

Analog Quantity Analog Quantity ALAB04 := IBW1_MAG

Analog Quantity Analog Quantity ALAB05 := ICW1_MAG

Analog Quantity Analog Quantity ALAB06 := IAW2_MAG

Analog Quantity Analog Quantity ALAB07 := IBW2_MAG

Analog Quantity Analog Quantity ALAB08 := ICW2_MAG

Analog Quantity Analog Quantity ALABqq :=

Bay Control Digital Label Settings (qq = 01–32)

Relay Word Bit Relay Word Bit Name DLABqq :=

Table 9.7 Touchscreen Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO. The timeout resets 
each time you press a front-panel pushbutton or the screen detects a touch. 
When the timeout expires, the access level resets to Access Level 1 and 
switches to the rotating display if at least one screen is configured as part of 
the rotating display settings, FPRDkk (kk = 01–16), if not, the display 
switches to the Home screen. The rotating display transition time setting 
FPDUR defines the duration that each screen is displayed on the rotating 
display. Set FPDUR to a transition time most suitable to your application.

Use the FPBAB setting to control the backlight active brightness.

Rotating Display Settings
The SEL-710-5 allows you to configure as many as 16 screens for the rotating 
display. Configure the settings FPRDkk (kk = 01–16) to the screens most 
suitable to your application. Refer to Table 8.17 for the list of screens 
available as part of the FPRDkk settings.

Pushbutton Settings
The pushbutton settings FPPBnn (nn = 01–08) allow you to quickly navigate 
to a specific screen by pressing the programmed pushbutton. Refer to 
Table 8.17 for the list of screens available for the FPPBnn settings. Note that a 
given pushbutton can be configured to navigate to a specific screen while 
being used in SELOGIC (e.g., PB04 Relay Word bit). The relay does not 
prevent you from configuring a pushbutton for two purposes. Make sure to set 
dual-purpose pushbuttons with care to ensure safe operation.

Bay Control Breaker Settings
Bay control breaker settings are only available if the designed single-line 
diagram has a breaker symbol. When QuickSet detects a breaker symbol as 
part of the single-line diagram, it populates the corresponding settings. The 
SEL-710-5 supports one three-pole breaker. The setting BK01TTY is forced 
to 3 by default and is not settable. The breaker on the single-line can be 
configured as monitor-only or as a controllable breaker. Set 
BK01MOD = MONITOR if you do not want to allow breaker control via the 
touchscreen. Set BK01MOD = CONTROL if you want to allow breaker 
control via the touchscreen. Set BK01CS and BK01OS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
breaker. The relay does not support breaker alarm logic, but it can be 
programmed using SELOGIC. To display breaker alarm status, set the breaker 
alarm status setting BK01AS to the corresponding SELOGIC bit. When 
BK01MOD := CONTROL, both BK01CLC and BK01OPC settings are 
forced to STR and STOP, respectively, and are not settable. Refer to Bay 
Control Application Example on page 9.19 for sample breaker settings.

Bay Control Disconnect Settings
The bay control disconnect settings are only available if the designed single-
line diagram has at least one disconnect symbol. When QuickSet detects one 
or more disconnect symbols as part of the single-line diagram, it populates the 
corresponding settings. The SEL-710-5 supports eight two-position and two 
three-position disconnects. Set the DSnCS and DSnOS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
disconnect. Map the output of the disconnect alarm logic, 89ALkm (see 
Figure 9.1), to the corresponding DSnAS setting. A successful close or open 
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command from the HMI asserts the corresponding 89CMkm or 89OMkm 
Relay Word bit used in Figure 9.2 or Figure 9.3, respectively. Refer to Bay 
Control Application Example on page 9.19 for sample disconnect settings. 

Bay Control Analog Label Settings
The analog label settings are only available if the designed bay screen has at 
least one analog label. When QuickSet detects one or more analog labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 analog labels. Set ALABqq (qq = 01–32) to display 
the desired analog quantity on the bay screen. Refer to the display points 
column of Table M.1 for the list of analog quantities available to program into 
analog labels.

Bay Control Digital Label Settings
The digital label settings are only available if the designed bay screen has at 
least one digital label. When QuickSet detects one or more digital labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 digital labels. Set DLABqq (qq = 01–32) to display 
the desired Relay Word bits on the bay screen. Refer to Table L.1 for the list of 
Relay Word bits available to program into digital labels.

Bay Screen Builder Software
The Bay Screen Builder Software provides an intuitive and powerful interface 
to design bay screens to meet your application needs. This instruction manual 
provides only a brief overview of the Bay Screen Builder Software. For more 
details, refer to the ACSELERATOR Bay Screen Builder SEL-5036 Software 
Instruction Manual available from the Help > Contents menu in Bay Screen 
Builder or at selinc.com.

Several of the settings identified in Table 9.7 are available for you to set 
depending on the symbols chosen for your single-line diagram. Figure 9.10 
shows the layout of Bay Screen Builder and identifies different menus, panes, 
and information.

NOTE: Refer to the Product 
Literature CD for a list of UTF-8 
characters that can be rendered on 
the bay screen in Bay Screen Builder.

https://selinc.com
https://selinc.com
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Figure 9.10 Layout of Bay Screen Builder

Descriptions of the different menus, panes, and information in Bay Screen 
Builder are as follows:

q

w

e

r

t y u i

o

q Project Screens Pane: Displays the names of the screens (as many 
as 5) present in a project. Click a screen name to open the screen, and 
double-click or right-click a screen name to access additional options 
for that screen.

w Screen Area: Displays the selected project screen and its symbols. 
Create a single-line diagram or a metering or status screen by dragging 
and dropping symbols from the Symbols pane.
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e Symbols Pane: Displays the symbols available for selection. Bay 
Screen Builder supports several static and a limited number of 
dynamic ANSI and IEC symbols. Note that for a given project, you can 
only use either ANSI or IEC symbols, not both. While there are no 
constraints on the number of static symbols, Bay Screen Builder limits 
the number of dynamic symbols. The following table provides the 
number of breakers, disconnects, analog labels, and digital labels 
supported in a given project.

r Properties Pane: Displays the properties of a selected symbol. Edit 
the symbol properties as needed for your application. For instance, the 
breaker color sequence property identified in Table 9.1 can be set via 
the appearance property of the breaker symbol (refer to Edit Symbol 
Properties on page 9.22). Bay Screen Builder supports UTF-8 
character encoding. Refer to the Product Literature CD for a complete 
list of UTF-8 characters that can be rendered on the touchscreen 
display.

t Product Type: Displays the name of the QuickSet driver version of 
the product associated with the selected project (e.g., SEL-710-5 003, 
as shown in Figure 9.10). Select the product type in Bay Screen 
Builder when you create a new project independent of QuickSet. View 
Product Type though Settings > Project Settings. If a project is 
edited via QuickSet, Bay Screen Builder inherits the product type from 
the QuickSet settings file.

y Project Symbol Type: Displays the symbol type (IEC or ANSI) 
associated with the selected project as shown in Figure 9.10. Select the 
symbol type when you create a new project. If a project is edited via 
QuickSet, the ANSI symbol type is selected by default.

u Auto Save: Provides a shortcut for changing the auto save setting for 
the application. Enable Auto Save to allow Bay Screen Builder to 
automatically save your project periodically. Your auto save setting 
preference is saved when you exit the application and is applied the 
next time you launch Bay Screen Builder. You can also set Auto Save 
through Settings > Application Settings > File Handling.

Symbols
Number of Supported 
Symbols per Project

Breakers 1

Two-Position Disconnects 8

Three-Position Disconnects 2

Analog Labels 32

Digital Labels 32
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Figure 9.11 Project Analysis Pane: Analysis Results Tab

Figure 9.12 Project Analysis Pane: Constraints Summary Tab

You can adjust the size of the panes in the application. If you reconfigure the 
size of any of these panes, the new size is saved when you exit the application 
and applies the next time you launch Bay Screen Builder.

i Bay Screen Outline: Displays the drop-down list of symbols on the 
presently open screen. Click a symbol from the list to make it active. 
The bay screen outline provides an alternate way to select the symbols 
and is most useful in cases where symbols are crowded or stacked.

o Project Analysis Pane: Displays troubleshooting information/
messages about the project (Errors, Info, Warning, Unknown). The 
project analysis pane supports two tabs: Analysis Results and 
Constraints Summary, as shown in Figure 9.9 and Figure 9.10, 
respectively.

The Analysis Results tab displays details about the error, 
information, warning, and unknown messages for the project. You 
can use these messages for troubleshooting. Select a message type 
button to view the messages for that category. For example, click 
the Errors button to view the error messages for the project. Click 
a column header to sort by the information in that column (see 
Figure 9.11).

The Constraints Summary tab provides information about the 
rules that apply to the present project. All conditions listed under 
Symbol Constraints must be satisfied for a project to be valid. 
You can only publish a valid project, but you can save a project 
with errors (see Figure 9.12).

733 px
66 px

396 px

NOTE: The Constraints Summary tab 
shows the usage and limits of 
dynamic symbols for an entire 
project (all screens). Although not 
constrained, it is recommended that 
you limit the dynamic symbols to 32 
symbols per screen for faster screen 
updates.
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Bay Control Application Example
Specific components of bay screens are covered in Bay Screens Design Using 
QuickSet and Bay Screen Builder. This section provides a summarized 
application example tying all the components together. Refer to the 
ACSELERATOR Bay Screen Builder SEL-5036 Software Instruction Manual, 
available from the Help > Contents menu in Bay Screen Builder or at 
selinc.com, for more specific details regarding bay screen creation and symbol 
properties.

The SEL-710-5 supports as many as five custom screens. You can edit the 
predefined bay screen (Bay Screen 1) and the blank screens (Bay Screen 2, 
Bay Screen 3, Bay Screen 4, Bay Screen 5) (see Figure 9.15). You can also 
import one of the six predefined bay control single-line diagrams from the 
SEL-710-5 Product Literature CD. Refer to Predefined Bay Control Single-
Line Diagrams on page 9.28 for more details.

Consider if you were to create the single-line diagram shown in Figure 9.13 as 
part of your application. Use the following step-by-step approach to design the 
single-line diagram beginning with the predefined bay screen (Bay Screen 1).

Before creating your own diagram, ensure that the number of dynamic 
symbols in your schematic does not exceed the number allowed by the 
SEL-710-5 (see Figure 9.10 and the symbols pane description).

Figure 9.13 Bay Control Single-Line Diagram Schematic

Configure QuickSet 
for Bay Screen 
Builder

To use QuickSet and Bay Screen Builder to create bay screens for the 
SEL-710-5, your relay must have the touchscreen MOT configuration (an “A” 
or “B” in the 18th place of the part number). When your relay is configured 
for the touchscreen option, perform the following steps to configure QuickSet 
to work with Bay Screen Builder.

Step 1. Create an SEL-710-5 settings file configured for the 
touchscreen display. Use the Front-Panel Options drop down 
to select the touchscreen option (see Figure 9.14).

NOTE: The touchscreen display 
option is only available for 
SEL-710-5 QuickSet drivers 003 
and higher.

https://selinc.com
https://selinc.com
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Figure 9.14 Device Part Number Touchscreen Configuration Option

Step 2. Click OK.

Step 3. Expand the Touchscreen settings class.

Step 4. Click Bay Control.

QuickSet displays project management buttons and a project 
preview that includes a small-scale view of five project screens 
(one screen with a predefined single-line diagram and four 
blank screens) and an enlarged view of the predefined single-
line diagram, which is selected by default (see Figure 9.15). 

Figure 9.15 QuickSet Bay Control Project Management and Project Preview 
Display
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Build Single-Line 
Diagrams in Bay 
Screen Builder

Use Bay Screen Builder to create single-line diagrams to load onto the 
SEL-710-5 Relay through QuickSet. To create the single-line diagram shown 
in Figure 9.13, perform the following steps. 

Step 1. Select the screen with the predefined single-line diagram 
shown in Figure 9.16 as a starting point for your single-line 
diagram.

Step 2. Click the Edit button (Figure 9.16) to open the screen with the 
predefined single-line diagram in Bay Screen Builder.

Figure 9.16 Open Single-Line Diagram in Bay Screen Builder

Step 3. Drag-and-drop the additional symbols required for your single-
line diagram onto the screen area from the Symbols pane (see 
Figure 9.17). Remove the unused labels (RID/TID).

Figure 9.17 Drag-and-Drop Symbols
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Table 9.8 lists the number of each symbol required to draw the single-line 
diagram shown in Figure 9.13.

Edit Symbol Properties
All of the symbols in Bay Screen Builder include editable properties. These 
properties allow you to customize the symbols to your specific application. 
These properties appear in the right Properties pane of Bay Screen Builder 
either when you drag a symbol from the left Symbols pane and drop it in the 
screen area or when a symbol in the screen area is selected.

For example, you can use the Close/Open/Alarm Color property in the 
Appearance tab of the breaker properties to select a color scheme for your 
single-line diagram breaker.

Step 1. Select the existing breaker symbol in the predefined single-line 
diagram to display the breaker symbol properties in the 
Properties pane, as shown in Figure 9.18.

Table 9.8 Symbols Required for the Single-Line Diagram Schematic in 
Figure 9.13

Symbols Required
Number of Symbols 

Required
Symbol

Breaker 1

Disconnect 1

Motor 1

Analog labels
(display voltages, currents, 
and power)

8

Digital label
(display thermal lockout 
ON or OFF)

1

Text boxes
(identify the relay, motor 
name)

2

Line
(draw the bus 
and connections)

As Needed
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Figure 9.18 Selected Breaker Symbol Settings Displayed in the Properties 
Pane

Step 2. Select a color option from the drop down menu to edit the 
Close/Open/Alarm Color property in the Appearance tab 
(see Figure 9.19).

Table 9.1 lists the available options and breaker appearance in 
each state based on the selected property.

Figure 9.19 Close/Open/Alarm Color Property Drop Down Menu

Step 3. Use the State Preview tab to view your breaker close, open, 
and alarm state color selections.

Step 4. Edit the additional properties as needed for your application.

Select and edit the disconnect, dynamic labels (analog and digital labels), and 
static symbols, similar to the breaker symbol. Note that some of the symbols 
have the Text tab that can be edited for custom labeling.

In this example, only Bay Screen 1 has been modified in the project. You can 
also modify the other screens to add analog/digital labels to monitor the status 
of the quantities, if necessary. Publish the project using the following process 
after saving your edits.

NOTE: If sufficient width is not 
provided for the value field of the 
analog label it will be rendered as 
‘$$$$$’.

NOTE: The assignment of breaker 
Relay Word bits (e.g., 52A, 52B) to 
breaker symbols, or analog 
quantities (e.g., VA_MAG) to analog 
labels, cannot be made in Bay Screen 
Builder. These assignments can only 
be made in QuickSet.
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Publish Bay Screen 
Builder Project

When you have completed your single-line diagram in Bay Screen Builder, 
you are ready to publish your project to QuickSet.

Step 1. Click Save Project in the File menu to save your project.

Step 2. Click Publish Package in the File menu to publish your 
project (see Figure 9.20). Bay Screen Builder exports the 
project into QuickSet.

Figure 9.20 Publish Bay Screen Builder Project to QuickSet

Step 3. Allow a few seconds for Bay Screen Builder to publish the 
project to QuickSet. Respond to the QuickSet prompt, if 
presented. QuickSet then populates the settings of the updated 
single-line diagram (see Figure 9.21).

Figure 9.21 QuickSet Updated Single-Line Diagram and Corresponding Settings

Enter QuickSet 
Settings

The breaker, disconnect, analog and digital label, local/remote, and trip and 
close settings that follow are the settings applicable to the single-line diagram 
shown in Figure 9.13.
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Breaker Settings
For Figure 9.13, assume the breaker auxiliary contacts 52A and 52B are wired 
to digital inputs IN101 and IN102, respectively. SELOGIC settings 
SV01–SV03 are programmed to create dual-point breaker status with alarm to 
mimic the logic shown in Figure 9.1. Breaker settings are included in more 
than one settings class in QuickSet (Set 1 and Logic 1 in Group, Bay 
Control). Enter the following settings:

Disconnect Settings
For this example, the relay has an 8 DI card in Slot C. Also, the disconnect 
auxiliary contacts 89A and 89B for the disconnect are wired to digital inputs 
IN301 and disconnect settings are included in more than one settings class in 
QuickSet (Global, Bay Control). Enter the following settings:

Setting Example Setting Comment

Group 1 > Set 1 > Trip and Close Logic

52A IN101

52B IN102

Group 1 > Logic 1 > SELOGIC Variables and Timers

SV01 (52A AND 52B) OR 
(NOT 52A AND NOT 52B)

(XNOR gate)

SV01PU 0.5 Set pickup time to indi-
cate alarm for undeter-
mined breaker state

SV01DO 0.0

SV02 NOT SV01 AND 52A Indicates breaker close 
status when asserted

SV02PU 0.0

SV02DO 0.0

SV03 NOT SV01 AND 52B Indicates breaker open 
status when asserted

SV03PU 0.0

SV03DO 0.0

Touchscreen > Bay Control > Bay Screen 1

Breaker Mode CONTROL Controllable breaker

Breaker Close Status SV02T

Breaker Open Status SV03T

Breaker Alarm Status SV01T

Breaker HMI Close Commanda

a Settings are forced to STR and STOP, respectively, and are not available to be set.

STR

Breaker HMI Open Commanda STOP

NOTE: The relay does not support 
dual-point breaker status (see Bay 
Control Breaker Settings) and uses 
the 52A Relay Word bit as the state 
of the breaker in several of the 
protection elements, including trip 
and close logic. If you intend to 
indicate dual-point status on the bay 
control single-line diagram, make use 
of SELOGIC to program this logic 
similar to the one shown in Figure 9.1.

Setting Example Setting Comment

Global > Two-Position Disconnect Settings

89A2P1 IN301 Disconnect 1, A contact

89B2P1 IN302 Disconnect 1, B contact
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Analog Label Settings
Enter the following Bay Control, Bay Screen 1 settings:

Digital Label Settings
As shown in Figure 9.13, monitor the thermal lockout status of the motor by 
entering the following Bay Control, Bay Screen 1 setting:

Local/Remote Control Setting
The schematic shown in Figure 9.13 is programmed with the local/remote 
functionality.

Enter the following Global, Control Configuration setting:

Application With Handheld Local Remote Breaker Control Switch
Assume that the handheld local remote breaker control switch status is wired 
to IN304 of the relay. In this particular application, when IN304 is asserted, it 
implies that the motor control is in LOCAL mode (or SCADA is cut off).

Touchscreen > Bay Control > Bay Screen 1

Two-position disconnect close status 89CL2P1 Switch MCCB

Two-position disconnect open status 89OP2P1

Two-position disconnect in-progress 
status

89IP2P1

Two-position disconnect alarm status 89AL2P1

Two-position disconnect HMI close 
command

89CM2P1

Two-position disconnect HMI open 
command

89OM2P1

Setting Example Setting Comment

Setting Example Setting

VA VA_MAG

VB VB_MAG

VC VC_MAG

IA IA_MAG

IB IB_MAG

IC IC_MAG

3P P

3Q Q

Setting Example Setting Comment

THERMLO THERMLO Thermal lockout active/deactive

Setting Example Setting Comment

EN_LRC Y Enable local/remote control
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Enter the following Global, Control Configuration setting:

Application Without Handheld Local Remote Motor Control Switch
Assume that no handheld local remote motor control switch is available. In 
such case you can program one of the programmable pushbuttons (e.g., PB05) 
in conjunction with SELOGIC to switch the motor control between local and 
remote. Enter the following settings:

Send all active settings to the relay.

To view the designed bay control single-line diagram on the touchscreen 
display, perform the following steps:

Step 1. Navigate to the Home screen.

Step 2. Select the Bay Screens application.

Step 3. Use the Up and Down arrows to view your screens.

With all the previous settings applied to the relay, you have a bay control 
single-line diagram that provides the status of the breaker and disconnect and 
provides you with the ability to perform motor control via the touchscreen, as 
shown in Figure 9.22. In addition, you have the ability to monitor the voltages 
at the bus, the flow of currents and power through the breaker, and the status 
of the motor thermal lockout.

Setting Example Setting Comment

LOCAL IN304 Local/remote control selection

Setting Example Setting Comment

Group 1 > Logic 1 > SELOGIC Variables and Timers

ELAT 1

SET01 PB05_PUL AND NOT LT01 Local when LT01 is asserted

RST01 PB05_PUL AND LT01 Remote when LT01 is deasserted

Front Panela

a Use configurable labels to assign PB5A LED to LOCAL and PB5B LED to REMOTE.

PB5ALEDC GO

PB5A_LED LT01

PB5BLEDC GO

PB5B_LED NOT LT01

Global > Control Configuration

LOCAL LT01
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Figure 9.22 Final Bay Screen Builder Rendering

Export/Import Bay 
Screen Builder 
Project File

If you plan to use the same Bay Screen Builder project file (*.ldme) across 
multiple relays, export the file as shown in Figure 9.23 and save the file to 
import it to another relay. The *.ldme file does not save the settings associated 
with the bay control symbols.

Alternately, QuickSet allows you to save the Bay Screen as well as all of the 
corresponding analog and digital quantities settings (Tools > Settings > 
Export > Touchscreen).

Figure 9.23 Import/Export of the Bay Control Screen in QuickSet

Reset to Defaults Click Reset to Defaults in the QuickSet Project Management section to 
restore the default project in QuickSet.

Predefined Bay 
Control Single-Line 
Diagrams

Bay Screen Builder provides the ability to design bay control single-line 
diagrams. The following predefined single-line diagrams are available on the 
instruction manual CD. You can use them as is or edit them to fit your specific 
application. Any one of the following single-line diagrams can be imported 
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into Bay Screen Builder in place of the existing predefined single-line 
diagram. Use the Import button in the Project Management area of 
QuickSet to import one of the screens provided on the instruction manual CD.

Figure 9.24 ANSI Synchronous Motor Single-Line Diagram

Figure 9.25 ANSI Synchronous Motor with Disconnects Single-Line Diagram

Figure 9.26 IEC Induction Motor with Disconnects Single-Line Diagram
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Figure 9.27 IEC Synchronous Motor Single-Line Diagram

Figure 9.28 IEC Synchronous Motor with Disconnects Single-Line Diagram
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R.Instruction Manual

Analyzing Events

Overview
The SEL-710-5 Motor Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected motor to 
service.

➤ Event Reporting
➢ Event Summary Reports
➢ Event History Reports
➢ Event Reports

➤ Sequential Events Recorder Report
➢ Resolution: 1 ms
➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-710-5 does not result in lost data. The SEL-710-5 offers four types of 
event reports: Standard ASCII (EVE) reports, Compressed ASCII (CEV) 
reports, Binary Comtrade reports, and Sequential Event Recorder (SER) 
reports.

Event Reporting Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table L.1)

➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

NOTE: Arc-flash sensor light values 
and frequency are available only in 
Compressed ASCII event reports 
(CEV or CEV R commands).
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➤ Group, Logic, Global, and Report settings (that were in service 
when the event was triggered)

➤ Relay part number and serial number to identify the relay model 
type

Compressed Event 
Reports

The SEL-710-5 provides Compressed ASCII and COMTRADE event reports 
to facilitate event report storage and display. SEL communications processors 
and the SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII and COMTRADE formats. Use the CHIS command to 
display Compressed ASCII event history information. Use the CSUM 
command to display Compressed ASCII event summary information. Use the 
CEVENT command to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 

Additionally, the SEL-710-5 Compressed Event (CEV command) report 
includes analog channels for the % arc-flash sensor light values and frequency 
measurements that are not available in the regular ASCII Event (EVE 
command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and the 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-710-5 provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15, 64, or 180 cycles. Prefault 
length is 1–10 cycles for LER = 15, 1–59 cycles for LER = 64, and 1–175 
cycles for LER = 180. Prefault length is the first part of the total event report 
length and precedes the event report triggering point. Changing the PRE 
setting has no effect on the stored reports. The relay stores as many as nine of 
the most recent 180-cycle, twenty-three of the most recent 64-cycle, or as 
many as forty-nine of the most recent 15-cycle event reports in nonvolatile 
memory. Refer to the SET R command in SET Command (Change Settings) 
on page 7.63 and Report Settings (SET R Command) on page SET.69.

Triggering The SEL-710-5 triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TR asserts

➤ Programmable SELOGIC control equation setting ER asserts (in 
Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

IMPORTANT: Changing the LER 
setting clears all events in memory. 
Be sure to save critical event data 
prior to changing the LER setting.
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Relay Word Bit TR
Refer to Figure 4.74. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.63). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-710-5 is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.152.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.73 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 49 of the most recent event summaries (if event 
report length setting LER := 15), as many as 22 (if LER := 64), or as many as 
9 (if LER := 180) event summaries. When the relay stores a new event 
summary, it discards the oldest event and event summary if the event memory 
is full. Event summaries contain the following information:

➤ Relay and Terminal Identification (RID and TID) 

NOTE: The HIS CA command resets 
the unique event reference number to 
10000.

➤ Event number, unique event reference number, date, time, event 
type (see Table 10.1), and frequency

➤ Primary magnitudes of line, neutral and residual currents

➤ Primary magnitudes of the line-to-neutral voltage and residual 
voltage (if DELTA_Y := WYE) or phase-to-phase voltages (if 
DELTA_Y := DELTA)

➤ Primary magnitudes of differential currents (if Differential 
Input card is available)

➤ Hottest RTD temperatures (if SEL-2600 RTD Module or 
internal RTD card is available)

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end, as shown in Figure 10.3. The example event 
summary in Figure 10.1 corresponds to the standard 15-cycle event report in 
Figure 10.3.

IMPORTANT: Clearing the history 
report with the HIS C or HIS CA 
command clears all event data within 
the SEL-710-5 event memory.

NOTE: Figure 10.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Logs
The Event Logs field shows the number of events presently stored in the Flash 
memory of the relay

Event Reference Number
The Event Reference Number is a unique event identification number 
assigned to the event. The unique event identification number of any event can 
be found by issuing the HIS command (see Viewing the Event History on 
page 10.7 for details). The Event Reference Number starts at 10000 and 
increments with each new event to a maximum of 42767. The Event 
Reference Number rolls over to 10000 after reaching the next event after event 
42767. The Event Reference Number can be reset to 10000 by using the 
HIS CA command.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 10.1.

=>>SUM <Enter>

SEL-710-5                                Date: 04/30/2002   Time: 22:01:01.592
MOTOR RELAY

Serial No = 000000000000000
FID = SEL-710-5-X211-V0-Z003002-D20180221               CID = 88C2
EVENT LOGS =  6             REF_NUM = 32838

Event:     Trigger
Targets    11010000
Freq (Hz)  60.00

Current Mag
        IA            IB            IC            IN       IG
(A)       0.0           0.0           0.0          0.02     0.06

Voltage Mag
       VAN    VBN    VCN    VG
(V)       0      0      0      0

Differential Current Mag
       IA87     IB87     IC87
(A)      0.00     0.00     0.00

=>>

Figure 10.1 Example Event Summary

Table 10.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF + 50NAF) • (TOL1 + TOL2 + TOL3 + TOL4 + TOL5 + 
TOL6 + TOL7 + TOL8) •  TRIP

Overload Trip (49T • RUNNING) • TRIP

Lockd Rotor Trip (49T • STARTING) • TRIP

Undercurr Trip LOSSTRIP • TRIP

Jam Trip JAMTRIP • TRIP

Curr Imbal Trip (46UBT + 50Q1T) • TRIP

Overcurrent Trip 50P1T • TRIP
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Ground Flt Trip (50N1T + 50G1T) • TRIP

Phase A 51 Trip 51AT • TRIP

Phase B 51 Trip 51BT • TRIP

Phase C 51 Trip 51CT • TRIP

Phase 51 Trip (51P1T + 51P2T) • TRIP

GND 51 Trip (51G1T + 51G2T) • TRIP

NEG SEQ 51 Trip (51QT) • TRIP

Speed Sw Trip SPDSTR • TRIP

Loss of Fld Trip (40Z1T + 40Z2T) • TRIP

Start Time Trip SMTRIP • TRIP

87M Diff Trip (87M1T + 87M2T) • TRIP

Underpower Trip 37PT • TRIP

Pwr Factor Trip 55T • TRIP

React Pwr Trip VART • TRIP

Phase Rev Trip 47T • TRIP

Underfreq Trip (81DnT • TRIP) when 81DnTP < FNOM setting, n = 1, 2, 3, or 4

Overfreq Trip (81DnT • TRIP) when 81DnTP > FNOM setting, n = 1, 2, 3, or 4

RTD Trip (WDGTRIP + BRGTRIP + AMBTRIP + OTHTRIP) • TRIP

PTC Trip PTCTRIP • TRIP

Undervolt Trip (27P1T + 27P2T + 27I1T + 27I2T) • !LOP • TRIP

Overvolt Trip (59P1T + 59P2T + 59I1T + 59I2T + 59I3T + 59I4T) • TRIP

BRK Failure Trip BFT • TRIP

Out of Step Trip OOST • TRIP

Fld UnderC Trip (FDUC1T) • TRIP

Fld OverC Trip (FDOC1T) • TRIP

Fld UnderV Trip (FDUV1T) • TRIP

Fld OverV Trip (FDOV1T) • TRIP

FldResistnce Trip (FDRES1T) • TRIP

RTD Fail Trip RTDFLT • TRIP

PTC Fail Trip PTCFLT • TRIP

Trigger Trigger Command

CommIdleLoss Trip (COMMIDLE + COMMLOSS) • TRIP

Remote Trip REMTRIP • TRIP

Stop Command Commanded Stop from serial port or front panel

ER Trigger ER equation assertion

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no 
active TRIP exists, or upon expiration of lockout timer display 
with TRIPONLO := Y.

Table 10.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic
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Currents, Voltages, and RTD Temperatures
The relay determines the maximum cosine-filtered phase current during an 
event. The instant the maximum cosine-filtered phase current occurs is 
marked by an asterisk (*) in the event report (see Figure 10.3). This row of 
data corresponds to the analogs shown in the summary report for the event. 
Further, the relay looks at DI_A, DI_B, DI_C Relay Word bits to determine if 
the peak detector is active at the trigger point (>) of the event. If active, it 
shows the peak detector output current in the summary report appended with 
the “pk” string for the corresponding phase current instead of the maximum 
cosine-filtered phase current identified by the asterisk (*). 

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum phase current was measured. The currents displayed are 
listed below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

➤ Differential Currents (IA87, IB87, IC87)

The Voltage Mag fields display the primary voltage magnitudes at the instant 
when the maximum phase current was measured. The voltages displayed are 
listed below:

➤ DELTA_Y := WYE
➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)
➢ Residual Voltage VG, calculated from VA, VB, VC

➤ DELTA_Y := DELTA
➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 10.2 for a sample event history. Use this report to 
view the events that are presently stored in the SEL-710-5.

The event history contains the following:

➤ Standard report header
➢ Relay and terminal identification
➢ Date and time of report
➢ Time source (if IRIG-B model)

➤ E vent number, unique event reference number, date, time, 
event type (see Table 10.1)

➤ Maximum motor current

➤ Frequency

➤ Target LED status
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Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within ACSELERATOR QuickSet SEL-5030 
Software. View and download history reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.53 for information on the HIS command.

Use the front-panel MAIN > Events > Display Events menu to display event 
history data on the SEL-710-5 front-panel display.

Use QuickSet to retrieve the relay event history. View the Relay Event 
History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This clears all 
event summaries, history records, and reports. The HIS C command does not 
reset the unique event reference number. This number continues to increment 
from the present value with each subsequent event. Use the HIS CA command 
to clear all event data and reset the unique event reference number to 10000.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event summary (includes relay model number and serial 
number in Compressed ASCII event reports)

➤ Settings in service at the time of event triggering, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. See EVENT Command (Event Reports) on 
page 7.48 for information on the EVE command. 

=>>HIS <Enter>

SEL-710-5                                Date: 05/02/2002   Time: 21:43:48.656
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X211-V0-Z003002-D20180221

#
1
2
3
4
5
6

REF
32838
32837
32836
32835
32834
32833

DATE
04/30/2002
04/25/2002
04/25/2002
04/25/2002
04/18/2002
04/18/2002

TIME
22:01:01.592
20:43:37.185
20:36:26.188
20:25:01.146
04:09:02.737
04:05:49.034

EVENT
Trigger
ER Trigger
ER Trigger
ER Trigger
Trigger
Trigger

CURRENT
0.0
0.0
0.0
20.1
0.0
0.0

FREQ
60.00
60.00
60.00
60.00
60.00
60.00

TARGETS
11010000
11010000
11010000
11010000
11010000
11010000

Event 
Number

Reference 
Number

Event Type Maximum 
Current

Frequency User-Defined 
Target LEDs

Figure 10.2 Sample Event History
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The SEL-710-5 supports two separate event report types (model dependent):

➤ Standard Event Report (EVE command)

➤ Differential Event Report (EVE DIF command)

Filtered and Unfiltered Event Reports
The SEL-710-5 samples the power system measurands (ac voltage and ac 
current) 32 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, select the unfiltered event report using the 
EVE R command. Use the unfiltered event reports to observe power system 
conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the 
report.

Standard Event Report (EVE Command)
The standard event report includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and voltages 
VA (VAB), VB (VBC), VC (VCA), VAY (VABY), VBY 
(VBCY), VCY (VCAY)

➤ Digital states of the protection and control elements, including 
overcurrent and voltage elements, plus status of digital output 
and input states

➤ Event summary

➤ Relay settings

Standard Event Report Column Definitions
Refer to the example event report in Figure 10.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the SUM command (see SUMMARY 
Command on page 7.70) to retrieve event summary reports. 

Table 10.2 gives the standard event report column definitions for the analog 
quantities. Table 10.3 gives the standard event report column definitions for 
digital elements, including the protection and control elements, and the base 
model inputs and outputs.



10.9

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Analyzing Events
Event Reporting

Table 10.2 Standard Event Report Column Definitions for Analogs

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

Motor S
R
.

STARTING asserted

RUNNING asserted

STOPPED asserted

Load J
I
L

JAMTRIP asserted

LOSSALARM AND NOT LOSSTRIP

LOSSTRIP

46 A
T

46UBA AND NOT 46UBT 

46UBT

47 T 47T

49 A
T

49A AND NOT 49T

49T

O/C 50P 1
2
b

50P1T AND NOT 50P2T

NOT 50P1T AND 50P2T

50P1T AND 50P2T

O/C 50G 1
2
b

50G1T AND NOT 50G2T 

NOT 50G1T AND 50G2T 

50G1T AND 50G2T

O/C 50N 1
2
b

50N1T AND NOT 50N2T

NOT 50N1T AND 50N2T 

50N1T AND 50N2T

RTD Wdg (SEL-2600 
RTD Module or RTD 
card required)

w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brg (SEL-2600 
RTD Module or RTD 
card required)

b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth (SEL-2600 
RTD Module or RTD 
card required)

o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb (SEL-2600 
RTD Module or RTD 
card required)

a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD In 1 RTDIN
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Note that the ac values change from plus to minus (–) values in Figure 10.3, 
indicating the sinusoidal nature of the waveforms.

Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 10.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 10.5 shows how event report current column data can be 
converted to phasor rms current values.

Standard Event Report Example (15-Cycle)

The following example of a standard 15-cycle event report in Figure 10.3 also 
corresponds to the example SER report in Figure 10.11. 

In Figure 10.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the VCA column identifies the row 
with the maximum phase current. The maximum phase current is calculated 
from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 10.4 and Figure 10.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description

=>>EVE <Enter>

SEL-710-5                              Date: 03/28/2018   Time: 10:01:04.045 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X215-V0-Z003002-D20180319   CID=88C2 Firmware Identifier and Firmware Checksum Identifier

                                                      M L    O/C   O
                                                      o o        I u
                                                      t a444 555 n t
       Currents (A Pri)              Voltages (V Pri) o d679 000 1 13
    IA     IB     IC     IN     IG   VAB   VBC   VCA  r      PGN 2 2
[1]

 126.7   71.3 -194.7    0.0    3.3   683  3225 -3908 R .... ... . ..

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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 -153.3  184.0  -30.3   -0.0    0.3 -4100  2647  1452 R .... ... . ..
 -128.0  -72.3  193.3   -0.0   -7.0  -679 -3227  3906 R .... ... . ..
  153.0 -183.3   29.0    0.0   -1.3  4100 -2644 -1456 R .... ... . ..

[2]
  125.7   72.0 -196.7    0.0    1.0   672  3231 -3904 R .... ... . ..
 -156.0  183.0  -29.3    0.0   -2.3 -4101  2642  1460 R .... ... . ..
 -126.0  -74.3  195.3    0.0   -5.0  -668 -3232  3900 R .... ... . ..
  154.0 -185.0   28.0   -0.0   -3.0  4101 -2636 -1465 R .... ... . ..

One Cycle of Data

[3]
125.7   74.0 -196.7   -0.0    3.0   663  3237 -3900 R .... ... . ..

 -156.0  184.0  -30.3   -0.0   -2.3 -4103  2633  1470 R .... ... . ..
 -127.0  -75.3  195.3    0.0   -7.0  -660 -3240  3899 R .... ... . ..
  157.7 -186.0   30.0    0.0    1.7  4104 -2627 -1476 R .... ... . ..
[4]
  124.7   74.0 -197.3    0.0    1.3   654  3244 -3898 R .... ... . ..
 -158.0  184.7  -30.3   -0.0   -3.7 -4106  2624  1482 R .... ... . ..
 -126.0  -75.3  195.3   -0.0   -6.0  -650 -3247  3897 R .... ... . ..
  262.0 -396.3  129.3    0.0   -5.0  3668 -2195 -1474 R .... ... . ..
[5]
  375.3   92.0 -468.0    0.0   -0.7   328  2844 -3172 R .... ... . ..
 -654.7  865.7 -210.7   -0.0    0.3 -2481  1436  1045 R .... ... . ..
 -689.3 -275.3  963.7   -0.0   -1.0  -138 -1907  2045 R .... ... . ..
  937.0-1125.0  186.0    0.0   -2.0  1729 -1099  -630>R .... 1.. . ..
[6]
  754.0  435.3-1190.3    0.0   -1.0   265  1374 -1639 R .... 1.. . .3
 -940.3 1122.7 -185.3   -0.0   -3.0 -1730  1099   631 R .... 1.. . .3
 -755.3 -440.7 1187.3   -0.0   -8.7  -265 -1374  1639 R .... 1.. . .3
  940.0-1122.3  182.0    0.0   -0.3  1729 -1096  -633 R .... 1.. . .3
[7]
  752.0  441.0-1188.7    0.0    4.3   261  1376 -1638 R .... 1.. . .3
 -941.0 1119.0 -181.3   -0.0   -3.3 -1730  1094   636 R .... 1.. . .3
 -750.3 -440.7 1189.3   -0.1   -1.7  -260 -1375  1635 R .... 1.. . .3
  940.7-1121.3  178.3   -0.0   -2.3  1730 -1093  -636 R .... 1.. . .3

[8]
  748.3  440.3-1191.3    0.0   -2.7   258  1379 -1637 R .... 1.. . .3
 -942.0 1119.0 -177.7   -0.0   -0.7 -1733  1094   638 R .... 1.. . .3
 -749.7 -444.3 1189.3    0.0   -4.7  -256 -1380  1636 R .... 1.. . .3
  942.7-1120.3  176.3    0.0   -1.3  1733 -1091  -642 R .... 1.. . .3
[9]
  746.3  444.0-1190.3    0.0    0.0   253  1381 -1635 R .... 1.. . .3
 -945.0 1119.0 -176.0   -0.0   -2.0 -1734  1089   645 R .... 1.. . .3
 -746.7 -446.0 1189.3   -0.1   -3.3  -252 -1380  1633 R .... 1.. . .3
  943.7-1121.3  172.7    0.0   -5.0  1732 -1085  -646 R .... 1.. . .3

[10]
  747.3  447.7-1191.3    0.0    3.7   249  1384 -1633 R .... 1.. . .3
 -947.7 1119.0 -174.0   -0.0   -2.7 -1732  1085   647 R .... 1.. . .3
 -746.7 -451.0 1190.0   -0.0   -7.7  -250 -1383  1633 R .... 1.. . .3
  946.3-1118.3  170.7    0.0   -1.3  1733 -1083  -649 R .... 1.. . .3
[11]
  742.7  449.7-1191.3    0.0    1.0   247  1386 -1633 R .... 1.. . .3
 -948.7 1116.3 -169.3    0.0   -1.7 -1733  1083   650 R .... 1.. . .3
 -743.0 -452.7 1188.3   -0.0   -7.3  -245 -1386  1631 R .... 1.. . .3
  947.3-1115.7  168.0    0.0   -0.3  1733 -1079  -653 R .... 1.. . .3
[12]
  741.7  453.3-1189.7    0.0    5.3   243  1387 -1630 R .... 1.. . .3
 -948.7 1113.3 -169.3   -0.1   -4.7 -1736  1080   656 R .... 1.. . .3
 -740.3 -457.3 1191.0   -0.0   -6.7  -241 -1387  1628 R .... 1.. . .3
  948.3-1116.7  165.3    0.0   -3.0  1735 -1077  -659 R .... 1.. . .3

[13]
  738.0  457.0-1191.3    0.0    3.7   237  1391 -1628 R .... 1.. . .3
 -950.7 1117.0 -163.7   -0.0    2.7 -1736  1076   660 R .... 1.. . .3
 -738.3 -458.3 1189.3   -0.0   -7.3  -236 -1391  1627 R .... 1.. . .3
  950.3-1117.3  161.3    0.0   -5.7  1735 -1072  -663*R .... 1.. . .3

See Figure 10.4 and Figure 10.5

[14]
  735.0  457.0-1192.3    0.0   -0.3   233  1393 -1626 R .... 1.. . .3
 -951.3 1115.3 -161.7   -0.0    2.3 -1736  1071   665 R .... 1.. . .3
 -735.3 -459.3 1191.0   -0.0   -3.7  -231 -1393  1624 R .... 1.. . .3
  953.0-1114.7  159.7    0.0   -2.0  1735 -1069  -666 R .... 1.. . .3
[15]
  732.3  459.0-1190.3    0.0    1.0   227  1397 -1624 R .... 1.. . .3
 -955.3 1113.3 -159.0   -0.0   -1.0 -1736  1069   667 R .... 1.. . .3
 -732.7 -462.0 1190.0   -0.1   -4.7  -226 -1398  1624 R .... 1.. . .3
  953.0-1114.7  155.7    0.0   -6.0  1736 -1066  -670 R .... 1.. . .3

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Serial No = 123456789047
FID = SEL-710-5-X215-V0-Z003002-D20180319               CID = 88C2

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 13             REF_NUM = 32845

Event:     ER Trigger
Targets    11010000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)    1203.4       1207.7         1200.2         0.05     9.27

Voltage Mag
       VAB    VBC    VCA
(V)    1751   1756   1757

Differential Current Mag
       IA87     IB87     IC87
(A)      0.08     0.00     0.11

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     
LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       
MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     
E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       
EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0
27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     
E27I1   := N       E27I2   := N       
E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     
LOAD    := OFF     
BLKPROT := 0
BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       
TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := RB01
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      
ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS
ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS
ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS
ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT
ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT
ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT
ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT
ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT
ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT
ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT
ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT
ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT
ALIAS14 :=PB03 FP_START PICKUP DROPOUT
ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 
55A OR R_TRIG VARA

LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4      
FMR4    :=NA
RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I       
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 10.4 and Figure 10.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 10.3. Figure 10.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 10.5 shows how the event report current column data can be converted 
to phasor rms values. Voltages are processed similarly.

Logic Settings
ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR 
VART OR PTCTRIP OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 
87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR 
FDRES1T OR SV01T OR OOST OR 55T

Math Variables
MV01    := PF
MV02    := NA
MV03    := NA
MV04    := NA
MV05    := NA
MV06    := NA
MV07    := NA

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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In Figure 10.4, note that any two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate rms current values.

Figure 10.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 10.5, note that two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate phasor rms current 
values. In Figure 10.5, at the present sample, the phasor rms current value is:

Equation 10.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 10.2

(738.0)2 + (–950.7)2 = 1204

(–738.3)2 + (950.3)2 = 1204

(–950.7)2 + (–738.3)2 = 1204

Event Report Column

738.0

–950.7

–738.3

950.3

IA

1
22

2

Multiply by1Multiply by

95
0.

3

–9
50

.7

–7
38

.3

73
8.

0

–1
04

4.
1

–1
34

4.
5

10
43

.7

13
43

.9

t

IA (peak)

1/4 cyc.
IApeak = 1703Apeak

1703 Apeak
= 1204 ARMS

•••
738.0 

—950.7 
—738.3 
950.3 
•••

IA 1204 A 37.8°–∠=

1204 A  cos 37.8°–( )• 950.7 A=
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Figure 10.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values

Differential Event Report (EVE DIF Command)
Use the EVE DIF command to retrieve a differential event report, which 
includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and 
differential currents IA87, IB87, and IC87

➤ Digital states of the differential elements, plus status of the base 
model digital inputs and outputs

➤ Event summary

➤ Relay Settings

Use the EVE DIF n command to view the normal differential report with 
4 samples/cycle for report n (if not listed, n is assumed to be 1). This 
command is only available in models with the differential element.

IA (RMS)

t

IA

Event Report Column

Magnitude =

X = 950.3

Y 
= 

—7
38

.3

Angle   = Arctan

 = Arctan

Y
X
—738.3
950.3

 = –37.8°

Real Axis

Ax
is

Im
ag

in
ar

y

1/4 cyc.

(—738.3)2 + (950.3)2 = 1204

Y = Previous 
1/4 Cycle

•••
 738.0
—950.7

 —738.3
 950.3

•••

X = Present Sample

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Differential Event Reports Column Definitions
Refer to the example event report in Table 10.6 to view the differential event 
report columns. This example differential event report displays rows of 
information each 1/4 cycle. Retrieve this report with the EVE DIF command.

Table 10.4 gives the differential event report column definitions for the analog 
quantities. Table 10.5 gives the differential event report column definitions for 
digital elements, including the differential elements and the base model inputs 
and outputs.

Differential Event Report Example (15-Cycle)

Table 10.4 Differential Event Report Column Definitions for the Analog Quantities

Column Heading Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IN Current measured by channel IN (primary A)

IG Residual current (IA + IB + IC, primary A)

IA87 Differential current measured by channel IA87 (primary A)

IB87 Differential current measured by channel IB87 (primary A)

IC87 Differential current measured by channel IC87 (primary A)

Table 10.5 Differential Event Report Digital Column Definitions for 
Differential and I/O Elements

Column Heading Column Symbols Description

87MTC 1 87M1TC AND NOT 87M2TC

2 87M2TC AND NOT 87M1TC

b 87M1TC AND 87M2TC

87M 1 87M1T AND NOT 87M2T

2 87M2T AND NOT 87M1T

b 87M1T AND 87M2T

In 12 1 IN101 AND NOT IN102

2 NOT IN101 AND IN102

b IN101 AND IN102

OUT 12 1 OUT101 AND NOT 0UT102

2 NOT OUT101 AND OUT102

b OUT101 AND OUT102

OUT 3 3 OUT103

=>>eve dif

SEL-710-5                              Date: 04/10/2018   Time: 13:16:30.081 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X218-V0-Z003002-D20180406   CID=812D Firmware Identifier and Firmware Checksum Identifier

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution
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                                                             8     O
                                                             7   I u
                                                             M 8 n t
       Currents (A Pri)               Differential (A Pri)   T 7 1 13
    IA     IB     IC     IN     IG    IA87   IB87   IC87     C M 2 2
[1]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.5    0.0     1 . . ..
  -21.4   16.9    7.2    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.4  -16.9   -7.2   -0.0   -2.8    0.0    0.5    0.0     1 . . ..

[2]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.2   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0   -0.7   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6   -0.0    0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8   -0.0    0.0   -0.1     1 . . ..

One Cycle of Data

[3]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8    0.0   -0.5   -0.1     1 . . ..
[4]
   -5.5  -17.1   27.2   -0.0    4.6    0.0    0.4    0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7   -0.0    0.3    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0   -0.5   -0.0*    1 . . ..
   21.4  -17.0   -7.2    0.0   -2.7    0.0   -0.1   -0.0     1 . . ..
[5]
   -5.5  -17.1   27.2   -0.0    4.6   -0.1    0.4    0.0     1 . . ..
  -21.4   17.0    7.1    0.0    2.7   -0.0   -0.4   -0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0    0.0    0.0     1 . . ..
   21.3  -17.0   -7.1   -0.0   -2.7    0.0    0.3    0.0>    1 . . ..
[6]
   -5.5  -17.1   27.2   -0.0    4.6   -0.0   -0.6   -0.1     1 . . ..
  -21.3   17.0    7.1    0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0    0.6    0.0     1 . . ..
   21.3  -17.0   -7.1    0.0   -2.7   -0.0   -0.4   -0.0     1 . . ..
[7]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.2   -0.0     1 . . ..
  -21.4   17.0    7.0   -0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.0   -7.0    0.0   -2.7    0.0    0.1    0.0     1 . . ..

[8]
   -5.6  -17.1   27.2   -0.0    4.6   -0.0    0.8    0.0     1 . . ..
  -21.3   17.0    7.0   -0.0    2.7    0.0    0.1   -0.0     1 . . ..
    5.6   17.0  -27.2    0.0   -4.6    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.0   -7.0   -0.0   -2.7   -0.0    0.2    0.0     1 . . ..
[9]
   -5.6  -17.0   27.2   -0.0    4.6   -0.0   -0.1   -0.0     1 . . ..
  -21.3   17.0    7.0    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.4    0.0     1 . . ..
   21.3  -17.1   -7.0    0.0   -2.7   -0.0   -0.3   -0.0     1 . . ..

[10]
   -5.6  -17.0   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.3   17.1    7.0    0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.0   -0.0     1 . . ..
   21.3  -17.1   -7.0   -0.0   -2.7    0.0   -0.7   -0.0     1 . . ..
[11]
   -5.7  -17.0   27.3   -0.0    4.6    0.0    0.2    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.3   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9    0.0   -2.7    0.0    0.2    0.0     1 . . ..
[12]
   -5.7  -17.0   27.3   -0.0    4.6   -0.0   -0.2   -0.0     1 . . ..
  -21.3   17.1    6.9    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0    0.7    0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7   -0.0   -0.1   -0.0     1 . . ..

[13]
   -5.7  -17.0   27.3    0.0    4.6    0.0   -0.4    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.5    0.0     1 . . ..
    5.7   16.9  -27.3    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7    0.0   -0.4   -0.0     1 . . ..

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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[14]
   -5.7  -16.9   27.3   -0.0    4.6    0.0    0.7    0.0     1 . . ..
  -21.3   17.1    6.8    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.7   16.9  -27.3   -0.0   -4.7    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.2   -6.8   -0.0   -2.7   -0.0    0.3    0.0     1 . . ..
[15]
   -5.8  -16.9   27.3    0.0    4.6   -0.0    0.0   -0.0     1 . . ..
  -21.3   17.2    6.8   -0.0    2.7    0.0   -0.5   -0.1     1 . . ..
    5.8   16.9  -27.3    0.0   -4.6    0.0    0.4    0.0     1 . . ..
   21.3  -17.2   -6.8    0.0   -2.7   -0.0    0.0    0.0     1 . . ..

Serial No = 123456789047
FID = SEL-710-5-X218-V0-Z003002-D20180406               CID = 812D

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 70             REF_NUM = 32976

Event:     ER Trigger
Targets    11000000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)      22.1          24.1          28.1          0.02     5.37

Voltage Mag
       VAB    VBC    VCA
(V)    2344   1994   3746

Differential Current Mag
       IA87     IB87     IC87
(A)      0.03     0.59     0.03

Hottest RTD
      WINDING  BEARING  AMBIENT  OTHER
(C)   Fail     Fail     Fail     Fail

SETTINGS CHANGED SINCE EVENT

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

. . . . . .

Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
. . . . . .

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := TR TRIP 
SER3    := OUT301 OUT302 OUT303 OUT304 
SER4    := OUT101 OUT102 OUT103 OUT401 OUT402 OUT403 OUT404 

. . . . . .

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       

. . . . . .

=>>

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Retrieving Event 
Reports Via Ethernet 
File Transfer

Selected event reports are available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

The Ethernet file server EVENTS folder contains two types of files for each 
event stored in the relay:

➤ Compressed, 4 sample/cycle, filtered event, equivalent to 
issuing a CEV command. These files are named C4.nnnnn.cev, 
where nnnnn is the unique event identifier.

➤ Compressed, 32 sample/cycle, unfiltered event, equivalent to 
issuing a CEV R command. These files are named 
CR.nnnnn.cev, where nnnnn is the unique event identifier.

The date and time displayed for events are from the time of event trigger. The 
times are UTC.

The EVENTS folder also contains the event history with unique event 
identification number (equivalent to the HIS command) and the compressed 
event history (equivalent to the CHIS command). See HISTORY Command on 
page 7.53. The Event files can also be retrieved with the FIL command. See 
FILE Command on page 7.48 and the information on CHIS Command under 
Compressed Event Reports on page 10.2 for additional information.

CEVENT The relay provides a Compressed ASCII event report for SCADA and other 
automation applications. QuickSet uses Compressed ASCII commands to 
gather event report data. If you want to view the Compressed ASCII event 
report data, use a terminal to issue ASCII command CEV. A sample of the 
report appears in Figure 10.7; this is a comma-delimited ASCII file. The relay 
appends a four-digit hex checksum at the end of the line in the Compressed 
ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (and 
COMTRADE files) include all Relay Word bits (see Appendix L: Relay Word 
Bits). See SEL Compressed ASCII Commands on page C.1 for more 
information on the Compressed ASCII command set.

=>CEV <Enter>

"FID","CEV_VER","PART_NUM","SER_NUM","097C"
"FID=SEL-710-5-X215-V0-Z003002-D20180319","2.0.1","071050E1B0X1X7486167X","123456789047","128C"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,28,2018,10,1,4,45,"03CB"

Report Header

"REC_NUM","REF_NUM","NUM_CH_A","NUM_CH_D","FREQ","NFREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","PR
IM_VAL","CTR_IA","CTR_IB","CTR_IC","CTR_IN","CTR_IG","PTR_VAB","PTR_VBC","PTR_VCA","CTR_IA87","CTR_
IB87","CTR_IC87","EVENT","GROUP","IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)"
,"IA87(A)","IB87(A)","IC87(A)","WDG(C)","BRG(C)","AMB(C)","OTH(C)","5576"

Summary Labels

1,32845,29,1216,60.0,60,4,4,15,"YES",2.00,2.00,2.00,100.00,2.00,35.00,35.00,35.00,100.00,100.00,100.
00,"ER Trigger",1,22.1,24.1,28.1,0.00,5.36,2344.494,1994.284,3746.482,0.05,0.08,0.05,"NA","NA","NA"
,"NA","28D1"

Summary Data

Figure 10.7 Sample Compressed ASCII Event Report
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"IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)","IA87(A)","IB87(A)","IC87(A)","*"
,"*","*","LSENS1(%)","LSENS2(%)","LSENS3(%)","LSENS4(%)","*","*","*","*","IARMS(A)","IBRMS(A)","ICR
MS(A)","FREQ","*","SMSLIP","SMSLIP2","TRIG","49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP 
VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP * * BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI COMMIDLE 
COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF 
49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T 
AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S STOPPED RUNNING STARTING STAR DELTA START 
COASTOP FAULT 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 
50Q2P 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T OUT101 OUT102 OUT103 * * * * * * * * * * * * * 
OUT401 OUT402 OUT403 OUT404 * * * * * * * * * * * * IN101 IN102 * * * * * * * * * * * * * * IN401 
IN402 IN403 IN404 * * * * * * * * * * * * WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO 
RTDIN TRGTR * RTDBIAS 52A SPEED2 52B VFDBYPAS RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T RTD5A 
RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T 
46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT 
LOP RSTMOT * SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A STR STOP EMRSTR ER ULTRIP TR FREQTRK STREQ DNAUX1 
DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T 
ZCFREQ PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL 
PB07_PUL PB08_PUL PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED PB5A_LED 
PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED * * T01_LED T02_LED T03_LED T04_LED 
T05_LED T06_LED LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16 LB17 
LB18 LB19 LB20 LB21 LB22 LB23 LB24 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32 RB01 RB02 RB03 RB04 RB05 
RB06 RB07 RB08 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24 RB25 
RB26 RB27 RB28 RB29 RB30 RB31 RB32 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08 SV01T SV02T SV03T SV04T 
SV05T SV06T SV07T SV08T SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16 SV09T SV10T SV11T SV12T SV13T SV14T 
SV15T SV16T SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T 
SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T LT01 LT02 
LT03 LT04 LT05 LT06 LT07 LT08 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16 LT17 LT18 LT19 LT20 LT21 LT22 
LT23 LT24 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU 
SC08QU SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD SC09QU SC10QU SC11QU SC12QU SC13QU 
SC14QU SC15QU SC16QU SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD SC17QU SC18QU SC19QU 
SC20QU SC21QU SC22QU SC23QU SC24QU SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD SC25QU 
SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD 
SC32QD * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A 
RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B 
LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA LINKA LINKB LINKFAIL PASEL PBSEL * * * VB001 VB002 
VB003 VB004 VB005 VB006 VB007 VB008 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016 VB017 VB018 
VB019 VB020 VB021 VB022 VB023 VB024 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032 VB033 VB034 
VB035 VB036 VB037 VB038 VB039 VB040 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048 VB049 VB050 
VB051 VB052 VB053 VB054 VB055 VB056 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064 VB065 VB066 
VB067 VB068 VB069 VB070 VB071 VB072 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080 VB081 VB082 
VB083 VB084 VB085 VB086 VB087 VB088 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096 VB097 VB098 
VB099 VB100 VB101 VB102 VB103 VB104 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112 VB113 VB114 
VB115 VB116 VB117 VB118 VB119 VB120 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128 51AP 51BP 51CP 
51P1P 51P2P 51QP 51G1P 51G2P 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T 51AR 51BR 51CR 51P1R 51P2R 
51QR 51G1R 51G2R BKMON BCW BCWA BCWB BCWC * IRIGOK TSOK TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC 
LPSECP TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG 
AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8 AFS1EL AFS2EL AFS3EL 
AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL FDVTC FDCTC 40ZTC * 40Z1 40Z1T 40Z2 40Z2T FDUV1 FDUV1T FDUV2 
FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T FDRES1T FDRES2T 
FDRESTC 41CLOSE UL41CL STSEQEN * * 78R1 78R2 78Z1 SWING OOS OOST * OOSTC 51ATC 51BTC 51CTC 51P1TC 
51P2TC 51QTC 51G1TC 51G2TC MATHERR TESTDB * SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN * VIRSPDSW 
SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN * * RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 
SLIPBT FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT FVR FVL PFINBND PFGUT * * PORSFL PODTCT * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 27I1 27I1T 
27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC 59I3 59I3T 
59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 * * * 89A2P2 89B2P2 
89CL2P2 89OP2P2 89AL2P2 * * * 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 * * * 89A2P4 89B2P4 89CL2P4 
89OP2P4 89AL2P4 * * * 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 * * * ENLRC LOCAL BKJMP * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *","8ACA"

Column Labels

-3.2,-18.8,26.3,-0.0,4.3,-446,-1894,2340,-0.0,-0.1,-0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.
00,0.00,22.04,24.07,28.12,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000
000FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000
00000FF0000000000000000000000111111505050505020000000000000","569D"
-21.8,15.0,10.0,-0.0,3.2,-2301,-622,2924,0.0,-0.6,-0.0,0.0,0.0,0.0,0.03,0.05,0.02,0.02,0.00,0.00,0.0
0,0.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","565E"
3.2,18.8,-26.3,0.0,-4.3,447,1895,-2342,-0.0,0.4,0.0,0.0,0.0,0.0,0.01,0.06,0.00,0.03,0.00,0.00,0.00,0
.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55F1"
21.8,-15.1,-10.0,0.0,-3.2,2301,622,-2923,-0.1,0.0,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.05,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.98,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5629"

Event Data (Cycle 1)
The block shown 
represents four 
quarter cycles of 
data.

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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•

21.8,-15.1,-9.9,-0.0,-3.2,2300,618,-2917,0.0,0.2,-0.0,0.0,0.0,0.0,0.00,0.03,0.01,0.00,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563A"
-3.3,-18.8,26.3,-0.0,4.3,-455,-1896,2351,0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.01,0.00,0.00,0.00
,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5648"
-21.8,15.1,9.9,0.0,3.2,-2300,-616,2916,-0.1,0.1,0.0,0.0,0.0,0.0,0.01,0.08,0.00,0.05,0.00,0.00,0.00,0
.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55E7"

3.3,18.7,-26.3,0.0,-4.3,455,1897,-2352,0.0,0.0,-0.1,0.0,0.0,0.0,0.01,0.04,0.00,0.01,0.00,0.00,0.00,0
.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00,"*","0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563B"

Event Data
The quarter cycle 
with the “*” symbol 
represents the row 
with the largest 
measured current 
for the event. This is 
the row used for the 
summary data.

-21.8,-15.1,-9.9,0.0,-3.2,2299,615,-2914,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.02,0.02,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","561C"
-3.3,-18.7,26.3,-0.0,4.3,-457,-1896,2353,-0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.02,0.00,0.00,0.0
0,0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","5679"
-21.8,15.1,9.9,-0.0,3.2,-2299,-614,2913,-0.0,0.4,-0.1,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5649"
3.3,18.7,-26.3,-0.0,-4.3,458,1897,-2356,0.0,0.4,-0.0,0.0,0.0,0.0,0.03,0.04,0.02,0.02,0.00,0.00,0.00,
0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5628"

21.8,-15.1,-9.9,0.0,-3.2,2299,613,-2912,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.02,0.00,0.00,0.00,
0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00,">","002000000810000921000303000000000000000000020000
00FF008012001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567A"

Event Data
The quarter cycle 
with the “>” symbol 
represents the 
trigger row for the 
event.-3.3,-18.7,26.3,-0.0,4.3,-460,-1897,2357,-0.0,-0.1,0.0,0.0,0.0,0.0,0.00,0.07,0.00,0.05,0.00,0.00,0.0

0,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"002000000810000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567C"

•
•
•

21.8,-15.4,-9.5,0.0,-3.1,2293,591,-2884,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.05,0.02,0.02,0.00,0.00,0.00,
0.00,22.05,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5620"

"SETTINGS","02E1"

"

Global Settings

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP
EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

.

.

.

Global Settings

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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The order of the labels in the digital portion of the Column Labels field 
matches the order of the HEX-ASCII Relay Word. Each numeral in the HEX-
ASCII Relay Word reflects the status of four Relay Word bits from the Digital 
Column Labels field of the Compressed ASCII event report. The HEX-ASCII 
Relay Word from the trigger cycle from Figure 10.7, follows.

In this HEX-ASCII Relay Word, the third numeral in the HEX-ASCII Relay 
Word is a 2. In binary, this is 0010. Mapping the labels to the digital Column 
Labels yields the following:

The 50A1P element picked up at the first sample of the trigger cycle row (see 
Figure 10.7)

Viewing Compressed 
Event (CEV) Reports

The CEV is viewed in the following ways:

➤ SYNCHROWAVE Event (SEL-5601-2)

➤ ACSELERATOR QuickSet SEL-5030 Software via 
SYNCHROWAVE Event (SEL-5601-2)

Using the SEL-5030 software, navigate to the Options menu under Tools and 
select SYNCHROWAVE Event (SEL-5601-2) as the event viewer.

Group Settings

RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       
50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
.
.
.

Group Settings

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 
EALIAS  := 15      
.
.
.

Report Settings

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
.
.
.

Logic Settings

=>

Figure 10.7 Sample Compressed ASCII Event Report (Continued)

00200000081000092100030300000000000000000002000000FF0080020011000004000800000
00000000000A0A00000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000048000000000000000000000000000000000000FF0
000000000008000000000FF0000000000000000000000111111505050505020000000000000

VART                    37PT                47T                     55T
  0                      0                   1                       0
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To view the saved events using the SEL-5030 software, click Tools > Events 
to view an event with SYNCHROWAVE Event and select the event you want to 
view (QuickSet remembers the location where you stored the previous event 
record). You can view multiple events by clicking on Local Event > Add 
New Event in SYNCHROWAVE Event.

As shown in Figure 10.8, all the analog and digital data can be viewed with 
SYNCHROWAVE Event (SEL-5601-2) or QuickSet via SYNCHROWAVE Event 
(SEL-5601-2). Using the Export Event feature, you can export the CEV report 
in COMTRADE format. Using the Export Data feature, you can also export 
the CEV report in comma-separated values (CSV) format.

Figure 10.8 Sample CEV Report Viewed With SYNCHROWAVE Event

With SYNCHROWAVE Event you have six options for converting CEV reports 
to COMTRADE:

➤ COMTRADE 1999 ASCII

➤ COMTRADE 1999 Binary

➤ COMTRADE 2013 ASCII

➤ COMTRADE 2013 Binary

➤ COMTRADE 2013 Binary32

➤ COMTRADE 2013 Float32

COMTRADE File 
Format Event Reports

The SEL-710-5 stores high-resolution raw data oscillography in binary format 
and uses COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

NOTE: COMTRADE event reports are 
sampled at 32 samples per cycle, 
which are equivalent to CEV R event 
reports..
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The .HDR file contains summary information about the event in ASCII 
format. The .CFG file is an ASCII configuration file that describes the layout 
of the .DAT file. The .DAT file is in binary format and contains the values for 
each input channel for each sample in the record. These data conform to the 
IEEE C37.111-1999 COMTRADE standard.

.HDR File
The .HDR file contains the event summary and relay settings information that 
appears in the event report for the data capture. The settings portion is in a 
comma-delimited format as illustrated in Figure 10.9.

NOTE: COMTRADE events can be 
extracted using the FILE command (see 
Section 7: Communications), Ethernet 
File Transfer Protocol (FTP), or the IEC 
61850 Manufacturing Message 
Specification (MMS). To transfer files 
using MMS, set EMMSFS to Y

FID,"SEL-710-5-X211-V0-Z003002-D20180221"
Event_Report_Type,"UVR"
Part_Number,"071050E1B0X1X7486167X"
Serial_Number,"000000000000000"

[Summary]
Date,"30/04/2002"
Time,"22:01:01.591900"
Time_Source,"Internal"
Event_Logs,"6"
Event_Number,"32838"
Event,"Trigger"
Targets,"11010000"
Freq,"60.00"
IA (A),"0.0100"
IB (A),"0.0200"
IC (A),"0.0316"
IN (A),"0.0160"
IG (A),"0.0608"
VAN (V),"0"
VBN (V),"0"
VCN (V),"0"
VG (V),"0"
IA87 (A),"0.0000"
IB87 (A),"0.0000"
IC87 (A),"0.0000"

Event Summary Information

[Settings]
Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Global Settings

Figure 10.9 Sample COMTRADE .HDR Header File
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := WYE     
SINGLEV := N 

E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     

LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       

MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     

E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       

EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0

27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     

E27I1   := N       E27I2   := N       

E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

LOAD    := OFF     

BLKPROT := 0

BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       

TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := PB03
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Group Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      

ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 :=PB03 FP_START PICKUP DROPOUT

ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA
LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4 
FMR4    :=NA

RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I    
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15 

Report Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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.CFG File
The .CFG file contains data that is used to reconstruct the input signals to the 
relay and the status of Relay Word bits during the event report (see 
Figure 10.10). A <CR><LF> follows each line. If control inputs or control 
outputs are unavailable because of board loading and configuration, the relay 
does not report these inputs and outputs in the analog and digital sections of 
the .CFG file.

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 4       

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR VART OR PTCTRIP 
OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR FDRES1T OR SV01T OR 
OOST OR 55T

Math Variables
MV01    := FIA
MV02    := FIB
MV03    := FIC
MV04    := FIN

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

Logic Settings

SAM/CYC_A = 32
SAM/CYC_D = 4

Analog, Digital, and Input Samples 
per Cycle Data

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)

SEL-710-5,FID=SEL-710-5-X211-V0-Z003002-D20180221,1999 COMTRADE Standard

1232,16A,1216D Total Channels, Analog, Digital

1,IA,A,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
2,IB,B,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
3,IC,C,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
4,IN,,,A,0.010102,0.0,0,-32767,32767,100.0,1.0,P
5,IG,,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
6,VA,A,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
7,VB,B,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
8,VC,C,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
9,IA87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
10,IB87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
11,IC87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
12,LSENS1,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
13,LSENS2,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
14,LSENS3,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
15,LSENS4,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
16,FREQ,,,Hz,0.01,0.0,0,0,12000,1.0,1.0,P

Analog Channel Data
aScale_factor is the value used to convert the equivalent channel analog 
data in the DAT file to primary units (A or kV peak-to-peak)

1,rwb_labelb,c,,,0
2,rwb_labelb,c,,,0
•
•
•
nnnnd,rwb_labelb,c,,,0

Digital (Status) Channel Data
brwb_label is replaced with Relay Word bit labels as seen in Table L.1
cPlace holders denoted by asterisk (*), are labeled as UNUSEDxxx (where 
xxx is the number of the associated label)
dnnnn = number of the last Relay Word bit

<NFREQ>
0
0,<# of samples>

dd/mm/yyyy,hh:mm:ss.ssssss First Data Point

Figure 10.10 Sample COMTRADE .CFG Configuration File Data
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The configuration file has the following format:

➤ Relay ID, firmware ID, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Digital Relay Word bit names

➤ System frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

.DAT File
The .DAT file follows the COMTRADE binary standard. The format of the 
binary data files is sample number, time stamp, data value for each analog 
channel, and digital channel status data for each sample in the file. There are 
no data separators in the binary file, and the file contains no carriage return/ 
line feed characters. The sequential position of the data in the binary file 
determines the data translation. Refer to the IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems, IEEE 
C37.111–1999 for more information. Many software applications can read 
binary COMTRADE files, including SYNCHROWAVE Event and QuickSet.

Retrieving COMTRADE Event Files
COMTRADE files are available as read-only files that can be retrieved using 
the FILE command and Ymodem file transfer, Ethernet File Transfer Protocol 
(FTP), web server (EHTTP := Y), or Manufacturing Message Specification 
(MMS). MMS file transfer is only available in models that support IEC 61850 
and only when IEC 61850 is enabled (E61850 := Y) and MMS file services is 
enabled (EMMSFS := Y). See FILE Command on page 7.48, File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, and MMS on page G.5 
for additional information. You can also retrieve COMTRADE files via 
QuickSet. Refer to View Event History on page 3.23 for details.

Sequential Events 
Recorder (SER) 
Report

The SER report captures relay element state changes over an extended period. 
SER report data are useful in commissioning tests and root-cause analysis 
studies. SER information is stored when state changes occur. The report 
records the most recent 1024 state changes if a relay element is listed in the 
SER trigger equations. 

dd/mm/yyyy,hh:mm:ss.ssssss Trigger Point

BINARY
<time stamp multiplication factor>

Figure 10.10 Sample COMTRADE .CFG Configuration File Data (Continued)
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SER Triggering

Settings SER1 through SER4 are used to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements.

NOTE: A file containing an SER 
report can be extracted using the FILE 
command (see Section 7: 
Communications), the Ethernet File 
Transfer Protocol (FTP), or the 
IEC 61850 Manufacturing Message 
Specifications (MMS). To transfer files 
using MMS, set EMMSFS to Y.

The relay adds a message to the SER to indicate power up or settings change 
conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases

You can rename as many as 32 of the SER trigger conditions using the ALIAS 
settings. For instance, the factory-default alias setting 1 renames Relay Word 
bit STARTING for reporting in the SER:

ALIAS1:= STARTING MOTOR_STARTING BEGINS ENDS

When Relay Word bit STARTING is asserted, the SER report shows the date 
and time of MOTOR_STARTING BEGINS. When Relay Word bit 
STARTING is deasserted, the SER report shows the date and time of 
MOTOR_STARTING ENDS. With this and other alias assignments, the SER 
record is easier for the operator to review. See Relay Word Bit Aliases on 
page 4.151 for additional details.

Retrieving and Clearing SER Reports

See SER Command (Sequential Events Recorder Report) on page 7.63 for 
details on retrieving and clearing SER reports with the SER command.

SER data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Relay Powered Up
.
.
.
Relay Settings Changed
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Example SER Report
The example SER report in Figure 10.11 includes records of events that 
occurred before the beginning of the event summary report in Figure 10.3. 

=>>SER <Enter>

SEL-710-5                                Date: 04/19/2013   Time: 11:09:33.952
SYNCHRONOUS MTR                          Time Source: Internal

Serial No = 000000000000000
FID = SEL-710-5-X047-V0-Z001001-D20130415               CID = 6495

#      DATE         TIME               ELEMENT              STATE
9   04/19/2013  10:24:00.014   Relay Settings Changed
8   04/19/2013  10:24:00.014   SALARM                    Asserted
7   04/19/2013  10:24:01.010   SALARM                    Deasserted
6   04/19/2013  10:24:07.504   50P1T                     Asserted
5   04/19/2013  10:24:07.550   WARNING                   Asserted
4   04/19/2013  10:24:07.550   MOTOR_STARTING            BEGINS
3   04/19/2013  10:24:07.550   MOTOR_STOPPED             ENDS
2   04/19/2013  10:24:07.800   MOTOR_STARTING            ENDS
1   04/19/2013  10:24:07.800   MOTOR_RUNNING             BEGINS

=>>

Figure 10.11 Example Sequential Events Recorder (SER) Event Report
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
Current

Test
Source

IA

IB

IC

IC

IB

IA

N

Z01

Z02

Z03

Z04

Z05

Z06
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections

SEL-710-5

Z09

Z10

Z11

Z12

Voltage
Test

Source

VA

VB

VC

N

Va

Vb

Vc

N

Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure



11.15

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Testing and Troubleshooting
Self-Test

Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Section 1
Introduction and Specifications

Overview
The SEL-751A Feeder Protection Relay is designed to provide overcurrent 
protection to feeders, transformers, etc. The basic relay provides instantaneous 
and inverse time-overcurrent protection. Voltage-based, arc-flash detector 
(AFD)-based, and RTD-based protection are available as options. All relay 
models provide monitoring functions.

This manual contains the information necessary to install, set, test, operate, 
and maintain any SEL-751A. You need not review the entire manual to 
perform specific tasks. 

Features
Standard Protection 
Features

➤ Phase Instantaneous Overcurrent (50P)

➤ Ground (Residual) Instantaneous Overcurrent (50G)

➤ Neutral Instantaneous Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Neutral Time Overcurrent (51N)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Frequency (81)

➤ Breaker Failure Protection

➤ Breaker Wear Monitor

Optional Protection 
Features

➤ Autoreclosing Control (79)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Negative-Sequence Overvoltage (59Q)

➢ Residual (Zero-Sequence) Overvoltage (59G)

➢ Power Elements (32)

➢ Power Factor (55)

➢ Loss of Potential (60LOP)
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➤ Rate-of-Change of Frequency (81R)

➤ Fast Rate-of-Change of Frequency (81RF) for Aurora 
Mitigation

➤ Optional Residual Current CT-based Overcurrent and Time 
Overcurrent (50G/51G)

➤ Arc-Flash Protection

➤ Demand and Peak Demand Metering

➤ Synchronism Check (25)

➢ Synchronism-Check Undervoltage (27S)

➢ Synchronism-Check Overvoltage (59S)

➤ Station DC Battery Monitor

➤ RTD-Based Protection: Monitor as many as ten (10) RTDs 
when you use an internal RTD card, or monitor as many as 
twelve (12) when you use an external SEL-2600 RTD Module 
with the ST option. There are separate Trip and Warn settings 
for each RTD.

Monitoring Features ➤ Event summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Compatibility with SEL-3010 Event Messenger

➤ A complete suite of accurate metering functions

Communications and 
Control ➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet, and fiber-optic rear panel EIA-232 ports.

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, MIRRORED BITS, IEC 61850, 
DeviceNet, and Synchrophasors with IEEE C37.118 Protocol 
(supported on serial port only)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare
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Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. 

See the latest SEL-751A Model Option Table at selinc.com, under SEL 
Literature, Ordering Information (Model Option Tables). Options and 
accessories are in the following listings.

SEL-751A Base Unit ➤ Front panel with large LCD display

➢ Four programmable pushbuttons with eight LEDs

➢ Eight target LEDs (six programmable)

➢ Operator control interface

➢ EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)

➢ EIA-232 serial port with IRIG-B time code input

➤ Three expansion slots for optional cards (Slots C, D, E)

➤ Four ac current inputs card (Slot Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII

➢ SEL Fast Meter, Fast Operate, Fast SER, Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS

➢ Event Messenger

➢ Synchrophasors with IEEE C37.118 (supported on 
serial ports only)

➤ Breaker Wear Monitoring

Options ➤ Firmware option

➢ Autoreclosing Control

➤ Voltage/Current Options (see Table 1.1) 

➤ Input/Output (I/O) Option 

➢ Additional digital I/O

➢ Additional analog I/O

➢ 10 RTD inputs

➤ Communications Options (Protocol/Ports)

➢ EIA-485/EIA-232/Ethernet ports (single/dual, copper 
or fiber-optic)

➢ Multimode (ST) fiber-optic serial port

➢ Modbus TCP/IP protocol

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)

https://www.selinc.com
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➢ IEC 61850 Communications

➢ DNP3 serial and LAN/WAN

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ External RTD protection

➢ SEL-2600 RTD Module (with ST option only)

➢ A simplex 62.5/125 µm fiber-optic cable with ST 
connector for connecting the external RTD module to 
the SEL-751A

Table 1.1 Voltage Input Options 

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa SELECT 5AVIb SELECT 5AVIc SELECT 3 AVI/4 AFDId SELECT 5 AVI/1 ACIe

Under- and overvoltage elements 
(27, 59)

x x x x x

Voltage based frequency measure-
ment and tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss of potential element (60LOP) x x x x x

Real, reactive, apparent power, and 
power factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements 
including under- and overvoltage 
elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage ele-
ment (59Q)

x x x

Rate-of-change-of-frequency ele-
ment (81R)

x x x

Fast rate-of-change-of-frequency 
element (81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor 
inputs with continuous self-testing 
(AFD)

x

Arc-flash protection elements 
(50PAF, 50NAF)

x

Residual current (IG) CT-based 
residual overcurrent elements 
(50G, 51G)

x

a Voltage Options.
b With Monitoring Package.
c With Monitoring and Advanced Metering and Protection Packages.
d With 4-Channel Arc-Flash Detector Inputs and Protection.
e SELECT 5AVI/1 ACI With Residual Ground CT Input.
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➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay.

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ SEL-751A Configurable Labels

➤ Rack-Mounting Kits

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Rear Connector Kit

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-751A mounting accessories for competitor products, including 
adapter plates, visit selinc.com/applications/mountingselector/.

Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ Distribution feeder protection (feeder protection with core-
balance CT)

➤ Delta-wye transformer overcurrent protection

➤ Wye-delta-wye transformer overcurrent protection

➤ With or without external RTD module

➤ With arc-flash protection

Figure 1.1 shows typical current connections. Refer to Section 2: Installation 
for additional applications and the related connection diagrams.

https://selinc.com/applications/mountingselector
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Figure 1.1 Typical Current Connections

Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-751A effectively. This section presents the fundamental knowledge 
you need to operate the SEL-751A, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-751A with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.20.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Establishing 
Communication

The SEL-751A has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL Cable C234A (or 
equivalent) to connect the SEL-751A to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC and the SEL-751A using the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.2. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You will see the = prompt at the left side of the computer screen 
(column 1). 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.2.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to Figure 1.2. 
If you see jumbled characters, change the terminal emulation 
type in the PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.34 for factory-default passwords) to go to Access 
Level 1.

Step 8. Type QUIT <Enter> to view the relay report header.

Checking the 
Relay Status

Use the STA serial port command to view the SEL-751A operational status. 
Analog channel dc offset and monitored component status are listed in the 
status report depicted in Figure 1.3.

Table 1.2 SEL-751A Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
Feeder xyz           Date: 03/10/2007  Time: 10:31:43
Station 1 Time Source: Internal

Figure 1.2 Response Header
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If a communications card with the DeviceNet protocol is present, the status 
report depicted in Figure 1.4 applies. If a communications card with Modbus 
RTU protocol is present, the status report depicted in Figure 1.3 applies. 

Table 7.48 provides the definition of each status report designator and 
Table 10.7 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification (FID) string, and checksum (CID) string. These strings 
uniquely identify the relay and the version of the operating firmware.

=>STA <Enter>

B1633H SEL-751A                          Date: 03/13/2018   Time: 16:21:54.608
FEEDER RELAY                             Time Source: Internal

Serial Num = 3161821078     FID = SEL-751A-R419-V0-Z011003-D20131025
CID = 79CC                  PART NUM = 751A51A1A0X71850211

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.79   2.49   3.35   3.76    4.98   -1.25   -4.91   2.89

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Power-on counts            85
Operating hours          2464

  Relay Enabled

=>

Figure 1.3 STA Command Response—No Communications Card 
or EIA-232/EIA-485 Communications Card

=>STA <Enter>

SEL-751A                                 Date: 08/13/2009   Time: 20:29:29
FEEDER RELAY                             Time Source: External

Serial Num = 000000000000000
FID = SEL-751A-X402-V0-Z005003-D20090803                CID = CD05
PART NUM = 751A01BA30X7386163X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.19

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.81   2.49   3.33   3.76    4.97   -1.25   -4.91   3.07

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA        DN_RATE         DN_STATUS
  3         1a0d c1e9h     500kbps         0000 0000

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Relay Enabled

=>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-751A. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay will reply:

7/29/2003

If the DATE_F setting is YMD, the relay will reply:

2003/7/29

If the DATE_F setting is DMY, the relay will reply:

29/7/2003

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2003 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/03

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-751A. The relay 
will reply with the stored time.

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, and semicolons.
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc
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Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.
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Section 2
Installation

Overview
The first steps in applying the SEL-751A Feeder Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. You should carefully plan relay 
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-751A. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-751A product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Proper placement of the SEL-751A helps to ensure years of trouble-free 
protection. Use the following guidelines for proper physical installation of the 
SEL-751A.

Physical Location The SEL-751A is EN 61010-1 certified at Installation/Overvoltage 
Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-751A is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.13.) 
For EN 61010-1 certification, the SEL-751A rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
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or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C with a 
maximum surrounding air temperature of 50°C.

Relay Mounting To flush mount the SEL-751A in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel (IP65).

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C-temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and 
Accessories for information on mounting accessories.

I/O Configuration
Your SEL-751A offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, and voltage 
cards are available for the SEL-751A. Figure  shows the slot allocations for 
the cards.

Because installations differ substantially, the SEL-751A offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

7.36 
(187.0)

5.47 
(139.0)

i9089b
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Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

SELECT EIA-232/485 ●

SELECT DeviceNet ●

SELECT 3 DI/4 DO/1 AO (one card per relay) ● ● ●

SELECT 4 DI/4 DO ● ● ●

SELECT 4 DI/3 DO (1 Form B, 2 Form C) ● ● ●

SELECT 8 DI ● ● ●

SELECT 8 AI ● ● ●

SELECT 4 AI/4 AO (one card per relay) ● ● ●

SELECT 10 RTD ●

SELECT 3 AVI (MOT… x71x…) ●

SELECT 5 AVI (MOT … x72x…) ●

SELECT 5 AVI (MOT … x73x…) ●

SELECT 3 AVI/4 AFDI (MOT … x74x…) ●

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O Expansion Card (Slot E)

SELECT 4 ACI Card (Slot Z)
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Figure 2.2 Slot Allocations for Different Cards

Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-751A Relay. It has two digital 
inputs and three digital outputs (two normally open Form A contact outputs 
and one Form C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

SELECT 5 AVI/1 ACI (MOT … x75/76x…) ●

SELECT 4 ACI ●

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1) that have PORT 3 as an EIA-232 serial port and can 
input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via PORT 2 (optional EIA-232 
fiber-optic serial port).

c Digital or analog.

Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

Table 2.1 Power Supply Card Inputs Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number

Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07
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Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the 
following base-unit options shown in Table 2.2.

PORT F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

➤ Event Messenger

➤ C37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ IEC 61850

➤ FTP

➤ Telnet

PORT 2 and PORT 3 support the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX

Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial 
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated 
EIA-485 serial port
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Communications Card 
(Slot C)

Either the DeviceNet (see Appendix G: DeviceNet Communications) or the 
EIA-232/ EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ PORT 4A, an isolated EIA-485 serial port interface

➤ PORT 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Use the PORT 4 setting, COMM Interface, to select either EIA-232 or EIA-485 
functionality. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Voltage Card Option 
(3 AVI)

MOT…x71x… Supported in Slot E only, order this card when you have 
either single or three-phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle—see Processing 
Specifications and Oscillography on page 1.14 for more information. 
Table 2.4 shows the terminal allocation.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

Table 2.4 3 AVI Voltage Card Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB,VC

06 N, Common connection for VA, VB,VC
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Enhanced Voltage 
Card Option With 
Monitoring Package 
(5 AVI)

MOT…x72x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. Table 2.5 shows the terminal allocation.

Enhanced Voltage Card 
Option With Advanced 
Metering and 
Protection Package 
(5 AVI)

MOT…x73x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. This option also provides demand and peak 
demand metering, and protection elements 32, 59G, 59Q, 81R, and 81RF (for 
Aurora mitigation). The connections are shown in Table 2.5.

Voltage Card Option 
With Arc-Flash 
Detection (AFD) 
Inputs (3 AVI/4 AFDI)

MOT…x74x… Supported in Slot E only, order this card when you have 
either single or three phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle. Table 2.6 shows the 
terminal allocation. This option also provides 4-channel arc-flash detection (AFD) 
inputs with continuous self-testing.

Table 2.5 5 AVI Voltage Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

Table 2.6 3 AVI/4 AFDI Voltage Card With Arc-Flash Detection Inputs 
Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB, VC

06 N, Common connection for VA, VB, VC

07 AF1 Channel TX and RX Inputs

08 AF2 Channel TX and RX Inputs 

09 AF3 Channel TX and RX Inputs

10 AF4 Channel TX and RX Inputs
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Enhanced Voltage 
Card Option With 
Advanced Metering and 
Protection Package and 
Residual Current Input 
(5 AVI/1 ACI)

MOT…x75/76x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input and residual current (IG) input. Order ...x75x... for 
5 A CT or ...x76x... for 1 A CT input. With this card installed, the SEL-751A 
samples the voltages and current 16 times a cycle. This option also provides 
demand and peak demand metering, and protection elements 32, 59G, 59Q, 
81R and 81RF. The connections are shown in Table 2.7.

Current Card Supported in Slot Z only, this card provides current inputs for three-phase CTs 
and one neutral CT. Secondary phase current ratings are either all 1 A or all 
5 A; you cannot order a combination of 1 A and 5 A phase CTs on one card. 
However, the phase CTs and the neutral CT can be of different current rating. 
You can order one of four neutral CT ratings, 1 A, 5 A, 50 mA, or 2.5 mA 
(high sensitivity). With a current card installed, the SEL-751A samples the 
currents 16 times a cycle—see Processing Specifications and Oscillography 
on page 1.14 for more information. Table 2.8 shows the terminal allocation.

Table 2.7 5 AVI/1 ACI Voltage/Current Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

09, 10 IG, residual current input 

Table 2.8 Current Card Terminal Designation

Terminal Number Description

01, 02 IA, Phase A current input

03, 04 IB, Phase B current input

05, 06 IC, Phase C current input

07, 08 IN, neutral current input

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.
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Analog Input Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.9 shows the terminal allocation.

Analog Input/Output 
Card (4 AI/4 AO)

Supported in any one of the nonbase unit slots (Slot C through Slot E), this card 
has four analog inputs and four analog outputs (AO). Table 2.10 shows the 
terminal allocation.

I/O Input Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs, and one analog output. Table 2.11 shows the 
terminal allocation.

Table 2.9 Eight Analog Input (8 AI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.

Table 2.10 Four Analog Input/Four Analog Output (4 AI/4 AO) Card Terminal 
Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self powered and has an 
isolated power supply.

NOTE: Connection lengths less 
than 10 meters meet the 
requirements of IEC 60255-26 and 
IEC 60255-27 for analog inputs and 
outputs.

Table 2.11 I/O (3 DI/4 DO/1 AO) Card Terminal Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high-
speed hybrid) connections are 
polarity neutral.

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.12 
shows the terminal allocation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form-B digital output (normally closed contact output) and 
two Form-C digital output contacts. Table 2.13 shows the terminal allocation.

I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are either all normally open 
contact outputs or all fast hybrid (high-speed, high-current interrupting) 
outputs. Table 2.14 shows the terminal allocation.

Table 2.12 RTD (10 RTD) Card Terminal Allocation 

Terminal Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

• •

• •

• •

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: All RTD Comp/Shield 
terminals are internally connected to 
the relay chassis and ground.

NOTE: Use passive resistors to 
simulate temperatures to test the 
RTD inputs. Use of an RTP simulator 
can damage the relay.

Table 2.13 Four Digital Inputs, One Form-B Digital Output, Two Form-C 
Digital Outputs (4 DI/3 DO) Card Terminal Allocation

Terminal Number Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC control equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element
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I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.15 shows the terminal allocation.

Card Configuration 
Procedure

Changing card positions or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to program the I/O settings using the SET 
command).

The SEL-751A offers flexibility in tailoring I/O for your specific application. 
The SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-751A in Slots C, D, 
and E. Optional communications cards are available only for Slot C, an RTD 
card is available only for Slot D, 1 A/5 A CT combinations for voltage/current 
cards are available only for Slot E, and current cards are available for Slot Z. 
Figure 2.2 shows the slot allocations for the cards. Because installations differ 
substantially, the SEL-751A offers a variety of card configurations that 
provide options for an array of applications. Choose the combination of cards 
most suited for your application.

Swapping Optional I/O Boards
When an I/O board is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 

Table 2.14 Four Digital Input/Four Digital Output (4 DI/4 DO) Card Terminal 
Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital inputs and digital 
outputs (including high-current, 
high-speed hybrid) connections are 
polarity neutral.

Table 2.15 Eight Digital Input (8 DI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element



2.12

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

OUT401–OUT404 are available. If OUT401 = IN101 AND 51P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-751A Relay can be upgraded by adding as many as three cards.

Installation
Perform the following steps to install cards in Slots C, D, E, or Z of the base 
unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and 
A02–, and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the option card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material that may remain inside the SEL-751A case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL
X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted into the wrong slot. Begin again at 
Step 2.

If you do see this message, proceed to Step 12.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:
STATUS
Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:
Serial Num
000000000000000000000000

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.
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Step 16. Press the ENT pushbutton.

The front panel displays the following:
Confirm Hardware
Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?
No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 19. Press the ENT pushbutton.

Step 20. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED turns on to indicate the option card is installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the following indicated digits. These digits remain 
unchanged, i.e., these digits retain the same character as before 
the reconfiguration. Also, a communications card installed in 
Slot C is reflected as an empty slot in the part number. A regular 
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same 
device ID. When interchanging these two cards, the part 
number for the respective slots should be updated manually. 
Use the STATUS command to view the part number.

Step 21. Update the side-panel drawing with the drawing sticker 
provided in the card kit. If necessary, replace the rear panel 
with the one applicable to the option card and attach the 
terminal-marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial label 
with the updated part number.

Step 22. Reconnect all of the connection plugs and add any additional 
wiring/connectors required by the new option card.

Slot B CPU Card Replacement
When replacing the Slot B card, do the following:

Step 1. Ensure that the card has the latest firmware from the factory.

Step 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

PART NUM = 751A01B5X1X7X86020X



2.14

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

Step 3. Save all the settings and event reports before replacing the card.

Step 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option in Appendix B: 
Firmware Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new 
board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the serial number and part number to the appropriate 
values, type END, and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and 
part number of your relay are correct.

Slot A Power Supply Card
If you are replacing the power supply card, change the part number 
accordingly using the PARTNO command from Access Level C. Install new 
side stickers on the side of the relay. 

Analog Input Card 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in position 1–2; for a voltage channel, insert Jumper x in position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Configuration Jumper

Figure 2.4 shows the locations of JMP1 through JMP4 on an Analog Output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

NOTE: There is no jumper between 
Pins 5 and 6 for a voltage analog 
output selection.

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between pins 1 and 2, pins 5 and 6, and pins 9 and 
10. For a voltage analog output selection, insert a jumper between pins 3 and 
4, and pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self 
powered and has an isolated power 
supply.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
Control, and SELBOOT 
Jumper Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password, Breaker Control, and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-751A suffers an 
internal failure, communications with the relay can be compromised. Forcing 
the relay to SELBOOT provides a means of downloading new firmware. To 
force the relay to SELBOOT, position the jumper in Position C, as shown in 
Figure 2.7 (SELBOOT forced). Once the relay is forced to SELBOOT, you can 
communicate with the relay only through the front-panel port.

JMP1

A B C

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT
Forced

Remote
Breaker
Control
Allowed

JMP1

(b) Card Layout for Relays With Firmware Versions R400 and Higher

(a) Card Layout for Relays With Firmware Versions Lower Than R400

A
B
C

JMP1

A
B
C

JMP1

A
B
C

JMP1

Default 
Positions

Password 
Bypassed

A
B
C

JMP1

SELBOOT

 Forced

Remote
Breaker
Control
Allowed

A
B
C

JMP1

A B C
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To gain access to Level 1 and Level 2 command levels without passwords, 
position the jumper in position A, as shown in Figure 2.7 (Password 
bypassed). Although you gain access to Level 2 without a password, the alarm 
contact still closes momentarily when you access Level 2. Table 2.16 tabulates 
the functions of the three sets of pins and jumper default positions.

Rear-Panel Connections Figure 2.8 shows the rear-panel connections for selected cards. Connections 
for additional cards are shown in Figure 2.9 through Figure 2.11.

Table 2.16 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B Off (breaker control disabled) Enable breaker controla

a Jumper position affects breaker control using the OPEN or CLOSE command via the serial 
port, front panel, or communications protocols. Jumper position does not affect breaker 
control using remote bits, which are always enabled.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

NOTE: After any 
change, be sure to 
thoroughly test the 
settings.

NOTE: All digital 
inputs and digital 
outputs (including 
high-current, high- 
speed hybrid) 
connections are 
polarity neutral.

NOTE: Analog 
outputs are isolated 
from each other and 
from the chassis 
ground.

Card 1: 
Current Card 
(4 ACI)

Card 2: 
Voltage Card 
(5 AVI)

Card 3: 
Voltage Card With 
AFD Inputs 
(3 AVI/4 AFDI)

Card 4: 
Voltage/Current 
Card (5 AVI/1 ACI)

Card 5: 
Eight Analog 
Input Card 
(8 AI)

Card 6: 
Four Digital Input/
Three Digital 
Output Card 
(4 DI/3 DO)

Card 7: 
Four Analog Input/
Four Analog 
Output Card 
(4 AI/4 AO)

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 101

02
IA

03

04
IB

05

06
IC

07

08
IN

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

02

03

05

06

VA

WYE

VB

VC

VB
(COM)

VC

VA

OPEN
DELTA

N COM

0 7

TX RX

08

09

1 0

AF 1

AF2

AF3

AF4

0 1

04

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

ACI

E 1 0

IG

E09



2.18

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
Relay Connections

Figure 2.8 Rear-Panel Connections of Selected Cards

Relay Connections
Rear-Panel and 
Side-Panel Diagrams

The physical layout of the connectors on the rear-panel and side-panel 
diagrams of three sample configurations of the SEL-751A are shown in 
Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12.

Figure 2.9 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 3 AVI Voltage Option
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Figure 2.10 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

Figure 2.11 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option 
With Monitoring Package

i4159a

 
 

i4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4246a
i4247a

(A) Rear-Panel Layout
(B) Side-Panel Input and Output Designations
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Figure 2.12 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1AO, and 3 AVI/4 AFDI Voltage 
Option With Arc-Flash Detector Inputs

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.10 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-751A; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.42 for details. Be sure to use fuses that comply with 
IEC 60127-2.

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1 mm2) to 18 AWG (0.8 mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial PORT 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the PORT 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 26 through 
AWG 14. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-751A accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but only one should be used at a time. You can use IRIG-B (B01 and 
B02) inputs or an SEL communications processor connected to EIA-232 serial 
PORT 3. The available communications processors are the SEL-2032, 
SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. 

The models with fiber-optic Ethernet and dual copper Ethernet do not have the 
terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 PORT 3. 
The third option for IRIG-B is via fiber-optic serial PORT 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030 or SEL-2032 and bring 
the IRIG-B signal with the EIA-232 input. Use a fiber-optic cable pair with ST 
connectors (C805, C807, C808) to connect to PORT 2 on the SEL-751A. Refer 
to Section 7: Communications for IRIG-B connection examples and for details 
about using an SEL-2401/2407/2404 as a time source.

Ethernet Port
You can order the SEL-751A with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to PORT 1 of the device by using a 
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port
The optional fiber-optic serial port is compatible with the SEL-2812 (with 
IRIG-B) or the SEL-2814 Fiber-Optic Transceivers and the SEL-2600 RTD 
Module.

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.13 and Figure 2.14.

Figure 2.13 Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic Port in Slot B
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NOTE: All digital inputs 
and digital outputs 
(including high-current, 
high-speed hybrid) 
connections are polarity 
neutral.
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Figure 2.14 Control I/O Connections—Internal RTD Option

RTD Wiring Table 2.17 shows the maximum cable lengths for the RTD connections.

NOTE: RTD inputs are not internally 
protected for electrical surges 
(IEC 60255-22-1 and IEC 60255-22-5). 
External protection is recommended if 
surge protection is necessary.
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A03

A04
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T1

01

A05
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A09

D03
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SHLD

D02
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D01
+

RTD01

D30
COMP/
SHLD

D29
—  

D28
+  

RTD10

As Many as Ten
RTD Inputs

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

Notes:

➤ The chassis ground connector located on the 
rear-panel card Slot A must always be 
connected to the local ground mat.

➤ Power supply rating (110–240 Vac, 
110–250 Vdc or 24–48 Vdc) depends on 
relay part number.

➤ Optoisolated inputs IN101 and IN102 are 
standard and located on the card in Slot A.

➤ All optoisolated inputs are single-rated: 24, 
48, 110, 125, 220, or 250 Vac/Vdc. Standard 
inputs IN101/102 can have a different rating 
than the optional IN401/402/403/404 (not 
shown).

➤ Output contacts OUT101, OUT102, and 
OUT103 are standard and are located on 
the card in Slot A.

➤ The analog (transducer) outputs shown 
are located on the optional I/O 
expansion card in Slot D.

➤ The fiber-optic serial port is optional 
and is located on the card in Slot B. A 
Simplex 62.5/125 µm fiber-optic cable is 
necessary to connect the SELOGIC with 
an SEL-2600 series RTD Module. This 
fiber-optic cable should be 1000 meters 
or shorter.

Table 2.17 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m
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Refer to SEL application guide “Applying Various Types of RTDs with SEL 
Devices” (AG2017-09). This application guide specifies the correct 
connection of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08)—and 
avoid fitting multiple wires into a single terminal, the bird-caging effect of 
stranded wires, and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.15. Also, 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Figure 2.15 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams.

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.16 shows the output OUT103 relay coil and Form C contact. When the 
relay coil is de-energized, the contact between A07 and A08 is open while the 
contact between A07 and A09 is closed.

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time to 
open the contacts) for fast hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).

Figure 2.16 Output OUT103 Relay Output Contact Configuration

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

OUT103
Relay Coil
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The SEL-751A provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occurs in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-751A is 
powered and operational.

➤ When the SEL-751A generates a trip signal, the relay coil is de-
energized.

➤ The relay coil is also de-energized if the SEL-751A power 
supply voltage is removed or if the SEL-751A fails (self-test 
status is FAIL).

Figure 2.17 shows fail-safe and nonfail-safe wiring methods to control 
breakers.

Figure 2.17 Breaker Trip Coil Connections With OUT103FS := Y and 
OUT103FS := N

High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity-
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, you can connect the ac voltages directly using 
a connected, wye-wye VT connection. Use an open-delta VT connection, or 
use a single-phase VT. Figure 2.18 and Figure 2.19 show the methods of 
connecting single-phase and three-phase voltages.

Nonfail-safe
OUT103FS = N

52A

Breaker Trip CoilTC

A08

A07A07

TC

52A

Fail-Safe
(Electrically Held)

OUT103FS= Y

Circuit Breaker

Breaker Trip Coil

A09

Note: Contacts shown with OUT103 relay coil de-energized

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short- 
circuit arc-flash incident energy.
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Figure 2.18 Single-Phase Voltage Connections

Single Phase-Neutral VT Connection

Single Phase-Phase VT Connection
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Figure 2.19 Voltage Connections

Note: This figure shows grounding Phase B (E02). You can choose to ground Phase A or 
Phase C instead of Phase B, provided all the other connections remain as shown above.
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Station DC Battery 
Monitor

Use the station dc battery monitor (one of the options available with the 
voltage card option) in the SEL-751A to alarm for undervoltage and 
overvoltage dc battery conditions and to view how station dc battery voltage 
fluctuates during tripping, closing, and other dc control functions. The 
monitor measures station dc battery voltage applied to the rear-panel terminals 
E07 (VBAT+) and E08 (VBAT–) of the SELECT 5AVI voltage card in Slot E. 
Refer to Section 5: Metering and Monitoring for details on the station dc 
battery monitor function and settings. 

AC/DC Connections 
and Applications

Figure 2.20 shows typical phase and neutral current connections for a feeder 
application. Figure 2.21 through Figure 2.25 show ac/dc connection diagrams 
for various applications, however, wye-connected PTs are shown. See 
Figure 2.18 and Figure 2.19 for other voltage connections.

Figure 2.20 Typical Current Connections

SEL-751A
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IA
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The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Figure 2.21 SEL-751A Provides Overcurrent Protection and Reclosing for a Distribution Feeder 
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.

Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit 
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with necessary 
supervision (e.g., synchronism check).

Figure 2.22 SEL-751A Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme) 
(Wye-Connected PTs)

TC

Trip
Coil

52A
(+)

(—) Trip
CircuitIA

C

B

A

SEL-751A RELAY

OUT103

CC

Close
Coil

52B
(+)

(—) Close
CircuitIB OUT102

86

Lock
Out

86B
(+)

(—) Breaker
Failure
Trip
Circuit

IC OUTxxx

IN

52

(+)

52A

to Annunciator, RTU,
or SEL-2032/2030/2020

From Feeder Relays
(Fast Bus Trip Scheme)

ALARM

OUT101

(+)

(—)

Breaker StatusINxxx

(—)

INxxx

VCN VB VA

VS

NS

A

B



2.30

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
AC/DC Control Connection Diagrams

Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.23 SEL-751A Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

Figure 2.24 SEL-751A Provides Overcurrent Protection for a Transformer Bank With a 
Tertiary Winding (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.25 SEL-751A Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Channel IN)
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Arc-Flash Protection: System Installation
This section describes an arc-flash system installation, the sensor 
characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 10: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also, refer to Application Guide 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details.

Figure 2.26 shows main system components comprising: current input card, 
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.12 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 3 AVI/4 AFDI 
card for arc-flash protection.

Figure 2.26 SEL-751A With an Arc-Flash Option Card and Fiber-Optic-
Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location will vary depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 
clearance and creepage requirements. Sensors should be permanently affixed 
through the use of supplied mounting grommets or permanent cable ties. 
Figure 2.27 shows an example of a typical black-jacketed fiber installation. 
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Figure 2.27 Black-Jacketed Fiber Installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in) Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is necessary to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-751A Relay as 
shown in Figure 2.28.

Figure 2.28 Connecting Sensor Fibers to the Relay

Point-Sensor 
Installation 

The point-sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.29 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.29 Point-Sensor Assembly

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters
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The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.30.

Figure 2.30 Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.31, Figure 2.32, and Figure 2.33 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts, which are most likely to cause an arc-flash event. 

Figure 2.31 Point-Sensor Directivity (0–360° Around the Mounting Plane)

1. Mounting Grommet Insertion

(1/4” diameter hole)

2. Sensor Insertion
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1/4” diameter hole

1/4” diameter hole

120%

100%

80%

60%

40%

20%

0%

0°
350°                               10°

340°                                                               20°

330°                                                                                          30°

320°                                                                                                                    40°

310°                                                                                                                                            50°

300°                                                                                                                                                              60°

290°                                                                                                                                                                             70°

280°                                                                                                                                                                                    80°

270°                                                                                                                                                                                         90°

260°                                                                                                                                                                                        100°

250°                                                                                                                                                                              110°

240°                                                                                                                                                                 120°

230°                                                                                                                                               130°

220°                                                                                                                        140°

210°                                                                                             150°

200°                                                               160°
190°                                 170°

180°

3/8” diameter hole



2.36

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
Arc-Flash Protection: System Installation

Figure 2.32 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.33 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Clear-Jacketed Fiber 
Sensor Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.34 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.35 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.34 Clear-Jacketed Fiber Sensor Assembly

Figure 2.35 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.36. Two connector options (V-pin and ST) are available for 
transitioning from the black-jacketed to the clear-jacketed fiber section as 
shown in Figure 2.37. The ST connector option is generally superior because 
of positive locking and lower coupling loss.

Figure 2.36 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber exposed to the light. The 
maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both clear-jacketed and black-jacketed fiber sections (the black-

i8004a

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber Transition 
Connectors (V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.37.

Figure 2.37 Transition From Clear-Jacketed to Black-Jacketed Fiber Section

You should return the clear-jacketed fiber loop through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains less than 35 m, irrespective of the 
SEL-751A dual V-pin connector orientation. 

Care should be exercised not to scratch or otherwise damage the clear-
jacketed sensing fiber during installation. Surface scratches can result in 
increased light leakage that will be detected by the SEL-751A sensor 
diagnostics. Once damaged, the fiber must be replaced.

Application Example Figure 2.38 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. All three feeders are protected 
with an SEL-751A Relay controlling breakers 1, 2, and 3. Radial feeder 
breakers 2 and 3 must be tripped for downstream faults, normally located in 
the outgoing cable termination compartment. To obtain better coverage, 
multiple sensors can be installed in the same compartment, as shown in the 
lower right corner of the figure with sensors marked LS1 and LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right hand corner 
of Figure 2.38). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When necessary, you can use radial feeder relays sensors (such as LS3 
connected to the lower right hand relay) to transfer trip the upstream breaker. 
Logic equations necessary for this function are shown in Output Logic 
Programming in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 2.38 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 AFD Fiber 
Cables and Accessories MOT. The losses and budget values shown in 
Table 2.18 are typical values.

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Table 2.18 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 1 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40° to +80°C –55° to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.39.

Figure 2.39 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.40. 

Core Diameter 980 µm 980 µm

Cladding Diameter 1000 µm 1000 µm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm

(0.087 in x 0.17 in)

2.20 mm

(0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull Tension 140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull Tension 43.8 N (3.0 lb/ft) 43.8 N (lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) 0.175 dB/m 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 2 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.40 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional 
splice connectors, refer to the SEL-C814 AFD Fiber Cables and Accessories 
MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.41, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.41 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 m

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.42, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

Figure 2.42 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 m

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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PC Software

Overview
SEL provides many PC software solutions (applications) to support the 
SEL-751A and other SEL devices. Table 3.1 lists SEL-751A software solutions.

 

This section describes how to get started with the SEL-751A and QuickSet. 
QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-751A. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-751A.

Table 3.1 SEL Software Solutions

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and set-
tings of multiple devices

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and sum-
marizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII 
format event report oscillography; 
performs custom calculations on analog, 
digital, and complex quantities; and ana-
lyzes the Impedance Plane for distance 
element (mho) operation, the Alpha 
Plane for differential element (78L) 
operation, and the Bewley Lattice for 
traveling-wave data

SEL-5801 SEL-5801 Cable Selector 
Software

Selects the proper SEL cables for your 
application

Table 3.2 QuickSet Software (Sheet 1 of 2)

Application Description

Rules Based Settings 
Editor

Provides on-line or off-line device settings that include interde-
pendency checks. Use this feature to create and manage settings 
for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature 
to simplify commissioning testing

Design Templates 
(available in licensed 
versions of QuickSet)

Allows you to customize relay settings to particular applica-
tions and store those settings in Design Templates. You can 
lock settings to match your standards or lock and hide settings 
that are not used.
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Setup

Follow the steps outlined in Section 2: Installation to prepare the SEL-751A 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-751A and the PC.

Step 2. Apply power to the SEL-751A.

Step 3. Start QuickSet.

Communications QuickSet uses relay communications PORT 1 through PORT 4, or PORT F (front 
panel) to communicate with the SEL-751A. Perform the following steps to 
configure QuickSet to communicate effectively with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.1.

Figure 3.1 Serial Port Communication Dialog Box

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.2.

Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-751A default settings by 
entering Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Event Analysis Provides oscillography and other event analysis tools.

Setting Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature 
to ensure proper communications and directly interface with 
the device

Help Provides general QuickSet and device-specific QuickSet con-
text help.

Table 3.2 QuickSet Software (Sheet 2 of 2)

Application Description
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Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.3. 

For the SEL-751A, always select FTP as the File Transfer 
Option.

Step 6. Exit the menus by clicking OK when finished.

Figure 3.2 Serial Port Communication Parameters Dialog Box



3.4

SEL-751A Relay Instruction Manual Date Code 20220610

PC Software
Terminal

Figure 3.3 Network Communication Parameters Dialog Box

Terminal
Terminal Window Select Communications > Terminal on the QuickSet main menu bar to open 

the terminal window (shown in Figure 3.4).

Figure 3.4 Tools Menu

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulation. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or by pressing <Ctrl+T>. 
Verify proper communications with the relay by opening a terminal window, 
pressing <Enter> a few times, and verifying that a prompt is received. If a 
prompt is not received, verify proper setup.
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Terminal Logging To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Drivers and Part 
Number

After clicking Communications > Terminal, access the relay at Access Level 1. 
Issue the ID command to receive an identification report, as shown in Figure 3.5.

Locate and record the Z-number (Z001001) in the FID string. The first portion 
of the Z-number (Z001…) determines the QuickSet relay settings driver 
version when you are creating or editing relay settings files. The use of the 
Device Editor driver version will be discussed in more detail later in this 
section—see Settings Editor (Editor Mode) on page 3.9. Compare the part 
number (PARTNO=751A0XXXXXXXXXXXXXX) with the Model Option Table (MOT) 
to ensure the correct relay configuration.

Settings Database Management and Drivers
QuickSet uses a database to save relay settings. QuickSet contains sets of all 
settings files for each relay specified in the Database Manager. Choose 
appropriate storage backup methods and a secure location for storing database 
files.

Database Manager Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the Database Manager to access the database. Click File 
> Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter descriptions for the database and for each relay or relay in 
the database in the Database Description and Settings 
Description dialog boxes. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description dialog box. These can 
include the protection scheme settings and communications 
settings. 

=ID <Enter>
"FID=SEL-751A-R100-V0-Z001001-D20070410","08EE"
"BFID=BOOTLDR-R303-V0-Z000000-D20060612","0949"
"CID=9B42","025E"
"DEVID=SEL-751A","0408"
"DEVCODE=69","0316"
"PARTNO=751A01B6X3X7183021X","06D9"
"CONFIG=11251201","03F0"
"iedName =TEMPLATE","05DC"
"type =SEL_751A","04B0"
"configVersion =ICD-751A-R100-V0-Z001001-D20070326","0D75"
= 

Figure 3.5 Device Response to the ID Command



3.6

SEL-751A Relay Instruction Manual Date Code 20220610

PC Software
Settings Database Management and Drivers

Step 4. Highlight one of the relays listed in Settings in Database and 
select the Copy option button to create a new collection of 
settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases

Step 1. Select the Copy/Move Settings Between Databases tab to 
create multiple databases with the Database Manager; these 
databases are useful for grouping similar protection schemes or 
geographic areas. 

Step 2. Click the Open B option button to open a relay database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or setting in the A database, 

b. Select Copy or Move, and click the > button to create a 
new device or setting in the B database. 

Step 4. Reverse this process to take devices from the B database to the 
A database. Copy creates an identical device that appears in 
both databases. Move removes the device from one database 
and places the device in another database.

Create a New Database, Copy an Existing Database
To create and copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Create New 
Database button. QuickSet prompts you for a file name. 

Step 2. Type the new database name (and location if the new location 
differs from the existing one), and click Save. QuickSet 
displays the message Settings [path and filename] was 
successfully created. 

Step 3. Click OK.

To copy an exiting database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Databases tab in the Database Manager 
dialog box.

QuickSet opens the last active database and assigns it as 
Database A. 

Step 2. Click the Open B button; QuickSet prompts you for a file 
location. 

Step 3. Type a new database name, click the Open button, and click 
Yes; the program creates a new empty database. Load devices 
into the new database as in Copy/Move Settings Between 
Databases on page 3.6.
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Settings
QuickSet offers the capability of creating settings for one or more SEL-751A 
Relays. Store existing relay settings downloaded from SEL-751A Relays with 
QuickSet, creating a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-751A. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-751A; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor The Settings Editor shows the relay settings in easy-to-understand categories. 
The SEL-751A settings structure makes setting the relay easy and efficient. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menus. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled. However, any disabled settings are dimmed when accessed by 
clicking an item in the tree view.

Settings Menu QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own record of settings. Use the File menu to Open an existing 
record, create and open a New record, or Read relay settings from a connected 
SEL-751A and then create and open a new record. Use the Tools menu to 
Convert and open an existing record. The record will be opened in the Setting 
Editor as a Setting Form (template) or in Editor Mode.

File > New
Selecting the New menu item creates new settings files. QuickSet makes the 
new settings files from the driver that you specify in the Settings Editor 
Selection dialog box. QuickSet uses the Z-number in the FID string to create a 
particular version of settings. To get started making SEL-751A settings with 
the Settings Editor in the Editor Mode, select File > New from the main 
menu bar and SEL-751A and 004 from the Settings Editor Selection 
window, as shown in Figure 3.6.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Open a New record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.6 Selection of Drivers

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the Relay 
Editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.7. Press OK when finished.

Figure 3.7 Update Part Number

Figure 3.8 shows the Settings Editor screen. View the bottom of the Settings 
Editor window to check the Settings Driver number. Compare the QuickSet 
Settings Driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct Settings 
Editor to display.

Figure 3.8 New Setting Screen

Z-Number
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File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the Settings Editor.

File > Read
When the Read menu item is selected, QuickSet reads the device settings 
from a connected device. As QuickSet reads the device, a Transfer Status 
window appears. QuickSet uses serial protocols to read settings from SEL 
devices.

Tools > Settings > 
Convert

Use the Convert menu item to convert from one settings version to another. 
Typically, you would use this utility is upgrade an existing settings file to a 
newer version because devices are using a newer version number. QuickSet 
provides a Convert Settings report that shows missed, changed, and invalid 
settings created as a result of the conversion. Review this report to determine 
whether changes are necessary.

Settings Editor 
(Editor Mode)

Use the Settings Editor (Editor Mode) to enter settings. These features 
include the QuickSet settings driver version number (the first three digits of 
the Z-number) in the lower left corner of the Settings Editor.

Entering Settings

NOTE: Setting changes made during 
the edit session are not read by the 
relay unless they are transferred to 
the relay with a Send menu item.

Step 1. Click the + marks and the buttons in the Settings Tree View to 
expand and select the settings you want to change. 

Step 2. Use Tab to navigate through the settings, or click on a setting. 

Step 3. To restore the previous value for a setting, right-click the mouse 
over the setting and select Previous Value. 

Step 4. To restore the factory-default setting value, right-click in the 
setting dialog box and select Default Value. 

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the Settings Editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder

NOTE: Be sure to enable the 
functions you need (Logic Settings > 
SELOGIC Enable) before using 
Expression Builder.

SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with the Expression Builder, a 
rules-based editor for programming SELOGIC control equations. The 
Expression Builder organizes device elements, analog quantities, and 
SELOGIC control equation variables.
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Access the Expression Builder
Use the Ellipsis buttons  in the Settings dialog boxes of Settings Editor 
windows to create expressions, as shown in Figure 3.9.

Figure 3.9 Expressions Created With Expression Builder

Expression Builder Organization
The Expression Builder dialog box is organized into two main parts 
representing the left side (LVALUE) and right side (RVALUE) of the 
SELOGIC control equation. The LVALUE is fixed for all settings.

Using the Expression Builder
Use the right side of the equation (RVALUE) to select broad categories of 
device elements, analog quantities, counters, timers, latches, and logic 
variables. Select a category in the RVALUE tree view, and the Expression 
Builder displays all operands for that category in the list box at the bottom 
right side. Directly underneath the right side of the equation, choose operators 
to include in the RVALUE. These operators include basic logic, rising- and 
falling-edge triggers, expression compares, and comments.

File > Save
Select the Save menu item from the File menu item of the Settings Editor 
once settings are entered into QuickSet. This will help ensure that the settings 
are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section you want transferred to the relay by checking 
the appropriate box.

Ellipsis Button

Created Expression
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Edit > Part Number
Use this menu item to change the part number if it was entered incorrectly 
during an earlier step.

Text Files
Select Tools > Settings > Import and Tools > Settings > Export on the 
QuickSet menu bar to import or export settings from or to a text file. Use this 
feature to create a small file that can be more easily stored or sent 
electronically.

Event Analysis
QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-751A stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.10 shows composite screens for 
retrieving events.

Figure 3.10 Composite Screens for Retrieving Events

Event Waveforms The relay provides two types of event data captures: event reports that use 
4 samples/cycle filtered data and 16 samples/cycle unfiltered (raw) data. See 
Section 9: Analyzing Events for information on recording events. Use the 
Options function in Figure 3.10 to select the 16 samples/cycle unfiltered 
(raw) data event (default is 4 samples/cycle filtered data).

View Event History You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 9: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.10.
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Get Event Highlight the event you want to view (e.g., Event 3 in Figure 3.10), select the 
event type with the Options Event type function (4 samples or 16 samples), 
and click the Get Selected Event button. When downloading is complete, 
QuickSet queries whether to save the file on your computer, as shown in 
Figure 3.11.

Figure 3.11 Saving the Retrieved Event

Enter a suitable name in the File name text box, and select the appropriate 
location where QuickSet should save the event record.

View Event Files Use the View Event Files function from the Tools > Events menu to select 
the event you want to view (QuickSet remembers the location where you 
stored the previous event record). Use View Combined Event Files to 
simultaneously view as many as three separate events.

Meter and Control
Click on Tools > HMI > HMI to bring up the screen shown in Figure 3.12. 
The HMI tree view shows all the functions available from the HMI function. 
Unlike the self-configuration of the device, the HMI tree remains the same 
regardless of the type of cards installed. For example, if no Analog Input card 
is installed, the Analog Input function is still available, but the device 
responds as follows:

No Analog Input Card Present.

Device Overview The device overview screen provides an overview of the device. The Contact 
I/O portion of the window displays the status of the two inputs and three 
outputs of the main board. You cannot change these assignments.

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit, and click the Update button to assign the Relay Word bit to 
the LED. To change the color of the LED, click in the square and make your 
selection from the color palette.
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The front-panel LEDs display the status of the 16 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignment.

Figure 3.12 Device Overview Screen

The Fundamental, Min/Max, Energy, etc., screens display the 
corresponding values.

Click on the Targets button to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (ENABLED = 1), the Relay Word bit 
is asserted. Similarly, when a Relay Word bit has a value of 0 (RB02 = 0), the 
Relay Word bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Figure 3.13 shows the control screen. From here you can reset metering data 
clear the Event History, SER, MIRRORED BITS report, LDP, or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If your SEL-751A supports such tests, you can run arc-flash sensor 
diagnostics.
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Figure 3.13 Control Screen

To control the Remote bits, click on the appropriate square, then select the 
operation from the box shown in Figure 3.14.

Figure 3.14 Remote Operation Selection
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QuickSet Help
Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-751A Settings Select Help > Settings Help from the main 
menu bar.
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Section 4
Protection and Logic Functions

Overview
This section describes the SEL-751A Feeder Protection Relay settings, 
including the protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and front-panel 
displays.

This section includes the following subsections:

Application Data. Lists information that you will need to know about the 
protected equipment before you calculate the relay settings.

Group Settings (SET Command). Lists settings that configure the relay 
inputs to accurately measure and interpret the ac current and optional 
voltage input signals.

Basic Protection. Lists settings for protection elements included in all 
models of the SEL-751A, including the overcurrent elements.

RTD-Based Protection. Lists settings associated with the RTD inputs. You 
can skip this subsection if your application does not include RTD 
inputs.

Voltage-Based Protection. Lists settings associated with undervoltage, 
overvoltage, power factor, and synchronism-check elements. These 
elements are available when an optional voltage input card is present. 
You can skip this subsection if your relay is not equipped with optional 
voltage inputs.

Frequency Protection. Lists settings included in all models of the 
SEL-751A with enhanced and/or expanded performance when 
optional voltage inputs are used.

Trip/Close Logic. Lists Trip and Close logic.

Reclose Supervision Logic. Describes the logic that supervises automatic 
reclosing when an open interval time times out—a final condition 
check right before the close logic asserts the close output contact.

Reclose Logic. Describes all the reclosing relay settings and logic 
necessary for automatic reclosing (besides the final close logic and 
reclose supervision logic described previously).

Demand Metering. Lists settings associated with demand metering.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to 
configure the relay to your power system, date format, analog inputs/
outputs, and logic equations of global nature.

NOTE: Each SEL-751A is shipped 
with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document 
and enter the settings (see Section 6: 
Settings).
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Synchrophasor Measurement. Describes Phasor Measurement Unit 
(PMU) settings for C37.118 Protocol.

Breaker Failure Setting. Lists settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists settings for the arc-flash elements including 
arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists settings, and 
gives an example.

Analog Outputs. Describes analog output functionality, lists settings, and 
gives an example. 

Station DC Battery Monitor. Describes station dc battery monitor function 
and lists settings.

Breaker Monitor. Lists settings and describes the breaker monitor function 
that you can use for scheduling circuit breaker maintenance.

Digital Input Debounce. Provides settings for digital input dc debounce or 
ac debounce mode of operation.

Data Reset. Lists data reset SELOGIC settings for resetting targets, energy 
metering, max/min metering, demand metering, and peak demand 
metering.

Access Control. Describes SELOGIC setting used for disabling settings 
changes from the relay front panel.

Time Synchronization Source. Describes setting used for choosing
IRIG1 or IRIG2 as the time-synchronization source.

Port Settings (SET P Command). Lists settings that configure the relay 
front- and rear-panel serial ports.

Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
reports, event, and load profile reports.

DNP Map Settings (Set DNP n command, n = 1, 2, or 3). Shows DNP user map 
register settings.

Modbus Map Settings (SET M Command). Shows Modbus user map 
register settings.

When you calculate the protection element settings, proceed through the 
subsections listed earlier. Skip the RTD- and voltage-based protection 
subsections if they do not apply to your specific relay model or installation. 

See Section 6: Settings for the list of all settings (SEL-751A Settings Sheets) 
and various methods of accessing them. All current and voltage settings in the 
SEL-751A are in secondary.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure G.1).

You can enter the settings by using the front-panel SET RELAY function 
(see Section 8: Front-Panel Operations), the serial port (see Section 7: 
Communications), the EIA-485 port (see Appendix E: Modbus 
Communications), the DeviceNet port (see Appendix G: DeviceNet 
Communications), or the Ethernet port (see Section 7: Communications).
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Application Data
It is faster and easier for you to calculate settings for the SEL-751A if you 
collect the following information before you begin:

➤ Highest expected load current

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature devices (RTDs), if 
used

➤ Expected fault current magnitudes for ground and three-phase 
faults

Group Settings (SET Command)
ID Settings All models of the SEL-751A have the identifier settings described in Table 4.1.

The SEL-751A prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual 
relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location or number of the protected feeder.

Configuration 
Settings

The CT ratio settings configure the relay to accurately scale measured values 
and report the primary quantities. Calculate the phase, neutral, and residual 
current (optional) CT ratios by dividing the primary rating by the secondary 
rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR := 100/5 := 20.

Table 4.1 Identifier Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

UNIT ID LINE 1 16 Characters  RID := SEL-751A

UNIT ID LINE 2 16 Characters  TID := FEEDER RELAY

Table 4.2 CT Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

PHASE CT RATIO 1–5000 CTR := 120

NEUTRAL CT RATIO 1–5000 CTRN := 120

IG SOURCE MEAS, CALC IG_SRC := MEAS

RESIDU CT RATIO 1–5000 CTRG := 120



4.4

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Group Settings (SET Command)

Table 4.3 shows voltage settings for relay models with optional voltage inputs.

These settings configure the optional relay voltage inputs to correctly measure 
and scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the 
VT ratio. The synchronism-check voltage input VS is an optional single phase-
neutral or phase-phase voltage input. Set the synchronism-check voltage input 
PT ratio (PTRS) setting equal to the VT ratio of the VS input.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 13.8 kV feeder application where 14400:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 14400/120 := 120 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.18, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA for 
an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the 
following ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced 
voltages.

➤ Metering. When you use one voltage, the relay displays 
magnitude and phase angle for the measured PT. The relay 
displays zero for the magnitudes of the unmeasured voltages. 
Balanced voltages are assumed for power, power factor, VG, 
and 3V2 metering.

Relays that are not equipped with phase voltage inputs hide these settings and 
disable voltage-based protection and metering functions.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

PHASE PT RATIO 1.00–10000.00 PTR := 180

SYNCV PT RATIO 1.00–10000.00 PTRS :=180

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

LINE VOLTAGE 20–250 Va

a The line voltage setting range is 20–440 if DELTA_Y := WYE.

VNOM := 120

SINGLE V INPUT Y, N SINGLEV := N
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VNOM Range Check The relay performs a range check for the VNOM setting that depends upon the 
voltage-input delta or wye configuration. When setting DELTA_Y is DELTA, 
then the allowed range of the VNOM is 20–250 V (l-l). When setting 
DELTA_Y is WYE, then the allowed range of VNOM is 20–440 V (l-l). 

Note that the VNOM setting is always in line-to-line voltage, even when set 
for a wye configuration. You should be careful to use a solidly grounded wye 
system for VNOM inputs greater than 250 V (l-l) to avoid a 1.73 increase in 
terminal voltages from a line-to-ground fault.

Basic Protection
Overcurrent Elements Four levels of instantaneous/definite-time elements are available for phase, 

neutral, residual, and negative-sequence overcurrent as shown in Table 4.4 
through Table 4.7 and in Figure 4.1.

Each element can be torque controlled through use of the appropriate 
SELOGIC control equations (e.g., when 50P1TC := IN401, the 50P1 element 
will be operational only if IN401 is asserted).

NOTE: The cosine filter provides 
excellent performance in removing dc 
offset and harmonics. However, the 
bipolar peak detector has the best 
performance in situations of severe 
CT saturation when the cosine filter 
magnitude estimation is significantly 
degraded. Combining the two 
methods provides an elegant solution 
for ensuring dependable short-circuit 
overcurrent element operation.

The phase instantaneous overcurrent elements (50P1 through 50P4; see 
Figure 4.1) normally operate by using the output of the one cycle cosine-
filtered phase current. During severe CT saturation, the cosine-filtered phase 
current magnitude can be substantially reduced because of the high harmonic 
content and reduced magnitude of the distorted secondary waveform. If the 
overcurrent element relied only on the output of the cosine-filtered secondary 
current, this can severely delay and even jeopardize the operation of any high-
set instantaneous overcurrent element. For any phase instantaneous 
overcurrent element in the SEL-751A Relay set in excess of eight times the 

Table 4.4 Maximum Phase Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50P1P := 10.00
50P1P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P1D := 0.00

MAXP OC TRQ CON SELOGIC 50P1TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P2P := 10.00
50P2P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P2D := 0.00

MAXP OC TRQ CON SELOGIC 50P2TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P3P := 10.00
50P3P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P3D := 0.00

MAXP OC TRQ CON SELOGIC 50P3TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P4P := 10.00
50P4P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P4D := 0.00

MAXP OC TRQ CON SELOGIC 50P4TC := 1
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relay current input rating (40 A in a 5 A relay), the overcurrent element also 
operates on the output of a bipolar peak detector if the current waveform is 
highly distorted, as is the case with severe CT saturation. This ensures fast 
operation of the 50Pn phase overcurrent elements even with severe CT 
saturation.

When the harmonic distortion index exceeds the fixed threshold, which 
indicates severe CT saturation, the phase overcurrent elements operate on the 
output of the peak detector. When the harmonic distortion index is below the 
fixed threshold, the phase overcurrent elements operate on the output of the 
cosine filter.

The relay offers two types of ground fault-detecting overcurrent elements. The 
neutral overcurrent elements (50N1T through 50N4T) operate with current 
measured by the IN input. The residual (RES) overcurrent elements (50G1T 
through 50G4T) operate with the current derived from the phase currents or 
with measured residual current IG through the use of the optional CT input on 
the SELECT 5 AVI/1 ACI card in Slot E (see Figure 4.1).

Table 4.5 Neutral Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

50N1P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N1D := 0.50

NEUT OC TRQ CON SELOGIC 50N1TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N2P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N2D := 0.50

NEUT OC TRQ CON SELOGIC 50N2TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N3P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N3D := 0.50

NEUT OC TRQ CON SELOGIC 50N3TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N4P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N4D := 0.50

NEUT OC TRQ CON SELOGIC 50N4TC := 1



4.7

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Basic Protection

Figure 4.1 Instantaneous Overcurrent Element Logic

50P1P

|IA|

IA

IB

IC

IN

PHROT

IG Current
Magnitude

Calculations
|IP|

|IN|

|IG|

50A1P

50B1P

|IC|
50C1P

50P1TC

50P1T

50PxP
50PxT

50NnP
50NnT

Settings

(Maximum Phase Current Magnitude)

(Core-Balance Current Magnitude)

(Residual Current Magnitude)

50NnD

0

50PxD

0

Negative-Sequence 
Current Calculation

(Negative-Sequence Current Magnitude) |3I2|

Relay 
Word 

50GnP
50GnT

50QnP
50QnT

50QnD

0

50GnD

0

|IA|

|IB|

(Phase A Current Magnitude)

(Phase B Current Magnitude)

(Phase C Current Magnitude) |IC|

50P1D

0

50P1P

|IB|

50QnP

50GnP

50NnP

50PxP

|3I2|

50QnTC

|IG|

50GnTC

|IN|

50NnTC

|IP|

50PxTC

Torque Control switch position = Closed when corresponding control 
bit is asserted (e.g., 50P1TC = 1), Open when it is de-asserted.
x = 2, 3, or 4
n = 1, 2, 3, or 4

IG

IG_SRC

NOTE: In Figure 4.1, 
Residual Current Magnitude 
lIGl is either calculated 
residual current or 
measured residual current 
depending on the setting 
IG_SRC and the availability 
of 5 AVI/ 1 ACI card in Slot E.

Not shown in the figure, 
Relay Word bit ORED50T is 
asserted if any of the 
50PnT, 50NnT, 50GnT, or 
50QnT Relay Word bits are 
asserted (n = 1 to 4).
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When a core-balance CT is connected to the relay IN input, as in Figure 2.25, 
use the neutral overcurrent element to detect the ground faults. Calculate the 
trip level settings according to the available ground fault current and the core-
balance CT ratio.

EXAMPLE 4.3 Ground Fault Core-Balance CT Application

A resistance-grounded power system limits the ground fault currents. The 
resistor is sized to limit the current to 10 A primary. The three feeder leads 
are passed through the window of a 10:1 core-balance CT. The CT 
secondary is connected to the SEL-751A IN current input (terminals Z07, 
Z08), as shown in Figure 4.2. Setting the Neutral OC CT Ratio (CTRN, see 
Figure 4.2) equal to 10 and Neutral Trip Lvl (50N1P) equal to 0.5 A or lower 
with 0.10-second time delay ensures that the element will quickly detect 
and trip for feeder ground faults.

Figure 4.2 Ground Fault Protection Using Core-Balance CT

Table 4.6 Residual Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

 50G1P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G1D := 0.50

RES OC TRQ CON SELOGIC  50G1TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G2P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G2D := 0.50

RES OC TRQ CON SELOGIC  50G2TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G3P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G3D := 0.50

RES OC TRQ CON SELOGIC  50G3TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G4P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G4D := 0.50

RES OC TRQ CON SELOGIC  50G4TC := 1

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Feeder52
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A core-balance CT input can also be connected to the IG input (terminals E09 
and E10) in relays with the SELECT 5 AVI/1 ACI card in Slot E of the relay. Set 
the CT ratio setting CTRG and set the residual current IG source setting 
IG_SRC := MEAS. When a core-balance CT is not available, use the 50G 
residual overcurrent elements based on the calculated residual current IG (set 
IG_SRC := CALC ).

.

The relay offers four negative-sequence overcurrent elements to detect phase-
to-phase faults, phase reversal, single phasing, and unbalance load.

Pickup and Reset 
Time Curves

Figure 4.3 and Figure 4.4 show pickup and reset time curves applicable to all 
nondirectional instantaneous overcurrent elements with sinusoidal waveforms 
applied (60 Hz or 50 Hz relays). These times do not include output contact 
operating time and, thus, are accurate for determining element operation time 
for use in internal SELOGIC control equations. Output contact pickup/dropout 
time is approximately 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a 
50 Hz relay).

NOTE: The pickup time curve in 
Figure 4.3 is not valid for conditions 
with a saturated CT, where the 
resultant current to the relay is 
nonsinusoidal.

Figure 4.3 Instantaneous Overcurrent Element Pickup Time Curve

Table 4.7 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50Q1P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q1D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q1TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q2P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q2D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q2TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q3P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q3D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q3TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q4P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q4D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q4TC := 1

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to ground faults is less 
when you use the residual 
overcurrent element instead of the CB 
element. You should use a separate 
ground fault detection method if a CB 
CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.

0
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Figure 4.4 Instantaneous Overcurrent Element Reset Time Curve

Time-Overcurrent 
Elements

One level of inverse time element is available for phase A, B, C, and negative-
sequence overcurrent. Also, two levels of inverse time elements are available 
for maximum phase, neutral, and residual overcurrent. See Table 4.8 through 
Table 4.12 for available settings.

You can select from five U.S. and five IEC inverse characteristics. Table 4.13 
and Table 4.14 show equations for the curves and Figure 4.10 through 
Figure 4.19 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use the 51_CT if you want 
to raise the curves by a constant time. Also, you can use the 51_MR if you 
want to ensure the curve times no faster than a minimum response time.

Each element can be torque controlled through the use of the appropriate 
SELOGIC control equations (e.g., when 51P1TC := IN401 the 51P1 element 
will be operational only if IN401 is asserted).

Applied Current (Multiples of Pickup Setting)

Re
se

t T
im

e 
(C
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le

s)

Maximum

Minimum

2

1.5
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0
1.2 2 3 4 5 6 7 8 9 10

Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51AP := 6.00
51AP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 sec 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51BP := 6.00
51BP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 sec 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.5.

Figure 4.5 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51CP := 6.00
51CP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c

0.05–1.00d
51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 sec 51CCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P1P := 6.00

51P1P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 sec 51P1CT := 0.00

Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

Setting

51ATC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical 
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.1)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.6.

Figure 4.6 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P2P := 6.00

51P2P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 sec 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P

|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51P1P

51P1R

51P1T

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51P1P Pickup
 51P1C Curve Type
 51P1TD Time Dial
 51P1RS Electromechanical 
     Reset? (Y/N)
 51P1CT Const. Time Add.
 51P1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.



4.13

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Basic Protection

The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown in Figure 4.7.

Figure 4.7 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.10 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51QP := 6.00
51QP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 sec 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

51QTC

SELOGIC 
Torque Control

SELOGIC
Setting

(From Figure 4.1)

51QP

|3I2|

Setting

Torque Control Switch

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical 
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response

Pickup

Curve 
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits
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The neutral time-overcurrent elements, 51N1T and 51N2T, respond to neutral 
channel current IN as shown Figure 4.8.

Figure 4.8 Neutral Time-Overcurrent Elements 51N1T and 51N2T

Table 4.11 Neutral Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

51N1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N1C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f

e For 51_C := U_.
f For 51_C := C_.

51N1TD := 1.50

EM RESET DELAY Y, N 51N1RS := N

CONST TIME ADDER 0.00–1.00 sec 51N1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N1MR := 0.00

TOC TRQ CONTROL SELOGIC 51N1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

51N2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N2C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f
51N2TD := 1.50

EM RESET DELAY Y, N 51N2RS := N

CONST TIME ADDER 0.00–1.00 sec 51N2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N2MR := 0.00

TOC TRQ CONTROL SELOGIC 51N2TC := 1

51N1P

|IN|

Setting

51N1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51N1P

51N1R

51N1T

51N1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51N1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51N1T Neutral
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51N1P Pickup
 51N1C Curve Type
 51N1TD Time Dial
 51N1RS Electromechanical 
     Reset? (Y/N)
 51N1CT Const. Time Add.
 51N1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51N1T element shown above; 51N2T is similar.
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to 
residual current IG as shown in Figure 4.9.

Figure 4.9 Residual Time-Overcurrent Elements 51G1T and 51G2T

Table 4.12 Residual Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51G1P := 0.50
51G1P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 sec 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51G2P := 0.50
51G2P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 sec 51G2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51G1T element shown above; 51G2T is similar.
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Time-Overcurrent 
Curves

The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.5 through 
Figure 4.9). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.10 through Figure 4.19. Curves U1, U2, and U3 (Figure 4.10 through 
Figure 4.12) conform to IEEE C37.112-1996 IEEE Standard Inverse-Time 
Characteristic Equations for Overcurrent Relays.

Relay Word Bit ORED51T Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 51BT, 
51CT, 51PIT, 51P2T, 51N1T, 51N2T, 51G1T, 51G2T, or 51QT are asserted.

Table 4.13 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.10

U2 (Inverse) Figure 4.11

U3 (Very Inverse) Figure 4.12

U4 (Extremely Inverse) Figure 4.13

U5 (Short-Time Inverse) Figure 4.14

Table 4.14 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.15

C2 (Very Inverse) Figure 4.16

C3 (Extremely Inverse) Figure 4.17

C4 (Long-Time Inverse) Figure 4.18

C5 (Short-Time Inverse) Figure 4.19

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M–
-------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.10 U.S. Moderately Inverse Curve: U1 Figure 4.11 U.S. Inverse Curve: U2

Figure 4.12 U.S. Very Inverse Curve: U3 Figure 4.13 U.S. Extremely Inverse Curve: U4
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Figure 4.14 U.S. Short-Time Inverse Curve: U5 Figure 4.15 IEC Class A Curve (Standard Inverse): C1

Figure 4.16 IEC Class B Curve (Very Inverse): C2 Figure 4.17 IEC Class C Curve (Extremely Inverse): C3
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RTD-Based Protection
RTD Input Function When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 

the internal RTD card (set E49RTD := INT) option, the SEL-751A offers 
several protection and monitoring functions, settings for which are described 
in Table 4.15. See Figure 2.13 for the RTD module fiber-optic cable 
connections. If the relay does not have internal or external RTD inputs set 
E49RTD := NONE.

NOTE: The SEL-751A can monitor as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.15 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

Figure 4.18 IEC Long-Time Inverse Curve: C4 Figure 4.19 IEC Short-Time Inverse Curve: C5
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Table 4.15 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250 °C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250 °C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.
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RTD Location
The relay allows you to independently define the location of each monitored 
RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type
The four available RTD types are:

➤ 100-ohm platinum (PT100)

➤ 100-ohm nickel (NI100)

➤ 120-ohm nickel (NI120)

➤ 10-ohm copper (CU10)

RTD Trip/Warning Levels
The SEL-751A provides temperature warnings and trips through use of the 
RTD temperature measurements and the warning and trip temperature settings 
in Table 4.16.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding 
temperature trip if one or two of the healthy winding RTDs indicate a 
temperature greater than their RTD trip temperature settings. Two winding 
RTDs must indicate excessive temperature when the winding trip voting 
setting equals Y. Only one excessive temperature indication is necessary if 
winding trip voting is not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for 
ambient and other RTDs.

To disable any of the temperature warning or trip functions, set the appropriate 
temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip 
functions. The relay includes specific logic to indicate if RTD leads are 
shorted or open.

NOTE: An open condition for an 
RTD is detected if the temperature is 
greater than 250°C and a short 
condition is detected if the 
temperature is less than –50°C.

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP are delayed 
by approximately 12 seconds.
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Table 4.16 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.16 RTD Resistance Versus Temperature

Temp
(°F)

Temp
(°C)

100
Platinum

120
Nickel

100
Nickel

10
Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73
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Voltage-Based Protection
The following information applies to relay models with voltage inputs.

Undervoltage 
Function

Overvoltage Function

NOTE: The under- and overvoltage 
level settings 27P and 59P are in per-
unit nominal voltage, Vnm. The relay 
automatically calculates Vnm, using 
the settings VNOM and DELTA_Y as 
follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.
The level settings 27S and 59S are in 
secondary voltage.

When you connect the SEL-751A voltage inputs to phase-to-phase connected 
VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, the relay 
provides two levels of phase-to-phase overvoltage and undervoltage elements.

When you connect the SEL-751A voltage inputs to phase-to-neutral 
connected VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, 
the relay provides two levels of phase-to-neutral overvoltage and undervoltage 
elements. When a synchronism voltage input is present (e.g., VS input shown 

Table 4.17 Undervoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

UV TRIP1 LEVEL OFF, 0.02–1.00 xVnm 27P1P := OFF

UV TRIP1 DELAY 0.0–120.0 sec 27P1D := 0.5

UV TRIP2 LEVEL OFF, 0.02–1.00 xVnm 27P2P := OFF

UV TRIP2 DELAY 0.0–120.0 sec 27P2D := 5.0

UVS LEVEL 1 OFF, 2.00–300.00 V 27S1P := OFF

UVS DELAY 1 0.0–120.0 sec 27S1D := 0.5

UVS LEVEL 2 OFF, 2.00–300.00 V 27S2P := OFF

UVS DELAY 2 0.0–120.0 sec 27S2D := 0.5

Table 4.18 Overvoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

OV TRIP1 LEVEL OFF, 0.02–1.20 xVnm 59P1P := 1.10

OV TRIP1 DELAY 0.0–120.0 sec 59P1D := 0.5

OV TRIP2 LEVEL OFF, 0.02–1.20 xVnm 59P2P := OFF

OV TRIP2 DELAY 0.0–120.0 sec 59P2D := 5.0

ZS OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59G1P := OFF

ZS OV TRIP1 DLY 0.0-120.0 sec 59G1D := 0.5

ZS OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59G2P := OFF

ZS OV TRIP2 DLY 0.0-120.0 sec 59G2D := 5.0

NSQ OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59Q1P := OFF

NSQ OV TRIP1 DLY 0.0-120.0 sec 59Q1D := 0.5

NSQ OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59Q2P := OFF

NSQ OV TRIP2 DLY 0.0-120.0 sec 59Q2D := 5.0

OVS LEVEL 1 OFF, 2.00–300.00 V 59S1P := OFF

OVS DELAY 1 0.0–120.0 sec 59S1D := 0.5

OVS LEVEL 2 OFF, 2.00–300.00 V 59S2P := OFF

OVS DELAY 2 0.0–120.0 sec 59S2D := 0.5
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in Figure 2.19) the SEL-751A provides two levels of VS under- and 
overvoltage elements. You can use these elements to control reclosing logic 
described later.

Each of the elements has an associated time delay, except the three-phase 
under- and overvoltage elements, 3P27 and 3P59. You can use these elements 
as you choose for tripping and warning. Figure 4.20 and Figure 4.21 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.20 Undervoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Figure 4.21 Overvoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Synchronism-Check 
Elements

Figure 2.21, and Figure 2.22 show examples where synchronism check can be 
applied. Synchronism-check voltage input VS is connected to one side of the 
circuit breaker, on any phase you want. The other synchronizing phase (VA, VB, 
or VC voltage inputs) on the other side of the circuit breaker is setting selected.

The two synchronism-check elements use the same voltage window (to ensure 
healthy voltage), frequency window (FNOM ±5 Hz), and slip frequency 
settings (see Figure 4.22 and Figure 4.23). They have separate angle settings.

If the voltages are static (voltages not slipping with respect to one another) or 
setting TCLOSD = OFF, the two synchronism-check elements operate as 
shown in the top of Figure 4.23. The relay checks these angle settings for 
synchronism-check closing.

If the voltages are not static (voltages slipping with respect to one another), 
the two synchronism-check elements operate as shown in the bottom of 
Figure 4.23. The angle difference is compensated by breaker close time, and 
the breaker is ideally closed at a zero-degree phase angle difference, to 
minimize system shock.

Figure 4.22 Synchronism-Check Voltage Window and Slip Frequency Elements
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q From Figure 4.22; w see Figure 4.35.

Figure 4.23 Synchronism-Check Elements
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Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye 
Transformer

Sometimes synchronism-check voltage VS cannot be in phase with voltage 
VA, VB, or VC (wye-connected PTs); or VAB, VBC, or VCA (delta-
connected PTs). This happens in applications where voltage input VS is 
connected

➤ Phase-to-phase when using a wye-connected relay

➤ Phase-to-neutral when using a delta-connected relay

➤ Beyond a delta-wye transformer

For such applications requiring VS to be at a constant phase angle difference 
from any of the possible synchronizing voltages (VA, VB, or VC; VAB, VBC, 
or VCA), an angle setting is made with the SYNCPH setting (see Table 4.19 
and Setting SYNCPH on page 4.27).

Setting SYNCPH
Enable the two single-phase synchronism-check elements by setting E25 := Y.

Wye-Connected Voltages.
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VA, and they indicate how many degrees VS constantly lags 
VA. In this case, voltage input VA-N has to be connected and has to meet the 
“healthy voltage” criteria (settings 25VHI and 25VLO—see Figure 4.23). For 
situations where VS cannot be in phase with VA, VB, or VC, the angle setting 
choices (0, 30, …, 300, or 330 degrees) are referenced to VA.

Table 4.19 Synchronism-Check Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYNCH CHECK Y, N E25 := N

VS WINDOW LOW 0.00–300.00 V 25VLO := 105.00

VS WINDOW HIGH 0.00–300.00 V 25VHI := 130.00

V RATIO COR FAC 0.50–2.00 25RCF := 1.00

MAX SLIP FREQ 0.05–0.50 Hz 25SF := 0.20

MAX ANGLE 1 0–80 deg 25ANG1 := 25

MAX ANGLE 2 0–80 deg 25ANG2 := 40

SYNCH PHASE VA, VB, VC, or 0, 30, 60, 90, 120, 
150, 180, 210, 240, 270, 300, 330 
deg lag VAa

a Range shown for DELTA_Y := WYE

SYNCPH := VA

SYNCH PHASE VAB, VBC, VCA, or 0, 30, 60, 90, 
120, 150, 180, 210, 240, 270, 300, 
330 deg lag VABb

b Range shown for DELTA_Y := DELTA

SYNCPH := VAB

BRKR CLOSE TIME OFF, 1-1000 ms TCLOSD := 50

BLK SYNCH CHECK SV BSYNCH := 52A

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Delta-Connected Voltages
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VAB, and they indicate how many degrees VS constantly 
lags VAB. In this application, voltage input VA-VB has to be connected and has 
to meet the “healthy voltage” criteria (settings 25VHI and 25VLO—see 
Figure 4.22). For situations where VS cannot be in phase with VAB, VBC, or 
VCA, the angle setting choices (0, 30, …, 300, or 330 degrees) are referenced 
to VAB.

Figure 2.21 shows a relay wired with delta-connected phase PTs, and a 
C-phase-to-ground connected VS-NS input. With ABC rotation, the correct 
SYNCPH setting for this example is 270 degrees, the amount that VC lags 
VAB. However, the setting angle is 90 degrees for the ACB phase rotation.

Use the voltage ratio correction factor (setting 25RCF) to compensate 
magnitude of the phase voltage to match the synchronism voltage VS. Many 
applications will require 25RCF := 1.00, however some applications may need 
a different setting. For example, Figure 2.21 requires 25RCF := PTR /
(1.732*PTRS). This will be 0.58 if the PTR and PTRS are equal.

See the Application Guide entitled Compensate for Constant Phase Angle 
Difference in Synchronism Check with the SEL-351 Relay Family (also applies 
to SEL-751A) for more information on setting SYNCPH with an angle 
setting.

Synchronism-Check Elements Voltage Inputs
The two synchronism-check elements are single-phase elements, with single-
phase voltage inputs VP and VS used for both elements:

VP Phase input voltage (VA, VB, or VC *25RCF for Delta_Y := Wye; VAB, 
VBC, or VCA*25RCF for Delta_Y := Delta), designated by setting SYNCPH 
(If SYNCPH is set to one of the angle settings, then VP = VA*25RCF or 
VAB*25RCF depending on the Delta_Y setting.)

VS Synchronism-check voltage, from SEL-751A rear-panel voltage 
input VS

For example, if the rear-panel voltage input VS-NS is connected to B-phase (or 
BC phase-to-phase for delta) then set SYNCPH := VB (or VBC for delta). The 
voltage across terminals VB-N (or VB-VC for delta) is synchronism checked with 
the voltage across terminals VS-NS (see Figure 2.21).

System Frequencies Determined from Voltages VA (or VAB for Delta) and VS
To determine slip frequency, first determine the system frequencies on both 
sides of the circuit breaker. Voltage VS determines the frequency on one side. 
Voltage VP determines the frequency on the other side. 

Synchronism-Check Elements Operation
Refer to Figure 4.22 and Figure 4.23.

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Voltage Window

Refer to Figure 4.22. Single-phase voltage inputs VP and VS are compared to a 
voltage window, to verify that the voltages are “healthy” and lie within 
settable voltage limits 25VLO and 25VHI. If both voltages are within the 
voltage window, the following Relay Word bits assert:

59VP indicates that voltage VP is within voltage window setting limits 
25VLO and 25VHI

59VS indicates that voltage VS is within voltage window setting limits 
25VLO and 25VHI

Other Uses for Voltage Window Elements. If voltage limits 25VLO and 
25VHI are applicable to other control schemes, you can use Relay Word bits 
59VP and 59VS in other logic at the same time you use them in the 
synchronism-check logic.

If synchronism check is not being used, Relay Word bits 59VP and 59VS can 
still be used in other logic, with voltage limit settings 25VLO and 25VHI set 
as necessary. Enable the synchronism-check logic (setting E25 = Y) and make 
settings 25LO, 25HI, and 25RCF. Apply Relay Word bits 59VP and 59VS in 
the logic scheme you want, using SELOGIC control equations. Even though 
synchronism-check logic is enabled, the synchronism-check logic outputs 
(Relay Word bits SF, 25A1, and 25A2) do not need to be used.

Block Synchronism-Check Conditions
Refer to Figure 4.22. The synchronism-check element slip frequency 
calculator runs if both voltages VP and VS are healthy (59VP and 59VS 
asserted to logical 1) and the SELOGIC control equation setting BSYNCH 
(Block Synchronism Check) is deasserted (= logical 0). Setting BSYNCH is 
most commonly set to block synchronism-check operation when the circuit 
breaker is closed (synchronism check is only necessary when the circuit 
breaker is open):

BSYNCH := 52A (see Figure 4.34)

In addition, synchronism-check operation can be blocked when the relay is 
tripping:

BSYNCH := … OR TRIP

Slip Frequency Calculator
Refer to Figure 4.22. The synchronism-check element Slip Frequency 
Calculator in Figure 4.22 runs if voltages VP and VS are healthy (59VP and 
59VS asserted to logical 1) and the SELOGIC control equation setting 
BSYNCH (Block Synchronism Check) is deasserted (= logical 0). The Slip 
Frequency Calculator output is:

Slip Frequency = fP – fS (in units of Hz = slip cycles/second)

fP = frequency of voltage VP (in units of Hz = cycles/second) 

fS = frequency of voltage VS (in units of Hz = cycles/second)

A complete slip cycle is a single 360-degree revolution of one voltage 
(e.g., VS) by another voltage (e.g., VP). Both voltages are thought of as 
revolving phasor-wise, so the “slipping” of VS past VP is the relative 
revolving of VS past VP.
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For example, in Figure 4.22, if voltage VP has a frequency of 59.95 Hz and 
voltage VS has a frequency of 60.05 Hz, the difference between them is the 
slip frequency:

Slip Frequency = 59.95 Hz – 60.05 Hz = –0.10 Hz = –0.10 slip cycles/
second

The slip frequency in this example is negative, indicating that voltage VS is 
not “slipping” behind voltage VP, but in fact “slipping” ahead of voltage VP. 
In a time period of one second, the angular distance between voltage VP and 
voltage VS changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second • (360°/slip cycle) • 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage VP 
and voltage VS changes by 36 degrees.

The relay runs the absolute value of the Slip Frequency output through a 
comparator and, if the slip frequency is less than the maximum slip frequency 
setting, 25SF, Relay Word bit SF asserts to logical 1.

Angle Difference Calculator
The synchronism-check element Angle Difference Calculator in Figure 4.23 
runs if the slip frequency is less than the maximum slip frequency setting 
25SF (Relay Word bit SF is asserted).

Voltages VP and VS Are “Static”. Refer to top of Figure 4.23. If the slip 
frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator 
does not take into account breaker close time—it presumes voltages VP and 
VS are “static” (not “slipping” with respect to one another). This would 
usually be the case for an open breaker with voltages VP and VS that are 
paralleled via some other electric path in the power system. The Angle 
Difference Calculator calculates the angle difference between voltages VP and 
VS:

Angle Difference = |(∠VP – ∠VS)|

For example, if SYNCPH := 90 (indicating VS constantly lags VP = VA by 
90 degrees), but VS actually lags VA by 100 angular degrees on the power 
system at a given instant, the Angle Difference Calculator automatically 
accounts for the 90 degrees and:

Angle Difference = |(∠ VP – ∠ VS)| = 10°

Also, if breaker close time setting TCLOSD = OFF, the Angle Difference 
Calculator does not take into account breaker close time, even if the voltages 
VP and VS are “slipping” with respect to one another. Thus, synchronism-
check elements 25A1 or 25A2 assert to logical 1 if the Angle Difference is 
less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages VP and VS Are “Slipping”. Refer to bottom of Figure 4.23. If the 
slip frequency is greater than 0.005 Hz and breaker close time setting 
TCLOSD ≠ OFF, the Angle Difference Calculator takes the breaker close time 
into account with breaker close time setting TCLOSD (set in ms; see 
Figure 4.24). The Angle Difference Calculator calculates the Angle 
Difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|
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Angle Difference Example (Voltages VP and VS are “Slipping”). Refer to 
bottom of Figure 4.23. For example, if the breaker close time is 100 ms, set 
TCLOSD := 100. Presume the slip frequency is the example slip frequency 
calculated previously. The Angle Difference Calculator calculates the angle 
difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|

Intermediate calculations:

(fP – fS) = (59.95 Hz – 60.05 Hz) = –0.10 Hz = –0.10 slip cycles/second 
TCLOSD • (1 / 1000) = 0.1 second

Resulting in:

Angle Difference

= |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • (360°/slip cycle)]|
= |(∠VP – ∠VS) + [–0.10 • 0.1 • 360°]| 
= |(∠VP – ∠VS) – 3.6°|

During the breaker close time (TCLOSD), the voltage angle difference 
between voltages VP and VS changes by 3.6 degrees. The relay applies this 
angle compensation to voltage VS, resulting in derived voltage VS*, as shown 
in Figure 4.24.

The top of Figure 4.24 shows the Angle Difference decreasing—VS* is 
approaching VP. Ideally, circuit breaker closing is initiated when VS* is in 
phase with VP (Angle Difference = 0 degrees). Then when the circuit breaker 
main contacts finally close, VS is in phase with VP, minimizing system shock.

The bottom of Figure 4.24 shows the Angle Difference increasing—VS* is 
moving away from VP. Ideally, circuit breaker closing is initiated when VS* is 
in phase with VP (Angle Difference = 0 degrees). Then when the circuit 
breaker main contacts finally close, VS is in phase with VP. But in this case, 
VS* has already moved past VP. To initiate circuit breaker closing when VS* 
is in phase with VP (Angle Difference = 0 degrees), VS* has to slip around 
another revolution, relative to VP.

NOTE: The angle compensation in 
Figure 4.24 appears much greater 
than 3.6 degrees. Figure 4.24 is for 
general illustrative purposes only.



4.32

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Voltage-Based Protection

Figure 4.24 Angle Difference Between VP and VS Compensated by Breaker 
Close Time (fP < fS and VP Shown as Reference in This Example)

Synchronism-Check Element Outputs
Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in 
Figure 4.23) assert to logical 1 for the conditions explained in the following 
text.

Voltages VP and VS Are “Static” or Setting TCLOSD = OFF. To implement a 
simple fixed-angle synchronism-check scheme, set TCLOSD := OFF and 
25SF = 0.50. With these settings, the SEL-751A performs the synchronism 
check as the top of Figure 4.23 describes.
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If there is the possibility of a high slip frequency, exercise caution if you use 
synchronism-check elements 25A1 or 25A2 to close a circuit breaker. A high 
slip frequency and a slow breaker close could result in closing the breaker 
outside the synchronism-check window. Qualify the breaker close command 
with a time delay, such as:

SV06 := 25A1

CL := CC and SV06T

Set SV06PU with enough pickup delay to ensure that the slip frequency is low 
enough for the circuit breaker to close within the synchronism-check window.

Voltages VP and VS Are “Slipping” and Setting TCLOSD ≠ OFF. Refer to 
bottom of Figure 4.23. If VP and VS are “slipping” with respect to one 
another and breaker close time setting TCLOSD ≠ OFF, the Angle Difference 
(compensated by breaker close time TCLOSD) changes through time. 
Synchronism-check element 25A1 or 25A2 asserts to logical 1 for any one of 
the following three scenarios.

1. The top of Figure 4.24 shows the Angle Difference 
decreasing—VS* is approaching VP. When VS* is in phase 
with VP (Angle Difference = 0 degrees), synchronism-check 
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 4.24 shows the Angle Difference 
increasing—VS* is moving away from VP. VS* was in phase 
with VP (Angle Difference = 0 degrees), but has now moved 
past VP. If the Angle Difference is increasing, but the Angle 
Difference is still less than maximum angle settings 25ANG1 
or 25ANG2, then corresponding synchronism-check elements 
25A1 or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still 
being less than maximum angle settings 25ANG1 or 25ANG2, 
the operation of corresponding synchronism-check elements 
25A1 and 25A2 becomes less restrictive. Synchronism-check 
breaker closing does not have to wait for voltage VS* to slip 
around again in phase with VP (Angle Difference = 0 degrees). 
There might not be enough time to wait for this to happen. 
Thus, the “Angle Difference = 0 degrees” restriction is eased 
for this scenario.

3. Refer to Reclose Supervision Logic on page 4.48.

Refer to the bottom of Figure 4.35. If timer 79CLSD is set 
greater than zero (e.g., 79CLSD := 100 ms) and it times out 
without SELOGIC control equation setting 79CLS (Reclose 
Supervision) asserting to logical 1, the relay goes to the 
Lockout State (see top of Figure 4.36).

Refer to the top of Figure 4.35. If timer 79CLSD is set to zero 
(79CLSD := 0.00), the relay checks SELOGIC control equation 
setting 79CLS (Reclose Supervision) only once to see if it is 
asserted to logical 1. If it is not asserted to logical 1, the relay 
goes to the Lockout State.

Refer to the top of Figure 4.24. Ideally, circuit breaker closing 
is initiated when VS* is in phase with VP (Angle Difference = 
0 degrees). Then when the circuit breaker main contacts finally 
close, VS is in phase with VP, minimizing system shock. But 
with time limitations imposed by timer 79CLSD, this may not 
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be possible. To try to avoid going to the Lockout State, the 
following logic is employed.

If 79CLS has not asserted to logical 1 while timer 79CLSD is 
timing (or timer 79CLSD is set to zero and only one check of 
79CLS is made), the synchronism-check logic at the bottom of 
Figure 4.23 becomes less restrictive at the “instant” timer 
79CLSD is going to time out (or make the single check). It 
drops the requirement of waiting until the decreasing Angle 
Difference (VS* approaching VP) brings VS* in phase with VP 
(Angle Difference = 0 degrees). Instead, it just checks to see 
that the Angle Difference is less than angle settings 25ANG1 or 
25ANG2.

If the Angle Difference is less than angle setting 25ANG1 or 
25ANG2, then the corresponding Relay Word bit, 25A1 or 
25A2, asserts to logical 1 for that “instant” (asserts for 1/4 
cycle).

For example, if SELOGIC control equation setting 79CLS 
(Reclose Supervision) is set as follows:

79CLS := 25A1 OR … and the angle difference is less than angle setting 
25ANG1 at that “instant,” setting 79CLS asserts to logical 1 for 
1/4 cycle, allowing the sealed-in open interval time-out to 
propagate on to the close logic in Figure 4.34. Element 25A2 
operates similarly.

Synchronism-Check 
Applications for 
Automatic Reclosing 
and Manual Closing

Refer to Trip/Close Logic on page 4.45 and Reclose Supervision Logic on 
page 4.48.

For example, set 25ANG1 = 15 degrees and use the resultant synchronism-
check element in the reclosing relay logic to supervise automatic reclosing, 
e.g.,

79CLS := 25A1 OR … (see Figure 4.35)

Set 25ANG2 = 25° and use the resultant synchronism-check element in 
manual close logic to supervise manual closing (for example, assert IN301 to 
initiate manual close), e.g.,

CL := IN301 AND (25A2 OR …) (see Figure 4.34)

In this example, the angular difference across the circuit breaker can be 
greater for a manual close (25 degrees) than for an automatic reclose 
(15 degrees).

A single output contact (e.g., OUT102 := CLOSE) can provide the close 
function for both automatic reclosing and manual closing (see Figure 4.34) 
logic output).

Power Elements You can enable as many as two independent three-phase power elements in the 
SEL-751A Relay. Each enabled element can be set to detect real power or 
reactive power. When voltage inputs to the relay are from delta connected PTs 
or when you use a single voltage input, the relay cannot account for unbalance 
in the voltages in calculating the power. Take this into consideration in 
applying the power elements.
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With SELOGIC control equations, the power elements provide a wide variety 
of protection and control applications. Typical applications are:

➤ Overpower and/or underpower protection/control 

➤ Reverse power protection/control

➤ VAR control for capacitor banks

EPWR := 3P1 enables one three-phase power element. Set EPWR := 3P2 if 
you want to use both elements.

Set the element pickup, 3PH PWR ELEM PU, to the values you want. 
Figure 4.25 shows the power element logic diagram and Figure 4.26 shows 
the operation in the Real/Reactive power plane.

Figure 4.25 Three-Phase Power Elements Logic

Table 4.20 Power Element Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PWR ELEM N, 3P1, 3P2 EPWR := N

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary)

a The range shown is for 5 A input; range for 1 A input is OFF, 0.2—1300.0 VA.

3PWR1P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR1T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR1D := 0.0

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary) 3PWR2P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR2T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR2D := 0.0
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Figure 4.26 Power Elements Operation in the Real/Reactive Power Plane

The power element type settings are made in reference to the load convention:

➤ +WATTS: positive or forward real power

➤ –WATTS: negative or reverse real power

➤ +VARS: positive or forward reactive power

➤ –VARS: negative or reverse reactive power

You can set the two power element time delay settings (PWR1D and PWR2D) 
to have no intentional delay for testing purposes. For protection applications 
involving the power element Relay Word bits, SEL recommends a minimum 
time delay setting of 0.1 second for general applications. The classical power 
calculation is a product of voltage and current, to determine the real and 
reactive power quantities. During a system disturbance, because of the high 
sensitivity of the power elements, the changing system phase angles and/or 
frequency shifts can cause transient errors in the power calculation.

The power elements are not supervised by any relay elements other than the 
minimum voltage check shown in Figure 4.25. If the protection application 
requires overcurrent protection in addition to the power elements, there can be 
a race condition, during a fault, between the overcurrent element(s) and the 

Reactive
Power

Reactive
Power

Real 
Power

Real 
Power

3PWR2P
(pickup)

3PWR1P
(pickup)

3PWR1P
(pickup)

3PWR2P
(pickup)

Set as Reactive Power Elements

Reverse
(Leading)

3PWR2 3PWR1 3PWR2 3PWR1

Forward
(Lagging)

Set as Real Power Elements

Reverse Forward

SEL-751A

52

SEL-751A

52

PWR1T = 
+VARS 
(type)

PWR2T = 
—VARS 
(type)

PWR2T = 
—WATTS 
(type)

PWR1T = 
+WATTS 
(type)

Note: Highlighted area represents pickup region
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power element(s) if the power element(s) are still receiving sufficient 
operating quantities. Use the power element time delay setting to avoid such 
race conditions.

Power Factor 
Elements

If the measured power factor falls below the leading or lagging level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
power factor elements are enabled 55DLY seconds after Relay Word 52A is 
asserted (breaker closed), however when 55DLY := 0 the element is always 
enabled irrespective of the 52A status. Figure 4.27 shows the logic diagram 
for the power factor elements. You can use these elements to detect 
synchronous motor out-of-step or loss-of-field conditions. Refer to Figure 5.1 
for the relay power measurement convention.

Figure 4.27 Power Factor Elements Logic

Table 4.21 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99 55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99 55LDTP := OFF 

PF TRIP DELAY 1–240 sec 55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99 55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99 55LDAP := OFF

PF WARN DELAY 1–240 sec 55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

| Measured
Power Factor |

52A

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY



4.38

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Voltage-Based Protection

Loss-of-Potential 
(LOP) Protection

The SEL-751A sets Relay Word bit LOP upon detecting a loss of relay ac 
voltage input such as that caused by blown potential fuses or by the operation 
of molded-case circuit breakers. Because accurate relaying potentials are 
necessary for certain protection elements (undervoltage 27 elements, for 
example), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 25 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (greater than a pre-determined threshold) in positive-sequence 
(I1), negative-sequence (I2), or zero-sequence currents (I0). 

If this condition persists for 1 second, the relay latches the LOP Relay Word 
bit at logical 1. The relay resets the LOP Relay Word bit when the conditions 
of the RESET input of the latch are met, as shown in Figure 4.28.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation, LOPBLK (see Table 4.22 for the setting and 
Figure 4.28 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 25 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.4).

LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying 
potentials for correct operation. It is critical that the relay detects an LOP 
condition and prevents operation of these elements. For example, when 
dropping a wrench on the phase-voltage input fuse holders, the relay LOP 
logic accurately determines that this loss of input voltages is an LOP condition 
and does not trip (if the LOP Relay Word bit supervises selected tripping 
elements, see Example 4.4). If you are using voltage-determined relay 
elements for tripping decisions, then blocking these elements is crucial when 
the voltage component is no longer valid.

EXAMPLE 4.4 Supervising Voltage-Element Tripping With LOP

The factory-default setting supervises undervoltage trip by the LOP as 
follows:

SV01 := . . . OR (27P1T OR 27P2T) AND NOT LOP

Similarly, if you want the additional voltage-affected elements (e.g., 55T) 
to act only when there are correct relaying potentials voltage, use the 
following in the equation:

. . . OR (27P1T OR 27P2T OR 55T) AND NOT LOP . . . 
and remove 55T from TR

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

Table 4.22 LOP Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Monitoring and Alarms
You should take steps to immediately correct an LOP problem so that normal 
protection is rapidly reestablished. Include the LOP Relay Word bit in an 
output contact alarm to notify operation personnel of abnormal voltage input 
conditions and failures that can be detrimental to the protection system 
performance if not quickly corrected. 

Figure 4.28 LOP Logic

Frequency Protection
Frequency Elements

1 s
S
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Q

Q

0

0

1 s

1 cyc

0

LOP
| V1 | > 10.5 V

Δ | V1  | > 25%
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Δ | I0 | > 0.1 • I
NOM
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| V0 | < 5 V

| V1 | > 0.75 • VNOM/1.73

(RESET has priority)

Note: I
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 is 1 A or 5 A, depending on the part number.
I
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 is the phase secondary input rating. 
VNOM (in secondary volts) is the nominal line-to-line
voltage setting.

Relay 
Word 
Bit

Δ     I1  > 10°

Δ     I2 > 10°

Δ     I0 > 10°

LOPBLK

SELOGIC

Setting

Table 4.23 Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 20.00–70.00 Hz  81D1TP := OFF

FREQ1 TRIP DELAY a 0.00–400.00 sec  81D1TD := 1.00

FREQ2 TRIP LEVEL OFF, 20.00–70.00 Hz  81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 sec  81D2TD := 1.00

FREQ3 TRIP LEVEL OFF, 20.00–70.00 Hz  81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 sec  81D3TD := 1.00

FREQ4 TRIP LEVEL OFF, 20.00–70.00 Hz  81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 sec  81D4TD := 1.00

FREQ5 TRIP LEVEL OFF, 20.00–70.00 Hz  81D5TP := OFF
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NOTE: The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 
0.1 • (Nominal CT Rating). The 
measured frequency is set to nominal 
frequency setting (FNOM) if the signal 
is less than the minimum level.

The SEL-751A provides six trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an 
underfrequency element. When the level setting is greater than the nominal 
frequency setting, the element operates as an overfrequency element. 
Figure 4.29 shows the logic diagram for the frequency elements.

Figure 4.29 Over- and Underfrequency Element Logic

Rate-of-Change-of-Frequency (81R) Protection
Frequency changes occur in power systems when there is an unbalance 
between load and active power generated. Typically, generator control action 
adjusts the generated active power and restores the frequency to nominal 
value. Failure of such control action can lead to system instability unless 
remedial action, such as load shedding, is taken. You can use the rate-of-
change-of-frequency element to detect and initiate a remedial action. The 
SEL-751A provides four rate-of-change-of-frequency elements. Table 4.24 
shows the settings available for the elements.

FREQ5 TRIP DELAYa 0.00–400.00 sec  81D5TD := 1.00

FREQ6 TRIP LEVEL OFF, 20.00–70.00 Hz  81D6TP := OFF

FREQ6 TRIP DELAYa 0.00–400.00 sec  81D6TD := 1.00

a Frequency element time delays are best set no less than five cycles. The relay requires at 
least three cycles to measure frequency.

Table 4.23 Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

freq

81DnTP

81DnT81DnTP < FNOM

FREQTRK

81DnTD

0

Frequency Elements 1–6
Measured Frequency
Frequency Pickup Setting
Nominal Frequency Setting
Over- and Underfrequency Element Pickup Time Delay
Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
Relay Is Tracking Frequency

n =
freq =

81DnTP =
FNOM =

81DnTD =
81DnT =

FREQTRK =

81DnTP ≥ FNOM

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE 81R OFF, 1–4 E81R := OFF

81R VOLTAGE SUP OFF, 0.1–1.3*Vnma 81RVSUP := 0.1*Vnm

81R CURRENT SUP OFF, 0.1–2.0*INOM
b 81RISUP := OFF

81R1 TRIP LEVEL OFF, 0.10–15.00 81R1TP := OFF
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Use the E81R setting to enable the number of elements you need, Figure 4.30 
shows the element logic. The SEL-751A measures frequency (mf1) and 
second frequency (mf2) after a time window (dt) determined by Trip Level 
setting (81RnTP). Hysteresis is such that pickup is 100 percent of 81RnTP 
setting and dropout is 95 percent. Table 4.25 shows the time windows for 
different trip level settings.

Figure 4.30 81R Frequency Rate-of-Change Scheme Logic

81R1 TREND INC, DEC, ABS 81R1TRND := ABS 

81R1 TRIP DELAY 0.10–60.00 sec 81R1TD := 1.00

81R1 DO DELAY 0.00–60.00 sec 81R1DO := 0.00

81R2 TRIP LEVEL OFF, 0.10–15.00 81R2TP := OFF

81R2 TREND INC, DEC, ABS 81R2TRND := ABS

81R2 TRIP DELAY 0.10–60.00 sec 81R2TD := 1.00

81R2 DO DELAY 0.00–60.00 sec  81R2DO := 0.00

81R3 TRIP LEVEL OFF, 0.10–15.00  81R3TP := OFF

81R3 TREND INC, DEC, ABS 81R3TRND := ABS

81R3 TRIP DELAY 0.10–60.00 sec 81R3TD := 1.00

81R3 DO DELAY 0.00–60.00 sec 81R3DO := 0.00

81R4 TRIP LEVEL OFF, 0.10–15.00 81R4TP := OFF

81R4 TREND INC, DEC, ABS 81R4TRND := ABS

81R4 TRIP DELAY 0.10–60.00 sec 81R4TD := 1.00

81R4 DO DELAY 0.00–60.00 sec 81R4DO := 0.00

a See Note on page 4.22 for explanation of Vnm.
b INOM is nominal rating of the phase CTs (1A or 5A).

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Setting 81RnTP 
where n = 1–4

Frequency

81RnTRND = INC

81RnTRND = ABS

81RnTRND = DEC

mf2 > FNOM

mf2 < FNOM

FREQTRK

81RVSUP = OFF

81RISUP = OFF

V1

I1

81RVSUP

81RISUP

PU = 81RnTD

DO = 81RnDO

3 SEC

0

(mf2–mf1)/dt

PU

DO
81RnT

Relay
Word
Bit

95%

95%

95%

ABS

*(-1)
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Set 81Rn Trend to INC or DEC to limit operation of the element to increasing 
or decreasing frequency respectively. Also, when set to INC or DEC the 
element receives supervision from nominal frequency, FNOM. Set the trend to 
ABS if you want the element to disregard the frequency trend.

Voltage and current supervision: A minimum positive-sequence Voltage and/
or Current is necessary for the operation of 81R element when the levels are 
specified by the 81RISUP and 81RVSUP settings respectively. Set 
81RISUP := OFF if no current supervision is necessary and similarly set 
81RVSUP := OFF if no voltage supervision is necessary. In any case, the 
element receives supervision from Relay Word FREQTRK, which ensures 
that the relay is tracking and measuring the system frequency.

Use the Relay Word bit 81RnT to operate output contacts to open appropriate 
breaker(s) according to your load-shedding scheme requirements.

Fast Rate-of-Change-of-Frequency (81RF) Protection
Fast Rate-of-Change-
of-Frequency (81RF) 
Element (Aurora 
Vulnerability 
Mitigation)

The fast rate-of-change-of-frequency protection, 81RF, provides a faster 
response compared to the frequency (81) and rate-of-change-of-frequency 
(81R) elements. The fast operating speed makes the 81RF element suitable for 
detecting islanding conditions.

The element uses a characteristic (see Figure 4.31) based on frequency 
deviation from nominal frequency (DF = FREQ – FNOM) and rate-of-change 
of frequency (DF3C) to detect islanding conditions. The SEL-751A uses a 
time window of three cycles to calculate the value of DF3C. Under steady-
state conditions, the operating point is close to the origin. During islanding 
conditions, depending on acceleration or deceleration of the islanded system, 
the operating point enters Trip Region 1 or Trip Region 2 of the characteristic. 
81RFDFP in Hz and 81RFRP in Hz/s are the settings used to configure the 
characteristic (see Table 4.26).

Table 4.25 Time Window Versus 81RnTP Setting 

81RnTP Setting (Hz/sec) Time Window (Cycles)

15.00–2.33 3

2.32–1.17 6

1.16–0.78 9

0.77–0.58 12

0.57–0.47 15

0.46–0.38 18

0.37–0.33 21

0.32–0.29 24

0.28–0.26 27

< 0.25 30
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Figure 4.31 81RF Characteristics

An explanation of ways to mitigate Aurora threats to power systems can be 
found in the SEL technical paper, Mitigating the Aurora Vulnerability With Existing 
Technology, available on the SEL website. More detailed application considerations 
can be found in the SEL Application Guide, “Aurora Mitigation Using the 
SEL-751A Relay” (AG2010-03), also available on the SEL website.

Figure 4.32 shows the logic diagram of the 81RF element. Enable the element 
by setting E81RF to Y (Yes). Settings 81RFDFP and 81RFRP configure the 
81RF characteristics. These settings are typically coordinated with the frequency 
(81) and rate-of-change-of-frequency (81R) element settings. The slope of the 
characteristic, 81RFSLP, shown in the logic diagram is equal to 
–1 • (81RFRP/81RFDFP). 

Use 81RFVBLK or 81RFIBLK to block the operation of the 81RF element for 
undervoltage or overcurrent fault conditions. When 81RFVBLK := OFF, the 
undervoltage blocking scheme is disabled. Similarly, when 81RFIBLK := OFF, 
the overcurrent blocking scheme is disabled. You can use the 81RFBL 
SELOGIC control equation to include additional blocking elements. Relay 
Word bit 81RFI asserts if the operating point is in Trip Region 1 or Trip 
Region 2. Program the 81RFT Relay Word bit in one of the relay outputs for 
the intended operation.

Table 4.26 Fast Rate-of-Change-of-Frequency Settings 

Setting Prompt Range Setting Name := Factory Default

ENABLE 81RF Y, N E81RF := N

FREQDIF SETPOINT 0.1–10.0 Hz 81RFDFP := 1.0

DFDT SETPOINT 0.2–15.0 Hz/sec 81RFRP := 2.5

81RF PU DELAY 0.10–1.00 sec 81RFPU := 0.10

81RF DO DELAY 0.00–1.00 sec 81RFDO := 0.10

81RF VOLTAGE BLK OFF, 2–300 Va

OFF, 2–520 Vb

a Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.

81RFVBLK := OFF

81RFVBLK := OFF

81RF CURRENT BLK OFF, 0.1–20 A • INOM 81RFIBLK := 10 • INOM

81RF BLOCK SELOGIC 81RFBL := 0

81RF BLOCK DO 0.02–5.00 sec 81RFBLDO := 1.00

DF3C Hz/s
(df/dt calculated over 3-cycle window)

0.2

—0.2

0.1
—0.1

Trip Region 2

Trip Region 1

DF (FREQ-FNOM) Hz
+81RFDFP

+81RFRP

—81RFDFP

—81RFRP
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Figure 4.32 81RF Fast Rate-of-Change-of-Frequency Logic

0.2 Hz/s
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 Relay Word bit FREQTRK = 1, means relay is tracking frequency.

 81RFRP, 81RFDFP, 81RFPU, 81RFDO, 81RFVBLK, 81RFIBLK are settings.

 DF3C is df/dt calculated over 3-cycle window (Hz/s).

 DF is the difference (FREQ–FNOM) in Hz.

 81RFSLP = - (81RFRP/81RFDFP).

 |IA|, |IB|, |IC| are phase A, B, and C current magnitudes.

 VP** = |VPP| min

 INOM is the nominal rating of the relay (1 A or 5 A).
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Trip/Close Logic
Trip/Close Logic 
Settings

NOTE: The factory-default 
assignment of the Relay Word bit TRIP 
is the output OUT103. See Table 4.41 for 
the output contacts settings.

The SEL-751A tripping logic is designed to trip the circuit breakers. The relay 
logic lets you define the conditions that cause a trip, the conditions that 
unlatch the trip, and the performance of the relay output contact. Figure 4.33 
illustrates the tripping logic.

Figure 4.33 Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following paragraphs.

Table 4.27 Trip/Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 sec TDURD := 0.5

CLOSE FAIL DLY OFF, 0.0–400.0 sec CFD := 1.0

TRIP EQUATION SV TR := ORED50T OR ORED51T OR 
81D1T OR 81D2T OR 81D3T OR 
81D4T OR 59P1T OR 59P2T OR 
55T OR REMTRIP OR SV01 OR 
OC OR SV04T

REMOTE TRIP EQN SV REMTRIP := 0

UNLATCH TRIP SV ULTRIP := NOT (51P1P OR 51G1P 
OR 51N1P OR 52A)

BREAKER STATUS SV 52A := 0

CLOSE EQUATION SV CL := SV03T AND LT02 OR CC

UNLATCH CLOSE SV ULCL := 0

0

TDURD

Serial Port
Command TAR R

TARGET RESET
Pushbutton

TRGTR

Reset
TRIP LED

TRIP

Trigger
Events

Unlatch
 Trip

Trips

Comm.
Target Reset

RSTTRGT

ULTRIP

TR

52A

RSTLED = Y

Relay
Word
Bits

SELOGIC
Settings
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TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the TR Relay Word bit (includes OPEN command from 
front-panel and serial ports) are maintained for at least the duration of the 
minimum trip duration time (TDURD) setting.

TR Trip Conditions SELOGIC Control Equation
The SEL-751A TR SELOGIC control equation provides the trip logic to trip 
the breaker. The Relay Word bit TRIP is associated with the TR SELOGIC 
control equation.

The default TR setting is shown in Table 4.27 and includes protective 
elements Relay Word bits, front panel or serial port (including Modbus and 
DeviceNet) initiated OPEN command (Relay Word bit OC), and remote trips 
(Relay Word bit REMTRIP).

The trip conditions will trigger an event report. The relay controls the tripping 
output contact(s) when the Relay Word bit TRIP appears in an output contact 
SELOGIC control equation. Default relay settings have output OUT103 set to 
TRIP and fail-safe setting OUT103FS at N (see Fail-Safe/Nonfail-Safe Tripping 
on page 2.23).

NOTE: You can use an indirect 
mapping (e.g., SV01) as in the factory-
default setting. See Table 4.38 for the 
SV01 settings.

Set the TR SELOGIC control equation to include an OR combination of all the 
Relay Word bits for which you want the relay to trip. The factory-default 
setting already includes all commonly necessary Relay Word bits.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. For example, the following settings will trip the breaker by input 
IN303 via REMTRIP.

  REMTRIP := IN303

  TR := … OR REMTRIP

The HMI will display Remote Trip to indicate the trip by Remote trip logic.

You can map any Relay Word bit or SELOGIC control equation to the 
REMTRIP to trip the breaker. For example, you can map a control input to 
REMTRIP. Add REMTRIP to the TR SELOGIC control equation (as in the 
default settings) to quickly see from the HMI target that it was a Remote Trip 
that tripped the breaker.

Unlatch Trip Logic
Following a fault, the trip signal is maintained until all of the following 
conditions are true:

NOTE: Factory-default setting of the 
ULTRIP provides an automatic reset of 
the trip when breaker opens and 
selected 50/51 elements are not 
picked up.

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

NOTE: The outputs in the SEL-751A 
are not designed to interrupt the trip 
coil current. An auxiliary contact with 
adequate current interrupting 
capacity must clear the trip coil 
current before the output of the 
SEL-751A opens. Failure to observe 
this safeguard could result in damage 
to the SEL-751 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
bit TRIP, which stays asserted for at 
least the duration of the TDURD 
setting or until TRIP is unlatched, 
whichever is longer.

NOTE: The Relay Word bit TRIP is 
reset after a power cycle.
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➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

52A Breaker Status Conditions SELOGIC Control Equation
You can connect an auxiliary contact of the breaker to the relay. The SELOGIC 
control equation 52A allows you to configure the relay for either 52b or 52a 
contact input (or other contact that indicates a closed breaker). The factory-
default setting assumes no auxiliary contact connection (52A := 0).

If you connect the breaker auxiliary contact to a digital input, you must change 
the factory-default logic equation 52A. For example, set 52A := IN101 if you 
connect the 52a contact to input IN101.

Figure 4.34 shows the breaker close logic.

q From Figure 4.35

Figure 4.34 Close Logic

CL Close SELOGIC Control Equation
The SEL-751A Close Logic offers three ways to close the circuit breaker:

➤ Conditions mapped to CL

➤ Front-panel or serial port (including Modbus and DeviceNet) 
CLOSE command

➤ Automatic reclosing when open interval times out (qualified by 
SELOGIC control equation setting 79CLS—see Figure 4.35).

The relay controls the closing output contact(s) when the Relay Word bit 
CLOSE appears in an output contact SELOGIC control equation. Default relay 
settings have output OUT102 set to CLOSE. See Figure 2.21 for typical close 
circuit connection.

NOTE: The close logic is inoperative 
if 52A is set to 0 in SEL-751A models 
with reclosing option.
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for one processing 
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Set the CL SELOGIC control equation to include an OR-combination of all 
Relay Word bits for which you want the relay to close the breaker. The 
factory-default setting already includes all commonly necessary Relay Word 
bits.

Unlatch Close Logic
Once the CLOSE bit is asserted it is sealed-in until any of the following 
conditions are true:

➤ Unlatch Close SELOGIC control equation setting ULCL asserts 
to logical 1.

➤ Relay Word 52A asserts to logical 1.

➤ Close failure Relay Word bit asserts to logical 1.

Close Failure Logic
Set the close failure delay (setting CFD) equal to highest breaker close time 
plus a safety margin. If the breaker fails to close, the Relay Word CF will 
assert for 1/4 cycle. Use the CF bit as necessary.

Reclose Supervision Logic
Note that one of the inputs into the close logic in Figure 4.34 is:

Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input is the indication that a reclosing relay open interval has timed out 
(see Figure 4.36), a qualifying condition (SELOGIC control equation setting 
79CLS) has been met, and thus automatic reclosing of the circuit breaker 
should proceed by asserting the CLOSE Relay Word bit to logical 1. This 
input into the close logic in Figure 4.34 is an output of the reclose supervision 
logic in the following Figure 4.35.
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q To Figure 4.34

Figure 4.35 Reclose Supervision Logic (Following Open Interval Time-Out)

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD = 0
The above logic satisfies most 
applications.

Reclose Supervision Reclosing 
Relay Open 
Interval Timeout 
(qualified by 79CLS)

Reclosing 
Relay Open 
Interval 
Timeout 
(qualified 
by 79CLS)

Reclose Initiate

(If setting 79CLSD = OFF, 
the Reclose Supervision Limit 
Timer is inoperative and does 
not time limit the wait for the 
Reclose Supervision condition, 
79CLS, to assert to logical 1)

Reclosing 
Relay Open 

Interval 
Timeout

79RI

79CLSD = OFF

Lockout

Reclose 
Supervision 
Limit Timer

Reclose Supervision

CLOSE

79LO
79CLSD

0

SELOGIC
Setting

52A

SELOGIC
Settings

79CLS

SELOGIC
Setting

RCSF

Relay
Word
Bit

RCSF

Relay
Word
Bit

Relay
Word
Bits

79CLS

Reclosing 
Relay Open 

Interval 
Timeout

Rising-Edge 
Detect

Reclose Supervision 
Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state 
to lockout if Reclose 
Supervision Limit Timer 
times out.

Reclose Supervision Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state to 
lockout if SELOGIC control 
equation setting 79CLS is not 
asserted to logical 1 at the 
instant a reclosing relay open 
interval timer times out.

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD ≠ 0 (e.g., 79CLSD = 60)
The logic below is used only in a few, 
unique applications.

q

q
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(Refer to Bottom of Figure 4.35)

Figure 4.36 Reclose Supervision Limit Timer Operation 

Settings and General 
Operation

Figure 4.35 contains the following SELOGIC control equation setting:
79CLS (reclose supervision conditions—checked after 
reclosing relay open interval time-out)

and setting:
79CLSD (Reclose Supervision Limit Time)

See the Table 4.29 for Recloser Control settings.

For Most Applications (Top of Figure 4.35)
For most applications, the Reclose Supervision Limit Time setting should be 
set to zero seconds:

79CLSD := 0.00

With this setting, the logic in the top of Figure 4.35 is operative. When an 
open interval times out, the relay checks the SELOGIC control equation 
reclose supervision setting 79CLS just once.

open interval 1 
times out

open interval 1 
times out 1

Open Interval 
Timer

Open Interval 
Timer

Reclose Supervision 
Limit Timer

Reclose Supervision 
Limit Timer

79CLS (Reclose 
Supervision Condition)

79CLS (Reclose 
Supervision Condition)

RCSF (Reclose 
Supervision Failure)

RCSF (Reclose 
Supervision Failure)

OUT102 = CLOSE 
(Close Output Contact)

OUT102 = CLOSE 
(Close Output Contact)

79OI1

79OI1

79CLSD

79CLSD

One Processing 
Interval

79CLS not asserted. 
79CLSD times out.

79CLS asserts before 
79CLSD times out.

No Reclosing
Reclosing Proceeds
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If 79CLS is asserted to logical 1 at the instant of an open interval time-out, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.35 to automatically reclose the circuit breaker.

If 79CLS is deasserted to logical 0 at the instant of an open interval time-out, 
the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

See Settings Example 1 on page 4.52.

For a Few, Unique Applications (Bottom of Figure 4.35 and Figure 4.36)
For a few unique applications, the Reclose Supervision Limit Time setting is 
not set equal to zero seconds, e.g.,

79CLSD := 1.00 second

With this setting, the logic in the bottom of Figure 4.35 is operative. When an 
open interval times out, the SELOGIC control equation reclose supervision 
setting 79CLS is then checked for a time window equal to setting 79CLSD.

If 79CLS asserts to logical 1 at any time during this 79CLSD time window, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.34 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time 
window, when the time window times out, the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

The logic in the bottom of Figure 4.35 is explained in more detail in the 
following text.

Set Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.35. If all the following are true:

➤ The close logic output CLOSE (also see Figure 4.34) is not 
asserted (Relay Word bit CLOSE = logical 0).

➤ The reclosing relay is not in the Lockout State (Relay Word bit 
79LO = logical 0).

➤ The circuit breaker is open (52A = logical 0).

➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition.

➤ The Reclose Supervision Limit Timer is not timed out (Relay 
Word bit RCSF = logical 0).

then a reclosing relay open interval time-out seals in Figure 4.35. Then, when 
79CLS asserts to logical 1, the sealed-in reclosing relay open interval time-out 
condition will propagate through Figure 4.29 and on to the close logic in 
Figure 4.34.
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Unlatch Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.29. If the reclosing relay open interval time-
out condition is sealed-in, it stays sealed-in until one of the following occurs:

➤ The close logic output CLOSE (also see Figure 4.35) asserts 
(Relay Word bit CLOSE = logical 1).

➤ The reclosing relay goes to the Lockout State (Relay Word bit 
79LO = logical 1).

➤ The circuit breaker closes (52A = logical 1).

➤ The reclose initiation condition (79RI) makes a rising-edge 
(logical 0 to logical 1) transition.

➤ SELOGIC control equation setting 79CLS asserts 
(79CLS = logical 1).

➤ The Reclose Supervision Limit Timer times out (Relay Word 
bit RCSF = logical 1 for one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting 
79CLSD := OFF. With 79CLSD := OFF, reclose supervision condition 79CLS 
is not time limited. When an open interval times out, the relay checks reclose 
supervision condition 79CLS indefinitely until one of the other previously 
listed unlatch conditions comes true.

The unlatching of the sealed-in reclosing relay open interval time-out 
condition by the assertion of SELOGIC control equation setting 79CLS 
indicates successful propagation of a reclosing relay open interval time-out 
condition on to the close logic in Figure 4.34.

See Settings Example 2 on page 4.54.

EXAMPLE 4.5 Settings Example 1

Refer to the top of Figure 4.35 and Figure 4.37.

SEL-751A Relays are installed at both ends of a transmission line in a high-
speed reclose scheme. After both circuit breakers open for a line fault, the 
SEL-751A(1) recloses circuit breaker 52/1 first, followed by the SEL-751A(2) 
reclosing circuit breaker 52/2, after a synchronism check across circuit 
breaker 52/2.

Figure 4.37 SEL-751A Relays Installed at Both Ends of a Transmission Line 
in a High-Speed Reclose Scheme

SEL-751A (1)

Bus 1 Bus 2

52 
1

52 
2

IA, IB, IC

VA, VB, VC VS

SEL-751A (2)
IA, IB, IC

VA, VB, VCVS

3-Phase 3-Phase

1-Phase
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SEL-751A(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval 
time-out, the SEL-751A(1) checks that Bus 1 voltage is hot and the 
transmission line voltage is dead. This requires reclose supervision 
settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 59VP AND 27S1

SEL-751A(2) Relay

The SEL-751A(2) checks that Bus 2 voltage is hot, the transmission line 
voltage is hot, and in synchronism after the reclosing relay open interval 
times out, before allowing circuit breaker 52/2 to be reclosed. This 
requires reclose supervision settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 25A1

Other Setting Considerations for SEL-751A(1) and SEL-751A(2) Relays
Refer to Skip Shot and Stall Open Interval Timing Settings (79SKP and 
79STL, Respectively) on page 4.63.

SELOGIC control equation setting 79STL stalls open interval timing if it 
asserts to logical 1. If setting 79STL is deasserted to logical 0, open interval 
timing can continue. The SEL-751A(1) has no intentional open interval timing 
stall condition (circuit breaker 52/1 closes first after a transmission line fault):

79STL := 0

The SEL-751A(2) starts open interval timing after circuit breaker 52/1 at the 
remote end has reenergized the line. The SEL-751A(2) has to see Bus 2 hot, 
transmission line hot, and in synchronism across open circuit breaker 52/2 for 
open interval timing to begin. Thus, SEL-751A(2) open interval timing is 
stalled when the transmission line voltage and Bus 2 voltage are not in 
synchronism across open circuit breaker 52/2:

79STL := NOT 25A1 

A transient synchronism-check condition across open circuit breaker 52/2 
could possibly occur if circuit breaker 52/1 recloses into a fault on one phase 
of the transmission line. The other two unfaulted phases would be briefly 
energized until circuit breaker 52/1 is tripped again. If channel VS of the 
SEL-751A(2) is connected to one of these briefly energized phases, 
synchronism-check element 25A1 could momentarily assert to logical 1.

So that this possible momentary assertion of synchronism-check element 
25A1 does not cause any inadvertent reclose of circuit breaker 52/2, make 
sure the open interval timers in the SEL-751A(2) are set with some 
appreciable time greater than the momentary energization time of the faulted 
transmission line. Or, run the synchronism-check element 25A1 through a 

where:

59VP =  Bus 1 is hot

27S1 = monitored single-phase transmission line voltage 
(channel VS) is dead

where:

25A1 = selected Bus 2 phase voltage (VA, VB, or VC) is in 
synchronism with monitored single-phase 
transmission line voltage (channel VS) and both 
are hot
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programmable timer before using it in the preceding 79CLS and 79STL 
settings for the SEL-751A(2) (see Figure 4.34). Note the built-in 2-cycle 
qualification of the synchronism-check voltages shown in Figure 4.22.

EXAMPLE 4.6 Settings Example 2

Refer to subsection Synchronism-Check Elements on page R.4.25. Also 
refer to Figure 4.36 and Figure 4.37.

If the synchronizing voltages across open circuit breaker 52/2 are 
“slipping” with respect to one another, the Reclose Supervision Limit 
Timer setting 79CLSD should be set greater than zero so there is time for 
the slipping voltages to come into synchronism. For example:
79CLSD := 1.00 second

79CLS := 25A1

The relay checks the status of synchronism-check element 25A1 
continuously during the 60-cycle window. If the slipping voltages come 
into synchronism while timer 79CLSD is timing, synchronism-check 
element 25A1 asserts to logical 1 and reclosing proceeds.

In the previously referenced subsection, note item 3 under Synchronism-
Check Element Outputs on page R.4.32, Voltages VP and VS are 
“Slipping.” Item 3 describes a last attempt for a synchronism-check 
reclose before timer 79CLSD times out (or setting 79CLSD := 0.00 and 
only one check is made).

If E79 := 3 (which allows three automatic reclose attempts) and the 
slipping voltages fail to come into synchronism while timer 79CLSD is 
timing (resulting in a reclose supervision failure, causing RCSF to assert 
for one processing interval), then the reclosing relay goes to the Lockout 
State.

Reclose Logic
Note that input:

Reclosing Relay Open Interval Time-Out

in Figure 4.35 is the logic input that is qualified by SELOGIC control equation 
setting 79CLS, and then propagated on to the close logic in Figure 4.34 to 
automatically reclose a circuit breaker. The explanation that follows in this 
reclosing relay subsection describes all the reclosing relay settings and logic 
that eventually result in this open interval time-out logic input into 
Figure 4.35. Other aspects of the reclosing relay are also explained. As many 
as four (4) automatic reclosures (shots) are available.

The reclose enable setting, E79, has setting choices OFF, 1, 2, 3, and 4. Setting 
E79 = OFF defeats the reclosing relay. Setting choices 1 through 4 are the 
number of automatic reclosures you want (see Open Interval Timers on 
page 4.58). Setting choices 1 through 4 also have the reclosing relay go to the 
Lockout state upon reclose supervision failure (refer to Reclose Supervision 
Logic on page 4.48).



4.55

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Logic

Reclosing Relay States 
and General Operation

Figure 4.38 explains in general the different states of the reclosing relay and 
its operation.

Figure 4.38 Reclosing Relay States and General Operation

The reclosing relay is in one (and only one) of these states (listed in 
Table 4.28) at any time. When in a given state, the corresponding Relay Word 
bit asserts to logical 1, and the LED illuminates. Automatic reclosing only 
takes place when the relay is in the Reclose Cycle State.

All Automatic Reclosing 
Attempts Unsuccessful

Unsuccessful
Reclose Initiation

Other Lockout Conditions

Power Up

Reset
Timer  

Times     
Out        

Reset
  Timer
     Times
        Out

Other
Lockout   

Conditions      

Unsuccessful
Reclose   

Initiation      

Successful
   Reclose
      Initiation

Successful
Reclose Initiation

Maintained
Lockout Condition

Lockout State

All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-751A 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 

Relay Word bit 79LO = logical 1

Front-panel pushbutton LED 1B 
labeled RECL LOCKOUT illuminated

Reclose Cycle State

The SEL-751A automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.

Relay Word bit 79CY = logical 1

Reset State

The circuit breaker has been closed
for a qualifying reset time. The SEL-751A 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.

Relay Word bit 79RS = logical 1

Front-panel pushbutton LED 1A 
labeled RECL RESET illuminated

Table 4.28 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States

Reclosing Relay State
Corresponding Relay 
Word Bit

Corresponding
Front-Panel LED

Reset 79RS RECL RESET (Pushbutton LED 1A)

Reclose Cycle 79CY

Lockout 79LO RECL LOCKOUT (Pushbutton LED 1B)
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Lockout State
The reclosing relay goes to the Lockout State if any one of the following 
occurs:

➤ The shot counter is equal to or greater than the last shot at time 
of reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 4.36).

➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 4.61].

➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).

➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 4.62].

➤ The close failure timer (setting CFD) times out (see 
Figure 4.34).

➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].

➤ The Reclose Supervision Limit Timer (setting 79CLSD) times 
out (see Figure 4.35 and top of Figure 4.36) and the reclose 
enable setting, E79, has setting choices 1, 2, 3, or 4.

➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open).

The OPEN command is included in the reclosing relay logic via the factory 
SELOGIC control equation settings:

79DTL := OC OR … (drive-to-lockout)

Relay Word bit OC asserts for execution of the OPEN command. See OPEN 
Command (Open Breaker) on page 7.35 for more information on the OPEN 
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings 
(79DTL and 79DLS, Respectively) on page 4.62.

Reclosing Relay 
States and Settings/
Setting Group 
Changes

If individual settings are changed for the active setting group or the active 
setting group is changed, all of the following occur:

➤ The reclosing relay remains in the state it was in before the 
settings change.

➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows).

➤ The reset timer is loaded with reset time setting 79RSLD (see 
discussion on reset timing later in this section).

If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
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the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.

If the circuit breaker remains closed through the settings change, the reset 
timer times out on reset time setting 79RSLD after the settings change and 
goes to the Reset State (if it is not already in the Reset State), and the shot 
counter returns to shot = 0. If the relay happens to trip during this reset timing, 
the relay will immediately go to the Lockout State, because shot = last shot.

Defeat the Reclosing 
Relay

If any one of the following reclosing relay settings are made:

➤ Reclose enable setting E79 = OFF.

➤ Open Interval 1 time setting 79OI1 = 0.00.

then the reclosing relay is defeated, and no automatic reclosing can occur. 

If the reclosing relay is defeated, the following also occur:

➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are forced to logical 0 (see Table 4.28).

➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are forced to logical 0 (the shot counter is explained later 
in this section).

➤ The front-panel LEDs RECL RESET and RECL LOCKOUT are both 
extinguished.

Close Logic Can Still Operate When the Reclosing Relay Is Defeated
If the reclosing relay is defeated, the close logic (see Figure 4.34) can still 
operate if SELOGIC control equation circuit breaker status setting 52A is set to 
something other than numeral 0 or NA. Making the setting 52A := 0 or NA 
defeats the close logic and also defeats the reclosing relay.

For example, if 52A := IN101, a 52a circuit breaker auxiliary contact is 
connected to input IN101. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via SELOGIC control equation 
setting CL (close conditions, other than automatic reclosing). See Trip/Close 
Logic for more discussion on SELOGIC control equation settings 52A and CL.

Reclosing Control 
Settings

The reclosing control settings are shown in Table 4.29.

Table 4.29 Reclosing Control Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE RECLOSER OFF, 1–4 Shots E79 := OFF

OPEN INTERVAL 1 0.00–3000.00 secs 79OI1 := 5.00

OPEN INTERVAL 2 0.00–3000.00 secs 79OI2 := 0.00

OPEN INTERVAL 3 0.00–3000.00 secs 79OI3 := 0.00

OPEN INTERVAL 4 0.00–3000.00 secs 79OI4 := 0.00
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The operation of open interval timers is affected by SELOGIC control equation 
settings discussed later in this section.

Open Interval Timers
The reclose enable setting, E79, determines the number of open interval time 
settings that you can set. For example, if setting E79 := 3, the first three open 
interval time settings in Table 4.29, are made available for setting.

If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open interval times that follow it.

In the factory settings in Table 4.29, the open interval 2 time setting 79OI2 is 
the first open interval time setting set equal to zero:

79OI2 := 0.00 seconds

Thus, open interval times 79OI2, 79OI3, and 79OI4 are not operable. In the 
factory settings, both open interval times 79OI3 and 79OI4 are set to zero. But 
if the settings were:

79OI2 := 0.00 seconds

79OI3 := 15.00 seconds (set to some value other than zero)

open interval time 79OI3 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI2 := 0.00).

If open interval 1 time setting, 79OI1, is set to zero (79OI1 := 0.00 seconds), 
no open interval timing takes place, and the reclosing relay is defeated.

The open interval timers time consecutively; they do not have the same 
beginning time reference point. For example, with settings 79OI1 := 0.50 , and 
79OI2 := 10.00, open interval 1 time setting, 79OI1, times first. If subsequent 
first reclosure is not successful, then open interval 2 time setting, 79OI2, starts 
timing. If the subsequent second reclosure is not successful, the relay goes to 
the Lockout State. See the example time line in Figure 4.39.

RST TM FROM RECL 0.00–3000.00 secs 79RSD := 15.00

RST TM FROM LO 0.00–3000.00 secs 79RSLD := 5.00

RECLS SUPV TIME OFF, 0.00–3000.00 secs 79CLSD := 0.00

RECLOSE INITIATE SV 79RI := TRIP

RCLS INIT SUPVSN SV 79RIS := 52A OR 79CY

DRIVE-TO-LOCKOUT SV 79DTL := OC OR SV04T

DRIVE-TO-LSTSHOT SV 79DLS := 79LO

SKIP SHOT SV 79SKP := 0

STALL OPN INTRVL SV 79STL := TRIP

BLOCK RESET TMNG SV 79BRS := TRIP

SEQ COORDINATION SV 79SEQ := 0

RCLS SUPERVISION SV 79CLS := 1

Table 4.29 Reclosing Control Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 4.39 Reclosing Sequence From Reset to Lockout With Example Settings

You can set the SELOGIC control equation setting 79STL (stall open interval 
timing) to control open interval timing [see Skip Shot and Stall Open Interval 
Timing Settings (79SKP and 79STL, Respectively) on page 4.63].

Determination of Number of Reclosures (Last Shot)
The number of reclosures is equal to the number of open interval time settings 
that precede the first open interval time setting set equal to zero. The “last 
shot” value is also equal to the number of reclosures.

In the previous example settings, two set open interval times precede open 
interval 3 time, which is set to zero (79OI3 = 0.00):

79OI1 := 0.50

79OI2 := 10.00

79OI3 := 0.00

For this example:

Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.

Observe Shot Counter Operation
Observe the reclosing relay shot counter operation, especially during testing, 
using ASCII command TARGET (e.g., TARGET Command (Display Relay 
Word Bit Status) on page 7.44 for detail).

Reset Timer
The reset timer qualifies circuit breaker closure before taking the relay to the 
Reset State from the Reclose Cycle State or the Lockout State. Circuit breaker status 
is determined by the SELOGIC control equation setting 52A. (See Trip/Close 
Logic on page 4.45 for more discussion on SELOGIC control equation setting 52A.

Setting 79RSD
Qualifies closures when the relay is in the Reclose Cycle State. These closures 
are usually automatic reclosures resulting from open interval time-out.

It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination Setting (79SEQ) on page 4.66].

Setting 79RSLD
Qualifies closures when the relay is in the Lockout State. These closures are 
usually manual closures. These manual closures can originate external to the 
relay, via the CLOSE command, or via the SELOGIC control equation setting 
CL (see Figure 4.34).

Open Interval Time-out

Shot 
Counter 0

52A

79OI1 = 0.5

Reset State

Trip Close Trip Close Trip

Reclose Cycle State Lockout State

(79OI3 = 0)79OI2 = 10.0

(Last Shot = 2)
1 2
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Setting 79RSLD is also the reset timer used when the relay powers up, has 
individual settings changed for the active setting group, or the active setting 
group is changed (see Reclosing Relay States and Settings/Setting Group 
Changes on page 4.56).

Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.

The 79RSD and 79RSLD settings are set independently (setting 79RSLD can 
even be set greater than setting 79RSD, if necessary). You can set SELOGIC 
control equation setting 79BRS (block reset timing) to control reset timing 
(see Block Reset Timing Setting (79BRS) on page 4.65).

Monitoring Open Interval and Reset Timing
Open interval and reset timing can be monitored with the following Relay 
Word bits:

If the open interval timer is actively timing, OPTMN asserts to logical 1. 
When the relay is not timing on an open interval (e.g., it is in the Reset State or 
in the Lockout State), OPTMN deasserts to logical 0. The relay can only time 
on an open interval when it is in the Reclose Cycle State, but just because the 
relay is in the Reclose Cycle State does not necessarily mean the relay is 
timing on an open interval. The relay only times on an open interval after 
successful reclose initiation and no stall conditions are present [see Skip Shot 
and Stall Open Interval Timing Settings (79SKP and 79STL, Respectively) on 
page 4.63].

If the reset timer is actively timing, RSTMN asserts to logical 1. If the reset 
timer is not timing, RSTMN deasserts to logical 0. See Block Reset Timing 
Setting (79BRS) on page 4.65.

Reclosing Relay Shot 
Counter

Refer to Figure 4.39.

The shot counter increments for each reclose operation. For example, when 
the relay is timing on open interval 1, 79OI1, it is at shot = 0. When the open 
interval times out, the shot counter increments to shot = 1 and so forth for the 
set open intervals that follow. The shot counter cannot increment beyond the 
last shot for automatic reclosing [see Determination of Number of Reclosures 
(Last Shot) on page 4.59]. The shot counter resets back to shot = 0 when the 
reclosing relay returns to the Reset State.

Relay Word Bits Definition

OPTMN Indicates that the open interval timer is actively timing

RSTMN Indicates that the reset timer is actively timing

Table 4.30 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times 

Shot
Corresponding Relay 

Word Bit
Corresponding Open 

Interval

0 SH0 79OI1

1 SH1 79OI2

2 SH2 79OI3

3 SH3 79OI4

4 SH4
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When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).

The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination Setting (79SEQ) on page 4.66].

Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 

The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) for open interval timing to be initiated.

If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.

EXAMPLE 4.7 Factory Settings Example

With factory settings:
79RI := TRIP

79RIS := 52A OR 79CY

the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the 52A or 79CY Relay Word bit is at logical 1 
(52A = logical 1, or 79CY = logical 1). You must assign an input as the 
breaker status input (e.g., 52A := IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) 
at the instant of the first trip of the autoreclose cycle for the SEL-751A to 
successfully initiate reclosing and start timing on the first open interval. 
The SEL-751A is not yet in the reclose cycle state (79CY = logical 0) at the 
instant of the first trip.

Then for any subsequent trip operations in the autoreclose cycle, the 
SEL-751A is in the reclose cycle state (79CY = logical 1) and the SEL-751A 
successfully initiates reclosing for each trip. Because of factory setting 
79RIS = 52A OR 79CY, successful reclose initiation in the reclose cycle 
state (79CY = logical 1) is not dependent on the circuit breaker status 
(52A). This allows successful reclose initiation for the case of an 
instantaneous trip, but the circuit breaker status indication is slow—the 
instantaneous trip (reclose initiation) occurs before the SEL-751A sees the 
circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval 
(circuit breaker open and the SEL-751A calls for a trip), the SEL-751A goes 
immediately to lockout.

EXAMPLE 4.8 Additional Settings Example

The preceding settings example initiates open interval timing on rising 
edge of the TRIP Relay Word bit. The following is an example of reclose 
initiation on the opening of the circuit breaker.

Presume input IN101 is connected to a 52a circuit breaker auxiliary contact 
(52A := IN101).

With setting:
79RI := NOT 52A

the transition of the 52A Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting.

The reclose initiate supervision setting 79RIS supervises setting 79RI. 
With settings:
79RI := NOT 52A

79RIS := TRIP

the transition of the 52A Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the 
circuit breaker opens to initiate open interval timing. With a long enough 
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setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 4.33).

If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the 
Lockout State. This helps prevent reclose initiation for circuit breaker 
openings caused by trips external to the relay.

If circuit breaker status indication (52A) is slow, additional setting change 
ULCL := 0 (unlatch close; refer to Figure 4.34 and accompanying 
explanation) may need to be made when 79RI := NOT 52A. ULCL := 0 
avoids going to lockout prematurely for an instantaneous trip after an 
autoreclose by not turning CLOSE off until the circuit breaker status 
indication tells the relay that the breaker is closed. The circuit breaker 
anti-pump circuitry should take care of the TRIP and CLOSE being on 
together for a short period of time.

Other Settings Considerations
In Example 4.8 the preceding additional setting example, the reclose initiate 
setting (79RI) includes input IN101, that is connected to a 52a breaker auxiliary 
contact (52A := IN101).

79RI := NOT 52A

If a 52b breaker auxiliary contact is connected to input IN101 (52A := NOT 
IN101), the reclose initiate setting (79RI) remains the same.

If no reclose initiate supervision is necessary, make the following setting:
79RIS := 1 (numeral 1)

Setting 79RIS := logical 1 at all times. Any time setting 79RI detects a logical 
0 to logical 1 transition, the relay initiates open interval timing (unless 
prevented by other means).

If the following setting is made:
79RI := 0 (numeral 0)

reclosing will never take place (reclosing is never initiated). The reclosing 
relay is effectively inoperative.

If the following setting is made:
79RIS := 0 (numeral 0)

reclosing will never take place (the reclosing relay goes directly to the lockout 
state any time reclosing is initiated). The reclosing relay is effectively 
inoperative.

Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 

When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1), and the front-panel LO (Lockout) LED 
illuminates.

79DTL has a 1 second dropout time. This keeps the drive-to-lockout condition 
up 1 second after 79DTL has reverted back to 79DTL = logical 0. This is 
useful for situations where both of the following are true:

➤ Any of the trip and drive-to-lockout conditions are “pulsed” 
conditions (e.g., the OPEN command Relay Word bit, OC, 
asserts for only 1/4 cycle—refer to Factory Settings Example 
on page 4.63).

➤ Reclose initiation is by the breaker contact opening 
(e.g., 79RI := NOT 52A—refer to Additional Settings Example 
on page 4.61).
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Then the drive-to-lockout condition overlaps reclose initiation and the 
SEL-751A stays in lockout after the breaker trips open.

When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see Reclosing Relay Shot Counter on page 4.60).

EXAMPLE 4.9 Factory Settings Example

The drive-to-lockout factory setting is:
79DTL := OC OR SV04T

Relay Word bit OC asserts for execution of the OPEN command. See the 
Note in the Lockout State discussion, following Table 4.28. 

Relay Word bit SV04T asserts for execution of the open command from 
the front-panel pushbutton (see Table 8.4 for more detail).

The drive-to-last shot factory setting is:
79DLS := 79LO

One open interval is also set in the factory settings, resulting in last 
shot = 1. Any time the relay is in the lockout state (Relay Word bit 79LO =  
logical 1), the relay is driven to last shot (if the shot counter is not already 
at a shot value greater than or equal to shot = 1):

79DLS := 79LO = logical 1

Thus, the relay is driven to the Lockout State (by setting 79DTL) and, 
subsequently, last shot (by setting 79DLS).

EXAMPLE 4.10 Additional Settings Example

To drive the relay to the Lockout State for fault current greater than a 
certain level when tripping (e.g., level of phase instantaneous 
overcurrent element 50P3P), make settings similar to the following:

79DTL := TRIP AND 50P3P OR …
Additionally, if the reclosing relay should go to the Lockout State for an 
underfrequency trip, make settings similar to the following:

79DTL := TRIP AND 81D1T OR …

Other Settings Considerations
If no special drive-to-lockout or drive-to-last shot conditions are necessary, 
make the following settings:

79DTL := 0 (numeral 0)
79DLS := 0 (numeral 0)

With settings 79DTL and 79DLS inoperative, the relay still goes to the 
Lockout State (and to last shot) if an entire automatic reclose sequence is 
unsuccessful.

Overall, settings 79DTL or 79DLS are necessary to take the relay to the 
Lockout State (or to last shot) for immediate circumstances.

Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 

The skip shot setting 79SKP causes skipping of a reclose shot. Thus, the 
SEL-751A skips an open interval time and uses the next open interval time 
instead.

If 79SKP = logical 1 at the instant of successful reclose initiation 
(see preceding discussion on settings 79RI and 79RIS), the relay increments 
the shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 4.30). If the new shot is the “last 
shot,” no open interval timing takes place, and the relay goes to the Lockout 
State if the circuit breaker is open (see Lockout State on page 4.56).
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After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.

If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 4.30). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see Lockout State on page 4.56).

If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off. Use the OPTMN Relay Word bit to monitor open interval timing 
(see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.11 Factory Settings Example

The skip shot function is not enabled in the factory settings:
79SKP := 0 (numeral 0)

The stall open interval timing factory setting is:
79STL := TRIP

After successful reclose initiation, open interval timing does not start as 
long as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.

EXAMPLE 4.12 Additional Settings Example 1

With skip shot setting:
79SKP := 50P2P AND SH0

if shot = 0 (Relay Word bit SH0 = logical 1) and phase current exceeds the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2P = logical 1), at the instant of successful reclose initiation, the shot 
counter increments from shot = 0 to shot = 1. Then, open interval 1 time 
(setting 79OI1) is skipped, and the relay times on the open interval 2 time 
(setting 79OI2) instead.

In Table 4.31, note that the open interval 1 time (setting 79OI1) is a short 
time, while the following open interval 2 time (setting 79OI2) is 
significantly longer. For a high magnitude fault (greater than the phase 
instantaneous overcurrent element 50P2 threshold), open interval 1 time 
is skipped, and open interval timing proceeds on the following open 
interval 2 time.

Once the shot increments to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2P.

Table 4.31 Open Interval Time Example Settings

Shot
Corresponding 
Relay Word Bit

Corresponding 
Open Interval

Open Interval Time 
Example Setting

(seconds)

0 SH0 79OI1 0.50 

1 SH1 79OI2 10
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EXAMPLE 4.13 Additional Settings Example 2

If the SEL-751A Relay is in use on a feeder with a line-side independent 
power producer (cogenerator), the utility should not reclose into a line still 
energized by an islanded generator. To monitor line voltage and block 
reclosing, connect a line-side single-phase potential transformer to 
channel VS on the SEL-751A as shown in Figure 4.40.

Figure 4.40 Reclose Blocking for Islanded Generator

If the line is energized, you can set channel VS overvoltage element 59S1 
to assert. Make the following setting:

79STL := 59S1 OR …
If line voltage is present, Relay Word bit 59S1 asserts, stalling open interval 
timing (reclose block). If line voltage is not present, Relay Word bit 59S1 
deasserts, allowing open interval timing to proceed (unless some other set 
condition stalls open interval timing).

EXAMPLE 4.14 Additional Settings Example 3

Refer to Figure 4.37 and accompanying setting example, showing an 
application for setting 79STL.

Other Settings Considerations
If no special skip shot or stall open interval timing conditions are necessary, 
make the following settings:

79SKP := 0 (numeral 0)
79STL := 0 (numeral 0)

Block Reset Timing 
Setting (79BRS)

The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:

79RSD (Reset Time from Reclose Cycle)

or
79RSLD (Reset Time from Lockout)

Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:

79BRS = logical 1

reset timing is stopped and does not begin timing again until 79BRS deasserts 
to:

79BRS = logical 0

SEL-751A

Bus 1

52

IA, IB, IC

VA, VB, VC VS

3-Phase

1-Phase

Generator
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When reset timing starts again, the reset timer is fully loaded. Thus, successful 
reset timing has to be continuous. Use the RSTMN Relay Word bit to monitor 
reset timing (see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.15 Factory Settings Example

The reset timing is blocked if Relay Word bit TRIP is asserted, regardless of 
the reclosing relay state:

79BRS := TRIP

EXAMPLE 4.16 Additional Settings Example 1

The block reset timing setting is:
79BRS := (51P1P OR 51G1P) AND 79CY

Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 4.38 and Table 4.28).

When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the 
relay is in the Reset or Lockout States. When a circuit breaker is closed 
from lockout, there could be cold load inrush current that momentarily 
picks up a time-overcurrent element [e.g., phase time-overcurrent element 
51P1 pickup (51P1P) asserts momentarily]. But, this assertion has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 
0). The relay will time immediately on reset time 79RSLD and take the 
relay from the Lockout State to the Reset State with no additional delay 
because 79BRS is deasserted to logical 0.

When the relay is in the Reclose Cycle State, Relay Word bit 79CY is 
asserted to logical 1. Thus, the example 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1P or 51G1P is picked up 
while the relay is in the Reclose Cycle State. This helps prevent repetitive 
“trip-reclose” cycling.

EXAMPLE 4.17 Additional Settings Example 2

If the block reset timing setting is:
79BRS := 51P1P OR 51G1P

then reset timing is blocked if time-overcurrent pickup 51P1P or 51G1P is 
picked up, regardless of the reclosing relay state.

Sequence 
Coordination Setting 
(79SEQ)

The sequence coordination setting 79SEQ keeps the relay in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-751A overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.

For the sequence coordination setting 79SEQ to increment the shot counter, 
both the following conditions must be true:

➤ No trip present (Relay Word bit TRIP = logical 0)

➤ Circuit breaker closed (SELOGIC control equation setting 
52A = logical 1, effectively)

The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the previous two conditions are both true, and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 4.41) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-751A “in step” 
with the downstream device, as is shown in Additional Settings Example 1 on 
page 4.67 and Additional Settings Example 2 on page 4.68.
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Every time a sequence coordination operation occurs, the shot counter 
increments, and the reset timer is loaded up with reset time 79RSD. Sequence 
coordination can increment the shot counter beyond last shot, but no further 
than shot = 4. The shot counter returns to shot = 0 after the reset timer times 
out. Reset timing is subject to SELOGIC control equation setting 79BRS [see 
Block Reset Timing Setting (79BRS) on page 4.65].

Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.

EXAMPLE 4.18 Factory Settings Example

Sequence coordination is not enabled in the factory settings:
79SEQ := 0

EXAMPLE 4.19 Additional Settings Example 1

With sequence coordination setting:
79SEQ := 79RS AND 51P1P

sequence coordination is operable only when the relay is in the Reset 
State (79RS = logical 1). Refer to Figure 4.41 and Figure 4.42.

Figure 4.41 Sequence Coordination Between the SEL-751A and a Line 
Recloser

Assume that the line recloser is set to operate twice on the fast curve and 
then twice on the slow curve. The slow curve is allowed to operate after 
two fast curve operations because the fast curves are then inoperative for 
tripping. The SEL-751A phase time-overcurrent element 51P1T is 
coordinated with the line recloser fast curve. The SEL-751A single-phase 
time-overcurrent elements 51AT, 51BT, and 51CT are coordinated with the 
line recloser slow curve.

Fast Curve
(Line Recloser)

51P1

Slow Curve
(Line Recloser)

t

IF I

51P1T
(SEL-751A)

51AT, 51BT, 51CT
(SEL-751A)

SEL-751A

R

Line Recloser

IF
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q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.42 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)

If the SEL-751A is in the Reset State (79RS = logical 1) and then a 
permanent fault beyond the line recloser occurs (fault current IF in 
Figure 4.41), the line recloser fast curve operates to clear the fault. The 
SEL-751A also sees the fault. The phase time-overcurrent pickup 51P1P 
asserts and then deasserts without tripping, incrementing the relay shot 
counter from:

shot = 0 to shot = 1

When the line recloser recloses its circuit breaker, the line recloser fast 
curve operates again to clear the fault. The SEL-751A also sees the fault 
again. The phase time-overcurrent pickup 51P1P asserts and then 
deasserts without tripping, incrementing the relay shot counter from:

shot = 1 to shot = 2

The line recloser fast curve is now disabled after operating twice. When 
the line recloser recloses its circuit breaker, the line recloser slow curve 
operates to clear the fault. The relay does not operate on its faster-set 
phase time-overcurrent element 51P1 (51P1T is “below” the line recloser 
slow curve) because the shot counter is now at shot = 2. For this sequence 
coordination scheme, the SELOGIC control equation trip equation is:

TR := 51P1T AND (SH0 OR SH1) OR 51AT OR 51BT OR 51CT

With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51PT phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative, and its pickup (51P1P) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, 
etc. The 51P1T phase time-overcurrent element cannot cause a trip 
because shot ≥ 2, and SH0 and SH1 both are deasserted to logical 0.

The shot counter returns to shot = 0 after the reset timer (loaded with 
reset time 79RSD) times out.

EXAMPLE 4.20 Additional Settings Example 2

Review preceding Example 1.

Assume that the line recloser in Figure 4.41 is set to operate twice on the 
fast curve and then twice on the slow curve for faults beyond the line 
recloser.

Assume that the SEL-751A is set to operate once on 51P1T and then twice 
on 51AT, 51BT, or 51CT for faults between the SEL-751A and the line 
recloser. This results in the following trip setting:

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT

79SEQ := 79RS AND 51P1P

SH0 OR SH1

SH1

SH0

Shot Counter      0 1 2 3 4

q w e w e r e r

NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot in this example (last shot = 2 
in this factory setting example) but no 
further than shot = 4.

The following Example 2 limits 
sequence coordination shot counter 
incrementing.
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This requires that two open interval settings be made (see Table 4.29 and 
Figure 4.39). This corresponds to the last shot being:
last shot = 2

If the sequence coordination setting is:
79SEQ := 79RS AND 51P1P

and there is a permanent fault beyond the line recloser, the shot counter 
of the SEL-751A will increment all the way to shot = 4 (see Figure 4.42). If 
there is a coincident fault between the SEL-751A and the line recloser, the 
SEL-751A will trip and go to the Lockout State. Any time the shot counter 
is at a value equal to or greater than last shot and the relay trips, it goes to 
the Lockout State.

To avoid this problem, make the following sequence coordination setting:
79SEQ := 79RS AND 51P1P AND SH0

Refer to Figure 4.43.

If the SEL-751A is in the Reset State (79RS = logical 0) with the shot 
counter reset (shot = 0; SH0 = logical 1) and then a permanent fault 
beyond the line recloser occurs (fault current IF in Figure 4.41), the line 
recloser fast curve operates to clear the fault. The SEL-751A also sees the 
fault. The phase time-overcurrent pickup 51P1P asserts and then deasserts 
without tripping, incrementing the relay shot counter from:

shot = 0 to shot = 1

Now the SEL-751A cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT = (logical 0) OR 51AT OR 
51BT OR 51CT

q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.43 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 2)

The line recloser continues to operate for the permanent fault beyond it, 
but the SEL-751A shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.

79SEQ := 79RS AND 51P1P AND (logical 0) = Logical 0

The shot counter stays at shot = 1.

Thus, if there is a coincident fault between the SEL-751A and the line 
recloser, the SEL-751A will operate on 51AT, 51BT, or 51CT and then reclose 
once, instead of going straight to the Lockout State (shot = 1 < last shot = 
2).

As stated earlier, the reset time setting 79RSD takes the shot counter back 
to shot = 0 after a sequence coordination operation increments the shot 
counter. Make sure that reset time setting 79RSD is set long enough to 
maintain the shot counter at shot = 1, as shown in Figure 4.43.

79SEQ = 79RS * 51P1 * SHO

51P1

Shot Counter

SH0

0 1

q w e w e r e r
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Reclose Supervision 
Setting (79CLS)

See Reclose Supervision Logic on page 4.48.

Demand Metering
The SEL-751A provides demand and peak demand metering, selectable 
between thermal and rolling demand types, for the following values:

➤ IA, IB, IC, phase currents (A primary)

➤ IG Residual-ground current 
(A primary; IG = 3I0 = IA + IB + IC)

➤ 3I2 Negative-sequence current (A primary)

Table 4.32 shows the demand metering settings. Also refer to Section 5: 
Metering and Monitoring and Section 7: Communications for other related 
information for the demand meter.

The demand current level settings are applied to demand current meter 
outputs, as shown in Figure 4.44. 

Table 4.32 Demand Meter Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE DEM MTR THM, ROL EDEM := THM

DEM TIME CONSTNT 5, 10, 15, 30, 60 min DMTC := 5

PH CURR DEM LVL OFF, 0.50–16.00 Aa

OFF. 0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

PHDEMP := 5.00a

PHDEMP := 1.00b

RES CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
GNDEMP := 1.00a

GNDEMP := 0.20b

3I2 CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
3I2DEMP := 1.00a

3I2DEMP := 0.20b
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Figure 4.44 Demand Current Logic Outputs

For example, when residual-ground demand current IGD exceeds 
corresponding demand pickup GNDEMP, Relay Word bit GNDEM asserts to 
logical 1. Use these demand current logic outputs (PHDEM, GNDEM, and 
3I2DEM) to alarm for high loading or unbalance conditions.

The demand values are updated approximately once a second. The relay stores 
peak demand values to nonvolatile storage every six hours (it overwrites the 
previous stored value if it is exceeded). Should the relay lose control power, it 
will restore the peak demand values saved by the relay.

Demand metering peak recording is momentarily suspended when SELOGIC 
control equation setting FAULT is asserted (= logical 1). The differences 
between thermal and rolling demand metering are explained in the following 
discussion.
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Comparison of 
Thermal and Rolling 
Demand Meters

The example in Figure 4.45 shows the response of thermal and rolling demand 
meters to a step current input. The current input is at a magnitude of zero and 
then suddenly goes to an instantaneous level of 1.0 per unit (a “step”).

Figure 4.45 Response of Thermal and Rolling Demand Meters to a 
Step Input (Setting DMTC = 15 minutes)
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Thermal Demand Meter Response
The response of the thermal demand meter in Figure 4.45 (middle) to the step 
current input (top) is analogous to the series RC circuit in Figure 4.46.

Figure 4.46 Voltage VS Applied to Series RC Circuit

In the analogy:

Voltage VS in Figure 4.46 corresponds to the step current input in 
Figure 4.45 (top).

Voltage VC across the capacitor in Figure 4.46 corresponds to the 
response of the thermal demand meter in Figure 4.45 (middle).

If voltage VS in Figure 4.46 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 4.46 is also at zero 
(VC = 0.0 per unit). If voltage VS is suddenly stepped up to some constant 
value (VS = 1.0 per unit), voltage VC across the capacitor starts to rise toward 
the 1.0 per-unit value. This voltage rise across the capacitor is analogous to the 
response of the thermal demand meter in Figure 4.44 (middle) to the step 
current input (top).

In general, as voltage VC across the capacitor in Figure 4.46 cannot change 
instantaneously, the thermal demand meter response is not immediate either 
for the increasing or decreasing applied instantaneous current. The thermal 
demand meter response time is based on the demand meter time constant 
setting DMTC (see Table 4.32). Note in Figure 4.45, the thermal demand 
meter response (middle) is at 90 percent (0.9 per unit) of full applied value 
(1.0 per unit) after a time period equal to setting DMTC = 15 minutes, 
referenced to when the step current input is first applied.

The SEL-751A updates thermal demand values approximately every second.

Rolling Demand Meter Response
The SEL-751A calculates the response of the rolling demand meter in 
Figure 4.45 (bottom) to the step current input (top) with a sliding time-
window arithmetic average calculation. The width of the sliding time-window 
is equal to the demand meter time constant setting DMTC (see Table 4.32). 
Note in Figure 4.45, the rolling demand meter response (bottom) is at 
100 percent (1.0 per unit) of full applied value (1.0 per unit) after a time 
period equal to setting DMTC = 15 minutes, referenced to when the step 
current input is first applied.

The rolling demand meter integrates the applied signal (e.g., step current) 
input in five-minute intervals. The SEL-751A performs this integration 
approximately every second. The average value for an integrated five-minute 
interval is derived and stored as a five-minute total. The rolling demand meter 
then averages a number of the five-minute totals to produce the rolling 
demand meter response. In the Figure 4.45 example, the rolling demand meter 
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—
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averages the three latest five-minute totals because setting DMTC = 15
(15/5 = 3). The relay updates the rolling demand meter response every five 
minutes, after it calculates a new five-minute total.

The following is a step-by-step calculation of the rolling demand response 
example in Figure 4.45 (bottom).

Time = 0 Minutes
Presume that the instantaneous current has been at zero for quite some time 
before “Time = 0 minutes” (or the demand meters were reset). The three 
five-minute intervals in the sliding time-window at “Time = 0 minutes” each 
integrate into the following five-minute totals:

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes
The three five-minute intervals in the sliding time-window at “Time = 5 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit.

Time = 10 Minutes
The three five-minute intervals in the sliding time-window at “Time = 10 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit.

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –15 to –10 minutes

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

0.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

1.0 per unit  0 to 5 minutes

1.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –5 to 0 minutes

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

2.0 per unit
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Time = 15 Minutes
The three five-minute intervals in the sliding time-window at “Time = 15 
minutes” each integrate into the following 5-minute totals:

Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed in the following table.

SELOGIC Enables The following table shows the enable settings for latch bits (ELAT), SELOGIC 
control equations (including timers) (ESV), Counters (ESC), and math 
variable equations (EMV). This helps limit the number of settings that you 
need to make. For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output 
contact state. The SEL-751A latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output 
contact will go back to the state of the latch control switch after device 
initialization. Traditional latching device output contact states are changed by 
pulsing the latching device inputs (see Figure 4.47). Pulse the set input to 
close (set) the latching device output contact. Pulse the reset input to open 
(reset) the latching device output contact. The external contacts wired to the 
latching device inputs are often from remote control equipment (e.g., SCADA, 
RTU).

Five-Minute Totals Corresponding Five-Minute Interval

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

1.0 per unit 10 to 15 minutes

3.0 per unit

Table 4.33 Enable Settings

Setting Prompt Setting Range Default Setting

SELOGIC Latches N, 1–32 ELAT := 4

SV/Timers N, 1–32 ESV := 5

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N
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Figure 4.47 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-751A provide latching device 
functionality. Figure 4.48 shows the logic diagram of a latch switch. The 
output of the latch control switch is a Relay Word bit LTn (n = 01–32), called 
a latch bit.

Figure 4.48 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit LTn 
deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-751A includes 32 latches. Table 4.34 shows the SET and RESET 
default settings for Latch 1 through Latch 4. The remaining latches are all set 
to NA.

Table 4.34 Latch Bits Equation Settings

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

SET02 SELOGIC SET02 := R_TRIG SV02T AND NOT LT02

RST02 SELOGIC RST02 := R_TRIG SV02T AND LT02

SET03 SELOGIC SET03 := PB03_PUL AND LT02 AND NOT 52A

RST03 SELOGIC RST03 := (PB03_PUL OR PB04_PUL OR 
SV03T) AND LT03

SET04 SELOGIC SET04 := PB04_PUL AND 52A

RST04 SELOGIC RST04 := (PB03_PUL OR PB04_PUL OR 
SV04T) AND LT04

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset) (n = 01 through 32)

Relay
Word
Bits

SELOGIC
Setting
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Latch Bits: 
Nonvolatile State

Power Loss
The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is 
deasserted (LT03 := logical 0) when power is restored.

Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on page 4.77 
explanation. If the individual settings change causes a change in SELOGIC 
control equation settings SETn or RSTn (n = 1 through 32), the retained states 
of the latch bits can be changed, subject to the newly enabled settings SETn or 
RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a separate debounce timer that can help in providing the necessary time 
qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your 
application. Only the enabled SELOGIC control equations appear for settings. 
Each SELOGIC control equation variable/timer has a SELOGIC control 
equation setting input and variable/timer outputs, as shown in Figure 4.49. 
Timers SV01T through SV32T in Figure 4.49 have a setting range of 0.00–
3000.00 seconds. This timer setting range applies to both pickup and dropout 
times (SVnPU and SVnDO, n = 1 through 32).

Figure 4.49 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC control equation, 
including a total of 14 elements in parentheses (see Table 4.36 for more 
information).

SELOGIC Control 
Equation Operators

Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

Relay
Word 
Bits

SVnPU

SVnDO
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already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an “assignment” operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean 
algebra logic, combining Relay Word bits together with one or more of the 
Boolean operators listed in Table 4.36. Math SELOGIC control equation 
settings operate on numerical values, using one or more of the mathematical 
operators listed in Table 4.36. These numerical values can be mathematical 
variables or real numbers.

The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.21 for an explana-
tion on improving the accuracy of the math operations by managing the pro-
cessing order. 

EXAMPLE 4.21 Improving the Accuracy of Math Operations 

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 calculation 
and scales it by 128, then rounds this up to a 2. The relay then multiplies it 
by 100,000 and stores it as 200,000. When the number is reported it 
divides out the scale factor (128) and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This result 
is then rounded and stored as 184,615. The relay then divides 184,615 by 128 
and reports 1442.3. 

Example 4.21 illustrates how important it is to avoid calculations where a 
small number is divided by a large number followed by multiplication. It will 
amplify the error significantly. 

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.35, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. You should use scaling factors 
where possible to avoid the error introduced by the fixed-point processor 
when multiplying and dividing fractional numbers.

Table 4.35 Math Variable Fractional Multiplication Results

MV01 := 0.01 • 10 Result = 0.08 Error = 20%

MV01 := 0.05 • 10 Result = 0.47 Error = 6%

MV01 := 0.1 • 10 Result = 1.02 Error = 2.0%

MV01 := 0.5 • 10 Result = 5.00 Error = 0%

MV01 := 0.99 • 10 Result = 9.92 Error = 0.2%
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You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.37 for this and other 
Boolean and math operators and values.

Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-751A evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for 
example SV01 AND SV02 AND SV03, each AND will be evaluated from the 
left to the right. If you substitute NOT SV04 for SV03 to make SV01 AND 
SV02 AND NOT SV04, the device evaluates the NOT operation of SV04 first 
and uses the result in subsequent evaluation of the expression.

Parentheses Operator ( )
You can use more than one set of parentheses in a SELOGIC control equation 
setting. For example, the following Boolean SELOGIC control equation setting 
has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

In the previous example, the logic within the parentheses is processed first and 
then the two parentheses resultants are ANDed together. Use as many as 14 
sets of parentheses in a single SELOGIC control equation setting. The 
parentheses can be “nested” (parentheses within parentheses).

Math Negation Operator (–)
The negation operator – changes the sign of a numerical value. For example:

MV01 := RB01

Table 4.36 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean and/

or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply
divide

Mathematical

+
-

add
subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality
inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest precedence)
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When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Boolean NOT Operator (NOT)
Apply the NOT operator to a single Relay Word bit and to multiple elements 
(within parentheses).

An example of a single Relay Word bit is as follows:
SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as 
follows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the 
following example.

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

The previous equation sets MV01 to 12 whenever IN101 asserts, otherwise it 
increments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG)
Apply the rising-edge operator, R_TRIG, to individual Relay Word bits only; 
you cannot apply R_TRIG to groups of elements within parentheses. When 
any Relay Word bit asserts (going from logical 0 to logical 1), R_TRIG 
interprets this logical 0 to logical 1 transition as a “rising edge” and asserts to 
logical 1 for one processing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing 
interval when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG)
Apply the falling-edge operator, F_TRIG, to individual Relay Word bits only; 
you cannot apply F_TRIG to groups of elements within parentheses. The 
falling-edge operator, F_TRIG, operates similarly to the rising-edge operator, 
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but operates on Relay Word bit deassertion (elements going from logical 1 to 
logical 0) instead of Relay Word bit assertion. When the Relay Word bit 
deasserts, F_TRIG interprets this logical 1 to logical 0 transition as a “falling 
edge” and asserts to logical 1 for one processing interval, as shown in 
Figure 4.50.

Figure 4.50 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators (*, /, +, and –)
If Relay Word bits (which are effectively Boolean resultants, equal to logical 1 
or logical 0) are used in mathematical operations, they are treated as 
numerical values 0 and 1, depending on if the Relay Word bit is equal to 
logical 0 or logical 1, respectively.

Boolean Comparison Operators (<, >, <=, and >=)
Comparisons are mathematical operations that compare two numerical values, 
with the result being a logical 0 (if the comparison is not true) or logical 1 (if 
the comparison is true). Thus, what starts out as a mathematical comparison 
ends up as a Boolean resultant. For example, if the output of a math variable 
exceeds a certain value, an output contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8, output contact OUT103 asserts 
(OUT103 = logical 1). If the math variable (MV01) is less that or equal to 8, 
output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality (=) and Inequality (<>) Operators
Equality and inequality operators operate similarly to the comparison 
operators. These are mathematical operations that compare two numerical 
values, with the result being a logical 0 (if the comparison is not true), or 
logical 1 (if the comparison is true). Thus, what starts out as a mathematical 
comparison, ends up as a Boolean resultant. For example, if the output of a 
math variable is not equal to a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45, output contact OUT102 asserts 
(effectively OUT102 := logical 1). If the math variable (MV01) is equal to 45, 
output contact OUT102 deasserts (effectively OUT102 := logical 0). The 
following table shows other operators and values that you can use in writing 
SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When 
Power Lost or 
Settings Changed

If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.51 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.51 Example Use of SELOGIC Variables/Timers

SV/Timers Settings The SEL-751A includes 32 SELOGIC variables. Table 4.38 shows the pickup, 
dropout, and equation settings for SV01 and SV02. The remaining SELOGIC 
variables have the same default settings as SV02.

Table 4.37 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.38 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Default Settings

SV TIMER PICKUP 0.00–3000.00 SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR 
BRGTRIP OR OTHTRIP OR 
AMBTRIP OR (27P1T OR 
27P2T) AND NOT LOP

SV TIMER PICKUP 0.00–3000.00 SV02PU := 3.00

SV TIMER DROPOUT 0.00–3000.00 SV02DO := 0.00

SV INPUT SELOGIC SV02 := PB02

SV TIMER PICKUP 0.00–3000.00 SV03PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV03DO := 0.00

SV INPUT SELOGIC SV03 := LT03
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The pickup times of 0 for the SV03PU and SV04PU settings shown 
previously provide an immediate close and trip actions from front-panel 
pushbuttons. For a delayed close, set SV03PU to the necessary delay. 
Similarly, set SV04PU for a delayed trip action. See Table 8.4 for more detail.

Counter Variables SELOGIC counters are up- or down-counting elements, updated every 
processing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.52 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.52 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and 
Digital output SC01QU asserts when the counter reaches the programmable 
count value. Use the reset input (SC01R) to force the count to zero, and the 
analog output (SCnn) with analog comparison operators. Table 4.39 describes 
the counter inputs and outputs, and Table 4.40 shows the order of precedence 
of the control inputs.

SV TIMER PICKUP 0.00–3000.00 SV04PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV04DO := 0.00

SV INPUT SELOGIC SV04 := LT04

SV TIMER PICKUP 0.00–3000.00 SV05PU := 0.25

SV TIMER DROPOUT 0.00–3000.00 SV05DO := 0.25

SV INPUT SELOGIC SV05 := (PB02 OR LT03 OR 
LT04) AND NOT SV05T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 SV32PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV32DO := 0.00

SV INPUT SELOGIC SV32 := NA

Table 4.38 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Default Settings

Table 4.39 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the out-
put (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled.

NOTE: If setting SCnnCU is set to NA, 
the counter counts downwards only.

NOTE: SELOGIC counters will be reset 
to zero if the relay loses power as the 
counters are stored in volatile 
memory.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output
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Figure 4.53 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This 
indicates that there is no intentional lag between the control input asserting 
and the count value changing. Most of the pulses in the diagram are on every 
second processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.53 Example of the Effects of the Input Precedence

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a 
SELOGIC control equation and viewed through use 
of the COU command.

Table 4.40 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.39 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

Relay
Word
Bits

SC01R

SC01LD

SC01CU

SC01CD

SELOGIC

Settings

SC01PV = 7

Setting

SC01

Analog

= Sample

One Processing Interval

Two Processing Intervals
6
5
4
3
2
1
0
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears 
in the previous diagram, just before the “one processing 
interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters. When a counter is disabled by 
setting, the present count value is forced to 0 (SCnn := 0), causing Relay Word 
bit SCnnQD to assert (SCnnQD := logical 1), and Relay Word bit SCnnQU to 
deassert (SCnnQU := logical 0).

Output Contacts

The SEL-751A provides the ability to use SELOGIC control equations to map 
protection (trip and warning) and general-purpose control elements to the 
outputs. In addition, you can enable fail-safe output contact operation for relay 
contacts on an individual basis.

Table 4.41 Control Output Equations and Contact Behavior Settings

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := CLOSE

OUT103 FAIL-SAFE Y, N OUT103FS := N

OUT103 SELOGIC OUT103 := TRIP

•
•
•

•
•
•

•
•
•

OUT301 FAIL-SAFE Y, N OUT301FS := N

OUT301 SELOGIC OUT301 := 0

OUT302 FAIL-SAFE Y, N OUT302FS := N

OUT302 SELOGIC OUT302 := 0

OUT303 FAIL-SAFE Y, N OUT303FS := N

OUT303 SELOGIC OUT303 := 0

OUT304 FAIL-SAFE Y, N OUT304FS := N

OUT304 SELOGIC OUT304 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs for Slot C 
(OUT301–OUT304) are shown. The 
outputs for Slot D (OUT401–OUT404) 
and Slot E (OUT501–OUT504) have 
similar settings.
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If the contact fail-safe is enabled, the relay output is held in its energized 
position when relay control power is applied. The output falls to its de-
energized position when control power is removed. Contact positions with de-
energized output relays are indicated on the relay chassis and in Figure 2.13 
and Figure 2.14.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected (see Figure 2.17), the breaker is automatically tripped when relay 
control power fails.

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix I: MIRRORED BITS Communications and SEL-751A Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings

The phase rotation setting tells the relay your phase labeling standard. Set 
PHROT equal to ABC when B-phase current lags A-phase current by 120 
degrees. Set PHROT equal to ACB when B-phase current leads A-phase 
current by 120 degrees.

Figure 4.54 Phase Rotation Setting

Set the FNOM setting equal to your system nominal frequency. The DATE_F 
setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Small Signal Cut-
off for Metering on page 5.12 for more details.

Table 4.42 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ. 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := 50G1P OR 50N1P OR 
51P1P OR 51QP OR 50Q1P OR TRIP

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B
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Set the SELOGIC control equation FAULT to temporarily block maximum and 
minimum metering, energy metering, and demand metering.

Event Messenger 
Points

You can configure the SEL-751A to automatically send ASCII message on a 
communications port when the trigger condition is satisfied. Use the SET P 
command to set PROTO := EVMSG on the necessary port to select the port. 
This feature is designed to send messages to the SEL-3010 Event Messenger, 
but you can use any device capable of receiving ASCII messages.

Set EMP to enable the necessary number of message points.

Set each of MPTRxx (xx = 01–32) to the necessary Relay Word bits, the rising 
edge of which defines the trigger condition.

MPAQxx is an optional setting and you can use it to specify an Analog 
Quantity to be formatted into a single message, as described next.

Use MPTXxx to construct the message you want. Note that by default the 
relay adds the analog quantity value, if specified, at the end of the message, 
rounded to the nearest integer value (see Example 4.22).

EXAMPLE 4.22 Setting MPTXxx Using the Default Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157

Location and resolution of the analog quantity value within the message 
can be specified by using “%.pf”, 

where
% defines location of the value
p defines number of digits (as many as 6, defaults to 6 if 
omitted)
f indicates floating point value (use %d if nearest whole 
number is necessary)

Table 4.43 Event Messenger Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EVE MSG PTS ENABL N, 1–32 EMP := N

MESSENGER POINT 
MP01 TRIGGER

Off, 1 Relay Word bit MPTR01 := OFF

MESSENGER POINT 
MP01 AQ

None, 1 analog quantity MPAQ01 := NONE

MESSENGER POINT 
MP01 TEXT

148 characters MPTX01 := 

•
•
•

•
•
•

•
•
•

MESSENGER POINT 
MP32 TRIGGER

Off, 1 Relay Word bit MPTR32 := OFF

MESSENGER POINT 
MP32 AQ

None, 1 analog quantity MPAQ32 := NONE

MESSENGER POINT 
MP32 TEXT

148 characters MPTX32 :=
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EXAMPLE 4.23 Setting MPTXxx With a Specified Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS %.2f AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157.44 
AMPERES

MPTX01 := THE LOAD CURRENT IS %d AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157 
AMPERES

Multiple Settings 
Groups

SEL-751A Relays have three independent settings groups. Each settings 
group has complete relay settings and protection SELOGIC settings. The active 
settings group can be: 

➤ Viewed on the front-panel LCD using the MAIN > Set/Show > 
Active Group menus, as shown in Figure 8.20.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.20.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.20.

➤ Selected using SELOGIC control equation settings SS1 through 
SS3, as shown in Table 4.44.

If SELOGIC control equations SS1–SS3 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If the SELOGIC control equations are defined but evaluate to logical 0, 
or if they are not defined, the GROUP n command can be used to select the 
active settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1 and SG2 are deasserted to logical 0.
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS3, as shown in Table 4.44.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1 or SS2. If settings SS1 
through SS3 all deassert to logical 0, settings Group 3 remains the active 
settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 3.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 
other than the active settings group, there is no interruption of the active 

Table 4.44 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 sec TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0
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settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS3, the active settings group can be changed, subject to the 
newly enabled SS1–SS3 settings.

Synchrophasor Measurement
The SEL-751A Relay provides Phasor Measurement Control Unit (PMCU) 
capabilities when connected to an IRIG-B time source. See Appendix H: 
Synchrophasors for the description and Table H.1 for the settings.

Time and Date Management Settings
The SEL-751A supports several methods of updating the relay time and date. 
For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor 
applications, refer to Appendix H: Synchrophasors for the description and 
Table H.1 for the settings. For SNTP applications, refer to Simple Network 
Time Protocol (SNTP) on page 7.13. For time update from a DNP Master, see 
Time Synchronization on page D.10.

Table 4.45 shows the time and date management settings that are available in 
the Global settings.

Table 4.45 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B Control Bits Definition NONE, C37.118 IRIGC := NONE

Offset From UTC –24.00 to 24.00 hours, 
rounds up to nearest 0.25 
hour

UTC_OFF := 0.00

Month To begin DST OFF, 1–12 DST_BEGM := OFF

Week Of The Month To Begin DST 1–3, L DST_BEGW := 2

Day Of The Week To Begin DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_BEGD := SUN

Local Hour To Begin DST 0–23 DST_BEGH := 2

Month To End DST 1–12 DST_ENDM := 11

Week Of The Month To End DST 1–3, L DST_ENDW := 1

Day Of The Week To End DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_ENDD := SUN

Local Hour To End DST 0–23 DST_ENDH := 2
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IRIGC IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC time, 
Daylight Savings Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay will be able to adjust the 
synchrophasor time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated 
Universal Time (UTC) 
Offset Setting

The SEL-751A has a Global setting UTC_OFF, settable from –24.00 to 24.00 
hours, in 0.25-hour increments. The relay also uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not 
considered because the other time sources are defined as local time.

Automatic Daylight-
Saving Time Settings

The SEL-751A can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-751A will change to and from daylight-saving time 
every year at the specified time. Relay Word bit DST asserts when daylight-
saving time is active.

The SEL-751A interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in 
week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a 
month. As an example, consider the following settings:

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

DST_BEGM = 3 DST_ENDM = 10

DST_BEGW = L DST_ENDW = 3

DST_BEGD = SUN DST_ENDD = WED

DST_BEGH = 2 DST_ENDH = 3
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When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word bit, 
regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time 
settings are properly configured.

Simple Network Time 
Protocol (SNTP)

The SEL-751A PORT 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.13 for a description and Table 7.4 for the settings.

Breaker Failure Setting

The SEL-751A provides flexible breaker failure logic (see Figure 4.55). In the 
default breaker failure logic, assertion of Relay Word bit TRIP starts the BFD 
timer if the sum of positive-sequence and negative-sequence currents exceed 
0.02 • INOM. If the current remains greater than the threshold for BFD delay 
setting, Relay Word bit BFT will assert. Use the BFT to operate an output 
relay to trip appropriate backup breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is unnecessary 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.55 Breaker Failure Logic

Table 4.46 Breaker Failure Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 sec BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.02 • INOM

|I1| + |I2|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit
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Arc-Flash Protection
The SEL-751A offers advanced arc-flash protection capability aimed at 
minimizing the hazards associated with high energy arc (faults) in metal-
enclosed and metal-clad switchgear. The system supports four fiber-optic light 
sensors capable of detecting the high energy arc-flash events and tripping the 
breaker within milliseconds of the fault. Light sensors are supervised with an 
instantaneous overcurrent element offering enhanced security against false 
trips. Each of the four sensors can be routed to multiple tripping outputs by 
using SELOGIC control equations, offering ultimate flexibility in creating 
multiple protection zones (breaker truck cabinet, bus, PT cubicle etc.).

SEL-751A arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time will typically be longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in 
individual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. A loopback-based attenuation measurement method 
supervises both types of sensors and you can use them interchangeably on each 
of the four light inputs. Refer to Application Guide AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for more details.

Arc-Flash 
Overcurrent Elements 
(50PAF, 50NAF)

Table 4.47 shows the settings for the arc-flash instantaneous overcurrent 
elements. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

The arc-flash overcurrent elements use raw A/D converter samples, with the 
sampling rate of 16 samples per cycle. Individual samples are compared with 
the setting threshold as shown in Figure 4.56, followed by a security counter 
requiring that two samples in a row exceed the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to “overreach” under high harmonic load conditions. To avoid 
unintended element pickup, Arc-flash trip level 50PAFP should be set at least 
2 times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush / load pickup conditions is expected and 
will normally be taken into account by the arc-flash “light based” supervision.

Table 4.47 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 Aa

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 Ab

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.50–100.00 Aa 50NAFP := OFF

 0.10–20.00 Ab
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Figure 4.56 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-
Overlight Elements 
(TOL1 through TOL4)

The SEL-751A Relay offers four fiber-optic light sensor inputs. Each input is 
associated with one inverse time-over light element offering enhanced security 
coupled with exceptionally fast operation. Shape of the inverse time 
characteristic is fixed offering robust rejection of unrelated light events 
without adding unnecessary settings. Table 4.48 shows the arc-flash time-
overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) representing the type of sensor installed. Keyword POINT represents 
a point sensor, while the keyword FIBER represents a clear-jacketed fiber loop 
sensor.

TOL Pickup parameter makes it possible to set the individual light threshold 
levels for each of the 4 sensors. Pickup level is expressed in the percent of full 
scale, which is directly related to the light intensity level measured by the 
sensor.

When necessary, channel sensitivity can be compared to a light intensity level 
expressed in lux, as shown in Table 4.49. However, light sensitivity is 
associated with fiber length (which is installation dependent), TOL element 
settings are expressed as a percentage of the available A/D converter range.

2

16

50PAF

Relay
Word
Bit

50NAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample

Setting 50PAFP
Scaled to

Equivalent Sample

2

16

IN Sample

Setting 50NAF
Scaled to

Equivalent Sample

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL2P := 3.0

SENSOR 3 TYPE NONE, POINT, FIBER AFSENS3 := NONE

TOL 3 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL3P := 3.0

SENSOR 4 TYPE NONE, POINT, FIBER AFSENS4 := NONE
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The default processing interval in the SEL-751A is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as two outputs that will be processed every 1/16 of a power system cycle. Use 
the setting AOUTSLOT to select these outputs. For instance, if Slot C is 
selected (AOUTSLOT := 301_2) the SELOGIC control equations OUT301 and 
OUT302 will be processed at the 1/16 of a cycle rate. To get the fastest 
possible operate time, use the contacts selected by the AOUTSLOT setting for 
tripping. 

Figure 4.57 shows the TOL element logic diagram. 

Figure 4.57 Inverse Time-Overlight Element Logic

Figure 4.58 shows the inverse time-overlight element curve shape. The 
element uses 32 samples per cycle data, processed 16 times per cycle. TOL 
element algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system cycle.

TOL 4 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL4P := 3.0

AFD OUTPUT SLOT 101_2, 301_2, 401_2 AOUTSLOT := 101_2

a Setting range with point sensor.
b Setting range with fiber sensor.

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

PU: 0

DO: 1 cycle

ITOL2

LS2

Setting
TOL2P

TOL2

PU: 0

DO: 1 cycle

ITOL1

LS1

Setting
TOL1P

TOL1

PU: 0

DO: 1 cycle

ITOL3

LS3

Setting
TOL3P

TOL3

PU: 0

DO: 1 cycle

ITOL4

LS4

Setting
TOL4P

TOL4
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Figure 4.58 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, it is 
recommended that you set the element based on the ambient light level. This 
approach guarantees maximum sensitivity coupled with the fastest tripping 
time.

Typical ambient light levels are shown in Table 4.49. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as MET L command. Set the TOL 
pickup to the least possible light intensity level but greater than the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (non critical loads), it may be 
necessary to operate without overcurrent element supervision 
(OUTxxx := TOLn), relying only on the light detection element instead of 
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Table 4.49 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

>20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, "Electric Arc Burn Hazards", IEEE Transactions on industry 
applications, Vol. 42, No. 1. January/February 2006.
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having the overcurrent element (50PAF) supervise the light element (TOLn) in 
the output logic (OUTxxx := 50PAF AND TOLn). This approach offers fastest 
tripping times, but is less secure (can be tripped with the light input only).

Output Logic 
Programming

As stated earlier, arc-flash protection involves detecting an overcurrent as well 
as light (arc). Location of the light sensors and source(s) of the arc energy 
must also be considered in developing the trip output logic. If the relay detects 
both signals simultaneously, it is desirable to trip the “source breaker(s).”

The Relay Word bits for arc-flash protection (see Figure 4.56 and Figure 4.57) 
are:

50PAF, 50NAF, TOL1, TOL2, TOL3, and TOL4

As described earlier, you select two output contacts for high-speed processing 
by setting AOUTSLOT appropriately. The high-speed contact should be used 
for arc-flash tripping instead of the default OUT103 shown in Table 4.41. Also 
to ensure all the advantages of the trip logic (trip seal-in, event report trigger, 
etc.) the arc-flash trip should be included in the trip equation TR (see 
Table 4.27 and Figure 4.33 for detail).

NOTE: The high-speed outputs 
selected by AOUTSLOT setting being 
Form A, cannot be used in fail safe 
mode and should be disabled (set 
OUTxxxFS := N).

To get additional speed select the fast hybrid output option card (4DI/4DO). 
This card contains trip duty rated solid state output contacts, which will 
operate within 50 µs (as much as 8 ms faster than the standard 
electromechanical outputs).
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EXAMPLE 4.24 Output Logic Programming Example 1

SEL-751A applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of the 
source breaker and output contacts in Slot 3 are selected for high-speed 
processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2 OR TOL3)

EXAMPLE 4.25 Output Logic Programming Example 2

SEL-751A applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is located 
upstream of the feeder breaker, and output contacts in Slot 3 are selected 
for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 does 
not include overcurrent element supervision. When necessary, this 
supervision should be added by upstream relay(s). For instance, you can 
do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
necessary. 

Analog Inputs
The SEL-751A tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.59. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.59 Analog Input Card Adaptive Name

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Analog Input 
Calibration Process

In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a 
compensation factor. These compensation factors correct the signal offset 
errors to within ±1 uA or ±1 mV.

Signal offset compensation factor calculation procedure:

Step 1. Turn the SEL-751A on and allow it to warm up for a few 
minutes.

Step 2. Set the analog inputs for each analog channel to the necessary 
range by using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (e.g., ±1 mA).

Step 3. Short each analog input in turn at the device terminals by using 
short, low resistance leads with solid connections.

Step 4. Issue the command MET AI 10 to obtain 10 measurements for 
each channel.

Step 5. Record these 10 measurements, then calculate the average of 
the 10 measurements by adding the 10 values algebraically, and 
dividing the sum by 10. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

Step 6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting 
Example

Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures 
temperature on a transformer load tap changer mechanism. For this 
temperature transducer, 4 mA corresponds to –50°C, and 20 mA corresponds 
to 150°C. You have already installed the correct hardware jumper (see 
Figure 2.3 for more information) for Input 1 to operate as a current input. At 
power up, allow approximately five seconds for the SEL-751A to boot up, 
perform self-diagnostics, and detect installed cards.

Table 4.50 summarizes the steps and describes the settings we will carry out in 
this example.

Table 4.50 Summary of Steps (Sheet 1 of 2)

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH



4.100

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Analog Inputs

NOTE: The AIx0yNAM setting cannot 
accept the following and will issue the 
Invalid Element message:
Analog Quantities
Duplicate Names
Other AI Names

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts 
alphanumeric characters, the name for the AIx0yNAM setting must begin with 
an alpha character (A through Z) and not a number. The device displays the 
following prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC

 control equations, Signal 
Profiles, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag name 
characters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, enter I <Enter> (for current-driven 
device) at AI301TYP, the next prompt (enter V if this is a voltage-driven 
device). The next two settings define the lower level (AI301L) and the upper 
level (AI301H) of the transducer. In this example, the low level is 4 mA and 
the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

NOTE: Because the SEL-751A 
accepts current values ranging from
–20.48 to 20.48 mA, be sure to enter 
the correct range values.

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign 
descriptive names for engineering units. Because we measure temperature in 
this example, enter “degrees C” (without quotation marks) as engineering 
units. Enter –50 <Enter> for the lower level and 150 <Enter> for the upper level.

With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in 
engineering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm 
functions: low warnings and alarm functions assert when the measured value 
falls below the setting; high warnings and alarm functions assert when the 
measured values exceed the setting. 

In this example, we measure the oil temperature of a power transformer, and we 
want the following three actions to take place at three different temperature values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 2 value

14 105 Enter HIGH ALARM value

Table 4.50 Summary of Steps (Sheet 2 of 2)

Step Activity Terse Description
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Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower 
values (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher 
values as shown in Figure 4.60. Set inputs connected to voltage-driven 
transducers in a similar way.

Analog (DC 
Transducer) Input 
Board

Table 4.51 shows the setting prompt, setting range, and factory-default 
settings for an analog input card in Slot 3. For the name setting (AI301NAM, 
for example), enter only alphanumeric and underscore characters. Characters 
are not case sensitive, but the device converts all lowercase characters to 
uppercase. Although the device accepts alphanumeric characters, the name 
AI301NAM setting must begin with an alpha character (A–Z) and not a 
number.

=>>SET G AI301NAM TERSE <Enter>
Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.60 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C

Table 4.51 Analog Input Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters 0–9, A–Z, _ AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF
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Analog Outputs
If an SEL-751A configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1-4. Figure 4.61 shows the x and y variable allocation for the analog output 
card.

Figure 4.61 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the 
analog quantity we assign to Analog Output 1 (when set to OFF, the device 
hides all associated AOx0y settings and no value appears on the output). You 
can assign any of the analog quantities listed in Appendix K: Analog 
Quantities.

Table 4.52 shows the setting prompt, setting range, and factory-default 
settings for an analog card in Slot 3.

Example In this example, assume that we want to display in the control room the analog 
quantity (refer to Appendix K: Analog Quantities) IA_MAG, Phase A Current 
Magnitude in Primary Amps (0 to 3000 A range) during use of a –20 to 
+20 mA Analog Output channel. We install an analog input/output card in 

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V

Table 4.51 Analog Input Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.52 Output Setting for a Card in Slot 3

Setting Prompt Setting Range
Setting Name := 
Factory Default

AO301 ANALOG QTY Off, 1 analog quantity AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-751A hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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Slot C (SELECT 4 AI/ 4 AO) and set the card channel AO301, as shown in 
Figure 4.62. Note that the AO301 channel has to be configured as a “current 
analog output” channel (refer to Figure 2.4 through Figure 2.6). 

The display instrument expects –20 mA when the IA_MAG current is 0 
amperes primary and +20 mA when it is 3000 amperes primary.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in Slot E of the relay. 
Refer to Station DC Battery Monitor on page 5.13 for a detailed description 
and Table 5.8 for settings.

Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitor on page 5.18 for a detailed description 
and Table 5.10 for settings.

Digital Input Debounce
To comply with different control voltages, the SEL-751A offers dc debounce 
as well as ac debounce modes. Therefore, if the control voltage is dc, select 
the dc mode of operation, and if the control voltage is ac, select the ac mode of 
operation. In general, debounce refers to a qualifying time delay before 
processing the change of state of a digital input. Normally, this delay applies 
to both the processing of the debounced input when used in device logic, as 
well as to the time stamping in the SER. Following is a description of the two 
modes.

=>>SET G AO301AQ TERSE <Enter>
Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? -20<Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20<Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.62 Analog Output Settings
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DC Mode Processing 
(DC Control Voltage)

Figure 4.63 shows the logic for the dc debounce mode of operation. To select 
the dc mode of debounce, set IN101D to any number between 0 and 65000 
ms. In the figure, Input IN101 becomes IN101R (internal variable), after 
analog-to-digital conversion. On assertion, IN101R starts Debounce Timer, 
producing Relay Word bit IN101 after the debounce time delay. The debounce 
timer is a pickup/dropout combination timer, with debounce setting IN101D 
applying to both pickup (pu) and dropout (do) timers, i.e., you cannot set any 
timer individually. For example, a setting of IN101D = 20 ms delays 
processing of the input signal by 20 ms (pu) and maintains the output of the 
timer (do) for 20 ms. Relay Word bit IN101 is the output of the debounce 
timer. If you do not want to debounce a particular input, still use Relay Word 
bit IN101 in logic programming, but set the debounce time delay to 0 
(IN101D = 0).

Figure 4.63 DC Mode Processing

AC Mode Processing 
(AC Control Voltage)

Figure 4.64 shows IN101R from Input IN101 applied to a pickup/dropout 
timer. Different from the dc mode, there are no time settings for the debounce 
timer in the ac mode: the pickup time delay is fixed at 2 ms, and the dropout 
time is fixed at 16 ms. Relay Word bit IN101 is the output of the debounce 
timer. To select the ac mode of debounce, set IN101D = AC.

Figure 4.64 AC Mode Processing

Figure 4.65 shows a timing diagram for the ac mode of operation. On the 
rising edge of IN101R, the pickup timer starts timing (points marked 1 in 
Figure 6.10). If IN101R deasserts (points marked 2 in Figure 6.10) before 
expiration of the pickup time setting, Relay Word bit IN101 does not assert, 
and remains at logical 0. If, however, IN101R remains asserted for a period longer 
than the pickup timer setting, then Relay Word bit IN101 asserts to a logical 1.

pu

do

IN101

Relay
Word
Bit

Input IN101
IN101RAnalog/Digital 

Converter

Debounce Timer

2 ms

16 ms
IN101

Relay
Word
Bit

IN101R

Debounce Timer
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Figure 4.65 Timing Diagram for Debounce Timer Operation When Operating 
in AC Mode

Deassertion follows the same logic. On the falling edge of IN101R, the 
dropout timer starts timing. If IN101R remains deasserted for a period longer than 
the dropout timer setting, then Relay Word bit IN101 deasserts to a logical 0.

Table 4.53 shows the settings prompt, setting range, and factory-default 
settings for a card in Slot C. See the SEL-751A Settings Sheets for a complete 
list of input debounce settings.

T

Data Reset

Table 4.53 Slot C Input Debounce Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

IN301 Debounce AC, 0–65000 ms IN301D := 10

IN302 Debounce AC, 0–65000 ms IN302D := 10

IN303 Debounce AC, 0–65000 ms IN303D := 10

IN304 Debounce AC, 0–65000 ms IN304D := 10

IN305 Debounce AC, 0–65000 ms IN305D := 10

IN306 Debounce AC, 0–65000 ms IN306D := 10

IN307 Debounce AC, 0–65000 ms IN307D := 10

IN308 Debounce AC, 0–65000 ms IN308D := 10

IN101R

2 ms

IN101R Deasserted;
DDOT Counts

IN101R Deasserted;
DDOT Counts

Dropout Time
(16 ms)

Debounce Dropout 
Timer Expires; 
Relay Word Bit 
IN101 Deasserts

Debounce Pickup 
Timer Expires; 
Relay Word Bit 
IN101 Asserts

IN101R Asserted;
DPUT Counts

IN101R Asserted;
DPUT counts

Relay Word
Bit IN101

1

2

1 1 1 1 1

2 2 2 2 2

DPUT = Debounce Pickup Timer
DDOT = Debounce Dropout Timer
1 = Rising Edge: DPUT Counts
2 = Falling Edge: DDOT Counts

Setting Prompt Setting Range
Setting Name := 
Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET DEMAND SELOGIC RSTDEM := 0

RESET PK DEMAND SELOGIC RSTPKDEM := 0
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The RSTTRGT setting resets the trip output and front-panel TRIP LED, 
provided there is no trip condition present. See Figure 4.33 for more details. 
The RSTENRGY and RSTMXMN settings reset the Energy and Max/Min 
Metering values respectively. You should assign a contact input (for example, 
RSTTRGT := IN401) to each of these settings if you want remote reset. The 
RSTDEM and RSTPKDEM settings reset demand and peak-demand. See 
Figure 4.44 for the demand current logic diagram.

Access Control
The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings through the use of serial port commands. Table 4.54 shows the 
settings prompt, setting range, and factory-default settings.

Use the BLOCK MODBUS SET setting to block relay settings changes via 
Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

Time Synchronization Source
The SEL-751A accepts a demodulated IRIG-B time signal. Table 4.55 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial PORT 3 for the time signal 
input. When you use fiber-optic PORT 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.21 and 
IRIG-B on page 7.6 for additional information.

Table 4.54 Setting Change Disable Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

BLOCK MODBUS SET NONE, R_S, ALL BLKMBSET := NONE

NOTE: DSABLSET does not disable 
the setting changes from the serial 
ports.

Table 4.55 Time-Synchronization Source Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-751A provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: PORT F (front panel) is an 
EIA-232 port; PORT 1 is an optional Ethernet port(s); PORT 2 is an optional 
fiber-optic serial port; and PORT 3 (rear) is optionally an EIA-232 or EIA-485 
port. On the optional communications card, you can select PORT 4 as either 
EIA-485 or EIA-232 (not both) with the COMMINF setting. See Table 4.56 
through Table 4.61 for the port settings, also see appropriate Appendix for 
additional information on the protocol (DNP, MODBUS, IEC-61850, 
DeviceNet, Synchrophasors, and MIRRORED BITS) of interest.

PORT F

PORT 1

Table 4.56 Front-Panel Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, EVMSG, PMU PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.57 Ethernet Port Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

Enable TCP Keep-Alive (Y, N) ETCPKA := Y

TCP Keep-Alive Idle Range 1–20 sec KAIDLE := 10

TCP Keep-Alive Interval 
Range

1–20 sec KAINTV := 1

TCP Keep-Alive Count 
Range

1–20 KACNT := 6

FAST OP MESSAGES Y, N FASTOP := N

OPERATING MODE FIXED, FAILOVER, 
SWITCHED

NETMODE := FAILOVER

FAILOVER TIMEOUT 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

IMPORTANT: Upon relay initial 
power up or PORT 1 setting changes 
or Logic setting changes, you may 
have to wait as long as two minutes 
before an additional setting change 
can occur. Note that the relay is 
functional with protection enabled, as 
soon as the ENABLED LED comes ON 
(about 5—10 seconds from power up).

NOTE: FAST OP messages setting 
only takes effect when using SEL Fast 
Operate protocol to operate/set/pulse 
Breaker bits and Remote bits. It has 
no effect on Modbus, DNP or IEC 
61850 protocols.
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Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

NETWRK PORTA SPD AUTO, 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO, 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET TIME OUT 1–30 min TIDLE := 15

ENABLE FTP Y, N EFTPSERV := Y

FTP USER NAME 20 characters FTPUSER := FTPUSER

Enable IEC 61850 Protocol Y, N E61850 := N

Enable IEC 61850 GSE Y, N EGSE := N

Enable Modbus Sessions 0–2 EMOD := 0

Modbus TCP Port 1 1–65534 MODNUM1 := 502

Modbus TCP Port 2 1–65534 MODNUM2 := 502

Enable DNP Sessiona 0–3 EDNP := 0

Modbus Timeout 1 15–900 sec MTIMEO1 := 15

Modbus Timeout 2 15–900 sec MTIMEO2 := 15

a See Table D.7 for a complete list of the DNP3 session settings.

Table 4.57 Ethernet Port Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.58 Port Number Settings That Must be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
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PORT 2

PORT 3

PORT 4

Table 4.59 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.60 Rear-Panel Serial Port (EIA-232) Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, EVMSG, 
PMU, MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.
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Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After Port Timeout minutes of inactivity on a serial port at Access Level 2, the 
port automatically returns to Access Level 0. This security feature helps 
prevent unauthorized access to the relay settings if the relay is accidentally left 
in Access Level 2. If you do not want the port to time out, set Port Timeout 
equal to 0 minutes.

Set PROTO := SEL (standard SEL ASCII protocol), MOD (Modbus RTU 
protocol), or one of the MIRRORED BITS protocols, as necessary for your 
application. For detailed information, refer to Appendix C: SEL 
Communications Processors, Appendix E: Modbus Communications, and 
Appendix I: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix I: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

Set the AUTO := Y to allow automatic messages at a serial port.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. If 
you want to enable support for hardware (RTS/CTS) flow control, set the 
RTSCTS setting equal to Y.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-751A Fast Operate commands.

Set PROTO := DNET to establish communications when you use the 
DeviceNet card. Table 4.62 shows the additional settings, which you can set 
only at the rear on the DeviceNet card. Once the relay detects the DeviceNet 
card, all PORT 4 settings are hidden. Refer to Appendix G: DeviceNet 
Communications for details on DeviceNet.

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) 

Setting Prompt Setting Range Setting Name := 
Factory Default
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Front-Panel Settings (SET F Command)
General Settings Local bits provide control from the front panel (local bits), and display points 

display selected information on the LCD display. However, you need to first 
enable the appropriate number of local bits and display points necessary for 
your application. When your SEL-751A arrives, four display points are 
already enabled, but no local bits are enabled. If more display points are 
necessary for your application, use the EDP setting to enable as many as 32 
display points. Use the ELB setting to enable as many as 32 local bits.

To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the 
display is within an Access Level 2 function when a time-out occurs, such as 
the device setting entry, the function is automatically terminated (without 
saving changes) after inactivity for this length of time. After terminating the 
function, the front-panel display returns to the default display. If you prefer to 
disable the front-panel time-out function during device testing, set the LCD 
time-out equal to OFF. Use the front-panel LCD contrast setting FP_CONT to 
adjust the contrast of the liquid crystal display. Use the front-panel auto-
message setting FP_AUTO to define displaying of Trip/Warning message. Set 
FP_AUTO either to Override or add to the Rotating display when the relay 
triggers a Trip/Warning message. Set RSTLED := Y to reset the latched LEDs 
automatically when the breaker or contactor closes.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD display. Although the LCD 
screen displays a maximum of 16 characters at a time, you can enter as many 
as 60 valid characters. Valid characters are 0–9, A–Z, -, /, ", {, }, space. For 
text exceeding 16 characters, the LCD displays the first 16 characters, then 
scrolls through the remaining text not initially displayed on the screen.

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

Table 4.63 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABL N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N

Table 4.64 LCD Display Settings

Setting Prompt Range Default

LCD TIMEOUT OFF, 1–30 min FP_TO := 15

LCD CONTRAST 1–8 FP_CONT := 5

FP AUTOMESSAGES OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix J: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

Relay Word Bit Name, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see following). Commas are significant in 
identifying and separating the four strings. Use quotation marks only if the 
text you enter for Alias, Set String, or Clear String contains commas or spaces. 
For example, DP01 = Name,Text is valid, but Name, Alias 3 is not valid 
(contains a space). Correct the Alias name by using the quotation marks: 
Name, “Text 3”. You can customize the data display format by entering data in 
selected strings only. Table 4.65 shows the various display appearances 
resulting from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.65 shows examples of settings that always, never, or 
conditionally hide a display point.

Following are examples of selected display point settings, showing the 
resulting front-panel displays. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When 
the HV circuit breaker is open, we want the LCD display to show: TRFR 1 HV 

where:

Name =  Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)

Table 4.65 Settings That Always, Never, or Conditionally Hide a Display Point

Programmable Automation Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101,TRFR1,CLOSED,OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101,TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101,TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101,TRFR1,CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is 
deasserted

DP01 := IN101,"TRFR 1",,OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is 
asserted
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BRKR: OPEN, and when the HV circuit breaker is closed, we want the display to 
show: TRFR 1 HV BRKR: CLOSED. We also want similar displays for the LV 
breaker. 

After connecting a form a (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-751A, we are ready to program the display points, 
using the following information for the HV breaker (LV breaker similar):

➤ Relay Word bit—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED (the form a [normally open] contact 
asserts or sets Relay Word bit IN101 when the circuit breaker is 
closed)

➤ Clear String—OPEN (the form a [normally open] contact 
deasserts or clears Relay Word bit IN101 when the circuit 
breaker is open)

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Figure 4.66 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.67 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.68 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.67 Front-Panel Display—Both HV and LV Breakers Open

Table 4.66 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.66 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN
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Figure 4.68 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV 
breakers, and the relay displays the information as shown in Figure 4.69. 
When the HV breaker opens (LV breaker is still closed), the relay removes the 
line containing the HV breaker information because the Clear String 
information was omitted. Because the line containing the HV breaker 
information is removed, the relay now displays the LV breaker information on 
the top line, as shown in Figure 4.70.

Figure 4.69 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.70 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.71.

Figure 4.71 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.67 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>
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Figure 4.72 shows the front-panel display for the entry in Table 4.67. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.72 Front-Panel Display for a Binary Entry in the Name String Only

Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

Name, “User Text and Formatting.”

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.68 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.73 shows the front-panel display for the entry in Table 4.68, using the 
SET F command as follows:

Figure 4.73 Front-Panel Display for an Analog Entry in the 
Name String Only

Table 4.67 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display 
(all binary quantities occupy one line on the display).

User text and
numerical
formatting

= Display the user text, replacing the numerical 
formatting {width.dec,scale} with the value of Name, 
scaled by “scale”, formatted with total width “width” 
and “dec” decimal places. Name can be either an analog
quantity or a Relay Word bit. The width value includes 
the decimal point and sign character, if applicable. The 
“scale” value is optional; if omitted, the scale factor 
is 1. If the numeric value is smaller than the string size 
requested, the string is padded with spaces to the left of 
the number. If the numeric value does not fit within the 
string width given, the string grows (to the left of the 
decimal point) to accommodate the number.

Table 4.68 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA
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Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.69 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting Strings (DP02), using the 
SET F command as follows:

Figure 4.74 shows the front-panel display for the entry in Table 4.69. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.74 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the 
engineering units. For example, in the Group setting example, we set 
AI301EU to degrees C. With this setting, the front-panel display looks similar 
to Figure 4.75.

Figure 4.75 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on two 
different lines, use a display point for each word, i.e., DP01 = 1,“DEFAULT” 
and DP02 = 1,“SETTINGS.” The following table shows other options and 
front-panel displays for the User Text and Formatting settings.

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>

Table 4.69 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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Following is an example of an application of analog settings. Assume we also 
want to know the hot-spot temperature, oil temperature, and winding 
temperature of the transformer at a certain installation. To measure these 
temperatures, we have installed an analog card in relay Slot C, and connected 
4–20 mA transducers inputs to analog inputs AI301 (hot-spot temperature), 
AI302 (oil temperature), and AI303 (winding temperature).

First enable enough display points for the analog measurements (e.g. 
EDP = 5). Figure 4.76 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category).

Table 4.70 Example Settings and Displays

Example Display Point Setting Value Example Display

AI301,"TEMP {4}deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP={4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1={4,1000}" TEMP HV HS1 = 1234

1,{} Empty line

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.76 Adding Temperature Measurement Display Points
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Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.77.

Figure 4.77 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the necessary units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits will go back 
to their states after the device initialization. Each local bit requires three of the 
following four settings, using a maximum of 14 valid characters for the 
NLBnn setting, and a maximum seven valid characters (0–9, A–Z, -, /, ., 
space) for the remainder:

➤ NLBnn: Name the switch (normally the function that the switch 
performs, such as SUPERV SW) that will appear on the LCD 
display.

➤ CLBnn: Clear local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Set local bit. Enter the text that describes the intended 
operation of the switch (this text appears on the display) when 
LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulse local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before 
deasserting again. Enter the text that describes the intended 
operation when LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.78 shows the 
settings to program the two local bits.

Target LED Settings The SEL-751A offers the following two types of LEDs. See Figure 8.1 and 
Figure 8.26 for the programmable LED locations:

➤ Six target LEDs

➤ Eight pushbutton LEDs

Your can program all 14 LEDs through the use of SELOGIC control equations, 
the only difference being that the Target LEDs also include a latch function.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>

Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SPERV SW <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>

LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.78 Adding Two Local Bits 
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Target LEDs

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) 
control the six front-panel LEDs. With Tn_LEDL set to Y, the LEDs latch the 
LED state at TRIP assertion. To reset these latched LEDs, the TRIP condition 
should no longer exist and one of the following takes place:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the serial port command TAR R.

➤ The assertion of the SELOGIC control equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.71 Target LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

TRIP LATCH T_LED Y, N T01LEDL := Y

LED1 EQUATION SELOGIC T01_LED := ORED50T

TRIP LATCH T_LED Y, N T02LEDL := Y

LED2 EQUATION SELOGIC T02_LED := 51AT
OR 51BT OR 51CT OR 51P1T OR 
51P2T

TRIP LATCH T_LED Y, N T03LEDL := Y

LED3 EQUATION SELOGIC T03_LED := 51N1T OR 51G1T OR 
51N2T OR 51G2T

TRIP LATCH T_LED Y, N T04LEDL := Y

LED4 EQUATION SELOGIC T04_LED := 51QT

TRIP LATCH T_LED Y, N T05LEDL := Y

LED5 EQUATION SELOGIC T05_LED := 81D1T OR 81D2T OR 
81D3T OR 81D4T

TRIP LATCH T_LED Y, N T06LEDL := N

LED6 EQUATION SELOGIC T06_LED := (BFT OR T06_LED) 
AND NOT TRGTR

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by using TARGET RESET if 
the target conditions are absent.
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . . 4A, 4B) SELOGIC control 
equation settings. When these Relay Word bits assert, the corresponding LED 
also asserts. The following table shows the setting prompts, settings ranges, 
and default settings for the LEDs.

Report Settings (SET R Command)
The report settings use Relay Word bits for the SER trigger as shown in 
Table 4.74 (see Appendix J: Relay Word Bits for more information).

SER Chatter Criteria The SER includes an automatic deletion and reinsertion function to prevent 
overfilling of the SER buffer with chattering information. Each processing 
interval the relay checks the Relay Word bits in the four SER reports for any 
changes of state. When detecting a change of state, the relay adds a record to 
the SER report containing the Relay Word bit(s), new state, time stamp, and 
checksum (see Section 9: Analyzing Events for more information).

When detecting oscillating SER items, the relay automatically deletes these 
oscillating items from SER recording. Table 4.73 shows the auto-removal 
settings.

Table 4.72 Pushbutton LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PB1A_LED EQUATION SELOGIC PB1A_LED := 79RS

PB1B_LED EQUATION SELOGIC PB1B_LED := 79LO

PB2A_LED EQUATION SELOGIC PB2A_LED := NOT LT02 OR SV02 
AND NOT SV02T AND SV05T

PB2B_LED EQUATION SELOGIC PB2B_LED := LT02 OR SV02 AND 
NOT SV02T AND SV05T

PB3A_LED EQUATION SELOGIC PB3A_LED := NOT LT02 AND NOT 
52A

PB3B_LED EQUATION SELOGIC PB3B_LED := 52A OR SV03 AND NOT 
SV03T AND SV05T

PB4A_LED EQUATION SELOGIC PB4A_LED := 0

PB4B_LED EQUATION SELOGIC PB4B_LED := NOT 52A OR SV04 AND 
NOT SV04T AND SV05T

Table 4.73 Auto-Removal Settings

Settings Prompt Setting Range Factory Default

Auto-Removal Enable Y, N ESERDEL := N

Number of Counts 2–20 counts SRDLCNT := 5

Removal Time 0.1–90.0 seconds SRDLTIM := 1.0
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To use the automatic deletion and reinsertion function, proceed with the 
following steps:

Step 1. Set Report setting ESERDEL (Enable SER Delete) to Y to 
enable this function.

Step 2. Select values for the setting SRDLCNT (SER Delete Count) 
and the setting SRDLTIM (SER Delete Time) that mask the 
chattering SER element.

Setting SRDLTIM declares a time interval during which the relay qualifies an 
input by comparing the changes of state of each input against the SRDLCNT 
setting. When an item changes state more than SRDLCNT times in an 
SRDLTIM interval, the relay automatically removes these Relay Word bits 
from SER recording. Once deleted from recording, the item(s) will be ignored 
for the next nine intervals. At the ninth interval, the chatter criteria will again 
be checked and, if the point does not exceed the criteria, it will be 
automatically reinserted into recording at the starting of the tenth interval. You 
can enable or disable the auto-deletion function via the SER settings. Any 
auto-deletion notice entry will be lost during changes of settings. The deleted 
items can be viewed in the SER Delete Report (command SER D—refer to 
Section 7: Communications for additional information).

SER Trigger Lists To capture element state changes in the SER report, enter the Relay Word bit 
into one of the four SER (SER1 through SER4) trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 Relay 
Word bits separated by spaces or commas; the SER report accepts a total of 96 
Relay Word bits. Table 4.74 shows the settings prompt and default settings for 
the four SER trigger equations.

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way relay elements listed previously in the SER settings are 
displayed in the SER report. In addition, the Alias settings allow you to 
change the text displayed when a particular element is asserted and deasserted. 
The relay permits as many as 20 unique aliases, as defined by the Enable Alias 
Settings (EALIAS) setting. Factory-default alias settings are shown in 
Table 4.76.

Table 4.74 SERa Trigger Settings

a Use as many as 24 Relay Word elements separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 
PB02 PB03 PB04

SER2 SER2 := CLOSE 52A CC

SER3 SER3 := 81D1T 81D2T

SER4 SER4 := SALARM

Table 4.75 Enable Alias Settings

Setting Prompt Setting Range
Setting Name = 
Factory Default

Enable ALIAS Settings (N, 1–20) N, 1–20 EALIAS = 4
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Define the enabled alias settings by entering the Relay Word bit name, a 
space, the alias you want to use, a space, the text to display when the condition 
asserts, a space, and the text to display when the condition deasserts. 

See Table J.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay will interpret a space as the break between two strings. If you want to 
clear a string, simply type NA.

Event Report Settings

Event reports can be either 15 cycles or 64 cycles in length as determined by 
the LER setting. For LER of 15, the prefault length, PRE, must be in the range 
1–10. The relay can hold as many as seventy-seven 15-cycle event reports or 
nineteen 64-cycle event reports.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix K: Analog Quantities 
for a list of the available Analog Quantities. Also set the LDAR to the 
necessary acquisition rate for the report.

IMPORTANT: All stored load data 
are lost when you change the LDLIST 
setting.

ALIAS1 = PB01 FP_AUX1 PICKUP DROPOUT

Table 4.76 SET R SER Alias Settings

Setting Prompt
Relay 
Word Bit

Alias
Asserted 
Text

Deasserted 
Text

ALIAS1 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS2 := PB02 FP_LOCK PICKUP DROPOUT

ALIAS3 := PB03 FP_CLOSE PICKUP DROPOUT

ALIAS4 := PB04 FP_TRIP PICKUP DROPOUT

ALIAS5 –ALIAS20 NA

Table 4.77 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG 51P1P OR R_TRIG 51G1P 
OR R_TRIG 50P1P OR R_TRIG 50G1P OR 
R_TRIG 51N1P OR R_TRIG CF

EVENT LENGTH 15, 64 cyc LER := 15

PREFAULT LENGTH 1–59 cyc PRE := 5

NOTE: Event report data stored in 
the relay is lost when you change the 
LER setting. You must save the data 
before changing the setting.

Table 4.78 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST NA, as many as 17 analog quantities LDLIST := NA

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15
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DNP Map Settings (Set DNP n command, n = 1, 2, or 3)

Table 4.79 shows the available settings. See Appendix D: DNP3 
Communications for additional details.

Table 4.79 DNP Map Settingsa 

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

•

•

•

•

•

•

•

•

•

DNP Binary Input Label Name 10 characters BI_99 := NA

DNP Binary Output Label Name 10 characters BO_00 := RB01

•

•

•

•

•

•

•

•

•

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

•

•

•

•

•

•

•

•

•

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Counter Label Name 11 characters CO_31 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.80 shows the available settings. See Appendix E: Modbus 

Communications for additional details.

Table 4.80 User Map Register Settings a

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

• • •

• • •

• • •

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)
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Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)
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Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP
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Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear

10,000
100%

1000

2

3

4

5

6
7
8
9

100

2

3

4

5

6
7
8
9

10

2

3

4

5

6
7
8
9

1 2 3 4 5 6 7 8 9 5040302010.5

Nu
m

be
r o

f C
lo

se
/O

pe
n 

Op
er

at
io

ns

kA Interrupted per Operation

25%

50%



5.26

SEL-751A Relay Instruction Manual Date Code 20220610

Metering and Monitoring
Breaker Monitor

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Section 6
Settings

Overview
The SEL-751A Feeder Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following eight setting 
classes:

1. Relay Group n (where n = 1, 2, or 3)

2. Logic Group n (where n = 1, 2, or 3)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. Report

7. Modbus

8. DNP3

Some setting classes have multiple instances. In the previous list, there are five 
port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

The SEL-751A Settings Sheets at the end of this section list all SEL-751A 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Table 6.1 Methods of Accessing Settings

Serial Port 
Commandsa

a Refer to Section 7: Communications for detailed information on set-up and use of the serial 
communications port and Ethernet port.

Front-Panel HMI 
Set/Show Menub

b Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, 
menus and screens, and operator control pushbuttons.

ACSELERATOR QuickSet 
SEL-5030 (PC Software)c

c Refer to Section 3: PC Software for detailed information.

Display 
Settings

All settings
(SHO command)

Global, Group, and 
Port settings

All settings

Change 
Settings

All settings
(SET command)

Global, Group, and 
Port settings

All settings
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View/Change Settings With Front Panel

You can use the pushbuttons on the front panel to view/change settings. 
Section 8: Front-Panel Operations presents the operating details of the front 
panel.

Enter the front-panel menu by pushing the ESC pushbutton. It will display the 
following message:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pushing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
will present you with the RELAY settings as listed in the SEL-751A Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pushing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the PHASE PT RATIO, PTR setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-751A is shipped 

with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document the 
settings on the SEL-751A Settings 
Sheets at the end of this section 
before entering new settings in the 
relay.
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Figure 6.1 Front-Panel Setting Entry Example
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previous list.

Press to select an 
underlined menu item.
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Control
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Status
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View/Change Settings Over Communications Port 

Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port with a personal computer and how to 
use ASCII commands to communicate with the relay.

View Settings Use the SHOW command to view relay settings. The SHOW command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHOW 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHOW command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

Table 6.2 SHOW Command Options

Command  Description

SHOW n Show relay group settings: n specifies the settings group (1, 2, or 3); n 
defaults to active settings group if not listed.

SHO L n Show logic settings: n specifies the settings group (1, 2, or 3); n defaults to 
active settings group if not listed.

SHO G Show global configuration settings.

SHO P n Show serial port settings for port n (n = F, 1, 2, 3, or 4).

SHO F Show front-panel display and LED settings.

SHO R Show Sequential Events Recorder (SER) report and Event Report settings.

SHO M Show Modbus settings.

SHO D Show DNP3 map settings.

Table 6.3 SET Command Options

Command Settings Type  Description

SET n Relay Protection elements, timers, etc., for settings group  n 
(1, 2, or 3)

SET L n Logic SELOGIC control equations for settings group  n 
(1, 2, or 3)

SET G Relay Global configuration settings including Event Messen-
ger, optoisolated input debounce timers, etc.

SET P n Port Serial port settings for serial port n (1, 2, 3, 4, or F)

SET F Front Panel Front-panel display and LED settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP DNP3 map settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a setting 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The ALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

To change a specific setting, enter the command shown in Table 6.5.

Setting Entry Error Messages
As you enter relay settings, the relay checks the settings entered against the 
ranges for the settings as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues a 
self-explanatory error message, and returns you to the settings list for a 
correction.

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format

SET n m s TERSE

where:

n is left blank or is D, G, L, F, R, M, or P to identify the class of settings.

m is blank (1) or is 1, 2, or 3 when n = G or L for group settings.

m is left blank or is F, 1, 2, 3, or 4 when n = P.

s is the name of the specific setting to which you want to jump and begin 
setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you want to review the settings before saving, do not use the TERSE 
option.
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These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the serial ports. See Section 4: Protection and Logic Functions for 
detailed descriptions of the settings.

➤ Some settings require an optional module. (Refer to SEL-751A Model Option Table, Table 1.1, and 
notes with the settings below for details.)

➤ Some of the settings ranges can be more restrictive than shown, because of settings interdependency 
checks performed when new settings are saved (see Setting Entry Error Messages on page 6.5).

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

UNIT ID LINE 1 (16 Characters) RID :=

UNIT ID LINE 2 (16 Characters) TID :=

Configuration
PHASE CT RATIO (1–5000) CTR :=

NEUTRAL CT RATIO (1–5000) CTRN :=

IG (residual) SOURCE (MEAS, CALC) 
(Hidden if Voltage Card Option is Not xx75xx or xx76xx, see Table 
1.1)

IG_SRC :=

RESIDU CT RATIO (Hidden if Voltage Card Option is Not xx75xx 
or xx76xx (see Table 1.1); OR IG_SRC := CALC)

CTRG : = 

PHASE PT RATIO (1.00–10000.00) 
(Hidden if voltages not included)

PTR :=

SYNCV PT RATIO (1.00–10000.00) 
(Hidden if sync voltage not included)

PTRS :=

XFMR CONNECTION (WYE, DELTA) 
(Hidden if voltages not included)

DELTA_Y :=

LINE VOLTAGE (20–250 {if DELTA_Y := DELTA}, 
20–440 {if DELTA_Y := WYE}) 
(Hidden if voltages not included)

VNOM :=

SINGLE V INPUT (Y, N) (Hidden if voltages not included) SINGLEV :=

Maximum Phase Overcurrent
MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50P1P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P1P := OFF) 50P1D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P1P := OFF) 50P1TC :=
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MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P2P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P2P := OFF) 50P2D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P2P := OFF) 50P2TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P3P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P3P := OFF) 50P3D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P3P := OFF) 50P3TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P4P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P4P := OFF) 50P4D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P4P := OFF) 50P4TC :=

Neutral Overcurrent
NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 

0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N1P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N1P := OFF) 50N1D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N1P := OFF) 50N1TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N2P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N2P := OFF) 50N2D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N2P := OFF) 50N2TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N3P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N3P := OFF) 50N3D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N3P := OFF) 50N3TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N4P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N4P := OFF) 50N4D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N4P := OFF) 50N4TC :=

Residual Overcurrent
RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50G1P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G1P := OFF) 50G1D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G1P := OFF) 50G1TC :=
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RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G2P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G2P := OFF) 50G2D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G2P := OFF) 50G2TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G3P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G3P := OFF) 50G3D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G3P := OFF) 50G3TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G4P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G4P := OFF) 50G4D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G4P := OFF) 50G4TC :=

Negative-Sequence Overcurrent
NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50Q1P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q1P := OFF) 50Q1D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q1P := OFF) 50Q1TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q2P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q2P := OFF) 50Q2D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q2P := OFF) 50Q2TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q3P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q3P := OFF) 50Q3D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q3P := OFF) 50Q3TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q4P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q4P := OFF) 50Q4D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q4P := OFF) 50Q4TC :=

Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51AP := 

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51AP := OFF)

51AC := 

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51AP := OFF)

51ATD :=

EM RESET DELAY (Y, N) (Hidden if 51AP := OFF) 51ARS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51AP := OFF)

51ACT :=
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MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51AP := OFF) 51AMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51AP := OFF) 51ATC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51BP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51BP := OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51BP := OFF)

51BTD :=

EM RESET DELAY (Y, N) (Hidden if 51BP := OFF) 51BRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51BP := OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51BP := OFF) 51BMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51BP := OFF) 51BTC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51CP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51CP := OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51CP := OFF)

51CTD :=

EM RESET DELAY (Y, N) (Hidden if 51CP := OFF) 51CRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51CP := OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51CP := OFF) 51CMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51CP := OFF) 51CTC :=

Maximum Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51P1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P1P := OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P1P := OFF)

51P1TD :=

EM RESET DELAY (Y, N) (Hidden if 51P1P := OFF) 51P1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P1P := OFF) 51P1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51P2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P2P := OFF)

51P2C :=
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TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P2P := OFF)

51P2TD :=

EM RESET DELAY (Y, N) (Hidden if 51P2P := OFF) 51P2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P2P := OFF) 51P2TC :=

Negative-Sequence Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51QP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51QP := OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51QP := OFF)

51QTD :=

EM RESET DELAY (Y, N) (Hidden if 51QP := OFF) 51QRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51QP := OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51QP := OFF) 51QMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51QP := OFF) 51QTC :=

Neutral Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N1P := OFF)

51N1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N1P := OFF)

51N1TD :=

EM RESET DELAY (Y, N) (Hidden if 51N1P := OFF) 51N1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N1P := OFF) 51N1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N2P := OFF)

51N2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N2P := OFF)

51N2TD :=

EM RESET DELAY (Y, N) (Hidden if 51N2P := OFF) 51N2RS :=
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CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N2P := OFF) 51N2TC :=

Residual Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51G1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G1P := OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G1P := OFF)

51G1TD :=

EM RESET DELAY (Y, N) (Hidden if 51G1P := OFF) 51G1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G1P := OFF) 51G1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.})

51G2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G2P := OFF)

51G2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G2P := OFF)

51G2TD :=

EM RESET DELAY (Y, N) (Hidden if 51G2P := OFF) 51G2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G2P := OFF) 51G2TC :=

RTD (Hidden if RTD card and PORT 2 not included)

RTD ENABLE (INT, EXT, NONE) 
(All RTD settings below Hidden if E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD1LOC := OFF)

RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD2LOC :=
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RTD2 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD2LOC := OFF)

RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD3LOC := OFF)

RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD4LOC := OFF)

RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD5LOC := OFF)

RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD6LOC := OFF)

RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD7LOC := OFF)

RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD8LOC := OFF)

RTD8TY :=
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RTD8 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD9LOC :=

RTD9 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD9LOC := OFF)

RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD10LOC:=

RTD10 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD10LOC := OFF)

RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD11LOC:=

RTD11 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

RTD11TY :=

RTD11 TRIP LEVE (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD12LOC:=

RTD12 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

ALTMP12 :=

WIND TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
WDG)

EWDGV :=

BEAR TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
BRG)

EBRGV :=

Undervoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

UV TRIP1 LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 27P1P := OFF) 27P1D :=

UV TRIP2 LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=
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UV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 27P2P := OFF) 27P2D :=

UVS LEVEL 1 (OFF, 2.00–300.00 V) 27S1P :=

UVS DELAY 1 (0.0–120.0 sec) (Hidden if 27S1P := OFF) 27S1D :=

UVS LEVEL 2 (OFF, 2.00–300.00 V) 27S2P :=

UVS DELAY 2 (0.0–120.0 sec) (Hidden if 27S2P := OFF) 27S2D :=

Overvoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

OV TRIP1 LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 59P1P := OFF) 59P1D :=

OV TRIP2 LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 59P2P := OFF) 59P2D :=

ZS OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G1P :=

ZS OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59G1P := OFF) 59G1D :=

ZS OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G2P :=

ZS OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59G2P := OFF) 59G2D :=  

NSQ OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) 59Q1P  :=

NSQ OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59Q1P := OFF) 59Q1D :=

NSQ OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) 59Q2P :=

NSQ OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59Q2P := OFF) 59Q2D :=

OVS LEVEL 1 (OFF, 2.00–300.00 V) 59S1P :=

OVS DELAY 1 (0.0–120.0 sec) (Hidden if 59S1P := OFF) 59S1D :=

OVS LEVEL 2 (OFF, 2.00–300.00 V) 59S2P :=

OVS DELAY 2 (0.0–120.0 sec) (Hidden if 59S2P := OFF) 59S2D :=

Synchronism Check
(Hidden if voltage card option with VS input not Included)

SYNCH CHECK (Y, N) E25 := 

VS WINDOW LOW (0.00–300.00 V) (Hidden if E25 := N) 25VLO := 

VS WINDOW HIGH (0.00–300.00 V) (Hidden if E25 := N) 25VHI := 

V RATIO COR FAC (0.50–2.00) 25RCF := 

MAX SLIP FREQUENCY (0.05–0.50 Hz) (Hidden if E25 := N) 25SF := 

MAX ANGLE 1 (0–80 deg) (Hidden if E25 := N) 25ANG1 :=

MAX ANGLE 2 (0–80 deg) (Hidden if E25 := N) 25ANG2 := 



SET.10
 of 72

SEL-751A Settings Sheets
Group Settings (SET Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

SYNCPH PHASE (VA, VB, VC, 0, 30, 60, 90, 120, 150, 180, 210, 
240, 270, 300, 330 deg lag VA) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := DELTA)

SYNCPH :=

SYNCPH PHASE (VAB, VBC, VCA, 0, 30, 60, 90, 120, 150, 180, 
210, 240, 270, 300, 330 deg lag VAB) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := WYE)

SYNCPH := 

BRKR CLOSE TIME (OFF, 1–1000 ms) (Hidden if E25 := N) TCLOSD := 

BLK SYNCH CHECK (SELOGIC) (Hidden if E25 := N) BSYNCH :=

Power Factor
(Hidden if voltage card option not included)

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec) 
(Hidden if both 55LDTP and 55LGTP := OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec) 
(Hidden if both 55LDAP and 55LGAP := OFF)

55AD :=

PF ARMING DELAY (0–5000 sec) 
(Hidden if all 55LGTP, 55LDTP, 55LGAP, and 55LDAP := OFF)

55DLY :=

Loss of Potential
(Hidden if voltage card option not included)

LOP BLOCK (SELOGIC) LOPBLK :=

Frequency
FREQ1 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D1TP := OFF)

81D1TD :=

FREQ2 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D2TP := OFF)

81D2TD :=

FREQ3 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D3TP := OFF)

81D3TD :=

FREQ4 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D4TP := OFF)

81D4TD :=

FREQ5 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D5TP :=
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FREQ5 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D5TP := OFF)

81D5TD := 

FREQ6 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D6TP := 

 FREQ6 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D6TP := OFF)

81D6TD := 

Rate-of-Change-of-Frequency
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81R (OFF,1–4) (All Rate-of-Change-of-Frequency 
settings below Hidden if E81R := NONE)

E81R :=

 81R VOLTAGE SUP (OFF,0.1–1.3 xVnm) 81RVSUP :=

 81R CURRENT SUP (OFF,0.1–2.0 xINOM) 81RISUP :=

 81R1 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R1TP :=

 81R1 TREND (INC,DEC,ABS) (Hidden if 81R1TP := OFF) 81R1TRND := 

 81R1 TRIP DELAY (0.10–60.00 sec) Hidden if 81R1TP := OFF) 81R1TD := 

 81R1 DO DELAY (0.00–60.00 sec) (Hidden if 81R1TP := OFF) 81R1DO := 

 81R2 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R2TP :=

 81R2 TREND (INC,DEC,ABS) (Hidden if 81R2TP := OFF) 81R2TRND := 

 81R2 TRIP DELAY (0.10–60.00 sec) Hidden if 81R2TP := OFF) 81R2TD := 

 81R2 DO DELAY (0.00–60.00 sec) (Hidden if 81R2TP := OFF) 81R2DO := 

 81R3 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R3TP :=

 81R3 TREND (INC,DEC,ABS) (Hidden if 81R3TP := OFF) 81R3TRND :=

 81R3 TRIP DELAY (0.10–60.00 sec) Hidden if 81R3TP := OFF) 81R3TD := 

 81R3 DO DELAY (0.00–60.00 sec) (Hidden if 81R3TP := OFF) 81R3DO := 

 81R4 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R4TP :=

 81R4 TREND (INC,DEC,ABS) (Hidden if 81R4TP := OFF) 81R4TRND := 

 81R4 TRIP DELAY (0.10–60.00 sec) Hidden if 81R4TP := OFF) 81R4TD := 

 81R4 DO DELAY (0.00–60.00 sec) (Hidden if 81R4TP := OFF) 81R4DO := 

Fast Rate-of-Change-of-Frequency (81RF)
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81RF (Y, N) (All Fast Rate-of-Change-of-Frequency 
settings below Hidden if E81RF := N)

E81RF :=

FREQDIF SETPOINT ( 0.1–10.0 Hz) 81RFDFP  :=

DFDT SETPOINT (0.2–15.0 Hz/sec) 81RFRP :=

81RF PU DELAY (0.10–1.00 sec) 81RFPU  :=

81RF DO DELAY (0.0–1.00 sec) 81RFDO  :=
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81RF VOLTAGE BLK (OFF, 0.2–1.0 x Vnm) 81RFVBLK  :=

81RF CURRENT BLK (OFF, 0.1–20 x INOM) 81RFIBLK  :=

81RF BLOCK (SELOGIC) 81RFBL :=

81RF BLOCK DO (0.02–5.00 sec) 81RFBLDO  := 

Demand Metering
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE DEM MTR (THM,ROL) EDEM := 

 DEM TIME CONSTNT (5, 10, 15, 30, 60 min) DMTC := 

 PH CURR DEM LVL (OFF, 0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

PHDEMP :=

 RES CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

GNDEMP := 

 3I2 CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

3I2DEMP := 

Power
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

ENABLE PWR ELEM (N, 3P1, 3P2)
(All Power element settings below hidden if EPWR := N)

EPWR := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 VA {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) 

3PWR1P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW1P := OFF)

PWR1T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW1P := OFF)

PWR1D := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) (Hidden if EPWR := 3P1)

3PWR2P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2D := 

Trip/Close Logic
MIN TRIP TIME (0.0–400.0 sec) TDURD :=

CLOSE FAIL DLY (0.0–400.0 sec) CFD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

UNLATCH TRIP (SELOGIC) ULTRIP :=

BREAKER STATUS (SELOGIC) 52A :=
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CLOSE EQUATION (SELOGIC) CL :=

UNLATCH CLOSE (SELOGIC) ULCL :=

Reclosing Control
(Hidden If Reclosing Option Is Not Included)

ENABLE RECLOSER (OFF,1–4 shots) (All settings below are 
hidden if OFF is selected)

E79 := 

OPEN INTERVAL 1 (0.00–3000.00 sec) 79OI1 := 

OPEN INTERVAL 2 (0.00–3000.00 sec) 79OI2 := 

OPEN INTERVAL 3 (0.00–3000.00 sec) 79OI3 := 

OPEN INTERVAL 4 (0.00–3000.00 sec) 79OI4 := 

RST TM FROM RECL (0.00–3000.00 sec) 79RSD := 

RST TM FROM LO (0.00–3000.00 sec) 79RSLD := 

RECLS SUPV TIME (OFF, 0.00–3000.00 sec) 79CLSD := 

RECLOSE INITIATE (SELOGIC) 79RI := 

RCLS INIT SUPVSN (SELOGIC) 79RIS := 

DRIVE-TO-LOCKOUT (SELOGIC) 79DTL := 

DRIVE-TO-LSTSHOT (SELOGIC) 79DLS := 

SKIP SHOT (SELOGIC) 79SKP := 

STALL OPN INTRVL (SELOGIC) 79STL := 

BLOCK RESET TMNG (SELOGIC) 79BRS := 

SEQ COORDINATION (SELOGIC) 79SEQ := 

RCLS SUPERVISION (SELOGIC) 79CLS :=

Logic Settings (SET L Command)
SELOGIC Enables

SELOGIC LATCHES (N, 1–32) ELAT := 

SV/TIMERS (N, 1–32) ESV := 

SELOGIC COUNTERS (N, 1–32) ESC := 

MATH VARIABLES (N, 1–32) EMV := 

Latch Bits Equations
SET01 := 

RST01 := 

SET02 :=

RST02 :=
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SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=

SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 := 

RST09 := 

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 := 

RST17 := 

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=
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SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 := 

RST25 := 

SET26 :=

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV/Timers
SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=
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SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=

SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=
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SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=
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SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPU (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

Counters Equations
SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=

SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=
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SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=
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SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=

SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=
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SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=
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SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

Math Variables
MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=
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MV29 :=

MV30 :=

MV31 :=

MV32 :=

Base Output
OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

Slot C Output
(Hidden If Output Option Not Included)

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT303 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

Slot D Output
(Hidden If Output Option Not Included)

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=
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Slot E Output
(Hidden If Output Option Not Included)

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT505 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=
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Global Settings (SET G Command)
General

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

EVE MSG PTS ENABL (N, 1–32) EMP :=

Event Messenger Points (Only the points enabled by EMP are visible)

MESSENGER POINT MP01 TRIGGER (Off, 1 Relay Word bit) MPTR01 :=

MESSENGER POINT MP01 AQ (None, 1 analog quantity) MPAQ01 :=

MESSENGER POINT MP01 TEXT (148 characters) MPTX01 :=

MESSENGER POINT MP02 TRIGGER (Off, 1 Relay Word bit) MPTR02 :=

MESSENGER POINT MP02 AQ (None, 1 analog quantity) MPAQ02 :=

MESSENGER POINT MP02 TEXT (148 characters) MPTX02 :=

MESSENGER POINT MP03 TRIGGER (Off, 1 Relay Word bit) MPTR03 :=

MESSENGER POINT MP03 AQ (None, 1 analog quantity) MPAQ03 :=

MESSENGER POINT MP03 TEXT (148 characters) MPTX03 :=

MESSENGER POINT MP04 TRIGGER (Off, 1 Relay Word bit) MPTR04 :=

MESSENGER POINT MP04 AQ (None, 1 analog quantity) MPAQ04 :=

MESSENGER POINT MP04 TEXT (148 characters) MPTX04 :=

MESSENGER POINT MP05 TRIGGER (Off, 1 Relay Word bit) MPTR05 :=

MESSENGER POINT MP05 AQ (None, 1 analog quantity) MPAQ05 :=

MESSENGER POINT MP05 TEXT (148 characters) MPTX05 :=

MESSENGER POINT MP06 TRIGGER (Off, 1 Relay Word bit) MPTR06 :=

MESSENGER POINT MP06 AQ (None, 1 analog quantity) MPAQ06 :=

MESSENGER POINT MP06 TEXT (148 characters) MPTX06 :=

MESSENGER POINT MP07 TRIGGER (Off, 1 Relay Word bit) MPTR07 :=

MESSENGER POINT MP07 AQ (None, 1 analog quantity) MPAQ07 :=

MESSENGER POINT MP07 TEXT (148 characters) MPTX07 :=

MESSENGER POINT MP08 TRIGGER (Off, 1 Relay Word bit) MPTR08 :=

MESSENGER POINT MP08 AQ (None, 1 analog quantity) MPAQ08 :=

MESSENGER POINT MP08 TEXT (148 characters) MPTX08 :=
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MESSENGER POINT MP09 TRIGGER (Off, 1 Relay Word bit) MPTR09 :=

MESSENGER POINT MP09 AQ (None, 1 analog quantity) MPAQ09 :=

MESSENGER POINT MP09 TEXT (148 characters) MPTX09 :=

MESSENGER POINT MP10 TRIGGER (Off, 1 Relay Word bit) MPTR10 :=

MESSENGER POINT MP10 AQ (None, 1 analog quantity) MPAQ10 :=

MESSENGER POINT MP10 TEXT (148 characters) MPTX10 :=

MESSENGER POINT MP11 TRIGGER (Off, 1 Relay Word bit) MPTR11 :=

MESSENGER POINT MP11 AQ (None, 1 analog quantity) MPAQ11 :=

MESSENGER POINT MP11 TEXT (148 characters) MPTX11 :=

MESSENGER POINT MP12 TRIGGER (Off, 1 Relay Word bit) MPTR12 :=

MESSENGER POINT MP12 AQ (None, 1 analog quantity) MPAQ12 :=

MESSENGER POINT MP12 TEXT (148 characters) MPTX12 :=

MESSENGER POINT MP13 TRIGGER (Off, 1 Relay Word bit) MPTR13 :=

MESSENGER POINT MP13 AQ (None, 1 analog quantity) MPAQ13 :=

MESSENGER POINT MP13 TEXT (148 characters) MPTX13 :=

MESSENGER POINT MP14 TRIGGER (Off, 1 Relay Word bit) MPTR14 :=

MESSENGER POINT MP14 AQ (None, 1 analog quantity) MPAQ14 :=

MESSENGER POINT MP14 TEXT (148 characters) MPTX14 :=

MESSENGER POINT MP15 TRIGGER (Off, 1 Relay Word bit) MPTR15 :=

MESSENGER POINT MP15 AQ (None, 1 analog quantity) MPAQ15 :=

MESSENGER POINT MP15 TEXT (148 characters) MPTX15 :=

MESSENGER POINT MP16 TRIGGER (Off, 1 Relay Word bit) MPTR16 :=

MESSENGER POINT MP16 AQ (None, 1 analog quantity) MPAQ16 :=

MESSENGER POINT MP16 TEXT (148 characters) MPTX16 :=

MESSENGER POINT MP17 TRIGGER (Off, 1 Relay Word bit) MPTR17 :=

MESSENGER POINT MP17 AQ (None, 1 analog quantity) MPAQ17 :=

MESSENGER POINT MP17 TEXT (148 characters) MPTX17 :=

MESSENGER POINT MP18 TRIGGER (Off, 1 Relay Word bit) MPTR18 :=

MESSENGER POINT MP18 AQ (None, 1 analog quantity) MPAQ18 :=

MESSENGER POINT MP18 TEXT (148 characters) MPTX18 :=

MESSENGER POINT MP19 TRIGGER (Off, 1 Relay Word bit) MPTR19 :=

MESSENGER POINT MP19 AQ (None, 1 analog quantity) MPAQ19 :=

MESSENGER POINT MP19 TEXT (148 characters) MPTX19 :=

MESSENGER POINT MP20 TRIGGER (Off, 1 Relay Word bit) MPTR20 :=
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MESSENGER POINT MP20 AQ (None, 1 analog quantity) MPAQ20 :=

MESSENGER POINT MP20 TEXT (148 characters) MPTX20 :=

MESSENGER POINT MP21 TRIGGER (Off, 1 Relay Word bit) MPTR21 :=

MESSENGER POINT MP21 AQ (None, 1 analog quantity) MPAQ21 :=

MESSENGER POINT MP21 TEXT (148 characters) MPTX21 :=

MESSENGER POINT MP22 TRIGGER (Off, 1 Relay Word bit) MPTR22 :=

MESSENGER POINT MP22 AQ (None, 1 analog quantity) MPAQ22 :=

MESSENGER POINT MP22 TEXT (148 characters) MPTX22 :=

MESSENGER POINT MP23 TRIGGER (Off, 1 Relay Word bit) MPTR23 :=

MESSENGER POINT MP23 AQ (None, 1 analog quantity) MPAQ23 :=

MESSENGER POINT MP23 TEXT (148 characters) MPTX23 :=

MESSENGER POINT MP24 TRIGGER (Off, 1 Relay Word bit) MPTR24 :=

MESSENGER POINT MP24 AQ (None, 1 analog quantity) MPAQ24 :=

MESSENGER POINT MP24 TEXT (148 characters) MPTX24 :=

MESSENGER POINT MP25 TRIGGER (Off, 1 Relay Word bit) MPTR25 :=

MESSENGER POINT MP25 AQ (None, 1 analog quantity) MPAQ25 :=

MESSENGER POINT MP25 TEXT (148 characters) MPTX25 :=

MESSENGER POINT MP26 TRIGGER (Off, 1 Relay Word bit) MPTR26 :=

MESSENGER POINT MP26 AQ (None, 1 analog quantity) MPAQ26 :=

MESSENGER POINT MP26 TEXT (148 characters) MPTX26 :=

MESSENGER POINT MP27 TRIGGER (Off, 1 Relay Word bit) MPTR27 :=

MESSENGER POINT MP27 AQ (None, 1 analog quantity) MPAQ27 :=

MESSENGER POINT MP27 TEXT (148 characters) MPTX27 :=

MESSENGER POINT MP28 TRIGGER (Off, 1 Relay Word bit) MPTR28 :=

MESSENGER POINT MP28 AQ (None, 1 analog quantity) MPAQ28 :=

MESSENGER POINT MP28 TEXT (148 characters) MPTX28 :=

MESSENGER POINT MP29 TRIGGER (Off, 1 Relay Word bit) MPTR29 :=

MESSENGER POINT MP29 AQ (None, 1 analog quantity) MPAQ29 :=

MESSENGER POINT MP29 TEXT (148 characters) MPTX29 :=

MESSENGER POINT MP30 TRIGGER (Off, 1 Relay Word bit) MPTR30 :=

MESSENGER POINT MP30 AQ (None, 1 analog quantity) MPAQ30 :=

MESSENGER POINT MP30 TEXT (148 characters) MPTX30 :=

MESSENGER POINT MP31 TRIGGER (Off, 1 Relay Word bit) MPTR31 :=

MESSENGER POINT MP31 AQ (None, 1 analog quantity) MPAQ31 :=
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MESSENGER POINT MP31 TEXT (148 characters) MPTX31 :=

MESSENGER POINT MP32 TRIGGER (Off, 1 Relay Word bit) MPTR32 :=

MESSENGER POINT MP32 AQ (None, 1 analog quantity) MPAQ32 :=

MESSENGER POINT MP32 TEXT (148 characters) MPTX32 :=

Group Selection
GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

Phasor Measurement (PMU)
EN SYNCHRO PHASOR (Y, N) (All subsequent PMU settings 

Hidden if EPMU :=N) 
EPMU :=

MESSAGES PER SEC (1, 2, 5, 10) MRATE :=

STATION NAME (16 characters) PMSTN :=

PMU HARDWARE ID (1–65534) PMID :=

VOLTAGE DATA SET (V1, ALL, NA) (Hidden if no voltages) PHDATAV :=

VOLT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAV := NA)

VCOMP :=

CURRENT DATA SET (I1, ALL, NA) PHDATAI :=

CURRENT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAI := NA)

ICOMP :=

NUM ANALOG (0–4) NUMANA :=

NUM 16-BIT DIGTAL (0, 1) NUMDSW :=

TRIG REASON BIT 1 (SELOGIC) TREA1 :=

TRIG REASON BIT 2 (SELOGIC) TREA2 :=

TRIG REASON BIT 3 (SELOGIC) TREA3 :=

TRIG REASON BIT 4 (SELOGIC) TREA4 :=

TRIGGER (SELOGIC) PMTRIG :=

Time and Date Management
CTRL BITS DEFN (NONE, C37.118) IRIGC  :=

OFFSET FROM UTC (–24.00 to 24.00) rounded up to quarter UTC_OFF  :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_BEGW :=
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DAY OF THE WEEK TO BEGIN DST (SUN, MON, TUE, 
WED, THU, FRI, SAT) (Hidden if DST_BEGM := OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)(Hidden if 
DST_BEGM := OFF)

DST_BEGH :=

MONTH TO END DST (1–12) (Hidden if DST_BEGM := OFF) DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN, MON, TUE, 
WED, THU, FRI, SAT)  (Hidden if DST_BEGM := OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23) (Hidden if 
DST_BEGM := OFF)

DST_ENDH :=

Breaker Failure
52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=

Arc-Flash Protection
(Hidden If Voltage Card With Arc-Flash Detection Not Included, see Table 1.1)

AF PH OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. phase}, 
0.10–20.00 A {1 A nom. phase})

50PAFP := 

Note: All settings below are hidden if 50PAFP := OFF

AF N OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. neutral}, 
0.10–20.00 A {1 A nom. neutral})

50NAFP := 

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 := 

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) 

TOL1P := 

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 := 

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) 

TOL2P := 

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 := 

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE)

TOL3P := 

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 := 

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE)

TOL4P := 

AFD OUTPUT SLOT (101_2, 301_2, 401_2) AOUTSLOT:= 
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Analog Inputs/Outputs
For the following settings, x is the card position (3, 4, or 5 in Slot C, D, and E, respectively). (Settings are hidden 
if Analog I/O are not included.)

AIx01
AIx01 TAG NAME (8 characters 0–9, A–Z, _) AIx01NAM :=

AIx01 TYPE (I, V) AIx01TYP :=

If AIx01TYP = I

AIx01 LOW IN VAL (–20.480 to +20.480; mA) AIx01L :=

AIx01 HI IN VAL (–20.480 to +20.480; mA) AIx01H :=

If AIx01TYP = V

AIx01 LOW IN VAL (–10.240 to +10.240 V) AIx01L :=

AIx01 HI IN VAL (–10.240 to +10.240 V) AIx01H :=

NOTE: Set Warn and Alarm to a value between Engr Low and 
Engr High settings.

AIx01 ENG UNITS (16 characters) AIx01EU :=

AIx01 EU LOW (–99999.000 to +99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to +99999.000) AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx01LW1 :=

AIx01 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to +99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to +99999.000) AIx01HAL :=

AIx02
AIx02 TAG NAME (8 characters 0–9, A–Z, _) AIx02NAM :=

AIx02 TYPE (I, V) AIx02TYP :=

If AIx02TYP = I

AIx02 LOW IN VAL (–20.480 to +20.480; mA) AIx02L :=

AIx02 HI IN VAL (–20.480 to +20.480; mA) AIx02H :=

If AIx02TYP = V

AIx02 LOW IN VAL (–10.240 to +10.240 V) AIx02L :=

AIx02 HI IN VAL (–10.240 to +10.240 V) AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to +99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to +99999.000) AIx02EH :=
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AIx02 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx02LW1 :=

AIx02 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to +99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to +99999.000) AIx02HAL :=

AIx03
AIx03 TAG NAME (8 characters 0–9, A–Z, _) AIx03NAM :=

AIx03 TYPE (I, V) AIx03TYP :=

If AIx03TYP = I

AIx03 LOW IN VAL (–20.480 to +20.480; mA) AIx03L :=

AIx03 HI IN VAL (–20.480 to +20.480; mA) AIx03H :=

If AIx03TYP = V

AIx03 LOW IN VAL (–10.240 to +10.240 V) AIx03L :=

AIx03 HI IN VAL (–10.240 to +10.240 V) AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to +99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to +99999.000) AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx03LW1 :=

AIx03 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to +99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to +99999.000) AIx03HAL :=

AIx04

AIx04 TAG NAME (8 characters 0–9, A–Z, _) AIx04NAM :=

AIx04 TYPE (I, V) AIx04TYP :=

If AIx04TYP = I

AIx04 LOW IN VAL (–20.480 to +20.480; mA) AIx04L :=

AIx04 HI IN VAL (–20.480 to +20.480; mA) AIx04H :=

If AIx04TYP = V

AIx04 LOW IN VAL (–10.240 to +10.240 V) AIx04L :=

AIx04 HI IN VAL (–10.240 to +10.240 V) AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=
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AIx04 EU LOW (–99999.000 to +99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to +99999.000) AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx04LW1 :=

AIx04 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to +99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to +99999.000) AIx04HAL :=

AIx05
AIx05 TAG NAME (8 characters 0–9, A–Z, _) AIx05NAM :=

AIx05 TYPE (I, V) AIx05TYP :=

If AIx05TYP = I

AIx05 LOW IN VAL (–20.480 to +20.480; mA) AIx05L :=

AIx05 HI IN VAL (–20.480 to +20.480; mA) AIx05H :=

If AIx05TYP = V

AIx05 LOW IN VAL (–10.240 to +10.240 V) AIx05L :=

AIx05 HI IN VAL (–10.240 to +10.240 V) AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to +99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to +99999.000) AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx05LW1 :=

AIx05 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to +99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to +99999.000) AIx05HAL :=

AIx06
AIx06 TAG NAME (8 characters 0–9, A–Z, _) AIx06NAM :=

AIx06 TYPE (I, V) AIx06TYP :=

If AIx06TYP = I

AIx06 LOW IN VAL (–20.480 to +20.480; mA) AIx06L :=

AIx06 HI IN VAL (–20.480 to +20.480; mA) AIx06H :=

If AIx06TYP = V

AIx06 LOW IN VAL (–10.240 to +10.240 V) AIx06L :=
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AIx06 HI IN VAL (–10.240 to +10.240 V) AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to +99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to +99999.000) AIx06EH :=

AIx06 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx06LW1 :=

AIx06 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to +99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to +99999.000) AIx06HAL :=

AIx07

AIx07 TAG NAME (8 characters 0–9, A–Z, _) AIx07NAM :=

AIx07 TYPE (I, V) AIx07TYP :=

If AIx07TYP = I

AIx07 LOW IN VAL (–20.480 to +20.480; mA) AIx07L :=

AIx07 HI IN VAL (–20.480 to +20.480; mA) AIx07H :=

If AIx07TYP = V

AIx07 LOW IN VAL (–10.240 to +10.240 V) AIx07L :=

AIx07 HI IN VAL (–10.240 to +10.240 V) AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to +99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to +99999.000) AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx07LW1 :=

AIx07 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to +99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to +99999.000) AIx07HAL :=

AIx08
AIx08 TAG NAME (8 characters 0–9, A–Z, _) AIx08NAM :=

AIx08 TYPE (I, V) AIx08TYP :=

If AIx08TYP = I

AIx08 LOW IN VAL (–20.480 to +20.480; mA) AIx08L :=

AIx08 HI IN VAL (–20.480 to +20.480; mA) AIx08H :=
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If AIx08TYP = V

AIx08 LOW IN VAL (–10.240 to +10.240 V) AIx08L :=

AIx08 HI IN VAL (–10.240 to +10.240 V) AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to +99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to +99999.000) AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx08LW1 :=

AIx08 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to +99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to +99999.000) AIx08HAL :=

AOx01
AOx01 ANALOG QTY (Off, 1 analog quantity) AOx01AQ :=

AOx01 TYPE (I, V) AOx01TYP :=

AOx01 AQTY LOW (–2147483647 to +2147483647) AOx01AQL :=

AOx01 AQTY HI (–2147483647 to +2147483647) AOx01AQH:=

If AOx01TYP = I

AOx01 LO OUT VAL (–20.480 to +20.480 mA) AOx01L :=

AOx01 HI OUT VAL (–20.480 to +20.480 mA) AOx01H :=

If AOx01TYP = V

AOx01 LO OUT VAL (–10.240 to +10.240 V) AOx01L :=

AOx01 HI OUT VAL (–10.240 to +10.240 V) AOx01H :=

AOx02
AOx02 ANALOG QTY (Off, 1 analog quantity) AOx02AQ :=

AOx02 TYPE (I, V) AOx02TYP :=

AOx02 AQTY LOW (–2147483647 to +2147483647) AOx02AQL :=

AOx02 AQTY HI (–2147483647 to +2147483647) AOx02AQH:=

If AOx02TYP = I

AOx02 LO OUT VAL (–20.480 to +20.480 mA) AOx02L :=

AOx02 HI OUT VAL (–20.480 to +20.480 mA) AOx02H :=

If AOx02TYP = V

AOx02 LO OUT VAL (–10.240 to +10.240 V) AOx02L :=

AOx02 HI OUT VAL (–10.240 to +10.240 V) AOx02H :=
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AOx03

AOx03 ANALOG QTY (Off, 1 analog quantity) AOx03AQ :=

AOx03 TYPE (I, V) AOx03TYP :=

AOx03 AQTY LOW (–2147483647 to +2147483647) AOx03AQL :=

AOx03 AQTY HI (–2147483647 to +2147483647) AOx03AQH:=

If AOx03TYP = I

AOx03 LO OUT VAL (–20.480 to +20.480 mA) AOx03L :=

AOx03 HI OUT VAL (–20.480 to +20.480 mA) AOx03H :=

If AOx03TYP = V

AOx03 LO OUT VAL (–10.240 to +10.240 V) AOx03L :=

AOx03 HI OUT VAL (–10.240 to +10.240 V) AOx03H :=

AOx04
AOx04 ANALOG QTY (Off, 1 analog quantity) AOx04AQ :=

AOx04 TYPE (I, V) AOx04TYP :=

AOx04 AQTY LOW (–2147483647 to +2147483647) AOx04AQL :=

AOx04 AQTY HI (–2147483647 to +2147483647) AOx04AQH:=

If AOx04TYP = I

AOx04 LO OUT VAL (–20.480 to +20.480 mA) AOx04L :=

AOx04 HI OUT VAL (–20.480 to +20.480 mA) AOx04H :=

If AOx04TYP = V

AOx04 LO OUT VAL (–10.240 to +10.240 V) AOx04L :=

AOx04 HI OUT VAL (–10.240 to +10.240 V) AOx04H :=

Station DC Battery Monitor
(Hidden if Voltage Option xx74xx is included, see Table 1.1)

DC UNDER VOLT PU (OFF, 20.00–300.00 Vdc) DCLOP := 

DC OVER VOLT PU (OFF, 20.00–300.00 Vdc) DCHIP := 

Input Debounce Settings (Base Unit)
IN101 Debounce (AC, 0–65000 ms) IN101D :=

IN102 Debounce (AC, 0–65000 ms) IN102D :=

Input Debounce Settings (Slot C)
(Hidden If Input Option Not Included)

IN301 Debounce (AC, 0–65000 ms) IN301D :=

IN302 Debounce (AC, 0–65000 ms) IN302D :=

IN303 Debounce (AC, 0–65000 ms) IN303D :=



Date _______________

Date Code 20220610 Instruction Manual SEL-751A Relay

SET.37
 of 72

SEL-751A Settings Sheets
Global Settings (SET G Command)

IN304 Debounce (AC, 0–65000 ms) IN304D :=

IN305 Debounce (AC, 0–65000 ms) IN305D :=

IN306 Debounce (AC, 0–65000 ms) IN306D :=

IN307 Debounce (AC, 0–65000 ms) IN307D :=

IN308 Debounce (AC, 0–65000 ms) IN308D :=

Input Debounce Settings (Slot D)
(Hidden If Input Option Not Included)

IN401 Debounce (AC, 0–65000 ms) IN401D :=

IN402 Debounce (AC, 0–65000 ms) IN402D :=

IN403 Debounce (AC, 0–65000 ms) IN403D :=

IN404 Debounce (AC, 0–65000 ms) IN404D :=

IN405 Debounce (AC, 0–65000 ms) IN405D :=

IN406 Debounce (AC, 0–65000 ms) IN406D :=

IN407 Debounce (AC, 0–65000 ms) IN407D :=

IN408 Debounce (AC, 0–65000 ms) IN408D :=

Input Debounce Settings (Slot E)
(Hidden If Input Option Not Included)

IN501 Debounce (AC, 0–65000 ms) IN501D :=

IN502 Debounce (AC, 0–65000 ms) IN502D :=

IN503 Debounce (AC, 0–65000 ms) IN503D :=

IN504 Debounce (AC, 0–65000 ms) IN504D :=

IN505 Debounce (AC, 0–65000 ms) IN505D :=

IN506 Debounce (AC, 0–65000 ms) IN506D :=

IN507 Debounce (AC, 0–65000 ms) IN507D :=

IN508 Debounce (AC, 0–65000 ms) IN508D :=

Breaker Monitor Settings
BREAKER MONITOR (Y,N) (All subsequent settings 

Hidden if EBMON :=N) 
EBMON := 

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 

kA PRI INTERRPTD 1 (0.10–999.00) KASP1 := 

kA PRI INTERRPTD 2 (0.10–999.00) KASP2 := 
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kA PRI INTERRPTD 3 (0.10–999.00) KASP3 := 

Control Breaker Monitor (SELOGIC) BKMON :=

Data Reset
RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY:=

RESET MAX/MIN (SELOGIC) RSTMXMN:=

RESET DEMAND (SELOGIC) (Hidden if Voltage Card Option is 
xx71xx or xx72xx)

RSTDEM :=

RESET PK DEMAND (SELOGIC) (Hidden if Voltage Card Option 
is xx71xx or xx72xx)

RSTPKDEM:=

Access Control
DISABLE SETTINGS (SELOGIC) DSABLSET :=

BLOCK MODBUS SET (NONE, R_S, ALL) BLKMBSET:=

Time-Synchronization Source 
(Hidden if Fiber-Optic PORT 2 Not Available)

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

SET PORT p (p = F, 1, 2, 3, or 4) Command
PORT F

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD, EVMSG, PMU) PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, EVMSG, or 
PMU)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG or PMU) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD or EVMSG) STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD or 
EVMSG)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

AUTO :=
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Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or PMU)

SLAVEID :=

PORT 1 (Ethernet Port in Slot B)
(Hidden If Ethernet Option Not Included)

ENABLE PORT (Y, N) EPORT :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=

DEFAULT ROUTER (zzz.yyy.xxx.www) DEFRTR :=

Enable TCP Keep-Alive (Y, N) ETCPKA := 

TCP Keep-Alive Idle Range (1–20 sec) (Hidden if ETCPKA := N) KAIDLE := 

TCP Keep-Alive Interval Range (1–20 sec) 
(Hidden if ETCPKA := N)

KAINTV := 

TCP Keep-Alive Count Range (1–20) (Hidden if ETCPKA := N) KACNT := 

FAST OP MESSAGES (Y, N) FASTOP := 

OPERATING MODE (FIXED, FAILOVER, SWITCHED) 
(Hidden if not dual redundant Ethernet Port option)

NETMODE := 

FAILOVER TIMEOUT (0.10–65.00 sec) (Hidden if not dual 
redundant Ethernet Port option or if NETMODE is not set to 
FAILOVER) 

FTIME := 

PRIMARY NETPORT (A, B) (Hidden if not dual redundant 
Ethernet Port option)

NETPORT := 

NETWRK PORTA SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETASPD := 

NETWRK PORTB SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

TELNET PORT (23,1025–65534) TPORT :=

TELNET TIME-OUT (1–30 min) TIDLE :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP USER NAME (20 characters) FTPUSER := 

Enable IEC 61850 Protocol (Y, N) (Hidden if 61850 not 
supported)

E61850 := 

Enable IEC 61850 GSE (Y, N) (Hidden if E61850 := N) EGSE := 

Enable Modbus Sessions (0–2) EMOD := 

Modbus TCP Port1 (1–65534) *(Hidden if EMOD := 0) MODNUM1:= 

Modbus TCP Port2 (1–65534) *(Hidden if EMOD := 0 or 1) MODNUM2:= 

Modbus Timeout 1 (15–900 s) (Hidden if EMOD := 0) MTIMEO1 := 
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Modbus Timeout 2 (15–900 s) (Hidden if EMOD := 0 or 1) MTIMEO2 := 

* Exclude the following port numbers: 20 (FTP Data), 21 (FTP Control), TPORT setting, SNTP, and 
DNPNUM setting if present.

DNP3 Protocol
All DNP3 settings below are hidden if DNP3 is not an option. 

Enable DNP Sessions (0–3) 

(DNP3 settings below Hidden if EDNP := 0) EDNP := 

DNP TCP and UDP Port (1–65534) DNPNUM := 

DNP Address (0–65519) DNPADR := 

Session 1

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP1 := 

Transport Protocol (UDP, TCP) DNPTR1 := 

UDP Response Port (REQ, 1–65534) DNPUDP1 := 

DNP Address to Report to (0–65519) REPADR1 := 

DNP Map (1–3) DNPMAP1 := 

Analog Input Default Variation (1–6) DVARAI1 := 

Class for Binary Event Data (0–3) ECLASSB1 := 

Class for Counter Event Data (0–3) ECLASSC1 := 

Class for Analog Event Data (0–3) ECLASSA1 := 

Currents Scaling Decimal Places (0–3) DECPLA1 := 

Voltages Scaling Decimal Places (0–3) DECPLV1 := 

Misc Data Scaling Decimal Places (0–3) DECPLM1 := 

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1 := 

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Seconds to send Data Link Heartbeat (0–7200) 
(Hidden if DNPTR1 := UDP)

DNPINA1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=
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Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Session 2

All Session 2 settings are hidden if EDNP < 2.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP2 :=

Transport Protocol (UDP, TCP) DNPTR2 :=

UDP Response Port (REQ, 1–65534) DNPUDP2 :=

DNP Address to Report to (0–65519) REPADR2 :=

DNP Map (1–3) DNPMAP2 :=

Analog Input Default Variation (1–6) DVARAI2 :=

Class for Binary Event Data (0–3) ECLASSB2 :=

Class for Counter Event Data (0–3) ECLASSC2 :=

Class for Analog Event Data (0–3) ECLASSA2 :=

Currents Scaling Decimal Places (0–3) DECPLA2 :=

Voltages Scaling Decimal Places (0–3) DECPLV2 :=

Misc Data Scaling Decimal Places (0–3) DECPLM2 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBA2 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBV2 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ2 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO2 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR2 := UDP)

DNPINA2 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO2 :=

Enable Unsolicited Reporting (Y, N) 
(Hidden if ECLASSA2 := 0, ECLASSB2 := 0, ECLASSC2 := 0, and 
ECLASSV2 := 0)

UNSOL2 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL2 := N)

PUNSOL2 :=
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Number of Events to Transmit On (1–200) 
(Hidden if UNSOL2 := N)

NUMEVE2 :=

Oldest Event to Tx On (0.0–99999.0 sec) 
(Hidden if UNSOL2 := N)

AGEEVE2 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL2 := N)

URETRY2 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL2 := N)

UTIMEO2 :=

Session 3

All Session 3 settings are hidden if EDNP < 3.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP3 :=

Transport Protocol (UDP, TCP) DNPTR3 :=

UDP Response Port (REQ, 1–65534) DNPUDP3 :=

DNP Address to Report to (0–65519) REPADR3 :=

DNP Map (1–3) DNPMAP3 :=

Analog Input Default Variation (1–6) DVARAI3 :=

Class for Binary Event Data (0–3) ECLASSB3 :=

Class for Counter Event Data (0–3) ECLASSC3 :=

Class for Analog Event Data (0–3) ECLASSA3 :=

Currents Scaling Decimal Places (0–3) DECPLA3 :=

Voltages Scaling Decimal Places (0–3) DECPLV3 :=

Misc Data Scaling Decimal Places (0–3) DECPLM3 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBA3 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBV3 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ3 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO3 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR3 := UDP)

DNPINA3 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO3 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA3 := 0, ECLASSB3 := 0, ECLASSC3 := 0, and 
ECLASSV3 := 0)

UNSOL3 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL3 := N)

PUNSOL3  :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL3 := N)

NUMEVE3 :=
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Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL3 := N)

AGEEVE3 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL3 := N)

URETRY3 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL3 := N)

UTIMEO3 :=

SNTP Client Protocol Settings
Enable SNTP Client (OFF, UNICAST, MANYCAST, 

BROADCAST)
ESNTP  :=

Make the following settings when ESNTP ≠ OFF.

Primary Server IP Address (zzz.yyy.xxx.www)

NOTE: To accept updates from any server when ESNTP = BROADCAST, set SNTPPSIP to 0.0.0.0.

SNTPPSIP :=

Make the following setting when ESNTP = UNICAST.

Backup Server IP Address (zzz.yyy.xxx.www) SNTPBSIP  :=

SNTP IP (Local) Port Number (1-65534)

NOTE: SNTPPORT cannot be set to 20, 21, 102, 502, 23, 
TPORT, or DNPNUM 

SNTPPORT :=

SNTP Update Rate (15–3600 seconds) SNTPRATE: =

Make the following setting when ESNTP = UNICAST or 
MANYCAST.

SNTP Timeout (5–20 seconds)

NOTE: SNTPTO must be less than setting SNTPRATE. SNTPTO : =

Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.2 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

Table SET.2 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 

numbers of other protocols
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PORT 2 (Fiber-Optic Serial Port in Slot B) 
(Hidden if E49RTD := EXT or PORT 2 Not Included)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO := 

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, DNP, PMU, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if E49RTD := EXT or if 
PROTO := EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, dnp, 
pmu, EVMSG, or MB_)

FASTOP :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD, 
DNP, SEL, PMU, EVMSG, or MB_)

RTSCTS :=

Modbus
MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 

EVMSG, or MB_)
SLAVEID :=

DNP3 Protocol

(Hidden if PROTO := SEL, EVMSG, MB, PMU, or MOD.) 

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=
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Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N )

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=
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RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 3 (EIA-232/485 Port in Slot B)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := DNP, PMU, MOD, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG, PMU, or MB_) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if COMMINF :=485 or 
PROTO := MOD, DNP, EVMSG, or MB_)

RTSCTS := 

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

FASTOP :=

Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or MB_)

SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=
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Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5) (Hidden if DRETRY1 := 0) DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA-232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=
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Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 4 (EIA-232/485 Port or DeviceNet Port in Slot C)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, DNET, EVMSG, PMU, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB)

PROTO :=

Interface Select (Hidden if PROTO := DNET)

COMM INTERFACE (232, 485) COMMINF :=

Communications
SPEED (300–38400 bps) (Hidden if PROTO := DNET) SPEED :=
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DATA BITS (7, 8 bits) 
(Hidden if PROTO := DNP, MOD, PMU, EVMSG, MB_, or DNET)

BITS :=

PARITY (O, E, N) 
(Hidden if PROTO := DNET, EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) 
(Hidden if PROTO := MOD, EVMSG, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min) 
(Hidden if PROTO := MOD, EVMSG, MB_, PMU, or DNET)

T_OUT :=

HDWR HANDSHAKING (Y, N) 
(Hidden if COMMINF := 485 or PROTO := MOD, DNP, EVMSG, 
MB_, or DNET)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

AUTO :=

FAST OP MESSAGES (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

FASTOP :=

Modbus
MODBUS SLAVE ID (1–247) 

(Hidden if PROTO := SEL, EVMSG, MB_, or DNET)
SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU , DNET or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=
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Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=
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RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

Front-Panel Settings (SET F Command)
General

DISPLY PTS ENABL (N,1–32) EDP :=

LOCAL BITS ENABL (N,1–32) ELB :=

LCD TIMEOUT (OFF,1–30 min) FP_TO :=

LCD CONTRAST (1–8) FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING) FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

Target LED
TRIP LATCH T_LED (Y, N) T01LEDL :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

LED4 EQUATION (SELOGIC) T04_LED :=
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TRIP LATCH T_LED (Y, N) T05LEDL :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

Display Points
Display Point Settings (maximum 60 characters):

➤ (Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"

➤ (Analog): Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters) DP01 :=

DISPLAY POINT DP02 (60 characters) DP02 :=

DISPLAY POINT DP03 (60 characters) DP03 :=

DISPLAY POINT DP04 (60 characters) DP04 :=

DISPLAY POINT DP05 (60 characters) DP05 :=

DISPLAY POINT DP06 (60 characters) DP06 :=

DISPLAY POINT DP07 (60 characters) DP07 :=

DISPLAY POINT DP08 (60 characters) DP08 :=

DISPLAY POINT DP09 (60 characters) DP09 :=

DISPLAY POINT DP10 (60 characters) DP10 :=

DISPLAY POINT DP11 (60 characters) DP11 :=

DISPLAY POINT DP12 (60 characters) DP12 :=

DISPLAY POINT DP13 (60 characters) DP13 :=

DISPLAY POINT DP14 (60 characters) DP14 :=

DISPLAY POINT DP15 (60 characters) DP15 :=

DISPLAY POINT DP16 (60 characters) DP16 :=

DISPLAY POINT DP17 (60 characters) DP17 :=

DISPLAY POINT DP18 (60 characters) DP18 :=
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DISPLAY POINT DP19 (60 characters) DP19 :=

DISPLAY POINT DP20 (60 characters) DP20 :=

DISPLAY POINT DP21 (60 characters) DP21 :=

DISPLAY POINT DP22 (60 characters) DP22 :=

DISPLAY POINT DP23 (60 characters) DP23 :=

DISPLAY POINT DP24 (60 characters) DP24 :=

DISPLAY POINT DP25 (60 characters) DP25 :=

DISPLAY POINT DP26 (60 characters) DP26 :=

DISPLAY POINT DP27 (60 characters) DP27 :=

DISPLAY POINT DP28 (60 characters) DP28 :=

DISPLAY POINT DP29 (60 characters) DP29 :=

DISPLAY POINT DP30 (60 characters) DP30 :=

DISPLAY POINT DP31 (60 characters) DP31 :=

DISPLAY POINT DP32 (60 characters) DP32 :=

Local Bits Labels
LB_NAME (14 characters) NLB01 := 

CLEAR LB_ LABEL (7 characters) CLB01 := 

SET LB_ LABEL (7 characters) SLB01 :=

PULSE LB_ LABEL (7 characters) PLB01 :=

LB_NAME (14 characters) NLB02 :=

CLEAR LB_ LABEL (7 characters) CLB02 :=

SET LB_ LABEL (7 characters) SLB02 :=

PULSE LB_ LABEL (7 characters) PLB02 :=

LB_NAME (14 characters) NLB03 :=

CLEAR LB_ LABEL (7 characters) CLB03 :=

SET LB_ LABEL (7 characters) SLB03 :=

PULSE LB_ LABEL (7 characters) PLB03 :=

LB_NAME (14 characters) NLB04 :=

CLEAR LB_ LABEL (7 characters) CLB04 :=

SET LB_ LABEL (7 characters) SLB04 :=

PULSE LB_ LABEL (7 characters) PLB04 :=

LB_NAME (14 characters) NLB05 :=

CLEAR LB_ LABEL (7 characters) CLB05 :=
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SET LB_ LABEL (7 characters) SLB05 :=

PULSE LB_ LABEL (7 characters) PLB05 :=

LB_NAME (14 characters) NLB06 :=

CLEAR LB_ LABEL (7 characters) CLB06 :=

SET LB_ LABEL (7 characters) SLB06 :=

PULSE LB_ LABEL (7 characters) PLB06 :=

LB_NAME (14 characters) NLB07 :=

CLEAR LB_ LABEL (7 characters) CLB07 :=

SET LB_ LABEL (7 characters) SLB07 :=

PULSE LB_ LABEL (7 characters) PLB07 :=

LB_NAME (14 characters) NLB08 :=

CLEAR LB_ LABEL (7 characters) CLB08 :=

SET LB_ LABEL (7 characters) SLB08 :=

PULSE LB_ LABEL (7 characters) PLB08 :=

LB_NAME (14 characters) NLB09 :=

CLEAR LB_ LABEL (7 characters) CLB09 :=

SET LB_ LABEL (7 characters) SLB09 :=

PULSE LB_ LABEL (7 characters) PLB09 :=

LB_NAME (14 characters) NLB10 :=

CLEAR LB_ LABEL (7 characters) CLB10 :=

SET LB_ LABEL (7 characters) SLB10 :=

PULSE LB_ LABEL (7 characters) PLB10 :=

LB_NAME (14 characters) NLB11 :=

CLEAR LB_ LABEL (7 characters) CLB11 :=

SET LB_ LABEL (7 characters) SLB11 :=

PULSE LB_ LABEL (7 characters) PLB11 :=

LB_NAME (14 characters) NLB12 :=

CLEAR LB_ LABEL (7 characters) CLB12 :=

SET LB_ LABEL (7 characters) SLB12 :=

PULSE LB_ LABEL (7 characters) PLB12 :=

LB_NAME (14 characters) NLB13 :=

CLEAR LB_ LABEL (7 characters) CLB13 :=

SET LB_ LABEL (7 characters) SLB13 :=

PULSE LB_ LABEL (7 characters) PLB13 :=
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LB_NAME (14 characters) NLB14 :=

CLEAR LB_ LABEL (7 characters) CLB14 :=

SET LB_ LABEL (7 characters) SLB14 :=

PULSE LB_ LABEL (7 characters) PLB14 :=

LB_NAME (14 characters) NLB15 :=

CLEAR LB_ LABEL (7 characters) CLB15 :=

SET LB_ LABEL (7 characters) SLB15 :=

PULSE LB_ LABEL (7 characters) PLB15 :=

LB_NAME (14 characters) NLB16 :=

CLEAR LB_ LABEL (7 characters) CLB16 :=

SET LB_ LABEL (7 characters) SLB16 :=

PULSE LB_ LABEL (7 characters) PLB16 :=

LB_NAME (14 characters) NLB17 :=

CLEAR LB_ LABEL (7 characters) CLB17 :=

SET LB_ LABEL (7 characters) SLB17 :=

PULSE LB_ LABEL (7 characters) PLB17 :=

LB_NAME (14 characters) NLB18 :=

CLEAR LB_ LABEL (7 characters) CLB18 :=

SET LB_ LABEL (7 characters) SLB18 :=

PULSE LB_ LABEL (7 characters) PLB18 := 

LB_NAME (14 characters) NLB19 := 

CLEAR LB_ LABEL (7 characters) CLB19 := 

SET LB_ LABEL (7 characters) SLB19 := 

PULSE LB_ LABEL (7 characters) PLB19 := 

LB_NAME (14 characters) NLB20 := 

CLEAR LB_ LABEL (7 characters) CLB20 := 

SET LB_ LABEL (7 characters) SLB20 := 

PULSE LB_ LABEL (7 characters) PLB20 := 

LB_NAME (14 characters) NLB21 := 

CLEAR LB_ LABEL (7 characters) CLB21 := 

SET LB_ LABEL (7 characters) SLB21 := 

PULSE LB_ LABEL (7 characters) PLB21 := 

LB_NAME (14 characters) NLB22 := 

CLEAR LB_ LABEL (7 characters) CLB22 := 
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SET LB_ LABEL (7 characters) SLB22 := 

PULSE LB_ LABEL (7 characters) PLB22 := 

LB_NAME (14 characters) NLB23 := 

CLEAR LB_ LABEL (7 characters) CLB23 := 

SET LB_ LABEL (7 characters) SLB23 := 

PULSE LB_ LABEL (7 characters) PLB23 := 

LB_NAME (14 characters) NLB24 := 

CLEAR LB_ LABEL (7 characters) CLB24 := 

SET LB_ LABEL (7 characters) SLB24 := 

PULSE LB_ LABEL (7 characters) PLB24 := 

LB_NAME (14 characters) NLB25 := 

CLEAR LB_ LABEL (7 characters) CLB25 := 

SET LB_ LABEL (7 characters) SLB25 := 

PULSE LB_ LABEL (7 characters) PLB25 :=

LB_NAME (14 characters) NLB26 := 

CLEAR LB_ LABEL (7 characters) CLB26 := 

SET LB_ LABEL (7 characters) SLB26 := 

PULSE LB_ LABEL (7 characters) PLB26 := 

LB_NAME (14 characters) NLB27 := 

CLEAR LB_ LABEL (7 characters) CLB27 := 

SET LB_ LABEL (7 characters) SLB27 := 

PULSE LB_ LABEL (7 characters) PLB27 := 

LB_NAME (14 characters) NLB28 := 

CLEAR LB_ LABEL (7 characters) CLB28 := 

SET LB_ LABEL (7 characters) SLB28 := 

PULSE LB_ LABEL (7 characters) PLB28 := 

LB_NAME (14 characters) NLB29 := 

CLEAR LB_ LABEL (7 characters) CLB29 := 

SET LB_ LABEL (7 characters) SLB29 := 

PULSE LB_ LABEL (7 characters) PLB29 := 

LB_NAME (14 characters) NLB30 := 

CLEAR LB_ LABEL (7 characters) CLB30 := 

SET LB_ LABEL (7 characters) SLB30 := 

PULSE LB_ LABEL (7 characters) PLB30 := 
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LB_NAME (14 characters) NLB31 := 

CLEAR LB_ LABEL (7 characters) CLB31 := 

SET LB_ LABEL (7 characters) SLB31 := 

PULSE LB_ LABEL (7 characters) PLB31 := 

LB_NAME (14 characters) NLB32 := 

CLEAR LB_ LABEL (7 characters) CLB32 := 

SET LB_ LABEL (7 characters) SLB32 := 

PULSE LB_ LABEL (7 characters) PLB32 := 

Report Settings (SET R Command)
SER Chatter Criteria

Auto-Removal Enable (Y, N) ESERDEL :=

Number of Counts (2–20 counts) SRDLCNT :=

Removal Time (0.1–90.0 seconds) SRDLTIM :=

SER Trigger Lists
SERn = As many as 24 Relay Word elements separated by spaces or commas. Use NA to disable 
setting.

SER1 :=

SER2 :=

SER3 :=

SER4 :=

Relay Word Bit Aliases
ALIASn= 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'. Alias, Asserted, and 
Deasserted text strings can as long as 15 characters. Use NA to disable setting.

Enable ALIAS (N,1–20) EALIAS := 

ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=
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ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=

ALIAS20 ALIAS20 :=

Event Report
EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15,64 cyc) LER :=

PREFAULT LENGTH (1–59 cyc {if LER := 15}, 1–10 cyc 
{if LER := 64})

PRE :=

Load Profile
LDP LIST (NA, As many as 17 Analog Quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min.) LDAR :=

Modbus Map Settings (SET M Command)
Modbus User Map 

(See Appendix E: Modbus Communications for additional 
details)

User Map Register Label Name (8 characters) MOD_001 :=

User Map Register Label Name (8 characters) MOD_002 :=

User Map Register Label Name (8 characters) MOD_003 :=

User Map Register Label Name (8 characters) MOD_004 :=

User Map Register Label Name (8 characters) MOD_005 :=

User Map Register Label Name (8 characters) MOD_006 :=

User Map Register Label Name (8 characters) MOD_007 :=

User Map Register Label Name (8 characters) MOD_008 :=

User Map Register Label Name (8 characters) MOD_009 :=

User Map Register Label Name (8 characters) MOD_010 :=
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User Map Register Label Name (8 characters) MOD_011 :=

User Map Register Label Name (8 characters) MOD_012 :=

User Map Register Label Name (8 characters) MOD_013 :=

User Map Register Label Name (8 characters) MOD_014 :=

User Map Register Label Name (8 characters) MOD_015 :=

User Map Register Label Name (8 characters) MOD_016 :=

User Map Register Label Name (8 characters) MOD_017 :=

User Map Register Label Name (8 characters) MOD_018 :=

User Map Register Label Name (8 characters) MOD_019 :=

User Map Register Label Name (8 characters) MOD_020 :=

User Map Register Label Name (8 characters) MOD_021 :=

User Map Register Label Name (8 characters) MOD_022 :=

User Map Register Label Name (8 characters) MOD_023 :=

User Map Register Label Name (8 characters) MOD_024 :=

User Map Register Label Name (8 characters) MOD_025 :=

User Map Register Label Name (8 characters) MOD_026 :=

User Map Register Label Name (8 characters) MOD_027 :=

User Map Register Label Name (8 characters) MOD_028 :=

User Map Register Label Name (8 characters) MOD_029 :=

User Map Register Label Name (8 characters) MOD_030 :=

User Map Register Label Name (8 characters) MOD_031 :=

User Map Register Label Name (8 characters) MOD_032 :=

User Map Register Label Name (8 characters) MOD_033 :=

User Map Register Label Name (8 characters) MOD_034 :=

User Map Register Label Name (8 characters) MOD_035 :=

User Map Register Label Name (8 characters) MOD_036 :=

User Map Register Label Name (8 characters) MOD_037 :=

User Map Register Label Name (8 characters) MOD_038 :=

User Map Register Label Name (8 characters) MOD_039 :=

User Map Register Label Name (8 characters) MOD_040 :=

User Map Register Label Name (8 characters) MOD_041 :=

User Map Register Label Name (8 characters) MOD_042 :=

User Map Register Label Name (8 characters) MOD_043 :=

User Map Register Label Name (8 characters) MOD_044 :=
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User Map Register Label Name (8 characters) MOD_045 :=

User Map Register Label Name (8 characters) MOD_046 :=

User Map Register Label Name (8 characters) MOD_047 :=

User Map Register Label Name (8 characters) MOD_048 :=

User Map Register Label Name (8 characters) MOD_049 :=

User Map Register Label Name (8 characters) MOD_050 :=

User Map Register Label Name (8 characters) MOD_051 :=

User Map Register Label Name (8 characters) MOD_052 :=

User Map Register Label Name (8 characters) MOD_053 :=

User Map Register Label Name (8 characters) MOD_054 :=

User Map Register Label Name (8 characters) MOD_055 :=

User Map Register Label Name (8 characters) MOD_056 :=

User Map Register Label Name (8 characters) MOD_057 :=

User Map Register Label Name (8 characters) MOD_058 :=

User Map Register Label Name (8 characters) MOD_059 :=

User Map Register Label Name (8 characters) MOD_060 :=

User Map Register Label Name (8 characters) MOD_061 :=

User Map Register Label Name (8 characters) MOD_062 :=

User Map Register Label Name (8 characters) MOD_063 :=

User Map Register Label Name (8 characters) MOD_064 :=

User Map Register Label Name (8 characters) MOD_065 :=

User Map Register Label Name (8 characters) MOD_066 :=

User Map Register Label Name (8 characters) MOD_067 :=

User Map Register Label Name (8 characters) MOD_068 :=

User Map Register Label Name (8 characters) MOD_069 :=

User Map Register Label Name (8 characters) MOD_070 :=

User Map Register Label Name (8 characters) MOD_071 :=

User Map Register Label Name (8 characters) MOD_072 :=

User Map Register Label Name (8 characters) MOD_073 :=

User Map Register Label Name (8 characters) MOD_074 :=

User Map Register Label Name (8 characters) MOD_075 :=

User Map Register Label Name (8 characters) MOD_076 :=

User Map Register Label Name (8 characters) MOD_077 :=

User Map Register Label Name (8 characters) MOD_078 :=
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User Map Register Label Name (8 characters) MOD_079 :=

User Map Register Label Name (8 characters) MOD_080 :=

User Map Register Label Name (8 characters) MOD_081 :=

User Map Register Label Name (8 characters) MOD_082 :=

User Map Register Label Name (8 characters) MOD_083 :=

User Map Register Label Name (8 characters) MOD_084 :=

User Map Register Label Name (8 characters) MOD_085 :=

User Map Register Label Name (8 characters) MOD_086 :=

User Map Register Label Name (8 characters) MOD_087 :=

User Map Register Label Name (8 characters) MOD_088 :=

User Map Register Label Name (8 characters) MOD_089 :=

User Map Register Label Name (8 characters) MOD_090 :=

User Map Register Label Name (8 characters) MOD_091 :=

User Map Register Label Name (8 characters) MOD_092 :=

User Map Register Label Name (8 characters) MOD_093 :=

User Map Register Label Name (8 characters) MOD_094 :=

User Map Register Label Name (8 characters) MOD_095 :=

User Map Register Label Name (8 characters) MOD_096 :=

User Map Register Label Name (8 characters) MOD_097 :=

User Map Register Label Name (8 characters) MOD_098 :=

User Map Register Label Name (8 characters) MOD_099 :=

User Map Register Label Name (8 characters) MOD_100 :=

User Map Register Label Name (8 characters) MOD_101 :=

User Map Register Label Name (8 characters) MOD_102 :=

User Map Register Label Name (8 characters) MOD_103 :=

User Map Register Label Name (8 characters) MOD_104 :=

User Map Register Label Name (8 characters) MOD_105 :=

User Map Register Label Name (8 characters) MOD_106 :=

User Map Register Label Name (8 characters) MOD_107 :=

User Map Register Label Name (8 characters) MOD_108 :=

User Map Register Label Name (8 characters) MOD_109 :=

User Map Register Label Name (8 characters) MOD_110 :=

User Map Register Label Name (8 characters) MOD_111 :=

User Map Register Label Name (8 characters) MOD_112 :=
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User Map Register Label Name (8 characters) MOD_113 :=

User Map Register Label Name (8 characters) MOD_114 :=

User Map Register Label Name (8 characters) MOD_115 :=

User Map Register Label Name (8 characters) MOD_116 :=

User Map Register Label Name (8 characters) MOD_117 :=

User Map Register Label Name (8 characters) MOD_118 :=

User Map Register Label Name (8 characters) MOD_119 :=

User Map Register Label Name (8 characters) MOD_120 :=

User Map Register Label Name (8 characters) MOD_121 :=

User Map Register Label Name (8 characters) MOD_122 :=

User Map Register Label Name (8 characters) MOD_123 :=

User Map Register Label Name (8 characters) MOD_124 :=

User Map Register Label Name (8 characters) MOD_125 :=

DNP3 Map Settings (SET DNP n Command)
(Hidden If DNP Option Not Included)

Use SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: 
DNP3 Communications for details. 

This is DNP Map 1 (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 1 table).
Binary Input Map

DNP Binary Input Label Name (10 characters) BI_00 :=

DNP Binary Input Label Name (10 characters) BI_01 :=

DNP Binary Input Label Name (10 characters) BI_02 :=

DNP Binary Input Label Name (10 characters) BI_03 :=

DNP Binary Input Label Name (10 characters) BI_04 :=

DNP Binary Input Label Name (10 characters) BI_05 :=

DNP Binary Input Label Name (10 characters) BI_06 :=

DNP Binary Input Label Name (10 characters) BI_07 :=

DNP Binary Input Label Name (10 characters) BI_08 :=

DNP Binary Input Label Name (10 characters) BI_09 :=

DNP Binary Input Label Name (10 characters) BI_10 :=

DNP Binary Input Label Name (10 characters) BI_11 :=

DNP Binary Input Label Name (10 characters) BI_12 :=

DNP Binary Input Label Name (10 characters) BI_13 :=
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DNP Binary Input Label Name (10 characters) BI_14 :=

DNP Binary Input Label Name (10 characters) BI_15 :=

DNP Binary Input Label Name (10 characters) BI_16 :=

DNP Binary Input Label Name (10 characters) BI_17 :=

DNP Binary Input Label Name (10 characters) BI_18 :=

DNP Binary Input Label Name (10 characters) BI_19 :=

DNP Binary Input Label Name (10 characters) BI_20 :=

DNP Binary Input Label Name (10 characters) BI_21 :=

DNP Binary Input Label Name (10 characters) BI_22 :=

DNP Binary Input Label Name (10 characters) BI_23 :=

DNP Binary Input Label Name (10 characters) BI_24 :=

DNP Binary Input Label Name (10 characters) BI_25 :=

DNP Binary Input Label Name (10 characters) BI_26 :=

DNP Binary Input Label Name (10 characters) BI_27 :=

DNP Binary Input Label Name (10 characters) BI_28 :=

DNP Binary Input Label Name (10 characters) BI_29 :=

DNP Binary Input Label Name (10 characters) BI_30 :=

DNP Binary Input Label Name (10 characters) BI_31 :=

DNP Binary Input Label Name (10 characters) BI_32 :=

DNP Binary Input Label Name (10 characters) BI_33 :=

DNP Binary Input Label Name (10 characters) BI_34 :=

DNP Binary Input Label Name (10 characters) BI_35 :=

DNP Binary Input Label Name (10 characters) BI_36 :=

DNP Binary Input Label Name (10 characters) BI_37 :=

DNP Binary Input Label Name (10 characters) BI_38 :=

DNP Binary Input Label Name (10 characters) BI_39 :=

DNP Binary Input Label Name (10 characters) BI_40 :=

DNP Binary Input Label Name (10 characters) BI_41 :=

DNP Binary Input Label Name (10 characters) BI_42 :=

DNP Binary Input Label Name (10 characters) BI_43 :=

DNP Binary Input Label Name (10 characters) BI_44 :=

DNP Binary Input Label Name (10 characters) BI_45 :=

DNP Binary Input Label Name (10 characters) BI_46 :=

DNP Binary Input Label Name (10 characters) BI_47 :=
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DNP Binary Input Label Name (10 characters) BI_48 :=

DNP Binary Input Label Name (10 characters) BI_49 :=

DNP Binary Input Label Name (10 characters) BI_50 :=

DNP Binary Input Label Name (10 characters) BI_51 :=

DNP Binary Input Label Name (10 characters) BI_52 :=

DNP Binary Input Label Name (10 characters) BI_53 :=

DNP Binary Input Label Name (10 characters) BI_54 :=

DNP Binary Input Label Name (10 characters) BI_55 :=

DNP Binary Input Label Name (10 characters) BI_56 :=

DNP Binary Input Label Name (10 characters) BI_57 :=

DNP Binary Input Label Name (10 characters) BI_58 :=

DNP Binary Input Label Name (10 characters) BI_59 :=

DNP Binary Input Label Name (10 characters) BI_60 :=

DNP Binary Input Label Name (10 characters) BI_61 :=

DNP Binary Input Label Name (10 characters) BI_62 :=

DNP Binary Input Label Name (10 characters) BI_63 :=

DNP Binary Input Label Name (10 characters) BI_64 :=

DNP Binary Input Label Name (10 characters) BI_65 :=

DNP Binary Input Label Name (10 characters) BI_66 :=

DNP Binary Input Label Name (10 characters) BI_67 :=

DNP Binary Input Label Name (10 characters) BI_68 :=

DNP Binary Input Label Name (10 characters) BI_69 :=

DNP Binary Input Label Name (10 characters) BI_70 :=

DNP Binary Input Label Name (10 characters) BI_71 :=

DNP Binary Input Label Name (10 characters) BI_72 :=

DNP Binary Input Label Name (10 characters) BI_73 :=

DNP Binary Input Label Name (10 characters) BI_74 :=

DNP Binary Input Label Name (10 characters) BI_75 :=

DNP Binary Input Label Name (10 characters) BI_76 :=

DNP Binary Input Label Name (10 characters) BI_77 :=

DNP Binary Input Label Name (10 characters) BI_78 :=

DNP Binary Input Label Name (10 characters) BI_79 :=

DNP Binary Input Label Name (10 characters) BI_80 :=

DNP Binary Input Label Name (10 characters) BI_81 :=
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DNP Binary Input Label Name (10 characters) BI_82 :=

DNP Binary Input Label Name (10 characters) BI_83 :=

DNP Binary Input Label Name (10 characters) BI_84 :=

DNP Binary Input Label Name (10 characters) BI_85 :=

DNP Binary Input Label Name (10 characters) BI_86 :=

DNP Binary Input Label Name (10 characters) BI_87 :=

DNP Binary Input Label Name (10 characters) BI_88 :=

DNP Binary Input Label Name (10 characters) BI_89 :=

DNP Binary Input Label Name (10 characters) BI_90 :=

DNP Binary Input Label Name (10 characters) BI_91 :=

DNP Binary Input Label Name (10 characters) BI_92 :=

DNP Binary Input Label Name (10 characters) BI_93 :=

DNP Binary Input Label Name (10 characters) BI_94 :=

DNP Binary Input Label Name (10 characters) BI_95 :=

DNP Binary Input Label Name (10 characters) BI_96 :=

DNP Binary Input Label Name (10 characters) BI_97 :=

DNP Binary Input Label Name (10 characters) BI_98 :=

DNP Binary Input Label Name (10 characters) BI_99 :=

Binary Output Map
DNP Binary Output Label Name (10 characters) BO_00 :=

DNP Binary Output Label Name (10 characters) BO_01 :=

DNP Binary Output Label Name (10 characters) BO_02 :=

DNP Binary Output Label Name (10 characters) BO_03 :=

DNP Binary Output Label Name (10 characters) BO_04 :=

DNP Binary Output Label Name (10 characters) BO_05 :=

DNP Binary Output Label Name (10 characters) BO_06 :=

DNP Binary Output Label Name (10 characters) BO_07 :=

DNP Binary Output Label Name (10 characters) BO_08 :=

DNP Binary Output Label Name (10 characters) BO_09 :=

DNP Binary Output Label Name (10 characters) BO_10 :=

DNP Binary Output Label Name (10 characters) BO_11 :=

DNP Binary Output Label Name (10 characters) BO_12 :=

DNP Binary Output Label Name (10 characters) BO_13 :=
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DNP Binary Output Label Name (10 characters) BO_14 :=

DNP Binary Output Label Name (10 characters) BO_15 :=

DNP Binary Output Label Name (10 characters) BO_16 :=

DNP Binary Output Label Name (10 characters) BO_17 :=

DNP Binary Output Label Name (10 characters) BO_18 :=

DNP Binary Output Label Name (10 characters) BO_19 :=

DNP Binary Output Label Name (10 characters) BO_20 :=

DNP Binary Output Label Name (10 characters) BO_21 :=

DNP Binary Output Label Name (10 characters) BO_22 :=

DNP Binary Output Label Name (10 characters) BO_23 :=

DNP Binary Output Label Name (10 characters) BO_24 :=

DNP Binary Output Label Name (10 characters) BO_25 :=

DNP Binary Output Label Name (10 characters) BO_26 :=

DNP Binary Output Label Name (10 characters) BO_27 :=

DNP Binary Output Label Name (10 characters) BO_28 :=

DNP Binary Output Label Name (10 characters) BO_29 :=

DNP Binary Output Label Name (10 characters) BO_30 :=

DNP Binary Output Label Name (10 characters) BO_31 :=

Analog Input Map
DNP Analog Input Label Name (24 characters)

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=
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AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=
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AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=
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AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

Analog Output Map
DNP Analog Output Label Name (6 characters) AO_00 :=

DNP Analog Output Label Name (6 characters) AO_01 :=

DNP Analog Output Label Name (6 characters) AO_02 :=

DNP Analog Output Label Name (6 characters) AO_03 :=

DNP Analog Output Label Name (6 characters) AO_04 :=

DNP Analog Output Label Name (6 characters) AO_05 :=

DNP Analog Output Label Name (6 characters) AO_06 :=

DNP Analog Output Label Name (6 characters) AO_07 :=

DNP Analog Output Label Name (6 characters) AO_08 :=

DNP Analog Output Label Name (6 characters) AO_09 :=

DNP Analog Output Label Name (6 characters) AO_10 :=

DNP Analog Output Label Name (6 characters) AO_11 :=

DNP Analog Output Label Name (6 characters) AO_12 :=

DNP Analog Output Label Name (6 characters) AO_13 :=

DNP Analog Output Label Name (6 characters) AO_14 :=

DNP Analog Output Label Name (6 characters) AO_15 :=

DNP Analog Output Label Name (6 characters) AO_16 :=

DNP Analog Output Label Name (6 characters) AO_17 :=

DNP Analog Output Label Name (6 characters) AO_18 :=

DNP Analog Output Label Name (6 characters) AO_19 :=

DNP Analog Output Label Name (6 characters) AO_20 :=

DNP Analog Output Label Name (6 characters) AO_21 :=

DNP Analog Output Label Name (6 characters) AO_22 :=

DNP Analog Output Label Name (6 characters) AO_23 :=
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DNP Analog Output Label Name (6 characters) AO_24 :=

DNP Analog Output Label Name (6 characters) AO_25 :=

DNP Analog Output Label Name (6 characters) AO_26 :=

DNP Analog Output Label Name (6 characters) AO_27 :=

DNP Analog Output Label Name (6 characters) AO_28 :=

DNP Analog Output Label Name (6 characters) AO_29 :=

DNP Analog Output Label Name (6 characters) AO_30 :=

DNP Analog Output Label Name (6 characters) AO_31 :=

Counter Map
DNP Counter Label Name (11 characters) CO_00 :=

DNP Counter Label Name (11 characters) CO_01 :=

DNP Counter Label Name (11 characters) CO_02 :=

DNP Counter Label Name (11 characters) CO_03 :=

DNP Counter Label Name (11 characters) CO_04 :=

DNP Counter Label Name (11 characters) CO_05 :=

DNP Counter Label Name (11 characters) CO_06 :=

DNP Counter Label Name (11 characters) CO_07 :=

DNP Counter Label Name (11 characters) CO_08 :=

DNP Counter Label Name (11 characters) CO_09 :=

DNP Counter Label Name (11 characters) CO_10 :=

DNP Counter Label Name (11 characters) CO_11 :=

DNP Counter Label Name (11 characters) CO_12 :=

DNP Counter Label Name (11 characters) CO_13 :=

DNP Counter Label Name (11 characters) CO_14 :=

DNP Counter Label Name (11 characters) CO_15 :=

DNP Counter Label Name (11 characters) CO_16 :=

DNP Counter Label Name (11 characters) CO_17 :=

DNP Counter Label Name (11 characters) CO_18 :=

DNP Counter Label Name (11 characters) CO_19 :=

DNP Counter Label Name (11 characters) CO_20 :=

DNP Counter Label Name (11 characters) CO_21 :=

DNP Counter Label Name (11 characters) CO_22 :=

DNP Counter Label Name (11 characters) CO_23 :=
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DNP Counter Label Name (11 characters) CO_24 :=

DNP Counter Label Name (11 characters) CO_25 :=

DNP Counter Label Name (11 characters) CO_26 :=

DNP Counter Label Name (11 characters) CO_27 :=

DNP Counter Label Name (11 characters) CO_28 :=

DNP Counter Label Name (11 characters) CO_29 :=

DNP Counter Label Name (11 characters) CO_30 :=

DNP Counter Label Name (11 characters) CO_31 :=
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Section 7
Communications

Overview
A communications interface and protocol are necessary for communicating 
with the SEL-751A Feeder Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay. 

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-751A physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber Ethernet port, single 
or dual redundant.

Table 7.1 SEL-751A Communications Port Interfaces

Communications Port Interfaces Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100 BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Ordering Option

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the applicable 
SEL-2600 RTD Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix G: DeviceNet Communications for information on the DeviceNet communications card.
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Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-751A. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances of as long as 15 m (49 ft) 
in low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you will need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-751A Relay

Some of the SEL devices available for integration or communication system 
robustness are included in the following list:

➤ SEL Communications Processors (SEL-2032, SEL-2030, 
SEL-2020)

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-3010 Event Messenger

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to the optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front-panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.
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Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS = Y. Disable hardware handshaking 
by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Fiber-Optic Serial 
Port

Use the optional fiber-optic port (PORT 2) for safety and communications 
distances as far as 1 km. Communications distances as far as 4 km can be 
achieved by using an SEL-2812 transceiver on PORT 3. While PORT 2 and the 
SEL-2812 are compatible, PORT 2 is less sensitive than the SEL-2812, which 
limits the distance to 1 km.

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-751A Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if the relay detects a failure in the primary 
network. In addition to failover mode, the unit can operate in a “fixed 
connection (to netport) mode” or in a “switched mode” (as an unmanaged 
switch).

Figure 7.1 shows an example of a Simple Ethernet Network Configuration, 
Figure 7.2 shows an example of an Ethernet Network Configuration with Dual 
Redundant Connections, and Figure 7.3 shows an example of an Ethernet 
Network Configuration with Ring Structure.

Figure 7.1 Simple Ethernet Network Configuration

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK
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Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched 
Mode)

Dual Network Port Operation
The SEL-751A dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the necessary network port failover time.

Step 3. Set NETPORT to the network interface you prefer.

On startup the relay communicates via NETPORT (primary port) selected. If 
the SEL-751A detects a link failure on the primary port, it activates the 
standby port after the failover time, FTIME, elapses. If the link status on the 

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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primary link returns to normal before the failover time expires, the failover 
timer resets and uninterrupted operation continues on the primary network 
port. 

After failover, while communicating via standby port, the SEL-751A checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The relay reevaluates your port of choice 
for communications on a change of settings, at failure of the standby port, or 
on reboot. The relay returns to operation on the primary link under those 
conditions if it detects a normal link status. When the active and backup links 
both fail, the relay alternates checking for the link status of the primary and 
standby ports.

Unmanaged Switch Mode
If you have a network configuration where you want to use the relay as an 
unmanaged switch, set NETMODE to SWITCHED. In this mode, both links 
are enabled. The relay will respond to the messages it receives on either port. 
The relay will transmit out of the other port, without modification, all 
messages a network port receives that are not addressed to the relay. In this 
mode, the relay ignores the NETPORT setting. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports can autonegotiate to determine the link 
speed and duplex mode. Accomplish this by setting the NETASPD and 
NETBSPD (network speed) to AUTO. You can also set single or dual copper 
ports specific speeds so that you can apply them in networks with older switch 
devices. However, the relay ignores the speed settings for fiber Ethernet ports. 
The relay hardware fixes the single and dual fiber Ethernet ports to work at 
100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option to select the primary port of 
communication in failover or fixed communications modes.

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. The MMS inactivity default value is 
120 seconds. If enabled, the relay starts a timer for an MMS session after it 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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receives an MMS request from the client on that session. It resets the timer 
whenever it receives a new MMS request from that client. When the timer 
runs out, the relay disconnects the MMS session, making it available for other 
MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 
MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-751A has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, you can 
use only one input at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with dual Ethernet Port or 
Fiber-Optic Ethernet port. Refer to Figure 7.4 for a connection diagram.

B01–B02 IRIG-B input is available on all models except those with fiber-optic 
Ethernet or dual-copper Ethernet.

You cannot bring IRIG-B via PORT 2 or 3 if you use the B01–B02 input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: PORT 3 (EIA-232 Option Only)
Connect to an SEL Communications Processor with SEL Cable C273A to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect a SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B Input to PORT 3.

You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 PORT 3 (SEL Communications 
Processor as Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A
+ IRIG

– IRIGSEL Cable
C962

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL Cable
C273A

(Figure 7.6)

SEL-751A

DB9
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You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input VIA EIA-232 PORT 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: PORT 2 (Fiber-Optic Serial Port)
You can use Fiber-Optic Serial PORT 2 to bring IRIG-B Input to the relay as 
shown in Figure 7.7 and Figure 7.8.

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2030/2032 
Time Source)

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2401/2404/
2407 Time Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A

DB9

BNC

IED

(Any EIA-232
serial application)

SEL Cable
C292A

SEL Cable
C953

BNC-T Connector (3-way)
SEL Part #240-1802

DB9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB9 Fiber-Optic Cables
SEL C805 or SEL C807

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-751A

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL C805 or SEL C807

SEL Cable
C654

Port 2

Set switch to “J1” for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-751A
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc is available only on Pin 1 of the DB-9 connector for the EIA-232 
ports.

Connect Your 
PC to the Relay

The front port of the SEL-751A is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.2. You can connect to a standard 9-pin computer port with 
SEL-C234A Cable; wiring for this cable is shown in Figure 7.10. SEL-C234A 
Cable and other cables are available from SEL. Use the SEL-5801 Cable 
SELector Software to select an appropriate cable for another application. This 
software is available for free download from the SEL website at 
www.selinc.com.

For best performance, SEL-C234A Cable should not be more than 15 m 
(49 ft) long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-751A. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers

Table 7.2 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-751A to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

Table 7.2 EIA-232/EIA-485 Serial Port Pin Functions 

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

12345

6789

https://www.selinc.com
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Figure 7.10 SEL-C234A Cable—SEL-751A to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-751A to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-751A to Modem

Figure 7.13 SEL-C272A Cable—SEL-751A to SEL Communications 
Processor Without IRIG-B Signal

SEL-751A Relay
9-Pin Male
D Subconnector

9-Pin Female
D Subconnector

2
3
5
8

3
2
5
8
7
1
4
6

RXD
TXD
GND
CTS

TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
2
9
8

7
3
2
1
4
5
6
8
20

GND
TXD
RXD
GND
CTS

GND
RXD
TXD
GND
RTS
CTS
DSR
DCD
DTR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
7
2
8
9

7
2
20
3
8
1

GND
TXD
RTS
RXD
CTS
GND

GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

**DCE Device

**DCE = Data Communications Equipment (Modem, etc.)

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
5
7
8

3
2
5
8
7

RXD
TXD
GND
RTS
CTS

TXD
RXD
GND
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay
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Figure 7.14 SEL-C273A Cable—SEL-751A to SEL Communications 
Processor With IRIG-B Signal

Figure 7.15 SEL-C387 Cable—SEL-751A to SEL-3010

Communications Protocols
Protocols Although the SEL-751A supports a wide range of protocols, not all protocols are 

available on all ports. In addition, not all hardware options support all protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for PORT 1. Table 7.3 shows the ports and the protocols 
available on each port.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay

SEL-751A Relay
DTE*
9-Pin Male
D Subconnector

DCE**
9-Pin Male
D Subconnector

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

DCD***
RXD
TXD

GND

RTS
CTS
GND

+5 Vdc (IN)
RXD (OUT)
TXD (IN)
Not Used
GND
Not Used
RTS (IN)
CTS (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

SEL-3010 Event Messenger

*DTE = Data Terminal Equipment

**DCE = Data Communications Equipment (Modem, etc.) 

***DC Voltage (+5 V) not available on front-panel EIA-232 port

Table 7.3 Protocols Supported on the Various Ports (Sheet 1 of 2)

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer Proto-
col, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), and Event 
Messenger

PORT 1 Modbus TCP/IP, FTP, TCP/IP, IEC 61850, DNP3 LAN/WAN, SNTP, and Tel-
net TCP/IP (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER)a 

PORT 2 All the protocols supported by PORT 3

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.



7.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
Communications Protocols

SEL Communications Protocols

SEL ASCII. This protocol is described in SEL ASCII Protocol and 
Commands on page 7.15.

SEL Compressed ASCII. This protocol provides compressed versions of 
some of the ASCII commands. The compressed commands are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Meter. This protocol supports binary messages to transfer 
metering and digital element messages. Compressed ASCII commands 
that support Fast Meter are described in SEL ASCII Protocol and 
Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Operate. This protocol supports binary messages to transfer 
operation messages. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast SER. Use this protocol to receive binary Sequential Events Record 
unsolicited responses. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Event Messenger. This is an SEL ASCII protocol with 8 Data bits, No 
Parity, and 1 Stop bit for transmitting data to SEL-3010 Event 
Messenger. You can change only the Communications Speed to match 
the settings in the SEL-3010.

MIRRORED BITS Protocol
The SEL-751A supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on PORT 3 of the base unit and MBB on PORT 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry.

IEEE C37.118 Protocol
The SEL-751A provides IEEE C37.118 protocol (synchrophasor data) support 
at one of the serial ports F, 2, 3, or 4. The protocol is described in Appendix H: 
Synchrophasors.

PORT 3 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER, SEL Settings File Transfer, SEL MIRRORED BITS, 
DNP3, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), 

and Event Messenger

PORT 4 All the protocols supported by PORT 3 and DeviceNet

a PORT 1 concurrently supports two Modbus, three DNP3 LAN/WAN, two FTP, two Telnet, one 
SNTP, and six IEC 61850 sessions.

Table 7.3 Protocols Supported on the Various Ports (Sheet 2 of 2)

PORT Supported Protocol 
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Modbus RTU Protocol
The SEL-751A provides Modbus RTU support. Modbus is an optional 
protocol described in Appendix E: Modbus Communications.

DNP3 (Distributed Network Protocol)
The SEL-751A provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-751A provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix G: DeviceNet Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus/TCP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

You should carefully design your Ethernet network to maximize reliability, 
minimize system administration effort, and provide adequate security. Work 
with a networking professional to design your substation Ethernet network.

FTP Server
Use the single FTP (File Transfer Protocol) session to access the following files:

CFG.XMLConfiguration read-only file in XML format

CFG.TXTConfiguration read-only file in TXT format

ERR.TXTError read-only file in text format

SET_61850.CIDIEC 61850 CID read-write file

SET_xx.TXTSetting files in TXT format

FTP is a standard TCP/IP protocol for exchanging files. A free FTP 
application is included with most web browser software. You can also obtain a 
free or inexpensive FTP application from the Internet. When you connect to 
the relay Ethernet port, you will find files stored in the root (top-level) 
directory.

Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise, the relay will remain at an 
elevated access level until TIDLE 
expires.
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Ping Server
Use a Ping client with the relay Ping server to verify that your network 
configuration is correct. Ping is an application based on ICMP over an IP 
network. A free Ping application is included with most computer operating 
systems.

IEC 61850
Use as many as six sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
16 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix F: IEC 61850 Communications.

Simple Network Time 
Protocol (SNTP)

When PORT 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less accurate primary time source, or as 
a backup to the higher accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve NTP 
Via the SEL-3530 RTAC

AN2009-38: Using SEL Satellite-Synchronized Clocks With the SEL-3332 
or SEL-3351 to Output NTP

AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create a 
Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make PORT 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.4 shows each setting associated with 
SNTP.
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SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST
In unicast mode of operation, the SNTP client in the relay requests time 
updates from the primary (IP address setting SNTPPSIP) or backup 
(IP address setting SNTPBSIP) NTP server at a rate defined by setting 
SNTPRATE. If the NTP server does not respond with the period defined by 
setting SNTPTO, then the relay tries the other SNTP server. When the relay 
successfully synchronizes to the primary NTP time server, Relay Word bit 
TSNTPP asserts. When the relay successfully synchronizes to the backup 
NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST
In the manycast mode of operation, the relay initially sends an NTP request to 
the broadcast address contained in setting SNTPPSIP. The relay continues to 
broadcast requests at a rate defined by setting SNTPRATE. When a server 
replies, the relay considers that server to be the primary NTP server, and 
switches to UNICAST mode, asserts Relay Word bit TSNTPP, and thereafter 
requests updates from the primary server. If the NTP server stops responding 
for time SNTPTO, the relay deasserts TSNTPP and begins to broadcast 
requests again until the original or another server responds.

ESNTP = BROADCAST
If setting SNTPPSIP = 0.0.0.0 while setting ESNTP = BROADCAST, 
the relay will listen for and synchronize to any broadcasting NTP server. 
If setting SNTPPSIP is set to a specific IP address while setting ESNTP = 
BROADCAST, then the relay will listen for and synchronize to only NTP 
server broadcasts from that address. When synchronized, the relay asserts 
Relay Word bit TSNTPP. Relay Word bit TNSTPP deasserts if the relay does 
not receive a valid broadcast within five seconds after the period defined by 
setting SNTPRATE.

Table 7.4 Settings Associated With SNTP 

Setting Range Description

ESNTP UNICAST, 
MANYCAST, 
BROADCAST

Selects the mode of operation of SNTP. See descrip-
tions in SNTP Operation Modes on page 7.14. 

SNTPPSIP Valid IP Address Selects primary NTP server when 
ENSTP = UNICAST, or broadcast address when 
ESNTP = MANYCAST or BROADCAST.

SNTPPSIB Valid IP Address Selects backup NTP server when 
ESNTP = UNICAST.

SNTPPORT 1–65534 Ethernet port used by SNTP. Leave at default value 
unless otherwise necessary.

SNTPRATE 15–3600 seconds Determines the rate at which the relay asks for 
updated time from the NTP server when 
ESNTP = UNICAST or MANYCAST. Determines 
the time the relay will wait for an NTP broadcast 
when ENSTP = BROADCAST.

SNTPTO 5–20 seconds Determines the time the relay will wait for the NTP 
master to respond when ENSTP = UNICAST or 
MANYCAST.
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SNTP Accuracy Considerations
The accuracy of the SNTP Server and the networking environment limit 
SNTP time synchronization accuracy. You can achieve the highest degree of 
SNTP time synchronization by minimizing the number of switches and 
routers between the SNTP Server and the SEL-751A. You can also use 
network monitoring software to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-751A and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time synchronization error with the SNTP server is 
typically less than ±1 millisecond.

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-751A.
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Software 
Flow Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages will 
be accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when the relay receives XOFF, and transmission can 
resume when the relay sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.5 lists these messages.

Access Levels You can issue commands to the SEL-751A via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-751A Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-751A Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

Table 7.5 Serial Port Automatic Messages

Condition Description

Power Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 9: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-751A sends a status report each time it detects a 
self-test warning or failure condition. See STATUS Command 
(Relay Self-Test Status) on page 7.42.
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Access Level 0
Once serial port communication is established with the SEL-751A, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-751A Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-751A to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.19 for more detail.

Access Level 1
When the SEL-751A is in Access Level 1, the relay sends the following prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-751A sends the prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

Any of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is for use exclusively by the SEL factory and SEL field 
service personnel to diagnose troublesome installations. A list of commands 
available at Access Level C is available from SEL upon request. Do not enter 
Access Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C . Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-751A Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands necessary for SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

The SEL-751A responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the beginning:

Table 7.6 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external

Table 7.6 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 751A; see ID Settings on page 4.3.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = FEEDER RELAY; see ID Settings on 
page 4.3.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and it is external if 
an input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.7) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-751A Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.16 for a discussion of placing 
the relay in an access level.

Password Requirements
Passwords are necessary unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.36 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Table 7.7 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>
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Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.36. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates that the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates that the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
You can get to Access Level C from Access Level 2 with the CAL command. 
The relay pulses the SALARM Relay Word bit for one second after a 
successful Level 2 or Level C access, or if access is denied.

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>
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AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (Access Level 2) to initiate a self-test of the arc-flash 
detection channels 1 to 4. This test requires that the relay has the 
SELECT 3 AVI/4 AFDI card in the Slot E and the external fiber-optic 
connections are complete. The test checks the integrity of the arc-flash 
detection system. Figure 7.16 shows an example of the AFT command 
response. Refer to Section 10: Testing and Troubleshooting for details on the 
arc-flash self tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 4. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word Bits stay asserted continuously for 10 
seconds.

ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.8 for the command description 
and Table 7.9 for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before it reaches the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale during the time specified

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-751A                                 Date: 12/09/2008   Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.16 AFT Command Response

Table 7.8 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output 
channel.

2



7.22

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
SEL ASCII Protocol and Commands

NOTE: 0% = low span, 100% = high 
span. For a scaled output from 
4–20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.

When parameter p is a percentage, the relay displays the following message 
during the test:

Outputting xx.xx [units] to Analog Output Port for y.y 
minutes. Press any key to end test

When parameter p is a ramp function, the device displays the following 
message during the test:

Ramping Analog Output at xx.xx [units]/min; full scale in 
y.y minutes. Press any key to end test

For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Analog Output Port Test Complete

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume that the analog output 
signal type is 4–20 mA, and we want to test the analog output at 75 percent of 
rating for 5.5 minutes. To check the device output, calculate the expected mA 
output as follows:

To start the test, enter ANA A0301 75 5.5 at the Access Level 2 prompt:

Table 7.9 ANALOG Command Format

Parameter Description

c Parameter c is the analog channel (either the channel name, 
e.g., A0301, or the channel number, e.g., 301).

p Parameter p is a percentage of full scale, or either the letter “R” or 
“r” to indicate ramp mode.

t Parameter t is the duration (in decimal minutes) of the test.

where:
xx.xx is the calculation of percent of full scale

[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

where:
xx.xx is the calculation based upon range/time t

[units] is either mA or V, depending on the channel type setting
y.y  is the time in minutes

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =
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Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

BRE Command (Breaker Monitor Data)
Use the BRE command to view the breaker monitor report.

See Breaker Monitor on page 5.18 for further details on the breaker monitor.

BRE n Command (Preload/Reset Breaker Wear)
The BRE W command only saves new settings after the Save Changes 
(Y/N)? message. If you make a data entry error while using the BRE W 
command, the values echoed after the Invalid format, changes not saved 
message are the previous BRE values, unchanged by the aborted BRE W 
attempt.

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =

=>>BRE <Enter>

SEL-751A                                 Date: 12/04/2008   Time: 14:26:57
FEEDER RELAY                             Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2008 11:16:21

=>>
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Use the BRE R command to reset the breaker monitor:

See Breaker Monitor on page 5.18 for further details on the breaker monitor. 

CEV Command
The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT (CEV) 
command to display Compressed ASCII event reports. See Table C.2 for 
further information. Compressed ASCII Event Reports contain all of the 
Relay Word bits. The CEV R command gives the raw Compressed ASCII 
event report. Additionally, the compressed event report has the arc-flash 
detector light and frequency measurements.

CLOSE Command (Close Breaker)
The CLO (CLOSE) command asserts Relay Word bit CC for 1/4 cycle when 
it is executed. Relay Word bit CC can then be programmed into the CL 
SELOGIC control equation to assert the CLOSE Relay Word bit, which in turn 
asserts an output contact (e.g., OUT102 = CLOSE) to close a circuit breaker 
(see Table 4.25 and Figure 4.34 for factory-default setting CL and close 
logic).

=>> BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>

                                      IB      = 0.0      ? 18.6  <Enter>

                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>

                                      IB      = 0.0      ? 0.6  <Enter>

                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>

                                      B-phase =   0       ? 28  <Enter>

                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2008 ? 12/04/2008  <Enter>

                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? y

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? y
Clearing Complete

=>>LAST RESET 02/03/01 05:41:07
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To issue the CLO command, enter the following.

Typing N <Enter> after the previous prompt will abort the command.

The main board Breaker jumper (see Table 2.16) supervises the CLO 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the CLO command and responds with the following.

COMMUNICATIONS Command
The COM x command (see Table 7.10) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix I: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
ROKA or ROKB. The Last error field displays the reason for the most 
recent channel error, even if the channel was already failed. We define failure 
reasons as one of the following error types:

➤ Device disabled

➤ Framing error

➤ Parity error

➤ Overrun

➤ Re-sync

➤ Data error

➤ Loopback

➤ Underrun

=>>CLO <Enter>
Close Breaker (Y,N)? Y <Enter>
=>>

=>>CLO <Enter>
Command Aborted: No BRKR Jumper
=>>

Table 7.10 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 
COM S B 

Return a summary report of the last 255 records in 
the communications buffer for either MIRRORED 
BITS communications Channel A or Channel B 
when only one channel is enabled. 

1

COM A Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel A. 

1

COM B Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel B. 

1

COM L A Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A. 

1

COM L B Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B. 

1
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.11) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
Bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.12.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.13) to copy the settings of settings 
Group j to the settings of settings Group k. The settings of settings Group j 
effectively overwrite the settings of settings Group k. Parameters j and k can 
be any available settings group number 1 through 3.

For example, when you enter the COPY 1 3 command, the relay responds, 
Are you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COM C Clears all communications records. If both MIR-
RORED BITS channels are enabled, omitting the 
channel specifier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.10 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.11 CONTROL Command

Command Description Access Level

CON RBnna kb

a Parameter nn is a number from 01 to 32, representing RB01 through RB32.
b Parameter k is S, C, or P.

Set a Remote Bit to set, clear, or pulse. 2

Table 7.12 Three Remote Bit States

Subcommand Description Access Level

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

=>>CON RB05 S <Enter>

Table 7.13 COPY Command

Command Description Access Level 

COPY j ka

a Parameters j and k are 1–3.

Copy settings in Group j to settings in Group k. 2 
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COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.14).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.15) to view and set the relay date.

The relay can overwrite the date you enter by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(PORT 1) status as shown in Figure 7.17 for the redundant fiber-optic (FX) 
Ethernet PORT 1A and PORT 1B configuration. Copper Ethernet port is labeled as 
TX. The non-redundant port response is similar.

Table 7.14 COUNTER Command

Command Description Access Level

COU n Display present state of device counters n times, 
with a 1/2-second delay between each display

1

Table 7.15 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Set the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:37
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1B

             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up    100M     Full    FX    
PORT 1B      Down   --      --      FX    

=>>

Figure 7.17 Ethernet Port (PORT 1) Status Report
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The non-redundant port response is as shown in Figure 7.18.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.16 and Table 7.17) to view event reports. 
See Section 9: Analyzing Events for further details on retrieving and analyzing 
event reports. See the HISTORY Command on page 7.31 for details on 
clearing event reports.

FILE Command
The FIL command (see Table 7.18) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FILE command is supported if you connect over serial or 
Ethernet ports.

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:44
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>>

Figure 7.18 Non-Redundant Port Response

Table 7.16 EVENT Command (Event Reports)

Command Description Access Level

EVE n Return the n event report with 4-samples/
cycle data.

1

EVE n R Return the n event report with raw (unfiltered) 
16 samples/cycle analog data and 4 samples/cycle 
digital data.

1

Table 7.17 EVENT Command Format

Parameter Description

n Parameter n specifies the event report number to be returned. Use the 
HIS command to determine the event report number of the event you 
want to display. If n is not specified, the relay will display event 
report 1 by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which you can use for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.19.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.18 FILE Command 

Command Description Access Level

FIL DIR Return a list of files. 1

FIL READ filename Transfer settings file filename from the relay to 
the PC.

1

FIL WRITE filename Transfer settings file filename from the PC to 
the relay.

2

FIL SHOW filename Filename 1 displays contents of the file file-
name.

1

Table 7.19 GOOSE Command Variants

Command Variant Description Access Level

GOOSE Display GOOSE information. 1

GOOSE count Display GOOSE information count times. 1

IED Description

Transmit
GOOSE Control 
Reference

This field represents the GOOSE control reference information that 
includes the IED name, ldInst (Logical Device Instance), LN0 
lnClass (Logical Node Class), and GSEControl name (GSE Control 
Block Name) (e.g., SEL_751A_1CFG/LLN0$GO$GooseDSet13).

Receive
GOOSE Control 
Reference

This field represents the goCbRef (GOOSE Control Block Refer-
ence) information that includes the iedName (IED name), ldInst 
(Logical Device Instance), LN0 lnClass (Logical Node Class), and 
cbName (GSE Control Block Name) (e.g., SEL_751A_1CFG/
LLN0$GO$GooseDSet13).

MultiCastAddr 
(Multicast Address)

This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where 
spaces are used if the priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area 
Network) value, where spaces are used if the virtual LAN is 
unknown.

StNum (State 
Number)

This hexadecimal field represents the state number that increments 
with each state change.

SqNum (Sequence 
Number)

This hexadecimal field represents the sequence number that incre-
ments with each GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is 
expected.



7.30

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
SEL ASCII Protocol and Commands

An example response to the GOOSE commands is shown in Figure 7.19.

Code This text field contains warning or error condition text when appro-
priate that is abbreviated as follows:

Transmit Data 
Set Reference

This field represents the DataSetReference (Data Set Reference) 
that includes the IED name, LN0 lnClass (Logical Node Class), and 
GSEControl datSet (Data Set Name) (e.g., SEL_751A_1/
LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that 
includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class), and datSet (Data Set 
Name) (e.g., SEL_751A_1CFG/LLN0$DSet13).

#>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_2CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04  4:1     2          20376      50
   Data Set: SEL_751A_2CFG/LLN0$DSet13
GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-05  4:0     1          100425     160
   Data Set: SEL_751A_1CFG/LLN0$DSet10

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage3
   01-0C-CD-01-00-03  4:0     1          98531      120
   Data Set: SEL_751A_1CFG/LLN0$DSet05

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          97486      200
   Data Set: SEL_751A_1CFG/LLN0$DSet04

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          96412      190
   Data Set: SEL_751A_1CFG/LLN0$DSet03

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-06  4:0     1          116156     140
   Data Set: SEL_387E_1CFG/LLN0$DSet10

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage4
   01-0C-CD-01-00-05  4:0     1          116041     130
   Data Set: SEL_387E_1CFG/LLN0$DSet06

Figure 7.19 GOOSE Command Response

IED Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired

HOST DISABLED Optional code for when the host is dis-
abled or becomes unresponsive after 
the GOOSE command has been issued
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GROUP Command
Use the GROUP command (see Table 7.20) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change will fail. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.21) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

HISTORY Command
Use the HIS command (see Table 7.22) to view a list of one-line descriptions 
of relay events or clear the list (and corresponding event reports) from 
nonvolatile memory.

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          115848     120
   Data Set: SEL_387E_1CFG/LLN0$DSet04

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          115798     150
   Data Set: SEL_387E_1CFG/LLN0$DSet03

=>

Figure 7.19 GOOSE Command Response (Continued)

Table 7.20 GROUP Command

Command Description Access Level

GROUP Display the active settings group. 1

GROUP na

a Parameter n indicates group numbers 1–3.

Change the active group to Group n. 2

Table 7.21 HELP Command

Command Description Access Level

HELP Display a list of each command available at the 
present access level with a one-line description.

1

HELP command Display information on the command command. 1
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For more information on event reports, see Section 9: Analyzing Events.

IDENTIFICATION Command
Use the ID command (see Table 7.23) to extract device identification codes.

IRI Command
Use the IRI command to direct the relay to read the demodulated IRIG-B time 
code at the serial port or IRIG-B input (see Table 7.24).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRI command to synchronize the relay 
clock with IRIG-B. Use the IRI command to determine if the relay is properly 
reading the IRIG-B signal.

LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.25 and Table 7.26) to view and manage 
the Load Profile report (see Figure 5.14). If there is no stored data and an LDP 
command is issued, the relay responds with No data available.

Table 7.22 HISTORY Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list.

1

HIS n Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list, 
beginning at event n.

1

HIS C or R Clear/reset the event history and all corresponding 
event reports from nonvolatile memory.

1

Table 7.23 IDENTIFICATION Command

Command Description Access Level

ID Return a list of device identification codes. 0

Table 7.24 IRI Command

Command Description Access Level

IRI Force synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRI <Enter>

SEL-751A                  Date: 12/10/2003 Time: 08:56:03.190
FEEDER RELAY             Time Source: external
=>
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L_D Command (Load Firmware)
Use the L_D command (see Table 7.27) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: 
Firmware Upgrade Instructions for further details on downloading firmware. 
Only download firmware to the front port.

LOOPBACK Command
Use the LOO command (see Table 7.28) for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix I: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing will be wrong and ROK will be 
deasserted. The LOO command tells the MIRRORED BITS software to 
temporarily expect to see its own data looped back as its input. In this mode, 
LBOK will assert if error-free data are received. The LOO command, with 
just the channel specifier, enables loop back mode on that channel for five 
minutes, while the inputs are forced to the default values.

Table 7.25 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Use the LDP command to display a numeric pro-
gression of all load profile report rows. Use the LDP 
command with parameters to display a numeric or 
reverse numeric subset of the load profile rows.

1

LDP C Use this command to clear the load profile report 
from nonvolatile memory.

1

Table 7.26 LDP Command Parameters

Parameter  Description

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display a 
chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F.

Table 7.27 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads new firmware. 2
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.

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the necessary number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command will cause both channels to be 
disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as follows.

MET Command (Metering Data)
The MET command (see Table 7.29, Table 7.30, and Table 7.31) provides 
access to the relay metering data.

Table 7.28 LOO Command

Command Description Access Level 

LOO Enable loopback testing of MIRRORED BITS chan-
nels. 

2 

LOO A Enable loopback on MIRRORED BITS Channel A 
for the next 5 minutes. 

2 

LOO B Enable loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>MAC <Enter>
Port 1 MAC Address:  00-30-A7-00-00-00
=>

Table 7.29 Meter Command

Command Description Access Level

MET c n Display metering data. 1

MET c R Reset metering data. 2
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Upon confirming 
(pressing Y), the metering quantities will be reset and the relay responds with 
Reset Complete.

OPEN Command (Open Breaker)
The OPE (OPEN) command asserts Relay Word bit OC for 1/4 cycle when it 
is executed. Relay Word bit OC can then be programmed into the TR 
SELOGIC control equation to assert the TRIP Relay Word bit, which in turn 
asserts an output contact (e.g., OUT103 = TRIP) to open a circuit breaker (see 
Table 4.27 and Figure 4.33 for factory-default setting TR and trip logic).

To issue the OPE command, enter the following.

Typing N <Enter> after the prompt will abort the command.

The main board breaker jumper (see Table 2.16) supervises the OPE 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the OPE command and responds with the following.

Table 7.30 Meter Command Parameters

Parameter Description 

c Parameter for identifying meter class.

n Parameter used to specify number of times (1–32767) to repeat the 
meter response.

Table 7.31 Meter Class

c Meter Class

F Fundamental Metering

Ea

a Reset Metering Available.

Energy Metering 

Ma Maximum/Minimum Metering

R RMS Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

DEa Demand Metering

PEa Peak Demand Metering

PM Synchrophasor Metering

L Light Metering for Arc-Flash Detection (AFD)

MV SELOGIC Math Variable Metering

=>>OPE <Enter>
Open Breaker (Y,N)? Y <Enter>
=>>

=>>OPE <Enter>
Command Aborted: No BRKR Jumper
=>>
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PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.32 and Table 7.33) to change existing 
passwords.

The factory-default passwords are as shown in Table 7.34.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change Level 2 passwords and PAS C to change 
Level C passwords.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are as follows:

➤ #0t3579!ijd7

➤ (Ih2dcs)36dn

➤ $A24.68&,mvj

➤ *4u-Iwg+?lf-

Table 7.32 PASSWORD Command

Command Description Access Level

PAS level Change password for Access Level level. 2, C

Table 7.33 PAS Command Format

Parameter Description

level Parameter level represents the relay Access Levels 1, 2, or C.

Table 7.34 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Password

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1 <Enter>
Old PW: ? ***** <Enter>
New PW: ? *********** <Enter>
Confirm PW: ? *********** <Enter>
Password Changed
=>>

Table 7.35 Valid Password Characters

Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric 0 1 2 3 4 5 6 7 8 9

Special ! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~

This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.

! WARNING
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PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 2) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (PORT 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.20. 

The command structure is:

PING x.x.x.x t

where: 

x.x.x.x is the Host IP address and 

t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing the Q key.

PULSE Command
Use the PULSE command (see Table 7.36) to pulse any of the relay control 
outputs for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact will 
close or open depending on the output contact type (a or b). The PUL 
command energizes the coil and does not have any effect if the coil is already 
energized. The control outputs are OUTnnn, where nnn represents 101–103 
(standard), 301–304 (optional), 401–404 (optional), or 501–504 (optional).

QUIT Command
Use the QUIT command (see Table 7.37) to revert to Access Level 0.

==>>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

==>>

Figure 7.20 PING Command Response

Table 7.36 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. 2
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Access Level 0 is the lowest access level; the SEL-751A performs no 
password check to descend to this level (or to remain at this level).

R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.38) to restore factory-default settings.

SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.39 and Table 7.40) to view and manage 
the Sequential Events Recorder report. See Section 9: Analyzing Events for 
further details on SER reports.

If the requested SER report rows do not exist, the relay responds with No SER 
data.

Table 7.37 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0. 0

Table 7.38 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restore the factory-default settings and passwords 
and reboot the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.39 SER Command (Sequential Events Recorder Report)

Command Description Access Level

SER Use the SER command to display a chronological 
progression of all available SER rows (as many as 
1024 rows). Row 1 is the most recently triggered 
row and row 1024 is the oldest.

1

SER C or R Use this command to clear/reset the SER records. 1

Table 7.40 SER Command Format

Parameter Description

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. For example, use SER 1 10 to return the first 10 
rows in numeric order or SER 10 1 to return these same items in 
reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use 
SER 1/1/2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date 
beginning with date1 and ending with date2. Enter the oldest date 
first to display a chronological progression through the report. Enter 
the newest date first to display a reverse chronological progression. 
Date entries are dependent on the date format setting DATE_F. For 
example, use SER 1/5/2003 1/7/2003 to return all records for 
January 5, 6, and 7, 2003.
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SER D Command
The SER D command shows a list of SER items that the relay has automatic-
ally removed. These are “chattering” elements. You can automatically remove 
chattering SER elements in the SER Chatter Criteria category of the Report 
settings; the enable setting is ESERDEL. See Section 4: Protection and Logic 
Functions, Report Settings (SET R Command) for more information on SER 
automatic deletion and reinsertion.

If you issue the SER D command and you have not enabled automatic 
removal of chattering SER elements (Report setting ESERDEL), the relay 
responds, Automatic removal of chattering SER elements not enabled.

SET Command (Change Settings)
The SET command is for viewing or changing the relay settings 
(see Table 7.42 and Table 7.43).

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.44.

Table 7.41 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is 
removing from the SER records.

1

Table 7.42 SET Command (Change Settings) 

Command Description Access Level

SET n s TERSE Set the Relay settings, beginning at the first 
setting for group n (n = 1, 2, or 3).

2

SET L n s TERSE Set general logic settings for group n 
(n = 1, 2, or  3).

2

SET G s TERSE Set global settings. 2

SET P n s TERSE Set serial port settings. n specifies the PORT (1, 
2, 3, 4, or F); n defaults to the active port if not 
listed.

2

SET R s TERSE Set report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) set-
tings.

2

SET F s TERSE Set front-panel settings. 2

SET M s TERSE Set Modbus User Map settings. 2

SET DNP m s TERSE Set DNP Map m settings (m = 1, 2, or 3). 2

Table 7.43 SET Command Format

Parameter Description

s Append s, the name of the specific setting you want to view and jumps to 
this setting. If s is not entered, the relay starts at the first setting.

TERSE Append TERSE to skip the settings display after the last setting. Use this 
parameter to speed up the SET command. If you want to review the set-
tings before saving, do not use the TERSE option.
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The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.45 for the 
SHOW command settings and Table 7.46 for the command format.

Table 7.44 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.45 SHOW Command (Show/View Settings) 

Command Description Access Level

SHO n s Show Relay settings for group n (n = 1, 2, or 3). 1

SHO L n s Show general logic settings for group n 
(n = 1, 2, or 3).

1

SHO G s Show global settings. 1

SHO P n s Show serial port settings. n specifies the PORT (1, 2, 
3, 4, or F); n defaults to the active port if not listed.

1

SHO R s Show report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) settings.

1

SHO F s Show front-panel settings. 1

SHO M s Show Modbus User Map settings. 1

SHO DNP m s Show DNP Map m settings (m = 1, 2, or 3). 1

Table 7.46 SHOW Command Format

Parameter Description

s Appends, s, the name of the specific setting you want to view, and jumps to 
this setting. If s is not entered, the relay starts at the first setting.
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=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-751A
TID      := FEEDER RELAY

Config Settings
CTR      := 120           CTRN     := 120           PTR      := 180.00
PTRS     := 180.00        DELTA_Y  := DELTA         VNOM     := 120.00
SINGLEV  := N

Max Ph Overcurr
50P1P    := 10.00         50P1D    := 0.00
50P1TC   := 1
50P2P    := 10.00         50P2D    := 0.00
50P2TC   := 1
50P3P    := 10.00         50P3D    := 0.00
50P3TC   := 1
50P4P    := 10.00         50P4D    := 0.00
50P4TC   := 1

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF           50N3P    := OFF
50N4P    := OFF

Residual Overcurr
50G1P    := OFF           50G2P    := OFF           50G3P    := OFF
50G4P    := OFF

Neg Seq Overcurr
50Q1P    := OFF           50Q2P    := OFF           50Q3P    := OFF
50Q4P    := OFF

Phase TOC
51AP     := 6.00          51AC     := U3            51ATD    := 3.00
51ARS    := N             51ACT    := 0.00          51AMR    := 0.00
51ATC    := 1
51BP     := 6.00          51BC     := U3            51BTD    := 3.00
51BRS    := N             51BCT    := 0.00          51BMR    := 0.00
51BTC    := 1
51CP     := 6.00          51CC     := U3            51CTD    := 3.00
51CRS    := N             51CCT    := 0.00          51CMR    := 0.00
51CTC    := 1

Maximum Ph TOC
51P1P    := 6.00          51P1C    := U3            51P1TD   := 3.00
51P1RS   := N             51P1CT   := 0.00          51P1MR   := 0.00
51P1TC   := 1
51P2P    := 6.00          51P2C    := U3            51P2TD   := 3.00
51P2RS   := N             51P2CT   := 0.00          51P2MR   := 0.00
51P2TC   := 1

Negative Seq TOC
51QP     := 6.00          51QC     := U3            51QTD    := 3.00
51QRS    := N             51QCT    := 0.00          51QMR    := 0.00
51QTC    := 1

Neutral TOC
51N1P    := OFF           51N2P    := OFF

Residual TOC
51G1P    := 0.50          51G1C    := U3            51G1TD   := 1.50
51G1RS   := N             51G1CT   := 0.00          51G1MR   := 0.00
51G1TC   := 1
51G2P    := 0.50          51G2C    := U3            51G2TD   := 1.50
51G2RS   := N             51G2CT   := 0.00          51G2MR   := 0.00
51G2TC   := 1

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF           27S1P    := OFF
27S2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF
59Q1P    := OFF           59Q2P    := OFF           59S1P    := OFF
59S2P    := OFF

Figure 7.21 SHOW Command Example
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.47) displays the status report.

Refer to Section 10: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.48 shows the status report definitions and message formats for each test.

SyncCheck Set
E25      := N

LOP Setting
LOPBLK   := 0

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF           81D5TP   := OFF           81D6TP   := OFF

Rate of Frequency Set
E81R     := OFF

Fast Rate of Frequency Set
E81RF    := N

Demand Mtr Set
EDEM     := THM           DMTC     := 5             PHDEMP   := 5.00
GNDEMP   := 1.00          3I2DEMP  := 1.00

Power Elements
EPWR     := N

Trip/Close Logic
TDURD    := 0.5           CFD      := 1.0
TR       := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR
            59P2T OR 55T OR REMTRIP OR SV01 OR OC OR SV04T
REMTRIP  := 0
ULTRIP   := NOT ( 51P1P OR 51G1P OR 51N1P OR 52A )
52A      := 0
CL       := SV03T AND LT02 OR CC
ULCL     := 0

=>

Figure 7.21 SHOW Command Example (Continued)

Table 7.47 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Display the relay self-test information n times 
(n = 1–32767). Defaults to 1 if n is not specified.

1

STA S Display the memory and execution utilization for 
the SELOGIC control equations.

1

STA C or R Reboot the relay and clear self-test warning and 
failure status results.

2

Table 7.48 STATUS Command Report and Definitions (Sheet 1 of 2)

STATUS Report Designator Definition Message Format

Serial Num Serial number Number 

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

FPGA FPGA programming unsuccessful, or FPGA failed OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL
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Figure 7.22 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

NOTE: The STA S report gives the 
available SELOGIC capacity of the 
relay. In the example, Execution 90% 
means 90% of execution capacity is 
still available

HMI Front-panel FGPA programming unsuccessful, or front-panel FPGA 
failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that runs in RAM OK/FAIL

Non_Vol Integrity of data stored in nonvolatile memory OK/FAIL

Clock Clock functionality OK/WARN

RTD Integrity of RTD module/communications OK/FAIL

CID_FILE Configured IED description file OK/FAIL

x.x V Power supply status (Refer to Figure 1.3 and Figure 1.4 for examples of 
STATUS command responses)

Voltage/FAIL

BATT Clock battery voltage Voltage/WARN

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

CURRENT Integrity of current board OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications data rate ___kbps Text Data

DN_Status DeviceNet connection and fault status 000b bbbb Text Data

Current Offset (IA, IB, IC, IN) DC offset in hardware circuits of current channels DC OFFSET/WARN

Voltage Offset (VA, VB, VC, VS) DC offset in hardware circuits of voltage channels DC OFFSET/WARN

Table 7.48 STATUS Command Report and Definitions (Sheet 2 of 2)

STATUS Report Designator Definition Message Format

=>STA S <Enter>

SEL-751A                                 Date: 02/27/2007   Time: 15:04:16
FEEDER RELAY                             Time Source: Internal

Part Number  751A01BBX5X7186030X
Global (%)    81
FP (%)        69
Report (%)    96

               GROUP 1  GROUP 2  GROUP 3
Execution (%)   90       90       90
Group (%)       81       81       81
Logic (%)       89       89       89

=>

Figure 7.22 Typical Relay Output for STATUS S Command
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SUMMARY Command
The SUM command (see Table 7.49) displays an event summary in human-
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., Phase A 51 Trip).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.50 and Table 7.51) displays the status of 
front-panel target LEDs or Relay Word bit, whether these LEDs or Relay 
Word bits are asserted or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.52. All Relay Word 
rows are described in Table J.1 and Table J.2.

Relay Word bits are used in SELOGIC control equations. See Appendix J: 
Relay Word Bits.

The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

Table 7.49 SUMMARY Command

Command Description Access Level

SUM n The command without arguments displays the latest 
event summary. Use n to display particular event 
summary.

1

SUM R or C Use this command to clear the archive. 1

Table 7.50 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

TAR name k 
TAR n
TAR n k 

Use TAR without parameters to display 
Relay Word Row 0 or last displayed target row.

1

TAR R Clears front-panel tripping targets. Unlatches the 
trip logic for testing purposes (see Figure 8.1). 
Shows Relay Word Row 0.

1

Table 7.51 TARGET Command Format

Parameter Description

name Display the Relay Word row with Relay Word bit name.

n Show Relay Word row number n.

k Repeat k times (1–32767)

Table 7.52 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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TIME Command (View/Change Time)
The TIME command (see Table 7.53) returns information about the 
SEL-751A internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-751A 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.55) to trigger the SEL-751A to record 
data for high-resolution oscillography and event reports.

When you issue the TRI command, the SEL-751A responds with Triggered. 
If the event did not trigger within one second, the relay responds with Did not 
trigger. See Section 9: Analyzing Events for further details on event reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command (see Table 7.55) under the direction of SEL. The 
information contained in a vector report is formatted for SEL in-house use 
only. Your SEL application engineer or the factory may request a VEC 
command capture to help diagnose a relay or system problem.

Table 7.53 TIME Command (View/Change Time)

Command Description Access Level

TIME Display the present internal clock time. 1

TIME hh Set the internal clock to hh. 1

TIME hh:mm Set the internal clock to hh:mm. 1

TIME hh:mm:ss Set the internal clock to hh:mm:ss. 1

Table 7.54 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Trigger event report data capture. 1

Table 7.55 VEC Command 

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2
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Section 8
Front-Panel Operations

Overview
The SEL-751A Feeder Protection Relay front panel makes feeder data 
collection and control quick and efficient. Use the front panel to analyze 
operating information, view and change relay settings, and perform control 
functions. The SEL-751A features a straightforward menu-driven control 
structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LEDs give a clear indication of the SEL-751A 
operation status. The features that help you operate the relay from the front 
panel include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

➤ Viewing diagnostics

Front-Panel Layout
Figure 8.1 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 Serial Port (PORT F). See Section 7: Communications 
for details on the serial port.
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Figure 8.1 Front-Panel Overview

You can use the following features of the versatile front panel to customize it 
to your needs:

➤ Rotating display on the HMI

➤ Programmable target LEDs

➤ Programmable pushbutton LEDs

➤ Optional slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

Human-Machine Interface
Contrast You can adjust the LCD screen contrast to suit your viewing angle and 

lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-751A displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

i4143a

RECL RESET

RECL LOCKOUT

In Reclosing Models Only

AUX1

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.



8.3

Date Code 20220610 Instruction Manual SEL-751A Relay

Front-Panel Operations
Human-Machine Interface

Front-Panel 
Automatic Messages

The relay displays automatic messages that override the rotating display under 
the conditions described in Table 8.1. Relay failure has the highest priority, 
followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure will still override the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-751A front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.2 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 password. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.3 for you to enter the password.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detecting any failure Displays the type of latest failure (see Section 10: Testing 
and Troubleshooting).

Relay trip has occurred Displays the type or cause of the latest trip. Refer to 
Table 9.1 for a list of trip display messages.

Relay alarm condition has 
occurred

Displays the type of alarm. The TRIP LED is also flashing 
during an alarm condition. See Table 8.3 for a list of the 
alarm conditions.



8.4

SEL-751A Relay Instruction Manual Date Code 20220610

Front-Panel Operations
Human-Machine Interface

Figure 8.3 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.36 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-751A provides a front-panel time-out, setting FP_TO. A timer resets 
every time you press a front-panel pushbutton. Once the time-out period 
expires, the access level resets to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Front-Panel Menus 
and Screens

Navigating the Menus
The SEL-751A front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD display. Use the keypad (shown in Figure 8.4) to maneuver 
within the front-panel menu structure, described in detail throughout the 
remainder of this section. Table 8.2 describes the function of each front-panel 
pushbutton.

Figure 8.4 Front-Panel Pushbuttons

Password=
Del Clr Accept
A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z . . . . . .
a b c d e f g h
i j k l m n o p
q r s t u v w x
y z . . . . . .
0 1 2 3 4 5 6 7
8 9 . . . . . .
! " # $ % & ' (
) * + , - . / :
; < = > ? @ [ \
] ^ _ ` { | } ~

ESC
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The SEL-751A automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu 
Figure 8.5 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Figure 8.5 Main Menu

Meter Menu
Select the Meter menu item from the MAIN menu as shown in Figure 8.6 to 
view metering data. The Meter menu has menu items for viewing different 
types of metering data like Fundamental, rms, Thermal, etc. Select the type of 
metering and view the data through use of the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow
Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow
Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC

Escape from the present menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT

Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.6 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy (or Max/
Min) menu item from the METER menu and select the Display menu item as 
shown in Figure 8.7.

Figure 8.7 METER Menu and ENERGY Submenu

You can reset energy (or Max/Min, Demand, Peak Demand) metering data 
from the front-panel HMI by selecting the Reset menu item in the Energy (or 
Max/Min, Demand, Peak Demand) menu. After selecting Reset and confirming 
the reset, the relay displays as shown in Figure 8.8.

Figure 8.8 Relay Response When Energy (or Max/Min, Demand, Peak 
Demand) Metering Is Reset

Assume that the relay configuration contains no analog input cards. In 
response to a request for analog data (selecting Analog Inputs), the device 
displays the message as shown in Figure 8.9.

Figure 8.9 Relay Response When No Analog Cards Are Installed

Assume that the math variables are not enabled. In response to a request for 
math variable data (selecting Math Variables), the device displays the 
message as shown in Figure 8.10.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

(Meter Selected)

ENERGY
Display
Reset

(Energy Selected)

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

Reset Complete

No Analog Input
Cards Present
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Figure 8.10 Relay Response When No Math Variables Enabled

Events Menu
Select the Events menu item from the MAIN menu as shown in Figure 8.11. 
EVENTS menu has Display and Clear as menu items. Select Display to view 
events and Clear to delete all the events data.

Figure 8.11 MAIN Menu and EVENTS Submenu

Figure 8.12 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.12 EVENTS Menu and DISPLAY Submenu

When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.13.

Figure 8.13 Relay Response When No Event Data Available

When you select Clear from the EVENTS menu and confirm the selection, the 
relay displays as shown in Figure 8.14 after it clears the events data.

Figure 8.14 Relay Response When Events Are Cleared

No Math
Variables
Enabled (see EMV 
Setting)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

EVENTS
Display
Clear

(Events Selected)

DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear

(Display Selected)

No Data
Available

Clearing
Complete
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Targets Menu
Select the Targets menu item on the MAIN menu as shown in Figure 8.15 to 
view the binary state of the target rows. Each target row has eight Relay Word 
bits as shown in Table J.1. 

Figure 8.15 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.16.

Figure 8.16 TARGETS Menu Navigation

Control Menu 
Select the Control menu item on the MAIN menu as shown in Figure 8.17 to go 
to the CONTROL menu. 

Figure 8.17 MAIN Menu and CONTROL Submenu

The CONTROL menu has Open, Close, Outputs, and Local Bits as menu items. 

Select the Open menu item to assert Relay Word bit OC that opens the breaker 
via the TR SELOGIC control equation (see Table 4.27 for the TR equation and 
Table J.2 for the definition of the OC bit). Note that this requires Level 2 
access.
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Select the Close menu item to assert Relay Word bit CC that closes the 
breaker via the CL SELOGIC control equation (see Figure 4.34). Note that this 
requires Level 2 access.

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.18 to test (pulse) SEL-751A output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.18 CONTROL Menu and OUTPUTS Submenu

Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.118 
for more information), local bit 1 replaces a supervisory switch. Figure 8.19 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN). It then changes to asserted 
(SUPER SW = CLOSE) as shown in the final screen of Figure 8.19.

Figure 8.19 CONTROL Menu and LOCAL BITS Submenu

Set/Show Menu
Select the Set/Show menu item on the MAIN menu. Use the Set/Show menu to 
view or modify the settings (Global, Group, and Port), Active Group, Date, 
and Time. Note that modifying the settings requires Level 2 access.
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Figure 8.20 MAIN Menu and SET/SHOW Submenu

Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made by using QuickSet or ASCII SET 
commands via a communications port.
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Figure 8.21 SET/SHOW Menu

Status Menu
Select the Status menu item on the MAIN menu as shown in Figure 8.22 to 
access Relay Status data and Reboot Relay. See STATUS Command (Relay 
Self-Test Status) on page 7.42 for the STATUS data field description.

Figure 8.22 MAIN Menu and Status Submenu
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Breaker Menu
Select the Breaker menu item on the MAIN menu as shown in Figure 8.23 to 
access Breaker Monitor data or Reset the data. See Breaker Monitor on 
page 5.18, in Section 5: Metering and Monitoring for a detailed description.

Figure 8.23 MAIN Menu and Breaker Submenu

Operation and Target LEDs
Programmable LEDs The SEL-751A provides quick confirmation of relay conditions via operation 

and target LEDs. Figure 8.24 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.119 for 
the SELOGIC control equations.

Figure 8.24 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.24. Parameter n is a number from 1 through 6 that indicates each 
LED. If the latch setting (T0nLEDL) for a certain LED is set to N, then the 
LED will follow the status of the corresponding control equation (T0n_LED). 
When the equation asserts, the LED will illuminate, and when the equation 
deasserts, the LED will extinguish. If the latch setting is set to Y, the LED will 
only assert if a trip condition occurs and the T0n_LED equation is asserted at 
the time of the trip. At this point, the LED will latch in. You can reset this 

(Breaker Selected)
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MAIN
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Events
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Control
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T01_LED

Factory-Default Label

T06_LED

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay.
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LED by using the TARGET RESET pushbutton or the TAR R command, as long 
as the target conditions are absent. For a concise listing of the default 
programming on the front-panel LEDs, see Table 4.71.

You can order the SEL-751A with optional slide-in labels for custom LED 
designations that match custom LED logic. The Configurable Label kit 
(includes blank labels, word processor templates, and instructions) is provided 
when the SEL-751A is ordered with the Configurable Labels option.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. For Relay 
Word bit definitions, see Appendix J: Relay Word Bits.

TARGET RESET 
Pushbutton

Target Reset
For a trip event, the SEL-751A latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.25 Target Reset Pushbutton

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Power Factor Warning 55A

RTD Warning WDGALRM+BRGALRM+AMBALRM+OTHALRM

RTD Failure RTDFLT

Comm Loss Warning COMMLOSS

Comm Idle Warning COMMIDLE
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Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the target LEDs; see Table 7.12 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.105 
for further information.

Front-Panel Operator 
Control Pushbuttons 

The SEL-751A features four operator-controlled pushbuttons, each with two 
programmable pushbutton LEDs, for local control as shown in Figure 8.26.

Figure 8.26 Operator Control Pushbuttons and LEDs

Pressing any one of these four pushbuttons asserts the corresponding PBn 
(n = 01 through 04) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable through the use of front-panel settings 
PBnm_LED (where n = 1 through 4 and m = A or B). PBnm _LED settings are 
SELOGIC control equations that, when asserted, illuminate the corresponding 
LED for as long as the input is asserted. When the input deasserts, the LED 
also deasserts without latching. 
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Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the optional slide-in label to mark the 
pushbuttons and pushbutton LEDs with custom names to reflect any 
programming changes that you make. Included on the SEL-751A Product 
Literature CD are word processor templates for printing slide-in labels. See 
the instructions included in the Configurable Label kit for more information 
on changing the slide-in labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-751A Front-Panel Operator Control Functions 

Press the AUX 1 operator control pushbutton to enable/disable user-programmed auxiliary 
control. You can program the corresponding LED to illuminate during the enabled state.

NOTE: The AUX 1 operator control does not perform any function with the factory 
settings.

For Models With Reclosing Option:

The pushbutton is not used in the factory settings, but you can easily program it to perform a 
user control function.

The top LED is programmed to indicate RECL RESET (Relay Word bit 79RS—reclosing 
relay in RESET state) in the factory settings. The bottom LED is programmed to indicate 
RECL LOCKOUT (Relay Word bit 79LO—reclosing relay in LOCKOUT state).

Continually press the LOCK operator control pushbutton for three (3) seconds to engage/dis-
engage the lock function (Latch LT02 functions as Lock with the latch in reset state equiva-
lent to the engaged lock). While this pushbutton is pressed, the corresponding LED flashes 
on and off, indicating a pending engagement or disengagement of the lock function. The 
LED illuminates constantly to indicate the engaged state. While the lock function is 
engaged, the following operator control is “locked in position” (assuming factory-default 
settings): CLOSE.

While “locked in position,” this operator control cannot change state if pressed—the corre-
sponding LEDs remain in the same state. When the lock function is engaged, the CLOSE 
operator control cannot close the breaker, but the TRIP operator control can still trip the 
breaker.

Press the CLOSE operator control pushbutton to close the breaker. Corresponding BREAKER 
CLOSED LED illuminates to indicate that the breaker is closed.

Option: Set a delay, so that the operator can press the CLOSE operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a close 
(the CLOSE operator control comes with no set delay in the factory settings). With a set 
delay, press the CLOSE operator control pushbutton momentarily, and notice that the cor-
responding BREAKER CLOSED LED flashes on and off during the delay time, indicating a 
pending close. Abort the pending close by pressing the CLOSE operator control pushbut-
ton again or by pressing the TRIP operator control pushbutton. This delay setting for the 
CLOSE operator control is SV03PU (range: 0 to 3000 seconds; factory-set at 0—no delay). 
The delay is set via the SET L command. See Table 4.38 for more information.

Press the TRIP operator control pushbutton to trip the breaker (and take the control to the 
lockout state). Corresponding BREAKER OPEN LED illuminates to indicate the breaker is open.

Option: Set a delay, so that the operator can press the TRIP operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a trip 
(the TRIP operator control comes with no set delay in the factory settings). With a set 
delay, press the TRIP operator control pushbutton momentarily and notice that the corre-
sponding BREAKER OPEN LED flashes on and off during the delay time, indicating a pend-
ing trip. Abort the pending trip by pressing the TRIP operator control pushbutton again or 
by pressing the CLOSE operator control pushbutton. This delay setting for the TRIP opera-
tor control is SV04PU (range: 0 to 3000 seconds; factory-set at 0—no delay). The delay 
is set via the SET L command. See Table 4.38 for more information.

AUX1

RECL RESET

RECL LOCKOUT

ENABLED

DISABLED
LOCK

BLOCK CLOSE

BREAKER CLOSED 
CLOSE

BREAKER OPEN
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Section 9
Analyzing Events

Overview
The SEL-751A Feeder Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected equipment 
to service.

➤ Event Reporting

➢ Event Summary Reports

➢ Event History Reports

➢ Event Reports

➤ Sequential Events Recorder Report

➢ Resolution: 1 ms

➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-751A will not result in lost data.

Event 
Reporting

Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table J.1)

NOTE:  Arc-flash sensor light 
values and frequency are available 
only in Compressed ASCII event 
reports (CEV or CEV R commands).
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➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

➤ Group, Logic, Global, and Report settings (that were in service 
when the event was retrieved)

Compressed Event 
Reports

The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT command 
to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 
Additionally, the SEL-751A Compressed Event (CEV command) report 
includes four analog channels for the % arc-flash sensor light values and 
frequency measurements that are not available in the regular ASCII Event 
(EVE command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-751A provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15 or 64 cycles. Prefault length is 
1–10 cycles for LER = 15 and 1–59 cycles for LER = 64. Prefault length is the 
first part of the total event report length and precedes the event report 
triggering point. Changing the PRE setting has no effect on the stored reports. 
The relay stores as many as 19 of the most recent 64-cycle or as many as 77 of 
the most recent 15-cycle event reports in nonvolatile memory. Refer to the 
SET R command in SET Command (Change Settings) on page 7.39 and 
Report Settings (SET R Command) on page SET.57.

Triggering The SEL-751A triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TRIP asserts

➤ Programmable SELOGIC control equation setting ER asserts 
(in Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

IMPORTANT: Changing the LER 
setting will clear all events in 
memory. Be sure to save critical 
event data prior to changing the LER 
setting.
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Relay Word Bit TR
Refer to Figure 4.33. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.39). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-751A is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.123.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.45 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 77 of the most recent event summaries (if event 
report length setting LER := 15); or, as many as 19 (if LER := 64). When the 
relay stores a new event summary, it discards the oldest event and event 
summary if the event memory is full. Event summaries contain the following 
information:

➤ Relay and Terminal Identification (RID and TID) 

➤ Event number, date, time, event type, and frequency (see 
Table 9.1)

➤ The primary magnitudes of line, neutral and residual currents

➤ The primary magnitudes of the line to neutral voltages and 
residual voltage (if DELTA_Y := WYE) or phase-to-phase 
voltages (if DELTA_Y := DELTA), optional Voltage Inputs 
card necessary

➤ Hottest RTD temperatures, SEL-2600 RTD Module or internal 
RTD card option necessary

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end (See Figure 9.3). The example event summary 
in Figure 9.1 corresponds to the standard 15-cycle event report in Figure 9.3. 

IMPORTANT: Clearing the 
HISTORY report with the HIS C 
command also clears all event data 
within the SEL-751A event memory.

NOTE: Figure 9.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 9.1. The 
event type designations AG through CAG are only entered in the Event field if 
the fault type is determined successfully.

The relay processes the TRIP type in the same order shown in Table 9.1, 
starting from the top with Arc-Flash Trip. As soon as it reaches an active TRIP 
type it stops the process of looking for TRIP type. If it reaches the bottom of 
the table without finding a TRIP type then it simply calls it TRIP as shown in 
the table.

=>>SUM <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 13:58:23.629
FEEDER RELAY

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052
EVENT LOGS =  7

Event:     Trigger
Targets    10000000
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)     110.7         107.5         103.3          0.24     7.24

Voltage Mag
       VAN    VBN    VCN    VG
(V)   11476  11482  11503    150

=>>

Figure 9.1 Example Event Summary

Table 9.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3 OR TOL4) AND TRIP

AG, BG, CG Single phase-to-ground faults. Appends T if any overcurrent trip asserted.

ABC Three-phase faults. Appends T if any overcurrent trip asserted.

AB, BC, CA Phase-to-phase faults. Appends T if any overcurrent trip asserted.

ABG, BCG, CAGa Phase-to-phase-to-ground faults. Appends T if any overcurrent trip asserted.

Phase A1 50 Trip 50A1P AND 50P1T AND TRIP

Phase B1 50 Trip 50B1P AND 50P1T AND TRIP

Phase C1 50 Trip 50C1P AND 50P1T AND TRIP

Phase 50 Trip (50P2T OR 50P3T OR 50P4T) AND TRIP

GND/NEUT 50 Trip (50N1T OR 50N2T OR 50N3T OR 50N4T OR 50G1T OR 50G2T OR 50G3T OR 50G4T) AND 
TRIP

NEG SEQ 50 Trip (50Q1T OR 50Q2T OR 50Q3T OR 50Q4T) AND TRIP

Phase A 51 Trip 51AT AND TRIP

Phase B 51 Trip 51BT AND TRIP

Phase C 51 Trip 51CT AND TRIP

Phase 51 Trip (51P1T OR 51P2T) AND TRIP
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GND/NEUT 51 Trip (51N1T OR 51N2T OR 51G1T OR 51G2T) AND TRIP

NEG SEQ 51 Trip (51QT) AND TRIP

59 Trip (59P1T OR 59P2T OR 59G1T OR 59G2T OR 59Q1T OR 59Q2T) AND TRIP

55 Trip 55T AND TRIP

Underfreq 81 Trip (81DnT AND TRIP) when 81DnTP < FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

Overfreq 81 Trip (81DnT AND TRIP) when 81DnTP > FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

PowerElemnt Trip (3PWR1T OR 3PWR2T) AND TRIP

RTD Trip (WDGTRIP OR BRGTRIP OR AMBTRIP OR OTHTRIP) AND TRIP

Remote Trip REMTRIP AND TRIP

27 Trip (27P1T OR 27P2T) AND NOT LOP AND TRIP

RTD Fail Trip RTDFLT AND TRIP

Breaker Failure Trip BFT AND TRIP

CommIdleLossTrip (COMMIDLE OR COMMLOSS) AND TRIP

Trigger Serial port TRI command

ER Trigger ER Equation assertion. Phase involvement is indeterminate.

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no active TRIP exists

a The GFLT bit asserts if any one of the residual overcurrent or residual time-overcurrent Relay Word bits pick up during the event. When 
Phase_A, Phase_B, Phase_C, or GFLT are set to latch target LEDs, latching can only occur when TRIP occurs after the event trigger and 
within the event. Phase_A, Phase_B, Phase_C, and GFLT bits assert for a fixed duration of (LER–PRE–0.75) cycles.

Table 9.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic

Table 9.2 Phase Involvement Event Type (Sheet 1 of 2)

Type Condition

ABC PHASE_A * PHASE_B * PHASE_C * NOT TRIP

AB PHASE_A * PHASE_B * NOT TRIP

BC PHASE_B * PHASE_C * NOT TRIP

CA PHASE_C * PHASE_A * NOT TRIP

ABG PHASE_A * PHASE_B * GFLT * NOT TRIP

BCG PHASE_B * PHASE_C * GFLT * NOT TRIP

CAG PHASE_C * PHASE_A * GFLT * NOT TRIP

AG PHASE_A * NOT TRIP

BG PHASE_B * NOT TRIP

CG PHASE_C * NOT TRIP

ABC T PHASE_A * PHASE_B * PHASE_C * TRIP

AB T PHASE_A * PHASE_B * TRIP

BC T PHASE_B * PHASE_C * TRIP

CA T PHASE_C * PHASE_A * TRIP

ABG T PHASE_A * PHASE_B * GFLT * TRIP

BCG T PHASE_B * PHASE_C * GFLT * TRIP

CAG T PHASE_C * PHASE_A * GFLT * TRIP



9.6

SEL-751A Relay Instruction Manual Date Code 20220610

Analyzing Events
Event Reporting

The event type logic (PHASE_A, PHASE_B, PHASE_C) uses Relay Word 
bits FSA, FSB, and FSC to help determine the fault type and to select the 
appropriate fault location method. The SEL-751A asserts one of the Relay 
Word bits FSA, FSB, or FSC based on the magnitude and angle difference of 
negative- and zero-sequence current. The A-, B-, or C-phase naming of the 
FSA, FSB, and FSC Relay Word bits does not directly translate to assertion of 
PHASE_A, PHASE_B, PHASE_C. When the relay processes a new EVENT, 
the status of the FSA, FSB, and FSC Relay Word bits help to determine which 
phase (PHASE_A, PHASE_B, PHASE_C) to assert.

If FSA, FSB, or FSC Relay Word bits are not asserted, the relay further 
evaluates the event type based on the negative-sequence current magnitude. If 
|I2| < 0.2 * |I1|, Phase_A, Phase_B, and Phase_C Relay Word bits are asserted. 
The SELOGIC control equation FAULT has to be picked up for three-phase 
fault indication. If |I2| < 0.2 * |I1| condition is not satisfied, the relay evaluates 
the fault type based on the magnitude of maximum phase-to-phase current 
IPPmax to assert the combination of PHASE_A or PHASE_B or PHASE_C 
Relay Word bits.

Phase_A and Phase_B are asserted if current IAB = IPPmax.

Phase_B and Phase_C are asserted if current IBC = IPPmax.

Phase_C and Phase_A are asserted if current ICA = IPPmax.

If any ground or neutral Relay Word bits are asserted, the relay sets the GFLT 
Relay Word bit.

If PHASE_A, PHASE_B, or PHASE_C assert, the type in Table 9.1 is 
replaced by the type in Table 9.2.

Currents, Voltages, and RTD Temperatures
The relay determines the maximum phase current during an event. The instant 
the maximum phase current occurs is marked by an asterisk (*) in the event 
report (see Figure 9.3). This row of data corresponds to the analogs shown in 
the summary report for the event.

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum current was measured. The currents displayed are listed 
below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

The Voltage Mag fields display primary voltage magnitudes at the instant 
maximum current was measured. The voltages displayed are listed below:

➤ DELTA_Y := WYE

➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)

➢ Residual Voltage VG, calculated from VA, VB, VC

AG T PHASE_A * TRIP

BG T PHASE_B * TRIP

CG T PHASE_C * TRIP

Table 9.2 Phase Involvement Event Type (Sheet 2 of 2)

Type Condition
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➤ DELTA_Y := DELTA

➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 9.2 for a sample event history. Use this report to view 
the events that are presently stored in the SEL-751A.

The event history contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➢ Time source (if IRIG-B model)

➤ Event number, date, time, event type (see Table 9.1)

➤ Maximum feeder current

➤ Frequency

➤ Target LED status

Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within QuickSet. View and download history 
reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.31 for information on the HIS command.

=>>HIS <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 15:06:13
FEEDER RELAY                             Time Source: Internal

FID = SEL-751A-R100-V0-Z001001-D20070410

# DATE TIME EVENT CURRENT FREQ TARGETS

1 02/28/2007 13:58:23.629 Trigger 110.7 60.0 10000000

2 02/28/2007    13:54:10.003 Phase 51 Trip 1170.1 60.0  11010001

3 02/28/2007   13:54:09.607 ER Trigger 1190.1 60.0 11010001

4 02/28/2007    13:47:36.121 Phase 51 Trip 1172.4 59.9  11010000

5 02/28/2007    13:47:35.725 ER Trigger 1171.7 59.9 10000000

6 02/28/2007    13:43:30.393 Phase 51 Trip  483.9 60.1  11010001

7 02/28/2007    13:43:29.347 ER Trigger  484.9 60.0 11010001

=>>

Event 
Number

Event Type Maximum 
Current

Frequency User-
Defined 

Target LEDs

Figure 9.2 Sample Event History
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Use the front-panel MAIN > Events > Display menu to display event history 
data on the SEL-751A front-panel display.

Use the QuickSet software to retrieve the relay event history. View the Relay 
Event History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This will 
clear all event summaries, history records, and reports.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event Summary

➤ Settings in service at the time of event retrieval, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. 

Filtered and Unfiltered Event Reports
The SEL-751A samples the power system measurands (ac voltage and ac 
current) 16 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, use the EVE R command to select the 
unfiltered event report. Use the unfiltered event reports to observe power 
system conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the report.

Event Report Column Definitions
Refer to the example event report in Figure 9.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

NOTE: Figure 9.3 is on multiple 
pages.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the serial port SUM command (see 
SUMMARY Command on page 7.44) to retrieve event summary reports. 

Table 9.3 summarizes the event summary report current and voltage columns. 
Table 9.4 summarizes the event summary report output, input, protection, and 
control element columns.
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Table 9.3 Event Report Current and Voltage Columns 

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

VS Voltage measured by channel VS (terminals VS, NS) (primary V)

VDC Voltage measured by channel VDC (terminals VBAT+, VBAT-)

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

51ABC .
A
B
C
a
b
c
3

51A, B, and C Elements in reset state

51AP AND NOT (51BP OR 51CP)

51BP AND NOT (51AP OR 51CP)

51CP AND NOT (51AP OR 51BP)

51AP AND 51BP AND NOT 51CP

51BP AND 51CP AND NOT 51AP

51CP AND 51AP AND NOT 51BP

51AP AND 51BP AND 51AC

51P 1
2
3

51P1P AND NOT 51P2P 

51P2P AND NOT 51P1P

51P1P AND 51P2P

51N 1
2
3

51N1P AND NOT 51N2P

51N2P AND NOT 51N1P

51N1P AND 51N2P

51G 1
2
3

51G1P AND NOT 51G2P

51G2P AND NOT 51G1P

51G1P AND 51G2P

51Q 1 51QP
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Note that the ac values change from plus to minus (–) values in Figure 9.3, 
indicating the sinusoidal nature of the waveforms.

50P 1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

50P1P AND NOT (50P2P OR 50P3P OR 50P4P)

50P2P AND NOT (50P1P OR 50P3P OR 50P4P)

50P3P AND NOT (50P1P OR 50P2P OR 50P4P)

50P4P AND NOT (50P1P OR 50P2P OR 50P3P)

50P1P AND 50P2P

50P1P AND 50P3P

50P1P AND 50P4P

50P2P AND 50P3P

50P2P AND 50P4P

50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P

50P1P AND 50P2P AND 50P4P

50P1P AND 50P3P AND 50P4P

50P2P AND 50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P AND 50P4P

50NQG N
Q
G
a
b
c
3

50N1P OR 50N2P OR 50N3P OR 50N4P

50Q1P OR 50Q2P OR 50Q3P OR 50Q4P

50G1P OR 50G2P OR 50G3P OR 50G4P

50NxP AND 50QyP, x, y = any from 1-4

50QxP AND 50GyP, x, y = any from 1-4

50GxP AND 50NyP, x, y = any from 1-4

50NxP AND 50QyP AND 50GzP, x, y, z = any from 
1-4

81 1 81D1T OR 81D2T OR 81D3T OR 81D4T OR 
81D5T OR 81D6T

RTD Wdga,b w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brga,b b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth a,b o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb a,b a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD Inb 1 RTDIN

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

a SEL-2600 RTD Module or RTD card necessary.
b These quantities are not displayed when the relay has the voltage card option with VS (sync 

voltage) and VDC (battery voltage) inputs. 

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description
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Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 9.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 9.5 shows how you can convert event report current 
column data to phasor rms current values.

Example 15-Cycle 
Event Report

The following example of a standard 15-cycle event report in Figure 9.3 also 
corresponds to the example SER report in Figure 9.6. 

In Figure 9.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the DC column identifies the row with 
the maximum phase current. The SEL-751A calculates the maximum phase 
current from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 9.4 and Figure 9.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

=>>EVE <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 13:40:26.270 Date and Time of Event

FEEDER RELAY

Serial Number=000000000000000
FID=SEL-751A-X215-V0-Z003002-D20080530   CID=0E1E
                                                               55555 55 8   O
                                                               11111 00 1 I u
                                                               A      N   n t
      Currents (A Pri)            Voltages (V Pri)             B      Q   1 13
    IA    IB    IC    IN    IG     VA     VB     VC     VS VDC CPNGQ PG   2 2 
[1]

 -1739   467  1277  -0.0   4.2  -7429  -3317  10679  -7178  48 33... F. . . .3 Optional Voltage Card Required

449 -1735  1256   0.0 -30.0   7994 -10399   2259   8071  48 33... F. . . .3
  1741  -468 -1279   0.0  -6.0   7421   3323 -10681   7173  48 33... F. . . .3
  -454  1736 -1258   0.0  24.0  -7999  10395  -2255  -8080  48 33... F. . . .3

[2]
 -1742   466  1278  -0.0   1.8  -7418  -3332  10679  -7171  48 33... F. . . .3
   454 -1737  1258  -0.0 -25.2   7999 -10397   2246   8084  48 33... F. . . .3
  1738  -465 -1283   0.0 -10.2   7412   3334 -10685   7162  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8006  10391  -2243  -8087  48 33... F. . . .3

One Cycle of Data

[3]
 -1737   461  1283   0.0   7.2  -7409  -3341  10685  -7160  48 33... F. . . .3
   455 -1737  1258  -0.0 -24.0   8010 -10393   2236   8089  48 33... F. . . .3
  1735  -460 -1284  -0.0  -9.6   7402   3346 -10688   7153  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8015  10388  -2232  -8095  48 33... F. . . .3
[4]
 -1738   460  1282   0.0   3.6  -7402  -3353  10687  -7151  48 33... F. . . .3
   457 -1737  1255  -0.0 -25.2   8015 -10388   2225   8096  48 33... F. . . .3
  1737  -463 -1286  -0.0 -12.0   7396   3357 -10690   7146  48 33... F. . . .3
  -459  1736 -1257   0.0  19.8  -8021  10384  -2219  -8102  48 33... F. . . .3
[5]
 -1737   459  1285  -0.0   6.6  -7393  -3366  10690  -7142  48 33... F. . . .3

 497 -1736  1255  -0.0  15.6   8024 -10384   2212   8104  48*33... F. . . .3 Maximum Phase Current

 1363  -460 -1287   0.0  -384   7385   3368 -10692   7137  48 33.3. F. . . .3

 -346  1738 -1256   0.0   136  -8030  10379  -2209  -8109  48>33.3. F. . . .3 Trigger Row

[6]
  -788   458  1286  -0.0   956  -7384  -3377  10690  -7135  48 33.31 F. . . .3
   153 -1739  1254  -0.0  -332   8033 -10377   2200   8111  48 33.31 F. . . .3
   581  -458 -1286   0.0 -1163   7376   3379 -10694   7128  48 b3.31 F. . . .3
  -155  1738 -1255   0.0   328  -8039  10375  -2198  -8116  48 b3.31 F. . . .3

See Figure 9.4 and Figure 9.5

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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[7]
  -583   454  1283  -0.0  1154  -7373  -3386  10692  -7126  48 b3.31 F. . . .3
   154 -1737  1253   0.0  -331   8039 -10377   2191   8120  48 b3.31 F. . . .3
   581  -454 -1288   0.0 -1160   7367   3391 -10696   7119  48 b3.31 F. . . .3
  -155  1735 -1252   0.0   327  -8044  10373  -2187  -8127  48 b3.31 F. . . .3

[8]
  -582   453  1289   0.0  1160  -7367  -3400  10696  -7115  48 b3.31 F. . . .3
   154 -1739  1249  -0.0  -337   8048 -10372   2178   8127  48 b3.31 F. . . .3
   580  -452 -1291   0.0 -1163   7358   3404 -10699   7108  48 b3.31 F. . . .3
  -155  1738 -1249   0.0   333  -8055  10368  -2173  -8134  48 b3.31 F. . . .3
[9]
  -584   450  1291  -0.0  1157  -7357  -3411  10699  -7106  48 b3.31 F. . . .3
   156 -1738  1247  -0.0  -335   8059 -10370   2165   8136  48 b3.31 F. . . .3
   581  -451 -1293   0.0 -1163   7351   3413 -10701   7101  48 b3.31 F. . . .3
  -159  1737 -1248   0.0   330  -8064  10366  -2162  -8141  48 b3.31 F. . . .3
[10]
  -582   449  1292  -0.0  1159  -7348  -3422  10699  -7097  48 b3.31 F. . . .3
   156 -1737  1247  -0.0  -334   8064 -10366   2155   8143  48 b3.31 F. . . .3
   580  -450 -1297  -0.0 -1167   7340   3427 -10705   7090  48 b3.31 F. . . .3
  -157  1738 -1248   0.0   333  -8071  10361  -2151  -8150  48 b3.31 F. . . .3
[11]
  -583   449  1296   0.0  1162  -7339  -3434  10705  -7088  48 b3.31 F. . . .3
   156 -1741  1245  -0.0  -340   8073 -10359   2140   8152  48 b3.31 F. . . .3
   581  -448 -1295   0.0 -1162   7333   3438 -10706   7083  48 b3.31 F. . . .3
  -159  1738 -1246   0.0   333  -8078  10355  -2137  -8158  48 b3.31 F. . . .3
[12]
  -583   446  1294  -0.0  1157  -7331  -3445  10706  -7081  48 b3.31 F. . . .3
   156 -1519  1243  -0.0  -121   8080 -10355   2128   8159  48 b3.31 F. . . .3
   581  -276 -1296   0.0  -991   7322   3449 -10708   7074  48 b3.31 F. . . .3
-158   941 -1243   0.0  -460  -8086  10352  -2124  -8165  48 b3.31 F. . . .3

[13]
  -582   124  1296  -0.0   838  -7319  -3456  10706  -7072  48 b3.31 F. . . .3
   158  -586   981  -0.0   553   8089 -10354   2117   8168  48 C3.31 F. . . .3
   581  -149 -1085   0.0  -652   7313   3461 -10710   7065  48 C3.31 F. . . .3
  -160   585  -569   0.0  -145  -8096  10350  -2111  -8174  48 C3.3. F. . . .3
[14]
  -583   145   651  -0.0   212  -7310  -3469  10710  -7061  48 C3.3. .. . . .3
   158  -585   413  -0.0 -13.8   8096 -10350   2106   8174  48 C3.3. .. . . .3
   581  -146  -436   0.0  -0.6   7304   3472 -10714   7056  48 ..... .. . . .3
  -159   583  -414   0.0   9.6  -8104  10346  -2102  -8181  48 ..... .. . . .3
[15]
  -581   146   435  -0.0   0.0  -7303  -3479  10714  -7052  48 ..... .. . . .3
   157  -584   413  -0.0 -14.4   8107 -10346   2093   8183  48 ..... .. . . .3
   579  -148  -436   0.0  -4.2   7297   3483 -10715   7047  48 ..... .. . . .3
  -158   584  -414   0.0  12.0  -8111  10341  -2088  -8188  48 ..... .. . . ..

Serial No = 2008xxxxxxxxxxx

FID = SEL-751A-X215-V0-Z003002-D20080530                CID = 0E1E Firmware Identifier and 
Firmware Checksum Identifier

EVENT LOGS =  2

Event:     ER Trigger
Targets    11100001
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)    1806.6        1796.0        1796.0          0.00    16.94

Voltage Mag
       VAN    VBN    VCN    VG
(V)   10910  10916  10916    162

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     
FAULT   := 50G1P OR 50N1P OR 51P1P OR 51QP OR 50Q1P OR TRIP
EMP     := N       TGR     := 3       
SS1     := 1
SS2     := 0
SS3     := 0

52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

AO301AQ :=OFF
DCLOP   := OFF     DCHIP   := OFF     

IN101D  := 10      IN102D  := 10      
IN301D  := 10      IN302D  := 10      IN303D  := 10      IN401D  := 10      
IN402D  := 10      IN403D  := 10      IN404D  := 10      

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0

DSABLSET:= 0

Group Settings

RID     := SEL-751A         
TID     := FEEDER RELAY     
CTR     := 120     CTRN    := 120     PTR     := 180.00  PTRS    := 180.00  
DELTA_Y := WYE     VNOM    := 120.00  SINGLEV := N       

50P1P   := 10.00   50P1D   := 0.00    50P1TC  := 1
50P2P   := 10.00   50P2D   := 0.00    50P2TC  := 1
50P3P   := 10.00   50P3D   := 0.00    50P3TC  := 1
50P4P   := 10.00   50P4D   := 0.00    50P4TC  := 1
50N1P   := OFF     50N2P   := OFF     50N3P   := OFF     50N4P   := OFF     
50G1P   := OFF     50G2P   := OFF     50G3P   := OFF     50G4P   := OFF     
50Q1P   := OFF     50Q2P   := OFF     50Q3P   := OFF     50Q4P   := OFF     

51AP    := 6.00    
51AC    := U3      51ATD   := 3.00    51ARS   := N       
51ACT   := 0.00    51AMR   := 0.00    51ATC   := 1

51BP    := 6.00    51BC    := U3      51BTD   := 3.00    51BRS   := N       
51BCT   := 0.00    51BMR   := 0.00    51BTC   := 1
51CP    := 6.00    51CC    := U3      51CTD   := 3.00    51CRS   := N       

51CCT   := 0.00    51CMR   := 0.00    51CTC   := 1

51P1P   := 6.00    51P1C   := U3      51P1TD  := 3.00    51P1RS  := N       
51P1CT  := 0.00    51P1MR  := 0.00    51P1TC  := 1

51P2P   := 6.00    51P2C   := U3      51P2TD  := 3.00    51P2RS  := N       
51P2CT  := 0.00    51P2MR  := 0.00    51P2TC  := 1

51QP    := 6.00    51QC    := U3      51QTD   := 3.00    51QRS   := N       
51QCT   := 0.00    51QMR   := 0.00    51QTC   := 1

51N1P   := OFF     51N2P   := OFF     51G1P   := 0.50    51G1C   := U3      
51G1TD  := 1.50    51G1RS  := N       
51G1CT  := 0.00    51G1MR  := 0.00    51G1TC  := 1

51G2P   := 0.50    51G2C   := U3      51G2TD  := 1.50    51G2RS  := N       
51G2CT  := 0.00    51G2MR  := 0.00    51G2TC  := 1
E49RTD  := NONE    
27P1P   := OFF     27P2P   := OFF     27S1P   := OFF     27S2P   := OFF     

59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     59S1P   := OFF     
59S2P   := OFF     

E25     := N       
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

TDURD   := 0.5     CFD     := 1.0     
TR      := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR 59P2T OR 55T OR 

REMTRIP OR SV01 OR OC OR SV04T
REMTRIP := 0
ULTRIP  := NOT (51P1P OR 51G1P OR 51N1P OR 52A)
52A     := 0
CL      := SV03T AND LT02 OR CC
ULCL    := 0
E79     := OFF 
Report Settings

ESERDEL := N       

SER1    := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 PB02 PB03 PB04 
SER2    := CLOSE 52A CC 
SER3    := 81D1T 81D2T 
SER4    := SALARM 

EALIAS  := 4       

ALIAS1  :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS2  :=PB02 FP_LOCK PICKUP DROPOUT
ALIAS3  :=PB03 FP_CLOSE PICKUP DROPOUT
ALIAS4  :=PB04 FP_TRIP PICKUP DROPOUT

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 and Figure 9.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 9.3. Figure 9.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 9.5 shows how you can convert the event report current column data to 
phasor rms values. Voltages processing occurs similarly.

In Figure 9.4, note that you can use any two rows of current data from the 
event report in Figure 9.3, 1/4 cycle apart, to calculate rms current values.

ER      := R_TRIG 51P1P OR R_TRIG 51G1P OR R_TRIG 50P1P OR R_TRIG 50G1P OR R_TRIG 51N1P OR R_TRIG CF
LER     := 15      PRE     := 5       

LDLIST  := NA 

LDAR    := 15      

Logic Settings

ELAT    := 4       ESV     := 5       ESC     := N       EMV     := N       

SET01   := NA
RST01   := NA
SET02   := R_TRIG SV02T AND NOT LT02
RST02   := R_TRIG SV02T AND LT02
SET03   := PB03_PUL AND LT02 AND NOT 52A
RST03   := (PB03_PUL OR PB04_PUL OR SV03T) AND LT03
SET04   := PB04_PUL AND 52A
RST04   := (PB03_PUL OR PB04_PUL OR SV04T) AND LT04

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT LOP
SV02PU  := 3.00    SV02DO  := 0.00    
SV02    := PB02
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := LT03
SV04PU  := 0.00    SV04DO  := 0.00    
SV04    := LT04
SV05PU  := 0.25    SV05DO  := 0.25    
SV05    := (PB02 OR LT03 OR LT04) AND NOT SV05T

OUT101FS:= Y       OUT101  := HALARM OR SALARM
OUT102FS:= N       OUT102  := CLOSE
OUT103FS:= N       OUT103  := TRIP
OUT301FS:= N       OUT301  := 0
OUT302FS:= N       OUT302  := 0
OUT303FS:= N       OUT303  := 0
OUT304FS:= N       OUT304  := 0
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 9.5, note that you can use two rows of current data from the event 
report in Figure 9.3, 1/4 cycle apart, to calculate phasor rms current values. In 
Figure 9.5, at the present sample, the phasor rms current value is:

Equation 9.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 9.2

(752.0)2 + (–941.0)2 = 1204

(–750.3)2 + (940.7)2 = 1204

(–941.0)2 + (–750.3)2 = 1204

Event Report Column

752.0

–941.0

–750.3

940.7

IA

1
22

2
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•
•
•

IA 1204 A 38.6°–∠=

1204 A  cos 38.6°–( )• 940.7 A=
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Figure 9.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values

IA (RMS)

t

IA

Event Report Column

Magnitude =

X = 940.7

Y 
= 

—7
50

.3

Angle   = Arctan

 = Arctan

Y
X
—750.3
940.7

 = –38.6˚
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1/4 cyc.

(—750.3)2 + (940.7)2 = 1204

Y = Previous 
1/4 Cycle

•
•
•

 752.0
—941.0

 —750.3
 940.7

•
•
•

X = Present Sample

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Sequential Events Recorder (SER) Report
The SER report captures relay element state changes during an extended 
period. SER report data are useful in commissioning tests and root-cause 
analysis studies. SER information is stored when state changes occur. The 
report records the most recent 1024 state changes if a relay element is listed in 
the SER trigger equations. 

SER Triggering Use settings SER1 through SER4 to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements. The relay 
adds a message to the SER to indicate power up or settings change conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases You can use the ALIAS settings to rename as many as 20 of the SER trigger 
conditions. For instance, the factory-default alias setting 2 renames Relay 
Word bit PB02 for reporting in the SER:

ALIAS2:= PB02 FP_LOCK PICKUP DROPOUT

When Relay Word bit PB02 is asserted, the SER report will show the date and 
time of FP_LOCK PICKUP. When Relay Word bit PB02 is deasserted, the 
SER report will show the date and time of FP_LOCK DROPOUT. With this 
and other alias assignments, the SER record is easier for the operator to 
review. See Relay Word Bit Aliases on page 4.122 for additional details.

See SER Command (Sequential Events Recorder Report) on page 7.38 for 
details on retrieving and clearing SER reports with the SER command.

Example SER Report The example SER report in Figure 9.6 includes records of events that occurred 
before the beginning of the event summary report in Figure 9.3. 

Relay Powered Up
.
.
.
Relay Settings Changed

=>SER 8 <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 16:34:28
FEEDER RELAY                             Time Source: Internal

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052

#      DATE         TIME               ELEMENT              STATE
8   02/28/2007  13:54:09.602   51P1P                     Asserted
7   02/28/2007  13:54:09.602   51AP                      Asserted
6   02/28/2007  13:54:10.003   51P1T                     Asserted
5   02/28/2007  13:54:10.003   TRIP                      Asserted
4   02/28/2007  13:54:10.219   51P1P                     Deasserted
3   02/28/2007  13:54:10.219   51AP                      Deasserted
2   02/28/2007  13:54:10.236   51P1T                     Deasserted
1   02/28/2007  13:54:10.511   TRIP                      Deasserted
=>

Figure 9.6 Example Sequential Events Recorder (SER) Event Report
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Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)



           THIS PAGE LEFT BLANK



Current and Voltage Transformers
Transformadores de corriente y tensión 39000-300-01A
Transformateurs de courant et de tension 02/2005

© 1999–2005 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés2

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante
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Specifications
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using TiDL 
(EtherCAT), the operating times will be delayed by 1.5 ms. Use caution 
when setting the relay coordination times to account for this added delay. 
Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits for 

a Class A digital device, pursuant to part 15 of the FCC Rules. These 
limits are designed to provide reasonable protection against harmful 
interference when the equipment is operated in a commercial 
environment. This equipment generates, uses, and can radiate radio 
frequency energy and, if not installed and used in accordance with the 
instruction manual, may cause harmful interference in which case the 
user will be required to correct the interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal:  0.1 VA @ 1 A

5 A Nominal:  0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden:  0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per IEC 
60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage Range: 38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage Range: 85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: < 35 W, < 90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms



SEL-487B-1 Data Sheet Schweitzer Engineering Laboratories, Inc.

26

Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups of 

9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km

Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc



Schweitzer Engineering Laboratories, Inc. SEL-487B-1 Data Sheet

27

Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.2 Vdc

Logic Low Threshold:  0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power Utility 
Automation Profile)

Synchronization Accuracy: ±100 ns @ 1-second Sync Intervals when 
communicating directly with master clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above +70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and sized 
equal to or greater than any other conductor connected to the device, 
unless otherwise required by local or national wiring regulations.

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, Battery 

Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, IRIG-B, 

Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand Capability 
(SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + A2:2010

20 V/m (>35 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz
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Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 10 
m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency Magnetic 
Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles (12 + 

12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering

Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay Application:
Single-Relay Application:

21
7

Pickup Range: 0.1–4.0 per unit
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Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage Range: 0–350 Vdc

Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM
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Technical Support
We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

                    

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)

https://selinc.com/support
mailto: info@selinc.com
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)

Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms
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Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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MOV Protection 
(maximum voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km
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Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05
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Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A
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Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Accuracy: ±5% of setting ±0.05 mA secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)
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Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Maximum Pickup/Dropout 
Time:

100 ms* + 1.5 cycles/1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

* For the 2.5 mA models the 50NxD element includes a security timer of 
100 ms).

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup

Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA
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Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C

RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM
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IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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SEL-710-5 Relay Instruction Manual Date Code 20220826

Preface
General Information

Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea To 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40 to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations ±10% of nominal voltage
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Date Code 20220826 Instruction Manual SEL-710-5 Relay

Preface
General Information

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

a Consult with the factory for derating specifications for higher altitude applications.

Condition Range/Description
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc
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Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.

https://selinc.com
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Preface
Safety Information

Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea

a Consult the factory for derating specifications for higher altitude applications.

As high as 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40° to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations To ±10% of nominal voltage

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels

Weld

Concrete

Weld or bolt

Concrete Concrete

1/2-13 tap-in channel

Shim between channel and 
bottom of switchgear as 
required to level.

NOTE: Consult a structural 
engineer for seismic anchoring.
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA

4.0 (102)28.0 (711)4.0 (102)

4.5 (114) 27.0 (686) 4.5 (114)

18.0 (457)9.0 (229)

2.5 (64)1.5 (38)

1.0 (25)

9.0 (229)

11.0 (279)

1.8 (44)

2.5 (64)

3.5 (89) 

0.2 (5)

91.0 (2311)

1.0 (25)

46.0 (1168)

42.5 (1080)

36.0 (914)

34.2 (869)0.9 (23) 0.9 (23)

8.0 (203)

2.0 (51)

8.0 (203)

9.0 (229)

2.0 (51)

36.0 (914) rear aisle

Top or bottom 
conduit area

Six 0.75 in. (19 mm) 
diameter mounting holes

Recommended 4 in. (102 mm) 
mounting channels (three places)

Control conduit area (bottom)

Control conduit area (top)
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support
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Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)
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Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 
operating conditions require. Abnormal operation or conditions may require 
immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 
damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.
2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.
3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).
4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 
contact and overheating. Clean the discoloration from the contact surfaces of the 
busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.
6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.
2. Vacuum each compartment and wipe off all insulation.
3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 
the mechanism without a circuit breaker in the cell can be defeated by 
simultaneously holding the racking block lever down (Figure 4 on page 15) and 
turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 
each of the moving mechanisms in the compartment for damage and 
contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 
raise and lower smoothly with no indication of binding, twisting, hesitation, or 
hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 
indicating good contact with the circuit breaker separable contacts. Slight 
discoloration or tarnish of the silver plate on the primary contact is normal. 
Severe discoloration of the silver plate is an indication of excessive heating and 
should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 
primary contacts

— loose hardware or otherwise improper contact at the bus connection 
4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.
5. Inspect the primary contact and support insulators for damage.
6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 
grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 
free of cracks, the female contacts are clean, and the assembly is free to move. 
Clean the front and back surfaces of the receptacle to remove any 
contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 
insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 
Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 
Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.
11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.
12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 
cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 
50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.
2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.
3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.
4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.
5. Inspect the transformer for indication of insulation deterioration.
6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.
7. Vacuum the compartment and drawer.
8. Wipe off the insulation and control power transformer with a clean, dry cloth.
9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.
10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.
11. Inspect the interlock mechanism for proper operation.
12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.
2. Connect the control power source.
3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.
4. If all controls are functioning properly, disconnect the secondary control plugs.
5. Rack the circuit breakers into the connected position.
6. Close the circuit breakers and resume normal operation.
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Section 11—Installation and Maintenance Log
Date Initials Maintenance Performed
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INSTALLATION INSTALACIÓN INSTALLATION
Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal 

protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal 

(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection 

personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect 

current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte 

los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder 

les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.

X1

H1

H2

X2

H1

X1

To burden / 
A la carga / 
Vers la charge

Primary / 
Primario /
Primaire

Ground / 
Tierra / 
Conducteur de mise à la terre 

To meter / 
Al medidor / 
Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
Transformateur de tension
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5. Current transformers: If
installing a window-type current
transformer over fully insulated
cable that is surrounded by a
current-carrying sheath or
concentric neutral, insert the
sheath ground wire or neutral
through the window before
grounding. See Figure 3.

5. Transformadores de corriente: Si se
instala un transformador de corriente
con abertura sobre un cable
completamente aislado, cubierto por
una funda conductora de corriente o
neutro concéntrico, inserte el cable de
tierra del cable con funda o neutro a
través de la abertura antes de hacer la
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas
d’installation d’un transformateur de
courant muni d’une fenêtre sur un
câble électrique complètement isolé et
protégé par une gaine conductrice ou à
neutre concentrique, insérer le fil de
m.à.l.t. du câble avec gaine
conductrice ou du neutre à travers la
fenêtre avant de procéder à la mise à la
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique
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Service and Maintenance

Lubrication
Do not use oil of any type

Kirk Key Interlock Company cannot warranty interlocks that have been oiled.

Factory Service

- Interlocks should be periodically lubricated with a small amount of dry powdered
graphite. as the oil will collect dirt and "foul" the lock cylinder so that it will
not operate. Apply a small amount of graphite to the key and insert the key into the lock cylinder.
Work the key in and out and turn the key several times in order to distribute the graphite inside the
lock cylinder.

Kirk Key Interlock Company offers a Graphite Lubrication Kit (part number GL-1) complete with
instructions for use. The powdered graphite is supplied in a plastic tube that can be "squeezed" to
force a small amount of graphite into the lock cylinder. As described above, work the key in and out
and turn the key a few times in order to distribute the graphite inside the lock cylinder.

NOTE: Stainless steel dust covers should be utilized to protect the lock cylinders when located
outdoors or in a demanding environment. Dust covers are available separately and can be easily
added to any interlock.

- Under normal operating conditions, KIRK interlocks should not require any
maintenance service, other than graphite lubrication. However, if refurbishment or replacement
should be required, contact Kirk Key Interlock Company, Massillon, Ohio. All factory service will be
performed as quickly as possible to minimize your down time.

Any damaged or malfunctioning interlock should be returned to
Kirk Key Interlock Company, Massillon, Ohio. If this is not
possible and replacement locks are required, the following

®

information must be forwarded to Kirk Key Interlock Company:

KIRK Key Interlock

S.O.

ITEM

ITEM NUMBER

ORDER NUMBER

MASSILLON, OHIO, USA

1-800-438-2442

K I R K

1) Lock Number - obtain from the face of lock cylinder.
2) S.O. Number - obtain from nameplate on interlock
3) Item Number - obtain from nameplate on interlock
4) Key Interchange Number (if applicable) - obtain from the

LOCK NUMBER

face of lock cylinder.
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Instructions for AMPGARD 400A
medium voltage starter

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware

Bolt
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod

Line-Side 
Bolts (3)

Load-Side 
Bolts (3)

Collar

Control 
Plug

Disconnect 
by Removing 
Pin in Clevis

Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment

Shutter

“Barber 
Poles” (3) 
Visible when 
Shutter is 
Closed

Remove 
Barrier for 
Access to 
Vertical Bus 
Connections 
(incoming 
power must 
be locked 
out first)

Drill Out 
Welds for 
Emergency 
Access

Bolts (2) Securing 
Removable to 
Fixed Portion 
of Switch
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 5—Installing and Removing

© 1996–2008 Schneider Electric All Rights Reserved. 25

E
N

G
L

IS
H

4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary
Voltage and Current Inputs

N

N

N

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01
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Relay Rear-Panel Secondary 
Voltage and Current Inputs

N

N

N
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.



3.15

Date Code 20230830 Instruction Manual SEL-487B Relay

Testing
Checking Relay Operation

                    

Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings
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Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Protection Functions

This section provides a detailed explanation of the SEL-487B relay protection 
functions. Each subsection provides an explanation of the function, along with a 
list of the corresponding settings and Relay Word bits. Logic diagrams and other 
figures are included.

Functions discussed in this section are listed below.

➤ Busbar Protection Elements on page 5.1

➤ Check Zone Protection Elements on page 5.10

➤ Sensitive Differential Element on page 5.12

➤ Zone Supervision Logic on page 5.14

➤ Dynamic Zone Selection Logic on page 5.14

➤ Check Zone Selection on page 5.16

➤ Instantaneous/Delayed Overcurrent Elements on page 5.17

➤ Selectable Time-Overcurrent Elements (51) on page 5.18

➤ Over- and Undervoltage Elements on page 5.25

➤ Open-Phase Detection Logic on page 5.28

➤ Open CT Detection Logic on page 5.29

➤ Circuit Breaker Failure Protection on page 5.30

➤ Circuit Breaker Failure Trip Logic on page 5.34

➤ Bus Coupler/Bus Sectionalizer Configurations on page 5.36

➤ Coupler Security Logic on page 5.37

➤ Disconnect Monitor on page 5.43

➤ Zone-Switching Supervision Logic on page 5.45

➤ Differential Trip Logic on page 5.47

➤ Breaker Trip Logic on page 5.48

➤ Circuit Breaker Status Logic on page 5.49

Busbar Protection Elements
Busbar protection philosophy traditionally calls for two-out-of-two trip criteria, 
where two separate measuring elements must agree before protection issues a trip 
signal. Realization of the two-out-of-two trip criteria can occur by using one of 
the combinations of measuring elements listed below:

➤ Dual differential element combination (main zone and check zone)

➤ Differential element and directional element combination (main zone 
and directional element)

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Each combination has an advantage over the other; the weakness of one being the 
strength of the other. In particular, differential elements (amplitude comparators) 
are more vulnerable to CT saturation than directional elements (phase compara-
tors), but directional elements (phase comparators) are more vulnerable to high-
impedance faults.

CT saturation is a concern in networks with high fault currents. Poor CT selec-
tion increases the potential for CT saturation. In networks with impedance 
grounding, all ground faults are high-impedance faults. Although relays may 
have been correctly selected in the initial network design, changes in the network 
may adversely influence the network parameters. For example, network exten-
sions or reduced source impedance result in higher fault current, and deteriora-
tion of the substation grounding mat at the substation may result in higher fault 
impedance for ground faults.

Modern busbar protection relays should not only include protection elements to 
allow for diverse network parameters, but the implementation of these elements 
in the relays must ensure continual, uncompromising relay performance, despite 
changes in network parameters. In general, busbar protection must comply with 
the following performance requirements:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Minimum delay for evolving faults

The SEL-487B meets the above performance requirements during all system 
operating conditions. The relay includes six busbar protection elements for the 
protection of as many as six zones. Each of the six busbar protection elements 
consists of the following three elements (see Figure 5.1):

➤ Differential element using phasor values

➤ Directional element using phasor values 

➤ Fault detection logic using instantaneous values

Figure 5.1 shows a block diagram of one of the six busbar protection elements, 
with only two (I01 and I02) of the available 21 current inputs connected. The 
relay uses the highest CT ratio (CTRMAX) divided by the lowest CT ratio 
(CTRMIN) to verify that the CT ratio mismatch for the differential protection is 
less than 10:1. Only CT ratios associated with terminals that are used in the ter-
minal-to-bus-zone settings will be used to determine CTRMAX and CTRMIN. 
Because the relay accepts current inputs from CTs with a 10:1 ratio mismatch, 
the calculations for the differential elements are performed on per unit values. 
The relay uses the highest CT ratio (CTRMAX) of the installed CT ratios as a ref-
erence value in converting the input currents from ampere to per unit values. 
Using Equation 5.1, the relay calculates a normalization factor value (TAP) for 
each terminal:

                    

Equation 5.1

                    

where:

TAPnn = TAP value for each terminal to convert current from ampere to 
per unit (nn = 01–21)

CTRMAX = Highest CT ratio of the terminals used in the terminal-to-bus-
zone settings

INOM = Nominal CT secondary current (1 A or 5 A)

CTRnn = CT ratio of the specific terminal

TAPnn
CTRMAX INOM

CTRnn
--------------------------------------------=
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Using the TAPnn values, the relay calculates the current in per unit values for 
each terminal as shown in Equation 5.2:

                    

Equation 5.2

                    

Figure 5.1 shows the block diagram for Busbar Protection Element 1, one of six 
busbar protection elements available in the relay. Throughout the following ele-
ment descriptions, the numerical part of the Relay Word bits refers either to ele-
ments from a specific busbar protection element (1–6) or the specific terminal 
number (01–21). In most cases, the protection element descriptions refer to ele-
ments from Busbar Protection Element 1. For example, FDIF1 in Figure 5.1 
refers to the output from the filtered differential element of Busbar Protection 
Element 1. I01 and I02 refer to current inputs from Terminal I01 and 
Terminal I02.

                    

Referring to Figure 5.1, after the per unit conversion, the data (I01CR and 
I02CR) follow two separate paths. One path is through a digital band-pass filter 
(DBPF) to the filtered differential element and the directional element; the other 
path brings the instantaneous values to the fault detection logic.

The filtered differential element uses the input currents from each terminal in a 
protection zone to calculate the operate and restraint currents. The directional 
element compares the direction of current at a reference terminal to the direction 
of current at all other terminals in a protection zone to calculate fault direction. 
Several elements combine in the fault detection logic to distinguish between 
internal or busbar faults (FAULT1) and external faults (CON1).

where:

InnCR = Per unit current for Terminals I01–I21

Inn = Current in amperes for Terminals I01–I21

pu = per unit

                    

Figure 5.1 Block Diagram Showing the Logic for Busbar Protection Element 1
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AND Gate 1 combines the OR combination of the directional element (DE1F) 
and internal fault element (FAULT1) with the sensitive differential element 
(87ST1) to supervise the filtered differential element. P87R1, the output from 
Gate 1, drives a security timer that controls the final output (87R1) of the busbar 
protection element. 

The logic includes three dedicated check zones (see Check Zone Protection Ele-
ments on page 5.10). This flexibility provides the opportunity to configure the 
dual differential (main zone and check zone) element combination.

Filtered Differential Element
The following discussion refers to the Filtered Differential Element 1, (with only 
Terminals 01 and 02 connected to the element) but applies equally well to the 
remaining five filtered differential elements. Using the output quantities from the 
digital band-pass filter (cosine filter), the filtered differential element calculates a 
restraint quantity, IRT1, and an operating quantity, IOP1, according to 
Equation 5.3 and Equation 5.4:

                    

Equation 5.3

and

                    

Equation 5.4

                    

Figure 5.2 shows a block diagram of the elements necessary for obtaining the dif-
ferential and restraint quantities used in the filtered differential elements. Relay 
Word bit FDIF1 is the output from the differential calculation. Relay Word bit 
87O1 asserts when the differential current exceeds the O87P threshold. Together 
these two Relay Word bits form the filtered differential element characteristic.

                    

Figure 5.3 shows the characteristic of the differential element as a straight line 
through the origin of the form:

                    

Equation 5.5

where:

I01CF and I02CF = Filtered per unit current values from Terminals I01 and 
I02

                    

Figure 5.2 Filtered Differential Element 1
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For operating quantities (IOP1) exceeding the threshold level O87P and falling in 
the operate region of Figure 5.3, the filtered differential element issues an output. 
There are two slope settings. Slope 1 (SLP1) is effective for internal faults, and 
Slope 2 (SLP2) is effective for external faults. To change the slope values, first 
enable the advanced settings by setting EADVS := Y in Group Settings and then 
proceed to change the slope values. When the fault detection logic detects an 
external fault condition, Relay Word bit CON1 asserts. CON1 switches the slope 
of the differential characteristic from Slope 1 to Slope 2 to add security to the fil-
tered differential element (see Fault Detection Logic on page 5.7).

Directional Element
The relay includes directional elements that supervise the filtered differential ele-
ments. In particular, the directional elements provide additional security to the 
filtered differential elements during external faults with heavy CT saturation con-
ditions. Each of the six busbar protection elements has a directional element spe-
cific to that differential element.

The directional element compares the direction of current at the reference termi-
nal to the direction of current at all other qualifying terminals in each zone. A 
qualifying terminal is a terminal with current value greater than the 50DSP 
threshold setting; the relay selects one of these currents as a reference. For each 
calculation, the relay uses the real part of the product of the terminal current and 
the conjugate of the current at the reference terminal, as depicted in Figure 5.4.

                    

The relay declares an internal fault condition when the direction of current at all 
the remaining terminals coincides with the direction of current at the reference 
terminal. For the directional element to begin processing, the current values of at 
least two terminals within the zone must exceed the 50DSP threshold. Figure 5.5 
shows the directional element characteristic, the shaded area indicating an inter-
nal fault.

                    

Figure 5.3 Filtered Differential Element Characteristic
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Figure 5.4 Torque Calculation Used in the Directional Element to Determine 
Fault Direction
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The relay acquires the terminals within each specific protection zone from the 
zone selection logic. The relay determines the terminals with phase current 
greater than the 50DSP threshold and selects one of the currents greater than the 
50DSP threshold as a reference. The relay establishes fault direction by compar-
ing the direction of current at the reference terminal to that at the remaining ter-
minals in the zone with phase current greater than the 50DSP threshold.

Referring to Figure 5.6, consider the case of four terminals in Zone 1, with inputs 
labeled I01CF, I02CF, I03CF, and I04CF. Further, assume that the current magni-
tude in terminal I04CF is below the 50DSP threshold.

                    

First, the directional element determines which terminals have phase current 
magnitude greater than the 50DSP threshold. Because the current magnitude of 
input I04CF is below the 50DSP threshold, the relay selects only inputs I01CF, 
I02CF, and I03CF for further processing. The relay selects input I01CF as the ref-
erence (IREF) and compares the direction of current I02CF (IT02) and current 
I03CF (IT03) to this reference. DE1F asserts only if the direction of current at 
both IT02 and IT03 coincides with the direction of current at the reference termi-
nal according to the directional element characteristic shown in Figure 5.5. 

                    

Figure 5.5 Directional Element Characteristic, the Shaded Area Indicating an 
Internal Fault

                    

Figure 5.6 Directional Element Logic
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Fault Detection Logic
The fault detection logic distinguishes between external faults (external fault 
detection logic) and internal faults (internal fault detection logic), as shown in 
Figure 5.7. When the fault detection logic detects an external fault, Relay Word 
bit CON1 asserts, and when the fault detection logic detects an internal fault, 
Relay Word bit FAULT1 asserts.

                    

Elements in the fault detection logic use instantaneous per unit currents to calcu-
late a restraint quantity, IRT1R, and an operating quantity, IOP1R, according to 
Equation 5.6 and Equation 5.7:

                    

Equation 5.6

and

                    

Equation 5.7

                    

Figure 5.8 shows a block diagram of how the fault detection logic obtains 
restraint quantity IRT1R and operating quantity IOP1R.

                    

External Fault Detection Logic
In general, operating and restraint currents increase simultaneously for internal 
faults; for external faults, only the restraint current increases if there is no CT sat-
uration. By comparing the change in operating current (IOP1R) to the change in 
restraint current (IRT1R), the relay detects external fault conditions. Because 
CTs can saturate during external faults, the relay asserts the external fault condi-
tion (Relay Word bit CON1) for 60 cycles after detecting an external fault. 
Figure 5.9 shows the logic for detecting external fault conditions.

                    

Figure 5.7 Fault Detection Logic That Distinguishes Between External and 
Internal Faults

where:

I01CR and I02CR = Instantaneous per unit current from Terminals 01 and 02.

                    

Figure 5.8 Fault Detection Logic Obtaining Restraint and Operating Quantities
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Asserting CON1 for 60 cycles can slow relay operation for evolving faults 
(where the fault starts as an external fault and then develops into an internal 
fault). To prevent delayed tripping, CON1 resets when either the directional ele-
ment (DE1F) detects an evolving fault or the internal fault detection logic (IFAU-
LT1) confirms an internal fault condition. 

Relay Word bit CON1 controls the operating mode of the relay by asserting when 
the relay detects an external fault. The relay operates normally with CON1 deas-
serted but switches to a high-security mode when CON1 asserts. High security 
causes the following in the relay:

➤ Slope 1 changes to Slope 2.

➤ Delay time of the adaptive security timer increases.

Resetting CON1 releases the relay from the high-security mode, and the relay 
operates with the normal settings.

Internal Fault Detection Logic 
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.10 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. When the raw operate current (IOP1R) exceeds 
the active slope and the O87P setting, RDIF1 asserts. RDIF1 forms the input into 
the consecutive measurement fault detection logic and the fast fault detection 
logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the IFAULT1 Relay Word bit asserts.

                    

If surge (lightning) arresters are installed on busbars, a path to ground exists 
when these devices conduct, resulting in operating current in the differential ele-
ments. The fast fault detection logic qualifies the operating current with a time 

                    

Figure 5.9 External Fault Detection Logic
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Figure 5.10 Internal Fault Detection, Instantaneous Differential Element, 
Consecutive Measurement Fault Detection, and Fast Fault Detection Logics
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delay to differentiate between operating current resulting from surge arrester con-
duction and operating current because of internal faults. If the fast fault detection 
logic detects an internal fault, Relay Word bit GFAULT1 asserts.

Protection Element Output Logic
Figure 5.11 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
protection element output, Relay Word bit 87R1):

➤ An output from the filtered differential element, FDIF1

➤ An output from the filtered differential element threshold, 87O1

➤ An output from either the directional element (DE1F) or the internal 
fault detection logic (FAULT1)

➤ No output from the sensitive differential element (87ST1) with 
E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87R1 starts the adaptive security timer. CON1 also controls the security timer 
time setting; when CON1 asserts, the relay increases the time delay by 0.4 cycles 
to increase security for the protection element.

Table 5.1 shows operating times for the bus differential elements. Figure 5.12 
shows the average operating times (minimum of five trials) for the differential 
element. Operating times include the time it takes for the 87R element to assert 
and does not take into consideration the output contact closure time. Tests were 
performed for 1, 2, 3, 4, 5, 6, and 7 multiples of pickup setting. At 7 times the set-
ting, the deviation was 0.02 cycles. These tests do not include fault resistance. 
Operating times are the same for 50 Hz and 60 Hz.

                    

                    

q See Figure 5.47.

Figure 5.11 Differential Element Output: Final Conditions and Adaptive Security 
Timer

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
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Check Zone Protection Elements
The SEL-487B logic includes three dedicated check zones, providing the flexibil-
ity and opportunity to configure the dual differential (main zone and check zone) 
element combination.

Figure 5.13 shows the block diagram for a Check Zone 1 Protection Element 
(Check Zones 2 and 3 are similar). Throughout the following element descrip-
tions, the numerical part of the Relay Word bits refers to the specific terminal 
number (01–21). I01 and I02 refer to current inputs from Terminal I01 and Ter-
minal I02.

                    

6 0.51

7 0.52

                    

Figure 5.12 Average 87R Operating Times
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Figure 5.13 Block Diagram Showing Logic for Check Zone Protection Element 1
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Check Zone Filtered Differential Element
Figure 5.14 shows a block diagram of the elements necessary for obtaining the 
differential and restraint quantities used in the check zone filtered differential ele-
ments. Relay Word bit FDIFCZ1 is the output from the check zone differential 
calculation. Relay Word bit 87OCZ1 asserts when the differential current 
exceeds the CZO87P threshold. Together these two Relay Word bits form the 
check zone filtered differential element characteristic.

                    

Check Zone External Fault Detection Logic
Figure 5.15 shows the logic for detecting external fault conditions.

                    

To change the threshold values, first enable the advanced settings (see Section 8: 
Settings for more information on setting the relay) by setting EADVS := Y in 
Group Settings and then enable the check zone settings by setting ECHKZN := Y. 

Check Zone Internal Fault Detection Logic
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.16 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. RDIFCZ1, the output from the instantaneous 
differential element, forms the input into the consecutive measurement fault 
detection logic and the fast fault detection logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the Relay Word bit IFLTCZ1 asserts.

                    

Figure 5.14 Check Zone Filtered Differential Element 1
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Figure 5.15 Check Zone External Fault Detection Logic
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Check Zone Protection Element Output Logic
Figure 5.17 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
Check Zone Protection Element output, Relay Word bit 87RCZ1):

➤ An output from the check zone filtered differential element 
(FDIFCZ1)

➤ An output from the check zone filtered differential element threshold 
(87OCZ1)

➤ An output from either the check zone directional element (DECZ1F) 
or the check zone internal fault detection logic (FLTCZ1)

➤ No output from the check zone sensitive differential element 
(87STCZ1) with E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87RCZ1 starts the adaptive security timer. CONCZ1 also controls the security 
timer time setting; when CONCZ1 asserts, the relay increases the time delay by 
0.4 cycles to increase security for the protection element.

Sensitive Differential Element
For each zone, sensitive differential elements detect differential current resulting 
from CT open or short circuits conditions. If such a condition exceeds a settable 
delay, the element asserts an alarm. There are two Relay Word bits per zone: an 
instantaneous Relay Word bit, 87S1, and a time-delayed Relay Word bit, 87ST1. 

                    

Figure 5.16 Check Zone Internal Fault Detection, Instantaneous Differential 
Element, Consecutive Measurements Fault Detection, and Fast Fault Detection 
Logics
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Figure 5.17 Check Zone Differential Element Output: Final Conditions and 
Adaptive Security Timer
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Use 87ST1, the time-delayed output, for alarming and supervision. Each sensi-
tive differential element compares the sensitive differential element operating 
quantity, IOP1, against the S87P threshold.

                    

The status of the sensitive differential element is one of the four conditions con-
sidered in the final output logic of the differential protection element (see 
Figure 5.18). With E87SSUP := Y, the output 87STn supervises the differential 
protection element. When E87SSUP := N the sensitive differential (87STn) ele-
ment does not supervise the differential protection elements (87Rn). Setting 
E87SSUP := N only removes the supervision function from the differential ele-
ment, but does not disable the sensitive differential elements. The sensitive differ-
ential elements are still running and available for other functions such as 
asserting an alarm.

The sensitive differential elements may assert under load conditions if not set 
properly. To prevent these elements from asserting under load conditions, set the 
differential threshold setting 50 percent higher than the natural out-of-balance 
current at the station. Be sure to measure the worst natural out-of-balance current 
at the station. For example, in a double busbar layout with bus-zone-to-bus-zone 
connections, first merge the bus-zones before making the measurement (see 
Dynamic Zone Selection Logic on page 5.14 and Bus-Zone-to-Bus-Zone Connec-
tions on page 6.33 for more information). Use the MET DIF command to read 
the per unit operating current values from each protection zone.

Check Zone Sensitive Differential Element
                    

Each check zone has an independent sensitive differential element. There are two 
Relay Word bits per zone: an instantaneous Relay Word bit, 87SCZ1, and a time-
delayed Relay Word bit, 87STCZ1. Use 87STCZ1, the time-delayed output, for 
alarming and supervision. Each sensitive differential element compares the sensi-
tive differential element operating quantity, IOPCZ1, against the CZS87P thresh-
old.

                    

Figure 5.18 Sensitive Differential Element (87S)
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Figure 5.19 Check Zone Sensitive Differential Element (87S)
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Zone Supervision Logic
This logic provides final supervision criteria before a trip signal is issued. 
Figure 5.20 shows the logic for Differential Element 1, but similar logic is avail-
able for all six differential elements. Relay Word bit 87R1 is the output from the 
differential element, and Z1S is a SELOGIC control equation in the zone configu-
ration settings. The differential trip logic uses Relay Word bit 87Z1, the output 
from this logic, to determine which terminals to trip. See Differential Trip Logic 
on page 5.47 for more detail.

                    

Setting Z1S is a SELOGIC control equation in which you can program the condi-
tions for supervising the differential element (87R1). For example, this is the set-
ting in which you enter the output from the check zone differential element 
during check zone configuration. Consider the case where a check zone is config-
ured and 87CZ1 is the check zone element output. Both the check zone and the 
sensitive differential elements must supervise the 87R1 element. With 
E87SSUP := Y, 87ST1 is already included in the differential element supervision 
(one of the four final conditions; see Figure 5.11). Only the check zone informa-
tion is required:

Z1S := 87CZ1

Dynamic Zone Selection Logic
Busbar protection involves assigning the appropriate input current values to the 
corresponding differential elements for calculation of per zone operating and 
restraint quantities and determining the breakers to trip for differential and 
breaker failure protection operation. To allow flexible substation configuration 
without compromising busbar protection, the relay dynamically reassigns input 
currents to the appropriate differential elements when the station configuration 
changes.

Disconnect and breaker auxiliary contacts typically provide station configuration 
information in the form of control inputs, entered into the relay as SELOGIC con-
trol equations. By evaluating these SELOGIC control equations, the zone selection 
logic assigns the currents to the appropriate differential elements. When discon-
nects are closed in such a way that a solid connection exists between two (or 
more) zones, the zones merge, and only one zone is active. The active zone after 
a merge is always the zone with the lowest number. For example, if Zone 3 and 
Zone 4 merge, Zone 3 encompasses Zone 4.

When the SELOGIC control equation representing the Terminal-to-Bus-Zone 
becomes a logical 1, the zone selection algorithm processes the current values 
associated with that particular terminal (see Table 5.2). When the equation is log-
ical 0, the current values are neither processed nor considered in the differential 
calculations. This is also true for the trip output. When the SELOGIC control 
equation of a terminal is a logical 0, the differential element issues no trip signals 
to that terminal.

                    

Figure 5.20 Zone and Check Zone Supervision Logic
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To properly configure the station, the zone selection algorithm requires the fol-
lowing information:

➤ Terminals to bus-zones connections, IqqBZpV.

➤ Interconnections between bus-zones, BZpBZpV.

                    

Both IqqBZpV and BZpBZpV are SELOGIC control equation variables that you 
enter in the relay when using the SET Z command to set the relay. In QuickSet, 
IqqBZpV is found in Group > Zone Configuration > Terminal To Bus-Zone 
Connections and BZpBZpV is found in Group > Zone Configuration > Bus-
Zone To Bus-Zone Connections.

Selecting the Zones
The relay runs the zone selection algorithm every protection processing interval 
and sets the appropriate zone switching operation (ZSWOPp) Relay Word bits 
for one cycle when there is a status change in either IqqBZpV (terminal is con-
nected to or disconnected from a bus-zone) or BZpBZpV (two or more bus-zones 
are connected together).

Based on the SELOGIC control equations IqqBZpV and BZpBZpV, the zone 
selection logic determines the following:

➤ The bus-zone(s) to be included in each protection zone

➤ The active terminals to be included in each protection zone

➤ The terminals to trip for differential and breaker failure protection 
operations

Table 5.3 shows the Relay Word bits available in the zone selection logic with 
their descriptions.

                    

Table 5.2 Current Values Assigned to the Differential Element as a Function of 
the Disconnect Status

SELOGIC Control 
Equation

Status Meaning in the Differential Calculation

I01BZ1V := D891 D891 = 1 (closed) I01 is part of differential Bus-Zone 1

I01BZ1V := D891 D891 = 0 (open) I01 is not part of differential Bus-Zone 1

where:

I01BZ1V = SELOGIC control equation declaring the conditions when Ter-
minal 1 connects to Bus-Zone 1

D891 = input from Terminal 1 disconnect auxiliary contact that 
changes state when the disconnect switch changes state

where:

qq = 01–21 (Terminal 1 to Terminal 21)

p = 1–6 (Bus-Zone 1 to 6)

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 1 of 2)

Quantity Description

ZSWOPp Picks up following a change to either bus-zone-to-bus-zone or terminal-to-
bus-zone conditions in Zone p

ZONEp Differential Zone p is active

IqqBZpV Terminal qq connected to BZp

BZpBZpV A connection exists between BZp and BZp
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Check Zone Selection
The check zone function in the SEL-487B-1 differs in three ways from the check 
zone in the SEL-487B-0:

➤ Each SEL-487B-1 has three check zones

➤ There are no Terminal-to-Check-Zone Connection Logic settings, 
IqqCZ1V, in the SEL-487B-1

➤ The SEL-487B-1 includes Advance Check Zone settings

The single check zone in each SEL-487B-0 means that you can use the check 
zone only in a three-relay application. The three check zones in each 
SEL-487B-1 makes it possible to configure a check zone for each of the three 
phases in a single-relay application. 

On the basis that terminals in the check zone are independent of the disconnect 
auxiliary contact status, there is no need to configure Terminal-to-Check-Zone 
Connection Logic (i.e., IqqCZ1V in the SEL-487B-0) in the SEL-487B-1. There-
fore, to include a terminal in the check zone, just enter the Terminal, Check-
Zone, Polarity (P,N) settings, as shown below.

                    

In QuickSet, go to Check Zone Configuration > Terminal qq To Check Zone 
Connections and set CTqqCZp (p = 1–3) to Y to include a terminal in a check 
zone as shown in Figure 5.21. 

ZNpIqq Terminal qq connected to Zone p

ZNpIqqT Terminal qq connected to Zone p and will be tripped

BZpBZpR A connection exists between BZp and BZp and the coupler is removed

ZpBZp Bus-Zone p is part of Protective Zone p

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 2 of 2)

Quantity Description

Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ?N
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When you enter a check zone in the Terminal-to-Check-Zone settings, the corre-
sponding CZONEx (x = 1–3) Relay Word bit asserts. For example, in the above 
example, Relay Word bit CZONE1 asserts, but not Relay Word bits CZONE2 or 
CZONE3. Use the TAR ASCII command to verify the status of these Relay 
Word bits.

                    

The Advance Check Zone Settings provide a method to configure a check zone 
for applications with in-board CTs (see Example of Check Zone With In-Board 
(Bushing) CTs on page 6.23).

The SEL-487B-1 still includes Check Zone Supervision setting. Use these set-
tings to disable the entire check zone. In the following example, CZ1S is set to 1 
(the default setting), meaning that the check zone is always in service.

                    

Instantaneous/Delayed Overcurrent Elements
Each of the 21 terminals includes a single level of phase instantaneous and time-
delayed overcurrent elements. Figure 5.22 shows the logic for the 50Pnn ele-
ment. Labels FIM (Filtered, Instantaneous, Magnitude) are included for informa-
tional purposes and indicate specific processes used in the relay (see Section 12: 
Analog Quantities for more information about analog quantities).

The logic compares the magnitudes of phase input current InnFIM to a pickup 
setting 50PnnP. If the current magnitude exceeds the pickup level, Relay Word bit 
50Pnn asserts and the timer starts timing. After the time specified by the delay 

                    

Figure 5.21 Check Zone Settings

=>>TAR CZONE1<Enter>
*       *       *       *       *       CZONE3  CZONE2  CZONE1  
0       0       0       0       0       0       0       1

Check Zone Supervision
Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ?Y
Check Zone 1 Supervision (SELogic Equation)
CZ1S := 1

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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setting 50PnnD expires, a second Relay Word bit, 50PnnT, asserts. Relay Word 
bit 50PnnT only asserts if Relay Word bit 50Pnn remains asserted for the dura-
tion of the 50PnnD time setting. When Relay Word bit 50Pnn deasserts, the timer 
resets without delay, along with 50PnnT if it has asserted.

                    

The definite-time overcurrent elements are not enabled in the default settings. 
Enable the elements by setting E50 := nn (nn = 01–21). After enabling the ele-
ments, the definite-time overcurrent elements of all 21 terminals are available but 
are still set to OFF. For example, assume we want definite-time overcurrent pro-
tection for Terminal 05. Set E50 := 5, making the definite-time overcurrent ele-
ments of Terminal 01–Terminal 05 available. Because the default settings for the 
definite-time overcurrent elements are OFF, the elements are not active. Only 
enter settings at the definite-time overcurrent protection prompt of Terminal 05. 
Terminal 05 is the only terminal with definite-time overcurrent protection; the 
definite-time overcurrent protection for Terminal 01–Terminal 04 remains 
switched OFF.

Selectable Time-Overcurrent Elements (51)
Instead of having dedicated inverse-time overcurrent elements for each current 
channel, the relay offers the flexibility of an unassigned time-overcurrent ele-
ment, each with the choice of five US and five IEC operating curves. Unassigned 
means that the 51 element operating quantities are available for assignment, as 
the application requires (see Table 5.6).

The inverse-time overcurrent elements are not enabled in the default settings. 
Enable the desired number of elements by setting E51 := nn (nn = 01–21). 
Choose from any filtered instantaneous phase current quantity magnitudes 
(I01FIM–I21FIM) to set as the operate quantity, 51Onn.

Table 5.4 shows the five US characteristics, and Table 5.5 shows the five IEC 
characteristics. Each table shows the five operating time equations, together with 
the five electromechanical reset characteristic equations.

                    

                    

Figure 5.22 Phase Instantaneous and Time-Delayed Overcurrent Elements

50PnnD

0
CYC

InnFIM

50Pnn

50PnnT50PnnP
(Setting)

nn = 01, 02, . . .21

Timer 50P

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 1 of 2)

Curve Type Operating Time Reset Time

U1 (Moderately Inverse)  

U2 (Inverse)  

U3 (Very Inverse)  

Tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = TR TD 1.08
1 M2

–
---------------- 
 • =

Tp TD 0.180 5.95
M2 1–
----------------+ 

 • = TR TD 5.95
1 M2

–
---------------- 
 • =

Tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = TR TD 3.88
1 M2

–
---------------- 
 • =
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U4 (Extremely Inverse)  

U5 (Short-Time Inverse)  

a TP = Operating Time
TR = Reset Time
TD = Time-Delay Setting
M = Measured Current / Pickup Current

Table 5.5 IEC Time-Overcurrent Equations

Curve Type Operating Time Reset Time

C1 (Standard Inverse) 

C2 (Very Inverse) 

C3 (Extremely Inverse) 

C4 (Long-Time Inverse) 

C5 (Short-Time Inverse) 

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 2 of 2)

Curve Type Operating Time Reset Time

Tp TD 0.02434 5.64
M2 1–
----------------+ 

 • = TR TD 5.64
1 M2

–
---------------- 
 • =

Tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = TR TD 0.323
1 M2

–
---------------- 
 • =

Tp TD 0.14
M0.02 1–
---------------------- 
 • = TR TD 13.5

1 M2
–

---------------- 
 • =

Tp TD 13.5
M 1–
-------------- 
 • = TR TD 47.3

1 M2
–

---------------- 
 • =

Tp TD 80
M2 1–
---------------- 
 • = TR TD 80

1 M2
–

---------------- 
 • =

Tp TD 120
M 1–
-------------- 
 • = TR TD 120

1 M–
-------------- 
 • =

Tp TD 0.05
M0.04 1–
---------------------- 
 • = TR TD 4.85

1 M2
–

---------------- 
 • =
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Figure 5.23 U.S. Curves U1, U2, U3, and U4
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Figure 5.24 U.S. Curve U5 and IEC Curves C1, C2, and C3
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The 51 overcurrent elements of the relay have dynamic pickup (51Pxx) and time-
delay (51TDxx) values. Because these settings can be programmed by means of 
protection math variables (PMVs), their actual value cannot be checked at setting 
time. To ensure that the pickup and time-delay values are within their predefined 
limits, the relay uses a limit check to verify the validity of setting values. Relay 
Word bits 51TMxx (time-dial limit check) and 51MMxx (pickup-limit check) are 
used to indicate a setting that is outside of the limit check thresholds. If the maxi-
mum limit thresholds are exceeded, the relay uses the maximum limit value. If 
the minimum limit thresholds are exceeded, the relay uses the minimum limit 
value (see Figure 5.26).

                    

                    

Figure 5.25 IEC Curves C4 and C5
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Example 5.1

The Terminal 01 current channel input is 5 A nominal …. From relay part 
number

51O01 := I01FIM

 Therefore 51B101 := 0.25 (lower limit)

 And 51B201 := 16.0 (upper limit)

5 A Current Terminal: (Determined by Relay part number and the operating 
quantity)

B1 := 0.25 and B2 := 16.0
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If the calculated pickup value is greater than 3.2, the relay logic clamps the 
pickup value at 3.2. Similarly, if the value is less than 0.05, the relay logic clamps 
the pickup value at 0.05. At the same time that it clamps the values to these lim-
its, the logic sets a limit bit (51MMxx) to indicate to the user that the read-in 
value is outside the specified limits.

Logic
                    

Settings Description 
Operating Quantity

The 51 elements are unassigned, so you can select the operating quantity from 
Table 5.6.

                    

The Terminal 01 current channel input is 1 A nominal …. From relay part 
number

51O01 := I01FIM

Therefore 51B101 := 0.05 (lower limit)

And 51B201 := 3.2 (upper limit)

1 A Current Terminal: (Determined by relay part number and the operating 
quantity)

B1 := 0.05 and B2 := 3.2

Example 5.1  (Continued)

                    

Figure 5.26 Time-Overcurrent Logic

51Pxx

(Pickup)

51TDxx

(Time Dial)

51Txx

(Element Time Out)

51Rxx

(Element Reset)

Limit check

0

B1

B2

51 Programmable Time

Overcurrent Element 

Limit check

A1

A2

51Oxx

(Operating Quantity)
51TCxx

(Torque Control)

51Sxx

(Element Pickup)

SI

51TMxx (Time Dial Limits Exceeded)

51MMxx (Pickup Limits Exceeded)

Operating Quantity

51RSxx

(EM Reset)

Where: xx = 01–21

Note: If the relay is using TiDL (EtherCAT), the operating 
times will be delayed by 1.5 ms. Use caution when setting
the relay coordination times to account for this added delay.

Table 5.6 Time-Overcurrent Operating Quantity List 

Analog Quantity Description

InnFIMa

a Where nn = 01–21.

Filtered Instantaneous Terminal nn Current Magnitude
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Pickup and Time-Dial Settings
Pickup setting 51P01, operating on the ratio of the measured current to the 
pickup setting (multiple of pickup setting), moves the characteristic horizontally 
to vary the pickup current; time-dial (multiplier) setting 51TD01 moves the curve 
vertically to vary the operating time for a given multiple of pickup.

Both pickup (51P01) and time-dial (51TD01) settings are math variables instead 
of fixed settings. SEL math variables, unlike fixed settings that cannot be dynam-
ically changed, allow for the adaptive changing of pickup and time- dial settings 
without the need for changing relay setting groups. However, if your installation 
does not require adaptive pickup and/or time-dial settings changes, use the time-
overcurrent element as a conventional 51 element. For a conventional element, 
simply enter the pickup and time-dial settings as numbers, such as: 

51P01 = 1.5

51TD01 = 1

Upper and Lower Range Limits
When you use SEL math variables, the selected analog value can exceed the 
upper value of the pickup range, or it can fall below the lower value of the pickup 
range. When this happens, the relay assigns the appropriate threshold value to the 
element and continues to calculate the trip time. For the 51Pnn pickup settings, 
the upper threshold is 3.2 for 1 A relays and 16 for 5 A relays. The lower thresh-
old is 0.05 for 1 A relays and 0.25 for 5 A relays. For the 51TDnn time-dial set-
tings, the U.S. curve thresholds are 0.5 and 15, and the IEC thresholds are 0.05 
and 1.0. In addition, the relay also asserts the appropriate Relay Word bits: 
51MM01 (pickup value out of bounds) and/or 51TM01 (time-dial value out of 
bounds).

                    

Example 5.2

For example, you want a 1 A relay to pick up at 1.5 A when IN201 asserts 
and to pick up at 2 A when IN202 asserts (IN201 deasserted). Program the 
following:

51P01 := IN201 • 1.5 + IN202 • 2

With IN201 asserted (logical 1), and IN202 deasserted (logical 0), the 51P01 
setting is:

(1 • 1.5) + (0 • 2) = 1.5 + 0 = 1.5

When IN202 asserts (IN201 deasserted), the 51P01 setting is:

(0 • 1.5) + (1 • 2) = 0 + 2 = 2

If, however, IN202 asserts while IN201 is still asserted, the 51P01 setting is:

(1 • 1.5) + (1 • 2) = 1.5 + 2 = 3.5

Because 3.5 exceeds the upper range value of 3.2, the relay clamps the set-
ting at 3.2 and asserts Relay Word bit 51MM01.
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Torque Control
SELOGIC control equation 51TC01 allows you to state the conditions when the 
element must run. When 51TC01 asserts (logical 1), switch S1 in Figure 5.26 
closes, and the relay evaluates input 51O01. For example, if the element should 
only measure when the circuit breaker is closed, enter the following:

51TC01 := IN201 (Breaker auxiliary “A” contact connected to IN201)

With this setting, switch S1 closes only when IN201 is a logical 1. If the element 
must measure all the time, enter the following:

51TC01 := 1

EM Reset
Setting 51RS01 defines whether the curve resets like an electromechanical disk 
or after one power system cycle when current drops below pickup. If you set 
51RS01 = Y, then the relay resets according to the reset timer equations for that 
particular curve (see Table 5.4 or Table 5.5). If you set 51RS01 = N, then the 
relay resets after one power system cycle when current drops below pickup.

Over- and Undervoltage Elements
The SEL-487B offers as many as six undervoltage and six overvoltage elements. 
Each of these 12 elements has two levels, for a total of 24 over- and undervoltage 
elements. Figure 5.27 shows the over- and undervoltage element logic.

Use the E27 and E59 settings to enable as many over- and undervoltage elements 
as you need.

Select any operating quantity shown in Table 5.7 for the 27Ok settings, and any 
value from Table 5.8 for the 59Ok settings as an input quantity (27Ok and 59Ok 
settings). You can select the same quantity for an undervoltage element as for an 
overvoltage element.

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Settings Descriptions
E27 Enable Undervoltage Elements

Use the E27 setting to enable the number of undervoltage elements you want the 
relay to use. Each undervoltage element provides two pickup settings levels.

27Ok Undervoltage Element Operating Quantity
Select the operating quantity 27Ok (k = 1–6) you want for each voltage element 
from Table 5.7.

                    

                    

Figure 5.27 Over- and Undervoltage Logic
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Table 5.7 Undervoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage
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27PkP1 Undervoltage Element Level 1 Pickup
The 27PkP1 (k = 1–6) undervoltage element Level 1 pickup setting is typically 
used for alarm level indication of undervoltage conditions. The setting is in sec-
ondary voltage. The Level 1 pickup has a definite-time delay (27PkD1) that can 
be used to provide a time delay on the assertion of the undervoltage element.

27PkP2 Undervoltage Element Level 2 Pickup
The 27PkP2 (k = 1–6) undervoltage element Level 2 pickup setting is typically 
used for undervoltage tripping conditions. The setting is in secondary voltage. 
The Level 2 pickup has no definite-time delay.

27TCk Undervoltage Element Torque Control
The 27TCk (k = 1–6) undervoltage element torque control uses a SELOGIC con-
trol equation to provide torque control of the undervoltage elements. All under-
voltage elements are blocked from operation when the 27TCk input evaluates to a 
zero. The default setting of 1 allows the undervoltage elements to always operate.

27PkD1 Undervoltage Element Level 1 Delay
When the system voltage falls below the undervoltage setting value, the under-
voltage timer starts timing. Set the delay (in cycles) for which the timer must run 
before the 27PkD1 (k = 1–6) setting asserts the output.

E59 Enable Overvoltage Elements
Use the E59 setting to enable the number of overvoltage elements you want to 
use in the relay. Each overvoltage element provides two pickup setting levels.

59Ok Overvoltage Element Operating Quantity
Select the operating quantity 59Ok (k = 1–6) you want for each voltage terminal 
from Table 5.8.

                    

59PkP1 Overvoltage Element Level 1 Pickup
Set pickup thresholds for the voltage values above which you want the Level 1 
overvoltage elements to assert. The Level 1 pickup has a definite-time delay 
(59PkD1) that can be used to provide a time delay on the assertion of the over-
voltage element.

Table 5.8 Overvoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage

3V2FIM Negative-sequence fundamental filtered voltage

3V0FIM Zero-sequence fundamental filtered voltage
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59PkP2 Overvoltage Element Level 2 Pickup
Set pickup thresholds for the voltage values above which you want the Level 2 
overvoltage elements to assert.

The 59PkP2 (k = 1–6) overvoltage element Level 2 pickup setting is typically 
used for overvoltage tripping conditions. The setting is in secondary voltage. The 
Level 2 pickup has no definite-time delay.

59TCk Overvoltage Element Torque Control
The 59TCk (k = 1–6) overvoltage element torque control uses a SELOGIC control 
equation to provide torque control of the overvoltage elements. All overvoltage 
elements are blocked from operation when the 59TCk input evaluates to a zero. 
The default setting of 1 allows the overvoltage elements to always operate.

59PkD1 Overvoltage Element Level 1 Delay
When the system voltage exceeds the overvoltage setting value, the overvoltage 
timer starts timing. Set the delay (in cycles) for which the timer must run before 
the 59PkD1 (k = 1–6) setting asserts the output.

Certain protection philosophies require voltage supervision for a trip. Each 
SEL-487B provides two levels of negative-sequence voltage and two levels of 
zero-sequence voltage elements to satisfy this requirement. In addition, the relay 
also provides two levels of phase undervoltage (27) and overvoltage (59) ele-
ments for each of the three phases.

Open-Phase Detection Logic
Subsidence current results from energy trapped in a CT magnetizing branch after 
a circuit breaker opens to clear a fault or interrupt load. This current exponen-
tially decays and delays the resetting of instantaneous overcurrent elements used 
for breaker failure protection. Breaker failure protection requires fast open-phase 
detection to ensure fast resetting of instantaneous overcurrent elements. 
Figure 5.28 shows open-phase logic that asserts SEL-487B open-phase detection 
elements OPHnn (nn = 01, 02, …21) in less than one cycle, even during subsid-
ence current conditions.

                    
                    

q See Figure 5.51.

Figure 5.28 Open-Phase Detection
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The logic measures the zero crossings and maximum and minimum current val-
ues of each phase. The relay declares an open phase when the logic does not 
detect a zero crossing or current value within 7/12 of a power system cycle since 
the previous measurement. The bottom path in Figure 5.28 is used to detect when 
the nominal current input for any channel is nearing the point of clipping at the 
analog to digital converter. If current channel clipping is imminent, current is 
above subsidence levels and the open-phase logic is forced to a false condition.

Open CT Detection Logic
When a CT opens, there is an incremental increase in operating current and a cor-
responding incremental decrease in restraint current. The two increments should 
result in a summation equal to zero.

Figure 5.29 shows the open current transformer detection logic. The change in 
operating current (IOPnR), the change in restraint current (IRTnR), and oper-
ating current (IOPn) are the analog inputs to the logic.

The AND gate output asserts when the following conditions are true:

➤ IOPnR is a positive value (greater than or equal to 0.05 pu)

➤ IRTnR is a negative value (less than –0.05 pu)

➤ The sum of IOPnR and IRTnR is very small (less than 0.05 pu)

➤ The filtered operating current (IOPn) is greater than or equal to 
Group Setting S87P

When the AND gate output is asserted, Relay Word bit OCTZn asserts and is 
latched. SELOGIC control equation ROCTZn resets the latch and Relay Word bit 
OCTZn clears. Reset has priority over set.

The lower portion of the logic asserts Relay Word bit RSTOCTn, the default 
value for SELOGIC control equation ROCTZn. RSTOCTn asserts when any of the 
following conditions are true:

➤ IOPn is less than 90 percent of group setting S87P

➤ IOPn is less than 0.05
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Table 5.9 shows the Relay Word bits available in the check zone selection logic 
with their descriptions.

                    

Circuit Breaker Failure Protection
The SEL-487B has complete breaker failure protection that includes retrip for 
each of the 21 terminals. This protection uses open-phase detection logic, pro-
vided with subcycle current reset, to reduce breaker failure coordination times. 
Two options are available for application of breaker failure protection:

➤ Schemes equipped with external breaker failure relays. These 
schemes send a bus trip (output from the breaker failure relay on the 
terminal panel) command to the bus protection relay (SEL-487B) 
that requires only the zone selection and output contacts to operate 
the appropriate breakers.

➤ Schemes using the internal breaker failure protection of the 
SEL-487B. These schemes send a breaker failure initiate (normally a 
trip output) command to the bus protection relay. The SEL-487B 
includes breaker failure logic, as well as zone selection and output 
contacts, to operate the appropriate breakers.

Apply either option exclusively, or use a combination of the two options at the 
same station. For example, use the breaker failure relays on the feeder panels for 
protection philosophies requiring discrete breaker failure relays, but use the built-

                    

Figure 5.29 Zone n Open CT Detector

Table 5.9 Relay Word Bits in the Open CT Detection Logic

Quantity Description

OCTZn Zone n Open CT detected

ROCTZn Reset Zone n Open CT detector (SELOGIC control equation)

RSTOCTn Zone n Open CT detection reset

ROCTZn

OCTZn

RSTOCTn

S

R

Q
0.05

—1

0.9

0.05

DIOPnR

DIRTnR

IOPn
S87P

n can be 1–6

�
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in breaker failure protection in the SEL-487B for all other terminals at the sta-
tion. Connect breaker failure initiate signals from these terminals to any one of 
six independent optoisolated inputs. These inputs are available on each INT4 
interface board. Figure 5.30 shows logic for Terminal 01; similar logic is avail-
able for all 21 terminals.

                    

Schemes Using Internal Breaker Failure Relays 
The basic breaker failure logic does not include logic to seal-in the breaker fail-
ure initiate signals. For applications where BFI seal-in and extension are 
required, alternate BFI logic is provided. Set EXBF01 := N to enable the internal 
breaker failure logic for Terminal 01. Refer to Figure 5.30.

Breaker Failure Logic
The breaker failure logic requires the trip signal to be continuously present for 
the duration of the breaker failure timer because the BFI signal is not sealed in. If 
an external BFI signal falls away for one processing interval longer than the 
debounce dropout time setting of the input, the breaker failure timers reset. Wire 
breaker failure initiate circuitry, typically a trip output contact from a protection 
relay, to one of the six independent optoisolated inputs and assign the input to 
BFI01.

When the trip contact from the protection relay closes to assert BFI01, timers 
BFPU01 (Terminal I01 circuit breaker failure timer) and RTPU01 (Terminal I01 
retrip timer) start timing. If BF101 remains asserted when the retrip timer 
expires, Relay Word bit RT01 asserts. Use this Relay Word bit as an output to 
attempt another trip pulse to the circuit breaker before the relay issues a bus trip 
command. When timer BFPU01 expires, Relay Word bit FBF01 asserts if 50F01 
is asserted. Use this Relay Word bit in the circuit breaker tripping logic to cause a 
circuit breaker failure trip.

If the circuit breaker opens successfully before timer BFPU01 or timer RTPU01 
expires, the cessation of current flow on the circuit will cause the fast breaker 
open detector element OPH01 to assert, dropping out element 50F01. This will 
block the assertion of the breaker failure Relay Word bit FBF01. If the trip con-
tact from the protection relay opens before timer RTP01 expires, the BFPU01 
timer and RTPU01 timers will drop out and neither RT01 nor FBF01 will assert.

This logic is suitable for applications where two breakers must open to interrupt 
fault current, such as in breaker-and-a-half and ring-bus configurations. For these 
applications, breaker failure logic that requires both BFI and 50F to be asserted 
before the timer starts is often not suitable. The problem occurs because the 50F 

                    

Figure 5.30 Breaker Failure Logic
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element may not assert until the first of the two breakers opens and the current 
redistributes so that all of it goes through the failed breaker. This situation results 
in a delay of the Breaker 2 breaker failure time equal to the time for Breaker 1 to 
interrupt the current. The 50 breaker failure logic does not have this problem.

Alternate Breaker Failure Initiating Input With Extension and/or Seal 
In Logic

The alternate BFI logic lets you choose to either extend the breaker failure initi-
ate signal or seal in the breaker failure initiate signal. Figure 5.31 shows the com-
bined logic for both breaker failure initiating input extension (AND Gate 1) and 
seal-in (AND Gates 1 and 2) functions. This logic can also be used for applica-
tions where it is required to have 50F01 asserted before the breaker failure timer 
can start.

                    

Breaker Failure Initiating Input Seal In

Use the seal-in option if the breaker failure initiation signal is not continuous and 
fault current is immediately available (single-breaker applications). Referring to 
Figure 5.31, set EXBF01 := N to enable the internal breaker failure logic. Set 
EBFIS01 := Y to set the top input of AND Gate 2 to a logical 1. Wire the breaker 
failure initiate signal to the SEL-487B, and assign the input to ATBFI01. Then 
assign Relay Word bit ABFIT01 to BFI01 (Figure 5.30). On receipt of the 
breaker failure initiate signal, AND Gate 1 turns on. The output from AND Gate 
1 starts the breaker failure timers (Figure 5.30) and turns AND Gate 2 on. If the 
initiate signal is present for longer than the Timer BFISP01 setting, the output 
from Gate 1 seals in for as long as the current exceeds the 50FP01 threshold. Set 
the Timer BFISP01 setting longer than a quarter cycle to prevent seal-in for spu-
rious signals, but set it shorter than the initiate signal to ensure seal-in.

Breaker Failure Initiating Input Extension

Use the extension option in conjunction with the seal in option if the breaker fail-
ure initiation signal is not continuous, but fault current is not immediately avail-
able to start the breaker failure timers (double-breaker applications). 

The logic still requires the current to be above the 50FP01 threshold after timer 
BFIDO01 times out to keep Gate 1 turned on. Set EXBF01 := N to enable the 
internal breaker failure logic. Referring to Figure 5.31, wire the breaker failure 
initiate signal to the SEL-487B, and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). In the absence of fault current, 
and on receipt of the rising edge of the breaker failure initiate signal at input 

                    

Figure 5.31 Circuit Breaker Failure Initiation Extension and Seal In
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ATBFI01, AND Gate 1 turns on. When AND Gate 1 turns on, Relay Word bit 
ABFIT01 asserts, causing timers BFPU01 and RTP01 to start timing 
(Figure 5.30). 

When Breaker 1 opens, enough current flows through Breaker 2 to assert the 
50F01 Relay Word bit. Refer to Figure 5.31 and note that the current flowing 
through Breaker 2 replaces the output from timer BFIDO01 and keeps Gate 1 
turned on, sustaining the input to the breaker failure timers. Set Timer BFIDO01 
longer than the time Breaker 1 takes to interrupt the current, but shorter than the 
Timer BFPU01setting. This setting ensures that, after Breaker 1 opens, Timer 
BFPU01 will continue to run while current greater than 50FP01 is present.

Supervising Breaker Failure Initiate With the Fault Detector

Use the alternate BFI logic if the breaker failure initiation signal must be super-
vised by current before the BFPU01 timer can start. Set EXBF01 := N to enable 
the internal breaker failure logic. Referring to Figure 5.31, wire the breaker fail-
ure initiate signal to the SEL-487B and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). Set BFIDO01 to 0.0 CYC. In 
this configuration, the upper input to AND Gate 1 is controlled by 50F01 and the 
lower input to AND Gate 1 is controlled by ATBFI01. Thus, ABFIT01 will not 
assert and start the BFPU01 and RTP01 timers (Figure 5.30) unless both ATB-
FI01 and 50F01 are asserted.

Schemes Equipped With External Breaker Failure Relays
Set EXBF01 := Y to enable the external breaker failure logic. This setting effec-
tively reduces the logic to that shown in Figure 5.32. 

                    

Wire breaker failure initiate circuitry to one of the SEL-487B inputs, and assign 
the input to XBF01. Relay Word bit FBF01 immediately asserts upon assertion of 
the input signal.

Retrip
Some circuit breakers have two separate trip coils. If one trip coil fails, local pro-
tection can attempt to energize the second trip coil (often connected to a separate 
battery) to prevent an impending circuit breaker failure operation. Configure your 
protection system to always attempt a local retrip using the second trip coil 
before the circuit breaker failure pickup timer expires. RTPU01 (Retrip Time 
Delay on Pickup Timer) begins timing when BFI01 asserts. Relay Word bit RT01 
(Breaker 1 Retrip) asserts immediately after RTPU01 times out. Assign a control 
output to trip the circuit breaker when Relay Word bit RT01 asserts. 

Breaker Failure Clearing Times
Figure 5.33 is based on actual test data at room temperature using various set-
tings. Relay element specifications given in Section 1: Introduction and Specifi-
cations include the entire temperature range of the relay. Output contact times are 
not included.

NOTE: Although BFIDO01 is set to 
0.0, the timer picks up for one 
processing interval after assertion.

                    

Figure 5.32 Breaker Failure Logic for External Breaker Failure
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Circuit Breaker Failure Trip Logic
Following a breaker failure relay operation, the SEL-487B breaker failure trip 
logic sends trip signals to all of the breakers the logic identifies as being in the 
same bus-zone as the faulted breaker. The logic uses breaker failure trip informa-
tion from the internal breaker failure logic and zone selection information to 
determine which breakers to trip. Figure 5.34 shows the processing sequence for 
tripping the breakers according to the breaker failure operation FBF01.

                    

Figure 5.33 Breaker Failure Clearing Times
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For example, assume Terminals I01, I02, I03, and I04 are in Bus-Zone 1, with 
Terminal 01 failing for an external fault. The logic determines that Terminal 01 is 
in Bus-Zone 1, just as Terminals 02, 03, and 04 are also in Bus-Zone 1. The relay 
asserts Relay Word bits SBFTR01, SBFTR02, SBFTR03, and SBFTR04. With 
the assumption that there are four breakers, assign these four Relay Word bits to 
the corresponding TR01, TR02, TR03, and TR04 trip equations.

The breaker failure trip logic asserts the breaker failure trips as shown in 
Table 5.10.

                    

                    

Figure 5.34 Station Breaker Failure Trip Logic

Table 5.10 Station Breaker Failure Trips (Sheet 1 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

I01 SBFTR01

I02 SBFTR02

I03 SBFTR03

104 SBFTR04

105 SBFTR05

106 SBFTR06

107 SBFTR07

108 SBFTR08

109 SBFTR09

110 SBFTR10

I11 SBFTR11

I12 SBFTR12

Start

End

FBF01 
Asserted?

Read zone(s) that 
include Terminal 01

Assert BFZp

Read terminals
to trip within
active zone(s)

Generate trip for 
terminals in the 
involved zones 

(SBFTRkk)

No

Yes
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SBFTR is the OR combination of SBFTR01 to SBFTR21.

Bus Coupler/Bus Sectionalizer Configurations
With the flexibility of SELOGIC control equations, you can configure any one of 
the bus sectionalizer (tie breaker) configurations in Figure 5.35–Figure 5.37 
without additional wiring; it is simply a software configuration change.

CT Either Side of the Breaker With Overlap
Figure 5.35 shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in overlap. For an overlap application, con-
nect the CTs so that each zone of protection (B1 and B2) includes the tie-breaker 
circuit breaker. For example, for Fault 1, only the differential element of Busbar 
B2 operates; the differential element of Busbar B1 is stable. However, because of 
the overlap connections, both differential elements operate for Fault F2.

                    

CT Either Side of the Breaker With Breaker Differential
Figure 5.36 also shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in a breaker differential application. For a 
breaker differential application, connect the CTs so that each zone of protection 
(B1 and B2) excludes the tie-breaker circuit breaker. For example, for Fault F1, 
the differential element of Busbar B2 operates; the differential element of Busbar 
B1 is stable. The differential element of both Busbar B1 and Busbar B2 is stable 
for Fault F2. To provide protection for Fault F2, configure an additional differen-
tial zone of protection across the tie-breaker circuit breaker. 

I13 SBFTR13

I14 SBFTR14

I15 SBFTR15

I16 SBFTR16

I17 SBFTR17

I18 SBFTR18

I19 SBFTR19

I20 SBFTR20

I21 SBFTR21

Table 5.10 Station Breaker Failure Trips (Sheet 2 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

                    

Figure 5.35 Two CTs With the Busbar Protection Configured in Overlap
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Single CT, Single or Two Cores With Overlap
Figure 5.37 shows a bus sectionalizer with a single CT on one side of the circuit 
breaker with the protection arranged in overlap.

                    

Refer to the application examples in Section 6: Protection Application Examples 
for more information.

Coupler Security Logic
A fault between bus coupler circuit breaker and CT usually results in the loss of 
multiple zones as well as in delayed fault clearance, except for where the bus 
coupler has overlapping zones of protection where both zones are tripped instan-
taneously. For bus coupler configurations such as breaker differential and single 
CT applications, fault clearance time usually equals the bus coupler breaker fail-
ure time for faults between the CT and the breaker. The coupler security logic 
includes logic to shorten this time so that it equals the operating time of the bus 
coupler circuit breaker. Coupler security logic also includes logic to prevent trip-
ping of multiple bus-zones instead of just the faulted bus-zone. Although identi-
fying the faulted bus-zone introduces a trip delay, this delay is still shorter than 
the bus coupler breaker failure time.

Preventing the loss of multiple bus-zones requires two steps. First, the coupler 
security logic allows the differential elements to trip only the bus coupler circuit 
breaker, thereby interrupting the fault current from the unfaulted bus-zone. Then, 
this logic removes the bus coupler CTs from all differential calculations. Remov-
ing the bus coupler CTs from the differential calculations of the unfaulted bus-
zone has no effect on the stability of this bus-zone because it no longer contrib-
utes to the fault current. However, removing the bus coupler CTs from the differ-
ential calculations of the faulted bus-zone causes the differential elements of the 
faulted bus-zone to operate. This application trips only the faulted bus-zone, 
thereby preventing the indiscriminate loss of multiple zones, irrespective of the 
fault position or CT location.

                    

Figure 5.36 Two CTs With the Busbar Protection Configured as Breaker 
Differential
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Figure 5.37 Single CT With the Busbar Protection Configured in Overlap
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In most cases, breaker auxiliary contacts provide circuit breaker status informa-
tion. However, circuit breaker auxiliary contact failure or misalignment can result 
in relay misoperation instead of accelerated tripping. The following discussion 
describes network operating conditions that may result in relay misoperation and 
shows how the coupler security logic in the SEL-487B prevents these possible 
misoperations. Two examples of accelerated tripping show how to apply the cou-
pler security logic to breaker differential and single CT applications. In all cases, 
assume circuit breaker operating times to be two cycles.

Network Operating Condition 1
Figure 5.38 depicts a subset of a substation showing Bus Sectionalizer Breaker Z, 
and two terminals labeled Feeder 1 and Feeder 2. Zone 1 and Zone 2 are the two 
bus sections at the station, with the bus sectionalizer busbar protection arranged 
in overlap. Because both sectionalizer disconnects (Z891 and Z892) are closed, 
the currents from the sectionalizer CTs are considered in the differential calcula-
tions. In this example, the bus sectionalizer circuit breaker is open, and both 
feeder circuit breakers are closed. Table 5.11 summarizes the prevailing network 
operating conditions.

                    

                    

Assume now that Fault F1 occurs as indicated in Figure 5.38. Because the cur-
rents from the sectionalizer CTs are considered in the differential calculations, 
and because the bus sectionalizer busbar protection is arranged in overlap, both 
zones trip. Table 5.12 summarizes the event.

                    

One solution for overcoming this problem is to include the bus sectionalizer cir-
cuit breaker auxiliary contact together with the disconnect auxiliary contact as a 
condition for CT consideration in the differential calculations. With the bus sec-
tionalizer circuit breaker auxiliary contact included in the conditions, the current 

                    

Figure 5.38 Fault F1 Between Bus Sectionalizer and CT With the Bus 
Sectionalizer Circuit Breaker Open

Table 5.11 Summary of the Network Conditions Shown in Figure 5.38

Station Conditions Fault Description

Bus sectionalizer Circuit Breaker Z open

Both bus sectionalizer disconnects (Z891 and 
Z892) closed

All other breakers and disconnects closed

Fault F1 develops between the sectionalizer 
circuit breaker and CT

Table 5.12 Summary of the Event for Fault F1 Shown in Figure 5.38

Tripping for Fault F1 Clearing Time Zones Lost Comment

All breakers in both zones trip 
without time delay

2 cycles 2 Zone 2 tripped unneces-
sarily

Z891 Z892

Zone 1

891

5252

Zone 2

892

Z

F1

Feeder 1 Feeder 2

Overlap
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inputs from the bus sectionalizer CTs are not considered in the differential calcu-
lations when the bus sectionalizer circuit breaker is open. In this case, only 
Zone 1 trips for Fault F1 in Figure 5.38.

Including the bus sectionalizer circuit breaker auxiliary contact solves the prob-
lem in Network Operating Condition 1. However, Network Operating 
Condition 2 shows that the busbar protection is still not completely secure, 
although the conditions for CT consideration in the differential calculations now 
include the bus sectionalizer circuit breaker auxiliary contact.

Network Operating Condition 2
Figure 5.39 shows the same substation under different operating conditions. The 
bus sectionalizer circuit breaker auxiliary contact 52A forms part of the condi-
tions for CT consideration in the differential calculations. Although the discon-
nects are closed, the bus sectionalizer circuit breaker is open and the differential 
calculations do not consider the bus sectionalizer CT inputs in the differential 
calculation. Fault F2 in Figure 5.39 represents grounding straps that were inad-
vertently left on the busbars in Zone 1. The Feeder 1 circuit breaker is open, and 
the bus sectionalizing circuit breaker is about to close. Table 5.13 summarizes the 
prevailing network operating conditions.

                    

                    

If the bus sectionalizing circuit breaker auxiliary contacts are misaligned or fail 
in such a way that the CTs from the sectionalizer are not considered in the differ-
ential calculation at fault inception, the Zone 2 differential elements misoperate. 
Table 5.14 summarizes the event.

                    

                    

Figure 5.39 Closing the Bus Sectionalizing Circuit Breaker Onto a Faulted 
Busbar

Table 5.13 Summary of the Events for Fault F2 Shown in Figure 5.39

Station Conditions Fault Description

Bus sectionalizer Breaker Z closing

Both bus sectionalizer disconnects (Z891 and Z892) are closed

All Zone 2 feeder breakers and disconnects (892) are closed

All Zone 1 feeder disconnects (891) are open

Sectionalizer breaker closes 
onto Fault F2

Table 5.14 Summary of the Event for Fault F2 Shown in Figure 5.39

Tripping for F2 Clearing Time Zones Lost Comment

All breakers in Zone 2 
trip without time delay 
(Feeder 2 and Circuit 
Breaker Z)

2 cycles 1 Incorrect tripping for terminals 
connected to Zone 2; only termi-
nals connected to Zone 1 
(Breaker Z) should have tripped.

Z891 Z892

Zone 2

F2

Zone 1

52A

Overlap

891

52

Feeder 1

52

892

Feeder 2
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Use the coupler security logic (see Figure 5.40) in the SEL-487B to prevent relay 
misoperation for network conditions 1 and 2.

Coupler Security Logic
Inserting the bus sectionalizer CTs into the differential calculations before fault 
inception prevents relay misoperation for Network Operating Condition 2. 
Figure 5.40 shows one of the four coupler security logics available in the relay. 
Wire a bus sectionalizer auxiliary contact to input CB52A1, and wire the bus sec-
tionalizer circuit breaker closing signal to input CBCLS1. Inputs CB52A1 and 
CBCLS1 coordinate the bus sectionalizer CT insertion into and removal from the 
differential calculation. For breaker differential applications, enter CSL1, the 
output from the coupler security logic, instead of the bus sectionalizer circuit 
breaker auxiliary contact, as a condition for CT consideration in the differential 
calculations.

As shown in Figure 5.40, the breaker auxiliary contact (CB52A1) and the close 
signal (CBCLS1) are in parallel. Issuing the close signal to the bus sectionalizer 
circuit breaker close coil also asserts Relay Word bit CSL1. Timer CBCLD01 
maintains the close signal for five cycles (default setting), allowing ample time 
for the bus sectionalizer circuit breaker auxiliary contact to change state. When 
Relay Word bit CSL1 asserts, the CTs are immediately considered in the differ-
ential calculation. Because the bus sectionalizer CTs are considered in the differ-
ential calculation before fault inception, Zone 2 is stable for Network Operating 
Condition 2.

                    

When the bus sectionalizer circuit breaker trips, misaligned circuit breaker auxil-
iary contacts can remove the bus sectionalizer CTs from the differential calcula-
tion while current still flows through the bus sectionalizer circuit breaker. Timer 
CB52D01 maintains the status of the bus sectionalizer circuit breaker auxiliary 
contact as closed for four cycles (default setting) after the contact changes state. 
During this four-cycle time delay, the bus sectionalizer CTs are still considered in 
the differential calculation, allowing the bus sectionalizer circuit breaker ample 
time to interrupt the current.

ACTRP1, the third input into the coupler security logic provides an input to 
accelerate tripping of the bus sectionalizer circuit breaker for faults between bus 
sectionalizer circuit breaker and CT. Accelerated tripping operating time is the 
time period greater than the bus sectionalizer circuit breaker operating time (typi-
cally 2 cycles) but shorter than the breaker failure time (typically 6–10 cycles).

                    

Figure 5.40 Coupler Security Logic for Accelerated Tripping and Busbar 
Protection Security for Circuit Breaker Auxiliary Contact Misalignment
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Breaker Differential
Figure 5.41 shows an application of breaker differential protection. There are 
CTs on either side of the bus sectionalizing circuit breaker, and we configure a 
differential zone of protection across the bus sectionalizing circuit breaker. This 
is in addition to Zone 1 and Zone 2 of the busbar protection. Any of the six zones 
may be used for breaker differential protection. Breaker differential protection is 
a good choice for stations where preservation of supply is more important than a 
very fast clearing time.

                    

We use the coupler security logic (initially without an ACTRP1 input) and con-
sider the relay operation for Fault F3 in Figure 5.41. Circuit Breaker Z opens 
after two cycles, deasserting the input to CB52A1. When Circuit Breaker Z trips, 
fault current no longer flows from Zone 2, but Zone 1 still contributes to the fault. 
Four cycles after Circuit Breaker Z trips (CB52D01 default time), Relay Word bit 
CSL1 deasserts, removing both bus sectionalizing CTs from all three differential 
elements (breaker differential, Zone 1, and Zone 2). Zone 2 is stable after remov-
ing the CTs from the Zone 2 differential calculations because Zone 2 no longer 
contributes to the fault. However, Zone 1 still contributes to the fault, and remov-
ing the CTs from the Zone 1 differential calculations causes the Zone 1 differen-
tial elements to operate, clearing the fault. Only one zone is lost, although this 
loss occurs after a time delay. Table 5.15 summarizes the events.

                    

Because Fault F3 is external to Zone 1 and Zone 2, both of these zones are stable 
for as long as the sectionalizing breaker CTs are considered in the differential 
calculations. If the sectionalizing breaker fails, both Zone 1 and Zone 2 trip only 
after breaker failure time.

                    

Figure 5.41 CTs on Either Side of the Sectionalizer Circuit Breaker With 
Breaker Differential Across Breaker Z

Table 5.15 Summary of the Event for Fault F3 Shown in Figure 5.41

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer CB52A1 expires 4 cycles 0 Relay Word bit CSL1 deas-
serts, unbalancing Zone 1

SEL-487B operating time 1 cycle 0 Typical operating time is 0.75 
cycles

All circuit breakers in Zone 1 
trip

2 cycles 1 Total clearing time is 10 
cycles

Z891 Z892

Zone 2

F3

Zone 1

Z

52A

Diff

891

52

Feeder 1

52

892

Feeder 2
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Function ACTRP1 provides an input for removing the bus sectionalizing CTs 
sooner. One solution is to assign 87R3, the output from the sectionalizer breaker 
differential element to input ACTRP1. Relay Word bit 87R3 asserts when there is 
a fault within the sectionalizer zone. With ACTPPU1 set to 4 cycles, Relay Word 
bit CSL1 deasserts about 2 cycles after the sectionalizing circuit breaker inter-
rupts the fault current. Table 5.16 summarizes the events.

                    

Single CT Application
Figure 5.42 shows the same substation, now with only one CT installed on the 
bus sectionalizer. The busbar protection is connected in overlap. The challenge 
for the busbar protection is to distinguish between faults F4 and F5. When Fault 
F5 occurs, Zone 1 is stable and the Zone 2 protection immediately trips Feeder 2 
and the bus sectionalizer circuit breaker. Tripping Feeder 2 and the bus sectional-
izer circuit breaker clears Fault F5.

                    

When Fault F4 occurs, Zone 1 is stable, and, as before, the Zone 2 protection 
immediately trips Feeder 2 and the bus sectionalizer circuit breaker. Tripping 
Feeder 2 and the bus sectionalizer circuit breaker, however, does not clear Fault 
F4, and fault current still flows through the bus sectionalizer CT. At the same 
time, the busbar protection also initiates breaker failure protection on Feeder 2 
and the bus sectionalizer. This fault current causes the breaker failure protection 
of the bus sectionalizer to continue timing, although the bus sectionalizer circuit 
breaker tripped. After the bus sectionalizer breaker failure timer times out, all cir-
cuit breakers in Zone 1 trip. Both Zone 1 and Zone 2 trip to clear this fault.

Table 5.16 Summary of the Event for Fault F3 Using the Accelerated Trip 
Function

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles. Timer ACTPPU1 starts 
timing

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer ACTPPU1 expires 2 cycles 0 Reduce this setting for faster 
clearance

SEL-487B operating time 1 cycle 0 Typical operating time is 
0.75 cycles

All circuit breakers in 
Zone 1 trip

2 cycles 1 Total clearing time is 8 cycles

                    

Figure 5.42 Single CT Application With Fault F4 Between the Bus Sectionalizer 
Circuit Breaker and CT
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If delayed tripping time for Zone 2 busbar faults is in order, use a combination of 
the zone supervision and coupler security logic to prevent losing both zones. 
Assign 87R2, the output from the Zone 2 differential element, to ACTRP1, the 
accelerated trip input of the coupler security logic. Assign the negated output 
from the coupler security logic (NOT CSL1) to supervise the Zone 2 differential 
element output (Z2S := NOT CSL1). For single CT applications, enter CB52A1, 
the bus sectionalizer circuit breaker auxiliary contact, as a condition for CT con-
sideration in the differential calculations for the zone supervised by CSL1 (Zone 
2 in this case). Then, enter CB52T1, the coupler status timed-out bit, as a condi-
tion for CT consideration in the differential calculations for the unsupervised 
zone (Zone 1 in this case).

For faults in Zone 2, trip only the bus sectionalizer circuit breaker. After the bus 
sectionalizer opens, remove the bus sectionalizer CT from the differential calcu-
lations of Zone 2. After a set delay of at least 2 cycles (to allow the 87R2 element 
to reset), remove the Zone 2 supervision and the bus sectionalizer CT from the 
differential calculations of Zone 1. The operation of the logic is as follows:

When either Fault F4 or Fault F5 occurs, the Zone 2 differential element 
operates to clear the fault. The Zone 2 zone supervision prevents Relay Word 
bit 87Z2 from asserting and only the bus sectionalizer circuit breaker 
receives a trip signal. The circuit breaker trips two cycles later, removing CT 
cores C1 and eventually C2 from the differential calculations for Zone 1 and 
Zone 2. 

For Fault F4, the bus sectionalizer circuit breaker is open, but fault current 
still flows through CT Cores C1 and C2. Removing the bus sectionalizer CTs 
from all differential calculations prevents Zone 2 from operating (current 
from CT Core C1 removed) but causes Zone 1 to operate (balancing current 
from CT Core C2 removed). 

For Fault F5, tripping the bus sectionalizer circuit breaker interrupts the fault 
current contribution from Zone 1, and the Zone 1 differential element is sta-
ble. The Zone 2 zone supervision prevents tripping of terminals in Zone 2, 
until Accelerate Trip Timer ACTRP1 times out. When ACTRP1 times out, 
coupler security logic output CSL1 deasserts. When Relay Word bit CSL1 
deasserts, Relay Word bit Z2S asserts, allowing the Zone 2 differential ele-
ment (87Z2) to operate and issuing a trip signal to all circuit breakers in 
Zone 2. See Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180 for an example.

Disconnect Monitor
Disconnect auxiliary contacts provide the zone selection logic with the informa-
tion required to dynamically assign current inputs to the appropriate differential 
elements. Figure 5.43 depicts the logic for Disconnect Logic Circuit 01 in the 
relay, one of 60 disconnect logic circuits available in the relay. This logic requires 
both normally open (89A) and/or normally closed (89B) disconnect auxiliary 
contacts.

Table 5.17 shows the four possible disconnect auxiliary contact combinations, 
and the way in which the relay interprets these combinations. Applying the prin-
ciple of (disconnect) NOT OPEN = (disconnect) CLOSED, the relay properly 
coordinates the primary current flow and the CT current assignment to the appro-
priate differential element.



5.44

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Functions
Disconnect Monitor

                    

The following description of the contact combinations assumes the disconnect 
auxiliary contacts are the only conditions declared in the terminal-to-bus-zone 
variable settings.

                    

Case 1 occurs when disconnect auxiliary contact 89A and auxiliary contacts 89B 
are open simultaneously. This case is the intermediate position in an open-to-
close or close-to-open operation. Timer 89ALP01 times for this condition and 
asserts Relay Word bit 89AL01 when the disconnect auxiliary contacts remain in 
the intermediate position for a period exceeding the 89ALP01 timer setting. 
Relay Word bit 89OIP01 also asserts during this period, indicating a disconnect 
operation in progress condition. The relay considers the disconnect main contact 
closed during this period, and the CTs are considered in the differential calcula-
tions.

Case 2 is the only combination of disconnect auxiliary contacts for which the 
relay considers the disconnect main contact to be open. This is also the only com-
bination for which the CTs are not considered in the differential calculations.

Case 3 is the only combination of disconnect auxiliary contacts for which the 
relay confirms the disconnect main contacts to be closed. Relay Word bit 89CL01 
asserts to indicate the main contact close position. The CTs are considered in the 
differential calculations.

Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALP01 times for this condition and asserts Relay Word bit 89AL01 when the 
disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

The relay includes 60 alarm timers that provide individual time settings for 60 
disconnect logic circuits. These individual timers are useful in installations where 
the disconnect travel times differ substantially. In particular, sequentially oper-
ated devices (pantographs, for example) have travel times much longer than nor-
mal disconnects.

Relay Word bit 89OIP represents the OR combination of Relay Word bits 
89OIP01–89OIP60, and Relay Word bit 89AL (not shown) is respectively the OR 
combination of Relay Word bits 89AL01–89AL60.

Table 5.17 Disconnect 89A and 89B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89CL01)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 5.43 Disconnecting Switch Status Logic
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To ensure correct differential element operation, the contacts must comply with 
the requirements listed in Table 5.18.

                    

Figure 5.44 shows the disconnect auxiliary contact requirements with respect to 
the arcing point.

                    

Zone-Switching Supervision Logic
Because the disconnect monitoring logic requires both 89A and 89B disconnect 
auxiliary contacts, installations with only an 89A (or 89B) contact available can-
not use the disconnect monitoring logic. In these installations, there is always 
uncertainty whether the disconnect auxiliary contact actually changed status. 
This is important information because busbar protection will misoperate if input 
currents are assigned to the incorrect differential elements. Zone-switching 
supervision logic uses the ZSWOP Relay Word bit (see Dynamic Zone Selection 
Logic on page 5.14) that asserts for any terminal-to-bus-zone or bus-zone-to-bus-
zone change. In other words, the ZSWOP Relay Word bit provides an acknowl-
edgment that the relay has recognized a change in disconnect auxiliary contact 
status. Figure 5.45 shows the logic.

Table 5.18 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the arcing point (the point where primary 
current starts to flow).

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the arcing point (the point where 
primary current has stopped flowing).

                    

Figure 5.44 Disconnecting Switch Main Contact, 89a, and 89b Status for Open-to-Close and Close-to-Open 
Conditions
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Asserting Relay Word bit ZSWO activates the logic (i.e., the rising edge of 
ZSWO starts Timer ZSWOPU) and asserts the ZSWOIP bit for the period when 
the timer is timing. When the zone selection logic acknowledges a change in dis-
connect status, the ZSWOP Relay Word bit asserts and resets the timer. If the 
Zone Selection does not acknowledge the switching operation within the 
ZSWOPU time setting, the logic asserts the switching operation alarm 
ZSWOAL. SELOGIC control equation RZSWOAL provides the input to reset the 
alarm.

There is only one zone-switching supervision logic in the relay; disconnect open 
and close commands must be combined externally to the relay for electrically 
operated disconnects, as shown in Figure 5.46. 

                    

For manually operated disconnects, configure one of the SEL-487B front-panel 
pushbuttons as an input to assert the ZSWO Relay Word bit. Timer ZSWOPU has 
a range of more than 27 minutes, allowing ample time for the operating proce-
dures. 

                    

Figure 5.45 Zone-Switching Supervision Logic

                    

Figure 5.46 External Wiring and Initiation Input for Zone-Switching 
Supervision
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Differential Trip Logic
This is the final stage of the differential trip output. Figure 5.47 is the Bus-Zone 
portion of Figure 5.20 from the zone supervision logic. At this point, the differ-
ential element has operated (87R1), and all supervising criteria are met (Z1S). 
The differential trip logic now acquires all Zone 1 terminals and generates a trip 
output to the appropriate breakers.

                    

Figure 5.48 shows the processing sequence for tripping the breakers as a function 
of the differential element operation, 87Zn, where n = 1–6.

                    

The differential trip logic asserts differential trips as shown in Table 5.19.

                    

                    

q See Figure 5.11.

Figure 5.47 Differential Element Zone Supervision for Zone 1

                    

Figure 5.48 Bus Differential Trip Logic

Table 5.19 Differential Trips (Sheet 1 of 2)

Terminal Within a Zone Differential Trip Bit

I01 87BTR01

I02 87BTR02

I03 87BTR03

104 87BTR04

105 87BTR05

106 87BTR06

107 87BTR07

108 87BTR08

109 87BTR09

87R1
87Z1

Z1S
q

Start

End

87Zn 
Asserted?

Read
terminals to

trip within Zone n 

Generate trip
for the selected 

terminals 87BTRkk
kk = 01, . . . , 21

No

Yes
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This is the final stage of the check zone differential trip output. Figure 5.49 is the 
check zone portion of Figure 5.20 from the zone supervision logic. At this point, 
the Check Zone Differential Element has operated (87RCZ1), and all supervising 
criteria are met (CZ1S). The supervised trip output is then asserted (87CZ1). The 
check zone output is independent of the bus zones and is not processed by the dif-
ferential trip logic shown in Figure 5.48.

                    

Breaker Trip Logic
Figure 5.50 shows the tripping logic for Terminal 01 in the SEL-487B. The 
remaining logic for Terminal 02–Terminal 21 is identical and uses variables 
TR02–TR21 and ULTR02–ULTR21, and TRIP02–TRIP21, respectively. 

NOTE: In the trip logic, the set or 
latch function (TRkk) has priority over 
the reset or unlatch (ULTRkk) function 
(kk = 1–21).

                    

Enable the trip logic settings by setting the Global setting NUMBK = kk, where 
kk is the number of breakers at the station. For example, if you have 12 terminals 
installed at a substation, set NUMBK = 12.

110 87BTR10

I11 87BTR11

I12 87BTR12

I13 87BTR13

I14 87BTR14

I15 87BTR15

I16 87BTR16

I17 87BTR17

I18 87BTR18

I19 87BTR19

I20 87BTR20

I21 87BTR21

                    

Figure 5.49 Differential Element Zone Supervision for Check Zone

Table 5.19 Differential Trips (Sheet 2 of 2)

Terminal Within a Zone Differential Trip Bit

87RCZ1

CZ1S
87CZ1

                    

Figure 5.50 Trip Logic for Breaker 1
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Asserting TR01 directly asserts TRIP01 via input OR Gate 1 and starts the Mini-
mum Trip Duration Timer (TDURD). TRIP01 asserts for a minimum of TDURD 
cycles, even if TR01 is asserted for as little as one processing interval, or if the 
unlatch portion of the logic is asserted before TDURD expires. The default set-
ting of TDURD is twelve cycles.

TRIP01 also seals itself in via AND Gate 1. This AND gate receives the negated 
inputs from the unlatching functions. As long as ULTR01 or TRGTR are not 
asserted, TRIP01 remains sealed in. TRIP01 is used to drive an output contact to 
initiate tripping of the breaker.

You can use one of four methods to unlatch the trip logic. One method is to assert 
either one of SELOGIC control equation setting ULTR01 or SELOGIC control 
equation setting RSTTRGT. You can also push the TARGET RESET pushbutton on 
the front panel or send the TAR R serial port command to assert Relay Word bit 
TRGTR for one processing interval. Relay Word bit TRGTR also resets the LED 
targets on the front panel. In the trip logic, assertion of ULTR01, RSTTRGT, or 
TRGTR places a zero input on AND Gate 1 and, thereby, breaks the TRIP01 
seal-in loop.

Note that TRIP01 is always asserted when TR01 is asserted, regardless of the 
action of ULTR01 or the TARGET RESET commands, and that TRIP01 will be 
asserted for a minimum of TDURD cycles no matter how short the length of time 
TR01 has been asserted.

Circuit Breaker Status Logic
Figure 5.51 shows the circuit breaker status logic, which uses the combination of 
breaker 52A (normally open) auxiliary contact and the open-phase detection 
function, OPH. Because 52B (normally closed) contacts are not always available 
and as a means to reduce the number of I/O required, the 52B contacts are not 
required in the logic. However, for applications where the protection philosophy 
requires a 52B (normally closed) contact, wire the 52B contact into the relay, but 
use the negated form of the 52B contact in the logic, i.e., NOT 52B (52A01 := 
NOT IN301).

Relay Word bits 52CL01–52CL21 assert when the breaker is closed. Open-phase 
detection logic (OPHnn) Relay Word bits are included in the circuit breaker sta-
tus logic to guard against delayed breaker status declaration resulting from possi-
ble breaker auxiliary contact misalignment. If a discrepancy between the open-
phase detection logic and the breaker auxiliary contact exists for as long as five 
cycles, the logic generates an alarm that indicates one of the following:

➤ Possible auxiliary contact supply voltage failure 

➤ Possible failure in an auxiliary contact connection circuit

➤ Possible failure of auxiliary contact mechanism

The logic in Figure 5.51 is generic for three-pole or single-pole breaker mecha-
nisms.
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Note that OPHnn Relay Word bits assert when no current flows through the cir-
cuit breaker and that set has priority over reset in the circuit breaker status logic. 
Table 5.20 shows the output states for all possible breaker conditions.

                    

                    

q See Figure 5.28.

Figure 5.51 Breaker Status and Alarm Logic

Table 5.20 Conditions and Results for the Circuit Breaker Status Logic

Breaker Status
52A01 or 

NOT 52B01
OPH01 52CL01 52AL01

Open 0 1 (no current) 0 0

Closed 1 1 (no current) 1 0

Open 0 0 (current flow) 1 1 (after 5 cyc)

Closed 1 0 (current flow) 1 0

52Ann

OPHnn

Relay
Word
Bits

52CLnn

52ALnn

Relay
Word
Bits

5
CYC 0

CYC

S

R

Q

Set has priority

Alarm Timer

q
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The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n
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Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report
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➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.
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➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane

Q

P

+P
+Q

Complex Power S 1 

Complex Power S
2 

pf = Lead

pf = Lag

–P
+Q

+P
–Q

–P
–Q

Export power and
export reactive power
(inductive load)

Export power and
import reactive power
(capacitive load)

Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy

Measured Current (A)

0.994
0.998

1.006
1.002

0 1.0

1.0

INOM = 5 A

Actual Value
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Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering
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Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs

NOTE: Changing EDEM or DMTC 
resets the demand meter values to 
zero. This also applies to changing the 
active settings group where either 
setting EDEM or DMTC is different in 
the new active settings group. 
(Changing demand current pickup 
settings PDEMP, GDEMP, and QDEMP 
will not affect the demand meters.)
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings

B1COSP2

1 10 100

kA Interrupted per Operation (kA)

N
um

be
r 

of
 C

lo
se

/O
pe

n 
O

pe
ra

ti
on

s

10000

1000

100

10
B1COSP3

B1KASP1 B1KASP2 B1KASP3

(B1KASP1, B1COSP1)

(B1KASP2, B1COSP2)

(B1KASP3, B1COSP3)

B1COSP1

Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=
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Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip

All Poles Closed All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

TBC
TCA

TAB
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)
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Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.



8.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

Monitoring
Circuit Breaker Monitor

Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service
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Charger
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+
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+
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–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57



8.24

SEL-400 Series Relays Instruction Manual Date Code 20230830

Monitoring
Station DC Battery System Monitor

trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05
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Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.
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Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)
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TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)
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Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times
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by the channel delay associated with 
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.
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By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...

IN201
#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)
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Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.



10.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Testing Features and Tools

High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment
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Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message
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model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution
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Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Firmware Upgrade Instructions

These instructions guide you through the process of upgrading the firmware in 
the device. Note that these instructions are only intended for upgrading firmware 
from an older revision to a newer revision. Downgrading firmware—going from 
a newer to an older revision—should not be attempted. It will result in the loss of 
relay calibration, MAC addresses, and other device configuration information. 
Contact SEL if you need to downgrade the firmware in a relay.

The firmware upgrade will be either a standard release or a point release. A stan-
dard release adds new functionality to the firmware beyond the specifications of 
the existing version. A point release is reserved for modifying firmware function-
ality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device firm-
ware identification (FID) string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-411L-R101-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-411L-R100-V1-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V1-Z001001-Dxxxxxxxx
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Required Equipment
You will need the following items before beginning the firmware upgrade process:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
Ymodem protocol (if upgrading over a serial port connection)

➤ SEL-C234A cable, SEL-C662 USB to EIA-232, or equivalent (if 
upgrading over a serial port connection).

➤ A relay with Telnet-enabled Ethernet ports, a Telnet connection, and 
a Telnet user interface that supports Ymodem file transfer (if 
performing an upgrade over Ethernet).

➤ A relay with HTTP-enabled Ethernet ports and an HTTP Ethernet 
connection (if upgrading via a web browser). This is the most user-
friendly method to complete an upgrade.

➤ A relay with FTP-enabled Ethernet ports and an FTP Ethernet 
connection (if upgrading over FTP) and an FTP user interface that 
supports FTP file transfer.

➤ Disc containing the firmware upgrade file(s)

➢ .z19, .s19, or .zds firmware upgrade file (.z19 requires SELBOOT 
R205 or a newer R2xx SELBOOT version; .zds requires 
SELBOOT R300 or newer)

➢ SELBOOT firmware upgrade file (if necessary; based on the existing 
SELBOOT revision of the relay)

➤ Relay Firmware Upgrade Instructions

Optional Equipment
These items help you manage relay settings and understand procedures in the 
relay upgrade process:

➤ ACSELERATOR QuickSet SEL-5030 Software (also contains a 
firmware upload tool that helps to automate this process over a serial-
port connection)

➤ ACSELERATOR Architect SEL-5032 Software (manages IEC 61850 
GOOSE, Manufacturing Message Specification [MMS], and SV 
Configured IED Description [CID] files)

➤ SEL-5037 SEL Grid Configurator Software (for relays supported by 
SEL Grid Configurator)

➤ Appropriate SEL-400 series relay manual

Important Considerations
If upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firmware revi-
sion R309 or earlier to firmware revision R312 and later or if upgrading an 
SEL-487V-0 or SEL-487V-1 relay from firmware revision R107 or earlier to 
firmware revision R109 and later, make sure you save all relay settings (including 
IEC 61850 CID configurations, if applicable) prior to the firmware upgrade, as 
indicated in Save Settings and Other Data on page B.12. Upon completion of the 
upgrade process, the relay settings will reset to default values and the IEC 61850 
CID file may be removed. These files will need to be reloaded.
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If you are upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firm-
ware revision R309 or earlier to firmware revision R311, you must first upgrade 
the relay firmware to R310 before upgrading to R311. This requirement is only 
needed if upgrading specifically to R311. Failure to do so will result in the reset 
of relay settings back to factory defaults.

In some unusual cases, such as loss of relay power during the firmware file trans-
fer process, it is possible for data, including relay settings and the IEC 61850 
CID file to be lost. Before beginning the firmware upgrade process, save relay 
settings and, if applicable, the IEC 61850 CID file that has been configured for 
the relay.

Important Considerations for the Five-Port Ethernet Card 
If installing a five-port Ethernet card for the first time, perform the conversion in 
this order: 

Step 1. Install the required boot firmware (SELBOOT). Refer to Appendix A 
of the relay-specific instruction manual for compatible SELBOOT 
versions. 

Step 2. Install the required relay firmware. Refer to Appendix A of the relay-
specific instruction manual for compatible firmware versions. 

Step 3. Follow the Removing and Installing SEL-400 Series Relay Ethernet 
Cards instruction sheet included with your conversion kit.

Upgrading With Digitally Signed Firmware Upgrade Files
NOTE: R2xx SELBOOT versions only 
support serial-port firmware upgrades 
with .s19 or .z19 firmware upgrade 
files. R3xx SELBOOT versions only 
support .zds digitally signed firmware 
upgrade files over a serial or Ethernet 
connection.

The firmware versions identified in Table B.1 support .zds firmware upgrade 
files, which can be used to upgrade the relay over a serial or Ethernet connection. 
The .zds firmware upgrade files can only be sent to relays running SELBOOT 
R300 or newer.

To prepare relays to accept digitally signed Ethernet firmware upgrades, perform 
the following:

1. Upgrade SELBOOT to R300 or newer over a serial connection with a 
.s19 SELBOOT upgrade file.

2. Upgrade relay firmware to a relay version identified in Table B.1 over 
a serial connection with a .zds firmware upgrade file.

Once the relay has a firmware version identified in Table B.1 installed, you can 
upgrade the relay over an Ethernet connection to any new firmware version above 
the initial firmware version outlined in the table.

                    

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 1 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades

SEL-400G All released firmware versions

SEL-401 R407 and newer

SEL-411L-0, -1 R126 and newer

SEL-411L-2 All released firmware versions

SEL-421-4, -5 R327 and newer

SEL-421-7 R407 and newer

NOTE: Relay firmware versions 
identified in Table B.1 require SELBOOT 
R300 or newer because only .zds 
firmware upgrade files are provided. 
Firmware .s19 and .z19 upgrade files 
are not created for these firmware 
versions.
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Digitally signed firmware-upgrade files are compressed to reduce file-transfer 
times and are digitally signed by SEL through use of a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that the con-
tents have not been altered. Once uploaded to the relay, the signature of the firm-
ware file is verified with a public key that is stored on the relay. If the relay 
cannot verify the signature, the file is rejected.

The name of the digitally signed firmware file is of the form rnnn-vy4xx.zds or 
snnn-vy4xx, where rnnn is the standard-release relay firmware identifier, snnn is 
the standard-release SELBOOT firmware identifier, vy is the point-release identi-
fier, and 4xx identifies the SEL-400 series relay. Differentiation between relay 
model variants is handled by the standard-release firmware identifier. See the list 
(at the beginning of this section) of firmware versions that support digitally 
signed firmware upgrades to find the standard-release firmware variants of the 
same relay model.

Ethernet Firmware Upgrades
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

For relays that support firmware upgrades over Ethernet, you can send the .zds 
firmware upgrade files via FTP or HTTP protocols to a relay running SELBOOT 
version R300 or newer and a relay firmware version identified in Table B.1. FTP 
and HTTP are plaintext protocols and do not inherently support message encryp-
tion (of relay passwords, etc.). Because of this, SEL strongly recommends using 
between the relay and your network a security gateway that provides encrypted 
communications along with SEL SDN technology to harden your network cyber-
security.

Relay Firmware Upgrade Procedure
The upgrade kit you received contains the firmware needed to upgrade the 
SEL-400 series relays. The kit may also contain firmware needed to upgrade the 
SELBOOT program. See Table B.2 to identify which firmware files you received 
in the upgrade kit.

SEL-451-5 R324 and newer

SEL-451-6 R401 and newer

SEL-487B-1 R315 and newer

SEL-487B-2 R401 and newer

SEL-487E-3, -4 R318 and newer

SEL-487E-5 R401 and newer

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 2 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades
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The firmware upgrade can be performed in one of four ways. Methods 1 and 2 
are provided for upgrading over a serial connection. Methods 3 and 4 are pro-
vided for upgrading over an Ethernet connection. When upgrading over a serial 
connection, you can upgrade using .s19, .z19, or .zds files depending on the 
SELBOOT firmware the relay is running. When upgrading over an Ethernet con-
nection, you can only upgrade using a .zds file and the relay must currently be 
running a SELBOOT firmware version that supports digitally signed upgrade files 
and a relay firmware version that supports Ethernet firmware upgrades (see 
Table B.1).

➤ Method 1: Use the Firmware Loader provided within QuickSet. The 
Firmware Loader automates the firmware upgrade process and is the 
preferred method. The Firmware Loader can be used to upgrade only 
relay firmware (rnnn4xx files or rnnn-vy4xx). If upgrading SELBOOT 
(snnn4xx or snnn-vy4xx) firmware is required, use Method 2.

➤ Method 2: Connect to the relay in a terminal session and upgrade the 
firmware by using the steps documented in Method 2: Using a 
Terminal Emulator on page B.11.

➤ Method 3: Connect to the relay over an Ethernet web browser and 
use the steps documented in Method 3: Using a Web Browser on 
page B.17.

➤ Method 4: Connect to the relay over an Ethernet FTP connection and 
use the steps documented in Method 4: Using FTP on page B.20.

Determine Which Upgrade Method to Use
Table B.3 helps you determine which firmware upgrade method you would like 
to use based on your upgrade scenario. From the links provided in Table B.3, you 
can use the link to easily move ahead to the method of your choosing. For help in 
identifying which scenario you fall under, see Identify Firmware Versions on the 
Relay on page B.6.

Table B.2 Firmware Upgrade Files

Product File Namea

a nnn in the file name will always represent the device firmware revision number.
y represents that point release version number.
4xx represents the product name.

File Type

SEL-400 series relays SELBOOT snnn4xx.s19, snnn-
vy4xx.s19, or
s3nn-vy4xx.zds

SEL-400 series SELBOOT firmware

SEL-400 series relays (prior to 
firmware releases identified in 
Table B.1)

rnnn4xx.s19 or 
rnnn4xx.z19

SEL-400 series relay firmware

SEL-400 series relays after SEL 
started offering point releases 
(prior to firmware releases iden-
tified in Table B.1)

rnnn-vy4xx.s19 or 
rnnn-vy4xx.z19

SEL-400 series relay firmware

SEL-400 series relays with 
SELBOOT versions supporting 
.zds upgrade files

rnnn-vy4xx.zds SEL-400 series relay firmware digi-
tally signed upgrade file

NOTE: The .z19 files are compressed 
versions of the .s19 files. These will 
load into the relay much faster than 
the .s19 files, but you must have relay 
SELBOOT version R205 or a newer 
R2xx SELBOOT version to use these 
files. Both the .z19 and .s19 files can 
only be used to upgrade relay 
firmware over a serial-port connection 
and can only be sent to a relay with 
SELBOOT that does not support 
digitally signed firmware upgrades.

NOTE: The .zds files are digitally 
signed upgrade files. These upgrade 
files provide the fastest way to 
upgrade firmware on a relay, but the 
relay must be running SELBOOT 
version R300 or newer to use these 
files.

NOTE: When you are upgrading 
relay firmware over a serial 
connection, SEL strongly 
recommends that you upgrade 
firmware at the location of the relay 
and with a direct connection from the 
PC to one of the relay serial ports. Do 
not load firmware from a remote 
location; problems can arise that you 
will not be able to address from a 
distance. When upgrading at the 
substation, do not attempt to load the 
firmware into the relay through an 
SEL communications processor.

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.
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Identify Firmware Versions on the Relay
To determine the SELBOOT and relay firmware versions the relay is currently 
running, do the following:

Step 1. Establish a serial or Telnet terminal session between the relay and a 
personal computer.

Step 2. In the relay terminal line, type ID <Enter>.

The relay responds with the following:

                    

Table B.3 Firmware Upgrade Scenarios and Available Methods

Upgrade Scenario Available Methods

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to a 
newer R2xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to an 
R3xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running a relay firmware version 
prior to one identified in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running relay firmware identi-
fied in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly 
option)

Method 4: Using FTP on page B.20

Upgrading relay firmware on a relay 
running any R2xx SELBOOT version

Upgrade with a .s19 or .z19 relay firmware upgrade 
file via one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
prior to a version identified in 
Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
identified in Table B.1.

Upgrade with a .zds relay firmware upgrade file via 
one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly option)

Method 4: Using FTP on page B.20

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.

"FID=SEL-4xx-x-Rxxx-V0-Zxxxxxx-Dxxxxxxxx","xxxx"
"BFID=SLBT-4XX-Rxxx-V0-Zxxxxxx-Dxxxxxxx","xxxxx"
"CID=xxx","xxxx"
"DEVID=xxxxxxx","xxxx"
"DEVCODE=xx","xxxx"
"PARTNO=xxxxxxxxxxxxxxx","xxxx"
"SERIALNO=xxxxxxxxxx","xxxx"
"CONFIG=xxxxxxxx","xxxx"
"SPECIAL=xxxxx","xxxx"
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Step 3. Locate the relay firmware identification (FID) string and the Boot 
firmware identification (BFID) string.

Step 4. See Table B.3 for upgrade methods available based on the firmware 
versions currently operating on the relay.

Method 1: Using QuickSet Firmware Loader
To use the QuickSet Firmware Loader, you must have QuickSet. See Section 2: 
PC Software for instructions on how to obtain and install the software. Once the 
software is installed, perform the firmware upgrade as follows.

A Obtain Firmware File
NOTE: The Firmware Loader can be 
used to load only relay firmware 
(rnnn4xx or rnnn-vy4xx) on relays 
supported by QuickSet. This method 
cannot be used to upgrade firmware 
on relays only supported by SEL Grid 
Configurator.

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. The file name is of the form rnnn4xx or rnnn-vy4xx, where rnnn is the 
firmware revision number, vy indicates the point release number, and 4xx indi-
cates the relay type. The firmware file name extensions are .s19, .z19, and .zds. 
Copy the firmware file to an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

B Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these practices include disabling input 
and output control functions.

Step 2. Apply power to the relay.

Step 3. Connect a communications cable and determine the port speed.

If using the EIA-232 front port to upgrade firmware, determine the 
port speed as follows:

a. From the relay front panel, press the ENT pushbutton.

b. Use the arrow pushbuttons to navigate to SET/SHOW.

c. Press the ENT pushbutton.

d. Use the arrow pushbuttons to navigate to PORT.

e. Press the ENT pushbutton.

f. Use the arrow pushbuttons to navigate to the relay serial port you 
plan to use (usually the front port, PORT F).

g. Press the ENT pushbutton.

h. Use the arrow pushbuttons to navigate to Communication 
Settings.

i. Press the ENT pushbutton to view the selected port 
communications settings. Write down the value for each setting.

j. Once the port settings have been recorded, press the ESC 
pushbutton four times to return to the MAIN MENU.

k. Connect an SEL-C234A EIA-232 serial cable, SEL-C662 USB 
to EIA-232 converter, or equivalent communications cable to the 
relay serial port and to the PC.
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C Establish Communications With the Relay
NOTE: Once serial port 
communication is established, it is 
recommended to set the SELBOOT Max 
Baud setting to the highest possible 
port speed available (typically 115200 
bps). This will reduce the time needed 
to read settings and events from the 
relay.

Use the Communications > Parameters menu of QuickSet to establish a con-
nection using the communications settings determined in Step 3 under B Remove 
Relay From Service on page B.7. See Section 2: PC Software for additional infor-
mation.

D Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Step 1. For SEL-400 series relays with optional IEC 61850 protocol config-
ured, follow the steps in section Verify IEC 61850 Operation 
(Optional) on page B.22 to save the CID file and send it back to the 
relay after the firmware upgrade.

Step 2. Select Tools > Firmware Loader and follow the onscreen prompts.

Step 3. In the Step 1 of 4 window of the Firmware Loader (as shown in 
Figure B.1), select the ellipsis button and browse to the location of 
the firmware file. Select the file and select Open.

                    

Step 4. Select the Save calibration settings check box in the Step 1 of 4 
window of the Firmware Loader. These factory settings are required 
for proper operation of the relay and must be reentered in the 
unlikely event they are erased during the firmware upgrade process. 
The Firmware Loader saves the settings in a text file on the PC.

Step 5. Select the Save device settings check box if you do not have a copy 
of the relay settings. It is possible for relay settings to be lost during 
the upgrade process.

Step 6. Select the Save events check box if there are any event reports that 
have not been previously saved. The event history is cleared during 
the upgrade process.

                    

Figure B.1 Prepare the Device (Step 1 of 4)
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Step 7. Select Next.

The Firmware Loader reads the calibration settings and saves them in 
a text file on the PC. Make note of the file name and the location.

If Save device settings was selected, the Firmware Loader reads all 
of the settings from the relay. The software may ask if you want to 
merge the settings read from the relay with existing design templates 
on the PC. Select No, do not merge settings with Design Template. 
The Firmware Loader will suggest a name for the settings, but the 
suggested name can be modified as desired.

If Save events was selected, the Event History window will open to 
allow the events to be saved. See Section 2: PC Software for more 
information.

Step 8. If you use the Breaker Wear Monitor, select the Terminal button in 
the lower left portion of the Firmware Loader to open the terminal 
window. From the Access Level 1 prompt, issue the BRE command 
and record the internal and external trip counters, internal and exter-
nal trip currents for each phase, and breaker wear percentages for 
each phase.

Step 9. Enable Terminal Logging capture (see Section 2: PC Software) and 
issue the following commands to save stored data. It is possible for 
these data to be lost during the firmware upgrade process.

a. MET E—accumulated energy metering

b. MET D—demand and peak demand

c. MET M—maximum/minimum metering

d. COMM A and COMM B—MIRRORED BITS communications logs

e. PROFILE—Load Profile

f. SER—Sequential Events Records

E Start SELBOOT

In the Step 2 of 4 window of the Firmware Loader, select Next to disable the 
relay and enter SELBOOT (see Figure B.2).

                    
                    

Figure B.2 Load Firmware (Step 2 of 4)
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F Maximize Port Data Rate

This step is performed automatically by the software.

G Upload New Relay Firmware

This step is performed automatically by the software. The software will erase the 
existing firmware and start the file transfer to upload the new firmware. Upload 
progress will be shown in the Transfer Status window. The entire firmware 
upload process can take longer than 10 minutes to complete.

When the firmware upload is complete, the relay will restart. The Firmware 
Loader automatically reestablishes communications and issues an STA command 
to the relay.

In cases where the relay does not restart within two minutes of the firmware 
upload completion (as indicated by the PC application), and no error messages 
appear on the relay HMI, turn the relay off and back on again. The firmware 
loader application should then resume. Answer Yes if the Firmware Loader 
prompts you to continue.

H Verify Relay Self-Tests

The Step 3 of 4 window of the Firmware Loader will indicate that it is checking 
the device status and when the check is complete (see Figure B.3).

The software will notify you if any problems are detected. You can view the relay 
status by opening the terminal using the Terminal button in the lower left portion 
of the Firmware Loader. If status failures are shown, open the terminal and see 
Troubleshooting on page B.24.

Select Next to go to the completion step.

                    
                    

Figure B.3 Load Firmware (Step 3 of 4)
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I Verify Relay Settings

If there are no failures, the relay will enable. In the Step 4 of 4 window (see 
Figure B.4), the Firmware Loader will give you the option to compare the device 
settings. If any differences are found, the software will provide the opportunity to 
restore the settings.

                    

Method 2: Using a Terminal Emulator
These instructions assume you have a working knowledge of your PC terminal 
emulation software. In particular, you must be able to modify the serial commu-
nications parameters (data speed, data bits, parity, and similar parameters), dis-
able any hardware or software flow control in the computer terminal emulation 
software, select a transfer protocol (1K Xmodem, for example), and transfer files 
(send and receive binary files).

The programs (firmware) that run in the SEL-400 series relays reside in Flash 
memory. To load new firmware versions, follow these instructions. The SEL-400 
series relays have two programs that you may need to upgrade: the regular, or 
“executable” program and the SELBOOT program.

A Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn is the firmware revision number, vy indicates the point release num-
ber, and 4xx indicates the relay type. For SELBOOT firmware, the file name is of 
the form snnn4xx or snnn-vy4xx, where snnn is the SELBOOT revision number 
and 4xx indicates that the SELBOOT version is for SEL-400 series relays. The 
firmware file name extensions are .s19, .z19, and .zds. Copy the firmware file to 
an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

                    

Figure B.4 Verify Device Settings (Step 4 of 4)
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B Prepare the Relay

If the relay is in service, follow your company practices for removing a relay 
from service. Typically, these practices include disabling input and output control 
functions.

C Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Enter Access Level 2

NOTE: Once serial port 
communication is established, it is 
recommended to set the port SPEED 
setting to the highest possible port 
speed available (typically 57600 bps 
in Access Level 2). This will reduce the 
time needed to read settings and 
events from the relay.

Step 1. Using the communications terminal, at Access Level 0, type 
ACC <Enter>. 

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 3. Type 2AC <Enter>, and then type the correct password to go to 
Access Level 2. 

You will see the Access Level 2 =>> prompt. 

For more information, see Making an EIA-232 Serial Port 
Connection on page 3.4.

Backup Relay Settings

The relay preserves the settings and passwords during the firmware upgrade pro-
cess. However, if relay power is interrupted during the firmware upgrade process, 
the relay can lose the settings. Make a copy of the original relay settings in case 
you need to reenter settings.

Use one of the following methods to backup relay settings.

➤ If you have not already saved copies of the relay settings, use 
QuickSet to read and save the relay settings.

See Create and Manage Relay Settings on page 2.21.

➤ Alternatively, you can use the terminal to download all the relay 
settings.

See the FILE READ command under FILE on page 14.36.

For file retrieval procedures see Reading Oscillograms, Event 
Reports, and SER on page 3.46.

➤ If you have IEC 61850 configurations and you have not already 
saved copies of the CID file, use Architect to read and save the CID 
file. See Verify IEC 61850 Operation (Optional) on page B.22 for 
details.

D Start SELBOOT
Step 1. Establish/confirm binary transfer terminal communication.

Use a terminal program that supports 1K Xmodem transfer protocol 
to communicate with the relay.

Step 2. Prepare to control the relay at Access Level 2. If the relay is not 
already at Access Level 2, use the procedure in Enter Access Level 2 
on page B.12.

NOTE: In addition to all of the 
normal settings classes, log in to 
Access Level C and save the 
SET_CM.TXT file.
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Step 3. Start the relay SELBOOT program.

a. Type L_D <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
following message:
Disable relay to send or receive firmware (Y/N)?

If running a R3xx SELBOOT version, the relay responds with the 
following message:
Disable relay and transition to SELBoot (Y/N)?

b. Type Y <Enter>.

The relay responds with the following message:
Are you sure (Y/N)?

c. Type Y <Enter>.

The relay responds with the following message:
Relay Disabled

Step 4. Wait for the SELBOOT program to load.

The front-panel LCD screen displays the SELBOOT Ryyy firmware 
number (e.g., SELBOOT R209). Ryyy is the SELBOOT revision number 
and is a different revision number from the relay firmware revision 
number. The LCD also displays the present relay firmware (e.g., 
SEL-451-5-R324), and INITIALIZING.

When finished loading the SELBOOT program, the relay responds to 
the terminal with the SELBOOT !> prompt; the LCD shows the 
SELBOOT and relay firmware revision numbers.

Step 5. Press <Enter> to confirm that the relay is in SELBOOT; you will see 
another SELBOOT !> prompt.

Establish a High-Speed Serial Connection 
Step 1. At the SELBOOT prompt, type BAU 115200 <Enter> (see 

Figure B.7).

Step 2. Set your terminal program for a data speed of 115200 bps.

Step 3. Press <Enter> to check for the SELBOOT !> prompt indicating that 
serial communication at 115200 bps is successful.

E Upload New SELBOOT Firmware to the Relay
NOTE: Loading the incorrect 
SELBOOT firmware to the relay may 
cause the relay to malfunction, 
requiring factory repair.

Upgrading SELBOOT firmware in SEL-400 series relays is typically not required 
as part of a normal relay firmware upgrade process. However, core functions of 
the relay are occasionally enhanced, and the SELBOOT firmware must be 
upgraded to enable the enhanced functions. If a SELBOOT upgrade for the relay is 
not indicated in your upgrade kit, skip this step and continue on to F Upload New 
Relay Firmware on page B.14. See Table B.2 for file names.

NOTE: Do not cycle power to the 
relay during the SELBOOT firmware 
upgrade process. Doing so may cause 
the relay to malfunction, requiring 
factory repair.

To begin the relay SELBOOT upgrade, start at the SELBOOT !> prompt.

Step 1. Type REC BOOT command at the SELBOOT prompt, and answer Y 
when prompted to erase the existing SELBOOT firmware.

If the relay is running a R2xx SELBOOT version, the relay responds with:

                    

!>REC BOOT <Enter>
Caution! -  This command erases the SELboot firmware.
Are you sure you want to erase the existing firmware? (Y/N)
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If the relay is running a R3xx SELBOOT version, the relay responds 
with:

                    

Step 2. The relay will prompt you to begin the file transfer. Press any key to 
begin the file transfer to the relay.

Step 3. Select Xmodem as your file transfer method, then point the sending 
software tool to the relay SELBOOT file (snnn4xx.s19, snnn-
vy4xx.s19 or s3nn-vy4xx.zds) that is to be uploaded to the relay.

Upon successful negotiation of the new SELBOOT firmware file, the 
old SELBOOT software will be erased, and the new SELBOOT 
firmware will be written to the Flash memory of the relay. The relay 
will then automatically restart using the new SELBOOT firmware.

                    

Step 4. Once the relay has restarted, revert back to Table B.3 and determine 
your relay firmware upgrade method.

F Upload New Relay Firmware

If you are only upgrading SELBOOT, you can skip this step and continue to 
G Return Serial Data Speed to Nominal Operating Speed and Exit SELBOOT on 
page B.15.

Step 1. From the SELBOOT !> prompt, type REC <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.5.

                    

If running a R3xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.6.

!>REC BOOT <Enter>
Caution! This command erases the SELBoot firmware.
Do not interrupt power during SELboot upload
or the device may require factory reprogramming.

Are you sure you want to erase the existing firmware (Y/N)?

Erasing old SELboot

Writing new SELboot to flash

Press any key to begin transfer, then start transfer at the PCC
Restarting SELboot

!>BAU 115200 <Enter>
!><Enter>

!>REC <Enter>
Caution! - This command erases the device firmware.
If you erase the firmware, new firmware must be loaded into the device
before it can be put back into service.
Are you sure you want to erase the existing firmware? (Y/N) Y <Enter>
Erasing

Erase successful
Press any key to begin transfer, then start transfer at the PCCC <Enter>

Figure B.5 Transferring New Firmware
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Step 2. When prompted with Are you sure you want to erase the 
existing firmware? (Y/N), type Y <Enter>.

The relay responds, Erasing, and erases the existing firmware. The 
front-panel LCD shows ERASING MEMORY.

When finished erasing, the relay responds, Erase successful, and 
prompts you to press any key to begin transferring the new firmware. 
The front-panel LCD shows only the SELBOOT program revision number.

Step 3. Press <Enter> to begin uploading the new firmware.

Step 4. Start the Transfer or Send process in your terminal emulation pro-
gram.

Use 1K Xmodem for fast transfer of the new firmware to the relay.

Step 5. Point the terminal program to the location of the new firmware file 
(the file that ends in .s19, .z19, and .zds).

NOTE: The relay displays one or 
more “C” characters while waiting for 
your PC terminal emulation program 
to send the new firmware. If you do 
not start the transfer quickly (within 
about 18 seconds), the relay times out 
and responds Remote system is 
not responding. If this happens, 
begin again at F Upload New Relay 
Firmware on page B.14.

Step 6. Begin the file transfer.

The typical transfer time at 115200 bps with 1K Xmodem is 10 to 20 
minutes. The LCD screen shows SELBOOT Ryyy LOADING CODE while 
the relay loads the new firmware.

Step 7. Wait for firmware load completion.

If the relay responds with the message Transfer failed — Model 
mismatch, please refer to Troubleshooting on page B.24.

When finished loading the new firmware, the relay responds, 
Transfer completed successfully and displays the SELBOOT !> 
prompt. The LCD screen displays SELBOOT Ryyy SEL-4xx-Rnnn, 
where yyy is the SELBOOT revision number, 4xx is the particular 
model of the SEL-400 series relay being upgraded, and nnn is the 
firmware revision number of the relay, e.g., R100 SEL-421-R105.

G Return Serial Data Speed to Nominal Operating Speed and Exit 
SELBOOT

Step 1. Type <Enter> to confirm relay communication.

The terminal displays the SELBOOT !> prompt.

Step 2. Type BAU 9600 <Enter> to reduce the data speed to your nominal 
serial communications speed (9600 bps in this example).

Step 3. Set your terminal emulation program to match the nominal data speed.

Step 4. Type <Enter> to confirm that you have reestablished communication 
with the relay.

The relay responds with the SELBOOT !> prompt.

!>REC <Enter>
Caution! This command erases the firmware.
If you erase the firmware then new firmware
must be loaded before returning the IED to service.

Are you sure you want to erase the existing firmware (Y/N)?
Press any key to begin transfer and then start transfer at the terminal.

Figure B.6 Transferring New Firmware
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Step 5. Type EXI <Enter> to exit the SELBOOT program.

After a slight delay, the relay responds with the following message:
CAUTION: Initial relay restart. DO NOT cycle power during 
this time. Please wait 3 minutes for restart completion.

Step 6. Following the expected relay restart time from Step 5, proceed to 
H Verify Relay Self-Tests on page B.16.

H Verify Relay Self-Tests
Step 1. Press <Enter> and confirm that the Access Level 0 = prompt appears 

on your terminal screen.

Step 2. Remove input power to the relay.

a. Allow at least 10 seconds during the removal of relay power to 
ensure that the power supply has shut down.

b. Reapply input power to the relay.

c. Wait 10 minutes after startup of the relay to allow the relay to 
detect any hardware changes made during the upgrade process.

Step 3. Enter Access Level 1 using the ACC command and Access Level 1 
password.

Step 4. Enter Access Level 2 using the 2AC command and Access Level 2 
password.

Step 5. Type VER <Enter> to confirm the new firmware.

Step 6. Match the firmware revision number with the FID number on the 
screen.

Step 7. Type STA <Enter> to check the relay status and accept new hard-
ware changes if needed.

Step 8. Verify that all relay self-test parameters are within tolerance. (The 
relay compares the settings before and after the upgrade process and 
displays an upgrade warning if settings are dissimilar. You can find 
details in the upgrade report file.)

Step 9. View the front-panel ENABLED LED and confirm that the LED is illu-
minated.

Unless there is a serious problem, the ENABLED LED illuminates 
without any intervention, and the relay retains all settings.

If the relay does not enable within five minutes of the Initial relay restart 
message, contact your Technical Service Center or the SEL factory for assistance 
(see Technical Support on page B.26).

I Verify Relay Settings
Step 1. Prepare to control the relay at Access Level 2; use the procedure in 

Enter Access Level 2 on page B.12.

Step 2. Type VER <Enter> to confirm the new firmware.

Step 3. Match the firmware revision number with the FID number on the 
screen.
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Step 4. Use one of the following methods to review your settings.

➢ Use the QuickSet Read menu.

If the settings do not match the settings that you recorded in 
Backup Relay Settings on page B.12, use QuickSet to restore 
relay settings. 

➢ Type SHOW <Enter>.

You can reissue the settings with the SET commands (see 
Section 9: ASCII Command Reference of the product-specific 
instruction manual for information on the SHOW and SET 
commands).

Step 5. Type STA <Enter> to check relay status.

Step 6. Verify that all relay self-test parameters are within tolerance.

Method 3: Using a Web Browser
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of the web browser, the HTTP server must be 
enabled for the Ethernet ports. SEL recommends enabling Telnet in case you 
need to perform any ASCII terminal commands (inputting settings, etc.).

Never use the web browser to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade relay firmware by using the web browser, the PORT 5 settings MAX-
ACC and EETHFWU must be set to 2 or C, and Y, respectively. In the web 
browser login page, Access Level 2 is provided as a user-selectable login access 
level. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled. If EPAC = Y, ensure Relay Word bit E2AC is asserted to allow 
Level 2 access.

B Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn indicates the firmware revision number, vy indicates the point-release 
number, and 4xx indicates the relay type. For SELBOOT firmware, the file name is 
of the form snnn-vy4xx, where snnn is the SELBOOT revision number, and 4xx 
indicates that the SELBOOT version is for SEL-400 series relays. The firmware 
file name extensions are .s19, .z19, and .zds. Only the .zds file can be used when 
using the web browser. Copy the .zds digitally signed firmware upgrade file to an 
easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these include changing settings, or dis-
connecting external voltage sources or output contact wiring, to dis-
able relay control functions.

Step 2. Apply power to the relay.
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D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay.

E Prepare the Relay (Save Relay Settings and Other Data)

Create a Telnet connection in QuickSet or SEL Grid Configurator (for relays sup-
ported by SEL Grid) and read both settings and event reports stored on the relay. 
If you prefer using FTP to pull settings and reports, and FTP is enabled on the 
Ethernet ports, see E Establish Communications With the Relay and Read Set-
tings on page B.21 for pulling events and reports over FTP.

F Establish a Web Browser Connection With the Relay
Step 1. Establish communication between your personal computer and the 

relay through a web browser (HTTP) connection. See HTTP (Hyper-
text Transfer Protocol) Server on page 15.20 for more information.

G Upload New Firmware
Step 1. To upload new firmware, log in to Access Level 2 of the web server. 

Select 2AC from the Access Level dropdown box. Enter the respec-
tive Access Level 1 and 2 passwords and select the Login button.

Step 2. Once logged in verify communication with the correct relay by 
checking the Relay Identifier (RID setting) and Substation Identifier 
(SID setting) next to the SEL icon in the upper left corner of the web 
browser page. Choose System > Firmware Upgrade from the left 
pane, which brings up the page shown in Figure B.7. This page also 
displays feedback from the previous firmware upgrades. If the prior 
firmware upgrade was successful, the page displays Previous 
firmware upgrade successful. Date:  mm/dd/yy  Time:  hh:mm:ss. 
If the prior firmware upgrade failed, the page displays Previous 
firmware upgrade failed. Date: mm/dd/yy Time: hh:mm:ss, with 
an error message below. If no prior firmware upgrade has occurred 
(which is the case for a new unit from the factory), the page displays, 
Previous firmware upgrade information is unavailable.

                    

NOTE: Access level passwords are 
not encrypted in any way by the Web 
Server when logging in.

                    

Figure B.7 Firmware Upload File Selection Page
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Step 3. To search for your firmware file, select the Browse button. The 
format of this file must be .zds. If upgrading relay firmware, the 
name of the file sent can be either rnnn-vy4xx.zds or RELAY.ZDS. If 
upgrading SELBOOT firmware, the name of the file can be s3nn-
vy4xx.zds or SELBOOT.ZDS.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Step 4. To submit, select Upload File. Once the upload has started, it cannot 
be canceled. During the upload process the relay remains enabled 
and continues normal operation.

Step 5. Once the firmware file is transferred to the device, the relay disables 
and attempts to restart using the new firmware.

Step 6. When the firmware upload process is complete, the message shown 
in Figure B.8 is displayed by the web server. The HTTP session 
closes after the upload is complete and the firmware upgrade takes 
place. The message displayed indicates how long the firmware 
upgrade process will take. The relay automatically enables after a 
successful firmware upgrade.

                     

H Verify Firmware
Step 1. Re-establish an HTTP connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then re-establish a connection when the relay reports as online.

Step 2. Select System > Device Features from the left pane and verify the 
relay FID or BFID matches the firmware to which you expected to 
upgrade.

I Check Web Browser Upgrade Messages

After the firmware upgrade is completed and once you have logged back into 
Access Level 1 of the web server, you can check the relay self-tests by selecting 
Relay Status > Self Tests in the left pane. The following table provides messages 
displayed in the web browser and the message meaning.

                    

                    

Figure B.8 Firmware Upgrade Confirmation

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 1 of 2)

User Message Relay Condition

Previous upgrade information is not available. No previous firmware upgrade using a .zds 
file has occurred

Previous upgrade successful. The previous firmware upgrade with a .zds 
file was successful.
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J Verify Relay Settings

To verify the settings are correct for your relay, choose Show Settings in the left 
pane. Verify that these match the settings saved earlier (see G Upload New Firm-
ware on page B.18). Note that calibration settings are not viewable via the web 
server, a terminal connection is needed to verify these settings. If the settings do 
not match, reenter the settings saved earlier.

Method 4: Using FTP
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of FTP, FTP must be enabled for the Ethernet 
ports. SEL recommends enabling Telnet in case you need to perform any ASCII 
terminal commands (inputting settings, etc.). SEL recommends a software inter-
face on your PC because it can help you visualize and simplify the file-transfer 
process. Become familiar with the FTP interface of your choosing prior to 
attempting a firmware upgrade over FTP. 

Never use FTP to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade firmware by using FTP, the PORT 5 settings MAXACC and 
EETHFWU must be set to 2 or C, and Y, respectively. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled. If EPAC = Y, ensure 
Relay Word bit E2AC is asserted to allow Level 2 access. Also, if FTP anony-
mous logins are enabled (FTPANM := Y), the UPGRADE directory is hidden 
from FTP and Ethernet upgrades over FTP are not allowed.

B Obtain Firmware File and Rename File for FTP File Transfer

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn-vy4xx, where rnnn 
indicates the firmware revision number, vy indicates the point-release number, 
and 4xx indicates the relay type. For SELBOOT firmware, the file name is of the 
form snnn4xx, where snnn is the SELBOOT revision number and 4xx indicates 
that the SELBOOT version is for SEL-400 series relays. The firmware file name 

Previous upgrade failed. A previous attempt to upgrade firmware 
failed. Contact SEL Support if this occurs.

The file upload was successful. The device is 
restarting and the connection with the web 
server is closing to complete the firmware 
upgrade process. You should be able to log 
back into the web server within about 5 
minutes.

The relay successfully received and validated 
the .zds file and will now load the firmware 
and automatically restart and enable the new 
firmware.

Invalid upgrade file. The .zds file was not successfully received or 
validated by the relay.

Model mismatch. The .zds file is for firmware for a different 
SEL-400 series relays model.

Settings modification in progress on another 
interface.

Settings within the relay are currently being 
modified through another connection.

Upgrade in progress on another interface. A firmware upgrade is currently being per-
formed through another connection.

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 2 of 2)

User Message Relay Condition
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extensions are .s19, .z19, and .zds. Only the .zds file can be used when using FTP. 
Copy the .zds digitally signed firmware upgrade file to an easily accessible loca-
tion on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

If upgrading relay firmware, rename the provided rnnn-vy4xx.zds firmware 
upgrade file to RELAY.ZDS by right-clicking the file on your PC and selecting 
Rename. Based on FTP file transfer and relay directories, the relay must receive 
the file as the name RELAY.ZDS.

If upgrading SELBOOT firmware, rename the provided s3nn-vy4xx.zds SELBOOT 
upgrade file to SELBOOT.ZDS by right-clicking the file on your PC and select-
ing Rename. Because of the FTP file transfer and relay directories, the relay 
must receive the SELBOOT upgrade file as the name SELBOOT.ZDS.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing 

relays from service. Typically, these include changing settings or dis-
connecting external voltage sources or output contact wiring to dis-
able relay functions.

Step 2. Apply power to the relay.

D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay. 

E Establish Communications With the Relay and Read Settings
Step 1. Establish an FTP connection between your personal computer and 

relay in the FTP software interface of your choosing. The username 
is 2AC and the password is your Access Level 2 password. FTP is 
used on Port 21 of the relay, so ensure in the connections window the 
IP address of your relay you are upgrading is correct and the FTP 
port is assigned to 21.

Step 2. In the FTP user interface, in the relay file list, navigate to the 
SETTINGS folder.

Step 3. Download all .TXT files stored in this folder from the relay. Note that 
the SEL_ALL.TXT file is a read-only file and cannot be sent back to 
the relay.

Step 4. In the relay file list menu, navigate back to the main root folder, then 
navigate to the REPORTS folder. Download all .TXT files stored in 
this folder from the relay.

Step 5. In the relay file list menu, navigate back to the main root folder, then 
navigate to the EVENTS folder. Download all events of interest.
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F Send Firmware
Step 1. With the FTP connection established in E Establish Communications 

With the Relay and Read Settings on page B.21, in your FTP software 
interface, point to the renamed relay RELAY.ZDS file if upgrading 
relay firmware, or the renamed SELBOOT SELBOOT.ZDS upgrade 
file if upgrading SELBOOT firmware on your PC. On the relay side, 
navigate to the UPGRADE folder and open it.

Step 2. Send the renamed RELAY.ZDS or SELBOOT.ZDS file to the 
UPGRADE file directory folder of the relay. Select Yes to the over-
write question, if prompted.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Once the file is loaded to the relay, the relay verifies the file and then 
accepts the file if the file is verified by the keying algorithm. If the 
relay accepts the file, the previous firmware is removed and the new 
firmware is installed. It is important to note that once the relay 
successfully loads the new firmware, it automatically restarts and 
enables the firmware. During this process, you will lose the FTP 
connection, and you must re-establish the FTP connection if required 
to perform Step 3 after approximately five minutes. The relay 
automatically enables after a successful firmware upgrade.

Step 3. During this upgrade process, you will lose the FTP connection, and 
you must re-establish the FTP connection after approximately five 
minutes or when the link status with the relay shows the relay online. 
Re-establish the FTP connection, then navigate to the relay 
UPGRADE directory and read the error file ERR.TXT. Open the .txt 
file on your PC and review for any error messages. If the firmware 
upgraded properly, no errors occurred during the upgrade process 
and the file is empty. If messages are contained within the file, see 
Table B.4 for the error message and what the error means.

G Verify Firmware
Step 1. Establish a Telnet connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then establish a connection when the relay reports as online.

Step 2. Issue the ID command and verify the relay FID or BFID matches the 
firmware to which you expected to upgrade.

H Verify Relay Settings
Step 1. Establish the same FTP connection as identified in E Establish Com-

munications With the Relay and Read Settings on page B.21. 

Step 2. Navigate to the relay root directory, then the relay SETTINGS directory.

Step 3. Read the UPGRADE_RPT.TXT file from the relay. Open the .TXT 
file on your PC and see if there are any unexpected settings changes. 
Contact SEL Support (selinc.com/support/) at any time for further 
assistance.

Verify IEC 61850 Operation (Optional)
The SEL-400 series relays with optional IEC 61850 protocol require the presence 
of one valid CID file to enable the protocol. You should only transfer a CID file 
to the relay if you want to implement a change in the IEC 61850 configuration or 
restore the relay CID file after a firmware upgrade in which the CID file is 

http://selinc.com/support/
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removed. If you transfer an invalid CID file, the relay will disable the IEC 61850 
protocol because it no longer has a valid configuration. To restart IEC 61850 pro-
tocol operation, you must transfer a valid CID file to the relay.

Perform the following steps to verify that the IEC 61850 protocol is still opera-
tional and if not, re-enable it. This procedure assumes that IEC 61850 was opera-
tional with a valid CID file immediately before initiating the firmware upgrade. If 
the IEC 61850 protocol was not configured prior to the upgrade, skip to Return 
Relay to Service on page B.24. Refer to the Section 17: IEC 61850 Communica-
tion for help with IEC 61850 configuration.

Step 1. Issue the STA, ID, and GOO commands.

Step 2. Verify that there are no error messages regarding IEC 61850 or CID 
file parsing.

If the responses to the STA, ID, or GOO commands contain 
IEC 61850 or CID error messages, continue with the following steps 
to re-enable the IEC 61850 protocol. Otherwise, skip to Method 2: 
Using a Terminal Emulator on page B.11.

If the IEC 61850 protocol has been disabled because of an upgrade-
induced CID file incompatibility, you can use Architect to create and 
send a compatible CID file to the relay.

Step 3. In the Telnet session, issue the STA, ID, and GOO commands.

Step 4. Verify that no IEC 61850 error messages are in the STA or ID com-
mand responses.

Step 5. Verify the GOOSE transmitted and received messages are as 
expected.

Relays being upgraded from firmware that did not support a local-time UTC off-
set setting (UTCOFF) to firmware that does support the UTCOFF setting may 
show incorrect time stamps in Demand Metering and Breaker Monitor report 
data that was recorded by the relay prior to the firmware upgrade.

The time stamps shown for the Demand Metering and Breaker Monitor data 
recorded prior to the firmware upgrade will show UTC time plus an eight-hour 
local time offset, along with any applicable daylight-saving time adjustment.

This only affects time stamps recorded and stored by the relay prior to the firm-
ware upgrade. All time stamps in Demand Metering and Breaker Monitoring fol-
lowing the firmware upgrade will be UTC time with the local time offset setting 
(UTCOFF) and daylight-saving time applied.

No other reports (Event History, Event Summary, SER, etc.) are affected.

Time-Domain Link (TiDL) Centrally Controlled Firmware 
Upgrade (For Relays Supporting T-Protocol)

The SEL-TMUs will be selectively upgraded through connected relays. 

Relays that share common SEL-TMUs can be upgraded independently without 
affecting other devices (relays and SEL-TMUs) in the TiDL system. 

NOTE: The five-port Ethernet card 
uses a ClassFileVersion 007 or higher 
CID file for IEC 61850 configuration. 
Use Architect to create a CID file for 
the five-port Ethernet card.
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Return Relay to Service
Step 1. Open a terminal window.

Step 2. Use the ACC command with the associated password to enter Access 
Level 1.

Step 3. Issue the ID command and compare the firmware revision (Rnnn or 
Rnnn-Vy) displayed in the FID string against the number from the 
firmware envelope label. If the numbers match, proceed to Step 5.

Step 4. For a mismatch between a displayed FID and the firmware envelope 
label, re-attempt the upgrade or contact SEL for assistance.

Step 5. If you use the Breaker Wear Monitor, type BRE <Enter> to check 
the data to see if the relay retained breaker wear data through the 
upgrade procedure. If the relay did not retain these data, use the 
BRE W command to reload the percent contact wear values recorded 
in D Save Settings and Other Data on page B.8.

Step 6. Apply current and voltage signals to the relay.

Step 7. Type MET <Enter> or use the QuickSet HMI to verify that the cur-
rent and voltage signals are correct.

Step 8. Use the TRI and EVE/CEV commands or Tools > Events > Get 
Events menu in QuickSet to verify that the magnitudes of the current 
and voltage signals you applied to the relay match those displayed in 
the event report. If these values do not match, check the relay settings 
and wiring.

Step 9. Autoconfigure the SEL communications processor port if you have 
an SEL communications processor connected to the relay. This step 
re-establishes automatic data collection between the SEL communi-
cations processor and the relay. Failure to perform this step can result 
in automatic data collection failure when cycling communications 
processor power.

Follow your company procedures for returning a relay to service.

Troubleshooting
Resolving Model Mismatch

When uploading a new firmware file to the relay, SELBOOT checks the relay 
model number (for example, 451, 421, 487) to ensure that the firmware being 
loaded into the relay is correct for the relay model. If the relay responds with 
Transfer failed — Model mismatch when a firmware upload is attempted, it is 
because the relay model number does not match. This may be because the firm-
ware file is not correct, or the relay model number stored in the relay memory 
was corrupted by an interruption of the file upload.

To remedy this problem, first ensure you are sending the correct file to the relay. 
Table B.2 shows the file names used for the firmware files. Verify that the model 
number in the firmware file matches the model of the relay and then reattempt the 
upload. If the upload fails again or if SELBOOT is inaccessible, contact SEL for 
assistance. 

NOTE: Converting to the five-port 
Ethernet card introduces a third MAC 
address. Follow your company 
networking guidelines to update your 
Ethernet switch configurations to 
integrate the five-port Ethernet card 
into your network.



B.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Firmware Upgrade Instructions
Troubleshooting

Resolving Communications Card Firmware Mismatch
The COMM CARD FIRMWARE MISMATCH error indicates that the five-port Ethernet 
card is installed, but the relay firmware does not match or is not compatible with 
the Ethernet card. To resolve the error, load any relay firmware that supports the 
five-port Ethernet card. Refer to Appendix A of the relay-specific instruction 
manual for compatible firmware versions. If supported firmware is already 
loaded, reload the firmware. If the error persists, contact SEL for assistance.

Resolving Status Failure Message Response to STA Command
If a status failure message is returned in response to the STA command, perform 
the following steps.

Step 1. Use the ACC and 2AC commands with the associated passwords to 
enter Access Level 2.

Step 2. Type STA C <Enter>. Answer Y <Enter> to the Reboot the relay 
and clear status prompt. The relay will respond with Rebooting 
the relay. Wait for about 30 seconds, then press <Enter> until you 
see the Access Level 0 = prompt.

Step 3. Use the ACC command with the associated password to enter Access 
Level 1.

Step 4. Type STA <Enter>.

If there are no fail messages and you are using Method 1, select Next 
in Step 3 of 4 of the Firmware Loader and go to I Verify Relay 
Settings on page B.16.

If there are no fail messages and you are using Method 2, go to 
I Verify Relay Settings on page B.16.

If there are fail messages, continue with Step 5.

Step 5. Use the 2AC command with the associated password to enter Access 
Level 2.

Step 6. Use the CAL command and type the corresponding password to 
enter Access Level C.

Step 7. Type R_S <Enter> to restore factory-default settings in the relay.

The relay asks whether to restore default settings. If the relay does 
not accept the R_S command, contact SEL for assistance.

Step 8. Type Y <Enter>.

The relay can take as long as two minutes to restore default settings. 
The relay then reinitializes, and the ENABLED LED illuminates. This 
LED is labeled either EN or ENABLED, depending on the relay model.

Step 9. Press <Enter> to check for the Access Level 0 = prompt indicating 
that serial communication is successful.

Step 10. Use the ACC and 2AC commands and type the corresponding pass-
words to reenter Access Level 2.

Step 11. Use the CAL command and type the corresponding password to 
enter the relay Calibration settings level.

NOTE: Step 7 causes the loss of 
settings and other important data. Be 
sure to retain relay settings and other 
data downloaded from the relay at the 
start of the firmware upgrade process. 
Relay calibration level settings will not 
be lost.
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Step 12. Type SHO C <Enter> to verify the relay calibration settings.

If using Method 1 and the settings do not match the settings 
contained in the text file you recorded in C Save Settings and Other 
Data on page B.12, contact SEL for assistance.

If using Method 2 and the settings do not match the settings 
contained in the text file you recorded in B Prepare the Relay on 
page B.12, contact SEL for assistance.

Step 13. Use the PAS n (n = 0, 1, 2, B, P, A, O, C) command to set the relay 
passwords.

Step 14. Restore the relay settings:

a. If you have SEL-5010 Relay Assistant software or QuickSet, 
restore the original settings by following the instructions for the 
respective software.

b. If you do not have the SEL-5010 Relay Assistant software or 
QuickSet, restore the original settings by issuing the necessary 
SET n commands.

Step 15. If any failure status messages still appear on the relay display, see the 
Testing and Troubleshooting section in your relay instruction manual 
or contact SEL for assistance.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Preface
General Information

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-710-5 chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.
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Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)



5.8

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor
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Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>
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When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report
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The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.
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Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.
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Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 
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Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 
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Trips
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 



11.2

SEL-710-5 Relay Instruction Manual Date Code 20220826

Testing and Troubleshooting
Testing Tools

Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
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N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections
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Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Appendix B
Firmware Upgrade Instructions

Overview
These instructions guide you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because SEL-710-5 relays store firmware in flash memory, 
changing physical components is unnecessary. Upgrade the relay firmware by 
downloading a file from a personal computer to the relay via the Ethernet port 
through the use of the web server, FTP, or Telnet. You can also use the front-
panel serial port through the use of ACSELERATOR QuickSet SEL-5030 
Software or a terminal emulator, as outlined in the following sections. For 
relays with the IEC 61850 option, verify the IEC 61850 protocol after the 
upgrade (see Protocol Verification for Relays With IEC 61850 Option).

Table B.1 details the available firmware upgrade methods. Available methods 
depend on your existing firmware and the firmware version to which you are 
upgrading.
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Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ PC

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A or equivalent, or a 
null-modem cable) or Ethernet cable

➤ Disk containing the firmware upgrade file 
(e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or rxxx-vx7105.zds)

➤ QuickSet software

Digitally Signed 
Firmware Files

The SEL-710-5 supports digitally signed firmware files for firmware versions 
R300-V0 and higher. These firmware files are compressed to reduce file 
transfer times and are digitally signed by SEL using a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that its 
contents have not been altered. Once the firmware is uploaded to the relay, the 
signature of the firmware is verified with a public key number that is stored on 
the relay from the factory. If the relay cannot verify the signature, it rejects the 
file.

The name of the digitally signed firmware file is of the form rxxx-vx7105.zds, 
where rxxx-vx is the firmware revision number, 7105 indicates the relay type, 
and .zds is the file extension reserved for digitally signed files. Firmware files 
with the .s19 extension are not available for firmware versions R300-V0 and 
higher.

Ethernet Firmware 
Upgrades

You can upgrade firmware over an Ethernet connection by sending the .zds 
firmware upgrade files via FTP, HTTP, or Telnet protocols to a relay running 
SELBOOT version R600 or newer and a relay firmware version identified in 
Table B.1. FTP, HTTP, and Telnet are plain text protocols and do not 
inherently support message encryption (of relay passwords, etc.). Because of 
this, SEL strongly recommends you use between the relay and your network a 
security gateway that provides encrypted communications along with SEL 
SDN technology to harden your network cybersecurity.

Table B.1 Firmware Upgrade Methods

Existing 
Firmware

Upgrade 
Version

SELBOOT Upgrade 
Required?

Firmware Upgrade Methods Supported

Serial Ethernet

R1xx R2xx NA Terminal emulator
QuickSet

—

R1xx or R2xx R3xx Yes 
(R600 or higher)

Terminal emulatora —

R3xx R3xxb No Terminal emulator
QuickSet

Web server
FTP

FILE command
Terminal emulator

a When upgrading from R1xx or R2xx to R3xx, you must first perform the Special Instructions for Upgrading to R300 Series Firmware and 
then follow the Protocol Verification for Relays With IEC 61850 Option instructions to upgrade your relay firmware.

b In firmware versions R302-V0 and higher, the relay firmware retains the Port 1 IP address, subnet mask, and default router settings during 
a firmware upgrade from any previous R3xx firmware version.

NOTE:  The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.



B.3

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Firmware Upgrade Instructions
Special Instructions for Upgrading to R300 Series Firmware

Special Instructions for Upgrading to R300 Series 
Firmware

The SELBOOT firmware in relays shipped with firmware versions earlier than 
R300 must be upgraded before you can use digitally signed firmware files. 
The SELBOOT firmware can be upgraded from version R500, R501, or R502 
to version R601 by uploading a special SELBOOT Loader firmware to the 
relay.

The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible reentry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 5. Download the SELBOOT Loader firmware to the relay.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing SELBOOT and relay 
firmwares can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Use the Xmodem protocol to send the special SELBOOT Loader 
firmware (e.g., slbtldr_r6017xx.s19) to the relay. The special 
SELBOOT Loader firmware erases the existing SELBOOT and 
relay firmwares and loads SELBOOT firmware version 
SLBT7XX-R601-V0-Z000000-D20211116.

The file transfer typically takes less than 5 minutes at 9600 bps, 
depending on the product. After the transfer is complete, the 
relay reboots and displays the SELBOOT !> prompt. After the 
SELBOOT upgrade is complete, upgrade your relay firmware 
using a terminal emulator. You do not need to save the relay 

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: Change the data rate of the 
relay serial port to 9600 bps before 
issuing the L_D command to start the 
upgrade process.
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settings and other data again during the firmware upgrade 
process if you saved them before upgrading SELBOOT. Proceed 
to Step 5 in Upgrade the Firmware Using a Terminal Emulator.

Figure B.1 shows the entire special SELBOOT upgrade process.

Upgrade the SELBOOT Firmware Loader Using a 
Terminal Emulator

The process for upgrading SELBOOT is similar to Upgrade the Firmware 
Using a Terminal Emulator on page B.6. To determine if SELBOOT must be 
updated, do the following:

Step 1. Establish communication between the relay and a personal 
computer.

Step 2. From the computer, type ID <Enter>.

=>>L_D <Enter>
Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R501-V0-Z000000-D20140224
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Upgrading SELBoot

 Preparing S Record...

 Validating S Record...

* * * * * * * * * W A R N I N G * * * * * * * * *

 Do not turn off or cycle power to the relay or it may
 become inoperative and require factory repair !!!

  Performing this operation will require firmware
      to be downloaded to relay after reboot.

 * * * * * * * * * * * * * * * * * * * * * * * * *

 Removing Old SELBoot...

 Writing New SELBoot...

 Removing SELBoot Loader

 SELBoot Loader cleared... Resetting Relay!!!

BFID=SLBT7XX-R601-V0-Z000000-D20211116
!>

Figure B.1 Special SELBOOT Upgrade Process

NOTE: Make sure the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.
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The relay responds with the following:

Step 3. Locate the Boot Firmware Identifier String (BFID).

Step 4. Find the SELBOOT revision number in the BFID (Rxxx). If the 
revision number is lower than the one you see on the firmware 
CD, follow the process mentioned below. Otherwise, upgrade 
the relay firmware using one of the methods mentioned later in 
the section.

Step 5. To upgrade SELBOOT, locate the new SELBOOT file 
(rxxx7xx.zds) on the desk provided with the firmware upgrade 
materials. Follow the instructions under Upgrade the Firmware 
Using a Terminal Emulator on page B.6. In Step 6, replace the 
REC command with REC BOOT and follow the prompts.

Step 6. When the relay prompts: Press any key to begin transfer 
and then start transfer at the terminal, press <Enter> 
and select the SELBOOT file.

Step 7. When the SELBOOT upgrade is successful, the relay prompts:

Erasing SELboot. Writing SELboot.

SELBOOT upload completed successfully. Restarting 
SELBOOT.

Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 8. Type EXI <Enter> at the SELBOOT !> prompt to exit 
SELBOOT. The relay should display the = prompt.

If the relay does not return the SELBOOT !> prompt within two 
minutes after displaying Restarting SELboot, cycle the relay 
power. The relay should restart and display the = prompt.

Once the SELBOOT upgrade is complete, select a firmware upgrade method as 
discussed later in the section. It is not necessary to save the relay settings and 
other data again if you did this before upgrading SELBOOT.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

NOTE: When you are upgrading 
an SEL-710-5 with a touchscreen 
front-panel display, save all of the 
relay settings, including the 
touchscreen settings, using 
QuickSet.

NOTE: Change the data rate of 
the relay serial port to 9600 bps 
before issuing the L_D command to 
start the upgrade process.

NOTE: The web server can be 
used to upgrade the relay firmware 
versions after R300-V0.

NOTE: In instances where the 
SELBOOT needs to be upgraded 
first, the web server cannot be 
used to upgrade the relay 
firmware. Use a terminal emulator 
to upgrade the SELBOOT first, 
followed by the relay firmware.
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Upgrade the Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial or Ethernet port and 
enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Start upgrading the firmware.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

If you are using an Ethernet port, proceed to Step 6.

Step 5. Change the data rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200 bps. 

b. Change the data rate of the PC to 115200 bps to match 
the relay.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing firmware can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Start the file transfer.

Use the Xmodem protocol to send the file that contains the new 
firmware (e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or 
rxxx-vx7105.zds).

Firmware files for firmware versions R1xx and R2xx have a 
.s19 or .z19 extension. Firmware files for firmware versions 
R300 and higher have a. zds extension. Firmware files with the 
.s19 or .z19 extension are not available for firmware versions 
R300 and higher.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (e.g., 38400 bps or 
57600 bps). Be sure to match the 
relay and PC data rates.
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The file transfer typically takes less than 15 minutes at 
115200 bps, depending on the product. After the transfer is 
complete, the relay reboots and returns to Access Level 0.

Figure B.2 shows the entire upgrade process.

Step 10. The relay front-panel ENABLED LED illuminates if the relay 
settings are retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then reboots with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is enabled, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This saves the relay calibration settings.

The relay responds:

Config Accepted

The relay reboots and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 6, and enter Access Level 2.

Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=SLBT7XX-R600-V0-Z000000-D20200331
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal. <Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.2 Firmware File Transfer Process
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Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Upgrade the Firmware Using QuickSet 

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Interface for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

NOTE: In instances where SELBOOT needs to 
be upgraded, QuickSet cannot be used to 
upgrade the relay firmware. Use a terminal 
emulator to upgrade SELBOOT and then 
upgrade the relay firmware.

Firmware Loader does not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.
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Step 1. If the relay is in service, 
open the relay control 
circuits.

Step 2. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Select 
Next to continue the 
wizard. 

b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file.

After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown..
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d. Click Return to 
Firmware Loader if 
this device does not have 
any event reports. 

If there are any event 
reports to be saved, 
select the events and 
click Get Selected 
Events. After saving 
them, click Return to 
Firmware Loader.

Step 3. Transfer firmware.

Click Next to begin the 
firmware transfer. 
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Step 4. Load firmware.

During this step, the device 
is put in SELBOOT mode. 
The transfer speed is 
maximized and the 
firmware transfer begins.

Step 5. Click Next to complete the 
firmware upgrade..
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as a result of a settings mismatch between a 
previous firmware version and a new firmware version, check the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL 
Non_Vol Failure on the two-line display model, or a settings 
mismatch notification screen on the touchscreen model, use the 
following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 bps, 8 data 
bits, and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the default settings due to the R_S command.

If the relay is still disabled, use the following procedure:

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config Accepted

The relay reboots and comes up enabled.



B.13

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Firmware Upgrade Instructions
Upgrade the Firmware Using the Web Server

Upgrade the Firmware Using the Web Server
The web server offers a convenient method for upgrading the relay firmware. 
Located on the left navigation pane of the screen, the System menu contains 
the File Management category that allows you to upgrade firmware in the 
relay. To upgrade the firmware using the web server, the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension. Refer to Section 3: PC Interface for connecting and logging in to 
the SEL-710-5 web server using the Ethernet port. 

To upgrade relay firmware by using the web server, set the Port 1 settings 
HTTPACC := 2 and EETHFWU := Y. The web server login page provides 
Access Level 2 as a user-selectable login access level. If EETHFWU is set 
to N, you cannot upgrade the firmware over Ethernet regardless of the 
HTTPACC setting.

Step 6. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
reinitializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings that are 
saved in the database to the 
device. Settings are 
converted automatically, if 
necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 2: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted 
over Ethernet. Monitoring this bit 
and reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Step 1. In QuickSet, save the current 
relay settings and other data.

Step 2. Proceed with the firmware 
upgrade process by 
performing the following 
steps: 

a. Click System > File 
Management from the 
left navigation pane of the 
webpage. 

b. Click Browse to select 
the firmware you want to 
send to the relay.

c. Click Upgrade 
Firmware to start the 
upgrade process.

Step 3. Click Yes - Upgrade if you 
want to upgrade using the 
file selected.

Once the upgrade process is 
in progress, the relay 
acknowledges the transfer 
with the message, 
Transferring firmware. 
Please wait.
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After the relay finishes the 
firmware transfer, an 
acknowledgment message 
appears and the relay 
reboots.

NOTE: After the relay reboots, if the ENABLED LED is not illuminated or if the front panel displays 
STATUS FAIL Non_Vol Failure on the two-line display model, or a settings mismatch notification 
screen on the touchscreen model, then open a terminal emulator using the serial port and use the 
following procedure to restore the factory-default settings. Refer to Protocol Verification for Relays 
With IEC 61850 Option for terminal emulator setup and connections. 

a. Set the communications software settings to 9600 bps, 8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory default.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the factory-default settings due to the R_S 
command.

If the relay is still disabled, use the following procedure:

d. Enter Access Level 2.

e. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config accepted

The relay reboots and comes up enabled.
Step 4. After the relay reboots, the 

Login screen appears on the 
web server. Log in to the 
relay to verify completion of 
the firmware upgrade 
process.
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Table B.2 provides messages displayed in the web browser and the relay 
condition associated with those messages.

An acknowledgment 
message appears that verifies 
a successful firmware 
upgrade.

Step 5. Check that the relay 
firmware version matches 
the version that was used for 
the upgrade and that the 
relay is enabled.

Click on Relay Status > 
Self-Tests to view the status 
report.

Table B.2 Messages Displayed in the Web Browser

User Message Relay Condition

Firmware upgrade succeeded. The previous firmware upgrade with a .zds file was suc-
cessful.

Invalid upgrade file. The .zds file was not successfully received or validated 
by the relay.

Upgrade in progress on 
another interface.

A firmware upgrade is currently being performed 
through another connection.

Errors during Upgrade File 
Transfer.

Upgrade failed due to errors during file transfer.
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Upgrade the Firmware Using File Transfer Protocol
To upgrade firmware using File Transfer Protocol (FTP), the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using FTP, the Port 1 setting FTPACC must be 
set to 2 or C and EETHFWU must be set to Y. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled regardless of the 
FTPACC setting.

The following instructions assume you have a working knowledge of the 
Windows command prompt.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Create an FTP session to connect to the relay using the relay IP 
address.

Step 6. Enter your FTP username and password.

Step 7. Issue the CD UPGRADE command to switch the present relay 
directory to the UPGRADE directory. 

Step 8. Issue the PUT RELAY.ZDS command to place the 
RELAY.zds file in the UPGRADE directory and to send the file 
to the relay.

When the download is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the FTP connection, and you must 
re-establish the FTP connection after the upgrade is complete. Then, navigate 
to the relay UPGRADE directory, read the error file ERR.TXT and review for 
any error messages. If the firmware upgraded properly, no errors occurred 
during the upgrade process and the file is empty. If messages are contained 
within the file, see Table B.2 for the error message and what the error means.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware 
upgrade is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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Figure B.3 shows the entire upgrade process via Windows command prompt.

Upgrade the Firmware Via Terminal Emulator Using 
the FILE Command Over Telnet

To upgrade firmware using the FILE command over Telnet, the firmware in 
your relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using the FILE Command over Ethernet, the 
Port 1 setting MAXACC must be set to 2 or C and EETHFWU must be set to 
Y. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled regardless of the MAXACC setting.

The following procedure assumes that you have a working knowledge of the 
software being used to upgrade the firmware via FILE command.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Save the RELAY.zds file to a directory.

Step 6. Update the active directory to be the directory where the 
RELAY.zds file is saved.

Step 7. Issue the FILE WRITE RELAY.ZDS command to the relay.

Step 8. Send the RELAY.zds file to the relay via Ymodem transfer.

Microsoft Windows [Version 10.0.17763.805]
(c) 2018 Microsoft Corporation. All rights reserved.

Y:\>FTP 10.39.94.180 <Enter>
Connected to 10.39.94.180.
220 FTP SERVER
550 NOOP requested action not taken.
User (10.39.94.180:(none)): xxxxxx <Enter>
331 User name okay, need password.
Password: xxxxxx <Enter>
230 User logged in, proceed.
ftp> CD UPGRADE <Enter>
250 CWD  requested file action okay, completed.
ftp> PUT RELAY.ZDS <Enter>
200 PORT Command okay.
150 File status okay; about to open data connection.
Connection closed by remote host.
ftp>

Figure B.3 Firmware Upgrade Via FTP

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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When the upgrade is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the Telnet connection, and you 
must re-establish the Telnet connection after the upgrade is complete. Then, 
navigate to the relay UPGRADE directory, read the error file ERR.TXT and 
review for any error messages. If the firmware upgraded properly, no errors 
occurred during the upgrade process and the file is empty. If messages are 
contained within the file, see Table B.2 for the error message and what the 
error means.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and, if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect detects the upgraded 
relay firmware and prompts you to allow it to convert the 
existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. Only transfer a 
CID file to the relay if you want to 
implement a change in the IEC 61850 
configuration or if new relay firmware 
does not support the current CID file 
version. If you transfer an invalid CID 
file, the relay disables the IEC 61850 
protocol, because it no longer has a 
valid configuration. To restart 
IEC 61850 protocol operation, you 
must transfer a valid CID file to the 
relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
https://selinc.com/support
https://selinc.com/support
mailto:info@selinc.com
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Preface
Safety Information

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-751A chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.
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Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)
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Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)
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Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP



5.20

SEL-751A Relay Instruction Manual Date Code 20220610

Metering and Monitoring
Breaker Monitor

Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear
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50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-751A

(+)
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.



10.16

SEL-751A Relay Instruction Manual Date Code 20220610

Testing and Troubleshooting
Technical Support

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Overview
This instruction guides you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

These firmware upgrade instructions apply to all SEL-700 series industrial 
products except the SEL-701 Relay and SEL-734 Meter.

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because the SEL-751A Relays store firmware in flash memory, 
changing physical components is not necessary. Upgrade the relay firmware 
by downloading a file from a personal computer to the relay via the front-
panel serial port via ACSELERATOR QuickSet SEL-5030 Software or terminal 
emulator as outlined in the following sections. For relays with IEC 61850 
option, verify IEC 61850 protocol after the upgrade (see Protocol Verification 
for Relays With IEC 61850 Option on page B.8).

Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A Cable or equivalent, 
or a null-modem cable)
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➤ Disk containing the firmware upgrade file (e.g., r1017xxx.s19 or 
r1017xxx.z19)

➤ QuickSet software

Upgrade Firmware Using QuickSet

NOTE: Firmware releases are also 
available as zip files (.z19). Use the zip 
file for faster download.

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Software for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

Firmware Loader will not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.

Step 1. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Click 
Next to continue the 
wizard. 
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b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file. Clicking 
Cancel will stop the 
transfer. 
After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown.

d. Click Return to 
Firmware Loader if 
this product does not 
have any event reports. 

If there are any event 
reports to be saved, click 
the Get Selected Event 
button after selecting the 
events. After saving 
them, click the Return 
to Firmware Loader 
button.
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Step 2. Transfer Firmware.

Click Next to begin the 
firmware transfer. 

Step 3. Load Firmware.

During this step, the device 
is put in SELBOOT. The 
transfer speed is maximized 
and the firmware transfer 
begins.
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as mentioned in condition number 2, check for the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL Non_Vol Failure, 
use the following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 baud, 8 data bits, 
and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and 
the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings. The relay responds:

Config Accepted

The relay restarts and comes up enabled.

Step 4. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
re-initializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings saved in 
the database to the device. 
Settings are converted 
automatically, if necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 1: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

T
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Upgrade Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), select transfer protocol (Xmodem/CRC or 1k Xmodem/CRC), 
and transfer files (for example, send and receive binary files).

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (described in Section 3: PC 
Software) to save and restore settings easily. Otherwise, use the 
following steps.

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

c. We recommend that you save all stored data in the 
relay, including EVENTS, before the upgrade.

Step 4. Start upgrading of firmware.

a. Issue the L_D command to the relay.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay will send the !> prompt.

Step 5. Change the baud rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200. 

b. Change the data rate of the PC to 115200 to match the 
relay.

Step 6. Begin the transfer of new firmware to the relay by issuing the 
REC command.

Step 7. Type Y to erase the existing firmware or press <Enter> to 
abort.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging in to Access 
Level C using the Access Level C 
password. Factory default password 
for Access Level C is CLARKE.

NOTE: Change the data rate of the 
relay serial port to 9600 before 
issuing the L_D command to start the 
upgrade process.

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (for example, 38400 
bps or 57600 bps). Be sure to match 
the relay and PC data rates.
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Step 9. Start the file transfer.

Select the Send file option in your communications software. 
Use the Xmodem protocol and send the file that contains the 
new firmware (e.g., r101xxx.s19 or r101xxx.z19). 

The file transfer typically takes less than 15 minutes at 
115200 bps depending on the product. After the transfer is 
complete, the relay restarts and returns to Access Level 0.

Figure B.1 shows the entire process.

Step 10. The relay illuminates the ENABLED front-panel LED if the relay 
settings were retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then restarts with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is ENABLED, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings.

The relay will respond:

Config Accepted

The relay restarts and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 5, and enter Access Level 2.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R500-V0-Z000000-D20090925
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.<Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.1 Firmware File Transfer Process
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Firmware Upgrade Instructions
Protocol Verification for Relays With IEC 61850 Option

Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR  Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect will detect the 
upgraded relay firmware and prompt you to allow it to convert 
the existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. You should only 
transfer a CID file to the relay if you 
want to implement a change in the 
IEC 61850 configuration or if new 
relay firmware does not support the 
current CID file version. If you 
transfer an invalid CID file, the relay 
will disable the IEC 61850 protocol, 
because it no longer has a valid 
configuration. To restart IEC 61850 
protocol operation, you must transfer 
a valid CID file to the relay.
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Technical Support

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
mailto:info@selinc.com
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels

Weld

Concrete

Weld or bolt

Concrete Concrete

1/2-13 tap-in channel

Shim between channel and 
bottom of switchgear as 
required to level.

NOTE: Consult a structural 
engineer for seismic anchoring.
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support
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Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)
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Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 
operating conditions require. Abnormal operation or conditions may require 
immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 
damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.
2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.
3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).
4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 
contact and overheating. Clean the discoloration from the contact surfaces of the 
busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.
6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.
2. Vacuum each compartment and wipe off all insulation.
3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 
the mechanism without a circuit breaker in the cell can be defeated by 
simultaneously holding the racking block lever down (Figure 4 on page 15) and 
turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 
each of the moving mechanisms in the compartment for damage and 
contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 
raise and lower smoothly with no indication of binding, twisting, hesitation, or 
hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 
indicating good contact with the circuit breaker separable contacts. Slight 
discoloration or tarnish of the silver plate on the primary contact is normal. 
Severe discoloration of the silver plate is an indication of excessive heating and 
should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 
primary contacts

— loose hardware or otherwise improper contact at the bus connection 
4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.
5. Inspect the primary contact and support insulators for damage.
6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 
grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 
free of cracks, the female contacts are clean, and the assembly is free to move. 
Clean the front and back surfaces of the receptacle to remove any 
contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 
insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 
Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 
Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.
11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.
12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 
cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 
50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.
2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.
3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.
4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.
5. Inspect the transformer for indication of insulation deterioration.
6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.
7. Vacuum the compartment and drawer.
8. Wipe off the insulation and control power transformer with a clean, dry cloth.
9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.
10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.
11. Inspect the interlock mechanism for proper operation.
12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.
2. Connect the control power source.
3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.
4. If all controls are functioning properly, disconnect the secondary control plugs.
5. Rack the circuit breakers into the connected position.
6. Close the circuit breakers and resume normal operation.
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Section 11—Installation and Maintenance Log
Date Initials Maintenance Performed
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INSTALLATION INSTALACIÓN INSTALLATION
Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal 

protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal 

(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection 

personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions

Continued on next page Continúa en la siguiente página Page suivante
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect 

current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte 

los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder 

les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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To meter / 
Al medidor / 
Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
Transformateur de tension
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5. Current transformers: If
installing a window-type current
transformer over fully insulated
cable that is surrounded by a
current-carrying sheath or
concentric neutral, insert the
sheath ground wire or neutral
through the window before
grounding. See Figure 3.

5. Transformadores de corriente: Si se
instala un transformador de corriente
con abertura sobre un cable
completamente aislado, cubierto por
una funda conductora de corriente o
neutro concéntrico, inserte el cable de
tierra del cable con funda o neutro a
través de la abertura antes de hacer la
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas
d’installation d’un transformateur de
courant muni d’une fenêtre sur un
câble électrique complètement isolé et
protégé par une gaine conductrice ou à
neutre concentrique, insérer le fil de
m.à.l.t. du câble avec gaine
conductrice ou du neutre à travers la
fenêtre avant de procéder à la mise à la
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique
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Effective December 2009
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Instructions for AMPGARD 400A
medium voltage starter

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware

Bolt
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod

Line-Side 
Bolts (3)

Load-Side 
Bolts (3)

Collar

Control 
Plug

Disconnect 
by Removing 
Pin in Clevis

Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment

Shutter

“Barber 
Poles” (3) 
Visible when 
Shutter is 
Closed

Remove 
Barrier for 
Access to 
Vertical Bus 
Connections 
(incoming 
power must 
be locked 
out first)

Drill Out 
Welds for 
Emergency 
Access

Bolts (2) Securing 
Removable to 
Fixed Portion 
of Switch
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV



Type VR Vacuum Circuit Breaker  6055-31
Section 5—Installing and Removing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.24

E
N

G
L

IS
H

7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults

Three-Phase
Voltage and Current
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IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary
Voltage and Current Inputs

N

N

N

Three-Phase
Voltage and Current

Test Sources
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VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06
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V01 V02 V03
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Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault

Three-Phase
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8



3.10

SEL-487B Relay Instruction Manual Date Code 20230830

Testing
Checking Relay Operation

                    

Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings



3.23

Date Code 20230830 Instruction Manual SEL-487B Relay

Testing
Checking Relay Operation

Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment
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Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message
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model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution
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Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key



10.33

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Maintenance

                    

c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Section 11
Instruction Manual

Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
Current

Test
Source

IA

IB

IC

IC

IB

IA

N

Z01

Z02

Z03

Z04

Z05

Z06
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections

SEL-710-5
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VB
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N
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Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.



10.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Testing and Troubleshooting
Periodic Tests (Routine Maintenance)

Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support
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Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)
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Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 
operating conditions require. Abnormal operation or conditions may require 
immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 
damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.
2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.
3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).
4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 
contact and overheating. Clean the discoloration from the contact surfaces of the 
busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.
6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.
2. Vacuum each compartment and wipe off all insulation.
3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 
the mechanism without a circuit breaker in the cell can be defeated by 
simultaneously holding the racking block lever down (Figure 4 on page 15) and 
turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 
each of the moving mechanisms in the compartment for damage and 
contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 
raise and lower smoothly with no indication of binding, twisting, hesitation, or 
hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 
indicating good contact with the circuit breaker separable contacts. Slight 
discoloration or tarnish of the silver plate on the primary contact is normal. 
Severe discoloration of the silver plate is an indication of excessive heating and 
should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 
primary contacts

— loose hardware or otherwise improper contact at the bus connection 
4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.
5. Inspect the primary contact and support insulators for damage.
6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 
grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 
free of cracks, the female contacts are clean, and the assembly is free to move. 
Clean the front and back surfaces of the receptacle to remove any 
contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 
insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 
Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 
Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.
11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.
12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 
cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 
50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.
2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.
3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.
4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.
5. Inspect the transformer for indication of insulation deterioration.
6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.
7. Vacuum the compartment and drawer.
8. Wipe off the insulation and control power transformer with a clean, dry cloth.
9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.
10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.
11. Inspect the interlock mechanism for proper operation.
12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.
2. Connect the control power source.
3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.
4. If all controls are functioning properly, disconnect the secondary control plugs.
5. Rack the circuit breakers into the connected position.
6. Close the circuit breakers and resume normal operation.
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INSTALLATION INSTALACIÓN INSTALLATION
Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal 

protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal 

(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection 

personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions

Continued on next page Continúa en la siguiente página Page suivante
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect 

current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte 

los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder 

les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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X1

To burden / 
A la carga / 
Vers la charge

Primary / 
Primario /
Primaire

Ground / 
Tierra / 
Conducteur de mise à la terre 

To meter / 
Al medidor / 
Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
Transformateur de tension
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5. Current transformers: If
installing a window-type current
transformer over fully insulated
cable that is surrounded by a
current-carrying sheath or
concentric neutral, insert the
sheath ground wire or neutral
through the window before
grounding. See Figure 3.

5. Transformadores de corriente: Si se
instala un transformador de corriente
con abertura sobre un cable
completamente aislado, cubierto por
una funda conductora de corriente o
neutro concéntrico, inserte el cable de
tierra del cable con funda o neutro a
través de la abertura antes de hacer la
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas
d’installation d’un transformateur de
courant muni d’une fenêtre sur un
câble électrique complètement isolé et
protégé par une gaine conductrice ou à
neutre concentrique, insérer le fil de
m.à.l.t. du câble avec gaine
conductrice ou du neutre à travers la
fenêtre avant de procéder à la mise à la
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique
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Service and Maintenance

Lubrication
Do not use oil of any type

Kirk Key Interlock Company cannot warranty interlocks that have been oiled.

Factory Service

- Interlocks should be periodically lubricated with a small amount of dry powdered
graphite. as the oil will collect dirt and "foul" the lock cylinder so that it will
not operate. Apply a small amount of graphite to the key and insert the key into the lock cylinder.
Work the key in and out and turn the key several times in order to distribute the graphite inside the
lock cylinder.

Kirk Key Interlock Company offers a Graphite Lubrication Kit (part number GL-1) complete with
instructions for use. The powdered graphite is supplied in a plastic tube that can be "squeezed" to
force a small amount of graphite into the lock cylinder. As described above, work the key in and out
and turn the key a few times in order to distribute the graphite inside the lock cylinder.

NOTE: Stainless steel dust covers should be utilized to protect the lock cylinders when located
outdoors or in a demanding environment. Dust covers are available separately and can be easily
added to any interlock.

- Under normal operating conditions, KIRK interlocks should not require any
maintenance service, other than graphite lubrication. However, if refurbishment or replacement
should be required, contact Kirk Key Interlock Company, Massillon, Ohio. All factory service will be
performed as quickly as possible to minimize your down time.

Any damaged or malfunctioning interlock should be returned to
Kirk Key Interlock Company, Massillon, Ohio. If this is not
possible and replacement locks are required, the following

®

information must be forwarded to Kirk Key Interlock Company:

KIRK Key Interlock

S.O.

ITEM

ITEM NUMBER

ORDER NUMBER

MASSILLON, OHIO, USA

1-800-438-2442

K I R K

1) Lock Number - obtain from the face of lock cylinder.
2) S.O. Number - obtain from nameplate on interlock
3) Item Number - obtain from nameplate on interlock
4) Key Interchange Number (if applicable) - obtain from the

LOCK NUMBER

face of lock cylinder.
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INTERLOCK INSTRUCTION MANUAL
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Instructions for AMPGARD 400A
medium voltage starter

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware

Bolt
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod

Line-Side 
Bolts (3)

Load-Side 
Bolts (3)

Collar

Control 
Plug

Disconnect 
by Removing 
Pin in Clevis

Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment

Shutter

“Barber 
Poles” (3) 
Visible when 
Shutter is 
Closed

Remove 
Barrier for 
Access to 
Vertical Bus 
Connections 
(incoming 
power must 
be locked 
out first)

Drill Out 
Welds for 
Emergency 
Access

Bolts (2) Securing 
Removable to 
Fixed Portion 
of Switch
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary
Voltage and Current Inputs

N

N

N

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault

Three-Phase
Voltage and Current

Test Sources

IA

VB

IB

VC

IC

VA

I01

Z01 Z02 Z03 Z04 Z05 Z06

Z19 Z20 Z21 Z22 Z23 Z24

I02 I03

V01 V02 V03

Relay Rear-Panel Secondary 
Voltage and Current Inputs

N

N

N
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault

Three-Phase
Voltage and Current
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings
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Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Metering, Monitoring, and Reporting

The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n
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Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report
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➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.
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➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane

Q

P

+P
+Q

Complex Power S 1 

Complex Power S
2 

pf = Lead

pf = Lag

–P
+Q

+P
–Q

–P
–Q

Export power and
export reactive power
(inductive load)

Export power and
import reactive power
(capacitive load)

Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy

Measured Current (A)

0.994
0.998

1.006
1.002

0 1.0

1.0

INOM = 5 A

Actual Value
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Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering
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Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs

NOTE: Changing EDEM or DMTC 
resets the demand meter values to 
zero. This also applies to changing the 
active settings group where either 
setting EDEM or DMTC is different in 
the new active settings group. 
(Changing demand current pickup 
settings PDEMP, GDEMP, and QDEMP 
will not affect the demand meters.)
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings
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Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=
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Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)
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Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.
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Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service

Chassis
Ground

Power

Battery 
Charger

125 Vdc

Relay

Comm.
Equipment

+

–

Vdc 1
–

+

Vdc 2
–

+
Battery 
Charger

48 Vdc

Power
+

–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57
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trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05
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Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.



9.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Reporting
Data Processing

                    

Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)



9.8

SEL-400 Series Relays Instruction Manual Date Code 20230830

Reporting
Triggering Data Captures and Event Reports

                    

TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)
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Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.
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By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...
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#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)
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Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.



10.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

Testing, Troubleshooting, and Maintenance
Test Methods

                    

                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling

SEL-487B

SV3

SV4

SV3 SV1

TCTR2

TVTR

TCTR1

XCBR1

PTRC1

PDIF

PTRC2 PDIS

SV2

CB1 CB3

CB4CB2

GOOSE 1GOOSE 1

GOOSE 2

GOOSE 2

TCTR5

TCTR4

XCBR3

SEL-421

SEL-401 #1 SEL-401 #3

TCTR3

XCBR2

SEL-401 #2

TCTR6

Logical Connections

Physical Connections

                    

Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment

SEL-487B

Mod.stVal = Test/Blocked

SV1_Test
SV2_Test

Sim.stVal = TRUE

SV1

TCTR2

XCBR1

PTRC

PDIF

SV2

CB1 CB3

CB4CB2

GOOSE 1GOOSE 1

TCTR5

XCBR3

SEL-401 #1 SEL-401 #3

Test Set

Not Processed Processed

Physical output
is blocked

Logical Connections

Physical Connections

                    

Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message
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model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution
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Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block

Connector
Screws



10.31

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Maintenance

                    

Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/


This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual
A P P E N D I X B

Firmware Upgrade Instructions

These instructions guide you through the process of upgrading the firmware in 
the device. Note that these instructions are only intended for upgrading firmware 
from an older revision to a newer revision. Downgrading firmware—going from 
a newer to an older revision—should not be attempted. It will result in the loss of 
relay calibration, MAC addresses, and other device configuration information. 
Contact SEL if you need to downgrade the firmware in a relay.

The firmware upgrade will be either a standard release or a point release. A stan-
dard release adds new functionality to the firmware beyond the specifications of 
the existing version. A point release is reserved for modifying firmware function-
ality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device firm-
ware identification (FID) string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-411L-R101-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-411L-R100-V1-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V1-Z001001-Dxxxxxxxx
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Required Equipment
You will need the following items before beginning the firmware upgrade process:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
Ymodem protocol (if upgrading over a serial port connection)

➤ SEL-C234A cable, SEL-C662 USB to EIA-232, or equivalent (if 
upgrading over a serial port connection).

➤ A relay with Telnet-enabled Ethernet ports, a Telnet connection, and 
a Telnet user interface that supports Ymodem file transfer (if 
performing an upgrade over Ethernet).

➤ A relay with HTTP-enabled Ethernet ports and an HTTP Ethernet 
connection (if upgrading via a web browser). This is the most user-
friendly method to complete an upgrade.

➤ A relay with FTP-enabled Ethernet ports and an FTP Ethernet 
connection (if upgrading over FTP) and an FTP user interface that 
supports FTP file transfer.

➤ Disc containing the firmware upgrade file(s)

➢ .z19, .s19, or .zds firmware upgrade file (.z19 requires SELBOOT 
R205 or a newer R2xx SELBOOT version; .zds requires 
SELBOOT R300 or newer)

➢ SELBOOT firmware upgrade file (if necessary; based on the existing 
SELBOOT revision of the relay)

➤ Relay Firmware Upgrade Instructions

Optional Equipment
These items help you manage relay settings and understand procedures in the 
relay upgrade process:

➤ ACSELERATOR QuickSet SEL-5030 Software (also contains a 
firmware upload tool that helps to automate this process over a serial-
port connection)

➤ ACSELERATOR Architect SEL-5032 Software (manages IEC 61850 
GOOSE, Manufacturing Message Specification [MMS], and SV 
Configured IED Description [CID] files)

➤ SEL-5037 SEL Grid Configurator Software (for relays supported by 
SEL Grid Configurator)

➤ Appropriate SEL-400 series relay manual

Important Considerations
If upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firmware revi-
sion R309 or earlier to firmware revision R312 and later or if upgrading an 
SEL-487V-0 or SEL-487V-1 relay from firmware revision R107 or earlier to 
firmware revision R109 and later, make sure you save all relay settings (including 
IEC 61850 CID configurations, if applicable) prior to the firmware upgrade, as 
indicated in Save Settings and Other Data on page B.12. Upon completion of the 
upgrade process, the relay settings will reset to default values and the IEC 61850 
CID file may be removed. These files will need to be reloaded.
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If you are upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firm-
ware revision R309 or earlier to firmware revision R311, you must first upgrade 
the relay firmware to R310 before upgrading to R311. This requirement is only 
needed if upgrading specifically to R311. Failure to do so will result in the reset 
of relay settings back to factory defaults.

In some unusual cases, such as loss of relay power during the firmware file trans-
fer process, it is possible for data, including relay settings and the IEC 61850 
CID file to be lost. Before beginning the firmware upgrade process, save relay 
settings and, if applicable, the IEC 61850 CID file that has been configured for 
the relay.

Important Considerations for the Five-Port Ethernet Card 
If installing a five-port Ethernet card for the first time, perform the conversion in 
this order: 

Step 1. Install the required boot firmware (SELBOOT). Refer to Appendix A 
of the relay-specific instruction manual for compatible SELBOOT 
versions. 

Step 2. Install the required relay firmware. Refer to Appendix A of the relay-
specific instruction manual for compatible firmware versions. 

Step 3. Follow the Removing and Installing SEL-400 Series Relay Ethernet 
Cards instruction sheet included with your conversion kit.

Upgrading With Digitally Signed Firmware Upgrade Files
NOTE: R2xx SELBOOT versions only 
support serial-port firmware upgrades 
with .s19 or .z19 firmware upgrade 
files. R3xx SELBOOT versions only 
support .zds digitally signed firmware 
upgrade files over a serial or Ethernet 
connection.

The firmware versions identified in Table B.1 support .zds firmware upgrade 
files, which can be used to upgrade the relay over a serial or Ethernet connection. 
The .zds firmware upgrade files can only be sent to relays running SELBOOT 
R300 or newer.

To prepare relays to accept digitally signed Ethernet firmware upgrades, perform 
the following:

1. Upgrade SELBOOT to R300 or newer over a serial connection with a 
.s19 SELBOOT upgrade file.

2. Upgrade relay firmware to a relay version identified in Table B.1 over 
a serial connection with a .zds firmware upgrade file.

Once the relay has a firmware version identified in Table B.1 installed, you can 
upgrade the relay over an Ethernet connection to any new firmware version above 
the initial firmware version outlined in the table.

                    

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 1 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades

SEL-400G All released firmware versions

SEL-401 R407 and newer

SEL-411L-0, -1 R126 and newer

SEL-411L-2 All released firmware versions

SEL-421-4, -5 R327 and newer

SEL-421-7 R407 and newer

NOTE: Relay firmware versions 
identified in Table B.1 require SELBOOT 
R300 or newer because only .zds 
firmware upgrade files are provided. 
Firmware .s19 and .z19 upgrade files 
are not created for these firmware 
versions.
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Digitally signed firmware-upgrade files are compressed to reduce file-transfer 
times and are digitally signed by SEL through use of a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that the con-
tents have not been altered. Once uploaded to the relay, the signature of the firm-
ware file is verified with a public key that is stored on the relay. If the relay 
cannot verify the signature, the file is rejected.

The name of the digitally signed firmware file is of the form rnnn-vy4xx.zds or 
snnn-vy4xx, where rnnn is the standard-release relay firmware identifier, snnn is 
the standard-release SELBOOT firmware identifier, vy is the point-release identi-
fier, and 4xx identifies the SEL-400 series relay. Differentiation between relay 
model variants is handled by the standard-release firmware identifier. See the list 
(at the beginning of this section) of firmware versions that support digitally 
signed firmware upgrades to find the standard-release firmware variants of the 
same relay model.

Ethernet Firmware Upgrades
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

For relays that support firmware upgrades over Ethernet, you can send the .zds 
firmware upgrade files via FTP or HTTP protocols to a relay running SELBOOT 
version R300 or newer and a relay firmware version identified in Table B.1. FTP 
and HTTP are plaintext protocols and do not inherently support message encryp-
tion (of relay passwords, etc.). Because of this, SEL strongly recommends using 
between the relay and your network a security gateway that provides encrypted 
communications along with SEL SDN technology to harden your network cyber-
security.

Relay Firmware Upgrade Procedure
The upgrade kit you received contains the firmware needed to upgrade the 
SEL-400 series relays. The kit may also contain firmware needed to upgrade the 
SELBOOT program. See Table B.2 to identify which firmware files you received 
in the upgrade kit.

SEL-451-5 R324 and newer

SEL-451-6 R401 and newer

SEL-487B-1 R315 and newer

SEL-487B-2 R401 and newer

SEL-487E-3, -4 R318 and newer

SEL-487E-5 R401 and newer

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 2 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades
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The firmware upgrade can be performed in one of four ways. Methods 1 and 2 
are provided for upgrading over a serial connection. Methods 3 and 4 are pro-
vided for upgrading over an Ethernet connection. When upgrading over a serial 
connection, you can upgrade using .s19, .z19, or .zds files depending on the 
SELBOOT firmware the relay is running. When upgrading over an Ethernet con-
nection, you can only upgrade using a .zds file and the relay must currently be 
running a SELBOOT firmware version that supports digitally signed upgrade files 
and a relay firmware version that supports Ethernet firmware upgrades (see 
Table B.1).

➤ Method 1: Use the Firmware Loader provided within QuickSet. The 
Firmware Loader automates the firmware upgrade process and is the 
preferred method. The Firmware Loader can be used to upgrade only 
relay firmware (rnnn4xx files or rnnn-vy4xx). If upgrading SELBOOT 
(snnn4xx or snnn-vy4xx) firmware is required, use Method 2.

➤ Method 2: Connect to the relay in a terminal session and upgrade the 
firmware by using the steps documented in Method 2: Using a 
Terminal Emulator on page B.11.

➤ Method 3: Connect to the relay over an Ethernet web browser and 
use the steps documented in Method 3: Using a Web Browser on 
page B.17.

➤ Method 4: Connect to the relay over an Ethernet FTP connection and 
use the steps documented in Method 4: Using FTP on page B.20.

Determine Which Upgrade Method to Use
Table B.3 helps you determine which firmware upgrade method you would like 
to use based on your upgrade scenario. From the links provided in Table B.3, you 
can use the link to easily move ahead to the method of your choosing. For help in 
identifying which scenario you fall under, see Identify Firmware Versions on the 
Relay on page B.6.

Table B.2 Firmware Upgrade Files

Product File Namea

a nnn in the file name will always represent the device firmware revision number.
y represents that point release version number.
4xx represents the product name.

File Type

SEL-400 series relays SELBOOT snnn4xx.s19, snnn-
vy4xx.s19, or
s3nn-vy4xx.zds

SEL-400 series SELBOOT firmware

SEL-400 series relays (prior to 
firmware releases identified in 
Table B.1)

rnnn4xx.s19 or 
rnnn4xx.z19

SEL-400 series relay firmware

SEL-400 series relays after SEL 
started offering point releases 
(prior to firmware releases iden-
tified in Table B.1)

rnnn-vy4xx.s19 or 
rnnn-vy4xx.z19

SEL-400 series relay firmware

SEL-400 series relays with 
SELBOOT versions supporting 
.zds upgrade files

rnnn-vy4xx.zds SEL-400 series relay firmware digi-
tally signed upgrade file

NOTE: The .z19 files are compressed 
versions of the .s19 files. These will 
load into the relay much faster than 
the .s19 files, but you must have relay 
SELBOOT version R205 or a newer 
R2xx SELBOOT version to use these 
files. Both the .z19 and .s19 files can 
only be used to upgrade relay 
firmware over a serial-port connection 
and can only be sent to a relay with 
SELBOOT that does not support 
digitally signed firmware upgrades.

NOTE: The .zds files are digitally 
signed upgrade files. These upgrade 
files provide the fastest way to 
upgrade firmware on a relay, but the 
relay must be running SELBOOT 
version R300 or newer to use these 
files.

NOTE: When you are upgrading 
relay firmware over a serial 
connection, SEL strongly 
recommends that you upgrade 
firmware at the location of the relay 
and with a direct connection from the 
PC to one of the relay serial ports. Do 
not load firmware from a remote 
location; problems can arise that you 
will not be able to address from a 
distance. When upgrading at the 
substation, do not attempt to load the 
firmware into the relay through an 
SEL communications processor.

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.
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Identify Firmware Versions on the Relay
To determine the SELBOOT and relay firmware versions the relay is currently 
running, do the following:

Step 1. Establish a serial or Telnet terminal session between the relay and a 
personal computer.

Step 2. In the relay terminal line, type ID <Enter>.

The relay responds with the following:

                    

Table B.3 Firmware Upgrade Scenarios and Available Methods

Upgrade Scenario Available Methods

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to a 
newer R2xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to an 
R3xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running a relay firmware version 
prior to one identified in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running relay firmware identi-
fied in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly 
option)

Method 4: Using FTP on page B.20

Upgrading relay firmware on a relay 
running any R2xx SELBOOT version

Upgrade with a .s19 or .z19 relay firmware upgrade 
file via one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
prior to a version identified in 
Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
identified in Table B.1.

Upgrade with a .zds relay firmware upgrade file via 
one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly option)

Method 4: Using FTP on page B.20

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.

"FID=SEL-4xx-x-Rxxx-V0-Zxxxxxx-Dxxxxxxxx","xxxx"
"BFID=SLBT-4XX-Rxxx-V0-Zxxxxxx-Dxxxxxxx","xxxxx"
"CID=xxx","xxxx"
"DEVID=xxxxxxx","xxxx"
"DEVCODE=xx","xxxx"
"PARTNO=xxxxxxxxxxxxxxx","xxxx"
"SERIALNO=xxxxxxxxxx","xxxx"
"CONFIG=xxxxxxxx","xxxx"
"SPECIAL=xxxxx","xxxx"
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Step 3. Locate the relay firmware identification (FID) string and the Boot 
firmware identification (BFID) string.

Step 4. See Table B.3 for upgrade methods available based on the firmware 
versions currently operating on the relay.

Method 1: Using QuickSet Firmware Loader
To use the QuickSet Firmware Loader, you must have QuickSet. See Section 2: 
PC Software for instructions on how to obtain and install the software. Once the 
software is installed, perform the firmware upgrade as follows.

A Obtain Firmware File
NOTE: The Firmware Loader can be 
used to load only relay firmware 
(rnnn4xx or rnnn-vy4xx) on relays 
supported by QuickSet. This method 
cannot be used to upgrade firmware 
on relays only supported by SEL Grid 
Configurator.

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. The file name is of the form rnnn4xx or rnnn-vy4xx, where rnnn is the 
firmware revision number, vy indicates the point release number, and 4xx indi-
cates the relay type. The firmware file name extensions are .s19, .z19, and .zds. 
Copy the firmware file to an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

B Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these practices include disabling input 
and output control functions.

Step 2. Apply power to the relay.

Step 3. Connect a communications cable and determine the port speed.

If using the EIA-232 front port to upgrade firmware, determine the 
port speed as follows:

a. From the relay front panel, press the ENT pushbutton.

b. Use the arrow pushbuttons to navigate to SET/SHOW.

c. Press the ENT pushbutton.

d. Use the arrow pushbuttons to navigate to PORT.

e. Press the ENT pushbutton.

f. Use the arrow pushbuttons to navigate to the relay serial port you 
plan to use (usually the front port, PORT F).

g. Press the ENT pushbutton.

h. Use the arrow pushbuttons to navigate to Communication 
Settings.

i. Press the ENT pushbutton to view the selected port 
communications settings. Write down the value for each setting.

j. Once the port settings have been recorded, press the ESC 
pushbutton four times to return to the MAIN MENU.

k. Connect an SEL-C234A EIA-232 serial cable, SEL-C662 USB 
to EIA-232 converter, or equivalent communications cable to the 
relay serial port and to the PC.
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C Establish Communications With the Relay
NOTE: Once serial port 
communication is established, it is 
recommended to set the SELBOOT Max 
Baud setting to the highest possible 
port speed available (typically 115200 
bps). This will reduce the time needed 
to read settings and events from the 
relay.

Use the Communications > Parameters menu of QuickSet to establish a con-
nection using the communications settings determined in Step 3 under B Remove 
Relay From Service on page B.7. See Section 2: PC Software for additional infor-
mation.

D Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Step 1. For SEL-400 series relays with optional IEC 61850 protocol config-
ured, follow the steps in section Verify IEC 61850 Operation 
(Optional) on page B.22 to save the CID file and send it back to the 
relay after the firmware upgrade.

Step 2. Select Tools > Firmware Loader and follow the onscreen prompts.

Step 3. In the Step 1 of 4 window of the Firmware Loader (as shown in 
Figure B.1), select the ellipsis button and browse to the location of 
the firmware file. Select the file and select Open.

                    

Step 4. Select the Save calibration settings check box in the Step 1 of 4 
window of the Firmware Loader. These factory settings are required 
for proper operation of the relay and must be reentered in the 
unlikely event they are erased during the firmware upgrade process. 
The Firmware Loader saves the settings in a text file on the PC.

Step 5. Select the Save device settings check box if you do not have a copy 
of the relay settings. It is possible for relay settings to be lost during 
the upgrade process.

Step 6. Select the Save events check box if there are any event reports that 
have not been previously saved. The event history is cleared during 
the upgrade process.

                    

Figure B.1 Prepare the Device (Step 1 of 4)



B.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Firmware Upgrade Instructions
Relay Firmware Upgrade Procedure

Step 7. Select Next.

The Firmware Loader reads the calibration settings and saves them in 
a text file on the PC. Make note of the file name and the location.

If Save device settings was selected, the Firmware Loader reads all 
of the settings from the relay. The software may ask if you want to 
merge the settings read from the relay with existing design templates 
on the PC. Select No, do not merge settings with Design Template. 
The Firmware Loader will suggest a name for the settings, but the 
suggested name can be modified as desired.

If Save events was selected, the Event History window will open to 
allow the events to be saved. See Section 2: PC Software for more 
information.

Step 8. If you use the Breaker Wear Monitor, select the Terminal button in 
the lower left portion of the Firmware Loader to open the terminal 
window. From the Access Level 1 prompt, issue the BRE command 
and record the internal and external trip counters, internal and exter-
nal trip currents for each phase, and breaker wear percentages for 
each phase.

Step 9. Enable Terminal Logging capture (see Section 2: PC Software) and 
issue the following commands to save stored data. It is possible for 
these data to be lost during the firmware upgrade process.

a. MET E—accumulated energy metering

b. MET D—demand and peak demand

c. MET M—maximum/minimum metering

d. COMM A and COMM B—MIRRORED BITS communications logs

e. PROFILE—Load Profile

f. SER—Sequential Events Records

E Start SELBOOT

In the Step 2 of 4 window of the Firmware Loader, select Next to disable the 
relay and enter SELBOOT (see Figure B.2).

                    
                    

Figure B.2 Load Firmware (Step 2 of 4)
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F Maximize Port Data Rate

This step is performed automatically by the software.

G Upload New Relay Firmware

This step is performed automatically by the software. The software will erase the 
existing firmware and start the file transfer to upload the new firmware. Upload 
progress will be shown in the Transfer Status window. The entire firmware 
upload process can take longer than 10 minutes to complete.

When the firmware upload is complete, the relay will restart. The Firmware 
Loader automatically reestablishes communications and issues an STA command 
to the relay.

In cases where the relay does not restart within two minutes of the firmware 
upload completion (as indicated by the PC application), and no error messages 
appear on the relay HMI, turn the relay off and back on again. The firmware 
loader application should then resume. Answer Yes if the Firmware Loader 
prompts you to continue.

H Verify Relay Self-Tests

The Step 3 of 4 window of the Firmware Loader will indicate that it is checking 
the device status and when the check is complete (see Figure B.3).

The software will notify you if any problems are detected. You can view the relay 
status by opening the terminal using the Terminal button in the lower left portion 
of the Firmware Loader. If status failures are shown, open the terminal and see 
Troubleshooting on page B.24.

Select Next to go to the completion step.

                    
                    

Figure B.3 Load Firmware (Step 3 of 4)
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I Verify Relay Settings

If there are no failures, the relay will enable. In the Step 4 of 4 window (see 
Figure B.4), the Firmware Loader will give you the option to compare the device 
settings. If any differences are found, the software will provide the opportunity to 
restore the settings.

                    

Method 2: Using a Terminal Emulator
These instructions assume you have a working knowledge of your PC terminal 
emulation software. In particular, you must be able to modify the serial commu-
nications parameters (data speed, data bits, parity, and similar parameters), dis-
able any hardware or software flow control in the computer terminal emulation 
software, select a transfer protocol (1K Xmodem, for example), and transfer files 
(send and receive binary files).

The programs (firmware) that run in the SEL-400 series relays reside in Flash 
memory. To load new firmware versions, follow these instructions. The SEL-400 
series relays have two programs that you may need to upgrade: the regular, or 
“executable” program and the SELBOOT program.

A Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn is the firmware revision number, vy indicates the point release num-
ber, and 4xx indicates the relay type. For SELBOOT firmware, the file name is of 
the form snnn4xx or snnn-vy4xx, where snnn is the SELBOOT revision number 
and 4xx indicates that the SELBOOT version is for SEL-400 series relays. The 
firmware file name extensions are .s19, .z19, and .zds. Copy the firmware file to 
an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

                    

Figure B.4 Verify Device Settings (Step 4 of 4)
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B Prepare the Relay

If the relay is in service, follow your company practices for removing a relay 
from service. Typically, these practices include disabling input and output control 
functions.

C Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Enter Access Level 2

NOTE: Once serial port 
communication is established, it is 
recommended to set the port SPEED 
setting to the highest possible port 
speed available (typically 57600 bps 
in Access Level 2). This will reduce the 
time needed to read settings and 
events from the relay.

Step 1. Using the communications terminal, at Access Level 0, type 
ACC <Enter>. 

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 3. Type 2AC <Enter>, and then type the correct password to go to 
Access Level 2. 

You will see the Access Level 2 =>> prompt. 

For more information, see Making an EIA-232 Serial Port 
Connection on page 3.4.

Backup Relay Settings

The relay preserves the settings and passwords during the firmware upgrade pro-
cess. However, if relay power is interrupted during the firmware upgrade process, 
the relay can lose the settings. Make a copy of the original relay settings in case 
you need to reenter settings.

Use one of the following methods to backup relay settings.

➤ If you have not already saved copies of the relay settings, use 
QuickSet to read and save the relay settings.

See Create and Manage Relay Settings on page 2.21.

➤ Alternatively, you can use the terminal to download all the relay 
settings.

See the FILE READ command under FILE on page 14.36.

For file retrieval procedures see Reading Oscillograms, Event 
Reports, and SER on page 3.46.

➤ If you have IEC 61850 configurations and you have not already 
saved copies of the CID file, use Architect to read and save the CID 
file. See Verify IEC 61850 Operation (Optional) on page B.22 for 
details.

D Start SELBOOT
Step 1. Establish/confirm binary transfer terminal communication.

Use a terminal program that supports 1K Xmodem transfer protocol 
to communicate with the relay.

Step 2. Prepare to control the relay at Access Level 2. If the relay is not 
already at Access Level 2, use the procedure in Enter Access Level 2 
on page B.12.

NOTE: In addition to all of the 
normal settings classes, log in to 
Access Level C and save the 
SET_CM.TXT file.
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Step 3. Start the relay SELBOOT program.

a. Type L_D <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
following message:
Disable relay to send or receive firmware (Y/N)?

If running a R3xx SELBOOT version, the relay responds with the 
following message:
Disable relay and transition to SELBoot (Y/N)?

b. Type Y <Enter>.

The relay responds with the following message:
Are you sure (Y/N)?

c. Type Y <Enter>.

The relay responds with the following message:
Relay Disabled

Step 4. Wait for the SELBOOT program to load.

The front-panel LCD screen displays the SELBOOT Ryyy firmware 
number (e.g., SELBOOT R209). Ryyy is the SELBOOT revision number 
and is a different revision number from the relay firmware revision 
number. The LCD also displays the present relay firmware (e.g., 
SEL-451-5-R324), and INITIALIZING.

When finished loading the SELBOOT program, the relay responds to 
the terminal with the SELBOOT !> prompt; the LCD shows the 
SELBOOT and relay firmware revision numbers.

Step 5. Press <Enter> to confirm that the relay is in SELBOOT; you will see 
another SELBOOT !> prompt.

Establish a High-Speed Serial Connection 
Step 1. At the SELBOOT prompt, type BAU 115200 <Enter> (see 

Figure B.7).

Step 2. Set your terminal program for a data speed of 115200 bps.

Step 3. Press <Enter> to check for the SELBOOT !> prompt indicating that 
serial communication at 115200 bps is successful.

E Upload New SELBOOT Firmware to the Relay
NOTE: Loading the incorrect 
SELBOOT firmware to the relay may 
cause the relay to malfunction, 
requiring factory repair.

Upgrading SELBOOT firmware in SEL-400 series relays is typically not required 
as part of a normal relay firmware upgrade process. However, core functions of 
the relay are occasionally enhanced, and the SELBOOT firmware must be 
upgraded to enable the enhanced functions. If a SELBOOT upgrade for the relay is 
not indicated in your upgrade kit, skip this step and continue on to F Upload New 
Relay Firmware on page B.14. See Table B.2 for file names.

NOTE: Do not cycle power to the 
relay during the SELBOOT firmware 
upgrade process. Doing so may cause 
the relay to malfunction, requiring 
factory repair.

To begin the relay SELBOOT upgrade, start at the SELBOOT !> prompt.

Step 1. Type REC BOOT command at the SELBOOT prompt, and answer Y 
when prompted to erase the existing SELBOOT firmware.

If the relay is running a R2xx SELBOOT version, the relay responds with:

                    

!>REC BOOT <Enter>
Caution! -  This command erases the SELboot firmware.
Are you sure you want to erase the existing firmware? (Y/N)
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If the relay is running a R3xx SELBOOT version, the relay responds 
with:

                    

Step 2. The relay will prompt you to begin the file transfer. Press any key to 
begin the file transfer to the relay.

Step 3. Select Xmodem as your file transfer method, then point the sending 
software tool to the relay SELBOOT file (snnn4xx.s19, snnn-
vy4xx.s19 or s3nn-vy4xx.zds) that is to be uploaded to the relay.

Upon successful negotiation of the new SELBOOT firmware file, the 
old SELBOOT software will be erased, and the new SELBOOT 
firmware will be written to the Flash memory of the relay. The relay 
will then automatically restart using the new SELBOOT firmware.

                    

Step 4. Once the relay has restarted, revert back to Table B.3 and determine 
your relay firmware upgrade method.

F Upload New Relay Firmware

If you are only upgrading SELBOOT, you can skip this step and continue to 
G Return Serial Data Speed to Nominal Operating Speed and Exit SELBOOT on 
page B.15.

Step 1. From the SELBOOT !> prompt, type REC <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.5.

                    

If running a R3xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.6.

!>REC BOOT <Enter>
Caution! This command erases the SELBoot firmware.
Do not interrupt power during SELboot upload
or the device may require factory reprogramming.

Are you sure you want to erase the existing firmware (Y/N)?

Erasing old SELboot

Writing new SELboot to flash

Press any key to begin transfer, then start transfer at the PCC
Restarting SELboot

!>BAU 115200 <Enter>
!><Enter>

!>REC <Enter>
Caution! - This command erases the device firmware.
If you erase the firmware, new firmware must be loaded into the device
before it can be put back into service.
Are you sure you want to erase the existing firmware? (Y/N) Y <Enter>
Erasing

Erase successful
Press any key to begin transfer, then start transfer at the PCCC <Enter>

Figure B.5 Transferring New Firmware
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Step 2. When prompted with Are you sure you want to erase the 
existing firmware? (Y/N), type Y <Enter>.

The relay responds, Erasing, and erases the existing firmware. The 
front-panel LCD shows ERASING MEMORY.

When finished erasing, the relay responds, Erase successful, and 
prompts you to press any key to begin transferring the new firmware. 
The front-panel LCD shows only the SELBOOT program revision number.

Step 3. Press <Enter> to begin uploading the new firmware.

Step 4. Start the Transfer or Send process in your terminal emulation pro-
gram.

Use 1K Xmodem for fast transfer of the new firmware to the relay.

Step 5. Point the terminal program to the location of the new firmware file 
(the file that ends in .s19, .z19, and .zds).

NOTE: The relay displays one or 
more “C” characters while waiting for 
your PC terminal emulation program 
to send the new firmware. If you do 
not start the transfer quickly (within 
about 18 seconds), the relay times out 
and responds Remote system is 
not responding. If this happens, 
begin again at F Upload New Relay 
Firmware on page B.14.

Step 6. Begin the file transfer.

The typical transfer time at 115200 bps with 1K Xmodem is 10 to 20 
minutes. The LCD screen shows SELBOOT Ryyy LOADING CODE while 
the relay loads the new firmware.

Step 7. Wait for firmware load completion.

If the relay responds with the message Transfer failed — Model 
mismatch, please refer to Troubleshooting on page B.24.

When finished loading the new firmware, the relay responds, 
Transfer completed successfully and displays the SELBOOT !> 
prompt. The LCD screen displays SELBOOT Ryyy SEL-4xx-Rnnn, 
where yyy is the SELBOOT revision number, 4xx is the particular 
model of the SEL-400 series relay being upgraded, and nnn is the 
firmware revision number of the relay, e.g., R100 SEL-421-R105.

G Return Serial Data Speed to Nominal Operating Speed and Exit 
SELBOOT

Step 1. Type <Enter> to confirm relay communication.

The terminal displays the SELBOOT !> prompt.

Step 2. Type BAU 9600 <Enter> to reduce the data speed to your nominal 
serial communications speed (9600 bps in this example).

Step 3. Set your terminal emulation program to match the nominal data speed.

Step 4. Type <Enter> to confirm that you have reestablished communication 
with the relay.

The relay responds with the SELBOOT !> prompt.

!>REC <Enter>
Caution! This command erases the firmware.
If you erase the firmware then new firmware
must be loaded before returning the IED to service.

Are you sure you want to erase the existing firmware (Y/N)?
Press any key to begin transfer and then start transfer at the terminal.

Figure B.6 Transferring New Firmware
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Step 5. Type EXI <Enter> to exit the SELBOOT program.

After a slight delay, the relay responds with the following message:
CAUTION: Initial relay restart. DO NOT cycle power during 
this time. Please wait 3 minutes for restart completion.

Step 6. Following the expected relay restart time from Step 5, proceed to 
H Verify Relay Self-Tests on page B.16.

H Verify Relay Self-Tests
Step 1. Press <Enter> and confirm that the Access Level 0 = prompt appears 

on your terminal screen.

Step 2. Remove input power to the relay.

a. Allow at least 10 seconds during the removal of relay power to 
ensure that the power supply has shut down.

b. Reapply input power to the relay.

c. Wait 10 minutes after startup of the relay to allow the relay to 
detect any hardware changes made during the upgrade process.

Step 3. Enter Access Level 1 using the ACC command and Access Level 1 
password.

Step 4. Enter Access Level 2 using the 2AC command and Access Level 2 
password.

Step 5. Type VER <Enter> to confirm the new firmware.

Step 6. Match the firmware revision number with the FID number on the 
screen.

Step 7. Type STA <Enter> to check the relay status and accept new hard-
ware changes if needed.

Step 8. Verify that all relay self-test parameters are within tolerance. (The 
relay compares the settings before and after the upgrade process and 
displays an upgrade warning if settings are dissimilar. You can find 
details in the upgrade report file.)

Step 9. View the front-panel ENABLED LED and confirm that the LED is illu-
minated.

Unless there is a serious problem, the ENABLED LED illuminates 
without any intervention, and the relay retains all settings.

If the relay does not enable within five minutes of the Initial relay restart 
message, contact your Technical Service Center or the SEL factory for assistance 
(see Technical Support on page B.26).

I Verify Relay Settings
Step 1. Prepare to control the relay at Access Level 2; use the procedure in 

Enter Access Level 2 on page B.12.

Step 2. Type VER <Enter> to confirm the new firmware.

Step 3. Match the firmware revision number with the FID number on the 
screen.
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Step 4. Use one of the following methods to review your settings.

➢ Use the QuickSet Read menu.

If the settings do not match the settings that you recorded in 
Backup Relay Settings on page B.12, use QuickSet to restore 
relay settings. 

➢ Type SHOW <Enter>.

You can reissue the settings with the SET commands (see 
Section 9: ASCII Command Reference of the product-specific 
instruction manual for information on the SHOW and SET 
commands).

Step 5. Type STA <Enter> to check relay status.

Step 6. Verify that all relay self-test parameters are within tolerance.

Method 3: Using a Web Browser
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of the web browser, the HTTP server must be 
enabled for the Ethernet ports. SEL recommends enabling Telnet in case you 
need to perform any ASCII terminal commands (inputting settings, etc.).

Never use the web browser to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade relay firmware by using the web browser, the PORT 5 settings MAX-
ACC and EETHFWU must be set to 2 or C, and Y, respectively. In the web 
browser login page, Access Level 2 is provided as a user-selectable login access 
level. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled. If EPAC = Y, ensure Relay Word bit E2AC is asserted to allow 
Level 2 access.

B Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn indicates the firmware revision number, vy indicates the point-release 
number, and 4xx indicates the relay type. For SELBOOT firmware, the file name is 
of the form snnn-vy4xx, where snnn is the SELBOOT revision number, and 4xx 
indicates that the SELBOOT version is for SEL-400 series relays. The firmware 
file name extensions are .s19, .z19, and .zds. Only the .zds file can be used when 
using the web browser. Copy the .zds digitally signed firmware upgrade file to an 
easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these include changing settings, or dis-
connecting external voltage sources or output contact wiring, to dis-
able relay control functions.

Step 2. Apply power to the relay.
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D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay.

E Prepare the Relay (Save Relay Settings and Other Data)

Create a Telnet connection in QuickSet or SEL Grid Configurator (for relays sup-
ported by SEL Grid) and read both settings and event reports stored on the relay. 
If you prefer using FTP to pull settings and reports, and FTP is enabled on the 
Ethernet ports, see E Establish Communications With the Relay and Read Set-
tings on page B.21 for pulling events and reports over FTP.

F Establish a Web Browser Connection With the Relay
Step 1. Establish communication between your personal computer and the 

relay through a web browser (HTTP) connection. See HTTP (Hyper-
text Transfer Protocol) Server on page 15.20 for more information.

G Upload New Firmware
Step 1. To upload new firmware, log in to Access Level 2 of the web server. 

Select 2AC from the Access Level dropdown box. Enter the respec-
tive Access Level 1 and 2 passwords and select the Login button.

Step 2. Once logged in verify communication with the correct relay by 
checking the Relay Identifier (RID setting) and Substation Identifier 
(SID setting) next to the SEL icon in the upper left corner of the web 
browser page. Choose System > Firmware Upgrade from the left 
pane, which brings up the page shown in Figure B.7. This page also 
displays feedback from the previous firmware upgrades. If the prior 
firmware upgrade was successful, the page displays Previous 
firmware upgrade successful. Date:  mm/dd/yy  Time:  hh:mm:ss. 
If the prior firmware upgrade failed, the page displays Previous 
firmware upgrade failed. Date: mm/dd/yy Time: hh:mm:ss, with 
an error message below. If no prior firmware upgrade has occurred 
(which is the case for a new unit from the factory), the page displays, 
Previous firmware upgrade information is unavailable.

                    

NOTE: Access level passwords are 
not encrypted in any way by the Web 
Server when logging in.

                    

Figure B.7 Firmware Upload File Selection Page
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Step 3. To search for your firmware file, select the Browse button. The 
format of this file must be .zds. If upgrading relay firmware, the 
name of the file sent can be either rnnn-vy4xx.zds or RELAY.ZDS. If 
upgrading SELBOOT firmware, the name of the file can be s3nn-
vy4xx.zds or SELBOOT.ZDS.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Step 4. To submit, select Upload File. Once the upload has started, it cannot 
be canceled. During the upload process the relay remains enabled 
and continues normal operation.

Step 5. Once the firmware file is transferred to the device, the relay disables 
and attempts to restart using the new firmware.

Step 6. When the firmware upload process is complete, the message shown 
in Figure B.8 is displayed by the web server. The HTTP session 
closes after the upload is complete and the firmware upgrade takes 
place. The message displayed indicates how long the firmware 
upgrade process will take. The relay automatically enables after a 
successful firmware upgrade.

                     

H Verify Firmware
Step 1. Re-establish an HTTP connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then re-establish a connection when the relay reports as online.

Step 2. Select System > Device Features from the left pane and verify the 
relay FID or BFID matches the firmware to which you expected to 
upgrade.

I Check Web Browser Upgrade Messages

After the firmware upgrade is completed and once you have logged back into 
Access Level 1 of the web server, you can check the relay self-tests by selecting 
Relay Status > Self Tests in the left pane. The following table provides messages 
displayed in the web browser and the message meaning.

                    

                    

Figure B.8 Firmware Upgrade Confirmation

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 1 of 2)

User Message Relay Condition

Previous upgrade information is not available. No previous firmware upgrade using a .zds 
file has occurred

Previous upgrade successful. The previous firmware upgrade with a .zds 
file was successful.
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J Verify Relay Settings

To verify the settings are correct for your relay, choose Show Settings in the left 
pane. Verify that these match the settings saved earlier (see G Upload New Firm-
ware on page B.18). Note that calibration settings are not viewable via the web 
server, a terminal connection is needed to verify these settings. If the settings do 
not match, reenter the settings saved earlier.

Method 4: Using FTP
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of FTP, FTP must be enabled for the Ethernet 
ports. SEL recommends enabling Telnet in case you need to perform any ASCII 
terminal commands (inputting settings, etc.). SEL recommends a software inter-
face on your PC because it can help you visualize and simplify the file-transfer 
process. Become familiar with the FTP interface of your choosing prior to 
attempting a firmware upgrade over FTP. 

Never use FTP to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade firmware by using FTP, the PORT 5 settings MAXACC and 
EETHFWU must be set to 2 or C, and Y, respectively. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled. If EPAC = Y, ensure 
Relay Word bit E2AC is asserted to allow Level 2 access. Also, if FTP anony-
mous logins are enabled (FTPANM := Y), the UPGRADE directory is hidden 
from FTP and Ethernet upgrades over FTP are not allowed.

B Obtain Firmware File and Rename File for FTP File Transfer

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn-vy4xx, where rnnn 
indicates the firmware revision number, vy indicates the point-release number, 
and 4xx indicates the relay type. For SELBOOT firmware, the file name is of the 
form snnn4xx, where snnn is the SELBOOT revision number and 4xx indicates 
that the SELBOOT version is for SEL-400 series relays. The firmware file name 

Previous upgrade failed. A previous attempt to upgrade firmware 
failed. Contact SEL Support if this occurs.

The file upload was successful. The device is 
restarting and the connection with the web 
server is closing to complete the firmware 
upgrade process. You should be able to log 
back into the web server within about 5 
minutes.

The relay successfully received and validated 
the .zds file and will now load the firmware 
and automatically restart and enable the new 
firmware.

Invalid upgrade file. The .zds file was not successfully received or 
validated by the relay.

Model mismatch. The .zds file is for firmware for a different 
SEL-400 series relays model.

Settings modification in progress on another 
interface.

Settings within the relay are currently being 
modified through another connection.

Upgrade in progress on another interface. A firmware upgrade is currently being per-
formed through another connection.

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 2 of 2)

User Message Relay Condition
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extensions are .s19, .z19, and .zds. Only the .zds file can be used when using FTP. 
Copy the .zds digitally signed firmware upgrade file to an easily accessible loca-
tion on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

If upgrading relay firmware, rename the provided rnnn-vy4xx.zds firmware 
upgrade file to RELAY.ZDS by right-clicking the file on your PC and selecting 
Rename. Based on FTP file transfer and relay directories, the relay must receive 
the file as the name RELAY.ZDS.

If upgrading SELBOOT firmware, rename the provided s3nn-vy4xx.zds SELBOOT 
upgrade file to SELBOOT.ZDS by right-clicking the file on your PC and select-
ing Rename. Because of the FTP file transfer and relay directories, the relay 
must receive the SELBOOT upgrade file as the name SELBOOT.ZDS.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing 

relays from service. Typically, these include changing settings or dis-
connecting external voltage sources or output contact wiring to dis-
able relay functions.

Step 2. Apply power to the relay.

D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay. 

E Establish Communications With the Relay and Read Settings
Step 1. Establish an FTP connection between your personal computer and 

relay in the FTP software interface of your choosing. The username 
is 2AC and the password is your Access Level 2 password. FTP is 
used on Port 21 of the relay, so ensure in the connections window the 
IP address of your relay you are upgrading is correct and the FTP 
port is assigned to 21.

Step 2. In the FTP user interface, in the relay file list, navigate to the 
SETTINGS folder.

Step 3. Download all .TXT files stored in this folder from the relay. Note that 
the SEL_ALL.TXT file is a read-only file and cannot be sent back to 
the relay.

Step 4. In the relay file list menu, navigate back to the main root folder, then 
navigate to the REPORTS folder. Download all .TXT files stored in 
this folder from the relay.

Step 5. In the relay file list menu, navigate back to the main root folder, then 
navigate to the EVENTS folder. Download all events of interest.
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F Send Firmware
Step 1. With the FTP connection established in E Establish Communications 

With the Relay and Read Settings on page B.21, in your FTP software 
interface, point to the renamed relay RELAY.ZDS file if upgrading 
relay firmware, or the renamed SELBOOT SELBOOT.ZDS upgrade 
file if upgrading SELBOOT firmware on your PC. On the relay side, 
navigate to the UPGRADE folder and open it.

Step 2. Send the renamed RELAY.ZDS or SELBOOT.ZDS file to the 
UPGRADE file directory folder of the relay. Select Yes to the over-
write question, if prompted.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Once the file is loaded to the relay, the relay verifies the file and then 
accepts the file if the file is verified by the keying algorithm. If the 
relay accepts the file, the previous firmware is removed and the new 
firmware is installed. It is important to note that once the relay 
successfully loads the new firmware, it automatically restarts and 
enables the firmware. During this process, you will lose the FTP 
connection, and you must re-establish the FTP connection if required 
to perform Step 3 after approximately five minutes. The relay 
automatically enables after a successful firmware upgrade.

Step 3. During this upgrade process, you will lose the FTP connection, and 
you must re-establish the FTP connection after approximately five 
minutes or when the link status with the relay shows the relay online. 
Re-establish the FTP connection, then navigate to the relay 
UPGRADE directory and read the error file ERR.TXT. Open the .txt 
file on your PC and review for any error messages. If the firmware 
upgraded properly, no errors occurred during the upgrade process 
and the file is empty. If messages are contained within the file, see 
Table B.4 for the error message and what the error means.

G Verify Firmware
Step 1. Establish a Telnet connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then establish a connection when the relay reports as online.

Step 2. Issue the ID command and verify the relay FID or BFID matches the 
firmware to which you expected to upgrade.

H Verify Relay Settings
Step 1. Establish the same FTP connection as identified in E Establish Com-

munications With the Relay and Read Settings on page B.21. 

Step 2. Navigate to the relay root directory, then the relay SETTINGS directory.

Step 3. Read the UPGRADE_RPT.TXT file from the relay. Open the .TXT 
file on your PC and see if there are any unexpected settings changes. 
Contact SEL Support (selinc.com/support/) at any time for further 
assistance.

Verify IEC 61850 Operation (Optional)
The SEL-400 series relays with optional IEC 61850 protocol require the presence 
of one valid CID file to enable the protocol. You should only transfer a CID file 
to the relay if you want to implement a change in the IEC 61850 configuration or 
restore the relay CID file after a firmware upgrade in which the CID file is 

http://selinc.com/support/
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removed. If you transfer an invalid CID file, the relay will disable the IEC 61850 
protocol because it no longer has a valid configuration. To restart IEC 61850 pro-
tocol operation, you must transfer a valid CID file to the relay.

Perform the following steps to verify that the IEC 61850 protocol is still opera-
tional and if not, re-enable it. This procedure assumes that IEC 61850 was opera-
tional with a valid CID file immediately before initiating the firmware upgrade. If 
the IEC 61850 protocol was not configured prior to the upgrade, skip to Return 
Relay to Service on page B.24. Refer to the Section 17: IEC 61850 Communica-
tion for help with IEC 61850 configuration.

Step 1. Issue the STA, ID, and GOO commands.

Step 2. Verify that there are no error messages regarding IEC 61850 or CID 
file parsing.

If the responses to the STA, ID, or GOO commands contain 
IEC 61850 or CID error messages, continue with the following steps 
to re-enable the IEC 61850 protocol. Otherwise, skip to Method 2: 
Using a Terminal Emulator on page B.11.

If the IEC 61850 protocol has been disabled because of an upgrade-
induced CID file incompatibility, you can use Architect to create and 
send a compatible CID file to the relay.

Step 3. In the Telnet session, issue the STA, ID, and GOO commands.

Step 4. Verify that no IEC 61850 error messages are in the STA or ID com-
mand responses.

Step 5. Verify the GOOSE transmitted and received messages are as 
expected.

Relays being upgraded from firmware that did not support a local-time UTC off-
set setting (UTCOFF) to firmware that does support the UTCOFF setting may 
show incorrect time stamps in Demand Metering and Breaker Monitor report 
data that was recorded by the relay prior to the firmware upgrade.

The time stamps shown for the Demand Metering and Breaker Monitor data 
recorded prior to the firmware upgrade will show UTC time plus an eight-hour 
local time offset, along with any applicable daylight-saving time adjustment.

This only affects time stamps recorded and stored by the relay prior to the firm-
ware upgrade. All time stamps in Demand Metering and Breaker Monitoring fol-
lowing the firmware upgrade will be UTC time with the local time offset setting 
(UTCOFF) and daylight-saving time applied.

No other reports (Event History, Event Summary, SER, etc.) are affected.

Time-Domain Link (TiDL) Centrally Controlled Firmware 
Upgrade (For Relays Supporting T-Protocol)

The SEL-TMUs will be selectively upgraded through connected relays. 

Relays that share common SEL-TMUs can be upgraded independently without 
affecting other devices (relays and SEL-TMUs) in the TiDL system. 

NOTE: The five-port Ethernet card 
uses a ClassFileVersion 007 or higher 
CID file for IEC 61850 configuration. 
Use Architect to create a CID file for 
the five-port Ethernet card.
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Return Relay to Service
Step 1. Open a terminal window.

Step 2. Use the ACC command with the associated password to enter Access 
Level 1.

Step 3. Issue the ID command and compare the firmware revision (Rnnn or 
Rnnn-Vy) displayed in the FID string against the number from the 
firmware envelope label. If the numbers match, proceed to Step 5.

Step 4. For a mismatch between a displayed FID and the firmware envelope 
label, re-attempt the upgrade or contact SEL for assistance.

Step 5. If you use the Breaker Wear Monitor, type BRE <Enter> to check 
the data to see if the relay retained breaker wear data through the 
upgrade procedure. If the relay did not retain these data, use the 
BRE W command to reload the percent contact wear values recorded 
in D Save Settings and Other Data on page B.8.

Step 6. Apply current and voltage signals to the relay.

Step 7. Type MET <Enter> or use the QuickSet HMI to verify that the cur-
rent and voltage signals are correct.

Step 8. Use the TRI and EVE/CEV commands or Tools > Events > Get 
Events menu in QuickSet to verify that the magnitudes of the current 
and voltage signals you applied to the relay match those displayed in 
the event report. If these values do not match, check the relay settings 
and wiring.

Step 9. Autoconfigure the SEL communications processor port if you have 
an SEL communications processor connected to the relay. This step 
re-establishes automatic data collection between the SEL communi-
cations processor and the relay. Failure to perform this step can result 
in automatic data collection failure when cycling communications 
processor power.

Follow your company procedures for returning a relay to service.

Troubleshooting
Resolving Model Mismatch

When uploading a new firmware file to the relay, SELBOOT checks the relay 
model number (for example, 451, 421, 487) to ensure that the firmware being 
loaded into the relay is correct for the relay model. If the relay responds with 
Transfer failed — Model mismatch when a firmware upload is attempted, it is 
because the relay model number does not match. This may be because the firm-
ware file is not correct, or the relay model number stored in the relay memory 
was corrupted by an interruption of the file upload.

To remedy this problem, first ensure you are sending the correct file to the relay. 
Table B.2 shows the file names used for the firmware files. Verify that the model 
number in the firmware file matches the model of the relay and then reattempt the 
upload. If the upload fails again or if SELBOOT is inaccessible, contact SEL for 
assistance. 

NOTE: Converting to the five-port 
Ethernet card introduces a third MAC 
address. Follow your company 
networking guidelines to update your 
Ethernet switch configurations to 
integrate the five-port Ethernet card 
into your network.
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Resolving Communications Card Firmware Mismatch
The COMM CARD FIRMWARE MISMATCH error indicates that the five-port Ethernet 
card is installed, but the relay firmware does not match or is not compatible with 
the Ethernet card. To resolve the error, load any relay firmware that supports the 
five-port Ethernet card. Refer to Appendix A of the relay-specific instruction 
manual for compatible firmware versions. If supported firmware is already 
loaded, reload the firmware. If the error persists, contact SEL for assistance.

Resolving Status Failure Message Response to STA Command
If a status failure message is returned in response to the STA command, perform 
the following steps.

Step 1. Use the ACC and 2AC commands with the associated passwords to 
enter Access Level 2.

Step 2. Type STA C <Enter>. Answer Y <Enter> to the Reboot the relay 
and clear status prompt. The relay will respond with Rebooting 
the relay. Wait for about 30 seconds, then press <Enter> until you 
see the Access Level 0 = prompt.

Step 3. Use the ACC command with the associated password to enter Access 
Level 1.

Step 4. Type STA <Enter>.

If there are no fail messages and you are using Method 1, select Next 
in Step 3 of 4 of the Firmware Loader and go to I Verify Relay 
Settings on page B.16.

If there are no fail messages and you are using Method 2, go to 
I Verify Relay Settings on page B.16.

If there are fail messages, continue with Step 5.

Step 5. Use the 2AC command with the associated password to enter Access 
Level 2.

Step 6. Use the CAL command and type the corresponding password to 
enter Access Level C.

Step 7. Type R_S <Enter> to restore factory-default settings in the relay.

The relay asks whether to restore default settings. If the relay does 
not accept the R_S command, contact SEL for assistance.

Step 8. Type Y <Enter>.

The relay can take as long as two minutes to restore default settings. 
The relay then reinitializes, and the ENABLED LED illuminates. This 
LED is labeled either EN or ENABLED, depending on the relay model.

Step 9. Press <Enter> to check for the Access Level 0 = prompt indicating 
that serial communication is successful.

Step 10. Use the ACC and 2AC commands and type the corresponding pass-
words to reenter Access Level 2.

Step 11. Use the CAL command and type the corresponding password to 
enter the relay Calibration settings level.

NOTE: Step 7 causes the loss of 
settings and other important data. Be 
sure to retain relay settings and other 
data downloaded from the relay at the 
start of the firmware upgrade process. 
Relay calibration level settings will not 
be lost.
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Step 12. Type SHO C <Enter> to verify the relay calibration settings.

If using Method 1 and the settings do not match the settings 
contained in the text file you recorded in C Save Settings and Other 
Data on page B.12, contact SEL for assistance.

If using Method 2 and the settings do not match the settings 
contained in the text file you recorded in B Prepare the Relay on 
page B.12, contact SEL for assistance.

Step 13. Use the PAS n (n = 0, 1, 2, B, P, A, O, C) command to set the relay 
passwords.

Step 14. Restore the relay settings:

a. If you have SEL-5010 Relay Assistant software or QuickSet, 
restore the original settings by following the instructions for the 
respective software.

b. If you do not have the SEL-5010 Relay Assistant software or 
QuickSet, restore the original settings by issuing the necessary 
SET n commands.

Step 15. If any failure status messages still appear on the relay display, see the 
Testing and Troubleshooting section in your relay instruction manual 
or contact SEL for assistance.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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General Information

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-710-5 chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.
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Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.



2.50

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
Field Serviceability

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)
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The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor



5.11

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Metering and Monitoring
Asset Monitoring

Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>



5.12

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report
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The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge



5.28

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.
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Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.
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Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 
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Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-710

(+)

(—)
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Testing Tools

Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Commissioning Tests

Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections
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Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Self-Test

+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Appendix B
Firmware Upgrade Instructions

Overview
These instructions guide you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because SEL-710-5 relays store firmware in flash memory, 
changing physical components is unnecessary. Upgrade the relay firmware by 
downloading a file from a personal computer to the relay via the Ethernet port 
through the use of the web server, FTP, or Telnet. You can also use the front-
panel serial port through the use of ACSELERATOR QuickSet SEL-5030 
Software or a terminal emulator, as outlined in the following sections. For 
relays with the IEC 61850 option, verify the IEC 61850 protocol after the 
upgrade (see Protocol Verification for Relays With IEC 61850 Option).

Table B.1 details the available firmware upgrade methods. Available methods 
depend on your existing firmware and the firmware version to which you are 
upgrading.
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Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ PC

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A or equivalent, or a 
null-modem cable) or Ethernet cable

➤ Disk containing the firmware upgrade file 
(e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or rxxx-vx7105.zds)

➤ QuickSet software

Digitally Signed 
Firmware Files

The SEL-710-5 supports digitally signed firmware files for firmware versions 
R300-V0 and higher. These firmware files are compressed to reduce file 
transfer times and are digitally signed by SEL using a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that its 
contents have not been altered. Once the firmware is uploaded to the relay, the 
signature of the firmware is verified with a public key number that is stored on 
the relay from the factory. If the relay cannot verify the signature, it rejects the 
file.

The name of the digitally signed firmware file is of the form rxxx-vx7105.zds, 
where rxxx-vx is the firmware revision number, 7105 indicates the relay type, 
and .zds is the file extension reserved for digitally signed files. Firmware files 
with the .s19 extension are not available for firmware versions R300-V0 and 
higher.

Ethernet Firmware 
Upgrades

You can upgrade firmware over an Ethernet connection by sending the .zds 
firmware upgrade files via FTP, HTTP, or Telnet protocols to a relay running 
SELBOOT version R600 or newer and a relay firmware version identified in 
Table B.1. FTP, HTTP, and Telnet are plain text protocols and do not 
inherently support message encryption (of relay passwords, etc.). Because of 
this, SEL strongly recommends you use between the relay and your network a 
security gateway that provides encrypted communications along with SEL 
SDN technology to harden your network cybersecurity.

Table B.1 Firmware Upgrade Methods

Existing 
Firmware

Upgrade 
Version

SELBOOT Upgrade 
Required?

Firmware Upgrade Methods Supported

Serial Ethernet

R1xx R2xx NA Terminal emulator
QuickSet

—

R1xx or R2xx R3xx Yes 
(R600 or higher)

Terminal emulatora —

R3xx R3xxb No Terminal emulator
QuickSet

Web server
FTP

FILE command
Terminal emulator

a When upgrading from R1xx or R2xx to R3xx, you must first perform the Special Instructions for Upgrading to R300 Series Firmware and 
then follow the Protocol Verification for Relays With IEC 61850 Option instructions to upgrade your relay firmware.

b In firmware versions R302-V0 and higher, the relay firmware retains the Port 1 IP address, subnet mask, and default router settings during 
a firmware upgrade from any previous R3xx firmware version.

NOTE:  The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Special Instructions for Upgrading to R300 Series 
Firmware

The SELBOOT firmware in relays shipped with firmware versions earlier than 
R300 must be upgraded before you can use digitally signed firmware files. 
The SELBOOT firmware can be upgraded from version R500, R501, or R502 
to version R601 by uploading a special SELBOOT Loader firmware to the 
relay.

The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible reentry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 5. Download the SELBOOT Loader firmware to the relay.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing SELBOOT and relay 
firmwares can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Use the Xmodem protocol to send the special SELBOOT Loader 
firmware (e.g., slbtldr_r6017xx.s19) to the relay. The special 
SELBOOT Loader firmware erases the existing SELBOOT and 
relay firmwares and loads SELBOOT firmware version 
SLBT7XX-R601-V0-Z000000-D20211116.

The file transfer typically takes less than 5 minutes at 9600 bps, 
depending on the product. After the transfer is complete, the 
relay reboots and displays the SELBOOT !> prompt. After the 
SELBOOT upgrade is complete, upgrade your relay firmware 
using a terminal emulator. You do not need to save the relay 

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: Change the data rate of the 
relay serial port to 9600 bps before 
issuing the L_D command to start the 
upgrade process.
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settings and other data again during the firmware upgrade 
process if you saved them before upgrading SELBOOT. Proceed 
to Step 5 in Upgrade the Firmware Using a Terminal Emulator.

Figure B.1 shows the entire special SELBOOT upgrade process.

Upgrade the SELBOOT Firmware Loader Using a 
Terminal Emulator

The process for upgrading SELBOOT is similar to Upgrade the Firmware 
Using a Terminal Emulator on page B.6. To determine if SELBOOT must be 
updated, do the following:

Step 1. Establish communication between the relay and a personal 
computer.

Step 2. From the computer, type ID <Enter>.

=>>L_D <Enter>
Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R501-V0-Z000000-D20140224
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Upgrading SELBoot

 Preparing S Record...

 Validating S Record...

* * * * * * * * * W A R N I N G * * * * * * * * *

 Do not turn off or cycle power to the relay or it may
 become inoperative and require factory repair !!!

  Performing this operation will require firmware
      to be downloaded to relay after reboot.

 * * * * * * * * * * * * * * * * * * * * * * * * *

 Removing Old SELBoot...

 Writing New SELBoot...

 Removing SELBoot Loader

 SELBoot Loader cleared... Resetting Relay!!!

BFID=SLBT7XX-R601-V0-Z000000-D20211116
!>

Figure B.1 Special SELBOOT Upgrade Process

NOTE: Make sure the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.
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The relay responds with the following:

Step 3. Locate the Boot Firmware Identifier String (BFID).

Step 4. Find the SELBOOT revision number in the BFID (Rxxx). If the 
revision number is lower than the one you see on the firmware 
CD, follow the process mentioned below. Otherwise, upgrade 
the relay firmware using one of the methods mentioned later in 
the section.

Step 5. To upgrade SELBOOT, locate the new SELBOOT file 
(rxxx7xx.zds) on the desk provided with the firmware upgrade 
materials. Follow the instructions under Upgrade the Firmware 
Using a Terminal Emulator on page B.6. In Step 6, replace the 
REC command with REC BOOT and follow the prompts.

Step 6. When the relay prompts: Press any key to begin transfer 
and then start transfer at the terminal, press <Enter> 
and select the SELBOOT file.

Step 7. When the SELBOOT upgrade is successful, the relay prompts:

Erasing SELboot. Writing SELboot.

SELBOOT upload completed successfully. Restarting 
SELBOOT.

Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 8. Type EXI <Enter> at the SELBOOT !> prompt to exit 
SELBOOT. The relay should display the = prompt.

If the relay does not return the SELBOOT !> prompt within two 
minutes after displaying Restarting SELboot, cycle the relay 
power. The relay should restart and display the = prompt.

Once the SELBOOT upgrade is complete, select a firmware upgrade method as 
discussed later in the section. It is not necessary to save the relay settings and 
other data again if you did this before upgrading SELBOOT.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

NOTE: When you are upgrading 
an SEL-710-5 with a touchscreen 
front-panel display, save all of the 
relay settings, including the 
touchscreen settings, using 
QuickSet.

NOTE: Change the data rate of 
the relay serial port to 9600 bps 
before issuing the L_D command to 
start the upgrade process.

NOTE: The web server can be 
used to upgrade the relay firmware 
versions after R300-V0.

NOTE: In instances where the 
SELBOOT needs to be upgraded 
first, the web server cannot be 
used to upgrade the relay 
firmware. Use a terminal emulator 
to upgrade the SELBOOT first, 
followed by the relay firmware.
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Upgrade the Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial or Ethernet port and 
enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Start upgrading the firmware.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

If you are using an Ethernet port, proceed to Step 6.

Step 5. Change the data rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200 bps. 

b. Change the data rate of the PC to 115200 bps to match 
the relay.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing firmware can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Start the file transfer.

Use the Xmodem protocol to send the file that contains the new 
firmware (e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or 
rxxx-vx7105.zds).

Firmware files for firmware versions R1xx and R2xx have a 
.s19 or .z19 extension. Firmware files for firmware versions 
R300 and higher have a. zds extension. Firmware files with the 
.s19 or .z19 extension are not available for firmware versions 
R300 and higher.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (e.g., 38400 bps or 
57600 bps). Be sure to match the 
relay and PC data rates.
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The file transfer typically takes less than 15 minutes at 
115200 bps, depending on the product. After the transfer is 
complete, the relay reboots and returns to Access Level 0.

Figure B.2 shows the entire upgrade process.

Step 10. The relay front-panel ENABLED LED illuminates if the relay 
settings are retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then reboots with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is enabled, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This saves the relay calibration settings.

The relay responds:

Config Accepted

The relay reboots and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 6, and enter Access Level 2.

Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=SLBT7XX-R600-V0-Z000000-D20200331
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal. <Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.2 Firmware File Transfer Process
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Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Upgrade the Firmware Using QuickSet 

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Interface for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

NOTE: In instances where SELBOOT needs to 
be upgraded, QuickSet cannot be used to 
upgrade the relay firmware. Use a terminal 
emulator to upgrade SELBOOT and then 
upgrade the relay firmware.

Firmware Loader does not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.
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Step 1. If the relay is in service, 
open the relay control 
circuits.

Step 2. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Select 
Next to continue the 
wizard. 

b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file.

After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown..
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d. Click Return to 
Firmware Loader if 
this device does not have 
any event reports. 

If there are any event 
reports to be saved, 
select the events and 
click Get Selected 
Events. After saving 
them, click Return to 
Firmware Loader.

Step 3. Transfer firmware.

Click Next to begin the 
firmware transfer. 
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Step 4. Load firmware.

During this step, the device 
is put in SELBOOT mode. 
The transfer speed is 
maximized and the 
firmware transfer begins.

Step 5. Click Next to complete the 
firmware upgrade..
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as a result of a settings mismatch between a 
previous firmware version and a new firmware version, check the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL 
Non_Vol Failure on the two-line display model, or a settings 
mismatch notification screen on the touchscreen model, use the 
following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 bps, 8 data 
bits, and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the default settings due to the R_S command.

If the relay is still disabled, use the following procedure:

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config Accepted

The relay reboots and comes up enabled.
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Upgrade the Firmware Using the Web Server
The web server offers a convenient method for upgrading the relay firmware. 
Located on the left navigation pane of the screen, the System menu contains 
the File Management category that allows you to upgrade firmware in the 
relay. To upgrade the firmware using the web server, the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension. Refer to Section 3: PC Interface for connecting and logging in to 
the SEL-710-5 web server using the Ethernet port. 

To upgrade relay firmware by using the web server, set the Port 1 settings 
HTTPACC := 2 and EETHFWU := Y. The web server login page provides 
Access Level 2 as a user-selectable login access level. If EETHFWU is set 
to N, you cannot upgrade the firmware over Ethernet regardless of the 
HTTPACC setting.

Step 6. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
reinitializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings that are 
saved in the database to the 
device. Settings are 
converted automatically, if 
necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 2: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted 
over Ethernet. Monitoring this bit 
and reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.



B.14

SEL-710-5 Relay Instruction Manual Date Code 20220826

Firmware Upgrade Instructions
Upgrade the Firmware Using the Web Server

Step 1. In QuickSet, save the current 
relay settings and other data.

Step 2. Proceed with the firmware 
upgrade process by 
performing the following 
steps: 

a. Click System > File 
Management from the 
left navigation pane of the 
webpage. 

b. Click Browse to select 
the firmware you want to 
send to the relay.

c. Click Upgrade 
Firmware to start the 
upgrade process.

Step 3. Click Yes - Upgrade if you 
want to upgrade using the 
file selected.

Once the upgrade process is 
in progress, the relay 
acknowledges the transfer 
with the message, 
Transferring firmware. 
Please wait.
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After the relay finishes the 
firmware transfer, an 
acknowledgment message 
appears and the relay 
reboots.

NOTE: After the relay reboots, if the ENABLED LED is not illuminated or if the front panel displays 
STATUS FAIL Non_Vol Failure on the two-line display model, or a settings mismatch notification 
screen on the touchscreen model, then open a terminal emulator using the serial port and use the 
following procedure to restore the factory-default settings. Refer to Protocol Verification for Relays 
With IEC 61850 Option for terminal emulator setup and connections. 

a. Set the communications software settings to 9600 bps, 8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory default.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the factory-default settings due to the R_S 
command.

If the relay is still disabled, use the following procedure:

d. Enter Access Level 2.

e. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config accepted

The relay reboots and comes up enabled.
Step 4. After the relay reboots, the 

Login screen appears on the 
web server. Log in to the 
relay to verify completion of 
the firmware upgrade 
process.
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Table B.2 provides messages displayed in the web browser and the relay 
condition associated with those messages.

An acknowledgment 
message appears that verifies 
a successful firmware 
upgrade.

Step 5. Check that the relay 
firmware version matches 
the version that was used for 
the upgrade and that the 
relay is enabled.

Click on Relay Status > 
Self-Tests to view the status 
report.

Table B.2 Messages Displayed in the Web Browser

User Message Relay Condition

Firmware upgrade succeeded. The previous firmware upgrade with a .zds file was suc-
cessful.

Invalid upgrade file. The .zds file was not successfully received or validated 
by the relay.

Upgrade in progress on 
another interface.

A firmware upgrade is currently being performed 
through another connection.

Errors during Upgrade File 
Transfer.

Upgrade failed due to errors during file transfer.
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Upgrade the Firmware Using File Transfer Protocol
To upgrade firmware using File Transfer Protocol (FTP), the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using FTP, the Port 1 setting FTPACC must be 
set to 2 or C and EETHFWU must be set to Y. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled regardless of the 
FTPACC setting.

The following instructions assume you have a working knowledge of the 
Windows command prompt.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Create an FTP session to connect to the relay using the relay IP 
address.

Step 6. Enter your FTP username and password.

Step 7. Issue the CD UPGRADE command to switch the present relay 
directory to the UPGRADE directory. 

Step 8. Issue the PUT RELAY.ZDS command to place the 
RELAY.zds file in the UPGRADE directory and to send the file 
to the relay.

When the download is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the FTP connection, and you must 
re-establish the FTP connection after the upgrade is complete. Then, navigate 
to the relay UPGRADE directory, read the error file ERR.TXT and review for 
any error messages. If the firmware upgraded properly, no errors occurred 
during the upgrade process and the file is empty. If messages are contained 
within the file, see Table B.2 for the error message and what the error means.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware 
upgrade is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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Figure B.3 shows the entire upgrade process via Windows command prompt.

Upgrade the Firmware Via Terminal Emulator Using 
the FILE Command Over Telnet

To upgrade firmware using the FILE command over Telnet, the firmware in 
your relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using the FILE Command over Ethernet, the 
Port 1 setting MAXACC must be set to 2 or C and EETHFWU must be set to 
Y. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled regardless of the MAXACC setting.

The following procedure assumes that you have a working knowledge of the 
software being used to upgrade the firmware via FILE command.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Save the RELAY.zds file to a directory.

Step 6. Update the active directory to be the directory where the 
RELAY.zds file is saved.

Step 7. Issue the FILE WRITE RELAY.ZDS command to the relay.

Step 8. Send the RELAY.zds file to the relay via Ymodem transfer.

Microsoft Windows [Version 10.0.17763.805]
(c) 2018 Microsoft Corporation. All rights reserved.

Y:\>FTP 10.39.94.180 <Enter>
Connected to 10.39.94.180.
220 FTP SERVER
550 NOOP requested action not taken.
User (10.39.94.180:(none)): xxxxxx <Enter>
331 User name okay, need password.
Password: xxxxxx <Enter>
230 User logged in, proceed.
ftp> CD UPGRADE <Enter>
250 CWD  requested file action okay, completed.
ftp> PUT RELAY.ZDS <Enter>
200 PORT Command okay.
150 File status okay; about to open data connection.
Connection closed by remote host.
ftp>

Figure B.3 Firmware Upgrade Via FTP

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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When the upgrade is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the Telnet connection, and you 
must re-establish the Telnet connection after the upgrade is complete. Then, 
navigate to the relay UPGRADE directory, read the error file ERR.TXT and 
review for any error messages. If the firmware upgraded properly, no errors 
occurred during the upgrade process and the file is empty. If messages are 
contained within the file, see Table B.2 for the error message and what the 
error means.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and, if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect detects the upgraded 
relay firmware and prompts you to allow it to convert the 
existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. Only transfer a 
CID file to the relay if you want to 
implement a change in the IEC 61850 
configuration or if new relay firmware 
does not support the current CID file 
version. If you transfer an invalid CID 
file, the relay disables the IEC 61850 
protocol, because it no longer has a 
valid configuration. To restart 
IEC 61850 protocol operation, you 
must transfer a valid CID file to the 
relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
https://selinc.com/support
https://selinc.com/support
mailto:info@selinc.com
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Preface
Safety Information

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-751A chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.
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Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.



Date Code 20220610 Instruction Manual SEL-751A Relay

Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)



5.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Metering and Monitoring
Metering

Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)



5.15

Date Code 20220610 Instruction Manual SEL-751A Relay

Metering and Monitoring
Station DC Battery Monitor

Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP
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Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear
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50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:



10.8

SEL-751A Relay Instruction Manual Date Code 20220610

Testing and Troubleshooting
Commissioning Tests

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Instruction Manual

Overview
This instruction guides you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

These firmware upgrade instructions apply to all SEL-700 series industrial 
products except the SEL-701 Relay and SEL-734 Meter.

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because the SEL-751A Relays store firmware in flash memory, 
changing physical components is not necessary. Upgrade the relay firmware 
by downloading a file from a personal computer to the relay via the front-
panel serial port via ACSELERATOR QuickSet SEL-5030 Software or terminal 
emulator as outlined in the following sections. For relays with IEC 61850 
option, verify IEC 61850 protocol after the upgrade (see Protocol Verification 
for Relays With IEC 61850 Option on page B.8).

Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A Cable or equivalent, 
or a null-modem cable)
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➤ Disk containing the firmware upgrade file (e.g., r1017xxx.s19 or 
r1017xxx.z19)

➤ QuickSet software

Upgrade Firmware Using QuickSet

NOTE: Firmware releases are also 
available as zip files (.z19). Use the zip 
file for faster download.

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Software for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

Firmware Loader will not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.

Step 1. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Click 
Next to continue the 
wizard. 
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b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file. Clicking 
Cancel will stop the 
transfer. 
After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown.

d. Click Return to 
Firmware Loader if 
this product does not 
have any event reports. 

If there are any event 
reports to be saved, click 
the Get Selected Event 
button after selecting the 
events. After saving 
them, click the Return 
to Firmware Loader 
button.
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Step 2. Transfer Firmware.

Click Next to begin the 
firmware transfer. 

Step 3. Load Firmware.

During this step, the device 
is put in SELBOOT. The 
transfer speed is maximized 
and the firmware transfer 
begins.
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as mentioned in condition number 2, check for the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL Non_Vol Failure, 
use the following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 baud, 8 data bits, 
and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and 
the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings. The relay responds:

Config Accepted

The relay restarts and comes up enabled.

Step 4. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
re-initializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings saved in 
the database to the device. 
Settings are converted 
automatically, if necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 1: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

T
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Upgrade Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), select transfer protocol (Xmodem/CRC or 1k Xmodem/CRC), 
and transfer files (for example, send and receive binary files).

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (described in Section 3: PC 
Software) to save and restore settings easily. Otherwise, use the 
following steps.

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

c. We recommend that you save all stored data in the 
relay, including EVENTS, before the upgrade.

Step 4. Start upgrading of firmware.

a. Issue the L_D command to the relay.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay will send the !> prompt.

Step 5. Change the baud rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200. 

b. Change the data rate of the PC to 115200 to match the 
relay.

Step 6. Begin the transfer of new firmware to the relay by issuing the 
REC command.

Step 7. Type Y to erase the existing firmware or press <Enter> to 
abort.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging in to Access 
Level C using the Access Level C 
password. Factory default password 
for Access Level C is CLARKE.

NOTE: Change the data rate of the 
relay serial port to 9600 before 
issuing the L_D command to start the 
upgrade process.

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (for example, 38400 
bps or 57600 bps). Be sure to match 
the relay and PC data rates.
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Step 9. Start the file transfer.

Select the Send file option in your communications software. 
Use the Xmodem protocol and send the file that contains the 
new firmware (e.g., r101xxx.s19 or r101xxx.z19). 

The file transfer typically takes less than 15 minutes at 
115200 bps depending on the product. After the transfer is 
complete, the relay restarts and returns to Access Level 0.

Figure B.1 shows the entire process.

Step 10. The relay illuminates the ENABLED front-panel LED if the relay 
settings were retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then restarts with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is ENABLED, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings.

The relay will respond:

Config Accepted

The relay restarts and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 5, and enter Access Level 2.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R500-V0-Z000000-D20090925
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.<Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.1 Firmware File Transfer Process
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Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR  Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect will detect the 
upgraded relay firmware and prompt you to allow it to convert 
the existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. You should only 
transfer a CID file to the relay if you 
want to implement a change in the 
IEC 61850 configuration or if new 
relay firmware does not support the 
current CID file version. If you 
transfer an invalid CID file, the relay 
will disable the IEC 61850 protocol, 
because it no longer has a valid 
configuration. To restart IEC 61850 
protocol operation, you must transfer 
a valid CID file to the relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
mailto:info@selinc.com
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels

Weld

Concrete

Weld or bolt

Concrete Concrete

1/2-13 tap-in channel

Shim between channel and 
bottom of switchgear as 
required to level.

NOTE: Consult a structural 
engineer for seismic anchoring.
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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Typical Intermediate Bay
1200 or 2000 A Bus

Typical Intermediate Bay
3000 A Bus, 63 kA

Main bus

Copper splice

Riser

Figure 25 – Main Bus Pass-Through, Porcelain— Optional for 50 kA and 
Below Only

1200 and 2000 A Bus
(40 and 50 kA)

3000 A Bus1200 and 2000 A Bus
(29 kA max)

O-ring around both buses
O-ring around each bus

O-ring around porcelain 
pass-through

Porcelain pass-through
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support

1200 and 2000 A Bus 3000 A Bus

Fiberglass/polyester
washer

Rubber O-rings:
2 for 1200 A
3 for 2000 A

Fiberglass/polyester
washer

Rubber O-rings:
3 for each bus

Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)



Masterclad™ Metal-Clad Indoor Switchgear Section 6—Installation 

36

EN
G

LISH

© 1996–2014 Schneider Electric All Rights Reserved 6055-30

Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation

Fill voids with
Scotchfil putty

One layer Scotch 13
semiconducting tape

Scotch 130C splicing tape:
Two layers for 4.76 kV;

Four layers for 15 kV

Overlap Scotch 130C splicing tape 
over bus insulation:
1.5 in. (38 mm) for 4.76 kV;
2 in. (51 mm) for 15 kV

NOTE: Scotch 13 semiconducting 
tape must touch bus or terminals 
in at least one place. Tape should 
not overlap bus or cable insulation.

NOTE: All taping 
is half-lapped.

Two layers of tape

0.5 in. (13 mm) Scotch 22 electrical tape

0.5 in. (13 mm) Scotch 22 electrical tape

Overlap Scotch 130C splicing tape 
over bus insulation:
1.5 in. (38 mm) for 4.76 kV;
2 in. (51 mm) for 15 kV
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 
operating conditions require. Abnormal operation or conditions may require 
immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 
damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.
2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.
3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).
4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 
contact and overheating. Clean the discoloration from the contact surfaces of the 
busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.
6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.
2. Vacuum each compartment and wipe off all insulation.
3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 
the mechanism without a circuit breaker in the cell can be defeated by 
simultaneously holding the racking block lever down (Figure 4 on page 15) and 
turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 
each of the moving mechanisms in the compartment for damage and 
contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 
raise and lower smoothly with no indication of binding, twisting, hesitation, or 
hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 
indicating good contact with the circuit breaker separable contacts. Slight 
discoloration or tarnish of the silver plate on the primary contact is normal. 
Severe discoloration of the silver plate is an indication of excessive heating and 
should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 
primary contacts

— loose hardware or otherwise improper contact at the bus connection 
4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.
5. Inspect the primary contact and support insulators for damage.
6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 
grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 
free of cracks, the female contacts are clean, and the assembly is free to move. 
Clean the front and back surfaces of the receptacle to remove any 
contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 
insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 
Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 
Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.
11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.
12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 
cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 
50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.
2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.
3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.
4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.
5. Inspect the transformer for indication of insulation deterioration.
6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.
7. Vacuum the compartment and drawer.
8. Wipe off the insulation and control power transformer with a clean, dry cloth.
9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.
10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.
11. Inspect the interlock mechanism for proper operation.
12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.
2. Connect the control power source.
3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.
4. If all controls are functioning properly, disconnect the secondary control plugs.
5. Rack the circuit breakers into the connected position.
6. Close the circuit breakers and resume normal operation.
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INSTALLATION INSTALACIÓN INSTALLATION
Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH
• Apply appropriate personal 

protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO
• Utilice equipo de protección personal 

(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC
• Portez un équipement de protection 

personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE
• Current Transformers: Connect 

current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA
• Transformadores de corriente: Conecte 

los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE
• Transformateurs de courant : Raccorder 

les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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A la carga / 
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Primario /
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Ground / 
Tierra / 
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To meter / 
Al medidor / 
Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
Transformateur de tension



Current and Voltage Transformers
39000-300-01A Transformadores de corriente y tensión
02/2005 Transformateurs de courant et de tension

© 1999–2005 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés 5

5. Current transformers: If
installing a window-type current
transformer over fully insulated
cable that is surrounded by a
current-carrying sheath or
concentric neutral, insert the
sheath ground wire or neutral
through the window before
grounding. See Figure 3.

5. Transformadores de corriente: Si se
instala un transformador de corriente
con abertura sobre un cable
completamente aislado, cubierto por
una funda conductora de corriente o
neutro concéntrico, inserte el cable de
tierra del cable con funda o neutro a
través de la abertura antes de hacer la
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas
d’installation d’un transformateur de
courant muni d’une fenêtre sur un
câble électrique complètement isolé et
protégé par une gaine conductrice ou à
neutre concentrique, insérer le fil de
m.à.l.t. du câble avec gaine
conductrice ou du neutre à travers la
fenêtre avant de procéder à la mise à la
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique
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AMPGARD controllers are shipped with two steel lifting angles,  
one in front and one in back, running the full width of the shipping 
section. Back-to-back units also have one in the back and one in the 
front, running the full width of the shipping section. Select or adjust 
the rigging lengths to compensate for any unequal distribution  
of the load, and maintain the controller in an upright position.  
Some controller interiors may contain heavy equipment, such as 
transformers, that can make the center of gravity vary considerably 
from the center of the lineup. Do not allow the angle between 
the lifting cables and vertical to exceed 45 degrees. Do not pass 
ropes or cables through the lift holes. Use slings with safety hooks 
or shackles of adequate load rating.

Each controller is properly adjusted at the factory before  
shipment. However, vibration and mechanical stresses imposed 
by transit and installation can adversely affect mechanical  
interlocks and other adjustments; therefore, a final inspection  
is essential before energizing. If this inspection reveals any  
portion of the controller has come out of adjustment, the  
controller should be readjusted according to information in  
this instruction book or by a qualified Eaton service engineer.

Storage

If it is necessary to store an AMPGARD controller before installation, 
keep it in a clean, dry location with ample air circulation and heat  
to prevent condensation. Like all electrical apparatus, an AMPGARD 
controller contains insulation that must be protected against dirt  
and moisture.

Mounting

AMPGARD controllers should be installed on a non-combustible 
level surface of sufficient strength to properly support the control-
ler’s mass. After the lineup has been placed in position, anchor bolts  
may be installed and tightened. Refer to the job-specific order  
drawings for the bolt locations. The use of half-inch diameter bolts  
is recommended.

Equipment located in certain seismic zones must be anchored to 
meet the requirements of those zones. Refer to Eaton I.B. 48042  
for instructions on mounting in these special locations. It is the 
user’s responsibility to ensure the mounting pad is sufficiently strong 
to properly anchor and support the equipment.

When an order includes two or more shipping sections, the order 
outline drawing will show the sequence in which the sections are 
to be lined up and which shipping splits are to be joined. A bus bar 
splice kit and a connecting hardware kit are supplied for each open 
joint between sections. 

Place the first shipping split into position. Move the second  
shipping split into position alongside the first, and use the six or  
eight 3/8 x 1.50-inch bolts and companion hardware to connect the 
two sideplates. Place one flat washer under the bolt head and one 
flat washer and one lock washer under the nut. Tighten each bolt to 
25 lb-ft (33 Nm).

Bus splicing

Connect the bus bars using the splice kit, including hardware  
(3/8-inch diameter) that is provided with the equipment. Tighten 
bolts to 25 lb-ft (33 Nm).

Power connections

Incoming power connects to the lineup in a variety of ways. Cables, 
bus from other close-coupled equipment, busduct, and transformer 
shunts are some of the more common methods. Note that these 
connections may be energized even when the starter isolation 
switch or other switching devices are in the open position. 

Installation
Handling

An AMPGARD controller is insulated for high voltages and must be 
protected against damage during handling. The controller should 
remain in an upright position at all times.

Exercise extreme care during any movement and placement  
operations to prevent dropping or unintentional rolling or tipping. 
AMPGARD medium voltage equipment may be moved by forklift,  
rollers, or overhead crane.

A forklift is usually the most convenient method of handling the  
controller. Use safety straps around the protective packaging  
material when handling the controller with a forklift. Insert the forks 
under the shipping skid. Do not allow the end of the forks to enter 
the bottom of the enclosure.

Rod or pipe rollers provide a simple method for moving the  
controller on a level floor. The bottom of the AMPGARD structure is 
designed to be rolled without damage on minimum 2-inch diameter 
rollers, four rollers per 36-inch section.
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� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.

Review the order drawings supplied with the equipment for informa-
tion on the incoming connections for your specific equipment.

Ensure that all connections are tight and of the proper ampacity 
to carry the rated load. Cables should be properly supported and 
braced, with special attention to ensure that the insulation is  
protected from damage.

Load cable termination

Load cable terminations are typically located in the left rear of the 
controller compartment. Refer to Figure 14 for location details. 
In reduced-voltage starters, the terminations are located in the 
reduced-voltage compartment. Load cables may exit either the top 
or bottom of the structure. Ensure that the factory-supplied phase 
barriers are installed before energizing the starters. Failure to install 
the barriers can result in a flashover at the load connections.

Figure 14. Customer Load Connections, Shown with Optionally 
Supplied Lugs

In two-high controller arrangements, the cables from one controller 
must pass through the controller located either above or below. An 
isolated steel cableway is provided for these cables. Special barriers 
are provided to enhance this isolation. The order drawings will state 
if the factory construction was set up for top or for bottom entry of 
cables. If the actual entry of cables is different than the factory set-
ting, the special barriers can be removed and reinstalled in the other 
controller compartment to facilitate entry from the other direction.

Figure 15. Medium Voltage Cable Isolation Barriers

Top-exiting cables pass through the left rear area of the main bus 
compartment. For two-high construction, the cable area includes 
a barrier to isolate the cables from the two starters. The front area 
should be used for access to the top controller, the rear area should 
be used for access to the lower controller.

Figure 16. Medium Voltage Cable Conduit Area (View from Top 
Rear of Bus Compartment)

Control connections

Control wires may enter the enclosure from either the top or the 
bottom. For lineups with main bus, a low voltage wireway is located 
in the left front of the bus compartment to facilitate top entry of  
control wiring. For controllers where bottom entry is used, wires 
enter the lower left front of the enclosure. Refer to the order- 
specific drawings for specific locations for control wireways. 

Steel channels are provided for the isolation of control wires in two-
high construction. For top entry of control wires, the lower starter 
wiring should pass behind the channel in the upper compartment. 
For bottom entry of control wires, the top starter wiring should pass 
behind the channel in the lower compartment. The order drawings 
will state if the factory construction was set up for top or for bottom 
entry of control wires. If the actual entry of wires is different  
than the factory setting, the special barriers can be removed and 
reinstalled in the other controller compartment to facilitate entry 
from the other direction. Figure 17 below illustrates the barriers 
for top entry of low voltage wires. 

Figure 17. Low Voltage Terminal Blocks and Vertical Wireway

A fixed row of terminal blocks for control connections is located in 
the left front of the controller compartment. The starter isolation 
switch should be in the disconnected position and the medium  
voltage door open for wiring access to these terminal blocks.

When top entry of low voltage wiring is used, make sure that the 
wiring for the top starter is routed to the left and secured using wire 
ties as soon as possible to prevent interference with the low voltage 
control compartment when the medium voltage door is closed.

Some wiring may need to be connected to devices on the low  
voltage door or in the low voltage compartment. Wiring to these 
devices should come through one of the wire cutouts in the  
bottom left of the low voltage compartment. Make sure that there  
is sufficient slack in the wiring to allow the medium voltage door to 
open properly.

A horizontal low voltage wireway is located at the bottom front of 
each lineup. The equipment ground bus is also located in the wire-
way. This area may be used to route control wires that must pass 
from one structure to another.  

Move Barriers to Starter 
Above or Below if Cable 
Entrance is Different from 
Factory Configuration

Low Voltage 
Wireway  
Barriers (move 
to lower starter 
if bottom entry)

Low Voltage Wire 
Space from Bus  
Compartment

Terminal 
Blocks
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Figure 18. Horizontal Wireway and Ground Bus 

Setting of adjustable protective devices

AMPGARD controllers may contain protective devices, such as 
solid-state motor protection relays, overcurrent relays, incomplete 
sequence timers, and other devices, critical to the proper operation 
of the starter. Due to the wide variation in job site parameters, these 
devices are not set at the factory. It is the purchaser’s responsibility 
to ensure that all adjustable devices are properly set before energiz-
ing the equipment. Warranty is void if adjustable devices are not 
properly set prior to initially starting the equipment.

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.

Ground 
Bus

Horizontal 
Wireway 
(extends 
length of 
lineup)

Phase 
Barriers 
(4)

Hold-Down 
Bracket
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections  
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware

Switch 
Drive Rod

Contactor 
Interlock 
Rod

Door 
Interlock 
Plunger

Pivot Arm

Cam

Contactor 
Interlock 
Arm

Bolt
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod

Line-Side 
Bolts (3)

Load-Side 
Bolts (3)

Collar

Control 
Plug

Disconnect 
by Removing 
Pin in Clevis

Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment

Shutter

“Barber 
Poles” (3) 
Visible when 
Shutter is 
Closed

Remove 
Barrier for 
Access to 
Vertical Bus 
Connections 
(incoming 
power must 
be locked 
out first)

Drill Out 
Welds for 
Emergency 
Access

Bolts (2) Securing 
Removable to 
Fixed Portion 
of Switch



I.B. 48021Page 12

Effective 11/99

When there is access space behind the installation, the
rear panel of the enclosure can be removed to facilitate
wiring.  Adequate space has been provided at the rear of
the enclosure for medium-voltage line and load cables,
while low-voltage cables may be conveniently arranged
near the right-hand enclosure wall.

CAUTION

START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller
into service, study the wiring diagram and instruction
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.

INSTALLATION
This industrial type control is designed to be installed by 
adequately trained and qualified personnel with appropriate 
supervision.  These instructions do not cover all details, 
variations, or combinations of the equipment, its storage, 
delivery, installation, check-out, safe operation, or mainte-
nance.  Care must be exercised to comply with local, 
state, and national regulations, as well as safety prac-
tices, for this class of equipment.  See START-UP PRE-
CAUTIONS. For site preparation and general information 
regarding receiving, storage, and installation see I.B. 
48001.

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO
SECURE IN PLACE. READ THE HANDLING
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
Medium-voltage motor controllers are extremely heavy
and the moving equipment used in handling must be
capable of handling the weight of the motor controller.

Confirm this capability prior to starting any handling
operations with the controller.

INSTALLATION

The motor controller should be kept in an upright position
unless specific instructions to the contrary are provided
with the controller.

After a level installation site has been prepared, the
Ampgard®  assemblies positioned and fastened in place,
and protective packaging removed, the individual control-
lers can be disassembled to permit access to conduit and
complete wiring.  Step-by-step disassembly procedures
are shown on Pages 14, 15, and 16.  Following the recom-
mended procedures will save time. All cable connections
can be made by access through the front of the enclosure.
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Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)

C

G

F H B D A

E
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER



I.B. 48021 Page 17

Effective 11/99

GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.



I.B. 48021 Page 23

Effective 11/99

Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 7—Maintenance

© 1996–2008 Schneider Electric All Rights Reserved. 35

E
N

G
L

IS
H

Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED



10.27

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Maintenance

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block

Connector
Screws
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

mailto:info@selinc.com
http://selinc.com/support/
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Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 

1.11 SPARE PARTS AND SUPPLY LIST 
 

 
Qty. Manufacturer Part No. 
3 Bussmann / Eaton 5BCLS-12R 
3 Bussmann / Eaton 5NCLPT-1E 
3 Bussmann / Eaton KLM-15 
1 Eaton 10-10450-239 
1 Eaton 54A1318G250 
2 IDEC SR2P-06 
4 Schneider Electric 8501KPDR12V53 
2 Schneider Electric PK61SP 
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OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 
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Detail Bill of Material Page 1 of 2 

Project Name: Optimal US NAVY - NBK PSNS - 
4160V Replacement 

Negotiation No: POA20227X9K2 

General Order No:  Alternate No: 0001 

 

   
 
 

 

Item No. Qty Product Description     
001 1 Medium Voltage Control Ampgard Medium Voltage Motor Control, NEMA 1, 4160V, 60 

Hertz, 1200 Amps Main bus. 
    

 

 

 Qty List of Materials   
   3   Character Color/Nameplate Color - Black on White   
   1   System BIL is 60kV   
   3   Control Wire Designation: Wire number with device ID destination (no 

terminal numbers) 
  

   3   Control Wire Marker - Sleeve Type   
   1   Equipment Rated to work at 40C, 3281FT (1000 M)   
   3   Standard Structure   
   3   NEMA 1 Standard Enclosure   
   3   Space Heater Bus - 2-Wire   
   3   DC Bus   
   3   Communication Bus (Ethernet)   
   3   4160V 60Hz 1200A Copper Main Bus, 50ka for 2sec Bracing   
   3   Silver Plated Copper Bus, Complete Bus   
   3   400A FLA 128-159, Ampgard MV4S Soft Start,NR RO   
   3   Motor cable distance must be <= 700ft 1 cable per phase or 350ft for 2 

cables per phase 
  

   3   2KVA CPT RVSS STD   
   3   Control Voltage 120VAC   
   3   Load Cable Entry Bottom   
   3   Remote Start/Stop Push Buttons Control Circuit   
   3   To maintain the warranty, startup from an Eaton Certified Specialist is 

required for MV4S RVSS and is not included in this quote 
  

   3   Starter Isolation Switch   
   3   Current Limiting Power Fuses   
   3   Current Transformers   
   3   3 PHASE PT   
   3   Main Contactor Roll-In/Roll-Out   
   3   Bypass Contactor Roll-In/Roll-Out   
   3   4160V MV4S 400A RVSS   
   3   Low Voltage Control Compartment   
   3   Set of Control Circuit Terminal Blocks   
   3   Interposing Relay 3NO 1NC   
   3   Interposing Relay 2NO 2NC   
   6   Misc. Indicating Light, LED   
   3   Reset Pushbutton   
   3   CT SCTB   
   3   Misc 2 Pos Selector Sw   
   3   30mm (E34) Start Pushbutton   
   3   30mm (E34) Stop Pushbutton   
   3   Local/Off/Remote Selector Switch   
   3   30mm (E34) Red Run/Close Indicating Light, LED   
   3   30mm (E34) Green Off/Open Indicating Light, LED   
   3   30mm (E34) Amber Indicating Light, LED   
   3   Schweitzer 710 RTD card   
   3   Schweitzer 710 Ethernet Option   
   3   GFCT 50/5   
   3   Schweitzer 710-5 Relay   
   3   Cubicle Space Heater Solid State RV 400A - 375 Watt @ 250 Volt   
   3   Str. Space Heater Source Bus   
   3   Str. Space heater Disc.Thermostat & Disconnect Fuse & Interlock   
   3   Solid State RV Auxiliary Cell   
   1   4" Filler   
   1   Transition Compartment   



 

Detail Bill of Material Page 2 of 2 

Project Name: Optimal US NAVY - NBK PSNS - 
4160V Replacement 

Negotiation No: POA20227X9K2 

General Order No:  Alternate No: 0001 

 

   
 
 

 Qty List of Materials   
   3   Modbus RTU to Ethernet Gateway [Programing by others]   
   6   SEL ArcFlash Point Sensor   
   1   Total Freight Price   
 

 

Item No. Qty Product Description     
003 1 Medium Voltage Control MVC2 Spare Parts     
 

Designation Parts MVC2  
 

 Qty List of Materials   
   1   Main Fuse 5KV 12R KIT OF 3   
   1   400 Amp Power Pole 4160V   
   1   SL72S4SS3LANL85NR25 Contactor   
   1   Primary Fuse 5KV 1A Kit of 3   
 

Eaton Selling Policy 25-000 applies. 

 

All orders must be released for manufacture within 90 days of date of order entry.  If approval drawings are required, drawings must be returned 

approved for release within 60 days of mailing.  If drawings are not returned accordingly, and/or if shipment is delayed for any reason, the price of the 

order will increase by 1.0% per month or fraction there of for the time the shipment is delayed. 



Ampgard Medium Voltage Motor Control General Information
Specification
Service Voltage: 4160 Enclosure Type: NEMA 1
Labeling: UL Altitude: -3280.8FT to 6561.7FT (-1000M to 

2000M)
Fuse Mounting: Bolt-In Contactor Electrical Connection: Bolt-In 400A, Stab-In 800A
Symmetrical kA Rating: 50

Bus Specification
Main Horizontal Bus: 1200 Bus Density: Standard
Plating: Silver Plating, Complete Bus Insulated: No
Ground Bus 1/4" x 2", 600A: Ground Bus Plating: Unplated (Standard)
Left Side Coordination: MV Switchgear Left Connection Type: Bolted
Right Side Coordination: None Right Connection Type: 
Breaker Alignment: No Breaker In Line-up

Global Specifications
Seismic Rated: Yes Steel Bottom: No
Channel Sills: None Mimic Bus: No
Back to Back: No Aluminum Bottom Plates: No
Exterior Paint: ANSI-61 Light Gray Interior Paint: 
Window In All Starter Doors: Window In All LBS Doors: No

Miscellaneous Specifications
Nameplate Material: 
Nameplate Color: Black on White
Compartment Interior Markers: Typed Vinyl Tape (White w/Black 

Letters)
Back of Door Markers: None
Starter Lift Truck: No Breaker/Starter Lift Dolly: No
Breaker Only Dolly: No Additional O&M Manuals: 
Witness Testing Customer Inspection

Wiring Options
Wire Markers: Sleeve Type Wire Terminals: Screw-Clamped
Control Wire Gauge: #14 Controls Wire Color: Red
CT Wire Gauge: #12 CT Wire Color: Color Coded
Ground Wire Color: Green Yellow stripe Conduit: 
Spare Contacts Wired Out: 

Space Heater Bus
Cubicle Space Heater Bus: 2-Wire Motor Space Heater Bus: None

Two Wire Bus
DC Bus: Yes Communications Bus: Ethernet
UPS Bus: Test Power Bus: No
Control Power Bus: No Other Two Wire Bus: 

Other Buses
PT Bus: No Other Three Wire Bus: 
Other Four Wire Bus: 

Lugs
Main Lugs Type: None Line-Up Ground Lugs: No
Load Lugs Type: None
Ground Lugs Type: None

Lead-Time:U

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET
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Front View

Floor Plan

1

T

R

A

N

S

Rear

Connection
to
MV Switchgear1

2

1250 HP

MV4S

2

3

1250 HP

MV4S

3

4

1250 HP

MV4S

4

Structure 1 2 3 4
Ship-Inches
Ship-MM

112
2844

Wdth-Inches
Wdth-MM

4.00 36.00 36.00 36.00
101 914 914 914

Depth-Inches
Depth-MM

30 30 30 30
762 762 762 762

Height-Inches
Height-MM

100 100 92 92
2540 2540 2336 2336

Weight-Lbs
Weight-Kg

600 1700 1700 1700
272 771 771 771
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Ampgard Medium Voltage Motor Control Line-up Information
Global Special Modifications
Modbus RTU to Ethernet Gateway [Programing by others]
SEL ArcFlash Point Sensor
Str# Structure & Compartment Descriptions & Modifications
1 Incomin

g Line
Structure Composite Drawing: No Composite Match

Unit 1D Transition Compartment-Transition Compartment

Catalog Number: BKRTRANSE
2 Starter

Structure Composite Drawing: No Composite Match
Unit 2B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton
CT SCTB
Misc 2 Pos Selector Sw
30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET
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Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 2D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE
3 Starter

Structure Composite Drawing: No Composite Match
Unit 3B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton
CT SCTB
Misc 2 Pos Selector Sw

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION
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30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton
Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 3D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE
4 Starter

Structure Composite Drawing: No Composite Match
Unit 4B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton
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CT SCTB
Misc 2 Pos Selector Sw
30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton
Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 4D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE
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Motor Starters
General Description

003

AMPGARD Motor 
Control Assembly

AMPGARD Motor Control Assembly

General Description
Eaton’s AMPGARD® medium voltage 
metal-enclosed control family 
provides control and protection 
of medium voltage motors and 
equipment rated 2300–13,800V 
nominal/15,000V maximum.

Application Description
AMPGARD control has a complete 
metal-enclosed offering:

■ Full and reduced voltage starting of 
medium voltage motors up to 8000 hp

■ Main breaker metal-enclosed 
switchgear, a smaller footprint, 
single integrated assembly direct 
coupled to the AMPGARD control

■ Integral LBS loadbreak switches 
available as main, tie or feeder. 
The LBS can be supplied as fused 
or un-fused

■ Adjustable frequency drives 
(SC 9000™) up to 4160V, 6000 hp

Features, Benefits and Functions
Personnel safety: Positive mechanical 
isolating switch with visible disconnect 
completely grounds and isolates the 
starter from the line connectors with 
a mechanically driven isolating shutter, 
leaving no exposed high voltage. 
Medium voltage door is mechanically 
locked closed with interlocking mecha-
nism; low voltage section has separate 
door and is segregated from the 
medium voltage section.

Ease of installation: Current limiting 
fuses, contactor assembly and 
isolating switch assembly are easily 
removed from the enclosure; line 
and load terminals are completely 
accessible from the front.

Ease of maintenance: All components 
are front accessible, facilitating routine 
inspection and/or parts replacement. 

The low voltage compartment 
is painted white as standard to 
maximize serviceability.

Simplicity of design: Component-
to-component design eliminates half 
of the electrical connections.

Time-proven contactor technology: 
Three vacuum contactor ratings are 
used, 400A and 800A 7.2 kV and 300A 
15 kV. 400A 7.2 kV contactors are 
available as stab-in or bolt-in design. 
800A 7.2 kV and 300A 15 kV contactors 
are available as stab-in design only.

High degree of isolation: Main bus is 
located in separate compartment on 
top of lineup. Vertical bus is barriered in 
rear of starter. Load cables are isolated 
from adjacent starter in two-high 
sections. A vertical low voltage wireway 
is provided for isolation of customer 
control wiring. The low voltage control 
compartment is isolated from medium 
voltage by grounded steel barriers.

Starter catalog types are available for 
the following applications:

■ Squirrel cage, full voltage 
(reversing and non-reversing)

■ Squirrel cage, primary reactor
■ Squirrel cage, autotransformer
■ Reduced voltage solid-state
■ Synchronous full voltage
■ Synchronous primary reactor
■ Synchronous auto-transformer 

(reversing and non-reversing)
■ Two-speed, two winding
■ Two-speed, one winding

Enclosures
AMPGARD products are available in 
NEMA® 1 general purpose enclosures 
as standard. NEMA 12 (dust tight), 
NEMA 3R (outdoor) and arc-resistant 
enclosures are available options for 
most products. Contact Eaton for 
exceptions. Enclosure type affects the 
maximum continuous current rating 
of the starters in the enclosure. 

Refer to Table 10.1-4 on Page 10.1-17 for 
specific ratings for each enclosure type.

Arc-Resistant AMPGARD
When specified, AMPGARD is available 
in special arc-resistant construction. 
AMPGARD AR is available with a 50 kA, 
0.5 sec arc resistant rating. The design 
has been tested and verified to meet 
the requirements of IEEE C37.20.7 for 
Type 2B construction. Type 2B con-
struction is defined as arc-resistant at 
front, back and sides of the enclosure 
with the low voltage compartment door 
open. Most types of 400A and 800A 
starters, as well as 24-inch (610 mm) 
wide incoming cable sections are 
available in arc-resistant construction. 
A common plenum design to close 
couple to Eaton arc-resistant switchgear 
is also available. Consult Eaton for 
ratings on this design. Main Breaker 
AMPGARD, SC 9000 AFD, LBS load 
break switches are not available in 
arc-resistant construction. Due to the 
specific nature of arc-resistant testing, 
no modifications may be made to 
the enclosure while maintaining the 
arc-resistant rating. Consult Eaton 
for more details.

Personnel Safety Features
One of the most important consider-
ations in designing the AMPGARD 
starter was personnel safety. The 
result is an extensive system of 
interlocks and other safety features.

Interlocks
Interlocking on AMPGARD starters 
includes:

■ Isolating switch mechanism locks 
the medium voltage door closed 
when the switch is in the ON position

■ Provision for optional key interlocks
■ When door is open, interlock prevents 

operating handle from being moved 
inadvertently to ON position

■ When contactor is energized, isolating 
switch cannot be opened or closed

2-High FVNRMV4S
RVSS

AMPGARD SC 9000 4160V, 2500 hp AFDAMPGARD Main Breaker
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Other Safety Features
AMPGARD starters include many 
additional features designed to 
protect operating personnel. These 
features include:

■ Provision for a padlock on 
the isolating switch handle in 
OFF position

■ Shutter barrier between line 
terminals and isolation switch 
stabs is mechanically driven

■ Distinctive marking on switch 
assembly appears when shutter 
barrier is in position and starter is 
completely isolated from the line

■ Grounding clips provide a positive 
grounding of the starter and main 
fuses when the isolating switch 
is opened

■ High and low voltage circuits are 
compartmentalized and isolated 
from each other

■ The drawout isolation switch is 
easily removed by loosening two 
bolts in the back of the switch. 
The shutter remains in place 
when the switch is withdrawn

A remote operator for the starter 
isolation switch is an available option. 
The AMPGARD Remote Operator (ARO) 
enables users to open or close the 
switch through the use of a pushbutton 
station operated up to 30 feet away 
from the starter. Users can mount the 
ARO on the front of the starter, plug it 
into any available 120 Vac source, then 
easily operate the isolation switch from 
outside the starter arc flash boundary.

AMPGARD Remote Operator

Mechanical Non-Loadbreak 
Isolating Switch

JMT-400/800A Isolation Switch 
Front View

JMT-400/800A Isolation Switch 
Rear View

Isolation Switch
Eaton’s Type JMT-4/8 and JMT-15 are 
each a drawout, lightweight, three-pole, 
manually operated isolating switch 
mounted in the top of the starter enclo-
sure. They may be easily removed 
by loosening two bolts in the rear of 
the switch. The JMT-4 is rated 400A 
continuous while the JMT-8 is rated 
720A continuous. The JMT-15 is rated 
300A continuous at 15 kV. All isolation 
switches have a mechanical life rating 
of 10,000 operations.

The component-to-component circuitry 
concept includes the mountings for 
the current limiting fuses as part of 
the isolating switch.

Features
A positive mechanical interlock 
between the isolating switch handle 
mechanism and contactor prevents the 
isolating switch from being opened 
when the contactor is closed or from 
being closed if the contactor 
is closed.

An operating lever in the isolating 
switch handle mechanism is designed 
to shear off if the operator uses 
too much force in trying to open the 
non-loadbreak isolating switch when 
the contactor is closed. This feature 
ensures that the operator cannot open 
the switch with the main contactor 
closed, even if excessive force is 
used on the operating handle.

To operate the isolating switch, the 
operating handle is moved through 
a 180º vertical swing from the ON to 
the OFF position. In the ON position, 
a plunger on the back of the handle 
housing extends through a bracket on 
the rear of the starter high voltage 
door, preventing the door from being 
opened with the switch closed. When 
the high voltage door is open, a door 
interlock prevents the handle from 
being inadvertently returned to the 
ON position.

When the operating handle is moved 
from ON to OFF, copper stabs are 
withdrawn from incoming line fingers. 
As the stabs withdraw, they are 
visible above the top of the fuses 
when viewed from the front, and 
simultaneously grounded. As the 
fingers are withdrawn, a spring-driven 
isolating shutter moves across the 
back barrier to prevent front access 
to the line connections. As the 
shutter slides into position, distinctive 
markings appear on the back barrier, 
making it easier to check the position 
of the shutter. 

Isolation Switch Auxiliary Contacts

Optional Blown Fuse
Indicator Contacts

Switch Operating 
Arm

Control Plug

Line Side Access Panel
(Removable From Front)

Line Side Connections

Switch Handle

Open
Switch Handle

Closed
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400A, 7.2 kV Vacuum 
Contactor, Type SL

400A Bolt-in Contactor
7200 Volt Maximum

General Description
Eaton’s Type SL Vacuum Contactors 
were designed and engineered 
specifically for use in AMPGARD 
starters. 7.2 kV SL 400A Vacuum 
Contactors are self-supporting, 
compact, drawout, three-pole, DC 
magnet closed contactors. To permit 
application matching of the starter to 
the motor rating, the SL Contactor is 
available in 400A standard and high 
interrupting ratings.

SL Contactors are available in the 
standard bolt-in configuration and 
optional stab-in design. Either bolt-in 
or stab-in designs can be supplied in a 
two-high configuration, with a starter 
maximum of 400 full load amperes. The 
total NEMA 1 structure rating cannot 
exceed 720A for a combination of 
two starters. Refer to Table 10.1-4 on 
Page 10.1-17 for other ratings.

Design
Eaton Vacuum Contactors are highly 
versatile, low-chop contactors that have 
been designed to meet all applicable 
NEMA standards and are UL® recog-
nized components. The contactors 
accommodate mechanical interlocks 
that function with the starter isolation 
switch and with other contactors. 
These interlocks provide unmatched 
safety and service protection.

The contactors consist of a molded 
frame with moving armature, magnet 
and vacuum interrupters. The contactor 
is easily positioned into the starter, and 
vacuum interrupters provide long life 
with a minimal maintenance program. 
The SL operating coils are energized 
by a control board that provides a 
pulse-width-modulated DC output. 
Control voltages and contactor dropout 
times are programmed using a DIP 
switch located on the control board. 
The control board is mounted in a 
protected cavity in the molded 
contactor frame to prevent inadvertent 
access to the voltage and dropout 
DIP switch. Four auxiliary contacts 
(2NO, 2NC) are supplied with each 
contactor and are wired to terminal 
blocks on the starter control panel.

The vacuum interrupters employ 
special main contact materials that 
exhibit a low chop current plus other 
specially engineered characteristics 
that minimize switching surges. Surge 
protection is therefore not required 
due to the use of the vacuum contac-
tor. Surge protection may be required 
for other reasons such as the high 
probability of lightning strike, etc.

Maintenance
Reduced maintenance is one of the 
outstanding features of Eaton’s 
Vacuum Contactor line. The special 
contact material in the vacuum 
interrupters provides long life even 
under severe operating conditions. 
The main coils operate with a very 
low temperature rise to maximize 
insulation life. Steel bearings on 
the main shaft provide long, trouble-
free operation.

An included simple go/no-go gauge is 
used for checking contact wear. Wear 
can be checked without removing the 
contactor from the starter. The vacuum 
contactor at 65 lb is much lighter than 
previous generation airbreak or vacuum 
contactors, which allows for easier 
insertion and removal from the 
starter structure.

Contactor Control Board

DIP Switch on Contactor Control Board
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400A Stab-in Contactor

7200V Maximum

400A, 7.2 kV Bolt-in
The bolt-in version of the SL Contactor 
is supplied as standard for those 
applications requiring a 400A contactor. 
The contactor is mounted on wheels 
and rolls into the AMPGARD structure 
on steel rails. Bolted bus bars connect 
the contactor line and load terminals 
to the power components in the starter 
cell. A three-phase current transformer, 
three-phase potential transformer and 
ground fault current transformer are 
mounted in the cell when required. 
A plug on the side of the contactor 
connects the contactor to the low 
voltage control panel.

The contactor is easily withdrawn from 
the structure by removing the six bolts 
securing the contactor line and load 
terminals, and the pin connecting 
the isolating switch interlock arm. 
The contactor can be removed from 
the starter without disconnecting 
any medium voltage cables.

400A, 7.2 kV Stab-in
A stab-in version of the SL Contactor
is an available option. The stab-in
contactor is mounted on wheels 
and rolls into the AMPGARD structure. 
Contactor line and load fingers engage 
cell-mounted stabs as the contactor 
is inserted into the starter cell. The 
contactor is held in position by a bolt 
and bracket combination. It can be 
easily withdrawn from the starter 
cell by removing the bolt holding 
the contactor against the bracket 
and disconnecting the isolation 
switch interlock. The contactor can 
be removed from the starter without 
disconnecting any medium voltage 
cables.

400A Stab-in Contactor 7200V 
Maximum with Mechanical Interlock

800A, 7.2 kV Vacuum Contactors
The 800A SL Contactor is available in 
a one-high configuration and is rated 
at 600/650/720A enclosed. The 800A 
contactor is available with a stab-in type 
connection only. The 800A contactor 
is mounted on wheels and has similar 
features to the stab-in 400A contactor.

800A Vacuum Break Contactor 
7200V Maximum Stab-in with Wheels, 
and Line and Load Fingers

300A, 15 kV Stab-in Contactor
The 300A 15 kV SL Contactor is 
available in a one-high configuration 
and is rated at 300A enclosed. The 
300A contactor is available with a 
stab-in type connection only. The 15 kV 
contactor is mounted on wheels and 
has similar features to the 800A 7.2 kV 
contactor. The maximum starter current 
is 300 full load amperes when supplied 
with 15 kV 400 ampere CLS fuses.

300A Stab-in Contactor
15 kV Maximum

Current Limiting Fuses
AMPGARD starters use Eaton’s Type 
CLS power fuses with special time/
current characteristics for motor service. 
Type CLE or Type HLE power fuses 
are applied when the starter is used 
to feed a transformer. The fuse is 
coordinated with the contactor and 
overload relay characteristics to 
provide maximum motor/transformer 
utilization and protection. The standard 
mounting method for power fuses is 
bolted with an option for fuse clips in 
the 400A starter. 800A 7.2 kV and 300A 
15 kV fuses are supplied as bolted only.

Interruption is accomplished without 
expulsion of gases, noise or moving 
parts. Type CLS/CLE/HLE fuses are 
mounted in a vertical position to ensure 
maximum rating reliability, proper 
operation and to eliminate the possibility 
of dust and dirt collecting, resulting in 
a deterioration of dielectric properties. 
When a fault has been cleared, a 
plastic indicator in the top of the fuse, 
normally depressed, pops up to give 
visible blown fuse indication. This 
indicator also operates the optional 
blown fuse mechanism (available 
with bolted 7.2 kV fuses only) on the 
isolation switch that gives a contact 
closure to allow use in the starter 
control circuit.

Blown fuses may be removed and 
replaced without removing or drawing 
out the contactor. The control circuit 
primary fuses are also current limiting.

Mechanical Interlock with 
Isolation Switch

Roll-out
Wheels

Self-Aligning 
Contactor Line 
and Load Fingers
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Standard Fuse Mounting is Bolted with Optional Clip Mounting

Blown Fuse Indicating Device

Isolated Low Voltage Control
The low voltage door has four cutouts as standard.

AMPGARD 400A Starter Door Closed

View of Isolation Switch Through Viewing Window

AMPGARD 400A Starter—Medium Voltage Door Open

Device panels are provided on the low voltage door to 
simplify the mounting of pilot devices. The low voltage con-
trol panel is behind the low voltage door and is completely 
isolated from the medium voltage compartment. A standard 
viewing window allows visual verification of the isolation 
switch status before attempting to open the medium voltage 
door. The medium voltage door is locked closed whenever 
the isolation switch is closed.

AMPGARD 400A Starter—Low Voltage Door Open

CLS Clip Fuse CLS Bolted Fuse

Blown Fuse 
Indicator 
Operating Arm
(Optional)

Fuse Fault 
Indicator

Low Voltage 
Access Door

MD-3000 Differential 
Relay (When Specified)

Indicating Lights
Start/Stop Pushbutton 
(When Specified)

1/4 Turn Door Latch
Top and Bottom

Motor Protective Relay 
(When Specified)

Distinctive Markings on Isolation Switch 
Shutter Indicate Shutter is Closed and 
Switch is Open

Standard Isolation Switch 
Viewing Window

Vertical Control 
Wireway

Bolted 
Main Fuses

Customer
Terminal Blocks 
for Remote 
Control
Connections

Horizontal 
Wireway

Motor Load Connections 
(Accepts 2-Hole Lugs 
as Standard)

Control Power Transformer 
(750 VA Standard, up to 
4 kVA Available)

Standard Isolation 
Switch Viewing 
Window

Isolation Switch 
Operating Handle 
(Mechanism Locks 
Medium Voltage 
Door When Switch 
is Closed)

Medium Voltage 
Access Door

Predrilled Holes for Additional
Control Devices

Interposing Control Relay
DIN Rail Mounted
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Bus and Optional Features

Bus Compartment Top View 3000A Main Horizontal Bus

Main Bus
When starters are grouped together 
in a lineup, a typical option is the 
main bus. The AMPGARD main bus 
is mounted in its own 12-inch (305 mm) 
high top-mounted enclosure, which 
isolates it from the starter. The connec-
tion from the main bus to the starter is 
done with rigid vertical bus. Insulated 
barriers are provided for separate top 
entry of power and control cables. 
The main bus is top, side and front 
accessible, which allows for ease of 
maintenance or extension of lineup 
without disassembling the starters.

Main bus is available for 1000, 1200, 
2000 and 3000A. Main bus is uninsu-
lated as standard on 7.2 kV and below. 
Fully insulated bus is an available 
option for up to 7.2 kV starters and is 
standard on 15 kV and arc resistant 
starters. Bus may be supplied with 
either tin or silver plating. Crossover 
bus, busway entry, and pull boxes 
are not available for the 3000A design 
(3000A bus duct provisions are available 
with the Main Breaker AMPGARD, 
see Page 10.1-12).

The standard bus short circuit rating 
is 50 kA per NEMA standards and is 
based on the let-through current of the 
largest fuse used in any starter. An 
optional 50 kA, 2-second bus rating is 
available for customers that require a 
higher rating for the main bus.

Vertical Bus
Vertical bus is located behind a fixed 
barrier in the rear of the enclosure. 
It is fully insulated as standard, with 
plating to match that of the main bus.

Other Optional Features
AMPGARD starters are available 
with a variety of accessories and 
modifications to satisfy a wide range 
of application requirements. Some 
of the broad areas covered include:

■ Bus and cable entrance enclosures
■ Transformers
■ Power factor correction capacitors
■ Operators and pilot devices
■ Instruments and meters
■ Control relays and timers
■ Solid-state or selected electro-

mechanical protection devices

Medium Voltage Conduit Area
(Upper Starter)

Insulated Barriers to Separate 
Motor Load Cables from Main Bus

Low Voltage 
Conduit Area

Phase C

Bus Splice 
Plates

Vertical 
Bus Drops

Phase B

Phase A

Medium Voltage Conduit 
Area (Lower Starter)

Vertical Bus, Rear View (2-High 400A)

Standards and Certifications

UL, CSA and IEC Certification
AMPGARD starters are designed, 
assembled and tested to meet all 
applicable standards: 

■ NEMA/ANSI ICS3
■ UL 347
■ CSA®

The major components, i.e., contactor, 
isolating switch, fuses, EMR-3000 and 
EMR-4000 are UL recognized.

UL or CSA labeling of a specific starter 
requires review to ensure that all 
requested modifications and auxiliary 
devices meet the appropriate standards. 
Refer to factory when specified. 
AMPGARD starters meet the require-
ments of IEC standards 60694, 60298 
and 60470.

Seismic Qualification

Refer to Tab 1 for information on 
seismic qualification for this and 
other Eaton products.
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Reduced Voltage Starters

General Description
Eaton offers traditional electrome-
chanical reduced voltage starters in 
addition to reduced voltage solid-state 
(RVSS) starters. Unless otherwise 
specified, reactors and autotransformers 
are NEMA medium duty rated. They 
are designed for three 30-second starts 
per hour. Heavy-duty reactors and 
transformers can be supplied when 
specified. Locked rotor current must 
be specified when ordering reduced 
voltage starters to ensure that the 
reactors or autotransformers are 
properly sized.

Reduced Voltage Reactor Starter

Reactor Starter

Table 10.1-1. Type 502 Reactor Starting 
Characteristics 

1 Factory set on 65% tap.

Advantages
■ Reduces starting currents
■ Least costly reduced voltage 

starting method

Disadvantages
■ Large footprint: 1-1/2 structures 

at 400A
■ “Bump” on transition to full voltage
■ Not as efficient as autotransformer
■ Due to reduced torque during 

starting, motor must typically be 
unloaded during the start sequence

Sequence of Operation
■ Main contactor (M) closes
■ Current flows through reactor 

reducing voltage to motor (based 
on tap setting)

■ When motor current reaches 
~125%, the run contactor (R) closes 
providing full voltage to the motor

Reduced Voltage 
Autotransformer Starter

Auto Transformer Starter

Table 10.1-2. Type 602 Auto-transformer 
Starting Characteristics 

2 Factory set on 65% tap.

Advantages
■ Produces the most torque per 

incoming line ampere of any 
reduced voltage starting method

■ Less costly than RVSS

Disadvantages
■ Large footprint: 1-1/2 structures 

at 400A
■ More costly than reactor
■ “Bump” on transition to full voltage
■ Due to reduced torque during 

starting, motor must typically be 
unloaded during the start sequence

Notes: Care should be taken when selecting 
the motor for reduced voltage starting to 
ensure that there is sufficient torque to 
accelerate the load at reduced voltage. 
Motors that do not fully accelerate at 
reduced voltage will generate high voltages 
at transition that can damage the autotrans-
former and void the factory warranty.

Sequence of Operation
■ Shorting contactor (S) closes
■ Main contactor (M) closes
■ Current flows through autotrans-

former reducing voltage to motor 
(based on tap setting)

■ When motor current reaches ~125%, 
the shorting contactor (S) opens and 
the run contactor (R) closes provid-
ing full voltage to the motor

Notes: Because the motor is never 
disconnected from the supply voltage, 
the starting is closed transition.

Starter

Type

%

Motor

Voltage

%

Motor

Current

% 

Line

Current

%

Torque

80% tap
65% tap 1
50% tap

80
65
50

80
65
50

80
65
50

64
42
25

Starter

Type

%

Motor

Voltage

%

Motor

Current

% 

Line

Current

%

Torque

80% tap
65% tap 2
50% tap

80
65
50

80
65
50

67
45
28

64
42
25
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Solid-State Reduced Voltage 
AMPGARD MV4S
Eaton offers reduced voltage solid- 
state soft starters in 400A and 720A 
configurations. Horsepower ratings 
are available through 5000 hp. The 
400A AMPGARD soft starter requires 
one full height structure with a full 
voltage starter in the upper compart-
ment bus connected to a soft start truck 
assembly in the lower compartment. 
The 720A soft starter requires two 
full height structures (total 72 inches 
(1829 mm) wide). The soft start 
components are fixed mounted in the 
720A starter. Both soft starters include 
internal fault protection and built-in 
basic motor protection. The standard 
assembly includes an EMR-3000 motor 
relay for advanced motor protection.

Why is Solid-State Reduced 
Voltage “Soft” Starting Desirable?
■ Eliminate shock to your mechanical 

components
■ Avoid coupling and shaft damage
■ Prevent rotor and winding failure
■ Stop drive belt squeal and breakage
■ Prevent water hammer in pipes
■ Soft stop the pump motors
■ Reduce pressure so valves close gently
■ Avoid the surge wave
■ Reduce peak starting currents
■ Reduce voltage drop on motor start

Ratings
■ 2300–4160 Vac grounded systems
■ 60 kV BIL impulse rating
■ Horsepower: to 5000 hp

Refer to Table 10.1-19 on Page 10.1-32 
for more detailed ratings information.

The AMPGARD solid-state soft starter 
is recommended for application only 
on power systems that are solidly 
grounded or resistance grounded. 
Ungrounded systems are not 
recommended.

Industry Standards
The AMPGARD solid-state starter is 
designed and built to meet all applicable 
industry standards. The 400A starter is 
available as a UL listed assembly.

■ NEMA ICS3
■ UL 347
■ CSA
■ Manufactured in an ISO® 9001 

and ISO 14001 certified facility

Starting Characteristics 
The soft start controller provides 
a number of selectable starting 
characteristics as standard:

Kick Start
Provides an initial boost of current to 
overcome motor and system inertia.

Ramp Start
Operator sets the initial starting 
voltage and ramp time. Factory 
setting for starting voltage is 20%. 
Range is 0 to 100%. Factory setting 
for starting time is 10 seconds. Range 
is 0 to 120 seconds.

Current Limit
Limits the maximum starting current. 
Used in long start time applications 
and motor protection applications. 
Factory setting is 350% of motor FLA. 
Range is 200 to 600%.

Solid-State Soft Stop
Provides a slow decrease in output 
voltage. Extends the stopping time of 
the motor. Typically used with pumps.

AMPGARD 400A Soft Starter

Main Starter 
Cubicle

Motor 
Protection
Relay

Soft Starter 
LV Control 
Compartment

Drawout
SCR Truck
(Located 
Behind 
MV Door)

Load Cables—Normal

Load Cables—Moved for Full Voltage Start
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MV4S Keypad and Display

Application with Capacitors
Capacitors of any kind may not be 
connected to the load of the solid-state 
starter. When power factor correction 
capacitors are required, the capacitors 
are connected ahead of the RVSS truck 
and are switched with a separate 
capacitor contactor. If multiple starters 
with capacitors are supplied in the 
same lineup, all capacitors are 
switched off while the solid-state 
starter ramps. At the completion of 
the ramp cycle, the capacitors for 
all energized starters are sequenced 
back on. Long cable runs may create 
enough capacitance to be of concern. 
Capacitance connected to the starter 
motor connections must not exceed 
0.3 ufd.

400A MV4S Roll-out Truck 

Design
Soft start components and bypass 
contactor are mounted in a easy-
to-remove roll-out truck assembly. 
Maintenance can be performed with 
the truck on a bench away from the 
starter cubicle.

720A MV4S with Doors Open

How It Works
1. At the time of start, the bypass 

contactor is open and all current 
passes through the SCRs that 
ramp the voltage per the pre-
programmed starter settings. 

2. After start is complete, the run 
contactor closes, taking the SCRs 
out of the circuit.

3. The SCRs are on for only a short 
time therefore no MCC venting or 
cooling is required.

4. When a stop command is 
received, the SCRs can be 
programmed to ramp down, 
providing a soft stop.

AMPGARD 720A Soft Starter
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Synchronous Motor Control, 
Basic or Enhanced, with 
Mark V Controller
AMPGARD synchronous starters are 
available for Brush-type and Brushless 
Motors, in Basic and Enhanced versions. 
Both Basic and Enhanced Brush-type 
designs feature the AMPGARD exclusive 
“Soft-sync” that minimizes mechanical 
shock as the motor is synchronized.

Eaton Factory Authorized Start-up 
Service is required with all Enhanced 
Synchronous Starters.

Basic Brush-type
The Basic Brush-type starter includes 
a three-phase exciter to generate DC 
rotor current up to 200A plus a control 
board that determines the proper 
time to apply the DC field while also 
providing basic protection, including:

■ Locked rotor protection
■ Incomplete sequence
■ Failure to synchronize
■ Blown fuse protection
■ Pullout protection
■ Field loss protection

The protective features are displayed 
on an Eaton GP02 interface module. 
Stator protection is provided by 
an EMR-3000 solid-state motor 
protection relay.

AMPGARD Synchronous Starter

Basic Display with Trip Indication

Enhanced Brush-type
The Enhanced Brush-type starter 
includes all features of the Basic 
starter plus premium protection, 
metering and communications. 
Features include:

■ Power factor regulation/
VAR regulation

■ Auto-loading
■ Field forcing
■ Enhanced metering
■ Event recorder
■ Communications with Modbus® 

TCP/Modbus RTU, Serial Interface 
(RS-232)

The standard enhanced display is an 
Eaton GP04 interface module. An 
Eaton PanelMate is available as a 
high-end display. 

Basic Brushless
The Basic Brushless starter includes 
a three-phase DC power supply to 
generate exciter field current up to 
10A plus a control board that provides 
basic protection. A solid-state motor 
protective relay is supplied for pullout 
protection. Output voltage is adjustable 
from 62–125 Vdc.

Stator protection is provided by 
an EMR-4000 solid-state motor 
protection relay.
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Incoming Line
Depending on the size and number 
of incoming cables, an incoming line 
enclosure may be necessary. Different 
designs are available for incoming 
power for top or bottom entry.

When incoming line metering is 
specified, an additional 24-inch 
(610 mm) wide metering structure 
is typically supplied.

Typical 24-Inch (610 mm) Wide
Incoming Line Structure

Incoming Line Connection Options
■ Cable: Maximum of six per phase, 

750 kcmil maximum, top or 
bottom entry

■ Bus Duct: Top only, 1200A, 2000A or 
3000A. Standard Eaton three-wire 
designs only

■ Transformer Throat: Must be the 
standard design used by Eaton

Potential Transformers, 
Control Power Transformer 
Disconnect and Fuses
Bus connected (7.2 kV max.) potential 
transformers and/or control power 
transformers are mounted in a 
20-inch (508 mm) high assembly that 
includes a disconnect and primary fuses. 
The assembly can be mounted in a 
24-inch (610 mm) or 36-inch (914 mm) 
wide structure.

Potential Transformers, Control 
Power Transformer and Fuses 
Mounted in a Disconnect Assembly, 
Height 20 Inches (508 mm)

Type LBS Loadbreak Switch
For application needs with loads 
rated 600 or 1200A at 2300–6600V, 
AMPGARD is available with the Type 
LBS loadbreak switch. The LBS is fixed 
mounted and will fit in one-half of a 
standard 80-inch (2032 mm) high, 
36-inch (914 mm) wide vertical structure. 
Power fuses up to 450E amperes 
can be mounted within the half-high 
structure. 600E or 750E fuses require 
an additional half-structure, 1100E 
or 1350E fuses require an additional 
full structure. Lineups supplied with 
unfused LBS switches or with switches 
that use fuses greater than 450A 
cannot be rated for 50 kAIC. Refer to 
Table 10.1-5 on Page 10.1-17 for addi-
tional ratings information. Mechanical 
interlocks are incorporated so that the 
door cannot be opened when the switch 
is on, and when the door is open the 
switch cannot be closed. A safety 
screen is supplied behind the switch 
door. The Type LBS switch can be 
supplied with two Form C electrical 
interlocks.

Type LBS Loadbreak Switch Shown 
in Upper or Lower Half of 36-Inch 
(914 mm) Wide Structure, Height 
40 Inches (1016 mm)

Type LBS Loadbreak Switch Shown 
with Safety Screen Removed

Bus for
Top or 
Bottom
Entry 
Incoming
Power
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Main Breaker AMPGARD

Main Breaker AMPGARD 

General Description
Eaton’s Main Breaker AMPGARD 
(MBA) is a fully integrated metal-
enclosed medium voltage Type VCP-W 
Drawout Vacuum Circuit Breaker that 
is bus connected (close-coupled) to 
AMPGARD Medium Voltage Starters 
in a single integrated assembly.

Notes: MBA sections are 100 inches 
(2540 mm) high.

Main Breaker AMPGARD (7.2 kV max.) 
is suitable for service entrance. Utility 
metering sections are not available. 
Main Breaker AMPGARD is designed 
and built to meet the following 
standards where applicable:

■ NEMA ICS-1 and NEMA ICS-3, Part 2
■ ANSI/IEEE C37.20.3
■ UL 347
■ CSA C22.2, No. 31 and No.14

Listing/Certification
UL listing and CSA certification is 
available, depending on the specific 
bill of material.

Ratings
■ 2300–6600 Vac systems 

(7200 Vac maximum), three-phase
■ 60 kV BIL impulse withstand rating
■ ANSI interrupting ratings—250, 

350 and 500 MVA. 500 MVA rating 
available for 6600V systems only

■ Continuous current—1200A, 2000A, 
and 3000A

Main Breaker AMPGARD—Doors Open

Requires Less Floor Space
■ Only 60 inches (1524 mm) deep, 

the integrated MBA design provides 
a bus system that directly connects 
to AMPGARD motor starters, elimi-
nating space-consuming transition 
sections. The reduced floor space 
requirements yield significant cost 
savings, particularly when installa-
tion in a prefabricated electrical 
house is required

■ Back-to-back starters provide for 
an increase in the number of 
starters without an increase in 
floor space

Front/Side Accessible 
Connections
■ All connections requiring main-

tenance are front or side accessible
■ Rear access space is not required
■ An MBA (excluding back-to-back 

design) can be installed flush 
against the wall

Circuit Breaker Rating Chart
Table 10.1-3. ANSI Standards—
Type VCP-W Circuit Breakers Rated on 
Symmetrical Current Rating Basis

Notes: See Page 10.1-20 for complete ratings.
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MVA kV kV Peak kA rms Amperes

250 4.16 60 kV BIL 29 at 
4760V

1200
2000
3000

350 4.16 60 kV BIL 41 at 
4760V

1200
2000
3000

500 7.2 60 kV BIL 33 at
8250V

1200
2000
3000
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Microprocessor-Based Relays
Eaton’s protective relays provide 
programmable circuit protection, 
information and operator conducted 
testing. Refer to Tab 4 for more 
information.

Metering
Power Xpert® meters are available 
for multi-function metering. Refer 
to Tab 3.

Communications
Eaton’s Power Xpert Architecture 
communications provides for monitor-
ing and controlling complete electrical 
distribution systems of those parts of 
a system selected by the operator. 
Refer to Tab 2.

Enclosures
The MBA is available in NEMA/
EEMAC 1, NEMA/EEMAC 1G/1A, 
and NEMA/EEMAC 12 enclosures.

AMPGARD 2-High Structure Bus Connected 
to Main Breaker Section

Low Voltage Equipment Cell Compartment 
for Metering and Protection Devices

Side Panel Removed to Show Incoming
Cable Connections
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Technical Data

Typical Wiring Diagram for Full Voltage FVNR Starter

Figure 10.1-1. Induction Motor Across-the-Line Starter, Vacuum Contactor with Optional EMR-3000 Motor Protection and 
IQ Metering, Start-Stop Pushbuttons, and Red and Green Indicating Lights
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Typical Wiring Diagram for Reduced Voltage Autotransformer RVAT Starter

Figure 10.1-2. Induction Motor Reduced Voltage Autotransformer Starter, Vacuum Contactor with Optional EMR-3000 Motor Protection and 
IQ Metering, Start-Stop Pushbuttons, and Red and Green Indicating Lights
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Typical Wiring Diagram for Solid-State Reduced Voltage Starter

Figure 10.1-3. Induction Motor Reduced Voltage Solid-State Starter, Vacuum Contactor with EMR-3000 Motor Protection, Local and Remote 
Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Position
Normal BypassCont

Softstart Bypass

AMP

AUX 2

Capacitors (Power Factor or Surge) 
Must not be Connected to the Load Side 
of the RVSS Starter. If Capacitors are 
Supplied in the Motor Terminal Box, 
They Must be Removed.

=  Circuit Board Input

=  Circuit Board Dry Output

= Circuit Board Wetted Output

=  Remote Device 
=  Internal Term. Blk(s)
=  Term. Blk. for Customer Conn.
=  TX Type Light

Reduced Voltage 400A MVS4 Starter

MP4000 Programming Notes:

MP4000 Must be Programmed for AUX2 Relay Output to Trip on:

Ground Fault, Instantaneous Overcurrent and Differential (if used).

These Trip Conditions Will Result in the Immediate Opening of the 
Main Contactor (Uncontrolled Shutdown)

All Other  Trip Functions Will Operate the Trip Output and Allow the 
Softstart Module to Open the Circuit (Controlled Shutdown)

Refer to MP4000 Manual IB02602002E, Pages 4-12 Through 4-13, 
Setpoints 10-2, 10-15 and 10-19.
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Table 10.1-4. Starter Maximum Continuous Current Ratings

1 Limited acceleration time and locked rotor current. Contact Eaton for details.

LBS Loadbreak Switch
Table 10.1-5. LBS Switch Ratings 

2 1200A rating is for NEMA 1 enclosure with vented covers. NEMA 3R/12 rating is 1000A.

Type SL, 400A, 7.2 kV Vacuum Contactor/Starter Ratings
Table 10.1-6. Type SL 400A Vacuum Contactor Ratings 

3 Time stated in cycles on 60 Hz base.

Starter Class Enclosure Type

NEMA 1 NEMA 12/NEMA 3R Arc Resistant

Two-high with 400A 7.2 kV contactors 360 top 330 top 320 top

360 bottom 330 bottom 320 bottom

Two-high with 400A 7.2 kV contactors–alternate 320 top 230 top 210 top

400 bottom 1 370 bottom 350 bottom

One-high with 800A 7.2 kV contactor 720 650 600

One-high with 300A 15 kV contactor 300 300 N/A

Description Continuous 

Amperes

Load-Break

Amperes

Fault Close Rating,

kA Asymmetrical

System Fault Rating,

kA Symmetrical

600A unfused switch
1200A unfused switch

600
1200

600
1200

40
61

25
38

600A fused switch, 450E maximum fuse
1200A fused switch, 450E maximum fuse

450
450

600
1200

80
80

50
50

600A fused switch, 750E maximum fuse
1200A fused switch, 750E maximum fuse

600
750

600
1200

64
64

50
50

1200A fused switch, 1350E maximum fuse 1200 2 1200 49 31

Rated Utilization Voltage 2200 to 2500V 3000 to 3600V 3800 to 4800V 6000 to 7200V

Interrupting rating 
(With 400A high interrupting contactor)

NEMA unfused (E1)
NEMA fused (E2)

8.5 kA
50 kA

8.5 kA
50 kA

8.5 kA
50 kA

8.5 kA
50 kA

Application table
Induction motor
Synchronous motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor three-phase

200 MVA at 2400V
1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

285 MVA at 3300V
2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

400 MVA at 4600V
3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

570 MVA at 6600V
4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum Insulation Voltage: 7200V
Maximum interrupting current

(3 operations)

Rated current 
IEC make-break capability-AC4

Make
Break

Short-time current
30 seconds
1 second
8.7 milliseconds (0.5 cycle) 3

Standard service altitude
Optional service altitudes

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time

(Energization to contact touch)
Opening time

8500A (High interrupting)
4500A (Standard interrupting) 
400A enclosed

4000A
3200A

2400A
6000A
63 kA Peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
80 milliseconds

30 to 330 milliseconds (selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages

AC
DC

Control circuit burden
Closing (AC)/(DC)
Holding (AC)/(DC)

Auxiliary contact rating
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)

Minimum trip voltage
Trip burden

24 Vdc
125 Vdc
110/120 Vac

Trip time
Weight

12 milliseconds (3/4 cycle) or less
80% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

100V–125V, 1 kVA/200V–250V, 1.8 kVA
100V–125V, 40 VA/200V–250V, 50 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/125V
110/120V
80% rated coil voltage

400 VA
400 VA
400 VA
30 milliseconds
60 lbs (27 kg) (stab-in/bolt-in)
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Type SL, 800A, 7.2 kV Vacuum Contactor/Starter Ratings
Table 10.1-7. Type SL 800A Vacuum Contactor Ratings 

1 Other power ratings are available based on the specific load data.

Description SJ 25V830 SJ 33V830 SJ 50V830 SJ 72V830

Rated utilization voltage 2200–2500V 3000–3300V 3800–5000V 6000–7200V

Interrupting rating
NEMA unfused (E1)
NEMA fused (E2)
NEMA fused (E2)

12.5 kA
200 MVA at 2300V
50 kA

12.5 kA
285 MVA at 3300V
50 kA

12.5 kA
408 MVA at 4600V
50 kA

12.5 kA
570 MVA at 6600V
50 kA

Power rating 1
Induction motor
Synchronous motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor three-phase

3000 hp
3000 hp
3500 hp
2500 kVA
2400 kVAR

4000 hp
4000 hp
5000 hp
3500 kVA
3200 kVAR

5000 hp
5000 hp
6000 hp
4500 kVA
4000 kVAR

8000 hp
8000 hp
10,000 hp
6000 kVA
4800 kVAR

Maximum Insulation Voltage: 7200V
Maximum interrupting current 

(three operations)
Rated current

IEC make-break capability-AC4 class 3
Make
Break

Short time current
30 seconds
1 second
8.75 milliseconds (0.5 cycle)

Mechanical life
Electrical life

BIL
Dielectric strength (60 Hz)
Closing time (energization to contact touch)
Opening time

12,500A
600/650/720A enclosed
800A open

8000A
6400A

4320A
10,800A
86 kA peak
250,000  operations
200,000 operations
At rated current
60 kV (1.2 x 50 microseconds)
18.2 kV (1 minute)
80 milliseconds 
50–330 milliseconds, field 
selectable

Arcing time
Pickup voltage
Dropout voltage
Control voltages (AC)/(DC)

Control circuit burden (rated volt)
Closing (AC)/(DC)
Holding (AC)/(DC)

Auxiliary contact rating (L-64)
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)

Tripping voltage
Tripping burden

24 Vdc
48 Vdc and 96 Vdc
110 Vac and 220 Vac

Weight

12 milliseconds (3/4 cycle) or less
80% rated coil voltage
60% rated coil voltage
110/120/220/240V (50/60 Hz)
125 Vdc

2600 VA
80 VA

600V
10A
7200 VA
200 VA
720 VA
200 VA

100,000 operations
24/48/96V
110/220V (50/60 Hz)
80% rated coil voltage

1200 VA
400 VA
500 VA
95 lbs (43 kg)
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Type SL, 300A, 15 kV Vacuum Contactor/Starter Ratings
Table 10.1-8. Type SL 15 kV Vacuum Contactor Ratings

Table 10.1-9. Type SL 15 kV Vacuum Contactor Specifications

Description SL12V330 SL15V330

Utilization voltage 10,000–11,000V 12,400–13,800V

Interrupting rating
EI (unfused)
E2 (fused)
E2 (fused)

5 kA
950 MVA at 11,000V
50 kA

5 kA
1190 MVA at 13,800V
50 kA

Induction motor 6000 hp (300 FLA) 7500 hp (300 FLA)

Synchronous motor (0.8 PF) 6000 hp 7500 hp

Synchronous motor (1.0 PF) 6750 hp 8500 hp

Transformer 3800 kVA at 11 kV 6800 kVA at 13.8 kV

BIL 75 kV 95 kV (with arrestors)

Specification Rating

Maximum voltage 15,000V

Maximum interrupting current (three operations) 5000A

Rated current 300A enclosed
300A open

IEC make-break capability AC3–make 3000
AC3–break 2400

Short-time current
30 seconds
1 second
8.75 milliseconds

1800A
4500A
25 kA peak

Mechanical life 250,000 operations

Electrical life 200,000 operations

Dielectric strength (60 Hz) 36 kV (1 minute)

Closing time 80 milliseconds

Opening time 50 to 330 milliseconds (selectable)

Weight 95 lbs (43 kg)

Arcing time 12 milliseconds (3/4 cycle) or less

Pickup voltage 80% rated coil voltage

Dropout voltage 60% rated coil voltage

Control voltages
(AC)
(DC)

110/120/220/240V (50/60 Hz)
125V

Control circuit burden (rated voltage)
Closing
Holding

2600 VA
80 VA

Auxiliary contact ratings
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

600V
10A
7200 VA
200 VA
720 VA
200 VA

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)
Tripping voltage

Tripping burden
24 Vdc
48 Vdc and 96 Vdc
110 Vac and 220 Vac

250,000 operations
24/48/96V
110/220V (50/60 Hz)
80% rated coil voltage

1200 VA
400 VA
500 VA

Weight 95 lbs (43 kg)
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Main Breaker Ratings
Table 10.1-10. Available VCP-W Vacuum Circuit Breaker Types Rated on Symmetrical Current Rating Basis, Per ANSI Standards 

1 For reclosing service, there is No Derating necessary for Eaton’s type VCP-W family of circuit breakers. R = 100%. Type VCP-W breaker can perform 
the O-C-O per ANSI C37.09; O-0.3s-CO-15s-CO per IEC 56; and some VCP-Ws have performed O-0.3s-CO-15s-CO-15s-CO-15s-CO; all with no derating. 
Contact Eaton for special reclosing requirements.

2 For three-phase and line-to-line faults, the symmetrical interrupting capability at an operating voltage, Vo = (Rated Short-Circuit Current)
But not to exceed KI.

Single line-to-ground fault capability at an operating voltage, Vo = 1.15 (Rated Short-Circuit Current)
But not to exceed KI.

The above apply on predominately inductive or resistive three-phase circuits with normal-frequency line-to-line recovery voltage equal to the 
operating voltage.

3 4000A continuous rating is available for 5/15 kV. Contact Eaton for details.
4 3-cycle rating available.
5 Tripping may be delayed beyond the rated permissible tripping delay at lower values of current in accordance with the following formula:

T (seconds) =Y

The aggregate tripping delay on all operations within any 30-minute period must not exceed the time obtained from the above formula.
6 Included for reference only.
7 Asymmetrical interrupting capability = “S” times symmetrical interrupting capability, both at specified operating voltage.
8 Non-standard breakers with high momentary rating available for special applications.
Notes: Contact Eaton for capacitor switching, low inductive switching, and cable charging ratings.

Table 10.1-11. VCP-W Breaker Stored Energy Mechanism Control Power Requirements 
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Contactor-Fuse Coordination
The AMGARD starter provides 
ensured coordination between its 
fuses, contactor, current transformers, 
protective relays, and the motor it 
is controlling.

One of the most critical coordination 
issues is between the contactor and 
the starter fuses. The fuses must 
interrupt faults greater than the 
interrupting rating of the contactor. 
The AMPGARD 400A high interrupting 
contactor (SL400A-HI) has an 8-cycle 
dropout time factory setting as 
standard and will interrupt at 8500A. 
The maximum size fuse used with an 
SL400A-HI contactor is a 450-24R. By 
comparing the fuse curve with the 
contactor rating, it can be observed 
that for faults greater than 8500A, the 
fuse will open before the contactor. 
With faults less than 8500A, the 
contactor may clear the fault before 
the fuse blows, depending on the 
settings of the protective relays. Refer 
to Figure 10.1-4 for an illustration of 
AMPGARD coordination.

Other vacuum contactors available 
today may have lower interrupting 
ratings than the AMPGARD Type SL 
vacuum contactors. Dropout times 
also vary, and may be as short as 
two cycles on other starter designs. 
Lower interrupting ratings and shorter 
dropout times can result in fault 
current levels where the contactor 
may be required to interrupt a fault 
greater than its rating. This can 
result in equipment failure. Refer to 
Figure 10.1-5 for an illustration of 
an improperly coordinated starter.

AMPGARD XP3 provides complete 
contactor fuse coordination with 
minimum contactor opening time to 
minimize the time fault current flows 
throughout the power system. Refer 
to Pages 10.1-41—10.1-44 for more 
complete details.

AMPGARD starters also ensure 
coordination between other starter 
components. The current transformers 
and protective relays are selected to 
work properly with each other, and 
to protect the motor. Protective relays 
like Eaton’s EMR-3000 provide optimal 
motor protection, while also rapidly 
opening the contactor during fault 
conditions. This rapid opening signal 
cannot open the contactor in less than 
its set dropout time, but it will take 
the motor off-line in the shortest 
possible time. This will help minimize 

mechanical damage to the motor and 
may prevent the starter fuses from 
blowing by allowing the contactor to 
clear the fault (only if the fault is less 
than the contactor interrupting rating).

AMPGARD starters use 400A standard 
interrupting contactors (SL400-SI) 
when the contactor is not required 
to coordinate with the starter main 
fuse. An example of this application
is the run contactor of a reduced 
voltage starter.

Figure 10.1-4. Proper Contactor Fuse Coordination Found in AMPGARD Starter

Figure 10.1-5. Contactor Fuses That Are Not Properly Coordinated
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Protection Considerations
Coordinated with the motor’s 
characteristics, the protective devices 
in the AMPGARD starter provide motor 
protection from overload to 
full system capacity faults.

AMPGARD starters are supplied with 
an adjustable thermal overload relay 
as standard. 

Multi-function solid-state motor 
protection relays are a common 
option on AMPGARD starters. The 
EMR-3000 is typically provided when 
a multi-function relay is specified. 
The EMR-3000 provides many types of 
protection including overload, locked 
rotor, ground fault and phase loss/
phase unbalance. The EMR-3000 also 
provides start control logic to protect 
the motor against excessive starting. 
The relay may be applied to either 
across-the-line or reduced voltage 
starters. On reduced voltage starters, 
the EMR-3000 can control the 
transition from reduced to full voltage, 
offering the greatest protection for the 
motor and starter. An optional RTD 
module can be supplied for motors 
with built-in RTDs. The EMR-4000 can 
be supplied when voltage monitoring 
and protection are required. 

Eaton’s MD-3000 can be supplied when 
motor differential protection is required.

EMR-3000 Motor Protective Relay

InsulGard™ relays are an available 
option on AMPGARD starters. The 
InsulGard provides early warning of 
increasing partial discharge levels in 

the starting equipment, cables and 
motor. This early warning will help the 
user to better schedule maintenance 
and avoid unplanned downtime.

Figure 10.1-6. Full Range Coordinated Protection Between Current Limiting Type CLS Fuses, 
Vacuum Contactor and Motor Protection Relay
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Starter Fuse Information
Table 10.1-12. Fuse Coordination Recommendations 

1 Specific motor acceleration time and locked rotor current must be reviewed to ensure 
24R fuse has sufficient capacity for start cycle.

Minimum FLA Maximum FLA Fuse Rating CT Ratio

7.2 kV/400A Contactor
10.0
23.0
31.2
42.0

22.9
31.1
41.9
46.7

70-2R
70-2R

100-3R
100-3R

25:5
50:5
50:5
75:5

46.8
63.0
74.8
83.0

62.9
74.7
82.9
93.5

130-4R
150-5R
170-6R
170-6R

75:5
100:5
100:5
150:5

93.6
124.0
137.1
166.0

123.9
137.0
165.9
187.0

200-9R
200-9R
230-12R
230-12R

150:5
200:5
200:5
300:5

187.1
247.0
329.0
360.1

246.9
328.9
360.0
400.0 1

390-18R
450-24R
450-24R
450-24R

300:5
400:5
600:5
600:5

7.2 kV/800A Contactor
200.0
250.1
330.1
500.0
650.1

250.0
330.0
499.0
650.1
720.0

450-24R
450-24R
650-36R
800-44R
800-44R

300:5
400:5
600:5
800:5

1000:5
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Layout Dimensions

Full Voltage Squirrel Cage Starters 
Catalog S210 Non-Reversing 
Catalog S310 Reversing

Equipment Details

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ Drawout three-pole gang-operated line 

isolating switch assembly with iso-
lating shutter, external operating 
handle interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Vertically mounted current limiting 
power fuses with pop-up blown fuse 
indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks 
(2NO, 2NC)

■ Three current transformers

Reversing Starter
One additional magnetic three-pole 
vacuum contactor (duplicate of above), 
both contactors are mechanically and 
electrically interlocked.

Mounted in the Low Voltage Compartment
■ Control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing control relay

■ Set of control circuit terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Specifications
Table 10.1-13. Starter Selection Information—Dimensions in Inches (mm)  

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
3 At higher hp rating, maximum acceleration time is 3.5 seconds.
4 At higher hp rating, maximum acceleration time is 6 seconds.
5 Maximum current for two starters in a single structure is 720A.
6 May be applied on 6900V systems where maximum voltage does not exceed 7200V.

Figure 10.1-7. Starter Arrangements

Horsepower 1 Volts
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Dimensions

A
d

d
it

io
n

a
l

S
ta

rt
e
r 

S
p

a
c
e
s Weight 

Lbs (kg)Height 2 Width Depth

2200–2400V Non-Reversing
700/800 3
1500/1750 4
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1350 (613)
1350 (613)
1700 (772)

2200–2400V Reversing
700/800 3
1500/1750 4
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

4000–4800V Non-Reversing
1250/1500 3
2500/3000 4
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1350 (613)
1350 (613)
1700 (772)

4000–4800V Reversing
1250/1500 3
2500/3000 4
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

6600V Non-Reversing
2000/2250 3
4000/4500 4
8000

6600 6
6600 6
6600 6

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1500 (681)
1500 (681)
1800 (817)

6600V Reversing
2000/2250 3
4000/4500 4
8000

6600 6
6600 6
6600 6

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

Dimensions for estimating purposes only.

M

M

M

RVS

M

RVS

Arrangement 1 Arrangement 4Arrangement 3Arrangement 2
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Figure 10.1-8. Arrangement 1 Detail (Full Voltage 400A)—See Table 10.1-20 on Page 10.1-34 for Notes

Figure 10.1-9. Arrangement 2 Detail (Full Voltage 800A)—See Table 10.1-20 on Page 10.1-34 for Notes
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For seismic installations,
mount a minimum of
6.00 inches (152.4 mm)
from wall.
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Figure 10.1-10. Arrangement 1 Detail (Full Voltage 15 kV)—See Table 10.1-20 on Page 10.1-34 for Notes
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Primary Reactor, Reduced 
Voltage Starters 
Catalog S510 Non-Reversing 
Catalog S710 Reversing

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter, 
external operating handle interlocked 
to prevent opening the medium 
voltage compartment door until the 
isolating switch is open and grounded

■ One vertically mounted current 
limiting power fuse with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current limiting fuses
■ Four electrical interlocks (2NO, 2NC)

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors 
are mechanically and electrically 
interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ Two interposing relays

■ One set of control circuit 
terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Reduced Voltage Structure
■ One magnetic three-pole vacuum 

run contactor with DC operating coil 
and electrical interlocks

■ Three current transformers
■ One medium-duty starting reactor 

with 50–65–80% taps

Starting Characteristics
Table 10.1-14. Type 502 Reactor 
Starting Characteristics 

1 Factory set on 65% tap.

Starter

Type

%

Motor

Voltage

%

Motor

Current

%  

Line

Current

%

Torque

80% tap
65% tap 1
50% tap

80
65
50

80
65
50

80
65
50

64
42
25

Specifications
Table 10.1-15. Starter Selection Information—Dimensions in Inches (mm) 

2 Horsepower based on NEMA standard design B motor at 1800 rpm.
3 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
4 At higher hp rating maximum acceleration time is 3.5 seconds.
5 At higher hp rating maximum acceleration time is 6 seconds.

Figure 10.1-11. Starter Arrangements
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Dimensions Weight 

Lbs (kg)Height 3 Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3300 (1498)
3300 (1498)
4650 (2111)

6600V Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

Dimensions for estimating purposes only.

Reactor

Run
Contactor

M

M

Run
Contactor

ReactorReversing
Contactor

M

Run
Contactor

ReactorReversing
Contactor

Run
Contactor

Reactor

Arrangement 1 Arrangement 2 Arrangement 3 Arrangement 4
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Figure 10.1-12. Arrangement 1 Detail (Reduced Voltage, 400A)—See Table 10.1-20 on Page 10.1-34 for Notes

Floor Plan
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Front View

RVNR 400A Starter w/Main Bus 1200A

Note G

Note D

Note G

T3T2T1
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Note E

Note L1

Main Bus

b
Ph

a c

Main
Ph Ph Bus1200 Amp - 4.00" X 1/Ph

61.00
(1549)

3.50
(89) 12.00

(305)

7.39
(188)

80.00
(2032)

61.00
(1549)

22.00
(559) 1.45

(37)

22.85
(580)

30.00
(762)

2.50
(64)

2.00
(51)

2.00
(51)

13.50
(343) 1.25

(32)1.50
(38)

1.70
(43)

2.88
(73)

27.00
(686)

4.50
(114)

28.00
(711)

21.67
(550)

1.00
(25)

28.00
(711)

4.63
(118)

13.75
(349)

4.50
(114)

4.50
(114)

36.00
(914)

36.00
(914)

36.00
(914) 27.00 (686)

5.50 (140)
5.50 (140)

6.80 (173)

2.00 (51)

36.00 (914)

1.00 (25)

1.00 (25)1.00 (25)

2.00 (51)

1.00 (25)

6.00 (152)
2.31 (59)

3.00 (76)

30.00
(762)

30.00
(762)

9.32
(237)

5.81
(148)

2.92 (74)
4.38 (111)
4.38 (111)

For seismic installations,
mount a minimum of
6.00 inches (152.4 mm)
from wall.
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Reduced Voltage 
Autotransformer Starters 
Catalog S610 Non-Reversing 
Catalog S810 Reversing
Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter, 
external operating handle interlocked 
to prevent opening the medium 
voltage compartment door until 
the isolating switch is open and 
grounded

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current limiting fuses
■ Four electrical interlocks (2NO, 2NC)

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors are 
mechanically and electrically interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ Three interposing relays

■ One set of control circuit 
terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Reduced Voltage Structure(s)
■ One magnetic three-pole vacuum 

run contactor with DC operating coil 
and electrically and mechanically 
interlocked with the starting contactor

■ One magnetic two-pole vacuum 
start contactor with DC operating 
coil and electrical and mechanical 
interlocks

■ Three current transformers
■ One medium-duty starting auto-

transformer with 50–65–80% taps
■ Three distribution class lightning 

arresters for high voltage stress pro-
tection on the transformer zero tap

Starting Characteristics
Table 10.1-16. Type 602 Auto-transformer 
Starting Characteristics 

1 Factory set on 65% tap.

Specifications
Table 10.1-17. Starter Selection Information—Dimensions in Inches (mm) 

2 Horsepower based on NEMA standard design B motor at 1800 rpm.
3 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
4 At higher hp rating, maximum acceleration time is 3.5 seconds.
5 At higher hp rating, maximum acceleration time is 6 seconds.

Figure 10.1-13. Starter Arrangements
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Dimensions

N
u

m
b

e
r 

o
f

S
tr

u
c
tu

re
s

Weight

Lbs (kg)Height 3 Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

6600V Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

3
3
4

3650 (1657)
3650 (1657)
5650 (2565)

Dimensions for estimating purposes only.
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Full Voltage Synchronous Starters 
Brush Type Mark VI Controller 
Catalog S241 Non-Reversing 
Catalog S341 Reversing

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter. 
External operating handle inter-
locked to prevent opening the 
medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks (2NO, 2NC)
■ Three current transformers

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors 
are mechanically and electrically 
interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing relay
❑ One set of control circuit 

terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Mounted in the Upper Compartment 
or Auxiliary Structure
One brush-type solid-state Mark VI 
field panel with:

■ Mounted on door:
❑ One AC line ammeter, panel type
❑ One DC field ammeter, panel type
❑ One exciter field potentiometer
❑ One set of externally ventilated 

heatsinks
❑ One graphic display

■ Mounted on inside compartment:
❑ One step-down exciter 

transformer three-phase
❑ One “SCR” power supply panel
❑ One synchronous control board
❑ “MOV” surge protection
❑ One three-phase CT

❑ One ELC controller
❑ One set of control circuit blocks
❑ Three primary fuses
❑ Three secondary fuses

■ Mounted on top of starter:
❑ One starting and field discharge 

resistor

Table 10.1-18. Starter Selection Information—Dimensions in Inches (mm) 

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
3 Starting and discharge resistors are mounted on top, add 13.00 inches (330.2 mm) to the height.
4 At higher hp rating maximum acceleration time is 3.5 seconds.
5 At higher hp rating maximum acceleration time is 6 seconds.

Figure 10.1-14. Starter Arrangements
6 When the field panel requirement exceeds 88A at 125 Vdc or 44A at 250 Vdc, an auxiliary structure 

36.00 inches (914.4 mm) wide is required.
7 Mounting location of exciter transformer when field panel requirement exceeds 88A at 125 Vdc or 

44A at 250 Vdc. Otherwise compartment is blank.
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Dimensions Weight

Lbs (kg)Height 
23

Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

900/1000 4
1750/2000 5
3500

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1500 (681)
1500 (681)
2350 (1067)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

900/1000 4
1750/2000 5
3500

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

1500/1750 4
3000/3500 5
6000

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1550 (704)
1550 (704)
2350 (1067)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

1500/1750 4
3000/3500 5
6000

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

2500/2750 4
5000/5500 5
10,000

7200
7200
7200

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1700 (772)
1700 (772)
2500 (1135)

6600V Reversing
2000/2250 4
4000/4500 5
8000

2500/2750 4
5000/5500 5
10,000

7200
7200
7200

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

Dimensions for estimating purposes only.
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Figure 10.1-15. Arrangement 1 Detail (400A, Synchronous)—See Table 10.1-20 on Page 10.1-34 for Notes
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Reduced Voltage Solid-State Soft 
Starter AMPGARD MV4S Starters

AMPGARD 400A Soft Starter

Equipment Details

Mounted in the Medium Voltage Sections
■ Three incoming line connectors
■ Drawout three-pole gang-operated 

line isolating switch assembly with 
isolating shutter, external operating 
handle interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Vertically mounted current limiting 
power fuses with pop-up blown 
fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks (2NO, 2NC)
■ Three current transformers
■ Withdrawable SCR truck with fully 

rated vacuum bypass contactor

Mounted in the Low Voltage Compartment
■ Control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing control relay

■ Set of control circuit terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Mounted in Lower Door Compartment
■ Soft start control module with 

Modbus and RS-232 interface for 
remote communications

■ User interface module with 2 x 20 
character LCD display, 12 LEDs, 
and eight pushbuttons

Table 10.1-19. Starter Selection Information—Dimensions in Inches (mm) 

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 Based on maximum acceleration time of 30 seconds.
3 Includes horizontal bus.
4 Does not include incoming line provisions.

Volts Horsepower 12 SCR/Contactor

Ampere Rating

Starter Interrupting

Rating (AIC)

Dimensions Add. Starter

Spaces

Weight 

Lbs (kg)Height 3 Width 4 Depth

2300
2300

1500
3000

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

3300
3300

1800
3600

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

4160
4160

2500
5000

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

Dimensions for estimating purposes only.
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Figure 10.1-16. Arrangement Detail (400A Solid-State Reduced Voltage)—See Table 10.1-20 on Page 10.1-34 for Notes
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minimum of 6.00 inches (152.4 mm)
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Table 10.1-20. Arrangement Detail Notes
Note Description

Cable Notes
1 Line connection is designed for maximum of one 4/0 cable.

2 Line connection is designed for maximum of two 500 kcmil.

3 Load connection is designed for maximum of one 350 kcmil or two 4/0.

4 Load connection is designed for maximum of one 750 kcmil or two 500 kcmil.

Arrangement Notes
A 0.875 dia. typical 4 holes. Mounting studs to extend a maximum of 2.00 inches (50.8 mm) above grade.

B HV conduit space, load cables for two-high starters. Cables for lower starter enter in front half of conduit space, and cables for upper starter enter 
in rear half. 

B1 HV conduit space, line and load cables for bottom entry stand-alone starters. Line cables should enter in rear half of conduit space, 
and load cables should enter in front half of conduit space.

C LV conduit space for two-high starters with bottom entry control conduit. Control wiring for upper starter should enter in left half of conduit space,
 and lower starter control wiring should enter in right half of conduit space.

C1 LV conduit space for two-high starters with top entry control conduit. Control wiring for upper starter should enter in right half of conduit space, 
and lower starter control wiring should enter in left half of conduit space.

D 90° door swing requires 12.00 inches (304.8 mm) for 12.00-inch (304.8 mm) wide structure, 18.00 inches (457.2 mm) for 18.00-inch (457.2 mm) wide 
structure, 24.00 inches (609.6 mm) for 24.00-inch (609.6 mm) wide structure, 36.00 inches (914.4 mm) for 36.00-inch (914.4 mm) wide structure and 
40.00 inches (1016.0 mm) for 40.00-inch (1016.0 mm) wide structure.

E HV conduit space, load.

F HV conduit space, line only.

F1 HV conduit space, line only. Line cables to enter in rear half  of conduit space only.

G LV conduit space only.

L Load terminations located on rear wall of starter mounted on a load panel. Terminations are arranged horizontally from left to right. T1, T2, T3
left to right at 4.38-inch (111.3 mm) centers.

L1 Load terminations located on rear wall of reduced voltage enclosure mounted on a load panel. Terminations are arranged horizontally 
from left to right. T1, T2, T3 left to right at 4.38-inch (111.3 mm) centers.

T HV conduit space, load cables for two-high starters. Cables for lower starter enter in rear half of conduit space, and cables for upper starter enter
in front half.

X Steel bottom with removable lead plates.

Y Tolerances –0.0 inches +0.25 inches per structure.

Z Conduits to extend a maximum of 2.00 inches (50.8 mm) into structure.
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Incoming Line Switch/PT Layouts—Dimensions in Inches (mm)

Figure 10.1-17. Incoming LBS, Bottom Entry up to 450A Fuse, Unfused with Metering Section

1

Unit 1B

Unit 1D
2
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60.00
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4.50
(114.3)

28.00
(711.2)

1.00
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(25.4)

1.00
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(22.9)
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12.00
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2.00 (50.8)
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Top View
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Incoming Line Switch/PT Layouts—Dimensions in Inches (mm)

Figure 10.1-18. Incoming LBS, Bottom Entry, 600E/750E/1100E/1350E Fused with Metering Section
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Tie Switch Layout—Dimensions in Inches (mm)

Figure 10.1-19. LBS Tie
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Arc-Resistant Starter Layout—Dimensions in Inches (mm)

Figure 10.1-20. 50 kA Arc-Resistant, 24.00-Inch (609.6 mm) Incoming Cable Section and Two-High 400A Starter Section

Notes: 
For non-seismic installations, mount a 
minimum of 3.00 inches (76.2 mm) from wall.

For seismic installations, mount a minimum 
of 6.00 inches (152.4 mm) from wall.
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Main Breaker AMPGARD Layout—Dimensions in Inches (mm)

Figure 10.1-21. AMPGARD Main Breaker and Two-High 400A Starter Section
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Incoming Line/PT Layouts—Dimensions in Inches (mm)

Figure 10.1-22. 24.00-Inch (609.6 mm) Incoming Cable Section with 24.00-Inch (609.6 mm) Metering Section (for Right End of Lineup)
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Instruction Bulletin

6055-31
Retain for future use.

Type VR Vacuum 
Circuit Breaker
4.76 kV, 8.25 kV and 15 kV
1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View
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Figure 3: Circuit Breaker–Rear View
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed

Operating mechanism

Closing springs

MOC linkage

Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed

MOC roller

Terminal bar

Operating mechanism

Drive bar

Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View
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Ratchet assembly
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View

Motor cutoff switch

Ground contact

Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 5—Installing and Removing

© 1996–2008 Schneider Electric All Rights Reserved. 23

E
N

G
L

IS
H

Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.



Type VR Vacuum Circuit Breaker  6055-31
Section 7—Maintenance 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.34

E
N

G
L

IS
H

E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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SEL-487B
Bus Differential and Breaker Failure Relay

Advanced bus protection with built-in 
breaker failure detection

• Protect busbars with up to 21 terminals using high-speed,  
low-impedance bus differential elements.

• Transform the way you modernize your substation with SEL  
Time-Domain Link (TiDL®) and Sampled Values (SV) technologies.

• Implement distributed bus protection and simplify commissioning 
using TiDL technology.

• Improve system testing and post-fault analysis with comprehensive 
monitoring, metering, and event recording capabilities.



Functional Overview 

1 Copper or fiber-optic        *Optional feature
†TiDL and SV relays receive current and voltage values from remote 
merging units.

ANSI Number/Acronyms and Functions
16 SEC Access Security (Serial, Ethernet)

27/59 Over-/Undervoltage

50 Overcurrent

50BF Breaker Failure Overcurrent

51 Time-Overcurrent

85 RIO SEL Mirrored Bits® Communications

87 Current Differential

DFR Event Reports

HMI Operator Interface

LGC Expanded SELogic® Control Equations

MET High-Accuracy Metering

RTU Remote Terminal Unit

SER Sequential Events Recorder

Additional Functions
SBM Station Battery Monitor

SV IEC 61850-9-2 Sampled Values Technology*†

TiDL Time-Domain Link Technology*†

16S
EC

27
59

85
RIO DFR HMI LGC

MET SBMRTU SER

SEL-487B 

52-1

3

52-2

3 3 3

52-3

3

52-4

33

52-5

52-6

3 3

50 50 50 50 50 50 50

51 51 51 51 51 51 51

50BF 50BF 50BF 50BF 50BF 50BF 50BF

8787

Zone 1

Zone 1

Zone 2

Zone 2

PT898989

8989

8989

Tie Breaker

1

IRIG-B

4

EIA-232

2

Ethernet1*
SEL-487B-1

22

Ethernet
Process Bus

Ethernet
Station Bus

SEL-487B-2*†



Key Features
Low-Impedance Bus Differential Protection
The SEL-487B Bus Differential and Breaker Failure Relay protects bus systems 
with up to 21 terminals (21 CTs per relay, 63 CTs with a three-relay scheme), 
6 protection zones, and 3 independent check zones. To optimize protection 
security, each check zone supervises a designated phase in the system and a 
patented open-CT detection algorithm blocks potential misoperations during 
open- or shorted-CT conditions. Differential and directional current elements 
provide increased security and fast fault detection. You can also reduce 
protection costs with built-in breaker failure protection.

Flexibility
Implement different ratio CTs and nondedicated CTs with the SEL-487B. The 
flexibility built into the settings allows you to eliminate complex wiring by 
using CT ratios that differ by up to a factor of 10:1. Take advantage of the same 
CTs for differential protection, metering, backup relaying, and other functions.

Monitoring and Metering
The SEL-487B provides accurate, timely monitoring and metering of busbar, 
feeder, and substation signals. Terminal currents, breaker and disconnect 
positions, station dc voltage levels, and three-phase voltage are continuously 
monitored and updated. The relay also provides event reports and Sequential 
Events Recorder (SER) reports to simplify post-fault event analysis.

Digital Secondary System Technologies
Modernize your substation by applying SEL TiDL technology or SEL SV 
technology. Both of these digital secondary system solutions replace copper 
wires with fiber-optic cables to increase safety, reduce costs associated with 
using copper wires, and limit the impact of electromagnetic interference.

TiDL is a simple and secure point-to-point solution that is easy to implement, 
with no external time source or network engineering required. SEL-TMU TiDL 
Merging Units placed in the yard digitize signals and transmit them over fiber-
optic cables to the SEL-487B-2 TiDL relay in the control house. 

SEL SV combines protection in the merging unit with the flexibility of  
IEC 61850-9-2 to increase power system reliability. SEL SV merging units  
(or other IEC 61850-9-2 SV-compliant units) digitize signals and transmit  
them via Ethernet over fiber-optic cables to an SEL-487B-2 SV relay in the 
control house.

Distributed Bus Protection
Apply the SEL-487B in a distributed bus protection scheme using TiDL 
technology. The system is easily scalable based on the number of bays in  
your system, and it does not require special communications ports or network 
engineering. TiDL’s point-to-point architecture simplifies fiber-optic cable 
routing in the field and makes the commissioning process quick and easy.



Product Overview 

Easy-to-use keypad aids 
simple navigation.

Programmable operator pushbuttons 
with user-configurable labels allow 
front-panel customization.

LCD automatically scrolls 
between custom displays.

Front-panel LEDs indicate custom alarms 
and provide fast and simple information 
to assist dispatchers and line crews with 
rapid power restoration.

EIA-232 front serial port is quick 
and convenient for system setup 
and local access.



Choose from power supply options 
such as 24–48 Vdc; 48–125 Vdc 
or 110–120 Vac; or 125–250 Vdc or 
110–240 Vac.

*Optional feature.

**For PTPv2 implementation, Ports 5A and 5B  
    must be ordered as an option.

Choose from a horizontal panel-mount or 
rack-mount chassis and different size options.

Use one front and three rear 
EIA-232 ports for Mirrored Bits 
communications, DNP3, SCADA, 
and engineering access.

Communications protocols include FTP, Telnet, DNP3 LAN/WAN, the Parallel 
Redundancy Protocol (PRP), the IEEE 1588 Precision Time Protocol Version 2 
(PTPv2),** and IEC 61850 Edition 2.*

21 current and 3 voltage channels 
accommodate different busbar 
configurations.  



Applications

Differential element remains secure for external faults 
with heavy CT saturation.

Differential element operates in less than one cycle 
for internal faults.

Differential Protection 
The SEL-487B includes six independent current differential 
elements, and each one provides:

• Fast operate times for all busbar faults.

• Security for external faults with heavy CT saturation.

• Security with subsidence current present.

• High sensitivity to busbar faults.

• Minimum delay for faults evolving from external to 
internal. 
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CT Supervision
For each zone, sensitive current differential elements 
detect differential current resulting from a differential 
element that is not well-balanced (i.e., has wrong CT 
ratios). If the conditions persist for longer than a user-
specified delay, the element asserts an alarm that you can 
use to generate an external alarm and/or block the zone.

Advanced Open-CT Detection Logic
The patented open-CT detection logic improves the 
security of the current differential element. It ensures 
current differential bus zones will not misoperate due 
to terminals that cannot be properly measured. This 
advanced logic blocks differential element misoperations 
that occur under open- or shorted-CT conditions. The 
open-CT detection logic monitors the CT terminals in  
every bus zone to detect when a contributing CT fails.



High-speed open-pole detection logic detects open-pole 
conditions in fewer than 0.75 cycles to reduce breaker failure 
coordination times.

Differential Element Trip
Output

CT Supervision

Slope 1Slope 2

Current
Input I01

Current
Input I21

IOP

IRT

High-Security 
Operate Slope

Standard 
Operate Slope

Restraint Zone

External 
Fault

Internal 
Fault

Fault-Detection Logic

Voltage Elements
Supervise current differential tripping within the 
relay by using voltage elements. Three separate 
voltage elements consist of two levels of phase 
under- and overvoltage elements and two levels of 
negative- and zero-sequence overvoltage elements 
for each of the three analog voltage quantities 
measured.

Integrated Overcurrent Protection
Ten overcurrent curves are available for each 
current input. Each torque-controlled time-
overcurrent element has two reset characteristics. 
There is also one level of instantaneous and definite-
time elements available for each current input.

Time (seconds); Offset: 0
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Open-Phase Detection

When the relay directional elements detect an external fault, 
the relay enters a high-security mode and dynamically selects 
a higher slope for the differential elements, making them more 
secure during the fault.

Breaker Failure Detection
The SEL-487B includes complete breaker failure 
protection, with retrip capability for each terminal. 
Internal breaker failure is determined by predefined 
protection schemes that allow different types of 
trip signals and current flow conditions. You can set 
any terminal to either internal or external breaker 
failure protection; the inputs can provide individual or 
identical responses to each breaker failure condition. 



Dynamic Zone Configuration
The SEL-487B dynamically assigns the 
input currents to the correct differential 
elements without the need for additional 
auxiliary relays. Connect the digital 
inputs from the busbar disconnect and 
breaker auxiliary contacts directly to 
the relay. SELogic control equations and 
zone selection logic will correctly assign 
the currents to the differential elements, 
even for complex bus arrangements (see 
top example).

Note that the SEL-487B automatically 
includes the Zone 4 currents in Zone 3 
when disconnect switch DS3 is closed 
(see middle example).
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Three Independent Check Zones 
Supervise up to Six Differential  
Bus Zones
In complex busbar layouts, the SEL-487B 
uses disconnect auxiliary contact status to 
define current differential bus zones and 
supervises these zones on a per-phase 
basis with the independent “check zone” 
feature to prevent misoperation due to  
a discrepancy.

The check zone feature:

• Allows you to create your own custom 
applications using powerful seLogic 
control equations.

• Provides secure supervision for  
bus zones.

• Supervises bus zones on a per-phase 
basis, independent of the terminal 
auxiliary disconnect status.

• Processes its logic independently of  
all bus zones.

• Fits a wide variety of applications 
and protection philosophies, with 
independent pickup and slope settings.



This example shows a single SEL-487B protecting a system with two 3-phase bus 
zones and increasing security by applying a check zone per phase.
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Automation and Control
With 32 local control points, the 
SEL-487B helps eliminate traditional 
panel control switches. You can set, 
clear, or pulse local control points 
with the programmable front-panel 
pushbuttons and display. Using 
SELogic control equations, you can 
program the local control points to 
implement your control scheme.

Three-Relay Bus Protection  
Application—For up to 21 Terminals
You can configure a check zone for 
every phase, encompassing all terminals 
at the station (except bus coupler and 
sectionalizing breakers), independent of 
the disconnect auxiliary contact status.

The 32 remote control points help eliminate remote terminal unit 
(RTU)-to-relay wiring. Using serial port commands, you can set, clear, 
or pulse remote control points. You can also incorporate the remote 
control points into your control scheme via SELogic control equations 
and apply remote control points for SCADA-type control operations, 
such as trip and group selection.

The SEL-487B control logic can replace the following: 

• Traditional panel control switches

• RTU-to-relay wiring

• Traditional latching relays

• Traditional indicating panel lights

• Panel meters 



SEL Time-Domain Link (TiDL) technology is a protection-
centered digital secondary system solution engineered 
with simplicity in mind. This technology minimizes 
cybersecurity risks and network engineering by using 
point-to-point communications and a nonroutable 
protocol. A TiDL-based solution does not require an 
external time reference. 

Simple Architecture
SEL-TMU devices are placed in the yard close to the 
primary equipment and digitize discrete I/O signals and 
analog data, such as voltages and currents. These data 
are then transported over fiber-optic cables to an  
SEL-487B-2 TiDL relay in the control house. The point-to-
point architecture simplifies implementation and drives 
overall maintenance and maintenance costs down.

Data-Sharing Capabilities
Each SEL-TMU can be paired with up to four SEL-400 
series TiDL relays. This data-sharing capability allows 
design flexibility, and point-to-point connections simplify 
system expansion.

Built-In Data Synchronization
TiDL relays measure the path delay between the 
relay and the merging unit on each connected port 
to align current and voltage measurements acquired 
from different merging units. This eliminates the need 
for external time sources, such as GPS clocks, for 
synchronization.

 All data from the SEL-TMU devices are synchronized 
with each other regardless of the number of units 
connected to the SEL-487B-2 relay or the length of  
the fiber.

SEL TiDL Process Bus Solutions
Strong Cybersecurity Posture
The dedicated, deterministic TiDL system helps secure 
mission-critical systems. The isolated point-to-point 
connections and the absence of switches and routers 
reduce the electronic security perimeter and limit 
attack points. This security-minded architecture 
prevents remote access, and its simplicity eliminates 
the need for managing port access.

Minimal Training Required
The relay settings for the SEL-487B-2 TiDL relay are 
the same as those in all popular SEL-400 series models, 
providing consistency and simplicity. You can use the 
same protection schemes and applications for complete 
feeder protection.

Flexible Communications Options
The SEL-487B can be configured with a five-port 
Ethernet card supporting PRP or failover functionality 
to increase system availability. Use PTPv2 on 
process bus or station bus ports to provide time 
synchronization.

This card also features dedicated ports and IP 
addresses for station bus and engineering access 
networks to provide selective access control. 

Use small form-factor pluggable (SFP) transceivers on 
process bus, station bus, and engineering access ports. 
Single- and multimode communications options provide 
increased flexibility.
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SEL-487B-2 With TiDL Technology

4U chassis with horizontal mounting 
options (panel or rack) accommodates 
your application needs.

Select a five-port Ethernet card 
for dedicated station bus and 
engineering access ports.

Eight 100 Mbps fiber-optic ports allow 
the TiDL relay to connect with eight 
remote SEL-TMU devices and to receive 
remote analog and digital data.

LEDs for viewing the connection 
status to an SEL-TMU TiDL Merging 
Unit on a per-port basis.



SEL Sampled Values (SV)-based solutions are 
communications-centric, network-based solutions that 
combine protection in the merging unit with the flexibility 
of IEC 61850-9-2. 

Networked Architecture
The SEL-487B-2 SV relay (subscriber) in the control 
house receives digitized analog signals from SV merging 
units (publishers) in the yard via a fiber-based Ethernet 
network. SEL SV-based solutions allow you to create 
a flexible Ethernet-based network using tools such as 
software-defined networks or VLANs. You can use SEL 
software-defined networking (SDN) switches to provide 
centralized traffic engineering and improve Ethernet 
performance. SEL SDN switches act as transparent PTP 
clocks that support IEEE C37.238 power system profile, 
ensuring submicrosecond time synchronization of the 
end devices.

SEL SV-Based Process Bus Solutions

Merging Units With Built-In Protection
Some SEL relays can be used as SV merging units. Apply 
the SEL-401 Protection, Automation, and Control Merging 
Unit for overcurrent and breaker failure protection. Use 
the SEL-421 Protection, Automation, and Control Merging 
Unit for complete line protection, including five zones 
of subcycle mho and quadrilateral distance elements. 
If IEC 61850 network communications are lost, the SEL 
merging units provide backup standalone protection.

Interoperability
SEL-487B-2 SV relays and other SEL SV devices are fully 
compliant with IEC 61850-9-2 and the UCA 61850-9-2LE 
guideline. You can use them with primary equipment 
that generates SV streams or with other manufacturers’ 
SV-compliant units.
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SEL-487B-2 With SV Technology

Advanced Network Monitoring and Diagnostic Tools
The SEL-487B-2 SV relay provides advanced network 
monitoring and diagnostic tools through standard  
IEC 61850 logical nodes. Additional diagnostic 
information and statistics are available through COM 
SV, GOO, ETH, and COM PRP commands, which aid in 
troubleshooting. The TEST SV command allows you to 
check the network connectivity as well as the CT and 
PT ratios between publisher and subscriber devices.

Flexible Communications Options
The SEL-487B can be configured with a five-port Ethernet 
card supporting PRP or failover functionality to increase 
system availability. Use PTPv2 on process bus or station 
bus ports to provide time synchronization.

This card also features dedicated ports and IP addresses 
for station bus and engineering access networks to 
provide selective access control. 

Use SFP transceivers on process bus, station bus, 
and engineering access ports. Single- and multimode 
communications options provide increased flexibility.  
All ports support 100 Mbps SFPs, and process bus ports 
also support 1 Gbps SFPs.

The 4U chassis has various mounting 
options to accommodate hardware needs.

Select a five-port Ethernet card for dedicated process 
bus, station bus, and engineering access ports. Choose an SFP transceiver to match application 

requirements. Process bus ports support 100 Mbps 
and 1 Gbps connections. Station bus and engineering 
access support 100 Mbps connections. Select single- 
or multimode fiber.



Simplify System Testing and Post-Fault Analysis
The SEL-487B event-reporting capabilities help improve 
understanding of even the most complex protective scheme 
operations. With the oscillographic and binary COMTRADE 
event reports and SER reporting in the SEL-487B, you can 
eliminate the need for external recorders or meters.

View SER Records
Gain a broad perspective of relay element operation with  
the SER in the SEL-487B. Items that trigger an SER entry  
are selectable and can include as many as 250 monitoring 
points, such as input/output change of state or element 
pickup/dropout. The relay SER stores the latest 1,000 events, 
which are available through the SER command. The latest 
200 events are also viewable via the front-panel LCD.

Access Useful Information
The SEL-487B makes it easy to access useful information 
when and where you need it.

• Metering quantities include primary and secondary 
voltage and current magnitudes as well as angles for 
each terminal.

• Zone information displays the primary or secondary 
current and voltage for each terminal. The polarity of 
each CT and the bus zones in each of the protective 
zones at the station are also included.

• Differential metering shows the operating and restraint 
currents for each zone as well as the reference current.

• Battery monitoring provides warning and alarm 
thresholds that you can monitor with the SEL-2032 
Communications Processor and the SEL-3530 Real-Time  
Automation Controller (RTAC). You can also set up 
the system to send status messages to a local display, 
phones, or other devices. 

Ethernet-Based Communications
An Ethernet communications card enables you to 
communicate using a variety of protocols, including FTP, 
HTTP, DNP3, PTPv2, PRP, Telnet, synchrophasors, and 
IEC 61850 Edition 2. Select between copper, fiber, or a 
combination of port types.

synchroWAVe Event displays individual operate and  
restraint currents for three different protection zones.

Accessibility and Communications 

seL-5601-2 synchroWAVe® Event Software provides  
powerful analytic capabilities.

Ethernet 
Switch

GPS Clock

Engineering
Access

SEL-2741

SEL-2488

SEL-421

SEL-451

SEL-421 SEL-487B

SEL-3530

Wide-Area
Network

Typical Ethernet network configuration.



Setting and Commissioning Software
Save Time and Eliminate Costly Errors With SEL 
Commissioning Assistant Software
SEL Commissioning Assistant Software recommends 
matrix compensation settings after automatically 
identifying incorrect field wiring and improper CT 
configurations, such as incorrect CT polarities,  
inconsistent CT ratios, or crossed phases.

Apply the Commissioning Assistant in Five Easy Steps
1. Define the system one-line diagram. 

2. Assign any two windings to conduct a test.

3. Validate the current flow, CT ratios, and polarity.

4. Run the test to start the matrix calculation process.

5. Document and implement the correct compensation 
matrix recommended for the transformer application.

Simplify the SEL-487B Configuration Process With  
the Graphical Logic Editor (GLE)
With the AcseLerAtor QuickSet® SEL-5030 Software 
GLE, you can view seLogic control equations graphically 
and document settings files for easier validation and 
commissioning. You can also convert existing seLogic 
control equations to easy-to-read diagrams and save 
diagrams with your QuickSet software settings. 

The GLE makes it easy to design new seLogic control 
equations with the convenient diagram navigation tool, 
drag-and-drop interface, function block diagrams, and 
automatic layout function. You can manage your control 
diagrams with a full element palette. The GLE aids in 
reducing design errors and reducing the time  
and expense of commissioning relays.

Next-Generation Configuration Software
Included with the TiDL and SV relays, SEL Grid 
Configurator is a new software tool that allows 
engineers and technicians to quickly create, manage, 
and deploy settings for SEL power system devices. 
It features a modern interface designed for ease 
of use, with powerful protection visualization and 
comprehensive reporting to reduce device  
deployment complexity. 



SEL-487B Specifications

General
AC Current Inputs
(21 total)

5 A nominal

1 A nominal

AC Voltage Inputs
(3 total)

0–300 VL-N operational 

Communications 
Protocols

FTP, Telnet, SEL ASCII, SEL Fast Message, 
DNP3, PRP, PTPv2, and IEC 61850  
Edition 2 (optional)

Communications 
Ports

Serial Ports
One front-panel and three rear-panel  
EIA-232 serial ports

300–57,600 bps

Two-Port Ethernet Card
Two 100BASE-FX fiber-optic  
network ports

Four-Port Ethernet Card
Four 10/100BASE-T twisted-pair  
network ports, or

Four 100BASE-FX fiber-optic  
network ports, or

Two 10/100BASE-T twisted-pair network 
ports and two 100BASE-FX fiber-optic 
network ports

Five-Port Ethernet Card
Two 100/1000BASE SFP ports

Three 100BASE SFP ports

© 2023 by Schweitzer Engineering Laboratories, Inc. 
PF00063 · 20230503

Making Electric Power Safer, More Reliable, and More Economical  
+1.509.332.1890 | info@selinc.com | selinc.com

TiDL Ports Fiber-optic ports: 8

Range: ~2 km

Data rate: 100 Mbps

Protocol: SEL T-Protocol

SV Ports Subscriber: As many as 7 SV data streams

Data rate: 4.8 kHz for 60 Hz system,  
4 kHz for 50 Hz system

Protocol: IEC 61850-9-2

Precise-Time Input Demodulated IRIG-B time input  
and PTPv2

Processing AC voltage and current inputs:  
8,000 samples per second

Protection and control processing:  
12 times per power system cycle

Power Supply 24–48 Vdc

48–125 Vdc or 110–120 Vac

125–250 Vdc or 110–240 Vac

Operating 
Temperature –40° to +85°C (–40° to +185°F)
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Busbar and Breaker Failure Protection,
Automation, and Control System

                    

Key Features and Benefits
The SEL-487B-1 Bus Differential and Breaker Failure Relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. The relay has 21 analog current inputs and three analog voltage 
inputs. For buses with no more than seven terminals, use one SEL-487B in a single-relay application. For buses with 
eight to ten terminals, use two SEL-487B relays. For buses with as many as 21 terminals, use three SEL-487B relays; 
each relay provides as many as six independent and adaptable zones of protection. Contact SEL Research and Develop-
ment for methods on protecting larger systems.

➤ High-Speed Differential Protection. Increase system stability margins and reduce equipment damage by 
operating busbar differential protection operates in less than one cycle.

➤ Six Differential Zones. Use the included flexible zone selection and six differential zones to provide protection 
for multiple busbar applications.

➤ Failed CT Detection. Reliably indicate open and shorted CTs for alarming and/or blocking.

➤ CT Ratio Mismatch. Differential protection accommodates as high as 10:1 CT ratio mismatch without auxiliary CTs.

➤ External Fault Security. Securely use differential protection for external faults with minimal CT requirements.

➤ Breaker Failure. Provide internal or external breaker failure protection for as many as 21 terminals.

➤ Overcurrent Elements. Configure the instantaneous and inverse time-overcurrent elements to provide backup 
protection for each terminal.

➤ Voltage Elements. Supervise the differential element by using negative- and zero-sequence over- and 
undervoltage elements.

➤ Three Check Zones. Use the provided three dedicated check zones in each relay to supervise complex bus 
differential schemes.

SEL-487B-1 Bus Differential Relay
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➤ Ethernet Access. Interconnect with automation systems that use IEC 61850 or DNP3 protocols directly or DNP3 
through a communications processor. Use File Transfer Protocol (FTP) for high-speed data collection.

➤ IEC 61850 Operating Modes. Use the supported IEC 61850 standard operating modes such as Test, Blocked, On, 
and Off.

➤ Oscillography. Record a wide range of system events with sampling rates as fast as 8 kHz, and as much as 24 
seconds of data per COMTRADE compliant event report.

➤ Parallel Redundancy Protocol (PRP). Provide seamless recovery from any single Ethernet network failure, in 
accordance with IEC 62439-3. The Ethernet network and all traffic are fully duplicated with both copies operating 
in parallel.

➤ IEEE 1588-2008, Precision Time Protocol (PTP). Provide high-accuracy timing over an Ethernet network.

Functional Overview
                    

Protection Features
Order the 9U chassis version of the SEL-487B to equip 
the relay with a maximum of four interface boards. With 
four interface boards, the relay has a total of 103 inputs 
(72 common inputs and 31 independent inputs) and 
40 outputs (24 high-speed, high-current interrupting out-
puts and 16 standard outputs).

Order the 7U chassis version of the SEL-487B to equip 
the relay with a maximum of two interface boards. With 
two interface boards, the relay has a total of 55 inputs 
(36 common inputs and 19 independent inputs) and 
24 outputs (12 high-speed, high-current interrupting out-
puts and 12 standard outputs).

                    

Figure 1 SEL-487B Relay Basic Functions in a Double-Bus Application
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51 Time-Overcurrent 
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87 Current Differential 
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HMI Operator Interface 
LGC Expanded SELOGIC Control Equations 
MET High-Accuracy Metering 
RTU Remote Terminal Unit
SER Sequential Events Recorder 
  

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 
  

ADDITIONAL FEATURES 

Open CT Detection 
Three Independent Check Zones 
Disconnect Status and Monitoring Logic for 60 Disconnects 
Single-Relay Application: 2 Three-Phase Zones for as many as 7 
Terminals 
Two-Relay Application: 3 Three-Phase Zones for as many as 10 
Terminals 
Three-Relay Application: 6 Single-Phase Zones for as many as 21 
Terminals 
1 Copper or Fiber Optic * Optional Feature 
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The 7U and 9U chassis options for the SEL-487B both 
contain 21 current inputs and three voltage inputs.

With the flexibility of the expanded SELOGIC control 
equations, you need no external auxiliary relays to con-
figure the relay for complex busbar arrangements. The 
SEL-487B provides station-wide protection through the 
use of as many as six zones of differential protection, 
advanced zone selection algorithms, and per-terminal 
breaker failure and overcurrent protection.

Dynamic Zone Configuration
The SEL-487B dynamically assigns the input currents to 
the correct differential elements without the need for 
auxiliary relays. Connect the digital inputs from the bus-
bar disconnect auxiliary contacts directly to the relay. 
SELOGIC control equations and zone selection logic will 
correctly assign the currents to the differential elements, 
even for complex bus arrangements such as the one in 
Figure 2.

Busbar configuration information, as a function of the 
disconnect status, is readily available. Figure 3 depicts 
the response of the relay to the ZONE command, show-
ing the terminals and bus-zones assigned to each protec-
tion zone.

                    

                    

                    

Figure 2 Bus-Zone Protection Based on Disconnect Switch Positions
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Figure 3 Result of ZONE Command Indicating the 
Protection Zone Configuration According to Disconnect 
Switch Positions
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Closing disconnect DS2 combines Zone 1 and Zone 2, 
resulting in a single zone. Figure 4 shows the new pro-
tection zone configuration. In this combination, Zone 1 
includes North and East bus-zones. Figure 5 shows the 
new Zone 1 that includes bus-zones North and East.

Zone Selection Logic
Busbar protection requires assignment of the correct cur-
rent values to the appropriate differential elements as a 
function of user-defined conditions. To achieve this, the 
SEL-487B employs a two-step process:

➤ Evaluates the user-defined conditions.

➤ Assigns the currents to the differential element of 
the appropriate zone.

Current assignment conditions vary from simple to com-
plex. A simple condition would be a statement such as 
“always include this terminal in the differential calcula-
tions.” A more complex condition statement could be 
“when Disconnect 2 is closed, and the transfer discon-
nect is open.”

SELOGIC control equations provide the mechanism by 
which the user enters the conditions for assigning the 
currents to the differential elements when these condi-
tions are met. When a SELOGIC control equation 
becomes true (e.g., the disconnect is closed), the relay 
dynamically assigns the current to the differential ele-
ments. Conversely, when the SELOGIC control equation 
is false (the disconnect is open), the relay dynamically 
removes the currents from the differential elements. This 
is also true for the trip output. When the SELOGIC con-
trol equation of a terminal is false, the relay issues no trip 
signal to that terminal. Table 1 shows a simple case 
where the disconnect status is the only condition for the 
relay to consider.

                    

Figure 4 Bus Arrangement With Disconnect DS2 Closed; the New Zone 1 That Includes Bus-Zones North and East
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52
52

5252
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52
52

Silicon

Zone 4
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Helium

Boron

Argon

Lithium

Krypton

Sodium

Neon
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SouthDS1

DS2 DS3

=>>ZONE <Enter>
BUS PROTECTION
Rinadel Station
Terminals in Protection Zone 1
HELIUM         SILICON       BORON      ARGON       

LITHIUM
Bus-Zones in Protection Zone 1
NORTH          EAST
Terminals in Protection Zone 3
SILICON         KRYPTON
Bus-Zones in Protection Zone 3
SOUTH
Terminals in Protection Zone 4
SODIUM         NEON
Bus-Zones in Protection Zone 4
WEST
=>> 

Figure 5 Result of ZONE Command, Showing the 
Protection Zone Configuration After Zone 1 Merges With 
Zone 2
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End-Zone Protection
To illustrate the flexibility of use of SELOGIC control 
equations for user-defined conditions, consider the ease 
of achieving end-zone protection with the SEL-487B.

Figure 6 shows fault F1 between an open circuit breaker 
and CT of a feeder at a substation. This area is a “dead” 
zone because neither busbar protection nor local line pro-
tection can clear this fault; the remote end of the feeder 
must clear this fault. Because the feeder circuit breaker is 
already open, operation of the busbar protection serves 
no purpose. The busbar protection must not operate for 
this fault.

                    

By including the circuit breaker auxiliary contact in one 
of the SELOGIC control equations (Figure 7), we can 
cause the value of the SELOGIC control equation to be 
false when the circuit breaker is open, removing the cur-
rent from the differential element calculations. This 
capability ensures stability of the busbar protection. By 
our use of SELOGIC control equations and normal com-
munications channels to configure the protection system, 
the relay sends a trip signal to the remote end of the feeder.

                    

Check Zones
The SEL-487B provides three completely independent 
check zones, each with its own adaptive differential ele-
ment. Supervise zone differential elements by using the 
independent check zones to monitor all incoming sources 
and outgoing feeders on a per-phase basis. During an 
internal fault, the check zone differential element will 
assert. During an external fault, the check zone element 
will remain deasserted.

Differential Protection
The SEL-487B includes six independent current differ-
ential elements. Operating time for internal faults, 
including high-speed output contact closure, is less than 
one cycle. Figure 8 shows an example of an internal fault 
and differential element operation.

                    

Each of the differential elements provides the following:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Security with subsidence current present

➤ High sensitivity for busbar faults

➤ Minimum delay for faults evolving from external 
to internal faults

Figure 9 shows a block diagram of one of the six differ-
ential protection elements.

Table 1 Conditions for Automatic Terminal Assignment

Example of Condition

SELOGIC 
Control 

Equation 
Result

Consider 
Terminal in 
Protection 

Calculations?

Issue 
Trip?

Disconnect is open False No No

Disconnect is closed True Yes Yes

                    

Figure 6 Fault Between Breaker and CT

                    

Figure 7 Bus Protection Is Not Affected by Fault, F1; 
Use Transfer Trip to Clear the Fault

Busbar Primary 
Fault Current

Circuit
Breaker Open

End-Zone
Fault52
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Busbar Primary Fault 
Current
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52a Auxiliary 
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Figure 8 Differential Element Operation in Less Than 
One Cycle for Internal Faults
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CT saturation is one of the main factors to address when 
considering relay security. Because of the high sampling 
rate, the fault detection logic detects external faults in 
less than 2 ms by comparing the rate of change of the 
restraint and operating currents. Following the detection 
of an external fault, the relay enters a high-security 
mode, during which it dynamically selects a higher slope 
for the differential elements (see Figure 9). Figure 10 
shows an external fault with heavy CT saturation, with-
out differential element operation.

                    

CT Supervision
Open or shorted current transformers produce equal and 
opposite changes in restraint and operate current. The 
advanced CT supervision in the SEL-487B monitors dif-
ferential zone restraint and operating current for these 

changes, to provide rapid and dependable detection of 
open or shorted CT conditions. Use the CT supervision 
logic in zone trip equations.

Voltage Elements
Voltage elements consist of two levels of phase under- 
(27) and overvoltage (59) elements and two levels of 
negative- (59Q) and zero-sequence (59N) overvoltage 
elements, based on one set of three analog voltage quan-
tities. Table 2 provides a summary of the voltage ele-
ments.

                    

Breaker Failure Protection
The SEL-487B includes complete breaker failure protec-
tion, including retrip, for each of the 21 terminals. 
Because some applications require external breaker fail-
ure protection, set the SEL-487B to external breaker fail 
and connect the input from any external breaker failure 
relay to the SEL-487B; you can set any terminal to either 
internal or external breaker failure protection.

                    

High-speed, open-pole detection logic detects open-pole 
conditions in less than 0.75 cycle, reducing breaker fail-
ure coordination times as in Figure 11.

Overcurrent Elements
Choose from 10 time-overcurrent curves (Table 3) for 
each of the 21 current inputs. Each torque-controlled 
time-overcurrent element has two reset characteristics. 
One choice resets the elements if current drops below 
pickup for one cycle, while the other choice emulates the 
reset characteristic of an electromechanical induction 
disk relay.

Each terminal also includes instantaneous and definite- 
time overcurrent elements. These overcurrent elements 
are summarized in Table 4.

                    

Figure 9 External Fault Detection Logic Increases 
Differential Element Security

                    

Figure 10 Differential Element Does Not Operate for 
External Fault With Heavy CT Saturation
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Table 2 Voltage Elements

Element Quantity Levels

Undervoltage Phase Two levels

Overvoltage Phase, negative-, and zero-sequence Two levels

                    

Figure 11 Open-Phase Detection Reduces Breaker 
Failure Coordination Time
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Disconnect Status Monitor
Figure 12 shows the disconnect open and close contact 
relationship. During the open-to-close operation, the 89b 
contact must open (disconnect is CLOSED) during the 
transition zone before the main contact arcing starts. The 
89a contact must close in this transition zone.

During the close-to-open operation, the 89b contact must 
close during the transition zone after the main contact 
arcing is extinguished (disconnect is OPEN), as shown in 
Figure 12. The 89a contact must open in this transition zone.

Table 5 shows the four possible disconnect auxiliary con-
tact combinations and how the relay interprets each com-
bination.

                    

                    

Tie-Breaker Configurations
Figure 13, Figure 14, and Figure 15 show three tie-
breaker schemes:

➤ Two CTs configured in overlap (Figure 13)

➤ A single CT with two cores configured in overlap 
(Figure 14)

➤ Two CTs configured with a differential element 
across the breaker (Figure 15)

Configure any one of these schemes without using exter-
nal auxiliary relays. Figure 13 and Figure 14 also show 
the tie breaker closing onto an existing fault, F1. The 
SEL-487B includes tie-breaker logic to prevent the loss 
of both zones for this fault.

Table 3 Time-Overcurrent Curves

US IEC

Moderately Inverse Standard Inverse

Inverse Very Inverse

Very Inverse Extremely Inverse

Extremely Inverse Long-Time Inverse

Short-Time Inverse Short-Time Inverse

Table 4 Overcurrent Elements per Terminal

Element Quantity Levels

Instantaneous Overcurrent Phase One level

Definite-Time Overcurrent Phase One level

Table 5 Disconnect Status as a Function of the 
Auxiliary Contacts

89a 89b
Relay 89 Status 
Interpretation

0 0 Closed

0 1 Open

1 0 Closed

1 1 Closed

                    

Figure 12 Disconnect Switch Auxiliary Contact Requirements for the Zone Selection Logic; No CT Switching Required
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Configure one of the differential zones as a differential 
across the tie breaker. This arrangement has the follow-
ing advantages:

➤ Both main zones are secure for a fault between the 
tie breaker and the CT.

➤ Only one main zone is tripped for a fault between 
the tie breaker and the CT (as opposed to both 
main zones with an overlapping tie-breaker 
arrangement).

                    

Six Independent Settings Groups 
Increase Operation Flexibility
The relay stores six settings groups. Select the active set-
tings group by control input, command, or other pro-
grammable conditions. Use these settings groups to cover a 
wide range of protection and control contingencies.

Selectable settings groups make the SEL-487B ideal for 
applications requiring frequent settings changes and for 
adapting the protection to changing system conditions. 
Selecting a group also selects logic settings. Program 
group logic to adjust settings for different operating con-
ditions, such as station maintenance, seasonal operations, 
and emergency contingencies.

Applications
Figure 16 shows a station with double bus sections and a 
bus tie breaker. Use a single SEL-487B for this application.

For stations with breaker-and-a-half busbar configuration 
and seven or fewer connections to either busbar, use an 
SEL-487B for each busbar, as in Figure 17.

                    

                    

Figure 13 Two CTs Configured in Overlap

                    

Figure 14 A Single CT With Two CT Cores Configured in 
Overlap
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Figure 15 Two CTs Configured With a Differential 
Element Across the Breaker
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Figure 16 Single SEL-487B Protecting Double Bus Sections With Bus Tie Breaker
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For stations with 10 to 21 terminals (Figure 18), use 
three separate SEL-487B relays and wire analog current 
inputs from A-, B-, and C-phases separately into each 
relay. This way, each of the 21 analog current inputs in 
each relay measures only one phase, with six dedicated 
zones of protection available. Each relay operates inde-
pendently; the only communication among relays is 
MIRRORED BITS® communication and IRIG-B. In this 
application, operators have complete flexibility because 

they can close any disconnect at any time without com-
promising the busbar protection. This is possible because 
the relay dynamically computes the station connection replica 
by using the patented zone-selection algorithm.

Figure 18 shows a busbar layout consisting of two main 
busbars and a transfer bus, one busbar coupler, and 20 
terminals.

                    

Figure 17 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration

Bus 2

Bus 1

3

3
3

3

3
3

52

52

52

52

52

52

52

52

52

•••

•••

4000/5

2000/5

FDR_1

FDR_8

FDR_2

FDR_9

FDR_7

FDR_14

2000/5

1000/5

400/5

200/5

SEL-487B

SEL-487B



SEL-487B-1 Data Sheet Schweitzer Engineering Laboratories, Inc.

10

                    

Optimize your SEL-487B by protecting both HV and LV 
busbars with three relays. Figure 19 shows two HV bus-
bars and two LV busbars. Use of four zones for the four 

busbars (two HV and two LV) still leaves two zones 
available in each relay. We can configure independent 
check zones for HV and LV bus protection supervision.

                    

Figure 18 Three SEL-487B Relays Protect Two Main Busbars and a Transfer Busbar, Bus Coupler, and 20 Terminals
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Figure 19 Three SEL-487B Relays Protect Both HV and LV Busbars
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Time Synchronization, Automation, and Communication
Time Synchronization
To synchronize the relays in a three-relay application, 
use the unique IN and OUT IRIG-B connectors installed on 
each relay for the IRIG-B signal. Referring to the Exter-
nal Source connections in Figure 20, connect the IRIG-B 
signal to the IN connector of Relay A to update the time. 
Connect the OUT connector of Relay A to the IN connec-
tor of Relay B to update the time in Relay B. Use a simi-
lar connection between Relay B and Relay C to update 
the time in Relay C. In the absence of an external IRIG-B 
signal, connect the relays as shown by the Internal 
Source connections in Figure 20. Connected this way, 
Relay B and Relay C synchronize to the internal clock of 
Relay A. The event reports the different relays generate 
are time-stamped to within 10 µs of each other.

                    

PTP Time Synchronization
In addition to IRIG-B, the relay can be time-
synchronized through the Ethernet network using IEEE 
1588 PTPv2. When connected directly to a grandmaster 
clock providing PTP at 1-second sync intervals, the relay 
can be synchronized to an accuracy of ±100 ns. The relay 
is capable of receiving as many as 32 sync messages per 
second.

                    

SNTP Time Synchronization
Use SNTP to cost-effectively synchronize SEL-487B 
relays equipped with Ethernet communication to within 
±1 ms with no time source delay. Use SNTP as a primary 
time source, or as a backup to a higher accuracy IRIG-B 
time input to the relay.

                    

Automation
Flexible Control Logic and Integration 
Features
Use the SEL-487B control logic to replace the following:

➤ Traditional panel control switches

➤ RTU-to-relay wiring

➤ Traditional latching relays

➤ Traditional indicating panel lights

                    

Figure 20 Time Synchronize SEL-487B Relays With or 
Without External Clock Source
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Figure 21 Example PTP Network

                    

Figure 22 SNTP Diagram
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Eliminate traditional panel control switches with 32 local 
control points. Set, clear, or pulse local control points 
with the front-panel pushbuttons and display. Program 
the local control points to implement your control 
scheme via SELOGIC control equations. Use the same 
local control points for functions such as taking a termi-
nal out of service for testing.

Eliminate RTU-to-relay wiring with 96 remote control 
points. Set, clear, or pulse remote control points via serial 
port commands. Incorporate the remote control points 
into your control scheme via SELOGIC control equations. 
Use remote control points for SCADA-type control oper-
ations (e.g., trip, settings group selection).

Replace traditional latching relays for such functions as 
remote control enable with 32 latching control points. 
Program latch set and latch reset conditions with 
SELOGIC control equations. Set or reset the latch control 
points via control inputs, remote control points, local 
control points, or any programmable logic condition. The 
relay retains the states of the latch control points after 
powering up following a power interruption.

Replace traditional indicating panel lights and switches 
with either of these HMIs:

➤ Standard HMI: 16 latching target LEDs and 8 
programmable pushbuttons with LEDs.

➤ Expanded HMI option: 24 tricolor latching target 
LEDs and 12 programmable pushbuttons.

Define custom messages to report analog and Boolean 
power system or relay conditions on the large format 
LCD. Control displayed messages via SELOGIC control 
equations by driving the LCD display via any logic point 
in the relay. Use any of the dozens of measured or calcu-
lated analog values in the relay to create display mes-
sages for system metering on the front-panel LCD.

SELOGIC Control Equations With 
Expanded Capabilities and Aliases
Expanded SELOGIC control equations (Table 6) put relay 
logic in the hands of the protection engineer. Assign the 
relay inputs to suit your application, logically combine 
selected relay elements for various control functions, and 
assign outputs to your logic functions. Programming 
SELOGIC control equations consists of combining relay 
elements, inputs, and outputs with SELOGIC control 
equation operators. You can use any of the relay internal 
variables (Relay Word bits) in these equations. For com-
plex or unique applications, these expanded SELOGIC 
control equation functions allow superior flexibility. Add 
programmable control functions to your protection and 
automation systems. New functions and capabilities 
enable you to use analog values in conditional logic 
statements. Use the new alias capability to assign more 
meaningful relay variable names. This improves the 

readability of customized programming. Use as many as 
200 aliases to rename any digital or analog quantity. The 
following is an example of possible applications of 
SELOGIC control equations using aliases:

                    

ACSELERATOR QuickSet SEL-5030 
Software
Use the ACSELERATOR QuickSet® SEL-5030 Software 
to develop settings and busbar configurations offline. 
The system automatically checks interrelated settings 
and highlights out-of-range settings. You can transfer 
settings you create offline by using a PC communica-
tions link with the SEL-487B. The relay converts event 
reports to oscillograms with time-coordinated element 
assertion and phasor diagrams. The QuickSet interface 
supports Server 2008, Windows 7 and Windows 8 oper-
ating systems, and can be used to open COMTRADE 
files from SEL and other products. You can also use 
QuickSet to design application-specific settings tem-
plates and then store the templates in non-volatile mem-
ory within the relay for trouble-free retrieval.

                    

MIRRORED BITS Communications
The SEL patented MIRRORED BITS technology provides 
bidirectional relay-to-relay digital communication. 
Figure 24 shows two SEL-487B relays with MIRRORED 
BITS communications using SEL-2815 Fiber-Optic 
Transceivers. In the SEL-487B, MIRRORED BITS com-
munications can operate simultaneously on any two 
serial ports. This bidirectional digital communication 
creates additional outputs (transmitted MIRRORED BITS) 
and additional inputs (received MIRRORED BITS) for each 
serial port operating in the MIRRORED BITS communica-
tions mode.

=>>SET T <Enter>
1: PMV01,THETA

(assign the alias “THETA” to math variable PMV01)

2: PMV02,TAN

(assign the alias “TAN” to math variable PMV02)

=>>SET L <Enter>
1: # CALCULATE THE TANGENT OF THETA
2: TAN:=SIN(THETA)/COS(THETA)

(use the aliases in an equation)

                    

Figure 23 Settings Templates

SEL-487B
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Communicated information can include digital, analog, 
and virtual terminal data. Virtual terminal allows opera-
tor access to remote relays through the local relay. You 

can use this MIRRORED BITS protocol to transfer infor-
mation between stations to enhance coordination and 
achieve faster tripping.

                    

                    

Communications Features
The SEL-487B offers the following communications fea-
tures:

➤ Four independent EIA-232 serial ports

➤ Full access to event history, relay status, and meter 
information from the communications ports

➤ Settings and group switching password control

➤ SCADA interface capability including FTP, 
IEC 61850, and DNP3 LAN/WAN (via optional 
internally mounted Ethernet card), and DNP3 
Level 2 Slave (via serial port)

The relay does not require special communications soft-
ware. You need only ASCII terminals, printing terminals, 
or a computer supplied with terminal emulation and a 
serial communications port. Table 7 provides a synopsis 
of the communications protocols in the SEL-487B.

Ethernet Card
The SEL-487B provides Ethernet communications capa-
bilities with the optional Ethernet card. This card mounts 
directly in the relay. Use Telnet applications for easy ter-
minal communication with SEL relays and other devices. 
Transfer data at high speeds (10 Mbps or 100 Mbps) for 
fast file uploads. The Ethernet card communicates using 

Table 6 Expanded SELOGIC Control Equation Operators 

Operator Type Operators Comments

Edge Trigger R_TRIG, F_TRIG Operates at the change of state of an internal function.

Math Functions SQRT, LN, EXP, COS, SIN, ABS, 
ACOS, ASIN, CEIL, FLOOR, LOG

Combine these to calculate other trigonometric functions, 
i.e., TAN: = SIN(THETA)/COS(THETA).

Arithmetic *, /, +, - Uses traditional math functions for analog quantities in an easily programma-
ble equation.

Comparison <, >,, =<, =, <> Compares the values of analog quantities against predefined thresholds or 
against each other.

Boolean AND, OR, NOT Combines variables, and inverts the status of variables.

Precedence Con-
trol

( ) Allows as many as 14 sets of parentheses.

Comment # Provides for easy documentation of control and protection logic.

                    

Figure 24 Integral Communication Provides Secure Protection, Monitoring, and Control as Well as Terminal Access to 
Both Relays Through One Connection
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FTP applications for easy and fast file transfers. Choose 
Ethernet connection media options for primary and 
stand-by connections:

➤ 10/100BASE-T Twisted Pair Network

➤ 100BASE-FX Fiber-Optic Network

Communicate using IEC 61850 Logical Nodes and 
GOOSE Messages, or DNP3 LAN/WAN.

Telnet and FTP
Order the SEL-487B with Ethernet communications and 
use the built-in Telnet and FTP that come standard with 
Ethernet to enhance relay communications sessions. Use 
Telnet with the ASCII interface to access relay settings, 
and metering and event reports remotely. Use FTP to 
transfer settings files to and from the relay via the high-
speed Ethernet port.

DNP3 LAN/WAN
The DNP3 LAN/WAN option provides the SEL-487B 
with DNP3 Level 2 slave functionality over Ethernet. 
You can configure custom DNP3 data maps for use with 
specific DNP3 masters.

PTP
An Ethernet card option with Ports 5A and 5B populated 
provides the ability to accept IEEE 1588 PTPv2 for data 
time synchronization. Optional PTP support includes 
both the Default, Power System (IEEE C37.238-2011), 
and Power Utility Automation (IEC/IEEE 61850-9-3-2016) 
PTP Profiles.

PRP
This protocol is used to provide seamless recovery from 
any single Ethernet network failure, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are 
fully duplicated with both copies operating in parallel.

HTTP Web Server
When equipped with Ethernet communications, the relay 
can serve read-only webpages displaying certain settings, 
metering, and status reports. The web server also allows 
quick and secure firmware upgrades over Ethernet. As 
many as four users can access the embedded HTTP 
server simultaneously.

IEC 61850 Ethernet Communications
IEC 61850 Ethernet-based communications provide 
interoperability among intelligent devices within the sub-
station. Logical nodes using IEC 61850 allow standard-

ized interconnection of intelligent devices from different 
manufacturers for monitoring and control of the substa-
tion. Reduce wiring among various manufacturers’ 
devices and simplify operating logic with IEC 61850. 

Eliminate system RTUs by streaming monitoring and 
control information from the intelligent devices directly 
to remote SCADA client devices.

You can order the SEL-487B with embedded IEC 61850 
protocol operating on 10/100 Mbps Ethernet. IEC 61850 
Ethernet protocol provides relay monitoring and control 
functions including:

➤ As many as 128 incoming GOOSE messages. The 
incoming GOOSE messages can be used to control 
as many as 256 control bits in the relay with <3 ms 
latency from device to device. These messages 
provide binary control inputs and analog values to 
the relay for high-speed control functions and 
monitoring.

➤ As many as eight outgoing GOOSE messages. You 
can configure outgoing GOOSE messages for 
Boolean or analog data. Boolean data and 
designated remote analog outputs are provided 
with <3 ms latency from device to device. Apply 
outgoing GOOSE messages for high-speed control 
and monitoring of external breakers, switches, and 
other devices.

➤ IEC 61850 Data Server. The SEL-487B, equipped 
with embedded IEC 61850 Ethernet protocol, 
provides data according to predefined logical node 
objects. Each relay supports as many as seven 
simultaneous client associations. Relevant Relay 
Word bits are available within the logical node 
data, so you can use the IEC 61850 data server in 
the relay to monitor the status of relay elements, 
inputs, outputs, or SELOGIC control equations.

➤ Configuration of as many as 256 Virtual Bits 
within GOOSE messaging to represent a variety of 
Boolean values available within the relay. The 
Virtual Bits the relay receives are available for use 
in SELOGIC control equations.

➤ As many as 64 remote analog outputs that you can 
assign to virtually any analog quantity available in 
the relay. You can also use SELOGIC math 
variables to develop custom analog quantities for 
assignment as remote analog outputs. Remote 
analog outputs using IEC 61850 provide peer-to-
peer transmission of analog data. Each relay can 
receive as many as 256 remote analog inputs and 
use those inputs as analog quantities within 
SELOGIC control equations.

➤ The SEL-487B supports IEC 61850 standard operating 
modes such as Test, Blocked, On, and Off.
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MMS File Services
This service of IEC 61850 Manufacturing Message 
Specification (MMS) provides support for file transfers 
completely within an MMS session. All relay files that 
can be transferred via FTP can also be transferred via 
MMS file services.

MMS Authentication
When enabled via a setting in the Configured IED 
Description (CID) file, the relay will require authentica-
tion from any client requesting to initiate an MMS ses-
sion. The client request must be accompanied by the 
2AC level password. 

Architect
USE ACSELERATOR Architect® SEL-5032 Software to 
manage the logical node data for all IEC 68150 devices 
on the network. This Microsoft Windows-based software 
provides easy-to-use displays for identifying and binding 
IEC 61850 network data among logical nodes using 
IEC 61850-compliant CID files. Architect uses CID files 
to describe the data the IEC 61850 logical node will pro-
vide within each relay.

                    

Additional Features
Front-Panel Display
Figure 25 and Figure 26 show close-up views of the stan-
dard SEL-487B front panel. The standard front panel 
includes a 128 x 128 pixel (76.2 mm x 76.2 mm or 
3 in x 3 in) LCD screen; 18 LED target indicators; and 
8 direct-action control pushbuttons with indicating LEDs 
for local control functions. You can use easily changed 
slide-in labels to custom configure target and pushbutton 
identification. Figure 27 shows the expanded SEL-487B 
front panel. The optional expanded SEL-487B front 
panel provides the same LCD screen with more latching 
target LEDs and programmable pushbuttons. When you 
order the optional front panel, the SEL-487B provides 24 
tricolor LEDs and 12 programmable pushbuttons with 

indicating LEDs. Use the capabilities of the expanded 
SEL-487B front panel to integrate a wide range of con-
trol and system annunciation functions.

                    

Table 7 Open Communications Protocol 

Type Description

ASCII Plain-language commands for human and simple machine communication.

Use for metering, setting, self-test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports allow external devices to obtain relay data in an appropriate for-
mat for direct import into spreadsheets and database programs. Data are checksum protected.

Extended SEL Fast Meter, SEL 
Fast Operate, and SEL Fast SER

Binary protocol for machine-to-machine communication. Quickly updates SEL communications pro-
cessors, RTUs, and other substation devices with metering information, relay element, I/O status, time-
tags, open and close commands, and summary event reports. Data are checksum protected. 

Ymodem Support for reading event, settings, and oscillography files.

Optional DNP3 Level 2 Slave Distributed Network Protocol with point remapping. Includes access to metering data, protection ele-
ments, contact I/O, targets, SER, relay summary event reports, and settings groups.

MIRRORED BITS SEL protocol for exchanging digital and analog information among SEL relays and for use as low-speed 
terminal connection.

Optional FTP and Telnet Available with the optional Ethernet card. Use Telnet to establish a terminal-to-relay connection over 
Ethernet. Use FTP to move files in and out of the relay over Ethernet.

IEC 61850 Ethernet-based international standard for interoperability among intelligent devices in a substation.

SNTP Ethernet-based simple network time protocol for Ethernet-based time synchronization among relays.

                    

Figure 25 Front-Panel Display and Pushbuttons
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The LCD shows event, metering, setting, and relay self-
test status information. Control the LCD through the nav-
igation pushbuttons (Figure 25), automatic messages the 
relay generates, and user-programmable display points. 
The rotating display scrolls through any active, nonblank 
display points. If none are active, the relay scrolls 
through displays of the differential operating and 
restraint quantities, the terminals in each enabled zone, 
and the primary current and voltage values. Each display 
remains for five seconds before the display continues 
scrolling. Any message the relay generates because of an 
alarm condition takes precedence over the rotating display.

Status and Trip Target LEDs
The SEL-487B standard front panel includes 16 pro-
grammable status and trip target LEDs as well as eight 
programmable direct-action control pushbuttons on the 
front panel. The optional SEL-487B expanded front 
panel provides 24 programmable tricolor LED indicators 
and 12 direct action control pushbuttons. These targets 
are shown in Figure 26 and Figure 27 and explained in 
Table 8.

                    

Configurable Front-Panel Labels
Customize the SEL-487B front panel to fit your needs. 
Use SELOGIC control equations and slide-in configurable 
front-panel labels to change the function and identifica-
tion of target LEDs, operator control pushbuttons, and 
pushbutton LEDs. The blank slide-in label set is included 
with the SEL-487B. Functions are simple to configure 
using QuickSet. 

You can use templates supplied with the relay or hand-
written on blank labels supplied with the relay to print labels.

Control Inputs and Outputs
The basic SEL-487B (main board only) includes five 
independent and two common inputs, and two standard 
Form A, three high-current interrupting Form A, and 
three Form C standard outputs, as in Figure 28.

                    

Figure 26 Standard Front-Panel Configurable Labels, 
Programmable Targets and Controls for Customized 
Applications

                    

Figure 27 Optional Front Panel With 24 Tricolor Target 
LEDs and 12 Pushbuttons

Table 8 Description of Factory Default Target LEDs 

Target LED Function

87 (DIFF) Differential element trip

BKR FAIL Breaker failure protection trip

ZONE 1 Fault was in Zone 1

ZONE 2 Fault was in Zone 2

ZONE 3 Fault was in Zone 3

ZONE 4 Fault was in Zone 4

ZONE 5 Fault was in Zone 5

Standard Front-Panel LED Functions

ZONE 6 Fault was in Zone 6

50 Instantaneous overcurrent element trip

51 Time-overcurrent element trip

CT ALARM Current transformer alarm

87 BLOCKED Differential element blocked

TOS Any terminal out of service

89 IN PROG Disconnect operation in progress

89 ALARM Disconnect failed to complete operation

PT ALARM Potential transformer alarm

Expanded Front-Panel LED Functions

27 Phase Undervoltage

59 Phase Overvoltage

V01 ON Phase Voltage V01 Present

V02 ON Phase Voltage V02 Present

V03 ON Phase Voltage V03 Present

BUS FAULT Any Bus Zone Internal Fault

52 ALARM Any System Breaker Failure Alarm

IRIG LOCK IRIG Clock Input Lock
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Add as many as four interface boards with the following 
additional I/O per interface board:

➤ Six independent inputs

➤ Eighteen common inputs (in two groups of nine)

➤ Six high-speed, high-interrupting Form A outputs

➤ Two standard Form A output contacts

The relay is available in either 9U or 7U chassis heights. 
The 9U chassis supports as many as four INT4 interface 
boards, while the 7U chassis option supports as many as 
two INT4 interface boards. Assign the control inputs for 
disconnect auxiliary contact status and breaker auxiliary 
contact status. Set the input debounce time independently 
for each input or as a group. You can use SELOGIC con-
trol equations to program each control output. 

Monitoring and Metering
Access a range of useful information in the relay with the 
metering function. Metered quantities include fundamen-
tal primary and secondary current and voltage magni-
tudes and angles for each terminal. Secondary quantities 
also include the PT ratio and CT ratio of each terminal. 
Zone information displays primary current and voltage 
magnitudes and angles for each terminal and also 
includes the polarity of each CT and the bus-zones in 
each of the protective zones at the station. The same 
information is available in secondary quantities and 
includes both the CT ratio and polarity. Differential 
metering shows the operating and restraint currents, as 
well as the reference current, for each zone.

                    

Event Reporting and SER
Event Reports and Sequential Events Recorder (SER) 
features simplify post-fault analysis and help improve 
your understanding of both simple and complex protec-
tive scheme operations. These features also aid in testing 
and troubleshooting relay settings and protection schemes.

Oscillography and Event Reporting
In response to a user-selected internal or external trigger, 
the voltage, current, and element status information con-
tained in each event report confirms relay, scheme, and 
system performance for every fault. The SEL-487B pro-
vides sampling rates as fast as 8 kHz for analog quanti-
ties in a COMTRADE file format. It also provides 12 
sample-per cycle and 4 sample-per-cycle event reports 
that sample filtered analog quantities. The relay stores in 
nonvolatile memory as much as 5 seconds of 8 kHz event 
data and as much as 24 seconds of 1 kHz event data. 
Relay settings operational in the relay at the time of the 
event display at the end of each filtered event report. 

Use event report settings in the relay to assign as many as 
20 analog quantities for inclusion in the filtered event 
reports. Use relay-calculated values such as check zone 
operate and restraint current, or use SELOGIC automation 
or protection math variables.

Each SEL-487B provides event reports for analysis with 
software such as the ACSELERATOR Analytic Assistant® 
SEL-5601 Software. With Analytic Assistant, you can 
display events within the same time-stamp range from as 
many as three different relays in one window to make 
fault analysis easier and more meaningful. Because dif-
ferent relays time-stamp events with values from their 
individual clocks, be sure to time synchronize the 
SEL-487B with an IRIG-B clock input before using this 
feature (see Figure 20). Figure 29 shows the Analytic 
Assistant software screen with three events selected.

                    

Figure 28 Form A and Form C Output Contacts

Form CForm A

Table 9 Flexible Metering Capabilities and Large Screen 
Display Eliminate Need for Panel Instruments

Capabilities Description

V01, V02, V03 Fundamental phase voltage magnitude and 
angle in primary and secondary values

I01, I02, . . ., I21 Fundamental phase current magnitude and 
angle in primary and secondary values

IOP, IRT, IREF Operating and restraint currents for each 
zone, check zone, and the reference current

Bus Zones in 
Protection Zone n

Names of the bus-zones in Protection 
Zone n (where n = 1 to 6)

PTR, CTR PT ratio and CT ratio for each terminal

POL Polarity of each CT
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Select from each event the information of interest, and 
combine this selection into a single window. Figure 30 
shows the combination of the tie-breaker A-phase current 
(Relay 1), B-phase current (Relay 2), and C-phase cur-
rent (Relay 3) in one window.

                    

Event Summary
Each time the relay generates a standard event report, it 
also generates a corresponding Event Summary. This is a 
concise description of an event that includes the follow-
ing information:

➤ Relay/terminal identification

➤ Event date and time

➤ Event type

➤ Event number

➤ Time source

➤ Active settings group

➤ Targets asserted during the fault

➤ Current magnitudes and angles for each terminal

➤ Voltage magnitudes and angles

➤ Terminals tripped for this fault

➤ Bus-zones in Protection Zone n (n = 1–6)

With an appropriate setting, the relay will send an Event 
Summary in ASCII text automatically to one or more 
serial ports for each triggering of an event report.

SER
Use this feature to gain a broad perspective of relay ele-
ment operation. Items that trigger an SER entry are 
selectable and can include as many as 250 monitoring 
points such as I/O change of state and element pickup/
dropout. The relay SER stores the latest 1000 events.

Substation Battery Monitor for DC 
Quality Assurance
The SEL-487B measures and reports the substation bat-
tery voltage for one battery system. The relay provides 
alarm, control, and dual ground detection for one battery 
and charger. The battery monitor includes warning and 
alarm thresholds that you can monitor with the 
SEL-3530 Real-Time Automation Controller (RTAC) 
and use to trigger messages, telephone calls, or other 
actions. The relay reports measured dc voltage in the 
METER display via serial or Ethernet port communica-
tions, on the LCD, and in the Event Report. Use the event 
report data to see an oscillographic display of the battery 
voltage. Monitor the substation battery voltage drops 
during trip, close, and other control operations.

                    

Figure 29 Software Screen After Reading an Event 
From Three Different Relays

                    

Figure 30 Information From Three Relays Combined 
Into a Single Window
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Diagrams and Dimensions
                    
                    

Figure 31 Standard Front-Panel Diagram, 9U Chassis Size, Panel-Mount Option, Showing the Front Panel With LCD, 
Navigation Pushbuttons, 16 Target LEDs, Reset, and 8 Programmable Pushbuttons

i3879a
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Figure 32 Expanded Front-Panel Diagram, 9U Chassis Size, Panel-Mount Option, Showing Extended Front-Panel HMI 
With LCD, Navigation Pushbuttons, 24 Tricolor LEDs, Reset, and 12 Programmable Pushbuttons

i4190b

SEL–487B
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Figure 33 Rear-Panel Diagram of the 9U Chassis With Four INT4 Interface Boards
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Figure 34 Rear-Panel Diagram of the 7U Chassis With Two INT4 Interface Boards
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Figure 35 Dimensions for Rack- and Panel-Mount Models
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Specifications
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using TiDL 
(EtherCAT), the operating times will be delayed by 1.5 ms. Use caution 
when setting the relay coordination times to account for this added delay. 
Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits for 

a Class A digital device, pursuant to part 15 of the FCC Rules. These 
limits are designed to provide reasonable protection against harmful 
interference when the equipment is operated in a commercial 
environment. This equipment generates, uses, and can radiate radio 
frequency energy and, if not installed and used in accordance with the 
instruction manual, may cause harmful interference in which case the 
user will be required to correct the interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal:  0.1 VA @ 1 A

5 A Nominal:  0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden:  0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per IEC 
60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage Range: 38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage Range: 85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: < 35 W, < 90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups of 

9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km

Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc
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Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.2 Vdc

Logic Low Threshold:  0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power Utility 
Automation Profile)

Synchronization Accuracy: ±100 ns @ 1-second Sync Intervals when 
communicating directly with master clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above +70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and sized 
equal to or greater than any other conductor connected to the device, 
unless otherwise required by local or national wiring regulations.

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, Battery 

Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, IRIG-B, 

Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand Capability 
(SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + A2:2010

20 V/m (>35 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz
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Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 10 
m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency Magnetic 
Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles (12 + 

12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering

Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay Application:
Single-Relay Application:

21
7

Pickup Range: 0.1–4.0 per unit
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Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage Range: 0–350 Vdc

Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM
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Technical Support
We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

                    

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)

https://selinc.com/support
mailto: info@selinc.com
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Notes
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SEL-710-5 Motor
Protection Relay

Summary
Sales Item Number 710#5201 

Part Number 071050E1ACA9X74850200 

Standard Features

Map

Protection

• Thermal Elements

• Overcurrent

• Over/Underfrequency

• Over/Undervoltage

• Breaker Monitoring

• Breaker Failure

• Broken Bar Detection

Hardware

• 3-Phase AC Current Inputs,
Slot Z

• Neutral AC Current Input, Slot
Z

• 3-Phase AC Voltage Inputs,
Slot Z

• 2 Digital Inputs (DI), Slot A

• 3 Digital Outputs (DO), Slot A

• Multimode Fiber ST (Port 2),
Slot B

Human-Machine Interface (HMI)

• Display

• Programmable Pushbuttons
with Two Tri-Color LEDs each

• 8 Target Tri-Color LEDs (6
Programmable)

• Operator-Control Interface

• User-Con�gurable Labels

• EIA-232 (Port F)

Protocols

• Modbus RTU

• SEL ASCII and Compressed
ASCII

• SEL Fast Meter, Fast Operate,
Fast SER

• SEL Fast Message

• Ymodem File Transfer

• SEL MIRRORED BITS

Communications

 Other

• Instruction Manual CD

• ACSELERATOR QuickSet
SEL-5030 Software

• User Con�gurable Labels

https://selinc.com/products/part-mapping/?partNumber=071050E1ACA9X74850200


Selected Options

User Interface English

Front Panel 2x16 LCD With 8 Pushbuttons

Slot A Power
Supply Voltage

110–250 Vdc (110–240 Vac)

Slot A Digital Input
Voltage

125 Vdc/Vac

Slot B Ethernet
(Port 1)

Single 10/100BASE-T

Slot B Rear Serial
Port (Port 3)

EIA-232

Slot B IRIG-B/PTC IRIG-B

IEC 61850
Protocol

No

DNP3 Protocol No

IEC 60870-5-103
Protocol

No

EtherNet/IP
Protocol

No

Slot C 4 DI / 4 DO Fast High Current Hybrid (Form A)

Slot C Digital Input
Voltage

125 Vdc/Vac

Slot D 10 RTD Inputs

Slot D Digital Input
Voltage

NA

Slot E 4 Arc-Flash Detection Inputs / 3 Motor DIFF AC Current
Inputs (1A/5A)

Slot E Digital Input
Voltage

NA

Slot Z
Current/Voltage
Inputs

5 Amp Phase, 5 Amp Neutral, 3-Phase AC Voltages (300
Vac)

Conformal Coat No

• Multilanguage Support

 

The protocols SNTP, IEEE 1588-2008 �rmware-based
PTP and  Modbus TCP are included.

- For Arc-Flash Detection Point Sensors, Bare-Fiber
Sensors, or Cable Accessories, see SEL-C804
Multimode Fiber-Optic Arc-Flash Detection (AFD)
Sensors and C814 Arc-Flash Detection (AFD) Fiber
Cables and Accessories.
- In order to achieve the 2-5 ms operate times for Arc-
Flash Protection it is required that the SEL-710-5
include a 4 DI/4 DO Fast High Current Interrupting
Card.



SEL-710-5 
Motor Protection Relay

Protect induction and synchronous 
motors with one relay

• Improve motor availability for production with patented, accurate 
thermal protection.

• Monitor and control motors directly with the 5-inch, 800 × 480 
color touchscreen. 

• Simplify your design by combining synchronous motor protection 
and power factor regulation in a single relay. 

• Improve maintenance predictability by detecting broken rotor 
bars and early cable insulation breakdown. 

• Improve network recovery via alternate paths in a network with 
the Rapid Spanning Tree Protocol (RSTP).
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PTC Thermistor

Voltage Input

Internal* or External* RTD Inputs

Contactor/Breaker

SEL-2600

50N

14

49P

87

37P
C

4

EIA-232
EIA-485

2

Ethernet1

1

IRIG-B

4078

BBD50
NAF

50
PAF

AFD 55 VAR 60 27I

MOTOR

1

3

50
INC

Functional Overview
ANSI Numbers/Acronyms and Functions 
14 Speed Switch
27 Phase Undervoltage
27I Phase Undervoltage With Inverse Characteristic
37 (P,C) Underpower/Undercurrent
38 Bearing Temperature*
40 Loss of Field
46 Current Unbalance
47 Phase Reversal
49P PTC Overtemperature*
49R Resistance Temperature Detector (RTD) Thermal*
49 Rotor and Stator Thermal Models
50 (P,G,Q) Overcurrent (Phase, Ground, Neg. Seq.)
50INC Incipient Cable Fault Detection
50NAF Arc-Flash Neutral Overcurrent*
50PAF Arc-Flash Phase Overcurrent*
50P LR Locked Rotor
50P LJ Load Jam
50N Neutral Overcurrent
51 (P,G,Q) Time Overcurrent (Phase, Residual, Neg. Seq.)
55 Power Factor
59 Phase Overvoltage
59I Overvoltage With Inverse Characteristic
60 Loss of Potential
66 Starts Per Hour
78 Out of Step
81 (O,U) Over-/Underfrequency
87 Current Differential*
90 (P,I,T) Load Control (Power, Current, Thermal Capacity)

Additional Functions
50/51 Adaptive Overcurrent
85 RIO SEL Mirrored Bits® Communications
97FM Frequency Component Analyzer
AFD Arc-Flash Detector2

BBD Broken Rotor Bar Detection
DFR Event Reports—Motor Starts, Motor Operating 

Statistics
ENV Optional SEL-2600 RTD Module
HMI Operator Interface
LDP Load Data Profiling
LGC SELogic® Control Equations
MET High-Accuracy Metering
RTU Remote Terminal Unit
SDTM Slip-Dependent AccuTrackTM Thermal Model
SER Sequential Events Recorder
SM Synchronous Motor Control and Protection2

VAR Reactive Power
VFD Variable-Frequency Drive Support
WEB Web Server

*Optional feature 1Copper or fiber-optic 
2Mutually exclusive optional features



Key Features
Multiple Applications 
The SEL-710-5 Motor Protection Relay is a full-featured, 
multifunctional relay that provides complete ac induction 
and synchronous motor protection and control, including 
automatic starting. Install the SEL-710-5 for a wide variety 
of applications, such as fans, blowers, compressors, air 
handlers, pumps, conveyors, chippers, crushers, screeners, 
feeders, augers, and bucket elevators. 

Induction Motor Protection and Starting
SEL-710-5 standard features include SEL’s trusted 
current-, voltage-, and thermal-based motor protection 
with current differential elements. The powerful thermal 
model dynamically calculates motor slip to provide precise 
temperature tracking with less time required between 
restarts and to allow more time during the start sequence 
for the motor to reach its rated speed before tripping.

Synchronous Motor Protection and Starting
The SEL-710-5 provides two levels of field over- and 
undervoltage, field over- and undercurrent, and field 
resistance protection as options. It provides automatic 
synchronization by applying the dc field voltage to the 
motor field at the correct slip frequency and rotor angle  
to lock the motor to synchronous speed. It also includes 
out-of-step and loss-of-field protection.

Asset Monitoring
Track the operating characteristics of your motor and 
accompanying devices with the built-in asset-monitoring 
capability. The SEL-710-5 can track items, such as vibration, 
motor start current, motor start times, motor stop times, 
broken rotor bars, incipient faults, and excessive wear on 
molded case circuit breakers, in one easy-to-read report 
via the ASCII terminal or the touchscreen display. This 
enables you to reduce production losses from unexpected 
equipment failures and to lower maintenance costs by 
switching to predefined maintenance schedules. With 
the 97FM elements, you can detect selectable frequency 
components in current, voltage, and power quantities.

Arc-Flash Mitigation 
Overcurrent-supervised arc-flash mitigation provides 
secure arc-flash tripping by operating when arc-flash and 
overcurrent conditions occur together. This important feature 
improves worker safety in areas where high fault current and 
high incident energy arc-flash events are possible.

Broken Rotor Bar Detection
The broken rotor bar feature uses current signature 
analysis (CSA) to detect broken rotor bars. Early detection 
reduces maintenance costs and helps prevent associated 
thermal and mechanical damage that contributes to 
catastrophic motor failure.

Flexible Communications
Advanced protocols support communications using legacy 
and modern supervisory and control systems. These 
protocols include RSTP, IEC 61850 Edition 2, EtherNet/IP,  
the software-based IEEE 1588 Precision Time Protocol 
(PTP), IEC 60870-5-103, the Parallel Redundancy Protocol 
(PRP), DNP3, Modbus TCP/IP, Modbus RTU, Telnet, the File 
Transfer Protocol (FTP), the Simple Network Time Protocol 
(SNTP), Mirrored Bits communications, and ASCII. In 
addition, the IEC 61850 test mode in the SEL-710-5 enables 
in-service testing, which reduces commissioning time.

Reliable Rugged Hardware 
The SEL-710-5 operates in extreme conditions, with an 
operating temperature range of –40° to +85°C (–40° 
to +185°F). It is designed and tested to exceed applicable 
standards, including those for withstanding vibration, 
electromagnetic interference, and adverse environmental 
conditions. A conformal coating option for the printed 
circuit boards provides an additional barrier against 
airborne contaminants, such as hydrogen sulfide, chlorine, 
salt, and moisture. In addition, the SEL-710-5 is ATEX-
certified and Underwriters Laboratories (UL) Class I, 
Division 2-certified for use in hazardous and potentially 
explosive environments.

Incipient Cable Fault Detection 
Cable insulation degrades over time. The incipient cable 
fault detection element can monitor for self-extinguishing, 
half-cycle overcurrent events that precede typical cable 
insulation failure. Monitoring the number of incipient faults 
can provide an early warning of cable insulation breakdown 
for preventative maintenance.



Product Overview   

Large 2 � 16 character LCD.

Programmable front-panel 
tricolor LEDs.

User-configurable label kit.

Two programmable 
tricolor LEDs per 
pushbutton.

Customizable push-
buttons and labels.

Default messages or up  
to 32 customizable display 
labels notify personnel of 
power system events or 
the relay status.



Power supply options include  
24–48 Vdc or 110–250 Vdc/110–240 Vac.

A wide variety of communications 
protocols and media provide flexibility 
to communicate with other devices 
and control systems.

Port options include demodulated IRIG-B 
for precise-time input or a PTC input to 
protect against overcurrent conditions.

Card slots include positions for 
optional I/O, arc-flash detection 
(AFD), or synchronous motor  
inputs/differential current inputs.

Mirrored Bits 
communications 
provides fast 
and reliable 
relay-to-relay 
communication.

CT and PT inputs 
are located on one 
card, allowing for 
more I/O in other 
slots.

Accelerate firmware downloads 
via the Ethernet port.



Touchscreen Overview

The full keyboard facilitates 
easy adjustment of settings.

The 5-inch color display with a resolution 
of 800 � 480 offers direct navigation via 
a capacitive touchscreen.

The home pushbutton allows 
you to easily return to 
the default home screen.

The front panel is 
available in English  
or Spanish.

Folders and applications 
provide quick access to 
bay screens, metering and 
monitoring data, reports, 
settings, and more.



Touchscreen Display Features and Functions 

Next, enter your Level 2 password and tap Submit. The 
onscreen keyboard allows you to quickly and easily enter 
passwords, search for Relay Word bits, and enter settings 
when necessary.

When the screen prompts you to confirm the action, 
tap Yes. 

Motor Control
The color touchscreen lets you control a motor via a 
custom bay screen or the built-in Start Motor and Stop 
Motor applications in the Control folder.

To control a motor, simply tap the Control folder on the 
home screen, and then tap Start Motor or Stop Motor.

The SEL-710-5 5-inch, 800 � 480 color touchscreen display provides a one-line diagram mimic 
display for bay control and monitoring. You can view metered quantities, phasor diagrams, relay 
settings, event summaries, target statuses, and SER data. 



Meter Phasors
View a graphical and textual representation of the real-
time voltages and currents in a power system during 
balanced and unbalanced conditions. By analyzing the 
phasors, you can determine power system conditions. 

Motor Operating Statistics
View critical motor behavior data to optimize motor 
performance and extend motor life. Operating statistics 
for the protected motor include motor running time, 
stopped time, percent time running, motor starts, 
emergency starts, and others.

Vibration Monitoring 
View critical motor vibration data to identify potential 
defects and respond before motor failures occur. The 
display provides intuitive graphical feedback to enable 
timely operator response. 

Meter Fundamentals
View the real, reactive, and apparent power of each 
phase in your system, and monitor the power factor 
information to determine if the phase current leads 
or lags the phase voltage.



Synchronous Motor Protection
Select the SEL-710-5 with the synchronous 
motor protection option to start and protect 
synchronous motors. You can monitor field 
voltage and current and effectively respond  
to loss-of-field, field resistance, out-of-step, 
power factor, and reactive power issues. 

Arc-Flash Detection   
AFD-based protection is fast, responding 
in a few milliseconds with high-speed, 
high-current interrupting output contacts. 
This fast response, supervised by phase 
overcurrent elements, provides high-speed  
and secure arc-flash protection that 
improves personnel safety and reduces 
equipment damage. Arc-flash mitigation 
options in the SEL-710-5 offer either four 
or eight AFD inputs capable of reading 
both point, window, and loop sensors.

Point 
Sensors

Trip
Signal

MIRRORED BITS® Communications 
Via Serial, or IEC 61850 GOOSE 
Messaging Via Ethernet

Clear-Jacketed Fiber Loop

M M

Feeder Relay
SEL-751

SEL-710-5SEL-710-5

Overcurrent-supervised arc-flash detection and advanced 
communications combine to improve safety and power system 
reliability.

In this brush-type synchronous motor application, the SEL-710-5 
connects directly to the excitation system to control the power factor.

DCCT/Transducer

Field Close

Power Factor Control

Field Current

Field Voltage

Discharge Resistor Voltage

M
SYNC

Trip/Close

Voltage
Divider

Excitation
System

+

–

VFIELD VDR
Discharge
Resistor 

SEL-710-5

Applications



Motor Thermal Overload Protection
The SEL-710-5 provides locked-rotor, running overload, 
and negative-sequence current unbalance protection. It 
accurately tracks the heating effects of load current and 
current unbalance during the motor’s operating conditions 
(starting and running) using the AccuTrack Thermal Model.

Thermal Capacity

0% Cold Motor
Cooling

100% Trip Level

Thermal capacity is affected by positive-sequence heating, negative-sequence heating, and motor cooling. Accurate thermal modeling maximizes motor availability while providing excellent protection from damage.



AccuTrack Thermal Model
Apply the SEL-710-5 to dynamically calculate motor slip 
and precisely track the rotor thermal capacity used. The 
AccuTrack Thermal Model uses this information to reduce 
the time between starts, and it also gives the motor more 
time to reach its rated speed before tripping.

Accurate thermal modeling maximizes motor availability while providing excellent protection from damage.

Saved Cooling Time

I2t Relay

SEL-710-5
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Broken Rotor Bar Detection
The BBD function determines if there are broken rotor bars by calculating the relative 
magnitudes of the signals at the sideband frequencies caused by a broken bar, with 
respect to the signal magnitudes at the system frequency. Using the CSA algorithm,  
the SEL-710-5 identifies rotor failures independent of the motor characteristic.

The BBD feature includes:
• A Fourier transform function that calculates the frequency spectrum of stator currents 

and voltages to provide accurate detection in cases with sideband frequencies.

• A history report with the date and time of the BBD operations along with the 
maximum sideband magnitude and associated frequency.

• A compressed harmonic meter report for voltages and current.

• A spectrum graphing feature in acseLerator QuickSet® SEL-5030 Software.

Spectrum of a running motor with three broken bars. 



Simple Integration and Configuration

Optional Cards 
Serial communications (EIA-232/EIA-485)

3 digital inputs (DI), 4 digital outputs (DO) 
1 analog output (AO)

4 DI, 4 DO—electromechanical

4 DI, 4 DO—high-speed, high-current interrupting

4 DI, 3 DO (2 Form C, 1 Form B)

8 DO—electromechanical

8 DI

14 DI

8 analog inputs (AI)

4 AI, 4 AO

10 RTD inputs

4 AFD inputs, 3 current differential inputs

8 AFD inputs

Synchronous motor inputs and 3 current differential inputs



Manage Relay Settings
Use QuickSet to set the SEL-710-5 and leverage convenient 
features to simplify the setting process. All relay settings 
are visible; however, the settings that are not related 
to your active configuration are shaded and cannot be 
selected or modified. 

To enable AccuTrack for motor protection, select from 
either the Ratings or Curve methods to set the relay. Once 
the method is selected, only the settings that are relevant 
to that method can be modified to fit your application.

Use QuickSet to set the SEL-710-5.



Integrated Web Server 
Access basic SEL-710-5 information on a standard web 
browser with the built-in web server. You can view the relay 
status, SER data, metering information, and settings and 
can download event reports with easy access within a local 
network. For increased security, web server access requires a 
relay password and the information is limited to a read-only 
view. You can also upgrade the relay firmware through the 
web server.

Use the built-in web server to access SEL-710-5 information.
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SEL-710-5 Specifications

General
Displays 2-line � 16-character LCD

5-inch color touchscreen display, 800 � 480 pixels

AC Current Inputs 5 A or 1 A phase and 5 A, 1 A, or  2.5 mA (high sensitivity) neutral,  
depending on model

AC Voltage Inputs 300 Vac continuous, 600 Vac for 10 seconds

Output Contacts The relay supports Form A, B, and C outputs.

Optoisolated Control Inputs DC/AC control signals: 250, 220, 125, 110, 48, or 24 V

As many as 26 inputs are allowed in ambient temperatures of 85°C (185°F) 
or less.

As many as 34 inputs are allowed in ambient temperatures of 75°C (167°F) 
or less.

As many as 44 inputs are allowed in ambient temperatures of 65°C (149°F) 
or less.

Frequency and Phase 
Rotation

System frequency: 50, 60 Hz

Phase rotation: ABC, ACB

Frequency tracking: 15–70 Hz (requires ac voltage inputs)

Arc-Flash Time-Overlight®  
Elements (TOL1–TOL8)

Pickup time: 2–5 ms

Dropout time: 1 cycle

Communications Protocols SEL (Fast Meter, Fast Operate, and Fast SER), Modbus TCP/IP, Modbus RTU, 
DNP3, FTP, IRIG-B, Telnet, SNTP, EtherNet/IP, software-based IEEE 1588 
PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, RSTP, and Mirrored Bits 
communications

Language Support English and Spanish

Power Supply 110–250 Vdc or 110–240 Vac 
   Input voltage range: 85–300 Vdc or 85–264 Vac

24–48 Vdc 
   Input voltage range: 19.2–60 Vdc

Operating  
Temperature

–40° to +85°C (–40° to +185°F)
Note: Front-panel display contrast is impaired for temperatures below –20°C (–4°F) and 
above +70°C (+158°F).

Certifications To view certifications for the SEL-710-5, please visit  
selinc.com/company/certifications.
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Induction and Synchronous Motor Control and Protection, 
Broken Rotor Bar Detection, and Arc-Flash Detection

New Features
➤ IEC 61850 simulation mode, local/remote control authority, and functional naming support for easy commissioning

and control.

➤ Rapid Spanning Tree Protocol (RSTP) provides faster recovery in response to network changes and failures in
switched mode applications.

➤ Disconnect control from the Bay Screens application.

➤ Three-position disconnects for increased safety.

➤ A built-in web server that simplifies access to relay data and supports firmware upgrade.

➤ Faster firmware downloads via the Ethernet port.

➤ IEEE 1588-2008 firmware-based Precision Time Protocol (PTP) provides ease of integration.

➤ EtherNet/IP provides ease of integration for industrial automation applications.

➤ Early detection of cable insulation breakdown with incipient cable fault detection.

➤ Enhanced asset monitoring capabilities such as vibration monitoring, extended motor maintenance report, and
frequency component analyzer.

SEL-710-5 Motor Protection Relay
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Major Features and Benefits
The SEL-710-5 Motor Protection Relay provides an exceptional combination of protection, monitoring, control, and
communication in an industrial package.

➤ Standard Motor Protection and Control Features.  Protect low- or medium-voltage three-phase motors, and variable
frequency drive (VFD) fed motors, with an enhanced thermal model that includes locked rotor starts, time-between-starts,
starts-per-hour, antibackspin timer, load loss, current unbalance, load jam/stalled rotor, phase reversal, breaker/contactor
failure, positive temperature coefficient (PTC) thermistor over temperature, phase, negative-sequence, residual ground
instantaneous, and inverse-time overcurrent elements. Implement load control, star-delta starting, two-speed control, and
forward/reverse start control. Other standard features include broken rotor bar detection, rotor slip calculation, virtual speed
switch, motor coast time, undervoltage, overvoltage, inverse-time over- and undervoltage elements, underpower, reactive
power, phase reversal, power factor correction, frequency, loss of potential, breaker failure protection, incipient cable fault
detection, asset monitoring capabilities, and RTD-based protection. As many as 10 RTDs can be monitored using an
internal RTD card or as many as 12 RTDs using an SEL-2600 RTD Module with the ST® option.

➤ Optional Synchronous Motor Protection and Control. Use the SEL-710-5 with an optional synchronous
motor/differential card (SYNCH/3 DIFF ACI) that provides starting control, power factor or reactive power closed
loop regulation control, and loss-of-field, out-of-step, loss-of-synchronism (pull-out), field resistance, field
voltage, and field current protection elements.

➤ Optional Differential Protection. Use the SEL-710-5 with optional current differential protection available with four-
channel arc-flash card (4 AFDI/3 DIFF ACI) or synchronous motor protection and control card (SYNCH/3 DIFF ACI).

➤ Optional Arc-Flash Protection. Use the SEL-710-5 with optional four-channel fiber-optic arc-flash detector
inputs and differential protection elements (4 AFDI/3 DIFF ACI) or the eight-channel fiber-optic arc-flash detector
inputs (8 AFDI). Settable arc-flash phase and neutral overcurrent elements combined with arc-flash light detection
elements provide secure, reliable, and fast-acting arc-flash event protection.

➤ Operator Controls.  Start and stop the motor easily with eight programmable front-panel pushbuttons, each with two
tricolored LEDs. Also, the SEL-710-5 provides 32 local and 32 remote control bits to help manage relay operations.

➤ Integrated Web Server.  Log in to the built-in web server to view metering and monitoring data and download events,
Sequential Events Recorder (SER), etc. Also, use the server to view relay settings and to perform relay firmware upgrades.

➤ Relay and Logic Settings Software.  Reduce engineering costs for relay settings and logic programming with
ACSELERATOR QuickSet® SEL-5030 Software. Tools in QuickSet make it easy to develop SELOGIC® control
equations. Use the built-in phasor display to verify proper CT polarity and phasing.

➤ Metering and Asset Monitoring.  Eliminate separately mounted metering devices with built-in metering functions.
Analyze Sequential Events Recorder (SER) reports and oscillographic event reports for rapid commissioning, testing, and
post-fault diagnostics. Monitor the health of your asset and accompanying devices using these asset monitoring capabilities:
• Vibration Monitoring
• Motor Monitoring Using Fourier Analysis
• Broken Rotor Bar Detection
• Motor Start Report
• Motor Maintenance Report
• Motor Operating Statistics

• Motor Start Trending
• Load Profiling
• Incipient Cable Fault Detection
• Molded Case Circuit Breaker Health
• Breaker Monitoring

➤ Front Panel HMI.  Navigate the relay HMI through the use of a 2 x 16-character LCD or optional 5-inch, color, 
800 x 480-pixel touchscreen display.

➤ Additional Standard Features.  Use other standard features, including Modbus® RTU, MIRRORED BITS®

communications, built-in web server, load profile, breaker wear monitoring, 128 remote analogs, support for 12
external RTDs (SEL-2600), IRIG-B input, advanced SELOGIC control equations, configurable labels, and an 
SEL-2812 compatible ST fiber-optic serial port.

➤ Optional Features.  Select from a wide offering of optional features, including IEC 61850 Edition 2, Modbus TCP/IP,
DNP3 serial and LAN/WAN, EtherNet/IP, Simple Network Time Protocol (SNTP), IEEE 1588-2008 firmware-based
Precision Time Protocol (PTP), IEC 60870-5-103, RSTP, PRP, 10 internal RTDs, additional EIA-232 or EIA-485
communications ports, and single or dual, copper-wire or fiber-optic Ethernet ports. Several analog and digital options are
available. These include 4 AI/4 AO, 8 AI, 4 DI/4 DO, 8 DI, 8 DO, 3 DI/4 DO/1 AO, 4 DI/3 DO, and 14 DI. Conformal
coating for chemically harsh and/or high-moisture environments is available as an option.

➤ Language Support. Choose English or Spanish for your serial ports, including the front-panel serial port. The
standard relay front-panel overlay is in English; a Spanish overlay is available as an ordering option.
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Functional Overview

Figure 1 Functional Diagram

The following functions are shown in Figure 1 and are either standard or additional ordering options for the SEL-710-5.

• Sequential Events Recorder

• Event Reports, Motor Start Reports, Motor Operating 
Statistics, Load Profiles, and Motor Start Trends

• Web Server

• SEL ASCII, Ethernet*, Modbus TCP/IP*, IEC 61850 
Edition 2*, IEC 60870-5-103*, EtherNet/IP, RSTP*, PRP*, 
DNP3 LAN/WAN*, DNP3 Serial*, Modbus RTU, Telnet*, 
FTP*, PTP*, SNTP*, IEEE 1588-2008 firmware-based 
PTP*, and DeviceNet* Communications

• Eight Front-Panel Target LEDs, Six of Which are 
Programmable

• Two Inputs and Three Outputs Standard

• I/O Expansion*–Additional Contact Inputs, Contact 
Outputs, Analog Inputs, Analog Outputs, and RTD Inputs

• Single or Dual Ethernet, Copper or Fiber-Optic 
Communications Port*

• PTC Input*

• Battery-Backed Clock, IRIG-B Time**, SNTP 
Synchronization*

• Instantaneous Metering

• Eight Programmable Pushbuttons With Two Tricolor 
LEDs Each

• Advanced SELOGIC Control Equations

• 32 Programmable Display Messages

• MIRRORED BITS Communications

• Forward/Reverse Control

• Reduced Voltage Starting

• Two-Speed Motor Control 

• Breaker Wear Monitoring

• VFD Motor Protection

• Arc-Flash Protection*

• Differential Protection*

• Synchronous Motor Control and Protection*

• Asset Monitoring Capabilities

• Front-Panel HMI with 2 x 16-Character LCD or Optional 
5-Inch, Color, 800 x 480-Pixel Touchscreen Display*

*Optional Functions—Select When Ordering
**IRIG-B is only available on models without PTC Input

SEL-710-5 Motor Protection Relay
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Protection Features
The SEL-710-5 protection and control features depend 
on the model selected. The models are configured with 
current/voltage input cards on Slot Z and specific option 
cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with 
the number 8 in the SEL-710-5 Model Options Table 
(MOT). For example, 81 in the MOT for Slot Z indicates 
a SELECT 4 ACI/3 AVI card with 3-phase ac current 
inputs (1 A nominal), neutral ac current input (1 A 
nominal), and 3-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with 
the number 7 in the SEL-710-5 Model Options Table 
(MOT). For example, 74 in the MOT for Slot E indicates 
a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash 
detection channels and 3 differential current channels.

Table 1 shows the different applications for which the
SEL-710-5 can be used. Current inputs are 1 A or 5 A
nominal rating and voltage inputs are 300 V continuous
rating.

Motor Thermal Protection
The SEL-710-5 uses a patented thermal model to provide
locked rotor, running overload, and negative-sequence
current unbalance protection. The thermal element
accurately tracks the heating resulting from load current
and current unbalance while the motor is accelerating
and running. The relay expresses the present motor
thermal estimate as % Thermal Capacity Used for stator
and rotor. When either stator or rotor % Thermal
Capacity reaches 100 percent, the relay trips. The
SEL-710-5 motor thermal element provides integrated
protection for all of the following motor operating
conditions:

➤ Locked rotor starts

➤ Running overload

➤ Unbalance current/negative-sequence current
heating

➤ Repeated or frequent starting

The SEL-710-5 dynamically calculates motor slip to
precisely track motor thermal capacity used (TCU) with
the thermal model. The rotor resistance changes
depending on slip and generates heat, especially during
starting, when current and slip are highest. By correctly
calculating rotor TCU, the thermal model reduces the

time between starts. It also gives the motor more time to
reach its rated speed before tripping. Use the Virtual
Speed Switch to back up the locked rotor protection.
Also use the Coast Time setting to significantly reduce
the wait time before the next start may be allowed by
thermal lockout. Motors cool faster during coasting.

Overcurrent Protection
The SEL-710-5 provides complete overcurrent
protection with one set of three-phase CTs and one
neutral CT input. Phase overcurrent protection is
provided for three-phase input. The following
instantaneous overcurrent elements are part of the
SEL-710-5 base configuration. 

➤ Two instantaneous phase overcurrent (50P)
elements. These phase elements operate on the
maximum of the phase currents. Peak detection
algorithms are used to enhance element sensitivity
during high fault current conditions, where severe
CT saturation may occur.

➤ Two instantaneous negative-sequence overcurrent
(50Q) elements. These elements operate on the
calculated negative-sequence current for three-phase
input.

Table 1 Card E and Card Z Selections for SEL-710-5

Model Application
Slot E Slot Z 

Card (MOT Digits) Inputs Card (MOT Digits) Inputs

07105xxxxxxx Induction Motor Protection None (0X) NA

All Models

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

All Models

IA, IB, IC, IN, 
VA, VB, VC, N

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels and 
Differential Protection

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, AF4, 
IA87, IB87, IC87, 
COM

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, AF4, 
AF5, AF6, AF7, AF8

07105xxx75xx Synchronous Motor Protection 
With Differential Protection

SYNCH/ 3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, IEX+, 
IEX–, IA87, IB87, 
IC87, COM
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➤ Two residual overcurrent (50G) elements. These
elements use calculated residual (3I0) current
levels from phase currents for ground fault
detection.

➤ Two neutral-overcurrent (50N) elements. These
elements operate on neutral content for three-phase
input. Use the 1 A or 5 A rating, or the 2.5 mA
rating for sensitive neutral-current applications for
high- impedance and ungrounded applications
where currents are very low.

Time-Overcurrent Elements
One level of the inverse time element is available for
phases A, B, C, and negative-sequence overcurrent. Also,
two levels of inverse time elements are available for
maximum phase and residual overcurrent. These time-
overcurrent elements support the IEC and US (IEEE)
time-overcurrent characteristics. Electromechanical disc
reset capabilities are provided for all time-overcurrent
elements.

Differential Elements
The SEL-710-5 optionally provides two definite-time
delayed differential overcurrent elements. The relay can be
used either with core-balance differential CTs or with
separate CTs on the source and neutral sides of the motor.

Load-Loss, Load-Jam, and Frequent-
Starting Protection
The SEL-710-5 trips for load-jam and load-loss conditions.
Load-loss detection causes an alarm and a trip when the
relay detects such a condition. Load-jam protection trips
the motor quickly to prevent overheating from stall
conditions. The relay uses settable starts-per-hour and
minimum time-between-starts protection functions to
provide frequent-starting protection. The relay stores
motor starting and thermal data in nonvolatile memory to
prevent motor damage (caused by overheating resulting
from frequent starts) from loss of relay power.

Current Unbalance Element 
Unbalanced motor terminal voltages cause unbalanced
stator currents to flow into the motor. The negative-
sequence current component of the unbalanced current
causes significant rotor heating. While the SEL-710-5
motor thermal element models the heating effect of the
negative-sequence current, you may want the additional
unbalanced and single-phasing protection offered by the
current unbalance element. 

Start Monitoring/Incomplete 
Sequence
If motor starting has not finished or the motor has not
synchronized, in the case of synchronous motor by the
START_T time, the relay produces a trip if start motor
time-out asserts and is included in the TRIP equation.
The start monitoring is independent of the overload
protection provided by the thermal model.

Incipient Cable Fault Detection
Cable insulation degrades over time. The incipient cable
fault detector can monitor for self-extinguishing, half-
cycle overcurrent events that precede typical cable
insulation failure. Monitoring the number of incipient
faults can provide an early warning of cable insulation
breakdown. This information can be used for
preventative maintenance.

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star
to delta (wye to delta) as soon as the starting current
drops near the rated value in star (wye). The relay will
make the change to delta within the maximum
permissible time for star operation (if used), regardless of
the magnitude of the starting current.

You can switch the maximum permissible time setting
for star operation on or off. If it is off, the change to delta
is made solely based on the motor current.

Start Inhibit Protection
The SEL-710-5 provides start inhibit protection when the
protected motor reaches a specific maximum number of
starts-per-hour or minimum time-between-starts. Also, in
certain pump applications, fluid flowing backward
through the pump may spin the pump motor for a short
time after the motor is stopped. Any attempt to start the
motor during this time can be damaging. The SEL-710-5
prevents motor starts during the backspin period. The
relay will maintain the trip signal until enough time
passes for the motor to be safely restarted.

Phase Reversal Protection
Relay phase reversal protection detects motor phase
rotation and trips after a delay if phase rotation is
incorrect. The SEL-710-5 provides this protection even if
phase voltages are not available.
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Speed Switch and Virtual Speed Switch
When the motor is equipped with a speed switch, you
may want to provide additional locked rotor protection
by using the relay speed switch input. The relay can issue
a warning or trip signal if the speed switch is not closed
within the speed switch time delay after the motor start
begins.

The SEL-710-5 offers a virtual speed switch (VSS) logic
that can be used when a physical speed switch is not
available. The logic also includes monitoring of the
physical speed switch, if present, to enhance its
reliability.

Arc-Flash Protection
An arcing short circuit or a ground fault in low- or
medium-voltage switchgear can cause very serious
equipment damage and personal injury. They can also
cause prolonged and expensive downtime.

The best way to minimize the impact of an arc-flash
event is to reduce the detection and circuit breaker
tripping times. Conventional protection may need several
cycles to detect the resulting overcurrent fault and trip
the breaker. In some cases, there may not be sufficient
current to detect an overcurrent fault. Tripping may be
delayed hundreds of milliseconds for sensitivity and
selectivity reasons in some applications.

The arc-flash detection-based (AFD) protection can act
on the circuit breaker in a few milliseconds (2–5 ms).
This fast response can limit the arc-flash energy thus
preventing injury to personnel and limiting or
eliminating equipment damage. The arc-flash protection
option for the SEL-710-5 adds eight-channel fiber-optic
AFD inputs and protection elements or a four-channel
fiber-optic AFD card that includes differential protection.
Each channel has a fiber-optic receiver and an LED-
sourced fiber-optic transmitter that continuously self-
tests and monitors the optical circuit to detect and alarm
for any malfunction. There are two types of applications
supported by the SEL-710-5.

Point-Sensor Application
The arc is detected by transmitting the arc-flash light
captured by the optical diffuser (located appropriately in
the switchgear) over a 1000 µm plastic fiber-optic cable
to the optical detector in the relay. The relay performs
sensor loopback tests on the optical system using an LED-
based transmitter to transmit light pulses at regular intervals to
the point sensor assembly (over a second fiber-optic cable). If
the relay optical receiver does not detect this light, the relay
declares a malfunction and alarms. Figure 2 (top) shows a
diagram for the point-sensor application.

Clear-Jacketed Fiber Sensor Application
A second option for AFD uses a clear-jacketed 1000 µm
plastic fiber-optic cable located in the switchgear
equipment. One end of the fiber is connected to the
optical detector in the relay and the other end is
connected to the LED transmitter in the relay. The LED
transmitter injects periodic light pulses into the fiber as a
sensor loopback test to verify the integrity of the loop.
The relay detects and alarms for any malfunction.
Figure 2 (bottom) shows a diagram for the clear-jacketed
fiber sensor application.

Figure 2 Arc-Flash Detection System

The SEL-710-5 AFD system has four or eight channels
per relay that can be configured for the point-sensor or
the clear-jacketed fiber sensor applications. The optional
fast hybrid outputs (high speed and high current) of the
relay provide fast-acting trip outputs to the circuit
breaker (less than 50 µs). The fast breaker tripping can
help avoid serious damage or personal injury in the case
of an arc-flash event. The relay also provides light
metering and light event capture to aid in setting the
relay and capturing the arc-flash event for records and
analysis. Settable arc-flash phase and neutral overcurrent
elements are combined with arc-flash light detection
elements for secure, reliable, and fast-acting arc-flash
event protection.

Over- and Undervoltage Elements
When you connect the SEL-710-5 voltage inputs to
phase-to-phase connected VTs the relay provides two levels
of phase-to-phase over- and undervoltage elements. When
you connect the SEL-710-5 voltage inputs to phase-to-
neutral connected VTs, the relay provides two levels of
phase-to-neutral over- and undervoltage elements.
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Inverse-Time Over- and Undervoltage 
Elements
Custom programmable, IEC equation-based inverse-time
overvoltage (59I) and undervoltage (27I) elements in the
SEL-710-5 add flexibility in coordinating protection and
control schemes. Inverse-time overvoltage and inverse-
time undervoltage elements operate on the measured
phase-to-neutral voltages, or phase-to-phase voltages.

Loss-of-Potential Logic
The SEL-710-5 includes loss-of-potential (LOP) logic
that detects one, two, or three blown potential fuses. This
patented LOP logic is unique because it does not require
settings and is universally applicable. The LOP feature
allows the blocking of protection elements to add
security during fuse failure.

Over- and Underfrequency Protection
Four levels of secure overfrequency (81O) or
underfrequency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.

RTD Thermal Protection
When the SEL-710-5 is equipped with either an optional
10 RTD input expansion card or an external SEL-2600
RTD Module with as many as 12 RTD inputs, you can
program as many as 12 thermal elements in the relay for
two levels of thermal protection per element. Each RTD input
has an alarm and trip thermal pickup setting in degrees C, has
open and shorted RTD detection, and is compatible with the
following three-wire RTD types:

➤ PT100 (100 Ω platinum)

➤ NI100 (100 Ω nickel)

➤ NI120 (120 Ω nickel)

➤ CU10 (10 Ω copper)

Additionally, the winding RTDs and the ambient
temperature RTD can be configured and used to bias the
thermal model and thermal protection.

VAR Protection
The SEL-710-5 provides two levels of definite-time
delayed positive and negative reactive power elements. If
the positive or negative reactive power exceeds the
appropriate level for longer than the time-delay setting,
the relay can issue a warning or trip signal.

The reactive power elements are disabled when the
motor is stopped or starting. These elements can be used
to detect synchronous motor out-of-step or loss-of-field
conditions.

Underpower Function
The SEL-710-5 provides two levels of definite-time
delayed underpower elements. If the real three-phase
power falls below the warning or trip level for longer
than the time-delay setting, the relay can issue a warning
or trip signal. The underpower elements are disabled
when the motor is stopped or starting. These elements
operate in addition to the load-loss function, and you can
use them to detect motor load-loss and other underpower
conditions.

Power Factor Elements
The SEL-710-5 provides two levels of definite-time
delayed lead and lag power factor elements. If the
measured power factor falls below the leading or lagging
level for longer than the time-delay setting, the relay can
issue a warning or trip signal. The power factor elements
are disabled when the motor is stopped or starting. These
elements can be used to detect synchronous motor out-
of-step or loss-of-field conditions.

Load Control Function
The SEL-710-5 is capable of controlling external devices
based on the parameter load control selection. You can
select current, power, or stator thermal capacity used to
operate auxiliary outputs. Load control is active only
when the motor is in the running state.

When the selected parameter exceeds the load control
upper setting level for one second, the auxiliary relay
assigned to LOADUP will operate. The auxiliary relay
will reset when the parameter drops below the upper
level setting for one second.

When the selected parameter drops below the load
control lower setting level for one second, the auxiliary
relay assigned to LOADLOW will operate. The auxiliary
relay will reset when the parameter is above the lower-
level setting for one second. You can use this feature to
control the motor load within set limits.

Synchronous Motor Protection and 
Starting Control
The SEL-710-5 provides two levels of field over- and
undervoltage, field over- and undercurrent, and field
resistance protection. Also, loss-of-field (40), out-of-step
(78), and loss-of-synchronism (pull-out) protection are
available as options. This relay synchronizes
automatically during starting by applying dc excitation
voltage to the motor field at correct slip frequency and
rotor angle to lock the motor to synchronous speed. The
following event report shows the synchronous motor
start sequence with slip at 10 percent of nominal. The
relay offers voltage discharge resistor (VDR) based or
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stator current based slip measurement for field closing
control.

Figure 3 Event Capture of Synchronous Motor Starting

Loss-of-Field Protection (40)
Two offset positive-sequence mho elements detect loss-
of-field conditions. Settable time delays help reject
power swings that pass through the machine impedance
characteristic. The loss-of-field elements are supervised
by the torque-control setting.

Out-of-Step Protection (78)
The SEL-710-5 relays use a single or double blinder
scheme, depending on user selection, to detect an out-of-
step condition. In addition to the blinders, the scheme
uses an mho circle that restricts the coverage of the out-
of-step function to the necessary extent. Furthermore,
both schemes contain current supervision and torque
control to supervise the operation of the out-of-step
element.

Loss-of-Synchronism (Pull-out) Protection
The SEL-710-5 includes a loss-of-synchronism (pull-
out) detection logic that operates when the motor power
factor falls below a setting. The loss-of-synchronism
logic also operates when the maximum phase current is
greater than 3.5 times the full-load current of the motor.

Variable Frequency Drive (VFD)
When the VFD application is selected, the relay uses rms
current magnitudes instead of fundamental magnitude
for the phase/residual overcurrent elements and the
motor thermal model. If voltage inputs are used, make
sure the inputs are nearly sinusoidal without any multiple
zero crossings. Exercise caution when using power and
frequency elements.

Operator Controls
Operator controls eliminate traditional panel control
switches. Eight conveniently sized operator controls,
each with two programmable tricolor LEDs, are located
on the relay front panel. You can set the SER to track operator
controls. You can also change operator control functions
using SELOGIC control equations. The operator control
descriptions in Figure 4 are for factory-set logic.

All the AUX operator controls and LEDs are user
programmable. Note that all text can be changed with the
configurable labels kit.

Use the START and STOP pushbuttons to start and trip the
connected motor. Program with intentional time delays

to support operational requirements for breaker mounted
relays. This allows the operator to press the START or STOP
pushbutton, then move to an alternate location before the
breaker command is executed.

In the SEL-710-5 with touchscreen display, you can also
use the front-panel operator control pushbuttons to jump
to a specific screen while using them for START/STOP
operations, etc. You can program the selectable operator
pushbutton screen settings under the Touchscreen
settings category in QuickSet and map the button to a
specific screen.

Figure 4 Operator Controls for Standard and Optional Synchronous Motor Model

Standard Operator Control Optional Synchronous Motor Operator Control

Note: All text can 
be changed with 
the configurable 
labels.
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Built-In Web Server
Every Ethernet-equipped SEL-710-5 includes a built-in
web server. Use any standard web browser to interface
with the relay using any standard web browser to per-
form the following actions:

➤ Log in with password protection.

➤ Safely read the relay settings.

➤ Verify the relay self-test status and view the relay
configuration.

➤ Inspect meter reports.

➤ Download SER and event reports.

➤ Upload new firmware (firmware upgrade).

Figure 5 shows the fundamental metering screen that can
be accessed by clicking Meter > Fundamental. Use the
Meter menu to view all the available relay metering sta-
tistics.

Figure 5 Fundamental Meter Report Webpage

Figure 6 shows the Group 1 settings webpage. You can
view the settings of each relay settings class by selecting
Settings and the respective relay settings class.

Figure 6 Group 1 Settings Webpage

You can upgrade the relay firmware through the relay
web server by clicking System > File Management,
available at Access Level 2, and selecting the firmware
upgrade file. Figure 7 shows the firmware upgrade web-
page.

Figure 7 Upgrade the Relay Firmware From the File 
Management Webpage
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Relay and Logic Settings Software
QuickSet simplifies settings and provides analytical
support for the SEL-710-5. With QuickSet you have
several ways to create and manage relay settings:

➤ Develop settings offline with an intelligent settings
editor that only allows valid settings.

➤ Create SELOGIC control equations with a drag-
and-drop text editor.

➤ Configure proper settings using online help.

➤ Organize settings with the relay database manager.

➤ Load and retrieve settings using a simple PC
communications link.

With QuickSet you can verify settings and analyze events;
and analyze power system events with the integrated
waveform and harmonic analysis tools.

The following features of QuickSet can help you
monitor, commission, and test the SEL-710-5:

➤ The PC interface remotely retrieves power system
data.

➤ The HMI monitors meter data, Relay Word bits,
and output contacts status during testing. The
control window allows resetting of metering
quantities and other control functions.

➤ Use the Bay Control to design new bay screens and
edit existing bay screens by launching
ACSELERATOR Bay Screen Builder SEL-5036
Software for SEL-710-5 relays with the
touchscreen display.

ACSELERATOR Bay Screen Builder 
SEL-5036 Software
The SEL-710-5 with the touchscreen display layout
option provides you with the ability to design bay config-
uration screens to meet your system needs. You can dis-
play the bay configuration as a single-line diagram
(SLD) on the touchscreen. You can use ANSI and IEC
symbols, along with analog and digital labels, for the
SLD to indicate the status and control of the breaker and
two- or three-position disconnects, bus voltages, and
power flow through the breaker. In addition to SLDs, you
can design the screens to show the status of various relay
elements via Relay Word bits or to show analog quanti-
ties for commissioning or day-to-day operations. You
can design these screens with the help of Bay Screen
Builder in conjunction with QuickSet. Bay Screen
Builder provides an intuitive and powerful interface to
design bay screens to meet your application needs.

Figure 8 Bay Screen Builder
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Metering and Monitoring

The SEL-710-5, depending on the model selected,
provides extensive metering capabilities. See
Specifications on page 27 for metering and power
measurement accuracies. As shown in Table 2, metered
quantities include phase voltages and currents; sequence

voltages and currents; power, frequency, and energy; and
maximum/minimum logging of selected quantities. The
relay reports all metered quantities in primary quantities
(current in A primary and voltage in V primary).

Asset Monitoring
To monitor the health of your motor asset and
accompanying devices, the SEL-710-5 supports the
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

With these asset monitoring capabilities, you can reduce
production losses from unexpected equipment failures,
and lower maintenance costs by switching to condition-
based maintenance schedules.

Table 2 Metering Capabilities

Types of Metering

Instantaneous Differential Max/Min Analog Inputs
Remote Analogs Math Variables Light Thermal
Energy RMS

Quantities Description 

Currents IA, IB, IC, IN, IG, IAV, 3I2, UBI Input currents, residual ground current (IG = 3I0 = IA + IB + IC), average 
current, negative-sequence current, current imbalance

Voltages VA, VB, VC Wye-connected voltage inputs

Voltages VAB, VBC, VCA Delta-connected voltage inputs

Voltage VAVE, 3V2, UBV Average voltage, negative-sequence voltage, voltage imbalance

Power kW
kVAR
kVA

Three-phase kilowatts, kilovars, and kilovolt-amps

Energy MWh3P,
MVARh3P-IN, 
MVARh3P-OUT, 

MVAh3P

Three-phase megawatt-hours, megavar-hours, and megavolt-amp-hours

Power Factor PF Three-phase power factor (leading or lagging)

IA87, IB87, IC87 Differential phase current inputs

Frequency, FREQ (Hz) Instantaneous relay frequency

Field Voltage, Field Current, Field Resistance Exciter voltage, exciter current, field resistance

Light Intensity (%) LS1–LS8 Arc-flash light inputs in percentage of full scale

AIx01–AIx08 Analog Inputs

MV01–MV32 Math Variables

RA001–RA128 Remote Analogs

RTD1–RTD12 RTD temperature measurement (degrees C)

Stator TCU, Rotor TCU % of Thermal Capacity Used
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Load Profile
The SEL-710-5 features a programmable load profile
(LDP) recorder that records as many as 17 metering
quantities into nonvolatile memory at fixed time intervals.
The LDP saves several days to several weeks of the most
recent data depending on the LDP settings (6500 entries
total).

Motor Start Report, Statistics, and 
Trend
The SEL-710-5 records motor start data for each motor
start. The relay stores 30 of the latest motor start reports
in nonvolatile memory. The motor start data are taken
periodically after the starting current is detected. Use
QuickSet to view the motor start report graphically. The
SEL-710-5 also retains useful machine operating
statistics information for the protected motor.

For each motor start, the relay stores a motor start report
and adds these data to the motor start trending buffer.
Motor start tending tracks motor start data for the past
eighteen 30-day periods.

Figure 9 Graphical Display of Motor Start Report

Motor Maintenance Report
The SEL-710-5 computes and stores motor parameters,
such as maximum starting current, minimum starting
voltage, power on start/stop, and time to start/stop, and
compares them to values obtained during a baseline run.
If any of the values measured during a given run deviates
significantly from the values measured during the
baseline run, the SEL-710-5 asserts the Relay Word bit
that corresponds to that value.

Improve Situational Awareness
Vibration Monitoring
The SEL-710-5 provides five vibration monitoring
elements and each element can monitor a connected
vibration transducer via analog inputs or math variables.
Each vibration measurement is compared against a set of
thresholds that define the four evaluation zones: Recently
Commissioned, Acceptable, Warn, or Damaging. In
SEL-710-5 models with the touchscreen display option,
you can also view in a bar graph the measured values of
vibration transducers connected to a motor.

Broken Rotor Bar Detection (BBD)
The SEL-710-5 detects broken rotor bars in induction
motors by analyzing the current signatures under
sufficient motor load conditions. BBD determines
broken bars using the relative magnitudes of the signals
at the sideband frequencies caused by the broken bars,
with respect to the signal magnitudes at the system
frequency. This normalization allows the algorithm to

identify rotor failures independent of the motor
characteristics. 

This function provides the following features for motor
monitoring and protection.

➤ A BBD element that uses motor current signature
analysis for continuous monitoring and early detection
of broken rotor bars.

➤ A history report that includes the date and time of
the BBD operations along with the maximum
sideband magnitude and associated frequency.
These data help correlate the BBD operations to
other events in the industrial plant.

➤ A Fourier transform function that calculates the
frequency spectrum of the stator currents or
voltages for motor diagnostics.

➤ The Fourier transform output can be viewed
graphically via QuickSet.

➤ A compressed harmonic meter report for voltages
and current.
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Figure 10 Spectrum of a Running Motor With Three 
Broken Bars

Event Reporting
Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex
protective scheme operations. In response to a user
selected trigger, the voltage, current, frequency, and
element status information contained in each event report
confirms relay, scheme, and system performance for
every fault. Decide how much detail is necessary when
you request an event report (e.g., 1/4-cycle or 1/32-cycle
resolution and filtered or raw analog data).

The relay stores as many as 9 of the most recent
180-cycle, 23 of the most recent 64-cycle, or 49 of the
most recent 15-cycle event reports in nonvolatile
memory. The relay always appends relay settings at the
time of the event to the bottom of each event report.

The following analog data formats are available.

➤ 1/4-cycle or 1/32-cycle resolution, unfiltered or
filtered analog, ASCII or Compressed ASCII
reports

➤ 1/32-cycle resolution COMTRADE reports

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

Synchronized Measurements
The IRIG-B time-code input synchronizes the
SEL-710-5 internal clock time to within ±1 µs of the
time-source input. Convenient sources for this time code
are the SEL-2401 Satellite-Synchronized Clock, an SEL
communications processor, or the SEL Real-Time
Automation Controller (RTAC) (via Serial Port 2 or 3 on
the SEL-710-5). For time accuracy specifications for
metering and events, see Specifications.

Circuit Breaker Contact Wear Monitor
Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-710-5 breaker
monitor feature compares this input data to the measured
(unfiltered) ac current at the time of trip and the number
of close-to-open operations.

Every time the breaker trips, it integrates the measured
current information. When the result of this integration
exceeds the breaker wear curve threshold (see Figure 11) the
relay alarms via output contact, communications port, or
front-panel display. This kind of information allows timely
and economical scheduling of breaker maintenance.

Figure 11 Breaker Contact Wear Curve and Settings

Molded Case Circuit Breaker Health
The SEL-710-5 can monitor molded case circuit breaker
(MCCB) health by detecting CT saturation or A/D
saturation during breaker opening. You can use this
function to inspect the MCCB for damage and to do
preventive maintenance. 

IEC 61850 Test Mode
Test Mode allows you to test an in-service relay without
accidentally operating control output contacts. Test
Mode includes five different modes:

On: In On mode, the relay operates as normal; it reports
IEC 61850 Mode/Behavior status as On and processes
all inputs and outputs as normal. If the quality of the
subscribed GOOSE messages satisfies the GOOSE
processing, the relay processes the received GOOSE
messages as valid.

Blocked: This mode is similar to On mode, except that
the device does not trip any physical contact output.

Test: In Test mode, the relay processes valid incoming
test signals and normal messages and operates physical
contact outputs, if the outputs are triggered.

kA Interrupted

(Set Point 1) 

(Set Point 2) 

(Set Point 3) 

Breaker Manufacturer's
Maintenance Curve
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Test/Blocked: This is similar to Test mode, except that
the device does not trip any physical contact outputs.

Off: The device does not process any incoming data or
control commands (except commands to change the
mode). All protection logic is disabled and all data
quality is marked as invalid.

Simulation: In this mode, the relay continues to process
normal GOOSE messages until a simulated GOOSE
message is received for a subscription. Once a simulated
GOOSE message is received, only simulated GOOSE
messages are processed for that subscription. The
simulated mode only terminates when LPHDSIM is
returned to FALSE. When the relay is not in  simulation
mode, only normal GOOSE messages are  processed for
all subscriptions.

Touchscreen Display
You can order the SEL-710-5 with an optional touch-
screen display (5-inch, color, 800 x 480-pixel). The
touchscreen display makes relay data metering, monitor-
ing, and control quick and efficient. The touchscreen dis-
play option in the SEL-710-5 features a straightforward
application-driven control structure and includes intui-
tive and graphical screen designs.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, SER informa-
tion, and motor start trend and motor operating
statistics

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a spe-
cific screen

You can navigate the touchscreen by tapping the folders
and applications. The folders and applications of the
Home screen are shown in Figure 12. Folders and
applications are labeled according to functionality.
Additional folder and application screens for the
SEL-710-5 touchscreen display option can be seen in
Figure 13 through Figure 23.

Figure 12 Home (Default FPHome Screen)

Bay Screens Application
The SEL-710-5 with the touchscreen display option pro-
vides you with the ability to design bay configuration
screens to meet your system needs. The bay configura-
tion can be displayed as an SLD on the touchscreen. You
can create as many as five bay screens with one control-
lable breaker, eight controllable two-position discon-
nects, and two controllable three-position disconnects.
ANSI and IEC symbols, along with analog and digital
labels, are available for you to create detailed SLDs of
the bay to indicate the status and control of the breaker
and disconnects, bus voltages, and power flow through
the breaker. Figure 13 shows the default SLD for the
touchscreen display option.



Schweitzer Engineering Laboratories, Inc. SEL-710-5 Data Sheet

15

Figure 13 Default Bay Screen

Meter Folder Applications
The applications in the Meter folder are part-number
dependent. Only those metering applications specific to
your part number appear in the Meter folder. Tapping an
application in the Meter folder shows you the report for
that particular application. Tap the Phasor application to
view the current and voltage phasors (see Figure 14).

Figure 14 Meter Phasors

Tap the Energy application to view the energy metering
quantities (see Figure 15). A reset feature is provided for
the Energy, Max/Min, and Thermal applications. Tap the
Reset button  (see Figure 15) to navigate to the reset
confirmation screen. Once you confirm the reset, the data
are reset to zero.

Figure 15 Meter Energy

Monitor Folder Applications
Select the Monitor folder to navigate to the screen where
you can access the Relay Word Bits, Digital Outputs,
Digital Inputs, SELOGIC Counters, Breaker Wear, and
Vibration applications. Tap the Vibration application
(see Figure 16), which dynamically displays in a bar
graph the measured values of vibration transducers
connected to a motor.

Figure 16 Vibration Monitoring

Reports Folder Applications
Select the Reports folder to navigate to the screen where
you can access the Events, SER, Motor Start Trend
(MST), and Motor Statistics (MOT) applications. Use
these applications to view Events, SERs, MSTs, and
MOTs. To view the event summary (see Figure 17) of a
particular event record, you can tap the event record on
the Event History screen. You can also trigger an event
report from the Event History screen.

Figure 17 Event Summary
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Tap the Sequential Events Recorder application to view
a history of the SER reports (see Figure 18).

Figure 18 Sequential Events Recorder

Figure 19 Motor Statistics

Tapping the Trash button on the Event History, Sequen-
tial Events Report, Motor Start Trend, and Motor Statis-
tics screens and confirming the delete action removes the
records from the relay. See Figure 19 for the Motor Sta-
tistics report and the Trash button.

Control Folders Applications
Select the Control folder to navigate to the screen where
you can access the Start Motor, Stop Motor, Output Puls-
ing, Local Bits, Emergency Restart, and Reset TCU
applications. Use the applications to perform a motor
start command, motor stop command (see Figure 20),
pulse output contacts (see Figure 21), control local bits,
perform an emergency restart command, or to reset the
thermal model.

Figure 20 Stop Motor Confirmation Screen

Figure 21 Digital Output Pulsing-Slot A

Device Info Folder Applications
Select the Device Info folder to navigate to the screen
where you can access specific device information appli-
cations (Status, Configuration, Arc-Flash Diagnostics,
and Trip & Diag. Messages) and the Reboot application.

Tap the Status application to view the relay status, firm-
ware version, part number, etc. (see Figure 22). 

Figure 22 Status

To view the trip and diagnostic messages, tap the Trip &
Diag. Messages application (see Figure 23). When a
diagnostic failure, trip, lockout, or warning occurs, the
relay displays the diagnostic message on the screen until
it is either overriden by the restart of the rotating display,
or the inactivity timer expires.

Figure 23 Trip and Diagnostics
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Automation
Flexible Control Logic and Integration Features
The SEL-710-5 can be equipped with as many as four
independently operated serial ports:

➤ EIA-232 port on the front panel

➤ EIA-232 or EIA-485 port on Slot B card in the rear

➤ EIA-232 fiber-optic port on Slot B card in the rear

➤ EIA-232 or EIA-485 port on the optional
communications card in Slot C in the rear

Optionally, the relay supports single or dual, copper or
fiber-optic Ethernet ports. The relay does not require
special communications software. You can use any
system that emulates a standard terminal system.
Establish communication by connecting computers,
modems, protocol converters, printers, an RTAC, SEL
communications processor, SEL computing platform,
SCADA serial port, and/or RTUs for local or remote
communication. Refer to Table 3 for a list of
communications protocols available in the SEL-710-5.

Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connection
between the hub and the SEL-710-5 (see Figure 24). 

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out

Table 3 Communications Protocols

Type Description

Simple ASCII Plain language commands for human and simple machine communications. Use for metering, setting, self-
test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate for-
mat for direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter and 
Fast Operate

Binary protocol for machine-to-machine communications. 
Quickly updates SEL communications processors, RTUs, and other substation devices with metering infor-
mation, relay element, I/O status, time-tags, open and close commands, and summary event reports. Data 
are checksum protected. Binary and ASCII protocols operate simultaneously over the same communica-
tions lines so control operator metering information is not lost while a technician is transferring an event 
report.

Fast SER Protocol Provides SER events to an automated data collection system.

Fast Message Protocol Use this protocol to write Remote Analog Data from other SEL relays or communications processors via 
unsolicited writes.

DNP3 Serial or Ethernet-based DNP3 protocols.
Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact I/O, targets, SER, relay summary event reports, and setting group selection.

Modbus Serial- or Ethernet-based Modbus with point remapping. Includes access to metering data, protection ele-
ments, contact I/O, targets, SER, relay summary event reports, and setting groups.

IEC 61850 Edition 2 Ethernet-based international standard for interoperability between intelligent devices in a substation. Oper-
ates remote bits and I/O. Monitors Relay Word bits and analog quantities.

DeviceNet Allows for connection to a DeviceNet network for access to metering data, protection elements, contact 
I/O, targets, and setting groups. The DeviceNet option has been discontinued and is no longer available to 
order as of September 25, 2017.

SNTP Ethernet-based protocol that provides time synchronization of the relay.

IEEE 1588-2008 firmware-
based PTP

Ethernet-based protocol that provides time synchronization of the relay.

PRP Provides seamless recovery from any single Ethernet Network failure in a dual redundant Ethernet net-
work, in accordance with IEC 62439-3.

IEEE 60870-5-103 Serial communications protocol—International standard for interoperability between intelligent devices in 
a substation.

EtherNet/IP Ethernet-based protocol that provides access to metering data, protection elements, targets, and contact I/O.

RSTP Provides faster recovery in response to changes and failures in switched mode dual redundant Ethernet networks in 
accordance with IEEE 802.1Q-2014.
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alerts and private line connections of the SCADA
system.

Figure 24 Example Communication System

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-710-5 control logic improves integration in the
following ways.

➤ Replaces traditional panel control switches. 
Eliminate traditional panel control switches with
32 local bits. Set, clear, or pulse local bits with the
front-panel pushbuttons and display. Program the
local bits into your control scheme with SELOGIC

control equations. Use the local bits to perform
functions such as a trip test or a breaker trip/close.

➤ Eliminate RTU-to-relay wiring with 32 remote 
bits.  Set, clear, or pulse remote bits using serial
port commands. Program the remote bits into your
control scheme with SELOGIC control equations.
Use remote bits for SCADA-type control opera-
tions such as trip, close, and settings group selec-
tion.

➤ Replaces traditional latching relays.  Replace as
many as 32 traditional latching relays for such
functions as “remote control enable” with latch
bits. Program latch set and latch reset conditions
with SELOGIC control equations. Set or reset the
nonvolatile latch bits using optoisolated inputs,
remote bits, local bits, or any programmable logic
condition. The latch bits retain their state when the
relay loses power.

➤ Replaces traditional indicating panel lights. 
Replace traditional indicating panel lights with 32
programmable displays. Define custom messages
(e.g., Breaker Open, Breaker Closed) to report
power system or relay conditions on the front-
panel display. Use advanced SELOGIC control
equations to control which messages the relay dis-
plays.

➤ Eliminates external timers. Eliminate external
timers for custom protection or control schemes
with 32 general purpose SELOGIC control equation
timers. Each timer has independent time-delay
pickup and dropout settings. Program each timer input
with any desired element (e.g., time qualify a current
element). Assign the timer output to trip logic, transfer
trip communications, or other control scheme logic.

➤ Eliminates settings changes. Selectable setting
groups make the SEL-710-5 ideal for applications
requiring frequent setting changes and for adapting
the protection to changing system conditions. 

The relay stores three setting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions. Use these setting groups to
cover a wide range of protection and control contingencies.

Switching setting groups switches logic and relay
element settings. You can program groups for different
operating conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency contingencies,
loading, source changes, and downstream relay setting
changes.

Fast SER Protocol
SEL Fast SER Protocol provides SER events to an
automated data collection system. SEL Fast SER
Protocol is available on any rear serial port. Devices with
embedded processing capability can use these messages
to enable and accept unsolicited binary SER messages
from SEL-710-5 relays. 

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people
using a terminal or terminal emulation package. The
binary data streams can interrupt the ASCII data stream
to obtain information, and then allow the ASCII data
stream to continue. This mechanism allows a single
communications channel to be used for ASCII
communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Fast Message Protocol
SEL Fast Message Protocol is a method to input or
modify Remote Analogs in the SEL-710-5. These
Remote Analogs can then be used in SEL Math or
SELOGIC control equations. Remote Analogs can also be
modified via Modbus, DNP3, and IEC 61850.

Dial-Up ASCII Link SCADA Link

SEL Communications Processor

ASCII Reports Plus
Interleaved Binary Data

SEL-710-5

IEDIED
IED
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Ethernet Network Architectures

Figure 25 Simple Ethernet Network Configuration

Figure 26 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

Figure 27 Ethernet Network Configuration With Ring Structure (Switched Mode)

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports
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Additional Features
MIRRORED BITS Relay-to-Relay 
Communications
The SEL-patented MIRRORED BITS communications
technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate
independently on as many as two EIA-232 rear serial
ports and one fiber-optic rear serial port on a single
SEL-710-5.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received MIRRORED

BITS) for each serial port operating in the MIRRORED

BITS mode (see Figure 28). Use these MIRRORED BITS to
transmit/receive information between upstream relays
and a downstream recloser control (e.g., SEL-351R) to
enhance coordination and achieve faster tripping for
downstream faults. MIRRORED BITS technology also
helps reduce total scheme operating time by eliminating
the need to assert output contacts to transmit
information.

Figure 28 MIRRORED BITS Transmit and Receive Bits

Status and Trip Target LEDs
The SEL-710-5 includes 24 status and trip target tricolor
LEDs on the front panel. When shipped from the factory,

all LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 31. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications (see Configurable Labels).

Configurable Labels
Use the configurable labels to relabel the operator
controls and LEDs to suit the installation requirements.
This feature includes preprinted labels (with factory
default text), blank label media, and a Microsoft® Word
template on CD-ROM. This allows quick, professional-
looking labels for the SEL-710-5. Labels may also be
customized without the use of a PC by writing the new
label on the blank stock provided. 

The ability to customize the control and indication
features allows specific utility or industry procedures to
be implemented without the need for adhesive labels. All
of the figures in this data sheet show the factory default
labels of the SEL-710-5, including the standard model
shown in Figure 31.

Web Server
Web Server allows you to communicate with the relay
via the Ethernet Port without the need for additional
communication software (web browser required). Web
Server allows you to access metering and monitoring
data, and also supports firmware upgrade.

Firmware Download Via Ethernet 
Ports
Relay firmware can be securely downloaded to your
relay via the Ethernet port. The firmware is digitally
signed to prevent malicious modification. Additionally,
the Ethernet firmware download allows you to access
and update all your network relays simultaneously.
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Relay Dimensions

Figure 29 SEL-710-5 Dimensions for Rack- and Panel-Mount Models

Hardware Overview

Figure 30 Hardware Overview for Synchronous Motor/Differential Card In Slot E
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Relay Panel Diagrams

Figure 31 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, Fast Hybrid 
4 DI/4 DO, and 4 Arc Flash/Differential Option (MOT: 071050E1A6XCA74851300)
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Figure 32 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Synchronous 
Motor/Differential Option (MOT: 071050E1AA3CA75850830)
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Figure 33 Color Touchscreen Display, Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, 
and Synchronous Motor/Differential Option (MOT: 071050E1AA3CA7585A830)

Synchronous Motor Protection Relay with Touchscreen
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Applications

Figure 34 AC Connections for Induction Motor Application

Figure 35 Typical AC/DC Connection Diagram for a Brush-Type Synchronous Motor Application
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Figure 36 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 37 Typical DC Control Connection Diagram (Shown for the Synchronous Motor Application)
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)

Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms
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Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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MOV Protection 
(maximum voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km
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Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05
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Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A
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Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Accuracy: ±5% of setting ±0.05 mA secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)
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Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Maximum Pickup/Dropout 
Time:

100 ms* + 1.5 cycles/1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

* For the 2.5 mA models the 50NxD element includes a security timer of 
100 ms).

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup

Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA



SEL-710-5 Data Sheet Schweitzer Engineering Laboratories, Inc.

34

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C

RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM
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IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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SEL-751A

Summary
Sales Item Number 751A#R779 

Part Number 751A01ACA1A74850000 

Standard Features

Selected Options

Firmware Standard

Con�gurable
Labels

No

Sot A Power
Supply Voltage

110-250 Vdc (110-240 Vac); 50/60 Hz

Map

Protection

• Overcurrent

• Over/Under Frequency

• Breaker Monitoring

• Breaker Failure

Hardware

• 3-Phase AC Current Inputs
(Slot Z)

• Neutral AC Current Input (Slot
Z)

• 2 Digital Inputs (DI) (Slot A)

• 3 Digital Outputs (DO) (Slot A)

• IRIG-B Time Code Input (Slot
B)

Human-Machine Interface (HMI)

• Display

• 4 Programmable Pushbuttons
With Two LEDs each

• 8 Target LEDs (6
Programmable)

• Operator Control Interface

• User Con�gurable Labels

• EIA-232 Port (Port F)

Protocols

• IEEE C37.118
Synchrophasors

• Modbus RTU

• SEL ASCII and Compressed
ASCII

• SEL Fast Meter, Fast Operate,
Fast SER

• SEL Fast Message

• Ymodem File Transfer

• SEL MIRRORED BITS

Communications

• Event Messenger

Other

• Instruction Manual CD

• ACSELERATOR QuickSet
SEL-5030 Software

• User Con�gurable Labels

https://selinc.com/products/part-mapping/?partNumber=751A01ACA1A74850000


Slot A Digital
Input Voltage

125 Vdc/Vac

Slot B Ethernet
(Port 1)

None

Slot B Multimode
Fiber ST (Port 2)

No

Slot B Rear Serial
(Port 3)

EIA-232

IEC 61850
Protocol

No

DNP3 Protocol No

Slot C 4 DI / 4 DO Fast High Current (Form A)

Slot C Digital
Input Voltage

125 Vdc/Vac

Slot D 4 DI / 4 DO Electromechanical (Form A)

Slot D Digital
Input Voltage

125 Vdc/Vac

Slot E 3 AVI / 4 AFDI (300 Vac) / 4 Arc-Flash Detection Inputs

Slot E Digital
Input Voltage

NA

Slot Z 4 ACI

Slot Z Current
Inputs

5 Amp Phase, 5 Amp Neutral

Conformal Coat No

For Arc-Flash Detection Point Sensors, Bare-Fiber
Sensors, or Cable Accessories, see SEL-C804
Multimode Fiber-Optic Arc-Flash Detection (AFD)
Sensors and C814 Arc-Flash Detection (AFD) Fiber
Cables and Accessories.
In order to achieve the 2-5 ms operate times for Arc-
Flash Protection it is required that the SEL-751A include
a 4 DI/4 DO Fast High Current Interrupting Card.



SEL-751A
Feeder Protection Relay

2 ms arc-flash protection and feeder 
relay in one platform

• Combine light sensor inputs with high-speed overcurrent 
protection to achieve secure arc-flash protection in as fast 
as 2 ms.

• Enhance protection using voltage, frequency, and 
communications-based solution options.

• Use IEEE C37.118 synchrophasor measurements to accurately 
monitor wide-area power system conditions and to make 
decisions based on state measurements.



ANSI Numbers/Acronyms and Functions 
25 Synchronism Check*
27 Undervoltage* 
32 Directional Power*
50 Adaptive Overcurrent
50 (P,G,Q) Overcurrent (Phase, Ground, Neg. Seq.)
50N Neutral Overcurrent
50N AF Arc-Flash Neutral Overcurrent*
50P AF Arc-Flash Phase Overcurrent*
51 (P,G,Q) Time Overcurrent (Phase, Ground, Neg. Seq.)
51N Neutral Time Overcurrent
52PB Trip/Close Pushbuttons
55 Power Factor*
59 Overvoltage*
79 Autoreclosing*
81 (O,U,R,RF) Over-/Underfrequency (Rate, Fast Rate)*
85 RIO SEL Mirrored Bits® Communications
AFD Arc-Flash Detector*
BRM Breaker Wear Monitor
DFR Event Reports
LOP Loss-of-Potential Logic*

Additional Functions
HMI Operator Interface
LDP Load Data Profiling
LGC SELogic® Control Equations
PMU Synchrophasors
RTD Temperature
RTU Remote Terminal Unit
SBM Station Battery Monitor*
SER Sequential Events Recorder

Functional Overview

1 Copper or fiber-optic*Optional feature

Bus

Line

4

EIA-232
EIA-485

2

Ethernet1

1

IRIG-B

1

1

1

3

3

2551N50N

27

27

3255

59

LOP

79

50P
AF

50N
AF

52PB

59P
G
Q

50P
G
Q

R
F81O

U
R

51P
G
Q

85
RIO

AFD

BRM DFR RTD HMI LGC LDP MET

PMU SBMRTU SER

SEL-751A

52

Breaker

CBCT
Measured residual current IG*



Key Features
Feeder Protection
Protect radial and looped distribution circuits with 
comprehensive protection, including time-overcurrent, 
autoreclosing, over-/undervoltage, frequency, and many 
more protection capabilities.

Arc-Flash Mitigation
Improve safety for personnel with optional arc-flash 
detection. The SEL-751A Feeder Protection Relay offers 
combined light and high-speed overcurrent detection for 
arc-flash events—the ideal solution for speed and security.

Automation and Control
Apply the SEL-751A on feeders to provide protection, 
automation, and control, all in one package. SELogic 
control equations support many automated applications 
without the need for additional automation controllers. The 
configurable front-panel buttons can replace conventional 
panel controls to simplify applications and wiring.

Event Analysis
Conduct post-event analysis more efficiently with detailed 
event records that combine oscillographic and digital 
information, making it easier to find the root cause. You 
can also add a satellite-synchronized time source, such as 
an SEL-2401 or SEL-2407® Satellite-Synchronized Clock, to 
conveniently align event information from multiple devices.

Situational Awareness
Improve situational awareness and asset utilization with 
IEEE C37.118 synchrophasor measurement via the serial 
port. Aggregated synchrophasor information from across 
your system can help you understand system trends, make 
decisions based on state measurement rather than state 
estimation, and perform post-event analysis.

Harsh Environments
Rely on the SEL-751A for protection and control 
applications even in harsh and hazardous environments. 
The SEL-751A is designed and tested to meet and 
exceed utility and industrial requirements. An operating 
temperature range of –40° to +85°C (–40° to +185°F); 
Class 1, Division 2 approval; and optional conformal coating 
mean this relay will provide years of reliable service.



Product Overview

The 2 × 16 character LCD provides navigation, relay 
control, data, and diagnostics via default messages 
or up to 32 customizable display messages.

 
Programmable operator 
pushbuttons with 
user-configurable 
labels allow front-panel 
customization.

Programmable front-
panel LEDs with 
user-configurable 
labels alert operators 
to faulted phases and 
element operation.



Power supply options include 24–48 Vdc  
or 110–250 Vdc/110–240 Vac.

Card slots include 
positions for optional I/O, 
a voltage input card, or 
an arc-flash detection 
card with sensors that 
help improve safety and 
prevent damage.

The optional fiber-
optic serial port 
provides quick and easy 
engineering access.

Phase current and optional 
phase voltage inputs are on 
one card, freeing up space 
for additional seLect™ I/O 
card options.

A wide variety of 
communications protocols 
and media provide flexibility 
to communicate with other 
devices and control systems.



Combine light-sensing technology with fast overcurrent 
protection to provide high-speed arc-flash detection as fast 
as 2 milliseconds without false tripping.

Fast and secure arc-flash protection reduces the incident 
energy of arc-flash events. SEL-751A Relays have 
integration and communications features for secure 

Reduce Arc-Flash Hazards

Easily mounted point sensors 
detect light from the arc flash.

Clear-jacketed fiber sensors 
detect light from the arc flash 
over the entire length of the fiber 
loop. This type of sensor is ideal 
for large areas, such as busbars.

Feeder RelayFeeder Relay

SEL-751A

SEL-751ASEL-751A

remote access. With wireless or remote communications, 
you can keep out of the danger zone completely while 
gathering important real-time and historical data from the 
relays to coordinate protection for faster clearing times. 



Coordinate Protection
Use SEL Mirrored Bits communications to coordinate 
upstream protection if a fault occurs. Coordination and 
fast-bus trip schemes allow short delays (two or three 
cycles) for backup protection, reducing arc-flash energy. MIRRORED BITS®

Communications
SEL-751A

Generator 
Relay

SEL-700G

Stay Outside the Danger Zone
Remotely obtain metering, event, and maintenance 
information from the relay with Ethernet or serial 
communications. Optional delayed breaker tripping or 
closing via pushbuttons allows personnel to move to a  
safe distance.

If you must be in the danger zone, know the dangers and 
wear appropriate personal protective equipment. If you do 
not know the arc-flash ratings and zones for your gear, the 
SEL Engineering Services team can provide professional  
arc-flash hazard studies and practical approaches to 
mitigate arc-flash risks.

Restricted Approach Boundary 
An approach limit at a distance from an exposed 
energized electrical conductor or circuit part 
within which there is an increased likelihood of 
electric shock, due to electrical arc-over combined 
with inadvertent movement.

Ethernet or Serial

Limited Approach Boundary 
An approach limit at a distance 
from an exposed energized 
electrical conductor or circuit part 
within which a shock hazard exists.

Arc-Flash Boundary 
When an arc flash hazard exists, an 
approach limit from an arc source at which 
incident energy equals 1.2 cal/cm2 (5J/cm2) 
for one second*. 

Remote Access

This boundary can be greater or less than the 
limited approach boundary, based on the results of 
the arc-flash assessment.

Arc-rated PPE is required when within the arc-flash 
boundary. 

*According to the Stoll skin 
burn injury model, the onset 
of a second degree burn on 
unprotected skin is likely to 
occur at an exposure of 1.2 
cal/cm2 (5J/cm2) for one 
second.



Applications
Feeder Protection
Provide comprehensive protection capabilities, including 
time-overcurrent, over-/undervoltage, autoreclosing, 
frequency, and many more.

Arc-Flash Mitigation
Improve safety and prevent damage with arc-flash detection 
in the SEL-751A. You can choose point sensors, loop sensors, 
or a combination to protect a wide variety of switchgear 
configurations.

Optical Arc-Flash
Detector 

LED Circuit for
Continuous
Self-Testing

Clear-Jacketed Fiber  Black-Jacketed Fibers 

V-
Pi

n 
Te

rm
in

at
io

ns

Black-Jacketed Light Fibers 

Ch. 2

Ch. 3

Ch. 4

Ch. 1

Diffuser

Point Sensor
(SEL-C804) Application

ST–ST Connector

Fiber Sensor
(SEL-C804) Application

SE
LE

CT
™

 2
 A

V
I/

4 
A

FD
I C

ar
d

Arc

Arc

SEL-751ASwitchgear

Core-Balance Current Transformer

Trip

N
A

BC

52

SEL-751A

Industrial Feeder Protection
Implement overcurrent, voltage, and frequency protection 
for industrial and commercial feeders. The addition of a 
core-balanced CT detects ground faults and provides an 
added level of protection. 

ABC

Distribution Bus

52
Trip and Close

Utility Distribution Feeder
Protection and Reclosing  

SEL-751A



Easy to Set and Use
Set, Monitor, and Control the SEL-751A With 
acSELErator QuickSet® SEL-5030 Software
• Save engineering time, and simplify device setup. 

QuickSet allows you to communicate with the SEL-751A 
through any ASCII terminal or with the software graphical 
user interface.

• Develop settings offline with a menu-driven interface 
and completely documented help screens. By copying 
existing settings files and modifying only application-
specific items, you can decrease the installation time.

• Simplify the setting procedure with rule-based 
architecture to automatically check interrelated 
settings. QuickSet highlights out-of-range or conflicting 
settings for correction.

Retrieve and Display Event Reports With 
acSELErator tEam® SEL-5045 Software
• View event report oscillograms as a plot of magnitude 

versus time. You can select analog and digital points to 
build a custom display. 

• Analyze arc-flash events using the light intensity and 
phase current waveforms recorded during an arc fault.

• Display phase and symmetrical component phasors. 
The phasor view of electrical data can help you better 
understand asymmetrical three-phase faults. You can 
also build a custom plot using per-phase and symmetrical 
component sequence currents and voltages.

• Retrieve event reports using serial or Ethernet 
communications links.

Light 
intensity

Operate times as 
fast as 2 ms

Fault-clearing 
time

5.0 7.5
Cycles

10.0

Phase 
current



Mounting and Enclosure Options
Mount the SEL-751A into multiple locations using our complete 
line of mounting and enclosure options. Panel-mount, rack-
mount, wall-mount, indoor, or outdoor configurations provide 
solutions for any application. The optional mounting kits do 
not require any cutting or drilling, making the replacement of 
existing protection quick and easy. 

Visit www.selinc.com/applications/mountingselector to 
see the complete selection of mounting and enclosure kits.



SEL-751A Specifications
General
AC Current 
Inputs

5 A, 1 A, 50 mA, or 2.5 mA (high sensitivity) secondary, 
depending on model

AC Voltage 
Inputs

300 Vac continuous, 600 Vac for 10 seconds

Output Contacts The relay supports Form A, B, and C outputs.

Optoisolated 
Control Inputs

DC/ac control signals: 250, 220, 125, 110, 48, or 24 V

Frequency and 
Phase Rotation

System frequency: 50, 60 Hz

Phase rotation: ABC, ACB

Frequency tracking: 15–70 Hz (requires ac voltage inputs)

Arc-Flash 
Time-Overlight®  
Elements  
(TOL1–TOL4)

Pickup time: 2–5 ms

Dropout time: 1 cycle

Communications 
Media

Ethernet 10/100BASE-T; Ethernet 100BASE-FX; single or dual 
Ethernet ports; EIA-232 serial; EIA-485 serial; fiber-optic or 
serial multimode ST connectors

Communications 
Protocols

Mirrored Bits communications; IEC 61850; Modbus RTU/TCP; 
DNP3 serial and LAN/WAN; DeviceNet; Telnet; File Transfer 
Protocol (FTP); Simple Network Time Protocol (SNTP); simple 
and compressed ASCII; extended Fast Meter and Fast Operate; 
Fast SER; Event Messenger; IEEE C37.118 synchrophasors (via 
serial port only)

Power Supply 110–250 Vdc or 110–240 Vac
Input voltage range: 85–300 Vdc or 85–264 Vac

24–48 Vdc
Input voltage range: 19.2–60 Vdc

Operating  
Temperature1

–40 to +85°C (–40 to +185°F)

1 LCD contrast is impaired for temperatures below –20°C (–4°F) and above +70°C (+158°F).
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Major Features and Benefits
The SEL-751A Feeder Protection Relay provides an excep-
tional combination of protection, monitoring, control, and
communication in an industrial package.

➤ Standard Protection Features. Protect lines and equip-
ment with phase, negative-sequence, residual-ground, and
neutral-ground overcurrent elements. Implement load
shedding and other control schemes with current-based
over- and underfrequency and breaker failure protection
for one three-pole breaker.

➤ Optional Arc-Flash Protection. Use the SEL-751A with
optional four-channel fiber-optic arc-flash detector inputs
and protection elements. Settable arc-flash phase and neu-
tral overcurrent elements combined with arc-flash light
detection elements provide secure, reliable, and fast acting
arc-flash event protection.

➤ Optional Protection Features. Use the SEL-751A with
one of the voltage input options to provide over- and
underfrequency, rate-of-change of frequency, fast rate-of-change of frequency (for Aurora vulnerability
mitigation), measured residual current input CT, over- and undervoltage, synchronism-check, dc station
battery monitor, arc-flash, power elements, and demand metering elements.

➤ Operator Controls and Reclosing. Easy tripping and closing of the breaker with four programmable
front-panel pushbuttons. Implement remote and local control functions, and selectively reclose with syn-
chronism and voltage checks (optional).

➤ Relay and Logic Settings Software. ACSELERATOR QuickSet® SEL-5030 Software reduces engineer-
ing costs for relay settings and logic programming. Tools in QuickSet make it easy to develop SELOGIC®

control equations.

➤ Metering and Monitoring. Use built-in metering functions to eliminate separately mounted metering
devices. Analyze Sequential Events Recorder (SER) reports and oscillographic event reports for rapid
commissioning, testing, and post-fault diagnostics. Unsolicited SER protocol allows station-wide
collection of binary SER messages. The arc-flash detection option provides light metering and event
reports for commissioning and arc-flash event capture for analysis.

➤ Wye or Delta Voltage Inputs. Optional voltage inputs allow for either wye-connected, open-delta-con-
nected, or single voltage inputs to the relay. 

➤ Additional Standard Features. The SEL-751A also includes Modbus RTU, Event Messenger support,
MIRRORED BITS® communications, load profile, breaker wear monitoring, support for 12 external RTDs
(SEL-2600), IRIG-B input, advanced SELOGIC, and IEEE C37.118-compliant synchrophasor protocol
(supported on serial ports only).

➤ Optional Features. Select from a wide offering of optional features, including IEC 61850, DNP3 serial
and LAN/WAN, Modbus TCP/IP, Simple Network Time Protocol (SNTP), 10 internal RTDs, expanded
digital/analog I/O, voltage inputs, arc-flash fiber-optic inputs, additional EIA-232 or EIA-485 communication
ports, fiber-optic serial port, single or dual, copper-wire or fiber-optic Ethernet ports, and configurable labels.

SEL-751A Feeder Protection Relay
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Functional Overview

Figure 1 Functional Diagram

Auto-Reclosing

Synchronism 
Check

Overcurrent

•  Sequential Events Recorder

•  Event Reports and Load Profiles

•  SEL ASCII, Ethernet*,  Modbus TCP*, IEC 61850*, DNP3 
LAN/WAN*, DNP3 Serial*, Modbus RTU, SNTP*, Telnet*, 
FTP*, and  DeviceNet Communications* 

•  Event Messenger Compatible

•  Front-Panel LED Programmable Targets

•  Two Inputs and Three Outputs Standard

•  I/O Expansion*—Additional Contact Inputs,  Contact 
Outputs, Analog Inputs, Analog Outputs, and RTD 
Inputs

•  ST Fiber-Optic Communications Port*

•  Single or Dual Ethernet,  Copper or Fiber-Optic 
Communications Port*

•  Battery-Backed Clocked, IRIG-B Time-Synchronization

•  Instantaneous Metering

•  Programmable Front Pushbuttons and LED Indicators

•  Advanced SELOGIC Control Equations

•  32 Programmable Display Messages

•  Station Battery Monitor*

•  Breaker Wear Monitoring

•  Synchrophasor Protocol

•  Arc-Flash Protection*

•  Peak Demand, Demand Metering*

•  Aurora Mitigation Islanding Detection (81RF Element)*

* Optional Functions

• Phase

• Ground

• Neg-Seq

• Phase

• Ground (calculated or measured IG)

• Neg-Seq

Time-Overcurrent

Arc-Flash Neutral
Overcurrent

27

51N50N
50
NAF

50
PAF

50 51
P
G
Q

P
G
Q

OvervoltageUndervoltage

Neutral Time-
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Protection Features
The SEL-751A includes a robust set of phase, negative-
sequence, residual, and neutral overcurrent elements.
Each element type has four levels of instantaneous pro-
tection. Each element type has two time-overcurrent
elements (except negative-sequence, which has one time-
overcurrent element). Table 1 lists the curves available in
the SEL-751A.

The SEL-751A has two reset characteristic choices for
each time-overcurrent element. One choice resets the
elements if current drops below pickup for at least one
cycle. The other choice emulates electromechanical
induction disc elements, where the reset time depends on
the time dial setting, the percentage of disc travel, and
the amount of current. 

Overcurrent Elements for Phase 
Fault Detection
Phase and negative-sequence overcurrent elements detect
phase faults. Negative-sequence current elements ignore
three-phase load to provide more sensitive coverage of
phase-to-phase faults. Phase overcurrent elements detect
three-phase faults, which do not have significant
negative-sequence quantities.

Overcurrent Elements for Ground 
Fault Detection
Calculated residual current or optional measured residual
current (IG), neutral (IN), and negative-sequence overcurrent

elements detect ground faults. In addition to the 1 A/5 A
neutral CT, the SEL-751A offers optional high-sensitive
neutral element with 50 mA or 2.5 mA nominal current
rating.

Wye or Open-Delta Voltages
Wye-connected (four-wire) voltage or open-delta-
connected (three-wire) voltage can be applied to three-
phase voltage inputs VA, VB, VC, and N, as shown in
Figure 2. You only need to make a global setting
(DELTA_Y = wye or DELTA_Y = delta) and an external
wiring change—no internal relay hardware changes or
adjustments are required. Thus, a single SEL-751A
model meets all your distribution protection needs,
regardless of available three-phase voltage.

In addition, the SEL-751A supports single voltage input.
For customers with a single PT input, the SEL-751A will
assume balanced voltage input for all protection and
metering functions.

Loss-of-Potential Logic
The SEL-751A includes loss-of-potential (LOP) logic
that detects one, two, or three blown potential fuses. This
patented LOP logic is unique because it does not require
settings and is universally applicable. The LOP feature
allows the blocking of protection elements to add secu-
rity during fuse failure.

Synchronism Check
When you order the 5 AVI voltage option card, single-
phase voltage (phase-to-neutral or phase-to-phase) is
connected to voltage input VS/NS for synchronism
check across a circuit breaker (or hot/dead line check).
You can use synchronism-check voltage to coordinate
reclosing with the optional recloser control.

Table 1 Time-Overcurrent Curves

US IEC

Moderately Inverse Standard Inverse

Inverse Very Inverse

Very Inverse Extremely Inverse

Extremely Inverse Long-Time Inverse

Short-Time Inverse Short-Time Inverse
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Figure 2 Connect Wye or Open-Delta Voltage to 
SEL-751A Three-Phase Voltage Inputs

Voltage and Frequency Elements for 
Extra Protection and Control

Over- and Undervoltage Elements
Phase-to-ground, phase-to-phase, negative-sequence, and
residual overvoltage (59) and phase-to-ground or phase-
to-phase undervoltage (27) elements in the SEL-751A
create the following protection and control schemes:

➤ Trip/alarm or event report triggers for over- and
undervoltage conditions.

➤ Undervoltage (27) load shedding scheme (having both
27 and 81U load shedding schemes allows detection
of system MVAR- and MW-deficient conditions).

Over- and Underfrequency Protection
Six levels of secure overfrequency (81O) or underfre-
quency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.
The SEL-751A makes frequency measurements with the

voltage input (if available) and switches automatically to
current input when voltages are not available. 

Implement an internal multistage frequency trip/restore
scheme at each breaker location using the multiple over-
and underfrequency levels. This method avoids the cost
of wiring a complicated trip and control scheme from a
separate frequency relay.

Rate-of-Change-of-Frequency Protection 
(Optional)
Four independent rate-of-change-of-frequency elements
are provided with individual time delays for use when
frequency changes occur, for example, when there is a
sudden imbalance between generation and load. They
call for control action or switching action such as net-
work decoupling or load shedding. Each element
includes logic to detect either increasing or decreasing
frequency and above or below nominal frequency.

Fast Rate-of-Change-of-Frequency Protection 
for Aurora Vulnerability Mitigation (Optional)
The fast rate-of-change-of-frequency protection, 81RF,
provides a faster response compared to frequency (81)
and rate-of-change-of-frequency (81R) elements. The
fast operating speed makes the 81RF element suitable for
detecting islanding conditions. The element uses a char-
acteristic (see Figure 3) based on the frequency deviation
from nominal frequency  and the
rate-of-change of frequency (DF3C) to detect islanding
conditions. A time window of three cycles is used to cal-
culate the value of DF3C. Under steady-state conditions,
the operating point is close to the origin. During island-
ing conditions, the operating point enters Trip Region 1
or Trip Region 2 of the characteristic, depending on the
acceleration or deceleration of the islanded system.
(81RFDFP in Hz) and (81RFRP in Hz/sec) are the set-
tings used to configure the characteristic.

Figure 3 81RF Characteristic

A CB
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Power Element Protection
The SEL-751A with optional voltage inputs provides two
power elements for detecting real (watts) or reactive
(VARS) positive or negative power flow levels for the
feeder application. Each power element has a definite-
time delay setting.

Arc-Flash Protection
An arcing short circuit or ground fault in low or medium
voltage switchgear can cause very serious equipment
damage and personal injury. They can also cause
prolonged and expensive downtime.

The best way to minimize the impact of an arc-flash
event is to reduce the detection and circuit breaker
tripping times. Conventional protection may need several
cycles to detect the resulting overcurrent fault and trip
the breaker. In some cases, there may not be sufficient
current to detect an overcurrent fault. Tripping may be
delayed hundreds of milliseconds for sensitivity and
selectivity reasons in some applications.

The arc-flash detection-based (AFD) protection can act
on the circuit breaker in a few milliseconds (2–5 ms).
This fast response can limit the arc-flash energy thus
preventing injury to personnel and limiting or
eliminating equipment damage.

The arc-flash protection option in the SEL-751A relay
adds four-channel fiber-optic AFD inputs and protection
elements. Each channel has a fiber-optic  receiver and an
LED-sourced fiber-optic transmitter that continuously
self-tests and monitors the optical circuit to detect and
alarm for any malfunction.

There are two types of applications supported by the
SEL-751A.

Point Sensor Application
The arc is detected by transmitting the arc-flash light
captured by the optical diffuser (located appropriately in
the switchgear) over a 1000 µm plastic fiber-optic cable
to the optical detector in the relay. The relay performs
sensor loopback tests on the optical system using an
LED-based transmitter to transmit light pulses at regular
intervals to the point sensor assembly (over a second fiber-
optic cable). If the relay optical receiver does not detect this
light, the relay declares a malfunction and alarms.

Figure 4 (top) shows a diagram for the point sensor
application.

Figure 4 SEL-751A Arc-Flash Detection System

Clear-Jacketed Fiber Sensor Application
A second option for AFD uses a clear-jacketed 1000 µm
plastic fiber-optic cable located in the switchgear equip-
ment. One end of the fiber is connected to the optical
detector in the relay and the other end is connected to the
LED transmitter in the relay. The LED transmitter injects
periodic light pulses into the fiber as a sensor loopback
test to verify the integrity of the loop. The relay detects
and alarms for any malfunction. Figure 4 (bottom) shows
a diagram for the clear-jacketed fiber sensor application.

The SEL-751A AFD system provides four channels per
relay that can be configured for the point sensor or the
clear-jacketed fiber sensor applications. The optional fast
hybrid outputs (high speed and high current) of the relay
provide fast-acting trip outputs to the circuit breaker (less
than 50 µs). The fast breaker tripping can avoid serious
damage or personal injury in case of an arc-flash event.
The relay also provides light metering and light event
capture to aid in setting the relay and capturing the arc-
flash event for records and analysis.

Settable arc-flash phase and neutral overcurrent elements
are combined with arc-flash light detection elements to
provide secure, reliable, and fast acting arc-flash event
protection.
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Additional Ordering Options
You can order the following options for any SEL-751A
model (see the Model Option Table for details).

➤ Single or dual, copper or fiber-optic Ethernet port(s), 
Modbus TCP, SNTP, DNP3 serial and DNP3 
LAN/WAN, FTP, Telnet

➤ IEC 61850

➤ DeviceNet

➤ EIA-232 or EIA-485 communications

➤ Fiber-optic serial port (ST only)

➤ Additional EIA-232 or EIA-485 port

➤ Analog I/O (4 AI/4 AO, 8 AI)

➤ Digital I/O (4 DI/4 DO, 8 DI, 3 DI/4 DO/1 AO, 
4 DI/3 DO)

➤ Voltage options including monitoring package inputs 
(three-phase voltage input, synchronism-check input, 
station battery monitor input), advanced monitoring 
and protection, four-channel fiber-optic AFD inputs 
and protection, and measured residual current CT 
input. See Table 2.

➤ 10 RTDs

➤ Conformal coating for chemically harsh and high 
moisture environments

Table 2 Voltage Input Options

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa 

a Voltage Options.

SELECT 5AVIb

b With Monitoring Package.

SELECT 5AVIc 

c With Monitoring and Advanced Metering and Protection Packages.

SELECT 3 AVI/4 AFDId

d With four-channel Arc-Flash Detector Inputs and Protection.

SELECT 5 AVI/1 ACIe

e SELECT 5 AVI/1 ACI With Residual Ground CT Input.

Under- and overvoltage elements (27, 59) x x x x x

Voltage based frequency measurement and 
tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss-of-potential element (60LOP) x x x x x

Real, reactive, apparent power, and power 
factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements including under- 
and overvoltage elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage element (59Q) x x x

Rate-of-change-of-frequency element (81R) x x x

Fast rate-of-change-of-frequency element 
(81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor inputs with 
continuous self-testing (AFD)

x

Arc-flash protection elements (50PAF, 50NAF) x

Residual current (IG) CT-based residual 
overcurrent elements (50G, 51G)

x
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Operator Controls and Reclosing

Operator Controls Eliminate 
Traditional Panel Control Switches 
Four conveniently sized operator controls are located on
the relay front panel (see Figure 5). You can set the SER
to track operator controls. You can also change operator
control functions using SELOGIC control equations.

Figure 5 Operator Controls for Standard and Optional 
Reclosing Models

The following operator control descriptions are for
factory-set logic.

In the standard SEL-751A, users can program the top
operator control and its corresponding two LEDs.  When
the SEL-751A is ordered with optional reclosing, the two
LEDs are programmed to give the status of the reclosing.
The two LEDs, RECL RESET and RECL LOCKOUT, indicate
whether the recloser is in the Reset or Lockout state.

The LOCK operator control blocks selected functions.
Press it for at least three seconds to engage or disengage
the lock function.  While locked in position, the
following operator controls cannot change state if
pressed: TRIP and CLOSE. 

Use the CLOSE and TRIP operator controls to close and
open the connected circuit breaker. Program with
intentional time delays to support operational
requirements for breaker-mounted relays. This allows the
operator to press the CLOSE or TRIP pushbutton, then move
to an alternate location before the breaker command is
executed.

Programmable Autoreclosing
When ordered with optional reclosing, the SEL-751A
can autoreclose a circuit breaker up to four times before
lockout. Use SELOGIC control equations to program the
SEL-751A to perform the following reclosing functions:

➤ Allow closing, e.g., when the load-side line is dead, or
when the two systems are in synchronism (optional).

➤ Advance the shot counter without tripping, e.g., when
another protective relay clears a fault, also known as
sequence coordination.

➤ Initiate reclosing, e.g., for particular protection trip
operations.

➤ Drive-to-lockout, e.g., when an optoisolated input is
deasserted. 

➤ Delay reclosing, e.g., after a trip caused by a close-in,
high-duty fault.

➤ Flexible reclose supervision failure scheme that
allows going to lockout or moving to the next avail-
able shot.

The reclosing shot counter controls which protective
elements are involved in each reclose interval.
Applications include fuse- and trip-saving schemes. The
front-panel LEDs (Reset and Lockout) track the
reclosing state.

Relay and Logic Settings Software
QuickSet Software simplifies settings and provides anal-
ysis support for the SEL-751A. With QuickSet you have
several ways to create and manage relay settings:

➤ Develop settings off-line with an intelligent settings
editor that only allows valid settings.

➤ Create SELOGIC control equations with a drag-and-
drop text editor.

➤ Configure proper settings using online help.

➤ Organize settings with the relay database manager.

➤ Load and retrieve settings using a simple PC commu-
nications link.

With QuickSet you can verify settings and analyze events;
and analyze power system events with the integrated
waveform and harmonic analysis tools. 

The following features of QuickSet can monitor,
commission, and test the SEL-751A:

➤ The PC interface will remotely retrieve power system
data.

➤ The HMI will monitor meter data, Relay Word bits,
and output contacts status during testing. The control
window allows resetting of metering quantities, arc-
flash sensor testing and diagnostics, and other control
functions.

TRIP
BREAKER OPEN

CLOSE
BREAKER CLOSED

BLOCK CLOSE

LOCK
DISABLED

ENABLED

AUX 1

TRIP
BREAKER OPEN

CLOSE
BREAKER CLOSED

BLOCK CLOSE

LOCK
DISABLED

ENABLED

RECL LOCKOUT

RECL RESET

Standard Recloser Option

Note: All text can 
be changed with 
the configurable 
labels.
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Metering and Monitoring
The SEL-751A provides extensive metering capabilities.
See Specifications on page 18 for metering and power
measurement accuracies. As shown in Table 3, metered
quantities include phase voltages and currents; sequence
voltages and currents; power, frequency, and energy; and
maximum/minimum logging of selected quantities. The
relay reports all metered quantities in primary quantities
(current in A primary and voltage in V primary).

Load Profile
The SEL-751A features a programmable load profile
(LDP) recorder that records as many as 17 metering
quantities into nonvolatile memory at fixed time inter-
vals. The LDP saves several days to several weeks of the
most recent data depending on the LDP settings.

Synchronized Phasor Measurement
Combine the SEL-751A with an SEL IRIG-B time source to
measure the system angle in real time with a timing accuracy
of ±10 µs. Measure instantaneous voltage and current
phase angles in real time to improve system operation
with synchrophasor information. Replace state measure-
ment, study validation, or track system stability. Use
SEL-5077 SYNCHROWAVE® Server Software or
SEL-5078 SYNCHROWAVE Console Software to view
system angles at multiple locations for precise system
analysis and system-state measurement (see Figure 6). 

Figure 6 View of System Angle at Multiple Locations

Event Reporting
Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex pro-
tective scheme operations. In response to a user-selected
trigger, the voltage, current, frequency, and element sta-
tus information contained in each event report confirms
relay, scheme, and system performance for every fault.
Decide how much detail is necessary when you request
an event report (e.g., 1/4-cycle or 1/16-cycle resolution,
filtered or raw analog data). 

The relay stores as many as 19 of the most recent
64-cycle or as many as 77 of the most recent 15-cycle
event reports in nonvolatile memory. The relay always
appends relay settings to the bottom of each event report.

The following analog data formats are available:

➤ 1/4-cycle or 1/16-cycle resolution

➤ Unfiltered or filtered analog

➤ ASCII or Compressed ASCII

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

The IRIG-B time-code input synchronizes the SEL-751A
time to within ±1 ms of the time-source input. A convenient
source for this time code is the SEL-2401 Satellite-
Synchronized Clock or the SEL-2032, SEL-2030, or
SEL-2020 Communications Processor (via Serial Port 2 or 3
on the SEL-751A).

Substation Battery Monitor
The SEL-751A relays that include the enhanced voltage
option with the monitoring package measure and report
the substation battery voltage connected to the VBAT ter-
minals. The relay includes two programmable threshold
comparators and associated logic for alarm and control. For
example, if the battery charger fails, the measured dc
falls below a programmable threshold. The SEL-751A

Table 3 Metering Capabilities 

Quantitiesa

a Single-phase power, energy, and power factor quantities are not 
available when delta-connected PTs are used.

Description 

Currents IA, IB, IC, IN, IG
Input currents, residual ground 
current (IG = 3I0 = IA + IB + IC 
OR measured IG)

Voltages VA, VB, VC Wye-connected voltage inputs

Voltages VAB, VBC, VCA Delta-connected voltage inputs

Voltage VS Synchronism-check voltage input

Power kWA,B,C,3P
kVARA,B,C,3P 
kVAA,B,C,3P

Single and three-phase kilowatts, 
kilovars, and kilovolt-amps

Energy MWh3P,
MVARh3P-IN, 
MVARh3P-OUT, 
MVAh3P

Three-phase megawatt hours, 
megavar-hours, and megavolt-
amp-hours

Power Factor PFA,B,C,3P
Single and three-phase power 
factor (leading or lagging)

Sequence 3I2, 3I0, 3V2, 3V0
Negative- and zero-sequence 
currents and voltages

Frequency, FREQ (Hz)
Instantaneous power system 
frequency

Voltage VDC Station battery voltage

Light Intensity (%) LS1–LS4
Arc-flash light inputs in % of full 
scale

San Antonio, TX

60.0 Hz 

Chicago, IL 

60.015 Hz 

Monterrey, Mexico

59.996 Hz 59.996 Hz 

Pullman, WA Philadelphia, PA

Tampa, FL 

60.003 Hz 

60.007 Hz 

Pullman

Chicago

Philadelphia

Tampa

San Antonio

Monterrey
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alarms to alert operations personnel before the substation
battery voltage falls to unacceptable levels. Monitor
these thresholds with an SEL communications processor
and trigger messages, telephone calls, or other actions.

The measured dc voltage appears in the METER display
and the VDC column of the event report. Use the event
report column data to see an oscillographic display of the
battery voltage. This display shows how much the
substation battery voltage drops during trip, close, and
other control operations.

Circuit Breaker Contact Wear 
Monitor
Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-751A breaker
monitor feature compares this input data to the measured

(unfiltered) ac current at the time of trip and the number
of close-to-open operations. 

Every time the breaker trips, it integrates the measured
current information. When the result of this integration
exceeds the breaker wear curve threshold (Figure 7) the
relay alarms via output contact, communications port, or
front-panel display. This kind of information allows
timely and economical scheduling of breaker
maintenance.

Figure 7 Breaker Contact Wear Curve and Settings

Automation

Flexible Control Logic and Integration Features
The SEL-751A is equipped with as many as four inde-
pendently operated serial ports: one EIA-232 port on the
front, one EIA-232 or EIA-485 port on the rear, and one
fiber-optic port. Additionally, the SEL-751A has one
EIA-232 or EIA-485 port option card. Optionally, the
relay supports single or dual , copper or fiber-optic
Ethernet ports. The relay does not require special com-
munications software. You can use any system that emu-

lates a standard terminal system. Establish
communication by connecting: computers; modems; pro-
tocol converters; printers; an SEL-2032, SEL-2030 or
SEL-2020 Communications Processor; SCADA serial
port; and/or RTUs for local or remote communication.
Refer to Table 4 for a list of communications protocols
available in the SEL-751A.

kA Interrupted

(Set Point 1) 

(Set Point 2) 

(Set Point 3) 

Breaker Manufacturer's
Maintenance Curve

Cl
os

e 
to

 O
pe

n 
Op

er
at

io
ns

Table 4 Communications Protocols (Sheet 1 of 2)

Type Description

Simple ASCII
Plain language commands for human and simple machine communications. Use for metering, setting, self-test 
status, event reporting, and other functions.

Compressed ASCII
Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate format for 
direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter and 
Fast Operate

Binary protocol for machine-to-machine communications. 
Quickly updates SEL communications processors, RTUs, and other substation devices with metering 
information, relay element, I/O status, time-tags, open and close commands, and summary event reports. Data 
are checksum protected. Binary and ASCII protocols operate simultaneously over the same communications 
lines so control operator metering information is not lost while a technician is transferring an event report.

Fast SER Protocol Provides SER events to an automated data collection system.

Modbus
Serial- or Ethernet-based Modbus with point remapping. Includes access to metering data, protection elements, 
contact I/O, targets, SER, relay summary event reports, and setting groups.

DNP3
Serial or Ethernet-based DNP3 protocols.
Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact I/O, targets, SER, relay summary event reports, and setting group selection.

IEC 61850
Ethernet-based international standard for interoperability between intelligent devices in a substation. Operates 
remote bits and I/O. Monitors Relay Word bits and analog quantities.

Synchrophasors IEEE C37.118-compliant synchrophasors for system state, response, and control capabilities.
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Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connection
between the hub and the SEL-751A (Figure 8). 

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out
alerts and private line connections of the SCADA
system.

Figure 8 Example Communication System

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-751A control logic improves integration in the
following ways:

➤ Replaces traditional panel control switches. Eliminate
traditional panel control switches with 32 local bits.
Set, clear, or pulse local bits with the front-panel
pushbuttons and display. Program the local bits into
your control scheme with SELOGIC control equations.
Use the local bits to perform functions such as a trip
test or a breaker trip/close.

➤ Eliminates RTU-to-relay wiring. Eliminate RTU-to-
relay wiring with 32 remote bits. Set, clear, or pulse
remote bits using serial port commands. Program the
remote bits into your control scheme with SELOGIC

control equations. Use remote bits for SCADA-type
control operations such as trip, close, and settings
group selection.

➤ Replaces traditional latching relays. Replace up to 32
traditional latching relays for such functions as
“remote control enable” with latch bits. Program latch
set and latch reset conditions with SELOGIC control
equations. Set or reset the nonvolatile latch bits using

optoisolated inputs, remote bits, local bits, or any pro-
grammable logic condition. The latch bits retain their
state when the relay loses power.

➤ Replaces traditional indicating panel lights. Replace
traditional indicating panel lights with 32 programma-
ble displays. Define custom messages (e.g., Breaker
Open, Breaker Closed) to report power system or
relay conditions on the front-panel display. Use
Advanced SELOGIC control equations to control
which messages the relay displays.

➤ Eliminates external timers. Eliminate external timers
for custom protection or control schemes with 32 gen-
eral purpose SELOGIC control equation timers. Each
timer has independent time-delay pickup and dropout
settings. Program each timer input with any element
you want (e.g., time qualify a current element).
Assign the timer output to trip logic, transfer trip
communications, or other control scheme logic.

➤ Eliminates settings changes. Selectable setting groups
make the SEL-751A ideal for applications requiring
frequent setting changes and for adapting the protec-
tion to changing system conditions. 

The relay stores three setting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions. Use these setting groups to
cover a wide range of protection and control contingencies.

Switching setting groups switches logic and relay
element settings. Program groups for different operating
conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency
contingencies, loading, source changes, and downstream
relay setting changes.

Fast SER Protocol
SEL Fast SER Protocol provides SER events to an auto-
mated data collection system. SEL Fast SER Protocol is
available on any rear serial port. Devices with embedded
processing capability can use these messages to enable
and accept unsolicited binary SER messages from
SEL-751A relays. 

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people
using a terminal or terminal emulation package. The

Event Messenger
The SEL-3010 allows users to receive alerts sent directly to their cell phone. Alerts can be triggered through 
relay events and can include quantities measured by the relay. 

DeviceNet
Allows for connection to a DeviceNet network for access to metering data, protection elements, contact I/O, 
targets, and setting groups.

SNTP Ethernet-based protocol that provides time synchronization of the relay.

Table 4 Communications Protocols (Sheet 2 of 2)

Type Description

Dial-Up ASCII Link SCADA Link

SEL Communications Processor

ASCII Reports Plus
Interleaved Binary Data

SEL-751A

IEDIED
IED
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binary data streams can interrupt the ASCII data stream
to obtain information, and then allow the ASCII data
stream to continue. This mechanism allows a single
communications channel to be used for ASCII

communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Ethernet Network Architectures

Figure 9 Simple Ethernet Network Configuration

Figure 10 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

Figure 11 Ethernet Network Configuration With Ring Structure (Switched Mode)

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports
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Additional Features

MIRRORED BITS Relay-to-Relay 
Communications
The SEL-patented MIRRORED BITS communications
technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate inde-
pendently on up to two EIA-232 rear serial ports and one
fiber-optic rear serial port on a single SEL-751A.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received MIRRORED

BITS) for each serial port operating in the MIRRORED

BITS mode (see Figure 12). Use these MIRRORED BITS to
transmit/receive information between upstream relays
and a downstream recloser control (e.g., SEL-351R) to
enhance coordination and achieve faster tripping for
downstream faults. MIRRORED BITS technology also
helps reduce total scheme operating time by eliminating
the need to assert output contacts to transmit
information.

Figure 12 MIRRORED BITS Transmit and Receive Bits

Status and Trip Target LEDs
The SEL-751A includes 16 status and trip target LEDs
on the front panel. When shipped from the factory, all
LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 15. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications—see Configurable Labels.

Event Messenger Points
The SEL-751A, when used with the SEL-3010 Event
Messenger, can allow for ASCII-to-voice translation of
as many as 32 user-defined messages, along with analog
data that has been measured or calculated by the relay.
This combination can allow the user to receive voice
messages on any phone for alerts to transition of any
Relay Word bits in the relay.

Verbal notification of breaker openings, fuse failures,
RTD alarms, etc. can now be sent directly to your cell
phone through the use of your SEL-751A and SEL-3010
(must be connected to an analog telephone line). In
addition, messages can include an analog value such as
current, voltage, or power measurements made by the
SEL-751A.

Configurable Labels
Use the optional configurable labels to relabel the opera-
tor controls and LEDs (shown in Figure 15) to suit the
installation requirements. This feature includes pre-
printed labels (with factory-default text), blank label
media, and a Microsoft Word template on CD-ROM.
This allows quick, professional-looking labels for the
SEL-751A. Labels may also be customized without the
use of a PC by writing the new label on the blank stock
provided. The ability to customize the control and indica-
tion features allows specific utility or industry proce-
dures to be implemented without the need for adhesive
labels. All of the figures in this data sheet show the fac-
tory-default labels of the SEL-751A, including the stan-
dard model shown in Figure 15.

SEL-751A
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Transmit

Receive.
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.
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Relay Dimensions

Figure 13 SEL-751A Dimensions for Rack- and Panel-Mount Models

5.47
(139.0)

7.36
(187.0)

i9089b
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Hardware Overview

Figure 14 Wiring Diagram SEL-751A
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Relay Panel Diagrams

Figure 15 Front Panel With Default Configurable Labels

Figure 16 Dual Fiber Ethernet With Enhanced Voltage Option With Monitoring Package, DeviceNet, Fiber-Optic Serial 
Port, and Fast Hybrid 4 DI/4 DO

Relay powered properly/self-tests are okay

Trip occurred

Instantaneous/definite time overcurrent trip

Phase time-overcurrent trip

Ground/neutral time-overcurrent trip

Negative-sequence time-overcurrent trip

Over-/underfrequency trip

Breaker failure trip

AUX 1

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 17 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1 AO, and 3 AVI/4 AFDI Voltage Option 
With Arc-Flash Detector Inputs

Figure 18 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4159ai4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 19 Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option

i4158b

i4161b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc
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Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.

https://selinc.com
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 UL and cUL Approved (File #E247592)  

 As per ANSI/IEEE C57.13,  IEC, OR relevant 

standard 

 

TABLES (Specify Catalog # and Group with the RFQ) 

                                                                       

TWO BUSHING 

CATALOG # GROUP 
PRIMARY 
VOLTAGE RATIO 

SECONDARY 
VOLTAGE 

V9-2-242FF 1 2400 20:1 120 

V9-2-332FF 2 3300 30:1 110-50Hz 

V9-2-4161FF 2 4160 34.6:1 120 

V9-2-422FF 2 4200 35:1 120 

V9-2-482FF 2 4800 40:1 120 

     

SINGLE BUSHING 

CATALOG # GROUP 
PRIMARY 
VOLTAGE RATIO 

 
SECONDARY 

VOLTAGE 

V9-242F 4A 2400 20:1 120 

V9-332F 4A 3300 30:1 110-50HZ 

V9-4161F 4B 4160 34.6:1 120 

V9-422F 4B 4200 35:1 120 

V9-482F 4B 4800 40:1 120 

INSULATION LEVEL 

5.6 kV, BIL 60 kV full wave 

 

FREQUENCY 

60 Hz (50 Hz upon request) 

 

ACCURACY CLASS 

0.3WXMY, 1.2Z @ 100% rated V, 120V based ANSI burden 

0.6WX, 1.2MY @ 58% rated V, 69.3V based ANSI burden 

 

THERMAL RATING 

750 VA @ 30 deg. C ambient  

500 VA @ 55 deg. C ambient 

 

OUTER ENCAPSULATION 

Polyurethane/Epoxy Resin Encapsulated 

 

PRIMARY TERMINALS  

1/4 -20 Brass screw with one flat washer and lock washer 

 

SECONDARY TERMINALS  

10-32 Brass screw with one flat washer and lock washer 

 

APPROX. WEIGHT 

35 lbs. 

 

PLATED STEEL MOUNTING BASE 

 

CUSTOM OPTIONS (CONTACT US) 

- Different Ratios, Accuracies 

- Non-standard thermal rating 

- Different encapsulation 

- Different secondary termination 

- Special mounting needs etc. 

 

 

 

 

 

 

  E247592 
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DIMENSIONS: Dimensions are in mm [inches] 

 

 

2 Fuse 

 

 
 

 

 Standard Fuse rating: 5.5kV, 0.5E 

 Fuse clips accept 1.0” diameter fuses with Max. length of 5.75” 

 Fuses are intended to protect the system and not the PT in the event of a failure 
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Single Fuse 

 

 

 

 
 

 

 Standard Fuse rating: 5.5kV, 0.5E 

 Fuse clips accept 1.0” diameter fuses with Max. length of 5.75”.  

 Fuses are intended to protect the system and not the PT in the event of a failure 
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Fuses—Medium Voltage

 

General Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

9.0-2

 

Current Limiting Fuses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

9.0-4

 

Expulsion Fuses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

9.0-6

 

Technical Ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

9.0-7

Specifications

 

See Eaton’s 

 

Product Specification Guide

 

, available on CD or on the Web.
CSI Format:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1995 2010

 

Section 16362 Section 26 18 16

Current Limiting Fuses
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General Description

 

Medium Voltage Fuses

 

Eaton’s entry in the power fuse 
business began over 75 years ago 
under Westinghouse

 

®

 

 Electric. In 1935, 
Westinghouse introduced the medium 
voltage boric acid expulsion fuse 
followed by the medium voltage 
current limiting fuse. Even today, 
medium voltage fuses continue to use 
the core Westinghouse technology. 
Eaton continues to build on the 
Westinghouse technology legacy by 
engineering higher performance, 
cost-effective power fuse products.

Eaton medium voltage fuses are 
manufactured and tested to the 
requirements of the ANSI C37.4X 
series of standards. 

Eaton is the only North American 
manufacturer of both current limiting 
and expulsion medium voltage power 
fuses. A full range of general purpose, 
backup and boric acid fuses is 
available for distribution and power 
applications.

All Eaton medium voltage fuses are 
thoroughly tested and conform to 
ANSI specifications. Some motor 
starter fuses are UR

 

®

 

 recognized, and 
both current limiting and expulsion 
fuses have been approved in UL

 

®

 

 
rated switchgear.

Current limiting and expulsion fuses 
can be used to meet any overcurrent 
protection need. At any point along 
the medium voltage electrical 
distribution system, Eaton has a 
fuse to satisfy your overcurrent 
protection needs.

The following fuse terminology will 
assist in understanding and selecting 
the correct fuse. The following is a 
brief overview of those terms.

 

Power vs. Distribution

 

The differentiation is intended to 
indicate the test conditions and where 
fuses are normally applied in a power 
system, based on specific requirements 
for generating sources, substations 
and distribution lines. Each class has 
its own unique set of voltage, current 
and construction requirements 
(see ANSI C37.42, .46 and .47).

 

Low vs. Medium vs. High Voltage

 

While fuses are defined in the ANSI 
standards as either low or high voltage, 
Eaton’s Electrical Sector has elected to 
name their fuses to correspond with 
the equipment in which they are 
installed. Therefore, per ANSI C84, 
fuses are named as follows:

 

Low Voltage

 

1000V and below

 

Medium Voltage

 

Greater than 
1000–69,000V

 

High Voltage

 

Greater than
69,000V

 

Expulsion vs. Current Limiting

 

Expulsion Fuse

 

: An expulsion fuse is 
a vented fuse in which the expulsion 
effect of the gases produced by inter-
nal arcing, either alone or aided by 
other mechanisms, results in current 
interruption.

An expulsion fuse is not current 
limiting and as a result limits the dura-
tion of a fault on the electrical system, 
not the magnitude.

 

Current Limiting Fuse:

 

 A current limit-
ing fuse is a fuse that, when its current 
responsive element is melted by a cur-
rent within the fuse’s specified current 
limiting range, abruptly introduces 
a high resistance to reduce current 
magnitude and duration, resulting in 
subsequent current interruption.

 

Table 9.0-1. General Fuse Comparison

 

Expulsion Current 
Limiting

 

Vented

Electromechanical

Interrupts at current zero, 
limits fault 
current duration 

Generally higher voltage 
ratings

Different time/current
characteristics

Sealed

Static

Limits fault current
magnitude and
duration

Generally higher 
interrupting ratings

Different time/
current 
characteristics

http://www.eaton.com/consultants
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Table 9.0-2. Eaton Medium Voltage Fuse Family

Table 9.0-3. Application Guide

Table 9.0-4. Power Fuse Ampere Characteristic Ratings

 

Current Limiting Expulsion

 

HLE: Helical configuration current limiting, E-rated
CLE: Current limiting, E-rated
CLS: Current limiting starter (motor starter)
HCL: Current limiting, clip-mount, E-rated
CX: Current limiting, C-rated
CLPT: Current limiting, E-rated

RBA: Refillable, boric acid
RDB: Refillable, dropout, boric acid
DBU: Dropout, boric acid, indoor/outdoor S&C equivalent

 

Type Fuse 
Voltage
Range (kV)

Fuse 
Ampere
Rating

Fuse Maximum
Interrupting
Rating (kA Sym.)

Class Use
Indoor/Outdoor

Applied in:

 

Current Limiting

 

CLE 2.4–15.5 10E–1350A 65 General purpose
indoor/outdoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

CLPT 2.4–38   0.25E–10E 80 General purpose
indoor

Potential transformers. BAL-1 mountings and clips 
are no longer available.

CLS 2.4–8.3   2R–44R 50 Backup distribution
indoor

AMPGARD

 

®

 

 and non-AMPGARD motor starters. HCLS version is the 
same as the CLS except hermetically sealed for hazardous locations.

CX/CXI
CXN

4.3–15.5   3.5C–300C 50 General purpose 
distribution indoor

Pad mounted distribution transformers, Substation service transformers, 
and fused switches. Direct substitution for McGraw’s NX fuse.

HCL 2.4–15.5   10A–900A 63 General purpose 
distribution indoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

HLE 2.4–15.5   10E–450E 65 General purpose
indoor/outdoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

 

Expulsion Fuses

 

RBA 2.4–38   0.5E–720E 37.5 Boric acid power
indoor

Fused switches, feeder circuit sectionalizing, and power transformers.

RDB 2.4–38   0.5E–720E 37.5 Boric acid power
outdoor

Feeder circuit sectionalizing, power transformers, substation 
service transformers, dip poles, potential transformers,
and substation capacitor banks. Outdoor version of the RBA.

DBU 4.4–38   5E–200E,
  3K–200K

50 Boric acid power
indoor/outdoor

Feeder circuit sectionalizing, fused switches, power transformers, 
substation service transformers, dip poles, and potential transformers. 
Direct equivalent for S&C’s SMU-20 fuse units.

 

Rating Definition

 

E Fuses rated 100E or below will melt in 300 seconds at some current value between 2.0 and 2.4 times the E number.

Fuses rated above 100E will melt in 600 seconds at some current value between 2.2 and 2.64 times the E number.

R The fuse will melt in 15 to 35 seconds when the current equals 100 times the R number.

C The fuse will melt in 1000 seconds at some current value between 1.7 and 2.4 times the C number.

A Class A fuses have parameters that do not fall within the ‘C’, ‘E’, or ‘R’ definitions above.

X Meet C37.40 temperature requirements, but not the E rating.

http://www.eaton.com/consultants
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Current Limiting Fuses

 

Current Limiting Fuse Types

 

There are three current limiting fuse 
types: backup, general purpose and 
full range. It is important that the user 
have an understanding of these defini-
tions to ensure proper application of 
the fuse (

 

Figure 9.0-1).

 

Backup Fuse:

 

 A fuse capable of inter-
rupting all currents from the rated 
maximum interrupting current down 
to the rated minimum interrupting 
current.

Backup fuses are normally used for 
protection of motor starters and are 
always used in series with another 
interrupting device capable of inter-
rupting currents below the fuse’s rated
minimum interrupting current.

 

General Purpose Fuse:

 

 A fuse capable 
of interrupting all currents from the 
rated maximum interrupting current 
down to the current that causes 
melting of the fusible element in no 
less than one hour.

General purpose fuses are typically 
used to protect feeders and 
components such as transformers.

 

Full Range Fuse

 

: A fuse capable of 
interrupting all currents from the rated 
maximum interrupting rating down to 
the minimum continuous current that 
causes melting of the fusible element, 
with the fuse applied at the maximum 
ambient temperature specified by the 
manufacturer.

Current limiting fuses are constructed 
with pure silver fuse elements, high 
purity silica sand filler, and a glass 
resin outer casing.

A high fault current melts the silver 
element almost instantly and loses 
energy to the surrounding sand. The 
sand melts and forms fulgurite, a 
glass-like substance. The arc voltage 
rapidly increases to nearly three times 
the fuse voltage rating and forces the 
current to zero.

Low fault current melts a solder drop 
on the silver fuse element that, in turn, 
melts the silver. The element burns 
back until there is a sufficient internal 
gap to interrupt the current. This is 
known as the M-effect.

Eaton offers current limiting fuses in 
two basic types: backup and general 
purpose. Backup fuses are applied in 
series with another circuit protective 
device, such as a contactor or an 
expulsion fuse, to interrupt high fault 
currents beyond the other device’s 
range. General purpose fuses are 
designed to interrupt low fault 
currents that cause them to melt 
in one hour or less.

 

Figure 9.0-1. Current Limiting Types Protection Range
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interrupting current

i min.
interrupting current

rated maximum

rated minimum

i hr.rr – current causing element
melting in 1 hour

i –

–

–

any current melting
element with no time
limit Backup

General Purpose

i hr.

i min.

i max.

Full Range

i

 

Multi-Range Fuses

 

CLE and HLE fuses are also available in 
user-selectable multi-range versions 
10–40A, 50–125A and 150–200A.

 

Disconnect End Fittings and 
Disconnect Live Parts

 

Accessories

 

A wide assortment of mountings, live 
parts and end fittings are available to 
facilitate power fuse installation.

 

Mountings

 

Mountings include a base, porcelain 
or glass polyester insulators, and
live parts. They help enable the fuse 
to be safely attached to the gear. 
Mountings can be either disconnect 
or non-disconnect.

 

Live Parts

 

Live parts attach the fuse to the 
insulators and are considered part 
of the mounting. All parts above the 
insulators are live parts.
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Current Limiting Fuses

 

Table 9.0-5. CLE, HLE, HCL and CLS Fuses

Table 9.0-6. CLPT, CX, CLT and DSL Fuses

 

Description Family

CLE HLE HCL CLS

 

General

 

Class General purpose General purpose General purpose Backup

Use Power Power Power Power

Maximum kV 2.75–15.5 5.5–15.5 5.5–15.5 2.4–15.5

Maximum kA 63 63 63 50

Rating 10E–1350A 10E–450A 10E–900E 2R–44R

Mounting Clip Clip, bolt-on, hookeye Clip lock, bolt-on Clip, bolt-on, hookeye

Indicator Standard Standard Standard Standard

Approvals IEEE, ANSI IEEE, ANSI IEEE, ANSI UL

 

®

 

, IEEE, ANSI

 

Applications

 

Feeder circuits

 

■ ■ ■

 

Motor starters

 

■

 

PTs and CTs

LV breakers

Substation service

Transformers

 

■ ■ ■

 

Capacitor banks

 

■ ■ ■

 

Fused switches

 

■ ■ ■

 

Description Family

CLPT CX CLT DSL

 

General

 

Class General General General Back-up

Use Power/distribution Distribution Distribution Power

Maximum kV 5.5–38 4.3–15.5 2.75–15 600V

Maximum kA 80 50 25 200

Rating 0.25E –10E 3.5C–300C 5–150 100–5000

Mounting Clip Clip Stud bolt-on Bolt-on

Indicator Optional None None None

Approvals IEEE, ANSI IEEE, ANSI IEEE, ANSI UL

 

Applications

 

Feeder circuits

Motor starters

PTs and CTs

 

■

 

LV breakers

 

■

 

Substation service

 

■

 

Transformers

 

■ ■

 

Capacitor banks

Fused switches
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Expulsion Fuses

 

RBA 
E-Rated Refillable
Boric Acid

RDB
E-Rated Refillable Outdoor
Dropout Boric Acid

DBU
Dropout Boric Acid—for Use Indoors, 
Inside Switchgear or Outdoors

 

Eaton’s expulsion fuses use boric acid 
as the interrupting medium. Under a 
fault condition, arc heat decomposes 
the boric acid into water vapor. The 
water vapor blast deionizes the arc 
path preventing arc re-ignition after 
a natural current zero.

Type RBA indoor expulsion fuses 
must be fitted with a discharge filter 
or condenser that moderates the 
discharge exhaust. The discharge 
filter limits the exhaust to a small 
and relatively inert amount of gas 
and lowers the noise level without 
affecting the fuse interrupting rating. 
Steam discharge, that can effect the 
interrupting, is fully restricted by 
the condenser.

Type RDB outdoor dropout fuses 
include an ejector spring that forces 
the arcing rod through the top of the 
fuse. The arcing rod strikes a latch on 
the mounting that forces the fuse to 
swing outward through a 180° arc into 
the dropout position.

Refill units can be field installed into 
RBA and RDB expulsion fuses. Once 
the operated unit has been removed, 
the separately purchased unit can be 
easily installed into the fuse holder.

Type DBU fuse units are designed 
for new and aftermarket utility 
applications. End fittings are available, 
in both indoor and outdoor versions, 
as well as live parts and mountings. 
Mufflers confine the arc within the 
fuse and substantially reduce the noise 
and exhaust when the fuse interrupts.

 

Accessories

 

The following accessories are available 
for expulsion fuses:

 

Mountings

 

Mountings include a base, porcelain 
or glass polyester insulators, and live 
parts. They help enable the fuse to be 
safely attached to the gear. Mountings 
can be either disconnect, non-disconnect 
or dropout. Non-disconnect mountings 
are available in either bolt-on or clamp-
type arrangements. Fuses may be 
vertical or underhung.

 

Live Parts

 

Live parts attach the fuse to the 
insulators and are considered part 
of the mounting. All parts above the 
insulators are live parts.

 

End Fittings

 

End fittings are metal parts that 
attach to each end of the fuse at 
the ferrules. They are used only on 
disconnect fuses or when converting 
a non-disconnect to a disconnect fuse.
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Technical Ratings

 

Table 9.0-7. Transformer Primary Fuse Application 

 

�

 

Maximum transformer kVA ratings are based on ratios of maximum fuse current rating to transformer full load current (IF/IT) as listed. 
For a 55°C rise liquid-filled transformer, use the kVA rating for 65°C rise (55°C rating x 1.12). For suggested minimum fuse applications, 
see 

 

Tables 9.0-9

 

, 

 

9.0-10

 

 and 

 

9.0-11

 

.

 

�

 

The type RBA interrupting ratings shown are those of the discharge filter type, in which the noise is minimized and deionization of 
expulsion gases is assured.

 

These applications are subject to 
modification when specific factors 
such as transformer characteristics, 
other protective devices, coordination 
requirements and load variations may 
indicate a different I

 

F

 

/I

 

T

 

 ratio.

 

Caution:

 

 Primary fuses must not be 
relied upon for clearing secondary 
ground faults.

 

System
Voltage

Fuse
Type

Maximum Transformer kVA 

 

�

 

Fuse Family/Characteristics

Self-Cooled Forced
Air

Type Current 
Range

Maximum 
kV

Interrupting 
Rating Amperes
(Symmetrical) 

 

�

 

2400 Current
limiting

  742
1336
2228
4010
  742
  890

  866
1560
2600
4676
  866
1039

CLE
CLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion   600
1190
2140

  695
1385
2500

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,00017.1

4160 Current
limiting

1287
2317
3862
6952
1286
1545

1502
2703
4506
8111
1501
1802

CLE/HLE
CLE/HLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion 1030
2055
3700

1200
2400
4320

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,00017.1

4800 Current
limiting

1483
2671
4451
8013
1483
1780

1731
3116
5193
9348
1731
2077

CLE/HLE
CLE/HLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion 1190
2375
4280

1385
2775
5000

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  480–720
      3–200

8.3 19,000
37,500
37,500
14,000

6900 Current
limiting

1536
2987
2134
2560

1792
3485
2490
2987

CLE/HLE
CLE
CXN
CXN

    10–175
  200–350
    60–250
  300

8.3 50,000
50,000
50,000
50,000

Expulsion 1705
3415
6150

2000
3985
7170

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,000

7200 Current
limiting

  222
  890
1603
3117
2226
2672

  259
1039
1870
3637
2598
3117

CLE/HLE
CLE/HLE
CLE/HLE
CLE
CXN
CXN

    10–25
    30–100
  125–180
  200–350
    60–250
  300

8.3 50,000
50,000
50,000
50,000
50,000
50,000

Expulsion 1785
3565
6420

2080
4160
7500

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8. 19,000
37,500
37,500
14,00017.1
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Technical Ratings (Continued)

 

Table 9.0-7. Transformer Primary Fuse Application (Continued) 

 

�

 

Maximum transformer kVA ratings are based on ratios of maximum fuse current rating to transformer full load current (IF/IT) as listed. 
For a 55°C rise liquid-filled transformer, use the kVA rating for 65°C rise (55°C rating x 1.12). For suggested minimum fuse applications, 
see 

 

Tables 9.0-9

 

, 

 

9.0-10

 

 and 

 

9.0-11

 

.

 

�

 

The type RBA interrupting ratings shown are those of the discharge filter type, in which the noise is minimized and deionization of 
expulsion gases is ensured.

 

These applications are subject to 
modification when specific factors 
such as transformer characteristics, 
other protective devices, coordination 
requirements and load variations may 
indicate a different I

 

F

 

/I

 

T

 

 ratio.

 

Caution:

 

 Primary fuses must not be 
relied upon for clearing secondary 
ground faults.

 

Table 9.0-8. Selection of Minimum Primary Fuse for Transformer Protection

 

System
Voltage

Fuse
Type

Maximum Transformer kVA

 

 

 

�

 

Fuse Family/Characteristics

Self-Cooled Forced 
Air

Type Current
Range

Maximum
kV

Interrupting 
Rating Amperes
(Symmetrical) 

 

�

 

12,000 Current
limiting

    371
  1484
  2226
  4452
  1484
  2597

    432
  1731
  2597
  5195
  1731
  3030

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   2970
  5945

  3465
  6930

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
  10–200

15.5 14,400
29,400
29,400
14,000

13,200 Current
limiting

    408
  1632
  2449
  4898
  1632
  2857

    476
  1905
  2857
  5715
  1905
  3333

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   3265
  6530

  3810
  7620

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
    7–150

15.5 14,400
29,400
29,400
14,000

13,800 Current
limiting

    426
  1707
  2560
  5121
  1707
  5855

    497
  1991
  2987
  5975
  1991
  3485

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   3415
  6830
  3415

  3985
  7970
  3985

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
    7–150

15.5

17.1

14,400
29,400
29,400
14,000

23,000 Expulsion   5690
  8535
  5690

  6635
  9950
  6635

RBA-200
RBA-400
RBA-800
DBU-27

  10–200
    5–300
450–540
    3–200

25.5

27.0

10,500
21,000
21,000
12,500

34,500 Expulsion   8535
12800
  8535

  9950
14925
  9950

RBA-200
RBA-400
RBA-800
DBU-38

  10–200
    5–300
450–540
    3–200

38.0   6,900
16,800
16,800
10,000

 

Instructions:

 

 Multiply the transformer primary full load current 
(FLA) times the multiplier shown in the table to determine 
suggested minimum size fuse. Use fan-cooled primary FLA 
with forced air transformer multiplier. See 

 

Tables 9.0-9

 

 thru 

 

9.0-11 

 

for suggested minimum fuse size.

For self-cooled
transformers

For forced air
transformers

Type CLE current limiting fuses 
Type RBA, DBU expulsion type fuses

All ratings 1.4 x FLA 
of XFMR

1.2 x FLA 
of XFMR
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Interrupting Ratings of Fuses

 

Modern fuses are rated in amperes 
rms symmetrical. They also have a 
listed asymmetrical rms rating, which 
is 1.6 x the symmetrical rating.

Refer to ANSI/IEEE C37.48 for fuse 
interrupting duty guidelines.

 

Calculation of the fuse required 
interrupting rating:

 

Step 1

 

—Convert the fault from 
the utility to percent or per unit on 
a convenient voltage and kVA base.

 

Step 2

 

—Collect the X and R data of all 
the other circuit elements and convert
to percent or per unit on a convenient 
kVA and voltage base same as that 
used in 

 

Step 1

 

. Use the substransient 
X and R for all generators and motors.

 

Step 3

 

—Construct the sequence 
networks using reactances and 
connect properly for the type of fault 
under consideration and reduce to a 
single equivalent reactance.

 

Step 4

 

—Same as above except using 
resistances (omit if a symmetrically 
rated fuse is to be selected).

 

Step 5

 

—Calculate the E/XI value, 
where E is the prefault value of the 
voltage at the point of fault normally 
assumed 1.0 in pu. For three-phase 
faults E/XI is the fault current to be 
used in determining the required 
interrupting capability of the fuse. 

Note: It is not necessary to calculate 
a single phase-to-phase fault current. This 
current is very nearly /2 x three-phase 
fault. The line-to-ground fault may exceed 
the three-phase fault for fuses located in 
generating stations with solidly grounded 
neutral generators, or in delta-wye trans-
formers with the wye solidly grounded, 
where the sum of the positive and negative 
sequence impedances on the high voltage 
side (delta) is smaller than the impedance of 
the transformer.

For single line-to-ground fault;

XI = XI(+) + XI(-) + XI(0) 

Step 6—Select a fuse with a published 
interrupting rating exceeding the 
calculated fault current.

Table 9.0-10 should be used where 
older asymmetrically rated fuses 
are involved.

The voltage rating of power fuses 
used on three-phase systems should 
equal or exceed the maximum line-
to-line voltage rating of the system. 
Current limiting fuses for three-phase 
systems should normally be applied 
so that the fuse voltage rating is equal 
to or less than 1.41 x nominal system 
voltage. However, the insulation 
levels on 2.4 kV systems normally 
allow 4.3 or 5.5 kV rated fuses to 
be used.

Table 9.0-9. Suggested Minimum Current Limiting Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Transformer Applications—E-Rated Fuses 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

3

If
E
XI
----- 3×=

System
Nominal kV

2.4 4.16 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

2.75 5.5 5.5 8.3 15.5 15.5 15.5 15.5

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

     112.5
     150
     225

    27.1
    36.1
    54.1

    50E
    65E
    80E

    15.6
    20.8
    31.2

    25E
    30E
    50E

    13.5
    18.0
    27.1

    20E
    25E
    50E

    9.0
  12.0
  18.0

  15E
  20E
  25E

    5.4
    7.2
  10.8

  10E
  15E
  15E

    4.9
    6.6
    9.8

  10E
  10E
  15E

    4.7
    6.3
    9.4

  10E
  10E
  15E

    4.5
    6.0
    9.0

  10E
  10E
  15E

     300
     500
     750

    72.2
  120.3
  180.4

  125E
  200E
  300E

    41.6
    69.4
  104.1

    80E
  125E
  150E

    36.1
    60.1
    90.2

    65E
  100E
  150E

  24.1
  40.1
  60.1

  40E
  65E
100E

  14.4
  24.1
  36.1

  20E
  50E
  65E

  13.1
  21.9
  32.8

  20E
  30E
  65E

  12.6
  20.9
  31.4

  20E
  30E
  65E

  12.0
  20.0
  30.1

  20E
  30E
  65E

   1000
   1500
   2000

  240.6
  360.8
  481.1

  350E
  600E
  750E

  138.8
  208.2
  277.6

  200E
  300E
  400E

  120.3
  180.4
  240.6

  175E
  250E
  350E

  80.2
120.3
160.4

125E
175E
250E

   48.1
  72.2
  96.2

  80E
100E
150E

  43.7
  65.6
  87.5

  80E
100E
125E

  41.8
  62.8
  83.7

  80E
100E
150E

  40.1
  60.1
  80.2

  80E
100E
125E

   2500
   3000
   3750

  601.4
  721.7
  902.1

1100E
1100E
1350E

  347.0
  416.4
  520.4

  600E
  600E
  750E

  300.7
  360.8
  451.1

  450E
  600E
  750E

200.5
240.6
300.7

300E
350E
—

120.3
144.3
180.4

200E
250E
250E

109.3
131.2
164.0

175E
200E
250E

104.6
125.5
156.9

175E
200E
250E

100.2
120.3
150.4

175E
200E
250E

   5000
   7500
10,000

1202.8
1804.2
2405.6

—
—
—

  693.9
1040.9
1387.9

1100E
—
—

  601.4
  902.1
1202.8

1100E
1350E
—

400.9
601.4
801.9

—
—
—

240.6
360.8
481.1

—
—
—

218.7
328.0
437.4

300E
—
—

209.2
313.8
418.4

300E
—
—

200.5
300.7
400.9

300E
—
—
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Table 9.0-10. Suggested Minimum RBA Expulsion Fuse Ratings for Self-Cooled 2.4–15.5 kV Transformer Applications—E-Rated Fuses 

� Two 300E-ampere fuse refill units in parallel with 10% derating.
� Two 400E-ampere fuse refill units in parallel with 10% derating.
� Two 250E-ampere fuse refill units in parallel with 10% derating.
Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-11. Suggested Minimum RBA Expulsion Fuse Ratings for Self-Cooled 25.8–38 kV Transformer Applications 

� Two 250E-ampere fuse refill units in parallel with 10% derating.
Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

System
Nominal kV

2.4 4.16 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

2.75 5.5 5.5 8.3 15.5 15.5 15.5 15.5

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

     112.5
     150
     225

    27.1
    36.1
    54.1

    40E
    50E
    80E

    15.6
    20.8
    31.2

  25E
  30E
  50E

    13.5
    18.0
    27.1

  20E
  25E
  40E

    9.0
  12.0
  18.0

  15E
  20E
  25E

    5.4
    7.2
  10.8

  10E
  10E
  15E

    4.9
    6.6
    9.8

  10E
  10E
  15E

    4.7
    6.3
    9.4

  10E
  10E
  15E

    4.5
    6.0
    9.0

  10E
  10E
  15E

     300
     500
     750

    72.2
  120.3
  180.4

  100E
  175E
  250E

    41.6
    69.4
  104.1

  65E
100E
150E

    36.1
    60.1
    90.2

  50E
  80E
125E

  24.1
  40.1
  60.1

  40E
  65E
  80E

  14.4
  24.1
  36.1

  20E
  40E
  50E

  13.1
  21.9
  32.8

  20E
  30E
  50E

  12.6
  20.9
  31.4

  20E
  30E
  50E

  12.0
  20.0
  30.1

  20E
  30E
  50E

   1000
   1500
   2000

  240.6
  360.8
  481.1

  400E
  450E �
  720E �

  138.8
  208.2
  277.6

200E
300E
400E

  120.3
  180.4
  240.6

175E
250E
350E

  80.2
120.3
160.4

125E
175E
250E

   48.1
  72.2
  96.2

  65E
100E
150E

  43.7
  65.6
  87.5

  65E
100E
125E

  41.8
  62.8
  83.7

  65E
100E
125E

  40.1
  60.1
  80.2

  65E
  80E
125E

   2500
   3000
   3750

  601.4
  721.7
  902.1

—
—
—

  347.0
  416.4
  520.4

540E �
720E �
720E �

  300.7
  360.8
  451.1

400E
540E �
720E �

200.5
240.6
300.7

300E
350E
400E

120.3
144.3
180.4

175E
200E
250E

109.3
131.2
164.0

150E
175E
250E

104.6
125.5
156.9

150E
175E
250E

100.2
120.3
150.4

150E
175E
200E

   5000
   7500
10,000

1202.8
1804.2
2405.6

—
—
—

  693.9
1040.9
1387.9

—
—
—

  601.4
  902.1
1202.8

—
—
—

400.9
601.4
801.9

540E �
—
—

240.6
360.8
481.1

400E
540E �
720E �

218.7
328.0
437.4

300E
450E �
720E �

209.2
313.8
418.4

300E
450E �
720E �

200.5
300.7
400.9

300E
450E �
540E �

System
Nominal kV

22.9 23.9 24.9 34.5

Fuses
Maximum kV

25.8 25.8 24.8 —

Transformer kVA 
Rating Self-Cooled

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

     750
   1000
   1500

  18.9
  25.2
  37.8

  30E
  40E
  65E

  18.1
  24.2
  36.2

  25E
  40E
  50E

  17.4
  23.2
  34.8

  25E
  40E
  50E

  12.6
  16.7
  25.1

  20E
  25E
  40E

   2000
   2500
   3000

  50.4
  63.0
  75.6

  80E
100E
125E

  48.3
  60.4
  72.5

  65E
100E
100E

  46.4
  58.0
  69.6

  65E
  80E
100E

  33.5
  41.8
  50.2

  50E
  65E
  80E

   3750
   5000
   7500
10,000

  94.5
126.1
189.1
252.1

150E
175E
300E
450E �

  90.6
120.8
181.2
241.6

125E
175E
250E
450E �

  87.0
115.9
173.9
231.9

125E
175E
250E
450E �

  62.8
  83.7
125.5
167.3

100E
125E
175E
250E
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Table 9.0-12. Suggested Minimum DBU Expulsion Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Power Transformer Applications 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-13. Suggested Minimum DBU Expulsion Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Power Transformer Applications 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-14. Type DBU Expulsion Fuses, Boric Acid, Indoor/Outdoor

Note: Used on overhead distribution transformers, substation equipment, industrial transformer installations, and radial distribution circuits.

System
Nominal kV

2.4 4.2 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Three-Phase Transformers
  112.5
  150
  225

  27
  36
  54

  40E
  50E
  80E

  16
  21
  31

  25E
  30E
  50E

  14
  18
  27

  20E
  25E
  40E

    9
  12
  18

  15E
  20E
  25E

    5
    7
  11

  10E
  10E
  15E

    5
    7
  10

    7E
  10E
  15E

    5
    6
    9

    7E
  10E
  15E

    5
    6
    9

    7E
  10E
  15E

  300
  500
  750

  72
120
180

100E
200E
—

  42 
  69
104

  65E
100E
150E

  36
  60
  90

  50E
100E
125E

  24
  40
  60

  40E
  65E
100E

  14
  24
  36

  20E
  40E
  50E

  13
  22
  33

  20E
  30E
  50E

  13
  21
  31

  20E
  30E
  50E

  12
  20
  30

  20E
  30E
  50E

1000
1500
2000

241
361
481

—
—
—

139
208
278

200E
—
—

120
180
241

200E
—
—

  80
120
160

125E
200E
—

  48
  72
  96

  80E
100E
150E

  44
  66
  87

  65E
100E
125E

  42
  63
  84

  65E
100E
125E

  40
  60
  80

  65E
  65E
125E

2500 601 — 347 — 301 — 200 — 120 200E 109 150E 105 150E 100 150E

System
Nominal kV

22.9 23.9 24.9 34.5

Fuses Maxi-
mum kV

27.0 27.0 27.0 38.0

Transformer
kVA Rating
Self-Cooled

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Three-Phase Transformers
  750
1000
1500

19
25
38

  30E
  40E
  65E

18
24
36

  25E
  40E
  50E

17
23
34

  25E
  40E
  50E

13
17
25

  20E
  25E
  40E

2000
2500
3750

50
63
95

  80E
100E
150E

48
60
91

  80E
100E
150E

46
58
87

  65E
  80E
125E

33
42
63

  50E
  65E
100E

Maximum
Design kV

Current Rating
Amperes

Interrupting Rating
rms (kA Symmetrical)

17.1 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

14 

27 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

12.5 

38 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

10–outdoor
8.5–indoor with muffler

For additional information, see:
Volume 4, CA08100005E . . . . . . . . . . . . . . . . .  Tab 26

http://www.eaton.com/consultants
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Motor Starter (Ampgard) — 
Medium Voltage

 

General Description

 

Application

 

The Cutler-Hammer

 

�

 

 Ampgard

 

�

 

 
medium voltage metal-enclosed 
control family from Eaton’s Electrical  
business provides control and protec-
tion of medium voltage motors and 
equipment rated 2300 to 6600 volts 
nominal/7200 volts maximum.

Ampgard control has a complete 
metal-enclosed offering:

 

■

 

Full and reduced voltage starting 
of medium voltage motors up to 
8000 hp.

 

■

 

Main breaker metal-enclosed 
switchgear, a smaller footprint, 
single integrated assembly direct 
coupled to the Ampgard control.

 

■

 

LBS load break switch direct 
coupled main or feeder disconnect.

 

Features

 

Personnel safety:

 

 Positive mechanical 
isolating switch with visible discon-
nect completely grounds and isolates 
the starter from the line connectors 
with a mechanically driven isolating 
shutter, leaving no exposed high 
voltage. Medium voltage door is 
mechanically locked closed with the 
disconnect; low voltage section has 
separate door and is segregated from 
the medium voltage section.

 

Ease of installation:

 

 Current limiting 
fuses, contactor assembly and 
isolating switch assembly are easily 
removed from the enclosure; line 
and load terminals are completely 
accessible from the front.

 

Ease of maintenance:

 

 All components 
are front accessible, facilitating routine 
inspection and/or parts replacement.

 

Simplicity of design: 

 

Component-to-
component design eliminates half of 
the electrical connections.

Two vacuum contactor ratings are 
utilized, 400 ampere and 800 ampere. 
The 400 ampere is available as rollout, 
slide-out or narrow design. The 800 
ampere is available as rollout only.

 

Ampgard Motor Control Assembly

 

Starter catalog types are available for the following applications:

 

■

 

Squirrel cage, full voltage.

 

■

 

Narrow design, full voltage.

 

■

 

Squirrel cage, primary reactor.

 

■

 

Squirrel cage, autotransformer.

 

■

 

Reduced voltage solid-state
(consult factory).

 

■

 

Synchronous full voltage.

 

■

 

Synchronous primary reactor.

 

■

 

Synchronous autotransformer
(reversing and non-reversing).
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Motor Starter (Ampgard) — 
Medium Voltage

 

Personnel Safety Features

 

One of the most important consider-
ations in designing the Cutler-Hammer 
Ampgard Starter was personnel safety. 
The result is an extensive system of 
interlocks and other safety features.

 

Interlocks

 

Interlocking on Ampgard Starters 
includes:

 

■

 

Isolating switch handle housing 
extends over medium voltage door 
when handle is in ON or OFF 
position, preventing door from 
being opened.

 

■

 

Provision for optional key interlocks.

 

■

 

When door is open, detent prevents 
operating handle from being moved 
inadvertently to OFF or ON position.

 

■

 

When contactor is energized, 
isolating switch cannot be opened 
or closed.

 

Other Safety Features

 

Ampgard Starters include many addi-
tional features designed to protect 
operating personnel. These features 
include:

 

■

 

Provision for three padlocks on iso-
lating switch handle in OFF position.

 

■

 

Operating handle must be 
rotated 90° to the horizontal service 
position in order to open main 
door, ensuring complete isolation 
from the main power source.

 

■

 

Shutter barrier between line 
terminals and fuse stabs are 
mechanically driven in both 
directions (see photo). 

 

■

 

Distinctive marking on back of 
switch assembly appears when 
shutter barrier is in position and 
starter is completely isolated from 
the line.

 

■

 

Visible grounding clips provide a 
positive grounding of the starter and 
main fuses to a grounding bus when 
the isolating switch is opened.

 

■

 

High and low voltage circuits are 
compartmentalized and isolated 
from each other.

 

■

 

Illustrated selected safety features, 
operating instructions and renewal 
parts information are permanently 
mounted inside main enclosure door. 

 

■

 

The drawout isolation switch is 
easily removed by loosening two 
bolts in the front casting. The shutter 
is mechanically interlocked when 
the switch is withdrawn (400 
amperes only).

 

Isolation Switch Handle

Shutter Mechanism and Finger Barrier Isolation of Incoming Line Bus 
(Shown with Isolation Switch Removed)

Front Casting Removable Bolt

Isolation
Switch Handle

Extra Interlock to Prevent
Accidental Shutter Operation 
when Isolation Switch 
is Removed

Shutter Operated 
by Moving Tray 
when Isolation Switch
is in Position

Rail on which 
Isolation
Switch Mounts

Distinctive Marking 
when Shutter is in 
Closed Position

Motion of Shutter
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Motor Starter (Ampgard) — 
Medium Voltage

 

Component-to-Component 
Circuitry

 

All major components of 
Cutler-Hammer Ampgard Starters — 
mechanical isolating switch, vacuum 
contactor, current transformers and 
control transformer — were designed 
specifically to function together as an 
integrated starter unit.

One of the most important design 
features, however, is the component-
to-component circuit concept 
employed to eliminate 50% of the 
current carrying junctions.

The flow of current through a vacuum-
breaker controller (starter) can be 
traced by referring to the lower portion 
of 

 

Figure 1

 

, where the controller is 
shown in the energized position. The 
line stab assembly mounted at the 
back of the enclosure also serves as 
the controller line terminals (1). The 
stabs themselves are engaged by the 
fuse jaws (2) of the isolating switch 
which is mounted on the rails at the 
top of the cell compartment. The line 
ferrules (3) of the current-limiting 
motor starting power circuit fuses (4) 
clip into the fuse jaws, and the load 
ferrules (5) fit into the fuse holders 
(6) which are part of the contactor line 
terminals. Current flow through the 
contactor is from the load ferrules of 
the power circuit fuses, through the 
contactor line bus (7), and the vacuum 
interrupters (bottles) of the contactor 
(8), to the contactor load terminals (9). 
The contactor is mounted on rails in 
the lower part of the cell, immediately 
adjacent to the current transformers, 
which are bolted to a panel on the side 
of the enclosure. Spring loaded con-
tact jaws mounted on the contactor 
load terminals plug into the lower stab 
assembly (10), providing a convenient 
connection through the current trans-
formers to the motor (load) terminals 
mounted on the left-hand side wall 
of the enclosure. Instrument quality 
potential transformers (when furnished) 
are mounted to the right side sheet of 
contactor.

 

Figure 1. Section View of 400 Ampere Two-High Rollout Starters

Isolating Switch

Open Position

Spring Loaded
Door Interlock

Contactor Door
Interlock

Upper
Compartment Door

Type SLA Contactor

Low Voltage
Control Circuit Fuses

Closed Position

Isolating Switch

Medium Voltage
Control Power

Transformer Fuse

Lower
Compartment Door

Receptacle for
Test-Run Plug

Bus Enclosure

Main Horizontal
Bus Assembly

Upper Starter Line 
Terminals

Line Terminal Barrier 
and Shutter Assembly

Insulated 
Vertical Bus

Medium Voltage 
Power Circuit Fuses

Load Stab Assembly

Customer
Load Terminals are on 
Left Side of Enclosure

Lower Starter 
Line Terminals

Starter Enclosure

Load Stab Assembly

Type SLA Contactor
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Motor Starter (Ampgard) — 
Medium Voltage

 

Type SL 400 Ampere Vacuum Contactor Slide-Out

SL 200 Ampere and 400 Ampere 
Vacuum Contactors

 

Cutler-Hammer Type SL Vacuum 
Contactors were designed and 
engineered specifically for use 
in Ampgard Starters. They are 
self-supporting, compact, drawout, 
3-pole, dc magnet closed contactors. 
To permit application matching of 
the starter to the motor rating, the 
SL Contactor is available in 200 and 
400 ampere ratings.

SL Contactors are available in the 
standard slide-out configuration and 
optional rollout or narrow designs. 
Slide-out and rollout designs can 
be supplied in a 2-high configuration, 
with both the upper and lower contac-
tors fully rated up to 400 amperes 
enclosed. The narrow design is avail-
able as 1-high only and is fully rated 
at up to 400 amperes enclosed.

 

Design

 

Cutler-Hammer Vacuum Contactors are 
highly versatile, low-surge contactors 
that have been designed to meet all 
applicable NEMA

 

�

 

 standards and are 
UL

 

�

 

 recognized components. The 
contactors accommodate mechanical 
interlocks which function with the 
starter isolation switch and with other 
contactors. These interlocks provide 
unmatched safety and service 
protection.

The contactors consist of a molded 
frame with moving armature, magnet 
and vacuum interrupters. The contac-
tor is easily positioned into the starter 
and long-life vacuum interrupters pro-
vide many operations with a minimal 
maintenance program. The contactor 
design incorporates fuse holders for 
the load side of the current limiting 
main power fuses and provides for 
connection to the medium voltage side 
of the control power transformer (CPT). 
CPTs of up to 2 kVA capacity are 
mounted on the contactor. The SL 
operating coils are energized by a 
control board which provides a pulse-
width-modulated dc output. Control 
voltages and contactor dropout times 
are programmed using a DIP switch 
located on the control board. The con-
trol board is mounted in a protected 
cavity in the molded contactor frame 
to prevent inadvertent access to the 
voltage and dropout DIP switch. Four 
auxiliary contacts (2NO, 2NC) are 
supplied with each contactor and 
are wired to terminal blocks on the 
starter control panel.

The vacuum interrupters employ 
special main contact materials that 
exhibit a low chop current and have 
a limited ability to interrupt high fre-
quency currents. Ampgard contactors 
thus minimize switching surges. Surge 
protection is therefore not required 
due to the use of the vacuum contactor. 
Surge protection may be required 
for other reasons such as the high 
probability of lightning strike, etc.

 

Maintenance

 

Reduced maintenance is one of the out-
standing features of the Cutler-Hammer 
Vacuum Contactor line. The special 
contact material in the vacuum inter-
rupters provides long life even under 
severe operating conditions. The main 
coils operate with a very low tempera-
ture rise to maximize insulation life. 
Steel bearings on the main shaft 
provide long, trouble-free operation.

A simple go/no-go gauge for checking 
contact wear is included with each 
contactor. Wear can be checked 
without removing the contactor from 
the starter. The vacuum contactor is 
much lighter than previous generation 
airbreak contactors, which allows for 
easier insertion and removal from 
the starter structure.

Front View

Test 
Receptacle
and Plug

Pull Apart Terminal Blocks to
“Works-in-a-Drawer” Control Panel

Control
Transformer

Mounting for
Load Side
Main Power Fuses

3-Phase
Current
Transformer

Zero Sequence
Ground Fault Transformer

Rear View

400 Ampere
Vacuum Bottles
Rated 7200 Volts

Potential
Transformer

Contactor Load Side Cable
Connects to Termination on
Left-Hand Wall of Structure
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Motor Starter (Ampgard) — 
Medium Voltage

 

Type SL 400 Ampere Vacuum Contactor Rollout with Wheels and Load Fingers

 

400 Ampere Contactor Features — Front View 400 Ampere Contactor Features — Rear View

 

200/400 Ampere Slide-out

 

The slide-out version of the Cutler-
Hammer SL Contactor is supplied as 
standard for those applications requir-
ing a 200 or 400 ampere contactor. 
The contactor slides into the Ampgard 
structure on steel rails. Medium voltage 
cables connect the contactor load 
terminals to the lug landings for the 
motor load cables. A 3-phase current 
transformer, 3-phase potential trans-
former and ground fault current 
transformer are mounted on the contac-
tor when required. A set of pull-apart 
terminal blocks connects the contactor 
to the low voltage control panel.

The contactor is easily removed from 
the structure by removing three bolts 
securing the contactor load cables, 
one bolt in each of the two mounting 
rails, and one bolt connecting the 
isolating switch interlock arm.

 

Note: 

 

Each contactor supplied with a 
feeler gauge to check contact wear from 
front of starter.

 

200/400 Ampere Rollout

 

A rollout version of the SL Contactor 
is an available option. The rollout 
contactor is mounted on wheels and 
simply rolls into the Ampgard struc-
ture. Contactor load fingers engage a 
load stab as the contactor is inserted

into the starter cell. The contactor is 
held in position by a detent latch and 
can be easily removed by releasing the 
latch mechanism. The contactor can 
be removed from the starter without 
disconnecting any medium voltage 
cables or interlock mechanisms.

 

200/400 Ampere Narrow Design

 

A special 1-high narrow design is an 
available option. The contactor slides 
into the starter compartment and has 
pull-apart terminal blocks and isola-
tion switch-to-contactor interlocks 
similar to the slide-out design. The 
contactor includes load fingers like 
those on the rollout contactor. Current 
transformers are mounted in a special 
CT compartment above the contactor.

 

SJ 800 Ampere Vacuum Contactors

 

The 800 ampere contactor is a Cutler-
Hammer Type SJ and is available 
in rollout design only. It is a 1-high 
configuration and is rated at 720 
amperes enclosed. The dc main coil 
for the SJ is controlled in a conven-
tional manner with an economizing 
circuit mechanically actuated by an 
auxiliary contact. Control voltages 
and dropout times are not DIP switch 
selectable. Other features are similar 
to the Cutler-Hammer SL 400 
ampere rollout.

 

Front View

800 Ampere Vacuum Break Contactor 
7200 Volt Maximum Rollout with 
Wheels and Load Fingers

Power Control
Transformer

400 Ampere 
Vacuum Bottles
Rated 7200 Volts Self-Aligning

Contactor Load Fingers

Mechanism 
Visual Check to
Ensure Contactor
Completely 
Rolled In

Rollout 
Wheels

Phase 
Barriers

Mounting for 
Load Side 
Main Power Fuses

Mechanical Interlock
Interface to 
Isolation Switch

Test Receptacle 
and Plug
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Motor Starter (Ampgard) — 
Medium Voltage

 

Type LFR Mechanical Non-Loadbreak Isolating Switch

 

400 Ampere Isolation Switch — Side View 400 Ampere Isolation Switch — Front View 400 Ampere Isolation Switch — Rear View

 

LFR Isolation Switch

 

The Cutler-Hammer LFR drawout, 
lightweight, 3-pole, manually operated 
isolating switch is mounted on slide 
rails in the top of the enclosure. It may 
be easily removed by loosening two 
bolts in the front casting.

The component-to-component 
circuitry concept utilizes the current 
limiting fuses as part of the isolating 
switch. The switch fuse jaw is 
constructed so that firm pressure is 
applied to the fuse ferrule when the 
switch is in the ON position, yet also 
allows the fuse to be easily removed 
or inserted when the switch is open.

A positive mechanical interlock 
between the isolating switch and 
contactor prevents the isolating 
switch from being opened when the 
contactor is closed, and from being 
closed if the contactor is closed.

The isolating switch handle is 
designed to break off if the operator 
uses too much force in trying to open 
the non-loadbreak isolating switch 
when the contactor is closed.

To operate the isolating switch, the 
operating handle is moved through a 
180º vertical arc from the ON to the 
OFF position. In the ON and OFF 

position, a portion of the handle 
housing extends over the starter 
high voltage door, preventing the door 
from being opened. From the OFF 
position, the handle must be rotated 
90º counterclockwise to a horizontal 
service position which allows the 
high voltage door to be opened. When 
the high voltage door is open, a door 
interlock prevents the handle from 
being inadvertently returned to the 
OFF position. From the horizontal 
service position, the handle cannot be 
moved to the ON position without first 
moving to the vertical OFF position.

When the operating handle is moved 
from ON to OFF, copper fingers are 
withdrawn from incoming line stabs. 
As the fingers withdraw, they automat-
ically tilt up so they are visible above 
the top of the fuses when viewed 
from the front, and simultaneously 
grounded. At the same time as the 
fingers are withdrawn, a mechanically-
driven insulating shutter moves across 
the back barrier to prevent front access 
to the line connections. As the shutter 
slides into position, distinctive 
markings appear on the back barrier, 
making it easier to check the position 
of the fuses and barriers. Refer to 

 

Page 3

 

. 

 

800 Ampere Isolation Switch

Mechanical Interlock Between Isolation 
Switch and Contactor Slide-Out Design

Mechanical Interlock Interface 
to Rollout Contactor

Isolation Switch
Line Fingers

Side of Isolation Switch Forms
Barrier Between the High Voltage
and Low Voltage Control

Sliding Tray Interlocks
to Operate Shutter 
Mechanism

Mounting Area
for Key Interlocks
when Required
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Motor Starter (Ampgard) — 
Medium Voltage

 

Isolation Switch

 

ON Position

OFF Position

Handle Being Moved to Horizontal 
Service Position

Handle in Horizontal Service Position

 

Current Limiting Fuses

 

All Ampgard Starters use Cutler-Hammer 
Type CLS power fuses with time/cur-
rent characteristics for motor service. 
Type CLE power fuses are applied 
when the starter is used to feed a 
transformer. This characteristic is coor-
dinated with the contactor and over-
load relay characteristics to provide 
maximum motor/transformer utiliza-
tion and protection.

Interruption is accomplished without 
expulsion of gases, noise or moving 
parts. Type CLS/CLE fuses are mounted 
in a vertical position to ensure maximum 

rating reliability, proper operation and 
to eliminate the possibility of dust and 
dirt collecting, causing a short circuit. 
When a fault has been cleared, a plastic 
indicator in the top of the fuse, normally 
depressed, pops up to give visible 
blown fuse indication.

The control circuit primary fuses are 
also current limiting.

Blown fuses may be removed and 
replaced without removing or drawing 
out the contactor by using the fuse 
puller supplied with the lineup. 

 

Starter Fuse Removal

Blown Fuse Indicator

Blown Fuse Indicator

Double Barrel Fuses 
Used for 800 Ampere 
Starters

Control Transformer
Primary Fuses

Fuse Puller

Single Barrel Fuse for 
400 Ampere Starter.
Also Available in 
Double Barrel 
Configuration for 
Higher Horsepower
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Motor Starter (Ampgard) — 
Medium Voltage

 

Contactor-Fuse Coordination

 

The Ampgard Starter provides 
ensured coordination between its 
fuses, contactor, current transformers, 
protective relays, and the motor it 
is controlling.

One of the most critical coordination 
issues is between the contactor and its 
starter fuses. The fuses must interrupt 
faults greater than the interrupting 
rating of the contactor. The Ampgard 
400 ampere contactor has an 8-cycle 
dropout time factory setting as stan-
dard and will interrupt 8500 amperes. 
The maximum size fuse used in a 400 
ampere starter is a 450-24R. By com-
paring the fuse curve with the contac-
tor rating it can be observed that for 
faults greater than 8500 amperes, the 
fuse will open before the contactor. 
With faults less than 8500 amperes, 
the contactor may clear the fault 
before the fuse blows, depending on 
the settings of the protective relays. 
Refer to 

 

Figure 2

 

 for an illustration of 
Ampgard coordination.

Other vacuum contactors available 
today may have lower interrupting 
ratings than the Ampgard Type SL 
vacuum contactors. Dropout times 
also vary, and may be as short as 
two cycles on other starter designs. 
Lower interrupting ratings and shorter 
dropout times can result in fault cur-
rent levels where the contactor may 
be required to interrupt a fault greater 
than its rating. This can result in 
severe equipment failure. Refer to 

 

Figure 3

 

 for an illustration of 
an improperly coordinated starter.

Ampgard Starters also ensure coordi-
nation between other starter compo-
nents. The current transformers and 
protective relays are selected to work 
properly with each other, and to 
protect the motor. Protective relays 
like the Cutler-Hammer MP-3000 
provide optimal motor protection, 
while also rapidly opening the contac-
tor during fault conditions. This rapid 
opening signal cannot open the 
contactor in less than its set dropout 
time, but it will take the motor off-line 
in the shortest possible time. This will 
help minimize mechanical damage to 
the motor and may prevent the starter 
fuses from blowing by allowing the 
contactor to clear the fault (only if 
the fault is less than the contactor 
interrupting rating).

 

Figure 2. Proper Contactor Fuse Coordination Found in Ampgard Starter

Figure 3. Contactor Fuses that are not Properly Coordinated
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Contactor
Interrupting Rating

24R Fuse
Curve

Contactor
Dropout

Current

Ti
m

e
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Protection Considerations
Coordinated with the motor’s charac-
teristics, the protective devices in the 
Cutler-Hammer Ampgard Starter pro-
vide motor protection from overload 
to full system capacity faults.

The industry standard, bi-metallic 
overload relay provides motor protec-
tion against sustained overloads. The 
relay’s inverse time characteristic 
curve normally falls within the motor’s 
safe allowable stall heating curve. 
However, the particular application/
motor requirements should be 
reviewed to ensure both full utilization 
and proper protection of the motor. 
To be considered are excessive 
accelerating time, locked rotor stalled 
conditions, and varying load condi-
tions. Additional motor protection 
considerations are overtemperature, 
instantaneous overcurrent, ground 
fault and phase unbalance. Also, 
the load protection functions 
should also be reviewed.

Such relays as Groundgard, 
Resistance Temperature Detector, 
SVM-3, MP-3000, and IQ Meters can 
easily be factory installed. The use of 
multi-function relays that can be easily 
adjusted for each motor application 
ensures maximum motor utilization.

MP-3000 Motor Protective Relay 

Figure 4. Full Range Coordinated Protection Between Current Limiting Type CLS Fuses, 
Vacuum Contactor and Motor Protection Relay

Ultimate Trip

MP-3000 Motor Protection
Curve Programmed to
Follow Specific Motor
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Maximum Motor
Utilization

Controller Maximum
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Isolated Low Voltage Control (Works-in-the-Drawer)
Mounted on the right side of the enclosure, the low voltage control panel is completely isolated and barriered from 
high voltage and has a separate low voltage access door.

Low Voltage and High Voltage Compartments

The Device Panel, MP-3000 and DP-4000 all fit in this same 
size low voltage door cutout.

Isolated Low Voltage Control Panel

Low Voltage Panel Completely Extended

1/4 Turn Door Latch
Top and Bottom

MP-3000 
(When Specified)

Low Voltage 
Access Door

DP-4000 Meter
(When Specified)

Indicating Lights
Start/Stop
Pushbutton 
(When Specified)

Note: Isolation 
Switch Handle 
Mechanically 
Blocking High 
Voltage Door

Customer Terminal 
Block for Remote 
Control Connections

Predrilled Holes for Additional
Control Devices

Interposing Control Relay
DIN-Rail Mounted

Routing of Control Wire
in Wire Channel

Wiring is Protected Between 
Low Voltage Panel and Hinged 
Low Voltage Access Door

MP-3000 Rear View

Rear of 1/4 Turn Fastener

DP-4000 Meter Rear View

Indicating Lights and 
Pushbutton’s Rear View

Note: Low voltage door is hinged to 
slide out the control panel.
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Bus and Optional Features

Top View Main Horizontal Bus

Main Bus
When starters are grouped together in a 
lineup, a typical option is the main bus. 
The Cutler-Hammer Ampgard main 
bus is mounted in its own 10-inch 
(254.0 mm) high enclosure, which 
isolates it from the starter. The connec-
tion from the main bus to the starter is 
done with rigid vertical bus. Insulated 
barriers are provided for separate top 
entry of power and control cables. 
The main bus is top, side and front 
accessible, which allows for ease of 
maintenance or extension of lineup 
without disassembling the starters.

Main bus is available for 1000, 1200, 
2000 and 3000 amperes. Crossover bus, 
busway entry, and pull boxes are not 
available for the 3000 ampere design.

UL and CSA Certification
Ampgard Starters are designed, 
assembled and tested to meet all 
applicable standards: NEMA/ANSI 
ICS3, EEMAC E14-1, UL 347 and CSA� 
C22.2 No. 14. The major components 
i.e., contactor, isolating switch, fuses, 
MP-3000, IQ DP-4000, and IQ Analyzer 
are UL recognized.

UL or CSA labeling of a specific starter 
requires review to ensure that all 
requested modifications and auxiliary 
devices meet the appropriate stan-
dards. Refer to factory when specified.

Seismic Certification
Ampgard Starters are seismically 
tested, seismically qualified, and 
exceed requirements of both the 
Uniform Building Code� (UBC) and 
California Building Code Title 24.

ABS Certification
Cutler-Hammer Ampgard Medium 
Voltage Control assemblies have been 
certified under the ABS type approval 
program. ABS (American Bureau of 
Shipping) develops and verifies stan-
dards for design, construction and 
operational maintenance of marine-
related facilities. ABS Type Approval is 
a means of demonstrating compliance 
with specifications and recording the 
compliance in the ABS Web site. Amp-
gard is listed in the ABS publications 
and Web site. Ampgard may be used 
on board a vessel, MODU (mobile off-
shore drilling unit) or facility classed 
by ABS with two conditions:

1. The Ampgard assembly may not 
be used in the propulsion system.

2. The Ampgard assembly may not 
be placed on deck. 

The standard Ampgard assembly will 
be modified with grab rails, drip 
shields, insulated bus and wind 
latches for the doors to meet all the 
ABS requirements.

Other Optional Features
Ampgard Starters are available with 
a variety of accessories and modifica-
tions to satisfy a wide range of applica-
tion requirements. Some of the broad 
areas covered include:

■ Bus and cable entrance enclosures 
(see photos).

■ Transformers.
■ Power factor correction capacitors.
■ Operators and pilot devices.
■ Instruments and meters.
■ Control relays and timers.
■ Solid-state or selected electro-

mechanical protection devices.

Medium Voltage 
Conduit Area

Insulated Barrier to 
Separate Motor Load 
Cables from Main Bus

Low Voltage 
Conduit Area

Phase A

Bus Splice 
Plates

Vertical 
Bus Drops

Phase B

Phase C
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Incoming Line
Depending on the size and number of 
incoming cables, an incoming line 
enclosure may be necessary. Different 
designs are available for incoming 
power for top or bottom entry.

The addition of incoming line metering 
requires a 36-inch (914.4 mm) wide 
structure in lieu of a 26-inch (660.4 mm) 
wide structure.

Typical 26-Inch (660.4 mm) Wide Incoming Line Structure

Drawout Potential Transformers and Fuses
Drawout trunnion-mounted potential 
transformer design with fuses is 
available to meet specific application 
requirements or code regulations.

Drawout Potential Transformer and Fuses 
Mounted in a 36-Inch (914.4 mm) Wide 
Structure, Height 15 Inches (381.0 mm)

U-Shaped Copper 
Adapter can be Reversed 
for Bottom Entry

Bus and Lugs for Top 
Entry Incoming Power

Type LBS Loadbreak Switch
For application needs with loads rated 
600 or 1200 amperes at 2500, 5000 
and 7200 volts, Ampgard is available 
with the Type LBS loadbreak switch. 
This device, a 3-pole, manually oper-
ated, quick-make, quick-break switch, 
is used primarily as a disconnect 
switch in ac power systems. This 
switch is fixed mounted and will fit in 
one-half of a standard 90-inch (2286.0 
mm) high, 36-inch (914.4 mm) wide 
vertical structure. Power fuses up to 
450E amperes can be mounted within 
the half-high structure. Mechanical 
interlocks are incorporated so that the 
door cannot be opened when the 
switch is on, and when the door is 
open the switch cannot be closed. 
A safety screen is supplied behind 
the switch door. The Type LBS switch 
can be supplied with a total of four 
electrical interlocks.

Type LBS Load Break Switch Shown in Upper 
or Lower Half of 36-Inch (914.4 mm) Wide 
Structure, Height 45 Inches (1143.0 mm)

Type LBS Load Break Switch Shown with 
Safety Screen Removed
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Description
The Cutler-Hammer Main Breaker 
Ampgard (MBA) is a fully integrated 
metal-enclosed medium voltage Type 
VCP-W Drawout Vacuum Circuit Breaker 
that is bus connected (close-coupled) 
to Ampgard Medium Voltage Starters 
in a single integrated assembly.

Incoming Line Options
■ Cable: Maximum of six per phase, 

750 kcmil maximum, top or bottom 
entry.

■ Bus Duct: Top only, 1200, 2000 
or 3000 amperes. Standard Cutler-
Hammer 3-wire designs only.

■ Transformer Throat: Must be the 
standard design used by Eaton.

Standards
Main Breaker Ampgard is service 
entrance rated and is designed and 
built to meet the following standards 
where applicable:

■ NEMA ICS-1 and NEMA ICS-3, 
Part 2.

■ ANSI/IEEE C37.20.3.
■ UL 347 and UL 869A.
■ CSA C22.2, No. 31 and No.14.
■ EEMAC G8.2 and E14.1.

Listing/Certification
UL listing and CSA certification is
available, depending on the specific 
bill of material.

Ratings
■ 2300 – 6900 Vac systems 

(7200 Vac maximum), 3-phase.
■ 60 kV BIL impulse withstand rating.
■ ANSI interrupting ratings — 

250, 350 and 500 MVA.
■ Continuous current — 1200, 2000 

and 3000 amperes.

Main Breaker Ampgard — Breaker Connected

Main Breaker Ampgard — Breaker Withdrawn
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Requires Less Floor Space
■ Only 60 inches (1524.0 mm) deep, the integrated MBA 

design provides a bus system that directly connects to 
Ampgard Motor Starters, eliminating space-consuming 
transition sections. The reduced floor space requirements 
yield significant cost savings, particularly when installa-
tion in a prefabricated electrical house is required.

■ Back-to-back design provides for an increase in the 
number of starters without an increase in floor space.

Front/Side Accessible Connections
■ All connections requiring maintenance are front or 

side accessible.
■ Rear access space is not required.
■ An MBA (excluding back-to-back design) can be installed 

flush against the wall.

Circuit Breaker Rating Chart

Table 1. ANSI Standards — Type VCP-W Circuit Breakers Rated on
Symmetrical Current Rating Basis

Microprocessor-Based Devices
■ Cutler-Hammer FP-5000 and Digitrip� 3000 Overcurrent 

Protective Relays provide programmable circuit protec-
tion, information and operator conducted testing. 

Protection/Metering
■ Traditional 50/51/87 relays.
■ Ammeter/voltmeter (1%).

Communications
■ Cutler-Hammer PowerNet� communications provides 

for monitoring and controlling complete electrical 
distribution systems of those parts of a system 
selected by the operator.

Enclosures
■ The MBA is available in NEMA/EEMAC 1, 

NEMA/EEMAC 1G/1A, and NEMA/EEMAC 12 enclosures.

Seismic Qualified
■ The Main Breaker Ampgard is seismically tested, 

seismically qualified, and exceeds requirements of the 
Uniform Building Code (UBC), the California Building 
Code (CBC) and BOCA� National Building Code.

Top View of Front Aligned Integrated MBA. 
From Left to Right: Incoming Line, Main Breaker 
and Ampgard Starter Bus Compartments. The MBA 
Assembly Employs an Integrated Common Main Bus

Low Voltage Equipment Cell Compartment 
for Metering and Protection Devices

Side Panel Removed to Show Incoming 
Cable Connections

ANSI
Interrupting
Rating

MVA

Nominal
Voltage
Class

kV

Impulse
Withstand
Rating

kV Peak

Short Circuit
Current
at Rated 
Maximum kV
kA rms

Continuous
Current
at 60 Hz

Amperes

250 4.16 60 kV BIL 29 1200
2000
3000

350 4.16 60 kV BIL 41 1200
2000
3000

500 7.2 60 kV BIL 33 1200
2000
3000
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Synchronous Motor, Brush Type Solid-State Soft Sync Field Control
The synchronous motor starter 
includes the basic induction motor 
control in the bottom half of the struc-
ture. The synchronous control and 
protection function fit easily in the 
upper compartment.

The step down static excitation trans-
former is connected to the load side of 
the main contactor and is protected by 
its own current-limiting fuses.

The static exciter is an SCR type. Its dc 
voltage output is adjustable via door 
mounted potentiometer. Minimum 
setting is 50% of rated voltage.

The synchronous control board moni-
tors the induced field during accelera-
tion and energizes the dc rotor field at 
the optimum speed and rotor-stator 
pole relationship.

Solid-state, brush-type synchronous 
motor control includes the following 
protective features:

■ Locked rotor protection.
■ Incomplete sequence.
■ Failure to synchronize.
■ Fuse failure.

■ Pullout protection.
■ Field loss protection.

The motor windings are protected by 
the conventional induction motor 
control protection (thermal, MP-3000).

When ordering you must specify:

■ dc field amperes.
■ dc field volts.
■ Maximum induced field current 

rms at start (starting and discharge 
resistor amperes).

■ Starting and discharge resistor ohms.

Synchronous Motor Brush-Type Across-the-Line Starter

Screen Enclosed
Starting and 
Discharge Resistor

Shield Covered
Heat Sinks
of Variable
Static Exciter

Static 
Excitation and
Synchronizing 
Control

Adjustment
for Variable
dc Field 
Voltage

Basic High
Voltage Control

Static Exciter
SCR Type

Step Down
Transformer
for Static 
Excitation

Synchronizing
Control and 
Motor Field 
Protection

Low Voltage Control 
“Works-in-the-Drawer”
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Typical Wiring Diagram for Full Voltage FVNR Starter
 

Figure 5. Induction Motor Across-the-Line Starter Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD Module and 
Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Typical Wiring Diagram for Reduced Voltage Autotransformer RVAT Starter

Figure 6. Induction Motor Reduced Voltage Autotransformer Starter, Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD 
Module and Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Typical Wiring Diagram for Ampgard IT. Soft Start

Figure 7. Induction Motor Reduced Voltage Solid-State Starter, Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD 
Module and Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Technical Data

Type SL 200 Ampere Vacuum Contactor Ratings

Table 2. Type SL 200 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3600 Volts 3800 to 4800 Volts 6000 to 6900 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

 4.5 kA
  50 kA
200 MVA at 2400 Volts

 4.5 kA
  50 kA
285 MVA at 3300 Volts

 4.5 kA
  50 kA
400 MVA at 4600 Volts

 4.5 kA
  50 kA
570 MVA at 6600 Volts

Application Table
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

  800 hp
  800 hp
1000 hp
  750 kVA
  600 kvar

1100 hp
1100 hp
1250 hp
1000 kVA
  825 kvar

1500 hp
1500 hp
1750 hp
1500 kVA
1050 kvar

2250 hp
2250 hp
2750 hp
2000 kVA
1650 kvar

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 4500 Amperes

Rated Current 200 Amperes Enclosed

IEC Make-Break 
Capability-AC4
Make 4000 Amperes
Break 3200 Amperes

Short-Time Current
30 Seconds 2400 Amperes
1 Second 6000 Amperes
8.7 Milliseconds (.5 Cycle) � 63 kA Peak

Standard Service Altitude -1000 to +2000 Meters

Optional Service Altitudes -3500 to -1001 Meters
+2001 to +5000 Meters

Mechanical Life 2.5 Million Operations

Electrical Life 300,000 Operations

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 20 kV (1 Minute)

Closing Time (Energization 80 Milliseconds
to Contact Touch)

Opening Time 30 to 250 Milliseconds
(selectable)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
ac 110/120/220/240 (50/60 Hz)
dc 125

Control Circuit Burden
Closing (ac)/(dc) —
Holding (ac)/(dc) 30 VA

Auxiliary Contact Rating
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 125 VA
Breaking Capacity  (ac) 720 VA

 (dc) 125 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 125 Volts
(ac) 110/120 Volts

Minimum Trip Voltage 80% Rated Coil Voltage
Trip Burden
(24 Vdc) —
(125 Vdc) —
(110/120 Vac) —

Trip Time 30 Milliseconds

Weight 150 Lbs. (68 kg) (Rollout)
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Type SL 400 Ampere Vacuum Contactor Ratings

Table 3. Type SL 400 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3600 Volts 3800 to 4800 Volts 6000 to 6900 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

 8.5 kA
  50 kA
200 MVA at 2400 Volts

 8.5 kA
  50 kA
285 MVA at 3300 Volts

 8.5 kA
  50 kA
400 MVA at 4600 Volts

 8.5 kA
  50 kA
570 MVA at 6600 Volts

Application Table
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kvar

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kvar

3000 hp
3000 hp
3500 hp
3000 kVA
2100 kvar

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kvar

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 8500 Amperes

Rated Current 400 Amperes Enclosed

IEC Make-Break 
Capability-AC4
Make 4000 Amperes
Break 3200 Amperes

Short-Time Current
30 Seconds 2400 Amperes
1 Second 6000 Amperes
8.7 Milliseconds (.5 Cycle) � 63 kA Peak

Standard Service Altitude -1000 to +2000 Meters

Optional Service Altitudes -3500 to -1001 Meters
+2001 to +5000 Meters

Mechanical Life 2.5 Million Operations

Electrical Life 300,000 Operations

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 20 kV (1 Minute)

Closing Time (Energization 80 Milliseconds
to Contact Touch)

Opening Time 30 to 250 Milliseconds
(selectable)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
ac 110/120/220/240 (50/60 Hz)
dc 125

Control Circuit Burden
Closing (ac)/(dc) —
Holding (ac)/(dc) 30 VA

Auxiliary Contact Rating
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 125 VA
Breaking Capacity  (ac) 720 VA

 (dc) 125 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 125 Volts
(ac) 110/120 Volts

Minimum Trip Voltage 80% Rated Coil Voltage
Trip Burden
(24 Vdc) —
(125 Vdc) —
(110/120 Vac) —

Trip Time 30 Milliseconds

Weight 150 Lbs. (68 kg) (Rollout)
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Type SJ 800 Ampere Vacuum Contactor Ratings

Table 4. Type SJ 800 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Description SJ 25V830 SJ 33V830 SJ 50V830 SJ 72V830

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3300 Volts 3800 to 5000 Volts 6000 to 7200 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

  50 MVA
200 MVA at 2300 Volts

  50 MVA
285 MVA at 3300 Volts

  75 MVA
408 MVA at 4600 Volts

100 MVA
570 MVA at 6600 Volts

Interrupting Rating
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

  800 hp
  800 hp
1000 hp
2500 kVA
2400 kVAC

4000 hp
4000 hp
5000 hp
3500 kVA
3200 kVAC

5000 hp
5000 hp
6000 hp
4500 kVA
4000 kVAC

   8000 hp
   8000 hp
10,000 hp
   6000 kVA
   4800 kVAC

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 13200 Amperes

Rated Current 720 Amperes Enclosed
800 Amperes Open

IEC Make-Break 
Capability-AC4 Class 3
Make 8000 Amperes
Break 6400 Amperes

Short Time Current
30 Seconds 4320 Amperes
1 Second 10,800 Amperes
8.75 Milliseconds (.5 Cycle) � 86 kA Peak

Switching Frequency 1200/Hour

Mechanical Life 1 Million Operations

Electrical Life 250,000 Operations
At Rated Current

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 18.2 kV (1 Minute)

Closing Time (Energization 50 Milliseconds
to Contact Touch) (3.0 Cycles)

Closing Time (Energization 65 Milliseconds
to Armature Seal) � (3.5 Cycles)

Opening Time (De-energization 115 Milliseconds
to Contacts Separate) (7.0 Cycles)

Opening Time (De-energization 130 Milliseconds
to Full Open) � (8.0 Cycles)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
(ac)/(dc) 110/120 Volts (50/60 Hz)

125 Volts (dc)

Control Circuit Burden (Rated Volt)
Closing (ac)/(dc) 2600 VA/3000 VA
Holding (ac)/(dc) 50 VA/56 VA

Auxiliary Contact Rating (L-64)
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 200 VA
Breaking Capacity  (ac) 720 VA

 (dc) 200 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 48 Volts
(dc) 96 Volts
(ac) 110 Volts (50/60 Hz)
(ac) 220 Volts (50/60 Hz)

Tripping Voltage 80% Rated Coil Voltage
Tripping Burden
(24 Vdc) 1200 VA
(48 Vdc and 96 Vdc) 400 VA
(110 Vac and 220 Vac) 500 VA

Weight 210 Lbs. (95 kg)
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LBS Switch

Table 5. LBS Switch Ratings

� 1200 ampere rating is for NEMA 1 enclosure with vented covers. NEMA 3/12 rating (without vents) is 1000 amperes.

Main Breaker

Table 6. Available VCP-W Vacuum Circuit Breaker Types Rated on Symmetrical Current Rating Basis, Per ANSI Standards

� For reclosing service, there is No De-Rating necessary for the Cutler-Hammer type VCP-W family of circuit breakers. R = 100%. Type VCP-W breaker can 
perform the O-C-O per ANSI C37.09; O-0.3s-CO-15s-CO per IEC 56; and some VCP-Ws have performed O-0.3s-CO-15s-CO-15s-CO-15s-CO; all with no 
derating. Contact Eaton for special reclosing requirements.

� For 3-phase and line-to-line faults, the symmetrical interrupting capability at an operating voltage, Vo = (Rated Short Circuit Current)
But not to exceed KI.
Single line-to-ground fault capability at an operating voltage, Vo = 1.15  (Rated Short Circuit Current)
But not to exceed KI.
The above apply on predominately inductive or resistive 3-phase circuits with normal-frequency line-to-line recovery voltage equal to the 
operating voltage.

� 4000 ampere continuous rating is available for 5/15 kV. Contact Eaton for details.
� 3-cycle rating available.
� Tripping may be delayed beyond the rated permissible tripping delay at lower values of current in accordance with the following formula:

T (seconds) =Y

The aggregate tripping delay on all operations within any 30-minute period must not exceed the time obtained from the above formula.
� Non-standard breakers with high momentary rating available for special applications.
� Included for reference only.
	 Asymmetrical interrupting capability = “S” times symmetrical interrupting capability, both at specified operating voltage.
Note: Contact Eaton for capacitor switching, low inductive switching, and cable charging ratings.

Description Continuous and 
Break Current Amperes

Fault-Close
(Unfused) kA

Short-Time (2 Second)
Current kA

Fused Interrupting 
Rating (kA Symmetrical)

Switch with Internal Fuses
(450E Maximum at 5 kV,
350E Maximum at 7.2 kV)

  600 40 25 50

Switch with 600E and 750E Fuses
(5 kV Maximum)

1200 61 38 40

Switch with 1100E and 1350E Fuses
(5 kV Maximum)

1200 � 61 38 31.5

Unfused (7.2 kV Maximum) 1200 61 38 N/A

Identification Rated Values Related Required Capabilities � Asym-

metry

Factor

for

VCP-W

Breakers

Circuit

Breaker

Type

Nom.

Volt.

Class

Nom.

3-Phase

MVA

Class

Voltage Insulation Level Current Rated Transient

Recovery 

Voltage

Rated

Inter-

rupting

Time

Rated

Permis-

sible

Tripping

Delay

Rated

Reclos-

ing

Time

Rated

Max-

imum

Voltage

Divided 

By K

Current Values

Rated

Max-

imum

Voltage

Rated

Volt.

Range

Factor

Rated Withstand

Test Voltage

Rated 

Contin-

uous 

Current

at 60 Hz

Rated

Short 

Circuit

Current

(at 

Rated 

Max. 

kV)

Rated

Crest

Volt.

Rated

Time to

Crest

Maximum

Sym.

Inter-

rupting

Capability

3 Second

Short-

Time

Current

Carrying 

Capability

Closing and 

Latching

Capability 

(Momentary) �

Normal

Fre-

quency

1.2 x 50

µsec.

Impulse

K Times Rated 

Short Circuit 

Current � KI

1.6 K 

Times

Rated 

Short 

Circuit 

Current

1.6 K 

Times

Rated 

Short 

Circuit 

Current

kV

Class

MVA

Class

V

kV rms

�

K kV rms

kV 

Crest

�

Amps

�

I

kA rms

E2

kV 

Crest

T2

mS

�

Cycles

�

Y

Sec Cycles

V/K

kV rms kA rms kA rms

kA 

Crest

�

kA rms 

Assy.

	

S

50 VCP-
WND
250

4.16 250 4.76 1.24 19 60 1200 29   8.9 50 5 2 30 3.85 36 36 97 58 1.2

50 
VCP-W
250

4.16 250 4.76 1.24 19 60 1200
2000
3000

29   8.9 50 5 2 30 3.85 36 36 97
132 �

58
78 �

1.2

50 
VCP-W
350

4.16 350 4.76 1.19 19 60 1200
2000
3000

41   8.9 50 5 2 30 4.0 49 49 132 78 1.2

75 
VCP-W
500

7.2 500 8.25 1.25 36 95 1200
2000
3000

33 15.5 60 5 2 30 6.6 41 41 111 66 1.2

V
Vo

V
Vo

(K Times Rated Short Circuit current)
Short Circuit Current Through Breaker[ ]

2
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Table 7. VCP-W Breaker Stored Energy Mechanism Control Power Requirements

Table 8. Main Breaker Relays

Starter Fuse Information

Table 9. Fuse Coordination Recommendations 
— 400 Ampere Contactor

Table 10. Fuse Coordination Recommendations 
— 800 Ampere Contactor

Rated Control 
Voltage

Spring Charge Motor UV Trip 
mA (Maximum)

Voltage Range Ind. Light 
AmperesRun Amperes Time (Seconds) Close or Trip Amperes Close Trip

  48 Vdc
125 Vdc
250 Vdc
120 Vac
240 Vac

9.0
4.0
2.0
4.0
2.0

6
6
6
6
6

16
  7
  4
  6
  3

200
  80
  40
—
—

  38 – 56
100 – 140
200 – 280
104 – 127
208 – 254

  28 – 56
  70 – 140
140 – 280
104 – 127
208 – 254

.35

.35

.35

.35

.35

ANSI 
Number

Relay 
Type

Function

50/51
50/51N
50/51G

Digitrip 3000 Microprocessor overcurrent 
Multi-function, long, short, flat, It, I2t, I4t, phase and ground

27/47 — Undervoltage, phase sequence and unbalanced voltage

86 — Lockout

Minimum
FLA

Maximum 
FLA

Fuse 
Rating

CT 
Ratio

  10.0
  23.0
  31.2
  42.0

  22.9
  31.1
  41.9
  46.7

  70-2R
  70-2R
100-3R
100-3R

  25:5
  50:5
  50:5
  75:5

  46.8
  63.0
  74.8
  83.0

  62.9
  74.7
  82.9
  93.5

130-4R
150-5R
170-6R
170-6R

  75:5
100:5
100:5
150:5

  93.6
124.0
137.1
166.0

123.9
137.0
165.9
187.0

200-9R
200-9R
230-12R
230-12R

150:5
200:5
200:5
300:5

187.1
247.0
329.0
360.1

246.9
328.9
360.0
400.0

390-18R
450-24R
450-24R
450-24R

300:5
400:5
600:5
600:5

Minimum
FLA

Maximum
FLA

Fuse 
Rating

CT 
Ratio

200.0
250.1
330.1
500.0
650.1

250.0
330.0
499.0
650.1
720.0

450-24R
450-24R
650-36R
700-44R
700-44R

  300:5
  400:5
  600:5
  800:5
1000:5
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Layout Dimensions
Full Voltage Squirrel Cage Starters 
Catalog S/R/E210 Non-Reversing 
Catalog S/R/E310 Reversing

Equipment Details
Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ Drawout 3-pole gang-operated line 

isolating switch assembly with two-
direction driven isolating shutter, ex-
ternal operating handle interlocked to 
prevent opening the medium voltage 
compartment door until the isolating 
switch is open and grounded.

■ Vertically mounted current limiting 
power fuses with pop-up blown fuse 
indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks 

(2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors.

Specifications
Table 11. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating, maximum acceleration time is 3.5 seconds.
� At higher hp rating, maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions Add.
Starter
Spaces

Weight 
Lbs. (kg)Height

�
Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1350 (613)
1350 (613)
1700 (772)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1800 (817)
1800 (817)
2400 (1090)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1350 (613)
1350 (613)
1700 (772)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1500 (681)
1500 (681)
1800 (817)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

Dimensions for estimating purposes only.

Reversing Starter
■ One additional magnetic 3-pole vac-

uum contactor (duplicate of above), 
both contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium Voltage Door
■ One set of operating and mainte-

nance instructions.
■ Two renewal parts nameplates.

Mounted in the Low Voltage Section
■ Control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated, 
3-pole, hand reset

❑ One interposing control relay
■ Set of control circuit terminal blocks.

Figure 8. Starter Arrangements

M
M

Arrangement 1

Rvs

Fwd
Fwd

Rvs

Arrangement 2

Arrangement 3 Arrangement 4
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Figure 9. Arrangement 1 Detail (Full Voltage 400 Amperes) — See Table 12 for Notes

Figure 10. Arrangement 2 Detail (Full Voltage 800 Amperes) — See Table 12 for Notes

(TYP)

T1 T2 T3
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A
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24.62
(625.3)

30.00
(762.0)

4.38

6.50
(165.1) (292.1)

11.50
(292.1)

90.00
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10.00
(254.0)

(91.9)

6.25
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3.00
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1.50
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1.50
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31.12
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36.00
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36.00
(914.4)
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(419.1)

30.00

5.00
(127.0)

5.00

7.00
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(177.8)

1.20
(30.5)

1.00
(25.4)1.00

(25.4)
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Note K

36.00

26.00
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26.00

27.00
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1.60
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Figure 11. Arrangement 3 Detail (Full Voltage Reversing 400 Amperes) — See Table 12 for Notes

Table 12. Arrangement Detail Notes
Cable Notes
1
2
3
4

Line connection is designed for maximum of one 4/0 cable.
Line connection is designed for maximum of two 500 kcmil.
Load connection is designed for maximum of one 350 kcmil.
Load connection is designed for maximum of one 750 kcmil.

Arrangement Notes
A .875 diameter typical 4 holes. Mounting studs must extend a minimum of 2.50" above grade.

B High voltage conduit space, line and load for two-high starters, upper starter cable should enter in rear half of conduit space and lower starter 
should enter in front half of conduit space.

B1 High voltage conduit space, (line without main bus).

B2 High voltage conduit space, (incoming line connection).

C Low voltage conduit space for two-high starters control wiring for upper starter should enter in rear half of conduit space and lower starter 
control wiring should enter in front half of conduit space.

D Door dim's to open doors 90°. Auxiliary compartment door not applicable for two-high starters.

E High voltage conduit space, load.

F High voltage conduit space, line only.

G Low voltage conduit space only.

H For top entry load terminals located 32.50" from bottom of enclosure; for bottom entry load terminals located 18.00" from bottom of enclosure.

H1 For top entry load terminals located 76.00" from bottom of enclosure; for bottom entry 61.00" from bottom of enclosure.

H2 For top entry load terminals located 53.00" from bottom of enclosure; for bottom entry load terminals located 40.50" from bottom of enclosure.

H3 For top entry load terminals located 62.50" from bottom of enclosure; for bottom entry load terminals located 48.00" from bottom of enclosure.

H4 For top entry load terminals located 43.00" from bottom of enclosure; for bottom entry load terminals located 50.00" from bottom of enclosure.

J Load terminals located on left-hand side of enclosure.

J1 Load terminals located in reduced voltage enclosure on left-hand side.

K Maximum sill height 6.00" and maximum sill extension 3.00" for removal of contactor without lifting device.

L Line terminal for top cable entry.

M Line terminal for bottom cable entry.

X Steel bottom with removable lead plates.

Y Tolerances -0.0" +.25" per structure.

Z Conduits to extend a maximum of 2.00" into structure.

(TYP)
T1 T3

Load Term

A B C

Main
Bus

Note K

PH PH PH

Side View

Ground

Note J
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E

C
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E

Top View
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(165.1)
)

6.25
(158.8)
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(91.9)
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(76.2)

5.00

5.00
(127.0)

5.00
(127.0)

7.00
(177.8)

7.50

1.00
(25.4)

26.00
(660.4)

36.00
(914.4)

1.20
(30.5)

1.50
(38.1)

9.63
(244.6)

31.12
(790.4)

36.00
(914.4)

36.00

26.00
(660.4)

30.00
(762.0)

16.50
(419.1) 10.00

(254.0)

10.00
(254.0)

27.00
(685.8)

1.50
(38.1)

1.60
(40.6)

(292.1)

(111.3)

4.38
(111.3)

3.00
(76.2)

24.62
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(762.0)

10.00
(254.0)

90.00
(2286.0)70.20

(1783.1)

HV
Door

(Note D)
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Door

(Note D)

Aux. Compt.
Door
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Primary Reactor, Reduced 
Voltage Starters 
Catalog S/R/E510 Non-Reversing 
Catalog S/R/E710 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly 
with two-direction driven isolating 
shutter, external operating handle 
interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded.

■ One vertically mounted current 
limiting power fuse with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both 
contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and 

maintenance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated, 
3-pole, hand reset

❑ One adjustable pneumatic 
timing relay

Specifications
Table 13. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating maximum acceleration time is 3.5 seconds.
� At higher hp rating maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt. 
Figure 
No.

Dimensions Weight 
Lbs. (kg)Height

�
Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3300 (1498)
3300 (1498)
4650 (2111)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

Dimensions for estimating purposes only.

❑ Two interposing relays
❑ One current transition relay
❑ Incomplete sequence timer

■ One set of control circuit 
terminal blocks.

Reduced Voltage Structure
■ One magnetic 3-pole vacuum run 

contactor with dc operating 
coil and electrical interlocks.

■ Three current transformers.
■ Three screw-type load connectors.
■ One 3-phase starting reactor with 

50 – 65 – 80% taps.

Starting Characteristics
Table 14. Starting Characteristics

� Factory set on 65% tap.

Figure 12. Starter Arrangements

Starter
Type

%
Motor
Voltage

%
Motor
Current

% 
Line
Current

%
Torque

502 Reactor
80% Tap
65% Tap �
50% Tap

80
65
50

80
65
50

80
65
50

64
42
25

React React

R

Rvs

Fwd

R

React React

R

M
M

Arrangement 1 Arrangement 2

Arrangement 3 Arrangement 4

R

Rvs

Fwd
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Figure 13. Arrangement 1 Detail (Reduced Voltage, 400 Amperes) — See Table 12 for Notes

(TYP)

T1 T3

Load Term

A B C
Main
Bus

Note K

PH PH PH

Side View

Ground
Bus

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Floor Plan

Full Height
Door

(Note D)

Top View

E G

Note
C

Note
B1

Main Bus

Key Lock

6.50
(165.1)

11.50
(292.1)

11.50
(292.1)

24.62
(625.3)

30.00
(762.0)

40.20
(1021.1)

Note

90.00
(2286.0)

36.00
(914.4)

30.00
(762.0)

19.00
(482.6)

9.50
(241.3)

10.50
(266.7)

36.00
(914.4)

36.00
(914.4)(914.4)

23.00
(584.2)

6.50
(165.1)

5.00
(127.0)

1.20
(30.5)

36.00
(914.4)

26.00
(660.4)

26.00
(660.4)

16.50
(419.1)

(190.5)

7.50

7.00
(177.8)1.70

27.00
(685.8)

10.00
(254.0)

10.00

5.00

1.00
(25.4)

1.00
(25.4)

36.00
(914.4)

10.00
(254.0)

6.50
(165.1)

4.38
(111.3)

3.00
(76.2)

3.62
(91.9)

3.00
(76.2)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)6.25

(158.8)

9.63
(244.6)

9.63
(244.6)

31.12
(790.4)

HV
Dooror

(Notee D)D
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Reduced Voltage 
Autotransformer Starters
Catalog S/R/E610 Non-Reversing
Catalog S/R/E810 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly 
with two-direction driven isolating 
shutter, external operating handle 
interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded.

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current limiting 
fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both 
contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and mainte-

nance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control relay panel on slide 

rails with:
❑ One adjustable thermal overload 

relay, temperature compensated, 
3-pole, hand reset

❑ One current transition relay
❑ One incomplete sequence relay
❑ Three interposing relays

■ One set of control circuit terminal 
blocks.

Specifications
Table 15. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating, maximum acceleration time is 3.5 seconds.
� At higher hp rating, maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating 
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions No.
of
Struc-
tures

Weight
Lbs. (kg)Height 

�
Width Depth

2200 – 2400 Volts Non-Reversing

  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

2200 – 2400 Volts Reversing

  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

4000 – 4800 Volts Non-Reversing

1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

4000 – 4800 Volts Reversing

1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

7200 Volts Non-Reversing

2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

7200 Volts Reversing

2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

3
3
4

3650 (1657)
3650 (1657)
5650 (2565)

Dimensions for estimating purposes only.

Reduced Voltage Structure(s)
■ One magnetic 3-pole vacuum run 

contactor with dc operating coil and 
electrically and mechanically inter-
locked with the starting contactor.

■ One magnetic 2-pole vacuum start 
contactor with dc operating coil and 
electrical interlocks.

■ Three current transformers.
■ Three screw-type load connectors.
■ One open delta starting autotrans-

former with 50 – 65 – 80% taps.
■ Three distribution class lightning 

arresters for high voltage stress pro-
tection on the transformer zero tap.

Starting Characteristics

Table 16. Starting Characteristics

� Factory set on 65% tap.

Figure 14. Starter Arrangements

Starter
Type

%
Motor
Voltage

%
Motor
Current

% 
Line
Current

%
Torque

602 Autotransformer
80% Tap
65% Tap �
50% Tap

80
65
50

80
65
50

67
45
28

64
42
25

R

S

M

S

Auto

R

M

Arrangement 1 Arrangement 2

Arrangement 3 Arrangement 4

S

Auto

R
Fwd

Rvs

S

R Fwd

Rvs

Auto

Auto
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Figure 15. Arrangement 1 Detail (Reduced Voltage, 400 Amperes) — See Table 12 for Notes

(TYP)

T1 T3

Load Term

A B C
Main
Bus

Note K

PH PH PH

Side View

Ground
Bus

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Floor Plan

Full Height
Door

(Note D)

Top View

E G

Note
C

Note
B1

Main Bus

Key Lock

6.50
(165.1)

11.50
(292.1)

11.50
(292.1)

24.62
(625.3)

30.00
(762.0)

40.20
(1021.1)

Note

90.00
(2286.0)

36.00
(914.4)

30.00
(762.0)

19.00
(482.6)

9.50
(241.3)

10.50
(266.7)

36.00
(914.4)

36.00
(914.4)(914.4)

23.00
(584.2)

6.50
(165.1)

5.00
(127.0)

1.20
(30.5)

36.00
(914.4)

26.00
(660.4)

26.00
(660.4)

16.50
(419.1)

(190.5)

7.50

7.00
(177.8)1.70

27.00
(685.8)

10.00
(254.0)

10.00

5.00

1.00
(25.4)

1.00
(25.4)

36.00
(914.4)

10.00
(254.0)

6.50
(165.1)

4.38
(111.3)

3.00
(76.2)

3.62
(91.9)

3.00
(76.2)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)6.25

(158.8)

9.63
(244.6)

9.63
(244.6)

31.12
(790.4)

HV
Dooror

(Notee D)D
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Full Voltage Synchronous Starters 
Brush Type Mark V Solid-State
Catalog S/R/E241 Non-Reversing
Catalog S/R/E341 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly with 
two-direction driven isolating shutter. 
External operating handle interlocked 
to prevent opening the medium volt-
age compartment door until the iso-
lating switch is open and grounded.

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer
(115-volt secondary).

■ Two CPT primary current limiting 
fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors 

reversing starter.

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both contac-
tors are mechanically and electri-
cally interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and mainte-

nance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated 
3-pole, hand reset

❑ One interposing relay
❑ One set of control circuit 

terminal blocks

Specifications
Table 17. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� Starting and discharge resistors are mounted on top, add 13 inches (330.2 mm) to the height.
� At higher hp rating maximum acceleration time is 3.5 seconds.
� At higher hp rating maximum acceleration time is 6 seconds.

Horsepower 
at .8 PF
�

Horsepower 
at 1.0 PF

Volts Cont-
actor
Amp.
Rating
(Encl.)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions No. 
of
Struc-
tures

Weight
Lbs. 
(kg)

Height 
��

Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

  900/1000 �
1750/2000 �
3500

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1500 (681)
1500 (681)
2350 (1067)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

  900/1000 �
1750/2000 �
3500

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

1500/1750 �
3000/3500 �
6000

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1550 (704)
1550 (704)
2350 (1067)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

1500/1750 �
3000/3500 �
6000

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

2500/2750 �
5000/5500 �
10,000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1700 (772)
1700 (772)
2500 (1135)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

2500/2750 �
5000/5500 �
10,000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

Dimensions for estimating purposes only.

Mounted in the Upper Compartment 
or Auxiliary Structure

■ One brush-type solid-state Mark V 
field panel with:

Mounted on Door

❑ One ac line ammeter, panel type
❑ One dc field ammeter, panel type
❑ One exciter field potentiometer
❑ One set of externally ventilated 

heatsinks

Mounted on Inside Compartment

❑ One step-down exciter 
transformer 3-phase

❑ One “SCR” power supply panel
❑ One synchronous control board
❑ Three “MOV” surge protection
❑ One field loss current relay
❑ One ammeter shunt
❑ One set of control circuit blocks
❑ Three primary fuses
❑ Three secondary fuses

Mounted on Top of Starter

❑ One starting and field discharge 
resistor

Figure 16. Starter Arrangements
� When the field panel requirement exceeds 

88 amperes at 125 Vdc or 44 amperes at 
250 Vdc, an auxiliary structure 36 inches 
(914.4 mm) wide is required.

� Mounting location of exciter transformer 
when field panel requirement exceeds 
88 amperes at 125 Vdc or 44 amperes at 
250 Vdc. Otherwise compartment is blank.

Field
Panel

�M

Str. & Disc. Res.

Arrangement 1

M

Arrangement 2

Fwd

RVS

Arrangement 3 Arrangement 4

Str. & Disc. Res.

Str. & Disc. Res. Str. & Disc. Res.

�
Field
Panel

�

Field
Panel Fwd

RVS

Field
Panel

� �
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Figure 17. Arrangement 1 Detail (400 Amperes, Synchronous) — See Table 12 for Notes

(TYP)

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Ground
Bus

Side View

PHPH
Main
Bus

CBA

Load Term
Note J

T3T2T1

Main Bus

Floor Plan

Top View
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10.00
(254.0)

90.00
(2286.0)

6.50
(165.1)

3.62
(91.9)

6.50
(165.1) 11.50

(292.1)

4.38
(111.3)

3.00
(76.2)

4.38
(111.3)

11.50
(292.1)

Note

40.20
(1021.1)

Note K 24.62
(625.3)

30.00
(762.0)

30.00
(762.0)

1.50
(38.1)

1.50
(38.1)

1.20
(30.5)

1.00
(25.4)1.00

(25.4)

9.63
(244.6)

6.25
(158.8)

1.60

5.00
(127.0)

7.50
(190.5)

7.00
(177.8)

5.00
(127.0)

5.00
(127.0)

31.12
(790.4)

3.00
(76.2) 36.00

(914.4)

36.00
(914.4)

36.00
(914.4)
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(254.0)

10.00
(254.0)

16.50
(419.1) 27.00

(685.8)

HV
Dooroor

(Note D)e D)D
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Ampgard IT. Soft Start
The 400 ampere Ampgard IT. Soft Start 
requires one full height structure 
with a full voltage starter in the upper 
compartment bus connected to a soft 
start truck assembly in the lower com-
partment. The soft starter includes 
internal fault protection and some 
built-in basic motor protection. The 
standard assembly includes an MP-3000 
motor relay for motor protection.

Why is soft starting desirable?
■ Eliminate water hammer in 

hydraulic systems.
■ Eliminate shock to your mechanical 

components.
■ Avoid coupling and shaft damage.
■ Prevent rotor and winding failure.
■ Stop drive belt squeal and breakage.
■ Prevent water hammer in pipes.
■ Soft stop the pump motors.
■ Reduce pressure so valves

close gently.
■ Avoid the surge wave.
■ Reduce peak starting currents.
■ Eliminate voltage drop on

motor start.

Ratings
■ 2300 – 4800 Vac grounded systems.
■ 60 kV BIL impulse rating.
■ Continuous current: 200 and 

400 amperes.

The Ampgard IT. Soft Start is recom-
mended for application only on power 
systems that are solidly grounded 
or resistance grounded. Ungrounded 
systems are not recommended.

Industry Standards
The Ampgard IT. Soft Start is designed 
and built to meet all applicable indus-
try standards including UL listing as 
a complete assembly.

■ NEMA ICS3 – 93.
■ UL 347.
■ CSA.
■ EEMAC E14-1.
■ Manufactured in an ISO� 9001 and 

ISO 14001 certified facility.

Starting Characteristics 
The soft start controller provides 
a number of selectable starting 
characteristics as standard:

Kick Start
Provides an initial boost of current to 
overcome motor and system inertia.

Ramp Start
Operator sets the initial starting 
torque value then raises the torque to 
full voltage.

Current Limit
Limits the maximum starting current. 
Used in long start time applications 
and motor protection applications.

Soft Stop
Provides extended coast to rest time. 
Used in high friction load applications 
where a sudden stop may cause 
system damage.

An optional pump control algorithm 
provides a special S shaped torque 
curve that can eliminate water 
hammer in hydraulic systems.

Ampgard IT. Soft Start

Full Voltage
Starter Cubicle

MP-3000 Relay

Soft Start 
LV Control 
Compartment

Drawout
SCR Truck

SCR Truck Door 
Interlocked with 
Starter Door
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Settings are selected via DIP switches 
on the operator interface located 
behind the low voltage door on the 
lower compartment.

Lower Compartment Low Voltage Door

CIM Operator Interface

The pole units include an integrated 
run contactor and are rated 2500 
volts per set. One set is required for 
systems up to 2500 volts and two sets 
in series are required for systems up 
to 5000 volts.

2500 Volt Pole Unit

Pole units are mounted in a easy 
to remove rollout truck assembly.  
Maintenance can be performed with 
the truck on a bench away from the 
starter cubicle.

SCR Truck Removal

Rollout SCR Truck

How IT. Works
1. Industry exclusive integral run 

contactor dramatically reduces 
overall size of starter.

2. Run contactor is open, all current 
passes through the SCRs and 
voltage is reduced per program 
requirements.

3. After full start is complete, the run 
contactor closes then the SCRs are 
turned off (closed transition).

4. The SCRs are on only a short 
time therefore no MCC venting 
or cooling is required.

5. Because the run contactor never 
sees the in-rush current, it is sized 
only for full load amperes.

An optional bypass truck is available 
that will allow full voltage starting in 
case of emergency.

Bypass Truck
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Reduced Voltage Solid-State 
Squirrel Cage Starters 
Non-Reversing

Equipment Details

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ Drawout 3-pole gang-operated 

line isolating switch assembly 
with two-direction driven isolating 
shutter, ex-ternal operating handle 
interlocked to prevent opening the 
medium voltage compartment door 
until the isolating switch is open 
and grounded.

■ Vertically mounted current limiting 
power fuses with pop-up blown 
fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks 

(2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors.
■ Withdrawable SCR truck with 

integral bypass contactor.

Dimensions for estimating purposes only.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and 

maintenance instructions.
■ Two renewal parts nameplates.

Mounted in the Low Voltage Section
■ Control panel on slide rails with:

❑ One MP-3000 motor 
protection relay

❑ One interposing control relay
■ Set of control circuit terminal blocks.

Mounted in Lower Door
■ 24 Vdc power supply.
■ Soft start control module and CIM.
■ Status lights for soft starter fault and 

bypass mode.
■ Fault reset button.

Figure 18. Starter Arrangement

Specifications
Table 18. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� Maximum acceleration time is 180 seconds. Consult factory for times beyond 180 seconds.

Horsepower
�

Volts SCR/
Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions Add.
Starter
Spaces

Weight 
Lbs. (kg)Height Width Depth

2200 – 2400 Volts Non-Reversing
1500/1750 � 2300 400 200,000 1 100 (2540) 36 (914.4) 30 (762) 1 2000 (908)

4000 – 4800 Volts Non-Reversing
2500/3000 � 4600 400 400,000 1 100 (2540) 36 (914.4) 30 (762) 1 2000 (908)
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Figure 19. Arrangement Detail (400 Amperes Reduced Voltage Solid State) — See Table 12 for Notes

N
O

T

Ground
Bus

Load Term
Note J

T2

4.38
(111.3)

3.00
(76.2)

4.38
(111.3)

11.50
(292.1)

24.62
(625.3)

30.00
(762.0)

PHPHPH Bus
CBA

10.00
(254.0)

90.00
(2286.0)

6.50
(165.1)

3.62
(91.9)

6.50
(165.1)

11.50
(292.1)

83.00
(2108.2)

Note K

6 7

In Door
Compt
Control

21

MP3000

RVSS
Truck

Assembly

1C

1F

1

5

36.00
(914.4)

Shipping Section #1
Approx Weight 1900#

Note C

Side View

2.5

(TYP)

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Main Bus

Floor Plan

Top View

Note
E

Note
G

Note
A

B

30.00
(762.0)

1.50
(38.1)

1.50
(38.1)

1.20
(30.5)

1.00
(25.4)

9.63
(244.6)

6.25
(158.8)

1.60
(40.6)

5.00
(127.0)

7.50
(190.5)

7.00
(177.8)

5.00
(127.0)

31.12
(790.4)

3.00
(76.2) 36.00

(914.4)

36.00
(914.4)

36.00
(914.4)

26.00
(660.4)

26.00
(660.4)

10.00
(254.0)

16.50
(419.1) 27.00

(685.8)

HV
Dooroor

(Note D)e D)D

7.50
(190.5)

1.00
(25.4)
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Incoming Line/PT Layouts — Dimensions in Inches (mm)
When ordering you must specify:

■ Field data.
■ dc field amperes.
■ dc field voltage.
■ Starting and discharge resistor ohms and amperes.
■ Options.
■ dc voltmeter.
■ Other modifications.

Figure 20. Incoming Line — 26-Inch (660.4 mm) Wide

Figure 21. Incoming Line — 36-Inch (914.4 mm) Wide

Figure 22. Incoming Line with PTs — 36-Inch (914.4 mm) Wide

30
(762.0)

Bottom View

Conduit
Area

Conduit
Area

Maximum 4-750 kcmil/phase

Front View

30
(762.0)

2323
(584.2)584.2

22
(558.8)58.8

2323
(584.2)584 2

6.256.25
(158.8)58 8

Top View

26
(660.4)

26
(660.4)

26
(660.4)

1.63
41.4)(41.(4

Conduit
Area

Conduit
Area

Maximum 4-750 kcmil/phase

30
(762.0)

Bottom ViewFront View

30
(762.0)

36
(914.4)

36
(914.4)

Top View

36
(914.4)

22
(558.8)558.

6.256.25
(158.8)58.8

3333
(838.2)838.2

3333
(838.2)838 2

Maximum 2-500 kcmil/phase

33
PT

LA

30
(762.0)

Bottom ViewFront View

30
(762.0)

36
(914.4)

36
(914.4)

3232
(812.8)812 8

3232
(812.8)812 8

110
(254.0)54.

110
(254.0)54.

Top View

36
(914.4)
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Main and Tie LBS Switch Layouts  — Dimensions in Inches (mm)

Figure 23. Incoming Line from Bottom, Lineup Either Direction Figure 24. Incoming Line from Top, Lineup to the Left

Maximum Fuse
450 Amperes

Floor Plan

L1, L2, L3

Line Conn.

Main Bus 10
(254.0)

3.62
(91.9)

Ph A Ph B Ph C LV CND
SP

Gnd. Bus

HV CND SP
Line

Line
Term.

Note: Distances
shown are those
required to open
doors 90°

Maximum Line Cable 750 kcmil 2 Per Phase

Basis of Preformed Stress Cones 14 (355.6) Long

90
(2286.0)

31
(787.4)

36
(914.4)

Top View

36
(914.4)

26
(660.4)

Side View

Front View

30
(762.0)

24.62
(625.3)

3 (76.2)

26.5
(673.1)

9.5
(241.3)

6.5 (165.1)
Typ.

11.5
(292.1)

1100 and 1350 Ampere
Main Fuse (Typ.)

Main Bus
Ph A Ph B Ph C

Gnd. Bus

24.62

Note: Distances
shown are those
required to open
doors 90°

CND
SP

CND
SP

Line Term.
L1, L2, L3 Line

Term.

Maximum Line
Cable 750 kcmil
2 Per Phase

Basis of Preformed
Stress Cones
14 (355.6) Long

Top View Floor Plan

30
(762.0)

Side View

Front View

36
(914.4)

3.62
(91.9)

10
(254.0)

90
(2286.0)

11.5
(292.1)

30
(762.0)

24.62
(625.3)

3 (76.2)

6.5 (165.1)
Typ.

26
(660.4)
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Main and Tie LBS Switch Layouts (Continued) — Dimensions in Inches (mm)

Figure 25. Incoming Line from Bottom, Lineup to the Right

Figure 26. Tie Switch

Figure 27. Incoming Line from Top, Lineup to the Right

Figure 28. 1- and 2-Feeder Switches

1100 and 1350 Ampere
Main Fuse (Typ.)

LV CND
SP

HV CND SP
Line

Main Bus
Ph A Ph B Ph C

Gnd. Bus

24.62

Line
Term.

L1, L2, L3

Line Conn.

Note: Distances
shown are those
required to open
doors 90°

Maximum Line
Cable 750 kcmil
2 Per Phase

Basis of Preformed
Stress Cones

Top View Floor Plan

30
(762.0)

Side View
Front View

36
(914.4)

3.62
(91.9)

10
(254.0)

90
(2286.0)

11.5
(292.1)

30
(762.0)

24.62
(625.3)

3 (76.2)

36
(914.4)

36
(914.4)

6.5 (165.1)
Typ.

26
(660.4)

9.5
(241.3)

26.5
(673.1)

Top View

Floor Plan

Space For
Metering and/or
Protective
Devices Only

Main Bus

Key
Lock

Ph A Ph B Ph C LV CND
SP

Gnd. Bus

24.62

Note: Distances
shown are those
required to open
doors 90°

Side ViewFront View

3.62
(91.9)

10
(254.0)

90
(2286.0)

11.5
(292.1)

24.62
(625.3)

3 (76.2)

36
(914.4)

36
(914.4)

36
(914.4)

6.5 (165.1)
Typ.

36
(914.4)

26
(660.4)

36
(914.4)

1100 and 1350 Ampere
Main Fuse (Typ.)

Note: Distances
shown are those
required to open
doors 90°

Main Bus
Ph A Ph B Ph C

Gnd. Bus

24.62

Line
Term.

CND
SP

CND
SP

Line Term.
L1, L2, L3

Maximum Line
Cable 750 kcmil
2 Per Phase

Basis of Preformed
Stress Cones

Top View Floor Plan

30
(762.0)

Side View

Front View

36
(914.4)

3.62
(91.9)

10
(254.0)

90
(2286.0)

11.5
(292.1)

30
(762.0)

24.62
(625.3)

3 (76.2)

36
(914.4)

36
(914.4)

9.5
(241.3)

6.5 (165.1)
Typ.

26
(660.4)

750E
Max.
Fuse

Side
View

36
(914.4)

30
(762.0)

450E
Max.
Fuse

450E
Max.
Fuse

36
(914.4

2-Feeder Switch
450E Maximum Fuse

1-Feeder Switch
750E Maximum Fuse

Common Side View

)
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Main Breaker Ampgard — Dimensions in Inches (mm)

Figure 29. Front View — Main Breaker Ampgard

Figure 30. Plan View — Main Breaker Ampgard

CPT
Compartment

Low Voltage
Equipment Cell
Compartment

Bus

Ampgard
Starter

PT Disconnect CPT Disconnect

Incoming Line 
Compartment

Main Breaker
Compartment

Ampgard
Starter

10.0
(254.0)

90.0
(2286.0)

26.0
(660.4)

36.0
(914.4)

36.0
(914.4)

Incoming
Line

Section

Main
Breaker
Section

Ampgard
Starters

26
(660.4)

36
(914.4)

36
(914.4)

30
(762.0)

60
(1524.0)

NEMA is the registered trademark 
and service mark of the National 
Electrical Manufacturers Association. 
UL is a federally registered trademark 
of Underwriters Laboratories Inc. 
Uniform Building Code (UBC) is a 
trademark of the International Confer-
ence of Building Officials (ICBO). 
BOCA is a registered trademark of 
Building Officials and Code Adminis-
trators International, Inc. CSA is a 
registered trademark of the Canadian 
Standards Association. National Elec-
trical Code and NEC are registered 
trademarks of the National Fire 
Protection Association, Quincy, Mass. 
ISO is the registered trademark and 
sole property of the International 
Organization for Standardization. 
Cutler-Hammer is a federally regis-
tered trademark of Eaton Corporation.
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CIRCUIT BREAkER-Control Switches

CIRCUIT BREAkER-Control Switches

Depth Behind Panel: 5.4”
Handle: Pistol-Grip, Spring-Return 
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
1 5
2 2
2 7
3 3
3 7
4 3
4 7

1 1 1
1 4
2 1
2 6
3 2
3 6
4 2
4 6

NA
T

2
3

NA
C

CL
OS

E

4

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 7
2 2
2 6
3 8
4 8
5 3
5 7

1 1 2
1 6
2 1
2 5
3 1
4 1
5 2
5 6

NA
T

NA
C

CL
OS

E

3

PU
LL

-TL

2
4

5

BREAKER CONTROL

CLOSETRIP

BREAKER CONTROL

CLOSETRIP

pull to
  lock

BREAKER CONTROL

CLOSETRIP

pull to
  lock

Depth Behind Panel: 4.7” 
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

Depth Behind Panel: 6.9”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
2 3
2 7
3 5

2
1 1
2 2
2 6
3 1

NA
T

1

NA
C

CL
OS

E

3

PU
LL

-TL

Universal Circuit
Depth Behind Panel: 6.2”
Handle: Pistol-Grip, Spring-Return 
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 71 1 2

1 6

NA
T

2
3
4
5

NA
C

CL
OS

E

2 8
2 5

2 1
2 4

3 2
3 6

3 1
3 5

4 3
4 7

4 2
4 6

5 2
5 6

5 1
5 5

BREAKER CONTROL

CLOSETRIP

BREAKER CONTROL

CLOSETRIP

pull to
  lock

Universal Circuit
Depth Behind Panel: 8.0” 
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POSITION

DE
CK

S

TR
IP

1 3
1 71 1 2

1 6

PU
LL

-T-
L

NA
T

2
3
4
5
6

NA
C

CL
OS

E

2 8
2 5

2 1
2 4

3 4
3 8

3 3
3 7

4 2
4 6

4 1
4 5

5 3
5 7

5 2
5 6

6 2
6 6

6 1
6 5

Note: Decks 1 & 3 are  
make-before-break Note: Decks 3 & 4 are

make-before-break

CIRCUIT BREAkER-Control Switches

Note:  Contacts 11-12 &
15-16 connected  internally
in normal position

AppLIcAtIon SpEcIfIc SWItcHES
SErIES 24 And SErIES 31 rotAry SWItcHES

Depth Behind Panel: 4.7”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 4
1 7
2 2
3 3
3 7

1

NA
T

15-16

NA
C

1 2

2 1
3 2
3 6

CL
OS

E

3
2

BREAKER CONTROL

CLOSETRIP

Depth Behind Panel: 4.7”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
1 7
2 2
2 6
3 3
3 7

1 1 1
1 6
2 1
2 5
3 2
3 6

NA
T

2
3

NA
C

CL
OS

E

BREAKER CONTROL

CLOSETRIP

Depth Behind Panel: 5.4”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS POS.

DE
CK

S

TR
IP

1 8
1 7
2 2
3 3
3 7
4 2
4 6

1 1 1
1 6
2 1
3 2
3 6
4 1
4 5

NA
T

3
4

2

NA
C

CL
OS

E

BREAKER CONTROL

CLOSETRIP

Order # 
Series 24 = 2443D includes NP 18B-2B23

Order # 
Series 24 = 2444D includes NP 18B-2B23

Order # 
Series 24 = 2445D includes NP 18B-2B23

Order # 
Series 24 = 2446D includes NP 18B-2B23

Order # 
Series 24 = 2450D includes NP 19C-3B33

Order # 
Series 24 = 2452D includes NP 19C-3B33

Order # 
Series 24 = 2457D includes NP 18B-2B23

Order # 
Series 24 = 2458D includes NP 19C-3B33
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ELECTROSWITCH CONTROL SWITCH RELAYS

Circuit A  
One to Three Second Time Delay with No Anti-Pumping Circuitry

Circuit A
One To Three Second Time Delay With No 
Anti-Pumping Circuitry - Not Recommended Where SCADA 
Timing Sequence is Greater Than Three Seconds.

Circuit A has a factory adjustable time delay that holds the CSR in the commanded position for 
1 to 3 sec. The command contact closure time should be greater than 100 msec and less than 
the time delay setting (to avoid pumping). This circuit is not recommended for applications 
where the SCADA timing sequence is greater than three seconds as it will cause pumping.

BREAKER CONTROL

CLOSETRIP

nat = normal after TRIP
nac = normal after CLOSE

Contact Chart

Series 24 CSR ORDERING INFORMATION
The circuit breaker control switch relays 
include an engraved nameplate, mechanical 
target, and pistol-grip handle. Circuits 50, 52 
and 58 also have a Turn-To-Latch position. 
Also included are the control circuits previously 
explained. 

CSR Control Switch Relays have the same 
flexibility of design as the Series 24 line of 
Instrument and Control Switches and are 
available with all the different contact  
configurations expected from this type of 
switch. Refer to switch section for details. 

Series
88 = Series 24 CSR Voltage

C  = 48VDC
D = 125VDC

CSR Circuit
A = 1-3 Sec. Time Delay
B =  1 Sec. Time Delay
       Seal-in-Relay 
C = Up to 15 Sec. Time Delay
       Hold-in-Resistor

38 = 2438D
40 = 2440D
41 = 2441D
42 = 2442D

43 = 2443D
44 = 2444D
45 = 2445D
46 = 2446D

50 = 2450D
52 = 2452D
57 = 2457D
58 = 2458D

Switch Contacting
(see page 17)

No of 
Decks 

1
2
3
4
5
6

Standard
Config. 

6.5
7.1
7.9
8.6
9.0
9.7

With 
Slip Contacts 

7.9
8.6
9.0
9.7
10.5
11.0

DEPTH BEHIND PANEL (DIM X)
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Integrated Racking Mechanism

Addendum to  6055-30 (Masterclad™ 5–15 kV Indoor 
Switchgear), 6055-40 (Masterclad™ 27 kV Indoor 
Switchgear), and 6055-62 (Masterclad™ 5–15 kV Arc 
Resistant Switchgear) /

Instruction Bulletin

6055-62B
06/2017

Retain for future use.



Instruction Bulletin 6055-62B — 06/2017

Integrated Racking Mechanism
Addendum to  6055-30 (Masterclad™ 5–15 kV Indoor Switchgear), 
6055-40 (Masterclad™ 27 kV Indoor Switchgear), and 
6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Retain for future use.

© 2017 Schneider Electric All Rights Reserved
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed”
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/


Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Integrated Racking Mechanism 6055-62B 

Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

Schneider Electric and Square D are trademarks and the property of 
Schneider Electric SE, its subsidiaries, and affiliated companies. All other trademarks 
are the property of their respective owners.
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Features & Applications
•  Made with same material as CHANCE line hose
•  Nonconductive cover may help prevent flashover on 

ball studs installed in enclosed switchgear, switchyards 
or substations

•  Cover is not intended for personnel protection and 
should not be considered as insulative cover-up 
equipment

•  Resilient ozone/corona-resistant thermo-plastic 
elastomer does not absorb water

•  Special formulation resists aging/checking and retains 
high-visibility orange color

•  Snap-fit keeps cover in place

Grounding Stud Cover  – fits onto 1" ball studs of Apparatus Grounding Clamps above

Long stud shank accepts 
most types of grounding 
clamps

Socket clamps provide 
multi-angle attachment of 
grounds

*Long Ball Stud T6002364  3" nominal shank length
Weight, each: 3⁄4 lb. / 0.3 kg.

Clamp C6002300 with
pressure terminal______

for plain-plug ferrule 
on #2 to 4/0 ground-

ing cable

Clamp C6002100
Drilled for 5⁄8-11 UNC 

threaded ferrule
or

Clamp C6002101
 Tapped for 5⁄8-11 UNC 

threaded ferrule______
for threaded stud ferrule 

on #2 to 4/0 
grounding cable

*Standard
Ball Stud C6002102

Weight, each:
1⁄2 lb. / 0.2 kg.

*Ball studs do not interchange with system on page 3016.

•  For restricted-space applications and as a truck-
grounding system, this compact design delivers a high-
current rating usually associated with only large clamps

•  Applies to a wide range of switching equipment, 
including:

 o Industrial metalclad gear
 o Substations – indoors and out
 o Distribution – overhead and underground
•  For trucks, a *ball stud permanently mounts on each 

body
•  For three-phase livefront set, see page 3017
•  Two clamp styles and three ball stud lengths adapt to 

many applications
•  Clamp bodies, eyescrews and *ball studs are bronze 

alloy
•  Tin-plated ball studs have nominal 1"-diameter ball 

and stud to fit NEMA terminal pads
•  Lockwasher and nut are silicone bronze
•  ASTM Designation of Type I, Class A, Grade 5 for any of 

these clamps is met if associated grounding-cable sets 
are fitted with 5⁄8" copper ferrules as on page 3021

•  IEC Rating at 15 cycles of 35 kA for C6002100 and 
T6002320

Fault Current Ratings 43,000 Amps — 15 cycles
   30,000 Amps — 30 cycles

Recommended Installing Torques:
Eyescrew 250 inch-pounds *Ball Stud 300 inch-pounds

21⁄8"
(1⁄2-13UNC)

41⁄4"

113⁄16"

7"

23⁄4"
(1⁄2-13UNC)

315⁄16"

Clamp T6002320
 Tapped for 5⁄8-11 UNC 

threaded ferrule______
for threaded stud ferrule 

on #2 to 4/0 
grounding cable

Weight, each clamp on this page: 1 lb. / 0.5 kg.

5⁄8" dia. shank

•  5⁄8"-I.D. loop at top 
permits hot-line 
tools to “pop” it on 
and off

•  CHANCE silicone 
lubricant C4002320 
or C4170287 may 
ease installation 
and removal

• Not an insulated 
Cover

3.3"

      1"
 internal threads (1⁄2-13UNC)

5⁄8" dia. shank

Ball-and-socket design for multiple uses

Apparatus Grounding Clamps

*Female-Thread
Ball Stud T6002867

5⁄8" dia. shank

Weight, each:
1⁄2 lb. / 0.2 kg.

11⁄2"

Catalog No. Description Weight
C4060416 Grounding Stud Cover 1 oz. / 28 g.

melzi
Highlight

melzi
Highlight
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Mechanical:

* Sections: 1 Active

* Positions: 2   Shaft will spring return to the

  center (rest)  position (See Truth Table)

*Type Acton: Non-Shorting

* Detent type: Section 1 - Spring Return

* Indexing: 45° positive detent

* Rotational Life: 65,000 operations

Materials and Finishes:

* Rotors and Stators: Thermoset Plastic, UL 94VO

* Rotor contacts:  Phosphor bronze

* Stator contacts: Silver plated copper, screw type

* Terminal hardware: silver plated brass

* Exterior Metal: Steel with zinc chromate finish

* Knob: thermoset phenolic

SMITHFIELD, NC 27577  USA
308 COMPONENTS DRIVE

2641D 125VDCAXC308 COMPONENTS DRIVE
SMITHFIELD, NC 27577  USA

SHALLCO SERIES 26
Part Number:  2641D 125 VDCAXC
General:

Meets requirements for 1 - 25 ampere switching of

resistive loads to .75 power factor at voltages to

600 V AC and 250 V DC resistive loads

Electrical: 15A/600  VAC

                     20A/600  VAC (RES)

                     25A/120  VAC

                       3A/125  VDC

                  1A/250 VDC

* Current carrying capacity: 25 amperes

* Dielectric Withstanding Voltage: 2200 Vrms

* Contact Resistance: Initial, 10 milliohms max.

* Insulation Resistance: 100 Megohms min., initial

*Switch is supplied with a lighted escutcheon plate

 Input Voltage: 125 VDC

 Wiring: As Shown

RRR

MOUNTING HOLE

DETAIL

REV. A
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• Poly-View System™ technology 
enables viewing in the visual, UV and 
shortwave, midwave and longwave   
IR spectrums

• Fixed And Stable Transmission (FAST)
• Clear pharmaceutical-grade optics
• Unconditionally guaranteed against 

transmission loss for accurate        
qualitative and quantitative analysis

• Durable, fully impact-resistant
• Available in 2”, 3” and 4” sizes (actual 

viewing area)
• Manufactured from non-conductive UL 

94 plastics insulated to 30kV/mm
• Easy-Grip™ stainless steel cover 
• Reinforcing grills comply with IP2x 

standard for safe maximum hole size 
and fail-safe design

• Fitting templates and instructions 
included

Specifications

Materials
Window Housing and 
Cover

UL 94 5VA Nylon (switchgear-grade plastic); 
-40°C (-40°F) to 273°C (523°F); Easy-GripTM stainless steel cover

Optic UL 746 compliant, visual, UV and IR transmissive polymer;  
-40°C (-40°F) to 325°C (617°F)

Reinforcing Grill Aluminum coated with UL 94 5VA Nylon; -40°C (-40°F)  
to 273°C (523°F)

Gaskets UL 94 5VA TPE; -40°C (-40°F) to 273°C (523°F)

Hardware 316 stainless steel

Model Body Diameter Window Diameter Assembly Thickness
VPT-50 9.1 cm (3.6 in) 5.1 cm (2.0 in) 2.6 cm (1.0 in)

VPT-75 12.1 cm (4.8 in) 7.6 cm (3.0 in) 2.6 cm (1.0 in)

VPT-100 15.1 cm (5.95 in) 10.2 cm (4.0 in) 2.6 cm (1.0 in)

Dimensions

Other
Useful Temperature Rating -40°C (-40°F) to 200°C (392°F)

Water and Dust Ingress IP65 / NEMA 4: closed and when in use

VPT Platinum Series Feature:

Certifications:

• Certified by UL (USA) &  cUL 
(Canada) to the following standards:
- 50V
- 50E
- 746C:  Impact and Flammability
- 1558: Impact and Load   
 Resistance
- 508A; ANSI 508A

• IEEE C37 20.2.a.3.6: Impact and Load
• IP65 / NEMA 4
• Lloyds of London Type Approval 
• American Bureau of Shipping (ABS)
• BSI Quality ISO 9001 Certified System
• CSA C22.2 No. 14-13
• DNV (Det Norske Veritas) P261.1E      

Maritime, Vessel and Offshore                  
Applications

• Visual
• UV
• Shortwave IR
• Midwave IR
• Longwave IR

18-1020-0000-Rev.D

VPT Platinum Series 

An evolutionary step in infrared (IR) windows, the     
Platinum Series VPT utilizes our exclusive 
Poly-View System™ technology to allow the 
use of any thermography camera to monitor 
energized electrical equipment.

The world’s only clear polymer IR window 
optic enables visual inspections, traditional IR 
inspections utilizing cameras across the entire 
IR spectrum and allows for UV inspections to be 
performed with a corona camera.

The Platinum Series VPT IR windows are industrial- 
grade with a patented reinforced grill that exceeds 
high voltage switchgear viewing pane standards.

Poly-View System™

First and Only Round Transparent 
Polymer IR Window

Protected by our unconditional lifetime warranty

Caution: The dimensions listed above are not installation dimensions. Do NOT cut prior to receiving your IRISS 
window and installation template.

melzi
Highlight
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Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Construction
 0.104 In. carbon steel.
 Concealed hinges.
 Single-Door Single Access.
 Removable and interchangeable doors.
 Flange trough collar around all sides of door opening.
 Seams continuously welded and ground smooth.
 Lifting eyes for easy handling.
 Black zinc die cast keylocking/padlocking handle.
 3-point latching mechanism.
 Latch rods have ramp shoes for easier door closing.
 Removable print pocket provided on door.
 Mounting channels welded horizontally on sides of interior body at top,
bottom and middle for mounting optional panels or rack mounting angles.
 Pour in place oil & water resistant gasket.
 Ground stud on door and body.
 Provisions for light kits.
 Holes plugs provided to seal holes in bottom of enclosure.

Application
Designed to house a variety of electrical and electronic controls and
instruments. Provisions for optional surface mounting or rack mounting of
almost any type of equipment. Provides protection from dust, dirt, water
and oil. For outdoor application a drip shield and drain holes are required.
The enclosures are extra deep for applications requiring more interior
space.

For Details about the Design, Performance Expectations, Applications and
Design Suggestions - See Design Considerations
www.saginawcontrol.com/instman/considerations.pdf

Finish
ANSI-61 gray powder coat inside and out. Optional sub-panels are powder
coated white.

Industry Standards - (IS3)
 NEMA Type 3R, 12 and Type 13
 UL Listed Type 3R and 12
 CSA Type 3R and 12
 IEC 60529
 IP 55

Notes
Part numbers that contain the letter "EL" that are over 30 inches wide have
additional latches on the center of the door top and bottom.

Special Instructions apply for IS3, IS4 and IS6 to maintain the
environmental rating of Type 3R for these parts. Instructions are located
on the enclosure door. Drip shield is required on IS3, drip shield is
recommended on IS4 and IS6. Drain holes are required on all.

Accessories Included
SCE-HS2S Hole Seal, 2 Inch Square

Optional Accessories
SCE-13ELJEXPP Pocket, Exterior Print
SCE-19ELJEXPP Pocket, Exterior Print
SCE-20RMW Wireway, Removable
SCE-60P36F1 Subpanel, Full
SCE-60P36F2 Subpanel, Half
SCE-7236SOF19 Frame, Swing Out Rack Mounting
SCE-72FSHDPS Panel Support Heavy Duty
SCE-72P36F1 Subpanel, Full
SCE-72P36F1GALV Subpanel, Full Galvanized
SCE-72P36F2 Subpanel, Half
SCE-72SMP14 Subpanel, Side Mount
SCE-72SMP20 Subpanel, Side Mount
SCE-72SP36F3 Panel, Swingout Full
SCE-72SP36F4 Panel, Swingout Half
SCE-90P36F2 Subpanel, Half
SCE-BVK Breather Vent
SCE-DS36N4 Shield, Drip
SCE-FS1212 Shelf, Folding
SCE-FS1818 Shelf, Folding
SCE-FS2424 Shelf, Folding
SCE-LF18 Fixture, LED Light
SCE-LF18NO Fixture, LED Light w/o Outlet
SCE-RD7236FS Door, Replacement

Similar Part Numbers
SCE-603624FSFS Enclosure
SCE-60EL2418FSEL FS Enclosure
SCE-723618FSFS Enclosure
SCE-723624FSFS Enclosure
SCE-723636FSFS Enclosure
SCE-72EL2418FSEL FS Enclosure
SCE-72EL2424FSEL FS Enclosure
SCE-72EL3018FSEL FS Enclosure
SCE-72EL3024FSEL FS Enclosure
SCE-72EL3624FSEL FS Enclosure

Installation Information
 Drip Shield Kit Assembly
 Folding Shelf Hole Pattern
 Removable Wire Cover
 Heavy Duty Panel Supports - In Single Door FS Enclosure
 Rack Mounting Angles
 Swing-Out Full Panel
 Swing-Out Rack Mounting Frame
 Swing-Out Half Panel
 LED Light Fixture
 Hole Seal
 Free-Standing Single-Door Single Access Accessories
 Free Standing Single Door Single Access Enclosure
 Design Considerations When Specifying Your Enclosure
 Design Considerations When Specifying Your Enclosure

SCE-723630FSSCE-723630FS

Product Specifications:
Part Number: SCE-723630FS
Description: FS Enclosure
Height: 72.00"
Width: 36.00"
Depth: 30.00"
Price Code: A2
List Price: $1,991.32
Catalog Page: 134
Est. Ship Weight: 423.00 lbs
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Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Application
Panels for single-door enclosures, can be positioned anywhere along the
horizontal mounting channels. Mounting hardware is included. Made of
heavy gauge steel and powder coated white. GALV panels made of
galvanized steel.

GALV Part numbers are Galvanized.

Industry Standards - (IS17)
 NEMA Not Applicable
 UL Not Applicable
 CSA N/A

Accessories Included
SCE-FSPS6 Kit, FS Panel Support

Similar Part Numbers
SCE-60P24F1Subpanel, Full
SCE-60P36F1Subpanel, Full
SCE-60P36F1GALVSubpanel, Full Galvanized
SCE-72P24F1Subpanel, Full
SCE-72P30F1Subpanel, Full
SCE-72P30F1GALVSubpanel, Full Galvanized
SCE-72P36F1GALVSubpanel, Full Galvanized

Installation Information
 Individual Panel Supports

SCE-72P36F1SCE-72P36F1

Product Specifications:
Part Number: SCE-72P36F1
Description: Subpanel, Full
Height: 60.00"
Width: 32.00"
Depth: 0.88"
Price Code: p3
List Price: $287.42
Catalog Page: 148
Est. Ship Weight: 67.00 lbs

https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P30F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1GALV
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1GALV
https://www.saginawcontrol.com/instman/043.PDF
https://www.saginawcontrol.com/instman/043.PDF


           THIS PAGE LEFT BLANK



Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Construction
 0.104 In. Carbon Steel.

Application
Panels are available full length and half length and can be mounted on
either side of the enclosure. Panels have 0.104" carbon steel support
frames and concealed hinges to allow the panel to swing completely out of
the enclosure. Mounting hardware is included. Made from heavy gauge
carbon steel.

Finish
Powder coated white.

Industry Standards - (IS17)
 NEMA Not Applicable
 UL Not Applicable
 CSA N/A

Similar Part Numbers
SCE-72SP24F3Panel, Swingout Full
SCE-72SP30F3Panel, Swingout Full

Installation Information
 Swing-Out Full Panel

SCE-72SP36F3SCE-72SP36F3

Product Specifications:
Part Number: SCE-72SP36F3
Description: Panel, Swingout Full
Height: 60.00"
Width: 30.81"
Depth: 0.85"
Price Code: P2
List Price: $596.35
Catalog Page: 149
Est. Ship Weight: 99.00 lbs

https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/instman/FSOP-INSTMAN.pdf
https://www.saginawcontrol.com/instman/FSOP-INSTMAN.pdf
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1.13 MANUFACTURER’S INSTRUCTIONS 
 

 
No SD-08 Manufacturer’s Instructions submittals required in Section 26 11 13.00 19. 
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TERMS AND CONDITIONS/WARRANTY



 
Standard Terms and Conditions of Sale 

 
 
1. Contract Terms 

These Standard Terms and Conditions of Sale (“Conditions of Sale”) shall apply to any purchase or procurement of 
Products or Services by the legal entity procuring such Products or Services (“Purchaser”) from the legal entity of the 
Schneider Electric division that provided the proposal or is selling the Products and Services (“SE”). To the extent that 
there is a conflict between these Conditions of Sale and a valid signed master agreement between the Purchaser and 
SE, the specific conflicting terms of the master agreement shall prevail. To the extent that there is a conflict between 
these Conditions of Sale and another set of SE terms and conditions issued to the Purchaser as part of the proposal or 
quotation process, the specific conflicting terms of the proposal or quotation document shall prevail. Any other variation 
from these Conditions of Sale shall require the signed consent of an authorized SE representative. 

2. Prices 
Unless otherwise stated in an applicable quotation or proposal, all prices are subject to change without notice. In the event 
of a net price change and unless otherwise agreed to in writing, prices for orders scheduled for immediate release shall be 
those in effect at time of order entry. Prices for orders placed for future shipment without an agreed price and ship date will 
be billed at the pricing in effect as of the shipment date. All clerical errors are subject to correction 

Services Assumptions: SE’s work estimates are based on work performed during normal work hours (8 hours) between 
the hours of 06:00 and 18:00 local time, Monday to Friday, holidays excepted. Unless specified in writing the following 
are chargeable in addition to base rates: overtime or premium hours, travel costs, specialized tools and test goods, 
utility shutdowns, any delays or site issues not caused by SE, additional trips for postponement or delay. No on-site 
orientation, safety training, work required for site specific requirements is included in a quotation unless expressly 
specified by SE. Current rates are in SE’s then current SE Field Services Demand Labor Rates document. Field 
specialists bill a 4-hour minimum charge for travel where Services are performed in less than 4 hours, and an 8-hour 
minimum charge for Services otherwise. 

3. Taxes 
Unless otherwise set out in SE’s proposal or quotation, prices do not include taxes, duties or any other governmental 
levies, all of which are payable by Purchaser. Except as may be otherwise provided in the relevant Purchase Order, the 
price excludes all present or future sales taxes, revenue or excise taxes, value-added taxes, import and export duties 
and any other taxes, surcharges or duties now existing or hereafter imposed by governmental authorities upon 
equipment and/or services quoted by SE. The Purchaser shall be responsible for all such taxes, duties and charges 
resulting from these Conditions of Sale or any associated purchase. SE is required to impose taxes on orders and shall 
invoice the Purchaser for such taxes and/or fees according to applicable law, statutes, or regulations, unless SE 
furnishes the Purchaser at the time of order with a properly completed exemption certificate(s) acceptable to the 
authorities imposing the tax or fees. Any changes in foreign exchange rates, sales taxes, customs tariffs or other taxes 
shall be chargeable to the Purchaser. 

4. Terms of payment 
Terms are net 30 days from date of invoice. Late payments will be subject to interest charges at the rate of two percent 
(2%) per month. Invoices for pro-rata payments become due on the date of shipment. If at Purchaser’s request, shipments 
are delayed beyond the scheduled date, payments for the Products and Services completed to date will be invoiced to 
the Purchaser, as a percentage of the total Purchase Order price when SE was originally prepared to ship. Products held 
for the Purchaser shall be at the risk and expense of the Purchaser. If completion of Services is delayed more than 30 
days after originally scheduled delivery date and not caused solely by SE, SE reserves the right to ship all Products to 
the Purchaser who will accept responsibility for Products including payment. Failure to pay any applicable payment on its 
due date shall automatically cause all installment amounts to become payable and in addition to SE’s other lawful 
remedies, SE reserves the right to suspend or cancel the PO. If Purchaser fails to pay SE for the Products and Services, 
SE reserves the right to file in its sole discretion any liens, charges, security interests, or similar encumbrances against 
the applicable property, building, land, or Products and Services and Purchaser consents to such filings and registrations. 

5. Delivery and Schedule 
Dates for delivery, schedule, or execution for Services or Products set out on a Purchase Order are subject to confirmation 
by SE and until such confirmation may change solely based on SE’s circumstances. All confirmed dates are based on the 
prompt receipt by SE of all required information enabling achievement of such dates and SE reserves the right to change 
such dates in the event additional information is necessary or other information was not provided. 
 
DISCLAIMER: The Purchaser acknowledges that the products or part thereof are produced in, or otherwise sourced from, 
or will be installed in areas already affected by, or that may be affected in the future by, the prevailing COVID-19 
epidemics/pandemic and that the situation may trigger stoppage, hindrance or delays in SE’s (or its subcontractors) capacity 
to produce, deliver, install or service the products, irrespective of whether such stoppage, hindrance or delays are due to 
measures imposed by authorities or deliberately implemented by SE (or its subcontractors) as preventive or curative 
measures to avoid harmful contamination exposure of SE’s (or its subcontractors’) employees. The Purchaser therefore 
recognizes that such circumstances shall be considered as a cause for excusable delay not exposing SE to contractual 
sanctions including without limitation, delay penalties, liquidated or other damages or termination for default. 
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6. Risk of loss 

Unless otherwise specifically agreed by the Parties, the Products are delivered Ex Works (Incoterms 2010) and the risk 
of loss or damage shall pass to the Purchaser upon collection of the Products by the first carrier at SE’s premises, plants 
or warehouses. Delivery of Products by SE will be deemed to be made to the Purchaser upon obtaining a signed receipt 
from the carrier showing receipt of the Products in good order. Title passes on full payment. 
 

7. Substitutions 
SE may furnish suitable substitutes for Products unobtainable because of priorities or regulations established by 
governmental authority or non-availability of materials from suppliers, provided such substitutions do not adversely 
affect the technical soundness of the Products. SE assumes no liability for deviation from published dimensions and 
descriptive information not essential to proper performance of the Products. 

8.      Shortage  
Claims for shortages or errors must be submitted to SE within 30 days after invoice date, and failure to give such notice 
shall constitute unqualified acceptance and a waiver of all such claims by the Purchaser. 

9. Installments 
SE reserves the right to make shipments in installments, unless otherwise expressly stipulated in a specific Purchase 
Order; and all such installments when separately invoiced shall be paid for when due per invoice without regard to 
subsequent shipments. Delay in shipment of any installment shall not relieve Purchaser of its obligation to accept 
remaining shipments. 

10. Force Majeure 
SE will be excused from and not be liable for any non-performance of a Purchase Order if such delay or non-
performance is due to any cause beyond the reasonable control of SE, or which SE could not reasonably foresee or 
reasonably provide against, and which prevents SE from carrying out the terms of the Purchase Order. This includes 
but is not limited to the following: war, revolution, insurrection or hostilities (whether declared or not), riot, economic 
upheaval, civil commotion or uprising, flood, earthquake, tempest, hurricane, lightning or other natural disaster; fire or 
explosion; strike, lockout or other industrial disturbance whether at SE or one of its suppliers; sabotage, accident, 
embargo, car shortage, wrecks or delays in transportation, non-delivery of materials or order or action of government 
authority. Any delay resulting from such cause shall extend the date of delivery accordingly. SE reserves the right to 
cancel a Purchase Order, if in its opinion such circumstances threaten or cause extended delay in the performance 
thereof. 

11. Standard Warranty 

SE warrants: 
(a) Products manufactured by SE under its own brands and supplied by SE as part of the Purchase Order, if any, 

against defects in material and workmanship of those Products arising under normal use for a period of 12 
months from the date of commissioning or 18 months from the date of shipment from SE, whichever occurs 
first. 

(b) Services performed by SE’s personnel as part of the Purchase Order, if any, will be performed by qualified 
personnel with care, skill and diligence, in accordance with the applicable generally accepted standards 
recognized by the industry for a period of 12 months from the date of invoice. 

Exclusive Warranty Remedies:  In the event of any warranty covered defects or deficiencies in Products in subsections 
(a) above, or Services in subs. (b) above, the sole and exclusive obligation of SE shall be to re-perform the Services, or 
repair or replace the defective Products or part of the Products, at SE’s sole discretion. Such warranty coverage is 
contingent on Purchaser providing prompt notification to SE once such defect or deficiency is reasonably apparent to 
Purchaser. 
Exclusions & Limitations: This warranty shall not apply (a) to Products not manufactured by SE, (b) Services not provided 
directly by SE, (c) to Products or Services that has been repaired or altered by anyone other than SE so as, in SE’s 
judgment, affects the same adversely, (d) Seller’s conformance with Buyer’s design of the Products or Software; or (e) to 
Products or Services that appear to be subjected to negligence, accident, or damage by circumstances beyond SE’s 
control, or improper any non-SE operation, maintenance or storage, or to other than normal use or service. The foregoing 
warranties do not cover reimbursement for labor, transportation, removal, installation, temporary power, or any other 
expenses that may be incurred in connection with repair or replacement. THESE WARRANTIES, CONDITIONS, AND 
EXCLUSIONS ARE EXCLUSIVE AND IN LIEU OF ALL OTHER EXPRESS OR IMPLIED WARRANTIES, CONDITIONS, 
REPRESENTATIONS AND GUARANTEES (EXCEPT WARRANTIES OF TITLE), INCLUDING, BUT NOT LIMITED, TO 
IMPLIED WARRANTIES OF MERCHANTABILITY, MERCHANTABLE QUALITY, AND FITNESS FOR A PARTICULAR 
PURPOSE. EXCEPT AS MAY BE PROVIDED IN WRITING BY SE, SE SHALL NOT BE SUBJECT TO ANY OTHER 
OBLIGATIONS OR LIABILITIES WHATSOEVER THAN AS STATED ABOVE WITH REGARD TO PRODUCTS AND 
SERVICES SOLD BY SE TO PURCHASER. 
Non-SE Products or Services: With respect to Products not manufactured by SE, or Services provided by non-SE 
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providers, the warranty obligations of SE shall in all respects conform and be limited to the warranty actually extended 
to SE by such non-SE supplier. 

12. Return of Products 
No Products may be returned without first obtaining SE’s written permission and a returned material identification tag. 
Returned Products must be of current manufacture, in the original packaging, unused, undamaged and in saleable 
condition. Returned Products must be securely packed to reach SE without damage and labeled with the return 
authorization number. For any returns, SE will be pay the carrier and deduct the freight charges from the credit unless if 
returns result from SE error, freight charges will be paid by SE. Any cost incurred by SE to put Products in first class condition 
will be charged to the Purchaser. Returns must originate from the original Purchaser account number. Returns will be 
credited at the original price paid as indicated on the invoice or Purchase Order associated to the Products being returned 
as provided by the Purchaser. If no invoice number or Purchase Order number is provided, then credit will be issued based 
on the into stock price in effect 12 months prior to date of return authorization and will also have an additional 25% 
processing fee applied. SE Products, which are listed in the current product list as returnable and which are accepted for 
credit, not involving a SE error, shall be assessed a restocking fee of 25% of the invoice price. 

13. Intellectual Property 
SE retains ownership of all right, title and interest (including copyright and patent rights) in and to the intellectual property 
relating to Products and Services and work product relating to these. Nothing in these Conditions of Sale constitutes a 
transfer or conveyance of any right, title or interest in such intellectual property, including without limitation any software 
or firmware contained in those, except the limited right to use it as provided in the documentation. As to Products 
proposed and furnished by SE, SE shall defend any suit or proceeding brought against Purchaser so far as based on a 
claim that such Products constitute an infringement of any copyright, trademark or patent in the United States or Canada. 
This obligation shall be effective only if Purchaser shall have made all payments then due hereunder and if SE is notified 
promptly in writing and given authority, information, and assistance at SE's expense for the defense of the same. In the 
event the use of such Products by Purchaser is enjoined in such a suit, SE shall, at its expense, and at its sole option, 
either (a) procure for the Purchaser the right to continue using such Products (b) modify such Products to render them 
non-infringing, or (c) replace such Products with non-infringing Products. SE will not be responsible for any compromise 
or settlement made without its written consent. The foregoing states the entire liability of SE for patent, trademark or 
copyright infringement, and in no event shall SE be liable if any infringement charge is based on the use of SE Products 
for a purpose other than that for which it was sold by SE. As to any Products or Services furnished by SE to Purchaser 
and manufactured or provided in accordance with designs proposed by Purchaser, the Purchaser shall indemnify SE 
against any award made against SE for patent, trademark, or copyright infringements. 

14. Software 
Any software or computer information, in whatever form that is provided with Products manufactured by SE or as part 
of Services, is licensed to Purchaser solely pursuant to standard licenses of SE or its supplier of such software or 
computer information which licenses are hereby incorporated by reference and are available upon request. SE does 
not warrant that such software or computer information will operate error-free or without interruption, and warrants only 
that during the warranty period applicable to the Products that the software will perform its essential functions. If such 
software or computer information fails to conform to such warranty, SE will, at its option, provide an update to correct 
the non- conformance or replace the software or computer information with the latest available version containing a 
correction. SE shall have no other obligation to provide updates or revisions. 

15. LIMITATION OF LIABILITY 
NOTWITHSTANDING ANY PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT 
DOCUMENT TO THE CONTRARY, IN NO EVENT SHALL EITHER PARTY, ITS OFFICERS, DIRECTORS, 
AFFILIATES OR EMPLOYEES BE LIABLE FOR ANY FORM OF INDIRECT, SPECIAL, CONSEQUENTIAL OR 
PUNITIVE DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOSS OF USE, LOSS OF PRODUCTION, LOSS OF 
PRODUCT, LOSS OF REVENUE, PROFITS OR LOSS OF DATA DAMAGES WHETHER SUCH DAMAGES ARISE 
IN CONTRACT OR TORT, IRRESPECTIVE OF FAULT, NEGLIGENCE OR STRICT LIABILITY OR WHETHER SUCH 
PARTY HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH DAMAGES. NOTWITHSTANDING 
ANY OTHER PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT DOCUMENT TO THE 
CONTRARY, AND TO THE EXTENT PERMITTED BY APPLICABLE LAW, THE MAXIMUM LIABILITY OF SE FOR 
DAMAGES HEREUNDER SHALL NOT EXCEED THE AMOUNTS ACTUALLY PAID BY THE PURCHASER TO SE 
FOR THE WORK GIVING RISE TO A CLAIM. 

16. Insurance 
SE shall maintain reasonable insurance coverage (e.g., commercial general liability, worker’s compensation, 
automobile) in such amounts as SE deems appropriate in accordance with industry practice. Certificate of insurance 
evidencing this may be provided on request. 

17. Import and Export 
Purchaser agrees that all Products and Services require proper compliance with import and export laws and 
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administrative requirements including the payment of all associated duties, taxes and fees. 

18. Health and Safety Compliance 
SE employees shall not perform Services that, in their sole opinion, are not free of reasonably foreseeable harm. This 
includes working on any equipment, whether provided by SE, Purchaser or otherwise, that in such SE employees’ sole 
opinion has not been placed in an electrically safe working condition. Purchaser warrants that site and working conditions 
shall meet or exceed those specified by applicable Occupational Health and Safety Act and Regulations. Purchaser shall 
inform SE of: (a) Known hazards, or reasonably foreseeable hazards, that are related to SE’s scope of Services and the 
site where the Services will be performed; and (b) Information about the worksite necessary to identify hazards and assess 
risk for the protection of the health and safety of SE personnel. This information might include, but is not limited to: (i) 
Providing an accurate up-to-date single line diagram of the electrical distribution system; (ii) Providing relevant Workplace 
Hazardous Materials Information System (WHMIS) information such as Material Safety Data Sheets (MSDS) and floor 
plans indicating areas where hazardous materials are located and emergency exits for service rooms and other areas of 
operation; and (iii) Other site specific information relative to the Purchaser’s operation, process and safety systems. Any 
hazardous materials requiring remediation in SE’s sole opinion will be separately chargeable to Purchaser and will be a 
condition precedent to SE’s performance of such Services. 

19. Witness of Tests & Factory Inspections 
Normal production schedules do not provide the opportunity for Purchaser to witness routine factory tests on Products or 
make factory inspections. Witnessing of tests or factory inspections by the Purchaser may result in delays of production 
for which SE will not be responsible and which may result in additional charges and delayed scheduling to Purchaser. 
Witness testing and factory inspections must be requested at time of quotation, are subject to additional costs and must 
be confirmed at Purchase Order entry. Standard SE factory testing and inspection will apply. SE will notify Purchaser 
fourteen (14) calendar days prior to scheduled witness testing or inspection. In the event Purchaser is unable to attend, 
the Parties may mutually agree on a rescheduled date. However, SE, at its sole option, may consider the witness tests or 
inspection waived, and ship and invoice the Products and the witness testing charges. Purchaser will be responsible for 
paying for all scheduled witness testing, whether or not Purchaser attends. 

20. Patterns and Tools 
Notice will be given if special patterns or tools are required to complete any Purchase Order. Charges for such patterns 
or tools do not convey title thereto or the right to remove them from SE's plant. If patterns or tools are not used for a 
period of two years, SE shall have the right to scrap them without notice. 

21. Nuclear Applications 
Unless otherwise agreed in writing by a duly authorized representative of SE, Products sold hereunder are not intended 
for use in or in connection with any nuclear facility or activity. Purchaser hereby represents and warrants that such 
Products shall not be used in or in connection with any nuclear facility or activity. If so used, SE disclaims all liability for 
any damage, injury or contamination; and Purchaser agrees and indemnifies SE against any such liability, whether 
arising as a result of breach of contract, warranty or tort (including negligence) or otherwise. 

22. Nature of Relationship 
Purchaser agrees that SE is an independent contractor and nothing in these Conditions of Sales creates between SE 
and Purchaser a relationship of partners, joint venturers, or agents of each other, and no Party may so represent itself 
any of these manners. 

23. Termination 
Any Purchase Order may be terminated by the Purchaser only upon 30 days’ notice to SE and upon payment of 
reasonable and proper termination charges based on the price of the terminated Purchase Order and reimbursement 
of all costs and expenses associated with the order caused by such termination and shall include a reasonable profit. 
Special or custom ordered Products is not cancelable after final acceptance OR approval OF drawings for the 
commencement of manufacturing. 

24. Cancellation 
SE shall have the right to cancel any Purchase Order at any time by written notice for any material breach of these 
Conditions of Sale by the Purchaser, including material delays by Purchaser or its authorized representatives in 
releasing Products for manufacture or approval drawings and excessive changes to specifications or drawings. 

25. Amendments 
No amendment, supplement, modification, waiver or termination of the Purchase Order or these Conditions of Sale is 
binding unless executed in writing by both parties. 

26. Applicable Laws 
All matters arising out of or relating to the execution, construction, interpretation or breach thereof, are to be governed 
by the laws of the jurisdiction in which the applicable SE entity is located, excluding such jurisdiction’s rules regarding 
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conflicts of laws and the provisions of the United Nations Convention on Contracts for the International Sale of Goods. 
SE agrees to bring any action claims or legal proceedings in any way pertaining to this Purchase Order, or the 
execution, construction, interpretation or breach thereof in the courts of the jurisdiction specified above and in no other 
court or tribunal whatsoever. 
 



  

THIS PAGE WAS INTENTIONALLY LEFT BLANK 



BILL OF MATERIALS



 Q2C Number: 42023353  Quote Number: 1  Revision Number: 0 
 Project Name:  US NAVY - NBK PSNS - 4160V Replace   Quote Name:  
 
 

 Item  
 No.  

   
 Qty.  

 
 Catalog Number / Details  

    

 
      
   BILL OF MATERIALS    

      
001-00   1 Designation: ES202422 

ENGINEERING STUDY 
ENGINEERING STUDY 
We are pleased to quote Engineering Services f 
or Naval Facility BBFW3M Replace 4160V Switchg 
ear per BOM and specifications with the follow 
ing exception(s)/clarification(s). 
                                  Exception(s) 
 does not include setpoint files. 
 does not include label installation. 
ote does not include setting/testing overcurre 
nt devices.  Please contact Schneider Electric 
 Services for a quote to set/test the breakers 
. 
 Clarification(s) 
 to new Square D brand equipment as listed in 
the BOM. 
quirements will be based on the following arc 
flash labeling practice.The arc flash labeling 
 practice on this job will consist of two labe 
ls:  (1) An Arc Flash Information label and (2 
) a general safety label.  The Arc Flash Infor 
mation label is printed with values produced b 
y a Schneider Electric Engineering Services, L 
LC analysis and is field installed.  The gener 
al safety label is factory installed on new Sq 
uare D brand equipment and will be provided fo 
r field installation on electrical equipment l 
acking these labels.  Refer to 0180IB0802 (Arc 
-Flash Label Installation Instruction Bulletin 
) which shows samples and describes our offer 
in detail. 
 by the electrical contractor at no cost to Sc 
hneider Electric Engineering Services, LLC. 
                                           Thi 
s quote is subject to the services and billing 
 agreement for Schneider Electric Engineering 
Services, LLC. 
              If a short-circuit analysis is i 
ncluded in the study scope, our intent is to d 
eliver a short-circuit evaluation table prior 
to the date of equipment release to manufactur 
ing.  The completion of the analysis and repor 
t will typically be targeted around the ship d 
ates of switchboards/MCCs, at which time the s 
tudy will be invoiced.  Reports will be revise 
d to reflect as-built conditions at no additio 
nal charge, provided the size and scope of the 
 changes do not vary from the original design 
layout and the request is made within three mo 
nths of commissioning. 
                      Customer is responsible 
for supplying necessary data (refer to the sum 
mary below) in order to complete the study.  W 
hen provided with customer and utility contact 
 information, we can assist in obtaining this 
data.  The Field Office is responsible for com 
municating any change orders that may impact t 
he results of the analysis.*** If specific dat 
a is not received, the short-circuit and time- 
current coordination analyses will be performe 
d based on a conservative set of assumptions - 
 other calculations such as:  arc flash; harmo 
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 Qty.  

 
 Catalog Number / Details  

    

 
nic; motor starting - voltage drop; motor star 
ting; and load flow - voltage drop will be exc 
luded.*** 
         Summary - intended for SC, TCC, & AF 
(not all-inclusive):1. One-line diagram showin 
g the scope of the system study.2. All of the 
cable data - lengths, wire sizes, etc_3. The a 
vailable short-circuit current from the power 
company at the point of supply.4. The main tra 
nsformer information with primary fuse rating 
or breaker settings (ignore if Schneider Elect 
ric is supplying the transformer).5. Generator 
 electrical data and breaker(s) details if app 
licable.6. Automatic transfer switch short-cir 
cuit current rating or catalog number if appli 
cable.7. Submittals for paralleling gear or eq 
uipment associated with the emergency or UPS s 
ystem.8. Description of starter type and locat 
ion of any motors greater than 50HP.9. Project 
 study specifications (ignore if specification 
s were provided at the time we quoted this job 
). 
  Feel free to contact me at QUOTES_SYSTEM_STU 
DIES@us.schneider-electric.com with any questi 
ons. 

      
002-00   1 Designation: ES202422 

SETPOINT FILES 
SETPOINT FILES 
We are pleased to quote Engineering Services f 
or Naval Facility BBFW3M Replace 4160V Switchg 
ear per BOM and specifications with the follow 
ing exception(s)/clarification(s). 
                                  Clarificatio 
n(s) 
of this quote includes the creation of the set 
point files that we will supply to the commiss 
ioning agent when startup is near.  The settin 
gs will only include the protective functions 
for the MV relays. 
 study is limited to new Square D brand equipm 
ent as listed in the BOM. 
he following arc flash labeling practice.The a 
rc flash labeling practice on this job will co 
nsist of two labels:  (1) An Arc Flash Informa 
tion label and (2) a general safety label.  Th 
e Arc Flash Information label is printed with 
values produced by a Schneider Electric Engine 
ering Services, LLC analysis and is field inst 
alled.  The general safety label is factory in 
stalled on new Square D brand equipment and wi 
ll be provided for field installation on elect 
rical equipment lacking these labels.  Refer t 
o 0180IB0802 (Arc-Flash Label Installation Ins 
truction Bulletin) which shows samples and des 
cribes our offer in detail. 
shall be provided by the electrical contractor 
 at no cost to Schneider Electric Engineering 
Services, LLC. 
              This quote is subject to the ser 
vices and billing agreement for Schneider Elec 
tric Engineering Services, LLC. 
                               If a short-circ 
uit analysis is included in the study scope, o 
ur intent is to deliver a short-circuit evalua 
tion table prior to the date of equipment rele 
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ase to manufacturing.  The completion of the a 
nalysis and report will typically be targeted 
around the ship dates of switchboards/MCCs, at 
 which time the study will be invoiced.  Repor 
ts will be revised to reflect as-built conditi 
ons at no additional charge, provided the size 
 and scope of the changes do not vary from the 
 original design layout and the request is mad 
e within three months of commissioning. 
                                       Custome 
r is responsible for supplying necessary data 
(refer to the summary below) in order to compl 
ete the study.  When provided with customer an 
d utility contact information, we can assist i 
n obtaining this data.  The Field Office is re 
sponsible for communicating any change orders 
that may impact the results of the analysis.** 
* If specific data is not received, the short- 
circuit and time-current coordination analyses 
 will be performed based on a conservative set 
 of assumptions - other calculations such as: 
 arc flash; harmonic; motor starting - voltage 
 drop; motor starting; and load flow - voltage 
 drop will be excluded.*** 
                          Summary - intended f 
or SC, TCC, & AF (not all-inclusive):1. One-li 
ne diagram showing the scope of the system stu 
dy.2. All of the cable data - lengths, wire si 
zes, etc_3. The available short-circuit curren 
t from the power company at the point of suppl 
y.4. The main transformer information with pri 
mary fuse rating or breaker settings (ignore i 
f Schneider Electric is supplying the transfor 
mer).5. Generator electrical data and breaker( 
s) details if applicable.6. Automatic transfer 
 switch short-circuit current rating or catalo 
g number if applicable.7. Submittals for paral 
leling gear or equipment associated with the e 
mergency or UPS system.8. Description of start 
er type and location of any motors greater tha 
n 50HP.9. Project study specifications (ignore 
 if specifications were provided at the time w 
e quoted this job). 
                   Feel free to contact me at 
QUOTES_SYSTEM_STUDIES@us.schneider-electric.co 
m with any questions. 

      
003-00   1 Designation: Metalclad  SWGR 86-1 

MetalClad Switchgear 
Metal Clad Switchgear 
------------------------------------------- 
 
METAL CLAD Switchgear Assembly 
Consisting of the following: 
4 Section Line-up 
 
Network Communications Only 
System Communications 
RS485 Modbus Comms Wired Out 
1 Set of Certified Test Reports included with 
  Final Drawings 
IBC/ASCE7 Seismic Qualification 
Indoor (Type 1) 
Label Requirements: UL 
With Front and Rear Access Required 
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If Customer Witness Testing Required, 
must add in separately from this Bill of 
Material and price in at Standard 
Square D daily rate. 
 
Equipment Ratings 
------------------------------------------- 
Nominal System Voltage: 4.16/2.4kV, 3 Phase, 
  3 Wire, Solidly Grounded Wye 
Maximum Bus Continuous Current: 1200A 
Maximum Short Circuit Current: 50kA (RMS 
  Symmetrical) 
Maximum Voltage: 4.76KV 
One-Minute Withstand Voltage: 19kv RMS 
Impulse Withstand Voltage (BIL): 60kV 
Frequency: 60 Hertz 
 
Lineup Options 
------------------------------------------- 
1 - Pendant w/ Carry Case for Integrated 
  Racking 
1 - Test Cabinet, 8 ft. cable 
1 - Test Jumper, 14 ft. cable only 
Breaker Lift Truck 
Cable Support/Clamp for each breaker 
Control wiring terminations: Ring Tongue - 
  Insulated 
 
Structure Information 
------------------------------------------- 
1200A Silver Plated Copper Main Bus 
Bus Bracing: 50kA (RMS Symmetrical) 
Bus Supports: Glass Polyester 
Glass Polyester Pass-Through Inserts in Glass 
  Polyester Bus Barrier (between 
  sections)(Std) 
Ground Bus: Copper, Unplated (Std) 
Lug Type: Supplied by Customer 
1 - Strip Heaters (Remote Power Source) w/ 
  Thermostat (per section) 
2 Infrared Viewing Windows per Cubicle Cable 
  Compartment 
Breaker Close Control Power: Customer 
  Supplied 125VDC 
Breaker Failure Detection 
Breaker Trip Control Power: Customer Supplied 
  125VDC 
Exterior Paint Color: ANSI #61, Light Gray 
  (Std) 
Humidistat for Strip Heaters 
Indication Lights - LED Type lamps 
Rear Access, Bolted Panel 
White Interior LV Panels 
 
Dimensions: 
Width of Lineup: 111.75" - 2838.45mm 
Height @ Highest Point: 95.10"  2416 mm 
Depth @ Base: 92.00"  2337 mm 
 
Special Features or TAG Items (per line-up) 
------------------------------------------- 
If Special Features are included in this 
Bill of Material, they will NOT appear on the 
Front-Elev or One-line Drawing and may alter 
the final layout and dimensions. 
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Detailed Bill of Material 
------------------------------------------- 
This Metal Clad Switchgear shall be 
depicted in the attached drawing and shall 
include the following: 
 
 
Section 1 - 14.75W, Full-height section,  - 
Transition Section to Motorpact - MVMcc 
 
 
 
Section 2 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 2 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 2 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 3 - 36W, Upper - Blank 
1 - Set of Cable Termination Boots for CFMB 
Main Bus Load Lug Connection 4 per Phase 
 
Section 3 - 36W, Lower - Blank 
 
 
Section 4 - 25W, Full-height section,  - 
3" Secondary transformer throat 
  connection-Left 
 
 
 

      
003-01   1 46023-672-50 

MAGELIS AND CASE KIT 
    

      
004-00   1 Designation: Metalclad  SWGR 86-2 

MetalClad Switchgear 
Metal Clad Switchgear 
------------------------------------------- 
 
METAL CLAD Switchgear Assembly 
Consisting of the following: 
4 Section Line-up 
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1 Set of Certified Test Reports included with 
  Final Drawings 
IBC/ASCE7 Seismic Qualification 
Indoor (Type 1) 
Label Requirements: UL 
With Front and Rear Access Required 
 
If Customer Witness Testing Required, 
must add in separately from this Bill of 
Material and price in at Standard 
Square D daily rate. 
 
Equipment Ratings 
------------------------------------------- 
Nominal System Voltage: 4.16/2.4kV, 3 Phase, 
  3 Wire, Solidly Grounded Wye 
Maximum Bus Continuous Current: 1200A 
Maximum Short Circuit Current: 50kA (RMS 
  Symmetrical) 
Maximum Voltage: 4.76KV 
One-Minute Withstand Voltage: 19kv RMS 
Impulse Withstand Voltage (BIL): 60kV 
Frequency: 60 Hertz 
 
Lineup Options 
------------------------------------------- 
1 - Pendant Existing on Jobsite for 
  Integrated Racking 
Cable Support/Clamp for each breaker 
Control wiring terminations: Ring Tongue - 
  Insulated 
 
Structure Information 
------------------------------------------- 
1200A Silver Plated Copper Main Bus 
Bus Bracing: 50kA (RMS Symmetrical) 
Bus Supports: Glass Polyester 
Glass Polyester Pass-Through Inserts in Glass 
  Polyester Bus Barrier (between 
  sections)(Std) 
Ground Bus: Copper, Unplated (Std) 
Lug Type: Supplied by Customer 
1 - Strip Heaters (Remote Power Source) w/ 
  Thermostat (per section) 
2 Infrared Viewing Windows per Cubicle Cable 
  Compartment 
Breaker Close Control Power: Customer 
  Supplied 125VDC 
Breaker Failure Detection 
Breaker Trip Control Power: Customer Supplied 
  125VDC 
Exterior Paint Color: ANSI #61, Light Gray 
  (Std) 
Humidistat for Strip Heaters 
Indication Lights - LED Type lamps 
Rear Access, Bolted Panel 
White Interior LV Panels 
 
Dimensions: 
Width of Lineup: 133.00" - 3378.20mm 
Height @ Highest Point: 95.10"  2416 mm 
Depth @ Base: 92.00"  2337 mm 
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Special Features or TAG Items (per line-up) 
------------------------------------------- 
If Special Features are included in this 
Bill of Material, they will NOT appear on the 
Front-Elev or One-line Drawing and may alter 
the final layout and dimensions. 
 
 
  Special connect to 5MVA liquid  #: 171885 
 
Detailed Bill of Material 
------------------------------------------- 
This Metal Clad Switchgear shall be 
depicted in the attached drawing and shall 
include the following: 
 
 
Section 1 - 25W, Full-height section,  - 
3" Secondary transformer throat 
  connection-Left 
 
 
 
Section 2 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 2 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 2 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 3 - 36W,  - 
1 - Integrated Racking - 2 High 
 
Section 3 - 36W, Upper - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
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2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 600:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
Section 3 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 600:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 4 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 4 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 4 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 

      
005-00   1 46021-672-50 

Magelis and case kit 
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Hazard Categories and Special Symbols
Read these instructions carefully and look at the equipment to become familiar with 
the device before trying to install, operate, service or maintain it. The following 
special messages may appear throughout this bulletin or on the equipment to warn 
of potential hazards or to call attention to information that clarifies or simplifies a 
procedure.

The addition of either symbol to a “Danger” or “Warning” safety label indicates that 
an electrical hazard exists which will result in personal injury if the instructions are 
not followed.

This is the safety alert symbol. It is used to alert you to potential personal injury 
hazards. Obey all safety messages that follow this symbol to avoid possible injury 
or death.

NOTE: Provides additional information to clarify or simplify a procedure.

Please Note
Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

A qualified person is one who has skills and knowledge related to the construction, 
installation, and operation of electrical equipment and has received safety training 
to recognize and avoid the hazards involved.

DANGER
DANGER indicates an imminently hazardous situation which, if not avoided, will
result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not avoided, can
result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, can
result in minor or moderate injury.

NOTICE
NOTICE is used to address practices not related to physical injury. The safety 
alert symbol is not used with this signal word.
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Section 1—Introduction
Two-high, 4.76–15 kV, Square D™ brand Masterclad™ metal-clad, drawout 
switchgear provides medium voltage power distribution. Manufactured by Schneider 
Electric, it is designed for use with the Type VR drawout circuit breaker, which 
employs vacuum technology. A typical Masterclad switchgear assembly is shown in 
Figure 1 on page 8. The Type VR circuit breaker is shown in Figure 2 on page 9.

Refer to these instruction bulletins for complete information on the Type VR circuit 
breakers:

• 6055-31 (1200 A and 2000 A, 50 kA)
• 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA)

The switchgear assembly consists of individually-grounded, compartmentalized, 
steel structures. Each compartment has doors, barriers, and removable access 
panels to isolate the separate working functions. All circuit breakers, instrument 
and control power transformers, relays, meters, and other components are 
factory-assembled, wired, and tested as an assembly. The user normally makes 
only the external control, ground, and power connections at the terminals provided, 
and reconnects the wiring and bus bars at the shipping breaks.

Each assembly is custom-designed to specifications. Standard structures and bus 
configurations are also arranged according to customer specifications. The 
structures are then combined with the circuit breaker and other components 
necessary for the required protective scheme, metering, and number of feeders.

Complete customer drawings are furnished for each Masterclad switchgear 
assembly. The drawings include floor plans and elevations, one-line diagrams, 
control schematics, and wiring diagrams.
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Figure 1 – Typical Masterclad Metal-Clad Switchgear Assembly

Control power transformer (CPT), drawout

Voltage transformer (VT), drawout

Type VR circuit breaker, drawout

Racking mechanism
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Figure 2 – Type VR Circuit Breaker—Front and Rear Views

Front View

Rear View
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Section 2— Safety Precautions

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E or CSA Z462.

• This equipment must be installed and serviced only by qualified 
electrical personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or 
inside equipment.

• Always use a properly rated voltage sensing device to confirm  power is off.
• Before performing visual inspections, tests, or maintenance on this equipment, 

disconnect all sources of electric power. Assume all circuits are live until they 
are completely de-energized, tested, and tagged. Pay particular attention to 
the design of the power system. Consider all sources of power, including the 
possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.
• Circuit breaker and switch contacts must be open and all springs discharged 

before performing maintenance work, disconnection, or removal of a 
circuit breaker.

• Move circuit breakers to the disconnected position before removing rear 
access panels.

• Conduct electrical testing to confirm no short-circuits were created during 
installation, maintenance, or inspection.

• Never insert a circuit breaker into a circuit breaker compartment that is not 
complete and functional.

• The complete assembly arrangement determines if the top or bottom contacts 
are the line side; both can be energized when the circuit breaker is removed 
from the compartment.

• Disconnect all high voltage to the switchgear before accessing the horizontal 
bus compartment.

• Do not use liquid fire extinguishers or water on electrical fires! Before 
extinguishing fires within the assembly, be absolutely certain the main power 
source is disconnected and the main and all feeder circuit breakers are tripped.

• Carefully inspect your work area, and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to 
this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Section 3—Receiving, Handling, and Storage
Receiving

Masterclad two-high, 4.76–15 kV, metal-clad, indoor switchgear is shipped on 
skids in protective crates or wrapping. Circuit breakers are shipped in switchgear 
cells. Do not stack the circuit breakers.

Upon receipt, inspect the equipment for damage that may have occurred in transit. 
Check all items against the packing list provided. Immediately notify the carrier and 
Schneider Electric of any damages or shortages.

Handling
The switchgear is normally shipped in one or two sections. Each section has four 
lifting lugs bolted on top. If more than two bays are shipped as one section, lifting 
channels or frames may be bolted on top. Put a crane hook through each of the 
four holes to lift and move the sections. After the group has been placed in position, 
remove and discard the lifting lugs. Then, screw the bolts back into place to cover 
the mounting holes.

If a crane is not available, the sections may be unloaded and moved with a forklift. 
Rollers under the skids may be used on a relatively flat surface if other moving 
equipment is not available or space prohibits the use of other moving methods. See 
Section 6, “Installation,” for handling uncrated assemblies.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

• Do not remove the skids until the shipping sections are in the final location.
• Do not maneuver the switchgear directly on rollers.
• Always use the skids to prevent switchgear distortion or damage.

Failure to follow these instructions will result in equipment damage.
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Storage

If the assembly is stored prior to installation, keep it in a clean, dry, well-ventilated 
area with an ambient temperature of approximately 70 °F (21 °C). Place dust 
covers over circuit breakers. If space heaters are furnished in the assembly, 
energize them from an external source. Refer to schematic and wiring diagrams for 
a logical connection point and for voltage and power requirements.

If space heaters are not installed in the assembly and the area is cold and damp, 
use a temporary heating source within the assembly. A minimum of 200 watts of 
heat per cell is recommended. Avoid greasy, smoky heaters that can deposit 
carbon on insulation, causing tracking and eventual insulation breakdown.

If the space heaters are normally energized from the assembly control power 
transformer, open the control power transformer secondary circuit breaker, remove 
the primary current limiting fuses, and install an out-of-service tag before 
energizing the space heaters. This prevents backfeed to the main bus through the 
control power transformer.

DANGER
HAZARD OF PERSONAL INJURY

When energizing space heaters from a remote source, remove the primary 
current limiting fuses of the control power transformer. 

Failure to follow these instructions will result in death or serious injury.
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Section 4—Description
The number of bays in a Masterclad switchgear assembly depends on customer 
specifications. Each bay is a separate rigid, self-contained, bolted structure 
fabricated of heavy gauge steel. It consists of:

• front section with secondary control devices
• circuit breaker cell, drawout voltage transformer and control power transformer, 

and fuse drawout section
• main bus compartment
• cable compartment

Figure 3 – Upper and Lower Circuit Breaker Cells with Circuit Breakers Removed

Controls for lower
circuit breaker

Controls for upper
circuit breaker

Upper circuit
breaker cell

Lower circuit
breaker cell
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Front Section
The front section includes the front hinged doors with instruments, relays, and 
control switches, the terminal blocks, fuse blocks, and other required secondary 
control devices. It also houses the wiring space for inter-unit connection and 
customer cable connections.

Circuit Breaker Cell
The circuit breaker cell contains 16 separate, but coordinated, features, each 
necessary for circuit breaker operation:
• circuit breaker positioning rails
• racking mechanism
• circuit breaker position indicator
• disconnect position latch
• circuit breaker interlocks
• compartment rating interlocks
• control power receptacle
• ground and test unit and dummy breaker interlock
• primary high voltage contacts
• current transformers
• shutters
• barriers
• cell interlock
• ground contact bar
• mechanism-operated contacts (MOC)—optional
• truck-operated contacts (TOC)—optional

Circuit Breaker Positioning Rails
The circuit breaker is equipped with rubber wheels for moving the circuit breaker 
when it is outside the switchgear and metal rollers to guide and position the circuit 
breaker inside the circuit breaker cell. The four metal rollers are captured in rails 
(Figure 4 on page 15) which position the circuit breaker in the vertical position.

Racking Mechanism
The racking mechanism (Figure 4) is located on the circuit breaker cell floor. It is 
operated by a removable racking crank inserted into the front of the circuit breaker 
cell. The front may be either open or closed. The circuit breaker engages in a gear-
driven racking roller (Figure 4). As the roller rotates, it moves the circuit breaker 
from the test to the operating position.

Circuit Breaker Interlocks
A racking block bar (Figure 4) welded to the racking shaft will hit an interlock pin on 
the circuit breaker when it is closed. This interlock mechanism will stop a closed 
circuit breaker from being moved between the test/disconnected position and the 
connected position.

The racking roller actuates an interlock located underneath the circuit breaker. This 
interlock mechanism is designed to stop a circuit breaker from being closed when it 
is between the test/disconnected and connected positions.
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A lockout lever located on the drawout gear box stops the circuit breaker from 
being inserted into the cell when the racking roller is not in the test position.

A racking block lever will not allow the racking mechanism to operate when the 
circuit breaker is not in the cell. Without the circuit breaker in the cell, the shutter 
cannot be opened.

A spring discharge interlock will discharge the closing springs when the circuit 
breaker is inserted or withdrawn from the cell.

Compartment Rating Interlocks
These interlocks stop accidental insertion of circuit breakers with incorrect current, 
voltage, or interrupting ratings into the compartment. The stationary interference 
brackets are mounted on the floor of the compartment and the moving part of the 
interlock system is mounted on the underside of each circuit breaker.

Ground and Test Unit Dummy Circuit Breaker Interlock
Each circuit breaker cell is equipped with a ground and test unit (GTU) and dummy 
breaker permissive interlock. GTUs and dummy breakers that are not equipped with 
the required ground and test unit interlocks cannot be inserted into the circuit breaker 
cell. The permissive interlocks are located beside the position interlock on the circuit 
breaker cell floor. Refer to the specific GTU and dummy breaker instruction bulletins.

Figure 4 – Circuit Breaker Floor Plate, Racking Device, and Interlocks
A. Circuit breaker position latch bracket
B. Circuit breaker positioning rail
C. Ground contact bar
D. Racking block lever
E. Racking roller
F. Shutter actuator
G. Circuit breaker position indicator
H. Racking block bar
I. Cell key interlock provision
J. Lockout lever
K. Spring discharge bracket
L. Racking mechanism
M. Control power receptacle handle
N. Control power receptacle

F
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CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not test interlocks by hand. Test interlocks only by moving the circuit breaker over 
the cell-mounted operating cams. Do not operate interlocks in an incorrect sequence.

Failure to follow these instructions can result in equipment damage.
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Control Power Receptacle
The circuit breaker control power receptacle is located on the lower right floor of the 
compartment (Figures 4 and 5). The molded insulating receptacle contains 24 
contacts and two tapered guide pins. The control power can be connected in the 
test position by rotating the control plug handle and pulling it forward.

Disconnect Position Latch
A spring-loaded latch on the circuit breaker engages behind the circuit breaker latch 
brackets on top of the left-hand guide rail (Figure 4) when the circuit breaker is in the 
test/disconnected position. The latch is disengaged by the circuit breaker release 
handle (Figure 6) when the circuit breaker is in the test/disconnected position.

Figure 5 – Circuit Breaker Cell without Circuit Breaker

Control power 
receptacle

Racking mechanism

Control plug handle

Figure 6 – Circuit Breaker Release Handle

Release handle
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Shutters
Two steel shutters (Figure 7) are mounted directly in front of the primary high 
voltage contacts. The shutters move with a rotary motion, actuated by the racking 
mechanism. Figure 4 on page 15 shows the shutter actuator.

Circuit Breaker Position Indicator
An indicator beside the racking port (Figures 4, 8, and 9) shows which position the 
circuit breaker is in: test/disconnected, transport, or connected. When the door is 
open, two arrows which line up with the front cover are visible on the left hand rail. 
They also indicate the position of the circuit breaker.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Disconnect power to both line and load connections before removing the barrier for 
maintenance or repair. Verify the power is off with a properly rated testing device.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.

Figure 7 – Circuit Breaker Cell without Circuit Breaker

Control panel

Mechanism-operated
contacts

Truck-operated
contacts

Shutters

Racking
mechanism

Figure 8 – Racking Port, Handle, and Cell Position Indicator

Racking
port

Cell position indicator in 
connected position

Racking
handle

Cell position indicator in 
test/disconnected position
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Primary High Voltage Contacts
The primary main contacts are housed in a bell assembly (Figure 9) consisting of 
insulating tubes extending toward the front. The current transformers are mounted 
around the tubes, which are covered at the open end by the shutter when the circuit 
breaker is in the test/disconnected position or is withdrawn from the cell. The bell 
assembly is furnished with molded fiberglass polyester tubes as standard, but may 
also be equipped with porcelain tubes.

Current Transformers
Bushing-type, single- or multi-ratio current transformers (Figure 9) can be mounted 
around either the top or bottom insulating tubes. A maximum of four current 
transformers, depending on accuracy, can be mounted per phase—two on the line 
side and two on the load side.

Cell Interlock
A cell key interlock provision (Figure 4 on page 15) is provided in each circuit breaker 
cell for locking a circuit breaker out of the connected position. The cell interlock is 
located in the center of the cell floor and has padlock provisions as standard. It can 
be equipped with a key interlock when specified by the user. The cell interlock 
prevents racking the circuit breaker into the connected position. A circuit breaker can 
be stored in the test/disconnected position with the cell interlock locked.

Ground Contact Bar
A ground contact bar is located on the bottom of the circuit breaker cell. It is directly 
connected to the main ground bus. A mating set of sliding contacts is located on the 
underside of the circuit breaker. The contacts engage before the circuit breaker 
reaches the test position and stay continuously grounded to the connected position.

Figure 9 – Circuit Breaker Cell without Circuit Breaker—
Shutter Forced Open

Current transformer

Bell assemby

Primary high
voltage contact

Shutter forced open
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Mechanism-Operated Contacts (MOC) (Optional)
Mechanism-operated contacts (Figure 7 on page 17 and Figure 10) are 
compartment-mounted, auxiliary contacts operated by the circuit breaker 
mechanism. Like circuit-breaker-mounted auxiliary contacts, they indicate whether 
the circuit breaker is in the open or closed position. They operate in both the 
connected and test/disconnected positions.

The MOC unit is mounted on the left side of the circuit breaker cell. It is operated by 
a mechanism that is driven vertically by a roller on the left side of the circuit 
breaker.

Truck-Operated Contacts (TOC) (Optional)
Truck-operated contacts (Figures 7 and 10) indicate the physical position of the 
circuit breaker in the compartment. They indicate whether the circuit breaker is in 
the connected or test/disconnected position.

The TOC unit does not distinguish between the circuit breaker being in the 
test/disconnected position or withdrawn completely from the compartment.

The TOC unit is mounted on the right side of the horizontal steel barrier in the top of 
the circuit breaker cell. It is operated by a spring-loaded lever. This lever is 
activated, just before the circuit breaker reaches the connected position, by a pin 
on the upper right side of the front cover of the circuit breaker.

Figure 10 – Mechanism and Truck-Operated Contacts

Truck-operated
contact

Mechanism-operated
contact

Contact actuator



Masterclad™ Metal-Clad Indoor Switchgear Section 4—Description 

20

EN
G

LISH

© 1996–2014 Schneider Electric All Rights Reserved 6055-30

Voltage Transformer, Control Power Transformer, and Fuse Drawout Units
The voltage transformer (VT), control power transformer (CPT), and fuse drawout 
units are self-contained drawers (Figure 11) that roll on two sliding extension rails 
from the disconnected to the connected position. The drawer front panel is 
recessed behind the front door in the connected position and is held in place by 
two thumbscrews.

An insulating barrier (Figure 11) divides the compartment. The stationary contacts 
(Figure 11) and associated high voltage parts are mounted behind the barrier. 
Floating, self-aligning line contacts engage the moving contacts as the drawer is 
inserted into the connected position. As the drawer is withdrawn, a static ground 
contact mounted on top of the compartment grounds the primary connection.

Drawout Control Power Transformer
The control power transformer (CPT), Figures 11, 12, and 13, supplies control 
voltage for circuit breaker closing, capacitor trip charging, and miscellaneous 
station auxiliary power functions. The transformer is sized for the specific order 
requirements. Do not add arbitrary non-specified loads after installation. The 
maximum capacity of the CPT in a drawout unit is 15 kVA.

The CPT, its primary current limiting fuses, and secondary molded case circuit 
breaker are mounted on the drawer and are withdrawn as an assembly. The 
secondary circuit breaker handle must be in the OFF position in order to withdraw 
or insert the drawer. To release the latch, push the secondary circuit breaker 
handle to the left (OFF position). To engage the latch, push the secondary circuit 

Figure 11 – Drawout Units in Connected Position
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breaker handle to the right (ON position) after returning the assembly to the 
connected position.

Each drawout control power transformer is equipped with a padlock provision 
(Figure 12) which locks the unit in the engaged position.

Secondary, sliding, finger-type contacts are mounted on the front left side of the 
drawer (Figure 13). They engage fixed-mounted contacts in the connected position.

Figure 12 – Control Power Transformer—Secondary Circuit 
Breaker Interlock

Figure 13 – Control Power Transformer—Secondary Contacts

Padlock
provision

Secondary contact
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Drawout Voltage Transformer
Drawout VTs (Figure 14) supply voltage indication for metering and relaying 
purposes. Primary current limiting fuses are mounted on each voltage transformer. 
Secondary, sliding, finger-type contacts (Figure 14) are mounted on the front left 
side of the drawer and engage fixed compartment mounted contacts in the 
connected position. Secondary fuses for the voltage transformers are located in the 
front compartment.

Drawout Fuse
Drawout fuses (Figure 15) are provided for stationary control power transformers. 
Fixed-mounted CPTs are supplied when three-phase control power is required or 
control power requirements exceed 15 kVA. The current limiting fuses are mounted 
in the drawer and withdrawn as an assembly.

Figure 14 – Drawout Voltage Transformer

Grounding contact

Primary current-limiting fuses

Secondary contact

Figure 15 – Drawout Primary Fuses for Stationary Control 
Power Transformer

Primary fuses
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The fuse drawout is interlocked with the secondary circuit breaker by a key 
interlock system. One interlock locks the drawout in the connected position 
(Figure 16). A second interlock allows the fuse drawout to be withdrawn only when 
the secondary circuit breaker is in the OPEN position. The secondary circuit 
breaker with interlock is mounted above or below the drawout unit.

Main Bus Compartment
The main bus compartment is located in the center of the switchgear. It is isolated 
from other compartments by the main bus compartment cover, which consists of 
removable metal access plates (Figure 18 on page 24). The main bus 
compartment is accessible from the back (Figure 18) through the cable 
compartment and from the front through the circuit breaker cell.

1200 and 2000 A, 50 kA main buses are available in aluminum or copper. The 
3000 A, 50kA and 1200, 2000, and 3000 A, 63k A main bus is always copper.

Each bus bar has fluidized bed epoxy insulation rated for 221 °F (105 °C) operation. 
Glass polyester barriers are used to separate the bus compartments between 
adjacent cells. Optional porcelain inserts are available for 50 kA buses only.

Figure 16 – Drawout Primary Fuses Interlock with Secondary Circuit Breaker

Figure 17 – Secondary Circuit Breaker and Interlock for Drawout Primary 
Fuses
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Key interlock
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Polyvinyl chloride boots insulate the connection in the main bus compartment, 
overlapping the epoxy insulation on the bus bars. The busbar insulation and boots 
form an integral insulating system for the equipment to meet its dielectric ratings. 
The busbar insulation must not be damaged or modified. Boots must be in place 
before operating the equipment.

Cable Compartments
Each circuit breaker in a vertical section has a separate cable compartment 
(Figure 18), accessible by removing a steel cover on the back. Insulated load 
connectors are provided for terminating cables. As standard, the load connectors 
are punched for terminating two cables per phase with a NEMA two-hole pattern. 
Schneider Electric provides lugs upon request. Tape and associated material for 
insulating cable terminations are not supplied as standard.

A ground bus (Figure 18) in the cable compartment has lugs on each end for the 
assembly ground. This ground bus is connected to each circuit breaker 
compartment ground contact bar and to the individual ground bars in each cable 
compartment. All instrument transformer, metering, and relaying grounds are also 
connected to this common ground system. 

A typical ground bus cross section:
• up to 50 kA is 0.25 x 2.0 in. (6 x 51 mm)
• 63 kA is 0.5 x 2.0 in. (13 x 51 mm)

Figure 18 – Two Bay Assembly—Rear View
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Conduit must enter the cable compartments, in the areas shown on the customer 
drawings, from either the top or bottom of the cable compartment. A removable 
steel cable pull box (Figure 18 on page 24) is provided to isolate cables when two 
circuit breakers are installed in one vertical section.

NOTE: Conduit should be stubbed in the concrete pad as part of the site 
preparation before the assembly is installed, but top entrance conduit must be 
installed after the assembly is in place. The top covers can be removed, punched 
to fit the conduit, and put back in place.

The front conduit area is for the bottom circuit breaker when all cables enter from 
below, and for the top circuit breaker when all cables enter from above. This cable 
pull box may be removed to install the rear cables first. When required, zero-
sequence current transformers (Figure 18 on page 24) are conveniently located in 
each cable compartment.

Various cable termination systems are used. These are detailed on the plans and 
specifications. Solderless or compression lugs can be supplied on the load 
connectors. Potheads are mounted on grounded support brackets. The compound 
and tape for their internal connections are shipped in a container with other 
miscellaneous parts. Tape and insulating material necessary for completing the 
field connection at the bus pad are not supplied with the assembly.

Surge Arresters
Surge arresters are furnished only when listed in the user’s specifications. The 
vulnerability of the incoming and outgoing lines to lightning strikes or other high 
voltage transient conditions determines their type and justification. Surge arresters, 
when specified, are mounted in the incoming and outgoing cable compartments.
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Section 5—Operation
Circuit Breaker–Circuit Breaker Cell Interlock System

The circuit breaker and the circuit breaker cell are equipped with an interlock 
system. The interlocks are designed to:

• not allow the circuit breaker to be pushed into the cell when the circuit breaker 
is closed

• not allow the circuit breaker to be closed while it is moved between the test and 
operating position

• not allow the circuit breaker to be moved from the operating position when 
it is closed

• discharge both the closing and trip springs when the circuit breaker is being 
moved from the circuit breaker cell

Circuit Breaker Operation
Racking Mechanism

The racking mechanism moves the circuit breaker from the test/disconnected 
position to the connected position and vice versa.

Push the circuit breaker into the compartment to the test/disconnected position, 
and the disconnect release handle engages (Figure 6 on 16).

With the front door closed, insert the racking handle and rotate it clockwise to rack 
the circuit breaker into the connected position. When in the connected position, the 
circuit breaker’s forward motion stops.

With the door closed, the position indicator (Figure 8 on 17) shows if the circuit 
breaker is in the test/disconnected, transport, or connected position. With the door 
open, two arrows on the left-hand rail show if the circuit breaker is in the 
test/disconnected position or in the connected position.

To remove a circuit breaker from the connected position to the test/disconnected 
position, open the circuit breaker electrically with the compartment door closed, and 
with the racking handle, move the circuit breaker to the test/disconnected position.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• When the switchgear is energized, always open and close the circuit breaker, 
and rack the circuit breaker from one position to another with the door closed.

• Never use force to move the circuit breaker inside the circuit breaker cell. If a 
mechanism is not operating smoothly, look for the cause.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Control Power Plug
In normal operation, the control power plug automatically connects and 
disconnects as the circuit breaker is moved into and out of the connected position.

To test the control system with the circuit breaker in the test/disconnected position, 
rotate and pull the handle of the secondary control power receptacle forward until it 
can be rotated again and locks the receptacle in position. The circuit breaker can 
now be electrically operated the same as in the connected position. After checking 
all electrical functions, push the receptacle back in its normal operating position. 
Only then, rack the circuit breaker into the connected position.

Disconnect Position Latch
The disconnect position latch prevents the circuit breaker from rolling out of the 
compartment in the test/disconnected position. To remove the circuit breaker from 
the cell, pull the release handle of the circuit breaker.

Manual Spring Charging Mechanism
In normal operation, when the control plug is engaged, the motor automatically 
charges the circuit breaker closing springs. The springs can also be charged 
manually, using the manual spring charging mechanism. This feature is provided 
for testing and maintenance purposes, and for emergency operating conditions.

Manual CLOSE and OPEN Push Buttons
Manual CLOSE and OPEN push buttons are located at the front of the circuit 
breaker. These push buttons operate the circuit breaker whether the circuit breaker 
is charged manually or electrically. Use them only when testing the circuit breaker 
during start-up or maintenance. Refer to the Type VR Circuit Breaker instruction 
bulletins 6055-31 (1200 and 2000 A, 50 kA) and 6055-33 (3000 A, 50 kA and 1200, 
2000, 3000 A, 63 kA).

NOTICE
HAZARD OF EQUIPMENT DAMAGE

Never manually close a circuit breaker in the connected position unless the 
opening source of power and protective relays are connected and operable.

Failure to follow these instructions can result in equipment damage.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

When the switchgear is energized, never use the manual OPEN and CLOSE 
push buttons on the front of the circuit breaker. Use the control switch with the 
front door closed.

Failure to follow these instructions can result in equipment damage.
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 
compare the plans and specifications with the customer drawings provided. Be 
sure to:

• provide adequate ventilation at all times so the ambient temperature around the 
assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 
supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 
convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains
• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 
(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 
determine switchgear and component weights for handling and structural 
considerations.
Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)
63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)
1200 A, 40 kA 380 lb (172 kg)
1200 A, 50 kA 430 lb (195 kg)
2000 A, 25 kA 430 lb (195 kg)
2000 A, 40 kA 450 lb (204 kg)
2000 A, 50 kA 500 lb (227 kg)
3000 A, 50 kA 700 lb (318 kg)
1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)
63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)
63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)
50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 
recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 
in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 
(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 
finished to the same tolerance as the mounting pad. This level surface is necessary 
for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 
compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 
front of the line-up. This space is necessary for door clearance when removing the 
circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 
simplify moving the switchgear into place, keep the conduit flush with the surface of 
the floor. Position the conduit accurately so that there is no mechanical interference 
with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 
steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 
more shipping sections, depending on the number of cells in the assembly. Before 
installing each section, refer to the customer drawings and section markings to 
ensure proper alignment. When installing two shipping sections, install the section 
which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 
spacings and compare with the customer drawings. Cumulative error in conduit 
location may require starting with the center shipping section and working toward 
either end. If the conduits are properly located, install the end shipping section first 
which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 
into place. If rollers must be used, move with the skid in place. Remove the skid 
only when the switchgear is in proper position on the pad. Lower the first section 
onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 
assembly and pry it into place. Do not pry directly on the structure, doors, or 
covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts
• the back of the unit is perpendicular to the pad and has proper clearance
• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 
between floor channels and switchgear. After leveling a section, bolt it to any previously 
installed sections before proceeding. If the sections do not fit snugly together, remove 
the most recently placed section with the crane. Check for obstructions and try again. 
Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 
sections to the channel sills, or installing the horizontal main bus. After all the 
sections are level and bolted together, verify again that all shipping sections are in 
their correct position according to the job drawings. If they are, weld or bolt the 
switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 
anchored in place and no additional movement of the assembly will occur. Bus bar 
extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 
views (Figure 22) of the assembly show the general arrangement of the main bus 
and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 
show the different bus connections and the orientation of the filler and splice plates. 
When aluminum bus is furnished, some of the circuit breaker connections and 
splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 
between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 
for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 
pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 
the correct distance from the end (Figure 25), and the smaller rings around each 
bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 
both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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When busbar stand-off insulator installation is required on shipping sections, refer 
to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 
shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 
sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 
the vertical bus. Do not bend or force the bus to make this connection. The through 
bushings and the divided insulating barrier may be loosened if necessary. They have 
sufficient clearance and adjustment to compensate for minor field misalignment of 
shipping sections. Tighten the bolts holding the busbar joints only after all three 
busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 
for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 
position the splice plate, then replace hardware on both ends. The ground bus 
must be connected for proper operation of relaying and instrumentation, and for 
personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 
break. Each wire is identified and has been previously connected during assembly 
and testing at the factory. If the identification is missing or blurred, ring-out before 
connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support
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Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —
5/16–18 11–15 lb-ft (14.9–20.3 N•m) —
3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)
1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)
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Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 
into the connected position of its respective circuit breaker compartment. Observe 
the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 
that tracks made in the contact grease by the fingers of the main disconnects 
extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 
that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 
rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 
transformer drawer. Observe their operation. Verify that the static grounding 
contacts touch the moving drawout contacts and that the primary and secondary 
contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 
the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.
2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).
3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 
circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 
hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 
not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 
are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 
test before proceeding. If results are acceptable, the power cables, ground wires, 
external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 
left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 
front (the circuit breaker compartment side). If, for any reason, the bus must be 
phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 
critical to the successful operation of the electrical distribution system. Avoid sharp 
turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 
manufacturer’s recommendations for minimum bending radius. These instructions 
will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 
connecting power cables to metal-clad switchgear. When making the terminations 
for each type of power cable, follow the cable manufacturer’s instructions. After the 
cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 
reduce the concentrated field created by their irregular shapes (Figure 27 on 
page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 
the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 
extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 
splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 
kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 
applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 
cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 
the Scotch 130C tape in all directions. The tape and other insulating materials 
for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 
the pothead manufacturer’s instructions for terminating the cables in these 
devices. To facilitate installation of the power cables, the bus side is not taped. 
After the cables are installed, insulate the pothead-to-bus connections 
according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 
be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 
including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation

Fill voids with
Scotchfil putty

One layer Scotch 13
semiconducting tape

Scotch 130C splicing tape:
Two layers for 4.76 kV;

Four layers for 15 kV

Overlap Scotch 130C splicing tape 
over bus insulation:
1.5 in. (38 mm) for 4.76 kV;
2 in. (51 mm) for 15 kV

NOTE: Scotch 13 semiconducting 
tape must touch bus or terminals 
in at least one place. Tape should 
not overlap bus or cable insulation.

NOTE: All taping 
is half-lapped.

Two layers of tape

0.5 in. (13 mm) Scotch 22 electrical tape

0.5 in. (13 mm) Scotch 22 electrical tape

Overlap Scotch 130C splicing tape 
over bus insulation:
1.5 in. (38 mm) for 4.76 kV;
2 in. (51 mm) for 15 kV
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Section 7—Start-Up

Training of personnel for final start-up can be provided. Contact your local 
Schneider Electric field sales representative for information.

To start the switchgear:

1. Vacuum out every compartment. Remove all loose parts, tools, miscellaneous 
construction items, and litter.

2. Replace all the main bus covers and any other barriers or covers which were 
removed during installation.

3. Ensure all insulating boots are installed.
4. Install the cable compartment back covers.
5. Connect the battery charger and batteries (if used) to the switchgear control 

bus according to the order drawings.
6. Unblock all the relays and set to the relay schedule. Using a relay tester, verify 

the settings and electrical operation of each relay.
7. Ensure that the drawout control power transformer (or drawout fuse drawer) has 

the current limiting fuses in place. Pull the drawer out to the withdrawn position.
8. Place all circuit breakers in their compartments in the test/disconnected 

position.
9. Connect a temporary source of low-voltage power to the stationary secondary 

contact of the control power transformer or any logical point (consult the 
customer schematic and wiring diagram). Open the secondary circuit breaker 
and remove the primary fuses.

10. Rack one circuit breaker at a time into the connected position. Then, electrically 
close and open the circuit breaker with the door-mounted circuit breaker control 
switch. Open the circuit breaker by temporarily closing the contacts of each 
protective relay. Reset the relay targets after each operation and rack the 
circuit breaker into the test/disconnected position.

11. Electrically operate from remote control locations and check the remote 
indicating lights.

12. Operate all electrical interlocks, transfer schemes, lock-out relays, and other 
control functions to ensure proper operation.

13. Remove the temporary source of low voltage power and make the permanent 
connection of low voltage power. Rack all circuit breakers into the connected 
position. Insert the drawout control power transformer, drawout fuses, and 
drawout voltage transformers into the connected position.

14. Using a properly rated tester, verify again that trip voltage is available at circuit 
breaker terminals in each compartment.

15. Energize incoming high voltage circuits.
16. Close circuit breakers to establish electrical service.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

All personnel involved in the start-up operation should be thoroughly familiar with 
the information in this instruction bulletin and on provided customer drawings 
before working on this equipment.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 
operating conditions require. Abnormal operation or conditions may require 
immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 
damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.
2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.
3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).
4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 
contact and overheating. Clean the discoloration from the contact surfaces of the 
busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.
6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.
2. Vacuum each compartment and wipe off all insulation.
3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 
disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.
• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 
the mechanism without a circuit breaker in the cell can be defeated by 
simultaneously holding the racking block lever down (Figure 4 on page 15) and 
turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 
each of the moving mechanisms in the compartment for damage and 
contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 
raise and lower smoothly with no indication of binding, twisting, hesitation, or 
hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 
indicating good contact with the circuit breaker separable contacts. Slight 
discoloration or tarnish of the silver plate on the primary contact is normal. 
Severe discoloration of the silver plate is an indication of excessive heating and 
should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 
primary contacts

— loose hardware or otherwise improper contact at the bus connection 
4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.
5. Inspect the primary contact and support insulators for damage.
6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 
grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 
free of cracks, the female contacts are clean, and the assembly is free to move. 
Clean the front and back surfaces of the receptacle to remove any 
contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 
insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 
Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 
Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.
11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.
12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 
cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 
50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.
2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.
3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.
4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.
5. Inspect the transformer for indication of insulation deterioration.
6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.
7. Vacuum the compartment and drawer.
8. Wipe off the insulation and control power transformer with a clean, dry cloth.
9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.
10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.
11. Inspect the interlock mechanism for proper operation.
12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.
2. Connect the control power source.
3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.
4. If all controls are functioning properly, disconnect the secondary control plugs.
5. Rack the circuit breakers into the connected position.
6. Close the circuit breakers and resume normal operation.
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Section 9—Accessories
Circuit Breaker Lift Truck

One circuit breaker lift truck (Figure 28) is required for each two-high line up. The 
cradle is raised and lowered by a self-braking worm and pinion drive system with a 
winch and wire cable. No ratchet release or locking is required because of the 
automatic load-retaining clutch feature. Rotating the handle clockwise raises the 
cradle. Rotating the handle counterclockwise lowers the cradle.

NOTE: The lift truck is designed to service Type VR circuit breakers. Please refer 
to instruction bulletin 6055-54 to understand the requirements for using Type VR 
trucks to service auxiliary devices.

To remove a circuit breaker from the cell with the lift truck:

1. Push the lift truck toward the circuit breaker compartment so the cradle is 
square with the front of the circuit breaker cell.

2. Raise the cradle until the hook brackets on each side of the cradle clear the 
blocks on each side of the circuit breaker cell rails.

3. Lower the cradle until the hook brackets lock over the blocks on each side of 
the circuit breaker cell rails.

4. Roll the circuit breaker onto the lift truck.
5. Secure the circuit breaker on the lift truck using the safety cable provided.
6. Raise the cradle until it clears the blocks on each side of the circuit breaker 

cell rails.
7. Remove the lift truck and circuit breaker from the cell and lower the cradle to 

the floor.
8. To remove the circuit breaker from the lift truck, disconnect the safety cable 

from the front of the circuit breaker.
9. Push the circuit breaker slightly toward the back of the cradle and pull the lever 

on the back of the cradle while rolling the circuit breaker off of the cradle.

Figure 28 – Circuit Breaker 
Lift Truck

Safety
cable

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Check the nameplate of the lift truck before using it. Circuit breakers rated for 
50 kA, and below, require a lift truck rated for 800 lbs (363 kg) or more. Circuit 
breakers rated for 63 kA require a lift truck rated for 950 lbs (431 kg).

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Test Cabinet—Optional
An optional wall-mounted test cabinet (Figure 29) is furnished when listed in the 
user’s specifications. The test cabinet consists of:

• small enclosure with a power on-off toggle switch
• white power-on indicating light
• red circuit-breaker-closed indicating light
• green circuit-breaker-open indicating light
• CLOSE and OPEN push buttons
• 8 ft. (2.4 m) cable with a secondary control receptacle that can be plugged 

directly into the circuit breaker control plug

Refer to the customer drawings for the external power connections and 
requirements necessary for the cabinet. A convenient terminal block is provided 
inside the test cabinet for these connections.

Ground and Test Device—Optional
Two types of ground and test devices are available:

• manual
• automatic

Ground and test devices are safety devices, typically used for:

• grounding of circuits during maintenance periods
• connection points for applying voltage for hi-pot testing and cable testing
• access to both lineside and loadside circuits for phase sequence testing

A complete description, operating instructions, and maintenance information is 
included in a separate ground and test devices instruction bulletin.

Figure 29 – Wall-Mounted Test Cabinet (optional)
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Section 10—Outlines
Figure 30 – Masterclad 25–50 kA Indoor Switchgear Outline

95.1 in.
2416 mm

91.0 in.
2311 mm

1.0 in.
25 mm

48.4 in.
1228 mm
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Figure 31 – Masterclad 63 kA Indoor Switchgear Outline

95.1 in.
2416 mm

99.7 in.
2533 mm

1.0 in.
25 mm

57.1 in.
1450 mm
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Section 11—Installation and Maintenance Log
Date Initials Maintenance Performed
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed” 
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection 
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Retain for future use.

Type VR Vacuum 
Circuit Breaker
4.76 kV, 8.25 kV and 15 kV
1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision



Type VR Vacuum Circuit Breaker  6055-31
Section 3—Receiving, Handling, and Storing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.10

E
N

G
L

IS
H

Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View

Manual charging handle

Close pushbutton

Open pushbutton
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Charged-discharged indicator

Pull handle
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Figure 3: Circuit Breaker–Rear View
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Primary disconnect

Code plate

Secondary disconnect



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 4—Product Overview

© 1996–2008 Schneider Electric All Rights Reserved. 13

E
N

G
L

IS
H

Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed

Operating mechanism

Closing springs

MOC linkage

Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed

MOC roller

Terminal bar

Operating mechanism

Drive bar

Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View

Shock absorber

Mechanism cover

Anti-pump relay

Ratchet assembly

Auxiliary switch
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View

Motor cutoff switch

Ground contact

Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV



Type VR Vacuum Circuit Breaker  6055-31
Section 5—Installing and Removing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.24

E
N

G
L

IS
H

7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Introduction This bulletin provides operation instructions for Type VR lift trucks used with 
auxiliary devices. These devices include:

• Voltage transformers (VT)

• Control power transformers (CPT) 

• Fuse drawout units stationary CPT

These devices roll on two stationary rails from the disconnected to the 
connected position.

Most routine maintenance can be performed by moving the device to its 
withdrawn position. However, during certain operations (commissioning or 
component replacement) these devices must be removed from the enclosure.

Using the Lift Truck The use of a lift truck is required on the following device locations:

• Upper Circuit Breaker Compartment

• Auxiliary Drawout Locations A, B, C and D

For breaker insertion and removal instructions, please refer to document 
6055-30. For auxiliary device removal from the cell with the lift truck:

1. Prepare the lift truck cradle according to the location from which the 
drawout device will be withdrawn.

a. For Locations A, B and C, ensure the lift truck adapters are placed 
on the lift truck cradle sides.

b. For Location D, the auxiliary drawout rolls directly into the lift truck 
cradle sides (lift truck adapters are not required).

2. Push the lift truck toward the auxiliary compartment so the cradle is 
square with the front of the drawout device position.

3. Raise the cradle until the hook brackets on each side of the cradle clear 
the blocks on each side of the auxiliary drawout rails.

4. Push the lift truck into the equipment until the hooks are over the blocks. 
Lower the cradle until the hook brackets lock over the blocks on each 
side of the auxiliary drawout rails. The lift truck adapters and drawout 
rails should be aligned. Apply the lift device floor lock.

5. Roll the drawout device until it touches the cell stop brackets. Lift up the 
first set of wheels and roll them over the lift truck adapters. Repeat until 
all wheels are on the cradle.

6. Secure the drawout device on the lift truck using the safety 
cable provided.

7. Raise the cradle until it clears the blocks on each side of the drawout rails.

8. Remove the lift truck and drawout device from the cell and lower 
the cradle.

9. Use properly-rated lifting device to transfer the drawout device to 
a workspace.

Figure 1: Auxiliary Drawout Locations

A

B

C

D
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Retrofit Options Lift truck adapters are standard equipment for switchgear manufactured after 
3Q 2011. Retrofit kits are available for Masterclad Model 5 switchgear 
manufactured between 2007 and 2011. Retrofit work involves both auxiliary 
drawouts and switchgear. Table 1 shows the reference kit number required 
for each model. Contact Schneider Electric Services (1-888-778-2733) for 
retrofit support.

Figure 2: Lift Truck Adapter

Lift truck adapter

Figure 3: Drawout Rail Detail

Switchgear rail

Lift truck adapter

Table 1: Retrofit Options—By Switchgear Release Date

Switchgear Release Date Kit Number

Before 2007 Not available

2007–2008 46015-976-50

2008–3rd Quarter 2011 46015-977-50

After 3rd Quarter 2011 Not Required

Lift Truck Adapter Kit 46015-961-50
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Figure 4: Drawout Design (Before 2007)

NEMA secondary 
connector

Figure 5: Drawout Design (2007–2008)

A, B, C Compartment

D Compartment

Truck stop

Truck stop

Figure 6: Lift Truck Retrofit Kit Figure 7: Drawout Design 
(2008–3rd Quarter 2011)

A, B, C Compartment

D Compartment

Truck stop

Truck stop
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Installation Instructions
VP Series



1. Getting Started
Before starting, you should ensure that you have all the tools and equipment 
required to successfully complete the installation and that the window is to 

cut using either a hole saw or punch. 

• Hole saw or punch
• Electric drill
• Cone drill
• 75 mm (3/16”) drill bit
• Center punch

• Anti-corrosion metal treatment

• Safety glasses
• Working gloves (recommended)
• Comply with all site PPE   
  requirements

You must enter the data into the thermographer label that corresponds with 

8 inches               Hor=13.2     Hor=16.2            Hor=19.2
              Ver=9.9      Ver=12.9             Ver=15.9

              Ver=13.5     Ver=16.5             Ver=19.5

              Ver=18.75     Ver=21.75            Ver=21.75

2. Check the Contents
Verify your shipment contains 

the supplied cutting template to the side of the panel 

holes and 

windows.
dimensions are in inches.

Instalation Instructions
VP Series 



1. 
2. Place the body of the unit, complete with seals, on 

the front of the panel.

Champion 
Hole Saw mm

St/Steel 

VP-12

VP-75

*For best performance, we recommend 1/2” corded power 

tools.

Greenlee Hole Punch
VP-12

VP-75

Cut the correct size hole using your chosen method; 

de-burr, remove any metal shavings and the remaining 

treat all bare metal surfaces with a protective, anti-

term corrosion and protect the integrity of the panel. 

required is by using the clock face method, i.e. bus bar connections at 

to ensure the unit is used correctly.
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Current and Voltage Transformers
Transformadores de corriente y tensión
Transformateurs de courant et de tension

Replaces / Reemplaza / Remplace 39000-300-01, 06/1999

Class
Clase

Classe

Type
Tipo
Type

4210 Indoor / Para interiores /
Pour usage à l’intérieur 600 V

Retain for future use. / Conservar para uso futuro. / À conserver pour usage ultérieur.

*

INTRODUCTION INTRODUCCIÓN INTRODUCTION

This document provides installation 
information for Square D® 600 V, 
indoor-type current and voltage 
instrument transformers. Square D 
voltage and current transformers are 
field-proven in well over a million 
installations where accuracy, 
dependability, and long life are 
essential. Current transformers (CTs) 
and voltage transformers (VTs), or 
potential transformers (PTs), are 
used for measurement and control of 
generation, transmission, and 
distribution equipment.

Este documento ofrece información sobre 
la instalación de transformadores de 
instrumentos de corriente y tensión 
Square D® de 600 V, para interiores. Los 
transformadores Square D de tensión y 
corriente se han probado en campo en 
más de un millón de instalaciones en las 
que la precisión, la confiabilidad y la 
durabilidad son esenciales. Los 
transformadores de corriente (TC) y los 
transformadores de tensión (TT) o 
transformadores de potencial (TP) se 
utilizan para medir y controlar equipos de 
generación, transmisión y distribución.

Ce document contient des informations sur 
l’installation des transformateurs de 
mesure de courant et de tension de 
Square D® de 600V pour usage à 
l'intérieur. Les transformateurs de courant 
et de tension Square D sont des appareils 
qui ont été prouvés dans plus d’un million 
d’installations, où des qualités telles que la 
précision, la fiabilité et une longue durée 
de vie sont essentielles. Les 
transformateurs de courant (TC) et les 
transformateurs de tension (TT) ou 
transformateurs de potentiel (TP) sont 
utilisés pour la mesure et le contrôle des 
appareils de génération, de transmission 
et de distribution.

RECEIVING RECEPCIÓN RÉCEPTION

Upon receiving the transformer, 
inspect it for possible damage. If 
damage is suspected, immediately 
file a claim with the freight carrier. 
Before returning any product to the 
factory, obtain a Return Material 
Authorization (RMA) from your 
Schneider Electric/Square D 
representative.

Al recibir el transformador, inspecciónelo 
para determinar si se ha dañado. Si existe 
sospecha de daño, de inmediato presente 
una reclamación a la compañía de 
transportes. Antes de devolver cualquier 
producto a la fábrica, obtenga una 
garantía de Autorización de devolución de 
material (ADM) de su representante de 
Schneider Electric/Square D.

Dès la réception du transformateur, 
l’examiner pour s’assurer qu’il n’est pas 
endommagé. En cas de dommages 
possibles, faire une réclamation à 
remettre immédiatement au transporteur. 
Avant de retourner l’appareil à l’usine, 
obtenir une Autorisation de retour de 
matériel (ARM) de votre représentant de 
Schneider Electric/Square D.

HANDLING MANEJO MANUTENTION

Transformer core and coil assemblies 
are housed in molded thermo-plastic 
cases. These cases offer excellent 
protection from damage; however, 
care should be taken not to drop or 
crush the units. Replacement case 
parts are not available.

Los ensambles de núcleo y bobina del 
transformador se alojan en cajas 
moldeadas de plástico térmico. Estas cajas 
brindan excelente protección contra daños; 
sin embargo, se debe tener cuidado de no 
dejar caer o aplastar las unidades. No se 
encuentran disponibles piezas de 
repuesto.

Les assemblages de noyaux et bobines du 
transformateur sont montés dans des 
boîtiers moulés en thermo-plastique. Ces 
boîtiers offrent une excellente protection 
contre les dommages; cependant, 
certaines précautions doivent être prises 
afin de ne pas laisser tomber ou écraser 
les unités. Aucune pièce de rechange pour 
boîtiers n'est disponible.

STORAGE ALMACENAMIENTO ENTREPOSAGE

When not installed, the transformers 
must be stored in a clean, dry 
location. The temperature range for 
storage is -50 °C to +85 °C.

Si no se han instalado, los 
transformadores se deben almacenar en 
una ubicación límpia y seca. La gama de 
temperatura de almacenamiento es de 
-50° C a +85° C.

Lorsqu’ils ne sont pas installés, les 
transformateurs doivent être entreposés 
dans un endroit propre et sec. La 
température d’entreposage doit être entre
-50 °C et +85 °C.

Continued on next page Continúa en la siguiente página Page suivante



Current and Voltage Transformers
Transformadores de corriente y tensión 39000-300-01A
Transformateurs de courant et de tension 02/2005

© 1999–2005 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés2

INSTALLATION INSTALACIÓN INSTALLATION

Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH

• Apply appropriate personal 
protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO

• Utilice equipo de protección personal 
(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC

• Portez un équipement de protection 
personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions

Continued on next page Continúa en la siguiente página Page suivante
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE

• Current Transformers: Connect 
current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA

• Transformadores de corriente: Conecte 
los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE

• Transformateurs de courant : Raccorder 
les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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To meter / 
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Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
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5. Current transformers: If 
installing a window-type current 
transformer over fully insulated 
cable that is surrounded by a 
current-carrying sheath or 
concentric neutral, insert the 
sheath ground wire or neutral 
through the window before 
grounding. See Figure 3.

5. Transformadores de corriente: Si se 
instala un transformador de corriente 
con abertura sobre un cable 
completamente aislado, cubierto por 
una funda conductora de corriente o 
neutro concéntrico, inserte el cable de 
tierra del cable con funda o neutro a 
través de la abertura antes de hacer la 
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas 
d’installation d’un transformateur de 
courant muni d’une fenêtre sur un 
câble électrique complètement isolé et 
protégé par une gaine conductrice ou à 
neutre concentrique, insérer le fil de 
m.à.l.t. du câble avec gaine 
conductrice ou du neutre à travers la 
fenêtre avant de procéder à la mise à la 
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique

USING A SELECTOR SWITCH UTILIZACIÓN DE UN SELECTOR UTILISATION D’UN SÉLECTEUR

If a selector switch is used on a 
current transformer in conjunction 
with one ammeter to read current on 
all three phases, the switch must 
have a “make-before-break” 
contact pattern and automatic 
shorting to ensure the current 
transformer is not open-circuited 
when switching between phases. A 
voltage transformer selector switch 
must have a “break-before-make” 
contact pattern to avoid shorting the 
voltage transformer secondary.

Si se usa un selector en un transformador 
de corriente en conjunto con un 
ampérmetro para leer la corriente de las 
tres fases, el interruptor debe tener un 
contacto de “cierre antes de apertura” 
así como un cortocircuito automático para 
asegurar que el transformador de corriente 
no esté en circuito abierto durante la 
conmutación entre fases. El selector del 
transformador de tensión debe tener un 
contacto de “apertura antes de cierre” 
para evitar cortocircuitos en el secundario 
del transformador de tensión.

Si un sélecteur est utilisé sur un 
transformateur de courant avec un 
ampèremètre pour lire le courant sur les 
trois phases, l’interrupteur doit posséder 
un contact de « fermeture-avant-
ouverture » et une mise en court-circuit 
automatique pour assurer que le 
transformateur de courant n’est pas en 
circuit ouvert pendant la commutation 
entre les phases. Un sélecteur de 
transformateur de tension doit posséder un 
contact d’« ouverture-avant-fermeture » 
afin d’éviter de court-circuiter le 
secondaire du transformateur.

APPLICATION SUPPORT SOPORTE DE APLICACIÓN SUPPORT D’APPLICATION

Specifications, performance data, 
and special application 
documentation are available at 
www.us.SquareD.com. Or, call 
1-888-778-2733 for other instrument 
transformer application assistance.

Las especificaciones, los datos de 
funcionamiento y la documentación sobre 
aplicaciones especiales se encuentran 
disponibles del sitio web 
www.us.SquareD.com. Si desea obtener 
asistencia sobre otras aplicaciones de 
transformadores de instrumentos llame al 
1-888-778-2733 en los EUA.

De la documentation sur les 
caractéristiques, les données de 
performance et les applications spéciales 
est disponible à www.us.SquareD.com. Ou 
appeler le 1-888-778-2733 (É.-U.) pour 
toute autre assistance sur les applications 
de transformateurs de mesure.
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Electrical equipment should be installed, 
operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed 
by Schneider Electric for any consequences 
arising out of the use of this material. 

Solamente el personal especializado deberá instalar, 
hacer funcionar y prestar servicios de mantenimiento 
al equipo eléctrico. Schneider Electric no asume 
responsabilidad alguna por las consecuencias 
emergentes de la utilización de este material.

Seul un personnel qualifié doit effectuer l’installation, 
l’utilisation, l’entretien et la maintenance du matériel 
électrique. Schneider Electric n’assume aucune 
responsabilité des conséquences éventuelles 
découlant de l’utilisation de cette documentation.
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Flexitest Switch
Type FT-1

For Multi-Circuit Testing of Switchboard
Relays, Meters and Instruments

APPLICATION
The ABB Type FT-1 Flexitest Switches and ABB Test
Plugs are designed and manufactured to allow quick
and easy multi-circuit testing of protective relays,
meters and instruments by any conventional system.

Advantages
The Type FT-1 Switches and related Test Plugs have
all the features necessary for applications involving
the measurement of individual currents and voltages
associated with substation instrumentation and pro-
tection devices. The make before break current short
circuit feature also allows test personnel to quickly
and safely isolate equipment from current trans-
former (ct) circuits. 

Safe and Convenient
The semi-flush mounted FT-1 Switch provides fast,
safe and reliable access to components and circuits
on panel boards and switchboards without discon-
necting existing wiring. All measurements and tests
can be performed at the front of the switchboard
without taking any devices out of service.

Fast and Reliable
When Test Plugs are used, any number of circuits
may be tested in rapid succession, since one plug

properly connected can test all instruments or meters
of a particular type.

Maximum Flexibility
The FT-1 Switch is built with a maximum of ten indi-
vidual poles or switch units. The switches can be
assembled in a variety of different arrangements, to
match customer requirements.

ABB Test Plugs are used in conjunction with the FT-1
Switch to enable easy measurement, calibration, ver-
ification or maintenance of relays, meters or instru-
ments.

Voltage measurements can also be made directly on
the FT-1 Switch (without disturbing existing connec-
tions). There is a test clip located on the top of each
pole that allows connection with standard spring clip
test leads.

Security
With the cover in place, a meter type lead seal can
be placed through either of the cover studs of the
FT-1 Switch to prevent unauthorized access to the
switch. As an additional feature, a clear cover is
available that can also be installed and locked with
the switchblades in the open position.

Figure 1. FT-1 Flexitest Switch (Front View)
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SPECIFICATIONS

Ratings 
The FT-1 Switch is rated at 600 volts and 30 amps. It
is UL recognized, and meets or exceeds all the
requirements in ANSI/IEEE C37-90 standard.

Mounting
FT-1 Switches are designed for semi-flush mounting
on the front of switchboard panels, facilitating inspec-
tion and accessibility.

FT-1 SWITCH CONSTRUCTION
Base
The base of the FT-1 Flexitest Switch is made of a
molded polycarbonate material, which provides a
tough, insulated enclosure. Barriers are molded into
the base (front and rear) to separate the switch units
from one another. The barriers provide insulation
between poles, and also ample wiring space
between terminals.

Cover
The cover of the FT-1 Switch provides a tough insu-
lated enclosure for the switch and is also made of a
polycarbonate material. FT-1 standard styles come
with a black opaque cover, but an optional clear
cover is also available. This clear switch cover
affords the user the unique option of intentionally
leaving switch handles in the open position and
replacing the cover. Maintaining the provision for a
meter seal when some handles are in the open posi-
tion allows the user to service electrical equipment
while still complying with OSHA tag and lock proce-
dures.

The clear cover can be ordered on new FT-1
Switches or ordered separately for retrofit to existing
FT-1 Switches. Users will maintain the same ease of
accessibility as with the black opaque cover.

The cover thumb nut has been modified so that a
1/4” nut driver can be used to loosen & tighten it.

This is the same size nut driver that is used on the
hex head terminal screws of the standard FT-1
Switch.

Poles

FT-1 Switches are available in combinations of any-
where from 1 to a maximum of 10 individual poles or
switch units. Each pole is identified by a letter (A to J)
visible along the top of the base from left to right (See
Fig. 1).The individual switch units are of a knife blade
type. There are two different types of switch units
available: potential poles and current poles. Potential
poles (P, T, . . .) are configured as single, non-short-
ing knife blades for use in potential, trip, or control
circuits. Current poles are typically configured in sets
of two, (C-C), for use with current circuits; and con-
sist of a current test jack, a shorting spring, a shorting
blade, and a non-shorting blade. (See Fig. 2) The
positions of the short circuit springs are visible from
the front of the switch. 

Switch Handles

Switch handles are made of a molded phenolic mate-
rial, and are typically black for potential and current
circuits, and red for trip circuits. They are also avail-
able in a variety of different colors. Each handle has
a dovetail indentation to hold a circuit identification
label. Knife blade switches can be operated indepen-
dently, or ganged together with a horizontal interlock-
ing bar, to suit testing needs. (See Fig. 3)

A hole runs through the middle of each switch handle
to allow insertion of interlocking bars that can
mechanically tie 2, 3, 4, 5, 6 or 10 switch handles
together. Interlocking Bars are sold separately. (See
“ACCESSORIES – ORDERING INFORMATION” on
page 8.)

Weight Net
lbs. (kg)

Shipping
lbs. (kg)

FT-1 Switch 1.75 (.79) 3 (1.4)

In Service Series Test Plug 1.5 (.68) 3 (1.4)

Separate Source Test Plug 1.5 (.68) 3 (1.4)

Individual Current Circuit Test plug 0.1 (.045) 1 (0.45)

Figure 2. Blade assembly of two position pole “C-C”
(Rear View, outside of base)
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Terminals
Connection terminals are located at the rear of the
switch. Terminals are numbered 1 to 20 for easy iden-
tification (rear view). Each pair of numbered terminals

is associated with a matching pole designated by a
letter on the front of the switch. (See Fig. 4)

Figure 3. Switch Handles Figure 4. FT-1 Switch (rear view)

FT-1 SWITCH ORDERING INFORMATION

Style Number
Prefix

Style 
Number Description Photo

None
(Standard) See Table 3 Black Cover

Screw Terminals

S See Table 3 Black Cover
Stud  & Nut Terminals

C See Table 3 Clear Cover
Screw Terminals

CS See Table 3 Clear Cover
Stud  & Nut Terminals

R, RS For FT-19R Applications only
(See DB 41-078)
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Ordering Information

• FT-1 Switches may be ordered by style number.
Table 3 starting on page 9 provides a compre-
hensive selection guide of existing styles.

• An FT-1 Switch with black cover and screw ter-
minals will be supplied when ordering the stan-
dard style number as listed on Table 3,
(Example: 129A501G01). An optional clear cover
will be supplied instead of the black cover by
using style number prefix “C”, (Example:
C129A501G01).

• Optional stud and nut terminals will be supplied
by using style number prefix “S”, (Example:
S129A501G01).

• Optional clear cover and optional stud and nut
terminals will be supplied by using style number
prefix “CS”, (Example: CS129A501G01).

• For FT-1 Switch requirements that cannot be
matched up to an existing style number on Table
3, it is recommended that the customer find a
style number that comes closest to meeting the
necessary requirements. Enter description only
to order the new FT-1 Switch as similar-to (exist-
ing style) except stating the different characteris-
tic(s) required. 

• Customers may also place the order by providing
a complete Switch Arrangement definition,
Example: P P P C-C C-C C-C P. (See Switch
Arrangement section below.)

Switch Arrangement
• FT-1 Switches are available in any combination

of 1 to 10 poles.

• Pole positions are identified from left to right on
the front view of the switch by the letters “A”
through “J”.

• Pole designations are used to identify each type
of pole. To develop a complete Switch Arrange-
ment that describes a unique FT-1 Switch,
arrange pole designation sequentially from left to
right (A-J).

• Every pole position has to be defined by a “Pole
Designation” (“X” is used to designate empty
pole positions).

• Some current Pole Designations span more than
one pole position.

• A space is the delimiter between Pole Designa-
tions, (Example: P P P C-C C-C C-C P is the
complete Switch Arrangement definition for style
number 129A514G01).

• See Tables 1 & 2 for a complete listing of avail-
able Pole Designations, and their definitions.

Note: All switch arrangements developed or ordered
should be checked for adequate current trans-
former shorting when applied to current trans-
former circuits.

Terminals
• All required terminal hardware is supplied with

each FT-1 Switch.

• Screw Terminals are provided with standard FT-1
Switch styles. They require customer connec-
tions be made with a hex washer head screw.
(See Fig. 5)

• Stud and Nut Terminals are an optional feature.
Customer connections are made with two wash-
ers and a nut. (See Fig. 5) A special nut driver
can be purchased from ABB to connect to stud
terminals. (See “ACCESSORIES – ORDERING
INFORMATION” on page 8)

Figure 5. Standard and Optional Terminals 
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Table 1 - CURRENT POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

C†

†  = Current Poles C and R are special Pole Designations developed for test circuits. They are not intended for use in current transformer circuits.

BLACK
NON-SHORTING, WITH TEST JACK

R† RED

C-C ‡

‡  = Typical Pole Designations

BLACK
CURRENT, SHORTING, WITH CURRENT TEST JACK

R-R RED

C-A BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK

C-B BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK, 
WITHOUT JAW OR BLADE AT “B”

C-D BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK, 
WITHOUT BLADE AT “D”

C-E BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK 
WITH SHORTING BLADE ALSO AT “E”

C-C-C ††

††  = Also available as C-C-A, C-C-B. . . up to C-C-C-C

BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK (2 
POSITION SHORTING SPRING)

B

D

E

Table 2 - POTENTIAL POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

P ‡ BLACK

POTENTIAL, NON-SHORTING BLADE

T ‡ RED

G GREEN

Y YELLOW

Z BLUE

W WHITE

O ORANGE

L BLACK POTENTIAL, LONG BLADE

S --- --- FIXED SHORTING STRAP

J --- --- CURRENT JAW, NO BLADE

N --- --- TERMINAL STUD IN BLADE LOCATION, NO JAW

U --- --- STUD AND TEST CLIP

X --- --- EMPTY POLE POSITION

‡ = Typical Pole Designations
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TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

The “In-Service” Series Test Plug with a maximum of
10 positions is designed to match the pole configura-
tions of specific styles of FT Flexitest devices (either
FT-1 Switches or FT case relays). Not every switch
or relay pole configuration is suitable to accept an In-
Service Series Test Plug, but many FT-1 Switch
styles do have one already available, See Table 3,
page 9, “IN-SERVICE TEST PLUG”.

This Test Plug is typically used to connect devices
measuring the currents and voltages being applied to
the switchboard relays, meters and instruments with-
out interrupting or short-circuiting the circuit. Only the
current test switches with the current jack must be
opened before inserting the Series Test Plug.

Individual Current Circuit Test Plug 

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

The Individual Current Circuit Test Plug is an amme-
ter type device used to measure current. It can be
inserted in the current test jack of FT Flexitest
devices after opening the knife blade switch. This
plug consists of two conducting strips separated by
an insulating strip. The ammeter is connected to
these strips by terminal screws and leads carried out

through holes in the back of the insulated handle.
(See Figs. 7 and 8)

 

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

The 10 Position Separate Source Test Plug isolates
the external connections from the relay or equipment
under test. This test plug provides quick circuit test-
ing, by fitting into the stationary contact jaws of any
Flexitest Type FT Case or FT-1 Switch. L-shaped test
blades assure quick, accurate alignment between the
Test Plug and the stationary contact jaws.

WARNING

Figure 6. In-Service Series Test Plug

WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Plug inserted 
into Flexitest Case 

WARNING

Figure 9. Separate Source Test Plug - 10 Position
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This Test Plug connects the relay inputs and outputs
to a set of binding posts on the top of the Test Plug,
and completely isolates the relay circuits from the
external connections (ct, pt, trip, etc.) by means of an
insulated barrier along the bottom of the plug. The
external test circuits can then be connected to these
binding posts, which are staggered for easy accessi-
bility. 

Before inserting the Separate Source Test Plug, all
switch- blades must be placed in the full open posi-
tion. In a Flexitest Type FT Case, the plug is inserted
in the bottom switch jaws with the binding posts up
and in the top test switch jaws with the binding posts
down. (See Fig. 10)

Figure 10. Separate source test plug shown
inserted in FT-Case
(Bottom Switch Jaws)

TEST PLUGS – ORDERING INFORMATION

Description Style Number Photo

In-Service Series Test Plug
(Order to match Flexitest FT relay 
case or FT-1 Switch arrangement)

See Table 3

Individual Current Circuit Test Plug
(Leads not included)

7B4618G04

Separate Source Test Plug
(10 position) 1164046
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ACCESSORIES – ORDERING INFORMATION

Description Style Number Photo

Clear Cover 9676A32G01

Black Cover 128A973G01

Description Style Number Photo

Nut Driver
(For Stud & Nut Terminals only, Prefix “S”) 877A821G01

Description Style Number Photo

Interlocking Bar 2 Position 1270547

Interlocking Bar 3 Position 1164048

Interlocking Bar 4 Position 02C9834G03

Interlocking Bar 5 Position 02C9834G04

Interlocking Bar 6 Position 02C9834G06

Interlocking Bar 10 Position 02C9834G05
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P
O
T
E
N
T
I
A
L

C
U
R
R
E
N
T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

1
Pole

A B C D E F G H I J

1 0 P . . . . . . . . . 774B542G09 129A062G10

2
Pole

A B C D E F G H I J

2 0 . . . . . . . P . P 291B954G15 129A062G10

2 0 . . . P . . P . . . 129A534G01 129A062G10

2 0 P P . . . . . . . . 291B954G13 129A062G10

2 0 T . . . . . . . . T 291B954G14 129A062G10

2 0 T T . . . . . . . . 291B954G16 129A062G10

2 0 Z Z . . . . . . . . 9676A38G01 129A062G10

0 2 . . . . . . . C-C . 291B954G12 129A062G01

0 2 . . . . . C-C . . . 129A531G01 129A062G08

0 2 . C-C . . . . . . . 498A026G01 129A062G07

3
Pole

A B C D E F G H I J

3 0 . . . . . . . P P P 716B871G11 129A062G10

3 0 . . . P P P . . . . 716B871G09 129A062G10

3 0 P . . . P . . . . P 716B871G12 129A062G10

1 2 C-C . . . . . . . T 9663A78G01 (1)

0 3 . . . C C C . . . . 716B871G10 (1)

4 
Pole

A B C D E F G H I J

4 0 . . . T P T P . . . 9676A26G01 129A062G10

4 0 . . . T T T P . . . 9676A27G01 129A062G10

4 0 . . P P P P . . . . 129A524G01 129A062G10

4 0 . . T . T . T . T . 291B956G31 129A062G10

4 0 . . T T T T . . . . 1586C39G01 129A062G10

4 0 . . T T T T . . . . 291B956G32 129A062G10

4 0 P . . . . . . P P P 129A506G01 129A062G10

4 0 P . . . . . . P P P 3501A86G06 129A062G10

4 0 P . . P . . P . . P 291B956G24 129A062G10

4 0 P . . P P P . . . . 291B956G25 129A062G10

4 0 P P . . . . . . P P 129A538G01 129A062G10

4 0 P P P . . . . . . P 498A022G01 129A062G10

4 0 P P P . . . . . . T 9663A80G01 129A062G10

4 0 P P P P . . . . . . 9672A73G01 129A062G10

4 0 T . . . . . . P P T 763A166G01 129A062G10

4 0 T . . . . . . T T T 498A012G01 129A062G10

4 0 T . T . . . . T . T 862A584G01 129A062G10

4 0 T T T . . . . . . T 1586C39G02 129A062G10

3 1 P P C . . . . . . P 291B956G26 (1)

2 2 P . . . . . . C-C P 129A507G01 129A062G01

2 2 P P . . . . . C-C . 291B956G18 129A062G01

2 2 P P C-C . . . . . . 291B956G30 (1)

2 2 T . . . . . . C-C P 9671A05G01 129A062G01

2 2 T T . . . . . C-C . 9676A36G01 129A062G01

1 3 . . . C C C . . . P 291B956G28 (1)

0 4 . . . . . C-C C-C . 291B956G13 129A062G02

0 4 . C C C C . . . . . 291B956G23 (1)

0 4 . C-C . . C-C . . . 763A109G01 (1)

0 4 . C-C C-C . . . . . 498A027G01 129A062G09

0 4 C C C C . . . . . . 291B956G27 (1)

0 4 C-C C-C . . . . . . 291B956G29 (1)

0 4 C-C-C-C . . . . . . 837A087G01 (1)

5
Pole

A B C D E F G H I J

5 0 P P . . . . . P P P 129A505G01 129A062G10

5 0 P P P P P . . . . . 291B957G15 129A062G10

5 0 T T . . . . . T T T 9676A37G01 129A062G10

3 2 P C-C P . . . . . P 129A508G01 129A062G07

3 2 P P . . . . . C-C P 129A533G01 129A062G01

3 2 P P . . C-C . . . P 291B957G17 (1)

3 2 P P P C-C . . . . . 291B957G16 (1)

3 2 T P . . . . . C-C T 291B957G09 129A062G01

1 4 . C C . C . C . P . 498A002G01 (1)

0 5 C . C . C . C . C . 129A555G01 (1)

6
Pole

A B C D E F G H I J

6 0 . . . P P P P P P . 188A416G01 129A062G10

6 0 P P . . . . P P P P 837A889G01 129A062G10

6 0 P P . . P P . . P P 629A568G01 129A062G10

6 0 P P P . . . . P P P 129A504G01 129A062G10

6 0 P P P P . . . . P P 129A550G01 129A062G10

6 0 P P P P P P . . . . 291B958G25 129A062G10

6 0 P P T . . . . T T T 1586C40G01 129A062G10

6 0 T T T T . . . . T T 291B958G33 129A062G10

4 2 P . . . . P P C-C P 129A509G01 129A062G01

4 2 P P P P R-R . . . . 9667A02G01 (1)

4 2 T T . . . P P . C-C 9672A03G01 (1)

P
O
T
E
N
T
I
A
L

C
U
R
R
E
N
T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

Table 3
FT-1 Switch Selection Guide
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3 3 P P . . . . C C C P 291B958G24 (1)

3 3 P P . . . . C C-C P 129A543G01 129A062G02

3 3 P P P . . . C C C . 9676A19G01 (1)

2 4 . . . C-C C-C P P . 291B958G30 129A062G12

2 4 P . . . . C-C C-C P 129A537G01 129A062G02

2 4 P . . . . P C-C C-C 291B958G31 (1)

2 4 P . . C C C C . . P 291B958G27 (1)

0 6 . . . . C-C C-C C-C 9672A72G01 (1)

0 6 . . . C C C C C C . 188A454G01 (1)

0 6 . . . C-A C-A C-A . 291B958G26 (1)

0 6 . . . C-A C-A C-C . 291B958G29 (1)

0 6 . . . C-B C-B C-B . 498A017G01 (1)

0 6 . . . C-C C-C C-C . 129A516G01 292B319G23

0 6 . . . R-R R-R R-R . 291B958G28 292B319G23

0 6 . . C C C C C C . . 129A523G01 (1)

0 6 . C-C . C-C . C-C . 498A014G01 (1)

0 6 C . C . C . . C C C 188A304G01 (1)

0 6 C-C C-C C-C . . . . 9660A97G01 (1)

7
Pole

A B C D E F G H I J

7 0 . P P P P P P P . . 129A526G01 129A062G10

7 0 P . . P P P . P P P 129A503G01 129A062G10

7 0 P . . P P P P P . P 291B959G19 129A062G10

7 0 P P P . . . P P P P 129A547G01 129A062G10

7 0 P P P . . . P P P P 291B959G30 129A062G10

7 0 P P P P . . P P P . 498A013G01 129A062G10

7 0 P P P P P P . . . T 9663A79G01 129A062G10

7 0 P P P P P P P . . . 291B959G28 129A062G10

7 0 T . . P P P . P P T 763A168G01 129A062G10

7 0 T T P . . . P P P P 291B959G33 129A062G10

5 2 P C-C P . . . P P P 188A261G01 129A062G07

5 2 P P . . . C-C P P P 129A510G01 129A062G08

5 2 P P P P P . . . C-C 291B959G27 (1)

5 2 P P P P P . . C-C . 291B959G18 129A062G01

5 2 T P . . . P P C-C T 188A622G01 129A062G01

5 2 T T . . . R-R T T T 9667A17G01 129A062G08

4 3 P P C . C . C . P P 188A477G01 292B319G24

3 4 P C C . C . C . P P 188A618G01 (1)

3 4 P P . . . C-C C-C P 129A511G01 129A062G02

3 4 P P P . . C-C C-C . 498A008G01 129A062G02

3 4 T C-C T C-C T . . . 291B959G26 (1)

P
O
T
E
N
T
I
A
L

C
U
R
R
E
N
T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

3 4 T T T . . . C C C C 291B959G32 (1)

3 4 T T T . . C-C C-C . 291B959G20 129A062G02

1 6 . . . C-C C-C C-C T 498A003G01 292B319G23

1 6 C-C C-C C-C . . . T 9663A77G01 (1)

1 6 P C-C C-B C-B . . . 129A540G01 (1)

0 7 . . C C-C C-C C-C . 291B959G29 292B319G22

0 7 C-C C-C C-C C . . . 9676A24G01 (1)

8
Pole

A B C D E F G H I J

8 0 . P P P P P P P P . 291B960G37 129A062G10

8 0 P . . P P P P P P P 129A549G01 129A062G10

8 0 P P P . . P P P P P 719B591G09 129A062G10

8 0 P P P . P P . P P P 291B960G39 129A062G10

8 0 P P P P . . P P P P 129A502G01 129A062G10

8 0 P P P P . . P P P T 129A536G01 129A062G10

8 0 P P P P P . . P P P 129A546G01 129A062G10

8 0 P P P P P . . P T T 719B591G14 129A062G10

8 0 P P P P P P P P . . 719B591G10 129A062G10

8 0 T T T T T . . T T T 719B591G12 129A062G10

6 2 P P P . . C-C P P P 291B960G26 129A062G08

6 2 P P P P P . . C-C P 188A632G01 129A062G01

6 2 P P P P P P . . C-C 291B960G36 (1)

6 2 T . . P P P P C-C T 763A167G01 129A062G01

4 4 . . P P P C-C C-C P 629A315G01 129A062G02

4 4 C-C C-C . . P P P P 719B591G13 (1)

4 4 C-C C-C . P P P P . 719B591G11 (1)

4 4 P C-C P . . P C-C P 129A512G01 129A062G06

4 4 P P . C C C C . P P 498A016G01 (1)

4 4 P P . C-C C-C . P P 129A530G01 129A062G12

4 4 P P P P . C-C C-C . 129A544G01 129A062G02

3 5 T P . . C C-C C-C T 291B960G27 292B319G23

2 6 . C C C C C C . P P 9667A21G01 (1)

2 6 . C-C C-C C-C . P P 129A521G01 129A062G09

2 6 . C-C C-C C-C P P . 129A525G01 129A062G09

2 6 C-B C-B C-B . . P P 291B960G38 (1)

2 6 T T . . C-C C-C C-C 9668A69G01 (1)

1 7 C . . C-B C-B C-B P 498A018G01 (1)

1 7 P . C C-C C-C C-C . 498A019G01 292B319G22

0 8 . C C C C C C C C . 498A004G01 (1)

0 8 . C-C C-C C-C C-C . 129A517G01 292B319G22

0 8 . C-C-C-B . C-C-C-B 498A029G01 (1)

P
O
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E
N
T
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A
L

C
U
R
R
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T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

Table 3
FT-1 Switch Selection Guide (continued)
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0 8 . C-C-C-B C-C-C-B . 291B960G20 (1)

0 8 . C-C-C-C C-C-C-C . 291B960G33 (1)

0 8 . R-R R-R R-R R-R . 9660A84G01 292B319G22

0 8 C C C C . . C C C C 188A229G01 (1)

0 8 C-C . . C-C C-C C-C 9672A10G01 (1)

0 8 C-C C-C C-C . . C-C 1586C41G01 (1)

0 8 C-C-C-A C-C-C-B . . 837A099G01 (1)

0 8 C-C-C-B . . C-C-C-B 498A025G01 (1)

0 8 C-C-C-C C-C-C-B . . 837A098G01 (1)

9
Pole

A B C D E F G H I J

9 0 P P . P P P P P P P 129A548G01 129A062G10

9 0 P P P P . P P P P P 129A551G01 129A062G10

6 3 P P P C C C P P P . 291B961G23 (1)

6 3 P P P P P . C C C P 291B961G30 (1)

6 3 P P P P P . C C-C P 129A552G01 129A062G02

6 3 P P P P P . C-C C P 629A483G01 (1)

5 4 P P P P . C-C C-C P 188A633G01 129A062G02

5 4 P P P P P . C-C C-C 291B961G22 (1)

5 4 P P P P P C C C C . 291B961G28 (1)

5 4 P P P P P C-C C-C . 129A545G01 129A062G02

4 5 P P P P . C C-C-C-B 498A028G01 (1)

3 6 . T C-C T C-C T C-C 9663A34G01 (1)

3 6 P C-C P C-C P C-C . 861A551G01 (1)

3 6 P P . C-C C-C C-C P 129A515G01 292B319G23

3 6 P P P . C-C C-C-C-B 498A024G01 (1)

3 6 P P P C-C C-C . C C 291B961G27 (1)

3 6 P P P C-C C-C C-C . 291B961G29 292B319G23

3 6 T T . C-C C-C C-C T 9663A74G01 292B319G23

3 6 T T T C-C C-C C-C N 291B961G25 (1)

2 7 P P . C-B C-B C-B S 291B961G26 (1)

1 8 . C-C C-C C-C C-C T 498A009G01 292B319G22

1 8 T . C-C C-C C-C C-C 9668A70G01 (1)

0 9 . C C-B C C-B C C-B 498A023G01 (1)

0 9 C C-C C-C C-C C-C . 3501A86G05 (1)

0 9 C C-C C-C C-C C-C . 498A021G01 (1)

0 9 C-C C-C C-C C . C-C 9676A25G01 (1)

10
Pole

A B C D E F G H I J

10 0 O O O O O O O O O O 9672A97G01 129A062G10

P
O
T
E
N
T
I
A
L

C
U
R
R
E
N
T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

10 0 P P P P P P P P P P 129A501G01 129A062G10

10 0 P P P P P P P P P P 3501A86G02 129A062G10

10 0 P P P P P P P P P T 774B430G19 129A062G10

10 0 P P P P P P P P T T 1586C42G23 129A062G10

10 0 P P P P P P P P Z Z 9671A94G01 129A062G10

10 0 P P P P P P P T T P 9672A77G01 129A062G10

10 0 P P P P P P P T T T 1586C42G25 129A062G10

10 0 P P P P P P T P P P 1586C42G29 129A062G10

10 0 P P P P P P T P P T 9676A08G01 129A062G10

10 0 P P P P P P T P T P 9672A75G01 129A062G10

10 0 P P P P P P T P T T 1586C42G30 129A062G10

10 0 P P P P P P T T T P 9672A98G01 129A062G10

10 0 P P P P P P T T T T 9672A71G01 129A062G10

10 0 P P P P P P Z Z Z Z 9671A95G01 129A062G10

10 0 P P P P P T T T T T 1586C42G24 129A062G10

10 0 P P P P P T T T T T 670B197G21 129A062G10

10 0 P P P P T P P T P P 9667A06G01 129A062G10

10 0 P P P P T P T T T T 1586C42G28 129A062G10

10 0 P P P P T T T P P P 9676A14G01 129A062G10

10 0 P P P P T T T T T T 670B197G26 129A062G10

10 0 P P P T T T T T T P 9672A74G01 129A062G10

10 0 P P T P T P P P P P 1586C42G15 129A062G10

10 0 P P T T T T T T T T 670B197G24 129A062G10

10 0 P T P P T P P T P P 9668A27G01 129A062G10

10 0 P T P P T T P P T P 9667A03G01 129A062G10

10 0 P T P T P P T P T P 9670A98G01 129A062G10

10 0 P T T P P P P P P P 9671A69G01 129A062G10

10 0 T P P P P P P P P P 1586C42G31 129A062G10

10 0 T P P P P P P P P T 670B197G36 129A062G10

10 0 T P P P P T P P P P 9667A93G01 129A062G10

10 0 T P P T P P P P P P 9670A35G01 129A062G10

10 0 T P P T P P T P P P 9670A34G01 129A062G10

10 0 T P P T P P T P P T 9670A97G01 129A062G10

10 0 T P T P P P P P P P 1586C42G06 129A062G10

10 0 T P T P P P P T P T 1586C42G46 129A062G10

10 0 T P T P T P T P T P 9668A54G01 129A062G10

10 0 T P T T T P T P T P 9676A34G01 129A062G10

10 0 T T P P P P P P P P 1586C42G45 129A062G10

10 0 T T P P P P P P P T 9667A78G01 129A062G10

10 0 T T P P P P P P T T 1586C42G41 129A062G10

10 0 T T P P P P T T P P 9660A92G01 129A062G10

10 0 T T P P P T T P P P 9671A68G01 129A062G10
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Table 3
FT-1 Switch Selection Guide (continued)



DB 41-077
Page 12

10 0 T T P P T T P P T T 9667A86G01 129A062G10

10 0 T T T P P P P T T T 9663A25G01 129A062G10

10 0 T T T T P P P P P P 670B197G31 129A062G10

10 0 T T T T T P P P P P 9671A13G01 129A062G10

10 0 T T T T T T P P P P 716B562G10 129A062G10

10 0 T T T T T T T T P P 1586C42G44 129A062G10

10 0 T T T T T T T T T T 129A539G01 129A062G10

10 0 T T T T T T T T T T 3501A86G04 129A062G10

10 0 T T T T T T Z Z Z Z 9672A02G01 129A062G10

10 0 Z Z Y Y Y Y Y Y G W 9663A41G01 129A062G10

9 1 C P P P P P P P P P 498A011G01 (1)

9 1 C T T T T T T T T T 1586C42G39 (1)

8 2 C-A P P P P P P P P 714B325G31 (1)

8 2 C-C P P P P P P P P 837A665G01 (1)

8 2 C-C T T T T T T T T 1586C42G20 (1)

8 2 P C C P P P T P P P 1586C42G32 (1)

8 2 P P C-C P P P P P P 670B197G33 (1)

8 2 P P P C-C P P P P P 716B562G21 (1)

8 2 P P P P P P C-C P P 9663A60G01 (1)

8 2 P P P P P P P C-C P 129A542G01 129A062G01

8 2 P P P P P P P C-C T 1586C42G38 129A062G01

8 2 P P P P P P P P C-A 714B325G30 (1)

8 2 P P P P P P P P C-C 716B562G26 (1)

8 2 P P P P P P P R-R P 9676A15G01 129A062G01

8 2 P P P P T T P C-C P 716B562G35 129A062G01

8 2 T P P P P P P C-C P 9672A83G01 129A062G01

8 2 T P P P P P P C-C T 1586C42G26 129A062G01

8 2 T T C-C P G Y W Z O 9676A04G01 (1)

8 2 T T T T C-C T T T T 1586C42G33 (1)

8 2 T T T T T T T C-C T 1586C42G47 129A062G01

8 2 T T T T T T T R-R T 670B197G17 129A062G01

8 2 T T T T T T T T C-C 9672A89G01 (1)

7 3 P P P P P P C C-C P 129A553G01 (1)

6 4 C C P P P P P P C C 716B562G20 (1)

6 4 C-A C-A P P P P P P 714B325G27 (1)

6 4 C-C C-C P P P P P P 498A015G01 (1)

6 4 C-C C-C P P P P P T 1586C42G13 (1)

6 4 C-C C-C P P P P T T 9672A80G01 (1)

6 4 C-C C-C P P T T T T 9676A06G01 (1)

6 4 C-C C-C T T T T T T 9663A31G01 (1)

6 4 C-C P P C-C P P P P 716B562G17 (1)

6 4 C-C P P P P C-C P P 716B562G19 (1)
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6 4 C-C P P P P P P C-C 877A077G01 (1)

6 4 C-C-C-C P P P P P T 1586C42G11 (1)

6 4 C-C-C-C P P P P T T 1586C42G12 (1)

6 4 C-C-C-C T T T T T T 9672A99G01 (1)

6 4 C-C-C-E T T T T T T 9672A87G01 (1)

6 4 P C-C C-C P P P P P 716B562G36 (1)

6 4 P C-C P P P P C-C P 129A513G01 129A062G06

6 4 P C-C P P P P C-C T 629A735G01 129A062G06

6 4 P C-C P P P T C-C P 1586C42G22 129A062G06

6 4 P C-C P P T T C-C T 1586C42G27 129A062G06

6 4 P C-C-C-C P P P P P 836A867G01 (1)

6 4 P P C-A C-A P P P P 714B325G28 (1)

6 4 P P C-C P P C-C P P 716B562G15 (1)

6 4 P P P C-C P P C-C P 129A520G01 129A062G05

6 4 P P P P C-A C-A P P 714B325G29 (1)

6 4 P P P P C-C C-C P P 670B197G19 (1)

6 4 P P P P C-C P P C-C 670B197G34 (1)

6 4 P P P P P C-C C-C P 129A532G01 129A062G02

6 4 P P P P P P C-A C-A 714B325G16 (1)

6 4 P P P P P P C-C-C-A 714B325G18 (1)

6 4 P P P P P P C-C-C-C 670B197G28 (1)

6 4 P P T P P C-C C-C P 9676A09G01 129A062G02

6 4 P P T P T P C-C-C-C 1586C42G14 (1)

6 4 R-R R-R T T T T T T 670B197G25 (1)

6 4 T P C P C P C P C P 670B197G37 292B319G22

6 4 T P P C-C P P C-C P 9660A91G01 129A062G05

6 4 T P P C-C T P P C-C 9676A05G01 (1)

6 4 T P P P P C-C C-C T 849A307G01 (1)

6 4 T T T R-R T T R-R T 861A670G01 129A062G05

5 5 P P C C-C P C-C P P 670B197G20 (1)

4 6 C C C C C C P P P P 774B430G18 (1)

4 6 C C-C C-C C T T T T 1586C42G21 (1)

4 6 C-C C-C C-C P P P P 774B430G20 (1)

4 6 C-C C-C C-C P P P T 1586C42G36 (1)

4 6 C-C C-C C-C P P T T 9671A70G01 (1)

4 6 C-C C-C C-C T T T T 774B430G24 (1)

4 6 C-C P P C-C P P C-C 716B562G16 (1)

4 6 C-C T P C-C-C-C P T 1586C42G10 (1)

4 6 C-C-C-C C-C P P P P 774B430G09 (1)

4 6 L L L L C-E C-E C-E 9660A96G01 (1)

4 6 P C-C C-C C-C P P P 716B562G37 129A062G09

4 6 P C-C C-C C-C P P P 774B430G10 129A062G09
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Table 3
FT-1 Switch Selection Guide (continued)
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4 6 P C-C P C-C P C-C P 129A528G01 (1)

4 6 P P C C C C C C P P 774B430G21 (1)

4 6 P P C C-C C-C C P P 714B325G19 (1)

4 6 P P C-C P P C-C C-C 716B562G18 (1)

4 6 P P P C C C C C C P 9670A05G01 (1)

4 6 P P P C-A P C-C-C-A 714B325G17 (1)

4 6 P P P C-C C-C C-C P 129A514G01 292B319G23

4 6 P P P C-C C-C C-C T 670B197G32 292B319G23

4 6 P P P C-C C-C C-C Z 9671A93G01 292B319G23

4 6 P P P C-C C-R C-R T 1586C42G34 292B319G23

4 6 P P P C-C P C-C-C-C 670B197G27 (1)

4 6 P P P P C-A C-A C-A 714B325G24 (1)

4 6 P P P P C-C C-C C-C 1586C42G05 (1)

4 6 P P P P C-C C-C C-C 670B197G18 (1)

4 6 P P P P C-C-C C-C-C 1586C42G37 (1)

4 6 P P P P P P C-C C-C 670B197G23 (1)

4 6 P P P P R-R R-R R-R 9660A85G01 (1)

4 6 P P P R-R R-R R-R P 1586C42G03 292B319G23

4 6 P P T C-C C-C C-C T 1586C42G48 292B319G23

4 6 P R-R P R-R P R-R P 9676A17G01 (1)

4 6 R-B R-B R-B T T T T 714B325G20 (1)

4 6 T C-C T C-C T C-C T 188A523G01 (1)

4 6 T P C-C C-C C-C P P 1586C42G18 (1)

4 6 T T C-C C-C C-C T T 9667A22G01 (1)

4 6 T T P C-C C-C C-C T 9667A80G01 292B319G23

4 6 T T P P C-C C-C C-C 9672A90G01 (1)

4 6 T T T C-C C-C C-C P 9667A69G01 292B319G23

4 6 T T T C-C C-C C-C T 714B325G32 292B319G23

4 6 T T T C-C C-C C-C W 9676A35G01 292B319G23

4 6 T T T R-R R-R R-R T 774B430G13 292B319G23

4 6 T T T T C-C C-C C-C 498A010G01 (1)

4 6 T T T T C-C C-C-C-C 9676A10G01 (1)

4 6 Z Z Z C-C C-C C-C Z 9672A01G01 292B319G23

3 3 P P P U C U C U C U 1485B70G09 (1)

3 6 L L L U C-E C-E C-E 1485B70G10 (1)

3 6 P P P C-B C-B C-B S 716B562G30 (1)

3 6 P P P S C-C C-C C-C 774B430G16 (1)

3 6 T T T C-C C-C C-C U 1485B70G11 (1)

3 7 C-C C-C C-C C P P P 1586C42G43 (1)

3 7 C-C P C-C P C-C P C 714B325G22 (1)

3 7 P P C C-C C C-C C P 716B562G12 (1)

3 7 P P C C-C C-C C-C P 129A535G01 292B319G22
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3 7 P P C C-C C-C C-C P 3501A86G01 292B319G22

3 7 P P C C-C C-C C-C T 9672A86G01 292B319G22

3 7 P P P C C C C C C C 1586C42G17 (1)

3 7 P P P C C-C C-C C-C 9671A26G01 (1)

3 7 P P P C-C C-C C-C C 1586C42G19 (1)

3 7 P P P C-C C-C C-C C 714B325G11 (1)

3 7 P P P C-C C-C C-C C 714B325G25 (1)

3 7 P T C C-C C-C C-C T 670B197G22 292B319G22

3 7 T T C C-C C-C C-C T 670B197G35 292B319G22

3 7 T T T C-C C-C C-C C 9663A59G01 (1)

2 8 C-A P P C C-C C C-C 714B325G21 (1)

2 8 C-C C-C C-C C-C P P 837A407G01 (1)

2 8 C-C C-C C-C C-C P T 9672A95G01 (1)

2 8 C-C C-C C-C C-C T P 9676A11G01 (1)

2 8 C-C C-C C-C C-C T T 774B430G22 (1)

2 8 C-C C-C P C C C C P 837A664G01 (1)

2 8 C-C P P C C-C C C-C 716B562G24 (1)

2 8 C-C T C-C C-C C-C T 9667A68G01 (1)

2 8 C-C-C-B C-C-C-B P P 498A031G01 (1)

2 8 C-C-C-C C C C-C P P 716B562G38 (1)

2 8 C-C-C-C C-C C-C P P 714B325G15 (1)

2 8 C-C-C-C C-C-C-B P P 837A101G01 (1)

2 8 C-C-C-C C-C-C-B T T 1586C42G42 (1)

2 8 C-C-C-C C-C-C-C P P 774B430G11 (1)

2 8 C-C-C-C C-C-C-C P T 1586C42G09 (1)

2 8 C-C-C-C C-C-C-C T P 9671A22G01 (1)

2 8 C-C-C-C P C-C-C-C P 9672A94G01 (1)

2 8 C-C-C-C T C-C-C-C T 9676A01G01 (1)

2 8 C-C-C-D C-C-C-B P P 498A032G01 (1)

2 8 C-C-C-D C-C-C-D P P 714B325G13 (1)

2 8 C-C-C-D C-C-C-D P P 774B430G12 (1)

2 8 C-C-C-E C-C-C-E T T 9672A23G01 (1)

2 8 C-C-C-E T C-C-C-E T 9672A88G01 (1)

2 8 C-C-E C C-C C-C P P 716B562G39 (1)

2 8 P C C C C C C C C P 129A519G01 (1)

2 8 P C C C C P C C C C 716B562G27 (1)

2 8 P C-C C-C C-C C-C P 129A518G01 292B319G22

2 8 P C-C C-C C-C C-C P 3501A86G03 292B319G22

2 8 P C-C C-C C-C C-C T 1586C42G08 292B319G22

2 8 P C-C C-C C-C C-C T 837A616G01 292B319G22

2 8 P P C-C C-C C-C C-C 716B562G25 (1)

2 8 R-B R-B R-B R-B T T 714B325G12 (1)
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FT-1 Switch Selection Guide (continued)



DB 41-077
Page 14

2 8 R-C R-C R-C R-C T T 716B562G11 (1)

2 8 T C C C C C C C C P 9671A04G01 (1)

2 8 T C C C C C C C C T 9671A12G01 (1)

2 8 T C C C-C C-C C-C T 876A157G01 (1)

2 8 T C-C C-C C-C C-C P 670B197G38 292B319G22

2 8 T C-C C-C C-C C-C T 849A513G01 292B319G22

2 8 T R-R R-R R-R R-R T 716B562G28 292B319G22

2 8 T T C-C C-C C-C C-C 1586C42G16 (1)

2 8 T T C-C C-C C-C C-C 774B430G28 (1)

1 9 C C C C C C C C C P 129A541G01 (1)

1 9 C C C C C C C C C T 188A286G01 (1)

1 9 C C C C-C C-C C-C P 670B197G16 (1)

1 9 C-C C-C C-C C C-C P 1586C42G40 (1)

1 9 C-C C-C C-C C C-C T 1586C42G35 (1)

1 9 P C-C C C-C C C-C C 714B325G23 (1)

1 9 P C-C-C-B C C-C-C-B 498A030G01 (1)

0 10 C C C C C C C C C C 129A529G01 (1)

0 10 C C C C C C C C C C 774B430G17 (1)

0 10 C C C C-C C-C C-C C 9676A18G01 (1)

0 10 C C-B C C-B C C-B C 716B562G14 (1)

0 10 C C-C C-C C-C C-C C 716B562G13 (1)

0 10 C-C C-C C C C-C C-C 714B325G26 (1)

0 10 C-C C-C C-C C-C C C 774B430G15 (1)

0 10 C-C C-C C-C C-C C-C 498A020G01 (1)

0 10 C-C C-C C-C C-C R R 9676A23G01 (1)

0 10 C-C C-C C-C C-C-C-C 9676A20G01 (1)

0 10 C-C-C-A C-C C-C C-A 774B430G14 (1)

0 10 C-C-C-A C-C-C-A C-C 1586C42G02 (1)

0 10 C-C-C-B C-C C-C-C-B 498A001G01 (1)

0 10 C-C-C-C C-C C-C C-C 714B325G14 (1)

0 10 C-C-C-C C-C-C-C C-C 774B430G23 (1)

0 10 C-D C-D C-D C-D C-D 9676A07G01 (1)

0 10 C-E C-E C-E C-E C-E 714B325G09 (1)

0 10 J J J J J J J J J J 291B962G31 (1)

0 10 R-B R-B R-B R-B R-B 714B325G10 (1)

0 10 R-C R-C R-C R-C R-C 716B562G09 (1)

0 10 R-R R-R R-R R-R R-R 9663A33G01 (1)
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Table 3
FT-1 Switch Selection Guide (continued)

 (1) When a multi-position In-Service Test Plug is not available,
then the individual current circuit test plug can be used.
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           Figure 11. Typical FT-1 Switch Connection Schematic
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ABB Inc.
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Figure 12. FT-1 Switch, Outline and Drilling Plan, with Standard Black Cover or Optional Clear Cover
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ABSTRACT 

The series 24 Instrument and Control Switch 
is a heavy-duty rotary switch that satisfies the 
most stringent requirements of industrial control 
and power industry applications. The switches 
are rated 600 volts and are UL listed and CSA 
certified. The units are also qualified to ESC
STD-1000 which includes aging and seismic testing 
to ANSI/IEEE-STD-323-1984 and IEEE-STD-344-1987 
for Class IE uses in nuclear power generating 
stations. 

INTRODUCTION 

The power industry has widespread need for 
versatile heavy-duty instrument and control swit
ches. Some uses are: 

Circuit-breaker control 
Motor-control 
Voltmeter selector and transfer 
Ammeter selector and transfer 
Volt-ammeter selector and transfer 
Wattmeter selector and transfer 
Synchroscope control 

The series 24 Instrument and Control Switch 
has the design features to satisfy all the differ
ent requirements simply and reliably. S o m e  of 
these features are: 

Standard 3-hole mount 

*8-32 terminal screws for easy installation 
of #12AWG wire 

Insulating Materials 
NEMA Class A {105°C) 

Silver contact surfaces for long reliable 
life 

Double-sided, double-wiping knife-type 
rotary contacts 

Special features for control switches 
including 

* mechanical red/green target 

* slip-contacts for alarm and indicator 
circuits 

* pull-to-lock mechanism for a safety 
lock-out 

* spring-return mechanism to return the 
switch handle to the normal (vertical) 
position 
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Special features for meter control 
switches including 

* make-before-break (shorting) contacts 
for ammeter control (designed with 
physically overlapping contacts) 

* common-input tap-switch arrangement 
whereby the meter may be sequentially 
connected to several lines using the 
same switching deck 

* Positive " snappy " positioning detent 
mechanism 

* pre-wired jumpers 

Special features for Synchroscope 
applications including 

* removeable-oval handles 

* keyed arrangements 

Fig. l. Typical series 24 I nstrument 
and Control Switch 

Many power industry applications also re
quire stringent quality assurance, design con
trol, and qualification testing. The series 24 
Instrument and Control Switches comply with all 
known requirements for Class IE components. Qua
lification testing is in accordance with ANSI
/IEEE-STD-323-1984 entitled Standard for Qua
lifying Class IE Equipment for Nuclear-Power 
GeneraTing-Stations. The test1ng 1ncl-udes elec
tro-mechan1cal and environmental aging, which 
simulates a forty year service life, and then 
concludes with a seismic event. The seismic 
testing is in accordance with IEEE-STD-344-1987 
entitled IEEE Recommended Practices for Seismic 
QualificatrcJrl of Class IE Equ 1 pment for Nuclear 
Power Generat1ngstations. Biaxial--s-roadband 
repeatable mult1 frequency inputs are used as 
outlined in ANSI/IEEE C37 . 98-l987 entitled IEEE 
Standard for Seismic Testing of Relays. In aaaf= 
t1on, the qual1ty control system-of ELECTROSWITCH 
is in conformance with N RC regulation l0CFR50 
Appendix B which outlines the Quali!x Asssurance 
Criteria for Nuclear Power PlantSand Fuel Repro
cess1ng PTants. 

This bulletin describes the features and 
shows the designs and how they are used. Also 
detailed is complete operational informa"::.ion in
cluding electrical, environmental, and mechanical 
data plus the qualification information. Ordering 
information, drawing masters, and contact charts 
are also included. 



THE MECHANICAL DESIGN 

The series 24 Instrument and Control Switch 
is modular in design whereby several subassemblies 
are stacked together to form a rigid rugged de
vice. Figure 2 shows a cut-away view exposing the 
basic components. 

Fig. 2. Cut-away view of series 24 
I nstrument and Control Switch 

The mounting plate (1) connects a detent 
assembly (2 ) to one or more contact decks (3.) and 
finally a position limiting stop plate (4) . These 
assemblies are bolted together along with a steel 
shaft (5) and a handle (6). 

The Nameplate 

The nameplate is standard black molded 
phenolic or nylon. The nameplate 
may also include white engraving. 
The title can have up to 
fourteen characters and each 
position location can contain 
up to five characters for 
best size and legibility. 

The control switch nameplate also includes a mec
hanical target (as shown) . A green target shows 
that the last activated position was to the left 
(generally engraved TRIP) and a red target shows 
that the last activated position was to the right 
(generally C LOSE) . 

The Detent Assembly 

The detent assembly contains a specially 
designed star-wheel and up 
to four spring-loaded ball 
bearings providing snappy 
positive indexing. Spring
return switches use a coil 
spring in place of the 
star-wheel/spring/ball 
bearing arrangement. 

The Contact Deck Assembly 

The electrical parts 
are contained within 
sturdy phenolic 
moldings that pro-
vide individual 
insulated compart-
ments where all 
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switching takes plac e .  A n  insulating barrier 
completes the contact 

deck assembly. The 
barrier not only 

separates one 
contact assembly 
from another but 

also provides a 
tight insulating 

compartment. With this construction there is no 
need to add a dust cover. 

Positive reliable 
maintenance free 
operation results 
from the 
double-sided, 
double-wiping, 
self-cleaning 
knife-blade 
moveable contacts. 

Large #8-32 
binding-head 
terminal screws 
secure the 
external 
wiring to 
the terminals . 
The screws are 

The barrier next to the 
stationary terminals 

is clearly marked 
with the terminal 

number that 
corresponds 

with the wiring 
diagrams . 

more than adequate for the traditional #l2AWG 
wires used in the power industry . 

Jumpering may be done 
right on the switch 

providing a simple 
and neat arrangement . 

Silver-plated brass 
strap jumpers are 

available for adjacent 
contacts--either 
between adjacent 

contacts on the 
same deck or 

the same terminal 
location on adjacent 

decks . Wire and 
lug jumpers are 
also available . 

Jumpers are already supplied on the meter and 
control switches illustrated in this bulletin 
(where shown) simplifying field wiring. All you 
need to do is connect the instrument leads and the 
line wires. 

The steel stop plate 
assembly includes a steel 
stop arm that is connected 
to the shaft and a steel 0 
stop plate the contains eight holes. Stop screws 
may be inserted in the field to limit the posi
tions to the number and location desired . This 
externally adjustable position limiting feature 
allows the use of standard switches for many cus
tomized applications. The limit screws are facto
ry assembled in the standard meter and control 
switches illustrated in this bulletin . 



The Handles 

The traditional choice of handle shapes are 
available and are interchageable with the excep
tion of the oval removeable version. The general 
use of the different shapes are: 

Round knurled
instrume n t  
and 
meter s 

Oval
general 
use 

Pistol-grip
motor control ,  
circuit-b reaker 
control, other 
control 

Oval-removeable
synchroscope 

The oval-removeable handle can also be keyed 
so that it can only be inserted and removed when 
the switch is in a certain position. As an ex
ample, in a three position arrangement des ignated 
RUN (R) and INCOMING (I) with a spring-return 
arrangement to return the switch to the normal 
vertical position; an R handle can only rotate the 
switch to the R position and the I handle can only 
rotate the switch to the I position. These hand
les are removeable only in the normal vertical 
position. 

The Pull-to-Lock Mechanism 

Control switches generally have positions 
both 450 left and right of the normal vertical 
position. The handle spring-returns to the normal 
position. The pull-to-lock mechanism enables an 
operator to turn the handle beyond the left (nor
mally TRIP) position to the 90° location, pull out 
the handle and thereby lock the switch into this 
position. This precludes the possibility of some
one inadvertently closing a circuit-breaker when 
it is desired that it stay in the tripped posi
tion . 

The SliP:Contacts 

Because control switches return to the normal 
vertical position after performing their function, 
the control contacts in these positions open. It 
is often desirable to have alarm or indicator 
contacts stay on and show what the last active 
posi�ion was. The slip-contacts do this. A slip 
coupling is connected to the back of the switch 
shaft; a positive detent mechanism is attached, 
and then one or more slip-contact decks are at
tached to provide this function. The contacts are 
closed when the switch is turned to its commanded 
position, the slip coupling enables the handle to 
return to normal without disturbing the slip
contact decks, and the slip-contacts will only 
open when the switch is turned to the other con
trol pas i tion. 
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THE ELECTRICAL DESIGN 

The series 24 Instrument and Control Switch 
contacts operate on the original, reliable prin
ciple of knife switches--double-sided, double
wiping, spring-wiper blades closing on both sides 
of a terminal. This design is shock-proof and 
·virtually bounce-proof. Figure 3 shows a typical 
contacting arrangement. 

Fig. 3 .  Double-sided, double-w iping 
knife-type contact configuration 

Contact Materials 

The wiper blades are made from a phosphor
bronze alloy with a silver alloy overlay that 
combines superior spring qualities with good elec
trical conductivity. This material and blade 
design has been proven by extensive laboratory 
testing as well as more than thirty years of field 
use and experience. Initially used in rugged 
naval ship applications, it is also used in indus
trial applications such as railroad locomotives 
and earth moving equipment. It has been used for 
more than fifteen years in power industry appli
cations, as well. 

The blades are formed, assembled, and riveted 
nearly closed. The gap is machine adjusted to 
provide a uniform high pressure. The gap does not 
change with time and use. Normal use tends to 
improve the contact surfaces due to the rubbing 
action. This provides a burnishing as well as 
cleaning action. 

The contact surface conductivity is enhanced 
by a silver overlay that lasts the life of the 
unit. This ensures a good contact even in those 
cases where the switch is not operated for long 
periods of time. 

The terminals are made of electrically and 
environmentally compatible copper material with a 
silver overlay at the contact area plus an overall 
silver-plate to ensure a lastingly good contact 
surface for customer wiring purposes. Similarly, 
the terminal screws are made from silver-plated 
brass. 

Contact Deck Arrangements and Contact Charts 

The blade and terminal configurations enable 
the use of multicontacts in the same deck, and 
simple stacking procedures enable the fabrication 
of up to ten decks in one switch. 

Two standard blade configurations are avail
able (shown in Fig. 4 and Fig. 8). Figure 4 
illustrates the most common arrangement whereby 
two separate and independent contacts are provided 



in each deck . This arrangement is used in all 
control switches and any other application of two 
or three positions. Deck l is shown. Terminal 
numbers repeat :or multideck switches. The first 
number indicates the deck number; the second indi
cates the terminal �ocation around the deck. 

For the illustration shown a typical deck is 
used to show contact choice for popular position 
arrangements. Position 2 contact choices should 
not be used in the same deck as position l choices 
because of the overlap of terminals. One position 
1 contact (upper) can be combined with one posi
tion 2 contact (lower), though--and other combina
tions can also be made by a careful choice, avoid
ing using the same terminal number f or "-'-'0 con
tacts. 

' I / 
,,/ 

1� 

Contacts used for 

position 1 

Contacts used for 

position 3 and slip 

contacts from position 2 

Contacts used for 

position 2 

Contacts used for 

position 4 and slip 

contacts from position 4 

F ig . 4. Basic Two Contact Deck Layout 

A typical application using the two contact
per-deck design is illustrated in a contact chart 
arrangement in Figure 5. 

CIRCUIT 
BREAKER 

CONTROL SWITCH 

Handle: Pistol-grip 

UNIVERSAL 
CIRCUIT 

Cat. No. 24580 

BREAKER CONTROL 

TRIP OCLOSE 
PULL-TOQ LOCK 

" CONTACTS u w HANDLE END 0 

I 1 2 0-1 r--1 1--0 I 3 

1 6 0-H----H-o 17 2 2 1 0--1 f----11--0 28 
24 0--1 r--1 1--0 25 

3 33 0-1 r--1 l--03
4 

37 0-1 r--1 f-038 
4 41 0-1 r--1 HJ42 

45 0--i r--1 l-046 
5 52 0-H----j 1--0 53 

56 0-11--i 1-0 57 
6 61 0-11--i l--062 

65 0-11--i 1--0 66 

_J 
f-
_1_, _J ::::l 
0.. 

1 

X 
X 

POSITIONS 

w 
0.. (j) - () 0 a: Cll Cll _J 
f- c c u 

3 from 
2 2 4 4 

X 
X 

X 
X 

X X 
X X 

X X 
X X 

X X 
X X 

Fig. 5. Typical Contact Chart Using Two 
Independent Contacts Per-Deck Design 
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Another useful application for the two con
tact-per-deck design is the double-throw with OFF 
arrangement. A jumper is assembled between "11" 
and "12" and "15" and "16" to provide a common 
input to the adjacent positions. This is illus
trated in Figure 6. 

OFF 1'-i.i ,2 I ; 1/ 

OFF 
1' 1 ,2 ' , ' , ' ; 

OFF 
I 

1., v� 2 
' I ' 

Fig. 6. Double-Throw (with OFF) Configuration 
Two Contact-Per-Deck Design 

A typical contact chart of this double-throw 
with "OFF" arrangement is shown in Figure 7. 

DOUBLE-THROW 
SWITCH 

WITH OFF 

Handle: Oval 

Cat. No. 2421 OB 
(10 deck) 

OFF 
2 

0 

(typical plate) 

" u w 0 

I 

CONTACTS 
HANDLE END 11 � r--1 1--0 18 

12 �1--0 13 15 � r--1 1--0 14 16 �1--017 

POSITIONS 
1 OFF 2 

X 
X 

X 
X 21�1--il-028 �-

2 22 J---11--0 23 J( 25p-l � J( c-r--
X 

X 
X 

X 
X 

X 
X 

Fig. 7. Typical Contact Chart for Double-Throw 
Application Using Two-Contact-Per-Deck 
Design with Optional Strap Jumpers 

The standard tap-switch contact arrangement 
is illustrated in Figure 8. This is very useful 
in meter applications and any other application 
having three or more "ON" positions. The common 
input is to terminal "11" which feeds through an 
integral slip-ring and sequentially connects the 
circuit to the other seven terminals. 

OFF 

' : ; ' ; 

---' "":--,I' 

,' ; '
, 

' 1 
' : ;f( 

__ :¥---,.� I 
', 

; I ' 
I 

I 
' I ; ', I ,' -=�,�-3 
\ �14-

�1 
I , I I 7 I 

' I / ', : ,' ',, : 
// " ; ./ ---)K(--- __ *-___ 6 �--- ---)1{---, . I '' �· I ' �'': '

,. 
/'I ', ; ' ' 5 ,... : ' ,. I � / : ' 

��-�-� w..�� y 
Fig. 8. Typical Tap-Switch Contact Deck Layout 



A contact chart layout of the tap-switch 
arrangement is shown in Figure 9. Up to ten decks 
of this arrangement are available. 

X CONTACTS POSITIONS u -..... HANDLE END ::3 1 2 3 4 5 6 7 c 11 o-
f-H--o12 )( 
f---11---013 )( 

1 f-11-014 )( 
f--- 11---015 )( f---11---016 )( 
f---1 1---017 )( 
L_lj--018 )( 

Fig. 9. Contact Chart Using Tap-Switch 
Contact Design 

The most common use of the tap-switch contact 
arrangement is the metering application . Figure 
10 illustrates a simple wiring diagram of a two 
deck switch to transfer two three-phase systems 
sequentially to one voltmeter. The contact chart 
is the same as Figure 9 except there are two 
decks. The terminal numbers on deck two are the 
same as the first deck except they start with "2 ". 

VOLTMETER 
OFF 

3-1 1-2 
2-3 0 2-3 

1-2 3-� 
OFF 

Handle: Round, knurled 

Cat. No. 2406C 

11 12 13 14 16 17 18 

Fig. 10. l'liring diagram of a typical voltmeter 
transfer switch, 2-30 c kts , � to 0 

The tap-switch arrangement is also very use
ful in ammeter transfer applications. Shorting or 
make-before-break overlapping contacts are used to 
ensure that the CT's are never "open". The se
quence is: 

1. short the CI''s to " ground " 
2. connect the CT to the ammeter 
3 . open the CI' "ground" ( read "amp" ) 
4. reconnect the C':' ':.0 "ground" 
5 . remove t.'le CT from the ammeter 

A typical ammeter transfer switch uses two 
decks. The first deck is like Figure 9 except 
with shorting contacts and the second deck has 
seven shorting contacts and has an open only where 
the first deck is closed. The first deck selects 
the ammeter and the second deck controls the 
grounding of the CT. The deck arrangement is 
shown in Figure ll. 
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·�_,:CS\' .,_
-

-
-, 

17�)14 

16 '�) 

Fig . 11. Typical deck layout of an Ammeter 
Transfer Switch using shorting 
Contacts 

A contact chart and wiring diagram of an 
a m m eter transfer switch used in a three-phase, 

three CT application is illustrated in Figure 12. 

wiring diagram 

AMMETER 11 12 13 14 
2 3 

OFF 0 

typical plate 

Handle: Round Knurled 
Cat . No. 2410C 

*Indicates shorting contacts 

X CONTACTS POSITIONS u "--..... HANDLE END "-- * 1 * 2 * c 0 

"l 1 jf---012 )( )( )( 
-1 �-c 13 )( )( )( 

1 !-014 )( ,,.E 
2 11---022 )( )( )( )( )( 

11---0 23 )( )( )( )( )( 
j--024 )( )( )( )( )( )( 

3 

)( 

)( 
)( 

Fig. 12. k�eter transfer switch, 3¢, 3CT 

Shorting contacts are often shown in another 
manner. For illustration purposes, the contact 
chart of Figure 12 is repeated using this method. 

X CONTACTS POS. u "--..... HANDLE END "-- 1 2 3 c 0 "1: 1 -1 f---0 12 )( 
1---013 )( 

11--D 14 )( 

"E 2 1---022 )( )( )( 
1---023 )( )( )( 

11---024 )( )( )( 
DECKS 1 & 2 SHORTING CONTACTS 

Fig . 13. Alternate method of illustrating 
shorting contacts 



Contact charts, wiring diagrams, and escut
cheon plate engravings for the most common instru
ment and control applications are detailed on 
pages 14 to 20 along with catalog numbers and 
other ordering information. Additionally, the 
design flexibility enables the user to specify 
literally millions of contacting arrangements 
using the standard design and stocked parts to 
exilctly sntisfy his switc hing needs. A "DESIGN 
GUIDE" is included on pages 21 and 22 to aid the 
user in specifying these needs. 

Contact Ratings 

The series 24 Instrument and Control Switch 
has been tested to many different circuit condi
tions. The interrupting ratings are based on 
10,000 operations of life, using suddenly applied 
and removed rated voltctge, with no extensive burn
ing of contacts. Inductive ratings are based on 
tests using standard inductance L/R=0.04 for D C  
and cos0=0.4 f o r  AC. T h e  Interrupting Rating 
column headed "double contacts" means two contacts 
in series. Short-time, and continuous ratings are 
based on temperature rise in contact members and 
supporting parts not exceeding SOOC above ambient. 

TABLE I 

CONTACT RATINGS FOR TWO CONTACTS/DECK DESIGN 

INTERRUPI'IVE RATING (AMPS) SHORT CON-
CONTACT RESISTIVE INDUCTIVE• TIME TINUOUS 
CIRCUIT SINGLE DOUBLE SINGLE DOUBLE RATING RATING 
VOLTS CONTACT CONTACT CONTACI CONTACT (AMPS)•• (AMPS) 
125VDC 5 10 2 5 60 30 
250VDC 3 5 1 2 60 30 
120VAC 20 30 20 30 60 30 
240VAC 15 20 10 15 60 30 
480VAC 7.5 10 5 5 60 30 
600VAC 6 6 5 5 60 30 

TJ\DLE II 

CONTACT RATINGS FOR TAP-SWITCH CONTACT DESIGN 

INTERRUPI'IVE RATING (AMPS) SHORT CON-
CONTACT RESISTIVE INDUCTIVE• TillE TINUOUS 
CIRCUIT SINGLE DOUBLE SINGLE DOUBLE RATING RATING 
VOLTS CONTACT CONTACT CONTACT CONTACT (AMPS)•• (AMPS) 
125VDC 3 5 2 5 60 30 
250VDC 3 3 1 2 60 30 
120VAC 20 25 20 30 60 30 
240VAC 15 20 10 15 60 30 
480VAC 7.5 10 5 5 60 30 
600VAC 6 6 5 5 60 30 

*AC PF • 0.4; DC L/R • 0.04 
••Short time current for one minute 

Circuit-breaker control switches must "make" 
the circuit, but independent means (such as break
er auxiliary contacts) "break" the circuit. In 
these and similar applications, a "make" rating is 
useful (the switch "breaks" on no-load). Make 
ratings are: 95A-l25VDC. 

Allowable Variation from Rated Voltage 

Series 24 Instrument and Control Switches are 
not sensitive to normal variations in voltage. 
The interrupting capacity is important as indi
cated in Table I. Variations of plus and minus 
20% in rated voltage need not be considered as 
long as the interrupting current is not exceeded. 
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VERIFICATION TESTING 

The series 24 Instrument and Control Switch 
has undergone extensive laboratory testing to 
verify its ruggedness and reliability under a 
variety of power industry applications. The most 
important tests include aging since experience 
with similar electro-mechanical devices shows that 
failure will most likely occur after electro
mechanical endurance tests. These aging tests 
accelerate mechanical wear and electrical contact 
erosion and pitting due to arcing. 

The aging tests are conducted in conformance 
·.-�ith the following specifications and standards: 

ANSI/IEEE-STD-323-1984- IEEE Standard for 
Qualifying Class IE Equipme�for-Nu� 
lear Power deneratTrlg-·staEIOils- -- --

IEEE-STD-344-1987-IEEE Recommended Practices 
for Seismic QUalification of Class IE 
EqUipment for Nuclear PowerGener:a"ting 
Stations 

A.'JSI/IEEE C37.90-l978 Standard for Relays and 
Relay Svstems Associated with Electric 
Power Apparatus 

ANSI/IEEE C37.98-1987 Standard for Seismic 
Testing of Relays 

The testing is performed in accordance with 
ESC-STD-1000-General Specifications for Rotary 
Switches and Auxiliary Relays for Utility Applica
tions including Class IE Eauipment Requirements 
for Nuclear Power Generating Stations. The tests 
include ratings evaluation tests, aging tests to 
simulate forty years operating life, and seismic 
tests. 

Aging tests are run in accordance with ANSI
/IEEE-STU-323-1984 and ESC-STD-1000 and co nsist 
of the following (run in sequence): 

l. Visual and mechanical examination 
2. Circuit configuration and operation 
3. Dielectric withstanding voltage -

2200VRMS, 60Hz for one minute 
4. Insulation resistance - 100 megohms 

minimum at SOOVDC 
5. Contact resistance - 10 milliohms 

maximum at rated current 
6. Radiation aging - 10 megarads, co60 gamma 
7. Elevated Humidity - 46 hours at 95% RI! 
8. Temperature rise (contacts) - sooc maximum 

at maximum continuous current rating 
9. Elevated Temperature - 120 hours at 80oc 

10. Aging - 10,000 cycles under electrical load 
11. Seismic vibration - ZPA=5g 
12. After test measurements (in order) -

items 3 (1000 VRMS after aging), 4 , 5 , 8 , 2 , 1 

Details on the background of these tests plus the 
methods and procedures are outlined in ESC-STD-
1000. 



Seismic Tests 

The series 24 Instrument and Control Switch 
is subjected to fragility testing in a seismic 
environment after aging to an accelerated life 
estimated to be forty years. This sequence is 
outlined under Aging Tests. The seismic tests are 
in accordance with IEEE-STD-344-1987 and ANSI
/IEEE C37.98-1987. The test s  are performed in 
accordance 1�ith ESC-STD-1000. Broadband re
peatable multi-frequency input motions are used. 
The Fragility Response Spectrum (FRS) envelopes 
the Standard Response Spectrum (SRS) shown in 
Figure 14 using a b i axial input motion. 

. . � .B 
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1 10 100 

Frequency (Hz) at 5% Damping 

Fig. 14. Multi-frequency Broadband 
Standard Response Spectrum (SRS) 

ORDERI�G DATA 

Standard Instrument and Control Switches 

The standard series 24 Instrument and Control 
switcC1es are ordered by c atalog :-�umber. Each 
catalog m..:mber identifies a specific swl tch that 
is furnished complete with the contact arrange
ment, t.erminal-to-terminal prewiring, handle, and 
engraved escutcheon plate shown in the description 
that accompanles the switch listing. The listings 
are on pages 15 to 20. Each switch is sup plied 
with complete mounting hardware for panels up to 
3/16 inch thick. The most common circuits are 
stocked for immediate delivery. 

Standard General Purpose Switches 

T he standard tap, transfer, and selector 
switches are ordered b y  catalog nu mbers. Each 
catalog number identifies a specific switch that 
is furnished with an oval handle and a blank 
nameplate. The catalog numbers are listed on 
page s 14 a nd 15. Each switch is supplied with 
complete moun+: ing hard ·ware for panels up to 3/16 
inch thick. T he most common arrangements are 
stocked for immediate delivery. 
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The round-knurled or pistol-grip handles may 
be substituted for the oval handle without affect
ing the availability of the switch since the hand
les are interchangeable. Order by exception, e.g. 
Catalog No. 242058 except with round-knurled hand
le or Cat a log No. 242058 except with pistol-grip 
handle. 

Nameplates are available in four standard 
styles. Generally, the factory will automatically 
supp l y the app r op riate one. When ordering en
graved plates, however, it is important to use the 
correct prefix number and specify engraving. 

PREFIX NAMEPLATE 

Standard 10 
ll 

18 
19 

Removeable handle or 
waterproof-mount 
Standard target 
Target with pull-to
lock . 

Prefix numbers have already been assigned to the 
standard nameplates listed in this bulletin. 

Engra ving for namep late s is available up o n  
request. S tandard engravings are ordered by en
graving code, e.g. Catalog �o. 242058 with engrav
ing 10C-3Bl2 or the engraving code can be shown on 
the DESIGN GUIDE. Standard engravings are listed 
on pages 8 to 13. Engravings different from those 
listed are also available on request. The title 
is limited to fourteen characters and the posi
tions are limited to five characters each. 

The standard engraving codes are broken down 
in two ways to aid in selecting the most appro
priate one, as follows: 

l . There are many common position arrangements 
but with different titles. These are de
tailed on p ages 8 to 11. The position ar
rangements shown are: 

OFF-ON 
MAN-AUTO 
OFF-TEST 
R AISE-LOWER 
LOCAL-REMOTE 
STOP-START 
SUPV-LOCAL 
TRIP-CLOSE 
OPEN-CLOSE 

l-2-3 
LOWER-OFF-RAISE 
AUTO-OFF-MAN 

ON-OFF 
AUTO-MAN 

LOWER-RAISE 
REMOTE-LOCAL 
START-STOP 

CLOSE-OPEN 
l-OFF-2 
RAISE-OFF-LOWER 
MAN-OFF-AUTO 

2. The rest of the standard engravings are list
ed alphabeticall y by title, e.g. A MMETER, 
SYNCHR O S C OP E, etc. These engravings are 
listed on pages 11 to 13. 

Nonstandard Switches 

The mo dular flex ible design feature of the 
series 24 Instrument and Control Switch enables 
literally millions of combinations while utilizing 
only a few standard stocked parts and subassem
blies. These may be specified by filling out the 
DESIGN GUIDE included on pages 21 or 22 or by any 
other means that conveniently conveys the re
quirements to us. Some nonstandards may be: 

panels greater the 3/16 inch thick 



colored handles or nameplates (most colors 
can be made available using epoxy paint) 

a separation barrier for combination nuclear 
class IE and nonclass IE use 
removeable �andles 

pull-to-lock 

special drawing or document control 

waterproof-mount 

A DESIGN GUIDE (see pages 21 and 22) will be 
prepared by an Electro Switch applications engin
eer and a specific crawing number will be assigned 
for customer use and control. The number may be 
one of two types depending on whether the basic 
switch is modified, e.g. 

24205B-001 

24205LE 

Jumpers 

The basic switch is standard, the -
001 is a specific three digit num
ber assi gnment to show what is 
added or changed without affecting 
the basic switch, e.g. we can take 
a stancard or stock switch an d add 
or subtract something to make ��is 
switch. 

There is a modification to the 
basic switch, the uncoded series 
LB, LC, LD, etc. is a specific 
ass ignmen�to show the mod ifica
tion. The switch is fabricated 
special to order. 

Strap jumper s are available for adjacent 
contacts, an d wire and lug assemblies are avail
a b le for other terminal jumpering . The strap 
jumper s  are available in packages of ten or twen
ty-five. The wire and lug assemblies are or dered 
indivi dually. Data is as follows: 

Strap jumpers are silver-plated brass 

CATALOG NO . DESCRIPTION 

020ll-lO-C3 Jumper, adjacent te rmi
nals on the same deck 

0201 1-12-CJ Jumper, same terminal 
location on adjacent deck 

Wire and lug assemblies have #lOAWG wire and 
insulated ring lugs. 

CATALOG NO. 

002012-l 

002012-2 

002012-3 

LENGTH (L) 

3-l/16 "  1 1 
4-1/4''-� -

5-5/8'' �L� 
Engr avings by Standard Position Arrangements 

OFF-ON position arrangement 

Title Engr. Code 

NONE (BLANK) ......... l0D-2X5 
AMMETERS . . . . . . . . . . . . .  10D-2Al3A 
CUTOFF . .. . . ... . . . . . . .  lOD-2CllB 
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OFF-ON position arrangement (continued) 

Title Engr. Code 

(title) 
CUTOUT SWITCH . . . . . . . .  10D-2Cl7E 
CURRENT BALANCE ...... 10D- 2Cl9B 

OFF DC VOLTS . . . .. . . . . . . . .  10D-2Dl2A 
ON ENGINE CONTROL . . . . . . .  10D-2El8 

0 FREQUENCY METER . . . . . .  10D-2Fl9A 
FREQUENCY CONTROL . . . . 10D-2F21 
GROUND RELAY . . . . . . .. . 10D-2Gl6C 
GROUND DETECTOR . . ... . 10D-2Gl9E 
GENERATOR HEATER . . . . .  10D-2G20C 
HEATER CONTROL . . . . . . . 10D-2Hl8 
KVAR METER . . . . . . . . .. . 10D-2Kl4A 
LAMPS . . . . ... . . . . . . .. . 10D-2Ll0 
LOAD SHED . . . . . . ... . . .  l0D-2Ll3 
MAINTENANCE SAFETY . . . 10D-2M22G 
P.F. METER . . .. . . . . . . . 10D-2Pl4 
POWER DISCON�ECT .. . . .  10D-2P20D 
RECLOSER ............. 10D-2Rl3 
REGULATOR . . . . . . . . . . . . 10D-2Rl4 
REMOTE ALARM . . . . . . . . .  10D-2Rl6A 
REGULATOR SW . • . . . . . • .  10D-2Rl6B 
REGULATOR SWITCH . .. .. l0D-2R20E 
RECLOSER CUTOFF . . . . . . l0D-2Rl9B 
RECLOSER CUTOUT ...... l0D-2Rl9 
RECLOSER SWITCH ...... 10D-2Rl9F 
REVERSE POWER RELAY . .  10D-2R22B 
SPACE HEATER . . . . . . . . .  l0D-2Sl6 
SYNCHROSCOPE .. . . . . . . .  10D-2Sl7 
SUPV'Y CONTROL . . .. . . .  10D-2Sl8H 
SUPERVISORY CTL . . . . . .  10D-2Sl9A 
TRIP CUT-OFF ......... 10D-2Tl6A 
TRANSFER TRIP . . . . . . . . l0D-2Tl7C 
TURBINE CONTROL . . . . . .  10D-2Tl9 
VOLTAGE REG . .. . . . . . . .  10D-2Vl5C 
VOLTAGE CONTROL . . . . . .  10D-2Vl9 
VOLTAGE REGULATOR . . . .  10D-2V21 
VOLTMETER ............ 10D-2Vl4 
WATTMETER . . . . . . . . . . . .  l0D-2Wl4 
UNIT PAR ALLEL . . . . . .. .  10D-2Ul7 
VARMETER . • . . . . . . . . . . .  10D-2Vl3 

ON-OFF position arr angement 

(title) Title Engr. Code 

ON 
OFF NONE (BLANK) . • . . . . . . .  l0D-2X5A 

MOTOR CONTROL ... . . . . .  10D-2Ml7H 
0 RECLOSER . . . . . • . . . . . . .  10D-2Rl3C 

REGULATOR . . .. .... . . . .  10D-2Rl4E 

MAN-AUTO position arrangement 

(title) 

MAN 
AUTO 

0 

Title Engr. Code 

NONE (BLANK) . . . . • . . . •  l0D-2X7B 
AUTO MAN . . . . . . . . . . . .. 10D-2Al4 
CONTROL TRANSFER . . . . .  l0D-2C22H 
EXITER CONTROL ....... 10D-2E20B 
MASTER CONTROL . . . . . . .  10D-2M20E 
REGULATOR . . . . . . . . . . . .  10D-2Rl6 
SELECTOR . . . • . • . . . . . . .  lOD-2515 
SYNCHRONIZING • . . . . . . .  10D-2S20E 
TRANSFER SWITCH . . . . . .  10D-2T21E 
VOLTAGE REGULATOR . . . . 10D-2V23C 

AUTO-MAN position arrangement 

(title) Title Engr. Code 

AUTO 
MAN NONE (BLANK) ......... 10D-2X7A 

0 AUTO-MAN SWITCH . . . . . .  10D-2A21E 
CONTROL SWITCH . . . . . .. 10D-2C20C 
EXCITATION ........... 10D-2El7A 
MODE SELECTOR . . . . . . . .  10D-2Ml9D 
PITCH SELECTOR . . . .. . .  10D-2P20 



AUTO-MAN position arrangement (continued) 

(title) 
Tit le Engr. Code 

AUTO SELECTOR . . . . . . . . .. . . .  10D-2Sl5H 
SYNCHRONIZE . . . . . . . . . . 10D-2Sl8F 

0 SYNCHRONIZING ........ l0D-2S20C 
THROTTLE SELECT . . .. . .  l0D-2T21B 
TRANSFER MODE . . . . ... . l0D-2Tl9L 
TRANSFER SWITCH . . . . . . l0D-2T21F 
VOLTAGE CONTROL . . . . .. 10D-2V21A 
VOLTAGE REGULATOR . . . .  10D-2V23 
VOLT. REGULATOR .. . . . . 10D-2V21C 

OFF-TEST position arrangement 

(title) 
Title Engr. Code 

OFF 
NONE (BLANK) ......... 10D-2X7K 

TEST GND TEST SW . . . . . . . . .. 10D-2Gl6D 

0 GROUND FAULT . . . . . . . .. lOD-2Gl8J 
LAMP TEST . . . . . . . . . . . .  1 OD-2Ll5B 
LOAD TEST TRANSFER ... 10D-2L23 
TEST SWITCH ...... . . . . 10D-2Tl7F 

SUPV-LOCAL position arrangement 

(title) Tit le Engr. Code 

SUPV NONE (BLANK) ......... 10D-2X9BL 
LOCAL MASTER CONTROL . . . . . . .  10D-2M22B 

0 SUPERVISORY . . . . . . . . . . 10D-2S20D 
SYNCHRONIZING . . . . . ... 10D-2S22E 
TRANSFER . . . . . . . . . . . .. 10D-2Tl7 

RAISE-LOWER position arrangement 

(title) Title Engr. Code 

NONE (BLANK) ......... lOD-2XlOR 
LOWER ENGINE CONTROL .. . . . . . 10D-2E23 

0 ENGINE SPEED ......... l0D-2E21 
FIELD RHEOSTAT . . .. . . . 10D-2F23A 
FREQUENCY CONTROL . . . . 10D-2F26 
GEN. VOLTS . . . . . . . . .. . 10D-2Gl9B 
GOVERNOR . .... . ... . . . .  10D-2Gl8 
GOVERNOR CONTROL ... . . l0D-2G25A 
GOVERNOR SWITCH ...... 10D-2G24 
LOAD CONTROL . . . . .. . . . 10D-2L21 
MOTOR CONTROL . .. .. . . .  10D-2M22 
PUMP ................. 1 OD-2Pl9B 
POWER SUPPLY . . . . . . . . .  10D-2P21C 
RHEOSTAT CONTROL . . . . .  10D-2R25 
SPEED CONTROL . ... . . . . 10D-2S22 
SPEED ADJUST . . . . . . . . .  10D-2S21B 
VOLTAGE . . . . . . . . . . . • . .  10D-2Vl 7 
VOLTAGE CONTROL .. . . . .  10D-2V24 

RAISE-LOWER position arrangement with target 

(title) 

D RAISE LOWER 

0 

Title Engr. Code 

NONE (BLANK) ......... 18B-2XlOR 
ENGINE CONTROL ....... l8B-2E23 
ENGINE SPEED ......... 18B-2E21 
FREQUENCY CONTROL .... l8B-2F26 
GOVERNOR ............. l8B-2Gl8 
GOVERNOR CONTROL ..... 18B-2G25A 
MOTOR CONTROL ........ l8B-2M22 
PUMP ................. 18B-2Pl9B 
POWER SUPPLY ......... 18B-2P21C 
SPEED CONTROL ........ 18B-2S22 
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RAISE-LOWER position arrangement with target 

(continued) 

(title) 

D 
RAISE LOWER 

0 

Title Engr. Code 

VOLTAGE .............. 18B-2Vl 7 
VOLTAGE CONTROL ...... 18B-2V24 
FREQUENCY CONTROL .... 18B-2F26B 
TURBINE SPEED ........ 18B-2T22L 
TURBINE VOLTAGE ...... 18B-2T24K 
VOLTAGE ADJUST ....... 18B-2V23D 

LOWER-RAISE position arrangement 

\title) Tit le Engr. Code 

LOWER 
NONE (BLANK) . . . ..... . 10D-2Xl OG 

RAISE GOVERNOR . . . . . . . . . . . . .  10D-2Gl8H 

0 GOVERNOR CONTROL . . . . .  10D-2G25 
MOTOR CONTROL . . . . . . . .  10D-2M22A 
VOLTAGE CONTROL . . . . . .  10D-2V24A 
TAP CHANGER CONTROL . . 10D-2T27A 

LOWER-RAISE position arrangement with target 

(title) Title Engr. Code 

D RAISE LOWER 
NONE (BLANK) ......... 18B-2Xl0G 
GOVERNOR ............. 18B-2Gl8H 

0 GOVERNOR CONTROL ..... 18B-2G25 
MOTOR CONTROL ........ 18B-2M22A 
VOLTAGE CONTROL ...... 18B-2V24A 
TAP CHANGER CONTROL .. 18B-2T27A 
ENGINE SPEED ......... 18B-2E21D 
REGULATOR ............ 18B- 2Rl 9L 
SPEED CONTROL . . . . . . .. 18B-2S22AC 
VOLTAGE REGULATOR .... 18B-2V26C 

LOCAL-REMOTE position arrang.�ent 

(title) Title Engr. Code 

LOCAL NONE (BLANK) ..... . . . . lOD-2XllB 
REMOTE BREAKER CONTROL ...... 10D-2B25B 

0 COMPUTER MASTER ...... 10D-2C25A 
ENGINE CONTROL ....... 10D-2E24 
EXCITER CONTROL ...... 10D-2E27 
LOCAL REMOTE SW. . . . . . 1 OD-2L24A 
UNIT OPERATION . . . . . . . l0D-2U24 

REMOTE-LOCAL position arrangement 

(title) 
Title Engr. Code 

REMOTE 
NONE (BLANK) ......... 10D-2Xll 

LOCAL CONTROL SELECTOR SW . .  10D-2C28 

0 MASTER TRANSFER . . . . . . l0D-2M25A 
MODE . . . . . . . . . .. . . . . . . 10D-2Ml5C 
TRIP SW . . . . . . . . . . . . . . l0D-2Tl8D 
TRANSFER SWITCH . . . ... 10D-2T25A 
VALVE ....... . . . ... .. . 10D-2Vl6 

STOP-START position arrangement with target 

(title) Title Engr. Code 

STOP 
D 

START 
NONE (BLA..N'K) ......... 18B-2X9H 
ENGINE ............... 18B-2El5 

0 MOTOR CONTROL ........ 18B-2M21E 
BREAKER CONTROL ...... 18B-2B23H 
MODE CONTROL ......... 18B-3M21C 
OIL PUMP CONTROL ..... 188-2023 



START-STOP position arrangement with target 

(title) 

D START STOP 

0 

Title Engr. Code 

NONE (BLANK) ............ 18B-2X9S 
MOTOR CONTROL ........... 18B-2M21C 
TIME RECORD ............. 18B-2Tl9D 
TURB. MAN. CONT ......... 18B-2T23D 
FEEDER .................. l8B-2Fl5E 
GENERATOR ............... l8B-2Gl8L 
MASTER CONTROL SW ....... l8B-2M24G 

STOP-START & PULL-TO-LOCK position 
arrangement

-
with target 

(title) 

D STOP START 

PULL-TO 0 
LOCK 

Title Engr. Code 

NONE (BLANK) ............ 19C-3Xl9B 
CONTROL SWITCH .......... 19C-3C29K 
BREAKER CONTROL ......... 19C-3B33C 
FIRE PUMP ............... 19C-3F27H 
MOTOR CONTROL ........... l9C-3M31D 

OPEN-CLOSE position arrangement with target 

(title) 
Title Engr. Code 

D 
CLOSE OPEN 

NONE (BLANK) ............ l8B-2X9 
DISCONNECT SWITCH ....... 18B-2D25 

0 GROUNDING SWITCH ........ 18B-2G24A 
LOAD SHED ............... l8B-2Ll7A 
MAN BREAKER CONTROL ..... l8B-2M26 
MOAB CONTROL SWITCH ..... 18B-2M26B 
OCB CONTROL ............. lBB-2019 
SHUT OFF VALVE .......... 18B-2S21G 
SWITCH CONTROL .......... l8B-2S22A 
VALVE CONTROL ........... l8B-2V21G 

TRIP-CLOSE position arrangement with target 

(title) Title Engr. Code 

D THIP CLOSE 
NONE (BLANK) ............ l8B-2X9P 
BREAKER CONTROL ......... l8B-2B23 

0 CKT BKR CONT ............ 18B-2Cl9D 
CONTROL SWITCH .......... l8B-2C22 
CIRCUIT BREAKER ......... 18B-2C23E 
RECLOSER CONTROL ........ l8B-2R24A 

TRIP-CLOSE & PULL-TO-LOCK position 
arrangement

-
with target 

(title) 

D 
TRIP CLOSE 

Title Engr. Code 

NONE (BLANK) ............ 19C-3Xl9A 
BREAKER CONTROL ......... 19C-3B33 
BUS TIE BKR ............. 19C-3B28B 
I. D. FAN ............... l9C-3D26A 
MAIN OIL PUMP ........... l9C-3M30J 
STANDBY OIL PUMP ........ 19C-3S33A 
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1-2-3 position arrangement 

(title) Title Engr. Code 

NONE (BLANK) ........... 10C-3X3A 
AMMETER ................ lOC-3AlOA 

0 AMMETER-VOLTMETER ...... 10C-3Al9 
VOLTMETER .............. l0C-3Vl2 

l-OFF-2 position arrangement 

(title) Title Engr. Code 

OFF NONE (BLANK) ........... 10C-3X5 
AMMETER ................ l0C-3Al2A 

0 BATTERY ............. . · . l0C-3Bl2 
FREQUENCY .............. l0C-3Fl4 
FREQUENCY METER ........ l0C-3Fl9 
STANDBY UNIT ........... l0C-3Sl6E 
SYNCHRONIZING .......... l0C-3Sl8 
UNIT CO"JTROL ........... l0C-3Ul6B 
VOLTMETER .............. l0C-3Vl4 

LOWER-OFF-RAISE position arrangement 

(title) 

OFC 

LOWER RAISE 

0 

Title Engr. Code 

NONE(BLANK) . . . . . . . . . .  · .  l0C-3Xl3AL 
FREQUENCY ADJUSTER ..... 10C-3F26B 
GOVERNOR CONTROL ....... l0C-3G28D 
SPEED CONTROL .......... 10C-3S25L 
TAP CHANGER ............ 1 OC-3T2 3B 
VOLTAGE CONTROL ........ l0C-3V27C 

RAISE-OFF-LOWER position arrangement 

(title) Title Engr. Code 

OFF NONE (BLANK) ........... l0C-3Xl3G 
RAISE LOWER GOVERNOR ............... 10C-3G2l 

0 GOVERNOR CONTROL ....... l0C-3G28A 
GOVERNOR SPEED ......... l0C-3G27 
GOVERNOR SPEED CONTROL. 10C-3G33 
MOTOR CONTROL .......... 10C-3M25 
UNIT SPEED ............. 10C-3U22 
VOLTAGE ................ l0C-3V20C 

AUTO-OFF-MAN position arrangement 

(title) 

OFF 
AUTO MAN 

0 

Title Engr. Code 

NONE (BLANK) ........... lOC-3XlOE 
BRAKE CONTROL .......... l0C-3B22E 
CONTROL SWITCH ......... 10C-3C23 
ENGINE CONTROL ......... l0C-3E23 
EXCITATION ............. l0C-3E20A 
EXCITATION SWITCH ...... l0C-3E26C 
MODE SELECTOR .......... l0C-3M22B 
REGULATOR .............. 10C-3Rl9 



AUTO-OFF-MAN po s i tion arrangement ( cont inued ) 

(tit le)  Title Engr . Cod e 

OFF SYNCHRON I Z ING . . . . . . . . l 0C-3S23D 
AUTO SYNCHROSCOPE . . . . . . . . . l 0C-3S22B 

0 SYNCH. SELECTOR . . . . . . l 0C-3S24D 
START-UP MODE . . . . . . . . l 0C-3S22F 
VOLTAGE CONTROL . . . . . . l 0C-3V24 
VOLTAGE REGULATOR . . . . l 0C-3V26A 

MAN -OFF -AUTO position arrangem ent 

(tit le) 

O F '  
MAN AUTO 

0 

T i tle Engr. Cod e 

NONE ( BLANK) . . ... . . . .  l Q C-3 X l OA 
ACTUATOR F I RING . . . . . .  l 0C-3A24 
BREAKER CONTROL . . . . . . l 0C-3B24 
ENGINE . . . . . . . . . . . . . . . l 0C-3E l 6  
ENGINE CONTROL . . . . . . . l 0C-3E23A 
E XCI TATION . . . . . . . . . . . l 0C-3E20 
FUEL TRANSF E R  . . . . . . . . l0C-3F22 
MODE SELECTOR . . . . . . . .  l0C-3M22 
REGULATOR . . . . . . . . . . . . l OC-3 Rl 9A 
SYNCH . MODE . .. . . . . . . .  l Q C-3519 
SYNCHRON I ZE . . . . . . . . . . l0C-3S2l 
SYNCHROSCOPE . . . . . . . . .  l 0C-3S2 2A 
VOLTAGE REGULATOR . . . . l 0C-3V26 

Standard Nameplate Engravings Listed by Tit l e  

A I R  P R E H EATER 

OFF 

AUTO RUN 

0 

Code 1 OC-3A22A 

A M M E T E R  

B 
A C 

0 

Code 1 OC-3A 1 0 0 

AMMETER 

O F F  

0 
3 

Code 1 0 0-4A1 3 

AMMETER 

OFF 
A 

0 B 

c 

Code 1 0 0-4A1 3 0  

A L A R M  BYPASS 

NORM 

BYPASS 

0 

Code 1 00-2A2 1 

AMMETER 

2 

OFF 0 

Code 1 0C-3A 1 2 C  

AMMETER 

3 

0 4 

Co'de 1 OC-4A 1 1  

A M M E T E R  

0 4 

5 

Code 1 0 E-5A 1 2 

A M M E T E R  SCALE 

LOW 
HIGH 

0 

Code 1 00-2A 1 9 F  

AMMETER 

3 
OFF 0 

Code 1 OC-4A 1 3  

AMMETER 

B A c 

O F F  0 

Code 1 OC-4A 1 3 0 

AMMETER 

OFF OFF 

0 3 

Code 1 OC-5A 1 6  

l l  
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AMMETER 

OFF 

O F F  0 O F F  

Code 1 O F. - 6A 1 9  

AMMETER 

O F F  0 4 

6 
Code 1 0 E - 7 A 1 6 

A M M E T E R  V O LT M E T E R  

O F F  O F F  

0 3 

Code 1 OC-5A26 

B O l l E R  L E A D  

OFF 

0 
3 

Code 1 0 0-48 1 6  

B R E A K E R  RESET 

AUTO 
RESET 

0 

Code 1 0 0 - 2 82 1 A 

C O N T R O L  SWITCH 

STOP 
O F F  R U N  

0 

Code 1 OC-3C23 8  

D I ESEL M O D E  

A U T O  

O F F  MAN 

0 

Code 1 OC-3020 

D I F F E RENTIAL C U T O U T  

O N  

TEST 

0 O F F  

Code 1 00-3 02 7 

AMMETER 

OFF 

2 3 

O F F  0 O F F  

4 

Code 1 OE-7 A20 

A M M ET E R  

OF F  

0 
5 3 

4 
Code 1 OE-8A 1 7 

A M M E T E R  V O LTMETER 

O F F  0 4 

Code 1 OC-5A24 

B R E A K E R  C O N T R O L  

T R I P  

0 

Code 1 0 0-1 8 1 8  

B U S  S E L E C T O R  SWITCH 

BUS 1 
BUS 2 

0 

Code 1 0 0-2 81 8 0  

CONT R O L  SWITCH 

NORM 

AUTO MAN 

0 

Code 1 OC-3C24F 

D I E S E L  START 

NORMAL 

START 

0 

Code 1 0 0-2022 

O I F F  R E LAY CUTO F F  

ON 

TEST 

O F F  0 

Code 1 OC-3025A 

A M M E T E R  

OFF 

0 
3 

Code 1 0 E-7A1 6A 

A M M E T E R  VOLTMETER 

3 

OFF 0 

Code 1 OC-4A23C 

A N N U N C I AT O R  

O P E R  

TEST 

0 

Code 1 00-2A 1 9 

B R E A K E R  C O NTR O L  

�DAM 
TRIP CLOSE 

0 

Code 1 OC-382 7 C  

C A R R I E R  R E LA Y  

R E C  NORM 

OFF 0 SEND 

Code 1 OC-4C27 

C O N T R O L  SWITCH 

NEUT 
STOP STAAT 

0 

Code 1 OC-3C2 6 E  

D I F F E R ENTIAL 

NORMAL 
CUTO F F  

0 

Code 1 00-2 024 

D O O R  

OFF 
OPEN CLOSE 

0 

Code 1 0C-3 0 1 6 



Standard Namep late E ngrav ings List ed by Tit l e  

D O O R  

AUTO 

OPEN CLOSE 

0 

Code 1 0C- 3 D 1 7A 

ENGINE  CONTROl 

O F F  RUN 

0 

Code 1 OC-3 E24A 

E !'-; G I N E  CONTROL 

O F F 
T E S T  

0 � A N  

AUTO 

Code 1 OD-4E27 

F R EQUENCY 

O F F  
GEN B U S  

0 

Code 1 OC-3 F 1 8  

FREQUENCY METER 

G E .'\1 1 

BUS GEN 2 

O F F  0 

Code 1 OC-4F28 

F R EQUENCY METER 

GEN 2 

GEN 1 GEN 3 

O F F  0 GEN 4 

Code 1 OC-5 F33 

G O V E R N O R  C O N T R O L  

NOR r...' 

AAISE LOWER 

0 

Code 1 OC-3G 29A 

K W / K V A R  SWITCH 

KW 

KVAR 

0 

Code 1 0D-2 K 1 9 

LUBE P U M P  

O F F  

HAND AUTO 

0 

Code 1 0C - 3 L 1 9 

E M E R G .  S H U T  DOWN 

0 
EMEAG 

'STOP 

Code 1 0 D- 1 E24 

E N G IN E  CONT R O l  

O F F  

START 

0 RUN 

Code 1 0 D-3 E24C 

ENGINE SELECTOR 

4UT0 
STOP RUN 

0 

Code 1 OC-3E25A 

F REQUENCY METER 

O F F  

GEN BUS 

0 

Code 1 OC-3F23 

F R EQUENCY M E T E R  

GEN 2 

GEN 1 GEN 3 

OFF 0 

Code 1 OC-4F29 

F U E L  SELECTOR 

G A S  

L I Q U I D  

0 

Code 1 0 D-2 F2 1 J 

G O V E R N O R  TRANSFER 

OFF 
TEST MAN 

AUTO 0 

Code 1 OC-4G3 1  

L E A D  B O I L E R  

OFF  

0 

Code 1 0 D- 4 L 1 6 

M A N U A L  O I L  PUMP 

O F F  

PUMP AUTO 

0 

Code 1 OC-3M24C 

E N G I N E  

STOP 

RUN 

0 

Code 1 OD-2 E 1 3A 

f N G I N E  CONTROL 
r�ORM 

STOP START 

0 

Code 1 OC-3E26B 

F A U l T  SElECTOR 

B 
A c 

0 G 

Code 1 OC-4 F 1  7 

FREQUENCY METER 

O F F  

0 
3 

Code 1 OD-4F20 

FREQUENCY METER 

GEN 2 

GEN 1 GEN J 

O F F  0 sus 

Code 1 OC-5F32 

G O V E R N O R  

NORM 

LOWER RAISE 

0 

Code 1 OC-3G22A 

G R O U N D  FAULT S E L E C T O R  

O F F  

A G  

0 BG 

CG 

Code 1 OD-4G28 

LEAD P U M P  SELECTOR 

0 

Code 1 0 D-2 L1 8C 

MASTER C O N T R O L  

O F F  
AUTO TEST 

0 

Code 1 OC-3M24 
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MASTER SWITCH 

O F F  

HAND AUTO 

0 

Code 1 OC-3M23C 

M O D E  SELECTOR 

O F F  

A U T O  

NORM 

0 EMERG 

Code 1 OC-4 M28 

M O D E  SWITCH 

AUTO 
MAN RESET 

STOP 0 

Code 1 OC-4M26C 

MOTO R CO NTROL 

AUTO 

STOP STAAT 

0 

Code 1 OC-3 M 2 5 C  

OPE RATION S ELECTO R 

AUTO 

MAN TEST 

O F F  0 

Code 1 0C-40 3 1  

PHASE F AULT SELECTO R 
OFF  

A B  

0 BC 

CA 
Code 1 0 D-4P27A 

PUMP CONTROL 

MAN 
OFF AUTO 

0 

Code 1 0C - 3 P 2 1  

PUMP SEQUENCE SELECTOR 

0 
6 4 

5 

3 

Code 1 OE-6P26 

R E C O R D E R  

O F F  

RECORD 

0 

Code 1 O D -2 R 1 7 C  

M O D E  SELECTOR 

O F F  

RUN EMERG 

0 

Code 1 OC-3M22F 

MODE SELECTOR 

LOCAL 

LOCKOUT REMOTE 

0 

Code 1 OC-3M30G 

MOTOR CONTROL 
STOP 

FOR REV 

0 

Code 1 OC-3M22A 

M O T O R  CONTROL 

NORMAL 

RAISE LOWER 

0 

Code 1 OC-3 M28 

PARALLELING SW 

NORM 

AAL 

0 

Code 1 OD-2 P20E 

PHI\SE SELECTOR 

4 

0 

Code 1 OC-4P1 7 A 

PUMP SELECTOR 

1 -2 2-1 

0 

Code 1 OD-2P1 8 A  

RAM 

AUTO 

UP DOWN 

0 

Code 1 0C-3 R 1 3  

R E C O R D E R  

NORMAL 

SERVICE 

0 

Code 1 0 D - 2 R 2 1  E 

M O D E  SELECTOR 

LOCAL 

REMOTE TEST 
0 

Code 1 OC-3M27 

MODE SELECTOR 

AESET 
LOAD O I L  

0 GAS 

Code 1 OC-4M27C 

MOTOR CONTROL 
N E U T  

STOP STA RT 

0 

Code 1 OC-3M25A 

MOTOR CONTROL 

AUTO 

STOP START 

PULL-TO 0 
LOCK 

Code 1 OC-4M35 

P .  F . METER 

OFF 

G1 

0 

Code 1 OC-3 P 1 6C 

PILOT W I R E  

STBY 

NORM 

0 

Code 1 0D-2P1 7D 

PUMP SEQUENCE 

2-3-1 

1 -3-2 2-1 -3 

1 -2-3 0 3-1-2 

3-2-1 
Code 1 OE-6 P42A 

RI\M 

O F F  

U P  FLOAT 

0 DOWN 

Code 1 OC-4R 1 7 

REGULATOR 

DROOP 

I SOC 

0 

Code 1 0D-2 R 1 8A 



S tandard Nameplate Engrav ings L i s ted by Ti t l e  

R E G ULATO R C O N T R O L  

T E S T  

O F F  ON 

0 

Code 1 OC-3 R 2 5  

SELECTOR SWITCH 

O F F  

A U T O  T E ST 

0 

Code 1 0C - 3 5 2 5 H  

S E L E C T O R  SWITCH 

O F F  

C R A N K  A U T O  

0 TEST 

Code 1 OC-4530 

S E Q U E N C E  S E L E CT O R  

2-3-1 

1 -2-3 3 - 1 - 2  

0 

Code 1 OC-3 5 3 1  

SPE E O  C O NT R O L  

0 3 

Code 1 O D - 5 5 1 7A 

SYNCH R O N I Z I N G  

O F F  

AUTO MAN 

0 

Code 1 OC-35230 

SY N CH R O SCOPE 

GE'\ 2 

G E N I G E N J 

O F F  0 

Code 1 OC-4526 

T E M PE R AT U R E  TEST 

N O R M  

TEST 

0 

Code 1 OC-2T23 

T E M P  M E T E R  

O F F  

T E ST 

0 
1 

3 
Code 1 OD-5 T 1 9 

R E G U LATOR M O D E  

D I F F  

DROOP 

0 

Code 1 OD-2 R22C 

S E L E CT O R  SWITCH 

O F F  

M A N  A U T O  

0 TEST 

Code 1 OC-4528 

S E L E CTOR SWITCH 

0 

Code 1 O E-6520 

S O U R C E  S E L E CTO R 

L I "' E  1 

L I N E 2 

0 

Code 1 OD-2524 

S Y N C H  SWITCH 

O F F  

G E N  1 G E ·..,_ 2 

0 

Cc.de 1 OC-3 5 2 2 K  

SYN C H R O SCOPE 

R 

0 

Code 1 OC-25 1 4 

SY N C H ROSCOPE 

G E N  2 

GEN 1 GEN 3 

O F F  0 GEN 4 

Code 1 OC-55 3 1  

TEMP M E T E R  

T E ST 

0 

Code 1 0 D -4T1 6 

T E M P  M E T E R  

0 

Code 1 OE-6T1 6 

R E LAY B Y PASS 

AUTO 

COMM B A E R G  

0 

Code 1 OC-3R24A 

S E L E CT O R  SWITCH 

OH 

AUTO MAN 

T EST 0 

Code 1 OC-4528 8  

S E L E CTOR SWITCH 

OFF 

0 
4 

Code 1 O E - 7 5 2 3  

S P E E D  C O N T R O L  

I SOCHA DROOP 

0 

Code 1 OB-2523 

SYN C H R O N I Z E R  

M A N  lE ST 

0 AUTO 

Code 1 OC-4526A 

SYN C H R OSCOPE 

O F F  

G E N  1 G E N  2 

0 

Code 1 OC-35238 

SYSTEM ISOLATION 

C L O S E D  

O P E N  

0 

Code 1 O D - 2 525A 

T E M P  M E T E R  

OFF  
TEST 

0 

Code 1 OD-4T 1 9A 

TEMP M E T E R  

T E S T  

0 
3 

Code 1 OE-6T1 9 13 

T E M P  M E T E R  

OFF 

T E S T  

0 

Code 1 O E -6T2 1 

TEMP METER 
O F F  6 T E S T  

0 

Code 1 O E -8T23 

TEST SWITCH 

NORM 

TEST 1 TEST 2 

0 

Code 1 OC-3T24B 

T U R B I N E  CONT R O L  

AUTO 

R ESE T M A N  

O F F  0 

Code 1 OC-4T29C 

V O LTAGE REG 

U N I T  

P A R A  

0 

Code 1 OD-2V 1 9A 

V O LTM E T E R  

OFF 0 

Code 1 OC-4V 1 5A 

V O L  T M E T E A  

O F F  0 

Code 1 0C-4V2 1 A  

V O L  T M E H R  

O F F  
1 - 2  

2-3 0 
3 - 1 3 

Code 1 O E - 7V24 

WATTM E T E R  

w 
A V A  

0 

Code 1 O D-2W 1 3 

TEMP M E T E R  

T E S T  

0 
3 

Code 1 0 E-7T20 

T E S T  S E L E C T O R  

O F F  

A U T O  

0 

Code 1 OD-2T1 9K 

TEST TRANSFE R 

N O R M  

TEST 

0 

Code 1 OD-2T20A 

V A L V E  CONTROL 

AUTO 

CLOSE OPEN 

0 

Code 1 OC-3V2 5 B  

VOLTM E T E R  

2-3 

1 -2 3-1  
0 

Code 1 0C-3V 1 8  

VOLTMETER 

B A c 
O F F  0 

Code 1 OC-4V 1 5 D  

V O LTMETER 

O F F  
1 -2 

0 2-3 

3-1 
BUS 

Code 1 OD-5V24A 

VOLTMETER 

A - 8  A 

8-C 0 8 
C-A c 

Code 1 O E - 7V24A 

WATTM E T E R  

O F F  

A V A  

0 

Code 1 OC-3W1 6 

T E M P  M E T E R  

TEST 

6 0 

Code 1 OE-8T20 

TEST SWITCH 

NORM 

TEST 

0 

Code 1 OD-2T1 8A 

TRANSFER T R I P  

NORM 

BYPASS 

0 

Code 1 0D-2T22F 

VOLTAGE 

LOW 

H I G H  

0 

Code 1 OD-2V1 4G 

V O L T M E T E R  

O F F  

GEN BUS T I E  

0 

Code 1 OC-3V 2 1  

V O LT M E T E R  

2-3 
1 -2 3 - 1  

O F F  0 

Code 1 OC-4V2 1 

V O LT M E T E R  

1 -2 

2-3 0 
3-1 

Code 1 O E -6V2 1 

VOLTM E T E R  

O F F  

1 - 2  

2 - 3  0 
3-1 3 

O F F  

C o d e  1 0E-8V27A 

WATTMETER 

3 

O F F  0 

Code 1 OC-4W1 5 



D E T E N T  ACT I O N  R O TA R Y  SW I T C H E S  

D ESC R I PT I O N  S TO P S  

O F F - ON 
0 1 SW ITCH v 1 & 7 

S I NG LE-THROW 

DOUB L E  

THROW 1 

v 2 SWITCH 1 & 7 
( N O  O F F )  

DOU B L E  

THROW 1 ° 2 SW ITCH � 2 & 7  
(WITH O F F )  

C O NTACT I N G  A N D  W I R I N G  D I AG R A M S  

This f irst deck is shown. Contacting i s  
identical for a l l  decks. The contact 
n u m ber changes. The fi rst digit is the 
deck number;  e.g. 1 1  is deck _l, .?_ 1  i s  
deck �. etc. 

I 

:.: POS. I 1 1 ' 1 1 I � CONTACTS �)ON c 

1 120-ir H-0 13 � L� ' 1 1 I 
16 0-i f---H-D 1 7  POl [ ? ' 

:.: POS. l " rJ I 15 t 11 J � CONTACTS ' 1 2 ' Q ' 

c>----0 , � 
IJUT INtT 

120-i f- x ' 

1 "-013 I 

c "-0
15 � ' 

160-H - � ON . CN 2 ! ON l ON 1 
-I HJ I 7 POLl I POLE 2 

I 

:.: POS. I " � IT' � "I � CONTACTS 1 0 2 c 

� 1 1�)-- � -0 18 
INPt "JIT 

r--)C 1 12 r1 c-D I3  15�HHJI4 � 16 f-1'-<J 17 r--)C ON I 

f'OlE l 
ON ON I ON 1 P0Ll 2 

Order the jumpers for th is arrange-
ment separately  ( 2  per deck P/N 
0201 1 · 1 0) 

CATA LOG N U M B E R S  

The cata log numbers a re for 
u n iversal switches that pro· 
v ide a l l  contacti ng shown. 
Oval handle  sup pi ied. 

To l im it switches to positions 
shown put l imit  screws i n  
h oles i n  rear stop pl ate shown 
as "STOPS". 

Decks Catalog Numbers inches* 

1 24201 8 2.4 
2 242028 2.9 
3 242038 3.6 
4 242048 4.3 
5 242058 4.8 
6 242068 5.4 
7 242078 6 .2 
8 242088 6.6 
9 242098 7.4 

1 0  242 1 0 8  8.0 

*depth beh i nd panel 

M O M E N TARY (spr i n g - return) ACT I O N  R OTARY S W I TC H E S  

D ESCR I PT I O N  STOPS 

O F F - ON 
0 SWI TCH 

SINGLE-THROW 
v1 1 & 7 

DOU B L E  

THROW 1 
v
2 SWITCH 1 & 7 

(NO O F F )  

DOU B L E  

THROW 0 
SW ITCH 1w2 2 & 7  

(WITH O F F )  

C O NTACT I N G  A N D  W I R I N G  D I A G R A M S  

:.: 
� 
Q 

This fi rst deck is shown. Contacting is 
identical for al l  decks. The contact 
n u m ber changes. The fi rst dig it  i s  the 
deck number;  e.g. 1 1  is deck 1, 21 is 
deck 2, etc. 

- - -

I 

:.: POS. l r ! I ! r � CONTACTS �)ON Q ' 

1 12 0-1 H f-0  13 � t[� ' L� I 16 0-i r-1 r-o n  
' 

:.: POS. I" r " I 15 t 11 � CONTACTS ' 
1 2 ' Q ' o-e:)-011 � r,c INLT JUT 12 I 

1 r-o l3 ' ' 
�I-DIS � I 

16 r,c ON I ON 2 1 ON I ON 2 
1 1-0 1 7  P[ll[ 1 POLE 2 

' 
POS. l " � ll l \� � 17 CONTACTS 1 :=; 2 

� "C:i-j f-018 

1 12 c--H-o 1 3 f-� IN}U T  1 IN}UT 

J 

l 

1 5t: HI-DI4 � f-� DN I ON 2 ON � ON 2 16 H f-<:> 17 POtE J P0LE 2 

Order the jumpers for th is  arrange· 
ment separate ly  (2  per deck P/N 
020 1 1 · 1 0) 

1 4  

CATALOG N U M B E R S  

The catal og num bers are for 
un iversal switches that pro
vide a l l  contacti n g  shown. 
Oval handle supplied. 

To l i m i t  switches to positions 
shown put l imit screws in 
holes i n  rear stop pl ate shown 
as "STOPS". 

Decks Catalog Numbers inches * 

1 7420 1 8  2.4 
2 742028 2.9 
3 742038 3.6 
4 742048 4.3 
5 742058 5.3 

*depth behind panel 



D ES C R I PT I O N  

TR I P L E-TH R OW 

SW ITCH 

(with off) 

4-TH R OW SW I TC H  

(with off) 

�' 3 

0 

�
2 

4 

0 
5-TH ROW SWI TC H  ¥, 

(w ith off) 2 
5 3 4 

6-TH ROW SWI TCH *'0 1 
(with off) 6 2 

5 3 4 

7-TH ROW SWI TCH *0 

( with off) 6 2 
5 3 4 

ROTARY TAP SWITCH ES 

S T O PS 

1 & 5 

1 & 4 

1 & 3 

1 & 2 

none 

C O NT A CT I N G A N D  W I R I N G D I AG R A M S  

T h i s  f i rst deck is shown. Contacti ng i s  
identical for  a l l  decks. The contact 
n u m ber  cha nges. The fi rst digit  is the 
deck n u m ber;  e.g. 1 1  i s  deck .!_, �1 i s  
deck �, etc. 

-

"' 
� 0 

1 

POS I T IONS 
CONTACTS 

0 1 2 3 4 5 6 
1 1 0-

r-H-Z• t2  )( 
r---H-D \ 3  )( 
r- lf-D I 4  )( 
r- H-O  1 5  )( [--H-o 16 )( f---H-0 1 7  � f-0 1 8 

li 11 T 14 T 16 T I� I ,J, 
T 
J I I 
oN 2 oJ 4 o! & 

ON l ON 3 ON 5 ON I 

)( 

7 

)( 

CATALOG N U M B ER S  

The catalog numbers are for 
u n iversal switches that pro· 
v ide a l l  contacting shown. 
Oval handle suppl ied. 

To l im it  switches to positions 
shown pu t l i m i t  screws in 
holes i n  rear stop plate shown 
as "STOPS". 

Dec k s  Catalog N u m bers i n che s *  

1 2430 1 8 2.4 
2 243028 2.9 
3 243038 3.6 
4 243048 4.3 
5 2430 5 8  4 .8 
6 243068 5.4 
7 243078 6 .2 
8 243088 6.6 
9 243098 7.4 

1 0  2431 0 8  8 . 0  

*depth beh ind panel 

ROTARY SWITC H ES for I NSTRU M ENT and CONTROL 

A P P L I C AT I O N  E S C U TC H EO N  

V O LT M E T E R  VOLTMETER 
T R A N S F E R  S W I T C H  

OFF 
2 w�re S 1 n gle phase or d c ON 
Double pole s 1 ngle t n row 

0 
Handle Round . k n urled 

Cat. No. 240 1 C 

Depth beh i n d  panel  - 2.4 Code 1 OD-2V 1 4  

V O LT M ET E R  
TRANSFER & W I T C H  VOLTMETER 

4 -wtre.  Two phase or OFF 
two separate d-e c t rcui ts  1 2 
Dou b l e - pole double-t h row 0 
Handle :  Round. k n u rled 

Cat . N o .  2402C 

Depth be h i n d  pa ne l - 2.4 Code 1 OC-3V 1 4 

V O L T M E T E R  
TRA.NSFER S W I T C H  VOLTMETER 

3 phase. phase to neutral 2 
Double-pole tr �p le  til row 1 3 
Handle: Round. knurled OFF 0 
Cat.  N o .  2403C 

Depth beh i n d  panel - 2 .9 
Code 1 OC-4V 1 5A 

V O LT M E T E R  
T R A N 8 f' E R  SWITCH VOLTMETER 

3 phase. phase to-phase 2-3 
Double- pole t r � ple-throw 1 -2 3-1 
Handle: Round. k n u rled OFF 0 
Cat.  N o .  2404C 

Depth beh i n d  panel - 2.9 
Code 1 0C-4V2 1  

C O N T A CT I N G 

"' POS. u CONTACTS :: IY< c: 

1 12 o-n · ·----() 13 � 16 C>---i � - � ,_  .... :; 1 7 

"' POS � CONTACTS 
I I �  0 

1 1  , . ,  . �· 1 8  � 1 1---12 '_)- � ' - ' r·--:' 1 3  
1 5  J- --<  • - ' �  .� , 4 � 1---16 ' ·� .  - - l '  -o 1 7 

� POS u CONTACTS I 0 

$ � 

1 l :� ·' " " 
2 1 (}-----, 

2 ��>--0 22 [ · �-on 
· • >--0 }4 

� u CONTACTS 
0 

" '1 1 < H) "  

K: > J 
L - • r -0  14 

' '1 2 - I-C·22 
'--'2·2] 

- < r--(:: 24 

1 5  

r-x� 
POS 

I � f.-+--- X 
X 

1-----,c H= X 
X 

z 

)( 
)( 

A N D  W I R I N G D I A G R A M S  

tl 
lr ¥ 16 T l 

8 I 
CL 

@lr � 

1 3 14 � 17 
J 

r;-- I 
�' 
() 
U': 

� �  � 11 22 2J 14 � T l 
·� 
cs 

11 12 13 14 �"';v cu f-e """"� cu � u� � �  � 
'nnocn!ooooo -
� 

-, ,  m (i'; 
0 



ROTA RY SWITC H ES lor I NSTRU M ENT and CONTROL 

A P P L I CATI O N  ESCUTC H EON CONTACT I N G  AND W I R I N G  D I A G R A M S  

CONTACTS POSITIONS 
V O L T M E T E R  Q � �- • .  c 1 1 > 1  J 

TRANSFER SWITCH VOLTMETER l cu � �1._; ,::._:; ' j--C Q I( 
3 -phase, phase-to-phase OFF 1 

__,�-o 13 I( 

� � 23 " :Ju and phase-to-neutral 1-2 1 CO "  I( --•ro•6 I( 
Double-pole six-throw f-0 17 I( 2-3 0 2 f-018 I( 
Handle: Round, knu rled ··� I 

3-1 3 -on I( CD '-023 I( 
Cat .  No.  2405C 2 -<>2< I( J 

ro26 I( 8 
Depth beh i n d  panel - 2.9 Code 1 O E-7V24 f-027 I( 

f-028 I( 

CONTACTS POSITIONS 
V O L T M E T E R  Q = 1. :: ;; er-- r • c 

, .•• f-· " TRANSFER SWITCH VOLTMETER I( �rZ_U �� 6-wire. Two 3-phase f-::::: I( cu OFF 1 I( 
c i rcuits; phase-to-phase 3•1 1·2 f-if">6 I( �� u"'i· t}'-: 
Double-pole six-throw I( 

2·3 0 2-3 1 -o  I( 
r-::1 Handle: Round, k n urled "'1- · f--022 I( 1 

1•2 3·1 >--· f--023 I( (i). � Cat. N o .  2406C OFF 2 Era" I( 
t-c26 I( J 
CC27 I( 

Depth beh i nd panel - 2.9 Code 1 OE-8V33 t-c28 I( 

"' POSITIONS 
A M M E T E R  � CONTACTS , .. 2 * 3 Q � � �  TRANSFER &WITCH AMMETER 

C0: n o-t 3-phase, 2 3 1 d--D 13 )( )(  )( )(  � 23 2!)" 
two current-transformers 1 )( )(  )( )(  --c c-0 14 
Handle: Round, knurled 0 2 21 01: 

K> 2 3  )( )(  1 
Cat. N o .  2407C )( )(  1 K> 24 1 

J 
Depth beh i n d  panel - 2.9 Code 1 OC-3A 1 OA * denotes make-before-break "'= 

"' POSITIONS 
A M M ET E R  � CONTACTS *' 1 * ? * l �1 ��  AMMETER Q � 

C0: TRANSFER SWITCH 

2 n o-t f 2!1 3-phase, 1 3 1 c-0 13 )( )(  )( )(  )( � two cu rrent-transformers ---< c-0 1 4  )( )(  )( )(  
Handle: Round, knurled 

OFF 0 21 ot 2 1 K> 23 )( )(  )( )(  1 
Cat. N o. 2408C )( )(  )( )(  1 K> 24 

J 

Depth beh i nd panel - 2.9 Code 1 OC-4A 1 3 * denotes make-before-break 
� 

"' POSITIONS � CONTACTS 2 * 3 
A M M ET E R  Q 1 * � � � � TRANSFER &WITCH 

AMMI!TI!R 1 1 0-L 

� 

2 1 < c-0 1 2  )( )(  � 7 2!)" ·!T 3-phase, 1 3 I I D 13 )( )( )(  
three current-transformers -If-() 14 )( )(  
Handle: Round, knurled 0 2

1 0�Kl22 
..J I 

2 )( )( )( )( 
Cat. N o .  2409C '-023 )( )(  )( )(  \.')' 

L-1 ---<:'l 24 )( )(  )( )(  � "'=  
Depth beh i nd panel - 2.9 Code 1 OC-3A 1 OA 

* denotes make-before-break 

� CONTACTS 
POSITIONS 

A M M ET E R  Q 0 * 1 * 2 * 3 
TRANSFER SWITCH AMMETER 

"1 � � � � �  2 1 -- j c-0 1 2  )( )(  )( 3 -phase, 1 3 n --o 13 )( )(  )( �12�2� 
t h ree current-transformers 

""' 14 )( )(  
Handle: Round , knurled OFF 0 21

0�Kl22 ..J 
2 )( )(  )( )( )( )( I 

Cat. N o .  24 1 0C >---o 23 )( )(  )( )(  )( )(  '-'--' 
L...; KJ 24 )( )(  )( )(  )( )(  l 

Depth beh ind panel - 2.9 Code 1 OC-4A 1 3 -=-

* denotes make-before-break 

16 



ROTARY SWITC H ES lor I N STRU M E NT and CONTROL 

A P P L I C AT I O N  ESC UTC H EO N  

A M M ET E R  
TRAN8FER SWITCH AMMETER 

2 
3-phase 
three current-t ransformers 
three mdependent circuits 1 0 3 
Handle: Round, knurled 

NO O F F  Cod e  1 OA- 3 A  1 0  

Cat. N o .  24 1 1 C 

W I T H  OF F AMMETER 

Cat, N o .  24 1 2C OFF 2 OFF 

Depth beh ind panel - 5.4 
1 0 3 

Cod e  1 0C-5A 1 6 

A M M ET E R -

V O LT M ET E R  
TRANSFER SWITCH 

UIIIETEI-YOLTIETEI 

3-phase, phase-to-phase 2 
three cu rrent-transformers 1 3 
Handle: Round, kn urled OFF 0 
Cat . N o .  24 1 5C 

Depth behind panel - 4.3 Code 1 OC-4A23 C 

W A TT M E T E R  
TRANSFER SWITCH 

3-phase WATTMETER 
t h ree cu rrent-transformers 
t h ree cu rrent-coils OFF 

ON 
Handle: Round , knu rled 

0 
Cat. No. 24 1 9C 

Depth beh i n d  panel - 3.6 
Code 1 OD-2W1 4 

WATT M ET E R  
TRANSFER SWITCH 

3-phase WATTMETER 
two current-transformers 
two current-coils OFF 
two potential coils ON 
Handle:  Rou n d ,  knurled 0 
Cat . N o .  2420C 

Depth beh i n d  panel - 3.6 Cod e  1 OD-2W1 4 

CO NTACTI N G  A N D  W I R I N G D I A G R A M S  

POSITIONS CONTACTS 
Q 1 '* � * 2 * � * 3  

< r - o n  " �§ 1 f--{)14 

f-0 »  
C0>6 

-tl--0 1 7  ' P  ron 
2 H--024 

--H--o25 
--11-026 

ron 

X X  

X 

I< X )( 

I< X 

X I<  )( )( )(  
X )( )(  )( )(  

)( )(  
X )( )(  )( )( )(  

X X  

3 "
1::: )( )(  )( 

X X I<  

� '::� ' )( I< X 

X X  

41 0--1 
i---• •--<_:,43 X X  

4 .--• >--044 )( )( )(  
· ··<:·45 X X X  

• - < · 046 X X X  
"-------j -<:·47 X X  

51 � 1-----j ·-cSJ X X  

5 H '-054 X X X  
H r-c ss I< X X  

t:� X X X  

X X  

f-063 X X  

6 ---l l--064 X X X  
f-065 X X X  "� f-066 X X X  

.____, I-C67 X X  

* denotes make-before-break 

POSITIONS � CONTACTS � ·)1- 1 * 2 * J 

" '�!__ , , )( 1 �:::� X 
·-H--0 14 X 

2 "'Era" X 
ron X 

CC" X 

"'E f--032 3 i f--033 

X X X  

f-D34 

"1 4 f--c•2 
f-C<J 
f-C" 

X X  

X X  )( )(  

X X X  

X X  

)( X X X  

X X  X X  

X I<  X X  

* denotes m ake-before-break 

� POS I 
u CONTACTS " 
� '--:, * · li� 

12 ;_} I ,  .... ' 0-- · �  13 X X  1 " �-I:;· 1 5  � X 16 '" 17 l)(fx 
22'r l '- l '  0 23 X X  2 . ' J .-Q 25 
26 C>- 1  

L- j r--·0 2 7  �� X x 
320--l f------l f--0 33 X X 3 36 o-CH-0 3 5  �� x 1 f-D 37 X 

* denotes ma ke-before-break 

� CONTACTS POS. 
c ;=:, * U�-1 

1 2 0- H  � r-(J 13 X X  1 � X ,-- j f----<; 1 5  16 0- i  l)(fx ' -- 1 � 0 1 7 
220-l l-ll-023 X X  2 .- 1 ro 2 s  2 6  'crL, ro 27 � X xrx 3 32 o--H---H-c 3 3 XIX 
36o-H--4 ro 3 7  X X  

* denotes make-before-break 

1 7  

3 1 1 11 r! �i:.J:li [ .... 1 
� rJ: u;y 

r -..! t� ; ;__X � 1 
L -� � :  � .:: ;JI 

51 � �: : r-� 
� 

" � : : :Jt-

��u cU � � u�· 
� I� �� � cu � 42 ·� 44 

' � 
0 

3 
= 

12 '---J � 17 �� 22 � I� � -� 
31 � ��� �  
I 

1 

3 

� 
0 

3 

/ 1----ioc 
>-----. 
-::-

12 � 
12 � 
32 y r-

� i _j�URRENT .- COILS 

i.\ t. _�-POTENTIAL 
T I :;.. ..Q.lli(' 

COILS 

00000 

f----.-, 
""= 

jg 



ROTARY SWITCH ES lor I N STRU M ENT and CONTROL 

APPLICAT I O N  ESCUTCH E O N  

W A T T M ET E R  WATTMI!TI!R 
REVERSING SW\TCK OFF 

Handle: Round, knurled w RVA 
0 

Cat. No.  2421 C 

Depth beh i n d  panel - 2.9 
Code 1 OC-3W1 6 

POWER-FACTOR 
SW ITCH P . F .  METER 

3-phase OFF 
two current-transformers ON 
one or two current·co i l s  

Handle: Round , knurled 0 

Cat. No.  2422C 

Depth beh i n d  panel - 2.4 
C o d e  1 0 D-2 P 1 4  

SYNCH RON I Z I N G  
aWJTCH SYNCHROSCOPE 

Machi ne-to-bus with OFF interlocks ON 
Handle: Oval, removable 0 

Cat. No.  2424E 

Depth beh i n d  panel - 2.9 
Code 1 1  D- 2 5 1 7  

MOTOR CONTROL 
8WITCH MOTOR CONTROL GOVERNOR OR RH I:08TAT 

Split-field motor RAISE LOIIIIER 
Handle: Pistol-grip 

0 Spring-return 

Cat. No. 2427D 

Depth beh ind panel - 2.4 Code 1 O B - 2 M 2 2  

TEM PERATURE 

M ETER 
TRANSFER SWITCH T EMP.METER 

Transfers two wi res O F F  
t o  three coils TEST 
with TEST and OFF 0 1 
Handle: Round, knurled 2 3 
Cat. No.  2432C 

Depth beh i n d  panel - 2.9 C o d e  1 O D - 5 T 1 9 

C I R C U I T  

B R E A K E R  BREAKER CONTROL 
T R I P  SWITCH 

Double-pole single-t h row TRIP 
contacts normally open 

Handle:  Pistol-grip Spring·return 0 
Cat. No. 2436D 

Depth beh i nd panel - 2.4 C o d e  1 0 D - 1 B 1 8  

CONTACT I N G  A N D  WI R I NG D I AGRAMS 

POS. 

.. CONTACTS � "'  " � > s W O o:  
t t 01 H I-018 X 1 120-iHI--013 )( 
!So.< f--11-0,. )( 
t6o-1 H I-0 1 1  )( 2 1<>jHI-028 )( 22<>jHkJ2J )( IL 2501 H l-024 )( 26<>j H 1-0 21 )( 

¥ �OS. y CONTACTS !AI ...._ ON Cl 0 
12 0-i H t-0 13 X 

1 16o-� �c� 15 )( r-)C !-<> 17 

::0:: POS . u CONTACTS "-.... "-Q 0 ON 

1 12 0-j r--i r-o 13 )( 
16 0--H-- 1 r-o 1 1  )( 

2 22 0-1 r--1 r-o 23 )( 
26o-H--H-o27 )( 

POS. 
CONTACTS -

..., "' 0: ¥ V') E w y :X 1- 3 .... 0 0 Q 0: c: -' 

1 1 · 12  �1-0 18 )( 
o1 1-0 13 1 )( 

15·16 r£1-0 1 4  )( 
C>-j 1-0 1 7  )( 

?iS -:2 J 

POTTR":S POTENTIAl. COILS OF �AITMETER 

� u  �)- u :: 
--·� It t UJ JJ AUTOTRt.sJ 

POTENT�L COILS POTTRANS 
OF WATTMETER 

Aufo.TRANS 

::.1 � CURRENT � 11 17 COilS 

CD � 
' 
J hxr-'::' 

.:. 

�� J � t t;!_ �IIi it 
, �PARt BK� CLO�ING .__a�) 

CIRCUIT m �-SCOPE 

r· u ' ' 15 •• 11 
-

_,.. § f�. 

• Contacts 1 1 -1 2 & 1 5-1 6 connected internai!Y in Normal Position 

� 
CONTACTS 

1 "1)-012 
>-013 
>-0" 
k>\5 

" "'" 
"� 

J. * t--023 
)-024 "'" 

POSITIONS 

� :;; � � 1 ' 3  

lC 
)( 

lC 
lC 

lC 
lC 

lC 
)( 

CONTACTS 
¥ 
u !AI Q 

1 12 0-1 H t-0 13 
16 0-1 H t-o 17 

18 

* Deck # 2  
MBB (short i ng ) contacts 

POS. 
� 

� 

� 2: 
0 c c: .... 

� TRIP TfliPor 

r---; ALARM 

X 



ROTARY SWITCH ES lor I NSTRU M ENT and CONTROL 

APPLICATION ESCUTC H EON 

C I R C U I T  IIUIEI COITIOL 
B R EA K E R  

CONTROL SWITCH 
TRIP D CLOSE 

Handle: Pistol-gnp 
Spnng-return 0 

Cat. N o .  24380 

Depth beh i nd panel - 2.4 Code 1 8 8 - 2 82 3  

C I R C U I T  

B R EA K E R  
IIUUI CDRTIOL 

CONTROL SWITCH 
TRIP D CLOSE 

Handle:  Pistol-grip 
Spring-return 0 

Cat. N o .  24400 

Depth be h i nd panel - 2.4 Code 1 8 8-2823 

C I R C U I T  

B R E A K E R  IIUKEI COITIOL CONTROL SWITCH 

Operate two breakers TRIP D cLosE 

Handle: Pistol-grip 0 
Spring- return 

Cat. No. 2441 0 

Depth beh i n d  panel - 2.4 Code 1 8 8-2823 

C I R C U I T 

B R E A K E R  IIUlEI COtiTIOL 
CONTROL 8WITCti 

TRIP D cLosE 
H a nd le: Pistol-grip 

Spring- return 0 

Cat. No. 24420 

Depth behind panel - 4.3 Code 1 88-2823 

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

Handle: Pistol-grip IIEAIEI COIITIOL 
Spri ng-return 

TRIP D CLOSE 

Cat. N o .  24430 0 

Depth beh i n d  panel - 4. 7 

Code 1 8 8-2823 

C I R C U I T  

B R EA K E R  IIEAIEI COITIOL 
CONTROL SWITCH 

H a nd le: Pistol-grip TRIP D ews� 
Spnng-return 

0 
Cat. N o .  24440 

Depth beh i n d  panel - 4.7 
Code 1 8 8-2823 

CONTACT I N G  AND W I R I N G  D I AGRAMS 

POS. 

CONTACTS � 

4+ij 

!¥ u.J X n.. "' u - ... 0 ..... 0: 0 ..... 
0 ,_ c: <..J 

1 1 1  0-l � f--0 18  X TRIP CLOSf 

16 o-j 1-----1 f--0 I 7 X 

- + - !RIP a S'NITCr ClDSr 

POS . l lD SWII<> 
CONTACTS -;;; HT� T ��I 9¢LA.PS ..... X Q. E "' f-u - 0 ..... c: 0 ..... 

0 - I: u 
1 2 0-l � f--0 1 3  X ��� fUSES � 1 15-16 rl f--014 X Cl OSING BUS J o-! 1-+  Y l-0 17 X j 

TRIPPING E\.S 

• Contacts 1 5-1 6 connected internally in Normal Position 

CONTACTS .. 
� 
c 

1 1- 1 2  
�

KJ 18 o-1 . t-<) 13 
1 1 5 - 16 �1-0 14 

o-1 t-<) 1 7  

POS. 

� � � �  c: 0 g - � � 

� Hx � � 
��l TtP CLOS� !RIP l Lsr 

�[S 

+ 0< 
+ 

• Contacts 1 1 -1 2 & 1 5-1 6 connected internally in Normal Position 

CONTACTS "' 
� 
c 

1 1  o-H-_, Kl 12 
1 15-16 rtl-014 

� Kl 1 7  2 220-' ,....., Kl23 
2 6  o-1 1--1 Kl 2 7  

POS 

� ' - 1 u 
0::: 1 1"0 , - l c:: c:: 

XIX 
X 

� 
g u 

X 
X IX XIX 

1 1  

+ 

� � 23 

. TRIP CO IL 
1---w------. �fj ::. b!Y 

-,.,CLOSING RllA;-
+ " "rt 1 • w}:lf.-I + 

_ BELL ALARM or RECLOSURE 

• Contacts 1 5-1 6 connected internally in Normal Position 

CONTACTS "' 
u 
0 

I? 0-1 >--H·<: 13 
1 ·5-16 � Kl 14 

D-i f-0 1 7  
2 ? 1 0-' .......... f-0 22 

POS 

I I � �  c. " "  - - u r o  
:= t � I � I U  

IX  
X I I 

I lX lXlX I 

- + - �. SWITCH CLOSE TRIP -'·� :�:, l l 
1\� ;1 � 17 

• RES 

211_ � 
'i �  )� FU�S9� 

f9l -8-;Ell 3 32 e>--' ,..._j KJ J J  lXI� + rn x  36e>--' 1--1 Kl 3 7  I XIX CLOSING BUS y 
TRIPPING BUS + 
ALARM BUS 

• Contacts 1 5-1 6 connected internally in Normal Position 

POS. 

CONTAC"TS � "' � I - "' 
� a: � � g 0 1- c c u 1 1 1  o-1 1--1 1-D 18 X 

16 c:H f-1 f-0 1 7  X 2 2 1 o-n--1 >-a 22 IX X 
2 5 0-1  f---1 f-026 IX X 3 32 04 '-"-1 f-033 X X 
36o--l l--l f-0 37 X X 

1 9  



ROTARY SWITC H ES for I NSTRU M ENT and CONTROL 

A P P L I C AT I O N  ESCUTCH EON 

C I R C U I T  

B R E A K E R  BREAKER CONTROL 

CONTROL SWITCH 

TRIP D CLOSE 
Handle:  Pistol-grip 

Spring-return 0 
Cat. No.  2445D 

Depth beh i n d  panel - 5.4 
Code 1 8 8 · 2 8 2 3  

C I R C U I T  

B R E A K E R  II£UU CONTROL 

CONTROL SWITCH 

TRIP D CLOSE Hand le: Pistol-grip 
Spring-return 0 

Cat. No. 2446D 

Depth beh i n d  panel - 5.4 
Cod e  1 8 8 - 2 8 2 3  

C I R C U I T  

B R E A K E R  IREUER CONTROL 
CONTROL SWITCH 

Handle: Pistol-grip TRIP D CLOSE 
Spring-return 

pUII·ID 0 
lock 

Cat. No.  2450D 

Depth beh i n d  pane l  - 4.7 
Code 1 9 C- 3 8 3 3  

C I R C U I T  

B R E A K E R  IIUII.EI CONTROL 
CONTROL SWITCH 

Handle:  Pistol-grip TRIP D CLOSE 
Spring-return 

pUII·ID 0 
lock 

Cat. No.  24520 

Depth beh ind pa n e l  - 6.9 
Code 1 9C - 3 83 3  

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

BREAKER CONTIOL 

Handle:  Pistol -gnp 

D CLOSE S p n n g - return TRIP 

UNIV ERSAL 0 
C I R CUIT 

Cat.  No. 2457D 
C o d e  1 8 8 - 2 8 2 3  

Depth beh ind panel - 6.2 

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

Handle:  Pistol -grip IREAIEI COMTIOL 
Spring-return 

TRIP D CLOSE Pul l -to-lock 

U N I V ERSA L pUII·ID 0 lock 
C I RCU IT 

Cat. No.  2458D 
Cod e  1 9 C - 3 8 3 3  

D epth beh i nd panel - 8.0 

C O NTACT I N G  

CONTACTS 
w 
0 

POS � � - I J� c::: "' "' ' � , , ,  ( 1---j l-- · j � ·: •s X 
16 ·� ...... f , , ,_: 1 7  

2 2 1 0-q - i •--c22 3 32< > ., • · -- H'JJ 
36-f- f --· r--' · 37  4 4 1 o -1 1--- t --D42 

4 5 :-> 1 '------1 f-C'46 

CONTACTS 
X 

0 

X X  

X X  
X X  
)( )( 

POS 
I I �I· � " 

� u 0 . -" w , , , , __ -j ,__ - j · -: � 18 )( 
14  :_:.--1 o-------1 >--0 1 5  )( 2 21  · �  " "•-'22 ')( )( 
26<� >-027 )( 3 lLc_, o-------; --;_' ]3 )( )(  
J(j ·:>-� f..-� f--.0 3 ?  )( )(  4 tl2C--1> - k 43 )( )(  
460--< r-----< f-C 4 7 )( )(  

POS I T IONS 
I I CONTAC TS ... � G � � -

' �  0 
::::> a: ;  1"1:1 

0 � I- I  c: c u 

1 1 1  ')---i j--------1 HJ 18 X X  2 2 2 ':>-1 f---1 KJ 2 3  X 
26C.......j f-----1 r-0 '2 7  l>< 3 31 0-H---' f-0 3 5  X X X  X 

POS I T ION$ 
;: I  : I 

� 
X 

CONTACTS 5 )� i :; ': :;; § w 
0 Cl.. ...- • o:; ' r:: u 1 1:? -· H -- "" 1J ' )( 

" " � '  -� ;:-;] t--r --;----- )( 2 21 -� � - � �- n )( )(  
] ') . >--< �� ...... 26 )( )(  
3 1  � .  _. , ,  38 )( )( ' 

4 41 - · � _____, �, -4R )( , )( )( 
)( )( 

A N D  W I R I N G D I AG R A M S  

Deck s 1 & 3 are make-before-break 

5 ':J.l�>-' � --< >--C 53 
':.b . rl �  d-( 'i? )( )(  Decks 3 & 4 are make-before-break 

POS 
CON fACTS 

X � � "' u " 0  . -0 • u 1 1 2 0-H---- H <-, 13 - �  ----�:-;-16 Cr.ff - -H D I 1  )( 2 1 1 < ) \ 1  · l t 028 )( 

]4, > H--H-.. >2� )( 3 1 1 " 0  t t o32 I( )(  
'I':'.\-<.} I f ·  U O)() )( )(  4 '110-1� � I-O H  )( )(  
<46o- H -- -HD41  )( )( 5 510-��-H--o sz )( )(  
�5 L•-H--H--o56 )( )(  

POSITIONS 
CONTACTS .:: � "' :: !!: - .. '-' :: 9  � " "' . .. ... c c .. 

1 12 <>-l H f-<> 1 3  X 
16 o-H---H-01 7  X 

2 21 <>-l H f-<>211 )( 
240-I H I-0 25  )( 

3 33o-1 Hf-o34 
37o-1 H f-o38 )( 

4 41 o-< H I-o42 )( )( 
,.5o--l H I-o46 

5 52<>-< H I-o53 )( 
56o-IH �S7 X X  6 61 o-< H I-o62 )( )(  
65<>-l Hf-<>66 )( )(  

2 0  



e ELECTROS WITCH 
• SWITCHES & RELA YS  

UNIT OF ELECTRO SWITCH CORP. 
WEYMOUTH, MA 02188 TEL: (781 ) 335-5200 FAX: (781 ) 335-4253 

HAND LES 

SE R I ES 24 
I NSTR U M E N T  & CONTROL 

SWITCH 

ACTI ONS 

SWITCH 
N U M B E R  -----------_.,..,.......f 
E N G R A V I NG ,REV 

COD E ___________ ___ 

OTH E R  F E ATU R ES D Oval D Knu rled D Pistol-grip Maintained Panel 
Spring-ret u rn to vertical 

Deptn 
Tnoc kness ---- ben o nd panel ---

D Removeable 
in Pos __ _ D D D tJ 0 � 0 � D Slip-contacts 0 Pul l-to-lock 

SPE C I A L  F E ATU R E S  

T I T L E 
E N G R A V I N G :  

POS I T I O N  E N G R A V I N G  

:,L CONTACTS 
u H A N D L E  w 
Ci E N D  1 2 3 

•denotes make-before-b reak contactong 

0
2 

8 3 
0 

7 4 

6 5 

M A D E  
B Y  
APPR. 
B Y :  

0
2 

8 3 
0 

7 4 

6 5 

DAT E 

DA TE : 

POS I T I ONS 

4 5 6 7 

0
2 

8 3 
0 

7 4 

6'--' 5 

COMPA N Y  

8 

HAND L E  POSIT IONS 

1 1  1 2  13 14 15 16 1 7  1 8  
0 0 0 0 0 0 0 0 
21  22 23 ?4 25 26 27 28 
0 0 0 0 0 0 0 0 
31 32 33 34 35 36 37 38 
0 0 0 0 0 0 0 0 
41 42 43 44 45 46 47 48 
0 0 0 0 0 0 0 0 
51 52 53 54 55 56 57 58 0 0 0 0 0 0 0 0 
61 62 63 64 65 66 67 68 
0 0 0 0 0 0 0 0 
71  72 73 74 75 76 77 78 
0 0 0 0 0 0 0 0 
81 82 83 84 85 86 87 88 
0 0 0 0 0 0 0 0 
91 92 93 94 95 96 97 98 
0 0 0 0 0 0 0 0 
WI 102 103 104 105 106 107 1 08 
0 0 0 0 0 0 0 0 

T E R M I N A L  NU MBERS A R E  
PRELIMINARY PENDING 
FACTORY R EVIEW AND 
APPROVAL 

0
2 

8 3 

7 4 

6 5 
• denotes termonal used 

2 1 

SHOW JUMPE RS TO BE SUPP L I E D  

DWG 
N O .  
S H E E T  O F  

VJ 
z Q 
VJ 
> 
w 
a: 



e EL ECTROSWITCH 
• SWITCI-IES & RELA YS  
UNIT OF ELECTRO SWITCH CORP. 

WEYMOUTH, MA 02188 TEL: (781) 335-5200 FAX: (781) 335-4253 

HAND LES 

SER I ES 24 
BREAKER CONTROL 

SWI TCH 
ACTI ONS 

SWI TCH 
N UM B ER ----------�.......1 ENGRAV ING JREV 
COD E ---------------· 1 

OTH E R  F EATU R ES D Oval D Knu rled D Pistol-grip Maintai ned Spring-return to vertical 
Panel Depth 
Thickness --- beh i nd panel ---

D Removeable 
in Pos __ _ D D D V D � D <-iJ D Slip-contacts D Pull-to-lock 

SPE C I AL F EATU R E S  

TIT LE 
E NG R A V I NG : 

� CONTACTS 3 from u H A N D L E  w 1 2 2 0 E N D  

*denotes make-before-break contacting 

0
2 

B 3 
0 

7 4 

6 5 

M A D E  
B Y :  
APPR. 
B Y :  

02 8 3 
0 

7 4 

6 5 

DATE :  

DAT E :  

4 4 

0
2 

B 3 
0 

7 4 

6 5 

COMPA NY 

HAND LE POSIT IONS 

1 1  1 2  13 14 15 16 17 18 0 0 0 0 0 0 0 0 
21 22 23 ?4 25 26 27 28 0 0 0 0 0 0 0 0 
31 32 33 34 35 36 37 38 0 0 0 0 0 0 0 0 
41 42 43 44 45 46 47 48 0 0 0 0 0 0 0 0 
51 52 53 54 55 56 57 58 0 0 0 0 0 0 0 0 
61 62 63 64 65 66 67 68 0 0 0 0 0 0 0 0 
71 72 73 74 75 76 77 78 
0 0 0 0 0 0 0 0 
81 B2 B3 B4 B5 86 B7 B8 
0 0 0 0 0 0 0 0 
91 92 93 94 95 96 97 9B 
0 0 0 0 0 0 0 0 
101  102 103 104 105 106 107 1 08 0 0 0 0 0 0 0 0 

S L I P  CONTACTS W I L L  BE 
GROUPED AT R E A R  O F  SWITCH 

TERMINAL N U M B E R S  A R E  
PRELIMINARY PENDING 
FACTORY REVIEW AND 
APPROVAL 

02 B 3 
0 

7 4 

6 5 
• denotes term inal used 

2 2  

SHOW JUMPERS TO BE S U PP L I E D  

DWG 
NO. 
S H E ET OF 

"' z 
Q 
"' 
> 
w 
a: 



e ELECTROSWITCH 
• SWITCHES & RELA YS  
UNIT OF ELECTRO SWITCH CORP. 

WEYMOUTH, MA 021 88 TEL: (781) 335-5200 FAX: (781) 335-4253 

SE R I ES 24 
I NSTR U M E N T  & CONTROL 

SWITCH 

CATA LOG N U M B E R S  
24 SE R I ES ( D ET E N T  ACTI ON ) 
74 S E R I ES (SPR I N G  R ETU R N )  

STOP SCREWS SUPPLIED TO L IM IT ROTATION AS DES IRED 

O V A L  . 1 9 M AX . PA N E L I H A N D L E  -- � T Y P I CA L T E R M I N A L  
T E R M I N A L  SCR EWS 8-32 x 1 /4 B D .  H D  . 
S U PP L I E D  

Handles for 
Series 24 Switches 

Knurled 

PAN E L  D R I L L I N G  ( I N C H ES) 

2 2 1  DIA 3 HGLES ) f 

�' 'T' o'¥, 
� 1 . 09 

- - - -�-� ��-;4 
1 . C9 

-$- -- -___i_ 
* . 8 1  C L EA R A N C E  H O L E  

F O R  R E MOVA B L E  H A N D L E  

M A D E  -rJV'I 
BY:  'ltJ f Y \  
APP R .  I1A. I\.._ R B Y :  f J\ fY\ 

D A T E  I0 /4/78 
DATE /Oj�/78' 

. 20 -J 

D E C KS D I M .  X 
( i nches) 

1 2.4 
2 2 .9 
3 3.6 

4 4.3 

5 4.8 
6 5.4 
7 6 . 2  

8 6.6 

9 7.4 
1 0  8.0 

5 1  ip Con tacts - add 1 . 5 "  
Pul l -to-l ock - add 1 "  
( These are appro x i mate 
d i me n s i ons . Ac tual 
d i mens i on s  are on a 
separate s heet . )  

UL File No. E 1 8 1 74 

DRAW I NG MASTER 

2 3  

I NTERRUP T I N G  RATI N GS :  

U N O .  L A B . I N C .  R E C O G N I Z E D  
2 0A- 1 20VAC 
15A- 240VAC 

6A-600VAC 
3A- 125VDC 
1A- 250VDC 

CSA CE RT I FI E D  

2 0A-600VAC ( re s )  
1 5A-600VAC ( i nd )  

2A- 125VDC 
2HP-240/ 480VAC 

OTH E R  RAT I NGS : 

Momentary Current ( therma l ) 
3 SEC-200A 

30 S E C- 75A 
60 S E C- 6 0A 

Ove r l oad ( 50 Opera t i ons ) 

95A- 1 20VAC 
6 5A-240VAC 
3 5A- 600VAC 

Maki n g  a b i l i ty for 
C i rc u i t  B reaker Co i l s  

95A- 125VDC 

Di e l ectr i c S t rength - 2200VRMS 
I ns u l a ti on Res i s tance - 100 megohms 
Contact Res i s tance - 1 0  mi l l i o hms 
Con t i n uo u s  Ra ti n g  - 30A- 600V 

OTHE R  TECHNI CAL DATA 
I N  BULLETIN 24- 1 

TESTED TO ESC-STD-1000 

CONTACT I N G  & CATALOG NUMB E RS 
ON S EPARATE SHEET 

DWG .  
NO : 

S H E ET 

24 & 74 SE R I ES 

1 OF 1 

en z 0 
en 
> 
w 
a:: 

R E V  

0 

SP 2 98/5M 



H46C Humidity Controller 

INSTALLATION INSTRUCTIONS 

APPLICATION 
The H46C Humidity Controller is used with portable and 
central unit dehumidifiers to maintain relative humidity. 
The H46 has an spst, snap-acting switch designed for 
line voltage circuits and two leadwires for switch box 
mounting. 

INSTALLATION 

When Installing this Product... 
1. Read these instructions carefully. Failure to follow 

them could damage the product or cause a 
hazardous condition. 

2. Check the ratings in the instructions and on the 
product to make sure the product is suitable for 
your application. 

3. Installer must be a trained, experienced service 
technician. 

4. After installation is complete, check out product 
operation as provided in these instructions. 

CAUTION 
Electrical Shock Hazard. 
Can cause electrical shock or equipment  
damage. 
Disconnect power supply before connecting 
wiring. 

Location 
Select a location about 5 ft (1.5m) above the floor in an 
area with good circulation at average temperature and 
humidity for the area to be controlled. Avoid locations 
near hot or cold air ducts and discharged air from the 
controlled equipment. 

Mounting 
1. Remove the setting knob. 
2. To remove cover, pull cover forward from device. 
3. Install a 2 in. x 3 in. (51 mm x 76 mm) vertical 

switch box at the selected location. 
4. Using the two screws provided, fasten the adapter 

plate to the switch box, as shown. 

5. Pull the wires from the switch box through the 
opening in the adapter plate and connect to the 
H46 leadwires with the solderless connectors 
provided. See Fig. 2 and 3 for typical hookup. 

6. Push the wires back into the switch box. 
7. Place the H46 against the adapter plate, making 

certain the tab at the bottom of the plate fits into the 
notch on the H46. 

8. Fasten the H46 to the adapter plate by tightening 
the captive screw. 

9. Replace the cover and the setting knob. 

2 X 3 IN. 

H46
(COVER OFF) 

H46 CAPTIVE 
MOUNTING SCREW 

ADAPTER PLATE 
SCREWS (2) 

SWITCH BOX 

NYLON
ELEMENT H46 LEADWIRES (2) 

PLATE TAB 

ADAPTER PLATE 

WALL SURFACE 

M7907

Fig. 1. Mounting H46C on vertical switch box. 

Wiring 
Disconnect power supply before connecting wiring to 
avoid electrical shock or equipment damage. All wiring 
must comply with local codes or equipment damage. All 
wiring must comply with local codes and ordinances. Do 
not exceed contact and coil ratings when wiring into 
system. See Fig. 2. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 
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H46C HUMIDITY CONTROLLER 

H46C 
HUMIDITY CONTROLLER
RISE

DEHUMIDIFIER

L1 EXHAUST FAN

(HOT)

1

1

OR AIR 
POWER CONDITIONER
SUPPLY 

L2 

PROVIDE DISCONNECT MEANS AND OVERLOAD 
M7923

PROTECTION AS REQUIRED. 

Fig. 2. Typical H46C wiring diagram. 

Connections and Operation 
A dehumidistat in combination with the thermostat can be 
used to run the air conditioner to control relative humidity 
levels. The dehumidistat and thermostat can be wired in 
parallel or in series. 

Wiring in parallel allows the dehumidistat to indepen-
dently control the humidity level, but could cause 
overcooling of the home. During unoccupied times, the 
homeowner should set the thermostat to a relatively high 
setting and control moisture using the dehumidistat. 

Wiring in series prevents overcooling but the air 
conditioner runs only when both the thermostat and 
dehumidistat are calling. During unoccupied times, the 
homeowner should set the thermostat to a relatively low 
setting and control moisture using the dehumidistat. 

SETTING AND ADJUSTMENT 
The H46 makes contact on a relative humidity rise to the 
setpoint to start the dehumidifier. On a decrease in 
relative humidity to the setpoint (minus the differential), 
the switch breaks contact to stop the dehumidifier. Turn 
the knob clockwise to the setting stop to place the H46 in 
the On position. Turn the knob counterclockwise to the 
setting stop to place the H46 in the Off position. 

CHECKOUT 
After completing all mounting and wiring, turn on the 
power supply. Place the system into operation by turning 
the setting knob toward the low end of the scale until the 
dehumidifier motor starts. Turn the setting knob slowly 
toward the high end of the scale until the dehumidifier 
motor stops. 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL

HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

M7913

Fig. 3. Typical parallel wiring hookup for H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL

HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1
M7914

Fig. 4. Typical series wiring hookup of H46C with T87F/Q539A combination
for dehumidification and mildew control. 
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Kirk Key Interlock Company

Installation Instructions

Proper installation of key interlocks is a critical element of a key interlock system. It is essential that
each interlock be installed so that the lock bolt cannot be extended unless the equipment on which it
is installed is in the proper position/condition. After installation of the interlocks, the complete interlock
system should be tested sequentially by person(s) familiar with the entire system, the key routing,
and its intended purpose. Any problems or discrepancies must be corrected prior to energization.

Each interlock is supplied with a key in each cylinder. These keys are needed during installation of
the interlocks. Once the complete interlock system is installed, all extra keys must be removed from
the system and destroyed or retained by a responsible person. There should only be enough keys to
operate the interlock system sequentially. Kirk Key Interlock Company will not be responsible for
extra keys left in the interlock system.

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be
extended or withdrawn. Likewise, transfer blocks and transfer panels (which do not have exposed
lock bolts) require insertion of all keys before the operating bolt can be extended or withdrawn
allowing release of previously held keys. Do not try to force a multiple cylinder interlock that does not
have the correct keys fully inserted in every cylinder!

INTERLOCK INSTRUCTION MANUAL

211Wetmore Ave. S.E., Massillon, OH 44646

Phone: 330.833.8223 • Fax: 330.833.1528

Toll Free: 1.800.438.2442

www.kirkkey.com
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INTERLOCK INSTRUCTION MANUAL

Two Cylinder Interlock

Keys Removable Extended (EE)

Two Cylinder Interlock

Keys Removable (EW)

Lock Bolt Extended

Keys Released

Lock Bolt Withdrawn

Keys Trapped

Lock Bolt Extended

E Key Released

W Key Trapped

Lock Bolt Withdrawn

E Key Trapped

W Key Released

Lock Bolt Extended

E Keys Released

W Key Trapped

Lock Bolt Withdrawn

E Keys Trapped

W Key Released

Three Cylinder Interlock

Keys Removable (EEW)

Three Cylinder Interlock

Keys Removable (EWW)

Lock Bolt Extended

E Key Released

W Keys Trapped

Lock Bolt Withdrawn

E Key Trapped

W Keys Released

E E EE

E W E W

E WE E WE

E W W E W W

Lock Body Lock Body

Lock Bolt Lock Bolt

Lock

Cylinder

Lock

Cylinder

Type F

Terminology

Type B

Terminology

Lock Bolt Extended

Key Released

Lock Bolt Withdrawn

Key Trapped

Single Cylinder Interlock

Key Removable Extended (E)

All KIRK Key Interlocks (Type F, FN, B, NT, T, U, FR)

The key interlock should be mounted so that the 5/8" lock bolt can be extended to lock the device 
in the proper position.  In the unlocked position, the lock bolt should be blocked from extending, 
thereby trapping the key(s) in the interlock.

Multiple cylinder interlocks can be designed to retain one or more keys while the remaining keys 
are withdrawn.  

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be 
extended or withdrawn allowing release of the previously held keys.  Do not try to force a 
multiple cylinder interlock that does not have the correct keys fully inserted in every cylinder.
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KIRK Door/Access Interlocks (Type D, Type DM, Type DY)

Type D Door Interlock
All Type D interlocks have two parts: a main body with one or more cylinders and a latch block.  Proper alignment of both 
parts is crucial to the operation of a Type D interlock.  When the main body is separated from the latch block, the lock bolt 
is retained in the withdrawn position by concealed latch pins.  Thus the key(s) is always held in the lock whenever the two 
parts are separated.  When the door on which the interlock is mounted is properly closed, the key(s) can be turned to 
extend the lock bolt into the latch block, securing the door.  Only extending the lock bolt, after properly closing the door, 
should allow release of the key(s).  An exception to this rule is a multiple cylinder Type D interlock which allows release of 
a "personnel" key when the door is opened.  The personnel key can be put in the pocket of the maintenance person 
ensuring that the door cannot be closed and locked as long as he holds the personnel key.

Type D Terminology

Lock BodyLatch Block

The key is trapped in type D interlock when the door is open.

Mounting Options for Type D Locks and Latch Blocks

KIRK door interlocks should not be used to align the door, or be the latching means for holding the door in the closed 
position.  Type DM or DY interlocks should be utilized in situations where the door and door-frame are ill-fitting, and a 
degree of latitude is required.
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Type DM Access Door Interlock

All Type DM interlocks have two parts: a main body with one or two cylinders and a latch bolt with chain.  When the 
latch bolt is separated from the main body, the key(s) is trapped in the lock.  When the door on which the interlock is 
mounted is properly closed, the latch bolt can be inserted into the main body and the key can be turned and released.

Weld or bolt the chain to the door or door-frame allowing enough slack to insert and turn the latch bolt in the Type DM 
lock body when the door is properly closed.

DM Terminology and Operating Instructions

Insert Keys

Rotate keys 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the keys are trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate keys 90 degrees

(counterclockwise) and

remove from lock.

Two Cylinder DM

(EE) Instructions

Insert "E" Key

Rotate "E" key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the "E" key is trapped.

To Unlock

Insert the "W" key.

To Lock

Rotate "W" key 90

degrees (clockwise).

Insert latch bolt and rotate

downward to capture

latch bolt in lock body.

The "W" key is trapped.

Rotate the "W" key 90

degrees (counterclockwise)

and remove from the lock.

Rotate "E" key 90 degrees

(counterclockwise) and

remove from the lock.

Two Cylinder DM

(with Personnel Key)

(EW) Instructions

E W

E

E W

E

W

W

E

E

W

W

E

WE

W

Lock Body

Lock Cylinder

Latch Bolt

Access Door

Weld or Bolt

Chain to Door

DM Terminology

Rotate key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

Insert Key

The latch bolt is now free

from the lock body and

the key is now trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate key 90 degrees

(counterclockwise) and

remove from lock.

Single Cylinder

DM Instructions

The "E" keys can be turned and released when the latch bolt is latched and the "W" keys can be turned and released 
when the latch bolt is unlatched.
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Type DY Access Door Interlock

All Type DY interlocks have two parts: a main body and a latch block-bolt eye.  When the main body is separated from 
the latch block-bolt eye, the key is retained and cannot turn in the lock.  Thus, the key is always held in the lock when the 
two parts are separated.  

Once the door or gate is closed and the latch block bolt-eye is engaged with the main body of the lock, the key can be 
turned and released.  

Latch Block-Bolt Eye

Engaged with Lock Body.

Door Locked

Key Removed

Latch Block-Bolt Eye

Disengaged  from Lock Body.

Door Unlocked

Key Trapped

Side View - DY Interlock & Latch Block-Bolt Eye

The latch block-bolt eye can be attached directly to the door jamb or fastened to a chain that is attached to the door 
frame as shown in the drawing below. 

DY Interlock bolted to

angle bracket attached to

fence or fence post.

Latch Block-Bolt Eye

bolted or welded to fence gate

Fence Gate



®KIRK Key Transfer Panels

A transfer panel is a group of primary and secondary locks involved in a transfer step. primary
keys must be inserted in the transfer panel and turned before secondary keys can be released.
Primary keys are generally related to power sources (such as breakers, T/R switches, level
detectors, etc.) and secondary keys are related to access doors.

In the normal operating position, all
secondary keys are “trapped” in the
transfer panel and all primary keys are
“trapped” in upstream equipment. All
upstream equipment must be locked safe
in order to release the keys for insertion in
the primary side of the transfer panel.
The secondary keys are then released
allowing access to equipment (such as
hopper doors, manholes, access doors).
Access doors must make use of key
retaining interlocks, such as the Type D,
DY, or DM so that the secondary keys are
trapped at the access point until the
access openings are properly closed.

Two or more transfer scheme systems
can be provided in one transfer panel
enclosure however most enclosures are
designed to house a single system.

It is important that the installer understand
the entire key interlock system(s) and the
intended purpose.

All
any
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Wiring of Type S Auxiliary Switches

Denoted by a “ ”, “ ”, “ ”, or “ ” in column four of the interlock part number. (EX. KFL 00010S-CM)

Wiring of Type K Auxiliary Switches

Auxiliary switches are an option for most styles of interlocks. Four different styles of slow-make, slow-break S
switches are available as shown by the chart below.

Instructions for wiring Type S switches:
1) Remove the cover.
2) Run wires into the switch housing and terminate on appropriate terminals.
3) Replace the switch cover.
4) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Denoted by a “ ” in column four of the interlock part number.

The Type K auxiliary switch is an option that is available for most styles of interlocks. The Type K is normally a
DPDT, quick-make, quick-break toggle switch. (Note: other styles of toggle switches are available by special
order)

Instructions for wiring the Type K Switch:
1) Remove the cover.
2) Remove the toggle switch (three screws).
3) Run the wires into the switch housing and terminate on the appropriate terminals.
4) Reattach the toggle switch to the housing (three screws).
5) Replace the switch cover.
6) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Note: The Type S and Type K Auxiliary switches cannot be added to existing interlocks in the field.

3 4 5 6 3

1

Contact Arrangement:

(EX. KFL 00010S-CM)1
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Type of Switch

Number of Circuits

Make Contacts

Break Contacts

Conduit Opening

Length of Switch Housing

Contact Arrangement:

Type S

2

1

1

3/4”

3-1/2”

Type SS

4

2

2

1”

5-3/4”

Type SSS

6

3

3

1”

8-1/4”

Type SSSS

8

4

4

1”

9-5/8”

INTERLOCK INSTRUCTION MANUAL

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Extended

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Withdrawn

3
6

1
4

2

5

D
P

T
D

To
g

le
g

S
w

tc
i

h

Lock Bolt

Extended

Contacts Closed:

1-2, 4-5

Lock Bolt

Withdrawn

Contacts Closed:

The Set of Contacts Nearest the

2-3, 5-6

Lock Bolt are Closed when the

Lock Bolt is Extended and Open

when the Lock Bolt is Withdrawn



Wiring of Type TPS (and TPSS) Interlock Switches

Dust Covers (Available Option)

The type TPS interlock is a key actuated switch designed for back-panel mounting. The TPS has two
normally open and two normally closed contacts and the TPSS has four normally open and four normally
closed contacts. The contact blocks are clearly marked with the status of the contacts. After wiring, the
installer must test the wiring to verify that the circuitry corresponds to the key position (trapped vs. free).

Two Styles of dust covers are available to protect the lock cylinder and key against moisture, dirt, and
sleet.

The Push On dust cover slips tightly over the lock cylinder when the key is in the held position or
removed. The Push On dust cover is supplied with a chain and mounting ring, which is secured under the
interlock mounting bolt head.

The Flip Open dust cover is designed to provide protection to the lock cylinder and key regardless of the
position of the key. The Flip Open dust cover is hinged and held closed with spring tension. A single set-
screw attaches the Flip Open dust cover to the lock cylinder.
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FRONT VIEW SIDE VIEW

Flip OpenPush On 2-1/8" 9/16"

1-1/2"

5/16"

1-15/32"

3/8" R

1-23/64"
Dia.

11/16"

1-1/4"

2-1/8”

Typical F Interlock



Key Control

IMPORTANT - To ensure correct operation of the KIRK interlock system it is necessary to remove all

Duplicate Keys

loosely or removable held keys before operating the equipment on which the interlocks are mounted.
There should only be enough keys to operate the interlock system sequentially.

The keys removed from the KIRK interlocks should be returned to Kirk Key Interlock Company,
Massillon, Ohio, or retained by authorized personnel for use as spare keys.

The spare keys must not be normally available to operating personnel, since the use of these keys, where
not specifically required, will result in incorrect operation of the equipment on which the interlocks are
mounted. Any spare keys should be given to operating personnel only, if and when the
corresponding operating key has been destroyed.

ADDITIONAL KEYS will be provided ONLY with proper authorization from the ultimate user to which the

®

specific key combination has been assigned.

®

Each interlock is supplied with a key in its lock. These keys are needed during installation of the
interlocks on equipment. This then provides more keys than are actually necessary for operation of
the interlock system.

When the interlocks have been installed, all extra keys should be removed from the system and
destroyed or retained by authorized personnel. If additional keys are required because of loss or
damage, they can be supplied only on the purchaser’s authorized order. To order additional or
replacement keys, please:
1) Copy the duplicate key release form on pages11 and 12 of this manual, or print from http://www.kirkkey.com.
2) Complete the form and sign your name.
3) Fax the form to Kirk Key Interlock Company for immediate delivery, at 330-833-1528.
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Service and Maintenance

Lubrication
Do not use oil of any type

Kirk Key Interlock Company cannot warranty interlocks that have been oiled.

Factory Service

- Interlocks should be periodically lubricated with a small amount of dry powdered
graphite. as the oil will collect dirt and "foul" the lock cylinder so that it will
not operate. Apply a small amount of graphite to the key and insert the key into the lock cylinder.
Work the key in and out and turn the key several times in order to distribute the graphite inside the
lock cylinder.

Kirk Key Interlock Company offers a Graphite Lubrication Kit (part number GL-1) complete with
instructions for use. The powdered graphite is supplied in a plastic tube that can be "squeezed" to
force a small amount of graphite into the lock cylinder. As described above, work the key in and out
and turn the key a few times in order to distribute the graphite inside the lock cylinder.

NOTE: Stainless steel dust covers should be utilized to protect the lock cylinders when located
outdoors or in a demanding environment. Dust covers are available separately and can be easily
added to any interlock.

- Under normal operating conditions, KIRK interlocks should not require any
maintenance service, other than graphite lubrication. However, if refurbishment or replacement
should be required, contact Kirk Key Interlock Company, Massillon, Ohio. All factory service will be
performed as quickly as possible to minimize your down time.

Any damaged or malfunctioning interlock should be returned to
Kirk Key Interlock Company, Massillon, Ohio. If this is not
possible and replacement locks are required, the following

®

information must be forwarded to Kirk Key Interlock Company:

KIRK Key Interlock

S.O.

ITEM

ITEM NUMBER

ORDER NUMBER

MASSILLON, OHIO, USA

1-800-438-2442

K I R K

1) Lock Number - obtain from the face of lock cylinder.
2) S.O. Number - obtain from nameplate on interlock
3) Item Number - obtain from nameplate on interlock
4) Key Interchange Number (if applicable) - obtain from the

LOCK NUMBER

face of lock cylinder.
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DUPLICATE KEY RELEASE FORM
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KIRK KEY INTERLOCK CO.

 

 

DUPLICATE KEY RELEASE FORM AND INDEMNITY AGREEMENT 

 

Bill To Address:     Ship To Address: 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

Telephone No. _____________________ 

 

Attn: _____________________________ 

Fax No. __________________________ 

       

P.O. No. _________________________ 
 

Credit Card Type (VISA, MC) __________________ Credit Card Expiration Date ____________ 

Credit Card No. _______________________________________________  

Name on Card ________________________________________________ 
 

Duplicate Key Number(s) 

   

End User (Company Name & Address) 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________  

Kirk Key SO No. _________________     
(Found on nameplate of lock requiring duplicate key)

 

 

 

Dear Sir/Madam,
 

 

We acknowledge your request that Kirk Key Interlock Company, LLC (“Kirk Key”) supply you 

with a duplicate or replacement key(s) for the above-noted Kirk Key interlock.   

A key interlock system operates using interlocks and a limited number of keys in a predetermined 

sequence.  The purpose of this sequential operation of a key interlock system is to safeguard your 

employees and to protect your equipment.  The use of duplicate or replacement keys could provide 

a means to circumvent the sequential operation of a key interlock system and thereby defeat the 

protections afforded by the key interlock system.  Consequently, any duplicate or replacement key 

supplied by Kirk Key to you should be secured and controlled by a responsible person to prevent 

any misuse of a duplicate or replacement key.  
 

Kirk Key understands that end users may have the need for duplicate or replacement keys, but Kirk 

Key has no way of evaluating an end user’s need for duplicate or replacement keys.  Specifically, 



DUPLICATE KEY RELEASE FORM
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we have no way of evaluating your need for the duplicate or replacement key(s) that you have 

requested.    

 

 At this time, we must emphasize the potential dangers associated with the misuse of a duplicate or 

replacement key to circumvent the sequential operation of a key interlock system and thereby defeat 

the protections afforded by the key interlock system.  We also must insist that any duplicate or 

replacement key must be secured and controlled by a responsible person to prevent any misuse of 

the duplicate or replacement key.  

 
Before complying with your request for a duplicate or replacement key, Kirk Key requires that you 

acknowledge the potential dangers associated with the misuse of a duplicate or replacement key to 

circumvent the sequential operation of a key interlock system and that you agree that a responsible 

person shall secure and control any duplicate or replacement key supplied by Kirk Key to you.  Kirk 

Key also requires that you acknowledge that Kirk Key shall not be responsible or liable for any 

death or injury to any person, including any of your employees or third parties, or any damage to 

any property, including loss of use thereof.   

 
Under the circumstances, Kirk Key further requires that you agree to Defend, Indemnify and Hold 

Harmless Kirk Key from all claims, demands, lawsuits, including attorneys fees and costs incurred 

in defending same, arising from any actual or alleged use of any duplicate or replacement key 

supplied by Kirk Key to you that allegedly results in any death or injury to any person or damage to 

any property, or loss of use thereof, irrespective of whether it is alleged that Kirk Key was negligent 

in supplying such duplicate or replacement key. 

 
Please indicate your agreement by signing the acknowledgement below and returning the executed 

acknowledgement along with your purchase order.  Upon receipt of the executed acknowledgement 

and your purchase order for the requested duplicate or replacement keys(s), Kirk Key will 

immediately process your order for prompt shipment. 

 

 
Acknowledged and agreed: 

 
Signature: ______________________________________________ 

 
Printed name: ___________________________________________ 

 
Title: __________________________________________________ 

 
For: ___________________________________________________ 

 
Date: ____________________________ 

 

KIRK KEY INTERLOCK
 

COMPANY
 

 TELEPHONE
 

211 Wetmore Avenue S.E.
   

1-800-438-2442
  

Massillon, OH
  

44646 
  

1-330-833-8223  

USA 

  
 FAX

 
http://www.kirkkey.com

   
1-330-833-1528 
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1 Master Drawing List A00FMX5M01.DOC 4 
2 Certified Production Test Report A00FMX5901.DOC 1 
3 OUTLINES AMV1O13-O.DWG 3 
4 UNIT SCHEDULE AMV1O13-N.DWG 2 
5 Bill of Material AMV1013-P001.PDF 2 
6 Bill of Material AMV1O13-P401.PDF 1 
7 Other Miscellaneous (Mechanical) AMV1O13-Z109.PDF 1 
8 Other Miscellaneous (Mechanical) AMV1O13-Z110.PDF 1 
9 LEGEND AMV1O13-E.DWG 2 
10 SCHEMATIC AMV1O13-S.DWG 4 
11 COMMUNICATION AMV1O13-S1.DWG 2 
12 DIAGRAM AWMV1O13S01.DWG 01 
13 DIAGRAM AWMV1O13S02.DWG 02 
14 DIAGRAM AWMV1O13S03.DWG 01 
15 DIAGRAM AWMV1O13S04.DWG 01 
16 DIAGRAM AWMV1O13S05.DWG 03 
17 DIAGRAM AWMV1O13S06.DWG 01 
18 DIAGRAM AWMV1O13S07.DWG 01 
19 DIAGRAM AWMV1O13S08.DWG 02 
20 DIAGRAM AWMV1O13S09.DWG 01 
21 DIAGRAM AWMV1O13S10.DWG 01 
22 DIAGRAM AWMV1O13S11.DWG 02 
23 DIAGRAM AWMV1O13S12.DWG 01 
24 SCHEME ACMV1O13S01.DWG 01 
25 SCHEME AHMV1O13S01.DWG 03 
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Certified Production Test Report - Asheville 
Medium Voltage Control 

 
 

Tester Date 
EATON CORPORATION, 221 HEYWOOD ROAD, ARDEN, NC 28704 

 
Krissy 
James 

10/30/2019 

  This certifies that the above is based upon recorded factory tests made at this location. 
   Certified Test Report 
REVISION DWG SIZE G.O. DWG SHEET 

1 A LPO0021765-001 A00FMX5901 1 of 1 
 

CERTIFICATION 
Production tests performed in accordance with ANSI C37.20.2, Par. 5.3, NEMA ICS3, and Eaton ISO 9000 

certified Work Instructions for Medium Voltage Switchgear Inspection and Testing, as follows:  
 
TEST PASSED N/A 
Style check per shop order Bill-of-Material (WI# AMP039A)  X     
Wiring checked per schematics and wiring diagrams (WI# AMP039B)  X     
Electrical connections checked to be proper and tight  X     
General appearance  X     
Electrical clearance  X     
Dielectric Test @ HV 2.25 x Rated Voltage + 2000 Volts (WI# AMP040A, B C as required)  X     
Unit Sequence - per schematic  X     
Contactors - checked for operation  X     
Mechanical interlock checked for proper operation  X     
Relays - checked for proper operation  X     
Meters - checked for proper operation     X  
Resistor(s) - checked for proper operation     X  
Transformer Ratio - verified  X     
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CONSOLIDATED PARTS

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 3 1015, 1018,
1021

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 3 1016, 1019,
1022

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 3

CR1, CR2, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 9

CR3 RELAY, 240VAC, 6N0-2NC 2A98239G11 1

CR5, CR6, CR7 RELAY, 120VAC, 2N0-2NC 2A98239G01 5

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 3

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 3

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 3

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 3

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 3

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 3

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 3

HTR1 HEATER 250V 375W 7497A69H04 3

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 6

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 3

LT4, LT5 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 3

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 3

PB1, PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 4

PB2 PB,E34 RED FLUSH 1NO & 1NC CNT 25A4124G59 1

PLC1 400A RVSS 4160V COST 151B592G250 3

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 3

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 3

REC1 PLUG + RECP,ASSY 125V 2A98269G03 3

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 3

SS2, SS3, SS4 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 3

TB1, TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 3

TB1, TB5 SHORT CIR TERM BLK OPTION 2 1A48791G02 3

TB2, TB3, TB7, TB9 2-3 POINT SCREW TYPE 81-28333-6 6

TB3, TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 3

TB4, TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 3

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 3

TB7, TB9 6-3 POINT PULL APART TERM BLK 81-27899-18 3

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 3

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 3

5KV 187A 12R BOLT IN FUSE 54A1311G18 3

METER 2GB COM EXP CARD 110-250 PXM4051A1BB 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1
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VERTICAL SECTION 2

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1015

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1016

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR2, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR3 RELAY, 240VAC, 6N0-2NC 2A98239G11 1

CR5 RELAY, 120VAC, 2N0-2NC 2A98239G01 1

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS2 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB3, TB9 2-3 POINT SCREW TYPE 81-28333-6 2

TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB7 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

METER 2GB COM EXP CARD 110-250 PXM4051A1BB 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1
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VERTICAL SECTION 3

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1018

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1019

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR5, CR6 RELAY, 120VAC, 2N0-2NC 2A98239G01 2

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

PB1, PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 2

PB2 PB,E34 RED FLUSH 1NO & 1NC CNT 25A4124G59 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS3 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB3, TB9 2-3 POINT SCREW TYPE 81-28333-6 2

TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB7 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1
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VERTICAL SECTION 4

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1021

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1022

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR5, CR7 RELAY, 120VAC, 2N0-2NC 2A98239G01 2

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

LT5 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS4 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB2, TB7 2-3 POINT SCREW TYPE 81-28333-6 2

TB3 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB4 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB5 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TB9 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1
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SHIP LOOSE PARTS

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1
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CONSOLIDATED PARTS

DESCRIPTION PART NUMBER QTY MARKING

SCHWEITZ 071050E1ACA9X74850200 10-10024-10 3

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 3 1015, 1018,
1021

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 3 1016, 1019,
1022

200/5 CURRENT TRANSF 3 PHASE 151B554H03 3

400A RVSS 4160V COST 151B592G250 3

SHORT CIR TERM BLK OPTION 2 1A48791G02 3

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 3

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 3

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 3

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 3

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 3

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 3

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 3

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 6

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 3

RELAY, 120VAC, 2N0-2NC 2A98239G01 9

RELAY, 120VAC, 3N0-1NC 2A98239G02 6

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 6

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 3

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 6

PLUG + RECP,ASSY 125V 2A98269G03 3

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 3

COMMUNUCA BELDEN EY6F201006012 43-368-12 1

COMMUNUCA BELDEN EY6F201006016 43-368-16 1

COMMUNUCA BELDEN EY6F201006018 43-368-18 1

COMMUNUCA BELDEN EY6F201006002 43-368-2 1

COMMUNUCA BELDEN EY6F201006025 43-368-25 2

SENSOR; GRD FAULT CT 50/5 5264C10H11 3

5KV 187A 12R BOLT IN FUSE 54A1311G18 3

HEATER 250V 375W 7497A69H04 3

STD. 400A ISO SW BOLTED FUSES 87C0520G05 3

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1

HIRSCHMANN SPIDERII 8TX ETH SW 943 957-001 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 3

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 3

48 WATT 2 AMP POWER SUPPLY ELC-PS02 3

FUSE:BUSS, 1A, 300VDC LP-CC-1 6

3 PH PT, 35, 60, 60 PT3E0F6-N 3
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SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1015

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1016

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2

PLUG + RECP,ASSY 125V 2A98269G03 1

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 1

COMMUNUCA BELDEN EY6F201006012 43-368-12 1

COMMUNUCA BELDEN EY6F201006002 43-368-2 1

SENSOR; GRD FAULT CT 50/5 5264C10H11 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

HEATER 250V 375W 7497A69H04 1

STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

HIRSCHMANN SPIDERII 8TX ETH SW 943 957-001 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1
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SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1018

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1019

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2

PLUG + RECP,ASSY 125V 2A98269G03 1

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 1

COMMUNUCA BELDEN EY6F201006016 43-368-16 1

COMMUNUCA BELDEN EY6F201006018 43-368-18 1

SENSOR; GRD FAULT CT 50/5 5264C10H11 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

HEATER 250V 375W 7497A69H04 1

STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1
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VERTICAL SECTION 4

DESCRIPTION PART NUMBER QTY MARKING

SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1021

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1022

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2

PLUG + RECP,ASSY 125V 2A98269G03 1

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 1

COMMUNUCA BELDEN EY6F201006025 43-368-25 2

SENSOR; GRD FAULT CT 50/5 5264C10H11 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

HEATER 250V 375W 7497A69H04 1

STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1
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SHIP LOOSE PARTS

DESCRIPTION PART NUMBER QTY MARKING

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1
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Exploded BOM Changes

LPO0021765-001S601
MVC - AMPGARD MEDIUM VOLTAGE CONTROL

GO-Item: LPO0021765-001
Material Information By: DRAKE COLE

Generated: 10/25/2019
Manufacturing Location: Arden

MVC190023784A01
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LPO0021765-001 MVC190023784A01

MVC190023784D01                                                                Structure 2
                                                               MVC GO Item 
Starter B                                   LPO0021765-001 shipping split 1

          Style number:Description                                 Qty    Type  Class    Loc

Added to product structure
�MVC190023784J04: STR 2 STARTER B BUS ASSY LPO0021765-001  1      1    NX

○(1) 43-377-4: SCHWEITZER ENGINEE C80404XXXXX          1      4    NX    TWA183
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LPO0021765-001 MVC190023784A01MVC190023784G01
                                                                  Starter B
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                                                               MVC GO Item 
Panel Assembly                              LPO0021765-001 shipping split 1

          Style number:Description                                 Qty    Type  Class    Loc

Added to product structure
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Solid State Control D                       LPO0021765-001 shipping split 1
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Added to product structure
�MVC190023784G04: STR 2 SOL STATE CTRL D PANEL ASSY LPO002 1      1    NX
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LPO0021765-001 MVC190023784A01MVC190023784E02
                                                      Solid State Control D
                                                                Structure 2
                                                               MVC GO Item 
Cell Assembly                               LPO0021765-001 shipping split 1

          Style number:Description                                 Qty    Type  Class    Loc

Added to product structure
�43-377-2: SCHWEITZER ENGINEE C80406XXXXX                  1      4    NX    TWA152



ISSUED FOR CONSTRUCTION - THE INFORMATION ON THIS DOCUMENT IS SUITABLE FOR USE
IN ESTABLISHING FINAL INSTALLATION AND CONSTRUCTION DETAILS.

DFTR DATE

DRAKE COLE 10/25/2019
THE INFORMATION ON THIS DOCUMENT IS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS
ONLY TO BE USED FOR THE PURPOSE IN WHICH IT IS SUPPLIED.

APPD DATE

DRAKE COLE 10/25/2019
TITLE OPTIMAL US NAVY - NBK PSNS - 4160 REPLAC

S.O.

AMV1O13
TYPE EXPLODED BOM

CHANGES
PRODUCT CODE

OA
CAGE CODE

68592
REVISION

3 A
G.O.

LPO0021765-001
DWG

LPO0021765-001S6
SHEET

6 OF 13

LPO0021765-001 MVC190023784A01

MVC190023784D03                                                                Structure 3
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Starter B                                   LPO0021765-001 shipping split 1

          Style number:Description                                 Qty    Type  Class    Loc

Added to product structure
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LPO0021765-001 MVC190023784A01

MVC190023784D05                                                                Structure 4
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Starter B                                   LPO0021765-001 shipping split 1
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medium voltage starter

� DANGER
READ AND UNDERSTAND THIS MANUAL IN ITS  
ENTIRETY BEFORE INSTALLING OR OPERATING THE 
CONTROLLER. INSTALLATION, ADJUSTMENT, REPAIR, 
AND MAINTENANCE OF THESE CONTROLLERS  
MUST BE PERFORMED BY QUALIFIED PERSONNEL.  
A QUALIFIED PERSON IS ONE WHO IS FAMILIAR  
WITH THE CONSTRUCTION AND OPERATION OF  
THIS EQUIPMENT AND THE HAZARDS INVOLVED.

Introduction
This instruction book is intended to cover  
the handling, installation, operation, and mainte-
nance of AMPGARD� 400A, 7.2 kV starters and 
associated equipment. The function of these  
controllers is to start, stop, and protect medium 
voltage motors, transformers, capacitors, and  
other loads. Controllers may be of full voltage, 
reduced voltage reactor, reduced voltage  
autotransformer, reduced voltage solid-state, or 
two-speed type. They may control induction or  
synchronous machines, and they may be  
non-reversing or reversing.

While this instructional leaflet is dedicated primarily 
to full-voltage starting, the other applications listed 
are an expansion of the principles identified in this 
leaflet. This leaflet does not purport to cover all 
possible contingencies, variations, and details that  
may arise during operation or maintenance of this 
equipment. If further information is desired  
regarding this product, contact your local Eaton 
sales office. 

Identification
A rating nameplate is located on the door of each 
controller. Contained on this nameplate are the  
controller type and ratings as required by industry 
standards. Also contained on this nameplate is the 
factory’s general order number. This number should 
be given to the Eaton sales office if a question 
should arise concerning the equipment or if renew-
al parts are required. Refer to Figure 1 for typical 
location of rating nameplates.
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Figure 1. Starter with Rating Nameplate

� DANGER
EXCEEDING THE NAMEPLATE RATINGS OF AN AMPGARD CONTROLLER 
MAY CAUSE EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Do not apply an AMPGARD controller beyond its nameplate ratings.

Table 1. Contractor Ratings

Rated Utilization Voltage 2200–2500V 3000–3600V 3800–4800V 6000–6900V

Interrupting rating
   NEMA� unfused (E1)
   NEMA fused (E2)

8.5 kA
50 kA
200 MVA at 2400V

8.5 kA
50 kA
295 MVA at 3300V

8.5 kA
50 kA
400 MVA at 4600V

8.5 kA
50 kA
570 MVA at 6600V

Application table
   Induction motor
   Synchronous motor (0.8 PF)
   Synchronous motor (1.0 PF)
Transformer
Capacitor three-phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum insulation voltage: 7200V

Maximum interrupting current 
   (3 operations)
Rated current
IEC make-break capability-AC1
   Make
   Break
Short-time current
   30 seconds
   1 second
   8.6 milliseconds (0.5 cycle) �
Standard service altitude
Optional service altitude

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time
   (energization to contact touch)
Operating time

8500A
400A enclosed

4000A
3200A

2400A
6000A
63 kA peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
90 milliseconds

30 to 330 milliseconds
(selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages
   AC
   DC
Control circuit burden
   Closing (AC/DC)
   Holding (AC/DC)
Auxiliary contact rating
Voltage (maximum)
Continuous current
   Making capacity (AC)
   Making capacity (DC)
   Breaking capacity (AC)
   Breaking capacity (DC)
Latch (when specified)
   Mechanical life
      Trip voltages (DC)
      Trip voltages (DC)
   Minimum trip voltage
   Trip burden
      (24 Vdc)
      (125 Vdc)
      (110/125 Vac)
   Trip Time
Weight

12 milliseconds (3/4 cycle) or less
90% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

—
30 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/120V
110/120V
90% rated coil voltage

—
—
—
30 milliseconds
60 lbs (27 kg) (rollout)

� Time-rated cycles on 60 Hz base.

Low 
Voltage 
Door

Rating 
Nameplate

Medium 
Voltage 
Door
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Description
Controller

The AMPGARD 400A, 7.2 kV controller consists of a non-loadbreak 
isolation switch, medium voltage current-limiting fuses, one or 
more Type SL vacuum-break contactors, a set of current transform-
ers, plus control and protection devices. The isolating switch has a 
limited make and break rating, suitable only for closing and opening 
limited transformer magnetizing currents. The controller is designed 
to start, stop, and protect a three-phase medium voltage motor 
within the ratings shown in Table 1. The controller may also be used 
to switch transformer windings or capacitor loads as shown. For 
applications other than those indicated, consult the factory. Each 
AMPGARD controller occupies all or a portion of a steel structure 
that may also enclose a horizontal bus system to distribute power to 
two or more sections and a vertical bus system to connect individual 
starters to the horizontal bus. The controllers are configured for full-
voltage or reduced-voltage starting, reversing or non-reversing, in 
single-speed or two-speed applications.

Starters are available with bolt-in or clip-in main fuses. Contactors 
may have bolted connections or stab-in connections to the  
starter cell.

The flow of current through a starter with bolted fuses and a  
stab-in contactor can be described as follows: The line finger  
assembly mounted at the back of the enclosure serves to connect 
the isolation switch moving stabs to the controller line terminals 
when the switch is closed. Power flows from the switch moving 
stabs through a flexible shunt to the upper fuse mountings. The 
fuses are connected to the lower fuse mountings that contain the 
line-side stab connections to the line finger assemblies for the main 
contactor. With the main contactor energized, power flows through 
the contactor’s vacuum interrupters to the contactor load fingers, 
which are engaged on to the contactor load-side stabs. Medium  
voltage cables connect the load-side stabs to the motor load  
connections. The contactor is held in place by a set of rails  
mounted in the lower part of the cell. Current transformers are  
typically mounted immediately behind the main contactor, under the 
load-side stabs. The motor load connections are mounted to the left 
of the main fuses in the rear of the compartment, facing forward. 

Figure 2. Medium Voltage Compartment

Low voltage components

The low voltage components consisting of a protective relay,  
interposing relay, test power circuit, terminal blocks, and optional 
equipment are mounted in the low voltage control compartment 
located on the front of the controller medium voltage door. The low 
voltage compartment is fabricated from steel sheets to provide iso-
lation from the medium voltage components mounted behind the 
low voltage compartment. A window is provided in the low voltage 
compartment to allow the user to view the position of the isolation 
switch before entering the medium voltage compartment. See the  
“Isolation Switch” section for further details.

Figure 3. Low Voltage Compartment

Isolation switch

The controller isolation switch is a non-loadbreak device.  
Mechanical and electrical interlocks are provided to ensure that  
the main contactor is de-energized before the switch can be  
operated. In the open position, the switch isolates medium voltage 
from the main controller compartment, allowing access to the  
controller for inspection and maintenance. For standard applications, 
the isolation switch includes ground fingers that ground the line side  
of the power fuses when the switch is in the open position. The  
isolation switch has a mechanical endurance rating of 10,000  
operations. Isolation switches in starters with double-barrel fuses 
are supplied with additional phase barriers that must be installed to 
maintain the proper dielectric rating of the starter.

� DANGER
AMPGARD CONTROLLERS ARE SOMETIMES ENERGIZED BY A BACK-FED 
CONDITION THAT ALLOWS THE MEDIUM VOLTAGE COMPARTMENT TO BE 
ENERGIZED WITH THE ISOLATION SWITCH IN THE OPEN POSITION. STUDY 
THE PLANT SINGLE LINE DIAGRAMS TO MAKE CERTAIN THAT NO BACK-
FEED SITUATION EXISTS BEFORE ENTERING THE MEDIUM VOLTAGE  
COMPARTMENT. 

All power sources must be isolated and locked out before  
servicing the equipment.

For applications where the controller is back fed, the grounding  
fingers should be removed from the isolation switch.

The switch consists of a fixed rear portion and a removable front 
portion. Refer to Figures 5 and 6. The fixed portion includes the 
controller line fingers and a moveable shutter that isolates the line 
fingers when the switch is in the open position. The removable  
portion is operated by a handle mechanism that extends through the 
controller medium voltage door. With the handle in the up position, 
the switch is closed and medium voltage is available for connection 
to the controller load. With the handle in the down position, the 
switch is open and medium voltage is isolated from the controller 
and the controller load.

An isolation switch viewing window is provided in the upper rear 
corner of the low voltage control compartment. After opening the 
isolation switch and before opening the medium voltage door, the 
switch should be visually examined through the viewing window to 
verify that it is in the open position. Three green and white “barber 
poles” will be visible when the switch is in the open position and 
the shutter assembly is in the isolating position. See Figure 4 for 
location of barber poles. The use of a flashlight will help in verifying 
the position of the barber poles. 

Isolation Switch 
Position View 
Window
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Figure 4. Shutter Closed 

� DANGER
DO NOT ENTER THE MEDIUM VOLTAGE STARTER COMPARTMENT WITH-
OUT VISUALLY VERIFYING THAT THE ISOLATION SWITCH IS OPEN AND
THE ISOLATING SHUTTER IS IN PLACE. ENTERING A COMPARTMENT 
WITHOUT THE ISOLATING SHUTTER IN PLACE MAY RESULT IN SEVERE 
INJURY OR DEATH.

Figure 5. Fixed Portion—ISO Switch

Figure 6. Removable Portion—ISO Switch

Power fuses

AMPGARD controllers are supplied with Eaton Type CLS, CLE, 
or HLE current-limiting power fuses. Fuses may be either bolt-in 
type or clip-in type. All fuses include an indicator that pops up when 
the fuse has blown. An optional blown fuse trip bar may be supplied 
with bolt-in fuses. The mechanism is mounted on the controller 
isolation switch and may be wired to trip the controller off-line in 
the event of a blown fuse.

Vacuum contactor

400A AMPGARD medium voltage controllers are supplied with 400A 
vacuum contactors. The contactors are supplied with one of two 
interrupting ratings: The standard contactor has an interrupting rating 
of 4500A, while the high-interrupting contactor has an interrupting 
rating of 8500A. The standard contactors are typically supplied on 
controllers with single-barrel main fuses (<188 FLA). They are also 
supplied when auxiliary contactors are required, such as start and 
run contactors on autotransformer starters and run contactors on 
reactor starters. High-interrupting contactors are supplied on 
controllers with double-barrel fuses. A code plate is provided in 
cells originally equipped with high-interrupting contactors to prevent 
the inadvertent installation of standard interrupting contactors into 
those cells.

Figure 7. SL Vacuum Contactor

Contactors are typically three-pole devices except in the case of the 
start contactor on autotransformer starters, which are normally two-
pole devices.

Refer to Instruction Book IB48018N for further details on the 
operation and maintenance of the vacuum contactors.

Controllers supplied as transformer feeders, or for other specialized 
applications, are sometimes supplied with contactors that include 
a mechanical latch device. Refer to Instruction Book IB48020
for further details on the operation and maintenance of the 
latch mechanism.

Safety interlocks

AMPGARD controllers are manufactured with several built-in inter-
lock provisions and safety features to reduce hazards and provide 
proper operating sequences:

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. Ensure that the medium 
voltage door is fully closed and latched using the two latches on 
the right side of the door to prevent damage to the interlock 
bracket on the back of the door

An additional interlock prevents closing of the switch unless the 
medium voltage door is closed (see MV door interlock plunger in 
Figure 8). On controllers that require two structures (reduced 
voltage starters, for example), the door to the second structure 
will also be interlocked with the switch-operating mechanism. The 
second door must be closed before the main door is closed. Both 
doors must be closed before the switch operator can be moved 
to the closed position

ote:N Attempting to close the switch with the door open can cause damage 
to the operating mechanism. 

Barber Poles 
Indicating 
Shutter 
Closed
Phase 
Barriers (4) 
for Double-
Barrel Fuses
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Figure 8. Handle Mechanism with Contactor and Door Interlocks

Mechanical and electrical interlocks are provided to ensure that the 
non-loadbreak isolation switch cannot be opened or closed unless 
the main contactor is de-energized. (See contactor interlock rod in 
Figure 8.) Do not attempt to force the switch-operating mechanism 
with the main contactor closed. The handle mechanism is designed 
to fail before the isolation switch can be opened with the main  
contactor closed. 

� CAUTION
APPLYING EXCESSIVE FORCE TO THE SWITCH HANDLE WITH THE 
MECHANICAL INTERLOCKS ENGAGED WILL RESULT IN DAMAGE TO  
THE SWITCH.

An electrical interlock is provided to disconnect the control power 
transformer secondary before the isolating switch stabs are  
disconnected from the controller line fingers. This interlock ensures 
that the switch is breaking transformer magnetizing current only.  
Do not connect additional loads to the controller isolating switch. 

� DANGER
IF LOADS GREATER THAN THE INTERRUPTING RATING OF THE SWITCH 
ARE CONNECTED TO THE SWITCH, EQUIPMENT DAMAGE, PERSONAL 
INJURY, OR DEATH MAY OCCUR.

An optional key interlock may be provided to lock the switch in the 
open position for special configurations. Refer to the specific order 
drawings to determine if key interlocks have been provided.

On reversing, two-speed, or autotransformer type starters,  
mechanical interlocks are provided to prevent two or more  
contactors from closing at the same time.

Low voltage control

The low voltage control compartment is located in a steel pocket in 
the medium voltage door. A low voltage door with up to four device 
panels provides access to the low voltage compartment with the 
medium voltage door closed. The low voltage compartment swings 
out of the way with the medium voltage door as it is opened,  
allowing access to the isolation switch, fuses, main contactor,  
and other starter components that are mounted behind the low  
voltage compartment.

A row of control terminal blocks is provided on the left side of the 
controller. They can be accessed by opening the low voltage door. 
The blocks are fixed mounted and remain in place when the medium 
voltage door is opened. Refer to Figures 9 and 10 for details.

Figure 9. Low Voltage Terminal Blocks, Medium Voltage  
Door Open

Figure 10. Low Voltage Terminal Blocks, Low Voltage  
Door Open

A test plug and receptacle are typically supplied inside the low 
voltage section. The receptacle is wired to the secondary of the 
controller control power transformer. Test power can be used to 
energize the control circuit by removing the plug from the receptacle 
and using a standard extension cord to energize the plug. Refer to 
Figure 11 for specific location.

Figure 11. Low Voltage Compartment with Test Plug

� DANGER
DO NOT CONNECT TEST POWER TO THE STARTER CONTROL CIRCUIT 
WITHOUT REMOVING THE PLUG FROM THE RECEPTACLE. FAILURE TO DO 
SO WILL RESULT IN A BACK-FEED CONDITION ON THE CONTROL POWER 
TRANSFORMER, WHICH WILL GENERATE HIGH VOLTAGE INSIDE THE  
CONTROLLER WITH THE ISOLATION DEVICE OPEN. HIGH VOLTAGE CAN 
CAUSE SEVERE INJURY OR DEATH.

Isolation 
Switch 
Drive Rod

Contactor 
Interlock 
Rod

MV Door 
Interlock 
Plunger

MV Door 
Hold-Down 
Interlock

Test Plug
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Current transformers

A three-phase current transformer (CT) is provided as standard on all 
starters. The standard mounting location for the CT is under the con-
tactor load connection assembly. The three CTs in the assembly are 
provided with the proper ratio and output burden to work properly 
with the overload relay supplied in the control compartment.

Figure 12. Standard CT Mounting

Main bus

AMPGARD lineups are typically supplied with copper main bus. The 
bus is located in a 12-inch-high bus compartment mounted at the 
top of the lineup. Bus may be rated 1000, 1200, 2000, or 3000A. 
The standard bus is uninsulated and tin plated. Optional insulation 
and silver plating are available. Bus specifications can be found on 
the job-specific order drawings.

Figure 13. Main Bus Compartment, Top View

The main bus compartment in a starter section includes vertical  
bus drops to connect the starter(s) to the main bus. Also included 
are wireways for routing of motor load and control cables to the  
starters below.

Installation
Handling

An AMPGARD controller is insulated for high voltages and must be 
protected against damage during handling. The controller should 
remain in an upright position at all times.

Exercise extreme care during any movement and placement  
operations to prevent dropping or unintentional rolling or tipping. 
AMPGARD medium voltage equipment may be moved by forklift,  
rollers, or overhead crane.

A forklift is usually the most convenient method of handling the  
controller. Use safety straps around the protective packaging  
material when handling the controller with a forklift. Insert the forks 
under the shipping skid. Do not allow the end of the forks to enter 
the bottom of the enclosure.

Rod or pipe rollers provide a simple method for moving the  
controller on a level floor. The bottom of the AMPGARD structure is 
designed to be rolled without damage on minimum 2-inch diameter 
rollers, four rollers per 36-inch section.

AMPGARD controllers are shipped with two steel lifting angles,  
one in front and one in back, running the full width of the shipping 
section. Back-to-back units also have one in the back and one in the 
front, running the full width of the shipping section. Select or adjust 
the rigging lengths to compensate for any unequal distribution  
of the load, and maintain the controller in an upright position.  
Some controller interiors may contain heavy equipment, such as 
transformers, that can make the center of gravity vary considerably 
from the center of the lineup. Do not allow the angle between 
the lifting cables and vertical to exceed 45 degrees. Do not pass 
ropes or cables through the lift holes. Use slings with safety hooks 
or shackles of adequate load rating.

Each controller is properly adjusted at the factory before  
shipment. However, vibration and mechanical stresses imposed 
by transit and installation can adversely affect mechanical  
interlocks and other adjustments; therefore, a final inspection  
is essential before energizing. If this inspection reveals any  
portion of the controller has come out of adjustment, the  
controller should be readjusted according to information in  
this instruction book or by a qualified Eaton service engineer.

Storage

If it is necessary to store an AMPGARD controller before installation, 
keep it in a clean, dry location with ample air circulation and heat  
to prevent condensation. Like all electrical apparatus, an AMPGARD 
controller contains insulation that must be protected against dirt  
and moisture.

Mounting

AMPGARD controllers should be installed on a non-combustible 
level surface of sufficient strength to properly support the control-
ler’s mass. After the lineup has been placed in position, anchor bolts  
may be installed and tightened. Refer to the job-specific order  
drawings for the bolt locations. The use of half-inch diameter bolts  
is recommended.

Equipment located in certain seismic zones must be anchored to 
meet the requirements of those zones. Refer to Eaton I.B. 48042  
for instructions on mounting in these special locations. It is the 
user’s responsibility to ensure the mounting pad is sufficiently strong 
to properly anchor and support the equipment.

When an order includes two or more shipping sections, the order 
outline drawing will show the sequence in which the sections are 
to be lined up and which shipping splits are to be joined. A bus bar 
splice kit and a connecting hardware kit are supplied for each open 
joint between sections. 

Place the first shipping split into position. Move the second  
shipping split into position alongside the first, and use the six or  
eight 3/8 x 1.50-inch bolts and companion hardware to connect the 
two sideplates. Place one flat washer under the bolt head and one 
flat washer and one lock washer under the nut. Tighten each bolt to 
25 lb-ft (33 Nm).

Bus splicing

Connect the bus bars using the splice kit, including hardware  
(3/8-inch diameter) that is provided with the equipment. Tighten 
bolts to 25 lb-ft (33 Nm).

Power connections

Incoming power connects to the lineup in a variety of ways. Cables, 
bus from other close-coupled equipment, busduct, and transformer 
shunts are some of the more common methods. Note that these 
connections may be energized even when the starter isolation 
switch or other switching devices are in the open position. 

Ground 
Fault CT

High-
Interrupting 
Contactor  
Code Plate

Phase Barriers (4)

Three-Phase CT

Ground Bus

Main Bus 
(3000A 
shown)

Vertical 
Bus

Low Voltage 
Conduit 
Space

Upper Starter 
Medium 
Voltage 
Conduit Space

Lower Starter 
Medium 
Voltage 
Conduit Space
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� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.

Review the order drawings supplied with the equipment for informa-
tion on the incoming connections for your specific equipment.

Ensure that all connections are tight and of the proper ampacity 
to carry the rated load. Cables should be properly supported and 
braced, with special attention to ensure that the insulation is  
protected from damage.

Load cable termination

Load cable terminations are typically located in the left rear of the 
controller compartment. Refer to Figure 14 for location details. 
In reduced-voltage starters, the terminations are located in the 
reduced-voltage compartment. Load cables may exit either the top 
or bottom of the structure. Ensure that the factory-supplied phase 
barriers are installed before energizing the starters. Failure to install 
the barriers can result in a flashover at the load connections.

Figure 14. Customer Load Connections, Shown with Optionally 
Supplied Lugs

In two-high controller arrangements, the cables from one controller 
must pass through the controller located either above or below. An 
isolated steel cableway is provided for these cables. Special barriers 
are provided to enhance this isolation. The order drawings will state 
if the factory construction was set up for top or for bottom entry of 
cables. If the actual entry of cables is different than the factory set-
ting, the special barriers can be removed and reinstalled in the other 
controller compartment to facilitate entry from the other direction.

Figure 15. Medium Voltage Cable Isolation Barriers

Top-exiting cables pass through the left rear area of the main bus 
compartment. For two-high construction, the cable area includes 
a barrier to isolate the cables from the two starters. The front area 
should be used for access to the top controller, the rear area should 
be used for access to the lower controller.

Figure 16. Medium Voltage Cable Conduit Area (View from Top 
Rear of Bus Compartment)

Control connections

Control wires may enter the enclosure from either the top or the 
bottom. For lineups with main bus, a low voltage wireway is located 
in the left front of the bus compartment to facilitate top entry of  
control wiring. For controllers where bottom entry is used, wires 
enter the lower left front of the enclosure. Refer to the order- 
specific drawings for specific locations for control wireways. 

Steel channels are provided for the isolation of control wires in two-
high construction. For top entry of control wires, the lower starter 
wiring should pass behind the channel in the upper compartment. 
For bottom entry of control wires, the top starter wiring should pass 
behind the channel in the lower compartment. The order drawings 
will state if the factory construction was set up for top or for bottom 
entry of control wires. If the actual entry of wires is different  
than the factory setting, the special barriers can be removed and 
reinstalled in the other controller compartment to facilitate entry 
from the other direction. Figure 17 below illustrates the barriers 
for top entry of low voltage wires. 

Figure 17. Low Voltage Terminal Blocks and Vertical Wireway

A fixed row of terminal blocks for control connections is located in 
the left front of the controller compartment. The starter isolation 
switch should be in the disconnected position and the medium  
voltage door open for wiring access to these terminal blocks.

When top entry of low voltage wiring is used, make sure that the 
wiring for the top starter is routed to the left and secured using wire 
ties as soon as possible to prevent interference with the low voltage 
control compartment when the medium voltage door is closed.

Some wiring may need to be connected to devices on the low  
voltage door or in the low voltage compartment. Wiring to these 
devices should come through one of the wire cutouts in the  
bottom left of the low voltage compartment. Make sure that there  
is sufficient slack in the wiring to allow the medium voltage door to 
open properly.

A horizontal low voltage wireway is located at the bottom front of 
each lineup. The equipment ground bus is also located in the wire-
way. This area may be used to route control wires that must pass 
from one structure to another.  

Move Barriers to Starter 
Above or Below if Cable 
Entrance is Different from 
Factory Configuration

Low Voltage 
Wireway  
Barriers (move 
to lower starter 
if bottom entry)

Low Voltage Wire 
Space from Bus  
Compartment

Terminal 
Blocks
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Figure 18. Horizontal Wireway and Ground Bus 

Setting of adjustable protective devices

AMPGARD controllers may contain protective devices, such as 
solid-state motor protection relays, overcurrent relays, incomplete 
sequence timers, and other devices, critical to the proper operation 
of the starter. Due to the wide variation in job site parameters, these 
devices are not set at the factory. It is the purchaser’s responsibility 
to ensure that all adjustable devices are properly set before energiz-
ing the equipment. Warranty is void if adjustable devices are not 
properly set prior to initially starting the equipment.

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.

Ground 
Bus

Horizontal 
Wireway 
(extends 
length of 
lineup)

Phase 
Barriers 
(4)

Hold-Down 
Bracket
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections  
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware

Switch 
Drive Rod

Contactor 
Interlock 
Rod

Door 
Interlock 
Plunger

Pivot Arm

Cam

Contactor 
Interlock 
Arm

Bolt
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod

Line-Side 
Bolts (3)

Load-Side 
Bolts (3)

Collar

Control 
Plug

Disconnect 
by Removing 
Pin in Clevis

Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment

Shutter

“Barber 
Poles” (3) 
Visible when 
Shutter is 
Closed

Remove 
Barrier for 
Access to 
Vertical Bus 
Connections 
(incoming 
power must 
be locked 
out first)

Drill Out 
Welds for 
Emergency 
Access

Bolts (2) Securing 
Removable to 
Fixed Portion 
of Switch
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I.B.48021Cutler-Hammer

Instructions for 36" Wide Vacuum-Break Starters Rated 200 and
400 Amperes, 7200 Volts, Roll-Out Type with SL Contactor

HAZARDOUS VOLTAGE.

READ AND UNDERSTAND THIS MANUAL IN ITS EN-
TIRETY BEFORE INSTALLING OR OPERATING CON-
TROLLER. INSTALLATION, ADJUSTMENT, REPAIR AND
MAINTENANCE OF THESE CONTROLLERS MUST BE
PERFORMED BY QUALIFIED PERSONNEL. A QUALI-
FIED PERSON IS ONE WHO IS FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIP-
MENT AND THE HAZARDS INVOLVED.

THE CONTROLLER
Each Ampgard® motor starter (controller) consists of one
nonload-break isolating switch, one or more Type SLA,
vacuum-break contactors, current-limiting fuses, a set of
current transformers, and some form of overload protection.
The isolating switch has a limited make and break rating,
suitable only for closing and opening limited magnetizing
current loads.  The controller is designed to start, stop and
protect a three-phase medium-voltage motor within the
ratings shown in Table I.  The controller may also be used to
switch transformer windings or other medium voltage loads.
Each Ampgard® controller occupies all or a portion of a steel
structure that may also enclose a horizontal bus system to
distribute power to two or more sections and a vertical bus
system in each section connected to the horizontal main bus
system. The controllers are configured for full-voltage or
reduced-voltage starting, reversing or nonreversing, single-
speed or two-speed applications.

Fig. 1 Ampgard® Motor Controller, 36" Wide

DANGER

System Voltage 2400V 3300V 4160V 6600V
 SLA –200 amp

Induction Motor 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor  (0.8 PF) 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor (1.0 PF) 1000 HP 1250 HP 1750 HP 2750 HP
Transformer 7500 KVA 1000 KVA 1250 KVA 2000 KVA

 SLA – 400 amp
Induction Motor 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor  (0.8 PF) 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor (1.0 PF) 2000 HP 2500 HP 3500 HP 5500 HP
Transformer 1500 KVA 2000 KVA 2500 KVA 4000 KVA

Max. Interrupting 4500 Amps (SL-200)
  Current (3 OPS.) 8500 Amps (SL-400)
Rated Current 200 A Enclosed (SL-200)

400 A Enclosed (SL-400)
Max. Rated Voltage 7.2kV
Making/Breaking Capacity4000 amps
Short Time Current

30 Sec. 2400 A
1 Sec. 6000 A
8.7 MS (0.5 Cycle) 63kA Peak

(I2t=5.89mega-joules)

Arcing Time 12 mS (0.75 Cycle) or Less
Pickup Voltage 80% Rated Coil Voltage
Dropout Voltage 60% Rated Coil Voltage
Control Voltages Selectable:

AC 110-120, 220-240  50/60Hz
DC 125

Control Circuit Burden
Closing (AC)/(DC) 600VA (200 Milliseconds)
 Holding (AC)/(DC) 30 VA

Auxiliary Contact Rating
Voltage (Max) 600 V
Continuous Current 10 A
Making Capacity (AC) 7200 VA

(DC) 125 VA
Breaking Capacity (AC) 720 VA

(DC) 125 VA
Min. Voltage/Current 5V/100mA
Latch (when Specified)
Mechanical Life 250,000 operations
Trip Voltage (DC) 24 Volts

(DC) 125 Volts
(AC) 110/120 volts

Min.  Trip Voltage 80% Rated Coil Voltage
Trip Burden

(24 VDC) 100 VA
(125 VDC) 200 VA
(110 VAC & 120 VAC) 150 VA

Trip time 30 M sec (2 cycles)

Mechanical Life 2,500,000 Operations
Electrical Life 300,000 Operations
BIL 60 kV (1.2 x 50 Microseconds)
Dielectric Strength (60 Hz) 20 kV (1 Minute)
Closing Time 80 Milliseconds

(Energization To
Contact Touch)

Opening Times 30 to 250 Milliseconds
Dip Switch Selectable
Refer to Table IV

TABLE I: APPLICATION DATA
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THE CONTROLLER (Cont.)
While this instruction booklet is dedicated to full-voltage
starting, the other applications listed are an expansion of
the same principles shown.

MEDIUM-VOLTAGE COMPONENTS
The flow of current through a vacuum-break controller
(starter) can be traced by referring to the lower portion of
Figure 4, where the controller is shown in the energized
position.  The line stab assembly mounted at the back of
the enclosure also serves as the controller line terminals
(1).  The stabs themselves are engaged by the fuse jaws
(2) of the isolating switch which is mounted on rails at the
top of the cell compartment.  The line ferrules (3) of the
current-limiting motor-starting power circuit fuses (4) clip
into the fuse jaws, and the load ferrules (5) fit into the fuse
holders (6) which are part of the contactor line terminals.
Current flow through the contactor is from the load ferrules
of the power circuit fuses, through the contactor line bus
(7), and the vacuum interrupters (bottles) of the contactor
(8), to the contactor load terminals (9).  The contactor is
mounted on rails in the lower part of the cell, immediately
adjacent to the current transformers, which are bolted to a
panel on the side of the enclosure.  Spring loaded contact
jaws mounted on the contactor load terminals plug into the
lower stab assembly (10), providing a convenient connec-
tion through the current transformers to the motor (load)
terminals mounted on the left-hand side wall of the enclo-
sure.  Instrument quality potential transformers (when
furnished) are mounted to the right side sheet of contactor.

Fig. 2  SLA Contactor & Isolating Switch Interlock

LOW-VOLTAGE CONTROL COMPONENTS
The low-voltage components consisting of an interposing
relay,  protective relays, and optional equipment are
generally mounted on a slide-out panel.  The single-phase
control power transformer is bolted to the contactor frame.
The capacity of this transformer ranges from 600 VA to 2
kVA, depending upon voltage, frequency and extra
capacity requirements.  The primary of the control power
transformer is connected to the line through the power
circuit fuse assembly, and is protected by two additional
low rating current-limiting fuses  mounted on the contactor.
See Figure 6.  The secondary of the control power trans-
former supplies power to the 120 (or 240) volt grounded
control circuit through a secondary fuse mounted next to
the test-run plug.

The slide-out panel and attached door constitute the low-
voltage compartment for most Ampgard motor controllers.
This panel and door combination may be removed from
the base enclosure by first removing four machine screws
from the top and bottom rail bayonets on the back side of
the panel and lifting the panel until the bayonets clear their
slots.  These screws must be replaced when the panel is
reinstalled to maintain stability.  Pull-apart terminal blocks
permit mechanical and electrical separation from the
contactor.  See Figure 3.

To energize the primary of the control power transformer,
the contactor must be inserted into the enclosure, the
power circuit fuses must be installed, and the isolating
switch must be closed.
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Fig. 3  Low-Voltage Compartment

For convenience during maintenance, when it may be
desirable to energize the contactor or the control circuit, a
test-run plug is provided.  WITH THE ISOLATING SWITCH
OPEN, disconnect the plug from the socket and plug it
into a 120 volt single phase polarized extension cord (or
240 volt when specified).  See Figure 6.
Disconnect this temporary circuit and restore the plug to
its socket on the contactor before returning the unit to
service.
DOOR INTERFERENCE
The SLA contactor is equipped with a projection bar
attached to the upper front edge of the right-hand
sidesheet.  Its function is to ensure that the contactor is
properly racked into position by providing an obstacle to
door closure if the load jaws are not fully engaged with the
load stabs.

DO NOT OPERATE CONTACTOR IF THE DOOR INTER-
FERENCE PREVENTS DOOR CLOSING.
LOW-VOLTAGE CUTOFF SWITCH
Two auxiliary switches are installed behind the operating
handle housing of the isolating switch and are used to
disconnect the load of a control power transformer, space

heaters, or other auxiliary circuits.  Each of these auxiliary
switches has an inductive load rating of 20 amperes at not
greater than 250 VAC.  These auxiliary contacts operate
within the first five degrees of movement of the isolating
switch handle.  At least one of the normally-open contacts
of these switches disconnects the control power trans-
former from its load.
ISOLATING SWITCH
Each Ampgard® isolating switch is a medium-voltage,
three-pole, manually operated device.  It consists of an
operating mechanism and a sliding tray mounted between
two steel end plates.  The sliding tray is molded insulating
material and carries three sets of fuse jaw finger assem-
blies.  One end of the fuse jaw finger   assembly grips the
upper ferrule of the power fuse while the other end en-
gages the line stab.  In the switch open position, the three
fuse jaw fingers are grounded.  Arc resistant and flame
retarding insulating barriers are mounted between phases
and also between the two outside poles and the isolating
switch end plates.
This isolating switch is a nonload-break device.  It must
never close or interrupt a power load.  However, it does
have a limited capacity for interrupting the single-phase
control power and potential transformers exciting current.
In terms of transformer ratings, the maximum load is the
equivalent of an unloaded (exciting current only) 6 KVA
transformer.
An Ampgard® starter is shipped with the isolating switch in
the ON position (Figure 5, View A).  The isolating switch
handle is operated by moving it through a vertical arc from
the ON to the OFF position.  From the OFF position, it can
be rotated 90° counterclockwise to the HORIZONTAL
position, the door-open position (Figure 5, View D).
In both the ON and OFF positions, a portion of the handle
housing extends over the door to the medium-voltage
compartment, preventing this door from being opened.  To
open this door, the handle must be moved to the HORI-
ZONTAL position.
With the handle in the OFF position, up to three padlocks
can be used to lock out the switch, preventing the handle
from being moved to either the ON or the HORIZONTAL
position.  This locked position prevents both unauthorized
entry into the medium-voltage compartment and acciden-
tal closing of the isolating switch while maintenance work
is being done.  From the HORIZONTAL position, the
handle cannot be moved to the ON position without first
moving to the OFF position.
FUSE SELECTION AND COORDINATION
Fuse selection is dependent on motor locked rotor current,
acceleration time, and full load current.  To prevent fuse
fatigue it is recommended that the minimum melting time
of the fuse always exceed the locked rotor current times a
safety factor of 1.25 at the motor acceleration time.  The

WARNING
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Fig. 4  Ampgard® Components, Two Starters (Controllers) Shown
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motor full load current must always be less than the fuse
continuous current rating. Cutler-Hammer selects fuse
ratings based on the following assumptions: 1) Locked
Rotor Current is equal to 6 times Full Load Current, and 2)
Acceleration time is 10 seconds at full voltage.
During high-power testing the SL-400 contactor was
confirmed to properly coordinate with Cutler-Hammer Type
CLS current limiting motor starting fuses.  Tests were
conducted with 5.08kV-24R and 7.2kV-24R fuses.  The
contactor successfully withstood the let-through energy of
each fuse for a 50kA available symmetrical fault at the
rated voltage of the fuse.  Maximum let-through occurred
with the 5.08kV fuse.  The maximum observed current
was a 63kA peak, with I2t equal to 5.89 mega-joules. The
SL-200 Contactor will coordinate with Cutler-Hammer Type
CLS fuses rated 5.08kV-12R and 7.2kV-12R.
Proper coordination must be maintained between the
contactor interrupting rating, contactor dropout time, and
the total clearing time of the main fuse.  Care must be
exercised when selecting the dropout time setting on the
contactor control board.  The contactor must not open on
a fault greater than it’s rated interrupting current.  By
holding the contactor closed for the appropriate time, the
fuse will clear if the fault current exceeds the contactor
rating.  Delays in relay settings should not be included in
the calculation since it is likely that the voltage will
collapse and allow the contactor to drop open no matter

Fig. 6  Type SLA Contactor, Front View

CONTROL POWER
TRANSFORMER
PRIMARY FUSES (2)

CONTROL POWER
TRANSFORMER
(CPT)

TEST-RUN PLUG

CONTROL POWER
TRANSFORMER
SECONDARY FUSES

POWER CIRCUIT
FUSE CLIPS

CONTACTOR PORTION
OF MECHANICAL
INTERLOCK

CONTROL
RECEPTACLE

Fig. 5  Isolating Switch Handle Positions

The operating handle has three distinct positions.

In the ON position (A), the isolating switch is closed, the
door is interlocked shut, and the starter may be energized.

In the OFF position (B), the isolating switch is open, the
door is interlocked shut, and the starter is de-energized and
grounded.

With the handle rotated 90° counterclockwise (C) to the
HORIZONTAL position (D), the isolating switch is open, the
starter is de-energized and grounded, and the door may be
opened.

A B

C D

Four Screws

�
�

�
�
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TABLE II.  FUSE APPLICATION TABLE FOR SL-200 AND SL-400 CONTACTORS

SL-200
Motor FLA Voltage Fuse Rating Min Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 130
137-187 151D933G02 230-12R 130
187-200* 151D933G02 230-12R                    130 * For FLA > 187, Max Accel Time = 3.5 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 60
137-200 151D963G07 230-12R 250

SL-400
Motor FLA Voltage Fuse RatingMin Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 30
137-187 151D933G02 230-12R 30
187-244 151D933G03 390-18R 60
244-360 151D933G04 450-24R 130
360-400** 151D933G04 450-24R                    130 ** For FLA > 360, Max Accel Time = 6 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 30
137-187 151D963G07 230-12R 30
187-273 151D963G10 390-18R 60
273-400 151D963G11 450-24R 250

Note: Fuse selections based on LRC = FLA x 6, accleration time of 10 seconds except where noted.
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THE CONTACTOR
Magnetically Held Contactor
The  contactor consists of a base SL contactor mounted
between steel sidesheets with fuse mounting provisions,
mechanical interlocks, and other components to form an
integrated contactor truck assembly.  The base contactor is
mounted in the horizontal position between the sidesheets.
Refer to Figure 2 and 6 for details.

DUE TO ELECTRICAL CLEARANCE REQUIREMENTS,
THE FOUR PHASE BARRIERS SUPPLIED WITH THE
CONTACTOR MUST BE INSTALLED BEFORE THE
CONTACTOR IS ENERGIZED. WHERE NO POWER
FUSES ARE MOUNTED ON THE TOP OF THE
CONTACTOR, AS IN THE CASE OF A REDUCED
VOLTAGE CONTACTOR, NO BARRIERS ARE REQUIRED.
A return spring located behind the moving armature plate
(Figure 7) holds the contactor in the open position with the
main coils deenergized.
The contactor is closed by energizing the contactor control
board with the appropriate control voltage at terminals 1 and
2.  The control board rectifies the input voltage and applies a
pulse width modulated DC output voltage to the coils.  The
output voltage is approximately full voltage for the first 200
milliseconds after energization during which time the
contactor closes and seals.  The output voltage is then
automatically reduced to approximately 15 VDC to maintain
the contactor in the closed position.

CAUTION

what the setting of the relay.  The standard factory
dropout setting is 130 ms (8 cycles).  Table II lists the
minimum recommended dropout times for coordination
with the available ratings for main power fuses supplied
with Ampgard starters.
For more information, refer to Cutler-Hammer Application
Data 36-693 which includes minimum-melt, total clearing,
and let-through curves for Type CLS motor fuses.

ENCLOSURE
These Ampgard®  motor controllers are supplied in cells
assembled into floor-mounted enclosures. These enclo-
sures are 36 inches wide x 30 inches deep x 90 inches high
(92 cm wide, 76 cm deep, and 229 cm high). Each 90-inch
high enclosure accommodates one or two Ampgard®

starters depending upon the requirements. Complex
controllers such as reduced-voltage starting require more
than one 36" wide section. A 10-inch (25-cm) high horizon-
tal bus enclosure can be added at the top which increases
the total enclosure height to 100 inches (254 cm).

Fig. 8  Contactor closed

Fig. 7   Contactor open

The coil cores are magnetized which rotates the armature
shaft, moving armature, and operating plate.  As the
operating plate moves toward the coil cores, the main
contacts close.  The plate continues to move an additional
distance (known as overtravel) which allows for contact
preload and wear (Figure 8).
When control power is removed from the control board the
SL is held closed for a preset time and then opens.  The
range of time between the removal of control power and
contact opening is from 30 to 250 milliseconds.  The time
can be adjusted for such factors as fuse coordination and
voltage loss ride-through.  Unless otherwise specified, the

Operating Plate

Return Spring

Armature Shaft

Moving
Armature

Stop
Assembly

Operating Plate

Overtravel
Armature Shaft

Moving
Armature

Stop
Assembly
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Mechanically Latched Contactor
The mechanically latched contactor is closed in the same
manner as the magnetically held contactor.  After the
contactor is electrically closed, a mechanical latch is
engaged that holds the moving armature plate in the closed
position.  Power should then be removed from the control
board by a N.C. auxiliary contact.
To open the contactor, the unlatch coil is energized with the
appropriate control voltage.  The coil engages a release lever
on the latch mechanism.  The contactor is then forced
opened by the return spring.
Auxiliary Contacts
An operating lever attached to the rotating shaft operates a
set of auxiliary contacts located on the bottom right of the
contactor.  The standard configuration is 2NO-2NC contacts.

TABLE III. CONTROL BOARD VOLTAGE SETTINGS

TABLE IV. CONTROL BOARD DROPOUT SETTINGS

Fig. 10  Coil Control Board with Dipswitch

Fig. 9  Coil Control Board Removal

factory default setting is 130 milliseconds, or approximately
8 line cycles (60Hz).  Refer to section on Fuse Selection
and Coordination for more information on selecting the
correct dropout time.
As the moving armature is rotated to the open position by
the return spring, it impacts the stop assembly located at
the front of the contactor (Figure 7).  The stop assembly
absorbs much of the kinetic energy of the moving armature
and reduces the over-travel of the vacuum interrupters as
the contactor is forced open.
A selectable dipswitch is located on the control board for
setting the control voltage level and the contactor dropout
time (Figure 10).  The control board must be removed from
its cavity in the contactor housing to gain access to the
dipswitch (Figure 9).  Table III lists the available voltage
settings and Table IV lists the available dropout settings.

Dip Switch
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The auxiliary contacts are rated 600VAC, 10 amps con-
tinuous.  Minimum ratings are 5 volts, 100 milliamps.
Grounding
A contactor ground clip is attached to the left rear sidesheet
of all main contactors.  A formed steel cover protects the
clip to help minimize the likelihood of damage to the clip.
Care should still be exercised when handling the contactor
to prevent damage.  A ground bar mounted on the rear of the
left frame rail engages the clip when the contactor is
inserted into the starter compartment.  Refer to Figure 11.

Before initial startup and after any procedure where the
contactor has been removed from the starter cell, insure that
the contactor ground clip properly contacts the ground bar.
Code Plates
200 Amp contactors should not be inserted into 400 amp
cells.  All 400 amp starters with SL contactors include a
code plate attached to the inside of the left contactor rail.
200 amp SL contactors include an interference rod that will
engage the code plate in a 400 amp starter cell, preventing
the contactor from being installed. Refer to Figure 12.

Fig. 11 Ground clip assembly

Fig. 12   Code plate in 400 amp cell preventing 200 amp
contactor from being inserted.

SWITCH-CONTACTOR INTERLOCK
Ampgard® motor control always includes a mechanical
interlock that is designed to prevent the isolating switch
from closing with the contactor already closed, and to
prevent the contactor from closing while the isolating
switch is being opened.
One of the features of Ampgard roll-out motor control is
the interlocking of the contactor and isolation switch with a
mechanical interlock that does not require mechanical
disassembly to separate the components that are inter-
locked.  See Figure 13.
With the isolation switch either fully closed or fully open
and the contactor open, all interlocks are neutral. See
Figure 13.  With the contactor closed the yoke rotates and
blocks the interlock arm from moving. The interlock arm in
turn prevents the isolation switch cam from rotating.  If

WARNING

DO NOT ATTEMPT TO FORCE A 200 AMP CONTACTOR
INTO A 400 AMP CELL, DAMAGE TO THE CELL AND/OR
CONTACTOR COULD OCCUR.

Fig. 13  Contactor Open, Interlocks Neutral



I.B. 48021Page 10

Effective 11/99

CAUTION

OTHER MECHANICAL INTERLOCKS
Before putting an Ampgard® controller into service,
become familiar with all the mechanical interlocks.
Line Stab Insulating Shutter
When an Ampgard® isolating switch is installed, both a
shutter and a rear line stab barrier are in place in the
controller structure and are intended to prevent accidental
access to the line bus.  As the isolating switch is opened,
the sliding tray (Figure 15) mechanically drives the insulat-
ing shutter closed across the three line stab openings in the
rear barrier.  As the shutter closes the openings, green and
white striped labels are uncovered to visually indicate that
the shutter is closed.  With the isolating switch in the fully
open position, the fuse jaw finger assemblies and the line
side of the main fuses are connected to the ground bar.

When the isolating switch is removed from the starter
structure, a latch lever (“32,” Figure 16) on the shutter
assembly is activated.  It is designed to hold the insulating
shutter closed.  This latch may be deliberately bypassed
and the shutter moved to the open position.

UNDER THESE CONDITIONS THE EXPOSED LINE
TERMINAL STABS OF THE STARTER MAY BE ENER-
GIZED AT LINE POTENTIAL.

Fig. 15  Sliding Tray Mechanism of 400 Ampere Isolating
Switch

operation of the isolation switch handle is attempted,
interlocks inside the switch prevent switch operation since
the cam cannot rotate.  The handle cannot be moved.
As the isolation switch handle is operated (with the
contactor open), a cam rotates down, depressing the
interlock arm on the contactor.  The depressed interlock
arm blocks the yoke from rotating, which prevents the
contactor from closing. See Figure 14.  When the switch
reaches the fully open or closed position, the cam rotates
up, allowing the contactor to close.
The purpose of this interlocking is to prevent the
accidental closing or opening of the isolation switch while
the contactor is closed, and to prevent the closing of the
contactor if the isolation switch is not fully open or
closed.  Neither closing or opening of the isolation switch
under load is safe.
There is an auxiliary switch located behind the isolation
switch faceplate that is operated when the front switch
handle is moved from the closed to the open position.
The auxiliary switch is wired into the control circuit and
disconnects control power during the first 10 degrees of
rotation of the front handle.  Pulling on the switch handle
will operate the auxiliary switch, disconnect control power,
and allow the main contactor to drop out (if it is closed).

Fig. 14  Contactor Interlocked Open by Isolation Switch
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from the secondary of the control power transformer.  This
male test plug can be plugged into a standard polarized
120-volt (or 240-volt, depending on coil voltage rating)
extension cord socket for testing the control circuit and any
sequence without energizing the medium-voltage controller
at power circuit voltage.  When the male plug is transferred
to the extension cord, it automatically disconnects from the
control power transformer to prevent feedback of high
voltage into the power circuits.  Check to be sure no
inadvertent bypass of this arrangement has been made in
the wiring before relying on this safety feature.
CONTACTOR HANDLING
Each contactor weighs about 125 pounds (57 kilograms).
A horizontal bar is provided at the front for pulling the
contactor out of its cell, or for pushing it back into place.
When a type SLA contactor is installed in a medium-
voltage controller it can be moved to a drawout position or
removed from the enclosure as follows:

When the isolating switch is replaced in the structure, the
latch member is automatically released to allow the
shutter to operate normally.
As a final precaution before touching any of the electrical
parts of the starter, visually check to make certain that
the shutter is closed, the green and white striped labels
are visible, the grounding fingers are in contact with the
ground bar, and the tips of the fuse fingers are visible.
Door Interlock
With the isolating switch handle in the HORIZONTAL
position, the door to the medium-voltage compartment can
be opened.  As soon as the door opens, a mechanical
interlock becomes effective.  It is designed to prevent the
user from accidentally operating the isolating switch handle
and closing the starter on to the line with the door open.
This interlock is a spring-loaded plunger located just below
the handle housing.  This prevents the handle from being
accidentally returned to the OFF position.  This interlock
may be deliberately bypassed by depressing the plunger
with a screwdriver so that the handle can be moved to the
OFF position to observe the operation of the isolating
switch during installation or maintenance.  To do this, it is
necessary to deliberately bypass the interlock.  The handle
must be returned to the HORIZONTAL position by again
depressing the interlock plunger before the door can be
closed.  The operator must be aware of what he is doing
and take appropriate safety precautions.
CONTACTOR-MOUNTED COMPONENTS
To simplify installation and servicing, a number of related
components may be mounted on the Type SLA contactor
chassis:  a control power transformer with test plug and
fuses, primary fuses for the control power transformer, 3-
phase potenial transformer, and load side fuse clips for the
power circuit fuses.  See Figure 6.  The test-run plug is
used to connect to an auxiliary source of control voltage
when it is not inserted into the receptacle that is the output

Fig. 16  Shutter Operating Mechanism

WARNING: ALL WORK ON THIS CONTACTOR SHOULD
BE DONE WITH THE MAIN DISCONNECT DEVICE
OPEN. AS WITH ANY CONTACTOR OF THIS VOLTAGE,
THERE IS DANGER OF ELECTROCUTION AND/OR
SEVERE BURNS. MAKE CERTAIN THAT POWER IS
OFF. CHECK FOR VOLTAGE WITH VOLTAGE SENSOR
OR A METER OF THE APPROPRIATE RANGE.
1. If removal is planned, provide a lift truck or suitable

platform to receive the contactor as it comes out. See
that the shipping clamp is no longer in place.

2. Make sure all circuits are deenergized.
3. Remove the three power circuit fuses using the fuse

puller supplied with the starter.
4. Disconnect the 12-point control plug and stow it so

that the cable will not be damaged.  Disconnect the
two 3-point plugs on the right front of the isolating
switch. Disconnect the PT secondary plug, if supplied.

5. Release the latch on the left side by holding it upward
(using your foot if desired, when unit is at floor level).

6. While holding the latch up, pull the contactor outward.
It will roll forward and should re-latch at a detent
position, partially out of the cell.

7. To remove the contactor completely, reverse the latch,
pressing it downward.  The contactor can then be
rolled out of its cell.

Once the contactor is on the floor, it can be moved easily
by means of a short length of 0.75-inch (19.1-mm) pipe
inserted into a bracket on the front of the left side sheet.
The contactor can be pushed or pulled like a wagon in this
manner.

DANGER
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When there is access space behind the installation, the
rear panel of the enclosure can be removed to facilitate
wiring.  Adequate space has been provided at the rear of
the enclosure for medium-voltage line and load cables,
while low-voltage cables may be conveniently arranged
near the right-hand enclosure wall.

CAUTION

START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller
into service, study the wiring diagram and instruction
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.

The four lower corners of the contactor side sheets are cut
at 45°.  When the contactor is on a level firm work surface,
it can be temporarily tilted backward or forward off its
wheels onto these 45° pads for easy inspection.  Do not
leave contactor in this position unless actually being
inspected.

To reinstall, reverse the procedure.

INSTALLATION
This industrial type control is designed to be installed by
adequately trained and qualified personnel with appropriate
supervision.  These instructions do not cover all details,
variations, or combinations of the equipment, its storage,
delivery, installation, check-out, safe operation, or mainte-
nance.  Care must be exercised to comply with local,
state, and national regulations, as well as safety prac-
tices, for this class of equipment.  See START-UP PRE-
CAUTIONS. For site preparation and general information
regarding receiving, storage, and installation see I.B.
48001.

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO
SECURE IN PLACE. READ THE HANDLING
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
Medium-voltage motor controllers are extremely heavy
and the moving equipment used in handling must be
capable of handling the weight of the motor controller.

Confirm this capability prior to starting any handling
operations with the controller.

INSTALLATION

The motor controller should be kept in an upright position
unless specific instructions to the contrary are provided
with the controller.

After a level installation site has been prepared, the
Ampgard®  assemblies positioned and fastened in place,
and protective packaging removed, the individual control-
lers can be disassembled to permit access to conduit and
complete wiring.  Step-by-step disassembly procedures
are shown on Pages 14, 15, and 16.  Following the recom-
mended procedures will save time. All cable connections
can be made by access through the front of the enclosure.
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Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)

C

G

F H B D A

E

I
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check



I.B. 48021 Page 19

Effective 11/99

THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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Instruction Bulletin

6055-31
Retain for future use.

Type VR Vacuum 
Circuit Breaker
4.76 kV, 8.25 kV and 15 kV
1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 4—Product Overview

© 1996–2008 Schneider Electric All Rights Reserved. 11

E
N

G
L

IS
H

Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View

Manual charging handle

Close pushbutton

Open pushbutton
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Charged-discharged indicator

Pull handle
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Figure 3: Circuit Breaker–Rear View
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Pivot block
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed

Operating mechanism

Closing springs

MOC linkage

Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed

MOC roller

Terminal bar

Operating mechanism

Drive bar

Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View

Shock absorber

Mechanism cover

Anti-pump relay

Ratchet assembly

Auxiliary switch

Gear box assembly
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View

Motor cutoff switch

Ground contact

Latch release slide



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 4—Product Overview

© 1996–2008 Schneider Electric All Rights Reserved. 19

E
N

G
L

IS
H

Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury



Type VR Vacuum Circuit Breaker  6055-31
Section 5—Installing and Removing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.22

E
N

G
L

IS
H

Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV



Type VR Vacuum Circuit Breaker  6055-31
Section 5—Installing and Removing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.24

E
N

G
L

IS
H

7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.



Type VR Vacuum Circuit Breaker  6055-31
Section 7—Maintenance 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.34

E
N

G
L

IS
H

E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Instruction Manual Preface

This manual provides information and instructions for installing, setting, config-
uring, and operating the SEL-487B relay. The manual is for use by power engi-
neers and others experienced in protective relaying applications. Included are 
detailed technical descriptions of the relay and application examples.

Manual Overview
The SEL-487B instruction manual set consists of two volumes:

➤ SEL-487B Instruction Manual

➤ SEL-400 Series Relays Instruction Manual

Read the sections that pertain to your application to gain valuable information 
about using the SEL-487B. For example, to learn about relay protection func-
tions, read the protection sections of this manual and skim the automation sec-
tions. You can concentrate on the operation sections or on the automation 
sections of this manual as your job needs and responsibilities dictate. An over-
view of each manual section and section topics follows.

SEL-487B Instruction Manual
Preface. Describes manual organization and conventions used to present 

information, as well as safety information.

Section 1: Introduction and Specifications. Introduces SEL-487B Relay fea-
tures, summarizes relay functions and applications, and lists relay specifi-
cations, type tests, and ratings.

Section 2: Installation. Discusses the ordering configurations and interface 
features (control inputs, control outputs, and analog inputs, for example). 
Provides information about how to design a new physical installation and 
secure the relay in a panel or rack. Details how to set relay board jumpers 
and make proper rear-panel connections (including wiring to CTs, PTs, 
and a GPS receiver). Explains basic connections for the relay communi-
cations ports and how to install optional communications cards (such as 
the Ethernet Card).

Section 3: Testing. Describes techniques for testing the relay.

Section 4: Front-Panel Operations. Describes the LCD display messages and 
menu screens that are unique to the SEL-487B.

Section 5: Protection Functions. Describes the function of various relay pro-
tection elements. Describes how the relay processes these elements. Gives 
detailed specifics on protection scheme logic for POTT, DCB, DCUB, 
and DTT. Provides trip logic diagrams, and current and voltage source 
selection details. Also describes basic 87L communications channel 
options and configuration parameters.

Section 6: Protection Application Examples. Provides examples of configuring 
the SEL-487B for some common applications.



xx
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Preface
Manual Overview

Section 7: Metering, Monitoring, and Reporting. Describes SEL-487B-specific 
metering, monitoring, and reporting features.

Section 8: Settings. Provides a list of all relay settings and defaults. The set-
tings list is organized in the same order as in the relay and in the ACSEL-
ERATOR QuickSet SEL-5030 Software.

Section 9: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 10: Communications Interfaces. Describes the SEL-487B specific 
communications characteristics.

Section 11: Relay Word Bits. Contains a summary of Relay Word bits.

Section 12: Analog Quantities. Contains a summary of analog quantities.

Appendix A: Firmware, ICD File, and Manual Versions. Lists the current firm-
ware and manual versions and details differences between the current and 
previous versions.

Appendix B: Converting Settings From SEL-487B-0 to SEL-487B-1. Describes dif-
ferences in settings, Relay Word bits, analog quantities, and DNP3 maps 
between these versions of the relay.

SEL-400 Series Relays Instruction Manual
Preface. Describes manual organization and conventions used to present 

information, as well as safety information.

Section 1: Introduction. Introduces SEL-400 Series Relay common features.

Section 2: PC Software. Explains how to use SEL Grid Configurator and 
ACSELERATOR QuickSet SEL-5030 Software.

Section 3: Basic Relay Operations. Describes how to perform fundamental 
operations such as applying power and communicating with the relay, set-
ting and viewing passwords, checking relay status, viewing metering 
data, reading event reports and Sequential Events Recorder (SER) 
records, operating relay control outputs and control inputs, and using 
relay features to make relay commissioning easier.

Section 4: Front-Panel Operations. Describes the LCD display messages and 
menu screens. Shows you how to use front-panel pushbuttons and read 
targets. Provides information about local substation control and how to 
make relay settings via the front panel.

Section 5: Control. Describes various control features of the relay, including 
circuit breaker operation, disconnect operation, remote bits, and one-line 
diagrams.

Section 6: Autoreclosing. Explains how to operate the two-circuit breaker 
multishot recloser. Describes how to set the relay for single-pole 
reclosing, three-pole reclosing, or both. Shows selection of the lead and 
follow circuit breakers.

Section 7: Metering. Provides information on viewing current, voltage, power, 
and energy quantities. Describes how to view other common internal 
operating quantities.

Section 8: Monitoring. Describes how to use the circuit breaker monitors and 
the substation dc battery monitors.
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Section 9: Reporting. Explains how to obtain and interpret high-resolution raw 
data oscillograms, filtered event reports, event summaries, history reports, 
and SER reports. Discusses how to enter SER trigger settings.

Section 10: Testing, Troubleshooting, and Maintenance. Describes techniques 
for testing, troubleshooting, and maintaining the relay. Includes the list of 
status notification messages and a troubleshooting chart.

Section 11: Time and Date Management. Explains time keeping principles, syn-
chronized phasor measurements, and estimation of power system states 
using the high-accuracy time-stamping capability. Presents real-time load 
flow/power flow application ideas.

Section 12: Settings. Provides a list of all common SEL-400 Series Relay set-
tings and defaults.

Section 13: SELOGIC Control Equation Programming. Describes multiple setting 
groups and SELOGIC control equations and how to apply these equations. 
Discusses expanded SELOGIC control equation features such as PLC-
style commands, math functions, counters, and conditioning timers. Pro-
vides a tutorial for converting older format SELOGIC control equations to 
new freeform equations.

Section 14: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 15: Communications Interfaces. Explains the physical connection of 
the relay to various communications network topologies. Describes the 
various software protocols and how to apply these protocols to substation 
integration and automation. Includes details about Ethernet IP protocols, 
SEL ASCII, SEL Compressed ASCII, SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER, and enhanced MIRRORED BITS communications.

Section 16: DNP3 Communication. Describes the DNP3 communications proto-
col and how to apply this protocol to substation integration and automa-
tion. Provides a Job Done example for implementing DNP3 in a substation.

Section 17: IEC 61850 Communication. Describes the IEC 61850 protocol and 
how to apply this protocol to substation automation and integration. 
Includes IEC 61850 protocol compliance statements.

Section 18: Synchrophasors. Describes the phasor measurement unit (PMU) 
functions of the relay. Provides details on synchrophasor measurement 
and real-time control. Describes the IEEE C37.118 synchrophasor proto-
col settings. Describes the SEL Fast Message synchrophasor protocol set-
tings.

Section 19: Digital Secondary Systems. Describes the basic concepts of digital 
secondary systems (DSS). This includes both the Time-Domain Link 
(TiDL) system and UCA 61850-9-2LE Sampled Values.

Appendix A: Manual Versions. Lists the current manual version and details dif-
ferences between the current and previous versions.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to update 
the firmware stored in Flash memory.

Appendix C: Cybersecurity Features. Describes the various features of the 
relay that impact cybersecurity.

Glossary. Defines various technical terms used in the SEL-400 series instruc-
tion manuals.
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Safety Information
Dangers, Warnings, and Cautions

This manual uses three kinds of hazard statements, defined as follows:

                    

Safety Symbols
The following symbols are often marked on SEL products.

                    

DANGER
Indicates an imminently hazardous situation that, if 
not avoided, will result in death or serious injury.

WARNING
Indicates a potentially hazardous situation that, if 
not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that, if 
not avoided, may result in minor or moderate injury 
or equipment damage.

                    

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

                    

Earth (ground) Terre

                    

Protective earth (ground) Terre de protection

                    

Direct current Courant continu

                    

Alternating current Courant alternatif

                    

Both direct and alternating current Courant continu et alternatif

                    

Instruction manual Manuel d’instructions
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Safety Marks
The following statements apply to this device.

                    

                    

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if mis-
treated. Do not recharge, disassemble, heat above 100°C or incinerate. 
Dispose of used batteries according to the manufacturer’s instructions. 
Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. Rem-
placez seulement avec un Rayovac no BR2335 ou un produit équivalent 
recommandé par le fabricant. Voir le guide d’utilisateur pour les instruc-
tions de sécurité. La pile utilisée dans cet appareil peut présenter un 
risque d’incendie ou de brûlure chimique si vous en faites mauvais usage. 
Ne pas recharger, démonter, chauffer à plus de 100°C ou incinérer. Élimi-
nez les vieilles piles suivant les instructions du fabricant. Gardez la pile 
hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, installa-
tion instructions, and operating instructions must be checked before 
commissioning or maintenance of the equipment. The integrity of any 
protective conductor connection must be checked before carrying out 
any other actions. It is the responsibility of the user to ensure that the 
equipment is installed, operated, and used for its intended function in the 
manner specified in this manual. If misused, any safety protection pro-
vided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Other Safety Marks (Sheet 1 of 3)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this device 
can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut cau-
ser un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not qual-
ified to service this equipment, you can injure yourself or others, or cause 
equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords should 
be changed to private passwords at installation. Failure to change each 
default password to a private password may allow unauthorized access. 
SEL shall not be responsible for any damage resulting from unauthorized 
access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A l’installa-
tion, les mots de passe par défaut devront être changés pour des mots de 
passe confidentiels. Dans le cas contraire, un accés non-autorisé á l’équi-
pement peut être possible. SEL décline toute responsabilité pour tout 
dommage résultant de cet accés non-autorisé.

WARNING
Do not look into the fiber ports/connectors.

AVERTISSEMENT
Ne pas regarder vers les ports ou connecteurs de fibres optiques.

WARNING
Do not look into the end of an optical cable connected to an optical 
output.

AVERTISSEMENT
Ne pas regarder vers l’extrémité d’un câble optique raccordé à une sortie 
optique.

WARNING
Do not perform any procedures or adjustments that this instruction man-
ual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use only 
test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.
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WARNING
Incorporated components, such as LEDs and transceivers are not user 
serviceable. Return units to SEL for repair or replacement.

AVERTISSEMENT
Les composants internes tels que les leds (diodes électroluminescentes) 
et émetteurs-récepteurs ne peuvent pas être entretenus par l'usager. 
Retourner les unités à SEL pour réparation ou remplacement.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper ESD 
procedures. Ground yourself, your work surface, and this equipment 
before removing any cover from this equipment. If your facility is not 
equipped to work with these components, contact SEL about returning 
this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges élec-
trostatiques (DES). Des dommages permanents non-décelables peuvent 
résulter de l’absence de précautions contre les DES. Raccordez-vous cor-
rectement à la terre, ainsi que la surface de travail et l’appareil avant d’en 
retirer un panneau. Si vous n’êtes pas équipés pour travailler avec ce 
type de composants, contacter SEL afin de retourner l’appareil pour un 
service en usine.

CAUTION
Equipment damage can result from connecting ac circuits to Hybrid 
(high-current interrupting) control outputs. Do not connect ac circuits to 
Hybrid control outputs. Use only dc circuits with Hybrid control outputs.

ATTENTION
Des dommages à l’appareil pourraient survenir si un circuit CA était rac-
cordé aux contacts de sortie à haut pouvoir de coupure de type “Hybrid.” 
Ne pas raccorder de circuit CA aux contacts de sortie de type “Hybrid.” 
Utiliser uniquement du CC avec les contacts de sortie de type “Hybrid.”

CAUTION
Substation battery systems that have either a high resistance to ground 
(greater than 10 k) or are ungrounded when used in conjunction with 
many direct-coupled inputs can reflect a dc voltage offset between bat-
tery rails. Similar conditions can exist for battery monitoring systems 
that have high-resistance balancing circuits or floating grounds. For 
these applications, SEL provides optional ground-isolated (optoisolated) 
contact inputs. In addition, SEL has published an application advisory on 
this issue. Contact the factory for more information.

ATTENTION
Les circuits de batterie de postes qui présentent une haute résistance à 
la terre (plus grande que 10 k) ou sont isolés peuvent présenter un biais 
de tension CC entre les deux polarités de la batterie quand utilisés avec 
plusieurs entrées à couplage direct. Des conditions similaires peuvent 
exister pour des systèmes de surveillance de batterie qui utilisent des 
circuits d’équilibrage à haute résistance ou des masses flottantes. Pour 
ce type d’applications, SEL peut fournir en option des contacts d’entrée 
isolés (par couplage optoélectronique). De surcroît, SEL a publié des 
recommandations relativement à cette application. Contacter l’usine 
pour plus d’informations.

CAUTION
If you are planning to install an INT4 I/O interface board in your relay, 
first check the firmware version of the relay. If the firmware version is 
R111 or lower, you must first upgrade the relay firmware to the newest ver-
sion and verify that the firmware upgrade was successful before install-
ing the new board. Failure to install the new firmware first will cause the 
I/O interface board to fail, and it may require factory service. Complete 
firmware upgrade instructions are provided when new firmware is 
ordered.

ATTENTION
Si vous avez l’intention d’installer une Carte d’Interface INT4 I/O dans 
votre relais, vérifiez en premier la version du logiciel du relais. Si la ver-
sion est R111 ou antérieure, vous devez mettre à jour le logiciel du relais 
avec la version la plus récente et vérifier que la mise à jour a été correc-
tement installée sur la nouvelle carte. Les instructions complètes de mise 
à jour sont fournies quand le nouveau logiciel est commandé.

CAUTION
Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8 with 
INT4 can cause I/O contact failure. The INT4 board has a pickup and 
dropout delay setting range of 0–1 cycle. For all other I/O boards, pickup 
and dropout delay settings (IN201PU–IN224PU, IN201DO–IN224DO, 
IN301PU–IN324PU, and IN301DO–IN324DO) have a range of 0–5 cycles. 
Upon replacing any I/O board with an INT4 board, manually confirm reset 
of pickup and dropout delays to within the expected range of 0–1 cycle.

ATTENTION
Le remplacement en chantier des cartes d’entrées/sorties INT1, INT2, 
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance 
du contact d’entrée/sortie. La carte INT4 présente un intervalle d’ajuste-
ment pour les délais de montée et de retombée de 0 à 1 cycle. Pour 
toutes les autres cartes, l’intervalle de réglage du délai de montée et 
retombée (IN201PU–IN224PU, IN201DO– IN224DO, IN301PU–IN324PU, et 
IN301DO–IN324DO) est de 0 à 5 cycles. Quand une carte d’entrées/sorties 
est remplacée par une carte INT4, vérifier manuellement que les délais 
de montée et retombée sont dans l’intervalle de 0 à 1 cycle.

CAUTION
Do not install a jumper on positions A or D of the main board J21 header. 
Relay misoperation can result if you install jumpers on positions J21A and 
J21D.

ATTENTION
Ne pas installer de cavalier sur les positions A ou D sur le connecteur J21 
de la carte principale. Une opération intempestive du relais pourrait 
résulter suite à l’installation d’un cavalier entre les positions J21A et 
J21D.

CAUTION
Insufficiently rated insulation can deteriorate under abnormal operating 
conditions and cause equipment damage. For external circuits, use wiring 
of sufficiently rated insulation that will not break down under abnormal 
operating conditions.

ATTENTION
Un niveau d’isolation insuffisant peut entraîner une détérioration sous 
des conditions anormales et causer des dommages à l’équipement. Pour 
les circuits externes, utiliser des conducteurs avec une isolation suffi-
sante de façon à éviter les claquages durant les conditions anormales 
d’opération.

CAUTION
Relay misoperation can result from applying other than specified second-
ary voltages and currents. Before making any secondary circuit connec-
tions, check the nominal voltage and nominal current specified on the 
rear-panel nameplate.

ATTENTION
Une opération intempestive du relais peut résulter par le branchement 
de tensions et courants secondaires non conformes aux spécifications. 
Avant de brancher un circuit secondaire, vérifier la tension ou le courant 
nominal sur la plaque signalétique à l’arrière.

Other Safety Marks (Sheet 2 of 3)
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General Information
The SEL-487B Instruction Manual uses certain conventions that identify particu-
lar terms and help you find information. To benefit fully from reading this man-
ual, take a moment to familiarize yourself with these conventions.

Typographic Conventions
There are three ways to communicate with the SEL-400 Series Relays:

➤ Using a command line interface on a PC terminal emulation window, 
such as Microsoft HyperTerminal

➤ Using the front-panel menus and pushbuttons

➤ Using ACSELERATOR QuickSet SEL-5030 Software

The instructions in this manual indicate these options with specific font and for-
matting attributes. The following table lists these conventions:

                    

CAUTION
Severe power and ground problems can occur on the communications 
ports of this equipment as a result of using non-SEL cables. Never use 
standard null-modem cables with this equipment.

ATTENTION
Des problèmes graves d’alimentation et de terre peuvent survenir sur les 
ports de communication de cet appareil si des câbles d’origine autre que 
SEL sont utilisés. Ne jamais utiliser de câble de modem nul avec cet équi-
pement.

CAUTION
Do not connect power to the relay until you have completed these proce-
dures and receive instruction to apply power. Equipment damage can 
result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces procé-
dures et d’avoir reçu l’instruction de brancher l’alimentation. Des dom-
mages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other than 
those specified herein, may result in hazardous radiation exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 3 of 3)

Example Description

STATUS Commands, command options, and command variables typed at a 
command line interface on a PC.

n
SUM n

Variables determined based on an application (in bold if part of a 
command).

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen. The > character indicates submenus.
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Logic Diagrams
Logic diagrams in this manual follow the conventions and definitions shown below.

                    

Trademarks
All brand or product names appearing in this document are the trademark or reg-
istered trademark of their respective holders. No SEL trademarks may be used 
without written permission.

SEL trademarks appearing in this manual are shown in the following table.

                    

EtherCAT is registered trademark and patented technology, licensed by Beckhoff 
Automation GmbH, Germany.

A

B
C

C
A

B

S
R

Q

A

A B

B
Y

X

X

Y

A

B
C

A

B
C

NAME SYMBOL FUNCTION

COMPARATOR

OR

AND

NAND

TIME DELAYED PICK UP AND/OR
TIME DELAYED DROP OUT

EDGE TRIGGER TIMER

SET RESET FLIP FLOP

Input A is compared to input B.  Output C
asserts if A is greater than B.

Either input A or input B asserted cause
output C to assert.

Input A and input B must assert to
assert output C.

If A and/or B are deasserted, output C is
asserted.

X is a time-delay-pickup value;
Y is a time-delay-dropout value.
B asserts time X after input A asserts;
B will not assert if A does not remain
asserted for time X.  If X is zero, B
will assert when A asserts.  If Y is
zero, B will deassert when A deasserts.

Rising edge of A starts timers.  Output B
will assert time X after the rising edge of
A.  B will remain asserted for time Y.  If
Y is zero, B will assert for a single processing
interval.  Input A is ignored while the timers
are running.

Input S asserts output Q until input R asserts.
Output Q deasserts or resets when R asserts.

EXCLUSIVE OR
B

A
If either A or B is asserted, output C is
asserted.  If A and B are of the same state,
C is deasserted.

C

NOR
B

A
If neither A nor B asserts, output C asserts.C

AND W/ INVERTED INPUT
B

A If input A is asserted and input B
is deasserted, output C asserts.  Inverter "O"
inverts any input or output on any gate.

C

INPUT FLAG Input A comes from other logic.A

—

+

B asserts at the falling edge of input A.FALLING EDGE A B

RISING EDGE A B B asserts at the rising edge of input A.

ACSELERATOR Architect® MIRRORED BITS®

ACSELERATOR QuickSet® SELOGIC®

Connectorized®
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Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

http://selinc.com/support/
mailto:info@selinc.com
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Introduction and Specifications

The SEL-487B relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. Equipped with four inter-
face boards, the relay has a total of 103 inputs (74 common inputs and 29 inde-
pendent inputs) and 40 outputs. It is configurable in either a three-relay or a 
single-relay application. The relay has 21 analog current inputs and 3 analog 
voltage inputs. For buses with no more than seven terminals, use one SEL-487B 
in a single-relay application. For buses with as many as 21 terminals, use three 
SEL-487B relays in a three-relay application; each relay provides as many as six 
dedicated zones of protection.

The SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas with extensive protection and automation programming 
capabilities. You can organize automation SELOGIC control equation program-
ming into 10 blocks of 100 program lines each, for a total of 1000 lines of auto-
mation programming. Use as many as 100 lines in the separate protection 
programming area to program custom protection functions. With the flexibility of 
the expanded SELOGIC control equations, the relay is suitable for custom protec-
tion and control schemes.

Communications interfaces include standard SEL ASCII and enhanced MIR-
RORED BITS communications protocols. Establish Ethernet connectivity with the 
optional Ethernet card. With the Ethernet card, you can employ common industry 
communications tools, including Telnet, FTP, IEC 61850, and DNP3 LAN/WAN 
protocols.

Included with the SEL-487B is the ACSELERATOR QuickSet SEL-5030 Software 
program. Use QuickSet to assist you in setting, controlling, and acquiring data 
from the relays both locally and remotely. ACSELERATOR Architect SEL-5032 
Software is included with purchase of the optional Ethernet card with IEC 61850 
protocol support. Architect enables you to view and configure IEC 61850 settings 
via a graphical user interface (GUI), tightly integrated with QuickSet.

Combining the simple and robust hardware design with extensive self-testing 
provides relay reliability and enhances relay availability.

This section introduces the SEL-487B and provides information on the following 
topics:

➤ Features on page 1.2

➤ Models and Options on page 1.4

➤ Applications on page 1.5

➤ Product Characteristics on page 1.9

➤ Specifications on page 1.11
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Features
The SEL-487B contains many protection, automation, and control features. 
Figure 1.1 presents a simplified functional overview of the relay.

                    

The SEL-487B features include the following:

Bus Protection. The SEL-487B provides differential protection for the follow-
ing: single bus, double bus, double bus with transfer, breaker-and-a-half, tri-
ple bus arrangements, generators and motors, shunt capacitor banks, 
autotransformers, and reactors.

Second Trip Criterion. Each of the six elements includes a second trip crite-
rion. This criterion consists of the OR combination of a directional element 
in parallel with a fault detection element.

Check Zone Capability. If your protection philosophy calls for an overall 
check zone, use as many as three independent check zones available in the 
relay.

Voltage Elements. Phase, negative-, and/or zero-sequence elements are avail-
able as additional trip criteria for trip supervision.

Breaker Failure. Select the type of breaker failure protection (internal or 
external) on a terminal-by-terminal basis. Internal breaker failure protection 
provides breaker failure trip and breaker retrip for 21 terminals. Open-phase 
detection ensures current-element reset in less than one cycle. For the exter-
nal breaker failure protection, select the external breaker failure option. With 
this option, the relay accepts inputs from breaker failure relays installed in 
the feeder protection panels.

                    

Figure 1.1 SEL-487B Relay Basic Functions in a Double-Bus Application

ANSI NUMBERS/ACRONYMS AND FUNCTIONS 

16 SEC   Access Security (Serial, Ethernet) 

27/59 Over- and Undervoltage 

50                                 Overcurrent 

50BF                             Breaker Failure Overcurrent 

51 Time-Overcurrent 

85 RIO  SEL MIRRORED BITS Communications 

87 Current Differential 

DFR  Event Reports 

HMI  Operator Interface 

LGC  Expanded  SELOGIC Control Equations 

MET  High-Accuracy Metering 

RTU  Remote Terminal Unit 

SER  Sequential Events Recorder 

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 

1 Copper or Fiber Optic * Optional Feature

 

  

ADDITIONAL FEATURES 

Open CT Detection

Three Independent Check Zones

Disconnect Status and Monitoring Logic for 60 Disconnects

Single-Relay Application: 2 Three-Phase Zones for as many as 7 Terminals

Two-Relay Application: 3 Three-Phase Zones for as many as 10 Terminals

Three-Relay Application: 6 Single-Phase Zones for as many as 21 Terminals
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Differential Protection. Innovative algorithms switch the relay to a high-secu-
rity mode during through-fault conditions. While in the high-security mode, 
the algorithm does not block the differential elements, thus avoiding unnec-
essary time delays for clearing faults evolving from external to internal 
faults.

Overcurrent Elements. Each of the 21 terminals provides one level of phase 
instantaneous (50) and one level of time-overcurrent (51) protection.

CT Open-Circuit Detection. Use the independent sensitive differential element 
in each zone to detect CT open circuit, short circuit, or incorrect CT polarity.

Minimum CT Requirement. The relay requires primary CTs that shall repro-
duce the primary current without saturation for at least 2 ms after external 
fault inception.

Dynamic Station Configuration. Wire the disconnect (89) auxiliary contacts to 
the relay to assign the current inputs dynamically to the correct differential 
measuring element. Instead of disabling bus protection during disconnect 
switching, use this feature to provide bus protection during switching opera-
tions, when the safety of personnel is at high risk.

CT Ratio Mismatch. Mismatched CTs of ratios as high as 10:1 can be installed. 
For example, this means you can install the new feeder with a CT ratio of 
2000/5 to existing bus systems that all have CT ratios of 200/5. 

Expanded SELOGIC Control Equations. Modify and set custom relay applica-
tions with PLC-style (programmable logic controller, IEC 61131-3) 
SELOGIC control equation programming that includes math and comparison 
functions. Use counters and multifunction timers for greater application flex-
ibility, i.e., perform advanced PLC functions within the relay. The 
SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas. These programming areas provide ample protection 
programming capability and 10 blocks of 100-line automation programming 
capability (1000 lines).

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making the initial programming and maintenance much easier.

Metering. View metering primary or secondary information for phase cur-
rents and angles of all 21 terminals, phase voltages and angles, CT polarities, 
and the operating and restraint values from all protection zones.

Oscillography and Event Reporting. Record raw currents of all 21 current ter-
minals and 3 voltages in a single report. Investigate relay internal logic 
points and power system performance with event report phasor analysis.

Sequential Events Recorder (SER). Record 1000 system entries from 250 mon-
itoring points, including settings changes, restarts, and Relay Word bit ele-
ments that you select. Set element names to easily understood aliases.

Digital Relay-to-Relay Communication. Use MIRRORED BITS communications 
to monitor internal element conditions between relays within a substation 
and between substations using communication channels (SEL fiber-optic 
transceivers to send a direct transfer trip, for example).

Ethernet Communications Capability. Implement control and data gathering 
capabilities via substation LANs (local area networks) and company WANs 
(wide area networks) with the optional Ethernet card. Employ the FTP proto-
col for system data acquisition.
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Increased Security. The SEL-487B divides control and settings into seven 
relay access levels; the relay has separate breaker, protection, automation, 
and output access levels, among others. Set unique passwords for each 
access level.

Computer Software. Use the rules-based settings editor, the QuickSet soft-
ware, to develop settings offline.

Settings Reduction. Internal relay programming shows only the settings for 
the functions and elements you have enabled.

Models and Options
For ease of ordering and future expansion, the SEL-487B is available in a 9U 
chassis size (U is one rack unit in height—44.45 mm [1.75 in]) that supports as 
many as four additional expansion I/O boards, or, for applications not requiring 
as many contact I/O points, in a 7U chassis size that supports as many as two 
additional expansion I/O boards. For the three-relay application, three units are 
required. Features not labeled as ordering options are standard.

➤ As many as four optional I/O boards (9U chassis size supports a 
maximum of four optional I/O boards; 7U chassis size supports a 
maximum of two optional I/O boards)

➢ INT4 with high-speed outputs: 18 common inputs (2 groups 
of 9), 6 independent inputs, 6 high-speed Form A outputs, 2 
standard Form A outputs

➢ INT4 with standard outputs: 18 common inputs (2 groups of 9), 
6 independent inputs, 8 standard Form A outputs

➤ Voltage ranges for the inputs on the main board as well as for the 
inputs on the four interface boards are as follows:

➢ 24 Vdc

➢ 48 Vdc

➢ 110 Vdc

➢ 125 Vdc

➢ 220 Vdc

➢ 250 Vdc

➤ Power supply (ordering option)

➢ 24–48 Vdc

➢ 48–125 Vdc or 110–120 Vac

➢ 125–250 Vdc or 110–240 Vac

➤ Secondary current inputs (ordering option)

➢ 1 A nominal or 5 A nominal CT inputs

➤ Communications card (ordering option)

➢ Ethernet card with combinations of 10/100BASE-T and 
100BASE-FX media connections on each of two ports

➤ Secondary voltage inputs (standard feature)

➢ 300 V maximum per voltage input



1.5

Date Code 20230830 Instruction Manual SEL-487B Relay

Introduction and Specifications
Applications

➤ Ethernet Communication Protocols

➢ Standard (FTP, Telnet, DNP3, PRP)

➢ Standard plus IEC 61850

➤ Connector Type for PT and CT inputs

➢ Screw-terminal block inputs (standard feature)

➢ Connectorized (ordering option)

➤ Conformal Coat

➢ Conformal coating provides an additional barrier to harsh 
environments, such as high humidity and airborne contaminants. 
See selinc.com/conformalcoating/ for more information.

Contact the SEL factory or your local Technical Service Center for ordering 
information (see Technical Support on page xxvii in the Preface). You can also 
view the latest ordering information on the SEL website at selinc.com.

Applications
Use the SEL-487B for most bus protection applications. For information on con-
necting the relay, see Section 2: Installation. See Section 6: Protection Applica-
tion Examples for discussions of protection and automation applications using 
the SEL-487B. The figures in this subsection illustrate common relay applica-
tions. Each SEL-487B has 21 analog current inputs (I01–I21) and three analog 
voltage inputs (V01, V02, and V03).

The SEL-487B-1 Relay supports DSS through use of the SEL-2240 Axion. The 
Axion provides analog and digital data over an IEC 61158 EtherCAT TiDL net-
work. This technology provides very low and deterministic latency over a point-
to-point architecture. The SEL-487B-1 Relay can receive as many as eight fiber-
optic links from as many as eight Axion nodes. See Section 2: Installation for 
more details about TiDL (EtherCAT) applications.

Single Busbar—As Many As 7 Terminals
Use one SEL-487B for the application in Figure 1.2. In this application, the relay 
has 2 three-phase bus-zones available. Wire the disconnect status to the relay to 
dynamically assign the terminal currents to the differential elements for each 
zone.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

http://selinc.com/solutions/technologies/#conformal-coating
http://selinc.com/
http://selinc.com/
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Figure 1.2 Single SEL-487B Protecting Double Bus Sections With Bus Tie 
Breaker
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Breaker-and-a-Half Busbar Configuration
Figure 1.3 shows a station with a breaker-and-a-half busbar configuration. For 
this configuration, and with seven or fewer terminals on either busbar, use one 
SEL-487B per busbar.

                    
                    

Figure 1.3 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration
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Triple Busbar—As Many As 21 Terminals
Figure 1.4 shows a triple busbar layout (i.e., two main busbars and a transfer 
bus).

                    

                    

                    

Figure 1.4 Three SEL-487B Relays Protect 2 Main Busbars and a Transfer Busbar, 1 Bus Coupler, and 17 Terminals

Table 1.1 Application Highlights (Sheet 1 of 2)

Application Key Feature

High number of terminals and zones Three-relay applications provide six zones of protection for as many as 21 terminals. 

Complex busbar arrangements Flexible zone selection logic uses the disconnect auxiliary contacts to dynamically 
assign the currents to the correct zones.

Wide range of bus applications A variety of bus applications are available: single bus, double bus, double bus with trans-
fer, breaker-and-a-half, triple bus arrangements.

High-speed tripping The SEL-487B features fast differential elements and fast closing trip outputs with total 
tripping times of less than one cycle.

Minimum CT requirements The differential elements are secure when the CTs reproduce the primary current with-
out saturating for at least 2 ms after external fault inception.
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Product Characteristics
Each SEL-400 Series Relay shares common features but has unique characteris-
tics. Table 1.2 summarizes the unique characteristics of the SEL-487B Relay.

                    

Open CT detection The open CT detection elements use delta IOP/IRT to reliably detect failed CTs within 
each differential zone.

Terminals with different CT ratios The SEL-487B accepts a CT mismatch of 10:1 in any one zone or combination of zones; 
for example, 250/5 to 2500/5.

Fast resetting internal breaker failure protec-
tion

The SEL-487B includes breaker failure protection with retrip for each terminal. Open-
phase detection ensures current-element reset in less than one cycle.

External breaker failure relays Set any terminal to “external breaker failure” to still use the trip logic in the relay, but the 
breaker failure initiation is from an external breaker failure relay.

Backup overcurrent protection Each terminal has instantaneous and inverse time-overcurrent elements.

Check zone as trip criterion Configure any of the six zones as an overall check zone or use any of the three the avail-
able independent check zones.

Voltage as trip supervision Choose from phase, negative-, or zero-sequence voltage to supervise the differential ele-
ments.

End-zone protection Use SELOGIC control equations to configure end-zone protection for faults between the 
feeder circuit breaker and the CT.

Fault between tie breaker and CT The SEL-487B includes logic to accelerate tripping for a fault between the tie breaker 
and CT. Further logic ensures the security of the healthy zone when the tie breaker is 
closed onto a fault.

Direct transfer trip Use MIRRORED BITS communications to send a trip to the remote end of the line.

Auxiliary relays The SEL-487B requires no auxiliary relays for zone selection.

SCADA applications analog and digital data 
acquisition for station-wide functions

The SEL-487B can acquire analog and digital data for station-wide functions.

Communications capability These protocols are included in the relay:

SEL Compressed ASCII, SEL Fast Messaging (SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER), SEL ASCII, Enhanced MIRRORED BITS communications, Ymo-
dem File Transfer, DNP3 Serial.

Additionally, you can choose these optional protocols:

Ethernet, IEC 61850, FTP, Telnet, DNP3 LAN/WAN.

Customized protection and automation 
schemes

The SEL-487B includes separate protection and automation SELOGIC control equation 
programming areas. Use timers and counters in expanded SELOGIC control equations for 
complete flexibility.

Table 1.1 Application Highlights (Sheet 2 of 2)

Application Key Feature

Table 1.2 SEL-487B Relay Characteristics (Sheet 1 of 2)

Characteristic Value

Standard Processing Rate 12 times per cycle

Battery Monitor One

Autorecloser none

MBG Protocol Not supported

SELOGIC

Protection Free Form 100 lines

Automation Free Form 10 blocks of 100 lines each
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Additionally, the SEL-487B does not support the following typical SEL-400 
Series features:

➤ Synchrophasors

➤ One-line diagrams on the front panel

➤ Breaker close operations

➤ Circuit breaker monitor

➤ Communications with the SEL-2600A RTD Module

SELOGIC Variables 64 protection

256 automation

SELOGIC Math Variables 64 protection

256 automation

Conditioning Timers 16 protection

32 automation

Sequencing Timers 32 protection

32 automation

Counters 32 protection

32 automation

Latch Bits 32 automation

32 protection

Control

Remote Bits 96

Breakers 21: 1–21 (open control only)

Disconnects 60 (status only)

Bay Control Not supported

Metering

Maximum/Minimum Metering Not supported

Energy Metering Not supported

Table 1.2 SEL-487B Relay Characteristics (Sheet 2 of 2)

Characteristic Value
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Specifications
Section 1Introduction and SpecificationsInstruction Manual
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using 
TiDL (EtherCAT), the operating times will be delayed by 1.5 ms. Use 
caution when setting the relay coordination times to account for this added 
delay. Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits 

for a Class A digital device, pursuant to part 15 of the FCC Rules. 
These limits are designed to provide reasonable protection against 
harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal: 0.1 VA @ 1 A

5 A Nominal: 0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage 
Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden: 0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage 
Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per 
IEC 60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage 
Range:

38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage 
Range:

85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups 

of 9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km
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Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.2 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power 
Utility Automation Profile)

Synchronization 
Accuracy:

±100 ns @ 1-second Sync Intervals when 
communicating directly with master 
clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation 
delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above 
+70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and 
sized equal to or greater than any other conductor connected to the 
device, unless otherwise required by local or national wiring 
regulations.

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, 

Battery Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, 

IRIG-B, Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand 
Capability (SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)
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Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + 

A2:2010
20 V/m (>35 V/m, 80% AM, 1 kHz)

Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz

Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency 
Magnetic Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles 

(12 + 12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering
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Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay 
Application:

Single-Relay Application:
21
7

Pickup Range: 0.1–4.0 per unit

Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current 
Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating 
Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage 
Range: 0–350 Vdc
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Specifications

Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)
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Installation

The first steps in applying the SEL-487B relay are installing and connecting the 
relay. This section describes common installation features and particular installa-
tion requirements for the physical configurations of the SEL-487B. You can 
order the relay in panel-mount or rack-mount versions, in a 9U horizontal orien-
tation, with as many as four interface boards, or in a 7U version, with as many as 
two interface boards. This section contains drawings of typical ac and dc connec-
tions to the SEL-487B (Figure 2.42 and Figure 2.43). Use these drawings as a 
starting point for planning your particular relay application.

To install and connect the relay safely and effectively, you must be familiar with 
relay configuration features, options, and relay jumper configuration. You should 
plan relay placement, cable connection, and relay communication carefully.

Consider the following when installing the SEL-487B:

➤ Shared Configuration Attributes on page 2.1

➤ Plug-In Boards on page 2.13

➤ Jumpers on page 2.15

➤ Relay Placement on page 2.21

➤ Connection on page 2.23

➤ AC/DC Connection Diagrams on page 2.46

It is also very important to limit access to the SEL-487B settings and control 
functions by using passwords. For information on relay access levels and pass-
words, see Access Levels and Passwords on page 3.7 in the SEL-400 Series 
Relays Instruction Manual.

For more introductory information on using the SEL-487B, see Section 2: PC 
Software and Section 3: Basic Relay Operations in the SEL-400 Series Relays 
Instruction Manual.

Shared Configuration Attributes
There are common or shared attributes among the many possible configurations 
of the SEL-487B. This section discusses the main shared features of the relay.

Relay Sizes
SEL produces the SEL-487B in a 9U panel-mount or rack-mount version, hori-
zontal orientation, or in a 7U panel-mount or rack-mount version. The 9U version 
is capable of supporting as many as four optional I/O boards, and the 7U version 
is capable of supporting as many as two optional I/O boards.
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Front-Panel Templates
The front-panel template is shown in Figure 2.1. The SEL-487B front panel has 
three pockets for slide-in labels: one pocket for the Target LED labels and two 
pockets for the Operator Control labels. Figure 2.1 and Figure 2.2 show the front-
panel pocket areas and openings; dashed lines denote the pocket areas.

                    
                    

Figure 2.1 Front-Panel Diagram, Panel-Mount Option, 9U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3560d
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Rear Panels 
Figure 2.3 and Figure 2.4 show examples of a rear panel with fixed terminal 
block analog inputs.

Connector Types
Screw-Terminal Connectors–I/O and Battery Monitor/Power

Connection to the relay I/O and Battery Monitor/Power terminals on the rear 
panel is through screw-terminal connectors. You can remove the entire screw-ter-
minal connector from the back of the relay to disconnect relay I/O, dc battery 
monitor, and power without removing each wire connection. The screw-terminal 
connectors are keyed (see Figure 2.21), so you can replace the screw-terminal 
connector on the rear panel only where you removed the screw-terminal connec-
tor. In addition, the receptacle key prevents you from inverting the screw-terminal 
connector. This feature makes relay removal and replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom two rows of 
the relay rear panel. You cannot remove these terminal blocks from the relay rear 
panel. These terminals offer a secure high-reliability connection for PT and CT 
secondaries.

                    

Figure 2.2 Front-Panel Diagram, Panel-Mount Option, 7U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3879a
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Connectorized

The Connectorized SEL-478B features receptacles that accept plug-in/plug-out 
connectors for terminating PT and CT inputs. This requires ordering a wiring 
harness (SEL-WA0487B) with mating plugs and wire leads. Figure 2.5 shows the 
relay with Connectorized CT and PT analog inputs. (See Connectorized on 
page 2.30 for more information.)

Time-Domain Link
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The TiDL (EtherCAT) SEL-487B has eight fiber-optic EtherCAT connections 
instead of the standard CT and PT analog inputs (see TiDL (EtherCAT) Connec-
tions on page 2.32 for more information).

                    
                    

Figure 2.3 Rear-Panel Diagram of SEL-487B With Four Interface Boards (9U Version)
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Figure 2.4 Rear-Panel Diagram of SEL-487B With Two Interface Boards (7U Version)
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Secondary Circuits
The SEL-487B presents a low burden to the CT and PT secondaries (see Specifi-
cations on page 1.11). 

The relay accepts 21 analog current inputs from the power system. CT inputs are 
labeled as follows: I01, I02–I21. Because the relay impedance is low, the current 
elements can be wired in series with current elements from other relays. 

                    

Figure 2.5 Rear-Panel Diagram of SEL-487B Connectorized Boards (7U Version)

                    

Figure 2.6 EtherCAT Board for TiDL
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WARNING

Figure 2.7 shows the CT connections of the A-phase unit in a three-relay applica-
tion. Current Input IA01 enters the relay at Terminal Y01 and leaves the relay at 
Terminal Y02 for input to other relays. 

Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

                    

Figure 2.8 shows the CT connections if the SEL-487B is the last relay in the CT 
circuit. For a single-relay application, Current Input IA enters the relay at Termi-
nal Y01, Input IB at Terminal Y03, and Input IC at Terminal Y05. Form the wye 
or star point by connecting Terminals Y02, Y04, and Y06 together and include 
the return wire to the CT on any one of these three terminals.

                    

Figure 2.9 shows the CT connections for a single-relay application when other 
devices are connected downstream of the SEL-487B. Current Input IA enters the 
relay at Terminal Y01 and leaves the relay at Terminal Y02 for input to other 
devices. B-phase and C-phase are wired similarly.

                    

Figure 2.7 CT Connections for a Three-Relay Application

                    

Figure 2.8 CT Connections for a Single-Relay Application When the SEL-487B 
Is the Last in the CT Circuit

IA01 IA02 IA03

A-Phase Unit

IA IB IC IN
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For 5 A relays, the rated nominal input current, INOM, is 5 A. For 1 A relays, the 
rated nominal input current, INOM, is 1 A. Continuous input current for both relay 
types is 3 • INOM (or 4 • INOM at +55°C). See AC Current Inputs (Secondary Cir-
cuits) on page 1.11 for complete CT input specifications.

The relay also accepts one set of three, six-wire potentials from power system PT 
secondaries at inputs V01, V02, and V03. The nominal line-to-neutral input volt-
age for the PT inputs is 67 volts with a maximum voltage rating of 300 volts and 
a burden of less than 0.1 VA at 125 V, L-N. The PT inputs and elements are inde-
pendent of each other for both the single-relay or three-relay applications.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

Relays that use the TiDL (EtherCAT) system do not contain secondary circuits on 
the relay. The secondary circuit uses an SEL-2240 Axion to supply the voltages 
and currents through a direct fiber link; however, the nominal current must be 
selected to appropriately apply scaling through various protection functions. The 
relay, by default, assumes 5 A as the nominal current selection. If you use 1 A 
scaling, use the CFG CTNOM command (see Table 14.28 in the SEL-400 Series 
Relays Instruction Manual for more information). The SEL-2245-42 AC Analog 
Input Module also sets its internal calculations based on this command. The relay 
internally transmits these data to the Axion modules and adjusts the appropriate 
scaling in the Axion module when this command is used.

In addition to the CT nominal values, TiDL relays also require you to set the 
nominal frequency by issuing the CFG NFREQ command. At Access Level 2, 
issue a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a 
CFG NFREQ 50 to set the relay to 50 Hz nominal. This command changes the 
NFREQ setting and restarts the relay, and it is only available in TiDL relays. The 
relay defaults to 60 Hz, so only use this command if you want to switch to 50 Hz 
nominal. Issue this command after the CFG CTNOM command but before send-
ing settings to the relay.

Control Inputs
Inputs into the relay are high-impedance control inputs. Use these inputs for 
monitoring change-of-state conditions of power system equipment. These high-
isolation control inputs are ground-isolated circuits and are not polarity sensitive, 

                    

Figure 2.9 CT Connections for a Single-Relay Application When the SEL-487B 
Is in Series With Other Relays

IA IB IC
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i.e., the relay will detect input changes with voltage applied at either polarity. For 
more information on control input specifications, see Specifications on 
page 1.11. 

Inputs can be independent or common. Independent inputs have two separate 
ground-isolated connections, with no internal connections among inputs. Com-
mon inputs share one input leg in common; all input legs of common inputs are 
ground isolated. Each group of common inputs is isolated from all other groups. 

Nominal current drawn by these inputs is 8 mA or less with six voltage options 
covering a wide range of voltages, as published in the Specifications on 
page 1.11. You can debounce the control input pickup delay and dropout delay 
separately for each input as a global setting that applies to all the inputs.

AC Control Signals
Optoisolated control inputs can be used with ac control signals, within the ratings 
shown in Control Inputs on page 1.12. Specific pickup and dropout time-delay 
settings are required to achieve the specified ac thresholds, as shown in Table 2.1.

It is possible to mix ac and dc control signal detection on the same INT4 I/O 
interface board, provided that the two signal types are not present on the same set 
of combined inputs. Use standard debounce time settings (usually the same value 
in both the pickup and dropout settings) for the inputs being used with dc control 
voltages.

                    

The recognition times listed in Table 2.1 are only valid when:

➤ The ac signal applied is at the same frequency as the power system.

➤ The signal is within the ac threshold pickup ranges defined in 
Control Inputs on page 1.12.

➤ The signal contains no dc offset.

The SEL-487B samples the optoisolated inputs at 2 kHz.

Control Outputs
Control outputs from the relay include standard outputs and high-speed (high-
current interrupting) outputs. A Metal-Oxide Varistor (MOV) protects against 
excess voltage transients for each contact. Each output is individually isolated 
except Form C outputs, which share a common connection between the NC (nor-
mally closed) and NO (normally open) contacts.

Table 2.1 Required Settings for Use With AC Control Signalsa

a First set Global setting EICIS := Y to gain access to the individual input pickup and dropout timer 
settings (only available for installed INT4 I/O interface boards).

Global Settings Description Entryb

b These are the only setting values that SEL recommends for detecting ac control signals. Other 
values may result in inconsistent operation.

Relay Recognition Time for AC 
Control Signal State Change

IN201PU–IN224PU, 
IN301PU–IN324PU, 
IN401PU–IN424PU, 
IN501PU–IN524PU

Pickup Delay 2.0 ms at 60 Hz 
2.5 ms at 50 Hz 
(approximately
1/8 cycle)

0.625 cycles maximum 
(assertion)

IN201DO–IN224DO, 
IN301DO–IN324DO, 
IN401DO–IN424DO, 
IN501DO–IN524DO

Dropout Delay 16.5 ms at 60 Hz 
20.0 ms at 50 Hz 
(approximately 
1 cycle)

1.1875 cycles maximum 
(deassertion)
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The relay updates control outputs 12 times per cycle. Updating of relay control 
outputs does not occur when the relay is disabled. When the relay is re-enabled, 
the control outputs assume the state that reflects the present protection processing.

Standard Control Outputs
NOTE: You can use ac or dc circuits 
with standard control outputs.

The Standard control outputs are dry Form A (NO) contacts. Ratings for standard 
outputs are 30 A make, 6 A continuous, and 0.5 A or less break (depending on 
circuit voltage). Standard contact outputs have a maximum voltage rating of 
250 Vac/330 Vdc. Maximum break time is 6 ms (milliseconds) with a resistive 
load. The maximum pickup time for the Standard control outputs is 6 ms. 
Figure 2.10 shows a representative connection for a Form A Standard control 
output on the main board I/O terminals.

                    

See Control Outputs on page 1.11 for complete standard control output specifica-
tions.

Hybrid (High-Current Interrupting) Control Outputs
The hybrid (high-current interrupting) control outputs are polarity-dependent and 
are capable of interrupting high-current, inductive loads. Hybrid control outputs 
use an Insulated Gate Bipolar Junction Transistor (IGBT) in parallel with a 
mechanical contact to interrupt (break) highly inductive dc currents. The contacts 
can carry continuous current, while eliminating the need for heat sinking and pro-
viding security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit induc-
tive/resistive) ratio. As the L/R ratio increases, the time needed to interrupt the 
circuit fully increases also. The reason for this increased interruption delay is that 
circuit current continues to flow through the output MOV after the output deas-
serts, until all of the inductive energy dissipates. Maximum dropout (break) time is 
6  ms with a resistive load, the same as for the standard control outputs. The other 
ratings of these control outputs are similar to the standard control outputs, except 
that the hybrid outputs can break current as great as 10 A. Hybrid contact outputs 
have a maximum voltage rating of 330 Vdc.

The maximum contact closing time for the hybrid control outputs is 6 ms. 
Figure 2.11 shows a representative connection for a Form A hybrid control out-
put on the main board I/O terminals.

                    

Figure 2.10 Standard Control Output Connection

OUT03

O5
O6

CAUTION
Equipment damage can result from con-
necting ac circuits to hybrid (high-cur-
rent interrupting) control outputs. Do 
not connect ac circuits to Hybrid control 
outputs. Use only dc circuits with Hybrid 
control outputs.
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See Control Outputs on page 1.11 for complete hybrid control output specifications.

High-Speed, High-Current Interrupting Control Outputs
NOTE: You can use only dc circuits 
with high-speed, high-current 
interrupting outputs.

In addition to the standard control outputs, the INT4 I/O interface board offers 
high-speed, high-current interrupting control outputs. These control outputs have 
a resistive load pickup time of 10 s, which is much faster than the 6 ms pickup 
time of the standard and hybrid control outputs. The high-speed, high-current 
interrupting control outputs drop out at a maximum time of 8 ms. The maximum 
voltage rating is 330 Vdc. See Control Outputs on page 1.11 for complete high-
speed, high-current interrupting control output specifications.

Figure 2.12 shows a representative connection for a Form A high-speed, high-
current interrupting control output on the INT4 I/O interface terminals. The HS 
marks are included to indicate that this is a high-speed control output.

                    

Short transient inrush current can flow at the closing of an external switch in 
series with open high-speed, high-current interrupting contacts. This transient 
will not energize the circuits in typical relay-coil control applications (trip coils 
and close coils), and standard auxiliary relays will not pick up. However, an 
extremely sensitive digital input or light-duty, high-speed auxiliary relay can pick 
up for this condition. This false pickup transient occurs when the capacitance of 
the high-speed, high-current interrupting output circuitry charges (creating a 
momentary short circuit that a fast, sensitive device sees as a contact closure).

Figure 2.13 shows some possible connections for external resistors that will elim-
inate the false pickup transients when closing an external switch. In general, you 
must connect external resistors to the dc rail (positive or negative) that is on the 
same side as the open external switch condition. If an open switch exists on either 
side of the output contact, then you can accommodate only one condition because 
two open switches (one on each side of the contact) defeat the precharge circuit.

                    

Figure 2.11 Hybrid Control Output Connection

OUT01

+

O1
O2

                    

Figure 2.12 High-Speed, High-Current Interrupting Control Output Connection, 
INT4

OUT03

O5
O6

HS
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Main Board I/O
The SEL-487B has 9U and 7U chassis options with I/O interface on the main 
board. See Figure 2.3 and Figure 2.18 for representative views of the 9U chassis 
rear panel and Figure 2.4 and Figure 2.19 for representative views of the 7U 
chassis rear panel.

Every SEL-487B configuration includes the main board I/O and features these 
connections:

➤ Three hybrid (high-current interrupting) Form A outputs

➤ Two standard Form A outputs

➤ Three standard Form C outputs

➤ Seven level-sensitive optoisolated control inputs (five independent 
and two common)

IRIG-B Inputs
Supply high-accuracy time to the SEL-487B via the IRIG-B IN BNC connector 
on the rear of the relay. You can use the IRIG OUT BNC connector to output 
IRIG, but you cannot use the output signal for high-accuracy timekeeping 
because it lacks the IEEE C37.118 IRIG control bits. If you need high-accuracy 
IRIG timekeeping, do not use the IRIG OUT connection as a high-accuracy IRIG 
source. Instead, use the connections external to the relay to distribute the IRIG 
signal between relays. In a three-relay application, any one of the three units can 
be the reference relay; by connecting the IRIG-B signal to the IRIG-B terminal 
labeled IN, the relay becomes the reference relay. Connect the IRIG-B terminal 
labeled OUT from the reference relay to the IRIG-B terminal labeled IN of the 
next relay, and so on. If there is no IRIG-B available, the relays generate the syn-
chronizing signal internally to synchronize the three relays relative to each other, 
although not to an absolute time reference. You can provide IRIG-B time-code 
format signals to the relay from many sources (SEL-2030 Communications Pro-
cessor, for instance). See Section 11: Time and Date Management in the SEL-400 
Series Relays Instruction Manual for more information on the use and benefits of 
high-accuracy timekeeping.

The IRIG-B serial data format consists of a 1-second frame containing 100 pulses 
divided into fields. The relay decodes the second, minute, hour, and day fields 
and sets the internal time clock upon detecting valid time data in the IRIG time 
mode. See IRIG-B Input Connections on page 2.41 for information on enabling 
IRIG-B timekeeping.

                    

Figure 2.13 Precharging Internal Capacitance of High-Speed, High-Current 
Interrupting Output Contacts, INT4

Load

(+)

(–)

Precharge circuit
path external to high-speed 

high-current interrupting 
control output

01

02
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IRIG-B Pins of Serial Port 1
This IRIG-B input is capable of regular IRIG mode timekeeping only. Timing 
accuracy for the IRIG time mode is 500 µs.

IRIG-B BNC Connector
This IRIG-B input is capable of both modes of timekeeping. If the connected 
timekeeping source is qualified as high-accuracy, the relay enters the HIRIG 
mode, which has a timing accuracy of 1 µs. If both inputs are connected, the 
SEL-487B uses the IRIG-B signal from the BNC connection (if a signal is avail-
able).

Battery-Backed Clock
If relay input power is lost or removed, a lithium battery powers the relay clock 
providing date and time backup. The battery is a 3 V lithium coin cell, Rayovac 
no. BR2335 or equivalent. If power is lost or disconnected, the battery discharges 
to power the clock. At room temperature (25°C, 77°F), the battery will operate 
for approximately 10 years at rated load. 

When the SEL-487B is operating with power from an external source, the self-
discharge rate of the battery is very small. Thus, battery life can extend well 
beyond the nominal 10-year period. The battery cannot be recharged. Figure 2.14 
shows the clock battery location (at the front of the main board). 

If the relay does not maintain the date and time after power loss, replace the bat-
tery (see Replacing the Lithium Battery on page 10.27 in the SEL-400 Series 
Relays Instruction Manual).

Communications Interfaces
The SEL-487B has several communications interfaces you can use to communi-
cate with other intelligent electronic devices (IEDs) via EIA-232 ports: PORT 1, 
PORT 2, PORT 3, and PORT F. See Section 15: Communications Interfaces in the 
SEL-400 Series Relays Instruction Manual for more information and options for 
connecting your relay to the communications interfaces.

An optional Ethernet card provides Ethernet capability for the SEL-487B. An 
Ethernet card gives the relay access to popular Ethernet networking standards 
including TCP/IP, FTP, Telnet, DNP3, and IEC 61850 over local area and wide 
area networks. The Ethernet card with IEC 61850 support is only available at 
purchase as a factory-installed option. For information on DNP3 applications, see 
Section 16: DNP3 Communication in the SEL-400 Series Relays Instruction 
Manual. For more information on IEC 61850 applications, see Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Plug-In Boards
The SEL-487B supports as many as four interface boards. There are ordering 
options for the number of I/O boards, as well as the overall chassis size. A 9U 
chassis ordering option provides support for as many as four additional interface 
boards. A 7U chassis option provides support for as many as two additional inter-
face boards. Both chassis sizes are available in rack- or panel-mount versions.



2.14

SEL-487B Relay Instruction Manual Date Code 20230830

Installation
Plug-In Boards

Plug-in communications cards are also available for the SEL-487B. The optional 
Ethernet card allows you to use TCP/IP, FTP, Telnet, DNP LAN/WAN, and 
IEC 61850 applications on an Ethernet network. This card is only available at the 
time of purchase of a new SEL-487B as a factory-installed option or as a factory-
installed conversion to an existing relay.

I/O Interface Boards 
When the 9U chassis size is ordered, you can choose as many as four INT4 inter-
face boards for a total of 96 inputs and 32 outputs (all four boards installed). 
When the 7U chassis size is ordered, you can choose as many as two INT4 inter-
face boards for a total of 48 inputs and 16 outputs (both boards installed). In addi-
tion to the inputs and outputs provided by the INT4 interface boards, there are 
also 7 inputs and 8 outputs on the main board (described in Main Board I/O on 
page 2.12). Refer to Figure 2.3 for a view of the interface boards and the rear 
screw-terminal connectors associated with the interface boards.

The I/O interface boards carry jumpers that identify the board location. See 
Jumpers on page 2.15 for more information on I/O board jumpers.

I/O Interface Board Inputs
The INT4 I/O interface board has two groups of nine common contacts (18 total) 
and six independent control inputs. All independent inputs are isolated from 
other inputs. These high-isolation control inputs are not polarity sensitive, i.e., 
you cannot damage these inputs with a reverse polarity connection.

Table 2.2 shows the I/O board input capacities and the I/O inputs on the main 
board. See Control Inputs on page 1.12 for complete control input specifications.

                    

I/O Interface Board Outputs
The INT4 I/O interface board is available with either six high-speed and two 
standard output contacts, or eight standard contact outputs. Table 2.3 shows the 
I/O board outputs; the table also shows the I/O outputs on the main board. See 
Control Outputs on page 1.11 for complete control output specifications.

                    

Table 2.2 Control Inputs

Board Independent Contact Pairs Common Contact Pairs

INT4 6 Two sets of 9

Main Board 5 2

Table 2.3 Control Outputs

Board
Standard High-Speed Hybrida

a High-current interrupting.

Form A Form C Form A Form A

INT4 with high-speed outputs 2 0 6 0

INT4 with standard outputs 8 0 0 0

Main Board 2 3 0 3
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CAUTION

Ethernet Card
You can add Ethernet communications protocols to the SEL-487B by purchasing 
the Ethernet card option. Factory-installed in the rear relay Port 5, the Ethernet 
card provides Ethernet ports for industrial applications that process data traffic 
between the SEL-487B and a local area network (LAN).

Jumpers
The SEL-487B contains jumpers that configure the relay for certain operating 
modes. The jumpers are located on the main board and on each of the I/O inter-
face boards.

Main Board Jumpers 
The jumpers on the main board of the SEL-487B perform the following func-
tions:

➤ Temporary/emergency password disable

➤ Circuit breaker control enable

➤ Rear serial port +5 Vdc source enable

Figure 2.15 shows the positions of the main board jumpers. The main board 
jumpers are in two locations. The password disable jumper and circuit breaker 
control jumper are at the front of the main board. The serial port jumpers are near 
the rear-panel serial ports; each serial port jumper is directly in front of the serial 
port that it controls.

Password and Circuit Breaker Jumpers
You can access the password disable jumper and circuit breaker control jumper 
without removing the main board from the relay cabinet. Remove the SEL-487B 
front cover to view these jumpers (use appropriate ESD precautions). The pass-
word and circuit breaker jumpers are on jumper header J18 on the front of the 
main board.

Do not install a jumper on positions A 
or D of the main board J18 header. 
Relay misoperation can result if you 
install jumpers on positions J18A and 
J18D.

There are four jumpers, denoted as D, BREAKER, PASSWORD, and A, from 
left to right (position D being on the left). Positions D and A are for SEL use, 
position PASSWORD is the password disable jumper, and position BREAKER is 
the circuit breaker control enable jumper. Figure 2.15 shows the jumper header 
with the circuit breaker/control jumper in the ON position and the password 
jumper in the OFF position; these are the normal jumper positions for an in-ser-
vice relay. Table 2.4 lists the J18 jumper positions and functions.
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Figure 2.14 Major Component Locations on the SEL-487B Main Board
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The password disable jumper, PASSWORD, is for temporary or emergency sus-
pension of the relay password protection mechanisms. Under no circumstance 
should you install PASSWORD on a long-term basis. The SEL-487B ships with 
password disable jumper PASSWORD OFF (passwords enabled).

The circuit breaker control enable jumper, BREAKER, supervises the OPEN n 
command, the PULSE OUTnnn command, and front-panel local bit control. To 
use these functions, you must install Jumper BREAKER. The relay checks the 
status of the circuit breaker control jumper when you issue OPEN n, PULSE 
OUTnnn, and when you use the front panel to close or open circuit breakers, 
control a local bit, or pulse an output. The SEL-487B ships with circuit breaker 
Jumper BREAKER OFF. For commissioning and testing of the SEL-487B con-
tact outputs, it may be convenient to set BREAKER ON, so that the PULSE 
OUTnnn commands can be used to check output wiring. BREAKER must also 
be set ON if SCADA (DNP, Fast Operate, IEC 61850) control of the circuit 
breaker is required or if the LOCAL CONTROL > BREAKER CONTROL screens are 
going to be used.

                    

Figure 2.15 Jumper Location on the Main Board
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Table 2.4 Main Board Jumpers

Jumper
Jumper 
Location

Jumper 
Positiona

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Function

A Front OFF For SEL use only

PASSWORD Front OFF Enable password protection (normal and 
shipped position)

ON Disable password protection (temporary or 
emergency only)

BREAKER Front OFF Disable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb 
(shipped position)

b Also affects the availability of SCADA Control Messages and the front-panel LOCAL CONTROL 
> BREAKER CONTROL, and front-panel LOCAL CONTROL > OUTPUT TESTING screens.

ON Enable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb

D Front OFF For SEL use only
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Serial Port Jumpers
Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the three 
rear-panel EIA-232 serial ports. The maximum current available from this Pin 1 
source is 0.5 A. The Pin 1 source is useful for powering an external modem. 
Table 2.5 describes the JMP2, JMP3, and JMP4 positions. Refer to Figure 2.15 
for the locations of these jumpers. The SEL-487B ships with JMP2, JMP3, and 
JMP4 OFF (no +5 Vdc on Pin 1).

                    

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. To change the 
JMP2, JMP3, and JMP4 jumpers in an SEL-487B, perform the following steps: 

Step 1. Remove the relay from service.

a. Follow your company’s standard for removing a relay from 
service.

b. Disconnect power from the SEL-487B.

c. Retain the GND connection, if possible, and ground the 
equipment to an ESD mat.

Step 2. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 3. Remove the front panel from the SEL-487B.

Step 4. Disconnect the front-panel cable at the front panel.

Step 5. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 6. Remove rear-panel EIA-232 ports mating connectors.

a. Unscrew the keeper screws.

b. Disconnect any serial cables connected to the PORT 1, PORT 2, and 
PORT 3 rear-panel receptacles.

Step 7. Remove any Ethernet and IRIG-B connections.

Step 8. Carefully pull out the drawout assembly containing the main board.

Step 9. Locate the jumper you want to change.

Jumpers JMP2, JMP3, and JMP4 are located at the rear of the main 
board, directly in front of PORT 3, PORT 2, and PORT 1, respectively (see 
Figure 2.15).

Step 10. Install or remove the jumper as needed.

See Table 2.5 for jumper position descriptions.

Step 11. Reinstall the SEL-487B main board.

Table 2.5 Main Board Jumpers—JMP2, JMP3, and JMP4a

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Jumper
Jumper 
Location

Jumper 
Position

Pin Connections

JMP2 Rear OFF

ON

Serial Port 3, Pin 1 = not connected

Serial Port 3, Pin 1 = +5 V

JMP3 Rear OFF

ON

Serial Port 2, Pin 1 = not connected

Serial Port 2, Pin 1 = +5 V

JMP4 Rear OFF

ON

Serial Port 1, Pin 1 = not connected

Serial Port 1, Pin 1 = +5 V

WARNING
Have only qualified personnel service 
this equipment. If you are not 
qualified to service this equipment, 
you can injure yourself or others, or 
cause equipment damage.

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 12. Reconnect the power cable, the interface board cable(s), and the 
input board analog cable.

Step 13. Reattach the front panel.

Step 14. Reconnect any external cables that you removed in the disassembly 
process.

Step 15. Follow your company’s standard procedure to return the relay to 
service.

I/O Interface Board Jumpers
Jumpers on the INT4 I/O interface board identify the I/O board control address 
(see I/O Interface Boards on page 2.14 for more information on these boards). 
The jumpers on these I/O interface boards are at the front of each board, as shown 
in Figure 2.16.
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To confirm the positions of your I/O board jumpers, you can remove the front 
panel and inspect the jumper placements visually. Table 2.6 lists the four jumper 
positions for I/O interface boards. Refer to Figure 2.17 for the locations of these 
jumpers.

                    

Figure 2.16 Major Component Locations on the SEL-487B INT4 I/O Board
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The I/O board control address has a hundreds-series prefix attached to the control 
inputs and control outputs for that particular I/O board chassis slot.

A 7U chassis has a 200-address slot for inputs IN201, IN202, etc. and outputs 
OUT201, OUT202, etc., and a 300-address slot for IN301, IN302, etc. A 9U 
chassis also has a 400-address slot and 500-address slot for as many as two addi-
tional I/O boards. The drawout tray on which each I/O board is mounted is keyed. 
See Installing Optional I/O Interface Boards on page 10.30 in the SEL-400 
Series Relays Instruction Manual for information on the key positions for the 
200-addresses slot trays and the 300-addresses slot trays.

                    

See Figure 2.3 for board location details.

Relay Placement
Proper placement of the SEL-487B helps make certain that you receive years of 
trouble-free power system protection. Use the following guidelines for proper 
physical installation of the SEL-487B.

Physical Location 
You can mount the SEL-487B in a sheltered indoor environment (a building or an 
enclosed cabinet) that does not exceed the temperature and humidity ratings for 
the relay. 

This rating allows mounting the relay indoors or in an outdoor (extended) enclo-
sure where the relay is protected against exposure to direct sunlight, precipita-
tion, and full wind pressure, but neither temperature nor humidity are controlled. 
You can place the relay in extreme temperature and humidity locations. The relay 
operates in –40° to +85°C (–40° to +185°F) temperatures (see Operating Tem-
perature on page 1.13). With no condensation present, the relay operates in 
humidity ranging from 5 percent to 95 percent. 

Rack Mounting
When mounting the SEL-487B in a rack, use the reversible front flanges to either 
semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails of 
approximately 1.1 inches (27.9 mm). The projection mount places the front panel 
approximately 3.5 inches (88.9 mm) in front of the relay rack rails.

See Figure 2.17 for exact mounting dimensions for both the horizontal and verti-
cal rack-mount relays. Use four screws of the appropriate size for your rack.

Table 2.6 I/O Board Jumpers

Description JMP49A JMP49B JMP50A JMP50B

Position A (Main Board) 1xx I/O N/A N/A N/A N/A

Position B (Expansion I/O) 2xx I/O OFF OFF OFF OFF

Position C (Expansion I/O) 3xx I/O ON OFF ON OFF

Position D (Expansion I/O) 4xx I/O OFF ON OFF ON

Position E (Expansion I/O) 5xx I/O ON ON ON ON
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Panel Mounting 
Place the panel-mount versions of the SEL-487B in a switchboard panel. See the 
drawings in Figure 2.17 for panel cut and drill dimensions. Use the supplied 
mounting hardware to attach the relay.

                    

Figure 2.17 Relay Chassis Dimensions
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CAUTION

Connection

Insufficiently rated insulation can 
deteriorate under abnormal operat-
ing conditions and cause equipment 
damage. For external circuits, use wir-
ing of sufficiently rated insulation that 
will not break down under abnormal 
operating conditions.

The SEL-487B is available with a main board and as many as four INT4 interface 
boards. The INT4 interface board is available to expand the control inputs and 
control outputs only. There are two relay size options: a 9U chassis capable of 
supporting as many as the maximum of four interface boards, or a 7U chassis 
capable of supporting as many as two interface boards. This subsection presents a 
representative sample of relay rear-panel configurations and the connections to 
these rear panels. 

When connecting the SEL-487B, refer to your company plan for wire routing and 
wire management. Be sure to use wire that is appropriate for your installation 
with an insulation rating of at least 90°C.

Rear-Panel Layout
Figure 2.18 and Figure 2.19 show the rear panel of the relay with only the main 
board installed, and Figure 2.3, Figure 2.4, and Figure 2.5 show the rear panel of 
the relay fully equipped. For clarity, the figures do not show a communications 
card installed in PORT 5.
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Figure 2.18 Rear Panel With Only Main Board (9U Version)
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Rear-Panel Symbols
Figure 2.20 shows important safety symbols and their descriptions. These safety 
symbols appear on the rear of the relay. Observe proper safety precautions when 
you connect the relay at terminals marked by these symbols. In particular, the 
danger symbol located on the rear panel corresponds to the following: Contact 
with instrument terminals can cause electrical shock that can result in injury or 
death. Be careful to limit access to these terminals.

                    

Screw-Terminal Connectors
Terminate connections to the SEL-487B screw-terminal connectors with ring-
type crimp lugs. Use a #8 ring lug with a maximum width of 9.1 mm (0.36 in). 
The screws in the rear-panel screw-terminal connectors are #8-32 binding head, 
slotted, nickel-plated brass screws. Tightening torque for the terminal connector 
screws is 1.0 Nm to 2.0 Nm (9 in-lb to 18 in-lb). 

                    

Figure 2.19 Rear Panel With Only Main Board (7U Version)

                    

Figure 2.20 Rear-Panel Symbols

Danger (Caution,
risk of danger)

Symbol

Grounding
Terminal
Symbol

DC Input SymbolAC/DC Input Symbol
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You can remove the screw-terminal connectors from the rear of the SEL-487B by 
unscrewing the screws at each end of the connector block. Remove the connector 
by pulling the connector block straight out. Note that the receptacle on the relay 
circuit board is keyed; you can insert each screw-terminal connector in only one 
location on the rear panel. To replace the screw-terminal connector, confirm that 
you have the correct connector, push the connector firmly onto the circuit board 
receptacle, and reattach the two screws at each end of the block.

Changing Screw-Terminal Connector Keying
You can rotate a screw-terminal connector so that the connector wire dress posi-
tion is the reverse of the factory-installed position (for example, wires entering 
the relay panel from below instead of from above). In addition, you can move 
similar function screw-terminal connectors to other locations on the rear panel. 
To move these connectors to other locations, you must change the screw-terminal 
connector keying. Inserts in the circuit board receptacles key the receptacles for 
only one screw-terminal connector in one orientation. Each screw-terminal con-
nector has a missing web into which the key fits (see Figure 2.21). If you want to 
move a screw-terminal connector to another circuit board receptacle or reverse 
the connector orientation, rearrange the receptacle keys to match the screw-termi-
nal connector block. Use long-nosed pliers to move the keys. Figure 2.22 shows 
the factory-default key positions.

                    
                    

Figure 2.21 Screw-Terminal Connector Keying

Webs Removed for Keying
(Receptacle Keys Fit Here)

Top View

Front View

A B C D E F 1 2 3 4 5 6
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Figure 2.22 Rear-Panel Receptacle Keying
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Grounding
Connect the grounding terminal (#Y31) labeled GND on the rear panel to a rack 
frame ground or main station ground for proper safety and performance. This 
protective earthing terminal is in the lower right side of the relay panel (see 
Figure 2.18. The symbol that indicates the grounding terminal is shown in 
Figure 2.20. Use 14 AWG (2.5 mm2) or larger wire, less than 2 m (6.6 feet) in 
length for this connection. This terminal connects directly to the internal chassis 
ground of the SEL-487B.

Power Connections 
The terminals labeled POWER on the rear panel (Y29 and Y30) must connect to a 
power source that matches the power supply characteristics that your SEL-487B 
specifies on the rear-panel serial number label. (See Power Supply on page 1.11 
for complete power input specifications.)

                    

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

The POWER terminals are isolated from chassis ground. Use 18 AWG (0.8 mm2) 
or larger size wire to connect to the POWER terminals. Connection to external 
power must comply with IEC 60947-1 and IEC 60947-3 and must be identified 
as the disconnect device for the equipment. Place an external disconnect device, 
either a switch/fuse combination or circuit breaker in the POWER leads for the 
SEL-487B; this device must interrupt both the hot (H/+) and neutral (N/-) power 
leads. The current rating for the power disconnect circuit breaker or fuse must be 
20 A maximum.

Operational power is internally fused by power supply fuse F1. Table 2.7 lists the 
SEL-487B power supply fuse requirements. Be sure to use fuses that comply 
with IEC 127-2. 

You can order the SEL-487B with one of three operational power input ranges 
listed in Table 2.7. Each of the three supply voltage ranges represents a power 
supply ordering option. As noted in Table 2.7, model numbers for the relay with 
these power supplies begin with 0487B1n, where n is 2, 4, or 6, to indicate low-, 
medium-, and high-voltage input power supplies, respectively. Note that each 
power supply range covers two widely used nominal input voltages. The 
SEL-487B power supply operates from 30 Hz to 120 Hz when ac power is used 
for the POWER input.

                    

Figure 2.23 Power Connection Areas of the Rear Panel

Terminal Y31
Terminal Y30Terminal Y29
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The SEL-487B accepts dc power input for all three power supply models. The 
48–125 Vdc supply also accepts 110–120 Vac; the 125–250 Vdc supply also 
accepts 110–240 Vac. When connecting a dc power source, connect the source 
with the proper polarity, as indicated by the + (Terminal Y29) and – (Terminal 
Y30) symbols on the power terminals. When connecting an ac power source, the 
+ Terminal Y29 is hot (H), and the – Terminal Y30 is neutral (N). Each model of 
the SEL-487B internal power supply exhibits low power consumption and a wide 
input voltage tolerance. For more information on the power supplies, see Power 
Supply on page 1.11.

Monitor Connections (DC Battery)
Each SEL-487B monitors one dc battery system. For information on the battery 
monitoring function, see Station DC Battery System Monitor on page 8.21 in the 
SEL-400 Series Relays Instruction Manual. Connect the positive lead of the Bat-
tery System to Terminal Y25 and the negative lead of the Battery System to Ter-
minal Y26. (Usually the Battery System is also connected to the rear panel 
POWER input terminals.) For the three-unit application and when there are two 
battery systems at a station, connect the second battery system to any one of the 
other two relays (also Terminals Y25 and Y26).

Secondary Circuit Connections
Each SEL-487B has 21 current inputs and 3 voltage inputs. Shared Configuration 
Attributes on page 2.1 describes these inputs in detail. Use appropriate safety pre-
cautions when connecting secondary circuits to these terminals. 

To verify these connections, use SEL-487B metering (see Examining Metering 
Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). You 
can also review metering data in an event report that results when you issue the 
TRIGGER command.

                    

Fixed Terminal Blocks
Connect the secondary current circuits to the first 18 terminals on the Y terminal 
block (Terminals Y01–Y18) and on the Z terminal block (Terminals Z01–Z24).

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

Connect the voltage inputs to Terminals Y19–Y24 on the Y terminal block. Note 
the polarity dots above the odd-numbered terminals (Y01 and Y03–Y23, Z01 and 
Z03–Z23) for the analog inputs.

Table 2.7 Fuse Requirements for the Power Supply

Rated Voltage
Operational 

Voltage Range
Fuse F1 Fuse Description

24–48 Vdc 18–60 Vdc T5.0AH250V 5x20 mm, time-lag, 5.0 A, 
high-break capacity, 250 V

48–125 Vdc or
110–120 Vac

38–140 Vdc or
85–140 Vac
(30–120 Hz) 

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

125–250 Vdc or
110–240 Vac

85–300 Vdc or
85–264 Vac
(30–120 Hz

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

CAUTION
Relay misoperation can result from 
applying anything other than speci-
fied secondary voltages and currents. 
Before making any secondary circuit 
connections, check the nominal volt-
age and nominal current specified on 
the rear-panel nameplate.

DANGER
Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.
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Connectorized
For the Connectorized SEL-487B, order the wiring harness kit, SEL-WA0487B. 
The wiring harness contains eight prewired connectors for the relay current and 
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact 
your local Technical Service Center or the SEL factory for ordering information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectors into terminals #Z01 through #Z24 
and #Y01 through #Y18, as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws located 
on each end of the connector.

When you remove the CT shorting connector, pull straight away 
from the relay rear panel.

As you remove the connector, internal mechanisms within the 
connector separately short each power system current transformer.

You can install these connectors in only one orientation.

Step 3. Plug the PT voltage connectors into terminals #Y19 to #Y24, as 
appropriate.

Odd numbered terminals are the polarity terminals. You can install 
these connectors in only one orientation.

Control Circuit Connections
You can configure the SEL-487B with many combinations of control inputs and 
control outputs. See Main Board I/O on page 2.12 and I/O Interface Boards on 
page 2.14 for information about I/O configurations. This subsection provides 
details about connecting these control inputs and outputs. Refer to Figure 2.3 for 
representative rear-panel screw-terminal connector locations.

Control Inputs
No control input on the relay is polarity sensitive, which means you cannot dam-
age these inputs with a reverse polarity connection. Note that the main board I/O 
control inputs have one set of two inputs that share a common input leg. These 
inputs are IN106 and IN107 found on Terminals A30, A31, and A32. To assign 
the functions of the control inputs, see Operating the Relay Inputs and Outputs 
on page 3.55 in the SEL-400 Series Relays Instruction Manual for more details. 
You can also use ACSELERATOR QuickSet SEL-5030 Software to set and verify 
operation of the inputs.

Control Outputs
The SEL-487B has three types of outputs:

➤ Standard outputs (for example: main board OUT104)

➤ Hybrid (high-current interrupting) outputs (for example: main board 
OUT101)

➤ High-speed, high-current interrupting (for example: INT4 board 
OUT01). See Control Outputs on page 2.9 for more information.
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You can connect the standard outputs and the high-speed, high-current interrupt-
ing outputs in either ac or dc circuits. Connect the high-current interrupting out-
puts to dc circuits only. The screw-terminal connector legends alert you about 
these requirements by showing polarity marks on the hybrid (high-current inter-
rupting) contacts and HS marks on the high-speed, high-current interrupting con-
tacts. Two pairs of Form C contacts are on the main board. The INT4 I/O 
interface board is available with six high-speed and two standard output contacts, 
or optionally, with eight standard output contacts.

Alarm Output

The SEL-487B monitors internal processes and hardware in continual self-tests. 
If the relay senses an out-of-tolerance condition, the relay declares a Status Warn-
ing or a Status Failure. The relay signals a Status Warning by pulsing the 
HALARM Relay Word bit (hardware alarm) to a logical 1 for five seconds. For a 
Status Failure, the relay latches the HALARM Relay Word bit at logical 1. To 
provide remote alarm status indication, connect the b contact of OUT108 to your 
control system remote alarm input. Figure 2.24 shows the configuration of the a 
and b contacts of control output OUT108.

                    

Default settings for Output OUT 107 and Output OUT108 are as follows:

OUT107 := TNS_SW #RELAY TEST MODE

OUT108 := NOT (SALARM OR HALARM)

TNS_SW is a test function programmed to Pushbutton PB4, labeled RELAY TEST 
MODE. Output OUT107 asserts when the relay is in the test mode. When the relay 
is operating normally, the NOT HALARM signal is at logical 1 and the b contact 
of control output OUT108 is open. When a Status Warning condition occurs, the 
relay pulses the NOT HALARM signal to logical 0 and the b contact of OUT108 
closes momentarily to indicate an alarm condition. For a Status Failure, the relay 
disables all control outputs and the OUT108 b contact closes to trigger an alarm. 
Also, when relay power is off, the OUT108 b contact closes to generate a power-
off alarm. See Relay Self-Tests on page 10.19 in the SEL-400 Series Relays 
Instruction Manual for information on relay self-tests.

The relay pulses the SALARM Relay Word bit for software programmed condi-
tions; these include settings changes, access level changes, alarming after three 
unsuccessful password entry attempts, and Ethernet firmware upgrade attempts.

                    

Figure 2.24 Control Output OUT108

N/C N/O

1817

OUT108

19

b a

(connect alarm here)
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Tripping and Closing Outputs

To assign the control outputs for tripping, see Setting Outputs for Tripping and 
Closing on page 3.61 in the SEL-400 Series Relays Instruction Manual. In addi-
tion, you can use the SET O command; see SET on page 9.6 for more details.

TiDL (EtherCAT) Connections
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The SEL-487B Relays that support TiDL have a 4U chassis. The relay supports 
I/O on the main board as well as one additional I/O board. The main board and 
additional I/O board map to the 100- and 200-level inputs and outputs. The Axion 
modules provide additional I/O for the 300, 400, and 500 levels and analog chan-
nels.

The protection functions remain unchanged from the standard SEL-487B Relay.

Axion Modules
The SEL-2240 Axion is a fully integrated analog and digital I/O control solution 
that is suitable for DSS. An Axion node consists of a 10-slot, 4-slot, or dual 4-slot 
chassis that is configurable to contain a power module and combinations of 
CT/PT, digital input (DI), or digital output (DO) modules.

                    

SEL-2243 Power Coupler

Each chassis requires an SEL-2243 Power Coupler (see Figure 2.26). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. Although the power coupler has two fiber-
optic ports, only PORT 1 is currently used for TiDL.

                    

Figure 2.25 Axion Chassis
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The SEL-2243 has sufficient power capacity to accommodate an entire Axion 
node. The terminal strip at the bottom of the unit (shown in Figure 2.26) is the 
connection point for incoming power. All Axion modules have a 55-position IEC 
C-style connector that provides a communications and power interface to the 
backplane. See the SEL-2240 Axion Instruction Manual for more information.

SEL-2244-2 Digital Input Module

The SEL-2244-2 Digital Input Module (see Figure 2.27) consists of 24 optoiso-
lated inputs that are not polarity dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay in the 300, 400, and 500 I/O board levels, based on the mod-
ules that occur in the network. Only the first 12 of 24 inputs are used in each 
module to help distribute the I/O around the network more efficiently. The inputs 
are mapped to the relay inputs based on the order in which the DI module occurs 
in the TiDL network.

There can be multiple DI modules in an Axion node, and the order of the DI 
modules will proceed from left to right in the node to determine the mapping of 
the inputs.

The first DI module that exists in the system, for example, on PORT 6A, will map 
to IN301–IN312, and if a second module is available on PORT 6A, it will map to 
IN313–IN324. If a second module does not exist on PORT 6A, IN313–IN324 will be 
mapped from the next module appearing in the TiDL system. Mapping order 
determination starts with PORT 6A and ends with the last port, PORT 6H.

                    

                    

Figure 2.26 SEL-2243 Power Coupler

First SEL-2244-2 DI module IN301–IN312

Second SEL-2244-2 DI module IN313–IN324

Third SEL-2244-2 DI module IN401–IN412

Fourth SEL-2244-2 DI module IN413–IN424
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SEL-2244-5 Fast High-Current Digital Output Module

The SEL-2244-5 Fast High-Current Digital Output Module consists of 10 fast, 
high-current output contacts. The outputs use the first 8 of the10 outputs and map 
as follows:

                    

Fifth SEL-2244-2 DI module IN501–IN512

Sixth SEL-2244-2 DI module IN513–IN524

                    

Figure 2.27 SEL-2244-2 Digital Input Module

First SEL-2244-5 DO Module OUT301–OUT308

Second SEL-2244-5 DO Module OUT309–OUT316

Third SEL-2244-5 DO Module OUT401–OUT408

Fourth SEL-2244-5 DO Module OUT409–OUT416

Fifth SEL-2244-5 DO Module OUT501–OUT508

Sixth SEL-2244-5 DO Module OUT509–OUT516
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For both the DI and DO modules, use 24–12 AWG (0.2–3.31 mm2) wire of suffi-
cient current capacity to connect to the digital input and output terminals for your 
application.

The order of mapping for DO modules is the same as that for DI modules.

SEL-2245-42 AC Analog Input Module

The SEL-2245-42 AC Analog Input Module (see Figure 2.29) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See Topologies on page 2.36 for more information on supported relay 
topologies and their connections.

                    

Figure 2.28 SEL-2244-5 Fast High-Current Digital Output Module
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Topologies
The SEL-487B Relay has a set of fixed topologies. These topologies map the 
voltages and currents internally in the relay to maintain existing settings and 
functionality. When the TiDL system is commissioned (see Commissioning on 
page 2.39), the firmware validates the connected Axion nodes and identifies if 
the installed CT/PT modules in the system match one of the supported topologies 
for the SEL-487B.

Ports listed as optional in the following topology diagrams do not require a 
CT/PT module to be connected to them. All other ports require a CT/PT module 
to be connected for the relay to verify the topology.

                    

Figure 2.29 SEL-2245-42 AC Analog Input Module
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Figure 2.30 Topology 1

Port
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6B
6C
6D
6E
6F
6G
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I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

V0,
V1,
V2

Feeder 1

I04, I05, I06

Feeder 2

I07, I08, I09

Feeder 3

I10, I11, I12

Feeder 4

SEL Axion SEL Axion SEL Axion SEL Axion

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

SEL Relay

Control House

Substation Yard
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Figure 2.31 Topology 2

Port
6A
6B
6C
6D
6E
6F
6G
6H

Analogs
I01, I02, I03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
V01, V02, V03

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I01, I02, I03 I04, I05, I06 I07, I08, I09 I10, I11, I12

SEL Axion SEL AxionSEL AxionSEL AxionSEL Axion

SEL Relay

Control House

Substation Yard
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Commissioning
In TiDL applications, the relay receives currents from an Axion module. You 
must set the nominal current input of the relay to either 1 A or 5 A. Many settings 
and ranges of settings depend on the nominal current. Use the CFG CTNOM 
command to set the nominal current value. At Access level 2, issue a CFG 
CTNOM 1 to set the relay to 1 A values or use the command CFG CTNOM 5 to 
set it to 5 A values. This command is only available in relays that support TiDL 
technology. Note that after issuing this command, the relay settings are forced to 
their default values and the relay turns off and back on again to reinitialize the 
settings. The relay defaults to 5 A nominal, so only use this command if you are 
switching to a 1 A setting (see Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual for more information). The 
SEL-2245-42 AC Analog Input Module also sets its internal calculations based 
on this command. The relay internally transmits these data to the Axion modules 
and adjusts the scaling in the appropriate Axion module when this command is 
used.

In addition to the CT nominal values, TiDL relays also require that the nominal 
frequency be set by issuing the CFG NFREQ command. At Access level 2, issue 
a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a CFG NFREQ 50 
to set the relay to 50 Hz nominal. This command changes the NFREQ setting and 

                    

Note: This topology uses three or four CT/PT modules installed in one Axion node. The first module maps to the I01–I03 
currents and V01–V03 voltages, the second module maps to the I04–I06 currents, and the third maps to the I07–I09 
currents. Similar mapping occurs in the second Axion.

Figure 2.32 Topology 3

Port
6A

6B

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

Line 1

I04, I05, I06

Line 2

I07, I09, I09

Line 3 SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I10, I11, I12 I13, I14, I15 I16, I17, I18 I19, I20, I21

SEL Axion

SEL Relay

Control House

Substation Yard
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restarts the relay, and it is only available in TiDL relays. The relay defaults to 
60 Hz. This command should be issued after the CFG CTNOM command but 
before settings are sent to the relay.

The TiDL system uses a commissioning feature to identify that the connected 
Axion nodes meet the requirements of the supported topologies for the applied 
relay. These topologies are a balance between copper reduction and number of 
nodes. The nodes must be connected in one of the supported topologies so that 
the relay will map the voltages and currents accordingly.

The SEL-487B has a new interface on its back panel that replaces the original CT 
and PT input connections. These standard inputs are replaced with a module 
interface that supports eight fiber ports, labeled PORT 6A–PORT 6H (see Figure 2.33).

                    

Once all the Axion nodes are connected to the relay, press the COMMISSION push-
button on the module interface. This process verifies that the connected ports and 
Axion nodes are installed according to one of the supported topologies. Once the 
process is complete, the topology is stored in memory. At each additional startup 
of the relay, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes whether any of the CT/PT modules within the 
node have changed. If the topology needs to be changed (e.g., modules are added 
or replaced), the system will need to be recommissioned by pressing the COMMIS-
SION pushbutton.

When the commissioning and validation of the topology is complete, the voltages 
and currents map according to the topology assignments (see Topologies on 
page 2.36). Secondary injection testing takes place at each Axion node. Test 
sources must inject voltages and currents to the Axion node to verify correct 
installation and mapping. Monitoring of the voltages and currents remains in the 
control house with the relay.

LED Status
As shown in Figure 2.33, the TiDL relay provides LED status indication about 
the network and configuration. Once the system is connected, and the COMMISSION 
button pressed, the LEDs will provide the status of the commissioning process. 
Table 2.8 shows the status of the rear-panel LEDs for each commissioning state.

                    

                    

Figure 2.33 TiDL (EtherCAT) Module Interface

Commissioning 

Button

Commission LED 

for Network Status

Eight Fiber-Optic 100 Mbps 

EtherCAT Ports

LEDs for Axion 

Node Status

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 1 of 2)

State Description LED Status

Initial State Determining if topology exists Green COMMISSION LED OFF

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF

Red LED: PORT 6A–PORT 6H ON
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IRIG-B Input Connections
The SEL-487B accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are the BNC connector labeled IRIG-B 
and Pin 4 (+) and Pin 6 (–) of the DB-9 rear-panel serial port labeled PORT 1. 
When you use the PORT 1 input, ensure that you connect Pins 4 and 6 with the 
proper polarity. See Communications Ports Connections on page 2.42 for other 
DB-9 connector pinouts and additional details.

These inputs accept the dc shift time code generator output (demodulated) 
IRIG-B signal with a positive edge on the time mark. For more information on 
IRIG-B and the SEL-487B, see IRIG-B Inputs on page 2.12.

The PORT 1 IRIG-B input connects to a 2.5-k grounded resistor and goes 
through a single logic signal buffer. The PORT 1 IRIG-B is equipped with robust 
ESD and overvoltage protection but is not optically isolated. When you are using 
the PORT 1 input, ensure that you connect Pin 4 (+) and Pin 6 (–) with the proper polarity.

The IRIG Network should be properly terminated with an external termination 
resistor (SEL 240-1802, BNC Tee, and 240-1800, BNC terminator 50 ohms) 
placed on the unit that is farthest from the source. This termination provides 
impedance matching of the cable for the best possible signal-to-noise ratio.

When the distance between the SEL-487B and the IRIG-B sending device 
exceeds the cable length recommended for conventional EIA-232 metallic con-
ductor cables, you can use transceivers to provide isolation and to establish com-
munication to remote locations.

Verify Topology Determining if topology is supported Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H Blinking

Red LED: PORT 6A–PORT 6H ON

Topology Mismatch Connection does not match supported topology Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF—mismatched/unused

ON—matched

Red LED: PORT 6A–PORT 6H Blinking—mismatched

ON—matched

OFF—ports unused

Topology Matched Connection matches topology Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H OFF

N/A A commissioned port experiences an error Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H Blinking—failed port

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 2 of 2)

State Description LED Status
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Conventional fiber-optic and telephone modems do not support IRIG-B signal 
transmission. The SEL-2810 Fiber-Optic Transceiver/Modem includes a channel 
for the IRIG-B time code. These transceivers enable you to synchronize time pre-
cisely from IRIG-B time-code generators (such as the SEL-2032 Communica-
tions Processor) over a fiber-optic communications link.

For ease of connection or for runs as long as 300 feet from the IRIG-B generator 
to the SEL-487B, use the BNC IRIG-B input to connect the IRIG-B input of the 
SEL-487B to the IRIG-B generation equipment. Make this connection with a 
50  coaxial cable assembly.

Each SEL-487B provides two IRIG-B BNC connectors, labeled IN and OUT. The 
IRIG OUT connector does not support high-accuracy IRIG timekeeping. It lacks 
the C37.118 IRIG Control Bits.

Step 1. Referring to the external source connections in Figure 2.34, connect 
the IRIG-B signals to the IN connection of Relay A to update the 
clock of Relay A.

Step 2. Connect the OUT connection of Relay A to the IN connector of Relay 
B to update the clock in Relay B.

A similar connection between Relay B and Relay C updates the time 
in Relay C. 

NOTE: The IRIG OUT connection 
works regardless of the type of 
external time source connected to the 
relay.

                    

In the absence of an external IRIG-B signal, connect the relays as shown by the 
internal source connections in Figure 2.34. Connected this way, Relay B uses the 
clock of Relay A as time reference, and Relay C uses the clock of Relay B as 
time reference.

Communications Ports Connections
The SEL-487B has three rear-panel EIA-232 serial communications ports labeled 
PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For information on 
serial communications, see Establishing Communication on page 3.3 in the 
SEL-400 Series Relays Instruction Manual.

                    

Figure 2.34 Time Synchronization Connections Between Three Relays
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External Source Internal Source
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CAUTION

In addition, the rear panel features a PORT 5 for an optional factory-installed 
Ethernet communications card. For additional information about communica-
tions topologies and standard protocols that are available in the SEL-487B, see 
Section 10: Communications Interfaces in this manual and Section 15: Commu-
nications Interfaces, Section 16: DNP3 Communication, and Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Serial Ports
The SEL-487B serial communications ports use EIA-232 standard signal levels 
in a D-subminiature 9-pin (DB-9) connector. To establish communication 
between the relay and a DTE device (a computer terminal, for example) with a 
DB-9 connector, use an SEL-C234A cable. Alternatively, you can use an 
SEL-C662 cable to connect to a USB port.

Figure 2.34 shows the configuration of SEL-C234A cable that you can use for 
basic ASCII and binary communication with the relay. A properly configured 
ASCII terminal, terminal emulation program, or QuickSet along with the 
SEL-C234A cable provides communication with the relay in most cases.

                    

Serial Cables
Using an improper cable can cause numerous problems or failure to operate, so 
be sure to specify the proper cable for application of your SEL-487B. Several 
standard SEL communications cables are available for use with the relay. The 
following list provides rules and practices you should follow for successful com-
munication using EIA-232 serial communications devices and cables:

Severe power and ground problems 
can occur on the communications 
ports of this equipment as a result of 
using non-SEL cables. Never use stan-
dard null-modem cables with this 
equipment.

➤ Route communications cables well away from power and control 
circuits. Switching spikes and surges in power and control circuits 
can cause noise in the communications circuits if power and control 
circuits are not adequately separated from communications cables.

➤ You should keep the length of the communications cables as short as 
possible to minimize communications circuit interference and also to 
minimize the magnitude of hazardous ground potential differences 
that can develop during abnormal power system conditions.

                    

Figure 2.35 SEL-487B-to-Computer DB-9 Connector
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➤ EIA-232 communications cable lengths should never exceed 15.24 m 
(50 feet), and you should always use shielded cables for 
communications circuit lengths greater than 3.048 m (10 feet).

➤ Modems provide communication over long distances and give 
isolation from ground potential differences that are present between 
device locations. (Examples are the SEL-2800-series transceivers.)

➤ Lower data speed communication is less susceptible to interference 
and will transmit greater distances over the same medium than higher 
data speeds. You should use the lowest data speed that provides an 
adequate data transfer rate.

Ethernet Network Connections
The optional Ethernet card for the SEL-487B comes with two ports, either A and 
B or C and D. You can use either installed port. These ports can work together to 
provide a primary and backup interface. Other operating modes (FIXED and 
SWITCHED) are also available. The following list describes the Ethernet card 
port options.

➤ 10/100BASE-T. 10 Mbps or 100 Mbps communications using Cat 5 
cable (category 5 twisted-pair) and an RJ45 connector

➤ 100BASE-FX. 100 Mbps communications over multimode fiber-
optic cable using an LC connector

                    

Ethernet Card Rear-Panel Layout
Rear-panel layouts for the three Ethernet card port configurations are shown in 
Figure 2.36–Figure 2.41.

                    

                    

                    

Optional fiber-optic ports

                    

Figure 2.36 Two 100BASE-FX Port Configuration on Ports 5A and 5B

                    

Figure 2.37 Two 100BASE-T Port Configuration on Ports 5A and 5B

CAUTION
Use of controls or adjustments, or per-
formance of procedures other than 
those specified herein, may result in 
hazardous radiation exposure.

WARNING
Do not look into the end of an optical 
cable connected to an optical output.

WARNING
Do not perform any procedures or 
adjustments that this instruction man-
ual does not describe.
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Twisted-Pair Networks
NOTE: Use caution with UTP cables 
as these cables do not provide 
adequate immunity to interference in 
electrically noisy environments unless 
additional shielding measures are 
employed.

While Unshielded Twisted Pair (UTP) cables dominate office Ethernet networks, 
Shielded Twisted Pair (STP) cables are often used in industrial applications. The 
SEL-487B Ethernet card is compatible with standard UTP cables as well as STP 
cables for Ethernet networks.

Typically, UTP cables are installed in relatively low-noise environments, includ-
ing offices, homes, and schools. Where noise levels are high, you must either use 
STP cables or shield UTP cables, using grounded ferrous raceways such as steel 
conduit.

Several types of STP bulk cable and patch cables are available for use in Ethernet 
networks. If noise in your environment is severe, you should consider using fiber-
optic cables. We strongly advise against using twisted-pair cables for segments 
that leave or enter the control enclosure.

If you use twisted-pair cables, you should use care to isolate these cables from 
sources of noise to the maximum extent possible. Do not install twisted-pair 
cables in trenches, raceways, or wireways with unshielded power, instrumenta-
tion, or control cables. Do not install twisted-pair cables in parallel with power, 
instrumentation, or control wiring within panels, rather make them perpendicular 
to the other wiring.

You must use a cable and connector rated as Category 5 (Cat 5) to operate the 
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower categories 
are becoming rare and because you may upgrade a 10 Mbps network to 
100 Mbps, we recommend using all Cat 5 components.

                    

Figure 2.38 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5A 
and 5B

                    

Figure 2.39 Two 100BASE-FX Port Configuration on Ports 5C and 5D

                    

Figure 2.40 Two 10/100BASE-T Port Configuration on Ports 5C and 5D

                    

Figure 2.41 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5C 
and 5D

WARNING
During installation, maintenance, or 
testing of the optical ports, use only 
test equipment qualified for Class 1 
laser products.

WARNING
Incorporated components, such as 
LEDs and transceivers, are not user 
serviceable. Return units to SEL for 
repair or replacement.



2.46

SEL-487B Relay Instruction Manual Date Code 20230830

Installation
AC/DC Connection Diagrams

Some industrial Ethernet network devices use 9-pin connectors for STP cables. 
The Ethernet card RJ45 connectors are grounded, so you can ground the shielded 
cable using a standard, externally shielded jack with cables terminating at the 
Ethernet card.

AC/DC Connection Diagrams
You can apply the SEL-487B to different power system busbar layouts. 
Figure 2.42 shows one particular application scheme with connections that repre-
sent typical interfaces to the relay for a single zone layout. Figure 2.43 depicts 
typical connections for a three-relay application.
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Figure 2.42 Typical External AC/DC Connections for a Single-Relay Application
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Figure 2.43 Typical External AC/DC Connections for a Three-Relay Application

52

89

Te
rm

in
al

 1

I0
1

IN
20

4

IN
20

5

IN
20

6

IN
20

1

I0
2

I0
3

C 
Ph

as
e

B 
Ph

as
e

A 
Ph

as
e

To
 R

el
ay

 C

To
 R

el
ay

 B

52

89

Te
rm

in
al

 2

I0
1

I0
2

I0
3

To
 R

el
ay

 C

To
 R

el
ay

 A

52

89

Te
rm

in
al

 3

I0
1

I0
2

I0
3

To
 R

el
ay

 A

To
 R

el
ay

 B

Re
la

y 
A

Te
rm

in
al

 1
di

sc
on

ne
ct

 a
 co

nt
ac

t

Te
rm

in
al

 1
di

sc
on

ne
ct

 b
 co

nt
ac

t

Te
rm

in
al

 1
br

ea
ke

r a
 co

nt
ac

t

Te
rm

in
al

 1
tr

ip
 o

ut
pu

t

BF
 In

pu
t

Tr
ip

 co
il

IN
20

4

IN
20

5

IN
20

6

IN
20

1

Re
la

y 
B

Te
rm

in
al

 1
di

sc
on

ne
ct

 a
 co

nt
ac

t

Te
rm

in
al

 1
di

sc
on

ne
ct

 b
 co

nt
ac

t

Te
rm

in
al

 1
br

ea
ke

r a
 co

nt
ac

t

Te
rm

in
al

 1
tr

ip
 o

ut
pu

t

BF
 In

pu
t

Tr
ip

 co
il

IN
20

4

IN
20

5

IN
20

6

IN
20

1

Re
la

y 
C

Te
rm

in
al

 1
di

sc
on

ne
ct

 a
 co

nt
ac

t

Te
rm

in
al

 1
di

sc
on

ne
ct

 b
 co

nt
ac

t

Te
rm

in
al

 1
br

ea
ke

r a
 co

nt
ac

t

Te
rm

in
al

 1
tr

ip
 o

ut
pu

t

BF
 In

pu
t

Tr
ip

 co
il

OU
T2

01
OU

T2
01

OU
T2

01

+ –

+ –

+ –



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 3

Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A
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Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.
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IB

VC
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VA
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Relay Rear-Panel Analog 
Voltage and Current Inputs

N

N

N
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits



3.13

Date Code 20230830 Instruction Manual SEL-487B Relay

Testing
Checking Relay Operation

                    

Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command



3.18

SEL-487B Relay Instruction Manual Date Code 20230830

Testing
Checking Relay Operation

                    

Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings
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Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Front-Panel Operations

The SEL-487B relay front panel makes power system data collection and system 
control quick and efficient. Using the front panel, you can examine power system 
operating information, view and change port, group, and global settings, and per-
form relay control functions. The relay features a straightforward menu-driven 
control structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LED (light-emitting diodes) indicators give a quick look 
at SEL-487B operation status. You can perform often-used control actions rap-
idly by using the large direct-action pushbuttons. All of these features help you 
operate the relay from the front panel and include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing port, group, global, date, and time settings

➤ Controlling relay operations

General front-panel operations are described in Section 4: Front-Panel Opera-
tions in the SEL-400 Series Relays Instruction Manual. This section provides 
additional information that is unique to the SEL-487B. This section includes the 
following:

➤ Front-Panel LCD Default Displays on page 4.1

➤ Front-Panel Menus and Screens on page 4.5

➤ Target LEDs on page 4.7

➤ Front-Panel Operator Control Pushbuttons on page 4.9

Front-Panel LCD Default Displays
The SEL-487B has two screen scrolling modes: autoscrolling and manual scroll-
ing. After the initial relay power up, or after front-panel time out, the LCD pres-
ents each of the display screens in this sequence:

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Enabled metering screens

➤ Zone configuration screens

If enabled, the relay displays the metering and zone configuration screens in the 
order listed in Table 4.1 (see Figure 4.4 for samples of the metering screens). 
This sequence comprises the ROTATING DISPLAY.

                    

Table 4.1 Metering Screens Enable Settings (Sheet 1 of 2)

Name Description Range Default

STA_BAT Station Battery Screen Y, N N

FUND_VI Fundamental Voltage and Current Screens Y, N Y
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Use the front-panel settings (the SET F command from a communications port 
or the Front Panel settings in ACSELERATOR QuickSet SEL-5030 Software) to 
access the metering screen enable settings. Entering a Y (Yes) for a metering 
screen enable setting results in the corresponding metering screen appearing in 
the ROTATING DISPLAY. Entering an N (No) hides the metering screen from pre-
sentation in the ROTATING DISPLAY. If all metering screen enable settings are set 
to N (No) and there are no configured display points screens, the DIFF screen 
appears by default in the ROTATING DISPLAY. Figure 4.1 shows a ROTATING DIS-
PLAY example consisting of an example alarm points screen, a display points 
screen, and one of the factory-default metering screens (the screen values in 
Figure 4.1 are representative values).

                    

DIFF Differential Metering Y, N Y

ZONECFG Terminals Associated With Zones Y, N Y

                    

Figure 4.1 ROTATING DISPLAY

Table 4.1 Metering Screens Enable Settings (Sheet 2 of 2)

Name Description Range Default

Tie-Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

ZONE  IOP      IRT
 1     0.12     2.3
 2     0.05     1.0
 3     0.01     1.3
 4     0.10     2.1
 5     0.07     1.7
 6     0.06     1.5
          

          (PER UNIT)

ROTATING DISPLAY

Press  for menu

Other Screens

Buscoupler 2
   --Open--

Bus Section 1
   --Closed--

SF6 ALARM

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu
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The active alarm points are the first screens in the ROTATING DISPLAY (see Alarm 
Points on page 4.7 in the SEL-400 Series Relays Instruction Manual). Each alarm 
points screen shows as many as 11 alarm conditions. The SEL-487B can present 
a maximum of six alarm points screens. 

The active display points are the next screens in the ROTATING DISPLAY (see Dis-
play Points on page 4.10 in the SEL-400 Series Relays Instruction Manual). Each 
display points screen shows as many as 11 enabled display points. (With 94 dis-
play points, the SEL-487B can present a maximum of 9 display point screens.) If 
a display point does not have text to display, the screen space for that display 
point is maintained.

METER
Factory-enabled metering screens scroll through the following metering screens:

➤ Differential quantities

➤ Zone configuration (when active)

➤ Fundamental Current

➤ Fundamental Voltage

Figure 4.2 shows the zone specific and check zone differential metering screens. 
The display shows the Bus-Zone number and the operating and restraint current 
for each active zone. An active zone is a zone with at least one terminal in the 
zone. Zones become inactive when there are no terminals connected to the zone 
or when the zone was merged with other zones. Inactive zones are not displayed. 
Figure 4.2 shows an example with two zones active.

                    

Figure 4.3 shows the screen displaying the terminal(s) present in each active 
zone. For each active zone, the relay displays the terminals connected to that par-
ticular zone. When two zones merge, the new zone carries the zone number of the 
lower of the two zones. For example, when Zones 2 and 4 merge, the new com-
bined zone becomes Zone 2.

                    

Figure 4.4 shows the fundamental current screens, displaying the primary current 
and phase angle for each terminal.

                    

Figure 4.2 Differential Screens

                    

Figure 4.3 Terminals in Zone Screen

ZONE SPECIFIC
ZONE  IOP      IRT
 1    0.12     2.3
 2    0.05     1.0
 

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

CHECK ZONE
ZONE  IOP      IRT
 1    0.00     2.7
 2    0.00     2.71
 3    0.00     2.7

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

TERMINALS IN ZONE 1
 TRFR_1    FEEDR_3
 TRFR_2    FEEDR_5
 FEEDR_1   FEEDR_8
   •          •
   •          •
   •          •
   •          •
   •          •
   •          • 
 

ROTATING DISPLAY

Press  For Menu
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All angles are referenced to the voltage connected to voltage terminal V01. If 
voltage at terminal V01 is not available, the relay selects V02, and then V03. In 
the absence of voltage inputs, the relay references the current input of I01, pro-
vided the current is above 0.05 • INOM. If I01 is not above this current level, the 
relay references the current from I02, if available. If I02 is not available, the relay 
continues to I03, I04, and so on until it finds a current input above 0.05 • INOM.

Figure 4.5 shows the primary voltage magnitudes and angles from the three volt-
age inputs in kV.

                    

                    

Figure 4.4 Fundamental Primary Current Screens

                    

Figure 4.5 Fundamental Primary Voltage Screen

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE

FDR_1   214.45   45°
FDR_2   230.07   50°
FDR_3   121.49 -143°
TRFR_1   20.64 -119°
TB_1    212.32   75°
TB_1    321.44   49°  
  

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I13     214.45   45°
I14     230.07   50°
I15     121.49 -143°
I16      20.64 -119°
I17     212.32   75°
I18      21.44   49°

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I07     214.45   45°
I08     230.07   50°
I09     121.49 -143°
I10      20.64 -119°
I11     212.32   75°
I12     321.44   49°

ROTATING DISPLAY

Press  For Menu

Press  For Menu

Press  For Menu

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I19     214.45   45°
I20     230.07   50°
I21     121.49 -143°

ROTATING DISPLAY

Press  For Menu

PRIMARY VOLTAGE (kV)

TERM ID  MAG/ANGLE
V01     88.00    5˚
V02     88.00 –125˚
V03     88.00  115˚
          

          

ROTATING DISPLAY

Press  For Menu
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Use the SET F command and set STA_BAT = Y to enable the station battery 
screen, as displayed in Figure 4.6.

                    

Front-Panel Menus and Screens
Operate the SEL-487B front panel through a sequence of menus that you view on 
the front-panel display. The MAIN MENU is the introductory menu for other front-
panel menus. These additional menus allow you on-site access to control and port 
settings. Use the following menus and screens to set the relay and perform local 
control actions:

➤ Support Screens
➢ Adjust Contrast
➢ Password

➤ MAIN MENU 
➢ EVENTS
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST

➢ RESET ACCESS LEVEL 

See Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual for information on most of these screens. The following screen descrip-
tions are unique to the SEL-487B.

Events
Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual describes viewing summary events from the front panel. Figure 4.7 illus-
trates what a summary event report looks like in an SEL-487B.

                    

                    

Figure 4.6 Station Battery Screen

STATION BATTERY

VDC1 = 124.7 V

ROTATING DISPLAY

Press  For Menu

                    

Figure 4.7 EVENT SUMMARY Screen

12/28/2002    GROUP1 
10:45:12.738
EVENT:         87BTR
TARGETS:
87_DIFF
ZONE_1      

EVENT SUMMARY  10005
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View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the SEL-487B. In the MAIN MENU, 
highlight the VIEW CONFIGURATION option by using the navigation pushbuttons. 
The relay presents five screens in the order shown in Figure 4.8. Use the naviga-
tion pushbuttons to scroll through these screens. When finished viewing these 
screens, press ESC to return to the MAIN MENU.

                    
                    

Figure 4.8 VIEW CONFIGURATION Sample Screens

FID=SEL-487B-1-R308-
  V0-Z010005-
  D20150414
PART NUMBER: 0487B1X
  6252XC2XEH7EEXXX
S/N=0000000000
SELBOOT:
  BFID=SLBT-4XX-
  R209-V0-Z001002-
  D20150130
  CHECKSUM: 4DDF

CONFIGURATION INFO

INTERFACE BOARDS:
  BOARD 1:24 INPUTS
           8 OUTPUTS     
  BOARD 2:NOT
          INSTALLED
  BOARD 3:NOT
          INSTALLED
  BOARD 4:NOT
          INSTALLED
EXTENDED FEATURES:
  IEC 61850

CONFIGURATION INFO

COMMUNICATIONS CARD:
  ETHERNET
    PORT A: NA
    PORT B: NA
    PORT C: COPPER
    PORT D: COPPER

CONFIGURATION INFO

IF THE CONFIGURATION
IS NOT WHAT YOU 
EXPECTED, CONTACT
SEL FOR ASSISTANCE.

CONFIGURATION INFO

MAINBOARD:
  CODE FLASH: 12 MB
  DATA FLASH: 52 MB
  RAM:        64 MB
  EEPROM:    128 KB

ANALOG INPUTS:
  CURRENTS:  5 A
  VOLTAGE:  67 V

CONFIGURATION INFO
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Target LEDs
The SEL-487B gives you at-a-glance confirmation of relay conditions via opera-
tion and target LEDs. These LEDs are located in the middle of the relay front 
panel. The SEL-487B provides either 16 or 24 LEDs, depending on ordering 
options selected.

The general operation and configuration of these LEDs is described in Section 4: 
Front-Panel Operations in the SEL-400 Series Relays Instruction Manual. Please 
note that the SEL-487B has the alternate behavior on the Tn_LED bits: they latch 
independently of the trip condition. For a concise listing of the default program-
ming on the front-panel LEDs, see Front-Panel Settings on page 12.20 in the 
SEL-400 Series Relays Instruction Manual.

Use the slide-in labels to mark the LEDs with custom names. Included on the 
SEL-400 Series Product Literature DVD are Customer Label Templates to print 
labels for the slide-in label carrier. Figure 4.9 shows the arrangement of the oper-
ation and target LEDs region into several areas described in Table 4.2.

                    

                    

                    

Figure 4.9 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)

Table 4.2 Front-Panel Target LEDs

Label Function

ENABLED, TRIP Operational

87 (DIFF), BKR FAIL, ZONE 1, ZONE 2, ZONE 3, 
ZONE 4, ZONE 5, ZONE 6, 50, 51

Protection and Zone Indication

CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM

Alarms

27a, 59a, V01 ONa, V02 ONa, V03 ONa

BUS FAULTa, 52 ALARMa

IRIG LOCKa

a Only available in 24 LED models.

Voltage Status

Miscellaneous Status

Clock Status

Protection and 
Zone Indication

Alarms

Operational

Voltage 
Status

Miscellaneous 
Status

Clock Status
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Protection and Zone Indication
The SEL-487B indicates essential information about the most recent relay trip 
event with the LEDs of the Protection and Zone Indication area. These trip types 
are 87 (DIFF), BKR FAIL, ZONE 1–6, 50, 51. 

The 87 (DIFF) target LED illuminates and latches the indication, indicating 
operation of any one of the six SEL-487B differential elements. 

The BKR FAIL target LED illuminates and latches the indication, indicating 
operation of any one of the 21 SEL-487B breaker failure elements.

The ZONE 1–6 target LEDs illuminate and latches the indication, indicating 
the zone(s) in which the fault occurred.

The 50 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, instantaneous elements.

The 51 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, time-delayed overcurrent elements.

Alarms
The alarm area target indicators are the CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM LEDs. 

The CT ALARM (current transformer) target illuminates but does not latch the 
indication when any one of the six sensitive differential elements times out.

The 87 BLOCKED target illuminates and latches the indication when any one of 
the six Zone Supervision (ZnS) SELOGIC control equations becomes a 
logical 0. 

The TOS (Terminal Out of Service) target illuminates but does not latch the 
indication when any one of the 21 terminals is out of service.

The 89 IN PROG target illuminates but does not latch the indication when a 
disconnect operation is in progress on any one of the 60 disconnects.

The 89 ALARM (Disconnect Alarm) target illuminates but does not latch the 
indication when the disconnect alarm 89AL asserts.

The PT ALARM (potential transformer) target illuminates and latches after a 
240-cycle time delay, indicating the presence of a negative- or zero-sequence 
voltage. This function works on the assumption that all three phases from the 
PTs are available in the same relay with an ABC phase rotation. In a three-
relay application, wire the three phases from the PTs to the same SEL-487B.

Voltage Status
The 27 target LED illuminates when any one of the terminal undervoltage ele-
ments operates.

The 59 target LED illuminates when any one of the terminal overvoltage ele-
ments operates.

The V01 ON, V02 ON, and V03 ON LEDs illuminate when the terminal filtered 
instantaneous voltages are greater than 55 V. See Table 8.50 for setting default 
values. The default setting of 55 V is 82 percent of the line-to-neutral nominal 
voltage of 67 V to coincide with the nominal line-to-line voltage of 115 V.



4.9

Date Code 20230830 Instruction Manual SEL-487B Relay

Front-Panel Operations
Front-Panel Operator Control Pushbuttons

Miscellaneous Status
The BUS FAULT target LED illuminates when a busbar fault is detected (Relay 
Word bit FAULT is asserted).

The 52 ALARM target LED illuminates when the relay detects any circuit breaker 
alarm (Relay Word bit 52AL is asserted).

Clock Status
The IRIG LOCK target LED illuminates in the SEL-487B when the relay detects 
synchronization to an external clock with less than 500 ns of jitter (Relay Word 
bit TIRIG is asserted). See IRIG-B Timekeeping on page 11.1 in the SEL-400 
Series Relays Instruction Manual for complete details.

Front-Panel Operator Control Pushbuttons
The SEL-487B front panel features large operator control pushbuttons coupled 
with amber annunciator LEDs for local control. Figure 4.10 shows this region of 
the relay front panel with factory-default configurable front-panel label text. The 
SEL-487B provides either 8 or 12 pushbuttons depending on ordering options 
selected.

                    

Factory-default programming associates specific relay functions with the push-
buttons and LEDs. The SEL-487B default setting uses only three of the pushbut-
tons, as listed in Table 4.3. For a concise listing of the default programming for 
the front-panel pushbuttons and LEDs, see Front-Panel Settings on page 8.21.

                    

Press the operator control pushbuttons momentarily to toggle on and off the func-
tions listed adjacent to each LED/pushbutton combination. The operator control 
pushbuttons and LEDs are programmable. Figure 4.11 describes the factory 
defaults for the three operator controls.

                    

Figure 4.10 Operator Control Pushbuttons and LEDs (8 Pushbutton Version)

Table 4.3 Operator Control Pushbuttons and LEDs—Factory Defaults

LED Function

87 (DIFF) ENABLED Enable the differential protection

BKR FAIL ENABLED Enable the breaker failure protection

RELAY TEST MODE Enable the differential and breaker failure 
protection, but inhibit trip outputs

Operator 
Control Pushbutton

Annunciator LED
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There are two ways to program the operator control pushbuttons. The first is 
through front-panel settings PBn_HMI. These settings allow any of the operator 
control pushbuttons to be programmed to display a particular HMI screen cate-
gory. The HMI screen categories available are Alarm Points, Display Points, 
Event Summaries, and SER. All PBn_HMI settings are OFF by default. Front-
panel setting NUM_ER allows the user to define the number of event summaries 
that are displayed via the operator control pushbutton; it has no effect on the 
event summaries automatically displayed or the event summaries available 
through the main menu. Each HMI screen category can be assigned to a single 
pushbutton. Attempting to program more than one pushbutton to a single HMI 
screen category will result in an error. After assigning a pushbutton to an HMI 
screen category, pressing the pushbutton will jump to the first available HMI 
screen in that particular category. If more than one screen is available, a naviga-
tion scroll bar will be displayed. Pressing the navigation arrows will scroll 
through the available screens. Subsequent pressing of the operator control push-
button will advance through the available screens, behaving the same as the Right 
Arrow or the Down Arrow pushbutton. Pressing the ESC pushbutton will return the 
user to the ROTATING DISPLAY. 

The second way to program the operator control pushbutton is through SELOGIC 
control equations, using the pushbutton output as a programming element. Using 
SELOGIC control equations, you can change the default pushbutton and LED 
functions. Use the slide-in labels to mark the pushbuttons and pushbutton LEDs 
with custom names to reflect any programming changes that you make. The 
labels are keyed; you can insert each Operator Control Label in only one position 
on the front of the relay. Word processor templates for printing slide-in labels are 
included on the SEL-400 Series Product Literature DVD. See Front-Panel Tem-
plates on page 2.2 for more information on changing the slide-in labels.

The SEL-487B has two types of outputs for each of the front-panel pushbuttons. 
Relay Word bits represent the pushbutton presses. One set of Relay Word bits fol-
lows the pushbutton and another set pulses for one processing interval when the 
button is pressed. Relay Word bits PB1–PB12 are the “follow” outputs of opera-
tor control pushbuttons. Relay Word bits PB1_PUL–PB12PUL are the “pulsed” 
outputs.

Annunciator LEDs for each operator control pushbutton are PB1_LED–
PB12LED. The factory defaults programmed for three LEDs used are protection 
latches (PLT01, for example), settings groups, and Relay Word bits. The asserted 
and deasserted colors for the LED are determined with settings PB1COL–
PB12COL (12-pushbutton version). Options include red, green, amber, or off. 
You can change the LED indications to fit your specific control and operational 
requirements. This programmability allows great flexibility and provides opera-
tor confidence and safety, especially in indicating the status of functions that are 
controlled both locally and remotely.
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Figure 4.11 Factory-Default Operator Control Pushbuttons

PB1_LED = DIFF_EN
# Differential

Protection Enabled

PB2_LED = BF_EN
# Breaker Failure

Enabled

PB4_LED = TNS_SW
# Test normal

Switch Enabled

PB3_LED = NA

SELOGIC

Factory
Setting

Operator
Control

Pushbutton
LED

Label Description

Press this operator control pushbutton enable differential protection. The 
corresponding 87 (DIFF) ENABLED LED is illuminated amber indicating that 
DIFF_EN=1. DIFF_EN is the default alias setting for the Relay Word bit PLT01. 
DIFF_EN is included in the Terminal to Bus Connection Logic setting for IqqBZpV 
(qq = 00–21, p = 1–6) and effectively supervises the terminal to bus-zone 
connection. Therefore, if PB1 is not pressed, DIFF_EN = 0 and the terminal Iqq will 
not be connected to bus zone BZp. To disable differential protection, press and 
hold this pushbutton for one second until the LED is no longer illuminated. If the 
LED is off, DIFF_EN = 0.

Press this operator control pushbutton enable breaker failure initiate settings. 
The corresponding BKR FAIL ENABLED LED is illuminated amber indicating that 
BF_EN = 1. BF_EN is the default alias setting for the Relay Word bit PLT02. BF_EN is 
included in the Breaker Failure Initiate setting for BFI01–BFI06. Therefore, if PB2 is 
not pressed, BF_EN = 0 and the breaker failure initiate equation cannot be true. To 
disable breaker failure protection, press and hold this pushbutton for one second 
until the LED is no longer illuminated. If the LED is off, BF_EN = 0. 

Press this operator control pushbutton to disable outputs OUT101–OUT105 and 
close OUT107. The corresponding RELAY TEST MODE LED is illuminated amber 
indicating that TNS_SW = 1. TNS_SW is the default alias setting for the Relay Word 
bit PLT03. TNS_SW is included in the output equation for OUT101–OUT105. 
Therefore, if PB4 is pressed, TNS_SW = 1 and the output equations supervised by 
this Relay Word bit cannot be true and the associated outputs will not close. This 
is useful functionality for testing TRIP01–TRIP05 equations during commissioning, 
but preventing the output operation. To disable the test mode, press and hold this 
pushbutton for one second until the LED is no longer illuminated. If the LED is off, 
TNS_SW = 0. 

PB5_LED = NA
PB6_LED = NA
PB7_LED = NA
PB8_LED = NA
PB9_LED = NA

PB10_LED = NA
PB11_LED = NA
PB12_LED = NA
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Protection Functions

This section provides a detailed explanation of the SEL-487B relay protection 
functions. Each subsection provides an explanation of the function, along with a 
list of the corresponding settings and Relay Word bits. Logic diagrams and other 
figures are included.

Functions discussed in this section are listed below.

➤ Busbar Protection Elements on page 5.1

➤ Check Zone Protection Elements on page 5.10

➤ Sensitive Differential Element on page 5.12

➤ Zone Supervision Logic on page 5.14

➤ Dynamic Zone Selection Logic on page 5.14

➤ Check Zone Selection on page 5.16

➤ Instantaneous/Delayed Overcurrent Elements on page 5.17

➤ Selectable Time-Overcurrent Elements (51) on page 5.18

➤ Over- and Undervoltage Elements on page 5.25

➤ Open-Phase Detection Logic on page 5.28

➤ Open CT Detection Logic on page 5.29

➤ Circuit Breaker Failure Protection on page 5.30

➤ Circuit Breaker Failure Trip Logic on page 5.34

➤ Bus Coupler/Bus Sectionalizer Configurations on page 5.36

➤ Coupler Security Logic on page 5.37

➤ Disconnect Monitor on page 5.43

➤ Zone-Switching Supervision Logic on page 5.45

➤ Differential Trip Logic on page 5.47

➤ Breaker Trip Logic on page 5.48

➤ Circuit Breaker Status Logic on page 5.49

Busbar Protection Elements
Busbar protection philosophy traditionally calls for two-out-of-two trip criteria, 
where two separate measuring elements must agree before protection issues a trip 
signal. Realization of the two-out-of-two trip criteria can occur by using one of 
the combinations of measuring elements listed below:

➤ Dual differential element combination (main zone and check zone)

➤ Differential element and directional element combination (main zone 
and directional element)

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Each combination has an advantage over the other; the weakness of one being the 
strength of the other. In particular, differential elements (amplitude comparators) 
are more vulnerable to CT saturation than directional elements (phase compara-
tors), but directional elements (phase comparators) are more vulnerable to high-
impedance faults.

CT saturation is a concern in networks with high fault currents. Poor CT selec-
tion increases the potential for CT saturation. In networks with impedance 
grounding, all ground faults are high-impedance faults. Although relays may 
have been correctly selected in the initial network design, changes in the network 
may adversely influence the network parameters. For example, network exten-
sions or reduced source impedance result in higher fault current, and deteriora-
tion of the substation grounding mat at the substation may result in higher fault 
impedance for ground faults.

Modern busbar protection relays should not only include protection elements to 
allow for diverse network parameters, but the implementation of these elements 
in the relays must ensure continual, uncompromising relay performance, despite 
changes in network parameters. In general, busbar protection must comply with 
the following performance requirements:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Minimum delay for evolving faults

The SEL-487B meets the above performance requirements during all system 
operating conditions. The relay includes six busbar protection elements for the 
protection of as many as six zones. Each of the six busbar protection elements 
consists of the following three elements (see Figure 5.1):

➤ Differential element using phasor values

➤ Directional element using phasor values 

➤ Fault detection logic using instantaneous values

Figure 5.1 shows a block diagram of one of the six busbar protection elements, 
with only two (I01 and I02) of the available 21 current inputs connected. The 
relay uses the highest CT ratio (CTRMAX) divided by the lowest CT ratio 
(CTRMIN) to verify that the CT ratio mismatch for the differential protection is 
less than 10:1. Only CT ratios associated with terminals that are used in the ter-
minal-to-bus-zone settings will be used to determine CTRMAX and CTRMIN. 
Because the relay accepts current inputs from CTs with a 10:1 ratio mismatch, 
the calculations for the differential elements are performed on per unit values. 
The relay uses the highest CT ratio (CTRMAX) of the installed CT ratios as a ref-
erence value in converting the input currents from ampere to per unit values. 
Using Equation 5.1, the relay calculates a normalization factor value (TAP) for 
each terminal:

                    

Equation 5.1

                    

where:

TAPnn = TAP value for each terminal to convert current from ampere to 
per unit (nn = 01–21)

CTRMAX = Highest CT ratio of the terminals used in the terminal-to-bus-
zone settings

INOM = Nominal CT secondary current (1 A or 5 A)

CTRnn = CT ratio of the specific terminal

TAPnn
CTRMAX INOM

CTRnn
--------------------------------------------=
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Using the TAPnn values, the relay calculates the current in per unit values for 
each terminal as shown in Equation 5.2:

                    

Equation 5.2

                    

Figure 5.1 shows the block diagram for Busbar Protection Element 1, one of six 
busbar protection elements available in the relay. Throughout the following ele-
ment descriptions, the numerical part of the Relay Word bits refers either to ele-
ments from a specific busbar protection element (1–6) or the specific terminal 
number (01–21). In most cases, the protection element descriptions refer to ele-
ments from Busbar Protection Element 1. For example, FDIF1 in Figure 5.1 
refers to the output from the filtered differential element of Busbar Protection 
Element 1. I01 and I02 refer to current inputs from Terminal I01 and 
Terminal I02.

                    

Referring to Figure 5.1, after the per unit conversion, the data (I01CR and 
I02CR) follow two separate paths. One path is through a digital band-pass filter 
(DBPF) to the filtered differential element and the directional element; the other 
path brings the instantaneous values to the fault detection logic.

The filtered differential element uses the input currents from each terminal in a 
protection zone to calculate the operate and restraint currents. The directional 
element compares the direction of current at a reference terminal to the direction 
of current at all other terminals in a protection zone to calculate fault direction. 
Several elements combine in the fault detection logic to distinguish between 
internal or busbar faults (FAULT1) and external faults (CON1).

where:

InnCR = Per unit current for Terminals I01–I21

Inn = Current in amperes for Terminals I01–I21

pu = per unit

                    

Figure 5.1 Block Diagram Showing the Logic for Busbar Protection Element 1

InnCR Inn
TAPnn
------------------pu=

87R1

Filtered Differential 
Element

Directional 
Element

Fault
Detection 

Logic

P87R1
I01

I02

1
TAP01

DBPF

DBPF
1

TAP02

I01CR I01CF

I02CR I02CF
1

FAULT1
(Internal Fault)

DE1F

FDIF1
87O1

CON1 (External Fault)

Adaptive
Security

Timer

E87SSUP = N

87ST1
E87SSUP = Y
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AND Gate 1 combines the OR combination of the directional element (DE1F) 
and internal fault element (FAULT1) with the sensitive differential element 
(87ST1) to supervise the filtered differential element. P87R1, the output from 
Gate 1, drives a security timer that controls the final output (87R1) of the busbar 
protection element. 

The logic includes three dedicated check zones (see Check Zone Protection Ele-
ments on page 5.10). This flexibility provides the opportunity to configure the 
dual differential (main zone and check zone) element combination.

Filtered Differential Element
The following discussion refers to the Filtered Differential Element 1, (with only 
Terminals 01 and 02 connected to the element) but applies equally well to the 
remaining five filtered differential elements. Using the output quantities from the 
digital band-pass filter (cosine filter), the filtered differential element calculates a 
restraint quantity, IRT1, and an operating quantity, IOP1, according to 
Equation 5.3 and Equation 5.4:

                    

Equation 5.3

and

                    

Equation 5.4

                    

Figure 5.2 shows a block diagram of the elements necessary for obtaining the dif-
ferential and restraint quantities used in the filtered differential elements. Relay 
Word bit FDIF1 is the output from the differential calculation. Relay Word bit 
87O1 asserts when the differential current exceeds the O87P threshold. Together 
these two Relay Word bits form the filtered differential element characteristic.

                    

Figure 5.3 shows the characteristic of the differential element as a straight line 
through the origin of the form:

                    

Equation 5.5

where:

I01CF and I02CF = Filtered per unit current values from Terminals I01 and 
I02

                    

Figure 5.2 Filtered Differential Element 1

IRT1 I01CF I02CF+=

IOP1 I01CF I02CF+=

I01CF

I02CF

⏐I01CF⏐

⏐I02CF⏐

⏐InnCF⏐Σ

Σ

O87P (setting)

87O1External Fault
Detection (CON1)

FDIF1

Filtered
Differential Element

IRT1

IOP1

IOP1 IRT1  SLP1 IRT1=
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For operating quantities (IOP1) exceeding the threshold level O87P and falling in 
the operate region of Figure 5.3, the filtered differential element issues an output. 
There are two slope settings. Slope 1 (SLP1) is effective for internal faults, and 
Slope 2 (SLP2) is effective for external faults. To change the slope values, first 
enable the advanced settings by setting EADVS := Y in Group Settings and then 
proceed to change the slope values. When the fault detection logic detects an 
external fault condition, Relay Word bit CON1 asserts. CON1 switches the slope 
of the differential characteristic from Slope 1 to Slope 2 to add security to the fil-
tered differential element (see Fault Detection Logic on page 5.7).

Directional Element
The relay includes directional elements that supervise the filtered differential ele-
ments. In particular, the directional elements provide additional security to the 
filtered differential elements during external faults with heavy CT saturation con-
ditions. Each of the six busbar protection elements has a directional element spe-
cific to that differential element.

The directional element compares the direction of current at the reference termi-
nal to the direction of current at all other qualifying terminals in each zone. A 
qualifying terminal is a terminal with current value greater than the 50DSP 
threshold setting; the relay selects one of these currents as a reference. For each 
calculation, the relay uses the real part of the product of the terminal current and 
the conjugate of the current at the reference terminal, as depicted in Figure 5.4.

                    

The relay declares an internal fault condition when the direction of current at all 
the remaining terminals coincides with the direction of current at the reference 
terminal. For the directional element to begin processing, the current values of at 
least two terminals within the zone must exceed the 50DSP threshold. Figure 5.5 
shows the directional element characteristic, the shaded area indicating an inter-
nal fault.

                    

Figure 5.3 Filtered Differential Element Characteristic

IRT1

IOP1 (IRT1)

O87P

SLP1

Operating Region

Restraining Region

SL
P2

                    

Figure 5.4 Torque Calculation Used in the Directional Element to Determine 
Fault Direction

Torque Calculation 
T = Re(IT01 • IREF*)

IREF

IT01
DE1F01
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The relay acquires the terminals within each specific protection zone from the 
zone selection logic. The relay determines the terminals with phase current 
greater than the 50DSP threshold and selects one of the currents greater than the 
50DSP threshold as a reference. The relay establishes fault direction by compar-
ing the direction of current at the reference terminal to that at the remaining ter-
minals in the zone with phase current greater than the 50DSP threshold.

Referring to Figure 5.6, consider the case of four terminals in Zone 1, with inputs 
labeled I01CF, I02CF, I03CF, and I04CF. Further, assume that the current magni-
tude in terminal I04CF is below the 50DSP threshold.

                    

First, the directional element determines which terminals have phase current 
magnitude greater than the 50DSP threshold. Because the current magnitude of 
input I04CF is below the 50DSP threshold, the relay selects only inputs I01CF, 
I02CF, and I03CF for further processing. The relay selects input I01CF as the ref-
erence (IREF) and compares the direction of current I02CF (IT02) and current 
I03CF (IT03) to this reference. DE1F asserts only if the direction of current at 
both IT02 and IT03 coincides with the direction of current at the reference termi-
nal according to the directional element characteristic shown in Figure 5.5. 

                    

Figure 5.5 Directional Element Characteristic, the Shaded Area Indicating an 
Internal Fault

                    

Figure 5.6 Directional Element Logic
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Fault Detection Logic
The fault detection logic distinguishes between external faults (external fault 
detection logic) and internal faults (internal fault detection logic), as shown in 
Figure 5.7. When the fault detection logic detects an external fault, Relay Word 
bit CON1 asserts, and when the fault detection logic detects an internal fault, 
Relay Word bit FAULT1 asserts.

                    

Elements in the fault detection logic use instantaneous per unit currents to calcu-
late a restraint quantity, IRT1R, and an operating quantity, IOP1R, according to 
Equation 5.6 and Equation 5.7:

                    

Equation 5.6

and

                    

Equation 5.7

                    

Figure 5.8 shows a block diagram of how the fault detection logic obtains 
restraint quantity IRT1R and operating quantity IOP1R.

                    

External Fault Detection Logic
In general, operating and restraint currents increase simultaneously for internal 
faults; for external faults, only the restraint current increases if there is no CT sat-
uration. By comparing the change in operating current (IOP1R) to the change in 
restraint current (IRT1R), the relay detects external fault conditions. Because 
CTs can saturate during external faults, the relay asserts the external fault condi-
tion (Relay Word bit CON1) for 60 cycles after detecting an external fault. 
Figure 5.9 shows the logic for detecting external fault conditions.

                    

Figure 5.7 Fault Detection Logic That Distinguishes Between External and 
Internal Faults

where:

I01CR and I02CR = Instantaneous per unit current from Terminals 01 and 02.

                    

Figure 5.8 Fault Detection Logic Obtaining Restraint and Operating Quantities
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Asserting CON1 for 60 cycles can slow relay operation for evolving faults 
(where the fault starts as an external fault and then develops into an internal 
fault). To prevent delayed tripping, CON1 resets when either the directional ele-
ment (DE1F) detects an evolving fault or the internal fault detection logic (IFAU-
LT1) confirms an internal fault condition. 

Relay Word bit CON1 controls the operating mode of the relay by asserting when 
the relay detects an external fault. The relay operates normally with CON1 deas-
serted but switches to a high-security mode when CON1 asserts. High security 
causes the following in the relay:

➤ Slope 1 changes to Slope 2.

➤ Delay time of the adaptive security timer increases.

Resetting CON1 releases the relay from the high-security mode, and the relay 
operates with the normal settings.

Internal Fault Detection Logic 
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.10 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. When the raw operate current (IOP1R) exceeds 
the active slope and the O87P setting, RDIF1 asserts. RDIF1 forms the input into 
the consecutive measurement fault detection logic and the fast fault detection 
logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the IFAULT1 Relay Word bit asserts.

                    

If surge (lightning) arresters are installed on busbars, a path to ground exists 
when these devices conduct, resulting in operating current in the differential ele-
ments. The fast fault detection logic qualifies the operating current with a time 

                    

Figure 5.9 External Fault Detection Logic
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Figure 5.10 Internal Fault Detection, Instantaneous Differential Element, 
Consecutive Measurement Fault Detection, and Fast Fault Detection Logics
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delay to differentiate between operating current resulting from surge arrester con-
duction and operating current because of internal faults. If the fast fault detection 
logic detects an internal fault, Relay Word bit GFAULT1 asserts.

Protection Element Output Logic
Figure 5.11 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
protection element output, Relay Word bit 87R1):

➤ An output from the filtered differential element, FDIF1

➤ An output from the filtered differential element threshold, 87O1

➤ An output from either the directional element (DE1F) or the internal 
fault detection logic (FAULT1)

➤ No output from the sensitive differential element (87ST1) with 
E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87R1 starts the adaptive security timer. CON1 also controls the security timer 
time setting; when CON1 asserts, the relay increases the time delay by 0.4 cycles 
to increase security for the protection element.

Table 5.1 shows operating times for the bus differential elements. Figure 5.12 
shows the average operating times (minimum of five trials) for the differential 
element. Operating times include the time it takes for the 87R element to assert 
and does not take into consideration the output contact closure time. Tests were 
performed for 1, 2, 3, 4, 5, 6, and 7 multiples of pickup setting. At 7 times the set-
ting, the deviation was 0.02 cycles. These tests do not include fault resistance. 
Operating times are the same for 50 Hz and 60 Hz.

                    

                    

q See Figure 5.47.

Figure 5.11 Differential Element Output: Final Conditions and Adaptive Security 
Timer

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
 (Sheet 1 of 2)

Multiples of Pickup Average

1 1.48

2 0.94

3 0.85

4 0.83

5 0.52
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Check Zone Protection Elements
The SEL-487B logic includes three dedicated check zones, providing the flexibil-
ity and opportunity to configure the dual differential (main zone and check zone) 
element combination.

Figure 5.13 shows the block diagram for a Check Zone 1 Protection Element 
(Check Zones 2 and 3 are similar). Throughout the following element descrip-
tions, the numerical part of the Relay Word bits refers to the specific terminal 
number (01–21). I01 and I02 refer to current inputs from Terminal I01 and Ter-
minal I02.

                    

6 0.51

7 0.52

                    

Figure 5.12 Average 87R Operating Times

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
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Figure 5.13 Block Diagram Showing Logic for Check Zone Protection Element 1
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Check Zone Filtered Differential Element
Figure 5.14 shows a block diagram of the elements necessary for obtaining the 
differential and restraint quantities used in the check zone filtered differential ele-
ments. Relay Word bit FDIFCZ1 is the output from the check zone differential 
calculation. Relay Word bit 87OCZ1 asserts when the differential current 
exceeds the CZO87P threshold. Together these two Relay Word bits form the 
check zone filtered differential element characteristic.

                    

Check Zone External Fault Detection Logic
Figure 5.15 shows the logic for detecting external fault conditions.

                    

To change the threshold values, first enable the advanced settings (see Section 8: 
Settings for more information on setting the relay) by setting EADVS := Y in 
Group Settings and then enable the check zone settings by setting ECHKZN := Y. 

Check Zone Internal Fault Detection Logic
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.16 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. RDIFCZ1, the output from the instantaneous 
differential element, forms the input into the consecutive measurement fault 
detection logic and the fast fault detection logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the Relay Word bit IFLTCZ1 asserts.

                    

Figure 5.14 Check Zone Filtered Differential Element 1
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Figure 5.15 Check Zone External Fault Detection Logic
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Check Zone Protection Element Output Logic
Figure 5.17 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
Check Zone Protection Element output, Relay Word bit 87RCZ1):

➤ An output from the check zone filtered differential element 
(FDIFCZ1)

➤ An output from the check zone filtered differential element threshold 
(87OCZ1)

➤ An output from either the check zone directional element (DECZ1F) 
or the check zone internal fault detection logic (FLTCZ1)

➤ No output from the check zone sensitive differential element 
(87STCZ1) with E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87RCZ1 starts the adaptive security timer. CONCZ1 also controls the security 
timer time setting; when CONCZ1 asserts, the relay increases the time delay by 
0.4 cycles to increase security for the protection element.

Sensitive Differential Element
For each zone, sensitive differential elements detect differential current resulting 
from CT open or short circuits conditions. If such a condition exceeds a settable 
delay, the element asserts an alarm. There are two Relay Word bits per zone: an 
instantaneous Relay Word bit, 87S1, and a time-delayed Relay Word bit, 87ST1. 

                    

Figure 5.16 Check Zone Internal Fault Detection, Instantaneous Differential 
Element, Consecutive Measurements Fault Detection, and Fast Fault Detection 
Logics
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Figure 5.17 Check Zone Differential Element Output: Final Conditions and 
Adaptive Security Timer
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Use 87ST1, the time-delayed output, for alarming and supervision. Each sensi-
tive differential element compares the sensitive differential element operating 
quantity, IOP1, against the S87P threshold.

                    

The status of the sensitive differential element is one of the four conditions con-
sidered in the final output logic of the differential protection element (see 
Figure 5.18). With E87SSUP := Y, the output 87STn supervises the differential 
protection element. When E87SSUP := N the sensitive differential (87STn) ele-
ment does not supervise the differential protection elements (87Rn). Setting 
E87SSUP := N only removes the supervision function from the differential ele-
ment, but does not disable the sensitive differential elements. The sensitive differ-
ential elements are still running and available for other functions such as 
asserting an alarm.

The sensitive differential elements may assert under load conditions if not set 
properly. To prevent these elements from asserting under load conditions, set the 
differential threshold setting 50 percent higher than the natural out-of-balance 
current at the station. Be sure to measure the worst natural out-of-balance current 
at the station. For example, in a double busbar layout with bus-zone-to-bus-zone 
connections, first merge the bus-zones before making the measurement (see 
Dynamic Zone Selection Logic on page 5.14 and Bus-Zone-to-Bus-Zone Connec-
tions on page 6.33 for more information). Use the MET DIF command to read 
the per unit operating current values from each protection zone.

Check Zone Sensitive Differential Element
                    

Each check zone has an independent sensitive differential element. There are two 
Relay Word bits per zone: an instantaneous Relay Word bit, 87SCZ1, and a time-
delayed Relay Word bit, 87STCZ1. Use 87STCZ1, the time-delayed output, for 
alarming and supervision. Each sensitive differential element compares the sensi-
tive differential element operating quantity, IOPCZ1, against the CZS87P thresh-
old.

                    

Figure 5.18 Sensitive Differential Element (87S)
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Figure 5.19 Check Zone Sensitive Differential Element (87S)
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Zone Supervision Logic
This logic provides final supervision criteria before a trip signal is issued. 
Figure 5.20 shows the logic for Differential Element 1, but similar logic is avail-
able for all six differential elements. Relay Word bit 87R1 is the output from the 
differential element, and Z1S is a SELOGIC control equation in the zone configu-
ration settings. The differential trip logic uses Relay Word bit 87Z1, the output 
from this logic, to determine which terminals to trip. See Differential Trip Logic 
on page 5.47 for more detail.

                    

Setting Z1S is a SELOGIC control equation in which you can program the condi-
tions for supervising the differential element (87R1). For example, this is the set-
ting in which you enter the output from the check zone differential element 
during check zone configuration. Consider the case where a check zone is config-
ured and 87CZ1 is the check zone element output. Both the check zone and the 
sensitive differential elements must supervise the 87R1 element. With 
E87SSUP := Y, 87ST1 is already included in the differential element supervision 
(one of the four final conditions; see Figure 5.11). Only the check zone informa-
tion is required:

Z1S := 87CZ1

Dynamic Zone Selection Logic
Busbar protection involves assigning the appropriate input current values to the 
corresponding differential elements for calculation of per zone operating and 
restraint quantities and determining the breakers to trip for differential and 
breaker failure protection operation. To allow flexible substation configuration 
without compromising busbar protection, the relay dynamically reassigns input 
currents to the appropriate differential elements when the station configuration 
changes.

Disconnect and breaker auxiliary contacts typically provide station configuration 
information in the form of control inputs, entered into the relay as SELOGIC con-
trol equations. By evaluating these SELOGIC control equations, the zone selection 
logic assigns the currents to the appropriate differential elements. When discon-
nects are closed in such a way that a solid connection exists between two (or 
more) zones, the zones merge, and only one zone is active. The active zone after 
a merge is always the zone with the lowest number. For example, if Zone 3 and 
Zone 4 merge, Zone 3 encompasses Zone 4.

When the SELOGIC control equation representing the Terminal-to-Bus-Zone 
becomes a logical 1, the zone selection algorithm processes the current values 
associated with that particular terminal (see Table 5.2). When the equation is log-
ical 0, the current values are neither processed nor considered in the differential 
calculations. This is also true for the trip output. When the SELOGIC control 
equation of a terminal is a logical 0, the differential element issues no trip signals 
to that terminal.

                    

Figure 5.20 Zone and Check Zone Supervision Logic
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To properly configure the station, the zone selection algorithm requires the fol-
lowing information:

➤ Terminals to bus-zones connections, IqqBZpV.

➤ Interconnections between bus-zones, BZpBZpV.

                    

Both IqqBZpV and BZpBZpV are SELOGIC control equation variables that you 
enter in the relay when using the SET Z command to set the relay. In QuickSet, 
IqqBZpV is found in Group > Zone Configuration > Terminal To Bus-Zone 
Connections and BZpBZpV is found in Group > Zone Configuration > Bus-
Zone To Bus-Zone Connections.

Selecting the Zones
The relay runs the zone selection algorithm every protection processing interval 
and sets the appropriate zone switching operation (ZSWOPp) Relay Word bits 
for one cycle when there is a status change in either IqqBZpV (terminal is con-
nected to or disconnected from a bus-zone) or BZpBZpV (two or more bus-zones 
are connected together).

Based on the SELOGIC control equations IqqBZpV and BZpBZpV, the zone 
selection logic determines the following:

➤ The bus-zone(s) to be included in each protection zone

➤ The active terminals to be included in each protection zone

➤ The terminals to trip for differential and breaker failure protection 
operations

Table 5.3 shows the Relay Word bits available in the zone selection logic with 
their descriptions.

                    

Table 5.2 Current Values Assigned to the Differential Element as a Function of 
the Disconnect Status

SELOGIC Control 
Equation

Status Meaning in the Differential Calculation

I01BZ1V := D891 D891 = 1 (closed) I01 is part of differential Bus-Zone 1

I01BZ1V := D891 D891 = 0 (open) I01 is not part of differential Bus-Zone 1

where:

I01BZ1V = SELOGIC control equation declaring the conditions when Ter-
minal 1 connects to Bus-Zone 1

D891 = input from Terminal 1 disconnect auxiliary contact that 
changes state when the disconnect switch changes state

where:

qq = 01–21 (Terminal 1 to Terminal 21)

p = 1–6 (Bus-Zone 1 to 6)

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 1 of 2)

Quantity Description

ZSWOPp Picks up following a change to either bus-zone-to-bus-zone or terminal-to-
bus-zone conditions in Zone p

ZONEp Differential Zone p is active

IqqBZpV Terminal qq connected to BZp

BZpBZpV A connection exists between BZp and BZp
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Check Zone Selection
The check zone function in the SEL-487B-1 differs in three ways from the check 
zone in the SEL-487B-0:

➤ Each SEL-487B-1 has three check zones

➤ There are no Terminal-to-Check-Zone Connection Logic settings, 
IqqCZ1V, in the SEL-487B-1

➤ The SEL-487B-1 includes Advance Check Zone settings

The single check zone in each SEL-487B-0 means that you can use the check 
zone only in a three-relay application. The three check zones in each 
SEL-487B-1 makes it possible to configure a check zone for each of the three 
phases in a single-relay application. 

On the basis that terminals in the check zone are independent of the disconnect 
auxiliary contact status, there is no need to configure Terminal-to-Check-Zone 
Connection Logic (i.e., IqqCZ1V in the SEL-487B-0) in the SEL-487B-1. There-
fore, to include a terminal in the check zone, just enter the Terminal, Check-
Zone, Polarity (P,N) settings, as shown below.

                    

In QuickSet, go to Check Zone Configuration > Terminal qq To Check Zone 
Connections and set CTqqCZp (p = 1–3) to Y to include a terminal in a check 
zone as shown in Figure 5.21. 

ZNpIqq Terminal qq connected to Zone p

ZNpIqqT Terminal qq connected to Zone p and will be tripped

BZpBZpR A connection exists between BZp and BZp and the coupler is removed

ZpBZp Bus-Zone p is part of Protective Zone p

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 2 of 2)

Quantity Description

Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ?N
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When you enter a check zone in the Terminal-to-Check-Zone settings, the corre-
sponding CZONEx (x = 1–3) Relay Word bit asserts. For example, in the above 
example, Relay Word bit CZONE1 asserts, but not Relay Word bits CZONE2 or 
CZONE3. Use the TAR ASCII command to verify the status of these Relay 
Word bits.

                    

The Advance Check Zone Settings provide a method to configure a check zone 
for applications with in-board CTs (see Example of Check Zone With In-Board 
(Bushing) CTs on page 6.23).

The SEL-487B-1 still includes Check Zone Supervision setting. Use these set-
tings to disable the entire check zone. In the following example, CZ1S is set to 1 
(the default setting), meaning that the check zone is always in service.

                    

Instantaneous/Delayed Overcurrent Elements
Each of the 21 terminals includes a single level of phase instantaneous and time-
delayed overcurrent elements. Figure 5.22 shows the logic for the 50Pnn ele-
ment. Labels FIM (Filtered, Instantaneous, Magnitude) are included for informa-
tional purposes and indicate specific processes used in the relay (see Section 12: 
Analog Quantities for more information about analog quantities).

The logic compares the magnitudes of phase input current InnFIM to a pickup 
setting 50PnnP. If the current magnitude exceeds the pickup level, Relay Word bit 
50Pnn asserts and the timer starts timing. After the time specified by the delay 

                    

Figure 5.21 Check Zone Settings

=>>TAR CZONE1<Enter>
*       *       *       *       *       CZONE3  CZONE2  CZONE1  
0       0       0       0       0       0       0       1

Check Zone Supervision
Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ?Y
Check Zone 1 Supervision (SELogic Equation)
CZ1S := 1

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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setting 50PnnD expires, a second Relay Word bit, 50PnnT, asserts. Relay Word 
bit 50PnnT only asserts if Relay Word bit 50Pnn remains asserted for the dura-
tion of the 50PnnD time setting. When Relay Word bit 50Pnn deasserts, the timer 
resets without delay, along with 50PnnT if it has asserted.

                    

The definite-time overcurrent elements are not enabled in the default settings. 
Enable the elements by setting E50 := nn (nn = 01–21). After enabling the ele-
ments, the definite-time overcurrent elements of all 21 terminals are available but 
are still set to OFF. For example, assume we want definite-time overcurrent pro-
tection for Terminal 05. Set E50 := 5, making the definite-time overcurrent ele-
ments of Terminal 01–Terminal 05 available. Because the default settings for the 
definite-time overcurrent elements are OFF, the elements are not active. Only 
enter settings at the definite-time overcurrent protection prompt of Terminal 05. 
Terminal 05 is the only terminal with definite-time overcurrent protection; the 
definite-time overcurrent protection for Terminal 01–Terminal 04 remains 
switched OFF.

Selectable Time-Overcurrent Elements (51)
Instead of having dedicated inverse-time overcurrent elements for each current 
channel, the relay offers the flexibility of an unassigned time-overcurrent ele-
ment, each with the choice of five US and five IEC operating curves. Unassigned 
means that the 51 element operating quantities are available for assignment, as 
the application requires (see Table 5.6).

The inverse-time overcurrent elements are not enabled in the default settings. 
Enable the desired number of elements by setting E51 := nn (nn = 01–21). 
Choose from any filtered instantaneous phase current quantity magnitudes 
(I01FIM–I21FIM) to set as the operate quantity, 51Onn.

Table 5.4 shows the five US characteristics, and Table 5.5 shows the five IEC 
characteristics. Each table shows the five operating time equations, together with 
the five electromechanical reset characteristic equations.

                    

                    

Figure 5.22 Phase Instantaneous and Time-Delayed Overcurrent Elements
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Timer 50P

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 1 of 2)

Curve Type Operating Time Reset Time

U1 (Moderately Inverse)  

U2 (Inverse)  

U3 (Very Inverse)  

Tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = TR TD 1.08
1 M2

–
---------------- 
 • =

Tp TD 0.180 5.95
M2 1–
----------------+ 

 • = TR TD 5.95
1 M2

–
---------------- 
 • =

Tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = TR TD 3.88
1 M2

–
---------------- 
 • =
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U4 (Extremely Inverse)  

U5 (Short-Time Inverse)  

a TP = Operating Time
TR = Reset Time
TD = Time-Delay Setting
M = Measured Current / Pickup Current

Table 5.5 IEC Time-Overcurrent Equations

Curve Type Operating Time Reset Time

C1 (Standard Inverse) 

C2 (Very Inverse) 

C3 (Extremely Inverse) 

C4 (Long-Time Inverse) 

C5 (Short-Time Inverse) 

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 2 of 2)

Curve Type Operating Time Reset Time

Tp TD 0.02434 5.64
M2 1–
----------------+ 

 • = TR TD 5.64
1 M2

–
---------------- 
 • =

Tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = TR TD 0.323
1 M2

–
---------------- 
 • =

Tp TD 0.14
M0.02 1–
---------------------- 
 • = TR TD 13.5

1 M2
–

---------------- 
 • =

Tp TD 13.5
M 1–
-------------- 
 • = TR TD 47.3

1 M2
–

---------------- 
 • =

Tp TD 80
M2 1–
---------------- 
 • = TR TD 80

1 M2
–

---------------- 
 • =

Tp TD 120
M 1–
-------------- 
 • = TR TD 120

1 M–
-------------- 
 • =

Tp TD 0.05
M0.04 1–
---------------------- 
 • = TR TD 4.85

1 M2
–

---------------- 
 • =
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Figure 5.23 U.S. Curves U1, U2, U3, and U4
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Figure 5.24 U.S. Curve U5 and IEC Curves C1, C2, and C3
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The 51 overcurrent elements of the relay have dynamic pickup (51Pxx) and time-
delay (51TDxx) values. Because these settings can be programmed by means of 
protection math variables (PMVs), their actual value cannot be checked at setting 
time. To ensure that the pickup and time-delay values are within their predefined 
limits, the relay uses a limit check to verify the validity of setting values. Relay 
Word bits 51TMxx (time-dial limit check) and 51MMxx (pickup-limit check) are 
used to indicate a setting that is outside of the limit check thresholds. If the maxi-
mum limit thresholds are exceeded, the relay uses the maximum limit value. If 
the minimum limit thresholds are exceeded, the relay uses the minimum limit 
value (see Figure 5.26).

                    

                    

Figure 5.25 IEC Curves C4 and C5
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Example 5.1

The Terminal 01 current channel input is 5 A nominal …. From relay part 
number

51O01 := I01FIM

 Therefore 51B101 := 0.25 (lower limit)

 And 51B201 := 16.0 (upper limit)

5 A Current Terminal: (Determined by Relay part number and the operating 
quantity)

B1 := 0.25 and B2 := 16.0
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If the calculated pickup value is greater than 3.2, the relay logic clamps the 
pickup value at 3.2. Similarly, if the value is less than 0.05, the relay logic clamps 
the pickup value at 0.05. At the same time that it clamps the values to these lim-
its, the logic sets a limit bit (51MMxx) to indicate to the user that the read-in 
value is outside the specified limits.

Logic
                    

Settings Description 
Operating Quantity

The 51 elements are unassigned, so you can select the operating quantity from 
Table 5.6.

                    

The Terminal 01 current channel input is 1 A nominal …. From relay part 
number

51O01 := I01FIM

Therefore 51B101 := 0.05 (lower limit)

And 51B201 := 3.2 (upper limit)

1 A Current Terminal: (Determined by relay part number and the operating 
quantity)

B1 := 0.05 and B2 := 3.2

Example 5.1  (Continued)

                    

Figure 5.26 Time-Overcurrent Logic
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51RSxx

(EM Reset)

Where: xx = 01–21

Note: If the relay is using TiDL (EtherCAT), the operating 
times will be delayed by 1.5 ms. Use caution when setting
the relay coordination times to account for this added delay.

Table 5.6 Time-Overcurrent Operating Quantity List 

Analog Quantity Description

InnFIMa

a Where nn = 01–21.

Filtered Instantaneous Terminal nn Current Magnitude



5.24

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Functions
Selectable Time-Overcurrent Elements (51)

Pickup and Time-Dial Settings
Pickup setting 51P01, operating on the ratio of the measured current to the 
pickup setting (multiple of pickup setting), moves the characteristic horizontally 
to vary the pickup current; time-dial (multiplier) setting 51TD01 moves the curve 
vertically to vary the operating time for a given multiple of pickup.

Both pickup (51P01) and time-dial (51TD01) settings are math variables instead 
of fixed settings. SEL math variables, unlike fixed settings that cannot be dynam-
ically changed, allow for the adaptive changing of pickup and time- dial settings 
without the need for changing relay setting groups. However, if your installation 
does not require adaptive pickup and/or time-dial settings changes, use the time-
overcurrent element as a conventional 51 element. For a conventional element, 
simply enter the pickup and time-dial settings as numbers, such as: 

51P01 = 1.5

51TD01 = 1

Upper and Lower Range Limits
When you use SEL math variables, the selected analog value can exceed the 
upper value of the pickup range, or it can fall below the lower value of the pickup 
range. When this happens, the relay assigns the appropriate threshold value to the 
element and continues to calculate the trip time. For the 51Pnn pickup settings, 
the upper threshold is 3.2 for 1 A relays and 16 for 5 A relays. The lower thresh-
old is 0.05 for 1 A relays and 0.25 for 5 A relays. For the 51TDnn time-dial set-
tings, the U.S. curve thresholds are 0.5 and 15, and the IEC thresholds are 0.05 
and 1.0. In addition, the relay also asserts the appropriate Relay Word bits: 
51MM01 (pickup value out of bounds) and/or 51TM01 (time-dial value out of 
bounds).

                    

Example 5.2

For example, you want a 1 A relay to pick up at 1.5 A when IN201 asserts 
and to pick up at 2 A when IN202 asserts (IN201 deasserted). Program the 
following:

51P01 := IN201 • 1.5 + IN202 • 2

With IN201 asserted (logical 1), and IN202 deasserted (logical 0), the 51P01 
setting is:

(1 • 1.5) + (0 • 2) = 1.5 + 0 = 1.5

When IN202 asserts (IN201 deasserted), the 51P01 setting is:

(0 • 1.5) + (1 • 2) = 0 + 2 = 2

If, however, IN202 asserts while IN201 is still asserted, the 51P01 setting is:

(1 • 1.5) + (1 • 2) = 1.5 + 2 = 3.5

Because 3.5 exceeds the upper range value of 3.2, the relay clamps the set-
ting at 3.2 and asserts Relay Word bit 51MM01.
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Torque Control
SELOGIC control equation 51TC01 allows you to state the conditions when the 
element must run. When 51TC01 asserts (logical 1), switch S1 in Figure 5.26 
closes, and the relay evaluates input 51O01. For example, if the element should 
only measure when the circuit breaker is closed, enter the following:

51TC01 := IN201 (Breaker auxiliary “A” contact connected to IN201)

With this setting, switch S1 closes only when IN201 is a logical 1. If the element 
must measure all the time, enter the following:

51TC01 := 1

EM Reset
Setting 51RS01 defines whether the curve resets like an electromechanical disk 
or after one power system cycle when current drops below pickup. If you set 
51RS01 = Y, then the relay resets according to the reset timer equations for that 
particular curve (see Table 5.4 or Table 5.5). If you set 51RS01 = N, then the 
relay resets after one power system cycle when current drops below pickup.

Over- and Undervoltage Elements
The SEL-487B offers as many as six undervoltage and six overvoltage elements. 
Each of these 12 elements has two levels, for a total of 24 over- and undervoltage 
elements. Figure 5.27 shows the over- and undervoltage element logic.

Use the E27 and E59 settings to enable as many over- and undervoltage elements 
as you need.

Select any operating quantity shown in Table 5.7 for the 27Ok settings, and any 
value from Table 5.8 for the 59Ok settings as an input quantity (27Ok and 59Ok 
settings). You can select the same quantity for an undervoltage element as for an 
overvoltage element.

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Settings Descriptions
E27 Enable Undervoltage Elements

Use the E27 setting to enable the number of undervoltage elements you want the 
relay to use. Each undervoltage element provides two pickup settings levels.

27Ok Undervoltage Element Operating Quantity
Select the operating quantity 27Ok (k = 1–6) you want for each voltage element 
from Table 5.7.

                    

                    

Figure 5.27 Over- and Undervoltage Logic
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∞

Table 5.7 Undervoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage
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27PkP1 Undervoltage Element Level 1 Pickup
The 27PkP1 (k = 1–6) undervoltage element Level 1 pickup setting is typically 
used for alarm level indication of undervoltage conditions. The setting is in sec-
ondary voltage. The Level 1 pickup has a definite-time delay (27PkD1) that can 
be used to provide a time delay on the assertion of the undervoltage element.

27PkP2 Undervoltage Element Level 2 Pickup
The 27PkP2 (k = 1–6) undervoltage element Level 2 pickup setting is typically 
used for undervoltage tripping conditions. The setting is in secondary voltage. 
The Level 2 pickup has no definite-time delay.

27TCk Undervoltage Element Torque Control
The 27TCk (k = 1–6) undervoltage element torque control uses a SELOGIC con-
trol equation to provide torque control of the undervoltage elements. All under-
voltage elements are blocked from operation when the 27TCk input evaluates to a 
zero. The default setting of 1 allows the undervoltage elements to always operate.

27PkD1 Undervoltage Element Level 1 Delay
When the system voltage falls below the undervoltage setting value, the under-
voltage timer starts timing. Set the delay (in cycles) for which the timer must run 
before the 27PkD1 (k = 1–6) setting asserts the output.

E59 Enable Overvoltage Elements
Use the E59 setting to enable the number of overvoltage elements you want to 
use in the relay. Each overvoltage element provides two pickup setting levels.

59Ok Overvoltage Element Operating Quantity
Select the operating quantity 59Ok (k = 1–6) you want for each voltage terminal 
from Table 5.8.

                    

59PkP1 Overvoltage Element Level 1 Pickup
Set pickup thresholds for the voltage values above which you want the Level 1 
overvoltage elements to assert. The Level 1 pickup has a definite-time delay 
(59PkD1) that can be used to provide a time delay on the assertion of the over-
voltage element.

Table 5.8 Overvoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage

3V2FIM Negative-sequence fundamental filtered voltage

3V0FIM Zero-sequence fundamental filtered voltage
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59PkP2 Overvoltage Element Level 2 Pickup
Set pickup thresholds for the voltage values above which you want the Level 2 
overvoltage elements to assert.

The 59PkP2 (k = 1–6) overvoltage element Level 2 pickup setting is typically 
used for overvoltage tripping conditions. The setting is in secondary voltage. The 
Level 2 pickup has no definite-time delay.

59TCk Overvoltage Element Torque Control
The 59TCk (k = 1–6) overvoltage element torque control uses a SELOGIC control 
equation to provide torque control of the overvoltage elements. All overvoltage 
elements are blocked from operation when the 59TCk input evaluates to a zero. 
The default setting of 1 allows the overvoltage elements to always operate.

59PkD1 Overvoltage Element Level 1 Delay
When the system voltage exceeds the overvoltage setting value, the overvoltage 
timer starts timing. Set the delay (in cycles) for which the timer must run before 
the 59PkD1 (k = 1–6) setting asserts the output.

Certain protection philosophies require voltage supervision for a trip. Each 
SEL-487B provides two levels of negative-sequence voltage and two levels of 
zero-sequence voltage elements to satisfy this requirement. In addition, the relay 
also provides two levels of phase undervoltage (27) and overvoltage (59) ele-
ments for each of the three phases.

Open-Phase Detection Logic
Subsidence current results from energy trapped in a CT magnetizing branch after 
a circuit breaker opens to clear a fault or interrupt load. This current exponen-
tially decays and delays the resetting of instantaneous overcurrent elements used 
for breaker failure protection. Breaker failure protection requires fast open-phase 
detection to ensure fast resetting of instantaneous overcurrent elements. 
Figure 5.28 shows open-phase logic that asserts SEL-487B open-phase detection 
elements OPHnn (nn = 01, 02, …21) in less than one cycle, even during subsid-
ence current conditions.

                    
                    

q See Figure 5.51.

Figure 5.28 Open-Phase Detection
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The logic measures the zero crossings and maximum and minimum current val-
ues of each phase. The relay declares an open phase when the logic does not 
detect a zero crossing or current value within 7/12 of a power system cycle since 
the previous measurement. The bottom path in Figure 5.28 is used to detect when 
the nominal current input for any channel is nearing the point of clipping at the 
analog to digital converter. If current channel clipping is imminent, current is 
above subsidence levels and the open-phase logic is forced to a false condition.

Open CT Detection Logic
When a CT opens, there is an incremental increase in operating current and a cor-
responding incremental decrease in restraint current. The two increments should 
result in a summation equal to zero.

Figure 5.29 shows the open current transformer detection logic. The change in 
operating current (IOPnR), the change in restraint current (IRTnR), and oper-
ating current (IOPn) are the analog inputs to the logic.

The AND gate output asserts when the following conditions are true:

➤ IOPnR is a positive value (greater than or equal to 0.05 pu)

➤ IRTnR is a negative value (less than –0.05 pu)

➤ The sum of IOPnR and IRTnR is very small (less than 0.05 pu)

➤ The filtered operating current (IOPn) is greater than or equal to 
Group Setting S87P

When the AND gate output is asserted, Relay Word bit OCTZn asserts and is 
latched. SELOGIC control equation ROCTZn resets the latch and Relay Word bit 
OCTZn clears. Reset has priority over set.

The lower portion of the logic asserts Relay Word bit RSTOCTn, the default 
value for SELOGIC control equation ROCTZn. RSTOCTn asserts when any of the 
following conditions are true:

➤ IOPn is less than 90 percent of group setting S87P

➤ IOPn is less than 0.05
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Table 5.9 shows the Relay Word bits available in the check zone selection logic 
with their descriptions.

                    

Circuit Breaker Failure Protection
The SEL-487B has complete breaker failure protection that includes retrip for 
each of the 21 terminals. This protection uses open-phase detection logic, pro-
vided with subcycle current reset, to reduce breaker failure coordination times. 
Two options are available for application of breaker failure protection:

➤ Schemes equipped with external breaker failure relays. These 
schemes send a bus trip (output from the breaker failure relay on the 
terminal panel) command to the bus protection relay (SEL-487B) 
that requires only the zone selection and output contacts to operate 
the appropriate breakers.

➤ Schemes using the internal breaker failure protection of the 
SEL-487B. These schemes send a breaker failure initiate (normally a 
trip output) command to the bus protection relay. The SEL-487B 
includes breaker failure logic, as well as zone selection and output 
contacts, to operate the appropriate breakers.

Apply either option exclusively, or use a combination of the two options at the 
same station. For example, use the breaker failure relays on the feeder panels for 
protection philosophies requiring discrete breaker failure relays, but use the built-

                    

Figure 5.29 Zone n Open CT Detector

Table 5.9 Relay Word Bits in the Open CT Detection Logic

Quantity Description

OCTZn Zone n Open CT detected

ROCTZn Reset Zone n Open CT detector (SELOGIC control equation)

RSTOCTn Zone n Open CT detection reset

ROCTZn

OCTZn

RSTOCTn

S

R

Q
0.05

—1

0.9

0.05

DIOPnR

DIRTnR

IOPn
S87P

n can be 1–6

�
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in breaker failure protection in the SEL-487B for all other terminals at the sta-
tion. Connect breaker failure initiate signals from these terminals to any one of 
six independent optoisolated inputs. These inputs are available on each INT4 
interface board. Figure 5.30 shows logic for Terminal 01; similar logic is avail-
able for all 21 terminals.

                    

Schemes Using Internal Breaker Failure Relays 
The basic breaker failure logic does not include logic to seal-in the breaker fail-
ure initiate signals. For applications where BFI seal-in and extension are 
required, alternate BFI logic is provided. Set EXBF01 := N to enable the internal 
breaker failure logic for Terminal 01. Refer to Figure 5.30.

Breaker Failure Logic
The breaker failure logic requires the trip signal to be continuously present for 
the duration of the breaker failure timer because the BFI signal is not sealed in. If 
an external BFI signal falls away for one processing interval longer than the 
debounce dropout time setting of the input, the breaker failure timers reset. Wire 
breaker failure initiate circuitry, typically a trip output contact from a protection 
relay, to one of the six independent optoisolated inputs and assign the input to 
BFI01.

When the trip contact from the protection relay closes to assert BFI01, timers 
BFPU01 (Terminal I01 circuit breaker failure timer) and RTPU01 (Terminal I01 
retrip timer) start timing. If BF101 remains asserted when the retrip timer 
expires, Relay Word bit RT01 asserts. Use this Relay Word bit as an output to 
attempt another trip pulse to the circuit breaker before the relay issues a bus trip 
command. When timer BFPU01 expires, Relay Word bit FBF01 asserts if 50F01 
is asserted. Use this Relay Word bit in the circuit breaker tripping logic to cause a 
circuit breaker failure trip.

If the circuit breaker opens successfully before timer BFPU01 or timer RTPU01 
expires, the cessation of current flow on the circuit will cause the fast breaker 
open detector element OPH01 to assert, dropping out element 50F01. This will 
block the assertion of the breaker failure Relay Word bit FBF01. If the trip con-
tact from the protection relay opens before timer RTP01 expires, the BFPU01 
timer and RTPU01 timers will drop out and neither RT01 nor FBF01 will assert.

This logic is suitable for applications where two breakers must open to interrupt 
fault current, such as in breaker-and-a-half and ring-bus configurations. For these 
applications, breaker failure logic that requires both BFI and 50F to be asserted 
before the timer starts is often not suitable. The problem occurs because the 50F 

                    

Figure 5.30 Breaker Failure Logic

Relay
Word
BitsXBF01

EXBF01 := Y 
(Logical 1 if EXBF01 := Y)

BFI01

I01

50FP01

OPH01

SELOGIC
Settings

BFPU01

0
CYC

RTPU01

0
CYC

FBF01

50F01

BFIT01

RT01
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element may not assert until the first of the two breakers opens and the current 
redistributes so that all of it goes through the failed breaker. This situation results 
in a delay of the Breaker 2 breaker failure time equal to the time for Breaker 1 to 
interrupt the current. The 50 breaker failure logic does not have this problem.

Alternate Breaker Failure Initiating Input With Extension and/or Seal 
In Logic

The alternate BFI logic lets you choose to either extend the breaker failure initi-
ate signal or seal in the breaker failure initiate signal. Figure 5.31 shows the com-
bined logic for both breaker failure initiating input extension (AND Gate 1) and 
seal-in (AND Gates 1 and 2) functions. This logic can also be used for applica-
tions where it is required to have 50F01 asserted before the breaker failure timer 
can start.

                    

Breaker Failure Initiating Input Seal In

Use the seal-in option if the breaker failure initiation signal is not continuous and 
fault current is immediately available (single-breaker applications). Referring to 
Figure 5.31, set EXBF01 := N to enable the internal breaker failure logic. Set 
EBFIS01 := Y to set the top input of AND Gate 2 to a logical 1. Wire the breaker 
failure initiate signal to the SEL-487B, and assign the input to ATBFI01. Then 
assign Relay Word bit ABFIT01 to BFI01 (Figure 5.30). On receipt of the 
breaker failure initiate signal, AND Gate 1 turns on. The output from AND Gate 
1 starts the breaker failure timers (Figure 5.30) and turns AND Gate 2 on. If the 
initiate signal is present for longer than the Timer BFISP01 setting, the output 
from Gate 1 seals in for as long as the current exceeds the 50FP01 threshold. Set 
the Timer BFISP01 setting longer than a quarter cycle to prevent seal-in for spu-
rious signals, but set it shorter than the initiate signal to ensure seal-in.

Breaker Failure Initiating Input Extension

Use the extension option in conjunction with the seal in option if the breaker fail-
ure initiation signal is not continuous, but fault current is not immediately avail-
able to start the breaker failure timers (double-breaker applications). 

The logic still requires the current to be above the 50FP01 threshold after timer 
BFIDO01 times out to keep Gate 1 turned on. Set EXBF01 := N to enable the 
internal breaker failure logic. Referring to Figure 5.31, wire the breaker failure 
initiate signal to the SEL-487B, and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). In the absence of fault current, 
and on receipt of the rising edge of the breaker failure initiate signal at input 

                    

Figure 5.31 Circuit Breaker Failure Initiation Extension and Seal In

Relay
Word
Bit

ATBFI01

EBFIS01 := Y 
(Logical 1 if EBFIS01 := Y)

50F01

SELOGIC
Setting 0

BFIDO01 

ABFIT01

0

BFISP01

1

2

NOTE: Coordinate Timer BFISP01 
setting with the contact debounce 
settings.
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ATBFI01, AND Gate 1 turns on. When AND Gate 1 turns on, Relay Word bit 
ABFIT01 asserts, causing timers BFPU01 and RTP01 to start timing 
(Figure 5.30). 

When Breaker 1 opens, enough current flows through Breaker 2 to assert the 
50F01 Relay Word bit. Refer to Figure 5.31 and note that the current flowing 
through Breaker 2 replaces the output from timer BFIDO01 and keeps Gate 1 
turned on, sustaining the input to the breaker failure timers. Set Timer BFIDO01 
longer than the time Breaker 1 takes to interrupt the current, but shorter than the 
Timer BFPU01setting. This setting ensures that, after Breaker 1 opens, Timer 
BFPU01 will continue to run while current greater than 50FP01 is present.

Supervising Breaker Failure Initiate With the Fault Detector

Use the alternate BFI logic if the breaker failure initiation signal must be super-
vised by current before the BFPU01 timer can start. Set EXBF01 := N to enable 
the internal breaker failure logic. Referring to Figure 5.31, wire the breaker fail-
ure initiate signal to the SEL-487B and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). Set BFIDO01 to 0.0 CYC. In 
this configuration, the upper input to AND Gate 1 is controlled by 50F01 and the 
lower input to AND Gate 1 is controlled by ATBFI01. Thus, ABFIT01 will not 
assert and start the BFPU01 and RTP01 timers (Figure 5.30) unless both ATB-
FI01 and 50F01 are asserted.

Schemes Equipped With External Breaker Failure Relays
Set EXBF01 := Y to enable the external breaker failure logic. This setting effec-
tively reduces the logic to that shown in Figure 5.32. 

                    

Wire breaker failure initiate circuitry to one of the SEL-487B inputs, and assign 
the input to XBF01. Relay Word bit FBF01 immediately asserts upon assertion of 
the input signal.

Retrip
Some circuit breakers have two separate trip coils. If one trip coil fails, local pro-
tection can attempt to energize the second trip coil (often connected to a separate 
battery) to prevent an impending circuit breaker failure operation. Configure your 
protection system to always attempt a local retrip using the second trip coil 
before the circuit breaker failure pickup timer expires. RTPU01 (Retrip Time 
Delay on Pickup Timer) begins timing when BFI01 asserts. Relay Word bit RT01 
(Breaker 1 Retrip) asserts immediately after RTPU01 times out. Assign a control 
output to trip the circuit breaker when Relay Word bit RT01 asserts. 

Breaker Failure Clearing Times
Figure 5.33 is based on actual test data at room temperature using various set-
tings. Relay element specifications given in Section 1: Introduction and Specifi-
cations include the entire temperature range of the relay. Output contact times are 
not included.

NOTE: Although BFIDO01 is set to 
0.0, the timer picks up for one 
processing interval after assertion.

                    

Figure 5.32 Breaker Failure Logic for External Breaker Failure

FBF01
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Circuit Breaker Failure Trip Logic
Following a breaker failure relay operation, the SEL-487B breaker failure trip 
logic sends trip signals to all of the breakers the logic identifies as being in the 
same bus-zone as the faulted breaker. The logic uses breaker failure trip informa-
tion from the internal breaker failure logic and zone selection information to 
determine which breakers to trip. Figure 5.34 shows the processing sequence for 
tripping the breakers according to the breaker failure operation FBF01.

                    

Figure 5.33 Breaker Failure Clearing Times
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For example, assume Terminals I01, I02, I03, and I04 are in Bus-Zone 1, with 
Terminal 01 failing for an external fault. The logic determines that Terminal 01 is 
in Bus-Zone 1, just as Terminals 02, 03, and 04 are also in Bus-Zone 1. The relay 
asserts Relay Word bits SBFTR01, SBFTR02, SBFTR03, and SBFTR04. With 
the assumption that there are four breakers, assign these four Relay Word bits to 
the corresponding TR01, TR02, TR03, and TR04 trip equations.

The breaker failure trip logic asserts the breaker failure trips as shown in 
Table 5.10.

                    

                    

Figure 5.34 Station Breaker Failure Trip Logic

Table 5.10 Station Breaker Failure Trips (Sheet 1 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

I01 SBFTR01

I02 SBFTR02

I03 SBFTR03

104 SBFTR04

105 SBFTR05

106 SBFTR06

107 SBFTR07

108 SBFTR08

109 SBFTR09

110 SBFTR10

I11 SBFTR11

I12 SBFTR12

Start

End

FBF01 
Asserted?

Read zone(s) that 
include Terminal 01

Assert BFZp

Read terminals
to trip within
active zone(s)

Generate trip for 
terminals in the 
involved zones 

(SBFTRkk)

No

Yes
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SBFTR is the OR combination of SBFTR01 to SBFTR21.

Bus Coupler/Bus Sectionalizer Configurations
With the flexibility of SELOGIC control equations, you can configure any one of 
the bus sectionalizer (tie breaker) configurations in Figure 5.35–Figure 5.37 
without additional wiring; it is simply a software configuration change.

CT Either Side of the Breaker With Overlap
Figure 5.35 shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in overlap. For an overlap application, con-
nect the CTs so that each zone of protection (B1 and B2) includes the tie-breaker 
circuit breaker. For example, for Fault 1, only the differential element of Busbar 
B2 operates; the differential element of Busbar B1 is stable. However, because of 
the overlap connections, both differential elements operate for Fault F2.

                    

CT Either Side of the Breaker With Breaker Differential
Figure 5.36 also shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in a breaker differential application. For a 
breaker differential application, connect the CTs so that each zone of protection 
(B1 and B2) excludes the tie-breaker circuit breaker. For example, for Fault F1, 
the differential element of Busbar B2 operates; the differential element of Busbar 
B1 is stable. The differential element of both Busbar B1 and Busbar B2 is stable 
for Fault F2. To provide protection for Fault F2, configure an additional differen-
tial zone of protection across the tie-breaker circuit breaker. 

I13 SBFTR13

I14 SBFTR14

I15 SBFTR15

I16 SBFTR16

I17 SBFTR17

I18 SBFTR18

I19 SBFTR19

I20 SBFTR20

I21 SBFTR21

Table 5.10 Station Breaker Failure Trips (Sheet 2 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

                    

Figure 5.35 Two CTs With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
F1F2

B2

52
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Single CT, Single or Two Cores With Overlap
Figure 5.37 shows a bus sectionalizer with a single CT on one side of the circuit 
breaker with the protection arranged in overlap.

                    

Refer to the application examples in Section 6: Protection Application Examples 
for more information.

Coupler Security Logic
A fault between bus coupler circuit breaker and CT usually results in the loss of 
multiple zones as well as in delayed fault clearance, except for where the bus 
coupler has overlapping zones of protection where both zones are tripped instan-
taneously. For bus coupler configurations such as breaker differential and single 
CT applications, fault clearance time usually equals the bus coupler breaker fail-
ure time for faults between the CT and the breaker. The coupler security logic 
includes logic to shorten this time so that it equals the operating time of the bus 
coupler circuit breaker. Coupler security logic also includes logic to prevent trip-
ping of multiple bus-zones instead of just the faulted bus-zone. Although identi-
fying the faulted bus-zone introduces a trip delay, this delay is still shorter than 
the bus coupler breaker failure time.

Preventing the loss of multiple bus-zones requires two steps. First, the coupler 
security logic allows the differential elements to trip only the bus coupler circuit 
breaker, thereby interrupting the fault current from the unfaulted bus-zone. Then, 
this logic removes the bus coupler CTs from all differential calculations. Remov-
ing the bus coupler CTs from the differential calculations of the unfaulted bus-
zone has no effect on the stability of this bus-zone because it no longer contrib-
utes to the fault current. However, removing the bus coupler CTs from the differ-
ential calculations of the faulted bus-zone causes the differential elements of the 
faulted bus-zone to operate. This application trips only the faulted bus-zone, 
thereby preventing the indiscriminate loss of multiple zones, irrespective of the 
fault position or CT location.

                    

Figure 5.36 Two CTs With the Busbar Protection Configured as Breaker 
Differential

52

Bus 1 Bus 2

B1 B2

87

F2 F1

                    

Figure 5.37 Single CT With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
B2

F1

52
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In most cases, breaker auxiliary contacts provide circuit breaker status informa-
tion. However, circuit breaker auxiliary contact failure or misalignment can result 
in relay misoperation instead of accelerated tripping. The following discussion 
describes network operating conditions that may result in relay misoperation and 
shows how the coupler security logic in the SEL-487B prevents these possible 
misoperations. Two examples of accelerated tripping show how to apply the cou-
pler security logic to breaker differential and single CT applications. In all cases, 
assume circuit breaker operating times to be two cycles.

Network Operating Condition 1
Figure 5.38 depicts a subset of a substation showing Bus Sectionalizer Breaker Z, 
and two terminals labeled Feeder 1 and Feeder 2. Zone 1 and Zone 2 are the two 
bus sections at the station, with the bus sectionalizer busbar protection arranged 
in overlap. Because both sectionalizer disconnects (Z891 and Z892) are closed, 
the currents from the sectionalizer CTs are considered in the differential calcula-
tions. In this example, the bus sectionalizer circuit breaker is open, and both 
feeder circuit breakers are closed. Table 5.11 summarizes the prevailing network 
operating conditions.

                    

                    

Assume now that Fault F1 occurs as indicated in Figure 5.38. Because the cur-
rents from the sectionalizer CTs are considered in the differential calculations, 
and because the bus sectionalizer busbar protection is arranged in overlap, both 
zones trip. Table 5.12 summarizes the event.

                    

One solution for overcoming this problem is to include the bus sectionalizer cir-
cuit breaker auxiliary contact together with the disconnect auxiliary contact as a 
condition for CT consideration in the differential calculations. With the bus sec-
tionalizer circuit breaker auxiliary contact included in the conditions, the current 

                    

Figure 5.38 Fault F1 Between Bus Sectionalizer and CT With the Bus 
Sectionalizer Circuit Breaker Open

Table 5.11 Summary of the Network Conditions Shown in Figure 5.38

Station Conditions Fault Description

Bus sectionalizer Circuit Breaker Z open

Both bus sectionalizer disconnects (Z891 and 
Z892) closed

All other breakers and disconnects closed

Fault F1 develops between the sectionalizer 
circuit breaker and CT

Table 5.12 Summary of the Event for Fault F1 Shown in Figure 5.38

Tripping for Fault F1 Clearing Time Zones Lost Comment

All breakers in both zones trip 
without time delay

2 cycles 2 Zone 2 tripped unneces-
sarily

Z891 Z892

Zone 1

891

5252

Zone 2

892

Z

F1

Feeder 1 Feeder 2

Overlap
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inputs from the bus sectionalizer CTs are not considered in the differential calcu-
lations when the bus sectionalizer circuit breaker is open. In this case, only 
Zone 1 trips for Fault F1 in Figure 5.38.

Including the bus sectionalizer circuit breaker auxiliary contact solves the prob-
lem in Network Operating Condition 1. However, Network Operating 
Condition 2 shows that the busbar protection is still not completely secure, 
although the conditions for CT consideration in the differential calculations now 
include the bus sectionalizer circuit breaker auxiliary contact.

Network Operating Condition 2
Figure 5.39 shows the same substation under different operating conditions. The 
bus sectionalizer circuit breaker auxiliary contact 52A forms part of the condi-
tions for CT consideration in the differential calculations. Although the discon-
nects are closed, the bus sectionalizer circuit breaker is open and the differential 
calculations do not consider the bus sectionalizer CT inputs in the differential 
calculation. Fault F2 in Figure 5.39 represents grounding straps that were inad-
vertently left on the busbars in Zone 1. The Feeder 1 circuit breaker is open, and 
the bus sectionalizing circuit breaker is about to close. Table 5.13 summarizes the 
prevailing network operating conditions.

                    

                    

If the bus sectionalizing circuit breaker auxiliary contacts are misaligned or fail 
in such a way that the CTs from the sectionalizer are not considered in the differ-
ential calculation at fault inception, the Zone 2 differential elements misoperate. 
Table 5.14 summarizes the event.

                    

                    

Figure 5.39 Closing the Bus Sectionalizing Circuit Breaker Onto a Faulted 
Busbar

Table 5.13 Summary of the Events for Fault F2 Shown in Figure 5.39

Station Conditions Fault Description

Bus sectionalizer Breaker Z closing

Both bus sectionalizer disconnects (Z891 and Z892) are closed

All Zone 2 feeder breakers and disconnects (892) are closed

All Zone 1 feeder disconnects (891) are open

Sectionalizer breaker closes 
onto Fault F2

Table 5.14 Summary of the Event for Fault F2 Shown in Figure 5.39

Tripping for F2 Clearing Time Zones Lost Comment

All breakers in Zone 2 
trip without time delay 
(Feeder 2 and Circuit 
Breaker Z)

2 cycles 1 Incorrect tripping for terminals 
connected to Zone 2; only termi-
nals connected to Zone 1 
(Breaker Z) should have tripped.

Z891 Z892

Zone 2

F2

Zone 1

52A

Overlap

891

52

Feeder 1

52

892

Feeder 2
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Use the coupler security logic (see Figure 5.40) in the SEL-487B to prevent relay 
misoperation for network conditions 1 and 2.

Coupler Security Logic
Inserting the bus sectionalizer CTs into the differential calculations before fault 
inception prevents relay misoperation for Network Operating Condition 2. 
Figure 5.40 shows one of the four coupler security logics available in the relay. 
Wire a bus sectionalizer auxiliary contact to input CB52A1, and wire the bus sec-
tionalizer circuit breaker closing signal to input CBCLS1. Inputs CB52A1 and 
CBCLS1 coordinate the bus sectionalizer CT insertion into and removal from the 
differential calculation. For breaker differential applications, enter CSL1, the 
output from the coupler security logic, instead of the bus sectionalizer circuit 
breaker auxiliary contact, as a condition for CT consideration in the differential 
calculations.

As shown in Figure 5.40, the breaker auxiliary contact (CB52A1) and the close 
signal (CBCLS1) are in parallel. Issuing the close signal to the bus sectionalizer 
circuit breaker close coil also asserts Relay Word bit CSL1. Timer CBCLD01 
maintains the close signal for five cycles (default setting), allowing ample time 
for the bus sectionalizer circuit breaker auxiliary contact to change state. When 
Relay Word bit CSL1 asserts, the CTs are immediately considered in the differ-
ential calculation. Because the bus sectionalizer CTs are considered in the differ-
ential calculation before fault inception, Zone 2 is stable for Network Operating 
Condition 2.

                    

When the bus sectionalizer circuit breaker trips, misaligned circuit breaker auxil-
iary contacts can remove the bus sectionalizer CTs from the differential calcula-
tion while current still flows through the bus sectionalizer circuit breaker. Timer 
CB52D01 maintains the status of the bus sectionalizer circuit breaker auxiliary 
contact as closed for four cycles (default setting) after the contact changes state. 
During this four-cycle time delay, the bus sectionalizer CTs are still considered in 
the differential calculation, allowing the bus sectionalizer circuit breaker ample 
time to interrupt the current.

ACTRP1, the third input into the coupler security logic provides an input to 
accelerate tripping of the bus sectionalizer circuit breaker for faults between bus 
sectionalizer circuit breaker and CT. Accelerated tripping operating time is the 
time period greater than the bus sectionalizer circuit breaker operating time (typi-
cally 2 cycles) but shorter than the breaker failure time (typically 6–10 cycles).

                    

Figure 5.40 Coupler Security Logic for Accelerated Tripping and Busbar 
Protection Security for Circuit Breaker Auxiliary Contact Misalignment
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Breaker Differential
Figure 5.41 shows an application of breaker differential protection. There are 
CTs on either side of the bus sectionalizing circuit breaker, and we configure a 
differential zone of protection across the bus sectionalizing circuit breaker. This 
is in addition to Zone 1 and Zone 2 of the busbar protection. Any of the six zones 
may be used for breaker differential protection. Breaker differential protection is 
a good choice for stations where preservation of supply is more important than a 
very fast clearing time.

                    

We use the coupler security logic (initially without an ACTRP1 input) and con-
sider the relay operation for Fault F3 in Figure 5.41. Circuit Breaker Z opens 
after two cycles, deasserting the input to CB52A1. When Circuit Breaker Z trips, 
fault current no longer flows from Zone 2, but Zone 1 still contributes to the fault. 
Four cycles after Circuit Breaker Z trips (CB52D01 default time), Relay Word bit 
CSL1 deasserts, removing both bus sectionalizing CTs from all three differential 
elements (breaker differential, Zone 1, and Zone 2). Zone 2 is stable after remov-
ing the CTs from the Zone 2 differential calculations because Zone 2 no longer 
contributes to the fault. However, Zone 1 still contributes to the fault, and remov-
ing the CTs from the Zone 1 differential calculations causes the Zone 1 differen-
tial elements to operate, clearing the fault. Only one zone is lost, although this 
loss occurs after a time delay. Table 5.15 summarizes the events.

                    

Because Fault F3 is external to Zone 1 and Zone 2, both of these zones are stable 
for as long as the sectionalizing breaker CTs are considered in the differential 
calculations. If the sectionalizing breaker fails, both Zone 1 and Zone 2 trip only 
after breaker failure time.

                    

Figure 5.41 CTs on Either Side of the Sectionalizer Circuit Breaker With 
Breaker Differential Across Breaker Z

Table 5.15 Summary of the Event for Fault F3 Shown in Figure 5.41

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer CB52A1 expires 4 cycles 0 Relay Word bit CSL1 deas-
serts, unbalancing Zone 1

SEL-487B operating time 1 cycle 0 Typical operating time is 0.75 
cycles

All circuit breakers in Zone 1 
trip

2 cycles 1 Total clearing time is 10 
cycles

Z891 Z892

Zone 2

F3

Zone 1

Z

52A

Diff

891

52

Feeder 1

52

892

Feeder 2
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Function ACTRP1 provides an input for removing the bus sectionalizing CTs 
sooner. One solution is to assign 87R3, the output from the sectionalizer breaker 
differential element to input ACTRP1. Relay Word bit 87R3 asserts when there is 
a fault within the sectionalizer zone. With ACTPPU1 set to 4 cycles, Relay Word 
bit CSL1 deasserts about 2 cycles after the sectionalizing circuit breaker inter-
rupts the fault current. Table 5.16 summarizes the events.

                    

Single CT Application
Figure 5.42 shows the same substation, now with only one CT installed on the 
bus sectionalizer. The busbar protection is connected in overlap. The challenge 
for the busbar protection is to distinguish between faults F4 and F5. When Fault 
F5 occurs, Zone 1 is stable and the Zone 2 protection immediately trips Feeder 2 
and the bus sectionalizer circuit breaker. Tripping Feeder 2 and the bus sectional-
izer circuit breaker clears Fault F5.

                    

When Fault F4 occurs, Zone 1 is stable, and, as before, the Zone 2 protection 
immediately trips Feeder 2 and the bus sectionalizer circuit breaker. Tripping 
Feeder 2 and the bus sectionalizer circuit breaker, however, does not clear Fault 
F4, and fault current still flows through the bus sectionalizer CT. At the same 
time, the busbar protection also initiates breaker failure protection on Feeder 2 
and the bus sectionalizer. This fault current causes the breaker failure protection 
of the bus sectionalizer to continue timing, although the bus sectionalizer circuit 
breaker tripped. After the bus sectionalizer breaker failure timer times out, all cir-
cuit breakers in Zone 1 trip. Both Zone 1 and Zone 2 trip to clear this fault.

Table 5.16 Summary of the Event for Fault F3 Using the Accelerated Trip 
Function

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles. Timer ACTPPU1 starts 
timing

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer ACTPPU1 expires 2 cycles 0 Reduce this setting for faster 
clearance

SEL-487B operating time 1 cycle 0 Typical operating time is 
0.75 cycles

All circuit breakers in 
Zone 1 trip

2 cycles 1 Total clearing time is 8 cycles

                    

Figure 5.42 Single CT Application With Fault F4 Between the Bus Sectionalizer 
Circuit Breaker and CT
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If delayed tripping time for Zone 2 busbar faults is in order, use a combination of 
the zone supervision and coupler security logic to prevent losing both zones. 
Assign 87R2, the output from the Zone 2 differential element, to ACTRP1, the 
accelerated trip input of the coupler security logic. Assign the negated output 
from the coupler security logic (NOT CSL1) to supervise the Zone 2 differential 
element output (Z2S := NOT CSL1). For single CT applications, enter CB52A1, 
the bus sectionalizer circuit breaker auxiliary contact, as a condition for CT con-
sideration in the differential calculations for the zone supervised by CSL1 (Zone 
2 in this case). Then, enter CB52T1, the coupler status timed-out bit, as a condi-
tion for CT consideration in the differential calculations for the unsupervised 
zone (Zone 1 in this case).

For faults in Zone 2, trip only the bus sectionalizer circuit breaker. After the bus 
sectionalizer opens, remove the bus sectionalizer CT from the differential calcu-
lations of Zone 2. After a set delay of at least 2 cycles (to allow the 87R2 element 
to reset), remove the Zone 2 supervision and the bus sectionalizer CT from the 
differential calculations of Zone 1. The operation of the logic is as follows:

When either Fault F4 or Fault F5 occurs, the Zone 2 differential element 
operates to clear the fault. The Zone 2 zone supervision prevents Relay Word 
bit 87Z2 from asserting and only the bus sectionalizer circuit breaker 
receives a trip signal. The circuit breaker trips two cycles later, removing CT 
cores C1 and eventually C2 from the differential calculations for Zone 1 and 
Zone 2. 

For Fault F4, the bus sectionalizer circuit breaker is open, but fault current 
still flows through CT Cores C1 and C2. Removing the bus sectionalizer CTs 
from all differential calculations prevents Zone 2 from operating (current 
from CT Core C1 removed) but causes Zone 1 to operate (balancing current 
from CT Core C2 removed). 

For Fault F5, tripping the bus sectionalizer circuit breaker interrupts the fault 
current contribution from Zone 1, and the Zone 1 differential element is sta-
ble. The Zone 2 zone supervision prevents tripping of terminals in Zone 2, 
until Accelerate Trip Timer ACTRP1 times out. When ACTRP1 times out, 
coupler security logic output CSL1 deasserts. When Relay Word bit CSL1 
deasserts, Relay Word bit Z2S asserts, allowing the Zone 2 differential ele-
ment (87Z2) to operate and issuing a trip signal to all circuit breakers in 
Zone 2. See Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180 for an example.

Disconnect Monitor
Disconnect auxiliary contacts provide the zone selection logic with the informa-
tion required to dynamically assign current inputs to the appropriate differential 
elements. Figure 5.43 depicts the logic for Disconnect Logic Circuit 01 in the 
relay, one of 60 disconnect logic circuits available in the relay. This logic requires 
both normally open (89A) and/or normally closed (89B) disconnect auxiliary 
contacts.

Table 5.17 shows the four possible disconnect auxiliary contact combinations, 
and the way in which the relay interprets these combinations. Applying the prin-
ciple of (disconnect) NOT OPEN = (disconnect) CLOSED, the relay properly 
coordinates the primary current flow and the CT current assignment to the appro-
priate differential element.
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The following description of the contact combinations assumes the disconnect 
auxiliary contacts are the only conditions declared in the terminal-to-bus-zone 
variable settings.

                    

Case 1 occurs when disconnect auxiliary contact 89A and auxiliary contacts 89B 
are open simultaneously. This case is the intermediate position in an open-to-
close or close-to-open operation. Timer 89ALP01 times for this condition and 
asserts Relay Word bit 89AL01 when the disconnect auxiliary contacts remain in 
the intermediate position for a period exceeding the 89ALP01 timer setting. 
Relay Word bit 89OIP01 also asserts during this period, indicating a disconnect 
operation in progress condition. The relay considers the disconnect main contact 
closed during this period, and the CTs are considered in the differential calcula-
tions.

Case 2 is the only combination of disconnect auxiliary contacts for which the 
relay considers the disconnect main contact to be open. This is also the only com-
bination for which the CTs are not considered in the differential calculations.

Case 3 is the only combination of disconnect auxiliary contacts for which the 
relay confirms the disconnect main contacts to be closed. Relay Word bit 89CL01 
asserts to indicate the main contact close position. The CTs are considered in the 
differential calculations.

Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALP01 times for this condition and asserts Relay Word bit 89AL01 when the 
disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

The relay includes 60 alarm timers that provide individual time settings for 60 
disconnect logic circuits. These individual timers are useful in installations where 
the disconnect travel times differ substantially. In particular, sequentially oper-
ated devices (pantographs, for example) have travel times much longer than nor-
mal disconnects.

Relay Word bit 89OIP represents the OR combination of Relay Word bits 
89OIP01–89OIP60, and Relay Word bit 89AL (not shown) is respectively the OR 
combination of Relay Word bits 89AL01–89AL60.

Table 5.17 Disconnect 89A and 89B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89CL01)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 5.43 Disconnecting Switch Status Logic
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To ensure correct differential element operation, the contacts must comply with 
the requirements listed in Table 5.18.

                    

Figure 5.44 shows the disconnect auxiliary contact requirements with respect to 
the arcing point.

                    

Zone-Switching Supervision Logic
Because the disconnect monitoring logic requires both 89A and 89B disconnect 
auxiliary contacts, installations with only an 89A (or 89B) contact available can-
not use the disconnect monitoring logic. In these installations, there is always 
uncertainty whether the disconnect auxiliary contact actually changed status. 
This is important information because busbar protection will misoperate if input 
currents are assigned to the incorrect differential elements. Zone-switching 
supervision logic uses the ZSWOP Relay Word bit (see Dynamic Zone Selection 
Logic on page 5.14) that asserts for any terminal-to-bus-zone or bus-zone-to-bus-
zone change. In other words, the ZSWOP Relay Word bit provides an acknowl-
edgment that the relay has recognized a change in disconnect auxiliary contact 
status. Figure 5.45 shows the logic.

Table 5.18 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the arcing point (the point where primary 
current starts to flow).

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the arcing point (the point where 
primary current has stopped flowing).

                    

Figure 5.44 Disconnecting Switch Main Contact, 89a, and 89b Status for Open-to-Close and Close-to-Open 
Conditions
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Asserting Relay Word bit ZSWO activates the logic (i.e., the rising edge of 
ZSWO starts Timer ZSWOPU) and asserts the ZSWOIP bit for the period when 
the timer is timing. When the zone selection logic acknowledges a change in dis-
connect status, the ZSWOP Relay Word bit asserts and resets the timer. If the 
Zone Selection does not acknowledge the switching operation within the 
ZSWOPU time setting, the logic asserts the switching operation alarm 
ZSWOAL. SELOGIC control equation RZSWOAL provides the input to reset the 
alarm.

There is only one zone-switching supervision logic in the relay; disconnect open 
and close commands must be combined externally to the relay for electrically 
operated disconnects, as shown in Figure 5.46. 

                    

For manually operated disconnects, configure one of the SEL-487B front-panel 
pushbuttons as an input to assert the ZSWO Relay Word bit. Timer ZSWOPU has 
a range of more than 27 minutes, allowing ample time for the operating proce-
dures. 

                    

Figure 5.45 Zone-Switching Supervision Logic

                    

Figure 5.46 External Wiring and Initiation Input for Zone-Switching 
Supervision
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Differential Trip Logic
This is the final stage of the differential trip output. Figure 5.47 is the Bus-Zone 
portion of Figure 5.20 from the zone supervision logic. At this point, the differ-
ential element has operated (87R1), and all supervising criteria are met (Z1S). 
The differential trip logic now acquires all Zone 1 terminals and generates a trip 
output to the appropriate breakers.

                    

Figure 5.48 shows the processing sequence for tripping the breakers as a function 
of the differential element operation, 87Zn, where n = 1–6.

                    

The differential trip logic asserts differential trips as shown in Table 5.19.

                    

                    

q See Figure 5.11.

Figure 5.47 Differential Element Zone Supervision for Zone 1

                    

Figure 5.48 Bus Differential Trip Logic

Table 5.19 Differential Trips (Sheet 1 of 2)
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This is the final stage of the check zone differential trip output. Figure 5.49 is the 
check zone portion of Figure 5.20 from the zone supervision logic. At this point, 
the Check Zone Differential Element has operated (87RCZ1), and all supervising 
criteria are met (CZ1S). The supervised trip output is then asserted (87CZ1). The 
check zone output is independent of the bus zones and is not processed by the dif-
ferential trip logic shown in Figure 5.48.

                    

Breaker Trip Logic
Figure 5.50 shows the tripping logic for Terminal 01 in the SEL-487B. The 
remaining logic for Terminal 02–Terminal 21 is identical and uses variables 
TR02–TR21 and ULTR02–ULTR21, and TRIP02–TRIP21, respectively. 

NOTE: In the trip logic, the set or 
latch function (TRkk) has priority over 
the reset or unlatch (ULTRkk) function 
(kk = 1–21).

                    

Enable the trip logic settings by setting the Global setting NUMBK = kk, where 
kk is the number of breakers at the station. For example, if you have 12 terminals 
installed at a substation, set NUMBK = 12.

110 87BTR10

I11 87BTR11

I12 87BTR12

I13 87BTR13

I14 87BTR14

I15 87BTR15

I16 87BTR16

I17 87BTR17

I18 87BTR18

I19 87BTR19

I20 87BTR20

I21 87BTR21

                    

Figure 5.49 Differential Element Zone Supervision for Check Zone

Table 5.19 Differential Trips (Sheet 2 of 2)

Terminal Within a Zone Differential Trip Bit

87RCZ1

CZ1S
87CZ1

                    

Figure 5.50 Trip Logic for Breaker 1
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Asserting TR01 directly asserts TRIP01 via input OR Gate 1 and starts the Mini-
mum Trip Duration Timer (TDURD). TRIP01 asserts for a minimum of TDURD 
cycles, even if TR01 is asserted for as little as one processing interval, or if the 
unlatch portion of the logic is asserted before TDURD expires. The default set-
ting of TDURD is twelve cycles.

TRIP01 also seals itself in via AND Gate 1. This AND gate receives the negated 
inputs from the unlatching functions. As long as ULTR01 or TRGTR are not 
asserted, TRIP01 remains sealed in. TRIP01 is used to drive an output contact to 
initiate tripping of the breaker.

You can use one of four methods to unlatch the trip logic. One method is to assert 
either one of SELOGIC control equation setting ULTR01 or SELOGIC control 
equation setting RSTTRGT. You can also push the TARGET RESET pushbutton on 
the front panel or send the TAR R serial port command to assert Relay Word bit 
TRGTR for one processing interval. Relay Word bit TRGTR also resets the LED 
targets on the front panel. In the trip logic, assertion of ULTR01, RSTTRGT, or 
TRGTR places a zero input on AND Gate 1 and, thereby, breaks the TRIP01 
seal-in loop.

Note that TRIP01 is always asserted when TR01 is asserted, regardless of the 
action of ULTR01 or the TARGET RESET commands, and that TRIP01 will be 
asserted for a minimum of TDURD cycles no matter how short the length of time 
TR01 has been asserted.

Circuit Breaker Status Logic
Figure 5.51 shows the circuit breaker status logic, which uses the combination of 
breaker 52A (normally open) auxiliary contact and the open-phase detection 
function, OPH. Because 52B (normally closed) contacts are not always available 
and as a means to reduce the number of I/O required, the 52B contacts are not 
required in the logic. However, for applications where the protection philosophy 
requires a 52B (normally closed) contact, wire the 52B contact into the relay, but 
use the negated form of the 52B contact in the logic, i.e., NOT 52B (52A01 := 
NOT IN301).

Relay Word bits 52CL01–52CL21 assert when the breaker is closed. Open-phase 
detection logic (OPHnn) Relay Word bits are included in the circuit breaker sta-
tus logic to guard against delayed breaker status declaration resulting from possi-
ble breaker auxiliary contact misalignment. If a discrepancy between the open-
phase detection logic and the breaker auxiliary contact exists for as long as five 
cycles, the logic generates an alarm that indicates one of the following:

➤ Possible auxiliary contact supply voltage failure 

➤ Possible failure in an auxiliary contact connection circuit

➤ Possible failure of auxiliary contact mechanism

The logic in Figure 5.51 is generic for three-pole or single-pole breaker mecha-
nisms.
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Note that OPHnn Relay Word bits assert when no current flows through the cir-
cuit breaker and that set has priority over reset in the circuit breaker status logic. 
Table 5.20 shows the output states for all possible breaker conditions.

                    

                    

q See Figure 5.28.

Figure 5.51 Breaker Status and Alarm Logic

Table 5.20 Conditions and Results for the Circuit Breaker Status Logic
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Open 0 1 (no current) 0 0
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Configuring the system is the most challenging of the many activities associated 
with using the SEL-487B relay. System configuration includes renaming (alias-
ing) terminals and bus-zones, assigning input contacts to selected relay logics, 
declaring terminal-to-bus-zone connections, declaring bus-zone-to-bus-zone con-
nections, configuring bus couplers and check zones, and assigning logics to relay 
outputs. System configuration requires careful consideration of the following 
items because they both influence the number of SEL-487B relays and ordering 
options needed:

➤ primary layout of the substation

➤ choice of protection elements

For example, substations with seven or fewer terminals require only one relay. To 
monitor both 89A and 89B contacts, however, you must equip this relay with the 
correct number of interface boards to ensure an adequate number of input con-
tacts.

The following discussion provides general guidelines and outlines general factors 
that should be considered when using ASCII commands to configure your relay. 
The section also provides application examples for some of the more common 
busbar layouts. Included in this section are the following topics:

➤ Input, Logic, and Output Assigning Process on page 6.2

➤ Relay Differential Element Composition on page 6.3

➤ CT Requirements on page 6.12

➤ Disconnect Requirements on page 6.15

➤ Alias Names on page 6.18

➤ Bus-Zone Configurations on page 6.18

➤ Bus-Zone-to-Bus-Zone Connections on page 6.33

➤ Zone Supervision on page 6.36

➤ Trip Logic on page 6.36

➤ Output Assignments on page 6.37

➤ Summary on page 6.37

➤ Application 1: Single Bus and Tie Breaker (Three Relays) on 
page 6.39

➤ Application 2: Single Bus and Tie Breaker (Single Relay) on 
page 6.60

➤ Application 3: Breaker-and-a-Half on page 6.84

➤ Application 4: Single Bus and Transfer Bus With Bus Coupler on 
page 6.111

➤ Application 5: Double Bus With Bus Coupler on page 6.133

➤ Application 6: Double and Transfer Bus With Two Busbars on 
page 6.156
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➤ Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180

➤ Application 8: Double and Transfer Bus (Inboard CTs) on 
page 6.206

Input, Logic, and Output Assigning Process
Figure 6.1 shows a block diagram of the SEL-487B input, logic, and output 
assigning process for system configuration and protection element settings. Digi-
tal input sources include disconnect and breaker auxiliary contacts, breaker fail-
ure initiate signals, and breaker close signals. Current and potential transformers 
provide analog inputs. Use alias settings to assign more meaningful names to 
primitive Relay Word bits and/or analog names, or use the primitive names of the 
input quantities to configure and set the relay. The relay has many ready-made 
logic functions available; however, assign these functions before they become 
operative. System configuration includes terminal-to-bus-zone and bus-zone-to-
bus-zone assignments, zone supervision, and zone-switching supervision set-
tings. Scheme settings include enable settings, differential and sensitive differen-
tial element settings, directional element settings, selected relay logic settings, 
and output assignment.

                    
                    

Figure 6.1 Block Diagram of the Input, Logic, and Output Assigning Process for System Configuration Protection 
Element Settings
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Relay Differential Element Composition
Each SEL-487B accepts as many as 21 current inputs (I01–I21) and then assigns 
these inputs to any of six differential elements (BZ1–BZ6). Figure 6.2 shows a 
block diagram of the arrangement.

                    

Single-Relay Application
Because differential calculations occur on a per-phase basis, each phase of a 
three-phase system must bear a unique identification. Figure 6.3 shows a typical 
single-line diagram of a station consisting of two busbars (NORTH and SOUTH), 
a tie breaker (Z), and four terminals.

                    

Because the station has no more than seven terminals, a single SEL-487B suf-
fices. Figure 6.4 shows the SEL-487B and a three-phase representation of TD, 
one of the terminals at the station.

                    

Figure 6.2 Block Diagram Showing Nine Current Inputs and Six Differential 
Elements
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Figure 6.3 Single-Line Diagram of a Station With Two Busbars and a Tie 
Breaker
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Because differential calculations for each protection zone require an individual 
differential element, assign an individual differential element to each phase. This 
assignment uses three of the available six differential elements in the relay for 
Busbar NORTH. In this example, assign the phases and differential elements as 
shown in Figure 6.5. Each assignment is a software assignment, as indicated by 
the dotted lines; no electrical wires are required.

Assign the A-phase differential element of Busbar NORTH to differential 
element BZ1

Assign the B-phase differential element of Busbar NORTH to differential 
element BZ2

Assign the C-phase differential element of Busbar NORTH to differential 
element BZ3

                    

Figure 6.4 Three-Phase Diagram of Terminal TD, the NORTH Busbar, and the SEL-487B
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To make the bus-zone labels more substation specific, assign the following alias 
names to the bus-zones, as shown in Figure 6.6:

For the A-phase differential element BZ1, assign NORTH_A

For the B-phase differential element BZ2, assign NORTH_B

For the C-phase differential element BZ3, assign NORTH_C

                    

Figure 6.5 A Three-Phase Zone Requires Three Differential Elements
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For the current inputs in a single-relay application, wire A-phase, B-phase, and 
C-phase to adjacent terminal connections such as I01, I02, and I03, as shown in 
Figure 6.7. These connections are copper wires connecting the CTs to the relay.

                    

Figure 6.6 Three Differential Elements With Alias Names for a Three-Phase Bus-Zone in a Single Relay Application
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Reference Figure 6.3 and continue CT connections by wiring the CT inputs from 
TE (I04–I06) and Z1 (tie breaker configured in overlap) to I07–I09. Connect the 
CTs from Z2, TF, and TG, following the same procedure to complete protection 
for both bus-zones.

Digital inputs control the dynamic assignment of input currents to differential 
elements. If you need dynamic zone selection, wire into the relay the auxiliary 
contacts from the disconnect (89), the circuit breaker (52), or any other condi-
tions that must ultimately be considered in the zone selection logic. Figure 6.8 
shows the disconnect and circuit breaker wiring for Terminal TD.

Only the differential elements are enabled for this example. If you need other 
functions such as breaker failure protection, wire those inputs to the relay. You 
need all six zones and all 21 current channels to configure the remaining termi-
nals in the same way. Figure 6.9 shows the complete station analog channel con-
figuration.

                    

Figure 6.7 Three Differential Elements and Three CT Inputs in a Single-Relay Application

A-Phase

B-Phase

C-Phase

Disconnect

Circuit 

Breaker

NORTH

89

Terminal TD

NORTH_A

NORTH_B

NORTH_C

NORTH_A NORTH_B NORTH_C BZ4 BZ5 BZ6
SEL-487B 

(partial)

Six Differential Elements

21 Analog Current Inputs (only 9 shown)

52



6.8

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Relay Differential Element Composition

                    

                    

Three-Relay Application
Consider now the same station, configured with three relays instead of one. In the 
three-relay application, a total of 21 current inputs are available. As before, the 
label NORTH in the single-line diagram consists of A-phase, B-phase, and 
C-phase, and each of the three phases is assigned to a differential element. 
NORTH still requires three differential elements, but the application uses one dif-
ferential element from each of the three relays, as shown in Figure 6.10, instead 
of three elements in the same relay.

                    

Figure 6.8 Disconnect and Circuit Breaker Wiring for Terminal TD

                    

Figure 6.9 Complete Station Configuration, Using Two Three-Phase Bus-Zones and All 21 Current Inputs in a Single-
Relay Application
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Instead of wiring A-phase, B-phase, and C-phase to adjacent terminal connec-
tions on the same relay, as with the single-relay application shown in Figure 6.7, 
wire each phase to a separate relay. For example, wire A-phase to the A-Phase 
SEL-487B Terminal I01, B-phase to the B-Phase SEL-487B Terminal I01, and 
C-phase to the C-Phase SEL-487B Terminal I01, as shown in Figure 6.11.

                    

Figure 6.10 One Differential Element From Each of the Three Relays in a Three-Relay Application
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Figure 6.12 shows the CT wiring for one of the three relays with all A-phase 
inputs of the station and two bus-zones assigned. B-phase and C-phase relays 
have similar arrangements.

                    

Figure 6.11 CT Wiring in a Three-Relay Application Showing One CT Input to Each of the Three Relays
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Because the differential elements are in three different relays, each of these relays 
must receive the same information from the digital inputs. Figure 6.13 shows 
jumpers between relays for the case where only one 89 contact and one 52 auxil-
iary contact are available.

                    

Figure 6.12 CT Wiring for A-Phase Relay, With All A-Phase Inputs of the Station 
and Two Bus-Zones Assigned
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CT Requirements
CT Connections

Connect all CTs to the relay in wye configuration. The SEL-487B does not 
account for delta-connected CTs.

                    

Figure 6.13 Jumpers Between Relays From Digital Inputs 52 and 89
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CT Sizing
Sizing a CT to avoid saturation for maximum asymmetrical fault current is ideal 
but not always possible. Such sizing requires CTs with C voltage ratings greater 
than (1 + X/R) times the burden voltage for the maximum symmetrical fault cur-
rent, where X/R is the reactance-to-resistance ratio of the primary system.

As a rule of thumb, CT performance will be satisfactory if the CT secondary 
maximum symmetrical external fault current multiplied by the total secondary 
burden in ohms is less than half the C voltage rating of the CT.

For correct operation, the relay algorithm requires that the CTs not saturate for 
2 ms following an external fault inception. The IEEE Document C37.110 Guide 
for the Application of Current Transformers Used for Protective Relaying Pur-
poses contains guidelines that will provide a conservative recommendation of the 
proper CT characteristics needed for low impedance bus differential protection 
using the SEL-487B. SEL also offers an executable CT saturation program called 
SEL Two_CTs to assist in determining the CT performance. This program is 
available on the SEL-400 Series Product Literature DVD.

CT Ratio Selection
For installations with different CT ratios, be sure that the highest/lowest CT ratio 
does not exceed 10. The SEL-487B selects the highest CT ratio and calculates 
settings TAP01–TAP21, provided that the ratio TAPMAX/TAPMIN is less than or 
equal to 10. If the ratio TAPMAX/TAPMIN is greater than 10, select a different CT 
ratio.

CT Grounding
Because each of the 21 current channels is independent, be sure to apply a ground 
to each set of three CTs forming the current input from each terminal. Such 
grounding connections are usually in the form of short jumpers on the rear of the 
relay that together create a common connection among terminals. For example, 
in a three-relay application that uses all 21 terminals, apply 20 jumpers to create a 
common ground connection point (a single-relay that uses all 21 terminals 
requires 6 jumpers). Then connect this common point at one location to the sta-
tion ground mat. Be sure to make ground connections in accordance with ANSI/
IEEE C57.13.3-1983.

Polarity
IEEE Std C37.110-1996 provides the following definition of polarity:

The designation of the relative instantaneous directions of the currents enter-
ing the primary terminals and leaving the secondary terminals during most 
of each half cycle. Primary and secondary terminals are said to have the 
same polarity when, at a given instant during most of each cycle, the current 
enters the identified, similarly marked primary lead and leaves the identified, 
similarly marked secondary terminals in the same direction, as though the 
two terminals formed a continuous circuit.

Figure 6.14 shows some of the common polarity marks used to indicate CT 
polarity.
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Polarity marks are also declared on the relay analog input terminals as dots above 
the relay terminal, as shown in Figure 6.15. 

                    

Guideline for Establishing CT Polarity
Configure a CT to have a positive polarity when the primary current entering the 
zone of protection is in phase with the secondary current entering the polarity 
marked terminal on the relay. Because CTs are commonly positioned to point 
toward the zone of protection, secondary connections are generally polarity-to-
polarity or “dot-to-dot.” If a CT points away from the zone of protection, apply a 
polarity-to-nonpolarity connection to continue a positive convention. This results 
in positive polarity declarations for all CTs in software.

If a single CT has two zone boundaries or is shared by an adjacent zone, you can-
not use a positive convention for both zones. In this case, configure the CT polar-
ity to be negative for the non-conforming zone.

Figure 6.16 and Figure 6.17 show examples for determining polarity.

                    

                    

Figure 6.14 Polarity Marks

                    

Figure 6.15 Polarity Marks Above the Odd-Numbered CT Terminals at the Rear 
of the Relay
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Figure 6.16 Declare Positive Polarity in Software (Preferred)
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For simplicity, all application examples in this manual assume polarity-to-
polarity connections between the CTs and relay.

Disconnect Requirements
Disconnect auxiliary contacts provide Zone Selection Logic with the information 
required to dynamically assign the appropriate current inputs to the correct differ-
ential elements. To ensure correct differential element operation, the contacts 
must comply with the requirements listed in Table 6.1.

                    

Figure 6.18 shows the disconnect auxiliary contact requirements with respect to 
the arcing point. The position of 0% travel in Figure 6.18 indicates the position 
when the main contacts are fully open, and the 100% position indicates when the 
main contacts are fully closed.

                    

When both 89A and 89B contacts are available, use the disconnect monitoring 
logic in the SEL-487B to establish the principle of

(disconnect) NOT OPEN = (disconnect) CLOSED

                    

Figure 6.17 Declare Negative Polarity in Software
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Table 6.1 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the “arcing” point, the point where pri-
mary current starts to flow.

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the “arcing” point, the point 
where primary current has stopped flowing.

                    

Figure 6.18 Disconnect Auxiliary Contact Requirements With Respect to the 
Arcing Point for an Open-to-Close Disconnect Operation
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Applying this principle, the relay properly coordinates the primary current flow 
and the CT current assignment to the appropriate differential element. When both 
89A and 89B disconnect auxiliary contacts are available, use the disconnect mon-
itoring logic to monitor the disconnect operating time and disconnect status. 
Table 6.2 shows the four possible disconnect auxiliary contact combinations and 
the way the relay interprets these combinations.

                    

Table 6.2 (Disconnect Status column) shows that the output from the disconnect 
monitor logic interprets the disconnect as always closed, except for Case 2. With 
this interpretation, the relay assigns the input currents to the applicable differen-
tial elements for Case 1, Case 3, and Case 4. The following discussion considers 
the four cases in more detail.

Disconnect Open to Close Operation
Figure 6.19 shows the disconnect main contact starting to travel in an open-to-
close operation. Auxiliary contact B is still closed, and auxiliary contact A is 
open. Table 6.2 shows this as Case 2; the disconnect is considered open, and the 
current is removed from all differential elements. This is the only combination of 
auxiliary contacts for which the relay considers the disconnect main contacts to 
be open.

                    

Intermediate Position 
Figure 6.20 shows the intermediate position (Case 1 in Table 6.2) in a disconnect 
open-to-close operation, with both A and B auxiliary contacts open for a period 
of time. Enter this time duration as the disconnect switch alarm timer setting 
value (89ALPnn). By choosing the auxiliary contacts that will change status as 
soon as disconnect travel starts and close only near the end of travel, the interme-
diate position time duration can be accurately measured. Should the disconnect 

Table 6.2 Disconnect A and B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89 CLnn)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 6.19 Disconnect Main Contacts and Auxiliary Contact A Open, Auxiliary 
Contact B Closed; Disconnect Is Considered Open
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remain in the intermediate position for longer than the 89ALPnn (nn = 1–60) 
time setting, the disconnect switch alarm timer expires and asserts 89ALnn, the 
disconnect monitor alarm. 

NOTE: The relay includes 60 alarm 
timers that provide individual time 
settings for 60 disconnect logic 
circuits. These individual timers are 
useful in installations where the 
disconnect travel times differ 
substantially. In particular, 
sequentially operated devices 
(pantographs, for example) have 
travel times much longer than normal 
disconnects. Relay Word bit 89OIP 
represents the OR combination of 
Relay Word bits 89OIP01–89OIP60, 
and Relay Word bit 89AL is 
respectively the OR combination of 
Relay Word bits 89AL01–89AL60.

                    

When auxiliary contact B opens, the disconnect is considered closed (Case 1 in 
Table 6.2). When the disconnect is considered closed, the CT currents are 
assigned to applicable differential elements, and the disconnect switch alarm 
timer starts to time. Because disconnect auxiliary contact B opens well in 
advance of the arcing point, the CT currents are assigned to applicable differen-
tial elements before primary current flows.

Auxiliary Contact A Closes
Figure 6.21 shows contact status after auxiliary contact A closes, with the main 
contact past the arcing point and approaching the end of the close operation.

                    

When the A contact closes, the disconnect switch alarm timer stops and the Dis-
connect Monitoring Logic considers the disconnect main contact to be closed.

Disconnect Open and Closed Simultaneously
Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALPnn times for this condition and asserts Relay Word bit 89ALnn when the 

                    

Figure 6.20 Intermediate Position With Both Auxiliary Contacts Open; the 
Disconnect Is Considered Closed
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Figure 6.21 The Main Contact Has Completed 95% of Travel; Contact A Is 
Closed, Contact B Is Open, and the Disconnect Is Considered Closed
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disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

Close-to-Open Operation
For the close-to-open operation, CT currents must remain assigned to the differ-
ential elements for as long as primary current flows. When the auxiliary 
contact A opens (Case 1), we again enter the intermediate position, as depicted in 
Figure 6.20. In the intermediate position, the CT currents are still assigned to the 
differential elements, and the disconnect switch alarm timer (89ALnn) starts to 
time. Only when auxiliary contact B closes (Figure 6.19) are the CT currents 
removed from the differential elements, which are safely past the arcing point.

Many disconnect switches provide only auxiliary contact B. Table 6.3 shows the 
two possible disconnect auxiliary contact positions and status interpretations.

                    

Alias Names
Any Relay Word bit, analog quantity, or default terminal name can be renamed 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. See the description in Alias Settings on page 12.25 in the 
SEL-400 Series Relays Instruction Manual for more details.

Bus-Zone Configurations
Dynamic zone selection is the process the relay uses to assign or remove CT cur-
rents from the differential elements as a function of the Boolean value (logical 0 
or logical 1) of a particular SELOGIC control equation. The SELOGIC control 
equation is a setting in the form of InnBZkC and InnBZkV (nn = 01–21, and 
k = 1–6). When setting SELOGIC control equations, use a separate SELOGIC con-
trol equation for each busbar to which the terminal can connect.

NOTE: In Quickset, the Terminal-to-
Bus-Zone connection setting, 
InnBZkC, is broken down into two 
setting: CTnnBZk and TBZPx (x = 1–
126). CTnnBZk enables Terminal nn to 
be connected to Bus-Zone k. TBZPx 
sets the polarity of the Terminal nn to 
Bus-Zone k connection.

In general, a terminal can be identified as either a normal terminal (feeders, lines, 
transformers, etc.) or as a tie breaker (bus coupler). For terminals, typical inputs 
are disconnect auxiliary contacts and, in some cases, circuit breaker auxiliary 
contacts. Bus couplers have specific logic and configuration options that require 
inputs in addition to disconnect and circuit breaker auxiliary contacts to ensure 
security and dependability.

When configuring bus-zone protection, the goal is to accomplish the following:

➤ Protect the busbars for all operating conditions

➤ Eliminate all dead zones

➤ Open the minimum number of breakers when tripping

Table 6.3 Disconnect Auxiliary Contact Status Interpretation When Only 
Auxiliary Contact B Is Available

89B01 Disconnect Position

0 Closed

1 Open
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➤ Implement the check zone without disconnect supervision, if a check 
zone is required

When the terminal-to-bus-zone SELOGIC control equation (InnBZkV Terminal to 
Bus Connection Logic) is logical 0, differential calculations do not consider the 
CT inputs from that specific terminal, and no trip outputs from the differential 
elements are issued to that terminal. Of particular concern are instances when 
more than one disconnect for any particular terminal are closed at the same time. 
When this happens, parallel paths form, possibly resulting in the unbalance of 
multiple zones, as shown in Figure 6.22 and Figure 6.23. Under balanced condi-
tions, the current toward the busbars equals the current away from the busbars, 
and the differential current in any differential element is practically zero.

In practice, the most popular implementation for preventing misoperation when 
parallel paths form is to combine the parallel paths into a single zone and route 
the CTs to a single differential element. Another option is to use a check zone by 
combining all terminals at a specific voltage level into a single zone independent 
of the terminal-to-bus-zone SELOGIC control equations. Using the check zone as 
a second trip criterion prevents relay misoperation in the case of parallel paths.

In general, apply the following rules when setting terminal-to-bus-zone SELOGIC 
control equations:

➤ Observe the correct CT polarity

➤ Avoid parallel operating conditions

➤ When parallel paths are unavoidable, take necessary precautions

Two situations exist where parallel paths are unavoidable: when two disconnects 
are closed simultaneously and when using inboard (bushing) CTs.

Two Disconnects Closed Simultaneously
Figure 6.22 shows a double busbar layout in which two disconnects can be closed 
simultaneously. With the tie breaker (TZ) connected in overlap, CT1 and CT2 
form Differential Element 1, and CT3 and CT4 form Differential Element 2. 
There are no parallel paths in Figure 6.22, and both differential elements are bal-
anced. Calculate the differential currents with the following expression:

                    

Equation 6.1

                    

where:

IDIFF1 = The differential current calculated in Differential Element 1

In = CT currents from the n terminals assigned to Differential Ele-
ment 1

IDIFF1   In
1

n

=
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Closing 891_TA in Figure 6.23 forms a parallel path between the two busbars, 
and both differential elements are unbalanced. 

                    

Figure 6.22 Both Differential Elements Balanced

NORTH

SOUTH

891_TA

892_TA

CT1

CT3CT2

1 A 1 A

I A I A CT4

891_TB

892_TB

TA

TZ

TB

IDIFF1 = CT1 – CT2 = 1 – 1 = 0
IDIFF2 = CT3 – CT4 = 1 – 1 = 0



6.21

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Bus-Zone Configurations

                    

To prevent misoperation, combine the two bus-zones by stating the conditions 
governing the combinations during setting of bus-zones-to-bus-zones connec-
tions. When using bushing (inboard) CTs, combining bus-zones involves includ-
ing a circuit breaker as part of the connection. You can include a circuit breaker 
provided that the circuit breaker auxiliary contact is wired to the relay and 
included in the bus-zones-to-bus-zones settings.

Inboard (Bushing) CTs
Figure 6.24 shows an outboard CT, and Figure 6.25 shows an inboard CT. Defin-
ing a CT as inboard or outboard only has meaning when a terminal is on transfer. 
To define the terms, refer to the area between the circuit breaker and the CT, and 
determine the connection to the transfer bus.

➤ Outboard CT: the connection to the transfer bus is between the circuit 
breaker and the CT (Figure 6.24).

➤ Inboard CT: the connection to the transfer bus is not between the 
circuit breaker and the CT (Figure 6.25).

                    

Figure 6.23 Both Differential Elements Unbalanced
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Figure 6.24 Outboard CT

                    

Figure 6.25 Inboard CT
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Bushing CTs (typically the source of inboard CTs) present two difficulties to bus 
protection when a terminal is on transfer:

➤ A transfer differential zone cannot be formed because of a lack of CT 
inputs.

➤ The check zone is unbalanced.

Not having a transfer differential zone is not a major problem if it is understood 
that the transfer busbar becomes part of the line and forms part of the line protec-
tion when a terminal is on transfer. However, the unbalanced check zone usually 
necessitates blocking busbar protection when a terminal is on transfer.

Example of Check Zone With In-Board (Bushing) CTs
Instead of blocking the check zone protection when a terminal is on transfer, you 
can use the Advance Check Zone function to include a terminal from the bus cou-
pler in the check zone differential element calculations. Although this approach 
deviates from the practice of having the check zone CTs independent of discon-
nect auxiliary contacts, it provides an opportunity to still have a check zone for 
in-board CT applications. Figure 6.26 shows an example of an application with 
in-board CTs that includes a check zone. In Figure 6.26, Feeder 1 connects to 
Bus 1 (i.e., not on transfer). Under these conditions, Zone 1 (formed by I01 and 
I03), Zone 2 (formed by I02 and I04), and the check zone (formed by I01 and 
I04) are all balanced.

                    

In Figure 6.27, Feeder 1 connects to the Transfer busbar. When Feeder 1 con-
nects to the Transfer busbar, note the following conditions:

1. Line CT I01 of Feeder 1 is no longer in the circuit.

2. Without I01, the current to balance I03 is missing, resulting in an 
unbalanced Zone 1.

3. Without I01, the current to balance I04 is missing, resulting in an 
unbalanced check zone.

4. I02 and I04 are still available so that Zone 2 is balanced.

                    

Figure 6.26 Normal Operating Conditions
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To balance Zone 1, we need to remove I03 from the Zone 1 differential element 
calculations. You can remove I03 with existing settings; either by means of the 
Terminal-to-Bus-Zone settings, or by means of the Zone Supervision settings 
(see Application 6: Double and Transfer Bus With Two Busbars on page 6.156).

To balance the Check Zone, we need to add I02 to the Check Zone differential 
element calculations by means of the Advanced Check Zone settings. The steps 
are as follows:

1. Include I02 in the Terminal to Check Zone Connection settings.

2. Use the Advanced Check Zone settings to remove I02 from the 
Check Zone differential element calculations, except when Feeder 1 
is on transfer.

Following is an example of how to use the Advance Check Zone function to bal-
ance the Check Zone for this application.

NOTE: In Quickset, these settings are 
made in Group > Zone Configuration > 
Check Zone Configuration > Terminal nn to 
Check Zone Connections. 

                    

Table 6.4 discusses the settings mentioned above. Please pay close attention to 
the comments mentioned in Step 4.

                    

Figure 6.27 Feeder With Inboard CTs
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Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y <Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  <Enter>
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? Y <Enter>
Include coupler 1 in check zone 1 (SELogic Eq.)
CZ11R := NA
?  89CL04 <Enter>
Terminal associated with coupler 1 in CZ1 (Inn)      CZ11M   :=        ?I02 <Enter>
Include coupler 2 in check zone 1 (SELogic Eq.)
CZ12R := NA
?END <Enter>
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Table 6.5 shows the settings for the Advance Check Zone.

                    

Terminal Configurations
In essence, busbar protection is assigning the correct CT currents to the appropri-
ate differential elements. Disconnect auxiliary contacts provide the information 
necessary for busbar protection, and breaker auxiliary contacts provide the 
breaker status for refining the protection. SELOGIC control equations provide the 
mechanism for declaring the conditions when the currents are assigned to the 
appropriate differential elements. Entering data in the relay requires two steps. 
The first identifies the terminal and attributes, and the second involves creation of 
the SELOGIC control equation stating the conditions for the CTs to be considered 
in the differential calculation. Bus couplers (tie breakers) require more condition 
information when two or more bus-zones are combined.

Step 1. Identify the terminal, the bus-zone to which the terminal can connect, 
and the CT polarity when this connection is made.

The following is the relay prompt for the Step 1 entry:

                    

Table 6.4 Discussion of the Advanced Check Zone Settings

Step Number Setting Comment

Step 1 ECHKZN  := Y Enable the three Check Zones.

Step 2 Terminal, Check-Zone, Polarity 
(P,N) ?  I02 CZ1 P <Enter>

This is the non-conventional setting. Here we add the bus coupler CT to the 
Check Zone. This is the first part of the solution. Under normal operating con-
ditions (when no terminal is on transfer) the bus coupler CTs must be 
EXCLUDED from the Check Zone differential element calculations. You 
MUST complete the second part of this setting under the Advance Check Zone 
Settings.

Step 3 EADVCZ := Y Enable the Advance Check Zone Settings.

Step 4 Include coupler 1 in check 
zone 1 (SELogic Eq.)

CZ11R := NA ?  89CL04 <Enter>

This is the second part of the solution. CZ11R is similar to the Terminal to Bus-
Zone Connections (i.e., here is where you enter the conditions when the bus 
coupler CT must be included in the Check Zone differential element calcula-
tions). Assuming you assigned Disconnect Logic 89CL04 to the Transfer Dis-
connect for I02, enter 89CL04.

CZ11R defeats the Check zone setting of Step 2. This means that, although the 
list of Check Zone terminals (Step 2) includes I02, I02 is only included in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Step 5 CZ11M := I02 Enter the bus coupler terminal (I02 in this example) you want to include in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Table 6.5 Advance Check Zone Settings

Label Prompt Default Value

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqR Include Coupler q in Check Zone p (SELOGIC Eq.) NA

CZpqM Terminal associated with Coupler q in CZp (Inn)

Terminal, Bus-Zone, Polarity (P,N)

?
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Step 2. State the conditions when Terminal will be connected to the Bus-
Zone:

I01BZ2V :=

Think of Terminal as the CT of that particular terminal and Bus-
Zone as the busbar to which the CT will be connected for differential 
and restraint current calculations. In other words, assign the CT 
(Terminal) to busbar (Bus-Zone) under the following conditions: 
I01BZ2V := <conditions>.

Figure 6.28 shows Terminal NEW_YRK. The differential calculations consider 
the CT when disconnect NEW891 closes to complete the connection to Bus-Zone 
NORTH.

                    

Step 3. Enter the data as follows:

                    

Entering incorrect information may result in relay misoperation. To 
reduce potential entry of incorrect information, the relay provides a 
double check to verify that terminal and bus-zone connections are 
indeed as intended. The next prompt has two parts:

➢ The relay states terminal and bus-zone alias names just entered.

➢ The relay generates a prompt with the primitive terminal and 
bus-zone names.

Thus, the prompt now appears as follows:

                    

                    

Figure 6.28 Terminal NEW_YRK Disconnects NEW892 and NEW891 and Bus-
Zone NORTH

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := 

NORTH

NEW891

NEW892

NEW_YRK

52
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Step 4. Enter the conditions under which Terminal NEW_YRK is to be 
assigned to Busbar NORTH by specifying the particular disconnect 
(89) auxiliary contact that will connect the terminal to the busbar.

For example, when Disconnect NEW891 is closed, Terminal 
NEW_YRK is connected to Busbar NORTH. A Terminal, Bus-Zone, 
Polarity (P, N), and I01BZ1V setting is required for each 89 contact 
that results in a terminal-to-busbar connection. Consider a terminal 
that can be connected to Busbar 1, Busbar 2, and the transfer bus. 
Because the terminal connects to three busbars, provide terminal-to-
bus-zone (Terminal, Bus-Zone, Polarity) and conditions for 
consideration in the differential calculations [I01BZnV (n = 3)] for 
each of the three busbars.

Step 5. Enter the following settings for Terminal NEW_YRK:

                    

Entries here assign CT currents to differential elements. Take care to 
first investigate the position of the CT for each entry. For example, 
refer to Figure 6.24, and observe that regardless of which disconnect 
closes (A891, A892 or A898), current always flows through the CT. 
This is not the case with inboard CTs; closing B898 in Figure 6.25 
bypasses the CT, and no current flows in the inboard CT.

Step 6. Determine the CT polarity, assuming a polarity-to-polarity 
connection. Figure 6.29 shows that the CT polarity is positive.

                    

Step 7. Omit the final argument if the CT polarity is positive. For example,

                    

has the same meaning as

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Terminal Bus-Zone 
Connections > Terminal 1 To Bus-Zone Connections. Set CT01BZ1 = Y, 
TBZP1 = P, and I01BZ1V = NEW891. NEW_YRK and NORTH are automati-
cally populated into the TBZT1 and TBZB1 fields as the alias names for I01 and 
BZ1. 

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := NEW891 <Enter>

                    

Figure 6.29 Positive CT Polarity for Terminal NEW_YRK

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH <Enter>

NORTH

NEW891

NEW892

NEW_YRK

52
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Bus Coupler (Tie Breaker) Configurations
In general, bus couplers are usually configured according to one of the three 
cases shown in Figure 6.31:

➤ Case 1: Single CT, single or two cores (two cores shown) with 
overlap

➤ Case 2: CT either side of the breaker, configured in overlap

➤ Case 3: CT either side of the breaker with breaker differential

                    

A discussion on how to set the three configurations follows.

Label all CTs as indicated in Figure 6.32 (i.e., CPL1 and CPL2) with the under-
standing that CPL1 is wired to Terminal I01, and CPL2 to Terminal I02 of the 
SEL-487B.

                    

Figure 6.30 Terminal to Bus-Zone Connections Screen

                    

Figure 6.31 Three Typical Cases of Bus Coupler Configurations

Single
CT Overlap

Case 1

52

Two
CTs Overlap

Case 2

52 Breaker 
Differential

Case 3

52 87
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Case 1: Single CT, Single or Two Cores (Two Cores Shown) With Overlap
Step 1. For an overlap, establish the following relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminal CPL1, assuming a polarity-to-
polarity connection. Figure 6.33 shows that the polarity of Terminal 
CPL1 is negative.

                    

Step 3. Determine the polarity of Terminal CPL2, assuming a polarity-to-
polarity connection. Figure 6.34 shows that the polarity of Terminal 
CPL2 is positive.

                    

Figure 6.32 General Information Regarding the Three Typical Bus Coupler 
Configurations

Single
CT Overlap

Case 1

CPL892

CPL1

CPL2

CPL891

52

NORTH

SOUTH

CPL1

CPL2

CPL892

CPL891

Two
CTs Overlap

Case 2

52

NORTH

SOUTH

CPL1

CPL2

CPL892

CPL891

Breaker 
Differential

Case 3

52 87

NORTH

SOUTH

                    

Figure 6.33 Negative CT Polarity for Terminal CPL1

CPL892

CPL1

CPL2

CPL891

52

NORTH

SOUTH
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Step 4. Figure 6.35 shows an extract from the SET Z 1 ASCII command in 
determining the terminal-to-bus-zone settings in the relay.

                    

This concludes the Case 1 configuration.

Case 2: CT Either Side of the Breaker, Configured in Overlap
Step 1. As we did before for an overlap, establish the following 

relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminals CPL1 and CPL2, assuming 
polarity-to-polarity connections. Figure 6.36 shows that the polarities 
of Terminals CPL1 and CPL2 are positive.

                    

Figure 6.34 Positive CT Polarity for Terminal CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,N <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL2 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.35 Using the SET Z 1 Command to Determine Terminal-to-Bus-Zone 
Settings

CPL892

CPL1

CPL2

CPL891

52

NORTH

SOUTH
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Figure 6.37 shows an extract from use of the SET Z 1 ASCII command to set the 
terminal-to-bus-zone settings in the relay.

                    

This concludes the configuration for Case 2.

Case 3: CT Either Side of the Breaker With Breaker Differential
Step 1. Use one of the six available differential elements to configure the 

breaker differential.

For the bus coupler in the example, three differential elements are 
required; the third differential element covers only the common area 
between the two CTs.

In addition to the breaker differential, configure the same CTs (CPL1 
and CPL2) to balance SOUTH and NORTH. For the breaker 
differential, establish the following relationships:

For balancing SOUTH and NORTH:

➣ CPL1 and NORTH when CPL892 is closed

➣ CPL2 and SOUTH when CPL891 is closed

For the breaker differential:

➣ CPL1 and ZONE3 when CPL891 or CPL892 is closed

➣ CPL2 and ZONE3 when CPL891 or CPL892 is closed

                    

Figure 6.36 Positive CT Polarity for Both Terminals CPL1 and CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,P <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL21 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.37 Using the SET Z 1 Command to Set the Terminal-to-Bus-Zone 
Settings

CPL892

CPL1

CPL2

CPL891

52
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Considering both Terminals CPL1 and CPL2, we determine that both 
polarities are negative, when we balance SOUTH and NORTH, as 
shown in Figure 6.38.

                    

Step 2. Determine the polarity of Terminals CPL1 and CPL2 for the breaker 
differential (ZONE3), assuming polarity-to-polarity connections. 
Figure 6.39 shows that the polarities of Terminals CPL1 and CPL2 
for the breaker differential are positive.

                    

                    

Figure 6.38 Negative CT Polarities for Both Terminals CPL1 and CPL2 When 
Balancing SOUTH and NORTH

                    

Figure 6.39 Positive CT Polarities for Both Terminals CPL1 and CPL2 for the 
Breaker Differential

CPL1

CPL2

CPL892

CPL891

ZONE3, 
Breaker 
Differential

52 87
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Figure 6.40 shows the entries for Terminals CPL1 and CPL2.

                    

Bus-Zone-to-Bus-Zone Connections
Bus-zone-to-bus-zone settings are used only when bus-zone-to-bus-zone connec-
tions are formed between two or more busbars, particularly when the connection 
is formed without a circuit breaker between the busbars. For example, closing 
disconnects D891 and D892 in Figure 6.41 forms a solid connection between 
NORTH and SOUTH, and there is no circuit breaker between the busbars.

                    

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,NORTH,N <Enter>
CPL1 to NORTH Connection (SELogic Equation)
I01BZ1V := CPL892 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL1,ZONE3,P <Enter>
CPL1 to ZONE3 Connection (SELogic Equation)
I01BZ3V := CPL891 OR CPL892 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,SOUTH,N <Enter>
CPL2 to SOUTH Connection (SELogic Equation)
I02BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,ZONE3,P <Enter>
CPL2 to ZONE3 Connection (SELogic Equation)
I02BZ3V := CPL891 OR CPL892 <Enter>

Figure 6.40 Entries for Terminals CPL1 and CPL2

                    

Figure 6.41 Forming Bus-Zone-to-Bus-Zone Connections With and Without a 
Circuit Breaker

Z
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D
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By contrast, closing E892 and E898 or E891, E892, and E898 also forms a con-
nection between Busbar 1 and Busbar 2, but now there exists a circuit breaker 
between the busbars, namely the Terminal E circuit breaker. The significance of 
the bus-zone-to-bus-zone connection is twofold.

➤ Both differential zones (SOUTH and NORTH) must operate when a 
fault develops on either zone during the time when the two 
differential zones are connected via disconnects D891 and D892 (or 
similar connections).

➤ Parallel paths are formed, and both differential zones may be 
unbalanced (see Figure 6.23).

When two bus-zones are combined, bus coupler CTs are redundant and are 
removed from the differential calculations.

One protection philosophy requires the tripping of only those circuit breakers that 
can contribute fault current to optimize breaker maintenance. However, there is 
also the protection philosophy that requires all breakers in the faulted differential 
zone to be tripped. To satisfy both protection philosophies, the SEL-487B offers 
the choice of leaving the bus coupler closed or issuing a trip signal. The first 
prompt in this group asks you for the two busbars that will be combined.

Step 1. From Figure 6.41, we see that we would enter SOUTH and NORTH 
at the prompt (without spaces between the differential zone names or 
the comma).

                    

Step 2. Next, the SELOGIC control equation that declares the digital input 
conditions which must be a logical 1 for the relay to recognize the 
combination of SOUTH and NORTH. Again, the relay states the 
names you enter and then generates a prompt with the primitive 
names as a double check.

List all of the several possible combinations, separating each 
combination with the OR function. From Figure 6.41, NORTH and 
SOUTH are combined when D891 and D892 are closed, or when 
E891 and E892 are closed:

                    

NOTE: When the bus-zone-to-bus- 
zone SELOGIC control equation 
includes the circuit breaker, be sure to 
also include the breaker auxiliary 
contact status (not only the 
disconnect status) to ensure separate 
bus-zones when the circuit breaker is 
open.

This setting identifies the particular differential zones that can be 
combined and the conditions under which this combination can take 
place.

Step 3. The next setting allows you to select a subset of the conditions stated 
in the previous setting. In the present example, there is no subset, and 
the setting is a repeat of the previous setting.

                    

Step 4. Next, state the terminals to be removed when the two differential 
zones are combined. In most cases, these terminals are the bus 
coupler CTs, as is the case in Figure 6.41. You would, therefore, 
enter the bus coupler terminal names at the prompt.

Bus-Zone,Bus-Zone?

SOUTH,NORTH <Enter>

SOUTH to NORTH Connection (SELogic Equation)

BZ1BZ2V := (D891 AND D892) OR (E891 AND E892) <Enter> 

Remove Terminals when NORTH and SOUTH Bus-Zones merge (SELogic Equation)
BZ1BZ2R := NA

?  (D891 AND D892) OR (E891 AND E892) <Enter>
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Step 5. To end this group, select whether the bus coupler must be tripped (Y) 
when a fault occurs in the combined protection zone during the time 
when the two bus-zones are merged, or whether the bus coupler must 
not be issued a trip signal (N). Again, as a double check, the relay 
states the primitive names of the terminals that must be removed:

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Bus-Zone to Bus-Zone 
Connections > Bus-Zone to Bus-Zone Connections Blocks 1–5. Set 
CBZ1BZ2 = Y, BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), 
BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), CPT11 = CPL1, 
CPT21 = CPL2, and BZBZT1 = Y. NORTH and SOUTH are automatically popu-
lated into the BZBZ11 and BZBZ21 fields as the alias names for BZ1 and BZ2.

                    

Terminals Removed when NORTH and SOUTH Bus-Zone merge (Ter k,...,Ter n)
BZ1BZ2M :=

?CPL1,CPL2 <Enter>

Trip Terminals CPL1, CPL2 (Y,N)
BZ1BZ2T := N

?  Y <Enter>

                    

Figure 6.42 Bus-Zone to Bus-Zone Blocks 1–5
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Zone Supervision
This is the final check before a bus-zone trip (87Z1) is issued for each of the six 
differential zones. Figure 6.43 shows the relay logic for this function, where the 
output from the differential calculations (87R1) is ANDed with the zone supervi-
sion conditions. See Section 5: Protection Functions for more information.

                    

This is a good place to include the overall check zone differential element output, 
if one was configured.

Assume Check Zone 1 was configured. Enter the following to include the check 
zone.

                    

Trip Logic
Figure 6.44 shows the steps necessary for assigning protection functions to the 
trip logic.

Make sure all selected protection functions appear in the trip equation.

For example, having selected the breaker failure protection, assign the output 
from this logic to the output contact, or the contact will not assert when the 
breaker failure protection operates. For Terminal I06 wired to OUT201, the fol-
lowing includes differential protection, internal breaker failure protection, and 
time-overcurrent protection.

                    

                    

Figure 6.43 Zone Supervision Logic

Z1S:= 87CZ1 <Enter>

87R1

Z1S
87Z1

=>>SET TR06 <Enter>
Group 1
Trip Logic
Trip 06 (SELogic Equation)
TR06 := NA
?  87BTR06 OR SBFTR06 OR 51P01T <Enter>
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?  END <Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.44 Assign the Protection Functions to the Trip Logic
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Output Assignments
Figure 6.45 shows the steps necessary for assigning the output from the trip logic 
(TRIP06) to output contact OUT201.

                    

Summary
In general, system configuration can be summarized in the four-step approach 
shown in Figure 6.46. Use the worksheets provided on the SEL-400 Series Prod-
uct Literature DVD to collect and organize the data before configuring and set-
ting the relay.

                    

Step 1. Assess your station and select appropriate protection functions.

Inspect the substation layout to make the appropriate selection in 
terms of number of bus-zones, number of terminals, CT ratio 
mismatch, I/O count, etc.

As for protection functions, decide whether to use internal or external 
breaker failure protection, breaker differential, or an overlap coupler 
CT application (if two sets of CTs are available), etc.

Step 2. Assign alias names.

Because configuration settings use terminal names, assign alias 
names at this point.

Step 3. Configure your system.

Entries here determine the CT/differential element assignment with 
the terminal-to-bus-zone and bus-zone-to-bus-zone settings, while 
zone supervision and zone-switching supervision provide for 
additional control and information.

=>>SET O OUT201 <Enter>
Output
Interface Board #1
OUT201 := NA
?  TRIP06 <Enter>
OUT202 := NA
?  END <Enter>
Output
Main Board
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.45 Assigning the Output From the Trip Logic to an Output Contact

                    

Figure 6.46 Information Flow Diagram

Configuration:
Terminal-to-Bus-Zone
Bus-Zone-to-Bus-Zone
Zone Supervision
Zone Switching       
 Supervision

Alias Assignments:
IN206,
BER891, I03, FDR1

Outputs:
TR01 := 87BTR01
OUT301 := TRIP09

Station 
Assessment

Protection 
Function Selection

+
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Step 4. Assign outputs.

For each terminal, select the relay functions for which the terminal 
will be issued a trip signal.

Use Table 6.6–Table 6.11 to assist with Step 1 of the configuration process.

                    

                    

                    

                    

Table 6.6 Primary Plant Data 

Items Requirement for Your Plant

Number of terminals (maximum 21)

Number of busbars (maximum 6)

Number of main zones (maximum 6)

Number of check zones (maximum 3)

Number of bus couplers or tie breakers (maximum 4)a

a Mutually exclusive; sum of bus couplers and bus sections cannot exceed four.

Inboard CTs (Y,N)

Maximum/minimum CT ratio

Table 6.7 Data for Bus Coupler 1 and Bus Coupler 2

Bus Coupler 1 Data Bus Coupler 2 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.8 Data for Bus Coupler 3 and Bus Coupler 4 

Bus Coupler 3 Data Bus Coupler 4 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.9 Disconnect, Breaker, and Input Data

Items Requirement for Your Plant

Number of 89A (N/O) contacts?a

a Allocate independent optoisolated inputs to the selected logic.

Number of 89B (N/C) contacts?a

Disconnect Monitoring Logic? (maximum 60)

Zone-Switching Supervision Logic?

Number of 52A contacts
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Application 1: Single Bus and Tie Breaker (Three Relays)
This application describes the busbar arrangement shown in Figure 6.47, a single 
bus with bus sectionalizer (tie breaker), three-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Table 6.10 Breaker Failure Data

Items Requirement for Your Plant

Number of internal breaker failure circuits

Number of external breaker failure circuits

Additional security?a

a Allocate independent optoisolated inputs to the selected logic.

Table 6.11 End-Zone Protection

Items Requirement for Your Plant

Number of 52A (N/O) contacts?a

a Allocate this number of common optoisolated input contacts.

Number of communication outputs required?b

b Allocate this number of independent output contacts.

                    

Figure 6.47 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler or 
sectionalizing breaker) configuration. The classification for this application is:

➤ Description

➢ Single bus with tie breaker

➤ Current Transformers

➢ Outboard (free standing)

➤ Disconnects

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration

➢ Overlap

➤ Future expansion

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Use the Disconnect Monitoring Logic.

3. Block the busbar protection for an open-circuit CT.

4. Configure check-zone protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for a check zone, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. To properly identify and categorize the protection philos-
ophy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.61 and select the standard functions 
required for the application. Table 6.12 shows the selection of the standard func-
tions.
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Check-Zone Protection

Figure 6.48 shows a station with check-zone protection. Check-zone protection 
stems from the philosophy of providing an additional trip criterion before issuing 
a busbar protection trip signal. This philosophy encompasses additional trip crite-
ria such as directional elements and overcurrent elements.

When using check-zone protection as an additional criterion, the practice is to 
provide a measurement from a second differential element that is independent of 
the disconnect auxiliary contact status. Using a measurement independent of the 
disconnect auxiliary contact status prevents differential element misoperation 
resulting from disconnect auxiliary contact failure.

Table 6.12 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection, zone specific Check-zone 
protection

Dynamic zone selection logic Yes Use the zone selection to reconfigure the dif-
ferential protection according to the discon-
nect positions

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Enter the check zone and zone-specific con-
ditions to supervise the zone-specific differ-
ential elements

Zone-switching supervision logic No 89A and 89B disconnect contacts available; 
therefore, this logic is not required

Coupler security logic No Two CTs with overlap configuration do not 
require the coupler security logic

Circuit breaker failure protection No Not required

Instantaneous overcurrent protec-
tion

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence volt-
age elements

No Not required
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Both the Check Zone and either Zone 1 or Zone 2 differential elements must 
assert before a busbar protection trip output asserts. Use the Differential Element 
Zone Supervision setting to comply with the requirement for both check zone 
and zone-specific differential elements to assert. Figure 6.49 shows the zone 
supervision logic. Relay Word bit 87R1 is the output from the Zone 1 differential 
element and Z1S is the SELOGIC control equation where we enter conditions for 
supervising the Zone 1 differential element. (See Zone Configuration Group Set-
tings on page 6.54 for more detail.)

                    

Create the check-zone protection by configuring a check zone when entering the 
zone configuration settings (ECHKZN := Y).

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

                    

Figure 6.48 Station With Two Zone-Specific Bus-Zones and an Overall Check Zone

52
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52
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Figure 6.49 Zone Supervision Logic

87R1

Z1S
87Z1
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Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 7 three-phase terminals (21 CTs), we can install a single 
SEL-487B. For stations with more than 21 and as many as 63 CTs, we install 3 
SEL-487B Relays. Use Equation 6.2 to calculate the number of current channels 
at the station, and use Equation 6.3 to calculate the number of zones at the sta-
tion.

                    

Equation 6.2

                    

Equation 6.3

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 2 (Zone 1 and Zone 2). The number of check zones required is 1 
(Check Zone 1). One SEL-487B suffices for these requirements, but the require-
ment for 4 future feeders increases the number of per-phase CTs to 30. Because 
each SEL-487B has 21 analog input channels, we need 3 relays. This is known as 
a three-relay application.

In a three-relay application, each relay provides six zones and three check zones 
of protection for one of the three phases of the power system. For example, wire 
all the A-phase CTs to Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hard wiring) the 
input and output contacts to the other two relays. This example shows the setting 
and configuration for the A-phase relay, so identified with an appended letter A 
(LOND_A). For the other two relays, the settings and configuration are the same 
as for the A-phase relay, but the appended letter changes according to the letter 
designation of the relay. For example, the corresponding LOND_A setting is 
LOND_B in the B-phase relay and LOND_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application.

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; therefore, the number of disconnect logics 
required is six. Each disconnect monitoring logic requires two disconnect auxil-
iary contact inputs: an 89A and an 89B contact. Use Equation 6.4 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.4

Table 6.13 summarizes the input contact required for this application.

                    

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

Table 6.13 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 6 • 2 = 12

Total number of inputs 12

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs. From the input contact perspective, 
we need one interface board. It is not necessary to include I/O for future expan-
sion with the initial order; install additional I/O if and when required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
Table 6.14 shows the breakdown and the total number of relay output contacts 
required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts.

The interface boards may have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board can be ordered with an option 
that provides six high-speed, high-interrupting output contacts and two standard 
output contacts. For fast busbar fault clearance, assign each circuit breaker trip 
output to a high-speed, high-interrupting output contact for each of the circuit 
breakers at the station. From the output contact perspective, we need one inter-
face board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Table 6.14 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Total number of relay output contacts 5
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Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

➤ Check-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.15 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie-breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.15 shows the assignment for the A-phase relay starting with the tie-
breaker CTs, followed by the four terminals, taken left to right from Figure 6.47.

                    

Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.16.

                    

Check-Zone Alias Assignment
Each SEL-487B provides three check zones. For the A-phase relay, we use the 
check zone with the alias name as shown in Table 6.17.

                    

Table 6.15 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 SEC1_A

TIE-BREAKER CT2, A-Phase I02 SEC2_A

LONDON, A-phase I03 LOND_A

BERLIN, A-phase I04 BERL_A

NEW YORK, A-phase I05 NEWY_A

CANBERRA, A-phase I06 CANB_A

Table 6.16 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 EAST_A

Table 6.17 Alias Name for the Check Zone

Check-Zone Name Description Alias

CZ1 Check Zone CHECK_A
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Input to Logic Allocation and Alias Assignment
Table 6.13 shows that we require 12 digital inputs. We now assign the 12 digital 
input contacts to the selected logic and assign alias names to the input contacts 
and logic elements. Because of the functional requirement of this application, we 
do not need to use any digital inputs on the main board.

Input Contact to Logic Allocation and Alias Assignment, Interface 
Board 1 (200)

Table 6.18 shows the disconnect auxiliary contact input allocations and the alias 
names. Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are independent 
inputs for breaker failure initiate inputs; these inputs are not used in the present 
application.

                    

Assign Alias Names to the Selected Standard Logic
Referring to Table 6.12, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.50 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements).

Table 6.18 Alias Names for the Breaker Status Logic Output Relay Word Bits

Input Description Alias

IN204 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN205 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN206 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN207 TIE-BREAKER disconnect (EAST) NC contact ISE892B

IN208 LONDON disconnect N/O contact ILON89A

IN209 LONDON disconnect N/C contact ILON89B

IN210 BERLIN disconnect N/O contact IBER89A

IN211 BERLIN disconnect N/C contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B
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Table 6.19 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets that the disconnect main contacts as closed. Use Relay 
Word bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control 
equations. We also assign alias names to the alarm Relay Word bits (89ALnn). 
Table 6.20 shows the alias names.

                    

                    

Figure 6.50 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.19 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits

Input Description Alias

89A01 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B01 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A02 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B02 TIE-BREAKER disconnect (EAST) NC contact SEC892B

89A03 LONDON disconnect NO contact LON89A

89B03 LONDON disconnect NC contact LON89B

89A04 BERLIN disconnect NO contact BER89A

89B04 BERLIN disconnect NC contact BER89B

89A05 NEW YORK disconnect NO contact NEW89A

89B05 NEW YORK disconnect NC contact NEW89B

89A06 CANBERRA disconnect NO contact CAN89A

89B06 CANBERRA disconnect NC contact CAN89B

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 1 of 2)

Primitive Name Description Alias

89CL01 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL02 TIE-BREAKER disconnect (EAST) is closed SEC289C

89CL03 LONDON disconnect is closed LOND89C

89CL04 BERLIN disconnect is closed BERL89C

89CL05 NEW YORK disconnect is closed NEWY89C

89CL06 CANBERRA disconnect is closed CANB89C

89AL01 TIE-BREAKER disconnect (WEST) alarm SEC189A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.51 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.21 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information).

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.53 for more information). Table 6.22 shows the primitive differential trip 
bit names, the alias names for the differential trip bits, and the terminal with 
which the relay associates each differential trip bit.

                    

89AL02 TIE-BREAKER disconnect (EAST) alarm SEC289A

89AL03 LONDON disconnect alarm LOND89A

89AL04 BERLIN disconnect alarm BERL89A

89AL05 NEW YORK disconnect alarm NEWY89A

89AL06 CANBERRA disconnect alarm CANB89A

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 2 of 2)

Primitive Name Description Alias

Table 6.21 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip EASTA_T

87CZ1 Check Zone differential element trip CHECA_T

                    

Figure 6.51 Differential Trip Logic for Differential Element 1

Table 6.22 Primitive Differential Trip Bit Names, Alias Names for the 
Differential Trip Bits, and Associated Terminals

Differential Trip Bit Alias Comments

87BTR01 87SEC1A Associated with Terminal 01

87BTR02 87SEC2A Associated with Terminal 02

87BTR03 87LON_A Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87NEW_A Associated with Terminal 05

87BTR06 87CAN_A Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.52 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers setting 
(NUMBK) and the number of trip equations, i.e., the number of trip equations 
(TRkk) equals the number of circuit breakers (NUMBK) setting. Table 6.23 
shows the five primitive and alias names for the trip logic of each terminal.

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.14 
shows the breakdown of the five relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.24 shows TEST and 
ALARM protection logic assigned to the output contacts of the main board out-
put contacts. Table 6.25 shows the linking of the trip logic outputs to the relay 
output contacts of Interface Board 1 and the alias names of the of the interface 
board output contacts.

                    

Figure 6.52 Breaker Trip Logic

Table 6.23 Primitive and Alias Names for the Trip Logic of Each Terminal 

Primitive Name Description Alias Name

TRIP01 Trip output of the sectionalizing breaker asserted TRSEC_A

TRIP02 Trip output of the LONDON Terminal asserted TRLON_A

TRIP03 Trip output of the BERLIN Terminal asserted TRBER_A

TRIP04 Trip output of the NEW YORK Terminal asserted TRNEW_A

TRIP05 Trip output of the CANBERRA Terminal asserted TRCAN_A

TRIPkk

Relay
Word
Bit

TRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip 
Duration Timer

kk = 01 to 05
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Output Alias Assignment, Main Board
This application requires no output contacts from the main board.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can be ordered to include six high-speed, 
high-interrupting output contacts. Table 6.25 shows the alias assignment for the 
five terminals of the A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.53.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary terminal contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals

Table 6.24 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.25 Alias Assignment for the Five Terminals in Our Example 

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output SECTR_A

OUT202a LONDON trip logic output LONTR_A

OUT203a BERLIN trip logic output BERTR_A

OUT204a NEW YORK trip logic output NEWTR_A

OUT205a CANBERRA trip logic output CANTR_A
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.54.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Figure 6.53 Substation Layout With Specific Terminal Information
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Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.55.

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in Figure 6.56.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter> 
Alias
Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.54 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.55 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,SEC1_A <Enter>
20:
?  I02,SEC2_A <Enter>
21:
?  I03,LOND_A <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,NEWY_A <Enter>
24:
?  I06,CANB_A <Enter>
25:
?  BZ1,WEST_A <Enter>
26:
?  BZ2,EAST_A <Enter>
27:
?  CZ1,CHECK_A <Enter>
28:
?  IN204,ISE891A <Enter>
29:
?  IN205,ISE891B <Enter>
30:

•
•
•
?  OUT204,NEWTR_A <Enter>
92:
?  OUT205,CANTR_A <Enter>
93:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.56 Analog Quantities and Relay Word Bit Alias Names



6.53

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 1: Single Bus and Tie Breaker (Three Relays)

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.57 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either alias names or prim-
itive names when entering settings.

NOTE: The relay interprets the 
number of circuit breakers (NUMBK) 
as the number of circuit breaker poles, 
not as the number of circuit breakers.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. Because we do not need circuit breaker auxiliary 
contacts for this application, set 52A01–52A05 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
06). Travel time is the time period when both disconnect auxiliary contacts are in 
the open position (see Figure 6.20 for more information). Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

=>>SET G <Enter>
Global
General Global Settings

Station Identifier (40 characters)
SID := "Station A"
?  <Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6<Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ? <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ? <Enter>
Independent Control Input Settings (Y,N)             EICIS   := N      ? <Enter>
Data Reset Control (Y,N)                             EDRSTC  := N      ? <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ><Enter>

Figure 6.57 Global Settings for Application 1
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the LONDON feeder, all three phases 
(LOND_A, LOND_B, and LOND_C) operate together. Because the relay mea-
sures the three phases in three separate relays (phase LOND_A in the A-phase 
relay, phase LOND_B in B-phase relay, etc.), we need to convey the disconnect 
status to all three relays. 

The check zone performs supervision, so you must first determine zone configu-
ration settings for the check zone before determining settings for Zone 1 and 
Zone 2. Configure the check zone by declaring all terminals but the tie-breaker 
(bus sectionalizer) CTs in the terminal-to-check-zone SELOGIC control equa-
tions. Never include the tie-breaker CTs in the check zone. Figure 6.61 shows the 
zone configuration group settings.

Disconnect Inputs and Timers

N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ISE891A<Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ISE891B<Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400<Enter>
N/O Contact Input -DS02 (SELogic Equation)

89A02 := NA
?  ISE892A<Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  ISE892B<Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400<Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  ILON89A<Enter>

.

.

.
  
DS06 Alarm Pickup Delay (0-99999 cyc)                89ALP06 := 300    ?400<Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ? <Enter>
DNP Session Time Base (LOCAL, UTC)                   DNPSRC  := UTC    ? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.57 Global Settings for Application 1 (Continued)
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Use the Differential Element Zone Supervision setting to comply with the 
requirement for both check zone and zone-specific differential elements to assert 
before a busbar protection trip output asserts. For this application, we allocated 
BZ1 for Zone 1, BZ2 for Zone 2, and CZ1 for the overall check zone (see 
Table 6.16). Because the check zone is independent from any other zone, the 
relay does not follow the differential trip logic shown in Figure 6.58 when the 
check zone asserts.

                    

The implication of this independence is that the Check Zone Supervision Logic 
can be left to its default value of 1 as seen in Figure 6.59. The same effect is 
achieved by setting E87CZSP = N.

                    

For the zone-specific elements, enter the Check Zone differential element trip 
output 87CZ1 as a supervisory condition for each zone, as shown in Figure 6.60.

                    

                    

Figure 6.58 Bus Differential Trip Logic

                    

Figure 6.59 Check-Zone Supervision Logic

                    

Figure 6.60 Zone Supervision for Zone 1 (a) and Zone 2 (b)
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Be sure to include Relay Word bit 87CZ1 as the supervisory condition for all 
zones encompassed by the Check Zone. Set E87ZSUP = Y to enable the Differ-
ential Element Zone Supervision settings, then enter the supervision settings.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration group default settings. With the zone con-
figuration group default settings deleted, the setting prompts no longer reference 
the default settings. The zone configuration group default settings are for a spe-
cific substation with arbitrarily selected alias names, serving only as an example.

                    

=>>SET Z TE<Enter>
Zone Config Group 1
Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?400<Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?400<Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40<Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400<Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400<Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400<Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEAT_A, P
?  DELETE 100<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01 BZ2 P<Enter>
SEC1_A to EAST_A Connection (SELogic Equation)
I01BZ2V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02 BZ1 P<Enter>
SEC2_A to WEAT_A Connection (SELogic Equation)
I02BZ1V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03 BZ1 P<Enter>
LOND_A to WEAT_A Connection (SELogic Equation)
I03BZ1V := NA
?  LOND89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04 BZ1 P<Enter>
BERL_A to WEAT_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05 BZ2 P<Enter>
NEWY_A to EAST_A Connection (SELogic Equation)
I05BZ2V := NA
?  NEWY89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06 BZ2 P<Enter>
CANB_A to EAST_A Connection (SELogic Equation)
I06BZ2V := NA
?  CANB89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  <Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?  <Enter>

Zone Supervision

Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y<Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  87CZ1<Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  87CZ1<Enter>

Figure 6.61 Zone Configuration Group Settings for Application 1
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element by setting 
E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information). Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, and EVOLT := N 
because we do not use the coupler security logic, terminal out of service, breaker 
failure protection, overcurrent elements, or voltage elements in this application.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.22) when the differential 

Zone Switching Supervision

Zone Switching Supervision (Y,N)                     EZSWSUP := N      ? <Enter>

Zone Open CT Detector

Reset Zone 1 Open CT Detector (SELogic Equation)
ROCTZ1 := RSTOCT1
?  <Enter>
Reset Zone 2 Open CT Detector (SELogic Equation)
ROCTZ2 := RSTOCT2
?  <Enter>
Check Zone Configuration
Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y<Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I05 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I06 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? <Enter>

Check Zone Supervision

Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ? <Enter>

Current Normalization Factor

Normalization Factor -I01                            TAP01   := 5.00   ?
Normalization Factor -I02                            TAP02   := 5.00   ?
Normalization Factor -I03                            TAP03   := 50.00  ?
Normalization Factor -I04                            TAP04   := 5.00   ?
Normalization Factor -I05                            TAP05   := 5.00   ?
Normalization Factor -I06                            TAP06   := 5.00   ?
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.61 Zone Configuration Group Settings for Application 1 (Continued)
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element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. Because the tie breaker has two analog 
channels but only one circuit breaker, include both differential trip bits 
(87SEC1A and 87SEC2A) in trip equation TR01.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting. Set the timer TDURD longer than 
the clearing time of the slowest circuit breaker at the station. For this application, 
we use the default values for the Sensitive Differential Element, the Restrained 
Differential Element, the Directional Element, and the Trip Duration Timer. 
Figure 6.62 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration

Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element

Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>

Check Zone Sensitive Differential Element

CZ Sensitive Diff. Element Pickup (0.05-1 pu)        CZS87P  := 0.10   ?> <Enter>

Restrained Differential Element

Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Check Zone Restrained Differential Element

CZ Restrained Diff Element Pickup (0.10-4 pu)        CZO87P  := 1.00   ?> <Enter>

Directional Element

Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87SEC1A
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? 

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87SEC2A
?  87LON_A <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? 

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_A
?  87BER_A <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? 

Figure 6.62 Protection Group Settings for Application 1
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay, and connect the cable to the circuit 
breaker trip coil to any one of the three relays.

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA. Figure 6.63 shows the control output settings.

                    

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BER_A
?  87NEW_A<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? 

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87NEW_A OR SBFTR06 OR 87CAN_A
?  87CAN_A<Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? 

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.62 Protection Group Settings for Application 1 (Continued)

=>>SET O <Enter>

Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  NA <Enter>

OUT102 := TRLON_A AND NOT PLT03
?  NA <Enter>
OUT103 := TRBER_A AND NOT PLT03
?  NA <Enter>

OUT104 := TRNEW_A AND NOT PLT03
?  NA <Enter>
OUT105 := TRCAN_A AND NOT PLT03
?  NA <Enter>

OUT106 := NA
? > <Enter>

Interface Board #1
OUT201 := NA
?  TRSEC_A AND NOT PLT03 <Enter>
OUT202 := NA
?  TRLON_A AND NOT PLT03 <Enter>

Figure 6.63 Control Output Settings for Application 1
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This concludes the settings for Application 1.

Application 2: Single Bus and Tie Breaker (Single Relay)
This application describes the busbar arrangement shown in Figure 6.64, a single 
bus with bus sectionalizer (tie breaker), single-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

OUT203 := NA
?  TRBER_A AND NOT PLT03 <Enter>
OUT204 := NA
?  TRNEW_A AND NOT PLT03 <Enter>

OUT205 := NA
?  TRCAN_A AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.63 Control Output Settings for Application 1 (Continued)

                    

Figure 6.64 Single Bus With Bus Sectionalizer (Tie Breaker)

WEST EAST

LONDON 89 BERLIN 89 NEW YORK 89 CANBERRA 89

TIE 
BREAKER 89

TIE 
BREAKER 89

200/5 2000/5

2000/5 2000/5
52

52 52

LONDON BERLIN

2000/5

52

NEW YORK

2000/5

52

CANBERRA



6.61

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie breaker (bus coupler or 
sectionalizing breaker) configuration.

➤ Description:

➢ Single bus with tie breaker

➤ Current Transformers:

➢ Outboard

➤ Disconnect:

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration:

➢ Overlap

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Block the busbar protection for an open-circuit CT.

3. Use the Disconnect Monitoring Logic.

4. Include end-zone protection with direct transfer tripping for the four 
feeders.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for end-zone protection, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. Breaker failure protection is a standard function but end-
zone protection is not. To properly identify and categorize the protection philoso-
phy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.86 and select the standard functions 
required for the application. Table 6.26 shows the selection of the standard func-
tions.
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User-Defined Functions
Identify logic functions we need for the application that are not part of the stan-
dard logic in the relay. For this application, end-zone protection for the four feed-
ers is not a standard function; we use SELOGIC control equations to create this 
logic.

End-Zone Protection

Figure 6.65 shows end-zone fault F1, which is a fault between the feeder CT and 
circuit breaker. The busbar protection at Busbar S operates for this fault and trips 
Circuit Breaker 1, but the line still feeds the fault from the source at Busbar R.

                    

Fault F1 is only cleared when Circuit Breaker 2 at Busbar R trips. In step-dis-
tance protection schemes, Circuit Breaker 2 trips after a time delay, typically on 
the order of 400 ms. Using end-zone protection, we can shorten this time by 
sending a direct transfer trip (DTT) from Station S to Circuit Breaker 2 at 
Station R to trip Circuit Breaker 2.

Table 6.26 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch.

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available.

Differential protection Yes Busbar protection (zone specific and 
check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the 
differential protection according to the 
disconnect positions

Sensitive differential protection Yes CT open circuit detection.

Zone supervision logic No Not required

Zone-switching supervision logic No 89A and 89B disconnect contacts avail-
able, so this logic is not required.

Coupler security logic No Two CTs configured in overlap configura-
tion do not require the coupler security 
logic.

Circuit breaker failure protection No Not required

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage 
elements

No Not required

                    

Figure 6.65 Fault Between Circuit Breaker 1 and the CT at Busbar S

Busbar SSource S Busbar R Source R

1 2

Infeed
from Source R

LineCT CT

F1



6.63

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

This logic detects faults under the following three conditions:

➤ The differential protection has issued a trip signal to the circuit 
breaker. 

➤ There is still current flowing in the feeder CT after Circuit Breaker 1 
has been open for 5 cycles. 

➤ The busbar disconnect of the feeder is closed. 

Create the above-mentioned end-zone logic by programming four protection 
SELOGIC control variables (PSV01–PSV04) when setting the protection logic, 
and assign the alias names as described in Assign Alias Names to the User-
Defined Logic.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.5 to calculate the number of current channels at the station, and 
use Equation 6.6 to calculate the number of zones at the station.

                    

Equation 6.5

                    

Equation 6.6

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 6. Because each SEL-487B has 21 analog input channels and 6 zones, 
we need only one SEL-487B. This is known as a single-relay application.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.7 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.7

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

# relay inputs required = 2 # disconnect monitoring logics• 
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The protection philosophy calls for end-zone protection. Because there are four 
feeder circuit breakers at the station the number of circuit breaker auxiliary inputs 
we need is four. Table 6.27 summarizes the input contact required for this appli-
cation. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; the six independent input contacts are 
available for breaker failure initiate inputs. Because this application has no circuit 
breaker failure protection, the independent input contacts are available for circuit 
breaker auxiliary contact inputs. However, in anticipation of future circuit 
breaker failure protection installation, instead use the grouped input contacts on 
the interface board for the circuit breaker auxiliary contact inputs and disconnect 
contact inputs. From the input contact perspective, we need one interface board.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
We also need direct transfer trip output contacts for the end-zone protection for 
each of the four feeders. Table 6.28 shows the breakdown and the total number of 
relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). 
Table 6.28 shows that we need nine output contacts; the eight main board output 
contacts are insufficient for our application. Also, the main board contacts are all 
standard output contacts.

The interface boards can have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board provides six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign the circuit breaker trip outputs to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. 
Although the standard output contacts are slightly slower (6 ms for resistive 
loads) than the high-speed, high-interrupting output contacts, we use the main 
board output contact for direct transfer tripping. From the output contact perspec-
tive, we need one interface board. If you require fast output contacts for direct 
transfer tripping, add another interface board to the relay.

Table 6.27 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 6 = 12

Number of relay inputs required for end-zone protection 4

Total number of inputs 16

Table 6.28 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Number of relay output contacts required for direct transfer tripping 4

Total number of relay output contacts 9
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The conclusion from the preceding analysis is that we need one SEL-487B, 
equipped with a single interface board, for this application.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

NOTE: Alias names cannot exceed 
seven characters.

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.29 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.29 shows the assignment taken from Figure 6.64.

                    

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 1 of 2)

CTs Analog Channel Alias

LONDON, A-phase I01 LOND_A

LONDON, B-phase I02 LOND_B

LONDON, C-phase I03 LOND_C

BERLIN, A-phase I04 BERL_A

BERLIN, B-phase I05 BERL_B

BERLIN, C-phase I06 BERL_C

NEW YORK, A-phase I07 NEWY_A

NEW YORK, B-phase I08 NEWY_B

NEW YORK, C-phase I09 NEWY_C
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Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. In this application, we use all 
six zones with alias names as shown in Table 6.30.

                    

Input-to-Logic Allocation and Alias Assignment
Table 6.27 shows that we require 16 digital inputs. We now assign the digital 
inputs to the selected logic, and apply alias names to the inputs and logic ele-
ments. Because of the functional requirement of this application, we do not need 
to use any digital inputs on the main board. 

Input-to-Logic-Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.31 shows the circuit breaker auxiliary contact input allocations, the dis-
connect auxiliary contact input allocations, and the alias names. Inputs IN201, 
IN202, IN203, IN213, IN214, and IN215 are independent inputs for breaker fail-
ure initiate inputs; these inputs are not used in this application.

                    

CANBERRA, A-phase I10 CANB_A

CANBERRA, B-phase I11 CANB_B

CANBERRA, C-phase I12 CANB_C

TIE-BREAKER CT1, A-phase I13 SEC1_A

TIE-BREAKER CT1, B-phase I14 SEC1_B

TIE-BREAKER CT1, C-phase I15 SEC1_C

TIE-BREAKER CT2, A-phase I16 SEC2_A

TIE-BREAKER CT2, B-phase I17 SEC2_B

TIE-BREAKER CT2, C-phase I18 SEC2_C

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 2 of 2)

CTs Analog Channel Alias

Table 6.30 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 WEST_B

BZ3 Bus-Zone 3 WEST_C

BZ4 Bus-Zone 4 EAST_A

BZ5 Bus-Zone 5 EAST_B

BZ6 Bus-Zone 6 EAST_C

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 1 of 2)

Input Description Alias

IN204 LONDON circuit breaker ILON52A

IN205 BERLIN circuit breaker IBER52A

IN206 NEW YORK circuit breaker INEW52A

IN207 CANBERRA circuit breaker ICAN52A
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Assign Alias Names to the Selected Standard Logic
Referring to Table 6.26, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.66 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements.)

                    

Table 6.32 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

IN208 LONDON disconnect NO contact ILON89A

IN209 LONDON disconnect NC contact ILON89B

IN210 BERLIN disconnect NO contact IBER89A

IN211 BERLIN disconnect NC contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B

IN219 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN220 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN221 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN222 TIE-BREAKER disconnect (EAST) NC contact ISE892B

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 2 of 2)

Input Description Alias

                    

Figure 6.66 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 1 of 2)

Input Description Alias

89A01 LONDON disconnect NO contact LON89A

89B01 LONDON disconnect NC contact LON89B

89A02 BERLIN disconnect NO contact BER89A

89B02 BERLIN disconnect NC contact BER89B

89A03 NEW YORK disconnect NO contact NEW89A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. We also 
assign alias names to the alarm Relay Word bits (89ALnn). Table 6.33 shows the 
alias names.

                    

Breaker Status Logic

Figure 6.67 shows the breaker status logic circuit associated with current channel 
I01. This logic includes an OPH01 input from the open-phase detection logic. 
Open-phase detection logic asserts the OPH01 Relay Word bit when the logic 
measures no current in that specific phase. Alarm output 52AL01 asserts when 
the 52A01 and OPH01 inputs are both deasserted for longer than 5 cycles. For 
example, when the circuit breaker is open (52A01 is logical 0), Relay Word bit 
OPH01 asserts (changes to logical 1) when current stops flowing. AND Gate 2 in 
Figure 6.67 outputs a logical 0 and the timer does not run. However, if current 
still flows through the CT when the circuit breaker is open (end-zone fault, for 
example), Relay Word bit OPH01 does not assert (remains at logical 0) and the 
timer starts.

89B03 NEW YORK disconnect NC contact NEW89B

89A04 CANBERRA disconnect NO contact CAN89A

89B04 CANBERRA disconnect NC contact CAN89B

89A05 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B05 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A06 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B06 TIE-BREAKER disconnect (EAST) NC contact SEC892B

Table 6.33 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits 

Primitive Name Description Alias

89CL01 LONDON disconnect is closed LOND89C

89CL02 BERLIN disconnect is closed BERL89C

89CL03 NEW YORK disconnect is closed NEWY89C

89CL04 CANBERRA disconnect is closed CANB89C

89CL05 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL06 TIE-BREAKER disconnect (EAST) is closed SEC289C

89AL01 LONDON disconnect alarm LON89AL

89AL02 BERLIN disconnect alarm BER89AL

89AL03 NEW YORK disconnect alarm NEW89AL

89AL04 CANBERRA disconnect alarm CAN89AL

89AL05 TIE-BREAKER disconnect (WEST) alarm SE189AL

89AL06 TIE-BREAKER disconnect (EAST) alarm SE289AL

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 2 of 2)

Input Description Alias
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Wire a single, normally open circuit breaker auxiliary contact from each of the 
four feeder circuit breakers to an individual relay input (IN204, IN205, IN206, 
and IN207). In this example, we do not assign alias names to the Relay Word 
bits; we use the primitive names instead. Because this is a single-relay applica-
tion, the three phases of each terminal are in the same relay. Table 6.34 shows the 
breaker status logic input and output Relay Word bits.

                    

                    

Figure 6.67 Breaker Status Logic

Table 6.34 Breaker Status Logic Input and Output Relay Word Bits 

Primitive Name Description

52A01 LONDON A-phase NO contact

52AL01 LONDON A-phase discrepancy alarm

52A02 LONDON B-phase NO contact

52AL02 LONDON B-phase discrepancy alarm

52A03 LONDON C-phase NO contact

52AL03 LONDON C-phase discrepancy alarm

52A04 BERLIN A-phase NO contact

52AL04 BERLIN A-phase discrepancy alarm

52A05 BERLIN B-phase NO contact

52AL05 BERLIN B-phase discrepancy alarm

52A06 BERLIN C-phase NO contact

52AL06 BERLIN C-phase discrepancy alarm

52A07 NEW YORK A-phase NO contact

52AL07 NEW YORK A-phase discrepancy alarm

52A08 NEW YORK B-phase NO contact

52AL08 NEW YORK B-phase discrepancy alarm

52A09 NEW YORK C-phase NO contact

52AL09 NEW YORK C-phase discrepancy alarm

52A10 CANBERRA A-phase NO contact

52AL10 CANBERRA A-phase discrepancy alarm

52A11 CANBERRA B-phase NO contact

52AL11 CANBERRA B-phase discrepancy alarm

52A12 CANBERRA C-phase NO contact

52AL12 CANBERRA C-phase discrepancy alarm

52A01

OPH01

Relay
Word
Bits

52CL01

52AL01

Relay
Word
Bits

5
CYC 0

CYC

Alarm Timer

1

2

S

R

Q

Set has priority
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.68 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.35 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR21 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we will 
use 18 of the 87BTRmm (mm = 01–21) Relay Word bits. Table 6.36 shows the 
primitive differential trip bit names and the alias names for the differential trip 
bits.

                    

Table 6.35 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip WESTB_T

87Z3 Zone 3 differential element trip WESTC_T

87Z4 Zone 4 differential element trip EASTA_T

87Z5 Zone 5 differential element trip EASTB_T

87Z6 Zone 6 differential element trip EASTC_T

                    

Figure 6.68 Differential Trip Logic for Differential Element 1

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 1 of 2)

Differential Trip Bit Alias Comments

87BTR01 87LON_A Associated with Terminal 01

87BTR02 87LON_B Associated with Terminal 02

87BTR03 87LON_C Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87BER_B Associated with Terminal 05

87BTR06 87BER_C Associated with Terminal 06

87BTR07 87NEW_A Associated with Terminal 07

87BTR08 87NEW_B Associated with Terminal 08

87BTR09 87NEW_C Associated with Terminal 09

87BTR10 87CAN_A Associated with Terminal 10

87BTR11 87CAN_B Associated with Terminal 11

87BTR12 87CAN_C Associated with Terminal 12

87BTR13 87SEC1A Associated with Terminal 13

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip 
bits within zone

• 
• 
•

87BTRmm

87BTRnn

mm = first terminal within zone 
nn = last terminal within zone
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.69 shows the general tripping logic for the 15 trip outputs used in this 
application. (See Section 5: Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals 15.

After setting the TRnn trip equations, the relay associates each TRnn trip equa-
tion with a particular circuit breaker pole; we must combine the trip equations in 
the output settings to form a single output for the tie breaker (see the Protection 
Group Settings on page 6.80). For example, after setting TR01 := 87BTR01 and 
TR02 := 87BTR02, the relay associates Trip Equation TR01 with Terminal 01 
(LOND_A), Trip Equation TR02 with Terminal 02 (LOND_B), and so on. 
Table 6.37 shows the 15 primitive and alias names for the trip logic of each termi-
nal.

                    

87BTR14 87SEC1B Associated with Terminal 14

87BTR15 87SEC1C Associated with Terminal 15

87BTR16 87SEC2A Associated with Terminal 16

87BTR17 87SEC2B Associated with Terminal 17

87BTR18 87SEC2C Associated with Terminal 18

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 2 of 2)

Differential Trip Bit Alias Comments

                    

Figure 6.69 Breaker Trip Logic

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 1 of 2)

Primitive Name Description Alias

TRIP01 Trip output of the LONDON terminal A-Phase asserted TRLON_A

TRIP02 Trip output of the LONDON terminal B-Phase asserted TRLON_B

TRIP03 Trip output of the LONDON terminal C-Phase asserted TRLON_C

TRIP04 Trip output of the BERLIN terminal A-Phase asserted TRBER_A

TRIP05 Trip output of the BERLIN terminal B-Phase asserted TRBER_B

TRIP06 Trip output of the BERLIN terminal C-Phase asserted TRBER_C

TRIP07 Trip output of the NEW YORK terminal A-Phase asserted TRNEW_A

TRIP08 Trip output of the NEW YORK terminal B-Phase asserted TRNEW_B

TRIP09 Trip output of the NEW YORK terminal C-Phase asserted TRNEW_C

TRIPkk

Relay
Word
BitTRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip
Duration Timer

kk = 01 to 15
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Assign Alias Names to the User-Defined Logic
We created the general end-zone protection logic under User-Defined Functions 
on page 6.62. We now assign the application-specific alias names to all the 
appropriate Relay Word bits in the end-zone protection logic.

End-Zone Protection

Table 6.38 shows the alias names for the four protection SELOGIC control equa-
tion variables (PSV01–PSV04).

                    

Figure 6.70 shows the end-zone logic with the alias names instead of the primi-
tive names. The logic declares an end-zone fault when the following three condi-
tions are met: 

➤ A differential trip signal has been issued to the circuit breaker

➤ Current continues to flow through the feeder CT after a 5-cycle delay

➤ The busbar disconnect of the feeder is closed. 

Note that the second condition is met by using the built-in 5-cycle delay of 
52ALnn, which is the alarm timer output of the circuit breaker status logic. Cre-
ate similar logic for the other three feeders with the protection logic settings.

                    

TRIP10 Trip output of the CANBERRA terminal A-Phase asserted TRCAN_A

TRIP11 Trip output of the CANBERRA terminal B-Phase asserted TRCAN_B

TRIP12 Trip output of the CANBERRA terminal C-Phase asserted TRCAN_C

TRIP13 Trip output of the sectionalizing breaker A-Phase asserted TRSEC_A

TRIP14 Trip output of the sectionalizing breaker B-Phase asserted TRSEC_B

TRIP15 Trip output of the sectionalizing breaker C-Phase asserted TRSEC_C

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 2 of 2)

Primitive Name Description Alias

Table 6.38 Alias Names for the End-Zone Protection Logic

Primitive Name Description Alias

PSV01 End-zone element for LONDON terminal LOND_EZ

PSV02 End-zone element for BERLIN terminal BERL_EZ

PSV03 End-zone element for NEW YORK terminal NEWY_EZ

PSV04 End-zone element for CANBERRA terminal CANB_EZ

                    

Figure 6.70 End-Zone Logic With the Alias Names for the London Feeder

TRLON_A

TRLON_B

TRLON_C

1

52AL01

52AL02

52AL03

LOND89C

2

LOND_EZ
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Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.28 
shows the breakdown of the nine relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.39 shows the linking of 
the end-zone protection logic to the output contacts of the main board and the 
alias names of the relay main board output contacts. Table 6.40 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1 and the 
alias names of the of the interface board output contacts.

Output Alias Assignment–Main Board
We assign the outputs from the end-zone protection logics as direct transfer trip 
(DTT) functions to the output contacts of the main board. Wire the direct transfer 
trip outputs to the communications equipment or terminal panel to transmit the 
signal to the remote busbar.

                    

Output Alias Assignment–Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.40 shows the alias assignment for the five terminals 
in our example.

                    

Table 6.39 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT101 DTT for an end zone fault on LONDON Feeder LON_DTT

OUT102 DTT for an end zone fault on BERLIN Feeder BER_DTT

OUT103 DTT for an end zone fault on NEW YORK Feeder NEW_DTT

OUT104 DTT for an end zone fault on CANBERRA Feeder CAN_DTT

OUT105 NA NA

OUT106 NA NA

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.40 Alias Assignment for the Five Terminals in Our Example

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT201a

a High-speed, high-interrupting outputs.

LONDON trip logic output LON_TRP

OUT202a BERLIN trip logic output BER_TRP

OUT203a NEW YORK trip logic output NEW_TRP

OUT204a CANBERRA trip logic output CAN_TRP

OUT205a TIE-BREAKER trip logic output SEC_TRP
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Station Layout Update
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.71.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminals CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Protection Logic Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.72.

                    

Figure 6.71 Substation Layout With Specific Terminal Information
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After inspecting the list, we decide that the only useful alias names are those of 
the 16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.73.

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the 18 analog channels and Relay Word bits, as shown in 
Figure 6.74.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.72 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.73 Deletion of the First 43 Alias Names

1:OUT107,"TEST"
?  <Enter>
19:
?  I01,LOND_A <Enter>
20:
?  I02,LOND_B <Enter>

21:
?  I03,LOND_C <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,BERL_B <Enter>

24:
?  I06,BERL_C <Enter>
•
•
•
133:
?  OUT204,CAN_TRP <Enter>

134:
?  OUT205,SEC_TRP <Enter>
135:
?  END <Enter>
Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.74 Analog Quantities and Relay Word Bit Alias Names for 
Application 2
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Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Settings Group 1 to Protection Settings 
Group 2, global settings such as station name and relay name still apply. 
Figure 6.75 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either alias names or primi-
tive names when entering settings.

Carefully consider circuit breaker related settings when applying the relay in a 
single-relay application. The relay considers all applications to be three-relay 
applications; there is no setting distinguishing a single-relay application from a 
three-relay application. In particular, the relay interprets the number of circuit 
breakers (NUMBK) as the number of circuit breaker poles, not as the number of 
circuit breakers.

In this single-relay application example, there are 15 circuit breaker poles at the 
substation, and the value of NUMBK is 15. However, wire only one circuit 
breaker auxiliary contact from each circuit breaker to the relay; see the TRkk, 
TRIPkk, and the output settings for information on how to set the relay for this 
application.

There exists a direct relationship between the number of circuit breakers and the 
number of breaker status logics, i.e., the number of breaker input equations 
(52Akk) equals the number of circuit breakers (NUMBK). Enter the number of 
poles at the station for the NUMBK setting. Because the relay interprets the num-
ber of circuit breakers (NUMBK) as the number of circuit breaker poles, the set-
ting of NUMBK in this application equals 15.

Setting NUMBK equal to 15 makes 15 corresponding circuit breaker auxiliary 
input equations (52A01–52A15), and 15 corresponding trip equations (TR01–
TR15) available for setting. Although 15 circuit breaker auxiliary input equations 
are available, there are only four circuit breaker auxiliary contacts wired to the 
relay, one contact from each of the four feeder circuit breakers at the station. 
Group three circuit breaker auxiliary input equations to form an association with 
a circuit breaker, and enter the same contact name for the three circuit breaker 
auxiliary input equations. For example, group circuit breaker auxiliary input 
equations 52A01, 52A02, and 52A03 to form an association with the LONDON 
circuit breaker.

Table 6.31 shows the allocation of ILON52A, the circuit breaker auxiliary con-
tact to relay input IN204. We use relay input IN204 to monitor the status of the 
LONDON circuit breaker. All three circuit breaker auxiliary input equations 
(52A01, 52A02, and 52A03) must assert when ILON52A asserts, so ILON52A 
must appear in all three circuit breaker auxiliary input equations. Because we do 
not need a circuit breaker auxiliary contact from the tie breaker, set 52A13–
52A15 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics although 
there are 12 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPnn setting (nn = 01–06). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.
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=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?15 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?<Enter>
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>
Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ILON52A <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
?  ILON52A <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  ILON52A <Enter>
N/O Contact Input -BK04 (SELogic Equation)
52A04 := NA
?  IBER52A <Enter>

N/O Contact Input -BK05 (SELogic Equation)
52A05 := NA
?  IBER52A <Enter>
N/O Contact Input -BK06 (SELogic Equation)
52A06 := NA
?  IBER52A <Enter>
N/O Contact Input -BK07 (SELogic Equation)

•
•
•

52A13 := NA
?  <Enter>
N/O Contact Input -BK13 (SELogic Equation)
52A14 := NA
?  <Enter>
N/O Contact Input -BK14 (SELogic Equation)
52A15 := NA
?  <Enter>

N/O Contact Input -BK15 (SELogic Equation)
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ILON89A <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ILON89B <Enter>

Figure 6.75 Global Settings for Application 2
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and to assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three phases. For example, when we close the busbar disconnect on 
the LONDON feeder, all three phases (LOND_A, LOND_B, and LOND_C) 
operate together. Because the relay measures the three phases in three separate 
differential elements (phase LOND_A in differential element WEST_A, phase 
LOND_B in differential element WEST_B, etc.), we need to convey the discon-
nect status to all three differential elements. Table 6.33 shows the alias names of 
the disconnect status Relay Word bits; Figure 6.76 shows the zone configuration 
group settings.

The zone configuration group default settings are for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration group settings for the new substation, delete the exist-
ing zone configuration default settings. With the zone configuration group default 
settings deleted, the setting prompts no longer reference the default settings.

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ? <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IBER89A <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IBER89B <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ? <Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.75 Global Settings for Application 2 (Continued)
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=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?40 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?40 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40 <Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400 <Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400 <Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400 <Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?400 <Enter>
Current Transformer Ratio -I08 (1-50000)             CTR08   := 600    ?400 <Enter>
Current Transformer Ratio -I09 (1-50000)             CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)             CTR10   := 600    ?400 <Enter>
Current Transformer Ratio -I11 (1-50000)             CTR11   := 600    ?400 <Enter>

•
•
•

Current Transformer Ratio -I18 (1-50000)             CTR18   := 600    ?400 <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEST_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>

LOND_A to WEST_A Connection (SELogic Equation)
I01BZ1V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
LOND_B to WEST_B Connection (SELogic Equation)
I02BZ2V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>

LOND_C to WEST_C Connection (SELogic Equation)
I03BZ3V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BERL_A to WEST_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

BERL_B to WEST_B Connection (SELogic Equation)
I05BZ2V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
BERL_C to WEST_C Connection (SELogic Equation)
I06BZ3V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ4,P <Enter>

NEWY_A to EAST_A Connection (SELogic Equation)
I07BZ4V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ5,P <Enter>
NEWY_B to EAST_B Connection (SELogic Equation)
I08BZ5V := NA
?  NEWY89C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ6,P <Enter>
NEWY_C to EAST_C Connection (SELogic Equation)
I09BZ6V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I10,BZ4,P <Enter>

CANB_A to EAST_A Connection (SELogic Equation)
I10BZ4V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I11,BZ5,P <Enter>
CANB_B to EAST_B Connection (SELogic Equation)
I11BZ5V := NA
?  CANB89C <Enter>

Figure 6.76 Zone Configuration Group Settings for Application 2
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, and E59 := 
N because we do not use the Coupler Security Logic, terminal out of service, 
breaker failure protection, overcurrent elements, or voltage elements in this appli-
cation. Pay close attention to the trip logic (TR01–TR15) settings.

Terminal, Bus-Zone, Polarity (P,N)
?  I12,BZ6,P <Enter>
CANB_C to EAST_C Connection (SELogic Equation)
I12BZ6V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I13,BZ4,P <Enter>

SEC1_A to EAST_A Connection (SELogic Equation)
I13BZ4V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I14,BZ5,P <Enter>
SEC1_B to EAST_B Connection (SELogic Equation)
I14BZ5V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I15,BZ6,P <Enter>

SEC1_C to EAST_C Connection (SELogic Equation)
I15BZ6V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I16,BZ1,P <Enter>
SEC2_A to WEST_A Connection (SELogic Equation)
I16BZ1V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I17,BZ2,P <Enter>
SEC2_B to WEST_B Connection (SELogic Equation)
I17BZ2V := NA
?  SEC189C AND SEC298C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I18,BZ3,P <Enter>
SEC2_C to WEST_C Connection (SELogic Equation)
I18BZ3V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.76 Zone Configuration Group Settings for Application 2 (Continued)
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Because we use one SEL-487B, CTs from the three phases (A-phase, B-phase, 
and C-phase) from each terminal are assigned to three different differential ele-
ments (see Single-Relay Application on page 6.3).

Setting NUMBK (Global Settings) equal to 15 also makes 15 corresponding trip 
equations (TR01–TR15) available for setting. Table 6.36 shows the 18 differen-
tial trip bits that assert when the differential protection operates. Setting the trip 
equations involves assigning the 18 differential trip bits to the correct 15 trip 
equations. There are six differential elements in the relay, and because there are 
six bus-zones at the station, we use all six differential elements.

For the per-phase differential calculations, the relay assigns the individual phases 
of each terminal to three separate differential elements. (Strictly speaking, the 
relay assigns the phases according to the zone configuration group settings. How-
ever, correct zone configuration group settings cause the relay to assign the indi-
vidual phases of each terminal to three separate differential elements.) The tie 
breaker has six CTs; one CT assigned to each of the six differential elements. 
Because the tie breaker has only one circuit breaker, operation of any one of the 
six differential elements must trip the tie-breaker circuit breaker. For this reason, 
we include the two A-phase differential trip bits (87SEC1A and 87SEC2A) in the 
same trip equation, the two B-phase differential trip bits (87SEC1B and 
87SEC2B) in the same trip equation, and so on.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.

Although the SEL-487B includes 21 trip logics, there is only one Minimum Trip 
Duration Time Delay (TDURD) setting. Set the timer TDURD longer than the 
clearing time of the slowest circuit breaker at the station.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element, the Directional Element, and the Trip 
Duration Timer. Figure 6.77 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87LON_A
?  87LON_A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87LON_B
?  87LON_B <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Figure 6.77 Protection Group Settings for Application 2



6.82

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

This concludes the protection group settings. The next settings class is the protec-
tion logic settings.

Protection Logic Settings
Use the protection logic settings to create logics in the relay. Figure 6.78 shows 
the settings in our example. Protection Latch Bit PLT01 constitutes the differen-
tial enable function on the front-panel pushbutton labeled 87(DIFF) ENABLED. Lines 
22–27 show the programming for the end-zone protection. Figure 6.78 shows the 
protection logic settings.

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_C
?  87LON_C <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

•
•
•
Trip 12 (SELogic Equation)
TR12 := NA
?  87CAN_C <Enter>
Unlatch Trip 12 (SELogic Equation)
ULTR12 := NA
?<Enter>

Trip 13 (SELogic Equation)
TR13 := NA
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 13 (SELogic Equation)
ULTR13 := NA
?<Enter>

Trip 14 (SELogic Equation)
TR14 := NA
?  87SEC1B OR 87SEC2B <Enter>
Unlatch Trip 14 (SELogic Equation)
ULTR14 := NA
?<Enter>

Trip 15 (SELogic Equation)
TR15 := NA
?  87SEC1C AND 87SEC2C <Enter>
Unlatch Trip 15 (SELogic Equation)
ULTR15 := NA
?  <Enter>

Trip Logic
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.77 Protection Group Settings for Application 2 (Continued)
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This concludes the protection logic settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need nine output contacts for our example:

➤ four for the direct transfer trip outputs

➤ five for the bus-bar protection trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings.

Because the relay interprets the NUMBK setting as the number of poles, there are 
15 trip equations for this application. There is, of course, only one circuit breaker 
for each terminal. We, therefore, combine the appropriate trip outputs from the 
breaker trip logic (TRIP01–TRIP15, see Figure 6.69) to provide a single trip out-
put for each circuit breaker. For example, we set the trip equations (Protection 
Group Settings) for the London terminal to TR01 := 87LON_A, TR02 := 87LON_B, 
and TR03 := 87LON_C, with the corresponding breaker trip logic output alias 
names of TRLON_A, TRLON_B, and TRLON_C. Because Terminal LONDON 
has only one circuit breaker, we assign only one trip output contact (OUT201) to 
trip the circuit breaker. Therefore, assertion of any one of the three breaker trip 
logic outputs (TRLON_A, TRLON_B, or TRLON_C) must trip the circuit 
breaker of the London terminal. To achieve this tripping, set Output OUT201 
equal to the OR combination of the three breaker trip logic outputs.

=>>SET L <Enter>

Protection 1

1: PLT01S := NOT PLT01 AND PLT04 # DIFFERENTIAL ENABLED
?  ><Enter>
21: 
?  # END-ZONE PROTECTION FOR THE LONDON FEEDER <Enter>
22:
? LOND_EZ:=(TRLON_A OR TRLON_B OR TRLON_C) AND (52AL01 OR 52AL02 OR 52AL03) AND 

LOND89C <Enter>

7:
? # END-ZONE PROTECTION FOR THE BERLIN FEEDER <Enter>
23:
? BERL_EZ:=(TRBER_A OR TRBER_B OR TRBER_C) AND (52AL04 OR 52AL05 or 52AL06) AND 

BERL89C <Enter>
24:
? # END-ZONE PROTECTION FOR THE NEW YORK FEEDER <Enter>
25:
? NEWY_EZ:=(TRNEW_A OR TRNEW_B OR TRNEW_C) AND (52AL07 or 52AL08 or 52AL09) \ AND 

NEWY89C <Enter>
26:
? # END-ZONE PROTECTION FOR THE CANBERRA FEEDER <Enter>

27:
? CANB_EZ:=(TRCAN_A OR TRCAN_B OR TRCAN_C) AND (52AL10 OR 52AL11 OR 52AL12) \ AND 

CANB89C <Enter>
28:
? END <Enter>

Protection 1
•
•
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.78 Protection Logic Settings for Application 2
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NOTE: The tie-breaker trip equations 
(TR13–TR15) already include the 
combination of two differential 
elements (87SEC1A OR 87SEC2A, 
etc.).

Figure 6.79 shows the settings. We include Protection Latch Bit PLT03 in the 
output equation. With PLT03 included in every output equation, the RELAY TEST 
MODE pushbutton disables all output contacts. We assign the direct transfer trip 
outputs to the main board contacts and the bus-zone protection to the trip outputs 
of the interface board. Figure 6.79 shows the output settings.

                    

This concludes the settings for Application 2.

Application 3: Breaker-and-a-Half
This application describes the breaker-and-a-half busbar arrangement shown in 
Figure 6.80. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  LOND_EZ AND NOT PLT03 <Enter>
OUT102 := TRSEC_B AND NOT PLT03
?  BERL_EZ AND NOT PLT03 <Enter>
OUT103 := TRSEC_C AND NOT PLT03
?  NEWY_EZ AND NOT PLT03 <Enter>
OUT104 := TRLON_A AND NOT PLT03
?  CANB_EZ AND NOT PLT03 <Enter>
OUT105 := TRLON_B AND NOT PLT03
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRLON_A OR TRLON_B OR TRLON_C) AND NOT PLT03 <Enter>
OUT202 := NA
?  (TRBER_A OR TRBER_B OR TRBER_C) AND NOT PLT03 <Enter>
OUT203 := NA
?  (TRNEW_A OR TRNEW_B OR TRNEW_C) AND NOT PLT03 <Enter>
OUT204 := NA
?  (TRCAN_A OR TRCAN_B OR TRCAN_C) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TRSEC_A OR TRSEC_B OR TRSEC_C) AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.79 Control Output Settings for Application 2
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information.

➤ Description:

➢ Breaker-and-a-half

➤ Current Transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ No disconnect auxiliary contacts are available

➤ Future expansion:

➢ One feeder

                    

Figure 6.80 Breaker-and-a-Half Busbar Layout
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Use the terminal out-of-service function.

2. Use the voltage elements as an additional trip criterion, and generate 
an event report when the voltage elements assert.

3. Block the busbar protection for an open-circuit CT.

4. Use the internal breaker failure protection in the relay for Terminals 
TD, TE, and TF and include retrip for each terminal.

5. Protect the two busbars with separate relays.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. The SEL-487B offers a number of protection func-
tions as standard features, but it also includes the capability through SELOGIC 
control equations to create user-configurable functions. To properly identify and 
categorize the protection philosophy requirements, group the protection functions 
as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions necessary for 
the application. Table 6.41 shows the selection of the standard functions.

                    

Table 6.41 Section of Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic No No disconnect auxiliary contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic No No disconnect auxiliary contacts available

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Supervise tripping with the undervoltage 
elements as well as the negative- and zero-
sequence overvoltage elements

Zone-switching supervision logic No No disconnect auxiliary contacts available

Coupler security logic No Breaker-and-a-half busbar layout does not 
require this function
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.8 to calculate the number of current channels at the station, and 
use Equation 6.9 to calculate the number of zones at the station.

                    

Equation 6.8

                    

Equation 6.9

The protection philosophy calls for a separate relay for each busbar. There are 
three terminals in each zone, for a total of nine analog channels. Because of 
future expansion, however, add 3 more channels for a total of 12. Each 
SEL-487B has 21 analog channels, so that one relay has enough analog inputs to 
protect one of the busbars; we need 2 relays to protect both busbars.

Therefore, an SEL-487B protects busbar NORTH, and a separate SEL-487B pro-
tects the SOUTH busbar. This is known as a single-relay application. The follow-
ing discussion describes setting the relay that protects the NORTH busbar. 
Configuration settings for the relay protecting the SOUTH busbar are the same, 
except for the alias names. System settings such as CT ratios may be different.

Circuit breaker failure protection Yes Use the internal circuit breaker failure pro-
tection

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements Yes Use these elements as an additional trip cri-
terion

Zero- or negative-sequence voltage 
elements

Yes Use these elements as an additional trip cri-
terion

Table 6.41 Section of Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. The protec-
tion philosophy calls for breaker failure protection. We, therefore, need a breaker 
failure initiate input contact for each of the three terminals. Table 6.42 summa-
rizes the input contact requirement for this application.

                    

The relay main board has seven input contacts, sufficient for our application. 
From the input contact perspective, we only need the main board; we do not need 
an interface board.

Number of Relay Output Contacts
Circuit breakers TD, TE, and TF each need a trip output contact as well as a 
direct transfer trip (DTT). Table 6.43 shows the breakdown and the total number 
of relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). There 
are enough output contacts on the main board, but these contacts are all standard 
output contacts. The interface boards can have high-speed, high-interrupting out-
put contacts that provide faster contact closure. Each interface board provides six 
high-speed, high-interrupting output contacts and two standard output contacts. 
For fast busbar fault clearance, assign each circuit breaker trip output to a high-
speed, high-interrupting output contact. From the output contact perspective, we 
need one interface board.

The conclusion from the preceding analysis is that we need one SEL-487B per 
busbar, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ the number of SEL-487B Relays necessary for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

Table 6.42 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for circuit breaker failure protection 3

Total number of inputs 3

Table 6.43 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for differential, breaker failure trip-
ping, and direct transfer trip

3

Number of relay output contacts required for direct transfer tripping 3

Total number of relay output contacts 6
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
Table 6.44 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase CT from Terminal TD to relay channel I01, 
and assign to this CT the alias name TD_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.44 shows the assignment starting with Terminal TD, followed by Termi-
nal TE, and Terminal TF, taken left-to-right from Figure 6.80.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. In this application, we use 
three of the six zones with alias names as shown in Table 6.45.

                    

Table 6.44 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

Terminal TD, A-phase I01 TD_A

Terminal TD, B-phase I02 TD_B

Terminal TD, C-phase I03 TD_C

Terminal TE, A-phase I04 TE_A

Terminal TE, B-phase I05 TE_B

Terminal TE, C-phase I06 TE_C

Terminal TF, A-phase I07 TF_A

Terminal TF, B-phase I08 TF_B

Terminal TF, C-phase I09 TF_C

Table 6.45 Alias Names for Three of the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 NORTH_A

BZ2 Bus-Zone 2 NORTH_B

BZ3 Bus-Zone 3 NORTH_C
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Input-to-Logic Allocation and Alias Assignment
Table 6.42 shows that we require three digital inputs. We now assign the digital 
inputs to the selected logic and apply alias names to the inputs and logic ele-
ments. Because we installed an interface board, we use the independent inputs on 
the interface board for the breaker failure initiate inputs, instead of the inputs on 
the main board.

Input-to-Logic Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.46 shows the breaker failure initiate input allocations.

                    

Assign Alias Names to the Selected Standard Logic
The following explains each selected function in reference to Table 6.41. Alias 
name assignments are also included. 

Breaker Failure

This application is a breaker-and-a-half busbar layout. For such busbar layouts, 
two circuit breakers must operate to clear a fault. Figure 6.81 shows fault F1, for 
which both Circuit Breaker TD and Circuit Breaker TG must operate to clear the 
fault. For certain faults, the current distribution may be such that Circuit Breaker 
TD carries the bulk of the fault current, as shown in Figure 6.81.

                    

Because of the current distribution, Terminal TG may only have enough current 
to assert the breaker failure current element threshold (50Fnn) when Circuit 
Breaker TD opens, as shown in Figure 6.82. 

Table 6.46 Alias Names for the Breaker Failure Input Contacts

Input Description Alias

IN201 Terminal TD breaker failure initiate ITD_BFI

IN202 Terminal TE breaker failure initiate ITE_BFI

IN203 Terminal TF breaker failure initiate ITF_BFI

                    

Figure 6.81 Current Distribution for Fault F1 With Circuit Breaker TD and 
Circuit Breaker TG Closed

R

TD TG

F1
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This situation delays initiation of the breaker failure protection of Terminal TG 
until Circuit Breaker TD interrupts the current. However, both circuit breakers 
receive the trip signal at the same time and are expected to operate at the same 
time. Use breaker failure protection Scheme 2 to prevent this delay. See Circuit 
Breaker Failure Protection on page 5.30 for more information. 

Because the protection philosophy calls for use of the internal breaker failure 
protection, wire a breaker failure initiate contact from each feeder panel to an 
independent relay input contact. Table 6.47 shows the primitive names and the 
alias names of the breaker failure initiate Relay Word bits (see the Protection 
Group Settings on page 6.100 for more information).

                    

We also assign alias names to breaker failure logic output Relay Word bits. 
Table 6.48 shows the primitive names and the alias names.

                    

                    

Figure 6.82 Current Flow for Fault F1 After Circuit Breaker TD Opened

Table 6.47 Alias Names for the Breaker Failure Initiate Relay Word Bits 

Logic Name Description Alias

ATBFI01 Terminal TD A-phase breaker failure protection initiate input TDA_BFI

ATBFI02 Terminal TD B-phase breaker failure protection initiate input TDB_BFI

ATBFI03 Terminal TD C-phase breaker failure protection initiate input TDC_BFI

ATBFI04 Terminal TE A-phase breaker failure protection initiate input TEA_BFI

ATBFI05 Terminal TE B-phase breaker failure protection initiate input TEB_BFI

ATBFI06 Terminal TE C-phase breaker failure protection initiate input TEC_BFI

ATBFI07 Terminal TF A-phase breaker failure protection initiate input TFA_BFI

ATBFI08 Terminal TF B-phase breaker failure protection initiate input TFB_BFI

ATBFI09 Terminal TF C-phase breaker failure protection initiate input TFC_BFI

Table 6.48 Alias Names for the Breaker Failure Logic Output Relay Word Bits

Logic Name Description Alias

FBF01 Terminal TD A-phase breaker failure protection asserted TDA_BF

FBF02 Terminal TD B-phase breaker failure protection asserted TDB_BF

FBF03 Terminal TD C-phase breaker failure protection asserted TDC_BF

FBF04 Terminal TE A-phase breaker failure protection asserted TEA_BF

FBF05 Terminal TE B-phase breaker failure protection asserted TEB_BF

FBF06 Terminal TE C-phase breaker failure protection asserted TEC_BF

FBF07 Terminal TF A-phase breaker failure protection asserted TFA_BF

FBF08 Terminal TF B-phase breaker failure protection asserted TFB_BF

FBF09 Terminal TF C-phase breaker failure protection asserted TFC_BF

R

TD TG

F1
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Alias Assignment

Figure 6.83 shows the station breaker failure trip logic. Relay Word bits FBF01–
FBF09 are the inputs to the station breaker failure trip logic; Relay Word bits 
SBFTR01–SBFTR09 are the outputs from the station breaker failure trip logic. 
Relay Breaker failure trip bits SBFTR01–SBFTR09 assert to trip the circuit 
breakers of the terminals in the bus-zone with the failed circuit breaker. (See 
Section 5: Protection Functions for more information.)

                    

Table 6.49 shows the station breaker failure Relay Word bits and the alias names 
for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection (see the Control Out-
put Settings on page 6.110 for more information).

Differential Trip Logic and Differential Element Alias Assignment

Figure 6.84 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.)

Differential trip bits 87BTR01–87BTR09 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Table 6.50 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Figure 6.83 Station Breaker Failure Trip Logic

Table 6.49 Primitive Terminal and Station Breaker Failure Trip Relay Word Bit 
Names and the Alias Names for the Breaker Failure Trip Bits 

Primitive 
Name

Description
Alias 

Names

SBFTR01 Terminal TD A-phase station breaker failure protection asserted TDA_SBF

SBFTR02 Terminal TD B-phase station breaker failure protection asserted TDB_SBF

SBFTR03 Terminal TD C-phase station breaker failure protection asserted TDC_SBF

SBFTR04 Terminal TE A-phase station breaker failure protection asserted TEA_SBF

SBFTR05 Terminal TE B-phase station breaker failure protection asserted TEB_SBF

SBFTR06 Terminal TE C-phase station breaker failure protection asserted TEC_SBF

SBFTR07 Terminal TF A-phase station breaker failure protection asserted TFA_SBF

SBFTR08 Terminal TF B-phase station breaker failure protection asserted TFB_SBF

SBFTR09 Terminal TF C-phase station breaker failure protection asserted TFC_SBF

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR09

FBF01

FBF09

                    

Figure 6.84 Differential Trip Logic for Differential Element 1

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR09

Z1S is the setting for voltage supervision



6.93

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 3: Breaker-and-a-Half

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we want 
to trip three terminals. Table 6.51 shows the primitive terminal names, the differ-
ential trip bit names, and the alias names for the differential trip bits.

                    

Breaker Trip Logic and Trip Alias Assignment 

Figure 6.85 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information.)

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals nine. After setting the TRkk trip equations, 
the relay associates each TRkk trip equation with a particular circuit breaker pole; 
we must combine the trip equations in the output settings to form a single output 
for the circuit breaker (see Control Output Settings on page 6.110 for more infor-
mation). For example, after setting TR01 := 87BTR01 OR SBFTR01 and 

Table 6.50 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip NORTA_T

87Z2 Zone 2 differential element trip NORTB_T

87Z3 Zone 3 differential element trip NORTC_T

Table 6.51 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits

Primitive Name Description Alias

87BTR01 Terminal TD A-phase differential protection trip asserted TD_TA

87BTR02 Terminal TD B-phase differential protection trip asserted TD_TB

87BTR03 Terminal TD C-phase differential protection trip asserted TD_TC

87BTR04 Terminal TE A-phase differential protection trip asserted TE_TA

87BTR05 Terminal TE B-phase differential protection trip asserted TE_TB

87BTR06 Terminal TE C-phase differential protection trip asserted TE_TC

87BTR07 Terminal TF A-phase differential protection trip asserted TF_TA

87BTR08 Terminal TF B-phase differential protection trip asserted TF_TB

87BTR09 Terminal TF C-phase differential protection trip asserted TF_TC

                    

Figure 6.85 Breaker Trip Logic
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TR02 := 87BTR02 OR SBFTR02, the relay associates Trip Equation TR01 with 
Terminal 01 (TD_A), Trip Equation TR02 with Terminal 02 (TD_B), and so on. 
Table 6.52 shows the primitive and alias names for the trip logic of each terminal. 

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.43 
shows the breakdown of the relay outputs that we need for this application. We 
now assign specific relay output contacts to the relay functions and assign alias 
names to the relay output contacts. Table 6.53 shows the main board assignments 
and alias names. 

Output Alias Assignment, Main Board
This application requires no main board output contacts.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.54 shows the assignments and alias names for Inter-
face Board 1.

Table 6.52 Primitive and Alias Names for the Trip Logic of Each Terminal

Primitive Name Description Alias Name

TRIP01 Terminal TD A-phase trip output asserted TRTD_A

TRIP02 Terminal TD B-phase trip output asserted TRTD_B

TRIP03 Terminal TD C-phase trip output asserted TRTD_C

TRIP04 Terminal TE A-phase trip output asserted TRTE_A

TRIP05 Terminal TE B-phase trip output asserted TRTE_B

TRIP06 Terminal TE C-phase trip output asserted TRTE_C

TRIP07 Terminal TF A-phase trip output asserted TRTF_A

TRIP08 Terminal TF B-phase trip output asserted TRTF_B

TRIP09 Terminal TF C-phase trip output asserted TRTF_C

Table 6.53 Alias Assignment for the Trip Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update
We are now ready to set and configure the relay. Write down all the relevant 
information onto the station diagram, as shown in Figure 6.86. Figure 6.86 shows 
the updated station layout for both relays.

1. Write down the bus-zone, terminal, and disconnect names.

2. Allocate the terminals CTs to the relay input current channels.

3. Allocate the auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the station terminals.

                    

Table 6.54 Alias Assignments for the Output Contacts of Interface Board 1

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

Terminal TD trip output TD_TRIP

OUT202a Terminal TE trip output TE_TRIP

OUT203a Terminal TF trip output TF_TRIP

OUT204a Terminal TD direct transfer trip output TD_DTT

OUT205a Terminal TE direct transfer trip output TE_DTT

OUT206a Terminal TF direct transfer trip output TF_DTT

                    

Figure 6.86 Substation Layout With Specific Terminal Information
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Front Panel Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. Type SET T <Enter> to enter the alias setting class. Many 
default Relay Word bits have useful alias names ready for use. Type LIST 
<Enter> to see a list of default primitive names and associated alias names, as 
shown in Figure 6.87.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.88. 

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the analog channels and Relay Word bits, as shown in Figure 6.89.

We include the alias names for the three protection latch bits (PLT01, PLT02, and 
PLT03). We use these protection latch bits for local control of the differential ele-
ments (PLT01), the breaker fail protection (PLT02), and the relay test mode 
(PLT03). Because the protection logic default settings include these three protec-
tion latch bits as default settings, we did not select these protection latch bits as 
user-defined logic.

=>>SET T <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.87 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.88 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is the Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.90 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either the alias names or 
the primitive names when entering settings.

Enter the number of poles at the station for the NUMBK settings. There are three 
terminals in the differential equation, each with three poles. The total number of 
poles, therefore, equals nine poles, and we set NUMBK to 9.

Setting NUMBK to 9 makes 9 corresponding circuit breaker auxiliary input 
equations (52A01–52A09) and nine corresponding trip equations (TR01–TR09) 
available for setting. Because we do not need circuit breaker auxiliary inputs for 
this example, we need not enter values for the circuit breaker auxiliary input 
equations. For this example, the only Global setting change is the number of cir-
cuit breakers; all other settings remain at default settings.

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,TD_A <Enter>
20:
?  I02,TD_B <Enter>
21:
?  I03,TD_C <Enter>
22:
?  I04,TE_A <Enter>
23:
?  I05,TE_B <Enter>
24:
?  I06,TE_C <Enter>
•
•
•
136:
?  PLT01,DIFF_EN <Enter>
137:
?  PLT02,BF_EN <Enter>
138:
?  PLT03,TNS_SW <Enter>
139:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.89 Analog Quantities and Relay Word Bits Alias Names
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. In this application, there are no disconnect 
auxiliary contacts available, and we permanently assign analog channels to the 
appropriate differential elements. All 21 channels are available for setting, but 
only the first 9 are part of the differential protection. We, therefore, assign only 
the first nine analog channels to the differential elements. The protection philoso-
phy calls for the use of the voltage elements as an additional trip criterion.

Calculate the ratio settings as follows:

                    

Equation 6.10

Figure 6.91 shows the zone configuration settings.

Because there are no disconnects available at this station, we cannot use the 
dynamic zone selection logic. Because we cannot use the dynamic zone selection 
logic, the CTs are always considered in the differential equations.

When we consider only the disconnect auxiliary contacts as conditions in the ter-
minal-to-bus-zone connection settings, we would have entered a 1 for each of the 
terminal-to-bus-zone connection settings.

This example, however, also includes two other conditions that must be a logical 
1 before the relay considers the CTs in the differential equations. The two condi-
tions are

➤ the differential enable switch (Alias DIFF_EN)

➤ and the terminal-out-of-service switch (TOSnn, where nn is the 
terminal number)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?9 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?END <Enter>
Global
•
•
•
52A08 := NA
52A09 := NA
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.90 Global Settings for Application 3

PTR Primary Nominal Voltage
Secondary Nominal Voltage
--------------------------------------------------------------------=

115000
115

------------------=

1000=
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Front-panel pushbutton PB1 controls DIFF_EN. The function of DIFF_EN is to 
remove all the terminals from the differential equations with a single command. 
Enter DIFF_EN at every terminal-to-bus-zone variable.

The terminal out-of-service switch, which removes individual terminals from the 
differential calculations, is part of the front-panel local controls. Include an indi-
vidual terminal out-of-service (TOSnn) for each terminal.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example. Delete the terminal-to-
bus-zone default settings for ease of setting zone configuration settings for the 
new substation. With the terminal-to-bus-zone default settings deleted, the setting 
prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.91 shows the Zone 
configuration settings for this application. Instead of entering 1 AND DIFF_EN 
AND NOT TOSnn, we omit the 1, and enter only DIFF_EN AND NOT TOSnn 
for each setting.

                    

=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)          PTR1    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V02 (1-10000)          PTR2    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V03 (1-10000)          PTR3    := 2000   ?1000 <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)            CTR01   := 600    ?400 <Enter>
Current Transformer Ratio -I02 (1-50000)            CTR02   := 600    ?400 <Enter>

•
•
•
Current Transformer Ratio -I09 (1-50000)            CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)            CTR10   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TD_A, NORTH_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TD_A to NORTH_A Connection (SELogic Equation)
I01BZ1V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
TD_B to NORTH_B Connection (SELogic Equation)
I02BZ2V := NA
?  PLT01 AND NOT TOS01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>
TD_C to NORTH_C Connection (SELogic Equation)
I03BZ3V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
TE_A to NORTH_A Connection (SELogic Equation)
I04BZ1V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

TE_B to NORTH_B Connection (SELogic Equation)
I05BZ2V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
TE_C to NORTH_C Connection (SELogic Equation)
I06BZ3V := NA
?  PLT01 AND NOT TOS02 <Enter>

Figure 6.91 Zone Configuration Group Settings for Application 3
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N because we do not use the Coupler Security Logic.

Terminal out of service is a local bit (local bits provide programming capabilities 
for functions available on the front-panel screen under LOCAL CONTROL). Include 
the terminal out of service in the trip equations to disable the outputs from indi-
vidual terminals.

This local control selectively takes a terminal out of service, whereas the 87(DIFF) 
ENABLED pushbutton disables all the trip outputs. Set ETOS := 3 because there are 
three breakers in the bus-zone differential protection.

There are nine breaker poles (NUMBK := 9), all of which need relay breaker fail-
ure protection. Set EBFL := 9 to enable nine breaker failure logics. Set E50 := N 
and E51 := N because we do not need overcurrent protection for this application.

Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ1,P <Enter>
TF_A to NORTH_A Connection (SELogic Equation)
I07BZ1V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ2,P <Enter>

TF_B to NORTH_B Connection (SELogic Equation)
I08BZ2V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ3,P <Enter>
TF_C to NORTH_C Connection (SELogic Equation)
I09BZ3V := NA
?  PLT01 AND NOT TOS03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
? DELETE 100 <Enter>
Bus-Zone, Bus-Zone
?<Enter>

Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  592P1 OR 592P1 OR 271P1 <Enter>
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.91 Zone Configuration Group Settings for Application 3 (Continued)
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The protection philosophy calls for undervoltage as an additional trip criterion. 
Because the voltage elements are enabled in the default settings, leave EVOLT := Y.

Default settings for the differential elements are 60 percent for Slope 1 and 80 
percent for Slope 2. Enable the advanced settings by setting EADVS := Y to 
change the slope setting.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available. For this application, we use the default values 
for the sensitive differential element, the restrained differential element, and the 
directional element.

The protection philosophy calls for breaker failure protection. This application 
shows an example of how to calculate breaker failure settings for the Terminal 
TD circuit breaker. In this example, we apply the settings calculated for Terminal 
TD to all the terminals at the station. Because network parameters are different, 
be sure to calculate values for the other terminals; do not assume that settings for 
one terminal apply to all other terminals at the same station.

EBFL, Enable Breaker Fail Setting

Enter the number of per-pole breaker fail logics you want to enable.

In this single-relay application, we need nine per-pole breaker fail logics, because 
we must provide breaker failure protection for three breakers.

EBFL := 9 Enable breaker fail

Figure 6.92 shows the components of breaker failure protection for line protec-
tion. Do not consider remote terminal information when considering breaker fail-
ure protection for equipment such as capacitor banks, transformers, etc.

                    

Use the SEL-487B to provide circuit breaker failure protection for Circuit 
Breaker TD in Figure 6.93.

                    

Figure 6.92 Breaker Failure Timing Diagram
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Figure 6.93 shows the power system for this example. Line 1 and Line 2 connect 
Station S and Station R. We set the breaker failure protection in the SEL-487B to 
detect circuit breaker failures for Terminal TD at Station S. This example uses a 
line with three-pole tripping, but the relay provides the flexibility to also apply 
circuit breaker failure for single-pole trip circuit breakers. This flexibility is pos-
sible because the current measurement and timers are available on a per-phase 
basis.

                    

50FP01, Phase Current Level Detector Setting 
NOTE: This is one method for 
calculating setting 50FP01. Use your 
company’s practices and policies for 
determining the pickup setting for 
your particular application.

Set the current pickup (50FP01) greater than maximum load and less than the 
fault current that flows through Terminal TD. Assume that the total load current 
(IS) is 3.25 A secondary, supplied from Substation S. Calculate setting 50FP01 
with all the load current IS through Terminal TD.

                    

Equation 6.11

A fault study shows that the minimum ground fault current, Ifault minimum, is 
4.2 A secondary when the parallel line is in service at minimum generation. Cal-
culate the 50FP01 setting for dependability at half the minimum fault current.

                    

Equation 6.12

Although the result of this setting calculation is less than maximum load, obtain 
greater dependability by using this calculation to set the 50FP01 element to 
2.10 A.

                    

Figure 6.93 Power System for Circuit Breaker Failure Scheme 2

STATION S STATION R
NORTH BUSBAR

SOUTH BUSBAR

Line 1

TD 52 52

SEL-487B

Line 2

TG 52 52

TJ 52 52

SEL-487B

50FP01 120% Percent Current IS•  =

120% 100% Current 3.25 A•  =

3.91 A secondary=

50FP01 0.5 Percent Current Ifault minimum•  =

0.5 100% Current 4.20A•  =

2.10 A secondary=
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BFPU01, Circuit Breaker Failure Time Delay Setting

BFPU01 (Breaker Failure Time Delay-Terminal TD) is the time for which the 
input (BFI01) to Timer BFPU01 must be continuously present to result in a cir-
cuit breaker failure trip operation. The recommended setting for BFPU1 is the 
sum of the following:

➤ Maximum circuit breaker operating time

➤ OPH01 maximum dropout time

➤ Safety margin

Figure 6.94 shows the timing diagram for setting Timer BFPU01. 

                    

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

To maintain system stability, you must clear the fault within the total clearing 
time, assumed to be 17 cycles for this example. Use the maximum operating time 
of the local and remote circuit breakers. The maximum circuit breaker operating 
time, tbk, is 3 cycles for this example.

Use 0.75 cycle for tOPH, the maximum assertion time of the open-phase detec-
tor, OPH01. You must also include the communications channel time, tch, for 
remote circuit breaker tripping. To determine setting BFPU1, you must find the 
safety margin, ts. Use Equation 6.13 to calculate the safety margin:

                    

Equation 6.13

                    

                    

Figure 6.94 Timing Diagram for Setting BFPU01–Scheme 2
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where:

ts = safety margin

tt = total clearing time (17 cycles)

t1r = line protection maximum operating time (2 cycles)

t1bk = local circuit breaker maximum operating time (3 cycles)

ts tt – tlr tlbk t+ OPH t86 tch t+ rbk+ + + =

17 – (2 + 3 + 0.75 + 1 + 1 + 3)=

5.75 cycles=
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Use the safety margin result from Equation 6.13 to calculate BFPU01:

                    

Equation 6.14

BFPU01 := 9.50 cycles Breaker Failure Time Delay

RTPU01, Retrip Time Delay Setting

If the circuit breaker is equipped with two trip coils, the relay should attempt to 
retrip the protected circuit breaker before a circuit breaker failure trip asserts. In 
this example, local circuit breaker maximum operating time is 3 cycles, and the 
open-phase detection assertion is 0.75 cycle. Wait 4 cycles for the retrip.

RTPU01 := 4.00 Retrip Time Delay

BFI01 and ABFI01, Circuit Breaker Initiation Settings

Figure 6.95 shows the breaker failure initiate contact for Terminal TD. Wire sim-
ilar contacts for Terminal TE and Terminal TF into the SEL-487B.

                    

For this example, assume the breaker failure initiate signal is continuous. 
Because this is a breaker-and-a-half busbar layout, use the input extension option 
of Alternate Breaker Failure Initiating Input With Extension and/or Seal In Logic 
on page 5.32 (see Circuit Breaker Failure Protection on page 5.30 for more 
information).

Figure 6.96 shows the circuit breaker failure initiation extension and seal-in 
logic, and Figure 6.97 shows the circuit breaker failure logic. 

tOPH = open-phase detection OPH01 maximum assertion time (0.75 cycle)

t86 = auxiliary breaker failure relay operating time (1 cycle)

tch = communications channel maximum operating time (1 cycle)

trbk = remote circuit breaker maximum operating time (3 cycles)

BFPU01 t1bk tOPH ts+ +=

3 + 0.75 + 5.75=

9.5 cycles=

                    

Figure 6.95 Breaker Failure Protection Wiring for Terminal TD
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Scheme 2 uses a combination of the logic in Figure 6.96 and Figure 6.97 by set-
ting the output from the circuit breaker failure initiation extension and seal-in 
logic (ABFIT01, Figure 6.96) as the breaker failure initiate input of the breaker 
failure logic (BFI01, Figure 6.97).

                    

Because this is an example of a three-pole circuit breaker, enter the same breaker 
failure initiate input (IN201) for all three phases (ATBFI01–ATBFI03) for Termi-
nal TD.

Table 6.55 shows the breaker failure initiate input (IN201) and the assignment 
and setting to combine the logic for Terminal TD, stating the alias names where 
applicable. Settings for the remaining terminals are similar.

                    

                    

Figure 6.96 Circuit Breaker Failure Initiation Extension and Seal-In Logic

                    

Figure 6.97 Circuit Breaker Failure Logic

Table 6.55 Input and Relay Word Bit Assignments and Settings for the 
Combined Logic

Assignment Setting to Achieve the Assignment

IN201 to ATBFI01 TDA_BFI := ITD_BFI

IN201 to ATBFI02 TDB_BFI := ITD_BFI

IN201 to ATBFI03 TDC_BFI := ITD_BFI

ABFIT01 to BFI01 BFI01 := ABFIT01

ABFIT02 to BFI02 BFI02 := ABFIT02

ABFIT03 to BFI03 BFI03 := ABFIT03

Relay
Word
Bit

ATBFI01

EBFIS01 := Y 
(Logical 1 if EBFIS01 := Y)

50F01

SELOGIC
Setting 0

BFIDO01 
(1.5 CYC)

ABFIT01

0

(0.5 CYC) 
BFISP01

1

2

Relay
Word
BitsXBF01

EXBF01 := Y 
(Logical 1 if EXBF01 := Y)

BFI01

I01

50FP01

OPH01

SELOGIC
Settings

BFPU01

0
CYC

RTPU01

0
CYC

FBF01

50F01

BFIT01

RT01
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BFIDO01, Circuit Breaker Failure Protection Initiation Dropout Delay 
Setting

Setting EBFIS01 applies to the case where the breaker failure initiate signal is not 
continuous. Because the breaker failure initiate signal is continuous in this exam-
ple, leave EBFIS01 at the default value of N. Consider the case where the entire 
fault current initially flows through Terminal TG, and no current flows through 
Terminal TD. Timer BFIDO01 replaces the current input 50FI01 (Figure 6.96) 
for the period when the entire fault current flows through Circuit Breaker TG. 
During this period, not enough current is available to assert Relay Word bit 
50FI01 to turn AND Gate 1 on (Figure 6.96). Timer BFIDO01 extends the 
breaker failure initiate signal, waiting for Terminal TD to interrupt the fault cur-
rent. The maximum circuit breaker operating time for Terminal TG is 3 cycles; 
allow a short safety margin and set Timer BFIDO01 to 4 cycles.

BFIDO1 := 4.00 Breaker Failure Initiate Dropout Delay-BK1

Negative- and Zero-Sequence Overvoltage, Thresholds and Phase 
Undervoltage Settings

Conduct fault studies to obtain appropriate settings for the negative-sequence and 
zero-sequence overvoltage elements.

For this example, assume a setting of 15 V for both negative-sequence and zero-
sequence overvoltage elements and 45 V for the undervoltage elements. 

59P1P1 := 15 Overvoltage Element 1 pickup setting. Use 59O1 = 3V2FIM for 
the negative-sequence operating quantity.

59P2P1 := 15 Overvoltage Element 2 pickup setting. Use 59O2 = 3V0FIM for 
the zero-sequence operating quantity.

27P1P1 := 45 Undervoltage Element 1 pickup setting. Use V0nFIM (n = 1–3) 
for the undervoltage operating quantity.

TR01–TR09, Trip Equations Settings

Pay close attention to the trip logic (TR01–TR09) settings. Because this is a sin-
gle-relay application, CTs from the three phases (A-phase, B-phase, and C-phase) 
from each terminal are assigned to three different differential elements (see Sin-
gle-Relay Application on page 6.3). Setting NUMBK (Global settings) to 9 also 
makes 9 corresponding trip equations (TR01–TR09) available for setting. All 
nine channels are part of the breaker failure protection, as well as part of the bus-
zone protection. Therefore, we include the differential trip outputs as well as the 
station breaker fail trip outputs in the trip equation of each terminal. Setting the 
trip equations involves assigning the nine differential trip bits to the correct nine 
trip equations, and assigning the nine station breaker failure trip bits to the cor-
rect nine trip equations. 

TDURD, Minimum Trip Duration Time Delay Setting

Although the SEL-487B includes nine trip logics, there is only one Minimum 
Trip Duration Time Delay setting. Set the timer TDURD longer than the operat-
ing time of the slowest circuit breaker at the station, using the default value of 
12 cycles.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.
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The SEL-487B triggers an event report when any one of the following Relay 
Word bits asserts:

➤ 87BTR (any one of the differential trip bits)

➤ SBFTR (any one of the station breaker failure trip bits)

➤ TRIP (any one of the nine trip logic outputs)

➤ ER (user-defined functions)

➤ TRI (ASCII command)

The protection philosophy calls for the relay to generate an event report when the 
negative-sequence and zero-sequence overvoltage elements assert. To achieve 
this, enter Relay Word bit 591P1 and 592P1 at the ER prompt.

ER := 591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3

Protection Latch bit PLT02 enables/disables the breaker failure protection in the 
default settings. Include PLT02 in each breaker failure initiate setting for the BKR 
FAIL ENABLE pushbutton to control the breaker failure protection. Figure 6.98 
shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?3 <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?9 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?> <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Terminal Out-of-Service
Terminal 01 Out-of-Service (SELogic Equation)
TOS01 := LB01
?  > <Enter>
Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?<Enter>
Fault Current Pickup -BK01 (0.50-50 amps,sec)        50FP01  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK01 (0.00-6000 cyc)    BFPU01  := 6.00   ?9.5 <Enter>
Retrip Delay -BK01 (0.00-6000 cyc)                   RTPU01  := 3.00   ?4 <Enter>

Breaker Fail Initiate -BK01 (SELogic Equation)
BFI01 := IN101 AND BF_EN
?  ABFIT01 <Enter>
Alt Breaker Fail Initiate -BK01 (SELogic Equation)
ATBFI01 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK01 (Y,N)            EBFIS01 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ?4 <Enter>

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?<Enter>
Fault Current Pickup -BK02 (0.50-50 amps,sec)        50FP02  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK02 (0.00-6000 cyc)    BFPU02  := 6.00   ?9.5 <Enter>
Retrip Delay -BK02 (0.00-6000 cyc)                   RTPU02  := 3.00   ?4 <Enter>
Breaker Fail Initiate -BK02 (SELogic Equation)
BFI02 := IN102 AND BF_EN
?  ABFIT02 <Enter>

Alt Breaker Fail Initiate -BK02 (SELogic Equation)
ATBFI02 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK02 (Y,N)            EBFIS02 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ?4 <Enter>
•
•
•

Figure 6.98 Protection Group Settings for Application 3
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This concludes the protection group settings. The next settings class is the front-
panel settings.

Front-Panel Settings
The front-panel settings class is where we set functions visible and accessible 
from the front panel. Settings include LEDs, pushbuttons, front-panel screen 
selection, display point, and local control. All of these functions have default set-
tings, except five pushbuttons and the display points.

Because not all functions are required in this application, change the settings 
according to the protection philosophy. Remove the following LED settings:

➤ ZONE 4 trip indication (LED 6)

➤ ZONE 5 trip indication (LED 7)

➤ ZONE 6 trip indication (LED 8)

➤ 50 indication (LED 9)

Trip Logic
Trip 01 (SELogic Equation)
TR01 := TDA_SBF OR TD_TA
?<Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := TDB_SBF OR TD_TB
?<Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>
Trip 03 (SELogic Equation)
TR03 := TDC_SBF OR TD_TC
?<Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Trip 04 (SELogic Equation)
TR04 := TEA_SBF OR TE_TA
?<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := TEB_SBF OR TE_TB OR TEC_SBF OR TE_TC
?  TEB_SBF OR TE_TB <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Trip 06 (SELogic Equation)
TR06 := NA
?  TEC_SBF OR TE_TC
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?<Enter>
•
•
•
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000  ? <Enter>

Event Report Trigger Equation (SELogic Equation)
ER := R_TRIG 87ST
?  591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3 <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.98 Protection Group Settings for Application 3 (Continued)
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➤ 51 indication (LED 10)

➤ 89 IN PROG (LED 14)

➤ 89 ALARM (LED 15)

Also, change the number of Local bits for the TOS (Terminal Out of Service) 
function to the correct number, 3. Figure 6.99 shows the settings.

                    

=>>SET F <Enter>
Front Panel
Front Panel Settings
Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Enable LED Asserted Color (R,G)                      EN_LEDC := G      ? <Enter>
Trip LED Asserted Color (R,G)                        TR_LEDC := R      ? <Enter>

Pushbutton LED 1 (SELogic Equation)
PB1_LED := PLT01 # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
PB1_LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB1_COL := AO     ? <Enter>
Pushbutton LED 2 (SELogic Equation)

PB2_LED := PLT02 # BREAKER FAILURE ENABLED
.
.
.
PB12LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB12COL := AO     ? <Enter>

Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  <Enter>
Target LED 1 Latch (Y,N)                             T1LEDL  := Y      ? <Enter>
T1_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T1LEDC  := RO     ? <Enter>
Target LED 2 (SELogic Equation)
T2_LED := SBFTR
?  <Enter>
.
.
.

Target LED 6 Latch (Y,N)                             T6LEDL  := Y      ?N <Enter>
T6_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T6LEDC  := RO     ? <Enter>
Target LED 7 (SELogic Equation)
T7_LED := 87Z5
?  <Enter>
Target LED 7 Latch (Y,N)                             T7LEDL  := Y      ?N <Enter>
T7_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T7LEDC  := RO     ? <Enter>
Target LED 8 (SELogic Equation)
T8_LED := 87Z6
?  <Enter>
Target LED 8 Latch (Y,N)                             T8LEDL  := Y      ?N <Enter>
T8_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T8LEDC  := RO     ? <Enter>

Target LED 9 (SELogic Equation)
T9_LED  := 50P01T OR 50P02T OR 50P03T OR 50P04T OR 50P05T OR 50P06T OR \
            50P07T OR 50P08T OR 50P09T OR 50P10T OR 50P11T OR 50P12T OR \
            50P13T OR 50P14T OR 50P15T OR 50P16T OR 50P17T OR 50P18T OR \
            50P19T OR 50P20T OR 50P21T
?  <Enter>
Target LED 9 Latch (Y,N)                             T9LEDL  := Y      ?N <Enter>
T9_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T9LEDC  := RO     ? <Enter>
Target LED 10 (SELogic Equation)
T10_LED := 51T01 OR 51T02 OR 51T03 OR 51T04 OR 51T05 OR 51T06 OR \
            51T07 OR 51T08 OR 51T09 OR 51T10 OR 51T11 OR 51T12 OR \
            51T13 OR 51T14 OR 51T15 OR 51T16 OR 51T17 OR 51T18 OR \
            51T19 OR 51T20 OR 51T21
?  <Enter>
Target LED 10 Latch (Y,N)                            T10LEDL := Y      ?N <Enter>
T10LED Assert & Deassert Color (Enter 2: R,G,A,O)    T10LEDC := RO     ? <Enter>

Target LED 11 (SELogic Equation)
T11_LED := 87ST
?  <Enter>
.
.
.
?  <Enter>
Target LED 24 Latch (Y,N)                            T24LEDL := N      ? <Enter>
T24LED Assert & Deassert Color (Enter 2: R,G,A,O)    T24LEDC := RO     ? <Enter>

Figure 6.99 Front-Panel Settings for Application 3
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This concludes the front-panel settings. The next settings class is the control out-
put settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need six output contacts for our example:

➤ three for the differential and breaker failure trip outputs

➤ three for direct transfer trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings. 

Because the relay interprets the NUMBK setting as the number of poles, there are 
nine trip equations for this application. There is, of course, only one circuit 
breaker for each terminal. We therefore combine the appropriate trip outputs 
from the breaker trip logic (TRIP01–TRIP09, see Figure 6.85) to provide a single 
trip output for each circuit breaker. For example, we set (Group settings) the trip 
equations for Terminal TD to TR01 := TDA_SBF OR TD_TA, TR02 := 

Selectable Screens for the Front Panel

Front Panel Display Update Rate (OFF,1-15 seconds)   SCROLD  := 5      ? <Enter>
Station Battery Screen (Y,N)                         STA_BAT := N      ? <Enter>
Fundamental Voltage and Current Screen (Y,N)         FUND_VI := Y      ? <Enter>
Differential Metering (Y,N)                          DIFF    := Y      ? <Enter>
Terminals Associated with Zones (Y,N)                ZONECFG := Y      ? <Enter>

Selectable Operator Pushbuttons

Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)          PB1_HMI := OFF    ?> <Enter>

Front Panel Event Display

Enable HMI Auto Display of Event Summaries (Y,N)     DISP_ER := Y      ?> <Enter>

Display Points
(Boolean):RWB Name, "Label", "Set String", "Clear String", "Text Size"
(Analog) : Analog Quantity Name, "User Text and Formatting", "Text Size"

1: 
?  <Enter>

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB01,"F1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB01,"Terminal TD","OUT OF SERVICE","IN SERVICE",N<Enter>
2: LB02,"F2 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB02,"Terminal TE","OUT OF SERVICE","IN SERVICE",N<Enter>
3: LB03,"F3 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB03,"tERMINAL TF","OUT OF SERVICE","IN SERVICE",N<Enter>
4: LB04,"T1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  DELETE<Enter>
4: LB05,"TB OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  END<Enter>

Front Panel

Front Panel Settings

•
•
•

SER Parameters

SER_PP  := N
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.99 Front-Panel Settings for Application 3 (Continued)
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TDB_SBF OR TD_TB, and TR03 := TDC_SBF OR TD_TC, with the corre-
sponding breaker trip logic output alias names of TRTD_A, TRTD_B, and TRT-
D_C. Because Terminal TD has only one circuit breaker, assertion of any one of 
the three breaker trip logic outputs (TRTD_A, TRTD_B, or TRTD_C) must trip 
the circuit breaker of Terminal TD. To achieve this combination, enter all three of 
the breaker trip logic output Relay Word bits in the output equation of the circuit 
breaker of Terminal TD. We assign the output Relay Word bits of the breaker fail-
ure logic to output contacts OUT204, OUT205, and OUT206 for direct transfer 
tripping.

Figure 6.100 shows the output settings. We include Protection Latch Bit PLT03 
in the output equation. With PLT03 included in every output equation, the RELAY 
TEST MODE pushbutton disables all output contacts. 

                    

This concludes the settings for Application 3.

Application 4: Single Bus and Transfer Bus With Bus 
Coupler

This application describes the busbar arrangement shown in Figure 6.101, single 
bus and transfer bus with tie breaker (bus coupler). The busbar arrangement con-
sists of two busbars (main busbar and transfer busbar), four feeders and a tie 
breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

=>>SET O <Enter>
Output
Main Board
OUT101 := TRTD_A AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRTD_B AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRTD_C AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRTE_A AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRTE_B AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRTD_A OR TRTD_B OR TRTD_C) AND NOT PLTO3 <Enter>
OUT202 := NA
?  (TRTE_A OR TRTE_B OR TRTE_C) AND NOT PLTO3 <Enter>
OUT203 := NA
?  (TRTF_A OR TRTF_B OR TRTF_C) AND NOT PLTO3 <Enter>

OUT204 := NA
?  (TDA_SBF OR TDB_SBF OR TDC_SBF) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TEA_SBF OR TEB_SBF OR TEC_SBF) AND NOT PLT03 <Enter>
OUT206 := NA
?  TFA_SBF OR TFB_SBF OR TFC_SBF AND NOT PLT03 <Enter>
OUT207 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.100 Output Settings for Application 3
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➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Single bus and transfer bus with tie breaker

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ Only 89A disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one CT core for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.101 Single Bus and Transfer Bus With Bus Coupler (Tie Breaker)

Transfer Bus
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Z891
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4000/5
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G893

G892
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TIE BREAKER

52
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the 89B disconnect auxiliary contacts to dynamically configure 
the station.

4. Use the zone-switching supervision logic.

5. Prevent the loss of Busbar 1 for a fault between the tie breaker and 
tie-breaker CT.

6. Ensure bus-zone protection stability for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. For example, in this application the protection phi-
losophy calls for the use of the zone-switching supervision, but not for breaker 
failure protection. The SEL-487B offers a number of protection functions as stan-
dard features, but it also includes the capability through SELOGIC control equa-
tions to create user-configurable functions.

To prevent tripping of Busbar 1 when there is a fault between the tie breaker and 
tie-breaker CT, we can delay tripping of Busbar 1 and trip the tie breaker first 
(see Protection Group Settings on page 6.127). We then remove the tie-breaker 
currents from the differential calculations. To remove the tie-breaker currents 
from the differential calculations, we use the breaker auxiliary contact from the 
tie breaker and a combination of the coupler security logic and zone supervision.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.56 shows the selection of the standard functions.

                    

Table 6.56 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic No We need both 89A and 89B disconnect; only 
the 89A contact is available.
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User-Defined Functions
This application requires no user-defined functions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ and the number of interface boards (as many as four interface boards 
per relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.15 to calculate the number of current channels at the station, and 
use Equation 6.16 to calculate the number of zones at the station.

                    

Equation 6.15

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of pre-
venting the loss of Busbar 1 for a fault between 
the tie breaker and the tie-breaker CT.

Zone-switching supervision 
logic

Yes Use this logic when only one (either 89A or 
89B) disconnect contact is available.

Coupler security logic Yes Use the coupler security logic in a single CT 
application for enhanced protection for faults 
between the tie-breaker CT and circuit breaker.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.56 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs



6.115

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 4: Single Bus and Transfer Bus With Bus Coupler

                    

Equation 6.16

The number of per-phase CTs at the station is 15 (the tie breaker has three CT 
cores), and one SEL-487B suffices. However, the requirement for five future 
feeders increases the number of per-phase CTs to 30. Because each SEL-487B 
has 21 analog input channels, we need three relays. This is known as a three-relay 
application.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, identi-
fied with an appended letter A (MEXCO_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MEXCO_A setting is MEXCO_B in the B-phase relay, and 
MEXCO_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The protection philosophy calls for disconnect auxiliary contacts to dynamically 
configure the station. Because each terminal provides only one disconnect auxil-
iary contact, we cannot use the disconnect monitoring logic. Each feeder has two 
busbar disconnects (891 and 892), and the tie breaker also has two disconnects 
(891 and 892). Each feeder therefore requires two inputs, and the tie breaker 
requires two inputs, for a total number of ten disconnect logics.

The protection philosophy also calls for zone-switching supervision logic, and 
we will use the coupler security logic to prevent tripping of Busbar 1 when there 
is a fault between the tie breaker and tie-breaker CT. For the zone-switching 
supervision logic, connect the close and open signals from each disconnect in 
parallel, and wire the parallel combination as a single input into the relay (see 
Zone Configuration Group Settings on page 6.123). 

The coupler security logic requires three inputs:

➤ a close signal

➤ a circuit breaker 52A auxiliary contact

➤ an input for the accelerated tripping function (see Figure 6.110 for 
more information)

We need one input for the circuit breaker 52A auxiliary contact and one input for 
the closing signal. For the accelerated tripping input (ACTRP1), we use the out-
put from the BZ1 differential element (87R1). Table 6.57 summarizes the input 
contacts necessary for this application. 

# of bus-zones required = # of per-phase station bus sections
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The relay main board has seven inputs, insufficient inputs for our application. 
Each interface board provides two sets of nine grouped inputs and six indepen-
dent inputs. Use the grouped inputs for the disconnect auxiliary contact inputs; 
the six independent inputs are available for breaker failure initiate inputs. 
Because this application has no circuit breaker failure protection, and the circuit 
breaker closing signals are best suited for independent inputs, use the indepen-
dent inputs on the interface board for the circuit breaker closing signal. From the 
input perspective, we need one interface board. It is not necessary to include I/O 
for future expansion with the initial order; install additional I/O if and when 
required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.58 shows the breakdown and the total number of relay output 
contacts required for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts. The interface 
boards can have high-speed, high-interrupting output contacts that provide faster 
contact closure. Each interface board provides six high-speed, high-interrupting 
output contacts and two standard output contacts. For fast busbar fault clearance, 
assign each circuit breaker trip output to a high-speed, high-interrupting output 
contact for each of the circuit breakers at the station. From the output contact per-
spective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays necessary for the application

➤ The number of inputs

Table 6.57 Number of Required Relay Inputs

Input Description Inputs

Number of relay inputs required for the disconnect contacts (4 • 2) + 2 = 10

Number of relay inputs required for disconnect open/close 
signal

1

Number of relay inputs required for the coupler security 
logic on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary contact)

Total number of inputs 13

Table 6.58 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping the circuit breakers 5

Total number of relay output contacts 5
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➤ The number of output contacts

➤ The selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation, and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.59 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.59 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from Figure 6.101.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.60.

                    

Table 6.59 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MEXICO terminal, A-phase I02 MEXCO_A

RIO DE JANEIRO terminal, A-phase I03 RIODJ_A

BOGOTA terminal, A-phase I04 BOGOT_A

PANAMA terminal, A-phase I05 PANAM_A

Table 6.60 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 BUS_A

BZ2 Bus-Zone 2 TRANS_A
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Input-to-Logic Allocation 
Table 6.57 shows that we require 13 digital inputs. We now assign the 13 digital 
input contacts to the selected logic. There are 18 grouped and 6 independent 
input contacts on the interface board. We assign the 10 disconnect inputs to the 
grouped terminals and the remaining 3 inputs to the independent relay inputs on 
the interface board.

Input Contact to Logic Allocation, Main Board

This application requires no main board inputs.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.61 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because inputs IN201–IN203 and IN213–IN215 are independent inputs, 
assign the inputs for the coupler security logic and the open/closing signals to 
these relay inputs.

                    

Identification of the Selected Standard Logic
The following explains each selected function in reference to Table 6.56. Alias 
name assignments are also included.

Differential Trip Logic Identification

Figure 6.102 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if zone supervision conditions permit an output from 
the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.62 shows the Relay Word bits and description for the zone differential 
protection outputs.

Table 6.61 Relay Input-to-Relay Logic Assignment

Input Description

IN201 TIE-BREAKER circuit breaker 52A auxiliary contact

IN202 TIE-BREAKER circuit breaker closing signal

IN203 Disconnect open/closing signal

IN204 TIE-BREAKER disconnect (BUS_A) NO contact

IN205 TIE-BREAKER disconnect (TRANS_A) NO contact

IN206 MEXICO terminal disconnect (BUS_A) NO contact

IN207 MEXICO terminal disconnect (TRANS_A) NO contact

IN208 RIO DE JANEIRO terminal disconnect (BUS_A) NO contact

IN209 RIO DE JANEIRO terminal disconnect (TRANS_A) NO contact

IN210 BOGOTA terminal disconnect (BUS_A) NO contact

IN211 BOGOTA terminal disconnect (TRANS_A) NO contact

IN212 PANAMA terminal disconnect (BUS_A) NO contact

IN216 PANAMA terminal disconnect (TRANS_A) NO contact
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.122 for more information). Table 6.63 shows the differential trip bit and 
the associated terminals.

                    

Relay Logic-to-Output Contact Allocation 
Table 6.58 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.64 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.65 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Contact Allocation, Main Board
This application requires only the TEST and ALARM output contacts from the 
main board.

                    

Table 6.62 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.102 Differential Trip Logic for Differential Element 1

Table 6.63 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

Table 6.64 Alias Names and Contact Allocation of the Main Board Output 
Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Output Contact Allocation, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.65 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.103.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Table 6.65 Allocation of the Interface Board Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-breaker trip logic output

OUT202a MEXICO trip logic output

OUT203a RIO DE JANERO trip logic output

OUT204a BOGOTA trip logic output

OUT205a PANAMA trip logic output

                    

Figure 6.103 Substation Layout With Specific Information
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay.

Type SET T <Enter> to enter the alias setting class. Many default Relay Word 
bits have useful alias names ready for use. Type LIST <Enter> to see a list of 
default primitive names and associated alias names, as shown in Figure 6.104.

After inspecting the list, we decide the only useful alias names are those of the 24 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.105. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.106.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>

1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.104 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.105 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.107 shows the setting changes we need for our example. 

Because there are five circuit breakers at the station, set NUMBK to 5. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input contact for the tie-breaker auxiliary contact (52A01 := 
IN201). Set the remaining four circuit breaker auxiliary input equations (52A02–
52A05) to NA.

                    

v1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>

28:
?  I02,MEXCO_A <Enter>
29:
?  I03,RIODJ_A <Enter>
30:
?  I04,BOGOT_A <Enter>

31:
?  I05,PANAM_A <Enter>
32:
?  BZ1,BUS_A <Enter>
33:
?  BZ2,TRANS_A <Enter>

34:
?  PLT01,DIFF_EN <Enter>
35:
? PLT03,TNS_SW <Enter>
36:
? END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.106 Analog Quantities and Relay Word Bits Alias Names

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?  <Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Figure 6.107 Global Settings for Application 4
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contact status to determine the station configuration and assign the input currents 
from the CTs to the appropriate differential elements. For each terminal, wire an 
89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Mexico feeder, all three phases 
(MEXCO_A, MEXCO_B, and MEXCO_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MEXCO_A in the 
A-phase relay, phase MEXCO_B in B-phase relay, etc.), we must convey the dis-
connect status to all three relays. 

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN201<Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter> 
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ?> <Enter>
Global
•
•
•
EVELOCK := 0        DNPSRC  := UTC
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.107 Global Settings for Application 4 (Continued)
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For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the terminal to the 
transfer busbar (disconnect G892 on the Panama Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one feeder will be on transfer at any given time, i.e., the tie-
breaker disconnects and the feeder transfer disconnect (n892, n = D, 
E, F, G) of only one of the four feeders can be closed simultaneously.

➤ Only Busbar 1 can be the source busbar.

➤ The operating sequence to put a feeder on transfer is fixed.

Because the operating sequence defines a set of operating rules, settings engi-
neers can decide on appropriate terminal-to-bus-zone and bus-zone-to-bus-zone 
settings for each step.

Table 6.66 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Refer to Figure 6.103 and consider a case in which we put the PANAMA Feeder 
on transfer.

Assume the tie breaker is open and both tie-breaker disconnects are open.

                     

Because the operating sequence prevents connections that could result in relay 
misoperation, we must merge the zones during the intermediate position (Step 2 
in Table 6.66). We define this intermediate position as the time when disconnects 
n891 and n892 of any feeder are closed simultaneously.

Enter this state to merge the zones in the bus-zone-to-bus-zone connections:

BZ1BZ2V := (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 
AND IN216)

Table 6.66 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Close tie-breaker disconnects 
Z892 and Z891. Close the tie-
breaker circuit breaker.

Feeder Disconnects D891, E891, F891, and 
G891 as well as D893, E893, F893, and G893 
are now closed. Feeder Disconnects D892, E892, 
F892, and G892 are open. Closing the tie breaker 
brings both busbars to the same potential.

2 Close the Panama G892 discon-
nect.

Closing Disconnect G892 forms a bus-zone-to-
bus-zone connection, resulting in a parallel 
path between the tie breaker and the Panama 
Feeder. Merge the two zones to prevent possi-
ble relay misoperation.

3 Open the Panama circuit breaker. Although the current distribution is known at 
this point, the feeder is still considered in the 
intermediate position and the two zones are 
still merged.

4 Open the line disconnect (G893) 
of the Panama feeder. Open the 
Busbar 1 (G891) disconnect.

Opening G891 removes the bus-zone-to-bus-
zone connection, forming two independent 
zones. The Panama feeder is now on transfer.
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We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 1 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ1 differential element out-
put by the negated coupler security output (ZS1 := NOT CSL1) (see Protection 
Group Settings on page 6.127 for more information).

I01BZ1V and I01BZ2V, the tie-breaker terminal-to-bus-zone settings, comprise 
the disconnect auxiliary contacts (IN204 and IN205), the circuit breaker auxiliary 
contact (CB52A1), the circuit breaker closing signal (CBCLST1), and the cou-
pler status timed out bit (CB52T1). (See Figure 6.110 and Protection Group Set-
tings on page 6.127 for more detail.)

In this application, the disconnect provides only one (89B) disconnect auxiliary 
contact. We cannot use the disconnect monitoring logic because the disconnect 
monitoring logic requires two disconnect auxiliary contacts. For installations 
with only one disconnect auxiliary contact, use the zone-switching supervision 
logic. (See Section 5: Protection Functions for more information.) Enable the 
zone switching supervision by setting EZSWSUP := Y. Connect the open and 
close signals from the disconnects in parallel (see Figure 6.108).

In this application, we assign this parallel connection to relay input IN203. Set 
ZSWO := IN203.

Alarm ZSWOAL stays asserted indefinitely in the event of the disconnect auxil-
iary contact failing to change status. Use pushbutton PB5 to reset Alarm 
ZSWOAL when a disconnect auxiliary contact fails to change status. Set 
RZSWOAL := PB5. 

                    

Measure each disconnect travel time.

Set the zone-switching operation pickup delay (ZSWOPU) to a value longer than 
the time necessary for the slowest disconnect to complete an open-to-close, or 
close-to-open operation. Based on previous experience with similar equipment, 
we set the ZSWOPU to 3600 cycles in this example. Figure 6.109 shows the zone 
configuration settings for this application.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example.

For ease of setting zone configuration settings for the new substation, delete the 
terminal-to-bus-zone connections default settings. With the terminal-to-bus-zone 
connections default settings deleted, the setting prompts no longer reference the 
default settings.

                    

Figure 6.108 External Wiring and Initiation Input for Zone-Switching 
Supervision

Open Signal, 
Terminal 01

Close Signal, 
Terminal 01

Open Signal, 
Terminal nn

Close Signal, 
Terminal nn

• • •

IN203

+

–
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You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.109 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?600 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, BUS_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TIE_A to BUS_A Connection (SELogic Equation)
I01BZ1V := NA
?  IN204 AND IN205 AND (CB52A1 OR CBCLST1) <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ2,N <Enter>
TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ2V := NA
?  IN204 AND IN205 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ1,P <Enter>
MEXCO_A to BUS_A Connection (SELogic Equation)
I02BZ1V := NA
?  IN206 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>

MEXCO_A to TRANS_A Connection (SELogic Equation)
I02BZ2V := NA
?  IN207 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ1,P <Enter>
RIODJ_A to BUS_A Connection (SELogic Equation)
I03BZ1V := NA
?  IN208 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ2,P <Enter>

RIODJ_A to TRANS_A Connection (SELogic Equation)
I03BZ2V := NA
?  IN209 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BOGOT_A to BUS_A Connection (SELogic Equation)
I04BZ1V := NA
?  IN210 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ2,P <Enter>

BOGOT_A to TRANS_A Connection (SELogic Equation)
I04BZ2V := NA
?  IN211 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ1,P <Enter>
PANAM_A to BUS_A Connection (SELogic Equation)
I05BZ1V := NA
?  IN212 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

PANAM_A to TRANS_A Connection (SELogic Equation)
I05BZ2V := NA
?  IN216 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  BZ1,BZ2 <Enter>

BUS_A to TRANS_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>
Connection to Remove Terminals when BUS_A and TRANS_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>

Figure 6.109 Zone Configuration Group Settings for Application 4
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings. Default settings for the differential elements are 60 percent 
for Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable 
the advanced settings by setting EADVS := Y. With EADVS := Y, the slope set-
tings and incremental restrained and operating current settings become available. 
For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information).

We need one coupler security logic for this application. Set ECSL := 1. Set 
ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N because we do not use the terminal out of service function, breaker 
failure protection, overcurrent elements, voltage elements, or advanced settings 
in this application.

Setting NUMBK to 5 (Global settings) makes five corresponding circuit breaker 
auxiliary input equations (52A01–52A05), and five corresponding trip equations 
(TR01–TR05) available for setting. Each of the five analog channels has a corre-
sponding differential trip bit that asserts (Table 6.63) when the differential ele-
ment asserts.

Be sure to include these differential trip bits in the trip equations of all circuit 
breakers you want to trip. When applying the coupler security logic as in this 
example, include the differential element trip output (87R1) and the 87BTR01 
differential trip bit in the tie-breaker trip logic. 

Terminals Removed when BUS_A and TRANS_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>
Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?

Zone Supervision
Differential Element Zone Supervision (Y,N)         E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT CSL1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  > <Enter>

Zone Switching Supervision (Y,N)                    EZSWSUP := N      ?Y <Enter>
Zone Switching Operation (SELogic Equation)
ZSWO := NA
?  IN203 <Enter>
Reset Zone Switching Op Alarm (SELogic Equation)
RZSWOAL := NA
?  PB5 <Enter>
Zone Switching Op Pickup Delay (0-99999 cyc)        ZSWOPU  := 1800   ?3600 <Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.109 Zone Configuration Group Settings for Application 4 (Continued)
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The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Figure 6.110 shows the combination of the coupler security logic and the zone 
supervision with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the fixed logic.

                    

The protection philosophy calls for the loss of only one zone when a fault 
between the tie-breaker CT and circuit breaker occurs. Use the coupler security 
logic to prevent the loss of Busbar 1 for a fault between the tie-breaker CT and 
circuit breaker. Be aware, however, that using this logic delays relay operation for 
all busbar faults on Busbar 1. 

Assume for this application that the maximum circuit breaker tripping time is two 
cycles and that the maximum closing time is four cycles. Refer to Figure 6.110, 
and notice the difference in the CB52A1 and CBCLS1 inputs from the regular 
coupler security application. Input CBCLS1 provides the closing signal informa-
tion to the relay. For an open-to-close operation, Input CBCLS1 asserts when the 
operator issues a closing signal to the circuit breaker, asserting Relay Word bits 
I01BZ1V and I01BZ2V. When Relay Word bits I01BZ1V and I01BZ2V assert, 
the relay considers the CT in the differential equations. Inserting the CTs in the 
differential equations before primary current flows emulates the early make, late 
break timing requirement for the disconnect auxiliary contacts. Set the timer 
dropout time (CBCLDO1) to a value longer than the maximum breaker closing 
time. In this example, allow a short safety margin and set CBCLDO1 to 5 cycles 
(default value). A setting of five cycles allows the circuit breaker ample time to 
change state, during which time Relay Word bit CB52A1 asserts. 

When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 

                    

Figure 6.110 Coupler Security Logic With Applied Input Settings
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use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 2. However, because we supervise all Zone 1 faults, 
premature removal of the CTs does not adversely affect Zone 1 differential ele-
ments.

Figure 6.111 shows just the tie breaker and two terminals of the application. The 
single CT on the tie breaker has one core, providing CT information to both dif-
ferential elements. The challenge to the coupler security logic is to trip BZ2 and 
not BZ1 for Fault F1. This requirement contradicts the existing configuration, for 
it calls for the coupler security logic to prevent BZ1 from operating for an in-
zone fault (fault on Busbar 1) and for BZ2 to operate for an out-of-zone fault 
(fault on Busbar 1). 

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection BZ2 is stable, and differential protection BZ1 immedi-
ately trips the Mexico circuit breaker and the tie-breaker circuit breaker. How-
ever, tripping the Mexico circuit breaker and the tie-breaker circuit breaker does 
not clear Fault F1. Fault current still flows from the Rio de Janeiro Feeder, 
through the transfer bus, and into the fault. Although breaker failure protection 
will operate to trip the Rio de Janeiro circuit breaker, this operation takes place 
after the breaker failure time delay. After the tie-breaker breaker failure timer 
times out, all circuit breakers in BZ2 zone trip, resulting in both BZ1 and BZ2 
tripping to clear Fault F1. 

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in such a way that tripping of the BZ1 bus-zone is only permitted 
when the tie-breaker circuit breaker is open. To prevent tripping BZ1, configure 
the relay to achieve the following:

                    

Figure 6.111 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT

Transfer Bus (BZ2)
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➤ Check if the tie-breaker circuit breaker is closed.

➤ If the tie-breaker circuit breaker is closed, trip only the tie breaker to 
interrupt the fault current from BZ1; trip no other circuit breakers.

➤ If the tie breaker is open, allow normal busbar protection tripping.

➤ When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of BZ1 and eventually BZ2.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 1 requires the following two settings:

➤ Supervising the BZ1 differential element

➤ Issuing a trip signal to the tie breaker first

Supervise the BZ1 differential element output with the negated output from the 
coupler security logic (Z1S := NOT CSL1). We assign 87R1, the unsupervised 
output from the BZ1 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.110 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the 
supervision from the BZ1 differential element. 

Supervising the BZ1 differential element in this way prevents the tripping of all 
terminals in BZ1, including the tie breaker. To trip the tie breaker, include 87R1, 
the unsupervised output from Differential Element 1 in the trip equation of the tie 
breaker.

After the tie breaker opens (two cycles), we remove the tie-breaker CT from the 
differential calculations of BZ1, but not the BZ1 supervision. Maintain the BZ1 
supervision for at least another 1.25 cycles (add a safety margin of 0.75 cycle) to 
allow the differential element to reset. Achieve this delay by setting ACTPPU1 to 
at least 4 cycles.

For Fault F1, BZ1 operates, asserting Relay Word bit 87R1. When Relay Word 
bit 87R1 asserts, the accelerated trip timer starts timing. Because of the BZ1 zone 
supervision (NOT CSL1), 87Z1 cannot assert, and only the bus tie breaker 
receives a trip signal.

Two cycles later, the tie-breaker trips, interrupting the fault current contribution 
from BZ1. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ1V and eventually I01BZ2V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the tie 
breaker is open, but fault current still flows through the CT. Removing the tie-
breaker CTs from all differential calculations does not trip BZ1 (no fault current 
contribution from BZ1) but causes BZ2 to operate (BZ2 balancing tie-breaker CT 
removed), tripping all circuit breakers on the transfer bus. Removing the bus sec-
tionalizer CTs also deasserts Relay Word bit 87R1, causing the accelerated trip 
timer to stop timing. Fault F1 is now cleared, although there is a time delay.

For Fault F2, the initial tripping is the same as for Fault F1: BZ1 operates, assert-
ing Relay Word bit 87R1. When Relay Word bit 87R1 asserts, the accelerated trip 
timer starts timing. Because of the BZ1 zone supervision (NOT CSL1), 87Z1 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.
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Two cycles later, the tie-breaker circuit breaker trips, and the auxiliary contact 
changes state at the same time. When the auxiliary contact changes state, Relay 
Word bit CB52A1 deasserts, causing Relay Word bits I01BZ1V and eventually 
I01BZ2V to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deas-
sert, the relay removes the CTs from the differential calculations for BZ1 and 
BZ2. Because the circuit breaker is open, terminals from BZ2 no longer contrib-
ute to the fault, and BZ2 is stable. However, the BZ1 zone supervision (NOT 
CSL1) still supervises the BZ1 trip output for another two cycles. Two cycles 
later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. When 
Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the zone 
supervision from BZ1, issuing a trip signal to all circuit breakers on Busbar 1.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.112 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN201 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ?<Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN202 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ?<Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R1 <Enter>

Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ?<Enter>
Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87R1 OR 87BTR01 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR02 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR03 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Figure 6.112 Protection Group Settings for Application 4
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay. Connect the cable to the circuit breaker trip coil to any one of the 
three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.113 shows the control output settings.

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR04 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR05 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?<Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.112 Protection Group Settings for Application 4 (Continued)
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This concludes the settings for Application 4.

Application 5: Double Bus With Bus Coupler
This application describes the busbar arrangement shown in Figure 6.114, double 
bus with tie breaker (bus coupler). The busbar arrangement consists of two bus-
bars (main busbar and transfer busbar), four terminals and a tie breaker. Consider 
the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  > <Enter>

•
•
•
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.113 Control Output Settings for Application
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

                    

Figure 6.114 Double Bus With Bus Coupler (Tie Breaker)
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3. Use the disconnect auxiliary contacts to dynamically configure the 
differential protection.

4. Use the disconnect monitor logic

5. Use external breaker failure protection.

6. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 6 of the protection philosophy calls for 
stable differential protection for all operating conditions. There are two network 
conditions when the differential protection can become unstable:

➤ When disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ When the transfer disconnect of any feeder is closed

By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.67 shows the selection of the standard functions.

                    

Table 6.67 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differential 
protection according to the disconnect positions

Sensitive differential pro-
tection

Yes Use the sensitive differential element as CT open 
circuit detection

Zone supervision logic Yes Use the zone supervision logic to ensure stable dif-
ferential protection for all operating conditions

Zone-switching supervi-
sion logic

No 89A and 89B disconnect contacts available so this 
logic is not required

Coupler security logic No Two CTs in overlap configuration do not require the 
coupler security logic

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs we install 3 SEL-487B Relays. 
Use Equation 6.17 to calculate the number of current channels at the station, and 
use Equation 6.18 to calculate the number of zones at the station.

                    

Equation 6.17

                    

Equation 6.18

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays. This example shows the setting and configura-
tion for the A-phase relay, so identified with an appended letter A (MADRI_A). 
For the other two relays, the settings and configuration are the same as for the A-

Time-overcurrent protec-
tion

No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.67 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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phase relay, but the appended letter changes according to the letter designation of 
the relay. For example, the corresponding MADRI_A setting is MADRI_B in the 
B-phase relay, and MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires three disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.19 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.19

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.68 summarizes the input contact required for this application. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; and five of the six independent input 
contacts for the breaker failure inputs. From the input contact perspective, we 
need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.69 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.68 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.69 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts; high-speed, high-
interrupting output contacts provide for faster contact closure. Each interface 
board can provide six high-speed, high-interrupting output contacts, and two 
standard output contacts. For fast busbar fault clearance, assign each circuit 
breaker trip output to a high-speed, high-interrupting output contact for each of 
the circuit breakers at the station. From the output contact perspective, we need 
one interface board. 

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the number of the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and external circuit breaker failure inputs to 
specific relay input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.70 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.70 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.114.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.71.

                    

Input to Logic Allocation 
Table 6.68 shows that we require 33 digital inputs. We now assign the 33 digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact to Logic Allocation, Interface Board 1 (200)

Table 6.72 and Table 6.73 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs. 

                    

Table 6.70 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.71 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.73 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

                    

Assignment of the Selected Standard Logic
Referring to Table 6.67, the following is a discussion on each selected function. 

Disconnect Monitoring Logic 

Figure 6.115 shows one of the 60 disconnect monitor logic circuits available in 
the relay. (See Dynamic Zone Selection Logic on page 5.14 for more information 
on the disconnect auxiliary contact requirements).

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 2 of 2)

Input Description

Table 6.73 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.74 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.115 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.74 Disconnect Auxiliary Contact Relay Word Bits

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.116 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.75 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.147 for more information). Table 6.76 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.117 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

Table 6.75 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.116 Differential Trip Logic for Differential Element 1

Table 6.76 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Table 6.77 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.118 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.72 to the appropriate 
XBFnn (nn = 01–06) of the breaker failure protection logic (see Protection 
Group Settings on page 6.153). Table 6.78 shows the primitive names and assign-
ments.

                    

                    

Figure 6.117 Breaker Failure Trip Logic

Table 6.77 Station Breaker Failure Trip Bit Names and Associated Terminal 
Names

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.118 Breaker Failure Logic for External Breaker Failure

Table 6.78 Breaker Failure Logic Output Relay Word Bits

Logic Name Description

IN201 TIE1_A breaker failure protection asserted

IN201 TIE2_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFnn
EXBF01 = Y 

(Logical 1 if EXBF01 = Y)

SELOGIC
Setting

FBF01
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.69 shows the breakdown of the five relay outputs we need for Applica-
tion 5. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.79 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.80 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.80 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.119.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.79 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.80 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-Breaker trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.119 Substation Layout With Specific Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.120.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.121. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.122. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.120 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.121 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>

33:
?  BZ1,ZONE1_A <Enter>
34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.123 shows the setting changes we need for our example.

Because we declared the alias names in the previous setting class, use either the 
alias names or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–60). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>
Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

Figure 6.123 Global Settings for Application 5
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the London feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>

DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>

N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•

N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ? <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.123 Global Settings for Application 5 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected.

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., disconnect G898 on the CAIRO Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z892 or Z891) and the transfer 
disconnect (n898, n = D, E, F, and G) of only one of the four feeders 
can be closed simultaneously.

➤ Either Busbar B1 or Busbar B2 can be the source busbar.

➤ When closing the transfer disconnect, the protection of the transfer 
busbar becomes part of the line protection.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.81 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that the tie breaker and tie-breaker disconnects are closed. For brevity, 
we consider only the MADRID and CAIRO Feeders in the following discussion. 
Consider a case where we put the CAIRO Feeder on transfer, with Busbar B2 
selected as the source busbar.

                    

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 1 of 2)

Step 
Number

Description Comment

1 Switch Terminals TD, 
TE, and TF to the 
source busbar (B2).

Assume that all FDRs are connected to B1. Close the dis-
connects that connect the terminals to Busbar B2 (D892, 
E892, F892, and G892), and open the disconnects that 
connect the terminals to Busbar B1 (D891, E891, and 
F891). After Step 1, CAIRO is the only feeder connected 
to Busbar B1, see Figure 6.124. Both Bus-zone B2 (I03 + 
I01 = Is – Is = 0) and Bus-Zone B1 are balanced (I02 + 
I06 = Is – Is = 0).

2 Close the transfer dis-
connect (G898) of the 
terminal going on 
transfer.

This operation forms a parallel path, with current IS split-
ting at the G894 and G898 junction; not all current flows 
through the CAIRO CT. There are still two bus-zones (B1 
and B2), but because the current from the CAIRO CT is 
missing (worst case), Bus-Zone B1 can misoperate. 
Remove Bus-Zone B1 by removing the CAIRO CT and 
tie-breaker channel I02 from the differential calculations. 
(See the ensuing discussion and Figure 6.125). The trans-
fer busbar is now part of the line protection.



6.150

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 5: Double Bus With Bus Coupler

Figure 6.124 shows the station after Step 1 in Table 6.81. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. With all trans-
fer disconnects open, all the CT secondary currents are available, and both Bus-
Zones B1 and B2 are balanced.

                    

Figure 6.125 shows the current distribution for the condition when disconnect 
G891 and disconnect G898 are both closed. Current IS enters the MADRID ter-
minal, flows through the tie breaker, busbar B1, and as far as the junction 
between disconnect G894 and G898. At this junction, the current splits into ia 
and ib. As a worst-case scenario, assume the entire current, IS, flows through dis-
connect G898, with no current flowing through the CAIRO CT. To balance the 
B1 differential element, we need the sum of the currents in the B1 element to 
equal zero. Without the CAIRO CT current contribution, the differential element 
is unbalanced and can result in misoperation. To conclude, the current input from 

3 Open the circuit 
breaker of the termi-
nal going on transfer.

Opening the CAIRO circuit breaker interrupts the current 
path through the circuit breaker. Tie-breaker channel I01 
remains part of the differential calculations to balance the 
current flow to the CAIRO Feeder.

4 Open the source bus-
bar disconnect (G894) 
and the line discon-
nect (G895) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating sequence; 
the operation has no effect on the busbar protection. 

                    

Figure 6.124 Bus-Zone B1 and Bus-Zone B2 Are Balanced When Both Transfer 
Disconnects Are Open

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 2 of 2)

Step 
Number

Description Comment

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6
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the CAIRO CT is uncertain when disconnect G891 and disconnect G898 are both 
closed, and disappears when the circuit breaker opens. For these reasons, Bus-
Zone B1 cannot form a reliable differential zone when disconnect G898 closes. 
Differential Element B2 remains stable, and the B2 Busbar protection is secure.

                    

By removing the CAIRO CT as well as the tie-breaker I02 channel from the dif-
ferential calculations, we effectively remove Differential element B1. We can 
achieve the same result in two ways:

➤ by using the zone supervision setting (ZnS)

➤ entering values for each of the terminal-to-bus-zone settings

This example uses the first option (i.e., the zone supervision setting).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

1. With no feeder on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections. 

2. A feeder is on transfer when any n898 AND n891, or any n898 AND 
n892 (n = D, E, F, and G) disconnects are closed simultaneously. 

3. When a feeder is on transfer and B2 is the source busbar, remove I02. 
B2 is the source busbar when n891 AND n898 (n = D, E, F, and G) 
disconnects are closed.

                    

Figure 6.125 Current Distribution During Transfer Procedure Using Inboard CTs

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6

D894 and
D898 Junction

Worst case: ia » Is 

Worst case: ib » 0 

Current –Is
is missing in
this CT, without 
which +Is in the
tie-breaker channel 
I02 is unbalanced
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4. When a feeder is on transfer and B1 is the source busbar, remove I01. 
B1 is the source busbar when n892 AND n898 (n = D, E, F, and G) 
disconnects are closed.

Z1S:= NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 
89CL11) OR (89CL12 AND 89CL14))

Z2S:= NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 
89CL11) OR (89CL13 AND 89CL14))

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration default settings.

With the zone configuration default settings deleted, the setting prompts no lon-
ger reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.126 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Figure 6.126 Zone Configuration Group Settings for Application 5
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available. For 
this application, we use the default values for the Sensitive Differential Element, 
the Restrained Differential Element, and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>

CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>

Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>
Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
? <Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>

Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 89CL11) OR (8\
9CL12 AND 89CL14)) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (8\
9CL13 AND 89CL14)) <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.126 Zone Configuration Group Settings for Application 5 (Continued)
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TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Select six as the number of breaker failure logics for this application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.76) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.77) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both Differential Trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01).

Figure 6.127 shows the protection group settings for this application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>

Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.127 Protection Group Settings for Application 5
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>

•
•
•
External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF06 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK06 (0.00-1000 cyc)   BFIDO06 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>
•
•
•

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>

Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.127 Protection Group Settings for Application 5 (Continued)
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We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA.

Figure 6.128 shows the control output settings.

                    

This concludes the settings for Application 5.

Application 6: Double and Transfer Bus With Two Busbars
This describes the busbar arrangement shown in Figure 6.129. The busbar 
arrangement consists of two busbars (main busbar and transfer busbar), four ter-
minals and a tie breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>

OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.128 Control Output Settings for Application 5
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

                    

Figure 6.129 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker)
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

3. Ensure stable differential protection for all operating conditions.

4. Use the disconnect auxiliary contacts to dynamically configure the 
station.

5. Use the disconnect monitor logic.

6. Use external breaker failure protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 3 of the protection philosophy calls for 
stable differential protection for all operating conditions.

There are two network conditions when the differential protection can become 
unstable: when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time, or when the transfer disconnect of any feeder is closed. 
By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.82 shows the selection of the standard functions.

                    

Table 6.82 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the station according to the dis-
connect positions.

Sensitive differential protection Yes Use the sensitive differential element as CT open circuit detection.

Zone supervision logic Yes Use the zone supervision logic to compensate for the inboard CTs 
during the bypass period, as well as when a feeder is on transfer.

Zone-switching supervision logic No 89A and 89B disconnect contacts available, so this logic is not required.

Coupler security logic No Not required

Circuit breaker failure protection Yes External breaker failure
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.20 to calculate the number of current channels at the station, and 
use Equation 6.21 to calculate the number of zones at the station.

                    

Equation 6.20

                    

Equation 6.21

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage elements No Not required

Table 6.82 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the 4 feeders requires 3 disconnect monitoring logic and 
the tie breaker requires 2; the number of disconnect logics required is therefore 
14. Each disconnect monitoring logic requires two disconnect auxiliary contact 
inputs: an 89A and an 89B contact. Use Equation 6.22 to calculate the number of 
relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.22

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.83 summarizes the input contact required for this application. 

                    

The relay main board has seven inputs, which are not enough inputs for our appli-
cation. Each interface board provides two sets of nine grouped inputs and six 
independent input contacts. Use the grouped inputs for the disconnect auxiliary 
contact inputs and the six independent inputs for the breaker failure inputs. From 
the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.84 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.83 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.84 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts, and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following: 

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ Selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay.

However, we still need to do the following:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.85 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.85 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.129.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.86.

                    

Input-to-Logic Allocation 
Table 6.83 shows that we require 33 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.87 and Table 6.88 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs.

                    

Table 6.85 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.86 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.88 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs. 

                    

Assignment of the Selected Standard Logic
Referring to Table 6.82, the following is a discussion on each selected function. 

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 2 of 2)

Input Description

Table 6.88 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Disconnect Monitoring Logic 

Figure 6.130 shows one of the 60 disconnect monitor logic circuits available in 
the relay (see Figure 6.20). 

                    

Table 6.89 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.130 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Disconnect Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 14
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.131 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.90 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.170 for more information). Table 6.91 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Disconnect Input Description

Table 6.90 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.131 Differential Trip Logic for Differential Element 1

Table 6.91 Differential Trip Bit Names and the Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.132 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.92 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.133 shows the 
logic for the external breaker failure function.

                    

Table 6.87 and Table 6.88 show the appropriate XBFqq (qq = 1–6) and relay 
input assignment (see Protection Group Settings on page 6.177).

                    

Figure 6.132 Breaker Failure Trip Logic

Table 6.92 Station Breaker Failure Trip Relay Word Bit Names and Associated 
Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.133 Breaker Failure Logic for External Breaker Failure
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.84 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.93 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.94 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.94 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.134.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.93 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.94 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.134 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.135.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.136. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.137. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.135 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.136 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.138 shows the setting changes we need for our example. Because we 
declared the alias names in the previous setting class, use either the alias names 
or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–14). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>

Figure 6.138 Global Settings for Application 6
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfiguring the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration, and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Milan feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>

DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)

•
•
•
N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.138 Global Settings for Application 6 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected (B1).

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., Disconnect G898 on the Cairo Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the 
transfer Disconnect (n898, n = D, E, F, and G) of only one of the four 
feeders can be closed at a time.

➤ Only Busbar B2 can be the source busbar.

➤ The transfer busbar (B1) becomes part of the line protection when a 
terminal is on transfer.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.95 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that Disconnects Z891 and Z892 and the tie-breaker circuit breaker are 
closed. For brevity, we consider only the MADRID and CAIRO terminals in the 
following discussion. Consider the case where we put Terminal CAIRO on trans-
fer.

                    

Table 6.95 Fixed Operating Sequence to Put a Terminal on Transfer

Step 
Number

Description Comment

1 Switch terminals TD, TE, and 
TF to the source busbar (B2).

Close all disconnects that connect the terminals to 
busbar B2 (D892, E892, F892, and G892), and 
open all disconnects that connect the terminals to 
busbar B1 (D891, E891, F891, and G891). No 
current flows through the tie breaker, see 
Figure 6.139. Bus-Zone B1 does not operate 
because no current flows through the tie breaker. 
Bus-Zone B2 is balanced because I03 + I06 = 0.

2 Close the transfer Disconnect 
(G898) of the terminal going 
on transfer.

This operation forms a parallel path, with 
(ia + ib – ia – ib) current Is splitting into ia and ib at 
the D892 and Busbar B2 junction, as shown in 
Figure 6.140. To overcome this problem, remove 
tie-breaker Channel I02 from the B1 differential 
calculations when G898 closes. (See the ensuing 
discussion and Figure 6.140). 

3 Open the circuit breaker of the 
terminal going on transfer.

Opening the CAIRO circuit breaker interrupts the 
current path through the circuit breaker. Tie-
breaker Channel I01 remains part of the B2 differ-
ential calculations to balance the current flow to 
the CAIRO Terminal.

4 Open the source busbar Dis-
connect (G892) and the line 
Disconnect (G893) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating 
sequence; the operation has no effect on the bus-
bar protection. 
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Figure 6.139 shows the station after Step 1 in Table 6.95. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. Because tie-
breaker Disconnect Z891 is still closed, both bus-zones B1 and B2 are active. 
Bus-Zone B1 has only one CT (tie-breaker Channel I02) in place, but because no 
current flows through the tie breaker, the relay does not operate. Having both 
zones active provides the benefit of detecting faults on B1 during these operating 
conditions.

                    

Closing Disconnect G898 in Step 2 of Table 6.95 forms a parallel path. Current Is 
enters at the MADRID terminal and splits into ia and ib at the D892 and Busbar 
B2 junction. This current distribution unbalances B1 because current –ia is miss-
ing in the CAIRO CT. The two differential elements calculate the differential cur-
rents as follows:

Element for Busbar B1:

Equation 6.23

Element for Busbar B2:

Equation 6.24

                    

Figure 6.139 Bus-Zones B1 and B2 Are Balanced When All Transfer Disconnects 
Are Open
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In Step 3 of Table 6.95, we open the CAIRO circuit breaker and the parallel path 
no longer exists. Current ib disappears and Is flows as shown in Figure 6.141. The 
differential element for Busbar B2 is stable (I01 + I03 = 0), but the differential 
element for Busbar B1 is unbalanced. To conclude, the differential element for 
Busbar B1 is unbalanced during the transition period (when a parallel path exists) 
as well as when the terminal is on transfer.

                    

Figure 6.140 Current Distribution During Transfer Procedure Using Inboard CTs
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Because Disconnect G898 bypasses the CAIRO CT, we cannot provide differen-
tial protection for Busbar B1. Because we cannot provide differential protection 
for Busbar B1, we need to remove the existing differential B1 element to prevent 
misoperation. We remove differential B1 element by using a zone supervision 
setting (ZnS).

In this application, the tie-breaker current assignment to the differential elements 
depends on the position of only one of the tie-breaker disconnects: current Chan-
nel I01 is assigned to B2 when Z892 is closed. Likewise, current Channel I02 is 
assigned to B1 when Z891 is closed. The assignment of the feeder currents to the 
differential elements depends solely on the corresponding B1 and B2 disconnect 
positions (n891 and n892).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
Current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

➤ With no terminal on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections.

➤ A terminal is on transfer when any n898 (n = D, E, F, and G) 
disconnect is closed.

➤ When a terminal is on transfer, disable the differential element for 
Busbar B1.

                    

Figure 6.141 Current Distribution After Opening the Circuit Breaker of the 
Terminal Going on Transfer
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Set the Zone Supervision setting for Busbar B1 as follows: Z1S := NOT (89CL05 
OR 89CL08 OR 89CL11 OR 89CL14). Figure 6.142 shows the Zone Configura-
tion settings for this application.

The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration settings for the new substation, delete the terminal-to-
bus-zone default settings. With the terminal-to-bus-zone default settings deleted, 
the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.142 
shows the Zone Configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A, <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>

Figure 6.142 Zone Configuration Group Settings for Application 6
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT(89CL05 OR 89CL08 OR 89CL11 OR 89CL14) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?<Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.142 Zone Configuration Group Settings for Application 6 (Continued)
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This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Therefore, select six as the number of breaker failure logics for this 
application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.91) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.92) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both differential trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01). Figure 6.143 shows the protection group settings for this 
application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>

Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>

Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>

Figure 6.143 Protection Group Settings for Application 6
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This concludes the protection group settings. The next settings class is control 
output settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>
•
•
•

External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF05 := NA
?  IN302<Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.143 Protection Group Settings for Application 6 (Continued)
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Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.144 shows the control output settings.

                    

Application 7: Double and Transfer Bus (Outboard CTs)
This application describes the busbar arrangement shown in Figure 6.145. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>

OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.144 Control Output Settings for Application 6
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and it declares the tie-breaker (bus coupler) 
configuration.

➤ Description:

➢ Double bus with transfer busbar

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one core used for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.145 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Outboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Use external breaker failure protection.

6. Prevent the loss of Busbar B2 for a fault between the tie breaker and 
tie-breaker CT.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. For example, in this application, the protection philosophy calls for 
the use of breaker failure protection but not for overcurrent protection. The 
SEL-487B offers a number of protection functions as standard features, but it 
also offers the capability through SELOGIC control equations for you to create 
user-configurable functions. 

To prevent tripping of Busbar B2 when there is a fault between the tie breaker 
and tie-breaker CT, we can delay tripping of Busbar B2 and trip the tie breaker 
first (see Protection Group Settings on page 6.200). We then remove the tie-
breaker currents from the differential calculations of both zones to trip Busbar B1 
and not Busbar B2.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations).

Standard Functions
Refer to Protection Philosophy on page 6.182 and select the standard functions 
necessary for the application. Table 6.96 shows the selection of standard func-
tions.

                    

Table 6.96 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay).

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards. 

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.25 to calculate the number of current channels at the station, and 
use Equation 6.26 to calculate the number of zones at the station.

                    

Equation 6.25

                    

Equation 6.26

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differen-
tial protection according to the disconnect positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of prevent-
ing the loss of Busbar B2 for a fault between the tie 
breaker and the tie-breaker CT.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so this 
logic is not required.

Coupler security logic Yes Use the coupler security logic in a single CT appli-
cation for enhanced protection for faults between 
the tie-breaker CT and the circuit breaker.

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.96 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station CTs
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The number of per-phase CTs at the station is 15 (tie breaker has three CT cores), 
so one SEL-487B suffices. However, the requirement for 5 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required therefore is 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.27 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts.

                    

Equation 6.27

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. When a circuit breaker fails, the relay uses this informa-
tion to only trip the terminals in the bus-zone with the failed circuit breaker. Wire 
a breaker failure output contact from each breaker failure relay on each of the ter-
minals to the SEL-487B. 

We will use the coupler security logic to prevent tripping of Busbar B2 when 
there is a fault between the tie breaker and the tie-breaker CT. The coupler secu-
rity logic requires three inputs: a close signal, a circuit breaker 52A auxiliary 
contact, and an input for the accelerated tripping function (see Figure 6.110 for 
more information). We need one input for the circuit breaker 52A auxiliary con-
tact and one input for the closing signal. For the accelerated tripping input 
(ACTRP1), we use the output from the B2 differential element (87R2). 
Table 6.97 summarizes the input contact necessary for this application.

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, an insufficient number of inputs 
for our application. Each interface board provides two sets of nine grouped inputs 
and six independent inputs. Use the grouped inputs for the disconnect auxiliary 
contact inputs, and use the six independent inputs for the breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.98 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of inputs

➤ The number of output contacts

➤ The selected protection functions

Table 6.97 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Number of relay inputs required for breaker failure protection 5

Number of relay inputs required for the coupler security logic 
on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary 52A 
contact)

Total number of inputs 37

Table 6.98 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.99 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.99 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.145.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
three bus-zone alias names, as shown in Table 6.100.

                    

Table 6.99 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MADRID terminal, A-phase I02 MADRI_A

MILAN terminal, A-phase I03 MILAN_A

ROME terminal, A-phase I04 ROME_A

CAIRO terminal, A-phase I05 CAIRO_A

Table 6.100 Alias Names for the Three Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

BZ3 Transfer busbar TRANS_A
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Input-to-Logic Allocation 
Table 6.97 shows that we require 37 digital inputs. We now assign the digital 
inputs to the selected logic. Because of the functional requirements of this appli-
cation, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.101 and Table 6.102 show the disconnect and circuit breaker failure con-
tact input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure (only one 
breaker failure initiate input for the tie breaker) initiate input signals, tie-breaker 
52A auxiliary contact, and the tie-breaker closing signal to these relay inputs.

                    

Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.102 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

Table 6.101 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS _A) NO contact

IN209 TIE-BREAKER disconnect (TRANS _A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN213 TIE-BREAKER circuit breaker 52A auxiliary contact

IN214 TIE-BREAKER circuit breaker closing signal

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS _A) NO contact

IN218 MADRID terminal disconnect (TRANS _A) NC contact

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS _A) NO contact

IN224 MILAN terminal disconnect (TRANS _A) NC contact
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Assignment of the Selected Standard Logic
The following discussion references Table 6.96 in explaining each selected function.

Disconnect Monitoring Logic 

Figure 6.146 shows one of the 60 disconnect monitor logic circuits available in 
the relay.

                    

Table 6.103 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

Table 6.102 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact

                    

Figure 6.146 Disconnect Monitoring Logic Circuit for Terminal 01

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 TIE-BREAKER disconnect (TRANS_A) NO contact

89B03 TIE-BREAKER disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15



6.189

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 7: Double and Transfer Bus (Outboard CTs)

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect inputs to the other 
two relays. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.147 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.104 shows Relay Word bits and description for the differential protection 
outputs.

                    

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN_A disconnect (ZONE1_A) NC contact

89A08 MILAN_A disconnect (ZONE2_A) NO contact

89B08 MILAN_A disconnect (ZONE2_A) NC contact

89A09 MILAN_A disconnect (TRANS_A) NO contact

89B09 MILAN_A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME_A disconnect (ZONE1_A) NC contact

89A11 ROME_A disconnect (ZONE2_A) NO contact

89B11 ROME_A disconnect (ZONE2_A) NC contact

89A12 ROME_A disconnect (TRANS_A) NO contact

89B12 ROME_A disconnect (TRANS_A) NC contact

89A13 CAIRO_A disconnect (ZONE1_A) NO contact

89B13 CAIRO_A disconnect (ZONE1_A) NC contact

89A14 CAIRO_A disconnect (ZONE2_A) NO contact

89B14 CAIRO_A disconnect (ZONE2_A) NC contact

89A15 CAIRO_A disconnect (TRANS_A) NO contact

89B15 CAIRO_A disconnect (TRANS_A) NC contact

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.104 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

87Z3 Transfer zone differential element trip
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.195). Table 6.105 shows the differential trip bit names and the associated 
terminal current channels.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.148 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF05 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR05 are the outputs from the station breaker failure logic. 
Breaker failure trip bits SBFTR01–SBFTR05 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.106 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip five circuit breakers. 

                    

Figure 6.147 Differential Trip Logic for Differential Element 1

Table 6.105 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

                    

Figure 6.148 Breaker Failure Trip Logic

Table 6.106 Station Breaker Failure Trip Bits and Associated Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR05

FBF01

FBF05
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Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.149 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.101 and Table 6.102 
to the appropriate XBFqq (qq = 01–05) of the breaker failure protection logic 
(see Protection Group Settings on page 6.200). Table 6.107 shows the relay input 
and terminal assignments.

                    

Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.98 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.108 shows TEST and ALARM protection logic output assign-
ment to the main board output contacts. Table 6.109 shows the linking of the trip 
logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.109 shows the assignments for the five terminals of 
the A-phase relay.

                    

Figure 6.149 Breaker Failure Logic for External Breaker Failure

Table 6.107 Breaker Failure Logic Input Relay Word Bits

Logic Name Description

IN201 TIE_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)

Table 6.108 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.150.

1. Write down the bus-zone, terminal, and disconnect names. 

2. Allocate the terminal CTs to the relay input current channels.

3. Allocate the terminal auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the terminals.

Table 6.109 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip output

OUT202a MADRID trip output

OUT203a MILAN trip output

OUT204a ROME trip output

OUT205a CAIRO trip output
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.150 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.151.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.152. 

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.153.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

.

.

.
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.151 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.152 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.154 shows the settings changes we need for our example. Because we 
declared the alias names in the previous settings class, use either the alias names 
or the primitive names when entering settings. 

Set NUMBK to 5 because there are five circuit breakers at the station. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input for the breaker status logic (52A01) for current channel 
I01 (52A01 := IN213). Set the remaining four circuit breaker auxiliary input 
equations (52A02–52A05) to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 15 disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
15). Travel time is the period during which both disconnect auxiliary contacts are 
in the open position. Measure the travel time during commissioning and adjust 
the settings appropriately. Based on previous experience with similar equipment, 
we set the tie-breaker disconnect travel time to 400 cycles in this example.

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>
28:
?  I02,MADRI_A <Enter>
29:
?  I03, MILAN_A <Enter>

30:
?  I04, ROME_A <Enter>
31:
?  I05, CAIRO_A <Enter>
32:
?  BZ1,ZONE1_A <Enter>
33:
?  BZ2,ZONE2_A <Enter>
34:
?  BZ3,TRANS_A <Enter>

35:
?  END <Enter>
Alias
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.153 Analog Quantities and Relay Word Bit Alias Names
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This concludes the Global settings. The next settings class is the zone configura-
tion Group settings.

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN213 <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>

N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>

N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter> 
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?400 <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>

DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.154 Global Settings
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Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes (see Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements.

For each disconnect, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays. Because we wire a disconnect auxiliary contacts 
to only one relay, jumper (hardwire) the contact to the two other relays. For 
example, when we close the busbar disconnect on the Milan feeder, all three 
phases (MILAN_A, MILAN_B, and MILAN_C) operate together. Because the 
relay measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays.

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the feeder to the 
transfer busbar (Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many possible discon-
nect combinations, we will configure the relay according to the following operat-
ing conditions:

1. Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step. 
Table 6.110 shows the operating sequence for the settings in this 
application; many other operating sequences are possible and in use.

Refer to Figure 6.157 and consider a case in which we put the CAIRO Feeder on 
transfer. Assume that the tie breaker is closed and that tie-breaker disconnect 
Z891 and disconnect Z892 are closed.
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The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names serving only as an example.

We use a combination of the zone supervision and coupler security logic to pre-
vent tripping Busbar 2 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ2 differential element out-
put by the negated coupler security output (ZS2 := NOT CSL1) see the Protec-
tion Group Settings on page 6.200 for more information.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.155 
shows the zone configuration settings for this application.

                    

Table 6.110 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Switch all terminals to the source bus-
bar (B2).

Close all the disconnects that connect the 
terminals to ZONE2_A (D892, E892, etc.)

2 Open the tie-breaker circuit breaker. 
Open Disconnect Z891, and close Dis-
connect Z898.

Closing Disconnects Z891 and Z898 
forms the path from source busbar to 
transfer busbar (Busbar B2 to Busbar T).

3 Close the tie-breaker circuit breaker. Busbar B2 and Busbar T are at the same 
potential.

4 Close the transfer disconnect of the ter-
minal going on transfer (G898).

The relay now forms a differential zone 
for the transfer busbar.

5 Open the circuit breaker of the terminal 
going on transfer (Cairo circuit 
breaker).

Terminal G is now on transfer. Operation 
of disconnect G893 does not affect the 
busbar protection, and is not mentioned.

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ? <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>

TIE_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
? (89CL01 OR 89CL03) AND 89CL02 AND (CB52A1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE1_A,N <Enter>
TIE_A to ZONE1_A Connection (SELogic Equation)
I01BZ1V := NA
?  89CL01 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,TRANS_A,N <Enter>

TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ3V := NA
?  89CL03 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL04 <Enter>

Figure 6.155 Zone Configuration Group Settings
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I02BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,TRANS_A,P <Enter>

MADRI_A to TRANS_A Connection (SELogic Equation)
I02BZ3V := NA
?  89CL06 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL08 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,TRANS_A,P <Enter>
MILAN_A to TRANS_A Connection (SELogic Equation)
I03BZ3V := NA
?  89CL09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL10 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,TRANS_A,P <Enter>
ROME_A to TRANS_A Connection (SELogic Equation)
I04BZ3V := NA
?  89CL12 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL14 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,TRANS_A,P <Enter>
CAIRO_A to TRANS_A Connection (SELogic Equation)
I05BZ3V := NA
?  89CL15 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>

ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>

Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?<Enter>

Figure 6.155 Zone Configuration Group Settings (Continued)
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This concludes the zone configuration Group settings. The next settings class is 
the protection Group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17). Because we do not use 
the terminal out of service, overcurrent elements, or voltage elements in this 
application, set ETOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N. 

Because the relay associates breaker failure protection with each current channel, 
select the number of breaker failure logics (EBFL setting) equal to the number of 
current channels, not the number of circuit breakers.

This application has five circuit breakers, and also five current channels (tie 
breaker has one CT channel). Therefore, select 5 as the number of breaker failure 
logics for this application. Setting NUMBK equal to 5 makes five corresponding 
circuit breaker auxiliary input equations (52A01–52A05), and five corresponding 
trip equations (TR01–TR05) available for setting. Be sure to include the Differ-
ential Trip bits in the trip equations of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative way is to enter specific reset conditions at the ULTRkk set-
tings.

Each of the five analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.107) when the breaker failure element asserts.

Be sure to include these station breaker failure trip bits in the trip equations of all 
circuit breakers you want to trip.

We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 2 for faults between the tie-breaker circuit breaker and the 
CT.

Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT CSL1 <Enter> 
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  <Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.155 Zone Configuration Group Settings (Continued)
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Figure 6.156 shows the combination of the coupler security logic and the zone 
supervision, with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the logic.

                    

Assume for this application that the maximum circuit breaker tripping time is 2 
cycles and that the maximum closing time is 3 cycles. Refer to Figure 6.156, and 
notice that Inputs CB52A1 and CBCLS1 provide the circuit breaker status and 
the closing signal information to the relay. These two inputs are in parallel, com-
plementing each other to provide accurate circuit breaker status during open-to-
close and close-to-open circuit breaker operations.

When the operator issues a closing signal to the circuit breaker, Input CBCLS1 
asserts, asserting Relay Word bit CBCLST1. We used CBCLST1 in the 
I01BZ1V, I01BZ2V, and I01BZ3V terminal-to-bus-zone settings. When Relay 
Word bits I01BZ1V, I01BZ2V, and I01BZ3V assert, the relay considers the CT in 
the differential calculations.

Set the timer dropout time (CBCLDO1) to a value longer than the maximum 
breaker closing time. In this example, allow a short safety margin and set 
CBCLDO1 to 5 cycles (default value). 

Inserting the CTs in the differential equations before primary current flows emu-
lates the early make, late break timing requirement for the disconnect auxiliary 
contacts. A setting of 5 cycles allows the circuit breaker ample time to change 
state, during which time the CB52A1 Relay Word bit asserts.

                    

Figure 6.156 Combination of the Coupler Security Logic and the Zone 
Supervision to Prevent the Loss of Two Zones
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When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 
use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 1 and Zone 3. However, because we supervise all Zone 
2 faults, premature removal of the CTs does not adversely affect Zone 2 differen-
tial elements.

Two tie-breaker operating conditions are possible: when the tie breaker connects 
between Busbar B1 and Busbar B2 (Disconnect Z891 and Disconnect Z892 are 
closed) or when the tie breaker connects between Busbar B2 and the Transfer 
busbar (Disconnect Z892 and Disconnect Z898 are closed).

The following discussion describes the prevention of the loss of Busbar 2 when 
the tie breaker connects between Busbar B1 and Busbar B2, but the same argu-
ment applies when a feeder is on transfer.

Figure 6.157 shows Busbar B1, Busbar B2, the tie breaker, and two of the four 
terminals at the station. The challenge to the coupler security logic is to trip Bus-
bar B1 and not Busbar B2 for Fault F1. This requirement contradicts the existing 
configuration because it calls for the coupler security logic to prevent the differ-
ential element of Busbar B2 from operating for an in-zone fault (fault on Busbar 
2), and for the differential element of Busbar B1 to operate for an out-of-zone 
fault (fault on Busbar 2).

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection B1 is stable, and differential protection B2 immediately 
trips the MADRID circuit breaker and the tie-breaker circuit breaker. However, 
tripping the MADRID circuit breaker and the tie-breaker circuit breaker does not 
clear Fault F1. Fault current still flows from the MILAN Feeder through Busbar 
B1 and into the fault. Although breaker failure protection will operate to trip the 

                    

Figure 6.157 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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MILAN circuit breaker, this operation takes place after the breaker failure time 
delay. After the tie-breaker breaker failure timer times out, all circuit breakers in 
B1 trip, resulting in both B1 and B2 tripping to clear Fault F1.

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in a way that trips bus-zone B2 only when the tie-breaker circuit 
breaker is open. To prevent tripping of bus-zone B2, configure the relay to 
achieve the following:

1. Check if the tie breaker is closed. If the tie breaker is closed, trip only 
the tie breaker to interrupt the fault current from B2; trip no other 
circuit breakers. If the tie breaker is open, allow normal busbar 
protection tripping.

2. When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of B2 and eventually B1.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 2 requires the following two settings:

➤ supervising the BZ2 differential element

➤ issuing a trip signal to the tie breaker first

Supervise the BZ2 differential element output with the negated output from the 
coupler security logic (Z2S := NOT CSL1). We assign 87R2, the unsupervised 
output from the BZ2 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.156 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
supervision from the BZ2 differential element. 

Supervising the BZ2 differential element in this way prevents the tripping of all 
terminals in BZ2, including the tie breaker. To still trip the tie breaker, include 
87R2, the unsupervised output from Differential Element 2, in the trip equation 
of the tie breaker.

After the tie breaker opens, we remove the tie-breaker CT from the differential 
calculations of BZ2, but not the BZ2 supervision. Maintain the BZ2 supervision 
for at least another 1.25 cycles (add a safety margin of 0.75 cycles) to allow the 
differential element to reset. Achieve this delay by setting ACTPPU1 to at least 4 
cycles.

For Fault F1, BZ2 operates, asserting Relay Word bit 87R2. When Relay Word 
bit 87R2 asserts, the accelerated trip timer starts timing. Because of the BZ2 zone 
supervision (NOT CSL1), 87Z2 cannot assert, and only the bus coupler circuit 
breaker receives a trip signal. 

Two cycles later, the tie breaker trips, interrupting the fault current contribution 
from BZ2. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ2V and eventually I01BZ1V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the bus 
coupler circuit breaker is open, but fault current still flows through the CT. BZ2 is 
stable when the relay removes the CTs because the bus coupler circuit breaker is 
open, and terminals from BZ2 no longer contribute to the fault. However, remov-
ing the CTs causes BZ1 to operate because the BZ1 balancing current from the 
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bus coupler CT disappeared. Removing the bus sectionalizer CTs also deasserts 
Relay Word bit 87R2, causing the accelerated trip timer to stop timing. Fault F1 
is now cleared, by tripping the correct busbar, although after a time delay. 

For Fault F2, the initial tripping is the same as for Fault F1: BZ2 operates, assert-
ing Relay Word bit 87R2. When Relay Word bit 87R2 asserts, the accelerated trip 
timer starts timing. Because of the BZ2 zone supervision (NOT CSL1), 87Z2 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.

Two cycles later, the tie breaker trips, and the auxiliary contact changes state at 
the same time. When the auxiliary contact changes state, Relay Word bit 
CB52A1 deasserts, causing Relay Word bits I01BZ2V and eventually I01BZ1V 
to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the 
relay removes the CTs from the differential calculations for BZ1 and BZ2. 
Because the bus coupler circuit breaker is open, terminals from BZ1 no longer 
contribute to the fault and BZ1 is stable. However, the BZ2 zone supervision 
(NOT CSL1) still supervises the BZ2 trip output for another two cycles. Two 
cycles later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
zone supervision from BZ2 and issuing a trip signal to all circuit breakers on 
Busbar 2.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.158 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?5 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN213 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ? <Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN214 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ? <Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R2 <Enter>
Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ? <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN202 <Enter>

Figure 6.158 Protection Group Settings for Application 7
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.159 shows the control output settings.

Breaker 03 Failure Logic
External Breaker Fail -BK03 (Y,N)                    EXBF03  := N      ?Y <Enter>
External Brkr Fail Init -BK03 (SELogic Equation)
XBF03 := NA
?  IN203 <Enter>
Breaker 04 Failure Logic
External Breaker Fail -BK04 (Y,N)                    EXBF04  := N      ?Y <Enter>
External Brkr Fail Init -BK04 (SELogic Equation)
XBF04 := NA
?  IN301<Enter>

External Breaker Fail -BK05 (Y,N)                    EXBF05  := N      ?Y <Enter>
External Brkr Fail Init -BK05 (SELogic Equation)
XBF05 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR 87R2 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.158 Protection Group Settings for Application 7 (Continued)
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This concludes the settings for Application 7.

Application 8: Double and Transfer Bus (Inboard CTs)
This application describes the busbar arrangement shown in Figure 6.160. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>

OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>

OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.159 Control Output Settings for Application 7
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description: Double bus with transfer busbar

➤ Current transformers: Bushing (inboard)

➤ Disconnects: 89A and 89B disconnect auxiliary contacts are 
available

➤ Bus coupler (tie breaker): Two CTs, configured in overlap

➤ Future expansion: Four feeders

                    

Figure 6.160 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Inboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT.

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. The SEL-487B offers a number of protection functions as standard 
features, but it also offers the capability through SELOGIC control equations for 
you to create user-configurable functions. Requirement 5 of the protection phi-
losophy calls for stable differential protection for all operating conditions. There 
are two network conditions when the differential protection can become unstable:

➤ when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ when the transfer disconnect of any feeder is closed

By following the correct operating sequence, and by declaring the appropriate 
conditions in the terminal-to-bus-zone and bus-zone-to-bus-zone connection set-
tings of the zone selection logic, the relay is stable for all operating conditions. 

Standard Functions
Refer to Protection Philosophy on page 6.208 and select the standard functions 
necessary for the application. Table 6.111 shows the selection of standard func-
tions.

                    

Table 6.111 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protection Yes Use the sensitive differential element as CT 
open-circuit detection.
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.28 to calculate the number of current channels at the station, and 
use Equation 6.29 to calculate the number of zones at the station.

                    

Equation 6.28

                    

Equation 6.29

The number of per-phase CTs at the station is 18 (tie breaker has six CT cores), 
so one SEL-487B suffices. However, the requirement for four future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need three relays. This is known as a three-relay appli-
cation. In a three-relay application, each relay provides six zones of protection 

Zone supervision logic No Not required. We achieve relay stability with 
terminal-to-bus-zone and bus-zone-to-bus-zone 
connection settings.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so 
this logic is not required.

Coupler security logic No Two CTs configured in overlap do not require 
the coupler security logic.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.111 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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for one of the three phases of the power system. For example, wire all the 
A-phase CTs to Relay 1, all the B-phase CTs to Relay 2, and all the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hardwire) the 
input and output contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required is therefore 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.30 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts. 

                    

Equation 6.30

Table 6.112 summarizes the input contact required for this application.

                    

The relay main board has seven inputs, an insufficient number of inputs for our 
application. Each interface board provides two sets of nine grouped inputs and 
six independent inputs. Use the grouped inputs for the disconnect auxiliary con-
tact inputs, and use the six independent inputs for future breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.113 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

Table 6.112 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Total number of inputs 30

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.113 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board output contacts are all standard output contacts. 
The interface boards have high-speed, high-interrupting output contacts that pro-
vide faster contact closure. Each interface board can provide six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign each circuit breaker trip output to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. From the 
output contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ The selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Assign each CT input to a specific relay analog channel

➤ Assign each disconnect input to specific relay inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.114 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.114 shows the assignment for the A-phase relay starting with 
the tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.160.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. Although there are three bus-
bars at the station, we only provide differential protection for Busbar B1 and Bus-
bar B2. Because the feeders have bushing CTs, the transfer busbar never forms 
part of the busbar protection. For the A-phase relay, we use two bus-zones with 
alias names as shown in Table 6.115.

                    

Input-to-Logic Allocation 
Table 6.112 shows that we require 30 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.116 and Table 6.117 show the disconnect auxiliary contact input alloca-
tions. Because Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are inde-
pendent inputs, we preserve these for future circuit breaker failure inputs.

                    

Table 6.114 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.115 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.116 Disconnect Contact Input Allocations (Sheet 1 of 2)

Input Description

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS_A) NO contact

IN209 TIE-BREAKER disconnect (TRANS_A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS_A) NO contact

IN218 MADRID terminal disconnect (TRANS_A) NC contact
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Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.117 shows the disconnect and auxiliary contact input allocations. 
Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are independent 
inputs, we preserve these inputs for future circuit breaker failure inputs.

                    

Assignment of the Selected Standard Logic
The following discussion references Table 6.111 in explaining each selected 
function. 

Disconnect Monitoring Logic 

Figure 6.161 shows the disconnect monitor logic circuit available in the relay. 
See Figure 6.120 for more information.

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS_A) NO contact

IN224 MILAN terminal disconnect (TRANS_A) NC contact

Table 6.116 Disconnect Contact Input Allocations (Sheet 2 of 2)

Input Description

Table 6.117 Disconnect Contact Input Allocations

Input Description

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.118 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

                    

Figure 6.161 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 TIE-BREAKER disconnect (TRANS_A) NO

89B03 TIE-BREAKER disconnect (TRANS _A) NC

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN _A disconnect (ZONE1_A) NC contact

89A08 MILAN _A disconnect (ZONE2_A) NO contact

89B08 MILAN _A disconnect (ZONE2_A) NC contact

89A09 MILAN _A disconnect (TRANS_A) NO contact

89B09 MILAN _A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME _A disconnect (ZONE1_A) NC contact

89A11 ROME _A disconnect (ZONE2_A) NO contact

89B11 ROME _A disconnect (ZONE2_A) NC contact

89A12 ROME _A disconnect (TRANS_A) NO contact

89B12 ROME _A disconnect (TRANS_A) NC contact

89A13 CAIRO _A disconnect (ZONE1_A) NO contact

89B13 CAIRO _A disconnect (ZONE1_A) NC contact

89A14 CAIRO _A disconnect (ZONE2_A) NO contact

89B14 CAIRO _A disconnect (ZONE2_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.162 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.119 shows Relay Word bits and description for the zone differential pro-
tection outputs. Because of the bushing (inboard) CTs, we cannot provide differ-
ential protection for the transfer busbar.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.219 for more information). Table 6.120 shows the differential trip bit 
names and the associated terminal current channels.

                    

89A15 CAIRO _A disconnect (TRANS_A) NO contact

89B15 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.119 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.162 Differential Trip Logic for Differential Element 1

Table 6.120 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.113 shows the relay outputs we need for this application. We now link the 
appropriate relay logic outputs to specific relay output contacts. Table 6.121 
shows TEST and ALARM protection logic output assignment to the main board 
output contacts. Table 6.122 shows the linking of the trip logic outputs to the 
relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.122 shows the assignment of the A-phase relay out-
put terminals.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.163.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.121 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 
Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.122 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201 TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.163 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.164.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.165.

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.166.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.164 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.165 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>
29:
?  I03,MADRI_A <Enter>

30:
?  I04,MILAN_A <Enter>
31:
?  I05,ROME_A <Enter>

32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.167 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either the alias names or the 
primitive names when entering settings. 

The NUMBK setting declares the number of circuit breakers at the station. In our 
example, there are five circuit breakers at the station, and we set NUMBK to 5. 
Setting NUMBK to 5 makes five corresponding circuit breaker auxiliary input 
equations (52A01–52A05), and five corresponding trip equations (TR01–TR05) 
available for setting.

In this application, we do not require circuit breaker auxiliary contacts, therefore 
set all circuit breaker auxiliary input equations to NA. 

The NUMDS setting declares the number of disconnect monitor logics we need, 
not the number of disconnect inputs. In our example, we need 15 disconnect 
monitor logics. You can set each disconnect travel time individually with the 
89ALPpp setting (pp = 01–15). Travel time is the period during which both dis-
connect auxiliary contacts are in the open position. Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>
Alias

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>

Figure 6.167 Global Settings for Application 8
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This concludes the Global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes. In this example, the dynamic zone selection logic uses the disconnect 
auxiliary contacts status to determine the station configuration and assign the 
input currents from the CTs to the appropriate differential elements.

For each terminal, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays.

Because we wire a disconnect auxiliary contact to only one relay, jumper (hard-
wire) the contact to the two other relays. For example, when we close the busbar 
disconnect on the MILAN feeder, all three phases (MILAN_A, MILAN_B, and 

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>

N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ? <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ? <Enter>

N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.167 Global Settings for Application 8 (Continued)
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MILAN_C) operate together. Because the relay measures the three phases in 
three separate relays (phase MILAN_A in the A-phase relay, phase MILAN_B in 
B-phase relay, etc.), we need to convey the disconnect status to all three relays. 

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
feeder circuit breaker (e.g., Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to a fixed operating 
sequence. Because the operating sequence defines a set of operating rules, set-
tings engineers can decide on appropriate terminal-to-bus-zone and bus-zone-to-
bus-zone settings for each step. The following defines the operating sequence for 
this application; many other operating sequences are possible and in use:

1. Only one feeder will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, and G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. No busbar protection exists for the transfer busbar. The transfer 
busbar is always part of the line protection. This is the key statement 
from the setting viewpoint. By declaring appropriate terminal-to-bus-
zone connection conditions, we can prevent relay misoperation when 
putting a feeder on transfer. In particular, we do not assign a 
differential element for the transfer busbar. Remove channel I02 from 
Busbar B1 differential calculations when any transfer disconnect 
closes. 

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.168 shows the Zone 
configuration settings for this application. 

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>

Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Figure 6.168 Zone Configuration Group Settings for Application 8
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL02 AND 89CL01 AND NOT(89CL03 OR 89CL06 OR 89CL09 OR 89CL12 OR 89CL15) 

<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL04 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL07 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>

ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>

CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL14 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>

Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.168 Zone Configuration Group Settings for Application 8 (Continued)
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element, and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17 for more information).

Because we do not use the coupler security logic, overcurrent elements, terminal 
out of service, breaker failure protection, or voltage elements in this application, 
set ESCL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, 
and EADVS := N. 

Setting NUMBK equal to 5 makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.120) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.169 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>

Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.169 Protection Group Settings for Application 8
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.170 shows the control output settings.

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87BTR01 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>
Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR05 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? <Enter>
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.169 Protection Group Settings for Application 8 (Continued)
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This concludes the settings for Application 8.

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.170 Control Output Settings for Application 8
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Metering, Monitoring, and Reporting

The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n



7.2

SEL-487B Relay Instruction Manual Date Code 20230830

Metering, Monitoring, and Reporting
Metering

Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report
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➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.
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➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Settings

Section 12: Settings in the SEL-400 Series Relays Instruction Manual describes 
common platform settings. This section contains tables of relay settings for the 
SEL-487B relay.

The relay hides some settings based upon other settings. If you set an Enable set-
ting to OFF, for example, the relay hides all settings associated with that Enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in the applications sections of the instruction manual where appropriate.

The settings prompts in this section are similar to the ASCII terminal and 
ACSELERATOR QuickSet SEL-5030 Software prompts. The prompts in this sec-
tion are unabbreviated and show all possible setting options.

For information on using settings in protection and automation, see the examples 
in Section 6: Protection Application Examples. The section contains information 
on the following settings classes.

➤ Alias Settings on page 8.1

➤ Global Settings on page 8.3

➤ Zone Configuration Settings on page 8.7

➤ Group Settings on page 8.13

➤ Protection Freeform SELOGIC Control Equations on page 8.20

➤ Automation Freeform SELOGIC Control Equations on page 8.21

➤ Notes Settings on page 8.21

➤ Output Settings on page 8.21

➤ Front-Panel Settings on page 8.21

➤ Report Settings on page 8.24

➤ Port Settings on page 8.25

➤ DNP3 Settings—Custom Maps on page 8.25

Alias Settings
See Alias Settings on page 12.25 in the SEL-400 Series Relays Instruction Man-
ual for a complete description of alias settings. The SEL-487B supports aliases 
for terminal names and bus-zone names, in addition to Relay Word bits and ana-
log quantities. Table 8.1 lists the default alias settings for the SEL-487B.

                    

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.

Table 8.1 Default Alias Settings (Sheet 1 of 3)

Label Default Value

I01 FDR_1

I02 FDR_2

I03 FDR_3
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I04 TRFR_1

I05 TB_1

I06 TB_2

BZ1 BUS_1

BZ2 BUS_2

FBF01 F1_BF

FBF02 F2_BF

FBF03 F3_BF

FBF04 T1_BF

FBF05 TB1_BF

FBF06 TB2_BF

87Z1 Z1_TRIP

87Z2 Z2_TRIP

IN101 F1_BFI

IN102 F2_BFI

IN103 F3_BFI

IN104 T1_BFI

IN105 TB_BFI

PLT01 DIFF_EN

PLT02 BF_EN

PLT03 TNS_SW

87ST1 CTZ1_AN

87ST2 CTZ2_AN

SBFTR01 F1_BFT

SBFTR02 F2_BFT

SBFTR03 F3_BFT

SBFTR04 T1_BFT

SBFTR05 TB1_BFT

SBFTR06 TB2_BFT

87BTR01 F1_DPT

87BTR02 F2_ DPT

87BTR03 F3_ DPT

87BTR04 T1_ DPT

87BTR05 TB1_ DPT

87BTR06 TB2_ DPT

OUT101 F1_TRP

OUT102 F2_TRP

OUT103 F3_TRP

OUT104 T1_TRP

OUT105 TB_TRP

OUT107 TEST

Table 8.1 Default Alias Settings (Sheet 2 of 3)

Label Default Value
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Global Settings
                    

OUT108 NOALARM

TLED_1 87_DIFF

TLED_2 BK_FAIL

TLED_3 ZONE_1

TLED_4 ZONE_2

TLED_5 ZONE_3

TLED_6 ZONE_4

TLED_7 ZONE_5

TLED_8 ZONE_6

TLED_9 50_TRIP

TLED_10 51_TRIP

TLED_11 CT_ALRM

TLED_12 87_BLK

TLED_13 TOS

TLED_14 89_OIP

TLED_15 89_ALRM

TLED_16 PT_ALRM

TLED_17 27_LED

TLED_18 59_LED

TLED_19 V01_ON

TLED_20 V02_ON

TLED_21 V03_ON

TLED_22 FLT_LED

TLED_23 52_ALRM

TLED_24 IRIGLED

Table 8.1 Default Alias Settings (Sheet 3 of 3)

Label Default Value

Table 8.2 Global Settings Categories (Sheet 1 of 2)

Settings Reference

General Global Settings Table 8.3

Global Enables Table 8.4

Station DC Monitor Table 8.5

Control Inputs (Global) Table 8.6

Main Board Control Inputs Table 8.7

Interface Board #1 Control Inputs Table 8.8

Interface Board #2 Control Inputs Table 8.9

Interface Board #3 Control Inputs Table 8.10

Interface Board #4 Control Inputs Table 8.11

Settings Group Selection Table 8.12
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Time and Date Management Table 8.13

Data Reset Control Table 8.14

Breaker Inputs Table 8.15

Disconnects Inputs and Timers Table 8.16

DNP Table 8.18

Table 8.3 General Global Settings

Label Prompt Default Value

SID Station Identifier (40 characters) Station A

RID Relay Identifier (40 characters) Relay 1

CONAM Company Name (5 characters) abcde

NUMBK Number of Breakers (N, 1–21) 5

NUMDS Number of Disconnects (N, 1–60) N

NFREQ Nominal System Frequency (50, 60 Hz) 60

Table 8.4 Global Enables

Label Prompt Default Value

EDCMON Station DC Battery Monitor (Y, N) N

EICIS Independent Control Input Settings (Y, N) N

EDRSTC Data Reset Control (Y, N) N

EGADVS Advanced Global Settings (Y, N) N

Table 8.5 Station DC Monitor

Label Prompt Default Value

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) 100

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) 127

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) 137

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) 142

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) 9

DC1GF Ground Detection Factor (1.00–2.00) 1.05

Table 8.6 Control Inputs (Global)

Label Prompt Default Value Increment

GINPU Input Pickup Delay (0.0–30 ms) 2.0 0.5

GINDO Input Dropout Delay (0.0–30 ms) 2.0 0.5

Table 8.2 Global Settings Categories (Sheet 2 of 2)

Settings Reference
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Table 8.7 Main Board Control Inputs

Label Prompt Default Value Increment

IN101PU Input IN101 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN101DO Input IN101 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN107PU Input IN107 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN107DO Input IN107 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.8 Interface Board #1 Control Inputs

Label Prompt Default Value Increment

IN201PU Input IN201 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN201DO Input IN201 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN224PU Input IN224 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN224DO Input IN224 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.9 Interface Board #2 Control Inputs

Label Prompt Default Value Increment

IN301PU Input IN301 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN301DO Input IN301 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN324PU Input IN324 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN324DO Input IN324 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.10 Interface Board #3 Control Inputs

Label Prompt Default Value Increment

IN401PU Input IN401 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN401DO Input IN401 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN424PU Input IN424 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN424DO Input IN424 Dropout Delay (0.0–30 ms) 2.0a 0.5
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Table 8.11 Interface Board #4 Control Inputs

Label Prompt Default Value Increment

IN501PU Input IN501 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN501DO Input IN501 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN524PU Input IN524 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN524DO Input IN524 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.12 Settings Group Selection

Label Prompt Default Value

SS1 Select Setting Group 1 (SELOGIC Equation) NA

SS2 Select Setting Group 2 (SELOGIC Equation) NA

SS3 Select Setting Group 3 (SELOGIC Equation) NA

SS4 Select Setting Group 4 (SELOGIC Equation) NA

SS5 Select Setting Group 5 (SELOGIC Equation) NA

SS6 Select Setting Group 6 (SELOGIC Equation) NA

TGR Group Change Delay (1–54000 cycles) 180

Table 8.13 Time and Date Management

Label Prompt Default Value

DATE_F Date Format (MDY, YMD, DMY) MDY

IRIGC IRIG-B Control Bits Definition (NONE, C37.118) NONE

UTCOFFa

a All data, reports, and commands from the relay are displayed in local time, referenced to an 
internal UTC master clock. Use the UTCOFF setting to specify the time offset from UTC time 
reference with respect to the relay location. (The only data still displayed in UTC time is 
streaming IEC 61850 data.)

Offset From UTC to Local Time (–15.5 to 15.5) –8

BEG_DSTb

b The BEG_DST (and END_DST) daylight-saving time setting consists of four fields or OFF: 
hh = local time hour (0–23); defines when daylight-saving time begins.
n = the week of the month when daylight-saving time begins (1–3, L); occurs in either the 1st, 

2nd, 3rd, or last week of the month.
d = day of week (1–7); Sunday is the first day of the week.
mm = month (1–12).
OFF = hides the daylight-saving time settings.

Begin DST (hh, n, d, mm, or OFF) "2, 2, 1, 3"

END_DST End DST (hh, n, d, or mm) "2, 1, 1, 11"

Table 8.14 Data Reset Control

Label Prompt Default Value

RST_BAT Reset Battery Monitoring (SELOGIC Equation) NA

RSTTRGT Target Reset (SELOGIC Equation) NA

RSTDNPE Reset DNP Fault Summary Data (SELOGIC Equation) TRGTR

RST_HAL Reset Warning Alarm Pulsing (SELOGIC Equation) NA
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Make Table 8.19 settings when advanced Global settings are enabled 
(EGADVS := Y) and only for unique system configurations. Changing the 
OPHDO setting affects the filtered current level that declares an open phase, 
which has effects throughout the protection logic. SEL recommends leaving the 
OPHDO setting at the default value.

                    

Zone Configuration Settings
The following zone configuration settings are the default settings for all six settings 
groups. You can set each of the six zone configuration settings groups independently.

Table 8.15 Breaker Inputs

Label Prompt Default Value

52A01 N/O Contact Input–BK01 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

52A21 N/O Contact Input–BK21 (SELOGIC Equation) NA

Table 8.16 Disconnect Inputs

Label Prompt Default Value Increment

89A01 N/O Contact Inputs–DS01 (SELOGIC Equation) NA

89B01 N/C Contact Inputs–DS01 (SELOGIC Equation) NA

89ALP01 DS01 Alarm Pickup Delay (0–99999 cyc) 300 1

•
•
•

•
•
•

•
•
•

89A60 N/O Contact Inputs–DS60 (SELOGIC Equation) NA

89B60 N/C Contact Inputs–DS60 (SELOGIC Equation) NA

89ALP60 DS60 Alarm Pickup Delay (0–99999 cyc) 300 1

Table 8.17 Access Control

Label Prompt Default Value

EACC Enable ACC access level (SELOGIC Equation) 1

E2AC Enable ACC–2AC access levels (SELOGIC Equation) 1

Table 8.18 DNP

Label Prompt Default Value Increment

EVELOCK Event Summary Lock Period (0–1000 s) 0 1

DNPSRC DNP Session Time Base (LOCAL,UTC) UTC

Table 8.19 Open-Phase Logic

Setting Prompt Default Value

OPHDOa

a Range and default value shown are for a 5 A relay. For a 1 A relay, divide the range and default 
value by 5.

Line Open Phase Threshold (0.01–5 A, sec) 0.2
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Table 8.20 Zone Configuration Settings Categories

Settings Reference

Potential Transformer Ratios Table 8.21

Current Transformer Ratios Table 8.22

Terminal-to-Bus-Zone Connections Table 8.23, Table 8.24

Bus-Zone-to-Bus-Zone Connections Table 8.25, Table 8.26

Zone Supervision Table 8.27

Zone Switching Supervision Table 8.28

Zone Open CT Detection Table 8.29

Check Zone Configuration and Terminal-to-Check-Zone Connections Table 8.30, Table 8.31

Check Zone Supervision Table 8.32

Current Normalization Factor a

a This setting is included here because it appears in the read-back information as TAPnn values 
(nn = 01–21). However, the user cannot set these values; the SEL-487B calculates these internally 
using the nominal current and CT ratios. See Section 5: Protection Functions for more 
information.

Table 8.21 Potential Transformer Ratios

Label Prompt Default Value

PTR1 Potential Transformer Ratio–V01 (1–10000) 2000

PTR2 Potential Transformer Ratio–V02 (1–10000) 2000

PTR3 Potential Transformer Ratio–V03 (1–10000) 2000

Table 8.22 Current Transformer Ratios

Label Prompt Default Value

CTR01 Current Transformer Ratio–I01 (1–50000) 600

CTR02 Current Transformer Ratio–I02 (1–50000) 600

•
•
•

•
•
•

•
•
•

CTR21 Current Transformer Ratio–I21 (1–50000) 600

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

I01BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_1, BUS_1,P

I01BZ1V FDR_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS01

I02BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_2, BUS_1,P

I02BZ1V FDR_2 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS02

I03BZ2C Terminal, Bus-Zone, Polarity (P, N) FDR_3, BUS_2,P

I03BZ2V FDR_3 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS03

I04BZ2C Terminal, Bus-Zone, Polarity (P, N) TRFR_1, BUS_2,P

I04BZ2V TRFR_1 to BUS_2 Connection (SELOGIC Equa-
tion)

DIFF_EN AND NOT TOS04

I05BZ1C Terminal, Bus-Zone, Polarity (P, N) TB_1, BUS_1,P

I05BZ1V TB_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05
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I06BZ2C Terminal, Bus-Zone, Polarity (P, N) TB_2, BUS_2,P

I06BZ2V TB_2 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05

•
•
•

•
•
•

•
•
•

InnBZpCa, b Terminal, Bus-Zone, Polarity (P, N) None

InnBZpV Inn to BZp Connection (SELOGIC Equation) NA

a nn = 1–21.
b p = 1–6.

Table 8.24 Terminal-to-Bus-Zone Connections, QuickSet View

Label Prompt Default Value

CT01BZ1 Connect Terminal 01 to Bus-Zone 1 (Select: Y, N) Y

TBZT1 Terminal I01 FDR_1d

TBZB1 Bus-Zone BZ1 BUS_1d

TBZP1 Polarity I01-BZ1 (Select: P, N) P

I01BZ1V Terminal to Bus Connection Logic (SELOGIC Equation) DIFF_EN AND 
NOT TOS01

CT01BZ2 Connect Terminal 01 to Bus-Zone 2 (Select: Y, N) N

TBZT2 Terminal I01 d

TBZB2 Bus-Zone BZ2 d

TBZP2 Polarity I01-BZ2 (Select: P,N) P

I01BZ2V Terminal to Bus Connection Logic (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

CTnnBZpa,b

a nn = 1–21.
b p = 1–6.

Connect Terminal nn to Bus-Zone p (Select: Y, N) Y

TBZTbc

c b = 1–126. The setting shown in the Terminal Emulation Program, InnBZpC, is equivalent to the 
combination of the three block settings: TBZTb, TBZBb, TBZPb. These settings are separated 
into 126 blocks in the QuickSet view to show configuration options for every terminal to bus-zone 
connection option. (21 terminals • 6 bus zones = 126 blocks). 

Terminal Inn d

d This setting is shown for clarity and not user configurable. It is active when CTnnBZp = Y and 
defaults to the terminal, bus, or alias name. 

TBZBbc Bus-Zone BZp d

TBZPbc Polarity Inn-BZp (Select: P, N) P

InnBZpVa,b Terminal to Bus Connection Logic (SELOGIC Equation) NA

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

BZpBZmCa, b Bus-Zone, Bus-Zone None

BZpBZmVa, b BZp to BZm Connection (SELOGIC Equation) NA

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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BZpBZmRa, b Connection to Remove Terminals when BZp and BZm 
merge (SELOGIC Equation)

NA

BZpBZmMa, b Terminals Removed when BZp and BZm Bus-Zones 
merge (Ter k,. . .,Ter n)c

None

BZpBZmTa, b Trip Terminals Ter k, . . ., Ter n (Y, N) N

a p = 1–6.
b m = 1–6.
c Terminal k, Terminal 1, or Terminal n (maximum of four terminals from 01–21).

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 1 of 2)

Label Prompt Default Value

CBZ1BZ2 Connect Bus-Zone 1 to Bus-Zone 2 (Select: Y, N) N

BZBZ11 Bus-Zone BZ1 BUS_1a

BZBZ21 Bus-Zone BZ2 BUS_2a

BZ1BZ2V Bus to Bus Connection Logic (SELOGIC Equation) NA

BZ1BZ2R Removed Terminal Logic (SELOGIC Equation) NA

CPT11 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT21 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT31 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT41 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

BZBZT1 Trip Selected Terminal(s) above? (Select: Y, N) N

•
•
•

•
•
•

•
•
•

CBZpBZmb, c Connect Bus-Zone p to Bus-Zone m (Select: Y, N) N

BZBZ1bd Bus-Zone BZp BZpa

BZBZ2b Bus-Zone BZm BZma

BZpBZmV Bus to Bus Connection Logic (SELOGIC Equation) NA

BZpBZmR Removed Terminal Logic (SELOGIC Equation) NA

CPT1be Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT2b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT3b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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CPT4b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

BZBZTb Trip Selected Terminal(s) above? (Select: Y, N) N

a This setting is shown for clarity and not user configurable. It is active when CBZpBZm =Y and 
defaults to the bus or alias name.

b p = 1–6.
c m = 1–6.
d b = 1–15. These settings are separated into 15 blocks in the QuickSet view to show configuration 

options for every bus-zone-to-bus-zone connection option.
e The setting shown in the Terminal Emulation Program, BZpBZmM, is equivalent to the 

combination of the four QuickSet block settings: CPT1b, CPT2b, CPT3b, CPT4b.

Table 8.27 Zone Supervision 

Label Prompt Default Value

E87ZSUP Differential Element Zone Supervision (Y, N) N

Z1S Zone 1 Supervision (SELOGIC Equation) 1

Z2S Zone 2 Supervision (SELOGIC Equation) 1

Z3S Zone 3 Supervision (SELOGIC Equation) 1

Z4S Zone 4 Supervision (SELOGIC Equation) 1

Z5S Zone 5 Supervision (SELOGIC Equation) 1

Z6S Zone 6 Supervision (SELOGIC Equation) 1

Table 8.28 Zone Switching Supervision

Label Prompt Default Value

EZSWSUP Zone Switching Supervision (Y, N) N

ZSWO Zone Switching Operation (SELOGIC Equation) NA

RZSWOAL Reset Zone Switching Op Alarm (SELOGIC Equation) NA

ZSWOPU Zone Switching Op Pickup Delay (0–99999 cyc) 1800

Table 8.29 Zone Open CT Detection

Label Prompt Default Value

ROCTZ1 Reset Zone 1 Open CT Detector (SELOGIC Equation) RSTOCT1

ROCTZ2 Reset Zone 2 Open CT Detector (SELOGIC Equation) RSTOCT2

ROCTZ3 Reset Zone 3 Open CT Detector (SELOGIC Equation) RSTOCT3

ROCTZ4 Reset Zone 4 Open CT Detector (SELOGIC Equation) RSTOCT4

ROCTZ5 Reset Zone 5 Open CT Detector (SELOGIC Equation) RSTOCT5

ROCTZ6 Reset Zone 6 Open CT Detector (SELOGIC Equation) RSTOCT6

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 2 of 2)

Label Prompt Default Value
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Table 8.30 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
Terminal Emulation Program View

Label Prompt Default Value

ECHKZN Enable Check Zones at Station (Y, N) N

InnCZpCa, b

a nn = 1–21.
b p = 1–3.

Terminal, Check-Zone, Polarity (P, N) None

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqRb, c

c q = 1–4.

Include Coupler q in Check Zone p (SELOGIC Equation) NA

CZpqMa, b, c Inn to CZp Connection (SELOGIC Equation)

Table 8.31 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
QuickSet View

Label Prompt Default Value

CT01CZ1 Connect Terminal 1 to Check-Zone 1 (Select: Y, N) N

TCZT1 Terminal I01 FDR_1a

a This setting is shown for clarity and not user configurable. It is active when CTnnCZp = Y and 
defaults to the terminal, check zone or alias name.

TCZC1 Check Zone CZ1 CZ1a

TCZP1 Polarity I01-CZ1 (Select: P, N) P

•
•
•

•
•
•

•
•
•

CTnnCZpb,c

b nn = 1–21.
c p = 1–3.

Connect Terminal Inn to Check-Zone p (Select: Y, N) N

TCZTbd

d b = 1–63. These settings are separated into 63 blocks in the QuickSet view to show configuration 
options for every terminal-to-check-zone connection option (21 terminals • 3 check zones). The 
setting shown in the Terminal Emulation Program, InnCZpC, is equivalent to the combination of 
the three QuickSet block settings: TCZTb, TCZCb, TCZPb.

Terminal Inn Inna

TCZCb Check Zone CZp CZpa

TCZPb Polarity Inn-CZp (Select: P, N) P

Table 8.32 Check Zone Supervision

Label Prompt Default Value

E87CZSP Differential Element Check Zone Supervision (Y, N) N

CZnSa

a n = 1–3.

Check Zone n Supervision (SELOGIC Control Equation)b

b 0 is not a valid value for this setting.

1
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Table 8.33 Group Settings Categories 

Settings Reference

Relay Configuration Table 8.34

Sensitive Differential Elements Table 8.35

Check Zone Sensitive Differential Elements Table 8.36

Restrained Differential Elements Table 8.37

Check Zone Restrained Differential Elements Table 8.38

Phase Directional Element Table 8.39

Coupler Security Logic Table 8.40

Terminal Out of Service Table 8.41

Breaker Failure Logic Table 8.42

Definite-Time Overcurrent Elements Table 8.43

Inverse-Time Overcurrent Elements Table 8.44

Under- and Overvoltage Elements Table 8.45, 
Table 8.46

Trip Logic Table 8.47

Table 8.34 Relay Configuration 

Label Prompt Default Value

E87SSUP Sensitive Differential Element Supervision (Y, N) Y

ECSL Coupler Security Logic (N, 1–4) N

ETOS Terminal Out of Service (N, 1–21) 5

EBFL Breaker Failure Logic (N, 1–21) 6

E50 Definite-Time Overcurrent Elements (N, 1–21) N

E51 Inverse-Time Overcurrent Elements (N, 1–21) N

EADVS Advanced Settings (Y, N) N

E27 Enable Under Voltage Elements (N, 1–6) N

E59 Enable Over Voltage Elements (N, 1–6) N

Table 8.35 Sensitive Differential Elements

Label Prompt Default Value Increment

S87P Sensitive Differential Element Pickup (0.05–1 pu) 0.10 0.01

87STPU 87S Timer Pickup Delay (50–6000 cyc) 300 1

Table 8.36 Check Zone Sensitive Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZS87P Check Zone Sensitive Differential Element 
Pickup (0.05–1 pu)

0.10 0.01

CZ87STP Check Zone 87S Time Pickup Delay 
(50–6000 cyc)

300 1
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Table 8.37 Restrained Differential Elements

Label Prompt Default Value Increment

O87P Restrained Diff Element Pickup (0.10–4 pu) 1.00 0.01

SLP1 Restrained Slope 1 Percentage (15–90%) 60 1

SLP2 Restrained Slope 2 Percentage (50–90%) 80 1

RTDI Incr Restrained Current Threshold (0.10–10 pu) 1.20 0.01

OPDI Incr Operating Current Threshold (0.10–10 pu) 1.20 0.01

Table 8.38 Check Zone Restrained Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZO87P Check Zone Restrained Diff Element Pickup 
(0.10–4 pu)

1.00 0.01

CZSLP1 Check Zone Restrained Slope 1 Percentage
(5–90%)

60 1

CZSLP2 Check Zone Restrained Slope 2 Percentage
(15–90%)

80 1

CZRTDI Check Zone Incr Restrained Current Threshold 
(0.10–10 pu)

1.20 0.01

CZOPDI Check Zone Incr Operating Current Threshold 
(0.10–10 pu)

1.20 0.01

Table 8.39 Phase Directional Element

Label Prompt Default Value Increment

50DSP Dir Element O/C Supervision Pickup (0.05–3 pu) 0.05 0.01

Table 8.40 Coupler Security Logic (1–4)

Label Prompt Default Value Increment

CB52A1 Coupler 1 Status (SELOGIC Equation) NA

CB52DO1 Coupler 1 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS1 Coupler 1 Close Command (SELOGIC Equation) NA

CBCLDO1 Coupler 1 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP1 Coupler 1 Acc Trip (SELOGIC Equation) NA

ACTPPU1 Coupler 1 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083

•
•
•

•
•
•

•
•
•

•
•
•

CB52A4 Coupler 4 Status (SELOGIC Equation) NA

CB52DO4 Coupler 4 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS4 Coupler 4 Close Command (SELOGIC Equation) NA

CBCLDO4 Coupler 4 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP4 Coupler 4 Acc Trip (SELOGIC Equation) NA

ACTPPU4 Coupler 4 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083
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Table 8.41 Terminal Out of Service (1–21)

Label Prompt Default Value

TOS01 Terminal 01 Out-of-Service (SELOGIC Equation) LB01 

TOS02 Terminal 02 Out-of-Service (SELOGIC Equation) LB02 

TOS03 Terminal 03 Out-of-Service (SELOGIC Equation) LB03 

TOS04 Terminal 04 Out-of-Service (SELOGIC Equation) LB04 

TOS05 Terminal 05 Out-of-Service (SELOGIC Equation) LB05 

TOS06 Terminal 06 Out-of-Service (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TOS21 Terminal 21 Out-of-Service (SELOGIC Equation) NA

Table 8.42 Breaker Failure Logic (1–21) (Sheet 1 of 4)

Label Prompt Default Value Increment

Breaker 01 Failure Logic

EXBF01 External Breaker Fail–BK01 (Y, N) N

XBF01 External Brkr Fail Init–BK01 (SELOGIC Equation) NA

50FP01 Fault Current Pickup–BK01 (0.50–50 amps, sec) 3.00 0.01

BFPU01 Brkr Fail Init Pickup Delay–BK01 (0.00–6000 cyc) 6.00 0.083

RTPU01 Retrip Delay–BK01 (0.00–6000 cyc) 3.00 0.083

BFI01 Breaker Fail Initiate–BK01 (SELOGIC Equation) F1_BFI AND 
BF_EN

ATBFI01 Alt Breaker Fail Initiate–BK01 (SELOGIC Equa-
tion)

NA

EBFIS01 Breaker Fail Initiate Seal-In–BK01 (Y, N) N

BFISP01 Breaker Fail Init Seal-In Delay–BK01 (0.00–
1000 cyc)

0.50 0.083

BFIDO01 Brkr Fail Init Dropout Delay–BK01 (0.00–
1000 cyc)

1.50 0.083

Breaker 02 Failure Logic

EXBF02 External Breaker Fail–BK02 (Y, N) N

XBF02 External Brkr Fail Init–BK02 (SELOGIC Equation) NA

50FP02 Fault Current Pickup–BK02 (0.50–50 amps, sec) 3.00 0.01

BFPU02 Brkr Fail Init Pickup Delay–BK02 (0.00–6000 cyc) 6.00 0.083

RTPU02 Retrip Delay–BK02 (0.00–6000 cyc) 3.00 0.083

BFI02 Breaker Fail Initiate–BK02 (SELOGIC Equation) F2_BFI AND 
BF_EN

ATBFI02 Alt Breaker Fail Initiate–BK02 (SELOGIC Equa-
tion)

NA

EBFIS02 Breaker Fail Initiate Seal-In–BK02 (Y, N) N

BFISP02 Breaker Fail Init Seal-In Delay–BK02 (0.00–
1000 cyc)

0.50 0.083

BFIDO02 Brkr Fail Init Dropout Delay–BK02 (0.00–
1000 cyc)

1.50 0.083
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Breaker 03 Failure Logic

EXBF03 External Breaker Fail–BK03 (Y, N) N

XBF03 External Brkr Fail Init–BK03 (SELOGIC Equation) NA

50FP03 Fault Current Pickup–BK03 (0.50–50 amps, sec) 3.00 0.01

BFPU03 Brkr Fail Init Pickup Delay–BK03 (0.00–6000 cyc) 6.00 0.083

RTPU03 Retrip Delay–BK03 (0.00–6000 cyc) 3.00 0.083

BFI03 Breaker Fail Initiate–BK03 (SELOGIC Equation) F3_BFI AND 
BF_EN

ATBFI03 Alt Breaker Fail Initiate–BK03 (SELOGIC Equa-
tion)

NA

EBFIS03 Breaker Fail Initiate Seal-In–BK03 (Y, N) N

BFISP03 Breaker Fail Init Seal-In Delay–BK03 (0.00–
1000 cyc)

0.50 0.083

BFIDO03 Brkr Fail Init Dropout Delay–BK03 (0.00–
1000 cyc)

1.50 0.083

Breaker 04 Failure Logic

EXBF04 External Breaker Fail–BK04 (Y, N) N

XBF04 External Brkr Fail Init–BK04 (SELOGIC Equation) NA

50FP04 Fault Current Pickup–BK04 (0.50–50 amps, sec) 3.00 0.01

BFPU04 Brkr Fail Init Pickup Delay–BK04 (0.00–6000 cyc) 6.00 0.083

RTPU04 Retrip Time Delay–BK04 (0.00–6000 cyc) 3.00 0.083

BFI04 Breaker Fail Initiate–BK04 (SELOGIC Equation) T1_BFI AND 
BF_EN

ATBFI04 Alt Breaker Fail Initiate–BK04 (SELOGIC Equa-
tion)

NA

EBFIS04 Breaker Fail Initiate Seal-In–BK04 (Y, N) N

BFISP04 Breaker Fail Init Seal-In Delay–BK04 (0.00–
1000 cyc)

0.50 0.083

BFIDO04 Brkr Fail Init Dropout Delay–BK04 (0.00–
1000 cyc)

1.50 0.083

Breaker 05 Failure Logic

EXBF05 External Breaker Fail–BK05 (Y, N) N

XBF05 External Brkr Fail Init–BK05 (SELOGIC Equation) NA

50FP05 Fault Current Pickup–BK05 (0.50–50 amps, sec) 3.00 0.01

BFPU05 Brkr Fail Init Pickup Delay–BK05 (0.00–
6000 cyc)

6.00 0.083

RTPU05 Retrip Delay–BK05 (0.00–6000 cyc) 3.00 0.083

BFI05 Breaker Fail Initiate–BK05 (SELOGIC Equation) TB_BFI AND 
BF_EN

ATBFI05 Alt Breaker Fail Initiate–BK05 (SELOGIC Equa-
tion)

NA

EBFIS05 Breaker Fail Initiate Seal-In–BK05 (Y, N) N

BFISP05 Breaker Fail Init Seal-In Delay–BK05 (0.00–
1000 cyc)

0.50 0.083

BFIDO05 Brkr Fail Init Dropout Delay–BK05 (0.00–
1000 cyc)

1.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 2 of 4)

Label Prompt Default Value Increment
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Breaker 06 Failure Logic

EXBF06 Enable External Breaker Fail–BK06 (Y, N) N

XBF06 External Brkr Fail Init–BK06 (SELOGIC Equation) NA

50FP06 Fault Current Pickup–BK06 (0.50–50 amps, sec) 3.00 0.01

BFPU06 Brkr Fail Init Pickup Delay–BK06 (0.00–6000 cyc) 6.00 0.083

RTPU06 Retrip Delay–BK06 (0.00–6000 cyc) 3.00 0.083

BFI06 Breaker Fail Initiate–BK06 (SELOGIC Equation) IN106 AND 
BF_EN

ATBFI06 Alt Breaker Fail Initiate–BK06 (SELOGIC Equa-
tion)

NA

EBFIS06 Breaker Fail Initiate Seal-In–BK06 (Y, N) N

BFISP06 Breaker Fail Init Seal-In Delay–BK06 (0.00–
1000 cyc)

0.50 0.083

BFIDO06 Brkr Fail Init Dropout Delay–BK06 (0.00–
1000 cyc)

1.50 0.083

Breaker 07 Failure Logic

EXBF07 External Breaker Fail–BK07 (Y, N) N

XBF07 External Brkr Fail Init–BK07 (SELOGIC Equation) NA

50FP07 Fault Current Pickup–BK07 (0.50–50 amps, sec) 3.00 0.01

BFPU07 Brkr Fail Init Pickup Delay–BK07 (0.00–6000 cyc) 6.00 0.083

RTPU07 Retrip Delay–BK07 (0.00–6000 cyc) 3.00 0.083

BFI07 Breaker Fail Initiate–BK07 (SELOGIC Equation) NA

ATBFI07 Alt Breaker Fail Initiate–BK07 (SELOGIC Equa-
tion)

NA

EBFIS07 Breaker Fail Initiate Seal-In–BK07 (Y, N) N

BFISP07 Breaker Fail Init Seal-In Delay–BK07 (0.00–
1000 cyc)

0.50 0.083

BFIDO07 Brkr Fail Init Dropout Delay–BK07 (0.00–
1000 cyc)

1.50 0.083

Breaker 08 Failure Logic

EXBF08 External Breaker Fail–BK08 (Y, N) Y

XBF08 External Brkr Fail Init–BK08 (SELOGIC Equation) NA

50FP08 Fault Current Pickup–BK08 (0.50–50 amps, sec) 3.00 0.01

BFPU08 Brkr Fail Init Pickup Delay–BK08 (0.00–6000 cyc) 6.00 0.083

RTPU08 Retrip Delay–BK08 (0.00–6000 cyc) 3.00 0.083

BFI08 Breaker Fail Initiate–BK08 (SELOGIC Equation) NA

ATBFI08 Alt Breaker Fail Initiate–BK08 (SELOGIC Equa-
tion)

NA

EBFIS08 Breaker Fail Initiate Seal-In–BK08 (Y, N) N

BFISP08 Breaker Fail Init Seal-In Delay–BK08 (0.00–
1000 cyc)

0.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 3 of 4)

Label Prompt Default Value Increment
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BFIDO08 Brkr Fail Init Dropout Delay–BK08 (0.00–
1000 cyc)

1.50 0.083

•
•
•

•
•
•

•
•
•

•
•
•

Breaker 21 Failure Logic

EXBF21 External Breaker Fail–BK21 (Y, N) Y

XBF21 External Brkr Fail Init–BK21 (SELOGIC Equation) NA

50FP21 Fault Current Pickup–BK21 (0.50–50 amps, sec) 3.00 0.01

BFPU21 Brkr Fail Init Pickup Delay–BK21 (0.00–6000 cyc) 6.00 0.083

RTPU21 Retrip Delay–BK21 (0.00–6000 cyc) 3.00 0.083

BFI21 Breaker Fail Initiate–BK21 (SELOGIC Equation) NA

ATBFI21 Alt Breaker Fail Initiate–BK21 (SELOGIC Equa-
tion)

NA

EBFIS21 Breaker Fail Initiate Seal-In–BK21 (Y, N) N

BFISP21 Breaker Fail Init Seal-In Delay–BK21 (0.00–
1000 cyc)

0.50 0.083

BFIDO21 Brkr Fail Init Dropout Delay–BK21 (0.00–
1000 cyc)

1.50 0.083

Table 8.43 Definite-Time Overcurrent Elements 

Label Prompt Default Value Increment

50P01P Terminal 01 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P01D Terminal 01 Pickup Delay (0.00–99999 cyc) 10.00 0.167

•
•
•

•
•
•

•
•
•

•
•
•

50P21P Terminal 21 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P21D Terminal 21 Pickup Delay (0.00–99999 cyc) 10.00 0.167

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 1 of 2)

Label Prompt Default Value

51O01 Inverse Time O/C 01 Operate Quantity I01FIM

51P01a Inverse Time O/C 01 Pickup (SELOGIC Equation)
(0.25–16 A, sec)

0.50

51C01 Inverse Time O/C 01 Curve (U1–U5, C1–C5) U1

51TD01 Inverse Time O/C 01 Time Dial (0.50–15) [U1–U5]

or

Inverse Time O/C 01 Time Dial (0.05–1) [C1–C5]

0.50

51RS01 Inverse Time O/C 01 EM Reset (Y, N) Y

51TC01 Inverse Time O/C 01 Torque Cont (SELOGIC Equation) 1

•
•
•

•
•
•

•
•
•

51O21 Inverse Time O/C 21 Operate Quantity I21FIM

Table 8.42 Breaker Failure Logic (1–21) (Sheet 4 of 4)

Label Prompt Default Value Increment
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51P21a Inverse Time O/C 21 Pickup (SELOGIC Equation)
(0.50–16 A, sec)

0.50

51C21 Inverse Time O/C 21 Curve (U1–U5, C1–C5) U1

51TD21 Inverse Time O/C 21 Time Dial (0.50–15) [U1–U5] 

or

Inverse Time O/C 21 Time Dial (0.05–1) [C1–C5]

0.50

51RS21 Inverse Time O/C 21 EM Reset (Y, N) Y

51TC21 Inverse Time O/C 21 Torque Cont (SELOGIC Equation) 1

a The acceptable range of result of the math equation must be within specific limits depending on 
the nominal current. For 5 A nominal current input, the range is 0.25–16.0 A, sec. For 1 A nominal 
current input, 0.05–3.2 A, sec. See Section 5: Protection Functions for more information.

Table 8.45 Undervoltage Elements 

Label Prompt Default Value Increment

270na

a n = 1–6.

U/V Element n Operating Quantity V1FIM

27PnP1a U/V Element n Level 1 P/U (2.00–300 V, sec) 20.00 0.01

27TCna U/V Element n Torque Control (SELOGIC Eqn) 1

27PnD1a U/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

27PnP2a U/V Element n Level 2 P/U (2.00–300 V, sec) 15.00 0.01

Table 8.46 Overvoltage Elements 

Label Prompt Default Value Increment

590na

a n = 1–6.

O/V Element n Operating Quantity V1FIM

59PnP1a O/V Element n Level 1 P/U (2.00–300 V, sec) 76.00 0.01

59TCna O/V Element n Torque Control (SELOGIC Eqn) 1

59PnD1a O/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

59PnP2a O/V Element n Level 2 P/U (2.00–300 V, sec) 80.00 0.01

Table 8.47 Trip Logic (Sheet 1 of 2)

Label Prompt Default Value Increment

TR01 Trip 01 (SELOGIC Equation) F1_BFT OR F1_DPT

ULTR01 Unlatch Trip 01 (SELOGIC Equation) NA

TR02 Trip 02 (SELOGIC Equation) F2_BFT OR F2_DPT

ULTR02 Unlatch Trip 02 (SELOGIC Equation) NA

TR03 Trip 03 (SELOGIC Equation) F3_BFT OR F3_DPT

ULTR03 Unlatch Trip 03 (SELOGIC Equation) NA

TR04 Trip 04 (SELOGIC Equation) T1_BFT OR T1_DPT

ULTR04 Unlatch Trip 04 (SELOGIC Equation) NA

TR05 Trip 05 (SELOGIC Equation) TB1_BFT OR TB1_DPT OR 
TB2_BFT OR TB2_DPT

ULTR05 Unlatch Trip 05 (SELOGIC Equation) NA

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 2 of 2)

Label Prompt Default Value
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Protection Freeform SELOGIC Control Equations
The following protection freeform SELOGIC control equation settings are the 
default settings for all six settings groups. You can set each of the six protection 
freeform SELOGIC control equation settings groups independently. See Multiple 
Setting Groups on page 12.4 in the SEL-400 Series Relays Instruction Manual.

                    

TR06 Trip 06 (SELOGIC Equation) NA

ULTR06 Unlatch Trip 06 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TR21 Trip 21 (SELOGIC Equation) NA

ULTR21 Unlatch Trip 21 (SELOGIC Equation) NA

TDURD Minimum Trip Duration Time Delay
(2.000–8000 cyc)

12.000 0.083

ER Event Report Trigger Equation 
(SELOGIC Equation)

R_TRIG 87ST 

Table 8.47 Trip Logic (Sheet 2 of 2)

Label Prompt Default Value Increment

Table 8.48 Protection Freeform SELOGIC Control Equations

Label Default Value

PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED

PLT01R := PCT02Q AND DIFF_EN AND NOT PLT04

PLT02S := NOT BF_EN AND PLT05 # BREAKER FAILURE ENABLED

PLT02R := PCT03Q AND BF_EN AND NOT PLT05

PLT03S := NOT TNS_SW AND PLT06 # RELAY TEST MODE

PLT03R := PCT04Q AND TNS_SW AND NOT PLT06

PLT04S := PB1_PUL AND NOT DIFF_EN # ONLY ONE OP PER PB1 PRESS

PLT04R := PB1_PUL AND DIFF_EN

PLT05S := PB2_PUL AND NOT BF_EN # ONLY ONE OP PER PB2 PRESS

PLT05R := PB2_PUL AND BF_EN

PLT06S := PB4_PUL AND NOT TNS_SW # ONLY ONE OP PER PB4 PRESS

PLT06R := PB4_PUL AND TNS_SW

PCT01PU := 240

PCT01IN := PCT01IN := 3V2FIM > 20 OR 3V0FIM > 20

PCT02PU := 60 # 1 SEC DELAY DISABLE ON PB1

PCT02IN := PB1

PCT03PU := 60 # 1 SEC DELAY DISABLE ON PB2

PCT03IN := PB2

PCT04PU := 60 # 1 SEC DELAY DISABLE ON PB4

PCT04IN := PB4
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Automation Freeform SELOGIC Control Equations
See Automation Freeform SELOGIC Control Equations on page 12.26 in the 
SEL-400 Series Relays Instruction Manual for a description of automation 
SELOGIC control equations. The SEL-487B supports 10 blocks of 100 lines.

Notes Settings
Use the Notes settings like a text pad to leave notes about the relay. See Notes 
Settings on page 12.29 in the SEL-400 Series Relays Instruction Manual for addi-
tional information on Notes settings.

Output Settings
Output Settings on page 12.26 in the SEL-400 Series Relays Instruction Manual 
contains a description of the relay’s output settings. This subsection describes 
SEL-487B-specific default values.

                    

All interface board default output SELOGIC equations default to NA.

Front-Panel Settings
See Front-Panel Settings on page 12.20 in the SEL-400 Series Relays Instruction 
Manual for a complete description of front-panel settings. This subsection lists 
the SEL-487B-specific default settings values.

                    

Table 8.49 Main Board

Label Default Value

OUT101 TRIP01 AND NOT TNS_SW

OUT102 TRIP02 AND NOT TNS_SW

OUT103 TRIP03 AND NOT TNS_SW

OUT104 TRIP04 AND NOT TNS_SW

OUT105 TRIP05 AND NOT TNS_SW

OUT106 NA

OUT107 TNS_SW #RELAY TEST MODE

OUT108 NOT (SALARM OR HALARM)

Table 8.50 Front-Panel Settings (Sheet 1 of 4)

Label Default Value

FP_TO 15

EN_LEDCa G

TR_LEDCa R

PB1_LED DIFF_EN # Differential Protection Enabled

PB1_COLa AO
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PB2_LED BF_EN # Breaker Failure Enabled

PB2_COLa AO

PB3_LED NA

PB3_COLa AO

PB4_LED TNS_SW # Test Normal Switch Enabled

PB4_COLa AO

PB5_LED NA

PB5_COLa AO

PB6_LED NA

PB6_COLa AO

PB7_LED NA

PB7_COLa AO

PB8_LED NA 

PB8_COLa,b AO

PB9_LEDb NA 

PB9_COLa,b AO

PB10LEDb NA 

PB10COLa,b AO

PB11LEDb NA 

PB11COLa,b AO

PB12LEDb NA 

PB12COLa,b AO

T1_LED 87BTR

T1LEDL Y

T1LEDCa RO

T2_LED SBFTR

T2LEDL Y

T2LEDCa RO

T3_LED Z1_TRIP

T3LEDL Y

T3LEDCa RO

T4_LED Z2_TRIP

T4LEDL Y

T4LEDCa RO

T5_LED 87Z3

T5LEDL Y

T5LEDCa RO

T6_LED 87Z4

T6LEDL Y

T6LEDCa RO 

T7_LED 87Z5

Table 8.50 Front-Panel Settings (Sheet 2 of 4)

Label Default Value
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T7LEDL Y

T7LEDCa RO

T8_LED 87Z6

T8LEDL Y

T8LEDCa RO

T9_LED 50P01T OR 50P02T OR. . .50P21T

T9LEDL Y

T91LEDCa RO

T10_LED 51T01 OR 51T02 OR. . .51T21

T10LEDL Y

T10LEDCa RO

T11_LED 87ST

T11LEDL N

T11LEDCa RO

T12_LED NOT (Z1S AND Z2S AND. . .Z6S)

T12LEDL Y

T12LEDCa RO

T13_LED TOS01 OR TOS02 OR. . .TOS21

T13LEDL N

T13LEDCa RO

T14_LED 89IOP

T14LEDL N

T14LEDCa RO

T15_LED 89AL

T15LEDL N

T15LEDCa RO

T16_LED PCT01Q

T16LEDL Y

T16LEDCa RO

T17_LEDc 271P1 OR 272P1 OR 272P2 OR 273P1 OR 273P2

T17LEDLc N

T17LEDCa,c RO

T18_LEDc 591P1 OR 591P2 OR 292P1 OR 592P2 OR 593P1 OR 593P2

T18LEDLc N

T18LEDCa,c RO

T19_LEDc V01FIM>55

T19LEDLc N

T19LEDCa,c RO

T20_LEDc V02FIM>55

T20LEDLc N

T20LEDCa,c RO

Table 8.50 Front-Panel Settings (Sheet 3 of 4)

Label Default Value
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The SEL-487B supports the SCROLD, STA_BAT, FUND_VI, DIFF, and 
ZONECFG choices for selectable screens, as described in Table 12.38 in the 
SEL-400 Series Relays Instruction Manual.

Report Settings
The SEL-487B contains the Report Settings described in Report Settings on 
page 12.27 in the SEL-400 Series Relays Instruction Manual.

                    

T21_LEDc V03FIM>55

T21LEDLc N

T21LEDCa,c RO

T22_LEDc FAULT

T22LEDLc N

T22LEDCa,c RO

T23_LEDc 52AL

T23LEDLc N

T23LEDCa,c RO

T24_LEDc TIRIG

T24LEDLc N

T24LEDCa,c RO

a LED color settings are only available on HMI2 models.
b PB9–PB12 settings are only available on 12-pushbutton models.
c T17LED–T24LED settings are only available on 12-pushbutton models.

Table 8.50 Front-Panel Settings (Sheet 4 of 4)

Label Default Value

Table 8.51 Default Event Report Settings (Sheet 1 of 2)

Position Primitive Name Alias Name

1 87Z1 Z1_TRIP

2 87Z2 Z2_TRIP

3 #

4 FBF01 F1_BF

5 FBF02 F2_BF

6 FBF03 F3_BF

7 FBF04 T1_BF

8 FBF05 TB1_BF

9 FBF06 TB2_BF

10 #

11 PLT01 DIFF_EN

12 PLT02 BF_EN

13 PLT03 TNS_SW

14 #

15 IN101 F1_BFI
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Port Settings
The SEL-487B Port settings are described in Port Settings on page 12.6 in the 
SEL-400 Series Relays Instruction Manual.

The fast message read data access settings listed in Table 12.8 in the SEL-400 
Series Relays Instruction Manual are included in the SEL-487B, except 
FMRDMND and FMRBRKR.

                    

DNP3 Settings—Custom Maps
The SEL-487B DNP3 custom map settings operate as described in DNP3 Set-
tings—Custom Maps on page 12.19 in the SEL-400 Series Relays Instruction 
Manual. See Section 10: Communications Interfaces for the default map configu-
ration.

16 IN102 F2_BFI

17 IN103 F3_BFI

18 IN104 T1_BFI

19 IN105 TB_BFI

20 #

21 OUT101 F1_TRIP

22 OUT102 F2_TRIP

23 OUT103 F3_TRIP

24 OUT104 T1_TRIP

25 OUT105 TB_TRIP

26 OUT106

27 #

28 OUT107 TEST

29 OUT108 NOALARM

Table 8.51 Default Event Report Settings (Sheet 2 of 2)

Position Primitive Name Alias Name

Table 8.52 MIRRORED BITS Protocol Default Settings

Label Default Value

MBANA1 PMV58

MBANA2 PMV59

MBANA3 PMV60

MBANA4 PMV61

MBANA5 PMV62

MBANA6 PMV63

MBANA7 PMV64
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the SEL-487B relay. This section explains the commands that you send 
to the SEL-487B using SEL ASCII communications protocol. The relay responds 
to commands such as settings, metering, and control operations.

This section lists all the commands supported by the relay, but most are described 
in Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruc-
tion Manual. This section provides information on commands and command 
options that are unique to the SEL-487B.

This section lists American National Standard Code for Information Interchange 
(ASCII) commands alphabetically. Commands, command options, and command 
variables that you enter are shown in bold. Lowercase italic letters and words in a 
command represent command variables that you determine based on the applica-
tion (for example, Zone n = 1–6, remote bit number nn = 01–96, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters (upper- or lowercase); for example, ACCESS 
becomes ACC. Always send a carriage return <CR> character, or a carriage 
return character followed by a line feed character <CR><LF>, to command the 
relay to process the ASCII command. Usually, most terminals and terminal pro-
grams interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the SEL-487B are Access Level 0, Access 
Level 1, Access Level B (breaker), Access Level P (protection), Access Level A 
(automation), Access Level O (output), and Access Level 2. 

Description of Commands
Table 9.1 lists all the commands supported by the relay with the corresponding 
links to the descriptions in Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual.
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Command List
                    

Table 9.1 SEL-487B List of Commands (Sheet 1 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 

2ACCESS 2ACCESS on page 14.1

AACCESS AACCESS on page 14.3

ACCESS ACCESS on page 14.3

BACCESS BACCESS on page 14.3

BNAME BNAME on page 14.4

CAL CAL on page 14.5

CASCII CASCII on page 14.6

CEVENT CEVENT on page 14.7 (In the SEL-487B, CEV L provides a 12-samples/cycle large-resolution event 
report.)

CFG CTNOM i CFG CTNOM on page 14.10 (in the SEL-487B, the nominal current choices are 1 and 5 for 1 A nominal 
and 5 A nominal CT inputs.)

CFG NFREQ f CFG NFREQ on page 14.11

CHISTORY CHISTORY on page 14.11

COMMUNICATIONS c COMMUNICATIONS on page 14.12

CONTROL nn CONTROL nn on page 14.24

COPY COPY on page 14.25 (In addition to the typical classes, the zone (Z) class can also be copied using the 
COPY command.)

CPR CPR on page 14.26

CSER CSER on page 14.26

CSTATUS CSTATUS on page 14.28

CSUMMARY CSUMMARY on page 14.28

DATE DATE on page 14.29

DNAME X DNAME X on page 14.30

DNP DNP on page 14.30

ETHERNET ETHERNET on page 14.30

EVENT EVENT on page 14.32 (The SEL-487B supports large resolution 12-samples/cycle event reports.)

EXIT EXIT on page 14.36

FILE FILE on page 14.36

GOOSE GOOSE on page 14.37

GROUP GROUP on page 14.40

HELP HELP on page 14.40

HISTORY HISTORY on page 14.40

ID ID on page 14.42

LOOPBACK LOOPBACK on page 14.43

MAC MAC on page 14.45

MAP MAP on page 14.45

METER METER on page 14.46 (For all other METER options, see METER on page 9.4 in this section.)

MET AMV MET AMV on page 14.46

MET ANA MET ANA on page 14.47



9.3

Date Code 20230830 Instruction Manual SEL-487B Relay

ASCII Command Reference
Description of Commands

MET BAT MET BAT on page 14.47 (The SEL-487B provides battery metering for one battery monitor channel.)

MET CZq See MET CZq on page 9.4 in this section.

MET DIF See MET DIF on page 9.4 in this section.

MET PMV MET PMV on page 14.49

MET SEC See MET SEC on page 9.5 in this section.

MET SEC CZn See MET SEC CZq on page 9.5 in this section.

MET SEC Zn See MET SEC Zn on page 9.5 in this section.

MET Zn See MET Zn on page 9.5 in this section.

OACCESS OACCESS on page 14.50

OPEN n OPEN n on page 14.50 (The SEL-487B supports 21 circuit breakers, designated 1–21.)

PACCESS PACCESS on page 14.51

PASSWORD PASSWORD on page 14.51

PING PING on page 14.52

PORT PORT on page 14.52

PROFILE PROFILE on page 14.53

PULSE PULSE on page 14.54

QUIT QUIT on page 14.54

SER SER on page 14.55

SET SET on page 14.57 (Table 9.9 lists the options available in the SEL-487B.)

SHOW SHOW on page 14.58 (Table 9.10 lists the class and instance options available in the SEL-487B.)

SNS SNS on page 14.59

STATUS STATUS on page 14.59

SUMMARY SUMMARY on page 14.61

TARGET TARGET on page 14.62

TEST DB TEST DB on page 14.64

TEST DB2 TEST DB2 on page 14.65

TEST FM TEST FM on page 14.67

TIME TIME on page 14.70

TRIGGER TRIGGER on page 14.72

VECTOR VECTOR on page 14.72

VERSION VERSION on page 14.72

VIEW VIEW on page 14.74

ZONE See ZONE on page 9.7 in this section.

ZON T See ZON T on page 9.8 in this section.

ZON k See ZON k on page 9.8 in this section.

Table 9.1 SEL-487B List of Commands (Sheet 2 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 
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METER
The METER command displays reports about quantities the relay measures in 
the power system and internal relay operating quantities. For more information 
on power system measurements, see Section 7: Metering, Monitoring, and 
Reporting.

MET
NOTE: Data obtained with the MET 
command during dynamic zone 
selection may be unreliable.

Use the MET command to view fundamental metering quantities. The relay fil-
ters harmonics to present only measured quantities at the power system funda-
mental operating frequency.

                    

Some situations require that you repeatedly monitor the power system for a brief 
period; specify a number after any MET command to automatically repeat the 
command.

MET CZq
Use the MET CZq (q = 1–3) command to view the current magnitude, angle, and 
polarity of each terminal in Check Zone q and the voltage in primary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET DIF
Use the MET DIF command to view the operate and restraint differential cur-
rents in the active zones in per unit values as well as the reference current (IREF).

                    

Table 9.2 MET Command

Command Description Access Level

MET Display fundamental metering data. 1, B, P, A, O, 2

MET k Display fundamental metering data successively for 
k times.

1, B, P, A, O, 2

Table 9.3 MET CZq Command

Commanda

a q = 1–3.

Description Access Level

MET CZq Display primary metering data for Check Zone q. 1, B, P, A, O, 2

MET CZq k Display primary metering data for Check Zone q suc-
cessively for k times.

1, B, P, A, O, 2

Table 9.4 MET DIF Command

Command Description Access Level

MET DIF Display the operate and restraint differential currents 
and IREF metering data.

1, B, P, A, O, 2

MET DIF k Display the operate and restraint differential currents 
and IREF metering data successively for k times.

1, B, P, A, O, 2
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MET SEC
Use the MET SEC command to view the current magnitude, angle, and CT ratio 
of each terminal. The view also includes voltage magnitudes in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC CZq
Use the MET SEC CZq (q = 1–3) command to view the current magnitude, 
angle, CT ratio, and polarity of each terminal in Check Zone q and the voltage in 
secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC Zn
Use the MET SEC Zn command to view the current magnitude, angle, CT ratio, 
and polarity of each terminal in a particular protection zone (n = 1–6), the bus-
zones in Protection Zone n, and the voltage in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET Zn
Use the MET Zn command to view the current magnitude, angle, and polarity of 
each terminal in a particular protection zone (n = 1–6), the bus-zones in Protec-
tion Zone n, and the voltage in primary values.

Table 9.5 MET SEC Command

Command Description Access Level

MET SEC Display secondary metering data. 1, B, P, A, O, 2

MET SEC k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.6 MET SEC CZq Command

Commanda

a q = 1–3.

Description Access Level

MET SEC CZq Display secondary metering data for Check Zone q. 1, B, P, A, O, 2

MET SEC CZq k Display secondary metering data for Check Zone q 
successively for k times.

1, B, P, A, O, 2

Table 9.7 MET SEC Zn Command

Commanda

a Parameter n is 1–6 to indicate 6 zones.

Description Access Level

MET SEC Zn Display secondary metering data. 1, B, P, A, O, 2

MET SEC Zn k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2
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If an alias name for the terminal exists, the relay displays the alias name.

SET
Table 9.9 lists the options specifically available in the SEL-487B.

                    

Table 9.8 MET Zn Command

Command Description Access Level

MET Zn Display primary metering data. 1, B, P, A, O, 2

MET Zn k Display primary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.9 SET Command Overview

Command Description Access Level

SET Set the Group relay settings, beginning at the first set-
ting in the active group.

P, 2

SET na

a Parameter n = 1–6, representing Group 1–Group 6.

Set the Group n relay settings, beginning at the first 
setting in the group.

P, 2

SET A Set the Automation SELOGIC control equation relay 
settings in Block 1.

A, 2

SET A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Set the Automation SELOGIC control equation relay 
settings in Block m.

A, 2

SET D Set the serial port DNP3 remapping settings, begin-
ning at the first setting in this class.

P, A, O, 2

SET F Set the Front Panel relay settings, beginning at the first 
setting in this class.

P, A, O, 2

SET G Set the Global relay settings, beginning at the first set-
ting in this class.

P, A, O, 2

SET L Set the Protection SELOGIC control equation relay set-
tings for the active group.

P, 2

SET L na Set the Protection SELOGIC relay settings for Group n. P, 2

SET O Set the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

O, 2

SET P Set the port presently in use, beginning at the first set-
ting for this port.

P, A, O, 2

SET P pc

c Parameter p = 1–3, F, or 5, corresponding to Port 1–Port 3, Port F, or Port 5.

Set the communications Port relay settings for Port p, 
beginning at the first setting for this port.

P, A, O, 2

SET R Set the Report relay settings, beginning at the first set-
ting for this class.

P, A, O, 2

SET T Set the alias settings. P, A, O, 2

SET Z Set the active group zone configuration settings, 
beginning at the first setting.

P, 2

SET Z na Set the configuration setting for Group n, beginning at 
the first setting.

P, 2
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SHOW
Table 9.10 lists the class and instance options available in the SEL-487B.

                    

ZONE
The ZONE command causes the relay to display the active protection zones and 
the terminal and bus-zone names in each active protection zone, where active 
means a zone with at least one terminal in the zone.

Use the ZON command to display the terminal and bus-names associated with all 
active zones.

                    

Table 9.10 SHO Command Overview

Command Description Access Level

SHO Show the Group relay settings, beginning at the first 
setting in the active group.

1, B, P, A, O, 2

SHO na

a Parameter n = 1–6, representing Group 1–Group 6.

Show Group n settings, beginning at the first setting in 
Group n.

1, B, P, A, O, 2

SHO A Show the Automation SELOGIC control equation relay 
settings in Block 1.

1, B, P, A, O, 2

SHO A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Show the Automation SELOGIC control equation relay 
settings in Block m. 

1, B, P, A, O, 2

SHO D Show the serial DNP3 remapping settings. 1, B, P, A, O, 2

SHO F Show the Front Panel relay settings, beginning at the 
first setting in this class.

1, B, P, A, O, 2

SHO G Show the Global relay settings, beginning at the first 
setting in this class.

1, B, P, A, O, 2

SHO L Show the Protection SELOGIC control equation relay 
settings for the active group.

1, B, P, A, O, 2

SHO L na Show the Protection SELOGIC control equation relay 
settings for Group n.

1, B, P, A, O, 2

SHO O Show the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

1, B, P, A, O, 2

SHO P Show the relay settings for the port presently in use, 
beginning at the first setting.

1, B, P, A, O, 2

SHO P pc

c Parameter p = 1–3, F, and 5 which corresponds to Port 1–Port 3, Port F, and Port 5.

Show the communications Port relay settings for 
Port p, beginning at the first setting for this port.

1, B, P, A, O, 2

SHO R Show the Report relay settings, beginning at the first 
setting for this class.

1, B, P, A, O, 2

SHO T Show the alias settings. 1, B, P, A, O, 2

SHO Z Show the zone configuration settings for the active 
group.

1, B, P, A, O, 2

SHO Z na Show the zone configuration settings for Group n. 1, B, P, A, O, 2

Table 9.11 ZON Command

Command Description Access Level

ZON Display the terminal and bus-zone names associated 
with all active zones.

1, B, P, A, O, 2
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ZON T
Use the ZON T command to display the terminal names in each active zone, 
selected for tripping by differential and breaker failure protection.

                    

When two zones combine, the combined zone includes the terminals from both 
merged zones. Not all terminals in the combined zone may be required to trip for 
a differential element operation. ZON T provides a list of all terminals assigned 
to trip in all the zones at the station, and ZON T k provides a list of the terminals 
to trip in a specific zone.

ZON k
Use the ZON k (k = 1–6) command to display the terminals in Zone k, if Zone k 
is active.

                    

Table 9.12 ZON T Command

Command Description Access Level

ZON T Display the terminals programmed for tripping in all 
zones.

1, B, P, A, O, 2

Table 9.13 ZON k Command

Command Description Access Level

ZON ka

a Parameter k is 1–6.

Display the terminals in Zone k. 1, B, P, A, O, 2
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Communications Interfaces

Section 15: Communications Interfaces through Section 18: Synchrophasors in 
the SEL-400 Series Relays Instruction Manual describe the various communica-
tions interfaces and protocols used in SEL-400 series relays. This section 
describes aspects of the communications protocols that are unique to the 
SEL-487B relay. The following topics are discussed:

➤ Communications Database on page 10.1

➤ DNP3 Communication on page 10.6

➤ IEC 61850 Communication on page 10.13

Communications Database
The SEL-487B maintains a database to describe itself to external devices via the 
SEL Fast Message Data Access protocol. This database includes a variety of data 
within the relay that are available to devices connected in a serial or Ethernet net-
work. The database includes the regions and data described in Table 10.1. Use the 
MAP and VIEW commands to display maps and contents of the database 
regions. See Section 14: ASCII Command Reference in the SEL-400 Series 
Relays Instruction Manual for more information on the MAP and VIEW com-
mands.

                    

Data within the Ethernet card regions are available for access by external devices 
via the SEL Fast Message protocol.

The LOCAL region contains the device FID, SID, and RID. It will also provide 
appropriate status points. This region is updated on settings changes and when-
ever monitored status points change (see Table 10.2).

Table 10.1 SEL-487B Database Regions

Region Name Contents Update Rate

LOCAL Relay identification data including FID, 
Relay ID, Station ID, and active protection 
settings group

Updated on settings change 
and whenever monitored values 
change

METER Metering and measurement data 0.5 s

TARGET Selected rows of Relay Word bit data 0.5 s

HISTORY Relay event history records for the 10 most 
recent events

Within 15 s of any new event

STATUS Self-test diagnostic status data 5 s

ANALOGS Protection and automation math variables 0.5 s
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The METER region contains all the basic meter and energy information. This 
region is updated every 0.5 seconds. See Table 10.3 for the map.

                    

Table 10.2 SEL-487B Database Structure—LOCAL Region

Address 
(Hex)

Name Type Description

0000 FID char[48] FID string

0030 BFID char[48] SELBOOT FID string

0060 SER_NUM char[16] Device Serial number, from factory settings

0070 PART_NUM char[24] Device part number, from factory settings

0088 CONFIG char[8] Device configuration string (as reported in ID com-
mand)

0090 SPECIAL char[8] Special device configuration string (as reported in ID 
command)

0098 DEVICE_ID char[40] Relay ID setting, from global settings

00C0 NODE_ID char[40] Station ID from global settings

00E8 GROUP int Active group

00E9 STATUS int Status indication: 0 for okay, 1 for failure

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 1 of 3)

Address 
(Hex)

Name Type Description

1000 _YEAR int 4-digit year when data were sampled

1001 DAY_OF_YEAR int 1–366 day when data were sampled

1002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

1004 FREQ float System frequency (Hertz)

1006 VDC float Battery voltage (Volts)

1008, 100A I01 float[2] I01 current magnitude (amperes primary) and 
phase (degrees)

100C, 100E I02 float[2] I02 current magnitude (amperes primary) and 
phase (degrees)

1010, 1012 I03 float[2] I03 current magnitude (amperes primary) and 
phase (degrees)

1014, 1016 I04 float[2] I04 current magnitude (amperes primary) and 
phase (degrees)

1018. 101A I05 float[2] I05 current magnitude (amperes primary) and 
phase (degrees)

101C, 101E I06 float[2] I06 current magnitude (amperes primary) and 
phase (degrees)

1020, 1022 I07 float[2] I07 current magnitude (amperes primary) and 
phase (degrees)

1024, 1026 I08 float[2] I08 current magnitude (amperes primary) and 
phase (degrees)

1028, 102A I09 float[2] I09 current magnitude (amperes primary) and 
phase (degrees)

102C, 102E I10 float[2] I10 current magnitude (amperes primary) and 
phase (degrees)

1030, 1032 I11 float[2] I11 current magnitude (amperes primary) and 
phase (degrees)
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1034, 1036 I12 float[2] I12 current magnitude (amperes primary) and 
phase (degrees)

1038, 103A I13 float[2] I13 current magnitude (amperes primary) and 
phase (degrees)

103C, 103E I14 float[2] I14 current magnitude (amperes primary) and 
phase (degrees)

1040, 1042 I15 float[2] I15 current magnitude (amperes primary) and 
phase (degrees)

1044, 1046 I16 float[2] I16 current magnitude (amperes primary) and 
phase (degrees)

1048, 104A I17 float[2] I17 current magnitude (amperes primary) and 
phase (degrees)

104C, 104E I18 float[2] I18 current magnitude (amperes primary) and 
phase (degrees)

1050, 1052 I19 float[2] I19 current magnitude (amperes primary) and 
phase (degrees)

1054, 1056 I20 float[2] I20 current magnitude (amperes primary) and 
phase (degrees)

1058, 105A I21 float[2] I21 current magnitude (amperes primary) and 
phase (degrees)

105C RSRVD1 float[6] Reserved for 3 future currents; always report 
as 0

1068, 106A V01 float[2] V01 voltage magnitude (Volts primary) and 
phase (degrees)

106C, 106E V02 float[2] V02 voltage magnitude (Volts primary) and 
phase (degrees)

1070, 1072 V03 float[2] V03 voltage magnitude (Volts primary) and 
phase (degrees)

1074 RSRVD2 float[6] Reserved for 3 future voltages; always report 
as 0

1080 IOP1 float Zone 1 Operating Current (per unit)

1082 IOP2 float Zone 2 Operating Current (per unit)

1084 IOP3 float Zone 3 Operating Current (per unit)

1086 IOP4 float Zone 4 Operating Current (per unit)

1088 IOP5 float Zone 5 Operating Current (per unit)

108A IOP6 float Zone 6 Operating Current (per unit)

108C IRT1 float Zone 1 Restraint Current (per unit)

108E IRT2 float Zone 2 Restraint Current (per unit)

1090 IRT3 float Zone 3 Restraint Current (per unit)

1092 IRT4 float Zone 4 Restraint Current (per unit)

1094 IRT5 float Zone 5 Restraint Current (per unit)

1096 IRT6 float Zone 6 Restraint Current (per unit)

1098 IOPCZ1 float Check Zone 1 Operating Current (per unit)

109A IRTCZ1 float Check Zone 1 Restraint Current (per unit)

109C IOPCZ2 float Check Zone 2 Operating Current (per unit)

109E IRTCZ2 float Check Zone 2 Restraint Current (per unit)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 2 of 3)

Address 
(Hex)

Name Type Description
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The TARGET region contains the entire visible Relay Word plus the rows desig-
nated specifically for the TARGET region. This region is updated every 0.5 sec-
onds. See Table 10.4 for the map. See Section 11: Relay Word Bits for detailed 
information on the Relay Word bits.

                    

The HISTORY region contains all information available in a History report for 
the most recent 10 events. This region is updated within 15 seconds of any new 
events. See Table 10.5 for the map.

                    

10A0 IOPCZ3 float Check Zone 3 Operating Current (per unit)

10A2 IRTCZ3 float Check Zone 3 Restraint Current (per unit)

Table 10.4 SEL-487B Database Structure—TARGET Region

Address 
(Hex)

Name Type Description

3000 _YEAR int 4-digit year when data were sampled

3001 DAY_OF_YEAR int 1–366 day when data were sampled

3002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

3004 TARGET char[~499] Entire Relay Word with bit labels

Table 10.5 SEL-487B Database Structure—HISTORY Region

Address 
(Hex)

Name Type Description

4000 _YEAR int 4-digit year when data were sampled

4001 DAY_OF_YEAR int 1–366 day when data were sampled

4002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

4004 REF_NUM int[10] Event serial number (10000–42767)

400E MONTH int[10] Month of event

4018 DAY int[10] Day of event

4022 YEAR int[10] Year of event

402C HOUR int[10] Hour of event

4036 MIN int[10] Minute of event

4040 SEC int[10] Second of event

404A MSEC int[10] Milliseconds of event

4054 EVENT char[100] Event type string

40B8 GROUP int[10] Active group during fault

40C2 TARGETS char[1000] System targets from event (100 characters per 
event)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 3 of 3)

Address 
(Hex)

Name Type Description
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The STATUS region contains complete relay status information. This region is 
updated every 5 seconds. See Table 10.6 for the map.

                    

The ANALOGS region contains protection and automation variables. This region 
is updated every 0.5 seconds. See Table 10.7 for the map.

                    

The database is virtual device 1 in the relay. You can display the contents of a 
region using the MAP 1:region command (where region is one of the database 
region names listed in Table 10.1). An example of the MAP command is shown 
in Figure 10.1.

Table 10.6 SEL-487B Database Structure—STATUS Region

Address 
(Hex)

Name Type Description

6000 _YEAR int 4-digit year when data were sampled

6001 DAY_OF_YEAR int 1–366 day when data were sampled

6002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

6004 CH1_24(mV) int[24] Channel offsets, use 0 if not measured

601C MOF(mV) int Master offset

601D MOF2(mV) int Master offset 2

601E OFF_WARN char[8] Offset warning string

6026 OFF_FAIL char[8] Offset failure string

602E PS3(V) float 3.3 Volt power supply voltage

6030 PS5(V) float 5 Volt power supply voltage

6032 PS_N5(V) float –5 Volt regulated voltage

6034 PS15(V) float 15 Volt power supply voltage

6036 PS_N15(V) float –15 Volt power supply voltage

6038 PS_WARN char[8] Power supply warning string

6040 PS_FAIL char[8] Power supply failure string

6048 HW_FAIL char[40] Hardware failure strings

6070 CC_STA char[40] Comm. card status strings

6098 PORT_STA char[160] Serial port status strings

6138 TIME_SRC char[10] Time source

6142 LOG_ERR char[40] SELOGIC error strings

616A TEST_MD char[160] Test mode string

620A WARN char[32] Warning strings for any active warnings

622A FAIL char[64] Failure strings for any active failures

Table 10.7 SEL-487B Database Structure—ANALOGS Region

Address 
(Hex)

Name Type Description

7000 _YEAR int 4-digit year when data were sampled

7001 DAY_OF_YEAR int 1–366 day when data were sampled

7002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

7004 PMV01_64 float[64] PMV01–PMV64

7084 AMV001_256 float[256] AMV001–AMV256
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DNP3 Communication
DNP3 operation is described in Section 16: DNP3 Communication in the 
SEL-400 Series Relay Instruction Manual. This subsection describes aspects of 
DNP3 communications that are unique to the SEL-487B.

Reference Data Map
Table 10.8 shows the SEL-487B DNP3 reference data map. The reference data 
map contains all of the data available to the DNP3 protocol. You can use the 
default map or the custom DNP3 mapping functions of the SEL-487B to include 
only the points required by your application.

=>>MAP 1:METER <Enter>

Virtual Device 1, Data Region METER Map

Data Item    Starting Address   Type

_YEAR        1000h              int
DAY_OF_YEAR  1001h              int
TIME(ms)     1002h              int[2]
FREQ         1004h              float
VDC          1006h              float
I01          1008h              float[2]
I02          100ch              float[2]
I03          1010h              float[2]
I04          1014h              float[2]
I05          1018h              float[2]
I06          101ch              float[2]
I07          1020h              float[2]
I08          1024h              float[2]
I09          1028h              float[2]
I10          102ch              float[2]
I11          1030h              float[2]
I12          1034h              float[2]
I13          1038h              float[2]
I14          103ch              float[2]
I15          1040h              float[2]
I16          1044h              float[2]
I17          1048h              float[2]
I18          104ch              float[2]
I19          1050h              float[2]
I20          1054h              float[2]
I21          1058h              float[2]
RSRVD1       105ch              float[6]
V01          1068h              float[2]
V02          106ch              float[2]
V03          1070h              float[2]
RSRVD2       1074h              float[6]
IOP1         1080h              float
IOP2         1082h              float
IOP3         1084h              float
IOP4         1086h              float
IOP5         1088h              float
IOP6         108ah              float
IRT1         108ch              float
IRT2         108eh              float
IRT3         1090h              float
IRT4         1092h              float
IRT5         1094h              float
IRT6         1096h              float
IOPCZ1       1098h              float
IRTCZ1       109ah              float
IOPCZ2       109ch              float
IRTCZ2       109eh              float
IOPCZ3       10a0h              float
IRTCZ3       10a2h              float

Figure 10.1 MAP 1:METER Command Example
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The entire Relay Word (Table 11.1) is part of the DNP3 reference map. You may 
include any label in the Relay Word as part of a DNP3 custom map. Note that 
Binary Inputs registered as SER points (SET R settings) will maintain SER-qual-
ity time stamps for DNP3 events.

The SEL-487B scales analog values by the indicated settings or fixed scaling. 
Analog inputs for event (fault) summary reporting use a default scale factor of 1 
and deadband of ANADBM. Per-point scaling and deadband settings specified in 
a custom DNP3 map will override defaults.

                    

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 1 of 3)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 Relay Word Relay Word bit label. See Section 11: Relay Word Bits.

Binary Outputs

10, 12 RB01–RB96 Remote bits RB01–RB96

10, 12 RB01:RB02
RB03:RB04
RB05:RB06 
•
•
•
RB93:RB94

RB95:RB96

Remote bit pairs RB01–RB96

10, 12 OCn Pulse Open Circuit Breaker n command, where n = 1–21

10, 12 OCn:NOOP Open/Close pair for Circuit Breaker n, where n = 1–21 (the close portion has 
no action)

10, 12 RST_BAT Reset battery monitor data

10, 12 RSTTRGT Reset front-panel targets

10, 12 RSTDNPE Reset (clear) DNP3 Event Summary AIs

10, 12 NXTEVE Load next fault event into DNP3 Event Summary AIs

Binary Counters 

20, 22 ACTGRP Active settings group

20, 22 ACN01CV–ACN32CV Automation SELOGIC counter value 1–32

20, 22 PCN01CV–PCN32CV Protection SELOGIC counter value 1–32

Analog Inputs 

30, 32 InnFMa 1-cycle average phase current (magnitude), where nn = 01–21

30, 32 InnFAa 1-cycle average phase current (angle), where nn = 01–21

30, 32 VmmFMb 1-cycle average phase voltage (magnitude), where mm = 01–03

30, 32 VmmFAb 1-cycle average phase voltage (angle), where mm = 01–03
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30, 32 DC1c Station battery 1 dc voltage

30, 32 IOPkFd Zone k one-cycle average operating current (k = 1–6)

30, 32 IRTkFd Zone k one-cycle average restraint current (k = 1–6)

30, 32 IOPCZpFd Check Zone p one-cycle average operating current (p = 1–3)

30, 32 IRTCZpFd Check Zone p one-cycle average restraint current (p = 1–3)

30, 32 PMV001–PMV064c Protection SELOGIC math variables

30, 32 AMV001–AMV256c Automation SELOGIC math variables

30, 32 PNC01CV–PNC32CVc Protection SELOGIC counter current value

30, 32 TODMSc UTC time of day in milliseconds (0–86400000) 

30, 32 ANC01CV–ANC32CVc Automation SELOGIC counter current value

30, 32 ACTGRPc Active group setting

30, 32 THRc UTC time, hour (0–23)

30, 32 TMINc UTC time, minute (0–59)

30, 32 TSECc UTC time, seconds (0–59)

30, 32 TMSECc UTC time, milliseconds (0–999)

30, 32 DDOMc UTC date, day of the month (1–31)

30, 32 DMONc UTC date, month (1–12)

30, 32 DYEARc UTC date, year (2000–2200)

30, 32 TLODMSc Local time of day in milliseconds (0–86400000)

30, 32 TLHRc Local time, hour (0–23)

30, 32 TLMINc Local time, minute (0–59)

30, 32 TLSECc Local time, seconds (0–59)

30, 32 TLMSECc Local time, milliseconds (0–999)

30, 32 DLDOMc Local date, day of the month (1–31)

30, 32 DLDOYc Local date, day of the year (1–366)

30, 32 DLMONc Local date, month (1–12)

30, 32 DLYEARc Local date, year (2000–2200)

30, 32 RA001–RA256c Remote analogs from Ethernet card

30, 32 RAO01–RAO64c Remote analog output

30, 32 RLYTEMPc Relay internal temperature (deg. C)

30, 32 MAXGRP Maximum number of protection groups

Event Summary Analog Inputs 

30, 32e FTYPEc, e Fault type

30, 32e FTAR1c, e Fault targets (upper byte is 1st target row, lower byte is 2nd target row)

30, 32e FTAR2c, e Fault targets (upper byte is 3rd target row, lower byte is 0)

30, 32e FGRPc, e Fault settings group

30, 32e FTIMEUH, FTIMEUM, FTIMEULc, e Fault time (UTC) in DNP3 format—high, middle, and low 16 bits

30, 32e FTIMEH, FTIMEM, FTIMELc, e Fault time (local) in DNP3 format—high, middle, and low 16 bits

30, 32e FUNRc, e Number of unread fault summaries

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 2 of 3)

Object Label Description
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Binary Outputs
Use the Trip and Close, Latch On/Off, and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table 10.9. Pulse operations provide a pulse with duration of one protection pro-
cessing interval. Cancel an operation in progress by issuing a NUL Trip/Close 
Code with a NUL Operation Type.

                    

Relay Fault Summary Data
When a relay event occurs (TRIP asserts, ER asserts, or TRI asserts), whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs (see 
Table 10.8) will be generated if any of them change beyond their dead-band value 
after scaling (usually whenever a new relay event occurs and is loaded into the 
event summary analog inputs). Events are detected approximately twice a second 
by the scanning process.

Analog Outputs 

40, 41 ACTGRP Active settings group

40, 41 RA001–RA256 Remote Analogs

a Default current scaling DECPLA on magnitudes and scale factor of 100 on angles. Dead band ANADBA on magnitudes and ANADBM on angles.
b Default voltage scaling DECPLV on magnitudes and scale factor of 100 on angles. Dead band ANADBV on magnitudes and ANADBM on angles.
c Default scale factor of 1 and dead band ANADBM.
d Default miscellaneous scaling DECPLM and dead band ANADBM.
e Event data shall be generated for all Event Summary Analog Inputs if any of them change beyond their dead band after scaling.

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 3 of 3)

Object Label Description

Table 10.9 SEL-487B Object 12 Control Operations

Label Close/Any Trip/Any NUL/Latch On NUL/Latch Off NUL/Pulse On NUL/Pulse Off

RB01–RB96 Pulse on Remote 
Bit RB01–RB96

Pulse on Remote Bit 
RB01–RB96

Set Remote Bit 
RB01–RB96

Clear Remote Bit 
RB01–RB96

Pulse on Remote 
Bit RB01–RB96

Clear Remote 
Bit RB01–RB96

RBxx: RByy Pulse on RByy 
RB01–RB96

Pulse on RBxx 
RB01–RB96

Pulse RByy Pulse RBxx Pulse RByy Pulse RBxx 

OCx Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Set OCx
x = 01–21

Clear OCx
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Clear OCx
x = 01–21

OCx: NOOP No action Open Circuit Breaker 
x (Pulse on OCx)
x = 1–21

No action Pulse On OCx No action Pulse OCx

RST_BAT Reset battery moni-
toring 

Reset breaker moni-
toring 

Reset battery mon-
itoring

No action Reset battery moni-
toring

No action

RSTTRGT Reset front-panel 
targets

Reset front-panel 
targets

Reset front-panel 
targets

No action Reset front-panel 
targets

No action

RSTDNPE Reset DNP3 event 
summary

Reset DNP3 event 
summary

Reset DNP3 event 
summary

No action Reset DNP3 event 
summary

No action

NXTEVE Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest relay 
event (LIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest 
event summary 
(LIFO)
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See Table 10.10 for the components of the FTYPE analog input point. The bit 
asserted in the upper byte indicates the event cause (Trigger, Trip, ER element, 
etc.). The lower byte of FTYPE is always 0. If no bits are asserted in the upper 
byte, there is no valid fault summary loaded.

                    

Default Data Map
Table 10.11 shows the SEL-487B default DNP3 data map. The default data map 
is an automatically generated subset of the reference map. All data maps are ini-
tialized to the default values. If the default maps are not appropriate, you can also 
use the custom DNP mapping commands SET D n and SHOW D n, where n is 
the map number, to edit or create the map required for your application.

                    

Table 10.10 Object 30, 32, FTYPE Upper Byte-Event Cause

Bit Position
Value Event Cause

7 6 5 4 3 2 1 0

0 No fault summary loaded

X 1 Trigger command

X 4 Trip element

X 8 Event report element

X 16 Breaker failure trip

X 32 Differential trip

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 1 of 4)

Object Index Label Description

Binary Inputs

01, 02 0 RLYDIS Relay disabled

01, 02 1 TRIPLED Trip LED

01, 02 2 STFAIL Relay diagnostic failure

01, 02 3 STWARN Relay diagnostic warning

01, 02 4 STSET Settings have changed or relay restarted

01, 02 5 SALARM Software alarm

01, 02 6 HALARM Hardware alarm

01, 02 7 BADPASS Invalid password attempt alarm

01, 02 8 UNRDEV Unread fault summary available

01, 02 9 OPH01 Terminal 1 open-phase detector

01, 02 10 OPH02 Terminal 2 open-phase detector

01, 02 11 OPH03 Terminal 3 open-phase detector

01, 02 12 OPH04 Terminal 4 open-phase detector

01, 02 13 OPH05 Terminal 5 open-phase detector

01, 02 14 OPH06 Terminal 6 open-phase detector

01, 02 15 52A01 Circuit Breaker 1 open status

01, 02 16 52AL01 Circuit Breaker 1 alarm

01, 02 17 52A02 Circuit Breaker 2 open status

01, 02 18 52AL02 Circuit Breaker 2 alarm

01, 02 19 52A03 Circuit Breaker 3 open status
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01, 02 20 52AL03 Circuit Breaker 3 alarm

01, 02 21 52A04 Circuit Breaker 4 open status

01, 02 22 52AL04 Circuit Breaker 4 alarm

01, 02 23 89A01 Disconnect 1 closed status

01, 02 24 89AL01 Disconnect 1 alarm

01, 02 25 89A02 Disconnect 2 closed status

01, 02 26 89AL02 Disconnect 2 alarm

01, 02 27 89A03 Disconnect 3 closed status

01, 02 28 89AL03 Disconnect 3 alarm

01, 02 29 89A04 Disconnect 4 closed status

01, 02 30 89AL04 Disconnect 4 alarm

01, 02 31 89A05 Disconnect 5 closed status

01, 02 32 89AL05 Disconnect 5 alarm

01, 02 33 89A06 Disconnect 6 closed status

01, 02 34 89AL06 Disconnect 6 alarm

01, 02 35 89A07 Disconnect 7 closed status

01, 02 36 89AL07 Disconnect 7 alarm

01, 02 37 89A08 Disconnect 8 closed status

01, 02 38 89AL08 Disconnect 8 alarm

01, 02 39 TLED_1 Target LED 1 on relay front panel

01, 02 40 TLED_2 Target LED 2 on relay front panel

01, 02 41 TLED_3 Target LED 3 on relay front panel

01, 02 42 TLED_4 Target LED 4 on relay front panel

01, 02 43 TLED_5 Target LED 5 on relay front panel

01, 02 44 TLED_6 Target LED 6 on relay front panel

01, 02 45 TLED_7 Target LED 7 on relay front panel

01, 02 46 TLED_8 Target LED 8 on relay front panel

01, 02 47 TLED_9 Target LED 9 on relay front panel

01, 02 48 TLED_10 Target LED 10 on relay front panel

01, 02 49 TLED_11 Target LED 11 on relay front panel

01, 02 50 TLED_12 Target LED 12 on relay front panel

01, 02 51 TLED_13 Target LED 13 on relay front panel

01, 02 52 TLED_14 Target LED 14 on relay front panel

01, 02 53 TLED_15 Target LED 15 on relay front panel

01, 02 54 TLED_16 Target LED 16 on relay front panel

01, 02 55 IN101 Main Board Input 1

01, 02 56 IN102 Main Board Input 2

01, 02 57 IN103 Main Board Input 3

01, 02 58 IN104 Main Board Input 4

01, 02 59 IN105 Main Board Input 5

01, 02 60 IN106 Main Board Input 6

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 2 of 4)

Object Index Label Description
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01, 02 61 IN107 Main Board Input 7

01, 02 62 PSV01 Protection SELOGIC Variable 1 

01, 02 63 PSV02 Protection SELOGIC Variable 2 

01, 02 64 PSV03 Protection SELOGIC Variable 3 

01, 02 65 PSV04 Protection SELOGIC Variable 4 

01, 02 66 PSV05 Protection SELOGIC Variable 5 

01, 02 67 PSV06 Protection SELOGIC Variable 6 

01, 02 68 PSV07 Protection SELOGIC Variable 7

01, 02 69 PSV08 Protection SELOGIC Variable 8 

01, 02 70 ASV001 Automation SELOGIC Variable 1 

01, 02 71 ASV002 Automation SELOGIC Variable 2

01, 02 72 ASV003 Automation SELOGIC Variable 3 

01, 02 73 ASV004 Automation SELOGIC Variable 4 

01, 02 74 ASV005 Automation SELOGIC Variable 5 

01, 02 75 ASV006 Automation SELOGIC Variable 6 

01, 02 76 ASV007 Automation SELOGIC Variable 7

01, 02 77 ASV008 Automation SELOGIC Variable 8 

01, 02 78 OUT101 Main Board Output 1

01, 02 79 OUT102 Main Board Output 2

01, 02 80 OUT103 Main Board Output 3

01, 02 81 OUT104 Main Board Output 4

01, 02 82 OUT105 Main Board Output 5

01, 02 83 OUT106 Main Board Output 6

01, 02 84 OUT107 Main Board Output 7

Binary Outputs

10, 12 0–31 RB01–RB32 Remote bits RB01–RB32

10, 12 32 OC01 Pulse Open Circuit Breaker 1 command

10, 12 33 OC02 Pulse Open Circuit Breaker 2 command

10, 12 34 OC03 Pulse Open Circuit Breaker 3 command

10, 12 35 OC04 Pulse Open Circuit Breaker 4 command

10, 12 36 RST_BAT Reset battery monitor data

10, 12 37 RSTTRGT Reset front-panel targets

10, 12 38 RSTDNPE Reset (clear) DNP3 Event Summary AIs

Binary Counters 

20, 22 0 ACTGRP Active settings group

Analog Inputs 

30, 32 0 I01FM 1-cycle average Terminal 1 current (magnitude)

30, 32 1 I01FA 1-cycle average Terminal 1 current (angle)

30, 32 2 I02FM 1-cycle average Terminal 2 current (magnitude)

30, 32 3 I02FA 1-cycle average Terminal 2 current (angle)

30, 32 4 I03FM 1-cycle average Terminal 3 current (magnitude)

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 3 of 4)

Object Index Label Description
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IEC 61850 Communication
General IEC 61850 operation is described in Section 17: IEC 61850 Communica-
tion in the SEL-400 Series Relays Instruction Manual. This section describes 
characteristics of IEC 61850 that are specific to the SEL-487B.

Logical Nodes
Table 10.12 and Table 10.13 show the logical nodes (LNs) supported in the 
SEL-487B and the Relay Word bits or Measured Values mapped to those LNs. 
Additionally, the relay supports the CFG Logical Device logical nodes as 
described in Section 17: IEC 61850 Communication in the SEL-400 Series 
Relays Instruction Manual.

Table 10.12 shows the LNs associated with protection elements, defined as Logi-
cal Device PRO.

30, 32 5 I03FA 1-cycle average Terminal 3 current (angle)

30, 32 6 I04FM 1-cycle average Terminal 4 current (magnitude)

30, 32 7 I04FA 1-cycle average Terminal 4 current (angle)

30, 32 8 I05FM 1-cycle average Terminal 5 current (magnitude)

30, 32 9 I05FA 1-cycle average Terminal 5 current (angle)

30, 32 10 I06FM 1-cycle average Terminal 6 current (magnitude)

30, 32 11 I06FA 1-cycle average Terminal 6 current (angle)

30, 32 12 V01FM 1-cycle average Terminal 1 voltage (magnitude)

30, 32 13 V01FA 1-cycle average Terminal 1 voltage (angle)

30, 32 14 V02FM 1-cycle average Terminal 2 voltage (magnitude)

30, 32 15 V02FA 1-cycle average Terminal 2 voltage (angle)

30, 32 16 V03FM 1-cycle average Terminal 3 voltage (magnitude)

30, 32 17 V03FA 1-cycle average Terminal 3 voltage (angle)

30, 32 18 FTYPE Fault type

30, 32 19 FTAR1 Fault targets (Upper byte is 1st target row, lower byte is 
2nd target row)

30, 32 20 FTAR2 Fault targets (Upper byte is 3rd target row, lower byte is 0)

30, 32 21 FGRP Fault settings group

30, 32 22 FTIMEUH Fault time (UTC) in DNP3 format (high 16 bits)

30, 32 23 FTIMEUM Fault time (UTC) in DNP3 format (middle 16 bits)

30, 32 24 FTIMEUL Fault time (UTC) in DNP3 format (low 16 bits)

30, 32 25 FUNR Number of unread fault summaries

30, 32 26 RLYTEMP Internal box temperature in degrees Celsius

Analog Outputs 

40, 41 0 ACTGRP Active settings group

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 4 of 4)

Object Index Label Description
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Table 10.12 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

BKRCSWI1 Pos.Oper.ctlVal OC01:NOOPa Circuit Breaker 1 open command

BKRCSWI2 Pos.Oper.ctlVal OC02:NOOPa Circuit Breaker 2 open command

BKRCSWI3 Pos.Oper.ctlVal OC03:NOOPa Circuit Breaker 3 open command

BKRCSWI4 Pos.Oper.ctlVal OC04:NOOPa Circuit Breaker 4 open command

BKRCSWI5 Pos.Oper.ctlVal OC05:NOOPa Circuit Breaker 5 open command

BKRCSWI6 Pos.Oper.ctlVal OC06:NOOPa Circuit Breaker 6 open command

BKRCSWI7 Pos.Oper.ctlVal OC07:NOOPa Circuit Breaker 7 open command

BKRCSWI8 Pos.Oper.ctlVal OC08:NOOPa Circuit Breaker 8 open command

BKRCSWI9 Pos.Oper.ctlVal OC09:NOOPa Circuit Breaker 9 open command

BKRCSWI10 Pos.Oper.ctlVal OC10:NOOPa Circuit Breaker 10 open command

BKRCSWI11 Pos.Oper.ctlVal OC11:NOOPa Circuit Breaker 11 open command

BKRCSWI12 Pos.Oper.ctlVal OC12:NOOPa Circuit Breaker 12 open command

BKRCSWI13 Pos.Oper.ctlVal OC13:NOOPa Circuit Breaker 13 open command

BKRCSWI14 Pos.Oper.ctlVal OC14:NOOPa Circuit Breaker 14 open command

BKRCSWI15 Pos.Oper.ctlVal OC15:NOOPa Circuit Breaker 15 open command

BKRCSWI16 Pos.Oper.ctlVal OC16:NOOPa Circuit Breaker 16 open command

BKRCSWI17 Pos.Oper.ctlVal OC17:NOOPa Circuit Breaker 17 open command

BKRCSWI18 Pos.Oper.ctlVal OC18:NOOPa Circuit Breaker 18 open command

BKRCSWI19 Pos.Oper.ctlVal OC19:NOOPa Circuit Breaker 19 open command

BKRCSWI20 Pos.Oper.ctlVal OC20:NOOPa Circuit Breaker 20 open command

BKRCSWI21 Pos.Oper.ctlVal OC21:NOOPa Circuit Breaker 21 open command

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODb IEC 61850 mode/behavior status

BFR1RBRF1 Str.general BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation

BFR1RBRF1 OpEx.general FBF01 Circuit Breaker 1 failure

BFR1RBRF1 OpIn.general RT01 Circuit Breaker 1 retrip

BFR2RBRF2 Str.general BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

BFR2RBRF2 OpEx.general FBF02 Circuit Breaker 2 failure

BFR2RBRF2 OpIn.general RT02 Circuit Breaker 2 retrip

BFR3RBRF3 Str.general BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

BFR3RBRF3 OpEx.general FBF03 Circuit Breaker 3 failure

BFR3RBRF3 OpIn.general RT03 Circuit Breaker 3 retrip

BFR4RBRF4 Str.general BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

BFR4RBRF4 OpEx.general FBF04 Circuit Breaker 4 failure

BFR4RBRF4 OpIn.general RT04 Circuit Breaker 4 retrip

BFR5RBRF5 Str.general BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

BFR5RBRF5 OpEx.general FBF05 Circuit Breaker 5 failure

BFR5RBRF5 OpIn.general RT05 Circuit Breaker 5 retrip
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BFR6RBRF6 Str.general BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

BFR6RBRF6 OpEx.general FBF06 Circuit Breaker 6 failure

BFR6RBRF6 OpIn.general RT06 Circuit Breaker 6 retrip

BFR7RBRF7 Str.general BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

BFR7RBRF7 OpEx.general FBF07 Circuit Breaker 7 failure

BFR7RBRF7 OpIn.general RT07 Circuit Breaker 7 retrip

BFR8RBRF8 Str.general BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

BFR8RBRF8 OpEx.general FBF08 Circuit Breaker 8 failure

BFR8RBRF8 OpIn.general RT08 Circuit Breaker 8 retrip

BFR9RBRF9 Str.general BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

BFR9RBRF9 OpEx.general FBF09 Circuit Breaker 9 failure

BFR9RBRF9 OpIn.general RT09 Circuit Breaker 9 retrip

BFR10RBRF10 Str.general BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

BFR10RBRF10 OpEx.general FBF10 Circuit Breaker 10 failure

BFR10RBRF10 OpIn.general RT10 Circuit Breaker 10 retrip

BFR11RBRF11 Str.general BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

BFR11RBRF11 OpEx.general FBF11 Circuit Breaker 11 failure

BFR11RBRF11 OpIn.general RT11 Circuit Breaker 11 retrip

BFR12RBRF12 Str.general BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

BFR12RBRF12 OpEx.general FBF12 Circuit Breaker 12 failure

BFR12RBRF12 OpIn.general RT12 Circuit Breaker 12 retrip

BFR13RBRF13 Str.general BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

BFR13RBRF13 OpEx.general FBF13 Circuit Breaker 13 failure

BFR13RBRF13 OpIn.general RT13 Circuit Breaker 13 retrip

BFR14RBRF14 Str.general BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

BFR14RBRF14 OpEx.general FBF14 Circuit Breaker 14 failure

BFR14RBRF14 OpIn.general RT14 Circuit Breaker 14 retrip

BFR15RBRF15 Str.general BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

BFR15RBRF15 OpEx.general FBF15 Circuit Breaker 15 failure

BFR15RBRF15 OpIn.general RT15 Circuit Breaker 15 retrip

BFR16RBRF16 Str.general BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

BFR16RBRF16 OpEx.general FBF16 Circuit Breaker 16 failure

BFR16RBRF16 OpIn.general RT16 Circuit Breaker 16 retrip

BFR17RBRF17 Str.general BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

BFR17RBRF17 OpEx.general FBF17 Circuit Breaker 17 failure

BFR17RBRF17 OpIn.general RT17 Circuit Breaker 17 retrip

BFR18RBRF18 Str.general BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

BFR18RBRF18 OpEx.general FBF18 Circuit Breaker 18 failure

BFR18RBRF18 OpIn.general RT18 Circuit Breaker 18 retrip

BFR19RBRF19 Str.general BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

BFR19RBRF19 OpEx.general FBF19 Circuit Breaker 19 failure

Table 10.12 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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BFR19RBRF19 OpIn.general RT19 Circuit Breaker 19 retrip

BFR20RBRF20 Str.general BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

BFR20RBRF20 OpEx.general FBF20 Circuit Breaker 20 failure

BFR20RBRF20 OpIn.general RT20 Circuit Breaker 20 retrip

BFR21RBRF21 Str.general BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

BFR21RBRF21 OpEx.general FBF21 Circuit Breaker 21 failure

BFR21RBRF21 OpIn.general RT21 Circuit Breaker 21 retrip

BKRCSWI1 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI1 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI1 OpOpn.general OC01 Circuit Breaker 1 open command

BKRCSWI1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

BKRCSWI2 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI2 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI2 OpOpn.general OC02 Circuit Breaker 2 open command

BKRCSWI2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

BKRCSWI3 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI3 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI3 OpOpn.general OC03 Circuit Breaker 3 open command

BKRCSWI3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

BKRCSWI4 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI4 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI4 OpOpn.general OC04 Circuit Breaker 4 open command

BKRCSWI4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

BKRCSWI5 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI5 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI5 OpOpn.general OC05 Circuit Breaker 5 open command

BKRCSWI5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

BKRCSWI6 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI6 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI6 OpOpn.general OC06 Circuit Breaker 6 open command

BKRCSWI6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

BKRCSWI7 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI7 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI7 OpOpn.general OC07 Circuit Breaker 7 open command

BKRCSWI7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

BKRCSWI8 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI8 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI8 OpOpn.general OC08 Circuit Breaker 8 open command

BKRCSWI8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

BKRCSWI9 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI9 LocSta.stVal LOCSTA Control authority at station level

Table 10.12 Logical Device: PRO (Protection) (Sheet 3 of 10)

Logical Node Attribute Data Source Comment
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BKRCSWI9 OpOpn.general OC09 Circuit Breaker 9 open command

BKRCSWI9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

BKRCSWI10 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI10 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI10 OpOpn.general OC10 Circuit Breaker 10 open command

BKRCSWI10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

BKRCSWI11 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI11 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI11 OpOpn.general OC11 Circuit Breaker 11 open command

BKRCSWI11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

BKRCSWI12 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI12 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI12 OpOpn.general OC12 Circuit Breaker 12 open command

BKRCSWI12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

BKRCSWI13 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI13 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI13 OpOpn.general OC13 Circuit Breaker 13 open command

BKRCSWI13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

BKRCSWI14 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI14 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI14 OpOpn.general OC14 Circuit Breaker 14 open command

BKRCSWI14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

BKRCSWI15 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI15 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI15 OpOpn.general OC15 Circuit Breaker 15 open command

BKRCSWI15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

BKRCSWI16 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI16 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI16 OpOpn.general OC16 Circuit Breaker 16 open command

BKRCSWI16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

BKRCSWI17 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI17 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI17 OpOpn.general OC17 Circuit Breaker 17 open command

BKRCSWI17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

BKRCSWI18 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI18 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI18 OpOpn.general OC18 Circuit Breaker 18 open command

BKRCSWI18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

BKRCSWI19 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI19 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI19 OpOpn.general OC19 Circuit Breaker 19 open command
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BKRCSWI19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

BKRCSWI20 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI20 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI20 OpOpn.general OC20 Circuit Breaker 20 open command

BKRCSWI20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

BKRCSWI21 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI21 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI21 OpOpn.general OC21 Circuit Breaker 21 open command

BKRCSWI21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

D87RPDIF1 Op.general 87R1 Zone 1 restraint differential element picked

D87RPDIF1 Str.general P87R1 Zone 1 instantaneous differential element picked

D87RPDIF2 Op.general 87R2 Zone 2 restraint differential element picked

D87RPDIF2 Str.general P87R2 Zone 2 instantaneous differential element picked

D87RPDIF3 Op.general 87R3 Zone 3 restraint differential element picked

D87RPDIF3 Str.general P87R3 Zone 3 instantaneous differential element picked

D87RPDIF4 Op.general 87R4 Zone 4 restraint differential element picked

D87RPDIF4 Str.general P87R4 Zone 4 instantaneous differential element picked

D87RPDIF5 Op.general 87R5 Zone 5 restraint differential element picked

D87RPDIF5 Str.general P87R5 Zone 5 instantaneous differential element picked

D87RPDIF6 Op.general 87R6 Zone 6 restraint differential element picked

D87RPDIF6 Str.general P87R6 Zone 6 instantaneous differential element picked

FLTRDRE1 FltTyp.stVal FLTYPEd Affected phases for the latest event

FLTRDRE1 FltCaus.stVal FLTCAUSe Event cause for the latest event

FLTRDRE1 FltNum.stVal FLRNUM Event number

FLTRDRE1 RcdMade.stVal FLREP Event report present

PROLPHD1 PhyHealth.stVal EN?3:1f Relay enabled

T87ZPTRC1 Tr.general 87Z1 Zone 1 differential element trip

T87ZPTRC2 Tr.general 87Z2 Zone 2 differential element trip

T87ZPTRC3 Tr.general 87Z3 Zone 3 differential element trip

T87ZPTRC4 Tr.general 87Z4 Zone 4 differential element trip

T87ZPTRC5 Tr.general 87Z5 Zone 5 differential element trip

T87ZPTRC6 Tr.general 87Z6 Zone 6 differential element trip

TRIPPTRC7 Tr.general TRIP01 Terminal 1 trip output

TRIPPTRC8 Tr.general TRIP02 Terminal 2 trip output

TRIPPTRC9 Tr.general TRIP03 Terminal 3 trip output

TRIPPTRC10 Tr.general TRIP04 Terminal 4 trip output

TRIPPTRC11 Tr.general TRIP05 Terminal 5 trip output

TRIPPTRC12 Tr.general TRIP06 Terminal 6 trip output

TRIPPTRC13 Tr.general TRIP07 Terminal 7 trip output

TRIPPTRC14 Tr.general TRIP08 Terminal 8 trip output

TRIPPTRC15 Tr.general TRIP09 Terminal 9 trip output
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TRIPPTRC16 Tr.general TRIP10 Terminal 10 trip output

TRIPPTRC17 Tr.general TRIP11 Terminal 11 trip output

TRIPPTRC18 Tr.general TRIP12 Terminal 12 trip output

TRIPPTRC19 Tr.general TRIP13 Terminal 13 trip output

TRIPPTRC20 Tr.general TRIP14 Terminal 14 trip output

TRIPPTRC21 Tr.general TRIP15 Terminal 15 trip output

TRIPPTRC22 Tr.general TRIP16 Terminal 16 trip output

TRIPPTRC23 Tr.general TRIP17 Terminal 17 trip output

TRIPPTRC24 Tr.general TRIP18 Terminal 18 trip output

TRIPPTRC25 Tr.general TRIP19 Terminal 19 trip output

TRIPPTRC26 Tr.general TRIP20 Terminal 20 trip output

TRIPPTRC27 Tr.general TRIP21 Terminal 21 trip output

X52AXCBR1 Loc.stVal LOC IED local status

X52AXCBR1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

X52AXCBR2 Loc.stVal LOC IED local status

X52AXCBR2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

X52AXCBR3 Loc.stVal LOC IED local status

X52AXCBR3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

X52AXCBR4 Loc.stVal LOC IED local status

X52AXCBR4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

X52AXCBR5 Loc.stVal LOC IED local status

X52AXCBR5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

X52AXCBR6 Loc.stVal LOC IED local status

X52AXCBR6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

X52AXCBR7 Loc.stVal LOC IED local status

X52AXCBR7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

X52AXCBR8 Loc.stVal LOC IED local status

X52AXCBR8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

X52AXCBR9 Loc.stVal LOC IED local status

X52AXCBR9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

X52AXCBR10 Loc.stVal LOC IED local status

X52AXCBR10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

X52AXCBR11 Loc.stVal LOC IED local status

X52AXCBR11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

X52AXCBR12 Loc.stVal LOC IED local status

X52AXCBR12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

X52AXCBR13 Loc.stVal LOC IED local status

X52AXCBR13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

X52AXCBR14 Loc.stVal LOC IED local status

X52AXCBR14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

X52AXCBR15 Loc.stVal LOC IED local status
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X52AXCBR15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

X52AXCBR16 Loc.stVal LOC IED local status

X52AXCBR16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

X52AXCBR17 Loc.stVal LOC IED local status

X52AXCBR17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

X52AXCBR18 Loc.stVal LOC IED local status

X52AXCBR18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

X52AXCBR19 Loc.stVal LOC IED local status

X52AXCBR19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

X52AXCBR20 Loc.stVal LOC IED local status

X52AXCBR20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

X52AXCBR21 Loc.stVal LOC IED local status

X52AXCBR21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

X89CLXSWI1 Loc.stVal LOC IED local status

X89CLXSWI1 Pos.stVal 89CL01?1:2c Disconnect 1 closed

X89CLXSWI2 Loc.stVal LOC IED local status

X89CLXSWI2 Pos.stVal 89CL02?1:2c Disconnect 2 closed

X89CLXSWI3 Loc.stVal LOC IED local status

X89CLXSWI3 Pos.stVal 89CL03?1:2c Disconnect 3 closed

X89CLXSWI4 Loc.stVal LOC IED local status

X89CLXSWI4 Pos.stVal 89CL04?1:2c Disconnect 4 closed

X89CLXSWI5 Loc.stVal LOC IED local status

X89CLXSWI5 Pos.stVal 89CL05?1:2c Disconnect 5 closed

X89CLXSWI6 Loc.stVal LOC IED local status

X89CLXSWI6 Pos.stVal 89CL06?1:2c Disconnect 6 closed

X89CLXSWI7 Loc.stVal LOC IED local status

X89CLXSWI7 Pos.stVal 89CL07?1:2c Disconnect 7 closed

X89CLXSWI8 Loc.stVal LOC IED local status

X89CLXSWI8 Pos.stVal 89CL08?1:2c Disconnect 8 closed

X89CLXSWI9 Loc.stVal LOC IED local status

X89CLXSWI9 Pos.stVal 89CL09?1:2c Disconnect 9 closed

X89CLXSWI10 Loc.stVal LOC IED local status

X89CLXSWI10 Pos.stVal 89CL10?1:2c Disconnect 10 closed

X89CLXSWI11 Loc.stVal LOC IED local status

X89CLXSWI11 Pos.stVal 89CL11?1:2c Disconnect 11 closed

X89CLXSWI12 Loc.stVal LOC IED local status

X89CLXSWI12 Pos.stVal 89CL12?1:2c Disconnect 12 closed

X89CLXSWI13 Loc.stVal LOC IED local status

X89CLXSWI13 Pos.stVal 89CL13?1:2c Disconnect 13 closed

X89CLXSWI14 Loc.stVal LOC IED local status

X89CLXSWI14 Pos.stVal 89CL14?1:2c Disconnect 14 closed
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X89CLXSWI15 Loc.stVal LOC IED local status

X89CLXSWI15 Pos.stVal 89CL15?1:2c Disconnect 15 closed

X89CLXSWI16 Loc.stVal LOC IED local status

X89CLXSWI16 Pos.stVal 89CL16?1:2c Disconnect 16 closed

X89CLXSWI17 Loc.stVal LOC IED local status

X89CLXSWI17 Pos.stVal 89CL17?1:2c Disconnect 17 closed

X89CLXSWI18 Loc.stVal LOC IED local status

X89CLXSWI18 Pos.stVal 89CL18?1:2c Disconnect 18 closed

X89CLXSWI19 Loc.stVal LOC IED local status

X89CLXSWI19 Pos.stVal 89CL19?1:2c Disconnect 19 closed

X89CLXSWI20 Loc.stVal LOC IED local status

X89CLXSWI20 Pos.stVal 89CL20?1:2c Disconnect 20 closed

X89CLXSWI21 Loc.stVal LOC IED local status

X89CLXSWI21 Pos.stVal 89CL21?1:2c Disconnect 21 closed

X89CLXSWI22 Loc.stVal LOC IED local status

X89CLXSWI22 Pos.stVal 89CL22?1:2c Disconnect 22 closed

X89CLXSWI23 Loc.stVal LOC IED local status

X89CLXSWI23 Pos.stVal 89CL23?1:2c Disconnect 23 closed

X89CLXSWI24 Loc.stVal LOC IED local status

X89CLXSWI24 Pos.stVal 89CL24?1:2c Disconnect 24 closed

X89CLXSWI25 Loc.stVal LOC IED local status

X89CLXSWI25 Pos.stVal 89CL25?1:2c Disconnect 25 closed

X89CLXSWI26 Loc.stVal LOC IED local status

X89CLXSWI26 Pos.stVal 89CL26?1:2c Disconnect 26 closed

X89CLXSWI27 Loc.stVal LOC IED local status

X89CLXSWI27 Pos.stVal 89CL27?1:2c Disconnect 27 closed

X89CLXSWI28 Loc.stVal LOC IED local status

X89CLXSWI28 Pos.stVal 89CL28?1:2c Disconnect 28 closed

X89CLXSWI29 Loc.stVal LOC IED local status

X89CLXSWI29 Pos.stVal 89CL29?1:2c Disconnect 29 closed

X89CLXSWI30 Loc.stVal LOC IED local status

X89CLXSWI30 Pos.stVal 89CL30?1:2c Disconnect 30 closed

X89CLXSWI31 Loc.stVal LOC IED local status

X89CLXSWI31 Pos.stVal 89CL31?1:2c Disconnect 31 closed

X89CLXSWI32 Loc.stVal LOC IED local status

X89CLXSWI32 Pos.stVal 89CL32?1:2c Disconnect 32 closed

X89CLXSWI33 Loc.stVal LOC IED local status

X89CLXSWI33 Pos.stVal 89CL33?1:2c Disconnect 33 closed

X89CLXSWI34 Loc.stVal LOC IED local status

X89CLXSWI34 Pos.stVal 89CL34?1:2c Disconnect 34 closed

X89CLXSWI35 Loc.stVal LOC IED local status
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X89CLXSWI35 Pos.stVal 89CL35?1:2c Disconnect 35 closed

X89CLXSWI36 Loc.stVal LOC IED local status

X89CLXSWI36 Pos.stVal 89CL36?1:2c Disconnect 36 closed

X89CLXSWI37 Loc.stVal LOC IED local status

X89CLXSWI37 Pos.stVal 89CL37?1:2c Disconnect 37 closed

X89CLXSWI38 Loc.stVal LOC IED local status

X89CLXSWI38 Pos.stVal 89CL38?1:2c Disconnect 38 closed

X89CLXSWI39 Loc.stVal LOC IED local status

X89CLXSWI39 Pos.stVal 89CL39?1:2c Disconnect 39 closed

X89CLXSWI40 Loc.stVal LOC IED local status

X89CLXSWI40 Pos.stVal 89CL40?1:2c Disconnect 40 closed

X89CLXSWI41 Loc.stVal LOC IED local status

X89CLXSWI41 Pos.stVal 89CL41?1:2c Disconnect 41 closed

X89CLXSWI42 Loc.stVal LOC IED local status

X89CLXSWI42 Pos.stVal 89CL42?1:2c Disconnect 42 closed

X89CLXSWI43 Loc.stVal LOC IED local status

X89CLXSWI43 Pos.stVal 89CL43?1:2c Disconnect 43 closed

X89CLXSWI44 Loc.stVal LOC IED local status

X89CLXSWI44 Pos.stVal 89CL44?1:2c Disconnect 44 closed

X89CLXSWI45 Loc.stVal LOC IED local status

X89CLXSWI45 Pos.stVal 89CL45?1:2c Disconnect 45 closed

X89CLXSWI46 Loc.stVal LOC IED local status

X89CLXSWI46 Pos.stVal 89CL46?1:2c Disconnect 46 closed

X89CLXSWI47 Loc.stVal LOC IED local status

X89CLXSWI47 Pos.stVal 89CL47?1:2c Disconnect 47 closed

X89CLXSWI48 Loc.stVal LOC IED local status

X89CLXSWI48 Pos.stVal 89CL48?1:2c Disconnect 48 closed

X89CLXSWI49 Loc.stVal LOC IED local status

X89CLXSWI49 Pos.stVal 89CL49?1:2c Disconnect 49 closed

X89CLXSWI50 Loc.stVal LOC IED local status

X89CLXSWI50 Pos.stVal 89CL50?1:2c Disconnect 50 closed

X89CLXSWI51 Loc.stVal LOC IED local status

X89CLXSWI51 Pos.stVal 89CL51?1:2c Disconnect 51 closed

X89CLXSWI52 Loc.stVal LOC IED local status

X89CLXSWI52 Pos.stVal 89CL52?1:2c Disconnect 52 closed

X89CLXSWI53 Loc.stVal LOC IED local status

X89CLXSWI53 Pos.stVal 89CL53?1:2c Disconnect 53 closed

X89CLXSWI54 Loc.stVal LOC IED local status

X89CLXSWI54 Pos.stVal 89CL54?1:2c Disconnect 54 closed

X89CLXSWI55 Loc.stVal LOC IED local status

X89CLXSWI55 Pos.stVal 89CL55?1:2c Disconnect 55 closed
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Table 10.13 shows the LNs associated with measuring elements, defined as Logi-
cal Device MET.

                    

X89CLXSWI56 Loc.stVal LOC IED local status

X89CLXSWI56 Pos.stVal 89CL56?1:2c Disconnect 56 closed

X89CLXSWI57 Loc.stVal LOC IED local status

X89CLXSWI57 Pos.stVal 89CL57?1:2c Disconnect 57 closed

X89CLXSWI58 Loc.stVal LOC IED local status

X89CLXSWI58 Pos.stVal 89CL58?1:2c Disconnect 58 closed

X89CLXSWI59 Loc.stVal LOC IED local status

X89CLXSWI59 Pos.stVal 89CL59?1:2c Disconnect 59 closed

X89CLXSWI60 Loc.stVal LOC IED local status

X89CLXSWI60 Pos.stVal 89CL60?1:2c Disconnect 60 closed

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

PROLPHD1 PhyNam.hwRev HWREVg Hardware version of the relay mainboard

PROLPHD1 PhyNam.model PARNUM Relay part number

PROLPHD1 PhyNam.serNum SERNUM Relay serial number

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a Writing a value of 1 pulses the first bit. Writing a value of 0 results in no operation.
b I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
c If closed, value = 2. If open, value = 1.
d FLTYPE is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.14 for more details.
e FLTCAUS is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.15 for more details.
f If enabled, value = 1. If disabled, value = 3.
g HWREV is an internal data source and is not available to the user.

Table 10.12 Logical Device: PRO (Protection) (Sheet 10 of 10)
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Logical Node Attribute Data Source Comment

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODa IEC 61850 mode/behavior status

DCZBAT1 BatWrn.stVal DC1W DC monitor warning alarm

DCZBAT1 BatFail.stVal DC1F DC monitor fail alarm

DCZBAT1 BatGndFlt.st.Val DC1G DC monitor ground fault alarm

DCZBAT1 BatDvAlm.stVal DC1R DC monitor alarm for ac ripple

METLPHD1 PhyHealth.stVal EN?3:1b Relay enabled

Functional Constraint = MX

DCZBAT1 Vol.instMag.f DC1 Station battery dc voltage

IOPMMXN1 Amp.instMag.f IOP1F 1-cycle average Zone 1 operating current

IOPMMXN2 Amp.instMag.f IOP2F 1-cycle average Zone 2 operating current
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IOPMMXN3 Amp.instMag.f IOP3F 1-cycle average Zone 3 operating current

IOPMMXN4 Amp.instMag.f IOP4F 1-cycle average Zone 4 operating current

IOPMMXN5 Amp.instMag.f IOP5F 1-cycle average Zone 5 operating current

IOPMMXN6 Amp.instMag.f IOP6F 1-cycle average Zone 6 operating current

IRTMMXN1 Amp.instMag.f IRT1F 1-cycle average Zone 1 restraint current

IRTMMXN2 Amp.instMag.f IRT2F 1-cycle average Zone 2 restraint current

IRTMMXN3 Amp.instMag.f IRT3F 1-cycle average Zone 3 restraint current

IRTMMXN4 Amp.instMag.f IRT4F 1-cycle average Zone 4 restraint current

IRTMMXN5 Amp.instMag.f IRT5F 1-cycle average Zone 5 restraint current

IRTMMXN6 Amp.instMag.f IRT6F 1-cycle average Zone 6 restraint current

METMMXN1 Amp.instMag.f I01FM 1-cycle average Phase 01 current (magnitude)

METMMXN2 Amp.instMag.f I02FM 1-cycle average Phase 02 current (magnitude)

METMMXN3 Amp.instMag.f I03FM 1-cycle average Phase 03 current (magnitude)

METMMXN4 Amp.instMag.f I04FM 1-cycle average Phase 04 current (magnitude)

METMMXN5 Amp.instMag.f I05FM 1-cycle average Phase 05 current (magnitude)

METMMXN6 Amp.instMag.f I06FM 1-cycle average Phase 06 current (magnitude)

METMMXN7 Amp.instMag.f I07FM 1-cycle average Phase 07 current (magnitude)

METMMXN8 Amp.instMag.f I08FM 1-cycle average Phase 08 current (magnitude)

METMMXN9 Amp.instMag.f I09FM 1-cycle average Phase 09 current (magnitude)

METMMXN10 Amp.instMag.f I10FM 1-cycle average Phase 10 current (magnitude)

METMMXN11 Amp.instMag.f I11FM 1-cycle average Phase 11 current (magnitude)

METMMXN12 Amp.instMag.f I12FM 1-cycle average Phase 12 current (magnitude)

METMMXN13 Amp.instMag.f I13FM 1-cycle average Phase 13 current (magnitude)

METMMXN14 Amp.instMag.f I14FM 1-cycle average Phase 14 current (magnitude)

METMMXN15 Amp.instMag.f I15FM 1-cycle average Phase 15 current (magnitude)

METMMXN16 Amp.instMag.f I16FM 1-cycle average Phase 16 current (magnitude)

METMMXN17 Amp.instMag.f I17FM 1-cycle average Phase 17 current (magnitude)

METMMXN18 Amp.instMag.f I18FM 1-cycle average Phase 18 current (magnitude)

METMMXN19 Amp.instMag.f I19FM 1-cycle average Phase 19 current (magnitude)

METMMXN20 Amp.instMag.f I20FM 1-cycle average Phase 20 current (magnitude)

METMMXN21 Amp.instMag.f I21FM 1-cycle average Phase 21 current (magnitude)

METVMMXN1 Vol.instMag.f V01FM 1-cycle average Phase 01 voltage (magnitude)

METVMMXN2 Vol.instMag.f V02FM 1-cycle average Phase 02 voltage (magnitude)

METVMMXN3 Vol.instMag.f V03FM 1-cycle average Phase 03 voltage (magnitude)

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

METLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay mainboard

METLPHD1 PhyNam.model PARNUM Relay part number

METLPHD1 PhyNam.serNum SERNUM Relay serial number
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Functional Constraint = DC

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
b If enabled, value = 1. If disabled, value = 3
c HWREV is an internal data source and is not available to the user.

Table 10.13 Logical Device: MET (Metering) (Sheet 3 of 3)

Logical Node Attribute Data Source Comment

Table 10.14 FLTYPE—Fault Type

Value Fault Type

0 No fault type identified/present

Table 10.15 FLTCAUS—Fault Cause

Value Fault Cause

0 No fault summary loaded

1 Trigger command

2 Trip element

3 Event report element

4 Differential trip

5 Breaker failure trip
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Relay Word Bits

This section contains tables of the Relay Word bits available in the SEL-487B 
relay. Table 11.1 lists the Relay Word bits in alphabetical order; Table 11.2 lists 
every Relay Word bit row and the bits contained within each row.

Alphabetical List
                    

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 1 of 79)

Name Bit Description Row

271P1 Undervoltage Element 1, Level 1 asserted 221

271P1T Undervoltage Element 1, Level 1 timed out 221

271P2 Undervoltage Element 1, Level 2 asserted 221

272P1 Undervoltage Element 2, Level 1 asserted 221

272P1T Undervoltage Element 2, Level 1 timed out 221

272P2 Undervoltage Element 2, Level 2 asserted 221

273P1 Undervoltage Element 3, Level 1 asserted 222

273P1T Undervoltage Element 3, Level 1 timed out 222

273P2 Undervoltage Element 3, Level 2 asserted 222

274P1 Undervoltage Element 4, Level 1 asserted 222

274P1T Undervoltage Element 4, Level 1 timed out 222

274P2 Undervoltage Element 4, Level 2 asserted 222

275P1 Undervoltage Element 5, Level 1 asserted 223

275P1T Undervoltage Element 5, Level 1 timed out 223

275P2 Undervoltage Element 5, Level 2 asserted 223

276P1 Undervoltage Element 6, Level 1 asserted 223

276P1T Undervoltage Element 6, Level 1 timed out 223

276P2 Undervoltage Element 6, Level 2 asserted 223

27TC1 Undervoltage Element 1, torque control 221

27TC2 Undervoltage Element 2, torque control 221

27TC3 Undervoltage Element 3, torque control 222

27TC4 Undervoltage Element 4, torque control 222

27TC5 Undervoltage Element 5, torque control 223

27TC6 Undervoltage Element 6, torque control 223

50DS01 Terminal 01 directional element current threshold exceeded 173

50DS02 Terminal 02 directional element current threshold exceeded 173

50DS03 Terminal 03 directional element current threshold exceeded 173

50DS04 Terminal 04 directional element current threshold exceeded 173
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50DS05 Terminal 05 directional element current threshold exceeded 173

50DS06 Terminal 06 directional element current threshold exceeded 173

50DS07 Terminal 07 directional element current threshold exceeded 173

50DS08 Terminal 08 directional element current threshold exceeded 173

50DS09 Terminal 09 directional element current threshold exceeded 174

50DS10 Terminal 10 directional element current threshold exceeded 174

50DS11 Terminal 11 directional element current threshold exceeded 174

50DS12 Terminal 12 directional element current threshold exceeded 174

50DS13 Terminal 13 directional element current threshold exceeded 174

50DS14 Terminal 14 directional element current threshold exceeded 174

50DS15 Terminal 15 directional element current threshold exceeded 174

50DS16 Terminal 16 directional element current threshold exceeded 174

50DS17 Terminal 17 directional element current threshold exceeded 175

50DS18 Terminal 18 directional element current threshold exceeded 175

50DS19 Terminal 19 directional element current threshold exceeded 175

50DS20 Terminal 20 directional element current threshold exceeded 175

50DS21 Terminal 21 directional element current threshold exceeded 175

50F01 Circuit Breaker 1 breaker failure current threshold exceeded 183

50F02 Circuit Breaker 2 breaker failure current threshold exceeded 184

50F03 Circuit Breaker 3 breaker failure current threshold exceeded 185

50F04 Circuit Breaker 4 breaker failure current threshold exceeded 186

50F05 Circuit Breaker 5 breaker failure current threshold exceeded 187

50F06 Circuit Breaker 6 breaker failure current threshold exceeded 188

50F07 Circuit Breaker 7 breaker failure current threshold exceeded 189

50F08 Circuit Breaker 8 breaker failure current threshold exceeded 190

50F09 Circuit Breaker 9 breaker failure current threshold exceeded 191

50F10 Circuit Breaker 10 breaker failure current threshold exceeded 192

50F11 Circuit Breaker 11 breaker failure current threshold exceeded 193

50F12 Circuit Breaker 12 breaker failure current threshold exceeded 194

50F13 Circuit Breaker 13 breaker failure current threshold exceeded 195

50F14 Circuit Breaker 14 breaker failure current threshold exceeded 196

50F15 Circuit Breaker 15 breaker failure current threshold exceeded 197

50F16 Circuit Breaker 16 breaker failure current threshold exceeded 198

50F17 Circuit Breaker 17 breaker failure current threshold exceeded 199

50F18 Circuit Breaker 18 breaker failure current threshold exceeded 200

50F19 Circuit Breaker 19 breaker failure current threshold exceeded 201

50F20 Circuit Breaker 20 breaker failure current threshold exceeded 202

50F21 Circuit Breaker 21 breaker failure current threshold exceeded 203

50P01 Terminal 01 instantaneous overcurrent element 207

50P01T Terminal 01 definite-time overcurrent element timed out 207

50P02 Terminal 02 instantaneous overcurrent element 207
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50P02T Terminal 02 definite-time overcurrent element timed out 207

50P03 Terminal 03 instantaneous overcurrent element 207

50P03T Terminal 03 definite-time overcurrent element timed out 207

50P04 Terminal 04 instantaneous overcurrent element 207

50P04T Terminal 04 definite-time overcurrent element timed out 207

50P05 Terminal 05 instantaneous overcurrent element 208

50P05T Terminal 05 definite-time overcurrent element timed out 208

50P06 Terminal 06 instantaneous overcurrent element 208

50P06T Terminal 06 definite-time overcurrent element timed out 208

50P07 Terminal 07 instantaneous overcurrent element 208

50P07T Terminal 07 definite-time overcurrent element timed out 208

50P08 Terminal 08 instantaneous overcurrent element 208

50P08T Terminal 08 definite-time overcurrent element timed out 208

50P09 Terminal 09 instantaneous overcurrent element 209

50P09T Terminal 09 definite-time overcurrent element timed out 209

50P10 Terminal 10 instantaneous overcurrent element 209

50P10T Terminal 10 definite-time overcurrent element timed out 209

50P11 Terminal 11 instantaneous overcurrent element 209

50P11T Terminal 11 definite-time overcurrent element timed out 209

50P12 Terminal 12 instantaneous overcurrent element 209

50P12T Terminal 12 definite-time overcurrent element timed out 209

50P13 Terminal 13 instantaneous overcurrent element 210

50P13T Terminal 13 definite-time overcurrent element timed out 210

50P14 Terminal 14 instantaneous overcurrent element 210

50P14T Terminal 14 definite-time overcurrent element timed out 210

50P15 Terminal 15 instantaneous overcurrent element 210

50P15T Terminal 15 definite-time overcurrent element timed out 210

50P16 Terminal 16 instantaneous overcurrent element 210

50P16T Terminal 16 definite-time overcurrent element timed out 210

50P17 Terminal 17 instantaneous overcurrent element 211

50P17T Terminal 17 definite-time overcurrent element timed out 211

50P18 Terminal 18 instantaneous overcurrent element 211

50P18T Terminal 18 definite-time overcurrent element timed out 211

50P19 Terminal 19 instantaneous overcurrent element 211

50P19T Terminal 19 definite-time overcurrent element timed out 211

50P20 Terminal 20 instantaneous overcurrent element 211

50P20T Terminal 20 definite-time overcurrent element timed out 211

50P21 Terminal 21 instantaneous overcurrent element 212

50P21T Terminal 21 definite-time overcurrent element timed out 212

51MM01 Inverse-time Element 01 pickup setting outside of specified limits 219

51MM02 Inverse-time Element 02 pickup setting outside of specified limits 219
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51MM03 Inverse-time Element 03 pickup setting outside of specified limits 219

51MM04 Inverse-time Element 04 pickup setting outside of specified limits 219

51MM05 Inverse-time Element 05 pickup setting outside of specified limits 220

51MM06 Inverse-time Element 06 pickup setting outside of specified limits 220

51MM07 Inverse-time Element 07 pickup setting outside of specified limits 220

51MM08 Inverse-time Element 08 pickup setting outside of specified limits 220

51MM09 Inverse-time Element 09 pickup setting outside of specified limits 232

51MM10 Inverse-time Element 10 pickup setting outside of specified limits 232

51MM11 Inverse-time Element 11 pickup setting outside of specified limits 232

51MM12 Inverse-time Element 12 pickup setting outside of specified limits 232

51MM13 Inverse-time Element 13 pickup setting outside of specified limits 233

51MM14 Inverse-time Element 14 pickup setting outside of specified limits 233

51MM15 Inverse-time Element 15 pickup setting outside of specified limits 233

51MM16 Inverse-time Element 16 pickup setting outside of specified limits 233

51MM17 Inverse-time Element 17 pickup setting outside of specified limits 234

51MM18 Inverse-time Element 18 pickup setting outside of specified limits 234

51MM19 Inverse-time Element 19 pickup setting outside of specified limits 234

51MM20 Inverse-time Element 20 pickup setting outside of specified limits 234

51MM21 Inverse-time Element 21 pickup setting outside of specified limits 252

51R01 Inverse-time Element 01 reset 254

51R02 Inverse-time Element 02 reset 254

51R03 Inverse-time Element 03 reset 254

51R04 Inverse-time Element 04 reset 254

51R05 Inverse-time Element 05 reset 254

51R06 Inverse-time Element 06 reset 254

51R07 Inverse-time Element 07 reset 254

51R08 Inverse-time Element 08 reset 254

51R09 Inverse-time Element 09 reset 253

51R10 Inverse-time Element 10 reset 253

51R11 Inverse-time Element 11 reset 253

51R12 Inverse-time Element 12 reset 253

51R13 Inverse-time Element 13 reset 253

51R14 Inverse-time Element 14 reset 253

51R15 Inverse-time Element 15 reset 253

51R16 Inverse-time Element 16 reset 253

51R17 Inverse-time Element 17 reset 381

51R18 Inverse-time Element 18 reset 381

51R19 Inverse-time Element 19 reset 381

51R20 Inverse-time Element 20 reset 381

51R21 Inverse-time Element 21 reset 381

51S01 Inverse-time Element 01 picked up 213
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51S02 Inverse-time Element 02 picked up 213

51S03 Inverse-time Element 03 picked up 213

51S04 Inverse-time Element 04 picked up 213

51S05 Inverse-time Element 05 picked up 214

51S06 Inverse-time Element 06 picked up 214

51S07 Inverse-time Element 07 picked up 214

51S08 Inverse-time Element 08 picked up 214

51S09 Inverse-time Element 09 picked up 215

51S10 Inverse-time Element 10 picked up 215

51S11 Inverse-time Element 11 picked up 215

51S12 Inverse-time Element 12 picked up 215

51S13 Inverse-time Element 13 picked up 216

51S14 Inverse-time Element 14 picked up 216

51S15 Inverse-time Element 15 picked up 216

51S16 Inverse-time Element 16 picked up 216

51S17 Inverse-time Element 17 picked up 217

51S18 Inverse-time Element 18 picked up 217

51S19 Inverse-time Element 19 picked up 217

51S20 Inverse-time Element 20 picked up 217

51S21 Inverse-time Element 21 picked up 218

51T01 Inverse-time Element 01 timed out 213

51T02 Inverse-time Element 02 timed out 213

51T03 Inverse-time Element 03 timed out 213

51T04 Inverse-time Element 04 timed out 213

51T05 Inverse-time Element 05 timed out 214

51T06 Inverse-time Element 06 timed out 214

51T07 Inverse-time Element 07 timed out 214

51T08 Inverse-time Element 08 timed out 214

51T09 Inverse-time Element 09 timed out 215

51T10 Inverse-time Element 10 timed out 215

51T11 Inverse-time Element 11 timed out 215

51T12 Inverse-time Element 12 timed out 215

51T13 Inverse-time Element 13 timed out 216

51T14 Inverse-time Element 14 timed out 216

51T15 Inverse-time Element 15 timed out 216

51T16 Inverse-time Element 16 timed out 216

51T17 Inverse-time Element 17 timed out 217

51T18 Inverse-time Element 18 timed out 217

51T19 Inverse-time Element 19 timed out 217

51T20 Inverse-time Element 20 timed out 217

51T21 Inverse-time Element 21 timed out 218
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51TM01 Inverse-time Element 01 time-dial setting outside of specified limits 219

51TM02 Inverse-time Element 02 time-dial setting outside of specified limits 219

51TM03 Inverse-time Element 03 time-dial setting outside of specified limits 219

51TM04 Inverse-time Element 04 time-dial setting outside of specified limits 219

51TM05 Inverse-time Element 05 time-dial setting outside of specified limits 220

51TM06 Inverse-time Element 06 time-dial setting outside of specified limits 220

51TM07 Inverse-time Element 07 time-dial setting outside of specified limits 220

51TM08 Inverse-time Element 08 time-dial setting outside of specified limits 220

51TM09 Inverse-time Element 09 time-dial setting outside of specified limits 232

51TM10 Inverse-time Element 10 time-dial setting outside of specified limits 232

51TM11 Inverse-time Element 11 time-dial setting outside of specified limits 232

51TM12 Inverse-time Element 12 time-dial setting outside of specified limits 232

51TM13 Inverse-time Element 13 time-dial setting outside of specified limits 233

51TM14 Inverse-time Element 14 time-dial setting outside of specified limits 233

51TM15 Inverse-time Element 15 time-dial setting outside of specified limits 233

51TM16 Inverse-time Element 16 time-dial setting outside of specified limits 233

51TM17 Inverse-time Element 17 time-dial setting outside of specified limits 234

51TM18 Inverse-time Element 18 time-dial setting outside of specified limits 234

51TM19 Inverse-time Element 19 time-dial setting outside of specified limits 234

51TM20 Inverse-time Element 20 time-dial setting outside of specified limits 234

51TM21 Inverse-time Element 21 time-dial setting outside of specified limits 252

52A01 Circuit Breaker 01 status 7

52A02 Circuit Breaker 02 status 7

52A03 Circuit Breaker 03 status 7

52A04 Circuit Breaker 04 status 8

52A05 Circuit Breaker 05 status 8

52A06 Circuit Breaker 06 status 8

52A07 Circuit Breaker 07 status 9

52A08 Circuit Breaker 08 status 9

52A09 Circuit Breaker 09 status 10

52A10 Circuit Breaker 10 status 10

52A11 Circuit Breaker 11 status 10

52A12 Circuit Breaker 12 status 11

52A13 Circuit Breaker 13 status 11

52A14 Circuit Breaker 14 status 11

52A15 Circuit Breaker 15 status 12

52A16 Circuit Breaker 16 status 12

52A17 Circuit Breaker 17 status 13

52A18 Circuit Breaker 18 status 13

52A19 Circuit Breaker 19 status 13

52A20 Circuit Breaker 20 status 14
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52A21 Circuit Breaker 21 status 14

52AL Any circuit breaker alarm 14

52AL01 Circuit Breaker 01 alarm 7

52AL02 Circuit Breaker 02 alarm 7

52AL03 Circuit Breaker 03 alarm 7

52AL04 Circuit Breaker 04 alarm 8

52AL05 Circuit Breaker 05 alarm 8

52AL06 Circuit Breaker 06 alarm 9

52AL07 Circuit Breaker 07 alarm 9

52AL08 Circuit Breaker 08 alarm 9

52AL09 Circuit Breaker 09 alarm 10

52AL10 Circuit Breaker 10 alarm 10

52AL11 Circuit Breaker 11 alarm 10

52AL12 Circuit Breaker 12 alarm 11

52AL13 Circuit Breaker 13 alarm 11

52AL14 Circuit Breaker 14 alarm 12

52AL15 Circuit Breaker 15 alarm 12

52AL16 Circuit Breaker 16 alarm 12

52AL17 Circuit Breaker 17 alarm 13

52AL18 Circuit Breaker 18 alarm 13

52AL19 Circuit Breaker 19 alarm 13

52AL20 Circuit Breaker 20 alarm 14

52AL21 Circuit Breaker 21 alarm 14

52CL01 Circuit Breaker 01 closed 7

52CL02 Circuit Breaker 02 closed 7

52CL03 Circuit Breaker 03 closed 8

52CL04 Circuit Breaker 04 closed 8

52CL05 Circuit Breaker 05 closed 8

52CL06 Circuit Breaker 06 closed 9

52CL07 Circuit Breaker 07 closed 9

52CL08 Circuit Breaker 08 closed 9

52CL09 Circuit Breaker 09 closed 10

52CL10 Circuit Breaker 10 closed 10

52CL11 Circuit Breaker 11 closed 11

52CL12 Circuit Breaker 12 closed 11

52CL13 Circuit Breaker 13 closed 11

52CL14 Circuit Breaker 14 closed 12

52CL15 Circuit Breaker 15 closed 12

52CL16 Circuit Breaker 16 closed 12

52CL17 Circuit Breaker 17 closed 13

52CL18 Circuit Breaker 18 closed 13
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52CL19 Circuit Breaker 19 closed 14

52CL20 Circuit Breaker 20 closed 14

52CL21 Circuit Breaker 21 closed 14

591P1 Overvoltage Element 1, Level 1 asserted   224

591P1T Overvoltage Element 1, Level 1 timed out 224

591P2 Overvoltage Element 1, Level 2 asserted   224

592P1 Overvoltage Element 2, Level 1 asserted   224

592P1T Overvoltage Element 2, Level 1 timed out 224

592P2 Overvoltage Element 2, Level 2 asserted   224

593P1 Overvoltage Element 3, Level 1 asserted   225

593P1T Overvoltage Element 3, Level 1 timed out 225

593P2 Overvoltage Element 3, Level 2 asserted   225

594P1 Overvoltage Element 4, Level 1 asserted   225

594P1T Overvoltage Element 4, Level 1 timed out 225

594P2 Overvoltage Element 4, Level 2 asserted   225

595P1 Overvoltage Element 5, Level 1 asserted   226

595P1T Overvoltage Element 5, Level 1 timed out 226

595P2 Overvoltage Element 5, Level 2 asserted   226

596P1 Overvoltage Element 6, Level 1 asserted   226

596P1T Overvoltage Element 6, Level 1 timed out 226

596P2 Overvoltage Element 6, Level 2 asserted   226

59TC1 Overvoltage Element 1, torque control 224

59TC2 Overvoltage Element 2, torque control 224

59TC3 Overvoltage Element 3, torque control 225

59TC4 Overvoltage Element 4, torque control 225

59TC5 Overvoltage Element 5, torque control 226

59TC6 Overvoltage Element 6, torque control 226

87BTR Any terminal bus-zone differential trip asserted 231

87BTR01 Terminal 01 bus-zone differential trip asserted 228

87BTR02 Terminal 02 bus-zone differential trip asserted 228

87BTR03 Terminal 03 bus-zone differential trip asserted 228

87BTR04 Terminal 04 bus-zone differential trip asserted 228

87BTR05 Terminal 05 bus-zone differential trip asserted 228

87BTR06 Terminal 06 bus-zone differential trip asserted 228

87BTR07 Terminal 07 bus-zone differential trip asserted 228

87BTR08 Terminal 08 bus-zone differential trip asserted 228

87BTR09 Terminal 09 bus-zone differential trip asserted 229

87BTR10 Terminal 10 bus-zone differential trip asserted 229

87BTR11 Terminal 11 bus-zone differential trip asserted 229

87BTR12 Terminal 12 bus-zone differential trip asserted 229

87BTR13 Terminal 13 bus-zone differential trip asserted 229
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87BTR14 Terminal 14 bus-zone differential trip asserted 229

87BTR15 Terminal 15 bus-zone differential trip asserted 229

87BTR16 Terminal 16 bus-zone differential trip asserted 229

87BTR17 Terminal 17 bus-zone differential trip asserted 230

87BTR18 Terminal 18 bus-zone differential trip asserted 230

87BTR19 Terminal 19 bus-zone differential trip asserted 230

87BTR20 Terminal 20 bus-zone differential trip asserted 230

87BTR21 Terminal 21 bus-zone differential trip asserted 230

87CZ1 Check Zone 1 differential element trip 447

87CZ2 Check Zone 2 differential element trip 447

87CZ3 Check Zone 3 differential element trip 447

87O1 Zone 1 restraint differential operating current above O87P 159

87O2 Zone 2 restraint differential operating current above O87P 161

87O3 Zone 3 restraint differential operating current above O87P 163

87O4 Zone 4 restraint differential operating current above O87P 165

87O5 Zone 5 restraint differential operating current above O87P 167

87O6 Zone 6 restraint differential operating current above O87P 169

87OCZ1 Check Zone 1 restraint differential operating current above CZO87P 450

87OCZ2 Check Zone 2 restraint differential operating current above CZO87P 452

87OCZ3 Check Zone 3 restraint differential operating current above CZO87P 454

87R1 Zone 1 restraint differential element picked up 159

87R2 Zone 2 restraint differential element picked up 161

87R3 Zone 3 restraint differential element picked up 163

87R4 Zone 4 restraint differential element picked up 165

87R5 Zone 5 restraint differential element picked up 167

87R6 Zone 6 restraint differential element picked up 169

87RCZ1 Check Zone 1 restraint differential element picked up 450

87RCZ2 Check Zone 2 restraint differential element picked up 452

87RCZ3 Check Zone 3 restraint differential element picked up 454

87S1 Zone 1 sensitive differential element picked up 157

87S2 Zone 2 sensitive differential element picked up 157

87S3 Zone 3 sensitive differential element picked up 157

87S4 Zone 4 sensitive differential element picked up 157

87S5 Zone 5 sensitive differential element picked up 157

87S6 Zone 6 sensitive differential element picked up 157

87SCZ1 Check Zone 1 sensitive differential element picked up 448

87SCZ2 Check Zone 2 sensitive differential element picked up 448

87SCZ3 Check Zone 3 sensitive differential element picked up 448

87ST Any sensitive differential element timer timed out 158

87ST1 Zone 1 sensitive differential element timed out 158

87ST2 Zone 2 sensitive differential element timed out 158
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87ST3 Zone 3 sensitive differential element timed out 158

87ST4 Zone 4 sensitive differential element timed out 158

87ST5 Zone 5 sensitive differential element timed out 158

87ST6 Zone 6 sensitive differential element timed out 158

87STCZ1 Check Zone 1 sensitive differential element timed out 449

87STCZ2 Check Zone 2 sensitive differential element timed out 449

87STCZ3 Check Zone 3 sensitive differential element timed out 449

87Z1 Zone 1 differential element trip 235

87Z2 Zone 2 differential element trip 235

87Z3 Zone 3 differential element trip 235

87Z4 Zone 4 differential element trip 235

87Z5 Zone 5 differential element trip 235

87Z6 Zone 6 differential element trip 235

89A01 Disconnect 01 A auxiliary contact closed 17

89A02 Disconnect 02 A auxiliary contact closed 17

89A03 Disconnect 03 A auxiliary contact closed 18

89A04 Disconnect 04 A auxiliary contact closed 18

89A05 Disconnect 05 A auxiliary contact closed 19

89A06 Disconnect 06 A auxiliary contact closed 20

89A07 Disconnect 07 A auxiliary contact closed 20

89A08 Disconnect 08 A auxiliary contact closed 21

89A09 Disconnect 09 A auxiliary contact closed 22

89A10 Disconnect 10 A auxiliary contact closed 22

89A11 Disconnect 11 A auxiliary contact closed 23

89A12 Disconnect 12 A auxiliary contact closed 23

89A13 Disconnect 13 A auxiliary contact closed 24

89A14 Disconnect 14 A auxiliary contact closed 25

89A15 Disconnect 15 A auxiliary contact closed 25

89A16 Disconnect 16 A auxiliary contact closed 26

89A17 Disconnect 17 A auxiliary contact closed 27

89A18 Disconnect 18 A auxiliary contact closed 27

89A19 Disconnect 19 A auxiliary contact closed 28

89A20 Disconnect 20 A auxiliary contact closed 28

89A21 Disconnect 21 A auxiliary contact closed 29

89A22 Disconnect 22 A auxiliary contact closed 30

89A23 Disconnect 23 A auxiliary contact closed 30

89A24 Disconnect 24 A auxiliary contact closed 31

89A25 Disconnect 25 A auxiliary contact closed 32

89A26 Disconnect 26 A auxiliary contact closed 32

89A27 Disconnect 27 A auxiliary contact closed 33

89A28 Disconnect 28 A auxiliary contact closed 33
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89A29 Disconnect 29 A auxiliary contact closed 34

89A30 Disconnect 30 A auxiliary contact closed 35

89A31 Disconnect 31 A auxiliary contact closed 35

89A32 Disconnect 32 A auxiliary contact closed 36

89A33 Disconnect 33 A auxiliary contact closed 37

89A34 Disconnect 34 A auxiliary contact closed 37

89A35 Disconnect 35 A auxiliary contact closed 38

89A36 Disconnect 36 A auxiliary contact closed 38

89A37 Disconnect 37 A auxiliary contact closed 39

89A38 Disconnect 38 A auxiliary contact closed 40

89A39 Disconnect 39 A auxiliary contact closed 40

89A40 Disconnect 40 A auxiliary contact closed 41

89A41 Disconnect 41 A auxiliary contact closed 42

89A42 Disconnect 42 A auxiliary contact closed 42

89A43 Disconnect 43 A auxiliary contact closed 43

89A44 Disconnect 44 A auxiliary contact closed 43

89A45 Disconnect 45 A auxiliary contact closed 44

89A46 Disconnect 46 A auxiliary contact closed 45

89A47 Disconnect 47 A auxiliary contact closed 45

89A48 Disconnect 48 A auxiliary contact closed 46

89A49 Disconnect 49 A auxiliary contact closed 47

89A50 Disconnect 50 A auxiliary contact closed 47

89A51 Disconnect 51 A auxiliary contact closed 48

89A52 Disconnect 52 A auxiliary contact closed 48

89A53 Disconnect 53 A auxiliary contact closed 49

89A54 Disconnect 54 A auxiliary contact closed 50

89A55 Disconnect 55 A auxiliary contact closed 50

89A56 Disconnect 56 A auxiliary contact closed 51

89A57 Disconnect 57 A auxiliary contact closed 52

89A58 Disconnect 58 A auxiliary contact closed 52

89A59 Disconnect 59 A auxiliary contact closed 53

89A60 Disconnect 60 A auxiliary contact closed 53

89AL Any disconnect auxiliary contact discrepancy alarm 55

89AL01 Disconnect 01 auxiliary contact discrepancy alarm 17

89AL02 Disconnect 02 auxiliary contact discrepancy alarm 18

89AL03 Disconnect 03 auxiliary contact discrepancy alarm 18

89AL04 Disconnect 04 auxiliary contact discrepancy alarm 19

89AL05 Disconnect 05 auxiliary contact discrepancy alarm 20

89AL06 Disconnect 06 auxiliary contact discrepancy alarm 20

89AL07 Disconnect 07 auxiliary contact discrepancy alarm 21

89AL08 Disconnect 08 auxiliary contact discrepancy alarm 21
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89AL09 Disconnect 09 auxiliary contact discrepancy alarm 22

89AL10 Disconnect 10 auxiliary contact discrepancy alarm 23

89AL11 Disconnect 11 auxiliary contact discrepancy alarm 23

89AL12 Disconnect 12 auxiliary contact discrepancy alarm 24

89AL13 Disconnect 13 auxiliary contact discrepancy alarm 25

89AL14 Disconnect 14 auxiliary contact discrepancy alarm 25

89AL15 Disconnect 15 auxiliary contact discrepancy alarm 26

89AL16 Disconnect 16 auxiliary contact discrepancy alarm 26

89AL17 Disconnect 17 auxiliary contact discrepancy alarm 27

89AL18 Disconnect 18 auxiliary contact discrepancy alarm 28

89AL19 Disconnect 19 auxiliary contact discrepancy alarm 28

89AL20 Disconnect 20 auxiliary contact discrepancy alarm 29

89AL21 Disconnect 21 auxiliary contact discrepancy alarm 30

89AL22 Disconnect 22 auxiliary contact discrepancy alarm 30

89AL23 Disconnect 23 auxiliary contact discrepancy alarm 31

89AL24 Disconnect 24 auxiliary contact discrepancy alarm 31

89AL25 Disconnect 25 auxiliary contact discrepancy alarm 32

89AL26 Disconnect 26 auxiliary contact discrepancy alarm 33

89AL27 Disconnect 27 auxiliary contact discrepancy alarm 33

89AL28 Disconnect 28 auxiliary contact discrepancy alarm 34

89AL29 Disconnect 29 auxiliary contact discrepancy alarm 35

89AL30 Disconnect 30 auxiliary contact discrepancy alarm 35

89AL31 Disconnect 31 auxiliary contact discrepancy alarm 36

89AL32 Disconnect 32 auxiliary contact discrepancy alarm 36

89AL33 Disconnect 33 auxiliary contact discrepancy alarm 37

89AL34 Disconnect 34 auxiliary contact discrepancy alarm 38

89AL35 Disconnect 35 auxiliary contact discrepancy alarm 38

89AL36 Disconnect 36 auxiliary contact discrepancy alarm 39

89AL37 Disconnect 37 auxiliary contact discrepancy alarm 40

89AL38 Disconnect 38 auxiliary contact discrepancy alarm 40

89AL39 Disconnect 39 auxiliary contact discrepancy alarm 41

89AL40 Disconnect 40 auxiliary contact discrepancy alarm 41

89AL41 Disconnect 41 auxiliary contact discrepancy alarm 42

89AL42 Disconnect 42 auxiliary contact discrepancy alarm 43

89AL43 Disconnect 43 auxiliary contact discrepancy alarm 43

89AL44 Disconnect 44 auxiliary contact discrepancy alarm 44

89AL45 Disconnect 45 auxiliary contact discrepancy alarm 45

89AL46 Disconnect 46 auxiliary contact discrepancy alarm 45

89AL47 Disconnect 47 auxiliary contact discrepancy alarm 46

89AL48 Disconnect 48 auxiliary contact discrepancy alarm 46

89AL49 Disconnect 49 auxiliary contact discrepancy alarm 47
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89AL50 Disconnect 50 auxiliary contact discrepancy alarm 48

89AL51 Disconnect 51 auxiliary contact discrepancy alarm 48

89AL52 Disconnect 52 auxiliary contact discrepancy alarm 49

89AL53 Disconnect 53 auxiliary contact discrepancy alarm 50

89AL54 Disconnect 54 auxiliary contact discrepancy alarm 50

89AL55 Disconnect 55 auxiliary contact discrepancy alarm 51

89AL56 Disconnect 56 auxiliary contact discrepancy alarm 51

89AL57 Disconnect 57 auxiliary contact discrepancy alarm 52

89AL58 Disconnect 58 auxiliary contact discrepancy alarm 53

89AL59 Disconnect 59 auxiliary contact discrepancy alarm 53

89AL60 Disconnect 60 auxiliary contact discrepancy alarm 54

89B01 Disconnect 01 B auxiliary contact closed 17

89B02 Disconnect 02 B auxiliary contact closed 17

89B03 Disconnect 03 B auxiliary contact closed 18

89B04 Disconnect 04 B auxiliary contact closed 19

89B05 Disconnect 05 B auxiliary contact closed 19

89B06 Disconnect 06 B auxiliary contact closed 20

89B07 Disconnect 07 B auxiliary contact closed 20

89B08 Disconnect 08 B auxiliary contact closed 21

89B09 Disconnect 09 B auxiliary contact closed 22

89B10 Disconnect 10 B auxiliary contact closed 22

89B11 Disconnect 11 B auxiliary contact closed 23

89B12 Disconnect 12 B auxiliary contact closed 24

89B13 Disconnect 13 B auxiliary contact closed 24

89B14 Disconnect 14 B auxiliary contact closed 25

89B15 Disconnect 15 B auxiliary contact closed 25

89B16 Disconnect 16 B auxiliary contact closed 26

89B17 Disconnect 17 B auxiliary contact closed 27

89B18 Disconnect 18 B auxiliary contact closed 27

89B19 Disconnect 19 B auxiliary contact closed 28

89B20 Disconnect 20 B auxiliary contact closed 29

89B21 Disconnect 21 B auxiliary contact closed 29

89B22 Disconnect 22 B auxiliary contact closed 30

89B23 Disconnect 23 B auxiliary contact closed 30

89B24 Disconnect 24 B auxiliary contact closed 31

89B25 Disconnect 25 B auxiliary contact closed 32

89B26 Disconnect 26 B auxiliary contact closed 32

89B27 Disconnect 27 B auxiliary contact closed 33

89B28 Disconnect 28 B auxiliary contact closed 34

89B29 Disconnect 29 B auxiliary contact closed 34

89B30 Disconnect 30 B auxiliary contact closed 35
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89B31 Disconnect 31 B auxiliary contact closed 35

89B32 Disconnect 32 B auxiliary contact closed 36

89B33 Disconnect 33 B auxiliary contact closed 37

89B34 Disconnect 34 B auxiliary contact closed 37

89B35 Disconnect 35 B auxiliary contact closed 38

89B36 Disconnect 36 B auxiliary contact closed 39

89B37 Disconnect 37 B auxiliary contact closed 39

89B38 Disconnect 38 B auxiliary contact closed 40

89B39 Disconnect 39 B auxiliary contact closed 40

89B40 Disconnect 40 B auxiliary contact closed 41

89B41 Disconnect 41 B auxiliary contact closed 42

89B42 Disconnect 42 B auxiliary contact closed 42

89B43 Disconnect 43 B auxiliary contact closed 43

89B44 Disconnect 44 B auxiliary contact closed 44

89B45 Disconnect 45 B auxiliary contact closed 44

89B46 Disconnect 46 B auxiliary contact closed 45

89B47 Disconnect 47 B auxiliary contact closed 45

89B48 Disconnect 48 B auxiliary contact closed 46

89B49 Disconnect 49 B auxiliary contact closed 47

89B50 Disconnect 50 B auxiliary contact closed 47

89B51 Disconnect 51 B auxiliary contact closed 48

89B52 Disconnect 52 B auxiliary contact closed 49

89B53 Disconnect 53 B auxiliary contact closed 49

89B54 Disconnect 54 B auxiliary contact closed 50

89B55 Disconnect 55 B auxiliary contact closed 50

89B56 Disconnect 56 B auxiliary contact closed 51

89B57 Disconnect 57 B auxiliary contact closed 52

89B58 Disconnect 58 B auxiliary contact closed 52

89B59 Disconnect 59 B auxiliary contact closed 53

89B60 Disconnect 60 B auxiliary contact closed 54

89CL01 Disconnect 01 closed 17

89CL02 Disconnect 02 closed 17

89CL03 Disconnect 03 closed 18

89CL04 Disconnect 04 closed 19

89CL05 Disconnect 05 closed 19

89CL06 Disconnect 06 closed 20

89CL07 Disconnect 07 closed 21

89CL08 Disconnect 08 closed 21

89CL09 Disconnect 09 closed 22

89CL10 Disconnect 10 closed 22

89CL11 Disconnect 11 closed 23
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89CL12 Disconnect 12 closed 24

89CL13 Disconnect 13 closed 24

89CL14 Disconnect 14 closed 25

89CL15 Disconnect 15 closed 26

89CL16 Disconnect 16 closed 26

89CL17 Disconnect 17 closed 27

89CL18 Disconnect 18 closed 27

89CL19 Disconnect 19 closed 28

89CL20 Disconnect 20 closed 29

89CL21 Disconnect 21 closed 29

89CL22 Disconnect 22 closed 30

89CL23 Disconnect 23 closed 31

89CL24 Disconnect 24 closed 31

89CL25 Disconnect 25 closed 32

89CL26 Disconnect 26 closed 32

89CL27 Disconnect 27 closed 33

89CL28 Disconnect 28 closed 34

89CL29 Disconnect 29 closed 34

89CL30 Disconnect 30 closed 35

89CL31 Disconnect 31 closed 36

89CL32 Disconnect 32 closed 36

89CL33 Disconnect 33 closed 37

89CL34 Disconnect 34 closed 37

89CL35 Disconnect 35 closed 38

89CL36 Disconnect 36 closed 39

89CL37 Disconnect 37 closed 39

89CL38 Disconnect 38 closed 40

89CL39 Disconnect 39 closed 41

89CL40 Disconnect 40 closed 41

89CL41 Disconnect 41 closed 42

89CL42 Disconnect 42 closed 42

89CL43 Disconnect 43 closed 43

89CL44 Disconnect 44 closed 44

89CL45 Disconnect 45 closed 44

89CL46 Disconnect 46 closed 45

89CL47 Disconnect 47 closed 46

89CL48 Disconnect 48 closed 46

89CL49 Disconnect 49 closed 47

89CL50 Disconnect 50 closed 47

89CL51 Disconnect 51 closed 48

89CL52 Disconnect 52 closed 49
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89CL53 Disconnect 53 closed 49

89CL54 Disconnect 54 closed 50

89CL55 Disconnect 55 closed 51

89CL56 Disconnect 56 closed 51

89CL57 Disconnect 57 closed 52

89CL58 Disconnect 58 closed 52

89CL59 Disconnect 59 closed 53

89CL60 Disconnect 60 closed 54

89OIP Any disconnect operation in progress 55

89OIP01 Disconnect 01 operation in progress 17

89OIP02 Disconnect 02 operation in progress 18

89OIP03 Disconnect 03 operation in progress 18

89OIP04 Disconnect 04 operation in progress 19

89OIP05 Disconnect 05 operation in progress 19

89OIP06 Disconnect 06 operation in progress 20

89OIP07 Disconnect 07 operation in progress 21

89OIP08 Disconnect 08 operation in progress 21

89OIP09 Disconnect 09 operation in progress 22

89OIP10 Disconnect 10 operation in progress 23

89OIP11 Disconnect 11 operation in progress 23

89OIP12 Disconnect 12 operation in progress 24

89OIP13 Disconnect 13 operation in progress 24

89OIP14 Disconnect 14 operation in progress 25

89OIP15 Disconnect 15 operation in progress 26

89OIP16 Disconnect 16 operation in progress 26

89OIP17 Disconnect 17 operation in progress 27

89OIP18 Disconnect 18 operation in progress 28

89OIP19 Disconnect 19 operation in progress 28

89OIP20 Disconnect 20 operation in progress 29

89OIP21 Disconnect 21 operation in progress 29

89OIP22 Disconnect 22 operation in progress 30

89OIP23 Disconnect 23 operation in progress 31

89OIP24 Disconnect 24 operation in progress 31

89OIP25 Disconnect 25 operation in progress 32

89OIP26 Disconnect 26 operation in progress 33

89OIP27 Disconnect 27 operation in progress 33

89OIP28 Disconnect 28 operation in progress 34

89OIP29 Disconnect 29 operation in progress 34

89OIP30 Disconnect 30 operation in progress 35

89OIP31 Disconnect 31 operation in progress 36

89OIP32 Disconnect 32 operation in progress 36
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89OIP33 Disconnect 33 operation in progress 37

89OIP34 Disconnect 34 operation in progress 38

89OIP35 Disconnect 35 operation in progress 38

89OIP36 Disconnect 36 operation in progress 39

89OIP37 Disconnect 37 operation in progress 39

89OIP38 Disconnect 38 operation in progress 40

89OIP39 Disconnect 39 operation in progress 41

89OIP40 Disconnect 40 operation in progress 41

89OIP41 Disconnect 41 operation in progress 42

89OIP42 Disconnect 42 operation in progress 43

89OIP43 Disconnect 43 operation in progress 43

89OIP44 Disconnect 44 operation in progress 44

89OIP45 Disconnect 45 operation in progress 44

89OIP46 Disconnect 46 operation in progress 45

89OIP47 Disconnect 47 operation in progress 46

89OIP48 Disconnect 48 operation in progress 46

89OIP49 Disconnect 49 operation in progress 47

89OIP50 Disconnect 50 operation in progress 48

89OIP51 Disconnect 51 operation in progress 48

89OIP52 Disconnect 52 operation in progress 49

89OIP53 Disconnect 53 operation in progress 49

89OIP54 Disconnect 54 operation in progress 50

89OIP55 Disconnect 55 operation in progress 51

89OIP56 Disconnect 56 operation in progress 51

89OIP57 Disconnect 57 operation in progress 52

89OIP58 Disconnect 58 operation in progress 53

89OIP59 Disconnect 59 operation in progress 53

89OIP60 Disconnect 60 operation in progress 54

ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate 183

ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate 184

ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate 185

ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate 186

ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate 187

ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate 188

ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate 189

ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate 190

ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate 191

ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate 192

ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate 193

ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate 194

ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate 195
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ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate 196

ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate 197

ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate 198

ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate 199

ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate 200

ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate 201

ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate 202

ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate 203

ACCESS A user is connected at Access Level B or higher 377

ACCESSP Pulsed when higher level access achieved 377

ACN01Q Automation counter Output 1 366

ACN01R Automation counter Reset 1 370

ACN02Q Automation counter Output 2 366

ACN02R Automation counter Reset 2 370

ACN03Q Automation counter Output 3 366

ACN03R Automation counter Reset 3 370

ACN04Q Automation counter Output 4 366

ACN04R Automation counter Reset 4 370

ACN05Q Automation counter Output 5 366

ACN05R Automation counter Reset 5 370

ACN06Q Automation counter Output 6 366

ACN06R Automation counter Reset 6 370

ACN07Q Automation counter Output 7 366

ACN07R Automation counter Reset 7 370

ACN08Q Automation counter Output 8 366

ACN08R Automation counter Reset 8 370

ACN09Q Automation counter Output 9 367

ACN09R Automation counter Reset 9 371

ACN10Q Automation counter Output 10 367

ACN10R Automation counter Reset 10 371

ACN11Q Automation counter Output 11 367

ACN11R Automation counter Reset 11 371

ACN12Q Automation counter Output 12 367

ACN12R Automation counter Reset 12 371

ACN13Q Automation counter Output 13 367

ACN13R Automation counter Reset 13 371

ACN14Q Automation counter Output 14 367

ACN14R Automation counter Reset 14 371

ACN15Q Automation counter Output 15 367

ACN15R Automation counter Reset 15 371

ACN16Q Automation counter Output 16 367
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ACN16R Automation counter Reset 16 371

ACN17Q Automation counter Output 17 368

ACN17R Automation counter Reset 17 372

ACN18Q Automation counter Output 18 368

ACN18R Automation counter Reset 18 372

ACN19Q Automation counter Output 19 368

ACN19R Automation counter Reset 19 372

ACN20Q Automation counter Output 20 368

ACN20R Automation counter Reset 20 372

ACN21Q Automation counter Output 21 368

ACN21R Automation counter Reset 21 372

ACN22Q Automation counter Output 22 368

ACN22R Automation counter Reset 22 372

ACN23Q Automation counter Output 23 368

ACN23R Automation counter Reset 23 372

ACN24Q Automation counter Output 24 368

ACN24R Automation counter Reset 24 372

ACN25Q Automation counter Output 25 369

ACN25R Automation counter Reset 25 373

ACN26Q Automation counter Output 26 369

ACN26R Automation counter Reset 26 373

ACN27Q Automation counter Output 27 369

ACN27R Automation counter Reset 27 373

ACN28Q Automation counter Output 28 369

ACN28R Automation counter Reset 28 373

ACN29Q Automation counter Output 29 369

ACN29R Automation counter Reset 29 373

ACN30Q Automation counter Output 30 369

ACN30R Automation counter Reset 30 373

ACN31Q Automation counter Output 31 369

ACN31R Automation counter Reset 31 373

ACN32Q Automation counter Output 32 369

ACN32R Automation counter Reset 32 373

ACT01Q Automation conditioning timer Output 01 484

ACT02Q Automation conditioning timer Output 02 484

ACT03Q Automation conditioning timer Output 03 484

ACT04Q Automation conditioning timer Output 04 484

ACT05Q Automation conditioning timer Output 05 484

ACT06Q Automation conditioning timer Output 06 484

ACT07Q Automation conditioning timer Output 07 484

ACT08Q Automation conditioning timer Output 08 484
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ACT09Q Automation conditioning timer Output 09 485

ACT10Q Automation conditioning timer Output 10 485

ACT11Q Automation conditioning timer Output 11 485

ACT12Q Automation conditioning timer Output 12 485

ACT13Q Automation conditioning timer Output 13 485

ACT14Q Automation conditioning timer Output 14 485

ACT15Q Automation conditioning timer Output 15 485

ACT16Q Automation conditioning timer Output 16 485

ACT17Q Automation conditioning timer Output 17 486

ACT18Q Automation conditioning timer Output 18 486

ACT19Q Automation conditioning timer Output 19 486

ACT20Q Automation conditioning timer Output 20 486

ACT21Q Automation conditioning timer Output 21 486

ACT22Q Automation conditioning timer Output 22 486

ACT23Q Automation conditioning timer Output 23 486

ACT24Q Automation conditioning timer Output 24 486

ACT25Q Automation conditioning timer Output 25 487

ACT26Q Automation conditioning timer Output 26 487

ACT27Q Automation conditioning timer Output 27 487

ACT28Q Automation conditioning timer Output 28 487

ACT29Q Automation conditioning timer Output 29 487

ACT30Q Automation conditioning timer Output 30 487

ACT31Q Automation conditioning timer Output 31 487

ACT32Q Automation conditioning timer Output 32 487

ACTRP1 Coupler 1 accelerated trip SELOGIC control equation 176

ACTRP2 Coupler 2 accelerated trip SELOGIC control equation 177

ACTRP3 Coupler 3 accelerated trip SELOGIC control equation 178

ACTRP4 Coupler 4 accelerated trip SELOGIC control equation 179

ACTRPT1 Coupler 1 accelerated trip timed out 176

ACTRPT2 Coupler 2 accelerated trip timed out 177

ACTRPT3 Coupler 3 accelerated trip timed out 178

ACTRPT4 Coupler 4 accelerated trip timed out 179

AFRTEXA Automation SELOGIC control equation first execution automation 375

AFRTEXP Automation SELOGIC control equation first execution protection 375

ALT01 Automation Latch 1 354

ALT02 Automation Latch 2 354

ALT03 Automation Latch 3 354

ALT04 Automation Latch 4 354

ALT05 Automation Latch 5 354

ALT06 Automation Latch 6 354

ALT07 Automation Latch 7 354
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ALT08 Automation Latch 8 354

ALT09 Automation Latch 9 355

ALT10 Automation Latch 10 355

ALT11 Automation Latch 11 355

ALT12 Automation Latch 12 355

ALT13 Automation Latch 13 355

ALT14 Automation Latch 14 355

ALT15 Automation Latch 15 355

ALT16 Automation Latch 16 355

ALT17 Automation Latch 17 356

ALT18 Automation Latch 18 356

ALT19 Automation Latch 19 356

ALT20 Automation Latch 20 356

ALT21 Automation Latch 21 356

ALT22 Automation Latch 22 356

ALT23 Automation Latch 23 356

ALT24 Automation Latch 24 356

ALT25 Automation Latch 25 357

ALT26 Automation Latch 26 357

ALT27 Automation Latch 27 357

ALT28 Automation Latch 28 357

ALT29 Automation Latch 29 357

ALT30 Automation Latch 30 357

ALT31 Automation Latch 31 357

ALT32 Automation Latch 32 357

ANOKA Channel A MIRRORED BITS analog transfer OK 404

ANOKB Channel B MIRRORED BITS analog transfer OK 405

AST01Q Automation sequencing timer Output 1 358

AST01R Automation sequencing timer Reset 1 362

AST02Q Automation sequencing timer Output 2 358

AST02R Automation sequencing timer Reset 2 362

AST03Q Automation sequencing timer Output 3 358

AST03R Automation sequencing timer Reset 3 362

AST04Q Automation sequencing timer Output 4 358

AST04R Automation sequencing timer Reset 4 362

AST05Q Automation sequencing timer Output 5 358

AST05R Automation sequencing timer Reset 5 362

AST06Q Automation sequencing timer Output 6 358

AST06R Automation sequencing timer Reset 6 362

AST07Q Automation sequencing timer Output 7 358

AST07R Automation sequencing timer Reset 7 362
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AST08Q Automation sequencing timer Output 8 358

AST08R Automation sequencing timer Reset 8 362

AST09Q Automation sequencing timer Output 9 359

AST09R Automation sequencing timer Reset 9 363

AST10Q Automation sequencing timer Output 10 359

AST10R Automation sequencing timer Reset 10 363

AST11Q Automation sequencing timer Output 11 359

AST11R Automation sequencing timer Reset 11 363

AST12Q Automation sequencing timer Output 12 359

AST12R Automation sequencing timer Reset 12 363

AST13Q Automation sequencing timer Output 13 359

AST13R Automation sequencing timer Reset 13 363

AST14Q Automation sequencing timer Output 14 359

AST14R Automation sequencing timer Reset 14 363

AST15Q Automation sequencing timer Output 15 359

AST15R Automation sequencing timer Reset 15 363

AST16Q Automation sequencing timer Output 16 359

AST16R Automation sequencing timer Reset 16 363

AST17Q Automation sequencing timer Output 17 360

AST17R Automation sequencing timer Reset 17 364

AST18Q Automation sequencing timer Output 18 360

AST18R Automation sequencing timer Reset 18 364

AST19Q Automation sequencing timer Output 19 360

AST19R Automation sequencing timer Reset 19 364

AST20Q Automation sequencing timer Output 20 360

AST20R Automation sequencing timer Reset 20 364

AST21Q Automation sequencing timer Output 21 360

AST21R Automation sequencing timer Reset 21 364

AST22Q Automation sequencing timer Output 22 360

AST22R Automation sequencing timer Reset 22 364

AST23Q Automation sequencing timer Output 23 360

AST23R Automation sequencing timer Reset 23 364

AST24Q Automation sequencing timer Output 24 360

AST24R Automation sequencing timer Reset 24 364

AST25Q Automation sequencing timer Output 25 361

AST25R Automation sequencing timer Reset 25 365

AST26Q Automation sequencing timer Output 26 361

AST26R Automation sequencing timer Reset 26 365

AST27Q Automation sequencing timer Output 27 361

AST27R Automation sequencing timer Reset 27 365

AST28Q Automation sequencing timer Output 28 361
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AST28R Automation sequencing timer Reset 28 365

AST29Q Automation sequencing timer Output 29 361

AST29R Automation sequencing timer Reset 29 365

AST30Q Automation sequencing timer Output 30 361

AST30R Automation sequencing timer Reset 30 365

AST31Q Automation sequencing timer Output 31 361

AST31R Automation sequencing timer Reset 31 365

AST32Q Automation sequencing timer Output 32 361

AST32R Automation sequencing timer Reset 32 365

ASV001 Automation SELOGIC control equation Variable 1 322

ASV002 Automation SELOGIC control equation Variable 2 322

ASV003 Automation SELOGIC control equation Variable 3 322

ASV004 Automation SELOGIC control equation Variable 4 322

ASV005 Automation SELOGIC control equation Variable 5 322

ASV006 Automation SELOGIC control equation Variable 6 322

ASV007 Automation SELOGIC control equation Variable 7 322

ASV008 Automation SELOGIC control equation Variable 8 322

ASV009 Automation SELOGIC control equation Variable 9 323

ASV010 Automation SELOGIC control equation Variable 10 323

ASV011 Automation SELOGIC control equation Variable 11 323

ASV012 Automation SELOGIC control equation Variable 12 323

ASV013 Automation SELOGIC control equation Variable 13 323

ASV014 Automation SELOGIC control equation Variable 14 323

ASV015 Automation SELOGIC control equation Variable 15 323

ASV016 Automation SELOGIC control equation Variable 16 323

ASV017 Automation SELOGIC control equation Variable 17 324

ASV018 Automation SELOGIC control equation Variable 18 324

ASV019 Automation SELOGIC control equation Variable 19 324

ASV020 Automation SELOGIC control equation Variable 20 324

ASV021 Automation SELOGIC control equation Variable 21 324

ASV022 Automation SELOGIC control equation Variable 22 324

ASV023 Automation SELOGIC control equation Variable 23 324

ASV024 Automation SELOGIC control equation Variable 24 324

ASV025 Automation SELOGIC control equation Variable 25 325

ASV026 Automation SELOGIC control equation Variable 26 325

ASV027 Automation SELOGIC control equation Variable 27 325

ASV028 Automation SELOGIC control equation Variable 28 325

ASV029 Automation SELOGIC control equation Variable 29 325

ASV030 Automation SELOGIC control equation Variable 30 325

ASV031 Automation SELOGIC control equation Variable 31 325

ASV032 Automation SELOGIC control equation Variable 32 325
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ASV033 Automation SELOGIC control equation Variable 33 326

ASV034 Automation SELOGIC control equation Variable 34 326

ASV035 Automation SELOGIC control equation Variable 35 326

ASV036 Automation SELOGIC control equation Variable 36 326

ASV037 Automation SELOGIC control equation Variable 37 326

ASV038 Automation SELOGIC control equation Variable 38 326

ASV039 Automation SELOGIC control equation Variable 39 326

ASV040 Automation SELOGIC control equation Variable 40 326

ASV041 Automation SELOGIC control equation Variable 41 327

ASV042 Automation SELOGIC control equation Variable 42 327

ASV043 Automation SELOGIC control equation Variable 43 327

ASV044 Automation SELOGIC control equation Variable 44 327

ASV045 Automation SELOGIC control equation Variable 45 327

ASV046 Automation SELOGIC control equation Variable 46 327

ASV047 Automation SELOGIC control equation Variable 47 327

ASV048 Automation SELOGIC control equation Variable 48 327

ASV049 Automation SELOGIC control equation Variable 49 328

ASV050 Automation SELOGIC control equation Variable 50 328

ASV051 Automation SELOGIC control equation Variable 51 328

ASV052 Automation SELOGIC control equation Variable 52 328

ASV053 Automation SELOGIC control equation Variable 53 328

ASV054 Automation SELOGIC control equation Variable 54 328

ASV055 Automation SELOGIC control equation Variable 55 328

ASV056 Automation SELOGIC control equation Variable 56 328

ASV057 Automation SELOGIC control equation Variable 57 329

ASV058 Automation SELOGIC control equation Variable 58 329

ASV059 Automation SELOGIC control equation Variable 59 329

ASV060 Automation SELOGIC control equation Variable 60 329

ASV061 Automation SELOGIC control equation Variable 61 329

ASV062 Automation SELOGIC control equation Variable 62 329

ASV063 Automation SELOGIC control equation Variable 63 329

ASV064 Automation SELOGIC control equation Variable 64 329

ASV065 Automation SELOGIC control equation Variable 65 330

ASV066 Automation SELOGIC control equation Variable 66 330

ASV067 Automation SELOGIC control equation Variable 67 330

ASV068 Automation SELOGIC control equation Variable 68 330

ASV069 Automation SELOGIC control equation Variable 69 330

ASV070 Automation SELOGIC control equation Variable 70 330

ASV071 Automation SELOGIC control equation Variable 71 330

ASV072 Automation SELOGIC control equation Variable 72 330

ASV073 Automation SELOGIC control equation Variable 73 331
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ASV074 Automation SELOGIC control equation Variable 74 331

ASV075 Automation SELOGIC control equation Variable 75 331

ASV076 Automation SELOGIC control equation Variable 76 331

ASV077 Automation SELOGIC control equation Variable 77 331

ASV078 Automation SELOGIC control equation Variable 78 331

ASV079 Automation SELOGIC control equation Variable 79 331

ASV080 Automation SELOGIC control equation Variable 80 331

ASV081 Automation SELOGIC control equation Variable 81 332

ASV082 Automation SELOGIC control equation Variable 82 332

ASV083 Automation SELOGIC control equation Variable 83 332

ASV084 Automation SELOGIC control equation Variable 84 332

ASV085 Automation SELOGIC control equation Variable 85 332

ASV086 Automation SELOGIC control equation Variable 86 332

ASV087 Automation SELOGIC control equation Variable 87 332

ASV088 Automation SELOGIC control equation Variable 88 332

ASV089 Automation SELOGIC control equation Variable 89 333

ASV090 Automation SELOGIC control equation Variable 90 333

ASV091 Automation SELOGIC control equation Variable 91 333

ASV092 Automation SELOGIC control equation Variable 92 333

ASV093 Automation SELOGIC control equation Variable 93 333

ASV094 Automation SELOGIC control equation Variable 94 333

ASV095 Automation SELOGIC control equation Variable 95 333

ASV096 Automation SELOGIC control equation Variable 96 333

ASV097 Automation SELOGIC control equation Variable 097 334

ASV098 Automation SELOGIC control equation Variable 098 334

ASV099 Automation SELOGIC control equation Variable 099 334

ASV100 Automation SELOGIC control equation Variable 100 334

ASV101 Automation SELOGIC control equation Variable 101 334

ASV102 Automation SELOGIC control equation Variable 102 334

ASV103 Automation SELOGIC control equation Variable 103 334

ASV104 Automation SELOGIC control equation Variable 104 334

ASV105 Automation SELOGIC control equation Variable 105 335

ASV106 Automation SELOGIC control equation Variable 106 335

ASV107 Automation SELOGIC control equation Variable 107 335

ASV108 Automation SELOGIC control equation Variable 108 335

ASV109 Automation SELOGIC control equation Variable 109 335

ASV110 Automation SELOGIC control equation Variable 110 335

ASV111 Automation SELOGIC control equation Variable 111 335

ASV112 Automation SELOGIC control equation Variable 112 335

ASV113 Automation SELOGIC control equation Variable 113 336

ASV114 Automation SELOGIC control equation Variable 114 336
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ASV115 Automation SELOGIC control equation Variable 115 336

ASV116 Automation SELOGIC control equation Variable 116 336

ASV117 Automation SELOGIC control equation Variable 117 336

ASV118 Automation SELOGIC control equation Variable 118 336

ASV119 Automation SELOGIC control equation Variable 119 336

ASV120 Automation SELOGIC control equation Variable 120 336

ASV121 Automation SELOGIC control equation Variable 121 337

ASV122 Automation SELOGIC control equation Variable 122 337

ASV123 Automation SELOGIC control equation Variable 123 337

ASV124 Automation SELOGIC control equation Variable 124 337

ASV125 Automation SELOGIC control equation Variable 125 337

ASV126 Automation SELOGIC control equation Variable 126 337

ASV127 Automation SELOGIC control equation Variable 127 337

ASV128 Automation SELOGIC control equation Variable 128 337

ASV129 Automation SELOGIC control equation Variable 129 338

ASV130 Automation SELOGIC control equation Variable 130 338

ASV131 Automation SELOGIC control equation Variable 131 338

ASV132 Automation SELOGIC control equation Variable 132 338

ASV133 Automation SELOGIC control equation Variable 133 338

ASV134 Automation SELOGIC control equation Variable 134 338

ASV135 Automation SELOGIC control equation Variable 135 338

ASV136 Automation SELOGIC control equation Variable 136 338

ASV137 Automation SELOGIC control equation Variable 137 339

ASV138 Automation SELOGIC control equation Variable 138 339

ASV139 Automation SELOGIC control equation Variable 139 339

ASV140 Automation SELOGIC control equation Variable 140 339

ASV141 Automation SELOGIC control equation Variable 141 339

ASV142 Automation SELOGIC control equation Variable 142 339

ASV143 Automation SELOGIC control equation Variable 143 339

ASV144 Automation SELOGIC control equation Variable 144 339

ASV145 Automation SELOGIC control equation Variable 145 340

ASV146 Automation SELOGIC control equation Variable 146 340

ASV147 Automation SELOGIC control equation Variable 147 340

ASV148 Automation SELOGIC control equation Variable 148 340

ASV149 Automation SELOGIC control equation Variable 149 340

ASV150 Automation SELOGIC control equation Variable 150 340

ASV151 Automation SELOGIC control equation Variable 151 340

ASV152 Automation SELOGIC control equation Variable 152 340

ASV153 Automation SELOGIC control equation Variable 153 341

ASV154 Automation SELOGIC control equation Variable 154 341

ASV155 Automation SELOGIC control equation Variable 155 341
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ASV156 Automation SELOGIC control equation Variable 156 341

ASV157 Automation SELOGIC control equation Variable 157 341

ASV158 Automation SELOGIC control equation Variable 158 341

ASV159 Automation SELOGIC control equation Variable 159 341

ASV160 Automation SELOGIC control equation Variable 160 341

ASV161 Automation SELOGIC control equation Variable 161 342

ASV162 Automation SELOGIC control equation Variable 162 342

ASV163 Automation SELOGIC control equation Variable 163 342

ASV164 Automation SELOGIC control equation Variable 164 342

ASV165 Automation SELOGIC control equation Variable 165 342

ASV166 Automation SELOGIC control equation Variable 166 342

ASV167 Automation SELOGIC control equation Variable 167 342

ASV168 Automation SELOGIC control equation Variable 168 342

ASV169 Automation SELOGIC control equation Variable 169 343

ASV170 Automation SELOGIC control equation Variable 170 343

ASV171 Automation SELOGIC control equation Variable 171 343

ASV172 Automation SELOGIC control equation Variable 172 343

ASV173 Automation SELOGIC control equation Variable 173 343

ASV174 Automation SELOGIC control equation Variable 174 343

ASV175 Automation SELOGIC control equation Variable 175 343

ASV176 Automation SELOGIC control equation Variable 176 343

ASV177 Automation SELOGIC control equation Variable 177 344

ASV178 Automation SELOGIC control equation Variable 178 344

ASV179 Automation SELOGIC control equation Variable 179 344

ASV180 Automation SELOGIC control equation Variable 180 344

ASV181 Automation SELOGIC control equation Variable 181 344

ASV182 Automation SELOGIC control equation Variable 182 344

ASV183 Automation SELOGIC control equation Variable 183 344

ASV184 Automation SELOGIC control equation Variable 184 344

ASV185 Automation SELOGIC control equation Variable 185 345

ASV186 Automation SELOGIC control equation Variable 186 345

ASV187 Automation SELOGIC control equation Variable 187 345

ASV188 Automation SELOGIC control equation Variable 188 345

ASV189 Automation SELOGIC control equation Variable 189 345

ASV190 Automation SELOGIC control equation Variable 190 345

ASV191 Automation SELOGIC control equation Variable 191 345

ASV192 Automation SELOGIC control equation Variable 192 345

ASV193 Automation SELOGIC control equation Variable 193 346

ASV194 Automation SELOGIC control equation Variable 194 346

ASV195 Automation SELOGIC control equation Variable 195 346

ASV196 Automation SELOGIC control equation Variable 196 346
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ASV197 Automation SELOGIC control equation Variable 197 346

ASV198 Automation SELOGIC control equation Variable 198 346

ASV199 Automation SELOGIC control equation Variable 199 346

ASV200 Automation SELOGIC control equation Variable 200 346

ASV201 Automation SELOGIC control equation Variable 201 347

ASV202 Automation SELOGIC control equation Variable 202 347

ASV203 Automation SELOGIC control equation Variable 203 347

ASV204 Automation SELOGIC control equation Variable 204 347

ASV205 Automation SELOGIC control equation Variable 205 347

ASV206 Automation SELOGIC control equation Variable 206 347

ASV207 Automation SELOGIC control equation Variable 207 347

ASV208 Automation SELOGIC control equation Variable 208 347

ASV209 Automation SELOGIC control equation Variable 209 348

ASV210 Automation SELOGIC control equation Variable 210 348

ASV211 Automation SELOGIC control equation Variable 211 348

ASV212 Automation SELOGIC control equation Variable 212 348

ASV213 Automation SELOGIC control equation Variable 213 348

ASV214 Automation SELOGIC control equation Variable 214 348

ASV215 Automation SELOGIC control equation Variable 215 348

ASV216 Automation SELOGIC control equation Variable 216 348

ASV217 Automation SELOGIC control equation Variable 217 349

ASV218 Automation SELOGIC control equation Variable 218 349

ASV219 Automation SELOGIC control equation Variable 219 349

ASV220 Automation SELOGIC control equation Variable 220 349

ASV221 Automation SELOGIC control equation Variable 221 349

ASV222 Automation SELOGIC control equation Variable 222 349

ASV223 Automation SELOGIC control equation Variable 223 349

ASV224 Automation SELOGIC control equation Variable 224 349

ASV225 Automation SELOGIC control equation Variable 225 350

ASV226 Automation SELOGIC control equation Variable 226 350

ASV227 Automation SELOGIC control equation Variable 227 350

ASV228 Automation SELOGIC control equation Variable 228 350

ASV229 Automation SELOGIC control equation Variable 229 350

ASV230 Automation SELOGIC control equation Variable 230 350

ASV231 Automation SELOGIC control equation Variable 231 350

ASV232 Automation SELOGIC control equation Variable 232 350

ASV233 Automation SELOGIC control equation Variable 233 351

ASV234 Automation SELOGIC control equation Variable 234 351

ASV235 Automation SELOGIC control equation Variable 235 351

ASV236 Automation SELOGIC control equation Variable 236 351

ASV237 Automation SELOGIC control equation Variable 237 351
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ASV238 Automation SELOGIC control equation Variable 238 351

ASV239 Automation SELOGIC control equation Variable 239 351

ASV240 Automation SELOGIC control equation Variable 240 351

ASV241 Automation SELOGIC control equation Variable 241 352

ASV242 Automation SELOGIC control equation Variable 242 352

ASV243 Automation SELOGIC control equation Variable 243 352

ASV244 Automation SELOGIC control equation Variable 244 352

ASV245 Automation SELOGIC control equation Variable 245 352

ASV246 Automation SELOGIC control equation Variable 246 352

ASV247 Automation SELOGIC control equation Variable 247 352

ASV248 Automation SELOGIC control equation Variable 248 352

ASV249 Automation SELOGIC control equation Variable 249 353

ASV250 Automation SELOGIC control equation Variable 250 353

ASV251 Automation SELOGIC control equation Variable 251 353

ASV252 Automation SELOGIC control equation Variable 252 353

ASV253 Automation SELOGIC control equation Variable 253 353

ASV254 Automation SELOGIC control equation Variable 254 353

ASV255 Automation SELOGIC control equation Variable 255 353

ASV256 Automation SELOGIC control equation Variable 256 353

ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation 183

ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation 184

ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation 185

ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation 186

ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation 187

ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation 188

ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation 189

ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation 190

ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation 191

ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation 192

ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation 193

ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation 194

ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation 195

ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation 196

ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation 197

ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation 198

ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation 199

ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation 200

ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation 201

ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation 202

ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation 203

AUNRLBL Automation SELOGIC control equation unresolved label 375
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BADPASS Pulsed when user enters three successive bad passwords 376

BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation 183

BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation 184

BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation 185

BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation 186

BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation 187

BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation 188

BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation 189

BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation 190

BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation 191

BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation 192

BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation 193

BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation 194

BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation 195

BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation 196

BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation 197

BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation 198

BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation 199

BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation 200

BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation 201

BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation 202

BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation 203

BFIT01 Circuit Breaker 1 breaker failure timed out 183

BFIT02 Circuit Breaker 2 breaker failure timed out 184

BFIT03 Circuit Breaker 3 breaker failure timed out 185

BFIT04 Circuit Breaker 4 breaker failure timed out 186

BFIT05 Circuit Breaker 5 breaker failure timed out 187

BFIT06 Circuit Breaker 6 breaker failure timed out 188

BFIT07 Circuit Breaker 7 breaker failure timed out 189

BFIT08 Circuit Breaker 8 breaker failure timed out 190

BFIT09 Circuit Breaker 9 breaker failure timed out 191

BFIT10 Circuit Breaker 10 breaker failure timed out 192

BFIT11 Circuit Breaker 11 breaker failure timed out 193

BFIT12 Circuit Breaker 12 breaker failure timed out 194

BFIT13 Circuit Breaker 13 breaker failure timed out 195

BFIT14 Circuit Breaker 14 breaker failure timed out 196

BFIT15 Circuit Breaker 15 breaker failure timed out 197

BFIT16 Circuit Breaker 16 breaker failure timed out 198

BFIT17 Circuit Breaker 17 breaker failure timed out 199

BFIT18 Circuit Breaker 18 breaker failure timed out 200

BFIT19 Circuit Breaker 19 breaker failure timed out 201
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BFIT20 Circuit Breaker 20 breaker failure timed out 202

BFIT21 Circuit Breaker 21 breaker failure timed out 203

BFZ1 Zone 1 breaker failure 240

BFZ2 Zone 2 breaker failure 240

BFZ3 Zone 3 breaker failure 240

BFZ4 Zone 4 breaker failure 240

BFZ5 Zone 5 breaker failure 240

BFZ6 Zone 6 breaker failure 240

BLKLPTS Block low-priority source from updating relay time 379

BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards 472

BNC_OK IRIG-B signal from BNC port is available and has sufficient quality 472

BNC_RST Disqualify BNC IRIG-B time source 472

BNC_SET Qualify BNC IRIG-B time source 472

BNC_TIM A valid IRIG-B time source is detected on BNC port 473

BNCSYNC Synchronized to a high-quality BNC IRIG source 474

BRKENAB Asserts to indicate breaker control enable jumper is installed 377

BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed 136

BZ1BZ2V A connection exists between BZ1 and BZ2 128

BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed 136

BZ1BZ3V A connection exists between BZ1 and BZ3 128

BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed 136

BZ1BZ4V A connection exists between BZ1 and BZ4 128

BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed 136

BZ1BZ5V A connection exists between BZ1 and BZ5 128

BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed 136

BZ1BZ6V A connection exists between BZ1 and BZ6 128

BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed 137

BZ2BZ3V A connection exists between BZ2 and BZ3 129

BZ2BZ4R A connection exists between BZ2 and BZ4 and a coupler is removed 137

BZ2BZ4V A connection exists between BZ2 and BZ4 129

BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed 137

BZ2BZ5V A connection exists between BZ2 and BZ5 129

BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed 137

BZ2BZ6V A connection exists between BZ2 and BZ6 129

BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed 138

BZ3BZ4V A connection exists between BZ3 and BZ4 130

BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed 138

BZ3BZ5V A connection exists between BZ3 and BZ5 130

BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed 138

BZ3BZ6V A connection exists between BZ3 and BZ6 130

BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed 139
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BZ4BZ5V A connection exists between BZ4 and BZ5 131

BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed 139

BZ4BZ6V A connection exists between BZ4 and BZ6 131

BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed 140

BZ5BZ6V A connection exists between BZ5 and BZ6 132

CB52A1 Coupler 1 status SELOGIC control equation 176

CB52A2 Coupler 2 status SELOGIC control equation 177

CB52A3 Coupler 3 status SELOGIC control equation 178

CB52A4 Coupler 4 status SELOGIC control equation 179

CB52T1 Coupler 1 status timed out 176

CB52T2 Coupler 2 status timed out 177

CB52T3 Coupler 3 status timed out 178

CB52T4 Coupler 4 status timed out 179

CBADA Channel A MIRRORED BITS unavailability 404

CBADB Channel B MIRRORED BITS unavailability 405

CBCLS1 Coupler 1 close command SELOGIC control equation 176

CBCLS2 Coupler 2 close command SELOGIC control equation 177

CBCLS3 Coupler 3 close command SELOGIC control equation 178

CBCLS4 Coupler 4 close command SELOGIC control equation 179

CBCLST1 Coupler 1 close command timed out 176

CBCLST2 Coupler 2 close command timed out 177

CBCLST3 Coupler 3 close command timed out 178

CBCLST4 Coupler 4 close command timed out 179

CHSG Asserted during settings group change 255

CON1 Zone 1 in high-security mode 159

CON2 Zone 2 in high-security mode 161

CON3 Zone 3 in high-security mode 163

CON4 Zone 4 in high-security mode 165

CON5 Zone 5 in high-security mode 167

CON6 Zone 6 in high-security mode 169

CONCZ1 Check Zone 1 in high-security mode 450

CONCZ2 Check Zone 2 in high-security mode 452

CONCZ3 Check Zone 3 in high-security mode 454

CSL1 Coupler 1 security logic picked up 176

CSL2 Coupler 2 security logic picked up 177

CSL3 Coupler 3 security logic picked up 178

CSL4 Coupler 4 security logic picked up 179

CZ11R Include Bus Coupler 1 in Check Zone 1 407

CZ12R Include Bus Coupler 2 in Check Zone 1 407

CZ13R Include Bus Coupler 3 in Check Zone 1 407

CZ14R Include Bus Coupler 4 in Check Zone 1 407
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CZ1S Check Zone 1 supervision asserted 446

CZ21R Include Bus Coupler 1 in Check Zone 2 407

CZ22R Include Bus Coupler 2 in Check Zone 2 407

CZ23R Include Bus Coupler 3 in Check Zone 2 407

CZ24R Include Bus Coupler 4 in Check Zone 2 407

CZ2S Check Zone 2 supervision asserted 446

CZ31R Include Bus Coupler 1 in Check Zone 3 443

CZ32R Include Bus Coupler 2 in Check Zone 3 443

CZ33R Include Bus Coupler 3 in Check Zone 3 443

CZ34R Include Bus Coupler 4 in Check Zone 3 443

CZ3S Check Zone 3 supervision asserted 446

CZONE1 Check Zone 1 is active 445

CZONE2 Check Zone 2 is active 445

CZONE3 Check Zone 3 is active 445

DC1F DC monitor fail alarm 227

DC1G DC monitor ground fault alarm 227

DC1R DC monitor alarm for ac ripple 227

DC1W DC monitor warning alarm 227

DE1F Zone 1 forward directional element picked up 172

DE2F Zone 2 forward directional element picked up 172

DE3F Zone 3 forward directional element picked up 172

DE4F Zone 4 forward directional element picked up 172

DE5F Zone 5 forward directional element picked up 172

DE6F Zone 6 forward directional element picked up 172

DECZ1F Check Zone 1 forward directional element picked up 456

DECZ2F Check Zone 2 forward directional element picked up 456

DECZ3F Check Zone 3 forward directional element picked up 456

DOKA Channel A MIRRORED BITS communications normal status 404

DOKB Channel B MIRRORED BITS communications normal status 405

DOP1 Zone 1 incremental operating current picked up 159

DOP2 Zone 2 incremental operating current picked up 161

DOP3 Zone 3 incremental operating current picked up 163

DOP4 Zone 4 incremental operating current picked up 165

DOP5 Zone 5 incremental operating current picked up 167

DOP6 Zone 6 incremental operating current picked up 169

DOPCZ1 Check Zone 1 incremental operating current picked up 450

DOPCZ2 Check Zone 2 incremental operating current picked up 452

DOPCZ3 Check Zone 3 incremental operating current picked up 454

DRT1 Zone 1 incremental restraint current picked up 159

DRT2 Zone 2 incremental restraint current picked up 161

DRT3 Zone 3 incremental restraint current picked up 163
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DRT4 Zone 4 incremental restraint current picked up 165

DRT5 Zone 5 incremental restraint current picked up 167

DRT6 Zone 6 incremental restraint current picked up 169

DRTCZ1 Check Zone 1 incremental restraint current picked up 450

DRTCZ2 Check Zone 2 incremental restraint current picked up 452

DRTCZ3 Check Zone 3 incremental restraint current picked up 454

DST Daylight-saving time 470

DSTP IRIG-B daylight-saving time pending 470

DUMMY 0 471

E2AC Enable Levels 1–2 access (SELOGIC control equation) 377

EACC Enable Level 1 access (SELOGIC control equation) 377

EN Relay enabled 0

ER Event report trigger equation (SELOGIC control equation) 241

EVELOCK Event summary lock period 241

EXT1 Zone 1 external fault declaration 159

EXT2 Zone 2 external fault declaration 161

EXT3 Zone 3 external fault declaration 163

EXT4 Zone 4 external fault declaration 165

EXT5 Zone 5 external fault declaration 167

EXT6 Zone 6 external fault declaration 169

EXTCZ1 Check Zone 1 external fault declaration 450

EXTCZ2 Check Zone 2 external fault declaration 452

EXTCZ3 Check Zone 3 external fault declaration 454

FAULT Busbar fault in any zone 171

FAULT1 Zone 1 fault detector picked up 159

FAULT2 Zone 2 fault detector picked up 161

FAULT3 Zone 3 fault detector picked up 163

FAULT4 Zone 4 fault detector picked up 165

FAULT5 Zone 5 fault detector picked up 167

FAULT6 Zone 6 fault detector picked up 169

FBF01 Circuit Breaker 1 failure 183

FBF02 Circuit Breaker 2 failure 184

FBF03 Circuit Breaker 3 failure 185

FBF04 Circuit Breaker 4 failure 186

FBF05 Circuit Breaker 5 failure 187

FBF06 Circuit Breaker 6 failure 188

FBF07 Circuit Breaker 7 failure 189

FBF08 Circuit Breaker 8 failure 190

FBF09 Circuit Breaker 9 failure 191

FBF10 Circuit Breaker 10 failure 192

FBF11 Circuit Breaker 11 failure 193
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FBF12 Circuit Breaker 12 failure 194

FBF13 Circuit Breaker 13 failure 195

FBF14 Circuit Breaker 14 failure 196

FBF15 Circuit Breaker 15 failure 197

FBF16 Circuit Breaker 16 failure 198

FBF17 Circuit Breaker 17 failure 199

FBF18 Circuit Breaker 18 failure 200

FBF19 Circuit Breaker 19 failure 201

FBF20 Circuit Breaker 20 failure 202

FBF21 Circuit Breaker 21 failure 203

FDIF1 Zone 1 filtered restrained differential element picked up 160

FDIF2 Zone 2 filtered restrained differential element picked up 162

FDIF3 Zone 3 filtered restrained differential element picked up 164

FDIF4 Zone 4 filtered restrained differential element picked up 166

FDIF5 Zone 5 filtered restrained differential element picked up 168

FDIF6 Zone 6 filtered restrained differential element picked up 170

FDIFCZ1 Check Zone 1 filtered restrained differential element picked up 451

FDIFCZ2 Check Zone 2 filtered restrained differential element picked up 453

FDIFCZ3 Check Zone 3 filtered restrained differential element picked up 455

FLTCZ1 Check Zone 1 fault detector picked up 450

FLTCZ2 Check Zone 2 fault detector picked up 452

FLTCZ3 Check Zone 3 fault detector picked up 454

FSERP1 Fast SER enabled for Serial Port 1 444

FSERP2 Fast SER enabled for Serial Port 2 444

FSERP3 Fast SER enabled for Serial Port 3 444

FSERP5 Fast SER enabled for Serial Port 5 444

FSERPF Fast SER enabled for Serial Port F 444

GFAULT1 Zone 1 fast fault detection 160

GFAULT2 Zone 2 fast fault detection 162

GFAULT3 Zone 3 fast fault detection 164

GFAULT4 Zone 4 fast fault detection 166

GFAULT5 Zone 5 fast fault detection 168

GFAULT6 Zone 6 fast fault detection 170

GFLTCZ1 Check Zone 1 fast fault detection 451

GFLTCZ2 Check Zone 2 fast fault detection 453

GFLTCZ3 Check Zone 3 fast fault detection 455

GRPSW Pulsed when settings group changes 376

HALARM Relay diagnostic failure or warning 376

HALARMA Relay warning periodic alarm 376

HALARML Latching relay failure alarm 376

HALARMP Relay warning alarm pulse 376
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I01BZ1V Terminal I01 connected to BZ1 56

I01BZ2V Terminal I01 connected to BZ2 60

I01BZ3V Terminal I01 connected to BZ3 64

I01BZ4V Terminal I01 connected to BZ4 68

I01BZ5V Terminal I01 connected to BZ5 72

I01BZ6V Terminal I01 connected to BZ6 76

I02BZ1V Terminal I02 connected to BZ1 56

I02BZ2V Terminal I02 connected to BZ2 60

I02BZ3V Terminal I02 connected to BZ3 64

I02BZ4V Terminal I02 connected to BZ4 68

I02BZ5V Terminal I02 connected to BZ5 72

I02BZ6V Terminal I02 connected to BZ6 76

I03BZ1V Terminal I03 connected to BZ1 56

I03BZ2V Terminal I03 connected to BZ2 60

I03BZ3V Terminal I03 connected to BZ3 64

I03BZ4V Terminal I03 connected to BZ4 68

I03BZ5V Terminal I03 connected to BZ5 72

I03BZ6V Terminal I03 connected to BZ6 76

I04BZ1V Terminal I04 connected to BZ1 56

I04BZ2V Terminal I04 connected to BZ2 60

I04BZ3V Terminal I04 connected to BZ3 64

I04BZ4V Terminal I04 connected to BZ4 68

I04BZ5V Terminal I04 connected to BZ5 72

I04BZ6V Terminal I04 connected to BZ6 76

I05BZ1V Terminal I05 connected to BZ1 56

I05BZ2V Terminal I05 connected to BZ2 60

I05BZ3V Terminal I05 connected to BZ3 64

I05BZ4V Terminal I05 connected to BZ4 68

I05BZ5V Terminal I05 connected to BZ5 72

I05BZ6V Terminal I05 connected to BZ6 76

I06BZ1V Terminal I06 connected to BZ1 56

I06BZ2V Terminal I06 connected to BZ2 60

I06BZ3V Terminal I06 connected to BZ3 64

I06BZ4V Terminal I06 connected to BZ4 68

I06BZ5V Terminal I06 connected to BZ5 72

I06BZ6V Terminal I06 connected to BZ6 76

I07BZ1V Terminal I07 connected to BZ1 56

I07BZ2V Terminal I07 connected to BZ2 60

I07BZ3V Terminal I07 connected to BZ3 64

I07BZ4V Terminal I07 connected to BZ4 68

I07BZ5V Terminal I07 connected to BZ5 72
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I07BZ6V Terminal I07 connected to BZ6 76

I08BZ1V Terminal I08 connected to BZ1 56

I08BZ2V Terminal I08 connected to BZ2 60

I08BZ3V Terminal I08 connected to BZ3 64

I08BZ4V Terminal I08 connected to BZ4 68

I08BZ5V Terminal I08 connected to BZ5 72

I08BZ6V Terminal I08 connected to BZ6 76

I09BZ1V Terminal I09 connected to BZ1 57

I09BZ2V Terminal I09 connected to BZ2 61

I09BZ3V Terminal I09 connected to BZ3 65

I09BZ4V Terminal I09 connected to BZ4 69

I09BZ5V Terminal I09 connected to BZ5 73

I09BZ6V Terminal I09 connected to BZ6 77

I10BZ1V Terminal I10 connected to BZ1 57

I10BZ2V Terminal I10 connected to BZ2 61

I10BZ3V Terminal I10 connected to BZ3 65

I10BZ4V Terminal I10 connected to BZ4 69

I10BZ5V Terminal I10 connected to BZ5 73

I10BZ6V Terminal I10 connected to BZ6 77

I11BZ1V Terminal I11 connected to BZ1 57

I11BZ2V Terminal I11 connected to BZ2 61

I11BZ3V Terminal I11 connected to BZ3 65

I11BZ4V Terminal I11 connected to BZ4 69

I11BZ5V Terminal I11 connected to BZ5 73

I11BZ6V Terminal I11 connected to BZ6 77

I12BZ1V Terminal I12 connected to BZ1 57

I12BZ2V Terminal I12 connected to BZ2 61

I12BZ3V Terminal I12 connected to BZ3 65

I12BZ4V Terminal I12 connected to BZ4 69

I12BZ5V Terminal I12 connected to BZ5 73

I12BZ6V Terminal I12 connected to BZ6 77

I13BZ1V Terminal I13 connected to BZ1 57

I13BZ2V Terminal I13 connected to BZ2 61

I13BZ3V Terminal I13 connected to BZ3 65

I13BZ4V Terminal I13 connected to BZ4 69

I13BZ5V Terminal I13 connected to BZ5 73

I13BZ6V Terminal I13 connected to BZ6 77

I14BZ1V Terminal I14 connected to BZ1 57

I14BZ2V Terminal I14 connected to BZ2 61

I14BZ3V Terminal I14 connected to BZ3 65

I14BZ4V Terminal I14 connected to BZ4 69
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I14BZ5V Terminal I14 connected to BZ5 73

I14BZ6V Terminal I14 connected to BZ6 77

I15BZ1V Terminal I15 connected to BZ1 57

I15BZ2V Terminal I15 connected to BZ2 61

I15BZ3V Terminal I15 connected to BZ3 65

I15BZ4V Terminal I15 connected to BZ4 69

I15BZ5V Terminal I15 connected to BZ5 73

I15BZ6V Terminal I15 connected to BZ6 77

I16BZ1V Terminal I16 connected to BZ1 57

I16BZ2V Terminal I16 connected to BZ2 61

I16BZ3V Terminal I16 connected to BZ3 65

I16BZ4V Terminal I16 connected to BZ4 69

I16BZ5V Terminal I16 connected to BZ5 73

I16BZ6V Terminal I16 connected to BZ6 77

I17BZ1V Terminal I17 connected to BZ1 58

I17BZ2V Terminal I17 connected to BZ2 62

I17BZ3V Terminal I17 connected to BZ3 66

I17BZ4V Terminal I17 connected to BZ4 70

I17BZ5V Terminal I17 connected to BZ5 74

I17BZ6V Terminal I17 connected to BZ6 78

I18BZ1V Terminal I18 connected to BZ1 58

I18BZ2V Terminal I18 connected to BZ2 62

I18BZ3V Terminal I18 connected to BZ3 66

I18BZ4V Terminal I18 connected to BZ4 70

I18BZ5V Terminal I18 connected to BZ5 74

I18BZ6V Terminal I18 connected to BZ6 78

I19BZ1V Terminal I19 connected to BZ1 58

I19BZ2V Terminal I19 connected to BZ2 62

I19BZ3V Terminal I19 connected to BZ3 66

I19BZ4V Terminal I19 connected to BZ4 70

I19BZ5V Terminal I19 connected to BZ5 74

I19BZ6V Terminal I19 connected to BZ6 78

I20BZ1V Terminal I20 connected to BZ1 58

I20BZ2V Terminal I20 connected to BZ2 62

I20BZ3V Terminal I20 connected to BZ3 66

I20BZ4V Terminal I20 connected to BZ4 70

I20BZ5V Terminal I20 connected to BZ5 74

I20BZ6V Terminal I20 connected to BZ6 78

I21BZ1V Terminal I21 connected to BZ1 58

I21BZ2V Terminal I21 connected to BZ2 62

I21BZ3V Terminal I21 connected to BZ3 66
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I21BZ4V Terminal I21 connected to BZ4 70

I21BZ5V Terminal I21 connected to BZ5 74

I21BZ6V Terminal I21 connected to BZ6 78

IFAULT1 Zone 1 fault detection 160

IFAULT2 Zone 2 fault detection 162

IFAULT3 Zone 3 fault detection 164

IFAULT4 Zone 4 fault detection 166

IFAULT5 Zone 5 fault detection 168

IFAULT6 Zone 6 fault detection 170

IFLTCZ1 Check Zone 1 fault detection 451

IFLTCZ2 Check Zone 2 fault detection 453

IFLTCZ3 Check Zone 3 fault detection 455

IN101 Main board Input 01 272

IN102 Main board Input 02 272

IN103 Main board Input 03 272

IN104 Main board Input 04 272

IN105 Main board Input 05 272

IN106 Main board Input 06 272

IN107 Main board Input 07 272

IN201 Optional I/O Board 1 Input 01 276

IN202 Optional I/O Board 1 Input 02 276

IN203 Optional I/O Board 1 Input 03 276

IN204 Optional I/O Board 1 Input 04 276

IN205 Optional I/O Board 1 Input 05 276

IN206 Optional I/O Board 1 Input 06 276

IN207 Optional I/O Board 1 Input 07 276

IN208 Optional I/O Board 1 Input 08 276

IN209 Optional I/O Board 1 Input 09 277

IN210 Optional I/O Board 1 Input 10 277

IN211 Optional I/O Board 1 Input 11 277

IN212 Optional I/O Board 1 Input 12 277

IN213 Optional I/O Board 1 Input 13 277

IN214 Optional I/O Board 1 Input 14 277

IN215 Optional I/O Board 1 Input 15 277

IN216 Optional I/O Board 1 Input 16 277

IN217 Optional I/O Board 1 Input 17 278

IN218 Optional I/O Board 1 Input 18 278

IN219 Optional I/O Board 1 Input 19 278

IN220 Optional I/O Board 1 Input 20 278

IN221 Optional I/O Board 1 Input 21 278

IN222 Optional I/O Board 1 Input 22 278
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IN223 Optional I/O Board 1 Input 23 278

IN224 Optional I/O Board 1 Input 24 278

IN301 Optional I/O Board 2 Input 01 280

IN302 Optional I/O Board 2 Input 02 280

IN303 Optional I/O Board 2 Input 03 280

IN304 Optional I/O Board 2 Input 04 280

IN305 Optional I/O Board 2 Input 05 280

IN306 Optional I/O Board 2 Input 06 280

IN307 Optional I/O Board 2 Input 07 280

IN308 Optional I/O Board 2 Input 08 280

IN309 Optional I/O Board 2 Input 09 281

IN310 Optional I/O Board 2 Input 10 281

IN311 Optional I/O Board 2 Input 11 281

IN312 Optional I/O Board 2 Input 12 281

IN313 Optional I/O Board 2 Input 13 281

IN314 Optional I/O Board 2 Input 14 281

IN315 Optional I/O Board 2 Input 15 281

IN316 Optional I/O Board 2 Input 16 281

IN317 Optional I/O Board 2 Input 17 282

IN318 Optional I/O Board 2 Input 18 282

IN319 Optional I/O Board 2 Input 19 282

IN320 Optional I/O Board 2 Input 20 282

IN321 Optional I/O Board 2 Input 21 282

IN322 Optional I/O Board 2 Input 22 282

IN323 Optional I/O Board 2 Input 23 282

IN324 Optional I/O Board 2 Input 24 282

IN401 Optional I/O Board 3 Input 01 284

IN402 Optional I/O Board 3 Input 02 284

IN403 Optional I/O Board 3 Input 03 284

IN404 Optional I/O Board 3 Input 04 284

IN405 Optional I/O Board 3 Input 05 284

IN406 Optional I/O Board 3 Input 06 284

IN407 Optional I/O Board 3 Input 07 284

IN408 Optional I/O Board 3 Input 08 284

IN409 Optional I/O Board 3 Input 09 285

IN410 Optional I/O Board 3 Input 10 285

IN411 Optional I/O Board 3 Input 11 285

IN412 Optional I/O Board 3 Input 12 285

IN413 Optional I/O Board 3 Input 13 285

IN414 Optional I/O Board 3 Input 14 285

IN415 Optional I/O Board 3 Input 15 285
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IN416 Optional I/O Board 3 Input 16 285

IN417 Optional I/O Board 3 Input 17 286

IN418 Optional I/O Board 3 Input 18 286

IN419 Optional I/O Board 3 Input 19 286

IN420 Optional I/O Board 3 Input 20 286

IN421 Optional I/O Board 3 Input 21 286

IN422 Optional I/O Board 3 Input 22 286

IN423 Optional I/O Board 3 Input 23 286

IN424 Optional I/O Board 3 Input 24 286

IN501 Optional I/O Board 4 Input 01 288

IN502 Optional I/O Board 4 Input 02 288

IN503 Optional I/O Board 4 Input 03 288

IN504 Optional I/O Board 4 Input 04 288

IN505 Optional I/O Board 4 Input 05 288

IN506 Optional I/O Board 4 Input 06 288

IN507 Optional I/O Board 4 Input 07 288

IN508 Optional I/O Board 4 Input 08 288

IN509 Optional I/O Board 4 Input 09 289

IN510 Optional I/O Board 4 Input 10 289

IN511 Optional I/O Board 4 Input 11 289

IN512 Optional I/O Board 4 Input 12 289

IN513 Optional I/O Board 4 Input 13 289

IN514 Optional I/O Board 4 Input 14 289

IN515 Optional I/O Board 4 Input 15 289

IN516 Optional I/O Board 4 Input 16 289

IN517 Optional I/O Board 4 Input 17 290

IN518 Optional I/O Board 4 Input 18 290

IN519 Optional I/O Board 4 Input 19 290

IN520 Optional I/O Board 4 Input 20 290

IN521 Optional I/O Board 4 Input 21 290

IN522 Optional I/O Board 4 Input 22 290

IN523 Optional I/O Board 4 Input 23 290

IN524 Optional I/O Board 4 Input 24 290

IO300OK Communications status of Interface Board 300 when installed or commissioned 475

IO400OK Communications status of Interface Board 400 when installed or commissioned 475

IO500OK Communications status of Interface Board 400 when installed or commissioned 475

LB_DP01 Local Bit 01 status display (SELOGIC control equation) 461

LB_DP02 Local Bit 02 status display (SELOGIC control equation) 461

LB_DP03 Local Bit 03 status display (SELOGIC control equation) 461

LB_DP04 Local Bit 04 status display (SELOGIC control equation) 461

LB_DP05 Local Bit 05 status display (SELOGIC control equation) 461
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LB_DP06 Local Bit 06 status display (SELOGIC control equation) 461

LB_DP07 Local Bit 07 status display (SELOGIC control equation) 461

LB_DP08 Local Bit 08 status display (SELOGIC control equation) 461

LB_DP09 Local Bit 09 status display (SELOGIC control equation) 462

LB_DP10 Local Bit 10 status display (SELOGIC control equation) 462

LB_DP11 Local Bit 11 status display (SELOGIC control equation) 462

LB_DP12 Local Bit 12 status display (SELOGIC control equation) 462

LB_DP13 Local Bit 13 status display (SELOGIC control equation) 462

LB_DP14 Local Bit 14 status display (SELOGIC control equation) 462

LB_DP15 Local Bit 15 status display (SELOGIC control equation) 462

LB_DP16 Local Bit 16 status display (SELOGIC control equation) 462

LB_DP17 Local Bit 17 status display (SELOGIC control equation) 463

LB_DP18 Local Bit 18 status display (SELOGIC control equation) 463

LB_DP19 Local Bit 19 status display (SELOGIC control equation) 463

LB_DP20 Local Bit 20 status display (SELOGIC control equation) 463

LB_DP21 Local Bit 21 status display (SELOGIC control equation) 463

LB_DP22 Local Bit 22 status display (SELOGIC control equation) 463

LB_DP23 Local Bit 23 status display (SELOGIC control equation) 463

LB_DP24 Local Bit 24 status display (SELOGIC control equation) 463

LB_DP25 Local Bit 25 status display (SELOGIC control equation) 464

LB_DP26 Local Bit 26 status display (SELOGIC control equation) 464

LB_DP27 Local Bit 27 status display (SELOGIC control equation) 464

LB_DP28 Local Bit 28 status display (SELOGIC control equation) 464

LB_DP29 Local Bit 29 status display (SELOGIC control equation) 464

LB_DP30 Local Bit 30 status display (SELOGIC control equation) 464

LB_DP31 Local Bit 31 status display (SELOGIC control equation) 464

LB_DP32 Local Bit 32 status display (SELOGIC control equation) 464

LB_DP33 Local Bit 33 status display (SELOGIC control equation) 496

LB_DP34 Local Bit 34 status display (SELOGIC control equation) 496

LB_DP35 Local Bit 35 status display (SELOGIC control equation) 496

LB_DP36 Local Bit 36 status display (SELOGIC control equation) 496

LB_DP37 Local Bit 37 status display (SELOGIC control equation) 496

LB_DP38 Local Bit 38 status display (SELOGIC control equation) 496

LB_DP39 Local Bit 39 status display (SELOGIC control equation) 496

LB_DP40 Local Bit 40 status display (SELOGIC control equation) 496

LB_DP41 Local Bit 41 status display (SELOGIC control equation) 497

LB_DP42 Local Bit 42 status display (SELOGIC control equation) 497

LB_DP43 Local Bit 43 status display (SELOGIC control equation) 497

LB_DP44 Local Bit 44 status display (SELOGIC control equation) 497

LB_DP45 Local Bit 45 status display (SELOGIC control equation) 497

LB_DP46 Local Bit 46 status display (SELOGIC control equation) 497
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LB_DP47 Local Bit 47 status display (SELOGIC control equation) 497

LB_DP48 Local Bit 48 status display (SELOGIC control equation) 497

LB_DP49 Local Bit 49 status display (SELOGIC control equation) 498

LB_DP50 Local Bit 50 status display (SELOGIC control equation) 498

LB_DP51 Local Bit 51 status display (SELOGIC control equation) 498

LB_DP52 Local Bit 52 status display (SELOGIC control equation) 498

LB_DP53 Local Bit 53 status display (SELOGIC control equation) 498

LB_DP54 Local Bit 54 status display (SELOGIC control equation) 498

LB_DP55 Local Bit 55 status display (SELOGIC control equation) 498

LB_DP56 Local Bit 56 status display (SELOGIC control equation) 498

LB_DP57 Local Bit 57 status display (SELOGIC control equation) 498

LB_DP58 Local Bit 58 status display (SELOGIC control equation) 499

LB_DP59 Local Bit 59 status display (SELOGIC control equation) 499

LB_DP60 Local Bit 60 status display (SELOGIC control equation) 499

LB_DP61 Local Bit 61 status display (SELOGIC control equation) 499

LB_DP62 Local Bit 62 status display (SELOGIC control equation) 499

LB_DP63 Local Bit 63 status display (SELOGIC control equation) 499

LB_DP64 Local Bit 64 status display (SELOGIC control equation) 499

LB_SP01 Local Bit 01 supervision (SELOGIC control equation) 457

LB_SP02 Local Bit 02 supervision (SELOGIC control equation) 457

LB_SP03 Local Bit 03 supervision (SELOGIC control equation) 457

LB_SP04 Local Bit 04 supervision (SELOGIC control equation) 457

LB_SP05 Local Bit 05 supervision (SELOGIC control equation) 457

LB_SP06 Local Bit 06 supervision (SELOGIC control equation) 457

LB_SP07 Local Bit 07 supervision (SELOGIC control equation) 457

LB_SP08 Local Bit 08 supervision (SELOGIC control equation) 457

LB_SP09 Local Bit 09 supervision (SELOGIC control equation) 458

LB_SP10 Local Bit 10 supervision (SELOGIC control equation) 458

LB_SP11 Local Bit 11 supervision (SELOGIC control equation) 458

LB_SP12 Local Bit 12 supervision (SELOGIC control equation) 458

LB_SP13 Local Bit 13 supervision (SELOGIC control equation) 458

LB_SP14 Local Bit 14 supervision (SELOGIC control equation) 458

LB_SP15 Local Bit 15 supervision (SELOGIC control equation) 458

LB_SP16 Local Bit 16 supervision (SELOGIC control equation) 458

LB_SP17 Local Bit 17 supervision (SELOGIC control equation) 459

LB_SP18 Local Bit 18 supervision (SELOGIC control equation) 459

LB_SP19 Local Bit 19 supervision (SELOGIC control equation) 459

LB_SP20 Local Bit 20 supervision (SELOGIC control equation) 459

LB_SP21 Local Bit 21 supervision (SELOGIC control equation) 459

LB_SP22 Local Bit 22 supervision (SELOGIC control equation) 459

LB_SP23 Local Bit 23 supervision (SELOGIC control equation) 459
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LB_SP24 Local Bit 24 supervision (SELOGIC control equation) 459

LB_SP25 Local Bit 25 supervision (SELOGIC control equation) 460

LB_SP26 Local Bit 26 supervision (SELOGIC control equation) 460

LB_SP27 Local Bit 27 supervision (SELOGIC control equation) 460

LB_SP28 Local Bit 28 supervision (SELOGIC control equation) 460

LB_SP29 Local Bit 29 supervision (SELOGIC control equation) 460

LB_SP30 Local Bit 30 supervision (SELOGIC control equation) 460

LB_SP31 Local Bit 31 supervision (SELOGIC control equation) 460

LB_SP32 Local Bit 32 supervision (SELOGIC control equation) 460

LB_SP33 Local Bit 33 supervision (SELOGIC control equation) 492

LB_SP34 Local Bit 34 supervision (SELOGIC control equation) 492

LB_SP35 Local Bit 35 supervision (SELOGIC control equation) 492

LB_SP36 Local Bit 36 supervision (SELOGIC control equation) 492

LB_SP37 Local Bit 37 supervision (SELOGIC control equation) 492

LB_SP38 Local Bit 38 supervision (SELOGIC control equation) 492

LB_SP39 Local Bit 39 supervision (SELOGIC control equation) 492

LB_SP40 Local Bit 40 supervision (SELOGIC control equation) 492

LB_SP41 Local Bit 41 supervision (SELOGIC control equation) 493

LB_SP42 Local Bit 42 supervision (SELOGIC control equation) 493

LB_SP43 Local Bit 43 supervision (SELOGIC control equation) 493

LB_SP44 Local Bit 44 supervision (SELOGIC control equation) 493

LB_SP45 Local Bit 45 supervision (SELOGIC control equation) 493

LB_SP46 Local Bit 46 supervision (SELOGIC control equation) 493

LB_SP47 Local Bit 47 supervision (SELOGIC control equation) 493

LB_SP48 Local Bit 48 supervision (SELOGIC control equation) 493

LB_SP49 Local Bit 49 supervision (SELOGIC control equation) 494

LB_SP50 Local Bit 50 supervision (SELOGIC control equation) 494

LB_SP51 Local Bit 51 supervision (SELOGIC control equation) 494

LB_SP52 Local Bit 52 supervision (SELOGIC control equation) 494

LB_SP53 Local Bit 53 supervision (SELOGIC control equation) 494

LB_SP54 Local Bit 54 supervision (SELOGIC control equation) 494

LB_SP55 Local Bit 55 supervision (SELOGIC control equation) 494

LB_SP56 Local Bit 56 supervision (SELOGIC control equation) 494

LB_SP57 Local Bit 57 supervision (SELOGIC control equation) 495

LB_SP58 Local Bit 58 supervision (SELOGIC control equation) 495

LB_SP59 Local Bit 59 supervision (SELOGIC control equation) 495

LB_SP60 Local Bit 60 supervision (SELOGIC control equation) 495

LB_SP61 Local Bit 61 supervision (SELOGIC control equation) 495

LB_SP62 Local Bit 62 supervision (SELOGIC control equation) 495

LB_SP63 Local Bit 63 supervision (SELOGIC control equation) 495

LB_SP64 Local Bit 64 supervision (SELOGIC control equation) 495

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 44 of 79)

Name Bit Description Row



11.45

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

LB01 Local Bit 01 256

LB02 Local Bit 02 256

LB03 Local Bit 03 256

LB04 Local Bit 04 256

LB05 Local Bit 05 256

LB06 Local Bit 06 256

LB07 Local Bit 07 256

LB08 Local Bit 08 256

LB09 Local Bit 09 257

LB10 Local Bit 10 257

LB11 Local Bit 11 257

LB12 Local Bit 12 257

LB13 Local Bit 13 257

LB14 Local Bit 14 257

LB15 Local Bit 15 257

LB16 Local Bit 16 257

LB17 Local Bit 17 258

LB18 Local Bit 18 258

LB19 Local Bit 19 258

LB20 Local Bit 20 258

LB21 Local Bit 21 258

LB22 Local Bit 22 258

LB23 Local Bit 23 258

LB24 Local Bit 24 258

LB25 Local Bit 25 259

LB26 Local Bit 26 259

LB27 Local Bit 27 259

LB28 Local Bit 28 259

LB29 Local Bit 29 259

LB30 Local Bit 30 259

LB31 Local Bit 31 259

LB32 Local Bit 32 259

LB33 Local Bit 33 488

LB34 Local Bit 34 488

LB35 Local Bit 35 488

LB36 Local Bit 36 488

LB37 Local Bit 37 488

LB38 Local Bit 38 488

LB39 Local Bit 39 488

LB40 Local Bit 40 488

LB41 Local Bit 41 489
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LB42 Local Bit 42 489

LB43 Local Bit 43 489

LB44 Local Bit 44 489

LB45 Local Bit 45 489

LB46 Local Bit 46 489

LB47 Local Bit 47 489

LB48 Local Bit 48 489

LB49 Local Bit 49 490

LB50 Local Bit 50 490

LB51 Local Bit 51 490

LB52 Local Bit 52 490

LB53 Local Bit 53 490

LB54 Local Bit 54 490

LB55 Local Bit 55 490

LB56 Local Bit 56 490

LB57 Local Bit 57 491

LB58 Local Bit 58 491

LB59 Local Bit 59 491

LB60 Local Bit 60 491

LB61 Local Bit 61 491

LB62 Local Bit 62 491

LB63 Local Bit 63 491

LB64 Local Bit 64 491

LBOKA Channel A MIRRORED BITS normal status (loopback) 404

LBOKB Channel B MIRRORED BITS normal status (loopback mode) 405

LINK5A Link status of Port 5A connection 441

LINK5B Link status of Port 5B connection 441

LINK5C Link status of Port 5C connection 441

LINK5D Link status of Port 5D connection 441

LNKFAIL Link status of the active port 441

LOC Control authority at local (bay) level 480

LOCSTA Control authority at station level 480

LPHDSIM 61850 Logical Node for Physical Device Simulation 406

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, the 
upcoming leap second is deleted; otherwise, the leap second is added.

470

LPSECP Leap second pending 470

MATHERR SELOGIC control equation math error 374

MLTLEV Multi-level control authority 480

OC01 Circuit Breaker 01 open command 249

OC02 Circuit Breaker 02 open command 249

OC03 Circuit Breaker 03 open command 249
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OC04 Circuit Breaker 04 open command 249

OC05 Circuit Breaker 05 open command 249

OC06 Circuit Breaker 06 open command 249

OC07 Circuit Breaker 07 open command 249

OC08 Circuit Breaker 08 open command 249

OC09 Circuit Breaker 09 open command 250

OC10 Circuit Breaker 10 open command 250

OC11 Circuit Breaker 11 open command 250

OC12 Circuit Breaker 12 open command 250

OC13 Circuit Breaker 13 open command 250

OC14 Circuit Breaker 14 open command 250

OC15 Circuit Breaker 15 open command 250

OC16 Circuit Breaker 16 open command 250

OC17 Circuit Breaker 17 open command 251

OC18 Circuit Breaker 18 open command 251

OC19 Circuit Breaker 19 open command 251

OC20 Circuit Breaker 20 open command 251

OC21 Circuit Breaker 21 open command 251

OCTZ1 Zone 1 open CT detection 155

OCTZ2 Zone 2 open CT detection 155

OCTZ3 Zone 3 open CT detection 155

OCTZ4 Zone 4 open CT detection 155

OCTZ5 Zone 5 open CT detection 155

OCTZ6 Zone 6 open CT detection 155

OPH01 Terminal 01 open phase detected 4

OPH02 Terminal 02 open phase detected 4

OPH03 Terminal 03 open phase detected 4

OPH04 Terminal 04 open phase detected 4

OPH05 Terminal 05 open phase detected 4

OPH06 Terminal 06 open phase detected 4

OPH07 Terminal 07 open phase detected 4

OPH08 Terminal 08 open phase detected 4

OPH09 Terminal 09 open phase detected 5

OPH10 Terminal 10 open phase detected 5

OPH11 Terminal 11 open phase detected 5

OPH12 Terminal 12 open phase detected 5

OPH13 Terminal 13 open phase detected 5

OPH14 Terminal 14 open phase detected 5

OPH15 Terminal 15 open phase detected 5

OPH16 Terminal 16 open phase detected 5

OPH17 Terminal 17 open phase detected 6
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OPH18 Terminal 18 open phase detected 6

OPH19 Terminal 19 open phase detected 6

OPH20 Terminal 20 open phase detected 6

OPH21 Terminal 21 open phase detected 6

OUT101 Main board Output 1 384

OUT102 Main board Output 2 384

OUT103 Main board Output 3 384

OUT104 Main board Output 4 384

OUT105 Main board Output 5 384

OUT106 Main board Output 6 384

OUT107 Main board Output 7 384

OUT108 Main board Output 8 384

OUT201 Optional I/O Board 1 Output 1 388

OUT202 Optional I/O Board 1 Output 2 388

OUT203 Optional I/O Board 1 Output 3 388

OUT204 Optional I/O Board 1 Output 4 388

OUT205 Optional I/O Board 1 Output 5 388

OUT206 Optional I/O Board 1 Output 6 388

OUT207 Optional I/O Board 1 Output 7 388

OUT208 Optional I/O Board 1 Output 8 388

OUT209 Optional I/O Board 1 Output 9 389

OUT210 Optional I/O Board 1 Output 10 389

OUT211 Optional I/O Board 1 Output 11 389

OUT212 Optional I/O Board 1 Output 12 389

OUT213 Optional I/O Board 1 Output 13 389

OUT214 Optional I/O Board 1 Output 14 389

OUT215 Optional I/O Board 1 Output 15 389

OUT216 Optional I/O Board 1 Output 16 389

OUT301 Optional I/O Board 2 Output 1 390

OUT302 Optional I/O Board 2 Output 2 390

OUT303 Optional I/O Board 2 Output 3 390

OUT304 Optional I/O Board 2 Output 4 390

OUT305 Optional I/O Board 2 Output 5 390

OUT306 Optional I/O Board 2 Output 6 390

OUT307 Optional I/O Board 2 Output 7 390

OUT308 Optional I/O Board 2 Output 8 390

OUT309 Optional I/O Board 2 Output 9 391

OUT310 Optional I/O Board 2 Output 10 391

OUT311 Optional I/O Board 2 Output 11 391

OUT312 Optional I/O Board 2 Output 12 391

OUT313 Optional I/O Board 2 Output 13 391
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OUT314 Optional I/O Board 2 Output 14 391

OUT315 Optional I/O Board 2 Output 15 391

OUT316 Optional I/O Board 2 Output 16 391

OUT401 Optional I/O Board 3 Output 1 392

OUT402 Optional I/O Board 3 Output 2 392

OUT403 Optional I/O Board 3 Output 3 392

OUT404 Optional I/O Board 3 Output 4 392

OUT405 Optional I/O Board 3 Output 5 392

OUT406 Optional I/O Board 3 Output 6 392

OUT407 Optional I/O Board 3 Output 7 392

OUT408 Optional I/O Board 3 Output 8 392

OUT409 Optional I/O Board 3 Output 9 393

OUT410 Optional I/O Board 3 Output 10 393

OUT411 Optional I/O Board 3 Output 11 393

OUT412 Optional I/O Board 3 Output 12 393

OUT413 Optional I/O Board 3 Output 13 393

OUT414 Optional I/O Board 3 Output 14 393

OUT415 Optional I/O Board 3 Output 15 393

OUT416 Optional I/O Board 3 Output 16 393

OUT501 Optional I/O Board 4 Output 1 394

OUT502 Optional I/O Board 4 Output 2 394

OUT503 Optional I/O Board 4 Output 3 394

OUT504 Optional I/O Board 4 Output 4 394

OUT505 Optional I/O Board 4 Output 5 394

OUT506 Optional I/O Board 4 Output 6 394

OUT507 Optional I/O Board 4 Output 7 394

OUT508 Optional I/O Board 4 Output 8 394

OUT509 Optional I/O Board 4 Output 9 395

OUT510 Optional I/O Board 4 Output 10 395

OUT511 Optional I/O Board 4 Output 11 395

OUT512 Optional I/O Board 4 Output 12 395

OUT513 Optional I/O Board 4 Output 13 395

OUT514 Optional I/O Board 4 Output 14 395

OUT515 Optional I/O Board 4 Output 15 395

OUT516 Optional I/O Board 4 Output 16 395

P5ABSW Port 5A or 5B has just become active 473

P5ASEL Port 5A active/inactive 442

P5BSEL Port 5B active/inactive 442

P5CSEL Port 5C active/inactive 442

P5DSEL Port 5D active/inactive 442

P87R1 Zone 1 instantaneous differential element picked up 159
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P87R2 Zone 2 instantaneous differential element picked up 161

P87R3 Zone 3 instantaneous differential element picked up 163

P87R4 Zone 4 instantaneous differential element picked up 165

P87R5 Zone 5 instantaneous differential element picked up 167

P87R6 Zone 6 instantaneous differential element picked up 169

P87RCZ1 Check Zone 1 instantaneous differential element picked up 450

P87RCZ2 Check Zone 2 instantaneous differential element picked up 452

P87RCZ3 Check Zone 3 instantaneous differential element picked up 454

PASSDIS Asserts to indicate password disable jumper is installed 377

PB1 Pushbutton 1 382

PB1_LED Pushbutton 1 LED 398

PB1_PUL Pushbutton 1 pulse input 396

PB10 Pushbutton 10 383

PB10LED Pushbutton 10 LED 399

PB10PUL Pushbutton 10 pulse input 397

PB11 Pushbutton 11 383

PB11LED Pushbutton 11 LED 399

PB11PUL Pushbutton 11 pulse input 397

PB12 Pushbutton 12 383

PB12LED Pushbutton 12 LED 399

PB12PUL Pushbutton 12 pulse input 397

PB2 Pushbutton 2 382

PB2_LED Pushbutton 2 LED 398

PB2_PUL Pushbutton 2 pulse input 396

PB3 Pushbutton 3 382

PB3_LED Pushbutton 3 LED 398

PB3_PUL Pushbutton 3 pulse input 396

PB4 Pushbutton 4 382

PB4_LED Pushbutton 4 LED 398

PB4_PUL Pushbutton 4 pulse input 396

PB5 Pushbutton 5 382

PB5_LED Pushbutton 5 LED 398

PB5_PUL Pushbutton 5 pulse input 396

PB6 Pushbutton 6 382

PB6_LED Pushbutton 6 LED 398

PB6_PUL Pushbutton 6 pulse input 396

PB7 Pushbutton 7 382

PB7_LED Pushbutton 7 LED 398

PB7_PUL Pushbutton 7 pulse input 396

PB8 Pushbutton 8 382

PB8_LED Pushbutton 8 LED 398
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PB8_PUL Pushbutton 8 pulse input 396

PB9 Pushbutton 9 383

PB9_LED Pushbutton 9 LED 399

PB9_PUL Pushbutton 9 pulse input 397

PCN01Q Protection counter Output 01 314

PCN01R Protection counter Reset 01 318

PCN02Q Protection counter Output 02 314

PCN02R Protection counter Reset 02 318

PCN03Q Protection counter Output 03 314

PCN03R Protection counter Reset 03 318

PCN04Q Protection counter Output 04 314

PCN04R Protection counter Reset 04 318

PCN05Q Protection counter Output 05 314

PCN05R Protection counter Reset 05 318

PCN06Q Protection counter Output 06 314

PCN06R Protection counter Reset 06 318

PCN07Q Protection counter Output 07 314

PCN07R Protection counter Reset 07 318

PCN08Q Protection counter Output 08 314

PCN08R Protection counter Reset 08 318

PCN09Q Protection counter Output 09 315

PCN09R Protection counter Reset 09 319

PCN10Q Protection counter Output 10 315

PCN10R Protection counter Reset 10 319

PCN11Q Protection counter Output 11 315

PCN11R Protection counter Reset 11 319

PCN12Q Protection counter Output 12 315

PCN12R Protection counter Reset 12 319

PCN13Q Protection counter Output 13 315

PCN13R Protection counter Reset 13 319

PCN14Q Protection counter Output 14 315

PCN14R Protection counter Reset 14 319

PCN15Q Protection counter Output 15 315

PCN15R Protection counter Reset 15 319

PCN16Q Protection counter Output 16 315

PCN16R Protection counter Reset 16 319

PCN17Q Protection counter Output 17 316

PCN17R Protection counter Reset 17 320

PCN18Q Protection counter Output 18 316

PCN18R Protection counter Reset 18 320

PCN19Q Protection counter Output 19 316
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PCN19R Protection counter Reset 19 320

PCN20Q Protection counter Output 20 316

PCN20R Protection counter Reset 20 320

PCN21Q Protection counter Output 21 316

PCN21R Protection counter Reset 21 320

PCN22Q Protection counter Output 22 316

PCN22R Protection counter Reset 22 320

PCN23Q Protection counter Output 23 316

PCN23R Protection counter Reset 23 320

PCN24Q Protection counter Output 24 316

PCN24R Protection counter Reset 24 320

PCN25Q Protection counter Output 25 317

PCN25R Protection counter Reset 25 321

PCN26Q Protection counter Output 26 317

PCN26R Protection counter Reset 26 321

PCN27Q Protection counter Output 27 317

PCN27R Protection counter Reset 27 321

PCN28Q Protection counter Output 28 317

PCN28R Protection counter Reset 28 321

PCN29Q Protection counter Output 29 317

PCN29R Protection counter Reset 29 321

PCN30Q Protection counter Output 30 317

PCN30R Protection counter Reset 30 321

PCN31Q Protection counter Output 31 317

PCN31R Protection counter Reset 31 321

PCN32Q Protection counter Output 32 317

PCN32R Protection counter Reset 32 321

PCT01Q Protection conditioning timer Output 01 304

PCT02Q Protection conditioning timer Output 02 304

PCT03Q Protection conditioning timer Output 03 304

PCT04Q Protection conditioning timer Output 04 304

PCT05Q Protection conditioning timer Output 05 304

PCT06Q Protection conditioning timer Output 06 304

PCT07Q Protection conditioning timer Output 07 304

PCT08Q Protection conditioning timer Output 08 304

PCT09Q Protection conditioning timer Output 09   305

PCT10Q Protection conditioning timer Output 10 305

PCT11Q Protection conditioning timer Output 11 305

PCT12Q Protection conditioning timer Output 12 305

PCT13Q Protection conditioning timer Output 13 305

PCT14Q Protection conditioning timer Output 14 305
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PCT15Q Protection conditioning timer Output 15 305

PCT16Q Protection conditioning timer Output 16 305

PFRTEX Protection SELOGIC control equation first execution 374

PLT01 Protection Latch 01   300

PLT02 Protection Latch 02 300

PLT03 Protection Latch 03 300

PLT04 Protection Latch 04 300

PLT05 Protection Latch 05 300

PLT06 Protection Latch 06 300

PLT07 Protection Latch 07 300

PLT08 Protection Latch 08 300

PLT09 Protection Latch 09    301

PLT10 Protection Latch 10 301

PLT11 Protection Latch 11 301

PLT12 Protection Latch 12 301

PLT13 Protection Latch 13 301

PLT14 Protection Latch 14 301

PLT15 Protection Latch 15 301

PLT16 Protection Latch 16 301

PLT17 Protection Latch 17 302

PLT18 Protection Latch 18 302

PLT19 Protection Latch 19 302

PLT20 Protection Latch 20 302

PLT21 Protection Latch 21 302

PLT22 Protection Latch 22 302

PLT23 Protection Latch 23 302

PLT24 Protection Latch 24 302

PLT25 Protection Latch 25 303

PLT26 Protection Latch 26 303

PLT27 Protection Latch 27 303

PLT28 Protection Latch 28 303

PLT29 Protection Latch 29 303

PLT30 Protection Latch 30 303

PLT31 Protection Latch 31 303

PLT32 Protection Latch 32 303

PST01Q Protection sequencing timer Output 01 306

PST01R Protection sequencing timer Reset 01 310

PST02Q Protection sequencing timer Output 02 306

PST02R Protection sequencing timer Reset 02 310

PST03Q Protection sequencing timer Output 03 306

PST03R Protection sequencing timer Reset 03 310
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PST04Q Protection sequencing timer Output 04 306

PST04R Protection sequencing timer Reset 04 310

PST05Q Protection sequencing timer Output 05 306

PST05R Protection sequencing timer Reset 05 310

PST06Q Protection sequencing timer Output 06 306

PST06R Protection sequencing timer Reset 06 310

PST07Q Protection sequencing timer Output 07 306

PST07R Protection sequencing timer Reset 07 310

PST08Q Protection sequencing timer Output 08 306

PST08R Protection sequencing timer Reset 08 310

PST09Q Protection sequencing timer Output 09 307

PST09R Protection sequencing timer Reset 09 311

PST10Q Protection sequencing timer Output 10 307

PST10R Protection sequencing timer Reset 10 311

PST11Q Protection sequencing timer Output 11 307

PST11R Protection sequencing timer Reset 11 311

PST12Q Protection sequencing timer Output 12 307

PST12R Protection sequencing timer Reset 12 311

PST13Q Protection sequencing timer Output 13 307

PST13R Protection sequencing timer Reset 13 311

PST14Q Protection sequencing timer Output 14 307

PST14R Protection sequencing timer Reset 14 311

PST15Q Protection sequencing timer Output 15 307

PST15R Protection sequencing timer Reset 15 311

PST16Q Protection sequencing timer Output 16 307

PST16R Protection sequencing timer Reset 16 311

PST17Q Protection sequencing timer Output 17 308

PST17R Protection sequencing timer Reset 17 312

PST18Q Protection sequencing timer Output 18 308

PST18R Protection sequencing timer Reset 18 312

PST19Q Protection sequencing timer Output 19 308

PST19R Protection sequencing timer Reset 19 312

PST20Q Protection sequencing timer Output 20 308

PST20R Protection sequencing timer Reset 20 312

PST21Q Protection sequencing timer Output 21 308

PST21R Protection sequencing timer Reset 21 312

PST22Q Protection sequencing timer Output 22 308

PST22R Protection sequencing timer Reset 22 312

PST23Q Protection sequencing timer Output 23 308

PST23R Protection sequencing timer Reset 23 312

PST24Q Protection sequencing timer Output 24 308
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PST24R Protection sequencing timer Reset 24 312

PST25Q Protection sequencing timer Output 25 309

PST25R Protection sequencing timer Reset 25 313

PST26Q Protection sequencing timer Output 26 309

PST26R Protection sequencing timer Reset 26 313

PST27Q Protection sequencing timer Output 27 309

PST27R Protection sequencing timer Reset 27 313

PST28Q Protection sequencing timer Output 28 309

PST28R Protection sequencing timer Reset 28 313

PST29Q Protection sequencing timer Output 29 309

PST29R Protection sequencing timer Reset 29 313

PST30Q Protection sequencing timer Output 30 309

PST30R Protection sequencing timer Reset 30 313

PST31Q Protection sequencing timer Output 31 309

PST31R Protection sequencing timer Reset 31 313

PST32Q Protection sequencing timer Output 32 309

PST32R Protection sequencing timer Reset 32 313

PSV01 Protection SELOGIC control equation Variable 01 292

PSV02 Protection SELOGIC control equation Variable 02 292

PSV03 Protection SELOGIC control equation Variable 03 292

PSV04 Protection SELOGIC control equation Variable 04 292

PSV05 Protection SELOGIC control equation Variable 05 292

PSV06 Protection SELOGIC control equation Variable 06 292

PSV07 Protection SELOGIC control equation Variable 07 292

PSV08 Protection SELOGIC control equation Variable 08 292

PSV09 Protection SELOGIC control equation Variable 09 293

PSV10 Protection SELOGIC control equation Variable 10 293

PSV11 Protection SELOGIC control equation Variable 11 293

PSV12 Protection SELOGIC control equation Variable 12 293

PSV13 Protection SELOGIC control equation Variable 13 293

PSV14 Protection SELOGIC control equation Variable 14 293

PSV15 Protection SELOGIC control equation Variable 15 293

PSV16 Protection SELOGIC control equation Variable 16 293

PSV17 Protection SELOGIC control equation Variable 17 294

PSV18 Protection SELOGIC control equation Variable 18 294

PSV19 Protection SELOGIC control equation Variable 19 294

PSV20 Protection SELOGIC control equation Variable 20 294

PSV21 Protection SELOGIC control equation Variable 21 294

PSV22 Protection SELOGIC control equation Variable 22 294

PSV23 Protection SELOGIC control equation Variable 23 294

PSV24 Protection SELOGIC control equation Variable 24 294
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PSV25 Protection SELOGIC control equation Variable 25 295

PSV26 Protection SELOGIC control equation Variable 26 295

PSV27 Protection SELOGIC control equation Variable 27 295

PSV28 Protection SELOGIC control equation Variable 28 295

PSV29 Protection SELOGIC control equation Variable 29 295

PSV30 Protection SELOGIC control equation Variable 30 295

PSV31 Protection SELOGIC control equation Variable 31 295

PSV32 Protection SELOGIC control equation Variable 32 295

PSV33 Protection SELOGIC control equation Variable 33 296

PSV34 Protection SELOGIC control equation Variable 34 296

PSV35 Protection SELOGIC control equation Variable 35 296

PSV36 Protection SELOGIC control equation Variable 36 296

PSV37 Protection SELOGIC control equation Variable 37 296

PSV38 Protection SELOGIC control equation Variable 38 296

PSV39 Protection SELOGIC control equation Variable 39 296

PSV40 Protection SELOGIC control equation Variable 40 296

PSV41 Protection SELOGIC control equation Variable 41 297

PSV42 Protection SELOGIC control equation Variable 42 297

PSV43 Protection SELOGIC control equation Variable 43 297

PSV44 Protection SELOGIC control equation Variable 44 297

PSV45 Protection SELOGIC control equation Variable 45 297

PSV46 Protection SELOGIC control equation Variable 46 297

PSV47 Protection SELOGIC control equation Variable 47 297

PSV48 Protection SELOGIC control equation Variable 48 297

PSV49 Protection SELOGIC control equation Variable 49 298

PSV50 Protection SELOGIC control equation Variable 50 298

PSV51 Protection SELOGIC control equation Variable 51 298

PSV52 Protection SELOGIC control equation Variable 52 298

PSV53 Protection SELOGIC control equation Variable 53 298

PSV54 Protection SELOGIC control equation Variable 54 298

PSV55 Protection SELOGIC control equation Variable 55 298

PSV56 Protection SELOGIC control equation Variable 56 298

PSV57 Protection SELOGIC control equation Variable 57 299

PSV58 Protection SELOGIC control equation Variable 58 299

PSV59 Protection SELOGIC control equation Variable 59 299

PSV60 Protection SELOGIC control equation Variable 60 299

PSV61 Protection SELOGIC control equation Variable 61 299

PSV62 Protection SELOGIC control equation Variable 62 299

PSV63 Protection SELOGIC control equation Variable 63 299

PSV64 Protection SELOGIC control equation Variable 64 299

PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards 474
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PTP_OK PTP is available and has sufficient quality 473

PTP_RST Disqualify PTP time source 473

PTP_SET Qualify PTP time source 473

PTP_TIM A valid PTP time source is detected 473

PTPSYNC Synchronized to a high-quality PTP source 474

PUNRLBL Protection SELOGIC control equation unresolved label 374

RB01 Remote Bit 01 271

RB02 Remote Bit 02 271

RB03 Remote Bit 03 271

RB04 Remote Bit 04 271

RB05 Remote Bit 05 271

RB06 Remote Bit 06 271

RB07 Remote Bit 07 271

RB08 Remote Bit 08 271

RB09 Remote Bit 09 270

RB10 Remote Bit 10 270

RB11 Remote Bit 11 270

RB12 Remote Bit 12 270

RB13 Remote Bit 13 270

RB14 Remote Bit 14 270

RB15 Remote Bit 15 270

RB16 Remote Bit 16 270

RB17 Remote Bit 17 269

RB18 Remote Bit 18 269

RB19 Remote Bit 19 269

RB20 Remote Bit 20 269

RB21 Remote Bit 21 269

RB22 Remote Bit 22 269

RB23 Remote Bit 23 269

RB24 Remote Bit 24    269

RB25 Remote Bit 25 268

RB26 Remote Bit 26 268

RB27 Remote Bit 27 268

RB28 Remote Bit 28 268

RB29 Remote Bit 29 268

RB30 Remote Bit 30 268

RB31 Remote Bit 31 268

RB32 Remote Bit 32 268

RB33 Remote Bit 33 267

RB34 Remote Bit 34 267

RB35 Remote Bit 35 267
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RB36 Remote Bit 36 267

RB37 Remote Bit 37 267

RB38 Remote Bit 38 267

RB39 Remote Bit 39 267

RB40 Remote Bit 40 267

RB41 Remote Bit 41 266

RB42 Remote Bit 42 266

RB43 Remote Bit 43 266

RB44 Remote Bit 44 266

RB45 Remote Bit 45 266

RB46 Remote Bit 46 266

RB47 Remote Bit 47 266

RB48 Remote Bit 48 266

RB49 Remote Bit 49 265

RB50 Remote Bit 50 265

RB51 Remote Bit 51 265

RB52 Remote Bit 52 265

RB53 Remote Bit 53 265

RB54 Remote Bit 54 265

RB55 Remote Bit 55 265

RB56 Remote Bit 56 265

RB57 Remote Bit 57 264

RB58 Remote Bit 58 264

RB59 Remote Bit 59 264

RB60 Remote Bit 60 264

RB61 Remote Bit 61 264

RB62 Remote Bit 62 264

RB63 Remote Bit 63 264

RB64 Remote Bit 64 264

RB65 Remote Bit 65 263

RB66 Remote Bit 66 263

RB67 Remote Bit 67 263

RB68 Remote Bit 68 263

RB69 Remote Bit 69 263

RB70 Remote Bit 70 263

RB71 Remote Bit 71 263

RB72 Remote Bit 72 263

RB73 Remote Bit 73 262

RB74 Remote Bit 74 262

RB75 Remote Bit 75 262

RB76 Remote Bit 76 262
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RB77 Remote Bit 77 262

RB78 Remote Bit 78 262

RB79 Remote Bit 79 262

RB80 Remote Bit 80 262

RB81 Remote Bit 81 261

RB82 Remote Bit 82 261

RB83 Remote Bit 83 261

RB84 Remote Bit 84 261

RB85 Remote Bit 85 261

RB86 Remote Bit 86 261

RB87 Remote Bit 87 261

RB88 Remote Bit 88 261

RB89 Remote Bit 89 260

RB90 Remote Bit 90 260

RB91 Remote Bit 91 260

RB92 Remote Bit 92 260

RB93 Remote Bit 93 260

RB94 Remote Bit 94 260

RB95 Remote Bit 95 260

RB96 Remote Bit 96 260

RBADA Channel A MIRRORED BITS outage too long 404

RBADB Channel B MIRRORED BITS outage too long 405

RDIF1 Zone 1 unfiltered restrained differential element picked up 160

RDIF2 Zone 2 unfiltered restrained differential element picked up 162

RDIF3 Zone 3 unfiltered restrained differential element picked up 164

RDIF4 Zone 4 unfiltered restrained differential element picked up 166

RDIF5 Zone 5 unfiltered restrained differential element picked up 168

RDIF6 Zone 6 unfiltered restrained differential element picked up 170

RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up 451

RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up 453

RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up 455

RMB1A Channel A receive MIRRORED BIT 1 400

RMB1B Channel B receive MIRRORED BIT 1 402

RMB2A Channel A receive MIRRORED BIT 2 400

RMB2B Channel B receive MIRRORED BIT 2 402

RMB3A Channel A receive MIRRORED BIT 3 400

RMB3B Channel B receive MIRRORED BIT 3 402

RMB4A Channel A receive MIRRORED BIT 4 400

RMB4B Channel B receive MIRRORED BIT 4 402

RMB5A Channel A receive MIRRORED BIT 5 400

RMB5B Channel B receive MIRRORED BIT 5 402
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RMB6A Channel A receive MIRRORED BIT 6 400

RMB6B Channel B receive MIRRORED BIT 6 402

RMB7A Channel A receive MIRRORED BIT 7 400

RMB7B Channel B receive MIRRORED BIT 7 402

RMB8A Channel A receive MIRRORED BIT 8 400

RMB8B Channel B receive MIRRORED BIT 8 402

ROCTZ1 Zone 1 open CT logic reset 154

ROCTZ2 Zone 2 open CT logic reset 154

ROCTZ3 Zone 3 open CT logic reset 154

ROCTZ4 Zone 4 open CT logic reset 154

ROCTZ5 Zone 5 open CT logic reset 154

ROCTZ6 Zone 6 open CT logic reset 154

ROKA Channel A MIRRORED BITS normal status (non-loopback) 404

ROKB Channel B MIRRORED BITS normal status (non-loopback mode) 405

RST_BAT Reset battery monitoring 440

RST_HAL Reset HALARMA 440

RSTDNPE Reset DNP fault summary data 440

RSTOCT1 Zone 1 open CT detection reset 156

RSTOCT2 Zone 2 open CT detection reset 156

RSTOCT3 Zone 3 open CT detection reset 156

RSTOCT4 Zone 4 open CT detection reset 156

RSTOCT5 Zone 5 open CT detection reset 156

RSTOCT6 Zone 6 open CT detection reset 156

RSTTRGT Target reset (SELOGIC control equation) 440

RT01 Circuit Breaker 1 retrip 183

RT02 Circuit Breaker 2 retrip 184

RT03 Circuit Breaker 3 retrip 185

RT04 Circuit Breaker 4 retrip 186

RT05 Circuit Breaker 5 retrip 187

RT06 Circuit Breaker 6 retrip 188

RT07 Circuit Breaker 7 retrip 189

RT08 Circuit Breaker 8 retrip 190

RT09 Circuit Breaker 9 retrip 191

RT10 Circuit Breaker 10 retrip 192

RT11 Circuit Breaker 11 retrip 193

RT12 Circuit Breaker 12 retrip 194

RT13 Circuit Breaker 13 retrip 195

RT14 Circuit Breaker 14 retrip 196

RT15 Circuit Breaker 15 retrip 197

RT16 Circuit Breaker 16 retrip 198

RT17 Circuit Breaker 17 retrip 199
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RT18 Circuit Breaker 18 retrip 200

RT19 Circuit Breaker 19 retrip 201

RT20 Circuit Breaker 20 retrip 202

RT21 Circuit Breaker 21 retrip 203

RZSWOAL Reset zone switching operation alarm 152

SALARM Non-diagnostic alarm pulse 376

SBFTR Any circuit breaker failure trip 239

SBFTR01 Circuit Breaker 01 breaker failure trip 236

SBFTR02 Circuit Breaker 02 breaker failure trip 236

SBFTR03 Circuit Breaker 03 breaker failure trip 236

SBFTR04 Circuit Breaker 04 breaker failure trip 236

SBFTR05 Circuit Breaker 05 breaker failure trip 236

SBFTR06 Circuit Breaker 06 breaker failure trip 236

SBFTR07 Circuit Breaker 07 breaker failure trip 236

SBFTR08 Circuit Breaker 08 breaker failure trip 236

SBFTR09 Circuit Breaker 09 breaker failure trip 237

SBFTR10 Circuit Breaker 10 breaker failure trip 237

SBFTR11 Circuit Breaker 11 breaker failure trip 237

SBFTR12 Circuit Breaker 12 breaker failure trip 237

SBFTR13 Circuit Breaker 13 breaker failure trip 237

SBFTR14 Circuit Breaker 14 breaker failure trip 237

SBFTR15 Circuit Breaker 15 breaker failure trip 237

SBFTR16 Circuit Breaker 16 breaker failure trip 237

SBFTR17 Circuit Breaker 17 breaker failure trip 238

SBFTR18 Circuit Breaker 18 breaker failure trip 238

SBFTR19 Circuit Breaker 19 breaker failure trip 238

SBFTR20 Circuit Breaker 20 breaker failure trip 238

SBFTR21 Circuit Breaker 21 breaker failure trip 238

SC850BM SELOGIC control for IEC 61850 blocked mode 476

SC850LS SELOGIC control for control authority at station level 480

SC850SM SELOGIC control for IEC 61850 simulation mode 476

SC850TM SELOGIC control for IEC 61850 test mode 476

SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards 473

SER_OK IRIG-B signal from serial port 1 is available and has sufficient quality 472

SER_RST Disqualify serial IRIG-B time source 472

SER_SET Qualify serial IRIG-B time source 472

SER_TIM A valid IRIG-B time source is detected on serial port 473

SERSYNC Synchronized to a high-quality serial IRIG source 474

SETCHG Pulsed when settings change 376

SG1 Settings Group 1 active 255

SG2 Settings Group 2 active 255
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SG3 Settings Group 3 active 255

SG4 Settings Group 4 active 255

SG5 Settings Group 5 active 255

SG6 Settings Group 6 active 255

SPEN Signal Profiling enabled 467

TBNC The active relay time source is BNC IRIG 378

TESTDB Communications card database test bit 406

TESTDB2 DNP test bit 406

TESTFM Fast meter test bit 406

TESTPUL Pulse test bit 406

TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source 379

TIRIG Assert while time is based on IRIG for both mark and value 378

TLED_1 Front-panel target LED 1 1

TLED_10 Front-panel target LED 10 2

TLED_11 Front-panel target LED 11 2

TLED_12 Front-panel target LED 12 2

TLED_13 Front-panel target LED 13 2

TLED_14 Front-panel target LED 14 2

TLED_15 Front-panel target LED 15 2

TLED_16 Front-panel target LED 16 2

TLED_17 Front-panel target LED 17 3

TLED_18 Front-panel target LED 18 3

TLED_19 Front-panel target LED 19 3

TLED_2 Front-panel target LED 2 1

TLED_20 Front-panel target LED 20 3

TLED_21 Front-panel target LED 21 3

TLED_22 Front-panel target LED 22 3

TLED_23 Front-panel target LED 23 3

TLED_24 Front-panel target LED 24 3

TLED_3 Front-panel target LED 3 1

TLED_4 Front-panel target LED 4 1

TLED_5 Front-panel target LED 5 1

TLED_6 Front-panel target LED 6 1

TLED_7 Front-panel target LED 7 1

TLED_8 Front-panel target LED 8 1

TLED_9 Front-panel target LED 9 2

TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source 379

TMB1A Channel A transmit MIRRORED BIT 1 401

TMB1B Channel B transmit MIRRORED BIT 1 403

TMB2A Channel A transmit MIRRORED BIT 2 401

TMB2B Channel B transmit MIRRORED BIT 2 403
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TMB3A Channel A transmit MIRRORED BIT 3 401

TMB3B Channel B transmit MIRRORED BIT 3 403

TMB4A Channel A transmit MIRRORED BIT 4 401

TMB4B Channel B transmit MIRRORED BIT 4 403

TMB5A Channel A transmit MIRRORED BIT 5 401

TMB5B Channel B transmit MIRRORED BIT 5 403

TMB6A Channel A transmit MIRRORED BIT 6 401

TMB6B Channel B transmit MIRRORED BIT 6 403

TMB7A Channel A transmit MIRRORED BIT 7 401

TMB7B Channel B transmit MIRRORED BIT 7 403

TMB8A Channel A transmit MIRRORED BIT 8 401

TMB8B Channel B transmit MIRRORED BIT 8 403

TOS01 Terminal 01 out of service 180

TOS02 Terminal 02 out of service 180

TOS03 Terminal 03 out of service 180

TOS04 Terminal 04 out of service 180

TOS05 Terminal 05 out of service 180

TOS06 Terminal 06 out of service 180

TOS07 Terminal 07 out of service 180

TOS08 Terminal 08 out of service 180

TOS09 Terminal 09 out of service 181

TOS10 Terminal 10 out of service 181

TOS11 Terminal 11 out of service 181

TOS12 Terminal 12 out of service 181

TOS13 Terminal 13 out of service 181

TOS14 Terminal 14 out of service 181

TOS15 Terminal 15 out of service 181

TOS16 Terminal 16 out of service 181

TOS17 Terminal 17 out of service 182

TOS18 Terminal 18 out of service 182

TOS19 Terminal 19 out of service 182

TOS20 Terminal 20 out of service 182

TOS21 Terminal 21 out of service 182

TPLLEXT Update PLL using external signal 379

TPTP The active relay time source is PTP 378

TQUAL1 Time quality, binary, add 1 when asserted 470

TQUAL2 Time quality, binary, add 2 when asserted 470

TQUAL4 Time quality, binary, add 4 when asserted 470

TQUAL8 Time quality, binary, add 8 when asserted 470

TRGTR Reset all active target Relay Words 466

TRIP Any terminal trip output 245

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 63 of 79)

Name Bit Description Row



11.64

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

TRIP01 Terminal 01 trip output 242

TRIP02 Terminal 02 trip output 242

TRIP03 Terminal 03 trip output 242

TRIP04 Terminal 04 trip output 242

TRIP05 Terminal 05 trip output 242

TRIP06 Terminal 06 trip output 242

TRIP07 Terminal 07 trip output 242

TRIP08 Terminal 08 trip output 242

TRIP09 Terminal 09 trip output 243

TRIP10 Terminal 10 trip output 243

TRIP11 Terminal 11 trip output 243

TRIP12 Terminal 12 trip output 243

TRIP13 Terminal 13 trip output 243

TRIP14 Terminal 14 trip output 243

TRIP15 Terminal 15 trip output 243

TRIP16 Terminal 16 trip output 243

TRIP17 Terminal 17 trip output 244

TRIP18 Terminal 18 trip output 244

TRIP19 Terminal 19 trip output 244

TRIP20 Terminal 20 trip output 244

TRIP21 Terminal 21 trip output 244

TRIPLED Trip LED 0

TSER The active relay time source is serial IRIG 378

TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired 379

TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired 379

TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements 378

TSSW High-priority time source switching 379

TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source 379

TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized 378

TUPDH Assert if update source is high-priority time source 378

TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted 469

TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted 469

TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted 469

TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted 469

TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted 469

TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise 469

ULTR01 Terminal 01 unlatch trip 246

ULTR02 Terminal 02 unlatch trip 246

ULTR03 Terminal 03 unlatch trip 246

ULTR04 Terminal 04 unlatch trip 246

ULTR05 Terminal 05 unlatch trip 246
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ULTR06 Terminal 06 unlatch trip 246

ULTR07 Terminal 07 unlatch trip 246

ULTR08 Terminal 08 unlatch trip 246

ULTR09 Terminal 09 unlatch trip 247

ULTR10 Terminal 10 unlatch trip 247

ULTR11 Terminal 11 unlatch trip 247

ULTR12 Terminal 12 unlatch trip 247

ULTR13 Terminal 13 unlatch trip 247

ULTR14 Terminal 14 unlatch trip 247

ULTR15 Terminal 15 unlatch trip 247

ULTR16 Terminal 16 unlatch trip 247

ULTR17 Terminal 17 unlatch trip 248

ULTR18 Terminal 18 unlatch trip 248

ULTR19 Terminal 19 unlatch trip 248

ULTR20 Terminal 20 unlatch trip 248

ULTR21 Terminal 21 unlatch trip 248

UPD_BLK Block updating internal clock period and master time 472

UPD_EN Enable updating internal clock with selected external time source 378

VB001 Virtual Bit 001 439

VB002 Virtual Bit 002 439

VB003 Virtual Bit 003 439

VB004 Virtual Bit 004 439

VB005 Virtual Bit 005 439

VB006 Virtual Bit 006 439

VB007 Virtual Bit 007 439

VB008 Virtual Bit 008 439

VB009 Virtual Bit 009 438

VB010 Virtual Bit 010 438

VB011 Virtual Bit 011 438

VB012 Virtual Bit 012 438

VB013 Virtual Bit 013 438

VB014 Virtual Bit 014 438

VB015 Virtual Bit 015 438

VB016 Virtual Bit 016 438

VB017 Virtual Bit 017 437

VB018 Virtual Bit 018 437

VB019 Virtual Bit 019 437

VB020 Virtual Bit 020 437

VB021 Virtual Bit 021 437

VB022 Virtual Bit 022 437

VB023 Virtual Bit 023 437
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VB024 Virtual Bit 024 437

VB025 Virtual Bit 025 436

VB026 Virtual Bit 026 436

VB027 Virtual Bit 027 436

VB028 Virtual Bit 028 436

VB029 Virtual Bit 029 436

VB030 Virtual Bit 030 436

VB031 Virtual Bit 031 436

VB032 Virtual Bit 032 436

VB033 Virtual Bit 033 435

VB034 Virtual Bit 034 435

VB035 Virtual Bit 035 435

VB036 Virtual Bit 036 435

VB037 Virtual Bit 037 435

VB038 Virtual Bit 038 435

VB039 Virtual Bit 039 435

VB040 Virtual Bit 040 435

VB041 Virtual Bit 041 434

VB042 Virtual Bit 042 434

VB043 Virtual Bit 043 434

VB044 Virtual Bit 044 434

VB045 Virtual Bit 045 434

VB046 Virtual Bit 046 434

VB047 Virtual Bit 047 434

VB048 Virtual Bit 048 434

VB049 Virtual Bit 049 433

VB050 Virtual Bit 050 433

VB051 Virtual Bit 051 433

VB052 Virtual Bit 052 433

VB053 Virtual Bit 053 433

VB054 Virtual Bit 054 433

VB055 Virtual Bit 055 433

VB056 Virtual Bit 056 433

VB057 Virtual Bit 057 432

VB058 Virtual Bit 058 432

VB059 Virtual Bit 059 432

VB060 Virtual Bit 060 432

VB061 Virtual Bit 061 432

VB062 Virtual Bit 062 432

VB063 Virtual Bit 063 432

VB064 Virtual Bit 064 432
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VB065 Virtual Bit 065 431

VB066 Virtual Bit 066 431

VB067 Virtual Bit 067 431

VB068 Virtual Bit 068 431

VB069 Virtual Bit 069 431

VB070 Virtual Bit 070 431

VB071 Virtual Bit 071 431

VB072 Virtual Bit 072 431

VB073 Virtual Bit 073 430

VB074 Virtual Bit 074 430

VB075 Virtual Bit 075 430

VB076 Virtual Bit 076 430

VB077 Virtual Bit 077 430

VB078 Virtual Bit 078 430

VB079 Virtual Bit 079 430

VB080 Virtual Bit 080 430

VB081 Virtual Bit 081 429

VB082 Virtual Bit 082 429

VB083 Virtual Bit 083 429

VB084 Virtual Bit 084 429

VB085 Virtual Bit 085 429

VB086 Virtual Bit 086 429

VB087 Virtual Bit 087 429

VB088 Virtual Bit 088 429

VB089 Virtual Bit 089 428

VB090 Virtual Bit 090 428

VB091 Virtual Bit 091 428

VB092 Virtual Bit 092 428

VB093 Virtual Bit 093 428

VB094 Virtual Bit 094 428

VB095 Virtual Bit 095 428

VB096 Virtual Bit 096 428

VB097 Virtual Bit 097 427

VB098 Virtual Bit 098 427

VB099 Virtual Bit 099 427

VB100 Virtual Bit 100 427

VB101 Virtual Bit 101 427

VB102 Virtual Bit 102 427

VB103 Virtual Bit 103 427

VB104 Virtual Bit 104 427

VB105 Virtual Bit 105 426
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VB106 Virtual Bit 106 426

VB107 Virtual Bit 107 426

VB108 Virtual Bit 108 426

VB109 Virtual Bit 109 426

VB110 Virtual Bit 110 426

VB111 Virtual Bit 111 426

VB112 Virtual Bit 112 426

VB113 Virtual Bit 113 425

VB114 Virtual Bit 114 425

VB115 Virtual Bit 115 425

VB116 Virtual Bit 116 425

VB117 Virtual Bit 117 425

VB118 Virtual Bit 118 425

VB119 Virtual Bit 119 425

VB120 Virtual Bit 120 425

VB121 Virtual Bit 121 424

VB122 Virtual Bit 122 424

VB123 Virtual Bit 123 424

VB124 Virtual Bit 124 424

VB125 Virtual Bit 125 424

VB126 Virtual Bit 126 424

VB127 Virtual Bit 127 424

VB128 Virtual Bit 128 424

VB129 Virtual Bit 129 423

VB130 Virtual Bit 130 423

VB131 Virtual Bit 131 423

VB132 Virtual Bit 132 423

VB133 Virtual Bit 133 423

VB134 Virtual Bit 134 423

VB135 Virtual Bit 135 423

VB136 Virtual Bit 136 423

VB137 Virtual Bit 137 422

VB138 Virtual Bit 138 422

VB139 Virtual Bit 139 422

VB140 Virtual Bit 140 422

VB141 Virtual Bit 141 422

VB142 Virtual Bit 142 422

VB143 Virtual Bit 143 422

VB144 Virtual Bit 144 422

VB145 Virtual Bit 145 421

VB146 Virtual Bit 146 421
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VB147 Virtual Bit 147 421

VB148 Virtual Bit 148 421

VB149 Virtual Bit 149 421

VB150 Virtual Bit 150 421

VB151 Virtual Bit 151 421

VB152 Virtual Bit 152 421

VB153 Virtual Bit 153 420

VB154 Virtual Bit 154 420

VB155 Virtual Bit 155 420

VB156 Virtual Bit 156 420

VB157 Virtual Bit 157 420

VB158 Virtual Bit 158 420

VB159 Virtual Bit 159 420

VB160 Virtual Bit 160 420

VB161 Virtual Bit 161 419

VB162 Virtual Bit 162 419

VB163 Virtual Bit 163 419

VB164 Virtual Bit 164 419

VB165 Virtual Bit 165 419

VB166 Virtual Bit 166 419

VB167 Virtual Bit 167 419

VB168 Virtual Bit 168 419

VB169 Virtual Bit 169 418

VB170 Virtual Bit 170 418

VB171 Virtual Bit 171 418

VB172 Virtual Bit 172 418

VB173 Virtual Bit 173 418

VB174 Virtual Bit 174 418

VB175 Virtual Bit 175 418

VB176 Virtual Bit 176 418

VB177 Virtual Bit 177 417

VB178 Virtual Bit 178 417

VB179 Virtual Bit 179 417

VB180 Virtual Bit 180 417

VB181 Virtual Bit 181 417

VB182 Virtual Bit 182 417

VB183 Virtual Bit 183 417

VB184 Virtual Bit 184 417

VB185 Virtual Bit 185 416

VB186 Virtual Bit 186 416

VB187 Virtual Bit 187 416
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VB188 Virtual Bit 188 416

VB189 Virtual Bit 189 416

VB190 Virtual Bit 190 416

VB191 Virtual Bit 191 416

VB192 Virtual Bit 192 416

VB193 Virtual Bit 193 415

VB194 Virtual Bit 194 415

VB195 Virtual Bit 195 415

VB196 Virtual Bit 196 415

VB197 Virtual Bit 197 415

VB198 Virtual Bit 198 415

VB199 Virtual Bit 199 415

VB200 Virtual Bit 200 415

VB201 Virtual Bit 201 414

VB202 Virtual Bit 202 414

VB203 Virtual Bit 203 414

VB204 Virtual Bit 204 414

VB205 Virtual Bit 205 414

VB206 Virtual Bit 206 414

VB207 Virtual Bit 207 414

VB208 Virtual Bit 208 414

VB209 Virtual Bit 209 413

VB210 Virtual Bit 210 413

VB211 Virtual Bit 211 413

VB212 Virtual Bit 212 413

VB213 Virtual Bit 213 413

VB214 Virtual Bit 214 413

VB215 Virtual Bit 215 413

VB216 Virtual Bit 216 413

VB217 Virtual Bit 217 412

VB218 Virtual Bit 218 412

VB219 Virtual Bit 219 412

VB220 Virtual Bit 220 412

VB221 Virtual Bit 221 412

VB222 Virtual Bit 222 412

VB223 Virtual Bit 223 412

VB224 Virtual Bit 224 412

VB225 Virtual Bit 225 411

VB226 Virtual Bit 226 411

VB227 Virtual Bit 227 411

VB228 Virtual Bit 228 411
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VB229 Virtual Bit 229 411

VB230 Virtual Bit 230 411

VB231 Virtual Bit 231 411

VB232 Virtual Bit 232 411

VB233 Virtual Bit 233 410

VB234 Virtual Bit 234 410

VB235 Virtual Bit 235 410

VB236 Virtual Bit 236 410

VB237 Virtual Bit 237 410

VB238 Virtual Bit 238 410

VB239 Virtual Bit 239 410

VB240 Virtual Bit 240 410

VB241 Virtual Bit 241 409

VB242 Virtual Bit 242 409

VB243 Virtual Bit 243 409

VB244 Virtual Bit 244 409

VB245 Virtual Bit 245 409

VB246 Virtual Bit 246 409

VB247 Virtual Bit 247 409

VB248 Virtual Bit 248 409

VB249 Virtual Bit 249 408

VB250 Virtual Bit 250 408

VB251 Virtual Bit 251 408

VB252 Virtual Bit 252 408

VB253 Virtual Bit 253 408

VB254 Virtual Bit 254 408

VB255 Virtual Bit 255 408

VB256 Virtual Bit 256 408

XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation) 183

XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation) 184

XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation) 185

XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation) 186

XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation) 187

XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation) 188

XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation) 189

XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation) 190

XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation) 191

XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation) 192

XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation) 193

XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation) 194

XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation) 195
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XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation) 196

XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation) 197

XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation) 198

XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation) 199

XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation) 200

XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation) 201

XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation) 202

XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation) 203

YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 468

YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 468

YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 468

YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 468

YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 468

YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 468

YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 468

YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 468

Z1BZ1 Bus-Zone 1 is part of Protective Zone 1 144

Z1BZ2 Bus-Zone 2 is part of Protective Zone 1 144

Z1BZ3 Bus-Zone 3 is part of Protective Zone 1 144

Z1BZ4 Bus-Zone 4 is part of Protective Zone 1 144

Z1BZ5 Bus-Zone 5 is part of Protective Zone 1 144

Z1BZ6 Bus-Zone 6 is part of Protective Zone 1 144

Z1S Zone 1 supervision asserted 153

Z2BZ2 Bus-Zone 2 is part of Protective Zone 2 145

Z2BZ3 Bus-Zone 3 is part of Protective Zone 2 145

Z2BZ4 Bus-Zone 4 is part of Protective Zone 2 145

Z2BZ5 Bus-Zone 5 is part of Protective Zone 2 145

Z2BZ6 Bus-Zone 6 is part of Protective Zone 2 145

Z2S Zone 2 supervision asserted 153

Z3BZ3 Bus-Zone 3 is part of Protective Zone 3 146

Z3BZ4 Bus-Zone 4 is part of Protective Zone 3 146

Z3BZ5 Bus-Zone 5 is part of Protective Zone 3 146

Z3BZ6 Bus-Zone 6 is part of Protective Zone 3 146

Z3S Zone 3 supervision asserted 153

Z4BZ4 Bus-Zone 4 is part of Protective Zone 4 147

Z4BZ5 Bus-Zone 5 is part of Protective Zone 4 147

Z4BZ6 Bus-Zone 6 is part of Protective Zone 4 147

Z4S Zone 4 supervision asserted 153

Z5BZ5 Bus-Zone 5 is part of Protective Zone 5 148

Z5BZ6 Bus-Zone 6 is part of Protective Zone 5 148

Z5S Zone 5 supervision asserted 153
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Z6BZ6 Bus-Zone 6 is part of Protective Zone 6 149

Z6S Zone 6 supervision asserted 153

ZN1I01 Terminal 01 connected to Zone 1 80

ZN1I01T Terminal 01 connected to Zone 1 and will be tripped 104

ZN1I02 Terminal 02 connected to Zone 1 80

ZN1I02T Terminal 02 connected to Zone 1 and will be tripped 104

ZN1I03 Terminal 03 connected to Zone 1 80

ZN1I03T Terminal 03 connected to Zone 1 and will be tripped 104

ZN1I04 Terminal 04 connected to Zone 1 80

ZN1I04T Terminal 04 connected to Zone 1 and will be tripped 104

ZN1I05 Terminal 05 connected to Zone 1 80

ZN1I05T Terminal 05 connected to Zone 1 and will be tripped 104

ZN1I06 Terminal 06 connected to Zone 1 80

ZN1I06T Terminal 06 connected to Zone 1 and will be tripped 104

ZN1I07 Terminal 07 connected to Zone 1 80

ZN1I07T Terminal 07 connected to Zone 1 and will be tripped 104

ZN1I08 Terminal 08 connected to Zone 1 80

ZN1I08T Terminal 08 connected to Zone 1 and will be tripped 104

ZN1I09 Terminal 09 connected to Zone 1 81

ZN1I09T Terminal 09 connected to Zone 1 and will be tripped 105

ZN1I10 Terminal 10 connected to Zone 1 81

ZN1I10T Terminal 10 connected to Zone 1 and will be tripped 105

ZN1I11 Terminal 11 connected to Zone 1 81

ZN1I11T Terminal 11 connected to Zone 1 and will be tripped 105

ZN1I12 Terminal 12 connected to Zone 1 81

ZN1I12T Terminal 12 connected to Zone 1 and will be tripped 105

ZN1I13 Terminal 13 connected to Zone 1 81

ZN1I13T Terminal 13 connected to Zone 1 and will be tripped 105

ZN1I14 Terminal 14 connected to Zone 1 81

ZN1I14T Terminal 14 connected to Zone 1 and will be tripped 105

ZN1I15 Terminal 15 connected to Zone 1 81

ZN1I15T Terminal 15 connected to Zone 1 and will be tripped 105

ZN1I16 Terminal 16 connected to Zone 1 81

ZN1I16T Terminal 16 connected to Zone 1 and will be tripped 105

ZN1I17 Terminal 17 connected to Zone 1 82

ZN1I17T Terminal 17 connected to Zone 1 and will be tripped 106

ZN1I18 Terminal 18 connected to Zone 1 82

ZN1I18T Terminal 18 connected to Zone 1 and will be tripped 106

ZN1I19 Terminal 19 connected to Zone 1 82

ZN1I19T Terminal 19 connected to Zone 1 and will be tripped 106

ZN1I20 Terminal 20 connected to Zone 1 82
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ZN1I20T Terminal 20 connected to Zone 1 and will be tripped 106

ZN1I21 Terminal 21 connected to Zone 1 82

ZN1I21T Terminal 21 connected to Zone 1 and will be tripped 106

ZN2I01 Terminal 01 connected to Zone 2 84

ZN2I01T Terminal 01 connected to Zone 2 and will be tripped 108

ZN2I02 Terminal 02 connected to Zone 2 84

ZN2I02T Terminal 02 connected to Zone 2 and will be tripped 108

ZN2I03 Terminal 03 connected to Zone 2 84

ZN2I03T Terminal 03 connected to Zone 2 and will be tripped 108

ZN2I04 Terminal 04 connected to Zone 2 84

ZN2I04T Terminal 04 connected to Zone 2 and will be tripped 108

ZN2I05 Terminal 05 connected to Zone 2 84

ZN2I05T Terminal 05 connected to Zone 2 and will be tripped 108

ZN2I06 Terminal 06 connected to Zone 2 84

ZN2I06T Terminal 06 connected to Zone 2 and will be tripped 108

ZN2I07 Terminal 07 connected to Zone 2 84

ZN2I07T Terminal 07 connected to Zone 2 and will be tripped 108

ZN2I08 Terminal 08 connected to Zone 2 84

ZN2I08T Terminal 08 connected to Zone 2 and will be tripped 108

ZN2I09 Terminal 09 connected to Zone 2 85

ZN2I09T Terminal 09 connected to Zone 2 and will be tripped 109

ZN2I10 Terminal 10 connected to Zone 2 85

ZN2I10T Terminal 10 connected to Zone 2 and will be tripped 109

ZN2I11 Terminal 11 connected to Zone 2 85

ZN2I11T Terminal 11 connected to Zone 2 and will be tripped 109

ZN2I12 Terminal 12 connected to Zone 2 85

ZN2I12T Terminal 12 connected to Zone 2 and will be tripped 109

ZN2I13 Terminal 13 connected to Zone 2 85

ZN2I13T Terminal 13 connected to Zone 2 and will be tripped 109

ZN2I14 Terminal 14 connected to Zone 2 85

ZN2I14T Terminal 14 connected to Zone 2 and will be tripped 109

ZN2I15 Terminal 15 connected to Zone 2 85

ZN2I15T Terminal 15 connected to Zone 2 and will be tripped 109

ZN2I16 Terminal 16 connected to Zone 2 85

ZN2I16T Terminal 16 connected to Zone 2 and will be tripped 109

ZN2I17 Terminal 17 connected to Zone 2 86

ZN2I17T Terminal 17 connected to Zone 2 and will be tripped 110

ZN2I18 Terminal 18 connected to Zone 2 86

ZN2I18T Terminal 18 connected to Zone 2 and will be tripped 110

ZN2I19 Terminal 19 connected to Zone 2 86

ZN2I19T Terminal 19 connected to Zone 2 and will be tripped 110
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ZN2I20 Terminal 20 connected to Zone 2 86

ZN2I20T Terminal 20 connected to Zone 2 and will be tripped 110

ZN2I21 Terminal 21 connected to Zone 2 86

ZN2I21T Terminal 21 connected to Zone 2 and will be tripped 110

ZN3I01 Terminal 01 connected to Zone 3 88

ZN3I01T Terminal 01 connected to Zone 3 and will be tripped 112

ZN3I02 Terminal 02 connected to Zone 3 88

ZN3I02T Terminal 02 connected to Zone 3 and will be tripped 112

ZN3I03 Terminal 03 connected to Zone 3 88

ZN3I03T Terminal 03 connected to Zone 3 and will be tripped 112

ZN3I04 Terminal 04 connected to Zone 3 88

ZN3I04T Terminal 04 connected to Zone 3 and will be tripped 112

ZN3I05 Terminal 05 connected to Zone 3 88

ZN3I05T Terminal 05 connected to Zone 3 and will be tripped 112

ZN3I06 Terminal 06 connected to Zone 3 88

ZN3I06T Terminal 06 connected to Zone 3 and will be tripped 112

ZN3I07 Terminal 07 connected to Zone 3 88

ZN3I07T Terminal 07 connected to Zone 3 and will be tripped 112

ZN3I08 Terminal 08 connected to Zone 3 88

ZN3I08T Terminal 08 connected to Zone 3 and will be tripped 112

ZN3I09 Terminal 09 connected to Zone 3 89

ZN3I09T Terminal 09 connected to Zone 3 and will be tripped 113

ZN3I10 Terminal 10 connected to Zone 3 89

ZN3I10T Terminal 10 connected to Zone 3 and will be tripped 113

ZN3I11 Terminal 11 connected to Zone 3 89

ZN3I11T Terminal 11 connected to Zone 3 and will be tripped 113

ZN3I12 Terminal 12 connected to Zone 3 89

ZN3I12T Terminal 12 connected to Zone 3 and will be tripped 113

ZN3I13 Terminal 13 connected to Zone 3 89

ZN3I13T Terminal 13 connected to Zone 3 and will be tripped 113

ZN3I14 Terminal 14 connected to Zone 3 89

ZN3I14T Terminal 14 connected to Zone 3 and will be tripped 113

ZN3I15 Terminal 15 connected to Zone 3 89

ZN3I15T Terminal 15 connected to Zone 3 and will be tripped 113

ZN3I16 Terminal 16 connected to Zone 3 89

ZN3I16T Terminal 16 connected to Zone 3 and will be tripped 113

ZN3I17 Terminal 17 connected to Zone 3 90

ZN3I17T Terminal 17 connected to Zone 3 and will be tripped 114

ZN3I18 Terminal 18 connected to Zone 3 90

ZN3I18T Terminal 18 connected to Zone 3 and will be tripped 114

ZN3I19 Terminal 19 connected to Zone 3 90
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ZN3I19T Terminal 19 connected to Zone 3 and will be tripped 114

ZN3I20 Terminal 20 connected to Zone 3 90

ZN3I20T Terminal 20 connected to Zone 3 and will be tripped 114

ZN3I21 Terminal 21 connected to Zone 3 90

ZN3I21T Terminal 21 connected to Zone 3 and will be tripped 114

ZN4I01 Terminal 01 connected to Zone 4 92

ZN4I01T Terminal 01 connected to Zone 4 and will be tripped 116

ZN4I02 Terminal 02 connected to Zone 4 92

ZN4I02T Terminal 02 connected to Zone 4 and will be tripped 116

ZN4I03 Terminal 03 connected to Zone 4 92

ZN4I03T Terminal 03 connected to Zone 4 and will be tripped 116

ZN4I04 Terminal 04 connected to Zone 4 92

ZN4I04T Terminal 04 connected to Zone 4 and will be tripped 116

ZN4I05 Terminal 05 connected to Zone 4 92

ZN4I05T Terminal 05 connected to Zone 4 and will be tripped 116

ZN4I06 Terminal 06 connected to Zone 4 92

ZN4I06T Terminal 06 connected to Zone 4 and will be tripped 116

ZN4I07 Terminal 07 connected to Zone 4 92

ZN4I07T Terminal 07 connected to Zone 4 and will be tripped 116

ZN4I08 Terminal 08 connected to Zone 4 92

ZN4I08T Terminal 08 connected to Zone 4 and will be tripped 116

ZN4I09 Terminal 09 connected to Zone 4 93

ZN4I09T Terminal 09 connected to Zone 4 and will be tripped 117

ZN4I10 Terminal 10 connected to Zone 4 93

ZN4I10T Terminal 10 connected to Zone 4 and will be tripped 117

ZN4I11 Terminal 11 connected to Zone 4 93

ZN4I11T Terminal 11 connected to Zone 4 and will be tripped 117

ZN4I12 Terminal 12 connected to Zone 4 93

ZN4I12T Terminal 12 connected to Zone 4 and will be tripped 117

ZN4I13 Terminal 13 connected to Zone 4 93

ZN4I13T Terminal 13 connected to Zone 4 and will be tripped 117

ZN4I14 Terminal 14 connected to Zone 4 93

ZN4I14T Terminal 14 connected to Zone 4 and will be tripped 117

ZN4I15 Terminal 15 connected to Zone 4 93

ZN4I15T Terminal 15 connected to Zone 4 and will be tripped 117

ZN4I16 Terminal 16 connected to Zone 4 93

ZN4I16T Terminal 16 connected to Zone 4 and will be tripped 117

ZN4I17 Terminal 17 connected to Zone 4 94

ZN4I17T Terminal 17 connected to Zone 4 and will be tripped 118

ZN4I18 Terminal 18 connected to Zone 4 94

ZN4I18T Terminal 18 connected to Zone 4 and will be tripped 118
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ZN4I19 Terminal 19 connected to Zone 4 94

ZN4I19T Terminal 19 connected to Zone 4 and will be tripped 118

ZN4I20 Terminal 20 connected to Zone 4 94

ZN4I20T Terminal 20 connected to Zone 4 and will be tripped 118

ZN4I21 Terminal 21 connected to Zone 4 94

ZN4I21T Terminal 21 connected to Zone 4 and will be tripped 118

ZN5I01 Terminal 01 connected to Zone 5 96

ZN5I01T Terminal 01 connected to Zone 5 and will be tripped 120

ZN5I02 Terminal 02 connected to Zone 5 96

ZN5I02T Terminal 02 connected to Zone 5 and will be tripped 120

ZN5I03 Terminal 03 connected to Zone 5 96

ZN5I03T Terminal 03 connected to Zone 5 and will be tripped 120

ZN5I04 Terminal 04 connected to Zone 5 96

ZN5I04T Terminal 04 connected to Zone 5 and will be tripped 120

ZN5I05 Terminal 05 connected to Zone 5 96

ZN5I05T Terminal 05 connected to Zone 5 and will be tripped 120

ZN5I06 Terminal 06 connected to Zone 5 96

ZN5I06T Terminal 06 connected to Zone 5 and will be tripped 120

ZN5I07 Terminal 07 connected to Zone 5 96

ZN5I07T Terminal 07 connected to Zone 5 and will be tripped 120

ZN5I08 Terminal 08 connected to Zone 5 96

ZN5I08T Terminal 08 connected to Zone 5 and will be tripped 120

ZN5I09 Terminal 09 connected to Zone 5 97

ZN5I09T Terminal 09 connected to Zone 5 and will be tripped 121

ZN5I10 Terminal 10 connected to Zone 5 97

ZN5I10T Terminal 10 connected to Zone 5 and will be tripped 121

ZN5I11 Terminal 11 connected to Zone 5 97

ZN5I11T Terminal 11 connected to Zone 5 and will be tripped 121

ZN5I12 Terminal 12 connected to Zone 5 97

ZN5I12T Terminal 12 connected to Zone 5 and will be tripped 121

ZN5I13 Terminal 13 connected to Zone 5 97

ZN5I13T Terminal 13 connected to Zone 5 and will be tripped 121

ZN5I14 Terminal 14 connected to Zone 5 97

ZN5I14T Terminal 14 connected to Zone 5 and will be tripped 121

ZN5I15 Terminal 15 connected to Zone 5 97

ZN5I15T Terminal 15 connected to Zone 5 and will be tripped 121

ZN5I16 Terminal 16 connected to Zone 5 97

ZN5I16T Terminal 16 connected to Zone 5 and will be tripped 121

ZN5I17 Terminal 17 connected to Zone 5 98

ZN5I17T Terminal 17 connected to Zone 5 and will be tripped 122

ZN5I18 Terminal 18 connected to Zone 5 98
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ZN5I18T Terminal 18 connected to Zone 5 and will be tripped 122

ZN5I19 Terminal 19 connected to Zone 5 98

ZN5I19T Terminal 19 connected to Zone 5 and will be tripped 122

ZN5I20 Terminal 20 connected to Zone 5 98

ZN5I20T Terminal 20 connected to Zone 5 and will be tripped 122

ZN5I21 Terminal 21 connected to Zone 5 98

ZN5I21T Terminal 21 connected to Zone 5 and will be tripped 122

ZN6I01 Terminal 01 connected to Zone 6 100

ZN6I01T Terminal 01 connected to Zone 6 and will be tripped 124

ZN6I02 Terminal 02 connected to Zone 6 100

ZN6I02T Terminal 02 connected to Zone 6 and will be tripped 124

ZN6I03 Terminal 03 connected to Zone 6 100

ZN6I03T Terminal 03 connected to Zone 6 and will be tripped 124

ZN6I04 Terminal 04 connected to Zone 6 100

ZN6I04T Terminal 04 connected to Zone 6 and will be tripped 124

ZN6I05 Terminal 05 connected to Zone 6 100

ZN6I05T Terminal 05 connected to Zone 6 and will be tripped 124

ZN6I06 Terminal 06 connected to Zone 6 100

ZN6I06T Terminal 06 connected to Zone 6 and will be tripped 124

ZN6I07 Terminal 07 connected to Zone 6 100

ZN6I07T Terminal 07 connected to Zone 6 and will be tripped 124

ZN6I08 Terminal 08 connected to Zone 6 100

ZN6I08T Terminal 08 connected to Zone 6 and will be tripped 124

ZN6I09 Terminal 09 connected to Zone 6 101

ZN6I09T Terminal 09 connected to Zone 6 and will be tripped 125

ZN6I10 Terminal 10 connected to Zone 6 101

ZN6I10T Terminal 10 connected to Zone 6 and will be tripped 125

ZN6I11 Terminal 11 connected to Zone 6 101

ZN6I11T Terminal 11 connected to Zone 6 and will be tripped 125

ZN6I12 Terminal 12 connected to Zone 6 101

ZN6I12T Terminal 12 connected to Zone 6 and will be tripped 125

ZN6I13 Terminal 13 connected to Zone 6 101

ZN6I13T Terminal 13 connected to Zone 6 and will be tripped 125

ZN6I14 Terminal 14 connected to Zone 6 101

ZN6I14T Terminal 14 connected to Zone 6 and will be tripped 125

ZN6I15 Terminal 15 connected to Zone 6 101

ZN6I15T Terminal 15 connected to Zone 6 and will be tripped 125

ZN6I16 Terminal 16 connected to Zone 6 101

ZN6I16T Terminal 16 connected to Zone 6 and will be tripped 125

ZN6I17 Terminal 17 connected to Zone 6 102

ZN6I17T Terminal 17 connected to Zone 6 and will be tripped 126

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 78 of 79)
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ZN6I18 Terminal 18 connected to Zone 6 102

ZN6I18T Terminal 18 connected to Zone 6 and will be tripped 126

ZN6I19 Terminal 19 connected to Zone 6 102

ZN6I19T Terminal 19 connected to Zone 6 and will be tripped 126

ZN6I20 Terminal 20 connected to Zone 6 102

ZN6I20T Terminal 20 connected to Zone 6 and will be tripped 126

ZN6I21 Terminal 21 connected to Zone 6 102

ZN6I21T Terminal 21 connected to Zone 6 and will be tripped 126

ZONE1 Differential Zone 1 is active 150

ZONE2 Differential Zone 2 is active 150

ZONE3 Differential Zone 3 is active 150

ZONE4 Differential Zone 4 is active 150

ZONE5 Differential Zone 5 is active 150

ZONE6 Differential Zone 6 is active 150

ZSWO Zone switching operation 152

ZSWOAL Zone switching operation alarm 152

ZSWOIP Zone switching operation in progress 152

ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone 151

ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1 151

ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2 151

ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3 151

ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4 151

ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5 151

ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6 151

Table 11.2 Row List of Relay Word Bits (Sheet 1 of 99)

Row Name Bit Description

Enable and Target LEDs

0 EN Relay enabled

0 TRIPLED Trip LED

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

Target LEDs

1 TLED_1 Front-panel target LED 1

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 79 of 79)
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1 TLED_2 Front-panel target LED 2

1 TLED_3 Front-panel target LED 3

1 TLED_4 Front-panel target LED 4

1 TLED_5 Front-panel target LED 5

1 TLED_6 Front-panel target LED 6

1 TLED_7 Front-panel target LED 7

1 TLED_8 Front-panel target LED 8

2 TLED_9 Front-panel target LED 9

2 TLED_10 Front-panel target LED 10

2 TLED_11 Front-panel target LED 11

2 TLED_12 Front-panel target LED 12

2 TLED_13 Front-panel target LED 13

2 TLED_14 Front-panel target LED 14

2 TLED_15 Front-panel target LED 15

2 TLED_16 Front-panel target LED 16

3 TLED_17 Front-panel target LED 17

3 TLED_18 Front-panel target LED 18

3 TLED_19 Front-panel target LED 19

3 TLED_20 Front-panel target LED 20

3 TLED_21 Front-panel target LED 21

3 TLED_22 Front-panel target LED 22

3 TLED_23 Front-panel target LED 23

3 TLED_24 Front-panel target LED 24

Open-Phase Detectors

4 OPH08 Terminal 08 open phase detected

4 OPH07 Terminal 07 open phase detected

4 OPH06 Terminal 06 open phase detected

4 OPH05 Terminal 05 open phase detected

4 OPH04 Terminal 04 open phase detected

4 OPH03 Terminal 03 open phase detected

4 OPH02 Terminal 02 open phase detected

4 OPH01 Terminal 01 open phase detected

5 OPH16 Terminal 16 open phase detected

5 OPH15 Terminal 15 open phase detected

5 OPH14 Terminal 14 open phase detected

5 OPH13 Terminal 13 open phase detected

5 OPH12 Terminal 12 open phase detected

5 OPH11 Terminal 11 open phase detected

5 OPH10 Terminal 10 open phase detected

5 OPH09 Terminal 09 open phase detected

6 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 2 of 99)
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6 * Reserved

6 * Reserved

6 OPH21 Terminal 21 open phase detected

6 OPH20 Terminal 20 open phase detected

6 OPH19 Terminal 19 open phase detected

6 OPH18 Terminal 18 open phase detected

6 OPH17 Terminal 17 open phase detected

52 Status

7 52AL03 Circuit Breaker 03 alarm

7 52A03 Circuit Breaker 03 status

7 52CL02 Circuit Breaker 02 closed

7 52AL02 Circuit Breaker 02 alarm

7 52A02 Circuit Breaker 02 status

7 52CL01 Circuit Breaker 01 closed

7 52AL01 Circuit Breaker 01 alarm

7 52A01 Circuit Breaker 01 status

8 52A06 Circuit Breaker 06 status

8 52CL05 Circuit Breaker 05 closed

8 52AL05 Circuit Breaker 05 alarm

8 52A05 Circuit Breaker 05 status

8 52CL04 Circuit Breaker 04 closed

8 52AL04 Circuit Breaker 04 alarm

8 52A04 Circuit Breaker 04 status

8 52CL03 Circuit Breaker 03 closed

9 52CL08 Circuit Breaker 08 closed

9 52AL08 Circuit Breaker 08 alarm

9 52A08 Circuit Breaker 08 status

9 52CL07 Circuit Breaker 07 closed

9 52AL07 Circuit Breaker 07 alarm

9 52A07 Circuit Breaker 07 status

9 52CL06 Circuit Breaker 06 closed

9 52AL06 Circuit Breaker 06 alarm

10 52AL11 Circuit Breaker 11 alarm

10 52A11 Circuit Breaker 11 status

10 52CL10 Circuit Breaker 10 closed

10 52AL10 Circuit Breaker 10 alarm

10 52A10 Circuit Breaker 10 status

10 52CL09 Circuit Breaker 09 closed

10 52AL09 Circuit Breaker 09 alarm

10 52A09 Circuit Breaker 09 status

11 52A14 Circuit Breaker 14 status

Table 11.2 Row List of Relay Word Bits (Sheet 3 of 99)

Row Name Bit Description
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11 52CL13 Circuit Breaker 13 closed

11 52AL13 Circuit Breaker 13 alarm

11 52A13 Circuit Breaker 13 status

11 52CL12 Circuit Breaker 12 closed

11 52AL12 Circuit Breaker 12 alarm

11 52A12 Circuit Breaker 12 status

11 52CL11 Circuit Breaker 11 closed

12 52CL16 Circuit Breaker 16 closed

12 52AL16 Circuit Breaker 16 alarm

12 52A16 Circuit Breaker 16 status

12 52CL15 Circuit Breaker 15 closed

12 52AL15 Circuit Breaker 15 alarm

12 52A15 Circuit Breaker 15 status

12 52CL14 Circuit Breaker 14 closed

12 52AL14 Circuit Breaker 14 alarm

13 52AL19 Circuit Breaker 19 alarm

13 52A19 Circuit Breaker 19 status

13 52CL18 Circuit Breaker 18 closed

13 52AL18 Circuit Breaker 18 alarm

13 52A18 Circuit Breaker 18 status

13 52CL17 Circuit Breaker 17 closed

13 52AL17 Circuit Breaker 17 alarm

13 52A17 Circuit Breaker 17 status

14 52AL Any circuit breaker alarm

14 52CL21 Circuit Breaker 21 closed

14 52AL21 Circuit Breaker 21 alarm

14 52A21 Circuit Breaker 21 status

14 52CL20 Circuit Breaker 20 closed

14 52AL20 Circuit Breaker 20 alarm

14 52A20 Circuit Breaker 20 status

14 52CL19 Circuit Breaker 19 closed

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

16 * Reserved

16 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 4 of 99)
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16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

89 Disconnect Status

17 89CL02 Disconnect 02 closed

17 89B02 Disconnect 02 B auxiliary contact closed

17 89A02 Disconnect 02 A auxiliary contact closed

17 89AL01 Disconnect 01 auxiliary contact discrepancy alarm

17 89OIP01 Disconnect 01 operation in progress

17 89CL01 Disconnect 01 closed

17 89B01 Disconnect 01 B auxiliary contact closed

17 89A01 Disconnect 01 A auxiliary contact closed

18 89A04 Disconnect 04 A auxiliary contact closed

18 89AL03 Disconnect 03 auxiliary contact discrepancy alarm

18 89OIP03 Disconnect 03 operation in progress

18 89CL03 Disconnect 03 closed

18 89B03 Disconnect 03 B auxiliary contact closed

18 89A03 Disconnect 03 A auxiliary contact closed

18 89AL02 Disconnect 02 auxiliary contact discrepancy alarm

18 89OIP02 Disconnect 02 operation in progress

19 89OIP05 Disconnect 05 operation in progress

19 89CL05 Disconnect 05 closed

19 89B05 Disconnect 05 B auxiliary contact closed

19 89A05 Disconnect 05 A auxiliary contact closed

19 89AL04 Disconnect 04 auxiliary contact discrepancy alarm

19 89OIP04 Disconnect 04 operation in progress

19 89CL04 Disconnect 04 closed

19 89B04 Disconnect 04 B auxiliary contact closed

20 89B07 Disconnect 07 B auxiliary contact closed

20 89A07 Disconnect 07 A auxiliary contact closed

20 89AL06 Disconnect 06 auxiliary contact discrepancy alarm

20 89OIP06 Disconnect 06 operation in progress

20 89CL06 Disconnect 06 closed

20 89B06 Disconnect 06 B auxiliary contact closed

20 89A06 Disconnect 06 A auxiliary contact closed

20 89AL05 Disconnect 05 auxiliary contact discrepancy alarm

21 89AL08 Disconnect 08 auxiliary contact discrepancy alarm

21 89OIP08 Disconnect 08 operation in progress

Table 11.2 Row List of Relay Word Bits (Sheet 5 of 99)
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21 89CL08 Disconnect 08 closed

21 89B08 Disconnect 08 B auxiliary contact closed

21 89A08 Disconnect 08 A auxiliary contact closed

21 89AL07 Disconnect 07 auxiliary contact discrepancy alarm

21 89OIP07 Disconnect 07 operation in progress

21 89CL07 Disconnect 07 closed

22 89CL10 Disconnect 10 closed

22 89B10 Disconnect 10 B auxiliary contact closed

22 89A10 Disconnect 10 A auxiliary contact closed

22 89AL09 Disconnect 09 auxiliary contact discrepancy alarm

22 89OIP09 Disconnect 09 operation in progress

22 89CL09 Disconnect 09 closed

22 89B09 Disconnect 09 B auxiliary contact closed

22 89A09 Disconnect 09 A auxiliary contact closed

23 89A12 Disconnect 12 A auxiliary contact closed

23 89AL11 Disconnect 11 auxiliary contact discrepancy alarm

23 89OIP11 Disconnect 11 operation in progress

23 89CL11 Disconnect 11 closed

23 89B11 Disconnect 11 B auxiliary contact closed

23 89A11 Disconnect 11 A auxiliary contact closed

23 89AL10 Disconnect 10 auxiliary contact discrepancy alarm

23 89OIP10 Disconnect 10 operation in progress

24 89OIP13 Disconnect 13 operation in progress

24 89CL13 Disconnect 13 closed

24 89B13 Disconnect 13 B auxiliary contact closed

24 89A13 Disconnect 13 A auxiliary contact closed

24 89AL12 Disconnect 12 auxiliary contact discrepancy alarm

24 89OIP12 Disconnect 12 operation in progress

24 89CL12 Disconnect 12 closed

24 89B12 Disconnect 12 B auxiliary contact closed

25 89B15 Disconnect 15 B auxiliary contact closed

25 89A15 Disconnect 15 A auxiliary contact closed

25 89AL14 Disconnect 14 auxiliary contact discrepancy alarm

25 89OIP14 Disconnect 14 operation in progress

25 89CL14 Disconnect 14 closed

25 89B14 Disconnect 14 B auxiliary contact closed

25 89A14 Disconnect 14 A auxiliary contact closed

25 89AL13 Disconnect 13 auxiliary contact discrepancy alarm

26 89AL16 Disconnect 16 auxiliary contact discrepancy alarm

26 89OIP16 Disconnect 16 operation in progress

26 89CL16 Disconnect 16 closed

Table 11.2 Row List of Relay Word Bits (Sheet 6 of 99)
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26 89B16 Disconnect 16 B auxiliary contact closed

26 89A16 Disconnect 16 A auxiliary contact closed

26 89AL15 Disconnect 15 auxiliary contact discrepancy alarm

26 89OIP15 Disconnect 15 operation in progress

26 89CL15 Disconnect 15 closed

27 89CL18 Disconnect 18 closed

27 89B18 Disconnect 18 B auxiliary contact closed

27 89A18 Disconnect 18 A auxiliary contact closed

27 89AL17 Disconnect 17 auxiliary contact discrepancy alarm

27 89OIP17 Disconnect 17 operation in progress

27 89CL17 Disconnect 17 closed

27 89B17 Disconnect 17 B auxiliary contact closed

27 89A17 Disconnect 17 A auxiliary contact closed

28 89A20 Disconnect 20 A auxiliary contact closed

28 89AL19 Disconnect 19 auxiliary contact discrepancy alarm

28 89OIP19 Disconnect 19 operation in progress

28 89CL19 Disconnect 19 closed

28 89B19 Disconnect 19 B auxiliary contact closed

28 89A19 Disconnect 19 A auxiliary contact closed

28 89AL18 Disconnect 18 auxiliary contact discrepancy alarm

28 89OIP18 Disconnect 18 operation in progress

29 89OIP21 Disconnect 21 operation in progress

29 89CL21 Disconnect 21 closed

29 89B21 Disconnect 21 B auxiliary contact closed

29 89A21 Disconnect 21 A auxiliary contact closed

29 89AL20 Disconnect 20 auxiliary contact discrepancy alarm

29 89OIP20 Disconnect 20 operation in progress

29 89CL20 Disconnect 20 closed

29 89B20 Disconnect 20 B auxiliary contact closed

30 89B23 Disconnect 23 B auxiliary contact closed

30 89A23 Disconnect 23 A auxiliary contact closed

30 89AL22 Disconnect 22 auxiliary contact discrepancy alarm

30 89OIP22 Disconnect 22 operation in progress

30 89CL22 Disconnect 22 closed

30 89B22 Disconnect 22 B auxiliary contact closed

30 89A22 Disconnect 22 A auxiliary contact closed

30 89AL21 Disconnect 21 auxiliary contact discrepancy alarm

31 89AL24 Disconnect 24 auxiliary contact discrepancy alarm

31 89OIP24 Disconnect 24 operation in progress

31 89CL24 Disconnect 24 closed

31 89B24 Disconnect 24 B auxiliary contact closed

Table 11.2 Row List of Relay Word Bits (Sheet 7 of 99)
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31 89A24 Disconnect 24 A auxiliary contact closed

31 89AL23 Disconnect 23 auxiliary contact discrepancy alarm

31 89OIP23 Disconnect 23 operation in progress

31 89CL23 Disconnect 23 closed

32 89CL26 Disconnect 26 closed

32 89B26 Disconnect 26 B auxiliary contact closed

32 89A26 Disconnect 26 A auxiliary contact closed

32 89AL25 Disconnect 25 auxiliary contact discrepancy alarm

32 89OIP25 Disconnect 25 operation in progress

32 89CL25 Disconnect 25 closed

32 89B25 Disconnect 25 B auxiliary contact closed

32 89A25 Disconnect 25 A auxiliary contact closed

33 89A28 Disconnect 28 A auxiliary contact closed

33 89AL27 Disconnect 27 auxiliary contact discrepancy alarm

33 89OIP27 Disconnect 27 operation in progress

33 89CL27 Disconnect 27 closed

33 89B27 Disconnect 27 B auxiliary contact closed

33 89A27 Disconnect 27 A auxiliary contact closed

33 89AL26 Disconnect 26 auxiliary contact discrepancy alarm

33 89OIP26 Disconnect 26 operation in progress

34 89OIP29 Disconnect 29 operation in progress

34 89CL29 Disconnect 29 closed

34 89B29 Disconnect 29 B auxiliary contact closed

34 89A29 Disconnect 29 A auxiliary contact closed

34 89AL28 Disconnect 28 auxiliary contact discrepancy alarm

34 89OIP28 Disconnect 28 operation in progress

34 89CL28 Disconnect 28 closed

34 89B28 Disconnect 28 B auxiliary contact closed

35 89B31 Disconnect 31 B auxiliary contact closed

35 89A31 Disconnect 31 A auxiliary contact closed

35 89AL30 Disconnect 30 auxiliary contact discrepancy alarm

35 89OIP30 Disconnect 30 operation in progress

35 89CL30 Disconnect 30 closed

35 89B30 Disconnect 30 B auxiliary contact closed

35 89A30 Disconnect 30 A auxiliary contact closed

35 89AL29 Disconnect 29 auxiliary contact discrepancy alarm

36 89AL32 Disconnect 32 auxiliary contact discrepancy alarm

36 89OIP32 Disconnect 32 operation in progress

36 89CL32 Disconnect 32 closed

36 89B32 Disconnect 32 B auxiliary contact closed

36 89A32 Disconnect 32 A auxiliary contact closed

Table 11.2 Row List of Relay Word Bits (Sheet 8 of 99)

Row Name Bit Description



11.87

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

36 89AL31 Disconnect 31 auxiliary contact discrepancy alarm

36 89OIP31 Disconnect 31 operation in progress

36 89CL31 Disconnect 31 closed

37 89CL34 Disconnect 34 closed

37 89B34 Disconnect 34 B auxiliary contact closed

37 89A34 Disconnect 34 A auxiliary contact closed

37 89AL33 Disconnect 33 auxiliary contact discrepancy alarm

37 89OIP33 Disconnect 33 operation in progress

37 89CL33 Disconnect 33 closed

37 89B33 Disconnect 33 B auxiliary contact closed

37 89A33 Disconnect 33 A auxiliary contact closed

38 89A36 Disconnect 36 A auxiliary contact closed

38 89AL35 Disconnect 35 auxiliary contact discrepancy alarm

38 89OIP35 Disconnect 35 operation in progress

38 89CL35 Disconnect 35 closed

38 89B35 Disconnect 35 B auxiliary contact closed

38 89A35 Disconnect 35 A auxiliary contact closed

38 89AL34 Disconnect 34 auxiliary contact discrepancy alarm

38 89OIP34 Disconnect 34 operation in progress

39 89OIP37 Disconnect 37 operation in progress

39 89CL37 Disconnect 37 closed

39 89B37 Disconnect 37 B auxiliary contact closed

39 89A37 Disconnect 37 A auxiliary contact closed

39 89AL36 Disconnect 36 auxiliary contact discrepancy alarm

39 89OIP36 Disconnect 36 operation in progress

39 89CL36 Disconnect 36 closed

39 89B36 Disconnect 36 B auxiliary contact closed

40 89B39 Disconnect 39 B auxiliary contact closed

40 89A39 Disconnect 39 A auxiliary contact closed

40 89AL38 Disconnect 38 auxiliary contact discrepancy alarm

40 89OIP38 Disconnect 38 operation in progress

40 89CL38 Disconnect 38 closed

40 89B38 Disconnect 38 B auxiliary contact closed

40 89A38 Disconnect 38 A auxiliary contact closed

40 89AL37 Disconnect 37 auxiliary contact discrepancy alarm

41 89AL40 Disconnect 40 auxiliary contact discrepancy alarm

41 89OIP40 Disconnect 40 operation in progress

41 89CL40 Disconnect 40 closed

41 89B40 Disconnect 40 B auxiliary contact closed

41 89A40 Disconnect 40 A auxiliary contact closed

41 89AL39 Disconnect 39 auxiliary contact discrepancy alarm

Table 11.2 Row List of Relay Word Bits (Sheet 9 of 99)
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41 89OIP39 Disconnect 39 operation in progress

41 89CL39 Disconnect 39 closed

42 89CL42 Disconnect 42 closed

42 89B42 Disconnect 42 B auxiliary contact closed

42 89A42 Disconnect 42 A auxiliary contact closed

42 89AL41 Disconnect 41 auxiliary contact discrepancy alarm

42 89OIP41 Disconnect 41 operation in progress

42 89CL41 Disconnect 41 closed

42 89B41 Disconnect 41 B auxiliary contact closed

42 89A41 Disconnect 41 A auxiliary contact closed

43 89A44 Disconnect 44 A auxiliary contact closed

43 89AL43 Disconnect 43 auxiliary contact discrepancy alarm

43 89OIP43 Disconnect 43 operation in progress

43 89CL43 Disconnect 43 closed

43 89B43 Disconnect 43 B auxiliary contact closed

43 89A43 Disconnect 43 A auxiliary contact closed

43 89AL42 Disconnect 42 auxiliary contact discrepancy alarm

43 89OIP42 Disconnect 42 operation in progress

44 89OIP45 Disconnect 45 operation in progress

44 89CL45 Disconnect 45 closed

44 89B45 Disconnect 45 B auxiliary contact closed

44 89A45 Disconnect 45 A auxiliary contact closed

44 89AL44 Disconnect 44 auxiliary contact discrepancy alarm

44 89OIP44 Disconnect 44 operation in progress

44 89CL44 Disconnect 44 closed

44 89B44 Disconnect 44 B auxiliary contact closed

45 89B47 Disconnect 47 B auxiliary contact closed

45 89A47 Disconnect 47 A auxiliary contact closed

45 89AL46 Disconnect 46 auxiliary contact discrepancy alarm

45 89OIP46 Disconnect 46 operation in progress

45 89CL46 Disconnect 46 closed

45 89B46 Disconnect 46 B auxiliary contact closed

45 89A46 Disconnect 46 A auxiliary contact closed

45 89AL45 Disconnect 45 auxiliary contact discrepancy alarm

46 89AL48 Disconnect 48 auxiliary contact discrepancy alarm

46 89OIP48 Disconnect 48 operation in progress

46 89CL48 Disconnect 48 closed

46 89B48 Disconnect 48 B auxiliary contact closed

46 89A48 Disconnect 48 A auxiliary contact closed

46 89AL47 Disconnect 47 auxiliary contact discrepancy alarm

46 89OIP47 Disconnect 47 operation in progress

Table 11.2 Row List of Relay Word Bits (Sheet 10 of 99)
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46 89CL47 Disconnect 47 closed

47 89CL50 Disconnect 50 closed

47 89B50 Disconnect 50 B auxiliary contact closed

47 89A50 Disconnect 50 A auxiliary contact closed

47 89AL49 Disconnect 49 auxiliary contact discrepancy alarm

47 89OIP49 Disconnect 49 operation in progress

47 89CL49 Disconnect 49 closed

47 89B49 Disconnect 49 B auxiliary contact closed

47 89A49 Disconnect 49 A auxiliary contact closed

48 89A52 Disconnect 52 A auxiliary contact closed

48 89AL51 Disconnect 51 auxiliary contact discrepancy alarm

48 89OIP51 Disconnect 51 operation in progress

48 89CL51 Disconnect 51 closed

48 89B51 Disconnect 51 B auxiliary contact closed

48 89A51 Disconnect 51 A auxiliary contact closed

48 89AL50 Disconnect 50 auxiliary contact discrepancy alarm

48 89OIP50 Disconnect 50 operation in progress

49 89OIP53 Disconnect 53 operation in progress

49 89CL53 Disconnect 53 closed

49 89B53 Disconnect 53 B auxiliary contact closed

49 89A53 Disconnect 53 A auxiliary contact closed

49 89AL52 Disconnect 52 auxiliary contact discrepancy alarm

49 89OIP52 Disconnect 52 operation in progress

49 89CL52 Disconnect 52 closed

49 89B52 Disconnect 52 B auxiliary contact closed

50 89B55 Disconnect 55 B auxiliary contact closed

50 89A55 Disconnect 55 A auxiliary contact closed

50 89AL54 Disconnect 54 auxiliary contact discrepancy alarm

50 89OIP54 Disconnect 54 operation in progress

50 89CL54 Disconnect 54 closed

50 89B54 Disconnect 54 B auxiliary contact closed

50 89A54 Disconnect 54 A auxiliary contact closed

50 89AL53 Disconnect 53 auxiliary contact discrepancy alarm

51 89AL56 Disconnect 56 auxiliary contact discrepancy alarm

51 89OIP56 Disconnect 56 operation in progress

51 89CL56 Disconnect 56 closed

51 89B56 Disconnect 56 B auxiliary contact closed

51 89A56 Disconnect 56 A auxiliary contact closed

51 89AL55 Disconnect 55 auxiliary contact discrepancy alarm

51 89OIP55 Disconnect 55 operation in progress

51 89CL55 Disconnect 55 closed

Table 11.2 Row List of Relay Word Bits (Sheet 11 of 99)
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52 89CL58 Disconnect 58 closed

52 89B58 Disconnect 58 B auxiliary contact closed

52 89A58 Disconnect 58 A auxiliary contact closed

52 89AL57 Disconnect 57 auxiliary contact discrepancy alarm

52 89OIP57 Disconnect 57 operation in progress

52 89CL57 Disconnect 57 closed

52 89B57 Disconnect 57 B auxiliary contact closed

52 89A57 Disconnect 57 A auxiliary contact closed

53 89A60 Disconnect 60 A auxiliary contact closed

53 89AL59 Disconnect 59 auxiliary contact discrepancy alarm

53 89OIP59 Disconnect 59 operation in progress

53 89CL59 Disconnect 59 closed

53 89B59 Disconnect 59 B auxiliary contact closed

53 89A59 Disconnect 59 A auxiliary contact closed

53 89AL58 Disconnect 58 auxiliary contact discrepancy alarm

53 89OIP58 Disconnect 58 operation in progress

54 * Reserved

54 * Reserved

54 * Reserved

54 * Reserved

54 89AL60 Disconnect 60 auxiliary contact discrepancy alarm

54 89OIP60 Disconnect 60 operation in progress

54 89CL60 Disconnect 60 closed

54 89B60 Disconnect 60 B auxiliary contact closed

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 89OIP Any Disconnect operation in progress

55 89AL Any Disconnect auxiliary contact discrepancy alarm

Terminal-to-Bus-Zone Connection

56 I08BZ1V Terminal I08 connected to BZ1

56 I07BZ1V Terminal I07 connected to BZ1

56 I06BZ1V Terminal I06 connected to BZ1

56 I05BZ1V Terminal I05 connected to BZ1

56 I04BZ1V Terminal I04 connected to BZ1

56 I03BZ1V Terminal I03 connected to BZ1

56 I02BZ1V Terminal I02 connected to BZ1

56 I01BZ1V Terminal I01 connected to BZ1

Table 11.2 Row List of Relay Word Bits (Sheet 12 of 99)
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57 I16BZ1V Terminal I16 connected to BZ1

57 I15BZ1V Terminal I15 connected to BZ1

57 I14BZ1V Terminal I14 connected to BZ1

57 I13BZ1V Terminal I13 connected to BZ1

57 I12BZ1V Terminal I12 connected to BZ1

57 I11BZ1V Terminal I11 connected to BZ1

57 I10BZ1V Terminal I10 connected to BZ1

57 I09BZ1V Terminal I09 connected to BZ1

58 * Reserved

58 * Reserved

58 * Reserved

58 I21BZ1V Terminal I21 connected to BZ1

58 I20BZ1V Terminal I20 connected to BZ1

58 I19BZ1V Terminal I19 connected to BZ1

58 I18BZ1V Terminal I18 connected to BZ1

58 I17BZ1V Terminal I17 connected to BZ1

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

60 I08BZ2V Terminal I08 connected to BZ2

60 I07BZ2V Terminal I07 connected to BZ2

60 I06BZ2V Terminal I06 connected to BZ2

60 I05BZ2V Terminal I05 connected to BZ2

60 I04BZ2V Terminal I04 connected to BZ2

60 I03BZ2V Terminal I03 connected to BZ2

60 I02BZ2V Terminal I02 connected to BZ2

60 I01BZ2V Terminal I01 connected to BZ2

61 I16BZ2V Terminal I16 connected to BZ2

61 I15BZ2V Terminal I15 connected to BZ2

61 I14BZ2V Terminal I14 connected to BZ2

61 I13BZ2V Terminal I13 connected to BZ2

61 I12BZ2V Terminal I12 connected to BZ2

61 I11BZ2V Terminal I11 connected to BZ2

61 I10BZ2V Terminal I10 connected to BZ2

61 I09BZ2V Terminal I09 connected to BZ2

62 * Reserved
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62 * Reserved

62 * Reserved

62 I21BZ2V Terminal I21 connected to BZ2

62 I20BZ2V Terminal I20 connected to BZ2

62 I19BZ2V Terminal I19 connected to BZ2

62 I18BZ2V Terminal I18 connected to BZ2

62 I17BZ2V Terminal I17 connected to BZ2

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

64 I08BZ3V Terminal I08 connected to BZ3

64 I07BZ3V Terminal I07 connected to BZ3

64 I06BZ3V Terminal I06 connected to BZ3

64 I05BZ3V Terminal I05 connected to BZ3

64 I04BZ3V Terminal I04 connected to BZ3

64 I03BZ3V Terminal I03 connected to BZ3

64 I02BZ3V Terminal I02 connected to BZ3

64 I01BZ3V Terminal I01 connected to BZ3

65 I16BZ3V Terminal I16 connected to BZ3

65 I15BZ3V Terminal I15 connected to BZ3

65 I14BZ3V Terminal I14 connected to BZ3

65 I13BZ3V Terminal I13 connected to BZ3

65 I12BZ3V Terminal I12 connected to BZ3

65 I11BZ3V Terminal I11 connected to BZ3

65 I10BZ3V Terminal I10 connected to BZ3

65 I09BZ3V Terminal I09 connected to BZ3

66 * Reserved

66 * Reserved

66 * Reserved

66 I21BZ3V Terminal I21 connected to BZ3

66 I20BZ3V Terminal I20 connected to BZ3

66 I19BZ3V Terminal I19 connected to BZ3

66 I18BZ3V Terminal I18 connected to BZ3

66 I17BZ3V Terminal I17 connected to BZ3

67 * Reserved

67 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 14 of 99)
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67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

68 I08BZ4V Terminal I08 connected to BZ4

68 I07BZ4V Terminal I07 connected to BZ4

68 I06BZ4V Terminal I06 connected to BZ4

68 I05BZ4V Terminal I05 connected to BZ4

68 I04BZ4V Terminal I04 connected to BZ4

68 I03BZ4V Terminal I03 connected to BZ4

68 I02BZ4V Terminal I02 connected to BZ4

68 I01BZ4V Terminal I01 connected to BZ4

69 I16BZ4V Terminal I16 connected to BZ4

69 I15BZ4V Terminal I15 connected to BZ4

69 I14BZ4V Terminal I14 connected to BZ4

69 I13BZ4V Terminal I13 connected to BZ4

69 I12BZ4V Terminal I12 connected to BZ4

69 I11BZ4V Terminal I11 connected to BZ4

69 I10BZ4V Terminal I10 connected to BZ4

69 I09BZ4V Terminal I09 connected to BZ4

70 * Reserved

70 * Reserved

70 * Reserved

70 I21BZ4V Terminal I21 connected to BZ4

70 I20BZ4V Terminal I20 connected to BZ4

70 I19BZ4V Terminal I19 connected to BZ4

70 I18BZ4V Terminal I18 connected to BZ4

70 I17BZ4V Terminal I17 connected to BZ4

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

72 I08BZ5V Terminal I08 connected to BZ5

72 I07BZ5V Terminal I07 connected to BZ5

72 I06BZ5V Terminal I06 connected to BZ5
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72 I05BZ5V Terminal I05 connected to BZ5

72 I04BZ5V Terminal I04 connected to BZ5

72 I03BZ5V Terminal I03 connected to BZ5

72 I02BZ5V Terminal I02 connected to BZ5

72 I01BZ5V Terminal I01 connected to BZ5

73 I16BZ5V Terminal I16 connected to BZ5

73 I15BZ5V Terminal I15 connected to BZ5

73 I14BZ5V Terminal I14 connected to BZ5

73 I13BZ5V Terminal I13 connected to BZ5

73 I12BZ5V Terminal I12 connected to BZ5

73 I11BZ5V Terminal I11 connected to BZ5

73 I10BZ5V Terminal I10 connected to BZ5

73 I09BZ5V Terminal I09 connected to BZ5

74 * Reserved

74 * Reserved

74 * Reserved

74 I21BZ5V Terminal I21 connected to BZ5

74 I20BZ5V Terminal I20 connected to BZ5

74 I19BZ5V Terminal I19 connected to BZ5

74 I18BZ5V Terminal I18 connected to BZ5

74 I17BZ5V Terminal I17 connected to BZ5

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

76 I08BZ6V Terminal I08 connected to BZ6

76 I07BZ6V Terminal I07 connected to BZ6

76 I06BZ6V Terminal I06 connected to BZ6

76 I05BZ6V Terminal I05 connected to BZ6

76 I04BZ6V Terminal I04 connected to BZ6

76 I03BZ6V Terminal I03 connected to BZ6

76 I02BZ6V Terminal I02 connected to BZ6

76 I01BZ6V Terminal I01 connected to BZ6

77 I16BZ6V Terminal I16 connected to BZ6

77 I15BZ6V Terminal I15 connected to BZ6

77 I14BZ6V Terminal I14 connected to BZ6

77 I13BZ6V Terminal I13 connected to BZ6
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77 I12BZ6V Terminal I12 connected to BZ6

77 I11BZ6V Terminal I11 connected to BZ6

77 I10BZ6V Terminal I10 connected to BZ6

77 I09BZ6V Terminal I09 connected to BZ6

78 * Reserved

78 * Reserved

78 * Reserved

78 I21BZ6V Terminal I21 connected to BZ6

78 I20BZ6V Terminal I20 connected to BZ6

78 I19BZ6V Terminal I19 connected to BZ6

78 I18BZ6V Terminal I18 connected to BZ6

78 I17BZ6V Terminal I17 connected to BZ6

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

80 ZN1I08 Terminal 08 connected to Zone 1

80 ZN1I07 Terminal 07 connected to Zone 1

80 ZN1I06 Terminal 06 connected to Zone 1

80 ZN1I05 Terminal 05 connected to Zone 1

80 ZN1I04 Terminal 04 connected to Zone 1

80 ZN1I03 Terminal 03 connected to Zone 1

80 ZN1I02 Terminal 02 connected to Zone 1

80 ZN1I01 Terminal 01 connected to Zone 1

81 ZN1I16 Terminal 16 connected to Zone 1

81 ZN1I15 Terminal 15 connected to Zone 1

81 ZN1I14 Terminal 14 connected to Zone 1

81 ZN1I13 Terminal 13 connected to Zone 1

81 ZN1I12 Terminal 12 connected to Zone 1

81 ZN1I11 Terminal 11 connected to Zone 1

81 ZN1I10 Terminal 10 connected to Zone 1

81 ZN1I09 Terminal 09 connected to Zone 1

82 * Reserved

82 * Reserved

82 * Reserved

82 ZN1I21 Terminal 21 connected to Zone 1

82 ZN1I20 Terminal 20 connected to Zone 1
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82 ZN1I19 Terminal 19 connected to Zone 1

82 ZN1I18 Terminal 18 connected to Zone 1

82 ZN1I17 Terminal 17 connected to Zone 1

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

84 ZN2I08 Terminal 08 connected to Zone 2

84 ZN2I07 Terminal 07 connected to Zone 2

84 ZN2I06 Terminal 06 connected to Zone 2

84 ZN2I05 Terminal 05 connected to Zone 2

84 ZN2I04 Terminal 04 connected to Zone 2

84 ZN2I03 Terminal 03 connected to Zone 2

84 ZN2I02 Terminal 02 connected to Zone 2

84 ZN2I01 Terminal 01 connected to Zone 2

85 ZN2I16 Terminal 16 connected to Zone 2

85 ZN2I15 Terminal 15 connected to Zone 2

85 ZN2I14 Terminal 14 connected to Zone 2

85 ZN2I13 Terminal 13 connected to Zone 2

85 ZN2I12 Terminal 12 connected to Zone 2

85 ZN2I11 Terminal 11 connected to Zone 2

85 ZN2I10 Terminal 10 connected to Zone 2

85 ZN2I09 Terminal 09 connected to Zone 2

86 * Reserved

86 * Reserved

86 * Reserved

86 ZN2I21 Terminal 21 connected to Zone 2

86 ZN2I20 Terminal 20 connected to Zone 2

86 ZN2I19 Terminal 19 connected to Zone 2

86 ZN2I18 Terminal 18 connected to Zone 2

86 ZN2I17 Terminal 17 connected to Zone 2

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved
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87 * Reserved

87 * Reserved

88 ZN3I08 Terminal 08 connected to Zone 3

88 ZN3I07 Terminal 07 connected to Zone 3

88 ZN3I06 Terminal 06 connected to Zone 3

88 ZN3I05 Terminal 05 connected to Zone 3

88 ZN3I04 Terminal 04 connected to Zone 3

88 ZN3I03 Terminal 03 connected to Zone 3

88 ZN3I02 Terminal 02 connected to Zone 3

88 ZN3I01 Terminal 01 connected to Zone 3

89 ZN3I16 Terminal 16 connected to Zone 3

89 ZN3I15 Terminal 15 connected to Zone 3

89 ZN3I14 Terminal 14 connected to Zone 3

89 ZN3I13 Terminal 13 connected to Zone 3

89 ZN3I12 Terminal 12 connected to Zone 3

89 ZN3I11 Terminal 11 connected to Zone 3

89 ZN3I10 Terminal 10 connected to Zone 3

89 ZN3I09 Terminal 09 connected to Zone 3

90 * Reserved

90 * Reserved

90 * Reserved

90 ZN3I21 Terminal 21 connected to Zone 3

90 ZN3I20 Terminal 20 connected to Zone 3

90 ZN3I19 Terminal 19 connected to Zone 3

90 ZN3I18 Terminal 18 connected to Zone 3

90 ZN3I17 Terminal 17 connected to Zone 3

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

92 ZN4I08 Terminal 08 connected to Zone 4

92 ZN4I07 Terminal 07 connected to Zone 4

92 ZN4I06 Terminal 06 connected to Zone 4

92 ZN4I05 Terminal 05 connected to Zone 4

92 ZN4I04 Terminal 04 connected to Zone 4

92 ZN4I03 Terminal 03 connected to Zone 4

92 ZN4I02 Terminal 02 connected to Zone 4
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92 ZN4I01 Terminal 01 connected to Zone 4

93 ZN4I16 Terminal 16 connected to Zone 4

93 ZN4I15 Terminal 15 connected to Zone 4

93 ZN4I14 Terminal 14 connected to Zone 4

93 ZN4I13 Terminal 13 connected to Zone 4

93 ZN4I12 Terminal 12 connected to Zone 4

93 ZN4I11 Terminal 11 connected to Zone 4

93 ZN4I10 Terminal 10 connected to Zone 4

93 ZN4I09 Terminal 09 connected to Zone 4

94 * Reserved

94 * Reserved

94 * Reserved

94 ZN4I21 Terminal 21 connected to Zone 4

94 ZN4I20 Terminal 20 connected to Zone 4

94 ZN4I19 Terminal 19 connected to Zone 4

94 ZN4I18 Terminal 18 connected to Zone 4

94 ZN4I17 Terminal 17 connected to Zone 4

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

96 ZN5I08 Terminal 08 connected to Zone 5

96 ZN5I07 Terminal 07 connected to Zone 5

96 ZN5I06 Terminal 06 connected to Zone 5

96 ZN5I05 Terminal 05 connected to Zone 5

96 ZN5I04 Terminal 04 connected to Zone 5

96 ZN5I03 Terminal 03 connected to Zone 5

96 ZN5I02 Terminal 02 connected to Zone 5

96 ZN5I01 Terminal 01 connected to Zone 5

97 ZN5I16 Terminal 16 connected to Zone 5

97 ZN5I15 Terminal 15 connected to Zone 5

97 ZN5I14 Terminal 14 connected to Zone 5

97 ZN5I13 Terminal 13 connected to Zone 5

97 ZN5I12 Terminal 12 connected to Zone 5

97 ZN5I11 Terminal 11 connected to Zone 5

97 ZN5I10 Terminal 10 connected to Zone 5

97 ZN5I09 Terminal 09 connected to Zone 5
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98 * Reserved

98 * Reserved

98 * Reserved

98 ZN5I21 Terminal 21 connected to Zone 5

98 ZN5I20 Terminal 20 connected to Zone 5

98 ZN5I19 Terminal 19 connected to Zone 5

98 ZN5I18 Terminal 18 connected to Zone 5

98 ZN5I17 Terminal 17 connected to Zone 5

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

100 ZN6I08 Terminal 08 connected to Zone 6

100 ZN6I07 Terminal 07 connected to Zone 6

100 ZN6I06 Terminal 06 connected to Zone 6

100 ZN6I05 Terminal 05 connected to Zone 6

100 ZN6I04 Terminal 04 connected to Zone 6

100 ZN6I03 Terminal 03 connected to Zone 6

100 ZN6I02 Terminal 02 connected to Zone 6

100 ZN6I01 Terminal 01 connected to Zone 6

101 ZN6I16 Terminal 16 connected to Zone 6

101 ZN6I15 Terminal 15 connected to Zone 6

101 ZN6I14 Terminal 14 connected to Zone 6

101 ZN6I13 Terminal 13 connected to Zone 6

101 ZN6I12 Terminal 12 connected to Zone 6

101 ZN6I11 Terminal 11 connected to Zone 6

101 ZN6I10 Terminal 10 connected to Zone 6

101 ZN6I09 Terminal 09 connected to Zone 6

102 * Reserved

102 * Reserved

102 * Reserved

102 ZN6I21 Terminal 21 connected to Zone 6

102 ZN6I20 Terminal 20 connected to Zone 6

102 ZN6I19 Terminal 19 connected to Zone 6

102 ZN6I18 Terminal 18 connected to Zone 6

102 ZN6I17 Terminal 17 connected to Zone 6

103 * Reserved
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103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

104 ZN1I08T Terminal 08 connected to Zone 1 and will be tripped

104 ZN1I07T Terminal 07 connected to Zone 1 and will be tripped

104 ZN1I06T Terminal 06 connected to Zone 1 and will be tripped

104 ZN1I05T Terminal 05 connected to Zone 1 and will be tripped

104 ZN1I04T Terminal 04 connected to Zone 1 and will be tripped

104 ZN1I03T Terminal 03 connected to Zone 1 and will be tripped

104 ZN1I02T Terminal 02 connected to Zone 1 and will be tripped

104 ZN1I01T Terminal 01 connected to Zone 1 and will be tripped

105 ZN1I16T Terminal 16 connected to Zone 1 and will be tripped

105 ZN1I15T Terminal 15 connected to Zone 1 and will be tripped

105 ZN1I14T Terminal 14 connected to Zone 1 and will be tripped

105 ZN1I13T Terminal 13 connected to Zone 1 and will be tripped

105 ZN1I12T Terminal 12 connected to Zone 1 and will be tripped

105 ZN1I11T Terminal 11 connected to Zone 1 and will be tripped

105 ZN1I10T Terminal 10 connected to Zone 1 and will be tripped

105 ZN1I09T Terminal 09 connected to Zone 1 and will be tripped

106 * Reserved

106 * Reserved

106 * Reserved

106 ZN1I21T Terminal 21 connected to Zone 1 and will be tripped

106 ZN1I20T Terminal 20 connected to Zone 1 and will be tripped

106 ZN1I19T Terminal 19 connected to Zone 1 and will be tripped

106 ZN1I18T Terminal 18 connected to Zone 1 and will be tripped

106 ZN1I17T Terminal 17 connected to Zone 1 and will be tripped

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

108 ZN2I08T Terminal 08 connected to Zone 2 and will be tripped

108 ZN2I07T Terminal 07 connected to Zone 2 and will be tripped
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108 ZN2I06T Terminal 06 connected to Zone 2 and will be tripped

108 ZN2I05T Terminal 05 connected to Zone 2 and will be tripped

108 ZN2I04T Terminal 04 connected to Zone 2 and will be tripped

108 ZN2I03T Terminal 03 connected to Zone 2 and will be tripped

108 ZN2I02T Terminal 02 connected to Zone 2 and will be tripped

108 ZN2I01T Terminal 01 connected to Zone 2 and will be tripped

109 ZN2I16T Terminal 16 connected to Zone 2 and will be tripped

109 ZN2I15T Terminal 15 connected to Zone 2 and will be tripped

109 ZN2I14T Terminal 14 connected to Zone 2 and will be tripped

109 ZN2I13T Terminal 13 connected to Zone 2 and will be tripped

109 ZN2I12T Terminal 12 connected to Zone 2 and will be tripped

109 ZN2I11T Terminal 11 connected to Zone 2 and will be tripped

109 ZN2I10T Terminal 10 connected to Zone 2 and will be tripped

109 ZN2I09T Terminal 09 connected to Zone 2 and will be tripped

110 * Reserved

110 * Reserved

110 * Reserved

110 ZN2I21T Terminal 21 connected to Zone 2 and will be tripped

110 ZN2I20T Terminal 20 connected to Zone 2 and will be tripped

110 ZN2I19T Terminal 19 connected to Zone 2 and will be tripped

110 ZN2I18T Terminal 18 connected to Zone 2 and will be tripped

110 ZN2I17T Terminal 17 connected to Zone 2 and will be tripped

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

112 ZN3I08T Terminal 08 connected to Zone 3 and will be tripped

112 ZN3I07T Terminal 07 connected to Zone 3 and will be tripped

112 ZN3I06T Terminal 06 connected to Zone 3 and will be tripped

112 ZN3I05T Terminal 05 connected to Zone 3 and will be tripped

112 ZN3I04T Terminal 04 connected to Zone 3 and will be tripped

112 ZN3I03T Terminal 03 connected to Zone 3 and will be tripped

112 ZN3I02T Terminal 02 connected to Zone 3 and will be tripped

112 ZN3I01T Terminal 01 connected to Zone 3 and will be tripped

113 ZN3I16T Terminal 16 connected to Zone 3 and will be tripped

113 ZN3I15T Terminal 15 connected to Zone 3 and will be tripped

113 ZN3I14T Terminal 14 connected to Zone 3 and will be tripped
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113 ZN3I13T Terminal 13 connected to Zone 3 and will be tripped

113 ZN3I12T Terminal 12 connected to Zone 3 and will be tripped

113 ZN3I11T Terminal 11 connected to Zone 3 and will be tripped

113 ZN3I10T Terminal 10 connected to Zone 3 and will be tripped

113 ZN3I09T Terminal 09 connected to Zone 3 and will be tripped

114 * Reserved

114 * Reserved

114 * Reserved

114 ZN3I21T Terminal 21 connected to Zone 3 and will be tripped

114 ZN3I20T Terminal 20 connected to Zone 3 and will be tripped

114 ZN3I19T Terminal 19 connected to Zone 3 and will be tripped

114 ZN3I18T Terminal 18 connected to Zone 3 and will be tripped

114 ZN3I17T Terminal 17 connected to Zone 3 and will be tripped

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

116 ZN4I08T Terminal 08 connected to Zone 4 and will be tripped

116 ZN4I07T Terminal 07 connected to Zone 4 and will be tripped

116 ZN4I06T Terminal 06 connected to Zone 4 and will be tripped

116 ZN4I05T Terminal 05 connected to Zone 4 and will be tripped

116 ZN4I04T Terminal 04 connected to Zone 4 and will be tripped

116 ZN4I03T Terminal 03 connected to Zone 4 and will be tripped

116 ZN4I02T Terminal 02 connected to Zone 4 and will be tripped

116 ZN4I01T Terminal 01 connected to Zone 4 and will be tripped

117 ZN4I16T Terminal 16 connected to Zone 4 and will be tripped

117 ZN4I15T Terminal 15 connected to Zone 4 and will be tripped

117 ZN4I14T Terminal 14 connected to Zone 4 and will be tripped

117 ZN4I13T Terminal 13 connected to Zone 4 and will be tripped

117 ZN4I12T Terminal 12 connected to Zone 4 and will be tripped

117 ZN4I11T Terminal 11 connected to Zone 4 and will be tripped

117 ZN4I10T Terminal 10 connected to Zone 4 and will be tripped

117 ZN4I09T Terminal 09 connected to Zone 4 and will be tripped

118 * Reserved

118 * Reserved

118 * Reserved

118 ZN4I21T Terminal 21 connected to Zone 4 and will be tripped
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118 ZN4I20T Terminal 20 connected to Zone 4 and will be tripped

118 ZN4I19T Terminal 19 connected to Zone 4 and will be tripped

118 ZN4I18T Terminal 18 connected to Zone 4 and will be tripped

118 ZN4I17T Terminal 17 connected to Zone 4 and will be tripped

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

120 ZN5I08T Terminal 08 connected to Zone 5 and will be tripped

120 ZN5I07T Terminal 07 connected to Zone 5 and will be tripped

120 ZN5I06T Terminal 06 connected to Zone 5 and will be tripped

120 ZN5I05T Terminal 05 connected to Zone 5 and will be tripped

120 ZN5I04T Terminal 04 connected to Zone 5 and will be tripped

120 ZN5I03T Terminal 03 connected to Zone 5 and will be tripped

120 ZN5I02T Terminal 02 connected to Zone 5 and will be tripped

120 ZN5I01T Terminal 01 connected to Zone 5 and will be tripped

121 ZN5I16T Terminal 16 connected to Zone 5 and will be tripped

121 ZN5I15T Terminal 15 connected to Zone 5 and will be tripped

121 ZN5I14T Terminal 14 connected to Zone 5 and will be tripped

121 ZN5I13T Terminal 13 connected to Zone 5 and will be tripped

121 ZN5I12T Terminal 12 connected to Zone 5 and will be tripped

121 ZN5I11T Terminal 11 connected to Zone 5 and will be tripped

121 ZN5I10T Terminal 10 connected to Zone 5 and will be tripped

121 ZN5I09T Terminal 09 connected to Zone 5 and will be tripped

122 * Reserved

122 * Reserved

122 * Reserved

122 ZN5I21T Terminal 21 connected to Zone 5 and will be tripped

122 ZN5I20T Terminal 20 connected to Zone 5 and will be tripped

122 ZN5I19T Terminal 19 connected to Zone 5 and will be tripped

122 ZN5I18T Terminal 18 connected to Zone 5 and will be tripped

122 ZN5I17T Terminal 17 connected to Zone 5 and will be tripped

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved
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123 * Reserved

123 * Reserved

123 * Reserved

124 ZN6I08T Terminal 08 connected to Zone 6 and will be tripped

124 ZN6I07T Terminal 07 connected to Zone 6 and will be tripped

124 ZN6I06T Terminal 06 connected to Zone 6 and will be tripped

124 ZN6I05T Terminal 05 connected to Zone 6 and will be tripped

124 ZN6I04T Terminal 04 connected to Zone 6 and will be tripped

124 ZN6I03T Terminal 03 connected to Zone 6 and will be tripped

124 ZN6I02T Terminal 02 connected to Zone 6 and will be tripped

124 ZN6I01T Terminal 01 connected to Zone 6 and will be tripped

125 ZN6I16T Terminal 16 connected to Zone 6 and will be tripped

125 ZN6I15T Terminal 15 connected to Zone 6 and will be tripped

125 ZN6I14T Terminal 14 connected to Zone 6 and will be tripped

125 ZN6I13T Terminal 13 connected to Zone 6 and will be tripped

125 ZN6I12T Terminal 12 connected to Zone 6 and will be tripped

125 ZN6I11T Terminal 11 connected to Zone 6 and will be tripped

125 ZN6I10T Terminal 10 connected to Zone 6 and will be tripped

125 ZN6I09T Terminal 09 connected to Zone 6 and will be tripped

126 * Reserved

126 * Reserved

126 * Reserved

126 ZN6I21T Terminal 21 connected to Zone 6 and will be tripped

126 ZN6I20T Terminal 20 connected to Zone 6 and will be tripped

126 ZN6I19T Terminal 19 connected to Zone 6 and will be tripped

126 ZN6I18T Terminal 18 connected to Zone 6 and will be tripped

126 ZN6I17T Terminal 17 connected to Zone 6 and will be tripped

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

Bus-Zone-to-Bus-Zone Connection

128 * Reserved

128 * Reserved

128 BZ1BZ6V A connection exists between BZ1 and BZ6

128 BZ1BZ5V A connection exists between BZ1 and BZ5

128 BZ1BZ4V A connection exists between BZ1 and BZ4
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128 BZ1BZ3V A connection exists between BZ1 and BZ3

128 BZ1BZ2V A connection exists between BZ1 and BZ2

128 * Reserved

129 * Reserved

129 * Reserved

129 BZ2BZ6V A connection exists between BZ2 and BZ6

129 BZ2BZ5V A connection exists between BZ2 and BZ5

129 BZ2BZ4V A connection exists between BZ2 and BZ4

129 BZ2BZ3V A connection exists between BZ2 and BZ3

129 * Reserved

129 * Reserved

130 * Reserved

130 * Reserved

130 BZ3BZ6V A connection exists between BZ3 and BZ6

130 BZ3BZ5V A connection exists between BZ3 and BZ5

130 BZ3BZ4V A connection exists between BZ3 and BZ4

130 * Reserved

130 * Reserved

130 * Reserved

131 * Reserved

131 * Reserved

131 BZ4BZ6V A connection exists between BZ4 and BZ6

131 BZ4BZ5V A connection exists between BZ4 and BZ5

131 * Reserved

131 * Reserved

131 * Reserved

131 * Reserved

132 * Reserved

132 * Reserved

132 BZ5BZ6V A connection exists between BZ5 and BZ6

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved
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133 * Reserved

133 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

136 * Reserved

136 * Reserved

136 BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed

136 BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed

136 BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed

136 BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed

136 BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed

136 * Reserved

137 * Reserved

137 * Reserved

137 BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed

137 BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed

137 BZ2BZ4R A connection exists between BZ2and BZ4 and a coupler is removed

137 BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed

137 * Reserved

137 * Reserved

138 * Reserved

138 * Reserved

138 BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed

138 BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed

138 BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed

138 * Reserved

138 * Reserved
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138 * Reserved

139 * Reserved

139 * Reserved

139 BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed

139 BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed

139 * Reserved

139 * Reserved

139 * Reserved

139 * Reserved

140 * Reserved

140 * Reserved

140 BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved
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144 * Reserved

144 * Reserved

144 Z1BZ6 Bus-Zone 6 is part of Protective Zone 1

144 Z1BZ5 Bus-Zone 5 is part of Protective Zone 1

144 Z1BZ4 Bus-Zone 4 is part of Protective Zone 1

144 Z1BZ3 Bus-Zone 3 is part of Protective Zone 1

144 Z1BZ2 Bus-Zone 2 is part of Protective Zone 1

144 Z1BZ1 Bus-Zone 1 is part of Protective Zone 1

145 * Reserved

145 * Reserved

145 Z2BZ6 Bus-Zone 6 is part of Protective Zone 2

145 Z2BZ5 Bus-Zone 5 is part of Protective Zone 2

145 Z2BZ4 Bus-Zone 4 is part of Protective Zone 2

145 Z2BZ3 Bus-Zone 3 is part of Protective Zone 2

145 Z2BZ2 Bus-Zone 2 is part of Protective Zone 2

145 * Reserved

146 * Reserved

146 * Reserved

146 Z3BZ6 Bus-Zone 6 is part of Protective Zone 3

146 Z3BZ5 Bus-Zone 5 is part of Protective Zone 3

146 Z3BZ4 Bus-Zone 4 is part of Protective Zone 3

146 Z3BZ3 Bus-Zone 3 is part of Protective Zone 3

146 * Reserved

146 * Reserved

147 * Reserved

147 * Reserved

147 Z4BZ6 Bus-Zone 6 is part of Protective Zone 4

147 Z4BZ5 Bus-Zone 5 is part of Protective Zone 4

147 Z4BZ4 Bus-Zone 4 is part of Protective Zone 4

147 * Reserved

147 * Reserved

147 * Reserved

148 * Reserved

148 * Reserved

148 Z5BZ6 Bus-Zone 6 is part of Protective Zone 5

148 Z5BZ5 Bus-Zone 5 is part of Protective Zone 5

148 * Reserved

148 * Reserved

148 * Reserved

148 * Reserved

149 * Reserved
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149 * Reserved

149 Z6BZ6 Bus-Zone 6 is part of Protective Zone 6

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

Zone Selection

150 * Reserved

150 * Reserved

150 ZONE6 Differential Zone 6 is active

150 ZONE5 Differential Zone 5 is active

150 ZONE4 Differential Zone 4 is active

150 ZONE3 Differential Zone 3 is active

150 ZONE2 Differential Zone 2 is active

150 ZONE1 Differential Zone 1 is active

151 * Reserved

151 ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone

151 ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6

151 ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5

151 ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4

151 ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3

151 ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2

151 ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1

152 * Reserved

152 * Reserved

152 * Reserved

152 * Reserved

152 ZSWOAL Zone switching operation alarm

152 ZSWOIP Zone switching operation in progress

152 ZSWO Zone switching operation

152 RZSWOAL Reset zone switching operation alarm

Zone Supervision

153 * Reserved

153 * Reserved

153 Z6S Zone 6 supervision asserted

153 Z5S Zone 5 supervision asserted

153 Z4S Zone 4 supervision asserted

153 Z3S Zone 3 supervision asserted

153 Z2S Zone 2 supervision asserted

153 Z1S Zone 1 supervision asserted

Table 11.2 Row List of Relay Word Bits (Sheet 31 of 99)
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Open CT Detector

154 * Reserved

154 * Reserved

154 ROCTZ6 Zone 6 open CT logic reset

154 ROCTZ5 Zone 5 open CT logic reset

154 ROCTZ4 Zone 4 open CT logic reset

154 ROCTZ3 Zone 3 open CT logic reset

154 ROCTZ2 Zone 2 open CT logic reset

154 ROCTZ1 Zone 1 open CT logic reset

155 * Reserved

155 * Reserved

155 OCTZ6 Zone 6 open CT detection

155 OCTZ5 Zone 5 open CT detection

155 OCTZ4 Zone 4 open CT detection

155 OCTZ3 Zone 3 open CT detection

155 OCTZ2 Zone 2 open CT detection

155 OCTZ1 Zone 1 open CT detection

156 * Reserved

156 * Reserved

156 RSTOCT6 Zone 6 open CT detection reset

156 RSTOCT5 Zone 5 open CT detection reset

156 RSTOCT4 Zone 4 open CT detection reset

156 RSTOCT3 Zone 3 open CT detection reset

156 RSTOCT2 Zone 2 open CT detection reset

156 RSTOCT1 Zone 1 open CT detection reset

Sensitive Element (87S)

157 * Reserved

157 * Reserved

157 87S6 Zone 6 sensitive differential element picked up

157 87S5 Zone 5 sensitive differential element picked up

157 87S4 Zone 4 sensitive differential element picked up

157 87S3 Zone 3 sensitive differential element picked up

157 87S2 Zone 2 sensitive differential element picked up

157 87S1 Zone 1 sensitive differential element picked up

158 * Reserved

158 87ST Any sensitive differential element timer timed out

158 87ST6 Zone 6 sensitive differential element timed out

158 87ST5 Zone 5 sensitive differential element timed out

158 87ST4 Zone 4 sensitive differential element timed out

158 87ST3 Zone 3 sensitive differential element timed out

158 87ST2 Zone 2 sensitive differential element timed out
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158 87ST1 Zone 1 sensitive differential element timed out

Differential Elements

159 87R1 Zone 1 restraint differential element picked up

159 P87R1 Zone 1 instantaneous differential element picked up

159 87O1 Zone 1 restraint differential operating current above O87P

159 FAULT1 Zone 1 fault detector picked up

159 CON1 Zone 1 in high-security mode

159 EXT1 Zone 1 external fault declaration

159 DOP1 Zone 1 incremental operating current picked up

159 DRT1 Zone 1 incremental restraint current picked up

160 * Reserved

160 * Reserved

160 * Reserved

160 * Reserved

160 FDIF1 Zone 1 filtered restrained differential element picked up

160 RDIF1 Zone 1 unfiltered restrained differential element picked up

160 IFAULT1 Zone 1 fault detection

160 GFAULT1 Zone 1 fast fault detection

161 87R2 Zone 2 restraint differential element picked up

161 P87R2 Zone 2 instantaneous differential element picked up

161 87O2 Zone 2 restraint differential operating current above O87P

161 FAULT2 Zone 2 fault detector picked up

161 CON2 Zone 2 in high-security mode

161 EXT2 Zone 2 external fault declaration

161 DOP2 Zone 2 incremental operating current picked up

161 DRT2 Zone 2 incremental restraint current picked up

162 * Reserved

162 * Reserved

162 * Reserved

162 * Reserved

162 FDIF2 Zone 2 filtered restrained differential element picked up

162 RDIF2 Zone 2 unfiltered restrained differential element picked up

162 IFAULT2 Zone 2 fault detection

162 GFAULT2 Zone 2 fast fault detection

163 87R3 Zone 3 restraint differential element picked up

163 P87R3 Zone 3 instantaneous differential element picked up

163 87O3 Zone 3 restraint differential operating current above O87P

163 FAULT3 Zone 3 fault detector picked up

163 CON3 Zone 3 in high-security mode

163 EXT3 Zone 3 external fault declaration

163 DOP3 Zone 3 incremental operating current picked up

Table 11.2 Row List of Relay Word Bits (Sheet 33 of 99)
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163 DRT3 Zone 3 incremental restraint current picked up

164 * Reserved

164 * Reserved

164 * Reserved

164 * Reserved

164 FDIF3 Zone 3 filtered restrained differential element picked up

164 RDIF3 Zone 3 unfiltered restrained differential element picked up

164 IFAULT3 Zone 3 fault detection

164 GFAULT3 Zone 3 fast fault detection

165 87R4 Zone 4 restraint differential element picked up

165 P87R4 Zone 4 instantaneous differential element picked up

165 87O4 Zone 4 restraint differential operating current above O87P

165 FAULT4 Zone 4 fault detector picked up

165 CON4 Zone 4 in high-security mode

165 EXT4 Zone 4 external fault declaration

165 DOP4 Zone 4 incremental operating current picked up

165 DRT4 Zone 4 incremental restraint current picked up

166 * Reserved

166 * Reserved

166 * Reserved

166 * Reserved

166 FDIF4 Zone 4 filtered restrained differential element picked up

166 RDIF4 Zone 4 unfiltered restrained differential element picked up

166 IFAULT4 Zone 4 fault detection

166 GFAULT4 Zone 4 fast fault detection

167 87R5 Zone 5 restraint differential element picked up

167 P87R5 Zone 5 instantaneous differential element picked up

167 87O5 Zone 5 restraint differential operating current above O87P

167 FAULT5 Zone 5 fault detector picked up

167 CON5 Zone 5 in high-security mode

167 EXT5 Zone 5 external fault declaration

167 DOP5 Zone 5 incremental operating current picked up

167 DRT5 Zone 5 incremental restraint current picked up

168 * Reserved

168 * Reserved

168 * Reserved

168 * Reserved

168 FDIF5 Zone 5 filtered restrained differential element picked up

168 RDIF5 Zone 5 unfiltered restrained differential element picked up

168 IFAULT5 Zone 5 fault detection

168 GFAULT5 Zone 5 fast fault detection
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169 87R6 Zone 6 restraint differential element picked up

169 P87R6 Zone 6 instantaneous differential element picked up

169 87O6 Zone 6 restraint differential operating current above O87P

169 FAULT6 Zone 6 fault detector picked up

169 CON6 Zone 6 in high-security mode

169 EXT6 Zone 6 external fault declaration

169 DOP6 Zone 6 incremental operating current picked up

169 DRT6 Zone 6 incremental restraint current picked up

170 * Reserved

170 * Reserved

170 * Reserved

170 * Reserved

170 FDIF6 Zone 6 filtered restrained differential element picked up

170 RDIF6 Zone 6 unfiltered restrained differential element picked up

170 IFAULT6 Zone 6 fault detection

170 GFAULT6 Zone 6 fast fault detection

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 FAULT Busbar fault in any zone

Directional Element (Diff Zone)

172 * Reserved

172 * Reserved

172 DE6F Zone 6 forward directional element picked up

172 DE5F Zone 5 forward directional element picked up

172 DE4F Zone 4 forward directional element picked up

172 DE3F Zone 3 forward directional element picked up

172 DE2F Zone 2 forward directional element picked up

172 DE1F Zone 1 forward directional element picked up

173 50DS08 Terminal 08 directional element current threshold exceeded

173 50DS07 Terminal 07 directional element current threshold exceeded

173 50DS06 Terminal 06 directional element current threshold exceeded

173 50DS05 Terminal 05 directional element current threshold exceeded

173 50DS04 Terminal 04 directional element current threshold exceeded

173 50DS03 Terminal 03 directional element current threshold exceeded

173 50DS02 Terminal 02 directional element current threshold exceeded

173 50DS01 Terminal 01 directional element current threshold exceeded
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174 50DS16 Terminal 16 directional element current threshold exceeded

174 50DS15 Terminal 15 directional element current threshold exceeded

174 50DS14 Terminal 14 directional element current threshold exceeded

174 50DS13 Terminal 13 directional element current threshold exceeded

174 50DS12 Terminal 12 directional element current threshold exceeded

174 50DS11 Terminal 11 directional element current threshold exceeded

174 50DS10 Terminal 10 directional element current threshold exceeded

174 50DS09 Terminal 09 directional element current threshold exceeded

175 * Reserved

175 * Reserved

175 * Reserved

175 50DS21 Terminal 21 directional element current threshold exceeded

175 50DS20 Terminal 20 directional element current threshold exceeded

175 50DS19 Terminal 19 directional element current threshold exceeded

175 50DS18 Terminal 18 directional element current threshold exceeded

175 50DS17 Terminal 17 directional element current threshold exceeded

Coupler Security Logic

176 * Reserved

176 CSL1 Coupler 1 security logic picked up

176 ACTRPT1 Coupler 1 accelerated trip timed out

176 ACTRP1 Coupler 1 accelerated trip SELOGIC control equation

176 CBCLST1 Coupler 1 close command timed out

176 CBCLS1 Coupler 1 close command SELOGIC control equation

176 CB52T1 Coupler 1 status timed out

176 CB52A1 Coupler 1 status SELOGIC control equation

177 * Reserved

177 CSL2 Coupler 2 security logic picked up

177 ACTRPT2 Coupler 2 accelerated trip timed out

177 ACTRP2 Coupler 2 accelerated trip SELOGIC control equation

177 CBCLST2 Coupler 2 close command timed out

177 CBCLS2 Coupler 2 close command SELOGIC control equation

177 CB52T2 Coupler 2 status timed out

177 CB52A2 Coupler 2 status SELOGIC control equation

178 * Reserved

178 CSL3 Coupler 3 security logic picked up

178 ACTRPT3 Coupler 3 accelerated trip timed out

178 ACTRP3 Coupler 3 accelerated trip SELOGIC control equation

178 CBCLST3 Coupler 3 close command timed out

178 CBCLS3 Coupler 3 close command SELOGIC control equation

178 CB52T3 Coupler 3 status timed out

178 CB52A3 Coupler 3 status SELOGIC control equation
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179 * Reserved

179 CSL4 Coupler 4 security logic picked up

179 ACTRPT4 Coupler 4 accelerated trip timed out

179 ACTRP4 Coupler 4 accelerated trip SELOGIC control equation

179 CBCLST4 Coupler 4 close command timed out

179 CBCLS4 Coupler 4 close command SELOGIC control equation

179 CB52T4 Coupler 4 status timed out

179 CB52A4 Coupler 4 status SELOGIC control equation

Terminal Out of Service

180 TOS08 Terminal 08 out of service

180 TOS07 Terminal 07 out of service

180 TOS06 Terminal 06 out of service

180 TOS05 Terminal 05 out of service

180 TOS04 Terminal 04 out of service

180 TOS03 Terminal 03 out of service

180 TOS02 Terminal 02 out of service

180 TOS01 Terminal 01 out of service

181 TOS16 Terminal 16 out of service

181 TOS15 Terminal 15 out of service

181 TOS14 Terminal 14 out of service

181 TOS13 Terminal 13 out of service

181 TOS12 Terminal 12 out of service

181 TOS11 Terminal 11 out of service

181 TOS10 Terminal 10 out of service

181 TOS09 Terminal 09 out of service

182 * Reserved

182 * Reserved

182 * Reserved

182 TOS21 Terminal 21 out of service

182 TOS20 Terminal 20 out of service

182 TOS19 Terminal 19 out of service

182 TOS18 Terminal 18 out of service

182 TOS17 Terminal 17 out of service

Breaker Failure

183 FBF01 Circuit Breaker 1 failure

183 XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation)

183 RT01 Circuit Breaker 1 retrip

183 ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate

183 ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation

183 BFIT01 Circuit Breaker 1 breaker failure timed out

183 BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation
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183 50F01 Circuit Breaker 1 breaker failure current threshold exceeded

184 FBF02 Circuit Breaker 2 failure

184 XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation)

184 RT02 Circuit Breaker 2 retrip

184 ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate

184 ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation

184 BFIT02 Circuit Breaker 2 breaker failure timed out

184 BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

184 50F02 Circuit Breaker 2 breaker failure current threshold exceeded

185 FBF03 Circuit Breaker 3 failure

185 XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation)

185 RT03 Circuit Breaker 3 retrip

185 ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate

185 ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation

185 BFIT03 Circuit Breaker 3 breaker failure timed out

185 BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

185 50F03 Circuit Breaker 3 breaker failure current threshold exceeded

186 FBF04 Circuit Breaker 4 failure

186 XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation)

186 RT04 Circuit Breaker 4 retrip

186 ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate

186 ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation

186 BFIT04 Circuit Breaker 4 breaker failure timed out

186 BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

186 50F04 Circuit Breaker 4 breaker failure current threshold exceeded

187 FBF05 Circuit Breaker 5 failure

187 XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation)

187 RT05 Circuit Breaker 5 retrip

187 ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate

187 ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation

187 BFIT05 Circuit Breaker 5 breaker failure timed out

187 BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

187 50F05 Circuit Breaker 5 breaker failure current threshold exceeded

188 FBF06 Circuit Breaker 6 failure

188 XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation)

188 RT06 Circuit Breaker 6 retrip

188 ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate

188 ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation

188 BFIT06 Circuit Breaker 6 breaker failure timed out

188 BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

188 50F06 Circuit Breaker 6 breaker failure current threshold exceeded
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189 FBF07 Circuit Breaker 7 failure

189 XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation)

189 RT07 Circuit Breaker 7 retrip

189 ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate

189 ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation

189 BFIT07 Circuit Breaker 7 breaker failure timed out

189 BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

189 50F07 Circuit Breaker 7 breaker failure current threshold exceeded

190 FBF08 Circuit Breaker 8 failure

190 XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation)

190 RT08 Circuit Breaker 8 retrip

190 ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate

190 ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation

190 BFIT08 Circuit Breaker 8 breaker failure timed out

190 BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

190 50F08 Circuit Breaker 8 breaker failure current threshold exceeded

191 FBF09 Circuit Breaker 9 failure

191 XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation)

191 RT09 Circuit Breaker 9 retrip

191 ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate

191 ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation

191 BFIT09 Circuit Breaker 9 breaker failure timed out

191 BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

191 50F09 Circuit Breaker 9 breaker failure current threshold exceeded

192 FBF10 Circuit Breaker 10 failure

192 XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation)

192 RT10 Circuit Breaker 10 retrip

192 ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate

192 ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation

192 BFIT10 Circuit Breaker 10 breaker failure timed out

192 BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

192 50F10 Circuit Breaker 10 breaker failure current threshold exceeded

193 FBF11 Circuit Breaker 11 failure

193 XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation)

193 RT11 Circuit Breaker 11 retrip

193 ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate

193 ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation

193 BFIT11 Circuit Breaker 11 breaker failure timed out

193 BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

193 50F11 Circuit Breaker 11 breaker failure current threshold exceeded

194 FBF12 Circuit Breaker 12 failure
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194 XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation)

194 RT12 Circuit Breaker 12 retrip

194 ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate

194 ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation

194 BFIT12 Circuit Breaker 12 breaker failure timed out

194 BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

194 50F12 Circuit Breaker 12 breaker failure current threshold exceeded

195 FBF13 Circuit Breaker 13 failure

195 XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation)

195 RT13 Circuit Breaker 13 retrip

195 ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate

195 ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation

195 BFIT13 Circuit Breaker 13 breaker failure timed out

195 BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

195 50F13 Circuit Breaker 13 breaker failure current threshold exceeded

196 FBF14 Circuit Breaker 14 failure

196 XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation)

196 RT14 Circuit Breaker 14 retrip

196 ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate

196 ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation

196 BFIT14 Circuit Breaker 14 breaker failure timed out

196 BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

196 50F14 Circuit Breaker 14 breaker failure current threshold exceeded

197 FBF15 Circuit Breaker 15 failure

197 XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation)

197 RT15 Circuit Breaker 15 retrip

197 ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate

197 ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation

197 BFIT15 Circuit Breaker 15 breaker failure timed out

197 BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

197 50F15 Circuit Breaker 15 breaker failure current threshold exceeded

198 FBF16 Circuit Breaker 16 failure

198 XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation)

198 RT16 Circuit Breaker 16 retrip

198 ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate

198 ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation

198 BFIT16 Circuit Breaker 16 breaker failure timed out

198 BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

198 50F16 Circuit Breaker 16 breaker failure current threshold exceeded

199 FBF17 Circuit Breaker 17 failure

199 XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation)
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199 RT17 Circuit Breaker 17 retrip

199 ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate

199 ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation

199 BFIT17 Circuit Breaker 17 breaker failure timed out

199 BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

199 50F17 Circuit Breaker 17 breaker failure current threshold exceeded

200 FBF18 Circuit Breaker 18 failure

200 XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation)

200 RT18 Circuit Breaker 18 retrip

200 ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate

200 ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation

200 BFIT18 Circuit Breaker 18 breaker failure timed out

200 BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

200 50F18 Circuit Breaker 18 breaker failure current threshold exceeded

201 FBF19 Circuit Breaker 19 failure

201 XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation)

201 RT19 Circuit Breaker 19 retrip

201 ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate

201 ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation

201 BFIT19 Circuit Breaker 19 breaker failure timed out

201 BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

201 50F19 Circuit Breaker 19 breaker failure current threshold exceeded

202 FBF20 Circuit Breaker 20 failure

202 XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation)

202 RT20 Circuit Breaker 20 retrip

202 ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate

202 ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation

202 BFIT20 Circuit Breaker 20 breaker failure timed out

202 BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

202 50F20 Circuit Breaker 20 breaker failure current threshold exceeded

203 FBF21 Circuit Breaker 21 failure

203 XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation)

203 RT21 Circuit Breaker 21 retrip

203 ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate

203 ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation

203 BFIT21 Circuit Breaker 21 breaker failure timed out

203 BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

203 50F21 Circuit Breaker 21 breaker failure current threshold exceeded

204 * Reserved

204 * Reserved

204 * Reserved
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204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

Overcurrent Elements

207 50P04T Terminal 04 definite-time overcurrent element timed out

207 50P04 Terminal 04 instantaneous overcurrent element

207 50P03T Terminal 03 definite-time overcurrent element timed out

207 50P03 Terminal 03 instantaneous overcurrent element

207 50P02T Terminal 02 definite-time overcurrent element timed out

207 50P02 Terminal 02 instantaneous overcurrent element

207 50P01T Terminal 01 definite-time overcurrent element timed out

207 50P01 Terminal 01 instantaneous overcurrent element

208 50P08T Terminal 08 definite-time overcurrent element timed out

208 50P08 Terminal 08 instantaneous overcurrent element

208 50P07T Terminal 07 definite-time overcurrent element timed out

208 50P07 Terminal 07 instantaneous overcurrent element

208 50P06T Terminal 06 definite-time overcurrent element timed out

208 50P06 Terminal 06 instantaneous overcurrent element

208 50P05T Terminal 05 definite-time overcurrent element timed out

208 50P05 Terminal 05 instantaneous overcurrent element

209 50P12T Terminal 12 definite-time overcurrent element timed out

209 50P12 Terminal 12 instantaneous overcurrent element

209 50P11T Terminal 11 definite-time overcurrent element timed out
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209 50P11 Terminal 11 instantaneous overcurrent element

209 50P10T Terminal 10 definite-time overcurrent element timed out

209 50P10 Terminal 10 instantaneous overcurrent element

209 50P09T Terminal 09 definite-time overcurrent element timed out

209 50P09 Terminal 09 instantaneous overcurrent element

210 50P16T Terminal 16 definite-time overcurrent element timed out

210 50P16 Terminal 16 instantaneous overcurrent element

210 50P15T Terminal 15 definite-time overcurrent element timed out

210 50P15 Terminal 15 instantaneous overcurrent element

210 50P14T Terminal 14 definite-time overcurrent element timed out

210 50P14 Terminal 14 instantaneous overcurrent element

210 50P13T Terminal 13 definite-time overcurrent element timed out

210 50P13 Terminal 13 instantaneous overcurrent element

211 50P20T Terminal 20 definite-time overcurrent element timed out

211 50P20 Terminal 20 instantaneous overcurrent element

211 50P19T Terminal 19 definite-time overcurrent element timed out

211 50P19 Terminal 19 instantaneous overcurrent element

211 50P18T Terminal 18 definite-time overcurrent element timed out

211 50P18 Terminal 18 instantaneous overcurrent element

211 50P17T Terminal 17 definite-time overcurrent element timed out

211 50P17 Terminal 17 instantaneous overcurrent element

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 50P21T Terminal 21 definite-time overcurrent element timed out

212 50P21 Terminal 21 instantaneous overcurrent element

Inverse-Time Overcurrent Elements

213 51S04 Inverse-time Element 04 picked up

213 51T04 Inverse-time Element 04 timed out

213 51S03 Inverse-time Element 03 picked up

213 51T03 Inverse-time Element 03 timed out

213 51S02 Inverse-time Element 02 picked up

213 51T02 Inverse-time Element 02 timed out

213 51S01 Inverse-time Element 01 picked up

213 51T01 Inverse-time Element 01 timed out

214 51S08 Inverse-time Element 08 picked up

214 51T08 Inverse-time Element 08 timed out

214 51S07 Inverse-time Element 07 picked up
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214 51T07 Inverse-time Element 07 timed out

214 51S06 Inverse-time Element 06 picked up

214 51T06 Inverse-time Element 06 timed out

214 51S05 Inverse-time Element 05 picked up

214 51T05 Inverse-time Element 05 timed out

215 51S12 Inverse-time Element 12 picked up

215 51T12 Inverse-time Element 12 timed out

215 51S11 Inverse-time Element 11 picked up

215 51T11 Inverse-time Element 11 timed out

215 51S10 Inverse-time Element 10 picked up

215 51T10 Inverse-time Element 10 timed out

215 51S09 Inverse-time Element 09 picked up

215 51T09 Inverse-time Element 09 timed out

216 51S16 Inverse-time Element 16 picked up

216 51T16 Inverse-time Element 16 timed out

216 51S15 Inverse-time Element 15 picked up

216 51T15 Inverse-time Element 15 timed out

216 51S14 Inverse-time Element 14 picked up

216 51T14 Inverse-time Element 14 timed out

216 51S13 Inverse-time Element 13 picked up

216 51T13 Inverse-time Element 13 timed out

217 51S20 Inverse-time Element 20 picked up

217 51T20 Inverse-time Element 20 timed out

217 51S19 Inverse-time Element 19 picked up

217 51T19 Inverse-time Element 19 timed out

217 51S18 Inverse-time Element 18 picked up

217 51T18 Inverse-time Element 18 timed out

217 51S17 Inverse-time Element 17 picked up

217 51T17 Inverse-time Element 17 timed out

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 51S21 Inverse-time Element 21 picked up

218 51T21 Inverse-time Element 21 timed out

219 51MM04 Inverse-time Element 04 pickup setting outside of specified limits

219 51TM04 Inverse-time Element 04 time-dial setting outside of specified limits

219 51MM03 Inverse-time Element 03 pickup setting outside of specified limits

219 51TM03 Inverse-time Element 03 time-dial setting outside of specified limits
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219 51MM02 Inverse-time Element 02 pickup setting outside of specified limits

219 51TM02 Inverse-time Element 02 time-dial setting outside of specified limits

219 51MM01 Inverse-time Element 01 pickup setting outside of specified limits

219 51TM01 Inverse-time Element 01 time-dial setting outside of specified limits

220 51MM08 Inverse-time Element 08 pickup setting outside of specified limits

220 51TM08 Inverse-time Element 08 time-dial setting outside of specified limits

220 51MM07 Inverse-time Element 07 pickup setting outside of specified limits

220 51TM07 Inverse-time Element 07 time-dial setting outside of specified limits

220 51MM06 Inverse-time Element 06 pickup setting outside of specified limits

220 51TM06 Inverse-time Element 06 time-dial setting outside of specified limits

220 51MM05 Inverse-time Element 05 pickup setting outside of specified limits

220 51TM05 Inverse-time Element 05 time-dial setting outside of specified limits

Under- and Overvoltage Elements

221 271P1 Undervoltage Element 1, Level 1 asserted   

221 271P1T Undervoltage Element 1, Level 1 timed out 

221 271P2 Undervoltage Element 1, Level 2 asserted   

221 27TC1 Undervoltage Element 1, torque control 

221 272P1 Undervoltage Element 2, Level 1 asserted   

221 272P1T Undervoltage Element 2, Level 1 timed out 

221 272P2 Undervoltage Element 2, Level 2 asserted   

221 27TC2 Undervoltage Element 2, torque control 

222 273P1 Undervoltage Element 3, Level 1 asserted   

222 273P1T Undervoltage Element 3, Level 1 timed out 

222 273P2 Undervoltage Element 3, Level 2 asserted   

222 27TC3 Undervoltage Element 3, torque control 

222 274P1 Undervoltage Element 4, Level 1 asserted   

222 274P1T Undervoltage Element 4, Level 1 timed out 

222 274P2 Undervoltage Element 4, Level 2 asserted   

222 27TC4 Undervoltage Element 4, torque control 

223 275P1 Undervoltage Element 5, Level 1 asserted   

223 275P1T Undervoltage Element 5, Level 1 timed out 

223 275P2 Undervoltage Element 5, Level 2 asserted   

223 27TC5 Undervoltage Element 5, torque control 

223 276P1 Undervoltage Element 6, Level 1 asserted   

223 276P1T Undervoltage Element 6, Level 1 timed out 

223 276P2 Undervoltage Element 6, Level 2 asserted   

223 27TC6 Undervoltage Element 6, torque control 

224 591P1 Overvoltage Element 1, Level 1 asserted   

224 591P1T Overvoltage Element 1, Level 1 timed out 

224 591P2 Overvoltage Element 1, Level 2 asserted   

224 59TC1 Overvoltage Element 1, torque control 
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224 592P1 Overvoltage Element 2, Level 1 asserted   

224 592P1T Overvoltage Element 2, Level 1 timed out 

224 592P2 Overvoltage Element 2, Level 2 asserted   

224 59TC2 Overvoltage Element 2, torque control 

225 593P1 Overvoltage Element 3, Level 1 asserted   

225 593P1T Overvoltage Element 3, Level 1 timed out 

225 593P2 Overvoltage Element 3, Level 2 asserted   

225 59TC3 Overvoltage Element 3, torque control 

225 594P1 Overvoltage Element 4, Level 1 asserted   

225 594P1T Overvoltage Element 4, Level 1 timed out 

225 594P2 Overvoltage Element 4, Level 2 asserted   

225 59TC4 Overvoltage Element 4, torque control 

226 595P1 Overvoltage Element 5, Level 1 asserted   

226 595P1T Overvoltage Element 5, Level 1 timed out 

226 595P2 Overvoltage Element 5, Level 2 asserted   

226 59TC5 Overvoltage Element 5, torque control 

226 596P1 Overvoltage Element 6, Level 1 asserted   

226 596P1T Overvoltage Element 6, Level 1 timed out 

226 596P2 Overvoltage Element 6, Level 2 asserted   

226 59TC6 Overvoltage Element 6, torque control 

Battery Monitor

227 DC1F DC monitor fail alarm

227 DC1W DC monitor warning alarm

227 DC1G DC monitor ground fault alarm

227 DC1R DC monitor alarm for ac ripple

227 * Reserved

227 * Reserved

227 * Reserved

227 * Reserved

Bus-Zone Trip

228 87BTR08 Terminal 08 bus-zone differential trip asserted

228 87BTR07 Terminal 07 bus-zone differential trip asserted

228 87BTR06 Terminal 06 bus-zone differential trip asserted

228 87BTR05 Terminal 05 bus-zone differential trip asserted

228 87BTR04 Terminal 04 bus-zone differential trip asserted

228 87BTR03 Terminal 03 bus-zone differential trip asserted

228 87BTR02 Terminal 02 bus-zone differential trip asserted

228 87BTR01 Terminal 01 bus-zone differential trip asserted

229 87BTR16 Terminal 16 bus-zone differential trip asserted

229 87BTR15 Terminal 15 bus-zone differential trip asserted

229 87BTR14 Terminal 14 bus-zone differential trip asserted
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229 87BTR13 Terminal 13 bus-zone differential trip asserted

229 87BTR12 Terminal 12 bus-zone differential trip asserted

229 87BTR11 Terminal 11 bus-zone differential trip asserted

229 87BTR10 Terminal 10 bus-zone differential trip asserted

229 87BTR09 Terminal 09 bus-zone differential trip asserted

230 * Reserved

230 * Reserved

230 * Any terminal bus-zone differential trip asserted

230 87BTR21 Terminal 21 bus-zone differential trip asserted

230 87BTR20 Terminal 20 bus-zone differential trip asserted

230 87BTR19 Terminal 19 bus-zone differential trip asserted

230 87BTR18 Terminal 18 bus-zone differential trip asserted

230 87BTR17 Terminal 17 bus-zone differential trip asserted

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 87BTR Any terminal bus-zone differential trip asserted

Inverse-Time Overcurrent Elements

232 51MM12 Inverse-time Element 12 pickup setting outside of specified limits

232 51TM12 Inverse-time Element 12 time-dial setting outside of specified limits

232 51MM11 Inverse-time Element 11 pickup setting outside of specified limits

232 51TM11 Inverse-time Element 11 time-dial setting outside of specified limits

232 51MM10 Inverse-time Element 10 pickup setting outside of specified limits

232 51TM10 Inverse-time Element 10 time-dial setting outside of specified limits

232 51MM09 Inverse-time Element 09 pickup setting outside of specified limits

232 51TM09 Inverse-time Element 09 time-dial setting outside of specified limits

233 51MM16 Inverse-time Element 16 pickup setting outside of specified limits

233 51TM16 Inverse-time Element 16 time-dial setting outside of specified limits

233 51MM15 Inverse-time Element 15 pickup setting outside of specified limits

233 51TM15 Inverse-time Element 15 time-dial setting outside of specified limits

233 51MM14 Inverse-time Element 14 pickup setting outside of specified limits

233 51TM14 Inverse-time Element 14 time-dial setting outside of specified limits

233 51MM13 Inverse-time Element 13 pickup setting outside of specified limits

233 51TM13 Inverse-time Element 13 time-dial setting outside of specified limits

234 51MM20 Inverse-time Element 20 pickup setting outside of specified limits

234 51TM20 Inverse-time Element 20 time-dial setting outside of specified limits

234 51MM19 Inverse-time Element 19 pickup setting outside of specified limits
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234 51TM19 Inverse-time Element 19 time-dial setting outside of specified limits

234 51MM18 Inverse-time Element 18 pickup setting outside of specified limits

234 51TM18 Inverse-time Element 18 time-dial setting outside of specified limits

234 51MM17 Inverse-time Element 17 pickup setting outside of specified limits

234 51TM17 Inverse-time Element 17 time-dial setting outside of specified limits

Bus-Zone Trip

235 * Reserved

235 * Reserved

235 87Z6 Zone 6 differential element trip

235 87Z5 Zone 5 differential element trip

235 87Z4 Zone 4 differential element trip

235 87Z3 Zone 3 differential element trip

235 87Z2 Zone 2 differential element trip

235 87Z1 Zone 1 differential element trip

Breaker Failure Trip

236 SBFTR08 Circuit Breaker 08 breaker failure trip

236 SBFTR07 Circuit Breaker 07 breaker failure trip

236 SBFTR06 Circuit Breaker 06 breaker failure trip

236 SBFTR05 Circuit Breaker 05 breaker failure trip

236 SBFTR04 Circuit Breaker 04 breaker failure trip

236 SBFTR03 Circuit Breaker 03 breaker failure trip

236 SBFTR02 Circuit Breaker 02 breaker failure trip

236 SBFTR01 Circuit Breaker 01 breaker failure trip

237 SBFTR16 Circuit Breaker 16 breaker failure trip

237 SBFTR15 Circuit Breaker 15 breaker failure trip

237 SBFTR14 Circuit Breaker 14 breaker failure trip

237 SBFTR13 Circuit Breaker 13 breaker failure trip

237 SBFTR12 Circuit Breaker 12 breaker failure trip

237 SBFTR11 Circuit Breaker 11 breaker failure trip

237 SBFTR10 Circuit Breaker 10 breaker failure trip

237 SBFTR09 Circuit Breaker 09 breaker failure trip

238 * Reserved

238 * Reserved

238 * Reserved

238 SBFTR21 Circuit Breaker 21 breaker failure trip

238 SBFTR20 Circuit Breaker 20 breaker failure trip

238 SBFTR19 Circuit Breaker 19 breaker failure trip

238 SBFTR18 Circuit Breaker 18 breaker failure trip

238 SBFTR17 Circuit Breaker 17 breaker failure trip

239 * Reserved

239 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 48 of 99)

Row Name Bit Description



11.127

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 SBFTR Any circuit breaker failure trip

240 * Reserved

240 * Reserved

240 BFZ6 Zone 6 breaker failure

240 BFZ5 Zone 5 breaker failure

240 BFZ4 Zone 4 breaker failure

240 BFZ3 Zone 3 breaker failure

240 BFZ2 Zone 2 breaker failure

240 BFZ1 Zone 1 breaker failure

Miscellaneous Logic Elements

241 ER Event report trigger equation (SELOGIC control equation)

241 EVELOCK Event summary lock period

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

Trip and Unlatch

242 TRIP08 Terminal 08 trip output

242 TRIP07 Terminal 07 trip output

242 TRIP06 Terminal 06 trip output

242 TRIP05 Terminal 05 trip output

242 TRIP04 Terminal 04 trip output

242 TRIP03 Terminal 03 trip output

242 TRIP02 Terminal 02 trip output

242 TRIP01 Terminal 01 trip output

243 TRIP16 Terminal 16 trip output

243 TRIP15 Terminal 15 trip output

243 TRIP14 Terminal 14 trip output

243 TRIP13 Terminal 13 trip output

243 TRIP12 Terminal 12 trip output

243 TRIP11 Terminal 11 trip output

243 TRIP10 Terminal 10 trip output

243 TRIP09 Terminal 09 trip output

244 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 49 of 99)

Row Name Bit Description



11.128

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

244 * Reserved

244 * Reserved

244 TRIP21 Terminal 21 trip output

244 TRIP20 Terminal 20 trip output

244 TRIP19 Terminal 19 trip output

244 TRIP18 Terminal 18 trip output

244 TRIP17 Terminal 17 trip output

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 TRIP Any terminal trip output

246 ULTR08 Terminal 08 unlatch trip

246 ULTR07 Terminal 07 unlatch trip

246 ULTR06 Terminal 06 unlatch trip

246 ULTR05 Terminal 05 unlatch trip

246 ULTR04 Terminal 04 unlatch trip

246 ULTR03 Terminal 03 unlatch trip

246 ULTR02 Terminal 02 unlatch trip

246 ULTR01 Terminal 01 unlatch trip

247 ULTR16 Terminal 16 unlatch trip

247 ULTR15 Terminal 15 unlatch trip

247 ULTR14 Terminal 14 unlatch trip

247 ULTR13 Terminal 13 unlatch trip

247 ULTR12 Terminal 12 unlatch trip

247 ULTR11 Terminal 11 unlatch trip

247 ULTR10 Terminal 10 unlatch trip

247 ULTR09 Terminal 09 unlatch trip

248 * Reserved

248 * Reserved

248 * Reserved

248 ULTR21 Terminal 21 unlatch trip

248 ULTR20 Terminal 20 unlatch trip

248 ULTR19 Terminal 19 unlatch trip

248 ULTR18 Terminal 18 unlatch trip

248 ULTR17 Terminal 17 unlatch trip

Breaker Open Controls

249 OC08 Circuit Breaker 08 open command
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249 OC07 Circuit Breaker 07 open command

249 OC06 Circuit Breaker 06 open command

249 OC05 Circuit Breaker 05 open command

249 OC04 Circuit Breaker 04 open command

249 OC03 Circuit Breaker 03 open command

249 OC02 Circuit Breaker 02 open command

249 OC01 Circuit Breaker 01 open command

250 OC16 Circuit Breaker 16 open command

250 OC15 Circuit Breaker 15 open command

250 OC14 Circuit Breaker 14 open command

250 OC13 Circuit Breaker 13 open command

250 OC12 Circuit Breaker 12 open command

250 OC11 Circuit Breaker 11 open command

250 OC10 Circuit Breaker 10 open command

250 OC09 Circuit Breaker 09 open command

251 * Reserved

251 * Reserved

251 * Reserved

251 OC21 Circuit Breaker 21 open command

251 OC20 Circuit Breaker 20 open command

251 OC19 Circuit Breaker 19 open command

251 OC18 Circuit Breaker 18 open command

251 OC17 Circuit Breaker 17 open command

Inverse-Time Overcurrent Elements

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 51MM21 Inverse-time Element 21 pickup setting outside of specified limits

252 51TM21 Inverse-time Element 21 time-dial setting outside of specified limits

253 51R16 Inverse-time Element 16 reset

253 51R15 Inverse-time Element 15 reset

253 51R14 Inverse-time Element 14 reset

253 51R13 Inverse-time Element 13 reset

253 51R12 Inverse-time Element 12 reset

253 51R11 Inverse-time Element 11 reset

253 51R10 Inverse-time Element 10 reset

253 51R09 Inverse-time Element 09 reset

254 51R08 Inverse-time Element 08 reset
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254 51R07 Inverse-time Element 07 reset

254 51R06 Inverse-time Element 06 reset

254 51R05 Inverse-time Element 05 reset

254 51R04 Inverse-time Element 04 reset

254 51R03 Inverse-time Element 03 reset

254 51R02 Inverse-time Element 02 reset

254 51R01 Inverse-time Element 01 reset

Setting Group Bits

255 SG6 Settings Group 6 active

255 SG5 Settings Group 5 active

255 SG4 Settings Group 4 active

255 SG3 Settings Group 3 active

255 SG2 Settings Group 2 active

255 SG1 Settings Group 1 active

255 CHSG Asserted during settings group change

255 * Reserved

Local Bits

256 LB08 Local Bit 08

256 LB07 Local Bit 07

256 LB06 Local Bit 06

256 LB05 Local Bit 05

256 LB04 Local Bit 04

256 LB03 Local Bit 03

256 LB02 Local Bit 02

256 LB01 Local Bit 01

257 LB16 Local Bit 16

257 LB15 Local Bit 15

257 LB14 Local Bit 14

257 LB13 Local Bit 13

257 LB12 Local Bit 12

257 LB11 Local Bit 11

257 LB10 Local Bit 10

257 LB09 Local Bit 09

258 LB24 Local Bit 24

258 LB23 Local Bit 23

258 LB22 Local Bit 22

258 LB21 Local Bit 21

258 LB20 Local Bit 20

258 LB19 Local Bit 19

258 LB18 Local Bit 18

258 LB17 Local Bit 17
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259 LB32 Local Bit 32

259 LB31 Local Bit 31

259 LB30 Local Bit 30

259 LB29 Local Bit 29

259 LB28 Local Bit 28

259 LB27 Local Bit 27

259 LB26 Local Bit 26

259 LB25 Local Bit 25

Remote Bits

260 RB89 Remote Bit 89

260 RB90 Remote Bit 90

260 RB91 Remote Bit 91

260 RB92 Remote Bit 92

260 RB93 Remote Bit 93

260 RB94 Remote Bit 94

260 RB95 Remote Bit 95

260 RB96 Remote Bit 96

261 RB81 Remote Bit 81

261 RB82 Remote Bit 82

261 RB83 Remote Bit 83

261 RB84 Remote Bit 84

261 RB85 Remote Bit 85

261 RB86 Remote Bit 86

261 RB87 Remote Bit 87

261 RB88 Remote Bit 88

262 RB73 Remote Bit 73

262 RB74 Remote Bit 74

262 RB75 Remote Bit 75

262 RB76 Remote Bit 76

262 RB77 Remote Bit 77

262 RB78 Remote Bit 78

262 RB79 Remote Bit 79

262 RB80 Remote Bit 80

263 RB65 Remote Bit 65

263 RB66 Remote Bit 66

263 RB67 Remote Bit 67

263 RB68 Remote Bit 68

263 RB69 Remote Bit 69

263 RB70 Remote Bit 70

263 RB71 Remote Bit 71

263 RB72 Remote Bit 72
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264 RB57 Remote Bit 57

264 RB58 Remote Bit 58

264 RB59 Remote Bit 59

264 RB60 Remote Bit 60

264 RB61 Remote Bit 61

264 RB62 Remote Bit 62

264 RB63 Remote Bit 63

264 RB64 Remote Bit 64

265 RB49 Remote Bit 49

265 RB50 Remote Bit 50

265 RB51 Remote Bit 51

265 RB52 Remote Bit 52

265 RB53 Remote Bit 53

265 RB54 Remote Bit 54

265 RB55 Remote Bit 55

265 RB56 Remote Bit 56

266 RB41 Remote Bit 41

266 RB42 Remote Bit 42

266 RB43 Remote Bit 43

266 RB44 Remote Bit 44

266 RB45 Remote Bit 45

266 RB46 Remote Bit 46

266 RB47 Remote Bit 47

266 RB48 Remote Bit 48

267 RB33 Remote Bit 33

267 RB34 Remote Bit 34

267 RB35 Remote Bit 35

267 RB36 Remote Bit 36

267 RB37 Remote Bit 37

267 RB38 Remote Bit 38

267 RB39 Remote Bit 39

267 RB40 Remote Bit 40

268 RB25 Remote Bit 25 

268 RB26 Remote Bit 26 

268 RB27 Remote Bit 27 

268 RB28 Remote Bit 28 

268 RB29 Remote Bit 29 

268 RB30 Remote Bit 30 

268 RB31 Remote Bit 31 

268 RB32 Remote Bit 32 

269 RB17 Remote Bit 17 
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269 RB18 Remote Bit 18 

269 RB19 Remote Bit 19 

269 RB20 Remote Bit 20 

269 RB21 Remote Bit 21 

269 RB22 Remote Bit 22 

269 RB23 Remote Bit 23 

269 RB24 Remote Bit 24

270 RB09 Remote Bit 09

270 RB10 Remote Bit 10

270 RB11 Remote Bit 11

270 RB12 Remote Bit 12

270 RB13 Remote Bit 13

270 RB14 Remote Bit 14

270 RB15 Remote Bit 15

270 RB16 Remote Bit 16

271 RB01 Remote Bit 01

271 RB02 Remote Bit 02

271 RB03 Remote Bit 03

271 RB04 Remote Bit 04

271 RB05 Remote Bit 05

271 RB06 Remote Bit 06

271 RB07 Remote Bit 07

271 RB08 Remote Bit 08

Contact Inputs

272 * Reserved

272 IN107 Main board Input 07

272 IN106 Main board Input 06

272 IN105 Main board Input 05

272 IN104 Main board Input 04

272 IN103 Main board Input 03

272 IN102 Main board Input 02

272 IN101 Main board Input 01

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

274 * Reserved
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274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

276 IN208 Optional I/O Board 1 Input 08

276 IN207 Optional I/O Board 1 Input 07

276 IN206 Optional I/O Board 1 Input 06

276 IN205 Optional I/O Board 1 Input 05

276 IN204 Optional I/O Board 1 Input 04

276 IN203 Optional I/O Board 1 Input 03

276 IN202 Optional I/O Board 1 Input 02

276 IN201 Optional I/O Board 1 Input 01

277 IN216 Optional I/O Board 1 Input 16

277 IN215 Optional I/O Board 1 Input 15

277 IN214 Optional I/O Board 1 Input 14

277 IN213 Optional I/O Board 1 Input 13

277 IN212 Optional I/O Board 1 Input 12

277 IN211 Optional I/O Board 1 Input 11

277 IN210 Optional I/O Board 1 Input 10

277 IN209 Optional I/O Board 1 Input 09

278 IN224 Optional I/O Board 1 Input 24

278 IN223 Optional I/O Board 1 Input 23

278 IN222 Optional I/O Board 1 Input 22

278 IN221 Optional I/O Board 1 Input 21

278 IN220 Optional I/O Board 1 Input 20

278 IN219 Optional I/O Board 1 Input 19

278 IN218 Optional I/O Board 1 Input 18

278 IN217 Optional I/O Board 1 Input 17

279 * Reserved

279 * Reserved
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279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

280 IN308 Optional I/O Board 2 input 08 

280 IN307 Optional I/O Board 2 input 07 

280 IN306 Optional I/O Board 2 input 06 

280 IN305 Optional I/O Board 2 input 05 

280 IN304 Optional I/O Board 2 input 04 

280 IN303 Optional I/O Board 2 input 03 

280 IN302 Optional I/O Board 2 input 02 

280 IN301 Optional I/O Board 2 input 01

281 IN316 Optional I/O Board 2 input 16 

281 IN315 Optional I/O Board 2 input 15 

281 IN314 Optional I/O Board 2 input 14 

281 IN313 Optional I/O Board 2 input 13 

281 IN312 Optional I/O Board 2 input 12 

281 IN311 Optional I/O Board 2 input 11 

281 IN310 Optional I/O Board 2 input 10 

281 IN309 Optional I/O Board 2 input 09

282 IN324 Optional I/O Board 2 input 24

282 IN323 Optional I/O Board 2 input 23

282 IN322 Optional I/O Board 2 input 22

282 IN321 Optional I/O Board 2 input 21

282 IN320 Optional I/O Board 2 input 20

282 IN319 Optional I/O Board 2 input 19

282 IN318 Optional I/O Board 2 input 18

282 IN317 Optional I/O Board 2 input 17

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

284 IN408 Optional I/O Board 3 input 08

284 IN407 Optional I/O Board 3 input 07

284 IN406 Optional I/O Board 3 input 06
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284 IN405 Optional I/O Board 3 input 05

284 IN404 Optional I/O Board 3 input 04

284 IN403 Optional I/O Board 3 input 03

284 IN402 Optional I/O Board 3 input 02

284 IN401 Optional I/O Board 3 input 01

285 IN416 Optional I/O Board 3 input 16

285 IN415 Optional I/O Board 3 input 15

285 IN414 Optional I/O Board 3 input 14

285 IN413 Optional I/O Board 3 input 13

285 IN412 Optional I/O Board 3 input 12

285 IN411 Optional I/O Board 3 input 11

285 IN410 Optional I/O Board 3 input 10

285 IN409 Optional I/O Board 3 input 09

286 IN424 Optional I/O Board 3 input 24

286 IN423 Optional I/O Board 3 input 23

286 IN422 Optional I/O Board 3 input 22

286 IN421 Optional I/O Board 3 input 21

286 IN420 Optional I/O Board 3 input 20

286 IN419 Optional I/O Board 3 input 19

286 IN418 Optional I/O Board 3 input 18

286 IN417 Optional I/O Board 3 input 17

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

288 IN508 Optional I/O Board 4 input 08

288 IN507 Optional I/O Board 4 input 07

288 IN506 Optional I/O Board 4 input 06

288 IN505 Optional I/O Board 4 input 05

288 IN504 Optional I/O Board 4 input 04

288 IN503 Optional I/O Board 4 input 03

288 IN502 Optional I/O Board 4 input 02

288 IN501 Optional I/O Board 4 input 01

289 IN516 Optional I/O Board 4 input 16

289 IN515 Optional I/O Board 4 input 15

289 IN514 Optional I/O Board 4 input 14

289 IN513 Optional I/O Board 4 input 13

Table 11.2 Row List of Relay Word Bits (Sheet 58 of 99)

Row Name Bit Description
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289 IN512 Optional I/O Board 4 input 12

289 IN511 Optional I/O Board 4 input 11

289 IN510 Optional I/O Board 4 input 10

289 IN509 Optional I/O Board 4 input 09

290 IN524 Optional I/O Board 4 input 24

290 IN523 Optional I/O Board 4 input 23

290 IN522 Optional I/O Board 4 input 22

290 IN521 Optional I/O Board 4 input 21

290 IN520 Optional I/O Board 4 input 20

290 IN519 Optional I/O Board 4 input 19

290 IN518 Optional I/O Board 4 input 18

290 IN517 Optional I/O Board 4 input 17

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

Protection SELOGIC Variables

292 PSV08 Protection SELOGIC control equation Variable 08 

292 PSV07 Protection SELOGIC control equation Variable 07 

292 PSV06 Protection SELOGIC control equation Variable 06 

292 PSV05 Protection SELOGIC control equation Variable 05 

292 PSV04 Protection SELOGIC control equation Variable 04 

292 PSV03 Protection SELOGIC control equation Variable 03 

292 PSV02 Protection SELOGIC control equation Variable 02 

292 PSV01 Protection SELOGIC control equation Variable 01      

293 PSV16 Protection SELOGIC control equation Variable 16 

293 PSV15 Protection SELOGIC control equation Variable 15 

293 PSV14 Protection SELOGIC control equation Variable 14 

293 PSV13 Protection SELOGIC control equation Variable 13 

293 PSV12 Protection SELOGIC control equation Variable 12 

293 PSV11 Protection SELOGIC control equation Variable 11 

293 PSV10 Protection SELOGIC control equation Variable 10 

293 PSV09 Protection SELOGIC control equation Variable 09      

294 PSV24 Protection SELOGIC control equation Variable 24

294 PSV23 Protection SELOGIC control equation Variable 23

294 PSV22 Protection SELOGIC control equation Variable 22

294 PSV21 Protection SELOGIC control equation Variable 21

Table 11.2 Row List of Relay Word Bits (Sheet 59 of 99)

Row Name Bit Description
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294 PSV20 Protection SELOGIC control equation Variable 20

294 PSV19 Protection SELOGIC control equation Variable 19

294 PSV18 Protection SELOGIC control equation Variable 18

294 PSV17 Protection SELOGIC control equation Variable 17

295 PSV32 Protection SELOGIC control equation Variable 32

295 PSV31 Protection SELOGIC control equation Variable 31

295 PSV30 Protection SELOGIC control equation Variable 30

295 PSV29 Protection SELOGIC control equation Variable 29

295 PSV28 Protection SELOGIC control equation Variable 28

295 PSV27 Protection SELOGIC control equation Variable 27

295 PSV26 Protection SELOGIC control equation Variable 26

295 PSV25 Protection SELOGIC control equation Variable 25

296 PSV40 Protection SELOGIC control equation Variable 40

296 PSV39 Protection SELOGIC control equation Variable 39

296 PSV38 Protection SELOGIC control equation Variable 38

296 PSV37 Protection SELOGIC control equation Variable 37

296 PSV36 Protection SELOGIC control equation Variable 36

296 PSV35 Protection SELOGIC control equation Variable 35

296 PSV34 Protection SELOGIC control equation Variable 34

296 PSV33 Protection SELOGIC control equation Variable 33

297 PSV48 Protection SELOGIC control equation Variable 48

297 PSV47 Protection SELOGIC control equation Variable 47

297 PSV46 Protection SELOGIC control equation Variable 46

297 PSV45 Protection SELOGIC control equation Variable 45

297 PSV44 Protection SELOGIC control equation Variable 44

297 PSV43 Protection SELOGIC control equation Variable 43

297 PSV42 Protection SELOGIC control equation Variable 42

297 PSV41 Protection SELOGIC control equation Variable 41

298 PSV56 Protection SELOGIC control equation Variable 56

298 PSV55 Protection SELOGIC control equation Variable 55

298 PSV54 Protection SELOGIC control equation Variable 54

298 PSV53 Protection SELOGIC control equation Variable 53

298 PSV52 Protection SELOGIC control equation Variable 52

298 PSV51 Protection SELOGIC control equation Variable 51

298 PSV50 Protection SELOGIC control equation Variable 50

298 PSV49 Protection SELOGIC control equation Variable 49

299 PSV64 Protection SELOGIC control equation Variable 64

299 PSV63 Protection SELOGIC control equation Variable 63

299 PSV62 Protection SELOGIC control equation Variable 62

299 PSV61 Protection SELOGIC control equation Variable 61

299 PSV60 Protection SELOGIC control equation Variable 60

Table 11.2 Row List of Relay Word Bits (Sheet 60 of 99)

Row Name Bit Description
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299 PSV59 Protection SELOGIC control equation Variable 59

299 PSV58 Protection SELOGIC control equation Variable 58

299 PSV57 Protection SELOGIC control equation Variable 57

Protection SELOGIC Latches

300 PLT08 Protection Latch 08 

300 PLT07 Protection Latch 07

300 PLT06 Protection Latch 06 

300 PLT05 Protection Latch 05

300 PLT04 Protection Latch 04 

300 PLT03 Protection Latch 03

300 PLT02 Protection Latch 02 

300 PLT01 Protection Latch 01

301 PLT16 Protection Latch 16 

301 PLT15 Protection Latch 15 

301 PLT14 Protection Latch 14 

301 PLT13 Protection Latch 13 

301 PLT12 Protection Latch 12 

301 PLT11 Protection Latch 11 

301 PLT10 Protection Latch 10 

301 PLT09 Protection Latch 09 

302 PLT24 Protection Latch 24

302 PLT23 Protection Latch 23

302 PLT22 Protection Latch 22

302 PLT21 Protection Latch 21

302 PLT20 Protection Latch 20

302 PLT19 Protection Latch 19

302 PLT18 Protection Latch 18

302 PLT17 Protection Latch 17

303 PLT32 Protection Latch 32

303 PLT31 Protection Latch 31

303 PLT30 Protection Latch 30

303 PLT29 Protection Latch 29

303 PLT28 Protection Latch 28

303 PLT27 Protection Latch 27

303 PLT26 Protection Latch 26

303 PLT25 Protection Latch 25

Protection SELOGIC Conditioning Timers

304 PCT08Q Protection conditioning timer Output 08

304 PCT07Q Protection conditioning timer Output 07

304 PCT06Q Protection conditioning timer Output 06

304 PCT05Q Protection conditioning timer Output 05 

Table 11.2 Row List of Relay Word Bits (Sheet 61 of 99)

Row Name Bit Description
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304 PCT04Q Protection conditioning timer Output 04

304 PCT03Q Protection conditioning timer Output 03

304 PCT02Q Protection conditioning timer Output 02

304 PCT01Q Protection conditioning timer Output 01

305 PCT16Q Protection conditioning timer Output 16 

305 PCT15Q Protection conditioning timer Output 15 

305 PCT14Q Protection conditioning timer Output 14 

305 PCT13Q Protection conditioning timer Output 13 

305 PCT12Q Protection conditioning timer Output 12 

305 PCT11Q Protection conditioning timer Output 11 

305 PCT10Q Protection conditioning timer Output 10 

305 PCT09Q Protection conditioning timer Output 09   

Protection SELOGIC Sequencing Timers

306 PST08Q Protection sequencing timer Output 08 

306 PST07Q Protection sequencing timer Output 07 

306 PST06Q Protection sequencing timer Output 06 

306 PST05Q Protection sequencing timer Output 05 

306 PST04Q Protection sequencing timer Output 04 

306 PST03Q Protection sequencing timer Output 03 

306 PST02Q Protection sequencing timer Output 02 

306 PST01Q Protection sequencing timer Output 01 

307 PST16Q Protection sequencing timer Output 16 

307 PST15Q Protection sequencing timer Output 15 

307 PST14Q Protection sequencing timer Output 14 

307 PST13Q Protection sequencing timer Output 13 

307 PST12Q Protection sequencing timer Output 12 

307 PST11Q Protection sequencing timer Output 11 

307 PST10Q Protection sequencing timer Output 10 

307 PST09Q Protection sequencing timer Output 09 

308 PST24Q Protection sequencing timer Output 24

308 PST23Q Protection sequencing timer Output 23

308 PST22Q Protection sequencing timer Output 22

308 PST21Q Protection sequencing timer Output 21

308 PST20Q Protection sequencing timer Output 20

308 PST19Q Protection sequencing timer Output 19

308 PST18Q Protection sequencing timer Output 18

308 PST17Q Protection sequencing timer Output 17

309 PST32Q Protection sequencing timer Output 32

309 PST31Q Protection sequencing timer Output 31

309 PST30Q Protection sequencing timer Output 30

309 PST29Q Protection sequencing timer Output 29

Table 11.2 Row List of Relay Word Bits (Sheet 62 of 99)

Row Name Bit Description
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309 PST28Q Protection sequencing timer Output 28

309 PST27Q Protection sequencing timer Output 27

309 PST26Q Protection sequencing timer Output 26

309 PST25Q Protection sequencing timer Output 25

310 PST08R Protection sequencing timer Reset 08 

310 PST07R Protection sequencing timer Reset 07 

310 PST06R Protection sequencing timer Reset 06 

310 PST05R Protection sequencing timer Reset 05 

310 PST04R Protection sequencing timer Reset 04 

310 PST03R Protection sequencing timer Reset 03 

310 PST02R Protection sequencing timer Reset 02 

310 PST01R Protection sequencing timer Reset 01 

311 PST16R Protection sequencing timer Reset 16 

311 PST15R Protection sequencing timer Reset 15 

311 PST14R Protection sequencing timer Reset 14 

311 PST13R Protection sequencing timer Reset 13 

311 PST12R Protection sequencing timer Reset 12 

311 PST11R Protection sequencing timer Reset 11 

311 PST10R Protection sequencing timer Reset 10 

311 PST09R Protection sequencing timer Reset 09 

312 PST24R Protection sequencing timer Reset 24

312 PST23R Protection sequencing timer Reset 23

312 PST22R Protection sequencing timer Reset 22

312 PST21R Protection sequencing timer Reset 21

312 PST20R Protection sequencing timer Reset 20

312 PST19R Protection sequencing timer Reset 19

312 PST18R Protection sequencing timer Reset 18

312 PST17R Protection sequencing timer Reset 17

313 PST32R Protection sequencing timer Reset 32

313 PST31R Protection sequencing timer Reset 31

313 PST30R Protection sequencing timer Reset 30

313 PST29R Protection sequencing timer Reset 29

313 PST28R Protection sequencing timer Reset 28

313 PST27R Protection sequencing timer Reset 27

313 PST26R Protection sequencing timer Reset 26

313 PST25R Protection sequencing timer Reset 25

Protection SELOGIC Counters

314 PCN08Q Protection counter Output 08

314 PCN07Q Protection counter Output 07

314 PCN06Q Protection counter Output 06

314 PCN05Q Protection counter Output 05

Table 11.2 Row List of Relay Word Bits (Sheet 63 of 99)

Row Name Bit Description
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314 PCN04Q Protection counter Output 04

314 PCN03Q Protection counter Output 03

314 PCN02Q Protection counter Output 02

314 PCN01Q Protection counter Output 01

315 PCN16Q Protection counter Output 16

315 PCN15Q Protection counter Output 15

315 PCN14Q Protection counter Output 14

315 PCN13Q Protection counter Output 13

315 PCN12Q Protection counter Output 12

315 PCN11Q Protection counter Output 11

315 PCN10Q Protection counter Output 10

315 PCN09Q Protection counter Output 09

316 PCN24Q Protection counter Output 24

316 PCN23Q Protection counter Output 23

316 PCN22Q Protection counter Output 22

316 PCN21Q Protection counter Output 21

316 PCN20Q Protection counter Output 20

316 PCN19Q Protection counter Output 19

316 PCN18Q Protection counter Output 18

316 PCN17Q Protection counter Output 17

317 PCN32Q Protection counter Output 32

317 PCN31Q Protection counter Output 31

317 PCN30Q Protection counter Output 30

317 PCN29Q Protection counter Output 29

317 PCN28Q Protection counter Output 28

317 PCN27Q Protection counter Output 27

317 PCN26Q Protection counter Output 26

317 PCN25Q Protection counter Output 25

318 PCN08R Protection counter reset 08

318 PCN07R Protection counter reset 07

318 PCN06R Protection counter reset 06

318 PCN05R Protection counter reset 05

318 PCN04R Protection counter reset 04

318 PCN03R Protection counter reset 03

318 PCN02R Protection counter reset 02

318 PCN01R Protection counter reset 01

319 PCN16R Protection counter reset 16

319 PCN15R Protection counter reset 15

319 PCN14R Protection counter reset 14

319 PCN13R Protection counter reset 13

319 PCN12R Protection counter reset 12

Table 11.2 Row List of Relay Word Bits (Sheet 64 of 99)

Row Name Bit Description
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319 PCN11R Protection counter reset 11

319 PCN10R Protection counter reset 10

319 PCN09R Protection counter reset 09

320 PCN24R Protection counter reset 24

320 PCN23R Protection counter reset 23

320 PCN22R Protection counter reset 22

320 PCN21R Protection counter reset 21

320 PCN20R Protection counter reset 20

320 PCN19R Protection counter reset 19

320 PCN18R Protection counter reset 18

320 PCN17R Protection counter reset 17

321 PCN32R Protection counter reset 32

321 PCN31R Protection counter reset 31

321 PCN30R Protection counter reset 30

321 PCN29R Protection counter reset 29

321 PCN28R Protection counter reset 28

321 PCN27R Protection counter reset 27

321 PCN26R Protection counter reset 26

321 PCN25R Protection counter reset 25

Automation SELOGIC Variables

322 ASV008 Automation SELOGIC control equation Variable 8 

322 ASV007 Automation SELOGIC control equation Variable 7 

322 ASV006 Automation SELOGIC control equation Variable 6 

322 ASV005 Automation SELOGIC control equation Variable 5 

322 ASV004 Automation SELOGIC control equation Variable 4 

322 ASV003 Automation SELOGIC control equation Variable 3 

322 ASV002 Automation SELOGIC control equation Variable 2 

322 ASV001 Automation SELOGIC control equation Variable 1    

323 ASV016 Automation SELOGIC control equation Variable 16 

323 ASV015 Automation SELOGIC control equation Variable 15 

323 ASV014 Automation SELOGIC control equation Variable 14 

323 ASV013 Automation SELOGIC control equation Variable 13 

323 ASV012 Automation SELOGIC control equation Variable 12 

323 ASV011 Automation SELOGIC control equation Variable 11 

323 ASV010 Automation SELOGIC control equation Variable 10 

323 ASV009 Automation SELOGIC control equation Variable 09      

324 ASV024 Automation SELOGIC control equation Variable 24

324 ASV023 Automation SELOGIC control equation Variable 23

324 ASV022 Automation SELOGIC control equation Variable 22

324 ASV021 Automation SELOGIC control equation Variable 21

324 ASV020 Automation SELOGIC control equation Variable 20

Table 11.2 Row List of Relay Word Bits (Sheet 65 of 99)

Row Name Bit Description
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324 ASV019 Automation SELOGIC control equation Variable 19

324 ASV018 Automation SELOGIC control equation Variable 18

324 ASV017 Automation SELOGIC control equation Variable 17

325 ASV032 Automation SELOGIC control equation Variable 32

325 ASV031 Automation SELOGIC control equation Variable 31

325 ASV030 Automation SELOGIC control equation Variable 30

325 ASV029 Automation SELOGIC control equation Variable 29

325 ASV028 Automation SELOGIC control equation Variable 28

325 ASV027 Automation SELOGIC control equation Variable 27

325 ASV026 Automation SELOGIC control equation Variable 26

325 ASV025 Automation SELOGIC control equation Variable 25

326 ASV040 Automation SELOGIC control equation Variable 40

326 ASV039 Automation SELOGIC control equation Variable 39

326 ASV038 Automation SELOGIC control equation Variable 38

326 ASV037 Automation SELOGIC control equation Variable 37

326 ASV036 Automation SELOGIC control equation Variable 36

326 ASV035 Automation SELOGIC control equation Variable 35

326 ASV034 Automation SELOGIC control equation Variable 34

326 ASV033 Automation SELOGIC control equation Variable 33

327 ASV048 Automation SELOGIC control equation Variable 48

327 ASV047 Automation SELOGIC control equation Variable 47

327 ASV046 Automation SELOGIC control equation Variable 46

327 ASV045 Automation SELOGIC control equation Variable 45

327 ASV044 Automation SELOGIC control equation Variable 44

327 ASV043 Automation SELOGIC control equation Variable 43

327 ASV042 Automation SELOGIC control equation Variable 42

327 ASV041 Automation SELOGIC control equation Variable 41

328 ASV056 Automation SELOGIC control equation Variable 56

328 ASV055 Automation SELOGIC control equation Variable 55

328 ASV054 Automation SELOGIC control equation Variable 54

328 ASV053 Automation SELOGIC control equation Variable 53

328 ASV052 Automation SELOGIC control equation Variable 52

328 ASV051 Automation SELOGIC control equation Variable 51

328 ASV050 Automation SELOGIC control equation Variable 50

328 ASV049 Automation SELOGIC control equation Variable 49

329 ASV064 Automation SELOGIC control equation Variable 64

329 ASV063 Automation SELOGIC control equation Variable 63

329 ASV062 Automation SELOGIC control equation Variable 62

329 ASV061 Automation SELOGIC control equation Variable 61

329 ASV060 Automation SELOGIC control equation Variable 60

329 ASV059 Automation SELOGIC control equation Variable 59

Table 11.2 Row List of Relay Word Bits (Sheet 66 of 99)

Row Name Bit Description
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329 ASV058 Automation SELOGIC control equation Variable 58

329 ASV057 Automation SELOGIC control equation Variable 57

330 ASV072 Automation SELOGIC control equation Variable 72

330 ASV071 Automation SELOGIC control equation Variable 71

330 ASV070 Automation SELOGIC control equation Variable 70

330 ASV069 Automation SELOGIC control equation Variable 69

330 ASV068 Automation SELOGIC control equation Variable 68

330 ASV067 Automation SELOGIC control equation Variable 67

330 ASV066 Automation SELOGIC control equation Variable 66

330 ASV065 Automation SELOGIC control equation Variable 65

331 ASV080 Automation SELOGIC control equation Variable 80

331 ASV079 Automation SELOGIC control equation Variable 79

331 ASV078 Automation SELOGIC control equation Variable 78

331 ASV077 Automation SELOGIC control equation Variable 77

331 ASV076 Automation SELOGIC control equation Variable 76

331 ASV075 Automation SELOGIC control equation Variable 75

331 ASV074 Automation SELOGIC control equation Variable 74

331 ASV073 Automation SELOGIC control equation Variable 73

332 ASV088 Automation SELOGIC control equation Variable 88

332 ASV087 Automation SELOGIC control equation Variable 87

332 ASV086 Automation SELOGIC control equation Variable 86

332 ASV085 Automation SELOGIC control equation Variable 85

332 ASV084 Automation SELOGIC control equation Variable 84

332 ASV083 Automation SELOGIC control equation Variable 83

332 ASV082 Automation SELOGIC control equation Variable 82

332 ASV081 Automation SELOGIC control equation Variable 81

333 ASV096 Automation SELOGIC control equation Variable 96

333 ASV095 Automation SELOGIC control equation Variable 95

333 ASV094 Automation SELOGIC control equation Variable 94

333 ASV093 Automation SELOGIC control equation Variable 93

333 ASV092 Automation SELOGIC control equation Variable 92

333 ASV091 Automation SELOGIC control equation Variable 91

333 ASV090 Automation SELOGIC control equation Variable 90

333 ASV089 Automation SELOGIC control equation Variable 89

334 ASV104 Automation SELOGIC control equation Variable 104

334 ASV103 Automation SELOGIC control equation Variable 103

334 ASV102 Automation SELOGIC control equation Variable 102

334 ASV101 Automation SELOGIC control equation Variable 101

334 ASV100 Automation SELOGIC control equation Variable 100

334 ASV099 Automation SELOGIC control equation Variable 099

334 ASV098 Automation SELOGIC control equation Variable 098

Table 11.2 Row List of Relay Word Bits (Sheet 67 of 99)

Row Name Bit Description
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334 ASV097 Automation SELOGIC control equation Variable 097

335 ASV112 Automation SELOGIC control equation Variable 112

335 ASV111 Automation SELOGIC control equation Variable 111

335 ASV110 Automation SELOGIC control equation Variable 110

335 ASV109 Automation SELOGIC control equation Variable 109

335 ASV108 Automation SELOGIC control equation Variable 108

335 ASV107 Automation SELOGIC control equation Variable 107

335 ASV106 Automation SELOGIC control equation Variable 106

335 ASV105 Automation SELOGIC control equation Variable 105

336 ASV120 Automation SELOGIC control equation Variable 120

336 ASV119 Automation SELOGIC control equation Variable 119

336 ASV118 Automation SELOGIC control equation Variable 118

336 ASV117 Automation SELOGIC control equation Variable 117

336 ASV116 Automation SELOGIC control equation Variable 116

336 ASV115 Automation SELOGIC control equation Variable 115

336 ASV114 Automation SELOGIC control equation Variable 114

336 ASV113 Automation SELOGIC control equation Variable 113

337 ASV128 Automation SELOGIC control equation Variable 128

337 ASV127 Automation SELOGIC control equation Variable 127

337 ASV126 Automation SELOGIC control equation Variable 126

337 ASV125 Automation SELOGIC control equation Variable 125

337 ASV124 Automation SELOGIC control equation Variable 124

337 ASV123 Automation SELOGIC control equation Variable 123

337 ASV122 Automation SELOGIC control equation Variable 122

337 ASV121 Automation SELOGIC control equation Variable 121

338 ASV136 Automation SELOGIC control equation Variable 136

338 ASV135 Automation SELOGIC control equation Variable 135

338 ASV134 Automation SELOGIC control equation Variable 134

338 ASV133 Automation SELOGIC control equation Variable 133

338 ASV132 Automation SELOGIC control equation Variable 132

338 ASV131 Automation SELOGIC control equation Variable 131

338 ASV130 Automation SELOGIC control equation Variable 130

338 ASV129 Automation SELOGIC control equation Variable 129

339 ASV144 Automation SELOGIC control equation Variable 144

339 ASV143 Automation SELOGIC control equation Variable 143

339 ASV142 Automation SELOGIC control equation Variable 142

339 ASV141 Automation SELOGIC control equation Variable 141

339 ASV140 Automation SELOGIC control equation Variable 140

339 ASV139 Automation SELOGIC control equation Variable 139

339 ASV138 Automation SELOGIC control equation Variable 138

339 ASV137 Automation SELOGIC control equation Variable 137

Table 11.2 Row List of Relay Word Bits (Sheet 68 of 99)

Row Name Bit Description
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340 ASV152 Automation SELOGIC control equation Variable 152

340 ASV151 Automation SELOGIC control equation Variable 151

340 ASV150 Automation SELOGIC control equation Variable 150

340 ASV149 Automation SELOGIC control equation Variable 149

340 ASV148 Automation SELOGIC control equation Variable 148

340 ASV147 Automation SELOGIC control equation Variable 147

340 ASV146 Automation SELOGIC control equation Variable 146

340 ASV145 Automation SELOGIC control equation Variable 145

341 ASV160 Automation SELOGIC control equation Variable 160

341 ASV159 Automation SELOGIC control equation Variable 159

341 ASV158 Automation SELOGIC control equation Variable 158

341 ASV157 Automation SELOGIC control equation Variable 157

341 ASV156 Automation SELOGIC control equation Variable 156

341 ASV155 Automation SELOGIC control equation Variable 155

341 ASV154 Automation SELOGIC control equation Variable 154

341 ASV153 Automation SELOGIC control equation Variable 153

342 ASV168 Automation SELOGIC control equation Variable 168

342 ASV167 Automation SELOGIC control equation Variable 167

342 ASV166 Automation SELOGIC control equation Variable 166

342 ASV165 Automation SELOGIC control equation Variable 165

342 ASV164 Automation SELOGIC control equation Variable 164

342 ASV163 Automation SELOGIC control equation Variable 163

342 ASV162 Automation SELOGIC control equation Variable 162

342 ASV161 Automation SELOGIC control equation Variable 161

343 ASV176 Automation SELOGIC control equation Variable 176

343 ASV175 Automation SELOGIC control equation Variable 175

343 ASV174 Automation SELOGIC control equation Variable 174

343 ASV173 Automation SELOGIC control equation Variable 173

343 ASV172 Automation SELOGIC control equation Variable 172

343 ASV171 Automation SELOGIC control equation Variable 171

343 ASV170 Automation SELOGIC control equation Variable 170

343 ASV169 Automation SELOGIC control equation Variable 169

344 ASV184 Automation SELOGIC control equation Variable 184

344 ASV183 Automation SELOGIC control equation Variable 183

344 ASV182 Automation SELOGIC control equation Variable 182

344 ASV181 Automation SELOGIC control equation Variable 181

344 ASV180 Automation SELOGIC control equation Variable 180

344 ASV179 Automation SELOGIC control equation Variable 179

344 ASV178 Automation SELOGIC control equation Variable 178

344 ASV177 Automation SELOGIC control equation Variable 177

345 ASV192 Automation SELOGIC control equation Variable 192

Table 11.2 Row List of Relay Word Bits (Sheet 69 of 99)

Row Name Bit Description
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345 ASV191 Automation SELOGIC control equation Variable 191

345 ASV190 Automation SELOGIC control equation Variable 190

345 ASV189 Automation SELOGIC control equation Variable 189

345 ASV188 Automation SELOGIC control equation Variable 188

345 ASV187 Automation SELOGIC control equation Variable 187

345 ASV186 Automation SELOGIC control equation Variable 186

345 ASV185 Automation SELOGIC control equation Variable 185

346 ASV200 Automation SELOGIC control equation Variable 200

346 ASV199 Automation SELOGIC control equation Variable 199

346 ASV198 Automation SELOGIC control equation Variable 198

346 ASV197 Automation SELOGIC control equation Variable 197

346 ASV196 Automation SELOGIC control equation Variable 196

346 ASV195 Automation SELOGIC control equation Variable 195

346 ASV194 Automation SELOGIC control equation Variable 194

346 ASV193 Automation SELOGIC control equation Variable 193

347 ASV208 Automation SELOGIC control equation Variable 208

347 ASV207 Automation SELOGIC control equation Variable 207

347 ASV206 Automation SELOGIC control equation Variable 206

347 ASV205 Automation SELOGIC control equation Variable 205

347 ASV204 Automation SELOGIC control equation Variable 204

347 ASV203 Automation SELOGIC control equation Variable 203

347 ASV202 Automation SELOGIC control equation Variable 202

347 ASV201 Automation SELOGIC control equation Variable 201

348 ASV216 Automation SELOGIC control equation Variable 216

348 ASV215 Automation SELOGIC control equation Variable 215

348 ASV214 Automation SELOGIC control equation Variable 214

348 ASV213 Automation SELOGIC control equation Variable 213

348 ASV212 Automation SELOGIC control equation Variable 212

348 ASV211 Automation SELOGIC control equation Variable 211

348 ASV210 Automation SELOGIC control equation Variable 210

348 ASV209 Automation SELOGIC control equation Variable 209

349 ASV224 Automation SELOGIC control equation Variable 224

349 ASV223 Automation SELOGIC control equation Variable 223

349 ASV222 Automation SELOGIC control equation Variable 222

349 ASV221 Automation SELOGIC control equation Variable 221

349 ASV220 Automation SELOGIC control equation Variable 220

349 ASV219 Automation SELOGIC control equation Variable 219

349 ASV218 Automation SELOGIC control equation Variable 218

349 ASV217 Automation SELOGIC control equation Variable 217

350 ASV232 Automation SELOGIC control equation Variable 232

350 ASV231 Automation SELOGIC control equation Variable 231

Table 11.2 Row List of Relay Word Bits (Sheet 70 of 99)
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350 ASV230 Automation SELOGIC control equation Variable 230

350 ASV229 Automation SELOGIC control equation Variable 229

350 ASV228 Automation SELOGIC control equation Variable 228

350 ASV227 Automation SELOGIC control equation Variable 227

350 ASV226 Automation SELOGIC control equation Variable 226

350 ASV225 Automation SELOGIC control equation Variable 225

351 ASV240 Automation SELOGIC control equation Variable 240

351 ASV239 Automation SELOGIC control equation Variable 239

351 ASV238 Automation SELOGIC control equation Variable 238

351 ASV237 Automation SELOGIC control equation Variable 237

351 ASV236 Automation SELOGIC control equation Variable 236

351 ASV235 Automation SELOGIC control equation Variable 235

351 ASV234 Automation SELOGIC control equation Variable 234

351 ASV233 Automation SELOGIC control equation Variable 233

352 ASV248 Automation SELOGIC control equation Variable 248

352 ASV247 Automation SELOGIC control equation Variable 247

352 ASV246 Automation SELOGIC control equation Variable 246

352 ASV245 Automation SELOGIC control equation Variable 245

352 ASV244 Automation SELOGIC control equation Variable 244

352 ASV243 Automation SELOGIC control equation Variable 243

352 ASV242 Automation SELOGIC control equation Variable 242

352 ASV241 Automation SELOGIC control equation Variable 241

353 ASV256 Automation SELOGIC control equation Variable 256

353 ASV255 Automation SELOGIC control equation Variable 255

353 ASV254 Automation SELOGIC control equation Variable 254

353 ASV253 Automation SELOGIC control equation Variable 253

353 ASV252 Automation SELOGIC control equation Variable 252

353 ASV251 Automation SELOGIC control equation Variable 251

353 ASV250 Automation SELOGIC control equation Variable 250

353 ASV249 Automation SELOGIC control equation Variable 249

Automation SELOGIC Latches

354 ALT08 Automation Latch 8

354 ALT07 Automation Latch 7

354 ALT06 Automation Latch 6

354 ALT05 Automation Latch 5

354 ALT04 Automation Latch 4

354 ALT03 Automation Latch 3

354 ALT02 Automation Latch 2

354 ALT01 Automation Latch 1

355 ALT16 Automation Latch 16

355 ALT15 Automation Latch 15

Table 11.2 Row List of Relay Word Bits (Sheet 71 of 99)
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355 ALT14 Automation Latch 14

355 ALT13 Automation Latch 13

355 ALT12 Automation Latch 12

355 ALT11 Automation Latch 11

355 ALT10 Automation Latch 10

355 ALT09 Automation Latch 9

356 ALT24 Automation Latch 24

356 ALT23 Automation Latch 23

356 ALT22 Automation Latch 22

356 ALT21 Automation Latch 21

356 ALT20 Automation Latch 20

356 ALT19 Automation Latch 19

356 ALT18 Automation Latch 18

356 ALT17 Automation Latch 17

357 ALT32 Automation Latch 32

357 ALT31 Automation Latch 31

357 ALT30 Automation Latch 30

357 ALT29 Automation Latch 29

357 ALT28 Automation Latch 28

357 ALT27 Automation Latch 27

357 ALT26 Automation Latch 26

357 ALT25 Automation Latch 25

Automation SELOGIC Sequencing Timers

358 AST08Q Automation sequencing timer Output 8

358 AST07Q Automation sequencing timer Output 7

358 AST06Q Automation sequencing timer Output 6

358 AST05Q Automation sequencing timer Output 5

358 AST04Q Automation sequencing timer Output 4

358 AST03Q Automation sequencing timer Output 3

358 AST02Q Automation sequencing timer Output 2

358 AST01Q Automation sequencing timer Output 1

359 AST16Q Automation sequencing timer Output 16

359 AST15Q Automation sequencing timer Output 15

359 AST14Q Automation sequencing timer Output 14

359 AST13Q Automation sequencing timer Output 13

359 AST12Q Automation sequencing timer Output 12

359 AST11Q Automation sequencing timer Output 11

359 AST10Q Automation sequencing timer Output 10

359 AST09Q Automation sequencing timer Output 9

360 AST24Q Automation sequencing timer Output 24

360 AST23Q Automation sequencing timer Output 23

Table 11.2 Row List of Relay Word Bits (Sheet 72 of 99)
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360 AST22Q Automation sequencing timer Output 22

360 AST21Q Automation sequencing timer Output 21

360 AST20Q Automation sequencing timer Output 20

360 AST19Q Automation sequencing timer Output 19

360 AST18Q Automation sequencing timer Output 18

360 AST17Q Automation sequencing timer Output 17

361 AST32Q Automation sequencing timer Output 32

361 AST31Q Automation sequencing timer Output 31

361 AST30Q Automation sequencing timer Output 30

361 AST29Q Automation sequencing timer Output 29

361 AST28Q Automation sequencing timer Output 28

361 AST27Q Automation sequencing timer Output 27

361 AST26Q Automation sequencing timer Output 26

361 AST25Q Automation sequencing timer Output 25

362 AST08R Automation sequencing timer Reset 8

362 AST07R Automation sequencing timer Reset 7

362 AST06R Automation sequencing timer Reset 6

362 AST05R Automation sequencing timer Reset 5

362 AST04R Automation sequencing timer Reset 4

362 AST03R Automation sequencing timer Reset 3

362 AST02R Automation sequencing timer Reset 2

362 AST01R Automation sequencing timer Reset 1

363 AST16R Automation sequencing timer Reset 16

363 AST15R Automation sequencing timer Reset 15

363 AST14R Automation sequencing timer Reset 14

363 AST13R Automation sequencing timer Reset 13

363 AST12R Automation sequencing timer Reset 12

363 AST11R Automation sequencing timer Reset 11

363 AST10R Automation sequencing timer Reset 10

363 AST09R Automation sequencing timer Reset 9

364 AST24R Automation sequencing timer Reset 24

364 AST23R Automation sequencing timer Reset 23

364 AST22R Automation sequencing timer Reset 22

364 AST21R Automation sequencing timer Reset 21

364 AST20R Automation sequencing timer Reset 20

364 AST19R Automation sequencing timer Reset 19

364 AST18R Automation sequencing timer Reset 18

364 AST17R Automation sequencing timer Reset 17

365 AST32R Automation sequencing timer Reset 32

365 AST31R Automation sequencing timer Reset 31

365 AST30R Automation sequencing timer Reset 30

Table 11.2 Row List of Relay Word Bits (Sheet 73 of 99)
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365 AST29R Automation sequencing timer Reset 29

365 AST28R Automation sequencing timer Reset 28

365 AST27R Automation sequencing timer Reset 27

365 AST26R Automation sequencing timer Reset 26

365 AST25R Automation sequencing timer Reset 25

Automation SELOGIC Counters

366 ACN08Q Automation counter Output 8

366 ACN07Q Automation counter Output 7

366 ACN06Q Automation counter Output 6

366 ACN05Q Automation counter Output 5

366 ACN04Q Automation counter Output 4

366 ACN03Q Automation counter Output 3

366 ACN02Q Automation counter Output 2

366 ACN01Q Automation counter Output 1

367 ACN16Q Automation counter Output 16

367 ACN15Q Automation counter Output 15

367 ACN14Q Automation counter Output 14

367 ACN13Q Automation counter Output 13

367 ACN12Q Automation counter Output 12

367 ACN11Q Automation counter Output 11

367 ACN10Q Automation counter Output 10

367 ACN09Q Automation counter Output 9

368 ACN24Q Automation counter Output 24

368 ACN23Q Automation counter Output 23

368 ACN22Q Automation counter Output 22

368 ACN21Q Automation counter Output 21

368 ACN20Q Automation counter Output 20

368 ACN19Q Automation counter Output 19

368 ACN18Q Automation counter Output 18

368 ACN17Q Automation counter Output 17

369 ACN32Q Automation counter Output 32

369 ACN31Q Automation counter Output 31

369 ACN30Q Automation counter Output 30

369 ACN29Q Automation counter Output 29

369 ACN28Q Automation counter Output 28

369 ACN27Q Automation counter Output 27

369 ACN26Q Automation counter Output 26

369 ACN25Q Automation counter Output 25

370 ACN08R Automation counter Reset 8

370 ACN07R Automation counter Reset 7

370 ACN06R Automation counter Reset 6

Table 11.2 Row List of Relay Word Bits (Sheet 74 of 99)
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370 ACN05R Automation counter Reset 5

370 ACN04R Automation counter Reset 4

370 ACN03R Automation counter Reset 3

370 ACN02R Automation counter Reset 2

370 ACN01R Automation counter Reset 1

371 ACN16R Automation counter Reset 16

371 ACN15R Automation counter Reset 15

371 ACN14R Automation counter Reset 14

371 ACN13R Automation counter Reset 13

371 ACN12R Automation counter Reset 12

371 ACN11R Automation counter Reset 11

371 ACN10R Automation counter Reset 10

371 ACN09R Automation counter Reset 9

372 ACN24R Automation counter Reset 24

372 ACN23R Automation counter Reset 23

372 ACN22R Automation counter Reset 22

372 ACN21R Automation counter Reset 21

372 ACN20R Automation counter Reset 20

372 ACN19R Automation counter Reset 19

372 ACN18R Automation counter Reset 18

372 ACN17R Automation counter Reset 17

373 ACN32R Automation counter Reset 32

373 ACN31R Automation counter Reset 31

373 ACN30R Automation counter Reset 30

373 ACN29R Automation counter Reset 29

373 ACN28R Automation counter Reset 28

373 ACN27R Automation counter Reset 27

373 ACN26R Automation counter Reset 26

373 ACN25R Automation counter Reset 25

SELOGIC Error and Status Reporting

374 PUNRLBL Protection SELOGIC control equation unresolved label

374 PFRTEX Protection SELOGIC control equation first execution

374 MATHERR SELOGIC control equation math error

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

375 AUNRLBL Automation SELOGIC control equation unresolved label

375 AFRTEXP Automation SELOGIC control equation first execution protection

375 AFRTEXA Automation SELOGIC control equation first execution automation

Table 11.2 Row List of Relay Word Bits (Sheet 75 of 99)
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375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

Alarms

376 SALARM Non-diagnostic alarm pulse

376 HALARM Relay diagnostic failure or warning

376 BADPASS Pulsed when user enters three successive bad passwords

376 HALARML Latching relay failure alarm

376 HALARMP Relay warning alarm pulse

376 HALARMA Relay warning periodic alarm

376 SETCHG Pulsed when settings change

376 GRPSW Pulsed when settings group changes

377 ACCESS A user is connected at Access Level B or higher

377 ACCESSP Pulsed when higher level access achieved

377 EACC Enable Level 1 access (SELOGIC control equation)

377 E2AC Enable Levels 1–2 access (SELOGIC control equation)

377 *

377 *

377 *

377 *

377 PASSDIS Asserts to indicate password disable jumper is installed

377 BRKENAB Asserts to indicate breaker control enable jumper is installed

Time and Date Management

378 TBNC The active relay time source is BNC IRIG

378 TPTP The active relay time source is PTP

378 TIRIG Assert while time is based on IRIG for both mark and value

378 TUPDH Assert if update source is high-priority time source

378 TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized

378 TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements

378 TSER The active relay time source is serial IRIG

378 UPD_EN Enable updating internal clock with selected external time source

379 TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source

379 BLKLPTS Block low priority source from updating relay time

379 TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source

379 TPLLEXT Update PLL using external signal

379 TSSW High priority time source switching

379 TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source

379 TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired

379 TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired

Table 11.2 Row List of Relay Word Bits (Sheet 76 of 99)
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380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

Inverse-Time Overcurrent Elements

381 * Reserved

381 * Reserved

381 * Reserved

381 51R21 Inverse-time Element 21 reset

381 51R20 Inverse-time Element 20 reset

381 51R19 Inverse-time Element 19 reset

381 51R18 Inverse-time Element 18 reset

381 51R17 Inverse-time Element 17 reset

Pushbuttons

382 PB1 Pushbutton 1

382 PB2 Pushbutton 2

382 PB3 Pushbutton 3

382 PB4 Pushbutton 4

382 PB5 Pushbutton 5

382 PB6 Pushbutton 6

382 PB7 Pushbutton 7

382 PB8 Pushbutton 8

383 PB9 Pushbutton 9

383 PB10 Pushbutton 10

383 PB11 Pushbutton 11

383 PB12 Pushbutton 12

383 * Reserved

383 * Reserved

383 * Reserved

383 * Reserved

Contact Outputs

384 OUT108 Main board Output 8 

384 OUT107 Main board Output 7 

384 OUT106 Main board Output 6 

384 OUT105 Main board Output 5 

384 OUT104 Main board Output 4 

384 OUT103 Main board Output 3 

Table 11.2 Row List of Relay Word Bits (Sheet 77 of 99)
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384 OUT102 Main board Output 2 

384 OUT101 Main board Output 1 

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

388 OUT208 Optional I/O Board 1 Output 8 

388 OUT207 Optional I/O Board 1 Output 7 

388 OUT206 Optional I/O Board 1 Output 6 

388 OUT205 Optional I/O Board 1 Output 5 

388 OUT204 Optional I/O Board 1 Output 4 

388 OUT203 Optional I/O Board 1 Output 3 

388 OUT202 Optional I/O Board 1 Output 2 

388 OUT201 Optional I/O Board 1 Output 1 

389 OUT216 Optional I/O Board 1 Output 16

389 OUT215 Optional I/O Board 1 Output 15

389 OUT214 Optional I/O Board 1 Output 14

389 OUT213 Optional I/O Board 1 Output 13

389 OUT212 Optional I/O Board 1 Output 12

389 OUT211 Optional I/O Board 1 Output 11

389 OUT210 Optional I/O Board 1 Output 10

Table 11.2 Row List of Relay Word Bits (Sheet 78 of 99)
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389 OUT209 Optional I/O Board 1 Output 9

390 OUT308 Optional I/O Board 2 Output 8 

390 OUT307 Optional I/O Board 2 Output 7 

390 OUT306 Optional I/O Board 2 Output 6 

390 OUT305 Optional I/O Board 2 Output 5 

390 OUT304 Optional I/O Board 2 Output 4 

390 OUT303 Optional I/O Board 2 Output 3 

390 OUT302 Optional I/O Board 2 Output 2 

390 OUT301 Optional I/O Board 2 Output 1 

391 OUT316 Optional I/O Board 2 Output 16

391 OUT315 Optional I/O Board 2 Output 15

391 OUT314 Optional I/O Board 2 Output 14

391 OUT313 Optional I/O Board 2 Output 13

391 OUT312 Optional I/O Board 2 Output 12

391 OUT311 Optional I/O Board 2 Output 11

391 OUT310 Optional I/O Board 2 Output 10

391 OUT309 Optional I/O Board 2 Output 9

392 OUT408 Optional I/O Board 3 Output 8 

392 OUT407 Optional I/O Board 3 Output 7 

392 OUT406 Optional I/O Board 3 Output 6 

392 OUT405 Optional I/O Board 3 Output 5 

392 OUT404 Optional I/O Board 3 Output 4 

392 OUT403 Optional I/O Board 3 Output 3 

392 OUT402 Optional I/O Board 3 Output 2 

392 OUT401 Optional I/O Board 3 Output 1 

393 OUT416 Optional I/O Board 3 Output 16

393 OUT415 Optional I/O Board 3 Output 15

393 OUT414 Optional I/O Board 3 Output 14

393 OUT413 Optional I/O Board 3 Output 13

393 OUT412 Optional I/O Board 3 Output 12

393 OUT411 Optional I/O Board 3 Output 11

393 OUT410 Optional I/O Board 3 Output 10

393 OUT409 Optional I/O Board 3 Output 9

394 OUT508 Optional I/O Board 4 Output 8 

394 OUT507 Optional I/O Board 4 Output 7 

394 OUT506 Optional I/O Board 4 Output 6 

394 OUT505 Optional I/O Board 4 Output 5 

394 OUT504 Optional I/O Board 4 Output 4 

394 OUT503 Optional I/O Board 4 Output 3 

394 OUT502 Optional I/O Board 4 Output 2 

394 OUT501 Optional I/O Board 4 Output 1 

Table 11.2 Row List of Relay Word Bits (Sheet 79 of 99)
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395 OUT516 Optional I/O Board 4 Output 16

395 OUT515 Optional I/O Board 4 Output 15

395 OUT514 Optional I/O Board 4 Output 14

395 OUT513 Optional I/O Board 4 Output 13

395 OUT512 Optional I/O Board 4 Output 12

395 OUT511 Optional I/O Board 4 Output 11

395 OUT510 Optional I/O Board 4 Output 10

395 OUT509 Optional I/O Board 4 Output 9

Pushbuttons Pulse Inputs

396 PB1_PUL Pushbutton 1 pulse input

396 PB2_PUL Pushbutton 2 pulse input

396 PB3_PUL Pushbutton 3 pulse input

396 PB4_PUL Pushbutton 4 pulse input

396 PB5_PUL Pushbutton 5 pulse input

396 PB6_PUL Pushbutton 6 pulse input

396 PB7_PUL Pushbutton 7 pulse input

396 PB8_PUL Pushbutton 8 pulse input

397 PB9_PUL Pushbutton 9 pulse input

397 PB10PUL Pushbutton 10 pulse input

397 PB11PUL Pushbutton 11 pulse input

397 PB12PUL Pushbutton 12 pulse input

397 * Reserved

397 * Reserved

397 * Reserved

397 * Reserved

Pushbutton LED Bits

398 PB1_LED Pushbutton 1 LED

398 PB2_LED Pushbutton 2 LED

398 PB3_LED Pushbutton 3 LED

398 PB4_LED Pushbutton 4 LED

398 PB5_LED Pushbutton 5 LED

398 PB6_LED Pushbutton 6 LED

398 PB7_LED Pushbutton 7 LED

398 PB8_LED Pushbutton 8 LED

399 PB9_LED Pushbutton 9 LED

399 PB10LED Pushbutton 10 LED

399 PB11LED Pushbutton 11 LED

399 PB12LED Pushbutton 12 LED

399 * Reserved

399 * Reserved

399 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 80 of 99)
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399 * Reserved

MIRRORED BITS

400 RMB8A Channel A receive MIRRORED BIT 8 

400 RMB7A Channel A receive MIRRORED BIT 7 

400 RMB6A Channel A receive MIRRORED BIT 6 

400 RMB5A Channel A receive MIRRORED BIT 5 

400 RMB4A Channel A receive MIRRORED BIT 4 

400 RMB3A Channel A receive MIRRORED BIT 3 

400 RMB2A Channel A receive MIRRORED BIT 2 

400 RMB1A Channel A receive MIRRORED BIT 1 

401 TMB8A Channel A transmit MIRRORED BIT 8 

401 TMB7A Channel A transmit MIRRORED BIT 7 

401 TMB6A Channel A transmit MIRRORED BIT 6 

401 TMB5A Channel A transmit MIRRORED BIT 5 

401 TMB4A Channel A transmit MIRRORED BIT 4 

401 TMB3A Channel A transmit MIRRORED BIT 3 

401 TMB2A Channel A transmit MIRRORED BIT 2 

401 TMB1A Channel A transmit MIRRORED BIT 1 

402 RMB8B Channel B receive MIRRORED BIT 8

402 RMB7B Channel B receive MIRRORED BIT 7

402 RMB6B Channel B receive MIRRORED BIT 6

402 RMB5B Channel B receive MIRRORED BIT 5

402 RMB4B Channel B receive MIRRORED BIT 4

402 RMB3B Channel B receive MIRRORED BIT 3

402 RMB2B Channel B receive MIRRORED BIT 2

402 RMB1B Channel B receive MIRRORED BIT 1

403 TMB8B Channel B transmit MIRRORED BIT 8

403 TMB7B Channel B transmit MIRRORED BIT 7

403 TMB6B Channel B transmit MIRRORED BIT 6

403 TMB5B Channel B transmit MIRRORED BIT 5

403 TMB4B Channel B transmit MIRRORED BIT 4

403 TMB3B Channel B transmit MIRRORED BIT 3

403 TMB2B Channel B transmit MIRRORED BIT 2

403 TMB1B Channel B transmit MIRRORED BIT 1

404 ROKA Channel A MIRRORED BITS normal status (non-loopback)

404 RBADA Channel A MIRRORED BITS outage too long

404 CBADA Channel A MIRRORED BITS unavailability

404 LBOKA Channel A MIRRORED BITS normal status (loopback)

404 ANOKA Channel A MIRRORED BITS analog transfer OK

404 DOKA Channel A MIRRORED BITS communications normal status

404 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 81 of 99)
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404 * Reserved

405 ROKB Channel B MIRRORED BITS normal status (non-loopback mode)

405 RBADB Channel B MIRRORED BITS outage too long

405 CBADB Channel B MIRRORED BITS unavailability

405 LBOKB Channel B MIRRORED BITS normal status (loopback mode)

405 ANOKB Channel B MIRRORED BITS analog transfer OK

405 DOKB Channel B MIRRORED BITS communications normal status

405 * Reserved

405 * Reserved

Test Bits

406 TESTDB2 DNP test bit

406 TESTDB Communications card database test bit

406 TESTFM Fast meter test bit

406 TESTPUL Pulse test bit

406 LPHDSIM IEC 61850 Logical Node for physical device simulation

406 * Reserved

406 * Reserved

406 * Reserved

Advanced Check Zone Bits

407 CZ24R Include Bus Coupler 4 in Check Zone 2

407 CZ23R Include Bus Coupler 3 in Check Zone 2

407 CZ22R Include Bus Coupler 2 in Check Zone 2

407 CZ21R Include Bus Coupler 1 in Check Zone 2

407 CZ14R Include Bus Coupler 4 in Check Zone 1

407 CZ13R Include Bus Coupler 3 in Check Zone 1

407 CZ12R Include Bus Coupler 2 in Check Zone 1

407 CZ11R Include Bus Coupler 1 in Check Zone 1

Virtual Bits

408 VB249 Virtual Bit 249

408 VB250 Virtual Bit 250

408 VB251 Virtual Bit 251

408 VB252 Virtual Bit 252

408 VB253 Virtual Bit 253

408 VB254 Virtual Bit 254

408 VB255 Virtual Bit 255

408 VB256 Virtual Bit 256

409 VB241 Virtual Bit 241

409 VB242 Virtual Bit 242

409 VB243 Virtual Bit 243

409 VB244 Virtual Bit 244

409 VB245 Virtual Bit 245

Table 11.2 Row List of Relay Word Bits (Sheet 82 of 99)

Row Name Bit Description



11.161

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

409 VB246 Virtual Bit 246

409 VB247 Virtual Bit 247

409 VB248 Virtual Bit 248

410 VB233 Virtual Bit 233

410 VB234 Virtual Bit 234

410 VB235 Virtual Bit 235

410 VB236 Virtual Bit 236

410 VB237 Virtual Bit 237

410 VB238 Virtual Bit 238

410 VB239 Virtual Bit 239

410 VB240 Virtual Bit 240

411 VB225 Virtual Bit 225

411 VB226 Virtual Bit 226

411 VB227 Virtual Bit 227

411 VB228 Virtual Bit 228

411 VB229 Virtual Bit 229

411 VB230 Virtual Bit 230

411 VB231 Virtual Bit 231

411 VB232 Virtual Bit 232

412 VB217 Virtual Bit 217

412 VB218 Virtual Bit 218

412 VB219 Virtual Bit 219

412 VB220 Virtual Bit 220

412 VB221 Virtual Bit 221

412 VB222 Virtual Bit 222

412 VB223 Virtual Bit 223

412 VB224 Virtual Bit 224

413 VB209 Virtual Bit 209

413 VB210 Virtual Bit 210

413 VB211 Virtual Bit 211

413 VB212 Virtual Bit 212

413 VB213 Virtual Bit 213

413 VB214 Virtual Bit 214

413 VB215 Virtual Bit 215

413 VB216 Virtual Bit 216

414 VB201 Virtual Bit 201

414 VB202 Virtual Bit 202

414 VB203 Virtual Bit 203

414 VB204 Virtual Bit 204

414 VB205 Virtual Bit 205

414 VB206 Virtual Bit 206
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414 VB207 Virtual Bit 207

414 VB208 Virtual Bit 208

415 VB193 Virtual Bit 193

415 VB194 Virtual Bit 194

415 VB195 Virtual Bit 195

415 VB196 Virtual Bit 196

415 VB197 Virtual Bit 197

415 VB198 Virtual Bit 198

415 VB199 Virtual Bit 199

415 VB200 Virtual Bit 200

416 VB185 Virtual Bit 185

416 VB186 Virtual Bit 186

416 VB187 Virtual Bit 187

416 VB188 Virtual Bit 188

416 VB189 Virtual Bit 189

416 VB190 Virtual Bit 190

416 VB191 Virtual Bit 191

416 VB192 Virtual Bit 192

417 VB177 Virtual Bit 177

417 VB178 Virtual Bit 178

417 VB179 Virtual Bit 179

417 VB180 Virtual Bit 180

417 VB181 Virtual Bit 181

417 VB182 Virtual Bit 182

417 VB183 Virtual Bit 183

417 VB184 Virtual Bit 184

418 VB169 Virtual Bit 169

418 VB170 Virtual Bit 170

418 VB171 Virtual Bit 171

418 VB172 Virtual Bit 172

418 VB173 Virtual Bit 173

418 VB174 Virtual Bit 174

418 VB175 Virtual Bit 175

418 VB176 Virtual Bit 176

419 VB161 Virtual Bit 161

419 VB162 Virtual Bit 162

419 VB163 Virtual Bit 163

419 VB164 Virtual Bit 164

419 VB165 Virtual Bit 165

419 VB166 Virtual Bit 166

419 VB167 Virtual Bit 167
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419 VB168 Virtual Bit 168

420 VB153 Virtual Bit 153

420 VB154 Virtual Bit 154

420 VB155 Virtual Bit 155

420 VB156 Virtual Bit 156

420 VB157 Virtual Bit 157

420 VB158 Virtual Bit 158

420 VB159 Virtual Bit 159

420 VB160 Virtual Bit 160

421 VB145 Virtual Bit 145

421 VB146 Virtual Bit 146

421 VB147 Virtual Bit 147

421 VB148 Virtual Bit 148

421 VB149 Virtual Bit 149

421 VB150 Virtual Bit 150

421 VB151 Virtual Bit 151

421 VB152 Virtual Bit 152

422 VB137 Virtual Bit 137

422 VB138 Virtual Bit 138

422 VB139 Virtual Bit 139

422 VB140 Virtual Bit 140

422 VB141 Virtual Bit 141

422 VB142 Virtual Bit 142

422 VB143 Virtual Bit 143

422 VB144 Virtual Bit 144

423 VB129 Virtual Bit 129

423 VB130 Virtual Bit 130

423 VB131 Virtual Bit 131

423 VB132 Virtual Bit 132

423 VB133 Virtual Bit 133

423 VB134 Virtual Bit 134

423 VB135 Virtual Bit 135

423 VB136 Virtual Bit 136

424 VB121 Virtual Bit 121

424 VB122 Virtual Bit 122

424 VB123 Virtual Bit 123

424 VB124 Virtual Bit 124

424 VB125 Virtual Bit 125

424 VB126 Virtual Bit 126

424 VB127 Virtual Bit 127

424 VB128 Virtual Bit 128
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425 VB113 Virtual Bit 113

425 VB114 Virtual Bit 114

425 VB115 Virtual Bit 115

425 VB116 Virtual Bit 116

425 VB117 Virtual Bit 117

425 VB118 Virtual Bit 118

425 VB119 Virtual Bit 119

425 VB120 Virtual Bit 120

426 VB105 Virtual Bit 105

426 VB106 Virtual Bit 106

426 VB107 Virtual Bit 107

426 VB108 Virtual Bit 108

426 VB109 Virtual Bit 109

426 VB110 Virtual Bit 110

426 VB111 Virtual Bit 111

426 VB112 Virtual Bit 112

427 VB097 Virtual Bit 097

427 VB098 Virtual Bit 098

427 VB099 Virtual Bit 099

427 VB100 Virtual Bit 100

427 VB101 Virtual Bit 101

427 VB102 Virtual Bit 102

427 VB103 Virtual Bit 103

427 VB104 Virtual Bit 104

428 VB089 Virtual Bit 089

428 VB090 Virtual Bit 090

428 VB091 Virtual Bit 091

428 VB092 Virtual Bit 092

428 VB093 Virtual Bit 093

428 VB094 Virtual Bit 094

428 VB095 Virtual Bit 095

428 VB096 Virtual Bit 096

429 VB081 Virtual Bit 081

429 VB082 Virtual Bit 082

429 VB083 Virtual Bit 083

429 VB084 Virtual Bit 084

429 VB085 Virtual Bit 085

429 VB086 Virtual Bit 086

429 VB087 Virtual Bit 087

429 VB088 Virtual Bit 088

430 VB073 Virtual Bit 073
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430 VB074 Virtual Bit 074

430 VB075 Virtual Bit 075

430 VB076 Virtual Bit 076

430 VB077 Virtual Bit 077

430 VB078 Virtual Bit 078

430 VB079 Virtual Bit 079

430 VB080 Virtual Bit 080

431 VB065 Virtual Bit 065

431 VB066 Virtual Bit 066

431 VB067 Virtual Bit 067

431 VB068 Virtual Bit 068

431 VB069 Virtual Bit 069

431 VB070 Virtual Bit 070

431 VB071 Virtual Bit 071

431 VB072 Virtual Bit 072

432 VB057 Virtual Bit 057

432 VB058 Virtual Bit 058

432 VB059 Virtual Bit 059

432 VB060 Virtual Bit 060

432 VB061 Virtual Bit 061

432 VB062 Virtual Bit 062

432 VB063 Virtual Bit 063

432 VB064 Virtual Bit 064

433 VB049 Virtual Bit 049

433 VB050 Virtual Bit 050

433 VB051 Virtual Bit 051

433 VB052 Virtual Bit 052

433 VB053 Virtual Bit 053

433 VB054 Virtual Bit 054

433 VB055 Virtual Bit 055

433 VB056 Virtual Bit 056

434 VB041 Virtual Bit 041

434 VB042 Virtual Bit 042

434 VB043 Virtual Bit 043

434 VB044 Virtual Bit 044

434 VB045 Virtual Bit 045

434 VB046 Virtual Bit 046

434 VB047 Virtual Bit 047

434 VB048 Virtual Bit 048

435 VB033 Virtual Bit 033

435 VB034 Virtual Bit 034

Table 11.2 Row List of Relay Word Bits (Sheet 87 of 99)
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435 VB035 Virtual Bit 035

435 VB036 Virtual Bit 036

435 VB037 Virtual Bit 037

435 VB038 Virtual Bit 038

435 VB039 Virtual Bit 039

435 VB040 Virtual Bit 040

436 VB025 Virtual Bit 025

436 VB026 Virtual Bit 026

436 VB027 Virtual Bit 027

436 VB028 Virtual Bit 028

436 VB029 Virtual Bit 029

436 VB030 Virtual Bit 030

436 VB031 Virtual Bit 031

436 VB032 Virtual Bit 032

437 VB017 Virtual Bit 017

437 VB018 Virtual Bit 018

437 VB019 Virtual Bit 019

437 VB020 Virtual Bit 020

437 VB021 Virtual Bit 021

437 VB022 Virtual Bit 022

437 VB023 Virtual Bit 023

437 VB024 Virtual Bit 024

438 VB009 Virtual Bit 009

438 VB010 Virtual Bit 010

438 VB011 Virtual Bit 011

438 VB012 Virtual Bit 012

438 VB013 Virtual Bit 013

438 VB014 Virtual Bit 014

438 VB015 Virtual Bit 015

438 VB016 Virtual Bit 016

439 VB001 Virtual Bit 001

439 VB002 Virtual Bit 002

439 VB003 Virtual Bit 003

439 VB004 Virtual Bit 004

439 VB005 Virtual Bit 005

439 VB006 Virtual Bit 006

439 VB007 Virtual Bit 007

439 VB008 Virtual Bit 008

Data Reset Bits

440 RST_BAT Reset battery monitoring 

440 RSTTRGT Target reset (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 88 of 99)
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440 RSTDNPE Reset DNP fault summary data 

440 RST_HAL Reset HALARMA

440 * Reserved

440 * Reserved

440 * Reserved

440 * Reserved

Ethernet Switch

441 LINK5A Link status of Port 5A connection

441 LINK5B Link status of Port 5B connection

441 LINK5C Link status of Port 5C connection

441 LINK5D Link status of Port 5D connection

441 LNKFAIL Link status of the active port

441 * Reserved

441 * Reserved

441 * Reserved

442 P5ASEL Port 5A active/inactive

442 P5BSEL Port 5B active/inactive

442 P5CSEL Port 5C active/inactive

442 P5DSEL Port 5D active/inactive

442 * Reserved

442 * Reserved

442 * Reserved

442 * Reserved

Advanced Check Zone Bits

443 * Reserved

443 * Reserved

443 * Reserved

443 * Reserved

443 CZ34R Include Bus Coupler 4 in Check Zone 3

443 CZ33R Include Bus Coupler 3 in Check Zone 3

443 CZ32R Include Bus Coupler 2 in Check Zone 3

443 CZ31R Include Bus Coupler 1 in Check Zone 3

Fast SER Enable Bits

444 FSERP1 Fast SER enabled for Serial Port 1

444 FSERP2 Fast SER enabled for Serial Port 2

444 FSERP3 Fast SER enabled for Serial Port 3

444 FSERPF Fast SER enabled for Serial Port F

444 FSERP5 Fast SER enabled for Serial Port 5

444 * Reserved

444 * Reserved

444 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 89 of 99)
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Check Zone Activation

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 CZONE3 Check Zone 3 is active

445 CZONE2 Check Zone 2 is active

445 CZONE1 Check Zone 1 is active

Check Zone Supervision

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 CZ3S Check Zone 3 supervision asserted

446 CZ2S Check Zone 2 supervision asserted

446 CZ1S Check Zone 1 supervision asserted

Check Zone Trip

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 87CZ3 Check Zone 3 differential element trip

447 87CZ2 Check Zone 2 differential element trip

447 87CZ1 Check Zone 1 differential element trip

Check Zone Elements

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 87SCZ3 Check Zone 3 sensitive differential element picked up

448 87SCZ2 Check Zone 2 sensitive differential element picked up

448 87SCZ1 Check Zone 1 sensitive differential element picked up

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 90 of 99)
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449 87STCZ3 Check Zone 3 sensitive differential element timed out

449 87STCZ2 Check Zone 2 sensitive differential element timed out

449 87STCZ1 Check Zone 1 sensitive differential element timed out

450 87RCZ1 Check Zone 1 restraint differential element picked up

450 P87RCZ1 Check Zone 1 instantaneous differential element picked up

450 87OCZ1 Check Zone 1 restraint differential operating current above CZO87P

450 FLTCZ1 Check Zone 1 fault detector picked up

450 CONCZ1 Check Zone 1 in high-security mode

450 EXTCZ1 Check Zone 1 external fault declaration

450 DOPCZ1 Check Zone 1 incremental operating current picked up

450 DRTCZ1 Check Zone 1 incremental restraint current picked up

451 * Reserved

451 * Reserved

451 * Reserved

451 * Reserved

451 FDIFCZ1 Check Zone 1 filtered restrained differential element picked up

451 RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up

451 IFLTCZ1 Check Zone 1 fault detection

451 GFLTCZ1 Check Zone 1 fast fault detection

452 87RCZ2 Check Zone 2 restraint differential element picked up

452 P87RCZ2 Check Zone 2 instantaneous differential element picked up

452 87OCZ2 Check Zone 2 restraint differential operating current above CZO87P

452 FLTCZ2 Check Zone 2 fault detector picked up

452 CONCZ2 Check Zone 2 in high-security mode

452 EXTCZ2 Check Zone 2 external fault declaration

452 DOPCZ2 Check Zone 2 incremental operating current picked up

452 DRTCZ2 Check Zone 2 incremental restraint current picked up

453 * Reserved

453 * Reserved

453 * Reserved

453 * Reserved

453 FDIFCZ2 Check Zone 2 filtered restrained differential element picked up

453 RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up

453 IFLTCZ2 Check Zone 2 fault detection

453 GFLTCZ2 Check Zone 2 fast fault detection

454 87RCZ3 Check Zone 3 restraint differential element picked up

454 P87RCZ3 Check Zone 3 instantaneous differential element picked up

454 87OCZ3 Check Zone 3 restraint differential operating current above CZO87P

454 FLTCZ3 Check Zone 3 fault detector picked up

454 CONCZ3 Check Zone 3 in high-security mode

454 EXTCZ3 Check Zone 3 external fault declaration

Table 11.2 Row List of Relay Word Bits (Sheet 91 of 99)
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454 DOPCZ3 Check Zone 3 incremental operating current picked up

454 DRTCZ3 Check Zone 3 incremental restraint current picked up

455 * Reserved

455 * Reserved

455 * Reserved

455 * Reserved

455 FDIFCZ3 Check Zone 3 filtered restrained differential element picked up

455 RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up

455 IFLTCZ3 Check Zone 3 fault detection

455 GFLTCZ3 Check Zone 3 fast fault detection

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 DECZ3F Check Zone 3 forward directional element picked up

456 DECZ2F Check Zone 2 forward directional element picked up

456 DECZ1F Check Zone 1 forward directional element picked up

Local Bit Supervision

457 LB_SP08 Local Bit 08 supervision (SELOGIC control equation)

457 LB_SP07 Local Bit 07 supervision (SELOGIC control equation)

457 LB_SP06 Local Bit 06 supervision (SELOGIC control equation)

457 LB_SP05 Local Bit 05 supervision (SELOGIC control equation)

457 LB_SP04 Local Bit 04 supervision (SELOGIC control equation)

457 LB_SP03 Local Bit 03 supervision (SELOGIC control equation)

457 LB_SP02 Local Bit 02 supervision (SELOGIC control equation)

457 LB_SP01 Local Bit 01 supervision (SELOGIC control equation)

458 LB_SP16 Local Bit 16 supervision (SELOGIC control equation)

458 LB_SP15 Local Bit 15 supervision (SELOGIC control equation)

458 LB_SP14 Local Bit 14 supervision (SELOGIC control equation)

458 LB_SP13 Local Bit 13 supervision (SELOGIC control equation)

458 LB_SP12 Local Bit 12 supervision (SELOGIC control equation)

458 LB_SP11 Local Bit 11 supervision (SELOGIC control equation)

458 LB_SP10 Local Bit 10 supervision (SELOGIC control equation)

458 LB_SP09 Local Bit 09 supervision (SELOGIC control equation)

459 LB_SP24 Local Bit 24 supervision (SELOGIC control equation)

459 LB_SP23 Local Bit 23 supervision (SELOGIC control equation)

459 LB_SP22 Local Bit 22 supervision (SELOGIC control equation)

459 LB_SP21 Local Bit 21 supervision (SELOGIC control equation)

459 LB_SP20 Local Bit 20 supervision (SELOGIC control equation)

459 LB_SP19 Local Bit 19 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 92 of 99)
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459 LB_SP18 Local Bit 18 supervision (SELOGIC control equation)

459 LB_SP17 Local Bit 17 supervision (SELOGIC control equation)

460 LB_SP32 Local Bit 32 supervision (SELOGIC control equation)

460 LB_SP31 Local Bit 31 supervision (SELOGIC control equation)

460 LB_SP30 Local Bit 30 supervision (SELOGIC control equation)

460 LB_SP29 Local Bit 29 supervision (SELOGIC control equation)

460 LB_SP28 Local Bit 28 supervision (SELOGIC control equation)

460 LB_SP27 Local Bit 27 supervision (SELOGIC control equation)

460 LB_SP26 Local Bit 26 supervision (SELOGIC control equation)

460 LB_SP25 Local Bit 25 supervision (SELOGIC control equation)

Local Bit Status

461 LB_DP08 Local Bit 08 status display (SELOGIC control equation)

461 LB_DP07 Local Bit 07 status display (SELOGIC control equation)

461 LB_DP06 Local Bit 06 status display (SELOGIC control equation)

461 LB_DP05 Local Bit 05 status display (SELOGIC control equation)

461 LB_DP04 Local Bit 04 status display (SELOGIC control equation)

461 LB_DP03 Local Bit 03 status display (SELOGIC control equation)

461 LB_DP02 Local Bit 02 status display (SELOGIC control equation)

461 LB_DP01 Local Bit 01 status display (SELOGIC control equation)

462 LB_DP16 Local Bit 16 status display (SELOGIC control equation)

462 LB_DP15 Local Bit 15 status display (SELOGIC control equation)

462 LB_DP14 Local Bit 14 status display (SELOGIC control equation)

462 LB_DP13 Local Bit 13 status display (SELOGIC control equation)

462 LB_DP12 Local Bit 12 status display (SELOGIC control equation)

462 LB_DP11 Local Bit 11 status display (SELOGIC control equation)

462 LB_DP10 Local Bit 10 status display (SELOGIC control equation)

462 LB_DP09 Local Bit 09 status display (SELOGIC control equation)

463 LB_DP24 Local Bit 24 status display (SELOGIC control equation)

463 LB_DP23 Local Bit 23 status display (SELOGIC control equation)

463 LB_DP22 Local Bit 22 status display (SELOGIC control equation)

463 LB_DP21 Local Bit 21 status display (SELOGIC control equation)

463 LB_DP20 Local Bit 20 status display (SELOGIC control equation)

463 LB_DP19 Local Bit 19 status display (SELOGIC control equation)

463 LB_DP18 Local Bit 18 status display (SELOGIC control equation)

463 LB_DP17 Local Bit 17 status display (SELOGIC control equation)

464 LB_DP32 Local Bit 32 status display (SELOGIC control equation)

464 LB_DP31 Local Bit 31 status display (SELOGIC control equation)

464 LB_DP30 Local Bit 30 status display (SELOGIC control equation)

464 LB_DP29 Local Bit 29 status display (SELOGIC control equation)

464 LB_DP28 Local Bit 28 status display (SELOGIC control equation)

464 LB_DP27 Local Bit 27 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 93 of 99)
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464 LB_DP26 Local Bit 26 status display (SELOGIC control equation)

464 LB_DP25 Local Bit 25 status display (SELOGIC control equation)

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

Target Logic Bits

466 TRGTR Reset all active target Relay Words

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

Signal Profiling

467 SPEN Signal profiling enabled

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

IRIG-B Control Bits

468 YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 

468 YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 

468 YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 

468 YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 

468 YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 

468 YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 

468 YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 

468 YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 

469 * Reserved

469 * Reserved

469 TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted

469 TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted

Table 11.2 Row List of Relay Word Bits (Sheet 94 of 99)
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469 TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted

469 TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted

469 TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted

469 TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise

470 DST Daylight-saving time

470 DSTP IRIG-B daylight-saving time pending

470 LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, 
the upcoming leap second is deleted; otherwise, the leap second is added.

470 LPSECP Leap second pending

470 TQUAL8 Time quality, binary, add 8 when asserted

470 TQUAL4 Time quality, binary, add 4 when asserted

470 TQUAL2 Time quality, binary, add 2 when asserted

470 TQUAL1 Time quality, binary, add 1 when asserted

471 DUMMY 0

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

Time and Date Management

472 SER_SET Qualify serial IRIG-B time source

472 SER_RST Disqualify serial IRIG-B time source

472 BNC_SET Qualify BNC IRIG-B time source

472 BNC_RST Disqualify BNC IRIG-B time source

472 BNC_OK IRIG-B signal from BNC port is available and has sufficient quality

472 SER_OK IRIG-B signal from Serial Port 1 is available and has sufficient quality

472 UPD_BLK Block updating internal clock period and master time

472 BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards

473 SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards

473 BNC_TIM A valid IRIG-B time source is detected on BNC port

473 SER_TIM A valid IRIG-B time source is detected on serial port

473 PTP_TIM A valid PTP time source is detected

473 PTP_SET Qualify PTP time source

473 PTP_RST Disqualify PTP time source

473 PTP_OK PTP is available and has sufficient quality

473 P5ABSW Port 5A or 5B has just become active

474 PTPSYNC Synchronized to a high-quality PTP source

474 PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards

474 SERSYNC Synchronized to a high-quality serial IRIG source

Table 11.2 Row List of Relay Word Bits (Sheet 95 of 99)
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474 BNCSYNC Synchronized to a high-quality BNC IRIG source

474 * Reserved

474 * Reserved

474 * Reserved

474 * Reserved

Axion Status

475 IO500OK Communications are good with virtual interface board 500

475 IO400OK Communications are good with virtual interface board 400

475 IO300OK Communications are good with virtual interface board 300

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

IEC 61850 Mode Control Bits

476 SC850TM SELOGIC control for IEC 61850 test mode

476 SC850BM SELOGIC control for IEC 61850 blocked mode

476 SC850SM SELOGIC control for IEC 61850 simulation mode

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

IED Local Remote Bits

480 LOC Control authority at local (bay) level

480 SC850LS SELOGIC control for control authority at station level

480 MLTLEV Multi-level control authority

480 LOCSTA Control authority at station level

480 * Reserved

480 * Reserved

480 * Reserved

480 * Reserved

Automation SELOGIC Conditioning Timers

484 ACT08Q Automation conditioning timer Output 08

484 ACT07Q Automation conditioning timer Output 07

484 ACT06Q Automation conditioning timer Output 06

484 ACT05Q Automation conditioning timer Output 05

484 ACT04Q Automation conditioning timer Output 04

484 ACT03Q Automation conditioning timer Output 03

484 ACT02Q Automation conditioning timer Output 02

484 ACT01Q Automation conditioning timer Output 01

Table 11.2 Row List of Relay Word Bits (Sheet 96 of 99)
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485 ACT16Q Automation conditioning timer Output 16

485 ACT15Q Automation conditioning timer Output 15

485 ACT14Q Automation conditioning timer Output 14

485 ACT13Q Automation conditioning timer Output 13

485 ACT12Q Automation conditioning timer Output 12

485 ACT11Q Automation conditioning timer Output 11

485 ACT10Q Automation conditioning timer Output 10

485 ACT09Q Automation conditioning timer Output 09

486 ACT24Q Automation conditioning timer Output 24

486 ACT23Q Automation conditioning timer Output 23

486 ACT22Q Automation conditioning timer Output 22

486 ACT21Q Automation conditioning timer Output 21

486 ACT20Q Automation conditioning timer Output 20

486 ACT19Q Automation conditioning timer Output 19

486 ACT18Q Automation conditioning timer Output 18

486 ACT17Q Automation conditioning timer Output 17

487 ACT32Q Automation conditioning timer Output 32

487 ACT31Q Automation conditioning timer Output 31

487 ACT30Q Automation conditioning timer Output 30

487 ACT29Q Automation conditioning timer Output 29

487 ACT28Q Automation conditioning timer Output 28

487 ACT27Q Automation conditioning timer Output 27

487 ACT26Q Automation conditioning timer Output 26

487 ACT25Q Automation conditioning timer Output 25

Local Bits 2

488 LB40 Local Bit 40 

488 LB39 Local Bit 39 

488 LB38 Local Bit 38 

488 LB37 Local Bit 37 

488 LB36 Local Bit 36 

488 LB35 Local Bit 35 

488 LB34 Local Bit 34 

488 LB33 Local Bit 33

489 LB48 Local Bit 48 

489 LB47 Local Bit 47 

489 LB46 Local Bit 46 

489 LB45 Local Bit 45 

489 LB44 Local Bit 44 

489 LB43 Local Bit 43 

489 LB42 Local Bit 42

489 LB41 Local Bit 41 

Table 11.2 Row List of Relay Word Bits (Sheet 97 of 99)
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490 LB56 Local Bit 56 

490 LB55 Local Bit 55 

490 LB54 Local Bit 54 

490 LB53 Local Bit 53 

490 LB52 Local Bit 52 

490 LB51 Local Bit 51 

490 LB50 Local Bit 50 

490 LB49 Local Bit 49 

491 LB64 Local Bit 64 

491 LB63 Local Bit 63 

491 LB62 Local Bit 62 

491 LB61 Local Bit 61 

491 LB60 Local Bit 60 

491 LB59 Local Bit 59 

491 LB58 Local Bit 58 

491 LB57 Local Bit 57 

Local Bit Supervision 2

492 LB_SP40 Local Bit 40 supervision (SELOGIC control equation)

492 LB_SP39 Local Bit 39 supervision (SELOGIC control equation)

492 LB_SP38 Local Bit 38 supervision (SELOGIC control equation)

492 LB_SP37 Local Bit 37 supervision (SELOGIC control equation)

492 LB_SP36 Local Bit 36 supervision (SELOGIC control equation)

492 LB_SP35 Local Bit 35 supervision (SELOGIC control equation)

492 LB_SP34 Local Bit 34 supervision (SELOGIC control equation)

492 LB_SP33 Local Bit 33 supervision (SELOGIC control equation)

493 LB_SP48 Local Bit 48 supervision (SELOGIC control equation)

493 LB_SP46 Local Bit 46 supervision (SELOGIC control equation)

493 LB_SP45 Local Bit 45 supervision (SELOGIC control equation)

493 LB_SP44 Local Bit 44 supervision (SELOGIC control equation)

493 LB_SP43 Local Bit 43 supervision (SELOGIC control equation)

493 LB_SP42 Local Bit 42 supervision (SELOGIC control equation)

493 LB_SP41 Local Bit 41 supervision (SELOGIC control equation)

494 LB_SP56 Local Bit 56 supervision (SELOGIC control equation)

494 LB_SP55 Local Bit 55 supervision (SELOGIC control equation)

494 LB_SP54 Local Bit 54 supervision (SELOGIC control equation)

494 LB_SP53 Local Bit 53 supervision (SELOGIC control equation)

494 LB_SP52 Local Bit 52 supervision (SELOGIC control equation)

494 LB_SP51 Local Bit 51 supervision (SELOGIC control equation)

494 LB_SP50 Local Bit 50 supervision (SELOGIC control equation)

494 LB_SP49 Local Bit 49 supervision (SELOGIC control equation)

495 LB_SP64 Local Bit 64 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 98 of 99)
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495 LB_SP63 Local Bit 63 supervision (SELOGIC control equation)

495 LB_SP62 Local Bit 62 supervision (SELOGIC control equation)

495 LB_SP61 Local Bit 61 supervision (SELOGIC control equation)

495 LB_SP60 Local Bit 60 supervision (SELOGIC control equation)

495 LB_SP59 Local Bit 59 supervision (SELOGIC control equation)

495 LB_SP58 Local Bit 58 supervision (SELOGIC control equation)

495 LB_SP57 Local Bit 57 supervision (SELOGIC control equation)

Local Bit Status 2

496 LB_DP40 Local Bit 40 status display (SELOGIC control equation)

496 LB_DP39 Local Bit 39 status display (SELOGIC control equation)

496 LB_DP38 Local Bit 38 status display (SELOGIC control equation)

496 LB_DP37 Local Bit 37 status display (SELOGIC control equation)

496 LB_DP36 Local Bit 36 status display (SELOGIC control equation)

496 LB_DP35 Local Bit 35 status display (SELOGIC control equation)

496 LB_DP34 Local Bit 34 status display (SELOGIC control equation)

496 LB_DP33 Local Bit 33 status display (SELOGIC control equation)

497 LB_DP48 Local Bit 48 status display (SELOGIC control equation)

497 LB_DP47 Local Bit 47 status display (SELOGIC control equation)

497 LB_DP46 Local Bit 46 status display (SELOGIC control equation)

497 LB_DP45 Local Bit 45 status display (SELOGIC control equation)

497 LB_DP44 Local Bit 44 status display (SELOGIC control equation)

497 LB_DP43 Local Bit 43 status display (SELOGIC control equation)

497 LB_DP42 Local Bit 42 status display (SELOGIC control equation)

497 LB_DP41 Local Bit 41 status display (SELOGIC control equation)

498 LB_DP57 Local Bit 57 status display (SELOGIC control equation)

498 LB_DP56 Local Bit 56 status display (SELOGIC control equation)

498 LB_DP55 Local Bit 55 status display (SELOGIC control equation)

498 LB_DP54 Local Bit 54 status display (SELOGIC control equation)

498 LB_DP53 Local Bit 53 status display (SELOGIC control equation)

498 LB_DP52 Local Bit 52 status display (SELOGIC control equation)

498 LB_DP51 Local Bit 51 status display (SELOGIC control equation)

498 LB_DP50 Local Bit 50 status display (SELOGIC control equation)

498 LB_DP49 Local Bit 49 status display (SELOGIC control equation)

499 LB_DP64 Local Bit 64 status display (SELOGIC control equation)

499 LB_DP63 Local Bit 63 status display (SELOGIC control equation)

499 LB_DP62 Local Bit 62 status display (SELOGIC control equation)

499 LB_DP61 Local Bit 61 status display (SELOGIC control equation)

499 LB_DP60 Local Bit 60 status display (SELOGIC control equation)

499 LB_DP59 Local Bit 59 status display (SELOGIC control equation)

499 LB_DP58 Local Bit 58 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 99 of 99)

Row Name Bit Description



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 1 2

Analog Quantities

This section contains tables of the analog quantities available within the 
SEL-487B relay.

Use Table 12.1 and Table 12.2 as a reference for labels in this manual and as a 
resource for quantities you use in SELOGIC control equation relay settings. 
Table 12.1 lists the analog quantities alphabetically, and Table 12.2 groups the 
analog quantities by function.

                    

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 1 of 3)

Label Description Units

3V0FII Filtered instantaneous zero sequence voltage (imaginary) Volts [V] (secondary)

3V0FIM Filtered instantaneous zero sequence voltage (magnitude) Volts [V] (secondary)

3V0FIR Filtered instantaneous zero sequence voltage (real) Volts [V] (secondary)

3V2FII Filtered instantaneous negative sequence voltage (imaginary) Volts [V] (secondary)

3V2FIM Filtered instantaneous negative sequence voltage (magnitude) Volts [V] (secondary)

3V2FIR Filtered instantaneous negative sequence voltage (real) Volts [V] (secondary)

51P01–51P21 51 element 01–21 pickup value Amperes [A] (secondary)

51TD01–51TD21 51 element 01–21 time-dial setting –

ACN01CV–ACN32CV Automation SELOGIC counter current value

ACN01PV–ACN32PV Automation SELOGIC counter preset value

ACT01DO–ACT32DO Automation SELOGIC conditioning timer dropout time seconds

ACT01PU–ACT32PU Automation SELOGIC conditioning timer pickup time seconds

ACTGRP Active group setting

AMV001–AMV256 Automation SELOGIC math variable

AST01ET–AST32ET Automation SELOGIC math sequencing timer elapsed time seconds

AST01PT–AST32PT Automation SELOGIC sequencing timer preset time seconds

BNCDSJI BNC port 100PPS data stream jitter µs

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy µs

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy µs

BNCTBTW Time between BNC 100PPS pulses µs

CUR_SRC Current high-priority time source

DC1 Station Battery 1 dc voltage Volts [V]

DC1MAX Maximum dc 1 voltage Volts [V]

DC1MIN Minimum dc 1 voltage Volts [V]

DC1NE Average negative-to-ground dc 1 voltage Volts [V]

DC1PO Average positive-to-ground dc 1 voltage Volts [V]

DC1RI AC ripple of dc 1 voltage Volts [V]

DDOM UTC Date, day of the month (1–31) day
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DDOW UTC Date, day of the week (1-SU,.., 7-SA)

DDOY UTC Date, day of the year (1–366) day

DLDOM Local date, day of the month (1–31) day

DLDOW Local date, day of the week (1-SU,.., 7-SA)

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

I01FA–I21FA 1-cycle average phase current (angle) Degrees [°] 

I01FIA–I21FIA Filtered instantaneous phase current (angle) Degrees [°] 

I01FII–I21FII Filtered instantaneous phase current (imaginary) Amperes [A] (secondary)

I01FIM–I21FIM Filtered instantaneous phase current (magnitude) Amperes [A] (secondary)

I01FIR–I21FIR Filtered instantaneous phase current (real) Amperes [A] (secondary)

I01FM–I21FM 1-cycle average phase current (magnitude) Amperes [A] (primary)

I850MOD IEC 61850 mode/behavior status N/A

IOPCZ1–IOPCZ3 Check Zone 1–3 operating current per unit [pu]

IOPCZ1F–IOPCZ3F 1-cycle average Check Zone 1–3 operating current per unit [pu]

IOP1–IOP6 Zone 1–6 operating current per unit [pu]

IOP1F–IOP6F 1-cycle average Zone 1–6 operating current per unit [pu]

IRTCZ1–IRTCZ3 Check Zone 1–3 Restraint current per unit [pu]

IRTCZ1F–IRTCZ3F 1-cycle average Check Zone 1–3 restraint current per unit [pu]

IRT1–IRT6 Zone 1–6 restraint current per unit [pu]

IRT1F–IRT6F 1-cycle average Zone 1–6 restraint current per unit [pu]

MB1A–MB7A A Channel received MIRRORED BITS analog values

MB1B–MB7B B Channel received MIRRORED BITS analog values

NEW_SRC Selected high-priority time source

PCN01CV–PCN32CV Protection SELOGIC counter current value

PCN01PV–PCN32PV Protection SELOGIC counter preset value

PCT01DO–PCT16DO Protection SELOGIC conditioning timer dropout time cycles

PCT01PU–PCT16PU Protection SELOGIC conditioning timer pickup time cycles

PMV01–PMV64 Protection SELOGIC math variable

PST01ET–PST32ET Protection SELOGIC sequencing timer elapsed time cycles

PST01PT–PST32PT Protection SELOGIC sequencing timer preset time cycles

PTPDSJI PTP 100PPS data stream jitter in µs µs

PTPMCC PTP master clock class enumerated value N/A

PTPOFST Raw clock offset between PTP master and relay time ns

PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs

PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs

PTPPORT Active PTP port number N/A

PTPSTEN PTP port state enumerated value

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 2 of 3)

Label Description Units
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PTPTBTW Time between PTP 100PPS pulses in µs µs

RA001–RA256 Remote analogs

RAO01–RAO64 Remote analog output –

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

SERDSJI Serial port 100PPS data stream jitter µs

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy µs

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy µs

SERTBTW Time between serial 100PPS pulses µs

SQUAL Synchronization accuracy of the selected high-priority time source µs

THR UTC time, hour (0–23) hour

TLHR Local time, hour (0–23) hour

TLMIN Local time, minute (0–59) min

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

TLODMS Local time of day in milliseconds (0–86400000) ms

TLSEC Local time, seconds (0–59) seconds

TMIN UTC time, minute (0–59) minutes

TMSEC UTC time, milliseconds (0–999) ms

TNSEC UTC time, nanoseconds (0–999999) ns

TODMS UTC time of day in milliseconds (0–86400000) ms

TQUAL Worst-case clock time error of the selected high-priority time source seconds

TSEC UTC time, seconds (0–59) seconds

TUTC Offset from local time to UTC time hours

V1FII Filtered instantaneous positive-sequence voltage (imaginary) Volts [V] (secondary)

V1FIM Filtered instantaneous positive-sequence voltage (magnitude) Volts [V] (secondary)

V1FIR Filtered instantaneous positive-sequence voltage (real) Volts [V] (secondary)

V01FA–V03FA 1-cycle average phase voltage (angle) Degrees [°]

V01FIA–V03FIA Filtered instantaneous phase voltage (angle) Degrees [°]

V01FII–F03FII Filtered instantaneous phase voltage (imaginary) Volts [V] (secondary)

V01FIM–V03FIM Filtered instantaneous phase voltage (magnitude) Volts [V] (secondary)

V01FIR–F03FIR Filtered instantaneous phase voltage (real) Volts [V] (secondary)

V01FM–V03FM 1-cycle average phase voltage (magnitude) Kilovolts [kV] (primary)

Table 12.2 Analog Quantities Sorted by Function (Sheet 1 of 4)

Label Description Units

Current

InnFIMa Phase-filtered instantaneous current magnitude A (sec)

InnFIAa Phase-filtered instantaneous current angle degrees

InnFIRa Phase-filtered instantaneous current (real) A (sec)

InnFIIa Phase-filtered instantaneous current (imaginary) A (sec)

InnFMa Phase one-cycle average current magnitude A (pri)

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 3 of 3)

Label Description Units
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InnFAa Phase one-cycle average current angle degrees

IOPkb Zone k operating current pu

IOPCZpc Check Zone p operating current pu

IRTkb Zone k restraint current pu

IRTCZpc Check Zone p restraint current pu

IOPkFb Zone k one-cycle average operating current pu

IOPCZpFc Check Zone p one-cycle average operating current pu

IRTkFb Zone k one-cycle average restraint current pu

IRTCZpFc Check Zone p one-cycle average restraint current pu

Voltage

VmmFIMd Phase-filtered instantaneous voltage magnitude V (sec)

VmmFIAd Phase-filtered instantaneous voltage angle degrees

VmmFIRd Phase-filtered instantaneous voltage (real) V (sec)

VmmFIId Phase-filtered instantaneous voltage (imaginary) V (sec)

VmmFMd Phase one-cycle average voltage magnitude kV (pri)

VmmFAd Phase one-cycle average voltage angle degrees

V1FIM Positive-sequence filtered instantaneous voltage magnitude, V1 V (sec)

V1FIR Positive-sequence filtered instantaneous voltage (real) V (sec)

V1FII Positive-sequence filtered instantaneous voltage (imaginary) V (sec)

3V2FIM Negative-sequence filtered instantaneous voltage magnitude, 3V2 V (sec)

3V2FIR Negative-sequence filtered instantaneous voltage (real) V (sec)

3V2FII Negative-sequence filtered instantaneous voltage (imaginary) V (sec)

3V0FIM Zero-sequence filtered instantaneous voltage magnitude, 3V0 V (sec)

3V0FIR Zero-sequence filtered instantaneous voltage (real) V (sec)

3V0FII Zero-sequence filtered instantaneous voltage (imaginary) V (sec)

DC1 Filtered dc monitor voltage V

DC1PO Average positive-to-ground dc voltage V

DC1NE Average negative-to-ground dc voltage V

DC1RI AC ripple of dc voltage (peak-to-peak) V

DC1MIN Minimum dc voltage V

DC1MAX Maximum dc voltage V

Database Structure

RA001–RA256 Remote analogs from Ethernet card N/A

Output Settings

RAO001–RAO064 Remote analog output N/A

Date and Time

TODMS UTC time of day in milliseconds (0–86399999) ms

THR UTC time, hour (0–23) hours

TMIN UTC time, minute (0–59) minutes

TSEC UTC time, seconds (0–59) seconds

TMSEC UTC time, milliseconds (0–999) ms

Table 12.2 Analog Quantities Sorted by Function (Sheet 2 of 4)

Label Description Units
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TNSEC UTC time, nanoseconds (0–999999) ns

DDOW UTC date, day of the week (Encoded value: 1 = Sun, 2 = Mon, 3 = Tue, 4 = Wed, 
5 = Thu, 6 = Fri, 7 = Sat)

n/a

DDOM UTC date, day of the month (1–31) day

DDOY UTC date, day of the year (1–366) day

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

TLODMS Local time of Day in Milliseconds (0–86400000) ms

TLHR Local time, hour (0–23) hr

TLMIN Local time, minute (0–59) min

TLSEC Local time, seconds (0–59) s

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

DLDOW Local date, day of the week (1-SU,.., 7-SA) n/a

DLDOM Local date, day of the month (1–31) day

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

IRIG-B Control Function

TUTC Offset from local time to UTC time hr

TQUAL Worst-case clock time error of the selected high-priority time source s

NEW_SRC Selected high-priority time source n/a

CUR_SRC Current high-priority time source n/a

SQUAL Synchronization accuracy of the selected high-priority time source s

BNCDSJI BNC port 100PPS data stream jitter s

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy s

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy s

BNCTBTW Time between BNC 100PPS pulses s

SERDSJI Serial port 100PPS data stream jitter s

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy s

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy s

SERTBTW Time between serial 100PPS pulses s

MIRRORED BITS Communications

MB1A–MB7A MIRRORED BITS communications Channel A received analog values n/a

MB1B–MB7B MIRRORED BITS communications Channel B received analog values n/a

SELOGIC and Automation Elements

PMV01–PMV64 Protection SELOGIC control equation math variable n/a

PCT01PU–PCT16PU Protection conditioning timer pickup time cycles

PCT01DO–PCT16DO Protection conditioning timer dropout time cycles

PST01ET–PST32ET Protection sequencing timer elapsed time cycles

PST01PT–PST32PT Protection sequencing timer preset time cycles

Table 12.2 Analog Quantities Sorted by Function (Sheet 3 of 4)

Label Description Units
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PCN01CV–PCN32CV Protection counter current value n/a

PCN01PV–PCN32PV Protection counter preset value n/a

AMV001–AMV256 Automation SELOGIC control equation math variable n/a

ACT01PU–ACT32PU Automation conditioning timer pickup time seconds

ACT01DO–ACT32DO Automation conditioning timer dropout time seconds

AST01ET–AST32ET Automation sequencing timer elapsed time seconds

AST01PT–AST32PT Automation sequencing timer preset time seconds

ACN01CV–ACN32CV Automation counter current value n/a

ACN01PV–ACN32PV Automation counter preset value n/a

Setting Group

ACTGRP Active group setting n/a

51 Elements

51Pmmd 51 element mm pickup value A (sec)

51TDmmd 51 element mm time-dial setting n/a

Auxiliary Channels

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

IEEE 1588 PTP Status

PTPDSJI PTPDSJI PTP 100PPS data stream jitter in µs µs 

PTPMCC PTP master clock class enumerated value N/A

PTPOTJS PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs 

PTPOTJF PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs 

PTPOFST PTPOFST Raw clock offset between PTP master and relay time ns 

PTPPORT Active PTP port number N/A

PTPTBTW PTPTBTW Time between PTP 100PPS pulses in µs µs 

PTPSTEN PTPSTEN PTP Port State enumerated value 

IEC 61850 Mode/Behavior Status

I850MOD IEC 61850 mode/behavior status N/A

a nn = 01–21.
b k = 1–6.
c p = 1–3.
d mm = 01–03.

Table 12.2 Analog Quantities Sorted by Function (Sheet 4 of 4)

Label Description Units
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Firmware
Determining the Firmware Version

To determine the firmware version, view the status report by using the serial port 
STATUS command or the front-panel HMI. The status report displays the Firm-
ware Identification (FID) number.

The firmware version will be either a standard release or a point release. 
A standard release adds new functionality to the firmware beyond the specifica-
tions of the existing version. A point release is reserved for modifying firmware 
functionality to conform to the specifications of the existing version.

NOTE: The SEL-487B-1 relay 
(firmware versions R3xx) is 
incompatible with the SEL-487B-0 and 
SEL-487B-2 relays (firmware versions 
R1xx and R4xx). Do not attempt to 
load firmware on incompatible 
hardware.

A standard release is identified by a change in the R-number of the device FID 
number.

Existing firmware: 

FID=SEL-487B-R302-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-487B-R303-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID num-
ber.

Existing firmware:

FID=SEL-487B-R307-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-487B-R307-V1-Z001001-Dxxxxxxxx

The settings software driver for an associated firmware is identified by the 
Z-number of the device FID number. 

FID=SEL-487B-R307-V0-Z001001-Dxxxxxxxx

The release date is after the D. For example, the following is firmware version 
number R302, release date November 7, 2011.

FID=SEL-487B-R302-V0-Z007005-D20111107

Similarly, the device SELBOOT firmware revision (BFID) will be reported as:

BFID=SLBT-4XX-Rxxx-Vx-Zxxxxxx-Dxxxxxxxx
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Revision History
Table A.1 lists the firmware versions, revision descriptions, and corresponding 
instruction manual date codes.

Starting with revisions published after March 1, 2022, changes that address sec-
urity vulnerabilities are marked with “[Cybersecurity]”. Improvements to cyber-
security functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.

                    

Table A.1 Firmware Revision History (Sheet 1 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-487B-1-R317-V1-Z017007-D20230830 Includes all the functions of SEL-487B-1-R317-V0-Z017007-D20220523 
with the following additions:

➤ [Cybersecurity] Improved web server security against session hijacking.

20230830

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

➤ Improved the performance of protection and automation latch bits 
during diagnostic restart.

➤ Resolved a rare issue that could prevent the relay from restarting after a 
diagnostic failure. 

SEL-487B-1-R317-V0-Z017007-D20220523 ➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic restart.

20220523

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications. 

➤ Added support for new communications Ethernet card.

➤ Added support for PTP Power Utility Automation profile (IEC/
IEEE 61850-9-3).

➤ Modified the firmware to remove the 1 s accuracy requirements to 
assert Relay Word Bit TLOCAL.

➤ Modified the firmware to allow for a seamless transition from 
TGLOBAL to TLOCAL.

➤ Added IEC 61850 and PTP settings to COMTRADE event reports.

➤ Resolved an issue where PTP time synchronization could be lost in 
PRP network applications.

➤ Modified the firmware to address SER time-stamping accuracy and 
IEC 61850 mode control change following a power cycle.

➤ Modified the firmware to address an issue where the Simulation mode 
status SimSt.stVal for the LGOS logical node does not transition from 
TRUE to FALSE for a change in the LPHD logical node Sim.stVal.
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SEL-487B-1-R316-V3-Z016007-D20230830 Includes all the functions of SEL-487B-1-R316-V2-Z016007-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable.

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R316-V2-Z016007-D20220630 Includes all the functions of SEL-487B-1-R316-V1-Z016007-D20211203 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R316-V1-Z016007-D20211203 Includes all the functions of SEL-487B-1-R316-V0-Z016007-D20210514 
with the following additions:

➤ Resolved an issue where an MMS client may report the relay as offline 
when multiple MMS clients are simultaneously accessing reports.

20211203

➤ Resolved an issue where an MMS client may not be able to retrieve file 
attributes associated with IEEE C37.111-2013 COMTRADE event files.

SEL-487B-1-R316-V0-Z016007-D20210514 ➤ Added settings EACC, E2AC, and EPAC to support port access control 
using SELOGIC control equations.

20210514

➤ Added conditioning timers to Automation SELOGIC. 

➤ Improved processing consistency of breaker control bits in Automation 
SELOGIC.

➤ Improved Automation SELOGIC timer accuracy. Automation SELOGIC 
timer accuracy is now within ± 1% or ± 1 s for values up to 1 month.

➤ Enhanced STA A and CST command responses to include high-accu-
racy PTP time status. 

➤ Modified firmware by adding warm start (settings change, group 
switch) ride-through capability for control inputs. In this release, previ-
ously asserted control inputs do not change state during warm start.

➤ Resolved a rare issue where the SELBOOT checksum could be reported 
incorrectly in the VER command response.

➤ Reduced maximum relay automatic diagnostic restart response time.

➤ Enhanced the internal fault detection logic associated with the differen-
tial element.

➤ Increased the number of available display points to 192.

➤ Increased the number of available local bits to 64.

➤ Increased the number of available DNP binary output points to 160.

Table A.1 Firmware Revision History (Sheet 2 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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➤ Improved received GOOSE message processing speed for relay virtual 
bits mapped to GOOSE binary data.

➤ Added support for the IEC 61850 Local/Remote control feature 
defined in the IEC 61850-7-4 standard.

➤ Enhanced IEC 61850 processing to indicate when the invalid quality 
attribute is set in received GOOSE messages.

➤ Added SELOGIC variable SC850SM to change the IEC 61850 simula-
tion mode of the relay.

➤ Corrected an issue where the Mode, Beh, and Health quality.validity = 
good is not maintained when Mode = OFF.

➤ Added IEC 61850 simulation mode indication to the STA and GOO 
commands.

SEL-487B-1-R315-V4-Z015006-D20230830 Includes all the functions of SEL-487B-1-R315-V3-Z015006-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication.

SEL-487B-1-R315-V3-Z015006-D20220630 Includes all the functions of SEL-487B-1-R315-V2-Z015006-D20210428 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R315-V2-Z015006-D20210428 Includes all the functions of SEL-487B-1-R315-V1-Z015006-D20201009 
with the following additions:

➤ Resolved an issue where uncommon and repetitive command line oper-
ations can cause a relay restart when the IEC 61850 GOOSE function 
is enabled.

20210428

➤ Enhanced the relay’s logic to use both the BMCA algorithm and the 
network time inaccuracy check in power profile to choose the best 
Grandmaster clock on a PRP network.

SEL-487B-1-R315-V1-Z015006-D20201009 Includes all the functions of SEL-487B-1-R315-V0-Z015006-D20200229 
with the following additions:

➤ Enhanced output contact behavior following a power cycle while the 
relay is in IEC 61850 “Blocked” or “Test/Blocked” operating mode.

20201009

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

Table A.1 Firmware Revision History (Sheet 3 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code



A.5

Date Code 20230830 Instruction Manual SEL-487B Relay

Firmware, ICD File, and Manual Versions
Firmware

SEL-487B-1-R315-V0-Z015006-D20200229

NOTE: This firmware release only supports .zds 
digitally signed firmware files. SELBOOT R300 or 
newer is required for this and all new firmware 
versions. See Appendix B: Firmware Upgrade 
Instructions in the SEL-400 Series Relays 
Instruction Manual for more information.

➤ Modified firmware to enable DNP and IEC 61850 breaker control only 
when the circuit breaker jumper is installed.

20200229

➤ Added the ability to remotely upgrade relay firmware over an Ethernet 
network.

➤ Improved relay response to three consecutive failed login attempts 
within a one-minute interval to pulse the BADPASS and SALARM 
Relay Word bits for all communication interfaces.

➤ Enhanced relay self-tests to detect current or voltage magnitudes that 
exceed the maximum analog-to-digital converter output and perform an 
automatic diagnostic restart.

➤ Enhanced FTP Network Security.

➤ Modified firmware to retain stored data after successful reads of 
SER.TXT, CSER.TXT, PRO.TXT, and CPRO.TXT over Ethernet con-
nections.

➤ Modified firmware to support all printable ASCII characters in the 
password entry HMI screen.

➤ Modified firmware to interpret group settings RTDI, OPDI, CZRTDI, 
and CZOPDI as peak values instead of rms.

➤ Modified firmware to increment the state number (stNum) in GOOSE 
messages for all changes in quality.

➤ Modified firmware to support default profile for Precision Time Proto-
col when NETMODE = PRP.

➤ Added support for new IEC 61850 control and settings common data 
classes.

➤ Enhanced wildcard parsing used in the YMODEM file-transfer opera-
tions.

➤ Improved reference angle selection for metering.

SEL-487B-1-R314-V4-Z014006-D20230830 Includes all the functions of SEL-487B-1-R314-V3-Z014006-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R314-V3-Z014006-D20220630 Includes all the functions of SEL-487B-1-R314-V2-Z014006-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

Table A.1 Firmware Revision History (Sheet 4 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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SEL-487B-1-R314-V2-Z014006-D20201009 Includes all the functions of SEL-487B-1-R314-V1-Z014006-D20191210 
with the following additions:

➤ Enhanced output contact behavior following a power cycle while the 
relay is in IEC 61850 “Blocked” or “Test/Blocked” operating mode.

20201009

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

SEL-487B-1-R314-V1-Z014006-D20191210 Includes all the functions of SEL-487B-1-R314-V0-Z014006-D20181115 
with the following addition:

➤ Modified processing of pulsed Relay Word bits.

20191210

SEL-487B-1-R314-V0-Z014006-D20181115 ➤ Added IEC 61850 standard operating modes, including TEST, TEST-
BLOCKED, ON, ON-BLOCKED, and OFF.

20181115

➤ Modified Ethernet communications to automatically correct a loss of 
synchronization between the communications subsystem and the other 
relay subsystems.

➤ Modified the relay to prevent rare cases of a CID file reverting to the 
previous version of the file during a firmware upgrade.

➤ Improved the processing consistency of remote and local control bits 
with a one-processing interval pulse width.

➤ Improved error handling for the Ethernet interface.

➤ Modified the firmware to verify that Precision Time Protocol (PTP) is 
enabled (EPTP = Y) as an initial validity check for all PTP messages 
being received by the relay.

➤ Modified MMS file reads to allow mixed-case file names.

➤ Improved backward compatibility with certain MMS clients.

➤ Enhanced dc offset processing.

➤ Modified the firmware to prevent settings read/write issues when Port 5 
is disabled and an IEC 61850 configuration file is loaded.

➤ Modified the firmware to address an issue in retransmitted TCP/IP 
frames with PRP trailer, which in previous firmware may have been 
discarded on reception.

➤ Added support for IEEE C37.111-2013 COMTRADE.

➤ Added the company name Global setting (CONAM).

➤ Added the open-phase detection setting (OPHDO) under advanced 
Global settings.

➤ Modified the VECTOR command (VEC) to show all Sequential 
Events Recorder (SER) entries.

SEL-487B-1-R313-V3-Z013005-D20230830 Includes all the functions of SEL-487B-1-R313-V2-Z013005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.
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➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R313-V2-Z013005-D20220630 Includes all the functions of SEL-487B-1-R313-V1-Z013005-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R313-V1-Z013005-D20201009 Includes all the functions of SEL-487B-1-R313-V0-Z013005-D20180105 
with the following addition:

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

20201009

SEL-487B-1-R313-V0-Z013005-D20180105 ➤ Updated firmware ID (FID) to support ACSELERATOR QuickSet 
SEL-5030 Software with features added in release R312-V0.

20180105

SEL-487B-1-R312-V3-Z012005-D20230830 Includes all the functions of SEL-487B-1-R312-V2-Z012005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R312-V2-Z012005-D20220630 Includes all the functions of SEL-487B-1-R312-V1-Z012005-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R312-V1-Z012005-D20201009 Includes all the functions of SEL-487B-1-R312-V1-Z012005-D20201009 
with the following addition:

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

20201009

SEL-487B-1-R312-V0-Z012005-D20171008

NOTE: ACSELERATOR QuickSet SEL-5030 
Software does not include some of the added 
features, analog quantities, or Relay Word bits for 
this release. 

➤ Added a new analog quantity, PTPMCC, to indicate the clock class of 
the PTP master.

20171008

➤ Enhanced memory read diagnostics.

➤ DNP3 data are now reported with a LOCAL_FORCED flag when they 
have been overridden through use of the TEST DB2 command.

➤ Updated IEC 61850 protocol implementation to IEC 61850 Edition 2.
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➤ Modified the relay response to an MMS identify request so that it will 
respond with the firmware ID (FID) string.

➤ Improved MMS file services performance with successive file 
transfers.

➤ Enhanced wild card parsing used in MMS file transfer operations.

➤ Modified the ID command to display a string that uniquely identifies 
the IEC 61850 firmware present in the relay.

➤ Modified firmware to replace non-printable characters with question 
marks in settings that are sent to the front panel of the HMI.

➤ Modified firmware to allow SNTPPIP to be set to 0.0.0.0 when 
ESNTP = BROADCAST.

➤ DNP3 data are now reported with an overridden flag when they have 
been overridden using the TEST DB2 command.

➤ Modified firmware to allow all settings changes when the relay is dis-
abled.

➤ The ETH command now shows both MAC addresses

➤ Modified firmware to indicate an enabled or disable transition of the 
IEC 61850 Buffer Report Control Block (BRCB) by sending an over-
flow flag on the next report sent after the transition.

➤ Modified firmware to avoid false GOOSE out of sequence errors while 
in PRP mode.

➤ Modified firmware to allow the relay to synchronize to an external time 
source more responsively.

➤ Modified firmware to display the history region correctly.

➤ IEC 61850 Product ICD File Datasets and Report Names changed to be 
consistent with other products.

➤ Increased the default MMS inactivity timeout from 2 to 15 minutes.

➤ Modified IEEE-1588 PTP power profile to be supported in Parallel 
Redundancy Protocol (PRP) mode.

SEL-487B-1-R311-V4-Z012005-D20230830 Includes all the functions of SEL-487B-1-R311-V3-Z012005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R311-V3-Z012005-D20220630 Includes all the functions of SEL-487B-1-R311-V2-Z012005-D20171021 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630
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SEL-487B-1-R311-V2-Z012005-D20171021 Includes all the functions of SEL-487B-1-R311-V1-Z012005-D20170809 
with the following addition:

➤ Enhanced memory read diagnostics.

20171021

SEL-487B-1-R311-V1-Z012005-D20170809 Includes all the functions of SEL-487B-1-R311-V0-Z012005-D20170329 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170809

SEL-487B-1-R311-V0-Z012005-D20170329 ➤ Added an event report digital setting, ERDIG, which can be set to S 
(some) or A (all) to allow the option for all Relay Word bits to be added 
to COMTRADE event reports.

20170329

➤ Improved Simple Network Time Protocol (SNTP) accuracy to ± 1 ms 
in an ideal network.

➤ Added time-domain link (TiDL) technology.

➤ Modified firmware to prevent delays in periodic MMS reports.

➤ Modified firmware to allow the MMS inactivity time-out to be turned 
off.

SEL-487B-1-R310-V2-Z011005-D20171021 Includes all the functions of SEL-487B-1-R310-V1-Z011005-D20170820 
with the following addition:

➤ Enhanced memory read diagnostics.

20171021

SEL-487B-1-R310-V1-Z011005-D20170820 Includes all the functions of SEL-487B-1-R310-V0-Z011005-D20160718 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820

SEL-487B-1-R310-V0-Z011005-D20160718 ➤ Added support for IEEE 1588-2008 Precision Time Protocol (PTP) 
time synchronization.

20160718

➤ Added ordering option to select Ethernet Ports 5A/5B for PTP.

➤ Added EVEMODn (where n = 1–6 for DNP LAN/WAN, or empty for 
DNP serial) setting to force the relay to start in single- or multiple-
event mode.

➤ Enhanced front-panel operations to show settings warnings, in addition 
to settings errors already displayed, during settings changes.

➤ Modified DNP Object 0, Variation 242 to report the firmware V-num-
ber.

➤ Improved MIRRORED BITS performance under a high level of GOOSE 
traffic.

➤ Improved relay startup time.

➤ Modified Virtual Bits to reset upon a successful CID file download.

➤ Modified GOOSE subscription to update data after the messages tran-
sition from bad to good quality.

➤ Modified the handling of a leap year when the relay setting and clock 
disagree.

➤ Modified the TEST DB2 functionality to override Relay Word bits that 
are in the Sequential Events Recorder (SER).

➤ Modified the TEST DB2 OFF command to disable the overridden 
remote analog output and digital values in IEC 61850 GOOSE mes-
sages.

SEL-487B-1-R309-V3-Z010005-D20170820 Includes all the functions of SEL-487B-1-R309-V2-Z010005-D20160323 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820
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SEL-487B-1-R309-V2-Z010005-D20160323 Includes all the functions of SEL-487B-1-R309-V1-Z010005-D20151102 
with the following addition:

➤ Modified firmware to initialize all instances of Check Zone settings 
when multiple settings groups are sent to the relay or following a group 
switch operation.

20160323

SEL-487B-1-R309-V1-Z010005-D20151102 ➤ Improved firmware upgrade process to correctly initialize Check Zone 
settings within Zone Configuration settings group and the Breaker and 
Disconnect Inputs SELOGIC equations within Global settings group.

20151102

SEL-487B-1-R309-V0-Z010005-D20150421 ➤ Added local time and date analog quantities. 20150421

➤ Added Isolated IP mode (NETMODE = ISOLATEIP) that permits IEC 
61850 GOOSE messages on two ports, but restricts IP traffic to just 
one port.

➤ Added the option to change settings groups with IEC 61850.

➤ Changed Group and Global settings so they are now available via the 
front-panel HMI.

➤ Added pulsed remote bits in Automation SELOGIC.

➤ Added support for the stSeld attribute in IEC 61850 SBO controls.

➤ Added the LPHD.Sim logical node so the relay will accept GOOSE 
messages with the test flag asserted.

➤ Updated the profile and compressed profile commands (PRO and 
CPRO, respectively) to display the available analog signal profiling 
records regardless of the state of the signal profile enable (SPEN) set-
ting.

➤ Enhanced the embedded HTTP server user interface to be consistent 
with other SEL relays.

➤ Enhanced the report time records to save the active UTC offset 
(UTCOFF) value with each report. Now, when the relay collects a 
report, it assigns the time stamp based on the UTC time and the 
UTCOFF value at the time the relay stores the report.

➤ Improved Port 5 functionality to disable auto-messages when the auto-
messages setting is equal to no (AUTO=N).

➤ Changed the IEC 61850 Configured IED Description (CID) file to sup-
port non-Relay Word bit binary elements included in a GOOSE mes-
sage.

➤ Modified the relay to support MMS file transfer service even if the 
relay contains an invalid CID file.

➤ Modified the firmware to prevent IP traffic from becoming unrespon-
sive when the Parallel Redundancy Protocol (PRP) is enabled.

➤ Changed the Station ID label in the COMTRADE configuration (.cfg) 
file to prevent non-alphanumeric characters per the COMTRADE 
IEEE C37.111-1999 standard.

➤ Reset the port timeout on transmitted Telnet messages.

➤ Enhanced performance to ensure that the relay does not become unre-
sponsive when MIRRORED BITS is used on the front port. In previous 
firmware, the relay could become unresponsive on rare occasions if the 
front port is set to MIRRORED BITS protocol.

➤ Modified the embedded HTTP server web access to always require a 
valid relay Access Level 1 (ACC) password.

➤ Clarified the message generated by the relay in response to an invalid 
CID file.
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➤ Closed an outgoing UDP port that was reported as open by a port scan-
ner when IEC 61850 was enabled.

➤ Removed the alias names from the compressed event report (CEV) and 
compressed ASCII summary (CSU) headers to match the compressed 
ASCII (CAS) header labels. Added new labels ILABnn (nn = 01–21) 
and VLABmm (mm = 01–03) to reference to the alias names.

➤ Modified firmware to correctly process the last row of Relay Word bits 
in the four samples per cycle event reports.

➤ Improved relay performance during certain incorrect memory reads.

➤ Modified firmware to correctly process the last row of Relay Word bits 
in the four samples per cycle compressed event reports.

➤ Changed the result of a SELOGIC equation math error from NAN (not a 
number) to the previously stored valid result.

SEL-487B-1-R308-V0-Z010005-D20150421 Note: This firmware did not production release. —

SEL-487B-1-R307-V1-Z009005-D20170820 Includes all the functions of SEL-487B-1-R307-V0-Z009005-D20131014 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820

SEL-487B-1-R307-V0-Z009005-D20131014 ➤ Improved the accuracy of GOOSE message data time stamps. 20131014

➤ Closed an outgoing UDP port that was reported as open by a port scan-
ner when IEC 61850 was enabled.

➤ Added MMS file transfer.

➤ Included the DNP settings labels in DNP Maps 1–5.

➤ Added support for MMS authentication.

➤ Added Parallel Redundancy Protocol (PRP).

➤ Increased the number of binary outputs to 100 for DNP map.

➤ Increased the number of buffered and unbuffered reports to seven for 
MMS reporting.

➤ Increased the number of GOOSE message subscriptions to 128.

➤ Improved ability to select subscribed GOOSE message attributes for 
control of relay rejection or acceptance of incoming GOOSE messages.

➤ Implemented multiple updates to the DNP3 control point operations.

SEL-487B-1-R306-V0-Z007005-D20130606 ➤ Corrected the calculation of SELOGIC Execution Capacity. 20130606

➤ Updated IRIG output to report local time instead of UTC time.

➤ Fixed an issue of rejected IP packets with VLAN ID tags.

SEL-487B-1-R305-V0-Z007005-D20121221 ➤ Corrected an issue that causes Fast Message Meter data to be reported 
incorrectly. These data are made available in communications proces-
sors as METER2 data.

20121221

SEL-487B-1-R304-V0-Z007005-D20120828 Note: This firmware version was not production released. See R305, above, 
which also includes the enhancements in R304.

➤ Added Connectorized option.

20120828

SEL-487B-1-R303-V0-Z007005-D20120508 ➤ Added DNP1-5 to HELP SET command. 20120508

➤ Added DNP to HELP COPY command.

➤ Improved relay diagnostic response.

➤ Fixed problem when maximum LER setting would be rejected upon 
subsequent SET R command to relay.
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SELBOOT

SELBOOT is a firmware package inside the relay that handles hardware initializa-
tion and provides the functions needed to support firmware upgrades. To deter-
mine the SELBOOT version, view the status report by using the serial port 
STATUS command or the front panel. The device will report the SELBOOT firm-
ware identification (BFID) label as:

BFID=SLBT-4XX-Rxxx-Vx-Zxxxxxx-Dxxxxxxxx

Table A.2 lists the SELBOOT releases used with the SEL-487B and revision 
descriptions. The most recent SELBOOT revision is listed first.

                    

ICD File
To find the ICD revision number in your relay, view the configVersion by using 
the serial port ID command. The configVersion is the last item displayed in the 
information returned from the ID command.

configVersion = ICD-487B-1-R201-V0-Z307005-D20130828

The ICD revision number is after the R (e.g., 201) and the release date is after the 
D. This revision number is not related to the relay firmware revision number. The 
configVersion revision displays the ICD file version used to create the CID file 
that is loaded in the relay.

The configVersion contains other useful information. The Z-number consists of 
six digits. The first three digits following the Z represent the minimum IED firm-
ware required to be used with the ICD (e.g., 307). The second three digits repre-
sent the ICD ClassFileVersion (e.g., 005). The ClassFileVersion increments when 
there is a major addition or change to the IEC 61850 implementation of the relay.

Table A.3 list the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

➤ Reduced DNP current cut off from 5.0% to 0.5% of nominal current.

➤ Enhanced performance to ensure the relay does not become unrespon-
sive when connected to another relay through the serial port with 
automessaging enabled on both ports (AUTO=Y).

SEL-487B-1-R302-V0-Z007005-D20111107 ➤ Initial version. 20111107
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SLBT-4XX-R300-V0-Z001002-D20200229 ➤ Modified SELBOOT to support digitally signed firmware.

SLBT-4XX-R209-V0-Z001002-D20150130 ➤ Modified the firmware to prevent an issue that could cause the relay to become unre-
sponsive.

SLBT-4XX-R208-V0-Z001002-D20120220 ➤ Added support for a new main board variant.

SLBT-4XX-R207-V0-Z001002-D20110922 ➤ First revision used with SEL-487B-1.

NOTE: The Z-number representation 
is implemented with ClassFileVersion 
002. Previous ClassFileVersions do 
not provide an informative Z-number.
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ICD-487B-R403-V0-Z316006-D20210204 ➤ Added PRBGGIO logical nodes to support 
pulsing remote bits.

R316 006 20210514

➤ Corrected the IEC 61850 Data Object number 
extensions according to the Ed 2 number 
usage.

➤ Added support for the IEC 61850 Functional 
Naming feature.

➤ Added the IEC 61850 LTRK logical node for 
service tracking.

➤ Added new LBGGIO logical nodes for local 
bits 33–64.

➤ Added FltTyp and FltCaus data attributes to 
the FLTRDRE logical node.

➤ Added support for the IEC 61850 Local/
Remote control feature defined in the 
IEC 61850-7-4 standard. Control messages 
need to include the orCat value associated 
with the active control authority. 

ICD-487B-R402-V0-Z315006-D20200229 ➤ Added BFRnR8BRF protection logical nodes 
(where n = 1–21).

R315 006 20200229

➤ Added ALMGGIO, ETHGGIO, and SGGGIO 
annunciator logical nodes.

➤ Added DCZBAT metering logical node.

➤ Moved IEC 61850 mode/behavior control 
from logical node LPHD to LLN0.

➤ Improved consistency in deadband units for 
the ICD file to use voltage in kV and power in 
MW.

➤ Added system logical nodes LGOS, LTIM, 
LTMS, and LCCH.

ICD-487B-R401-V0-Z314006-D20181105 ➤ Added the ability to control mode and behav-
ior through an MMS write to the LPHD local 
node Mod.ctlVal attribute.

R314 006 20181115

➤ Addressed nonfunctional settings link tab 
within ACSELERATOR Architect SEL-5032 
Software by disabling “System setFileSup-
ported” in the ICD file.

ICD-487B-R400-V0-Z312006-D20170731 ➤ IEC 61850 Edition 2 Conformance. R312 006 20171008

➤ Updated ClassFileVersion to 006.

➤ Increased the default MMS inactivity timeout 
value to 900 seconds.

➤ Updated data set and MMS report names.

ICD-487B-R302-V0-Z311005-D20170318 ➤ Added the ability to turn off the MMS inactiv-
ity timeout.

R311-V0 005 20170329

ICD-487B-R300-V0-Z308005-D20150325 ➤ Added support for IEC 61850 group switch, 
Simulated Goose and stSeld.

R308 005 20150421

ICD-487B-R202-V0-Z307005-D20150324 ➤ Conformance Enhancements. R307 005 20150421
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The date code at the bottom of each page of this manual reflects the creation or 
revision date.

Table A.4 lists the instruction manual versions and revision descriptions. The 
most recent instruction manual version is listed first.

                    

ICD-487B-R201-V0-Z307005-D20130828 ➤ Added support for 128 incoming GOOSE sub-
scriptions, MMS authentication, and user-con-
figurable GOOSE filtering.

R307 005 20131014

ICD-487B-R103-V0-Z302004-D20130828 ➤ Modified the dead band for voltages from 
10000 to 10.

R302 004 20150421

ICD-487B-R102-V0-Z002001-D20110810 ➤ SEL-487B-1 initial ICD file release. R302 004 20111107
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Table A.4 Instruction Manual Revision History (Sheet 1 of 4)

Date Code Summary of Revisions

20230830 Appendix A

➤ Updated for firmware versions R311-V4, R312-V3, R313-V3, R314-V4, R315-V4, R316-V3, R317-V1.

20220630 Appendix A

➤ Updated for firmware versions R311-V3, R312-V2, R313-V2, R314-V3, R315-V3, and R316-V2.

20220523 Section 1

➤ Updated Figure 1.1: SEL-487B Relay Basic Functions in a Double-Bus Application.

➤ Updated Models and Options, Applications, and Specifications.

Section 2

➤ Updated Relay Sizes, Time-Domain Link, and Secondary Circuits.

➤ Added Hybrid (High-Current Interrupting) Control Outputs.

➤ Updated High-Speed, High-Current Interrupting Control Outputs, TiDL (EtherCAT) Connections, and Commis-
sioning.

Section 5

➤ Clarified notes regarding TiDL (EtherCAT) operating times.

➤ Updated Polarity, Terminal Configurations, and Bus Coupler (Tie Breaker) Configurations.

Section 6

➤ Updated Bus-Zone Configurations.

Section 7

➤ Added COMTRADE Relay Word Bit Behavior.

Section 8

➤ Updated Table 8.5: Station DC Monitor and Table 8.44: Inverse-Time Overcurrent Elements.

Section 11

➤ Updated Table 11.2: Row List of Relay Word Bits.

Appendix A

➤ Updated for firmware version R317-V0.

Command Summary

➤ Updated descriptions for CFG CTNOM i and CFG NFREQ f.
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20211203 Appendix A

➤ Updated for firmware version R316-V1.

➤ Updated Summary of Revisions for ICD file version R403 in Table A.3: ICD File Revision History.

20210708 Section 1

➤ Updated Specifications.

20210514 Section 1

➤ Updated Table 1.2: SEL-487B Relay Characteristics.

➤ Updated Specifications.

Section 2

➤ Updated High-Speed, High-Current Interrupting Control Outputs.

Section 5

➤ Updated Internal Fault Detection Logic, Selectable Time-Overcurrent Elements (51), Coupler Security Logic and 
Circuit Breaker Status Logic.

Section 6

➤ Updated End-Zone Protection, Breaker Status Logic, End-Zone Protection in Application 2: Single Bus and Tie 
Breaker (Single Relay). 

➤ Updated Zone Configuration Group Settings in Application 4: Single Bus and Transfer Bus With Bus Coupler.

➤ Updated Zone Configuration Group Settings and Protection Group Settings in Application 7: Double and Transfer 
Bus (Outboard CTs).

Section 8

➤ Added Table 8.17: Access Controls.

Section 10

➤ Updated Table 10.4: SEL-487B Database Structure—TARGET Region, Table 10.12: Logical Device: PRO (Protec-
tion), and Table 10.13: Logical Device: MET (Metering).

➤ Added Table 10.14: FLTYPE—Fault Type and Table 10.15: FLTCAUS—Fault Cause.

Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits and Table 11.2: Row List of Relay Word Bits.

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion.

Appendix A

➤ Updated for firmware version R316-V0.

➤ Updated for ICD version R403.

20210428 Appendix A

➤ Updated for firmware versions R315-V2.

20201204 Preface

➤ Updated SEL-400 Series Relays Instruction Manual and Safety Marks.

20201009 Appendix A

➤ Updated for firmware versions R312-V1, R313-V1, R314-V2, and R315-V1.

20200617 Section 2

➤ Updated Jumpers for new BREAKER jumper description.

Appendix A

➤ Updated for firmware version R315-V0.

20200229 Section 1

➤ Updated Specifications.

Section 10

➤ Updated Table 10.12: Logical Device: PRO (Protection), Table 10.13: Logical Device: MET (Metering), and 
Table 10.14: Logical Device: CON (Remote Control).

Table A.4 Instruction Manual Revision History (Sheet 2 of 4)

Date Code Summary of Revisions
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Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits and Table 11.2: Row List of Relay Word Bits for SC850TM 
and SC850BM.

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion for I850MOD.

Appendix A

➤ Updated for firmware version R315.

➤ Updated for ICD file version R402.

20191210 Appendix A

➤ Updated for firmware version R314-V1.

20181210 Appendix A

➤ Updated for firmware version R314-V0.

20181115 Section 8

➤ Added Table 8.18: Open-Phase Logic.

Appendix A

➤ Updated for firmware version R314-V0.

➤ Updated for ICD file version R401.

20180105 Appendix A

➤ Updated for firmware version R313.

20171021 Appendix A

➤ Updated for firmware versions R310-V2 and R311-V2.

20171008 Section 10

➤ Updated Table 10.12 Logical Device: PRO (Protection) and Table 10.13 Logical Device: MET (Metering).

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion for PRPMCC and PTPPORT.

Appendix A

➤ Updated for firmware version R312.

➤ Updated for ICD file version R400.

20170820 Appendix A

➤ Updated for firmware versions R307-V1, R309-V3, and R310-V1.

20170809 Appendix A

➤ Updated for firmware version R311-V1.

20170428 Cover

➤ Updated copyright information.

Section 1

➤ Updated Specifications.

Section 2

➤ Updated Figure 2.25: SEL-2243 Power Coupler.

20170329 Section 1

➤ Updated Specifications.

Section 2

➤ Removed Figure 2.14: IRIG-B Terminating Resistors and the IRIG-B Jumper section.

➤ Added TiDL Connections.

Section 5

➤ Updated Selectable Time-Overcurrent Element (51).

Table A.4 Instruction Manual Revision History (Sheet 3 of 4)

Date Code Summary of Revisions
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Section 6

➤ Updated Figure 6.15: Polarity Marks Above the Odd-Numbered CT Terminals at the Rear of the Relay.

Section 7

➤ Updated Table 7.12: Event Report Nonvolatile Storage Capability When ERDIG=S.

➤ Added Table 7.13: Event Report Nonvolatile Storage Capability When ERDIG=A.

Section 9

➤ Added CFG CTNOM and CFG NFREQ to Table 9.1: SEL-487E List of Commands.

Section 10

➤ Updated Table 10.15: Logical Device.

Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits.

➤ Updated Table 11.2: Row List of Relay Word Bits.

Section 12

➤ Updated Table 12.2: Analog Quantities Sorted by Function.

Appendix A

➤ Updated for firmware version R311-V0.

➤ Updated for ICD file version R302.

Command Summary

➤ Added COM PTP, CFG CTNOM, and CFG NFREQ.

20160718 ➤ Initial version.

Table A.4 Instruction Manual Revision History (Sheet 4 of 4)

Date Code Summary of Revisions
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A P P E N D I X B

Converting Settings From 
SEL-487B-0 to SEL-487B-1

Because of hardware changes and feature enhancements between the 
SEL-487B-0 and the SEL-487B-1 relays, the handling of a number of settings 
has changed. In particular, the replacement of the SEL-2702 Ethernet Processor 
with integrated Ethernet has significantly changed the handling of Ethernet-
related settings. This appendix describes the key differences to aid users who 
need to convert their settings from an SEL-487B-0 to an SEL-487B-1.

Relay Word Bit Changes
Relay Word bits are used in SELOGIC control equations and many other settings. 
Some of these bits have different names or do not exist in the latest relay version. 
Table B.1 lists these differences.

The SEL-487B-1 contains six pairs of under- and overvoltage elements. The 
input voltage for each pair is selectable using the 27On and 59On settings, where 
n = 1–6. Likewise, the input current for the time-overcurrent elements is select-
able in the SEL-487B-1 using the 51Oqq settings, where qq = 1–21.

Selections for these settings are listed in Table B.1 to help match the 27, 59, and 
51 Relay Word bits in the SEL-487B-1 to those in the SEL-487B-0.

                    

Table B.1 Relay Word Bit Differences (Sheet 1 of 2)

SEL-487B-0 Relay 
Word Bit

Corresponding SEL-487B-1 
Relay Word Bit

Comments

27P11 271P1 Assumes 27O1 = V01FIM

27P12 271P2 Assumes 27O1 = V01FIM

27P21 272P1 Assumes 27O2 = V02FIM

27P22 272P2 Assumes 27O2 = V02FIM

27P31 273P1 Assumes 27O3 = V03FIM

27P32 273P2 Assumes 27O3 = V03FIM

59P11 591P1 Assumes 59O1 = V01FIM

59P12 591P2 Assumes 59O1 = V01FIM

59P21 592P1 Assumes 59O2 = V02FIM

59P22 592P2 Assumes 59O2 = V02FIM

59P31 593P1 Assumes 59O3 = V03FIM

59P32 593P2 Assumes 59O3 = V03FIM

59PQ1 594P1 Assumes 59O4 = 3V2FIM

59PQ2 594P2 Assumes 59O4 = 3V2FIM
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Group Settings
The SEL-487B-1 includes settings for selecting the voltage and current inputs for 
the 27, 59, and 51 elements. In Table B.2, these settings are chosen to match the 
fixed input quantities in the SEL-487B-0.

                    

59PN1 595P1 Assumes 59O5 = 3V0FIM

59PN2 595P2 Assumes 59O5 = 3V0FIM

51P01–51P18 51S01–51S18 Assumes 51Oxxa = IxxFIMa

51P01T–5118T 51T01–51T18 Assumes 51Oxxa = IxxFIMa

51P01R–51P18R 51R01–51R18 Assumes 51Oxxa = IxxFIMa

CCALARM -- No longer needed because of SEL-2702 removal.

CCOK -- No longer needed because of SEL-2702 removal.

TESTDNP TESTDB2

CCIN001–CCIN128 VB001–VB128

CCOUT01–CCOUT32 -- Any Relay Word bit may now be used for outgoing GOOSE.

CCSTA01–CCSTA32 -- No longer needed because of SEL-2702 removal. The previous bits provided 
communications card status information. New bits LINK5C, LINK5D, LNK-
FAIL, P5CSEL, and P5DSEL have no direct correspondence to the previous 
bits, but provide status information about Ethernet connectivity.

a xx = 01–18.

Table B.1 Relay Word Bit Differences (Sheet 2 of 2)

SEL-487B-0 Relay 
Word Bit

Corresponding SEL-487B-1 
Relay Word Bit

Comments

Table B.2 Group Settings Differences (Sheet 1 of 2)

SEL-487B-0 Setting SEL-487B-1 Setting Notes

-- 27O1 = V01FIM This setting selects the voltage input for the first undervoltage 
pair. This was fixed at V01FIM in the SEL-487B-0.

27P11P 27P1P1

27P12P 27P1P2

 -- 27O2 = V02FIM This setting selects the voltage input for the second undervoltage 
pair. This was fixed at V02FIM in the SEL-487B-0.

27P21P 27P2P1

27P22P 27P2P2

-- 27O3 = V03FIM This setting selects the voltage input for the third undervoltage 
pair. This was fixed at V03FIM in the SEL-487B-0.

27P31P 27P3P1

27P32P 27P3P2

-- 59O1 = V01FIM This setting selects the voltage input for the first overvoltage 
pair. This was fixed at V01FIM in the SEL-487B-0.

59P11P 59P1P1

59P12P 59P1P2

-- 59O2 = V02FIM This setting selects the voltage input for the second overvoltage 
pair. This was fixed at V02FIM in the SEL-487B-0.

59P21P 59P2P1
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Port Settings Changes
Serial Port Settings

Table B.3 highlights key differences in the serial port settings between the 
SEL-487B-0 and the SEL-487B-1.

                    

59P22P 59P2P2

-- 59O3 = V03FIM This setting selects the voltage input for the third overvoltage 
pair. This was fixed at V03FIM in the SEL-487B-0.

59P31P 59P3P1

59P32P 59P3P2

-- 59O4 = 3V2FIM This setting selects the voltage input for the fourth overvoltage 
pair. This was fixed at 3V2FIM in the SEL-487B-0.

59Q1P 59P4P1

59Q2P 59P4P2

-- 59O5 = 3V0FIM This setting selects the voltage input for the fifth overvoltage 
pair. This was fixed at 3V0FIM in the SEL-487B-0.

59N1P 59P5P1

59N2P 59P5P2

-- 51O01 = I01FIM

51O02 = I02FIM

.

.

.

51O18 = I18FIM These are 18 of the 21 settings used to select the current inputs 
for the time-overcurrent elements in the SEL-487B-1. These 
were fixed to the respective current terminal in the SEL-487B-0 
(i.e., 51P01P used the I01 terminal).

51P01P–51P18P 51P01–51P18

51P01C–51P18C 51C01–51C18

51P01TD–51P18TD 51TD01–51TD18

51P01RS–51P18RS 51RS01–51RS18

51P01TC–51P18TC 51TC01–51TC18

Table B.2 Group Settings Differences (Sheet 2 of 2)

SEL-487B-0 Setting SEL-487B-1 Setting Notes

Table B.3 Serial Port Settings Differences

SEL-487B-0 Settings SEL-487B-1 Setting Notes

-- DNPCL This is a new setting. It needs to be set to Y to enable control operations on a DNP 
port. In the SEL-487B-0, control was always enabled.
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Ethernet Port (Port 5) Settings
In the SEL-487B-0, Ethernet was supplied by the SEL-2702 Ethernet Processor. 
In the SEL-487B-1, Ethernet is native to the relay, with the interfaces provided by 
the E4 daughter card. This has a significant effect on the settings, as described in 
Table B.4.

                    

Table B.4 Ethernet Port Settings Differences (Sheet 1 of 2)

SEL-487B-0 Settings SEL-487B-1 Setting Notes

IPADDR
SUBNETM

IPADDR This setting now operates using CIDR rules, which consolidates the old 
SUBNETM setting into the IPADDR setting.

FAILOVER NETMODE FAILOVER of N is equivalent to a NETMODE of FIXED. FAILOVER of Y is 
equivalent to a NETMODE of FAILOVER. NETMODE also has a SWITCHED 
option, which enables both ports.

NETPORT NETPORT The old setting had choices of A, B, and D, for ports A, B, and to disable. The 
SEL-487B-1 setting has choices of C and D for ports C and D.

NETASPD NETCSPD

NETBSPD NETDSPD

HOSTn -- This setting no longer exists.

IPADRn -- This setting no longer exists.

T1RECV ETELNET

T1CBAN TCBAN

T1INIT -- This setting no longer exists.

T1PNUM TPORT

T2CBAN -- The T2CBAN, T2RECV, and T2PNUM settings have been eliminated. They 
existed for access to the SEL-2702 local interface, which no longer exists.

T2RECV --

T2PNUM --

ENDNP EDNP While ENDNP was a Y, N selection, the EDNP setting in the SEL-487B-1 provides 
a range, from 0 to 6, for the number of DNP sessions you can enable.

DNPPNUM DNPPNUM The range is slightly more restrictive in the SEL-487B-1 implementation. The low-
est assignable port is 1025.

DNPMAP -- This setting has been eliminated. Maps are now always custom.

RPADR01–RPADR06 REPADR1–REPADR6

RPADR07–RPADR10 -- This setting no longer exists; the SEL-487B-1 supports 6 sessions instead of the 
prior 10.

DNIP01–DNPIP06 DNPIP1–DNPIP6

DNPIP07–DNPIP10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

DNPTR01–DNPTR06 DNPTR1–DNPTR6

DNPTR07–DNPTR10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

DNPUP01–DNPUP06 DNPUDP1–DNPUDP6 The range is slightly more restrictive in the SEL-487B-1 implementation. The low-
est assignable port is 1025.

DNPUP07–DNPUP10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

UNSL01–UNSL06 UNSOL1–UNSOL6

UNSL07–UNSL10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

PUNSL01–PUNSL06 PUNSOL1–PUNSOL6

PUNSL07–PUNSL10 -- No longer exist; now support six sessions instead of the prior 10.

DNPMP01–DNPMP06 DNPMAP1–DNPMAP6
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DNP3 Mapping Changes
DNP3 Settings Classes

In the SEL-487B-0 implementations of DNP3, there was one map for serial 
DNP3 (SETTINGS\SET_D1.TXT) and five maps for Ethernet DNP3 (SET-
TINGS\CARD\SET_DNPn.TXT, where n = 1–5). Now in the SEL-487B-1, there 
are simply five maps (SETTINGS\SET_Dn.TXT, where n = 1–5) that can be 
used for serial or Ethernet DNP3.

Serial DNP3 Map Value Changes
The SEL-487B-0 serial DNP3 map was based on numeric references for all data. 
The SEL-487B-1 DNP3 mapping uses labels. The following tables show the rela-
tionships between the old numeric references and the labels.

DNPMP07–DNPMP10 -- No longer exist; now support six sessions instead of the prior 10.

DNPCL01–DNPCL06 DNPCL1–DNPCL6

DNPCL07–DNPCL10 -- No longer exist; now support six sessions instead of the prior 10.

ECLASSA CLASSA1–CLASSA6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

ECLASSB CLASSB1–CLASSB6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

ECLASSC CLASSC1–CLASSC6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

DECPL DECPLA1–DECPLA6

DECPLV1–DECPLV6

DECPLM1–DECPLM6

ANADB ANADBA1–
ANADBA6

ANADBV1–
ANADBV6

ANADBM1–
ANADBM6

16BIT AIVAR1–AIVAR6 The old setting allowed the choice between 16-bit and 32-bit variations. The 
SEL-487B-1 settings allow the choice between any of the six valid analog input 
variations. The old setting of 16 is equivalent to 2, and 32 is equivalent to 1.

STIMEO STIMEO1–STIMEO6 The SEL-487B-1 settings accept integers only.

DNPPAIR -- This setting no longer exists. Selection of paired controls is now a function of con-
figuring the map.

DNPINA DNPINA1–DNPINA6

NUMEVE NUMEVE1–
NUMEVE6

ETIMEO ETIMEO1–ETIMEO6

URETRY URETRY1–URETRY6

UTIMEO UTIMEO1–UTIMEO6

Table B.4 Ethernet Port Settings Differences (Sheet 2 of 2)

SEL-487B-0 Settings SEL-487B-1 Setting Notes
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Binary Inputs (MAPSEL = B)
Table B.5 lists the valid numeric references used when MAPSEL = B in the 
SEL-487B-0 with the equivalent label in the SEL-487B-1. Note that the numeric 
reference ranges 0–799 and 800–1599 are equivalent, the only difference being 
whether SER quality time-tags are used. In the SEL-487B-1, SER quality time-
tags are always used, if available. If a bit does not appear in the table, then there 
is no equivalent in the SEL-487B-1. 

                    

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 1 of 17)

Numeric Reference Label Reference

6, 806 TRIPLED

7,  807 EN

8,  808 TLED_8

9,  809 TLED_7

10,  810 TLED_6

11,  811 TLED_5

12,  812 TLED_4

13,  813 TLED_3

14,  814 TLED_2

15,  815 TLED_1

16,  816 TLED_16

17,  817 TLED_15

18,  818 TLED_14

19,  819 TLED_13

20,  820 TLED_12

21, 821 TLED_11

22,  822 TLED_10

23,  823 TLED_9

24, 824 52A01

25, 825 52AL01

26, 826 52CL01

27, 827 52A02

28, 828 52AL02

29, 829 52CL02

30, 830 52A03

31, 831 52AL03

32, 832 52CL03

33, 833 52A04

34, 834 52AL04

35, 835 52CL04

36, 836 52A05

37, 837 52AL05

38, 838 52CL05

39, 839 52A06
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40, 840 ZONE1

41, 841 ZONE2

42, 842 ZONE3

43, 843 ZONE4

44, 844 ZONE5

45, 845 ZONE6

48, 848 RZSWOAL

49, 849 ZSWO

50, 850 ZSWOIP

51, 851 ZSWOAL

56, 856 87ST1

57, 857 87ST2

58, 858 87ST3

59, 859 87ST4

60, 860 87ST5

61, 861 87ST6

62, 862 87ST

64, 864 CB52A1

65, 865 CB52T1

66, 866 CBCLS1

67, 867 CBCLST1

68, 868 ACTRP1

69, 869 ACTRPT1

70, 870 CSL1

72, 872 CB52A2

73, 873 CB52T2

74, 874 CBCLS2

75, 875 CBCLST2

76, 876 ACTRP2

77, 877 ACTRPT2

78, 878 CSL2

80, 880 TOS01

81, 881 TOS02

82, 882 TOS03

83, 883 TOS04

84, 884 TOS05

85, 885 TOS06

86, 886 TOS07

87, 887 TOS08

88, 888 TOS09

89, 889 TOS10

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 2 of 17)

Numeric Reference Label Reference
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90, 890 TOS11

91, 891 TOS12

92, 892 TOS13

93, 893 TOS14

94, 894 TOS15

95, 895 TOS16

96, 896 TOS17

97, 897 TOS18

105, 905 CHSG

106, 906 SG1

107, 907 SG2

108, 908 SG3

109, 909 SG4

110, 910 SG5

111, 911 SG6

112, 912 RB32

113, 913 RB31

114, 914 RB30

115, 915 RB29

116, 916 RB28

117, 917 RB27

118, 918 RB26

119, 919 RB25

120, 920 RB24

121, 921 RB23

122, 922 RB22

123, 923 RB21

124, 924 RB20

125, 925 RB19

126, 926 RB18

127, 927 RB17

128, 928 RB16

129, 929 RB15

130, 930 RB14

131, 931 RB13

132, 932 RB12

133, 933 RB11

134, 934 RB10

135, 935 RB09

136, 936 RB08

137, 937 RB07

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 3 of 17)

Numeric Reference Label Reference
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138, 938 RB06

139, 939 RB05

140, 940 RB04

141, 941 RB03

142, 942 RB02

143, 943 RB01

144, 944 IN101

145, 945 IN102

146, 946 IN103

147, 947 IN104

148, 948 IN105

149, 949 1N106

150, 950 IN107

152, 952 IN201

153, 953 IN202

154, 954 IN203

155, 955 IN204

156, 956 IN205

157, 957 IN206

158, 958 IN207

159, 959 IN208

160, 960 IN209

161, 961 IN210

162, 962 IN211

163, 963 IN212

164, 964 IN213

165, 965 IN214

166, 966 IN215

167, 967 IN216

168, 968 IN217

169, 969 IN218

170, 970 IN219

171, 971 IN220

172, 972 IN221

173, 973 IN222

174, 974 IN223

175, 975 IN224

176, 976 IN301

177, 977 IN302

178, 978 IN303

179, 979 IN304

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 4 of 17)

Numeric Reference Label Reference
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180, 980 IN305

181, 981 IN306

182, 982 IN307

183, 983 IN308

184, 984 IN309

185, 985 IN310

186, 986 IN311

187, 987 IN312

188, 988 IN313

189, 989 IN314

190, 990 IN315

191, 991 IN316

192, 992 IN317

193, 993 IN318

194, 994 IN319

195, 995 IN320

196, 996 IN321

197, 997 IN322

198, 998 IN323

199, 999 IN324

200, 1000 IN401

201, 1001 IN402

202, 1002 IN403

203, 1003 IN404

204, 1004 IN405

205, 1005 IN406

206, 1006 IN407

207, 1007 IN408

208, 1008 IN409

209, 1009 IN410

210, 1010 IN411

211, 1011 IN412

212, 1012 IN413

213, 1013 IN414

214, 1014 IN415

215, 1015 IN416

216, 1016 IN417

217, 1017 IN418

218, 1018 IN419

219, 1019 IN420

220, 1020 IN421

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 5 of 17)

Numeric Reference Label Reference
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221, 1021 IN422

222, 1022 IN423

223, 1023 IN424

224, 1024 IN501

225, 1025 IN502

226, 1026 IN503

227, 1027 IN504

228, 1028 IN505

229, 1029 IN506

230, 1030 IN507

231, 1031 IN508

232, 1032 IN509

233, 1033 IN510

234, 1034 IN511

235, 1035 IN512

236, 1036 IN513

237, 1037 IN514

238, 1038 IN515

239, 1039 IN516

240, 1040 IN517

241, 1041 IN518

242, 1042 IN519

243, 1043 IN520

244, 1044 IN521

245, 1045 IN522

246, 1046 IN523

247, 1047 IN524

248, 1048 PSV01

249, 1049 PSV02

250, 1050 PSV03

251, 1051 PSV04

252, 1052 PSV05

253, 1053 PSV06

254, 1054 PSV07

255, 1055 PSV08

256, 1056 PSV09

257, 1057 PSV10

258, 1058 PSV11

259, 1059 PSV12

260, 1060 PSV13

261, 1061 PSV14
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262, 1062 PSV15

263, 1063 PSV16

264, 1064 PSV17

265, 1065 PSV18

266, 1066 PSV19

267, 1067 PSV20

268, 1068 PSV21

269, 1069 PSV22

270, 1070 PSV23

271, 1071 PSV24

272, 1072 PSV25

273, 1073 PSV26

274, 1074 PSV27

275, 1075 PSV28

276, 1076 PSV29

277, 1077 PSV30

278, 1078 PSV31

279, 1079 PSV32

280, 1080 PSV33

281, 1081 PSV34

282, 1082 PSV35

283, 1083 PSV36

284, 1084 PSV37

285, 1085 PSV38

286, 1086 PSV39

287, 1087 PSV40

288, 1088 PSV41

289, 1089 PSV42

290, 1090 PSV43

291, 1091 PSV44

292, 1092 PSV45

293, 1093 PSV46

294, 1094 PSV47

295, 1095 PSV48

296, 1096 PSV49

297, 1097 PSV50

298, 1098 PSV51

299, 1099 PSV52

300, 1100 PSV53

301, 1101 PSV54

302, 1102 PSV55
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303, 1103 PSV56

304, 1104 PSV57

305, 1105 PSV58

306, 1106 PSV59

307, 1107 PSV60

308, 1108 PSV61

309, 1109 PSV62

310, 1110 PSV63

311, 1111 PSV64

312, 1112 PLT01

313, 1113 PLT02

314, 1114 PLT03

315, 1115 PLT04

316, 1116 PLT05

317, 1117 PLT06

318, 1118 PLT07

319, 1119 PLT08

320, 1120 PLT09

321, 1121 PLT10

322, 1122 PLT11

323, 1123 PLT12

324, 1124 PLT13

325, 1125 PLT14

326, 1126 PLT15

327, 1127 PLT16

328, 1128 PCT01Q

329, 1129 PCT02Q

330, 1130 PCT03Q

331, 1131 PCT04Q

332, 1132 PCT05Q

333, 1133 PCT06Q

334, 1134 PCT07Q

335, 1135 PCT08Q

336, 1136 PCT09Q

337, 1137 PCT10Q

338, 1138 PCT11Q

339, 1139 PCT12Q

340, 1140 PCT13Q

341, 1141 PCT14Q

342, 1142 PCT15Q

343, 1143 PCT16Q
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344, 1144 PST01Q

345, 1145 PST02Q

346, 1146 PST03Q

347, 1147 PST04Q

348, 1148 PST05Q

349, 1149 PST06Q

350, 1150 PST07Q

351, 1151 PST08Q

352, 1152 PST09Q

353, 1153 PST10Q

354, 1154 PST11Q

355, 1155 PST12Q

356, 1156 PST13Q

357, 1157 PST14Q

358, 1158 PST15Q

359, 1159 PST16Q

360, 1160 PCN01Q

361, 1161 PCN02Q

362, 1162 PCN03Q

363, 1163 PCN04Q

364, 1164 PCN05Q

365, 1165 PCN06Q

366, 1166 PCN07Q

367, 1167 PCN08Q

368, 1168 PCN09Q

369, 1169 PCN10Q

370, 1170 PCN11Q

371, 1171 PCN12Q

372, 1172 PCN13Q

373, 1173 PCN14Q

374, 1174 PCN15Q

375, 1175 PCN16Q

376, 1176 ASV001

377, 1177 ASV002

378, 1178 ASV003

379, 1179 ASV004

380, 1180 ASV005

381, 1181 ASV006

382, 1182 ASV007

383, 1183 ASV008

384, 1184 ASV009
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385, 1185 ASV010

386, 1186 ASV011

387, 1187 ASV012

388, 1188 ASV013

389, 1189 ASV014

390, 1190 ASV015

391, 1191 ASV016

392, 1192 ASV017

393, 1193 ASV018

394, 1194 ASV019

395, 1195 ASV020

396, 1196 ASV021

397, 1197 ASV022

398, 1198 ASV023

399, 1199 ASV024

400, 1200 ASV025

401, 1201 ASV026

402, 1202 ASV027

403, 1203 ASV028

404, 1204 ASV029

405, 1205 ASV030

406, 1206 ASV031

407, 1207 ASV032

408, 1208 ASV033

409, 1209 ASV034

410, 1210 ASV035

411, 1211 ASV036

412, 1212 ASV037

413, 1213 ASV038

414, 1214 ASV039

415, 1215 ASV040

416, 1216 ASV041

417, 1217 ASV042

418, 1218 ASV043

419, 1219 ASV044

420, 1220 ASV045

421, 1221 ASV046

422, 1222 ASV047

423, 1223 ASV048

424, 1224 ASV049

425, 1225 ASV050
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426, 1226 ASV051

427, 1227 ASV052

428, 1228 ASV053

429, 1229 ASV054

430, 1230 ASV055

431, 1231 ASV056

432, 1232 ASV057

433, 1233 ASV058

434, 1234 ASV059

435, 1235 ASV060

436, 1236 ASV061

437, 1237 ASV062

438, 1238 ASV063

439, 1239 ASV064

440, 1240 ALT01

441, 1241 ALT02

442, 1242 ALT03

443, 1243 ALT04

444, 1244 ALT05

445, 1245 ALT06

446, 1246 ALT07

447, 1247 ALT08

448, 1248 ALT09

449, 1249 ALT10

450, 1250 ALT11

451, 1251 ALT12

452, 1252 ALT13

453, 1253 ALT14

454, 1254 ALT15

455, 1255 ALT16

456, 1256 AST01Q

457, 1257 AST02Q

458, 1258 AST03Q

459, 1259 AST04Q

460, 1260 AST05Q

461, 1261 AST06Q

462, 1262 AST07Q

463, 1263 AST08Q

464, 1264 AST09Q

465, 1265 AST10Q

466, 1266 AST11Q
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467, 1267 AST12Q

468, 1268 AST13Q

469, 1269 AST14Q

470, 1270 AST15Q

471, 1271 AST16Q

472, 1272 ACN01Q

473, 1273 ACN02Q

474, 1274 ACN03Q

475, 1275 ACN04Q

476, 1276 ACN05Q

477, 1277 ACN06Q

478, 1278 ACN07Q

479, 1279 ACN08Q

480, 1280 ACN09Q

481, 1281 ACN10Q

482, 1282 ACN11Q

483, 1283 ACN12Q

484, 1284 ACN13Q

485, 1285 ACN14Q

486, 1286 ACN15Q

487, 1287 ACN16Q

493, 1293 MATHERR

494, 1294 PFRTEX

495, 1295 PUNRLBL

501, 1301 AFRTEXA

502, 1302 AFRTEXP

503, 1303 AUNRLBL

508, 1308 CCALARM

509, 1309 BADPASS

510, 1310 HALARM

511, 1311 SALARM

516, 1316 TUPDH

517, 1317 TIRIG

520, 1320 OUT101

521, 1321 OUT102

522, 1322 OUT103

523, 1323 OUT104

524, 1324 OUT105

525, 1325 OUT106

526, 1326 OUT107

527, 1327 OUT108
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528, 1328 OUT201

529, 1329 OUT202

530, 1330 OUT203

531, 1331 OUT204

532, 1332 OUT205

533, 1333 OUT206

534, 1334 OUT207

535, 1335 OUT208

536, 1336 OUT301

537, 1337 OUT302

538, 1338 OUT303

539, 1339 OUT304

540, 1340 OUT305

541, 1341 OUT306

542, 1342 OUT307

543, 1343 OUT308

544, 1344 OUT401

545, 1345 OUT402

546, 1346 OUT403

547, 1347 OUT404

548, 1348 OUT405

549, 1349 OUT406

550, 1350 OUT407

551, 1351 OUT408

552, 1352 OUT501

553, 1353 OUT502

554, 1354 OUT503

555, 1355 OUT504

556, 1356 OUT505

557, 1357 OUT506

558, 1358 OUT507

559, 1359 OUT508

560, 1360 PB8_LED

561, 1361 PB7_LED

562, 1362 PB6_LED

563, 1363 PB5_LED

564, 1364 PB4_LED

565, 1365 PB3_LED

566, 1366 PB2_LED

567, 1367 PB1_LED

568, 1368 RMB1A
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569, 1369 RMB2A

570, 1370 RMB3A

571, 1371 RMB4A

572, 1372 RMB5A

573, 1373 RMB6A

574, 1374 RMB7A

575, 1375 RMB8A

576, 1376 TMB1A

577, 1377 TMB2A

578, 1378 TMB3A

579, 1379 TMB4A

580, 1380 TMB5A

581, 1381 TMB6A

582, 1382 TMB7A

583, 1383 TMB8A

584, 1384 RMB1B

585, 1385 RMB2B

586, 1386 RMB3B

587, 1387 RMB4B

588, 1388 RMB5B

589, 1389 RMB6B

590, 1390 RMB7B

591, 1391 RMB8B

592, 1392 TMB1B

593, 1393 TMB2B

594, 1394 TMB3B

595, 1395 TMB4B

596, 1396 TMB5B

597, 1397 TMB6B

598, 1398 TMB7B

599, 1399 TMB8B

602, 1402 DOKA

603, 1403 ANOKA

604, 1404 LBOKA

605, 1405 CBADA

606, 1406 RBADA

607, 1407 ROKA

610, 1410 DOKB

611, 1411 ANOKB

612, 1412 LBOKB

613, 1413 CBADB
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614, 1414 RBADB

615, 1415 ROKB

620, 1420 TESTPUL

621, 1421 TESTFM

622, 1422 TESTDB

623, 1423 TESTDB2

624, 1424 VB32

625, 1425 VB31

626, 1426 VB30

627, 1427 VB29

628, 1428 VB28

629, 1429 VB27

630, 1430 VB26

631, 1431 VB25

632, 1432 VB24

633, 1433 VB23

634, 1434 VB22

635, 1435 VB21

636, 1436 VB20

637, 1437 VB19

638, 1438 VB18

639, 1439 VB17

640, 1440 VB16

641, 1441 VB15

642, 1442 VB14

643, 1443 VB13

644, 1444 VB12

645, 1445 VB11

646, 1446 VB10

647, 1447 VB09

648, 1448 VB08

649, 1449 VB07

650, 1450 VB06

651, 1451 VB05

652, 1452 VB04

653, 1453 VB03

654, 1454 VB02

655, 1455 VB01

724, 1524 FSERPF

725, 1525 FSERP3

726, 1526 FSERP2
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727, 1527 FSERP1

728, 1528 CZONE1

736, 1536 87CZ1

744, 1544 87STCZ1

752, 1552 TLED_24

753, 1553 TLED_23

754, 1554 TLED_22

755, 1555 TLED_21

756, 1556 TLED_20

757, 1557 TLED_19

758, 1558 TLED_18

759, 1559 TLED_17

764, 1564 PB12_LED

765, 1565 PB11_LED

766, 1566 PB10_LED

767, 1567 PB9_LED

1600 TLED_8 

1601 TLED_7 

1602 TLED_6 

1603 TLED_5 

1604 TLED_4 

1605 TLED_3 

1606 TLED_2 

1607 TLED_1 

1608 TLED_16

1609 TLED_15

1610 TLED_14

1611 TLED_13

1612 TLED_12

1613 TLED_11

1614 TLED_10

1615 TLED_9 

1616 RLYDIS

1617 STFAIL

1618 STWARN

1619 UNRDEV

1620 STSET

1624 TLED_24

1625 TLED_23

1626 TLED_22

1627 TLED_21

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 16 of 17)

Numeric Reference Label Reference



B.22

SEL-487B Relay Instruction Manual Date Code 20230830

Converting Settings From SEL-487B-0 to SEL-487B-1
DNP3 Mapping Changes

Binary Inputs (MAPSEL = E)
Table B.6 lists the mapping for Binary Input points when MAPSEL = E on the 
SEL-487B-0.

                    

References 16–265 do not have a good equivalent, because they were dependent 
on the SER settings.

References 266–271 are reserved so they have no equivalent mapping.

References 272 and above simply map to the SEL-487B-0 Relay Word, starting 
at bit 0. To find the label equivalent for these points, subtract 272 from the refer-
ence to get the bit number and then find the bit within Section 11: Relay Word 
Bits. You can then use that bit label in the SEL-487B-1 DNP3 map, except as 
noted in Table B.1.

Binary Outputs
                    

1628 TLED_20

1629 TLED_19

1630 TLED_18

1631 TLED_17

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 17 of 17)

Numeric Reference Label Reference

Table B.6 Serial DNP Extended Map Binary Input Point Mapping

Numeric Reference Label Reference Notes

0 RLYDIS

1 STFAIL

2 STWARN

3 UNRDEV

4 STSET

16–265 See below

272 and above See below

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 1 of 3)

Numeric Reference Label Reference Notes

0 RB01  

1 RB02  

2 RB03  

3 RB04  

4 RB05  

5 RB06  

6 RB07  

7 RB08  

8 RB09  

9 RB10  

10 RB11  
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11 RB12  

12 RB13  

13 RB14  

14 RB15  

15 RB16  

16 OC1  

18 OC2  

20 OC3  

22 OC4  

24 RB01:RB02  

25 RB03:RB04  

26 RB05:RB06  

27 RB07:RB08  

28 RB09:RB10  

29 RB11:RB12  

30 RB13:RB14  

31 RB15:RB16  

32 OC1:0 Open “pair” for Circuit Breaker 1

33 OC2:0 Open “pair” for Circuit Breaker 2

34 OC3:0 Open “pair” for Circuit Breaker 3

35 OC4:0 Open “pair” for Circuit Breaker 4

40 RSTTRGT  

41 NXTEVE  

44 RB17  

45 RB18  

46 RB19  

47 RB20  

48 RB21  

49 RB22  

50 RB23  

51 RB24  

52 RB25  

53 RB26  

54 RB27  

55 RB28  

56 RB29  

57 RB30  

58 RB31  

59 RB32  

60 RB17:RB18  

61 RB19:RB20  

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 2 of 3)
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Counters
                    

62 RB21:RB22  

63 RB23:RB24  

64 RB25:RB26  

65 RB27:RB28  

66 RB29:RB30  

67 RB31:RB32  

68 OC5  

70 OC6  

72 OC7  

74 OC8  

76 OC9  

78 OC10  

80 OC11  

82 OC12  

84 OC13  

86 OC14  

88 OC15  

90 OC16  

92 OC17  

94 OC18  

108 OC5:0 Open “pair” for Circuit Breaker 5

109 OC6:0 Open “pair” for Circuit Breaker 6

110 OC7:0 Open “pair” for Circuit Breaker 7

111 OC8:0 Open “pair” for Circuit Breaker 8

112 OC9:0 Open “pair” for Circuit Breaker 9

113 OC10:0 Open “pair” for Circuit Breaker 10

114 OC11:0 Open “pair” for Circuit Breaker 11

115 OC12:0 Open “pair” for Circuit Breaker 12

116 OC13:0 Open “pair” for Circuit Breaker 13

117 OC14:0 Open “pair” for Circuit Breaker 14

118 OC15:0 Open “pair” for Circuit Breaker 15

119 OC16:0 Open “pair” for Circuit Breaker 16

120 OC17:0 Open “pair” for Circuit Breaker 17

121 OC18:0 Open “pair” for Circuit Breaker 18

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 3 of 3)

Numeric Reference Label Reference Notes

Table B.8 Serial DNP3 Counters Point Mapping

Numeric Reference Label Reference

0 ACTGRP
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Analog Inputs
                    

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 1 of 3)

Numeric Reference Label Reference Notes

0 I01FM  

1 I01FA  

2 I02FM  

3 I02FA  

4 I03FM  

5 I03FA  

6 I04FM  

7 I04FA  

8 I05FM  

9 I05FA  

10 I06FM  

11 I06FA  

12 I07FM  

13 I07FA  

14 I08FM  

15 I08FA  

16 I09FM  

17 I09FA  

18 I10FM  

19 I10FA  

20 I11FM  

21 I11FA  

22 I12FM  

23 I12FA  

24 I13FM  

25 I13FA  

26 I14FM  

27 I14FA  

28 I15FM  

29 I15FA  

30 I16FM  

31 I16FA  

32 I17FM  

33 I17FA  

34 I18FM  

35 I18FA  

48 V01FA  

49 V01FM  

50 V02FA  
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51 V02FM  

52 V03FA  

53 V03FM  

60 IOP1  

61 IOP2  

62 IOP3  

63 IOP4  

64 IOP5  

65 IOP6  

68 IRT1  

69 IRT2  

70 IRT3  

71 IRT4  

72 IRT5  

73 IRT6  

76 IOPCZ1  

79 IRTCZ1  

100 VDC1  

176 FTYPE  

177 FTAR1  

178 FTAR2  

181 FGRP  

184 FIMEUH UTC Time high byte

185 FTIMEUM UTC Time middle byte

186 FTIMEUL UTC Time low byte

196 AMV001  

197 AMV002  

198 AMV003  

199 AMV004  

200 AMV005  

201 AMV006  

202 AMV007  

203 AMV008  

204 AMV009  

205 AMV010  

206 AMV011  

207 AMV012  

208 AMV013  

209 AMV014  

210 AMV015  

211 AMV016  

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 2 of 3)
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Analog Outputs
                    

Ethernet DNP3 Map Value Changes
The SEL-487B-0 Ethernet DNP3 map was based on database references. The 
SEL-487B-1 DNP3 mapping uses direct data labels. The following sections 
describe how to get from this database mapping to the new direct data labels.

Binary Inputs
In the SEL-487B-0 mapping, any bit in the database could be referenced for use 
by DNP3 LAN/WAN. Now, only Relay Word bits and a few other special bits can 
be used. The SEL-487B-0 reference format looked like 1:addr:bit. If addr is 
3004h or greater, but not greater than 4000h, then the bits can be associated with 
the SEL-487B-0 Relay Word. Address 3004h corresponds to Relay Word 0, 
3005h to row 1, etc. The bits are simply references in the range 0–7 and match 
the bits within the Relay Word row. Thus the Relay Word bits can be mapped to 
labels by using the comparing the SEL-487B-0 Relay Word to the SEL-487B-1 
Relay Word.

Table B.11 provides reference addresses and corresponding bit labels for the 
SEL-487B-0 Relay Word. Consult Table B.1 for any Relay Word changes.

212 AMV017  

213 AMV018  

214 AMV019  

215 AMV020  

216 AMV021  

217 AMV022  

218 AMV023  

219 AMV024  

220 AMV025  

221 AMV026  

222 AMV027  

223 AMV028  

224 AMV029  

225 AMV030  

226 AMV031  

227 AMV032  

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 3 of 3)

Numeric Reference Label Reference Notes

Table B.10 Serial DNP Analog Output Point Mapping

Numeric Reference Label Reference

0 ACTGRP
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Binary Outputs
In the SEL-487B-0, indices 0–127 were used to map the CCIN bits. These were 
general-purpose, high-speed bits, but they are no longer available in the 
SEL-487B-1. The equivalent in the SEL-487B-1 is the VB bits. The end user will 
need to remap these to remote bits.

Table B.11 describes the mapping for the Binary Outputs.

                    

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 1 of 8)

Numeric Reference (CPId) Label Reference

0 VB001

1 VB002

2 VB003

3 VB004

4 VB005

5 VB006

6 VB007

7 VB008

8 VB009

9 VB010

10 VB011

11 VB012

12 VB013

13 VB014

14 VB015

15 VB016

16 VB017

17 VB018

18 VB019

19 VB020

20 VB021

21 VB022

22 VB023

23 VB024

24 VB025

25 VB026

26 VB027

27 VB028

28 VB029

29 VB030

30 VB031

31 VB032

32 VB033

33 VB034
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34 VB035

35 VB036

36 VB037

37 VB038

38 VB039

39 VB040

40 VB041

41 VB042

42 VB043

43 VB044

44 VB045

45 VB046

46 VB047

47 VB048

48 VB049

49 VB050

50 VB051

51 VB052

52 VB053

53 VB054

54 VB055

55 VB056

56 VB057

57 VB058

58 VB059

59 VB060

60 VB061

61 VB062

62 VB063

63 VB064

64 VB065

65 VB066

66 VB067

67 VB068

68 VB069

69 VB070

70 VB071

71 VB072

72 VB073

73 VB074

74 VB075

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 2 of 8)
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75 VB076

76 VB077

77 VB078

78 VB079

79 VB080

80 VB081

81 VB082

82 VB083

83 VB084

84 VB085

85 VB086

86 VB087

87 VB088

88 VB089

89 VB090

90 VB091

91 VB092

92 VB093

93 VB094

94 VB095

95 VB096

96 VB097

97 VB098

98 VB099

99 VB100

100 VB101

101 VB102

102 VB103

103 VB104

104 VB105

105 VB106

106 VB107

107 VB108

108 VB109

109 VB110

110 VB111

111 VB112

112 VB113

113 VB114

114 VB115

115 VB116

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 3 of 8)

Numeric Reference (CPId) Label Reference
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116 VB117

117 VB118

118 VB119

119 VB120

120 VB121

121 VB122

122 VB123

123 VB124

124 VB125

125 VB126

126 VB127

127 VB128

128 RB01

129 RB02

130 RB03

131 RB04

132 RB05

133 RB06

134 RB07

135 RB08

136 RB09

137 RB10

138 RB11

139 RB12

140 RB13

141 RB14

142 RB15

143 RB16

144 RB17

145 RB18

146 RB19

147 RB20

148 RB21

149 RB22

150 RB23

151 RB24

152 RB25

153 RB26

154 RB27

155 RB28

156 RB29

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 4 of 8)

Numeric Reference (CPId) Label Reference
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157 RB30

158 RB31

159 RB32

160 RB33

161 RB34

162 RB35

163 RB36

164 RB37

165 RB38

166 RB39

167 RB40

168 RB41

169 RB42

170 RB43

171 RB44

172 RB45

173 RB46

174 RB47

175 RB48

176 RB49

177 RB50

178 RB51

179 RB52

180 RB53

181 RB54

182 RB55

183 RB56

184 RB57

185 RB58

186 RB59

187 RB60

188 RB61

189 RB62

190 RB63

191 RB64

192 RB65

193 RB66

194 RB67

195 RB68

196 RB69

197 RB70

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 5 of 8)

Numeric Reference (CPId) Label Reference
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198 RB71

199 RB72

200 RB73

201 RB74

202 RB75

203 RB76

204 RB77

205 RB78

206 RB79

207 RB80

208 RB81

209 RB82

210 RB83

211 RB84

212 RB85

213 RB86

214 RB87

215 RB88

216 RB89

217 RB90

218 RB91

219 RB92

220 RB93

221 RB94

222 RB95

223 RB96

224 RB01:RB02

225 RB03:RB04

226 RB05:RB06

227 RB07:RB08

228 RB09:RB10

229 RB11:RB12

230 RB13:RB14

231 RB15:RB16

232 RB17:RB18

233 RB19:RB20

234 RB21:RB22

235 RB23:RB24

236 RB25:RB26

237 RB27:RB28

238 RB29:RB30

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 6 of 8)

Numeric Reference (CPId) Label Reference
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239 RB31:RB32

240 RB33:RB34

241 RB35:RB36

242 RB37:RB38

243 RB39:RB40

244 RB41:RB42

245 RB43:RB44

246 RB45:RB46

247 RB47:RB48

248 RB49:RB50

249 RB51:RB52

250 RB53:RB54

251 RB55:RB56

252 RB57:RB58

253 RB59:RB60

254 RB61:RB62

255 RB63:RB64

256 RB65:RB66

257 RB67:RB68

258 RB69:RB70

259 RB71:RB72

260 RB73:RB74

261 RB75:RB76

262 RB77:RB78

263 RB79:RB80

264 RB81:RB82

265 RB83:RB84

266 RB85:RB86

267 RB87:RB88

268 RB89:RB90

269 RB91:RB92

270 RB93:RB94

271 RB95:RB96

272 OC1

273 OC2

274 OC3

275 OC4

276 OC5

277 OC6

278 OC7

279 OC8

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 7 of 8)

Numeric Reference (CPId) Label Reference



B.35

Date Code 20230830 Instruction Manual SEL-487B Relay

Converting Settings From SEL-487B-0 to SEL-487B-1
DNP3 Mapping Changes

Counters
In the SEL-487B-0, counters were referenced as points in the database. There is 
no direct equivalent in the SEL-487B-1, so this will need to be analyzed to deter-
mine the appropriate counter mapping.

Analog Inputs
In the SEL-487B-0, analog inputs were referenced as points in the database with 
optional “treat as” qualifiers and with per-point class selection. There is no direct 
equivalent in the SEL-487B-1, so this will need to be analyzed to determine the 
appropriate analog input mapping.

Table B.12 provides reference addresses and corresponding labels for the 
SEL-487B-0 METER database region.

                    

280 OC9

281 OC10

282 OC11

283 OC12

284 OC13

285 OC14

286 OC15

287 OC16

288 OC17

289 OC18

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 8 of 8)

Numeric Reference (CPId) Label Reference

Table B.12 Meter Database Labels and Addresses (Sheet 1 of 3)

Address Label Reference

1004h FREQ    

1006h VDC     

1008h I01FIM

100ah I01FIA

100ch I02FIM

100eh I02FIA

1010h I03FIM

1012h I03FIA

1014h I04FIM

1016h I04FIA

1018h I05FIM

101ah I05FIA

101ch I06FIM

101eh I06FIA

1020h I07FIM
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1022h I07FIA

1024h I08FIM

1026h I08FIA

1028h I09FIM

102ah I09FIA

102ch I10FIM

102eh I10FIA

1030h I11FIM

1032h I11FIA

1034h I12FIM

1036h I12FIA

1038h I13FIM

103ah I13FIA

103ch I14FIM

103eh I14FIA

1040h I15FIM

1042h I15FIA

1044h I16FIM

1046h I16FIA

1048h I17FIM

104ah I17FIA

104ch I18FIM

104eh I18FIA

1068h V01FIM

106ah V01FIA

106ch V02FIM

106eh V02FIA

1070h V03FIM

1072h V03FIA

1080h IOP1    

1082h IOP2    

1084h IOP3    

1086h IOP4    

1088h IOP5    

108ah IOP6    

108ch IRT1    

108eh IRT2    

1090h IRT3    

1092h IRT4    

1094h IRT5    

1096h IRT6    

Table B.12 Meter Database Labels and Addresses (Sheet 2 of 3)

Address Label Reference
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Analog Outputs
In the SEL-487B-0, analog outputs were referenced by index (0–255). These 
mapped to remote analogs (RA001–RA256). In the SEL-487B-1, these same 
remote analogs are available. So if Index 0 was referenced in the SEL-487B-0 
DNP3 map, the SEL-487B-1 DNP3 reference is RA001. Similarly index 1 goes 
to RA002, etc.

IEC 61850 Object Changes
The SEL-487B-0 implementation of the IEC 61850 protocol suite differs slightly 
from the SEL-487B-1 implementation. Table B.13 lists the main functional 
changes between the two.

                    

Default datasets may be used for MMS Reports or for GOOSE message transmis-
sion. Table B.14 lists the default dataset changes in the new ICD file version. 
Note that the contents of any data set may be modified via ACSELERATOR Archi-
tect SEL-5032 Software.

                    

Most of the Logical Nodes and Attributes remain the same between the two 
implementations. Table B.15 lists the mapping changes in the new ICD file.

1098h IOPCZ1 

109ah IRTCZ1 

Table B.12 Meter Database Labels and Addresses (Sheet 3 of 3)

Address Label Reference

Table B.13 IEC 61850 Functional Differences

Topic SEL-487B-0 SEL-487B-1

ICD File Version Version 002 Version 004

Incoming GOOSE Mappable to CCIN001–CCIN128 (binary data) VB001–VB256 (binary data) and 
RA001–RA128 (analog data)

Outgoing GOOSE Relay Word Bits mapped to CCOUT001 (binary data) N/A (Relay Word bits can be sent directly without inter-
mediate mapping; Analog outputs RAO01–RAO64 also 
available)

SER Timestamps SER-quality timestamps available only for LNs 
included in the SER dataset (not editable)

Any points in the SER list (SET R) will have SER-qual-
ity time stamps. Otherwise, accuracy is within 500 ms 
of relay time.

Controls Direct operate with normal security only Direct operate with enhanced security and select-before 
operate (SBO) with enhanced security is also available.

Table B.14 Default Dataset Differences

Default Dataset SEL-487B-0 SEL-487B-1

DSet06, DSet12 Includes CCIN001–CCIN016 Includes VB001–VB016 instead

DSet13 CCOUT01–COUT08 Status VB001–VB008 Status

SER1 List of LNs that have SER-quality time stamps (infor-
mational only, not editable)

N/A (Any point in the SER list will have SER-quality 
time stamps)
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Table B.15 Logical Node and Mapping Differences (Sheet 1 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping

PRO T87CZPTRC25$Tr$general 87CZ1 NA NA

PRO BKRCSWI1$Pos$Oper$ctlVal 1:CONTROL:BR01  OC01:NOOP

PRO BKRCSWI2$Pos$Oper$ctlVal 1:CONTROL:BR02  OC02:NOOP

PRO BKRCSWI3$Pos$Oper$ctlVal 1:CONTROL:BR03  OC03:NOOP

PRO BKRCSWI4$Pos$Oper$ctlVal 1:CONTROL:BR04  OC04:NOOP

PRO BKRCSWI5$Pos$Oper$ctlVal 1:CONTROL:BR05  OC05:NOOP

PRO BKRCSWI6$Pos$Oper$ctlVal 1:CONTROL:BR06  OC06:NOOP

PRO BKRCSWI7$Pos$Oper$ctlVal 1:CONTROL:BR07  OC07:NOOP

PRO BKRCSWI8$Pos$Oper$ctlVal 1:CONTROL:BR08  OC08:NOOP

PRO BKRCSWI9$Pos$Oper$ctlVal 1:CONTROL:BR09  OC09:NOOP

PRO BKRCSWI10$Pos$Oper$ctlVal 1:CONTROL:BR010  OC010:NOOP

PRO BKRCSWI11$Pos$Oper$ctlVal 1:CONTROL:BR11  OC11:NOOP

PRO BKRCSWI12$Pos$Oper$ctlVal 1:CONTROL:BR12  OC12:NOOP

PRO BKRCSWI13$Pos$Oper$ctlVal 1:CONTROL:BR13  OC13:NOOP

PRO BKRCSWI14$Pos$Oper$ctlVal 1:CONTROL:BR14  OC14:NOOP

PRO BKRCSWI15$Pos$Oper$ctlVal 1:CONTROL:BR15  OC15:NOOP

PRO BKRCSWI16$Pos$Oper$ctlVal 1:CONTROL:BR16  OC16:NOOP

PRO BKRCSWI17$Pos$Oper$ctlVal 1:CONTROL:BR17  OC17:NOOP

PRO BKRCSWI18$Pos$Oper$ctlVal 1:CONTROL:BR18  OC18:NOOP

MET METMMXN1$Amp01$Mag$f 1:METER:I01[0]  I01FM

MET METMMXN1$Amp02$Mag$f 1:METER:I02[0]  I02FM

MET METMMXN1$Amp03$Mag$f 1:METER:I03[0]  I03FM

MET METMMXN1$Amp04$Mag$f 1:METER:I04[0]  I04FM

MET METMMXN1$Amp05$Mag$f 1:METER:I05[0]  I05FM

MET METMMXN1$Amp06$Mag$f 1:METER:I06[0]  I06FM

MET METMMXN1$Amp07$Mag$f 1:METER:I07[0]  I07FM

MET METMMXN1$Amp08$Mag$f 1:METER:I08[0]  I08FM

MET METMMXN1$Amp09$Mag$f 1:METER:I09[0]  I09FM

MET METMMXN1$Amp10$Mag$f 1:METER:I10[0]  I10FM

MET METMMXN1$Amp11$Mag$f 1:METER:I11[0]  I11FM

MET METMMXN1$Amp12$Mag$f 1:METER:I12[0]  I12FM

MET METMMXN1$Amp13$Mag$f 1:METER:I13[0]  I13FM

MET METMMXN1$Amp14$Mag$f 1:METER:I14[0]  I14FM

MET METMMXN1$Amp15$Mag$f 1:METER:I15[0]  I15FM

MET METMMXN1$Amp16$Mag$f 1:METER:I16[0]  I16FM

MET METMMXN1$Amp17$Mag$f 1:METER:I17[0]  I17FM

MET METMMXN1$Amp18$Mag$f 1:METER:I18[0]  I18FM

MET METMMXN1$Vol01$Mag$f 1:METER:V01[0]  V01FM

MET METMMXN1$Vol02$Mag$f 1:METER:V02[0]  V01FM

MET METMMXN1$Vol03$Mag$f 1:METER:V03[0]  V01FM
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MET IOPMMXN2$Amp01$Mag$f 1:METER:IOP1  IOP1F

MET IOPMMXN2$Amp02$Mag$f 1:METER:IOP2  IOP2F

MET IOPMMXN2$Amp03$Mag$f 1:METER:IOP3  IOP3F

MET IOPMMXN2$Amp04$Mag$f 1:METER:IOP4  IOP4F

MET IOPMMXN2$Amp05$Mag$f 1:METER:IOP5  IOP5F

MET IOPMMXN2$Amp06$Mag$f 1:METER:IOP6  IOP6F

MET IOPMMXN2$Amp06$Mag$f 1:METER:IOPCZ1 NA NA

MET IRTMMXN3$Amp01$Mag$f 1:METER:IRT1  IRT1F

MET IRTMMXN3$Amp02$Mag$f 1:METER:IRT2  IRT2F

MET IRTMMXN3$Amp03$Mag$f 1:METER:IRT3  IRT3F

MET IRTMMXN3$Amp04$Mag$f 1:METER:IRT4  IRT4F

MET IRTMMXN3$Amp05$Mag$f 1:METER:IRT5  IRT5F

MET IRTMMXN3$Amp06$Mag$f 1:METER:IRT6  IRT6F

MET IRTMMXN3$Amp07$Mag$f 1:METER:IRTCZ1 NA NA

CON RBGGIO1$SPSCO09$Oper$ctlVal 1:CONTROL:RB09 RBGGIO2$SPSCO09$Oper$ctlVal RB09

CON RBGGIO1$SPSCO10$Oper$ctlVal 1:CONTROL:RB10 RBGGIO2$SPSCO10$Oper$ctlVal RB10

CON RBGGIO1$SPSCO11$Oper$ctlVal 1:CONTROL:RB11 RBGGIO2$SPSCO11$Oper$ctlVal RB11

CON RBGGIO1$SPSCO12$Oper$ctlVal 1:CONTROL:RB12 RBGGIO2$SPSCO12$Oper$ctlVal RB12

CON RBGGIO1$SPSCO13$Oper$ctlVal 1:CONTROL:RB13 RBGGIO2$SPSCO13$Oper$ctlVal RB13

CON RBGGIO1$SPSCO14$Oper$ctlVal 1:CONTROL:RB14 RBGGIO2$SPSCO14$Oper$ctlVal RB14

CON RBGGIO1$SPSCO15$Oper$ctlVal 1:CONTROL:RB15 RBGGIO2$SPSCO15$Oper$ctlVal RB15

CON RBGGIO1$SPSCO16$Oper$ctlVal 1:CONTROL:RB16 RBGGIO2$SPSCO16$Oper$ctlVal RB16

CON RBGGIO1$SPSCO17$Oper$ctlVal 1:CONTROL:RB17 RBGGIO3$SPSCO17$Oper$ctlVal RB17

CON RBGGIO1$SPSCO18$Oper$ctlVal 1:CONTROL:RB18 RBGGIO3$SPSCO18$Oper$ctlVal RB18

CON RBGGIO1$SPSCO19$Oper$ctlVal 1:CONTROL:RB19 RBGGIO3$SPSCO19$Oper$ctlVal RB19

CON RBGGIO1$SPSCO20$Oper$ctlVal 1:CONTROL:RB20 RBGGIO3$SPSCO20$Oper$ctlVal RB20

CON RBGGIO1$SPSCO21$Oper$ctlVal 1:CONTROL:RB21 RBGGIO3$SPSCO21$Oper$ctlVal RB21

CON RBGGIO1$SPSCO22$Oper$ctlVal 1:CONTROL:RB22 RBGGIO3$SPSCO22$Oper$ctlVal RB22

CON RBGGIO1$SPSCO23$Oper$ctlVal 1:CONTROL:RB23 RBGGIO3$SPSCO23$Oper$ctlVal RB23

CON RBGGIO1$SPSCO24$Oper$ctlVal 1:CONTROL:RB24 RBGGIO3$SPSCO24$Oper$ctlVal RB24

CON RBGGIO1$SPSCO25$Oper$ctlVal 1:CONTROL:RB25 RBGGIO4$SPSCO25$Oper$ctlVal RB25

CON RBGGIO1$SPSCO26$Oper$ctlVal 1:CONTROL:RB26 RBGGIO4$SPSCO26$Oper$ctlVal RB26

CON RBGGIO1$SPSCO27$Oper$ctlVal 1:CONTROL:RB27 RBGGIO4$SPSCO27$Oper$ctlVal RB27

CON RBGGIO1$SPSCO28$Oper$ctlVal 1:CONTROL:RB28 RBGGIO4$SPSCO28$Oper$ctlVal RB28

CON RBGGIO1$SPSCO29$Oper$ctlVal 1:CONTROL:RB29 RBGGIO4$SPSCO29$Oper$ctlVal RB29

CON RBGGIO1$SPSCO30$Oper$ctlVal 1:CONTROL:RB30 RBGGIO4$SPSCO30$Oper$ctlVal RB30

CON RBGGIO1$SPSCO31$Oper$ctlVal 1:CONTROL:RB31 RBGGIO4$SPSCO31$Oper$ctlVal RB31

CON RBGGIO1$SPSCO32$Oper$ctlVal 1:CONTROL:RB32 RBGGIO4$SPSCO32$Oper$ctlVal RB32

CON RBGGIO1$SPSCO33$Oper$ctlVal 1:CONTROL:RB33 RBGGIO5$SPSCO33$Oper$ctlVal RB33

CON RBGGIO1$SPSCO34$Oper$ctlVal 1:CONTROL:RB34 RBGGIO5$SPSCO34$Oper$ctlVal RB34

Table B.15 Logical Node and Mapping Differences (Sheet 2 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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CON RBGGIO1$SPSCO35$Oper$ctlVal 1:CONTROL:RB35 RBGGIO5$SPSCO35$Oper$ctlVal RB35

CON RBGGIO1$SPSCO36$Oper$ctlVal 1:CONTROL:RB36 RBGGIO5$SPSCO36$Oper$ctlVal RB36

CON RBGGIO1$SPSCO37$Oper$ctlVal 1:CONTROL:RB37 RBGGIO5$SPSCO37$Oper$ctlVal RB37

CON RBGGIO1$SPSCO38$Oper$ctlVal 1:CONTROL:RB38 RBGGIO5$SPSCO38$Oper$ctlVal RB38

CON RBGGIO1$SPSCO39$Oper$ctlVal 1:CONTROL:RB39 RBGGIO5$SPSCO39$Oper$ctlVal RB39

CON RBGGIO1$SPSCO40$Oper$ctlVal 1:CONTROL:RB40 RBGGIO5$SPSCO40$Oper$ctlVal RB40

CON RBGGIO1$SPSCO41$Oper$ctlVal 1:CONTROL:RB41 RBGGIO6$SPSCO41$Oper$ctlVal RB41

CON RBGGIO1$SPSCO42$Oper$ctlVal 1:CONTROL:RB42 RBGGIO6$SPSCO42$Oper$ctlVal RB42

CON RBGGIO1$SPSCO43$Oper$ctlVal 1:CONTROL:RB43 RBGGIO6$SPSCO43$Oper$ctlVal RB43

CON RBGGIO1$SPSCO44$Oper$ctlVal 1:CONTROL:RB44 RBGGIO6$SPSCO44$Oper$ctlVal RB44

CON RBGGIO1$SPSCO45$Oper$ctlVal 1:CONTROL:RB45 RBGGIO6$SPSCO45$Oper$ctlVal RB45

CON RBGGIO1$SPSCO46$Oper$ctlVal 1:CONTROL:RB46 RBGGIO6$SPSCO46$Oper$ctlVal RB46

CON RBGGIO1$SPSCO47$Oper$ctlVal 1:CONTROL:RB47 RBGGIO6$SPSCO47$Oper$ctlVal RB47

CON RBGGIO1$SPSCO48$Oper$ctlVal 1:CONTROL:RB48 RBGGIO6$SPSCO48$Oper$ctlVal RB48

ANN TLEDGGIO7$Ind19$stVal 1:TARGET:TARGET:
TLED_17

NA NA

ANN TLEDGGIO7$Ind20$stVal 1:TARGET:TARGET:
TLED_18

NA NA

ANN TLEDGGIO7$Ind21$stVal 1:TARGET:TARGET:
TLED_19

NA NA

ANN TLEDGGIO7$Ind22$stVal 1:TARGET:TARGET:
TLED_20

NA NA

ANN TLEDGGIO7$Ind23$stVal 1:TARGET:TARGET:
TLED_21

NA NA

ANN TLEDGGIO7$Ind24$stVal 1:TARGET:TARGET:
TLED_22

NA NA

ANN TLEDGGIO7$Ind25$stVal 1:TARGET:TARGET:
TLED_23

NA NA

ANN TLEDGGIO7$Ind26$stVal 1:TARGET:TARGET:
TLED_24

NA NA

ANN PBLEDGGIO8$Ind09$stVal 1:TARGET:TARGET:
PB9_LED

NA NA

ANN PBLEDGGIO8$Ind10$stVal 1:TARGET:TARGET:
PB10LED

NA NA

ANN PBLEDGGIO8$Ind11$stVal 1:TARGET:TARGET:
PB11LED

NA NA

ANN PBLEDGGIO8$Ind12$stVal 1:TARGET:TARGET:
PB12LED

NA NA

ANN CCINGGIO19$Ind001$stVal–
CCINGGIO19$Ind001$stVal

CCIN001–CCIN128 NA NA

ANN CCOUTGGIO20$Ind01$stVal–
CCOUTGGIO20$Ind32$stVal

CCOUT01–CCOUT32 NA NA

ANN RMBAGGIO21$Ind01$stVal–
RMBAGGIO21$Ind08$stVal

RMB1A–RMB8A NA NA

Table B.15 Logical Node and Mapping Differences (Sheet 3 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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ANN TMBAGGIO22$Ind01$stVal–
TMBAGGIO22$Ind08$stVal

TMB1A–TMB8A NA NA

ANN RMBBGGIO23$Ind01$stVal–
RMBBGGIO23$Ind08$stVal

RMB1B–RMB8B NA NA

ANN TMBBGGIO24$Ind01$stVal–
TMBBGGIO24$Ind08$stVal

TMB1B–TMB8B NA NA

ANN MBOKGGIO25$Ind01$stVal 1:TARGET:TARGET:
ROKA

NA NA

ANN MBOKGGIO25$Ind02$stVal 1:TARGET:TARGET:
RBADA

NA NA

ANN MBOKGGIO25$Ind03$stVal 1:TARGET:TARGET:
CBADA

NA NA

ANN MBOKGGIO25$Ind04$stVal 1:TARGET:TARGET:
LBOKA

NA NA

ANN MBOKGGIO25$Ind05$stVal 1:TARGET:TARGET:
ANOKA

NA NA

ANN MBOKGGIO25$Ind06$stVal 1:TARGET:TARGET:
DOKA

NA NA

ANN MBOKGGIO25$Ind07$stVal 1:TARGET:TARGET:
ROKB

NA NA

ANN MBOKGGIO25$Ind08$stVal 1:TARGET:TARGET:
RBADB

NA NA

ANN MBOKGGIO25$Ind09$stVal 1:TARGET:TARGET:
CBADB

NA NA

ANN MBOKGGIO25$Ind10$stVal 1:TARGET:TARGET:
LBOKB

NA NA

ANN MBOKGGIO25$Ind11$stVal 1:TARGET:TARGET:
ANOKB

NA NA

ANN MBOKGGIO25$Ind12$stVal 1:TARGET:TARGET:
DOKB

NA NA

Table B.15 Logical Node and Mapping Differences (Sheet 4 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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Commanda, b Description

2ACCESS Go to Access Level 2 (full control)

AACCESS Go to Access Level A (automation configuration)

ACCESS Go to Access Level 1 (monitor relay)

BACCESS Go to Access Level B (monitor relay and control circuit breakers)

BNAME ASCII names of Fast Meter status bits

CASCII Generate the Compressed ASCII response configuration message

CEVENT Display Compressed ASCII event report

CFG CTNOM i For TiDL (EtherCAT) relays, configure the nominal CT input value i to 1 or 5

CFG NFREQ f In TiDL (EtherCAT) relays, set the nominal frequency, f (50 or 60)

CHISTORY Display Compressed ASCII history report

COM c Display relay-to-relay MIRRORED BITS communications data (c = A is Channel A; c = B is Channel B; c = M 
is either enabled single channel)

COM PTP Display a report on PTP data sets and statistics

CONTROL nn Set, clear, or pulse an internal remote bit (nn is the remote bit number from 01–96)

COPY m n Copy settings between instances in the same class (m and n are instance numbers; for example: m = 1 is 
Group 1; n = 2 is Group 2)

CPR Display Compressed ASCII signal profiling report

CSER Display Compressed ASCII sequential events report

CSTATUS Display Compressed ASCII relay status report

CSUMMARY Display Compressed ASCII summary event report

DATE Display and set the date

DNAME X ASCII names of all relay digital points reported via Fast Meter

ETHERNET Display Ethernet port (Port 5) configuration and status

EVENT Display and acknowledge event reports

EXIT Terminates a Telnet session

FILE Transfer files between the relay and external software 

GOOSE Displays transmit and receive GOOSE messaging information

GROUP Display the active group number or select the active group

HELP List and describe available commands at each access level

HISTORY View event summaries/histories; clear event summary data

ID Display the firmware id, user id, device code, part number, and configuration information

LOOPBACK Connect MIRRORED BITS data from transmit to receive on the same port 

MAC Display the MAC addresses

MAP 1 View the relay database organization

METER Display metering data and internal relay operating variables

OACCESS Go to Access Level O (output configuration)

OPEN n Open the circuit breaker (n = 1–21)

PACCESS Go to Access Level P (protection configuration)

PASSWORD n Change relay password for Access Level n
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PING addr Sends an ICMP echo request message to the provided IP address to confirm connectivity

PORT p Connect to a remote relay via MIRRORED BITS virtual terminal for port number p (p = 1–3 and F)

PROFILE Display signal profile records

PULSE OUTnnn Pulse a relay control output (OUTnnn is a control output)

QUIT Reduce access level to Access Level 0 (exit relay control)

SER View Sequential Events Recorder report

SET Set or modify relay settings

SHOW Display relay settings

SNS Display Sequential Events Recorder settings name strings (Fast SER)

STATUS Report or clear relay status and SELOGIC control equation errors

SUMMARY Display a summary event report

TARGET Display relay elements for a row in the Relay Word table

TEST DB Display or place values in the communications card database (useful for Ethernet protocol read tests)

TEST DB2 Test all communications protocols except Fast Message

TEST FM Display or place values in metering database (Fast Meter)

TIME Display and set the internal clock

TRIGGER Initiate a data capture and record an event report

VERSION Display the relay hardware and software configurations

VIEW 1 View data from the Fast Message database

ZONE Display the terminal and bus names associated with all active protective zones

a See Section 9: ASCII Command Reference.
b For help on a specific command, type HELP [command] <Enter> at an ASCII terminal communicating with the relay.

Commanda, b Description
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2ACCESS Go to Access Level 2 (full control)
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ACCESS Go to Access Level 1 (monitor relay)

BACCESS Go to Access Level B (monitor relay and control circuit breakers)

BNAME ASCII names of Fast Meter status bits

CASCII Generate the Compressed ASCII response configuration message

CEVENT Display Compressed ASCII event report

CFG CTNOM i For TiDL (EtherCAT) relays, configure the nominal CT input value i to 1 or 5

CFG NFREQ f In TiDL (EtherCAT) relays, set the nominal frequency, f (50 or 60)

CHISTORY Display Compressed ASCII history report

COM c Display relay-to-relay MIRRORED BITS communications data (c = A is Channel A; c = B is Channel B; c = M 
is either enabled single channel)

COM PTP Display a report on PTP data sets and statistics

CONTROL nn Set, clear, or pulse an internal remote bit (nn is the remote bit number from 01–96)

COPY m n Copy settings between instances in the same class (m and n are instance numbers; for example: m = 1 is 
Group 1; n = 2 is Group 2)

CPR Display Compressed ASCII signal profiling report

CSER Display Compressed ASCII sequential events report

CSTATUS Display Compressed ASCII relay status report

CSUMMARY Display Compressed ASCII summary event report

DATE Display and set the date

DNAME X ASCII names of all relay digital points reported via Fast Meter

ETHERNET Display Ethernet port (Port 5) configuration and status

EVENT Display and acknowledge event reports

EXIT Terminates a Telnet session

FILE Transfer files between the relay and external software 

GOOSE Displays transmit and receive GOOSE messaging information

GROUP Display the active group number or select the active group

HELP List and describe available commands at each access level

HISTORY View event summaries/histories; clear event summary data

ID Display the firmware id, user id, device code, part number, and configuration information

LOOPBACK Connect MIRRORED BITS data from transmit to receive on the same port 

MAC Display the MAC addresses

MAP 1 View the relay database organization

METER Display metering data and internal relay operating variables

OACCESS Go to Access Level O (output configuration)

OPEN n Open the circuit breaker (n = 1–21)

PACCESS Go to Access Level P (protection configuration)

PASSWORD n Change relay password for Access Level n
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PING addr Sends an ICMP echo request message to the provided IP address to confirm connectivity

PORT p Connect to a remote relay via MIRRORED BITS virtual terminal for port number p (p = 1–3 and F)

PROFILE Display signal profile records

PULSE OUTnnn Pulse a relay control output (OUTnnn is a control output)

QUIT Reduce access level to Access Level 0 (exit relay control)

SER View Sequential Events Recorder report

SET Set or modify relay settings

SHOW Display relay settings

SNS Display Sequential Events Recorder settings name strings (Fast SER)

STATUS Report or clear relay status and SELOGIC control equation errors

SUMMARY Display a summary event report

TARGET Display relay elements for a row in the Relay Word table

TEST DB Display or place values in the communications card database (useful for Ethernet protocol read tests)

TEST DB2 Test all communications protocols except Fast Message

TEST FM Display or place values in metering database (Fast Meter)

TIME Display and set the internal clock

TRIGGER Initiate a data capture and record an event report

VERSION Display the relay hardware and software configurations

VIEW 1 View data from the Fast Message database

ZONE Display the terminal and bus names associated with all active protective zones

a See Section 9: ASCII Command Reference.
b For help on a specific command, type HELP [command] <Enter> at an ASCII terminal communicating with the relay.

Commanda, b Description



Instruction Manual

*PM400-01-NB*

SEL-400 Series
Relays

Instruction Manual

20230830



SEL-400 Series Relays Instruction Manual Date Code 20230830

© 2016–2023 by Schweitzer Engineering Laboratories, Inc. All rights reserved.

SEL products appearing in this document may be covered by U.S. and Foreign patents. Schweitzer Engineering Laboratories, Inc. reserves all 
rights and benefits afforded under federal and international copyright and patent laws in its products, including without limitation software, 
firmware, and documentation.

The information in this document is provided for informational use only and is subject to change without notice. Schweitzer Engineering 
Laboratories, Inc. has approved only the English language document.

This product is covered by the standard SEL 10-year warranty. For warranty details, visit selinc.com or contact your customer service 
representative. PM400-01

https://selinc.com/


Date Code 20230830 Instruction Manual SEL-400 Series Relays

SEL-400 Series RelaysInstruction Manual Table of Contents

List of Tables ...............................................................................................................................................................................v

List of Figures......................................................................................................................................................................... xiii

Preface.........................................................................................................................................................................................xxi

Manual Overview ................................................................................................................................................ xxi
Safety Information ............................................................................................................................................  xxiii
General Information........................................................................................................................................... xxvi

Section 1: Introduction
Common Features .................................................................................................................................................1.1

Section 2: PC Software
SEL Grid Configurator Software ..........................................................................................................................2.1
ACSELERATOR QuickSet SEL-5030 Software ...................................................................................................2.14

Section 3: Basic Relay Operations
Inspecting a New Relay ........................................................................................................................................3.1
Establishing Communication................................................................................................................................3.3
Access Levels and Passwords...............................................................................................................................3.7
Checking Relay Status ........................................................................................................................................3.13
Making Simple Settings Changes .......................................................................................................................3.15
Examining Metering Quantities..........................................................................................................................3.34
Examining Relay Elements.................................................................................................................................3.42
Reading Oscillograms, Event Reports, and SER................................................................................................3.46
Operating the Relay Inputs and Outputs.............................................................................................................3.55
Configuring Timekeeping...................................................................................................................................3.65
Readying the Relay for Field Application ..........................................................................................................3.66

Section 4: Front-Panel Operations
Front-Panel Layout ...............................................................................................................................................4.1
Front-Panel Menus and Screens .........................................................................................................................4.14
Front-Panel Automatic Messages .......................................................................................................................4.32
Operation and Target LEDs ................................................................................................................................4.33
Front-Panel Operator Control Pushbuttons.........................................................................................................4.35

Section 5: Control
Circuit Breaker Status and Control .......................................................................................................................5.1
Disconnect Logic ..................................................................................................................................................5.2
Remote Bits.........................................................................................................................................................5.12
Bay Control Front-Panel Operations ..................................................................................................................5.12
Bay Control Screens ...........................................................................................................................................5.29
Customizable Screens .........................................................................................................................................5.36
Bay Control Example Application......................................................................................................................5.37

Section 6: Autoreclosing
Autoreclosing States .............................................................................................................................................6.2
One-Circuit-Breaker Autoreclosing......................................................................................................................6.4
Two-Circuit-Breaker Autoreclosing ...................................................................................................................6.10
Autoreclose Logic Diagrams ..............................................................................................................................6.26
Manual Closing...................................................................................................................................................6.40
Voltage Checks for Autoreclosing and Manual Closing ....................................................................................6.43
Settings and Relay Word Bits for Autoreclosing and Manual Closing ..............................................................6.46



ii

SEL-400 Series Relays Instruction Manual Date Code 20230830

Table of Contents

Section 7: Metering
Instantaneous Metering.........................................................................................................................................7.2
Maximum/Minimum Metering .............................................................................................................................7.5
Demand Metering .................................................................................................................................................7.6
Energy Metering .................................................................................................................................................7.10
Synchrophasor Metering.....................................................................................................................................7.10
Battery Metering .................................................................................................................................................7.11
RTD Metering.....................................................................................................................................................7.12
Protection Math Variable Metering ....................................................................................................................7.12
Automation Math Variable Metering .................................................................................................................7.13
MIRRORED BITS Remote Analog Metering.........................................................................................................7.13

Section 8: Monitoring
Circuit Breaker Monitor........................................................................................................................................8.1
Station DC Battery System Monitor ...................................................................................................................8.21

Section 9: Reporting
Data Processing.....................................................................................................................................................9.1
Triggering Data Captures and Event Reports .......................................................................................................9.7
Duration of Data Captures and Event Reports......................................................................................................9.9
Oscillography........................................................................................................................................................9.9
Event Reports, Event Summaries, and Event Histories......................................................................................9.13
Sequential Events Recorder (SER) .....................................................................................................................9.28
Signal Profiling ...................................................................................................................................................9.31

Section 10: Testing, Troubleshooting, and Maintenance
Testing Philosophy .............................................................................................................................................10.1
Testing Features and Tools .................................................................................................................................10.4
Test Methods.......................................................................................................................................................10.7
Relay Self-Tests ................................................................................................................................................10.19
Relay Troubleshooting......................................................................................................................................10.23
Maintenance......................................................................................................................................................10.27
Technical Support .............................................................................................................................................10.35

Section 11: Time and Date Management
IRIG-B Timekeeping ..........................................................................................................................................11.1
PTP Timekeeping ...............................................................................................................................................11.2
Time Source Selection ........................................................................................................................................11.5
Time Quality Indications ....................................................................................................................................11.5
Time-Synchronized Events...............................................................................................................................11.10

Section 12: Settings
Settings Structure ................................................................................................................................................12.1
Multiple Setting Groups......................................................................................................................................12.4
Port Settings ........................................................................................................................................................12.6
DNP3 Settings—Custom Maps ........................................................................................................................12.19
Front-Panel Settings..........................................................................................................................................12.20
Alias Settings ....................................................................................................................................................12.25
Protection Freeform SELOGIC Control Equations ............................................................................................12.26
Automation Freeform SELOGIC Control Equations .........................................................................................12.26
Output Settings .................................................................................................................................................12.26
Report Settings..................................................................................................................................................12.27
Notes Settings ...................................................................................................................................................12.29

Section 13: SELOGIC Control Equation Programming
Separation of Protection and Automation Areas ................................................................................................13.1
SELOGIC Control Equation Setting Structure.....................................................................................................13.2
SELOGIC Control Equation Capacity..................................................................................................................13.5
SELOGIC Control Equation Programming..........................................................................................................13.6



iii

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Table of Contents

SELOGIC Control Equation Elements .................................................................................................................13.9
SELOGIC Control Equation Operators ..............................................................................................................13.24
Effective Programming.....................................................................................................................................13.34
SEL-311 and SEL-351 Series Users .................................................................................................................13.36

Section 14: ASCII Command Reference
Command Description ........................................................................................................................................14.1

Section 15: Communications Interfaces
Serial Communication ........................................................................................................................................15.2
Serial Port Hardware Protocol ............................................................................................................................15.4
Ethernet Communications...................................................................................................................................15.6
Virtual File Interface.........................................................................................................................................15.20
Software Protocol Selections ............................................................................................................................15.27
SEL Protocol.....................................................................................................................................................15.28
SEL MIRRORED BITS Communication..............................................................................................................15.36
SEL Distributed Port Switch Protocol (LMD) .................................................................................................15.43
SEL-2600A RTD Module Operation................................................................................................................15.43
Direct Networking Example .............................................................................................................................15.45

Section 16: DNP3 Communication
Introduction to DNP3..........................................................................................................................................16.1
DNP3 in the Relay ..............................................................................................................................................16.7
DNP3 Documentation.......................................................................................................................................16.12
DNP3 Serial Application Example ...................................................................................................................16.26
DNP3 LAN/WAN Application Example .........................................................................................................16.31

Section 17: IEC 61850 Communication
Introduction to IEC 61850 ..................................................................................................................................17.2
IEC 61850 Operation ..........................................................................................................................................17.3
Sampled Values ................................................................................................................................................17.21
IEC 61850 Simulation Mode ............................................................................................................................17.30
IEC 61850 Mode/Behavior ...............................................................................................................................17.30
IEC 61850 Configuration..................................................................................................................................17.38
Logical Nodes ...................................................................................................................................................17.45
Protocol Implementation Conformance Statement...........................................................................................17.79
ACSI Conformance Statements ........................................................................................................................17.85
Potential Client and Automation Application Issues With Edition 2 Upgrades...............................................17.90

Section 18: Synchrophasors
Introduction.........................................................................................................................................................18.1
Synchrophasor Measurement..............................................................................................................................18.3
Settings for Synchrophasors ...............................................................................................................................18.6
Synchrophasor Quantities .................................................................................................................................18.18
View Synchrophasors by Using the MET PM Command................................................................................18.21
IEEE C37.118 Synchrophasor Protocol............................................................................................................18.23
SEL Fast Message Synchrophasor Protocol .....................................................................................................18.29
Control Capabilities ..........................................................................................................................................18.33
PMU Recording Capabilities ............................................................................................................................18.42

Section 19: Digital Secondary Systems
Time-Domain Link (TiDL).................................................................................................................................19.1
IEC 61850-9-2 Sampled Values (SV) ..............................................................................................................19.23

Appendix A: Manual Versions

Appendix B: Firmware Upgrade Instructions
Upgrading With Digitally Signed Firmware Upgrade Files ................................................................................B.3
Relay Firmware Upgrade Procedure....................................................................................................................B.4



iv

SEL-400 Series Relays Instruction Manual Date Code 20230830

Table of Contents

Verify IEC 61850 Operation (Optional) ............................................................................................................B.22
Time-Domain Link (TiDL) Centrally Controlled Firmware Upgrade (For Relays Supporting T-Protocol) ....B.23
Return Relay to Service .....................................................................................................................................B.24
Troubleshooting .................................................................................................................................................B.24
Technical Support ..............................................................................................................................................B.26

Appendix C: Cybersecurity Features
Ports and Services ................................................................................................................................................C.1
Authentication and Authorization Controls .........................................................................................................C.2
Malware Protection Features ...............................................................................................................................C.3
Logging Features .................................................................................................................................................C.3
Physical Access Security .....................................................................................................................................C.4
Configuration Control Support ............................................................................................................................C.4
Backup and Restore .............................................................................................................................................C.5
Decommissioning ................................................................................................................................................C.5
Vulnerability Notification Process.......................................................................................................................C.5

Glossary



Date Code 20230830 Instruction Manual SEL-400 Series Relays

SEL-400 Series RelaysInstruction Manual List of Tables

Table 2.1 SEL Software...............................................................................................................................2.1
Table 2.2 Minimum Requirements ..............................................................................................................2.2
Table 2.3 Differences Between Admin Install and User Install ..................................................................2.2
Table 2.4 QuickSet Submenu Options.......................................................................................................2.21
Table 2.5 QuickSet HMI Tree View Functions.........................................................................................2.30
Table 2.6 Accessing QuickSet Help ..........................................................................................................2.34
Table 3.1 General Serial Port Settings.........................................................................................................3.4
Table 3.2 SEL-400 Series Relays Access Levels ........................................................................................3.8
Table 3.3 Access Level Commands and Passwords ....................................................................................3.8
Table 3.4 SEL-451 Settings Classes and Instances ...................................................................................3.17
Table 3.5 Actions at Settings Prompts.......................................................................................................3.21
Table 3.6 Actions at Text-Edit Mode Prompts ..........................................................................................3.23
Table 3.7 Phase-Instantaneous Overcurrent Pickup ..................................................................................3.43
Table 3.8 Control Input Characteristics.....................................................................................................3.62
Table 3.9 Communications Port Commands That Clear Relay Buffers....................................................3.67
Table 4.1 Front-Panel Inactivity Time-Out Setting .....................................................................................4.4
Table 4.2 SER Point Settings.......................................................................................................................4.8
Table 4.3 Display Point Settings—Boolean ..............................................................................................4.11
Table 4.4 Display Point Settings—Analog................................................................................................4.11
Table 4.5 Display Point Settings—Boolean and Analog Examples................................................................4.11
Table 4.6 Front-Panel Pushbutton Functions While Viewing SER Events...............................................4.18
Table 4.7 Local Bit Control Settings .........................................................................................................4.24
Table 4.8 Local Bit SELOGIC ....................................................................................................................4.24
Table 4.9 Settings Available From the Front Panel...................................................................................4.26
Table 5.1 Circuit Breaker and Disconnect Switch Definitions..................................................................5.14
Table 5.2 Circuit Breaker State Representations .......................................................................................5.15
Table 5.3 Disconnect Switch State Representations..................................................................................5.15
Table 5.4 Three-Position Disconnect Switch State Representations.........................................................5.26
Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options.......................5.27
Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and Transfer Bus Bay 

With Ground Switch Application.............................................................................................5.43
Table 5.7 Application Example Front Panel Settings................................................................................5.45
Table 5.8 Application Example Output Settings, Output SELOGIC Control Equations ...................................5.45
Table 6.1 Autoreclose Logical States for Circuit Breaker 1........................................................................6.4
Table 6.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings ........................................................6.8
Table 6.3 One-Circuit-Breaker Single-Pole Reclose Initial Settings ..........................................................6.8
Table 6.4 One Circuit Breaker Modes of Operation....................................................................................6.9
Table 6.5 Dynamic Leader/Follower Settings ...........................................................................................6.16
Table 6.6 Leader/Follower Selection.........................................................................................................6.18
Table 6.7 Example One: Reset and 79CY3 States ....................................................................................6.18
Table 6.8 Example One: Lockout State .....................................................................................................6.18
Table 6.9 Example One: Reset State After Reclaim Time ........................................................................6.19
Table 6.10 Leader/Follower Selection.........................................................................................................6.19
Table 6.11 Example Two: Initial Reset State ..............................................................................................6.19
Table 6.12 Example Two: Final Reset State ...............................................................................................6.20
Table 6.13 Leader/Follower Selection.........................................................................................................6.20
Table 6.14 Example Three: Reset State.......................................................................................................6.20
Table 6.15 Example Three: Three-Pole Cycle State....................................................................................6.21
Table 6.16 Example Three: Lockout State, BK...........................................................................................6.21
Table 6.17 Leader/Follower Selection.........................................................................................................6.22
Table 6.18 Two Circuit Breakers: Circuit Breaker BK1 Out of Service ...........................................................6.22
Table 6.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings.........................................................6.23
Table 6.20 Two-Circuit-Breaker Single-Pole Reclose Initial Settings ..............................................................6.23



vi

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Tables

Table 6.21 Circuit Breaker BK1 Modes of Operation.................................................................................6.23
Table 6.22 Circuit Breaker BK2 Modes of Operation.................................................................................6.24
Table 6.23 Trip Logic Enable Options ........................................................................................................6.25
Table 6.24 Autoreclose Logic Relay Word Bits..........................................................................................6.46
Table 7.1 MET Command ...........................................................................................................................7.1
Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency ...........................................7.3
Table 7.3 Instantaneous Metering Accuracy—Power .................................................................................7.4
Table 7.4 Rolling Demand Calculations......................................................................................................7.7
Table 7.5 Information Available With the MET ANA Command............................................................7.13
Table 8.1 Circuit Breaker Monitor Configuration .......................................................................................8.2
Table 8.2 Circuit Breaker Maintenance Information—Example.................................................................8.3
Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1 ...................................................................8.4
Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations ....................................................8.7
Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations ......................................................8.9
Table 8.6 BRE Command..........................................................................................................................8.18
Table 8.7 DC Monitor Settings and Relay Word Bit Alarms....................................................................8.22
Table 8.8 Example DC Battery Voltage Conditions .................................................................................8.23
Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc for Vdc2 ..................8.23
Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages .................................................8.24
Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor (EGADVS := Y)..............8.25
Table 9.1 SUM Command.........................................................................................................................9.26
Table 9.2 HIS Command ...........................................................................................................................9.28
Table 9.3 SER Commands.........................................................................................................................9.30
Table 10.1 Acceptance Testing....................................................................................................................10.2
Table 10.2 Commissioning Testing.............................................................................................................10.2
Table 10.3 Maintenance Testing..................................................................................................................10.3
Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) Test Settings.....................10.9
Table 10.5 Data Transmitted in GOOSE and SV Messages .....................................................................10.12
Table 10.6 Message Quality Test and Simulation Flag .............................................................................10.15
Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher ....................................10.16
Table 10.8 Alarm Relay Word Bits ...........................................................................................................10.19
Table 10.9 Troubleshooting Procedures ....................................................................................................10.23
Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures ..................................................10.25
Table 11.1 Relay Timekeeping Modes ........................................................................................................11.2
Table 11.2 CUR_SRC Encoding .................................................................................................................11.5
Table 11.3 Time Quality Encoding (IRIG)..................................................................................................11.5
Table 11.4 Time Quality Encoding (PTP) ...................................................................................................11.6
Table 11.5 Date/Time Last Update Sources ................................................................................................11.8
Table 11.6 SEL-421 Voltage and Current Measurement ..........................................................................11.12
Table 12.1 Typical Settings Classes and Instances .....................................................................................12.2
Table 12.2 Definitions for Active Setting Group Indication Relay Word Bits SG1 Through SG6 ............12.4
Table 12.3 Definitions for Active Setting Group Switching SELOGIC Control Equation Settings SS1 

Through SS6.............................................................................................................................12.5
Table 12.4 Port Settings Categories.............................................................................................................12.6
Table 12.5 Protocol Selection (Serial).........................................................................................................12.7
Table 12.6 Communications Settings ..........................................................................................................12.8
Table 12.7 SEL Protocol Settings................................................................................................................12.8
Table 12.8 Fast Message Read Data Access................................................................................................12.8
Table 12.9 DNP Configuration (Serial) .......................................................................................................12.9
Table 12.10 MIRRORED BITS Protocol Settings...........................................................................................12.10
Table 12.11 RTD Protocol Settings.............................................................................................................12.11
Table 12.12 PMU Protocol Settings ............................................................................................................12.11
Table 12.13 Protocol Selection (Ethernet)...................................................................................................12.11
Table 12.14 IP/Network Configuration .......................................................................................................12.12
Table 12.15 FTP Configuration ...................................................................................................................12.12
Table 12.16 HTTP Server Configuration ....................................................................................................12.12
Table 12.17 Telnet Configuration................................................................................................................12.12
Table 12.18 IEC 61850 Configuration ........................................................................................................12.13



vii

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Tables

Table 12.19 IEC 61850 Mode/Behavior Configuration ..............................................................................12.13
Table 12.20 SV Transmit Configuration .....................................................................................................12.13
Table 12.21 SV Receive Configuration.......................................................................................................12.13
Table 12.22 IEC SV Channel Settings ........................................................................................................12.14
Table 12.23 DNP Configuration (Ethernet).................................................................................................12.14
Table 12.24 Phasor Measurement Configuration ........................................................................................12.15
Table 12.25 SNTP Selection........................................................................................................................12.15
Table 12.26 PTP Settings ............................................................................................................................12.16
Table 12.27 Protocol Selection (Five-Port Ethernet Card)..........................................................................12.16
Table 12.28 IP/Network Configuration .......................................................................................................12.17
Table 12.29 FTP Configuration (Five-Port Ethernet Card).........................................................................12.17
Table 12.30 HTTP Server Configuration (Five-Port Ethernet Card) ..........................................................12.18
Table 12.31 Telnet Configuration (Five-Port Ethernet Card) .....................................................................12.18
Table 12.32 Phasor Measurement Configuration (Five-Port Ethernet Card) ..............................................12.18
Table 12.33 PTP Settings (Five-Port Ethernet Card) ..................................................................................12.19
Table 12.34 DNP3 Settings Categories .......................................................................................................12.19
Table 12.35 Minimum and Maximum Fault Location ................................................................................12.19
Table 12.36 DNP3 Map Category Headers .................................................................................................12.20
Table 12.37 Front-Panel Settings Categories ..............................................................................................12.20
Table 12.38 Front-Panel Settings ................................................................................................................12.20
Table 12.39 Selectable Screens for the Front Panel ....................................................................................12.23
Table 12.40 Selectable Operator Pushbuttons .............................................................................................12.23
Table 12.41 Front-Panel Event Display.......................................................................................................12.24
Table 12.42 Local Bit SELOGIC ..................................................................................................................12.24
Table 12.43 SER Parameters .......................................................................................................................12.24
Table 12.44 Output Settings Categories ......................................................................................................12.26
Table 12.45 Remote Analog Outputs ..........................................................................................................12.27
Table 12.46 MIRRORED BITS Transmit Equations.......................................................................................12.27
Table 12.47 87L Communications Bits .......................................................................................................12.27
Table 12.48 Report Settings Categories ......................................................................................................12.27
Table 12.49 SER Chatter Criteria ................................................................................................................12.28
Table 12.50 Signal Profile ...........................................................................................................................12.28
Table 12.51 Event Reporting .......................................................................................................................12.28
Table 13.1 Summary of SELOGIC Control Equation Elements ...................................................................13.9
Table 13.2 First Execution Bit Operation on Power-Up ...........................................................................13.10
Table 13.3 First Execution Bit Operation on Automation Settings Change..............................................13.10
Table 13.4 First Execution Bit Operation on Protection Settings Change, Group Switch, and Source 

Selection .................................................................................................................................13.10
Table 13.5 SELOGIC Control Equation Boolean Variable Quantities .......................................................13.10
Table 13.6 SELOGIC Control Equation Math Variable Quantities ............................................................13.11
Table 13.7 Latch Bit Quantities.................................................................................................................13.12
Table 13.8 Latch Bit Parameters ...............................................................................................................13.13
Table 13.9 Conditioning Timer Quantities ................................................................................................13.16
Table 13.10 Conditioning Timer Parameters...............................................................................................13.16
Table 13.11 Sequencing Timer Quantities ..................................................................................................13.19
Table 13.12 Sequencing Timer Parameters .................................................................................................13.20
Table 13.13 Counter Quantities ...................................................................................................................13.22
Table 13.14 Counter Parameters..................................................................................................................13.22
Table 13.15 Operator Precedence From Highest to Lowest........................................................................13.24
Table 13.16 Boolean Operator Summary ....................................................................................................13.25
Table 13.17 Parentheses Operation in Boolean Equation ...........................................................................13.25
Table 13.18 NOT Operator Truth Table......................................................................................................13.26
Table 13.19 AND Operator Truth Table .....................................................................................................13.26
Table 13.20 OR Operator Truth Table ........................................................................................................13.26
Table 13.21 Comparison Operations ...........................................................................................................13.28
Table 13.22 Math Operator Summary .........................................................................................................13.29
Table 13.23 Math Error Examples...............................................................................................................13.30



viii

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Tables

Table 13.24 SEL-351 Series Relays and SEL-400 Series SELOGIC Control Equation Programming 
Equivalent Functions ..............................................................................................................13.37

Table 13.25 SEL-400 Series SELOGIC Control Equation Programming Summary....................................13.37
Table 13.26 SEL-351 Series Relays and SEL-400 Series SELOGIC Control Equation Boolean Opera-

tors ..........................................................................................................................................13.37
Table 14.1 2AC Command ..........................................................................................................................14.1
Table 14.2 89CLOSE n Command..............................................................................................................14.2
Table 14.3 89OPEN n Command ................................................................................................................14.3
Table 14.4 AAC Command .........................................................................................................................14.3
Table 14.5 ACC Command .........................................................................................................................14.3
Table 14.6 BAC Command .........................................................................................................................14.3
Table 14.7 BNA Command .........................................................................................................................14.4
Table 14.8 BRE n Command.......................................................................................................................14.4
Table 14.9 BRE n C and BRE n R Commands ...........................................................................................14.4
Table 14.10 BRE C A and BRE R A Commands..........................................................................................14.5
Table 14.11 BRE n H Command...................................................................................................................14.5
Table 14.12 BRE n P Command....................................................................................................................14.5
Table 14.13 CAL Command..........................................................................................................................14.5
Table 14.14 CAS Command..........................................................................................................................14.6
Table 14.15 CBR Command..........................................................................................................................14.6
Table 14.16 CBR TERSE Command ............................................................................................................14.6
Table 14.17 CEV Command..........................................................................................................................14.7
Table 14.18 CEV ACK Command ................................................................................................................14.7
Table 14.19 CEV C Command......................................................................................................................14.7
Table 14.20 CEV L Command ......................................................................................................................14.8
Table 14.21 CEV Lyyy Command ................................................................................................................14.8
Table 14.22 CEV N Command......................................................................................................................14.8
Table 14.23 CEV NSET Command...............................................................................................................14.8
Table 14.24 CEV NSUM Command .............................................................................................................14.9
Table 14.25 CEV Sx Command ....................................................................................................................14.9
Table 14.26 CEV TERSE Command ............................................................................................................14.9
Table 14.27 CEV Command Option Groups...............................................................................................14.10
Table 14.28 CFG CTNOM Command ........................................................................................................14.10
Table 14.29 CFG NFREQ Command..........................................................................................................14.11
Table 14.30 CHI Command.........................................................................................................................14.11
Table 14.31 CHI TERSE Command ...........................................................................................................14.11
Table 14.32 CLOSE n Command................................................................................................................14.12
Table 14.33 COM c Command....................................................................................................................14.12
Table 14.34 COM c C and COM c R Command.........................................................................................14.13
Table 14.35 COM c L Command ................................................................................................................14.13
Table 14.36 COM PRP Command ..............................................................................................................14.14
Table 14.37 COM PTP Command...............................................................................................................14.15
Table 14.38 COM RTC Command..............................................................................................................14.16
Table 14.39 COM RTC c C and COM RTC c R Command .......................................................................14.17
Table 14.40 COM SV Command (SEL SV Publisher Relays) ...................................................................14.17
Table 14.41 Accessible Information for Each SV Publication....................................................................14.17
Table 14.42 COM SV Command (SEL SV Subscriber Relays) .................................................................14.19
Table 14.43 Accessible Information for Each IEC 61850 SV Subscription ...............................................14.20
Table 14.44 Warning and Error Codes for SV Subscriptions .....................................................................14.21
Table 14.45 Quality Bits in an IEC SV Message ........................................................................................14.22
Table 14.46 CON nn Command ..................................................................................................................14.24
Table 14.47 COPY Command.....................................................................................................................14.25
Table 14.48 CPR Command ........................................................................................................................14.26
Table 14.49 CSE Command ........................................................................................................................14.26
Table 14.50 CSE TERSE Command ...........................................................................................................14.27
Table 14.51 CST Command ........................................................................................................................14.28
Table 14.52 CSU Command........................................................................................................................14.28
Table 14.53 CEV ACK Command ..............................................................................................................14.28



ix

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Tables

Table 14.54 CSU MB Command.................................................................................................................14.28
Table 14.55 CSU N Command....................................................................................................................14.29
Table 14.56 CSU TERSE Command...........................................................................................................14.29
Table 14.57 DATE Command.....................................................................................................................14.29
Table 14.58 DNA Command.......................................................................................................................14.30
Table 14.59 DNP Command........................................................................................................................14.30
Table 14.60 ETH Command........................................................................................................................14.30
Table 14.61 ETH C and ETH R Command.................................................................................................14.32
Table 14.62 EVE Command........................................................................................................................14.32
Table 14.63 EVE A Command....................................................................................................................14.32
Table 14.64 EVE ACK Command ..............................................................................................................14.33
Table 14.65 EVE C Command ....................................................................................................................14.33
Table 14.66 EVE D Command....................................................................................................................14.33
Table 14.67 EVE L Command ....................................................................................................................14.34
Table 14.68 EVE Lyyy Command ..............................................................................................................14.34
Table 14.69 EVE N Command....................................................................................................................14.34
Table 14.70 EVE NSET Command.............................................................................................................14.34
Table 14.71 EVE NSUM Command ...........................................................................................................14.35
Table 14.72 EVE Sx Command...................................................................................................................14.35
Table 14.73 EVE Command Option Groups ...............................................................................................14.35
Table 14.74 EVE Command Examples .......................................................................................................14.36
Table 14.75 EXIT Command ......................................................................................................................14.36
Table 14.76 FILE Command .......................................................................................................................14.36
Table 14.77 GOOSE Command ..................................................................................................................14.37
Table 14.78 Accessible GOOSE IED Information......................................................................................14.37
Table 14.79 Warning and Error Codes for GOOSE Subscriptions .............................................................14.37
Table 14.80 GOO S Command....................................................................................................................14.38
Table 14.81 GROUP Command ..................................................................................................................14.40
Table 14.82 HELP Command......................................................................................................................14.40
Table 14.83 HIS Command .........................................................................................................................14.41
Table 14.84 HIS C and HIS R Commands ..................................................................................................14.41
Table 14.85 HIS CA and HIS RA Commands ............................................................................................14.41
Table 14.86 ID Command ...........................................................................................................................14.42
Table 14.87 IRIG Command .......................................................................................................................14.43
Table 14.88 LOOP Command .....................................................................................................................14.44
Table 14.89 LOOP DATA Command .........................................................................................................14.44
Table 14.90 LOOP R Command .................................................................................................................14.45
Table 14.91 MAC Command ......................................................................................................................14.45
Table 14.92 MAP 1 Command....................................................................................................................14.46
Table 14.93 MAP 1 region Command.........................................................................................................14.46
Table 14.94 MET AMV Command.............................................................................................................14.46
Table 14.95 MET ANA Command .............................................................................................................14.47
Table 14.96 MET BAT Command ..............................................................................................................14.47
Table 14.97 MET D Command ...................................................................................................................14.47
Table 14.98 MET M Command...................................................................................................................14.48
Table 14.99 MET PM Command ................................................................................................................14.48
Table 14.100 MET PMV Command .............................................................................................................14.49
Table 14.101 MET RTC Command ..............................................................................................................14.49
Table 14.102 MET T Command....................................................................................................................14.50
Table 14.103 OAC Command .......................................................................................................................14.50
Table 14.104 OPEN n Command ..................................................................................................................14.50
Table 14.105 PAC Command........................................................................................................................14.51
Table 14.106 PAS level New_Password Command......................................................................................14.51
Table 14.107 PING Command ......................................................................................................................14.52
Table 14.108 PORT p Command ..................................................................................................................14.52
Table 14.109 PORT KILL n Command ........................................................................................................14.53
Table 14.110 PRO Command........................................................................................................................14.53
Table 14.111 PUL OUTnnn Command.........................................................................................................14.54



x

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Tables

Table 14.112 QUIT Command ......................................................................................................................14.54
Table 14.113 RTC Command........................................................................................................................14.55
Table 14.114 SER Command ........................................................................................................................14.55
Table 14.115 SER C and SER R Commands ................................................................................................14.56
Table 14.116 SER CA and SER RA Commands ..........................................................................................14.56
Table 14.117 SER CV or SER RV Commands .............................................................................................14.56
Table 14.118 SER D Command ....................................................................................................................14.57
Table 14.119 SET Command Overview........................................................................................................14.57
Table 14.120 SET TERSE Command Examples ..........................................................................................14.58
Table 14.121 SHO Command Overview.......................................................................................................14.59
Table 14.122 SNS Command ........................................................................................................................14.59
Table 14.123 STA Command ........................................................................................................................14.59
Table 14.124 STA A Command ....................................................................................................................14.60
Table 14.125 STA C and STA R Command .................................................................................................14.60
Table 14.126 STA S Command.....................................................................................................................14.60
Table 14.127 STA SC and STA SR Command.............................................................................................14.60
Table 14.128 STA T Command.....................................................................................................................14.61
Table 14.129 STA T SEL-TMU Error Messages and User Action...............................................................14.61
Table 14.130 SUM Command.......................................................................................................................14.61
Table 14.131 SUM ACK Command .............................................................................................................14.62
Table 14.132 SUM N Command ...................................................................................................................14.62
Table 14.133 TAR Command........................................................................................................................14.62
Table 14.134 TAR ALL Command...............................................................................................................14.63
Table 14.135 TAR R Command....................................................................................................................14.63
Table 14.136 TAR X Command....................................................................................................................14.63
Table 14.137 TEC Command ........................................................................................................................14.64
Table 14.138 TEST DB Command ...............................................................................................................14.65
Table 14.139 TEST DB OFF Command .......................................................................................................14.65
Table 14.140 TEST DB2 Command .............................................................................................................14.66
Table 14.141 TEST DB2 OFF Command .....................................................................................................14.66
Table 14.142 TEST FM Command ...............................................................................................................14.67
Table 14.143 TEST FM DEM Command .....................................................................................................14.67
Table 14.144 TEST FM OFF Command.......................................................................................................14.68
Table 14.145 TEST FM PEAK Command....................................................................................................14.68
Table 14.146 TEST SV Command in an SEL SV Publisher Relay ..............................................................14.68
Table 14.147 SV Output Values During TEST SV Mode.............................................................................14.69
Table 14.148 Secondary Values Used During TEST SV Mode....................................................................14.69
Table 14.149 TEST SV Command in an SEL SV Subscriber Relay ............................................................14.70
Table 14.150 TIME Command......................................................................................................................14.71
Table 14.151 TIME Q Command..................................................................................................................14.71
Table 14.152 TIME DST Command .............................................................................................................14.72
Table 14.153 TRI Command .........................................................................................................................14.72
Table 14.154 VEC Command........................................................................................................................14.72
Table 14.155 VER Command........................................................................................................................14.73
Table 14.156 VIEW 1 Commands—Region .................................................................................................14.74
Table 14.157 VIEW 1 Commands—Register Item.......................................................................................14.74
Table 14.158 VIEW 1 Commands—Bit........................................................................................................14.75
Table 15.1 Relay Communications Protocols .............................................................................................15.1
Table 15.2 EIA-232 Pin Assignments .........................................................................................................15.3
Table 15.3 Hardware Handshaking .............................................................................................................15.5
Table 15.4 Ethernet Protocol Options .........................................................................................................15.7
Table 15.5 CIDR Notation...........................................................................................................................15.8
Table 15.6 Default Router Address Setting Examples ................................................................................15.9
Table 15.7 SFP Transceivers for the Five-Port Ethernet Card ..................................................................15.10
Table 15.8 Virtual File Structure ...............................................................................................................15.20
Table 15.9 Typical Settings Directory Files ..............................................................................................15.23
Table 15.10 REPORTS Directory Files.......................................................................................................15.23
Table 15.11 C37.111-1999 COMTRADE Event File Names .....................................................................15.24



xi

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Tables

Table 15.12 C37.111-2013 COMTRADE Event File Names .....................................................................15.24
Table 15.13 EVENTS Directory Files (for Event 10001) ...........................................................................15.25
Table 15.14 SYNCHROPHASORS Directory File Sample........................................................................15.26
Table 15.15 UPGRADE Directory File Sample..........................................................................................15.26
Table 15.16 FTP and MMS Wildcard Usage Examples..............................................................................15.26
Table 15.17 Ymodem Wildcard Usage Examples.......................................................................................15.27
Table 15.18 Supported Serial Command Sets .............................................................................................15.27
Table 15.19 Selected ASCII Control Characters .........................................................................................15.28
Table 15.20 Typical Compressed ASCII Commands..................................................................................15.30
Table 15.21 Fast Commands and Response Descriptions ...........................................................................15.33
Table 15.22 Fast Operate Command Types ................................................................................................15.34
Table 15.23 Fast Message Command Function Codes Used With Fast Messages (A546 Message) and 

Relay Response Descriptions .................................................................................................15.34
Table 15.24 Commands in Recommended Sequence for Automatic Configuration...................................15.35
Table 15.25 MIRRORED BITS Communications Features ............................................................................15.36
Table 15.26 General Port Settings Used With MIRRORED BITS Communications .....................................15.41
Table 15.27 MIRRORED BITS Communications Protocol Settings ..............................................................15.41
Table 15.28 MIRRORED BITS Communications Message Transmission Period..........................................15.42
Table 15.29 MIRRORED BITS Communications ID Settings for Three-Terminal Application....................15.43
Table 15.30 RTD Status Bits .......................................................................................................................15.44
Table 15.31 MET T Command Status Messages ........................................................................................15.45
Table 15.32 SEL-421 Port 5 Direct Networking Settings ...........................................................................15.46
Table 16.1 DNP3 Implementation Levels ...................................................................................................16.1
Table 16.2 Selected DNP3 Function Codes ................................................................................................16.2
Table 16.3 DNP3 Access Methods ..............................................................................................................16.4
Table 16.4 TCP/UDP Selection Guidelines.................................................................................................16.7
Table 16.5 Relay DNP3 Feature Summary .................................................................................................16.7
Table 16.6 DNP3 Access Methods ..............................................................................................................16.8
Table 16.7 Relay Event Buffer Capacity .....................................................................................................16.9
Table 16.8 Relay DNP3 Object List ..........................................................................................................16.12
Table 16.9 Relay DNP3 Reference Data Map...........................................................................................16.18
Table 16.10 Sample Custom DNP3 Analog Input Map ..............................................................................16.25
Table 16.11 DNP3 Application Example Data Map ...................................................................................16.27
Table 16.12 SEL-421 PORT 3 Example Settings .......................................................................................16.29
Table 16.13 DNP3 Application Example Data Map ...................................................................................16.31
Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings....................................................16.32
Table 17.1 IEC 61850 Document Set ..........................................................................................................17.2
Table 17.2 Relay Common Data Classes ....................................................................................................17.3
Table 17.3 Example IEC 61850 Descriptor Components ...........................................................................17.5
Table 17.4 Relay Logical Devices...............................................................................................................17.7
Table 17.5 CILO Logical Node EnaOpn and EnaCls Equations.................................................................17.9
Table 17.6 Control Authority Attributes ...................................................................................................17.10
Table 17.7 Control Authority Settings.......................................................................................................17.10
Table 17.8 AddCause Descriptions ...........................................................................................................17.11
Table 17.9 Service Tracking Data Objects ................................................................................................17.13
Table 17.10 IEC 61850 Service Type Enumeration ....................................................................................17.13
Table 17.11 IEC 61850 ACSI Service Error ...............................................................................................17.14
Table 17.12 Buffered Report Control Block Client Access ........................................................................17.16
Table 17.13 Unbuffered Report Control Block Client Access ....................................................................17.16
Table 17.14 Mechanism of Determining smpSynch Values With an IRIG-B Time Source.......................17.23
Table 17.15 Mechanism of Determining smpSynch Values With a PTP Time Source .....................................17.23
Table 17.16 IEC 61850 Services Available Based on Mode/Behavior.......................................................17.30
Table 17.17 Analog Quantity I850MOD Status Based on the Selected IEC 61850 Mode/Behavior .........17.31
Table 17.18 IEC 61850 Incoming Message Handling in On Mode ............................................................17.34
Table 17.19 IEC 61850 Outgoing Message Handling in On Mode ............................................................17.34
Table 17.20 IEC 61850 Incoming Message Handling in Test Mode ..........................................................17.35
Table 17.21 IEC 61850 Outgoing Message Handling in Test Mode ..........................................................17.35
Table 17.22 IEC 61850 Incoming Message Handling in Off Mode............................................................17.36



xii

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Tables

Table 17.23 IEC 61850 Outgoing Message Handling in Off Mode............................................................17.36
Table 17.24 Output Contact Behavior for IEC 61850 Modes Following a Power Cycle ...........................17.37
Table 17.25 Secondary Quantities for the SEL-400 SV Publisher..............................................................17.38
Table 17.26 Logical Device: CFG (Configuration).....................................................................................17.47
Table 17.27 Logical Device: CON (Remote Control).................................................................................17.53
Table 17.28 Logical Device: ANN (Annunciation).....................................................................................17.64
Table 17.29 SEL Nameplate Data ...............................................................................................................17.79
Table 17.30 PICS for A-Profile Support .....................................................................................................17.79
Table 17.31 PICS for T-Profile Support......................................................................................................17.80
Table 17.32 MMS Service Supported Conformance...................................................................................17.80
Table 17.33 MMS Parameter CBB..............................................................................................................17.82
Table 17.34 AlternateAccessSelection Conformance Statement ................................................................17.83
Table 17.35 VariableAccessSpecification Conformance Statement ...........................................................17.83
Table 17.36 VariableSpecification Conformance Statement.......................................................................17.83
Table 17.37 Read Conformance Statement .................................................................................................17.83
Table 17.38 GetVariableAccessAttributes Conformance Statement...........................................................17.84
Table 17.39 DefineNamedVariableList Conformance Statement ...............................................................17.84
Table 17.40 GetNamedVariableListAttributes Conformance Statement ....................................................17.84
Table 17.41 DeleteNamedVariableList Conformance Statement................................................................17.85
Table 17.42 GOOSE Conformance .............................................................................................................17.85
Table 17.43 Basic Conformance Statement.................................................................................................17.85
Table 17.44 ACSI Models Conformance Statement ...................................................................................17.86
Table 17.45 ACSI Service Conformance Statement ...................................................................................17.87
Table 18.1 Synchrophasor Analog Quantities Frequency ...........................................................................18.6
Table 18.2 Global Settings for Configuring the PMU.................................................................................18.7
Table 18.3 Serial PORT 1, PORT 2, PORT 3, PORT F Settings for Synchrophasors..............................18.13
Table 18.4 User-Defined Analog Values Selected by NUMANA Setting................................................18.17
Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW Setting........................................18.17
Table 18.6 Synchrophasor Trigger Relay Word Bits ................................................................................18.18
Table 18.7 Time-Synchronization Relay Word Bits .................................................................................18.18
Table 18.8 Synchrophasor Client Status Bits for Real-Time Control .......................................................18.19
Table 18.9 Remote Synchrophasor Data Bits for Real-Time Control.......................................................18.19
Table 18.10 Synchrophasor Analog Quantities ...........................................................................................18.20
Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control ........................................18.20
Table 18.12 Size of a IEEE C37.118 Synchrophasor Message ...................................................................18.24
Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes).............................................................18.24
Table 18.14 Example Synchrophasor Global Settings ................................................................................18.28
Table 18.15 Example Synchrophasor Protection Freeform Logic Settings .......................................................18.29
Table 18.16 Example Synchrophasor Port Settings ....................................................................................18.29
Table 18.17 Fast Message Command Function Codes for Synchrophasor Fast Write.......................................18.30
Table 18.18 PMU Settings in the Relay for SEL Fast Message Protocol (in Global Settings)...................18.30
Table 18.19 Size of an SEL Fast Message Synchrophasor Message...........................................................18.31
Table 18.20 Serial Port Bandwidth for Synchrophasors (in Bytes).............................................................18.31
Table 18.21 Serial Port Settings for RTC....................................................................................................18.36
Table 18.22 Global Settings for RTC ..........................................................................................................18.37
Table 18.23 Synchrophasor Client Status Bits ............................................................................................18.37
Table 18.24 Remote Synchrophasor Data Bits ............................................................................................18.38
Table 18.25 PMU Recording Settings .........................................................................................................18.43
Table 19.1 SEL DSS Technologies .............................................................................................................19.1
Table A.1 Instruction Manual Revision History .........................................................................................A.1
Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware Upgrades ............................................ .B.3
Table B.2 Firmware Upgrade Files ............................................................................................................ .B.5
Table B.3 Firmware Upgrade Scenarios and Available Methods .............................................................. .B.6
Table B.4 Ethernet Firmware Upgrade User Messages ........................................................................... .B.19
Table C.1 IP Port Numbers ........................................................................................................................ .C.1



Date Code 20230830 Instruction Manual SEL-400 Series Relays

SEL-400 Series RelaysInstruction Manual List of Figures

Figure 2.1 Select Typical to Accept All Default Installation Options or Select Custom to View or 
Modify Them ...........................................................................................................................2.3

Figure 2.2 Select the Install Location for SEL Grid Configurator................................................................2.3
Figure 2.3 Select the Install Location for the ACSELERATOR Database.......................................................2.4
Figure 2.4 SEL Grid Configuration Installation Completed Successfully....................................................2.4
Figure 2.5 Option to Remove Database Data on Uninstallation (User Install Only)....................................2.6
Figure 2.6 Add a New Device Project ..........................................................................................................2.6
Figure 2.7 New Device in the System Explorer............................................................................................2.7
Figure 2.8 Protection Elements View ...........................................................................................................2.7
Figure 2.9 Settings Grid View ......................................................................................................................2.8
Figure 2.10 Editing Settings and Automatic Validation .................................................................................2.9
Figure 2.11 Viewing Project Notifications .....................................................................................................2.9
Figure 2.12 Configuring Communications Options......................................................................................2.10
Figure 2.13 Configuring Security Options....................................................................................................2.10
Figure 2.14 Connecting to a Device..............................................................................................................2.10
Figure 2.15 Device Commands Menu for Connected Devices.....................................................................2.11
Figure 2.16 Title Bar During Settings Deployment ......................................................................................2.11
Figure 2.17 Opening the Send Report...........................................................................................................2.11
Figure 2.18 Grid Configurator User Interface Overview..............................................................................2.13
Figure 2.19 Dark Theme ...............................................................................................................................2.13
Figure 2.20 SEL Grid Configurator Report Retrieval...................................................................................2.14
Figure 2.21 QuickSet Communication Parameters Dialog Box ...................................................................2.16
Figure 2.22 QuickSet Database Manager Relay Database............................................................................2.18
Figure 2.23 QuickSet Database Manager Copy/Move .................................................................................2.19
Figure 2.24 QuickSet Software Driver Information in the FID String................................................................2.20
Figure 2.25 Relay Settings Driver Version Number .........................................................................................2.20
Figure 2.26 Retrieving the Device Part Number...........................................................................................2.22
Figure 2.27 Setting the Relay Part Number in QuickSet ..............................................................................2.23
Figure 2.28 Station DC Settings ...................................................................................................................2.24
Figure 2.29 Enable EDCMON in Global Settings ........................................................................................2.24
Figure 2.30 DC Monitor Settings Enabled....................................................................................................2.25
Figure 2.31 QuickSet Settings Editor ...........................................................................................................2.26
Figure 2.32 Ellipsis Button ...........................................................................................................................2.27
Figure 2.33 Location of Ellipsis Button........................................................................................................2.28
Figure 2.34 QuickSet Expression Builder.....................................................................................................2.29
Figure 2.35 Virtual Relay Front Panel ..........................................................................................................2.30
Figure 2.36 Control Window ........................................................................................................................2.32
Figure 2.37 Retrieving an Event History ......................................................................................................2.34
Figure 3.1 Sample Relay Serial Number Label ............................................................................................3.2
Figure 3.2 PORT F, LCD, and Navigation Pushbuttons...............................................................................3.3
Figure 3.3 Report Header..............................................................................................................................3.5
Figure 3.4 HTTP Server Login Screen .........................................................................................................3.6
Figure 3.5 Example HTTP Server Meter Page .............................................................................................3.7
Figure 3.6 Access Level Structure ................................................................................................................3.8
Figure 3.7 Port Access Control Flow Chart ................................................................................................3.10
Figure 3.8 Relay Status ...............................................................................................................................3.13
Figure 3.9 Relay Status ...............................................................................................................................3.14
Figure 3.10 Retrieving Relay Status in QuickSet .........................................................................................3.14
Figure 3.11 Checking Relay Status From the Front-Panel LCD ..................................................................3.15
Figure 3.12 Example Relay Settings Structure Overview ............................................................................3.17
Figure 3.13 Default Alias Settings ................................................................................................................3.19



xiv

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Figures

Figure 3.14 Using Text-Edit Mode Line Editing to Set Aliases ...................................................................3.20
Figure 3.15 Using Text-Edit Mode Line Editing to Set Protection Logic ....................................................3.20
Figure 3.16 Components of SET Commands ...............................................................................................3.21
Figure 3.17 Example Global Settings ...........................................................................................................3.22
Figure 3.18 Using Text-Edit Mode Line Editing to Set Display Points .......................................................3.25
Figure 3.19 Leave a Note in the Relay..........................................................................................................3.27
Figure 3.20 Read a Note in the Relay ...........................................................................................................3.27
Figure 3.21 Using Text-Edit Mode Line Editing to Delete a Display Point.................................................3.28
Figure 3.22 DATE and TIME Settings From Front-Panel LCD...................................................................3.30
Figure 3.23 SET/SHOW Menus ...................................................................................................................3.33
Figure 3.24 Setting ESS in the Terminal ......................................................................................................3.35
Figure 3.25 Setting CTRW and PTRY in the Terminal................................................................................3.35
Figure 3.26 Test Connections Using Three Voltage Sources/Three Current Sources..........................................3.36
Figure 3.27 Test Connections Using Two Current Sources for Three-Phase Faults and METER Test .......3.36
Figure 3.28 Terminal Screen MET Metering Quantities ..............................................................................3.37
Figure 3.29 Global Alternate Source Selection Settings in QuickSet...........................................................3.38
Figure 3.30 Group 1 Terminal Configuration Settings in QuickSet .............................................................3.39
Figure 3.31 HMI Phasors View in QuickSet ................................................................................................3.40
Figure 3.32 Instantaneous Metering Quantities in QuickSet HMI ...............................................................3.41
Figure 3.33 Front-Panel Screens for METER...............................................................................................3.42
Figure 3.34 Sample Targets Display on a Serial Terminal ...........................................................................3.43
Figure 3.35 Viewing Relay Word Bits From the Front-Panel LCD .............................................................3.44
Figure 3.36 Sample HIS Command Output in the Terminal ........................................................................3.47
Figure 3.37 EVENTS Folder Files................................................................................................................3.48
Figure 3.38 Sample Event Oscillogram ........................................................................................................3.49
Figure 3.39 Selecting SER Points and Aliases Settings in QuickSet............................................................3.51
Figure 3.40 SER Points and Aliases Settings in QuickSet ...........................................................................3.51
Figure 3.41 Uploading Report Settings to the Relay ....................................................................................3.52
Figure 3.42 Retrieving SER Records With QuickSet ...................................................................................3.53
Figure 3.43 SER Records in the QuickSet HMI ...........................................................................................3.53
Figure 3.44 Setting an SER Element: Terminal............................................................................................3.54
Figure 3.45 Example Reports File Structure.................................................................................................3.55
Figure 3.46 Terminal Display for PULSE Command...................................................................................3.56
Figure 3.47 Front-Panel Menus for Pulsing OUT104...................................................................................3.57
Figure 3.48 Password Entry Screen ..............................................................................................................3.58
Figure 3.49 Using Text-Edit Mode Line Editing to Set Local Bit 3.............................................................3.59
Figure 3.50 Setting Control Output OUT105 in the Terminal......................................................................3.60
Figure 3.51 Front-Panel LOCAL CONTROL Screens.................................................................................3.61
Figure 3.52 Setting 52AA1 in the Terminal .................................................................................................3.64
Figure 3.53 Programming a PSV to Monitor HIRIG in QuickSet................................................................3.66
Figure 4.1 SEL-451 Front Panel (8-Pushbutton Model)...............................................................................4.2
Figure 4.2 SEL-451 Front Panel (12-Pushbutton Model) with Optional Auxiliary Trip/Close Buttons......4.2
Figure 4.3 SEL-487E Front Panel.................................................................................................................4.3
Figure 4.4 LCD and Navigation Pushbuttons ...............................................................................................4.4
Figure 4.5 RELAY ELEMENTS Highlighted in Example MAIN MENU ..................................................4.5
Figure 4.6 Sample ROTATING DISPLAY..................................................................................................4.6
Figure 4.7 Sample Alarm Points Screen .......................................................................................................4.7
Figure 4.8 Deasserted Alarm Point ...............................................................................................................4.9
Figure 4.9 Clear Alarm Point Confirmation Screen .....................................................................................4.9
Figure 4.10 No Alarm Points Screen ..............................................................................................................4.9
Figure 4.11 Alarm Points Data Loss Screen .................................................................................................4.10
Figure 4.12 Sample Display Points Screen...................................................................................................4.10
Figure 4.13 Fast Meter Display Points Sample Screen.................................................................................4.13
Figure 4.14 Contrast Adjustment ..................................................................................................................4.14
Figure 4.15 Enter Password Screen ..............................................................................................................4.15
Figure 4.16 Invalid Password Screen............................................................................................................4.15



xv

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Figures

Figure 4.17 Password Lockout Screen..........................................................................................................4.16
Figure 4.18 MAIN MENU............................................................................................................................4.16
Figure 4.19 Events Menu Screen ..................................................................................................................4.17
Figure 4.20 Example EVENT SUMMARY Screens....................................................................................4.17
Figure 4.21 SER Events Screen ....................................................................................................................4.18
Figure 4.22 No SER Events Screen ..............................................................................................................4.18
Figure 4.23 RELAY ELEMENTS Screen ....................................................................................................4.19
Figure 4.24 ELEMENT SEARCH Screen ....................................................................................................4.20
Figure 4.25 LOCAL CONTROL Initial Menu .............................................................................................4.21
Figure 4.26 Example BREAKER CONTROL Screens ................................................................................4.22
Figure 4.27 LOCAL CONTROL Example Menus .......................................................................................4.23
Figure 4.28 Local Bit Supervision Logic......................................................................................................4.24
Figure 4.29 OUTPUT TESTING Screen ......................................................................................................4.25
Figure 4.30 Example SET/SHOW Screens...................................................................................................4.27
Figure 4.31 Sample Settings Input Screens ..................................................................................................4.28
Figure 4.32 Changing the ACTIVE GROUP................................................................................................4.29
Figure 4.33 DATE/TIME Screen..................................................................................................................4.29
Figure 4.34 Edit DATE and Edit TIME Screens ..........................................................................................4.30
Figure 4.35 Relay STATUS Screens ............................................................................................................4.30
Figure 4.36 DISPLAY TEST Screens ..........................................................................................................4.31
Figure 4.37 RESET ACCESS LEVEL Screen .............................................................................................4.31
Figure 4.38 One-Line Diagram Screen .........................................................................................................4.32
Figure 4.39 Sample Status Warning and Trip EVENT SUMMARY Screens..............................................4.32
Figure 4.40 Sample Status Warning in the LCD Message Area...................................................................4.33
Figure 4.41 SEL-451 Factory-Default Front-Panel Target Areas (16 or 24 LEDs) .....................................4.34
Figure 4.42 SEL-451 Default Operator Control Pushbuttons and LEDs (8 or 12 Pushbuttons) ..................4.35
Figure 5.1 Disconnect Switch Close Logic...................................................................................................5.2
Figure 5.2 Disconnect Switch Open Logic ...................................................................................................5.2
Figure 5.3 Disconnect Switch Status and Alarm Logic ................................................................................5.6
Figure 5.4 Close Immobility Timer Logic ....................................................................................................5.8
Figure 5.5 Open Immobility Timer Logic ....................................................................................................5.8
Figure 5.6 Disconnect in Transition............................................................................................................5.11
Figure 5.7 SEL-487E Default One-Line Diagram ......................................................................................5.13
Figure 5.8 Bay Control One-Line Diagram ................................................................................................5.13
Figure 5.9 Rack-Type Breaker Mosaics......................................................................................................5.17
Figure 5.10 Screens for Circuit Breaker Selection........................................................................................5.19
Figure 5.11 Screens During a Pole-Discrepancy Condition .........................................................................5.20
Figure 5.12 Screens for Disconnect Switch Selection ..................................................................................5.21
Figure 5.13 HMI Disconnect Operation Initiation........................................................................................5.23
Figure 5.14 HMI Disconnect Operation in Progress.....................................................................................5.24
Figure 5.15 HMI Disconnect Operation Completed .....................................................................................5.25
Figure 5.16 Bay Control One-Line Diagram With Three-Position Disconnect Open .........................................5.25
Figure 5.17 Three-Position Disconnect Control Screens..............................................................................5.27
Figure 5.18 Bay Control One-Line Diagram With Three-Position Disconnect Closed In-Line ..................5.28
Figure 5.19 Interactive Bay Control Setting Form .......................................................................................5.29
Figure 5.20 Mimic Diagrams ........................................................................................................................5.30
Figure 5.21 Local and Remote Control Logic With Key Control ................................................................5.31
Figure 5.22 Setting Busbar Names in SEL Grid Configurator .....................................................................5.31
Figure 5.23 Disconnect Assignment Dialog Box, SW1................................................................................5.31
Figure 5.24 Breaker Settings, Breaker S.......................................................................................................5.33
Figure 5.25 Analog Quantity Setting Form ..................................................................................................5.34
Figure 5.26 Analog Quantity Setting Form ..................................................................................................5.35
Figure 5.27 Example of an Analog Quantity Expression .............................................................................5.35
Figure 5.28 Different Types of Circuit Breakers and Disconnects...............................................................5.37
Figure 5.29 Power System Components .......................................................................................................5.37
Figure 5.30 Illustration of One-Line Diagram After Entering Example Settings.........................................5.38



xvi

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Figures

Figure 5.31 Local and Remote Control Logic With Key Control ................................................................5.42
Figure 6.1 Autoreclose State Diagram for Circuit Breaker 1........................................................................6.4
Figure 6.2 Multiple Circuit Breaker Arrangement......................................................................................6.15
Figure 6.3 Multiple Circuit Breaker Arrangement......................................................................................6.17
Figure 6.4 Leader/Follower Selection by Relay Input ................................................................................6.22
Figure 6.5 Circuit Breaker Pole-Open Logic Diagram—Single-Pole Relays.............................................6.26
Figure 6.6 Circuit Breaker Pole-Open Logic Diagrams—Three-Pole Relays............................................6.27
Figure 6.7 Line-Open Logic Diagram When E79 := Y ..............................................................................6.27
Figure 6.8 Line-Open Logic Diagram When E79 := Y1 ............................................................................6.27
Figure 6.9 Single-Pole Reclose Enable.......................................................................................................6.28
Figure 6.10 Three-Pole Reclose Enable........................................................................................................6.28
Figure 6.11 One Circuit Breaker Single-Pole Cycle State (79CY1).............................................................6.29
Figure 6.12 One Circuit Breaker Three-Pole Cycle State (79CY3)..............................................................6.30
Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y ................................6.31
Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1 ..............................6.33
Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y .................................6.35
Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 ...............................6.38
Figure 6.17 Manual Close Logic...................................................................................................................6.42
Figure 6.18 Voltage Check Element Applications........................................................................................6.44
Figure 6.19 Voltage Check Element Logic (EISYNC := N) ........................................................................6.45
Figure 6.20 Voltage Check Element Logic (EISYNC := Y) ........................................................................6.45
Figure 7.1 Complex Power (P/Q) Plane........................................................................................................7.3
Figure 7.2 Typical Current Measuring Accuracy .........................................................................................7.4
Figure 7.3 Thermal Demand Metering .........................................................................................................7.7
Figure 7.4 Rolling Demand Metering ...........................................................................................................7.8
Figure 7.5 Demand Current Logic Outputs ..................................................................................................7.9
Figure 7.6 Battery Metering: Terminal .......................................................................................................7.11
Figure 7.7 RTD Report ...............................................................................................................................7.12
Figure 7.8 PMV Report...............................................................................................................................7.12
Figure 7.9 AMV Report ..............................................................................................................................7.13
Figure 8.1 Intelligent Circuit Breaker Monitor .............................................................................................8.2
Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data) .......................................................8.4
Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings .........................................................8.5
Figure 8.4 Trip Bus Sensing With Relay Input IN206 .................................................................................8.8
Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase .....................................................8.10
Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase.........................................................8.12
Figure 8.7 Timing Illustration for Pole Scatter at Trip ...............................................................................8.13
Figure 8.8 Pole Discrepancy Measurement ................................................................................................8.16
Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation) ....................................................8.19
Figure 8.10 Breaker History Report..............................................................................................................8.19
Figure 8.11 Circuit Breaker Preload Data.....................................................................................................8.20
Figure 8.12 Typical Station DC Battery System...........................................................................................8.21
Figure 8.13 Ground Detection Factor Areas .................................................................................................8.25
Figure 9.1 Input Processing ..........................................................................................................................9.3
Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology.................................9.5
Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups ..............................................................9.6
Figure 9.4 Data Capture/Event Report Times...............................................................................................9.9
Figure 9.5 Sample Oscillogram ..................................................................................................................9.10
Figure 9.6 Sample COMTRADE .HDR Header File..................................................................................9.11
Figure 9.7 COMTRADE .CFG Configuration File Data............................................................................9.12
Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report ..................................................9.16
Figure 9.9 Event Report Current Column Data and RMS Current Magnitude...........................................9.18
Figure 9.10 Event Report Current Column Data and RMS Current Angle ..................................................9.20
Figure 9.11 Digital Section of the SEL-411L Event Report.........................................................................9.22
Figure 9.12 Sample Digital Portion of the Event Report ..............................................................................9.23
Figure 9.13 Example Summary Section of the SEL-411L Event Report .....................................................9.24



xvii

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Figures

Figure 9.14 Settings Section of the Event Report .........................................................................................9.24
Figure 9.15 Sample SEL-411L Event History ..............................................................................................9.27
Figure 9.16 Sample SER Report ...................................................................................................................9.29
Figure 9.17 Sample Compressed ASCII SER Report...................................................................................9.30
Figure 10.1 IEC 61850 Logical Modeling ..................................................................................................10.12
Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode................10.14
Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment .............................................10.15
Figure 10.4 TEST SV Mode Status in the COM SV Response ..................................................................10.17
Figure 10.5 TEST SV Mode Indicator........................................................................................................10.17
Figure 10.6 Enter TEST SV Mode in the Relay .........................................................................................10.18
Figure 10.7 TEST SV Mode Indicator........................................................................................................10.18
Figure 10.8 MET Command Response.......................................................................................................10.19
Figure 10.9 Relay Status: QuickSet HMI ...................................................................................................10.21
Figure 10.10 Relay Status From a STATUS A Command on a Terminal .........................................................10.21
Figure 10.11 Example Compressed ASCII Status Message .........................................................................10.22
Figure 10.12 PS30 Power Supply Fuse Location .........................................................................................10.29
Figure 10.13 SEL-400 Series Relay Rear Panel ...........................................................................................10.30
Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open .......................................................10.31
Figure 10.15 Main Board Cable Connections...............................................................................................10.31
Figure 10.16 I/O Board Jumper Configuration .............................................................................................10.32
Figure 10.17 Screw-Terminal Connector Receptacles..................................................................................10.32
Figure 10.18 Screw-Terminal Connector Keying.........................................................................................10.33
Figure 10.19 Screw-Terminal Connector With Webs...................................................................................10.33
Figure 10.20 I/O Board Installation Error Message in the Terminal Window .............................................10.34
Figure 11.1 PTP Time Synchronization Over a PRP Network.....................................................................11.4
Figure 11.2 Confirming the High-Accuracy Timekeeping Relay Word Bits ...............................................11.7
Figure 11.3 TLOCAL and TGLOBAL Logic...............................................................................................11.8
Figure 11.4 Sample TIM Q Command Response .........................................................................................11.8
Figure 11.5 Setting PMV64 With the Expression Builder Dialog Box ......................................................11.10
Figure 11.6 230 kV Transmission Line System..........................................................................................11.11
Figure 11.7 500 kV Three-Bus Power System ...........................................................................................11.12
Figure 11.8 Power Flow Solution ...............................................................................................................11.14
Figure 12.1 Typical Relay Settings Structure Overview ..............................................................................12.2
Figure 12.2 Changing a Default Name to an Alias .....................................................................................12.25
Figure 13.1 Protection and Automation Separation......................................................................................13.2
Figure 13.2 SELOGIC Control Equation Programming Areas ......................................................................13.3
Figure 13.3 Conditioning Timer With Pickup and No Dropout Timing Diagram .....................................13.16
Figure 13.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram ..........................................13.17
Figure 13.5 Conditioning Timer With Dropout and No Pickup Timing Diagram .....................................13.17
Figure 13.6 Conditioning Timer With Pickup and Dropout Timing Diagram ...........................................13.18
Figure 13.7 Conditioning Timer Timing Diagram for Example 13.7.........................................................13.19
Figure 13.8 Sequencing Timer Timing Diagram ........................................................................................13.20
Figure 13.9 R_TRIG Timing Diagram .......................................................................................................13.27
Figure 13.10 F_TRIG Timing Diagram........................................................................................................13.28
Figure 14.1 Sample COM PRP Command Response .................................................................................14.14
Figure 14.2 Sample COM PTP Command Response .................................................................................14.15
Figure 14.3 COM SV Command Response When CID Configuration Is Used by the SEL SV Pub-

lisher Relay ..........................................................................................................................14.18
Figure 14.4 COM SV Command Response When PORT 5 Settings Are Used by the SEL SV Pub-

lisher Relay ..........................................................................................................................14.19
Figure 14.5 COM SV Command Response When CID Configuration Is Used by the SEL SV Sub-

scriber Relay ........................................................................................................................14.22
Figure 14.6 COM SV Command Response When PORT 5 Settings Are Used by the SEL SV Sub-

scriber Relay ........................................................................................................................14.23
Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is Used by the SEL 

SV Subscriber Relay ............................................................................................................14.23



xviii

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Figures

Figure 14.8 Sample ETH Command Response for the Two-Port Ethernet Card .......................................14.31
Figure 14.9 Sample ETH Command Response for the Five-Port Ethernet Card .......................................14.31
Figure 14.10 GOOSE Command Response for the Two- or Four-Port Ethernet Card.................................14.38
Figure 14.11 Example GOO S Command Response ....................................................................................14.39
Figure 14.12 Example GOO S ALL L Command Response ........................................................................14.39
Figure 14.13 Sample ID Command Response From Ethernet Card .............................................................14.43
Figure 14.14 Sample MAC Command Response for the Two- or Four-Port Ethernet Card........................14.45
Figure 14.15 Sample MAC Command Response for the Five-Port Ethernet Card ......................................14.45
Figure 14.16 Sample PING Command Response .........................................................................................14.52
Figure 14.17 Sample TIME Q Command Response With IRIG ..................................................................14.71
Figure 14.18 Sample Time Q Command Response With PTP .....................................................................14.71
Figure 14.19 Sample VER Command Response ..........................................................................................14.73
Figure 15.1 Relay 4U Chassis Front-Panel Layout.......................................................................................15.2
Figure 15.2 Example 4U Rear-Panel Layout in Relay With Bay Cards.......................................................15.3
Figure 15.3 EIA-232 Connector Pin Numbers..............................................................................................15.3
Figure 15.4 Example Two-Port Ethernet Card .............................................................................................15.6
Figure 15.5 Example Four-Port Ethernet Card .............................................................................................15.6
Figure 15.6 Five-Port Ethernet Card.............................................................................................................15.6
Figure 15.7 Failover Network Topology ....................................................................................................15.11
Figure 15.8 Using Internal Ethernet Switch to Add Networked Devices ...................................................15.12
Figure 15.9 Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards .........15.15
Figure 15.10 SEL-2600A RTD Module and the Relay ................................................................................15.43
Figure 15.11 MET T Command Response ...................................................................................................15.44
Figure 15.12 MET T Command Response for Status Problem ....................................................................15.44
Figure 15.13 Example Direct Networking Topology ...................................................................................15.45
Figure 15.14 Example FTP Session ..............................................................................................................15.47
Figure 15.15 Partial Contents of SET_P5.TXT ............................................................................................15.48
Figure 15.16 Telnet Connection Dialog Box ................................................................................................15.48
Figure 15.17 Example Telnet Session...........................................................................................................15.49
Figure 16.1 DNP3 Multidrop Network Topology ........................................................................................16.4
Figure 16.2 DNP3 Star Network Topology ..................................................................................................16.5
Figure 16.3 DNP3 Network With Communications Processor ....................................................................16.5
Figure 16.4 Sample Response to SHO D Command ..................................................................................16.24
Figure 16.5 Sample Custom DNP3 Analog Input Map Settings ................................................................16.26
Figure 16.6 DNP3 Application Network Diagram .....................................................................................16.26
Figure 16.7 SEL-421 Example DNP Map Settings ....................................................................................16.28
Figure 16.8 DNP3 LAN/WAN Application Example Ethernet Network...................................................16.31
Figure 16.9 Add Binary Inputs to SER Point List ......................................................................................16.33
Figure 17.1 Enabling Functional Naming in Architect.................................................................................17.6
Figure 17.2 Server Model View in Architect................................................................................................17.6
Figure 17.3  CSWI Logical Node Direct Operate Command Request .........................................................17.9
Figure 17.4 MMS Client View of the CON Logical Device ......................................................................17.11
Figure 17.5 Relay Predefined Reports ........................................................................................................17.15
Figure 17.6 GOOSE Quality Attributes ......................................................................................................17.18
Figure 17.7 Example Current Summation ..................................................................................................17.24
Figure 17.8 Example Current-Summation Configuration...........................................................................17.25
Figure 17.9 Independent Bus Mode With PTP Time Synchronization on the Process Bus .......................17.27
Figure 17.10 Independent Bus Mode With PTP Time Synchronization on the Station Bus ........................17.27
Figure 17.11 Independent Bus Mode With IRIG Time Synchronization .....................................................17.28
Figure 17.12 Merged Bus Mode With PTP Time Synchronization..............................................................17.28
Figure 17.13 Use Ethernet Switch to Engineer Network Path for GOOSE Messages......................................17.29
Figure 17.14 GOOSE Transmit Interface Selection (Five-Port Ethernet Card) ...........................................17.29
Figure 17.15 Set controllableModeSupported = True ..................................................................................17.31
Figure 17.16 Default Quality Check on GOOSE Subscription if Quality Is Present ...................................17.33
Figure 17.17 Relay Operations in On Mode .................................................................................................17.34
Figure 17.18 Relay Operations in Blocked Mode.........................................................................................17.34



xix

Date Code 20230830 Instruction Manual SEL-400 Series Relays

List of Figures

Figure 17.19 Relay Operations in Test Mode ...............................................................................................17.35
Figure 17.20 Relay Operations in Test/Blocked Mode.................................................................................17.36
Figure 17.21 Relay Operations in Off Mode ................................................................................................17.37
Figure 17.22 Add ICD to Project Tree..........................................................................................................17.40
Figure 17.23 Configure an SV Publication ...................................................................................................17.41
Figure 17.24 Example SV Publication Data Set ...........................................................................................17.42
Figure 17.25 Configure SV Subscription......................................................................................................17.43
Figure 17.26 Send SEL-401 CID File...........................................................................................................17.43
Figure 17.27 Send SEL-421-7 CID File .......................................................................................................17.44
Figure 17.28 SEL-401 Publication Status.....................................................................................................17.44
Figure 17.29 SEL-421-7 SV Subscription Status .........................................................................................17.44
Figure 18.1 Synchrophasor Processing Block Diagram ...............................................................................18.3
Figure 18.2 Magnitude Frequency Response................................................................................................18.4
Figure 18.3 TCP Connection ......................................................................................................................18.14
Figure 18.4 UDP_T and UDP_U Connections ...........................................................................................18.15
Figure 18.5 UDP_S Connection..................................................................................................................18.15
Figure 18.6 Sample SEL-487E MET PM Command Response .................................................................18.22
Figure 18.7 Synchrophasor Control Application ........................................................................................18.34
Figure 18.8 PMU Global Settings...............................................................................................................18.35
Figure 18.9 Enabling Fast Operate Messages on PORT 5..........................................................................18.35
Figure 18.10 Ethernet PORT 5 Settings for Communications Using C37.118 Extended Fame ..................18.35
Figure 18.11 Example COM RTC Command Response ..............................................................................18.38
Figure 18.12 Real-Time Control Application ...............................................................................................18.39
Figure 18.13 Local Relay SELOGIC Settings ................................................................................................18.40
Figure 18.14 Remote Relay SELOGIC Settings.............................................................................................18.40
Figure 18.15 Remote Relay Global Settings.................................................................................................18.40
Figure 18.16 Local Relay Global Settings ....................................................................................................18.41
Figure 18.17 Remote Relay Port Settings .....................................................................................................18.41
Figure 18.18 Local Relay Port Settings ........................................................................................................18.41
Figure 18.19 Example COM RTC Command Response ..............................................................................18.42
Figure 19.1 TiDL High-Level Substation Overview ....................................................................................19.2
Figure 19.2 Adding a Device to the SEL Grid Configurator Workspace .....................................................19.5
Figure 19.3 Navigating to the TiDL I/O Map Workspace ............................................................................19.6
Figure 19.4 Configure Port Mapping ............................................................................................................19.7
Figure 19.5 Configure I/O Mapping .............................................................................................................19.8
Figure 19.6 Configure Device Nominal Secondary Current Configuration .................................................19.9
Figure 19.7 Modifying Nominal Secondary Current Configuration...........................................................19.10
Figure 19.8 Binary Input Settings Flow Diagram.......................................................................................19.12
Figure 19.9 Creating Aliases for SEL-TMU I/O ........................................................................................19.13
Figure 19.10 Aliases Shown in TMU I/O Selection Dialog Box..................................................................19.14
Figure 19.11 SEL TiDL Relay Commissioning............................................................................................19.15
Figure 19.12 TiDL Commissioning Report ..................................................................................................19.16
Figure 19.13 Sample TiDL System Topology ..............................................................................................19.18
Figure 19.14 Rear Panel of Relays With TiDL.............................................................................................19.18
Figure 19.15 Axion Chassis ..........................................................................................................................19.19
Figure 19.16 SEL-2243 Power Coupler........................................................................................................19.19
Figure 19.17 SEL-2244-2 Digital Input Module ..........................................................................................19.20
Figure 19.18 SEL-2244-5 Fast High-Current Digital Output Module..........................................................19.20
Figure 19.19 SEL-2245-42 AC Analog Input Module .................................................................................19.21
Figure 19.20 SECINC Setting.......................................................................................................................19.22
Figure 19.21 SEL-487E Nominal Current Selection ....................................................................................19.22
Figure 19.22 SECINC Disabled....................................................................................................................19.23
Figure 19.23 Example SV Network ..............................................................................................................19.24
Figure 19.24 Example Architect SV Publication Configuration ..................................................................19.26
Figure 19.25 SEL-421-7 SV Subscriber Relay, 4U Rear Panel....................................................................19.27
Figure 19.26 Example Architect SV Subscription Configuration ................................................................19.28



xx

SEL-400 Series Relays Instruction Manual Date Code 20230830

List of Figures

Figure B.1 Prepare the Device (Step 1 of 4)................................................................................................ .B.8
Figure B.2 Load Firmware (Step 2 of 4) ..................................................................................................... .B.9
Figure B.3 Load Firmware (Step 3 of 4) ................................................................................................... .B.10
Figure B.4 Verify Device Settings (Step 4 of 4) ....................................................................................... .B.11
Figure B.5 Transferring New Firmware .................................................................................................... .B.14
Figure B.6 Transferring New Firmware .................................................................................................... .B.15
Figure B.7 Firmware Upload File Selection Page ..................................................................................... .B.18
Figure B.8 Firmware Upgrade Confirmation ............................................................................................ .B.19



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual Preface

This manual provides information and instructions for operating the SEL-400 
series relays. This manual is for use by power and integration engineers and oth-
ers experienced in protective relaying applications and SCADA integration. This 
manual describes features common to most SEL-400 series relays. Each 
SEL-400 series product includes its own instruction manual that describes the 
protection features and unique characteristics of that specific relay.

Manual Overview
This manual is a comprehensive work covering common aspects of SEL-400 
series relay application and use. Read the sections that pertain to your application 
to gain valuable information about using SEL-400 series relays. An overview of 
each manual section and section topics follows.

Preface. Describes manual organization and conventions used to present 
information, as well as safety information.

Section 1: Introduction. Introduces SEL-400 series relays common features.

Section 2: PC Software. Explains how to use SEL Grid Configurator and 
ACSELERATOR QuickSet SEL-5030 Software.

Section 3: Basic Relay Operations. Describes how to perform fundamental 
operations such as applying power and communicating with the relay, set-
ting and viewing passwords, checking relay status, viewing metering 
data, reading event reports and Sequential Events Recorder (SER) 
records, operating relay control outputs and control inputs, and using 
relay features to make relay commissioning easier.

Section 4: Front-Panel Operations. Describes the LCD messages and menu 
screens. Shows you how to use front-panel pushbuttons and read targets. 
Provides information about local substation control and how to make 
relay settings via the front panel.

Section 5: Control. Describes various control features of the relay, including 
circuit breaker operation, disconnect operation, remote bits, and one-line 
diagrams.

Section 6: Autoreclosing. Explains how to operate the two-circuit breaker 
multishot recloser. Describes how to set the relay for single-pole reclos-
ing, three-pole reclosing, or both. Shows selection of the lead and follow 
circuit breakers.

Section 7: Metering. Provides information on viewing current, voltage, power, 
and energy quantities. Describes how to view other common internal 
operating quantities.

Section 8: Monitoring. Describes how to use the circuit breaker monitors and 
the substation dc battery monitors.

Section 9: Reporting. Explains how to obtain and interpret high-resolution raw 
data oscillograms, filtered event reports, event summaries, history reports, 
and SER reports. Discusses how to enter SER trigger settings.
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Manual Overview

Section 10: Testing, Troubleshooting, and Maintenance. Describes techniques 
for testing, troubleshooting, and maintaining the relay. Includes the list of 
status notification messages and a troubleshooting chart.

Section 11: Time and Date Management. Explains timekeeping principles, syn-
chronized phasor measurements, and estimation of power system states 
using the high-accuracy time-stamping capability. Presents real-time load 
flow/power flow application ideas.

Section 12: Settings. Provides a list of all common SEL-400 series relay set-
tings and defaults.

Section 13: SELOGIC Control Equation Programming. Describes multiple setting 
groups and SELOGIC control equations and how to apply these equations. 
Discusses expanded SELOGIC control equation features such as PLC-
style commands, math functions, counters, and conditioning timers. Pro-
vides a tutorial for converting older format SELOGIC control equations to 
new freeform equations.

Section 14: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 15: Communications Interfaces. Explains the physical connection of 
the relay to various communications network topologies. Describes the 
various software protocols and how to apply these protocols to substation 
integration and automation. Includes details about Ethernet IP protocols, 
SEL ASCII, SEL Compressed ASCII, SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER, and enhanced MIRRORED BITS communications.

Section 16: DNP3 Communication. Describes the DNP3 communications proto-
col and how to apply this protocol to substation integration and automa-
tion. Provides a Job Done example for implementing DNP3 in a 
substation.

Section 17: IEC 61850 Communication. Describes the IEC 61850 protocol and 
how to apply this protocol to substation automation and integration. 
Includes IEC 61850 protocol compliance statements.

Section 18: Synchrophasors. Describes the phasor measurement unit (PMU) 
functions of the relay. Provides details on synchrophasor measurement 
and real-time control. Describes the IEEE C37.118 synchrophasor proto-
col settings. Describes the SEL Fast Message synchrophasor protocol set-
tings.

Section 19: Digital Secondary Systems. Describes the basic concepts of digital 
secondary systems (DSS). This includes both the Time-Domain Link 
(TiDL) system and UCA 61850-9-2LE Sampled Values.

Appendix A: Manual Versions. Lists the current manual version and details dif-
ferences between the current and previous versions.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to update 
the firmware stored in Flash memory.

Appendix C: Cybersecurity Features. Describes the various features of the 
relay that impact cybersecurity.

Glossary. Defines various technical terms used in the SEL-400 series instruc-
tion manuals.
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Safety Information
Dangers, Warnings, and Cautions

This manual uses three kinds of hazard statements, defined as follows:

                    

Safety Symbols
The following symbols are often marked on SEL products.

                    

DANGER
Indicates an imminently hazardous situation that, if 
not avoided, will result in death or serious injury.

WARNING
Indicates a potentially hazardous situation that, if 
not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that, if 
not avoided, may result in minor or moderate injury 
or equipment damage.

                    

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

                    

Earth (ground) Terre

                    

Protective earth (ground) Terre de protection

                    

Direct current Courant continu

                    

Alternating current Courant alternatif

                    

Both direct and alternating current Courant continu et alternatif

                    

Instruction manual Manuel d’instructions



xxiv

SEL-400 Series Relays Instruction Manual Date Code 20230830

Preface
Safety Information

Safety Marks
The following statements apply to this device.

                    

                    

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if mis-
treated. Do not recharge, disassemble, heat above 100°C, or incinerate. 
Dispose of used batteries according to the manufacturer’s instructions. 
Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. Rem-
placez seulement avec un Rayovac no BR2335 ou un produit équivalent 
recommandé par le fabricant. Voir le guide d’utilisateur pour les instruc-
tions de sécurité. La pile utilisée dans cet appareil peut présenter un 
risque d’incendie ou de brûlure chimique si vous en faites mauvais usage. 
Ne pas recharger, démonter, chauffer à plus de 100°C ou incinérer. Élimi-
nez les vieilles piles suivant les instructions du fabricant. Gardez la pile 
hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, installa-
tion instructions, and operating instructions must be checked before 
commissioning or maintenance of the equipment. The integrity of any 
protective conductor connection must be checked before carrying out 
any other actions. It is the responsibility of the user to ensure that the 
equipment is installed, operated, and used for its intended function in the 
manner specified in this manual. If misused, any safety protection pro-
vided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Other Safety Marks (Sheet 1 of 3)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this device 
can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut cau-
ser un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not qual-
ified to service this equipment, you can injure yourself or others, or cause 
equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords should 
be changed to private passwords at installation. Failure to change each 
default password to a private password may allow unauthorized access. 
SEL shall not be responsible for any damage resulting from unauthorized 
access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A l’installa-
tion, les mots de passe par défaut devront être changés pour des mots de 
passe confidentiels. Dans le cas contraire, un accés non-autorisé á l’équi-
pement peut être possible. SEL décline toute responsabilité pour tout 
dommage résultant de cet accés non-autorisé.

WARNING
Do not look into the fiber ports/connectors.

AVERTISSEMENT
Ne pas regarder vers les ports ou connecteurs de fibres optiques.

WARNING
Do not look into the end of an optical cable connected to an optical 
output.

AVERTISSEMENT
Ne pas regarder vers l’extrémité d’un câble optique raccordé à une sortie 
optique.

WARNING
Do not perform any procedures or adjustments that this instruction man-
ual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use only 
test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.
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WARNING
Incorporated components, such as LEDs and transceivers are not user 
serviceable. Return units to SEL for repair or replacement.

AVERTISSEMENT
Les composants internes tels que les leds (diodes électroluminescentes) 
et émetteurs-récepteurs ne peuvent pas être entretenus par l'usager. 
Retourner les unités à SEL pour réparation ou remplacement.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper ESD 
procedures. Ground yourself, your work surface, and this equipment 
before removing any cover from this equipment. If your facility is not 
equipped to work with these components, contact SEL about returning 
this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges élec-
trostatiques (DES). Des dommages permanents non-décelables peuvent 
résulter de l’absence de précautions contre les DES. Raccordez-vous cor-
rectement à la terre, ainsi que la surface de travail et l’appareil avant d’en 
retirer un panneau. Si vous n’êtes pas équipés pour travailler avec ce 
type de composants, contacter SEL afin de retourner l’appareil pour un 
service en usine.

CAUTION
Equipment damage can result from connecting ac circuits to Hybrid 
(high-current interrupting) control outputs. Do not connect ac circuits to 
Hybrid control outputs. Use only dc circuits with Hybrid control outputs.

ATTENTION
Des dommages à l’appareil pourraient survenir si un circuit CA était rac-
cordé aux contacts de sortie à haut pouvoir de coupure de type “Hybrid.” 
Ne pas raccorder de circuit CA aux contacts de sortie de type “Hybrid.” 
Utiliser uniquement du CC avec les contacts de sortie de type “Hybrid.”

CAUTION
Substation battery systems that have either a high resistance to ground 
(greater than 10 k) or are ungrounded when used in conjunction with 
many direct-coupled inputs can reflect a dc voltage offset between bat-
tery rails. Similar conditions can exist for battery monitoring systems 
that have high-resistance balancing circuits or floating grounds. For 
these applications, SEL provides optional ground-isolated (optoisolated) 
contact inputs. In addition, SEL has published an application advisory on 
this issue. Contact the factory for more information.

ATTENTION
Les circuits de batterie de postes qui présentent une haute résistance à 
la terre (plus grande que 10 k) ou sont isolés peuvent présenter un biais 
de tension CC entre les deux polarités de la batterie quand utilisés avec 
plusieurs entrées à couplage direct. Des conditions similaires peuvent 
exister pour des systèmes de surveillance de batterie qui utilisent des 
circuits d’équilibrage à haute résistance ou des masses flottantes. Pour 
ce type d’applications, SEL peut fournir en option des contacts d’entrée 
isolés (par couplage optoélectronique). De surcroît, SEL a publié des 
recommandations relativement à cette application. Contacter l’usine 
pour plus d’informations.

CAUTION
If you are planning to install an INT4 I/O interface board in your relay, 
first check the firmware version of the relay. If the firmware version is 
R111 or lower, you must first upgrade the relay firmware to the newest ver-
sion and verify that the firmware upgrade was successful before install-
ing the new board. Failure to install the new firmware first will cause the 
I/O interface board to fail, and it may require factory service. Complete 
firmware upgrade instructions are provided when new firmware is 
ordered.

ATTENTION
Si vous avez l’intention d’installer une Carte d’Interface INT4 I/O dans 
votre relais, vérifiez en premier la version du logiciel du relais. Si la ver-
sion est R111 ou antérieure, vous devez mettre à jour le logiciel du relais 
avec la version la plus récente et vérifier que la mise à jour a été correc-
tement installée sur la nouvelle carte. Les instructions complètes de mise 
à jour sont fournies quand le nouveau logiciel est commandé.

CAUTION
Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8 with 
INT4 can cause I/O contact failure. The INT4 board has a pickup and 
dropout delay setting range of 0–1 cycle. For all other I/O boards, pickup 
and dropout delay settings (IN201PU–IN224PU, IN201DO–IN224DO, 
IN301PU–IN324PU, and IN301DO–IN324DO) have a range of 0–5 cycles. 
Upon replacing any I/O board with an INT4 board, manually confirm reset 
of pickup and dropout delays to within the expected range of 0–1 cycle.

ATTENTION
Le remplacement en chantier des cartes d’entrées/sorties INT1, INT2, 
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance 
du contact d’entrée/sortie. La carte INT4 présente un intervalle d’ajuste-
ment pour les délais de montée et de retombée de 0 à 1 cycle. Pour 
toutes les autres cartes, l’intervalle de réglage du délai de montée et 
retombée (IN201PU–IN224PU, IN201DO– IN224DO, IN301PU–IN324PU, et 
IN301DO–IN324DO) est de 0 à 5 cycles. Quand une carte d’entrées/sorties 
est remplacée par une carte INT4, vérifier manuellement que les délais 
de montée et retombée sont dans l’intervalle de 0 à 1 cycle.

CAUTION
Do not install a jumper on positions A or D of the main board J21 header. 
Relay misoperation can result if you install jumpers on positions J21A and 
J21D.

ATTENTION
Ne pas installer de cavalier sur les positions A ou D sur le connecteur J21 
de la carte principale. Une opération intempestive du relais pourrait 
résulter suite à l’installation d’un cavalier entre les positions J21A et 
J21D.

CAUTION
Insufficiently rated insulation can deteriorate under abnormal operating 
conditions and cause equipment damage. For external circuits, use wiring 
of sufficiently rated insulation that will not break down under abnormal 
operating conditions.

ATTENTION
Un niveau d’isolation insuffisant peut entraîner une détérioration sous 
des conditions anormales et causer des dommages à l’équipement. Pour 
les circuits externes, utiliser des conducteurs avec une isolation suffi-
sante de façon à éviter les claquages durant les conditions anormales 
d’opération.

CAUTION
Relay misoperation can result from applying other than specified second-
ary voltages and currents. Before making any secondary circuit connec-
tions, check the nominal voltage and nominal current specified on the 
rear-panel nameplate.

ATTENTION
Une opération intempestive du relais peut résulter par le branchement 
de tensions et courants secondaires non conformes aux spécifications. 
Avant de brancher un circuit secondaire, vérifier la tension ou le courant 
nominal sur la plaque signalétique à l’arrière.

Other Safety Marks (Sheet 2 of 3)
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General Information
The SEL-400 Series Relays Instruction Manual uses certain conventions that 
identify particular terms and help you find information. To benefit fully from 
reading this manual, take a moment to familiarize yourself with these conven-
tions.

Typographic Conventions
There are three ways users typically communicate with SEL-400 series relays:

➤ Using a command line interface on a PC terminal emulation window

➤ Using the front-panel menus and pushbuttons

➤ Using SEL Grid Configurator or QuickSet software.

The instructions in this manual indicate these options with specific font and for-
matting attributes. The following table lists these conventions:

                    

CAUTION
Severe power and ground problems can occur on the communications 
ports of this equipment as a result of using non-SEL cables. Never use 
standard null-modem cables with this equipment.

ATTENTION
Des problèmes graves d’alimentation et de terre peuvent survenir sur les 
ports de communication de cet appareil si des câbles d’origine autre que 
SEL sont utilisés. Ne jamais utiliser de câble de modem nul avec cet équi-
pement.

CAUTION
Do not connect power to the relay until you have completed these proce-
dures and receive instruction to apply power. Equipment damage can 
result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces procé-
dures et d’avoir reçu l’instruction de brancher l’alimentation. Des dom-
mages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other than 
those specified herein, may result in hazardous radiation exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 3 of 3)

Example Description

STATUS Commands, command options, and command variables typed at a 
command line interface on a PC.

n
SUM n

Variables determined based on an application (in bold if part of a 
command).

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen. The > character indicates submenus.
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Logic Diagrams
Logic diagrams in this manual follow the conventions and definitions shown below.
                    

Trademarks
All brand or product names appearing in this document are the trademark or reg-
istered trademark of their respective holders. No SEL trademarks may be used 
without written permission. 

SEL trademarks appearing in this manual are shown in the following table.

                    

A
B

C

C

A

B

B

C

C

NAME SYMBOL FUNCTION

Comparator

OR

AND

NAND

Time-Delayed Pick Up 
and/or
Time-Delayed Drop Out

Edge Trigger Timer

Set-Reset/Flip-Flop

Input A is compared to Input B.  Output C 
asserts if Input A is greater than Input B.

If either Input A or Input B asserts, Output C 
asserts.

If Input A and Input B assert, Output C asserts.

If Input A and/or Input B deassert, Output C 
asserts.

X is a time-delay-pickup value; Y is a time- 
delay-dropout value. Output B asserts Time X 
after Input A asserts; Output B does not assert 
if Input A does not remain asserted for Time X. 
If Time X is zero, Output B asserts when 
Input A asserts. If Time Y is zero, Input B 
deasserts when Input A deasserts.

Rising edge of Input A starts timers.  Output B 
asserts Time X after the rising edge of Input A. 
Output B remains asserted for Time Y. If 
Time Y is zero, Output B asserts for a single 
processing interval. Input A is ignored while 
the timers are running.

Input S asserts Output Q until Input R asserts. 
Output Q deasserts or resets when Input R 
asserts.

Exclusive OR
If either Input A or Input B asserts, Output C 
asserts. If Input A and Input B are of the same 
state, Output C deasserts.

C

NOR
If neither Input A nor Input B asserts, Output C 
asserts.C

AND w/ Inverted Input
If Input A asserts and Input B deasserts, 
Output C asserts.  Inverter "O" inverts any 
input or output on any gate.

C

Input Flag Input A comes from other logic.A

Output B asserts at the falling edge of Input A.Falling Edge

Rising Edge Output B asserts at the rising edge of Input A.

A B

A B

A

B

A

B

A

B

A
B

A
B

A
B

X

Y

A
X

Y

S

R

Q

ACSELERATOR Analytic Assistant® SEL-2407®

ACSELERATOR Architect® SELOGIC®

ACSELERATOR QuickSet® SEL Compass®

Best Choice Ground Directional Element® SYNCHROWAVE®

MIRRORED BITS® Time-Domain Link (TiDL®) technology
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EtherCAT is registered trademark and patented technology, licensed by Beckhoff 
Automation GmbH, Germany.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

http://selinc.com/support/
mailto:info@selinc.com
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Introduction

The SEL-400 series family of relays feature high-performance protection for a 
variety of applications. All relays feature extensive metering, monitoring, and 
data recording, including high-resolution data capture and reporting.

Relays feature expanded SELOGIC control equation programming for easy and 
flexible implementation of custom protection and control schemes. The relays 
have separate protection and automation SELOGIC control equation programming 
areas with extensive protection and automation programming capability.

Relays provide extensive communications interfaces from standard SEL ASCII 
and enhanced MIRRORED BITS communications protocols to Ethernet connectiv-
ity with the optional Ethernet card. With the Ethernet card, you can employ com-
mon industry communications tools, including Telnet, File Transfer Protocol 
(FTP), DNP3 (serial and LAN/WAN), and the IEC 61850 Edition 2 standard 
suite of protocols.

Relays interface with SEL Grid Configurator or ACSELERATOR QuickSet 
SEL-5030 Software. SEL Grid Configurator or QuickSet assists you in setting, 
controlling, and acquiring data from the relays, both locally and remotely. 
ACSELERATOR Architect SEL-5032 Software enables you to view and configure 
IEC 61850 settings via a GUI.

Most relays support synchrophasor measurement. Synchrophasor measurements 
are available when a high-accuracy time source is connected to the relay. The 
relay supports the IEEE C37.118 standard for synchrophasors for power systems.

Most relays feature bay control functionality. The mimic display selected is dis-
played on the front-panel screen in one-line diagram format. The number of dis-
connects and breakers that can be controlled by the relay are a function of the 
selected mimic display screen. Control of the breakers and disconnects is avail-
able through front-panel pushbuttons, ASCII interface, Fast Message protocol, or 
SELOGIC control equations.

A simple and robust hardware design features efficient digital signal processing. 
Combined with extensive self-testing, these features provide relay reliability and 
enhance relay availability.

Common Features
Automation. Take advantage of enhanced automation features that include 

programmable elements for local control, remote control, protection 
latching, and automation latching. Local metering on the large-format 
front-panel LCD eliminates the need for separate panel meters. Use serial 
and Ethernet links to efficiently transmit key information, including 
metering data, protection element and control I/O status, Sequential 
Events Recorder (SER) reports, breaker monitor, relay summary event 
reports, and time synchronization. Use expanded SELOGIC control equa-

NOTE: Some SEL-400 series relays 
are compliant with Edition 1 of the 
IEC 61850 standard.

NOTE: Some relays are only 
supported by SEL Grid Configurator. 
See Section 2: PC Software for more 
details.
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tions with math and comparison functions in control applications. Incor-
porate as many as 1000 lines of automation logic to speed and improve 
control actions.

Oscillography and Event Reporting. Record voltages, currents, and internal 
logic points as fast as an 8 kHz sampling rate. Phasor and harmonic anal-
ysis features allow investigation of relay and system performance.

Sequential Events Recorder (SER). Record the last 1000 entries, including set-
ting changes, startups, and selectable logic elements.

High-Accuracy Time Stamping. Time-stamp binary COMTRADE event reports 
with real-time accuracy of better than 10 µs. View system state informa-
tion to an accuracy of better than 1/4 of an electrical degree.

Digital Relay-to-Relay Communication. Use enhanced MIRRORED BITS com-
munications to monitor internal element conditions between relays within 
a station, or between stations, by using SEL fiber-optic transceivers. Send 
digital, analog, and virtual terminal data over the same MIRRORED BITS 
channel.

Ethernet Access. Access all relay functions with the optional Ethernet card. 
Interconnect with automation systems by using IEC 61850 or DNP3 
LAN/WAN protocols directly or through an SEL-3530 RTAC. Use FTP 
for high-speed data collection.

Time-Domain Link (TiDL). Reduce costs with TiDL technology. With this sim-
ple-to-configure solution, the relay ac inputs and most of its digital inputs 
and outputs are distributed using TiDL merging units.

Parallel Redundancy Protocol (PRP). Provide seamless recovery from any sin-
gle Ethernet network failure with this protocol, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are fully duplicated 
with both copies operating in parallel.

Increased Security. Set unique passwords for each access level. The relay 
divides control and settings into seven relay access levels. The relay has 
separate breaker, protection, automation, and output access levels, among 
others.

Rules-Based Settings Editor. Communicate with and set the relay by using an 
ASCII terminal, or use the PC-based SEL Grid Configurator or QuickSet 
software.

Settings Reduction. Show only the settings for the functions and elements you 
have enabled using internal relay programming.

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making initial programming and maintenance easy.
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PC Software

Refer to Table 2.1 to navigate to the information about the PC software program 
available based on your relay.

                    

SEL Grid Configurator Software
SEL Grid Configurator Software is a tool for engineers and technicians to 
quickly and easily design, deploy, and manage device configurations for power 
system protection, control, metering, and monitoring. Through use of this soft-
ware, you can perform the following:

➤ Configure settings for supported devices.

➤ Organize and manage device settings.

➤ Read and send settings for supported devices.

➤ Read reports from supported devices.

Installation
Overview

To install the software, you must have at least the following.

Table 2.1 SEL Software

Relay Model Available Settings Software

SEL-400G See SEL Grid Configurator Software on page 2.1

SEL-401 See SEL Grid Configurator Software on page 2.1

SEL-411L-0, -1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-411L-2 See SEL Grid Configurator Software on page 2.1

SEL-421-4, -5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-421-7 See SEL Grid Configurator Software on page 2.1

SEL-451-5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-451-6 See SEL Grid Configurator Software on page 2.1

SEL-487B-1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487B-2 See SEL Grid Configurator Software on page 2.1

SEL-487E-3, -4 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487E-5 See SEL Grid Configurator Software on page 2.1

SEL-487V See ACSELERATOR QuickSet SEL-5030 Software on page 2.14
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Two different installations of Grid Configurator are offered: an Admin Install and 
a User Install. Both install the same version of the software but support different 
use cases. SEL recommends using the Admin Install in most cases. Table 2.3 
illustrates the differences and the different use cases for the two installation 
types.

                    

Examples of when to use the User Install:

➤ A user must install the software but lacks administrative privileges on 
the computer.

➤ A user wants to try a new version of Grid Configurator before full 
deployment.

➤ A user must use Grid Configurator on the same computer on which 
an incompatible (and unable to be upgraded) version of QuickSet is 
installed.

ACSELERATOR QuickSet Compatibility

If using the Legacy Device Driver, QuickSet version 6.3.0.7 or later is required 
for compatibility with Grid Configurator. If using Device Manager, QuickSet 
version 6.8.2.0 or later is required for compatibility with SEL Grid Configurator.

Table 2.2 Minimum Requirements

Supported Operating Systems:
Microsoft Windows 10 (64-bit)

Microsoft Server 2016 (64-bit)

Processor Speed: 1 GHz (64-bit) or faster

RAM: 2 GB

Disk Space: 1 GB available

Printer: Default printer installed for printer settings

Monitor:

1280 x 800 or higher resolution monitor

Note: For best viewing of the application windows and 
text, you may need to enter your Windows operating sys-
tem settings and adjust the screen resolution settings to 
make text and other items larger or smaller.

Other Peripherals: Mouse or other pointing device

Communications:
Serial or Ethernet connections to allow communication 
with SEL devices

Required Third-Party Software: Microsoft .NET Framework 4.7.2

Table 2.3 Differences Between Admin Install and User Install

Admin Install User Install

Requires administrative privileges to install on the computer. Does NOT require administrative privileges to install 
on the computer.

Accessible by all users on the same computer. Accessible only to the user that installed the software.

Uses the ACSELERATOR Database, the same database used by ACSELERATOR 
QuickSet Device Manager, if installed. This provides a means to view and 
access supported devices from both Grid Configurator and Device Manager.

Uses a separate database from QuickSet Device Man-
ager. The User Install of Grid Configurator cannot con-
nect to an ACSELERATOR Database.

May require an update to QuickSet and Device Manager for compatibility. If 
an update is necessary, the user will be notified during Grid Configurator 
installation. The user will then have the opportunity to cancel installation at 
that time.

Never requires an update to an existing installation of 
QuickSet.



2.3

Date Code 20230830 Instruction Manual SEL-400 Series Relays

PC Software
SEL Grid Configurator Software

Installation Instructions
Once you have decided on the best installation, perform the following:

Step 1. Obtain the SEL Grid Configurator installation files from either the 
website (selinc.com/products/5037) or SEL Compass software.

Step 2. Run the installation file.

Step 3. If you agree to the terms of the license agreement, select I accept the 
license agreement.

Step 4. If you are running the User Install, select Install and go to Step 6. If 
you are running the Admin install, select Next and continue to 
Step 5.

NOTE: The following option is only 
available in the Admin Install. Skip 
Step 5 if you are running the User 
Install.

Step 5. Select the desired installation type.

a. Select Typical to use all default installation options, and then 
select Install to install the application.

                    

b. Select Custom to choose where to install the application and the 
ACSELERATOR Database.

c. Select Next.

d. Enter the desired folder location or select Browse to select a 
folder and then select Next.

                    

e. Enter the desired folder locations for the database binaries and 
data or select Browse to select a folder and then select Install.

                    

Figure 2.1 Select Typical to Accept All Default Installation Options or Select 
Custom to View or Modify Them

                    

Figure 2.2 Select the Install Location for SEL Grid Configurator

https://selinc.com/products/5037/
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Step 6. After the installation process has been completed, select Next.

Step 7. Select Finish to close the installation wizard.

                    

Silent Installation

Grid Configurator supports a command-line interface for silent, automated instal-
lations. The following parameters are supported:

➤ /Silent: Requires no end-user interaction and supports automated 
installs via scripting.

➤ /AgreeEULA: Represents an explicit approval of the License 
Agreement (EULA) to prevent showing the License Agreement 
form. This must be included with the /Silent option to perform a 
silent installation of Grid Configurator.

➤ /InstallPath: Specifies the selected folder location when the default 
is not desired.

➤ /DatabaseBinInstallPath: Specifies the selected folder location for 
database binary files.

➤ /DatabaseDataInstallPath: Specifies the selected folder location for 
database data files.

                    

Figure 2.3 Select the Install Location for the ACSELERATOR Database

                    

Figure 2.4 SEL Grid Configuration Installation Completed Successfully
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Examples:

To perform a silent, default installation, execute the following:

                    

To perform a silent installation while specifying the installation paths, exe-
cute the following:

                    

Uninstalling Grid Configurator
Grid Configurator supports uninstallation by the following methods:

➤ Through Windows Apps & features (Admin Install only)

➤ Through Windows Start Menu via an Uninstall SEL Grid 
Configurator shortcut in the SEL Applications folder (User Install 
only)

➤ Through SEL Compass

➤ Silently using the Grid Configurator uninstaller’s command-line 
interface

Grid Configurator Uninstaller

The Grid Configurator uninstaller (uninstall.exe) is located in the Uninstall folder 
in the Grid Configurator install folder. The following parameters are supported:

➤ /Silent: A silent uninstallation shall be performed.

➤ /RemoveDatabaseData: Database data will be removed as part of 
uninstallation (User Install only).

Example:

To perform a silent uninstall, execute the following:

                    

Removing Database Data (User Install Only)

The database data contains device information, settings, and collected device 
reports. By default, the database data will remain on the machine when uninstall-
ing Grid Configurator. An option to remove the database data is available with 
the User Uninstall but not the Admin Uninstall. If you intend to reinstall Grid 
Configurator in the future, it is recommended to not remove this data. To remove 
the database data, select the box in the User Uninstallation Wizard (see 
Figure 2.5).

SEL.Grid.UserInstaller-x.x.x.x.exe /Silent /AgreeEULA

SEL.Grid.AdminInstaller-x.x.x.x.exe /Silent /AgreeEULA /InstallPath=”(Select file 
location)”

/DatabaseBinInstallPath=”(Select database binaries location)” 
/DatabaseDataInstallPath=

”(Select Database data location)” 

uninstall.exe /Silent
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In the case of the Admin Uninstall, the ACSELERATOR Database is not automati-
cally removed. The ACSELERATOR Database requires manual removal via Win-
dows Apps & features or SEL Compass.

Getting Started
This section provides the basic process for creating and deploying settings for a 
new device. More detailed information on each part of the user interface is avail-
able in the SEL Grid Configurator Instruction Manual. When you create a new 
device project, the software will prompt you for a part number. If you have none 
at the present time, start with the default part number; you may change it later.

Step 1. Using a computer on which Windows 10 is installed, open Grid Con-
figurator by selecting the Windows start button (left end of the Task-
bar in Windows 10), scroll down and select SEL Applications, then 
select the Grid Configurator icon. Alternatively, you can pin Grid 
Configurator to the start panel, taskbar, or desktop on your computer.

Step 2. Create a new device by selecting Add Device from the context menu 
at the top of the System Explorer, as Figure 2.6 illustrates.

                    

                    

Figure 2.5 Option to Remove Database Data on Uninstallation (User Install 
Only)

                    

Figure 2.6 Add a New Device Project
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Step 3. Select the type of device.

Step 4. Fill in a project name, setting version, and part number. Select OK. A 
device project includes all of the information (such as settings, 
comments, communications parameters, etc.) that Grid Configurator 
manages for a device, Figure 2.7 shows how a new device project 
looks in the System Explorer.

                    

Step 5. Select Main Features > Protection Elements from the Device 
Explorer, as illustrated in the green highlighted area of Figure 2.8. 
Using the controls next to the Available Protection Elements, enable 
as many protection functions as necessary. Repeat for each setting 
group by using the group selector (highlighted in orange in 
Figure 2.8) in the Device Commands menu. The features and groups 
Grid Configurator shows in this view vary greatly depending upon 
the relay, meter, or distribution controller you are configuring. Refer 
to the device instruction manual for detailed information about the 
features available in your particular device.

                    

                    

Figure 2.7 New Device in the System Explorer

                    

Figure 2.8 Protection Elements View
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The views and editors available in the Device Explorer vary 
depending upon the device. The functionality of the device being 
configured determines the available settings groups. In the Settings 
Grid view, settings are organized hierarchically in a tree format. 
Settings categories have a small triangle to the left. When you select 
this triangle, the settings category expands to show additional 
available settings related to the overarching category, as shown in 
Figure 2.9. Select the triangle again to collapse that portion of the 
tree.

In any device settings view, such as Protection Elements or Settings 
Grid, an indicator displays next to any setting you have changed. The 
change indicator persists as long as you have the device project open.

                    

Some settings will be disabled (grayed out) by default. Grid 
Configurator displays settings as disabled according to such various 
factors as your part number selection, which protections elements 
you have enabled, etc. Refer to your device instruction manual to 
learn details about the specific settings for your device. Grid 
Configurator makes settings available for editing once you change 
the options that caused them to be unavailable.

Step 6. In the Settings Grid view, expand the tree to see all settings and 
groups available in your device. Select an entry in the tree to view the 
settings editor for that element. Edit the setting value either by 
directly editing in the grid or by selecting the ellipsis button in the 
Value cell if available. Figure 2.10 shows an example of each editing 
workflow. For setting 50P1P, which requires a numerical entry, you 
can directly select and edit the necessary value in the Value cell. Set-
ting 67P1TC requires a SELOGIC control equation, which provides a 
window to help the user build their desired torque-control equation. 
Select the ellipsis button in the Value cell to open the SELOGIC con-
trol equation builder. Create the equation and then select OK.

                    

Figure 2.9 Settings Grid View
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If you enter a settings value into a field and that value is invalid or 
outside the acceptable range, as shown in Figure 2.10, Grid 
Configurator displays an error icon in the Value cell for that setting. 
A message explaining the error displays if you hover over the Value 
cell. Correct these errors prior to deploying settings.

Select the alarm icon in the Device Commands menu, as shown in 
Figure 2.11, to see Project Notifications, a report of all settings errors 
in a device project. Select the notification message to immediately 
navigate to the invalid setting.

                    

Step 7. For all remaining settings, navigate the tree or use the search bar to 
find the necessary settings and alter the appropriate values.

Step 8. Select Communications > Connections, as shown in Figure 2.12. 
Enter the connection parameters for your device. Grid Configurator 
can communicate with devices via serial or network connections.

                    

Figure 2.10 Editing Settings and Automatic Validation

                    

Figure 2.11 Viewing Project Notifications
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Step 9. Select Communications > Security, as illustrated in Figure 2.13. By 
default, Grid Configurator has the default passwords for your device 
type. Enter custom passwords if you use them. Refer to your device 
instruction manual to learn about the access levels and password 
options for your device.

                    

                    

                    

Figure 2.12 Configuring Communications Options

                    

Figure 2.13 Configuring Security Options

                    

Figure 2.14 Connecting to a Device
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Step 10. Select Connect in the Device Commands Menu, as shown in 
Figure 2.14. Once the connection is active, you will see a success 
message and a green dot displays in the device tab and next to the 
device name in the System Explorer. As long as Grid Configurator 
has an active connection with the device shown in your workspace, 
device commands appear similar to Figure 2.15.

                    

Step 11. Select the Send button, as shown in Figure 2.15, to deploy settings to 
the device. Select the green Device Operations icon in the Title Bar, 
as shown in Figure 2.16, to view the progress of the operation.

                    

Step 12. To cancel an operation, select Device Operations > Cancel Opera-
tion > OK.

                    

Step 13. Select Disconnect from the Device Commands Menu to terminate 
the connection to the device.

Grid Configurator Interface
Introduction

The user interface of Grid Configurator is divided into a number of viewable 
areas that can generally be categorized as follows:

                    

Figure 2.15 Device Commands Menu for Connected Devices

                    

Figure 2.16 Title Bar During Settings Deployment

                    

Figure 2.17 Opening the Send Report



2.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
SEL Grid Configurator Software

Navigators: One or more navigators can be open and visible in the user interface 
at any time. These generally sit vertically (top to bottom) in the user interface and 
contain content in rows. In some cases, the content will be hierarchical and col-
lapsible so you can focus only on what you need. A scroll bar appears if the con-
tent still extends beyond the viewable space. When the scroll bar appears, Grid 
Configurator offers three navigational options: 

1. Press and drag with your mouse on the scroll bar

2. Hover the mouse over the sidebar and use the mouse scroll wheel

3. Touch the scroll bar and drag your finger in the direction you want 
the view to move

IMPORTANT: Opening multiple 
navigators on a smaller screen can 
make the workspace too confining. 
You can collapse or expand any 
navigator individually.

Title Bar: The blue bar at the top of the user interface. It contains the application 
title and a number of icons for common actions that affect the entire application.

Workspace: The previously mentioned sections of the user interface enable and 
support the core of the application, your workspace. The content (or view) in the 
workspace changes depending on the project type and workflow, but the work-
space generally includes editable content and reports. Enter and edit content as 
necessary. Reports are read-only and provide information about your project. As 
with navigators, Grid Configurator displays scroll bars if the content extends 
beyond the viewable space.

Accessing Contextual Information

The menu system in Grid Configurator primarily displays via context menus. 

Select the ellipsis button, , to display the context menu for the item with 

which you are working. Select  in the title bar to activate application help.

User Interface Sections
1. Title Bar: Includes the software title and such application-level con-

trols as the light and dark theme.

2. System Explorer: A navigator that includes a hierarchical view of 
all devices in your system. Open device projects from the System 
Explorer.

3. Workspace: The display of any open view or project. Commands 
and features differ according to the use case for any particular view.
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Light and Dark Theme
                    

As shown in Figure 2.19, toggle the rocker bar on the right side of the title bar to 
switch between the light and dark theme for the user interface.

                    

Figure 2.18 Grid Configurator User Interface Overview

e

w

q

                    

Figure 2.19 Dark Theme
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SEL Grid Configurator Report Retrieval
Use SEL Grid Configurator to download the Sequence of Events records or relay 
oscillography records, as highlighted in Figure 2.20.

                    

ACSELERATOR QuickSet SEL-5030 Software
This section provides information on the following topics:

➤ QuickSet Setup on page 2.15

➤ Settings Database Management and Drivers on page 2.17

➤ QuickSet Main Menu on page 2.21

➤ Create and Manage Relay Settings on page 2.21

➤ QuickSet HMI on page 2.30

➤ Analyze Events on page 2.33

➤ QuickSet Help on page 2.34

SEL-400 series relays come with ACSELERATOR QuickSet SEL-5030 Software, 
a powerful relay settings, analysis, and measurement tool, to aid you in applying 
and using the relay. QuickSet reduces engineering costs for relay settings, logic 
programming, and system analysis. QuickSet makes it easier for you to do the 
following:

➤ Create and manage relay settings

➢ Create settings for one or more relays

➢ Store and retrieve settings with Windows-based PCs

➢ Upload and download relay settings files to and from relays

➤ Analyze events

➢ Use the integrated waveform (single event reports) analysis tools

                    

Figure 2.20 SEL Grid Configurator Report Retrieval
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➤ Control the relay

➢ Command relay operation through use of a GUI environment

➢ Execute relay serial port commands in terminal mode

➤ Configure the serial port and passwords

SEL provides QuickSet for easier, more efficient configuration of the relay set-
tings. However, you do not have to use QuickSet to configure a relay; you can use 
an ASCII terminal or a computer running terminal emulation software to access 
all relay settings and metering. QuickSet gives you the advantages of rules-based 
settings checks, SELOGIC control equation Expression Builder, and event analysis.

QuickSet Setup
Obtaining QuickSet

QuickSet can be obtained from the Download area of the SEL website. To have 
the software automatically update as new relay drivers are released, download 
and install SEL Compass Software, and then use Compass to download and 
install QuickSet. When you download QuickSet within Compass, you will be 
asked to select which relay drivers you wish to include. Select drivers for all SEL 
relays that you may be required to set. If later you find that additional drivers are 
required, QuickSet provides an easy method to request new drivers and updates 
(see Updating QuickSet on page 2.15).

QuickSet is also available on DVD upon request.

Updating QuickSet
The QuickSet software consists of a core application plus driver files for individ-
ual devices. As new device firmware versions are released, you may need to 
update QuickSet to add new driver files. This may be accomplished several ways:

➤ When the Enable Update Notifications check box is selected in the 
Tools > Options menu of SEL Compass, the Compass software will 
automatically check for updates on a specified schedule and facilitate 
the update process.

➤ The Update icon on the QuickSet startup screen starts SEL Compass 
and checks for updates.

➤ The Install Devices button on the Settings Editor Selection window 
starts SEL Compass and presents a menu of available drivers.

➤ Check for updates in the Help menu starts SEL Compass and 
checks for updates.

An Internet connection is required to add new drivers and to receive update noti-
fications.

Serial Communication Parameters
QuickSet can communicate with a relay via any relay serial port set to SEL proto-
col or via Ethernet. Use the Communication Parameters dialog box to config-
ure relay communications settings.

Step 1. Select the Communication menu on the top QuickSet toolbar.

Step 2. Select Parameters to open this dialog box.

Figure 2.21 shows the QuickSet Communication Parameters dialog 
box.
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You can use serial communication via relay Ports 1, 2, 3, and F (front panel). 
Figure 2.21 shows the default serial port parameters (9600, 8, N, 1).

Step 1. Enter your relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Step 2. If you choose a connection type from the Active Connection Type 
dropdown list that is a telephone modem, enter the dial-up telephone 
number in the Phone Number text box.

Ethernet Card
Use the optional Ethernet card for File Transfer Protocol (FTP) and Telnet net-
work communications.

FTP Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the FTP File Transfer Option button to select FTP as the net-
work communications protocol.

Step 3. Enter the IP address of the relay Ethernet port as the Host IP address.

Step 4. Enter the FTP port number.

Step 5. Enter the relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

See Changing the Default Passwords in the Terminal on page 3.11.

                    

Figure 2.21 QuickSet Communication Parameters Dialog Box
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Step 6. Use the Save to Address Book button to save the entered informa-
tion with a Connection Name for later use.

Step 7. Enable the Ethernet port setting FTPSERV.

Telnet Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the Telnet File Transfer Option button to select Telnet as the 
network communications protocol.

The Telnet session uses the relay passwords on the Communication Parameters 
dialog box (Figure 2.21). See Telnet on page 15.16 for more information on Telnet.

Terminal Window
The terminal window provides an ASCII interface on which you can communi-
cate with the relay. This is a basic terminal emulation. Many third-party terminal 
emulation programs are available with file transfer encoding schemes.

Step 1. Select the QuickSet Communication menu.

Step 2. Select Terminal to start the terminal window.

Another convenient method to start the terminal is to press <Ctrl+T>.

Terminal Logging 
When you select the Terminal Logging check box in the Communication 
menu, QuickSet records communications events and errors in a log.

Step 1. Select Communication > Logging > Connection Log to view the 
log.

Step 2. Clear the log by selecting Communication > Logging > Clear 
Connection Log.

Settings Database Management and Drivers
Database Manager 

QuickSet uses a relay database to save relay settings. QuickSet contains sets of 
all settings files for each relay that you specify in the Database Manager. 
Choose appropriate storage backup methods and a secure location for storing 
your relay database files. Use the File > Database Manager menu to retrieve a 
relay database from computer memory.

Relay Database

The default relay database file already configured in QuickSet is Relay.rdb. This 
database contains example settings files for the SEL products with which you can 
use QuickSet.

Step 1. Open the Database Manager to access the database.

a. Select File in the QuickSet top toolbar.

b. Select the Database Manager menu item. You will see a dialog 
box similar to Figure 2.22.
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Step 2. If you wish, you can enter descriptions of the database and/or relay in 
the Database Description and/or Settings Description text boxes.

A relay description would consist of special operating characteristics 
that describe the relay settings including the protection scheme 
settings and communications settings.

                    

Step 3. Highlight one of the relays listed in Settings.

Step 4. Select Copy to create a new collection of relay settings.

QuickSet prompts you to provide a new name.

Copy/Move Relays Between Databases

You can create multiple relay databases with the Database Manager; these data-
bases are useful for grouping similar protection schemes or geographic areas.

Step 1. Select the Copy/Move Relays Between Settings Databases tab to 
access the dialog box shown in Figure 2.23.

Step 2. Select the ellipsis next to Settings Database B to open a relay database.

Step 3. Navigate to the desired database location.

Step 4. Select Open.

For example, Relay2.rdb is the B relay database in Figure 2.23.

Step 5. Highlight a relay in the A database.

Step 6. Select Copy or Move.

Step 7. Select the > button to create a new relay in the B database.

Reverse this process to take relays from the B database to the A database.

Copy creates an identical relay that appears in both databases. Move removes the 
relay from one database and places the relay in another database.

Figure 2.22 QuickSet Database Manager Relay Database
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Create a New Database
Step 1. To create and copy an existing database of relays to a new database, 

select the File > Database Manager menu.

Step 2. Select Copy/Move Relays Between Databases on the Database 
Manager dialog box.

QuickSet opens the last active database and assigns it as Database A 
(see Figure 2.23).

Step 3. Select the ellipsis next to Settings Database B.

QuickSet prompts you for a file location.

Step 4. Type a new database name.

Step 5. Select Open.

Step 6. Answer Yes.

The program creates a new empty database.

Step 7. Load relays into the new database as in Copy/Move Relays Between 
Databases on page 2.18.

Drivers 
Relay settings folders in QuickSet are closely associated with the QuickSet relay 
driver that you used to create the settings. The relay settings and the QuickSet 
drivers must match.

Step 1. Use one of the following methods to view the relay FID (firmware 
identification) number to determine the active QuickSet drivers.

➢ Enter Access Level 1 and use the STATUS command from the 
serial port terminal emulation window.

➢ Type ID <Enter> in the computer emulation software window 
(<Ctrl+T> from QuickSet).

Figure 2.23 QuickSet Database Manager Copy/Move



2.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
ACSELERATOR QuickSet SEL-5030 Software

Step 2. Locate and record the Z-number in the FID string.

The Z-number helps determine the proper QuickSet relay settings 
driver version when creating or editing relay settings files.

Step 3. View the QuickSet settings driver information at the bottom of the 
Settings Editor window.

The first portion of the Z-number is the QuickSet settings driver 
version number (see Figure 2.24).

Step 4. Compare the QuickSet driver number and the relay FID number.

This QuickSet driver Z-number and the corresponding part of the 
relay FID must match.

                    

Use the first portion of the Z-number (Z001XXX, for example) to 
determine the correct Settings Editor version to select.

Step 5. View the top of the Settings Editor window to check the Settings 
Editor driver number (see Figure 2.25).

                    

As SEL develops new drivers, you can update your existing QuickSet with spe-
cific relay drivers for each SEL product that uses QuickSet. Use SEL Compass 
(selinc.com/products/compass/) to download the latest QuickSet drivers.

Figure 2.24 QuickSet Software Driver Information in the FID String

FID = SEL-487B-1-R306-V0-Z007005-D20130606

Relay Settings Driver Version Number

HMI Version Number

                    

Figure 2.25 Relay Settings Driver Version Number

Settings Editor Tree View Driver Version

https://selinc.com/products/compass/
http://selinc.com/products/compass/
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QuickSet Main Menu
The main menu provides the following options and submenu options. Selected 
submenu options are explained in detail in Table 2.4.

                    

Create and Manage Relay Settings
QuickSet enables you to create settings for one or more relays. You can store 
existing relay settings downloaded from relays with QuickSet, creating a library 
of relay settings (see Database Manager on page 2.17). You can then modify and 
upload these settings from your settings library to a relay. QuickSet makes setting 
the relay easy and efficient.

Table 2.4 QuickSet Submenu Options

File

➤ New—Create new settings for a connected device or offline.

➤ Open—Open existing settings stored in a Relay Database (RDB) file.

➤ Close—Close settings instance that is open in the QuickSet window.

➤ Save/Save As—Save settings instance that is open in the QuickSet window to the active Relay Database 
(RDB) file.

➤ Print Device Settings—Print standard or custom settings reports.

➤ Read—Read settings from a connected device and display the settings in the QuickSet window.

➤ Send—Send settings instance that is open in the QuickSet window to a connected device.

➤ Active Database—Change which Relay Database (RDB) file is used for the Open and Save/Save As 
commands.

➤ Database Manager—Open Database Manager to create a new Relay Database (RDB) file, copy settings within 
the active Relay Database (RDB) file, add descriptions to settings within the database, and copy and move 
settings between different databases.

➤ Exit—Quit the QuickSet software.

Edit

➤ Copy—Copy settings from one Settings Group to another.

➤ Search—Search for a text string within the settings instance.

➤ Compare—Compare the settings instance that is open in the QuickSet window to another settings instance in 
the Relay Database file.

➤ Merge—Merge the settings instance that is open in the QuickSet window with another settings instance in the 
Relay Database file.

➤ Part Number—Change the current part number for the settings instance that is open in the QuickSet window.

Communications

➤ Connect—Request QuickSet to attempt to connect to a device by using the current Connection Parameters.

➤ Parameters—Modify the Communications Parameters, including connection type (Serial, Network, or 
Modem), PC port numbers, speed, and settings, device passwords, IP addresses, ports, and file transfer 
options, and modem phone numbers and speeds.

➤ Network Address Book—Select from a list of Ethernet-connected devices. Add or modify devices by 
specifying the Connection Name, IP Address, Telnet Port Number, User ID, and Password.

➤ Terminal—Open terminal window to issue ASCII commands directly to a connected relay.

➤ Logging—Initiate terminal logging to record terminal communications. View and clear the connection log.

Tools

➤ Settings—Convert settings between settings versions. Import and export settings from and to text files.

➤ HMI—Open HMI for connected device and manage custom HMI Device Overviews.

➤ Events—Collect event and view reports from connected devices.

➤ Options—Control QuickSet options, including Setting Comments, Event Viewer, and Terminal Options.

➤ Firmware Loader—Upgrade relay firmware.

Help ➤ Access program and settings help.
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Relay Part Number 
The relay part number determines the settings that QuickSet displays and the func-
tions that the software controls. When configuring QuickSet to control a particular 
relay, you should confirm that the QuickSet part number matches the relay part 
number so that you can access all of the settings you need for your relay.

Configuring the Relay Part Number
Step 1. Select the QuickSet Edit menu.

Step 2. Select Part Number in the dropdown list, as shown in Figure 2.26.

                    

You will see the Device Part Number dialog box, similar to the one 
shown in Figure 2.27 for the SEL-487B.

Step 3. Use the arrows inside the text boxes to match corresponding portions 
of the Device Part Number dialog box to your relay. Alternatively, 
select Edit in the lower left corner of the Device Part Number 
screen and paste in the desired part number.

                     

Figure 2.26 Retrieving the Device Part Number
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Settings Overview
QuickSet arranges relay settings in easy-to-understand categories (for an expla-
nation of settings organization, see Making Simple Settings Changes on 
page 3.15). These categories of collected settings help you quickly set the relay. 
Figure 2.28 is an example of relay settings categories in the Settings Editor tree 
view.

QuickSet shows all of the settings categories in the settings tree view. When you 
enable and disable settings categories, the tree view remains constant, but when 
you select the tree view to access the settings in a disabled category, the disabled 
settings are dimmed. For example try the following steps:

Step 1. Select Global > Station DC Monitoring and observe that the set-
tings are dim.

Step 2. To enable the Station DC Monitor settings, select the Global > Gen-
eral Global Settings/Enables branch of the settings tree view.

Step 3. Change the EDCMON Station DC Battery Monitor setting to Y.

Step 4. Figure 2.28 through Figure 2.30 illustrates this feature of QuickSet.

                    

Figure 2.27 Setting the Relay Part Number in QuickSet
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Figure 2.28 Station DC Settings

                    

Figure 2.29 Enable EDCMON in Global Settings
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Figure 2.30 DC Monitor Settings Enabled
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Settings Editor
Use the Settings Editor to enter relay settings. Figure 2.31 illustrates the import-
ant features of the editor. These features include the QuickSet settings driver ver-
sion number (the first three digits of the Z-number) in the lower left corner of the 
Settings Editor.

                    

Entering Settings
Step 1. Select the arrows to expand the Settings Tree View (see 

Figure 2.31).

Step 2. Select the circle buttons to select the settings class, instance, and cat-
egory that you want to change.

Step 3. Use the <Tab> key to move to the setting text book and from setting 
to setting when entering and editing.

Step 4. The right-click mouse button allows access to two special functions 
when you are editing settings: Previous Value and Default Value. It 
also allows the user to Add a Comment to the selected setting or 
Search for Selected Text.

                    

Figure 2.31 QuickSet Settings Editor

Settings Tree View
Relay Settings 
Driver Version NumberEllipsis Button Settings Dialog Box Text Box

Error Text Region
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Step 5. Use the following methods to edit the settings from QuickSet.

➢ Restore previous values. Right-click the mouse over the setting 
and select Previous Value.

➢ Restore default values. Right-click in the setting dialog box and 
select Default Value.

If you enter a setting that is out of range or has an error, an error 
message appears at the bottom of the Settings Editor window. 
To correct the error, proceed to Step 6.

Step 6. Correct settings errors.

a. Double-click the error listing in the Settings Editor window.

b. Enter a valid input for the setting where the error appears.

Ellipsis Button
QuickSet includes a feature called an ellipsis button (see Figure 2.32).

                    

The ellipsis button is a square button with three dots, as shown in Figure 2.33. 
Use the ellipsis button to build expressions or assist with entering settings in the 
relay. Whether the ellipsis button is an expression builder or a setting assistant 
depends on the selected relay function and is preprogrammed in the relay. For 
example, Figure 2.33 shows the ellipsis button as a setting assistant, entering 
settings for the SER.

Step 1. Enter the SER settings by selecting on the Report > SER Settings in 
the Tree View.

Step 2. Select the SITM1 SER Points and Alias, Point 1 ellipsis button, 
which makes the R1-SITM1 window available.

Step 3. Select the Relay Word bit ellipsis button in the R1-SITM1 window.

The software displays a list of Relay Word bits available in the relay 
that you can select to enter in the SER report.

                    

Figure 2.32 Ellipsis Button
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Expression Builder
The ellipsis button also allows access to an expression builder. SELOGIC control 
equations are a powerful means for customizing relay performance. Creating 
these equations can be difficult because of the large number of relay elements 
(Relay Word bits) and analog quantities in the relay. QuickSet simplifies this pro-
cess with the expression builder, a rules-based editor for programming SELOGIC 
control equations. The expression builder organizes relay elements, analog quan-
tities, and SELOGIC control equation variables and focuses your equation deci-
sion making.

Expression Builder Organization

The Expression Builder dialog box is organized into two main parts represent-
ing the left side (LVALUE) and right side (RVALUE) of the SELOGIC control 
equation. (The LVALUE is fixed for all settings except Protection Free-Form 
SELOGIC and Automation Free-Form SELOGIC control equation settings—see 
Fixed SELOGIC Control Equations on page 13.6.) Figure 2.34 shows the two 
sides of the Expression Builder, with the SELOGIC control equation that you are 
constructing at the top of the dialog box. Note the dark vertical line and the 
equals sign (:=) separating the equation’s left and right sides.

                    

Figure 2.33 Location of Ellipsis Button
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Using the Expression Builder
Step 1. For Protection Free-Form SELOGIC and Automation Free-Form 

SELOGIC control equations, select the type of result (LVALUE) for 
the SELOGIC control equation to use the Expression Builder.

QuickSet shows Relay Word bits available for use in compiling 
expressions. The program shows the relay elements for each type of 
SELOGIC control equation (e.g., Boolean Variables, Math Variables).

On the right side of the equation (RVALUE), you can select broad 
categories of relay elements, analog quantities, counters, timers, 
latches, Boolean variables, and math variables.

Step 2. Select a category in the RVALUE tree view.

The Expression Builder displays all elements for that category in the 
list at the bottom right side. Directly underneath the right side of the 
equation, you can choose operations to include in the RVALUE. 
These operations include basic logic functions, rising and falling-
edge triggers, expression compares, and math functions. For more 
information on programming SELOGIC control equations, see 
Section 13: SELOGIC Control Equation Programming.

                    

Figure 2.34 QuickSet Expression Builder



2.30

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
ACSELERATOR QuickSet SEL-5030 Software

QuickSet HMI
Use the QuickSet HMI feature to view real-time relay information in a graphical 
format. Use the virtual relay front panel to read metering and targets (see 
Figure 2.35) for a representative example.

                    

Open the QuickSet HMI
Select Tools > HMI > HMI in the QuickSet menu bar. QuickSet opens the HMI 
window and downloads the interface data. The HMI can also be accessed by 
using the HMI icon.

QuickSet HMI Features
Table 2.5 lists typical functions in the HMI tree view and a brief explanation of 
each function. The specific options available for any specific relay depend on the 
features available in that relay.

                    

                    

Figure 2.35 Virtual Relay Front Panel

Table 2.5 QuickSet HMI Tree View Functions (Sheet 1 of 2)

Function Description

Device Overview View general metering, selected targets, control input, control 
outputs, and the virtual front panel

Contact I/O View status of contact inputs and contact outputs
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Phasors A graphical and textual representation of phase and sequence 
voltages and currents.

Time and 
Communications

View for Time Quality, MIRRORED BITS Channel A or B, real-
time control (RTC) Channel. Precision Time Protocol (PTP), or 
Sampled Values status.

Fundamental Metering A table of instantaneous voltages, currents, powers, and fre-
quency.

Zone Metering View active Zone meter reports.

Differential Metering View differential currents of all active zones.

Unbalance Metering View the differential and unbalanced metering data.

Synchrophasor A table of synchrophasor data.

Demand/Peak A table showing demand and peak demand values. This display 
also allows demand and peak demand values to be reset.

Min/Max A table showing maximum/minimum metering quantities. This 
display also allows maximum/minimum metering quantities to be 
reset.

Energy A table showing energy import/export. This display also allows 
energy values to be reset.

Temperature View the temperature measurements received from the 
SEL-2600A.

Protection Math Variables View the protection math variable values.

Automation Math Vari-
ables

View the automation math variable values.

MIRRORED BITS Commu-
nications

View the MIRRORED BITS communications analog quantities.

Through Faults View the through-fault data.

Thermal Monitoring View the most recent saved thermal report of the transformer(s) 
monitored by the device.

Breaker n Monitoring 
(n can be S,T,U,W, or X)

View a comprehensive circuit breaker report that includes inter-
rupted currents, number of operations, and mechanical and elec-
trical operating times.

Analog Signal Profile View the Signal Profile data for as many as 20 user-selectable 
analog values.

VSSI Report View the voltage sag, swell, and interruption report.

Targets View Relay Word bits in a row/column format.

Status A list of relay status conditions.

LDP View load profile data.

SER Sequential Events Recorder (SER) data listed oldest to newest, 
top to bottom.

Set the range of SER records with the dialog boxes at the bottom 
of the display.

SSI View voltage Sag, Swell, and Interruption data.

Breaker Monitor Data A table showing the latest circuit breaker monitor data.

Control Window Metering and records reset buttons, trip and close control, output 
pulsing, target reset, time and date set, group switch, and remote 
bit control.

Table 2.5 QuickSet HMI Tree View Functions (Sheet 2 of 2)

Function Description



2.32

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
ACSELERATOR QuickSet SEL-5030 Software

The flashing LED representation in the lower left of the QuickSet window indi-
cates an active data update via the communications channel (see Figure 2.35). 
Select the button marked Disable Update to suspend HMI use of the communi-
cations channel.

HMI Device Overview

Select the Device Overview branch to display an overview of the relay operation. 
This view includes a summary of information from many of the other HMI 
branches, including fundamental metering, contact input/output status, and front-
panel LED status.

The Device Overview colors and text can be customized. White LED symbols 
indicate a deasserted condition and LED symbols with any other color indicate an 
asserted condition. Select an LED symbol to change its assert color.

HMI Control Window

Select the Control Window branch to reset metering values, clear event records, 
trip and close reclosers/breakers, pulse output contacts, and set and clear remote 
bits (see Figure 2.36) for a representative example.

                    

Other HMI Branches

The remaining HMI branches display metering, targets, status, reporting, and 
monitoring information.

                    

Figure 2.36 Control Window
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HMI Configurations

Customized Device Overviews can be saved as HMI Configurations. To save the 
current configuration, select Tools > HMI > Save Configuration to save the 
configuration under the current name, or Tools > HMI > Save Configuration As 
to specify a configuration name.

HMI configurations are identified by relay type and a configuration name. To use 
an existing configuration, select Tools > HMI > Select Configuration. To view 
available configurations, select Tools > HMI > Manage Configurations. To 
make an existing configuration the default configuration for a given relay type, 
select the configuration in the Manage Configurations window, select Edit, and 
select the Default check box.

Analyze Events
QuickSet has integrated analysis tools that help you retrieve information about 
protection system operations quickly and easily. Use the protection system event 
information that relays store to evaluate the performance of a protection system.

Event Waveforms
Relays record power system events for all trip situations and for other operating 
conditions programmed with SELOGIC control equations.

The relays provide two types of event data captures:

➤ Event report oscillography that uses filtered sample-per-cycle data

➤ Unfiltered (raw) data

Use QuickSet to view event report oscillograms, phasor diagrams, harmonic 
analysis, and settings.

Read History

You can retrieve event files stored in the relay and transfer these files to a com-
puter. To download event files from the relay, open the QuickSet Tools > Events 
menu on the QuickSet toolbar and select Get Event Files. The Event History 
dialog box will appear (similar to Figure 2.37).
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Get Event

Highlight the event you want to view and select the Get Selected Event button. 
The Event Options dialog box allows selection of Event Type and Event Length. 
When downloading is complete, QuickSet asks for a location to save the file on 
your computer. Select Tools > Events> View Event Files with SynchroWAVe 
Event and select an event file to view events saved on your computer. 

QuickSet Help
Various forms of QuickSet help are available as shown in Table 2.6. Press <F1> 
to open a context-sensitive help file with the appropriate topic as the default. 
Other ways to access help are shown in Table 2.6.

                    

                    

Figure 2.37 Retrieving an Event History

Checks the connected relay for 
new event records and updates 
the event history list.

Sends a trigger command to the 
connected relay and updates the 
event history list.

Downloads selected events from
the relays and saves in the format 
indicated in the Event Type 
dropdown list.

Table 2.6 Accessing QuickSet Help

Help Description

General QuickSet Select Help > Contents from the main menu bar.

HMI Application Select Help > HMI Help from the main menu bar.

Relay Settings Select Help > Settings Help from the from the main menu bar.

Database Manager Select Help from the bottom of the Database Manager window.

Communications Parameters Select Help from the bottom of the Communications Parame-
ters window.
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Basic Relay Operations

The SEL-400 series relays are powerful tools for power system protection and 
control. Understanding basic relay operation principles and methods will help 
you use the relay effectively. This section presents the fundamental knowledge 
you need to operate the relay, organized by task. These tasks help you become 
familiar with the relay and include the following:

➤ Inspecting a New Relay on page 3.1

➤ Establishing Communication on page 3.3

➤ Access Levels and Passwords on page 3.7

➤ Checking Relay Status on page 3.13

➤ Making Simple Settings Changes on page 3.15

➤ Examining Metering Quantities on page 3.34

➤ Examining Relay Elements on page 3.42

➤ Reading Oscillograms, Event Reports, and SER on page 3.46

➤ Operating the Relay Inputs and Outputs on page 3.55

➤ Configuring Timekeeping on page 3.65

➤ Readying the Relay for Field Application on page 3.66

Perform these tasks to gain a good understanding of relay operation, be able to 
confirm that the relay is properly connected, and be more effective when using 
the relay. To work through the examples in this section, you need to install the 
relay either in a final installation or in a laboratory configuration. See Section 2: 
Installation in the product-specific instruction manual for more information.

Inspecting a New Relay
NOTE: Do not connect power to the 
relay until you have completed your 
inspection of the relay. See the 
product-specific Installation section 
for details on applying power. Failure 
to follow these instructions can lead 
to equipment damage.

The following items are included in your shipment from SEL:

➤ Relay

➤ DVD containing the electronic versions of all SEL-400 series 
manuals, data sheets, configurable label kits and instructions, and 
DNP3 files

➤ SEL Grid Configurator Software, ACSELERATOR QuickSet 
SEL-5030 Software, and ACSELERATOR Architect SEL-5032 
Software

➤ Configurable Front-Panel Label Kit

➤ SEL Contact Card

If any item is missing or damaged, please contact your distributor or SEL immediately.
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Initial Inspection
Perform the following initial inspection when the relay arrives:

Step 1. Remove the protective wrapping from the relay.

Step 2. Observe the outside of the front cover and the rear panel.

Step 3. Check that no significant scratches or dents are evident on any outer 
surface.

Step 4. Confirm that all terminal strips on the rear panel are secure.

Perform the following steps and use care when cleaning the relay:

Step 1. Use a mild soap or detergent solution and a damp cloth to clean the 
relay chassis.

Be careful cleaning the front and rear panels because a permanent 
plastic sheet covers each panel; do not use abrasive materials, 
polishing compounds, or harsh chemical solvents (such as xylene or 
acetone) on any relay surface.

Step 2. Allow the relay to air dry, or wipe dry with a soft dry cloth.

Verify Relay Configuration
When you first inspect the relay, confirm that the relay power supply voltage and 
nominal ac signal magnitudes are appropriate for your application. Examine the 
serial number label on the relay rear panel. Figure 3.1 shows a sample rear-panel 
serial number label.

                    

NOTE: Do not use this page for 
ordering a relay. For ordering 
information, refer to the relay Model 
Option Table available at selinc.com, 
or contact your SEL Sales 
Representatives.

Figure 3.1 shows a serial number label for an SEL-451 with additional I/O in a 
4U horizontal chassis. This example serial number label is for a 5 A-per-phase 
secondary CT input relay. For information on CT and PT inputs, Do not use this 
page for ordering a relay. For ordering information, refer to the SEL-451 Model 
Option Table available at selinc.com/products/, or contact your SEL Sales Repre-
sentatives.

The power supply specification in Figure 3.1 indicates that this relay is equipped 
with a power supply that accepts a nominal 48–125 Vdc input. This power supply 
also accepts a 110–120 Vac input. Refer to the serial number label affixed to the 
back of your relay to determine the power supply voltage you should apply to the 
relay power supply input terminals. As this label indicates, the voltage source 
should be capable of providing at least 35 W for dc inputs and 90 VA for ac 
inputs. See Section 1: Introduction and Specifications in the product-specific 
instruction manual for more information on power supply specifications.

                    

Figure 3.1 Sample Relay Serial Number Label

Part Number
Serial Number

Power Supply Input
Specifications

Secondary Current Input

Secondary Voltage Input

I/O Interface Board(s)
Logic Input Rating
(See Logic Input Ratings, below)

https://selinc.com/products/
http://selinc.com/
http://selinc.com/
http://selinc.com/


3.3

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Establishing Communication

The serial number label does not list power system phase rotation and frequency 
ratings, because you can use relay settings to configure these parameters. The 
factory defaults are ABC phase rotation and 60 Hz nominal frequency. See Mak-
ing Settings Changes in Initial Global Settings on page 3.21 for details on setting 
these parameters.

Input Ratings
The serial number label in Figure 3.1 only lists control input voltages for I/O 
Interface Boards that have optoisolated inputs, which is determined at ordering 
time. The other types of control inputs (direct-coupled) have settable pickup volt-
ages, and do not appear on the serial number label. See Control Input Assignment 
on page 3.62 for more information.

Establishing Communication
Once you have applied the correct power input successfully, you are ready to 
operate the relay. Use the relay front panel and the communications ports to com-
municate with the relay.

Front-panel control of relay functions involves use of a menu system that you 
access through the LCD and the six navigational pushbuttons shown in 
Figure 3.2. For complete instructions on using the front-panel menu system, see 
Front-Panel Menus and Screens on page 4.14.

                    

Fast and efficient communication with the relay is available through communica-
tions ports such as PORT F, also shown in Figure 3.2. A design philosophy for all 
SEL relays is that an ASCII or open terminal is all that you need to communicate 
with the relay. Many off-the-shelf computer programs provide terminal emula-
tion. These programs are inexpensive and widely available.

Use the cable connections appropriate for your terminal configuration. See 
Section 15: Communications Interfaces for more information on communica-
tions ports.

All ASCII commands you send to the relay must terminate with a carriage return 
or carriage return/line feed; the terminal emulation program appends the neces-
sary carriage return when you press <Enter>.

                    

Figure 3.2 PORT F, LCD, and Navigation Pushbuttons

Navigation
Pushbuttons

Title
Area

Serial
Communications Port

LCD Main Area

PORT F

Message Area

5  4  3  2  1

9  8  7  6
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You can truncate commands to the first three characters: EVENT 1 becomes EVE 1. 
Use upper- and lowercase characters without distinction, except in passwords, 
which are case-sensitive. For a list of ASCII commands see Section 14: ASCII 
Command Reference.

Help
When you are using a terminal, you can access built-in relay help for each ASCII 
command. Relay help is access-level sensitive; you see only the ASCII com-
mands for the present access level when you type HELP <Enter>. For in-depth 
information on a particular ASCII command, enter the command name after typ-
ing HELP. For example, for help on the EVENT ASCII command, type 
HELP EVE <Enter>.

When you are using QuickSet, press <F1> to get help, or select the Help menu 
from the QuickSet toolbars. The help information in QuickSet gives detailed 
information and sample screens in a GUI format.

Making an EIA-232 Serial Port Connection
The following steps use any popular computer terminal emulation software and 
SEL serial cables to connect to the relay.

Use an SEL-C234A cable to connect a 9-pin computer serial port to the relay. 
Use an SEL-C227A cable to connect a 25-pin computer serial port to the relay. 
For computers with USB ports, use an SEL-C662 USB-to-serial cable to connect 
to the relay. See Section 15: Communications Interfaces for further information 
on serial communications connections. These and other cables are available from 
SEL. Contact the factory or your local distributor for more information.

Step 1. Use the serial cable to connect the computer to the relay via PORT F 
on the relay front panel.

Step 2. Apply power to both the computer and to the relay.

Step 3. Start the computer terminal emulation program.

Step 4. Set your computer terminal emulation program serial communica-
tions parameters. 

The default relay communications port settings are listed in 
Table 3.1.

Also set the terminal program to emulate either VT100 or VT52 
terminals. These terminal emulations work best with SEL relays.

                    

Table 3.1 General Serial Port Settings

Name Description Default

PROTO Protocol (SEL, DNP, MBA, MBB, RTD, PMU) SEL

SPEED Data speed (300 to 57600, SYNC) 9600

DATABIT Data bits (7, 8 bits) 8

PARITY Parity (Odd, Even, None) N

STOPBIT Stop bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N
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Step 5. To check the communications link, press <Enter> to confirm that 
you can communicate with the relay. 

You will see the Access Level 0 = prompt at the left side of your 
computer screen (column 1).

If you do not see the prompt, check the cable connections and 
confirm the settings in your terminal emulation program match the 
default communications parameters shown in Table 3.1.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to that shown in 
Figure 3.3. (Text that you type is emphasized in bold letters.)

If you see jumbled characters, change the terminal emulation type in 
the computer terminal program.

                    

When you communicate with the relay at the Access Level 0 = prompt, you are in 
security Access Level 0. You cannot view or control relay functions at this level. 

Higher access levels are password-protected and allow increased control over 
relay operation. For more information on access levels and password protection, 
see Changing the Default Passwords in the Terminal on page 3.11.

Making an Ethernet Telnet Connection
Factory-default settings for the Ethernet ports disable all Ethernet protocols. 
Enable the Telnet protocol with the SET P 5 command by using any of the serial 
ports. Command SET P 5 accesses settings for all Ethernet ports on the relay.

Make the following settings by using the SET P 5 command:

➤ EPORT = Y

➤ IPADDR = IP Address assigned by network administrator in 
classless inter-domain routing (CIDR) notation

➤ DEFRTR = Default router gateway IP Address assigned by network 
administrator

➤ NETMODE = FAILOVER

➤ ETELNET = Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any non-
process bus Ethernet port on the relay. Verify that the amber LINK LED illumi-
nates on the connected relay port. Many computers and most Ethernet switches 
support autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, 
such as an SEL-C627 cable, will work. When the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. For fiber-optic 
Ethernet ports, use an SEL-C807 cable (62.5/200 m multimode fiber-optic 
cable) or SEL-C808 cable (62.5/125 m multimode fiber-optic cable). Use a Tel-
net client or QuickSet on the host PC to communicate with the relay. During 
Ethernet transmit or receive activity, the green Activity LED blinks on the relay 
Ethernet port. To terminate a Telnet session, use the command EXI <Enter> from 
any access level.

=QUIT <Enter>

Relay 1                                    Date: 04/16/2004  Time: 00:01:05.209
Station A                                  Serial Number: 2001001234

=

Figure 3.3 Report Header

NOTE: For the five-port Ethernet 
card, set EINTF to CD and/or E. Then, 
set ETELNET to CD and/or E.

NOTE: If connecting to a single-
mode SFP, use an SEL-C809 cable 
(9 m single-mode fiber-optic cable).
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Making an Ethernet Web Server (HTTP) Connection
When PORT 5 setting EHTTP is enabled, the relay serves read-only webpages dis-
playing certain settings, metering, and status reports. The relay-embedded HTTP 
server has been optimized and tested to work with the most popular web brows-
ers, but should work with any standard web browser. As many as four users can 
access the embedded HTTP server simultaneously.

To begin using the embedded read-only HTTP server, launch your web browser, 
and browse to http://IPADDR, where IPADDR is the PORT 5 setting IPADDR 
(e.g., http://192.168.1.2). The relay responds with a login screen as shown in 
Figure 3.4.

                    

Choose ACC for the username, type in the relay Access Level 1 password, and 
select Submit. The only username allowed is ACC. The relay responds with the 
homepage shown in Figure 3.5. While you remain logged in to the relay, the web-
page displays the approximate time as determined by the relay time-of-day clock, 
and increments the displayed time once per second based on the clock contained 
in your PC.

Once the user is logged in, the HTTP server displays the Meter webpage. This 
page will refresh within five seconds and includes all metering options available 
and enabled on the relay.

                    

Figure 3.4 HTTP Server Login Screen
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Select any menu selection in the left pane to navigate through the available web-
pages.

Access Levels and Passwords
NOTE: Perform the password change 
steps described in Changing the 
Default Passwords in the Terminal on 
page 3.11.

It is extremely important that you change the factory-default passwords pro-
grammed in the relay. Setting unique passwords for the relay access levels 
increases the security of your substation and the power system.

This section begins with information on the access level/password system in 
SEL-400 series relays and includes an example of changing the default pass-
words.

Access Levels
Access levels control whether you can perform different operations within the 
relay. These security levels are labeled 0, 1, B, P, A, O, 2, and C. Figure 3.6 pres-
ents an overview of the general access level structure in the relay.

                    

Figure 3.5 Example HTTP Server Meter Page
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Access Level 0 is the least secure and most limited access level, and Access 
Level 2 is the most secure level at which you have total relay functionality 
(Level C is reserved for SEL factory operations. Only go to level C to change the 
level C password or under the direction of an SEL employee). For example, from 
Access Level 1, you can view settings, but you cannot change settings unless you 
are at a higher access level.

Table 3.2 lists access levels and operator functions for the relay.

                    

The relay performs command interpretation and execution according to your val-
idated access level. Each access level has a password that the relay must verify 
before you can control the relay at that level. Table 3.3 lists the access level com-
mands with corresponding passwords.

                    

                    

Figure 3.6 Access Level Structure

Table 3.2 SEL-400 Series Relays Access Levels

Access Level Prompt Allowed Operations

0 = Log in to Access Level 1.

1 => View data and status information.

B ==> Access Level 1 functions plus breaker control and data.

P P=> Access Level B functions plus protection settings.

A A=> Access Level B functions plus automation settings.

O O=> Access Level B functions plus output settings.

2 =>> Perform all relay access level functions.

C ==>> SEL factory-specific functions. For a list of commands 
available, contact SEL.

Table 3.3 Access Level Commands and Passwords

Access Level Command Factory-Default Password

0 QUIT (None)

1 ACCESS OTTER

B BACCESS EDITH

P PACCESS AMPERE

A AACCESS VOLTA

O OACCESS WATT

2 2ACCESS TAIL

C CAL Sel-1

Access Level x
(Note: Use xAC to switch

between any of the access
levels x, where x = B, P, A, O, 2)

ACC

QUIT

QUIT

ACC
QUIT

ACC

xAC

xAC

CAL
(from 2AC only)

Access
Level 0

Access
Level 1

Access
Level C



3.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Access Levels and Passwords

Communications Ports Access Levels
Entrance to the higher security levels is sequential. You must first enter a correct 
password to move from Access Level 0 to Access Level 1.

To enter Access Levels B, P, A, O, and 2, you must enter a correct password from 
Access Level 1. For example, to go to the O (Output) Access Level from Access 
Level 1, type OAC <Enter>. At the Password: ? prompt, type your Access 
Level O password.

To enter Access Level C, you must enter a correct password from Access Level 2.

Use the relay QUIT command from any access level to return the relay to Access 
Level 0. To reestablish control at a previous access level from Access Level 1, 
you must use the access level commands and passwords to log in to that previous 
access level.

When a connection with the relay times out, the relay reduces the access level to 
Access Level 0 for that communications port connection.

Use the MAXACC port setting  to limit the maximum access level permitted on a 
station bus port. This can be useful to restrict what remote users can do. For the 
five-port Ethernet card, use the MAXACCE port setting to limit the maximum 
access level permitted on the engineering access port (PORT 5E).

Communications Ports Access Control
Port access control provides a flexible way to manage access permissions on des-
ignated ports. For example, a remote administrator (e.g., SCADA) can use this 
feature to grant temporary or limited access to personnel in the field.

Set port setting EPAC = Y to enable access control on a particular port. Use the 
Global SELOGIC equations EACC and E2AC to define the access criteria for all 
EPAC enabled ports. If EACC and E2AC evaluate to 0, all access requests are 
denied. If EACC evaluates to 1, Access Level 1 requests are permitted. If E2AC 
evaluates to 1, all access level requests are permitted (see Figure 3.7). Note that 
passwords are still required to escalate privilege.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Port access control does not apply when the relay is disabled, the password 
jumper is installed (PASSDIS = 1), or when EPAC = N, nor can it be used to 
decrease a user’s current access level or exceed the MAXACC setting level of the 
port.

Front-Panel Access Levels
The lowest access level for the front panel is Access Level 1. To enter Access 
Levels B, P, A, O, and 2, you must enter a correct password from Access Level 1.

The front-panel LCD displays a password prompt when you attempt to control 
the relay at any access level higher than Access Level 1. (For more information 
on entering passwords from the front panel, see PASSWORD on page 14.51.)

The front-panel MAIN MENU item RESET ACCESS LEVEL returns the relay to Access 
Level 1. In addition, when the front-panel inactivity timer times out (indicated by 
the ROTATING DISPLAY on the front-panel LCD), the relay returns the front-panel 
access level to Access Level 1.

ACCESS Command
NOTE: You can shorten relay 
commands to the first three letters of 
the full command. Section 14: ASCII 
Command Reference for more 
information.

Enter the ACCESS (ACC) command to change to Access Level 1. Passwords are 
case-sensitive; you must enter a password exactly as set.

                    

Figure 3.7 Port Access Control Flow Chart

Port n2 Access 
Request

EPAC

Allow1 Access Levels 1–2
1

Y

N

E2AC

0

Allow1 Access Level 1
1

EACC

0

Restrict Port n2 Access

Global 
SELOGIC 
Setting

Global 
SELOGIC 
Setting

Port n2

Setting

1 Requires correct password for the requested access level
2 Where n = 1, 2, 3, F, or 5
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If you enter the password correctly, the relay moves to Access Level 1 and the 
Access Level 1 => prompt appears. If you are at a higher access level (B, P, A, O, 
and 2), you can reduce the access level to Access Level 1 by entering the ACC 
command. The relay performs no password validation to reduce the present 
access level.

Higher Access Level Commands
Enter the commands in Table 3.3 to enter access levels above Access Level 1. For 
example, enter the 2ACCESS (2AC) command to change to Access Level 2.

If you are presently at Access Level 1, B, P, A, or O, typing 2AC <Enter> causes 
the relay to prompt you to type the Access Level 2 password. If the present level 
is Access Level 0, the relay responds with Invalid Access Level. The relay 
pulses alarm Relay Word bit SALARM when entering Access Levels B, P, A, O, 
and 2 from a lower access level.

If an incorrect password is entered three times, the relay asserts the BADPASS 
and SALARM Relay Word bits for one second and displays on a communica-
tions terminal screen the following error message:

WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED

In addition, you cannot make further access level entry attempts for 30 seconds. 
The relay terminates the communications connection after the third failed attempt 
when you use Ethernet via an Ethernet card, DNP3 (Distributed Network Proto-
col version 3.0), or MIRRORED BITS communications virtual terminal mode. For 
more information on these protocols, see Section 15: Communications Interfaces 
and Section 16: DNP3 Communication.

If your connection to the relay has an inactivity time-out (in the SET P port set-
tings), the relay automatically closes the communications connection and 
changes to Access Level 0 when the time-out occurs.

Passwords
Valid passwords are character sequences of as many as 12 characters. Valid pass-
word characters are any printable ASCII character. HMI password entry is lim-
ited to upper- and lowercase letters, numbers, underscore, and period, so you 
must limit your password to these characters if you need to do privileged opera-
tions from the front panel. Passwords are case-sensitive.

It is important that you change all of the passwords from their default values. 
This will protect you from unauthorized access.

Use strong passwords. Strong passwords contain a mix of the valid password 
characters in a combination that does not spell common words in any portion of 
the password.

Changing the Default Passwords in the Terminal
Step 1. Confirm that the relay is operating (see Establishing Communication on 

page 3.3).

Step 2. Establish communication with the relay (see Making an EIA-232 
Serial Port Connection on page 3.4 to learn how to use a terminal to 
communicate with the relay).

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Step 3. Enter Access Level C (Access Level 2 is sufficient except when 
changing the Access Level C password).

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password OTTER and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

NOTE: Passwords are case-sensitive; 
you must enter passwords exactly as 
set. 

d. At the password prompt, type TAIL <Enter>.

e. You will see the Access Level 2 =>> prompt.

f. Type CAL <Enter>.

g. At the password prompt, type Sel-1 <Enter>.

You will see the Access Level C ==>> prompt.

Step 4. To set a new password for Access Level 2, type the following:

PAS 2 <Enter>.

Step 5. Before you can change to a new password, the relay prompts you to 
first confirm the existing password. Enter the existing password and 
press <Enter>.

                    

Step 6. The relay prompts you for the new password, and a confirmation of 
the new password, as follows:

                    

Notice that the new password is not displayed. After the 
confirmation, the new password is in effect. The relay will issue a 
weak password warning if the new password does not include at least 
one special character, number, lowercase letter, and uppercase letter.

Step 7. Set new passwords for each access level.

In a similar manner as the previous step, create new strong passwords 
for each access level.

Step 8. Commit these passwords to memory, permanently record your new 
passwords, and store this permanent record in a secure location.

To eliminate password verification for an access level, enter DISABLE in place 
of the new password. This action will disable the password of that level; there-
fore, the relay does not check for a password upon entering that access level.

If you forget a password or encounter difficulty changing the default passwords, 
you can temporarily disable password verification. See Section 2: Installation in 
the product-specific instruction manual for information on the password disable 
jumper.

Old Password:  ?**** <Enter>

New Password:  ?**** <Enter>

Confirm New Password:  ?**** <Enter>
Password Changed
CAUTION: This password can be strengthened. Strong Pass-
words do not include a name, date, acronym or word. They 
consist of the maximum allowable characters, with at least 
one special character, number, lower-case letter, and 
upper-case letter. A change in password is recommended. 
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Checking Relay Status
With continual self-testing, the relay monitors the internal operation of all cir-
cuits to verify optimal performance of relay functions. If an internal circuit, pro-
tection algorithm, or automation algorithm enters an out-of-tolerance operating 
range, the relay reports a status warning. In the unlikely event that an internal 
failure occurs, the relay reports a status failure. For more information on relay 
status, see Relay Self-Tests on page 10.19.

You can check relay status through a communications port by using a terminal, 
terminal emulation computer program, or QuickSet. In addition, you can use the 
relay front panel to view status information.

Checking Relay Status by Using the Terminal
The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay (see Making an EIA-232 Serial Port Con-
nection on page 3.4). In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

Step 1. Enter Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 2. Type STA <Enter>. The relay returns a status terminal screen simi-
lar to that in Figure 3.8.

                    

Step 3. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on 
page 14.59.

=>STA <Enter> 
Relay 1                                          Date: 03/17/2023 Time:07:02:50.776
Station A                                        Serial Number: 1230769999
FID=SEL-451-5-Rxxx-V0-Zxxxxxx-Dyyyymmdd            CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.8 Relay Status
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Checking Relay Status in SEL Grid Configurator
You can use SEL Grid Configurator to check relay status. 

The following procedure assumes that you are familiar with SEL Grid Configurator. 

Step 1. Configure SEL Grid Configurator communications with the relay. 
See Section 2: PC Software for information on communicating with 
a relay in SEL Grid Configurator.

Step 2. Open a terminal communication session with the relay in SEL Grid 
Configurator.

a. Type STA <Enter>. The relay returns a status terminal similar to 
that in Figure 3.9.

                    

b. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on page 14.59.

Checking Relay Status in QuickSet
You can use QuickSet to check relay status. Use the HMI > Meter Control 
menu to view status conditions.

The following procedure assumes that you are familiar with QuickSet. 

Step 1. Configure QuickSet communications with the relay. See Section 2: 
PC Software for information on communicating with a relay in 
QuickSet.

Step 2. Select Tools in the top toolbar and select the HMI menu to start the 
QuickSet operator interface.

Step 3. Select the Status button of the HMI tree view (see Figure 3.10).

QuickSet displays the relay status with a display similar to that in 
Figure 3.10.

                    

=>STA <Enter> 
Relay 1                                         Date: 03/17/2023  Time:07:02:50.776
Station A                                       Serial Number: 1230769999
FID=SEL-451-6-Rxxx-V0-Zxxxxxx-Dyyyymmdd           CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.9 Relay Status

                    

Figure 3.10 Retrieving Relay Status in QuickSet
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Checking Relay Status From the Front Panel
Use the front-panel display and navigation pushbuttons to check relay status. See 
Section 4: Front-Panel Operations for information on using the relay front panel.

Step 1. Apply power to the relay, and note that the LCD shows a sequence of 
screens called the ROTATING DISPLAY.

(If you do not operate the front panel for a certain period, the relay 
will enter front-panel time-out mode and you will see the sequential 
screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU as shown in 
Figure 3.11.

                    

Step 3. View the relay status.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the RELAY STATUS action item (see Figure 3.11).

b. Press the ENT pushbutton.

You will see the RELAY STATUS screen (the second screen of 
Figure 3.11).

Step 4. Press the ESC pushbutton to return to the MAIN MENU.

Step 5. Press ESC pushbutton again to return to the ROTATING DISPLAY.

For more information on the front-panel screen presentations and the items in the 
RELAY STATUS screens, see Relay Status on page 4.30.

Making Simple Settings Changes
The relay settings structure makes setting the relay easy and efficient. Settings 
are grouped logically, and relay elements that are not used in your selected pro-
tection scheme are hidden. SEL Grid Configurator or QuickSet uses a similar 
method to focus your attention on the active settings. Unused relay elements and 
inactive settings are dimmed (grayed) in the menus. See Section 2: PC Software 
for more information.

                    

Figure 3.11 Checking Relay Status From the Front-Panel LCD

(a)

(b)

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

RELAY STATUS
SEL-451-5-Rxxx-V0-
 Zxxxxxx-Dyyyymmdd

RELAY ENABLED
NO FAILURES OR
WARNINGS

S/N=1230769999

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Settings Structure
SEL-400 series relays use a settings structure that assigns each relay setting to a 
specific location based on the setting type. A top-down organization allocates 
relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 3.12 to understand the settings structure in a typical relay. The 
top layer of the settings structure contains classes and instances. Class is the pri-
mary sort level; all classes have at least one instance, and some classes have mul-
tiple instances. Settings classes and related instances for the SEL-451, which are 
typical of SEL-400 series relays, are listed in Table 3.4. See Section 8: Settings of 
the product-specific instruction manual for details on the classes and instances 
for a given relay.
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Figure 3.12 Example Relay Settings Structure Overview

Class
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Category

Category
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Setting

Setting

Setting
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Settings
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Group
Settings
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Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

ESOTFESOTF

ELOADELOAD

E50PE50P
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EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Load
Encroachment

Load
Encroachment

ZLFZLF

ZLRZLR

SettingSetting

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global SET G P, A, O, 2

Group Individual scheme settings Group 1

•
•
•

Group 6

Group 1 settings

•
•
•

Group 6 settings

SET 1, SET S 1

•
•
•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of Table 3.4. 
The relay presents the Global settings categories at the SET G command; no 
instance numbers follow SET G. Conversely, the Port settings command has five 
instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To access the PORT 1 set-
tings, type SET P 1 <Enter>. If you do not specify which port to set, the relay 
defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•
•
•

PORT 3

PORT 5

PORT 6 (TiDL 
relays only)

Front-panel port

PORT 1 settings

•
•
•

PORT 3 settings

Communications card settings

TiDL Topology Settings 
(TiDL relays only)

SET P F

SET P 1

•
•
•

SET P 3

SET P 5

(Only available via 
SEL Grid Conifgu-
rator)

P, A, O, 2

Report Report settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection 
SELOGIC 
control equations

Protection-related SELOGIC 
control equations

Group 1

•
•
•

Group 6

Group 1 protection SELOGIC 
control equations

•
•
•

Group 6 protection 
SELOGIC control equations

SET L 1

•
•
•

SET L 6

P, 2

Automation 
SELOGIC control 
equations

Automation-related SELOGIC 
control equations

Block 1

•
•
•

Block 10

Block 1 automation 
SELOGIC control equations

•
•
•

Block 10 automation 
SELOGIC control equations

SET A 1

•
•
•

SET A 10

A, 2

DNP3 Direct Network Protocol data 
remapping

Map 1
•
•
•

Map 5

SET D 1
•
•
•

SET D 5

P, A, O, 2

Output SELOGIC 
control equations

Relay control output settings 
and MIRRORED BITS commu-
nication transmit equations

Output SET O O, 2

Bay Bay control settings Bay SET B P, 2

Alias Set aliases Analog or digi-
tal quantities

SET T P, A, O, 2

Notes Freeform programming to 
leave notes in the relay

Notes 100 lines SET N P, A, O, 2

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Alias Settings
Although the relay provides extensive programming facilities and opportunity for 
comments, troubleshooting customized programs is sometimes difficult. Aliases 
provide an opportunity to assign more meaningful names to the generic variable 
names to improve the readability of the program.

Rename, or assign as many as 200 alias names to any Relay Word bit or analog 
quantity in the relay. The maximum length of an alias is seven characters. Valid 
characters are 0–9, A–Z (only uppercase), and _ (underscore), and must contain 
at least one alphabetic character. Ensure that no Relay Word bit or analog quan-
tity appears more than once in the alias settings. Each alias name must be unique, 
i.e., you cannot use the name of an existing Relay Word bit or analog quantity. If 
you remove the alias name, all settings that referenced that alias revert to the 
original name.

Use the SHO T command to view the default settings, as shown in Figure 3.13.

                    

Making Text-Edit Mode Alias Changes
Assign the alias name THETA to math variable PMV01 and the alias TAN to 
math variable PMV02. These variables are then used in calculating the tangent of 
theta, using their alias names in the equation.

Step 1. Prepare to control the relay at Access Level 2.

a. Type ACC <Enter> at a communications terminal.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>. 

d. Type the correct password to go to Access Level 2.

You will see the =>> prompt.

Step 2. Type SET T <Enter> to access the alias settings.

Figure 3.14 shows a representative computer terminal screen.

Step 3. Type > <Enter> for the relay to display the first line that you can 
edit.

Step 4. Type PMV01,THETA <Enter> at the Line 2 ? settings prompt to set 
the alias for PMV01.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 3: followed by the ? settings prompt.

Step 5. Type PMV02,TAN <Enter> at the Line 3 ? settings prompt to set 
the alias for PMV02.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 4: followed by the ? settings prompt.

=>>SHO T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
=>>

Figure 3.13 Default Alias Settings
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Step 6. Type END <Enter> to end the settings session.

The relay scrolls a readback of all the front-panel settings, eventually 
displaying the Save settings (Y, N) ? prompt. At the end of the 
readback information, just before the Save settings (Y, N) ? 
prompt, you can verify the new display point information.

Step 7. Type Y <Enter> to save the new settings.

                    

Use the alias names, instead of the Relay Word bits, in SELOGIC control equation 
programming. Figure 3.15 shows an example of an alias used in protection logic 
programming.

                    

Changing Settings by Using the Terminal
When you change settings (with any SET command) from a terminal, the relay 
shows the setting category, prompt, present value, and action prompt.

Figure 3.16 shows two settings examples: multiple-line settings (SID and RID) 
and an in-line setting (NUMBK) for relay Global settings from Access Level P 
(protection). The relay prompts you for input by presenting an action prompt. 
You have many options for navigating the settings at the ? prompt.

Table 3.5 lists the operations possible from a settings action prompt.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
?   <Enter>
2:
?  PMV01,THETA <Enter>
3:
?  PMV02,TAN <Enter>

4:
?  END <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: PMV01,"THETA"
3: PMV02,"TAN"

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Using Text-Edit Mode Line Editing to Set Aliases

=>>SET L <Enter>
Protection 1
1: PLT01S := PB1_PUL AND NOT PLT01 #GROUND ENABLED
?  > <Enter>
15:
?  THETA:=I01FA <Enter>

16:
?  TAN:=SIN(THETA)/COS(THETA) <Enter>
17:
?  END <Enter>
Protection 1
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.15 Using Text-Edit Mode Line Editing to Set Protection Logic
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When you exit settings entry from the SET commands, the relay responds with 
Save settings (Y,N)?. If you answer Y <Enter>, the relay writes the new set-
tings to nonvolatile storage. If you answer N <Enter>, the relay discards any set-
tings changes you have made.

Making Settings Changes in Initial Global Settings
You must configure SEL-400 series relays for specific conditions found in the 
power system where you are connecting the relay. For example, in most SEL-400 
series relays you must set the nominal frequency and phase rotation.

The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay; see Making an EIA-232 Serial Port Con-
nection on page 3.4 for a step-by-step procedure. In addition, you must be 
familiar with relay access levels and passwords. See Changing the Default Pass-
words in the Terminal on page 3.11 to change the default access level passwords.

This example jumps to a Global setting that is not at the beginning of the Global 
settings list. Thus, you enter SET G, the setting name, and <Enter>. To start at 
the beginning of the Global settings, simply type SET G <Enter> without a set-
tings name.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.16 Components of SET Commands

Table 3.5 Actions at Settings Prompts

Action Relay Response

<Enter> Accept setting and move to the next setting; if at the last setting, exit settings.

[value] <Enter> Enter the given value and move to the next setting if valid; if at the last set-
ting, exit settings.

^ <Enter> Move to the previous setting; if at the top of settings, stay at the present setting.

< <Enter> Move to the top of the previous settings category; if at the top of settings, 
stay at the present setting.

> <Enter> Move to the top of the next settings category; if in the last category, exit settings.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort the editing session without saving changes.

==>SET G <Enter>

Global

General Global Settings

Station Identifier (40 characters)

SID := "Station A"

? <Enter>

Relay Identifier (40 characters)

RID := "Relay 1"

? <Enter>

Number of Breakers in Scheme (1,2)       NUMBK   := 1     ? <Enter>

Category

Prompt
Present Value
Action Prompt

Present
Value

Prompt Action
 Prompt
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c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Type SET G NFREQ <Enter> (this sets the nominal system frequency 
using the NFREQ setting, which has options of 50 Hz and 60 Hz).

The relay responds with a terminal screen display similar to that 
shown in Figure 3.17.

                    

Step 3. Accept the default settings.

a. For a 60 Hz system, press <Enter> to accept the NFREQ exist-
ing value of 60 (Hz).

The relay presents the next setting, which is the PHROT (phase 
rotation) setting.

b. Type <Enter> to accept the ABC phase rotation default. 

Step 4. Set the date format:

The relay can report dates in three formats: MDY, YMD, and DMY 
(where M = month, D = date, and Y = year).

a. For this procedure, type YMD <Enter>.

At each setting in turn, the relay presents the settings prompt, 
name, present value, and action prompt.

Note that SELOGIC control equation settings, such as FAULT in 
Figure 3.17, can appear on multiple lines.

b. If you make a mistake or want to go backward through the 
settings, type the ^ character (on most computer keyboards, this 
is a shifted numeral 6) and <Enter>.

Refer to Table 3.5 for this and other navigational aids. 

Step 5. End the settings session.

a. Type END <Enter> at the FAULT action prompt.

(The Fault SELOGIC control equation remains unchanged.) 

The relay next scrolls a readback of all the Global settings, 
eventually displaying the following prompt:
Save settings (Y,N) ?

(In Figure 3.17, a vertical ellipsis represents the relay 
information during readback.)

b. Examine the settings readback to verify your new settings.

c. Answer Y <Enter> to save your new settings.

=>>SET G NFREQ <Enter>
Global

General Global Settings

Nominal System Frequency (50,60 Hz)                NFREQ   := 60     ? <Enter>
System Phase Rotation (ABC,ACB)                    PHROT   := ABC    ? <Enter>
Date Format (MDY,YMD,DMY)                          DATE_F  := MDY    ? YMD <Enter>
Fault Condition Equation (SELogic Equation)
FAULT := 51S1 OR 51S2 OR 50P1
?  END <Enter>

•
•
•

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.17 Example Global Settings
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The TERSE Option

You can avoid viewing the entire class settings summary the relay displays when 
you type END <Enter> midway through a settings class or instance.

On slow data speed links, waiting for the complete settings readback can clog 
your automation control system or take too much of your time for a few settings 
changes. Eliminate the settings readback by appending TERSE to the SET command.

Text-Edit Mode Line Editing
Some relay settings present multiple input lines to your terminal; you use basic 
line text editing commands to construct the setting. For display, the relay refer-
ences each line of the setting by line number, not by the setting name. See Mak-
ing Text-Edit Mode Settings Changes on page 3.23 for an example of a text-edit 
mode setting.

While in the text-edit mode, you see a prompt consisting of the line number and 
the present setting for that line. You can keep the setting, enter a new setting, or 
delete the setting. Table 3.6 lists the commands for text-edit mode.

                    

Use commas to separate the items in a text-edit mode setting when you are enter-
ing multiple items per line. After you enter each line, the relay checks the validity 
of the setting. If the entered setting is invalid, the relay responds with an error 
message and prompts you again for the setting.

Making Text-Edit Mode Settings Changes
The procedure in the following steps familiarizes you with basic text-edit mode 
line editing.

Table 3.6 Actions at Text-Edit Mode Prompts

Action Relay Response

<Enter> Accept the setting and move to the next line; if at the last line or at a 
blank line, exit settings.

>n <Enter> Move to line n. If this is beyond the end of the list, move to a blank line 
following the last line.

^ <Enter> Move to the previous line; if at the first line, stay at the present line.

< <Enter> Move to the first line.

> <Enter> Move to a blank line following the last line.

LIST <Enter> List all settings and return to the present action prompt.

DELETE [n] 
<Enter>

Delete the present line and subsequent lines for a total of n lines; n = 1 
if not provided. Lines after deletion shift upward by the number of lines 
deleted.

INSERT <Enter> Insert a blank line at the present location; the present line and subse-
quent lines shift downward.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort editing session without saving changes.

NOTE: To begin an entry with one of 
these keywords, especially in notes 
settings, put the string in quotes:  e.g., 
"END OF REPORT".
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Example 3.1 Text-Edit Mode Line Editing

Set Display Point 1 through Display Point 3 to show the status of Circuit 
Breaker 1, Circuit Breaker 2, and the operational state (on or off) of the 
transformer cooling fans near the circuit breaker bay where you have 
installed the relay. See Display Points on page 4.10 for information on pro-
gramming display points.

For this example, use inputs IN101, IN102, and IN105. You can use other 
inputs for your particular application.

This procedure assumes that you have successfully established communica-
tion with the relay (see Making an EIA-232 Serial Port Connection on 
page 3.4). In addition, you must be familiar with relay access levels and 
passwords (see Changing the Default Passwords in the Terminal on 
page 3.11) to change the default access level passwords.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the Access Level 2 password and press <Enter>.

You will see the Access Level 2 =>> prompt.

Step 2. Access the display point settings.

a. Type SET F <Enter> to modify the front-panel settings.

b. Advance through the front-panel settings (repeatedly type > and 
then <Enter>) until you reach the Display Points category.

Figure 3.18 shows a representative terminal screen. The 
relay displays the first line that you can edit. For the case of 
display points, the line number is the display point number.

Step 3. At the Line 1 settings ? prompt, type the following to create Dis-
play Point 1:

IN101,CB1,CLOSED,OPEN <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 2: followed by the settings ? prompt (see Figure 3.18).

Step 4. At the Line 2 settings ? prompt, type the following to create Dis-
play Point 2:

IN102,CB2,CLOSED,OPEN <Enter> 

The relay verifies that this is a valid entry, then responds with the next 
line prompt 3: followed by the settings ? prompt (see Figure 3.18).

Step 5. At the Display Points prompt, use the text-edit mode line edit-
ing commands to list the active display points. Type the following:

LIST <Enter>

After showing the active display points, the relay returns to 
Line 3 followed by the settings ? prompt.

Step 6. Type the following to create Display Point 3:

IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 4: followed by the settings ? prompt (see Figure 3.18).

NOTE: Use quotation marks when 
entering alias strings that contain spaces 
or punctuation marks, as shown in the 
IN105 sample, Step 6.
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Step 7. Type END <Enter> to end the editing session.

The relay scrolls a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (A 
vertical ellipsis in Figure 3.18 represents the readback.)

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save the new settings.
                    

This procedure proposes connecting the transformer bank fan sensor to relay 
input IN105. In the SET G (GLOBAL) command, verify that the debounce 
time settings IN105PU and IN105DO are correct for your fan-running sen-
sor. To access separate input parameters, you must first enable independent 
control input settings with setting EICIS. To change the input conditioning, 
enter the following settings:

EICIS := Y Enable Independent Control Input Settings (Y, N)

IN105PU := 0.3750 Pickup Delay for Contact Input IN105 (0.0000–5 cyc)

IN105DO := 0.3750 Dropout Delay for Contact Input IN105 (0.0000–5 cyc)

Use the appropriate interface hardware to connect the fan-running sensor to 
IN105. Choose any relay input that conforms to your requirements.

Example 3.1 Text-Edit Mode Line Editing (Continued)

                    

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: 
? IN101,CB1,CLOSED,OPEN <Enter>
2: 
? IN102,CB2,CLOSED,OPEN <Enter>
3:
? LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S

3:
? IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>
4:
? END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.18 Using Text-Edit Mode Line Editing to Set Display Points
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Example 3.2 Leaving a Note in the Relay

For this example, assume you are testing a line, but you will be away for a 
few days. You want to leave your colleague, Marius, a note telling him where 
you left the drawings and settings. Use the Notes function in the relay to 
leave the note, as shown in Figure 3.19. All relevant procedures in this sec-
tion assume that you have successfully established communication with the 
relay. In addition, you must be familiar with relay access levels and pass-
words to change the default access level passwords. Furthermore, Step 1 
applies to all relevant tests, and is not repeated for each test.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the Notes settings.

a. Type SET N <Enter> to access the Notes settings.

b. At the Line 1 settings ? prompt, type the Line 1 text shown 
in Figure 3.19 (as many as 70 characters without wrap), and 
press <Enter>.

The relay verifies that this is a valid entry, then responds 
with the next line prompt 2: followed by the settings ? prompt.

Step 3. At the Line 2 settings ? prompt, type the Line 2 text shown in 
Figure 3.19.

Because there are more than 70 characters, the relay rejects the entry.

Re-enter the text, but keep the number of characters at 70 or 
fewer.

Step 4. After the last entry, type END <Enter>.

This tells the relay that you have completed the setting change.

Step 5. Type Y <Enter> at the prompt Save settings (Y,N) to save 
the settings.
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To read the note, type SHO N <Enter>, as shown in Figure 3.20.

                    

                    

=>>SET N <Enter>
Notes
1:
? Marius, this is the relay for CARR substation <Enter>
2:
? The Sacramento line drawings and setting sheets are in the top drawer in the sub\
station. <Enter>
Note cannot exceed 70 chars

2:
? The Sacramento line drawings and settings are in the <Enter>
3:
? top drawer in the substation. <Enter>
4:
? END <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: The Sacramento line drawings and settings are in the
3: top drawer in the substation.

Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 3.19 Leave a Note in the Relay

=>>SHO N <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: Capacitor Bank 1 drawings and settings are in the
3: top drawer in the substation.
=>>

Figure 3.20 Read a Note in the Relay

Example 3.3 Deleting a Display Point

This example shows you how to delete a previously used display point. In the 
SET F command, at the Display Points and Aliases prompt, use the text-edit 
mode line editing commands to set and delete the display points. This proce-
dure shows two previously programmed display points that indicate on the 
front-panel LCD the status of Circuit Breaker 1 and Circuit Breaker 2. Relay 
control inputs IN101 and IN102 are the Relay Word bits for the Circuit 
Breaker 1 and Circuit Breaker 2 display points, respectively (see Making 
Text-Edit Mode Settings Changes on page 3.23). You can use other inputs for 
your particular application.

The procedure in the following steps assumes that you have successfully 
established communication with the relay (see Making an EIA-232 Serial 
Port Connection on page 3.4). In addition, you must be familiar with relay 
access levels and passwords (see Changing the Default Passwords in the Ter-
minal on page 3.11).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>. 

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.
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Step 2. Access the Display Points and Aliases prompt.

a. Enter the SET F command.

b. Advance through the front-panel settings (repeatedly type > 
and then <Enter>) until you reach the Display Points and 
Aliases category.

Figure 3.21 shows a representative terminal screen. The 
relay displays the first line that you can edit. For display 
points, the line number is the display point number.

                    

Step 3. List the present display points. 

a. Type LIST <Enter> at the Display Points ? prompt.

b. After showing the active display points, the relay returns to 
Line 1 followed by the settings ? prompt.

Step 4. Type <Enter> once to proceed to the Line 2 present value and 
settings ? prompt.

Step 5. Type DELETE <Enter> to delete Display Point 2.

Step 6. Type LIST <Enter> to examine the remaining display points. 

Former Display Point 2 is eliminated, and Display Point 3 moves 
up to Position 2.

The relay returns to Line 2 followed by the settings ? prompt.

Example 3.3 Deleting a Display Point (Continued)

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
?  LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

1: IN101,"CB1","CLOSED","OPEN",S
?  <Enter>
2: IN102,"CB2","CLOSED","OPEN",S
?  DELETE <Enter>
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.21 Using Text-Edit Mode Line Editing to Delete a Display Point
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Settings in SEL Grid Configurator
See Getting Started on page 2.6 for steps on creating and deploying settings 
within SEL Grid Configurator.

Settings in QuickSet
See Section 2: PC Software for steps on creating and deploying settings within 
QuickSet.

Settings From the Front Panel
You can use the relay front panel to enter some of the relay settings. The relay 
presents the settings in order from class to instance (if applicable) to category to 
the particular setting, in a manner similar to setting the relay using a terminal.

Use the LCD and the adjacent navigation pushbuttons to enter each character of 
the setting in sequence. This can be a laborious process for some settings (e.g., 
long SELOGIC control equations). However, if you need to make a quick correc-
tion or have no faster means to make settings, settings functions are available at 
the front panel. For more information on making settings changes from the front 
panel, see Set/Show on page 4.26.

Entering DATE and TIME From the Front Panel
The purpose of the procedure in the following steps is to familiarize you with 
entering data from the relay front panel.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the relay front-panel display shows a sequence of LCD 
screens called the ROTATING DISPLAY. (If you do not operate the front 
panel for a certain period, the relay will enter front-panel time-out 
mode and you will see the sequential screens of the ROTATING 
DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU of Figure 3.22.

Step 7. Type END <Enter> to end the settings process.

The relay next scrolls a readback of all the Front-Panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.21, a vertical ellipsis represents this scrolling 
readback.) 

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save your new settings.

Example 3.3 Deleting a Display Point (Continued)
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Step 3. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item (see Figure 3.22).

b. Press the ENT pushbutton.

You will see the SET/SHOW submenu (the second screen in 
Figure 3.22).

Step 4. View the date/time screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the DATE/TIME action item (Figure 3.22, second 
screen).

b. Press the ENT pushbutton.

The relay next displays the DATE/TIME submenu (the third screen 
of Figure 3.22).

                    
                    

Figure 3.22 DATE and TIME Settings From Front-Panel LCD
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Step 5. Set the date.

a. Press the ENT pushbutton.

The relay shows the last screen of Figure 3.22, the DATE edit 
screen.

b. Use the Up Arrow and Down Arrow navigation pushbuttons to 
increase and decrease the date position numbers.

Step to the next or previous position by using the Left Arrow and 
Right Arrow pushbuttons.

c. When finished adjusting the new date, press ENT.

The relay returns the display to the DATE/TIME submenu. Note 
that the relay reports the TIME SOURCE as FP DATE (front-panel 
date). 

Step 6. Press ESC repeatedly to normalize the front-panel display.

Changing a Relay Setting From the Front Panel
The purpose of the procedure in the following steps is to provide additional prac-
tice at entering relay settings from the front panel. In this example, you change 
the PORT F front-panel communications port settings.

Step 1. View the MAIN MENU.

a. If you have been using the front panel (as in the previous exam-
ple), press the ESC key repeatedly until you see the MAIN MENU.

b. If the relay is displaying the ROTATING DISPLAY, press the ENT 
pushbutton to display the MAIN MENU.

Figure 3.23(a) shows the MAIN MENU at the beginning of the 
front-panel settings process.

Step 2. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item, as shown in Figure 3.23(a).

b. Press the ENT pushbutton. You will see the SET/SHOW submenu 
screen, as shown in Figure 3.23(b).

Step 3. Select PORT F.

a. Highlight PORT and press the ENT pushbutton.

The relay displays the PORT instances screen, as shown in 
Figure 3.23(c).

b. Choose the port you want to configure by using the Up Arrow and 
Down Arrow navigation pushbuttons to move the screen arrow.

For this example, select PORT F and press ENT.

Step 4. View the Communications Settings category screen.

a. The relay displays the Port F category screen, as shown in 
Figure 3.23(d). Use the Up Arrow and Down Arrow navigation push-
buttons to select the settings category.

b. For this example, highlight Communications Settings and press 
ENT.

The relay displays the Communications Settings screen, as 
shown in Figure 3.23(e).
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Step 5. Change settings.

a. Highlight the SPEED setting.

b. Press ENT.

(The relay possibly requires a password here; see Passwords on 
page 3.11 and Section 4: Front-Panel Operations.)

The LCD displays the SPEED selection submenu that has all the 
possible choices for serial data speeds.

The highlighted selection in Figure 3.23(f) indicates the default 
setting of 9600 (bps).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to select 
a different speed.

d. Once you have selected a data speed, press the ENT pushbutton.

NOTE: Once you have changed 
communications parameters, you 
must change the corresponding 
parameters in your terminal 
emulation program to communicate 
with the relay via a communications 
port.

Step 6. End the settings session.

a. The relay returns to the previous category settings list screen. 
Press ESC to return to the categories screen where you see the 
Save Settings item at the bottom of the screen.

b. Use the Up Arrow and Down Arrow pushbuttons to highlight Save 
Settings and press ENT.

c. Highlight YES, and then press ENT.

The relay validates the setting and returns to the PORT screen, as 
shown in Figure 3.23(c).

Step 7. Press ESC repeatedly to return to the MAIN MENU.
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Figure 3.23 SET/SHOW Menus
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Examining Metering Quantities
The SEL-400 series relays feature high-accuracy power system metering. You 
can view fundamental and rms quantities by using a communications terminal, 
QuickSet, or the front panel. For more information on relay metering, see 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual.

View Metering by Using the Terminal
The procedure in the following steps shows how to use a terminal or terminal 
emulation computer program to view power system metering. In this example, 
you connect specific voltages and currents for a 5 A, 60 Hz relay. Scale these 
quantities appropriately for your particular relay.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). Step 1 through Step 7 are necessary if you have 
not yet configured the relay and want to test metering by using a test source. If 
the relay is already connected to the system, you may jump to Step 8 to view the 
system metering information.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Set the relay to a nominal operation mode.

a. Use a terminal to perform the initial Global settings relay setup in 
Making Settings Changes in Initial Global Settings on page 3.21.

b. Set the relay for 60 Hz operation, ABC phase rotation.

Step 3. Some SEL-400 series relays support voltage and current source 
selection. In these relays, configure the source selection appropriate for 
metering testing. The following shows how to do this in an SEL-451 
(see Figure 3.24). Use the terminal to set Global setting ESS := 1.

a. Type SET G ESS TERSE <Enter>.

b. Type 1 <Enter>.

c. Type END <Enter> to finish this settings session.

d. Answer Y <Enter> to the save settings prompt.
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Step 4. Set CT and PT ratios. The specific CT and PT configuration settings 
depends on the relay. The following shows a typical set of configura-
tion choices. Use the terminal to set Group 1 setting CTRW := 200 
(the CT W-input ratio), and PTRY := 2000.0 (the PT Y-input ratio).

a. Type SET CTRW TERSE <Enter>.

b. If the CTRW setting is not 200, type 200 <Enter>.

c. Proceed as shown in Figure 3.25 to PTRY and change PTRY to 
2000.0, if needed.

d. Type END <Enter> to finish this settings session.

e. Answer Y <Enter> to the save settings prompt.

                    

Step 5. Turn the relay off.

Step 6. Connect analog inputs. The specific connections depend on the relay. 
The following illustrates a typical set of voltage and current connec-
tions.

a. If three voltage sources and three current sources are available, 
connect the sources to the relay as shown in Figure 3.26.

If three voltage sources and two current sources are available, use 
the connection diagram of Figure 3.27.

b. Apply 67 V per phase (line-to-neutral) in ABC phase rotation.

c. Apply 2.0 A per phase, in phase with the applied phase voltages.

=>>SET G ESS TERSE <Enter> 
Global

Current and Voltage Source Selection

Current and Voltage Source Selection (Y,N,1,2,3,4)      ESS   := N    ? 1 <Enter>
Line Current Source (IW,COMB)                           LINEI := IW   ? END <Enter>

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.24 Setting ESS in the Terminal

=>>SET CTRW TERSE  <Enter>                                                                                                                                                  
Group 1                                                                                                                                                            
                                                                                                                                                                   
Line Configuration                                                                                                                                                 
                                                                                                                                                                   
Current Transformer Ratio - Input W (1-50000)       CTRW   := 120    ?200 <Enter>
Current Transformer Ratio - Input X (1-50000)       CTRX   := 120    ? <Enter>
Potential Transformer Ratio - Input Y (1.0-10000)   PTRY   := 180.0  ?2000.0 <Enter>
PT Nominal Voltage (L-L) - Input Y (60-300 V,sec)   VNOMY  := 115    ?END <Enter>

                                                                                                                                                                   
Save settings (Y,N)  ? Y <Enter>                                                                                                                                            
Saving Settings, Please Wait...........                                                                                                                            
Settings Saved                                                                                                                                                     
                                                                                                                                                                   
=>>

Figure 3.25 Setting CTRW and PTRY in the Terminal
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Figure 3.26 Test Connections Using Three Voltage Sources/Three Current Sources

                    

Figure 3.27 Test Connections Using Two Current Sources for Three-Phase 
Faults and METER Test
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Step 7. Turn the relay on.

Step 8. View metering.

a. Type ACC <Enter> to log in to the relay at Access Level 1.

b. Type the password and press <Enter>.

c. Type MET <Enter>.

The relay displays the fundamental frequency (50 Hz or 60 Hz) 
metering information in a manner similar to that shown in Figure 3.28.

                    

The metering quantities of View Metering by Using the Terminal on page 3.34 are 
the fundamental line quantities. Other variants of the MET command give differ-
ent relay metering quantities. See Section 8: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for more information on the 
specific metering options available in a specific relay.

View Metering by Using QuickSet
Use the procedures in the following steps to examine the relay metering with the 
QuickSet HMI.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). You should also be familiar with QuickSet (see 
Checking Relay Status in QuickSet on page 3.14 and Section 2: PC Software).

Step 1. Start QuickSet and establish a connection with the relay. See Step 1 
and Step 2 of Checking Relay Status in QuickSet on page 3.14 for 
details on how to do this.

Step 2. Set the relay to a nominal operation mode, and set it for 60-Hz 
operation, ABC phase rotation.

=>>MET <Enter> 
                                                                                                                                                                   
Relay 1                                    Date: 03/17/2023  Time: 01:35:05.221
Station A                                  Serial Number: 1230769999
                                                                                                                                                                   
                      Phase Currents
                 IA        IB        IC
I MAG (A)       398.882   399.041   398.784
I ANG (DEG)      -1.18   -120.97    119.21

                      Phase Voltages                Phase-Phase Voltages
                 VA        VB        VC           VAB       VBC       VCA
V MAG (kV)      133.994   133.986   133.953      231.903   231.815   232.450
V ANG (DEG)      -0.17   -120.02    120.18        29.91    -89.92    150.01

                    Sequence Currents (A)          Sequence Voltages (kV)
                  I1        3I2       3I0         V1        3V2       3V0
MAG             398.901     2.159     2.588     133.977     0.692     0.713
ANG (DEG)        -0.98    -62.68   -115.80        0.00    -53.25   -120.79

                   A           B           C             3P
P (MW)            53.44       53.46       53.41         160.31
Q (MVAR)           0.95        0.89        0.91           2.75
S (MVA)           53.45       53.47       53.42         160.33
POWER FACTOR       1.00        1.00        1.00           1.00
                    LAG         LAG         LAG            LAG
                                                                                                                                                                   
FREQ (Hz)       60.00       VDC1(V)   125.00   VDC2(V)    48.00
                                                                                                                                                                   
=>>

Figure 3.28 Terminal Screen MET Metering Quantities
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Step 3. Set a basic voltage and current configuration.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Global to expand the Global branch (see Figure 3.29).

b. Select the Current and Voltage Source Selection branch.

You will see the Current and Voltage Source Selection dialog 
box as shown in Figure 3.29.

c. Choose 1 from the dropdown list under ESS Current and 
Voltage Source Selection.

                    

Step 4. Set PT and CT ratios.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Group 1 to expand this branch (see Figure 3.30).

b. Select the dropdown arrow next to Set 1.

c. Select Line Configuration.

You will see the Line Configuration window similar to 
Figure 3.30.

d. Enter setting CTRW Current Transformer Ratio - Input W as 
200, and the PTRY Potential Transformer Ratio - Input Y as 
2000.

e. Save the settings and send the Group 1 settings if you change the 
settings (see Step 6 and Step 7).

                    

Figure 3.29 Global Alternate Source Selection Settings in QuickSet 
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Step 5. Start the QuickSet operator interface.

Step 6. In the top toolbar select Tools > HMI > HMI to start the GUI.

Step 7. Select the Phasors button of the HMI tree view (see Figure 3.31) to 
view phasors.

QuickSet displays fundamental line metering quantities with a 
display similar to Figure 3.32. (The test setup is adjusted for an 
approximately 30-degree lagging current.)

                    

Figure 3.30 Group 1 Terminal Configuration Settings in QuickSet
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Figure 3.31 HMI Phasors View in QuickSet



3.41

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Examining Metering Quantities

                    

Step 8. Select the Instantaneous button of the HMI tree view to see meter-
ing information similar to Figure 3.32.

View Metering From the Front Panel
In most SEL-400 series relays, you can use the front-panel display and naviga-
tion pushbuttons to view the metering quantities of the relay (see Meter on 
page 4.16 for more information on viewing metering on the relay front panel). 
The screens in this procedure are for an SEL-451 with one circuit breaker, and 
this example assumes that you have not enabled the demand metering or synchro-
nism-check features.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the LCD shows a sequence of screens called the ROTATING 
DISPLAY. (If you do not operate the front panel for a certain period, 
the relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU at the top of 
Figure 3.33.

Step 3. View the metering selection screen.

a. Highlight the METER action item (see the first screen of 
Figure 3.33).

b. Press the ENT pushbutton.

The relay displays the METER submenu (the second screen in 
Figure 3.33).

                    

Figure 3.32 Instantaneous Metering Quantities in QuickSet HMI
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Step 4. View the metering screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the FUNDAMENTAL METER action item, as shown in 
Figure 3.33(b).

b. Press the ENT pushbutton.

The relay displays the first FUNDAMENTAL METER screen, shown in 
Figure 3.33(c).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to move 
among the fundamental line quantities metering screens.

Step 5. Press the ESC pushbutton repeatedly to return to the MAIN MENU.

                    

Examining Relay Elements
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements.

                    

Figure 3.33 Front-Panel Screens for METER
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View Relay Elements in the Terminal
The procedure in the following steps shows you how to view a change in state for 
the SEL-451 50P1 Phase-Instantaneous Overcurrent element from a communica-
tions port.

                    

For this procedure, you must have a serial terminal or computer with terminal 
emulation software and a variable current source for relay testing.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords and enter higher relay access levels).

Step 1. Type ACC <Enter> at a communications terminal.

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 3. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 4. Type TAR 50P1 <Enter> to view the initial element status.

The relay returns a target terminal screen similar to that shown in 
Figure 3.34.

                    

Step 5. View the element status change.

a. Type TAR 50P1 1000 <Enter> (this command causes the relay 
to repeat the TAR 50P1 command 1000 times). For more infor-
mation on the TAR command see Section 14: ASCII Command 
Reference.

b. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold. 

c. Type <Ctrl+X> to stop the relay from presenting the target 
display before completion of the 1000 target repeats.

View Relay Elements From the Front-Panel LCD
You can use the front-panel display and navigation pushbuttons to check Relay 
Word bit elements. See Section 4: Front-Panel Operations for more information 
on using the relay front panel.

Table 3.7 Phase-Instantaneous Overcurrent Pickup

Setting Description Default

50P1P Level 1 Pickup (OFF, 0.25–100 A secondary) 15.00

=>TAR 50P1 <Enter>
50P1  50P2  50P3  50P4  67P1  67P2  67P3  67P4
0     0     0     0     0     0     0     0 
=>

Figure 3.34 Sample Targets Display on a Serial Terminal
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This procedure uses the SEL-451 50P1 Phase-Instantaneous Overcurrent element.

Step 1. Display the MAIN MENU.

Step 2. If the relay LCD is in the ROTATING DISPLAY, press the ENT pushbut-
ton to display the MAIN MENU similar to that in Figure 3.35.

Step 3. Press the Down Arrow navigation pushbutton to highlight the RELAY 
ELEMENTS action item, as shown in Figure 3.35(a).

Step 4. Press the ENT pushbutton.

You will see a RELAY ELEMENTS screen, as shown in Figure 3.35(b).

                    

Step 5. Display the 50P1 Relay Word bit on the front-panel LCD screen.

a. Press ENT to go to the ELEMENT SEARCH submenu of Figure 3.35(c).

b. Use the navigation keys to highlight 5 and then press ENT to enter 
the character 5 in the text input field.

                    

Figure 3.35 Viewing Relay Word Bits From the Front-Panel LCD
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c. Enter the 0, P, and 1 characters in the same manner.

d. Highlight ACCEPT and press ENT.

The relay displays the LCD screen containing the 50P1 element, 
as shown Figure 3.35(d).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 7. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the 50P1 target on the front-panel display.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold.

Step 8. Press ESC to return to the MAIN MENU.

View Relay Elements by Using the Front-Panel LED
The procedure in the following steps shows you how to use a front-panel LED to 
view a change in state for the SEL-451 50P1 Phase-Instantaneous Overcurrent 
element.

In this example, use SEL Grid Configurator or QuickSet to configure the relay. 
See Section 2: PC Software for information on creating and deploying settings. 
In addition, you need a variable current source suitable for relay testing.

Step 1. Read the relay settings.

Step 2. Set a pushbutton LED SELOGIC control equation.

a. Expand the Front Panel branch of the Settings tree view and 
select Pushbuttons.

b. Select in the PB6_LED text box and type 50P1.

c. Tab or select to any other text box.

The software checks the validity of the setting.

Step 3. Send the new settings to the SEL-451.

Step 4. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 5. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the LED next to Pushbutton 6 on the SEL-451 front panel.

You will see the LED illuminate when the input current exceeds 
the 50P1P setting threshold.
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Reading Oscillograms, Event Reports, and SER
SEL-400 series relays have great capabilities for storing and reporting power sys-
tem events. These include high-resolution oscillography with sampling as high as 
8 kHz, event reports that encompass important variables in the power system, and 
the SER that reports changing power system conditions and relay operating 
states.

You can view oscillograms taken from high-resolution raw data or from filtered 
event report data. Each type of presentation gives you a unique view of the power 
system. High-resolution oscillograms are useful for viewing system transients 
and dc artifacts outside the relay filter system; event report oscillograms give you 
a picture of the quantities that the relay used in the protection algorithms.

The examples listed in this section give step-by-step procedures to acquaint you 
with these features. Section 9: Reporting provides a complete discussion of these 
relay features.

Generating an Event
To view high-resolution raw data oscillograms and event reports, you must gener-
ate a relay event. High-resolution oscillography and event reports use the same 
event triggering methods. The relay uses multiple sources to initiate a data cap-
ture, including any of the following: Relay Word bit TRIP asserts, SELOGIC con-
trol equation ER (event report trigger), or the TRI command. (Factory-default 
setup does not include the PUL command as an event report trigger. You can add 
the PUL command by entering the Relay Word bit TESTPUL in the ER 
SELOGIC control equation.)

You can use an event trigger to initiate capturing power system data. The proce-
dure in the following steps shows how to use the TRI command (see TRIGGER 
on page 14.72), which triggers an event capture. In this example, the relay uses 
default parameters to record the event. These parameters are at a sampling rate 
(SRATE) of 2000 samples per second (2 kHz), a pre-trigger or pre-fault record-
ing length (PRE) of 0.1 seconds, and an event report length (LER) of 0.5 seconds. 
See Duration of Data Captures and Event Reports on page 9.9 for complete 
information on changing these default settings to match your application.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Connect voltage and current sources to the relay secondary voltage 
and secondary current inputs (use the connections of View Metering 
by Using the Terminal on page 3.34 and Figure 3.26 or Figure 3.27).

Step 2. Apply power to the relay, and establish a terminal connection with 
the relay.

Step 3. Trigger an Event by typing TRIG <Enter>.

Reading the Event History
The relay has multiple convenient methods for checking whether you success-
fully captured power system data. The following describes how to view the event 
history data through use of the ASCII terminal interface.
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Reading the Event History in the Terminal
The procedure in the following steps shows how to use the relay HIS command 
to confirm that you captured power system data with an event trigger. This exam-
ple assumes that you have successfully established communication with the relay 
(see Making an EIA-232 Serial Port Connection on page 3.4). In addition, you 
must be familiar with relay access levels and passwords (see Changing the 
Default Passwords in the Terminal on page 3.11 to change the default access 
level passwords).

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type HIS <Enter> to examine the event history

You will see a screen display similar to Figure 3.36.

                    

For more information on the event history, see Event History on page 9.27.

Viewing High-Resolution Oscillograms
Once you have successfully generated an event, you can view high-resolution 
oscillograms and event report oscillograms about this event. When gathered from 
a field-installed relay, this information helps you assess power system operating 
conditions. In addition, when you first install the relay, this reporting information 
helps you confirm that you have connected the relay correctly.

The relay provides high-resolution oscillography data in the binary COMTRADE 
file format (IEEE/ANSI standard C37.111-1999 and C37.111-2013 formats are 
supported). File transfer is the only mechanism for retrieving high-resolution 
COMTRADE data from the relay.

The SEL-5601-2 SYNCHROWAVE Event is a program you can use to view COM-
TRADE data. Many third-party software suppliers can provide you with pro-
grams to display and manipulate COMTRADE files.

=>HIS <Enter>                                                                                                                                                              
                                                                                                                                                                   
Relay 1                                    Date: 04/20/2015  Time: 17:27:44.140
Station A                                  Serial Number: 1150019999
                                                                                                                                                                   

#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10024 03/03/2015 08:33:29.201 TRIP  $$$$.$$     0  1
10023 03/02/2015 15:41:35.777 ER    $$$$.$$     0  1
10022 03/02/2015 15:41:35.227 ER    $$$$.$$     0  1
10021 03/02/2015 15:41:34.577 ER    $$$$.$$     0  1
10020 03/02/2015 15:41:34.152 ER    $$$$.$$     0  1
10019 03/02/2015 15:41:32.702 ER    $$$$.$$     0  1
10018 02/24/2015 15:22:19.496 TRIG  $$$$.$$     1  3

10017 02/24/2015 15:22:17.705 TRIG  $$$$.$$     1  3
10016 02/23/2015 17:42:56.581 TRIG  $$$$.$$     1  3
10015 02/20/2015 19:23:41.369 BCG      0.02  3442  3
10014 02/20/2015 17:14:40.056 CA T     7.28  2449  3  TIME A_FAULT C_FAULT

=>

Figure 3.36 Sample HIS Command Output in the Terminal
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Retrieving High-Resolution COMTRADE Data in the Terminal
The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the high-resolution 
raw oscillography data for this event.

Perform the steps listed in Generating an Event on page 3.46 before executing 
the instructions in this example. For this procedure, you must use a communica-
tions terminal emulation computer program capable of file transfers.

If you need help finding a terminal emulation program, contact the SEL factory 
or your local Technical Service Center.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR EVENTS <Enter> to view the contents of the 
events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

The relay shows three high-resolution oscillography files with the 
file name extensions .HDR, .CFG, and .DAT for each event.

This example uses the IEEE C37.111-1999 COMTRADE file 
HR_10000 as the number of the event that you recently triggered; use 
the event number corresponding to your triggered event.

                    

Step 3. Type FILE READ EVENTS HR_10000.* <Enter> to ready the 
relay to transfer the HR_10000.HDR, HR_10000.CFG, and 
HR_10000.DAT files to your computer. 

Step 4. Download the files. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if this transfer type is not 
already enabled).

➢ Select Receive.

==>>file dir events

171101,155138316,OT,SID,RID,CONAM,HR,10000.CFG R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.DAT R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.HDR R 11/01/2017 08:51:38

C4_10000.TXT R 11/01/2017 08:51:38

C8_10000.TXT R 11/01/2017 08:51:38

CHISTORY.TXT R

E4_10000.TXT R 11/01/2017 08:51:38

E8_10000.TXT R 11/01/2017 08:51:38

HISTORY.TXT R

HR_10000.CFG R 11/01/2017 08:51:38

HR_10000.DAT R 11/01/2017 08:51:38

HR_lOOOO .HDR R 11/01/2017 08:51:38

Figure 3.37 EVENTS Folder Files
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You will usually see a confirmation message when the file transfer is 
complete.

When these files have transferred successfully, you have the entire 
COMTRADE file for the high-resolution raw data capture.

Step 5. Use SYNCHROWAVE Event, QuickSet, or other COMTRADE-capa-
ble programs to play back high-resolution raw data oscillograms of 
the high-resolution raw data capture files you just transferred. 

                    

You can also examine a phasors display, an event harmonic analysis display, and 
the event summary from the Event Waveform View menu. See Section 9: 
Reporting for more information.

Viewing Event Report Data
Examine relay event reports to inspect the operating quantities the relay used at 
each triggered event. Unlike the raw data samples/second high-resolution oscil-
lography files, these reports contain the filtered samples/cycle data the relay uses 
to make protection decisions. Event reports are useful for determining why the 
relay operated for a particular set of power system conditions. For more informa-
tion on event reports, see Event Report on page 9.14.

The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the event report data 
files for this event. Perform the steps listed in Generating an Event on page 3.46 
before executing the instructions in this example. For this procedure, you must 
use a terminal program capable of Ymodem protocol file transfer.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.38 Sample Event Oscillogram
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Step 2. Type FILE DIR EVENTS <Enter> to view the events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

In the figure, the relay shows two event report files: E4_10000.TXT 
and E8_10000.TXT, and two Compressed ASCII event report files: 
C4_10000.TXT and C8_10000.TXT.

Step 3. Type FILE READ EVENTS C8_10000.TXT <Enter> to transfer 
the Compressed ASCII event report file to your computer.

Step 4. Download the file. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When this file has transferred successfully, use SYNCHROWAVE 
Event to play back the event report oscillograms of the 8-samples/
cycle event report file you just transferred.

Viewing SER Records
The relay SER records relay operating changes and relay element states. In 
response to an element change of state, the SER logs the element, the element 
state, and a time stamp. Program the relay elements that the relay stores in the 
SER records, thus capturing significant system events such as an input/output 
change of state, element pickup/dropout, recloser state changes, etc.

The relay stores the latest 1000 entries to a nonvolatile record. Use the relay com-
munications ports or QuickSet to view the SER records. For more information on 
the SER, see Section 9: Reporting.

The latest 200 SER events are viewable from the front panel. For more informa-
tion, see Section 4: Front-Panel Operations.
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Figure 3.39 Selecting SER Points and Aliases Settings in QuickSet

                    

Figure 3.40 SER Points and Aliases Settings in QuickSet
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Step 6. Enter SER settings.

a. For this example, open the entry form by selecting the  button 
beside the SITM1 SER Points and Aliases, Point 1 entry field. 
We will change this SER point to report the operation of the TAR-
GET RESET pushbutton.

b. Select the  button beside the Relay Word Bit entry field.

c. Select Target Logic Bits, and then double-click TRGTR to copy 
the TRGTR name into the Relay Word Bit field. This also 
copies TRGTR to the Reporting Name (or alias) field.

d. Type Target Reset PB in the Alias Name field.

e. Type TEST in the Set Alias field.

f. Type OFF in the Clear Alias field.

g. Select OK.

Step 7. Select File > Save to save the new settings in QuickSet.

Step 8. Upload the new settings to the relay.

a. Select File > Send.

QuickSet prompts you for the settings class you want to send to 
the relay, as shown in the first dialog box of Figure 3.41.

b. Select the Report check box.

c. Select OK.

QuickSet responds with the second dialog box of Figure 3.41.

If you see no error message, the new settings are loaded in the relay.

                    

Step 9. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 10. View the SER report.

a. Start the QuickSet operator interface.

b. In the top toolbar Tools menu, select HMI > HMI.

c. Select the SER button of the HMI tree view (see Figure 3.42).

QuickSet displays the SER records with a display similar to 
Figure 3.43.

NOTE: SITMn (where n = 1—250) are 
the setting names associated with 
your SER points.

                    

Figure 3.41 Uploading Report Settings to the Relay
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The relay lists the SER records in chronological order from top to bottom as 
shown in Figure 3.43. In addition, the relay numbers each record with the most 
recent record as number 1; new events are usually more important for determin-
ing the effects of recently occurring power system events.

For each application of power to the relay, the SER reports a “Power-up” indica-
tion and the active settings group. A properly operating relay immediately goes to 
the enabled state, an event that causes the SER to report another SER record. The 
SER reports the TARGET RESET button when you press the pushbutton and it 
remains asserted for one processing interval.

Setting the SER and Examining the SER Record in the Terminal
The procedure in the following steps shows how to use a terminal connected to a 
relay communications port to set an element in the SER. Use text-edit mode line 
editing to enter the SER settings (see Text-Edit Mode Line Editing on page 3.23). 
Also included is a procedure for viewing the SER report with a terminal.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.42 Retrieving SER Records With QuickSet 

                    

Figure 3.43 SER Records in the QuickSet HMI
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Enter SER trigger data.

a. Type SET R TERSE <Enter> to access the Report settings (see 
Figure 3.44).

b. Press <Enter> to move past the SER Chatter Criteria setting.

c. At the SER Points ? prompt line, type the following:

TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>.

At the next line, type END <Enter>.

d. The relay prompts you to save the new setting; type Y <Enter>.

                    

Step 3. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 4. Type SER <Enter> (at the Access Level 1 prompt or higher) to view 
the SER report.

The relay presents a screen similar to the SER display of Figure 3.43.

Downloading an SER Report File
The procedure in the following steps shows you how to retrieve the SER report 
stored in the relay as a file. For this procedure, you must use a terminal emulation 
program with file transfer capability.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR REPORTS <Enter> to view the events file direc-
tory.

The terminal lists the file names for standard reports as shown in 
Figure 3.45.

=>>SET R TERSE <Enter>
Report
SER Chatter Criteria
Automatic Removal of Chattering SER Points (Y,N)   ESERDEL := N   ? <Enter>

SER Points
(Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm) 
1:
? TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>
2:
? END <Enter>  

Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.44 Setting an SER Element: Terminal
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Step 3. Prepare the relay to download the SER report.

a. Type FILE READ REPORTS SER.TXT <Enter>.

b. If you want the Compressed ASCII file, type the following:

FILE READ REPORTS CSER.TXT <Enter>
                    

Step 4. Download the SER report. Perform the steps necessary for your ter-
minal emulation program to receive a file.

Typically, these are the file transfer steps:

NOTE: Transferring SER files (or 
CSER files) with the FILE READ REPORTS 
SER.TXT command, performs an SER CV 
command as part of the transfer. SER 
CV clears the SER information from 
the present port. With the SER 
information cleared, there are no data 
available for subsequent SER or CSER 
transfers from the same port.

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When the SER.txt file has transferred successfully, use a word-pro-
cessing program to view the contents of the file.

You will see the SER records in a format similar to Figure 3.43.

Operating the Relay Inputs and Outputs
The SEL-400 series relays give you great ability to perform control actions at bay 
and substation locations via the relay control outputs. The control outputs close 
and open circuit breakers, switch disconnects, and operate auxiliary station 
equipment such as fans and lights. The relay reads data from the power system 
and interfaces with external signals (contact closures and data) through the con-
trol inputs. This section is an introduction to operating the control outputs and 
control inputs. For more information on connecting and applying the control out-
puts and control inputs, see Section 2: Installation in the product-specific instruc-
tion manual.

Control Output
The relay features standard, hybrid (high-current interrupting), and high-speed 
high-current interrupting control outputs that you can use to control circuit break-
ers and other devices in an equipment bay or substation control house.

=>FILE DIR REPORTS <Enter>
BRE_1.TXT                        R                                              
BRE_2.TXT                        R                                              
BRE_S1.TXT                       R                                              
BRE_S2.TXT                       R                                              
CBRE.TXT                         R                                              
CHISTORY.TXT                     R                                              
CPRO.TXT                         R                                              
CSER.TXT                         R                                              
HISTORY.TXT                      R                                              
PRO.TXT                          R                                              
SER.TXT                          R                                              
=>

Figure 3.45 Example Reports File Structure
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Pulsing a Control Output in the Terminal
When first connecting the relay, or at any time that you want to test relay control 
outputs, perform the following procedure. The procedure in the following steps 
shows how to use a communications terminal to pulse the control output contacts. 
Perform the steps in this example to become familiar with relay control and serial 
communication. For more information on the PULSE command, see PULSE on 
page 14.54.

This example assumes that you have successfully established communication 
with the relay; see Making an EIA-232 Serial Port Connection on page 3.4 for a 
step-by-step procedure. In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

NOTE: To pulse an output, the circuit 
breaker control enable jumper must 
be installed on the main board.

Step 1. Prepare to control the relay at Access Level B.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type BAC <Enter>.

d. Type the correct password to go to Access Level B.

You will see the Access Level B ==> prompt.

Step 2. Attach an indicating device (ohmmeter with a beep sounder or a test 
set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

Step 3. Perform the pulse operation.

a. Type PULSE OUT104 <Enter>.

The relay confirms your request to pulse an output with a prompt 
such as that shown in Figure 3.46.

b. Type Y <Enter> at the prompt.

You will see or hear the indicating device turn on for a second 
and then turn off.

                    

You can also pulse an output for longer than the default one-second period. If you 
enter a number after the PULSE command, that number specifies the duration in 
seconds for the pulse. For example, if you enter PULSE OUT104 3 <Enter>, the 
relay pulses OUT104 for three seconds.

 Pulsing a Control Output on the Front Panel
The procedure in the following steps shows you how to use the front-panel dis-
play and navigation pushbuttons to check for proper operation of the relay con-
trol outputs. See Section 4: Front-Panel Operations for information on using the 
relay front panel.

Step 1. Attach an indicating device (an ohmmeter with a beep sounder or a 
test set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

==>PULSE OUT104 <Enter>
Pulse contact OUT104 for 1 seconds(Y/N)       ? Y <Enter>
==>

Figure 3.46 Terminal Display for PULSE Command
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Step 2. View the front-panel display.

After applying power to the relay, note that the LCD shows a 
sequence of screens called the ROTATING DISPLAY.

(Also, if you do not operate the front panel for a certain period, the 
relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 3. Press the ENT pushbutton to view the MAIN MENU, similar to that in 
Figure 3.47(a).

                    

Step 4. View the LOCAL CONTROL screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the LOCAL CONTROL action item, as shown in 
Figure 3.47(a).

b. Press the ENT pushbutton.

You will see the LOCAL CONTROL submenu as shown in 
Figure 3.47(b).

Step 5. View the OUTPUT TESTING screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the --OUTPUT TESTING-- action item, as shown in 
Figure 3.47(b).

b. Press the ENT pushbutton.

The relay displays the OUTPUT TESTING submenu, as shown in 
Figure 3.47(c).

                    

Figure 3.47 Front-Panel Menus for Pulsing OUT104

OUT101
OUT102
OUT103
OUT104
OUT105
OUT106
OUT107
OUT108
   PULSE OUTPUT?

OUTPUT TESTING

NO  YES 

 

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

LOCAL CONTROL

--BREAKER CONTROL--
5 MVA XFMR Fans
--OUTPUT  TESTING--

(a)

(b)

(c)
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Step 6. Command the relay to pulse the control output.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight OUT104 as shown in Figure 3.47(c).

b. Press the Right Arrow navigation pushbutton to highlight YES 
under PULSE OUTPUT?

c. Press the ENT pushbutton.

The relay detects your request for a function at an access level for 
which you do not yet have authorization. Whenever this 
condition occurs, the relay displays the password access screen 
as shown in Figure 3.48.

                    

Step 7. Input a password and pulse the output.

a. Enter a valid Access Level B, P, A, O, or 2 password. 

(The front panel is always at Access Level 1, so you do not enter 
the Access Level 1 password.)

Enter a valid password by using the navigation pushbuttons to 
select, in sequence, the alphanumeric characters that correspond 
to your password.

b. Press the ENT pushbutton at each password character. 

(If you make a mistake, highlight the BACKSPACE option and press 
ENT to reenter a character or characters.)

c. After entering all password characters, press the Up Arrow or Down 
Arrow pushbuttons to highlight ACCEPT, and press ENT.

The relay pulses the output, and you will see the indicating 
device turn on for a second and then turn off.

Controlling a Relay Control Output With a Local Bit in the Terminal
In this example, you set Local Bit 3 to start the transformer cooling fans near the 
breaker bay where you have installed the SEL-451. Thus, you can use the LCD 
screen and navigation pushbuttons to toggle relay Local Bit 3 to control the state 
of the cooling fans. Relay Word bit LB_SP03 provides supervision for Local Bit 3. 
Relay Word bit LB_SP03 must be asserted for successful Local Bit 3 operations. 
For more information on local bits, see Local Control Bits on page 4.22.

The procedure in the following steps proposes connecting the transformer bank 
fan control to relay output OUT105. You can choose any relay output that conforms 
to your requirements.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.48 Password Entry Screen

A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z a b c d e f
g h i j k l m n
o p q r s t u v
w x y z 0 1 2 3
4 5 6 7 8 9 _ .
ACCEPT  BACKSPACE

PASSWORD REQUIRED
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the local control settings.

a. Type SET F <Enter>.

b. Repeatedly type > and then <Enter> to advance through the 
front-panel settings until you reach the Local Control category.

Figure 3.49 shows a representative terminal screen.

                    

Step 3. Type LIST <Enter> at the Local Control ? prompt to list the active 
control points.

This example assumes that you are using no local bits, so the relay 
returns you to Line 1 followed by the settings ? prompt.

Step 4. Type LB03,“5 MVA XFMR Fans”,ON,OFF,N <Enter> at the Line 
? prompt.

The relay checks that this is a valid entry and responds with the next 
line prompt 2: followed by the settings ? prompt.

Step 5. End the settings session.

a. Type END <Enter>.

The relay displays a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.49 a vertical ellipsis represents the readback.)

At the end of the readback information, just before the Save settings 
(Y,N) ? prompt, you can see the new local bit information.

b. Type Y <Enter> to save your new settings.

Step 6. Set OUT105 to respond to Local Bit 3.

a. Type SET O OUT105 <Enter> (see Figure 3.50).

b. At the ? prompt, type LB03 <Enter>.

c. At the next ? prompt, type END <Enter>.

d. When prompted to save settings, type Y <Enter>.

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1:
? LIST <Enter>
1:
? LB03,"5 MVA XFMR Fans",ON,OFF,N <Enter>
2:
? END <Enter>

           •
           •
           •
Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB03,"5 MVA XMFR Fans","ON","OFF",N 
Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
 =>>

Figure 3.49 Using Text-Edit Mode Line Editing to Set Local Bit 3



3.60

SEL-400 Series Relays Instruction Manual Date Code 20230830

Basic Relay Operations
Operating the Relay Inputs and Outputs

                    

Step 7. Test the connection and programming.

a. Use the appropriate interface hardware to connect the fan control 
start circuit to OUT105.

b. At the relay front-panel MAIN MENU, select LOCAL CONTROL and 
press the ENT pushbutton as shown in Figure 3.51(a).

c. Select 5 MVA XFMR Fans on the LOCAL CONTROL screen as shown 
in Figure 3.51(b).

d. Press ENT to see the 5 MVA XFMR Fans as shown in Figure 3.51(c).

e. Highlight 1 ON and press ENT.

The graphical local control handle moves to the 1 position. At 
this time, the transformer fans will begin running.

=>>SET O OUT105 <Enter> 
Output 
Main Board 
OUT105 :== NA 
? LB03 <Enter> 
OUT106 := NA 
? END <Enter> 
Output 

Main Board 
OUT101  := T3P1 #BREAKER 1 TRIP                                                                                                                                    
OUT102  := T3P1 #EXTRA BREAKER 1 TRIP                                                                                                                              
OUT103  := BK1CL #BREAKER 1 CLOSE                                                                                                                                  
OUT104 := NA
OUT105 := LB03
OUT106 := NA
OUT107 := NA
OUT108 := NOT (HALARM OR SALARM)

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.50 Setting Control Output OUT105 in the Terminal
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Setting Outputs for Tripping and Closing
To actuate power system circuit breakers, you must configure the control outputs 
to operate the trip bus and close bus. The relay uses internal logic and SELOGIC 
control equations to activate the control outputs.

Trip Output Signals
All SEL-400 series relays are capable of three-pole tripping and some are capable 
of single-pole tripping. There are many Relay Word bits (e.g., T3P1, T3P2, and 
3PT) that you can program to drive control outputs to trip circuit breakers. See 
Section 5: Protection in the product-specific instruction manual for complete 
information on tripping equations and settings. For target illumination at tripping, 
see Section 4: Front-Panel Operations.

Close Output Signals
Some SEL-400 series relays feature an automatic recloser for single-circuit 
breaker and two-circuit breaker applications, with as many as four autoreclose 
shots. See Section 6: Autoreclosing for more information.

                    

Figure 3.51 Front-Panel LOCAL CONTROL Screens
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Assigning Control Outputs for Tripping and Closing
The procedure in the following steps shows a method for setting the relay to 
operate the trip bus and the close bus at a typical substation. This procedure 
assigns a close output at OUT106. This example is specific to the SEL-451 relay, 
but similar configuration changes can be made in all SEL-400 series relays.

This example assumes that are familiar with SEL Grid Configurator or QuickSet 
(see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Main Board output settings.

a. Expand the Outputs branch of the Settings tree view.

b. Select Main Board.

Step 3. Assign a control output for the close bus.

a. In the Main Board Outputs dialog box, select the OUT106 text 
box and type the following:

BK1CL #ADDITIONAL BREAKER 1 CLOSE

(The # indicates that a comment follows.)

b. Select or tab to another text box.

The software checks that your entry is valid.

Step 4. Upload the new settings to the relay.

Control Input Assignment
Most SEL-400 series relays have control inputs on the main board (IN101–IN107), 
and on one or more optional I/O interface boards (IN201–IN2xx, IN301–IN3xx, 
etc.), if so equipped.

There are two types of input circuitry: direct-coupled and optoisolated. Table 3.8 
lists the main differences between the two types of control inputs. Only the 
SEL-421 and SEL-451 are available with interface boards that support direct-
coupled inputs. All SEL-400 series relays support optoisolated inputs.

                    

The default value for Global setting EICIS (Enable Independent Control Input 
Settings) is N, which hides all individual control input settings and only presents 
some overall settings that will apply to all control inputs. Set EICIS := Y to gain 
full access to the individual control input settings.

Table 3.8 Control Input Characteristics

Direct-Coupled Optoisolated

Pickup characteristics: Pickup voltage can be selected via Global settings. 
Can have different pickup voltages on each input.

Pickup voltage is determined by hardware: one of six volt-
age levels determined at time of factory order. All pickup 
voltages are the same on each I/O interface board.

Polarity-sensitive: Yes (will not respond to reverse polarity signals). A + 
polarity mark is printed over the positive terminals.

No (will respond to signals of either polarity). No polarity 
mark. AC signal detection is possible.a

Where found: INT1, INT5, and INT6 I/O Interface Boards 
(available in SEL-421 and SEL-451 relays).

SEL-400 Series Main Board (IN101–IN107).

All other interface boards.

a With appropriate debounce settings (see Section 2: Installation of the product-specific instruction manual).
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) in 
the Terminal

This is a step-by-step procedure to configure a control input that reflects the state 
of the circuit breaker auxiliary (52A) NO (normally open) contact. A common 
relay input is from circuit breaker auxiliary contacts; the relay monitors the 52A 
contacts to detect the closed/open status of the circuit breaker. Perform the fol-
lowing steps to connect three-pole circuit breaker auxiliary contacts to the relay. 
This example was created using an SEL-451. Refer to the product-specific 
instruction manual for the correct Relay Word bit names for each product.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Configure the relay to read the circuit breaker auxiliary contact. 

a. Type SET M <Enter> (see Figure 3.52).

These settings are the breaker monitor settings.

b. Type <Enter> to bypass the Breaker 1 Monitoring enable, and 
<Enter> again to bypass the Breaker 2 Monitoring enable 
(NUMBK := 2 in this example).

The relay displays the 52AA1 SELOGIC control equation action 
prompt.

c. Type IN101 <Enter> at the ? prompt to specify input IN101 as 
the control input that represents the close/open state of Circuit 
Breaker 1.

Press <Enter> until the relay displays the 52AA2 SELOGIC 
control equation action prompt.

d. Type IN102 <Enter> at the ? prompt to specify input IN102 as 
the control input that represents the close/open state of Circuit 
Breaker 2.

Step 3. End the settings process. The relay next scrolls a readback of all the 
Global settings, eventually displaying the Save settings (Y,N) ? 
prompt.

a. In the readback information, just before the Save settings 
(Y,N) ? prompt, confirm the new control input information.

b. Answer Y <Enter> to save your new settings.
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) 
Via Software

The procedure in the following steps shows how to program the relay control 
input IN101 to read the state of circuit breaker auxiliary contacts. This example 
uses a single three-pole tripping breaker. Modify the procedure listed here for 
your application.

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Control Inputs settings.

a. Select the arrow next to the Global branch of the Settings tree 
view.

b. Select the arrow next to the Control Inputs branch of the 
Settings tree view.

Step 3. Set EICIS Independent Control Input Settings to Y.

Step 4. Set the control input IN101 debounce time.

For this example, assume that the auxiliary contacts are slow and 
noisy; you must provide a slightly longer debounce time for these 
contacts.

a. Double-click the mouse cursor (or press <Tab>) to highlight 
IN101PU Pickup Delay for Contact Input.

b. Delete the present setting by pressing <Delete>.

c. Type 0.25 <Enter>.

d. Similarly change the IN101DO Input IN101 Dropout Delay 
to 0.25.

The software checks the value.

Step 5. Configure the relay to read the circuit breaker auxiliary contact.

a. Expand the Breaker Monitor branch of the Settings tree view 
by selecting the + button.

b. In the tree view, select Breaker 1 to select circuit breaker 
monitor settings for Circuit Breaker 1.

=>>SET M <Enter> 
Breaker Monitor 
Breaker Configuration 
Breaker 1 Monitoring (Y,N) EB1MON  := N ? <Enter> 
Breaker 2 Monitoring (Y,N) EB2MON  := N ? <Enter> 
Breaker 1 Inputs 

N/O Contact Input -BK1 (SELogic Equation) 
52AA1 := NA 
?  IN101 <Enter> 
Breaker 2 Inputs 
N/O Contact Input -BK2 (SELogic Equation) 
52AA2 := NA 
?  IN102 <Enter> 
Breaker Monitor 

Breaker Configuration 
EB1MON  := N        EB2MON  := N
Breaker 1 Inputs 
52AA1   := IN101 
Breaker 2 Inputs 
52AA2   := IN102 
Save settings (Y,N)  ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
=>>

Figure 3.52 Setting 52AA1 in the Terminal
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c. Set the 52AA1 SELOGIC control equation by selecting in the text 
box labeled 52AA1 N/O Contact Input.

d. Type IN101, and then select or <Tab> to another field to specify 
input IN101 as the control input that represents the close/open 
state of Circuit Breaker 1.

Step 6. Upload the new settings to the SEL-451.

Special Considerations for TiDL
In Time-Domain Link (TiDL) systems, IN301–IN324, OUT301–OUT316, 
IN401–IN424, OUT401–OUT416, IN501–IN524, and OUT501–OUT516 are 
provided from TiDL merging units. See Section 19: Digital Secondary Systems 
for more information on TiDL I/O.

Configuring Timekeeping
The relay features high-accuracy timekeeping when supplied with an IRIG-B or 
Ethernet Precision Time Protocol (PTP) signal. When the supplied clock signal is 
sufficiently accurate, most SEL-400 series relays can act as a phasor measure-
ment unit (PMU) and transmit synchrophasor data representative of the power 
system at fixed time periods to an external data processor. The relay can also 
record COMTRADE event report data by using the high-accuracy time stamp. 
See Oscillography on page 9.9 and Time-Synchronized Triggers on page 11.10 
for details on these applications.

IRIG-B and PTP
The relay has two input connectors that accept IRIG-B (Inter-Range Instrumenta-
tion Group-B) demodulated time-code format: the IRIG-B pins of aerial PORT 1, 
and the IRIG-B BNC connector. In relays with Ethernet, Precision Time Protocol 
(PTP) can also be used to provide high-accuracy time. See Section 11: Time and 
Date Management for more information on using IRIG-B and PTP.

Monitoring High-Accuracy Time Source Status
The purpose of the procedure in the following steps is to show one method for 
deriving the TIME Q Time Source information from Relay Word bits TSOK and 
TIRIG when using an IRIG Time Source. The TSOK Relay Word bit is at logical 
1 when the relay is in HIRIG time mode. For this application example, use a pro-
tection SELOGIC variable (PSV) to monitor timekeeping status.

PSV02 asserts when the relay is synchronized to the HIRIG source. A departure from 
this condition asserts the relay alarm output (OUT108 for this application example).

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings

Step 2. Access the protection free-form SELOGIC settings.

a. Select the arrow next to Group 1 in the Settings tree view.

b. Select the Protection Logic 1 settings.

NOTE: The SEL-487V does not 
support PTP.
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Step 3. Enter the two lines of SELOGIC control equation programming in the 
Protection Free-Form Logic Settings shown in Figure 3.53.

                    

Step 4. Configure a control output to alarm a loss-of-HIRIG mode.

a. In the Settings tree view, select Outputs and then select Main 
Board.

b. In the OUT108 Main Board Outputs text box, enter the OR 
NOT PSV02 condition to the preexisting OUT108 := NOT 
(SALARM OR HALARM) equation.

Step 5. Upload the new settings to the relay.

To confirm that you have prepared an out-of-synchronization/loss-of-HIRIG 
mode alarm, disconnect the IRIG-B input. The relay alarm will activate.

Readying the Relay for Field Application
Before applying the relay in your power system, set the relay for your particular 
field application. Be sure to modify the relay factory-default settings for your 
power system conditions to enable relay features to help you protect and control 
your system.

This procedure is a guide to help you ready the relay for field application. If you 
are unfamiliar with the steps in this procedure, see the many relay usage exam-
ples presented in this section. This is a suggested procedure; modify the proce-
dure as necessary to conform to your standard company practices.

Step 1. Open the appropriate low-voltage breaker(s) and remove fuses to ver-
ify removal of control power and ac signals from the relay.

Step 2. Isolate the relay TRIP control output.

Step 3. Perform point-to-point continuity checks on the circuits associated 
with the relay to verify the accuracy and correctness of the ac and dc 
connections.

Step 4. Apply power to the relay.

The green ENABLED LED on the front panel will illuminate.

Step 5. Use an SEL-C234A cable to connect a serial terminal to the relay.

Step 6. Start the terminal (usually a PC with terminal emulation software).

Step 7. Establish communication with the relay at Access Level 0.

Step 8. Proceed to Access Level 2 (see Changing the Default Passwords in 
the Terminal on page 3.11).

Step 9. Change the default passwords (see Changing the Default Passwords 
in the Terminal on page 3.11).

Step 10. Set the DATE and TIME (see Making Simple Settings Changes on 
page 3.15).

Step 11. Use test sources to verify relay ac connections (see Examining 
Metering Quantities on page 3.34).

Step 12. Verify control input connections.

SET L <Enter>

17: #CHECK THE TIME SYNCHRONIZATION RELAY WORD BIT FOR HIRIG

18: PSV02 := TSOK

Figure 3.53 Programming a PSV to Monitor HIRIG in QuickSet
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Step 13. Verify control output connections.

Step 14. Perform protection element tests.

Step 15. Set the relay (see Making Simple Settings Changes on page 3.15, 
Section 12: Settings, and Section 6: Protection and Protection Appli-
cation Examples in the product-specific instruction manual).

Step 16. Connect the relay for tripping/closing duty.

Step 17. From Access Level 2, use a communications terminal to issue appli-
cable commands (listed in Table 3.9) to clear the relay data buffers.

                    

Step 18. Connect the secondary voltage and current inputs.

Step 19. Use the MET command or the QuickSet HMI to view relay metering 
to confirm secondary connections (see Examining Metering 
Quantities on page 3.34).

Table 3.9 Communications Port Commands That Clear Relay Buffers

Communications Port Command Task Performed

MET RD Reset demand meter data

MET RP Reset peak demand meter data

MET RE Reset energy meter data

MET RM Reset maximum/minimum meter data

HIS CA Reset event report and history buffers

SER CA Reset Sequential Events Recorder data
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Front-Panel Operations

The relay front panel makes power system data collection and system control 
quick and efficient. Using the front panel, you can analyze power system operat-
ing information, view and change relay settings, and perform relay control func-
tions. The relay features a straightforward menu-driven control structure 
presented on the front-panel LCD. Front-panel targets and other LED indicators 
provide a quick look at relay operation status. You can perform often-used con-
trol actions rapidly by using the large direct-action pushbuttons. All of these fea-
tures help you operate the relay from the front panel and include:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

This section describes features found in many, but not necessarily all, SEL-400 
series relays. See the relay-specific instruction manuals to determine which front-
panel features are supported in that relay. This section includes the following:

➤ Front-Panel Layout on page 4.1

➤ Front-Panel Menus and Screens on page 4.14

➤ Front-Panel Automatic Messages on page 4.32

➤ Operation and Target LEDs on page 4.33

➤ Front-Panel Operator Control Pushbuttons on page 4.35

Front-Panel Layout
Some SEL-400 series relays come with a front panel with 16 target LEDs and 8 
operator pushbuttons. Others come with 24 target LEDs and 12 operator pushbut-
tons. Refer to the product-specific instruction manual to see which displays are 
available for any specific relay. Figure 4.1, Figure 4.2, and Figure 4.3 show what 
these front-panel options look like in the SEL-451 and the SEL-487E relays. 
Some relays are also available with direct-action pushbuttons for breaker control, 
which is illustrated in Figure 4.2.
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Figure 4.1 SEL-451 Front Panel (8-Pushbutton Model)

                    

Figure 4.2 SEL-451 Front Panel (12-Pushbutton Model) with Optional Auxiliary Trip/Close Buttons
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A 128 x 128 pixel LCD shows relay operating data including event summaries, 
metering, settings, and relay self-test information. 

Six navigation pushbuttons adjacent to the LCD window control the relay menus 
and information screens. Sequentially rotating display screens provide important 
power system metering parameters; you can easily change this ROTATING DIS-
PLAY to suit your particular onsite monitoring needs. Use a simple and efficient 
menu structure to operate the relay from the front panel. With these menus you 
can quickly access relay metering, control, and settings.

Front-panel LEDs indicate the relay operating status. You can confirm that the 
relay is operational by viewing the ENABLED LED. The relay illuminates the TRIP 
LED target to indicate a tripping incident. The relay is factory programmed for 
particular relay elements to illuminate the other target LEDs. You can program 
these target LEDs to show the results of the most recent relay trip event. The 
asserted and deasserted colors for the LEDs are programmable.

Select relay models feature auxiliary TRIP/CLOSE pushbuttons. These pushbuttons 
are electrically isolated from the rest of the relay.

The relay front panel features large operator control pushbuttons with annuncia-
tor LEDs that facilitate local control. Factory-default settings associate specific 
relay functions with these direct-action pushbuttons and LEDs. Using SELOGIC 
control equations or front-panel settings PBn_HMI, you can readily change the 
default direct-action pushbutton functions and LED indications to fit your spe-
cific control and operational needs. Change the pushbutton and pushbutton LED 
labels with the slide-in labels adjacent to the pushbuttons. The asserted and deas-
serted colors for the LEDs are programmable in 12-pushbutton models.

The relay front panel includes an EIA-232 serial port (labeled PORT F) for con-
necting a communications terminal or using the ACSELERATOR QuickSet SEL-5030 
Software program. Use the common EIA-232 open ASCII communications proto-
col to communicate with the relay via front-panel PORT F. Other communications 
protocols available with the front-panel port are MIRRORED BITS communica-
tions, and DNP3. For more information on communications protocols and PORT F, 
see Section 15: Communications Interfaces.

                    

Figure 4.3 SEL-487E Front Panel
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Front-Panel LCD
The LCD is the prominent feature of the relay front panel. Figure 4.4 shows the 
following areas contained in the LCD:

➤ Title area

➤ Main area

➤ Message area

➤ Scroll bars

The scroll bars are present only when a display has multiple screens.

                    

Front-Panel Inactivity Time-Out
An LCD backlight illuminates the screen when you press any front-panel push-
button. This backlight extinguishes after a front-panel inactivity time-out period. 
You can control the duration of the time-out with relay setting FP_TO, listed in 
Table 4.1. 

To set FP_TO, use the SET F (set front panel) settings from any communications 
port or use the Front Panel branch of the QuickSet Settings tree view. The maxi-
mum backlight time is 60 minutes (FP_TO = 60). When the front panel times out, 
the relay displays an automatic ROTATING DISPLAY, described later in this section 
under Screen Scrolling on page 4.5.

                    

Navigating the Menus
The relay front panel presents a menu system for accessing metering, settings, 
and control functions. Use the LCD and the six pushbuttons adjacent to the dis-
play (see Figure 4.4) to navigate these front-panel menus.

The navigation pushbutton names and functions are the following:

➤ ESC—Escape pushbutton

➤ ENT—Enter pushbutton

➤ Left Arrow, Right Arrow, Up Arrow, and Down Arrow—Navigation pushbuttons

                    

Figure 4.4 LCD and Navigation Pushbuttons

Navigation
Pushbuttons

Title Area

Main Area

Scroll Bars

Message Area

Table 4.1 Front-Panel Inactivity Time-Out Setting

Name Description Range Default

FP_TO Front-panel display time-out OFF, 1–60 minutes 15 minutes
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Menus show lists of items that display information or control the relay. A rectan-
gular box around an action or choice indicates the menu item you have selected. 
This rectangular box is the menu item highlight.

Figure 4.5 shows an example of RELAY ELEMENTS highlighted in an example MAIN 
MENU. When you highlight a menu item, pressing the ENT pushbutton selects the 
highlighted item.

                    

The Up Arrow pushbutton and Down Arrow pushbutton scroll the highlight box to 
the previous or next menu selection, respectively. When there is more than one 
screen of menu items, pressing the Up Arrow while at the first menu item causes 
the display to show the previous set of full-screen menu items, with the last menu 
item highlighted. Pressing the Down Arrow while at the bottom menu item causes 
the display to show the next set of full-screen menu items, with the first menu 
item highlighted.

Pressing the ESC pushbutton reverts the LCD to the previous screen. Pressing ESC 
repeatedly returns you to the MAIN MENU. If a status warning, alarm condition, or 
event condition is active (not acknowledged or reset), the relay displays the full-
screen status warning, alarm screen, or trip event screen in place of the MAIN 
MENU.

Screen Scrolling
SEL-400 series relays have two screen scrolling modes: autoscrolling mode and 
manual-scrolling mode. After front-panel time-out, the LCD presents each of the 
display screens in this sequence:

➤ One-line diagram (if applicable)

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Other enabled screens

See the product-specific instruction manual for the details of the other screens 
that are supported and how they are enabled.

                    

Figure 4.5 RELAY ELEMENTS Highlighted in Example MAIN MENU
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Figure 4.6 illustrates an example rotating display sequence. The active alarm 
points are the first screens in the ROTATING DISPLAY (see Alarm Points on 
page 4.7). Each alarm points screen shows as many as 11 alarm conditions. The 
relay can present a maximum of six alarm points screens.

The active display points are the next screens in the ROTATING DISPLAY after 
alarm points (see Display Points on page 4.10). Each display points screen shows 
as many as 11 enabled display points (with 192 display points, the relay can pres-
ent a maximum of 18 display points screens). If a display point does not have text 
to display, the screen space for that display point is maintained.

                    

Figure 4.6 Sample ROTATING DISPLAY
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Autoscrolling Mode
Autoscrolling mode shows each screen for a user-configurable period of time. 
Front Panel setting SCROLD defines the period of time for which each screen is 
shown. When you first apply power to the relay, the LCD shows the autoscrolling 
ROTATING DISPLAY. With SCROLD := OFF, the screen remains on the first screen 
in the rotating display order; automatic rotation of additional screens is disabled.

The autoscrolling ROTATING DISPLAY also appears after a front-panel inactivity 
time-out (see Front-Panel Inactivity Time-Out on page 4.4). The relay retrieves 
data prior to displaying each new screen. The relay does not update screen infor-
mation during the display interval. At any time during autoscrolling mode, press-
ing ENT takes you to the MAIN MENU. Pressing any of the four navigation 
pushbuttons switches the display to manual-scrolling mode.

Manual-Scrolling Mode
In manual-scrolling mode, you can use the directional navigation arrow pushbut-
tons to select the next or previous screen. Pressing the Down Arrow or Right Arrow 
pushbuttons switches the display to the next screen; pressing the Up Arrow or Left 
Arrow pushbuttons switches the display to the previous screen.

In manual-scrolling mode, the display shows arrows at the top and bottom of the 
vertical scroll bar. The screen arrows indicate that you can navigate between the 
different screens at will. The relay retrieves data prior to displaying each new 
screen. Unlike the autoscrolling mode, the relay continues to update screen infor-
mation while you view it in the manual-scrolling mode. To return to autoscrolling 
mode, press ESC or wait for a front-panel time-out.

Alarm Points
You can display messages on the front-panel LCD that indicate alarm conditions 
in the power system. The relay uses alarm points to place these messages on the 
LCD.

Figure 4.7 shows a sample alarm points screen. The relay is capable of displaying 
as many as 66 alarm points. The relay automatically displays new alarm points 
while in manual-scrolling mode and in autoscrolling mode. While you navigate 
the HMI menu structure, the relay does not automatically display the alarm 
points. Instead, ALARM EVENT displays in the footer. When you escape the HMI 
menu structure, the relay will display the alarm points screen.

                    
                    

Figure 4.7 Sample Alarm Points Screen

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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The alarm point setting is an element of the SER settings. To enable an alarm 
point, enable the HMI alarm parameter of the SER Point Settings listed in 
Table 4.2. The format for entering the SER point data is the following comma-
delimited string:

Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm

Names can contain any valid ASCII character. Enclose the name within quotation 
marks. See Example 4.1 for particular information on the format for entering 
SER point data.

                    

If you enter a Relay Word bit that does not match a valid relay element, the relay 
displays: Unknown relay word reference. If you enter an alias or name that is 
too long, the relay displays: Alias label too long.

The relay displays alarm points in a similar fashion as the SER. As many as 
19 characters of the given alias are displayed, with one character reserved for the 
“*.” The asterisk denotes if the element is asserted. Initially, an alarm point must 
be asserted to be displayed; after the corresponding element deasserts, the aster-
isk is removed, but the alias is not. The relay displays alarm points in reverse 
chronological order, just as in the SER, with the most recently asserted alarm dis-
played on the top. Deasserted alarms may be removed from the display with user 
acknowledgment, as shown in Example 4.1.

                    

Table 4.2 SER Point Settings

Description Range

Relay Word Bit Any valid relay element

Reporting Name 20-character maximum ASCII string

SET State Name (logical 1) 20-character maximum ASCII string

CLR State Name (logical 0) 20-character maximum ASCII string

HMI Alarm Y, N

Example 4.1 Creating an Alarm Point

Alarm points screens provide operator feedback about the status of system 
conditions. An alarm points screen contains 11 alarm points; this example 
demonstrates a method to set the alarm point message that is shown in 
Figure 4.7. This example is based on the Relay Word bit IN101 asserting 
when Circuit Breaker 1 is in an alarm condition.

In the Report settings (SET R), enter the following after the SER Points 
Line 1 prompt:

1: IN101,“Circuit BK1 SF6 Gas”,“Alarm”,“Normal”,“Y”

The circuit breaker alarm condition is indicated by the set state, "Alarm" and 
the circuit breaker normal condition is indicated by the clear state "Normal." 
The HMI Alarm parameter is set to “Y” to enable alarm points screen dis-
play of this element.

While in the scrolling mode, the assertion of IN101 will cause the alarm 
points screen (as shown in Figure 4.7) to be automatically displayed. Upon 
the deassertion of IN101, the asterisk will disappear, as shown in Figure 4.8.
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Pressing the ENT pushbutton will allow the user to acknowledge and clear 
deasserted alarms. Before clearing, you will be prompted to confirm that this 
is the intended action, as shown in Figure 4.9.
                    

In the case that all alarms are deasserted, pressing the ENT pushbutton will 
allow the user to acknowledge and clear all alarms. After clearing, a screen 
showing the results of the action will be shown, as in Figure 4.10.
                    

Alarm points are not updated for a particular element if it has been deleted 
from the SER because of chatter criteria (see Automatic Deletion and Rein-
sertion on page 9.31). Upon reinsertion, the element state will be updated on 
the alarm point display. If the relay enters a period of SER data loss, the sta-
tus of alarm points cannot be determined. The screen shown in Figure 4.11 
will appear until you exit the data loss condition, at which point the alarm 
point elements will be polled and displayed if asserted. Subsequent alarm 
point assertions will be displayed above the data loss message.

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.8 Deasserted Alarm Point

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

                    
                    

Figure 4.9 Clear Alarm Point Confirmation Screen

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

Are you sure you
want to clear
inactive alarms?
Press  to clear 

                    
                    

Figure 4.10 No Alarm Points Screen

NO ALARM POINTS
EXIST.

ALARM POINTS
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Display Points
You can display messages on the relay front-panel LCD that indicate conditions 
in the power system. The relay uses display points to place these messages on the 
LCD.

Figure 4.12 shows a sample display points screen. Display points can show the 
status of Relay Word bits or display the value of analog quantities. The relay has 
192 possible display points; Table 4.3 and Table 4.4 list the display points set-
tings. The relay updates the display points data once per second if you are view-
ing the display points in manual-scrolling mode; in autoscrolling mode the relay 
updates the display points information each time the screen appears in the ROTAT-
ING DISPLAY sequence.

                    

To enable a display point, enter the display point settings listed in Table 4.3 or 
Table 4.4. All display points occupy one, and only one, line on the display at all 
times. The height of the line is determined by the “Text Size” setting parameter. 
Display points of single-line height span one screen in total width. Display points 
of double-line height span two screens in total width. You can use multiple dis-
play points to simulate multiple lines.

Use the following syntax to display the given Relay Word bit exactly as seen in 
the navigational menu (name and value).

DPxx := Name

Use the following syntax to display the given Relay Word bit as seen in the navi-
gational menu, replacing the name of the value with the given alias string. The 
text size determines if the display will be in single font or double font. If the text 
size is empty, the display will be in single font.

DPxx := Name, “Alias”, “Text Size”

                    

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.11 Alarm Points Data Loss Screen

##SER DATA LOSS##

ALARM POINTS

Press   to acknldge

                    

Figure 4.12 Sample Display Points Screen

Circuit Breaker 1
   --Closed--

DISPLAY POINTS

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

SF6 ALARM
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Use the following syntax to display the given Relay Word bit with the given alias. 
If the Relay Word bit is asserted (logical 1), the LCD displays the set string in the 
place of the value. If the Relay Word bit is deasserted (logical 0), the LCD dis-
plays the clear string in the place of the value. One or all of Alias, Set String, or 
Clear String can be empty. If Alias is empty, then the LCD displays only the Set 
or Clear Strings. If either Set String or Clear String is empty, then an empty line 
is displayed when the bit matches that state. The text size determines if the dis-
play will be in single font or double font. If the text size is empty, the display will 
be in single font.

DPxx := Name, “Alias”, “Set String”, “Clear String”, “Text Size”

Use the following syntax to display the given analog quantity with the given text 
and formatting. Formatting must be in the form Width.Decimal,Scale with the 
value of Name, scaled by “Scale,” formatted with total width “Width” and “Deci-
mal” decimal places. The width value includes the decimal point and sign charac-
ter, if applicable. The “Scale” value is optional; if omitted, the scale factor is 
processed as 1. If the numeric value is smaller than the field size requested, the 
field is padded with spaces to the left of the number. If the numeric value will not 
fit within the field width given, “$” characters are displayed. The text size deter-
mines if the display will be in single font or double font. If the text size is empty, 
the display will be in single font.

DPxx := Name, “(Text1 Width.Decimal,Scale) Text2”, “Text Size”
                    

                    

                    

Table 4.3 Display Point Settings—Boolean

Description Range

Relay Word Bit Name See the relay-specific instruction manual for a list of Relay 
Word bits available in that relay.

Alias ASCII string

Set String ASCII string

Clear String ASCII string

Text Size S, D

Table 4.4 Display Point Settings—Analog

Description Range

Analog Quantity Name See the relay-specific instruction manual for a list of avail-
able analog quantities

“User Text and Formatting” ASCII string

Text Size S, D

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 1 of 2)

Example Display Point Setting Value Example Display

IN101 IN101=1
IN101=0

MWHAIN,“{7.2}” 1234.56

50P1,Overcurrent,, Overcurrent=1
Overcurrent=0

PSV01,Control,On,Off Control=On
Control=Off

PSV02,Breaker,Tripped, Breaker=Tripped
Empty Line
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If you enter a Relay Word bit or Analog Quantity that does not match a valid 
relay element, the relay displays: Invalid element. If you enter a display point 
that exceeds the allowable length, the relay displays: Too many characters. If 
you enter an invalid scale factor, invalid width, too many parameters, or omit nec-
essary quotation marks or brackets, the relay displays an error message. If a dis-
play point was used previously and you want to remove the display point, you 
can delete the display point. In the Front Panel settings (SET F), at the Display 
Points and Aliases prompt, use the text-edit mode line editing commands to set 
the display points (see Text-Edit Mode Line Editing on page 3.23 for information 
on text-edit mode line editing). To delete Display Point 1, type DELETE 
<Enter> at the Front Panel settings Line 1 prompt.

                    

50P1,,,Overcurrent Empty Line

Overcurrent

MWHAIN,“A Ph Import={7.2}” A Ph Import=1234.56

MWHAIN,“A Ph Import={7.3}” A Ph Import=$$$.$$$

MWHAIN,“A Ph Imp {4}MWh” A Ph Imp 1234MWh

PAD,“{7.2}” 1234.56

PAD,“A Ph Dem Pwr={4.1}” A Ph Dem Pwr=1234.5

ICD,“C Demand={5}” C Demand= 1230

ICD,“C Demand={4.2,0.001} kA” C Demand=1.23 kA

MWHAOUT,“A Phase Out={3, 1000}” A Phase Out=1234

MWHAOUT,“A Phase Out={3, 1000} kWH” A Phase Out=$$$ kWh

1,“Fixed Text” Fixed Text

0,“Fixed Text” Fixed Text

1, Empty Line

0, Empty Line

Display Point is hidden

Example 4.2 Creating a Display Point

Display points screens can be used to provide operator feedback about the 
readiness of equipment connected to the relay. A display points screen con-
tains 11 display points; this example demonstrates a method to set the dis-
play point messages that are shown in Figure 4.12. This example uses an 
SEL-451 with an additional I/O interface board.

This example is based on a three-pole circuit breaker. Relay Word bit 52AA1 
will assert when Circuit Breaker 1 is in the closed position.

IN109 will assert when Circuit Breaker 1 is in an alarm condition. B2IAFIM 
is the filtered instantaneous magnitude for the A-Phase current through 
Circuit Breaker 2.

In the Front Panel settings (SET F), enter the following after the Display 
Points and Aliases Line 1 prompt:

1: 1,“Circuit Breaker 1”

2: 52AA1,,“ --Closed--”,“ --Open--”

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 2 of 2)

Example Display Point Setting Value Example Display
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3: 0

4: 0,“Circuit BK1 SF6 Gas”

5: IN109,,“ --Alarm--”,“ --Normal--”

6: 1

7: 1,“Circuit Breaker 2”

8: B2IAFIM,“ A PH=(6.1,1) A pri”

9: IN109,, “SF6 ALARM”, D

Fixed text is set by assigning an alias to a “1” or “0.” Blank lines are set by 
assigning a blank alias to a “1” or “0.” The circuit breaker closed condition is 
indicated by the set state, “--Closed--” where leading spaces are added to 
center the set state message. Add a clear state named “--Open--” to show that 
the circuit breaker is open. The circuit breaker alarm condition is indicated 
by the set state, “--Alarm--” where leading spaces are added to center the set 
state message. Add a clear state named “--Normal--” to show that the circuit 
breaker is not in alarm. User text “A PH=” and “A pri” allows for customized 
display of the Circuit Breaker 2 A-Phase current, which has been formatted 
to display numerically as XXXX.X. Double font display is used to give 
greater visibility to the SF6 Alarm. A horizontal scroll appears while in man-
ual-scrolling mode regardless of whether or not the display point label width 
requires two full screens to display.

Example 4.3 Monitoring Test Modes With Display Points

This example uses the Relay Word bit TESTFM (Fast Meter test running) to 
activate a front-panel display point that alerts an onsite operator that the 
relay is in Fast Meter test mode.

In the Front Panel settings (SET F), enter the following after the Line 10 
prompt:

10: TESTFM,,“FAST METER TEST!!!!”

The LCD displays the screen shown in Figure 4.13 as a part of the ROTATING 
DISPLAY if the Fast Meter test is running. (Instruct the operator to view the 
relay front panel for messages or warnings as the last item on a “Leaving the 
Substation” checklist.)

Again, this display point application example does not require a clear state, 
so the clear state is blank. If the Fast Meter test is not running and no other 
display points are active, the relay shows a blank screen in the ROTATING 
DISPLAY.
                    

Example 4.2 Creating a Display Point (Continued)

                    
                    

Figure 4.13 Fast Meter Display Points Sample Screen

FAST METER TEST!!!!

ROTATING DISPLAY

Press  for menu
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Front-Panel Menus and Screens
Operate the relay front panel through a sequence of menus that you view on the 
front-panel display. The MAIN MENU is the introductory menu for other front-panel 
menus (see Figure 4.5). These additional menus allow you onsite access to 
metering, control, and settings for configuring the relay to your specific applica-
tion needs. The following menus and screens are representative of what is typi-
cally found in SEL-400 series relays, but each relay has a slightly different list. 
See the relay-specific instruction manual to see what is available in that relay.

➤ Support Screens
➢ Contrast
➢ Password

➤ MAIN MENU 
➢ METER
➢ EVENTS
➢ BREAKER MONITOR
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST
➢ RESET ACCESS LEVEL
➢ ONE LINE DIAGRAM

Support Screens
The relay displays special screens over the top of the menu or screen that you are 
using to control the relay or view data. These screens are the ADJUST CONTRAST 
screen and the PASSWORD REQUIRED screen.

Contrast
You can adjust the LCD screen contrast to suit your viewing angle and lighting 
conditions. To change screen contrast, press and hold the ESC pushbutton for one 
second. The relay displays a contrast adjustment box superimposed over the dis-
play.

Figure 4.14 shows the contrast adjustment box with the MAIN MENU screen in the 
background. Pressing the Right Arrow pushbutton increases the contrast. Pressing 
the Left Arrow pushbutton decreases the screen contrast. When finished adjusting 
the screen contrast, press the ENT pushbutton.

                    
                    

Figure 4.14 Contrast Adjustment

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL 

MAIN MENU

Adjust Contrast

Press   when done
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Password
The relay uses passwords to control access to settings and control menus. The 
relay has six access-level passwords. See Access Levels and Passwords on 
page 3.7 for more information on access levels and setting passwords. The relay 
front panel is at Access Level 1 upon initial power-up and after front-panel time 
out.

Password validation occurs only when you request a menu function that is at a 
higher access level than the presently authorized level. At this point, the relay dis-
plays a password entry screen, shown in Figure 4.15. This screen has a blank 
password field and an area containing alphabetic, numeric, and special password 
characters with a movable highlight box.

                    

Enter the password by pressing the navigation pushbuttons to move the highlight 
box through the alphanumeric field. When at the desired character, press ENT. The 
relay enters the selected character in the password field and moves the dark box 
cursor one space to the right. You can backspace at any time by highlighting the 
BACKSPACE character and then pressing ENT. When finished, enter the password by 
highlighting the ACCEPT option and then pressing ENT.

If you entered a valid password for an access level greater than or equal to the 
required access level, the relay authorizes front-panel access to the combination 
of access levels (new level and all lower levels) for which the password is valid. 
The relay replaces the password screen with the menu screen that was active 
before the password validation routine. When you enter Access Levels B, P, A, 
O, and 2, the Relay Word bit SALARM pulses for one second.

If you did not enter a valid password, the relay displays the error screen shown in 
Figure 4.16. Entering a valid password for an access level below the required 
access level also causes the relay to generate the error screen. In both password 
failure cases, the relay does not change the front-panel access level (it does not 
reset to Access Level 1 if at a higher access level). The relay displays the 
PASSWORD INVALID screen for five seconds. If you do not want to wait for the 
relay to remove the message, press any of the six navigational pushbuttons during 
the five-second error message to return to the previous screen in which you were 
working.

                    

                    

Figure 4.15 Enter Password Screen

                    

Figure 4.16 Invalid Password Screen

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.

A B C D E F G H I J K
L M N O P Q R S T U V
W X Y Z a b c d e f g
h i j k l m n o p q r
s t u v w x y z 0 1 2
3 4 5 6 7 8 9 _ . ( )
\ ‘ “ ~ ! ? @ # $ % ^
& * _ + / ; : ’ < > ,
{ } [ ] | =
ACCEPT  BACKSPACE

Password Required Password
Field

The Password Entered
Is Not Sufficient for
The Required Access
Level.

Password Invalid
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If three failed login attempts occur within a 1-minute interval, the relay disables 
login attempts for 30 seconds and pulses the SALARM and BADPASS Relay 
Word bits for 1 second. If the user tries to login within the 30 seconds, the error 
message in Figure 4.17 displays for 4 to 6 seconds. Pressing the navigation but-
tons while this message is displayed removes the error message sooner but the 
password entry remains disabled for the original 30 seconds.

                    

Main Menu
The MAIN MENU is the starting point for all other front-panel menus. A representa-
tive relay MAIN MENU is shown in Figure 4.18. When the front-panel LCD is in the 
ROTATING DISPLAY, press the ENT pushbutton to show the MAIN MENU.

                    

Meter
The relay displays metering screens on the LCD. Highlight METER and press ENT 
on the MAIN MENU screen to select these screens. The metering screens available 
are relay-specific and are described in each relay-specific instruction manuals.

Events
The relay front panel features summary event reporting, which simplifies post-
fault analysis. These summary event reports include all trip events, event and data 
capture triggering (via the ER SELOGIC control equation), and manual triggers. 
The relay displays event reports based on the Relay Word bit elements in the ER 
(event report trigger) SELOGIC control equation. See Event Report on page 9.14 
for more information on event reports.

The front-panel event buffer size is 100 summaries. The relay numbers summary 
events in order from 10000 through 42767 and displays the most recent summa-
ries on the LCD.

                    

Figure 4.17 Password Lockout Screen

Maximum Passord
Attempts Exceeded,
Access Temporarily
Denied

Access Denied

                    

Figure 4.18 MAIN MENU

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU
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You can view summary event reports from the relay front-panel display by select-
ing EVENTS from the MAIN MENU. The relay presents the Events Menu as shown in 
Figure 4.19. Select Event Summary from the Events Menu to view event sum-
mary data. Figure 4.20 shows sample Event Summary screens for a phase-to-
phase-to-ground fault. Use the Right Arrow and Left Arrow pushbuttons to show 
each of the summary screens for the event. Event reports can also be viewed via a 
front-panel automatic message (see Front-Panel Automatic Messages on 
page 4.32) or programmable front-panel operator control pushbutton (see Front-
Panel Operator Control Pushbuttons on page 4.35).

                    

The horizontal scroll bar indicates that you can view other event 10002 screens. 
Use the Up Arrow and Down Arrow pushbuttons to move among the events in the 
summary buffer. Press ESC to return to the Events Menu and ESC again to return to 
the MAIN MENU.

                    

SER
The Sequential Events Recorder (SER) records state changes of user-program-
mable Relay Word bits. State changes are time-tagged for future analysis of relay 
operations during an event. See Sequential Events Recorder (SER) on page 9.28 
for more information on SER events. To view SER events from the front panel, 
select EVENTS from the MAIN MENU and SER Events from the Events Menu as 
shown in Figure 4.19. SER events are also viewable using programmable front-
panel operator control pushbuttons; see Front-Panel Operator Control Pushbut-
tons on page 4.35.

Figure 4.21 illustrates the SER Events display screen. Data reported in this 
screen for each event are the SER Point Alias Name, Asserted or Deasserted 
state, and the Date and Time of the event. When in the SER Events screen, three 
SER records are displayed on one screen. Using the navigation pushbuttons, the 
most recent 200 SER events are viewable on the front-panel display. The top 
event is the most recent event, and the bottom event is the oldest. The upper right 
of the screen displays the sequential indexes of the SER events currently being 
viewed. If a new event occurs while viewing the SER events, the display does not 
update with the new event automatically. To include the new SER event in the 

                    

Figure 4.19 Events Menu Screen

                    

Figure 4.20 Example EVENT SUMMARY Screens

Event Summary
SER Events      

Events Menu

03/15/2001   GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:           3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002
TARGETS:
COMM 
PHASE B
PHASE C
GROUND
50      

EVENT SUMMARY 10002
FAULT QUANTITIES
(kV/A)
VA =    131     0.7˚
VB =    113  -123.4˚
VC =    113   124.7˚

IA =    200    -0.5˚
IB =   2478   172.3˚
IC =   2480     6.7˚
IG =    212   -11.3˚

EVENT SUMMARY 10002



4.18

SEL-400 Series Relays Instruction Manual Date Code 20230830

Front-Panel Operations
Front-Panel Menus and Screens

display, exit the SER screen by pressing ESC and re-enter the SER Events screen 
by pressing ENT with the SER Events selection highlighted. This rebuilds the SER 
Events display and contains the latest SER events triggered.

                    

If no SER events are available, the message shown in Figure 4.22 is displayed.

                    

While viewing the SER events, front-panel pushbuttons provide navigation and 
control functions as indicated in Table 4.6.

                    

Hold down either the Up Arrow or Down Arrow to achieve accelerated scrolling. 
Holding down the Up Arrow or Down Arrow navigates one screen at a time for the 
first five screens, and then increases to five screens at a time if the button remains 
pressed. Accelerated scrolling stops at the newest or oldest SER event record 
available, depending on the direction of the scrolling.

When the upper limit of the SER events is reached, press the Down Arrow one 
more time and the report will wrap around to display the screen containing the 
first SER event. Similarly, when the lower limit of the SER events is reached, 
press the Up Arrow one more time and the report will wrap around to display the 
screen containing the last SER event.

                    

Figure 4.21 SER Events Screen

                    

Figure 4.22 No SER Events Screen

Table 4.6 Front-Panel Pushbutton Functions While Viewing SER Events

Pushbutton Description

Up Arrow, 
Down Arrow

Navigates one screen at a time up or down. Each screen contains three SER 
events. Accelerated scrolling is obtained when the pushbutton remains 
pressed (see accelerated scrolling behavior below).

Left Arrow, 
Right Arrow

Navigates between SER events to allow adjacent SER events to be displayed 
on one screen. For example, if events 1, 2, and 3 are displayed, press the 
Right Arrow once to display events 2, 3, and 4 in the same screen. No acceler-
ated scrolling is provided with the Left Arrow and Right Arrow pushbuttons.

ESC Returns to the Events Menu

ENT Does nothing

Local 
Disabled
02/16/06 11:11:01.993

Local
Enabled
02/16/06 10:11:19.090

IN101
Asserted
02/16/06 03:22:01.988

SER Events   001-003

No SER Events
Available

SER Events   
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By default, three SER events are shown per screen. You can change this to five 
per screen by setting SER_PP to Y. This will cause the element name and state 
information to be shown on the same line, with the element name truncated to ten 
characters and the state truncated to eight characters.

Breaker Monitor
Some SEL-400 series relays feature an advanced circuit breaker monitor. Select 
BREAKER MONITOR from the MAIN MENU to view circuit breaker monitor alarm data 
on the front-panel display. See the relay-specific instruction manual for the sup-
ported options and example screens.

Relay Elements (Relay Word Bits)
You can view the RELAY ELEMENTS screen to check the state of the Relay Word 
bits in the relay. The relay has two unique manual-scrolling features for viewing 
these elements:

➤ Accelerated navigation

➤ Search

These Relay Word bit scrolling features make selecting elements from among the 
many relay targets easy and efficient. Figure 4.23 shows an example of the RELAY 
ELEMENTS screen. If an alias exists for an element, the alias name is displayed 
instead of the element name. An asterisk character (*—shown in Figure 4.23) 
indicates that this Relay Word bit position is reserved for future use.

                    

When you move item by item through the Relay Word bit table, pressing the Up 
Arrow or Down Arrow pushbuttons shows each previous or next screen in turn.

Accelerated navigation occurs when you press and hold the Up Arrow or Down 
Arrow pushbuttons. Holding the Up Arrow or Down Arrow pushbuttons repeats the 
regular pushbutton action at two rows every second for the first ten rows. Con-
tinue pressing the Up Arrow or Down Arrow pushbutton to cause the relay screen 
scrolling to accelerate to 20 rows per second. When you are scrolling up in accel-
erated scrolling, scrolling will stop at the first relay elements screen. When you 
are scrolling down, scrolling will stop at the last screen.

                    

Figure 4.23 RELAY ELEMENTS Screen

ROW 28     ROW 29
*          *
51S2R  =1  *
51S2T  =0  *
51S2   =0  *
*          *
51S1R  =1  51S3R  =1
51S1T  =0  51S3T  =0
51S1   =0  51S3   =0

SEARCH

RELAY ELEMENTS

Press  to search
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Search mode allows you to find a specific relay target element quickly. 
Figure 4.24 shows the menu screen that the relay displays when you select the 
SEARCH option of the RELAY ELEMENTS initial menu.

When you first enter this search menu, the block cursor is at the beginning of the 
element name field and the highlight box in the alphanumeric field is around the 
letter A. Use the navigation pushbuttons to move through the alphanumeric char-
acters. If the highlight is on one of the characters, pressing ENT enters the charac-
ter at the block cursor location in the element name field. Next, the block cursor 
moves automatically to the character placeholder to the right. If the block cursor 
was already at the first character position on the left, the block cursor remains at 
the end of the name field. To backspace the cursor in the element name field, 
move the highlight to BACKSPACE and press ENT. When you have finished entering 
an element name, move the highlight to ACCEPT and press ENT. At any time, press-
ing ESC returns the display to the RELAY ELEMENTS screen.

If the highlight is on ACCEPT, the relay finds the matching relay element when you 
press ENT. The relay first searches for alias names, seeking an exact match. If the 
relay does not find an exact alias name match, it searches for an exact primitive 
name match. If there is no exact primitive name match, the relay initiates a partial 
alias name string search, followed by a partial primitive name string search. If the 
relay finds no match, the screen displays an error message and stays in the ELE-
MENT SEARCH screen. If the relay finds a match, the screen displays the element 
row containing the matching element.

Local Control
The relay provides great flexibility in power system control through the LOCAL 
CONTROL menus. You can use the front-panel LOCAL CONTROL menus to perform 
these relay functions:

➤ Trip and close circuit breakers (password required)

➤ Assert, deassert, and pulse relay control outputs to command station 
control actions

➤ Test relay outputs (password required)

In the first LOCAL CONTROL submenu of Figure 4.25, you can choose BREAKER 
CONTROL, LOCAL BITS CONTROL, or OUTPUT TESTING. You must install the circuit 
breaker control enable jumper to enable circuit breaker control and output testing 
capability. The submenu will not display the --BREAKER CONTROL-- option and 
the --OUTPUT TESTING-- option if the breaker jumper is not installed. (The relay 
checks the status of the breaker jumper whenever you activate the front-panel set-
tings and at power-up.) If the breaker jumper is not installed, and there are no 
local bits enabled, the relay displays an information message when you attempt 
to enter LOCAL CONTROL and the screen returns to the MAIN MENU after a short delay.

                    

Figure 4.24 ELEMENT SEARCH Screen

A  B  C  D  E  F
G  H  I  J  K  L
M  N  O  P  Q  R
S  T  U  V  W  X
Y  Z  0  1  2  3
4  5  6  7  8  9
_

ACCEPT   BACKSPACE

ELEMENT SEARCH Element
Name
Field
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Local bit names that you have programmed (see Example 4.4) appear in the local 
control bit names field between --BREAKER CONTROL-- and --OUTPUT TESTING--, 
as shown in Figure 4.25. Use the Up Arrow and Down Arrow pushbuttons to high-
light the local control action you want to perform. Pressing ENT takes you to the 
specific LOCAL CONTROL screen.

                    

Breaker Control
The BREAKER CONTROL option presents a circuit breaker selection submenu if the 
relay is configured to control multiple breakers. Use the navigation pushbuttons 
and ENT to select the circuit breaker you want to control.

Figure 4.26 shows the BREAKER CONTROL submenu and sample circuit breaker 
control screens for BREAKER 1. Use the Up Arrow and Down Arrow pushbuttons to 
highlight the TRIP BREAKER 1 or CLOSE BREAKER 1 control actions.

When you highlight the trip option and press ENT, the relay displays the confirma-
tion message OPEN COMMAND ISSUED and trips Circuit Breaker 1 (Relay Word bit 
OC1 pulses). The BREAKER 1 STATUS changes to OPEN.

When you highlight the close option and press ENT, the relay displays the confir-
mation message CLOSE COMMAND ISSUED and closes Circuit Breaker 1 (Relay 
Word bit CC1 pulses). The BREAKER 1 STATUS changes to CLOSED. (Be aware that 
not all SEL-451 relays support breaker close operations.)

                    

Figure 4.25 LOCAL CONTROL Initial Menu

LOCAL CONTROL
--BREAKER CONTROL--

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

--OUTPUT TESTING--
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Local Control Bits
The relay provides 64 local control bits with SELOGIC control equation supervi-
sion. These local bits replace substation control handles to perform switching 
functions such as bus transfer switching. The relay saves the states of the local 
bits in nonvolatile memory and restores the local bit states at relay power-up.

NOTE: The default settings for 
LB_SPnn are “1”. The default settings 
satisfy the local bit supervision logic 
so that local bit operations can take 
place.

Local control bit supervision is available through a SELOGIC control equation 
provided in the Front Panel settings (LB_SPnn). For local bit operations to take 
place, the corresponding LB_SPnn must be asserted. Table 4.8 defines the local 
bit SELOGIC settings available in the Front Panel settings class. Figure 4.28 illus-
trates the logic that supervises all local bit operations (Set, Clear, Pulse).

NOTE: The default settings for 
LB_DPnn are LBnn. The default 
settings cause the local bit switch to 
move to the corresponding state of 
the local bit (asserted = 1, 
deasserted = 0).

The SELOGIC control equation local bit status (LB_DPnn) is provided to return 
the status of a device that is being controlled by the local bit. The LB_DPnn 
Relay Word bit drives the state of the graphical switch on the display (i.e., with 
LB_DPnn deasserted, the switch points to 0).

Any unused local control bits default to the clear (logical 0) state. Also, any 
reconfigured local bit retains the existing bit state after you change the bit setting. 
Deleting a local bit sets that bit to the clear (logical 0) state.

                    

Figure 4.26 Example BREAKER CONTROL Screens

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

BREAKER 1
BREAKER 2

SELECT A BREAKER

BREAKER CONTROL

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

CLOSED

BREAKER 1 STATUS

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

OPEN

BREAKER 1 STATUS

PRESS  TO ACTIVATE

PRESS  TO ACTIVATE
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In the top part of Figure 4.27, the following custom-labeled functions are those 
controlled by local control bit operation.

➤ Enable Bus Switching

➤ North Bus MOD

➤ South bus MOD

➤ Bus Tie Interlock

➤ Alternate Settings 3

In addition, Figure 4.27 gives an example of a custom labeled function, Bus Tie 
Interlock. The LCD shows a graphic representation of a substation control han-
dle. The LB_DPnn SELOGIC control equation determines the state of the switch 
position on the LCD. If the LB_DPnn Relay Word bit is deasserted, the graphic 
control handle points to 0; if the LB_DPnn Relay Word bit is asserted, the switch 
points to 1.

You can program names or aliases for the local bit clear and set states—these 
appear next to logical 0 and logical 1, respectively, in the lower portion of the 
sample Bus Tie Interlock screens of Figure 4.27. Use the Up Arrow and Down Arrow 
pushbuttons to highlight the set (1) or clear (0) control actions. Highlighting the 
set option (shown in Figure 4.27 as Closed (OK to TIE)) and pressing ENT 
changes the local control bit and performs the required control action. If the 
LB_DPnn Relay Word bit asserts, the graphical switch moves to 1 to indicate the 
asserted local bit status.

                    

To enable a local bit, enter the local bit settings in Table 4.7. The format for 
entering the local bit data is the comma-delimited string:

local bit,control function name,alias for the set state,alias for the clear 
state,pulse enable

                    

Figure 4.27 LOCAL CONTROL Example Menus

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

PRESS   TO ACTIVATE

1

0

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0
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Names or aliases can contain any printable ASCII character except double quota-
tion marks. Use double quotation marks to enclose the name or alias. See 
Example 4.4 for particular information on enabling a local control bit.

                    

The pulse state enable setting at the end of the setting string is optional. If your 
application requires a pulsed or momentary output, you can activate an output 
pulse by setting the option at the end of the local bit command string to Y (for 
Yes). The default for the pulse state is N (for No); if you do not specify Y, the 
local bit defaults at N and gives a continuous set or clear switch level.

If you enter an invalid setting, the relay displays an error message prompting you 
to correct your input. If you do not enter a valid local bit number, the relay dis-
plays A local bit element must be entered. If you enter a local bit number and that 
local bit is already in use, the relay displays the local bit element is already in 
use. Likewise, if you do not enter valid local bit name, set alias, and clear alias, 
the relay returns an error message. If an alias is too long, the relay displays the 
message Too many characters.

                    

The Local Bit Supervision SELOGIC control equation provides supervision of 
Local Bit Set, Clear, and Pulse operations.

The Local Bit Status Display SELOGIC control equation returns the status of the 
local bit switch state.

                    

Table 4.7 Local Bit Control Settingsa

a n = 1–64.

Description Range Default

Local Bit n 1–64 1

Local Bit n Name 20-character maximum ASCII string (blank)

Local Bit n Set Alias (1 state) 20-character maximum ASCII string (blank)

Local Bit n Clear Alias (0 state) 20-character maximum ASCII string (blank)

Pulse Local Bit n Y, N N

Table 4.8 Local Bit SELOGICa

a n = 1–64, and only available if the corresponding local bit is defined.

Description Range Default

Local Bit Supervision n SELOGIC Control Equation, NA 1

Local Bit Status Display n SELOGIC Control Equation, NA LBn

                    

Figure 4.28 Local Bit Supervision Logic

Logic to Set,
Clear, or

Pulse LBn

LBn

Set

Clear

Pulse

LB_SPn*

*SELOGIC Control Equation
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Output Testing
NOTE: The circuit breaker control 
enable jumper BREAKER must be 
installed to perform output testing.

You can check for proper operation of the relay control outputs by using the OUT-
PUT TESTING submenu of the LOCAL CONTROL menu. A menu screen similar to 
Figure 4.29 displays a list of the control outputs available in your relay configuration.

                    

Example 4.4 Enabling Local Bit Control

This application example demonstrates a method to create one of the control 
points in the LOCAL CONTROL screens of Figure 4.27 to control the interlock 
on a power bus tie circuit breaker. Perform the following actions to create a 
local control bit:

➤ Eliminate previous usage of the local bit and condition the state 
of the local bit

➤ Set the local bit

➤ Assign the local bit to a relay output

If you are using a previously used local bit, delete all references to the local 
bit from the SELOGIC control equations already programmed in the relay. A 
good safety practice would be to disconnect any relay output that was pro-
grammed to that local bit.

To change the local bit state, select the bit and set it to the state you want. In 
addition, you can delete the local bit, which changes the state of this local bit 
to logical 0 when you save the settings. To delete, use the front-panel set-
tings. When using a communications port and terminal, use the text-edit 
mode line setting editing commands at the Local Bits and Aliases prompt to 
go to the line that lists Local Bit 9. (See Text-Edit Mode Line Editing on 
page 3.23 for information on text-edit mode line editing.) To delete Local 
Bit 9, type DELETE <Enter> after the line that displays Local Bit 9 infor-
mation. For example, if a previously programmed Local Bit 9 appears in the 
SET F line numbered listings on Line 1, then typing DELETE <Enter> at 
Line 1 deletes Local Bit 9.

Next, set the local bit. In the Front Panel settings (SET F), enter the following:

1: LB09,“Bus Tie Interlock”,“Closed (OK to TIE)”,“Open (No TIE)”,N

This sets Local Bit 9 to “Bus Tie Interlock” with the set state as “Closed (OK 
to TIE)” and the clear state as “Open (No TIE).”

Assign the local bit to a relay output. In the Output settings (SET O), set the 
SELOGIC control equation, OUT201, to respond to Local Bit 9.

OUT201 := LB09

Use the appropriate interface hardware to connect the circuit breaker inter-
lock to OUT201.

                    

Figure 4.29 OUTPUT TESTING Screen

OUTPUT TESTING

 

OUT201 
OUT202 
OUT203 
OUT204 
OUT205 
OUT206 
OUT207 
OUT208 

NO  YES
PULSE OUTPUT?

PRESS   TO PULSE
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Set/Show
You can use the SET/SHOW menus to examine or modify relay port settings, 
Global settings, active group settings, and date/time. See Table 4.9 for a list of 
settings classes and settings that you can change from the front panel.

                    

Figure 4.30 shows an example of entering the SEL-451 setting CTRW (Terminal 
W CT ratio) from the front panel. At the MAIN MENU, select the SET/SHOW item and 
press ENT. The LCD screen displays the SET/SHOW screen as shown in 
Figure 4.30. You can use the navigation pushbuttons to select the relay settings 
class (PORT, GROUP, and GLOBAL) or to change the ACTIVE GROUP or the DATE/
TIME. For this example, select the GROUP class.

Next, select the particular instance of the settings class. For the PORT settings 
class, the instances are PORT 1, PORT 2, PORT 3, PORT F, and PORT 5. For the 
GROUP class, the instances are the numbered groups from 1 through 6 and M, the 
breaker monitor (see the GROUP screen in Figure 4.30). The class GLOBAL, the set-
ting ACTIVE GROUP = n (where n is a number from 1 to 6), and the settings for 
DATE/TIME have no settings instance screens. In the GROUP screen, move the high-
light box to 3 and press ENT.

Proceed to selecting the settings category. The GROUP submenu in Figure 4.30 is 
an example of settings Group 3 categories. Once you have highlighted the set-
tings category, pressing ENT causes the relay to display the particular settings in 
that category. The LINE CONFIGURATION screen in Figure 4.30 shows the settings 
that you can set in the line configuration settings category.

To edit or examine a setting, use the Up Arrow and Down Arrow pushbuttons to 
highlight that setting, then press ENT. The relay displays a settings entry screen 
with the existing setting value (see the SET CTRW screen in Figure 4.30). If the 
prompt for the selected setting does not fit on the line, the relay scrolls the setting 
prompt across the screen.

Enter the setting name by using a method similar to the method described in 
Relay Elements (Relay Word Bits) on page 4.19. Place characters in the element 
name field (with the block cursor) by using the navigation pushbuttons.

For the SEL-411L, SEL-421, SEL-451, and SEL-487E, if you are setting an ele-
ment that supports combinations, and the number of possible combinations is 
small, the relay displays the possible combinations allowed for the setting that 
you can select. If there is a high number of possible combinations for a setting, a 
window of selectable ASCII characters displays (see the Character or String or 
SELOGIC control equations display in Figure 4.31), and you will need to input 
the necessary combination by using the ASCII character display.

If the data you entered are valid (within settings range checks), the front-panel 
display returns to the settings category screen that shows each setting and corre-
sponding present value (see the LINE CONFIGURATION screen of Figure 4.30). If 

Table 4.9 Settings Available From the Front Panel

Class/Setting Description

PORT Relay communications port settings

GLOBAL Global relay settings

GROUP Relay group settings

ACTIVE GROUP Active settings group number 1–6

DATE/TIME Date and time settings
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the data you entered are invalid, the relay displays an error message screen, then 
returns to the particular settings entry screen so you can attempt a valid settings 
entry (see the CTRW screen of Figure 4.30).

When finished entering the new settings data, press ESC. The relay prompts you 
with a Save Settings screen. Using the navigation pushbuttons, answer YES to 
make the settings change(s), or NO to abort the settings change(s).

                    
                    

Figure 4.30 Example SET/SHOW Screens
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The relay displays different settings entry screens depending on the settings type. 
For the CTRW setting in Figure 4.30, the relay requires basic alphanumeric input. 
Other settings can have other data input requirements. The front-panel settings 
input data types are the following:

➤ Basic alphanumeric

➤ Character or string or SELOGIC control equations

➤ Setting options

For alphanumeric settings, the relay presents the character or string input screen. 
Some settings have specific options; use the setting options screens to select 
these options. Figure 4.31 shows examples of the settings input screens.

                    

Active Group
Perform the following steps to change the active setting group:

Step 1. Select the ACTIVE GROUP option of the SET/SHOW submenu screen 
(shown in Figure 4.30) to change the settings group.

The relay performs a password validation test at this point to confirm 
that you have Breaker Access Level authorization or above.

Step 2. If access is allowed, and all the results of SELOGIC control equations 
SS1–SS6 are not logical 1 (asserted), then the relay displays the EDIT 
ACTIVE GROUP screen in Figure 4.32.

The relay shows the active group and underlines the group number 
after NEW GROUP =.

Step 3. Use the Up Arrow and Down Arrow pushbuttons to increase or decrease 
the NEW GROUP number.

Step 4. Once you have selected the new active group, press ENT to change the 
relay settings to this new settings group.

                    

Figure 4.31 Sample Settings Input Screens
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Date/Time
Another submenu item of the SET/SHOW first screen (Figure 4.30) is the DATE/
TIME screen shown in Figure 4.33. By default, the relay generates date and time 
information internally; you can also use external high-accuracy time modes with 
time sources such as a GPS receiver.

Figure 4.33 shows the relay date/time screen when a high-accuracy source is in 
use. Possible time sources, qqqqq, are listed in Table 11.5. If you use a high-accu-
racy time source, edits are disabled, the DATE/TIME display does not show the 
highlight, and the screen does not show the help message on the bottom line.

                    

When no external time source is connected, you can use the front-panel DATE and 
TIME entry screens to set the date and time.

Figure 4.34 shows an example of these edit screens. Use the Left Arrow and Right 
Arrow navigation pushbuttons to move the underscore cursor; use the Up Arrow and 
Down Arrow navigation pushbuttons to increment or decrement each date and time 
digit as appropriate to set the date and time. For a description of the LAST UPDATE 
SOURCE field, see Configuring Timekeeping on page 3.65.

                    

Figure 4.32 Changing the ACTIVE GROUP

EDIT ACTIVE GROUP

ACTIVE GROUP = 3
NEW GROUP = 3

SET/SHOW
PORT
GLOBAL
GROUP
ACTIVE GROUP = 3
DATE/TIME

                    

Figure 4.33 DATE/TIME Screen

DATE/TIME

DATE  03/15/2001

PRESS  TO EDIT DATE

(MM/DD/YYYY)

TIME  00:00:00
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SOURCE: qqqqq

CANNOT EDIT DATE OR
TIME DUE TO A HIGH
PRIORITY TIME SOURCE
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To enable a high-accuracy external time source, connect an IRIG-B or Precision 
Time Protocol (PTP) clock to the relay. For a discussion of the timing modes in 
the relay see Section 11: Time and Date Management.

Relay Status
The relay performs continuous hardware and software self-checking. If any vital 
system in the relay approaches a failure condition, the relay issues a status warn-
ing. If the relay detects a failure, the relay displays the status failure RELAY STA-
TUS screen immediately on the LCD.

For both warning and failure conditions, the relay shows the error message for 
the system or function that caused the warning or failure condition. You can 
access the RELAY STATUS screen via the MAIN MENU. The RELAY STATUS screen 
shows the firmware identification number (FID), serial number, whether the relay 
is enabled, and any status warnings.

Figure 4.35 shows examples of a normal RELAY STATUS screen, a status warning 
RELAY STATUS screen, and a status failure RELAY STATUS screen. For more infor-
mation on status warning and status failure messages, see Relay Self-Tests on 
page 10.19.

                    

View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the relay. In the MAIN MENU, high-
light the VIEW CONFIGURATION option by using the navigation pushbuttons. A 
series of screens will be presented describing the relay configuration. See the 
relay-specific instruction manual to see the specific information provided in that 
relay.

                    

Figure 4.34 Edit DATE and Edit TIME Screens

DATE  (MM/DD/YYYY)

03/15/2001

TIME

00:00:00

                    

Figure 4.35 Relay STATUS Screens
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Display Test
You can use the DISPLAY TEST option of the MAIN MENU to confirm operation of 
all of the LCD pixels. The LCD screen alternates the on/off state of the display 
pixels once every time you press ENT. Figure 4.36 shows the resulting two 
screens. The DISPLAY TEST option also illuminates all of the front-panel LEDs. 
To exit the test mode, press ESC.

NOTE: The LCD DISPLAY TEST does 
NOT reset the front-panel LED targets.

                    

Reset Access Level
The relay uses various passwords to control access to front-panel functions. As 
you progress through these menus, the relay detects the existing password level 
and prompts you for valid passwords before allowing you access to levels greater 
than Access Level 1 (see Password on page 4.15). When you want to return the 
front-panel to the lowest access level (Access Level 1), highlight RESET ACCESS 
LEVEL item on the MAIN MENU. Pressing ENT momentarily displays the screen of 
Figure 4.37 and places the front panel at Access Level 1.

The relay automatically resets the access level to Access Level 1 upon front-
panel time-out (setting FP_TO is not set to OFF). Use this feature to reduce the 
front-panel access level before the time-out occurs.

                    

One-Line Diagram
Most SEL-400 series relays support one-line diagrams on the front-panel LCD. 
The ONE-LINE DIAGRAM option from the front-panel MAIN MENU displays the one-
line diagram that has been selected in the Bay settings class. From this screen, 
disconnect switch open and close operations, as well as breaker open and close 
operations can be performed. This screen also displays labels for the different 
apparatus in the bay configuration and Analog Quantity metering values. The 
one-line diagram, display labels, and Analog Quantities are settable in the Bay 
class settings. See Figure 4.38 for an illustration of the one-line diagram.

For navigation and control operations in the one-line diagram screen, see Bay 
Control Front-Panel Operations on page 5.12.

                    

Figure 4.36 DISPLAY TEST Screens

DISPLAY TEST

All LEDs should
be lit.

DISPLAY TEST

All LEDs should
be lit.

                    

                    

Figure 4.37 RESET ACCESS LEVEL Screen

RESET ACCESS LEVEL

Front panel access
level reset.
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Front-Panel Automatic Messages
The relay automatically displays alert messages. Any message generated because 
of an alert condition takes precedence over the normal ROTATING DISPLAY and 
the MAIN MENU. Alert conditions include these significant events:

➤ Alarm Point asserts

➤ Event reports and trips (user-defined)

➤ Status warnings

➤ Status failures

To display event reports automatically from the ROTATING DISPLAY, you must set 
front-panel setting DISP_ER to Y. Front-panel setting TYPE_ER allows the user 
to define which types of event reports will be automatically displayed from the 
normal ROTATING DISPLAY; ALL will display all event types defined in the relay, 
and TRIP will display only the event types that include the assertion of the TRIP 
Relay Word bit.

For alarm point assertions, qualified event reports (including trip events) and sta-
tus warnings, the relay displays the corresponding full-screen automatic message, 
only if the front-panel display is in the time-out or standby condition (the relay is 
scrolling through the default display points/enabled metering screens of the 
ROTATING DISPLAY or is displaying the MAIN MENU). When a status warning, 
alarm, or event is triggered, the relay full-screen presentation is similar to the 
screens of Figure 4.39.

                    

If you are on site using the relay front panel in menus and screens other than the 
MAIN MENU and a status warning occurs, an alarm point asserts, or an event report 
triggers, the relay shows automatic messages at the bottom of the active screen in 
the message area.

                    

Figure 4.38 One-Line Diagram Screen
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Figure 4.39 Sample Status Warning and Trip EVENT SUMMARY Screens
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For example, the message area shows RELAY STATUS WARNING for a status warn-
ing. Figure 4.40 is an example of a status warning notification that appears in the 
message area of a LOCAL CONTROL (local bit) screen. If an alarm point asserts 
while you are using a front-panel screen, the message area notification reads: 
ALARM EVENT. If a trip event occurs while you are using a front-panel screen, the 
message area notification reads RELAY EVENT. When you repeatedly press ESC (as 
if returning to the MAIN MENU) during this warning or trip alert situation, the relay 
displays the corresponding full-screen automatic message concerning the warn-
ing or trip in place of the MAIN MENU. If the front-panel display is at the MAIN 
MENU and a status warning occurs, the full-screen warning replaces the MAIN 
MENU. After you view the warning, alarm, or trip screen, pressing ESC returns the 
LCD to the MAIN MENU.

                    

For a status failure, the relay immediately displays the full-screen status alert 
regardless of the present front-panel operating state. The relay displays no further 
LCD screens until the status failure clears. Should an unlikely status failure event 
occur, contact your local Technical Service Center or an SEL factory representa-
tive (see Technical Support on page 10.35).

Operation and Target LEDs
The relay gives you at-a-glance confirmation of relay conditions via operation 
and target LEDs. These LEDs are located in the middle of the relay front panel. 
SEL-400 series relays provide either 16 or 24 LEDs depending on ordering 
option.

You can reprogram all of these indicators except the ENABLED and TRIP LEDs to 
reflect other operating conditions than the factory-default programming 
described in this section. Settings Tn_LED are SELOGIC control equations that, 
when asserted during a relay trip event, light the corresponding LED (n = 1–24). LED 
positions are described in parentheses next to each LED in Figure 4.41.

Set TnLEDL := Y to latch the LEDs during trip events; when you set 
TnLEDL := N, the trip latch supervision has no effect and the LED follows the 
state of the Tn_LED SELOGIC control equation. The relay reports these targets in 
event reports; set the alias name listed in the report (as many as seven characters) 
by aliasing the Tn_LED bits with the SET T command or with QuickSet. In 12-
pushbutton models, the asserted and deasserted colors for the LED are deter-
mined with settings TnLEDC. Options include red, green, amber, or off. In some 
SEL-400 series relays, if TnLEDL = Y, the relay latches the target on the rising 
edge of the target bit. In these relays, to cause the bits to latch with trip, modify 
the equation to include AND R_TRIG TRIP. Refer to the Target LEDs section in 
the relay-specific Front-Panel Operations section to determine if the LED latches 
with the rising edge of TRIP or on the rising edge of Tn_LED.

                    

Figure 4.40 Sample Status Warning in the LCD Message Area

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0

RELAY STATUS WARNING
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After setting the target LEDs, issue the TAR R command to reset the target 
LEDs. For a description of the default LED behavior for a specific relay, see the 
Front Panel Operations section in the relay-specific instruction manual.

Use the slide-in labels to mark the LEDs with custom names. Configurable label 
templates included on the SEL-400 Series Product Literature DVD allow you to 
customize the front-panel labels.

                    

Operational
The ENABLED LED indicates that the relay is active. Trip events illuminate the TRIP 
LED. The prominent location of the TRIP LED in the top target area helps you 
recognize a trip event quickly. Program settings EN_LEDC and TR_LEDC to 
determine the color of the respective LED. Options include red or green.

TARGET RESET and Lamp Test
For a trip event, the relay latches the trip-involved target LEDs. Press the TARGET 
RESET pushbutton to reset the latched target LEDs. When a new trip event occurs 
and you have not reset the previously latched trip targets, the relay clears the 
latched targets and displays the new trip targets.

Pressing the TARGET RESET pushbutton illuminates all the LEDs. Upon releasing 
the TARGET RESET pushbutton, two possible trip situations can exist: the conditions 
that caused the relay to trip have cleared, or the trip conditions remain present at 
the relay inputs. If the trip conditions have cleared, the latched target LEDs turn 
off. If the trip event conditions remain, the relay re-illuminates the corresponding 
target LEDs. The TARGET RESET pushbutton also removes the trip automatic mes-
sage displayed on the LCD menu screens if the trip conditions have cleared.

Lamp Test Function With TARGET RESET

The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing TAR-
GET RESET illuminates all the front-panel LEDs, and these LEDs remain illumi-
nated for as long as you press TARGET RESET. The target LEDs return to a normal 
operational state after you release the TARGET RESET pushbutton.

                    

Figure 4.41 SEL-451 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)



4.35

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Front-Panel Operations
Front-Panel Operator Control Pushbuttons

Other Target Reset Options

You can reset the target LEDs with the ASCII command TAR R; see TARGET on 
page 14.62 for more information.

The TAR R command and the TARGET RESET pushbutton also control the TRGTR 
Relay Word bit, which can be used for other functions. TRGTR is the factory-
default setting for the unlatch trip SELOGIC control equation, ULTR, in group 
settings.

You can reset the targets from the QuickSet Control branch of the HMI tree 
view. Programming specific conditions in the SELOGIC control equation RST-
TRGT is another method to reset the relay targets. Access RSTTRGT in the relay 
Global settings (Data Reset Control); to use RSTTRGT, you must enable data 
reset control with Global setting EDRSTC := Y.

Front-Panel Operator Control Pushbuttons
The relay front panel features large operator control pushbuttons coupled with 
amber annunciator LEDs for local control. Figure 4.42 shows this region of the 
relay front panel with example factory-default configurable front-panel label text. 
SEL-400 series relays provide either 8 or 12 pushbuttons depending on the prod-
uct and ordering option.

                    

See Section 4: Front-Panel Operations of the product-specific instruction manual 
for a description of the default configuration of operator control pushbuttons and 
LEDs.

                    

Figure 4.42 SEL-451 Default Operator Control Pushbuttons and LEDs (8 or 12 
Pushbuttons)

Operator
Control Pushbutton Annunciator LED
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Control

The SEL-400 series relays provide many control features, including circuit 
breaker controls, disconnect controls, remote bit controls, and bay control. This 
section describes these control capabilities.

➤ Circuit Breaker Status and Control on page 5.1

➤ Disconnect Logic on page 5.2

➤ Remote Bits on page 5.12

➤ Bay Control Front-Panel Operations on page 5.12

➤ Bay Control Screens on page 5.29

➤ Customizable Screens on page 5.36

➤ Bay Control Example Application on page 5.37

See the specific relay instruction manuals to see how many breakers, disconnects, 
and remote bits are available and to determine whether or not bay control is sup-
ported.

To provide reliable detection of pulsed control bits that assert for one protection 
logic processing interval within automation logic, conditioning is applied to the 
control bit to extend the momentary assertion through the automation processing 
interval. This conditioning ensures the reliable detection of control bit (OCn, 
CCn, 89OCm, 89CCm, 89OCMm, 89CCMm, and RB01–RB64) assertion in 
automation logic (where n and m are product-specific designations). Control bits 
that assert and deassert multiple times within the same automation logic process-
ing interval will be processed as asserting continuously for the entire automation 
logic processing interval.

Circuit Breaker Status and Control
SEL-400 series relays include circuit breaker status logic for all supported circuit 
breakers. The circuit breaker status logic uses the 52A_k setting (SELOGIC con-
trol equation) and open-phase detection logic to determine the state of Circuit 
Breaker k, and declare Circuit Breaker k alarm conditions. See Section 5: Protec-
tion Functions of the product-specific instruction manual for a description of cir-
cuit breaker status logic Relay Word bits and circuit breaker status logic 
diagrams.

SEL-400 series relays support opening and closing breakers. These operations 
can be controlled via the terminal commands OPEN and CLOSE, the binary ter-
minal Fast Operate messages, various supported communications protocols, the 
front-panel menus, and through the bay control one-line screens. These controls 
operate the open control (OCk) and close control (CCk) bits. These bits are used 
in the relay trip and close logic to integrate these external controls with the relay 
automatic trip and close behavior. See Section 6: Protection Application Exam-
ples in the product-specific instruction manual for more information on the trip 
and close logic.
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Disconnect Logic
Disconnect Switch Close and Open Control Logic

Figure 5.1 and Figure 5.2 shows the Disconnect Logic that generates open and 
close output signals necessary to perform the open and close disconnect opera-
tions. Use the seal-in timers (89CSTm and 89OSTm) to monitor and control dis-
connect operations. All disconnect control methods (HMI, ASCII, SELOGIC 
control equations, and Fast Operate) drive the Close and Open Control Logic in 
the relay.

                    

                    

NOTE: Disconnect logic is processed 
four times per power cycle for all 
products except the SEL-400G. The 
SEL-400G processes disconnect logic 
at a rate of 5 ms. 

                    

Figure 5.1 Disconnect Switch Close Logic

                    

Figure 5.2 Disconnect Switch Open Logic
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Disconnect Switch Close and Open Control Logic Status Inputs
89CLSm, 89OPEm

Disconnect Switch Close Logic (Figure 5.1) and Open Logic (Figure 5.2) gener-
ate Relay Word bits 89CLSm and 89OPEm, which drive the open and close oper-
ations. To ensure that an open and close disconnect signal cannot occur at the 
same time, 89CLSm and 89OPEm also block operation of the opposing logic. 
Therefore, Relay Word bit 89CLSm is an input to the Disconnect Open Logic, 
and Relay Word bit 89OPEm is an input to the Disconnect Close Logic.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CRSm, 89ORSm 

The 89CRSm and 89ORSm SELOGIC control equations provide the flexibility to 
select the signals that reset the close (89CLSm) or open (89OPEm) outputs. 
89CRSm defaults to (89CLm OR 89CSIm), and 89ORSm defaults to (89OPNm 
OR 89OSIm).

89CSIm, 89OSIm

Set 89CSTm and 89OSTm to seal in the open and close signals for each individ-
ual installation. Relay Word bits 89CSIm and 89OSIm are the outputs of the close 
and open seal-in timers, and assert after the appropriate timers expire. By default, 
89CSIm and 89OSIm are used in the 89CRSm and 89ORSm SELOGIC control 
equations to reset the close and open signals, 89CLSm and 89OPEm, that drive 
the disconnect switch motor.

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. With the default settings, when Relay 
Word bit 89CLm asserts, the close seal-in circuit is blocked, causing 89CLSm to 
deassert. Likewise, with the default settings, when Relay Word bit 89OPNm 
asserts, the open seal-in circuit is blocked, causing 89OPEm to deassert.

89ALm

The disconnect switch status and alarm logic in Figure 5.3 generates the 89ALm 
Relay Word bit. When Relay Word bit 89ALm asserts, it resets the seal-in cir-
cuits, deasserting the 89CLSm/89OPEm signals.

LOCAL

The LOCAL Relay Word bit asserts when LOCAL SELOGIC control equation 
asserts to a logical 1. When the LOCAL Relay Word bit asserts, only the HMI 
commands (89CCMm and 89OCMm), can initiate close and open operations. 
When the LOCAL Relay Word bit is deasserted, the 89CLOSE, 89OPEN, 
SELOGIC disconnect close/open, and Fast Operate disconnect close/open com-
mands can perform disconnect close and open operations. The default value for 
this setting is NA.
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Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the close or open SELOGIC equations to initiate a disconnect 
switch operation. Use care when using SELOGIC control equations for disconnect 
switch operations; this disconnect operate method is not supervised by the 
breaker jumper or appropriate relay access levels as is the case with other discon-
nect operation methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are initiated from the one-line diagram on the 
front-panel screen. If the LOCAL Relay Word bit is not asserted, then Relay 
Word bits 89CCMm or 89OCMm cannot assert.

89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Seal-In Timer Settings
89CSTm, 89OSTm

89CSTm and 89OSTm settings are for defining the time required for the discon-
nect switch to complete a close or open operation.

Disconnect Switch Close and Open Control Logic Output
89CLSm, 89OPEm

The 89CLSm and 89OPEm Relay Word bits are used in SELOGIC output equa-
tions to perform close and open disconnect switch operations.

Disconnect Switch Close and Open Control Logic Processing
Figure 5.1 shows the Disconnect Switch Close Logic and Figure 5.2 shows the 
Disconnect Switch Open Logic.
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Some motor-operated disconnect switches have their own seal-in circuits to seal 
the closing and opening signals in. Other motor-operated disconnect switches, 
however, require external sealed-in circuits to maintain the closing and opening 
signals for the duration of the disconnect operation.

With SELOGIC control equations 89CRSm and 89ORSm set to the default set-
tings (include Relay Word bits 89CSIm and 89OSIm), the open and close signals 
remain asserted for the time settings of the Close and Open Seal-In Timers, 
89CSTm and 89OSTm. 

If the 89OBLm SELOGIC control equation and the 89OPEm and the LOCAL 
Relay Word bits are deasserted, then any of the relay close disconnect operate 
methods can assert Relay Word bit 89CLSm, and initiate the Close Seal-In Timer, 
89CSTm. Enter Relay Word bit 89CLSm into a SELOGIC output equation to drive 
the motor of the disconnect.

Set the Close Seal-In Timer, 89CSTm, long enough to keep Relay Word bit 
89CLSm asserted long enough to complete the disconnect operation. 

To account for slow operate times because of cold weather or low battery voltage, 
set the 89CSTm time 10 to 15 percent longer than the expected operate time. This 
guarantees that the disconnect switch has fully operated before the 89CLSm sig-
nal is removed. When the 89CSTm seal-in timer expires, 89CSIm asserts, or the 
disconnect switch normally open contact closes (89CLm asserted), the 89CLSm 
output deasserts. This completes an open-to-close cycle of the Disconnect Close 
Logic; the Disconnect Open Logic in Figure 5.2 behaves in the same manner.

Disconnect switch status and alarm logic in Figure 5.3 generates Relay Word bit 
89ALm. When Relay Word bit 89ALm asserts, a disconnect alarm condition 
exists. The 89ALm Relay Word bit ensures that the close or open signal does not 
remain asserted when a disconnect switch alarm condition exists. When Relay 
Word bit 89ALm asserts or the seal-in timer expires, the 89CLSm or 89OPEm 
signals deassert.

When a close operation is inadvertently initiated with the disconnect switch 
already closed, and the 89CRSm SELOGIC control equation is set as defaulted 
(89CLm OR 89CSIm), the asserted 89CLm Relay Word bit (close status) will 
block the seal-in circuit before the timer expires. This will deassert the 89CLSm 
Relay Word bit, which drives the disconnect switch motor. In this way, 89CLSm 
asserts for only one processing interval.

If an open command was sent within the 89CSIm time, an open and close signal 
could be sent to the disconnect switch at the same time. The 89CLSm Relay 
Word bit input to the Disconnect Switch Open Logic guarantees that open and 
close commands are not transmitted to the disconnect switch simultaneously. 
When the 89CLSm Relay Word bit deasserts, an open command can be per-
formed. The 89OBLm SELOGIC control equation provides an additional custom-
izable method for blocking the initiation of a close command. The Relay Word 
bit 89OPEm, and 89CBLm inputs to the Disconnect Switch Close Logic serves 
the same purpose.

Disconnect Switch Status and Alarm Logic
The disconnect switch auxiliary contacts are inputs to the Disconnect Switch Sta-
tus and Alarm Logic as shown in Figure 5.3. SELOGIC control equation 89AMm 
is the input for the normally open an auxiliary contact, and SELOGIC control 
equation 89BMm is the input for the normally closed Form B auxiliary contact. 
For the Status and Alarm Logic to function correctly, wire the Form A and 
Form B contacts each to separate inputs on the relay. When ordering a relay, con-

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current inter-
rupting capacity must clear the coil 
current in the disconnect motor 
before the output on the relay opens. 
Failure to observe this safeguard 
could result in damage to the relay 
output contacts.
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sider the number of inputs required for the disconnects being controlled. The 
number of auxiliary contacts for some systems may require that the relay be con-
figured with additional I/O boards.

Disconnect operations are possible with only one auxiliary contact input, but 
with this implementation the Status and Alarm Logic will not provide accurate 
Alarm, Operation in Progress, or Bus-zone protection reporting. When only one 
auxiliary contact is available for input, set one SELOGIC control equation to the 
available auxiliary contact input and invert the other SELOGIC control equation:

89AMm := IN102 

89BMm := NOT IN102
                    

Disconnect Switch Status and Alarm Logic Inputs 
89AMm, 89BMm

The 89AMm and 89BMm SELOGIC control equations represent the normally 
open and normally closed disconnect switch auxiliary contacts. Typically, these 
are set to relay inputs that are wired to the auxiliary contacts.

89CIMm, 89OIMm

Input 89CIMm asserts for expiration of the close immobility timer, while input 
89OIMm asserts for expiration of the open immobility timer. Timer expiration 
indicates one of two conditions. The first is that an open-to-close operation of the 
disconnect switch failed to move the switch enough to open the normally closed 
auxiliary contact 89BMm. The second is that a close-to-open operation of the dis-
connect switch failed to move the switch sufficiently to open the normally open 
auxiliary contact 89AMm.

Disconnect Switch Status and Alarm Logic Settings
89ALPm

This setting in the Bay settings class defines the disconnect switch alarm time. 

                    

Figure 5.3 Disconnect Switch Status and Alarm Logic
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Disconnect Switch Status and Alarm Logic Outputs
89ALm

If a disconnect switch operation initiated from the front panel does not complete, 
the 89ALPm timer expires and the 89ALm Relay Word bit asserts. Expiration of 
the 89ALPm timer indicates that an initiated disconnect operation failed to com-
plete and the disconnect switch is in an undetermined state. In addition, the 
89CSTm or 89OSTm timer also expires to deassert the output signal (89CLSm or 
89OPEm), thus ensuring that there is not a constant signal applied to the disconnect.

89OIPm

When Relay Word bit 89OIPm asserts, a disconnect switch operation is in prog-
ress. Relay Word bit 89OIP asserts when the states of the 89BMm and 89AMm 
Relay Word bits are the same, i.e., both asserted or both deasserted.

89CLBm

This Relay Word bit is used for bus-zone protection and asserts when the discon-
nect is no longer open (89BMm deasserted).

89CLm

When Relay Word bit 89CLm asserts, the disconnect switch is closed.

89OPNm

When Relay Word bit 89OPNm asserts, the disconnect switch is open.

Disconnect Switch Status and Alarm Logic Processing
Figure 5.3 shows the Disconnect Switch Status and Alarm Logic. Inputs to this 
logic are the normally open (89AMm) and normally closed (89BMm) disconnect 
switch auxiliary contacts.

To understand the logic in Figure 5.3, consider an open-to-close operation. The 
first disconnect operation scenario looks at a successful open-to-close disconnect 
switch operation; a successful close-to-open operation is similar. In the open 
state, 89AMm is deasserted and 89BMm is asserted. Once a close command is 
initiated in the relay, the disconnect switch starts to move and 89BMm deasserts. 
When 89BMm deasserts, the 89ALPm pickup timer starts to time. With 89BMm 
deasserted, the state of the disconnect switch cannot be determined, because both 
disconnect switch auxiliary contacts are deasserted. Set the 89ALPm timer longer 
than the expected undetermined disconnect state time, but less than the 89CSTm 
or 89OSTm seal-in timers. If the 89ALPm timer expires, the 89ALm Relay Word 
bit asserts. Relay Word bit 89ALm asserts when the disconnect operation does 
not complete successfully. When the 89ALPm timer begins timing, the operation 
in progress, Relay Word bit 89OIPm, and Relay Word bit 89CLBm assert. The 
89CLBm Relay Word bit is for bus-zone protection, this bit asserts when the 
89BMm input deasserts.

During the disconnect switch operation-in-progress condition, Relay Word bits 
89CLm and 89OPNm are both deasserted because the state of the disconnect 
switch is undetermined. Once the disconnect switch auxiliary contact Relay 
Word bit 89AMm asserts, the condition has been met to declare the disconnect 
switch closed. When 89AMm asserts, the 89CLm Relay Word bit asserts, 
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89ALPm stops timing, Relay Word bit 89OIPm deasserts, and Relay Word bit 
89CLBm remains asserted. This sequence completes a successful open-to-close 
disconnect switch operation.

The second disconnect operation scenario is for an unsuccessful open-to-close 
operation, which, until 89ALPm starts timing, is identical to the successful oper-
ation in the previously discussed first scenario.

During operation of the 89ALPm timer, the disconnect switch begins moving. 
The close disconnect switch output signal 89CLSm clears upon expiration of the 
89CSTm seal-in timer. The logic then provides the disconnect switch additional 
time to complete the close operation, in case some inertia from the motor rotor 
keeps the disconnect motor in motion. By setting the 89ALPm timer longer than 
the 89CSTm seal-in timer, you can ensure retention of the close signal until the 
disconnect switch closes completely. If there is no complete disconnect switch 
operation during the time 89ALPm defines, the relay asserts Relay Word bit 
89ALm and reports that the disconnect switch is in an undetermined state.

The scenario in which both 89AMm and 89BMm are asserted simultaneously 
would occur on a rare disconnect switch failure or a short-circuited auxiliary con-
tact wire connection. When this condition occurs for 89ALPm seconds, the 
89ALm alarm status output will assert.

Disconnect Switch Close and Open Immobility Timer Logic
The Close and Open Immobility Timer Logic detects when a disconnect opera-
tion failed to initiate.

                    

                    

                    

Figure 5.4 Close Immobility Timer Logic
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Figure 5.5 Open Immobility Timer Logic
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Close and Open Immobility Timer Logic Inputs 
LOCAL

The LOCAL Relay Word bit supervises local disconnect control and is based on 
the LOCAL SELOGIC control equation in the Bay settings class. Disconnect 
switch operations from the front panel are possible when the LOCAL Relay 
Word bit is asserted, in other words, the LOCAL Relay Word bit prevents control 
from the HMI without proper supervision.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CIRm, 89OIRm

The 89CIRm and 89OIRm SELOGIC control equations provide the flexibility to 
customize resetting the Close and Open Immobility Timers. By default, 89CIRm 
is set to NOT 89OPNm, and 89OIRm is set to NOT 89CLm. 

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. 

Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the SELOGIC close or open to initiate a disconnect switch opera-
tion. Use care when using SELOGIC control equations for disconnect switch oper-
ations; this disconnect operate method is not supervised by the breaker jumper or 
appropriate relay access levels as is the case with other disconnect operation 
methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are executed from the one-line diagram on the 
front-panel screen. The LOCAL Relay Word bit must be asserted, for Relay 
Word bits 89CCMm or 89OCMm to assert.
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89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Switch Close and Open Immobility Timer Logic Settings 
89CITm, 89OITm

89CITm and 89OITm timer settings in the Bay settings class define the close and 
open immobility timers.

Disconnect Switch Close and Open Immobility Timer Logic Outputs 
89CIMm, 89OIMm

When 89CIMm or 89OIMm asserts, the close or open immobility timer has 
expired.

Disconnect Switch Close and Open Immobility Timer Logic Processing
The Close and the Open Immobility Timer Logic detect when one of the close or 
open disconnect switch methods does not initiate successfully. In other words, it 
reports when the disconnect switch failed to start moving. The open and close 
immobility timer logic circuits are similar. When a close operation is initiated, 
the rising-edge-triggered Close Immobility Timer starts timing. Once the discon-
nect switch starts to move away from its open position, Relay Word bit 89OPNm 
deasserts (see Figure 5.3). If the 89OPNm Relay Word bit deasserts, the close 
immobility timer resets and 89CIMm remains deasserted. On the other hand, if 
the 89OPNm Relay Word bit stays asserted, the close immobility timer does not 
reset. After the close immobility timer expires, 89CIMm asserts for one second. 
When 89CIMm asserts, the close operation is considered to have failed to initiate. 
89CIMm is an input to the disconnect switch status and alarm logic for alarm 
condition indications. 

This logic also uses the LOCAL Relay Word bit to supervise front-panel opera-
tions. With the LOCAL Relay Word bit deasserted, no disconnect operations can 
be initiated from the one-line diagram. With the LOCAL Relay Word bit asserted, 
Relay Word bit 89CCMm asserts for one-quarter cycle when the ENT pushbutton 
is pressed and a disconnect switch is highlighted in the one-line diagram.

Close, Open, and Undetermined State Indications
This section discusses the way the close and open immobility timers work in con-
junction with the disconnect alarm timer to provide disconnect control and alarm 
indications. When the disconnect switch main contact is stationary (closed or 
open) the state of the disconnect switch is easily determined.

If the disconnect switch main contact is open:

➤ Normally closed Form B auxiliary contact (89BMm asserted) is closed

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open
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If the disconnect switch main contact is closed:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm asserted) is closed

If an operation of the disconnect switch is in progress, the state of the disconnect 
switch main contact is undetermined:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open

Any undetermined state of the disconnect switch main contact should be moni-
tored. The relay can be configured to wait for the disconnect switch operation to 
complete, and issue an alarm if the disconnect switch remains in the undeter-
mined state longer than the 89ALPm time. Figure 5.6 illustrates how the state of 
the auxiliary contacts change for an open-to-close operation in progress and how 
the 89CSTm, 89CITm, and 89ALPm timers are configured to manage the unde-
termined time. The close-to-open scenario would be similar.

With the disconnect switch in the open state, the normally closed Form B auxil-
iary contact is closed (89BMm asserted) and the normally open Form A auxiliary 
contact is open (89AMm deasserted). The 89CSTm seal-in timer starts timing 
when a disconnect switch close command is issued. The output of the 89CSTm 
seal-in timer keeps the close signal asserted for the duration of the expected dis-
connect switch operate time. Set the seal-in timer 10 to 15 percent longer than the 
expected disconnect operate time, to allow for slow disconnect operation times 
caused by cold temperatures or low battery voltages.

                    

When the normally closed auxiliary contact (SELOGIC input 89BMm) deasserts, 
the disconnect switch is in an undetermined state. No proper position indication 
from either of the disconnect switch auxiliary contacts (89BMm or 89AMm) is 
available. Once the auxiliary normally closed contact (SELOGIC input 89BMm) 
deasserts, the 89ALPm timer starts timing. The 89ALPm timer monitors the 
undetermined state of the disconnect switch. For the 89ALPm timer to initialize, 
the disconnect switch has to move a minimum distance to open the normally 
closed auxiliary contact (open-to-close operation). Set the 89ALPm timer longer 

                    

Figure 5.6 Disconnect in Transition
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than the expected undetermined state time, but less than the 89CSTm seal-in 
timer. If the normally open auxiliary contact fails to close within the undeter-
mined state time, the 89ALPm timer expires and an alarm condition is declared.

The Close Immobility Logic starts the Close Immobility Timer for an operation 
where the disconnect switch does not move the minimum distance to open the 
normally closed auxiliary contact (open-to-close operation). When the close 
immobility timer expires, an alarm condition is declared and Relay Word bit 
89ALm asserts. If the disconnect moves enough to open the normally closed aux-
iliary contact, the Close Immobility timer resets and no alarm condition is 
declared (see Figure 5.4).

Remote Bits 
Remote bits provide a means for sending remote control commands to relay 
logic. As indicated in Table 14.46, remote bits have three operating states: clear, 
set, and pulse. It is important to understand the differences between the use of 
pulsed remote bits in automation and protection SELOGIC control equations. 
Remote bits can be operated from multiple communications interfaces, including 
the CON command from a terminal (serial or Telnet), Fast Operate messages, 
and DNP3.

A pulsed remote bit will assert the respective remote bit Relay Word bit (RBnn, 
nn = 01–64) for one processing interval (1/8 of a power system cycle). When 
used in Protection SELOGIC, which also executes at one processing interval, 
pulsed remote bits provide a momentary means for operating a variety of logic 
functions, including Protection Latches, Boolean logic expressions, and Protec-
tion Logic Counters. Because the pulsed remote bit and Protection processing 
both operate within the same processing interval, the use of pulsed remote bits is 
reliable and deterministic.

Bay Control Front-Panel Operations
Each relay has a default one-line diagram. Sometimes these diagrams fit on a sin-
gle screen and sometimes they require more than one screen that you can pan 
across. For example, Figure 5.7 shows the default one-line diagram for the 
SEL-487E. You can display either of two parts of the diagram by using the 
Up Arrow and Down Arrow pushbuttons to pan between an upper screen and a lower 
screen. The upper screen shows the HV equipment and transformer, while the 
lower screen shows the transformer and LV equipment. The relay displays the 
upper screen by default.

NOTE: The SEL-487B supports 96 
remote bits and has a processing 
interval of 1/12 of a power system 
cycle.
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One-Line Diagram and Labels
Figure 5.8 is an example of a default one-line diagram. The Bay settings class has 
settings for defining labels and analog quantities. One-line diagrams are com-
prised of the following:

➤ Bay Names and Bay Labels

➤ Busbars and Busbar Labels

➤ Breakers and Breaker Labels

➤ Disconnect Switches and Disconnect Switch Labels

➤ Equipment and Equipment Labels

➤ Analog Display Points

                    

                    

Figure 5.7 SEL-487E Default One-Line Diagram
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Figure 5.8 Bay Control One-Line Diagram
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Front-Panel Pushbutton Navigation Operations in the One-Line Diagram
Navigation within the one-line diagram requires that the front-panel access level 
be at Breaker Access Level or higher and the Breaker Jumper be installed. If nav-
igation is attempted when:

➤ The front panel is not at the Breaker Access Level or higher and passwords 
are enabled, the relay prompts you to enter the appropriate passwords.

➤ The Breaker Jumper is not installed, the Breaker Control Disabled 
Please Install the Breaker Jumper message briefly appears on the 
screen.

Use the arrow pushbuttons on the front panel to navigate within the one-line dia-
gram. When you first select the one-line diagram, none of the apparatus on the 
one-line diagram are highlighted. Press the Left Arrow or Right Arrow pushbutton to 
enter the one-line diagram and highlight the apparatus. Once you enter the one-
line diagram, navigation between the disconnect switch and circuit breaker sym-
bols as follows:

➤ Pressing the Right Arrow pushbutton highlights the elements from left-
to-right and top-to-bottom. 

➤ When reaching the right-most bottom element, the following Right Arrow 
keystroke “rolls over” and again highlights the left-most top element.

➤ The Left Arrow pushbutton operates in reverse, i.e., from right-to-left, 
and bottom-to-top.

➤ Pressing the ENT pushbutton selects the highlighted symbol.

➤ Pressing the ESC pushbutton returns you to the previous screen.

Additionally, if the one-line diagram spans multiple screens, you can pan 
between the portions of the diagram by using the up and down arrows:

➤ Pressing the Down Arrow pushbutton while displaying the top bay 
control screen, displays the bottom bay control screen. 

➤ Pressing the Down Arrow pushbutton while displaying the bottom bay 
control screen or the Up Arrow pushbutton while displaying the top 
bay control screen, does nothing.

➤ Pressing the Up Arrow pushbutton while displaying the bottom bay 
control screen displays the top bay control screen.

Circuit Breaker and Disconnect Definitions and State Representations
Table 5.1 shows the apparatus definitions and symbols displayed on the one-line 
diagram.

                    

Each apparatus (circuit breaker or disconnect switch) can be in one of the follow-
ing six states:

➤ Open, not highlighted

➤ Open, highlighted

Table 5.1 Circuit Breaker and Disconnect Switch Definitions

Circuit Breaker 
Open

Circuit Breaker 
Closed

Disconnect Open Disconnect Closed

                                                                                

NOTE: The intermediate states only 
apply to disconnect switches because 
circuit breaker operations have a 
short duration.
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➤ Closed, not highlighted

➤ Closed, highlighted

➤ Intermediate, not highlighted (intermediate = transition between 
open and closed states)

➤ Intermediate, highlighted

Table 5.2 describes how the one-line diagram represents the different states of the 
breakers, and how highlighting the breaker affects the display of the symbol.

                    

Table 5.3 describes how the one-line diagram represents the different states of the 
disconnect switches, and how highlighting the disconnect switch affects the dis-
play of the symbol. Unlike the fast operation time of the circuit breaker, the dis-
connect switch operation-in-progress time is longer than the breaker operation 
time. Table 5.3 describes how apparatus appear in the one-line diagram when a 
disconnect operation is in progress.

                    

Table 5.2 Circuit Breaker State Representations

Apparatus Position Symbol
Asserted Relay 

Word Bit

Circuit breaker open, not highlighted                     NOT 52CLSMm

Circuit breaker open, highlighteda

a When the circuit breaker is highlighted, the two symbols shown alternate in the display.

                    NOT 52CLSMm

Circuit breaker closed, not highlighted                     52CLSMm

Circuit breaker closed, highlighted                     52CLSMm

Table 5.3 Disconnect Switch State Representations (Sheet 1 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit

Disconnect open, not highlighted                     89OPNm

Disconnect closed, not highlighted                     89CLm

Disconnect open, highlighteda                     89OPNm



5.16

SEL-400 Series Relays Instruction Manual Date Code 20230830

Control
Bay Control Front-Panel Operations

The one-line diagram indicates highlighted text with a box around the current 
selection.

Rack-Type Breaker Mosaics
The SEL-400 series relays support the display of three-position rack-type break-
ers (also referred to as truck-type breakers) in the bay mimic screens on the front-
panel LCD. The three positions, (racked out, test, and racked in) are determined 
by the combination of the 52nRACK and 52nTEST bay settings (breaker n desig-
nation depends on the relay model). Navigate to the Mimic Busbar Layout 
Screen Number setting under Bay Control in the ACSELERATOR QuickSet 
SEL-5030 Software to identify mimic screens that contain a rack-type breaker.

Figure 5.9 shows the displayed mosaics based on the combination of the 
52nRACK and 52nTEST settings. For non-rack type breakers, the 52nRACK and 
52nTEST settings do not impact any display and control of the non-rack type 
breakers.

Disconnect closed, highlighteda                     89CLm

Disconnect Operation In Progress, 
not highlightedb

                    89OIPm

Disconnect Operation In Progress, 
highlightedc

                    89OIPm

a When the disconnect switch is highlighted and no operation is in progress, a square box 
alternately frames the switch symbol.

b For a disconnect switch operation in progress where the disconnect switch is not highlighted, the 
symbol displayed is the present state symbol and then the opposite state symbol. This sequence 
repeats until the disconnect switch operation completes.

c For a disconnect switch operation in progress where the disconnect is highlighted, the symbol 
displayed is the present state symbol, then the present state symbol highlighted, then the 
opposite state symbol, and finally the opposite state symbol highlighted. This sequence repeats 
until the disconnect switch operation completes.

Table 5.3 Disconnect Switch State Representations (Sheet 2 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit
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When 52nRACK = 52nTEST = 0, as shown in Figure 5.9(a), the racked-out 
breaker mosaic appears. Because the breaker is racked out, the 52nCLSM setting 
is irrelevant for the purposes of the display. When 52nTEST = 1 and 
52nRACK = 0, as shown in Figure 5.9(b), the breaker is in the test position. In 
this position, the breaker can either be open or closed, depending on the 
52nCLSM setting. When 52nRACK = 1 and 52nTEST = 0, as shown in 
Figure 5.9(c), the breaker is in the racked-in position. While in the racked-in 
position, the breaker can be open or closed depending on the 52nCLSM setting. 
When 52nRACK = 52nTEST = 1, as shown in Figure 5.9(d), the display alter-
nates between the mosaics shown to indicate an indeterminate state for the 
breaker position because the breaker cannot physically be in both the test and 
racked-in position at the same time.

For relays that support and are set for single-pole breakers (BKnTYP := 1), the 
rack-type breaker mosaics follow functionality similar to non-rack type breaker 
mosaics, depending on pole status and the EPOLDIS setting. The breaker must 
also be in the test or racked-in position; if the breaker is in the racked out posi-
tion, only Figure 5.9(a) appears. If the logic declares a pole discrepancy and 
EPOLDIS := 1, the one-line diagram follows the same alternating pattern as 
shown in Figure 5.9(d). When you select the breaker on the front-panel HMI, a 
pole discrepancy screen appears, showing the state (OPENED or CLOSED) for 
each pole. If EPOLDIS := 0, the one-line diagram still has the alternating pattern 
shown in Figure 5.9(d), but the pole discrepancy screen does not appear and only 
shows STATUS UNKNOWN for the status field in Figure 5.9(b).

When in the test or racked-in position, the breaker alarm setting, 52n_ALM, is 
checked. If 52n_ALM := 1, the displayed breaker alternates between a closed and 
open breaker in either the test (Figure 5.9[b]) or racked-in (Figure 5.9[c]) posi-
tion regardless of breaker contact state. However, for single-pole breakers, if the 
logic declares a pole discrepancy, the pole discrepancy screen displays when you 
select the breaker on the front-panel HMI.

You can access breaker control of available breakers regardless of rack position 
(racked-in, test, racked-out) and breaker state (open, closed). Some breakers in 
the one-line diagrams are status-only and are not controllable. See One-Line Dia-
grams in Section 4: Front-Panel Operations of the product-specific instruction 
manuals for information on breakers that have control or status-display-only 
functionality.

                    

Figure 5.9 Rack-Type Breaker Mosaics
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Status-Only Disconnects
The SEL-400 series relays can display status-only disconnects. The Disconnect 
Front Panel Control Enable setting, 89CTLn, (see Section 11: Relay Word Bits in 
the product-specific instruction manuals for the number of supported discon-
nects) applies to both two- and three-position disconnects in the HMI one-line 
diagram, and it determines whether a selected disconnect can be controlled from 
the front-panel HMI (89CTLn := 1) or cannot (89CTLn := 0 or NA). The 
89CTLn setting differs from the LOCAL setting in that the LOCAL setting is a 
global local control enable setting and 89CTLn is a control enable setting on a 
per-disconnect level. The LOCAL setting has priority over the 89CTLn setting.

The default setting of 89CTLn := 1 allows for disconnect control and maintains 
disconnect front-panel control functionality after a relay firmware upgrade (even 
when upgrading from a firmware that does not support status-only disconnects). 
When 89CTLn := 1, the relay follows the control functionality outlined in this 
section. When 89CTLn := 0 or NA, you cannot select the specified disconnect 
when you are navigating the one-line diagram from the relay front-panel HMI, 
preventing you from selecting the disconnect for a control function.

Three-position disconnects have a 89CTLn disconnect control enable setting for 
each disconnect position (in-line or ground). The disconnect is selectable for con-
trol from the one-line diagram when either 89CTLn := 1 and the switch is open, 
or when either 89CTLn := 1 and the switch is closed in the corresponding posi-
tion to the 89CTLn := 1 setting. When in the control window, only control 
options available based on the 89CTLn settings display. For example, if the dis-
connect is open, and the ground 89CTLn := 0 and the in-line 89CTLn := 1, the 
only control option displayed will be to close the in-line disconnect. If the switch 
is closed to a position whose 89CTLn := 0, the switch is not selectable when nav-
igating the one-line diagram. However, should the 89ALn Relay Word bit assert 
for either disconnect position, the disconnect is selectable from the front panel 
regardless of the 89CTLn setting, and a view-only window for the disconnect 
appears that has no control functions available for the disconnect.

If the corresponding 89CTLn disconnect control enable setting transitions from 
an asserted to a deasserted state while in the control window, the front panel dis-
plays NOT ALLOWED when you have selected an open or close function.

Circuit Breaker and Disconnect Switch Operations From the Front Panel
Circuit Breaker Open/Close

Figure 5.10 shows the Breaker Control Screens available after pressing the ENT 
pushbutton (ONELINE bay control screen), with the circuit breaker highlighted 
(Only highlighted breakers on the one-line diagram can initiate breaker open or 
close operations). Pressing the ENT pushbutton with the breaker highlighted and 
the LOCAL Relay Word bit asserted displays the Breaker Control Screen in 
Figure 5.10(b). If the LOCAL Relay Word bit is not asserted when the ENT push-
button is pressed, the relay displays the screen in Figure 5.10(c) for three seconds 
and then returns to the screen in Figure 5.10(a).
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Single-Pole Tripping
With a single-pole breaker, the individual poles operate independently, and nor-
mal operation is for one pole to be open for a short period, while the other two 
poles are closed. However, it is possible that one (or more) poles may fail to com-
plete a particular operation, resulting in a pole-discrepancy condition. For exam-
ple, if the breaker is issued a CLOSE command, two poles may close but one 
pole may remain open. If this condition lasts for longer than 1.5 seconds, the 
HMI displays the pole discrepancy screen shown in Figure 5.11(c) so that the 
operator can immediately identify the offending pole. You can operate the 
breaker from the pole discrepancy screen after the discrepancy has been rectified. 
All other screens are the same as when you set the relay to three-pole operations.

                    

Figure 5.10 Screens for Circuit Breaker Selection
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Disconnect Switch Open/Close
Figure 5.12(a) shows the Disconnect Control Screens available when you press 
the ENT pushbutton, in ONELINE bay control screen, with the disconnect switch 
highlighted. If the LOCAL Relay Word bit is asserted and the disconnect switch 
is highlighted when you press the ENT pushbutton, the Disconnect Control Screen 
in Figure 5.12(b) appears. Use the Up Arrow and Down Arrow pushbuttons to navi-
gate between the disconnect control functions in Figure 5.12(b). If the LOCAL 
Relay Word bit is not asserted when the ENT pushbutton is pressed, the relay dis-
plays screen in Figure 5.12(c) for three seconds and then returns to the screen in 
Figure 5.12(a).

                    

Figure 5.11 Screens During a Pole-Discrepancy Condition
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Figure 5.13, Figure 5.14, and Figure 5.15 show all the possible screens during an 
open-to-close operation of Disconnect 1. Operation of the remaining disconnects 
is identical. Close-to-open operations are similar, the only difference being that 
the open Relay Word bits apply instead of the close Relay Word bits. The screen 
in Figure 5.13(a) is displayed after you press the ENT pushbutton with Disconnect 
1 open and highlighted in the one-line diagram.

When you enter the disconnect screen in Figure 5.13(a), the state that the discon-
nect switch is in is highlighted, in other words, if Relay Word bit 89OPN1 is 
asserted, the OPEN DISCONNECT text has a box drawn around it.

To close the disconnect switch, use the Up Arrow or Down Arrow pushbutton to 
highlight the CLOSE DISCONNECT text.

If Relay Word bit 89CCM1 asserts after you press the ENT key, the relay displays 
the screen with the caption CLOSE COMMAND ISSUED in Figure 5.13(c) for three 
seconds. While the disconnect operation is in progress, the relay displays the 
screen with the caption IN PROGRESS in Figure 5.14(a) and the disconnect sym-
bol alternately displays the present state symbol and the opposite state symbol. If 
another disconnect operation attempt is made while a disconnect operation is in 

                    

Figure 5.12 Screens for Disconnect Switch Selection

<BAYNAME> <BAYNAME>

OPEN DISCONNECT
CLOSE DISCONNECT

STATUS

<DmCTLNM>

PRESS  TO ACTIVATE

BAY not in
LOCAL Control!
Cannot issue
controls.

Press ENT with disconnect
highlighted

Highlighted 
(disconnect
highlighted)

(a) Bay Screen

(c) LOCAL bit NOT asserted(b) Disconnect Control Screen

If LOCAL
bit asserted

If LOCAL bit
NOT asserted

After message time-out, 
screen (a) is displayed

<BAYNAME>

NAVIG M. MENULV

I:99999A
V:99999kV
P:99999MW
Q:99999MW

HVBUSN1

HVBUSN2
<DmHMINM>

<BkHMINM>

<DmHMINM>

<DmHMINM>

<DmHMINM>

<DmHMINM>

m = 1 through 10



5.22

SEL-400 Series Relays Instruction Manual Date Code 20230830

Control
Bay Control Front-Panel Operations

progress, the relay displays the screen with the caption *NOT ALLOWED* in 
Figure 5.14(b) for three seconds and then the relay returns to the screen in 
Figure 5.14(a).

If Relay Word bit 89CCM1 does not assert, the relay displays the *NOT ALLOWED* 
error message shown in Figure 5.13(d) for three seconds and then displays again 
the screen in Figure 5.13(b).

When Relay Word bit 89CCMD1 asserts, the Close Immobility Timer starts. If 
Relay Word bit 89CCMD1 asserts, two scenarios are possible: the disconnect 
fails to close, or the disconnect closes successfully. In the case of a successful 
close operation, the relay displays the screen in Figure 5.15(b).

Failing to close also has two possible scenarios: the disconnect starts to move, but 
does not complete the operation, or the disconnect switch operation does not initiate.

When Relay Word bit 89OPN1 deasserts, the Close Immobility timer resets, indi-
cating that the disconnect switch has started to move. If Relay Word bit 89CL1 
fails to assert in the expected operation time, the disconnect switch has failed to 
complete the close operation in the expected time. Failure of the 89CL1 Relay 
Word bit to assert in the expected disconnect switch operation time causes the 
89AL1 Relay Word bit to assert. When Relay Word bit 89AL1 asserts, the relay 
displays the screen Figure 5.15(a) (see Disconnect Switch Status and Alarm 
Logic on page 5.5).

If Relay Word bit 89OPN1 fails to deassert before the Close Immobility Timer 
expires, Relay Word bit 89ICM1 asserts and the relay displays the screen with the 
caption STATUS UNKNOWN in Figure 5.15(a). See Disconnect Switch Close and 
Open Immobility Timer Logic on page 5.8 for more information regarding the 
close and open immobility timer logic.

When the disconnect operation completes successfully, the relay displays the 
screen in Figure 5.15(b) until the front-panel timer times out or the ESC pushbut-
ton is pressed.
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Figure 5.13 HMI Disconnect Operation Initiation
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When you initially enter the Disconnect Control Screen, the disconnect switch is 
in one of four states: disconnect open (89OPNm), disconnect closed (89CLm), 
disconnect undetermined without alarm (89OIPm), or disconnect undetermined 
with alarm (89ALm). If Relay Word bit 89OIPm is asserted, the relay displays the 
screen in Figure 5.14(a); if Relay Word bit 89ALm is asserted, the relay displays 
the screen in Figure 5.15(a). If both Relay Word bits 89OIPm and 89ALm are 
asserted, Relay Word bit 89ALm takes priority. If Relay Word bit 89OPNm is 
asserted, the relay displays the screen in Figure 5.13(a). This is the initial screen 
for an open-to-close operation. If Relay Word bit 89CLm is asserted, the relay 
displays the screen in Figure 5.15(b). This is the initial screen for a close-to-open 
operation. 

                    

Figure 5.14 HMI Disconnect Operation in Progress
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Three-Position Disconnect State Representation and Operations From 
the Front Panel

A three-position disconnect switch consists of two standard disconnects that 
operate together to form a three-position disconnect. All logic diagrams of the 
standard disconnect apply to the three-position disconnect, including all settings 
and Relay Word bits associated with the two individual disconnects. The three-
position disconnect has two labels, one for the in-line branch and one for the 
ground (perpendicular) branch. In the example shown in Figure 5.16, the three-
position disconnect is made up of Disconnect SW3 and Disconnect SW4. As 
with the standard disconnect, be sure to correlate the disconnect wiring and set-
tings with the disconnects assigned to the three-position disconnect image on the 
one-line diagram.

                    

Table 5.4 displays how the bay screen one-line diagram represents the different 
states of the three-position disconnect switch.

                    

Figure 5.15 HMI Disconnect Operation Completed
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Figure 5.16 Bay Control One-Line Diagram With Three-Position Disconnect Open
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Similar to the standard disconnect, if a three-position disconnect is highlighted 
on the one-line diagram and the ENT pushbutton is pressed, a control screen is dis-
played. The control screen shows the present status of the disconnect based on 
the disconnect status bits (89CLm, 89OPNm, 89OIPm, and 89ALm) from both 
disconnects that make up the three-position disconnect. The status is shown via 
the disconnect symbol and the status labels as shown in Figure 5.17(a).

Figure 5.17(a) shows the control screen of a three-position disconnect with both 
disconnects in the open state. Figure 5.17(b) shows the control screen of a three-
position disconnect with the in-line disconnect closed and the ground disconnect 
open. Likewise, Figure 5.17(c) shows the control screen of a three-position dis-
connect with the in-line disconnect open and the ground disconnect closed.

Table 5.4 Three-Position Disconnect Switch State Representations

Apparatus Position Symbol Asserted Relay Word Bits

Both disconnects open                     89OPN3 and 89OPN4

Disconnect 3 (in-line) closed

Disconnect 4 (ground) opened

                    89CL3 and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) closed

                    89OPN3 and 89CL4

Disconnect 3 (in-line) intermediatea

Disconnect 4 (ground) opened

b (89OIP3 or 89AL3) and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) intermediatea

b 89OPN3 and (89OIP4 or 89AL4)

All other status combinations

Disconnect 3 closed, Disconnect 4 closed

Disconnect 3 closed, Disconnect 4 intermediatea

Disconnect 3 intermediatea, Disconnect 4 closed

Disconnect 3 intermediatea, Disconnect 4 intermediatea

b

89CL3 and 89CL4

89CL3 and (89OIP4 or 89AL4)

(89OIP3 or 89AL3) and 89CL4

(89OIP3 or 89AL3) and (89OIP4 or 89AL4)

a Intermediate = transition between open and closed states.
b The image alternates between the two symbols shown.
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The three-position disconnect logic is identical to two standard disconnects, but 
control actions are limited as shown in Table 5.5. A control action is only avail-
able if the disconnect name is listed next to the action as indicated in the Control 
Options Displayed column. For example, in the second set of control actions, 
where Disconnect SW3 is closed and Disconnect SW4 is open, the only control 
actions available are to open or close Disconnect SW3. Figure 5.17(b) shows the 
control screen for this condition.

                    

                    

Figure 5.17 Three-Position Disconnect Control Screens
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Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 1 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

Disconnect SW3: Open

Disconnect SW4: Open

OPENED

OPENED

SW3

SW4

CLOSE SW3

OPENa

CLOSE SW4

CLOSE SW3

NO OPEN CONTROL

CLOSE SW4

Disconnect SW3: Closed

Disconnect SW4: Open
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Disconnect SW3: Open

Disconnect SW4: Closed

OPENED

CLOSED

SW3

SW4

CLOSE

OPEN SW4

CLOSE SW4c

NO CONTROL for SW3

OPEN SW4

CLOSE SW4

Disconnect SW3: Open

Disconnect SW4: Alarm

OPENED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect
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The following example shows the process of changing a three-position discon-
nect from closed in-line to closed to ground. This process requires that you first 
open the in-line disconnect before you can close the ground disconnect.

Starting with the one-line diagram in Figure 5.18, highlight the three-position 
disconnect and press the ENT pushbutton. If the LOCAL Relay Word bit is 
asserted, the control screen shown in Figure 5.17(b) is displayed on the screen. 
Note that the only options at this point are to open or close Disconnect SW3. 
Therefore, use the Up Arrow or Down Arrow pushbutton to move the highlight box 
to the OPEN SW3 position. Then press the ENT pushbutton to open Disconnect 
SW3. If Disconnect SW3 successfully opens, the control screen will change as 
shown in Figure 5.17(a). Note that the control actions changed so that Discon-
nect SW4 can now be closed. At this point, use the Up Arrow or Down Arrow push-
button to move the highlight box to the CLOSE SW4 position and press the ENT 
pushbutton to close Disconnect SW4. If Disconnect SW4 is successfully closed, 
the control screen will change as show in Figure 5.17(c).

                    

Disconnect SW3: Alarm

Disconnect SW4: Open

UNKNOWN

OPENED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Alarm

CLOSED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Closed

UNKNOWN

CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Closed

CLOSED 
CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Alarm

UNKNOWN

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

a See Figure 5.17(a).
b See Figure 5.17(b).
c See Figure 5.17(c).

Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 2 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

                    

Figure 5.18 Bay Control One-Line Diagram With Three-Position Disconnect 
Closed In-Line

BAYNAME

ESCNAVIG

I:9999A
V:99999kV
P:99999MW
Q:99999MV

BUS 1

SW3

SW4

BK1

SW1 SW2

BUS 2
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The relay does not include any default bay mimic screens with three-position dis-
connects. Should your application require different bay mimic screens with three-
position disconnects, contact SEL.

Bay Control Screens
QuickSet and SEL Grid Configurator Software provide an easy and intuitive way 
to configure and set the bay control function. The following screenshots show the 
bay control screens in SEL Grid Configurator; the functionality shown is similar 
in Quickset but it does not include the bay screen search tool.

Select the Bay Control button from the tree to see the first interactive bay forms 
in SEL Grid Configurator, as shown in Figure 5.19.

                    

Use the bay screen mimic diagram lookup tool to find the mimic diagrams appli-
cable to your application by filtering by the number of displayed breakers and 
disconnections, as shown in Figure 5.20.

                    

Figure 5.19 Interactive Bay Control Setting Form
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MIMIC
In most SEL-400 series relays, a single one-line diagram needs to be selected. 
However, in some relays, such as the SEL-487E, multiple screens need to be 
selected to build up the total composite one-line diagram.

Bay Name
There are 20 characters available for the bay name. This name appears on all the 
bay control screens.

Local
The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the input contact IN107 can 
accommodate existing bay controls that use a key to manually change from 
remote to local control. The key switch is made to actuate a contact when the key 
is turned, as shown in Figure 5.21. With the contact of the switch wired to the 
input, the key switch provides local and remote control. Make the following set-
ting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107

                    

Figure 5.20 Mimic Diagrams
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Bus Names
Figure 5.22 shows the bay screen settings filter automatically to only display set-
tings associated with the item you selected in your mimic diagram. Enter the 
name of the busbar (e.g., 132 Bus No 1), and select OK.

                    

Disconnect Assignments
To configure disconnects, select the disconnect switch. The settings filter auto-
matically to only show the selected disconnect settings, as shown in Figure 5.23.

                    

                    

Figure 5.21 Local and Remote Control Logic With Key Control

–

+

Rated DC
Input Voltage

Contact closed = Local control
Contact open = Remote control

IN107

                    

Figure 5.22 Setting Busbar Names in SEL Grid Configurator

                    

Figure 5.23 Disconnect Assignment Dialog Box, SW1
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D01HMIN

Enter a Disconnect 1 label on the HMI (Figure 5.23). The number of characters is 
limited to a maximum string width of 18 pixels (approximately four characters).

D01CTLN

Enter a Disconnect 1 label on the control screen. Enter a descriptive name (there 
are 15 characters available) that clearly identifies the disconnect.

89AM01, 89BM01

These SELOGIC control equations report the state of Disconnect 1 auxiliary con-
tacts. Both equations must be programmed for the Disconnect Switch Status and 
Alarm Logic to function correctly.

89ALP01

This timer counts down when both 89AM01 and 89BM01 are in the same state 
(both asserted or both deasserted). When this disconnect alarm timer expires, an 
alarm condition exists and the 89AL01 Relay Word bit asserts.

Set the 89ALP01 timer longer than the expected operation (undetermined state) 
time, but less than the 89CST01 or 89OST01 seal-in timers.

89CCN01, 89OCN01

These SELOGIC control equations close or open Disconnect 1. Take care when 
programming these equations, because there is no breaker jumper supervision or 
access level safeguard in place for this disconnect operate method. These settings 
only work when the LOCAL Relay Word bit is deasserted.

89CTL01

This SELOGIC control equation identifies Disconnect 1 as controllable 
(89CTL01 := 1) or status-only (89CTL01 := 0). When controllable, all control 
functionality is available for Disconnect 1. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLn setting for each discon-
nect position.

89CST01, 89OST01

These seal-in timers are intended to keep the close or open signal asserted long 
enough to allow the Disconnect 1 operation to complete. Set the seal-in timers 10 
to 15 percent longer than the expected disconnect operate time to give the discon-
nect switch time to complete the operation.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the seal-in timers.

89CIT01, 89OIT01

The close/open Disconnect 1 immobility timers are triggered at the same time as 
the seal-in timers. Expiration of these immobility timers indicates that the Dis-
connect 1 auxiliary contact status failed to change state within the expected time 
frame.
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Set the immobility timers longer than the expected time for the disconnect to 
leave the initial state (as reported by the 89AM01 and 89BM01 Relay Word bits), 
but less than the seal-in timer.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the immobility timers.

89CRS01, 89ORS01

These settings reset the seal-in circuit when either the seal-in timer expires or the 
intended open/close status signal asserts. This is intended to stop driving the Dis-
connect 1 motor to close or open when the desired state has been reached.

89CBL01, 89OBL01

These SELOGIC control equations provide an optional custom method for block-
ing all means of close/open control for Disconnect 1.

89CIR01, 89OIR01

These SELOGIC control equations reset the Disconnect 1 close/open immobility 
timers.

Breaker Assignments
Configure the breaker by selecting the box next to the breakers. The settings filter 
automatically, as shown in Figure 5.24.

                    

BKq

In some relays, each numbered breaker (q = 1, 2, 3, 4, or 5) can be assigned to 
NA or one of the terminals. No terminal can be assigned twice. Unused breaker 
numbers are forced to NA.

BmHMINM

Enter a Breaker m label on the HMI (one-line diagram). The number of charac-
ters is limited to a maximum string width of 17 pixels (approximately four char-
acters).

BmCTLNM

Enter a Breaker m label on the control screen. Enter a descriptive breaker name 
(as many as 15 characters).

                    

Figure 5.24 Breaker Settings, Breaker S
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52mCLSM, 52m_ALM

These SELOGIC control equations report breaker close status and breaker alarm 
status. Any bit in the Relay Word, as well as logical operators, can be pro-
grammed into these SELOGIC control equations.

52mRACK, 52mTEST

These SELOGIC control equations modify the display of rack-type breaker mosa-
ics. The settings are shown for both rack-type and non-rack type breakers, but 
only impact the display of rack-type breakers. The settings do not have any con-
trol functionality impact on any breaker. See Figure 5.9 for settings impact on the 
rack-type breaker mosaic display.

Analog Display
If analog display points are not required, leave the setting(s) blank, because the 
relay displays only the defined display points.

Select analog display label MDELE1 in the interactive one-line diagram to display 
the form shown in Figure 5.25. Select the Expression Builder button to display 
the form shown in Figure 5.26. The Expression Builder helps build the analog 
quantity setting string. Press the Expression Builder button on the form shown in 
Figure 5.26 to find the Analog or Fixed Element to be displayed.

                    

To display fixed text instead of analog quantities, enter the number 1 in the Ana-
log or Fixed Element field.

                    

Figure 5.25 Analog Quantity Setting Form
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Select the FREQ System Frequency (see Figure 5.27). Enter a Pre-Text, for 
example 'Frq=', as shown in Figure 5.27. Set the numerical display format to 5.2; 
this displays frequency up to two decimal places. You can scale the numerical 
value of FREQ to display a scaled value of the analog quantity. For example, a 
scaling value of 0.5 displays only half the value of FREQ, while a scaling value 
of 2 displays twice the value of FREQ. Enter text, such as the units of the analog 
quantity in the Post-Text field. Test the entries by typing a value of 60.51 in the 
preview analog display field. Select the Preview button, and verify that all entries 
are correct and will fit on the screen.

                    

                    

Figure 5.26 Analog Quantity Setting Form

                    

Figure 5.27 Example of an Analog Quantity Expression
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SEL recommends that you use the MDELEn expression builder within QuickSet 
or SEL Grid Configurator when creating these settings. However, if you enter the 
expression from the ASCII command line, the format of the user input is as fol-
lows:

Analog Quantity Label,"Pre-Text = {x.y,z} Post-Text"

where:

                    

For example, if you wanted to display the VAZFM analog quantity with 3 total 
digits with 1 digit following a decimal point and no scaling, enter the following 
on the command line:

VAZFM,"VAZ = {3.1,1} V"

The setting value reported in QuickSet or SEL Grid Configurator is expected to 
be reported differently than what is accepted on the ASCII command line. 

Customizable Screens
SEL-400 series relays support custom mimic display screens. Custom mimic dis-
play screens are developed by the SEL factory by using your requirements, and 
then added to the QuickSet relay driver. The following images show the breaker 
and power system variants supported in custom mimic display screens. For a 
complete list of mimic display screens available in SEL-400 series relays, see 
selinc.com/app/mimic-diagram/.

Available Circuit Breakers
Figure 5.28 shows the different types of circuit breakers and disconnects available. 

x = total number of digits of the number to display (includes number of dig-
its following a decimal point)

y = total number of digits to display following a decimal point

z = scaling factor

https://selinc.com/app/mimic-diagram/
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Available Power System Components
Figure 5.29 shows the different types of power system components available.

                    

Bay Control Example Application
This example demonstrates configuring a bay control screen for an SEL-451. 
Similar configurations can be done with other SEL-400 series relays.

                    

Figure 5.28 Different Types of Circuit Breakers and Disconnects

Circuit breaker,
ANSI type, 
Closed, vertical

Circuit breaker,
ANSI type, 
Open, vertical

Circuit breaker,
ANSI type, 
Closed, horizontal

Circuit breaker,
ANSI type, 
Open, horizontal

Circuit breaker,
IEC type, 
Closed, vertical

Circuit breaker,
IEC type, 
Open, vertical

Circuit breaker,
IEC type, 
Closed, horizontal

Circuit breaker,
IEC type, 
Open, horizontal

Circuit breaker,
Rack type, 
Closed, vertical

Circuit breaker,
Rack type, 
Open, vertical

Standard Disconnect, open

Standard Disconnect, closed

3-Position Disconnect, open

3-Position Disconnect, 
Closed to Ground

3-Position Disconnect, 
Closed In-Line

Circuit breaker,
Rack type, 
Closed, horizontal

Circuit breaker,
Rack type, 
Open, horizontal

                    

Figure 5.29 Power System Components
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Bus 1, Bus 2, and Transfer BUS Bay With Ground Switch (MIMIC := 4)
Figure 5.30 illustrates the Bus 1, Bus 2, and Transfer Bus Bay with Ground 
Switch (MIMIC := 4). The Bay configuration used in this example provides five 
disconnect switches, one breaker, and the ability to display as many as six Analog 
Quantities. The labels and Analog Quantities shown in Figure 5.30 are all a result 
of the settings entered in this example. See Table 5.6 for a complete list of Bay 
settings for this application.

                    

Bay Control Settings
General One-Line Settings

One-Line Diagram

This setting selects the one-line diagram that defines the bay configuration, and it 
must exactly match the bay configuration being controlled. Failure to select the 
exact one-line diagram that describes the bay configuration being controlled 
could result in misapplications.

MIMIC := 4

Bay Name

Enter a bay name (as many as 20 characters) that defines the bay being controlled.

BAYNAME := BAY CONTROL

Bay Label

As many as two bay labels are available in one-line diagrams 14, 17, 18, and 23. 
BAYLAB1 and BAYLAB2 settings can accept as many as eight characters, 
depending on the pixel width of the string.

BAYLAB1 or BAYLAB2 are not required because the MIMIC setting selected in 
this example does not include bay labels. If MIMIC 14, 17, 18, or 23 had been 
selected, the relay would have prompted for BAYLAB1 and BAYLAB2 settings.

Busbar Information
Bus-Name Labels

Based on the MIMIC setting, the relay provides as many as nine bus-name labels 
in the one-line diagram. With MIMIC set to 4, the relay requires three bus-name 
labels, one for the transfer bus, one for Bus 2, and one for Bus 1. The top-most 

                    

Figure 5.30 Illustration of One-Line Diagram After Entering Example Settings

BAY CONTROL

ESCNAVIG

ANALOGS
IA:1000A
V:416kV
F:60.0Hz
P:623MV
Q:–360MVR

BUS 2

Dis 4

Dis 5

Bkr 1
Dis 3

Dis 1 Dis2
BUS 1

BUS T
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bus in the one-line diagram is BUSNAM1 and the bottom-most bus in the one-line 
diagram is the highest number bus available for the selected MIMIC setting, three 
in this case.

Enter bus-name labels (as many as ten characters) that describe each bus in the 
one-line diagram.

The actual number of characters accepted depends on the pixel width of the string.

BUSNAM1 := Bus T

BUSNAM2 := Bus 2

BUSNAM3 := Bus 1

Breaker Information

The relay displays breaker information for as many as three breakers. For the bay 
configuration in this example, the relay displays one. If more breakers were sup-
ported, based on the MIMIC setting selected, the settings associated with addi-
tional breakers would follow Breaker 1 settings.

Breaker Name Label

Enter a breaker name (as many as six characters) that describes each circuit 
breaker in the one-line diagram.

The actual number of characters accepted depends on pixel width of the string.

B1HMINM := Bkr 1

Breaker Status

This SELOGIC control equation reports breaker close status and breaker alarm 
status. Any bit in the Relay Word can be programmed into this SELOGIC control 
equation, as well as logical operators. The equations below return the state of the 
Bkr 1 status and any Bkr 1 alarm conditions.

521CLSM := 52ACL1

521_ALM := 52AAL1

Disconnect Information

The relay provides disconnect switch information for as many as ten disconnect 
switches. For the bay configuration selected in this example, the relay supports 
five disconnect switches.

Disconnect Name Label

Enter disconnect labels of as many as six characters in length that describe each 
disconnect switch in the one-line diagram. The actual number of characters 
accepted depends on pixel width of the string.

D01HMIN := Dis 1
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Disconnect Status

Wire the normally open and normally closed auxiliary contacts from the discon-
nect switch to relay inputs, and program the relay inputs into 89AM01 and 
89BM01 SELOGIC control equations. These equations report the state of the dis-
connect switch auxiliary contacts. Both equations must be programmed for the 
Disconnect Switch Status and Alarm Logic to function correctly.

89AM01 := IN103

89BM01 := IN104

Disconnect Alarm Pickup Delay

This setting monitors disconnect open/close operations (the undetermined time) 
of the disconnect switch. When the disconnect alarm timer expires, an alarm con-
dition exists and the 89AL1 Relay Word bit asserts. Set the 89ALPm timer longer 
than the expected operation (undetermined state) time, but less than the 89CSITm 
or 89OSITm seal-in timers. The expected disconnect operation time in this exam-
ple is 250 cycles. 89ALPm is entered in cycles and has a range of 1–99999.

89ALP01 := 260

Disconnect Close/Open Control

Program SELOGIC control equations 89CCNn and 89OCNn to close or open dis-
connect switch n, respectively. Great care needs to be used when programming 
these equations because there are no breaker jumper supervision or access level 
safeguards in place for this disconnect operate method. The settings in this exam-
ple close the disconnect switch when Remote Bit 1 is set and open the disconnect 
switch when Remote Bit 1 is cleared. The 89CCN01 SELOGIC example below 
also includes additional supervision logic where the close operation only operates 
if Breaker 1 is open (NOT 52CLS1) and the disconnect switch is in the opposite 
state (89OPN1). When these conditions are met, a close disconnect operation will 
initiate. Relay Word bit 89CLS1 is the output of the seal-in timer and asserts 
when Relay Word bit 89CCN01 asserts. Relay Word bit 89OPN1 deasserts as 
soon as the disconnect switch starts to move. The OR combination of Relay Word 
bit 89CLS1 and 89OPN1 keeps the close disconnect signal asserted until the dis-
connect operation has completed. The SELOGIC control equations below demon-
strate disconnect lockout control in the relay. The 89OCN01 SELOGIC control 
equation illustrates the same type of supervision for the disconnect switch open 
logic.

89CCN01 := RB01 AND (89OPN1 OR 89CLS1) AND NOT 52CLSM1

89OCN01 := NOT RB01 AND (89CL1 OR 89OPEN1) AND NOT 52CLSM1

Disconnect Front-Panel Control Enable

Program SELOGIC control equation 89CTLn to identify a disconnect as control-
lable (89CTLn := 1) or status-only (89CTLn := 0). When a disconnect is identi-
fied as controllable, the disconnect can be selected when navigating the relay 
front-panel HMI. When a disconnect is identified as status-only, the disconnect 
cannot be selected when navigating the relay front-panel HMI. Three-position 
disconnects have a control equation for each disconnect position. The SELOGIC 
control equation below identifies the disconnect as controllable.

89CTL01 := 1



5.41

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Control
Bay Control Example Application

Disconnect Close/Open Seal-in Timers

The seal-in timers assert the close or open signal long enough to allow the dis-
connect operation to complete. Set the seal-in timer 10 to 15 percent longer than 
the expected disconnect operate time to give the disconnect switch time to com-
plete the operation. 89CSTm and 89OSTm are entered in cycles and have a range 
of 1–99999. The example shown anticipates a disconnect switch operate time of 
approximately 250 cycles.

Cold weather and low battery voltages can impact operation times. Be sure to 
consider these conditions when setting the seal-in timers.

The output contacts must not be used to break the motor coil current. An auxil-
iary contact with adequate current interrupting capacity must first interrupt cur-
rent supply to the motor before the relay contact opens. Include the auxiliary 
contact clearing time when setting the disconnect seal-in timer.

89CST01 := 280

89OST01 := 280

Disconnect 2–5

Disconnect switch settings 2–5 are similar to the Disconnect Switch 1 examples 
above. See Table 5.6 for a complete list of Bay Class settings for this application.

One-Line Analog Display

One-line diagrams in the relay can contain as many as six Analog Quantity dis-
play points. The MIMIC setting selected in this example displays six Analog Dis-
play points. See Display Points on page 4.10 for Display Point programming. 
The settings below illustrate how to display text and Analog Quantities available 
in the mimic display. If analog display points are not required to appear in the 
one-line diagram, leave the setting(s) blank, and the relay will only display the 
defined display points.

1. 1, “Analogs”

2. IAWM, “IA:(4.0,1)A”

3. VABFM, “V:(3.0,1)kV”

4. FREQ, “F:(4.1,1)Hz”

5. 3P, “P:(3.0,1)MW”

6. 3Q_F, “Q:(3.0,1)MVR”

Control Selection

The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the SEL-451 input contact 
IN107 can accommodate existing bay controls that use a key to manually change 
from remote to local control. The key switch is made to actuate a contact when 
the key is turned, as shown in Figure 5.31. With the contact of the switch wired to 
the SEL-451 input, the key switch provides local and remote control. Make the 
following setting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107
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Front Panel Settings
The one-line diagram is one of the screens that are available for display in the 
rotating display. To display RMS_V, RMS_I, and ONELINE screens on the rotat-
ing display every five seconds, make the following Front Panel settings.

SCROLD := 5

RMS_V := Y

RMS_I := Y

RMS_VPP := N

RMS_W := N

FUNDVAR := N

RMS_VA := N

RMS_PF := N

RMS_BK1 := N

RMS_BK2 := N

STA_BAT := N

FUND_VI := N

FUNDSEQ := N

FUND_BK := N

ONELINE := Y

The following settings in the Front Panel settings provide immediate display of 
the one-line diagram screen when Pushbutton 2 is pressed.

PB2_HMI := BC

Output Settings
Output Logic Settings

This illustrates the ability to program disconnect lockout protection for the 
selected one-line diagram. To eliminate the danger of closing or opening the 
ground switch on an energized line, the disconnect switch cannot operate unless 
Breaker 1 is open. When the Disconnect 1 close command is executed (89CLS1), 

                    

Figure 5.31 Local and Remote Control Logic With Key Control

–

+

Rated SEL-451
DC Input Voltage

Contact closed = Local control
Contact open = Remote control

SEL-451
IN107
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OUT103 only asserts if the state of Breaker 1 is open (NOT 52CLS1). This illus-
trates disconnect switch lockout protection through SELOGIC control equations. 
The SELOGIC control equation for OUT104 below illustrates similar lockout pro-
tection for the disconnect switch open operation. Wire OUT103 to the disconnect 
switch closing circuit and OUT104 to the disconnect switch opening circuit.

OUT103 := 89CLS1 AND NOT 52CLSM1

OUT104 := 89OPEN1 AND NOT 52CLSM1

Another example of disconnect lockout would be to ensure that Dis 3 never 
closes when the ground disconnect switch Dis 5 is closed. Enter the SELOGIC 
control equation below for Dis 3 switch lockout protection. 89CLS3 is the close 
disconnect switch Relay Word bit for Disconnect 3 and the 89OPN5 Relay Word 
bit is the status of Disconnect 5. The SELOGIC control equation below will not 
assert OUT201 unless both conditions are true.

OUT201 := 89CLS3 AND 89OPN5

These are just a few examples of disconnect lockout control. Use Relay Word bits 
and SELOGIC programming to design lockout control scenarios required for the 
configuration being controlled.

The SELOGIC Output settings listed in Table 5.6 are example close and open dis-
connect equations with disconnect lockout control for Switches 1–5.

                    

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 1 of 3)

Setting Description Entry

General One-Line Settings

MIMIC One-line Screen Number (1–999) 4

BAYNAME Bay Name (20 characters) BAY CONTROL

Busbar Information

BUSNAM1 Busbar 1 Name (40 pixels, 6–10 characters) Bus T

BUSNAM2 Busbar 2 Name (40 pixels, 6–10 characters) Bus 2

BUSNAM3 Busbar 3 Name (40 pixels, 6–10 characters) Bus 1

Breaker Information

B1HMINM Breaker 1 HMI Name (max 3–17 characters) Bkr 1

B1CTLNM Breaker 1 HMI Cntl Scr. Name (max. 15 characters) Bkr 1

521CLSM Breaker 1 Close Status (SELOGIC Equation) 52ACL1

521_ALM Breaker 1 Alarm Status (SELOGIC Equation) 52AAL1

Disconnect Information

D1HMIN Disconnect 1 HMI Name (max 3–17 characters) D1

D1CTLN Disconnect 1 Name (25 pixels, max. 15 characters) Dis 1

89AM1 Disconnect 1 N/O Contact (SELOGIC Equation) IN103

89BM1 Disconnect 1 N/C Contact (SELOGIC Equation) IN104

89ALP1 Disconnect 1 Alarm Pickup Delay (1–99999 cyc) 260

89CCN1 Disconnect 1 Close Control (SELOGIC Equation) 89CC01

89OCN1 Disconnect 1 Open Control (SELOGIC Equation) 89OC01

89CST1 Disconnect 1 Close Seal-in Time (1–99999 cyc) 280

89OST1 Disconnect 1 Open Seal-in Time (1–99999 cyc) 280

D2HMIN Disconnect 2 HMI Name (max. 3–17 characters) D2

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current-
interrupting capacity must clear the 
coil current in the disconnect motor 
before the output opens. Failure to 
observe this safeguard could result in 
damage to the output contacts.
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D2CTLN Disconnect 2 Name (25 pixels, 4–6 characters) Dis 2

89AM2 Disconnect 2 N/O Contact (SELOGIC Equation) 1

89BM2 Disconnect 2 N/C Contact (SELOGIC Equation) 0

89ALP2 Disconnect 2 Alarm Pickup Delay (1–99999 cyc) 260

89CCN2 Disconnect 2 Close Control (SELOGIC Equation) 89CC02

89OCN2 Disconnect 2 Open Control (SELOGIC Equation) 89OC02

89CST2 Disconnect 2 Close Seal-in Time (1–99999 cyc) 280

89OST2 Disconnect 2 Open Seal-in Time (1–99999 cyc) 280

D3HMIN Disconnect 3 HMI Name (max. 3–17 characters) D3

D3CTLN Disconnect 3 Name (25 pixels, 4–6 characters) Dis 3

89AM3 Disconnect 3 N/O Contact (SELOGIC Equation) 1

89BM3 Disconnect 3 N/C Contact (SELOGIC Equation) 0

89ALP3 Disconnect 3 Alarm Pickup Delay (1–99999 cyc) 260

89CCN3 Disconnect 3 Close Control (SELOGIC Equation) 89CC03

89OCN3 Disconnect 3 Open Control (SELOGIC Equation) 89OC03

89CST3 Disconnect 3 Close Seal-in Time (1–99999 cyc) 280

89OST3 Disconnect 3 Open Seal-in Time (1–99999 cyc) 280

D4HMIN Disconnect 4 HMI Name (1–99999 cyc) D4

D4CTLN Disconnect 4 Name (25 pixels, 4–6 characters) Dis 4

89AM4 Disconnect 4 N/O Contact (SELOGIC Equation) 1

89BM4 Disconnect 4 N/C Contact (SELOGIC Equation) 0

89ALP4 Disconnect 4 Alarm Pickup Delay (1–99999 cyc) 260

89CCN4 Disconnect 4 Close Control (SELOGIC Equation) 89CC04

89OCN4 Disconnect 4 Open Control (SELOGIC Equation) 89OC04

89CST4 Disconnect 4 Close Seal-in Time (1–99999 cyc) 280

89OST4 Disconnect 4 Open Seal-in Time (1–99999 cyc) 280

D5HMIN Disconnect 5 HMI Name (1–9999) D5

89AM5 Disconnect 5 N/O Contact (SELOGIC Equation) 0

89BM5 Disconnect 5 N/C Contact (SELOGIC Equation) 0

89ALP5 Disconnect 5 Alarm Pickup Delay (1–99999 cyc) 260

89CCN5 Disconnect 5 Close Control (SELOGIC Equation) 89CC05

89OCN5 Disconnect 5 Open Control (SELOGIC Equation) 89OC05

89CST5 Disconnect 5 Close Seal-in Time (1–99999 cyc) 280

89OST5 Disconnect 5 Open Seal-in Time (1–99999 cyc) 280

One-Line Analog Display

1 1, “Analogs”

2 IAWM, “IA:(4.0,1)A”

3 VABFM, “V:(3.0,1)kV”

4 FREQ, “F:(4.1,1)Hz”

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 2 of 3)

Setting Description Entry
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5 3P, “P:(3.0,1)MW”

6 3Q_F, “Q:(3.0,1)MVR”

Control Selection

LOCAL Local Control (SELOGIC control equation) IN107

Table 5.7 Application Example Front Panel Settings

Setting Description Entry

Selectable Screens for the Front Panel

SCROLD Front Panel Display Update Rate (OFF, 1–15 secs) 5

RMS_V RMS Line Voltage Screen (Y, N) Y

RMS_I RMS Line-Current Screen (Y, N) Y

RMS_VPP RMS Line Voltage Phase-to-Phase Screen N

RMS_W RMS Active Power Screen N

FUNDVAR Fundamental Reactive Power Screen N

RMS_VA RMS Apparent Power Screen N

RMS_PF RMS Power Factor Screen N

RMS_BK1 RMS Breaker 1 Currents Screen N

RMS_BK2 RMS Breaker 2 Currents Screen N

STA_BAT Station Battery Screen N

FUND_VI Fundamental Voltage and Current Screen N

FUNDSEQ Fundamental Sequence Quantities Screen N

FUND_BK Fundamental Breaker Currents Screen N

ONELINE One-Line Bay Control Diagram Y

Selectable Operator Pushbuttons

PB2_HMI Pushbutton 2 HMI Screen BC

Table 5.8 Application Example Output Settings, Output SELOGIC Control Equations

Setting Description Entry

OUT103 OUT103 SELOGIC control equation 89CLS1 AND NOT 52CLSM1

OUT104 OUT104 SELOGIC control equation 89OPEN1 AND NOT 52CLSM1

OUT105 OUT105 SELOGIC control equation 89CLS2 AND NOT 52CLSM1

OUT106 OUT106 SELOGIC control equation 89OPEN2 AND NOT 52CLSM1

OUT201 OUT201 SELOGIC control equation 89CLS3 AND 89OPN5

OUT202 OUT202 SELOGIC control equation 89OPEN3 AND 52CLSM1

OUT203 OUT203 SELOGIC control equation 89CLS4 AND NOT 52CLSM1

OUT204 OUT204 SELOGIC control equation 89OPEN4 AND NOT 52CLSM1

OUT205 OUT205 SELOGIC control equation 89CLS5 AND NOT 52CLSM1

OUT206 OUT206 SELOGIC control equation 89OPEN5 AND NOT 52CLSM1

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 3 of 3)

Setting Description Entry
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Autoreclosing

This section describes the operation of autoreclose logic in SEL-400 series relays 
that include an autorecloser. This section covers the following topics:

➤ Autoreclosing States on page 6.2

➤ One-Circuit-Breaker Autoreclosing on page 6.4

➤ Two-Circuit-Breaker Autoreclosing on page 6.10

➤ Autoreclose Logic Diagrams on page 6.26

➤ Manual Closing on page 6.40

➤ Voltage Checks for Autoreclosing and Manual Closing on page 6.43

➤ Settings and Relay Word Bits for Autoreclosing and Manual Closing 
on page 6.46

The relay autoreclose function provides complete control for single circuit 
breaker and two circuit breaker reclosing schemes. The autoreclose function 
accommodates both single-pole and three-pole reclosing. Some SEL-400 series 
relays only support three-pole operations. See the Features section in Section 1: 
Introduction and Specifications in the product-specific instruction manual to 
determine the reclosing capability of each relay. Relays that support single-pole 
breaker operations can be set for a total of two single-pole reclose shots. Three-
pole breaker operations can be set for as many as four three-pole reclose shots.

You can designate the leader and follower circuit breakers in a two-circuit 
breaker configuration. The relay recloser can dynamically change leader and fol-
lower designations based on settings and operating conditions.

You can program the autoreclose logic to perform one shot of high-speed three-
pole reclose. This high-speed three-pole shot replaces one of the four delayed 
time three-pole shots. There is no difference between a shot of high-speed three-
pole reclose and a shot of delayed three-pole autoreclose; simply select the open 
interval time accordingly.

Two autoreclose modes are available when using the relay to control two circuit 
breakers:

➤ Combined two-breaker mode (setting E79 := Y)—both circuit 
breakers must trip before any reclosing can occur. 

➤ Independent two-breaker mode (setting E79 := Y1)—the follower 
circuit breaker can trip and reclose even when the lead breaker has 
not operated. This is useful on both ring bus and breaker-and-a-half 
schemes, where the follower breaker is a tie breaker that can be 
tripped by protection on either side.

For single circuit breaker applications, use setting E79 := Y.

NOTE: The relay voltage check 
elements (for bus and line voltages) 
may be used without the synchronism-
check feature, however, for certain 
voltage connections, some of the 
synchronism-check settings need to 
be entered to ensure that the correct 
voltages are used.
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Autoreclosing States
The autoreclose logic for either circuit breaker can be in one of the following five 
states (see Figure 6.1):

➤ Start (common to both circuit breakers) (79STRT)

➤ Reset per circuit breaker (BK1RS, BK2RS)

➤ Single-pole autoreclose cycle (common to both circuit breakers) (79CY1)

➤ Three-pole autoreclose cycle (common to both circuit breakers) (79CY3)

➤ Lockout, per circuit breaker (BK1LO, BK2LO)

Start (79STRT)
The autoreclose logic is in the Start state for both circuit breakers during the fol-
lowing conditions:

➤ Startup

➤ Restart

➤ Any relay settings change

The relay stores the previous reclosing state for Relay Word bits 79CY1, 79CY3, 
BK1LO, BK2LO, BK1RS, and BK2RS when a restart or any relay settings 
change occurs.

At startup, the recloser logic goes from the start state to the lockout state. For a 
restart or a settings change, the recloser logic enters the start state, then goes to 
lockout if the circuit breakers were open before the restart or settings change. If 
the circuit breakers were previously closed, then the recloser logic proceeds 
through the 3PMRCD (Manual Close Reclaim Time Delay) time and then goes to 
the ready state.

Reset (BK1RS, BK2RS)
The autoreclose logic is in the reset or ready state for either circuit breaker when 
the circuit breaker is ready to begin an autoreclose cycle. There are three reset 
state timers. After a successful reclose cycle, the relay goes to the reset state after 
reclaim times SPRCD (Single-Pole Reclaim Time Delay) for single-pole auto-
matic and 3PRCD (Three-Pole Reclaim Time Delay) for three-pole automatic 
reclosing. If the recloser has been in a lockout condition, the Ready or Reset state 
cannot occur until the 3PMRCD (Manual Close Reclaim Time Delay) timer has 
expired. You can only block the reclaim time after a successful reclose cycle. Set-
ting 79BRCT (Block Reclaim Timer) prevents timing of reclaim timers SPRCD, 
3PRCD, and 3PMRCD.

Single-Pole Autoreclose (79CY1)
This state does not apply to relays that only support three-pole reclosing. The 
autoreclose logic is in a single-pole autoreclose cycle for either circuit breaker if 
all of the following conditions are satisfied:

➤ Single-pole trip occurs

➤ Condition(s) to initiate a single-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a single-pole 
autoreclose cycle (that is, reset)
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Three-Pole Autoreclose (79CY3)
The autoreclose logic is in a three-pole autoreclose cycle for either circuit breaker 
if all of the following conditions are satisfied:

➤ Three-pole trip occurs

➤ Condition(s) to initiate a three-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a three-pole 
autoreclose cycle (that is, reset)

Lockout (BK1LO, BK2LO)
The lockout state is the default state of any circuit breaker after startup. Other 
conditions place the recloser in the LO state. The relay recloser has a drive-to-
lockout function that you can program for any external or internal condition—use 
setting 79DTL. A circuit breaker can go to lockout by two methods. The circuit 
breaker enters the lockout state if either of the following occur:

➤ Supervisory Relay Word bits SPnCLS or 3PnCLS do not assert 
within the BKnCLSD time

➤ The circuit breaker does not close within the BKCFD time

The timer for both supervisory Relay Word bits SPnCLS and 3PnCLS is setting 
BKnCLSD. Setting BKnCLSD = OFF disables the BKnCLSD delay timer, 
requiring either SPnCLS or 3PnCLS to assert before transitioning to the next 
state.

In applications using two circuit breakers, you can designate one circuit breaker 
as the leader and the other circuit breaker as the follower. The relay freezes the 
leader/follower decision during an autoreclose cycle unless the autoreclose logic 
receives another initiation.

If the recloser receives another initiation, the logic reevaluates the leader and fol-
lower circuit breakers to determine the number of circuit breakers in a scheme 
(NBKn), the leader circuit breaker (LEADBKn), and the follower circuit breaker 
(FOLBKn). This determination is based on the service status of the circuit break-
ers. The logic considers a circuit breaker out of service if the circuit breaker goes 
to lockout. The logic considers a circuit breaker to be in service as soon as the 
circuit breaker closes and is no longer in lockout.

State Diagram
Figure 6.1 illustrates how the autoreclose logic moves from one state to another 
with respect to Circuit Breaker 1. (This diagram is identical for Circuit Breaker 2; 
replace the 1 in the Relay Word bits with 2.) The Relay Word bits that correspond 
to each state are shown (see Table 6.1). A solid path between two states indicates 
that the logic can move in only one direction. Two broken paths between two 
states indicate the logic can move in either direction between the two states. The 
dashed vertical line that runs through the center of the figure indicates the states 
common to both circuit breakers.

Table 6.1 describes each of the five states with respect to Circuit Breaker 1, along 
with the corresponding Relay Word bits.

NOTE: The autoreclose function runs 
once per power-system cycle. To 
ensure that the logic detects transient 
element state changes that initiate 
closing, you should extend the 
assertion time of transient element 
states to 1 cycle.
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One-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay autoreclose capabilities: 

➤ Single-pole mode (SPAR) 

➤ Three-pole mode (3PAR) 

➤ Single- and three-pole mode (SPAR/3PAR) 

Relay settings ESPR1 (Single-Pole Reclose Enable—BK1) and E3PR1 (Three-
Pole Reclose Enable—BK1) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.8 and Figure 6.9. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPR1, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.8). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PR1, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.9). 

                    

Figure 6.1 Autoreclose State Diagram for Circuit Breaker 1

Table 6.1 Autoreclose Logical States for Circuit Breaker 1

State Description Relay Word Bit

Start Startup, or relay settings change 79STRT

Reset Circuit Breaker 1 reset BK1RS

Single-pole autoreclose cyclea

a 79CY1 is only available in relays that support single-pole breaker operations.

Single-pole autoreclose 79CY1

Three-pole autoreclose cycle Three-pole autoreclose cycle 79CY3

Lockout Lockout BK1LO

79CY1

79CY3

79STRT

BK1LO

Breaker 1 
Reset or 
Ready

Breaker 1 
Lockout

1-Pole 
Auto-Reclose

Start

3-Pole 
Auto-Reclose

BK1RS
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Other recloser settings include the initial recloser settings (see Enable Autore-
close Logic for Two Circuit Breakers on page 6.22) and the trip logic enable set-
tings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.9).

Single-Pole Mode
Figure 6.11 shows the one circuit breaker single-pole autoreclose cycle 79CY1. 
The cycle starts when Relay Word bit SPARC asserts. The recloser waits as long 
as 10 cycles for the circuit breaker to open (indicated by Relay Word bit SPO) 
and then begins timing SPOID (Single-Pole Open Interval Delay) when the cir-
cuit breaker opens. After single-pole open interval time SPOID expires, the relay 
recloses the circuit breaker if supervisory condition SP1CLS (Single-Pole BK1 
Reclose Supervision) is satisfied within the duration of timer BK1CLSD (BK1 
Reclose Supervision Delay).

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires.

SPRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer SPRCD (Single-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit SPLSHT (Single-
Pole Reclose Last Shot). When SPLSHT is asserted, the recloser forces all subse-
quent relay trips to three-pole only mode.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via one of the following three methods while 
SPLSHT is asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer SPRCD expires. 

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 
79CY3. 

➤ If a fault occurs during the SPRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example) 
the recloser exits the 79CY1 cycle state and goes to the lockout state 
BK1LO.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer SPRCD expires.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, the recloser asserts SPARC for single-pole initiate conditions 
and returns to the beginning of the 79CY1 cycle state; the recloser 
increments the shot counter and begins the next open interval timer. 

NOTE: Single-pole mode is only 
supported in relays that provide 
single-pole breaker control.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PR1 is logical 1, for example) and 
proceeds to the autoreclose three-pole cycle state 79CY3. 

➤ If a multiphase fault occurs during the SPRCD reclaim time, and the 
three-pole reclose conditions are not satisfied (E3PR1 is logical 0, for 
example), the recloser exits the 79CY1 cycle state and goes to the 
lockout state BK1LO. 

Lockout State From 79CY1

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(NSPSHOT).

➤ Supervision condition SP1CLS fails to assert in BK1CLSD time.

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening).

➤ The circuit breaker fails to close within BKCFD time.

➤ Any time Relay Word bit 79DTL asserts.

Three-Pole Mode 
Figure 6.12 shows the one circuit breaker autoreclose cycle 79CY3. The cycle 
starts when Relay Word bit 3PARC asserts. The recloser checks SELOGIC control 
equation 79SKP at this point to determine whether to increment the shot counter. 
The recloser waits indefinitely for the circuit breaker to open, as indicated by 
Relay Word bit 3POLINE. The recloser begins timing 3POID1 (Three-Pole Open 
Interval 1 Delay) when the circuit breaker opens. After the open interval time 
3POID1 expires, the relay asserts Relay Word bit BK1CL to reclose the circuit 
breaker if supervisory condition 3P1CLS (Three-Pole BK1 Reclose Supervision) 
is satisfied within the duration of timer BK1CLSD (BK1 Reclose Supervision 
Delay). 

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires. 

3PRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer 3PRCD (Three-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit 3PLSHT (Three-
Pole Reclose Last Shot). 

3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via one of the following two methods while 
3PLSHT is asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
exits the 79CY3 cycle state and goes to the lockout state BK1LO. 
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3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits three possible state transitions when 3PLSHT is not asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied (E3PR1 is logical 1, for example) and returns to the 
beginning of the 79CY3 cycle state; the recloser increments the shot 
counter and begins the next open interval timer. 

➤ If a fault occurs during the 3PRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example), 
the recloser exits the 79CY3 cycle state and goes to the lockout state 
BK1LO.

Lockout State From 79CY3

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(N3PSHOT)

➤ Supervision condition 3P1CLS fails to assert in BK1CLSD time

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening)

➤ The circuit breaker fails to close within BK1CFD time

➤ Relay Word bit 79DTL asserts

Single- and Three-Pole Mode
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.5. The recloser closes the circuit breaker and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.6.

Three-Pole Priority 
If a single-pole autoreclose cycle 79CY1 is in progress and the relay receives an 
initiation for three-pole reclosing 3PRI, the recloser immediately starts a three-
pole autoreclose cycle 79CY3.

Active Circuit Breakers
Two Relay Word bits describe when Circuit Breaker 1 is active for the autore-
close logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

NOTE: Single- and three-pole mode 
is only supported in breakers that 
provide single-pole breaker control.
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NBK1 equals logical 1 when Circuit Breaker 1 is closed and the autoreclose logic 
is reset, or if the autoreclose logic is in an autoreclose cycle (79CY1 or 79CY3). 
NBK0 equals logical 1 when Circuit Breaker 1 is open and not in an autoreclose 
cycle (79CY1 or 79CY3), or if the autoreclose logic is locked out (BK1LO).

Enable Autoreclose Logic for One Circuit Breaker
Three-Pole Trip Circuit Breaker

The initial settings necessary to enable autoreclose for a single three-pole trip cir-
cuit breaker are shown in Table 6.2.

                    

Single-Pole Trip Circuit Breaker
The initial settings necessary to enable autoreclose for one single-pole trip circuit 
breaker are shown in Table 6.3.

                    

Recloser Mode Enables
The SELOGIC control equations E3PR1 and ESPR1 are used to set the relay auto-
reclose modes. Table 6.4 illustrates how to enable the autoreclose modes for Cir-
cuit Breaker 1.

Table 6.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applies to relays that support single-pole breaker operations.

Breaker 1 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC control equation) IN101

Relay Configuration (Group)

E79 Reclosing Y

Table 6.3 One-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Relay Configuration (Group)

E79 Reclosing Y
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When E3PR1 
equals logical 1, the relay can attempt a three-pole autoreclose cycle for Circuit 
Breaker 1. If E3PR1 equals logical 0, the relay goes to lockout following a three-
pole trip for Circuit Breaker 1.

ESPR1 is the SELOGIC control equation that enables single-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When ESPR1 
equals logical 1, the relay can attempt a single-pole autoreclose cycle for Circuit 
Breaker 1. If ESPR1 equals logical 0, the relay cannot initiate a single-pole auto-
reclose cycle.

Set either or both E3PR1 and ESPR1 according to your reclosing requirements 
and relay reclosing capabilities. For single-pole reclosing, set ESPR1 to evaluate 
to logical 1 and set NSPSHOT to the desired number of single-pole reclose shots. 
For three-pole reclosing, set E3PR1 to evaluate to logical 1 and set N3PSHOT for 
the desired number of three-pole shots. For both single-pole and three-pole 
reclosing, set ESPR1 to evaluate to logical 1, set E3PR1 to evaluate to logical 1, 
and configure settings NSPSHOT and N3PSHOT for the desired number of 
reclose shots of each type (see Recloser Mode Enables on page 6.8).

Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(recloser three-pole trip enable) and R3PTE1 (recloser three-pole trip enable Cir-
cuit Breaker 1) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := R3PTE1 Breaker 1 3PT (SELOGIC equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing. Enter enable settings ESPR1 and E3PR1 as appropriate for 
your application.

Relay Word bits R3PTE and R3PTE1 are logical 1 for either of the following 
conditions when the setting NUMBK (number of breakers in scheme) is logical 1 
and SPLSHT (single-pole last shot) is asserted (see Figure 6.9):

➤ BK1TYP := 3 (Breaker 1 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Table 6.4 One Circuit Breaker Modes of Operation

E3PR1 ESPR1a

a ESPR1 only applies to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT and E3PT1 via a control input (for example):

E3PT := NOT IN104 Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := NOT IN104 Breaker 1 3PT (SELOGIC equation)

Connect the external recloser single-pole trip output signal to IN104. Other exter-
nal recloser signals are required; consult the external recloser documentation for 
interconnection with the relay.

Two-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay reclose capabilities:

➤ Single-pole mode (SPAR)

➤ Three-pole mode (3PAR)

➤ Single- and three-pole mode (SPAR/3PAR)

Relay settings ESPRn (Single-Pole Reclose Enable—BKn) and E3PRn (Three-
Pole Reclose Enable—BKn) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.9 and Figure 6.10. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPRn, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.9). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PRn, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.10).

Single-pole recloser settings also include the initial recloser settings (see Enable 
Autoreclose Logic for One Circuit Breaker on page 6.8) and the trip logic enable 
settings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.25).

Single-Pole Mode
Figure 6.13 and Figure 6.14 show the two circuit breaker single-pole autoreclose 
cycle 79CY1 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit SPARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2.

The recloser checks for an SPO (Single-Pole Open) condition for either the 
leader or follower, and waits as long as 10 cycles for the circuit breakers to open. 
If the leader or follower shows a single-pole open inside the 10-cycle window, the 

NOTE: In the following discussion, 
n = 1 or 2 for Circuit Breaker BK1 or 
BK2.
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recloser proceeds to timing SPOID (Single-Pole Open Interval Delay). The 
recloser goes to lockout if the circuit breakers fail to open (no close attempts fol-
low). If an evolving fault results in a three-pole trip condition that asserts 3PARC, 
then the recloser exits the 79CY1 cycle and goes to the three-pole cycle 79CY3. 
When E79 := Y1, a Single-Pole Open Interval Supervision Condition (SPOISC) 
must be satisfied before the recloser can proceed to timing SPOID. If the supervi-
sory condition is not met within the duration of timer SPOISD (Single-Pole Open 
Interval Supervision Delay), the recloser goes to lockout.

After single-pole open interval time SPOID expires, the recloser closes the leader 
if the single-pole open condition is still in effect and supervisory condition 
SPnCLS (Single-Pole BKn Reclose Supervision) is satisfied within the duration 
of timer BKnCLSD (BKn Reclose Supervision Delay). If the leader circuit 
breaker has more than one pole open at the end of the SPOID time, the recloser 
sends the leader to lockout BKnLO. 

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
after timer BKCFD expires. If the leader closes within the BKCFD time, the 
recloser goes to SPRCD (Single-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted. 

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a single-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). If multiple poles of the follower circuit breaker are open, the recloser 
sends the follower to lockout BKnLO. When TBBKD expires, the recloser closes 
the follower breaker if FBKCEN (Follower Breaker Closing Enable) is asserted 
and supervisory condition SPnCLS is satisfied within the duration of timer 
BKnCLSD. At the follower close command, the recloser starts timer BKCFD 
(Breaker Close Failure Delay). If the follower fails to close, the recloser sends the 
follower to lockout after timer BKCFD expires. If the leader circuit breaker is not 
in lockout, the recloser begins timing SPRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the SPRCD (Single-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted. 

SPRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit SPLSHT (Single-Pole Reclose Last 
Shot). When SPLSHT is asserted, the recloser forces all subsequent relay trips to 
three-pole only mode.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted: 

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, then the recloser asserts SPARC if all single-pole initiate 
conditions are satisfied and goes to the beginning of the 79CY1 
cycle. The recloser then recalculates and freezes the calculation for 
the number of active circuit breakers, the leader, and the follower. 
The recloser then increments the shot counter and begins the next 
open interval timer.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PRn is logical 1, for example) and recalculates 
the number of active circuit breakers, the leader, and the follower before 
proceeding to the autoreclose three-pole cycle state 79CY3.

➤ If a multiphase fault occurs during the SPRCD reclaim time, 
SPLSHT is not asserted, and the three-pole reclose conditions are not 
satisfied (E3PRn is logical 0, for example) and the recloser exits the 
79CY1 cycle state and goes to the lockout state BKnLO.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via three methods while SPLSHT is asserted:

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 79CY3.

➤ If a fault occurs during the SPRCD reclaim time and the three-pole 
reclose conditions are not satisfied (E3PRn is logical 0, for example), 
then the recloser exits the 79CY1 cycle state and goes to the lockout 
state BknLO.

Lockout State From 79CY1

The recloser goes to lockout (BKnLO) when the number of trips exceeds the 
maximum number of shots (NSPSHOT), supervision condition SPnCLS fails to 
assert in BKnCLSD time, Relay Word bit 3POLINE asserts (for a circuit breaker 
manual opening), the circuit breaker fails to close within BKCFD time, or any 
time Relay Word bit 79DTL asserts.

Three-Pole Mode
Figure 6.15 and Figure 6.16 show the two circuit breaker three-pole autoreclose 
cycle 79CY3 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit 3PARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2. The recloser checks SELOGIC control equation 79SKP at this point to 
determine whether to increment the shot counter.

The recloser waits for 3POLINE to assert:

➤ if E79 := Y, 3POLINE asserts when both breakers (leader and 
follower) open (see Figure 6.15)

➤ if E79 := Y1, 3POLINE asserts when at least one breaker (leader or 
follower) opens (see Figure 6.16) 

If 3POLINE asserts within the 3PRIH time delay, the recloser proceeds to timing 
3POID1 (Three-Pole Open Interval 1 Delay). If 3POLINE fails to assert within 
the 3PRIH time-delay setting, the recloser goes to lockout. If the 3PRIH 
setting = OFF, the recloser will wait indefinitely for 3POLINE to assert before 
proceeding to timing 3POID1. If SELOGIC control equation 3PFARC (Three-
Pole Fast ARC Enable) is asserted, the recloser times the open interval time from 
setting 3PFOID (Three-Pole Fast Open Interval Delay). When E79 := Y1, a 
Three-Pole Open Interval Supervision Condition (3POISC) must be satisfied 

NOTE: The recloser logic is only 
processed every 1 cycle. To ensure 
proper timing and to avoid going to 
lockout unnecessarily, add an 
additional 1 cycle to the 3PRIH setting 
to properly account for processing 
delays.
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before the recloser can proceed to timing 3POID1. If the supervisory condition is 
not met within the duration of timer 3POISD (Three-Pole Open Interval Supervi-
sion Delay), the recloser goes to lockout.

After three-pole open interval time 3POID or 3PFOID expires.

➤ and E79 := Y, the recloser attempts to close the leader breaker, as 
discussed below (first checking the supervisory condition 3PnCLS).

➤ and E79 := Y1, the recloser checks if the leader breaker is open. If 
open, it attempts to close the leader breaker, as discussed below (first 
checking the supervisory condition 3PnCLS). If the leader breaker is 
closed (it never opened at the outset), the recloser skips the leader 
breaker close logic and attempts to close the follower breaker, as 
discussed further below (first checking for two active breakers and an 
open follower breaker, before starting timer TBBKD [Time Between 
Breakers for ARC]).

The recloser closes the leader if supervisory condition 3PnCLS (Three-Pole BKn 
Reclose Supervision) is satisfied within the duration of timer BKnCLSD (BKn 
Reclose Supervision Delay).

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
BKnLO after timer BKCFD expires. If the leader closes within the BKCFD time, 
the recloser goes to 3PRCD (Three-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted.

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a three-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). When TBBKD expires, the recloser closes the follower breaker if FBK-
CEN (Follower Breaker Closing Enable) is asserted and supervisory condition 
3PnCLS is satisfied within the duration of timer BKnCLSD. At the follower 
close command, the recloser starts timer BKCFD (Breaker Close Failure Delay). 
If the follower fails to close, the recloser sends the follower to lockout after timer 
BKCFD expires. If the leader circuit breaker is not in lockout, the recloser begins 
timing 3PRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the 3PRCD (Three-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted.

3PRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit 3PLSHT (Three-Pole Reclose Last Shot).

3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits two possible state transitions when 3PLSHT is not asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs while the 3PRCD reclaim timer is timing, then the 
recloser asserts 3PARC if all three-pole initiate conditions are 
satisfied and goes to the beginning of the 79CY3 cycle. The recloser 
then recalculates and freezes the number of active circuit breakers, 
the leader, and the follower. The recloser then increments the shot 
counter and begins the next open interval timer.
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3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via two methods while 3PLSHT is asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS. 

➤ If a fault occurs during the 3PRCD reclaim time and 3PLSHT is 
asserted, then the recloser goes to lockout BKnLO.

Lockout State From 79CY3

The recloser goes to lockout (BKnLO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots (N3PSHOT)

➤ Supervision condition 3PnCLS fails to assert in BKnCLSD time

➤ Relay Word bit 3POLINE asserts for a circuit breaker manual 
opening (no qualified autoreclose initiation 3PARC)

➤ The circuit breaker fails to close within BKCFD time

➤ SELOGIC equation 79DTL asserts

Single- and Three-Pole Mode 
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.10. The recloser closes the circuit breakers and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.12.

Three-Pole Priority
If a single-pole autoreclose cycle is in progress (79CY1) and the relay receives an 
initiation for three-pole reclosing (3PRI), the recloser immediately starts a three-
pole autoreclose cycle (79CY3).

Active Circuit Breakers
The following three Relay Word bits describe when Circuit Breaker BK1 and 
Circuit Breaker BK2 are active for the autoreclose logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

➤ NBK2, Two Breakers Active in Reclose Scheme

Leader and Follower Circuit Breakers
One circuit breaker is the leader and the other is the follower for circuit breaker-
and-a-half and ring-bus arrangements. Figure 6.2 illustrates a multiple circuit 
breaker arrangement. The leader recloses first. If the leader recloses successfully, 
the follower also typically recloses. 
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Choose Circuit Breaker BK1 as the leader and Circuit Breaker BK2 as the fol-
lower. If Circuit Breaker BK1 is out of service (for maintenance, for example), 
the relay can automatically make Circuit Breaker BK2 the leader.

The relay freezes the leader, follower, and number of active circuit breaker desig-
nations during an autoreclose cycle. If the logic receives another reclose initia-
tion, the relay reevaluates the leader, follower, and number of active circuit 
breaker designations. The logic considers a circuit breaker out of service if the 
circuit breaker goes to lockout, and declares a circuit breaker to be in service as 
soon as the circuit breaker closes and is no longer in lockout.

Leader Logic
Relay settings SLBK1 (Leader Breaker = Breaker 1) and SLBK2 (Leader 
Breaker = Breaker 2) SELOGIC control equations determine the criteria for relay 
selection of the active leader. Set SLBK1 := 1 to select Circuit Breaker BK1 as 
the leader; set SLBK2 := 1 to select Circuit Breaker BK2 as the leader. SLBK1 
has priority over SLBK2; if you set both settings to 1 or both to 0, Circuit 
Breaker BK1 is the leader.

Circuit Breaker BK1 is the leader for the following conditions:

➤ BK1 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK1 is selected as the leader 
(SLBK1 := 1)

➤ BK1 and BK2 are in service and the setting combination SLBK1 := 0 
and SLBK2 := 1 is not in effect

Circuit Breaker BK2 is the leader for the following conditions:

➤ BK2 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK2 is selected as the leader 
(SLKBK1 := 0 and SLBK2 := 1)

➤ If neither circuit breaker is in service, there is no leader

The following three Relay Word bits describe which circuit breaker is the leader:

➤ LEADBK0, No Breaker In Service

➤ LEADBK1, Leader Breaker = Breaker 1

➤ LEADBK2, Leader Breaker = Breaker 2

The relay loads the corresponding circuit breaker settings into the leader Relay 
Word bits (LEADBK0, LEADBK1, and LEADBK2). If there is no leader (no cir-
cuit breaker is active), the relay loads a logical 0 into LEADBK1 and LEADBK2, 
and a logical 1 into LEADBK0.

                    

Figure 6.2 Multiple Circuit Breaker Arrangement
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Follower Logic
The FBKCEN SELOGIC control equation, Follower Breaker Closing Enable, 
defines the conditions necessary for the follower breaker to reclose.

The relay selects the follower as follows:

➤ If Circuit Breaker BK1 is the leader and Circuit Breaker BK2 is not 
locked out, then Circuit Breaker BK2 is the follower.

➤ If Circuit Breaker BK2 is the leader and Circuit Breaker BK1 is not 
locked out, then Circuit Breaker BK1 is the follower.

➤ If fewer than two circuit breakers are in service (NBK0 or NBK1 is 
asserted), then there is no follower.

The following three Relay Word bits describe which circuit breaker is the follower:

➤ FOLBK0, No Follower Breaker

➤ FOLBK1, Follower Breaker = Breaker 1

➤ FOLBK2, Follower Breaker = Breaker 2

If there is no follower (in the case of only one circuit breaker, for example), the 
relay loads a logical 0 into the follower SELOGIC control equation FBKCEN.

Dynamic Selection of Leader and Follower Circuit Breakers
The relay dynamically selects the leader and follower circuit breakers during the 
reclose cycle. The relay calculates the leader in the ready (reset) state. At the start 
of the reclose cycle, the relay freezes this calculation and sets circuit breaker des-
ignations. The leader/follower designation can dynamically change in the cycle if 
the leader circuit breaker goes to lockout and FBKCEN is asserted.

Set the initial leader/follower designation and follower close conditions with set-
tings SLBK1 (Lead Breaker = Breaker 1), SLBK2 (Lead Breaker = Breaker 2), 
and FBKCEN (Follower Breaker Closing Enable). Table 6.5 shows the permuta-
tions of these settings.

                    

Table 6.5 Dynamic Leader/Follower Settings (Sheet 1 of 2)

SLBK1 SLBK2 FBKCEN Comments

0 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.

0 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1.

0 1 0 BK2 is the leader; BK1 is the leader only if BK2 LO and 
BK1 is closed. BK1 will not close as the follower upon 
successful close of leader BK2.

0 1 1 BK2 is the leader; BK1 is the leader only if BK2 LO. 
BK1 will close if BK2 LO after BKCFD. BK1 will close 
as the follower after TBBKD upon successful close of the 
leader BK1. 

1 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.
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Circuit Breaker BK1 is always the leader if SLBK1 is asserted and BK1 is not 
locked out. Circuit Breaker BK2 is the leader if SLBK2 is asserted, BK2 is not 
locked out, and SLBK1 is not asserted. The second circuit breaker can become 
the leader when the leader is locked out.

Setting FBKCEN does not pick the follower, but decides when the second circuit 
breaker can reclose. If the leader goes to lockout, then the follower goes to lock-
out if FBKCEN := 0. If, however, the leader is manually opened, the follower 
breaker can become the leader (after being manually closed) and can close via a 
reclose cycle if FBKCEN := 1. If you want the follower breaker to close only for 
specific conditions, use the enable settings to force this close requirement. For 
example, Circuit Breaker BK2 can dynamically become the leader if BK1 is 
locked out and BK2 is closed. If you do not want BK2 to become the leader, set 
FBKCEN := 52AA1. Also see Example One: No Follower on page 6.17 for 
another method to prevent BK2 from becoming the leader.

The following examples help illustrate how the relay autoreclose logic dynami-
cally determines the leader and follower circuit breakers. These examples 
describe a two circuit breaker scheme (such as used in a circuit breaker-and-a-
half arrangement) as shown in Figure 6.3.

Example One: No Follower
This example describes recloser states when Circuit Breaker BK1 fails to reclose 
following the first three-pole open interval delay. Set the FBKCEN SELOGIC 
control equation to prevent Circuit Breaker BK2 from closing as the follower. 
The leader and follower selection settings are shown in Table 6.6. 

                    

1 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1. 

1 1 0 Same as 1/0/0.

1 1 1 Same as 1/0/1.

1 0 52AA1 BK1 is the leader; BK2 to LO is the leader if BK1 LO. 
BK2 will close as the follower after TBBKD upon success-
ful close of the leader BK1.

Table 6.5 Dynamic Leader/Follower Settings (Sheet 2 of 2)

SLBK1 SLBK2 FBKCEN Comments

                    

Figure 6.3 Multiple Circuit Breaker Arrangement
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Reset State and 79CY3 Cycle State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.7 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Lockout State

Circuit Breaker BK1 fails to close when the first three-pole open interval expires 
and goes to lockout. Circuit Breaker BK2 goes to lockout. Table 6.8 defines the 
logical state of the autoreclose logic at this point.

                    

Reset State After Reclaim Time

Circuit Breaker BK2 is manually closed and now becomes active as the leader 
after 3PMRCD (Manual Close Reclaim Time Delay). Subsequent reclosing 
occurs with BK2. Table 6.9 defines the logical state of the autoreclose logic at 
this point.

Table 6.6 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 0

Table 6.7 Example One: Reset and 79CY3 States

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.8 Example One: Lockout State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Block Reclosing With Enable Settings

To block BK2 as leader use the enable settings; set ESPR2 := NBK2 and 
E3PR2 := NBK2. With these enable settings BK2 never becomes the leader cir-
cuit breaker.

Example Two: BK2 as Successful Follower and Dynamic Leader
Another example is similar to the first with SLBK1/SLBK2/FBKCEN at 1/0/1 
(see Table 6.10).

                    

Reset State 
Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. At the start of the reclose cycle, Relay Word bits 
LEADBK1, FOLBK2, and NBK2 are asserted (see Table 6.11). 

                    

Table 6.9 Example One: Reset State After Reclaim Time

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.10 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 1

Table 6.11 Example Two: Initial Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1
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When BK1 successfully recloses, BK2 closes as the follower after timer TBBKD 
(Time Between Breakers for ARC). 

If BK1 goes to lockout during a reclose cycle (after BKCFD time), then BK2 will 
close as the follower. After timer 3PRCD (Three-Pole Reclaim Time Delay) 
expires, the recloser enters the reset state for BK2 (BK2RS). The recloser dynam-
ically recalculates the leader and follower circuit breakers. BK2 becomes the 
leader with Relay Word bits LEADBK2, FOLBK0, and NBK1 asserted (see 
Table 6.12). When BK2 becomes the leader, the recloser immediately issues the 
close command to BK2 and does not add any additional SPOID or 3POID inter-
val time.

                    

Example Three: BK2 as Conditional Follower
One method to program BK2 for closing only after a successful BK1 close is to 
set SLBK1/SLBK2/FBKCEN as in Table 6.13.

                    

Reset State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.14 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Table 6.12 Example Two: Final Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.13 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 52AA1

Table 6.14 Example Three: Reset State (Sheet 1 of 2)

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0
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79CY3 Cycle State

The autoreclose logic receives a three-pole initiation. Table 6.15 defines the logi-
cal state of the autoreclose logic for this example during the three-pole autore-
close cycle.

                    

BK2 closes as the follower when BK1 successfully closes (after timer TBBKD).

Lockout State

Circuit Breaker BK1 must close before Circuit Breaker BK2. If Circuit Breaker 
BK1 fails to close and goes to lockout, then Circuit Breaker BK2 goes to lockout 
as well because BK2 cannot close as the follower and cannot dynamically 
become the leader. Table 6.16 defines the logical state of the autoreclose logic for 
this example following the unsuccessful reclose attempt.

                    

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.14 Example Three: Reset State (Sheet 2 of 2)

Relay Word Bit Description Logical State

Table 6.15 Example Three: Three-Pole Cycle State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.16 Example Three: Lockout State, BK

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Example Four: Input Selection of Leader
Figure 6.4 illustrates a circuit breaker-and-a half configuration for this particular 
example. The leader and follower selection settings are shown in Table 6.17. Cir-
cuit Breaker BK1 is out of service for maintenance and Disconnect Switch 1 is 
open.

                    

                    

Table 6.18 defines the logical state of the autoreclose logic for this example prior 
to the initiation of an autoreclose cycle. These conditions are frozen during an 
autoreclose cycle. The relay autoreclose logic can unfreeze these conditions if the 
relay receives another initiation.

                    

Enable Autoreclose Logic for Two Circuit Breakers
Three-Pole Trip Circuit Breakers

The initial settings necessary to enable autoreclose for two three-pole trip circuit 
breakers are shown in Table 6.19.

Table 6.17 Leader/Follower Selection

Setting Label Setting

SLBK1 IN106 (Disconnect 1 a contacts)

SLBK2 IN107 (Disconnect 2 a contacts)

FBKCEN 0

                    

Figure 6.4 Leader/Follower Selection by Relay Input

Table 6.18 Two Circuit Breakers: Circuit Breaker BK1 Out of Service

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Bus 1

(Leader)

Line

to
IN106

to
IN107

Out of Service 
(maintenance)

Bus 2

BK2BK1
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Single-Pole Trip Circuit Breakers
The initial settings necessary to enable autoreclose for two single-pole trip circuit 
breakers are shown in Table 6.20. 

                    

Recloser Mode Enables
The SELOGIC control equations E3PRn and ESPRn set the relay for the three 
autoreclose modes. Table 6.21 and Table 6.22 illustrate how to enable the autore-
close modes per circuit breaker.

                    

Table 6.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applicable to products that support single-pole tripping and reclosing.

Breaker 1 Trip Type 3

BK2TYPa Breaker 2 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC Equation) IN101

Breaker 2 Inputs (Breaker Monitor)

52AA2 N/O Contact Input—BK2 (SELOGIC Equation) IN102

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.20 Two-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

BK2TYP Breaker 2 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Breaker 2 Inputs (Breaker Monitor)

52AA2 A-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN104

52AB2 B-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN105

52AC2 C-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN106

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 1 of 2)

E3PR1 ESPR1a Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK1. You can assign this setting to a control input. ESPR1 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK1. You can assign this setting to a control input.

When ESPR1 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK1. If ESPR1 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK1.

When E3PR1 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK1. If E3PR1 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK1 and the corresponding 
leader logic transfers automatically to Circuit Breaker BK2.

                    

E3PR2 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK2. You can assign this setting to a control input. ESPR2 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK2. You can assign this setting to a control input.

When ESPR2 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK2. If ESPR2 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK2.

When E3PR2 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK2. If E3PR2 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK2.

Assert one or all SELOGIC control equations E3PR1, E3PR2, ESPR1, and ESPR2 
according to your reclosing requirements.

For single-pole reclosing, set ESPR1 := 1 and set NSPSHOT to the desired num-
ber of single-pole reclose shots. For three-pole reclosing, set E3PR1 := 1 and set 
N3PSHOT for the desired number of three-pole shots. For both single-pole and 
three-pole reclosing, set ESPR1 := 1, E3PR1 := 1, and configure settings NSP-
SHOT and N3PSHOT for the desired number of reclose shots of each type (see 
Recloser Mode Enables on page 6.8).

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

a Only applicable to relays that support single-pole reclosing.

Table 6.22 Circuit Breaker BK2 Modes of Operation

E3PR2 ESPR2a

a Only applicable to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 2 of 2)

E3PR1 ESPR1a Result
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Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(Recloser Three-Pole Trip Enable), R3PTE1 (Circuit Breaker BK1 Recloser 
Three-Pole Trip Enable) and R3PTE2 (Circuit Breaker BK2 Recloser Three-Pole 
Trip Enable) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := R3PTE1 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := R3PTE2 Breaker 2 Three-Pole Trip (SELOGIC Equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing.

Enter enable settings ESPR1 and E3PR1 as appropriate for your application. By 
default, the relay is a single-pole tripping relay; that is, if E3PT is logical 0 and 
E3PT1 equals logical 0, the relay can single-pole trip Circuit Breaker BK1. If 
E3PT1 equals logical 1, the relay can only three-pole trip Circuit Breaker BK1. 
The same conditions apply to setting E3PT2 and Circuit Breaker BK2.

Table 6.23 summarizes the relay trip logic enable options.

                    

Relay Word bits R3PTE1 and R3PTE2 both equal logical 1 for any of the follow-
ing conditions when Global setting NUMBK (Number of Breakers in Scheme) is 
2 and SPLSHT (Single-Pole Last Shot) is asserted (see Figure 6.9):

➤ BK1TYP and BK2TYP equal 3 (Circuit Breaker 1 and Circuit 
Breaker 2 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Example 6.1 Conditional Three-Pole Tripping for Circuit Breaker BK2

Your system reclosing requirement is that Circuit Breaker BK2 always three-
pole trips, unless Circuit Breaker BK2 is the leader. (This occurs when Cir-
cuit Breaker BK1 is out of service.) Program SELOGIC control equation 
ESPR2 as follows:

ESPR2 := LEADBK2 AND BK1LO Single-Pole Reclose Enable—BK2 
(SELOGIC Equation)

Table 6.23 Trip Logic Enable Options

Enable Condition Circuit Breaker BK1 Circuit Breaker BK2

E3PT E3PT1 E3PT2
Single-

Pole Trip
Three-

Pole Trip
Single-

Pole Trip
Three-Pole 

Trip

0 0 0 x x

0 0 1 x x

0 1 0 x x

0 1 1 x x

1 0 0 x x

1 0 1 x x

1 1 0 x x

1 1 1 x x
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT, E3PT1, and E3PT2 via control inputs (for example):

E3PT := IN104 Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := IN105 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := IN106 Breaker 2 Three-Pole Trip (SELOGIC Equation)

Connect the external recloser single-pole trip output signal to IN104, the Circuit 
Breaker BK1 trip type signal to IN105, and the Circuit Breaker BK2 trip type sig-
nal to IN106. Other external recloser signals are required; consult the external 
recloser documentation for interconnection with the relay.

In installations where the external reclosing relay does not provide three-phase 
trip control signals, the TOP (Trip during Open-Pole) Relay Word bit can be used 
in the E3PT setting. This Relay Word bit will assert just after a single- or two-
pole trip, and remain asserted until the TOPD timer expires. If a new trip occurs 
during this time, the E3PT := TOP setting would then cause a three-pole trip. 

Autoreclose Logic Diagrams
                    
                    

Figure 6.5 Circuit Breaker Pole-Open Logic Diagram—Single-Pole Relays

NOTE: If E79 := N, the autoreclose 
logic is not processed and the resultant 
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1.0
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Figure 6.6 Circuit Breaker Pole-Open Logic Diagrams—Three-Pole Relays

                    

Figure 6.7 Line-Open Logic Diagram When E79 := Y

                    

Figure 6.8 Line-Open Logic Diagram When E79 := Y1
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Figure 6.9 Single-Pole Reclose Enable
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Figure 6.10 Three-Pole Reclose Enable
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Figure 6.11 One Circuit Breaker Single-Pole Cycle State (79CY1)
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Figure 6.12 One Circuit Breaker Three-Pole Cycle State (79CY3)
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y (Continued)
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1 (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)

12

3

6

9

12

3

6

9

12

3

6

9

To Beginning
of State

Yes
Note: If BKnCLSD = OFF, the
timer is disabled, and
requires 3PnCLS to assert
before issuing a Leader
Breaker CLOSE command.

To Beginning
of 79CY3

3PARC

BKR Close Failure
Timer (BKCFD)

D

To Reclaim
Stage

Lockout
(BKnLO)

Send Follower
to Lockout

Timed
Out

Timing
No

Yes

Has the Follower Closed?
(ULCLn Asserts)

Is the Leader in 
the Lockout State?

Yes

NoFBKCL

Follower Breaker
Close Supervision
Timer (BKnCLSD)

Timed Out, or 
3-Pole Reclosing

Disabled for
Follower Breaker

(E3PRn = 0)

D

FOLBKR = L/O

Issue Follower
CLOSE Command

Send Follower
to Lockout (BKnLO)

Leader To
Reclaim Stage

Timing

No

Yes
No

No

No

Yes

Lockout
(BKnLO)

Send Follower
to Lockout

Have Follower Close
Supervision Conditions

Been Met (3PnCLS)?

Is Follower Closing
Enabled (FBKCEN = 1)?

Is the Leader in 
the Lockout State?

Timed
Out

3PARC

3PARC D
To Beginning

of State

Time Between
Breaker (TBBKD)

To Reclaim
Stage

D

Yes No Yes

LEADBKR = L/O

Is the Follower Closed?

Determine Leader
and Send Leader
to Lockout State

To Reclaim
Stage

Is the Follower Closed?

NBK2NBK1

Determine Active
Breakers in Scheme

A C



6.40

SEL-400 Series Relays Instruction Manual Date Code 20230830

Autoreclosing
Manual Closing

Manual Closing
Manual closing is available via the relay to issue a close to the circuit breaker(s) 
via the same close logic outputs used in autoreclosing (Relay Word bits BK1CL 
and BK2CL for as many as two circuit breakers). The manual close logic can be 
user-configured in most any manner with SELOGIC settings BK1MCL and 
BK2MCL. Figure 6.17 is a flowchart of the manual close logic. This logic is 
enabled with Manual Closing enable setting EMANCL := Y.

Figure 6.17 only details the manual close logic for one circuit breaker (breaker 
BK1). The manual close logic for a second circuit breaker (breaker BK2), if 
enabled (Global setting NUMBK := 2), is similar. The only difference between 
the breaker BK1 and breaker BK2 manual close logic in Figure 6.17 is the substi-
tution of settings and logic outputs (BK2MCL for BK1MCL, ULCL2 for 
ULCL1, etc.). A manual close is issued for breaker BK1 if all of the following are true:

➤ A new manual close signal for breaker BK1 is detected (rising-edge 
assertion of SELOGIC setting BK1MCL)

➤ No unlatch close conditions are present (SELOGIC setting ULCL1 
deasserted)

➤ No close is presently in progress for breaker BK1 (Relay Word bit 
output BK1CL is deasserted)

If a manual close is successfully issued for breaker BK1, then:

➤ Close logic output BK1CL asserts

➤ The close failure timer starts timing

                    

Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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If breaker BK1 closes successfully, then:

➤ The unlatch close condition asserts (indicating breaker closure)

➤ Close logic output BK1CL deasserts

If breaker BK1 does not close successfully, then:

➤ The close failure timer times out (Relay Word bit BK1CFT asserts 
momentarily)

➤ Close logic output BK1CL deasserts

Note in Figure 6.17 that if breaker BK1 manual close logic is actively operating 
(as described in the preceding steps), then breaker BK2 manual close logic can-
not be actively operating. Breaker BK2 manual close logic only has a chance to 
operate if breaker BK1 manual close logic is not actively operating and two 
breakers are enabled for the scheme (Global setting NUMBK := 2). Thus, manual 
closing can only be attempted for one breaker at a time.
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Figure 6.17 Manual Close Logic
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Voltage Checks for Autoreclosing and Manual Closing
Voltage elements are available for a final check of line and bus voltages before an 
autoreclose or manual close is issued. These voltage elements and corresponding 
pickup settings are enabled with Reclosing Voltage Check enable setting 
EVCK := Y. Figure 6.18 shows the application of these voltage elements and 
Figure 6.19 and Figure 6.20 show their implementation. Check voltages for 
arrangements of as many as two circuit breakers (Global setting NUMBK := 2), 
as shown in Figure 6.18. If the relay is only connected to a single breaker (Global 
setting NUMBK := 1), then settings 27BK2P and 59BK2P and their associated 
elements (LLDB2, DLDB2, and DLLB2) are not available.

Voltages VS1 and VS2 in Figure 6.18, Figure 6.19, and Figure 6.20 are popu-
lated by the synchronism-check settings. For VS1 and VS2, the voltages are 
determined by the corresponding SYNCS1, ASYNCS1, and ALTS1 settings for 
VS1, and the SYNCS2, ASYNCS2, and ALTS2 settings for VS2. When 
EISYNC := N, Figure 6.19 logic is active and VP is determined by the SYNCP 
setting. When EISYNC := Y, Figure 6.20 logic is active and VP1 is the Breaker 1 
synchronism-check polarizing voltage determined by the SYNCP1, ASYNP11, 
ASYNP12, ALTP11, and ALTP12 settings, and VP2 is the Breaker 2 synchro-
nism-check polarizing voltage determined by the SYNCP2, ASYNP21, 
ASYNP22, ALTP21, and ALTP22 settings. Review details of synchronism 
checking in the Protection section of the desired product-specific instruction 
manual. 

When EISYNC := N, the pickup settings in Figure 6.19 are made on the VP volt-
age base. VP is the voltage reference for voltage angle and magnitude. Only volt-
age magnitude is of concern for the settings in Figure 6.19, not voltage angle.

When EISYNC := Y, pickup settings 27LP and 59LP in Figure 6.20 are not 
breaker-independent and must be made to take into account both the VP1 
(Breaker 1) and VP2 (Breaker 2) voltage bases. Take into account any compen-
sating factors by using the synchronism-check logic; review details of synchro-
nism checking in Section 5: Protection Functions in the product-specific 
instruction manual for the impact of compensating factors and active, alternative 
polarizing voltages.

Figure 6.18 implies that three-phase voltage is available from the line PTs. But, 
resultant voltage VP corresponds to only one phase of this three-phase voltage 
(e.g., setting SYNCP = VAY; VP is the normalized voltage from voltage input 
VAY). All the voltage elements in Figure 6.19 are single-phase voltage elements, 
detecting live or dead voltage on the bus side with a single-phase voltage ele-
ment, and likewise on the line side.

Whether or not synchronism-check logic is used, it still has to be enabled for the 
respective breaker (E25BK1 := Y, Y1, or Y2 and E25BK2 := Y, Y1, or Y2) to 
allow the corresponding voltage source selection settings to be made.

Live Line/Live Bus
Note in Figure 6.18 that live line/live bus is not available for either circuit 
breaker. Voltage elements 59VP, 59VS1, and 59VS2, described in the 
Section 5: Protection Functions of the desired product-specific instruction man-
ual, are available for such a function (e.g., 59VP AND 59VS1 for live line/live bus 1).

NOTE: For SV subscriber and TiDL 
relays, logic that includes the LLDB1, 
DLLB1, DLDB1, LLDB2, DLLB2, DLDB2 
Relay Word bits must be supervised 
with logic that ensures that the line 
and bus voltages are OK. For example, 
LLDB1 AND (NOT(VYBK OR VZBK)).
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Supervising Circuit Breaker Closing with Voltage Checks
Supervising Autoreclosing

For a fault on the line in Figure 6.18, both breakers trip open and the lead breaker 
recloses first. For example, presume the lead breaker closes only if its respective 
bus is live and the line is dead (dead line/live bus; see Figure 6.18). Then, after 
successful reclose of the lead breaker, the follower breaker closes on synchro-
nism check. Such reclose supervision logic is realized as follows for respective 
breakers BK1 and BK2:

3P1CLS := LEADBK1 AND DLLB1 OR FOLBK1 AND 25A1BK1 OR …

3P2CLS := LEADBK2 AND DLLB2 OR FOLBK2 AND 25A1BK2 OR …

Note that the lead breaker and follower breaker supervision (Relay Word bits 
LEADBKn and FOLBKn, respectively) provides dynamic control for reclose 
supervision. One, but not both, of the breakers can reclose for a dead line/live bus 
condition (lead breaker), while the other then closes for a synchronism-check 
condition (follower breaker).

Supervising Manual Closing

Voltage checks can also be used to supervise manual closing. For example, pre-
sume that manual closing of breaker BK1 (Figure 6.18) should not be allowed if 
the respective bus is dead (dead line/dead bus or live line/dead bus condition):

BK1MCL := NOT(DLDB1 OR AND LLDB1) AND (…)
                    
                    

Figure 6.18 Voltage Check Element Applications
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Figure 6.19 Voltage Check Element Logic (EISYNC := N)

                    

Figure 6.20 Voltage Check Element Logic (EISYNC := Y)
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Settings and Relay Word Bits for Autoreclosing and Manual 
Closing

See the product-specific instruction manual Group Settings tables related to 
Reclose under the Settings section for a complete list of all autoreclose related 
settings. Table 6.24 provides all of the Relay Word bits for autoreclosing.

                    

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 1 of 2)

Name Description

BK1RS Breaker 1 in Reset State

BK2RS Breaker 2 in Reset State

79CY1a Relay in Single-Pole Reclose Cycle State

79CY3 Relay in Three-Pole Reclose Cycle State

BK1LO Breaker 1 in Lockout State

BK2LO Breaker 2 in Lockout State

SPARCa Single-Pole Reclose Initiate Qualified

SPOISCa Single-Pole Open Interval Supervision Condition

SPOIa Single-Pole Open Interval Timing

SPSHOT0a Single-Pole Shot Counter = 0

SPSHOT1a Single-Pole Shot Counter = 1

SPSHOT2a Single-Pole Shot Counter = 2

SPLSHTa Single-Pole Reclose Last Shot

SPRCIPa Single-Pole Reclaim In-Progress

3PARC Three-Pole Reclose Initiate Qualified

3POISC Three-Pole Open Interval Supervision Condition

3POI Three-Pole Open Interval Timing

3PSHOT0 Three-Pole Shot Counter = 0

3PSHOT1 Three-Pole Shot Counter = 1

3PSHOT2 Three-Pole Shot Counter = 2

3PSHOT3 Three-Pole Shot Counter = 3

3PSHOT4 Three-Pole Shot Counter = 4

3PLSHT Three-Pole Reclose Last Shot

3PRCIP Three-Pole Reclaim In-Progress

SPOBK1a Single-Pole Open Breaker 1

2POBK1a Two Poles Open Breaker 1

3POBK1 Three-Pole Open Breaker 1

SPOBK2a Single-Pole Open Breaker 2

2POBK2a Two Poles Open Breaker 2

3POBK2 Three-Pole Open Breaker 2

3POBK1 Three-Pole Open Breaker 1

3POLINE Three-Pole Open Line

R3PTE Three-Pole Tripping and Reclosing Only

R3PTE1 Recloser Three-Pole Trip Enable -BK1
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R3PTE2 Recloser Three-Pole Trip Enable -BK2

BK1CL Breaker 1 Close Command

BK2CL Breaker 2 Close Command

BK1CLST Breaker 1 Close Supervision Delay Timed Out

BK2CLST Breaker 2 Close Supervision Delay Timed Out

BK1CFT Breaker 1 Close Failure Delay Timed Out

BK2CFT Breaker 2 Close Failure Delay Timed Out

BK1CLSS Breaker 1 in Close Supervision State

BK2CLSS Breaker 2 in Close Supervision State

BK1EXT Breaker 1 Closed Externally

BK2EXT Breaker 2 Closed Externally

BK1RCIP BK1 Reclaim in Progress

BK2RCIP BK2 Reclaim in Progress

79STRT Relay in Start State

TBBK Time Between Breakers Timing

LEADBK0 No Leader Breaker

LEADBK1 Leader Breaker = Breaker 1

LEADBK2 Leader Breaker = Breaker 2

FOLBK0 No Follower Breaker

FOLBK1 Follower Breaker = Breaker 1

FOLBK2 Follower Breaker = Breaker 2

NBK0 No Breaker Active in Reclose Scheme

NBK1 One Breaker Active in Reclose Scheme

NBK2 Two Breakers Active in Reclose Scheme

LLDB1 Live Line—Dead Bus 1 (59L AND 27BK1)

DLLB1 Dead Line—Live Bus 1 (27L AND 59BK1)

DLDB1 Dead Line—Dead Bus 1 (27L AND 27BK1)

LLDB2 Live Line—Dead Bus 2 (59L AND 27BK2)

DLLB2 Dead Line—Live Bus 2 (27L AND 59BK2)

DLDB2 Dead Line—Dead Bus 2 (27L AND 27BK2)

a Only applicable to products that support single-pole reclosing.

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 2 of 2)

Name Description
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Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane

Q

P

+P
+Q

Complex Power S 1 

Complex Power S
2 

pf = Lead

pf = Lag

–P
+Q

+P
–Q

–P
–Q

Export power and
export reactive power
(inductive load)

Export power and
import reactive power
(capacitive load)

Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy

Measured Current (A)

0.994
0.998

1.006
1.002

0 1.0

1.0

INOM = 5 A

Actual Value



7.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Metering
Maximum/Minimum Metering

Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(a)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(b)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

(c)
0 5 10 15 Time

(minutes)

0 5 10 15 Time
(minutes)

Step
Current

Input

Rolling
Demand

Meter
Response

(EDEM := ROL)

1.0

1.0

.67

.33

0

0.5

0

DMTC Period

0 5 10 15 Time
(minutes)

0 5 10 15 Time
(minutes)

(d)



7.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Metering
Demand Metering

Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Excess Motor
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Excess kA 
Interrupted

Deviations in Station 
Battery Voltages

Station Battery Voltages

Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings

B1COSP2

1 10 100

kA Interrupted per Operation (kA)

N
um

be
r 

of
 C

lo
se

/O
pe

n 
O

pe
ra

ti
on

s

10000

1000

100

10
B1COSP3

B1KASP1 B1KASP2 B1KASP3

(B1KASP1, B1COSP1)

(B1KASP2, B1COSP2)

(B1KASP3, B1COSP3)

B1COSP1

Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=
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Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip

All Poles Closed All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

TBC
TCA

TAB
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)
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Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.
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Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service

Chassis
Ground

Power

Battery 
Charger

125 Vdc

Relay

Comm.
Equipment

+

–

Vdc 1
–

+

Vdc 2
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+
Battery 
Charger
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Power
+

–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57
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trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05
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Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.
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Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)
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TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)
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Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.
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By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...

IN201
#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)



9.26

SEL-400 Series Relays Instruction Manual Date Code 20230830

Reporting
Event Reports, Event Summaries, and Event Histories

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode

SEL-487B

Mod.stVal = Test/Blocked
Sim.stVal = True

SV4

SV1

PTRC1

PDIF

IHMI

SV2

CB1 CB3

CB4CB2

GOOSE 1

MMS

GOOSE 1

Physical output
is blocked

SEL-401 #1

Mod.stVal = On 

SEL-401 #3
Test Set

Mod.stVal = On 

Not Processed

Logical Connections

Physical Connections

Processed
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment

SEL-487B

Mod.stVal = Test/Blocked

SV1_Test
SV2_Test

Sim.stVal = TRUE
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TCTR2

XCBR1
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CB1 CB3

CB4CB2
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TCTR5

XCBR3

SEL-401 #1 SEL-401 #3
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Physical output
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Logical Connections

Physical Connections

                    

Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message



10.23

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Relay Troubleshooting

model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution
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Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block

Connector
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Time and Date Management

The SEL-400 series relays can determine the time from a variety of sources, 
including IRIG-B, Precision Time Protocol (PTP) (IEEE 1588), SNTP, DNP3, 
MIRRORED BITS, terminal TIME and DATE commands, and HMI settings. 
(Refer to the appropriate sections in the product-specific instruction manual to 
learn about using these various time sources.) Most of these sources provide only 
an approximate measure of time. For high-accuracy time synchronization, which 
is needed to support synchrophasors and to ease comparison of system-wide 
events, a high-accuracy time source must be provided, such as IRIG-B with 
C37.118 extensions or PTP with power system profile. This section focuses on 
issues related to high-accuracy timekeeping. The relay records power system 
events with very high accuracy when you provide high-accuracy clock input sig-
nals. Relays placed at key substations can give you information on power system 
operating conditions in real time.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

Based on the high-accuracy time input, the relay calculates synchrophasors for 
currents and line voltages (for each phase and for positive-sequence), as specified 
in IEEE C37.118, Standard for Synchrophasor Measurements for Power Sys-
tems. You can then perform detailed analysis and calculate load flow from the 
synchrophasors. See Section 18: Synchrophasors for more information about 
phasor measurement functions in the relay.

This section presents details on these measurements as well as suggestions for 
further application areas. The topics of this section are the following:

➤ IRIG-B Timekeeping on page 11.1

➤ PTP Timekeeping on page 11.2

➤ Time Source Selection on page 11.5

➤ Time Quality Indications on page 11.5

➤ Time-Synchronized Events on page 11.10

IRIG-B Timekeeping
The relay is capable of high-accuracy timekeeping when supplied with an 
IRIG-B signal. When the supplied clock signal is sufficiently accurate, the relay 
can act as a phasor measurement unit (PMU) and transmit synchrophasor data 
representative of the power system at fixed time periods to an external data pro-
cessor. The relay can also record COMTRADE event report data by using the 
high-accuracy time stamp.

The relay has two input connectors that accept IRIG-B demodulated time-code 
format: the IRIG-B pins of serial PORT 1, and the IRIG-B BNC connector. See 
Section 2: Installation in the product-specific instruction manual for more infor-
mation on connecting these inputs.
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The IRIG-B inputs can be used for high-accuracy timekeeping purposes with as 
high as 1 s accuracy with an appropriate time source. See Table 11.1 for relay 
timekeeping mode details.

                    

Only one IRIG-B time source can be used by the relay, and the signal connected 
to the IRIG-B BNC connector takes priority over the serial PORT 1 IRIG-B pins. If 
a signal is detected on the IRIG-B BNC input, the IRIG-B pins of serial PORT 1 
will be ignored, unless the serial PORT 1 IRIG-B has better quality than the BNC input.

The relay determines the suitability of the IRIG-B signal connected to the BNC 
connector for high-accuracy timekeeping by applying two tests:

➤ Measuring whether the jitter between positive-transitions (rising 
edges) of the clock signal is less than 500 ns.

➤ Decoding the time-error information contained in the IRIG-B control 
field and determining that analog quantity TQUAL is less than 10–6 
seconds (1 s).

If a valid source is detected on the BNC or serial port IRIG inputs, BNC_TIM 
and BNC_OK or SER_TIM and SER_OK will be set, respectively.

PTP Timekeeping
In addition to IRIG-B, Precision Time Protocol (PTP), as specified in IEEE 
1588-2008, can be used for high-accuracy timekeeping. The relay can only be 
synchronized by a grandmaster on the PTP timescale, not an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative proce-
dure and can change at any time during normal operation. The PTP timescale 
uses the PTP epoch of January 1 1970 00:00:00 TAI (International Atomic 
Time), which corresponds to December 31 1969 23:59:51.999918 UTC (Coordi-
nated Universal Time). Its unit of time is the SI second and accounts for leap sec-
onds. 

The offset between TAI and UTC time is included in the PTP announce message, 
along with a flag that indicates whether or not the offset is valid. The relay will 
use the offset sent by the Grand Master (GM) clock to determine UTC time 

NOTE: The SEL-2407 Satellite-
Synchronized Clock meets both the 
relay accuracy and IEEE C37.118 
requirements for a high-accuracy time 
source.

Table 11.1 Relay Timekeeping Modes

Item Internal Clock IRIG HIRIG (or High-Accuracy IRIG) PTP HPTP

Best accuracy 
(condition)

Depends on 
last method of 
setting, or syn-
chronizationa

500 µs (when time-
source jitter is less 
than 3 ms)

1 µs (when time-source jitter is 
less than 500 ns, and time-error 
is less than 1 µs)b

Determined by PTP 
master (Master clock 
sync and announce 
interval <= 4 s) 

1 µs (Master clock 
sync and announce 
interval <= 4 s, and 
TQUAL <1 µs)

IRIG-B connec-
tion required

None BNC connector (pre-
ferred), or serial PORT 1

BNC connector (preferred), or 
serial PORT 1

PTP time source 
connected

PTP time source 
connected

Relay Word bits TIRIG = 0
TSOK = 0
BNC_TIM = 0
SER _TIM = 0
BNC_OK = 0
SER_OK = 0
TLOCAL = 0
TGLOBAL = 0

TIRIG = 1
TSOK = 0
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 1
TGLOBAL = 0

TIRIG = 1
TSOK = 1
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 0
TGLOBAL = 1

TPTP = 1
TSOK = 0
TLOCAL = 1
TGLOBAL = 0
PTP_OK = 1

TPTP = 1
TSOK = 1
TLOCAL = 0
TGLOBAL = 1
PTP_OK = 1

a The internal clock in the relay can be synchronized via SNTP, DNP3, SEL-2030 Communications Processor, or MIRRORED BITS communications.
b The time source must include the IEEE C37.118 IRIG-B control bit assignments and the Global setting IRIGC must be set to C37.118 to provide 

the time-error estimate for the clock. In products that support line-current differential protection, the jitter requirement for HIRIG is 50 ns.

NOTE: If the time-code signal 
connected to the BNC connector 
degrades in quality, the relay will not 
switchover to the IRIG-B pins of serial 
PORT 1. The relay will only switch to 
serial PORT 1 if the signal on the BNC 
connector completely fails or the 
accuracy is better on serial PORT 1 than 
on the BNC input (e.g., the cable is 
unplugged).

NOTE: The SEL-487V does not 
support PTP.
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regardless of validity. Because of this, all SEL devices (and other slave devices 
that share this behavior) synchronized with the GM will retain relational accuracy 
with each other even if, in certain cases, the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the C37.238 profile). In accordance with IEEE 1588-2008 16.3.3.4, 
this value must include the TAI to UTC offset to reflect local time at the node, or 
slave device. If the relay receives a TAI to Local offset value that does not include 
the TAI to UTC offset, it may incorrectly calculate UTC and Local time. Also, if 
the announce message does not include the TAI to Local offset value, the relay 
will use its configured Time and Date settings (UTCOFF, BEG_DST, and 
END_DST) to calculate local time. This is one reason that the relay Time and 
Date settings must match the settings in the GM clock, or devices that are syn-
chronized may have issues with time-alignment.

To use PTP, the relay part number must include the Ethernet card option that sup-
ports PTP and PTP must be enabled in PORT 5 settings and properly configured. 
The relay must be connected to a network containing an appropriate PTP master, 
and all intervening switches must be IEEE 1588 aware. For SEL-400 series 
relays with a two- or four-port Ethernet card, PTP is only available on Ethernet 
PORT 5A and PORT 5B. For SEL-400 series relays with the five-port Ethernet card, 
PTP is available on either Ethernet PORT 5A and PORT 5B or PORT 5C and PORT 5D. 
PTPPORT is an analog quantity that can be used to identify the active port. 
PTPPORT = 1 if PORT A is the active port, PTPPORT = 2 if PORT B is the active 
port, PTPPORT = 3 if PORT C is the active port, PTPPORT = 4 if PORT D is the 
active port, and PTPPORT = 0 if PTP is not synchronized. See Precision Time 
Protocol (PTP) on page 15.17 for more information on configuring the relay and 
the Ethernet network for PTP.

To achieve basic synchronization to PTP, the master clock sync and announce 
interval must not exceed four seconds. The Relay Word bit PTP_TIM indicates 
that this basic level of synchronization has been achieved. If the network is not 
introducing excessive jitter in the time-synchronized messages, PTP_OK will be 
set indicating the presence of time synchronization. The analog quantity PTPSTEN 
can be used to indicate the state of the PTP port as follows: 1 = Initializing, 
2 = Faulty, 3 = Disabled, 4 = Listening, 8 = Uncalibrated, 9 = Slave.

PTP Over PRP Networks
SEL-400 series relays support PTP time synchronization over a PRP network. 
When the relay operates in this network mode, the default, C37.238, and 
61850-9-3 PTP profiles are available. When using PTP time synchronization over 
a PRP network, you must use the LAYER2 option for the PTP transport mecha-
nism setting PTPTR.

The SEL-400 series relays support PTP time synchronization over Parallel 
Redundancy Protocol (PRP) networks. In a PRP network, a dual attached node 
(DAN) receives a pair of duplicated packets.

PTP messages that transverse through two distinct networks suffer a different 
amount of delays. Figure 11.1 shows that path delays via LAN A and LAN B are 
different. These delays include link delays and residence time. PTP-capable 
Ethernet switches in these LANs should update PTP messages with the actual 
residence time and request/reply to path delay messages. It should not alter PTP 
messages by appending RCTs. The dual attached slave clock receives two differ-
ent sets of PTP messages, as shown in Figure 11.1. The two ports independently 
determine its port state.

NOTE: The relay processes PTP 
messages with or without RCTs.
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The relay can only synchronize to one PTP grandmaster clock. If two PTP mas-
ters are available, the SEL-400 series relays use the Best Master Clock Algorithm 
(BMCA) to select the best PTP master on LAN A and selects the best PTP master 
on LAN B. It further selects the best master between LAN A and LAN B based 
on each PTP master's BMCA characteristics and the locally derived offsets 
between the relay and the BMCA-selected master. If the BMCA-selected master 
is less than or equal to 1 s, the relay synchronizes itself with the BMCA-
selected master time information. Otherwise, the relay uses the time information 
from the LAN A master if the LAN B master has locally derived offsets less than 
or equal to 1 ms. If not, the relay continues using the BMCA-selected master. The 
SEL-400 series relays use the analog quantity PTPPORT to indicate the port to 
which the relay is synchronized. If PTPPORT = 1, the relay is synchronized to 
the best PTP master on Ethernet PORT 5A. If PTPPORT = 2, the relay is synchro-
nized to the best PTP master on Ethernet PORT 5B. If PTPPORT = 3, the relay is 
synchronized to the best PTP master on Ethernet PORT 5C. If PTPPORT = 4, the 
relay is synchronized to the best PTP master on Ethernet PORT 5D. The ASCII 
command COM PTP also displays the port status in COM PTP on page 14.14. If 
a port is selected to synchronize the relay, the port status is ACTIVE; otherwise, 
it is PASSIVE.

                    

Figure 11.1 PTP Time Synchronization Over a PRP Network

LAN A LAN B

Master Clock A Master Clock B

Port A Port B

Residence Time Residence Time

Ordinary Clock

Transparent Clock Transparent Clock

SEL-400 Series Relay

Delay_Req_A Delay_Req_B

Link Delay Link Delay

Announce_A Announce_B

Sync_A

Follow_up_BFollow_up_A

Sync_B

Delay_Resp_BDelay_Resp_A

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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Time Source Selection
IRIG-B via BNC connection, IRIG-B via serial PORT 1 , and PTP can all be con-
nected to the relay. Each of these can provide a high-quality time value. The relay 
selects between these sources by using the following priority scheme:

1. IRIG-B BNC high quality (BNC_OK = 1)

2. IRIG-B serial port high quality (SER_OK = 1)

3. PTP high quality (PTP_OK = 1)

4. PTP nominal quality (PTP_TIM = 1)

5. IRIG-B BNC nominal quality (BNC_TIM = 1)

6. IRIG-B serial port nominal quality (SER_TIM = 1)

The TIME command indicates what source is being used. This is also available 
in the analog quantity CUR_SRC as shown in Table 11.2.

                    

If IRIG-B and PTP are not available, then the time can be set via any low-priority 
time source: SNTP, DNP3, TIME and DATE commands, front-panel set date/
time, and extended MIRRORED BITS.

Time Quality Indications
Analog Quantities and Relay Word Bits

You can check the status of timekeeping by checking the relevant analog quanti-
ties or Relay Word bits. Once a time source is connected, wait at least 20 seconds 
to allow for a solid synchronization to take place.

If you are using a time source that provides time-quality information (IRIG-B 
with C37.118 or PTP), then the presently reported time quality is available via 
the TQUAL analog quantity and the TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits. Table 11.3 and Table 11.4 show how these are 
encoded for IRIG and the three supported PTP Profiles.

                    

Table 11.2 CUR_SRC Encoding

Source  CUR_SRC value

BNC IRIG-B 1

Serial Port IRIG-B 2

PTP 4

None of the above 8

Table 11.3 Time Quality Encoding (IRIG) (Sheet 1 of 2)

IRIG

Master Clock Accuracy (ns) TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Clock failure, time not reliable 1 1 1 1 Unknowna

10 seconds 1 0 1 1 10

1 second 1 0 1 0 1

100 milliseconds 1 0 0 1 0.1

10 milliseconds 1 0 0 0 0.01
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PTP supports Default profile, C37.238 Power Profile, and IEC/IEEE 61850-9-3 
Power Utility Automation Profile, which is set by the PORT 5 setting PTPPRO. 
PTP reports the time quality through TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits, which are the same bits used if IRIG-B is the time 
source. If PTPPRO = DEFAULT or 61850-9-3, the time quality is reported based 
only on the accuracy of the master clock. If PTPPRO = C37.238, the time quality 
is reported based on the accuracy of the master clock (Grandmaster timeinaccu-
racy) plus the inaccuracy of the network (Network timeinaccuracy). For this pro-
file, if either Grandmaster timeinaccuracy or Network time-inaccuracy is the 
maximum value, the relay will set all TQUAL bits to 1.

NOTE: If the Global setting IRIGC is 
changed from NONE to C37.118, the 
relay asserts TGLOBAL before 
completely assessing the time-
synchronization state. The 
assessment completes and TGLOBAL 
has the correct value approximately 5 
seconds after you make such a 
settings change.

If the relay is synchronized to an IRIG-B or PTP time source, the TSYNC bit will 
be set. If the quality of this synchronization is 1 s or better, then TSOK is set, 
indicating this bit has sufficient accuracy for synchrophasors. TGLOBAL will 
assert if a high-accuracy source is being used and the source indicates it is pro-
viding 1 s or better accuracy, and the Global setting IRIGC = C37.118 for BNC 
IRIG applications. Refer to Figure 11.3 for TLOCAL qualifying criteria.

1 millisecond 0 1 1 1 0.001

100 microseconds 0 1 1 0 0.0001

10 microseconds 0 1 0 1 0.00001

1 microsecond 0 1 0 0 0.000001

100 nanoseconds 0 0 1 1 0.0000001

10 nanoseconds 0 0 1 0 0.00000001

1 nanosecond 0 0 0 1 0.000000001

a The relay reports the 32-bit float limit (i.e., 3.40282347E+38).

Table 11.4 Time Quality Encoding (PTP)

PTP Profile (PTPPRO = DEFAULT, C37.238, 61850-9-3)

Time_inaccuracy = Grandmaster timeinaccuracy + Network 
timeinaccuracy (ns)a

a This only applies to C37.238.

TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Grandmaster timeinaccuracy  4294967295 or Network
timeinaccuracy  4294967295a

1 1 1 1 Grandmaster 
timeinaccuracy

+

Network 
timeinaccuracya

1,000,000,000  time_inaccuracy < 10,000,000,000 1 0 1 1

100,000,000  time_inaccuracy < 1,000,000,000 1 0 1 0

10,000,000  time_inaccuracy < 100,000,000 1 0 0 1

1,000,000  time_inaccuracy < 10,000,000 1 0 0 0

100,000  time_inaccuracy < 1,000,000 0 1 1 1

10,000  time_inaccuracy < 100,000 0 1 1 0

1,000  time_inaccuracy < 10,000 0 1 0 1

100  time_inaccuracy < 1,000 0 1 0 0

10  time_inaccuracy < 100 0 0 1 1

1  time_inaccuracy < 10a 0 0 1 0

time_inaccuracy = 0a 0 0 0 0

Table 11.3 Time Quality Encoding (IRIG) (Sheet 2 of 2)

IRIG
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As an example of checking IRIG status, use the command TAR TIRIG to view 
the relevant Relay Word bits, as shown in Figure 11.2. Only the state of the 
TIRIG and TSOK Relay Word bits are discussed in the troubleshooting steps 
below. The other Relay Word bits of interest to this discussion are TUPDH, 
which indicates that the relay internal clock is presently being updated by the 
HIRIG source, TSYNCA, which acts as an alarm bit that asserts when the relay is 
not synchronized to either an internal or an external source. TSYNCA will only 
assert briefly when the HIRIG time source is connected or disconnected.
                    

The TIRIG and TSOK Relay Word bits should be asserted (logical 1), indicating 
that the relay is in the high-accuracy IRIG timekeeping mode (HIRIG).

If TSOK is not asserted, but TIRIG is asserted, the relay is in regular IRIG time-
keeping mode. Following is a list of possible reasons for not entering HIRIG mode:

➤ The IRIG-B clock does not use the IEEE C37.118 control bit 
assignments, or the IRIG-B signal is not of sufficient accuracy.

➤ The termination resistor, required by some IRIG clocks, is not installed.

➤ The time-source clock is reporting that its time error is greater than 1 s.

If neither TSOK nor TIRIG is asserted, the relay is not in an IRIG time-source 
mode. Following is a list of possible reasons for not entering IRIG mode:

➤ The IRIG-B clock signal is improperly configured.

➤ The termination resistor, required by some IRIG clocks, is not installed.

NOTE: At startup, TPTP can assert 
as fast as 1.5 seconds after PTP_TIM 
asserts.

TBNC asserts when BNC IRIG is used to update the relay master time. Likewise, 
TSER asserts when serial IRIG is selected and TPTP asserts when PTP is the 
active source updating the relay master time. At any given time, only one of these 
three bits can equal logical 1.

Global Time Source vs Local Time Source
An SEL-400 series relay indicates that it is synchronized with either a global or 
local time source according to the logic as shown in Figure 11.3. When 
CUR_SRC is IRIG or PTP and TSOK is asserted, the relay determines the status 
of TGLOBAL or TLOCAL following the logic diagram in Figure 11.3. 

=>TAR TIRIG <Enter>

*       *       TIRIG   TUPDH   TSYNCA  TSOK    PMDOK   FREQOK
0       0       1       1       0       1       1       0
=>

Figure 11.2 Confirming the High-Accuracy Timekeeping Relay Word Bits
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TIME Q Command
The TIM Q command provides details about relay timekeeping (see Table 11.3 
and Table 11.4). The internal clock of the relay is initially calibrated at the SEL 
factory. An external IRIG or PTP source is required to eliminate clock drift. The 
Time Source field provides the present high-accuracy timing input source; 
entries for this line are HIRIG, IRIG, HPTP, PTP, or OTHER. The Last Update 
Source reports the source from which the relay referenced the last time value 
measurement. Entries for this line can be high-priority or low-priority sources. 
Table 11.5 lists the possible Last Update Source values for the relay.
                    

                    

                    

Figure 11.3 TLOCAL and TGLOBAL Logic

5 S

CUR_SRC = IRIG
TSYNC

IRIGC = C37.118

Holdover Timer TLOCAL

TGLOBAL

TQUAL  1 �s

5 S

CUR_SRC = PTP
TSYNC Holdover Timer

TQUAL  1 �s

master_clock_class = 6

master_clock_class = 7

=>>TIM Q <Enter>

Relay 1                                    Date: 03/17/2023 Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP
Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

=>>

Figure 11.4 Sample TIM Q Command Response

Table 11.5 Date/Time Last Update Sources (Sheet 1 of 2)

Time Input Source Mode Priority Time Source

HIRIG High Time/date from the high-accuracy IRIG-B input

SNTP Low Simple Network Time Protocol

IRIG High Time/date from the IRIG-B format time base signal

HPTP High Time/date from a high-accuracy PTP source

PTP High Time/date from a PTP source

DNP Low Time/date from the DNP3 communications port

MIRRORED BITS Low Time/date from the Mirrored Bit port

SNTP Low Time/date from SNTP server
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The Time Mark Period value indicates the instantaneous period in which the 
relay measures the time-source inputs. The relay displays the time mark periods 
showing the present time precision derived from the applied time-source signals.

The TIME Q command is also helpful for troubleshooting IRIG and PTP prob-
lems. If the Time Mark Period value changes significantly between successive 
TIME Q commands, there may be too much noise in the time signal for the relay 
timekeeping function.

Adaptive Internal Clock Period Adjustment
The Internal Clock Period, as shown in the TIME Q command response in 
Figure 11.4, is the internal relay timekeeping period. The relay adjusts this mas-
ter internal clock when you apply HIRIG or HPTP mode timekeeping, adapting 
the internal relay clock for your installation temperature conditions. If you lose 
the timing lock, the relay internal clock operates at this precisely adapted clock 
period until HIRIG or HPTP mode is restored. Time tags for event reports during 
a loss of high-accuracy timekeeping remain very accurate. Lower-accuracy time 
sources do not adaptively adjust the internal relay clock period.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained by 
the device as well as statistics for the measured time offsets with the parent (mas-
ter) clock. The PTP data sets contain information about the state, identity, and 
configuration of the local, parent, and grandmaster clocks in addition to proper-
ties of the time being distributed by the grandmaster clock. See COM PTP on 
page 14.14 for more information on this command.

Daylight-Saving Time (DST)
The status of DST time can be determined by one of three possible high-priority 
sources (BNC, SER, or PTP). The daylight-saving time pending Relay Word bit 
(DSTP) is valid only when IRIG is the active source. When PTP is selected, it 
sets the DSTP bit to zero at all times. If no high-priority source with daylight-
saving time information is available, the DST bit is determined based on the 
BEG_DST and END_DST Global settings.

When using PTP as the Time Synchronization source, the PTP master may not 
provide valid DST information as the relay powers up. To ensure the relay pow-
ers up with the correct time when synced to a PTP source, you must ensure that 
the relay Time and Date Management settings and the PTP master configuration 
are in agreement.

ASCII TIME Low Time from the relay serial ports

ASCII DATE Low Date from the relay serial ports

NONV CLK Low Time/date from the nonvolatile memory clock

FRONT PANEL TIME Low Time from the front-panel TIME entry screen

FRONT PANEL DATE Low Time from the front-panel DATE entry screen

Table 11.5 Date/Time Last Update Sources (Sheet 2 of 2)

Time Input Source Mode Priority Time Source
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Time-Synchronized Events
Time-Synchronized Triggers

You can program the relay to perform data captures at specific times. Relays that 
are time-locked by using HIRIG mode provide high-accuracy time-synchronized 
data captures. When you use this method on multiple relays, the actual trigger 
times can differ by as much as 5 ms, but the information in the binary COM-
TRADE file outputs from each relay is time-stamped at very high accuracy. Do 
not assume that the relay triggers are locked with high accuracy; rather, compare 
corresponding time-stamped data points from each COMTRADE file.

Time Triggering the Relay
Perform the following steps to trigger an event data capture in the relay at a spe-
cific time. These settings cause the relay to initiate a data capture at 12:00:30 p.m. 
Use other SELOGIC control equations in a similar manner to trigger relay event 
recordings.

Step 1. Start SEL Grid Configurator Software and establish communications 
with the relay.

Step 2. Select Read to read the present configuration in the relay.

The relay sends all configuration and settings data to SEL Grid 
Configurator.

Step 3. Select the Settings Grid > Protection > Protection Logic. Leave 
the Protection Group dropdown menu set at 1.

Step 4. Enter time trigger settings:

a. Select in the first available line of protection logic.

b. In the Edit Pane for the line, enter or search for PMV64, then 
enter := to continue building the equation.

c. On the right side of the equation, search for and select THR 
(which is the Time in Hours analog quantity) or enter THR after 
the equation equal sign.

d. Double-click THR (Time in Hours).

e. Use the # character to add a comment to the line.

                    

NOTE: The MET PM time command can 
be used to capture synchrophasor data 
at a specific time if synchrophasors are 
enabled with Global setting EPMU := Y.

                    

Figure 11.5 Setting PMV64 With the Expression Builder Dialog Box



11.11

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Time and Date Management
Time-Synchronized Events

Step 5. In a similar manner, build a freeform SELOGIC control equation pro-
gram in Protection Logic that causes protection freeform SELOGIC 
control equation variable PSV02 to assert to logical 1 at 
12:00:30.005 p.m. Use the following expressions:

PMV64 := THR # Clock hours

PMV63 := TMIN # Clock minutes

PMV62 := TSEC # Clock seconds

PSV02 := (PMV64=12) AND (PMV63=00) AND (PMV62=30) # 
Set PSV02 at 12:00:30

Step 6. Navigate to the ER setting in your Settings Grid view under Group 1 
settings.

Step 7. Select in the ER Event Report Trigger Equation (SELOGIC) text 
box and add OR R_TRIG PSV02 to the end of elements already in 
this SELOGIC control equation.

COMTRADE File Information
Retrieve the COMTRADE files for the time-triggered data captures from each 
relay with the FILE READ command.

Parse the binary COMTRADE data for the power system currents and voltages 
you need to calculate system quantities.

Fault Analysis
Use the relay measurement and communications capabilities to obtain precise 
simultaneous measurements from the power system at different locations. Com-
bining system measurements from a number of key substations gives you a snap-
shot picture of the phasor relationships in the power system at a particular time. 
You can perform extensive fault analysis by evaluating the simultaneous mea-
surements gathered at a central computer or data server.

Install at least two relays in the power system to implement dynamic phasor 
determination. Figure 11.6 shows an example of a 230 kV overhead transmission 
line with a relay at each terminal. Connect GPS clocks (such as the SEL-2407) at 
each substation to provide high-accuracy time-signal inputs for each relay.

                    

With synchronized and time-stamped binary COMTRADE data, you can develop 
automated computer algorithms for comparing these data from different locations 
in the power system.

In particular, you can use fault data extracted from two relays. Use third-party 
software to filter the binary COMTRADE data so that the signals are composed 
of fundamental quantities only (50 Hz or 60 Hz). You can also use third-party 

NOTE: In this example, the event 
report trigger will occur between 
12:30:00.002 and 12:30:00.005 
because of the method of relay 
protection logic processing.

NOTE: You should be careful to 
remove this event report trigger once 
you have completed your testing. 
Otherwise, the relay will continue to 
trigger new events every day at the 
programmed time.

                    

Figure 11.6 230 kV Transmission Line System
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software to convert the binary COMTRADE data to ASCII COMTRADE files. 
Use the Phasor Diagram in the SEL-5601 SYNCHROWAVE Event to select the 
appropriate pre-fault and post-fault quantities. 

Power Flow Analysis
Use SEL-400 series relays to develop instantaneous power flow data. Obtain the 
voltage and current phasors from different power system buses at the same 
instant and use these measurements to determine power flow at that instant. Use 
the synchronized phasor measurement capabilities of the relay and the METER 
PM command or a Synchrophasor Protocol to collect synchronized voltage and 
current data. Use this information to confirm your power flow models.

For example, consider four SEL-421 Relays installed in the power system as shown in 
Figure 11.7. Substations S and R provide generation for the load at Substation T.

                    

Table 11.6 lists the voltage and current measured by the four SEL-421 Relays at 
one particular time.

                    

                    

Figure 11.7 500 kV Three-Bus Power System

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 1 of 2)

Voltage Current

SEL-421 at Substation S

VAS 288.675 kV 0° IAS 238.995 A 41.9°

VBS 288.675 kV 240° IBS 238.995 A –78.1°

VCS 288.675 kV 120° ICS 238.995 A 161.9°

SEL-421 at Substation R

VAR 303.109 kV –0.2° IAR 234.036 A –44.2°

VBR 303.109 kV 239.8° IBR 234.036 A 195.8°

VCR 303.109 kV 119.8° ICR 234.036 A 75.8°

SEL-421 at Substation T Looking Toward Substation S

VAT–S  295.603 kV –1.6° IAT–S 238.995 A –138.1°

VBT–S 295.603 kV 238.4° IBT–S 238.995 A 101.9°

VCT–S 295.603 kV 118.4° ICT–S 238.995 A –18.1°

S

R

T

SEL-421

SEL-421

SEL-421

SEL-421

GPS Rx

GPS Rx

GPS Rx

GPS Rx
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Use Equation 11.1 to calculate the generation supplied from Substation S and 
Substation R, plus the load at Substation T.
                    

Equation 11.1

                    

The complex power generation supplied by Substation S is:
                    

The complex power generation supplied by Substation R is:
                    

The load at Substation T supplied by Substation S is:
                    

The load at Substation T supplied by Substation R is:
                    

The total load at Substation T is:
                    

SEL-421 at Substation T Looking Toward Substation R

VAT–R 295.603 kV –1.6° IAT–R 234.036 A 135.8°

VBT–R 295.603 kV 238.4° IBT–R 234.036 A 15.8°

VCT–R 295.603 kV 118.4° ICT–R 234.036 A –104.2°

where:
S3 = Three-phase complex power (MVA)
P3 = Three-phase real power (MW)
Q3 = Three-phase imaginary power (MVAR)
Vpp = Phase-to-phase voltage
Vp = Phase-to-neutral voltage
I*L = Complex conjugate of the line current

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 2 of 2)

Voltage Current

S3ø P3ø jQ3ø +=

3 Vpp IL• • =

3 Vp IL• • =

SS 3 288.675 kV 0•   238.995 A 41.9– • =

154.1  MW j138.2  MVAR–=

SR 3 303.109 kV 0.2– •   234.036 A 44.2 • =

152.6  MW j148.3  MVAR+=

ST S– 3 295.603 kV 1.6– •   238.995 A 138.1 • =

153.7–   MW j145.9  MVAR+=

ST R– 3 295.603 kV 1.6– •   234.036 A 135.8–  • =

152.8–   MW j140.5  MVAR–=

ST ST S– ST R–+=

306.5–   MW  j5.4  MVAR+=



11.14

SEL-400 Series Relays Instruction Manual Date Code 20230830

Time and Date Management
Time-Synchronized Events

                    

Use the power flow solution to verify the instantaneous positive-sequence imped-
ances of your system transmission lines.

State Estimation Verification
Electric utility control centers have used state estimation to monitor the state of 
the power system for the past 20 years. The state estimator calculates the state of 
the power system by using measurements such as complex power, voltage magni-
tudes, and current magnitudes received from different substations. State estima-
tion uses an iterative, nonlinear estimation technique. The state of the power 
system is the set of all positive-sequence voltage phasors in the network. Typi-
cally, several seconds or minutes elapse from the time of the first measurement to 
the time of the first estimation. Therefore, state estimation is a steady-state repre-
sentation of the power system.

Consider using precise simultaneous positive-sequence voltage measurements 
from the power system to verify your state estimation model. Take time-synchro-
nized high-resolution positive-sequence voltage measurements at all substations. 
Send the relay synchrophasor messages to a central database to determine the 
power system state.

Power system contingency analysis models rely on state-estimation techniques, 
and may have inaccuracies caused by incorrect present-state information, or 
errors in system characteristics, such as incorrect line and source impedance esti-
mates. The simultaneous event-report triggering technique described earlier in 
this section can be used to verify present models.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

With SEL-400 series relays acting as phasor measurement units (PMUs) installed 
in several substations, synchrophasor measurements can be transmitted to a cen-
tral processor in near-real time, providing very accurate snapshots of the power 
system. This type of data processing system provides system-state measurements 
that are a few seconds old, rather than state estimates that may be several minutes 
old. In addition, the synchrophasor results are real measurements, rather than 
estimates. 

See Section 18: Synchrophasors for information on the PMU settings and the 
communications protocols available for synchrophasor data collection.

                    

Figure 11.8 Power Flow Solution

P = 154.1 MW

Q = 138.2 MVAR

P = 153.1 MW

Q = 147.8 MVAR

P = 153.7 MW

Q = 145.9 MVAR

P = 152.8 MW

Q = 140.5 MVAR

P = 306.5 MW

Q = 5.4 MVAR

Line Loss
P = 0.4 MW
Q = 7.7 MVAR

Line Loss
P = 0.3 MW
Q = 7.3 MVAR
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Settings

This section contains tables of relay settings that are common to most SEL-400 
series relays. See the product-specific instruction manuals for details of all set-
tings available in the relay.

The relay hides some settings based upon other settings. If you set an enable set-
ting to OFF, for example, the relay hides all settings associated with that enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in Section 6: Protection Application Examples in the product-specific 
instruction manuals, where appropriate.

The settings prompts in this section are similar to the ASCII terminal and SEL 
Grid Configurator software prompts. The prompts in this section are unabbrevi-
ated and show all possible setting options.

This section describes how settings are organized, explains the concept of set-
tings groups, and then describes some common relay settings:

➤ Settings Structure on page 12.1

➤ Multiple Setting Groups on page 12.4

➤ Port Settings on page 12.6

➤ DNP3 Settings—Custom Maps on page 12.19

➤ Front-Panel Settings on page 12.20

➤ Alias Settings on page 12.25

➤ Protection Freeform SELOGIC Control Equations on page 12.26

➤ Automation Freeform SELOGIC Control Equations on page 12.26

➤ Output Settings on page 12.26

➤ Report Settings on page 12.27

➤ Notes Settings on page 12.29

Settings Structure
The settings structure assigns each relay setting to a specific location based on 
the setting type. A top-down organization allocates relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 12.1 to understand the settings structure in a typical SEL-400 
series relay. The top layer of the settings structure contains classes and instances. 
Class is the primary sort level; all classes have at least one instance, and some 
classes have multiple instances. Typical settings classes and related instances are 
listed in Table 12.1.

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Figure 12.1 Typical Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

E21PE21P

E21MGE21MG

E21XGE21XG

Enables

EDCMON

EICIS

EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Mho Phase
 Dist.

Mho Phase
 Dist.

Z1MPZ1MP

Z2MPZ2MP

SettingSetting

Table 12.1 Typical Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global Global settings SET G P, A, O, 2

Group Individual scheme settings Group 1

•

•

•

Group 6

Group 1 settings

•

•

•

Group 6 settings

SET 1, SET S 1

•

•

•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2

Bay Control Bay Control Settings Bay Control SET B 1 P, A, O, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of 
Table 12.1. The relay presents the Global settings categories at the SET G com-
mand; no instance numbers follow SET G. Conversely, the Port settings com-
mand has five instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To 
access the PORT 1 settings, type SET P 1 <Enter>. If you do not specify which 
port to set, the relay defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•

•

•

PORT 3

PORT 5

PORT 6 (TiDL 
[T-Protocol] 
relays only)

Front-panel port

PORT 1 settings

•

•

•

PORT 3 settings

Ethernet card settings

TiDL topology settings 
(TiDL [T-Protocol] relays 
only)

SET P F

SET P 1

•

•

•

SET P 3

SET P 5

(Only available 
via SEL Grid 
Configurator)

P, A, O, 2

Report Event report and SER settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection Protection-related SELOGIC con-
trol equations

Protection 1

•

•

•

Protection 6

Group 1 protection 
SELOGIC control equations
•

•

•

Group 6 protection 
SELOGIC control equations

SET L 1

•

•

•

SET L 6

P, 2

Automation Automation-related SELOGIC 
control equations

Automation 1

•

•

•

Automation 10

Block 1 automation 
SELOGIC control equations

•

•

•

Block 10 automation 
SELOGIC control equations

SET A 1

•

•

•

SET A 10

A, 2

DNP Distributed Network Protocol 
data remapping

DNP 1

•

•

•

DNP 5

SET D 1

•

•

•

SET D 5

P, A, O, 2

Output Relay control output settings and 
MIRRORED BITS communications 
transmit equations

Output SET O O, 2

Alias Alias settings Alias SET T P, A, O, 2

Notes Freeform programming to 
include notes

Notes 100 lines SET N P, A, O, 2

Table 12.1 Typical Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Multiple Setting Groups
The SEL-400 series relays have six independent setting groups. Each setting 
group has complete relay settings and protection SELOGIC settings. The active 
setting group can be:

➤ Shown or selected with the SEL ASCII serial port GROUP 
command—see GROUP on page 14.40.

➤ Shown or selected from the front-panel LCD with the MAIN menu 
Set/Show menu item and the Active Group submenu item as 
described in Figure 4.32.

➤ Selected with SELOGIC control equation settings SS1 through SS6. 
Settings SS1 through SS6 have priority over all other selection 
methods. Use remote bits in these equations to select setting groups 
with Fast Operate commands as described in SEL Fast Meter, Fast 
Operate, Fast SER Messages, and Fast Message Data Access on 
page 15.33.

➤ Shown with DNP3 Objects 20 and 22 and selected with Objects 40 
and 41.

Setting Groups: Application Ideas
Setting groups can be used for such applications as:

➤ Environmental conditions such as winter storms, periods of high 
summer heat, etc.

➤ Hot-line tag that disables closing and sensitizes protection

➤ Commissioning and operation

Active Setting Group Indication
Only one setting group can be active at a time. Relay Word bits SG1 through SG6 
indicate the active setting group, as shown in Table 12.2.

                    

Table 12.2 Definitions for Active Setting Group Indication Relay Word Bits SG1 
Through SG6

Relay Word Bit Definition

CHSG Indication that a group switch timer is operating or a group switch change 
is underway

SG1 Indication that setting Group 1 is the active setting group

SG2 Indication that setting Group 2 is the active setting group

SG3 Indication that setting Group 3 is the active setting group

SG4 Indication that setting Group 4 is the active setting group

SG5 Indication that setting Group 5 is the active setting group

SG6 Indication that setting Group 6 is the active setting group
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For example, if setting Group 4 is the active setting group, Relay Word bit SG4 
asserts to logical 1, and the other Relay Word bits SG1, SG2, SG3, SG5, and SG6 
are all deasserted to logical 0.

Active Setting Group Selection
The Global settings class contains the SELOGIC control equation settings SS1 
through SS6, as shown in Table 12.3.

NOTE: The settings group switching 
settings are checked once per cycle. 
When setting TGR := 0, in order for a 
transient assertion to be recognized, 
it should be conditioned to remain 
asserted for at least 1 cycle.

                    

The operation of these settings is explained with the following example.

Assume the active setting group starts out as setting Group 3. Corresponding 
Relay Word bit SG3 is asserted to logical 1 as an indication that setting Group 3 
is the active setting group.

With setting Group 3 as the active setting group, setting SS3 has priority. If set-
ting SS3 is asserted to logical 1, setting Group 3 remains the active setting group, 
regardless of the activity of settings SS1, SS2, SS4, SS5, and SS6. With settings 
SS1 through SS6 all deasserted to logical 0, setting Group 3 still remains the 
active setting group.

With setting Group 3 as the active setting group, if setting SS3 is deasserted to 
logical 0 and one of the other settings (e.g., setting SS5) asserts to logical 1, the 
relay switches from setting Group 3 as the active setting group to another setting 
group (e.g., setting Group 5) as the active setting group, after qualifying time set-
ting TGR (Global settings):

                    

NOTE: The CHSG Relay Word bit 
does not operate for settings changes 
initiated by the serial port or front 
panel methods.

In this example, TGR qualifies the assertion of setting SS5 before it can change 
the active setting group. Relay Word bit CHSG asserts when the TGR timer is 
picked up and timing, and also when a setting group change has been initiated.

Active Setting Group Changes
The relay is disabled for less than one second while in the process of changing 
active setting groups. Relay elements, timers, and logic are reset, unless indicated 
otherwise in the specific logic description. For example, local bit (LB01 through 
LB64), remote bit (RB01 through RB64), and latch bit (PLT01 through PLT32) 
states are retained during an active setting group change. The output contacts do 
not change state until the relay enables in the new settings group and the 
SELOGIC control equations are processed to determine the output contact status 
for the new group. 

Table 12.3 Definitions for Active Setting Group Switching SELOGIC Control 
Equation Settings SS1 Through SS6

Setting Definition

SS1 Go to (or remain in) setting Group 1

SS2 Go to (or remain in) setting Group 2

SS3 Go to (or remain in) setting Group 3

SS4 Go to (or remain in) setting Group 4

SS5 Go to (or remain in) setting Group 5

SS6 Go to (or remain in) setting Group 6

TGR Group Change 
Delay Setting

(settable from 0 to 54000 cycles)

NOTE: The SEL-487B supports 96 
remote bits and all 96 are retained.
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After a group change, an automatic message will be sent to any serial port that 
has setting AUTO := Y (see Table 12.7).

Active Setting: Nonvolatile State
Power Loss

The active setting group is retained if power to the relay is lost and then restored. 
If a particular setting group is active (e.g., setting Group 5) when power is lost, 
the same setting group is active when power is restored.

Settings Change
If individual settings are changed for the active setting group or one of the other 
setting groups, the active setting group is retained, much like in the preceding 
explanation.

If individual settings are changed for a setting group other than the active setting 
group, there is no interruption of the active setting group, so the relay is not 
momentarily disabled.

If the individual settings change causes a change in one or more SELOGIC control 
equation settings SS1 through SS6, the active setting group can be changed, sub-
ject to the newly enabled SS1 through SS6 settings.

Port Settings
                    

Table 12.4 Port Settings Categories (Sheet 1 of 2)

Settings Reference

Serial Settings

Protocol Section (Serial) Table 12.5

Communications Settings Table 12.6

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

DNP Configuration (Serial) Table 12.9

MIRRORED BITS Protocol Settings Table 12.10

RTD Protocol Settings Table 12.11

PMU Protocol Settings Table 12.12

Ethernet Settings (Two- or Four-Port Ethernet Card)

Protocol Selection (Ethernet) Table 12.13

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP Configuration Table 12.14

FTP Configuration Table 12.15

HTTP Server Configuration Table 12.16

Telnet Configuration Table 12.17

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19
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Serial Settings
                    

Table 12.6 settings are available for serial ports if the preceding setting 
PROTO  RTD.

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration (Ethernet) Table 12.23

Phasor Measurement Configuration Table 12.24

SNTP Selection Table 12.25

PTP Settings Table 12.26

Ethernet Settings (Five-Port Ethernet Card)

Protocol Selection (Five-Port Ethernet Card) Table 12.27

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP/Network Configuration Table 12.28

FTP Configuration (Five-Port Ethernet Card) Table 12.29

HTTP Server Configuration (Five-Port Ethernet Card) Table 12.30

Telnet Configuration (Five-Port Ethernet Card) Table 12.31

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration Table 12.23

Phasor Measurement Configuration (Five-Port Ethernet Card) Table 12.32

SNTP Selection Table 12.25

PTP Settings (Five-Port Ethernet Card) Table 12.33

TiDL Settings

TiDL Channel Map (Port 6) See TiDL (T-Protocol) on 
page 19.1

Table 12.4 Port Settings Categories (Sheet 2 of 2)

Settings Reference

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: TiDL Channel Map is only 
available in SEL Grid Configurator and 
only for TiDL (T-Protocol) relays.

Table 12.5 Protocol Selection (Serial)

Setting Prompt Default

EPORTa

a Setting EPORT to N on PORT 1 has no effect on the operation of IRIG-B on PORT 1.

Enable Port (Y, N) Y

EPAC Enable Port Access Control (Y, N) N

MAXACC Maximum Access Level (1, B, P, A, O, 2, C) C

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) SEL
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Table 12.7 settings are available if Port setting PROTO := SEL, DNP, or PMU.

                    

                    

Table 12.6 Communications Settings

Setting Prompt Default

MBTa

a Only applicable if PROTO := MBA, MBB, MBGA, or MBGB.

Using Pulsar 9600 modem? (Y, N) N

SPEEDb

b For PROTO := MBA, MBB, MBGA, or MBGB, 57600 is not available.

Data Speed (300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 
SYNCc)

c SYNC option only available for PROTO := MBA, MBB, MBGA, or MBGB on rear-panel serial ports.

9600

DATABITd

d For PROTO := SEL only.

Data Bits (7, 8 bits) 8

PARITYc Parity (Odd, Even, None) N

STOPBITe

e For PROTO := SEL, DNP, MBA, MBB, MBGA, MBGB, or PMU only.

Stop Bits (1, 2 bits) 1

RTSCTSf

f For PROTO := SEL or PMU only.

Enable Hardware Handshaking (Y, N) N

Table 12.7 SEL Protocol Settings

Setting Prompt Default

TIMEOUTa

a Hidden for PROTO := PMU. For Ethernet ports, TIMEOUT := TIDLE.

Port Time-Out (OFF, 1–60 minutes) 5

AUTOb

b Hidden for PROTO := DNP or PMU.

Send Auto-Messages to Port (Y, N) Y

FASTOPc

c Hidden for PROTO := DNP.

Enable Fast Operate Messages (Y, N) N

TERTIM1d

d Hidden for PROTO := PMU.

Initial Delay-Disconnect Sequence (0–600 seconds) 1

TERSTRNd Termination String-Disconnect Sequence (9 characters maximum)e

e TERSTRN set at /005 is <Ctrl+E>.

"\005"

TERTIM2d Final Delay-Disconnect Sequence (0–600 seconds) 0

Table 12.8 Fast Message Read Data Access

Setting Prompt Default

FMRENAB Enable Fast Message Read Data Access (Y/N) Y

FMRLCL Enable Local Region for Fast Message Access (Y/N) N

FMRMTR Enable Meter Region for Fast Message Access (Y/N) Y

FMRDMND Enable Demand Region for Fast Message Access (Y/N) Y

FMRTAR Enable Target Region for Fast Message Access (Y/N) Y

FMRHIS Enable History Region for Fast Message Access (Y/N) N

FMRBRKR Enable Breaker Region for Fast Message Access (Y/N) N

FMRSTAT Enable Status Region for Fast Message Access (Y/N) N

FMRANA Enable Analog Region for Fast Message Access (Y/N) Y

NOTE: Not all of these settings are 
available in every SEL-400 series 
relay. Just those that apply to 
features in the relay are available.
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Table 12.9 settings are available if Port setting PROTO := DNP.

                    

Table 12.9 DNP Configuration (Serial) (Sheet 1 of 2)

Setting Prompt Default

DNPADR DNP Address (0–65519) 0

DNPID DNP ID for Object 0, Var 246 (20 characters) "Relay1-DNP"

DNPMAP DNP Session Map (1–5) 1

ECLASSB Class for Binary Event Data (OFF, 1–3) 1

ECLASSC Class for Counter Event Data (OFF, 1–3) OFF

ECLASSA Class for Analog Event Data (OFF, 1–3) 2

ECLASSV Class for Virtual Terminal Data (OFF, 1–3) OFF

TIMERQ Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLA Currents Scaling (0–3 decimal places) 1

DECPLV Voltages Scaling (0–3 decimal places) 1

DECPLM Misc Data Scaling (0–3 decimal places) 1

STIMEO Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DRETRY Data Link Retries (OFF, 1–15) OFF

DTIMEO Data Link Time-Out (0.0–30.0 seconds) 1.0

MINDLY Minimum Delay from DCD to TX (0.00–1.00 seconds) 0.05

MAXDLY Maximum Delay from DCD to TX (0.00–1.00 seconds) 0.10

PREDLY Settle Time -RTS On to TX (OFF, 0.00–30.00 seconds) 0.00

PSTDLY Settle Time -TX to RTS Off (0.00–30.00 seconds) 0.00

DNPCL Enable Control Operations (Y, N) N

AIVAR Default Variation for Analog Inputs (1–6) 2

ANADBA Analog Reporting Deadband for Currents (0–32767) 100

ANADBV Analog Reporting Deadband for Voltages (0–32767) 100

ANADBM Analog Reporting Deadband (0–32767) 100

ETIMEO Event Message Confirm Time-Out (1–50 seconds) 2

UNSOL Enable Unsolicited Reporting (Y, N) N

PUNSOL Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADR DNP Address to Report to (0–65519) 1

NUMEVE Number of Events to Transmit On (1–200) 10

AGEEVE Age of Oldest Event to Transmit On (0–99999) 2

URETRY Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEO Unsolicited Message Offline Time-Out (OFF, 1–5000 sec) 60

EVEMOD Event Mode (SINGLE, MULTI) SINGLE

MODEM Modem Connected to Port (Y, N) N

MSTR Modem Startup String (30 chars max) "E0X0&D0S0=4"

PH_NUM1 Phone Number for Dial-Out (30 chars max) ""

PH_NUM2 Backup Phone Number for Dial-Out (30 chars max) ""

RETRY1 Retry Attempts for Phone 1 Dial-Out (1–20) 5

RETRY2 Retry Attempts for Phone 2 Dial-Out (1–20) 5
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Table 12.10 settings are available if Port setting PROTO := MBA, MBB, MBGA, 
or MBGB.

                    

MDTIME Time to Attempt Dial (5–300 seconds) 60

MDRET Time Between Dial-Out Attempts (5–3600 seconds) 120

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting Prompt Default

TX_ID MIRRORED BITS ID of This Device (1–4) 2

RX_ID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (0–10000 seconds) 10

CBADPU Channel Unavailability to Set CBAD (1–100000 ppm) 20000

TXMODE Transmission Mode (N-Normal, P-Paced) N

MBNUM Number of MIRRORED BITS Channels (0–8) 8

RMB1FL RMB1 Channel Fail State (0, 1, P) P

RMB1PU RMB1 Pickup Time (1–8 messages) 1

RMB1DO RMB1 Dropout Time (1–8 messages) 1

RMB2FL RMB2 Channel Fail State (0, 1, P) P

RMB2PU RMB2 Pickup Time (1–8 messages) 1

RMB2DO RMB2 Dropout Time (1–8 messages) 1

RMB3FL RMB3 Channel Fail State (0, 1, P) P

RMB3PU RMB3 Pickup Time (1–8 messages) 1

RMB3DO RMB3 Dropout Time (1–8 messages) 1

RMB4FL RMB4 Channel Fail State (0, 1, P) P

RMB4PU RMB4 Pickup Time (1–8 messages) 1

RMB4DO RMB4 Dropout Time (1–8 messages) 1

RMB5FL RMB5 Channel Fail State (0, 1, P) P

RMB5PU RMB5 Pickup Time (1–8 messages) 1

RMB5DO RMB5 Dropout Time (1–8 messages) 1

RMB6FL RMB6 Channel Fail State (0, 1, P) P

RMB6PU RMB6 Pickup Time (1–8 messages) 1

RMB6DO RMB6 Dropout Time (1–8 messages) 1

RMB7FL RMB7 Channel Fail State (0, 1, P) P

RMB7PU RMB7 Pickup Time (1–8 messages) 1

RMB7DO RMB7 Dropout Time (1–8 messages) 1

RMB8FL RMB8 Channel Fail State (0, 1, P) P

RMB8PU RMB8 Pickup Time (1–8 messages) 1

RMB8DO RMB8 Dropout Time (1–8 messages) 1

MBTIME Accept Mirrored Bits Time Synchronization (Y, N) N

MBNUMAN Number of Analog Channels (0–7) 0

MBANA1 Selection for Analog Channel 1 (analog label) a

MBANA2 Selection for Analog Channel 2 (analog label) a

Table 12.9 DNP Configuration (Serial) (Sheet 2 of 2)

Setting Prompt Default
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Table 12.11 settings are available if Port setting PROTO := RTD.

                    

Table 12.12 settings are available if Port setting PROTO := PMU.

                    

Ethernet Settings
Two- or Four-Port Ethernet Card

                    

See Table 12.7 for SEL protocol settings. 

See Table 12.8 for Fast Message read data access settings.

MBANA3 Selection for Analog Channel 3 (analog label) a

MBANA4 Selection for Analog Channel 4 (analog label) a

MBANA5 Selection for Analog Channel 5 (analog label) a

MBANA6 Selection for Analog Channel 6 (analog label) a

MBANA7 Selection for Analog Channel 7 (analog label) a

MBNUMVT Number of Virtual Terminal Channels (OFF, 0-7) OFF

a The default of the MBANAn settings is relay-specific. See the product-specific instruction manual 
to find these defaults.

Table 12.11 RTD Protocol Settings

Setting Prompt Default

RTDNUM RTD Number of Inputs (0–12) 12

RTDnTYa

a Where n is the number of RTD inputs enabled in the RTDNUM setting.

RTD n Type (NA, PT100, NI100, NI120, CU10)b

b NA designates an input that is not connected to an RTD device.

PT100

Table 12.12 PMU Protocol Settings

Setting Prompt Default

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDa

a Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCb

b Setting hidden when PMUMODE := CLIENTA or CLIENTB.

PMU Output Data Configuration (1–5) 1

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting Prompt Default

Table 12.13 Protocol Selection (Ethernet)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

EPACa

a Does not apply to TiDL Channel Map (PORT 6).

Enable Port Access Control (Y, N) N

MAXACCa Maximum Access Level (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N
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Table 12.14 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default router (w.x.y.z) 192.168.1.1

BUSMODEa

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.

Bus Operating Mode (INDEPEND, MERGED) INDEPEND

NETMODE Operating Mode (FIXED, FAILOVER, SWITCHED, PRP...) FAILOVER

NETPORT Primary Network Port (A, B, C, D)b

b The specific options available depend on the physical ports installed in the hardware.

A

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

PRPINTV PRP Supervision TX Interval (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB (0–255)c

c LSB stands for least significant bit.

0

FTIME Failover Time-Out (0–65535 milliseconds) 1

NETASPDd

d This setting applies only if the port is installed and it is a twisted-pair port (10/100BASE-T).

Port 5A Speed (Auto, 10, 100) AUTO

NETBSPDd Port 5B Speed (Auto, 10, 100) AUTO

NETCSPDd Port 5C Speed (Auto, 10, 100) AUTO

NETDSPDd Port 5D Speed (Auto, 10, 100) AUTO

Table 12.15 FTP Configuration

Setting Prompt Default

FTPSERV Enable FTP Server (Y, N) N

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.16 HTTP Server Configuration

Setting Prompt Default

EHTTP Enable HTTP Server (Y, N) N

HTTPPOR HTTP Server TCP/IP Port Number (1–65534) 80

HIDLE HTTP Session Inactivity Timeout (1–30 minutes) 5

Table 12.17 Telnet Configuration

Setting Prompt Default

ETELNET Enable Telnet (Y, N) N

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.
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Table 12.20 settings are available in relays that support IEC 61850-9-2 SV publi-
cations.

                    

Table 12.21 settings are available in relays that support IEC 61850-9-2 SV sub-
scriptions.

                    

Table 12.18 IEC 61850 Configuration

Setting Prompt Default

E61850 Enable IEC 61850 Protocol (Y, N) N

EGSEa

a Hidden if E61850 := N.

Enable IEC 61850 GSE (Y, N) N

EMMSFSa Enable MMS File Services (Y, N) N

Table 12.19 IEC 61850 Mode/Behavior Configuration

Setting Prompt Default

E850MBC Enable 61850 Mode/Behavior Control (Y, N) N

EOFFMTX Enable GOOSE and SV Tx in Off Mode (Y, N) N

Table 12.20 SV Transmit Configuration

Settinga

a Available for SV publishers only. Hidden and disabled if E61850 := N.

Prompt Default

SVTXEN Enable SV Transmission (Number of streams 0–7) 0

SVTADRpb

b p represents the publication number. Only settings for publications enabled by SVTXEN will be 
visible.

SVT p Destination MAC Addressc

c Layer 2 multicast address only. Broadcast address is not allowed.

01-0C-CD-04-00-0p

TAPPIDpb SV Stream p Tx APPID (0x4000–0x7FFF)d

d The 0x prefix is used to indicate that this setting is in hexadecimal.

0x4000

TSVIDpb SVID p (String of 63 characters a–z, A–Z, _, 0–9)e

e The 9-2LE guideline supports as many as 34 characters in SVID strings. Consider this limit when 
configuring interoperable SV systems.

"4000"

TVLANpb SV p Transmit VLAN ID (1–4094) 1

TPRIOpb SV p Transmit VLAN Priority (0–7) 4

SVTpICHb SVTXp Channel Current Terminal (W, X) W

SVTpVCHb SVTXp Channel Voltage Terminal (Y, Z) Y

Table 12.21 SV Receive Configuration (Sheet 1 of 2)

Settinga Prompt Default

SVRXEN Enable SV Reception (Number of streams 0–7)b 0

SVRADRsc SV Stream s Subscribed MAC Addressd 01-0C-CD-04-00-0s

RAPPIDsc SV Stream s Rx APPID (0x4000–0x7FFF)e 0x4000

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: The destination MAC 
addresses of all published multicast 
messages (SV, GOOSE) must be 
unique. Otherwise, messages may be 
incorrectly routed. The relay issues a 
diagnostic warning if any SVT 
destination MAC address (SVTADRp) 
is the same as a GOOSE destination 
MAC address.

NOTE: SV configuration settings are 
only available in SV relays.
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Table 12.23 settings are available if Port setting PROTO := DNP.

                    

SVRsICHc, f SVRXs Channel Current Terminal (OFF, W, X) W

SVRsVCHc, g SVRXs Channel Voltage Terminal (OFF, Y, Z) Y

a Available for SV subscribers only. Hidden and disabled if E61850 := N.
b The SEL-411L, SEL-421, and SEL-451 support 0—4 streams.
c s represents the subscription number. Only settings for subscriptions enabled by SVRXEN will be 

visible.
d Layer 2 multicast address only. Broadcast address is not allowed.
e The 0x prefix is used to indicate that this setting is in hexadecimal.
f The SEL-487E supports current Terminals S, T, U, W, X, and Y with Terminal S serving as default. 

The SEL-487B supports current Terminals I01—I19 with Terminal I01 serving as default. Each 
terminal option listed refers to three terminals grouped together. For example, I01 refers to I01—
I03, I04 refers to I04—I06, etc.

g The SEL-487E supports voltage Terminals V and Z with Terminal V serving as default. The 
SEL-487B only supports the voltage Terminal V01, which serves as default. The setting V01 
includes voltage terminals V01, V02, and V03.

Table 12.22 IEC SV Channel Settings

Setting Prompt Default

CH_DLY Sampled Value Channel Delay (1.00–3.00 milliseconds) 1.50

Table 12.23 DNP Configuration (Ethernet) (Sheet 1 of 2)

Setting Prompt Default

EDNP Enable DNP Sessions (0–6) 0

DNPADRa DNP Address (0–65519) 0

DNPPNUMa DNP TCP and UDP Port (1025–65534) 20000

DNPIDa DNP ID for Object 0, Var 246 (20 characters) "RELAY1-DNP"

Ethernet DNP3 Master n Configuration, n = 1 to value of EDNP, max 6a

DNPIPn IP Address (w.x.y.z) 192.168.1.[100+n]

DNPTRn Transport Protocol (UDP, TCP) TCP

DNPUDPnb UDP Response Port (REQ, 1025–65534) 20000

DNPMAPn DNP Session Map (1–5) 1

CLASSBn Class for Binary Event Data (OFF, 1–3) 1

CLASSCn Class for Counter Event Data (OFF, 1–3) OFF

CLASSAn Class for Analog Event Data (OFF, 1–3) 2

TIMERQn Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLAn Currents Scaling (0–3 decimal places) 1

DECPLVn Voltages Scaling (0–3 decimal places) 1

DECPLMn Misc Data Scaling (0–3 decimal places) 1

STIMEOn Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DNPINAnc Seconds to Send Data Link Heartbeat (0–7200) 120

DNPCLn Enable Control Operations (Y, N) N

AIVARn Default Variation for Analog Inputs (1–6) 2

ANADBAnd Analog Reporting Deadband for Currents (0–32767) 100

ANADBVnd Analog Reporting Deadband for Voltages (0–32767) 100

ANADBMnd Analog Reporting Deadband (0–32767) 100

Table 12.21 SV Receive Configuration (Sheet 2 of 2)

Settinga Prompt Default

NOTE: SV channel delay settings are 
only available in SV relays.
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ETIMEOn Event Message Confirm Time-Out (1–50 seconds) 2

UNSOLne Enable Unsolicited Reporting (Y, N) N

PUNSOLnf Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADRnf DNP Address to Report to (0–65519) 1

NUMEVEnf Number of Events to Transmit On (1–200) 10

AGEEVEnf Age of Oldest Event to Transmit On (0–99999) 2

URETRYnf Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEOnf Unsolicited Message Offline Time-Out (1–5000 seconds) 60

EVEMODn Event Mode (SINGLE, MULTI) SINGLE

a Hidden if EDNP := 0.
b Hidden if DNPTRn := TCP.
c Hidden if DNPTRn := UDP.
d Hidden if CLASSAn := OFF.
e Hidden if CLASSAn := CLASSBn := CLASSCn := OFF.
f Hidden if UNSOLn := N.

Table 12.24 Phasor Measurement Configuration

Setting Prompt Default

EPMIPa

a Set EPMIP := Y to access remaining settings.

Enable C37.118 Communications (Y, N) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

Table 12.25 SNTP Selection (Sheet 1 of 2)

Setting Prompt Default

ESNTP SNTP Enable (OFF, UNICAST, MANYCAST, BROADCAST) OFF

SNTPRAT SNTP Request Update Rate (15–3600 seconds) 60

SNTPTOa SNTP Timeout (5–20 seconds) 5

SNTPPIP SNTP Primary Server IP Address (w.x.y.z)b 192.168.1.110

Table 12.23 DNP Configuration (Ethernet) (Sheet 2 of 2)

Setting Prompt Default
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Five-Port Ethernet Card
                    

SNTPBIPc SNTP Backup Server IP Address (w.x.y.z)b 192.168.1.111

SNTPPOR SNTP IP Local Port Number (1–65534) 123

a Setting hidden and forced to 5 if ESNTP := BROADCAST.
b Where w: 0—126, 128—239, x: 0—255, y: 0—255, z: 0—255 if ESNTP := MANYCAST or where 

w: 0—126, 128-223, x: 0—255, y: 0—255, z: 0—255 if ESNTP := UNICAST or BROADCAST.
c This setting is hidden if ESNTP  UNICAST.

Table 12.26 PTP Settings

Setting Prompt Default

EPTPa

a This setting is not available if the hardware does not support PORT 5A and PORT 5B or if the 
ports are used in SWITCHED mode.

Enable PTP (Y, N) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRb

b Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if NETMODE := PRP and NETPORT := A or B. Also hidden and forced to LAYER2 if NETPORT := C 
or D.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)c

c If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTd

d Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPne

e Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACnf

f Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRIng

g Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANh

h Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRh PTP VLAN Priority (0–7) 4

Table 12.25 SNTP Selection (Sheet 2 of 2)

Setting Prompt Default

NOTE: PTP is only supported on 
Ethernet PORT 5A and PORT 5B. Most 
SEL-400 series relays only support 
two ports at a time and must have 
PORT 5A and PORT 5B selected by the 
MOT option in these relays. Relays 
that support four ports will have PTP 
on PORT 5A and PORT 5B but will not 
require selection of a different MOT 
option to have PTP available.

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 1 of 2)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

BUSMODEa Bus Operating Mode (INDEPEND, MERGED) INDEPEND

EINTF Enable Interface (combo of AB, CD, E) AB, CD, E

EPACb Enable Port Access Control (Y, N) N

MAXACCb, c Max Acc Level for Stn Bus (1, B, P, A, O, 2, C) C
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MAXACCEb, d Max Acc Level for Eng Acc (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.
b Does not apply to TiDL Channel Map (PORT 6).
c Hidden if EINTF does not contain CD and BUSMODE := INDEPEND. If BUSMODE := MERGED, the 

prompt is “Max ACC Level for Prc Bus (1, B, P, A, O, 2, C).”
d Hidden if EINTF does not contain E.

Table 12.28 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

NETMODP Operating Mode for 5A, 5B (FIXED, FAILOVER, PRP) FAILOVER

NETPORP Primary Network Port for 5A, 5B (A, B) A

PRPINTP PRP Supervision TX Interval for 5A, 5B (1–10 seconds) 2

PRPADDP PRP Destination Addr LSB for 5A, 5B (0–255)a

a LSB stands for least significant bit.

0

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default Router (w.x.y.z) 192.168.1.1

NETMODE Operating Mode for 5C, 5D (FIXED, FAILOVER, PRP) FAILOVER

NETPORT Primary Network Port for 5C, 5D (C, D) C

PRPINTV PRP Supervision TX Interval for 5C, 5D (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB for 5C, 5D (0–255)a 0

FTIMEb

b If BUSMODE := MERGED, the prompt is “Failover Time-Out for 5A, 5B (0-65535 milliseconds).”

Failover Time-Out for 5C, 5D (0–65535 milliseconds) 1

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

IPADDRE Device IP Address / CIDR Prefix for 5E (w.x.y.z/t) 192.168.2.2/24

DEFRTRE Default Router for 5E (w.x.y.z) 192.168.2.1

Table 12.29 FTP Configuration (Five-Port Ethernet Card)

Setting Prompt Default

FTPSERVa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable FTP Server (OFF or combo of CD, E) OFF

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 2 of 2)

Setting Prompt Default

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.
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See Table 12.18 for IEC 61850 configuration settings.

See Table 12.19 for IEC 61850 mode/behavior configuration settings.

See Table 12.20 for SV transmit configuration settings.

See Table 12.21 for SV receive configuration settings. 

See Table 12.22 for IEC SV channel settings.

See Table 12.23 for DNP configuration settings.

                    

See Table 12.25 for SNTP selection settings.

Table 12.30 HTTP Server Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EHTTPa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable HTTP Server (OFF or combo of CD, E) OFF

HTTPPOR HTTP Server TCP/IP Port Number (1-65534) 80

HIDLE HTTP Session Inactivity Timeout (1-30 minutes) 5

Table 12.31 Telnet Configuration (Five-Port Ethernet Card)

Setting Prompt Default

ETELNETa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable Telnet Server (OFF or combo of CD, E) OFF

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

Table 12.32 Phasor Measurement Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EPMIPa

a If BUSMODE := MERGED, the range is (N, AB, E). Set EPMIP := AB, CD, or E to access remaining 
settings.

Enable C37.118 Comms (N, CD, E) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.

NOTE: If BUSMODE := INDEPEND 
and EINTF contains CD and E, enabling 
SEL protocol, MMS, or DNP allows the 
protocol to be processed on both the 
station bus and engineering access 
interfaces. Similarly, if BUSMODE := 
MERGED and EINTF contains E, 
enabling these protocols allows them 
to be processed on both the process 
bus and engineering access interfaces.
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DNP3 Settings—Custom Maps
                    

The fault location minimum and maximum settings determine what fault data are 
sent to a DNP3 master. This affects all DNP3 sessions that use the current DNP3 
map.

NOTE: MINDIST and MAXDIST only 
apply to relays that provide a fault 
location.

                    

Table 12.33 PTP Settings (Five-Port Ethernet Card)

Setting Prompt Default

EPTP Enable PTP (N, AB, CD) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRa

a Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if EPTP := AB and BUSMODE := INDEPEND. Hidden and forced to LAYER2 if EPTP := AB and 
BUSMODE := MERGED and NETMODP := PRP. Also hidden and forced to LAYER2 if EPTP := CD 
and NETMODE := PRP.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)b

b If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTc

c Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPnd

d Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACne

e Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRInf

f Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANg

g Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRg PTP VLAN Priority (0–7) 4

Table 12.34 DNP3 Settings Categories

Settings Reference

DNP3 Fault Location Min and Max Table 12.35

Binary Input Map Table 12.36

Binary Output Map Table 12.36

Counter Map Table 12.36

Analog Input Map Table 12.36

Analog Output Map Table 12.36

Table 12.35 Minimum and Maximum Fault Location

Setting Prompt Default

MINDIST Min Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF

MAXDIST Max Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF



12.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

Settings
Front-Panel Settings

The remainder of this settings class consists of a set of freeform categories for 
configuring the map for the various DNP3 data types. The category headers indi-
cate the syntax of the entries. Table 12.36 shows these headers. All entries require 
a data label. The deadband and scale-factor parameters are optional. The defaults 
are relay-specific, so refer to the product-specific instruction manual to see the 
defaults for these settings.

                    

Front-Panel Settings
                    

The defaults for the pushbuttons and targets in the Front-Panel Settings category 
are relay-specific. See the product-specific instruction manual to find these defaults.

                    

Table 12.36 DNP3 Map Category Headers

Binary Input Map (Binary Input Label)

Binary Output Map (Binary Output Label)

Counter Map (Counter Label, Deadband)

Analog Input Map (Analog Input Label, Scale Factor, Deadband)

Analog Output Map (Analog Output Label)

Table 12.37 Front-Panel Settings Categories

Settings Reference

Front-Panel Settings Table 12.38

Selectable Screens for the Front Panel Table 12.39

Selectable Operator Pushbuttons Table 12.40

Front-Panel Event Display Table 12.41

Display Points

Local Control

Local Bit SELOGIC Table 12.42

SER Parameters Table 12.43

Table 12.38 Front-Panel Settings (Sheet 1 of 4)

Setting Prompt

FP_TO Front Panel Display Time-Out (OFF,1–60 min)

EN_LEDC Enable LED Asserted Color (R,G)

TR_LEDC Trip LED Asserted Color (R,G) 

PB1_LED Pushbutton LED 1 (SELOGIC Equation)

PB1_COL PB1_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB2_LED Pushbutton LED 2 (SELOGIC Equation)

PB2_COL PB2_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB3_LED Pushbutton LED 3 (SELOGIC Equation)

PB3_COL PB3_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB4_LED Pushbutton LED 4 (SELOGIC Equation)

PB4_COL PB4_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB5_LED Pushbutton LED 5 (SELOGIC Equation)

PB5_COL PB5_LED Assert and Deassert Color (Enter 2: R,G,A,O)
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PB6_LED Pushbutton LED 6 (SELOGIC Equation)

PB6_COL PB6_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB7_LED Pushbutton LED 7 (SELOGIC Equation)

PB7_COL PB7_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB8_LED Pushbutton LED 8 (SELOGIC Equation)

PB8_COL PB8_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB9_LEDa Pushbutton LED 9 (SELOGIC Equation)

PB9_COLa PB9_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB10LEDa Pushbutton LED 10 (SELOGIC Equation)

PB10COLa PB10_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB11LEDa Pushbutton LED 11 (SELOGIC Equation)

PB11COLa PB11_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB12LEDa Pushbutton LED 12 (SELOGIC Equation)

PB12COLa PB_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T1_LED Target LED 1 (SELOGIC Equation)

T1LEDL Target LED 1 Latch (Y, N)

T1LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T2_LED Target LED 2 (SELOGIC Equation)

T2LEDL Target LED 2 Latch (Y, N)

T2LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T3_LED Target LED 3 (SELOGIC Equation)

T3LEDL Target LED 3 Latch (Y, N)

T3LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T4_LED Target LED 4 (SELOGIC Equation)

T4LEDL Target LED 4 Latch (Y, N)

T4LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T5_LED Target LED 5 (SELOGIC Equation)

T5LEDL Target LED 5 Latch (Y, N)

T5LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T6_LED Target LED 6 (SELOGIC Equation)

T6LEDL Target LED 6 Latch (Y, N)

T6LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T7_LED Target LED 7 (SELOGIC Equation)

T7LEDL Target LED 7 Latch (Y, N)

T7LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T8_LED Target LED 8 (SELOGIC Equation)

T8LEDL Target LED 8 Latch (Y, N)

T8LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T9_LED Target LED 9 (SELOGIC Equation)

T9LEDL Target LED 9 Latch (Y, N)

T9LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

Table 12.38 Front-Panel Settings (Sheet 2 of 4)

Setting Prompt
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T10_LED Target LED 10 (SELOGIC Equation)

T10LEDL Target LED 10 Latch (Y, N)

T10LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T11_LED Target LED 11 (SELOGIC Equation)

T11LEDL Target LED 11 Latch (Y, N)

T11LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T12_LED Target LED 12 (SELOGIC Equation)

T12LEDL Target LED 12 Latch (Y, N)

T12LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T13_LED Target LED 13 (SELOGIC Equation)

T13LEDL Target LED 13 Latch (Y, N)

T13LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T14_LED Target LED 14 (SELOGIC Equation)

T14LEDL Target LED 14 Latch (Y, N)

T14LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T15_LED Target LED 15 (SELOGIC Equation)

T15LEDL Target LED 15 Latch (Y, N)

T15LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T16_LED Target LED 16 (SELOGIC Equation)

T16LEDL Target LED 16 Latch (Y, N)

T16LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T17_LEDb Target LED 17 (SELOGIC Equation)

T17LEDLb Target LED 17 Latch (Y, N)

T17LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T18_LEDb Target LED 18 (SELOGIC Equation)

T18LEDLb Target LED 18 Latch (Y, N)

T18LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T19_LEDb Target LED 19 (SELOGIC Equation)

T19LEDLb Target LED 19 Latch (Y, N)

T19LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T20_LEDb Target LED 20 (SELOGIC Equation)

T20LEDLb Target LED 20 Latch (Y, N)

T20LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T21_LEDb Target LED 21 (SELOGIC Equation)

T21LEDLb Target LED 21 Latch (Y, N)

T21LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T22_LEDb Target LED 22 (SELOGIC Equation)

T22LEDLb Target LED 22 Latch (Y, N)

T22LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T23_LEDb Target LED 23 (SELOGIC Equation)

T23LEDLb Target LED 23 Latch (Y, N)

Table 12.38 Front-Panel Settings (Sheet 3 of 4)

Setting Prompt
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T23LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T24_LEDb Target LED 24 (SELOGIC Equation)

T24LEDLb Target LED 24 Latch (Y, N)

T24LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

a PB9–PB12 settings are only available on 12 pushbutton models.
b T17–T24 settings are only available on 12 pushbutton models.

Table 12.39 Selectable Screens for the Front Panel

Setting Prompt Default

SCROLD Front-Panel Display Update Rate (OFF, 1–15 sec) 5

ONELINE One-Line Bay Control Diagram (Y,N) Y

RMS_V RMS Line Voltage Screen (Y,N) N

RMS_I RMS Line Current Screen (Y,N) Y

RMS_VPP RMS Line Voltage Phase to Phase Screen (Y,N) N

RMS_W RMS Active Power Screen (Y,N) N

FUNDVAR Fundamental Reactive Power Screen (Y,N) N

RMS_VA RMS Apparent Power Screen (Y,N) N

RMS_PF RMS Power Factor Screen (Y,N) N

RMS_BK1 RMS Breaker 1 Currents Screen (Y,N) N

RMS_BK2 RMS Breaker 2 Currents Screen (Y,N) N

STA_BAT Station Battery Screen (Y,N) N

FUND_VI Fundamental Voltage and Current Screen (Y,N) Y

FUNDSEQ Fundamental Sequence Quantities Screen (Y,N) N

FUND_BK Fundamental Breaker Currents Screen (Y,N) N

DIFF_L Differential Metering Local Currents Screen (Y,N) Y

DIFF_T Differential Metering Total Currents Screen (Y,N) Y

DIFF Differential Metering (Y,N) Y

ZONECFG Terminals Associated with Zones (Y,N) Y

Table 12.40 Selectable Operator Pushbuttons (Sheet 1 of 2)

Setting Prompt Default

PB1_HMI Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB2_HMI Pushbutton 2 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB3_HMI Pushbutton 3 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB4_HMI Pushbutton 4 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB5_HMI Pushbutton 5 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB6_HMI Pushbutton 6 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB7_HMI Pushbutton 7 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB8_HMI Pushbutton 8 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB9_HMIc Pushbutton 9 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB10HMIc Pushbutton 10 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

Table 12.38 Front-Panel Settings (Sheet 4 of 4)

Setting Prompt

NOTE: The specific settings available 
in this category for a relay depends on 
the features of that relay.

NOTE: In some relays, rather than 
picking from a list of screens, as 
shown here, there is a freeform 
settings block in which you can list the 
screens you want in the order you 
want them displayed.
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Boolean display points are selected by using freeform settings fields. Two types 
of display points can be entered: Boolean and analog. For Boolean display points, 
the entry syntax is:

Bit name, "Label", "Set String", "Clear String", Text Size"

For an analog display point, the syntax is:

Analog name, "User Text and Formatting", "Text Size"

See the Front-Panel Operations section for more information on configuring dis-
play points.

Local control bits are configured by using the Local Control category. This is a 
freeform category. Each entry has the following syntax:

Local bit name, "Label", "Set State", "Clear State", Pulse enable

See Local Control on page 4.20 for more information on configuring local con-
trol bits.

                    

                    

PB11HMIc Pushbutton 11 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB12HMIc Pushbutton 12 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

a PBn_HMI can only be set to DP if a valid display point has been set.
b Each instance (AP, DP, EVE, SER) can only be set to a single operator pushbutton.

OFF = No HMI Pushbutton Operation
AP = Alarm Points
DP = Display Points
EVE = Event Summaries
SER = SER HMI Display

c PB9–PB12 settings are only available on 12-pushbutton models.

Table 12.41 Front-Panel Event Display

Setting Prompt Default

DISP_ER Enable HMI Auto Display of Events Summaries (Y,N) Y

TYPE_ER Types of Events for HMI Auto Display (ALL,TRIP)a

a Setting is only available if DISP_ER := Y.

ALL

NUM_ER Operator Pushbutton Events to Display (1–100)b

b Setting is only available if an operator pushbutton has been set to EVE.

10c

c Some relays default NUM_ER to 3.

Table 12.42 Local Bit SELOGICa

a Settings in Table Table 12.42 appear if the associated local bit is defined. If no local bits are 
defined, the whole category is hidden.

Setting Prompt Default

LB_SPmm Local Bit Supervision (SELOGIC Equation, NA) 1

LB_DPmm Local Bit Status Display (SELOGIC Equation, NA) LBmm

Table 12.43 SER Parameters

Setting Prompt Default

SER_PP  Five Events per SER Events page? (Y for 5, N for 3) N

Table 12.40 Selectable Operator Pushbuttons (Sheet 2 of 2)

Setting Prompt Default



12.25

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Settings
Alias Settings

Alias Settings
Although SEL-400 series relays provide extensive programming facilities and 
opportunity for comments, troubleshooting customized programs is sometimes 
difficult. Aliases provide an opportunity to assign more meaningful names to the 
generic variable names to improve the readability of the program. These aliases 
can be used in settings and SELOGIC equations and are used in most relay reports. 
Assign a valid seven-character alias name to any Relay Word bit or any Analog 
Quantity. (Some SEL-400 series relays support aliasing additional types of data.)

Invalid alias names include the following keywords used by settings and 
SELOGIC control equations:

➤ END

➤ INSERT

➤ DELETE

➤ LIST

➤ NA

➤ OFF

SELOGIC control equation operators (e.g., NOT, AND, OR, COS) cannot be used 
as alias names. A quantity may only be assigned one alias. An alias cannot match 
an existing Relay Word or analog quantity name.

Alias names are valid when the following are true:

➤ They consist of a maximum of seven characters.

➤ They are constructed using characters 0–9, uppercase A–Z, or the 
underscore (_).

For example, the default name for contact output OUT101 is OUT101. You could 
change the default name to an alias, BK1_TR, for example.

Alias settings consists of a single freeform settings category. As many as 200 
aliases may be assigned. The default alias configuration is relay-specific. See the 
relay instruction manual for the default aliases. Figure 12.2 shows an example 
that uses the SET T command to set two aliases.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])

1: EN,"RLY_EN"
? <Enter>
2: 
?  OUT101, BK1_TR
3:
? END <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: OUT101,"BK1_TR"
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 12.2 Changing a Default Name to an Alias
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Protection Freeform SELOGIC Control Equations
Protection freeform SELOGIC control equations are in Classes 1 through 6 corre-
sponding to settings Groups 1 through Group 6 (see Multiple Setting Groups on 
page 12.4).

As many as 250 lines of freeform equations may be entered in each of six settings 
groups, although the actual maximum capacity may be less. See SELOGIC Con-
trol Equation Capacity on page 13.5 for more information. The default configu-
ration of the protection SELOGIC control equations is relay-specific. See the 
product-specific instruction manual to see the defaults.

Automation Freeform SELOGIC Control Equations
Automation freeform SELOGIC control equations are in Blocks 1 through 10.

The SEL-400 series relays do not contain any automation freeform SELOGIC set-
tings in the factory-default settings.

The relay has a capacity of 100 lines of automation freeform SELOGIC control 
equations in each of 10 automation setting blocks. See SELOGIC Control Equa-
tion Capacity on page 13.5 for more information.

Output Settings
                    

The Main Board output settings consists of SELOGIC control equations 
OUT101–OUT108. The defaults are relay-specific; see the relay-specific instruc-
tion manual to see the defaults. Some SEL-400 series relays do not have any 
main board outputs, in which case this category is not available.

The Interface Board output settings consists of SELOGIC control equations 
OUTx01–OUTx16 where x = 2–5, corresponding to Interface Boards 1 to 4. The 
category for any interface board is only available if the interface board is 
installed. The defaults are relay-specific; see the relay-specific instruction man-
ual to see the defaults.

Table 12.45 settings are available if an Ethernet card is present and IEC 61850 is 
ordered.

NOTE: Some versions of some 
SEL-400 series relays have only one 
automation setting block with a 
capacity of 100 lines of automation 
freeform SELOGIC control equations.

Table 12.44 Output Settings Categories

Settings Reference

Main Board

Interface Board #1

Interface Board #2

Interface Board #3

Interface Board #4

Remote Analog Outputs Table 12.45

MIRRORED BITS Transmit Equations Table 12.46

87L Communications Bitsa

a Only available in products that support 87L communication.

Table 12.47

NOTE: In TiDL (EtherCAT) relays, 
Interface Boards 2—4 are always 
considered to be available. Depending 
on the Axion modules connected, 
these outputs may or may not be 
physically present. In TiDL (T-Protocol) 
relays, Interface Boards 1—4 are 
always considered to be available. 
Depending on the SEL-TMU modules 
connected, Outputs 2—4 may or may 
not be physically present.
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NOTE: This category is only available 
in relays that support 87L 
communications.

                    

Report Settings
                    

Table 12.45 Remote Analog Outputs

Setting Prompt Default

RAO01

•
•
•

RAO64

Remote Analog Output 01 (SELOGIC)

•
•
•

Remote Analog Output 64 (SELOGIC)

NA

•
•
•

NA

Table 12.46 MIRRORED BITS Transmit Equations

Setting Prompt Default

TMB1A
•
•
•

TMB8A

Mirrored Bit 1 Channel A Equation (SELOGIC)
•
•
•

Mirrored Bit 8 Channel A Equation (SELOGIC)

NA
•
•
•
NA

TMB1B
•
•
•
TMB8B

Mirrored Bit 1 Channel B Equation (SELOGIC)

•
•
•

Mirrored Bit 8 Channel B Equation (SELOGIC)

NA
•
•
•
NA

Table 12.47 87L Communications Bits

Settinga, b

a x = 1–8. These settings are hidden when E87CH = N or 2E or 3E or 4E. Also hidden if there is no 
serial communications card installed.

b nn = 01–32. These settings are visible when E87CH = 2E, 3E, or 4E, and are hidden in all other cases.

Prompt Default

87TxP1 Serial Comm. Transmit Bit x Port 1 (SELOGIC) NA

87TxP2 Serial Comm. Transmit Bit x Port 2 (SELOGIC) NA

87TnnE Ethernet Comm. Transmit Bit nn (SELOGIC) NA

Table 12.48 Report Settings Categories

Settings Reference

SER Chatter Criteria Table 12.49

SER Points

Signal Profile Table 12.50

Event Reporting Table 12.51

Event Reporting Analog Quantities

Event Reporting Digital Elements
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The SER Points category is a freeform category for listing points to record in the 
SER. Each point can be given a reporting name, a set state name, and a clear state 
name. You can also indicate whether or not to make this point visible as an alarm 
point on the front-panel LCD. The syntax for entry is:

Relay Word Bit Label, "Reporting Name", "Set State Name", "Clear State 
Name", HMI Alarm Indication

Each of the names may consist of any printable ASCII character. The HMI alarm 
condition is a Y/N choice. By default, there are no SER points configured.

The signal profile settings category consists of a freeform block for selecting ana-
log quantities to include in the signal profile followed by the settings described in 
Table 12.50. Any of the analog quantities listed in Section 12:Analog Quantities 
in the product-specific instruction manual may be selected. As many as 20 analog 
quantities can be included in the signal profile.

                    

                    

The Event Report Analog Quantities category is a freeform category in which 
you can select as many as 20 analog quantities to report in the relay event reports. 
By default, no analog quantities are configured.

Table 12.49 SER Chatter Criteria

Setting Prompt Default

ESERDEL Automatic Removal of Chattering SER Points (Y, N) N

SRDLCNTa

a Setting is only available if ESERDEL := Y.

Number of Counts Before Auto-Removal (2–20) 5

SRDLTIMa Time for Auto-Removal (0.1–30 seconds) 1.0

Table 12.50 Signal Profile

Setting Prompt Default

SPAR Signal Profile Acq. Rate (1,5,15,30,60 min) 5

SPEN Signal Profile Enable (SELOGIC Eqn.) 0

Table 12.51 Event Reporting

Setting Prompt Default

ERDIG Store Selected (S) or All (A) Relay Word Bits S

SRATE Sample Rate of Event Report (1, 2, 4, 8 kHz) 2

LERa

a The upper end of the range is reduced by a factor of 4 if ERDIG is set to A.

Length of Event Report (0.25–3.00 seconds); SRATE := 8 0.50

PREb

b The upper limit for PRE is the set LER minus 0.05 s.

Length of Pre-Fault (0.05–0.25 seconds); SRATE := 8 0.10

LERa Length of Event Report (0.25–6.00 seconds); SRATE := 4 0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 4 0.10

LERa Length of Event Report (0.25–12.00c seconds); SRATE := 2

c In the SEL-411L, the upper bound is 9.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 2 0.10

LERa Length of Event Report (0.25–24.00d seconds); SRATE := 1 

d In the SEL-411L, the upper bound is 12.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 1 0.10
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The Event Reporting Digital Elements category is a freeform settings area in 
which as many as 800 Relay Words from as many as 100 Relay Word bit rows 
may be selected. See the product-specific instruction manual for the default con-
figuration. The 100 row limit includes the base set of Relay Word bits always 
included in oscillography and event reports as described in Section 7: Metering, 
Monitoring, and Reporting in the product-specific instruction manual.

Notes Settings
Avoid losing important information about the relay. Use the Notes settings like a 
text pad to leave notes about the relay in the Notes area of the relay. Notes entries 
are in a single block of 100 lines. By default, there is no text stored in the Notes set-
tings.



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual
S E C T I O N 1 3

SELOGIC Control Equation Programming

This section describes use of SELOGIC control equations and programming to 
customize relay operation and automate substations. This section covers the fol-
lowing topics:

➤ Separation of Protection and Automation Areas on page 13.1

➤ SELOGIC Control Equation Setting Structure on page 13.2

➤ SELOGIC Control Equation Capacity on page 13.5

➤ SELOGIC Control Equation Programming on page 13.6

➤ SELOGIC Control Equation Elements on page 13.9

➤ SELOGIC Control Equation Operators on page 13.24

➤ Effective Programming on page 13.34

➤ SEL-311 and SEL-351 Series Users on page 13.36

Separation of Protection and Automation Areas
SEL-400 series relays act as protective relays and as smart nodes in distributed 
substation automation. The relay collects data, coordinates inputs from many 
interfaces, and automatically controls substation equipment. The relay performs 
protection and automation functions but keeps programming of these functions 
separate. For example, someone modifying or testing a capacitor bank control 
system or station restoration system created in automation programming should 
not be able to corrupt programming for protection tasks. Similarly, extended pro-
tection algorithms must operate at protection speeds unaffected by the volume of 
automation programming.

SEL-400 series relays contain several separate programming areas discussed in 
SELOGIC Control Equation Setting Structure. Separate access levels and pass-
words control access to each programming area and help eliminate accidental 
programming changes. For example, use Access Level P to modify protection 
configuration and protection freeform SELOGIC control equation programming 
and Access Level A to access automation programming. If you want unlimited 
access to both automation and protection configuration and programming, use 
Access Level 2.

NOTE: If you want unlimited access 
to both automation and protection 
configuration and programming, log in 
to Access Level 2.

Protection and automation areas must interact and exchange information. Protec-
tion and automation interact and exchange information through separate storage 
areas (variables) for results of automation and protection programming. The relay 
combines the results in the output settings that drive relay outputs to control sub-
station equipment. Separation of protection and automation storage areas is illus-
trated in Figure 13.1.
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Figure 13.1 illustrates how the SEL-400 series relays keep protection and auto-
mation programming separate while still exchanging information. The arrows 
indicate data flow between components. The Relay Word Bits and Analog Quan-
tities are visible to protection, automation, and output programming. Protection 
programming uses the Relay Word Bits, Analog Quantities, Protection Variables, 
and Automation Variables as inputs, but only writes and stores information to the 
Protection Variables. Similarly, automation programming uses data from all parts 
of the relay, but only stores data in the Automation Variables.

The Output SELOGIC control equation settings use the Relay Word Bits, Analog 
Quantities, Protection Variables, and Automation Variables to control outputs and 
other information leaving the relay. Use the output settings to create a custom 
combination of the results of protection and automation operations. For example, 
an OR operation will activate an output when protection or automation program-
ming results necessitate activating the output. You can use more complicated 
logic to supervise control of the output with other external and internal informa-
tion. For example, use a command from the SCADA master to supervise auto-
mated control of a motor-operated disconnect in the substation.

SELOGIC Control Equation Setting Structure
SEL-400 series relays use SELOGIC control equations in three major areas. First, 
you can customize protection operations with SELOGIC control equation settings 
and freeform programming. Second, there is a freeform programming area for 
more sophisticated automation SELOGIC control equation programming. Third, 
there is a fixed area for relay output programming. The SELOGIC control equa-
tion programming areas are shown in Figure 13.2. There are also a small number 
of fixed SELOGIC control equations in other settings areas including front-panel 
settings that allow you to customize relay features not directly related to protec-
tion or automation.

                    

Figure 13.1 Protection and Automation Separation
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Protection
Protection SELOGIC control equation programming includes a fixed area and a 
freeform area. You can configure many protection settings within the relay (for 
example TR) with fixed SELOGIC control equation programming. Use these set-
tings to control protection operation and customize relay operation. The pro-
gramming and operation of fixed SELOGIC control equations in this area is very 
similar to programming in SEL-300 series relays.

There is a freeform SELOGIC control equation programming area associated with 
protection. Because this area operates at the protection processing interval along 
with protection algorithms and outputs, use this area to extend and customize 
protection operation. Protection freeform SELOGIC control equation program-
ming includes a complete set of timers, counters, and variables.

For all protection settings, including protection SELOGIC control equation pro-
gramming, there are six groups of settings that you activate with the protection 
settings group selection. Only one group is active at a time. When you switch 
groups, for example, you can activate completely different programming that cor-
responds to the conditions indicated by the active group. See Multiple Setting 
Groups on page 12.4 for more information.

If you want the programming to operate identically in all groups, develop the set-
tings in one group and copy these to all groups. You can copy settings by using 
the COPY command documented in COPY on page 14.25. You can also perform 
cut-and-paste operations in the ACSELERATOR QuickSet SEL-5030 software. 

                    

Figure 13.2 SELOGIC Control Equation Programming Areas
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NOTE: Perform operations that are 
not time critical in automation 
SELOGIC control equation 
programming. You can use this 
automation to reduce the demand and 
complexity of protection SELOGIC 
control equation programming.

All of the SELOGIC control equation programming in the protection area executes 
at the same deterministic interval as the protection algorithms. Because of this 
type of programming execution, you can use protection freeform and fixed pro-
gramming to extend and customize protection operation.

Automation
Automation SELOGIC control equation programming is a large freeform pro-
gramming area that provides as many as ten blocks. The relay executes each 
block sequentially from the first block to the last. You do not need to fill a block 
completely or enter any equations in a block before starting to write SELOGIC 
control equations in the following blocks.

SEL-400 series relays dedicate a minimum processing time when executing auto-
mation SELOGIC control equations. If the processing load is light, the relay uses 
more processing time for executing automation programming. This means that 
the overall execution time fluctuates. You can display the average and peak exe-
cution time with the STATUS S ASCII command. Use the STATUS SC com-
mand to reset the peak execution time.

NOTE: Organize automation SELOGIC 
control equation programming into 
blocks based on function. It is easier 
to edit and troubleshoot small 
partially filled blocks that contain 
related programming.

Use automation SELOGIC control equation programming to automate tasks that 
do not require time-critical, deterministic execution. For example, if you are 
coordinating control inputs from a substation HMI and SCADA master, use auto-
mation freeform SELOGIC control equations and set the output contact setting to 
the automation SELOGIC control equation variable that contains the result.

Perform time-critical tasks with protection freeform SELOGIC control equations. 
For example, if you require a SELOGIC control equation for TR (trip) that con-
tains more than 15 elements, you must perform that calculation in several steps. 
Because detection of a TR condition is a time-critical activity, perform the calcu-
lation with protection freeform SELOGIC control equations and set TR to the pro-
tection SELOGIC control equation variable that contains the result.

Because automation runs at a slower rate than protection, you must be careful 
when using protection bits within automation equations. Protection bits can 
assert and deassert again too fast for automation equations to consistently see 
them. Therefore, you may need to hold protection bits asserted for a second, by 
using conditioning timers, before using them in SELOGIC equations.

Outputs
To provide protection and automation area separation, the output settings are in a 
fixed SELOGIC control equation area separate from protection and automation 
programming. You can take advantage of this separation to combine protection 
and automation in a manner that best fits your application. Outputs include the 
relay control outputs, outgoing MIRRORED BITS points, and remote analog out-
puts. The relay executes output logic and processes outputs at the protection pro-
cessing interval.
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SELOGIC Control Equation Capacity
SELOGIC control equation capacity is a measure of how much remaining space 
you have available for programming. In both protection and automation, 
SELOGIC control equation capacity includes execution capacity and settings stor-
age capacity.

The relay will reject any setting that exceeds the available settings storage capac-
ity and execution capacity. You can then accept the previous settings you have 
entered and examine your settings.

Protection
SEL-400 series relays typically provide storage space for as many as 250 lines of 
protection freeform programming. See the product-specific instruction manual 
for the number of lines limit for any specific product. Because the relay executes 
protection fixed and freeform logic at a deterministic interval, there is a limit to 
the amount of SELOGIC control equation programming that the relay can execute. 
The relay calculates total capacity in terms of settings capacity and execution 
capacity.

NOTE: The SEL-487B supports 100 
lines of protection freeform 
programming.

Rather than limit parameters to guarantee that your application not exceed the 
maximum processing requirements, the relay measures and calculates the avail-
able capacity when you enter SELOGIC control equations. The relay will not 
allow you to enter programming that will cause the relay to be unable to complete 
all protection SELOGIC control equations each protection processing interval.

There are six protection settings groups. Only one protection settings group can 
be active. When a protection settings group is active, the relay executes SELOGIC 
control equations in the Global Settings, Protection Group Settings, Protection 
Freeform Settings, Output Settings, and several other settings areas. The relay 
calculates protection capacities based on the total amount of SELOGIC control 
equation programming executed when the protection settings group is active. Use 
the STATUS S command to display the remaining settings capacity and execu-
tion capacity for protection fixed and freeform logic.

Automation
SEL-400 series relays provide storage space for as many as 10 blocks of as many 
as 100 lines of automation freeform programming each. Use the STATUS S com-
mand to display the remaining settings capacity and execution capacity for auto-
mation freeform logic.

There is a maximum execution capacity and settings storage capacity. If you 
enter a setting that exceeds maximum capacity, the relay will reject the setting. 
You will have the opportunity to reenter the setting or save any other settings you 
entered during that session.
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SELOGIC Control Equation Programming
There are two major areas where SEL-400 series relays use SELOGIC control 
equations. First, fixed SELOGIC control equations define the operation of fixed 
protection elements or outputs. As with SEL-300 series relay programming, pro-
tection programming and outputs use fixed SELOGIC control equations. Second, 
you can use freeform SELOGIC control equations for freeform programming that 
includes mathematical operations, custom logic execution order, extended relay 
customization, and automated operation.

Fixed SELOGIC Control Equations
Fixed result SELOGIC control equations are equations in which the left side 
(result storage location), or LVALUE, is fixed. Programming in SEL-300 series 
relays consists of all fixed SELOGIC control equations. Fixed equations include 
protection and output settings that you set with SELOGIC control equations.

Fixed SELOGIC control equations are Boolean equations. Fixed result control 
equations can be as simple as a single element reference (for example PSV01) or 
can include a complex equation. An example of fixed programming is shown in 
Example 13.1.

                    

Freeform SELOGIC Control Equations
Freeform SELOGIC control equations provide advanced relay customization and 
automation programming. There are freeform SELOGIC control equation pro-
gramming areas used for protection and automation. You can use freeform 
SELOGIC control equation programming to enter program steps sequentially so 
that the relay will perform steps in the order that you specify. You can refer to 
storage locations multiple times and build up intermediate results in successive 

Example 13.1 Fixed SELOGIC Control Equations

The following equations are examples of fixed SELOGIC control equations 
for relay Output OUT101. The text after the # character is a comment 
included in the equation and stored in the relay for future reference and doc-
umentation.

OUT101 := 1 # Turn on OUT101

OUT101 := NA # Do not evaluate an equation for OUT101

OUT101 := OUT102 AND RB02 # Turn on OUT101 if OUT102 and 
RB02 are on

Fixed SELOGIC control equations include expressions that evaluate to a 
Boolean value, True or False, represented by a logical 1 or logical 0.

OUT101 := PSV04 # Turn on OUT101 if protection PSV04 is on

More complex programming in the freeform area controls OUT101. The 
result of the freeform programming is available as an element in a fixed 
equation.

OUT101 := AMV003 > 5 # Turn on OUT101 if AMV003 is greater than 5

While you cannot perform mathematical operations in fixed programming, 
you can perform comparisons on the results of mathematical operations per-
formed elsewhere.
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equations. You can also enter entire line comments to help document program-
ming. Mathematical operations are available only in freeform SELOGIC control 
equation programming areas. An example of freeform SELOGIC control equation 
programming is shown in Example 13.2.

                    

Assignment Statements
Both fixed and freeform SELOGIC control equations are a basic type of computer 
programming statement called an assignment statement. Assignment statements 
have a basic structure similar to that shown below:

LVALUE := Expression

Starting at the left, the LVALUE is the location where the result of an evaluation 
of the expression on the right will be stored. The := symbol marks the statement 
as an assignment statement and provides a delimiter or separator between the 
LVALUE and the expression. Type the := symbol as a colon and equal sign. The 
assignment symbol is different than a single equal sign (=) to avoid confusion 
with a logical comparison between two values. The type of LVALUE must match 
the result of evaluating the expression on the right.

There are two basic types of assignment statements that form SELOGIC control 
equations. In the first type, Boolean SELOGIC control equations, the relay evalu-
ates the expression on the right to a result that is a logical 1 or a logical 0. The 
LVALUE must be some type of Boolean storage location or setting that requires a 
Boolean value. For example, the setting for the Protection Conditioning Timer 7 
Input, PCT07IN, requires a value of 0 or 1, which you set with a Boolean 
SELOGIC control equation.

The second type is a math SELOGIC control equation. Use the math SELOGIC 
control equation to perform numerical calculations on data in the relay. For 
example, in protection freeform programming in an SEL-451, enter 
AMV034 := 5 * BK1IAFM to store the product of 5 and the Circuit Breaker 1 
A-Phase current in automation math variable 34. Example 13.3 lists several 
examples of Boolean and math SELOGIC control equations.

Example 13.2 Freeform SELOGIC Control Equations

The following equations are examples of freeform SELOGIC control equa-
tions. The text after the # character is a comment included in the equation 
and stored in the relay for future reference and documentation.

# Freeform equation example programming

#

# Is 80% of A-Phase fundamental voltage greater than 12kV?

PMV01 := VAFM * 0.8 # 80% of A-Phase fundamental voltage

PSV04 := PMV01 >= 12000 # True if A-Phase fundamental voltage 
is greater than or equal to 12000

Use comments to group settings in the freeform SELOGIC control equations 
by task and to document individual equations. In this example, an intermedi-
ate calculation generates the value we want to test to determine if PSV04 
will be turned on.
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Comments
Include comment statements in SELOGIC control equations to help document 
SELOGIC control equation programming. The relay provides the following two 
type of comments:

➤ in-line comments: (*comment*)

➤ end-of-line comments: #xxx

Example of in-line comment:

PCT01IN := (*this is an in-line comment*) PMV04 (*this is an in-line 
comment *)

Example of end-of-line comment:

PCT01IN := 10 # this is an end-of-line comment

If you begin a SELOGIC control equation with an end-of-line comment character, 
then the entire line is a comment.

NOTE: During troubleshooting or 
testing, reenter a line and insert the 
comment character to disable it. Enter 
the line without the comment 
character to enable the line later 
when you want it to be executed.

Comments are a powerful documentation tool for helping both you and others 
understand the intent of programming and configuration of the settings. You can 
use comments liberally; comments do not reduce SELOGIC control equation exe-
cution capacity.

Example 13.3 Boolean and Math SELOGIC Control Equations

The equations below are examples of Boolean SELOGIC control equations.

# Example Boolean SELOGIC control equations

PSV01 := IN101 # Store the value of IN101 in PSV01

PSV02 := IN101 AND RB03 # Store result of logical AND in 
PSV02

PST01IN := IN104 # Use IN104 as the input value for PST01

PSV03 := PMV33 >= 7 # Set PSV03 when PMV33 greater than or 
equal to 7

The lines below are examples of math SELOGIC control equations.

# Example math SELOGIC control equations

PMV01 := 5 # Store the constant 5 in PMV01

PMV02 := 0.5 * VAFM # Store the product of A-Phase voltage and 
0.5 in PMV02
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SELOGIC Control Equation Elements
SELOGIC control equation elements are a collection of storage locations, timers, 
and counters that you can use to customize the operation of your relay and to 
automate substation operation. The elements that you can use in SELOGIC control 
equations are summarized in Table 13.1. The specific number of the various types 
of elements varies between SEL-400 series relays. See the product-specific 
instruction manual to determine the number of each type of element in that relay.

                    

Relay Word Bits and Analog Quantities
Data within the relay are available for use in SELOGIC control equations. Relay 
Word bits are binary data that include protection elements, input status, and out-
put status. See Section 11: Relay Word Bits in each product-specific instruction 
manual to view a list of Relay Word bits available within that relay. Analog quan-
tities are analog values within the relay including measured and calculated val-
ues. Section 12: Analog Quantities in each product-specific instruction manual 
contains a list of analog quantities available within the relay.

Special Condition Bits
Several Relay Word bits are available for special conditions related to SELOGIC 
control equation programming in the relay. You can use these bits in SELOGIC 
control equation programming to react to these conditions. You can also send 
these bits to other devices through relay interfaces including MIRRORED BITS 
communications and DNP3. The special condition bits are shown in Table 13.2.

The relay sets the first execution bits AFRTEXA, AFRTEXP, and PFRTEX 
momentarily to allow you to detect changes in the relay operation. The relay sets 
these bits and clears them as described in Table 13.2, Table 13.3, and Table 13.4. 
You can use these bits to force logic and calculations to reset or take a known 
state on power-up or settings change operations.

Table 13.1 Summary of SELOGIC Control Equation Elements

Element Description

Relay Word bits Boolean value data

Analog quantities Received, measured, and calculated values

Special condition bits Bits that indicate special SELOGIC control equation execution 
conditions

SELOGIC control equation 
variables

Storage locations for the results of Boolean SELOGIC control 
equations

SELOGIC control equation 
math variables

Storage locations for the results of math SELOGIC control equations

Latch bits Nonvolatile storage for the results of Boolean SELOGIC control 
equations

Conditioning timers Pickup and dropout style timers similar to those used in SEL-300 
series relays

Sequencing timers On-delay timers similar to those used in programmable logic con-
trollers

Counters Counters that count rising edges of Boolean value inputs



13.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

SELOGIC Control Equation Programming
SELOGIC Control Equation Elements

                    

                    

                    

SELOGIC Control Equation Variables
There are two types of SELOGIC control equation variables: Boolean and math.

SELOGIC Control Equation Boolean Variables
SELOGIC control equation Boolean variables are binary storage locations. Each 
variable equals either logical 1 or logical 0. This manual refers to these variables 
and the relay displays these as 1 and 0, respectively. Think also of the states 1 and 
0 as True and False, respectively, when you evaluate Boolean logic statements. 
The quantities of SELOGIC control equation Boolean variables available in the 
different programming areas are listed in Table 13.5.

                    

Use the SELOGIC control equation Boolean variables in freeform logic state-
ments in any order you want. Use a SELOGIC control equation Boolean variable 
more than once in freeform logic programming, and use SELOGIC control equa-
tion Boolean variables as arguments in SELOGIC control equations. Example 13.4 
illustrates SELOGIC control equation variable usage. You can view the status of 
individual control equation Boolean bits in the Relay Word using the TARGET 

Table 13.2 First Execution Bit Operation on Power-Up

Name Description

AFRTEXA Relay sets on power-up and clears after each automation programming block 
has been executed once.

AFRTEXP Relay sets on power-up. Relay clears after it enables protection and all auto-
mation programming blocks have been executed once.

PFRTEX Relay sets on startup. Relay clears after protection runs for 1 cycle.

Table 13.3 First Execution Bit Operation on Automation Settings Change

Name Description

AFRTEXA Relay sets on settings change and clears after each automation programming 
block has been executed once.

AFRTEXP Relay sets on settings change. Relay clears after it enables protection and all 
automation programming blocks have been executed once.

PFRTEX Relay sets on settings change. Relay clears after protection runs for 1 cycle.

Table 13.4 First Execution Bit Operation on Protection Settings Change, Group 
Switch, and Source Selection

Name Description

AFRTEXA Relay does not set.

AFRTEXP Relay sets when listed event occurs. Relay clears after it enables protection 
and all automation programming blocks have been executed once.

PFRTEX Relay sets when listed event occurs. Relay clears after protection runs for 1 
cycle.

Table 13.5 SELOGIC Control Equation Boolean Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
Boolean variables

64 PSV01–PSV64

Automation SELOGIC control equation 
Boolean variables

256 ASV001–ASV256
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command. Use the TAR PSVnn command or the TAR ASVnnn command to 
view the Relay Word row containing the protection or automation Boolean bit 
specified by the number nn. You can also view the status of Boolean bits through 
the relay LCD front-panel display by selecting RELAY ELEMENTS from the Main 
Menu and scrolling through the rows of Relay Word bits.

                    

SELOGIC Control Equation Math Variables
SELOGIC control equation math variables are math calculation storage results. As 
with protection and automation SELOGIC control equation Boolean variables, 
there are separate storage areas for protection and automation math calculations. 
The quantities of SELOGIC control equation math variables available in the 
SEL-400 series relays are shown in Table 13.6.

                    

Use math variables in freeform programming to store the results of math calcula-
tions as arguments in math calculations and comparisons. Example 13.5 illus-
trates SELOGIC control equation math variable usage. You can view the results of 
protection and automation math variables by using the METER command. Use 
the MET PMV command to see all protection math variable results (PMV01–
PMV64). Similarly, use the MET AMV command to see all automation math 
variable results (AMV001–AMV256).

Example 13.4 SELOGIC Control Equation Boolean Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation Boolean variables. Each 
line has a comment after the # that provides additional detail.

PSV01 := 1 # Set PSV01 to 1 always

PSV09 := PSV54 AND ASV005 # Set to result of Boolean AND

PSV02 := PMV05 > 5 # Set if PMV05 is greater than 5

You can use SELOGIC control equation variables more than once in freeform 
programming. The SELOGIC control equations below use ASV100 and 
ASV101 to calculate intermediate results.

# Remote control 1

ASV100 := RB14 AND ALT01 # Supervise remote control with ALT01

ASV101 := RB15 AND PLT07 # Supervise remote control with PLT07

ASV201 := ASV100 OR ASV101 # Store desired control in ASV201

# Remote control 2

ASV100 := RB18 AND ALT09 # Supervise remote control with ALT09

ASV101 := RB19 AND PLT13 # Supervise remote control with PLT13

ASV202 := ASV100 OR ASV101 # Store desired control in ASV202

Table 13.6 SELOGIC Control Equation Math Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
math variables

64 PMV01–PMV64

Automation SELOGIC control equa-
tion math variables

256 AMV001–AMV256
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Latch Bits
Latch bits are nonvolatile storage locations for Boolean information. Latch bits 
are in several settings areas of the relay, as shown in Table 13.7. Latch bits have 
two input parameters, Reset and Set, and one Latched Value, as shown in 
Table 13.8.

                    

Example 13.5 SELOGIC Control Equation Math Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation math variables by using 
analog quantities available in the SEL-421. Each line has a comment after 
the # that provides additional description.

PMV01 := 378.62 # Store 387.62 in PMV01

PMV09 := 5 + VAFM # Store sum of 5 and A-Phase voltage in kV in 
PMV09

You can use SELOGIC control equation math variables more than once in 
freeform programming. Use AMV010 in the following SELOGIC control 
equations to calculate intermediate results.

# Determine if any phase voltage is greater than 13 kV

# A-Phase

AMV010 := VAFIM/1000 # VA in kV

ASV010 := AMV010 > 13 # Set if greater than 13 kV

# B-Phase

AMV010 := VBFIM/1000 # VB in kV

ASV011 := AMV010 > 13 # Set if greater than 13 kV

# C-Phase

AMV010 := VCFIM/1000 # VC in kV

ASV012 := AMV010 > 13 # Set if greater than 13 kV

# Combine phase results

ASV013 := ASV010 OR ASV011 OR ASV012

Table 13.7 Latch Bit Quantities

Type
Typical 
Quantity

Name Range

Protection freeform latch bits 32 PLT01–PLT32

Automation latch bits 32 ALT01–ALT32
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Latch bits provide nonvolatile storage of binary information. A latch can have the 
value of logical 0 or logical 1. Latch bits also retain their state through changes in 
the active protection settings group. Because storage of latch bits is in nonvolatile 
memory, the state of latch bits remains unchanged indefinitely, even when power 
is lost to the relay.

As with logic latches used in digital electronics, each latch bit has a Set input and 
a Reset input. The relay evaluates the latch bit value at the end of each logic pro-
cessing interval by using the values for Set and Reset calculated during the pro-
cessing interval. Latch bits are reset dominant. If the Set and Reset inputs are 
both asserted, the relay will reset the latch.

Latch bits are available in two different programming areas of the relay. First, 
there are 32 latch bits, PLT01–PLT32, that are associated with protection set-
tings. Second, there are 32 latch bits, ALT01–ALT32, available in automation 
freeform programming. You can view the status of individual latch bits in the 
Relay Word using the TARGET command. Use the TAR PLTnn command or 
the TAR ALTnn command to view the Relay Word row containing the protec-
tion or automation latch bit specified by the two-digit number, nn. You can also 
view the status of latch bits through the relay LCD front-panel display by select-
ing RELAY ELEMENTS from the Main Menu and scrolling through the rows of 
Relay Word bits.

Protection Latch Bits
Program the 32 latch bits, PLT01–PLT32, in the protection freeform SELOGIC 
control equation programming area. There is a separate protection freeform 
SELOGIC control equation programming area associated with each protection set-
tings group. The latches in protection can have separate programming for Set and 
Reset in each protection settings group. While each protection latch value 
remains unchanged for a change in the active protection settings group, you can 
enter different Set and Reset programming for each protection settings group.

There are Set and Reset settings for each latch bit available in each group. For 
example, PLT01R and PLT01S are available in all six freeform settings groups 
and all control the same Latch Bit, PLT01. This structure allows you to either 
program each latch to operate in the same way for each group or behave differ-
ently based on the active protection settings group. For example, you could pro-
gram the protection latch to set on IN107 when Protection Settings Group 1 is 
active and program the latch to set on IN106 when Protection Settings Group 2 is 
active. If you do not enter a setting for the Reset and Set in a protection settings 
group, the latch bit will remain unchanged when that protection settings group is 
active. Example 13.6 illustrates protection latch bit usage.

Table 13.8 Latch Bit Parameters

Type Item Description Setting
Name 
Examples

Input Reset Reset latch when on Boolean SELOGIC control equation PLT01R

ALT01R

Input Set Set latch when on Boolean SELOGIC control equation PLT01S

ALT01S

Output Latched 
Value

Latched Value of 0 or 1 Value for use in Boolean SELOGIC 
control equations

PLT01

ALT24
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Example 13.6 Protection Latch Bits

This example studies the factory settings for the HOT LINE TAG operator 
control logic in the SEL-451. Protection Latch Bit 4 (PLT04) is used as a 
close enable signal, which is deasserted during Hot Line Tag conditions. 
When the HOT LINE TAG operator control is pressed, Relay Word bit 
PB5_PUL pulses for one processing interval, and one of two actions will 
occur, depending on the previous state of PLT04:

➤ If PLT04 was previously asserted, the PB5_PUL is ANDed with 
PLT04 in the PLT04R SELOGIC equation, causing PLT04 to 
deassert. In this state, closing is blocked.

➤ If PLT04 was previously deasserted, the PB5_PUL is ANDed 
with NOT PLT04 in the PLT04S SELOGIC equation, causing 
PLT04 to assert. In this state, closing is permitted.

The settings below are duplicated in the Protection SELOGIC control equation 
freeform programming areas corresponding to each of six setting groups:

# Store HOT LINE TAG state in PLT04, controlled by front-panel pushbutton

# 

PLT04S := PB5_PUL AND NOT PLT04

PLT04R := PB5_PUL AND PLT04 # HOT LINE TAG (WHEN PLT04 
DEASSERTED)

#

# PLT04 defeats the RECLOSE ENABLED operator control function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT LINE TAG 
DISABLES RECLOSE

In the factory settings for PLT04S and PLT04R, rising-edge operators are not 
required because Relay Word bit PB5_PUL only asserts for one processing 
interval. If the application required control input IN103 to set or clear the 
Hot Line Tag function in addition to the operator control pushbutton, the set-
tings would look like this:

PLT04S := (PB5_PUL OR R_TRIG IN103) AND NOT PLT04

PLT04R := (PB5_PUL OR R_TRIG IN103) AND PLT04 # HOT LINE 
TAG (WHEN PLT04 DEASSERTED)

If the R_TRIG operators were not present, Protection Latch Bit 4 (PLT04) 
would oscillate whenever IN103 was asserted, and the final state after IN103 
deasserts would be indeterminate. To prevent contact bounce sensed by Con-
trol Input IN103 from triggering multiple rising edges, make appropriate 
debounce time settings.

Protection Latch Bit 4 (PLT04) appears in the factory settings for several 
SELOGIC control equations in the SEL-451:

➤ In the Protection SELOGIC control equation freeform programming 
area, PLT04 defeats the RECLOSE ENABLED operator control 
function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT 
LINE TAG DISABLES RECLOSE

➤ In the front-panel settings, PB5_LED follows the inverted state 
of PLT04:

PB5_LED := NOT PLT04 #HOT LINE TAG
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Evaluation of the latch bit value occurs at the end of the protection SELOGIC con-
trol equation execution cycle. The values evaluated for Reset (PLTnnR) and Set 
(PLTnnS) during SELOGIC control equation execution remain unchanged until 
after the evaluation of all SELOGIC control equations, when the relay evaluates 
the latch bit value (PLTnn). For example, if you have multiple SELOGIC control 
equations for set, the last equation in the protection freeform area dominates, and 
the relay uses this equation to evaluate the latch.

Automation Latch Bits
The automation latch bits, ALT01–ALT32, are available in automation freeform 
settings. Write freeform SELOGIC control equations to set and reset these bits. As 
with protection latch bits, the relay stores automation latch bits in nonvolatile 
memory and preserves these through a relay power cycle and group change oper-
ations. With protection latch bits, you can implement Set and Reset programming 
for each protection settings group. Automation SELOGIC control equation pro-
gramming, however, has only one programming area active for all protection set-
tings groups.

The relay evaluates the latch bit value at the end of the automation freeform 
SELOGIC control equation execution cycle. The values for Reset (ALTnnR) and 
Set (ALTnnS) remain unchanged until evaluation of all SELOGIC control equa-
tions, when the relay evaluates the latch (ALTnn). For example, if you have mul-
tiple SELOGIC control equations for set, the last equation in the automation 
freeform area dominates, and the relay uses this equation to evaluate the latch.

Conditioning Timers
Use conditioning timers to condition Boolean values. Conditioning timers either 
stretch incoming pulses or allow you to require that an input take a state for a cer-
tain period before reacting to the new state. Conditioning timers are available in 
the protection freeform area and automation freeform area, as shown in 
Table 13.9. Conditioning timers have the three input parameters and one output 
shown in Table 13.10.

➤ In group settings, PLT04 supervises close and reclose 
conditions:

➢ Autoreclose enable

E3PR1 := PLT02 AND PLT04

➢ Autoreclose drive-to-lockout

79DTL := NOT (PLT02 AND PLT04) AND (3PT OR NOT 
52AA1)

➢ Manual close

BK1MCL := (CC1 OR PB7_PUL) AND PLT04

The above settings allow the HOT LINE TAG operator control pushbutton to 
enable or disable close operations in the SEL-451. Any changes to these fac-
tory settings should be carefully designed and tested to ensure proper operation.

Example 13.6 Protection Latch Bits (Continued)
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A conditioning timer output turns on and becomes logical 1, after the input turns 
on and the Pickup Time expires. An example timing diagram for a conditioning 
timer, PCT01, with a Pickup Time setting greater than zero and a Dropout Time 
setting of zero is shown in Figure 13.3. In the example timing diagram, the Input, 
PCT01IN, turns on and the timer Output, PCT01Q, turns on after the Pickup 
Time, PCT01PU, expires. Because the Dropout Time setting is zero, the Output 
turns off when the Input turns off.

                    

If the Pickup Time is not satisfied, the timer Output never turns on, as illustrated 
in Figure 13.4. If the input reasserts again, one or more processing intervals later, 
the conditioning timer pickup timer begins timing again from zero.

Table 13.9 Conditioning Timer Quantities

Type Quantity Name Range

Automation freeform conditioning timers 32 ACT01–ACT32

Protection freeform conditioning timers 32 PCT01–PCT32

Table 13.10 Conditioning Timer Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay times Boolean SELOGIC control 
equation setting

PCT01IN

ACT01IN

Input Pickup 
Time

Time that the input must be 
on before the output turns on

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01PU

ACT01PU

Input Dropout 
Time

Time that the output stays on 
after the input turns off

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01DO

ACT01DO

Output Output Timer output Value for Boolean 
SELOGIC control equations

PCT01Q

ACT01Q

                    

Figure 13.3 Conditioning Timer With Pickup and No Dropout Timing Diagram

NOTE: Times for protection timers 
must not exceed 2,000,000 cycles for 
proper operation.

NOTE: The SEL-487B provides 16 
protection conditioning timers.

PCT01IN

PCT01Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Pickup
Time

PCT01PU

Pickup Time 
Expires
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A conditioning timer output turns off when the input turns off and the Dropout 
Time expires. An example timing diagram for a conditioning timer, PCT02, with 
a Pickup Time setting of zero and a Dropout Time setting greater than zero is 
shown in Figure 13.5. Because the Pickup Time, PCT02PU, setting is zero, the 
Output, PCT02Q, turns on when the Input, PCT02IN, turns on. The Output turns 
off after the Input turns off and the Dropout Time, PCT02DO, expires. If the 
input reasserts before the dropout time expires, the dropout timer resets so it 
begins timing again from zero when the input drops out again.

                    

Combining the features shown above, Figure 13.6 illustrates conditioning timer 
operation for use of both the pickup and dropout characteristics. The Output, 
PCT03Q, turns on after the Input, PCT03IN, turns on and the Pickup Time, 
PCT03PU, expires. The Output turns off after the Input turns off and the Dropout 
Time, PCT03DO, expires.

                    

Figure 13.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram

                    

Figure 13.5 Conditioning Timer With Dropout and No Pickup Timing Diagram

PCT01IN

PCT01Q

Input Changes 
from 0 to 1

Pickup
Time

PCT01PU

PCT02IN

PCT02Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Dropout Time
Expires

Dropout Time
PCT02DO
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For protection conditioning timers, set the Pickup Time and Dropout Time in 
cycles and fractions of a cycle (represented in decimal form). The relay processes 
protection conditioning timers once for each protection processing interval. The 
relay asserts the timer output on the first processing interval when the elapsed 
time exceeds the setting. In most SEL-400 series relays, the protection processing 
interval is 1/8 cycle (or 0.125 cycles). See the product-specific instruction manual to 
determine the specific processing interval. Actual settings, programming, and opera-
tion are illustrated in Example 13.7.

For automation conditioning timers, set the Pickup Time and Dropout Time in 
seconds. The relay processes automation conditioning timers once for each auto-
mation processing interval. The execution interval depends on the amount of 
automation programming. Determine the average automation execution interval 
with the STATUS S command.

NOTE: This example shows timer 
pickup and dropout settings in cycles. 
The SEL-400G relay uses seconds for 
these settings.

                    

                    

Figure 13.6 Conditioning Timer With Pickup and Dropout Timing Diagram

PCT03IN

PCT03Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Dropout Time
Expires

Pickup Time
Expires

Dropout Time
PCT03DO

Pickup
Time

PCT03PU

Example 13.7 Conditioning Timer Programming and Operation

This example uses protection freeform conditioning timer seven, PCT07. 
The freeform settings are as shown here:

PCT07PU := 5.3 # Pickup set to 5.3 cycles

PCT07D0 := 6.0 # Dropout set to 6.0 cycles

PCT07IN := IN101 # Operate on the first input on the main board

PSV29 := PCT07Q # Protection SELOGIC control equation variable fol-
lows the timer output

The operation of the timer when IN101 turns on for 7 cycles is shown in the 
timing diagram in Figure 13.7. Because the pickup setting is an uneven num-
ber of protection processing intervals (1/8 cycle), the pickup occurs on the 
first 1/8th cycle after the Pickup Time of 5.3 cycles expires.
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In freeform programming, the relay evaluates the timer at execution of the timer 
Input SELOGIC control equation (PCTnnIN or ACTnnIN). The relay loads the 
Pickup Time (PCTnnPU or ACTnnPU) and Dropout Time (PCTnnDO or ACTn-
nDO) into the timer when the relay observes the appropriate edge in the input. If 
you enter a math expression for Pickup Time or Dropout Time, the relay uses the 
value calculated before the Input SELOGIC control equation. If your Pickup Time 
or Dropout Time equation is below the Input equation (has a higher expression 
line number), the relay will use the value calculated on the previous SELOGIC 
control equation execution interval. Because the relay calculates the last value for 
pickup or dropout in this manner, we recommend for most applications that you 
enter the Pickup Time, Dropout Time, and Input statements together in the order 
shown in Example 13.7. You can view the status of the conditioning timer output 
Relay Word bits by using the TAR PCTnnQ or TAR ACTnnQ command, where 
nn is the number of the conditioning timer. You can also view the status of these 
timer elements through the relay front-panel LCD by selecting RELAY ELEMENTS 
from the Main Menu and scrolling through the rows of Relay Word bits.

Sequencing Timers
NOTE: Times for protection timers 
with timer settings based on power 
system cycles must not exceed 
2,000,000 cycles for proper 
operation.

Sequencing timers are useful for sequencing operation. There are two main dif-
ferences between sequencing timers and conditioning timers. First, sequencing 
timers integrate pulses of the input to count up a total time. Second, the elapsed 
time a sequencing timer counts is visible; you can use this time in other SELOGIC 
control equation programming or make this time visible through one of the relay 
communications protocol interfaces. Sequencing timers are available in the pro-
tection freeform area and automation freeform area as shown in Table 13.11. 
Sequencing timers have three input parameters and two outputs listed in Table 13.12.

                    

                    

Example 13.7 Conditioning Timer Programming and Operation (Continued)

                    
                    

Figure 13.7 Conditioning Timer Timing Diagram for Example 13.7

IN101

PSV29

DropoutPickup

Dropout Time
6.0 Cycles

Pickup
Time

5.375 Cycles

Table 13.11 Sequencing Timer Quantities

Type Typical Quantity Name Range

Protection freeform sequencing timers 32 PST01–PST32

Automation freeform sequencing timers 32 AST01–AST32
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A sequencing timer counts time by incrementing the Elapsed Time when 
SELOGIC control equation execution reaches the Input equation if the Reset is off 
and the Input is on. The Output turns on when the Elapsed Time reaches or 
exceeds the Preset Time. Whenever the Reset is on, the relay sets the Output to 
zero, then clears the Elapsed Time, and stops accumulating time (even if Input is on).

Figure 13.8 is a timing diagram for typical sequencing timer operation.

                    

Timers in protection programming operate in the relay protection logic process-
ing interval, while timers in automation programming operate in seconds. As 
with protection conditioning timers, operation depends on the logic processing 
interval. For example, in most SEL-451 series relays the logic processing interval 
is 1/8 cycle, so the relay effectively rounds up all operation to the nearest 0.125 
cycles. With automation programming, the execution interval depends on the 
amount of automation programming. Determine the average automation execu-
tion interval with the STATUS S command.

The automation timers operate using a real-time clock. Each time the relay evalu-
ates the Input (ASTnnIN) the relay adds the elapsed time since the last execution 
to the Elapsed Time (ASTnnET). The accuracy of the timer in stopping and start-
ing when the input of the timer turns on averages half an automation execution 

Table 13.12 Sequencing Timer Parameters

Type Item Description Setting Name Examples

Input Input Value that the relay times Boolean SELOGIC control equation setting PST01IN

AST07IN

Input Preset 
Time

Time the input must be on 
before the output turns on

Time value. Protection uses the relay protection logic processing 
interval, while automation uses seconds.

PST01PT

AST07PT

Input Reset Timer reset Boolean SELOGIC control equation setting PST01R

AST07R

Output Elapsed 
Time

Time accumulated since 
the last reset

Value for math SELOGIC control equations. Protection uses the relay 
protection logic processing interval, while automation uses seconds.

PST01ET

AST07ET

Output Output Timer output Value for Boolean SELOGIC control equations PST01Q

AST07Q

                    

Figure 13.8 Sequencing Timer Timing Diagram
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cycle. If you change automation freeform programming, you must also check the 
new automation average execution cycle to verify that you will obtain satisfac-
tory accuracy for your application. Example 13.8 describes typical timer pro-
gramming and describes the resulting operation.

                    

In freeform programming, the relay evaluates the timer at the timer Input 
SELOGIC control equation (PSTnnIN or ASTnnIN). If you enter an expression 
for the timer Reset (PSTnnR or ASTnnR) or Preset Time (PSTnnPT or ASTnnPT), 
the values for Reset and Preset Time that the relay uses are the last values that the 
relay calculates before the input SELOGIC control equation calculation. Because 
the relay uses the last values for Reset and Preset Time value in this manner, we 
recommend for most applications that you enter the Preset Time, Reset, and Input 
statements together in the order shown in Example 13.8. You can view the current 
state of the timer by assigning the elapsed time output of the sequencing timer to 
a math variable. Example 13.8 shows how you would assign the elapsed time out-
put for automation sequence timer AST01 to automation math variable AMV256. 
To see the elapsed time value, issue the MET AMV command to display the val-
ues of the automation math variables. Likewise, you can assign the elapsed time 
output of a protection sequence timer to a protection math variable.

The elapsed time output is stored in volatile memory. Elapsed time resets to zero 
for both protection and automation sequential timers when relay power cycles, 
you change settings or settings groups, or you perform any function that restarts 
the relay.

Example 13.8 Automation Sequencing Timer Programming

The equations below are an example of programming for an automation 
sequencing timer, AST01. Each timer input is programmed as a separate 
statement in automation SELOGIC control equation programming.

# Example programming of sequencing timer to time Input IN101 and IN102

AST01PT := 7.5 # Timer Preset Time of 7.5 seconds

AST01R := RB03 # Reset timer when RB03 turns on

AST01IN := IN101 AND IN102 # Timing time when IN101 and IN102 
are on

ASV001 := AST01Q # ASV001 tracks output of timer

AMV256 := AST01ET # AMV256 tracks timing progress

In this example, timer AST01 times the quantity IN101 AND IN102 and 
turns on when the total time reaches 7.5 seconds. If the Input, AST01IN, is 
on for approximately 1 second every minute, the Output, AST01Q, will turn 
on during the eighth minute, when the accumulated elapsed time exceeds 7.5 
seconds.
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Counters
NOTE: Preset values for counters 
must not exceed 8,000,000 for 
proper operation. 

Use counters to count changes or edges in Boolean values. Each time the value 
changes from logical 0 to logical 1 (a rising edge), the counter Current Value 
increments. Counters are available in the protection freeform area and automa-
tion freeform area, as shown in Table 13.13. Counters have three input parame-
ters, Input, Preset Value, and Reset; and two outputs, Current Value and Output, 
as listed in Table 13.14.

                    

                    

In freeform programming, the relay evaluates the counter at execution of the 
counter Input SELOGIC control equation (PCNnnIN or ACNnnIN). If you enter 
an expression for the counter Reset (PCNnnR) or the counter Preset (PCNnnPV), 
the values for Reset and Preset that the relay uses are the last values the relay cal-
culates before the input SELOGIC control equation calculation. Because the relay 
uses the last values for Reset and Preset in this manner, we recommend for most 
applications that you enter the Preset, Reset, and Input statements together in the 
order shown in Example 13.9. You can view the current value of the counter by 
assigning the protection counter current value, PCNnnCV, to a protection math 
variable or by assigning the automation counter current value, ACNnnCV, to an 
automation math variable. View the math variable values by issuing the appropri-
ate MET PMV or MET AMV commands.

The current value count is stored in volatile memory. The count resets to zero for 
both protection and automation sequential timers when relay power cycles, you 
change settings or settings groups, or you perform any function that restarts the 
relay.

                    

Table 13.13 Counter Quantities

Type Typical Quantity Name Range

Protection counters 32 PCN01–PCN32

Automation counters 32 ACN01–ACN32

Table 13.14 Counter Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay 
counts

Boolean SELOGIC control 
equation setting

PCN01IN

ACN09IN

Input Preset Value Number of counts 
before the output turns 
on

Constant or expression for 
the number of counts

PCN01PV

ACN09PV

Input Reset Counter reset Boolean SELOGIC control 
equation setting

PCN01R

ACN09R

Output Current 
Value

Current accumulated 
count

Value for math SELOGIC 
control equations

PCN01CV

ACN09CV

Output Output Counter output Value for Boolean 
SELOGIC control equations

PCN01Q

ACN09Q

Example 13.9 Counter Programming

The freeform programming equations that follow demonstrate how to enter 
settings to control a protection counter in protection freeform SELOGIC con-
trol equation programming. Programming for an automation counter is similar.
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Protection Counter 1 counts close operations of the circuit breaker associ-
ated with the 52AA1 element. Initially, the current value, PCN01CV, is zero. 
The relay increments the current value each time the circuit breaker closes. 
The relay increases the count value, PCN01CV, each time the circuit breaker 
closes and the element 52AA1 value changes from 0 to 1 (a rising edge). 
When the count reaches 1000, the timer automatically resets and begins 
counting again.

# Example protection counter programming

#

# This example counts how many times a circuit breaker closes

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := 52AA1

The SELOGIC control equations below provide multiple-change detection 
counting both close and open operations of the circuit breaker. The interme-
diate value PSV01 turns on for one processing interval each time the circuit 
breaker closes. The intermediate value PSV02 turns on for one processing 
interval each time the circuit breaker opens. The OR combination of PSV01 
and PSV02 contains a rising edge for each circuit breaker operation, open or 
closed, that Protection Counter 1 counts.

# Example protection counter programming

#

# This example counts how many times a circuit breaker operates either 
open or closed

#

# Detect OPEN and CLOSE and combine

PSV01 := R_TRIG 52AA1 # Pulse for each close

PSV02 := F_TRIG 52AA1 # Pulse for each open

PSV03 := PSV01 OR PSV02 # Pulse for each open or close

#

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := PSV03 # Count open and close operations

PSV04 := PCN01CV >900 # PSV04 signals impending reset

Example 13.9 Counter Programming (Continued)
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SELOGIC Control Equation Operators
There are two types of SELOGIC control equations. Boolean SELOGIC control 
equations comprise the first type. These equations are expressions that evaluate to 
a Boolean value of 0 or 1. Math SELOGIC control equations constitute the second 
type. The relay evaluates these equations to yield a result having a numerical 
value (for example, 6.25 or 1055).

Left value, LVALUE, determines the type of SELOGIC control equation you need 
for a setting or for writing freeform programming. If the LVALUE is a Boolean 
type (ER, ASV001, etc.) then the type of expression you need is a Boolean 
SELOGIC control equation. If the LVALUE is a numerical (non-Boolean) value 
(PMV12, PCT01PV, etc.), the type of expression you need is a math SELOGIC 
control equation.

Writing SELOGIC control equations requires that you use the appropriate opera-
tors and correct SELOGIC control equation syntax to combine relay elements 
including analog values, Relay Word bits, incoming control points, and SELOGIC 
control equation elements within the relay. The operators are grouped into two 
types, according to the type of SELOGIC control equation in which you can apply 
these operators.

Operator Precedence
When you combine several operators and operations within a single expression, 
the relay evaluates the operations from left to right, starting with the highest pre-
cedence operators working down to the lowest precedence. This means that if 
you write an equation with three AND operators, for example PSV01 AND 
PSV02 AND PSV03, each AND will be evaluated from the left to the right. If 
you substitute NOT PSV04 for PSV03 to make PSV01 AND PSV02 AND NOT 
PSV04, the relay evaluates the NOT operation of PSV04 first and uses the result 
in subsequent evaluation of the expression. While you cannot use all operators in 
any single equation, the overall operator precedence follows that shown in 
Table 13.15.

                    

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 1 of 2)

Operator Description

(Expression) Parenthesis

Identifier (argument list) Function evaluation

– Negation

NOT Complement

R_TRIG

F_TRIG Edge Trigger

SQRT, LN, EXP, LOG, COS, SIN, ACOS, 
ASIN, ABS, CEIL, FLOOR

Math Functions

* Multiply

/ Divide

+ Add

– Subtract

<, >, <=, >= Comparison

= Equality

<> Inequality
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Boolean Operators
Use Boolean operators to combine values with a resulting Boolean value. The 
arguments of the operator may be either numbers or Boolean values, but the 
result of the operation must be a Boolean value. Combine the operators to form 
statements that evaluate complex Boolean logic. Table 13.16 contains a summary 
of Boolean operators available in SEL-400 series relays.

                    

Parentheses
Use paired parentheses to control the execution order of operations in a SELOGIC 
control equation. Use as many as 14 nested sets of parentheses in each SELOGIC 
control equation. The relay calculates the result of the operation on the innermost 
pair of parentheses first and then uses this result with the remaining operations. 
Table 13.17 is a truth table for an example operation that illustrates how paren-
theses can affect equation evaluation.

                    

AND Boolean AND

OR Boolean OR

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 2 of 2)

Operator Description

Table 13.16 Boolean Operator Summary

Operator Description

( ) Parentheses

NOT Logical inverse

AND Logical AND

OR Logical OR

R_TRIG Rising-edge trigger

F_TRIG Falling-edge trigger

>, <, =, <=, >=, <> Comparison of values

Table 13.17 Parentheses Operation in Boolean Equation

A B C A AND B OR C A AND (B OR C)

0 0 0 0 0

0 0 1 1 0

0 1 0 0 0

0 1 1 1 0

1 0 0 0 0

1 0 1 1 1

1 1 0 1 1

1 1 1 1 1
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NOT
Use NOT to calculate the inverse of a Boolean value according to the truth table 
shown in Table 13.18.

                    

AND
Use AND to combine two Boolean values according to the truth table shown in 
Table 13.19.

                    

OR
Use OR to combine two Boolean values according to the truth table shown in 
Table 13.20.

                    

R_TRIG
R_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Figure 13.9. Use R_TRIG to sense when a value changes 
from logical 0 to logical 1 and take action only once when the value changes. The 
R_TRIG output is a pulse of one protection processing interval duration (typi-
cally 1/8th cycle). This rising-edge pulse output asserts one processing interval 
after the monitored element asserts.

Table 13.18 NOT Operator Truth Table

Value A NOT A

0 1

1 0

Table 13.19 AND Operator Truth Table

Value A Value B A AND B

0 0 0

0 1 0

1 0 0

1 1 1

Table 13.20 OR Operator Truth Table

Value A Value B A OR B

0 0 0

0 1 1

1 0 1

1 1 1
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The argument of an R_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a rising edge of a calculated quantity is shown in 
Example 13.10.

                    

F_TRIG
F_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Example 13.10. Use F_TRIG to sense when a value 
changes from logical 1 to logical 0 and take action only after the value changes 
state. The F_TRIG output is a pulse of one protection processing interval dura-
tion (typically 1/8th cycle). This pulse output asserts one processing interval after 
the monitored element deasserts.

                    

Figure 13.9 R_TRIG Timing Diagram

Example 13.10 R_TRIG Operation

The SELOGIC control equation below is invalid.

PSV15 := R_TRIG (PSV01 AND PSV23) # Invalid statement, do not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the R_TRIG operation on the result, as shown below.

PSV14 := PSV01 AND PSV23 # Calculate quantity in an intermediate 
result variable

PSV15 := R_TRIG PSV14 # Perform an R_TRIG on the quantity

Relay Word Bit  A

R_TRIG A

R_TRIG A
Deasserts

R_TRIG A
Asserts

Relay Word Bit A Changes
From 0 to 1

1 
Processing 

Interval

1 
Processing 

Interval
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The argument of an F_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a falling edge of a calculated quantity is shown in 
Example 13.11.

                    

Comparison
Comparison is a mathematical operation that compares two numerical values 
with a result of logical 0 or logical 1. AND and OR operators compare Boolean 
values; comparison functions compare floating-point values such as currents and 
other quantities. Comparisons and truth tables for operation of comparison func-
tions are shown in Table 13.21.

NOTE: Be careful how you use the 
equal (=) and the inequality (<>) 
operators. Because the relay uses a 
floating-point format to calculate 
analog values, only integer numbers 
will match exactly. Allow a small 
hysteresis of the following form: 
PSV01 := I01FM < 10.002 AND 
I01FM > 9.988.

                    

                    

Figure 13.10 F_TRIG Timing Diagram

Example 13.11 F_TRIG Operation

The SELOGIC control equation below shows an invalid use of the F_TRIG 
operation.

ASV015 := F_TRIG (ASV001 AND ALT11) # Invalid statement, do 
not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the F_TRIG operation on the result, as shown below.

ASV014 := ASV001 AND ALT11 # Calculate quantity in an intermedi-
ate result variable

ASV015 := F_TRIG ASV14 # Perform an F_TRIG on the quantity

Relay Word Bit A

F_TRIG A

F_TRIG A
Deasserts

F_TRIG A
Asserts

Relay Word Bit A Changes
From 1 to 0

1 
Processing 

Interval

1 
Processing 

Interval

Table 13.21 Comparison Operations

A B A > B A B A = B A <> B A  B A < B

6.35 7.00 0 0 0 1 1 1

5.10 5.10 0 1 1 0 1 0

4.25 4.00 1 1 0 1 0 0



13.29

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Operators

Math Operators
Use math operators when writing math SELOGIC control equations. Math 
SELOGIC control equations manipulate numerical values and provide a numerical 
base 10 result. Table 13.22 summarizes the operators available for math SELOGIC 
control equations.

                    

Parentheses
Use parentheses to control the order in which the relay evaluates math operations 
within a math SELOGIC control equation. Also use parentheses to group expres-
sions that you use as arguments to function operators such as SIN and COS. 
Include as many as 14 levels of nested parentheses in your math SELOGIC control 
equation. Example 13.12 shows how parentheses affect the operation and evalua-
tion of math operations.

                    

Math Error Detection
If a math operation results in an error, the relay turns on the math error bit, 
MATHERR, in the Relay Word. A settings change or the STATUS SC command 
resets this bit. For example, if you attempt to take the square root of a negative 
number (SQRT –5), the math error bit will be asserted until you clear the bit with 
a STATUS SC command or change settings.

Table 13.22 Math Operator Summary

Operator Description

( ) Parentheses

+, –, *, / Arithmetic

SQRT Square root

LN, EXP, LOG Natural logarithm, exponentiation of e, base 10 loga-
rithm

COS, SIN, ACOS, ASIN Cosine, sine, arc cosine, arc sine

ABS Absolute value

CEIL Rounds to the nearest integer toward infinity

FLOOR Rounds to the nearest integer toward minus infinity

– Negation

Example 13.12 Using Parentheses in Math Equations

The freeform math SELOGIC control equations below show examples of 
parentheses usage.

# Examples of parenthesis usage

AMV001 := AMV005 * (AMV004 + AMV003) # Calculate sum first, 
then product

AMV002 := AMV010 * (AMV009 + (AMV016 / AMV015)) # Nest 
parentheses

AMV003 := SIN (AMV037 + PMV42) # Group terms for a function
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Arithmetic
Use arithmetic operators to perform basic mathematical operations on numerical 
values. Arguments of an arithmetic operation can be either Boolean or numerical 
values. In a numerical operation, the relay converts logical 0 or logical 1 to the 
numerical value of 0 or 1. For example, multiply numerical values by Boolean 
values to perform a selection operation. Use parentheses to group terms in math 
SELOGIC control equations and control the evaluation order and sequence of 
arithmetic operations.

NOTE: IEEE 32-bit floating-point 
numbers have a precision of 
approximately seven significant digits. 
This means that numbers bigger than 
10,000,000 will lose precision in the 
least significant digit. Do not 
implement counters expecting them 
to get bigger than 10,000,000. Do not 
expect precise accuracy in analog 
quantities when they get bigger than 
10,000,000.

The relay uses IEEE 32-bit floating-point numbers to perform SELOGIC control 
equation mathematical operations. If an operation results in a quantity that is not 
a numerical value, the SELOGIC control equation status bit that signals a math 
error, MATHERR, asserts. The value that the relay stored previously in the speci-
fied result location is not replaced. The relay clears the corresponding math error 
bits if you change SELOGIC control equation settings (protection or automation), 
or if you issue a STATUS SC command. Example 13.13 contains examples of 
arithmetic operations in use.

                    

Table 13.23 Math Error Examples

Example Value in PMV01 Type MATHERR

PMV01 := PMV02 / 0 0a

a Evaluation of expression results in an error and prevents storage of new result. In the example, 
PMV01 remains 0. If the argument were a variable, PMV01 would contain the result of the last 
evaluation when the argument is valid.

Divide by zero Yes

PMV01 := LN ( 0 ) 0a LN of 0 Yes

PMV01 := LN ( -1) 0a LN of negative number Yes

PMV01 := SQRT ( -1) 0a Square root of a negative number Yes

Example 13.13 Using Arithmetic Operations

The freeform math SELOGIC control equations below show examples of 
arithmetic operator usage.

# Arithmetic examples

AMV001 := AMV005 + AMV034 # Calculate sum 

AMV002 := AMV005 – AMV034 # Calculate difference

AMV003 := AMV005 * AMV034 # Calculate product

AMV004 := AMV005 / AMV034 # Calculate quotient

The lines below demonstrate the use of Boolean values with the multiplica-
tion operation.

# Use of multiplication to select numerical values based on active set-
tings group

# Use 7 if protection settings group 1 active

# Use 5 if protection settings group 2 active

AMV005 := 7 * SG1 + 5 * SG2
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SQRT
Use the SQRT operation to calculate the square root of the argument. Use paren-
theses to delimit the argument of a SQRT operation. A negative argument for the 
SQRT operation results in a math error and assertion of the corresponding math 
error bit described in Arithmetic. Example 13.14 shows examples of the SQRT 
operator in use.

                    

LN, EXP, and LOG
LN and EXP are complementary functions for operating with natural logarithms 
or logarithms calculated to the natural base e. LN calculates the natural logarithm 
of the argument. LOG calculates the base 10 logarithm of the argument. A nega-
tive or zero argument for the LN and LOG operation results in a math error and 
assertion of the corresponding math error bit described in Arithmetic. EXP calcu-
lates the value of e raised to the power of the argument. Example 13.15 shows 
examples of expressions that use the LN, EXP, and LOG operators. Use parenthe-
ses to delimit the argument of a LN, EXP, or LOG operation.

                    

The lines below demonstrate math calculation error detection.

# The line below results in a math error if AMV029 becomes 0

AMV006 := 732 / AMV029

In the second line, if AMV029 is 6 on the first pass through the automation 
programming, the relay stores the result 122 in AMV006. If on the next pass 
AMV029 is 0, the MATHERR bit asserts and the value in AMV006 does not 
update.

Example 13.13 Using Arithmetic Operations (Continued)

Example 13.14 Using the SQRT Operator

The freeform math SELOGIC control equations below show examples of 
SQRT operator usage.

# SQRT examples

AMV001 := SQRT (AMV005) # Single argument version of SQRT

AMV002 := SQRT (AMV005 + AMV034) # Calculates the square root 
of the sum

AMV003 := SQRT (AMV007) # Produces a math error if AMV007 is 
negative

Example 13.15 Using the LN, EXP, and LOG Operators

The freeform math SELOGIC control equations below are examples of LN, 
EXP, and LOG operator usage.

# LN examples

AMV001 := LN (AMV009) # Natural logarithm of AMV009

AMV002 := LN (AMV009 + AMV034) # Natural logarithm of the sum

AMV003 := LN (AMV010) # Produces error if AMV010 is 0 or negative
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SIN and COS
Use the SIN or COS operators to calculate the sine or cosine of the argument. 
SIN and COS operate in degrees, the unit of angular measure the SEL-451 uses 
to express metering quantities. Example 13.16 shows examples of SIN and COS. 
Use parentheses to delimit the argument of a SIN or COS operation.

                    

ASIN and ACOS
Use the ASIN or ACOS operators to calculate the angle resulting from the trigo-
nometric function equivalent to a given number (the argument), where the func-
tion is sine or cosine. ASIN and ACOS operate in degrees. An argument less than 
–1 or larger than 1 results in a math error and assertion of the corresponding math 
bit described in Arithmetic on page 13.30. Example 13.17 shows examples of 
ASIN and ACOS. Use parentheses to delimit the argument of an ASIN or ACOS 
operation.

# EXP examples

AMV004 := EXP (2) # Calculates e squared

AMV005 := EXP (AMV003) # Calculates e to the power AMV003

AMV006 := EXP (AMV046 + AMV047) # e raised to the power of the sum

# LOG examples

AMV007 := LOG (AMV012) # Base 10 logarithm of AMV012

AMV008 := LOG (AMV012 + AMV022) # Base 10 logarithm of the sum

AMV009 := LOG (AMV100) # Produces an error if AMV100 is 0 or 
negative

Example 13.15 Using the LN, EXP, and LOG Operators (Continued)

Example 13.16 Using the SIN and COS Operators

The freeform math SELOGIC control equations below are examples of SIN 
and COS.

# SIN examples

AMV001 := SIN (AMV005) # Sine of AMV005

AMV002 := SIN (AMV005 + AMV034) # Sine of the sum

# COS examples

AMV003 := COS (AMV005) # Cosine of AMV005

AMV004 := COS (AMV005 + AMV006) # Cosine of the sum
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ABS
Use the ABS operation to calculate absolute value of the argument. Use parenthe-
ses to group a math expression as the argument of an ABS operation. If the argu-
ment of the ABS operation is negative, the result is the value multiplied by –1. If 
the argument of the ABS operation is positive, the result is the same quantity as 
the argument. Example 13.18 contains examples of the ABS operator in use.

                    

CEIL
Use the CEIL operator to round the argument to the nearest integer toward posi-
tive infinity. Use parentheses to group a math expression as the argument of a 
CEIL operation. Example 13.19 contains examples of the CEIL operator.

                    

Example 13.17 Using the ASIN and ACOS Operators

The freeform math SELOGIC control equations below are examples of ASIN 
and ACOS.

# ASIN examples

AMV001 := ASIN (AMV010) # Arc sine of AMV010

AMV002 := ASIN (AMV010 + AMV011) # Arc sine of the sum

AMV003 := ASIN (AMV012) # Produces an error if |AMV012| > 1

# ACOS examples

AMV004 := ACOS (AMV010) # Arc cosine of AMV010

AMV005 := ACOS (AMV010 + AMV011) # Arc cosine of the sum

AMV006 := ACOS (AMV012) # Produces an error if |AMV012| > 1

Example 13.18 Using the ABS Operator

The freeform math SELOGIC control equations below show examples of the 
ABS operator usage.

# ABS examples

AMV001 := ABS (-6) # Stores 6 in AMV001

AMV002 := ABS (6) # Stores 6 in AMV002

AMV003 := ABS (AMV009) # Absolute value of AM009

AMV004 := ABS (AMV005 + AMV034) # Absolute value of the sum

Example 13.19 Using the CEIL Operator

The freeform math SELOGIC control equations below show examples of the 
CEIL operator usage.

# CEIL examples

AMV001 := CEIL (5.99) # Stores 6 in AMV001

AMV002 := CEIL (–4.01) # Stores –4 in AMV002
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FLOOR
Use the FLOOR operator to round the argument to the nearest integer toward 
minus infinity. Use parentheses to group a math expression as the argument of a 
FLOOR operation. Example 13.20 contains examples of the FLOOR operator.

                    

Negation
Use the negation (–) operation to change the sign of the argument. The argument 
of the negation operation is multiplied by –1. Negation of a positive value results 
in a negative value, while negation of a negative value results in a positive value. 
Example 13.21 contains examples of expressions that use the negation operator.

                    

Effective Programming
This section contains several ideas useful for creating, maintaining, and trouble-
shooting programming in SEL-451 series relays protection and automation 
SELOGIC control equation programming environments.

Planning and Documentation
When you begin to configure the relay to perform a new automation task or cus-
tomize protection operation, take time to design, document, and implement your 
project. Scale the planning effort to match the overall size of the project, but 
spend sufficient time planning to do the following:

➤ Document the inputs and outputs of your programming. This may 
include protection elements, physical inputs and outputs, metering 
quantities, user inputs, and other information within the relay.

➤ Document the processing or outcome of the programming. List the 
major tasks you want the relay to perform and provide detail about 
the algorithm you will use for each task. For example, if you need a 
timer or a counter, make a note of the requirements and how you will 
use these elements.

Example 13.20 Using the FLOOR Operator

The freeform math SELOGIC control equations below show examples of the 
FLOOR operator usage.

# FLOOR examples

AMV001 := FLOOR (5.99) # Stores 5 in AMV001

AMV002 := FLOOR (–4.01) # Stores –5 in AMV002

Example 13.21 Using the Negation Operator

The freeform math SELOGIC control equations below show examples of 
negation operator usage.

# Negation examples

AMV001 := -AMV009 # If AMV009 is 5, stores –5 in AMV001

AMV002 := -AMV009 # If AMV009 is –5, stores 5 in AMV002
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➤ Work in a top-down method, specifying and moving to more detailed 
levels, until you have sufficient information to create the settings. For 
simple tasks, one level may be sufficient. For complex tasks, such as 
automated station restoration, you may need several levels to move 
from idea to implementation.

Comments
SELOGIC control equation comments are very powerful tools for dividing, docu-
menting, and clarifying your programming. Even if you completely understand 
your programming during installation and commissioning, comments will be 
very helpful if you need to modify operation a year later.

Create these comments in the fixed and freeform SELOGIC control equations, and 
store these comments in the relay. Obtain comments to assist you in using the 
ASCII interface or SEL configuration software, regardless of whether you have 
the original files downloaded to the relay.

Comments add structure to freeform programming environments such as Visual 
Basic, C, and freeform SELOGIC control equations. Example 13.22 shows how to 
use comments to divide and structure freeform SELOGIC control equation pro-
gramming.

                    

Example 13.22 Comments in Freeform SELOGIC Control Equation Programming

Use comments to divide and direct your eye through freeform programming.

#

# This is a header comment that divides sections of freeform programming

#

AMV003 := 15 * AMV003 # Explain this line here

#

# This comment is a header for the next section.

# Inputs: provide more detail for more complex tasks

# Outputs: describe how the programming affects the relay operation

# Processing: discuss how the programming itself operates

#

ASV004 := ACN01Q AND RB03 # First line of next section

Many texts on programming in various computer programming languages 
suggest that you cannot include too many comments. The main reason to 
include comments is that something you find obvious may not be obvious to 
your coworker who will have to work with your programming in the future. 
Adding comments also gives you the opportunity to think about whether the 
program performs the function you intended.
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Aliases
SEL-400 series relays provide the ability to alias Relay Word bit and analog 
quantity names. To make SELOGIC programming more understandable, alias the 
names of variables being used to something meaningful. For example, you could 
assign PMV01 an alias of THETA and PMV02 an alias of TAN and then write a 
SELOGIC equation of:

TAN := SIN(THETA)/COS(THETA)

See Alias Settings on page 12.25 for more information on creating aliases.

Testing
After documentation and comments, the next essential element of an effective 
approach to programming is testing. Two types of testing are critical for deter-
mining if programming for complex tasks operates properly. First, test and 
observe whether the program performs the function you want under the condi-
tions you anticipated. Second, look for opportunities to create conditions that are 
abnormal and determine how your program reacts to unusual conditions.

For example, test your system in unanticipated, but possible conditions such as 
loss of power, loss of critical field inputs, unexpected operator inputs, and condi-
tions that result from likely failure scenarios of the equipment in your system. It 
is unlikely that you will find every possible weakness, but careful consideration 
and testing for abnormal conditions will help you avoid a failure and may reveal 
deficiencies in the normal operation of your system. Alternatively, you can sub-
stitute a remote bit or local bit that you can manually control to help exercise 
your logic.

Modify your SELOGIC control equations to simulate the process. While you may 
be unable to change the state of a discrete input easily, such as IN101, you can 
substitute a logical 1 or logical 0 in your logic to simulate the operation of IN101 
and observe the results. Alternatively, you can substitute a remote bit or local bit 
that you can manually control to help exercise your logic.

Use the SER capabilities of the relay to monitor and record inputs, internal calcu-
lations, and outputs. For operations that occur very quickly, use the SER during 
testing to reconstruct the operation of your logic.

Use the MET PMV and MET AMV commands to display the contents of the 
protection or automation math variables.

SEL-311 and SEL-351 Series Users
You can convert logic that you have used in SEL-311 and SEL-351 series relays 
to logic for an SEL-400 series relay. In the SEL-351 series relays, SELOGIC con-
trol equation programming is restricted to equations where the left-side value, 
LVALUE, is fixed. SEL-400 series relays use a combination of fixed and 
freeform programming. Table 13.24 shows comparable features between the 
fixed logic settings of the SEL-351-5, -6, -7 series relays and the corresponding 
logic elements that can be programmed in an SEL-400 series relay by using 
freeform logic programming.
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Table 13.25 is a summary that compares SELOGIC control equation programming 
in SEL-351 series relays and SEL-311 series relays with typical SEL-400 series 
relays.

                    

Table 13.26 shows the SEL-400 series Boolean operators compared to the opera-
tors used in the SEL-351 series relays.

                    

In the SEL-351 series relays, SELOGIC control equation variables and timers are 
connected. Each SELOGIC control equation variable is the input to a timer. In 
SEL-400 series relays, timers and SELOGIC control equation variables are independent.

Table 13.24 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Programming Equivalent Functions

Feature SEL-351 Series 
SEL-400 Series Protection 
Freeform Style

SELOGIC control equation variables SV1–SV16 PSV01–PSV64

Timer Input SV1–SV16 PCT01–PCT32

Timer Pickup settings SV1PU–SV16PU PCT01PU–PCT32PU

Timer Dropout settings SV1DO–SV16DO PCT01DO–PCT32DO

Timer Outputs SV1T–SV16T PCT01Q–PCT32Q

Latch Bit Set Control SET1–SET16 PLT01S–PLT16S 

Latch Bit Reset Control RST1–RST16 PLT01R–PLT16R 

Latch Bit LT1–LT16 PLT01–PLT16

Table 13.25 SEL-400 Series SELOGIC Control Equation Programming Summary

Element
SEL-351 Series/
SEL-311 Series

Typical SEL-400 Series

Protection 
Free Form

Automation 
Free Form

SELOGIC control equation variables 16 64 256

SELOGIC math variables 0 64 256

Conditioning timersa

a Similar to SEL-300 series relay SELOGIC control equation programming.

16 32b

b The SEL-487B provides 16 protection conditioning timers.

32

Sequencing timers 0 32 32

Counters 0 32 32

Latch bits 16 32 32

Table 13.26 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Boolean Operators

Feature SEL-351 Series SEL-400 Series

Logical AND operator * AND

Logical OR operator + OR

Logical NOT operator ! NOT

Parentheses ( ) ( )

Rising, falling-edge operators /, \ R_TRIG, F_TRIG
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The SELOGIC control equation Boolean operators in SEL-400 series relays are 
different from those used in SEL-300 series relays. For example, if you wish to 
convert programming from an SEL-311 or SEL-351 series relay to an SEL-400 
series relay, you must convert the operators. Example 13.23 and Example 13.24 
demonstrate conversion of several settings to the SEL-451 setting.

                    

NOTE: Not all SEL-400 series relay 
SELOGIC timers are set in cycles. See 
the product-specific instruction 
manual for the applicable timer 
settings.

                    

                    

Example 13.23 Converting SEL-351 Series Relay SELOGIC Control Equation 
Variables

If you have the following SELOGIC control equation in an SEL-351 series 
relay, convert it as shown below.
                    

In an SEL-400 series relay, use the line shown below.

PSV01 := IN101 OR RB03 AND PLT04 # Freeform example

In the example above, first convert the + and * operators in the expression to 
the OR and AND operators. In the freeform example, use a protection 
SELOGIC control equation variable for the result. In the protection group set-
tings example, use the input of a timer, as shown in Table 13.21.

                    

SV1 = IN101 + RB3 * LT4

Example 13.24 Converting SEL-351 Series Relay SELOGIC Control Equation 
Timers

If you have the following SELOGIC control equation timer in an SEL-351 
series relay, convert it as shown below.
                    

In an SEL-400 series relay, use the format shown below.

#

# Freeform programming conversion of timer

#

PCT01PU := 5.25 # Pickup of 5.25 cycles

PCT01DO := 3.5 # Dropout of 3.5 cycles

PCT01IN := IN101 # Use the timer to monitor IN101

In the output settings, set OUT101 as shown below:

OUT101 := PCT01Q

Example 13.25 Converting SEL-351 Series Relay Latch Bits

If you have the following SELOGIC control equation latch programming in 
an SEL-351 series relay, convert it as shown below.
                    

                    

SV1 = IN101
SV1PU = 5.25
SV1DO = 3.50
OUT101 = SV1T

                    

SET1 = RB4
RST1 = RB5
OUT101 = LT1
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In an SEL-400 series relay, use the format shown below.

Protection freeform style settings:

#

# Freeform programming conversion of latch bit

#

PLT01S := RB04 # Set if RB04

PLT01R := RB05 # Reset if RB05

In the output settings, set OUT101 as shown below:

OUT101 := PLT01

Example 13.25 Converting SEL-351 Series Relay Latch Bits (Continued)
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the relay. This section explains common SEL-400 series relay commands 
that you send to the relay by using SEL ASCII communications protocol. The 
relay responds to commands such as settings, metering, and control operations.

Not every command listed in this section is supported by every SEL-400 series 
relay. Additionally, some SEL-400 series relays support additional commands. 
See the product-specific instruction manual to see what specific commands are 
supported in that relay.

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables that you enter are shown in bold. Lowercase 
italic letters and words in a command represent command variables that you 
determine based on the application (for example, circuit breaker number n = 1 or 2, 
remote bit number nn = 01–32, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters; for example, ACCESS becomes ACC. Always 
send a carriage return <CR> character, or a carriage return character followed by 
a line feed character <CR><LF> to command the relay to process the ASCII 
command. Usually, most terminals and terminal programs interpret the <Enter> 
key as a <CR>. For example, to send the ACCESS command, type ACC 
<Enter>. For more information on SEL ASCII protocol, including handshaking, 
see Section 15: Communications Interfaces.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the relay are Access Level 0, Access Level 1, 
Access Level B (breaker), Access Level P (protection), Access Level A (automa-
tion), Access Level O (output), and Access Level 2. For information on access 
levels see Changing the Default Passwords in the Terminal on page 3.11.

Command Description
2ACCESS

Use the 2AC command to gain access to Access Level 2 (full relay control). See 
Access Levels and Passwords on page 3.7 for more information.

                    

Table 14.1 2AC Command

Command Description Access Level

2AC Go to Access Level 2 (full relay control). 1, B, P, A, O, 2
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89CLOSE n
Use the 89CLOSE n command to close disconnect switches. (The number of 
disconnects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is open and Relay Word bit LOCAL is deasserted, the 
89CLOSE n command asserts Relay Word bit 89CLSn for the 89CSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to close, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89CLOSE command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 
within 30 seconds, the relay exits the 89CLOSE command and reads the status 
of the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use the 
89CLSn Relay Word bit as part of a SELOGIC Output control equation to close 
the appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89CLOSE n command, the relay 
responds with Command aborted because the relay is disabled. If the cir-
cuit breaker control enable jumper J18C (BREAKER) is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed.

When the 89CLOSE n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds, CLOSE DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds with Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

89OPEN n
Use the 89OPEN n command to open disconnect switches. (The number of dis-
connects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is closed and Relay Word bit LOCAL is deasserted, the 
89OPEN n command asserts Relay Word bit 89OPENn for the 89OSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to open, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89OPEN command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 

Table 14.2 89CLOSE n Command

Command Description Access Level

89CLOSE n Set Relay Word bit 89CLSn B, P, A, O, 2
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within 30 seconds, the relay exits the 89OPEN command and reads the status of 
the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use Relay 
Word bit 89OPENn as part of a SELOGIC Output control equation to open the 
appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89OPEN n command, the relay 
responds with Command Aborted because the relay is disabled. If the circuit 
breaker control enable jumper J18C (BREAKER) is not in place, the relay aborts 
the command and responds Aborted: the breaker jumper is not installed.

When the 89OPEN n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds with Open DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

AACCESS
Use the AAC command to gain access to Access Level A (automation). See 
Access Levels and Passwords on page 3.7 for more information.

                    

ACCESS
Use the ACC command to gain access to Access Level 1 (monitor). See Access 
Levels and Passwords on page 3.7 for more information.

                    

BACCESS
Use the BAC command to gain access to Access Level B (breaker). See Access 
Levels and Passwords on page 3.7 for more information.

                    

Table 14.3 89OPEN n Command

Command Description Access Level

89OPEN n Set Relay Word bit 89OPENn B, P, A, O, 2

Table 14.4 AAC Command

Command Description Access Level

AAC Go to Access Level A (automation). 1, B, P, A, O, 2

Table 14.5 ACC Command

Command Description Access Level

ACC Go to Access Level 1 (monitoring). 0, 1, B, P, A, O, 2

Table 14.6 BAC Command

Command Description Access Level

BAC Go to Access Level B (breaker). 1, B, P, A, O, 2
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BNAME
The BNA command produces ASCII names of all relay Fast Meter status bits in a 
Compressed ASCII format. See SEL Protocol on page 15.28 for more informa-
tion on Fast Meter and the Compressed ASCII command set.

                    

BREAKER
Use the BREAKER command to display circuit breaker reports and the circuit 
breaker history reports. You can also preload accumulated breaker monitor data. 
The BRE command also resets the circuit breaker monitor data. To use the BRE 
command, you must enable the circuit breaker monitors for the circuit breakers 
of interest. See Circuit Breaker Monitor on page 8.1 for more information.

BRE n
The BRE n command displays the comprehensive circuit breaker report that 
includes interrupted currents, number of operations, and mechanical and electri-
cal operating times, among many parameters. The relay displays a listing of 
breaker monitor alarms with the breaker report.

                    

BRE n C and BRE n R
The BRE n C and BRE n R commands clear/reset the circuit breaker monitor 
data. Options C and R are identical.

                    

Table 14.7 BNA Command

Command Description Access Level

BNA Display ASCII names of all relay status bits. 0, 1, B, P, A, O, 2

NOTE: Not all SEL-400 series relays 
support breaker monitoring.

Table 14.8 BRE n Command

Command Description Access Level

BRE na

a Parameter n = breaker identification character.

Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

Table 14.9 BRE n C and BRE n R Commands

Command Description Access Level

BRE na C

a Parameter n = breaker identification character.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE n R Clear Circuit Breaker n data to zero. B, P, A, O, 2
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BRE C A and BRE R A
The BRE C A and BRE R A commands clear all circuit breaker monitor data for 
all circuit breakers from memory. Options C A and R A are identical.

                    

BRE n H
Display the circuit breaker monitor history report with the BRE n H command. 
The breaker history report is a summary of recent circuit breaker operations.

                    

BRE n P
Use the BRE n P command to preload existing circuit breaker contact wear, 
operation counts, and accumulated currents to the circuit breaker monitor.

                    

CAL
Use the CAL command to gain access to Access Level C. See Access Levels and 
Passwords on page 3.7 for more information. Only go to Level C to modify the 
default password or under the direction of an SEL employee. The additional com-
mands available at Level C are not intended for normal operational purposes.

                    

Table 14.10 BRE C A and BRE R A Commands

Command Description Access Level

BRE C A Clear all circuit breaker data. B, P, A, O, 2

BRE R A Clear all circuit breaker data. B, P, A, O, 2

Table 14.11 BRE n H Command

Command Description Access Level

BRE na H

a Parameter n = breaker identification character.

Display history data for the last 128 Circuit 
Breaker n operations.

1, B, P, A, O, 2

Table 14.12 BRE n P Command

Command Description Access Level

BRE na P
a Parameter n = breaker identification character.

Preload previously accumulated Breaker n data. B, P, A, O, 2

Table 14.13 CAL Command

Command Description Access Level

CAL Go to Access Level C. 2, C
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CASCII
The CAS command produces the Compressed ASCII configuration message. 
This configuration instructs an external computer on the method for extracting 
data from other Compressed ASCII commands. See SEL Compressed ASCII 
Commands on page 15.29 for an example of the CAS command configuration 
message and for further information on the Compressed ASCII command set.

                    

CBREAKER
NOTE: Not all SEL-400 series relays 
support breaker monitoring

The CBREAKER command provides a Compressed ASCII response circuit 
breaker report that is similar to the BREAKER command. You must enable the 
Breaker Monitor function for at least one breaker to generate the Compressed 
ASCII report. You can specify a specific circuit breaker to retrieve a report for 
one circuit breaker only. See SEL Compressed ASCII Commands on page 15.29 
for information on the Compressed ASCII command set.

CBR
Use the CBR command to gather the comprehensive circuit breaker report in 
Compressed ASCII format.

                    

CBR TERSE
The CBR TERSE command omits the breaker report labels.

                    

Table 14.14 CAS Command

Command Description Access Level

CAS Return the Compressed ASCII configuration message. 0, 1, B, P, A, O, 2

Table 14.15 CBR Command

Command Description Access Level

CBR Return the most recent circuit breaker reports for all circuit 
breakers in Compressed ASCII format.

1, B, P, A, O, 2

CBR na

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.16 CBR TERSE Command

Command Description Access Level

CBR TERSE Return the most recent circuit breaker report for all cir-
cuit breakers in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2

CBR na 
TERSE

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2
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CEVENT
NOTE: The SEL-400G relay does not 
support Compressed ASCII events.

The CEVENT command provides a Compressed ASCII response similar to the 
EVENT command. See SEL Compressed ASCII Commands on page 15.29 for 
information on the Compressed ASCII command set.

CEV
Use the CEV command to gather relay event reports. When parameter n is 1–9999, 
n indicates the order of the event report. The most recent event report is 1, the 
next most recent report is 2, and so on. When parameter n is 10000–42767, n 
indicates the absolute serial number of the event report.

                    

CEV ACK
Use CEV ACK to acknowledge viewing the oldest unacknowledged event on the 
present communications port. View this event with the CEV NEXT or EVE 
NEXT commands.

                    

CEV C
Use CEV C to return a 15-cycle length event report with analog and digital infor-
mation in Compressed ASCII format. The Lyyy option overrides the C option 
(see CEV Lyyy).

                    

Table 14.17 CEV Command

Command Description Access Level

CEV Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

CEV na

a Parameter n indicates event order or serial number.

Return particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.18 CEV ACK Command

Command Description Access Level

CEV ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.19 CEV C Command

Command Description Access Level

CEV C Return the most recent event report at a 15-cycle length 
with 8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV C n Return particular n event report at a 15-cycle length with 
8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV L
Use CEV L to return a large resolution event report in Compressed ASCII for-
mat. The Sx option overrides the L option (see CEV Sx).

NOTE: Not all SEL-400 series relays 
support the CEV L option.

                    

CEV Lyyy
Command CEV Lyyy returns a specified length event report in Compressed 
ASCII format, where Lyyy indicates a length of yyy cycles. You can specify yyy 
from 1 cycle to a value including and beyond the event report total cycle length. 
If yyy is longer than the total length, the relay returns the full event report. The 
Lyyy option overrides the C option.

                    

CEV NEXT
CEV NEXT returns the oldest unacknowledged event report on the present com-
munications port in Compressed ASCII format.

                    

CEV NSET
The CEV NSET command returns the Compressed ASCII event report with no 
relay settings.

                    

Table 14.20 CEV L Command

Commanda

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Description Access Level

CEV L Return the most recent event report at full length with large 
resolution data in Compressed ASCII format.

1, B, P, A, O, 2

CEV n L Return particular n event report at full length with large res-
olution data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.21 CEV Lyyy Command

Command Description Access Level

CEV Lyyy Return yyy cycles of the most recent event report (includ-
ing settings) with 4-samples/cycle data in Compressed 
ASCII format.

1, B, P, A, O, 2

CEV na Lyyy

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return yyy cycles of a particular n event report with 
4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.22 CEV N Command

Command Description Access Level

CEV N Return the oldest unacknowledged event report with 4-sam-
ples/cycle sampling in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.23 CEV NSET Command

Command Description Access Level

CEV NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSET

a Parameter n indicates event order or serial number.

Return a particular n event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV NSUM
The CEV NSUM returns the Compressed ASCII event report with no event summary.

                    

CEV Sx
Use the CEV Sx command to specify the sample data resolution of the Com-
pressed ASCII event report. The sample data resolution x can be 4, 8, or 12, depend-
ing on the relay; the default value is 4-samples/cycle if you do not specify Sx. The 
Sx option overrides the L option.

                    

CEV TERSE
The CEV TERSE command returns a Compressed ASCII event report without 
the event report labels.

                    

Use the TERSE option with any of the CEV commands except CEV ACK.

Table 14.24 CEV NSUM Command

Command Description Access Level

CEV NSUM Return the most recent event report without the event 
summary at full length with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSUM

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.25 CEV Sx Command

Command Description Access Level

CEV Sx Return the most recent event report at full length with 
x-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na Sx

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report at full length with x-sam-
ples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.26 CEV TERSE Command

Command Description Access Level

CEV TERSE Return the most recent event report at full length with-
out the report labels with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na TERSE

a Parameter n indicates event order or serial number.

Return a particular n event report at full length without 
the report labels with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2
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CEV Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, Sx, and TERSE in one 
command. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option

➤ The Sx option overrides the L option

➤ Enter the options in any order

Table 14.27 lists the choices you can make in the CEV command. Combine 
options on each row, selecting one option from each column, to create a CEV 
command.

                    

The following examples illustrate some possible option combinations.

                    

CFG
In TiDL and IEC Sampled Values (SV) subscriber relays, certain aspects of the 
relay must be configured before the relay can be set. This command is used to 
perform this configuration.

CFG CTNOM
In TiDL and IEC SV subscriber relays, use the CFG CTNOM command to 
inform the relay which CT inputs are 1 A nominal and which are 5 A nominal. 
(By default, the relay assumes all CT inputs are 5 A nominal.) This is necessary 
so the relay scales the information correctly. See Section 2: Installation of the 
product-specific instruction manual for more information on using this command 
as part of configuring the relay. On a secondary current configuration change, the 
relay defaults the global and protection group settings and then performs a 
restart, so make this command before sending Global or Group settings.

                    

Table 14.27 CEV Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C Lyyy, C NSET, NSUM, TERSE

Example Description

CEV L10 S8 Return 10 cycles of an 8-samples/cycle Compressed ASCII event report 
for the most recent event.

CEV L10 L Return 10 cycles of an large resolution Compressed ASCII event report 
for the most recent event (same as above).

CEV 2 C NSUM 
TERSE

For the second most recent event, return 15 cycles of the event in Com-
pressed ASCII format with no event summary and no report label lines 
with large resolution data.

Table 14.28 CFG CTNOM Command

Command Description Access Level

CFG CTNOM na

a The parameter n (or parameters) is relay-specific.

Change nominal CT configuration to selected value 2

NOTE: The SEL-487E-5 includes 
additional user inputs. See the 
SEL-487E-5 instruction manual for the 
additional user inputs.

NOTE: See the firmware entries in 
product-specific Appendix A tables for 
the following entry:

Modified CFG CTNOM command to 
only default global and group 
settings on a nominal secondary 
current configuration change.

The firmware versions prior to this 
change default all settings.
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CFG NFREQ
In TiDL (EtherCAT) relays that support SEL-2240 Axion nodes only, use the 
CFG NFREQ command to set the nominal frequency of the relay (which is 
60 Hz by default). In relays that do not support TiDL (EtherCAT), the nominal 
frequency is controlled by the NFREQ Global setting. This should be configured 
after the nominal currents are configured (through the use of the CFG CTNOM 
command) and before settings are loaded into the relay. This will restart the relay.

                    

CHISTORY
The CHISTORY command provides a HISTORY report in the Compressed 
ASCII format.

CHI
Use the CHI command to gather one-line descriptions of event reports.

                    

CHI TERSE
The CHI TERSE command returns a Compressed ASCII event report without 
the event report label lines.

                    

CLOSE n
Use the CLOSE n command to close a circuit breaker. The main board circuit 
breaker jumper (on jumper BREAKER) must be in place. Further, you must 
enable breaker control for any breakers you want to control.

Table 14.29 CFG NFREQ Command

Command Description Access Level

CFG NFREQ f Change nominal frequency to f (50 or 60) 2

Table 14.30 CHI Command

Command Description Access Level

CHI Return the data as contained in the History report (short 
form descriptions) for the most recent 100 event reports in 
Compressed ASCII format (for SEL-2030 compatibility).

1, B, P, A, O, 2

CHI A Return one-line descriptions of the most recent 100 event 
reports in Compressed ASCII format.

1, B, P, A, O, 2

CHI k Return one-line descriptions of the most recent k number 
of event reports in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.31 CHI TERSE Command

Command Description Access Level

CHI TERSE Return one-line descriptions for the most recent 100 
event reports without the label lines in Compressed 
ASCII format.

1, B, P, A, O, 2

CHI k TERSE Return one-line descriptions for the most recent k num-
ber of event reports without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2
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The CLOSE n command asserts Relay Word bit CCn. The CCn bit must be 
included in the close SELOGIC equation for breaker n (BKnMCL) for this com-
mand to effect a close operation. The relay uses these equations and additional 
relay logic to assert a control output (for example, OUT103 := BK1CL) to close a 
circuit breaker.

                    

If the circuit breaker control enable jumper BREAKER is in place, the relay 
responds with Close breaker (Y/N)?. When you answer Y <Enter> (for yes), 
the relay prompts, Are you sure (Y/N)?. If you again answer Y <Enter>, the 
relay asserts the Relay Word bit for one processing interval.

If you have assigned a circuit breaker auxiliary contact (52A) to a relay control 
input (based on the 52AAn, 52ABn, 52ACn settings), the relay waits 0.5 second, 
checks the state of the circuit breaker, and issues either a Breaker OPEN or 
Breaker CLOSED message.

If circuit breaker control enable jumper BREAKER is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed. If the relay is disabled, the relay responds with Command aborted 
because relay is disabled. If Breaker n is not enabled and you issue the 
CLOSE n command, the relay responds with Breaker n is not available.

COMMUNICATIONS
The COMMUNICATIONS command displays communications statistics for 
the MIRRORED BITS communications channels and for synchrophasor client 
channels. Some relays support additional options to the COM command besides 
those described here.

COM c
Use the COM c command to view records of the MIRRORED BITS communica-
tions buffers for specific relay communications channels.
                    

The c option in the COM command is A for MIRRORED BITS communications 
Channel A, B for MIRRORED BITS communications Channel B, and Channel M 
for the MIRRORED BITS communications channels in general. If both MIRRORED 
BITS communications channels are in use, then the M option does not function 
and you must specify A or B.

Table 14.32 CLOSE n Command

Command Description Access Level

CLOSE n Command the relay to close Circuit Breaker n. B, P, A, O, 2

NOTE: The SEL-487B does not 
support the CLOSE command.

NOTE: CCn Relay Word bits are 
pulsed for two processing intervals in 
the SEL-487E.

Table 14.33 COM c Commanda

a Parameter c is A, B, or M for Channel A, Channel B, and MIRRORED BITS communications channels, 
respectively.

Command Description Access Level

COM A Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel A.

1, B, P, A, O, 2

COM B Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel B.

1, B, P, A, O, 2

COM M Return a summary report of the last 255 records in the commu-
nications buffer for either MIRRORED BITS communications 
Channel A or Channel B when only one channel is enabled.

1, B, P, A, O, 2
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COM c C and COM c R
The COM c C and COM c R commands clear/reset the communications buffer 
data for the specified Channel c. Options C and R are identical.

                    

COM c L m n and COM c L date1 date2
Use COM c L to list the records in the communications buffer in a specified 
manner. The relay returns the list of records in rows. You can specify a range of 
buffer records in forward or reverse chronological order or in forward or reverse 
date order. Date parameter entries depend on the setting DATE_F format you 
chose in the relay Global settings.

The relay organizes the records in rows in a 256-entry buffer in newest to oldest 
time order. The relay puts the newest record in the buffer and discards the oldest 
record if the buffer is full.

Table 14.35 is a representative list of options for listing records in the communi-
cations buffer.

                    

Table 14.34 COM c C and COM c R Command

Command Description Access Level

COM A C Clear/reset communications buffer data for MIRRORED BITS 
communications Channel A.

P, A, O, 2

COM B R Clear/reset communications buffer data for MIRRORED BITS 
communications Channel B.

P, A, O, 2

COM M C Clear/reset communications buffer data for either MIRRORED 
BITS communications Channel A or Channel B when only 
one channel is enabled.

P, A, O, 2

Table 14.35 COM c L Command

Command Description Access Level

COM A L Display all available records from MIRRORED BITS com-
munications Channel A; the most recent record is Row 1 
(at the top of the report) and the oldest record is at the 
bottom of the report.

1, B, P, A, O, 2

COM B L ka

a Parameter k indicates a specific number of communications buffer records.

Display the first k records for MIRRORED BITS commu-
nications Channel B; the most recent record is Row 1 (at 
the top of the report) and the oldest record is at the bot-
tom of the report.

1, B, P, A, O, 2

COM M L m nb

b Parameters m and n are communications buffer row numbers.

Display the records for either MIRRORED BITS commu-
nications Channel A or Channel B when only one chan-
nel is enabled; show the records with Record m at the top 
of the report through Record n at the bottom of the 
report.

1, B, P, A, O, 2

COM A L date1c

c Enter date1 and date2 in the same format as Global setting DATE_F.

Display the records from MIRRORED BITS communica-
tions Channel A on the date date1.

1, B, P, A, O, 2

COM B L date1 
date2c

Display the records from MIRRORED BITS communica-
tions Channel B between the dates date1 and date2. The 
date listed first, date1, is at the top of the report; the date 
listed second, date2, is at the bottom of the report.

1, B, P, A, O, 2
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COM PRP 
The COM PRP command is only available when using the five-port Ethernet 
card. The command displays the health of your PRP network for GOOSE and SV. 
The logic is processed once per second and is designed to detect persistent net-
work errors. The logic is not intended to detect intermittent packet loss. If a port 
receives PRP messages on LAN A that match those received on LAN B, the relay 
asserts the applicable PRP supervision Relay Word bits PRPAGOK, PRPBGOK, 
PRPCGOK, PRPDGOK, PRPASOK, and PRPBSOK and reports OK in the COM 
PRP response. If a port does not receive PRP messages on one LAN within 
6 seconds of receiving them on the other LAN, the relay deasserts the applicable 
PRP supervision bits and reports WARNING in the COM PRP response. If a port 
does not receive any expected PRP duplicates on one of the LANs, the relay 
reports FAIL for that port. If the station bus or process bus is not configured for 
PRP, the command reports PRP DISABLED for that bus. Note that a loss of link 
deasserts associated PRP supervision bits immediately. Also, these bits only 
supervise the PRP network and not the quality status of the SV and GOOSE pro-
tocols themselves. 

Additionally, the command provides statistics for the process and station bus 
ports including the number of GOOSE and SV messages received on one LAN 
but not the other, the number of link-down incidents, and the accumulated link 
downtime since the last reset. 

                    

Figure 14.1 shows an example response to the COM PRP command for an SV 
Subscriber.

                    

COM PTP
The COM PTP command provides a report of the Precision Time Protocol 
(PTP) data sets maintained by the device as well as statistics for the measured 
time offsets with the parent (master) clock. The PTP data sets contain informa-

Table 14.36 COM PRP Command

Command Description Access Level

COM PRP Display PRP information and statistics for the five-port 
Ethernet card.

1, B, P, A, O, 2

COM PRP C Clear PRP statistics. 1, B, P, A, O, 2

=>>COM PRP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:43:22.620
Station A                                  Serial Number: 1230769999

PROCESS BUS
PRP PORT 5A GOOSE Status: OK
PRP PORT 5A SV Status:    OK
PRP PORT 5B GOOSE Status: WARNING
PRP PORT 5B SV Status:    FAIL

STATION BUS
PRP PORT 5C GOOSE Status: OK
PRP PORT 5D GOOSE Status: FAIL

PRP Statistics Information
                                     PORT 5A    PORT 5B    PORT 5C    PORT 5D
-------------------------------------------------------------------------------
Duplicate SV PRP Pkts Not RCVD             0      99999          0         20
Duplicate GOOSE PRP Pkts Not RCVD          0          0          0         20
Link Down Counter                          0          1          0          1
Link Downtime (s)                          0          2          0         60

Date and Time from the last reset: 01/23/2023 - 13:11:09

=>>

Figure 14.1 Sample COM PRP Command Response

NOTE: The COM PRP command is only 
relevant when the relay is receiving 
PRP traffic from the network. The PRP 
supervision bits are time-delayed. SEL 
recommends using them for 
monitoring purposes only.
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tion about the state, identity, and configuration of the local, parent, and grand-
master clocks in addition to properties of the time being distributed by the 
grandmaster clock.

                    

If PTP is disabled or the relay hardware does not support PTP, then the COM 
PTP command will respond with PTP Not Enabled. If a settings change is in 
progress or if the hardware is not yet initialized, then the COM PTP command 
will respond with Data unavailable, please try again later. 

                    

Table 14.37 COM PTP Command

Command Description Access Level

COM PTP Display PTP data sets and offset statistics 2

COM PTP C Clears PTP offset statistics 2

=>>COM PTP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:43.516
Station A                                  Serial Number: 1230769999

PTP offset statistics previously cleared on 02/24/2016 14:08:36.303 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : Layer2
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 44 55 66
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 1
  Slave Only : true

Current Data Set
  Steps Removed : 1
  Offset from Master : -5 ns
  Mean Path Delay : 0 ns

Parent Data Set
  Parent Port Identity 
    Clock Identity : 00 30 A7 FF FE 04 7C 22
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 04 7C 22
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale (6)
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0
  Grandmaster Priority1 : 0
  Grandmaster Priority2 : 0

Time Properties Data Set
  Current UTC Offset : 0 
  Current UTC Offset Valid : true 
  Leap59 : false 
  Leap61 : false 
  Time Traceable : true 
  Frequency Traceable : true 
  PTP Timescale : true 
  Time Source : PTP 
  Local Time Offset 
    Offset Valid : true 
    Name : PST
    Current Offset : 3600
    Jump Seconds : 3600
    Time of Next Jump : 1456797635 

Figure 14.2 Sample COM PTP Command Response
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COM RTC
Use the COM RTC to get a report on the status of the configured synchrophasor 
client channels.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 44 55 66
    Port Number: 1 
  Port State : SLAVE 
  Log Pdelay Request Interval : 0 
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 2 intervals
  Path Delay Mechanism : Peer-to-Peer 
  Failed to Receive Response : true 
  Received Multiple Pdelay Responses : false 
  Reason for Non-synchronization :  
  Port status : A, ACTIVE

Time Offset Statistics
  Mean : -0.013393 ns
  Standard Deviation : 5.291062 ns
  Latest Time Offsets with respect to Reference Time (in ns)
    #1 :                       -5 
    #2 :                       -1 
    #3 :                        0 
    #4 :                        1 
    #5 :                       -1 
    #6 :                        2 
    #7 :                        8 
    #8 :                        3 
    #9 :                        1 

    #10 :                       -9 
    #11 :                        2 
    #12 :                        0 
    #13 :                        3 
    #14 :                       -4 
    #15 :                       -9 
    #16 :                        5 
    #17 :                       -1 
    #18 :                       -4 
    #19 :                       -4 
    #20 :                        1 
    #21 :                        5 
    #22 :                        7 
    #23 :                       -7 
    #24 :                       -1 
    #25 :                        6 
    #26 :                       -2 
    #27 :                       -2 
    #28 :                        8 
    #29 :                       -5 
    #30 :                        2 
    #31 :                        0 
    #32 :                       -2 

=>>

Figure 14.2 Sample COM PTP Command Response (Continued)

Table 14.38 COM RTC Command

Commanda

a Parameter c is A, B, or absent for Channel A, Channel B, or all enabled channels, respectively.

Description Access Level

COM RTC Return a report describing the communications on all 
enabled synchrophasor client channels.

1, B, P, A, O, 2

COM RTC A Return a report describing the communications on syn-
chrophasor client Channel A.

1, B, P, A, O, 2

COM RTC B Return a report describing the communications on syn-
chrophasor client Channel B.

1, B, P, A, O, 2
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COM RTC c C and COM RTC c R
The COM RTC C and COM RTC R commands clear/reset the maximum 
packet delay. The C and R options are identical.

                    

COM SV
COM SV (SEL SV Publisher Relays)

NOTE: Not all SEL-400 series relays 
support the COM SV command

The COM SV command displays information and statistics for the SV publica-
tions that can be used for troubleshooting purposes.

                    

The information displayed for each SV publication is described in Table 14.41.

                    

Table 14.39 COM RTC c C and COM RTC c R Command

Command Description Access Level

COM RTC C Clear/reset the maximum packet delay on all enabled 
synchrophasor client channels.

P, A, O, 2

COM RTC A R Clear/reset the maximum packet delay on synchrophasor 
client Channel A.

P, A, O, 2

COM RTC B C Clear/reset the maximum packet delay on synchrophasor 
client Channel B.

P, A, O, 2

Table 14.40 COM SV Command (SEL SV Publisher Relays)

Command Description Access Level

COM SV Displays information for the SV publications 1, B, P, A, O, 2

COM SV k Displays information for the SV publications successively 
for k times

1, B, P, A, O, 2

Table 14.41 Accessible Information for Each SV Publication (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode When SEL TEST SV Mode = Off, the SEL SV publisher relay is 
publishing normal SV messages. When SEL TEST SV Mode = On, the 
SEL SV publisher relay is publishing TEST SV messages.

When SEL TEST SV Mode = On, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise. See TEST SV on 
page 14.68 in this section for more information.

SV Control Reference This field represents the control reference for the SV publication.

When the SEL SV publisher relay is configured via Configured IED 
Description (CID) file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) 
and the SampledValueControl name (SV Control Block Name). e.g., 
SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

Multicast Address
(MultiCastAddr)

This field is the multicast destination address for the SV publication 
and is expressed as six sets of hexadecimal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the pri-
ority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the SV publication. Spaces 
are used if the VLAN is unavailable or unknown.

AppID This hexadecimal field is the value of the Application Identifier for 
the SV publication.
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Figure 14.3 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via CID file.

                    

Figure 14.4 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via PORT 5 Settings.

Sampled Value Identi-
fier (SV ID)

This field is the identifier string value for the SV publication (as 
many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source of the SEL SV 
publisher relay at the time of the most recent SV published message. 

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accu-
racy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID 
(PTP power profile only).

Data Set Reference This field contains the DataSetReference (Data Set Reference) for 
the SV publication.

When the SEL SV publisher relay is configured via CID file, this 
field includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class) and SampledValueC-
ontrol datSet (Data Set Name), e.g., SEL_421CFG/
LLN0$PhsMeas1.

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

SEL_421CFG/LLN0$MS$MSVCB01
 01-0C-CD-04-00-01  4:1    4001      2  
 SV ID: 4001
 Data Set: SEL_421CFG/LLN0$PhsMeas1

SEL_421CFG/LLN0$MS$MSVCB02
 01-0C-CD-04-00-02  4:1    4002      2  
 SV ID: 4002
 Data Set: SEL_421CFG/LLN0$PhsMeas2

SEL_421CFG/LLN0$MS$MSVCB03
 01-0C-CD-04-00-03  4:1    4003      2  
 SV ID: 4003
 Data Set: SEL_421CFG/LLN0$PhsMeas3

Figure 14.3 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Publisher Relay

Table 14.41 Accessible Information for Each SV Publication (Sheet 2 of 2)

Data Field Description
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If the COM SV command is issued during CID file processing or right after SV 
settings change in PORT 5, the relay responds with IEC 61850 configuration is 
in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV publications or subscriptions 
are configured in the CID file when the COM SV command is issued, the relay 
responds with No SV publications configured.

COM SV (SV Subscriber Relays)

The COM SV command displays information and statistics for the SV subscrip-
tions that can be used for troubleshooting purposes.

                    

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

 01-0C-CD-04-00-01  4:1    4101      2  
 SV ID: 4101
 Data Set: 

 01-0C-CD-04-00-02  4:1    4102      2  
 SV ID: 4102
 Data Set: 

 01-0C-CD-04-00-03  4:1    4103      2  
 SV ID: 4103
 Data Set: 

Figure 14.4 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Publisher Relay

Table 14.42 COM SV Command (SEL SV Subscriber Relays)

Command Description Access Level

COM SV Displays information for the SV subscriptions. 1, B, P, A, O, 2

COM SV k Displays information for the SV subscriptions succes-
sively for k times.

1, B, P, A, O, 2

COM SV S Displays a list with the SubsID, AppID, and Control-
BlockReference identifier for each of the SV subscriptions 
configured.

1, B, P, A, O, 2

COM SV S 
[id|ALL]

Displays statistics information and downtime timers for 
all [ALL] or a specific SV subscription [id] based on the 
parameters entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] [L]

Displays an extended report containing statistics informa-
tion, downtime timers and occurred failures for all [ALL] 
or a specific SV subscription [id] based on the parameters 
entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] C

Clears the statistics for a particular SV subscription if the 
identifier [id] is entered. Otherwise clears the statistics for 
all the configured SV subscriptions whether or not the 
[ALL] parameter is entered.

1, B, P, A, O, 2
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Table 14.43 describes the available information for each SV subscription when 
commands in Table 14.42 are entered.

                    

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode This field indicates whether or not the SEL SV subscriber relay is in SEL TEST SV Mode. If On, then the 
SEL SV subscriber relay accepts SV publications that have the TEST bit of the quality attribute set. While in 
Test mode, the SEL SV subscriber relay continues to accept SV publications that do not have the TEST bit 
of the quality attribute set.

When SEL TEST SV Mode = On, Relay Word bit SVSTST is asserted; SVSTST is deasserted otherwise. 
See TEST SV on page 14.68 for more information.

SIMULATED Mode This field indicates whether or not the SEL SV subscriber relay is currently accepting simulated SV publica-
tions. If On, then the SEL SV subscriber relay accepts all the SV publications that have the LPHDSIM mode 
set.

See the Section 17: IEC 61850 Communication for more information about the Simulated Mode.

SV Control Reference This field represents the control reference for the SV subscriptions.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and the SampledValueControl name 
(SV Control Block Name). e.g., SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

AppID This hexadecimal field represents the value of the Application Identifier for the SV subscription.

Accumulated downtime 
duration (since last reset)

Displays the accumulated downtime duration attributed to errors since the last time the statistics were 
cleared.

Maximum downtime 
duration

Displays the maximum duration of continuous downtime attributed to errors, accumulated over the previous 
30-second maximum rolling window to the issue of the COM SV command.

Code (SV Subscriptions 
Failure Report)

Displays one of the values under Table 14.44 either for warning or error code.

This code indicates a warning or error code for each SV subscription in effect at the time the command was 
executed. If multiple warnings or errors are present for an SV subscription, only the code with the highest 
priority is displayed.

If the COM SV S [id|ALL] L is executed, a listed report containing the last eight most recent failures with 
the highest priority error code will be displayed for one or all the SV subscriptions based in the parameters 
entered.

Multicast Address 
(MultiCastAddr)

This field is the multicast destination address for the received SV message expressed as six sets of hexadec-
imal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the priority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the received SV message. Spaces are used if the VLAN is unavail-
able or unknown.

Sampled Value Identifier 
(SV ID)

This field is the identifier string value for the received SV message (as many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source for the most recent received SV message.

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accuracy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID (PTP power profile only).
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Data Set Reference This field contains the DataSetReference (Data Set Reference) for the received SV message.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and SampledValueControl datSet (Data 
Set Name), e.g., SEL_421CFG/LLN0$PhsMeas1.

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

Network Delay This field contains the calculated real-time network delay SVNDmma for an SV subscription.

When the SEL SV subscriber relay is in coupled clock mode (SVCC = 1) and subscribed to an SV publica-
tion (SVSmmOK = 1), this field contains the value of the network delay (SVNDmm) for this particular SV 
subscription. If SVNDmm > 9.99 ms, this field is $$$.

When the SEL SV subscriber relay is not in coupled clock mode (SVCC = 0) or not subscribed to an SV 
publication (SVSmmOK = 0), this field is NA.

a Parameter mm = 1—7, representing the SV identifier for that SV subscription.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

– 1 The subscribing device is disabled or becomes unresponsive. Error

MSG CORRUPTED 2 Displayed when a received SV message does not meet the proper format 
or is corrupted.

Error

ASDU ERROR 3 Displayed when the noASDU (Number of Application Service Data Units 
[ASDUs]) is greater than one. The SEL SV subscriber relay only supports 
a maximum of one ASDU per stream.

Error

SVID RANGE ERR 4 Displayed when the SVID of the received SV message is less than 1 char-
acter or greater than 63 characters long.

Error

SMPCNT RANGE ERR 5 Displayed when the out-of-range (OOR) error occurs. 

This error is present when the smpCnt exceeds the expected range (0–
3999 for 4 kHz or 0–4799 for 4.8 kHz).

Error

CONF REV MISMA 6 Displayed when the value of the configuration revision number in the 
received SV message does not match with the value of the configuration 
revision number present in the CID file.

Error

SMPSYNC MISMA 7 Displayed when the SmpSynch of the received SV message does not 
match with the SmpSynch value of the first configured SV subscription.

This message is also displayed if a received SV message is rejected 
because its SmpSynch value is zero.

Error

PDU LENGTH ERR 8 Displayed when the length of received SV message does not match with 
the length reported in the header of the SV message structure.

Error

INVALID QUAL 9 Displayed when any of the quality bits in Table 14.45 are non-zero for any 
of the subscribed current or voltage channels (excluding the neutral chan-
nels) in a received SV message and the SEL SV subscriber relay is not in 
TEST Mode (SVSTST = 0).

After three consecutive invalid SV messages are interpolated, subsequent 
received packets are discarded.

Error

SV STREAM LOST 10 Displayed after the SEL SV subscriber relay has not received four or more 
consecutive SV messages.

Error

CH DLY EXCEEDED 11 Displayed when the measured network delay (SVNDmmb) of any sub-
scribed SV messages exceeds the configured CH_DLY setting when in 
coupled clock mode (SVCC = 1).

Warning

INTERPOLATED 12 Displayed after the loss of 1–3 consecutive SV messages when the SEL 
SV subscriber relay starts to interpolate the lost SV message.

Warning

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 2 of 2)

Data Field Description
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Table 14.45 details the quality bits defined by the IEC 61850-7-3:2010 standard 
(Section 6.2.1, Table 2) as well as the derived extension from the IEC 61850 
9-2LE_R2-1 standard. If any of the quality bits (shown in italics) in Table 14.45 
is non-zero for any of the subscribed current or voltage channels excluding the 
neutral channels and unmapped channels in a received SV message, the corre-
sponding incoming SV message is discarded.

                    

Figure 14.5 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via CID file.

                    

OUT OF SEQUENC 13 Displayed when the out-of-sequence (OOS) error occurs.

This error is present when the smpCnt value between the received SV 
messages is not sequential.

Warning

QUALITY (TEST) 14 Displayed when the TEST bit of the quality attribute in a received SV 
message is set and the SEL SV subscriber relay is in TEST mode 
(SVSTST = 1).

Warning

SIMULATED –c Displayed when the LPHDSIM mode in the received SV message is set. Warning

a Enumerations are used to communicate SV error codes in the LSVS logical node.
b Parameter mm = 1–7, representing the SV identifier for that SV subscription.
c Simulation mode is indicated in the LSVS logical node by SimSt.stVal and is not part of the ErrSt.stVal enumeration list.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

Table 14.45 Quality Bits in an IEC SV Message

Attribute Default Value

validity Good

detailQual

Overflow FALSE

outOfRange FALSE

badReference FALSE

oscillatory FALSE

Failure FALSE

oldData FALSE

inconsistent FALSE

inaccurate FALSE

Source process

Test FALSE

operatorBlocked FALSE

Deriveda

a All values of the derived quality attribute are accepted.

FALSE

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay
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Figure 14.6 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via PORT 5 settings.

                    

Figure 14.7 gives an example response to the COM SV S ALL L command with 
the SEL SV subscriber relay configured via CID file.

                    

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 01-0C-CD-04-00-A1  4:5    41A1      2                            0.83
 SV ID: 41A1
 Data Set: SEL_4217_MU01CFG/LLN0$PhsMeas1

SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 01-0C-CD-04-00-A2  4:5    41A2      1        SIMULATED           0.83
 SV ID: 41A2
 Data Set: SEL_4217_MU02CFG/LLN0$PhsMeas1

SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 01-0C-CD-04-00-A3  4:5    41A3      2                            NA
 SV ID: 41A3
 Data Set: SEL_4217_MU03CFG/LLN0$PhsMeas1

SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 01-0C-CD-04-00-A4  4:5    41A4      1        INTERPOLATED        1.83
 SV ID: 41A4
 Data Set: SEL_4217_MU04CFG/LLN0$PhsMeas1

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
 
 01-0C-CD-04-00-A1   :     41A1      2       QUALITY (TEST)       0.63
 SV ID:  
 Data Set: 

 01-0C-CD-04-00-A2   :     41A2      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A3   :      41A3      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A4   :      41A4      2       INTERPOLATED         0.63
 SV ID:  
 Data Set:  

Figure 14.6 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Subscriber Relay

=>>COM SV S ALL L <Enter>

TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 SV SubsID 1
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 AppID   : 41A1
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.002
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure
 1    05/13/2017    00:30:19    SV STREAM LOST
 2    05/13/2017    00:29:05    SMPSYNC MISMA

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay (Continued)
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If the COM SV command is issued during CID file processing or right after an 
SV settings change in PORT 5, the relay responds with IEC 61850 configuration 
is in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the COM SV command is issued, the relay responds with No 
SV Subscriptions configured.

CONTROL nn
Use the CONTROL nn command to set, clear, or pulse internal Relay Word bits. 
Remote bits in SELOGIC control equations are similar to hardwired control 
inputs, in that you use these bits to affect relay operation from outside sources. 
For control inputs, external input to the relay comes through the rear panel; in the 
case of the CON nn command, external control signals come through the com-
munications ports. See Remote Bits on page 5.12 for information on remote bits.

                    

 SV SubsID 2
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 AppID   : 41A2
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.000
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 3
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 AppID   : 41A3
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:01:00.000
 Maximum downtime duration                          : 50.000

 #    Date          Time        Failure
 1    05/13/2017    23:10:19    SVID RANGE ERR

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 4
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 AppID   : 41A4
 Last Update : 05/12/2017 17:42:01

 Accumulated downtime duration (since last reset)   : 0000:00:10.006
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay (Continued)

Table 14.46 CON nn Command

Command Description Access Level

CON nna C

a Parameter nn is the remote bit reference for RBnn.

Clear Remote Bit nn. P, A, O, 2

CON nn P Pulse Remote Bit nn for one processing cycle. P, A, O, 2

CON nn S Set Remote Bit nn. P, A, O, 2
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If you enter CON nn with no set, clear, or pulse option specified, the relay 
responds, Control RBnn:. You must then provide the control action (set, clear, or 
pulse) that you want to perform. (The relay checks only the first character; you 
can type Set and Clear.) When you issue a valid CON command, the relay per-
forms the control action immediately and displays Remote Bit Operated.

COPY
The COPY command copies the settings from one class instance to another 
instance in the same class. For example, you can copy Group settings from one 
group to another. You cannot copy Group settings to Port settings.

This command is limited to the same access level as the SET command for the 
class of settings you are copying.

                    

The parameters m and n must be valid and distinct (not the same) instance num-
bers. You can typically choose from classes of group (S), port (P), and protection 
SELOGIC control equations (L). Some SEL-400 series relays support copying 
additional classes. The COPY command is not available within the Automation 
class and is not available for the Breaker Monitor settings.

In addition, port settings instances must be compatible; you cannot copy from/to 
PORT 5 and the other communications ports settings. You cannot copy to a port 
that is presently in transparent communication. If you attempt such a copy, the 
relay responds with Cannot copy to a port involved in transparent com-
munication. In addition, you cannot copy to the present port (the port you are 
using to communicate with the relay). If you attempt such a copy, the relay 
responds with Cannot copy port settings to present port.

When you enter the COPY command with valid parameters, the relay responds 
with Are you sure (Y/N)?. Answer Y <Enter> (for yes) to complete copying.

If the destination instance is the active group, the relay changes to the new set-
tings and pulses the SALARM Relay Word bit.

Table 14.47 COPY Command

Command Description Access Level

COPY m na

a Parameters m and n are 1 to 6 for the Group class and 1, 2, 3, and F for the Port class.

Copy settings from instance m of the Group settings to 
instance n of the Group settings.

P, A, O, 2

COPY class m nb

b Parameter class is S, P, and L for group settings, port settings, and protection SELOGIC control 
equations, respectively.

Copy settings from instance m of Class class to instance 
n of Class class.

P, A, O, 2



14.26

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

CPR
Use the CPR command to access the Signal Profile data for as many as 20 user-
selectable analog values in Compressed ASCII format. Notice that the CPR 
records are in reverse chronological progression as compared to the PRO reports.

                    

CSER
The CSER command provides an SER report in Compressed ASCII format. The 
default order of the CSER command (chronologically newest to oldest from list 
top to list bottom) is the reverse of the SER command (oldest to newest from list 
top to list bottom).

CSE
Use the CSE command to gather Sequential Events Recorder (SER) records. You 
can sort these records in numerical or date order.

                    

Table 14.48 CPR Command

Command Description Access Level

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m Displays the first m rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m n (m > n) Displays the row between m and n, (including m and n). 1, B, P, A, O, 2

CPR date1 Displays all the rows that were recorded on that date, with 
the latest row at the bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chrono-
logically precedes date2), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chrono-
logically precedes date1), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR TERSE The CPR TERSE command omits the report labels. 1, B, P, A, O, 2

Table 14.49 CSE Command (Sheet 1 of 2)

Command Description Access Level

CSE Return all records from the SER in Compressed ASCII 
format, with the most recent (lowest number) at the 
beginning of the list and the oldest (highest number) at 
the end of the list.

1, B, P, A, O, 2

CSE ka Return the k most recent records from the SER in Com-
pressed ASCII format, with the most recent (lowest 
number) at the beginning of the list and the oldest (high-
est number) at the end of the list.

1, B, P, A, O, 2
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CSE TERSE
The CSE TERSE command returns a SER report in Compressed ASCII format 
without labels; the relay sends only the data (including header data). You can 
apply the TERSE option with any of the CSE commands.

                    

CSE m nb Return the SER records in Compressed ASCII format 
from m to n.

If m is greater than n, then records appear with the oldest 
(highest number) at the beginning of the list and the 
most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list and 
the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1c Return the SER records in Compressed ASCII format on 
date date1.

1, B, P, A, O, 2

CSE date1 date2c Return the SER records in Compressed ASCII format 
from date date1 to date date2.

1, B, P, A, O, 2

a Parameter k indicates a specific number of SER records.
b Parameters m and n indicate an SER record number.
c Enter date1 and date2 in the same format as Global setting DATE_F.

Table 14.49 CSE Command (Sheet 2 of 2)

Command Description Access Level

Table 14.50 CSE TERSE Command

Command Description Access Level

CSE TERSE Return all SER records without the label lines in 
Compressed ASCII format.

1, B, P, A, O, 2

CSE k TERSEa

a Parameter k indicates a specific number of SER records.

Return the k most recent SER records without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSE m n TERSEb

b Parameters m and n indicate an SER record number.

Return the SER records in Compressed ASCII for-
mat from m to n without the label lines in Com-
pressed ASCII format.

If m is greater than n, then records appear with the 
oldest (highest number) at the beginning of the list 
and the most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list 
and the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1 
TERSEc

c Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records in Compressed ASCII for-
mat on date date1 without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2

CSE date1 date2 
TERSEc

Return the SER records in Compressed ASCII for-
mat from date date1 to date date2 without the label 
lines in Compressed ASCII format.

1, B, P, A, O, 2
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CSTATUS
The CSTATUS command provides a STATUS report in the Compressed ASCII 
format. The TERSE option eliminates the report label lines.

                    

CSUMMARY
The CSUMMARY provides the same information as the SUMMARY command 
but in Compressed ASCII format. You can combine the n, ACK, MB, and 
TERSE options.

CSU
Use the CSU command to gather event report summaries.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

CSU ACK
Use the CSU ACK command to acknowledge an event summary that you recently 
retrieved with the CSU NEXT command on the present communications port.

                    

CSU MB
The CSU MB command causes the relay to output the labels for the MIRRORED 
BITS communications channel data in Compressed ASCII format.

                    

Table 14.51 CST Command

Command Description Access Level

CST Return the relay status in Compressed ASCII. 1, B, P, A, O, 2

CST TERSE Return the relay status in Compressed ASCII; suppress the 
label lines and transmit only the data lines.

1, B, P, A, O, 2

Table 14.52 CSU Command

Command Description Access Level

CSU Return the most recent event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

CSU na

a Parameter n indicates event order or serial number.

Return a particular n event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

Table 14.53 CEV ACK Command

Command Description Access Level

CSU ACK Acknowledge the oldest unacknowledged event summary at 
the present communications port for Compressed ASCII format.

1, B, P, A, O, 2

Table 14.54 CSU MB Command

Command Description Access Level

CSU MB Return the MIRRORED BITS communications channel labels. 1, B, P, A, O, 2
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CSU NEXT
Use the CSU NEXT command to view the oldest unacknowledged event sum-
mary in Compressed ASCII format.

                    

CSU TERSE
The TERSE command option returns an event summary report in Compressed 
ASCII format without labels; the relay sends only the data (including header data).

                    

You can apply the TERSE option with any of the CSU commands except CSU 
ACK and CSU MB.

DATE
Use the DATE command to view and set the relay date. The relay can overwrite 
the date that you enter by using other time sources, such as IRIG and DNP3. 
Enter the DATE command with a date to set the internal clock date. You can sep-
arate the month, day, and year parameters with spaces, commas, slashes, colons, 
and semicolons.

Set the year in two-digit form (for dates 2000–2099) or four-digit form. If you 
enter the year as 12, the relay date is 2012. You must enter the data in the format 
specified in the Global setting DATE_F.

If an IRIG-B time synchronization signal is connected to the relay, the DAT com-
mand cannot alter the month or day portion of the date. If the IRIG-B time SNTP 
time source is connected, the DAT command cannot alter any time setting.

                    

Table 14.55 CSU N Command

Command Description Access Level

CSU N View the oldest unacknowledged event summary. 1, B, P, A, O, 2

Table 14.56 CSU TERSE Command

Command Description Access Level

CSU TERSE Return the event summary report without the label lines 
in Compressed ASCII format.

1, B, P, A, O, 2

CSU na TERSE

a Parameter n indicates event number or serial order.

Return a particular n event summary report without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSU N TERSE View the oldest unacknowledged event summary without 
the label lines in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.57 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1, B, P, A, O, 2

DATE datea

a Enter date parameters in the same order as Global setting DATE_F.

Set the internal clock date. 1, B, P, A, O, 2
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DNAME X
The DNA X command produces the ASCII names of all relay digital I/O (input/
output) quantities reported in a Fast Meter message in Compressed ASCII format.

                    

DNP
The DNP command accesses the serial port DNP3 settings and is similar to the 
SHOW D command. Use the DNP or DNP VIEW command to show the relay 
serial port DNP3 settings beginning at the first setting label just like SHOW D. 
Issue the DNP command with any parameter param to set the serial port DNP3 
settings; the relay begins at the first DNP3 setting just like SET D.

                    

ETHERNET
The ETH command displays the current Ethernet port (PORT 5) configuration and 
status. Communications statistics, such as the number of packets, bytes, and 
errors received and sent, are displayed for the ports that carry standard Ethernet, 
DNP3 or optional IEC 61850 communications. Other commands are available to 
display similar statistics for ports that exclusively carry other types of traffic, for 
example, COM 87L for 87L traffic.

ETH
Use the ETH command when troubleshooting Ethernet connections.

                    

Table 14.58 DNA Command

Command Description Access Level

DNA X Display ASCII names of all relay digital I/O. 0, 1, B, P, A, O, 2

Table 14.59 DNP Command

Command Description Access Level

DNP Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP VIEW Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP param Set the serial port DNP3 settings (same as SET D); begin 
at the first DNP3 setting.

P, A, O, 2

Table 14.60 ETH Command

Command Description Access Level

ETH Displays information about Ethernet port(s) 1, B, P, A, O, 2
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Figure 14.8 shows a sample ETH command response for a relay with four cop-
per Ethernet ports and PORT 5 setting NETMODE = FAILOVER. Different Ether-
net configurations and different NETMODE settings result in slightly different 
information being displayed. 

                    

Figure 14.9 shows a sample ETH command response for a relay with the five-
port Ethernet card, BUSMODE set to INDEPEND, NETMODE and NETMODP 
set to PRP, and all interfaces enabled.

                    

==>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 16:07:59.368
Station A                                  Serial Number: 1230769999

MAC 1: 00-30-A7-06-21-EE
MAC 2: 00-30-A7-06-21-EF
IP ADDRESS: 192.168.1.89/20
DEFAULT GATEWAY: 192.168.1.1

NETMODE: FAILOVER

PRIMARY PORT:      5C
ACTIVE PORT:       5D

             LINK   SPEED  DUPLEX  MEDIA
PORT 5C      Down   ---    ---     FX
PORT 5D      Up     100M   Full    TX

        PACKETS                 BYTES               ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
    318292   326702     40080159   22834008         0       4

Figure 14.8 Sample ETH Command Response for the Two-Port Ethernet Card

=>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:41:24.123
Station A                                  Serial Number: 1230769999

BUSMODE: INDEPENDENT

PROCESS BUS
MODE: PRP
PORTS 5A/5B MAC: 00-30-A7-00-00-03

STATION BUS
MODE: PRP
PORTS 5C/5D MAC: 00-30-A7-00-00-04
IP ADDRESS: 192.168.1.31/24
DEFAULT GATEWAY: 192.168.1.1

ENGINEERING ACCESS
PORT 5E MAC: 00-30-A7-00-00-05
IP ADDRESS: 192.168.2.31/24
DEFAULT GATEWAY: 192.168.2.1

ETHERNET PORT STATUS
             LINK  SPEED  DUPLEX  MEDIA
--------------------------------------------------------------------
PORT 5A      Up    1000M  Full    SX
PORT 5B      Up    1000M  Full    SX
PORT 5C      Up    100M   Full    FX
PORT 5D      Up    100M   Full    FX
PORT 5E      Up    100M   Full    FX

PACKET COUNT
             SENT     RCVD     DISC     ERROR
--------------------------------------------------------------------
PORT 5A    284003  4238102        0        0
PORT 5B    283878  4238078        0        0
PORT 5C    137629   418243   355859        0
PORT 5D    137609   961288   960074        0
PORT 5E     12020    14880      640        0

SFP TRANSCEIVER INFO
             RX Power(dBm)  TX Power(dBm)  Temp(C)
--------------------------------------------------------------------
PORT 5A       -15.90        -17.06          41.1
PORT 5B       -33.98        -17.14          41.0
PORT 5C       -18.73        -17.06          40.2
PORT 5D       -18.01        -17.14          39.6
PORT 5E       -18.12        -17.08          49.2

=>>

Figure 14.9 Sample ETH Command Response for the Five-Port Ethernet Card 
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ETH C and ETH R
The ETH C and ETH R commands clear the Ethernet connection statistics. 
Option C and R are identical.

                    

When you issue the ETH C and ETH R command, the relay sends the following 
prompt: Are you sure (Y/N)?. If you answer Y <Enter>, the relay clears the 
Ethernet statistics and response: Ethernet Statistics Cleared.

EVENT
NOTE: The SEL-400G relay does not 
support 4-sample/cycle events. 
Filtered and unfiltered events are 
presented in the COMTRADE format.

Use the EVENT command to view the relay filtered event reports (see Event 
Report on page 9.14 for information on event reports).

EVE
The EVE command displays the full-length event reports stored in relay memory. 
When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

                    

EVE A
The EVE A command returns only the analog information in the event report.

                    

Table 14.61 ETH C and ETH R Command

Command Description Access Level

ETH C Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

ETH R Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

Table 14.62 EVE Command

Command Description Access Level

EVE Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na

a Parameter n indicates event order or serial number.

Return a particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.63 EVE A Command

Command Description Access Level

EVE A Return only the analog information for the most recent 
event report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE A na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the analog information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE ACK
Use EVE ACK to acknowledge the oldest unacknowledged event that you 
recently viewed with the EVE NEXT or the CEV NEXT commands on the pres-
ent communications port.

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the EVE NEXT command, the relay responds with Event sum-
mary number n has not been viewed with the NEXT option.

EVE C
Use EVE C to return a 15-cycle length event report with both analog and digital 
data. You cannot mix the A and D options with the EVE C command. The Lyyy 
option overrides the C option (see EVE Lyyy on page 14.34).

                    

EVE D
Use EVE D to return only the digital information in the event report.

                    

Table 14.64 EVE ACK Command

Command Description Access Level

EVE ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.65 EVE C Command

Command Description Access Level

EVE C Return the most recent event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

EVE C na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

Table 14.66 EVE D Command

Command Description Access Level

EVE D Return only the digital information for the most recent event 
report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE D na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the digital information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE L
Use EVE L to return a large resolution event report. The Sx option overrides the 
L option (see EVE Sx on page 14.35).

                    

EVE Lyyy
Command EVE Lyyy returns a specified length event report, where Lyyy indi-
cates a length of yyy cycles. You can specify yyy from 1 cycle up to a value 
including and exceeding the event report total cycle length. If yyy is longer than 
the total length, the relay returns the full duration event report. The Lyyy option 
overrides the C option.

                    

EVE NEXT
EVE NEXT returns the oldest unacknowledged event report on the present com-
munications port.

                    

EVE NSET
The EVE NSET command returns the event report with no relay settings.

                    

Table 14.67 EVE L Command

Command Description Access Level

EVE L Return the most recent event report at full length with large 
resolution data.

1, B, P, A, O, 2

EVE na L

a Parameter n indicates event order or serial number.

Return a particular n event report at full length with large 
resolution data.

1, B, P, A, O, 2

Table 14.68 EVE Lyyy Command

Commanda

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Description Access Level

EVE Lyyy Return yyy cycles of the most recent event report (including 
settings) with 4-samples/cycle data.

1, B, P, A, O, 2

EVE n Lyyy Return yyy cycles of a particular n event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.69 EVE N Command

Command Description Access Level

EVE N Return the oldest unacknowledged event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.70 EVE NSET Command

Command Description Access Level

EVE NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSET
a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE NSUM
The EVE NSUM returns the event report with no event summary.

                    

EVE Sx
Use the EVE Sx command to specify the sample data resolution of the event 
report. The sample data resolution x is either 4-samples/cycle or large resolution; 
the default value is 4-samples/cycle if you do not specify Sx. The Sx option over-
rides the L option.

                    

EVE Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, and Sx, in one com-
mand. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option.

➤ The Sx option overrides the L option.

➤ When choosing option A or option D as a report type, you cannot use 
option C to specify the report length at 15 cycles. Use option Lyyy at 
L015 to specify a 15-cycle report.

➤ Enter the options in any order.

Table 14.73 lists the choices you can make in the EVE command. Combine 
options on each row, selecting one option from each column, to create an EVE 
command.

                    

Table 14.71 EVE NSUM Command

Command Description Access Level

EVE NSUM Return the most recent event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSUM
a Parameter n indicates event order or serial number.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.72 EVE Sx Command

Command Description Access Level

EVE Sx Return the most recent event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

EVE na Sx

a Parameter n indicates event order or serial number; x is 4, 8, or 12 to represent data at 
4 samples/cycle, 8 samples/cycle, or 12 samples/cycle respectively. See the product-specific 
instruction manual to see whether 8 or 12 samples/cycle are supported for larger resolution reports.

Return a particular n event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.73 EVE Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C, A, D Lyyy, C NSET, NSUM
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The following examples illustrate some possible option combinations.

                    

EXIT
Use the EXIT command to terminate a Telnet session and revert to Access Level 0 
(exit relay control).

                    

FILE
The FILE command provides a safe and efficient means of transferring files 
between IEDs and external support software (ESS) by providing Ymodem file 
transfer. The FILE commands are especially useful for retrieving high-resolution 
sampled data in binary COMTRADE format from the relay.

                    

All text enclosed in [brackets] indicates optional command line parameters. The 
specific directories available in the relay depends on the relay model, but typi-
cally includes EVENTS, REPORTS, SETTINGS, and SYNCHROPHASOR 
directories. For FILE READ operations, specify the directory parameters as 
needed. The FILE WRITE command is available only for the SETTINGS directory.

Table 14.74 EVE Command Examples

Example Description

EVE L010 S8 Return 10 cycles of an 8-samples/cycle event report for the most recent event.

EVE L10 A Return 10 cycles of the analog portion only of the most recent event report 
at 4-samples/cycle resolution.

EVE 2 C NSUM For the second most recent event, return the event with 8-samples/cycle 
data, and omit the event summary.

Table 14.75 EXIT Command

Command Description Access Level

EXIT Terminate the Ethernet port Telnet sessions and go to 
Access Level 0 (exit relay control)

0, 1, B, P, A, O, 2

Table 14.76 FILE Command

Command Description Access Level

FILE DIR
directory

Returns a list of filenames in specified directory (direc-
tory). If not specified, then the list of files and directories in 
the root directory is returned.

1, B, P, A, O, 2

FILE READ 
directory
filename

Initiates a file transfer of the file filename (in the folder 
directory) from the relay to ESS. The filename parameter is 
required.

1, B, P, A, O, 2

FILE 
WRITE 
SETTINGS
filename

Initiates a file transfer of the file filename from ESS to the 
relay. If the filename parameter is not specified, the file 
name must be given in the Ymodem header.

P, A, O, 2
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GOOSE
Use the GOOSE command to display transmit and receive GOOSE messaging 
information, which can be used for troubleshooting.

                    

The information displayed for each GOOSE IED is described in Table 14.78.

                    

                    

Table 14.77 GOOSE Command

Command Description Access Level

GOOSE Displays GOOSE information 1, B, P, A, O, 2

GOOSE k Displays GOOSE information successively for k times 1, B, P, A, O, 2

Table 14.78 Accessible GOOSE IED Information

IED Description

Transmit GOOSE 
Control Reference

This field represents the GOOSE control reference information that includes the IED name, ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class), and GSEControl name (GSE Control Block Name) (e.g., 
SEL_411L_OtterCFG/LLN0$DSet13).

Receive GOOSE 
Control Reference

This field shall contain the goCbRef (GOOSE Control Block Reference) information that includes the iedName 
(IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and cbName (GSE Control 
Block Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Multicast Address 
(MultiCastAddr)

This hexadecimal field represents the GOOSE multicast address.

Priority Tag (Ptag) This three-bit decimal field represents the priority tag value, where spaces are used if the priority tag is unknown.

VLAN (Vlan) This 12-bit decimal field represents the virtual LAN setting, where spaces are used if the virtual LAN is unknown.

State Number 
(StNum)

This hexadecimal field represents the state number that increments with each state change.

Sequence Number 
(SqNum)

This hexadecimal field represents the sequence number that increments with each GOOSE message sent.

Time to Live (TTL) This field contains the time (in ms) before the next message is expected.

Transmit Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the IED name, LN0 lnClass (Logical Node 
Class), and GSEControl datSet (Data Set Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the iedName (IED name), ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class) and datSet (Data Set Name) (e.g., SEL_411L_1CFG/
LLN0$DSet13).

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or becomes 
unresponsive after the GOOSE command has been issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the con-
figuration revision number in the received GOOSE message does not 
match with the value of the configuration revision number present in the 
CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE message 
has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message does 
not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error
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An example response to the GOOSE command is shown in Figure 14.10.
                    

If the GOOSE command is issued during CID file processing, the relay responds 
with CID file is currently being processed. No GOOSE statistics 
available. When GOOSE is disabled by settings (EGSE = N), the relay sends 
Command is not available in responding to a GOOSE command. If an error is 
detected during the processing of the IEC 61850 file, the relay responds with 
Error detected in parsing the CID file. All GOOSE processing dis-
abled to a GOOSE command.

GOO S
The GOO S command provides statistics for GOOSE subscriptions.

                    

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the StNum or 
SqNum value between received GOOSE messages is not sequential.

Warning

INVALID QUAL 7 Invalid data quality received Warning

a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

=>>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_OtterCFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10  4:1     1          166        457
   Data Set: SEL_411L_OtterCFG/LLN0$DSet13

GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487B_1CFG/LLN0$DSet13

SEL_2440_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-0A   :      0          0          0      TTL EXPIRED
   Data Set: SEL_2440_1CFG/LLN0$DSet13

SEL_487E_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487E_1CFG/LLN0$DSet13

SEL_710_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-08   :      0          0          0      TTL EXPIRED
   Data Set: SEL_710_1CFG/LLN0$DSet13

IEC 61850 Mode/Behavior: Blocked
IEC 61850 Simulation Mode: On

Figure 14.10 GOOSE Command Response for the Two- or Four-Port Ethernet 
Card

Table 14.80 GOO S Command (Sheet 1 of 2)

Command Description Access Level

GOO S Display a list of GOOSE subscriptions with their ID. 1,B,P,A,O,2

GOO S n Display GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL Display GOOSE statistics for all subscriptions. 1,B,P,A,O,2

GOO S n L Display GOOSE statistics for subscription ID n including 
error history. 

1,B,P,A,O,2
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When reporting a list of subscriptions with the GOO S command, the response 
includes the subscription ID, the application identifier, and the GOOSE control 
block reference. The other variants of GOO S provide statistics on the selected 
subscriptions. Figure 14.11 and Figure 14.12 illustrates this.

                    

                    

GOO S ALL L Display GOOSE statistics for all subscriptions including 
error history. 

1,B,P,A,O,2

GOO S n C Clear GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL C Clear GOOSE statistics for all subscriptions. 1,B,P,A,O,2

==>GOO S 2 <Enter>

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 06/30/2014 10:59:29.760  To: 06/30/2014 11:10:32.817

 Accumulated downtime duration                      : 0000:10:59.325
 Maximum downtime duration                          : 0000:10:59.325
 Date & time maximum downtime began                 : 06/30/2014 10:59:33.492
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 1 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 654 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

Figure 14.11 Example GOO S Command Response

=>>GOO S ALL L <Enter>

 SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet01
 AppID   : 4113 
 From    : 07/01/2014 11:23:13.851  To: 07/01/2014 11:37:54.790

 Accumulated downtime duration                      : 0000:00:34.002
 Maximum downtime duration                          : 0000:00:13.000
 Date & time maximum downtime began                 : 07/01/2014 11:35:36.048
 Number of messages received out-of-sequence(OOS)   : 4 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 12 
 Calculated number of messages lost due to OOS      : 30 

 #    Date        Time          Duration        Failure
 1    07/01/2014  11:37:02.051  0000:00:01.000  OUT OF SEQUENCE
 2    07/01/2014  11:36:59.051  0000:00:03.000  CONF. REV. MISMATCH
 3    07/01/2014  11:36:38.050  0000:00:00.999  OUT OF SEQUENCE
 4    07/01/2014  11:36:29.049  0000:00:09.000  NEEDS COMMISSIONING
 5    07/01/2014  11:36:09.049  0000:00:00.999  OUT OF SEQUENCE
 6    07/01/2014  11:36:03.049  0000:00:06.000  CONF. REV. MISMATCH
 7    07/01/2014  11:35:48.048  0000:00:00.999  OUT OF SEQUENCE

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 07/01/2014 11:37:45.158  To: 07/01/2014 11:37:54.796

Figure 14.12 Example GOO S ALL L Command Response

Table 14.80 GOO S Command (Sheet 2 of 2)

Command Description Access Level
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GROUP
Use the GROUP command to view the present group number or to change the 
active group.

                    

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)?. Answer Y <Enter> to change the active group. 
The relay asserts the Relay Word bit SALARM for at least one second when you 
change the active group.

If any of the SELOGIC control equations SS1–SS6 are set when you issue the 
GROUP n command, the group change will fail. The relay responds with No 
group change: SELogic equations SS1-SS6 have priority over GROUP 
command.

HELP
The HELP command gives a list of commands available at the present access 
level. You can also get a description of any particular command; type HELP fol-
lowed by the name of the command for help on each command.

                    

HISTORY
The HISTORY command displays a quick synopsis of the last 100 events that 
the relay has captured. The rows in the HISTORY report typically contains the 
event serial number, date, time, location, maximum current, active group, and tar-
gets. (The specific content depends on the relay.) See Section 9: Reporting and 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual for more information on history reports.

 Accumulated downtime duration                      : 0000:00:09.638
 Maximum downtime duration                          : 0000:00:09.638
 Date & time maximum downtime began                 : 07/01/2014 11:37:45.158
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

 #    Date        Time          Duration        Failure

Figure 14.12 Example GOO S ALL L Command Response (Continued)

Table 14.81 GROUP Command

Command Description Access Level

GROUP Display the presently active group. 1, B, P, A, O, 2

GROUP na

a Parameter n indicates group numbers 1–6.

Change the active group to Group n. B, P, A, O, 2

Table 14.82 HELP Command

Command Description Access Level

HELP Display a list of each command available at the present 
access level with a one-line description.

1, B, P, A, O, 2

HELP command Display information on the command command. 1, B, P, A, O, 2
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HIS
Use the HIS command to list one-line descriptions of relay events. You can list 
event histories by number or by date.

                    

HIS C and HIS R
The HIS C and HIS R commands clear/reset the history data and corresponding 
high-resolution/event report data on the present port. Options C and R are identical.

                    

The relay prompts you with Are you sure (Y/N)? when you issue the HIS C 
and HIS R commands. If you answer Y <Enter>, the relay clears the present port 
history data.

HIS CA and HIS RA
The HIS CA and HIS RA commands clear all history data and event reports 
from memory. Use these commands to completely delete high-resolution/event 
report data captures.

                    

If you issue the HIS CA and HIS RA commands, the relay prompts you with Are 
you sure (Y/N)?. If you answer Y <Enter>, the relay clears all history data and 
event reports. The relay resets the event report number to 10000.

Table 14.83 HIS Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom of 
the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS ka

a Parameter k indicates an event number.

Return the k most recent event histories with the oldest at the 
bottom of the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS date1b

b Enter date1 and date2 in the order selected by the Global setting DATE_F.

Return the event histories on date date1. 1, B, P, A, O, 2

HIS date1 date2b Return the event histories from date1 to date2, with 
date1 at the bottom of the list and date2 at the top of the list.

1, B, P, A, O, 2

Table 14.84 HIS C and HIS R Commands

Command Description Access Level

HIS C Clear/reset event data on the present port only. 1, B, P, A, O, 2

HIS R Clear/reset event data on the present port only. 1, B, P, A, O, 2

Table 14.85 HIS CA and HIS RA Commands

Command Description Access Level

HIS CA Clear all event data for all ports. P, A, O, 2

HIS RA Clear all event data for all ports. P, A, O, 2
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ID
Use the ID command to extract relay identification codes.

                    

Each line of the ID command report contains an identification code and a line 
checksum. The relay presents these codes in the following order:

FID: the Firmware Identification string

BFID: the Boot Firmware Identification string

CID: the checksum of the firmware

DEVID: the RID string as stored in the relay settings of the IED

DEVCODE: a unique Device Code (for Modbus identification purposes)

PARTNO: the Part Number

SERIALNO: the serial number of the relay

CONFIG: abcdef

The designator positions indicate a specific relay configuration:

“a” represents the nominal frequency, where 0 = N/A, 1 = 60 Hz, and 
2 = 50 Hz.

“b” represents the phase rotation, where 0 = N/A, 1 = ABC, and 2 = ACB.

“c” represents the phase input current scaling, where 0 = N/A, 1 = 5 A, 
and 2 = 1 A.

“d” represents the neutral input current scaling, where 0 = N/A, 1 = 5 A, 
2 = 1 A.

“e” represents the voltage input connection, where 0 = N/A, 1 = Delta, 
and 2 = Wye.

“f” represents the current input connection, where 0 = N/A, 1 = Delta, and 
2 = Wye.

SPECIAL: the Special Configuration Designators—a mechanism for antici-
pating future product enhancements

If the device supports IEC 61850 and the IEC 61850 protocol is enabled, the ID 
command will display the following additional information.

➤ iedName: the IED name (e.g., SEL-411L_OtterTail)

➤ type: the IED type (e.g., SEL-411L)

➤ configVersion: the CID file configuration version (e.g., 
ICD-411L-R100-V0-Z001001-20060512)

➤ LIB61850ID: an eight-character code indicating the IEC 61850 
library version within the product

A sample ID command response from the relay (with IEC 61850 enabled) is 
shown in Figure 14.13.

Table 14.86 ID Command

Command Description Access Level

ID Return a list of relay identification codes. 0, 1, B, P, A, O, 2
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IRIG
The IRIG command directs the relay to use the next available demodulated 
IRIG-B time code to update the relay internal clock. For information on the IRIG 
time mode, see IRIG-B Timekeeping on page 11.1.

                    

NOTE: Not all SEL-400 series relays  
support the IRIG command.

The IRIG command was originally provided in the relay as a testing aid. The 
IRIG command was used to update the relay internal clock with the IRIG-B time 
value without waiting for the 30-second confirmation time delay.

There is no longer a 30-second confirmation time delay—the relay uses the IRIG 
time source as soon as it determines that the signal is valid, a process that may 
take several seconds. Once the IRIG signal is verified, the relay clock is updated 
once per second. The IRIG command is still available, but is no longer neces-
sary. To check IRIG status, use the TIME Q command instead—see TIME Q 
Command on page 11.8.

If the relay has no valid IRIG-B time code at the rear panel, or if the TIME Q 
command reports a relay time source other than IRIG or HIRIG, the relay 
responds to the IRIG command with the following error message, IRIG-B DATA 
ERROR. See the TIME command for more information.

LOOPBACK
Use the LOOPBACK command to instruct the relay to receive the transmitted 
MIRRORED BITS communications data on the same serial port. See SEL MIR-
RORED BITS Communication on page 15.36 for more information on MIRRORED 
BITS communications.

LOOP
The LOOP command puts the relay serial port in loopback if you have previ-
ously configured the port for MIRRORED BITS communications. If you have 
enabled both of the MIRRORED BITS communications channels (A and B), then 
you must specify the channel parameter. If you have only one of the channels 

=ID <ENTER>
"FID=SEL-451-5-R319-V0-Z024013-D20170608","0916"
"BFID=SLBT-4XX-R209-V0-Z001002-D20150130","097C"
"CID=85F4","0264"
"DEVID=Relay 1","0467"
"DEVCODE=40","030B"
"PARTNO=04515415XC4X4H60X0XXX","07B3"
"SERIALNO=1230769999","0517"
"CONFIG=11102200","03EA"
"SPECIAL=000000","03CE"
"iedName=SEL_451_1","05CD"
"type=SEL_451","044C"
"configVersion=ICD-451-R301-V0-Z316006-D20170130","0D1C"
"LIB61850ID=9048BE8A","04EA"

=

Figure 14.13 Sample ID Command Response From Ethernet Card

Table 14.87 IRIG Command

Command Description Access Level

IRIG Lock the relay internal clock to the IRIG-B time-code input. 1, B, P, A, O, 2
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enabled, then the relay assumes that channel if you do not specify that channel in 
the command. If you do not specify a time-out period, the relay provides a 5-min-
ute time-out.

                    

You can enter the options in any order. If you operate the relay by using both 
MIRRORED BITS communications channels (A and B), then you must specify the 
channel parameter by using the LOOP A command and the LOOP B command.

When you issue the LOOP command, the relay responds with statements about 
the loopback time, status of the RMB (Receive MIRRORED BITS), and Are you 
sure (Y/N)?. If you answer Y <Enter>, the relay responds with Loopback Mode 
Started.

In the loopback mode, ROK drops out and the relay uses LBOK to indicate 
whether the data transmissions are satisfactory. The relay collects COM data as 
usual. Time synchronization and virtual terminal modes are not available during 
loopback. The relay continues passing analog quantities.

LOOP DATA
The LOOP DATA command tells the relay to pass input MIRRORED BITS com-
munications data through to the receive (RMB) bits, as in the nonloopback mode.

                    

The relay ignores received values if you do not specify the DATA option. You 
can enter the options in any order.

Table 14.88 LOOP Command

Command Description Access Level

LOOP Begin loopback of a single enabled MIRRORED BITS commu-
nications channel (either Channel A or Channel B) for 5 minutes; 
ignore input data and force receive bits (RMB) to defaults.

P, A, O, 2

LOOP ca

a Parameter c is A or B, representing Channel A or Channel B.

Begin loopback of MIRRORED BITS communications 
Channel c for 5 minutes; ignore input data and force receive 
bits (RMB) to defaults.

P, A, O, 2

LOOP t Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

LOOP t c Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

Table 14.89 LOOP DATA Command

Command Description Access Level

LOOP DATA Begin loopback of a single MIRRORED BITS communica-
tions channel (either Channel A or Channel B) for 5 min-
utes: pass input data to receive data as in nonloopback mode.

P, A, O, 2

LOOP c DATA Begin loopback of MIRRORED BITS communications 
Channel c only for 5 minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2

LOOP c DATA t Begin loopback of MIRRORED BITS communications 
Channel c only for t minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2
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LOOP R
The LOOP R command terminates the loopback condition on MIRRORED BITS 
communications channels in loopback. If you do not specify a Channel c, then 
the relay disables loopback on both channels. If you specify a channel, you can 
enter the options in any order.

                    

MAC
The MAC command returns the Media Access Control (MAC) addresses of the 
Ethernet ports.

                    

A sample MAC command response for a relay with the four-port Ethernet card is 
shown in Figure 14.14.

                    

A sample MAC command response for a relay with the five-port Ethernet card is 
shown in Figure 14.15. The first MAC address is associated with the station bus, 
the second with the process bus, and the third with the engineering access net-
work.

                    

MAP
Use the MAP command to view the organization of the relay database. The MAP 
command in the relay is very similar to the MAP command in the SEL-2020 and 
SEL-2030 Communications Processors.

Table 14.90 LOOP R Command

Command Description Access Level

LOOP R Cease loopback on all MIRRORED BITS communications 
channels. (Reset the channels to normal use.)

P, A, O, 2

LOOP c R Cease loopback on MIRRORED BITS communications 
Channel c. (Reset Channel c to normal use.)

P, A, O, 2

Table 14.91 MAC Command

Command Description Access Level

MAC Display all Ethernet ports MAC addresses 1, B, P, A, O, 2

=>>MAC <Enter>
Port 5-1 MAC Address:  01-30-A7-00-00-01
Port 5-2 MAC Address:  01-30-A7-00-00-02

Figure 14.14 Sample MAC Command Response for the Two- or Four-Port 
Ethernet Card

=>MAC <Enter>
Port 5-1 MAC Address:  00-30-A7-00-00-03
Port 5-2 MAC Address:  00-30-A7-00-00-04
Port 5-3 MAC Address:  00-30-A7-00-00-05
=>

Figure 14.15 Sample MAC Command Response for the Five-Port Ethernet Card
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MAP 1
The MAP 1 command lists the relay database regions. Typical database region 
names are LOCAL, METER, DEMAND, TARGET, HISTORY, BREAKER, 
STATUS, and ANALOGS.

                    

MAP 1 region and MAP 1 region BL
Use the MAP 1 command with the region option to view the layout of a specific 
region.

                    

The region option is the database region name shown in the simple MAP 1 com-
mand response. The region map consists of columns for data item labels, data-
base address, and data type.

If you specify the BL option and the region contains items with bit labels, the 
relay lists these bit labels in MSB (most significant bit) to LSB (least significant 
bit) order. The TARGET region is usually the only region containing bit labels.

METER
The METER command displays reports about quantities the relay measures in 
the power system (voltages, currents, frequency, remote analogs, and so on) and 
internal relay operating quantities (math variables and synchronism-check values).

All SEL-400 series relays support a METER command, but the options and 
responses are device specific. See the product-specific instruction manual for 
details of the METER command. Included below are the variants of the 
METER command that are common.

MET AMV
The MET AMV command lists automation math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

Table 14.92 MAP 1 Command

Command Description Access Level

MAP 1 List the database regions in the relay. 1, B, P, A, O, 2

Table 14.93 MAP 1 region Command

Command Description Access Level

MAP 1 region List the data labels, database address, and data type. 1, B, P, A, O, 2

MAP 1 region BL List the data labels, database address, and data type; 
list the bit labels, if assigned.

1, B, P, A, O, 2

Table 14.94 MET AMV Command

Command Description Access Level

MET AMV Display all automation math variables. 1, B, P, A, O, 2

MET AMV k Display all automation math variables successively for k times. 1, B, P, A, O, 2
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MET ANA
Use the MET ANA command to view the analog quantities from the MIRRORED 
BITS communications channels.

                    

If you have not enabled the MIRRORED BITS communications channels and the 
remote analog data, the relay response to this command will not include any val-
ues. If MIRRORED BITS communications is enabled but not communicating, the 
relay will display ERROR under the RMBA or RMBB entries, depending on settings.

MET BAT
Use the MET BAT command to view the station dc monitor quantities for the 
battery voltages.

NOTE: Some relays provide one 
battery monitor channel and some 
support two.

                    

If you have not enabled the Station DC Battery Monitor, the relay responds with 
DC Monitor Is Not Enabled. (Enable the dc monitor with the Global setting 
EDCMON.)

The reset command, MET RBM, resets the dc monitor maximum/minimum 
metering quantities. When you issue the MET RBM command, the relay 
responds with Reset Max/Min Battery Metering (Y/N)?. If you answer Y 
<Enter>, the relay responds, Max/Min Battery Reset.

MET D
Use the MET D command to view the demand and peak demand quantities.

NOTE: Not all SEL-400 series relays 
support demand metering.

                    

The reset command (MET RD) resets the demand metering quantities. When 
you issue the MET RD command, the relay responds, Reset Demands (Y/N)?. 
If you answer Y <Enter>, the relay responds, Demands Reset.

Table 14.95 MET ANA Command

Command Description Access Level

MET ANA Display the MIRRORED BITS communications analog quanti-
ties.

1, B, P, A, O, 2

MET ANA k Display the MIRRORED BITS communications analog quan-
tities successively for k times.

1, B, P, A, O, 2

Table 14.96 MET BAT Command

Command Description Access Level

MET BAT Display station battery measurements. 1, B, P, A, O, 2

MET BAT k Display station battery measurements successively for k times. 1, B, P, A, O, 2

MET RBM Reset station battery measurements. P, A, O, 2

Table 14.97 MET D Command

Command Description Access Level

MET D Display demand metering data. 1, B, P, A, O, 2

MET D k Display demand metering data successively for k times 1, B, P, A, O, 2

MET RD Reset demand metering data. P, A, O, 2

MET RP Reset peak demand metering data. P, A, O, 2
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The reset command, MET RP, resets the peak demand metering quantities. 
When you issue the MET RP command, the relay responds, Reset Peak Demands 
(Y/N)?. If you answer Y <Enter>, the relay responds, Peak Demands Reset.

MET M
Use the MET M command to view power system maximum and minimum quantities.

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.

                    

The reset command, MET RM, resets the maximum/minimum metering quanti-
ties. When you issue the MET RM command, the relay responds, Reset Max/
Min Metering (Y/N)? If you answer Y <Enter>, the relay responds, Max/Min Reset.

MET PM
Use the MET PM command to view the time-synchronized quantities. The relay 
must be in the high-accuracy timekeeping HIRIG or HPTP mode. For more infor-
mation on high-accuracy timekeeping, see Section 11: Time and Date Manage-
ment.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

If the relay is not in the high-accuracy IRIG (HIRIG) timekeeping mode, it will 
respond to the MET PM command with the following message:

Aborted: A High Accuracy Time Source is Required

If Global enable setting EPMU := N, the relay will respond to the MET PM 
command with:

Synchronized phasor measurement is not enabled

To request a report of the synchrophasor data at a specific time, enter the optional 
time parameter as a time of day. For example, the relay will respond to the MET 
PM 16:40:10 command with:

Synchronized Phasor Measurement Data Will Be Displayed at 
16:40:10.000

Table 14.98 MET M Command

Command Description Access Level

MET M Display maximum/minimum metering data. 1, B, P, A, O, 2

MET M k Display maximum/minimum metering data successively 
for k times.

1, B, P, A, O, 2

MET BKna M

a Parameter n is the breaker indication.

Display Breaker n maximum/minimum metering data. 1, B, P, A, O, 2

MET BKn M k Display Breaker n maximum/minimum metering data 
successively for k times.

1, B, P, A, O, 2

MET RM Reset maximum/minimum metering data. P, A, O, 2

Table 14.99 MET PM Command

Command Description Access Level

MET PM Display time-synchronized values. 1, B, P, A, O, 2

MET PM k Display time-synchronized values successively for k times. 1, B, P, A, O, 2

MET PM time Display time-synchronized values captured at trigger time. 1, B, P, A, O, 2

MET PM HIS Display time-synchronized values captured for the previ-
ous MET PM command.

1, B, P, A, O, 2
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In this example, when the internal clock reaches 16:40:10.000, the relay will dis-
play the synchrophasor data from that exact time. If the relay is not in HIRIG 
mode at that time, it will display the following message:

Aborted: A High Accuracy Time Source is Required

After the MET PM time command is issued, other MET PM commands may be 
entered without affecting the timed request, even if the stated time has not 
arrived. However, issuing a second MET PM time command while the first com-
mand is still pending will cancel the first command request in favor of the newer 
request.

If you are not connected to the relay when the MET PM time command issues its 
timed response, you can use the MET PM HIS command to view this response. 
This permits you to issue MET PM time to multiple relays by using a common 
time and then go back later to see the results from all the relays at this common 
instant in time.

See Section 18: Synchrophasors for more information on phasor measurement 
functions, and View Synchrophasors by Using the MET PM Command on 
page 18.21 for sample MET PM responses.

MET PMV
Use the MET PMV command to view the protection math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

MET RTC
Use the MET RTC command to view the data received on all active synchropha-
sor client channels.

                    

MET T
Use the MET T command to view the temperature data from the SEL-2600A 
RTD Module. This command requires setting PROTO = RTD for the serial port 
connected to the SEL-2600A RTD Module.

Table 14.100 MET PMV Command

Command Description Access Level

MET PMV Display all protection math variables. 1, B, P, A, O, 2

MET PMV k Display all protection math variables. 1, B, P, A, O, 2

Table 14.101 MET RTC Command

Command Description Access Level

MET RTC Display received synchrophasor client data 1, B, P, A, O, 2

MET RTC k Display received synchrophasor client data k times 1, B, P, A, O, 2
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The relay displays the number of resistance temperature detector (RTD) channels 
specified by the RTDNUM Port Setting. If the RTD protocol is not enabled on 
any of the relay ports, the relay displays the following:

No data available

If there is a communications failure between the relay and the SEL-2600A, as 
indicated by the RTDCOMF Relay Word bit, the relay displays the following:

Communication Failure

If the RTDFL Relay Word bit is set to indicate a SEL-2600A failure, the relay 
displays the following:

SEL-2600 Failure

If any of the RTDxTY Port Settings are set to NA, the relay displays the follow-
ing for that channel:

Channel Not Used

If the RTDxxST Relay Word bit is set for any of the RTDNUM channels being 
reported, the relay displays the following:

Channel Failure

OACCESS
Use the OACCESS command to gain access to Access Level O (output). See 
Access Levels and Passwords on page 3.7 for more information.

                    

OPEN n
Use the OPEN n command to open a circuit breaker(s). The OPEN n command 
pulses Relay Word bit OCn. Usually, you configure these Relay Word bits as part 
of the SELOGIC control equations that trip the appropriate circuit breaker. See 
Trip Logic in Section 5: Protection Functions of the product-specific instruction 
manual for information on trip SELOGIC control equations.

                    

If you have disabled the relay and attempt an OPEN n command, the relay 
responds, Command aborted because the relay is disabled. If the circuit 
breaker control enable jumper BREAKER is not in place, the relay aborts the 
command and responds, Aborted: the breaker jumper is not installed.

Table 14.102 MET T Command

Command Description Access Level

MET T Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module.

1, B, P, A, O, 2

MET T k Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module successively for k times.

1, B, P, A, O, 2

NOTE: Some SEL-400 series relays 
use the option MET RTD to get this 
same information.

NOTE: The SEL-487B does not 
support RTD inputs.

Table 14.103 OAC Command

Command Description Access Level

OAC Go to Access Level O (output). 1, B, P, A, O, 2

Table 14.104 OPEN n Command

Command Description Access Level

OPEN n Pulse Relay Word bit OCn. B, P, A, O, 2
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When you issue the OPEN n command, and the circuit breaker control enable 
jumper is in place, the relay responds, Open breaker (Y/N)?. If you answer 
Y <Enter>, the relay responds, Are you sure (Y/N)?. If you answer Y 
<Enter>, the relay asserts OCn for one processing interval.

If you have assigned auxiliary contact 52A inputs for this circuit breaker, the 
relay waits 0.5 seconds, checks the state of the breaker auxiliary contacts, and 
responds Breaker OPEN or Breaker CLOSED, as appropriate.

If Breaker n is not enabled, the relay responds, Breaker n is not available.

PACCESS
Use the PACCESS command to gain access to Access Level P (protection). See 
Access Levels and Passwords on page 3.7 for more information.

                    

PASSWORD
Use the PASSWORD command to control password protection for relay access levels.

PAS n
The relay changes the existing password for the specified access level that you 
specify when you issue the PAS n command. To change a password at any level, 
you must be Access Level 2.

                    

Relay access levels that have passwords are 1, B, P, A, O, 2, and C. Valid pass-
words are character sequences of as many as 12 characters. Valid characters are 
any printable ASCII character.

All passwords are case-sensitive. When you successfully enter a new password, 
the relay pulses the Relay Word bit SALARM for at least one second, and 
responds, Set.

Passwords for each access level can be disabled by setting the new password to 
DISABLE. When the password for a certain access level is set to DISABLE, no 
password is required for entering that access level in the ACC command, and the 
relay does not prompt for an old password when changing the password. The 
relay issues a Password Disabled message instead of Password Changed after 
disabling the password.

Entering PAS n and entering a new password re-enables the password require-
ment for that access level. SEL does not recommend disabling passwords.

Table 14.105 PAC Command

Command Description Access Level

PAC Go to Access Level P (protection). 1, B, P, A, O, 2

Table 14.106 PAS level New_Password Command

Command Description Access Levels

PAS na

a Parameter n represents the relay Access Levels 1, B, P, A, O, or 2.

Set a new password for Access Level n. 2

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass word 
may allow unauthorized access. SEL 
shall not be responsible for any damage 
resulting from unauthorized access.
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PING
Use the PING command to determine whether the network is connected properly 
and other network devices are reachable.

                    

When the IP address parameter is not of a valid format, the relay responds with 
Invalid IP address. After a valid PING command is issued, the relay sends out 
an Internet Control Message Protocol (ICMP) echo request messages at one sec-
ond intervals until receiving a carriage return <CR> or five minutes elapses. A 
sample PING command response is shown in Figure 14.16.

                    

PORT
The PORT command can be used to connect to a remote relay.

PORT p
The PORT p command connects a relay serial port to another device through a 
virtual terminal session.

NOTE: The BAY1 and BAY2 options 
only apply to relays that support 87L 
communications and have the 
corresponding bay card installed.

In the relay, serial port virtual terminal capability is available in MIRRORED BITS 
communications. You must have previously configured the serial port for MIR-
RORED BITS communications operation, set port setting MBNUM less than 8, and 
have at least one virtual terminal session available (set MBNUMVT to 0 or 
greater). Choosing MBNUMVT to 0 uses virtual terminal within the synchroni-
zation channel only. See SEL MIRRORED BITS Communication on page 15.36 for 
information on the MIRRORED BITS communications protocol.

                    

Table 14.107 PING Command

Command Description Access Level

PING addra

a IP address of device to ping in the format of four decimal numbers (0–255) separated by periods.

Send ICMP echo request messages to remote device at addr. 1, B, P, A, O, 2

=>>PING 192.9.201.1 <Enter>

Pinging 192.9.201.1
Press <Enter> to Terminate Ping Test.

Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.

Ping Results:

   Number of Ping Messages:
      Transmitted:   4
      Received:      4

   Elapsed Time:    11 seconds

=>>

Figure 14.16 Sample PING Command Response

NOTE: The relay uses one router to 
route PING commands outside the 
local network. If default routers 
associated with station bus (DEFRTR) 
and engineering access (DEFRTRE) 
are configured, the relay sends ping 
requests to the router specified by the 
DEFRTR setting.

Table 14.108 PORT p Command

Command Description Access Level

PORT pa

a Parameter p is 1, 2, 3, and F to indicate Communications PORT 1 — PORT 3 and PORT F, or BAY1 or 
BAY2 for 87L ports.

Connect to a remote device through PORT p (over MIRRORED 
BITS communications virtual terminal mode).

1, B, P, A, O, 2
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When the relay establishes a connection, the relay responds, Transparent ses-
sion to Port p established. To quit the transparent connection, type the con-
trol string that you specify in port setting TERSTRN; the default is <Ctrl+E>. 
Only one transparent port connection to each MIRRORED BITS communications 
port is possible at one time. If you issue a PORT p command when the selected 
session is already active, the relay responds, Transparent session already in use.

If you issue the PORT p command to PORT 1, PORT 2, PORT 3, PORT F, BAY 1, or BAY 2 
(87L ports) and you have not properly configured the MIRRORED BITS communica-
tions port, the MBNUMVT is not set to 1 or larger, Invalid destination port.

PORT KILL n
It is possible to forcefully disconnect a transparent session from another port (a 
port not involved in the present transparent connection) by using the PORT 
KILL n command (shown in Table 14.109).

                    

The port parameter n can refer to either of the ports involved in the session you 
want to kill. When you issue the PORT KILL n command, the relay responds, 
Kill connection between ports m and n (Y/N)? Answer Y <Enter> to ter-
minate the connection. The relay sends a character sequence to the remote relay 
(to make sure the remote device is left in a known state) and responds, Connec-
tion between ports m and n disconnected.

PROFILE
Use the PROFILE command (PRO) to access the Signal Profile data for as 
many as 20 user selectable analog values.

                    

Table 14.109 PORT KILL n Command

Command Description Access Level

PORT KILL na 

a Parameter n is 1, 2, 3, F, BAY1, or BAY2 (for 87L ports) to indicate Communications Ports 1, 2, 3, or 
F, BAY1, or BAY2; n is not the present port.

Terminate the virtual terminal connection with a remote 
device through port n by using a port not involved in the 
connection.

P, A, O, 2

Table 14.110 PRO Command (Sheet 1 of 2)

Command Description Access Level

PRO Displays the first 20 rows of the profile report, with the 
oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m Displays the first m rows of the report, with the oldest 
row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m n (m > n) Displays the row between m and n, (including m and n) with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 Displays all the rows that were recorded on that date, with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chronolog-
ically precedes date2, with the oldest row (date1) at the 
top and the latest row (date2) at the bottom.

1, B, P, A, O, 2

PRO date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chronolog-
ically precedes date1, with the oldest row (date2) at the 
top and the latest row (date1) at the bottom.

1, B, P, A, O, 2
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PULSE
Use the PULSE OUTnnn command to pulse any of the relay control outputs for 
a specified time. This function aids you in relay testing and commissioning. If the 
output is open, the PUL command momentarily closes the output; if the output is 
closed, the PUL command momentarily opens the output. The control outputs 
are OUTnnn, where nnn represents the 100-series, 200-series, 300-series, 
400-series, and 500-series addresses.

                    

If the circuit breaker control enable jumper BREAKER is not in place, the relay aborts 
the command and responds, Aborted: the breaker jumper is not installed.

NOTE: The PULSE command does not 
update the OUTnnn Relay Word bit 
when it is used in other SELOGIC 
control equations. If the output Relay 
Word bit is assigned to another 
SELOGIC setting, the SER will report 
that OUTnnn asserted, but the 
corresponding SELOGIC setting will not 
be updated.

When you issue the PUL command and the breaker jumper is in place, the relay 
responds, Pulse contact OUTnnn for s seconds (Y/N)?. If you answer 
Y <Enter>, the relay asserts OUTnnn for the time you specify.

During the PUL operation, the Relay Word bit corresponding to the control out-
put you specified (OUTnnn) asserts; Relay Word bit TESTPUL also asserts 
during any PUL command, so you can monitor pulse operation by programming 
TESTPUL into event triggers and alarm outputs.

QUIT
Use the QUIT command to revert to Access Level 0 (exit relay control).

                    

Access Level 0 is the lowest access level; the relay performs no password check 
to descend to this level (or remain at this level).

In a Telnet session, QUIT terminates the connection.

PRO D Displays, for each port, the maximum number of days 
data may be acquired with the present settings before 
data overwrite occurs.

1, B, P, A, O, 2

PRO C or R Clears the signal profile data from nonvolatile memory 
on a per-port basis. The data are still visible to other 
ports and to file transfer accesses and is cleared inde-
pendently for those points-of-view.

B, P, A, O, 2

PRO CA or RA Completely clears all signal profile data from nonvola-
tile memory. 

P, A, O, 2

Table 14.110 PRO Command (Sheet 2 of 2)

Command Description Access Level

Table 14.111 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. B, P, A, O, 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. B, P, A, O, 2

Table 14.112 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0 (exit relay control). 0, 1, B, P, A, O, 2



14.55

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

RTC
Use the RTC command to display a description of all data being received on syn-
chrophasor client channels. This report will list the analog quantity and Relay 
Word bits the data gets stored in locally, matched up with a label provided by the 
sending PMU. Use this information as aid to understanding the local values.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

SER
The SER command retrieves SER records. The relay SER captures state changes 
of Relay Word bit elements and relay conditions. Relay conditions include 
startup, relay enable/disable, group changes, settings changes, memory queue 
overflow, and SER autoremoval/reinsertion. For more information on the SER, 
see Sequential Events Recorder (SER) on page 9.28.

SER
The default order of the SER command is oldest to newest from list top to list 
bottom. You can view the SER records in numerical or date order.

                    

Table 14.113 RTC Command

Command Description Access Level

RTC Display report of all configured synchrophasor client 
data labels.

1, B, P, A, O, 2

Table 14.114 SER Command

Command Description Access Level

SER Return the 20 most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER k Return the k most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER m na

a Parameters m and n indicate an SER number, which the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest 
(highest number) at the top of the list and the most 
recent (lowest number) at the bottom of the list.

If m is less than n, records appear with the most 
recent (lowest number) at the top of the list and the 
oldest (highest number) at the bottom of the list.

1, B, P, A, O, 2

SER date1b

b Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records on date date1. 1, B, P, A, O, 2

SER date1 date2b Return the SER records from date1 at the top of the 
list, to date2 at the bottom of the list.

1, B, P, A, O, 2
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SER C and SER R
The SER C and SER R commands clear/reset the SER records for the present 
port. Options C and R are identical.

                    

The relay prompts you with Clear the sequential events recorder for 
this port. Are you sure (Y/N)? when you issue the SER C or SER R com-
mand. If you answer Y <Enter>, the relay clears the particular port SER records.

SER CA and SER RA
The SER CA and SER RA commands clear all SER records from memory. 

                    

If you issue the SER CA or SER RA command, the relay prompts you with 
Clear the sequential events recorder for all ports. Are you sure (Y/
N)? commands. If you answer Y <Enter>, the relay clears all SER records in 
nonvolatile memory.

SER CV and SER RV
The SER CV and SER RV commands clear any SER data records that have been 
viewed from the present port. The two commands are equivalent.

                    

If you issue the SER CV or SER RV command, the relay prompts you with 
Clear viewed SER records for this port. Are you sure (Y/N)?. If you 
answer Y <Enter>, the relay clears all SER records viewed from this port. The 
data are still visible to other ports and to file transfer accesses, and they must be 
cleared independently for those ports. Data not yet viewed remain available.

Table 14.115 SER C and SER R Commands

Command Description Access Level

SER C Clear/reset SER records on the present port. 1, B, P, A, O, 2

SER R Clear/reset SER records on the present port. 1, B, P, A, O, 2

Table 14.116 SER CA and SER RA Commands

Command Description Access Level

SER CA Clear SER data for all ports. P, A, O, 2

SER RA Clear SER data for all ports. P, A, O, 2

Table 14.117 SER CV or SER RV Commands

Command Description Access Level

SER CV Clear viewed SER data for this port. 1, B, P, A, O, 2

SER RV Clear viewed SER data for this port. 1, B, P, A, O, 2
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SER D
The SER D command shows a list of SER items that the relay has automatically 
removed. These are “chattering” elements. You can automatically remove chat-
tering SER elements in the SER Chatter Criteria category of the Report settings; 
the enable setting is ESERDEL.

                    

If you issue the SER D command and you have not enabled automatic removal of 
chattering SER elements (Report setting ESERDEL), the relay responds, Auto-
matic removal of chattering SER elements not enabled.

SET
Use the SET command to change relay settings. The relay settings structure is 
ordered and contains these items (in structure order): classes, instances, catego-
ries, and settings. An outline of the relay settings structure is as follows:

Classes (Global, Group, Breaker Monitor, Protection, Automation, Outputs, 
Front Panel, Report, DNP3, and Ports)

Instances (some classes have instances: Group = 1–6; Protection = 1–6; 
Automation = 1–10; PORTs = 1–3, F, 5)

Categories (collections of similar settings)

Settings (specific relay settings with values)

The SET and SHOW commands contain these settings structure items, which 
you must specify in order from class to instance (if applicable) to setting. The 
order that specific settings appear in the relay settings structure is factory pro-
grammed.

SET
The SET command with no options or parameters accesses the relay settings 
Group class and the instance corresponding to the active group. To set a different 
instance, specify the instance number (1–6).

                    

Table 14.118 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is remov-
ing from the SER records.

1, B, P, A, O, 2

Table 14.119 SET Command Overview (Sheet 1 of 2)

Commanda Description Access Level

SET Set the Group relay settings, beginning at the first setting in 
the active group.

P, 2

SET n Set the Group n relay settings, beginning at the first setting 
n each instance.

P, 2

SET label Set the Group relay settings, beginning at the active group 
setting label label.

P, 2

SET n label Set the Group n relay settings, beginning at setting label 
label.

P, 2

SET c Set class c, using the default instance beginning at the first 
setting.

P,A,O,2
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The specific classes and instances available depends on the relay. See the relay-
specific instruction manual for the specific options that are available. The relay 
validates your settings entries as you enter each setting. At the end of a settings 
instance session, the relay responds with a readback of all the settings in the set-
tings instance, then prompts you with Save settings (Y,N)?. If you answer Y 
<Enter>, the relay pulses the Relay Word bit SALARM, and responds, Saving 
Settings, Please Wait........... The relay saves the new settings, then 
responds, Settings Saved. If you answer N <Enter> to the save settings 
prompt, the relay responds, Settings aborted.

SET TERSE
Use the TERSE option to inhibit the relay from sending the settings class or 
instance readback when you end a settings session. SEL recommends that you 
use the TERSE option sparingly; you should review the readback information to 
confirm that you have entered the settings that you intended.

                    

You can use the TERSE option in any SET command at any position after typing 
SET. When you end the settings edit session, the relay responds, Save settings 
(Y,N)?. If you answer Y <Enter>, the relay pulses the Relay Word bit SAL-
ARM, and responds, Saving Settings, Please Wait............ The relay 
saves the new settings, then responds, Settings Saved. If you answer N 
<Enter> to the save settings prompt, the relay responds, Settings aborted.

SHOW
The SHOW command shows the relay settings. When showing settings, the relay 
displays the settings label and the present value from nonvolatile memory.

The relay organizes settings in classes, instances, categories, and specific set-
tings; see SET on page 14.57 for information on settings organization. The relay 
displays each setting in the order specified in the settings tables. When you are 

SET c i Set class c, instance i, beginning at the first setting. P,A,O,2

SET c i label Set class c, instance i, beginning at setting label. P,A,O,2

a Parameter n = 1–6, representing Group 1–6. 
c = settings class (relay specific).
i = class instance (choices depends on the class).

Table 14.119 SET Command Overview (Sheet 2 of 2)

Commanda Description Access Level

Table 14.120 SET TERSE Command Examples

Command Description Access Level

SET TERSE SET Group relay settings for the active group, 
beginning at the first setting in this instance; omit 
settings readback.

P, 2

SET 3 TEa label

a TERSE may be entered as TE, as shown in this example.

SET Group 3 settings, beginning at the settings 
label label; omit settings readback.

P, 2

SET P p label TERSE Set the communications port relay settings for 
PORT p, beginning at the settings label label; omit 
readback.

P, A, O, 2
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using a terminal and you specify a setting in the middle of a settings category, the 
relay displays the category title, then proceeds with the class or instance settings 
from the setting that you specified.

                    

SNS
In response to the SNS command, the relay sends the names of the SER ele-
ments. This is a comma-delimited string used to support the SEL Fast SER 
report.

                    

STATUS
The STATUS command reports relay status information that the relay derives 
from internal diagnostic routines and self-tests. See Relay Self-Tests on 
page 10.19 for information on relay diagnostics.

STA
The STA command with no options displays a short-form relay status report. 
Items in the STA report are the header, failures, warnings, SELOGIC control equa-
tion programming environment errors, and relay operational status. See Checking 
Relay Status on page 3.13 for information on relay status reports.

                    

Table 14.121 SHO Command Overview

Commanda

a Parameter n = 1–6, representing Group 1–6.
c = settings class (relay specific).
i = class instance (choices depends on the class).

Description Access Level

SHO Show the Group relay settings, beginning at the first setting 
in the active group.

1, B, P, A, O, 2

SHO n Show the Group n relay settings, beginning at the first set-
ting in each instance.

1, B, P, A, O, 2

SHO label Show the Group relay settings, beginning at the active 
group settings label label.

1, B, P, A, O, 2

SHO n label Show the Group n relay settings, beginning at the settings 
label label.

1, B, P, A, O, 2

SHO c Show class c using the default instance beginning at the first 
setting.

P, A, O, 2

SHO c i Show class c, instance i beginning at the first setting. P, A, O, 2

SHO c i label Show class c, instance i, beginning at setting label. P, A, O, 2

Table 14.122 SNS Command

Command Description Access Level

SNS Send the names of SER elements. 0, 1, B, P, A, O, 2

Table 14.123 STA Command

Command Description Access Level

STA Return the relay status. 1, B, P, A, O

STA Return the relay status and show a new hardware configura-
tion prompt.

2
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If you change an I/O interface board, the relay detects the new configuration and 
initiates a status warning. When you issue the STA command at Access Level 2, 
the relay responds to this situation with Accept new hardware configuration 
(Y/N)?. If you answer Y <Enter>, the relay responds, New configuration 
accepted. If you answer N <Enter>, the relay responds, Command aborted.

STA A
Use the STA A command to view the entire relay status report. Items in the full 
status report include the short-form status report items plus data on A/D (analog/
digital) channel offsets, power supply voltages, temperature, communications 
interfaces, time-source synchronization, IEC 61850 Mode/Behavior, and 
IEC 61850 Simulation Mode.

                    

STA C and STA R
The STA C and STA R commands restart the relay. Thus, these commands clear 
a transient failure should this unlikely event occur. Options C and R are identical. 
Contact your Technical Service Center or the SEL Factory before using this command.

                    

STA S
Use the STA S command to view all SELOGIC control equation storage and exe-
cution capacity and operating errors.

                    

STA SC and STA SR
The STA SC and STA SR commands clear/reset the SELOGIC control equation 
operating errors from the status report if the errors are no longer present. In addi-
tion, these commands reset the Automation SELOGIC Peak and Average Execu-
tion Cycle Time statistics.

                    

Table 14.124 STA A Command

Command Description Access Level

STA A Display all items of the status report. 1, B, P, A, O, 2

Table 14.125 STA C and STA R Command

Command Description Access Level

STA C Reset the relay. 2

STA R Reset the relay. 2

Table 14.126 STA S Command

Command Description Access Level

STA S Display detailed SELOGIC control equation error information. 1, B, P, A, O, 2

Table 14.127 STA SC and STA SR Command

Command Description Access Level

STA SC Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2

STA SR Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2
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STA T
Use the STA T command to view the status of the TiDL ports of your relay and 
connected SEL-TMUs.

                    

Table 14.129 shows the error messages that could be displayed and the appropri-
ate action.

                    

SUMMARY
The SUMMARY command displays a summary event report. See Event Sum-
mary on page 9.26 for information on summary event reports.

SUM
Use the SUM command to view the event summary reports in the relay memory.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

Table 14.128 STA T Command

Command Description Access Level

STA T Display TiDL system status 1, B, P, A, 0, 2

NOTE: The STA T command is only 
available in TiDL relays that support 
T-Protocol.

In the STA T command, SEL-TMU type (1 
or 2) is indicated. SEL-TMU type 
indicates the following:

1: 4CT/4PT SEL-TMU

2: 8CT SEL-TMU

Table 14.129 STA T SEL-TMU Error Messages and User Action

Error Message User Action

TMU STREAM LOSS Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

WRONG TMU CONNECTED The SEL-TMU connected to the port does not match what is expected according to the current commis-
sioned system. Reconnect the appropriate SEL-TMU to this port.

TMU ERROR Issue the VEC command, and contact SEL technical support.

BAD TMU DATA Issue the VEC command, and contact SEL technical support.

CHANNEL DELAY EXCEEDED Issue the VEC command, and contact SEL technical support. 

TMU RX ERROR Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

Table 14.130 SUM Command

Command Description Access Level

SUM Return the most recent event summary. 1, B, P, A, O, 2

SUM na

a Parameter n indicates event order or serial number; see the event history report (HIS on 
page 14.41 command).

Return an event summary for event n. 1, B, P, A, O, 2
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SUM ACK
Use SUM ACK to acknowledge an event summary that you recently viewed with 
the SUM NEXT command on the present communications port. Acknowledge 
the oldest summary (specify no event number).

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the SUM NEXT command, the relay responds, Event summary 
number n has not been viewed with the NEXT option.

SUM NEXT
Use the SUM N command to view the oldest (next) unacknowledged event summary.

                    

TARGET
The TARGET command displays the elements for a selected row in the Relay 
Word bit table.

TAR
Use the TAR command to view a row of Relay Word bit elements or aliases. 
When using the TAR command, you can specify the row number or element name.

                    

The relay memorizes the latest target row input conditioned by your present 
access level. The relay displays Row 0 if you have not specified a row since the 
relay was turned on, the access level has timed out, or you have issued the QUIT 
command.

Table 14.131 SUM ACK Command

Command Description Access Level

SUM ACK Acknowledge the oldest unacknowledged event sum-
mary at the present communications port.

1, B, P, A, O, 2

Table 14.132 SUM N Command

Command Description Access Level

SUM N View the oldest unacknowledged event summary at the 
present communications port.

1, B, P, A, O, 2

Table 14.133 TAR Command

Command Description Access Level

TAR Display target Row 0 or display the most recently viewed 
target row.

1, B, P, A, O, 2

TAR n Display target Row n. 1, B, P, A, O, 2

TAR n ka

a Parameter k is the repeat count from 1–32767.

Display target Row n and repeat for k times; the repeat 
count k must follow the row number.

1, B, P, A, O, 2

TAR name Display the target row with the element name name. 1, B, P, A, O, 2

TAR name k Display the target row with the element name name and 
repeat for k times; the repeat count k can be before or 
after the name option.

1, B, P, A, O, 2
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If you specify the repeat count k at a number greater than 8, the relay displays the 
repeated target rows on the terminal screen in groups of eight, with the target row 
elements listed above each grouping.

TAR ALL
Use the TAR ALL command to display all of the relay targets.

                    

TAR R
The TAR R command has two functions. Use this command to reset any latched 
relay targets resulting from a tripping event. Also employ the TAR R command 
to reset to Row 0 the memorized target row that the relay reports when you issue 
a simple TAR command.

                    

TAR X
Use the TAR X command to view a different target row in the Relay Word bit 
table than the target row in the target row repeat memory. This function is useful 
for relay testing. See Testing With Relay Word Bits on page 10.7 for more infor-
mation.

                    

You can place the X option at any position in the TAR command.

Table 14.134 TAR ALL Command

Command Description Access Level

TAR ALL Display all target rows. 1, B, P, A, O, 2

Table 14.135 TAR R Command

Command Description Access Level

TAR R Reset latched targets and return memorized row to Row 0. 1, B, P, A, O, 2

Table 14.136 TAR X Command

Commanda

a Parameter k is the repeat count from 1–32767.

Description Access Level

TAR n X Display target Row n, but do not memorize Row n. 1, B, P, A, O, 2

TAR X n k Display target Row n and repeat for k times, but do not 
memorize Row n. The repeat count k must follow the 
row number.

1, B, P, A, O, 2

TAR name X Display the target row with the element name name, but 
do not memorize the row number.

1, B, P, A, O, 2

TAR name X k Display the target row with the element name name and 
repeat for k times, but do not memorize the row number. 
The repeat count k can be at any position in the com-
mand after TAR.

1, B, P, A, O, 2
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TEC
Enter the TEC (time-error calculation) command to display the present time-
error estimate and the status of the time-error control equations, and to modify 
the time-error correction value.

NOTE: Not all SEL-400 series relays 
support the TEC command.

                    

Use the TEC n command to preload the time-error correction value, TECORR. If 
the value n is within range, the relay will prompt you with Are you sure (Y/
N)?. If the prompt is acknowledged, the relay sets analog quantity TECORR = n, 
and asserts Relay Word bit PLDTE for approximately 1.5 cycles. The relay then 
displays the new TECORR value, along with the remaining TEC command data.

The TECORR value does not affect the TE (time-error) estimate until the 
LOADTE SELOGIC equation asserts.

TEST DB
The TEST DB command is used for testing access of the virtual device database 
used for Fast Message Data Access.

TEST DB
Use the TEST DB command to write temporary values to the virtual device data-
base to verify the database values. The relay contains a database that describes 
the relay to external devices. When other devices access the relay via the Fast 
Message protocol, the relay appears as a virtual device described by the database. 
The relay is Virtual Device 1.

The virtual database is accessible to master stations of supported Fast Message 
protocol connected to the relay through serial communication or Ethernet net-
work. You can therefore test the read functionality of the Fast Message protocol 
in the serial port or Ethernet interface with this command.

Use the TEST DB 1 command to override any value in the relay database. You 
must understand the relay database structure to effectively use the TEST DB 
command. Use the MAP and VIEW commands to see the organization and con-
tents of the database.

Table 14.137 TEC Command

Command Description Access Level

TEC Display time-error data. 1, B, P, A, O, 2

TEC n Preload time-error correction value n, 
where –30.000 <= n <= 30.000.

B, P, A, O, 2
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Values you enter in the relay database are override values. Use the TEST DB 
command to write override values in the database accessed through the Fast Mes-
sage Data Access operations.

                    

The database address addr can be any legitimate decimal or hexadecimal address. 
(A hexadecimal address is a numeral with an “h” suffix or a “0x” prefix.)

You can enter the override value value1 as an integer, a floating-point number 
(which overrides two registers), a character (which must be in single quotes), or a 
string (which must be in double quotes and overrides the number of registers cor-
responding to the length of the string).

If a date/time stamp is also provided (M D Y h m s), the relay will change the 
static state given and, for any bits being changed by this operation, queued entries 
will be pushed with the provided date/time stamp. If no queue is associated with 
the database region (determined by addr), the date/time stamp will be ignored.

The order that the date should be entered on the command line depends upon the 
DATE_F (Global) setting. For example, if DATE_F := DMY, you would enter 
TEST DB 1 addr value D M Y h m s.

While there are active test data, the relay asserts Relay Word bit TESTDB.

TEST DB OFF
Use the TEST DB OFF command to end the testing session and remove the 
override values. The relay returns the database registers to the pretest values.

                    

TEST DB2
The TEST DB2 command is used to test DNP3 and IEC 61850 communications 
protocols.

Table 14.138 TEST DB Command

Command Description Access Level

TEST DB Display present override values by virtual device 
number and address.

1, B, P, A, O, 2

TEST DB 1 addr 
value1

Write new data value1 to the database at an address 
addr.

B, P, A, O, 2

TEST DB 1 addr 
value1 M D Y h m s

Write new data value1 to the database at an address 
addr and include the provided date/time stamp 
M D Y h m s.

B, P, A, O, 2

Table 14.139 TEST DB OFF Command

Command Description Access Level

TEST DB OFF Clear all override testing values from all virtual devices. B, P, A, O, 2

TEST DB OFF 1 Clear all override testing values from Virtual Device 1 
(the relay).

B, P, A, O, 2

TEST DB OFF 1 
region

Clear all override testing values from the region region in 
Virtual Device 1 (the relay).

B, P, A, O, 2
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TEST DB2
In addition to Fast Message Protocol, the communications protocols supported 
by the relay include DNP3, IEC 61850 MMS, and GOOSE. These data include 
both digital quantities and analog quantities.

Use the TEST DB2 command to override any DNP3 or IEC 61850 value. The 
data that can be overridden include both digital and analog quantities.

                    

The override value value1 can be logical 0 or logical 1 for digital and status ele-
ments. The analog value2 can be an integer or a floating-point number.

The Relay Word bit TESTDB2 will be asserted while there are points in this test 
mode.

If IEC 61850 Mode/Behavior is not On, the relay will not process the TEST DB2 
command.

TEST DB2 OFF
Use the TEST DB2 OFF command to end the testing session and remove the 
override values. The relay returns the modified registers to the pretest values.

                    

When removing all existing digital override values, the relay responds, Digital 
Overrides Removed. If no digital override is ever configured, the Overrides Not 
Found message will be displayed. The analog override removal acknowledgment 
messages are similar.

If IEC 61850 Test Mode/Behavior changes from On, the TEST DB2 command 
deactivates. All overrides clear and the TESTDB2 Relay Word bit deasserts.

Table 14.140 TEST DB2 Command

Command Description Access Level

TEST DB2 Display present analog and digital override names and 
values.

1, B, P, A, O, 2

TEST DB2 D 
name1a value1

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Write the specified override value value1 into the digital 
quantity name1.

B, P, A, O, 2

TEST DB2 A 
name2b value2

b The analog name2 is any analog available in the DNP3 reference map and any analog listed as a 
data source for IEC 61850 logical devices. This excludes the event summary analog inputs.

Write the specified override value value2 into the analog 
quantity name2.

B, P, A, O, 2

Table 14.141 TEST DB2 OFF Command

Command Description Access Level

TEST DB2 D 
OFF

Clear all digital override testing values. B, P, A, O, 2

TEST DB2 D 
name1a OFF

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Clear digital override testing value specified by name 
name1.

B, P, A, O, 2

TEST DB2 A 
OFF

Clear all analog override testing values. B, P, A, O, 2

TEST DB2 A 
name2b OFF

b See Section 12: Analog Quantities in the product-specific instruction manual for available analog 
name2.

Clear analog override testing value specified by name 
name2.

B, P, A, O, 2
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TEST FM
The TEST FM command overrides normal Fast Meter quantities for testing pur-
poses. You can override only “reported” Fast Meter values. For more information 
on Fast Meter and the relay, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST FM
Values you enter in Fast Meter storage are “override values.” Use the TEST FM 
command to display override values and write override values in the Fast Meter 
report.

                    

When you display Fast Meter data overrides with the TEST FM command, the 
relay shows the item label, and override values.

To force a value, use the TEST FM label value1 value2 command. The item 
label label is any analog channel label in the Fast Meter configuration (if avail-
able), any digital element label (from the DNA command), and any status ele-
ment label (from the BNA command) except the TEST and FMTEST items.

The value value1 can be logical 0 or logical 1 for digital and status elements, or a 
floating-point value for all meter quantities. For meter items that report a pair of 
values in the Fast Meter message, value1 is the magnitude and value2, if pro-
vided, is the angle. If you do not specify value2, the relay uses an angle of 0.

When you have successfully added a new Fast Meter test value (for example, 
TEST FM IA1 3.7 0.0), the relay responds, Override Added.

The relay asserts Relay Word bit TESTFM while any Fast Meter override data 
are present in the relay.

Fast Meter Status Byte

Bits labeled TEST and FMTEST reside in the Fast Meter status byte. If any item 
within the Fast Meter message is in test mode, the relay sets the TEST bit. Simi-
larly, if any item in any Fast Meter message is in test mode, the FMTEST is set in 
all three Fast Meter responses.

TEST FM DEM
Use the TEST FM DEM command to insert override values in Fast Meter 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM DEM 
command.

                    

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

Table 14.142 TEST FM Command

Command Description Access Level

TEST FM Display present override values. 1, B, P, A, O, 2

TEST FM label 
value1 value2

Write new data value1 and value2 to the Fast Meter 
report at the item label label. Parameter value2 is optional.

B, P, A, O, 2

Table 14.143 TEST FM DEM Command

Command Description Access Level

TEST FM DEM 
label value1

Write new data value1 to the Fast Meter demand meter 
report at the item label label.

B, P, A, O, 2
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TEST FM OFF
Use the TEST FM OFF command to remove override values. The relay returns 
the Fast Meter registers to the pretest values.

                    

When you have successfully removed a Fast Meter test value (for example, 
TEST FM IA1 OFF), the relay responds, Override Removed. When an attempt 
to remove an FM test value fails, the relay responds, Override Not Found. When 
removing all FM test values (for example, TEST FM OFF), the relay responds, 
All Overrides Removed.

TEST FM PEAK
Use the TEST FM PEAK command to insert override values in Fast Meter peak 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM 
PEAK command.

                    

TEST SV
TEST SV (SEL SV Publisher Relay)

NOTE: Not all SEL-400 series relays 
support the TEST SV command.

The TEST SV command is a SEL SV testing command. Do not confuse this with 
IEC 61850 Test Mode, which is enabled by PORT 5 setting E850MBC. The 
TEST SV command allows the SEL SV publisher relay to generate and publish 
test signals on all the configured SV publications. The TEST SV command pro-
vides a facility to test SV publishing functionality without the need for current 
and/or voltage sources present in the terminals of the SEL SV publisher relay.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV publisher relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered. With the TEST SV 
mode enabled, the test bit in the quality attribute asserts in all outgoing SV publi-
cations. The mode of the device (LLN0.Mod) is not changed and it remains in 
normal operation mode. PubSim and Sim bits are also not modified.

Table 14.144 TEST FM OFF Command

Command Description Access Level

TEST FM label OFF Clear the override values for the Fast Meter item label. B, P, A, O, 2

TEST FM OFF Clear all override testing values from Fast Meter. B, P, A, O, 2

Table 14.145 TEST FM PEAK Command

Command Description Access Level

TEST FM PEAK 
label value1

Write new data value1 to the Fast Meter peak demand 
meter report at the item label label. 

B, P, A, O, 2

Table 14.146 TEST SV Command in an SEL SV Publisher Relay

Command Description Access Level

TEST SVa

a The test mode does not influence GOOSE or MMS functionality.

Initiates the SV publication of test signals.

When TEST SV Mode = ON, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Ends the SV publication of test signals. Relay Word bit 
SVPTST is cleared.

B, P, A, O, 2
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Table 14.147 shows a detailed description of how the output values for the SEL 
SV publisher relay are calculated while in TEST SV mode.

                    

Table 14.148 shows the secondary values used while the SEL SV publisher relay 
is in TEST SV mode.

                    

When you enable or disable the SEL TEST SV mode, the SV publications are 
disabled momentarily, causing a brief interruption in the outgoing SV publica-
tions.

If the PORT 5 SV settings are not in use and no SV publications are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV publications configured.

You cannot use the TEST SV command if IEC 61850 Test Mode is enabled and 
active mode is not on.

Table 14.147 SV Output Values During TEST SV Mode

Physical 
Measurement

Description Setting Source

CURRENT The value for each Channel IA, IB, and IC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the CTRW setting from the presently 
active group settings. The CTRW is used for both IW and IX scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel IN in each winding is the sum of IA, IB, and IC values.

CTRW, ACTGRP, 
PHROT

VOLTAGE The value for each Channel VA, VB, and VC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the PTRY setting from the presently 
active group settings. The PTRY is used for both VY and VZ scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel VN in each winding is the sum of VA, VB, and VC values.

PTRY, ACTGRP, 
PHROT

FREQUENCY The value for the frequency corresponds to the NFREQ setting. NFREQ

PHASE ROTATION The phase sequence corresponds to the PHROT setting. PHROT

Table 14.148 Secondary Values Used During TEST SV Mode

IEC Notation SEL Notation
Magnitude (RMS) Angle (degrees)

5A 1A ABC ROT ACB ROT

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0 0 0 0

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0 0 0 0
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TEST SV (SEL SV Subscriber Relay)

The TEST SV command provides a facility to test SV functionality. The TEST 
SV command allows the SEL SV subscriber relay to accept SV test messages on 
all the configured SV subscriptions.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV subscriber relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV subscriptions configured.

Considerations for an SEL SV Subscriber Relay During TEST SV Mode

The SEL SV subscriber relay will process and execute all the associated protec-
tion logic, operating in the same way as if the SEL SV subscriber relay were 
receiving valid SV messages.

The SEL SV subscriber relay will continue to accept incoming SV messages that 
do not have the TEST bit of the quality attribute asserted.

For TEST SV mode to function, the IEC 61850 Mode/Behavior must be On.

TIME
Use the TIME command to view and set the relay time clock. The ASCII inter-
face is just one source by which you can set the internal clock. Other sources can 
override the ASCII TIME command; overriding occurs in HIRIG time mode, 
IRIG time mode, and when using DNP3. See Section 11: Time and Date Man-
agement for more information on configuring time functions.

TIME
The TIME command returns information about the internal relay clock. You can 
also set the clock to local time if you specify hours and minutes (seconds data are 
optional). Separate the hours, minutes, and seconds with colons, semicolons, 
spaces, commas, or slashes.

                    

If a valid IRIG-B, PTP, or SNTP signal is connected to the relay, the TIM com-
mand cannot be used to set the relay time.

Table 14.149 TEST SV Command in an SEL SV Subscriber Relay

Command Description Access Level

TEST SVa

a The Test mode does not influence GOOSE or MMS functionality.

Instructs the SEL SV subscriber relay to accept SV test 
messages.

When TEST SV Mode = ON, Relay Word bit SVSTST is 
asserted; SVSTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Instructs the SEL SV subscriber relay to reject the 
received SV messages with the test bit of the quality attri-
bute asserted. Relay Word bit SVSTST is cleared.

B, P, A, O, 2

=>>TIME <Enter>
local: 16:48:33     UTC: 23:48:33     UTC Offset: -07.0 hrs
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Use the TIME hh:mm and TIME hh:mm:ss commands to set the relay internal 
clock time. The value hh is for hours from 0–23, the value mm is for minutes 
from 0–59, and the value ss is for seconds from 0–59. If you enter a valid time, 
the relay updates and saves the time in the nonvolatile clock, and displays the 
time you just entered. If you enter an invalid time, the relay responds, Invalid 
Time.

TIME Q
The TIME Q command returns detailed information on the relay internal clock. 
Use this command to query the status of high-accuracy time source inputs and the 
present clock time mode.

                    

When you issue the TIME Q command, the relay reports statistics on the relay 
time sources. These statistics include the present time source and the last time 
value update source (see TIME Q Command on page 11.8).

                    

                    

Table 14.150 TIME Command

Command Description Access Level

TIME Display the present relay internal clock time, in three 
formats: local, UTC, and UTC offset.

1, B, P, A, O, 2

TIME hh:mm Set the relay internal clock to hh:mm. 1, B, P, A, O, 2

TIME hh:mm:ss Set the relay internal clock to hh:mm:ss. 1, B, P, A, O, 2

Table 14.151 TIME Q Command

Command Description Access Level

TIME Q Display detailed information about the internal relay clock; 
query relay time.

1, B, P, A, O, 2

=>TIME Q <Enter>

Station A                                  Date: 03/17/2023  Time: 23:04:16.336
Relay 1                                    Serial Number: 1230769999

Time Source: HIRIG
Last Update Source: HIRIG

IRIG Time Quality:   0.000 ms

Time Mark Period:   999.990539 ms

Internal Clock Period:  20.000006 ns

Figure 14.17 Sample TIME Q Command Response With IRIG

=>>TIME Q <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP

Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

Figure 14.18 Sample Time Q Command Response With PTP
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TIME DST
In response to the TIME DST command, the relay displays local time, UTC time 
and UTC Offset, followed by daylight-saving time rules and information.

                    

                    

TRIGGER
The TRIGGER command initiates data captures for high-resolution oscillogra-
phy and event reports. For information on high-resolution oscillography and 
event reports see Triggering Data Captures and Event Reports on page 9.7.

Use the TRI command to trigger the relay to record data for high-resolution 
oscillography and event reports.

                    

When you issue the TRI command, the relay responds, Triggered. If the event 
did not trigger within 1 second, the relay responds, Did not trigger.

VECTOR
The VECTOR command displays information useful to the factory for trouble-
shooting purposes.

Use the VEC command to view diagnostic information recorded by the relay. In TiDL 
relays, you can also view the diagnostic information of connected SEL-TMUs.

                    

VERSION
The VERSION command displays the relay hardware and software configuration.

=>>TIME DST <Enter>
local: 11:28:19     UTC: 18:28:19     UTC Offset: -07.0 hrs

Daylight Savings Time Begin Rule: 2nd Sunday of March at 02:00
Daylight Savings Time End Rule: 1st Sunday of November at 02:00

Daylight Savings Time Presently Active

Next Daylight Savings Time Beginning: 03/11/2012 02:00
Next Daylight Savings Time Ending: 11/06/2011 02:00
=>>

Table 14.152 TIME DST Command

Command Description Access Level

TIME DST Daylight-saving time rules and information 1, B, P, A, O

Table 14.153 TRI Command

Command Description Access Level

TRI Trigger relay data capture. 1, B, P, A, O, 2

Table 14.154 VEC Command

Command Description Access Level

VEC Report relay internal diagnostics information. 2
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Use the VER command to list the part numbers, serial numbers, checksums, soft-
ware release numbers, and other important relay configuration information. 

                    

When you issue the VER command, the relay displays the latest release numbers 
for various items, typically including:

➤ FID

➤ CID

➤ Part number

➤ Serial number

➤ SELBOOT BFID

➤ Main board memory types and sizes

➤ Front-panel hardware

➤ Analog inputs ratings

➤ Interface board inputs and outputs

➤ Bay cards

➤ Extended relay features list

A sample VER command response is shown in Figure 14.19.

                    

Table 14.155 VER Command

Command Description Access Level

VER Display the hardware and software configurations. 1, B, P, A, O, 2

=>VER <Enter>
FID=SEL-451-6-R404-V0-Z104102-D20230317
CID=XXXX
Part Number:  04516XX0X600XE9H4C4XXXXXX
Serial Number:  1230769999
SELboot:
    BFID= SLBT-4XX-R302-V0-Z001002-D20230317
    Checksum:  XXXX

Mainboard:
    Code FLASH Size:   12 MB
    Data FLASH Size:   52 MB
    RAM Size:          64 MB
    EEPROM Size:      128 kB

Front Panel: installed
Analog Inputs:
    W:  Currents:  5 Amp
    X:  Currents:  5 Amp
    Y:  Voltage:   67 Volts
    Z:  Voltage:   67 Volts

Interface Boards:
    Board 1:  24 inputs   8 outputs
    Board 2: not installed
    Board 3: not installed
    Board 4: not installed

Bay Cards:
    Bay 1:  not installed
    Bay 2:  not installed
    Bay 3:  Ethernet Configuration 9
             Port 5A: 1000BASE-SX (8131-01)
             Port 5B: 1000BASE-SX (8131-01)
             Port 5C: 100BASE-FX (8103-01)
             Port 5D: 100BASE-FX (8103-01)
             Port 5E: 100BASE-FX (8103-01)
    Bay 4:  RS-232 and IRIG-B

Extended Relay Features:
    IEC 61850

If the above information is not as expected, contact SEL for assistance.

=>>

Figure 14.19 Sample VER Command Response
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If an item is not installed, the VER report indicates Not installed at the appro-
priate line. If a detected hardware configuration does not match the component 
part number, the relay adds the statement Warning - hardware does not match 
part number on the corresponding line.

VIEW
Use the VIEW command to examine data within the relay database. You can 
view these data in three ways:

➤ Region

➤ Register item

➤ Bit

The VIEW command in the relay is very similar to the VIEW command in SEL 
Communications Processors. See Section 10: Communications Interfaces in the 
product-specific instruction manual for more information on the relay database 
regions and data types.

Typical relay regions are LOCAL, METER, DEMAND, TARGET, HISTORY, 
BREAKER, STATUS, and ANALOGS; view this list with the MAP 1 command.

The relay is Virtual Device 1; all commands begin with VIEW 1. In all database 
views, if a data item is in test mode (controlled by TEST DB command), the 
relay displays an asterisk (*) mark following the data value.

VIEW 1 Commands—Region
Use the commands in Table 14.156 to view the contents of the database regions.

                    

VIEW 1 Commands—Register Item
Use the commands in Table 14.157 to view register items in the relay database. 
Typical examples of register items in the METER region are IA1, I0_1, VB, and 
PF. Examples of register items in the LOCAL region are FID, SER_NUM, and 
PART_NUM.

                    

Table 14.156 VIEW 1 Commands—Region

Command Description Access Level

VIEW 1 region Display the data in the relay database in the region region. 1, B, P, A, O, 2

VIEW 1 region BL Display the data in the region region and include bit labels. 1, B, P, A, O, 2

Table 14.157 VIEW 1 Commands—Register Item (Sheet 1 of 2)

Command Description Access Level

VIEW 1 addr Display the data in the relay database at register 
address addr.

1, B, P, A, O, 2

VIEW 1 addr 
NR ma

Display the data beginning at register address addr 
and continue for m registers.

1, B, P, A, O, 2

VIEW 1 region 
item_label

Display the data for the addresses in the region 
item_label area of the database.

1, B, P, A, O, 2

VIEW 1 region 
item_label NR m

Display the data for addresses in the region item_label 
area of the database; begin at the start of item_label 
and proceed for m registers.

1, B, P, A, O, 2
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In the VIEW 1 addr commands, option addr is the register address. Use the 
MAP 1 region command to find the register address. You can specify register 
addresses as a decimal or hexadecimal number. (A hexadecimal address is a 
numeral with an “h” suffix or a “0x” prefix.) If you specify the data by address or 
by offset with the addr and offset options, the relay returns the data in hexadeci-
mal number format. The NR option specifies the number of registers m that the 
relay includes in the data listing.

VIEW 1 Commands—Bit
Use commands in Table 14.158 to inspect a specific bit in the relay database. The 
relay displays bit data as the bit label or number and the value logical 1 or logical 
0. An example of a relay response for bit commands is 1:TARGET:ALTI = 0, 
where ALTI is the bit label and 0 is the bit value.

                    

The command option bit is the bit number. If you access bit data, the relay dis-
plays the bit label or number and the value (logical 0 or logical 1). If you refer-
ence the data by label with the BL and bit_label options, the relay returns the 
data according to the data type.

Use the VIEW 1 bit_label command as a shorthand method to inspect a specific 
data bit in the relay database. The relay searches the entire relay database struc-
ture for the bit label you specified; this process takes more time and processing 
than narrowing the search by using the VIEW 1 region command and the 
VIEW 1 addr command with the bit label option bit_label.

VIEW 1 region 
offset

Display the data for the address in the database region 
region at the offset offset from the beginning of the region.

1, B, P, A, O, 2

VIEW 1 region 
offset NR m

Display the data for the addresses in the database 
region region; begin at the offset offset from the begin-
ning of the region and proceed for m registers.

1, B, P, A, O, 2

a Parameter m is an integer value representing the number of registers.

Table 14.157 VIEW 1 Commands—Register Item (Sheet 2 of 2)

Command Description Access Level

Table 14.158 VIEW 1 Commands—Bita

a Parameter bit is a number from 0–15, with 0 as the LSB (least significant bit).

Command Description Access Level

VIEW 1 addr bit Display the value at register address addr for the bit 
number bit.

1, B, P, A, O, 2

VIEW 1 bit_label Display the value for the bit with the bit label bit_label. 1, B, P, A, O, 2

VIEW 1 region 
bit_label

Display the value for the particular bit with the bit 
label bit_label in the region region.

1, B, P, A, O, 2

VIEW 1 region 
offset bitb

b Parameter offset is a decimal or hexadecimal number to indicate the offset.

Display the value for the bit bit in the region region 
that is offset from the beginning of the region by offset 
offset.

1, B, P, A, O, 2
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Communications Interfaces

This section provides information on communications interface options for 
SEL-400 series relays. The following topics are discussed:

➤ Serial Communication on page 15.2

➤ Serial Port Hardware Protocol on page 15.4

➤ Ethernet Communications on page 15.6

➤ Virtual File Interface on page 15.20

➤ Software Protocol Selections on page 15.27

➤ SEL Protocol on page 15.28

➤ SEL MIRRORED BITS Communication on page 15.36

➤ SEL Distributed Port Switch Protocol (LMD) on page 15.43

➤ SEL-2600A RTD Module Operation on page 15.43

➤ Direct Networking Example on page 15.45

The relay collects, stores, and calculates a variety of data. These include electri-
cal power system measurements, calculated quantities, diagnostic data, equip-
ment monitoring data, fault oscillography, and sequential event reports. A 
communications interface is the physical connection on the relay that you can use 
to collect data from the relay, set the relay, and perform relay test and diagnostic 
functions.

The relay has three rear-panel serial ports and one front-panel serial port. These 
serial ports conform to the EIA-232 standard (often called RS-232). Several 
optional SEL devices are available to provide alternative physical interfaces, 
including EIA-485 and fiber-optic cable. The relay also has an Ethernet card to 
support a variety of communication protocols. TiDL relays also have a TiDL 
communications board that replaces the local CT/PT inputs.

Once you have established a physical connection, you must use a communica-
tions protocol to interact with the relay. A communications protocol is a language 
that you can use to perform relay operations and collect data. For information on 
protocols that you can use with the relay, see the instruction manual sections 
listed in Table 15.1.

                    

Table 15.1 Relay Communications Protocols (Sheet 1 of 2)

Communications Protocol Communications Interface For More Information See

ASCII Commands EIA-232a or Telnet using Ethernet Section 14: ASCII Command Reference

Distributed Port Switch (LMD) SEL-2885 EIA-232 to EIA-485 transceiver on 
an EIA-232 port

SEL Distributed Port Switch Protocol (LMD) 
on page 15.43

DNP3 EIA-232a or Ethernet Section 16: DNP3 Communication

File Transfer Protocol (FTP) Ethernet FTP on page 15.15

HTTP Ethernet HTTP (Hypertext Transfer Protocol) Server on 
page 15.20

IEC 61850 Ethernet Section 17: IEC 61850 Communication
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Serial Communication
Each relay has four serial ports that you can use for serial communication with 
other devices. 

EIA-232 Interfaces
The relay has four EIA-232 communications interfaces. The serial port locations 
for the 4U chassis are shown in Figure 15.1 and Figure 15.2; other chassis sizes 
are similar. The port on the front panel is PORT F and the three rear-panel ports are 
PORT 1, PORT 2, and PORT 3.

                    

MIRRORED BITS Communications EIA-232a SEL MIRRORED BITS Communication on 
page 15.36

Phasor Measurement Protocols 
(IEEE C37.118 and SEL Fast Message)

EIA-232a

Ethernetb
Section 18: Synchrophasors

Precision Time Protocol (PTP) Ethernet Precision Time Protocol (PTP) on page 15.17

Parallel Redundancy Protocol (PRP) Ethernet Network Connection by Using PRP Operating 
Mode on page 15.12 and Network Connection 
by Using PRP Operating Mode on page 15.14

SEL Binary Protocols (Fast Meter, Fast 
Operate, Fast SER)

EIA-232a or Telnet using Ethernet SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SEL Fast Message RTD Protocol EIA-232a SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SNTP Ethernet SNTP on page 15.16

Telnet Ethernet Telnet on page 15.16

T-Protocol TiDL Communications TiDL (T-Protocol) on page 19.1

a You can add converters to transform EIA-232 to other physical interfaces.
b Phasor Measurement over the Ethernet card is only available via IEEE C37.118 protocol.

Table 15.1 Relay Communications Protocols (Sheet 2 of 2)

Communications Protocol Communications Interface For More Information See

                    

Figure 15.1 Relay 4U Chassis Front-Panel Layout
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The EIA-232 ports are standard female 9-pin connectors with the pin numbering 
shown in Figure 15.3. The pin functions are listed in Table 15.2. Pin 1 can pro-
vide power to an external device.

                    

                    

The +5 V serial port supply that is common to all three rear serial ports is moni-
tored by the relay. If the +5 V supply is overloaded, the relay issues an 
HALARM warning (pulses HALARM bit for 5 seconds) and displays a port 
overload message in the relay status report. The serial port keeps working, 
regardless of this condition.

EIA-232 Communications Cables
For most installations, you can obtain information on the proper EIA-232 cable 
configuration from the SEL-5801 Cable Selector Program. Using the SEL-5801 
software, you can choose a cable by application. The software provides the SEL 

                    

Figure 15.2 Example 4U Rear-Panel Layout in Relay With Bay Cards

                    

Figure 15.3 EIA-232 Connector Pin Numbers

Table 15.2 EIA-232 Pin Assignments

Pin Signal Name Description Comments

1 5 Vdc Modem power Jumper selectable on PORT 1–
PORT 3. No connection on PORT F.

2 RXD Receive data

3 TXD Transmit data

4 +IRIG-B Time-code signal positive PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.

5 GND Signal ground Also connected to chassis ground.

6 –IRIG-B Time-code signal negative PORT 1 only. No connection on 
PORT F, PORT 2, and PORT 3.
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cable number with wiring and construction information, so you can order the 
appropriate cable from SEL or construct one. If you do not see information for 
your application, please contact SEL and we will assist you. You can obtain a 
copy of the SEL-5801 software by contacting SEL or from selinc.com.

Severe power and ground problems can occur on the communications ports of 
this equipment as a result of using non-SEL cables. Never use standard null-
modem cables with this equipment.

You can connect to a standard 9-pin computer port with an SEL-C234A cable for 
relay configuration and programming with a terminal program or with the 
ACSELERATOR QuickSet SEL-5030 software.

Fiber-Optic Interface
You can add transceivers to the EIA-232 ports to use fiber-optic cables to connect 
devices. We strongly recommend that you use fiber-optic cables to connect 
devices within a substation. Power equipment and control circuit switching can 
cause substantial interference with communications circuits. You can also experi-
ence significant ground potential differences during fault conditions that can 
interfere with communications and damage equipment. Fiber-optic cables pro-
vide electrical isolation that increases safety and equipment protection.

Use the SEL-2800 product family transceivers for multimode or single-mode 
fiber-optic communications. All of these transceivers are port powered, require 
no settings, and operate automatically over a broad range of data rates. SEL-2800 
series transceivers operate over the same wide temperature ranges as SEL relays, 
providing reliable operations in extreme conditions.

EIA-485
There is no EIA-485 port integral to the relay. You can install an SEL-2885 or 
SEL-2886 transceiver to convert one of the rear-panel EIA-232 ports (PORT 1–
PORT 3) on the relay to an EIA-485 port. The SEL-2885 and SEL-2886 are pow-
ered by the +5 Vdc output on Pin 1. These transceivers offer transformer isolation 
not found on most EIA-232-to-EIA-485 transceivers. See the transceiver product 
fliers for more information.

The SEL-2885 offers the SEL Distributed Port Switch Protocol (LMD). With this 
protocol you can selectively communicate with multiple devices on an EIA-485 
network. You can communicate with other network nodes including EIA-232 
devices with an SEL-2885 and SEL devices having integral EIA-485 ports. You 
can find more information about using SEL LMD in SEL Distributed Port Switch 
Protocol (LMD) on page 15.43.

Serial Port Hardware Protocol
The serial ports comply with the EIA-232 Standard (formerly known as RS-232). 
The serial ports support RTS/CTS hardware flow control. See also Software Flow 
Control on page 15.32.

http://selinc.com
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Hardware Flow Control
Hardware handshaking is one form of flow control that two serial devices use to 
prevent input buffer information overflow and loss of characters. To support 
hardware handshaking, connect the RTS output pin of each device to the CTS 
input pin of the other device. To enable hardware handshaking, use the SET P 
command (or front-panel SET pushbutton sequence) to set RTSCTS := Y. Disable 
hardware handshaking by setting RTSCTS := N. Table 15.3 shows actions the 
relay takes for the RTSCTS setting values and the conditions relevant to hard-
ware flow control.

                    

Note that the relay must assert the RTS pin to provide power for some modems, 
fiber-optic transceivers, and hardware protocol converters that are port powered. 
Check the documentation for any port-powered device to determine if the device 
supports hardware handshaking or if you must always assert RTS (RTSCTS := N) 
for proper operation.

Data Frame
The relay ports use asynchronous data frames to represent each character of data. 
Four port settings influence the framing: SPEED, DATABIT, PARITY, and 
STOPBIT. The time allocated for one bit is the reciprocal of the SPEED. For 
example, at 9600 bits per second, one bit-time is 0.104 milliseconds (ms).

The default port framing uses one start bit, eight data bits, no parity bit, and one 
stop bit. The transmitter asserts the TXD line for one data frame, as described in 
the following steps:

The TXD pin is normally in a deasserted state.

➤ To send a character, the transmitter first asserts the TXD pin for one 
bit time (start bit).

➤ For each data bit, if the bit is set, the transmitter asserts TXD for one 
bit time. If the bit is not set, it deasserts the pin for one bit time (data 
bits).

➤ If the PARITY setting is E, the transmitter asserts or deasserts the 
parity bit so that the number of asserted data bits plus the parity bit is 
an even number. If the PARITY setting is O, the transmitter asserts or 
deasserts the parity bit so that the number of asserted data bits plus 
the parity bit is an odd number. If the PARITY setting is N, the data 
frame does not include a parity bit.

Table 15.3 Hardware Handshaking

Setting 
RTSCTS Value

Condition Relay Action

N All Assert RTS output pin and ignore CTS 
input pin.

Y Normal input reception Assert RTS output pin.

Y Local input buffer is close to full Deassert RTS pin to signal remote device 
to stop transmitting.

Y Normal transmission Sense CTS input is asserted, transmit 
normally.

Y Remote device buffer is close to full, 
so remote device deasserts RTS

Sense CTS input is deasserted, stop 
transmitting.
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➤ At the completion of the data bits and parity bit (if any), the 
transmitter deasserts the line for one bit time (stop bit). If STOPBIT 
is set to 2, the transmitter deasserts the line for one more bit time 
(stop bit).

➤ Until the relay transmits another character, the TXD pin will remain 
in the unasserted state.

Ethernet Communications
Ethernet Card

The SEL-400 series relays support an Ethernet card. In some SEL-400 series 
devices, this is a daughter card to the main board, as shown in Figure 15.4. In 
others, it goes into BAY 3, as shown in Figure 15.5 and Figure 15.6. The Ethernet 
card is optional except in relays configured for SV and TiDL. You can either field 
install the card or order the relay with the card installed at the factory. As with 
other SEL products, SEL has designed and tested SEL Ethernet cards for opera-
tion in harsh environments.

                    

                    

                    

In some relay models, the Ethernet card has two or four ports and is available 
with standard twisted-pair and fiber-optic physical interfaces. Other models sup-
port a five-port Ethernet card with small form-factor pluggable (SFP) ports, as 
shown in Figure 15.6. The Ethernet card includes redundant physical interfaces 
with the capability to automatically transfer communications to the backup inter-
face in the event that the primary network fails. For information on substation 
integration architectures, see Section 16: DNP3 Communication and Section 17: 
IEC 61850 Communication.

                    

Figure 15.4 Example Two-Port Ethernet Card

                    

Figure 15.5 Example Four-Port Ethernet Card

                    

Figure 15.6 Five-Port Ethernet Card
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Once installed in a relay, the settings needed for network operation and data 
exchange protocols, including DNP3 and IEC 61850, are available in the Port 5 
settings.

Ethernet Network Operation
You should carefully design your Ethernet network to maximize reliability, mini-
mize system administration effort, and provide adequate security. SEL recom-
mends that you work with a networking professional to design your substation 
Ethernet network.

Use the network configuration settings shown in Table 12.14 and Table 12.28 to 
configure the relay for operation on an IP network and to set other parameters 
affecting the physical Ethernet network interface operation. Depending on the 
model and ordering selection, the relay is equipped with either two, four, or five 
Ethernet ports. See Table 15.4 for information on what protocols are available on 
which ports for various Ethernet cards and configurations.

                    

The relay IP address setting uses Classless Inter-Domain Routing (CIDR) notation 
and a variable-length subnet mask (VLSM) to define its local network and host address.

An IP address consists of two parts: a prefix that identifies the network followed 
by a host address within that network. Early network devices used a subnet mask 
to define the network prefix of an associated host address. Within the mask, sub-
net boundaries were defined by the 8-bit segments of the 32-bit IP address. These 
boundaries constrained network prefixes to 8, 16, or 24 bits, defining Class A, B, 
and C networks, respectively.

This classful networking often created subnetworks that were not sized effi-
ciently for actual requirements. CIDR allows more effective usage of a given 
range of IP addresses. In CIDR notation, you enter the IP address setting in the 
form a.b.c.d/p, where a.b.c.d is the host address in standard dotted decimal form 
and p is the network prefix expressed as the number of “1” bits in the mask. For 
example, if IPADDR := 192.168.1.2/24, the host address is 192.168.1.2 and the 
network prefix is the first 24 bits of the address, or 192.168.1. The network 
address is derived by applying the network prefix to the IP address and filling the 
remaining bits with zeros (in our example, it is 192.168.1.0). The broadcast 

Table 15.4 Ethernet Protocol Options

Ethernet Card Typea, b, c

a IP refers to FTP, HTTP, Telnet, SNTP, MMS, DNP, and IEEE C37.118.
b The SEL-487B does not support IEEE C37.118.
c Some relay models do not support SV.

PORT 5A and PORT 5B PORT 5C and PORT 5D PORT 5E

Two-Port

5A, 5B PRP, PTP, GOOSE, IP — —

5C, 5D — PRP, GOOSE, IP —

Four-Port

Independent Bus Mode, Station Bus = (5A, 5B) PRP, PTP, GOOSE, IP GOOSE, SV —

Independent Bus Mode, Station Bus = (5C, 5D) PTP, GOOSE, SV PRP, GOOSE, IP —

Merged Bus Mode PTP, GOOSE, SV, IP — —

Five-Port

Independent Bus Mode PRP, PTP, GOOSE, SV PRP, PTP, GOOSE, IP IPd

d PORT E does not support SNTP.

Merged Bus Mode PRP, PTP, GOOSE, SV, IP — IPd
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address is derived similarly, but the remaining bits are filled with ones 
(192.168.1.255 for the example above). Neither the network (base) address nor the 
broadcast address can be used for any host or router addresses on the network.

                    

The relay uses the default router address setting to determine how to communi-
cate with nodes on other local networks. The relay communicates with the 
default router to send data to nodes on other local networks. The default router 
must be on the same local network as the relay or the relay will reject the default 
router setting. You must also coordinate the default router with your general net-

Table 15.5 CIDR Notation

CIDR Value Subnet Mask

/32 255.255.255.255

/31 255.255.255.254

/30 255.255.255.252

/29 255.255.255.248

/28 255.255.255.240

/27 255.255.255.224

/26 255.255.255.192

/25 255.255.255.128

/24 255.255.255.000

/23 255.255.254.000

/22 255.255.252.000

/21 255.255.248.000

/20 255.255.240.000

/19 255.255.224.000

/18 255.255.192.000

/17 255.255.128.000

/16 255.255.000.000

/15 255.254.000.000

/14 255.252.000.000

/13 255.248.000.000

/12 255.240.000.000

/11 255.224.000.000

/10 255.192.000.000

/9 255.128.000.000

/8 255.000.000.000

/7 254.000.000.000

/6 252.000.000.000

/5 248.000.000.000

/4 240.000.000.000

/3 224.000.000.000

/2 192.000.000.000

/1 128.000.000.000

/0 000.000.000.000
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work implementation and administration plan. See Table 15.6 for examples of 
how the IP address and subnet mask define the network and node and how these 
settings affect the default router setting.

If there is no router on the network, enter a null string (“”).

                    

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, DNP3, IEC 61850 
MMS, and IEEE C37.118.

The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT settings, 
can be used to verify that the computer at the remote end of a TCP connection is 
still available. If ETCPKA is enabled and the relay does not transmit any TCP 
data within the interval specified by the KAIDLE setting, the relay sends a keep-
alive packet to the remote computer. If the relay does not receive a response from 
the remote computer within the time specified by KAINTV, the keep-alive packet 
is retransmitted as many as KACNT times. After this count is reached, the relay 
considers the remote device no longer available, so the relay can terminate the 
connection without waiting for the idle timer (TIDLE or FTPIDLE) to expire.

The relay monitors Manufacturing Message Specification (MMS) inactivity to 
identify and disconnect MMS clients that have stopped communicating with it. 
You can set it from 0 to 42000000 seconds via the IED Properties MMS Settings 
in ACSELERATOR Architect SEL-5032 Software. The MMS Inactivity default 
value is either 120 seconds or 900 seconds, depending on the relay. Setting this 
value to 0 disables the MMS Inactivity timer. If enabled, the relay starts a timer 
for an MMS session after it receives an MMS request from the client on that ses-
sion. It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it avail-
able for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to specifi-
cally handle MMS clients that do not disconnect properly. As there are a limited 
number of MMS sessions available, this ensures that misbehaving MMS clients 
do not take up multiple MMS sessions. Note that the MMS inactivity time-out 
can still disconnect an MMS session even if the relay receives TCP keep-alive 
messages from that MMS client.

The two-port and four-port Ethernet cards operate over either twisted-pair or 
fiber-optic media. Each Ethernet card is equipped with two or four network ports. 
You can select the medium for each port (10/100 Mbps twisted-pair or 100 Mbps 
fiber-optic). 

The five-port Ethernet card uses SFP ports with compatible SFP transceivers. The 
transceivers are not included with the card and must be ordered separately. See 
Table 15.7 or selinc.com/products/sfp/ for a list of compatible SFP transceivers.

Table 15.6 Default Router Address Setting Examples

IP Address (CIDR) Network Address Broadcast Address Default Router Rangea

a The Default Router cannot be the same as the IP Address, Network Address, or Broadcast 
Address.

192.168.1.2/28 192.168.1.0 192.168.1.15 192.168.1.0–192.168.1.15

192.168.1.2/24 192.168.1.0 192.168.1.255 192.168.1.ab

b Value in the range 0—255.

192.168.1.2/20 192.168.0.0 192.168.15.255 192.168.0.ab–192.168.15.ab

192.168.1.2/16 192.168.0.0 192.168.255.255 192.168.ab.bb

192.168.1.2/12 192.160.0.0 192.175.255.255 192.160.ab.bb–192.175.ab.bb

192.168.1.2/8 192.0.0.0 192.255.255.255 192.ab.bb.cb

192.168.1.2/4 192.0.0.0 207.255.255.255 192.ab.bb.cb–207.ab.bb.cb

https://selinc.com/products/sfp/


15.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

Communications Interfaces
Ethernet Communications

                    

The five-port Ethernet card is only supported in certain products with a compati-
ble firmware version. See Appendix A: Firmware, ICD File, and Manual Versions 
in the product-specific instruction manual for firmware that supports the five-port 
Ethernet card. Upgrading to this firmware while retaining an existing card will 
not impact your settings or functionality. Converting an existing card to the five-
port Ethernet card will default the Port 5 settings.

Redundant Ethernet Ports (Two- or Four-Port Ethernet Card)
PORT 5A, PORT 5B and PORT 5C, PORT 5D are Ethernet port pairs. One port pair is for 
TCP/IP or UDP/IP Ethernet communications, including FTP, Telnet, DNP3 
LAN/WAN, etc., and IEC 61850 GOOSE. You can configure these ports for redun-
dant network architectures, or force the relay to use a single Ethernet port for 
these protocols. If the relay has four ports, the second port pair can be used for 
relay-specific functionality. PTP is only available on PORT 5A and PORT 5B when 
using the two- or four-port Ethernet card.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure the relay for FAILOVER mode.

➤ NETMODE := FAILOVER

➤ NETPORT := the preferred primary network port

➤ FTIME := desired time-out for the active port before failover to the 
backup port

Connect the relay to redundant networks as shown in Figure 15.7.

Table 15.7 SFP Transceivers for the Five-Port Ethernet Card

Transceiver 
Part Number

Interface Modea, b Type Max. Distance Wavelength
TX Power
(dBm)

RX Sens. 
Max. (dBm)

RX Sens. 
Min. (dBm)

8131-01 1000BASE-SX MM Dual-fiber 300 m (62.5/125 m)
550 m (50/125 m)

850 nm –2.5 to –9 0 –18

8103-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8109-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8130-01 1000BASE-LX SM Dual-fiber 10 km 1310 nm –3 to –9.5 –3 –21

8130-02 1000BASE-LX SM Dual-fiber 20 km 1310 nm –1 to –6 –3 –22

8130-03 1000BASE-LX SM Dual-fiber 30 km 1310 nm 0 to –5 –3 –24

8130-04 1000BASE-LX SM Dual-fiber 40 km 1310 nm 3 to –2 –3 –24

8130-05 1000BASE-XD SM Dual-fiber 50 km 1550 nm 0 to –5 –3 –24

8130-06 1000BASE-ZX SM Dual-fiber 80 km 1550 nm 5 to 0 –3 –24

8130-08 1000BASE-ZX SM Dual-fiber 160 km 1550 nm 5 to 1 –10 –36

8130-10 1000BASE-ZX SM Dual-fiber 200 km 1550 nm 8 to 5 –10 –36

a MM = multimode.
b SM = single-mode.

NOTE: The process bus on the four-
port Ethernet card uses FAILOVER 
operating mode with no time-out 
delay.
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On startup, the relay communicates using the primary network port selected by 
the NETPORT setting. If the relay detects a link failure on the primary port, it 
asserts the LNKFAIL Relay Word bit. If the standby port’s link is up, the relay 
activates the standby network port after time FTIME. If the link status on the pri-
mary port returns to normal before time FTIME, the failover timer resets and 
operation continues on the primary network port. Similarly, if the relay detects a 
link failure on the standby port and the primary port’s link is up, the relay acti-
vates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

Network Connection by Using Isolated IP Operating Mode
The Isolated IP mode (NETMODE = ISOLATEIP) permits IEC 61850 GOOSE 
messages on two ports, but restricts IP traffic to just one port. This mode is useful 
for cases where it is desired to connect one port to a secured network (the IP port) 
but have the other port leave the security perimeter.

NOTE: If NETMODE = ISOLATEIP, 
Precision Time Protocol (PTP) is only 
supported on the port designated as 
the IP port.

The NETPORT setting selects which port will be the IP port. The other port will 
only support GOOSE traffic. IP transmissions will only go out the IP port. IP 
receptions will only be processed from the IP port. GOOSE publications will go 
out both ports. GOOSE subscriptions will be accepted from either port. Any non-
GOOSE traffic received on the non-IP port will be ignored. No traffic will go 
from one external port to the other.

Network Connection by Using SWITCHED Operating Mode
Make Port 5 setting NETMODE = SWITCHED to activate the internal Ethernet 
switch. The internal switch connects a single Ethernet stack inside the relay to 
two external Ethernet ports. The combination of relay and internal switch operate 
the same as if a single Ethernet port on a relay were connected to an external 
unmanaged Ethernet switch. Use the internal switch to add devices to a network, 
as shown in Figure 15.8.

                    

Figure 15.7 Failover Network Topology
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NOTE: The TiDL relay Ethernet ports 
operate with a BUSMODE setting of 
INDEPEND. This allows for process bus 
GOOSE messages to be received by 
the relay on the non-IP ports. The 
non-IP ports operate in a fixed 
FAILOVER mode. 

NOTE:  For very small values of 
FTIME, or for a failover event on the 
process bus, the assertion or 
deassertion of LNKFAIL and LNKFL2 
can be too short for a state change to 
register in the SER.
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Using this topology, the internal network switch of the relay supports connecting 
Ethernet devices in series. Each relay in the chain acts as a network hub. Network 
traffic originating from a relay is forwarded to the adjacent relay, and so on, until 
the traffic reaches its destination. In this SWITCHED mode, each relay is forced 
to process and filter traffic not intended for it, which results in a reduced overall 
network performance. This configuration is only recommended for temporary 
use. Note that PTP functionality is not available in SWITCHED operating mode.

When using this switched mode, do not to connect the last device back to the 
Managed Ethernet Switch, thereby creating a loop or ring. 

In switched mode, the internal Ethernet switch of the relay is an unmanaged 
Ethernet switch and does not provide RSTP functionality. You will experience 
very large RSTP healing times in such a network.

Network Connection by Using Fixed Operating Mode
Force the relay to use a single station bus Ethernet port by making setting 
NETMODE := FIXED. When NETMODE := FIXED, only the port selected by 
NETPORT is active. The other port is disabled.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks (IEC 
62439-3). The purpose of the protocol is to provide seamless recovery from any 
single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel.

Make the following settings in Port 5 to configure the relay for PRP mode.

➤ NETMODE := PRP

➤ PRPTOUT := desired time-out for PRP frame entry

➤ PRPINTV := desired supervision frame transmit interval

➤ PRPADDR := PRP destination MAC address least significant bit

When NETMODE is not set to PRP, the PRP settings are hidden.

                    

Figure 15.8 Using Internal Ethernet Switch to Add Networked Devices
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Enabling PRP doubles the number of Ethernet packets received on the station 
bus. You may need to reduce the number of incoming GOOSE subscriptions so 
that you do not exceed the relay’s incoming GOOSE buffers, which are sized to 
accommodate a maximum of 128 GOOSE messages.

Redundant Ethernet Ports (Five-Port Ethernet Card)
The five-port Ethernet card includes many of the same capabilities and settings as 
the two- and four-port Ethernet cards. It also provides new and enhanced capabil-
ities such as PRP and fast failover on both the station bus and process bus. 
PORT 5A and PORT 5B are reserved for process bus network. PORT 5C and PORT 5D 
are reserved for the station bus network. PORT 5E operates on an isolated network 
with a unique IP address making it ideal for engineering and data access. PORT 5E 
supports IP protocols including FTP, HTTP, Telnet, MMS, DNP, and IEEE C37.118. 
PTP is available on either port pair PORT 5A, PORT 5B or PORT 5C, PORT 5D. All 
ports support 100 Mbps speeds. PORT 5A and PORT 5B also support 1 Gbps speeds 
to satisfy potentially large traffic requirements on the process bus. Use the enable 
interface setting, EINTF, to enable the network interfaces required for your appli-
cation. If a network interface is not included in EINTF setting, the relay hides the 
settings associated with that interface.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FAILOVER mode.

➤ NETMODP := FAILOVER (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FAILOVER (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

➤ FTIME := desired time-out for the active port before failover to the 
backup port for the station bus

Connect the relay to a redundant network like the one shown in Figure 15.7. On 
startup, the relay communicates using the primary network ports selected by the 
NETPORT and NETPORP settings. If the relay detects a link failure on the pri-
mary port and the standby port’s link is up, the relay activates the standby net-
work port. The failover time on the process bus is immediate (less than 
100 microseconds) and will drop no more than one SV sample. The failover time 
on the station bus occurs after time FTIME. If the link status on the primary port 
on the station bus returns to normal before time FTIME, the failover timer resets 
and operation continues on the primary network port. Similarly, if the relay detects 
a link failure on the standby port on the station bus and the primary port’s link is 
up, the relay activates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

NOTE: For a 1000BASE-X 
connection, the active port will not 
failover to the standby port if only the 
transmit path fails.

NOTE: For very small values of FTIME, 
or for a failover event on the process 
bus, the assertion or deassertion of 
LNKFAIL and LNKFL2 can be too short 
for a state change to register in the 
SER. 
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Network Connection by Using Fixed Operating Mode
Make the following settings in Port 5 to configure ports PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FIXED mode.

➤ NETMODP := FIXED (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FIXED (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

Only the ports selected by NETPORT and NETPORP are active. PORT 5E is not 
affected by these settings.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks 
(IEC 62439-3). The purpose of the protocol is to provide seamless recovery from 
any single Ethernet network failure. 

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel. 

Make the following settings in Port 5 to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for PRP mode.

➤ NETMODP := PRP (for the process bus)

➤ PRPINTP := desired supervision frame transmit interval for the 
process bus

➤ PRPADDP := PRP destination MAC address least significant bit for 
the process bus

➤ NETMODE := PRP (for the station bus)

➤ PRPINTV := desired supervision frame transmit interval for the 
station bus

➤ PRPADDR := PRP destination MAC address least significant bit for 
the station bus

➤ PRPTOUT := desired time-out for PRP frame entry

Enabling PRP on a port pair doubles the number of Ethernet packets received on 
that interface. You may need to reduce the number of incoming GOOSE sub-
scriptions on the port pairs so that you do not exceed the relay’s incoming 
GOOSE buffers which are sized to accommodate a maximum of 128 GOOSE 
messages.

Configure the PTHDLY setting to P2P to cause the relay to synchronize both the 
primary and standby ports. This allows the relay to seamlessly maintain PTP syn-
chronization during a failover operation. This does not apply when PTHDLY is 
set to E2E.

The relay provides PRP supervision bits for GOOSE and SV. See COM PRP on 
page 14.14 for more information. 

Figure 15.9 shows an example PRP network with an SEL-421-7 and SEL-401. 
The five-port Ethernet cards in the relays allow for PRP on both the station bus 
and process bus, as well as a separate network for engineering access.
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Ethernet Protocols
NOTE: The relay prioritizes 
processing IEC 61850 GOOSE data 
over the data access protocols listed 
above. With GOOSE enabled, high 
GOOSE traffic to and from the relay 
sustained over long periods may 
cause slowed responsiveness to data 
transfer requests via TCP/IP protocols.

Access data by using either the standard TCP/IP Telnet and FTP interfaces or, 
optionally, through the (Web) HTTP Server, DNP3 LAN/WAN or IEC 61850 
interface. You cannot access all data through all interfaces. See the appropriate 
interface section below for details on data access.

FTP
FTP is a standard application-level protocol for exchanging files between com-
puters over a TCP/IP network. The relay Ethernet card operates as an FTP server, 
presenting files to FTP clients. The relay Ethernet card supports one FTP connec-
tion at a time. Subsequent requests to establish FTP sessions will be denied. If your 
FTP client does not work properly, be sure to set your client to use a single session.

Table 12.15 and Table 12.29 list lists the settings that affect FTP server operation.

File Structure

The basic file structure is organized as a directory and subdirectory tree similar to 
that used by Unix, DOS, Windows, and other common operating systems. See 
Virtual File Interface on page 15.20 for information on the basic file structure.

Access Control

The standard FTP logins consist of the three-character access level command 
(e.g., ACC, BAC) with their respective passwords. For example, with default 
passwords, if you use the username of 2AC and password of TAIL, you will con-
nect with Access Level 2 privileges. 

                    

Figure 15.9 Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards
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The relay validates FTP clients and controls access by limiting failed password 
attempts. If a user attempts to log into the relay with three consecutive invalid 
login attempts within a 1-minute period, the relay disables login requests for 
30 seconds and pulses the SALARM and BADPASS Relay Word bits.

FTP settings control anonymous file access features. The special FTP username 
“anonymous” does not require a password. It has the access rights of the access 
level selected by the FTPAUSR setting. For example, if FTPAUSR is set to 1 (for 
Access Level 1), the FTP anonymous user has Access Level 1 rights.

SEL advises against enabling anonymous FTP logins (FTPANMS = Y) except 
under test conditions. The Ethernet card does not require a password for the spe-
cial FTP username “anonymous”. If you enable anonymous FTP logins, you are 
allowing unrestricted access to the relay and host files.

Telnet
Telnet is part of the TCP/IP protocol suite. A Telnet connection provides access 
to the relay user interface. The relay supports as many as three Telnet connections 
at a time. When you connect with Telnet and log in to the relay, you can use all of 
the ASCII and Compressed ASCII commands described in Section 14: ASCII 
Command Reference to configure and interact with the relay. You can also use the 
SEL binary Fast Meter and Fast Operate commands described in SEL Fast Meter, 
Fast Operate, Fast SER Messages, and Fast Message Data Access on page 15.33.

Use a Telnet client or QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the EXI command from any access level.

Table 12.17 and Table 12.31 list the settings that affect Telnet operation.

SNTP
When SNTP is enabled (Port 5 setting ESNTP is not OFF), the relay internal 
clock conditionally synchronizes to the time of day served by a Network Time 
Protocol (NTP) server. The relay uses a simplified version of NTP called the 
SNTP. SNTP is not as accurate as IRIG-B or PTP. The relay can use SNTP as a 
less accurate primary time source, or as a backup to the higher accuracy IRIG-B 
or PTP time sources.

If an IRIG-B time source is connected and either Relay Word bits TSOK or 
TIRIG assert, then the relay synchronizes the internal time-of-day clock to the 
incoming IRIG-B time-code signal, even if SNTP is configured in the relay and 
an NTP server is available. If the IRIG-B source is disconnected (TIRIG deas-
sert) then the relay synchronizes the internal time-of-day clock to the NTP server 
if available. In this way an NTP server acts as either the primary time source, or 
as a backup time source to the more accurate IRIG-B time source. The above is 
also true if the relay is connected to an accurate PTP time source, but TPTP (not 
TIRIG) will deassert when the PTP time source is disconnected.

Three SEL application notes available from the SEL website describe how to cre-
ate an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve 
NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create 
a Stratum 1 Linux NTP Server
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Configuring SNTP Client in the Relay

To enable SNTP in the relay, set Port 5 setting ESNTP to UNICAST, MANY-
CAST, or BROADCAST. Table 12.25 lists the settings associated with SNTP.

SNTP Operation Modes

The following sections explain the setting associated with each SNTP operation 
mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST

In unicast mode of operation the SNTP client in the relay requests time updates 
from the primary (IP address setting SNTPPIP) or backup (IP address setting 
SNTPBIP) NTP server at a rate defined by setting SNTPRAT. If the NTP server 
does not respond with the period defined by the sum of setting SNTPTO and 
SNTPRAT then the relay tries the other SNTP server. When the relay success-
fully synchronizes to the primary NTP time server, Relay Word bit TSNTPP 
asserts. When the relay successfully synchronizes to the backup NTP time server, 
Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST

In manycast mode of operation the relay initially sends an NTP request to the 
broadcast address contained in setting SNTPPIP. The relay continues to broad-
cast requests at a rate defined by setting SNTPRAT. When a server replies, the 
relay considers that server to be the primary NTP server, and switches to UNI-
CAST mode, asserts Relay Word bit TSNTPP, and thereafter requests updates 
from the primary server. If the NTP server stops responding for time SNTPTO, 
the relay deasserts TSNTPP and begins to request time from the broadcast 
address again until a server responds.

ESNTP = BROADCAST

Setting SNTPPIP = 0.0.0.0 while ESNTP = BROADCAST, the relay will listen 
for and synchronize to any broadcasting NTP server. If setting SNTPPIP is set to 
a specific IP address while setting ESNTP = BROADCAST, then the relay will 
listen for and synchronize to only NTP server broadcasts from that address. 
When synchronized the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within the 
SNTPT0 setting value after the period defined by setting SNTPRAT.

SNTP Accuracy Considerations

SNTP time synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and rout-
ers between the SNTP Server and the relay.

When installed on a network with low burden configured with one Ethernet 
switch between the relay and the SNTP Server, and when using 
ESNTP = UNICAST or MANYCAST, the relay time synchronization error to 
the SNTP server is typically less than ±1 millisecond.

Precision Time Protocol (PTP)
The two-port and four-port Ethernet cards support PTP on port pair PORT 5A, 
PORT 5B. The five-port Ethernet card supports PTP on either port pair PORT 5A, 
PORT 5B or PORT 5C, PORT 5D. The relay supports Precision Time Protocol 
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version 2 (PTPv2) as a slave-only clock as defined by IEEE-1588-2008. PTP pro-
vides high accuracy timing over an Ethernet network, eliminating the need for a 
separate IRIG-B cable and connection. To achieve the best accuracy (<1 µs), it is 
necessary to have one or more PTP master clocks and that all intervening equip-
ment (e.g., Ethernet switches) need to be 1588-aware (i.e., all intervening net-
work devices need to be transparent or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS input, 
is a master clock. The intervening switches are transparent clocks. It is also possi-
ble to connect networks together and pass time from one network to another by 
using boundary clocks. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not 1588-aware would not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP clocks 
implement algorithms to select the best available clock. The one selected for use 
by an end device is the grandmaster clock. A complete description of possible 
PTP networking configurations is beyond the scope of this manual. You can learn 
more about configuring a PTP network in these application guides:

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality in a Redundant Network Topology” (AN2015-07)

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality to Isolated Ethernet Networks” (AN2015-06)

To configure PTP, update the Port 5 PTP settings as described in Table 12.26 and 
Table 12.33. By default, PTP is disabled in the relay. Enable PTP to make the 
other PTP settings available.

Within PTP, there are multiple clock profiles available. A profile defines the set 
of PTP features available in a specific application domain. SEL-400 series relays 
support three profiles: Default, Power System profile (C37.238-2011), and Power 
Utility Automation profile (IEC/IEEE 61850-9-3-2016).

The Power profile provides predictable performance and the highest accuracy 
with compensation for network inaccuracies. This Power profile also allows for 
unique identification of grandmaster clocks, providing better security when oper-
ating in local clock mode.

The Power profile is only supported on Layer 2 networks and exclusively uses 
the peer-to-peer Delay Mechanism. All messages must be sent at 1-second inter-
vals, must have 802.1Q VLAN tags, and Announce messages must include 
grandmaster ID and (maximum) inaccuracy fields. Transparent clocks are man-
datory in a power profile network; boundary clocks are not allowed. For a net-
work with less than 16 hops between Grandmaster and IED, the Power profile 
can deliver time with better accuracy than 1 s. Select the profile by using the 
PTPPRO setting.

The Default profile has many optional features. It was intended to address com-
mon applications, so has been implemented by most PTP-capable devices. The 
Default profile supports both UDP or Layer 2 (802.3) Ethernet transport, and can 
use either end-to-end (E2E) or peer-to-peer (P2P) Delay Mechanism. Grandmas-
ter clocks can send Announce, Sync, and Delay request messages over a wide 
range of intervals. A Default profile network can consist of boundary clocks or 
transparent clocks anywhere between the grandmaster and the end devices. A 
well-designed Default profile network with an accurate grandmaster can achieve 
better than 1 s accuracy

The 61850-9-3 Power Utility Automation profile is only supported on Layer 2 
networks and exclusively uses the peer-to-peer delay mechanism. Grandmaster 
clocks can send Announce and Sync messages over a wide range of intervals. A 

NOTE: The SEL-2488 with the PTP 
option is a PTP grandmaster clock 
capable GPS receiver.

NOTE: See Appendix A: Firmware, 
ICD File, and Manual Versions in the 
product-specific instruction manual 
for firmware that supports PTP over 
PRP.
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61850-9-3 profile network can consist of boundary clocks or transparent clocks 
anywhere between the grandmaster and the end devices. The performance 
requirements for this profile are listed in the IEC 61850 standard part 9-3 docu-
mentation. This profile does not account for network time inaccuracy calcula-
tions, but a well-designed network can achieve better than 1 s accuracy.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation between clocks that participate in different application 
domains to coexist on the same network. Domains are identified by domain num-
bers. The domain number for the relay is selected by the DOMNUM setting. Set 
DOMNUM to match the domain number configured in the master clocks the 
relay should synchronize with.

The relay supports transport of PTP messages over UDP or layer 2 (Ethernet). 
Use the PTPTR setting to select the PTP transport mechanism. This needs to 
match the transport mechanism used in the master clocks. Layer 2 Ethernet trans-
port is available with both the Default and Power System profiles. If operating in 
a UDP network, PTP will operate on port 320. Except for peer delay messages, 
the relay sets the time allowed to live (TTL) value in the UDP/IP header of PTP 
messages to 64. This allows the possibility of synchronizing relay time through 
routers across a WAN to a PTP master. High-accuracy synchronization may not 
be achievable across the WAN, so it is left to the user to determine if the accuracy 
meets the needs of their application.

When using the Power System profile, use the VLAN number and priority set-
tings PVLAN and PVLANPR to set the VLAN ID and priority, respectively, of 
the Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the relay.

PTP defines two methods for calculating and correcting for the communications 
path delay between the relay and the master clock: end-to-end (Delay Request-
Response) and peer-to-peer (Peer Delay Request-Response). The end-to-end 
mechanism calculates the total path delay between the relay and the master clock. 
The peer-to-peer mechanism calculates the total path delay in a piecemeal fash-
ion between each device in the path. Peer-to-peer is the more accurate method 
and is recommended for use in SEL relays. The relay periodically initiates path 
delay calculations. Use the PTHDLY and PDINT settings to configure the path 
delay method and the path delay request rate. If PTHDLY is set to OFF, then the 
relay will not calculate and correct for path delay. Only the peer-to-peer mecha-
nism is available for Power System profile and 61850-9-3.

By default, the relay will synchronize to any clock on the network that it evalu-
ates to be the best clock based on the Best Master Clock Algorithm (BMCA). 
Use the Acceptable Master Table settings to specify a list of master (grandmaster 
or boundary) clocks to which the relay may synchronize. The relay will not syn-
chronize to any master clock that is not in the list. It is recommended to use this 
feature for additional security. The AMNUM setting selects the number of master 
clocks you will list in this table. The default value is OFF, which means the relay 
will synchronize to any master clock on the network. If AMNUM is set to a value 
other than OFF, that number of allowable masters must be identified in accor-
dance with the PTP transport chosen, i.e., MAC address for 802.3 or IP address 
for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify the 
IP addresses of the clocks the relay is permitted to synchronize to. If PTP trans-
port is set to layer 2, use the AMMACn settings to specify the MAC addresses of 
the clocks the relay is permitted to synchronize to.

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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If the ALTPRIn (alternate priority 1 for master n) setting is set to a positive value, 
the priority1 value in received Announce messages from the corresponding mas-
ter clock will be replaced by the ALTPRIn value before applying the BMCA. The 
ALTPRIn values reprioritize the master clocks locally. A discussion of reasons to 
apply alternative priorities is beyond the scope of this manual. If you are not 
familiar with the Best Master Clock Algorithm, leave the setting set to 0.

HTTP (Hypertext Transfer Protocol) Server
The relay provides an HTTP (Web) server to provide read-only access to selected 
settings, metering, and reports. The HTTP server supports as many as four ses-
sions at a time. Table 12.16 and Table 12.30 list the settings that affect HTTP 
server operation.

When enabled, the HTTP server opens TCP/IP Port 80 by default. Set HTTPPOR 
to configure any other port as needed.

The relay validates HTTP server access by limiting failed password attempts. If a 
user attempts to log into the relay with three consecutive invalid login attempts 
within a 1-minute period, the relay disables login requests for 30 seconds and 
pulses the SALARM and BADPASS Relay Word bits.

Virtual File Interface
You can retrieve and send data as files through the virtual file interface of the 
relay. Devices with embedded computers can also use the virtual file interface. 
When using serial ports or virtual terminal links, use the FILE DIR command. 
When you use an Ethernet card, the FTP protocol supported by Ethernet presents 
the file structure and sends and receives files.

The relay has a two-level file structure. There are a few files at the root level and 
three or more subdirectories or folders. Some SEL-400 series relays support 
directories in addition to those listed here. Table 15.8 shows the directories and 
the contents of each directory.

                    

NOTE: The Acceptable Master Table 
feature may not work for transport 
over Layer 2 if the intervening 
Ethernet switch(es) modify the source 
MAC address of Announce messages 
passing through them. With transport 
over Layer 2, the relay uses the 
source MAC address to identify if an 
Announce message is coming from a 
master clock in the table.

Table 15.8 Virtual File Structure

Directory Usage Access Level

Root CFG.TXT file, CFG.XMLa file, SWCFG.ZIP file 
and the following directories

a Present only if the Ethernet card is installed.

1

SETTINGS Relay Settings 1

REPORTS SER, circuit breaker, protection and history reports 1

EVENTS EVE, CEV, COMTRADE, and history reports 1

SYNCHROPHASORSb

b Only present in SEL-400 series relays that support synchrophasors.

Synchrophasor recording files 1

UPGRADEc

c Only present in SEL-400 series relays running SELBOOT R300 or newer and relay firmware that 
supports firmware upgrades over Ethernet. Directory is not available if Port 5 settings 
EETHFWU := N.

Digitally signed firmware upgrades 2
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System Data Format
Settings files and the CFG.TXT file use the system data format (SDF) unless oth-
erwise specified. The files may contain keywords to aid external support software 
(ESS) parsing. A keyword is defined as a string surrounded by the open and close 
bracket characters, followed by a carriage return and line feed. Only one keyword 
is allowed per line in the file. For example, the keyword INFO would look like 
this in the file: [INFO]<CR><LF>.

Records are defined as comma-delimited text followed by a carriage return and 
line feed. One line in a text file equals one record. Fields are defined as comma-
delimited text strings.

Comma-Delimited Text Rules
Field strings are separated by commas or spaces and may be enclosed in optional 
double quotation marks. Double quotes within the field string are repeated to dis-
tinguish these double quotes from the quotes that surround the field string. 
Delimiters are spaces and commas that are not contained within double quotes. 
Two adjacent commas indicate an empty string, but spaces that appear next to 
another delimiter are ignored. Consider the following examples for converting a 
list of fields to comma-delimited text. Consider the following list of fields.

Stri,ng 1

Stri"ng 2

String 3

String4

The translation to comma-delimited text is as follows:

"Stri,ng 1","Stri""ng 2","String 3","String4"

Root Directory
The root directory contains three or more subdirectories and two or three files 
(CFG.TXT, CFG.XML, and SWCFG.ZIP). CFG.XML is only present if an 
Ethernet card is installed. SWCFG.ZIP is for internal use.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each setting class. ESS retrieves the CFG.TXT file to interact automatically 
with the connected relay.

CFG.XML File (Read-Only)
Present only in units with an Ethernet card installed, the CFG.XML file is supple-
mentary to the CFG.TXT file. The CFG.XML file describes the IED configura-
tion and includes firmware identification, settings class names, and configuration 
file information.

SWCFG.ZIP File (Read/Write)
The SWCFG.ZIP file is a compressed file used to store ESS settings. It is read-
able at Access Level 1 and above, and writable at Access Level 2 and above.
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Settings Directory 
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather than 
directly accessing them via other means. External settings support software reads 
settings from all of these files to perform its functions. The relay only allows you 
to write to the individual SET_cn files, where c is the settings class code and n is 
the settings instance. Except for the SET_61850 CID file, changing settings with 
ESS involves the following steps:

Step 1. The PC software reads the CFG.TXT and SET_ALL.TXT files from 
the relay.

Step 2. You modify the settings at the PC. For each settings class that you 
modify, the software sends a SET_cn.TXT file to the relay.

Step 3. The PC software reads the ERR.TXT file. If it is not empty, the relay 
detects errors in the SET_cn.TXT file.

Step 4. For any detected errors, modify the settings and send the settings 
until the relay accepts your settings.

Step 5. Repeat Step 2–Step 4 for each settings class that you want to modify.

Step 6. Test and commission the relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in the relay.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 15.9 summarizes the 
typical settings files. The exact list of settings files depends on the specific set-
tings classes available in each relay model. The settings class is designated by c, 
and the settings instance number is n.

BAY_SCREEN.TXT
NOTE: Not all SEL-400 series relays 
support bay mimic screens.

The BAY_SCREEN.TXT file describes the content of the custom bay mimic 
screen that can be selected for display on the HMI. This file is generated by 
QuickSet and may be downloaded to the relay when Bay Control settings are 
changed.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT or 
SET_61850.CID file written to the relay. If there were no errors, the file is empty. 
If errors occurred, the relay logs these errors in the ERR.TXT file.

SET_61850.CID
Present if ordered with the IEC 61850 protocol option, the SET_61850.CID file 
contains the IEC 61850 Configured IED Description (CID) in XML. This file is 
generated by Architect and downloaded to the relay. See Section 17: IEC 61850 
Communication for more information on the SET_61850.CID file.
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Reports Directory
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 15.10. Note that the relay provides a report file that contains the latest 
information each time you request the file.

NOTE: Not all SEL-400 series relays 
support breaker monitoring and 
corresponding breaker files.

                    

Table 15.9 Typical Settings Directory Files

Settings Class Filename Settings Description Read Access Level Write Access Level

A SET_An.TXT Automation; n in range 1–10
For relay-0, n = 1

1, B, P, A, O, 2 A, 2

B SET_B1.TXT Bay Control 1, B, P, A, O, 2 P, A, O, 2

D SET_Dn.TXT DNP3 remapping; n in range 1–5 1, B, P, A, O, 2 P, A, O, 2

F SET_F1.TXT Front panel 1, B, P, A, O, 2 P, A, O, 2

G SET_G1.TXT Global 1, B, P, A, O, 2 P, A, O, 2

L SET_Ln.TXT Protection logic; n in range 1–6 1, B, P, A, O, 2 P, 2

M SET_SM.TXT Breaker monitor settings 1, B, P, A, O, 2 P, 2

N SET_N1.TXT Notes 1, B, P, A, O, 2 P, A, O, 2

O SET_O1.TXT Contact outputs 1, B, P, A, O, 2 O, 2

P SET_Pn.TXT Port; n in range 1, 2, 3, 5, F 1, B, P, A, O, 2 P, A, O, 2

R SET_R1.TXT Report 1, B, P, A, O, 2 P, A, O, 2

S SET_Sn.TXT Group n; n in range 1–6 1, B, P, A, O, 2 P, 2

T SET_T1.TXT Alias settings 1, B, P, A, O, 2 P, A, O, 2

All SET_ALL.TXT All instances of all setting classes 1, B, P, A, O, 2 N/A

All ERR.TXT Error log for most recently written settings file 1, B, P, A, O, 2 N/A

NA SET_61850.CID IEC 61850 configured IED description file 1, B, P, A, O, 2 2

NA BAY_SCREEN.TXT Custom bay mimic screen content 1, B, P, A, O, 2 P, A, O, 2

Table 15.10 REPORTS Directory Files (Sheet 1 of 2)

Filea Usage: All Are Read-Only Files

SER.TXTb SER report

CSER.TXTb Compressed ASCII SER report

BRE_n.TXT BRE n H report, n is the breaker reference

BRE_Sn.TXT BRE Sn report, n is the breaker reference

CBRE.TXT Compressed ASCII breaker monitor report

HISTORY.TXT History file

CHISTORY.TXT Compressed ASCII History file

PRO.TXTb Profiling report

CPRO.TXTb Compressed ASCII profiling report

TFE.TXTb, c Through-fault event report

THE.TXTb, c Thermal report

THE_D.TXTb, c Daily thermal report
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Events Directory
NOTE: Most SEL-400 Series Relays 
provide large resolution event reports 
of 8 samples/cycle. The SEL-487B 
provides large resolution event 
reports of 12 samples/cycle. The 
SEL-400G provides all event reports in 
IEEE C37.111-2013 COMTRADE format. 
Filtered event reports use a 
2.5 millisecond sample rate.

The relay provides history, event reports, and oscillography files in the EVENTS 
directory. Event reports are available in a variety of formats. Depending on the 
relay, these may include SEL ASCII 4- or 8-samples/cycle reports and Com-
pressed ASCII 4- or 8-samples/cycle reports. The size of each event report file is 
determined by the LER setting in effect at the time the event is triggered. Higher 
resolution oscillography is available in binary COMTRADE (IEEE C37.111-
1999 and C37.111-2013) format at the sample rate (SRATE) and length (LER) 
settings in effect at the time the event is triggered. 

The 4- and 8-samples/cycle report files (files with names that begin with E or C) 
are text files with the same format as the EVENT and CEVENT command 
responses. Event file names start with the prefix E4_, E8_, E12, C4_, C8_, C12, 
or HR_, followed by a unique event serial number. For example, if one event is 
triggered, with serial number of “10001”, the EVENTS directory contains the 
files shown in Table 15.13. Event oscillography in COMTRADE format consists 
of three files (.CFG, .DAT, and .HDR).

The file names for the C37.111-1999 COMTRADE event files have the following 
format:

pq_nnnnn.rrr

                    

The file names for the C37.111-2013 COMTRADE event files have the following 
format:

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.rrr

                    

THE_H.TXTb, c Hourly thermal report

VSS.TXTb, c Voltage sag swell report

a Report files are read-only
b Report clears/resets when retrieved though use of a serial port.
c Not available on all SEL-400 series relays. See the product-specific instruction manual for 

availability.

Table 15.10 REPORTS Directory Files (Sheet 2 of 2)

Filea Usage: All Are Read-Only Files

Table 15.11 C37.111-1999 COMTRADE Event File Names

Variable Description

pq One of the following:

HR (indicating high-resolution event file)

HF (indicating high-impedance fault event reports, if supported by the 
relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 1 of 2)

Variable Description

yy Last two digits of year

mm The month (01 to 12)

dd The day (01 to 31)
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the yymmdd and hhMMss values are based on the SOC (second of century) of the 
first triggered data point as specified in the COMTRADE C37.111 standard.

Spaces and characters ? " / \ < > * | : ; [ ] $ % { } are not supported in the RID or 
SID used in the C37.111-2013 filenames, and the relay will automatically 
remove them.

                    

hh The hour (00 to 23)

MM The minute (00 to 59)

ss The second (00 to 59)

mmm The millisecond (000 to 999)

aaaaa The last five characters of the SID setting (after removing spaces)

bbbbb The last five characters of the RID setting (after removing spaces)

ccccc The CONAM setting

pq One of the following:

HR (indicating high-resolution event file)

LR (indicating low-resolution event file, if supported by the relay)

DR (indicating disturbance recording event files, if supported by the relay)

HF (indicating high-impedance fault event reports, if supported by the relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 2 of 2)

Variable Description

Table 15.13 EVENTS Directory Files (for Event 10001)

File Usage

HISTORY.TXT History file; read-only

CHISTORY.TXT Compressed ASCII history file; read-only

C4_10001.TXT 4-samples/cycle Compressed ASCII event report; read-only

C8_10001.TXTa 8-samples/cycle Compressed ASCII event report; read-only

E4_10001.TXT 4-samples/cycle event report; read-only

E8_10001.TXTb 8-samples/cycle event report; read-only

HR_10001.CFG Sample/second C37.111-1999 COMTRADE configuration file; read-only

HR_10001.DAT Sample/second C37.111-1999 COMTRADE binary data file; read-only

HR_10001.HDR Sample/second C37.111-1999 COMTRADE header file; read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.CFGc Sample/Second C37.111-2013 COMTRADE configuration file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.DAT Sample/Second C37.111-2013 data file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.HDR Sample/Second C37.111-2013 COMTRADE header file, read-only

a In the SEL-487B, this is replaced with C1210001.TXT, which provides a 12-samples/cycle Compressed ASCII event report.
b In the SEL-487B, this is replaced with E1210001.TXT, which provides a 12-samples/cycle event report.
c See the filename descriptions in Figure 15.12 for an explanation of the variable names used in the C37.111-2013 COMTRADE format.
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Synchrophasors Directory 
Table 15.14 shows an example SYNCHROPHASORS directory. Synchrophasor 
data recording is enabled when synchrophasors are enabled and EPMDR := Y. 
The filename includes a time stamp based on the first data frame in the file. The 
data in the file conforms to the IEEE C37.118 data format.

                    

Upgrade Directory
Table 15.15 shows the file contents of the UPGRADE directory. The UPGRADE 
directory is only available via FTP at Access Level 2 and above on relays that 
support Ethernet firmware upgrades. The directory is not available if the Port 5 
setting EETHFWU := N. The RELAY.ZDS and SELBOOT.ZDS are write-only 
files, whereas the ERR.TXT is a read-only file.

NOTE: The UPGRADE directory is 
not available via FTP if FTPANM := Y.

                    

Batch File Access
You can access files as a batch by using the supported wildcard characters * or ?. 
Use * to match any sequence of characters and ? to match any single character.

FTP and MMS Wildcard Usage
Table 15.16 shows examples using supported wildcards. Note that these wild-
cards may be appended to a directory path (e.g., /specified_directory/*.txt).

                    

Table 15.14 SYNCHROPHASORS Directory File Sample

File Description

080528,160910,0,ONA,1,ABC.PMU 080528 = date

160910 = time

0 = GMT (no time offset)

ONA = Last three letter (spaces removed) of the 
PMSTN setting

1 = PMID setting

ABC = CONAM setting (company name)

PMU = file name extension indicating synchrophasor 
recording file

Table 15.15 UPGRADE Directory File Sample

File Description

ERR.TXT Digitally signed firmware upgrade error file, read-
only

RELAY.ZDS Digitally signed firmware upgrade file, write-only

SELBOOT.ZDS SELBOOT firmware digitally signed upgrade file, 
write-only

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 1 of 2)

Usage Description Example Note

*xyz Lists all files and/or subdirectories, within a specified direc-
tory, whose names (including extension) end with xyz.

/*.TXT List all files with the .TXT 
extension

abc* Lists all files and/or subdirectories, within a specified 
directory, whose names begin with abc.

/SETTINGS/SET* List all settings files that start 
with SET
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Ymodem Wildcard Usage
Event, report, synchrophasor, and settings files can be accessed as a batch by 
using wildcards.

                    

Software Protocol Selections
The relay supports the protocols and command sets shown in Table 15.18.

                    

*mno* Lists all files and/or subdirectories, within a specified 
directory, whose names contain mno.

/EVENTS/*_100* List all events that contain _100 
in the ID number

abc?.xyza Lists all files, within a specified directory, whose names 
begin with abc and whose names (including extension) end 
with xyz and have any one single character following the 
letter c.

/EVENTS/C?_10007.CEV Retrieves both the filtered and 
raw compressed event reports 
pertaining to the unique event 
number 10007

a Only available for FTP.

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 2 of 2)

Usage Description Example Note

NOTE: Ymodem protocol only 
supports wildcard file retrieval 
operations for event files. 

NOTE: Wildcards cannot be used in 
the last five digits of the file name 
when retrieving event reports.

Table 15.17 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Selects all files whose names (including 
extension) end with xyz.

FILE DIR EVENTS *.CFG Lists all COMTRADE.CFG files

abc* Selects all files whose names begin with 
abc.

FILE READ EVENTS 
HR_10007*

Retrieves all of the three files for the COM-
TRADE event 10007 (HR_10007.CFG, 
HR_10007.DAT, and HR_10007.HDR)

*mno* Selects all files whose names contain 
mno.

FILE READ EVENTS 
*10007*

Retrieves all event files pertaining to the 
unique event number 10007 (including both the 
filtered and raw compressed event reports and 
all three comtrade files)

abc?.xyz Selects all files whose names begin with 
abc and whose names (including exten-
sion) end with xyz and have any one sin-
gle character following the letter c.

FILE DIR SETTINGS 
SET_D?.TXT

Lists all of the DNP settings files 
(SET_D1.TXT–SET_D5.TXT)

Table 15.18 Supported Serial Command Sets (Sheet 1 of 2)

PROTO Setting 
Value

Command Set Description

SEL SEL ASCII Commands and responses

SEL SEL Compressed ASCII Commands and comma-delimited responses

SEL SEL Fast Meter Binary meter and digital element commands 
and responses

SEL SEL Fast Operate Binary operation commands

SEL SEL Fast Message Fast Message database access, binary SER 
commands and responses

MBA, MBB, 
MBGA, or MBGB

SEL MIRRORED BITS 
communications

Binary high-speed control commandsNOTE:  Not all SEL-400 series relays 
support MBGA and MBGB protocol.
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Virtual Serial Ports
Actual serial ports are described in Serial Port Hardware Protocol on page 15.4. 
In addition to actual serial ports, the relay supports several virtual serial ports. A 
virtual serial port does the following:

➤ Transmits and receives characters through a different mechanism 
than the physical serial port

➤ “Encapsulates” characters in virtual terminal messages of a different 
protocol

➤ Simulates an actual serial port with setting PROTO := SEL

➤ May have restrictions imposed by the protocol that encapsulates the 
virtual serial data

You can set the relay to use virtual serial ports encapsulated in SEL MIRRORED 
BITS communications links, DNP3 links, and through Telnet over Ethernet.

SEL Protocol
This section describes the command sets that are active when the port setting 
PROTO := SEL. You can also access these protocols through virtual serial ports 
that simulate ports with PROTO := SEL.

SEL ASCII Commands
SEL originally designed the SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing terminal. 
A computer with a serial port can also use the SEL ASCII protocol to communi-
cate with the relay, collect data, and issue commands.

The ASCII character set specifies numeric codes that represent printing charac-
ters and control characters. The complete ASCII command set is shown in 
Section 14: ASCII Command Reference. Table 15.19 shows the subset of the 
ASCII control characters used in this section.

                    

PMU Phasor Measurement Unit Binary Synchrophasor Protocol, as selected 
by Port Setting PMUMODE and Global Setting 
MFRMT (see Section 18: Synchrophasors).

RTD SEL Fast Message protocol 
for resistance temperature 
detector (RTD) data

As many as 12 analog temperature readings 
from the SEL-2600A.

DNP DNP3 Level 2 Outstation Binary commands and responses (see 
Section 16: DNP3 Communication).

Table 15.18 Supported Serial Command Sets (Sheet 2 of 2)

PROTO Setting 
Value

Command Set Description

NOTE:  Not all SEL-400 series relays 
support synchrophasors (the PMU 
protocol choice).

NOTE: Not all SEL-400 series relays 
support RTD communications with 
the SEL-2600A.

Table 15.19 Selected ASCII Control Characters (Sheet 1 of 2)

Decimal Code Name Usage Keystroke(s)

13 CR Carriage return <Enter> or <RETURN> or <Ctrl+M>

10 LF Line feed <Ctrl+J>
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The <Enter> key on standard keyboards sends the ASCII character CR for a car-
riage return. This manual instructs you to press the <Enter> key after commands 
to send the proper ASCII code to the relay. A correctly formatted command 
transmitted to the relay consists of the command, including optional parameters, 
followed by either a CR character (carriage return) or CR and LF characters (car-
riage return and line feed). The following line contains this information in the 
format this manual uses to describe user input:

<command> <Enter> or <command> <Enter> <CR>

You may truncate commands to the first three characters. For example, 
EVENT 1 <Enter> is equivalent to EVE 1 <Enter>. You may use upper- and 
lowercase characters without distinction, except in passwords.

In response to a command, the relay may respond with an additional dialog line 
or message. The relay transmits dialog lines in the following format:

<DIALOG LINE ><CR><LF>

The relay transmits messages in the following format:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

…

<LAST MESSAGE LINE><CR><LF>< ETX>

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX. Each line of the message ends with 
a carriage return, CR, and line feed, LF.

Send the CAN character to the relay to abort a transmission in progress. For 
example, if you request a long report and want to terminate transmission of this 
report, depress the <Ctrl> and <X> keys (<Ctrl+X>) to terminate the report.

SEL Compressed ASCII Commands
The relay supports a subset of SEL ASCII commands identified as Compressed 
ASCII commands. Each of these commands results in a comma-delimited mes-
sage that includes a checksum field. Most spreadsheet and database programs can 
directly import comma-delimited files. Devices with embedded processors con-
nected to the relay can execute software to parse and interpret comma-delimited 
messages without expending the customization and maintenance labor needed to 
interpret nondelimited messages. The relay calculates a checksum for each line 
by numerically summing all of the bytes that precede the checksum field in the 
message. The program that uses the data can detect transmission errors in the 
message by summing the characters of the received message and comparing this 
sum to the received checksum.

02 STX Start of transmission <Ctrl+B>

03 ETX End of transmission <Ctrl+C>

24 CAN Cancel <Ctrl+X>

17 XON Flow control on <Ctrl+Q>

19 XOFF Flow control off <Ctrl+S>

Table 15.19 Selected ASCII Control Characters (Sheet 2 of 2)

Decimal Code Name Usage Keystroke(s)
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Most commands are available only in SEL ASCII format. Selected commands 
have versions in both standard SEL ASCII and Compressed ASCII formats. 
Compressed ASCII reports generally have fewer characters than conventional 
SEL ASCII reports, because the compressed reports reduce blanks, tabs, and 
other white space between data fields to a single comma.

Compressed ASCII Message Format

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

...

<LAST MESSAGE LINE><CR><LF><ETX>

Each line in the message consists of one or more data fields, a checksum field, 
and a CRLF. Commas separate adjacent fields. Each field is either a number or a 
string. Number fields contain base-10 numbers that use the ASCII characters 0–
9, plus (+), minus (-), and period (.). String fields begin and end with quote marks 
and contain standard ASCII characters. Hexadecimal numbers are contained in 
string fields.

The checksum consists of four ASCII characters that are the hexadecimal repre-
sentation of the two-byte binary checksum. The checksum value is the sum of the 
first byte on a line (first byte following <STX>, <CR>, or <CR><LF>) through the 
comma preceding the checksum.

If you request data with a Compressed ASCII command and these data are not 
available, (in the case of an empty history buffer or invalid event request), the 
relay responds with the following Compressed ASCII format message:

<STX>“No Data Available”,“0668”<CR><ETX>
                    
                    

Table 15.20 lists the typical Compressed ASCII commands and contents of the 
command responses. The Compressed ASCII commands are described in 
Section 14: ASCII Command Reference.

                    

where:
No Data Available is a text string field.

0668 is the checksum field, which is a hexadecimal 
number represented by a character string.

Table 15.20 Typical Compressed ASCII Commands (Sheet 1 of 2)

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII commands 
available at access levels > 0

0

CBREAKER Circuit breaker data 1

CEVENT Event report 1

CHISTORY List of events 1

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top

CSER Sequential Events Recorder report 1

CSTATUS Self-diagnostic status 1

CSUMMARY Summary of an event report 1
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CASCII Configuration Message for Compressed ASCII Commands

The CASCII message provides a block of data for each of the Compressed ASCII 
commands supported by an SEL device. The block of data for each command 
provides message description information to allow automatic data extraction. The 
relay arranges items in the Compressed ASCII configuration message in a pre-
defined order. For the purpose of improving products and services, SEL some-
times changes the items and item order. The information presented below 
explains the message and serves as a guide to the items in Compressed ASCII 
configuration messages.

A Compressed ASCII command can require multiple header and data configura-
tion lines. The general format of a Compressed ASCII configuration message is 
the following:

                    

Definitions for the items and fields in a Compressed ASCII configuration mes-
sage are the following:

➤ n is the number of Compressed ASCII command descriptions to follow.

➤ COMMAND is the ASCII name for the Compressed ASCII command 
that the requesting device (terminal or external software) sends. The 
naming convention for the Compressed ASCII commands is a C 
character preceding the typical command. For example, CSTATUS, 
abbreviated to CST, is the Compressed ASCII STATUS command.

➤ #H identifies a header line to precede one or more data lines; the # 
character represents the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII labels.

➤ xxxxx is an ASCII name for corresponding data on following data 
lines. Maximum ASCII name width is ten characters.

➤ #D identifies a data format line; the # character represents the 
maximum number of data lines in command response.

➤ ddd identifies a format field containing one of the following type 
designators:

➢ I—Integer data

➢ F—Floating-point data

➢ zS—String of maximum z characters (for example, enter 10S for 
a 10-character string)

➤ yyyy is the 4-byte hex ASCII representation of the checksum. Every 
checksum is followed by a new line indication (<CR><LF>).

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0

Table 15.20 Typical Compressed ASCII Commands (Sheet 2 of 2)

Command Response Access Level

<STX>"CAS",n,"yyyy"<CR><LF>
"COMMAND 1",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>

"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF>
•
•
•

"COMMAND n",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF><ETX>

NOTE: Compressed ASCII is self-
describing and may vary with the 
firmware version of your relay. Before 
you program a master device to send 
and parse Compressed ASCII 
commands and responses, you should 
perform a CASCII command on your 
relay or contact SEL for more detailed 
information.
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Software Flow Control
Software handshaking is a form of flow control that two serial devices use to pre-
vent input buffer overflow and loss of characters. The relay uses XON and XOFF 
control characters to implement software flow control for ASCII commands.

The relay transmits the XOFF character when the input buffer is more than 75 
percent full. The connected device should monitor the data it receives for the 
XOFF character to prevent relay input buffer overflow. The external device 
should suspend transmission at the end of a message in progress when it receives 
the XOFF character. When the relay has processed the input buffer so that the 
buffer is less than 25 percent full, the relay transmits an XON character. The 
external device should resume normal transmission after receiving the XON 
character.

The relay also uses XON/XOFF flow control to delay data transmission to avoid 
overflow of the input buffer in a connected device. When the relay receives an 
XOFF character during transmission, it pauses transmission at the end of the 
message in progress. If there is no message in progress when the relay receives 
the XOFF character, it blocks transmission of any subsequent message. Normal 
transmission resumes after the relay receives an XON character.

Automatic Messages
If you enable automatic messages, AUTO = Y, the relay issues a message any 
time the relay turns on, asserts a self-test, changes to another settings group, or 
triggers an event. For virtual ports, the relay issues automatic messages only if 
the connection is active. Automatic messages contain the following information:

➤ Power-up: When you turn on the relay, the message provides the 
terminal ID and the present date and time.

➤ Self-test failure: When the relay detects an internal failure, the 
automatic message is the same as the relay response to the STATUS 
command.

➤ Group switch: Whenever a settings group change occurs, the 
message contains the relay ID, terminal ID, present date and time, 
and the selected settings group.

➤ Events: When the relay triggers an event, the automatic message is 
the same as the relay response to the SUMMARY command.

Time-Out
Use the TIMEOUT setting to set the idle time for each port. Idle time is the 
period when no ASCII characters are transmitted and received (interleaved Fast 
Messages do not affect the idle time). When the idle time exceeds the TIMEOUT 
setting, the following takes place: 

➤ The access level changes to Access Level 0.

➤ The front-panel targets reset to TAR 0 if the port had previously 
remapped the targets.

➤ Virtual connections are disconnected.

➤ The software flow control state changes to XON.

When set to OFF, the port never times out.
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Interleaved ASCII and Binary Messages
SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view using a terminal or terminal emulation 
package. The binary data streams can interrupt the ASCII data stream to obtain 
information; the ASCII data stream continues after the interruption. This mecha-
nism uses a single communications channel for ASCII communication (transmis-
sion of an event report, for example) interleaved with short bursts of binary data 
to support fast acquisition of metering data. The device connected to the other 
end of the link requires software that uses the separate data streams to exploit this 
feature. However, you do not need a device to interleave data streams to use the 
binary or ASCII commands. Note that XON, XOFF, and CAN operations operate 
on only the ASCII data stream.

An example of using these interleaved data streams is when the relay communi-
cates with an SEL communications processor. The communications processor 
performs autoconfiguration by using a single data stream and SEL Compressed 
ASCII and binary messages. In subsequent operations, the communications pro-
cessor uses the binary data stream for Fast Meter, Fast Operate, and Fast SER 
messages to populate a local database and to perform SCADA operations. At the 
same time, you can use the ASCII data stream for commands and responses.

SEL Fast Meter, Fast Operate, Fast SER Messages, and Fast Message 
Data Access

SEL Fast Meter is a binary message that you solicit with binary commands. Fast 
Operate is a binary message for control. The relay can also send unsolicited Fast 
SER messages and unsolicited synchrophasor messages automatically. If the 
relay is connected to an SEL communications processor, these messages provide 
the mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction. 

This section summarizes the binary commands and messages and includes our 
recommendation for using Fast Commands and Compressed ASCII configura-
tion information to communicate with the relay. You need this information to 
develop or specify the software an external device uses to communicate using 
Fast Messages with the relay. To support this type of development, you will also 
need to contact SEL for Fast Message protocol details.

Table 15.21 lists the two-byte Fast Commands and the actions the relay takes in 
response to each command.

                    

Table 15.21 Fast Commands and Response Descriptions (Sheet 1 of 2)

Command 
(Hex)

Name Response Description

A5B9h Status acknowledge message Clears Fast Meter status byte and sends cur-
rent status.

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and 
general relay configuration information.

A5C1h Fast Meter configuration block Defines contents of Fast Meter data message.

A5C2h Demand Fast Meter configuration 
block

Defines contents of demand Fast Meter data 
message.

A5C3h Peak demand Fast Meter config-
uration block

Defines contents of peak demand Fast Meter 
data message.

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

NOTE:  Not all SEL-400 series relays 
support demand metering and the 
corresponding fast commands.
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Fast Operate commands use one of the two-byte command types shown in 
Table 15.22. Each Fast Operate command also includes additional bytes that 
specify a remote bit or circuit breaker bit.

                    

The Fast Operate messages transfer control commands through the binary data 
stream. You must enable Fast Operate messages for a port before the relay 
accepts these messages on that port. In the port settings, when the protocol is set 
to SEL, the FASTOP setting is visible. Set FASTOP :=Y to enable Fast Operate 
commands or to N to disable Fast Operate commands.

General Fast Messages have a two-byte identifier (A546h) and a function code. 
Fast SER messages are general Fast Messages that transport Sequential Event 
Recorder report information. The Fast SER messages include function codes to 
accomplish different tasks. Table 15.23 lists the Fast SER function codes and the 
actions the relay takes in response to each command.

                    

A5CEh Fast Operate configuration block Defines available circuit breaker, remote bits, 
and associated commands.

A5D1h Fast Meter data message Defines present values of analog and digital 
data.

A5D2h Demand Fast Meter data message Defines values of most recently completed 
demand period.

A5D3h Peak demand Fast Meter data 
message

Defines values for peak demands as of end of 
most recently completed demand periods.

Table 15.22 Fast Operate Command Types

Command 
(Hex)

Name Description

A5E0h Fast Operate command for 
remote bits

Sends command code that will change the 
state of a remote bit, if setting FASTOP :=Y 
for this port.

A5E3h Fast Operate command for cir-
cuit breaker bits

Sends command code that will change the 
state of a circuit breaker control bit, if setting 
FASTOP :=Y for this port.

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 1 of 2)

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition block 
request

Relay transmits Fast Message definition 
request acknowledge (Function Code 80).

01h Enable unsolicited transfers Relay transmits Fast SER command acknowl-
edged message (Function Code 81) and sets 
relay element bit FSERx. Relay will transmit 
subsequent SER events (Unsolicited SER 
broadcast, Function Code 18).

02h Disable unsolicited transfers Relay sends Fast SER command acknowl-
edged message (Function Code 82) and clears 
relay element bit FSERx. Relay will not 
transmit subsequent SER messages.

05h Ping—determine channel is 
operable

Relay aborts unsolicited message in progress 
and transmits ping acknowledge message 
(Function Code 85).

Table 15.21 Fast Commands and Response Descriptions (Sheet 2 of 2)

Command 
(Hex)

Name Response Description



15.35

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Communications Interfaces
SEL Protocol

The SEL Fast Message Synchrophasor Protocol is described in Section 18: Syn-
chrophasors.

Recommended Use of Relay Self-Description Messages for Automatic 
Configuration

Compressed ASCII and Fast Message commands provide information to allow an 
external computer-based device to adapt to the special messages for each relay. 
The SEL communications processors use the self-description messages to config-
ure a database and name the elements in the database.

Table 15.24 lists commands and command usage in the recommended order of 
execution for automatic configuration.

                    

98h Fast SER Message acknowl-
edge

Relay completes dialog processing for unso-
licited message sequence.

30h Device description request Relay sends summary of data blocks avail-
able (Function Code B0h).

31h Data format request Relay sends description of requested data 
block, including data labels and types (Func-
tion Code B1h).

33h Bit label request Relay sends set of bit labels for specific data 
item (Function Code B3h).

10h Data request Relay responds with set of requested data 
(Function Code 90h).

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 2 of 2)

Function 
Code (Hex)

Function Relay Action

Table 15.24 Commands in Recommended Sequence for Automatic Configuration

Command ASCII or 
hexadecimal (h suffix)

Response Usage

ID Relay identification ID and FID 

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and general relay configuration infor-
mation

A5C1h, A5C2h,
A5C3h

Fast Meter configuration blocks Defines contents of Fast Meter data messages

BNAME Binary names ASCII names of status bits

DNAME Digital I/O name ASCII names of digital I/O points

SNS SER names ASCII names for SER data points

CASCII Compressed ASCII configuration block Configuration data for Compressed ASCII commands with access 
levels > 0

A5CEh Fast Operate configuration block Defines available circuit breaker and remote bits, and associated com-
mands, if setting FASTOP :=Y for this port
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SEL MIRRORED BITS Communication
With SEL-patented MIRRORED BITS communications protocol, protective relays 
and other devices can directly exchange information quickly, securely, and with 
minimal cost. Use MIRRORED BITS communications for remote control, remote 
sensing, or communications-assisted protection schemes such as permissive over-
reaching transfer trip (POTT) and directional comparison blocking (DCB).

SEL products support several variations of MIRRORED BITS communications pro-
tocols. Through port settings, you can set the relay for compatible operation with 
SEL-300 series relays, the SEL-2505 or SEL-2506 Remote I/O Modules, and the 
SEL-2100 Protection Logic Processors. These devices use MIRRORED BITS com-
munications to exchange the states of eight logic bits. You can also use settings to 
select extensions of the MIRRORED BITS communications protocols, available 
only in SEL-400 series relays, to exchange analog values, synchronize clocks, 
and engage in virtual terminal dialogs. Table 15.25 summarizes MIRRORED BITS 
communications features.

                    

Communications Channels and Logical Data Channels
The relay supports two MIRRORED BITS communications channels, designated A 
and B. Use the port setting PROTO to assign one of the MIRRORED BITS commu-
nications channels to a serial port: PROTO := MBA or MBGA for MIRRORED 
BITS communications Channel A or PROTO := MBB or MBGB for MIRRORED 
BITS communications Channel B.

Transmitted bits include TMB1A–TMB8A and TMB1B–TMB8B. The last letter 
(A or B) designates with which channel the bits are associated. These bits are 
controlled by SELOGIC control equations. Received bits include RMB1A–
RMB8A and RMB1B–RMB8B. You can use received bits as arguments in 
SELOGIC control equations. The channel status bits are ROKA, RBADA, 
CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, DOKA, ANOKA, 
DOKB, and ANOKB. You can also use these bits as arguments in SELOGIC con-
trol equations. Use the COM command for additional channel status information.

Within each MIRRORED BITS communications message for a given channel (A or 
B), there are eight logical data channels (1–8). In operation compatible with other 
SEL products, you can use the eight logical data channels for TMB1–TMB8. If 

Table 15.25 MIRRORED BITS Communications Features

Feature Compatibility

Transmit and receive logic bits SEL-300 series relays, SEL-2505, SEL-2506, 
SEL-2100, SEL-400 series relays

Transmit and receive analog values SEL-400 series relays

Synchronize time SEL-400 series relays

Send and receive virtual serial port characters SEL-400 series relays

Support synchronous communications channel SEL-400 series relays
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you use fewer than eight transmit bits, Data Channel 8 is reserved to support data 
framing and time synchronization features. You can assign the eight logical data 
channels as follows:

➤ Logic bits: Setting MBNUM controls the number of channels used 
for logic bits, TMB1–TMB8, inclusive.

➢ If you set MBNUM to 8, then you cannot use channels for any of 
the following features.

➢ If you set MBNUM to less than 8, you can use the remaining 
channels (as many as eight total) for the features listed below.

➤ Message and time synchronization: If MBNUM is less than 8, the 
relay dedicates a logical data channel to message framing and time 
synchronization. This feature is enabled by the MBTIME setting.

➤ Analog channels: Setting MBNUMAN controls the number of 
analog channels. It is not guaranteed that multiple analog quantities 
will come from the same relay sampling interval.

➢ If MBNUM := 8, all channels are used for logic bits and 
MBNUMAN is forced to 0.

➢ If MBNUM := 7, seven channels are used for logic bits and one 
channel is used for message and time synchronization.

➢ If MBNUM is less than 7, you can use the remaining channels 
for analog channels by setting the desired number of channels in 
MBNUMAN (1 to 7 – MBNUM).

Note: Analog quantities are converted to Integer values for 
transmission via MIRRORED BITS. Because of this, they will lose any 
fractional value they may have had. To maintain a fixed resolution, 
multiply the analog quantity by a set value before transmission, and 
divide by the same quantity upon reception. To maintain accuracy, 
add 0.5 to the analog quantity after any scaling.

➤ Virtual terminal sessions: Setting MBNUMVT controls the number 
of additional channels available for the virtual terminal session.

➢ If MBNUMVT := OFF, the relay does not dedicate any 
additional channels to the virtual terminal session.

➢ If there are spare channels (7 – MBNUM – MBNUMAN > 0), 
you can use MBNUMVT to dedicate these additional channels 
to the virtual terminal session.

➢ With MBNUM = 7 or less and MBNUMVT = 0, virtual terminal 
is still possible because the relay uses the eighth element for 
time synchronization and virtual terminal.

The virtual terminal session uses channels differently than other data 
exchange mechanisms. There can be only one active virtual terminal 
session across a MIRRORED BITS link. One channel, included in the 
synchronization data, is always dedicated to this virtual terminal 
session. If you assign additional channels to the virtual terminal 
session (set MBNUMVT > 0), you will improve the performance of 
the virtual terminal session. The relay uses the additional channels to 
exchange data more quickly.
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Operation
MBG Protocol

The MBG protocol selection allows the user to move the MIRRORED BITS Trans-
mit equations to the Group settings for more flexibility in bus transfer schemes. 
Using MBG will allow the MIRRORED BITS settings to transfer with a Group 
Switch when it occurs.

NOTE: The MBG protocol option is 
only available in some SEL-400 series 
relays.

To enable the MBG protocol, set the Port setting PROTO := MBGA to enable 
Channel A MIRRORED BITS, or PROTO := MBGB for Channel B MIRRORED 
BITS. Next, the protocol will need to be enabled in the Group settings.

Under Group settings, enable the MBG protocol for Channel A by setting 
EMBA := Y. When this setting is enabled, the transmit equation settings 
TX_IDA, RX_IDA, and TMBnA will be available in the Group settings and will 
be hidden from the Port settings.

The MBG protocol can also be enabled for Channel B by setting EMBB := Y. 
When this setting is enabled, the transmit equation settings TX_IDB, RX_IDB, 
and TMBnB will be available in the Group settings and will be hidden from the 
Port settings.

MB8
While the relay does not have a setting for the MB8 protocol implemented in 
some SEL products, you can configure the relay to communicate with devices set 
to MB8A or MB8B (such as the SEL-351S or SEL-2505). Set the protocol set-
ting PROTO to MBA or MBB. Set the STOPBIT setting to 2. Set all other set-
tings to match those in the other device.

Message Transmission
The relay transmits a MIRRORED BITS communications message as fast as it can 
for the configured data rate. At 9600 bps, this is approximately one message 
every 1/4-cycle. At 19200 bps, it is approximately every 1/8-cycle. At 38400 bps, 
it is approximately two every 1/8-cycle. However, if pacing is enabled, it slows to 
one message every 3 ms at 19200 and 38400 bps (see Table 15.28). Each mes-
sage contains the most recent values of the transmit bits. If you enabled any of the 
extended features through the settings, note that the relay transmits a portion of 
the extended data in each message.

If you have specified virtual terminal data channels for this port, the designated 
data channels are normally idle. If you use the PORT command to open a virtual 
terminal session for this port and type characters, the relay transmits these char-
acters through the virtual terminal logical data channels.
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Message Reception Overview
When the devices are synchronized and the MIRRORED BITS communications 
channel is in a normal state, the relay decodes and checks each received message. 
If the message is valid, the relay performs the following operations:

➤ Sends each received logic bit (RMBn) to the corresponding pickup 
and dropout security counters, that in turn set or clear the RMBnc 
relay element bits.

➤ Accumulates the analog data, and every 18th message, updates the 
received analog quantities.

➤ Accumulates the virtual terminal information, and every 18th 
message, makes the received character or characters available to the 
virtual terminal.

Message Decoding and Integrity Checks
The relay provides indication of the status of each MIRRORED BITS communica-
tions channel, with element bits ROKA and ROKB. During normal operation, the 
relay sets the ROKc bit. The relay clears the bit upon detecting any of the follow-
ing conditions:

➤ Parity, framing, or overrun errors

➤ Receive data redundancy error

➤ Receive message identification error

➤ No message received in the time three messages have been sent

The relay will assert ROKc only after successful synchronization as described 
below and two consecutive messages pass all of the data checks described above. 
After ROKc is reasserted, received data may be delayed while passing through 
the security counters described below.

While ROKc is not set, the relay does not transfer new RMB data to the pickup-
dropout security counters described below. Instead, the relay sends one of the 
user-definable default values to the security counter inputs. For each RMBn, 
specify the default value with setting RMBnFL, as follows:

➤ 1

➤ 0

➤ P (to use last valid value)

Individual pickup and dropout security counters supervise the movement of each 
received data bit into the corresponding RMBn element. You can set each pickup/
dropout security counter from 1 to 8. A setting of 1 causes a security counter to 
pass every occurrence, while a setting of 8 causes a counter to wait for eight con-
secutive occurrences in the received data before updating the data bits. The 
pickup and dropout security count settings are separate. Control the security 
count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout timer, 
except that the counter uses units of counted received messages instead of time. 
An SEL relay communicating with another SEL relay typically sends and 
receives MIRRORED BITS communications messages eight times per power sys-
tem cycle. Therefore, a security counter set to two counts will delay a bit by 
approximately 1/4 of a power system cycle. Reference Table 15.28 for the mes-
sage rates based on the settings. You must consider the impact of the security 
counter settings in the receiving device to determine the channel timing performance.

NOTE: c represents the MIRRORED 
BITS channel (A or B), n represents the 
MIRRORED BITS data channel data 
number (1—8).
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Channel Synchronization
When an SEL relay detects a communications error, it deasserts ROKA or 
ROKB. The relay transmits an attention message until it receives an attention 
message that includes a match to the TX_ID setting value. If the attention mes-
sage is successful, the relay has properly synchronized and data transmission will 
resume. If the attention message is not successful, the relay will repeat the atten-
tion message until it is successful.

Loopback Testing
Use the LOOP command to verify the communications channel. In this mode, 
the relay expects the transmitted data to be looped back to the relay to test the 
data transmissions, including communications data. At the remote end, jumper 
the send and receive communications channels to complete the path for the test. 
While in loopback mode, ROKc is deasserted, and LBOKc asserts and deasserts 
based on the received data checks.

Channel Monitoring
Based on the results of data checks (described above), the relay collects informa-
tion regarding the 255 most recent communications errors. Each record contains 
at least the following fields:

➤ Dropout Time/Date

➤ Pickup Time/Date

➤ Time elapsed during dropout

➤ Reason for dropout

Use the COM command to generate a long or summary report of the communi-
cations errors.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions by 
using SELOGIC control equations. You 
can use these alarm conditions to 
monitor and report a communications 
channel failure.

There is a single record for each outage, but an outage can evolve. For example, 
the initial cause could be a data disagreement, but framing errors can extend the 
outage. If the channel is presently down, the COMM record will only show the 
initial cause, but the COMM summary will display the present cause of failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay will assert a user-accessible flag, RBADA or RBADB. When 
channel unavailability exceeds a user-definable threshold for Channel A or B, the 
relay asserts a user-accessible flag, CBADA or CBADB.

MIRRORED BITS Communications Protocol for the Pulsar 9600-BPS Modem
To use a Pulsar MBT modem, set setting MBT := Y. Setting MBT := Y hides set-
ting SPEED and forces it to 9600, and hides setting RTSCTS and forces it to a 
value of N. The relay also injects a delay (idle time) of 3 ms between messages.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify that 
MIRRORED BITS communications matches this specification. 

NOTE: The MBT9600 modem 
requires +5 Vdc from pin 1 of the DB 9 
connector. A rear serial port can 
supply this voltage if its jumper is set. 
See Serial Port Jumpers in the 
product-specific instruction manual 
for more information.

NOTE: You must consider the idle 
time in the calculations of data 
transfer latency through a Pulsar MBT 
modem system.
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Settings
The port settings associated with MIRRORED BITS communications are shown in 
Table 15.26 and Table 15.27.

Set PROTO := MBA or MBGA to enable the MIRRORED BITS communications 
protocol Channel A on this port. Set PROTO := MBB or MBGB to enable the 
MIRRORED BITS communications protocol Channel B on this port.

                    

Setting SPEED := SYNC (available only on the rear-panel serial ports for which 
PROTO := MBA, MBB, MBGA, or MBGB) places the serial port in synchronous 
(or externally clocked) mode. The serial port hardware will synchronize transmit 
and receive data (TX/RX) to a clock signal applied to the Pin 8 input at any effec-
tive data rate as high as 64000. This setting choice will suit certain synchronous 
communications networks.

The relay uses the RBADPU setting to determine how long a channel error must 
persist before the relay asserts RBADA or RBADB. The relay deasserts RBADA 
and RBADB when it no longer detects a channel error. RBADA and RBADB 
update immediately in the MIRRORED BITS protocol but may take several milli-
seconds to update for SELOGIC control equations. It is recommended to use 
RBADA and RBADB in SELOGIC control equations for monitoring purposes 
only.

The relay uses the CBADPU setting to determine when to assert CBADA and 
CBADB. If the short-term channel downtime ratio exceeds CBADPU, the relay 
asserts the appropriate CBAD bit.

The TXMODE setting provides compatibility with SEL devices that are not 
SEL-400 series relays. The relay can send messages more quickly than the 
SEL-300 series relays and other SEL devices can process these messages. This 
could lead to loss of data and a failure to communicate properly. When you set 
TXMODE to P, the relay sends new MIRRORED BITS messages every 3 ms even if 
the selected data speed (SPEED setting) would allow more frequent messages.

As a function of the settings for SPEED, TXMODE, and MBT, the message 
transmission periods are shown in Table 15.28.

                    

Table 15.26 General Port Settings Used With MIRRORED BITS Communications

Name Description Range Default

PROTO Protocol None, SEL, DNP, MBA, 
MBB, MBGA, MBGB, 
RTD, PMU

SEL

MBT Enable Pulsar 9600 modem Y, N N

SPEED Data speed. Hidden and set to 9600 if 
MBT := Y

300, 600, 1200, 2400, 4800, 
9600, 19200, 38400, SYNC

9600

STOPBIT Stop bits. Hidden and set to 1 if MBT := Y 1, 2 1

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 1 of 2)

Name Description Range

TX_ID MIRRORED BITS communications ID of this 
device

1–4

RX_ID MIRRORED BITS communications ID of 
device connected to this port

1–4 (must be different than 
TX_ID)

RBADPU Outage duration to set RBAD 1–10000 seconds

CBADPU Channel unavailability to set CBAD 1–100000 parts per million
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Set the RX_ID of the local relay to match the TX_ID of the remote relay. In a 
three-terminal case, Relay X transmits to Relay Y, Relay Y transmits to Relay Z, 
and Relay Z transmits to Relay X. Table 15.29 lists the MIRRORED BITS commu-
nications ID settings for Relays X, Y, and Z.

TXMODE Transmission modea N (normal), P (paced)

MBNUM Number of MIRRORED BITS communications 
data channels used for logic bits

0–8

RMB1FLb RMB1 channel fail state 0, 1, P

RMB1PUb RMB1 pickup message count 1–8

RMB1DOb RMB1 dropout message count 1–8

•

•

•

•

•

•

RMB8FLb RMB8 channel fail state 0, 1, P

RMB8PUb RMB8 pickup message count 1–8

RMB8DOb RMB8 dropout message count 1–8

MBTIME MIRRORED BITS time synchronize enable Y, N

MBNUMAN Number of analog data channels

(hidden and set to 0 if MBNUM := 7 or 8)

0–n, 
n = 7–MBNUM

MBANA1c Selection for analog Channel 1 Analog quantity label

MBANA2c Selection for analog Channel 2 Analog quantity label

MBANA3c Selection for analog Channel 3 Analog quantity label

MBANA4c Selection for analog Channel 4 Analog quantity label

MBANA5c Selection for analog Channel 5 Analog quantity label

MBANA6c Selection for analog Channel 6 Analog quantity label

MBANA7c Selection for analog Channel 7 Analog quantity label

MBNUMVT Number of virtual terminal channels OFF, 0–n,
n = 7–MBNUM–MBNUMAN

a Must be P for connections to devices that are not SEL-400 series relays.
b Hidden based on MBNUM setting.
c Hidden based on MBNUMAN setting.

Table 15.28 MIRRORED BITS Communications Message Transmission Period

Speed in Bits 
per Second

TXMODE := NORMAL 
MBT := N

TXMODE := PACED 
MBT := N

MBT :=Y

38400 1.0 ms 3.0 ms N/A

19200 2.0 ms 3.0 ms N/A

9600 4.0 ms 4.0 ms 7.0 ms

4800 8.0 ms 8.0 ms N/A

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 2 of 2)

Name Description Range
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SEL Distributed Port Switch Protocol (LMD) 
The relay does not have built-in LMD protocol, but you can connect the relay to 
an SEL-2885 EIA-232 to EIA-485 Transciever and connect the SEL-2885 to an 
EIA-485 multidrop network. See the SEL-2885 EIA-232 to EIA-485 Transceiver 
product flyer for more information on the settings, configuration, and application 
of the SEL-2885. Application Guide AG94-03 provides additional details for 
applying this protocol and is available at selinc.com.

SEL-2600A RTD Module Operation
The SEL-2600A RTD Module Protocol (RTD) enables communication with an 
SEL-2600A via an SEL-2800 (EIA-232 to Fiber-Optic) Transceiver.

NOTE: Not all SEL-400 series relays 
support communication with 
SEL-2600A RTD Modules.

                    

This protocol supports data acquisition of as many as 12 temperature channels 
and places the results directly into predefined analog quantities (RTD01–RTD12) 
inside the relay for use in freeform SELOGIC applications. For more information 
on the SEL-2600A or SEL-2800, contact your local technical service center, the 
SEL factory, or visit the SEL website at selinc.com for a copy of the SEL-2600A 
and SEL-2800 product fliers.

Initialization
Perform the following steps to prepare the relay for communicating with an 
SEL-2600A RTD module:

Step 1. Set the desired port to RTD protocol.

Step 2. Set the port setting RTDNUM to the number of RTDs attached to the 
SEL-2600A.

Step 3. Set the RTD type settings (RTDnnTY) to the appropriate RTD type.

Step 4. Connect the SEL-2600A RTD Module to the port via the SEL-2800 
(EIA-232 to Fiber-Optic) Transceiver.

Table 15.29 MIRRORED BITS Communications ID Settings for Three-Terminal 
Application

Relay TX_ID RX_ID

X 1 3

Y 2 1

Z 3 2

                    

Figure 15.10 SEL-2600A RTD Module and the Relay

RTD

RTD

SEL-2600A
RTD Module

SEL-2800 Relay

https://selinc.com/
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Operation
The SEL-2600A RTD module sends all temperature measurements to the relay 
every 0.5 seconds. The relay places the received temperature measurements into 
analog quantities RTD01–RTD12 for use in freeform SELOGIC applications. The 
data range is from –50 to +250 °C.

NOTE: When a channel status bit is 
not asserted, the data in the 
respective analog quantity is the last 
valid temperature, not the current 
temperature.

If the relay stops receiving valid analog quantities from a certain channel, the 
temperature stored in the relay freezes at the last received value. Fifteen status 
bits help supervise decisions based on temperature measurements. Table 15.30 
describes how to interpret the status bits.

                    

To view the temperature measurements received from the SEL-2600A, issue the 
MET T command, as depicted in Figure 15.11.

                    

The MET T command displays the following messages:

➤ Channel Failure: This message is displayed for each channel whose 
channel status bit is not asserted.

➤ Channel Not Used: This message is displayed for each channel 
whose channel type is set to NA.

When there is a status problem with the SEL-2600A RTD module, the MET T 
command will respond with an informational message, as shown in Figure 15.12.

                    

The four possible messages for status problems, with their interpretation, are 
indicated in Table 15.31.

Table 15.30 RTD Status Bits

RTD Status Bit Description

RTDFL Asserts if the SEL-2600A experiences an internal problem.

RTDCOMF Asserts if the relay does not receive a valid measurement from the 
SEL-2600A for 1.25 seconds.

RTD01ST–RTD12ST Assert when an RTD is attached to a channel and the SEL-2600A is 
able to read RTD.

RTDIN SEL-2600 input status bit. Asserts when the SEL-2600 is healthy and 
the received data indicates the assertion of the input.

=>>MET T <Enter>
Relay 1                                    Date: 03/17/2023  Time: 13:42:13.220
Station A                                  Serial Number: 1230769999
RTD Input Temperature Data (deg. C)
RTD  1 = -48

RTD  2 = Channel Failure
RTD  3 =   0
RTD  4 =  24
RTD  5 = Channel Not Used
RTD  6 =  72
RTD  7 = Channel Failure
RTD  8 = 120

RTD  9 = Channel Not Used
RTD 10 = 168
RTD 11 = 192
RTD 12 = 216

Figure 15.11 MET T Command Response

=>>MET T
SEL-2600 Failure

Figure 15.12 MET T Command Response for Status Problem

NOTE: In some SEL-400 series 
relays, you must use MET RTD instead 
of MET T.
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Direct Networking Example
This example demonstrates direct networking to the relay through use of the 
Ethernet card. Figure 15.13 shows the Ethernet network topology. This examples 
uses an SEL-421, but the same concepts apply to any SEL-400 series relay.

                    

Application
The Ethernet network is used primarily for an engineering connection to the 
devices in the substation either across the WAN or from the local computer. The 
engineer can use FTP to collect settings, oscillography, and other file data directly 
from the SEL-421 Relays. The engineer can also use Telnet to establish a termi-
nal connection to the SEL-421 Relays or through the SEL-3530 to one of the 
serial IEDs to configure these devices or obtain diagnostic information. The 
SEL-3530 provides IRIG-B time synchronization to all the IEDs via a serial con-
nection.

Table 15.31 MET T Command Status Messages

Message Interpretation

SEL-2600 Failure RTDFL status bit asserted

Communication Failure RTDCOMF status bit asserted

No data available Port Protocol not set to RTD

Channel Failure RTDxxST status bit deasserted

                    

Figure 15.13 Example Direct Networking Topology
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Settings
This example focuses on the relay labeled Line 1 shown in Figure 15.13. Port 5 
settings for the SEL-421 configure the Ethernet card. Port 5 settings for this 
example are shown in Table 15.32.

                    

FTP Session
Figure 15.14 is a screen capture of an FTP session with the relay. The FTP client 
used for this example is included with the Windows operating system and acces-
sible through a command prompt window. The operator connects to the relay, 
moves to the SETTINGS directory, and collects the Port 5 settings. Figure 15.14 
shows a portion of the Port 5 settings in the SET_P5.TXT file.

Table 15.32 SEL-421 Port 5 Direct Networking Settings

Setting Name Setting Description

BUSMODEa INDEPEND Bus operating mode

EINTFa CD Enable interface

IPADDR 10.201.0.112/16 IP network address

DEFRTR 10.201.0.1 Default router

ETCPKA N Disable TCP keep-alive functionality

KAIDLE 10 Length of time to wait with no detected activity before sending a keep-alive packet 
(must be greater than or equal to KAINTV)

KAINTV 1 Length of time to wait between sending keep-alive packets after receiving no response 
for the prior keep-alive packet (must be less than or equal to KAIDLE)

KACNT 6 Maximum number of keep-alive packets to send

NETPORT C Primary network port selected to PORT 5C

NETCSPDb A Automatically detect network speed on PORT C

FTPSERV Yc Enabled FTP server

FTPCBAN FTP SERVER: FTP connect banner

FTPIDLE 5 FTP connection time-out in minutes

FTPANMS N Anonymous login disabled so that passwords are required for all FTP users

FTPAUSR “” Host user from which anonymous FTP client inherits access rights—not used in this 
application

ETELNET Yc Enable Telnet server

TCBAN HOST TERMINAL SERVER: Host Telnet connect banner

TPORT 23 Host Telnet TCP/IP port

TIDLE 5 Telnet connection time-out in minutes

a Five-port Ethernet card only.
b Not applicable for fiber ports.
c Set to CD when using the five-port Ethernet card.
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C:\>ftp 10.201.0.112 <Enter>
Connected to 10.201.0.112.
220 FTP SERVER:
User (10.201.0.112:(none)): 2AC
331 User name okay, need password.
Password:
230 User logged in, proceed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
CFG.TXT
CFG.XML
EVENTS
REPORTS
SETTINGS
SWCFG.ZIP

SYNCHROPHASORS
226 Closing data connection.
ftp: 72 bytes received in 0.00Seconds 72.00Kbytes/sec.
ftp> cd SETTINGS
250 CWD  requested file action okay, completed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
BAY_SCREEN.TXT
ERR.TXT

SET_A1.TXT
SET_A10.TXT
SET_A2.TXT
SET_A3.TXT
SET_A4.TXT
SET_A5.TXT
SET_A6.TXT
SET_A7.TXT
SET_A8.TXT
SET_A9.TXT
SET_ALL.TXT

SET_B1.TXT
SET_D1.TXT
SET_D2.TXT
SET_D3.TXT
SET_D4.TXT
SET_D5.TXT
SET_F1.TXT
SET_G1.TXT
SET_L1.TXT
SET_L2.TXT
SET_L3.TXT
SET_L4.TXT
SET_L5.TXT
SET_L6.TXT

SET_N1.TXT
SET_O1.TXT
SET_P1.TXT
SET_P2.TXT
SET_P3.TXT
SET_P5.TXT
SET_PF.TXT
SET_R1.TXT
SET_S1.TXT
SET_S2.TXT
SET_S3.TXT
SET_S4.TXT
SET_S5.TXT
SET_S6.TXT
SET_SM.TXT
SET_T1.TXT

UPGRADE_RPT.TXT
226 Closing data connection.
ftp: 536 bytes received in 0.01Seconds 53.60Kbytes/sec.
ftp> get SET_P5.TXT
200 PORT Command okay.
150 File status okay; about to open data connection.
226 Closing data connection.
ftp: 3853 bytes received in 0.01Seconds 428.11Kbytes/sec.
ftp> quit
221 Goodbye.

C:\>

Figure 15.14 Example FTP Session
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Telnet Session
This section contains screen captures of a Telnet session with the Line 1 
SEL-421. The Telnet application is included with the Windows operating system. 
Figure 15.16 shows the login dialog box and the entries required to connect to the 
SEL-421.
                    

Figure 15.17 is a screen capture of a Telnet session with the relay. The operator 
connects to the relay, and displays the Port 5 settings. Only a portion of the Port 5 
settings are shown.

[INFO]
RELAYTYPE=SEL
FID=SEL-421-X045-V0-Z001001-D20010106
BFID=SLBT-CFS-X000
PARTNO=SEL-400H1234
[IOBOARDS]
[COMCARDS]
, SEL-2701-X061-V0-Z000000-D20010117, SLBT-2701-X021-V0-Z000000-D20010109, 1
[P5]

"TIMEOUT",5
"AUTO",Y
"FASTOP",N
"TERTIM1",1
"TERSTRN","\005"
"TERTIM2",0

"IPADDR","10.201.0.112"
"SUBNETM","255.255.0.0"
"DEFRTR","10.201.0.1"
"NETPORT","C"
"FAILOVR","N"

"FTIME",5
"NETCSPD","A"
"NETDSPD","A"
"FTPSERV","Y"

"FTPCBAN","FTP SERVER:"
"FTPIDLE",5
"FTPANMS","N"
"FTPAUSR","ACC"

"T1CBAN","HOST TERMINAL SERVER:"
"T1INIT","N"
"T1RECV","Y"
"T1PNUM",23

"T2CBAN","CARD TERMINAL SERVER:"
"T2RECV","Y"
"T2PNUM",1024
"TIDLE",5
Remaining settings not shown

Figure 15.15 Partial Contents of SET_P5.TXT

                    

Figure 15.16 Telnet Connection Dialog Box
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TERMINAL SERVER:
=ACC <Enter>

Password: ?OTTER <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:08.142
Station A                                  Serial Number: 1230769999

Level 1

=>2AC <Enter>

Password: ?TAIL <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:23.082
Station A                                  Serial Number: 1230769999

Level 2

=>>SHO P 5 <Enter>
Port 5

Protocol Selection

EPORT   := Y        EPAC    := N        MAXACC  := C

SEL Protocol Settings

AUTO    := Y        FASTOP  := N        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Fast Message Read Data Access

FMRENAB := Y        FMRLCL  := N        FMRMTR  := Y        FMRDMND := Y
FMRTAR  := Y        FMRHIS  := N        FMRBRKR := N        FMRSTAT := N
FMRANA  := Y

IP Configuration

IPADDR  := 10.201.0.112/16
DEFRTR  := "10.201.0.1"
ETCPKA  := Y        KAIDLE  := 10       KAINTV  := 1        KACNT   := 6
NETMODE := FIXED    NETPORT := C        NETASPD := AUTO     NETBSPD := AUTO
NETCSPD := AUTO     NETDSPD := AUTO

FTP Configuration

FTPSERV := N

HTTP Server Configuration

EHTTP   := N

Telnet Configuration

ETELNET := Y
TCBAN   := "TERMINAL SERVER:"
TPORT   := 23       TIDLE   := 15

DNP Configuration

EDNP    := 0

Phasor Measurement Configuration

EPMIP   := N

SNTP Protocol Selection

ESNTP   := OFF

PTP Settings

EPTP    := N
=>>QUI <Enter>

Figure 15.17 Example Telnet Session
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DNP3 Communication

The relay provides a DNP3-2009 Level 2 outstation interface for direct network 
connections to the relay. This section covers the following topics:

➤ Introduction to DNP3 on page 16.1

➤ DNP3 in the Relay on page 16.7

➤ DNP3 Documentation on page 16.12

➤ DNP3 Serial Application Example on page 16.26

➤ DNP3 LAN/WAN Application Example on page 16.31

Introduction to DNP3
A SCADA manufacturer-developed DNP3 from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, version 3 of the protocol 
has also become popular for local substation data collection. DNP3 has been 
standardized as IEEE 1815.

Rather than wiring individual input and output points from the station RTU to the 
station IEDs, many stations use DNP3 to convey measurement and control data 
over a single serial or Ethernet cable to the RTU. The RTU then forwards data to 
the offsite master station. By using a data communications protocol rather than 
hard wiring, designers have reduced installation, commissioning, and mainte-
nance costs while increasing remote control and monitoring flexibility.

The DNP User’s Group maintains and publishes DNP3 standards in cooperation 
with IEEE. See the DNP User’s Group website (www.dnp.org) for more informa-
tion on DNP3 standards, implementers of DNP3, and tools for working with 
DNP3.

DNP3 Specifications
DNP3 is a feature-rich protocol with many ways to accomplish tasks. The 
Interoperability section of IEEE 1815 defines four levels of subsets to help 
improve interoperability. The levels are listed in Table 16.1.

                    

Table 16.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communications requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data 

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communications requirements

Large RTUs, SCADA masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA masters



16.2

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
Introduction to DNP3

Each level is a proper superset of the next lower-numbered level. A higher level 
device can act as a master to a lower level device, but can only use the data types 
and functions implemented in the lower level device. For example, a typical 
SCADA master is a Level 3 device and can use Level 2 (or lower) functions to 
poll a Level 2 (or lower) device by using only the data types and functions that 
the lower-level device uses. A lower-level device can also poll a higher-level 
device, but the lower level device can only access the features and data available 
to its level.

Data Handling
Objects

DNP3 uses a system of data references called object types, commonly referred to 
as objects. Each subset level specification requires a minimum implementation of 
objects and also recommends several optional objects. DNP3 objects are specifi-
cations for the type of data the object carries. An object can include a single value 
or more complex data. Some objects serve as shorthand references for collections 
of data or even all data within the DNP3 device.

Each instance of the object includes an index that makes it unique. For example, 
each binary status point (Object 1) has an index. If there are 16 binary status 
points, these points are Object 1, Index 0 through Object 1, Index 15. Note that 
index numbers are 0-based.

Each object also includes multiple versions called variations. For example, 
Object 1 has three variations: 0, 1, and 2. Variation 0 is used to request Object 1 
data from a DNP3 device by using its default variation. Variation 1 is used to 
specify binary input values only and Variation 2 is used to specify binary input 
values with status information.

Each DNP3 device has both a list of objects and a map of object indices. The list 
of objects defines the available objects, variations, and qualifier codes. The map 
defines the indices for objects that have multiple instances and what data or con-
trol points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. DNP3 
terminology describes all points from the perspective of the master. Binary points 
for control that move from the master to the outstation are called binary outputs, 
while binary status points within the outstation are called binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object listing 
for the device shows the permitted function codes for each type of object. The 
most common DNP3 function codes are listed in Table 16.2.

                    

Table 16.2 Selected DNP3 Function Codes

Function Code Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a select-before-execute operate

4 Execute Second part of a select-before-execute operate

5 Direct operate One-step operation with acknowledgment

6 Direct operate, no ack. One-step operation with no acknowledgment
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range speci-
fies the indices of the objects of interest. DNP3 masters use qualifier codes to 
compose the shortest, most concise message possible when requesting points 
from a DNP3 remote device.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses two 
bytes. An example request using qualifier code 01 might have the four-hexadeci-
mal byte range field, 00h 04h 00h 10h, that specifies points in the range 4–16.

Access Methods
DNP3 has many features that help it obtain maximum possible message effi-
ciency. DNP3 Masters send requests with the least number of bytes by using spe-
cial objects, variations, and qualifiers that reduce the message size. Other features 
eliminate the continual exchange of static (unchanging) data values. These fea-
tures optimize use of bandwidth and maximize performance over a connection of 
any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit val-
ues that have not changed. Event data are time-stamped records that show when 
observed measurements changed. For binary points, the outstation device logs 
changes from logical 1 to logical 0 and from logical 0 to logical 1. For analog 
points, the remote device logs changes that exceed a deadband. DNP3 outstation 
devices collect event data in a buffer that either the master can request or the 
device can send to the master without a request message. Data sent from the out-
station to the master without a polling request are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved for 
reading the present value (static data). Classes 1, 2, and 3 are event data classes. 
The meaning of Classes 1 to 3 is arbitrary and defined by the application at hand. 
With remotes that contain great amounts of data or in large systems, the three 
event classes provide a framework for prioritizing different types of data. For 
example, you can poll once a minute for Class 1 data, once an hour for Class 2 
data, and once a day for Class 3 data.

Class 0 polling is also known as static polling, or simple polling of the present 
value of data points within the outstation. By combining event data polls, unsolic-
ited messaging, and static polling, you can operate your system in one of the four 
access methods shown in Table 16.3.

The access methods listed in Table 16.3 are in order of increasing communica-
tions efficiency. With various tradeoffs, each method is less demanding of com-
munications bandwidth than the previous one. For example, unsolicited report-
by-exception consumes less communications bandwidth because of the elimina-
tion of polling messages from the master required by polled report-by-exception. 
You must also consider overall system size and the volume of data communica-
tion expected to properly evaluate which access method provides optimum per-
formance for your application.
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Binary Control Operations
DNP3 masters use the Object 12 control relay output block to perform binary 
control operations. The control relay output block has both a trip/close selection 
and a code selection. The trip/close selection allows a single index to operate two 
related control points, such as trip and close or raise and lower. Trip/close pair 
operation is not recommended for new DNP3 devices, but is often included for 
interoperability with older DNP3 master implementations.

The control relay output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited sub-
set of the possible combinations of the code field. Sometimes, DNP3 outstations 
assign special operation characteristics to the latch and pulse selections.

Conformance Testing
In addition to the protocol specifications, the DNP User’s Group has approved 
conformance testing requirements for all levels of outstation devices. Some 
implementers perform their own conformance specification testing, while some 
contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and remote will be 
fully interoperable (work together properly for all implemented features). Con-
formance testing does help to standardize the testing procedure and move the 
DNP3 implementers toward a higher level of interoperability. 

DNP3 Serial Network Issues
You can build a DNP3 network by using either a multidrop or star topology. Each 
DNP3 network has one or more DNP3 masters and DNP3 outstations. 
Figure 16.1 shows the DNP3 multidrop network topology. 

                    

Table 16.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only.

Polled report-by-
exception

Master polls frequently for event data and occasionally for Class 0 
data.

Unsolicited report-by-
exception

Remote devices send unsolicited event data to the master, and the 
master occasionally polls for Class 0 data.

Quiescent Master never polls and relies on unsolicited reports only.

                    

Figure 16.1 DNP3 Multidrop Network Topology
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Figure 16.2 shows the DNP3 star network topology.

                    

DNP3 multidrop networks that are used within substations often use an EIA-485 
physical layer. The multidrop network is vulnerable to the failure of a single 
transmitter. If any one transmitter fails in a state that disrupts signals on the net-
work, the network will fail. The DNP3 star network topology eliminates the net-
work transmitters and other single points of failure related to the physical 
medium.

If you are planning either a DNP3 star or multidrop network topology, you 
should consider the benefits of including an SEL communications processor such 
as the SEL-2032 or SEL-3530 RTAC in your design. A network with a communi-
cations processor is shown in Figure 16.3. A DNP3 network that includes a com-
munications processor has a lower data latency and shorter scan time than 
comparable networks through two primary mechanisms. First, the communica-
tions processor collects data from all remotes in parallel rather than one-by-one. 
Second, the master can collect all data with one message and response, drasti-
cally reducing message overhead.

                    

In the communications processor DNP3 network, you can also collect data from 
devices that do not support the DNP3 protocol. SEL communications processors 
can collect data and present it to the master as DNP3 data regardless of the proto-
col between the SEL communications processor and the remote device.

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (open systems inter-
connect) model called the enhanced performance architecture. The layer defini-
tion helps to categorize functions and duties of various software components that 
make up the protocol. The middle layer, the data link layer, includes several func-
tions for error checking and media access control.

                    

Figure 16.2 DNP3 Star Network Topology

                    

Figure 16.3 DNP3 Network With Communications Processor
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A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this fea-
ture helps you recognize a failed device or failed communications link quickly, it 
also adds significant overhead to the DNP3 conversation. Consider for your indi-
vidual application whether you require this link integrity function at the expense 
of overall system speed and performance.

The DNP3 specification recommends against using data link confirmations 
because these processes can add to traffic in situations where communications 
are marginal. The increased traffic will reduce connection throughput further, 
possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single network medium, you 
must provide a mechanism to resolve the resulting network medium contention. 
For example, unsolicited reporting results in network medium contention if you 
do not design your network as a star topology of point-to-point connections or 
use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a col-
lision avoidance feature. Before sending a message, a DNP3 device listens for a 
carrier signal to verify that no other node is transmitting data. The device trans-
mits if there is no carrier or waits for a random time before rechecking for a car-
rier signal. However, if two nodes both detect a lack of carrier at the same instant, 
these two nodes could begin simultaneous transmission of data and cause a data 
collision. If your network allows for spontaneous data transmission including 
unsolicited event data transmissions, you also must use application confirmation 
to provide a retry mechanism for messages lost as a result of data collisions.

DNP3 LAN/WAN Considerations
The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the transport 
layer frames of the IP suite. This allows the IP stack to deliver the DNP3 data link 
layer frames to the destination in place of the original DNP3 physical layer. The 
DNP User’s Group Technical Committee has recommended the following guide-
lines for carrying DNP3 over a network:

➤ DNP3 shall use the IP suite to transport messages over a LAN/WAN

➤ Ethernet is the recommended physical link, though others may be 
used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP may be used for highly reliable single segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is used 
for either TCP or UDP.

The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table 16.4.
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DNP3 in the Relay
The relay is a DNP3-2009 Level 2 outstation device. The relay DNP3 interface 
has the capabilities summarized in Table 16.5.

                    

Data Access
You can use any of the data access methods listed in Table 16.6. Table 16.6 also 
lists the relay DNP3 settings. You must configure the DNP3 master for the data 
access method you select.

Table 16.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data (CDPD) X

Low-priority data, for example, data monitor or configuration information X

Table 16.5 Relay DNP3 Feature Summary

Feature Application

DNP3 event data reporting More efficient polling through event collection or unsolic-
ited data

Time-tagged events Time-stamped SER data

Control output relay blocks Operator-initiated control

Write analog set point Change the active protection settings group

Time synchronization Set the relay time from the master station or automatically 
request time synchronization from the master

Custom mapping Increase communications efficiency by organizing data and 
reducing available data to what you need for your applica-
tion

Modem support Reduce the cost of the communications channel by either 
master dialing to relay or relay dialing to master

Analog deadband settings per 
session

Deadbands may be set to different values per session 
depending on desired application

Virtual Terminal Provides engineering access for configuration, diagnostics, 
and other tasks over the existing DNP3 connection

TEST DB2 command Test DNP3 protocol interface without disturbing protection

Support for Object 0 Device 
Attributes

Provides Device Attributes (Device ID, Number of binary, 
analog and counter points, Manufacturer information, etc.) 
for the device specific to the current connected DNP3 ses-
sion in use

XML DNP3 Device Profile 
Document

The DNP3 Device Profile document contains the complete 
information on DNP3 Protocol support in the relay. This 
information is available in XML format.
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In both the unsolicited report-by-exception and quiescent polling methods shown 
in Table 16.6, you must make a selection for the PUNSOL setting. This setting 
enables or disables unsolicited data reporting when you turn the relay on. If your 
master can send the DNP3 message to enable unsolicited reporting from the 
relay, you should set PUNSOL to No.

NOTE: The DNP3 LAN/WAN settings 
have names similar to the serial port 
settings above, but include the session 
number n as a suffix ranging from 1 to 
6 (for example, CLASSB1, UNSOL1, 
PUNSOL1). All settings with the same 
numerical suffix comprise the 
complete DNP3 LAN/WAN session 
configuration.

While automatic unsolicited data transmission on power-up is convenient, prob-
lems can result if your master is not prepared to start receiving data immediately 
when you turn on the relay. If the master does not acknowledge the unsolicited 
data with an application confirm, the relay will resend the data until it is acknowl-
edged. On a large system, or in systems where the processing power of the master 
is limited, you may have problems when several outstations simultaneously begin 
sending data and waiting for acknowledgment messages.

Collision Avoidance
If your application requires unsolicited reporting from multiple devices on a sin-
gle (serial) network medium, you must select a half-duplex medium or a medium 
that supports carrier detection to avoid data collisions. EIA-485 two-wire net-
works are half-duplex. EIA-485 four-wire networks do not provide carrier detection.

The relay uses application confirmation messages to guarantee delivery of unso-
licited event data before erasing the local event data buffer. Data collisions are 
typically resolved when messages are repeated until confirmed.

The relay pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. If you use the settings of 0.10 seconds for MAXDLY and 0.05 seconds for 
MINDLY, the relay will insert a random delay of 50 to 100 ms (milliseconds) 
between the end of carrier detection and the start of data transmission.

Transmission Control
If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio sys-
tem for your serial DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay between 
RTS signal control and data transmission. For example, an EIA-485 transceiver 
typically requires 10–20 ms to change from receive to transmit. If you set the pre-
delay to 30 ms, you will avoid data loss resulting from data transmission begin-
ning at the same time as RTS signal assertion.

Table 16.6 DNP3 Access Methods

Access Method Master Polling Relay Settings

Polled static Class 0 Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to OFF, UNSOL to N.

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, UNSOL to N.

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently, 
mainly relies on unsolicited 
messages

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, set UNSOL to Y and PUN-
SOL to Y or N.

Quiescent Class 0, 1, 2, 3 never, relies 
completely on unsolicited 
messages

Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to the desired event class, set 
UNSOL and PUNSOL to Y.

NOTE: Because unsolicited 
messaging only operates properly in 
some situations, for maximum 
performance and minimum risk of 
configuration problems, SEL 
recommends the polled report-by-
exception access method.
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Event Data
DNP3 event data objects contain change-of-state and time-stamp information 
that the relay collects and stores in a buffer. You can configure the relay to either 
report the data without a polling request from the master (unsolicited data) or 
hold the data until the master requests it with an event poll message.

With the event class settings ECLASSB, ECLASSC, ECLASSA, and ECLASSV 
you can set the event class for binary, counter, analog, and virtual terminal infor-
mation. You can use the classes as a simple priority system for collecting event 
data. The relay does not treat data of different classes differently with respect to 
unsolicited messages, but the relay does allow the master to perform independent 
class polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. Confirm 
that the polling configuration of your 
master allows independent polling for 
each class before implementing 
separate classes in the relay.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in DNP3 Settings—
Custom Maps on page 12.19. You can either set and use default deadband and 
scaling according to data type or use a custom data map to select deadbands on a 
point-by-point basis. See Configurable Data Mapping on page 16.23 for a dis-
cussion of how to set scaling and deadband operation on a point-by-point basis.

The serial port settings ANADBA, ANADBV, and ANADBM (ANADBAn, 
ANADBVn, and ANADBMn for Ethernet port settings on session n) control 
default deadband operation for the specified data type. Because DNP3 Objects 30 
and 32 use integer data by default, you can use scaling to send digits after the 
decimal point and avoid truncating to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling setting 
of 1, the value transmitted is 126. With a scaling setting of 3, the value transmit-
ted is 12632. You must make certain that the maximum value does not exceed 
32767 if you are polling the default 16-bit variations for Objects 30 and 32, but 
you can send some decimal values by using this technique. You must also config-
ure the master to perform the appropriate division on the incoming value to dis-
play it properly.

Set the default analog value scaling with the DECPLA, DECPLV, and DECPLM 
settings (DECPLAn, DECPLVn, and DECPLMn for Ethernet port settings on 
session n). Application of event reporting deadbands occurs after scaling in the 
DECPLA, DECPLV, and DECPLM. For example, if you set DECPLA to 2 and 
ANADBA to 10, a measured current of 10.14 amperes would be scaled to the 
value 1014 and would have to increase to more than 1024 or decrease to less than 
1004 (a deadband of 0.2 amperes) for the relay to report a new event value.

The relay uses the NUMEVE and AGEEVE settings (NUMEVEn and AGEEVEn 
Ethernet port settings for session n) to decide when to send unsolicited data to the 
master. The relay sends an unsolicited report when the total number of events 
accumulated in the event buffer reaches NUMEVE. The relay also sends an unso-
licited report if the age of the oldest event in the buffer exceeds AGEEVE. The 
relay has the buffer capacities listed in Table 16.7.

                    

Table 16.7 Relay Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog One event per analog input in the DNP3 Map

Counters One event per counter input in the DNP3 Map

Virtual Terminal Objects 5
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Binary Controls
The relay provides more than one way to control individual points within the 
relay. The relay maps incoming control points either to remote bits within the 
relay or to internal command bits that cause circuit breaker operations.

NOTE: The port setting DNPCL (or 
DNPCLn for DNP3 LAN/WAN session 
n) must be set to Y to enable binary 
controls for the DNP3 session. Binary 
Output Status requests (Object 10, 
Variation 2) and Class 0 requests will 
have no Binary Outputs in the 
response unless DNPCL := Y.

A DNP3 technical bulletin (Control Relay Output Block Minimum Implementa-
tion 9701-002) recommends that you use one point per Object 12, control block 
output relay. You can use this method to perform pulse on, latch on, and latch off 
operations on selected remote bits.

If your master does not support the single-point-per-index messages or single-
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page 16.20.

Time Synchronization
The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time syn-
chronization in the event the relay loses primary synchronization through the 
IRIG-B TIME input or some other high-accuracy source. 

Enable time synchronization with the TIMERQ setting (TIMERQn for DNP3 
LAN/WAN Session n) and use Object 50, Variation 1, and Object 52, Variation 2 
(Object 50, Variation 3 for DNP3 LAN/WAN), to set the time via a DNP3 master.

TIMERQ can be set in one of three ways:

➤ A numeric setting of 1–32767 minutes specifies the rate at which the 
relay shall request a time synchronization.

➤ A setting of M disables the relay from requesting a time 
synchronization, but still allows the relay to accept and apply time 
synchronization messages from the master.

➤ A setting of I disables the relay from requesting a time 
synchronization, and sets the relay to ignore time synchronization 
messages from the master.

Effective January 1, 2008, the DNP3 standard requires that DNP3 time corre-
spond to Coordinated Universal Time (UTC). To help ease into the transition to 
this standard, you can use the DNPSRC Global setting to determine whether the 
relay will use local or UTC time for DNP3.

When requesting time synchronization with DNPSRC := UTC, the relay will 
treat incoming DNP3 time-set messages as UTC time. All DNP3 event time-
stamps (binary input changes with time, analog input changes with time, etc.) 
will be in UTC time.

When requesting time synchronization with DNPSRC := LOCAL, the relay will 
treat incoming time set by the DNP3 master as local time. All DNP3 event time-
stamps will be in local time.

When setting the time with local time, there is an ambiguity during the last hour 
of daylight-saving time (DST) and to resolve this ambiguity, if the relay accepts a 
Time Set request in this hour, it will assume the time is in DST.
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Modem Support
The relay DNP3 implementation includes modem support. Your DNP3 master 
can dial-in to the relay and establish a DNP3 connection. The relay can automati-
cally dial out and deliver unsolicited DNP3 event data. When the relay dials out, 
it waits for the CONNECT message from the local modem and for assertion of 
the relay CTS line before continuing the DNP3 transaction. This requires a con-
nection from the modem DCD to the relay CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
relay to other devices.

Either connect the modem to a computer and configure it before connecting it to 
the relay, or program the appropriate modem setup string in the modem startup 
string setting MSTR. Use the PH_NUM1 setting to set the phone number that 
you want the relay to dial. The relay will automatically send the ATDT modem 
dial command and then the contents of the PH_NUM1 setting when dialing the 
modem. PH_NUM1 is a text setting that must conform to the AT modem com-
mand set dialing string standard. Use a comma (,) for a pause of four seconds. 
You may need to include a nine to reach an outside line or a one if the number 
requires long distance access. You can also insert other special codes your tele-
phone service provider designates for block call waiting and other telephone line 
features.

The relay supports backup dial-out to a second phone number. If PH_NUM2 is 
set, the RETRY1 setting is used to configure the number of times the relay tries 
to dial PH_NUM1 before dialing PH_NUM2. Similarly, the RETRY2 setting 
configures the number of times the relay tries to dial PH_NUM2 before trying 
PH_NUM1. MDTIME sets the length of time from initiating the call to declaring 
it failed because of no connection, and MDRET sets the time between dial-out 
attempts.

DNP3 Settings
DNP3 configuration involves both Global (SET G) and Port (SET P) settings. 
The Global settings govern behavior for all DNP3 sessions, serial or LAN/WAN. 
The Port settings apply to specific DNP3 sessions only.

There are two Global settings that directly configure DNP3. These settings, EVE-
LOCK and DNPSRC, define the behavior of Fault Summary event retrieval and 
the DNP3 session time base. See Reading Relay Event Data on page 16.21 for 
more information on EVELOCK. The DNPSRC setting can be either LOCAL or 
UTC (default). See Time Synchronization on page 16.10 for more information on 
the DNPSRC setting.

The DNP3 protocol settings are shown in Table 12.9 and Table 12.23. The DNP3 
protocol settings are in the port settings for the port that you select for the DNP3 
protocol. You can use DNP3 on any of the serial ports (PORT F and PORT 1–
PORT 3) or Ethernet port (PORT 5), but you can only enable DNP3 on one 
serial port at a time. You may enable as many as six DNP3 sessions over Ether-
net, independent of the number of serial DNP3 sessions enabled.

Warm Start and Cold Start
The DNP3 function codes for warm start and cold start reset the relay serial port 
or DNP3 Ethernet session. These function codes do not interrupt protection pro-
cesses within the relay.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must set the 
port data speed slower than the 
effective data rate of the modem.
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Testing
Use the TEST DB2 command to test the data mapping from the relay to your 
DNP3 master. You can use the TEST DB2 command to force DNP3 values by 
object type and label. Although the relay reports forced values to the DNP3 host, 
these values do not affect protection processing within the relay. The TEST DB2 
command operates by object type and label, so it works equally well with custom 
mapping and the default DNP3 maps. See TEST DB2 on page 14.65 for more 
information.

When you are using the TEST DB2 command to test DNP3 operation, the Relay 
Word bit TESTDB2 will be asserted to indicate that test mode is active. The 
DNP3 status bit will also show forced status for any object variations that include 
status.

DNP3 Documentation
Object List

Table 16.8 lists the objects and variations with supported function codes and 
qualifier codes available in the relay. The list of supported objects conforms to 
the format laid out in the DNP3 specifications and includes both supported and 
unsupported objects. Those that are supported include the function and qualifier 
codes. The objects that are not supported are shown without any corresponding 
function and qualifier codes.

                    

NOTE: The TEST DB2 command will 
override the state of all instances of 
the forced bit or value for all active 
protocols. This includes DNP3 serial 
and LAN/WAN and IEC 61850 GOOSE 
and Manufacturing Message 
Specification (MMS). Before using the 
command, take precautions to ensure 
against unintended operations from 
inadvertent messages sent as the 
result of a TEST DB2 override, for 
example, a bit used to trip a breaker 
on a remote relay via IEC 61850 
GOOSE.

Table 16.8 Relay DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes

0 211 Device attributes—User-specific sets of attributes 1 0 129 0, 17

0 212 Device attributes—Master data set prototypes 1 0 129 0, 17

0 213 Device attributes—Outstation data set prototypes 1 0 129 0, 17

0 214 Device attributes—Master data sets 1 0 129 0, 17

0 215 Device attributes—Outstation data sets 1 0 129 0, 17

0 216 Device attributes—Max. binary outputs per request 1 0 129 0, 17

0 219 Device attributes—Support for analog output events 1 0 129 0, 17

0 220 Device attributes—Max. analog output index 1 0 129 0, 17

0 221 Device attributes—Number of analog outputs 1 0 129 0, 17

0 222 Device attributes—Support for binary output events 1 0 129 0, 17

0 223 Device attributes—Max. binary output index 1 0 129 0, 17

0 224 Device attributes—Number of binary outputs 1 0 129 0, 17

0 225 Device attributes—Support for frozen counter events 1 0 129 0, 17

0 226 Device attributes—Support for frozen counters 1 0 129 0, 17

0 227 Device attributes—support for counter events 1 0 129 0, 17

0 228 Device attributes—Max. counter index 1 0 129 0, 17

0 229 Device attributes—Number of counters 1 0 129 0, 17

0 230 Device attributes—Support for frozen analog inputs 1 0 129 0, 17

0 231 Device attributes—Support for analog input events 1 0 129 0, 17
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0 232 Device attributes—Max. analog input index 1 0 129 0, 17

0 233 Device attributes—Number of analog inputs 1 0 129 0, 17

0 234 Device attributes—Support for double-bit events 1 0 129 0, 17

0 235 Device attributes—Max. double-bit binary index 1 0 129 0, 17

0 236 Device attributes—Number of double-bit binaries 1 0 129 0, 17

0 237 Device attributes—Support for binary input events 1 0 129 0, 17

0 238 Device attributes—Max. binary input index 1 0 129 0, 17

0 239 Device Attributes—Number of binary inputs 1 0 129 0, 17

0 240 Device attributes—Max. transmit fragment size 1 0 129 0, 17

0 241 Device attributes—Max. receive fragment size 1 0 129 0, 17

0 242 Device attributes—Device manufacturer’s software version 1 0 129 0, 17

0 243 Device attributes—Device manufacturer’s hardware version 1 0 129 0, 17

0 245 Device attributes—User-assigned location name 1 0 129 0, 17

0 246 Device attributes—User-assigned ID code/number 1 0 129 0, 17

0 247 Device attributes—User-assigned device name 1 0 129 0, 17

0 248 Device attributes—Device serial number 1 0 129 0, 17

0 249 Device attributes—DNP3 subset and conformance 1 0 129 0, 17

0 250 Device attributes—Device manufacturer’s product name 
and model

1 0 129 0, 17

0 252 Device attributes—Device manufacturer’s name 1 0 129 0, 17

0 254 Device attributes—Non-specific all attributes request 1 0, 6 129 0, 17

0 255 Device attributes—List of attribute variations 1 0, 6 129 0, 17

1 0 Binary input—All variations 1 0, 1, 6, 7, 8, 
17, 28

1 1 Binary input 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

1 2a Binary input with status 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

2 0 Binary input change—All variations 1 6, 7, 8

2 1 Binary input change without time 1 6, 7, 8 129 17, 28

2 2 Binary input change with time 1 6, 7, 8 129, 130 17, 28

2 3 Binary input change with relative time 1 6, 7, 8 129 17, 28

10 0 Binary output—All variations 1 0, 1, 6, 7, 8

10 1 Binary output

10 2a Binary output status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control block—All variations

12 1 Control relay output block 3, 4, 5, 6 17, 28 129 echo of 
request

12 2 Pattern control block 3, 4, 5, 6 7 129 echo of 
request

12 3 Pattern mask 3, 4, 5, 6 0, 1 129 echo of 
request

Table 16.8 Relay DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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20 0 Binary counter—All variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 1 32-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 2 16-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 3 32-Bit delta counter

20 4 16-Bit delta counter

20 5 32-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 6a 16-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 7 32-Bit delta counter without flag

20 8 16-Bit delta counter without flag

21 0 Frozen counter—All variations

21 1 32-Bit frozen counter

21 2 16-Bit frozen counter

21 3 32-Bit frozen delta counter

21 4 16-Bit frozen delta counter

21 5 32-Bit frozen counter with time of freeze

21 6 16-Bit frozen counter with time of freeze

21 7 32-Bit frozen delta counter with time of freeze

21 8 16-Bit frozen delta counter with time of freeze

21 9 32-Bit frozen counter without flag

21 10 16-Bit frozen counter without flag

21 11 32-Bit frozen delta counter without flag

21 12 16-Bit frozen delta counter without flag

22 0 Counter change event—All variations 1 6, 7, 8

22 1 32-Bit counter change event without time 1 6, 7, 8 129 17, 28

22 2a 16-Bit counter change event without time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit delta counter change event without time

22 4 16-Bit delta counter change event without time

22 5 32-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 6 16-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 7 32-Bit delta counter change event with time

22 8 16-Bit delta counter change event with time

23 0 Frozen counter event—All variations

23 1 32-Bit frozen counter event without time

23 2 16-Bit frozen counter event without time

23 3 32-Bit frozen delta counter event without time

23 4 16-Bit frozen delta counter event without time

Table 16.8 Relay DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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23 5 32-Bit frozen counter event with time

23 6 16-Bit frozen counter event with time

23 7 32-Bit frozen delta counter event with time

23 8 16-Bit frozen delta counter event with time

30 0 Analog input—All variations 1 0, 1, 6, 7, 8, 
17, 28

30 1b 32-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 2b 16-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129, 130 0, 1, 17, 28

30 3b 32-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 4b 16-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 5b Single-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 6b Double-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

31 0 Frozen analog input—All variations

31 1 32-Bit frozen analog input

31 2 16-Bit frozen analog input

31 3 32-Bit frozen analog input with time of freeze

31 4 16-Bit frozen analog input with time of freeze

31 5 32-Bit frozen analog input without flag

31 6 16-Bit frozen analog input without flag

32 0 Analog change event—All variations 1 6, 7, 8

32 1b 32-Bit analog change event without time 1 6, 7, 8 129 17, 28

32 2b 16-Bit analog change event without time 1 6, 7, 8 129, 130 17, 28

32 3 32-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 4 16-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 5b Single-precision floating-point analog change event with-
out time

1 6, 7, 8 129 17, 18

32 6b Double-precision floating-point analog change event 
without time

1 6, 7, 8 129 17, 18

32 7b Single-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

32 8b Double-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

33 0 Frozen analog event—All variations

33 1 32-Bit frozen analog event without time

33 2 16-Bit frozen analog event without time

33 3 32-Bit frozen analog event with time

33 4 16-Bit frozen analog event with time

Table 16.8 Relay DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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34 0 Analog input deadband—All variations 1 0, 1, 6, 7, 8, 
17, 28

34 1 16-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 2a 32-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 3 Single-precision floating-point analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

40 0 Analog output status—All variations 1 0, 1, 6, 7, 8

40 1 32-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2a 16-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Single-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Double-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog output block—All variations

41 1 32-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 2 16-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 3 Single-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 4 Double-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

50 0 Time and date—All variations

50 1 Time and date 1, 2 7, 8 
index = 0

129 07, 
quantity = 1

50 2 Time and date with interval

50 3 Time and date at last recorded time 2 7
quantity = 1

129

51 0 Time and date CTO—All variations

51 1 Time and date CTO 129 07, 
quantity = 1

51 2 Unsynchronized time and date CTO 129 07, 
quantity = 1

52 0 Time delay—All variations

52 1 Time delay, coarse  

52 2 Time delay, fine 129 07, 
quantity = 1

60 0 All classes of data 1, 20, 21, 22 6, 7, 8

60 1 Class 0 data 1, 22 6, 7, 8

60 2 Class 1 data 1, 20, 21, 22 6, 7, 8

60 3 Class 2 data 1, 20, 21, 22 6, 7, 8

60 4 Class 3 data 1, 20, 21, 22 6, 7, 8

70 1 File identifier

80 1 Internal indications 2 0, 1 
index = 4, 7

Table 16.8 Relay DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Device Profile
The DNP3 Device Profile document, available on the supplied DVD or as a 
download from the SEL website, contains the standard device profile information 
for the relay. This information is also available in XML format. Please refer to 
this document for complete information on DNP3 Protocol support in the relay.

Reference Data Map
Table 16.9 shows the common portions of the relay DNP3 reference data map. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete DNP3 reference map for that relay. You can use the 
default map or the custom DNP3 mapping functions of the relay to include only 
the points required by your application.

The entire Relay Word bit table (see Section 11: Relay Word Bits in the product-
specific instruction manual) is part of the DNP3 reference map. You may include 
any label in the Relay Word bit table as part of a DNP3 custom map.

The relay scales analog values by the indicated settings or fixed scaling. Analog 
inputs for event (fault) summary reporting use a default scale factor of 1 and 
deadband of ANADBM. Per-point scaling and deadband settings specified in a 
custom DNP3 map will override defaults.

81 1 Storage object

82 1 Device profile

83 1 Private registration object

83 2 Private registration object descriptor

90 1 Application identifier

100 1 Short floating point

100 2 Long floating point

100 3 Extended floating point

101 1 Small packed binary—Coded decimal

101 2 Medium packed binary—Coded decimal

101 3 Large packed binary—Coded decimal

112 All Virtual terminal output block 2 6

113 All Virtual terminal event data 1 6 129, 130 17, 28

N/A No object required for the following function codes: 

13 cold start 

14 warm start 

23 delay measurement

13, 14, 23

a Default variation.
b Setting AIVAR determines default variation.

Table 16.8 Relay DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes



16.18

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 Documentation

                    

Table 16.9 Relay DNP3 Reference Data Map (Sheet 1 of 2)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 LDATPFW Leading true power factor A-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDBTPFW Leading true power factor B-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDCTPFW Leading true power factor C-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LD3TPFW Leading true power factor three-phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 Relay Word Relay Word bit label

Binary Outputs

10, 12 RB01–RBnn Remote bits RB01–RBnna

10, 12 RB01:RB02

RB03:RB04

RB05:RB06 

•

•

•

RBmm:RBnn

Remote bit pairs RB01–RBnna

10, 12 OCm Pulse open Circuit Breaker m commandb

10, 12 CCm Pulse close Circuit Breaker m commandb

10, 12 OCm:CCm Open/close pair for Circuit Breaker mb

10, 12 89OC01–89OCdd Open Disconnect Switch Control 1–ddc

10, 12 89CC01–89CCdd Close Disconnect Switch Control 1–ddc

10, 12 89OC01:89CC01 
89OC02:89CC02 
89OC03:89CC03

•

•

•

89OCdd:89CCdd

Open/close Disconnect Switch Control Pair 1–ddc

10, 12 RST_DEM Reset demandsd

10, 12 RST_PDM Reset demand peaksd

10, 12 RST_ENE Reset energiesd

10, 12 RSTMML Reset min/max metering data for the lined

10, 12 RSTMMBm Reset min/max metering data for Circuit Breaker md

10, 12 RST_BKm Reset Breaker m monitor datad

10, 12 RST_BAT Reset battery monitor datad

10, 12 RST_79C Reset recloser shot counterd

10, 12 RSTFLOC Reset fault location datad

10, 12 RSTTRGT Reset front-panel targetsd
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Device Attributes (Object 0)
Table 16.8 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the relay will send attributes that apply to that par-
ticular DNP3 session. Because the relay supports custom DNP3 maps, these val-
ues will likely be different for each session.

The relay uses its internal settings for the following variations:

➤ Variation 245—SID Global setting

➤ Variation 246—DNPID port setting

➤ Variation 247—RID Global setting

Binary Inputs
Binary inputs (Objects 1 and 2) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. The relay will respond to an Object 2, 
Variation 3 request, but the response will contain no data.

The relay scans binary inputs approximately twice per second to generate DNP3 
change events. When time is reported with these event objects, it is the time at 
which the scanner observed the bit change. This may be significantly delayed 
from when the original source changed and should not be used for sequence-of-
events determination. Binary inputs registered with SER are derived from the 
SER process and carry the time stamp of actual occurrence. Some additional 
binary inputs are available to DNP3, most without SER time stamps. For exam-
ple, RLYDIS is derived from the relay status variable, STWARN and STFAIL are 
derived from the diagnostic task data, and UNRDEV and NUNREV are derived 
from the event queue. Another binary input, STSET, is derived from the SER and 
carries the time stamp of actual occurrence.

10, 12 RSTDNPE Reset (clear) DNP3 event summary AIsd

10, 12 NXTEVE Load next fault event into DNP3 event summary AIs

Binary Counters

20, 22 ACTGRP Active settings group

NOTE: Additional binary counters are relay-specific. See the relay instruction manual to see what counter objects are available.

Analog Inputs

NOTE: The analog inputs available is relay dependent. See the relay instruction manual to determine what analog inputs are available.

Analog Outputs 

40, 41 ACTGRP0 Active settings group

40, 41 TECORRe Time-error preload value

40, 41 RA001–RA256 Remote analogs

a The number of remote bits available, nn, depends on the specific relay. See the relay instruction manual to see how many are available.
b The number of breakers to control and their designations, m, depends on the specific relay. See the relay instruction manual to determine 

which breakers are available.
c The number of disconnect controls, dd, available depends on the relay. See the relay instruction manual to determine how many disconnects 

are supported. Not all SEL-400 series relays support disconnect controls.
d Not all SEL-400 series relays support all of these resets. See the relay instruction manual to see which specific controls are available.
e In milliseconds, –30000  time  30000. When writing to this value, the Relay Word bit PLDTE asserts for approximately 1.5 cycles.

Table 16.9 Relay DNP3 Reference Data Map (Sheet 2 of 2)

Object Label Description
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Binary Outputs
Binary output status (Object 10, Variation 2) is supported as defined by 
Table 16.8. Static reads of points RB01–RBnn, OCm, CCm, 89OC01–89OCdd, 
and 89CC01–89CCdd respond with the online bit set and the state of the 
requested bit. Reads from control-only binary output points (such as the data 
reset controls RSTTRGT and RSTDNPE) respond with the online bit set and a 
state of 0. 

The relay supports control relay output block objects (Object 12, Variation 1). 
The control relays correspond to the remote bits and other functions as shown 
above. Each DNP3 control message contains a trip/close code (TRIP, CLOSE, or 
NUL) and an operation type (PULSE ON, LATCH ON, LATCH OFF, or NUL). 
The trip/close code works with the operation type to produce set, clear, and pulse 
operations.

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, and 
single-point controls follow the complementary latch or activation model. In the 
complementary two-output model, paired points only support close or trip opera-
tions, which, when issued, will pulse on the first or second point in the pair, 
respectively. Latch commands and pulse operations without a trip code are not 
supported. An operation in progress may be canceled by issuing a NUL trip/close 
code with a NUL operation type. Single output points support both pulse and 
latch operations. See Control Point Operation on page 16.20 for details on con-
trol operations.

The status field is used exactly as defined. All other fields are ignored. A pulse 
operation is asserted for a single processing interval. You should exercise caution 
if sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this may result in some of the pulse commands being ignored and the 
return of an already active status message. The relay will only honor the first ten 
points in an Object 12, Variation 1 request. Any additional points in the request 
will return the DNP3 status code TOO_MANY_OBJS.

The relay also supports pattern control blocks (Object 12, Variations 2 and 3) to 
control multiple binary output points. Variation 2 defines the control type (trip/
close, set/clear, or pulse) and the range of points to operate. Variation 3 provides 
a pattern mask that indicates which points in that range should be operated. 
Object 12, Variations 2 and 3 define the entire control command: the DNP3 mas-
ter must send both for a successful control. For example, the DNP3 master sends 
an Object 12, Variation 2 message to request a trip of the range of indices 0–7. 
The DNP3 master then sends an Object 12, Variation 3 message with a hexadeci-
mal value of “BB” as the pattern mask (converted to binary notation: 10111011). 
Read right to left in increasing bit order, the pattern block control command will 
result in a TRIP of indexes 0, 1, 3 to 5, and 7.

Control Point Operation
Use the trip and close, latch on/off and pulse on operations with Object 12 con-
trol relay output block command messages to operate the binary output points. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete table of object 12 controls available in that relay. Pulse 
operations provide a pulse with duration of one protection processing interval. 
Cancel an operation in progress by issuing a NUL trip/close code with a NUL 
operation type.
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Analog Inputs
Analog inputs (Objects 30 and 32) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is defined by the AIVAR 
(AIVARn for DNP3 LAN/WAN session n) setting. Only the Read function code 
(1) is allowed with these objects.

NOTE: Sequence current quantities 
are forced to 0 if the value is below 
0.5 percent of INOM.

Unless otherwise indicated, analog values are reported in primary units. Voltage 
magnitudes below 0.10 volts secondary and current magnitudes below 
0.5 percent of INOM are forced to 0, as are their corresponding angles. Default 
scaling is indicated in the product-specific instruction manual, but default scaling 
can be overridden by per-point scaling in a custom DNP3 map. The DECPLA, 
DECPLV, and DECPLM settings are the default scaling factors (in powers of 10) 
for current magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. See Configurable Data Mapping on page 16.23 for more information.

Default deadbands are also indicated in the product-specific instruction manual 
and may be overridden by per-point deadband configuration. In general, the 
ANADBA, ANADBV, and ANADBM settings are the default deadbands for cur-
rent magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. Deadbands are applied after any custom or default scaling factors. Events 
are generated when values exceed deadbands.

Reading Relay Event Data
The relay provides protective relay event history information in one of two 
modes: single-event or multiple-event access. Each DNP3 session begins in the 
mode specified by Port setting EVEMODn (where n = 1–6 for Ethernet sessions 
and not present for serial sessions). The selected mode is entered when the relay 
is first enabled, when there is a DNP3 settings change, a DNP3 map change, or 
an SER settings change. When EVEMODn = SINGLE, the relay powers up in 
single-event mode. When EVEMODn = MULTI, the relay powers up in multiple-
event mode. A DNP3 session will switch to multiple-event mode if the session 
DNP3 master sends a control to the NXTEVE binary output control point. The 
DNP3 session will revert to the default mode after a power cycle or relay restart.

When a relay event occurs, (TRIP asserts, ER asserts, or TRI asserts) whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP3. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs will be gener-
ated if any of them change beyond their deadband value after scaling (usually 
whenever a new relay event occurs and is loaded into the event summary analog 
inputs). Events are detected approximately twice a second by the scanning process.

The specific fault data available and its encoding is relay-specific. See Section 
10: Communications Interfaces in the product-specific instruction manual for 
information on the relay reports fault data.

Single-Event Mode
Single-event mode provides the most recent tripping event. When a relay event 
occurs and FLOC is in range of MINDIST and MAXDIST, these data regions are 
copied to the DNP3 fault summary analog inputs, generating appropriate DNP3 
events. The relay shall then ignore any subsequent events for EVELOCK (Global 
setting) time. When the EVELOCK setting is zero, single-event mode effectively 
acts as a zero-buffer FIFO queue. In this mode, relay events are presented to gen-
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erate DNP3 events for the fault summary analog inputs as they occur. Fault sum-
mary analog inputs shall be reset to 0 on a rising edge of RSTDNPE (Global 
SELOGIC equation result). The relay element EVELOCK shall be set when a 
relay event is triggered and reset when EVELOCK time expires.

Multiple-Event Mode
Relay multiple-event summary data can be read in two ways: first in, first out 
(FIFO); or last in, first out (LIFO).

See FIFO on page 16.22 and LIFO on page 16.22 below for procedures to 
retrieve relay events that occur when FLOC is in range of MINDIST and MAX-
DIST. Event retrieval as shown below is a manual monitor, control, and poll pro-
cess. A DNP3 master can collect relay event summaries by using event data 
rather than the static data polling described below. For best results, the master 
must control the NXTEVE binary output no faster than once every two seconds 
to load a new event into the event summary analog inputs. If the NXTEVE binary 
output is controlled at a faster rate, some DNP3 events may not be recognized 
and processed by the DNP3 event scanner.

FIFO
Multiple-event FIFO mode shall be initiated if the DNP3 session master operates 
the NXTEVE (next event) control. The master should monitor the UNRDEV 
binary input point, which will be asserted when there is an unread relay event 
summary. The NUNREV bit will also be asserted as long as there remain any 
unread events newer than the currently loaded event summary. To read the oldest 
unread relay event summary, the master should send a close, latch on, or pulse on 
control to the NXTEVE binary output point. This will load the relay event sum-
mary analogs with information from the oldest relay event summary, discarding 
the values from the previous load.

After reading the analogs, the master should again check the UNRDEV binary 
input point, which will be on if there is another unread relay event summary. The 
master should continue this process until the UNRDEV binary input point deas-
serts. If the master attempts to load values by controlling the NXTEVE output 
point when the UNRDEV binary input point is deasserted, the relay event type 
analog (FTYPE) will be loaded with zero. With the FIFO method, the relay event 
summaries will always be collected in chronological order.

LIFO
Multiple-event LIFO mode event summary retrieval is similar to FIFO retrieval, 
with the following difference: to read the newest unread relay event summary, the 
master should send a latch off control to the NXTEVE binary output point. As 
with FIFO retrieval, the master should monitor the UNRDEV binary input to 
determine if there are any unread events. Users must be aware of one caveat with 
LIFO retrieval: if an event occurs while in the process of reading the newest 
event(s) event collection will no longer continue in reverse chronological order. 
The next event read will be the newest event, and will proceed with the next new-
est, but any events that have already been read shall be skipped. The NUNREV 
bit will be asserted if this happens, signifying that the currently loaded event 
summary is no longer the newest event.
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Analog Outputs
Analog outputs (Objects 40 and 41) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is Variation 2. If an invalid value 
is written, the relay will ignore the value without generating an error.

The relay will only honor the first ten points in a request. Any additional points in 
the request will be ignored without generating an error.

Counters
Counters (Object 20 and 22) are supported as defined by Table 16.8. The default 
variation for Object 20 is Variation 6, and Variation 2 is the default for Object 22. 
Counters shall only support the Read function code (1). A Read of Object 21 will 
receive a Null response. The default deadband is 0, which may be overridden by a 
per-point deadband in a custom map. Scaling for counters is always 1.

Default Data Map
See Section 10: Communications Interfaces in the product-specific instruction 
manual to see the relay default map. If the default maps are not appropriate, you 
can also use the custom DNP3 mapping commands SET D n and SHOW D n, 
where n is the map number, to edit or create the map required for your application.

Configurable Data Mapping
One of the most powerful features of the relay DNP3 implementation is the abil-
ity to remap DNP3 data and, for analog and counter inputs, specify per-point 
scaling and deadbands. Remapping is the process of selecting data from the 
default or reference map and organizing it into a data set optimized for your 
application. The relay uses point labels rather than point indexes in a reference 
map to streamline the remapping process. This enables you to quickly create a 
custom map without having to search for point indexes in a large reference map.

You may use any of the five available DNP3 maps to exchange data with any 
DNP3 master. Each map is initially populated with default data points, as 
described in the Default DNP3 Map. You may remap the points in a default map 
to create a custom map with as many as:

➤ 400 binary inputs

➤ 160 binary outputs

➤ 20 counters

➤ 200 analog inputs

➤ 100 analog outputs

Use the settings Class D to access the relay DNP3 map settings shown in DNP3 
Settings—Custom Maps on page 12.19. There are five DNP3 maps available to 
customize, or leave as default.

The mapping settings are entered in a line-based freeform format. An example of 
these settings is shown in Figure 16.4. You can program a custom scaling and 
deadband for each point where indicated. If you do not specify a custom scaling 
or deadband, the relay will use the default for the type of value you are mapping. 
For example, if you enter the label 3P_F in Row 1 of the custom analog map with 
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no other parameters, the power in MW will be available as Objects 30 and 32, 
Index 0 and the relay will use the default scaling DECPLM and default deadband 
of ANADBM.

You can use the SHOW D x command to view the DNP3 data map settings, 
where x is the DNP3 map number from 1 to 5. See Figure 16.4 for an example 
display of Map 1.

                    

You can use the SET D x command (where x is the map number), to edit or create 
custom DNP3 data maps. You can also use QuickSet, which is recommended for 
this purpose.

See the Reference Map to determine the available choices for each object type.

For binary inputs, a value of 0 or 1 may be used instead of a label; this will cause 
the relay to report that value for that point. Similarly, for counters and analog 
inputs, a value of 0 may be used instead of a label, which will cause the relay to 
report 0 for that point. A NOOP can be used as a placeholder for binary or analog 
outputs-control of a point with this label does not change any relay values nor 
respond with an error message. Duplicate point labels are not allowed within a 
map, except for the values 0 or 1 or NOOP.

=>>SHO D 1 <Enter>
DNP 1

DNP Object Default Map Enables

MINDIST := OFF MAXDIST := OFF

Binary Input Map
(Binary Input Label)

1: EN_RLY
2: TRIPLED
•
•
•
13: RB04
14: RB05
15: RB06

Binary Output Map
(Binary Output Label)

1: RB01
2: RB02
•
•
•
5: RB05
6: RB06

Counter Map
(Counter Label, Deadband)

1: ACTGRP

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: IAWFMC
2: IAWFAC
•
•
•
15: 3SWFC
16: VDC1

Analog Output Map
(Analog Output Label)

1: ACTGRP

Figure 16.4 Sample Response to SHO D Command
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You can customize the DNP3 analog input map with per-point scaling and dead-
band settings. Class scaling (DECPLAn, DECPLVn, and DECPLMn) and dead-
band settings (ANADBAn, ANADBVn, and ANADBMn) are applied to indices 
that do not have per-point entries. Per-point scaling overrides any class scaling 
and deadband settings. Unlike per-point scaling, class-level scaling is specified 
by an integer in the range 0–3 (inclusive), which indicates the number of decimal 
place shifts. In other words, you should select 0 to multiply by 1, 1 for 10, 2 for 
100, or 3 for 1000.

NOTE: The settings above contain 
the DNP3 LAN/WAN session suffix n. 
This suffix is not present in serial port 
DNP3 settings.

Scaling factors allow you to overcome the limitations imposed, by default, of the 
integer nature of Objects 30 and 32. For example, DNP3, by default, truncates a 
value of 11.4 A to 11 A. You may use scaling to include decimal point values by 
multiplying by a power of 10. For example, if you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master 
to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer value 
of 32767. For example, if you have a value that can reach 157834, you cannot 
send it using DNP3 16-bit analog object variations. You could use a scaling factor 
of 0.1 so that the maximum value reported is 15783. You can then multiply the 
value by 10 in the master to see a value of 157830. You will lose some precision 
as the last digit is dropped in the scaling process, but you can transmit the scaled 
value by using the default variations for DNP3 Objects 30 and 32.

If your DNP3 master has the capability to request floating-point analog input 
variations, the relay will support them. These floating-point variations, 5 and 6 
for Object 30 and 5–8 for Object 32, allow the transmission of 16- or 32-bit 
floating-point values to DNP3 masters. When used, these variations eliminate the 
need for scaling and maintain the resolution of the relay analog values. Note that 
this support is greater than DNP3 Level 4 functionality, so you must confirm that 
your DNP3 master can work with these variations before you consider using 
floating-point analog variations.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SET D command for analog inputs. Alterna-
tively, you can use the QuickSet software to simplify custom data map creation. 
The example uses quantities available in the SEL-411L, but similar operations 
can be performed on any SEL-400 series relay.

Consider a case where you want to set the analog input points in a map as shown 
in Table 16.10.

                    

To set these points as part of custom map 1, you can use the SET D 1 TERSE 
command as shown in Figure 16.5.

Table 16.10 Sample Custom DNP3 Analog Input Map

Point Index Description Label Scaling Deadband

0 Fundamental IA magnitude LIAFM Default Default

1 Fundamental IB magnitude LIBFM Default Default

2 Fundamental IC magnitude LICFM Default Default

3 Fundamental IC magnitude LIAFM Default Default

4 Fundamental three-phase power 3P_F 5 Default

5 Fundamental A-Phase magnitude VAFM Default Default

6 Fundamental A-Phase angle VAFA 1 15

7 Frequency FREQ 0.01 1
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DNP3 Serial Application Example
Application

This example uses an SEL-421 connected to an RTU over an EIA-485 network. 
The RTU collects basic metering information from the relay and other devices. 
The network for this example is shown in Figure 16.6.

                    

The metering and status data that the RTU collects from the relay are listed in 
Table 16.11.

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ?
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ?

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)
1:
? LIBFM <Enter>
2:
? LICFM <Enter>
3:
? LIAFM <Enter>
4:
? 3P_F,5 <Enter>

5:
? VAFM <Enter>
6:
? VAFA,1,15 <Enter>
7:
? FREQ,.01,1 <Enter>
8:
? END
Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 16.5 Sample Custom DNP3 Analog Input Map Settings

                    

Figure 16.6 DNP3 Application Network Diagram

To SCADA Control Center
RTU

SEL-2030

SEL-421 DNP3 IED

Non-DNP3 IED Non-DNP3 IED
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Table 16.11 DNP3 Application Example Data Map

Label Object
Custom 

Map Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OC1:CC1 10, 12 6 Circuit Breaker 1 trip/close pair

LIAFM 30, 32 0 IA magnitude

LIAFA 30, 32 1 IA angle

LIBFMa

a Assume the largest expected current is 2000 A and scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

30, 32 2 IB magnitude

LIBFAb

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.

30, 32 3 IB angle

LICFMa 30, 32 4 IC magnitude

LICFAb 30, 32 5 IC angle

VAFMc

c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 
of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.

30, 32 6 VAY magnitude

VAFAb 30, 32 7 VAY angle

VBFMc 30, 32 8 VBY magnitude

VBFAb 30, 32 9 VBY angle

VCFMc 30, 32 10 VCY magnitude

VCFAb 30, 32 11 VCY angle

3P_Fd

d For a maximum load of 800 MW (or 800 mVar), scale the power by a factor of 40 to provide a 
resolution of 0.025 MW and a maximum value of 819.175 MW. Report 1 MW for change event 
reporting.

30, 32 12 Three-phase real power in MW

3Q_Fd 30, 32 13 Three-phase reactive power in MVAR

DC1e

e VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

30, 32 14 DC1 voltage multiplied by 100

ACTGRP 40 0 Active settings group
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Settings
Figure 16.7 shows how to enter the new map into the relay. Use the SET D com-
mand and enter N at the prompts shown in Figure 16.7 to allow changes to the 
existing maps. Press <Enter> at the empty line prompt to advance to the next 
map. For example, press <Enter> at line 10 of the Binary Input Map to advance 
to the Binary Output Map. If the prompt contains an entry, you can enter the 
greater-than symbol (>) and press <Enter> to advance to the next step.

                    

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ? <Enter>
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ? <Enter>

Binary Input Map
(Binary Input Label)

1: RLYDIS
?  DELETE 100 <Enter>
1:
?  EN <Enter>
2:
?  TRIPLED <Enter>
3:
?  IN101 <Enter>
4:
?  IN102 <Enter>
5:
?  IN103 <Enter>

6:
?  IN104 <Enter>
7:
?  SALARM <Enter>
8:
?  HALARM <Enter>
9:
?  TESTDB2 <Enter>
10:
? <Enter>

Binary Output Map
(Binary Output Label)

1: RB01
?  DELETE 100 <Enter>
1:
?  RB01 <Enter>
2:
?  RB02 <Enter>
3:
?  RB03 <Enter>
4:
?  RB04 <Enter>
5:
?  RB05 <Enter>
6:
?  RB06 <Enter>
7:
?  OC1:CC1 <Enter>
8:
? <Enter>

Counter Map
(Counter Label, Deadband)

1: ACTGRP
?
2: BKR1OPA
? DELETE 100 <Enter>
2: 
? <Enter>

Figure 16.7 SEL-421 Example DNP Map Settings
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Table 16.12 lists the settings for PORT 3 for this example. The physical connection 
between the relay and the DNP3 master is an EIA-485 network. An SEL-2884 
interface converter on the relay PORT 3 provides conversion from EIA-232 to 
EIA-485. Unsolicited reporting has been disabled because the network is wired 
as a four-wire connection and does not provide carrier detection or the opportu-
nity to monitor for data traffic on the network.

                    

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: LIAFM
?  <Enter>
2: LIAFA
?  LIAFA,1,200 <Enter>
3: LIBFM
? <Enter>
4: LIBFA
?  LIBFA,1,200 <Enter>
5: LICFM
? <Enter>
6: LICFA
?  LICFA,1,200 <Enter>
7: B1IAFM
?  VAFM <Enter>
8: B1IAFA
?  VAFA,1,200 <Enter>

9: B1IBFM
?  VBFM <Enter>
10: B1IBFA
?  VBFA,1,200 <Enter>
11: B1ICFM
?  VCFM <Enter>
12: B1ICFA
?  VCFA,1,200 <Enter>
13: B2IAFM
?  3P_F,40,40 <Enter>
14: B2IAFA
?  3Q_F,40,40 <Enter>
15: B2IBFM
?  DC1,,200 <Enter>
16: B2IBFA
?  DELETE 200 <Enter>
16:
? <Enter>

Analog Output Map
(Analog Output Label)

1: ACTGRP
? <Enter>
2:
? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable port

EPAC N Enable port access control

MAXACC 2 Maximum access level for virtual terminal sessions

PROTO DNP DNP3 protocol

SPEED 9600 Data speed

PARITY N No parity bit

STOPBIT 1 1 stop bit

TIMEOUT 5 Time out virtual terminal session after 5 minutes

TERTIM1 1 Check for termination after 1 second idle time

Figure 16.7 SEL-421 Example DNP Map Settings (Continued)
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In this example, the polling method employed by the RTU DNP3 master is polled 
report-by-exception. The master device normally polls for events only. Once 
every 25 event polls, the master polls for Class 0 data (status of all points). This 
polling method allows the master to collect data efficiently from the IEDs by not 
continuously polling and receiving data that are not changing.

TERSTRN “\005” Virtual terminal termination string

TERTIM2 0 No delay before accepting termination string

DNPADR 101 DNP3 address = 101

DNPID “RELAY1-DNP” DNP ID for Object 0 self-description

DNPMAP 1 Use DNP3 Map 1

ECLASSB 1 Event Class 1 for binary event data

ECLASSC 1 Event Class 1 for counter event data

ECLASSA 1 Event Class 1 for analog event data

ECLASSV OFF Disable virtual terminal event data (this feature is not 
supported by the DNP3 master)

TIMERQ I Ignore time-set request because IRIG-B is used for 
time synchronization

DECPLA 1 Scale current, multiplying by 10 to send amperes and 
tenths of an ampere. The relay would report a value of 
10.4 as 104, which would remain unscaled at the mas-
ter. 

DECPLV 2 Scale voltage, multiplying by 100 to send kilovolts, 
tenths, and hundredths of a kilovolt

DECPLM 2 Scale miscellaneous analog data, multiplying by 100 
to send whole numbers and hundredths. The relay 
would report a value of 5.25 as 525, which would 
remain unscaled at the master.

STIMEO 10.0 10 second select before operate time-out

DRETRY OFF Turn off data link retries

MINDLY 0.05 Minimum delay from DCD to TX

MAXDLY 0.10 Maximum delay from DCD to TX

PREDLY 0.025 Settle time from RTS on to TX to allow EIA-485 
transceiver to switch to transmit mode

PSTDLY 0.00 Settle time from TX to RTS off—not required in this 
application

DNPCL Y Enable controls for DNP3

AIVAR 2 Default AI variation

ANADBA 50 Analog reporting deadband for currents, 5 A based on 
DECPLA scaling factor

ANADBV 100 Analog reporting deadband for voltages, 1 kV based 
on DECPLV scaling factor

ANADBM 100 Miscellaneous analog value deadband, based on 
DECPLM scaling factor

ETIMEO 10 Event Message Confirm Time-Out, 10 seconds

UNSOL N Unsolicited reporting disabled (data retrieval method 
is polled report-by-exception)

MODEM N No modem connected to port

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 2 of 2)

Setting Name Setting Description
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DNP3 LAN/WAN Application Example
Application

This example uses an SEL-487E connected to an RTU over an Ethernet (TCP) 
network. The RTU collects basic metering information from the relay. The net-
work for this example is shown in Figure 16.8.

                    

The polling method employed by the RTU DNP3 master is polled report-by-
exception, so it normally only does event polls. Once every 25 event polls, the 
master polls for Class 0 data (status of all points). This polling method allows the 
master to collect data efficiently from the IEDs by only polling and receiving data 
that has changed.

The RTU, which will act as the DNP3 master to the SEL-487E outstation, has an 
IP address of 192.9.0.3 and a DNP3 address of 12. The SEL-487E should be 
assigned an IP address of 192.9.0.2, default router of 192.9.0.1, and DNP3 
address of 101.

All event data (analog, binary, counter) should be assigned to CLASS 1. All 
Binary Inputs should have SOE-quality time stamps.

The desired DNP3 data map is shown in Table 16.13.

                    

                    

Figure 16.8 DNP3 LAN/WAN Application Example Ethernet Network

Table 16.13 DNP3 Application Example Data Map (Sheet 1 of 2)

Label Object
Custom Map 

Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RTUTo SCADA Network  Switch

SEL-2030SEL-487E

Non-DNP3 IED Non-DNP3 IED
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Settings
Use SEL Grid Configurator to enter the DNP3 protocol settings and new data map into 
the relay.

                    

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OCS:CCS 10, 12 6 Circuit Breaker S trip/close pair

IASFMC 30, 32 0 A-Phase Current magnitude

IASFAC 30, 32 1 A-Phase Current angle

IBSFMCa 30, 32 2 B-Phase Current magnitude

IBSFACb 30, 32 3 B-Phase Current angle

ICSFMCa 30, 32 4 C-Phase Current magnitude

ICSFACb 30, 32 5 C-Phase Current angle

VAVFMC 30, 32 6 VA Phase Voltage magnitude, Terminal V

VAVFACb 30, 32 7 VA Phase Voltage angle, Terminal V

VBVFMCc 30, 32 8 VB Phase Voltage magnitude, Terminal V

VBVFACb 30, 32 9 VB Phase Voltage angle, Terminal V

VCVFMCc 30, 32 10 VC Phase Voltage magnitude, Terminal V

VCVFACb 30, 32 11 VC Phase Voltage angle, Terminal V

VDCd 30, 32 12 VDC voltage multiplied by 100

ACTGRP 40 0 Active settings group

a Assume the largest expected current is 2000 A, scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.
c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 

of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.
d VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

Table 16.13 DNP3 Application Example Data Map (Sheet 2 of 2)

Label Object
Custom Map 

Index
Description

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable Ethernet port

IPADDR 192.9.0.2/16 Relay IP address and network in classless inter-domain routing (CIDR) notation

DEFRTR 192.9.0.1 Default router

EDNP 1 Enable DNP3 LAN/WAN Session 1 

DNPADR 101 DNP3 address for relay is 101

DNPPNUM 20000a DNP3 port number for TCP 

DNPID RELAY1DNP DNP3 ID for Object 0 self-description

DNPIP1 192.9.0.3 DNP3 Master (RTU) IP address

DNPTR1 TCP Use TCP transport

DNPMAP1 1 Use DNP3 Map 1 for DNP3 LAN/WAN Session 1 

CLASSB1 1 Binary event data = Class 1

CLASSC1 1 Counter event data = Class 1
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To meet the requirement for SOE-quality time stamps, enter all binary inputs into 
the SER report. See Figure 16.9 for a screenshot of the process.

CLASSA1 1 Analog event data = Class 1

TIMERQ1 1 Ignore time synchronization requests from DNP3 Master

DECPLA1 2 Scale analog current data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLV1 2 Scale analog voltage data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLM1 2 Scale analog miscellaneous data, multiplying by 10 to send whole numbers and tenths. The relay 
would report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

STIMEO1 1.0a 1.0 second to select before operate time-out

DNPINA1 120a Wait 120 seconds to send inactive heartbeat

DNPCL1 Y Allow DNP3 controls for this session

AIVAR1 2 Default AI variation 

ANADBA1 200 Analog deadband counts, set to 2 engineering units, based on DECPLA scaling factor

ANADBV1 200 Analog deadband counts, set to 2 engineering units, based on DECPLV scaling factor

ANADBM1 200 Analog deadband counts, set to 2 engineering units, based on DECPLM scaling factor

ETIMEO1 2a Event message confirm time-out (2 s)

UNSOL1 N Disable unsolicited reporting for Master 1

a Default value.

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 2 of 2)

Setting Name Setting Description

                    

Figure 16.9 Add Binary Inputs to SER Point List



This page intentionally left blank



Date Code 20230830 Instruction Manual SEL-400 Series Relays

Instruction Manual
S E C T I O N 1 7

IEC 61850 Communication

The relay supports the following features using Ethernet and IEC 61850.

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. The 
relay also supports as many as seven buffered and seven unbuffered 
report control blocks. See Table 17.32 for logical node mapping that 
enables SCADA control (including Setting Group Switch) via a 
MMS browser. Controls support the Direct Normal Security and 
Enhanced Security (Direct or Select Before Operate) control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with as 
many as 128 incoming (receive) and 8 outgoing (transmit) messages. 
Virtual Bits (VB001–VB256) and remote analogs (RA001–RA256) 
can be mapped from incoming GOOSE messages. Remote analog 
outputs (RAO01–RAO64) provide peer-to-peer real-time analog data 
transmission.

➤ Sampled Values—Use Sampled Values (SV) to replace the 
traditional copper wiring between instrument transformers and the 
relay. Connect an SEL SV publisher to CTs and VTs to publish SV. 
Use SV subscriber relays to subscribe to these SV messages. 
SEL-400 series SV products are compliant to the UCA 61850 9-2LE 
guidelines. In accordance with the guideline, each publication 
includes one application service data unit (ASDU), with four current 
and four voltage channels. Supported publication rates are 4.8 kHz 
for a 60 Hz power system and 4 kHz for a 50 Hz power system. SEL 
SV publishers support as many as seven SV streams. SEL SV 
subscriber relays support subscribing to as many as seven streams.

NOTE: The relay ships with a default 
CID file installed, which supports basic 
IEC 61850 functionality. A new CID file 
should be loaded if a change in the 
relay configuration is required. If an 
invalid CID file is transferred, the relay 
will reject the file and revert to the 
previous valid CID file.

➤ Configuration—Use File Transfer Protocol (FTP) client software or 
ACSELERATOR Architect SEL-5032 Software to transfer the 
Substation Configuration Language (SCL) Configured IED 
Description (CID) file to the relay. SEL-400 series SV products also 
support SV configuration via PORT 5 settings.

➤ Commissioning and Troubleshooting—Use software such as MMS 
Object Explorer and AX-S4 MMS from Sisco, Inc., to browse the 
relay logical nodes and verify functionality.

This section presents the information you need to use the IEC 61850 features of 
the relay.

➤ Introduction to IEC 61850 on page 17.2

➤ IEC 61850 Operation on page 17.3

➤ IEC 61850 Configuration on page 17.38

➤ Logical Nodes on page 17.45

➤ Protocol Implementation Conformance Statement on page 17.79

➤ ACSI Conformance Statements on page 17.85

NOTE: The CID file contains only the 
necessary data for the required 
datasets, reports, GOOSE/SV 
publications, subscriptions, and 
supervisions. This helps prevent a CID 
file from exceeding its allocated 
memory. Refer to Section 10: Testing, 
Troubleshooting, and Maintenance for 
more information

NOTE: Not all SEL-400 series relays 
support SV publication or 
subscription.
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Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the Institute 
of Electrical and Electronics Engineers, Inc. (IEEE) began to define a Utility 
Communications Architecture (UCA). They initially focused on inter-control 
center and substation-to-control center communications and produced the Inter-
Control Center Communications Protocol (ICCP) specification. This specifica-
tion, later adopted by the IEC as 60870-6 TASE.2, became the standard protocol 
for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical Committee 
57 of the IEC to create a common international standard. Their joint efforts cre-
ated the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 speci-
fication, plus additional functionality. The standard describes client/server and 
peer-to-peer communications, substation design and configuration, testing, and 
project standards.

The IEC 61850 standard consists of the parts listed in Table 17.1. These parts 
were first published between 2001 and 2004, and they are often referred to as 
IEC 61850 Edition 1 (Ed1). Selected parts of these standards were released in 
2011 and tagged as Edition 2 (Ed2). Some SEL-400 series devices are compliant 
with Ed2. Please refer to the product-specific manual to identify such devices.

It is possible and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backward compatibil-
ity, i.e., Ed2 devices can send and receive messages to and from Ed1 devices. 
However, there are important considerations to be made when adding Ed2 
devices to an existing Ed1 system. Please refer to Potential Client and Automa-
tion Application Issues With Edition 2 Upgrades on page 17.90 for more infor-
mation.

                    

Table 17.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equipment—
Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equipment—
Abstract communication service interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equipment—
Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equipment—
Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM—Mapping to Manufacturing

Messaging Specification (MMS) 

(ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 8802-3)

IEC 61850-9-1 SCSM—Sampled values over serial multidrop point-to-point link
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The IEC 61850 document set, available directly from the IEC at www.iec.ch, 
contains information necessary for successful implementation of this protocol. 
SEL strongly recommends that anyone involved with the design, installation, 
configuration, or maintenance of IEC 61850 systems be familiar with the appro-
priate sections of this standard.

IEC 61850 Operation
IEC 61850 and Ethernet networking model options are available when ordering a 
new relay and may also be available as field upgrades to relays equipped with the 
Ethernet card. In addition to IEC 61850, the Ethernet card provides support pro-
tocols and data exchange, including FTP and Telnet, to SEL devices. Access the 
relay PORT 5 settings to configure all of the Ethernet settings, including IEC 
61850 network settings.

The relay supports IEC 61850 services, including transport of logical node 
objects, over TCP/IP. The relay can coordinate a maximum of seven concurrent 
IEC 61850 MMS sessions.

Object Models
The IEC 61850 standard relies heavily on the Abstract Communication Service 
Interface (ACSI) models to define a set of services and the responses to those ser-
vices. In terms of network behavior, abstract modeling enables all IEDs to act 
identically. These abstract models are used to create objects (data items) and ser-
vices that exist independently of any underlying protocols. These objects are in 
conformance with the common data class (CDC) specification IEC 61850-7-3, 
which describes the type and structure of each element within a logical node. 
CDCs for status, measurements, controllable analogs and statuses, and settings 
all have unique CDC attributes. Each CDC attribute belongs to a set of functional 
constraints that groups the attributes into specific categories such as status (ST) 
and description (DC). Functional constraints, CDCs, and CDC attributes are used 
as building blocks for defining logical nodes. Table 17.2 shows the CDCs sup-
ported in SEL-400 series relays.

                    

IEC 61850-9-2 SCSM—Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table 17.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

Table 17.2 Relay Common Data Classes (Sheet 1 of 2)

CDC Name Description

Status Information

SPS Single point status

DPS Double point status

INS Integer status

ENS Enumerated status

ACT Protection activation information

ACD Directional protection activation information

http://www.iec.ch
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UCA2 used GOMSFE (Generic Object Models for Substation and Feeder Equip-
ment) to present data from station IEDs as a series of objects called models or 
bricks. The IEC working group has incorporated GOMSFE concepts into the 
standard, with some modifications to terminology; one change was the renaming 
of bricks to logical nodes. Each logical node represents a group of data (controls, 
status, measurements, etc.) associated with a particular function. For example, 
the MMXU logical node (polyphase measurement unit) contains measurement 
data and other points associated with three-phase metering including voltages 

BCR Binary counter reading

VSS Visible string status

Measurand Information

MV Measured value

CMV Complex measured value

SAV Sampled value

WYE Phase-to-ground/neutral-related measured 
values of a three-phase system.

DEL Phase-to-phase-related measured values of a 
three-phase system

SEQ Sequence

Status Settings

SPG Single point setting

ING Integer status setting

ENG Enumerated status setting

ORG Object reference setting

TSG Time setting group

CUG Currency setting group

VSG Visible string setting

Analog Settings

ASG Analog setting

CURVE Setting curve

Description Information

DPL Device name plate

LPL Logical node name plate

Controls

SPC Controllable single point

DPC Controllable double point

ENC Controllable enumerated status

INC Controllable integer status

BSC Binary controlled step position information

ISC Integer controlled step position information

APC Controllable analog process value

BAC Binary controlled analog process value

Table 17.2 Relay Common Data Classes (Sheet 2 of 2)

CDC Name Description
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and currents. Each IED may contain many functions such as protection, meter-
ing, and control. Multiple logical nodes represent the functions in multifunction 
devices.

Logical nodes can be organized into logical devices that are similar to directories 
on a computer disk. As represented in the IEC 61850 network, each physical 
device can contain many logical devices and each logical device can contain 
many logical nodes. Many relays, meters, and other IEC 61850 devices contain 
one primary logical device where all models are organized.

IEC 61850 devices are capable of self-description. You do not need to refer to the 
specifications for the logical nodes, measurements, and other components to 
request data from another IEC 61850 device. IEC 61850 clients can request and 
display a list and description of the data available in an IEC 61850 server device. 
Simply run an MMS browser to query devices on an IEC 61850 network and dis-
cover what data are available. Self-description also permits extensions to both 
standard and custom data models. Instead of having to look up data in a profile 
stored in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available data.

Unlike other SCADA that present data as a list of addresses or indices, IEC 
61850 presents data with descriptors in a composite notation made up of compo-
nents. Table 17.3 shows how the A-Phase current expressed as 
MMXU$A$phsA$cVal is broken down into its component parts.

                    

Functional Naming
Substation design typically starts with a one-line diagram and progresses down to 
the assignment of functions to IEDs. In this top-down approach, the functions are 
identified and named independently from the IEDs to which they are assigned. 
Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a logical 
device based on the function it provides independent of the name of the IED to 
which the function is assigned. The alternative is product naming, which pre-
pends the IED name to the logical device instance to create the logical device 
name. The functional name is used on the communications interface for all refer-
ences to data in the logical device.

SEL-400 series relays support functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable functional 
name editing on Server Model tab of supporting IEDs check box, as shown in 
Figure 17.1.

Table 17.3 Example IEC 61850 Descriptor Components

Component Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Subdata Object A-Phase

cVal Data Attribute Complex value

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support for 
this feature before configuring 
functional names in a publishing IED. 
Earlier SEL-400 series relays firmware 
that does not support functional 
naming can subscribe to GOOSE and 
SV publications from IEDs that use 
functional naming.
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To provide functional names to the logical devices, navigate to the Server Model 
tab for the IED. Because datasets and control blocks are in the CFG logical 
device, any functional name given to the CFG logical device instance is used in 
dataset references, control block references, and in published GOOSE messages, 
as shown in Figure 17.2. The IED Server Model also allows the user to change 
the default logical node prefix and instance values.

                    

Data Mapping
Device data are mapped to IEC 61850 LN according to rules defined by SEL. 
Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) for the mandatory 
content and usage of these LNs. The relay logical nodes are grouped under Logi-
cal Devices for organization based on function. See Table 17.4 for descriptions of 
the logical devices in a relay. See Logical Nodes on page 17.45 for a description 
of the LNs that make up these logical devices.

                    

Figure 17.1 Enabling Functional Naming in Architect

                    

Figure 17.2 Server Model View in Architect
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MMS
MMS provides services for the application-layer transfer of real-time data within 
a substation LAN. MMS was developed as a network-independent data exchange 
protocol for industrial networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can become 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. MMS 
supports complex named objects and flexible services that enable mapping to 
IEC 61850 in a straightforward manner. This was why the UCA users group used 
MMS for UCA from the start, and why the IEC chose to keep it for IEC 61850. 
MMS associations are discussed within IEC61850-8-1, clause 10 of the edition 1 
standard.

If MMS authentication is enabled, the device will authenticate each MMS associ-
ation by requiring the client to provide the password authentication parameter 
with a value that is equal to the 2AC password of the relay.

➤ If the correct password authentication parameter value is not 
received, the device will return a not authenticated error code. If a 
user attempts to log into the relay with three consecutive invalid login 
attempts within a 1-minute period, the relay will disable login 
requests for 30 seconds and pulse the SALARM and BADPASS 
Relay Word bits.

➤ If the correct password authentication parameter value is received, 
the device will provide a successful association response. The device 
will allow access to all supported MMS services for that association.

Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its outputs, 
external devices, or internal functions. This is accomplished by the IEC 61850 
control model, which provides services to execute control commands. The con-
trol models are defined in IEC 61850-7-2 and the mapping to the MMS applica-
tion protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

Table 17.4 Relay Logical Devices

Logical Device Description

CFG Configuration elements—data sets and report control blocks

PRO Protection elements—protection functions and breaker control

MET Metering or Measurement elements—currents, voltages, power, etc.

CON Control elements—remote bits

ANN Annunciator elements—alarms, status values

MUa

a This only applies to merging units.

Merging unit elements—voltage and current channels
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The SEL-400 series relays support four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-400 series relays support the previous control models for SPC, DPC, 
and ENC controllable CDCs as defined in IEC 61850-8-1:2004. Other controlla-
ble CDCs defined in the standard are either unsupported or must be configured 
with the status-only control model. Supported CDCs include remote bits RBG-
GIOn in the CON Logical Device (LD), and breaker and disconnect switch con-
trols xxXCBRnn and xxXSWInn in the PRO LD. ENC is used to control the 
IEC 61850 Mode/Behavior. One control model must be selected during initial 
IED configuration in Architect and is applied throughout the CID file. This con-
trol model will apply to all controls in the IED.

Direct Control Models

The “Direct” control models provide the simplest means to initiate actions on the 
server. In these models, the client issues a control request via MMS, the server 
validates the request. Once validated, the server attempts to act upon the request. 
Note that if multiple clients are trying to perform control actions, the server will 
do nothing to prevent this. 

SBO Control Model

The SBO control model supports the SelectWithValue Service and can be used to 
prevent multiple clients from performing simultaneous control actions. In this 
mode, a client has to “reserve” the control object by sending a “select” control 
command. Once an object is selected, only the client that made the selection is 
allowed to perform control actions on it. If that client does not send a valid oper-
ate request for the object by the time the select time-out runs out, the object 
becomes available for selection again. The relay will support as many as ten 
pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, an 
error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute with 
trigger option.

Security in Control Models

“Security” in the control model context refers to additional supervision of the sta-
tus value by the control object. The “enhanced security” models report additional 
error information on failed operations to the requesting client unlike the models 
with “normal security”. Enhanced security control models provide a command 
termination report indicating if the control actually reached the new state as com-
manded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

NOTE: When an IED is configured 
with the SBO with Enhanced Security 
control model, the sboTimeout 
attribute of the controllable CDCs in 
the CID file is set to ten seconds. This 
time-out is not configurable via 
Architect.

NOTE: The maximum time required 
for a control operation to be 
completed should be less than the 
configured time-out period to avoid 
erroneous command termination 
reports indicating failure.
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Optional Control Configurations

The SEL-400 series relays do not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects may 
be configured to be pulsed by direct modification of the CID file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking

The IEC 61850 standards make provision for control object interlocking, and the 
IEC 61850-7-4 standard explains how this is performed using the CILO logical 
node. The CILO logical node has two data objects, namely Enable Open (EnaOpn) 
and Enable Close (EnaCls), for each breaker or disconnect control object.

The SEL-400 series relays use control interlocking to supervise the open and 
close controls from MMS Clients. The relay accomplishes this by checking each 
CSWI logical node control object against an associated CILO logical node data 
object. When the associated CILO logical node EnaCls and EnaOpn data objects 
are not asserted, the relay blocks the control operation and sends the AddCause 
“Blocked-by-interlocking” to the MMS Client.

Table 17.5 defines how control interlocking is implemented in the CILO logical node.

                    

SCBKnBO and SCBKnBC are SELOGIC control equations. Program these equa-
tions in the Protection SELOGIC setting (SET L) to block breaker operation. Pro-
gram the 89CBLmm and 89OBLmm SELOGIC control equations in the Bay 
settings (SET B) to block disconnect operation.

                    

Table 17.5 CILO Logical Node EnaOpn and EnaCls Equations

CILO LN Data Object Data Source Data Source Equation

EnaCls BKENCna

a n = Breaker terminal.

NOT SCBKnBCa

EnaOpn BKENOna NOT SCBKnBOa

EnaCls 89ENCmmb

b mm = Disconnect switch number.

NOT (89CBLmm OR 89OPEmm)b

EnaOpn 89ENOmmb NOT (89OBLmm OR 89CLSmm)b

NOTE: Not all SEL-400 series relays 
support control interlocking.

NOTE: The IEC 61850 CILO 
interlocking function does not affect 
controls sent by any other protocols 
or local front-panel operations.

                    

Figure 17.3  CSWI Logical Node Direct Operate Command Request 

Receive a CSWI 
command request 
from MMS Client

Command request 
rejected

Assert related
OC/CC Relay Word bit

Command response
to MMS Client:

Successful

Command response
to MMS Client: 

Blocked-by-interlocking

Check if CILO EnaCls/
EnaOpn is asserted

NO

YES
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Figure 17.3 shows how the relay responds to CSWI logical node command 
requests from MMS Clients when IEC 61850 control interlocking is applied. The 
SBO control model performs the same check when the select control command is 
received and again when the operate control is received.

Local/Remote Control Authority

Control commands at a substation originate from one of three levels: remote (net-
work control center) level, station level, or bay level. Under certain operational 
conditions (e.g., during maintenance), it may be necessary to block control com-
mands from one or more of these levels. The local/remote control feature allows 
users to enable or disable control authority at any of the three levels. The level at 
which a control command originates is determined by the value of the ori-
gin.orCat (originator category) attribute in the command. 

SEL-400 series relays support the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and con-
figurable attributes in the LLN0 logical node in each logical device. Table 17.6 
describes the attributes and their data sources.

                    

Using these three attributes, you can enable or disable control authority at any of 
the three switching levels, as shown in Table 17.7.

                    

By default, all three attributes are set to False, so only remote commands are allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC control 
equation SC850LS asserts and set to False when SC850LS deasserts. LOCSTA 
may also be controlled through MMS, but if it is set to True through SELOGIC 
control equations, it cannot be set to False through MMS.

Table 17.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multi-level control authority

Table 17.7 Control Authority Settings

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 5) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA

T X X AAa

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (True or False)
AA = Command is allowed
NA = Command is not allowed

NA NA

F T T AA AA NA
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In SEL-400 series relays that support local/remote control authority, the assertion 
of the LOCAL Relay Word bit will change the XCBR and XSWI logical nodes to 
local mode. This blocks all control commands to the associated CSWI logical 
nodes.

Control Requests
IEC 61850 control services are implemented by reading and writing to pseudo-
variables in the relay in response to MMS requests. Similar to how client requests 
are generated and mapped to MMS read or write service requests, server actions 
are also mapped to internal commands, read and write actions and MMS infor-
mation report messages. In the case of an unsuccessful control request, the relay 
will send the appropriate response PDU indicating that there was a problem and 
an MMS information report that contains more detailed information about the 
problem that occurred.

When writing controls, the client must select and write the entire Oper, SBOw or 
Cancel structure to the relay. See Figure 17.4 for the attributes of the CON Logi-
cal Device and ST and CO functional constraints (FC) of LN RBGGIO1 used for 
controls of RB01 through RB08.

                    

Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of 
IEC 61850-7-2 for additional information on the AddCause values.

The SEL-400 series relays support the AddCause values in Table 17.8 as part of 
the LastApplError information report.

                    

                    

Figure 17.4 MMS Client View of the CON Logical Device

Table 17.8 AddCause Descriptions (Sheet 1 of 2)

AddCause 
Enumeration

AddCause Description Error Condition

0 Unknown No other AddCause value defined within this section applies

2 Blocked-by-switching-hierarchy Logical node is set to local mode, i.e., Loc.stVal = true

3 Select-failed Originator category not allowed to issue control commands or SelectWithValue operation fails
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Any AddCause value not specified above is not supported. Control CDC data 
attributes, which are associated with unsupported AddCause values and are not 
part of a control structure, will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal, which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper, or Cancel structure, will be ignored. 

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 client 
without having to revert to the command line or some other tool. However, this 
has great potential for integration with IEC 61850 SCADA systems, which would 
be able to control setting groups through IEC 61850 MMS.

The IEC 61850 specification outlines a method for switching the current settings 
group to another preconfigured settings group. The setting group control block, 
or SGCB, contains the SettingControl element that enables settings group con-
trol. The SEL-400 series relays require the minimum versions of the firmware 
and ICD files to enable the SGCB. Refer to Appendix A in the product-specific 
manuals for supported firmware and ICD versions. In the IEC 61850 standard, 
SGCB class includes an attribute for the active settings group, or ActSG, as a 
read/write attribute. The ActSG is a read-only attribute in SEL-400 series relays. 
Adding the ActSG attribute with a value to the SettingControl element of the ICD 
file results in the relay ignoring the value and continuing to use the existing active 
settings group when the ICD file is downloaded.

When the IEC 61850 functions of the relay are enabled, the selectActiveSG ser-
vice allows an MMS client to request that the relay change the active setting 
group. The MMS client can request a group switch by writing a valid setting 
group number to ActSG. The relay updates the ActSG value under the following 
conditions:

➤ The value written to ActSG is valid and not the current active group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

4 Invalid-position For controls with enhanced security, an AddCause of “Invalid-position” (4) will be sent 
if the control status changes to an unexpected value. If no control status change is detected 
after the operate time-out period, an AddCause of “Time-limit-over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-in-execution Control object is already selected by the client, and

1. Logical node is set to local mode i.e., Loc.stVal = true, or

2. Originator category not allowed to issue control commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Block-by-interlocking Selection of switch device failed due to interlock check

12 Command-already-in-execution Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. (The control failed to reach its intended 
state prior to time-out.)

18 Object-not-selected Cancel operation fails

Table 17.8 AddCause Descriptions (Sheet 2 of 2)

AddCause 
Enumeration

AddCause Description Error Condition
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Note that if the value written to ActSG is the same as the current group, the relay 
will not attempt to switch settings groups. Please refer to Multiple Setting Groups 
on page 12.4 for more information on group settings.

Service Tracking
The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging ser-
vices, and group switch control services. IEC 61850 Edition 2 defines the service 
tracking feature to allow these services to be reported or logged, whether they 
succeed or fail.

SEL-400 series relays support the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these ser-
vices.

Tracking of these services is enabled by data objects in the service tracking logi-
cal node LTRK. Table 17.9 lists the service tracking data objects. Their data attri-
butes mirror those in the service request or in the control block that was the target 
of the service request.

                    

Refer to Table 17.26 for information regarding the available attributes in each 
tracking data object.

Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute ser-
viceType provides an enumerated value for the specific service requested or exe-
cuted. Table 17.10 defines the service type enumerations.

                    

Table 17.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a controllable double-point object

EncTrk CTS Tracks control service requests targeted at a controllable enumerated 
status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection

Table 17.10 IEC 61850 Service Type Enumeration

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the following buffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, PurgeBuf, EntryID, or GI

26 SetURCBValues Write request on one or more of the following unbuffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control object configured with enhanced security control model

54 InternalChange Report control block has been automatically disabled, i.e., RptEna is set to False after a loss of 
association with the client
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The attribute errorCode provides the error code that indicates whether the service 
was successful or unsuccessful. The codes are listed in Table 17.11 together with 
the corresponding ACSI errors.

                    

When creating datasets to track the services through information reporting, it is 
important to include the tracking data objects as a whole object (FCD—function-
ally constrained data), and not as individual data attributes (FCDA—functional 
constrained data attribute). Only the objRef attribute has a trigger option (dupd—
data update) and can trigger a report. The dupd trigger option must also be enabled 
in the report control block that is reporting changes in the tracking data objects.

File Services
The Ethernet file system allows reading or writing data as files. The file system 
supports FTP and MMS file transfer. The file system provides:

➤ A means for the device to transfer data as files.

➤ A hierarchal file structure for the device data.

The relay supports MMS file transfer with or without authentication. Note that 
the MMS File Transfer service will still be supported even if the relay contains an 
invalid CID file. The service is intended to support:

➤ Settings file download and upload

➤ CID file download and upload

➤ Event report retrieval

MMS File Services are enabled or disabled via PORT 5 settings, EMMSFS. Per-
missions for the Access Level 2 apply to MMS File Services requests. All files 
and directories that are available at the Access Level 2 via any supported file 
transfer mechanism (FTP, file read/write, etc.) are also available for transfer via 
MMS File Services.

Table 17.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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SCL Files
Substation Configuration Language (SCL) is an XML-based configuration lan-
guage used to support the exchange of database configuration data between dif-
ferent tools, which may come from different manufacturers. There are four types 
of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file describes the capabilities of an IED, including information on LN 
and GOOSE support. The SSD file describes the single-line diagram of the sub-
station and the required LNs. The SCD file contains information on all IEDs, 
communications configuration data, and a substation description. The CID file, 
of which there may be several, describes a single instantiated IED within the 
project, and includes address information.

Reports
The relay supports buffered and unbuffered report control blocks in the report 
model as defined in IEC 61850-8-1:2011. The predefined reports shown in 
Figure 17.5 are available by default via IEC 61850.

                    

There are 14 report control blocks (7 each of buffered and unbuffered reports). 
For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can reallocate 
data within each report data set to present different data attributes for each report 
beyond the predefined data sets.

                    

Figure 17.5 Relay Predefined Reports
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For buffered reports, connected clients may edit the report parameters shown in 
Table 17.12.

                    

Similarly, for unbuffered reports, connected clients may edit the report parame-
ters shown in Table 17.13.

                    

Table 17.12 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

entryID

BufTm YES 500

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa, b

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. Buffered reports begin buffering at startup.

YESa 0

PurgeBuf YESa FALSE

EntryId YES 0

Table 17.13 Unbuffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

BufTm YES 250

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

FALSE
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For buffered reports, only one client can enable the RptEna attribute of the BRCB 
at a time resulting in a client association for that BRCB. Once enabled, the asso-
ciated client has exclusive access to the BRCB until the connection is closed or 
the client disables the RptEna attribute. Once enabled, all unassociated clients 
have read-only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna attribute 
of an URCB at a time resulting in multiple client associations for that URCB. 
Once enabled, each client has independent access to a copy of that URCB.

The Resv attribute is writable, however, the relay does not support reservations. 
Writing any field of the URCB causes the client to obtain their own copy of the 
URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value with 
a resolution of 1 ms. However, the integrity report is only sent when the period 
has been detected as having expired. The report service rate of 2 Hz results in a 
report being sent within 500 ms of expiration of the IntgPd. The new IntgPd will 
begin at the time that the current report is serviced.

When configuring buffered and unbuffered reports that contain only analog val-
ues, a data change report only is triggered when there is a change in the magni-
tude value in excess of the deadband setting. When configuring buffered and 
unbuffered reports that contain a combination of digital and analog values, any 
digital value change triggers a data change report, which contains the current 
value of the analogs contained in the report at the time of the trigger.

Data Sets
IEC 61850 data sets are lists of references to DataObject attributes for the pur-
pose of efficient observation and transmission of data. Architect ICD files come 
with predefined data sets that can be used to transfer data via GOOSE messages, 
SV messages, or MMS reports.

➤ GOOSE: You can use predefined or edited data sets, or create new 
data sets for outgoing GOOSE transmission.

➤ SV: Four predefined data sets are provided. Each data set includes 
three phase currents and the neutral current as well as three phase 
voltages and the neutral voltage.

➤ Reports: Fourteen predefined data sets (BRDSet01–BRDSet07 and 
URDSet01–URDSet07) correspond to the default seven buffered and 
seven unbuffered reports. Note that you cannot change the number 
(14) of each type of report (buffered or unbuffered) within Architect. 
However, you can alter the data attributes that a data set contains or 
even create new data sets, and so define what data an IEC 61850 
client receives with a report. 

Supplemental Software Support
Examine the data structure and values of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, Inc.

The settings needed to browse the relay with an MMS browser are shown below.

                    

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and Quality
In addition to the various data values, the two attributes quality and t (time stamp) 
are available at any time. The time stamp is determined when data or quality 
change is detected. A change in the quality attribute can also be used to issue an 
internal event.

The time stamp is applied to all data and quality attributes (Boolean, Bstrings, 
Analogs, etc.) in the same fashion when a data or quality change is detected. 
However, there is a difference in how the change is detected between the different 
attribute types. For points in a data set that are also listed in the SER, the change 
is detected by the SER process. For all other Booleans or Bstrings, the change is 
detected via the scanner, which compares the last state against the previous state 
to detect the change. For analogs, the scanner looks at the amount of change rela-
tive to the deadband configured for the point to indicate a change and apply the 
time stamp. In all cases, these timestamps are used for the reporting model.

LN data attributes listed in the SER will have SER timestamps of 1 ms accuracy 
for data change events. All other LN data attributes are scanned on a 1/2-second 
interval for data change and have 1/2-second time stamp accuracy.

The relay uses GOOSE quality attributes to indicate the quality of the data in its 
transmitted GOOSE messages. Under normal conditions, all attributes are zero, 
indicating good quality data. Figure 17.6 shows the GOOSE quality attributes 
available to devices that subscribe to GOOSE messages from relay data sets that 
contain them. Internal status indicators provide the information necessary for the 
device to set these attributes. For example, if the device becomes disabled, as 
shown via status indications (e.g., an internal self-test failure), the relay will set 
the Validity attribute to INVALID and the Failure attribute to TRUE. Note that 
the relay does not set any of the other quality attributes. These attributes will 
always indicate FALSE (0). See the Architect help for additional information on 
GOOSE Quality attributes.

                    
                    

Figure 17.6 GOOSE Quality Attributes
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GOOSE
The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the message several 
times, increasing the likelihood that other devices receive the messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, con-
trols, and measured values between peers on an IEC 61850 network. Configure 
SEL devices to respond to GOOSE messages from other network devices with 
Architect. Also, configure outgoing GOOSE messages for SEL devices in Archi-
tect. See the Architect help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text identification 
and multicast group to identify and filter incoming GOOSE messages.

Virtual bits (VB001–VB256) are control inputs that you can map to values from 
incoming GOOSE messages by using the Architect software. See the VBnnn bits 
in Table 17.26, Table 17.27, and Table 17.28 for details on which logical nodes 
and names are used for these bits. This information can be useful when searching 
through device data with MMS browsers. If you intend to use any relay Virtual 
bits for controls, you must create SELOGIC equations to define these operations. 
The relay is capable of receiving and sending analog values via peer-to-peer 
GOOSE messages. Remote analogs (RA001–RA256) are analog inputs that you 
can map to values from incoming GOOSE messages. Remote analog outputs 
(RAO01–RAO64) can be used to transmit analog values via GOOSE messages. 
You must create SELOGIC control equations to assign internal relay values to 
RAO points to transmit them via GOOSE.

GOOSE Processing
SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the installed Ethernet port. 

Outgoing GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can define as many as eight data sets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. A single DA can be mapped to one or more outgoing GOOSE 
data sets, or one or more times within the same outgoing GOOSE 
data set. A user can also map a single GOOSE data set to multiple 
GOOSE control blocks. The number of unique Boolean variables is 
limited to a combined total of 512 digital bits across all eight 
outgoing messages.

➤ High-speed GOOSE messaging (as defined under GOOSE 
Performance) is available for GOOSE messages that contain either 
all Boolean data or a combination of Boolean data and remote analog 
output (RAO01–RAO64) data.

➤ The relay will transmit all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not retriggered, then 
following the initial transmission, the relay shall retransmit that 
GOOSE based on the Min. Time and Max. Time configured for that 
GOOSE message. The first transmission shall occur immediately 
upon triggering of an element within the GOOSE data set. The 
second transmission shall occur Min. Time later. The third shall 
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occur Min. Time after the second. The fourth shall occur twice Min. 
Time after the third. All subsequent transmissions shall occur at the 
Max Time interval. For example, a message with a Min. Time of 4 
ms and Max. Time of 1000 ms, will be transmitted upon triggering, 
then retransmitted at intervals of 4 ms, 4 ms, 8 ms, and then at 1000 
ms indefinitely or until another change triggers a new GOOSE 
message (See IEC 61850-8-1, Sec. 18.1).

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted entirely 
in a single network frame.

➤ The relay will maintain the configuration of outgoing GOOSE 
through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can configure the relay to subscribe to as many as 128 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE messages 
which are mapped to Virtual Bits (VBnnn). Virtual bits are volatile 
and are reset to zero when a new CID file is loaded, the device is 
restarted, or they are overwritten by data from a subscribed GOOSE 
message.

➤ The relay recognizes incoming GOOSE messages as valid based on 
the following content:

➢ Source broadcast MAC address

➢ Data Set Reference*

➢ Application ID*

➢ GOOSE Control Reference*

➢ Configuration Revision*

➢ Needs Commissioning*

➢ Quality Test*

➤ Every received and validated GOOSE message that indicates a data 
change, by an incremented status number, is evaluated as follows:

➢ Data within the received GOOSE data set that are mapped to 
host data bits are identified.

➢ Mapped bits are compared against a local version of the 
available host data bits.

➢ If the state of the received bits is different than the local version:

➣ Update the local version with the new state for that bit.

➣ Pass the new state for the bit to the relay.

➤ Reject all DA contained in an incoming GOOSE based on the 
presence of the following error indications created by inspection of 
the received GOOSE:

➢ Configuration Mismatch: The configuration number of the 
incoming GOOSE changes.

➢ Needs Commissioning: This Boolean parameter of the incoming 
GOOSE is true.

NOTE: Options marked with * are 
configurable via tools such as 
Architect. The relay, by default, checks 
against this parameter. 

Any GOOSE message that fails these 
checks shall be rejected. You can find 
the default quality check in the quality 
mask in Architect. See Figure 17.16 for 
an example.
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➢ Test Mode: This Boolean parameter of the incoming GOOSE is 
true.

➢ Decode Error: The format of the incoming GOOSE is not as 
configured.

➤ The relay will discard incoming GOOSE under the following 
conditions:

➢ After a permanent (latching) self-test failure

➢ When EGSE is set to No

Link-layer priority tagging and virtual LAN is supported as described in Annex C 
of IEC 61850-8-1:2011.

GOOSE Performance
For outgoing high-speed data (as identified under GOOSE Processing), transmis-
sion of GOOSE begins within 2 ms of transition of digital data within the relay. 
Note that you can include RAO points in outgoing GOOSE for high-speed trans-
mission. Only the transition of a digital point will trigger the transmission within 
2 ms. For all other data contained in outgoing GOOSE, transmission of GOOSE 
begins within 500 ms of transition of data within the relay. For incoming GOOSE 
data with an included change of state, the corresponding mapped virtual bit states 
update within two processing intervals.

Sampled Values
NOTE: Not all SEL-400 series 
products support SV.

IEC 61850 9-2, also known as Sampled Values (SV), describes a service that 
brings digital samples of analog signals from the substation yard to the control 
house. Multiple components are essential to successful implementation of such a 
service. SV publishers, also known as merging units, locally sample and convert 
analog signals to digital time-stamped samples. They then publish these samples 
with minimum delays via an Ethernet connection. Ethernet connections are 
established between SV publishers and SV subscribers for transmitting SV sam-
ples and GOOSE messages. This network is also called the process bus network. 
The information exchange between the SV publisher and the SV-
subscribing relays is based on a publisher/subscriber mechanism that is similar to 
GOOSE messaging. The SV subscribing relay receives the time-stamped SV 
messages and checks the timeliness of the samples. Messages are buffered and 
then used by the relays.

To promote interoperability and fast deployment of SV, UCA International Users 
Group released “Implementation Guideline for Digital Interface to Instrument 
Transformers Using IEC 61850-9-2” and described a subset of IEC 61850-9-2, 
also known as UCA 61850 9-2LE or simply 9-2LE. The SEL-400 series SV 
products are compliant with the 9-2LE guideline, also known as the 9-2LE pro-
file in this manual.

You can configure the SEL-400 series SV products via Architect or by using 
PORT 5 settings. See IEC 61850 Configuration on page 17.38 for more informa-
tion on SV product configuration.
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SV Processing
SV Publication

An SV publisher is an interface to the non-conventional instrument transformers 
(NCIT) and traditional instrument transformers. When an SV publisher is con-
nected to a traditional instrument transformer, it is also called a standalone merg-
ing unit. The SV publisher samples the analog data at 8 kHz and downsamples to 
4.8 kHz/4.0 kHz when the nominal frequency is 60 Hz/50 Hz. A time stamp rep-
resentation, known as smpCnt, is encoded with each published SV message. 
Given the sampling rate and the need to maintain the time coherence of samples 
from multiple merging units, merging units must be time-synchronized to high-
accuracy time source. See Section 11: Time and Date Management for time-syn-
chronization methods. The difference between the time encoded by the smpCnt 
in an SV message and the time that the message is published at the Ethernet inter-
face is the merging unit processing delay. This delay and the transmitting delay 
over a process bus network is the total network delay. See SV Network Delays on 
page 17.25 for more about network delay.

SV Data Set

SEL SV publishers can transmit multiple SV data streams. Each SV message 
includes four currents and four voltages. For example, the SEL-401 Protection, 
Automation, and Control Merging Unit has inputs for 12 analog measurements (6 
currents and 6 voltages). This means that the merging unit function requires at 
least two streams to send all available voltage/current inputs. Merging units sup-
port as many as seven output streams, allowing unmatched flexibility with mea-
surement channel assignment and precise routing of duplicate streams.

Primary/Secondary Scale Factor

The analog measurements inside SV messages represent the primary side of the 
instrument transformer. When connecting a standalone merging unit to a conven-
tional transformer, a scale factor should be applied such that the measured sec-
ondary quantity is scaled to primary values. For example, if the SEL-401 IW 
terminal is connected to an ANSI C600 1200/5 CT, the merging unit CT ratio 
CTRW should be set as 1200/5 = 240. Once CTRW is set, the measured second-
ary quantity on IW is scaled by CTRW before it is transmitted.

Time Synchronization

SmpCnt is a representation of the time stamp, which is encoded in each SV mes-
sage. If SV messages from multiple merging units are used for an application, the 
smpCnt from these merging units must represent the same time instance to cor-
rectly align the data. High-accuracy time synchronization is critical. SEL-400 
series relays can be synchronized with high-quality IRIG-B or high-quality Preci-
sion Time Protocol (PTP). The quality of smpCnt at the time the sample was 
taken is indicated by the SmpSynch value included in each SV message. When a 
merging unit is not time synchronized to any time source, its sample time error is 
unknown. Without time synchronization, the relay sets the smpSynch to 0. When 
the merging unit is synchronized to a high-quality local time source (TLOCAL = 
1), the smpSynch is set to 1. When the merging unit is synchronized to a high-
quality global time source (TGLOBAL = 1), the smpSynch is set to 2. TLOCAL 
and TGLOBAL are indicators of the time-synchronization source. See 
Section 11: Time and Date Management for information about TLOCAL and 
TGLOBAL.
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SEL merging units use the information in Table 17.14 and Table 17.15 to deter-
mine the quality of sample timing and the smpSynch values. See Table 17.14 and 
Table 17.15 for smpSynch values.

When high-quality IRIG-B is the current time source (CUR_SRC = BNC_IRIG 
or CUR_SRC = SER_IRIG):

                    

When high-quality PTP is the current time source (CUR_SRC = PTP):

                    

SV Subscription
An SEL SV relay can receive one or more SV streams from one or more merging 
units. SEL SV relays only support receiving 9-2LE-compliant SV messages. 
Once messages are received, samples are buffered to ensure that samples used to 
calculate protection elements are from the same time. The SV message attribute, 
smpCnt, is used to check and align samples. SV messages can be published at 
different frequencies based on the nominal frequency. The SEL SV relay nominal 
frequency setting must match the merging unit nominal frequency.

Primary/Secondary Scale Factor

SV messages provide current and voltage measurements in terms of the primary 
side of the instrument transformers. SEL SV relay protection calculations are 
based on traditional secondary quantities. Thus, the received digital samples must 
be scaled to the secondary properly. For example, if the SV stream comes from a 
merging unit that is connected to a 1200/5 CT, the SEL SV relay CT ratio settings 
should be 240.

Current Summation 

To provide a similar function to sum currents by connecting copper wires 
together, SEL-400 series relays provide current summation via SV subscriptions. 
You can map as many as three SV current channels (UCA 9-2LE-compliant) to 
the same SV subscriber relay analog channel. You can enable this function by 
clearing Hide current summation rows in Architect in the SV Receive tab.

Table 17.14 Mechanism of Determining smpSynch Values With an IRIG-B Time 
Source

Time Synchronization Status smpSynch Value

TGLOBAL =  1 2

TLOCAL =  1 1

TGLOBAL =  0

TLOCAL =  0

0

Table 17.15 Mechanism of Determining smpSynch Values With a PTP Time Source

Profile MU Sync State smpSynch Value

Power System or Default Profile TGLOBAL =  1 2

Power System Profile TLOCAL =  1 GMIDa

a Grand Master ID

Default Profile TLOCAL =  1 1

Power System or Default Profile TGLOBAL =  0

TLOCAL =  0

0

NOTE: Use caution when externally 
summing CT currents for differential 
protection. Because the resulting 
restraint current can be lower than 
expected, this can have implications 
for protection security.
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Example 17.1 Current Summation Via SV Subscription

In this example, a transmission line connects to a line reactor. The line cur-
rent is the sum of the two breaker currents minus the reactor current. Merg-
ing unit Bay1MU #1 current transformer logical nodes TCTR1 and TCTR2 
are both mapped to Terminal W on the SEL-421-7 Protection, Automation, 
and Control System With Sampled Values. SEL-421-7 Current Channel IAW 
has current measurements summed from Bay1MU #1...TCTR1.Amp.instMag.i 
and Bay1MU #1...TCTR2.Amp.instMag.i. The reactor current published 
from Bay1MU #2 is mapped to Terminal X on the SEL-421-7. The Terminal 
W and Terminal X currents are then combined by setting LINEI := COMB in 
Global settings.

                                        
                    
                    

Figure 17.7 Example Current Summation
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SV Network Delays

The SV merging unit and process bus network act as the data acquisition system 
for an SV relay. There are time delays introduced by DSS. The delays of an SV 
stream include the merging unit processing delay and the process bus network 
delay. The sum of these is called the network delay. SEL SV relays measure and 
report this network delay. The measured network delay for each SV subscription 
is stored as an analog quantity and reported via the COM SV ASCII command. 
See Section 9: ASCII Command Reference in the product-specific instruction 
manual for more detailed information.

SEL SV relays account for a network delay by buffering SV samples. The buffer 
length is controlled by the CH_DLY setting. Set the CH_DLY setting to the fol-
lowing value:

                    

Equation 17.1

                    

N = 3 is a good choice for typical applications because it allows the relay to ride 
through a loss of three packets. The allowable range for N is 1–3. The CH_DLY 
setting is specified in milliseconds (ms), and the SVNDmm value is reported in 
milliseconds (ms), both in the COM SV command response and as a user-acces-

The corresponding configuration is shown in Figure 17.8.
                    

Example 17.1 Current Summation Via SV Subscription (Continued)

                    
                    

Figure 17.8 Example Current-Summation Configuration

where:

MAX(SVNDmm) is the maximum network delay out of all received streams

N is the number of lost packets you want the relay to ride 
through by interpolating data

CH_DLY MAX SVNDmm  N 1+  Sample Period • +=
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sible analog quantity. Convert the last part of the channel delay equation to milli-
seconds by treating a sample period as 0.2083 ms for a 60 Hz system, or 0.25 ms 
for a 50 Hz system.

SEL SV relays wait to start resampling until samples arrive for the configured 
CH_DLY. This design also provides a consistent delay (CH_DLY) to protection 
and control operations, which overcomes the non-deterministic delays caused by 
the Ethernet process bus network.

If SV messages of the first SV subscription, which is listed first in the COM SV 
command response, are delayed by more than CH_DLY, they are considered lost. 
If less than three consecutive messages are delayed or missing, the SEL SV relay 
interpolates for these delayed or lost messages. If more than three samples are 
delayed or missing, the SEL relay ASCII command COM SV reports SV STREAM 
LOST for this scenario.

The protection and control operation times are delayed by the configured 
CH_DLY. Use caution when setting the relay coordination times to account for 
this added delay.

Coupled Clocks Mode
SEL recommends configuring a high-quality time source for the SV relays. 
Depending on the time-synchronization status, an SEL SV relay operates in one 
of two modes: the freewheeling mode and the coupled clock mode. SEL SV sub-
scribers use the same logic as SEL SV publishers to determine a local smpSynch 
based on its time-synchronization status. When the incoming smpSynch of the 
first SV subscription is non-zero and matches the local smpSynch, the relay oper-
ates in coupled clocks mode and SVCC asserts. When operating in coupled 
clocks mode, the relay can calculate the network delay for incoming SV streams. 
These delays are stored in analog quantities SVNDmm where mm is the subscrip-
tion number. The delays are also reported in the COM SV command response. 
When operating in the freewheeling mode, the SV relay will not provide the net-
work delay statistics.

Subscription Reference Stream
SEL SV relays store the smpSynch of each subscribed SV stream in analog quan-
tities SVmmSNC, where mm is the subscription number. If a CID file is used, the 
first subscription stream in the CID file is used as the smpSynch reference. If the 
PORT 5 SV setting is used, the subscription with the subscribed MAC address set 
by SVRADR1 is the first subscription and is used as the smpSynch reference. In 
coupled clock mode, any subsequent streams that do not have the same 
smpSynch as the time reference are discarded. If the relay stops receiving data 
for the first subscription stream, the last smpSynch value received from the first 
subscription stream continues to remain as the time reference. If the smpSynch 
value of the first subscription stream is zero, only the first subscription stream is 
accepted. If the relay operates in freewheeling mode, only the first subscription 
stream is accepted.

Station Bus and Process Bus (Four-Port Ethernet Card)
The SEL SV publishers and subscribers allow flexible station bus and process 
bus configurations when using the four-port Ethernet card. If BUSMODE := 
INDEPEND, station bus traffic (typically MMS and GOOSE) will only be trans-
mitted out on the station bus ports, and process bus traffic (typically SV and 
GOOSE) will only be transmitted on process bus ports. If BUSMODE := 
MERGED, all communications use PORT 5A and PORT 5B, with process bus and 

NOTE: The MERGED BUSMODE is 
not recommended for long-term 
operations, as the large amount of 
process bus traffic can adversely 
affect station bus functions when the 
buses are combined.
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station bus traffic merged on the same physical network, and the process bus 
ports are disabled. The designation of station bus and process bus is controlled by 
NETPORT settings. The station bus port is the same as the primary port, as spec-
ified by NETPORT settings. If NETPORT := A or NETPORT := B, then PORT 5A 
and PORT 5B are used for station bus communication and PORT 5C and PORT 5D are 
used for process bus communication. If NETPORT := C or NETPORT := D, then 
PORT 5C and PORT 5D are used for station bus communication and PORT 5A and 
PORT 5B are used for process bus communication. IEEE 1588-based time syn-
chronization is only available on PORT 5A and PORT 5B when using the four-port 
Ethernet card. If you want PTP time synchronization on the process bus, use 
PORT 5A and PORT 5B for process-bus communications. Figure 17.9 shows some 
common network configurations, including the NETPORT and BUSMODE set-
tings used.

Figure 17.9 shows an independent bus mode network schematic with PTP time 
synchronization on the process bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := C.

                    

Figure 17.10 shows an independent bus mode network schematic with PTP time 
synchronization on the station bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := A.

                    

Figure 17.11 shows an independent bus mode network schematic with local IRIG 
time source. In this schematic, the merging unit has settings BUSMODE := 
INDEPEND and NETPORT := A.

                    

Figure 17.9 Independent Bus Mode With PTP Time Synchronization on the 
Process Bus

                    

Figure 17.10 Independent Bus Mode With PTP Time Synchronization on the 
Station Bus
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Figure 17.12 shows a merged bus mode network schematic with PTP time syn-
chronization. Process bus and station bus traffic are all processed in PORT A. In 
this schematic, the merging unit has settings BUSMODE := MERGED and 
NETPORT := A.

                    

Station Bus and Process Bus (Five-Port Ethernet Card)
When using the five-port Ethernet card, the station bus and process bus designa-
tions are fixed. If BUSMODE := INDEPEND, the process bus is assigned to 
PORT 5A and PORT 5B, and the station bus is assigned to PORT 5C and PORT 5D. If 
BUSMODE := MERGED, traffic is processed on PORT 5A and PORT 5B, and 
PORT 5C and PORT 5D are disabled. The engineering access port (PORT 5E) is not 
associated with the BUSMODE setting; therefore, its designation and functional-
ity remain the same. The card uses three source MAC addresses. The first MAC 
address is applied to the process bus. The second MAC address is applied to the 
station bus. The third MAC address is applied to the engineering access port. 
IEEE 1588-based time synchronization is available on either the process bus or 
station bus when using the five-port Ethernet card.

IEC 61850 Messaging (Four-Port Ethernet Card)
The SEL-400 series relays publish and subscribe GOOSE messages on both the 
station bus and the process bus ports when using the four-port Ethernet card. 
GOOSE subscription error out of sequence may be reported if GOOSE messages 
from station bus and process bus are not isolated properly via network manage-
ment. For example, Figure 17.13 shows an SEL merging unit publishing two 
GOOSE messages from the station bus and process bus. Without proper GOOSE 

                    

Figure 17.11 Independent Bus Mode With IRIG Time Synchronization

                    

Figure 17.12 Merged Bus Mode With PTP Time Synchronization
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messages routing on the Ethernet switch, the SV relay receives GOOSE mes-
sages #1 and #2 from the process bus and the station bus, and out-of-sequence 
error is reported for GOOSE messages #1 and #2 subscriptions. Proper manage-
ment and segregation of GOOSE messages from the station bus and the process 
resolves this. For example, if GOOSE message #1 is designed for the process bus 
only, engineers can configure the station bus Ethernet switch to only forward 
GOOSE message #2 and the process bus Ethernet switch to only forward 
GOOSE message #1 via VLAN management.

SEL recommends using an SEL software-defined network (SDN) Ethernet 
switch to engineer each Ethernet traffic flow. Engineers can plan the network 
path for process bus GOOSE messages to flow through the process bus SDN 
switch only and discard the station bus GOOSE messages.

                    

IEC 61850 Messaging (Five-Port Ethernet Card)
To configure IEC 61850 messaging in the five-port Ethernet card, download a 
ClassFileVersion 007 CID file to the relay. This file provides multiple access 
points to differentiate between the process bus, station bus, and engineering 
access networks, as well as to define which services are available on those net-
works. Use Architect to configure communications for each network. For exam-
ple, to publish a GOOSE message on process bus PORT 5A and PORT 5B, select 
interface P1 in the address dropdown menu in the GOOSE transmit editor, as 
shown in Figure 17.14.

                    

The five-port Ethernet card supports two levels of GOOSE message VLAN prior-
itization: high and low. GOOSE messages with VLAN tags priorities from 0–3 
are processed as low priority. GOOSE messages with VLAN priorities tags from 
4–7 are processed as high priority. GOOSE messages without VLAN tags are 
processed as low priority.

                    

Figure 17.13 Use Ethernet Switch to Engineer Network Path for GOOSE Messages
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Figure 17.14 GOOSE Transmit Interface Selection (Five-Port Ethernet Card)
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IEC 61850 Simulation Mode
NOTE: SV simulation is only 
applicable in IEDs with SV subscription 
capability.

The SEL-400 series relays (including the SEL-401) can be configured to operate 
in simulation mode. In this mode, the SEL-400 series relays continue to process 
normal SV or GOOSE messages until a simulated SV or GOOSE message is 
received for a subscription. Once a simulated SV or GOOSE message is received, 
only simulated SV or GOOSE messages are processed for that subscription. The 
simulated mode only terminates when LPHDSIM is returned to FALSE. When 
the relay is not in the simulation mode, only normal SV or GOOSE messages are 
processed for all subscriptions.

A user can place the SEL-400 series relays in IEC 61850 simulation mode by set-
ting LPHDSIM (CFG.DevIDLPHD1.Sim.stVal) to true via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the relay 
rejects MMS attempts to enter or exit simulation mode until SC850SM deasserts.

IEC 61850 Mode/Behavior
NOTE: IEC 61850 Mode/Behavior is 
only available in IEDs with IEC 61850 
Edition 2 support.

The IEC 61850-7-4:2010 standard defines behaviors of different modes to facili-
tate testing. SEL-400 series relays support the following modes:

➤ On

➤ Blocked 

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is jointly determined by the logical device mode and its log-
ical node mode according to the IEC 61850 standard. For SEL-400 series relays, 
the selected IEC 61850 Mode/Behavior applies to the entire IED, including all its 
logical devices and all logical nodes. The behavior of the IED is always the same 
as the selected mode.

Table 17.16 describes the available services based on the mode/behavior of the IED.

                    

Table 17.16 IEC 61850 Services Available Based on Mode/Behavior

Mode MMS
GOOSE
Publication and Subscription

SV
Publication and Subscription

On Available Available Available

Blocked Available Available Available

Test Available Available Available

Test/Blocked Available Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE and SV publication in mode Off are disabled if EOFFMTX = N.

Publicationb
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The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior, as shown in Table 17.17.

                    

Mode/Behavior Control
Enable Mode/Behavior Control

IEC 61850 Mode/Behavior, by default, is disabled on SEL-400 series relays. To 
enable IEC 61850 Mode/Behavior, you must set PORT 5 setting E61850 to Y. To 
enable IEC 61850 Mode/Behavior control, you must set port setting E850MBC 
to Y and the CID file setting controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of IEC 61850 
Mode/Behavior when adding an IED into an Architect project, as shown in 
Figure 17.15. 

                    

Enhanced Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported pro-
vide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED testing, a 
technician can disable unplanned switching of IEC 61850 Mode/Behavior by set-
ting E850MBC to N after switching the relay back to On mode.

Table 17.17 Analog Quantity I850MOD Status Based on the Selected IEC 61850 
Mode/Behavior

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported

                    

Figure 17.15 Set controllableModeSupported = True



17.32

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
IEC 61850 Mode/Behavior

Change Mode Via MMS or SELOGIC 
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode data 
object (Mod.Oper.ctlVal) in logical device CFG. Note that Mod.Oper.ctlVal in 
other logical devices does not accept MMS writes.

                    

You can also control IEC 61850 Mode/Behavior through use of the SET L com-
mand with protection SELOGIC variables SC850TM and SC850BM on the left 
side of protection logic equations. These variables are the SELOGIC controls for 
the Test mode and the Blocked mode, respectively.

                    

                    

Write Values to Mod.Oper.ctlVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

SC850TM SC850BM Selected IEC 61850 Mode/Behavior

0 0 See Notea

a Note: The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 (true), 
SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See Noteb

b Note: You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are not 
evaluated.

See Noteb Off

Example 17.2 Change Mode Via SELOGIC

In this example, pushbuttons PB1 and PB2 control SC850TM. Pushbuttons 
PB3 and PB4 control SC850BM. If you press PB1, the relay enters Test mode. 
If you press PB3, the relay transitions from Test mode into Test/Blocked 
mode. Press PB2 and PB4 to reset Test mode and Blocked mode, respectively.
                    

You can read the current IEC 61850 Mode/Behavior through an MMS client 
or by using the STA A commands.

NOTE: The variables SC850TM and 
SC850BM are not protection settings.

                    

=>>SHO L 

Protection 1

1: PLT01S := PB1

2: PLT01R := PB2

3: SC850TM := PLT01

4: PLT02S := PB3

5: PLT02R := PB4

6: SC850BM := PLT02
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Mode Indications on HMI
If the Mode/Behavior is Test, Blocked, or Test/Blocked, the relay toggles the 
Enabled LED on the front panel approximately every half a second to alarm users 
that the relay is not in On mode. When the relay is placed in Off mode, the relay 
is disabled and the relay Enabled LED is solid red.

Incoming Messages Processing
IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-400 series relays, by default, check if the quality 
operatorBlocked = False; if not, the relays treat the messages as invalid. You can 
disable the default check by changing the quality mask of GOOSE subscriptions. 
Figure 17.16 illustrates the default quality check for GOOSE subscription on 
SEL-400 series relays.

                    

Relay Operation for Different IEC 61850 Modes/Behaviors
Refer to Section 10: Testing, Troubleshooting, and Maintenance for information 
on how to use the various modes in testing.

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/Behavior 
status as On and processes all inputs and outputs as normal. If the quality of the 
subscribed SV messages satisfies Table 14.45, the relay processes the received 
SV messages as valid. If the quality of the subscribed GOOSE messages satisfies 
the GOOSE processing (see GOOSE Processing on page 17.19), the relay pro-
cesses the received GOOSE messages as valid.

                    

Figure 17.16 Default Quality Check on GOOSE Subscription if Quality Is Present
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Figure 17.17 illustrates the mode/behavior.

                    

Mode: Blocked
The relay operates in Blocked mode similarly to how it operates in On mode, 
except that it does not operate any physical contact outputs in this mode. It does 
continue to operate control bits such as remote bits and output contact bits.

                    

Table 17.18 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid

SVa

a IEC SV subscribers only.

Processed Processed as invalid

Table 17.19 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

SVa

a IEC SV publishers only.

False

                    

Figure 17.17 Relay Operations in On Mode
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Figure 17.18 Relay Operations in Blocked Mode
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Mode: Test
In Test mode, the relay processes valid incoming test signals or normal messages 
and operates physical contact outputs if triggered. In this mode/behavior, outgo-
ing MMS, GOOSE, and SV messages have the quality test bit set to True if the 
quality test bit is present. If the quality of the subscribed SV messages satisfies 
Table 14.45 (regardless of whether the quality test bit is set to True or False), the 
relay processes the received SV messages as valid. If the quality of the sub-
scribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False—see GOOSE 
Processing on page 17.19), the relay processes the received GOOSE messages as 
valid.

                    

                    

Figure 17.19 illustrates the mode/behavior.

                    

Mode: Test/Blocked
In Test/Blocked mode (see Section 10: Testing, Troubleshooting, and Mainte-
nance) for more information), the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In this 
mode/behavior, outgoing MMS, GOOSE, and SV messages have the quality test 
bit set to True if the quality test bit is present. If the quality of the subscribed SV 
messages satisfies Table 14.45 (regardless of whether the quality test bit is set to 
True or False), the relay processes the received SV messages as valid. If the qual-

Table 17.20 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed

SVa

a IEC SV subscribers only.

Processed Processed

Table 17.21 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

SVa

a IEC SV publishers only.

True

                    

Figure 17.19 Relay Operations in Test Mode 
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ity of the subscribed GOOSE messages satisfies the user-defined quality type 
definition (regardless of whether the quality test bit is set to True or False—see 
GOOSE Processing on page 17.19), the relay processes the received GOOSE 
messages as valid.

Figure 17.20 illustrates the mode/behavior.

                    

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE and SV messages. 
The relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. The relay is in a disabled state, and 
it no longer trips any physical contact outputs.

In this mode, the relay is in a disabled state. Relay Word bit EN is set to False. 
The device processes MMS control requests to change the active mode of 
IEC 61850 Mode/Behavior if the quality Test bit of the control is set to False.

If EOFFMTX is set to True, the relay continues to transmit SV messages and 
GOOSE messages with the quality test bit set to False (0) and the validity set to 
Invalid (01) if the quality is present in the messages. If EOFFMTX is set to False, 
the relay does not transmit GOOSE or SV messages in this mode. The relay also 
does not process any incoming GOOSE and SV messages.

                    

                    

                    

Figure 17.20 Relay Operations in Test/Blocked Mode
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Table 17.22 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With Quality 
Test Bit Set to False (0)

Incoming Message With 
Quality Test Bit Set to True (1)

MMS Relay Only Processes Messages 
to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

SV Not Processed Not Processed

Table 17.23 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

SV Invalid
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Figure 17.21 illustrates the IEC 61850 Mode/Behavior.

                    

Relay Output Contact Behavior Following a Power Cycle
The behavior of the relay output contacts vary based on the IEC 61850 mode in 
which the relay existed prior to the power cycle. The behavior for all contact out-
puts at relay loss of power is to de-energize the contact outputs (open for nor-
mally open and close for normally closed). Upon restoring power, the relay re-
establishes the IEC 61850 mode prior to loss of power, and if the IEC 61850 
mode was Blocked or Test/Blocked, the relay will not operate the output contacts 
based on the SELOGIC control equations, even if the outputs were energized prior 
to the power cycle. Table 17.24 describes all scenarios.

                    

SEL TEST SV Mode
The SEL SV subscriber relay and the SEL SV publisher relay both support TEST 
SV mode. This mode is designed to validate SV communications during testing.

SEL SV Subscriber Relay
When the TEST SV command is executed on an SEL SV subscriber relay, it sets 
the Relay Word bit SVSTST to TRUE. In this mode, the relay accepts either 
TEST SV data (test bit of the quality attribute is TRUE) or normal SV data (test 

                    

Figure 17.21 Relay Operations in Off Mode
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Table 17.24 Output Contact Behavior for IEC 61850 Modes Following a Power 
Cycle

IEC 61850 Mode 
Prior to Power Cycle

Output Contact 
State Prior to 
Power Cycle

Output Contact 
State During Power 
Off

Output Contact 
State Following the 
Power Cycle

ON 0 0 0

BLOCKED 0 0 0

TEST 0 0 0

TEST/BLOCKED 0 0 0

OFF 0 0 0

ON 1 0 1

BLOCKED 1 0 0

TEST 1 0 1

TEST/BLOCKED 1 0 0

OFF 1 0 0
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bit of the quality attribute is FALSE). If the relay receives TEST SV data, the 
warning code QUALITY(TEST) is used to indicate the subscription status. While in 
TEST SV mode, the relay processes the SV stream and exercises all associated 
protection logic.

If the SEL SV subscriber relay is not in TEST SV mode, SVSTST is set to 
FALSE and the relay only accepts SV data with a valid quality. If TEST SV data 
are received, messages are discarded and error code INVALID QUAL is used to 
indicate the subscription status.

SEL SV Publisher Relay
When the TEST SV command is executed on the SEL-421 or SEL-401 SV pub-
lisher relays, it sets the Relay Word bit SVPTST to TRUE. In this mode, the relay 
generates test signals on all configured SV streams. The test bit in the quality 
attribute is TRUE for all published SV messages. The published signals are 
scaled from secondary values (Magnitude in Table 17.25) to primary values in 
accordance with the CT and PT ratio setting as follows:

➤ CTRW is used for both IW and IX scaling.

➤ PTRY is used for both VY and VZ scaling.

                    

Refer to Section 14: ASCII Command Reference for more information about the 
TEST SV command.

IEC 61850 Configuration
Settings

Table 12.18 lists the IEC 61850 settings. Table 12.19 lists the Mode/Behavior set-
tings. These settings are only available if your device includes the optional 
IEC 61850 protocol.

Architect
The Architect software enables protection and integration engineers to design 
and commission IEC 61850 substations containing SEL IEDs.

Table 17.25 Secondary Quantities for the SEL-400 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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Engineers can use Architect to perform the following configuration tasks.

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Configure SV publication and subscription, if supported.

➤ Edit and create GOOSE and SV data sets.

➤ Read non-SEL IED Capability Description (ICD) and CID files and 
determine the available IEC 61850 messaging options.

➤ Use or edit preconfigured data sets for reports.

➤ Load device settings as part of IEC 61850 CID files into SEL IEDs.

➤ Generate ICD files that will provide SEL IED descriptions to other 
manufacturers’ tools so they can use SEL GOOSE messages and 
reporting features.

Architect provides a GUI for engineers to select, edit, and create IEC 61850 
GOOSE messages important for substation protection, coordination, and control 
schemes. Typically, the engineer first places icons representing IEDs in a substa-
tion container, then edits the outgoing GOOSE messages or creates new ones for 
each IED. The engineer may also select incoming GOOSE messages for each 
IED to receive from any other IEDs in the domain. Architect has the capability to 
read other manufacturers’ ICD and CID files, enabling the engineer to map the 
data seamlessly into SEL IED logic. See the Architect help for more information.

Architect also provides a GUI for engineers to configure SV publications and SV 
subscriptions when the IED supports SV. The process is similar to that described 
for GOOSE, except that SEL SV devices can either publish or subscribe to SV, 
but not both. The engineer edits or creates SV publication data sets to configure 
the SEL SV publisher(s). Architect then displays the available SV publications in 
the project, using any SV publications defined in the project, including those 
from imported CID files from other manufacturers' SV publishers. The engineer 
then configures subscriptions by mapping the published data to the available ana-
log channels in the SEL SV subscriber.

The following example includes configurations via the Architect software. The 
software supports IEC 61850 MMS, GOOSE, and SV configurations. This exam-
ple shows how to use the software to configure two SV publications on an 
SEL-401 and an SEL-421.

NOTE: Not all SEL-400 series relays 
support SV.

NOTE: Other manufacturers’ ICD and 
CID files must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet this 
criteria, the relay will reject the CID 
file upon download. Edit other 
manufacturers’ ICD and CID files prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

NOTE: Use unique VLAN tags when 
publishing 87L, GOOSE, and SV 
messages to avoid mixing process bus 
traffic with station bus traffic. 
However, the VLAN IDs of subscribed 
GOOSE messages can be the same as 
outgoing 87L or SV VLAN IDs.
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Example 17.3 SV Application

Step 1. Open Architect.

Step 2. Insert the SEL-401 ICD and the SEL-421-7 SV Subscriber 
Relay ICD in the project tree.

                    
                    
                    

Figure 17.22 Add ICD to Project Tree
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Step 3. Create an SV Publication for the SEL-401. Configure SVID, 
MAC address, APP ID, and VLAN information as desired. 
Select an SV data set to associate it with the SV publication.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.23 Configure an SV Publication
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Step 4. To view the content of the data set, select the … icon next to the 
data set.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.24 Example SV Publication Data Set
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Step 5. Select the SEL-421 and select the SV Receive tab to configure 
the SV subscriptions as shown in Figure 17.25.

                    

Step 6. Right-click the IED, and choose to send the CID file. Ensure that 
the FTP function is enabled on the IEDs before sending CID 
files.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.25 Configure SV Subscription

                    
                    

Figure 17.26 Send SEL-401 CID File
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SV Configuration
The SEL-400 series relays support SV configuration via Architect or PORT 5 set-
tings via ACSELERATOR QuickSet SEL-5030 Software, terminal window, or 
front-panel HMI. PORT 5 SV settings take precedence over any SV configuration 
via CID files. If SVTXEN > 0 or SVRXEN > 0, PORT 5 SV configuration is used.

                    

Step 7. Issue the COM SV command on the merging unit and the relay 
to verify successful publication and subscription.

                    

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.27 Send SEL-421-7 CID File

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SV Publication Information

MultiCastAddr Ptag:Vlan AppID smpSynch
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 0
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.28 SEL-401 Publication Status

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SIMULATED Mode: Off

SV Subscription Status

MultiCastAddr Ptag:Vlan AppID smpSynch Code Network Delay (ms)
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 1
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.29 SEL-421-7 SV Subscription Status
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SV Communication Status
SEL SV publisher relays, including the SEL-421-7 SV Publisher and the 
SEL-401, support as many as seven SV publications. The SEL-421 or SEL-401 
indicates the publication status by using Relay Word bits SVPnnOK (nn= 01 to 
07). If a publication is configured, the corresponding SVPnnOK Relay Word bit 
asserts. The COM SV command provides a detailed report on the configured SV 
publications.

The SEL SV publisher relay supports as many as seven SV subscriptions. The 
SEL SV publisher relay monitors each incoming SV stream and, when queried 
with the COM SV command, reports errors or warnings if detected. For example, 
if the relay has not received four or more consecutive SV messages, COM SV 
reports the error code SV STREAM LOST. If the received SV messages include more 
than one application service data unit (ASDU), the error code ASDU ERROR is 
reported to indicate that the SEL-400 only supports one ASDU. Warning codes 
include CH DLY EXCEEDED, INTERPOLATED, SIMULATED, etc. For example, if the 
measured network delay of any subscribed SV stream exceeded the CH_DLY 
when the relay is in coupled clock mode. If SV subscriptions experience an error, 
the corresponding subscription status, SVSnnOK (nn = 01–07), deasserts.

Refer to Section 14: ASCII Command Reference for more information about the 
COM SV command.

SEL ICD File Versions
Architect version 1.1.69.0 and higher supports multiple ICD file versions for 
each IED in a project. Because relays with different firmware may require differ-
ent CID file versions, this allows users to manage the CID files of all IEDs within 
a single project.

Ensure that you work with the appropriate version of Architect relative to your 
current configuration, existing project files, and ultimate goals. If you desire the 
best available IEC 61850 functionality for your SEL relay, obtain the latest ver-
sion of Architect and select the appropriate ICD version(s) for your needs. Archi-
tect generates CID files from ICD files so the ICD file version Architect uses also 
determines the CID file version generated.

As of this writing, Architect comes with several versions of relay ICD files. ICD 
file descriptions in Architect indicate the minimum firmware versions required to 
use that particular file. Unless otherwise indicated, ICD files will work with firm-
ware higher than the firmware in the description. but not with lower firmware 
versions.

See Appendix A: Firmware, ICD File, and Manual Versions in the product-spe-
cific instruction manual for a list of ICD versions and corresponding firmware 
versions.

Logical Nodes
Each logical device (LD) has a set of common data objects at the top-level LN0. 
These represent the current state of the device, as well as some informational 
data. These data objects are: Mod (Mode), Beh (Behavior), Health, and NamPlt. 
See below for a brief description of each object.
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Mode
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Mod stVal:
                    

The top-level logical node of each LD also includes the following Mod attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in your 
CFG logical device.

Behavior
SEL-400 series relay LNs include the following enumerations for Beh stVal:
                    

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Health stVal:
                    

The top-level logical node of each LD also includes the following Health attri-
butes: 

Health q and Health t per the Time Stamps and Quality section.

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Health stVal Enumeration Health stVal Value Description

1 Ok EN Relay Word bit = 1

3 Alarm EN Relay Word bit = 0
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NamPlt
The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value.

➤ NamPlt d, which is the LD description.

Common Logical Nodes
Table 17.26–Table 17.29 show the logical nodes (LNs) supported in all SEL-400 
series relays. See the respective product-specific instruction manuals to see 
which additional logical nodes are available in that relay.

Table 17.26 shows the LNs associated with the Logical Node CFG.

                    

Table 17.26 Logical Device: CFG (Configuration) (Sheet 1 of 7)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

EALCCH1 RsStat.Oper.ctlVal EARSTa, b Reset engineering access statistics

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE, SV, and 87L traffic).

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValc I60MODd IEC 61850 mode/behavior control

LGOSne RsStat.Oper.ctlVal GRSTnf Reset GOOSE statistics for Message n

LSVSng RsStat.Oper.ctlVal SRSTnf Reset SV statistics for SV Stream n

PBLCCH1 RsStat.Oper.ctlVal PBRSTa, b Reset process bus statistics

SBLCCH1 RsStat.Oper.ctlVal SBRSTa, b Reset station bus statistics

Functional Constraint = DC

DevIDLPHD1 PhyNam.hwRev HWREVh Hardware version of the relay main board

DevIDLPHD1 PhyNam.model PARNUM Relay part number string

DevIDLPHD1 PhyNam.serNum SERNUM Relay serial number string

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal EN?3:1i Relay enabled

EALCCH1 ChLiv.stVal EACHa, b Status of engineering access channel

EALCCH1 RxCnt.actVal EARXa, b Number of non-SV, non-GOOSE frames received on the engineering access 
channel

EALCCH1 TxCnt.actVal EATXa, b Number of frames transmitted on the engineering access channel

EALCCH1 RsStat.stVal EARSTa, b Status of engineering access statistics reset

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant GOOSE channels



17.48

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
Logical Nodes

GOLCCH2 FerCh.stValj GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stValj GORFERa Frame error rate on the redundant GOOSE channel

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP channels

IPLCCH1 FerCh.stValj IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stValj IPRFERa Frame error rate on the redundant IP channel

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE, SV, and 87L 
traffic)

LLN0 Mod.stVal I60MODd IEC 61850 mode/behavior status

LLN0 Health.stVal EN?3:1i Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSne NdsCom.stVal GNCMnf Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSne St.stVal GSTnf Status of the subscription (True = active, False = not active) for GOOSE 
Message n

LGOSne SimSt.stVal GSIMnf Status showing that simulation messages are received and accepted for 
GOOSE Message n

LGOSne LastStNum.stVal GLSTnf Last state number received (StNum) for GOOSE Message n

LGOSne LastSqNum.stVal GLSQnf Last sequence number received (SqNum) for GOOSE Message n

LGOSne LastTal.stVal GTALnf Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSne ConfRevNum.stVal –k Expected configuration revision number for GOOSE Message n

LGOSne RxConfRevNum.stVal GCNFnf Received configuration revision number for GOOSE Message n

LGOSne ErrSt.stVall GERRnf Error status of the subscription for GOOSE Message n

LGOSne OosCnt.stVal GOOSnf Number of out-of-sequence (OOS) errors for GOOSE Message n

LGOSne TalCnt.stVal GTLCnf Number of time-allowed-to-live violations for GOOSE Message n

LGOSne DecErrCnt.stVal GDERnf Number of messages that failed decoding for GOOSE Message n

LGOSne BufOvflCnt.stVal GBFOnf Number of messages lost because of buffer overflow for GOOSE Message n

LGOSne MsgLosCnt.stVal GMSLnf Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSne MaxMsgLos.stVal GMXMnf Maximum number of sequential messages lost because of OOS error (esti-
mated) for GOOSE Message n

LGOSne InvQualCnt.stVal GIDQnf Number of mapped incoming GOOSE data with invalid quality for GOOSE 
Message n

LGOSne RsStat.stVal GRSTnf Status of statistics reset for GOOSE messages

LSVSng NdsCom.stVal SNCMnf Subscription needs commissioning for SV Stream n. True if ConfRevNum does 
not match RxConfRevNum

LSVSng St.stVal SSTnf Status of the subscription (True = active, False = not active) for SV Stream n

LSVSng SimSt.stVal SSIMnf Status showing that simulation messages are received and accepted for SV 
Stream n

Table 17.26 Logical Device: CFG (Configuration) (Sheet 2 of 7)

Logical Node Attribute Data Source Comment
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LSVSng ConfRevNum.stVal –k Expected configuration revision number for SV Stream n

LSVSng RxConfRevNum.stVal SCNFnf Received configuration revision number for SV Stream n

LSVSng SmpSynch.stValm, n SSMPnf Synchronization state for SV Stream n

LSVSng ErrSt.stValo SERRnf Error status of the subscription for SV Stream n

LSVSng OosCnt.stVal SOOSnf Number of OOS errors for SV Stream n

LSVSng DscdCnt.stVal SDISnf Number of messages that were discarded for SV Stream n

LSVSng IntpCnt.stVal SINTnf Number of messages interpolated for SV Stream n

LSVSng RsStat.stVal SRSTnf Status of statistics reset for SV Stream n

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of TimeStamp)

20: 1 s accuracy (2–20)

10: 1 ms accuracy (2–10)

7: 10 ms accuracy (2–7)

31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity

If TmSrcTyp is PTP, TmSrc indicates the timeSource as defined by 
IEEE 1588-2008

If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP server

For all other values of TmSrcTyp, TmSrc is set to “NA”

LTMS TmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits TSNTP, TPTP, and 
TIRIG

1: Unknown

2: SNTP

3: PTP

4: IRIG-B

LTMS TmSyn.stVal TSSYNa, p Traceability of the reference time to which the IED is synchronized

2: GlobalAreaClock—Time synchronized to a clock that is traceable to a 
global reference, or TmSrcTyp is SNTP

1: LocalAreaClock—Time synchronized to a local area clock that is not 
traceable to a global reference

0: InternalClock—Not synchronized to an external clock source

LTMS TmSynLkd.stVal TSSYNLKa Status of clock synchronization:

1: Locked

2: Unlocked for 0–10 seconds

3: Unlocked for 10–100 seconds

4: Unlocked for 100–1000 seconds

5: Unlocked for more than 1000 seconds

PBLCCH1 ChLiv.stVal PBCHa, b Status of process bus primary channel

PBLCCH1 RedChLiv.stVal PBRCHa, b Status of process bus redundant channel

PBLCCH1 RxCnt.actVal PBRXa, b Number of non-SV, non-GOOSE frames received on the process bus primary 
channel

PBLCCH1 RedRxCnt.actVal PBRRXa, b Number of non-SV, non-GOOSE frames received on the process bus redun-
dant channel

PBLCCH1 RxCntGo.actVal PBRXGOa, b Number of GOOSE frames received on the process bus primary channel

PBLCCH1 RedRxCntGo.actVal PBRRXGOa, b Number of GOOSE frames received on the process bus redundant channel

PBLCCH1 RxCntSv.actVal PBRXSVa, b Number of SV frames received on the process bus primary channel

PBLCCH1 RedRxCntSv.actVal PBRRXSVa, b Number of SV frames received on the process bus redundant channel

Table 17.26 Logical Device: CFG (Configuration) (Sheet 3 of 7)

Logical Node Attribute Data Source Comment
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PBLCCH1 TxCnt.actVal PBTXa, b Number of frames transmitted on both process bus channels

PBLCCH1 FerCh.stVal PBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus pri-
mary channel over the last 1000 processed PRP frames

PBLCCH1 RedFerCh.stVal PBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus 
redundant channel over the last 1000 processed PRP frames

PBLCCH1 FerChGo.stVal PBFRGOa, b Number of GOOSE PRP frames missed on the process bus primary channel 
over the last 1000 processed PRP frames

PBLCCH1 RedFerChGo.stVal PBRFRGOa, b Number of GOOSE PRP frames missed on the process bus redundant channel 
over the last 1000 processed PRP frames

PBLCCH1 FerChSv.stVal PBFRSVa, b Number of SV PRP frames missed on the process bus primary channel over 
the last second

PBLCCH1 RedFerChSv.stVal PBRFRSVa, b Number of SV PRP frames missed on the process bus redundant channel over 
the last second

PBLCCH1 RsStat.stVal PBRSTa, b Status of process bus statistics reset

SBLCCH1 ChLiv.stVal SBCHa, b Status of station bus primary channel

SBLCCH1 RedChLiv.stVal SBRCHa, b Status of station bus redundant channel

SBLCCH1 RxCnt.actVal SBRXa, b Number of non-SV, non-GOOSE frames received on the station bus primary 
channel

SBLCCH1 RedRxCnt.actVal SBRRXa, b Number of non-SV, non-GOOSE frames received on the station bus redundant 
channel

SBLCCH1 RxCntGo.actVal SBRXGOa, b Number of GOOSE frames received on the station bus primary channel

SBLCCH1 RedRxCntGo.actVal SBRRXGOa, b Number of GOOSE frames received on the station bus redundant channel

SBLCCH1 TxCnt.actVal SBTXa, b Number of frames transmitted on both station bus channels

SBLCCH1 FerCh.stVal SBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus pri-
mary channel over the last 1000 processed PRP frames

SBLCCH1 RedFerCh.stVal SBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus redun-
dant channel over the last 1000 processed PRP frames

SBLCCH1 FerChGo.stVal SBFRGOa, b Number of GOOSE PRP frames missed on the station bus primary channel 
over the last 1000 processed PRP frames

SBLCCH1 RedFerChGo.stVal SBRFRGOa, b Number of GOOSE PRP frames missed on the station bus redundant channel 
over the last 1000 processed PRP frames

SBLCCH1 RsStat.stVal SBRSTa, b Status of station bus statistics reset

Functional Constraint = MX

LGOSne TotDwnTm.instMag.f GDWTnf Total downtime in seconds for GOOSE Message n

LGOSne MaxDwnTm.instMag.f GMXDnf Maximum continuous downtime in seconds for GOOSE Message n

LSVSng NetwDly.instMag.fq SNETnf Network delay in milliseconds for SV Stream n

LSVSng TotDwnTm.instMag.f SDWTnf Total downtime in seconds for SV Stream n

LSVSng MaxDwnTm.instMag.f SMXDnf Maximum continuous downtime in seconds for SV Stream n

LTMS TmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second points on the 
synchronized time; TmTosPer is set to 0 for time sources other than high-
accuracy PTP or IRIG-B

Functional Constraint = SP

EALCCH1 ApNam.setVal –b, k Access point name for the engineering access channel

GOLCCH2 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 4: 
PRP, 5: IsolatedIP)

IPLCCH1 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 
4: PRP, 5: IsolatedIP). 

Table 17.26 Logical Device: CFG (Configuration) (Sheet 4 of 7)
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LGOSne GoCBRef.setSrcRef –k Configured GOOSE control block reference for GOOSE Message n

LGOSne DatSet.setSrcRef –k Configured data set reference for GOOSE Message n

LGOSne GoID.setVal –k Configured ID for GOOSE Message n

LGOSne Addr.setVal –k Configured multicast MAC address for GOOSE Message n

LGOSne VlanID.setVal –k Configured VLAN ID for GOOSE Message n

LGOSne VlanPri.setVal –k Configured VLAN priority for GOOSE Message n

LGOSne AppID.setVal –k Configured APPID for GOOSE Message n

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

LSVSng SvCBRef.setSrcRef –k Configured SV control block reference for SV Stream n

LSVSng DatSet.setSrcRef –k Configured data set reference for SV Stream n

LSVSng SvID.setVal –k Configured SV ID for SV Stream n

LSVSng Addr.setVal –k Configured multicast MAC address for SV Stream n

LSVSng VlanID.setVal –k Configured VLAN ID for SV Stream n

LSVSng VlanPri.setVal –k Configured VLAN priority for SV Stream n

LSVSng AppID.setVal –k Configured APPID for SV Stream n

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

PBLCCH1 ApNam.setVal –b, k Access point name for the process bus

PBLCCH1 NetModP.setVal NETMODPb PORT 5 network operating mode setting for the process bus (1: Fixed, 2: 
Failover, 3: PRP)

PBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

PBLCCH1 NetPorP.setVal NETPORPb PORT 5 primary network port setting for the process bus (1: A, 2: B)

SBLCCH1 ApNam.setVal –b, k Access point name for the station bus

SBLCCH1 NetMode.setVal NETMODEb PORT 5 network operating mode setting for the station bus (1: Fixed, 2: 
Failover, 3: PRP)

SBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

SBLCCH1 NetPort.setVal NETPORTb PORT 5 primary network port setting for the station bus (1: C, 2: D)

Functional Constraint = SR

LTRK1 SpcTrk.objRef _r ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 SpcTrk.errorCode _r, t ACSI service error status

LTRK1 SpcTrk.ctlVal _r Control value in the request

LTRK1 SpcTrk.ctlNum _r Control number in the request

LTRK1 SpcTrk.origin.orCat _r Originator category value in the request

LTRK1 SpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 SpcTrk.T _r Time-stamp value in the request

LTRK1 SpcTrk.Test _r Test value in the request

LTRK1 SpcTrk.Check _r Check condition value in the request

LTRK1 SpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 DpcTrk.objRef _r ACSI reference of the DPC object targeted in the request
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LTRK1 DpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 DpcTrk.errorCode _r, t ACSI service error status

LTRK1 DpcTrk.ctlVal _r Control value in the request

LTRK1 DpcTrk.ctlNum _r Control number in the request

LTRK1 DpcTrk.origin.orCat _r Originator category value in the request

LTRK1 DpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 DpcTrk.T _r Time-stamp value in the request

LTRK1 DpcTrk.Test _r Test value in the request

LTRK1 DpcTrk.Check _r Check condition value in the request

LTRK1 DpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 EncTrk.objRef _r ACSI reference of the ENC object targeted in the request

LTRK1 EncTrk.serviceType _r, s Type of service requested or executed

LTRK1 EncTrk.errorCode _r, t ACSI service error status

LTRK1 EncTrk.ctlVal _r Control value in the request

LTRK1 EncTrk.ctlNum _r Control number in the request

LTRK1 EncTrk.origin.orCat _r Originator category value in the request

LTRK1 EncTrk.origin.orIdent _r Originator identity value in the request

LTRK1 EncTrk.T _r Time-stamp value in the request

LTRK1 EncTrk.Test _r Test value in the request

LTRK1 EncTrk.Check _r Check condition value in the request

LTRK1 EncTrk.respAddCause _r AddCause value returned in the response

LTRK1 BrcbTrk.objRef _r ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 BrcbTrk.errorCode _r, t ACSI service error status

LTRK1 BrcbTrk.rptID _r RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna _r RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet _r DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev _r ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds _r OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm _r BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum _r SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps _r TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd _r IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi _r GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf _r PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID _r EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry _r TimeOfEntry attribute value in the target BRCB object

LTRK1 UrcbTrk.objRef _r ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 UrcbTrk.errorCode _r, t ACSI service error status

LTRK1 UrcbTrk.rptID _r RptID attribute value in the request or target URCB object
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Table 17.27 shows the LNs associated with control elements, defined as Logical 
Device CON.

                    

LTRK1 UrcbTrk.rptEna _r RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv _r Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet _r DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev _r ConfRev attribute value in the target URCB object

LTRK1 UrcbTrk.optFlds _r OptFlds attribute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm _r BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum _r SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps _r TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd _r IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi _r GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef _r ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType _r, s Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode _r, t ACSI service error status

LTRK1 SgcbTrk.numOfSG _r NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG _r ActSG attribute value in the request

LTRK1 SgcbTrk.editSG _r EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit _r CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm _r LActTm attribute value in the target SGCB object after activation of the set-
tings group

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on page 17.31 

for more details.
d I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
e Where n = 1–64, corresponding to the first 64 GOOSE message subscriptions.
f Internal data source not available to the user. See COM SV on page 14.17 and GOOSE on page 14.37 for more information.
g Where n = 1–7, corresponding to each of the seven possible SV subscriptions.
h HWREV is an internal data source and is not available to the user.
i If enabled, value = 1. If disabled, value = 3.
j When NETMODE = PRP the value indicates the number of duplicate frames not received for every 1000 PRP tagged frames received.
k Data source defined in the IEC 61850 Configured IED Description (CID) file.
l See Table 14.79 for a description of each enumeration.
m See Table 14.43 for a description of each enumeration.
n The value is the 16-bit integer limit (i.e., 32768) if SmpSynch is NA in the COM SV response.
o See Table 14.44 for a description of each enumeration.
p If (TGLOBAL = 1 OR TmSrcTyp = SNTP), the value is set to 2. If TLOCAL = 1, the value is set to 1. Otherwise, the value is set to 0.
q The value is the 32-bit float limit (i.e., 3.40282347E+38) if NetwDly is NA in the COM SV response.
r The value depends on the ACSI service type requested, the target object, and the error status.
s Refer toTable 17.10 IEC 61850 service type enumeration.
t Refer to Table 17.11 IEC 61850 ACSI service error.

Table 17.26 Logical Device: CFG (Configuration) (Sheet 7 of 7)

Logical Node Attribute Data Source Comment

Table 17.27 Logical Device: CON (Remote Control) (Sheet 1 of 11)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

PRBGGIO1a SPCSO01.Oper.ctlVal RB01:RB01 Pulse Remote Bit 1

PRBGGIO1a SPCSO02.Oper.ctlVal RB02:RB02 Pulse Remote Bit 2

NOTE: For logical node PRBGGIO, 
writing TRUE to either operSet or 
operClear pulses the remote bit.
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PRBGGIO1a SPCSO03.Oper.ctlVal RB03:RB03 Pulse Remote Bit 3

PRBGGIO1a SPCSO04.Oper.ctlVal RB04:RB04 Pulse Remote Bit 4

PRBGGIO1a SPCSO05.Oper.ctlVal RB05:RB05 Pulse Remote Bit 5

PRBGGIO1a SPCSO06.Oper.ctlVal RB06:RB06 Pulse Remote Bit 6

PRBGGIO1a SPCSO07.Oper.ctlVal RB07:RB07 Pulse Remote Bit 7

PRBGGIO1a SPCSO08.Oper.ctlVal RB08:RB08 Pulse Remote Bit 8

PRBGGIO2a SPCSO09.Oper.ctlVal RB09:RB09 Pulse Remote Bit 9

PRBGGIO2a SPCSO10.Oper.ctlVal RB10:RB10 Pulse Remote Bit 10

PRBGGIO2a SPCSO11.Oper.ctlVal RB11:RB11 Pulse Remote Bit 11

PRBGGIO2a SPCSO12.Oper.ctlVal RB12:RB12 Pulse Remote Bit 12

PRBGGIO2a SPCSO13.Oper.ctlVal RB13:RB13 Pulse Remote Bit 13

PRBGGIO2a SPCSO14.Oper.ctlVal RB14:RB14 Pulse Remote Bit 14

PRBGGIO2a SPCSO15.Oper.ctlVal RB15:RB15 Pulse Remote Bit 15

PRBGGIO2a SPCSO16.Oper.ctlVal RB16:RB16 Pulse Remote Bit 16

PRBGGIO3a SPCSO17.Oper.ctlVal RB17:RB17 Pulse Remote Bit 17

PRBGGIO3a SPCSO18.Oper.ctlVal RB18:RB18 Pulse Remote Bit 18

PRBGGIO3a SPCSO19.Oper.ctlVal RB19:RB19 Pulse Remote Bit 19

PRBGGIO3a SPCSO20.Oper.ctlVal RB20:RB20 Pulse Remote Bit 20

PRBGGIO3a SPCSO21.Oper.ctlVal RB21:RB21 Pulse Remote Bit 21

PRBGGIO3a SPCSO22.Oper.ctlVal RB22:RB22 Pulse Remote Bit 22

PRBGGIO3a SPCSO23.Oper.ctlVal RB23:RB23 Pulse Remote Bit 23

PRBGGIO3a SPCSO24.Oper.ctlVal RB24:RB24 Pulse Remote Bit 24

PRBGGIO4a SPCSO25.Oper.ctlVal RB25:RB25 Pulse Remote Bit 25

PRBGGIO4a SPCSO26.Oper.ctlVal RB26:RB26 Pulse Remote Bit 26

PRBGGIO4a SPCSO27.Oper.ctlVal RB27:RB27 Pulse Remote Bit 27

PRBGGIO4a SPCSO28.Oper.ctlVal RB28:RB28 Pulse Remote Bit 28

PRBGGIO4a SPCSO29.Oper.ctlVal RB29:RB29 Pulse Remote Bit 29

PRBGGIO4a SPCSO30.Oper.ctlVal RB30:RB30 Pulse Remote Bit 30

PRBGGIO4a SPCSO31.Oper.ctlVal RB31:RB31 Pulse Remote Bit 31

PRBGGIO4a SPCSO32.Oper.ctlVal RB32:RB32 Pulse Remote Bit 32

PRBGGIO5 SPCSO33.Oper.ctlVal RB33:RB33 Pulse Remote Bit 33

PRBGGIO5 SPCSO34.Oper.ctlVal RB34:RB34 Pulse Remote Bit 34

PRBGGIO5 SPCSO35.Oper.ctlVal RB35:RB35 Pulse Remote Bit 35

PRBGGIO5 SPCSO36.Oper.ctlVal RB36:RB36 Pulse Remote Bit 36

PRBGGIO5 SPCSO37.Oper.ctlVal RB37:RB37 Pulse Remote Bit 37

PRBGGIO5 SPCSO38.Oper.ctlVal RB38:RB38 Pulse Remote Bit 38

PRBGGIO5 SPCSO39.Oper.ctlVal RB39:RB39 Pulse Remote Bit 39

PRBGGIO5 SPCSO40.Oper.ctlVal RB40:RB40 Pulse Remote Bit 40

PRBGGIO6 SPCSO41.Oper.ctlVal RB41:RB41 Pulse Remote Bit 41

PRBGGIO6 SPCSO42.Oper.ctlVal RB42:RB42 Pulse Remote Bit 42

PRBGGIO6 SPCSO43.Oper.ctlVal RB43:RB43 Pulse Remote Bit 43

Table 17.27 Logical Device: CON (Remote Control) (Sheet 2 of 11)
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PRBGGIO6 SPCSO44.Oper.ctlVal RB44:RB44 Pulse Remote Bit 44

PRBGGIO6 SPCSO45.Oper.ctlVal RB45:RB45 Pulse Remote Bit 45

PRBGGIO6 SPCSO46.Oper.ctlVal RB46:RB46 Pulse Remote Bit 46

PRBGGIO6 SPCSO47.Oper.ctlVal RB47:RB47 Pulse Remote Bit 47

PRBGGIO6 SPCSO48.Oper.ctlVal RB48:RB48 Pulse Remote Bit 48

PRBGGIO7 SPCSO49.Oper.ctlVal RB49:RB49 Pulse Remote Bit 49

PRBGGIO7 SPCSO50.Oper.ctlVal RB50:RB50 Pulse Remote Bit 50

PRBGGIO7 SPCSO51.Oper.ctlVal RB51:RB51 Pulse Remote Bit 51

PRBGGIO7 SPCSO52.Oper.ctlVal RB52:RB52 Pulse Remote Bit 52

PRBGGIO7 SPCSO53.Oper.ctlVal RB53:RB53 Pulse Remote Bit 53

PRBGGIO7 SPCSO54.Oper.ctlVal RB54:RB54 Pulse Remote Bit 54

PRBGGIO7 SPCSO55.Oper.ctlVal RB50:RB55 Pulse Remote Bit 55

PRBGGIO7 SPCSO56.Oper.ctlVal RB56:RB56 Pulse Remote Bit 56

PRBGGIO8 SPCSO57.Oper.ctlVal RB57:RB57 Pulse Remote Bit 57

PRBGGIO8 SPCSO58.Oper.ctlVal RB58:RB58 Pulse Remote Bit 58

PRBGGIO8 SPCSO59.Oper.ctlVal RB59:RB59 Pulse Remote Bit 59

PRBGGIO8 SPCSO60.Oper.ctlVal RB60:RB60 Pulse Remote Bit 60

PRBGGIO8 SPCSO61.Oper.ctlVal RB61:RB61 Pulse Remote Bit 61

PRBGGIO8 SPCSO62.Oper.ctlVal RB62:RB62 Pulse Remote Bit 62

PRBGGIO8 SPCSO63.Oper.ctlVal RB63:RB63 Pulse Remote Bit 63

PRBGGIO8 SPCSO64.Oper.ctlVal RB64:RB64 Pulse Remote Bit 64

PRBGGIO9b SPCSO65.Oper.ctlVal RB65:RB65 Pulse Remote Bit 65

PRBGGIO9b SPCSO66.Oper.ctlVal RB66:RB66 Pulse Remote Bit 66

PRBGGIO9b SPCSO67.Oper.ctlVal RB67:RB67 Pulse Remote Bit 67

PRBGGIO9b SPCSO68.Oper.ctlVal RB68:RB68 Pulse Remote Bit 68

PRBGGIO9b SPCSO69.Oper.ctlVal RB69:RB69 Pulse Remote Bit 69

PRBGGIO9b SPCSO70.Oper.ctlVal RB70:RB70 Pulse Remote Bit 70

PRBGGIO9b SPCSO71.Oper.ctlVal RB71:RB71 Pulse Remote Bit 71

PRBGGIO9b SPCSO72.Oper.ctlVal RB72:RB72 Pulse Remote Bit 72

PRBGGIO10b SPCSO73.Oper.ctlVal RB73:RB73 Pulse Remote Bit 73

PRBGGIO10b SPCSO74.Oper.ctlVal RB74:RB74 Pulse Remote Bit 74

PRBGGIO10b SPCSO75.Oper.ctlVal RB75:RB75 Pulse Remote Bit 75

PRBGGIO10b SPCSO76.Oper.ctlVal RB76:RB76 Pulse Remote Bit 76

PRBGGIO10b SPCSO77.Oper.ctlVal RB77:RB77 Pulse Remote Bit 77

PRBGGIO10b SPCSO78.Oper.ctlVal RB78:RB78 Pulse Remote Bit 78

PRBGGIO10b SPCSO79.Oper.ctlVal RB79:RB79 Pulse Remote Bit 79

PRBGGIO10b SPCSO80.Oper.ctlVal RB80:RB80 Pulse Remote Bit 80

PRBGGIO11b SPCSO81.Oper.ctlVal RB81:RB81 Pulse Remote Bit 81

PRBGGIO11b SPCSO82.Oper.ctlVal RB82:RB82 Pulse Remote Bit 82

Table 17.27 Logical Device: CON (Remote Control) (Sheet 3 of 11)
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PRBGGIO11b SPCSO83.Oper.ctlVal RB83:RB83 Pulse Remote Bit 83

PRBGGIO11b SPCSO84.Oper.ctlVal RB84:RB84 Pulse Remote Bit 84

PRBGGIO11b SPCSO85.Oper.ctlVal RB85:RB85 Pulse Remote Bit 85

PRBGGIO11b SPCSO86.Oper.ctlVal RB86:RB86 Pulse Remote Bit 86

PRBGGIO11b SPCSO87.Oper.ctlVal RB87:RB87 Pulse Remote Bit 87

PRBGGIO11b SPCSO88.Oper.ctlVal RB88:RB88 Pulse Remote Bit 88

PRBGGIO12b SPCSO89.Oper.ctlVal RB89:RB89 Pulse Remote Bit 89

PRBGGIO12b SPCSO90.Oper.ctlVal RB90:RB90 Pulse Remote Bit 90

PRBGGIO12b SPCSO91.Oper.ctlVal RB91:RB91 Pulse Remote Bit 91

PRBGGIO12b SPCSO92.Oper.ctlVal RB92:RB92 Pulse Remote Bit 92

PRBGGIO12b SPCSO93.Oper.ctlVal RB93:RB93 Pulse Remote Bit 93

PRBGGIO12b SPCSO94.Oper.ctlVal RB94:RB94 Pulse Remote Bit 94

PRBGGIO12b SPCSO95.Oper.ctlVal RB95:RB95 Pulse Remote Bit 95

PRBGGIO12b SPCSO96.Oper.ctlVal RB96:RB96 Pulse Remote Bit 96

RBGGIO1a SPCSO01.Oper.ctlVal RB01 Remote Bit 1

RBGGIO1a SPCSO02.Oper.ctlVal RB02 Remote Bit 2

RBGGIO1a SPCSO03.Oper.ctlVal RB03 Remote Bit 3

RBGGIO1a SPCSO04.Oper.ctlVal RB04 Remote Bit 4

RBGGIO1a SPCSO05.Oper.ctlVal RB05 Remote Bit 5

RBGGIO1a SPCSO06.Oper.ctlVal RB06 Remote Bit 6

RBGGIO1a SPCSO07.Oper.ctlVal RB07 Remote Bit 7

RBGGIO1a SPCSO08.Oper.ctlVal RB08 Remote Bit 8

RBGGIO2a SPCSO09.Oper.ctlVal RB09 Remote Bit 9

RBGGIO2a SPCSO10.Oper.ctlVal RB10 Remote Bit 10

RBGGIO2a SPCSO11.Oper.ctlVal RB11 Remote Bit 11

RBGGIO2a SPCSO12.Oper.ctlVal RB12 Remote Bit 12

RBGGIO2a SPCSO13.Oper.ctlVal RB13 Remote Bit 13

RBGGIO2a SPCSO14.Oper.ctlVal RB14 Remote Bit 14

RBGGIO2a SPCSO15.Oper.ctlVal RB15 Remote Bit 15

RBGGIO2a SPCSO16.Oper.ctlVal RB16 Remote Bit 16

RBGGIO3a SPCSO17.Oper.ctlVal RB17 Remote Bit 17

RBGGIO3a SPCSO18.Oper.ctlVal RB18 Remote Bit 18

RBGGIO3a SPCSO19.Oper.ctlVal RB19 Remote Bit 19

RBGGIO3a SPCSO20.Oper.ctlVal RB20 Remote Bit 20

RBGGIO3a SPCSO21.Oper.ctlVal RB21 Remote Bit 21

RBGGIO3a SPCSO22.Oper.ctlVal RB22 Remote Bit 22

RBGGIO3a SPCSO23.Oper.ctlVal RB23 Remote Bit 23

RBGGIO3a SPCSO24.Oper.ctlVal RB24 Remote Bit 24

RBGGIO4a SPCSO25.Oper.ctlVal RB25 Remote Bit 25

RBGGIO4a SPCSO26.Oper.ctlVal RB26 Remote Bit 26

Table 17.27 Logical Device: CON (Remote Control) (Sheet 4 of 11)

Logical Node Attribute Data Source Comment



17.57

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
Logical Nodes

RBGGIO4a SPCSO27.Oper.ctlVal RB27 Remote Bit 27

RBGGIO4a SPCSO28.Oper.ctlVal RB28 Remote Bit 28

RBGGIO4a SPCSO29.Oper.ctlVal RB29 Remote Bit 29

RBGGIO4a SPCSO30.Oper.ctlVal RB30 Remote Bit 30

RBGGIO4a SPCSO31.Oper.ctlVal RB31 Remote Bit 31

RBGGIO4a SPCSO32.Oper.ctlVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.Oper.ctlVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.Oper.ctlVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.Oper.ctlVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.Oper.ctlVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.Oper.ctlVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.Oper.ctlVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.Oper.ctlVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.Oper.ctlVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.Oper.ctlVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.Oper.ctlVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.Oper.ctlVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.Oper.ctlVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.Oper.ctlVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.Oper.ctlVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.Oper.ctlVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.Oper.ctlVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.Oper.ctlVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.Oper.ctlVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.Oper.ctlVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.Oper.ctlVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.Oper.ctlVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.Oper.ctlVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.Oper.ctlVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.Oper.ctlVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.Oper.ctlVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.Oper.ctlVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.Oper.ctlVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.Oper.ctlVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.Oper.ctlVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.Oper.ctlVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.Oper.ctlVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.Oper.ctlVal RB64 Remote Bit 64

RBGGIO9 SPCSO65.Oper.ctlVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.Oper.ctlVal RB66 Remote Bit 66

RBGGIO9b SPCSO67.Oper.ctlVal RB67 Remote Bit 67
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RBGGIO9b SPCSO68.Oper.ctlVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.Oper.ctlVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.Oper.ctlVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.Oper.ctlVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.Oper.ctlVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.Oper.ctlVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.Oper.ctlVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.Oper.ctlVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.Oper.ctlVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.Oper.ctlVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.Oper.ctlVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.Oper.ctlVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.Oper.ctlVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.Oper.ctlVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.Oper.ctlVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.Oper.ctlVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.Oper.ctlVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.Oper.ctlVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.Oper.ctlVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.Oper.ctlVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.Oper.ctlVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.Oper.ctlVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.Oper.ctlVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.Oper.ctlVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.Oper.ctlVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.Oper.ctlVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.Oper.ctlVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.Oper.ctlVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.Oper.ctlVal RB96 Remote Bit 96

Functional Constraint = DC

CTRLLPHD1 PhyNam.model PARNUM Relay part number string

CTRLLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

CTRLLPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

CTRLLPHD1 PhyHealth.stVal EN?3:1d Relay enabled

LLN0 Mod.stVal I60MODe IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

PRBGGIO1a SPCSO01.stVal RB01 Remote Bit 1
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PRBGGIO1a SPCSO02.stVal RB02 Remote Bit 2

PRBGGIO1a SPCSO03.stVal RB03 Remote Bit 3

PRBGGIO1a SPCSO04.stVal RB04 Remote Bit 4

PRBGGIO1a SPCSO05.stVal RB05 Remote Bit 5

PRBGGIO1a SPCSO06.stVal RB06 Remote Bit 6

PRBGGIO1a SPCSO07.stVal RB07 Remote Bit 7

PRBGGIO1a SPCSO08.stVal RB08 Remote Bit 8

PRBGGIO2a SPCSO09.stVal RB09 Remote Bit 9

PRBGGIO2a SPCSO10.stVal RB10 Remote Bit 10

PRBGGIO2a SPCSO11.stVal RB11 Remote Bit 11

PRBGGIO2a SPCSO12.stVal RB12 Remote Bit 12

PRBGGIO2a SPCSO13.stVal RB13 Remote Bit 13

PRBGGIO2a SPCSO14.stVal RB14 Remote Bit 14

PRBGGIO2a SPCSO15.stVal RB15 Remote Bit 15

PRBGGIO2a SPCSO16.stVal RB16 Remote Bit 16

PRBGGIO3a SPCSO17.stVal RB17 Remote Bit 17

PRBGGIO3a SPCSO18.stVal RB18 Remote Bit 18

PRBGGIO3a SPCSO19.stVal RB19 Remote Bit 19

PRBGGIO3a SPCSO20.stVal RB20 Remote Bit 20

PRBGGIO3a SPCSO21.stVal RB21 Remote Bit 21

PRBGGIO3a SPCSO22.stVal RB22 Remote Bit 22

PRBGGIO3a SPCSO23.stVal RB23 Remote Bit 23

PRBGGIO3a SPCSO24.stVal RB24 Remote Bit 24

PRBGGIO4a SPCSO25.stVal RB25 Remote Bit 25

PRBGGIO4a SPCSO26.stVal RB26 Remote Bit 26

PRBGGIO4a SPCSO27.stVal RB27 Remote Bit 27

PRBGGIO4a SPCSO28.stVal RB28 Remote Bit 28

PRBGGIO4a SPCSO29.stVal RB29 Remote Bit 29

PRBGGIO4a SPCSO30.stVal RB30 Remote Bit 30

PRBGGIO4a SPCSO31.stVal RB31 Remote Bit 31

PRBGGIO4a SPCSO32.stVal RB32 Remote Bit 32

PRBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

PRBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

PRBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

PRBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

PRBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

PRBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

PRBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

PRBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

PRBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

PRBGGIO6 SPCSO42.stVal RB42 Remote Bit 42
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PRBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

PRBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

PRBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

PRBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

PRBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

PRBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

PRBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

PRBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

PRBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

PRBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

PRBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

PRBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

PRBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

PRBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

PRBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

PRBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

PRBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

PRBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

PRBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

PRBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

PRBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

PRBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

PRBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

PRBGGIO9b SPCSO66.stVal RB66 Remote Bit 66

PRBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

PRBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

PRBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

PRBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

PRBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

PRBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

PRBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

PRBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

PRBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

PRBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

PRBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

PRBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

PRBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

PRBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

PRBGGIO11b SPCSO81.stVal RB81 Remote Bit 81
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PRBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

PRBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

PRBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

PRBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

PRBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

PRBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

PRBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

PRBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

PRBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

PRBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

PRBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

PRBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

PRBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

PRBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

PRBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

RBGGIO1 SPCSO01.stVal RB01 Remote Bit 1

RBGGIO1 SPCSO02.stVal RB02 Remote Bit 2

RBGGIO1 SPCSO03.stVal RB03 Remote Bit 3

RBGGIO1 SPCSO04.stVal RB04 Remote Bit 4

RBGGIO1 SPCSO05.stVal RB05 Remote Bit 5

RBGGIO1 SPCSO06.stVal RB06 Remote Bit 6

RBGGIO1 SPCSO07.stVal RB07 Remote Bit 7

RBGGIO1 SPCSO08.stVal RB08 Remote Bit 8

RBGGIO2 SPCSO09.stVal RB09 Remote Bit 9

RBGGIO2 SPCSO10.stVal RB10 Remote Bit 10

RBGGIO2 SPCSO11.stVal RB11 Remote Bit 11

RBGGIO2 SPCSO12.stVal RB12 Remote Bit 12

RBGGIO2 SPCSO13.stVal RB13 Remote Bit 13

RBGGIO2 SPCSO14.stVal RB14 Remote Bit 14

RBGGIO2 SPCSO15.stVal RB15 Remote Bit 15

RBGGIO2 SPCSO16.stVal RB16 Remote Bit 16

RBGGIO3 SPCSO17.stVal RB17 Remote Bit 17

RBGGIO3 SPCSO18.stVal RB18 Remote Bit 18

RBGGIO3 SPCSO19.stVal RB19 Remote Bit 19

RBGGIO3 SPCSO20.stVal RB20 Remote Bit 20

RBGGIO3 SPCSO21.stVal RB21 Remote Bit 21

RBGGIO3 SPCSO22.stVal RB22 Remote Bit 22

RBGGIO3 SPCSO23.stVal RB23 Remote Bit 23

RBGGIO3 SPCSO24.stVal RB24 Remote Bit 24

RBGGIO4 SPCSO25.stVal RB25 Remote Bit 25
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RBGGIO4 SPCSO26.stVal RB26 Remote Bit 26

RBGGIO4 SPCSO27.stVal RB27 Remote Bit 27

RBGGIO4 SPCSO28.stVal RB28 Remote Bit 28

RBGGIO4 SPCSO29.stVal RB29 Remote Bit 29

RBGGIO4 SPCSO30.stVal RB30 Remote Bit 30

RBGGIO4 SPCSO31.stVal RB31 Remote Bit 31

RBGGIO4 SPCSO32.stVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.stVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

RBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.stVal RB66 Remote Bit 66
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RBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

RBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.stVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a The SEL-487V supports only RBGGIO1–RBGGIO4 and PRBGGIO1–PRBGGIO4.
b Only the SEL-487B supports RBGGIO9–RBGGIO12 and PRBGGIO9–PRBGGIO12.
c HWREV is an internal data source and is not available to the user.
d If enabled, value = 1. If disabled, value = 3.
e I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
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Table 17.28 shows the LNs associated with the annunciation element, defined as 
Logical Device ANN.

                    

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 1 of 16)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

ETHGGIO2 SPCSO01.Oper.ctlVal ETHRSTa, b Reset Ethernet card statisitcs

Functional Constraint = DC

STALPHD1 PhyNam.model PARNUM Relay part number string

STALPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

STALPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = MX

ACNGGIO2 AnIn001.instMag.f ACN01CV Automation SELOGIC Counter 01 
current value

ACNGGIO2 AnIn002.instMag.f ACN02CV Automation SELOGIC Counter 02 
current value

ACNGGIO2 AnIn003.instMag.f ACN03CV Automation SELOGIC Counter 03 
current value

•
•
•

ACNGGIO2 AnIn014.instMag.f ACN14CV Automation SELOGIC Counter 14 
current value

ACNGGIO2 AnIn015.instMag.f ACN15CV Automation SELOGIC Counter 15 
current value

ACNGGIO2 AnIn016.instMag.f ACN16CV Automation SELOGIC Counter 16 
current value

AMVGGIO1 AnIn001.instMag.f AMV001 Automation SELOGIC Math 
Variable 001

AMVGGIO1 AnIn002.instMag.f AMV002 Automation SELOGIC Math 
Variable 002

AMVGGIO1 AnIn003.instMag.f AMV003 Automation SELOGIC Math 
Variable 003

•
•
•

AMVGGIO1 AnIn062.instMag.f AMV062 Automation SELOGIC Math 
Variable 062

AMVGGIO1 AnIn063.instMag.f AMV063 Automation SELOGIC Math 
Variable 063

AMVGGIO1 AnIn064.instMag.f AMV064 Automation SELOGIC Math 
Variable 064

AMVGGIO2 AnIn065.instMag.f AMV065 Automation SELOGIC Math 
Variable 065

AMVGGIO2 AnIn066.instMag.f AMV066 Automation SELOGIC Math 
Variable 066

AMVGGIO2 AnIn067.instMag.f AMV067 Automation SELOGIC Math 
Variable 067

NOTE: Some products support only 
64 AMVs in their ANN Logical Device.
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•
•
•

AMVGGIO2 AnIn126.instMag.f AMV126 Automation SELOGIC Math 
Variable 126

AMVGGIO2 AnIn127.instMag.f AMV127 Automation SELOGIC Math 
Variable 127

AMVGGIO2 AnIn128.instMag.f AMV128 Automation SELOGIC Math 
Variable 128

AMVGGIO8d AnIn129.instMag.f AMV129 Automation SELOGIC Math 
Variable 129

AMVGGIO8d AnIn130.instMag.f AMV130 Automation SELOGIC Math 
Variable 130

AMVGGIO8d AnIn131.instMag.f AMV131 Automation SELOGIC Math 
Variable 131

•
•
•

AMVGGIO8d AnIn190.instMag.f AMV190 Automation SELOGIC Math 
Variable 190

AMVGGIO8d AnIn191.instMag.f AMV191 Automation SELOGIC Math 
Variable 191

AMVGGIO8d AnIn192.instMag.f AMV192 Automation SELOGIC Math 
Variable 192

AMVGGIO9d AnIn193.instMag.f AMV193 Automation SELOGIC Math 
Variable 193

AMVGGIO9d AnIn194.instMag.f AMV194 Automation SELOGIC Math 
Variable 194

AMVGGIO9d AnIn195.instMag.f AMV195 Automation SELOGIC Math 
Variable 195

•
•
•

AMVGGIO9d AnIn254.instMag.f AMV254 Automation SELOGIC Math 
Variable 254

AMVGGIO9d AnIn255.instMag.f AMV255 Automation SELOGIC Math 
Variable 255

AMVGGIO9d AnIn256.instMag.f AMV256 Automation SELOGIC Math 
Variable 256

ETHGGIO2 AnIn01.instMag.f P5ARXPa, b SFP transceiver receive power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn02.instMag.f P5BRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn03.instMag.f P5CRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn04.instMag.f P5DRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn05.instMag.f P5ERXPa, b SFP transceiver receive power info 
(dBm) on PORT 5E
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ETHGGIO2 AnIn06.instMag.f P5ATXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn07.instMag.f P5BTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn08.instMag.f P5CTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn09.instMag.f P5DTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn10.instMag.f P5ETXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5E

ETHGGIO2 AnIn11.instMag.f P5ATMPa, b SFP transceiver temperature info 
(°C) on PORT 5A

ETHGGIO2 AnIn12.instMag.f P5BTMPa, b SFP transceiver temperature info 
(°C) on PORT 5B

ETHGGIO2 AnIn13.instMag.f P5CTMPa, b SFP transceiver temperature info 
(°C) on PORT 5C

ETHGGIO2 AnIn14.instMag.f P5DTMPa, b SFP transceiver temperature info 
(°C) on PORT 5D

ETHGGIO2 AnIn15.instMag.f P5ETMPa, b SFP transceiver temperature info 
(°C) on PORT 5E

PCNGGIO1 AnIn001.instMag.f PCN01CV Protection SELOGIC Counter 01 cur-
rent value

PCNGGIO1 AnIn002.instMag.f PCN02CV Protection SELOGIC Counter 02 cur-
rent value

PCNGGIO1 AnIn003.instMag.f PCN03CV Protection SELOGIC Counter 03 cur-
rent value

•
•
•

PCNGGIO1 AnIn014.instMag.f PCN14CV Protection SELOGIC Counter 14 cur-
rent value

PCNGGIO1 AnIn015.instMag.f PCN15CV Protection SELOGIC Counter 15 cur-
rent value

PCNGGIO1 AnIn016.instMag.f PCN16CV Protection SELOGIC Counter 16 cur-
rent value

PMVGGIO3 AnIn01.instMag.f PMV01 Protection SELOGIC Math Variable 01

PMVGGIO3 AnIn02.instMag.f PMV02 Protection SELOGIC Math Variable 02

PMVGGIO3 AnIn03.instMag.f PMV03 Protection SELOGIC Math Variable 03

•
•
•

PMVGGIO3 AnIn62.instMag.f PMV62 Protection SELOGIC Math Variable 62

PMVGGIO3 AnIn63.instMag.f PMV63 Protection SELOGIC Math Variable 63

PMVGGIO3 AnIn64.instMag.f PMV64 Protection SELOGIC Math Variable 64

RAGGIO1 Ra001.instMag.f RA001 Remote Analog Input 001

RAGGIO1 Ra002.instMag.f RA002 Remote Analog Input 002

RAGGIO1 Ra003.instMag.f RA003 Remote Analog Input 003
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•
•
•

RAGGIO1 Ra030.instMag.f RA030 Remote Analog Input 030

RAGGIO1 Ra031.instMag.f RA031 Remote Analog Input 031

RAGGIO1 Ra032.instMag.f RA032 Remote Analog Input 032

RAGGIO2 Ra033.instMag.f RA033 Remote Analog Input 033

RAGGIO2 Ra034.instMag.f RA034 Remote Analog Input 034

RAGGIO2 Ra035.instMag.f RA035 Remote Analog Input 035

•
•
•

RAGGIO2 Ra062.instMag.f RA062 Remote Analog Input 062

RAGGIO2 Ra063.instMag.f RA063 Remote Analog Input 063

RAGGIO2 Ra064.instMag.f RA064 Remote Analog Input 064

RAGGIO3 Ra065.instMag.f RA065 Remote Analog Input 065

RAGGIO3 Ra066.instMag.f RA066 Remote Analog Input 066

RAGGIO3 Ra067.instMag.f RA067 Remote Analog Input 067

•
•
•

RAGGIO3 Ra094.instMag.f RA094 Remote Analog Input 094

RAGGIO3 Ra095.instMag.f RA095 Remote Analog Input 095

RAGGIO3 Ra096.instMag.f RA096 Remote Analog Input 096

RAGGIO4 Ra097.instMag.f RA097 Remote Analog Input 097

RAGGIO4 Ra098.instMag.f RA098 Remote Analog Input 098

RAGGIO4 Ra099.instMag.f RA099 Remote Analog Input 099

•
•
•

RAGGIO4 Ra126.instMag.f RA126 Remote Analog Input 126

RAGGIO4 Ra127.instMag.f RA127 Remote Analog Input 127

RAGGIO4 Ra128.instMag.f RA128 Remote Analog Input 128

RAGGIO5 Ra129.instMag.f RA129 Remote Analog Input 129

RAGGIO5 Ra130.instMag.f RA130 Remote Analog Input 130

RAGGIO5 Ra131.instMag.f RA131 Remote Analog Input 131

•
•
•

RAGGIO5 Ra158.instMag.f RA158 Remote Analog Input 158

RAGGIO5 Ra159.instMag.f RA159 Remote Analog Input 159

RAGGIO5 Ra160.instMag.f RA160 Remote Analog Input 160

RAGGIO6 Ra161.instMag.f RA161 Remote Analog Input 161

RAGGIO6 Ra162.instMag.f RA162 Remote Analog Input 162

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 4 of 16)
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RAGGIO6 Ra163.instMag.f RA163 Remote Analog Input 163

•
•
•

RAGGIO6 Ra190.instMag.f RA190 Remote Analog Input 190

RAGGIO6 Ra191.instMag.f RA191 Remote Analog Input 191

RAGGIO6 Ra192.instMag.f RA192 Remote Analog Input 192

RAGGIO7 Ra193.instMag.f RA193 Remote Analog Input 193

RAGGIO7 Ra194.instMag.f RA194 Remote Analog Input 194

RAGGIO7 Ra195.instMag.f RA195 Remote Analog Input 195

•
•
•

RAGGIO7 Ra222.instMag.f RA222 Remote Analog Input 222

RAGGIO7 Ra223.instMag.f RA223 Remote Analog Input 223

RAGGIO7 Ra224.instMag.f RA224 Remote Analog Input 224

RAGGIO8 Ra225.instMag.f RA225 Remote Analog Input 225

RAGGIO8 Ra226.instMag.f RA226 Remote Analog Input 226

RAGGIO8 Ra227.instMag.f RA227 Remote Analog Input 227

•
•
•

RAGGIO8 Ra254.instMag.f RA254 Remote Analog Input 254

RAGGIO8 Ra255.instMag.f RA255 Remote Analog Input 255

RAGGIO8 Ra256.instMag.f RA256 Remote Analog Input 256

RAOGGIO1 Rao01.instMag.f RAO01 Remote Analog Output 01

RAOGGIO1 Rao02.instMag.f RAO02 Remote Analog Output 02

RAOGGIO1 Rao03.instMag.f RAO03 Remote Analog Output 03

•
•
•

RAOGGIO1 Rao30.instMag.f RAO30 Remote Analog Output 30

RAOGGIO1 Rao31.instMag.f RAO31 Remote Analog Output 31

RAOGGIO1 Rao32.instMag.f RAO32 Remote Analog Output 32

RAOGGIO2 Rao33.instMag.f RAO33 Remote Analog Output 33

RAOGGIO2 Rao34.instMag.f RAO34 Remote Analog Output 34

RAOGGIO2 Rao35.instMag.f RAO35 Remote Analog Output 35

•
•
•

RAOGGIO2 Rao62.instMag.f RAO62 Remote Analog Output 62

RAOGGIO2 Rao63.instMag.f RAO63 Remote Analog Output 63

RAOGGIO2 Rao64.instMag.f RAO64 Remote Analog Output 64
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Functional Constraint = ST

STALPHD1 PhyHealth.stVal EN?3:1e Relay enabled

LLN0 Mod.stVal I60MODf IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

ALMGGIO1 Ind01.stVal SALARM Software alarm

ALMGGIO1 Ind02.stVal HALARM Hardware alarm

ALMGGIO1 Ind03.stVal BADPASS Invalid password attempt alarm

ALMGGIO1 Ind04.stVal SETCHG Pulsed alarm for settings changes

ALMGGIO1 Ind05.stVal GRPSW Pulsed alarm for group switches

ALMGGIO1 Ind06.stVal ACCESS A user is logged in at Access 
Level B or higher

ALMGGIO1 Ind07.stVal PASSDIS Asserts to indicate password disable 
jumper is installed

ALMGGIO1 Ind08.stVal BRKENAB Asserts to indicate breaker control 
enable jumper is installed

ALTGGIO5 Ind01.stVal ALT01 Automation Latch 1

ALTGGIO5 Ind02.stVal ALT02 Automation Latch 2

ALTGGIO5 Ind03.stVal ALT03 Automation Latch 3

•
•
•

ALTGGIO5 Ind30.stVal ALT30 Automation Latch 30

ALTGGIO5 Ind31.stVal ALT31 Automation Latch 31

ALTGGIO5 Ind32.stVal ALT32 Automation Latch 32

ASVGGIO4 Ind001.stVal ASV001 Automation SELOGIC Variable 1

ASVGGIO4 Ind002.stVal ASV002 Automation SELOGIC Variable 2

ASVGGIO4 Ind003.stVal ASV003 Automation SELOGIC Variable 3

•
•
•

ASVGGIO4 Ind126.stVal ASV126 Automation SELOGIC Variable 126

ASVGGIO4 Ind127.stVal ASV127 Automation SELOGIC Variable 127

ASVGGIO4 Ind128.stVal ASV128 Automation SELOGIC Variable 128

ETHGGIO1 Ind01.stVal P5ASEL PORT 5A active/inactive

ETHGGIO1 Ind02.stVal LINK5A Link status of PORT 5A connection

ETHGGIO1 Ind03.stVal P5BSEL PORT 5B active/inactive

ETHGGIO1 Ind04.stVal LINK5B Link status of PORT 5B connection

ETHGGIO1 Ind05.stVal P5CSEL PORT 5C active/inactive

ETHGGIO1 Ind06.stVal LINK5C Link status of PORT 5C connection

ETHGGIO1 Ind07.stVal P5DSEL PORT 5D active/inactive

ETHGGIO1 Ind08.stVal LINK5D Link status of PORT 5D connection

ETHGGIO1 Ind09.stVal LNKFAIL Link status of the active station bus port

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 6 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some relays support only 64 
Automation SELOGIC Variables.

NOTE: Some relays do not support 
the ETHGGIO1 logical node.
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ETHGGIO1 Ind10.stVal LNKFL2g Link status of the active process bus 
port

ETHGGIO1 Ind11.stVal P5ESELb PORT 5E active/inactive

ETHGGIO1 Ind12.stVal LINK5Eb Link status of the PORT 5E connec-
tion

ETHGGIO2 CntVal01.actVal P5ATPTXa, b Total number of packets transmitted 
on PORT 5A

ETHGGIO2 CntVal02.actVal P5BTPTXa, b Total number of packets transmitted 
on PORT 5B

ETHGGIO2 CntVal03.actVal P5CTPTXa, b Total number of packets transmitted 
on PORT 5C

ETHGGIO2 CntVal04.actVal P5DTPTXa, b Total number of packets transmitted 
on PORT 5D

ETHGGIO2 CntVal05.actVal P5ETPTXa, b Total number of packets transmitted 
on PORT 5E

ETHGGIO2 CntVal06.actVal P5ATPRXa, b Total number of packets received on 
PORT 5A

ETHGGIO2 CntVal07.actVal P5BTPRXa, b Total number of packets received on 
PORT 5B

ETHGGIO2 CntVal08.actVal P5CTPRXa, b Total number of packets received on 
PORT 5C

ETHGGIO2 CntVal09.actVal P5DTPRXa, b Total number of packets received on 
PORT 5D

ETHGGIO2 CntVal10.actVal P5ETPRXa, b Total number of packets received on 
PORT 5E

ETHGGIO2 CntVal11.actVal P5ATPDIa, b Total number of packets discarded 
on PORT 5A

ETHGGIO2 CntVal12.actVal P5BTPDIa, b Total number of packets discarded 
on PORT 5B

ETHGGIO2 CntVal13.actVal P5CTPDIa, b Total number of packets discarded 
on PORT 5C

ETHGGIO2 CntVal14.actVal P5DTPDIa, b Total number of packets discarded 
on PORT 5D

ETHGGIO2 CntVal15.actVal P5ETPDIa, b Total number of packets discarded 
on PORT 5E

ETHGGIO2 CntVal16.actVal P5ATEPRa, b Total number of erroneous packets 
received on PORT 5A

ETHGGIO2 CntVal17.actVal P5BTEPRa, b Total number of erroneous packets 
received on PORT 5B

ETHGGIO2 CntVal18.actVal P5CTEPRa, b Total number of erroneous packets 
received on PORT 5C

ETHGGIO2 CntVal19.actVal P5DTEPRa, b Total number of erroneous packets 
received on PORT 5D

ETHGGIO2 CntVal20.actVal P5ETEPRa, b Total number of erroneous packets 
received on PORT 5E

ETHGGIO2 SPCSO1.stVal ETHRSTa, b Status of Ethernet card statistics 
reset

IN1GGIO14h Ind01.stVal IN101 Main Board Input 1

IN1GGIO14h Ind02.stVal IN102 Main Board Input 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 7 of 16)

Logical Node Attribute Data Source Comment
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IN1GGIO14h Ind03.stVal IN103 Main Board Input 3

IN1GGIO14h Ind04.stVal IN104 Main Board Input 4

IN1GGIO14h Ind05.stVal IN105 Main Board Input 5

IN1GGIO14h Ind06.stVal IN106 Main Board Input 6

IN1GGIO14h Ind07.stVal IN107 Main Board Input 7

IN2GGIO15 Ind01.stVal IN201 First Optional I/O Board Input 1 (if 
installed)

IN2GGIO15 Ind02.stVal IN202 First Optional I/O Board Input 2 (if 
installed)

IN2GGIO15 Ind03.stVal IN203 First Optional I/O Board Input 3 (if 
installed)

•
•
•

IN2GGIO15 Ind22.stVal IN222 First Optional I/O Board Input 22 (if 
installed)

IN2GGIO15 Ind23.stVal IN223 First Optional I/O Board Input 23 (if 
installed)

IN2GGIO15 Ind24.stVal IN224 First Optional I/O Board Input 24 (if 
installed)

IN3GGIO16 Ind01.stVal IN301 Second Optional I/O Board Input 1 (if 
installed)

IN3GGIO16 Ind02.stVal IN302 Second Optional I/O Board Input 2 (if 
installed)

IN3GGIO16 Ind03.stVal IN303 Second Optional I/O Board Input 3 (if 
installed)

•
•
•

IN3GGIO16 Ind22.stVal IN322 Second Optional I/O Board Input 22 (if 
installed)

IN3GGIO16 Ind23.stVal IN323 Second Optional I/O Board Input 23 (if 
installed)

IN3GGIO16 Ind24.stVal IN324 Second Optional I/O Board Input 24 (if 
installed)

IN4GGIO18i Ind01.stVal IN401 Third Optional I/O Board Input 1 (if 
installed)

IN4GGIO18i Ind02.stVal IN402 Third Optional I/O Board Input 2 (if 
installed)

IN4GGIO18i Ind03.stVal IN403 Third Optional I/O Board Input 3 (if 
installed)

•
•
•

IN4GGIO18i Ind22.stVal IN422 Third Optional I/O Board Input 22 (if 
installed)

IN4GGIO18i Ind23.stVal IN423 Third Optional I/O Board Input 23 (if 
installed)

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 8 of 16)

Logical Node Attribute Data Source Comment
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IN4GGIO18i Ind24.stVal IN424 Third Optional I/O Board Input 24 (if 
installed)

IN5GGIO13j Ind01.stVal IN501 Fourth Optional I/O Board Input 01 
(if installed)

IN5GGIO13j Ind02.stVal IN502 Fourth Optional I/O Board Input 02 
(if installed)

IN5GGIO13j Ind03.stVal IN503 Fourth Optional I/O Board Input 03 
(if installed)

•

•

•

IN5GGIO13j Ind22.stVal IN522 Fourth Optional I/O Board Input 22 
(if installed)

IN5GGIO13j Ind23.stVal IN523 Fourth Optional I/O Board Input 23 
(if installed)

IN5GGIO13j Ind24.stVal IN524 Fourth Optional I/O Board Input 24 
(if installed)

LBGGIO1k Ind01.stVal LB01 Local Bit 1

LBGGIO1k Ind02.stVal LB02 Local Bit 2

LBGGIO1k Ind03.stVal LB03 Local Bit 3

•
•
•

LBGGIO1k Ind62.stVal LB62 Local Bit 62

LBGGIO1k Ind63.stVal LB63 Local Bit 63

LBGGIO1k Ind64.stVal LB64 Local Bit 64

MBOKGGIO13 Ind01.stVal ROKA Normal MIRRORED BITS communica-
tions Channel A status while not in 
loopback mode

MBOKGGIO13 Ind02.stVal RBADA Outage too long on MIRRORED BITS 
communications Channel A

MBOKGGIO13 Ind03.stVal CBADA Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel A

MBOKGGIO13 Ind04.stVal LBOKA Normal MIRRORED BITS communica-
tions Channel A status while in loop-
back mode

MBOKGGIO13 Ind05.stVal ANOKA Analog transfer OK on MIRRORED 
BITS communications Channel A

MBOKGGIO13 Ind06.stVal DOKA Normal MIRRORED BITS communica-
tions Channel A status

MBOKGGIO13 Ind07.stVal ROKB Normal MIRRORED BITS communica-
tions Channel B status while not in 
loopback mode

MBOKGGIO13 Ind08.stVal RBADB Outage too long on MIRRORED BITS 
communications Channel B

MBOKGGIO13 Ind09.stVal CBADB Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel B

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 9 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some relays do not support 
the LBGGIO1 logical node.

NOTE: Some relays do not support 
the MBOKGGIO13 logical node.
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MBOKGGIO13 Ind10.stVal LBOKB Normal MIRRORED BITS communica-
tions Channel B status while in loop-
back mode

MBOKGGIO13 Ind11.stVal ANOKB Analog transfer OK on MIRRORED 
BITS communications Channel B

MBOKGGIO13 Ind12.stVal DOKB Normal MIRRORED BITS communica-
tions Channel B status

OUT1GGIO17l Ind01.stVal OUT101 Main Board Output 1

OUT1GGIO17l Ind02.stVal OUT102 Main Board Output 2

OUT1GGIO17l Ind03.stVal OUT103 Main Board Output 3

OUT1GGIO17l Ind04.stVal OUT104 Main Board Output 4

OUT1GGIO17l Ind05.stVal OUT105 Main Board Output 5

OUT1GGIO17l Ind06.stVal OUT106 Main Board Output 6

OUT1GGIO17l Ind07.stVal OUT107 Main Board Output 7

OUT1GGIO17l Ind08.stVal OUT108 Main Board Output 8

OUT2GGIO16 Ind01.stVal OUT201 First Optional I/O Board Output 1

OUT2GGIO16 Ind02.stVal OUT202 First Optional I/O Board Output 2

OUT2GGIO16 Ind03.stVal OUT203 First Optional I/O Board Output 3

•
•
•

OUT2GGIO16 Ind14.stVal OUT214 First Optional I/O Board Output 14

OUT2GGIO16 Ind15.stVal OUT215 First Optional I/O Board Output 15

OUT2GGIO16 Ind16.stVal OUT216 First Optional I/O Board Output 16

OUT3GGIO17 Ind01.stVal OUT301 Second Optional I/O Board Output 1

OUT3GGIO17 Ind02.stVal OUT302 Second Optional I/O Board Output 2

OUT3GGIO17 Ind03.stVal OUT303 Second Optional I/O Board Output 3

•
•
•

OUT3GGIO17 Ind14.stVal OUT314 Second Optional I/O Board Output 14

OUT3GGIO17 Ind15.stVal OUT315 Second Optional I/O Board Output 15

OUT3GGIO17 Ind16.stVal OUT316 Second Optional I/O Board Output 16

OUT4GGIO19i Ind01.stVal OUT401 Third Optional I/O Board Output 1

OUT4GGIO19i Ind02.stVal OUT402 Third Optional I/O Board Output 2

OUT4GGIO19i Ind03.stVal OUT403 Third Optional I/O Board Output 3

•
•
•

OUT4GGIO19i Ind14.stVal OUT414 Third Optional I/O Board Output 14

OUT4GGIO19i Ind15.stVal OUT415 Third Optional I/O Board Output 15

OUT4GGIO19i Ind16.stVal OUT416 Third Optional I/O Board Output 16

OUT5GGIO18j Ind01.stVal OUT501 Fourth Optional I/O Board Output 1 

OUT5GGIO18j Ind02.stVal OUT502 Fourth Optional I/O Board Output 2 

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 10 of 16)

Logical Node Attribute Data Source Comment

NOTE: The instance number n for 
the I/O Board logical nodes (INxGGIOn 
and OUTxGGIOn) may vary between 
relays and ClassFileVersions.



17.74

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
Logical Nodes

OUT5GGIO18j Ind03.stVal OUT503 Fourth Optional I/O Board Output 3 

•
•
•

OUT5GGIO18j Ind14.stVal OUT514 Fourth Optional I/O Board 
Output 14

OUT5GGIO18j Ind15.stVal OUT515 Fourth Optional I/O Board 
Output 15

OUT5GGIO18j Ind16.stVal OUT516 Fourth Optional I/O Board 
Output 16

OUT3SGGIO1 Ind01.stVal OUT301S TiDL mapped OUT301 contact status

OUT3SGGIO1 Ind02.stVal OUT302S TiDL mapped OUT302 contact status

OUT3SGGIO1 Ind03.stVal OUT303S TiDL mapped OUT303 contact status

•
•
•

OUT3SGGIO1 Ind14.stVal OUT314S TiDL mapped OUT314 contact status

OUT3SGGIO1 Ind15.stVal OUT315S TiDL mapped OUT315 contact status

OUT3SGGIO1 Ind16stVal OUT316S TiDL mapped OUT316 contact status

OUT4SGGIO2 Ind01stVal OUT401S TiDL mapped OUT401 contact status

OUT4SGGIO2 Ind02.stVal OUT402S TiDL mapped OUT402 contact status

OUT4SGGIO2 Ind03.stVal OUT403S TiDL mapped OUT403 contact status

•
•
•

OUT4SGGIO2 Ind14.stVal OUT414S TiDL mapped OUT414 contact status

OUT4SGGIO2 Ind15.stVal OUT415S TiDL mapped OUT415 contact status

OUT4SGGIO2 Ind16stVal OUT416S TiDL mapped OUT416 contact status

OUT5SGGIO3 Ind01stVal OUT501S TiDL mapped OUT501 contact status

OUT5SGGIO3 Ind02.stVal OUT502S TiDL mapped OUT502 contact status

OUT5SGGIO3 Ind03.stVal OUT503S TiDL mapped OUT503 contact status

•
•
•

OUT5SGGIO3 Ind14.stVal OUT514S TiDL mapped OUT514 contact status

OUT5SGGIO3 Ind15.stVal OUT515S TiDL mapped OUT515 contact status

OUT5SGGIO3 Ind16stVal OUT516S TiDL mapped OUT516 contact status

PBLEDGGIO8 Ind01.stVal PB1_LED Pushbutton 1 LED

PBLEDGGIO8 Ind02.stVal PB2_LED Pushbutton 2 LED

PBLEDGGIO8 Ind03.stVal PB3_LED Pushbutton 3 LED

PBLEDGGIO8 Ind04.stVal PB4_LED Pushbutton 4 LED

PBLEDGGIO8 Ind05.stVal PB5_LED Pushbutton 5 LED

PBLEDGGIO8 Ind06.stVal PB6_LED Pushbutton 6 LED

PBLEDGGIO8 Ind07.stVal PB7_LED Pushbutton 7 LED

PBLEDGGIO8 Ind08.stVal PB8_LED Pushbutton 8 LED

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 11 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node OUTxSGGIOn (where: x = 3, 4, 5 
and n = 1, 2, 3).

NOTE: The PBLEDGGIO8 logical 
node always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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PBLEDGGIO8 Ind09.stVal PB9_LED Pushbutton 9 LED

PBLEDGGIO8 Ind10.stVal PB10LED Pushbutton 10 LED

PBLEDGGIO8 Ind11.stVal PB11LED Pushbutton 11 LED

PBLEDGGIO8 Ind12.stVal PB12LED Pushbutton 12 LED

PLTGGIO2 Ind01.stVal PLT01 Protection Latch 1

PLTGGIO2 Ind02.stVal PLT02 Protection Latch 2

PLTGGIO2 Ind03.stVal PLT03 Protection Latch 3

•
•
•

PLTGGIO2 Ind30.stVal PLT30 Protection Latch 30

PLTGGIO2 Ind31.stVal PLT31 Protection Latch 31

PLTGGIO2 Ind32.stVal PLT32 Protection Latch 32

PRPGGIO1 Ind01.stVal PRPAGOKb PRP PORT 5A GOOSE status

PRPGGIO1 Ind02.stVal PRPBGOKb PRP PORT 5B GOOSE status

PRPGGIO1 Ind03.stVal PRPCGOKb PRP PORT 5C GOOSE status

PRPGGIO1 Ind04.stVal PRPDGOKb PRP PORT 5D GOOSE status

PRPGGIO1 Ind05.stVal PRPASOKb PRP PORT 5A SV status

PRPGGIO1 Ind06.stVal PRPBSOKb PRP PORT 5B SV status

PSVGGIO1 Ind01.stVal PSV01 Protection SELOGIC Variable 1

PSVGGIO1 Ind02.stVal PSV02 Protection SELOGIC Variable 2

PSVGGIO1 Ind03.stVal PSV03 Protection SELOGIC Variable 3

•
•
•

PSVGGIO1 Ind62.stVal PSV62 Protection SELOGIC Variable 62

PSVGGIO1 Ind63.stVal PSV63 Protection SELOGIC Variable 63

PSVGGIO1 Ind64.stVal PSV64 Protection SELOGIC Variable 64

RMBAGGIO9 Ind01.stVal RMB1A Channel A Receive Mirrored Bit 1

RMBAGGIO9 Ind02.stVal RMB2A Channel A Receive Mirrored Bit 2

RMBAGGIO9 Ind03.stVal RMB3A Channel A Receive Mirrored Bit 3

RMBAGGIO9 Ind04.stVal RMB4A Channel A Receive Mirrored Bit 4

RMBAGGIO9 Ind05.stVal RMB5A Channel A Receive Mirrored Bit 5

RMBAGGIO9 Ind06.stVal RMB6A Channel A Receive Mirrored Bit 6

RMBAGGIO9 Ind07.stVal RMB7A Channel A Receive Mirrored Bit 7

RMBAGGIO9 Ind08.stVal RMB8A Channel A Receive Mirrored Bit 8

RMBBGGIO11 Ind01.stVal RMB1B Channel B Receive Mirrored Bit 1

RMBBGGIO11 Ind02.stVal RMB2B Channel B Receive Mirrored Bit 2

RMBBGGIO11 Ind03.stVal RMB3B Channel B Receive Mirrored Bit 3

RMBBGGIO11 Ind04.stVal RMB4B Channel B Receive Mirrored Bit 4

RMBBGGIO11 Ind05.stVal RMB5B Channel B Receive Mirrored Bit 5

RMBBGGIO11 Ind06.stVal RMB6B Channel B Receive Mirrored Bit 6

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 12 of 16)
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NOTE: Not all relays support the 
RMBAGGIO9 and RMBBGGIO11 logical 
nodes.
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RMBBGGIO11 Ind07.stVal RMB7B Channel B Receive Mirrored Bit 7

RMBBGGIO11 Ind08.stVal RMB8B Channel B Receive Mirrored Bit 8

RTCAGGIO1 Ind01.stVal RTCAD01 RTC Remote Data Bits, Channel A, 
Bit 1

RTCAGGIO1 Ind02.stVal RTCAD02 RTC Remote Data Bits, Channel A, 
Bit 2

RTCAGGIO1 Ind03.stVal RTCAD03 RTC Remote Data Bits, Channel A, 
Bit 3

•
•
•

RTCAGGIO1 Ind14.stVal RTCAD14 RTC Remote Data Bits, Channel A, 
Bit 14

RTCAGGIO1 Ind15.stVal RTCAD15 RTC Remote Data Bits, Channel A, 
Bit 15

RTCAGGIO1 Ind16.stVal RTCAD16 RTC Remote Data Bits, Channel A, 
Bit 16

RTCBGGIO2 Ind01.stVal RTCBD01 RTC Remote Data Bits, Channel B, 
Bit 1

RTCBGGIO2 Ind02.stVal RTCBD02 RTC Remote Data Bits, Channel B, 
Bit 2

RTCBGGIO2 Ind03.stVal RTCBD03 RTC Remote Data Bits, Channel B, 
Bit 3

•
•
•

RTCBGGIO2 Ind14.stVal RTCBD14 RTC Remote Data Bits, Channel B, 
Bit 14

RTCBGGIO2 Ind15.stVal RTCBD15 RTC Remote Data Bits, Channel B, 
Bit 15

RTCBGGIO2 Ind16.stVal RTCBD16 RTC Remote Data Bits, Channel B, 
Bit 16

RTDHGGIO1 Ind01.stVal RTD01ST RTD Status for Channel 1

RTDHGGIO1 Ind02.stVal RTD02ST RTD Status for Channel 2

RTDHGGIO1 Ind03.stVal RTD03ST RTD Status for Channel 3

RTDHGGIO1 Ind04.stVal RTD04ST RTD Status for Channel 4

RTDHGGIO1 Ind05.stVal RTD05ST RTD Status for Channel 5

RTDHGGIO1 Ind06.stVal RTD06ST RTD Status for Channel 6

RTDHGGIO1 Ind07.stVal RTD07ST RTD Status for Channel 7

RTDHGGIO1 Ind08.stVal RTD08ST RTD Status for Channel 8

RTDHGGIO1 Ind09.stVal RTD09ST RTD Status for Channel 9

RTDHGGIO1 Ind10.stVal RTD10ST RTD Status for Channel 10

RTDHGGIO1 Ind11.stVal RTD11ST RTD Status for Channel 11

RTDHGGIO1 Ind12.stVal RTD12ST RTD Status for Channel 12

SGGGIO1 Ind01.stVal SG1 Settings Group 1 active

SGGGIO1 Ind02.stVal SG2 Settings Group 2 active

SGGGIO1 Ind03.stVal SG3 Settings Group 3 active

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 13 of 16)
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NOTE: Not all relays support 
synchrophasor real-time control (RTC) 
logical nodes.

NOTE: Not all relays support logical 
node RTDHGGIO1 for RTD inputs.
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SGGGIO1 Ind04.stVal SG4 Settings Group 4 active

SGGGIO1 Ind05.stVal SG5 Settings Group 5 active

SGGGIO1 Ind06.stVal SG6 Settings Group 6 active

SGGGIO1 Ind07.stVal CHSG Settings group change

SGGGIO1 Ind08.stVal GRPSW Pulsed alarm for group switches

TLEDGGIO7 Ind01.stVal EN Relay enabled

TLEDGGIO7 Ind02.stVal TRIPLED Trip LED

TLEDGGIO7 Ind03.stVal TLED_1 Target LED 1

TLEDGGIO7 Ind04.stVal TLED_2 Target LED 2

TLEDGGIO7 Ind05.stVal TLED_3 Target LED 3

TLEDGGIO7 Ind06.stVal TLED_4 Target LED 4

TLEDGGIO7 Ind07.stVal TLED_5 Target LED 5

TLEDGGIO7 Ind08.stVal TLED_6 Target LED 6

TLEDGGIO7 Ind09.stVal TLED_7 Target LED 7

TLEDGGIO7 Ind10.stVal TLED_8 Target LED 8

TLEDGGIO7 Ind11.stVal TLED_9 Target LED 9

TLEDGGIO7 Ind12.stVal TLED_10 Target LED 10

TLEDGGIO7 Ind13.stVal TLED_11 Target LED 11

TLEDGGIO7 Ind14.stVal TLED_12 Target LED 12

TLEDGGIO7 Ind15.stVal TLED_13 Target LED 13

TLEDGGIO7 Ind16.stVal TLED_14 Target LED 14

TLEDGGIO7 Ind17.stVal TLED_15 Target LED 15

TLEDGGIO7 Ind18.stVal TLED_16 Target LED 16

TLEDGGIO7 Ind19.stVal TLED_17 Target LED 17

TLEDGGIO7 Ind20.stVal TLED_18 Target LED 18

TLEDGGIO7 Ind21.stVal TLED_19 Target LED 19

TLEDGGIO7 Ind22.stVal TLED_20 Target LED 20

TLEDGGIO7 Ind23.stVal TLED_21 Target LED 21

TLEDGGIO7 Ind24.stVal TLED_22 Target LED 22

TLEDGGIO7 Ind25.stVal TLED_23 Target LED 23

TLEDGGIO7 Ind26.stVal TLED_24 Target LED 24

TMBAGGIO10 Ind01.stVal TMB1A Channel A Transmit Mirrored Bit 1

TMBAGGIO10 Ind02.stVal TMB2A Channel A Transmit Mirrored Bit 2

TMBAGGIO10 Ind03.stVal TMB3A Channel A Transmit Mirrored Bit 3

TMBAGGIO10 Ind04.stVal TMB4A Channel A Transmit Mirrored Bit 4

TMBAGGIO10 Ind05.stVal TMB5A Channel A Transmit Mirrored Bit 5

TMBAGGIO10 Ind06.stVal TMB6A Channel A Transmit Mirrored Bit 6

TMBAGGIO10 Ind07.stVal TMB7A Channel A Transmit Mirrored Bit 7

TMBAGGIO10 Ind08.stVal TMB8A Channel A Transmit Mirrored Bit 8

TMBBGGIO12 Ind01.stVal TMB1B Channel B Transmit Mirrored Bit 1

TMBBGGIO12 Ind02.stVal TMB2B Channel B Transmit Mirrored Bit 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 14 of 16)
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NOTE: The TLEDGGIO7 logical node 
always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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TMBBGGIO12 Ind03.stVal TMB3B Channel B Transmit Mirrored Bit 3

TMBBGGIO12 Ind04.stVal TMB4B Channel B Transmit Mirrored Bit 4

TMBBGGIO12 Ind05.stVal TMB5B Channel B Transmit Mirrored Bit 5

TMBBGGIO12 Ind06.stVal TMB6B Channel B Transmit Mirrored Bit 6

TMBBGGIO12 Ind07.stVal TMB7B Channel B Transmit Mirrored Bit 7

TMBBGGIO12 Ind08.stVal TMB8B Channel B Transmit Mirrored Bit 8

TPortGGIO1 Ind01.stVal TDLCMSD TiDL active topology commissioned

TPortGGIO1 Ind02.stVal TIDLALM TiDL alarm

TPortGGIO1 Ind03.stVal P6AMAP PORT 6A mapped

TPortGGIO1 Ind04.stVal P6AOK PORT 6A OK

TPortGGIO1 Ind05.stVal P6BMAP PORT 6B mapped

TPortGGIO1 Ind06.stVal P6BOK PORT 6BOK

TPortGGIO1 Ind07.stVal P6CMAP PORT 6C mapped

TPortGGIO1 Ind08.stVal P6COK PORT 6C OK

TPortGGIO1 Ind09.stVal P6DMAP PORT 6D mapped

TPortGGIO1 Ind10.stVal P6DOK PORT 6D OK

TPortGGIO1 Ind11.stVal P6EMAP PORT 6E mapped

TPortGGIO1 Ind12.stVal P6EOK PORT 6E OK

TPortGGIO1 Ind13.stVal P6FMAP PORT 6F mapped

TPortGGIO1 Ind14.stVal P6FOK PORT 6F OK

TPortGGIO1 Ind15.stVal P6GMAP PORT 6G mapped

TPortGGIO1 Ind16.stVal P6GOK PORT 6G OK

TPortGGIO1 Ind17.stVal P6HMAP PORT 6H mapped

TPortGGIO1 Ind18.stVal P6HOK PORT 6H OK

VBGGIO1 Ind001.stVal VB001 Virtual Bit 001

VBGGIO1 Ind002.stVal VB002 Virtual Bit 002

VBGGIO1 Ind003.stVal VB003 Virtual Bit 003

•
•
•

VBGGIO1 Ind126.stVal VB126 Virtual Bit 126

VBGGIO1 Ind127.stVal VB127 Virtual Bit 127

VBGGIO1 Ind128.stVal VB128 Virtual Bit 128

VBGGIO2k Ind129.stVal VB129 Virtual Bit 129

VBGGIO2k Ind130.stVal VB130 Virtual Bit 130

VBGGIO2k Ind131.stVal VB131 Virtual Bit 131

•
•
•

VBGGIO2k Ind254.stVal VB254 Virtual Bit 254

VBGGIO2k Ind255.stVal VB255 Virtual Bit 255

VBGGIO2k Ind256.stVal VB256 Virtual Bit 256

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 15 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node TPortGGIO1.
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SEL Nameplate Data
The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical device 
contains the Nameplate DOI (instantiated data object) with the following data.

                    

Protocol Implementation Conformance Statement
Table 17.30 and Table 17.31 are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, only the optional ser-
vices and functions are listed.

                    

Functional Constraint = SP

LLN0 GrReg.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c HWREV is an internal data source and is not available to the user.
d Only the SEL-487B supports AMVGGIO8 and AMVGGIO9.
e If enabled, value = 1. If disabled, value = 3.
f I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
g Only applicable to SEL-400 series relays with SV support and the SEL-411L with 87L over 

Ethernet.
h Not all SEL-400 series relays support main board inputs.
i Not all SEL-400 series relays support a third interface board.
j Not all SEL-400 series relays support four interface boards.
k Not supported in the SEL-487V.
l Not all SEL-400 series relays support main board outputs.

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 16 of 16)

Logical Node Attribute Data Source Comment

Table 17.29 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

d Description of LD

configRev Always 0

1dNs IEC 61850-7-4:2007A

Table 17.30 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
management

A3 GSSE N N

A4 Time Sync N N
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Refer to the ACSI Conformance Statements on page 17.85 for information on the 
supported services.

MMS Conformance
The manufacturing message specification (MMS) stack provides the basis for 
many IEC 61850 protocol services. Table 17.32 defines the service support 
requirement and restrictions of the MMS services in the SEL-400 series devices. 
Generally, only those services whose implementation is not mandatory are 
shown. Refer to the IEC 61850 standard Part 8-1 for more information.

                    

Table 17.31 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, not GSSE

T4 GSSE N N

T5 Time Sync N N

Table 17.32 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore
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reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

Table 17.32 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table 17.33 lists specific settings for the MMS parameter conformance building 
block (CBB).

                    

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete Y

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table 17.33 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table 17.32 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following variable access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 stan-
dard Part 8-1 for more information.

                    

                    

                    

                    

Table 17.34 AlternateAccessSelection Conformance Statement

AlternateAccessSelection
Client-CR Server-CR

Supported Supported

accessSelection Y

component Y

index

indexRange

allElements

alternateAccess Y

selectAccess Y

component Y

index

indexRange

allElements

Table 17.35 VariableAccessSpecification Conformance Statement

VariableAccessSpecification
Client-CR Server-CR

Supported Supported

listOfVariable Y

variableSpecification Y

alternateAccess Y

variableListName Y

Table 17.36 VariableSpecification Conformance Statement

VariableSpecification
Client-CR Server-CR

Supported Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table 17.37 Read Conformance Statement (Sheet 1 of 2)

Read
Client-CR Server-CR

Supported Supported

Request

specificationWithResult

variableAccessSpecification
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Response

variableAccessSpecification Y

listOfAccessResult Y

Table 17.38 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

name

address

Response

mmsDeletable

address

typeSpecification

Table 17.39 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

variableListName

listOfVariable

variableSpecification

alternateAccess

Response

Table 17.40 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes
Client-CR Server-CR

Supported Supported

Request

ObjectName

Response

mmsDeletable Y

listOfVariable Y

variableSpecification Y

alternateAccess Y

Table 17.37 Read Conformance Statement (Sheet 2 of 2)

Read
Client-CR Server-CR

Supported Supported
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GOOSE Services Conformance Statement
                    

ACSI Conformance Statements
                    

Table 17.41 DeleteNamedVariableList Conformance Statement

DeleteNamedVariableList
Client-CR Server-CR

Supported Supported

Request

Scope

listOfVariableListName

domainName

Response

numberMatched

numberDeleted

DeleteNamedVariableList-Error

Table 17.42 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y

Table 17.43 Basic Conformance Statement (Sheet 1 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa

Client-Server Roles

B11 Server side (of TWO-PARTY-APPLICATION-ASSOCIATION) Y

B12 Client side (of TWO-PARTY-APPLICATION-ASSOCIATION)  

SCSMs Supported

B21 SCSM: IEC 6185-8-1 used Y

B22 SCSM: IEC 6185-9-1 used Deprecated in 
Edition 2

B23 SCSM: IEC 6185-9-2 used

B24 SCSM: other

Generic Substation Event (GSE) Model

B31 Publisher side Y

B32 Subscriber side Y  
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Transmission of Sampled Value Model (SVC)

B41 Publisher side Y

B42 Subscriber side Y

a Y = supported
N or blank = not supported

Table 17.44 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscribera Server/Publishera Value/Comments

If Server Side (B11) and/or Client Side (B12) Supported

M1 Logical device Y

M2 Logical node Y

M3 Data Y

M4 Data set Y

M5 Substitution

M6 Setting group control Y

Reporting

M7 Buffered report control Y

M7–1 sequence-number Y

M7–2 report-time-stamp Y

M7–3 reason-for-inclusion Y

M7–4 data-set-name Y

M7–5 data-reference Y

M7–6 buffer-overflow Y

M7–7 entryID Y

M7–8 BufTim Y

M7–9 IntgPd Y

M7–10 GI Y

M7–11 conf-revision Y

M8 Unbuffered report control Y

M8–1 sequence-number Y

M8–2 report-time-stamp Y

M8–3 reason-for-inclusion Y

M8–4 data-set-name Y

M8–5 data-reference Y

M8–6 BufTim Y

M8–7 IntgPd Y

M8–8 GI Y

M8–9 conf-revision Y

Logging

M9 Log control

M9–1 IntgPd

Table 17.43 Basic Conformance Statement (Sheet 2 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa
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M10 Log

M11 Control Y

M17 File transfer Y

M18 Application association Y

M19 GOOSE control block Y

M20 Sampled Value control block Yb

If GSE (B31/32) Is Supported

M12 GOOSE Y

M13 GSSE Deprecated in Edition 2

If SVC (B41/42) Is Supported

M14 Multicast SVC Yb

M15 Unicast SVC Yb

For All IEDs

M16 Time Y Time source with required accuracy shall be available.

Only the time master is an SNTP (Mode 4 response) 
time server.

All other client/server devices require SNTP (Mode 
3 request) clients.

a Y = supported
N or blank = not supported

b SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC Client (C) Server (S) Comments

Server

S1 1, 2 GetServerDirectory

(LOGICAL-DEVICE)

TP Y

Application Association

S2 1, 2 Associate Y

S3 1, 2 Abort Y

S4 1, 2 Release Y

Logical Device

S5 1, 2 GetLogicalDeviceDirectory TP Y

Logical Node 

S6 1, 2 GetLogicalNodeDirectory TP Y

S7 1, 2 GetAllDataValues TP Y

Data

S8 1, 2 GetDataValues TP Y

S9 1, 2 SetDataValues TP

S10 1, 2 GetDataDirectory TP Y

S11 1, 2 GetDataDefinition TP Y

Table 17.44 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscribera Server/Publishera Value/Comments
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Data Set

S12 1, 2 GetDataSetValues TP Y

S13 1, 2 SetDataSetValues TP

S14 1, 2 CreateDataSet TP

S15 1, 2 DeleteDataSet TP

S16 1, 2 GetDataSetDirectory TP Y

Substitution

S17 1 SetDataValues TP

Setting Group Control

S18 1, 2 SelectActiveSG TP Y

S19 1, 2 SelectEditSG TP

S20 1, 2 SetEditSGValues TP

S21 1, 2 ConfirmEditSGValues TP

S22 1, 2 GetEditSGValues TP

S23 1, 2 GetSGCBValues TP Y

Reporting

Buffered Report Control Block (BRCB)

S24 1, 2 Report TP Y

S24–1 1, 2 data-change (dchg) Y

S24–2 1, 2 quality-change (qchg) Y

S24–3 1, 2 data-update (dupd)

S25 1, 2 GetBRCBValues TP Y

S26 1, 2 SetBRCBValues TP Y

Unbuffered Report Control Block (URCB)

S27 1, 2 Report TP Y

S27–1 1, 2 data-change (dchg) Y

S27–2 1, 2 quality-change (qchg) Y

S27–3 1, 2 data-update (dup)

S28 1, 2 GetURCBValues TP Y

S29 1, 2 SetURCBValues TP Y

Logging

Log Control Block

S30 1, 2 GetLCBValues TP

S31 1, 2 SetLCBValues TP

Log

S32 1, 2 QueryLogByTime TP

S33 1, 2 QueryLogAfter TP

S34 1, 2 GetLogStatusValues TP

Generic Substation Event Model (GSE)

GOOSE

S35 1, 2 SendGOOSEMessage MC Y

Table 17.45 ACSI Service Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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GOOSE-CONTROL-BLOCK

S36 1, 2 GetGoReference TP

S37 1, 2 GetGOOSEElementNumber TP

S38 1, 2 GetGoCBValues TP Y

S39 1, 2 SetGoCBValues TP

GSSE

S40 1 SendGSSEMessage MC Deprecated in Edition 2

GSSE-CONTROL-BLOCK

S41 1 GetReference TP Deprecated in Edition 2

S42 1 GetGSSEElementNumber TP Deprecated in Edition 2

S43 1 GetGsCBValues TP Deprecated in Edition 2

S44 1 SetGsCBValues TP Deprecated in Edition 2

Transmission of Sampled Value Model (SVC)

Multicast SV

S45 1, 2 SendMSVMessage MC Ya

Multicast Sampled Value Control Block

S46 1, 2 GetMSVCBValues TP Ya

S47 1, 2 SetMSVCBValues TP

Unicast SV

S48 1, 2 SendUSVMessage TP

Unicast Sampled Value Control Block

S49 1, 2 GetUSVCBValues TP

S50 1, 2 SetUSVCBValues TP

Control

S51 1, 2 Select

S52 1, 2 SelectWithValue TP Y

S53 1, 2 Cancel TP Y

S54 1, 2 Operate TP Y

S55 1, 2 CommandTermination TP Y

S56 1, 2 TimeActivatedOperate TP

File Transfer

S57 1, 2 GetFile TP Y

S58 1, 2 SetFile TP

S59 1, 2 DeleteFile TP

S60 1, 2 GetFileAttributeValues TP Y

S61 1, 2 GetServerDirectory

(FILE SYSTEM)

TP Y

Table 17.45 ACSI Service Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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Potential Client and Automation Application Issues With 
Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or automa-
tion applications may experience with IEC 61850 Edition 2 (Ed2) ICD and firm-
ware changes. However, such issues may be resolved by reconfiguring the client 
or automation application or worked around by restoring the Ed1 (CID) configu-
ration. None of these should prevent a client application from dynamically dis-
covering the data in the IED as long as the application adheres to the 
specification of the standard. Note that upgrading to Ed2 firmware will not break 
existing Ed1 configurations (CID files) in the field, nor require loading an Ed2 
version of the CID file.

Unexpected Error Messages
Some MMS and control errors have been changed in Ed2. Hence, the firmware 
now issues only the Ed2-compliant errors. Clients or automation applications that 
rely on the Ed1-compliant errors will not function correctly. You can resolve this 
by reconfiguring the client or automation application to accept Ed2-compliant 
errors.

Missing or Unknown Data Objects and Attributes
Ed2 has changed some data object and attribute names, as well as the data types 
of some attributes. Ed2 also prohibits the use of proprietary CDCs. See Common 
Logical Nodes on page 17.47 and the logical nodes tables in each product-spe-
cific manual to determine the Ed2 names. This may cause the failure of clients or 

Time

T1 1, 2 Time resolution of internal clock 20 Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

T2 1, 2 Time accuracy of internal clock IRIG-B

T4

PTP

T4

SNTP

T1

TL (ms) (low-accuracy), T3 < 7) (only Ed. 2)

T0 (ms) ( 10 ms), 7  T3 < 10

T1 (µs) ( 1 ms), 10  T3 < 13

T2 (µs) ( 100 µS), 13  T3 < 15

T3 (µs) ( 25 µS), 15  T3 < 18

T4 (µs) ( 25 µS), 15  T3 < 18

T5 (µs) ( 1 µS), T3  20

T3 1, 2 Supported TimeStamp resolution IRIGB

18

PTP

18

SNTP

7

Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

a SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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automation applications that rely on the Ed1 names. A workaround is to use the 
Ed1 version of the CID file, if available, to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 names.

Unable to Find Operate Time-Out
A proprietary method was used to specify the operate time-out of control objects 
in the CID files. A client or automation application that relies on this proprietary 
method will fail to find the operate time-out in the CID file. A workaround is to 
use the Ed1 CID file to configure the IED. You can also resolve this by reconfig-
uring the client or automation application to accept the Ed2 control object operate 
time-outs.

Unexpected Control Block Data Attribute Type
The string type data attributes in control blocks (RptID, DatSet, etc.) have been 
changed from a maximum length of 65 to 129 characters, i.e., VisString65 to Vis-
String129. Some clients and automation applications might see this as an error 
when the type is reported in the MMS GetVariableAccessAttributes response. 
You can resolve this by reconfiguring the client or automation application.

Unexpected Reports
Ed2 requires report buffering to start when the device is turned on, unlike in the 
Ed1 implementation where report buffering started after the first report enable. If 
a client or automation application relies on the Ed1 behavior, it might fail or indi-
cate an error if the IED sends buffered reports immediately after the first enable. 
You can resolve this by reconfiguring the client or automation application.

Failure to Reselect a Control Object Before the Time-Out
In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-out 
to restart. According to Ed2, this reselection is supposed to fail. Ed1-based cli-
ents or automation applications that rely on successful reselection might operate 
incorrectly. You can resolve this by reconfiguring the client or automation appli-
cation.

Test Control Commands Fail Immediately
In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate time-
out error after the operate time-out expired. However, in Ed2, any such test com-
mands will fail immediately with an error indicating that the command is blocked 
because the IED is not in the appropriate mode. Clients or automation applica-
tions that depend on the Ed1 behavior might fail. You can resolve this by recon-
figuring the client or automation application.
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No Reports
Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Synchrophasors

Most SEL-400 series relays can be configured to function as a phasor measure-
ment unit (PMU).

This section covers: 

➤ Synchrophasor Measurement on page 18.3

➤ Settings for Synchrophasors on page 18.6

➤ Synchrophasor Quantities on page 18.18

➤ View Synchrophasors by Using the MET PM Command on page 18.21

➤ IEEE C37.118 Synchrophasor Protocol on page 18.23

➤ SEL Fast Message Synchrophasor Protocol on page 18.29

➤ Control Capabilities on page 18.33

➤ PMU Recording Capabilities on page 18.42

Introduction 
The word synchrophasor is derived from two words: synchronized phasor. Syn-
chrophasor measurement refers to the concept of providing measurements taken 
on a synchronized schedule in multiple locations. A high-accuracy clock, com-
monly a Global Positioning System (GPS) receiver such as the SEL-2407 Satel-
lite-Synchronized Clock, makes synchrophasor measurement possible.

The availability of an accurate time reference over a large geographic area allows 
multiple devices, such as a number of relays, to synchronize the gathering of 
power system data. The accurate clock allows precise event report triggering and 
other offline analysis functions.

The Global settings class contains the synchrophasor settings, including the 
choice of Synchrophasor Protocol and the synchrophasor data set the relay will 
transmit. The Port settings class selects which port(s) are configured for Synchro-
phasor Protocol use.

The high-accuracy timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement.

When synchrophasor measurement is enabled, the relay creates the synchropha-
sor data set at a rate of either 50 or 60 times per second, depending on the nomi-
nal system frequency (Global setting NFREQ). This data set, including time-of-
sample, is available in analog quantities in the relay (see Synchrophasor Analog 
Quantities). You can view synchrophasor data over the relay ASCII terminal inter-
face (see View Synchrophasors by Using the MET PM Command on page 18.21).
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The value of synchrophasor data increases greatly when the data can be shared 
over a communications network in real time. Two Synchrophasor Protocols are 
available in the relay that allow for a centralized device to collect data efficiently 
from several PMUs. Some possible uses of a system-wide synchrophasor system 
include the following:

➤ Power system state measurement 

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power system disturbance analysis

The SEL-5078-2 SYNCHROWAVE Central Software quickly translates power sys-
tem data into visual information. It is a powerful yet easy-to-use solution for dis-
playing and analyzing real-time streaming data, archived data, and relay event 
data, and provides a time-synchronized, wide-area view of your system. SYN-
CHROWAVE Central includes Event Viewer, providing engineers and operators 
the ability to view PMU data and perform event analysis by viewing relay event 
reports directly from SYNCHROWAVE Central.

NOTE: The SEL-3555 RTAC with the 
SVP library has replaced the SEL-3378, 
which is no longer in production, but 
you can still use the SEL-3378 in the 
examples in this section.

The SEL-3555 Real-Time Automation Controller (RTAC) is a real-time synchro-
phasor programmable logic controller. Use the SEL-3555 to collect synchropha-
sor messages from relays and PMUs. The SEL-3555 time-aligns incoming 
messages and processes these messages with an internal logic engine. Addition-
ally, the SEL-3555 can send calculated or derived data to devices such as other 
synchrophasor vector processors (SVPs), phasor data concentrators (PDCs), and 
monitoring systems.

In any installation, the relay can use only one of the synchrophasor message for-
mats, SEL Fast Message Synchrophasor, or IEEE C37.118, as selected by Global 
setting MFRMT. The chosen format is available on multiple serial ports when 
port setting(s) PROTO :=  PMU. IEEE C37.118 is available over Ethernet when 
the PORT 5 setting EPMIP is enabled.

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchophasor protocol.

With either the SEL Fast Message or IEEE C37.118 synchrophasor format, the 
relay can receive control operation commands over the same channel used for 
synchrophasor data transmission. These commands are SEL Fast Operate mes-
sages, which are described in SEL Fast Meter, Fast Operate, Fast SER Messages, 
and Fast Message Data Access on page 15.33.

After enabling the data recording function with the Global EPMDR settings, 
record synchrophasor data using the PMTRIG setting. When PMTRIG asserts, 
the relay records IEEE synchrophasor data in binary format for the duration spec-
ified with the PMLER setting. The relay stores these files in the synchrophasor 
subdirectory in the relay. 

You can configure the relay to receive IEEE C37.118 protocol synchrophasor 
data. The relay receives the data over a serial connection and stores these data in 
Analog Quantities. Time-alignment is automatic. Use the local phasor data and as 
many as two remote sets of phasor data in SELOGIC equations.

Functionality in IEEE C37.118.1-2011-Compliant Synchrophasors
When compared to IEEE C37.118-2005, IEEE C37.118.1 has several differ-
ences, some of which are described below.

NOTE: All references to IEEE C37.118.1 
in this document are references to 
IEEE C37.118.1-2011, as amended by 
IEEE C37.118.1a-2014.

Performance Classes. IEEE C37.118.1 introduced two performance classes: 
P class and M class. P class (protection) is for applications that require a faster 
response and less filtering. M class (measurement) is for applications that require 
more accuracy and do not require minimal reporting delay. 
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Specified Latency. IEEE C37.118.1 introduced message latency requirements. 
In this context, message latency is defined as the time interval between when an 
event occurs on the power system to the time that it is reported in data. 

Dynamic Performance. IEEE C37.118.1 introduced dynamic performance 
requirements, whereas the 2005 standard only specified performance when the 
power system was in steady state.

Rate-of-Change of Frequency (ROCOF). IEEE C37.118.1 introduced require-
ments on the responsiveness of ROCOF beyond that of the 2005 standard. One 
effect of these changes is to make ROCOF more sensitive to noise, so care should 
be taken before applying the ROCOF value to a control scheme.

Synchrophasor Measurement
The PMU uses the signal processing shown in Figure 18.1 to measure the syn-
chrophasors. The input signal passes through a traditional anti-aliasing low-pass 
filter (LPF). This filter has a cutoff frequency of 250 Hz. The PMU decimates 
this 8 kHz filtered data by eight and then processes the resulting data at 1 kHz.

NOTE: This section describes 
IEEE C37.118-2005-compliant devices. 

The PMU then modulates the 1 kHz data with two sinusoids, each 90 degrees 
apart to produce real and imaginary components of the synchrophasor. The mod-
ulating sinusoids are synchronized to absolute time to provide an absolute time 
reference for the synchrophasor. Also an angular compensation factor compen-
sates for the phase shift introduced by the PMU hardware and software.

The modulated data are filtered using low-pass filters. The filter coefficients are 
based on NFREQ, PMAPP, and MRATE. The filtered data provides good attenu-
ation for harmonics and interharmonics. For PMAPP = F and N the attenuation is 
20 dB. For PMAPP = 1 the attenuation is 40 dB.

Relays with DSS technology adjust synchrophasors automatically by the channel 
delay associated with the DSS technology used. This allows for comparing syn-
chrophasor measurements gathered from traditional, non-DSS relays.

                    

Figure 18.2 shows the magnitude frequency response of the synchronized phasor 
measurement for PMAPP = F, N, and 1 for MRATE = 60.

                    

Figure 18.1 Synchrophasor Processing Block Diagram
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After low-pass filtering, the data are decimated to the nominal power system 
frequency (NFREQ).

If frequency-based phasor compensation is enabled (PHCOMP = Y), the relay 
calculates a compensation factor based on the measured synchrophasor fre-
quency (FREQPM) and filter configuration (based on NFREQ, MRATE, and 
PMAPP). The PMU then corrects the measured synchrophasors by this factor.

Using the VmCOMP and InCOMP settings, the PMU compensates the voltage and 
current synchrophasors for any externally introduced phase angle errors. The PMU 
adds the user-entered phase angle to the phase angle of the measured synchrophasor.

The PMU converts the synchrophasor data to primary units by multiplying them 
with the respective PT or CT ratios. Note that the resulting data VkmSF and 
IknSF is in complex form (A + jB). The PMU calculates the positive-sequence 
synchrophasor with the three-phase synchrophasors.

The PMU then converts all synchrophasor data to polar and rectangular quantities. The 
data are available as analog quantities as well as for the synchrophasor data frames. 
The synchrophasor data are updated at the nominal power system frequency.

Accuracy
For devices that comply to IEEE C37.118.1, refer to the IEEE standard.

For synchrophasors that comply to the 2005 standard, the following phasor mea-
surement accuracy is valid when frequency-based phasor compensation is 
enabled (Global setting PHCOMP := Y), and when the phasor measurement 
application setting is in the narrow bandwidth mode (Global setting PMAPP := N).

NOTE: When the PMU is in the fast 
response mode (Global setting 
PMAPP := F), the TVE is within 
specified limits only when the out of 
band interfering signals influence 
quantity is not included.

TVE (total vector error) 1% for one or more of the following influence quantities.

➤ For PMAPP = N Signal Frequency Range: ±5 Hz of nominal 
(50 or 60 Hz)

➤ For PMAPP = 1 Signal Frequency Range: ±2 Hz of 60 Hz

➤ Voltage Magnitude Range: 30 V–150 V

➤ Current Magnitude Range: (0.1–2) • INOM, (INOM = 1 A or 5 A)

➤ Phase Angle Range: –179.99° to 180°

➤ Harmonic distortion 10 percent (any harmonic) 

➤ Out of band interfering signals 10 percent

                    

Figure 18.2 Magnitude Frequency Response
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The out-of-band interfering signal frequency (fi) must satisfy:

| fi – NFREQ | > MRATE/2, 

where NFREQ is nominal system frequency and MRATE is the message rate, as 
defined in IEEE C37.118.

It is important to note that the synchrophasors can only be correlated when the 
PMU is in HIRIG or HPTP timekeeping mode, which can be verified by monitor-
ing the TSOK Relay Word bit. When TSOK = logical 1, the PMU timekeeping is 
synchronized to the high-accuracy IRIG-B signal or Precision Time Protocol 
(PTP) time source, and the synchrophasor data are precisely time-stamped. See 
Section 11: Time and Date Management for details.

PMU Data Block Status 
In a PMU data frame, each data block is headed by a two-byte STAT field. This 
field indicates the status of the PMU data block. Bit 15 of the STAT field indi-
cates the validity of data. SEL-400 series relays assert bit 15 of the STAT when 
synchrophasor test mode indicator PMTEST asserts or SVBK_EX asserts in 
SEL-400 series Sampled Values (SV)-subscriber relays.

For SV-subscribing relays, configure Global setting SVBLK to assert on errors 
encountered in SV data acquisition. For example, set SVBLK := IAWBK OR 
IBWBK OR ICWBK. In this example, if SV data for any Terminal W current is 
lost, SVBK_EX asserts, which then asserts bit 15 in the STAT field, indicating 
current data have errors and, therefore, synchrophasor data are invalid.

For an explanation of other bits in the STAT field, refer to the IEEE C37.118 standard.

Synchrophasor Frequency
The PMU calculates frequency deviation and rate-of-change of frequency from 
the synchrophasor positive-sequence voltage angle (V1nPMA, where 
n = PMFRQST) as follows.

First, the PMU calculates the frequency deviation from nominal using the 
following formula.

                    

Equation 18.1

Where k is the V1nPMA and k-1 is V1nPMA calculated 1 cycle previously.  
t is the time difference between the angle calculations (k increments once a 
nominal power system cycle).

Next, the PMU averages the frequency deviation as shown in Equation 18.2 and 
Equation 18.3.

If the frequency application is smooth (PMFRQA = S)

                    

Equation 18.2

NOTE: Applies to IEEE C37.118-2005-
compliant devices.

fk
k k 1–– 

t 360
-----------------------------=

favgk

fk n–

n 0=

9


 
 
 
 

fmax1– fmax2– fmin1– fmin2–

6
---------------------------------------------------------------------------------------------------------=
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If the frequency application is fast (PMFRQA = F)

                    

Equation 18.3

The PMU then calculates rate-of-change of frequency, dƒ/dt from the averaged 
frequencies deviations (Equation 18.4).

                    

Equation 18.4

If the frequency value is equal to or within ±20 Hz and V1nMPM/PTRn 
(secondary) is larger than 0.1 • VNOMn then:

                    

If the frequency value exceeds ±20 Hz or the V1nMPM/PTRn (secondary) is 
below 0.1 • VNOMn then:

                    

The frequency and rate-of-change of frequency are available as analog quantities 
as well as for the synchrophasor data frames. The data are updated at the nominal 
power system frequency.

                    

Settings for Synchrophasors
Each SEL-400 series relay supports a variety of current and voltage terminals. 
See the product-specific instruction manuals for specific settings based on the 
synchrophasor standard supported and to see which terminals are available to 
synchrophasors. Synchrophasors are primarily configured through the Global set-
tings. There are also a few port settings necessary to enable synchrophasor com-
munications.

Global Settings
The Global enable setting EPMU must be set to Y before the remaining synchro-
phasor settings are available. The PMU is disabled when EPMU := N.

FREQPMk = favgk + NFREQ <analog>

DFDTPMk = df/dtk <analog>

After six consecutive cycles

FROKPMk = 1 <digital>

FREQPMk = FREQPMk-1 <analog>

DFDTPMk = 0 <analog>

FROKPMk = 0 <digital>

Table 18.1 Synchrophasor Analog Quantities Frequency

Name Description Units

FREQPM Measured system frequency Hz

DFDTPM Rate-of-change of frequency Hz/s

favgk

fk n–

n 0=

3


 
 
 
 

fmax– fmin–

2
--------------------------------------------------------------=

df/dtk
favgk favgk 1–– 

t
---------------------------------------------=
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Descriptions for some of the settings in Table 18.2 are as follows.

MFRMT

Selects the message format for synchrophasor data.

SEL recommends the use of MFRMT := C37.118 for any new PMU applications 
because of increased setting flexibility and the expected availability of software 
for synchrophasor processors. The PMU still includes the MFRMT := FM setting 
choice to maintain compatibility in any systems presently using SEL Fast Mes-
sage synchrophasors. 

MRATE

Selects the message rate in messages per second for synchrophasor data.

Table 18.2 Global Settings for Configuring the PMU

Setting Setting Prompt

EPMU Synchronized Phasor Measurement (Y, N)

MFRMTa

a Not used in IEEE C37.118-2011-compliant devices.

Message Format (C37.118, FM)

MRATEa Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

b If NFREQ = 50 then the range is 1, 2, 5, 10, 25, 50.

PMAPPa PMU Application (F, N, 1)

MRATEnc

c Only used in IEEE C37.118-2011-compliant devices.

Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

PMAPPnc PMU Application (P, M)

PMLEGCYa Synchrophasor Legacy Settings (Y, N, N1d)

d PMLEGCY option of N1 only applies to the SEL-487E.

NUMPHDC Number of Data Configurations (1–5)

PMSTNqe

e q = 1–NUMPHDC.

Station Name (16 characters)

PMIDqe PMU Hardware ID (1–65534)

PHDVqe Phasor Data Set, Voltages (V1, PH, ALL)

PHDIqe Phasor Data Set, Currents (I1, PH, ALL)

PHNRqe Phasor Num. Representation (I = Integer, F = Float)

PHFMTqe Phasor Format (R = Rectangular, P = Polar)

FNRqe Freq. Num. Representation (I = Integer, F = Float)

TREA[1–4] Trigger Reason Bit [1–4] (SELOGIC Equation)

PMTRIG Trigger (SELOGIC Equation)

PMTEST PMU in Test Mode (SELOGIC Equation)

VkCOMPf

f k = voltage terminal.

Comp. Angle Terminal k (–179.99° to 180°)

InCOMPg

g n = current terminal.

Comp. Angle Terminal n (–179.99° to 180°)

PMFRQST PMU Primary Frequency Source Terminal

PMFRQAa PMU Frequency Application (F, S)

PHCOMPa Freq. Based Phasor Compensation (Y, N)
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Choose the MRATE setting that suits the needs of your PMU application. The 
PMU supports as many as 60 messages per second if NFREQ = 60 and as many 
as 50 messages per second if NFREQ = 50.

MRATEn

Selects the message rate in messages per second for synchrophasor data per data 
configuration 1–5. MRATEn must be set to the same value across all data config-
urations that share the same filter type. The filter type is determined by the 
PMAPPn setting.

PMAPP

Selects the type of digital filters used in the synchrophasor measurement.

➤ The Narrow Bandwidth setting (N) represents filters with a cutoff 
frequency approximately 1/4 of MRATE. The response in the 
frequency domain is narrower, and response in the time domain is 
slower. This method results in synchrophasor data that are free of 
aliasing signals and well suited for post-disturbance analysis. 

➤ The Fast Response setting (F) represents filters with a higher cutoff 
frequency. The response in the frequency domain is wider and the 
response in the time domain is faster. This method results in 
synchrophasor data that can be used in synchrophasor applications 
requiring more speed in tracing system parameters.

➤ The Filter One setting (1) represents filters that have a response much 
narrower than the narrow bandwidth filters. This method has a better 
step response with overshoot within 7.5 percent. This filter is 
available only for MRATE = 60.

PMAPPn

Selects the type of digital filters used in the synchrophasor measurement per data 
configuration 1–5. The filter that you select is applied to all configured data streams.

IEEE C37.118.1-2011 defines two performance classes: P (protection) and 
M (meter). P class measurements has faster response times and lower message 
latency. M class measurements are more accurate but have a slower response time 
and higher message latency.

For more information on the filtering classes, refer to the IEEE C37.118 standard.

PMLEGCY

This setting is provided for supporting legacy synchrophasor settings. Set this to 
N to access the latest features. See Legacy Settings on page 18.15 to see a 
description of the legacy settings. The remainder of this section describes the 
non-legacy settings. Relays that support IEEE C37.118.1-2011 do not contain 
this setting.

NUMPHDC

Enables as many as five unique synchrophasor data configurations.

The four serial ports (PORT 1, PORT 2, PORT 3, and PORT F) and two Ethernet ses-
sions (TCP/UDP Sessions 1 and 2) can be mapped to any of these five data con-
figurations. In other words each port can be configured to send unique 
synchrophasor data streams.
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PMSTNq and PMIDq

Defines the station name and number of the PMU for data configuration q.

The PMSTNq setting is an ASCII string with as many as 16 characters. The 
PMIDq setting is a numeric value. Use your utility or synchrophasor data con-
centrator naming convention to determine these settings. PMSTNq allows all 
printable characters.

Phasors Included in the Data q
Terminal Name, Relay Word Bit, Alternative Terminal Name

Specify the terminal for Synchrophasor measurement and transmission in the 
synchrophasor data stream q.

This is a freeform setting category for enabling the terminals for synchrophasor 
measurement and transmission. This freeform setting has three arguments. Spec-
ify the terminal name (any one of the valid terminals for the relay) for the first 
argument. Specify any Relay Word bit for the second argument. Specify the alter-
native terminal name (any one of the valid terminals for the relay) for the third 
argument.

The second and third arguments are optional unless switching between terminals 
is required. Whenever the Relay Word bit in the second argument is asserted the 
terminal synchrophasor data are replaced by the alternative terminal data.

PHDVq

Selects the type of voltages to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDVq := V1, sends only positive-sequence voltage synchrophasors 
of selected terminals.

➤ PHDVq := PH, sends only phase voltage synchrophasors of selected 
terminals.

➤ PHDVq := ALL, sends phase and positive-sequence voltage 
synchrophasors of selected terminals.

PHDIq

Selects the type of currents to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDIq := I1, sends only positive-sequence current synchrophasors of 
selected terminals. 

➤ PHDIq := PH, sends only phase current synchrophasors of selected 
terminals.

➤ PHDIq := ALL, sends phase and positive-sequence current 
synchrophasors of selected terminals.

PHNRq

Selects the numeric representation, integer (I) or floating-point (F), of voltage 
and current phasor data in the synchrophasor data stream q. This setting affects 
the synchrophasor data packet size.
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➤ PHNRq := I sends each voltage and/or current synchrophasor as 2 
two-byte integer values. The PMU uses ((7 • INOM • CT Ratio) / 
32768) • 100000)) for the current phasor scaling factor and uses 
((150 • PTR) / 32768) • 100000)) for the voltage phasor scaling 
factor. INOM is 1 A or 5 A.

➤ PHNRq := F sends each voltage and/or current synchrophasor as 2 
four-byte floating-point values.

PHFMTq

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream q.

➤ PHFMTq := R (rectangular) sends each voltage and/or current 
synchrophasor as a pair of signed real and imaginary values. 

➤ PHFMTq := P (polar) sends each voltage and/or current 
synchrophasor as a magnitude and angle pair. The angle is in radians 
when PHNRq := F, and in radians • 104 when PHNRq := I. The range 
is – < angle  .

In both the rectangular and polar representations, the values are scaled in root 
mean square (rms) units. For example, a synchrophasor with a magnitude of 1.0 
at an angle of –30 degrees will have a real component of 0.866, and an imaginary 
component of –0.500.

FNRq

Selects the numeric representation, integer (I) or floating-point (F), of the two 
frequency values in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ FNRq := I sends the frequency data as a difference from nominal 
frequency, NFREQ, with the following formula.

(FREQPM – NFREQ) • 1000, 

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := I also sends the rate-of-change-of-frequency data with 
scaling. 

DFDTPM • 100,

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := F sends the measured frequency data and rate-of-change of 
frequency as two four-byte, floating-point values.

Phasor Aliases in Data Configuration q
Phasor Name, Alias Name

This is a freeform setting category with two arguments. Specify the phasor name 
and a 16 character descriptive name to be included in the synchrophasor data 
stream q. If a phasor is not assigned a descriptive name, it will be described using 
the phasor name.
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Analog Quantities in Data Configuration q
Analog Quantity Name, Alias Name 

This is a freeform setting category with two arguments. Specify the analog quan-
tity name and an optional 16 character descriptive name to be included in the syn-
chrophasor data stream q. See Section 12: Analog Quantities in the product-
specific instruction manual for a list of analog quantities that the PMU supports. 
The PMU can be configured for as many as 16 unique analog quantities for each 
data configuration q. The analog quantities are floating-point values, so each ana-
log quantity the PMU includes will take four bytes.

Digitals in Data Configuration q 
Relay Word Bit Name, Alias Name

This is a freeform setting category with two arguments. Specify the Relay Word 
bit name and an optional 16 character descriptive name that you need to include 
in the synchrophasor data stream q. See the Relay Word Bits section of the relay-
specific instruction manual for a list of Relay Word bits that the PMU supports. 
You can configure the PMU for as many as 64 unique digitals for each data con-
figuration.

TREA1, TREA2, TREA3, TREA4, and PMTRIG

Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU Trigger 
setting, PMTRIG, are SELOGIC control equations. The PMU evaluates these 
equations and places the results in Relay Word bits with the same names: 
TREA1–TREA4 and PMTRIG.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG no more 
frequently than once every four hours 
if EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The Trigger Reason equations represent the Trigger Reason bits in the STAT field 
of the data packet. After the Trigger Reason bits are set to convey a message, the 
PMTRIG Equation should be asserted long enough to allow the synchrophasor 
processor to read the TREA1–TREA4 fields. To calculate how long PMTRIG 
should remain asserted (in seconds), divide 1 by the MRATE Global settings 
value. For example, if MRATE = 60, PMTRIG should be asserted at least 17 ms. 
If MRATE = 1, PMTRIG should be asserted at least 1 second.

The IEEE C37.118 standard defines the first 8 of 16 binary combinations of these 
trigger reason bits (Bits 0–3).

The remaining eight binary combinations are available for user definition.

The PMU does not automatically set the TREA1–TREA4 or PMTRIG Relay 
Word bits—these bits must be programmed.

These bits may be used to send various messages at a low bandwidth via the syn-
chrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the trigger 
reason messages in SELOGIC.

Use these Trigger Reason bits if your synchrophasor system design requires these 
bits. The PMU synchrophasor processing and protocol transmission are not 
affected by the status of these bits.
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PMTEST

Program this SELOGIC setting to force the PMU to test mode. The SELOGIC eval-
uation of this setting, PMTEST is mapped to the data valid bit (i.e., bit 15) in the 
STAT field.

VkCOMP

The VkCOMP (k = voltage terminals) setting allows correction for any steady-
state voltage phase errors (from the PTs or wiring characteristics). See Synchro-
phasor Measurement on page 18.3 for details on this setting.

InCOMP

The InCOMP (n = current terminals) settings allow correction for any steady-
state phase errors (from the CTs or wiring characteristics). See Synchrophasor 
Measurement on page 18.3 for details on these settings.

PMFRQST

Selects the voltage terminal that will be the primary source of the system fre-
quency for the PMU calculations. For example, if PMFRQST = Z, then the Z PT 
terminal is the source for frequency estimation.

PMFRQA

Selects the PMU frequency application. A setting of S sets a smooth frequency 
application. A setting of F selects a fast frequency application.

NOTE: Does not apply to newer 
synchrophasors.

The frequency application is used in the calculation of the rate-of-change of fre-
quency for a given analog signal. A smooth frequency application setting 
(PMFRQA = S) uses 9 cycles of data for the rate-of-change calculation. A fast 
frequency application setting (PMFRQA = F) uses 3 cycles of data for the rate-
of-change calculation.

The fast frequency application will detect rapid changes in frequency faster, but 
will also contain more low-level oscillations. The slow frequency application will 
provide a rate-of-change profile that is smoother, but slower to respond to rapid 
frequency fluctuations.

PHCOMP

Enables or disables frequency-based compensation for synchrophasors.

NOTE: Does not apply to newer 
synchrophasors.

For most applications, set PHCOMP := Y to activate the algorithm that compen-
sates for the magnitude and angle errors of synchrophasors for frequencies that 
are off nominal.

For PMAPP = F or N, the PMU only compensates if the estimated frequency is 
±5 Hz of nominal frequency. For PMAPP = 1 the PMU compensates if the fre-
quency is ±2 Hz of nominal frequency.

Serial Port Settings
The port settings found in Table 18.3 are used for configuring synchrophasor data 
transmission over a serial port.
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Descriptions for some of the settings in Table 18.3 are as follows.

PROTO

Setting this to PMU enables synchrophasor data transmission on the specific 
serial port. Once set to PMU that specific serial port cannot be used for accessing 
settings or issuing any ASCII commands.

If PROTO := PMU and MFRMT := C37.118, then the serial port will only 
respond to IEEE C37.118 commands.

➤ Stop synchrophasor data 

➤ Start synchrophasor data

➤ Send header data

➤ Send Configuration 1 data

➤ Send Configuration 2 data

➤ Process extended frame data

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

If PROTO := PMU or SEL and MFRMT := FM, then the serial port will only 
respond to SEL Fast Message synchrophasor commands.

SPEED

Select the data rate (300–57600) for synchrophasor data transmission on the spe-
cific serial port. This setting affects the synchrophasor data packet size. See Com-
munications Bandwidth on page 18.24 for detailed information.

PMUMODE

Set PMUMODE := SERVER if the serial port is intended to send synchrophasor 
data. Client applications are described in Real-Time Control on page 18.36.

PMODC
NOTE: If PMODC is set to a number 
that exceeds the setting for 
NUMPHDC, the port sends the data for 
the first PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific serial port. This setting affects the synchrophasor data packet 
size. See Communications Bandwidth on page 18.24 for detailed information. 
Through the use of this setting each serial port can be configured to stream 
unique synchrophasor data.

Table 18.3 Serial PORT 1, PORT 2, PORT 3, PORT F Settings for 
Synchrophasors

Setting Description

PROTO Protocol (SEL, DNP, MBA, MBB, PMUa)

a The specific protocol choices available depends on the relay.

SPEED Data Speed (300–57600)

STOPBIT Stop Bits (1, 2)

RTSCTS Enable Hardware Handshaking (Y, N)

FASTOP Enable Fast Operate Messages (Y, N)

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER)

PMODC PMU Output Data Configuration (1–5)
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EPMU := N Supersedes Synchrophasor Port Settings

The PROTO := PMU settings choice can be made even when Global setting 
EPMU := N. However, in this situation, the serial port will not respond to any 
commands or requests. Either enable synchrophasors by setting EPMU to Y, or 
change the port PROTO setting to SEL.

If you use a computer terminal session or ACSELERATOR QuickSet SEL-5030 
Software connected to a serial port, and then set that same serial port PROTO set-
ting to PMU, you will lose the ability to communicate with the relay through 
ASCII commands or virtual file interface commands. If this happens, either con-
nect via another serial port (that has PROTO := SEL) or use the front-panel HMI 
SET/SHOW screen to change the disabled port PROTO setting back to SEL.

Ethernet Port Settings
The settings found in Table 12.24 and Table 12.32 are used for configuring syn-
chrophasor data transmission over an Ethernet port. Descriptions for some of the 
settings are as follows.

EPMIP

This setting enables synchrophasor data transmission over Ethernet. Enabling 
EPMIP when Global setting EPMU := N results in the relay ignoring any incom-
ing synchrophasor requests regardless of whether the Ethernet port settings are 
correct or not.

PMOTS[2]

Selects the PMU Output transport scheme for session 1 and 2, respectively.

➤ PMOTS[2] := TCP establishes a single, persistent TCP socket for 
transmitting and receiving synchrophasor messages (both commands 
and data), as illustrated in Figure 18.3.

                    

➤ PMOTS[2] := UDP_T establishes two socket connections. A 
nonpersistent TCP connection is used for receiving synchrophasor 
command messages as well as synchrophasor configuration and 
header response messages. A persistent UDP connection is used to 
transmit synchrophasor data messages. Figure 18.4 depicts the 
UDP_T connection.

➤ PMOTS[2] := UDP_U uses the same connection scheme as the 
UDP_T except the synchrophasor configuration and header response 
messages are sent over the UDP connection, as shown in Figure 18.4.

                    

Figure 18.3 TCP Connection

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 1
   - Synchrophasor Configuration Response 2
   - Synchrophasor Header Frame

TCP Socket

(Persistent)

SEL-400
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➤ PMOTS[2] := UDP_S establishes a single persistent UDP socket to 
transmit synchrophasor messages. Synchrophasor data are 
transmitted whenever new data are read. With this communications 
scheme, the relay sends a “Synchrophasor Configuration 
Response 2” once every minute, as shown in Figure 18.5.

                    

PMODC[2]
NOTE: If PMODC is set to a number 
that exceeds the setting for NUMPHDC, 
the port sends the data for the first 
PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific session 1 and 2. Using this setting, each Ethernet session can 
be configured to stream unique synchrophasor data.

PMOIPA[2]

Defines the PMU Output Client IP address for session 1 and 2, respectively.

PMOTCP[2]

Defines the TCP/IP (Local) port number for session 1 and 2, respectively. These 
port numbers must all be unique.

PMOUDP[2]

Defines the UDP/IP (Remote) port number for session 1 and 2, respectively.

Legacy Settings
The PMU provides the following legacy synchrophasor settings that can be 
enabled by setting PMLEGCY = Y.

                    

Figure 18.4 UDP_T and UDP_U Connections

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame
   If PMOTS[2] is UDP_T
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

C37.118
   - Synchrophasor Measurement
   If PMOTS[2] is UDP_U
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

TCP Socket

(Nonpersistent)

UDP Socket

(Persistent)

SEL-400

                    

Figure 18.5 UDP_S Connection

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 2 
    (Sent once per minute)

UDP Socket

(Persistent)

SEL-400
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PMSTN and PMID

Defines the name and number of the PMU. The PMSTN setting is an ASCII string 
with as many as 16 characters. The PMID setting is a numeric value (1–65534). Use 
your utility or synchrophasor data concentrator naming convention to determine 
these settings.

PHVOLT and PHDATAV

PHDATAV and PHVOLT select which voltage synchrophasors to include in the 
data packet. If MFRMT = FM, the only options available are V1 and ALL.

➤ PHDATAV := V1 will transmit only positive-sequence voltage,V1

➤ PHDATAV = PH will transmit phase voltages only (VA, VB, VC)

➤ PHDATAV := ALL will transmit V1, VA, VB, and VC

➤ PHDATAV := NA will not transmit any voltages

PHVOLT selects the voltage sources for the synchrophasor data selected by PHDATAV.

Use the PHVOLT setting to select any combination of available voltage terminals.

PHCURR and PHDATAI

PHDATAI and PHCURR select which current synchrophasors to include in the 
data packet.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1

➤ PHDATAI := PH transmits phase currents (IA, IB, IC)

➤ PHDATAI := ALL will transmit I1, IA, IB, and IC

➤ PHDATAI := NA will not transmit any currents

PHCURR selects the source current(s) for the synchrophasor data selected by 
PHDATAI.

Use the PHCURR setting to select any combination of available current termi-
nals. If MFRMT = FM, only a single terminal can be selected.

PHNR

Selects the numerical representation of voltage and current phasor data in the 
synchrophasor data stream. If MFRMT = FM, this setting is forced to F, a 
floating-point value. 

PHFMT

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream. If MFRMT = FM, this setting is forced to P, for polar 
phasor format. This setting is hidden if PHDATAV and PHDATAI = NA. 

FNR

Selects the numeric representation of the two frequency values in the synchro-
phasor data stream. If MFRMT = FM, this setting is forced to F, a floating-point value. 
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NUMANA

Selects the number of user-definable analog values to be included in the synchro-
phasor data stream.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–16 sends the user-definable analog values, as 
listed in Table 18.4.

The format of the user-defined analog data is always floating point, and each 
value occupies four bytes. If MFRMT = FM, this setting is forced to 0 and the 
relay does not send any user-definable analog values.

                    

NUMDSW

Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

Setting NUMDSW := 0 sends no user-definable binary status words.

Setting NUMDSW := 1, 2, 3, or 4 sends the user-definable binary status words, 
as listed in Table 18.5. If MFRMT = FM, this is forced to 1.

                    

Table 18.4 User-Defined Analog Values Selected by NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 PMV64 4

2 Above, plus PMV63 8

3 Above, plus PMV62 12

4 Above, plus PMV61 16

5 Above, plus PMV60 20

6 Above, plus PMV59 24

7 Above, plus PMV58 28

8 Above, plus PMV57 32

9 Above, plus PMV56 36

10 Above, plus PMV55 40

11 Above, plus PMV54 44

12 Above, plus PMV53 48

13 Above, plus PMV52 52

14 Above, plus PMV51 56

15 Above, plus PMV50 60

16 Above, plus PMV49 64

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 1 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [PSV64, PSV63 … PSV49] 2
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Synchrophasor Quantities
Relay Word Bits

This section describes the Relay Word bits that are related to synchrophasor mea-
surement.

The Synchrophasor Trigger Relay Word bits in Table 18.6 follow the state of the 
SELOGIC control equations of the same name. These Relay Word bits are 
included in the IEEE C37.118 synchrophasor data frame STAT field. See 
Table 18.6 for standard definitions for these settings.

                    

The Time-Synchronization Relay Word bits in Table 18.7 indicate the present sta-
tus of the high-accuracy timekeeping function of the relay.

                    

2 [PSV64, PSV63 … PSV49]

[PSV48, PSV47 … PSV33]

4

3 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

6

4 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

[PSV16,PSV15 … PSV01]

8

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 2 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

Table 18.6 Synchrophasor Trigger Relay Word Bits

Name Description

PMTRIG Trigger (SELOGIC control equation)

TREA4 Trigger Reason Bit 4 (SELOGIC control equation)

TREA3 Trigger Reason Bit 3 (SELOGIC control equation)

TREA2 Trigger Reason Bit 2 (SELOGIC control equation)

TREA1 Trigger Reason Bit 1 (SELOGIC control equation)

Table 18.7 Time-Synchronization Relay Word Bits

Name Description

TIRIG Asserts while relay time is based on IRIG-B time source.

PTP Synchronized to a PTP source.

TPTP The active relay time source is PTP.

TSOK Time synchronization OK. Asserts while time is based on high-accuracy 
IRIG-B or PTP time source (HIRIG or HPTP mode) of sufficient accuracy 
for synchrophasor measurement.

PTPSYNC Asserts while the relay is synchronized to a high-quality PTP time source.

PMDOK Phasor measurement data OK. Asserts when the relay is enabled and syn-
chrophasors are enabled (Global setting EPMU := Y).
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When using the relay as a synchrophasor client, the Relay Word bits in Table 18.8 
indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Table 18.9.

                    

Analog Quantities
The synchrophasor measurements in Table 18.10 are available whenever Global 
setting EPMU := Y. When EPMU := N, these analog quantities are set to 0.0000. 

It is important to note that the synchrophasors are only valid when the relay is in 
HIRIG or HPTP timekeeping mode, which can be verified by monitoring the 
TSOK Relay Word bit. When TSOK = logical 1, the relay timekeeping is syn-
chronized to the high-accuracy IRIG-B signal or PTP time source, and the syn-
chrophasor data are precisely time-stamped.

Table 18.8 Synchrophasor Client Status Bits for Real-Time Control

Name Description

RTCENA Asserts for one processing interval when a valid message is received on Channel A.

RTCENB Asserts for one processing interval when a valid message is received on Channel B.

RTCROKA Asserts for one processing interval when data are aligned for Channel A. Use 
this bit to condition usage of the Channel A data.

RTCROKB Asserts for one processing interval when data are aligned for Channel B. Use 
this bit to condition usage of the Channel B data.

RTCROK Asserts for one processing interval when data for all enabled channels are 
aligned. Use this bit to condition general usage of the aligned synchrophasor data.

RTCDLYA This bit is asserted when the last received valid message on Channel A is older 
than MRTCDLY.

RTCDLYB This bit is asserted when the last received valid message on Channel B is older 
than MRTCDLY.

RTCSEQA This bit is asserted when the processed received message on Channel A is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel A data in applications where sequential data are required.

RTCSEQB This bit is asserted when the processed received message on Channel B is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel B data in applications where sequential data are required.

RTCCFGA Indicates Channel A is successfully configured.

RTCCFGB Indicates Channel B is successfully configured.

Table 18.9 Remote Synchrophasor Data Bits for Real-Time Control

Name Description

RTCAD01–RTCAD16 First 16 digitals received in synchrophasor message on Channel A. 
Only valid when RTCROKA is asserted.

RTCBD01–RTCBD16 First 16 digitals received in synchrophasor message on Channel B. 
Only valid when RTCROKB is asserted.

NOTE: Sampled Values-subscribing 
relays experience a communication 
delay in their analog data. Time-
stamping of synchrophasor data is 
adjusted by the PORT 5 channel delay 
setting CH_DLY.
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When using the relay for synchrophasor acquisition, the delayed and aligned analog 
quantities listed in Table 18.11 are available. Be aware that these quantities are only 
valid when RTCROK is asserted and only for the enabled channels. The specific chan-
nel quantities are also valid whenever their respective RTCROKc Relay Word bit is set.

                    

Table 18.10 Synchrophasor Analog Quantities

Name Description Units

Frequency

FREQPM Measured system frequencya

a Measured value if the voltages are valid and EMPU = Y, otherwise FREQPM = nominal frequency 
setting NFREQ, and DFDT is zero.

Hz

DFDTPM Rate-of-change of frequency, df/dta Hz/s

Synchrophasor Measurements

VkmPMM, 
VkmPMA, 
VkmPMR, 
VkmPMIb, c

b k = A, B, or C.
c m = voltage terminal.

Phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

V1mPMM, 
V1mPMA, 
V1mPMR, 
V1mPMI

Positive-sequence synchrophasor voltage (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

IknPMM, 
IknPMA, 
IknPMR, 
IknPMId

d n = current terminal.

Phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n 

A Primary, 
degrees, 
A Primary, 
A Primary

I1nPMM, 
I1nPMA, 
I1nPMR, 
I1nPMI

Positive-sequence synchrophasor current (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal n

A Primary, 
degrees, 
A Primary, 
A Primary

SODPM Second of the day of the PM data s

FOSPM Fraction of the second of the PM data s

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 1 of 2)

Name Description Units

RTCAP01–RTCAP32 Remote phasor pairs for Channel A. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBP01–RTCBP32 Remote phasor pairs for Channel B. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCAA01–RTCAA08 Remote analogs for Channel A. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBA01–RTCBA08 Remote analogs for Channel B. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCFA Remote frequency for Channel A. Hz

RTCFB Remote frequency for Channel B. Hz

RTCDFA Remote frequency rate-of-change for Channel A. Hz/s

RTCDFB Remote frequency rate-of-change for Channel B. Hz/s

VkmPMMD, VkmPMAD,
VkmPMRD, VkmPMIDa, b

Aligned phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m.

kV Primary, degrees, 
kV Primary, kV Primary
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View Synchrophasors by Using the MET PM Command
The MET PM serial port ASCII command may be used to view the PMU syn-
chrophasor measurements. See METER on page 14.46 for general information on 
the MET command.

The MET PM command can be used as follows:

➤ As a test tool, to verify connections, phase rotation, and scaling.

➤ As an analytical tool, to capture synchrophasor data at an exact time, 
to compare it with similar data captured in other phasor measurement 
unit(s) at the same time.

➤ As a method of periodically gathering synchrophasor data through a 
communications processor.

Figure 18.6 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Synchrophasor Metering menu in Quick-
Set, and has a similar format to Figure 18.6.

The MET PM command can work even when no serial or Ethernet ports are con-
figured for sending synchrophasor data.

The MET PM command will only operate when the relay is in the HIRIG time-
keeping mode, as indicated by Relay Word bit TSOK = logical 1.

The MET PM command shows if there is a serial port configuration error. If any 
of the SPCERp bits assert, then the command displays Y. Otherwise, it displays N.

The MET PM command checks for assertion of the PMTEST bit to show 
whether the PMU is in a test mode. If the bit is asserted then the command dis-
plays Y. Otherwise, it displays N.

V1mPMMD, V1mPMAD, 
V1mPMRD, V1mPMIDb

Aligned positive-sequence synchrophasor voltage (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal m.

kV Primary,

degrees,

kV Primary,

kV Primary

IknPMMD, IknPMAD,
IknPMRD, IknPMIDa, c

Aligned phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

I1nPMMD, I1nPMAD, 

I1nPMRD, I1nPMIDc
Aligned positive-sequence synchrophasor current (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

SODPMD Second-of-day for all aligned data. Seconds

FOSPMD Fraction-of-second for all aligned data. Seconds

FREQPMD Aligned local system frequency. Hz

DFDTPMD Aligned local rate-of-change of frequency. Hz/s

a k = A, B, or C.
b m = voltage terminal.
c n = current terminal.

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 2 of 2)

Name Description Units
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The MET PM time command can be used to direct the PMU to display the syn-
chrophasor for an exact specified time, in 24-hour format. For example, entering 
the command MET PM 14:14:12 will result in a response similar to Figure 18.6 
occurring just after 14:14:12, with the time stamp 14:14:12.000000. 

If you are not connected to the PMU when the MET PM time command issues 
its timed response, you can use the MET PM HIS command to view this 
response. This permits you to issue MET PM time to multiple PMUs at a certain 
point in time and then go back later to see the results from all the PMUs at that 
point in time.

See MET PM on page 14.48 for complete command options, and error messages.

                    

=>>MET PM <Enter>                                                                      
Relay 1                                    Date: 04/20/2015 Time: 22:02:12.000 
Station A                                  Serial Number: 1152490016 

Time Quality   Maximum time synchronization error:  0.000 (ms)  TSOK = 1
Serial Port Configuration Error: N                     PMU in TEST MODE = N

Synchrophasors                                                                  
                     VV Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)        127.266   126.972   127.148            127.128                  
ANG (DEG)        73.542   -46.400  -166.103             73.677                  

                     VZ Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)         76.383    76.103    76.277             76.254                  
ANG (DEG)        73.623   -46.319  -166.175             73.707                  

                     IS Phase Currents          IS Pos. Sequence Current        
                 IA        IB        IC                  I1S                    
MAG (A)         221.707   221.851   221.661            221.740                  
ANG (DEG)        57.667   -62.223   177.875             57.767                  

                     T Phase Currents          IT Pos. Sequence Current        
                 IA        IB        IC                  I1T                    
MAG (A)         440.487   441.507   440.698            440.897                  
ANG (DEG)      -122.055   118.057    -1.933           -121.983                  

                     I IU Phase Currents          IU Pos. Sequence Current        
                 IA        IB        IC                  I1U                    
 I1U                                                                            
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IW Phase Currents          IW Pos. Sequence Current        
                 IA        IB        IC                  I1W                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IX Phase Currents          IX Pos. Sequence Current        
                 IA        IB        IC                  I1X                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IY Phase Currents          IY Pos. Sequence Current        
                 IA        IB        IC                  I1Y                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

Figure 18.6 Sample SEL-487E MET PM Command Response
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IEEE C37.118 Synchrophasor Protocol
The relay complies with IEEE C37.118, Standard for Synchrophasor Measure-
ments for Power Systems, when Global setting MFRMT := C37.118. The proto-
col is available on Serial Ports 1, 2, 3, and F by setting the corresponding Port 
setting PROTO := PMU. The protocol is available over Ethernet when EPMIP is 
enabled.

This section does not cover the details of the protocol, but highlights some of the 
important features and options that are available.

Settings Affect Message Contents
The relay allows several options for transmitting synchrophasor data. These are 
controlled by Global settings described in Settings for Synchrophasors. You can 
select how often to transmit the synchrophasor messages (MRATE), which syn-
chrophasors to transmit, which numeric representation to use, and which coordi-
nate system to use.

The relay automatically includes the frequency and rate-of-change of frequency 
in the synchrophasor messages. Global setting FNRq selects the numeric format 
to use for these two quantities.

The relay can include as many as sixteen user-programmable analog values in the 
synchrophasor message and 0, 16, 32, 48, or 64 digital status values.

The relay always includes the results of four synchrophasor trigger reason 
SELOGIC equations TREA1, TREA2, TREA3, and TREA4, and the trigger 
SELOGIC control equation result PMTRIG, in the synchrophasor message.

FREQ (Hz) 59.990          Frequency Tracking = Y                                
Rate-of-change of FREQ (Hz/s)    0.00                                           

Digitals                                                                        
PSV08  PSV07  PSV06  PSV05  PSV04  PSV03  PSV02  PSV01                          
  0      0      0      0      0      0      0      0                            
PSV16  PSV15  PSV14  PSV13  PSV12  PSV11  PSV10  PSV09                          
  0      0      0      0      0      0      0      0                            
PSV24  PSV23  PSV22  PSV21  PSV20  PSV19  PSV18  PSV17                          
  0      0      0      0      0      0      0      0                            
PSV32  PSV31  PSV30  PSV29  PSV28  PSV27  PSV26  PSV25                          
  0      0      0      0      0      0      0      0                            
PSV40  PSV39  PSV38  PSV37  PSV36  PSV35  PSV34  PSV33                          
  0      0      0      0      0      0      0      0                            
PSV48  PSV47  PSV46  PSV45  PSV44  PSV43  PSV42  PSV41                          
  0      0      0      0      0      0      0      0                            
PSV56  PSV55  PSV54  PSV53  PSV52  PSV51  PSV50  PSV49                          
  0      0      0      0      0      0      0      0                            
PSV64  PSV63  PSV62  PSV61  PSV60  PSV59  PSV58  PSV57                          
  0      0      0      0      0      0      0      0                            

Analogs                                                                         
PMV49      0.000  PMV50      0.000  PMV51      0.000  PMV52      0.000          
PMV53      0.000  PMV54      0.000  PMV55      0.000  PMV56      0.000          
PMV57      0.000  PMV58      0.000  PMV59      0.000  PMV60      0.000          
PMV61      0.000  PMV62      0.000  PMV63      0.000  PMV64      0.000          
=>>

Figure 18.6 Sample SEL-487E MET PM Command Response (Continued)
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Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message rate of once per second places little burden on 
the communications channel. As more synchrophasors, analog values, or digital 
status words are added, or if the message rate is increased, some communications 
channel restrictions come into play.

If the SPEED setting on any serial port set with PROTO := PMU is insufficient 
for the PMU Global settings, the relay or QuickSet will display an error message 
and fail to save settings until the error is corrected.

The IEEE C37.118 synchrophasor message format always includes 16 bytes for 
the message header and terminal ID, time information, and status bits. The selec-
tion of synchrophasor data, numeric format, programmable analog, and program-
mable digital data will add to the byte requirements. Table 18.12 can be used to 
calculate the number of bytes in a synchrophasor message.

                    

Table 18.13 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 20 bytes.

                    

Table 18.12 Size of a IEEE C37.118 Synchrophasor Message

Item
Possible 
number of 
quantities 

Bytes per 
quantity

Minimum 
number of 
bytes

Maximum 
number of 
bytes

Fixed 18 18

Synchrophasorsa

a Some SEL relays have a smaller number of possible synchrophasors.

0, 1, 2…32 4 (PHNR := I)

8 (PHNR := F)

0 256

Frequency 2 (fixed) 2 (FNR := I)

4 (FNR := F)

4 8

Analog Values 0 – 16 4 0 64

Digital Status Words 0 – 4 2 0 8

Total (Minimum and Maximum) 22 354

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 1 of 2)

Global Setting 
MRATE

Maximum Message Size

300 600 1200 2400 4800 9600 19200 38400 57600

1 21 42 85 170 340 680 1360 2720 4080

2 21 42 85 170 340 680 1360 2040

4 (60 Hz only) 21 42 85 170 340 680 1020

5 34 68 136 272 544 816

10 34 68 136 272 408

12 (60 Hz only) 28 56 113 226 340

15 (60 Hz only) 21 45 90 181 272

20 (60 Hz only) 34 68 136 204

25 (50 Hz only) 27 54 108 163
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Referring to Table 18.12 and Table 18.13, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one syn-
chrophasor and one digital status word, and this message would consume 
between 26 and 34 bytes, depending on the numeric format settings. This type of 
message could be sent at any message rate (MRATE) when SPEED := 38400 or 
57600, as fast as MRATE := 50 or 30 when SPEED := 19200, and as fast as 
MRATE := 25 or 20 when SPEED := 9600.

Another example application has messages comprised of eight synchrophasors, 
one digital status word, and two analog values. This type of message would con-
sume between 62 and 98 bytes, depending on the numeric format settings. The 
62-byte version, using integer numeric representation, could be sent at any mes-
sage rate (MRATE) when SPEED := 57600. The 98-byte version, using floating-
point numeric representation, could be sent at as fast as MRATE := 30 when 
SPEED := 57600, as fast as MRATE := 25 when SPEED := 38400, and as fast as 
MRATE := 12 when SPEED := 19200.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with IEEE C37.118 commands, including commands to start and stop synchro-
phasor data transmission, and commands to request a configuration block from 
the relay, so the synchrophasor processor can automatically build a database 
structure.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission when the appropriate command is received from the synchrophasor 
processor. The relay can also indicate when a configuration change occurs, so the 
synchrophasor processor can request a new configuration block and keep its data-
base up-to-date.

The relay will only respond to configuration block request messages when it is in 
the nontransmitting mode.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 

30 (60 Hz only) 22 45 90 136

50 (50 Hz only) 27 54 81

60 (60 Hz only) 22 45 68

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 2 of 2)

Global Setting 
MRATE

Maximum Message Size
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required to have the same SPEED setting, although the slowest SPEED setting on 
a PROTO := PMU port will affect the maximum Global MRATE setting that can 
be used.

Ethernet Operation
IEEE C37.118 Synchrophasors may be used over Ethernet if an Ethernet card is 
installed in the relay. Four transport methods are supported: UDP_U, UDP_S, 
UDP_T, and TCP.

UDP_U, UDP_S, UDP_T
UDP stands for User Datagram Protocol and is a network protocol used for the 
Internet. UDP uses a simple transmission model without implicit handshaking 
interchanges for guaranteeing reliability, ordering, or data integrity. As such, 
UDP minimizes additional overhead needed to send messages. Time-sensitive 
applications often use UDP because dropping packets is preferable to waiting for 
delayed packets, which may not be an option in a real-time system. UDP_S is a 
version of UDP that only sends data; no reverse messaging is used, thus provid-
ing streaming data in one direction only. UDP_T uses a TCP socket to command 
and configure PMU measurements, and then uses a UDP socket for sending data 
out. UDP_U is the same as UDP_T except that the synchrophasor configuration 
and header response messages are sent over UDP instead of TCP. A user may 
choose to use UDP to minimize the additional overhead bits added and thus min-
imize the communications bandwidth needed to send PMU information out of a 
substation. UDP_S uses the least amount of overhead (and provides some addi-
tional security as the PMU or PDC using this method is only sending data and 
ignores any messages coming in). 

TCP
TCP stands for Transmission Control Protocol and is a connection-oriented pro-
tocol, which means that it requires handshaking to set up end-to-end communica-
tions. Once a connection is set up, user data may be sent bi-directionally over the 
connection. TCP manages message acknowledgment, retransmission, and time-
outs. With TCP, there are no lost data; the server will request the lost portion to 
be resent. Additionally, TCP ensures that the messages are received in the order 
sent. TCP provides the most robust connection, but it also adds additional over-
head bits to any message data.

PMU Setting Example
A power utility is upgrading the line protection on its 230 kV system to use the 
SEL-421 relay as main protection. The grid operator also wants the utility to 
install PMUs in each 230 kV substation to collect data for a new remedial action 
scheme, and to eventually replace their present state estimation system.

The PMU data collection requirements call for the following data, collected at 10 
messages per second:

➤ Frequency

➤ Positive-sequence voltage from the bus in each substation

➤ Three-phase and positive-sequence current for each line terminal

➤ Indication when the line breaker is open

➤ Indication when the voltage or frequency information is unusable
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➤ Ambient temperature (one reading per station) 

➤ Station battery voltage

➤ No relay control from the PMU communications port, for the initial 
stage of the project

The utility is able to meet the grid operator requirements with the relay, an 
SEL-2600A RTD Module, an SEL-2407 Satellite-Synchronized Clock, and an 
SEL-3555 in each substation.

This example will cover the PMU settings in one of the relays.

Some system details:

➤ The nominal frequency is 60 Hz.

➤ The line is protected by a breaker-and-a-half scheme.

➤ The station ambient temperature is collected by an SEL-2600A, 
Channel RTD01.

➤ The line PTs and wiring have a phase error of 4.20 degrees (lagging) 
at 60 Hz.

➤ The Breaker 1 CTs and wiring have a phase error of 3.50 degrees 
(lagging) at 60 Hz.

➤ The Breaker 2 CTs and wiring have a phase error of 5.50 degrees 
(lagging) at 60 Hz.

➤ The synchrophasor data will be using PORT 3, and the maximum bps 
allowed is 19200.

➤ The system designer specified floating-point numeric representation 
for the synchrophasor data, and rectangular coordinates.

➤ The system designer specified integer numeric representation for the 
frequency data.

➤ The system designer specified fast synchrophasor response, because 
the data are being used for system monitoring.

The protection settings and resistance temperature detector (RTD) serial port set-
tings will not be shown.

Determining Settings
The protection engineer performs a bandwidth check, using Table 18.12, and 
determines the required message size. The system requirements, in order of 
appearance in Table 18.12, are as follows.

➤ 5 Synchrophasors, in floating-point representation

➤ Integer representation for the frequency data

➤ 2 analog values

➤ 3 digital status bits, which require one status word

The message size is 16 + 5 • 8 + 2 • 2 + 2 • 4 + 1 • 2 = 70 bytes. Using 
Table 18.13, the engineer verifies that the port bps of 19200 is adequate for the 
message, at 10 messages per second.

Protection Math Variables PMV64 and PMV63 will be used to transmit the 
RTD01 ambient temperature data and the station battery voltage DC1, respectively.
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The Protection SELOGIC Variables PSV64, PSV63, and PSV62 will be used to 
transmit the breaker status, loss-of-potential alarm, and frequency measurement 
status, respectively.

The PORT 3 FASTOP setting will be set to N, to disable any control attempts from 
the PMU port.

Make the Global settings as shown in Table 18.14.

                    

Table 18.14 Example Synchrophasor Global Settings (Sheet 1 of 2)

Setting Description Value

NFREQ Nominal System Frequency (50, 60 Hz) 60

NUMBK Number of Breakers in Scheme (1, 2) 2

EPMU Enable Synchronized Phasor Measurement (Y, N) Y

MFRMT Message Format (IEEE C37.118, FM) C37.118

MRATE Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60) 10

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 
1 = Extra Narrowa)

F

PMLEGCY Synchrophasor Legacy Settings N

NUMPHDC Number of Phasor Data Configurations 1

PMFRQA PMU Frequency Application (F = Fast, S = Slow) S

PHCOMP Frequency-Based Phasor Compensation (Y, N) Y

PMSTN Station Name (16 characters) SAMPLE1

PMID PMU Hardware ID (1–65534) 14

PHVI111 Phasor 1 (S, W, X, Y, Z) Y

PHVT112 Phasor 2 (S, W, X, Y, Z) W

PHVI113 Phasor 3 (S, W, X, Y, Z) X

PHDV1 Phasor Data Set, Voltages (I1, PH, ALL) V1

VYCOMP Voltage Angle Compensation Factor (–179.99 to 180 degrees) 4.20

PHDI1 Phasor Data Set, Currents (I1, PH, ALL) ALL

IWCOMP IW Angle Compensation Factor (–179.99 to 180 degrees) 3.50

IXCOMP IX Angle Compensation Factor (–179.99 to 180 degrees) 5.50

PHNR1 Phasor Numeric Representation (I = Integer, F = Floating point) F

PHFMT1 Phasor Format (R = Rectangular coordinates, P = Polar coordinates) R

FNR1 Frequency Numeric Representation (I = Integer, F = Float) I

PMAQ11 Any Analog Quantity or alias RTD01

PMAA11 Alias Name for the analog quantity AmbientTemp

PMAQ12 Any Analog Quantity or alias DC1

PMAA12 Alias Name for the analog quantity StationBattery

PMDG11 Any Relay Word bit or alias PSV64

PMDA11 Alias Name of Relay Word bit LineBKStatus

PMDG12 Any Relay Word bit or alias LOP

TREA1 Trigger Reason Bit 1 (SELOGIC Equation) NA

TREA2 Trigger Reason Bit 2 (SELOGIC Equation) NA

TREA3 Trigger Reason Bit 3 (SELOGIC Equation) NA

TREA4 Trigger Reason Bit 4 (SELOGIC Equation) NA
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The line breaker status must be created with protection SELOGIC variables. Make 
the Protection Freeform logic settings in Table 18.15 in all six settings groups.

                    

Make the Table 18.16 settings for serial PORT 3, using the SET P 3 command. 

                    

SEL Fast Message Synchrophasor Protocol
NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

SEL Fast Message Unsolicited Write (synchrophasor) messages are general Fast 
Messages (A546h) that transport measured synchrophasor information. The relay 
can send unsolicited write messages as fast as every 50 ms on a 60 Hz system, 
and 100 ms on a 50 Hz system. When MFRMT = FM, set PMLEGCY = Y to use 
Global settings PHDATAV, PHDATAI, PHVOLT, and PHCURR to select the 
voltage and current data to include in the Fast Message. Not all messages are sup-
ported at all data speeds. If the selected data rate is not sufficient for the given 
message length, the relay responds with an error message.

Table 18.17 lists the Synchrophasor Fast Message Write function codes and the 
actions the relay takes in response to each command.

PMTRIG Trigger (SELOGIC Equation) NA

EPMDR Enable PMU Data Recording N

PMTEST PMU Test Mode Equation (SELOGIC Equation) NA

a Option 1 is available only if MRATE = 60.

Table 18.15 Example Synchrophasor Protection Freeform Logic Settings

Setting Value

PSV64 NOT (3PO OR SPO) # Line breaker status

Table 18.16 Example Synchrophasor Port Settings

Setting Description Value

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) PMU

SPEED Data Speed (300 to 57600) 19200

STOPBIT Stop Bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N

FASTOP Enable Fast Operate Messages (Y, N) N

PMU MODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

PMODC PMU Output Data Configuration 1

Table 18.14 Example Synchrophasor Global Settings (Sheet 2 of 2)

Setting Description Value
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See the SEL application guide “Using SEL-421 Relay Synchrophasors in Basic 
Applications” (AG2002-08) for more information on the SEL Fast Message Syn-
chrophasor Protocol.

Fast Message Synchrophasor Settings
The settings for SEL Fast Message synchrophasors are listed in Table 18.18. 
Many of these settings are identical to the settings for the IEEE C37.118 format 
(see Settings for Synchrophasors on page 18.6).

                    

Certain settings in Table 18.18 are hidden, depending on the status of other set-
tings. For example, if PHDATAI := NA, the PHCURR setting is hidden to limit 
the number of settings for your synchrophasor application.

Table 18.17 Fast Message Command Function Codes for Synchrophasor Fast Write

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition 
block request

Relay transmits Fast Message definition request acknowledge (Function Code 80)

01h Enable unsolicited 
transfer

Relay transmits Fast Message command acknowledged message (Function Code 81). Relay trans-
mits Synchrophasor Measured Quantities (function to enable: Unsolicited Write broadcast, Func-
tion Code 20)

02h Disable unsolicited 
transfer

Relay sends Fast Message command acknowledge message (Function Code 82) and discontinues 
transferring unsolicited synchrophasor messages (function to disable: Unsolicited Write broadcast, 
Function Code 20)

05h Ping: determine if 
channel is operable

Relay aborts unsolicited message in progress and transmits ping acknowledge message (Function 
Code 85)

Table 18.18 PMU Settings in the Relay for SEL Fast Message Protocol (in Global 
Settings)

Setting Description

EPMU Enable Synchronized Phasor Measurement (Y, N)

MFRMT Message Format (C37.118, FM)a

a C37.118 = IEEE Std C37.118. FM := SEL Fast Message. Set MFRMT := FM to enter the Fast Message 
settings.

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 1 = Extra Narrowb)

b Option 1 is not available when MFRMT = FM.

PMLEGCYc

c PMLEGCY must be set to Y to access the data configuration settings shown in this table.

Synchrophasor Legacy Settings (Y, N)

PHCOMP Frequency-Based Phasor Compensation (Y, N)

PMID PMU Hardware ID (0–4294967295)

PHVOLT Include Voltage Terminal

PHDATAV Phasor Data Set, Voltages (V1, ALL)

VkCOMPd

d k = voltage terminal.

Vk Voltage Angle Compensation Factor (–179.99 to +180 degrees)

PHCURRe

e Setting hidden when PHDATAI := NA.

Current Source

PHDATAIf

f When PHDATAV:= V1, this setting is forced to NA and cannot be changed.

Phasor Data Set, Currents (ALL, NA)

InCOMPg

g n = current terminal.

In Angle Compensation Factor (–179.99 to +180 degrees)
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The SEL Fast Message Synchrophasor Protocol always includes the frequency 
information in floating-point representation, and 14 user-programmable 
SELOGIC variables PSV49–PSV64. There are no user-programmable analog 
quantities in the SEL Fast Message Synchrophasor Protocol.

Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message period of one second places little burden on 
the communications channel. As more synchrophasors are added, or if the mes-
sage rate is increased, some communications channel restrictions come into play.

In the SEL Fast Message Synchrophasor Protocol, the master device determines 
the message period (the time among successive synchrophasor message time-
stamps) in the enable request. If the relay can support the requested message 
period on that serial port, the relay acknowledges the request (if an acknowledge 
was requested) and commences synchrophasor data transmission. If the relay 
cannot support the requested message period, the relay responds with a response 
code indicating bad data (if an acknowledge was requested).

The SPEED setting on any serial port set with PROTO := PMU should be set as 
high as possible, to allow for the largest number of possible message period 
requests to be successful.

The relay Fast Message synchrophasor format always includes 32 bytes for the 
message header and terminal ID, time information, frequency, and status bits. 
The selection of synchrophasor data will add to the byte requirements. 
Table 18.19 can be used to calculate the number of bytes in a synchrophasor message.

                    

Table 18.20 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 40 bytes.

                    

Referring to Table 18.19 and Table 18.20, it is clear that the lower SPEED set-
tings are very restrictive.

Table 18.19 Size of an SEL Fast Message Synchrophasor Message

Item
Possible 
Number of 
Quantities

Bytes per 
Quantity

Minimum 
Number of 
Bytes

Median 
Number of 
Bytes

Maximum 
Number of 
Bytes

Fixed 32 32 32

Synchrophasors 1, 4, or 8 8 8 32 64

Total (Minimum, Median, and Maximum) 40 64 96

Table 18.20 Serial Port Bandwidth for Synchrophasors (in Bytes)

Requested Message 
Period (ms)

Equivalent Message 
Rate (messages per 
second)

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400 57600

1000 1 41 83 166 333 666 1332 2665 3998

500 2 41 83 166 333 666 1332 1999

250 (60 Hz only) 4 41 83 166 333 666 999

200 5 66 133 266 533 799

100 10 66 133 266 399

50 (60 Hz only) 20 66 133 199
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Some observations from Table 18.20 follow.

➤ A serial port set with SPEED := 38400 or 57600 can handle any size 
message at any data rate.

➤ A serial port set with SPEED := 19200 can handle a single-
synchrophasor or four-synchrophasor message at any data rate, and 
any size message as fast as 10 messages per second.

➤ A serial port set with SPEED := 9600 can handle a single-
synchrophasor message at any data rate, a four-synchrophasor 
message at as fast as 10 messages per second, and any size message 
at as fast as 5 messages per second.

➤ A serial port set with SPEED := 300 cannot be used for Fast Message 
synchrophasors.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with SEL Fast Message commands, including commands to start and stop syn-
chrophasor data transmission, and commands to request a configuration block 
from the relay, so the synchrophasor processor determine the correct configura-
tion for storing the synchrophasor data.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission on a particular serial port when the disable command is received 
from the synchrophasor processor, or when the relay settings for that port are 
changed. The relay will stop synchrophasor transmission on all serial ports when 
any Global or Group settings change is made.

The relay will respond to configuration block request messages regardless of the 
present transmit status, waiting only as long as it takes for any partially sent mes-
sages to be completely transmitted.

The relay will respond to a ping request immediately upon receipt, terminating 
any partially sent messages.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 
required to have the same SPEED setting, although the SPEED setting on each 
PROTO := PMU port will affect the minimum synchrophasor message data 
period that can be used on that port.
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Control Capabilities
Serial Port Fast Operate Operation

The PMU can be configured to process SEL Fast Operate commands received on 
serial ports that have the Port setting PROTO := PMU, when the Port setting 
FASTOP := Y, and Global Settings EPMU := Y and PMAPP := F.

This functionality can allow a remote device (client) to initiate control actions in 
a serially connected PMU without the need for a separate communications inter-
face. The client should enable Fast Operate Transmit on the serial port connected 
to the PMU. This can be accomplished with Global Setting EPMU := Y, Port Set-
tings PROTO := PMU, FASTOP := Y, and PMUMODE set to either CLIENTA or 
CLIENTB.

The client can request a Fast Operate Configuration Block when the relay is in 
the nontransmitting mode, and the relay will respond with a message, which 
includes codes that define the circuit breaker and remote bit control points that 
are available via Fast Operate commands. 

Once the control points are identified, the Fast Operate Output (FOP) Control 
Bits can be assigned to SELOGIC equations in the client’s SELOGIC freeform pro-
tection logic settings. FOP Control Bits take the form FOPp_n, where p is the 
serial port (F, 1, 2, or 3) and n is the bit number from 01–32. The bit number can 
correspond to a circuit breaker or remote bit control in the local relay, identified 
in the Fast Operate Configuration Block.

A change to any FOPp_n value will cause the client to transmit a Fast Operate 
remote bit control message on PORT p. If the FOP control bit asserts, the message 
will contain the opcode to set the corresponding control bit in the PMU. If it 
deasserts, the message will contain the opcode to clear the control bit. The 
remote device will send a Fast Operate message no later than 20 ms after it 
detects a change in the FOP bit.

The PMU will process Fast Operate requests regardless of whether synchropha-
sors are being transmitted, as long as serial port setting FASTOP := Y and PMU-
MODE is set to SERVER. When FASTOP := N, the relay will ignore Fast 
Operate commands. Use the FASTOP := N option to lock out any control actions 
from that serial port if required by your company operating practices.

SEL Fast Operate commands are discussed in SEL Fast Meter, Fast Operate, Fast 
SER Messages, and Fast Message Data Access on page 15.33.

The PMU can also process the Fast Operate commands embedded in the 
extended frame of the IEEE C37.118 command frame. This way you can accom-
plish both synchrophasor measurement and control by using the same 
IEEE C37.118 protocol on both serial and Ethernet interfaces. This way is also 
independent of the FASTOP setting.

Ethernet Fast Operate Operation
Fast Operate commands can be issued from a host device to control the function 
of remote bits and breaker operation in the relay. When coupled with synchrophasor 
measurements, Fast Operate commands can provide control to system events.

The implementation using the extended frame in the IEEE C37.118 synchropha-
sor packet makes it possible to send Fast Operate commands and synchrophasor 
data over the same Ethernet session. The Fast Operate command is embedded in 
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the extended frame of the IEEE C37.118 command frame. See the following 
example for configuration and setup of the IEEE C37.118 extended frame imple-
mentation.

                    

Should you need to change the relay protection scheme because of system con-
figuration or to shed bus load to maintain voltage quality, you can program your 
SVP to send control commands to the relay according to an algorithm. You can 
set a remote bit in the relay to change the group settings for an alternative protec-
tion scheme or send a PULSE command to the circuit breaker to disconnect load 
from the system.

To set the relay for such a control scenario, first configure synchrophasors for the 
IEEE C37.118 protocol. Figure 18.8 depicts one way to configure synchropha-
sors for transport. In this SEL-487E example, all of the S- and T-terminal phase 
currents and Z-terminal voltages, along with the positive-sequence values, are 
transmitted in polar floating-point format at a message rate of 60 messages per 
second. The filter settings are configured for a fast response with phase compensation.

Example 18.1 Synchrophasor Control Application

Refer to Table 18.14 for an example of a PMU communications network 
with an SVP collecting and analyzing synchrophasor data in the network, 
based on a programmed power flow and voltage regulation scheme. Each of 
the depicted PMU/IEDs are connected to a load, feeder line, or generation 
facility streaming synchrophasors to the SVP.
                    

                    

                    

Figure 18.7 Synchrophasor Control Application
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Next, configure the Ethernet port to transmit synchrophasor data and accept Fast 
Operate commands. To enable an Ethernet port to accept Fast Operate com-
mands, simply set FASTOP := Y.

                    

Using the C37.118 extended frame option to transport Fast Operate commands it 
is necessary to setup only one TCP/UDP session (see Figure 18.10).

                    

Synchronized Phasor Configuration Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := 1        PMLEGCY := N
NUMPHDC := 1

Synchrophasor Data Configuration 1

PMSTN1  := "PMU Control"
PMID1   := 1

Phasors Included in the Data 1

Terminal Name, Relay Word Bit, Alternate Terminal Name

1: Z
2: S
3: T

PHDV1   := ALL      PHDI1   := ALL      PHNR1   := F        PHFMT1  := P
FNR1    := F

Phasor Aliases in Data Configuration 1
 (Phasor Name, Alias Name)

Synchrophasor Analog Quantities in Data Configuration 1
 (Analog Quantity Name, Alias Name)

Synchrophasor Digitals in Data Configuration 1
 (Digital Name, Alias Name)

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
PMTEST  := NA
VZCOMP  := 0.00     ISCOMP  := 0.00     ITCOMP  := 0.00     PMFRQA  := S
PHCOMP  := Y

Synchronized Phasor Recorder Settings

EPMDR   := N

Synchronized Phasor Real Time Control Settings

RTCRATE := 2        MRTCDLY := 500

Figure 18.8 PMU Global Settings

SEL Protocol Settings

AUTO    := Y        FASTOP  := Y        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Figure 18.9 Enabling Fast Operate Messages on PORT 5

Phasor Measurement Configuration

EPMIP   := Y        PMOTS1  := UDP_T
PMOIPA1 := "192.168.1.3"
PMOTCP1 := 4712     PMOUDP1 := 4713     PMOTS2  := OFF

Figure 18.10 Ethernet PORT 5 Settings for Communications Using C37.118 
Extended Fame
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The relay is now ready to start transmitting synchrophasors and receive Fast 
Operate commands from the SVP.

Real-Time Control
The PMU can be configured to process IEEE C37.118 synchrophasor data 
received from two remote PMUs over serial ports. The PMU processes the 
remote PMU data, time-aligns them with the local data, and makes them avail-
able as analogs and digitals. Use the local synchrophasor analogs and as many as 
two remote sets of synchrophasor analogs in SELOGIC equations to do real-time 
control (RTC) applications.

Table 18.21 shows the serial port settings that need to be configured for RTC 
applications.

                    

Descriptions for the settings in Table 18.21 are as follows.

PMUMODE

Selects whether the port is operating as a synchrophasor server (source of data) or 
a client (consumer of data). When the port is intended to be a source of synchro-
phasor data, set this setting to SERVER. The Global setting MFRMT determines 
the format of the transmitted data. When using the port to receive synchrophasor 
data from another device, set this setting to either CLIENTA or CLIENTB. Only 
two ports may be configured as client ports and they must be uniquely configured 
for Channel A or Channel B. When a port is configured to receive synchrophasor 
data, the port will only receive data that uses the IEEE C37.118 format, regard-
less of the MFRMT setting.

RTCID

Expected synchrophasor ID from remote relay.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), it will only accept incoming messages that contain this ID. 
Make sure this ID matches the ID configured in the remote relay.

PMODC

Select the data configuration set to be sent out from that port. This setting is only 
available when the PMUMODE=SERVER.

Table 18.22 shows the Global settings that need to be configured for RTC applications.

Table 18.21 Serial Port Settings for RTC

Setting Description Default

PMUMODEa

a Set PROTO := PMU to enable (on this port) the Synchrophasor Protocol selected by Global setting 
MFRMT.

PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDb

b Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCc

c Only available when PMUMODE := SERVER.

PMU Output Data Configuration (1–5) 1
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Descriptions for the settings in Table 18.22 are as follows.

RTCRATE

Rate at which to expect messages from the remote synchrophasor device.

When the PMU is operating as a synchrophasor client (PMUMODE set to 
CLIENTA or CLIENTB), the relay will only accept incoming messages at this 
rate. Make sure the remote synchrophasor source(s) is configured to send mes-
sages at this same rate.

MRTCDLY

Selects the maximum acceptable delay for received synchrophasor messages.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), the relay only accepts incoming messages that are not 
older than allowed by this setting. When determining an appropriate value for 
this setting, consider the channel delay, the transfer time at the selected baud rate, 
plus add some margin for internal delays in both the remote and local relay.

When you use the PMU for synchrophasor acquisition, the delayed and aligned 
analog quantities specific to that relay are available. Be aware that these quanti-
ties are only valid when RTCROK is asserted and only for the enabled channels. 
The specific channel quantities are also valid whenever their respective 
RTCROKp Relay Word bit is set (see Table 18.10).

When using the relay as a synchrophasor client, the Relay Word bits in 
Table 18.23 indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Figure 18.24.

Table 18.22 Global Settings for RTC

Setting Description Default

RTCRATE Remote Messages per Second

(1, 2, 5, 10, or 50 when NFREQ := 50)

(1, 2, 4, 5, 10, 12, 15, 20, 30, or 60 when NFREQ := 60)

2

MRTCDLY Maximum RTC Synchrophasor Packet Delay (20–1000 ms) 500

NOTE: The maximum channel delay 
is available in the COM RTC command.

Table 18.23 Synchrophasor Client Status Bits

Name Description

RTCENpa Asserts for one processing interval when a valid message is received on Channel p.

RTCROKpa Asserts for one processing interval when data are aligned for Channel p. Use this bit to condition usage of the Channel p 
data.

RTCROK Asserts for one processing interval when data for all enabled channels are aligned. Use this bit to condition general 
usage of the aligned synchrophasor data.

RTCDLYpa This bit is asserted when the last received valid message on Channel p is older than MRTCDLY.

RTCSEQpa This bit is asserted when the processed received message on Channel p is the expected next-in-sequence. It is deasserted 
if it is not. The deassertion implies that one or more packets of information were lost. Use this bit to condition usage of 
Channel p data in applications where sequential data are required.

RTCCFGpa Indicates Channel p is successfully configured.

a p = A or B.
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Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYp 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 
maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

Several Relay Word bits are useful for monitoring system status. Add RTCCFGp 
and RTCDLYp to the SER.

The RTCCFGp Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGp deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

If the RTCCFGp Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the SELOGIC 
equation is the correct value to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received on 
Channel A within the window you set with the local MRTCDLY setting (100 ms 
in this example). If the RTCDLYA asserts, consider three options. First, the 
MRTCDLY setting can be increased. However, the MRTCDLY setting is your 
way of guaranteeing operation within a certain time. Increasing MRTCDLY 
allows for communications channels with longer transmission delay, but at the 
cost of increasing the maximum time of operation. A second option is to improve 
the communications channel so that it operates within the required MRTCDLY 
setting time. A final option is available if the assertion of MRTCDLY results 
from a temporary communications channel disruption. In this case, putting RTC-
DLYA in the SER provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.11 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

Table 18.24 Remote Synchrophasor Data Bits

Name Description

RTCpD[16]a First 16 digitals received in synchrophasor message on Channel p. Only valid when RTCROKp is asserted.

a p = A or B.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.11 Example COM RTC Command Response
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Real-Time Control Example
Figure 18.12 shows an application example using SEL-411L Relays. In this 
example, Area 2 supplies power to Area 1 and Area 3. An important contingency 
is loss of both Link 1 and Link 2. In such a case, the generators in Area 2 acceler-
ate. Alternative paths between Area 2 and Area 1 can also become stressed 
beyond their design limits. A simple solution is to measure the phase angle 
between Area 1 and Area 2. When the angle exceeds a predetermined limit, con-
trol the generation to avoid exceeding system limits.

                    

Figure 18.13 shows the SELOGIC for the relay controlling the generator (called 
the local relay in this example). Lines 1 and 2 store phasor data into PMV53 and 
PMV54 so they can be viewed through use of the MET PMV command. Line 3 
computes the angle difference between the local and remote relays. RTCAP02 is 
the remote V1Y angle. Lines 4–10 unwrap the phase angle when the difference 
exceeds ±180 degrees.

RTCROKA pulses true whenever a good synchrophasor message is received. For 
purposes of this example, we need it to hold true until the next message is 
received. To achieve this, lines 11-13 implement a timer to extend this bit by 1.75 
cycles. A message is expected every 1 cycle; the additional 0.75 cycles covers 
any jitter that may occur in the rate or message receipt. Line 14 calculates a qual-
ification signal consisting of the local and remote quality indicators. RTCROKA 
is the local indicator that has been extended as PCT01. RTCAD16 is the remote 
quality indicator. Figure 18.14 shows its construction at the remote relay.

Line 15 computes absolute value of the angle. Line 16 checks the angle against 
the reference value. In this case, the reference value is 10 degrees.

The final result, PSV03, asserts when the relay receives a synchrophasor message 
with an angle difference exceeding 10 degrees.

                    

Figure 18.12 Real-Time Control Application
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Figure 18.14 shows the SELOGIC settings for the remote relay. Set PSV64 to 
indicate that the sending data are correct. These data are sent with the synchro-
phasor data in the IEEE C37.118 data packet and are received by the local relay 
as RTCAD16. The RTCAD16 qualification on line 11 of the local relay (see 
Figure 18.13) contains this remote data quality indicator. A local relay quality 
indicator also qualifies line 11.

                    

Set the remote relay Global settings according to Figure 18.15. Set the number of 
digitals (NUMDSW) to one. In this case, the relay sends SELOGIC values 
PSV49–PSV64 in the IEEE C37.118 data packet. This is how the remote TSOK 
AND PMDOK qualification maps to the local RTCAD16 Relay Word bit. Set the 
PMU application (PMAPP) to fast, because this is a protection application. 
Therefore, you must choose a filter for faster response. Also set the synchropha-
sor enable Global setting to yes (EPMU = Y). The MRTCDLY and RTCRATE 
settings are set but not used by the remote relay.

                    

Set the local relay Global settings according to Figure 18.16. It is important for 
synchrophasors to be enabled (EPMU = Y), the application to be fast (PMAPP = F), 
the compensation settings to be set correctly (VYCOMP, VZCOMP, IWCOMP, 
and IXCOMP), and for IRIGC = C37.118.

Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYA 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 

Protection 1
1: PMV53 := V1YPMAD
2: PMV54 := RTCAP02
3: PMV55 := V1YPMAD - RTCAP02
4: PSV01 := PMV55 >= 180.000000
5: PMV01 := -180.000000
6: PSV02 := PMV55 <= PMV01
7: PMV01 := PMV55 + 360.000000

8: PMV02 := PMV55 - 360.000000
9: PMV55 :=NOT PSV01*PMV55+PSV01*PMV02
10: PMV55 :=NOT PSV02*PMV55+PSV02*PMV01
11: PCT01PU := 0.000000
12: PCT01DO := 1.750000
13: PCT01N := R_TRIG RTCROKA
14: PSV01 := PCT01Q AND RTCAD16
15: PMV56 := ABS(PMV55)
16: PSV03 :=(PMV56 > 10.000000) AND PSV01

Figure 18.13 Local Relay SELOGIC Settings

1: PSV64 := TSOK AND PMDOK

Figure 18.14 Remote Relay SELOGIC Settings

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "REMOTE RTC"
PMID    := 8
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 1

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.15 Remote Relay Global Settings
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maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

The other Global settings are not relevant to this application.

                    

Set the port settings for the port that sends the synchrophasor data on the remote 
relay, according to Figure 18.17.

                    

Set the port settings for the port that receives the synchrophasor data on the local 
relay, according to Figure 18.18. Notice that the RTCID setting must match the 
PMID setting of the remote relay.

                    

Several Relay Word bits are useful for monitoring system status. Add RTCCFGA 
and RTCDLYA to the SER.

The RTCCFGA Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGA deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "LOCAL RTC"
PMID    := 4
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 0

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA 
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.16 Local Relay Global Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := SERVER

Figure 18.17 Remote Relay Port Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := CLIENTA
RTCID   := 8

Figure 18.18 Local Relay Port Settings
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If the RTCCFGA Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the 
SELOGIC equation (for example, RTCAP02 in Figure 18.13) is the correct value 
to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received 
within the window you set with the local MRTCDLY setting (100 ms in this 
example). If the RTCDLYA asserts, consider three options. First, the MRTCDLY 
setting can be increased. However, the MRTCDLY setting is your way of guaran-
teeing operation within a certain time. Increasing MRTCDLY allows for commu-
nications channels with longer transmission delay, but at the cost of increasing 
the maximum time of operation. A second option is to improve the communica-
tions channel so that it operates within the required MRTCDLY setting time. A 
final option is available if the assertion of RTCDLY results from a temporary 
communications channel disruption. In this case, putting RTCDLYA in the SER 
provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.19 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

PMU Recording Capabilities
The PMU can be configured to record synchrophasor data by setting EPMDR := Y. 
Select one of the data configuration q you want to record using SPMDR setting 
where q = 1–NUMPHDC. Create a recording trigger using PMTRIG SELOGIC 
setting. On the rising edge of PMTRIG, the PMU starts recording synchrophasor 
data. The duration and the pretrigger duration of the recording are user-settable.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG only once 
during a four-hour period if 
EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The PMU stores these files in the SYNCHROPHASOR subdirectory with .PMU 
extension. Use FILE READ or File Transfer Protocol (FTP) to retrieve these 
stored data files. The file is in binary format and IEEE C37.118 data format compliant.

The file starts with a Configuration 2 frame followed by the data frames as shown 
below.

<Configuration 2 Frame>

<Data Frame 1>

<Data Frame 2>

.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.19 Example COM RTC Command Response
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.

.

<Data Frame t>

<Data Frame t+1>

.

.

.

<Data Frame n>

where:

t = the number of pretrigger data frames, and is equal to PMPRE • MRATE.

n = the total number of data frames, and is equal to PMLER • MRATE.

<Data Frame t+1> is the first data frames with Bit 11 in the STAT field 
(PMTRIG) asserted.

The recorded file has the following file naming convention.

yymmdd,hhmmss,0,aaa,bbb,ccc.PMU

where,

yymmdd, hhmmss = the UTC time stamp of the first data frame in the file 
with bit 11 (PMTRIG) asserted

aaa = the last three characters of the PMSTNq setting (after removing char-
acters “ / \ < > * | : ; [ ] $ % { } and the spaces)

bbb = the last three characters of the PMIDq

ccc = the last three characters of the CONAM setting (after removing the 
spaces)

Additional PMTRIG assertions are ignored during recording. 

Table 18.25 shows the setting name, description, and default value to help config-
ure the data recording.

                    

Descriptions for the settings in Table 18.25 are as follows.

EPMDR

Use the EPMDR setting to enable synchrophasor data recording. This setting is 
hidden when EPMU := N. When EPMDR = Y, phasor measurement data record-
ing will begin on the rising edge of PMTRIG. Any subsequent PMTRIG assertions 

Table 18.25 PMU Recording Settings

Setting Description

EPMDRa

a This setting is forced to N if MFRMT = FM.

Enable PMU Data Recording (Y, N) 

SPMDRb

b This setting is hidden if EPMRD = N.

Select Data Configuration for PMU Recording (1–NUMPHDC)

CONAMc

c Global Setting.

Company Name (1–5 characters)

PMLERb Length of PMU Triggered Data (2–120 s)

PMPREb Length of PMU Pretriggered Data (1–20 s)
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during the allotted recording period (PMLER) will not result in another PMU data 
recording being started. The relay will store synchrophasor measurement data as a 
IEEE C37.118 binary format file that can be retrieved from the relay by using 
FTP. Synchrophasor data are recorded into a file with extension *.PMU.

SPMDR

The SPMDR setting provides a means for selecting any one of the enabled data 
configuration 1–NUMPHDC for synchrophasor data recording.

PMLER

PMLER sets the total length of the synchrophasor data recording, in seconds. 
The PMLER time includes the PMPRE time. For example, if PMLER is set for 
30 seconds of PMU recorded data, and PMPRE is set for 10 seconds of pretrigger 
data, the final recording will contain 10 seconds of pretrigger data and 20 seconds 
of triggered data for a total report time of 30 seconds.

PMPRE

The PMPRE setting sets the length of the pretrigger data within the synchropha-
sor data recording. The PMPRE data begins at the PMTRIG point of the record-
ing, and extends back in time (previous time to the trigger event) for the 
designated amount of time.
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Digital Secondary Systems

Some SEL-400 series relays can receive analog and binary inputs from a digital 
secondary system (DSS). DSS technology uses merging units to measure cur-
rents and voltages and perform substation control operations. This technology 
provides flexible solutions, reduces the cost of copper, and improves overall 
safety in the substation.

Refer to Table 19.1 to select your DSS of interest.

                    

Time-Domain Link (TiDL)
TiDL (T-Protocol)

The TiDL (T-Protocol) relays identified in Table 19.1 receive analog and binary 
input data from connected SEL-TMUs. A TiDL system communicates over 
direct fiber-optic connections between relays and SEL-TMUs.

Designing and implementing a TiDL system uses the following the general process.

➤ Design a TiDL system from one-line diagram

➤ Configure a TiDL system in SEL Grid Configurator

➤ Connect and commission the TiDL system

➤ Operate the TiDL system

Table 19.1 SEL DSS Technologies

DSS Technology
Supported 
Relays

SEL Supported 
Merging Units

Supported Features

Page LinkSelective 
Protection 
Disabling

Multiple 
Point-to-
Point Direct 
Connections

Custom 
Topologies

TiDL
(T-Protocol)

SEL-411L-2
SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-TMU Yes Yes Yes TiDL (T-Protocol) 
on page 19.1

TiDLa

(EtherCAT)

a TiDL (EtherCAT) technology is no longer offered.

SEL-421-4, -5
SEL-451-5
SEL-487B-1
SEL-487E-3, -4

SEL-2240 Axion Nodes No No No TiDL (EtherCAT) 
on page 19.17

Sampled Values
(IEC 61850-9-2LE)

SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-401
SEL-421-7
Other IEC 61850-9-2LE-
Compliant Publishers

Yes No Yes IEC 61850-9-2 
Sampled Values 
(SV) on page 19.23
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For an example configured TiDL substation and a guide for setting up your first 
TiDL system, see the SEL-400 Series TiDL QuickStart Guide available on 
selinc.com. For detailed information on the SEL-TMU, refer to the SEL TiDL 
Merging Unit Instruction Manual.

Figure 19.1 highlights a high-level SEL TiDL substation.

                    

Some of the benefits of a TiDL system include:

➤ No external time source required for relay and merging unit 
synchronization

➤ SEL TiDL relays and SEL-TMUs communicate via a  nonroutable 
protocol that does not offer interactive remote user access. These 
features minimize security complexity and the associated compliance 
costs in a DSS.

➤ Simplified system configuration through SEL Grid Configurator 
software:

➢ Custom topology configuration

➢ Commissioning through SEL Grid Configurator

➢ Commissioning report providing the present system level 
overview.

SEL TiDL relays can communicate with as many as eight SEL-TMUs. An 
SEL-TMU can then communicate with as many as four SEL TiDL relays.

A SEL TiDL system has a fixed channel delay of 1 millisecond. See Section 1: 
Specifications in the product-specific manual to see the link budget specifications 
of the TiDL (T-Protocol) communications ports.

                    

Figure 19.1 TiDL High-Level Substation Overview
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When configuring a TiDL system in SEL Grid Configurator (see TiDL Mapping 
on page 19.4), create the SEL-TMUs by SEL-TMU type (either 4CT/4PT or 
8CT), then map to the appropriate relay TiDL ports according to your TiDL sub-
station requirements. When a commissioning attempt occurs (see Commissioning 
TiDL Systems on page 19.14), the relay checks that the SEL-TMU type physi-
cally connected to each relay TiDL port matches your configuration. If all con-
nected SEL-TMUs match the expected SEL-TMU type, the relay successfully 
commissions that system and creates a correlation lock between each commis-
sioned relay TiDL port and its unique SEL-TMU that was connected during the 
commissioning process. Once commissioned, each relay TiDL port will only 
accept incoming data from the unique SEL-TMU it commissioned. This provides 
additional security to a DSS. Should an SEL-TMU need to be replaced, see 
Replacing SEL-TMUs on page 19.17.

Selective Protection Disabling
See Section 5: Protection Functions of the product-specific instruction manual 
for channel status bits and the role they play in providing selective protection dis-
abling in cases where analog data are lost.

Important Selective Protection Disabling Considerations

When an SEL-TMU is connected to multiple TiDL relays, the following situa-
tions can result in a momentary communication loss with the shared relays:

➤ Modifying the TiDL I/O map

➤ Decommissioning a connected relay on an active SEL-TMU port

➤ Initiating a relay firmware upgrade to a connected relay

Implement selective protection disabling in the other connected relays to avoid an 
adverse impact on relay protection functions.

TiDL Binary Input and Output Behavior
When a relay is commissioned, 300-, 400-, and 500-level I/O are mapped from 
SEL-TMUs.

Binary inputs are user-settable with default settings that make the binary inputs 
behave as level-sensitive inputs. The default settings for input and dropout 
thresholds are modified by the nominal voltage of the I/O board local to the relay. 
See TiDL Binary Input Settings on page 19.10 for additional information on 
binary input settings.

Because binary outputs on an SEL-TMU can be shared among the connected 
TiDL relays, each TiDL relay maps the status of the SEL-TMU binary outputs to 
local output status bits local to each relay (OUTxxxS). For example, if a relay has 
the SEL-TMU binary output OUT01 mapped to OUT301 locally, the OUT301S 
Relay Word bit indicates the state of OUT01 to the local relay.

Binary inputs and outputs do not have to map to the same I/O in each connected 
relay. For example, OUT01 on the SEL-TMU could map to OUT301 of the SEL 
TiDL relay connected to SEL-TMU PORT 1, OUT307 of the SEL TiDL relay con-
nected to SEL-TMU PORT 2, OUT405 of the SEL TiDL relay connected to 
SEL-TMU PORT 3, and OUT503 of the SEL TiDL relay connected to SEL-TMU 
PORT 4. In such a case, the output control equation for OUT01 can be considered 
as OUT01TMU := OUT301Relay 1 + OUT307Relay 2 + OUT405Relay 3 + 
OUT503Relay 4.
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Decommissioned Relay I/O Statuses

When a TiDL relay is decommissioned, all I/O Relay Word bit statuses revert to 
their default deasserted state.

TiDL Mapping
When configuring your TiDL I/O mapping, first add devices to your SEL Grid 
Configurator workspace according to your TiDL substation requirements. 
Figure 19.2 shows the process for adding a device to a folder or just to the overall 
workspace. All TiDL devices added to an SEL Grid Configurator workspace are 
available for mapping purposes, not just those co-located within the same folder.
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Repeat the steps in Figure 19.2 to add all remaining devices in your TiDL substa-
tion. Next, enable the TiDL I/O Map (Port 6) of the relay you are currently con-
figuring in SEL Grid Configurator, as shown in Figure 19.3.

                    

Figure 19.2 Adding a Device to the SEL Grid Configurator Workspace

c. Select the device 
to be added.

d. Enter a device name.

e. Configure the device 
part number (or select 
the SEL-TMU variant)
by using the drop-down 
list or entering the 
part number manually.

g. Select Okay.

a. Select the ellipses button 
associated with the new folder. 

b. Select
Add Device.

Note: If you did not create a folder and are just adding 
devices to the SEL Grid workspace, select the Add 
Device icon to add a new device to the overall SEL 
Configurator Grid workspace.

f. Select the desired relay 
nominal secondary current.
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Next, configure your TiDL relay and SEL-TMU port mapping by following the 
process shown in Figure 19.4.

                    

Figure 19.3 Navigating to the TiDL I/O Map Workspace

c. Select TiDL I/O Map.

a. Select the relay 
to be configured.

TiDL I/O Map workspace 
cells become active.

d. Select the Enable 
Port 6 check box.

b. Select 
Communications.
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Proceed to configuring your I/O mapping. You can only use I/O from the 
SEL-TMUs configured as mapped to your relay from Figure 19.4 when configur-
ing your relay I/O mapping. Figure 19.5 shows the process for configuring I/O 
mapping.

                    

NOTE:  You can use all SEL-TMUs in the SEL Grid Configurator workspace to create a topology mapping.

Figure 19.4 Configure Port Mapping

a. Select the ellipses button 
associated with the relay 
TiDL port being mapped.

d. Select OK to complete mapping.

f. Repeat Steps a–e for additional ports.

e. Verify proper mapping for first port.

c. Select the SEL-TMU TiDL port that 
completes the connection.
Note: The selected SEL-TMU port is only 
for bookkeeping purposes and does not 
impact the TiDL system functionality. The 
port selected here does not have to match 
the actual SEL-TMU port used.

b. Select the SEL-TMU 
that will be connected 
to this port.

Note: Use the x button to clear 
a port mapping, if desired.
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SEL TiDL Relay Nominal Secondary Current
The SEL-400 devices accept 1A or 5A CTs. Configure an SEL TiDL relay via 
SEL Grid Configurator (see Figure 19.11) or the CFG CTNOM command to set 
the nominal secondary current for its mapped CT inputs. The SEL TiDL relays 
follow the same makeup of nominal CT inputs as their corresponding traditional 
relay version. This means that for SEL TiDL relays, with the exception of the 
SEL-487E-5, all CT terminals share the same nominal secondary. The 
SEL-487E-5 provides options for modifying the nominal secondary on a per-ter-
minal basis.

By default, the relay assumes 5A nominal secondaries.

When the CFG CTNOM command is issued by either SEL Grid Configurator or 
through an ASCII terminal and only if the nominal secondary is changed (i.e., 
changing from 5A nominal to 1A nominal, or 1A nominal to 5A nominal), 
Global and Group settings are forced to default, then the relay restarts.

When you are adding a device to the SEL Grid Configurator System Explorer, 
select the applicable secondary current options for the device. Figure 19.6(a) 
shows options for an SEL-451-6 and Figure 19.6(b) shows options for a 
SEL-487E-5. From the selected secondary current options, SEL Grid Configura-
tor creates a device with defaults and settings ranges based on the nominal sec-
ondary currents.

                    

q See Figure 19.4.

Figure 19.5 Configure I/O Mapping

a. Select the ellipsis button 
associated with I/O to be mapped.

f. Verify the proper mapping 
for the local relay I/O.

d. For current terminal mapping, use the + symbol to 
add additional SEL-TMU current inputs to the local current 
mapping equation. Select the + symbol only if performing 
digital current summation.

c. Select the SEL-TMU I/O to map 
to the local I/O mapping equation.

e. Select Okay.

b. From the TMU 
Device list, select 
the SEL-TMU from 
which the I/O is 
mapped.

Note: Only SEL-TMU devices that have been mapped to a relay port 
(see q) appear in the list of SEL-TMU devices from which you can map I/O.

g. Repeat Steps a–f for all
remaining I/O mapping.

Note: Use the Clear 
I/O Mappings to 
erase all current I/O 
mapping configura-
tions of the relay.

NOTE: In the SEL-451-6 R401 
firmware, the CFG CTNOM command 
defaults all relay settings, which will 
also decommission the relay’s TiDL 
mapping. SEL Grid Configurator can 
only configure the nominal secondary 
current of the SEL-451-6 in firmware 
versions R402 and newer.
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To see the configured nominal secondary current of a device in SEL Grid Config-
urator, see the SEL Grid Configurator settings of SECINC (in relays other than 
the SEL-487E-5) or CURSTU and CURXYZ (in the SEL-487E-5).

Reading Settings in SEL Grid Configurator

When reading settings from a device in SEL Grid Configurator, you can do one 
of the following:

➤ Read settings to a device that already exists in the SEL Grid 
Configurator workspace

➤ Add a device to the SEL Grid Configurator workspace by using the 
retrieved settings

For the first case, if you read settings for a device that already exists in the SEL 
Grid Configurator workspace, the following can occur:

➤ The configuration in SEL Grid Configurator matches the relay 
configuration and settings are automatically loaded.

➤ A discrepancy exists between SEL Grid Configurator and the relay. 
In this case, SEL Grid Configurator alerts and asks the user what the 
nominal secondary current configuration should be.

For the second case, if you add a device to SEL Grid Configurator by using the 
retrieved settings, SEL Grid Configurator creates a device with a nominal sec-
ondary current configuration that matches the relay configuration in your project.

Modifying Previously Configured Nominal Secondary Current

If a device in SEL Grid Configurator requires updating the nominal secondary 
current, follow the process outlined in Figure 19.7.

                    

Figure 19.6 Configure Device Nominal Secondary Current Configuration

(a) (b)
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TiDL Binary Input Settings
The SEL TiDL relay binary inputs that are mapped from SEL-TMUs behave as 
user-settable inputs. Pickup and dropout levels are also set independently per 
relay. This means that an SEL-TMU binary input that is shared among multiple 
relays does not require the same pickup and dropout thresholds configured in 
each relay; they can be set differently. Although you can set shared inputs inde-
pendently, SEL typically recommends to set settings for shared inputs consis-
tently among the connected relays.

                    

Figure 19.7 Modifying Nominal Secondary Current Configuration

a. Select Edit Nameplate.

b. Select desired nominal 
secondary current.

c. Select OK.

d. Select what you want SEL Grid 
Configurator to do. 
Note: S1 through S6 settings are 
Protection Group settings only. They 
do not include protection freeform logic.

e. Select OK.
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By default, all binary inputs have settings determined by the additional I/O board 
in slot Position B of the local relay. All virtual I/O default to the threshold levels 
similar to the level-sensitive board through the GINP setting. If the mapped 
binary inputs all share the same pickup, dropout, etc. settings but are different 
from the default, change the GINP, GINDF, etc. settings and leave EICIS := N. 
However, if the mapped binary inputs require different settings on a per input 
basis, follow the process outlined in Figure 19.4.

You can send binary input settings to a relay prior to, during, or any time follow-
ing a TiDL relay commissioning without needing to re-commission your TiDL 
relay.
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Figure 19.8 Binary Input Settings Flow Diagram

a. Select the relay for which 
you want to set binary inputs.

b. Select Settings Grid
for the relay.

c. Select Control Inputs to 
expand the workspaces.

d. Select General 
(Control Inputs)

e. Change the EICIS setting by 
doing one of the following:

i. Select the 
ellipses button 
associated with 
the current value 
to which EICIS is 
set (default is N).

i. Double-click the 
entry in the Value 
field for the EICIS 
setting name to 
highlight it. 

Enter Y to overwrite, 
then press Enter.

ii. Select Y.

iii. Select OK.

f. Verify EICIS = Y. The 
setting name has a 
yellow bar next to it to 
indicate a recent 
change to the setting.g. Select the interface 

board of the input you 
are setting.

h. Double-click the entry 
in the Value field for the 
setting to highlight it, 
enter your desired 
setting, and press Enter.

i. Repeat Steps g and h for 
the remaining input 
settings.
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SEL Grid Configurator Aliasing
SEL Grid Configurator provides an option of aliasing the SEL-TMU I/O. 
Through aliasing the SEL-TMU I/O, you can make the mapping configuration 
more intuitive. Figure 19.9 shows the steps for aliasing SEL-TMU I/O.

                    

Once the alias is created, it appears in the TMU I/O Selection dialog box. The 
original I/O name appears in parentheses following the alias name.

                    

Figure 19.9 Creating Aliases for SEL-TMU I/O

a. Select the 
SEL-TMU to 
alias I/O. b. Select I/O Interface.

This opens the I/O
INTERFACE workspace for 
the selected SEL-TMU.

e. Enter your alias.

d. Select the alias cell for 
the I/O for which you want 
to create an alias to activate 
the cell.

f. Repeat Steps d and e 
for the remaining 
inputs you want to alias.

c. Select Inputs.
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Commissioning TiDL Systems
Figure 19.11 shows the process for commissioning a TiDL system. Each TiDL 
system (a TiDL relay and the connected SEL-TMU TiDL ports) is commissioned 
independently with no impact to other relays and SEL-TMUs already in service 
(outside of shared SEL-TMU outputs that you can now control through the newly 
commissioned relay).

                    

Figure 19.10 Aliases Shown in TMU I/O Selection Dialog Box

NOTE: To decommission a TiDL 
system use the R_S command, send a 
TiDL channel map without selecting 
Commission, or send an empty TiDL 
channel map.
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q See Figure 19.6; w See Figure 19.7

Figure 19.11 SEL TiDL Relay Commissioning

SEL TiDL Relay
SEL-TMU

a. Connect the TiDL relay and 
all SEL-TMU devices according 

your configured mapping.
b. In SEL Grid Configurator, select the 
relay you are commissioning.

c. Select Device to 
expand the list of 
objects under it.

d. Select 
Connections.

f. Enter connection 
details for your desired 
connection type.

g. Select Connect.

h. Verify the dot on 
the device tab is 
green, indicating an 
active connection.  

i. Select Send.

e. Select your desired Connection 
Type from the drop-down box.

SEL Grid Configurator displays a warning message that it will configure the relay 
according to the selected secondary configuration if there is a mismatch between 
the relay’s active nominal secondary configuration and the configuration selected 
in q. See w if you want to modify how the relay is configured.

By default, the All check box is selected. When commissioning a TiDL system, you 
can send settings prior to, during, or after a commissioning.  However, this 
example only sends the channel map.
If SEL Grid displays the nominal secondary mismatch message, consider sending 
SET_G1.TXT and SET_S1.TXT–SET_S6.TXT because they are defaulted on the relay 
following SEL Grid Configurator configuring the relay.

j. Select the TiDL I/O Map (Port 6) and Commission check boxes.
If you only select the TiDL I/O Map (Port 6) check box when sending settings, the 
TiDL relay will decommission.

SEL Grid Configurator now configures the relay current nominal secondaries 
(if needed), sends selected settings, and commissions the TiDL system.

k. Select Ok.
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Following a commissioning attempt, the result is provided, as shown in 
Figure 19.12. For successful attempts, you can generate a commissioning report 
that includes a record of the relay and SEL-TMUs commissioned. For failed 
attempts, SEL Grid Configurator displays error messages that indicate the reason 
why the commissioning attempt failed. In addition to the provided commission-
ing report, following any commissioning attempt, a SER entry is recorded to 
indicate a commissioning attempt and the result (successful, unsuccessful, etc.). 

                    
                    

Figure 19.12 TiDL Commissioning Report

a. Select Commissioning Report to download 
a report in a provided format of your choice.

b. Select the report format 
of your choosing.

c. Select Download.
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TiDL System Troubleshooting

Use the STA T command (see STA T on page 14.61) to view the current opera-
tional status of your TiDL system.

For commissioned SEL-TMUs, the STA T command indicates OK for an 
SEL-TMU device that is communicating and properly commissioned or an error 
if the corresponding SEL-TMU is not communicating with the relay. Check the 
fiber connection between the relay and SEL-TMU. Use the VEC command (see 
VECTOR on page 14.72) to obtain relevant SEL-TMU diagnostics, then contact 
SEL technical support.

Ports that are not mapped according to the configured topology are indicated as 
Not Mapped in the STA T command response.

Replacing SEL-TMUs

Anytime a commissioned SEL-TMU is replaced, each TiDL system that uses the 
SEL-TMU in mapping must be recommissioned by following the process out-
lined in Figure 19.11.

TiDL (EtherCAT)
NOTE: TiDL (EtherCAT) technology is 
no longer offered. It is recommended 
to use TiDL (T-Protocol).

The TiDL (EtherCAT) relays identified in Table 19.1 can receive analog and 
binary inputs from the SEL-2240 Axion. The Axion provides the analog and 
binary data over an IEC 61158 EtherCAT, TiDL network. This technology pro-
vides very low and deterministic latency over point-to-point architecture. Point-
to-point architecture eliminates the need for time synchronization between the 
Axion nodes and the relay. In addition, it eliminates the complex communica-
tions network often associated with DSS and simplifies the programming and 
installation process.

SEL-400 series relays with TiDL can receive as many as eight fiber links from as 
many as eight Axion nodes. Not all nodes have to supply analog data—some can 
supply digital input and output (I/O) only. The firmware will recognize and vali-
date the connected Axion modules and determine if they match a predefined sup-
ported topology. The supported topologies are balanced between copper 
reduction and the number of required Axion nodes. Refer to Section 2: Installa-
tion in the product-specific instruction manuals to review the supported TiDL 
topologies.
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SEL-400 series relays that support TiDL are only available in a 4U chassis. These 
relays support an I/O board on the relay, and, when applicable, main board I/O. 
These I/Os will be mapped to the 100- and 200-level inputs and outputs. Axion 
modules provide additional I/O by using the internal digital Relay Word bits for 
the 300, 400, and 500 levels of the relays. Note that when the relay part number 
supports TiDL, all output settings for I/O are available. Correctly set these out-
puts for what is installed because all output settings will be available but all may 
not be physically installed in your system.

Relay Word bits IO300OK, IO400OK, and IO500OK indicate the status of 
installed I/O boards in standard relays or whether an Axion module is commis-
sioned. These bits can also identify whether a board is installed or when an Axion 
I/O module fails.

                    

                    

Figure 19.13 Sample TiDL System Topology

SEL Relay

SEL Axion

SEL AxionSEL Axion

SEL Axion SEL Axion

IAW
IBW
ICW

VAY
VBY
VCY

IAX
IBX
ICX

1 Phase
(VBZ)

1 Phase
(VAZ)

Line

Substation Yard

Control House

                    

Figure 19.14 Rear Panel of Relays With TiDL
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TiDL applications use the SEL-2240 Axion, which is a fully integrated analog 
and digital I/O control solution suitable for DSS. An Axion node consists of a 10-
slot, 4-slot, or dual 4-slot chassis that is configurable to contain a power module 
and combinations of CT/PT, digital input (DI), or digital output (DO) modules.

                    

Each chassis requires a SEL-2243 Power Coupler (see Figure 19.16). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. See the SEL-2240 Axion Instruction Manual 
for more information.

                    

The SEL-2244-2 Digital Input Module (see Figure 19.17) consists of 24 optoiso-
lated inputs that are not polarity-dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay. For more information on DI mapping, refer to Section 2: 
Installation in the product-specific instruction manuals.

                    

Figure 19.15 Axion Chassis

                    

Figure 19.16 SEL-2243 Power Coupler
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The SEL-2244-5 Fast High-Current Digital Output Module (see Figure 19.18) 
consists of ten fast, high-current output contacts. The TiDL system can map as 
many as 48 DO points to the relay. For more information on DO mapping, refer 
to Section 2: PC Software.

                    

The SEL-2245-42 AC Analog Input Module (see Figure 19.19) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See the supported topologies in Section 2: Installation in the product-spe-
cific instruction manual for more information.

                    

Figure 19.17 SEL-2244-2 Digital Input Module

                    

Figure 19.18 SEL-2244-5 Fast High-Current Digital Output Module
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A simple commissioning process identifies the connected TiDL system and veri-
fies it matches one of the supported relay topologies. Once the commissioning 
process is complete, the topology is stored in memory. At each additional relay 
startup, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes if any CT/PT modules within the node have 
changed.

Secondary injection testing takes place at each Axion node. Test sources are 
required to inject voltages and current to the Axion node to verify correct instal-
lation and mapping. Monitoring of the voltages and currents will remain in the 
control house at the relay location.

TiDL (EtherCAT) Settings
In TiDL (EtherCAT) relays, there are configurable settings that are specific to 
those applications in QuickSet. These settings are needed to help configure 
QuickSet and control attributes such as setting ranges, defaults, and functionality. 
These settings are not part of the actual relay firmware, and therefore are not sent 
to the relay at the time the settings transfer. SECINC is one of these configurable 
settings. SECINC determines the nominal current input for the connected Axion 
units. In the relay, the user issues an ASCII command, CFG CTNOM n, to set 
the relay firmware to the correct nominal current being received from the TiDL 
Axion units. Once the command has been used to set the nominal current value 
from the Axion units, use QuickSet to set SECINC (see Figure 19.20) to that 
same nominal value to adjust all QuickSet setting ranges to the appropriate 
scales.

                    

Figure 19.19 SEL-2245-42 AC Analog Input Module

NOTE: The relay must be configured 
using the CFG CTNOM n command 
before the settings are transferred to 
the relay to avoid erasing the 
transferred settings. The commands 
used to set the nominal current in the 
relay will default all settings after the 
commands are issued. Changing the 
SECINC, CURSTU, or CURWXY 
settings in QuickSet will not change 
the rest of the settings in QuickSet 
back to default but will provide an 
error if any of the current settings are 
now out of range. In addition, when 
the relay is connected to QuickSet, 
the software reads the configuration 
of the relay and appropriately 
updates this setting automatically; 
however, this setting must work 
offline and develop settings when not 
connected to the relay.
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Some relays, such as the SEL-487E, have multiple setting combinations. The 
QuickSet settings for the SEL-487E, CURSTU and CURWXY, are shown in 
Figure 19.21. and are used instead of SECINC. For more information on the set-
tings options, review the CFG CTNOM command operation in Section 2: Instal-
lation of the product-specific instruction manual.

                    

If at the time the relay settings are transferred, the QuickSet settings SECINC, 
CURSTU, or CURWXY do not match the nominal current set in the relay by the 
CFG CTNOM command, the settings transfer is rejected and an error message is 
displayed.

For relays that do not support DSS, the SECINC setting is grayed out in QuickSet 
(see Figure 19.22). Settings CURSTU and CURWXY are also grayed out in the 
SEL-487E.

                    

Figure 19.20 SECINC Setting

                    

Figure 19.21 SEL-487E Nominal Current Selection
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IEC 61850-9-2 Sampled Values (SV)
Some SEL-400 series relays are available with the capability to either publish or 
subscribe to analogs in accordance with the UCA International Users Group’s 
“Implementation Guideline for Digital Interface to Instrument Transformers 
Using IEC 61850-9-2,” The 9-2LE guideline is a subset of IEC 61850-9-2 and 
specifies, among other things, logical devices, data set contents, sampling rates, 
the time-synchronization method, and the message format. The 9-2LE guideline 
clarified ambiguities in the 9-2 standard, improving interoperability between SV 
devices from different manufacturers.

Architecture
9-2LE uses OSI Layer 2 multicast messages on standard Ethernet network archi-
tecture. Merging units such as the SEL-421-7 SV Publisher enabled or the 
SEL-401 Merging Unit sample analog values, convert them to digital signals, and 
then publish them over the Ethernet network. Two key components of SV mes-
sages (besides the current and voltage data) are the destination MAC address and 
the application ID, or APPID. Relays, meters, DFRs, and other devices on the 
network can selectively subscribe to the SV streams they need for their applica-
tion based on these attributes. Because SV streams only carry current and voltage 
measurements, to accommodate digital input and output data or controls, 
IEC 61850 GOOSE must also be configured on the network. This network, 
which carries data essential for the first level of basic substation processes, is 
known as the process bus. Another network commonly associated with IEC 
61850 is known as the station bus, which carries station-level communications 
such as SCADA.

The process bus allows a single merging unit to share its data with multiple 
devices and for a single device to receive data from multiple merging units. To 
align these data, 9-2LE requires time synchronization for all devices. This can 
also be accomplished over either the process bus or the station bus network via 
IEEE 1588 or Precision Time Protocol (PTP). Alternatively, SEL SV devices can 
be synchronized via IRIG-B. Because of the bandwidth requirements and mes-
sage types that can be present on the process bus, optimal SV performance 
requires a well-engineered process bus and station bus network.

                    

Figure 19.22 SECINC Disabled
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Refer to Section 17: IEC 61850 Communication for information on process bus 
and station bus designations for the four-port and five-port Ethernet cards.

Benefits of a 9-2LE SV System
Some of the benefits of a 9-2LE SV system include:

➤ Set the relay as you would conventional SEL-400 series relays 
through use of QuickSet or SEL Grid Configurator and 
ACSELERATOR Architect SEL-5032 Software.

➤ Decrease costs through copper reduction and data sharing.

➤ Increase safety in the substation by removing high-energy cables 
from the control house. This also eliminates the concern of an open 
circuited CT when a relay is removed from service.

SV Publication 
SV Publication Capability

Some SEL-400 series relays are available with the capability for SV publication. 
Enabling SV publication through settings—PORT 5 setting SVTXEN > 0 or via 
Configured IED Description (CID) file—enables the merging unit functionality 
of the device. The SV publication capability of each SEL SV publishing devices 
is identical, so throughout this section, SEL devices with SV publication enabled 
are referred to as SV publishers.

The SV publisher digitizes the data from its voltage and current inputs, records 
its current state of time synchronization, scales these values to primary units by 
using the CT and PT ratio settings, and then transmits these values in accordance 
with the 9-2LE guideline. SEL SV publishers support the “MSVCB01” model of 
the multicast SV control block described in the guideline, which includes a single 
application service data unit (ASDU). The transmission rate is 80 samples per 

                    

Figure 19.23 Example SV Network
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nominal frequency cycle. If the nominal frequency setting of the SV publisher 
NFREQ = 50 Hz or 60 Hz, the SV transmission rate is 4000 or 4800 samples per 
second, respectively.

The SV publisher can publish as many as seven SV streams simultaneously. SV 
publication is independent of the protection elements, so protection functionality 
remains secure even when the SV publisher is publishing the maximum number 
of SV streams.

Because multiple SV streams may be received by a single subscriber, all streams 
usually require time-alignment to a time source with an accuracy of <1 µs. SV 
messages indicate the synchronization state of the SV publisher at the time the 
sample was taken. This value, smpSynch in the SV message, will be 0, 1, or 2, to 
indicate whether the merging unit was synchronized with a global time source 
(2), a local time source (1), or an internal clock (0). If the SV publisher is syn-
chronized with an IEEE 1588 PTP time source that uses the PTP Power Profile 
(C37.238), the smpSynch value is equal to the ID of the grandmaster clock, usu-
ally a value between 5 and 254. The subscriber can also operate in the local time 
mode with a single time source accuracy of >1 s.

Though SV messages do not contain an actual time stamp, they do include a 
value, smpcnt (sample count), that the publisher increments for each message 
that it transmits, which represents the time at which the sample was taken. For 
every SV message that the SV publisher transmits, smpcnt increments until it 
reaches a value of 4799 on a 60 Hz system, or 3999 on a 50 Hz system. At the top 
of the second, smpcnt resets to 0. Smpcnt can be used to calculate the time stamp 
of the message in relation to the most recent top of a second by multiplying it by 
the transmission interval (208.33 µs for a 60 Hz system or 250 µs for a 50 Hz sys-
tem). For example, a message with smpcnt=699 on a 50 Hz system was taken 
699 • 250 µs = 174.75 ms after the top of the second.

SV Publisher Configuration
Architect provides support for the configuration of the SEL SV publisher via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more information, see 
IEC 61850 Configuration on page 17.38.
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Architect includes an ICD file for the SEL-401 and an ICD file for the 
SEL-421-7 SV Publisher. ICD files of both SV publishers contain default SV 
data sets, which contain combinations of the current and voltage terminals avail-
able on the publisher, i.e., W and Y, W and Z, X and Y, or X and Z. You can 
choose to publish any of these preconfigured data sets or create and publish a 
custom data set that conforms to the 9-2LE guideline. This feature is useful if you 
need the SV publisher to send anything other than all phases (A, B, C, and neu-
tral) of a current or voltage terminal in an SV stream.

SV publications may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. You can use PORT 5 settings to quickly configure SV 
streams that do not require much customization. All phases (A, B, C, and neutral) 
of a current or voltage terminal must be mapped to an SV stream, and each 
stream must contain at least one set of voltage or current terminal phase quantities.

SV Publisher Startup 
When initially turned on, the SV publisher ENABLED LED illuminates as soon as 
protection functionality is enabled, typically within 10 seconds, but there can be 
an additional delay of approximately 6 seconds before the initial SV publication 
is transmitted. Once the SV publisher has begun transmitting SV streams, they 
can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV publications stop if the SV publisher is disabled (EN Relay Word bit = False), 
the PORT 5 setting EPORT is set to “N”, or the processor fails. SV publications 
will not resume unless the disabling condition is addressed.

                    

Figure 19.24 Example Architect SV Publication Configuration
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SV Publisher Diagnostics and Testing
Once SV publication is configured and enabled, new commands are available to 
verify configuration, diagnose and troubleshoot SV communications, and aid in 
commissioning and testing: COM SV and TEST SV.

The COM SV command displays information about the SV streams that the unit 
is configured to publish. The data includes the SV destination MAC address, 
Application ID, message name, data set name, VLAN ID, and priority if the SV 
publisher is configured via CID file. If the publisher is configured via PORT 5 set-
tings, the data set name remains blank because it is not used in PORT 5 settings, 
and therefore unavailable. For more information on the COM SV command, see 
Section 9: ASCII Command Reference in the product-specific manual.

The TEST SV command places the SV publisher into TEST SV mode. In this 
mode, it replaces the current and voltage data of all SV configured streams with 
predefined signals for a period of 15 minutes. Also, the SV publisher asserts the 
test bit in the quality attribute of each current and voltage to identify it as test 
data. Note that the SV publisher remains in normal mode, and does not enter 
IEC 61850 Test mode. This does not affect metering or protection functions on 
the SV publisher. The COM SV command indicates whether the SV publisher is 
in TEST SV mode by displaying the information at the top of the response. Refer 
to the TEST SV command description in Section 9: ASCII Command Reference 
in the product-specific manual for more information.

SV Subscriber
SV Subscriber Functionality

SEL SV subscriber relays do not have current or voltage input terminals like con-
ventional relays. SV subscriber relays also do not have internal instrument trans-
formers. Conventional relays are typically ordered from the factory with either 1 A 
or 5 A nominal CTs, which provide the full range of measured values for the cur-
rent input terminals. Before or during installation, SEL SV subscriber relays must 
be configured with the same nominal current value of the merging unit for proper 
operation. The ASCII command CFG CTNOM n, where n is 1 or 5, must be used 
to configure the SV subscriber with the nominal current value of the subscribed 
merging unit. Refer to the Section 9: ASCII Command Reference in the SEL-421-7 
Instruction Manual for more information on the CFG CTNOM command.

                    
                    

Figure 19.25 SEL-421-7 SV Subscriber Relay, 4U Rear Panel

Five-port Ethernet card ordering option depicted.
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SV Subscribers, such as the SEL-421-7 SV Subscriber Relay, must be configured 
to subscribe to 9-2LE-compliant SV streams to enable any protection functions. 
When configured via PORT 5 settings, all phases (A, B, and C) of a current or volt-
age terminal must come from an SV stream, and terminals cannot be mapped 
more than once. When configured using Architect, as many as three streams can 
be summed and mapped to a single terminal. The SEL-421-7 SV Subscriber 
Relay and SEL-451 SV Subscriber Relay can receive as many as four streams 
when configured through PORT 5 settings, and the SEL-487E SV Subscriber 
Relay and SEL-487B SV Subscriber Relay can receive as many as seven streams 
when configured through PORT 5 settings. All SV subscriber relays can receive as 
many as seven streams when configured through use of a CID file. 

Once SV subscriptions are configured and are being received, the SV subscriber 
relay provides a suite of protection functionality. Please refer to the specific prod-
uct instruction manual for a list of available protection functions.

Note that IEC 61850-9-2LE only covers the publication and subscription of ana-
log data. To communicate digital input and output data or controls, IEC 61850 
GOOSE must be configured and optimized on either the process bus or the sta-
tion bus.

SV Subscriber Configuration 
Architect provides support for the configuration of the SEL SV subscriber via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more detailed information, 
see IEC 61850 Configuration on page 17.38.

                    

When configuring the SV subscriber, SV subscriptions are accomplished in the 
same manner as GOOSE subscriptions. Simply drag a published current into an 
appropriate current slot, or a published voltage into a voltage slot in the SV sub-
scriber SV Receive tab. Note that even though a publisher may have a neutral 
current or voltage value in its publication, the SEL subscriber does not have a 
neutral current or voltage slot to map it into. Finally, configure the time reference 
of the subscriber (which selects the device whose smpSynch value all other sub-
scribed messages must match) by selecting the device name from the dropdown 
list labeled Time Reference. See Subscription Reference Stream on page 17.26 

                    

Figure 19.26 Example Architect SV Subscription Configuration
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for more information about the reference stream. Architect also allows as many 
as three received current streams to be summed and mapped to a single relay cur-
rent terminal.

SV subscriptions may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. PORT 5 settings can be used to quickly configure SV 
subscriptions that do not require much customization. All phases (A, B, C) of a 
current or voltage terminal must be mapped to an SV subscription. Please note 
that regardless of the configuration method, you cannot map a current or voltage 
phase value into more than one subscriber slot.

SV Subscriber Startup 
When initially turned on, the SV subscriber ENABLED LED illuminates as soon as 
protection functionality is enabled, which can take as long as 17 seconds but will 
typically be within 10 seconds. Once the SV subscriber has begun accepting SV 
streams, SV processing can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV subscriptions are disabled if the SV subscriber is disabled (EN Relay Word 
bit = False), the PORT 5 setting EPORT is set to “N”, or the processor fails. SV 
subscriptions do not resume unless the disabling condition is addressed. When 
SV subscriptions are disabled, so is the primary means of data acquisition for the 
relay. Take care to recognize when such a condition occurs, generate appropriate 
warnings or alarms, and resolve any issues.

SV Subscriber Diagnostics and Testing
Once SV subscriptions are configured and enabled, new commands are available 
to verify configuration, diagnose and troubleshoot SV communications, and aid 
in commissioning and testing: COM SV and TEST SV. 

The COM SV command displays information about the SV streams to which the 
unit has been configured to subscribe. The data includes the SV destination MAC 
address, Application ID, message name, data set name, VLAN ID, and priority if 
the information is available. If information is not available, the field remains 
blank. The COM SV command also provides statistics for individual subscribed 
SV streams and any error conditions that are currently present or were present 
during the previous 30 seconds. For more information on the COM SV com-
mand, see Section 9: ASCII Command Reference in the product-specific manual.

See Table 14.44 for detailed explanations of the information provided in the 
COM SV command.

If any subscribed SV streams are lost, the SV subscriber can still be able to pro-
vide some subset of metering and protection functionality, depending on what 
data are in the missing stream(s). For example, consider an SV subscriber that 
has two active subscriptions with the first one providing one set of terminal cur-
rents and voltages, and the other providing another set of currents. If the second 
subscription is lost, the SV subscriber can still provide metering data and some 
degree of overcurrent and LOP protection with the data available from the first 
stream. Refer to the product-specific instruction manual for available protection 
features.
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The TEST SV command places the SV subscriber into SEL’s TEST SV mode. In 
this mode, it accepts any subscribed messages with or without the test bit of the 
quality attribute set. The data that the SV subscriber receives while in TEST SV 
mode are processed as valid data, so take care to ensure that outputs are blocked 
to prevent any undesired operations. The MET command reflects the received 
data as actual data, even with the test bit asserted. The COM SV command indi-
cates whether the SV subscriber is in TEST SV mode by displaying the informa-
tion at the top of the response. Refer to the TEST SV command description in 
Section 9: ASCII Command Reference of the product-specific manual for more 
information.

The health of the incoming SV subscription data channels can be monitored with 
the SV subscription Relay Word bits SVSALM, SVSmmOK, and SVCC, and the 
SVNDmm (where mm is the SV stream number 01–07) analog quantities. The 
SVSmmOK Relay Word bits are asserted when subscription mm is configured 
and data conforming with the 9-2LE guideline is being actively received from it. 
The SVCC (SV coupled clocks mode) Relay Word bit is asserted when the SV 
subscriber is synchronized with the same smpSynch value as the subscription ref-
erence stream. The SVNDmm analog quantities indicate the measured channel 
delay of each subscription and are compared with the PORT 5 CH_DLY setting to 
generate an alarm condition as described in the following.

The SVSALM Relay Word bit is a general purpose alarm that will assert for the 
following conditions:

➤ The SV subscriber has lost sync with the device providing its 
reference stream

➤ One or more subscribed SV streams network delays exceed the 
CH_DLY setting

➤ One or more subscribed SV streams are no longer being received 
(lost)

➤ One or more subscribed SV streams have a subscription status 
SVSmmOK bit that is not set. 

The SV subscriber also provides analog channel status Relay Word bits, which 
are useful for supervising protection based on the state of SV communications for 
each current and voltage channel. These bits include nnnOK and nnnBK bits, 
where nnn is the product-specific current or voltage channel that can potentially 
be mapped to data from an incoming SV stream, for example, IAW, IBW, ICW, 
VAY, VBY, VCY, etc. in the SEL-421-7 SV Subscriber Relay. The nnnOK bits 
asserts for all data channels that are mapped to a subscribed SV stream and have 
data actively being received from it. The nnnBK bits are the inverse of the 
nnnOK bits.

See Section 5: Protection Functions of the product-specific manual for more 
information on SV status logic.

NOTE: TEST SV is an SEL proprietary 
mode. For the IEC 61850-compliant 
modes, see IEC 61850 Simulation 
Mode on page 17.30 and IEC 61850 
Mode/Behavior on page 17.30.
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➤ Updated Figure 17.6: Independent Bus Mode With PTP Time Synchronization on the Process Bus, Figure 17.7: 
Independent Bus Mode With PTP Time Synchronization on the Station Bus, and Figure 17.8: Merged Bus Mode 
With PTP Time Synchronization.

➤ Updated GOOSE and SV Messaging in Sampled Values.

➤ Updated IEC 61850 Simulation Mode.

➤ Added IEC 61850 Mode/Behavior.

➤ Updated Table 17.17: IEC 61850 Settings.

➤ Updated Figure 17.18: Add ICD to Project Tree.

➤ Updated Mode, Behavior, and Health under Logical Nodes.

➤ Updated Table 17.18: Logical Device: CFG (Configuration).

➤ Updated Table 17.35: Basic Conformance Statement and Table 17.37: ACSI Service Conformance Statement.

Section 18

➤ Updated Table 18.26: PMU Recording Settings.

➤ Updated CONAM in PMU Recording Capabilities.

20180630 Section 5

➤ Added Rack Type Breaker Mosaics and Status-Only Disconnects to Bay Control Front-Panel Operations.

➤ Added 89CTLm to Disconnect Logic.

➤ Added 89CTL01 and 52mRACK, 52mTEST to Disconnect Assignments.

➤ Added Disconnect Front-Panel Control Enable to Disconnect Information.

20180329 Section 3

➤ Updated Reading Oscillograms, Event Reports, and SER.

Section 4

➤ Added information on setting combinations to Front-Panel Menus and Screens.

Section 9

➤ Updated Oscillography and Event Reports, Event Summaries, and Event Histories.

Section 11

➤ Added information to Events Directory in Virtual File Interface.

20171006 Section 16

➤ Updated Table 16.8: Relay DNP3 Object List.

Section 17

➤ Updated for IEC 61850 configuration.
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Appendix B

➤ Updated to help preserve IEC 61850 configuration during a firmware upgrade.

20170714 Section 2

➤ Updated Table 2.2: QuickSet HMI Tree View Functions.

➤ Updated Figure 2.20: Retrieving an Event History and Figure 2.22: Sample Event Oscillogram.

Section 9

➤ Updated Figure 9.1: Input Processing to include Sampled Values data acquisition.

➤ Added Figure 9.2: Input Processing of SEL-400 Series Relays With SV Remote Data Acquisition.

➤ Updated Generating Raw Data Oscillograms, and added Figure 9.7: An Overcurrent Application Via Remote 
Data Acquisition through Figure 9.9: Filtered Event Reports From SEL-401 and SEL-421.

Section 10

➤ Added Sequence of Events Recorder to Table 10.6: Troubleshooting Procedures. 

➤ Added Table 10.7: Troubleshooting for Relay Self-Test Warnings and Failures.

Section 11

➤ Added PTP Over PRP Networks.

➤ Added Global Time Source vs Local Time Source.

Section 12

➤ Added a footnote to Table 12.5: Protocol Selection for the EPORT setting.

➤ Added Table 12.14: SV Receiver Configuration and Table 12.15: SV Transmitter Configuration.

➤ Added a footnote to Table 12.23: PTP Settings for setting PTPPRO.

➤ Removed note that PTP is not supported in PRP mode.

Section 14

➤ Added references to IEC Sampled Values.

➤ Added a note that the CFG NFREQ command is not available in IEC Sampled Values relays.

➤ Updated Figure 14.2: Sample ETH Command Response.

➤ Updated Figure 14.11: Sample VER Command Response.

Section 15

➤ Updated Figure 15.6: Using Internal Ethernet Switch to Add Networked Devices.

Section 16

➤ Updated Table 16.8: Relay DNP Object List.

Section 17

➤ Added text for IEC Sampled Values.

➤ Updated Table 17.3: Relay Logical Devices.

➤ Added Sampled Values.

➤ Added Simulation Mode.

➤ Added Example 17.1: SV Application.

➤ Updated Table 17.27: Basic Conformance Statement.

➤ Updated Table 17.28: ACSI Models Conformance Statement.

➤ Updated Table 17.29: ACSI Service Conformance Statement.

Section 18

➤ Added a note regarding Sampled Values-subscribing relays.

Section 19

➤ Added IEC 61850-9-2 Sampled Values (SV).

Appendix C

➤ Updated text for LNKFAIL and LNKFL2.

Glossary

➤ Added terms for IEC Sampled Values, Parallel Redundancy Protocol, and real-time control.

20170428 Section 19

➤ Updated Figure 19.4: SEL-2243 Power Coupler.
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20170326 Section 15

➤ Updated Ethernet Communications for information on MMS inactivity.

Appendix B

➤ Updated TiDL Firmware Upgrade.

20161215 Preface

➤ Updated to describe the new section, Section19: Remote Data Acquisition.

Section 1

➤ Updated to introduce TiDL technology.

Section 3

➤ Added information on TiDL system input and output handling.

Section 7

➤ Added information about leading and lagging power factor Relay Word bits.

Section 9

➤ Described the impact of the ERDIG setting on event report handling.

➤ Added a note about SER storage limitations.

Section 10

➤ Added information on TiDL system commissioning.

➤ Described additional diagnostics.

➤ Described module replacement in Axion nodes for the TiDL system.

Section 11

➤ Improved the description of the TSOK Relay Word bit.

Section 12

➤ Added the ERDIG report setting.

Section 14

➤ Added CFG CTNOM and CFG NFREQ commands.

➤ Clarified the TEST DB2 A operation.

Section 15

➤ Updated SNTP accuracy.

Section 18

➤ Updated typographical information in Figure 18.5: UDP_S Connection.

Section 19

➤ Added as a new section.

Appendix B

➤ Updated to describe firmware upgrades to the TiDL system.

Appendix C

➤ Updated to describe cybersecurity aspects of EtherCAT ports.

Glossary

➤ Added terms related to TiDL systems.

20160518 ➤ Initial version.
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Firmware Upgrade Instructions

These instructions guide you through the process of upgrading the firmware in 
the device. Note that these instructions are only intended for upgrading firmware 
from an older revision to a newer revision. Downgrading firmware—going from 
a newer to an older revision—should not be attempted. It will result in the loss of 
relay calibration, MAC addresses, and other device configuration information. 
Contact SEL if you need to downgrade the firmware in a relay.

The firmware upgrade will be either a standard release or a point release. A stan-
dard release adds new functionality to the firmware beyond the specifications of 
the existing version. A point release is reserved for modifying firmware function-
ality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device firm-
ware identification (FID) string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-411L-R101-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-411L-R100-V1-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V1-Z001001-Dxxxxxxxx
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Required Equipment
You will need the following items before beginning the firmware upgrade process:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
Ymodem protocol (if upgrading over a serial port connection)

➤ SEL-C234A cable, SEL-C662 USB to EIA-232, or equivalent (if 
upgrading over a serial port connection).

➤ A relay with Telnet-enabled Ethernet ports, a Telnet connection, and 
a Telnet user interface that supports Ymodem file transfer (if 
performing an upgrade over Ethernet).

➤ A relay with HTTP-enabled Ethernet ports and an HTTP Ethernet 
connection (if upgrading via a web browser). This is the most user-
friendly method to complete an upgrade.

➤ A relay with FTP-enabled Ethernet ports and an FTP Ethernet 
connection (if upgrading over FTP) and an FTP user interface that 
supports FTP file transfer.

➤ Disc containing the firmware upgrade file(s)

➢ .z19, .s19, or .zds firmware upgrade file (.z19 requires SELBOOT 
R205 or a newer R2xx SELBOOT version; .zds requires 
SELBOOT R300 or newer)

➢ SELBOOT firmware upgrade file (if necessary; based on the existing 
SELBOOT revision of the relay)

➤ Relay Firmware Upgrade Instructions

Optional Equipment
These items help you manage relay settings and understand procedures in the 
relay upgrade process:

➤ ACSELERATOR QuickSet SEL-5030 Software (also contains a 
firmware upload tool that helps to automate this process over a serial-
port connection)

➤ ACSELERATOR Architect SEL-5032 Software (manages IEC 61850 
GOOSE, Manufacturing Message Specification [MMS], and SV 
Configured IED Description [CID] files)

➤ SEL-5037 SEL Grid Configurator Software (for relays supported by 
SEL Grid Configurator)

➤ Appropriate SEL-400 series relay manual

Important Considerations
If upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firmware revi-
sion R309 or earlier to firmware revision R312 and later or if upgrading an 
SEL-487V-0 or SEL-487V-1 relay from firmware revision R107 or earlier to 
firmware revision R109 and later, make sure you save all relay settings (including 
IEC 61850 CID configurations, if applicable) prior to the firmware upgrade, as 
indicated in Save Settings and Other Data on page B.12. Upon completion of the 
upgrade process, the relay settings will reset to default values and the IEC 61850 
CID file may be removed. These files will need to be reloaded.
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If you are upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firm-
ware revision R309 or earlier to firmware revision R311, you must first upgrade 
the relay firmware to R310 before upgrading to R311. This requirement is only 
needed if upgrading specifically to R311. Failure to do so will result in the reset 
of relay settings back to factory defaults.

In some unusual cases, such as loss of relay power during the firmware file trans-
fer process, it is possible for data, including relay settings and the IEC 61850 
CID file to be lost. Before beginning the firmware upgrade process, save relay 
settings and, if applicable, the IEC 61850 CID file that has been configured for 
the relay.

Important Considerations for the Five-Port Ethernet Card 
If installing a five-port Ethernet card for the first time, perform the conversion in 
this order: 

Step 1. Install the required boot firmware (SELBOOT). Refer to Appendix A 
of the relay-specific instruction manual for compatible SELBOOT 
versions. 

Step 2. Install the required relay firmware. Refer to Appendix A of the relay-
specific instruction manual for compatible firmware versions. 

Step 3. Follow the Removing and Installing SEL-400 Series Relay Ethernet 
Cards instruction sheet included with your conversion kit.

Upgrading With Digitally Signed Firmware Upgrade Files
NOTE: R2xx SELBOOT versions only 
support serial-port firmware upgrades 
with .s19 or .z19 firmware upgrade 
files. R3xx SELBOOT versions only 
support .zds digitally signed firmware 
upgrade files over a serial or Ethernet 
connection.

The firmware versions identified in Table B.1 support .zds firmware upgrade 
files, which can be used to upgrade the relay over a serial or Ethernet connection. 
The .zds firmware upgrade files can only be sent to relays running SELBOOT 
R300 or newer.

To prepare relays to accept digitally signed Ethernet firmware upgrades, perform 
the following:

1. Upgrade SELBOOT to R300 or newer over a serial connection with a 
.s19 SELBOOT upgrade file.

2. Upgrade relay firmware to a relay version identified in Table B.1 over 
a serial connection with a .zds firmware upgrade file.

Once the relay has a firmware version identified in Table B.1 installed, you can 
upgrade the relay over an Ethernet connection to any new firmware version above 
the initial firmware version outlined in the table.

                    

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 1 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades

SEL-400G All released firmware versions

SEL-401 R407 and newer

SEL-411L-0, -1 R126 and newer

SEL-411L-2 All released firmware versions

SEL-421-4, -5 R327 and newer

SEL-421-7 R407 and newer

NOTE: Relay firmware versions 
identified in Table B.1 require SELBOOT 
R300 or newer because only .zds 
firmware upgrade files are provided. 
Firmware .s19 and .z19 upgrade files 
are not created for these firmware 
versions.
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Digitally signed firmware-upgrade files are compressed to reduce file-transfer 
times and are digitally signed by SEL through use of a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that the con-
tents have not been altered. Once uploaded to the relay, the signature of the firm-
ware file is verified with a public key that is stored on the relay. If the relay 
cannot verify the signature, the file is rejected.

The name of the digitally signed firmware file is of the form rnnn-vy4xx.zds or 
snnn-vy4xx, where rnnn is the standard-release relay firmware identifier, snnn is 
the standard-release SELBOOT firmware identifier, vy is the point-release identi-
fier, and 4xx identifies the SEL-400 series relay. Differentiation between relay 
model variants is handled by the standard-release firmware identifier. See the list 
(at the beginning of this section) of firmware versions that support digitally 
signed firmware upgrades to find the standard-release firmware variants of the 
same relay model.

Ethernet Firmware Upgrades
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

For relays that support firmware upgrades over Ethernet, you can send the .zds 
firmware upgrade files via FTP or HTTP protocols to a relay running SELBOOT 
version R300 or newer and a relay firmware version identified in Table B.1. FTP 
and HTTP are plaintext protocols and do not inherently support message encryp-
tion (of relay passwords, etc.). Because of this, SEL strongly recommends using 
between the relay and your network a security gateway that provides encrypted 
communications along with SEL SDN technology to harden your network cyber-
security.

Relay Firmware Upgrade Procedure
The upgrade kit you received contains the firmware needed to upgrade the 
SEL-400 series relays. The kit may also contain firmware needed to upgrade the 
SELBOOT program. See Table B.2 to identify which firmware files you received 
in the upgrade kit.

SEL-451-5 R324 and newer

SEL-451-6 R401 and newer

SEL-487B-1 R315 and newer

SEL-487B-2 R401 and newer

SEL-487E-3, -4 R318 and newer

SEL-487E-5 R401 and newer

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 2 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades
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The firmware upgrade can be performed in one of four ways. Methods 1 and 2 
are provided for upgrading over a serial connection. Methods 3 and 4 are pro-
vided for upgrading over an Ethernet connection. When upgrading over a serial 
connection, you can upgrade using .s19, .z19, or .zds files depending on the 
SELBOOT firmware the relay is running. When upgrading over an Ethernet con-
nection, you can only upgrade using a .zds file and the relay must currently be 
running a SELBOOT firmware version that supports digitally signed upgrade files 
and a relay firmware version that supports Ethernet firmware upgrades (see 
Table B.1).

➤ Method 1: Use the Firmware Loader provided within QuickSet. The 
Firmware Loader automates the firmware upgrade process and is the 
preferred method. The Firmware Loader can be used to upgrade only 
relay firmware (rnnn4xx files or rnnn-vy4xx). If upgrading SELBOOT 
(snnn4xx or snnn-vy4xx) firmware is required, use Method 2.

➤ Method 2: Connect to the relay in a terminal session and upgrade the 
firmware by using the steps documented in Method 2: Using a 
Terminal Emulator on page B.11.

➤ Method 3: Connect to the relay over an Ethernet web browser and 
use the steps documented in Method 3: Using a Web Browser on 
page B.17.

➤ Method 4: Connect to the relay over an Ethernet FTP connection and 
use the steps documented in Method 4: Using FTP on page B.20.

Determine Which Upgrade Method to Use
Table B.3 helps you determine which firmware upgrade method you would like 
to use based on your upgrade scenario. From the links provided in Table B.3, you 
can use the link to easily move ahead to the method of your choosing. For help in 
identifying which scenario you fall under, see Identify Firmware Versions on the 
Relay on page B.6.

Table B.2 Firmware Upgrade Files

Product File Namea

a nnn in the file name will always represent the device firmware revision number.
y represents that point release version number.
4xx represents the product name.

File Type

SEL-400 series relays SELBOOT snnn4xx.s19, snnn-
vy4xx.s19, or
s3nn-vy4xx.zds

SEL-400 series SELBOOT firmware

SEL-400 series relays (prior to 
firmware releases identified in 
Table B.1)

rnnn4xx.s19 or 
rnnn4xx.z19

SEL-400 series relay firmware

SEL-400 series relays after SEL 
started offering point releases 
(prior to firmware releases iden-
tified in Table B.1)

rnnn-vy4xx.s19 or 
rnnn-vy4xx.z19

SEL-400 series relay firmware

SEL-400 series relays with 
SELBOOT versions supporting 
.zds upgrade files

rnnn-vy4xx.zds SEL-400 series relay firmware digi-
tally signed upgrade file

NOTE: The .z19 files are compressed 
versions of the .s19 files. These will 
load into the relay much faster than 
the .s19 files, but you must have relay 
SELBOOT version R205 or a newer 
R2xx SELBOOT version to use these 
files. Both the .z19 and .s19 files can 
only be used to upgrade relay 
firmware over a serial-port connection 
and can only be sent to a relay with 
SELBOOT that does not support 
digitally signed firmware upgrades.

NOTE: The .zds files are digitally 
signed upgrade files. These upgrade 
files provide the fastest way to 
upgrade firmware on a relay, but the 
relay must be running SELBOOT 
version R300 or newer to use these 
files.

NOTE: When you are upgrading 
relay firmware over a serial 
connection, SEL strongly 
recommends that you upgrade 
firmware at the location of the relay 
and with a direct connection from the 
PC to one of the relay serial ports. Do 
not load firmware from a remote 
location; problems can arise that you 
will not be able to address from a 
distance. When upgrading at the 
substation, do not attempt to load the 
firmware into the relay through an 
SEL communications processor.

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.
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Identify Firmware Versions on the Relay
To determine the SELBOOT and relay firmware versions the relay is currently 
running, do the following:

Step 1. Establish a serial or Telnet terminal session between the relay and a 
personal computer.

Step 2. In the relay terminal line, type ID <Enter>.

The relay responds with the following:

                    

Table B.3 Firmware Upgrade Scenarios and Available Methods

Upgrade Scenario Available Methods

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to a 
newer R2xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to an 
R3xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running a relay firmware version 
prior to one identified in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running relay firmware identi-
fied in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly 
option)

Method 4: Using FTP on page B.20

Upgrading relay firmware on a relay 
running any R2xx SELBOOT version

Upgrade with a .s19 or .z19 relay firmware upgrade 
file via one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
prior to a version identified in 
Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
identified in Table B.1.

Upgrade with a .zds relay firmware upgrade file via 
one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly option)

Method 4: Using FTP on page B.20

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.

"FID=SEL-4xx-x-Rxxx-V0-Zxxxxxx-Dxxxxxxxx","xxxx"
"BFID=SLBT-4XX-Rxxx-V0-Zxxxxxx-Dxxxxxxx","xxxxx"
"CID=xxx","xxxx"
"DEVID=xxxxxxx","xxxx"
"DEVCODE=xx","xxxx"
"PARTNO=xxxxxxxxxxxxxxx","xxxx"
"SERIALNO=xxxxxxxxxx","xxxx"
"CONFIG=xxxxxxxx","xxxx"
"SPECIAL=xxxxx","xxxx"
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Step 3. Locate the relay firmware identification (FID) string and the Boot 
firmware identification (BFID) string.

Step 4. See Table B.3 for upgrade methods available based on the firmware 
versions currently operating on the relay.

Method 1: Using QuickSet Firmware Loader
To use the QuickSet Firmware Loader, you must have QuickSet. See Section 2: 
PC Software for instructions on how to obtain and install the software. Once the 
software is installed, perform the firmware upgrade as follows.

A Obtain Firmware File
NOTE: The Firmware Loader can be 
used to load only relay firmware 
(rnnn4xx or rnnn-vy4xx) on relays 
supported by QuickSet. This method 
cannot be used to upgrade firmware 
on relays only supported by SEL Grid 
Configurator.

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. The file name is of the form rnnn4xx or rnnn-vy4xx, where rnnn is the 
firmware revision number, vy indicates the point release number, and 4xx indi-
cates the relay type. The firmware file name extensions are .s19, .z19, and .zds. 
Copy the firmware file to an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

B Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these practices include disabling input 
and output control functions.

Step 2. Apply power to the relay.

Step 3. Connect a communications cable and determine the port speed.

If using the EIA-232 front port to upgrade firmware, determine the 
port speed as follows:

a. From the relay front panel, press the ENT pushbutton.

b. Use the arrow pushbuttons to navigate to SET/SHOW.

c. Press the ENT pushbutton.

d. Use the arrow pushbuttons to navigate to PORT.

e. Press the ENT pushbutton.

f. Use the arrow pushbuttons to navigate to the relay serial port you 
plan to use (usually the front port, PORT F).

g. Press the ENT pushbutton.

h. Use the arrow pushbuttons to navigate to Communication 
Settings.

i. Press the ENT pushbutton to view the selected port 
communications settings. Write down the value for each setting.

j. Once the port settings have been recorded, press the ESC 
pushbutton four times to return to the MAIN MENU.

k. Connect an SEL-C234A EIA-232 serial cable, SEL-C662 USB 
to EIA-232 converter, or equivalent communications cable to the 
relay serial port and to the PC.
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C Establish Communications With the Relay
NOTE: Once serial port 
communication is established, it is 
recommended to set the SELBOOT Max 
Baud setting to the highest possible 
port speed available (typically 115200 
bps). This will reduce the time needed 
to read settings and events from the 
relay.

Use the Communications > Parameters menu of QuickSet to establish a con-
nection using the communications settings determined in Step 3 under B Remove 
Relay From Service on page B.7. See Section 2: PC Software for additional infor-
mation.

D Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Step 1. For SEL-400 series relays with optional IEC 61850 protocol config-
ured, follow the steps in section Verify IEC 61850 Operation 
(Optional) on page B.22 to save the CID file and send it back to the 
relay after the firmware upgrade.

Step 2. Select Tools > Firmware Loader and follow the onscreen prompts.

Step 3. In the Step 1 of 4 window of the Firmware Loader (as shown in 
Figure B.1), select the ellipsis button and browse to the location of 
the firmware file. Select the file and select Open.

                    

Step 4. Select the Save calibration settings check box in the Step 1 of 4 
window of the Firmware Loader. These factory settings are required 
for proper operation of the relay and must be reentered in the 
unlikely event they are erased during the firmware upgrade process. 
The Firmware Loader saves the settings in a text file on the PC.

Step 5. Select the Save device settings check box if you do not have a copy 
of the relay settings. It is possible for relay settings to be lost during 
the upgrade process.

Step 6. Select the Save events check box if there are any event reports that 
have not been previously saved. The event history is cleared during 
the upgrade process.

                    

Figure B.1 Prepare the Device (Step 1 of 4)
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Step 7. Select Next.

The Firmware Loader reads the calibration settings and saves them in 
a text file on the PC. Make note of the file name and the location.

If Save device settings was selected, the Firmware Loader reads all 
of the settings from the relay. The software may ask if you want to 
merge the settings read from the relay with existing design templates 
on the PC. Select No, do not merge settings with Design Template. 
The Firmware Loader will suggest a name for the settings, but the 
suggested name can be modified as desired.

If Save events was selected, the Event History window will open to 
allow the events to be saved. See Section 2: PC Software for more 
information.

Step 8. If you use the Breaker Wear Monitor, select the Terminal button in 
the lower left portion of the Firmware Loader to open the terminal 
window. From the Access Level 1 prompt, issue the BRE command 
and record the internal and external trip counters, internal and exter-
nal trip currents for each phase, and breaker wear percentages for 
each phase.

Step 9. Enable Terminal Logging capture (see Section 2: PC Software) and 
issue the following commands to save stored data. It is possible for 
these data to be lost during the firmware upgrade process.

a. MET E—accumulated energy metering

b. MET D—demand and peak demand

c. MET M—maximum/minimum metering

d. COMM A and COMM B—MIRRORED BITS communications logs

e. PROFILE—Load Profile

f. SER—Sequential Events Records

E Start SELBOOT

In the Step 2 of 4 window of the Firmware Loader, select Next to disable the 
relay and enter SELBOOT (see Figure B.2).

                    
                    

Figure B.2 Load Firmware (Step 2 of 4)



B.10

SEL-400 Series Relays Instruction Manual Date Code 20230830

Firmware Upgrade Instructions
Relay Firmware Upgrade Procedure

F Maximize Port Data Rate

This step is performed automatically by the software.

G Upload New Relay Firmware

This step is performed automatically by the software. The software will erase the 
existing firmware and start the file transfer to upload the new firmware. Upload 
progress will be shown in the Transfer Status window. The entire firmware 
upload process can take longer than 10 minutes to complete.

When the firmware upload is complete, the relay will restart. The Firmware 
Loader automatically reestablishes communications and issues an STA command 
to the relay.

In cases where the relay does not restart within two minutes of the firmware 
upload completion (as indicated by the PC application), and no error messages 
appear on the relay HMI, turn the relay off and back on again. The firmware 
loader application should then resume. Answer Yes if the Firmware Loader 
prompts you to continue.

H Verify Relay Self-Tests

The Step 3 of 4 window of the Firmware Loader will indicate that it is checking 
the device status and when the check is complete (see Figure B.3).

The software will notify you if any problems are detected. You can view the relay 
status by opening the terminal using the Terminal button in the lower left portion 
of the Firmware Loader. If status failures are shown, open the terminal and see 
Troubleshooting on page B.24.

Select Next to go to the completion step.

                    
                    

Figure B.3 Load Firmware (Step 3 of 4)
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I Verify Relay Settings

If there are no failures, the relay will enable. In the Step 4 of 4 window (see 
Figure B.4), the Firmware Loader will give you the option to compare the device 
settings. If any differences are found, the software will provide the opportunity to 
restore the settings.

                    

Method 2: Using a Terminal Emulator
These instructions assume you have a working knowledge of your PC terminal 
emulation software. In particular, you must be able to modify the serial commu-
nications parameters (data speed, data bits, parity, and similar parameters), dis-
able any hardware or software flow control in the computer terminal emulation 
software, select a transfer protocol (1K Xmodem, for example), and transfer files 
(send and receive binary files).

The programs (firmware) that run in the SEL-400 series relays reside in Flash 
memory. To load new firmware versions, follow these instructions. The SEL-400 
series relays have two programs that you may need to upgrade: the regular, or 
“executable” program and the SELBOOT program.

A Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn is the firmware revision number, vy indicates the point release num-
ber, and 4xx indicates the relay type. For SELBOOT firmware, the file name is of 
the form snnn4xx or snnn-vy4xx, where snnn is the SELBOOT revision number 
and 4xx indicates that the SELBOOT version is for SEL-400 series relays. The 
firmware file name extensions are .s19, .z19, and .zds. Copy the firmware file to 
an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

                    

Figure B.4 Verify Device Settings (Step 4 of 4)
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B Prepare the Relay

If the relay is in service, follow your company practices for removing a relay 
from service. Typically, these practices include disabling input and output control 
functions.

C Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Enter Access Level 2

NOTE: Once serial port 
communication is established, it is 
recommended to set the port SPEED 
setting to the highest possible port 
speed available (typically 57600 bps 
in Access Level 2). This will reduce the 
time needed to read settings and 
events from the relay.

Step 1. Using the communications terminal, at Access Level 0, type 
ACC <Enter>. 

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 3. Type 2AC <Enter>, and then type the correct password to go to 
Access Level 2. 

You will see the Access Level 2 =>> prompt. 

For more information, see Making an EIA-232 Serial Port 
Connection on page 3.4.

Backup Relay Settings

The relay preserves the settings and passwords during the firmware upgrade pro-
cess. However, if relay power is interrupted during the firmware upgrade process, 
the relay can lose the settings. Make a copy of the original relay settings in case 
you need to reenter settings.

Use one of the following methods to backup relay settings.

➤ If you have not already saved copies of the relay settings, use 
QuickSet to read and save the relay settings.

See Create and Manage Relay Settings on page 2.21.

➤ Alternatively, you can use the terminal to download all the relay 
settings.

See the FILE READ command under FILE on page 14.36.

For file retrieval procedures see Reading Oscillograms, Event 
Reports, and SER on page 3.46.

➤ If you have IEC 61850 configurations and you have not already 
saved copies of the CID file, use Architect to read and save the CID 
file. See Verify IEC 61850 Operation (Optional) on page B.22 for 
details.

D Start SELBOOT
Step 1. Establish/confirm binary transfer terminal communication.

Use a terminal program that supports 1K Xmodem transfer protocol 
to communicate with the relay.

Step 2. Prepare to control the relay at Access Level 2. If the relay is not 
already at Access Level 2, use the procedure in Enter Access Level 2 
on page B.12.

NOTE: In addition to all of the 
normal settings classes, log in to 
Access Level C and save the 
SET_CM.TXT file.
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Step 3. Start the relay SELBOOT program.

a. Type L_D <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
following message:
Disable relay to send or receive firmware (Y/N)?

If running a R3xx SELBOOT version, the relay responds with the 
following message:
Disable relay and transition to SELBoot (Y/N)?

b. Type Y <Enter>.

The relay responds with the following message:
Are you sure (Y/N)?

c. Type Y <Enter>.

The relay responds with the following message:
Relay Disabled

Step 4. Wait for the SELBOOT program to load.

The front-panel LCD screen displays the SELBOOT Ryyy firmware 
number (e.g., SELBOOT R209). Ryyy is the SELBOOT revision number 
and is a different revision number from the relay firmware revision 
number. The LCD also displays the present relay firmware (e.g., 
SEL-451-5-R324), and INITIALIZING.

When finished loading the SELBOOT program, the relay responds to 
the terminal with the SELBOOT !> prompt; the LCD shows the 
SELBOOT and relay firmware revision numbers.

Step 5. Press <Enter> to confirm that the relay is in SELBOOT; you will see 
another SELBOOT !> prompt.

Establish a High-Speed Serial Connection 
Step 1. At the SELBOOT prompt, type BAU 115200 <Enter> (see 

Figure B.7).

Step 2. Set your terminal program for a data speed of 115200 bps.

Step 3. Press <Enter> to check for the SELBOOT !> prompt indicating that 
serial communication at 115200 bps is successful.

E Upload New SELBOOT Firmware to the Relay
NOTE: Loading the incorrect 
SELBOOT firmware to the relay may 
cause the relay to malfunction, 
requiring factory repair.

Upgrading SELBOOT firmware in SEL-400 series relays is typically not required 
as part of a normal relay firmware upgrade process. However, core functions of 
the relay are occasionally enhanced, and the SELBOOT firmware must be 
upgraded to enable the enhanced functions. If a SELBOOT upgrade for the relay is 
not indicated in your upgrade kit, skip this step and continue on to F Upload New 
Relay Firmware on page B.14. See Table B.2 for file names.

NOTE: Do not cycle power to the 
relay during the SELBOOT firmware 
upgrade process. Doing so may cause 
the relay to malfunction, requiring 
factory repair.

To begin the relay SELBOOT upgrade, start at the SELBOOT !> prompt.

Step 1. Type REC BOOT command at the SELBOOT prompt, and answer Y 
when prompted to erase the existing SELBOOT firmware.

If the relay is running a R2xx SELBOOT version, the relay responds with:

                    

!>REC BOOT <Enter>
Caution! -  This command erases the SELboot firmware.
Are you sure you want to erase the existing firmware? (Y/N)
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If the relay is running a R3xx SELBOOT version, the relay responds 
with:

                    

Step 2. The relay will prompt you to begin the file transfer. Press any key to 
begin the file transfer to the relay.

Step 3. Select Xmodem as your file transfer method, then point the sending 
software tool to the relay SELBOOT file (snnn4xx.s19, snnn-
vy4xx.s19 or s3nn-vy4xx.zds) that is to be uploaded to the relay.

Upon successful negotiation of the new SELBOOT firmware file, the 
old SELBOOT software will be erased, and the new SELBOOT 
firmware will be written to the Flash memory of the relay. The relay 
will then automatically restart using the new SELBOOT firmware.

                    

Step 4. Once the relay has restarted, revert back to Table B.3 and determine 
your relay firmware upgrade method.

F Upload New Relay Firmware

If you are only upgrading SELBOOT, you can skip this step and continue to 
G Return Serial Data Speed to Nominal Operating Speed and Exit SELBOOT on 
page B.15.

Step 1. From the SELBOOT !> prompt, type REC <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.5.

                    

If running a R3xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.6.

!>REC BOOT <Enter>
Caution! This command erases the SELBoot firmware.
Do not interrupt power during SELboot upload
or the device may require factory reprogramming.

Are you sure you want to erase the existing firmware (Y/N)?

Erasing old SELboot

Writing new SELboot to flash

Press any key to begin transfer, then start transfer at the PCC
Restarting SELboot

!>BAU 115200 <Enter>
!><Enter>

!>REC <Enter>
Caution! - This command erases the device firmware.
If you erase the firmware, new firmware must be loaded into the device
before it can be put back into service.
Are you sure you want to erase the existing firmware? (Y/N) Y <Enter>
Erasing

Erase successful
Press any key to begin transfer, then start transfer at the PCCC <Enter>

Figure B.5 Transferring New Firmware
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Step 2. When prompted with Are you sure you want to erase the 
existing firmware? (Y/N), type Y <Enter>.

The relay responds, Erasing, and erases the existing firmware. The 
front-panel LCD shows ERASING MEMORY.

When finished erasing, the relay responds, Erase successful, and 
prompts you to press any key to begin transferring the new firmware. 
The front-panel LCD shows only the SELBOOT program revision number.

Step 3. Press <Enter> to begin uploading the new firmware.

Step 4. Start the Transfer or Send process in your terminal emulation pro-
gram.

Use 1K Xmodem for fast transfer of the new firmware to the relay.

Step 5. Point the terminal program to the location of the new firmware file 
(the file that ends in .s19, .z19, and .zds).

NOTE: The relay displays one or 
more “C” characters while waiting for 
your PC terminal emulation program 
to send the new firmware. If you do 
not start the transfer quickly (within 
about 18 seconds), the relay times out 
and responds Remote system is 
not responding. If this happens, 
begin again at F Upload New Relay 
Firmware on page B.14.

Step 6. Begin the file transfer.

The typical transfer time at 115200 bps with 1K Xmodem is 10 to 20 
minutes. The LCD screen shows SELBOOT Ryyy LOADING CODE while 
the relay loads the new firmware.

Step 7. Wait for firmware load completion.

If the relay responds with the message Transfer failed — Model 
mismatch, please refer to Troubleshooting on page B.24.

When finished loading the new firmware, the relay responds, 
Transfer completed successfully and displays the SELBOOT !> 
prompt. The LCD screen displays SELBOOT Ryyy SEL-4xx-Rnnn, 
where yyy is the SELBOOT revision number, 4xx is the particular 
model of the SEL-400 series relay being upgraded, and nnn is the 
firmware revision number of the relay, e.g., R100 SEL-421-R105.

G Return Serial Data Speed to Nominal Operating Speed and Exit 
SELBOOT

Step 1. Type <Enter> to confirm relay communication.

The terminal displays the SELBOOT !> prompt.

Step 2. Type BAU 9600 <Enter> to reduce the data speed to your nominal 
serial communications speed (9600 bps in this example).

Step 3. Set your terminal emulation program to match the nominal data speed.

Step 4. Type <Enter> to confirm that you have reestablished communication 
with the relay.

The relay responds with the SELBOOT !> prompt.

!>REC <Enter>
Caution! This command erases the firmware.
If you erase the firmware then new firmware
must be loaded before returning the IED to service.

Are you sure you want to erase the existing firmware (Y/N)?
Press any key to begin transfer and then start transfer at the terminal.

Figure B.6 Transferring New Firmware
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Step 5. Type EXI <Enter> to exit the SELBOOT program.

After a slight delay, the relay responds with the following message:
CAUTION: Initial relay restart. DO NOT cycle power during 
this time. Please wait 3 minutes for restart completion.

Step 6. Following the expected relay restart time from Step 5, proceed to 
H Verify Relay Self-Tests on page B.16.

H Verify Relay Self-Tests
Step 1. Press <Enter> and confirm that the Access Level 0 = prompt appears 

on your terminal screen.

Step 2. Remove input power to the relay.

a. Allow at least 10 seconds during the removal of relay power to 
ensure that the power supply has shut down.

b. Reapply input power to the relay.

c. Wait 10 minutes after startup of the relay to allow the relay to 
detect any hardware changes made during the upgrade process.

Step 3. Enter Access Level 1 using the ACC command and Access Level 1 
password.

Step 4. Enter Access Level 2 using the 2AC command and Access Level 2 
password.

Step 5. Type VER <Enter> to confirm the new firmware.

Step 6. Match the firmware revision number with the FID number on the 
screen.

Step 7. Type STA <Enter> to check the relay status and accept new hard-
ware changes if needed.

Step 8. Verify that all relay self-test parameters are within tolerance. (The 
relay compares the settings before and after the upgrade process and 
displays an upgrade warning if settings are dissimilar. You can find 
details in the upgrade report file.)

Step 9. View the front-panel ENABLED LED and confirm that the LED is illu-
minated.

Unless there is a serious problem, the ENABLED LED illuminates 
without any intervention, and the relay retains all settings.

If the relay does not enable within five minutes of the Initial relay restart 
message, contact your Technical Service Center or the SEL factory for assistance 
(see Technical Support on page B.26).

I Verify Relay Settings
Step 1. Prepare to control the relay at Access Level 2; use the procedure in 

Enter Access Level 2 on page B.12.

Step 2. Type VER <Enter> to confirm the new firmware.

Step 3. Match the firmware revision number with the FID number on the 
screen.
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Step 4. Use one of the following methods to review your settings.

➢ Use the QuickSet Read menu.

If the settings do not match the settings that you recorded in 
Backup Relay Settings on page B.12, use QuickSet to restore 
relay settings. 

➢ Type SHOW <Enter>.

You can reissue the settings with the SET commands (see 
Section 9: ASCII Command Reference of the product-specific 
instruction manual for information on the SHOW and SET 
commands).

Step 5. Type STA <Enter> to check relay status.

Step 6. Verify that all relay self-test parameters are within tolerance.

Method 3: Using a Web Browser
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of the web browser, the HTTP server must be 
enabled for the Ethernet ports. SEL recommends enabling Telnet in case you 
need to perform any ASCII terminal commands (inputting settings, etc.).

Never use the web browser to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade relay firmware by using the web browser, the PORT 5 settings MAX-
ACC and EETHFWU must be set to 2 or C, and Y, respectively. In the web 
browser login page, Access Level 2 is provided as a user-selectable login access 
level. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled. If EPAC = Y, ensure Relay Word bit E2AC is asserted to allow 
Level 2 access.

B Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn indicates the firmware revision number, vy indicates the point-release 
number, and 4xx indicates the relay type. For SELBOOT firmware, the file name is 
of the form snnn-vy4xx, where snnn is the SELBOOT revision number, and 4xx 
indicates that the SELBOOT version is for SEL-400 series relays. The firmware 
file name extensions are .s19, .z19, and .zds. Only the .zds file can be used when 
using the web browser. Copy the .zds digitally signed firmware upgrade file to an 
easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these include changing settings, or dis-
connecting external voltage sources or output contact wiring, to dis-
able relay control functions.

Step 2. Apply power to the relay.
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D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay.

E Prepare the Relay (Save Relay Settings and Other Data)

Create a Telnet connection in QuickSet or SEL Grid Configurator (for relays sup-
ported by SEL Grid) and read both settings and event reports stored on the relay. 
If you prefer using FTP to pull settings and reports, and FTP is enabled on the 
Ethernet ports, see E Establish Communications With the Relay and Read Set-
tings on page B.21 for pulling events and reports over FTP.

F Establish a Web Browser Connection With the Relay
Step 1. Establish communication between your personal computer and the 

relay through a web browser (HTTP) connection. See HTTP (Hyper-
text Transfer Protocol) Server on page 15.20 for more information.

G Upload New Firmware
Step 1. To upload new firmware, log in to Access Level 2 of the web server. 

Select 2AC from the Access Level dropdown box. Enter the respec-
tive Access Level 1 and 2 passwords and select the Login button.

Step 2. Once logged in verify communication with the correct relay by 
checking the Relay Identifier (RID setting) and Substation Identifier 
(SID setting) next to the SEL icon in the upper left corner of the web 
browser page. Choose System > Firmware Upgrade from the left 
pane, which brings up the page shown in Figure B.7. This page also 
displays feedback from the previous firmware upgrades. If the prior 
firmware upgrade was successful, the page displays Previous 
firmware upgrade successful. Date:  mm/dd/yy  Time:  hh:mm:ss. 
If the prior firmware upgrade failed, the page displays Previous 
firmware upgrade failed. Date: mm/dd/yy Time: hh:mm:ss, with 
an error message below. If no prior firmware upgrade has occurred 
(which is the case for a new unit from the factory), the page displays, 
Previous firmware upgrade information is unavailable.

                    

NOTE: Access level passwords are 
not encrypted in any way by the Web 
Server when logging in.

                    

Figure B.7 Firmware Upload File Selection Page
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Step 3. To search for your firmware file, select the Browse button. The 
format of this file must be .zds. If upgrading relay firmware, the 
name of the file sent can be either rnnn-vy4xx.zds or RELAY.ZDS. If 
upgrading SELBOOT firmware, the name of the file can be s3nn-
vy4xx.zds or SELBOOT.ZDS.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Step 4. To submit, select Upload File. Once the upload has started, it cannot 
be canceled. During the upload process the relay remains enabled 
and continues normal operation.

Step 5. Once the firmware file is transferred to the device, the relay disables 
and attempts to restart using the new firmware.

Step 6. When the firmware upload process is complete, the message shown 
in Figure B.8 is displayed by the web server. The HTTP session 
closes after the upload is complete and the firmware upgrade takes 
place. The message displayed indicates how long the firmware 
upgrade process will take. The relay automatically enables after a 
successful firmware upgrade.

                     

H Verify Firmware
Step 1. Re-establish an HTTP connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then re-establish a connection when the relay reports as online.

Step 2. Select System > Device Features from the left pane and verify the 
relay FID or BFID matches the firmware to which you expected to 
upgrade.

I Check Web Browser Upgrade Messages

After the firmware upgrade is completed and once you have logged back into 
Access Level 1 of the web server, you can check the relay self-tests by selecting 
Relay Status > Self Tests in the left pane. The following table provides messages 
displayed in the web browser and the message meaning.

                    

                    

Figure B.8 Firmware Upgrade Confirmation

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 1 of 2)

User Message Relay Condition

Previous upgrade information is not available. No previous firmware upgrade using a .zds 
file has occurred

Previous upgrade successful. The previous firmware upgrade with a .zds 
file was successful.
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J Verify Relay Settings

To verify the settings are correct for your relay, choose Show Settings in the left 
pane. Verify that these match the settings saved earlier (see G Upload New Firm-
ware on page B.18). Note that calibration settings are not viewable via the web 
server, a terminal connection is needed to verify these settings. If the settings do 
not match, reenter the settings saved earlier.

Method 4: Using FTP
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of FTP, FTP must be enabled for the Ethernet 
ports. SEL recommends enabling Telnet in case you need to perform any ASCII 
terminal commands (inputting settings, etc.). SEL recommends a software inter-
face on your PC because it can help you visualize and simplify the file-transfer 
process. Become familiar with the FTP interface of your choosing prior to 
attempting a firmware upgrade over FTP. 

Never use FTP to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade firmware by using FTP, the PORT 5 settings MAXACC and 
EETHFWU must be set to 2 or C, and Y, respectively. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled. If EPAC = Y, ensure 
Relay Word bit E2AC is asserted to allow Level 2 access. Also, if FTP anony-
mous logins are enabled (FTPANM := Y), the UPGRADE directory is hidden 
from FTP and Ethernet upgrades over FTP are not allowed.

B Obtain Firmware File and Rename File for FTP File Transfer

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn-vy4xx, where rnnn 
indicates the firmware revision number, vy indicates the point-release number, 
and 4xx indicates the relay type. For SELBOOT firmware, the file name is of the 
form snnn4xx, where snnn is the SELBOOT revision number and 4xx indicates 
that the SELBOOT version is for SEL-400 series relays. The firmware file name 

Previous upgrade failed. A previous attempt to upgrade firmware 
failed. Contact SEL Support if this occurs.

The file upload was successful. The device is 
restarting and the connection with the web 
server is closing to complete the firmware 
upgrade process. You should be able to log 
back into the web server within about 5 
minutes.

The relay successfully received and validated 
the .zds file and will now load the firmware 
and automatically restart and enable the new 
firmware.

Invalid upgrade file. The .zds file was not successfully received or 
validated by the relay.

Model mismatch. The .zds file is for firmware for a different 
SEL-400 series relays model.

Settings modification in progress on another 
interface.

Settings within the relay are currently being 
modified through another connection.

Upgrade in progress on another interface. A firmware upgrade is currently being per-
formed through another connection.

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 2 of 2)

User Message Relay Condition
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extensions are .s19, .z19, and .zds. Only the .zds file can be used when using FTP. 
Copy the .zds digitally signed firmware upgrade file to an easily accessible loca-
tion on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

If upgrading relay firmware, rename the provided rnnn-vy4xx.zds firmware 
upgrade file to RELAY.ZDS by right-clicking the file on your PC and selecting 
Rename. Based on FTP file transfer and relay directories, the relay must receive 
the file as the name RELAY.ZDS.

If upgrading SELBOOT firmware, rename the provided s3nn-vy4xx.zds SELBOOT 
upgrade file to SELBOOT.ZDS by right-clicking the file on your PC and select-
ing Rename. Because of the FTP file transfer and relay directories, the relay 
must receive the SELBOOT upgrade file as the name SELBOOT.ZDS.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing 

relays from service. Typically, these include changing settings or dis-
connecting external voltage sources or output contact wiring to dis-
able relay functions.

Step 2. Apply power to the relay.

D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay. 

E Establish Communications With the Relay and Read Settings
Step 1. Establish an FTP connection between your personal computer and 

relay in the FTP software interface of your choosing. The username 
is 2AC and the password is your Access Level 2 password. FTP is 
used on Port 21 of the relay, so ensure in the connections window the 
IP address of your relay you are upgrading is correct and the FTP 
port is assigned to 21.

Step 2. In the FTP user interface, in the relay file list, navigate to the 
SETTINGS folder.

Step 3. Download all .TXT files stored in this folder from the relay. Note that 
the SEL_ALL.TXT file is a read-only file and cannot be sent back to 
the relay.

Step 4. In the relay file list menu, navigate back to the main root folder, then 
navigate to the REPORTS folder. Download all .TXT files stored in 
this folder from the relay.

Step 5. In the relay file list menu, navigate back to the main root folder, then 
navigate to the EVENTS folder. Download all events of interest.
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F Send Firmware
Step 1. With the FTP connection established in E Establish Communications 

With the Relay and Read Settings on page B.21, in your FTP software 
interface, point to the renamed relay RELAY.ZDS file if upgrading 
relay firmware, or the renamed SELBOOT SELBOOT.ZDS upgrade 
file if upgrading SELBOOT firmware on your PC. On the relay side, 
navigate to the UPGRADE folder and open it.

Step 2. Send the renamed RELAY.ZDS or SELBOOT.ZDS file to the 
UPGRADE file directory folder of the relay. Select Yes to the over-
write question, if prompted.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Once the file is loaded to the relay, the relay verifies the file and then 
accepts the file if the file is verified by the keying algorithm. If the 
relay accepts the file, the previous firmware is removed and the new 
firmware is installed. It is important to note that once the relay 
successfully loads the new firmware, it automatically restarts and 
enables the firmware. During this process, you will lose the FTP 
connection, and you must re-establish the FTP connection if required 
to perform Step 3 after approximately five minutes. The relay 
automatically enables after a successful firmware upgrade.

Step 3. During this upgrade process, you will lose the FTP connection, and 
you must re-establish the FTP connection after approximately five 
minutes or when the link status with the relay shows the relay online. 
Re-establish the FTP connection, then navigate to the relay 
UPGRADE directory and read the error file ERR.TXT. Open the .txt 
file on your PC and review for any error messages. If the firmware 
upgraded properly, no errors occurred during the upgrade process 
and the file is empty. If messages are contained within the file, see 
Table B.4 for the error message and what the error means.

G Verify Firmware
Step 1. Establish a Telnet connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then establish a connection when the relay reports as online.

Step 2. Issue the ID command and verify the relay FID or BFID matches the 
firmware to which you expected to upgrade.

H Verify Relay Settings
Step 1. Establish the same FTP connection as identified in E Establish Com-

munications With the Relay and Read Settings on page B.21. 

Step 2. Navigate to the relay root directory, then the relay SETTINGS directory.

Step 3. Read the UPGRADE_RPT.TXT file from the relay. Open the .TXT 
file on your PC and see if there are any unexpected settings changes. 
Contact SEL Support (selinc.com/support/) at any time for further 
assistance.

Verify IEC 61850 Operation (Optional)
The SEL-400 series relays with optional IEC 61850 protocol require the presence 
of one valid CID file to enable the protocol. You should only transfer a CID file 
to the relay if you want to implement a change in the IEC 61850 configuration or 
restore the relay CID file after a firmware upgrade in which the CID file is 

http://selinc.com/support/
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removed. If you transfer an invalid CID file, the relay will disable the IEC 61850 
protocol because it no longer has a valid configuration. To restart IEC 61850 pro-
tocol operation, you must transfer a valid CID file to the relay.

Perform the following steps to verify that the IEC 61850 protocol is still opera-
tional and if not, re-enable it. This procedure assumes that IEC 61850 was opera-
tional with a valid CID file immediately before initiating the firmware upgrade. If 
the IEC 61850 protocol was not configured prior to the upgrade, skip to Return 
Relay to Service on page B.24. Refer to the Section 17: IEC 61850 Communica-
tion for help with IEC 61850 configuration.

Step 1. Issue the STA, ID, and GOO commands.

Step 2. Verify that there are no error messages regarding IEC 61850 or CID 
file parsing.

If the responses to the STA, ID, or GOO commands contain 
IEC 61850 or CID error messages, continue with the following steps 
to re-enable the IEC 61850 protocol. Otherwise, skip to Method 2: 
Using a Terminal Emulator on page B.11.

If the IEC 61850 protocol has been disabled because of an upgrade-
induced CID file incompatibility, you can use Architect to create and 
send a compatible CID file to the relay.

Step 3. In the Telnet session, issue the STA, ID, and GOO commands.

Step 4. Verify that no IEC 61850 error messages are in the STA or ID com-
mand responses.

Step 5. Verify the GOOSE transmitted and received messages are as 
expected.

Relays being upgraded from firmware that did not support a local-time UTC off-
set setting (UTCOFF) to firmware that does support the UTCOFF setting may 
show incorrect time stamps in Demand Metering and Breaker Monitor report 
data that was recorded by the relay prior to the firmware upgrade.

The time stamps shown for the Demand Metering and Breaker Monitor data 
recorded prior to the firmware upgrade will show UTC time plus an eight-hour 
local time offset, along with any applicable daylight-saving time adjustment.

This only affects time stamps recorded and stored by the relay prior to the firm-
ware upgrade. All time stamps in Demand Metering and Breaker Monitoring fol-
lowing the firmware upgrade will be UTC time with the local time offset setting 
(UTCOFF) and daylight-saving time applied.

No other reports (Event History, Event Summary, SER, etc.) are affected.

Time-Domain Link (TiDL) Centrally Controlled Firmware 
Upgrade (For Relays Supporting T-Protocol)

The SEL-TMUs will be selectively upgraded through connected relays. 

Relays that share common SEL-TMUs can be upgraded independently without 
affecting other devices (relays and SEL-TMUs) in the TiDL system. 

NOTE: The five-port Ethernet card 
uses a ClassFileVersion 007 or higher 
CID file for IEC 61850 configuration. 
Use Architect to create a CID file for 
the five-port Ethernet card.
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Return Relay to Service
Step 1. Open a terminal window.

Step 2. Use the ACC command with the associated password to enter Access 
Level 1.

Step 3. Issue the ID command and compare the firmware revision (Rnnn or 
Rnnn-Vy) displayed in the FID string against the number from the 
firmware envelope label. If the numbers match, proceed to Step 5.

Step 4. For a mismatch between a displayed FID and the firmware envelope 
label, re-attempt the upgrade or contact SEL for assistance.

Step 5. If you use the Breaker Wear Monitor, type BRE <Enter> to check 
the data to see if the relay retained breaker wear data through the 
upgrade procedure. If the relay did not retain these data, use the 
BRE W command to reload the percent contact wear values recorded 
in D Save Settings and Other Data on page B.8.

Step 6. Apply current and voltage signals to the relay.

Step 7. Type MET <Enter> or use the QuickSet HMI to verify that the cur-
rent and voltage signals are correct.

Step 8. Use the TRI and EVE/CEV commands or Tools > Events > Get 
Events menu in QuickSet to verify that the magnitudes of the current 
and voltage signals you applied to the relay match those displayed in 
the event report. If these values do not match, check the relay settings 
and wiring.

Step 9. Autoconfigure the SEL communications processor port if you have 
an SEL communications processor connected to the relay. This step 
re-establishes automatic data collection between the SEL communi-
cations processor and the relay. Failure to perform this step can result 
in automatic data collection failure when cycling communications 
processor power.

Follow your company procedures for returning a relay to service.

Troubleshooting
Resolving Model Mismatch

When uploading a new firmware file to the relay, SELBOOT checks the relay 
model number (for example, 451, 421, 487) to ensure that the firmware being 
loaded into the relay is correct for the relay model. If the relay responds with 
Transfer failed — Model mismatch when a firmware upload is attempted, it is 
because the relay model number does not match. This may be because the firm-
ware file is not correct, or the relay model number stored in the relay memory 
was corrupted by an interruption of the file upload.

To remedy this problem, first ensure you are sending the correct file to the relay. 
Table B.2 shows the file names used for the firmware files. Verify that the model 
number in the firmware file matches the model of the relay and then reattempt the 
upload. If the upload fails again or if SELBOOT is inaccessible, contact SEL for 
assistance. 

NOTE: Converting to the five-port 
Ethernet card introduces a third MAC 
address. Follow your company 
networking guidelines to update your 
Ethernet switch configurations to 
integrate the five-port Ethernet card 
into your network.
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Resolving Communications Card Firmware Mismatch
The COMM CARD FIRMWARE MISMATCH error indicates that the five-port Ethernet 
card is installed, but the relay firmware does not match or is not compatible with 
the Ethernet card. To resolve the error, load any relay firmware that supports the 
five-port Ethernet card. Refer to Appendix A of the relay-specific instruction 
manual for compatible firmware versions. If supported firmware is already 
loaded, reload the firmware. If the error persists, contact SEL for assistance.

Resolving Status Failure Message Response to STA Command
If a status failure message is returned in response to the STA command, perform 
the following steps.

Step 1. Use the ACC and 2AC commands with the associated passwords to 
enter Access Level 2.

Step 2. Type STA C <Enter>. Answer Y <Enter> to the Reboot the relay 
and clear status prompt. The relay will respond with Rebooting 
the relay. Wait for about 30 seconds, then press <Enter> until you 
see the Access Level 0 = prompt.

Step 3. Use the ACC command with the associated password to enter Access 
Level 1.

Step 4. Type STA <Enter>.

If there are no fail messages and you are using Method 1, select Next 
in Step 3 of 4 of the Firmware Loader and go to I Verify Relay 
Settings on page B.16.

If there are no fail messages and you are using Method 2, go to 
I Verify Relay Settings on page B.16.

If there are fail messages, continue with Step 5.

Step 5. Use the 2AC command with the associated password to enter Access 
Level 2.

Step 6. Use the CAL command and type the corresponding password to 
enter Access Level C.

Step 7. Type R_S <Enter> to restore factory-default settings in the relay.

The relay asks whether to restore default settings. If the relay does 
not accept the R_S command, contact SEL for assistance.

Step 8. Type Y <Enter>.

The relay can take as long as two minutes to restore default settings. 
The relay then reinitializes, and the ENABLED LED illuminates. This 
LED is labeled either EN or ENABLED, depending on the relay model.

Step 9. Press <Enter> to check for the Access Level 0 = prompt indicating 
that serial communication is successful.

Step 10. Use the ACC and 2AC commands and type the corresponding pass-
words to reenter Access Level 2.

Step 11. Use the CAL command and type the corresponding password to 
enter the relay Calibration settings level.

NOTE: Step 7 causes the loss of 
settings and other important data. Be 
sure to retain relay settings and other 
data downloaded from the relay at the 
start of the firmware upgrade process. 
Relay calibration level settings will not 
be lost.
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Step 12. Type SHO C <Enter> to verify the relay calibration settings.

If using Method 1 and the settings do not match the settings 
contained in the text file you recorded in C Save Settings and Other 
Data on page B.12, contact SEL for assistance.

If using Method 2 and the settings do not match the settings 
contained in the text file you recorded in B Prepare the Relay on 
page B.12, contact SEL for assistance.

Step 13. Use the PAS n (n = 0, 1, 2, B, P, A, O, C) command to set the relay 
passwords.

Step 14. Restore the relay settings:

a. If you have SEL-5010 Relay Assistant software or QuickSet, 
restore the original settings by following the instructions for the 
respective software.

b. If you do not have the SEL-5010 Relay Assistant software or 
QuickSet, restore the original settings by issuing the necessary 
SET n commands.

Step 15. If any failure status messages still appear on the relay display, see the 
Testing and Troubleshooting section in your relay instruction manual 
or contact SEL for assistance.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Cybersecurity Features

The SEL-400 series relays have a number of security features to assist users with 
meeting their cybersecurity design requirements.

Ports and Services
Physical Ports

The SEL-400 series relays include four serial ports and an Ethernet communica-
tions card with as many as five ports. Each physical serial port and Ethernet port 
can be individually disabled using the EPORT setting. By default, all of the ports 
are enabled. 

SEL recommends that unused communications ports be disabled.

SEL-400 series relays with a TiDL configuration also have eight ports. These are 
always enabled, but they have a very limited functionality, as described below.

IP Ports
When using Ethernet, there are a number of possible IP ports available within the 
relay. Many of these IP port numbers are configurable. All IP ports can be dis-
abled and are disabled by default. Table C.1 describes each of these.

                    

Note that IP traffic is only supported on station bus ports, so process bus ports 
have no open IP ports. See Ethernet Communications on page 15.6 for more infor-
mation on these settings.

Table C.1 IP Port Numbers

IP Port 
Default

Port 
Selection 
Setting

Network 
Protocol

Default Port 
State

Port Enable 
Setting

Purpose

21 -- TCP Disabled FTPSERV FTP protocol access for file transfer of settings and reports

23 TPORT TCP Disabled ETELNET Telnet access for general engineering terminal access

80 HTTPPOR TCP Disabled EHTTP Web server access to read various relay information

102 -- TCP Disabled E61850 IEC 61850 Manufacturing Message Specification (MMS) 
for SCADA functionality

123 SNTPPOR UDP Disabled ESNTP SNTP time synchronization

319/320 -- UDP Disabled EPTP Precision Time Protocol (PTP) time synchronization

4712/ 4713 PMOTCP1/ 
PMOUDP1

TCP/UDP Disabled PMOTS1 Synchrophasor data output, session 1

4712/ 4713 PMOTCP2/ 
PMOUDP2

TCP/UDP Disabled PMOTS2 Synchrophasor data output, session 2

20000 DNPPNUM TCP/UDP Disabled EDNP DNP3 for SCADA functionality
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Segregating Ethernet Ports
In some operating modes, the enabled Ethernet ports support both IP traffic and 
layer 2 protocols (i.e., IEC 61850 GOOSE). If NETMODE = ISOLATEIP, then one 
port only permits GOOSE traffic. This allows this port to be routed outside of a 
security perimeter while retaining the ability to perform basic monitoring and 
control. See Redundant Ethernet Ports (Two- or Four-Port Ethernet Card) on 
page 15.10 for more information on this mode.

T-Protocol Ports
SEL-400 series relays with a TiDL configuration that supports T-Protocol have 
eight TiDL communications ports. These ports communicate with SEL-TMUs. 
The ports are used exclusively for exchanging analog and digital data with 
SEL-TMUs; they will not recognize any other types of communications.

Once the system is configured and commissioned, the relay only communicates 
with the associated SEL-TMUs that were commissioned during the relay com-
missioning process. Any other traffic on these ports is ignored.

EtherCAT Ports
SEL-400 series relays with a TiDL configuration that supports EtherCAT have 
eight EtherCAT ports. These communicate with Axion nodes. The ports are used 
exclusively for exchanging analog and digital data with Axions; they will not rec-
ognize any other types of communication.

Once the system is configured and commissioned, the relay will only communi-
cate with recognized Axions. Any other traffic on these ports will be ignored. 
After commissioning, the loss of communications to any configured Axion or 
Axion module will cause the relay to disable.

Authentication and Authorization Controls
Local Accounts

SEL-400 series relays support eight levels of access, as described in the Access 
Levels and Passwords on page 3.7. Refer to this section to learn how each level is 
accessed and what the default passwords are. It is good security practice to 
change the default passwords of each access level and to use a unique password for 
each level.

Relays have the capability to limit the level of access on a port basis. The maxi-
mum access level setting may be used on each port to restrict these authorization 
levels. This permits you to operate under the principle of “least privilege,” 
restricting ports to the levels needed for the functions performed on those ports. 
In addition, you can use the EPAC setting on each port to restrict read or write 
access as defined by the Global SELOGIC equations EACC and E2AC. 

Each relay supports strong passwords of as many as 12 characters including any 
printable character, allowing users to select complex passwords if they so choose. 
SEL recommends that passwords contain a minimum of eight characters contain-
ing at least one of each of the following: lowercase letter, uppercase letter, num-
ber, and special character.

NOTE: Isolated IP mode is not available 
when using the five-port Ethernet 
card. Configure a ClassFileVersion 
007 or higher CID file for the five-port 
Ethernet card to define which ports 
publish GOOSE traffic.
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Authentication Failures
When three successive login attempts fail as a result of an incorrect password 
entry, the relay locks out login attempts on that port for 30 seconds. It also pulses 
the BADPASS Relay Word bit.

Malware Protection Features
Firmware Hash Verification

SEL provides firmware hashes as an additional tool to verify the integrity of SEL 
firmware upgrade files. This helps ensure that the firmware received from the 
factory is complete and unaltered prior to sending the firmware to the SEL 
device. Verify that the firmware file in your possession is a known good SEL 
firmware release by comparing the calculated hash value of the firmware in your 
possession with the hash value provided at selinc.com/products/firmware/.

Operating System/Firmware
SEL-400 series relays are embedded devices that do not allow additional soft-
ware to be installed. SEL-400 series relays include a self-test that continually 
checks running code against the known good baseline version of code in nonvol-
atile memory. This process is outlined in more detail in the document titled The 
SEL Process for Mitigating Malware Risk to Embedded Devices located at 
selinc.com/mitigating_malware/.

SEL-400 series relays run in an embedded environment for which there is no 
commercial anti-virus software available.

Software/Firmware Verification
SEL-400 series relays have the ability to install firmware updates in the field. 
Authenticity and integrity of firmware updates can be verified by using the Firm-
ware Hash page at selinc.com/products/firmware/.

See Firmware Verification available at selinc.com/products/firmware for infor-
mation that can help verify that currently installed firmware on an SEL relay is 
complete and unaltered.

Logging Features
Internal Log Storage

The Sequential Event Recorder (SER) log is a useful tool for capturing a variety 
of relay events. In addition to capturing state changes of user selected Relay 
Word bits, it captures all startups, settings changes, and group switches. See 
Sequential Events Recorder (SER) on page 9.28 for more information about SER.

http://selinc.com/products/firmware/
https://selinc.com/products/firmware/
https://selinc.com/mitigating_malware/
https://selinc.com/products/firmware/
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Alarm Reporting
The relay provides the following Relay Word bits that are useful for monitoring 
relay access:

➤ BADPASS—Pulses for one second if a user enters three successive 
bad passwords.

➤ ACCESS—Set while any user is logged into Access Level B or higher.

➤ ACCESSP—Pulses for one second whenever a user gains access to 
an Access Level of B or higher.

➤ PASSDIS—Set if the password disable jumper is installed.

➤ BRKENAB—Set if the breaker control enable jumper is installed.

➤ LINK5A, LINK5B, LINK5C, LINK5D, LINK5E—Set while the 
link is active on the respective Ethernet port. Loss-of-link can be an 
indication that an Ethernet cable has been disconnected.

NOTE: The relay can take as long as 
6 ms to detect and report the loss of 
link on an active port (assert LNKFAIL 
or LNKFL2).

➤ LNKFAIL—Set if link is lost on any active station bus port. For 
relays with only two Ethernet ports, LNKFAIL asserts if link is lost 
on either port.

➤ LNKFL2—Set if link is lost on the active process bus port (Ethernet 
87L ports or Sampled Values (SV) ports in devices with those 
capabilities). Once detected, the loss of the active port on the process 
bus causes immediate failover if the backup port has a good data link. 
If this is the case, failover may occur too quickly for the SER scanner 
to register the assertion and deassertion of LNKFL2.

These bits can be mapped for SCADA monitoring via DNP3, IEC 61850, or SEL 
Fast Message. They can also be added to the SER log for later analysis and 
assigned to output contacts for alarm purposes.

Physical Access Security
Physical security of cybersecurity assets is a common concern. Typically, relays 
are installed within a control enclosure that provides physical security. Other 
times, they are installed in boxes within the switch yard. The relay provides some 
tools that may be useful to help manage physical security, especially when the 
unit is installed in the switch yard.

You can monitor physical ingress by wiring a door sensor to one of the relay con-
tact inputs. This input can then be mapped for SCADA monitoring or added to 
the SER log so that you can detect when physical access to the relay occurs.

It is also possible to wire an electronic latch to a relay contact output. You could 
then map this input for SCADA control.

Configuration Control Support
Product Version Information

The SEL-400 series relay firmware revision number (FID) provides the current 
firmware version/patch level. The FID can be obtained using the STATUS command.
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Settings Version Information
All settings changes are logged to the SER log. Analysis of this log will let you 
determine if any unauthorized settings changes occurred.

The relay also stores a hash code for each settings class in the CFG.txt file. After 
configuring the device, you can read the CFG.txt file and store it for future refer-
ence. You can then periodically read this file from the relay and compare it to the 
stored reference. If any of the hash codes have changed, then you know that a set-
tings class has been modified.

Backup and Restore
SEL-400 series relays support the export and import of settings and configuration 
by using ACSELERATOR QuickSet SEL-5030 Software and ACSELERATOR 
Architect SEL-5032 Software. Settings can also be imported and exported as files 
by using any file transfer mechanism.

Decommissioning
NOTE: Do not do this when sending 
in the relay for service at the factory. 
SEL needs to be able to see how the 
relay was configured to properly 
diagnose any problems.

It is often desirable to erase the settings from the relay when it is removed from 
service. You can completely erase all the configuration settings from the relay by 
using the following procedure.

Step 1. Go to Access Level C.

Step 2. Execute the R_S command to restore the device to factory-default 
settings.

Step 3. Allow the relay to restart.

Step 4. Go to Access Level C.

Step 5. Execute the R_S command again to set the backup copy of settings to 
factory default.

Step 6. Allow the relay to restart.

Once this procedure is complete, all internal instances of all user settings and 
passwords will be erased.

Vulnerability Notification Process
Security Vulnerability Process

SEL provides security disclosure alerts to customers, and SEL instruction manu-
als document all releases. SEL security vulnerability disclosures are described in 
The SEL Process for Disclosing Security Vulnerabilities located at selinc.com.

Emailed Security Notification
You can sign up to receive email notifications when SEL releases security vulner-
ability notices and service bulletins at selinc.com/support/security-notifications/.

http://selinc.com/
https://selinc.com/solutions/security-for-critical-infrastructure/
http://selinc.com/support/security-notifications/
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a Contact A breaker auxiliary contact (ANSI Standard Device Number 52A) that closes 
when the breaker is closed and opens when the breaker is open.

a Output A relay control output that closes when the output relay asserts.

b Contact A breaker auxiliary contact (ANSI Standard Device Number 52B) that opens 
when the breaker is closed and closes when the breaker is open.

b Output A relay control output that opens when the output relay asserts.

c Contact A breaker auxiliary contact that can be set to serve either as an a contact or as a b 
contact.

c Output An output with both an a output and b output sharing a common post.

3U, 4U, 5U, 6U, 7U, 9U The designation of the vertical height of a device in rack units. One rack unit, U, 
is approximately 1.75 inches or 44.45 mm.

A Abbreviation for amps or amperes—a unit of electrical current flow.

ABS Operator An operator in math SELOGIC control equations that provides absolute value.

AC Ripple The peak-to-peak ac component of a signal or waveform. In the station dc battery 
system, monitoring ac ripple provides an indication of whether the substation 
battery charger has failed.

Acceptance Testing Testing that confirms that the relay meets published critical performance 
specifications and requirements of the intended application. Such testing involves 
testing protection elements and logic functions when qualifying a relay model for 
use on the utility system.

Access Level A relay command level with a specified set of relay information and commands. 
Except for Access Level 0, you must have the correct password to enter an access 
level.

Access Level 0 The least secure and most limited access level. No password protects this level. 
From this level, you must enter a password to go to a higher level.

Access Level 1 A relay command level you use to monitor (view) relay information. The default 
access level for the relay front panel.

Access Level 2 The most secure access level where you have total relay functionality and control 
of all settings types.

Access Level A A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Automation, Alias, Global, Front Panel, Report, Port, 
and DNP3 settings.

Access Level B A relay command level you use for Access Level 1 functions plus circuit breaker 
control and data.

Access Level O A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Output, Alias, Global, Front Panel, Report, Port, and 
DNP3 settings.
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Access Level P A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Protection, SELOGIC, Alias, Global, Group, Breaker 
Monitor, Front Panel, Report, Port, and DNP3 settings.

ACSELERATOR Architect
SEL-5032 Software

Architect is an add-on to the QuickSet Suite that uses the IEC 61850 Substation 
Configuration Language to configure SEL IEDs.

ACSELERATOR QuickSet
SEL-5030 Software

A Windows-based program that simplifies settings and provides analysis support.

ACSI Abstract Communications Service Interface for the IEC 61850 protocol. Defines 
a set of objects, a set of services to manipulate and access those objects, and a 
base set of data types for describing objects.

Active Settings Group The settings group that the relay is presently using from among six settings 
groups available in the relay.

ADC Analog to Digital Converter. A device that converts analog signals into digital 
signals.

Admittance The reciprocal of impedance, I/V.

Advanced Settings Settings for customizing protection functions; these settings are hidden unless 
you set EADVS := Y and EGADVS := Y.

Alias An alternative name assigned to Relay Word bits, analog quantities, default 
terminals, and bus-zone names.

Analog Quantities Variables represented by such fluctuating measurable quantities as temperature, 
frequency, current, and voltage.

AND Operator Logical AND. An operator in Boolean SELOGIC control equations that requires 
fulfillment of conditions on both sides of the operator before the equation is true.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control relays. The 
standard device numbers used in this instruction manual include the following:

21 Distance element

24 Volts/Hertz Element

25 Synchronism-check element

27 Undervoltage Element

32 Directional Elements

49 Thermal Element

50 Overcurrent Element

51 Inverse-Time Overcurrent Element

52 AC Circuit Breaker

59 Overvoltage Element

67 Definite-Time Overcurrent

79 Recloser

86 Breaker Failure Lockout

89 Disconnect
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These numbers are frequently used within a suffix letter to further designate their 
application. The suffix letters used in this instruction manual include the following:

P Phase Element

G Residual/Ground Element

N Neutral/Ground Element

Q Negative-Sequence (3I2) Element

Anti-Aliasing Filter A low-pass filter that blocks frequencies too high for the given sampling rate to 
accurately reproduce.

Apparent Power, S Complex power expressed in units of volt-amperes (VA), kilovolt-amperes 
(kVA), or megavolt-amperes (MVA). Accounts for both real (P) and reactive (Q) 
power dissipated in a circuit: S = P + jQ. This is power at the fundamental 
frequency only; no harmonics are included in this quantity.

Arcing Resistance The resistance in the arc resulting from a power line fault.

ASCII Abbreviation for American Standard Code for Information Interchange. Defines 
a standard set of text characters. The relay uses ASCII text characters to 
communicate using front-panel and rear-panel EIA-232 serial ports on the relay 
and through virtual serial ports.

ASCII Terminal A terminal without built-in logic or local processing capability that can only send 
and receive information.

Assert To activate. To fulfill the logic or electrical requirements needed to operate a 
device. To set a logic condition to the true state (logical 1) of that condition. To 
apply a closed contact to a relay input. To close a normally open output contact. 
To open a normally closed output contact.

AT Modem Command Set
Dialing String Standard

The command language standard that Hayes Microcomputer Products, Inc. 
developed to control autodial modems from an ASCII terminal (usually EIA-232 
connected) or a PC containing software allowing emulation of such a terminal.

Autoconfiguration The ability to determine relay type, model number, metering capability, port ID, 
data rate, passwords, relay elements, and other information that an IED (an 
SEL-2020/2030 communications processor) needs to automatically communicate 
with relays.

Automatic Messages Messages including status failure and status warning messages that the relay 
generates at the serial ports and displays automatically on the front-panel LCD.

Automatic Reclose Automatic closing of a circuit breaker after a breaker trip by a protective relay.

Automation Variables Variables that you include in automation SELOGIC control equations.

Autoreclose-
Drive-to-Lockout

A logical condition that drives the autoreclose function out of service with 
respect to a specific circuit breaker.

Autotransformer A transformer with at least two common windings.

AX-S4 MMS “Access for MMS” is an IEC 61850, UCA2, and MMS client application 
produced by SISCO, Inc., for real-time data integration in Microsoft Windows-
based systems supporting OPC and DDE. Included with AX-S4 MMS is the 
interactive MMS Object Explorer for browser-like access to IEC 61850/UCA2 
and MMS device objects.
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Axion Another term for the SEL-2240. The Axion is an integrated, modular input/
output and control solution suited for utility and industrial applications. In TiDL 
(EtherCAT) systems, it is used for data acquisition and control.

Bandpass Filter A filter that passes frequencies within a certain range and blocks all frequencies 
outside this range.

Bay Primary plant including disconnects, circuit breaker, CTs, PTs, power 
transformer, etc.

Bay Control Front-panel control (open and close) of the transformer circuit breakers and 
disconnects (isolators).

Best Choice Ground
Directional Element Logic

An SEL logic that determines the directional element that the relay uses for 
ground faults.

Bit Label The identifier for a particular bit.

Bit Value Logical 0 or logical 1.

Block Trip Extension Continuing the blocking signal at the receiving relay by delaying the dropout of 
Relay Word bit BT.

Blocking Signal Extension The blocking signal for the DCB (directional comparison blocking) trip scheme 
is extended by a time delay on dropout timer to prevent unwanted tripping 
following current reversals.

Bolted Fault A fault with essentially zero impedance or resistance between the shorted 
conductors.

Boolean Logic Statements Statements consisting of variables that behave according to Boolean logic 
operators such as AND, NOT, and OR.

Breaker Auxiliary Contact An electrical contact associated with a circuit breaker that opens or closes to 
indicate the breaker position. A Form A breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed and opens when 
the breaker is open. A Form B breaker auxiliary contact (ANSI Standard Device 
Number 52B) opens when the breaker is closed and closes when the breaker is 
open.

Breaker-and-a-half
Configuration

A switching station arrangement of three circuit breakers per two circuits; the 
two circuits share one of the circuit breakers.

Breaker Differential Differential zone of protection configured exclusively across the tie breaker; the 
breaker differential protects only the area between the two tie-breaker CTs.

Buffered Report IEC 61850 IEDs can issue buffered reports of internal events (caused by trigger 
options data-change, quality-change, and data-update). These event reports can 
be sent immediately or buffered (to some practical limit) for transmission, such 
that values of data are not lost because of transport flow control constraints or 
loss of connection. Buffered reporting provides Sequence-of-Events (SOE) 
functionality.

Busbar Electrical junction of two or more primary circuits. For a single busbar, there 
could be multiple bus-zones; there can be more bus-zones than busbars, but not 
more busbars than bus-zones.
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Bus Coupler
(see also Tie Breaker)

Equipment with at least a CT and circuit breaker, connecting two busbars when 
the circuit breaker is closed. Disconnects of other terminals at the station 
(feeders, lines, etc.) are normally arranged in parallel with the bus coupler. 
Closing two or more disconnects of the other terminals bypasses the bus coupler, 
forming a connection without a circuit breaker between two or more busbars.

Busbar
Protection Element

Each busbar protection elements comprise a differential element, a directional 
element, and a fault detection logic.

Bus Sectionalizer
(see also Buscoupler)

Equipment with at least a CT and circuit breaker, connecting two busbars when 
the circuit breaker is closed.

Bus-Zone-to-Bus-Zone
Connection Variable

SELOGIC variable stating the conditions when the relay merges two zones to 
form a single protection zone.

Bus-Zone
(see also Protection Zone)

Area of protection formed by a minimum of two terminals.

C37.118 IEEE C37.118, Standard for Synchrophasor Measurements for Power Systems.

C37.238 IEEE C37.238, Standard Profile for Use of IEEE 1588 Precision Time Protocol 
in Power System Applications.

Capacitor Bank Assembly of a number of capacitor units.

Capacitor Element Device consisting of two electrodes separated by a dielectric.

Capacitor Unit Assembly of a number of capacitor elements.

Category A collection of similar relay settings.

CCVT Capacitively coupled voltage transformer that uses a capacitive voltage divider to 
reduce transmission voltage to a level safe for metering and relaying devices. See 
CVT.

Checksum A method for checking the accuracy of data transmission involving summation of 
a group of digits and comparison of this sum to a previously calculated value.

Check Zone Protection zone formed by two or more terminals where the differential 
calculation is independent of the status of the disconnect auxiliary contacts.

CID Checksum identification of the firmware.

CID File IEC 61850 Configured IED Description file. XML file that contains the 
configuration for a specific IED.

Circuit Breaker
Failure Logic

This logic within the relay detects and warns of failure or incomplete operation of 
a circuit breaker in clearing a fault or in performing a trip or close sequence.

Circuit Breaker
History Report

A concise circuit breaker event history that contains as many as 128 events. This 
breaker history report includes circuit breaker mechanical operation times, 
electrical operation times, interrupted currents, and dc battery monitor voltages.

Circuit Breaker Report A full report of breaker parameters for the most recent operation. These 
parameters include interrupted currents, number of operations, and mechanical 
and electrical operating times among many parameters.
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Class The first level of the relay settings structure including Global, Group, Breaker 
Monitor, Port, Report, Front Panel, DNP3 settings, Protection SELOGIC control 
equations, Automation SELOGIC control equations, and Output SELOGIC control 
equations.

Cold Start Turning a system on without carryover of previous system activities.

Combined Winding Mathematical combination (in the SEL-451) of currents from two separate sets of 
CT on the same voltage level, typical of breaker-and-a-half busbar 
configurations.

Commissioning Assistant Software used during transformer commissioning that checks for typical (single-
contingency) wiring errors; The software uses load current to calculate the 
correct matrix combinations for as many as five windings. 

Commissioning Testing Testing that serves to validate all system ac and dc connections and confirm that 
the relay, auxiliary equipment, and SCADA interface all function as intended 
with your settings. Perform such testing when installing a new protection system.

Common
Class Components

Composite data objects that contain instances of UCA standard data types.

Common Data Class IEC 61850 grouping of data objects that model substation functions. Common 
Data Classes include Status information, Measured information, Controllable 
status, Controllable analog, Status settings, Analog settings, and Description 
information.

Common Inputs Relay control inputs that share a common terminal.

Common Time Delay Both ground- and phase distance protection follow a common time delay on 
pickup.

Common Zone Timing Both ground- and phase distance protection follow a common time delay on 
pickup.

Communications Protocol A language for communication between devices.

Communications-Assisted
Tripping

Circuit breaker tripping resulting from the transmission of a control signal over a 
communications medium.

Comparison Boolean SELOGIC control equation operation that compares two numerical 
values. Compares floating-point values such as currents, total counts, and other 
measured and calculated quantities.

Computer Terminal
Emulation Software

Software such as Microsoft HyperTerminal or ProComm Plus that can be used to 
send and receive ASCII text messages and files via a computer serial port.

COMTRADE Abbreviation for Common Format for Transient Data Exchange. The relay 
supports the IEEE Std C37.111–1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems.

Conditioning Timers Timers for conditioning Boolean values. Conditioning timers either stretch 
incoming pulses or allow you to require that an input take a state for a certain 
period before reacting to the new state.

Contact Input See Control Input.

Contact Output See Control Output.
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Control Input Relay inputs for monitoring the state of external circuits. Connect auxiliary relay 
and circuit breaker contacts to the control inputs.

Control Output Relay outputs that affect the state of other equipment. Connect control outputs to 
circuit breaker trip and close coils, breaker failure auxiliary relays, 
communications-assisted tripping circuits, and SCADA systems.

Coordination Timer A timer that delays an overreaching element so that a downstream device has 
time to operate.

COS Operator Operator in math SELOGIC control equations that provides the cosine function.

Counter Variable or device such as a register or storage location that either records or 
represents the number of times an event occurs.

Cross-Country Fault A cross-country fault consists of simultaneous separate single phase-to-ground 
faults on parallel lines.

CT Current transformer.

CT Subsidence Current Subsidence current appears as a small exponentially decaying dc current with a 
long time constant. This current results from the energy trapped in the CT 
magnetizing branch after the circuit breaker opens to clear a fault or interrupt 
load.

CTR Current transformer ratio.

Current Compensation Adjustment of the current signals to nullify any standing unbalance current.

Current
Reversal Guard Logic

Under this logic, the relay does not key the transmitter and ignores reception of a 
permissive signal from the remote terminal when a reverse-looking element 
detects an external fault.

Current
Transformer Saturation

The point of maximum current input to a CT; any change of input beyond the 
saturation point fails to produce any appreciable change in output.

CVT Capacitive voltage transformer that uses a capacitive voltage divider to reduce 
transmission voltage to a level safe for metering and relaying devices. See CCVT.

CVT Transient Blocking Logic that prevents transient errors on capacitive voltage transformers from 
causing false operation of Zone 1 mho elements.

CVT Transient
Detection Logic

Logic that detects transient errors on capacitive voltage transformers.

Data Attribute In the IEC 61850 protocol, the name, format, range of possible values, and 
representation of values being communicated.

Data Bit A single unit of information that can assume a value of either logical 0 or 
logical 1 and can convey control, address, information, or frame check sequence 
data.

Data Class In the IEC 61850 protocol, an aggregation of classes or data attributes.

Data Label The identifier for a particular data item.

Data Object In the IEC 61850 protocol, part of a logical node representing specific 
information (status or measurement, for example). From an object-oriented point 
of view, a data object is an instance of a data class.
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DC Offset A dc component of fault current that results from the physical phenomenon 
preventing an instantaneous change of current in an inductive circuit.

DCB (Directional
Comparison Blocking)

A communications-assisted protection scheme. A fault occurring behind a 
sending relay causes the sending relay to transmit a blocking signal to a remote 
relay; the blocking signal interrupts the tripping circuit of the remote relay and 
prevents tripping of the protected line.

DCE Devices Data communications equipment devices (modems).

DCUB (Directional
Comparison Unblocking)

A communications-assisted tripping scheme with logic added to a POTT scheme 
that allows high-speed tripping of overreaching elements for a brief time during a 
loss of channel. The logic then blocks trip permission until the communications 
channel guard returns for a set time.

Deadband The range of variation an analog quantity can traverse before causing a response.

Deassert To deactivate. To remove the logic or electrical requirements needed to operate a 
device. To clear a logic condition to its false state (logical 0). To open the circuit 
or open the contacts across a relay input. To open a normally open output contact. 
To close a normally closed output contact.

Debounce Time The time that masks the period when relay contacts continue to move after 
closing; debounce time covers this indeterminate state.

Default Data Map The default map of objects and indices that the relay uses in DNP3 protocol.

Delta A phase-to-phase series connection of circuit elements, particularly voltage 
transformers or loads.

Demand Meter A measuring function that calculates a rolling average or thermal average of 
instantaneous measurements over time.

Differential Element The differential element calculates current differences across a zone of 
protection.

Digital Secondary System
(DSS)

A protection system that uses merging units to perform signal gathering and 
control.

Direct Tripping Local or remote protection elements provide tripping without any additional 
supervision.

Directional Element The directional element determines the direction of power flow at a point in the 
power system.

Directional Start A blocking signal provided by reverse reaching elements to a remote terminal 
used in DCB communications-assisted tripping schemes. If the fault is internal 
(on the protected line), the directional start elements do not see the fault and do 
not send a blocking signal. If the fault is external (not on the protected line), the 
directional start elements start sending the block signal.

Directional Supervision The relay uses directional elements to determine whether protective elements 
operate based on the direction of a fault relative to the relay.

Disabling Time Delay A DCUB scheme timer (UBDURD) that prevents high-speed tripping following 
a loss-of-channel condition.
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Disconnect (Isolator) Mechanical switch that isolates primary equipment such as circuit breakers from 
the electrical system.

Distance
Calculation Smoothness

A relay algorithm that determines whether the distance-to-fault calculation varies 
significantly or is constant.

Distance Protection Zone The area of a power system where a fault or other application-specific abnormal 
condition should cause operation of a protective relay.

DMTC Period The time of the demand meter time constant in demand metering.

DNP (Distributed
Network Protocol)

Manufacturer-developed, hardware-independent communications protocol.

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. You can set the time, in the case of a logic variable timer, or the 
dropout time can be a result of the characteristics of an element algorithm, as in 
the case of an overcurrent element dropout time.

DTE Devices Data terminal equipment (computers, terminals, printers, relays, etc.).

DTT (Direct Transfer
Trip)

A communications-assisted tripping scheme. A relay at one end of a line sends a 
tripping signal to the relay at the opposite end of the line.

Dumb Terminal See ASCII terminal.

DUTT
(Direct Underreaching

Transfer Trip)

A communications-assisted tripping scheme. Detection of a Zone 1 fault at either 
end of a line causes tripping of the local circuit breaker as well as simultaneous 
transmission of a tripping signal to the relay at the opposite end of the line. The 
scheme is said to be underreaching because the Zone 1 relays at both ends of the 
line reach only 80 percent (typically) of the entire line length.

Dynamic Zone Selection The process by which the currents from the CTs are assigned to or removed from 
the differential calculations as a function of the Boolean value (logical 0 or 
logical 1) of a particular SELOGIC equation.

ECB
(EtherCAT

Communications Board)

A circuit board mounted within the relay that has eight EtherCAT fiber 
connections for creating a TiDL (EtherCAT) system.

Echo The action of a local relay returning (echoing) the remote terminal permissive 
signal to the remote terminal when the local breaker is open or a weak infeed 
condition exists.

Echo Block Time Delay A time delay that blocks the echo logic after dropout of local permissive 
elements.

Echo Duration Time Delay A time delay that limits the duration of the echoed permissive signal.

ECTT
(Echo Conversion to Trip)

An element that allows a weak terminal, after satisfaction of specific conditions, 
to trip by converting an echoed permissive signal to a trip signal.

EEPROM Electrically Erasable Programmable Read-Only Memory. Nonvolatile memory 
where relay settings, event reports, SER records, and other nonvolatile data are 
stored.

EHV Extra high voltage. Voltages greater than 230 kV.
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EIA-232 Electrical definition for point-to-point serial data communications interfaces, 
based on the standard EIA/TIA-232. Formerly known as RS-232.

EIA-485 Electrical standard for multidrop serial data communications interfaces, based on 
the standard EIA/TIA-485. Formerly known as RS-485.

Electrical Operating Time Time between trip or close initiation and an open-phase status change.

Electromechanical Reset Setting of the relay to match the reset characteristics of an electromechanical 
overcurrent relay.

End-Zone Fault A fault at the farthest end of a zone that a relay is required to protect.

Energy Metering Energy metering provides a look at imported power, exported power, and net 
usage over time; measured in MWh (megawatt-hours).

Equalize Mode A procedure where substation batteries are overcharged intentionally for a 
preselected time to bring all cells to a uniform output.

ESD
(Electrostatic Discharge)

The sudden transfer of charge between objects at different potentials caused by 
direct contact or induced by an electrostatic field.

EtherCAT
(Ethernet for Control

Automation Technology)

An Ethernet-based network protocol for high-speed control networks that require 
real-time performance and ease of network configuration.

Ethernet A network physical and data link layer defined by IEEE 802.2 and IEEE 802.3.

Event History A quick look at recent relay activity that includes a standard report header; event 
number, date, time, and type; fault location; maximum fault phase current; active 
group at the trigger instant; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or ASCII TRI command. The data show relay 
measurements before and after the trigger, in addition to the states of protection 
elements, relay inputs, and relay outputs each processing interval. After an 
electrical system fault, use event reports to analyze relay and system 
performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault location, time source, recloser shot 
counter, prefault and fault voltages, currents, and sequence current, and 
MIRRORED BITS communications channel status (if enabled).

The relay sends an event report summary (if automessaging is enabled) to the 
relay serial port a few seconds after an event.

External Fuse Fuse external to a capacitor unit (usually mounted on the unit).

EXP Operator Math SELOGIC control equation operator that provides exponentiation.

F_TRIG Falling-edge trigger. Boolean SELOGIC control equation operator that triggers an 
operation upon logic detection of a falling edge.

Fail-Safe Refers to an output that is open during normal relay operation and closed when 
relay power is removed or if the relay fails. Configure alarm outputs for fail-safe 
operation.

Falling Edge Transition from logical 1 to logical 0.
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Fast Hybrid Control
Output

A control output similar to, but faster than, the hybrid control output. The fast 
hybrid output uses an insulated-gate bipolar junction transistor (IGBT) to 
interrupt (break) high inductive dc currents and to very rapidly make and hold the 
current until a metallic contact operates, at which time the IGBT turns off and the 
metallic contact holds the current. Unlike the hybrid control output, this output is 
not polarity-sensitive—reversed polarity causes no misoperations.

Fast Meter SEL binary serial port command used to collect metering data with SEL relays.

Fast Operate SEL binary serial port command used to perform control with SEL relays.

Fast Message SEL binary serial port protocol used for Fast SER, Fast Message 
Synchrophasors, and resistance temperature detector (RTD) communications.

Fault Detection Logic Logic that distinguishes between internal and external faults.

Fault-Type
Identification Selection

Logic the relay uses to identify balanced and unbalanced faults (FIDS).

FID Relay firmware identification string. Lists the relay model, firmware version and 
date code, and other information that uniquely identifies the firmware installed in 
a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash Memory A type of nonvolatile relay memory used for storing large blocks of nonvolatile 
data.

Flashover A disruptive discharge over the surface of a solid dielectric in a gas or liquid.

Float High The highest charging voltage supplied by a battery charger.

Float Low The lowest charging voltage supplied by a battery charger.

Free-Form Logic Custom logic creation and execution order.

Free-Form SELOGIC
Control Equations

Free-form relay programming that includes mathematical operations, custom 
logic execution order, extended relay customization, and automated operation.

FTP File Transfer Protocol.

Function In IEC 61850, task(s) performed by the substation automation system, i.e., by 
application functions. Generally, functions exchange data with other functions. 
Details are dependent on the functions involved.

Functions are performed by IEDs (physical devices). A function may be split into 
parts residing in different IEDs but communicating with each other (distributed 
function) and with parts of other functions. These communicating parts are called 
logical nodes.

Function Code A code that defines how you manipulate an object in DNP3 protocol.

Functional Component Portion of a UCA GOMSFE brick dedicated to a particular function including 
status, control, and descriptive tags.

Fundamental Frequency The component of the measured electrical signal with a frequency equal to the 
normal electrical system frequency, usually 50 Hz or 60 Hz. Generally used to 
differentiate between the normal system frequency and any harmonic frequencies 
present.
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Fundamental Power Power calculated with components of the measured electrical signal with a 
frequency equal to the normal electrical system frequency, usually 50 Hz or 
60 Hz.

Fuse Device that opens the circuit in which it is connected to provide overcurrent 
protection.

Fuseless Capacitor Bank A capacitor bank without internal or external fuses.

Global Settings General settings including those for relay and station identifiers, number of 
breakers, date format, phase rotation, nominal system frequency, enables, station 
dc monitoring, control inputs, settings group selection, data reset controls, 
frequency tracking, time and date management, and current and voltage source 
selection.

GOMSFE Generic Object Model for Substation and Feeder Equipment; a system for 
presenting and exchanging IED data.

GOOSE IEC 61850 Generic Object Oriented Substation Event. GOOSE objects can 
quickly and conveniently transfer status, controls, and measured values among 
peers on an IEC 61850 network.

GPS Global Positioning System. Source of position and high-accuracy time 
information.

Ground Directional
Element Priority

The order the relay uses to select directional elements to provide ground 
directional decisions (relay setting ORDER).

Ground Distance Element A mho or quadrilateral distance element the relay uses to detect faults involving 
ground along a transmission line.

Ground Fault
Loop Impedance

The impedance in a fault-caused electric circuit connecting two or more points 
through ground conduction paths.

Ground
Overcurrent Elements

Elements that operate by comparing a residual-ground calculation of the three-
phase inputs with the residual overcurrent threshold setting. The relay asserts 
ground overcurrent elements when a relay residual current calculation exceeds 
ground current setting thresholds.

Ground Quadrilateral
Distance Protection

Ground distance protection consisting of a four-sided characteristic on an R-X 
diagram.

Ground Return Resistance Fault resistance that can consist of ground path resistance typically in tower 
footing resistance and tree resistance.

Grounded Capacitor Bank Capacitor bank with a solid connection to ground.

Guard-Present Delay A timer that determines the minimum time before the relay reinstates permissive 
tripping following a loss-of-channel condition in the DCUB communications-
assisted tripping scheme (relay setting GARD1D).

GUI Graphical user interface.

Harmonics Frequencies that are multiples of the frequency of the power system; 100 Hz is 
the second harmonic of a 50 Hz power system.

Harmonic Restraint Method by which harmonics are used to desensitize differential elements, thereby 
avoiding misoperations during inrush conditions.
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Harmonic Blocking Method by which harmonics are used to block differential elements thereby 
avoiding misoperations during inrush conditions.

Hexadecimal Address A register address consisting of a numeral with an “h” suffix or a “0x” prefix.

High-Resolution
Data Capture

Reporting of 3 kHz low-pass analog filtered data from the power system at each 
event trigger or trip at high-sample rates of 8000 samples/second, 4000 samples/
second, 2000 samples/second, and 1000 samples/second.

High-Speed,
High-Current

Interrupting
Control Output

A control output similar to, but faster than, the hybrid control output. The high-
speed, high-current interrupting output uses an insulated-gate bipolar junction 
transistor (IGBT) to interrupt (break) high inductive dc currents and to very 
rapidly make and hold the current until a metallic contact operates, at which time 
the IGBT turns off and the metallic contact holds the current. Unlike the hybrid 
control output, this output is not polarity-sensitive—reversed polarity causes no 
misoperations.

HMI Human-machine interface.

Homogeneous System A power system with nearly the same angle (less than 5° difference) for the 
impedance angles of the local source, the protected line, and the remote source.

HV High voltage. System voltage greater than or equal to 100 kV and less than 
230 kV.

Hybrid Control Output Contacts that use an insulated-gate bipolar junction transistor (IGBT) in parallel 
with a mechanical contact to interrupt (break) high inductive dc currents. The 
contacts can carry continuous current, while eliminating the need for heat sinking 
and providing security against voltage transients. These contacts are polarity-
dependent and cannot be used to switch ac control signals.

IA, IB, IC Measured A-Phase, B-Phase, and C-Phase currents.

ICD File IEC 61850 IED Capability Description file. XML file that describes IED 
capabilities, including information on logical node and GOOSE support.

IEC 61850 Internationally standardized method of communications and integration 
conceived with the goal of supporting systems of multivendor IEDs networked 
together to perform protection, monitoring, automation, metering, and control.

IEC 61850-9-2 IEC 61850 standard that defines mapping of Sampled Values data onto 
ISO 8802-3.

IED Intelligent electronic device.

IEEE Institute of Electrical and Electronics Engineers, Inc.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero.

IGBT Insulated-gate bipolar junction transistor.

Inboard CT (bushing CT) Current transformer physically positioned in such a way that the CT is bypassed 
when the feeder is on transfer.

Independent Zone Timing The provision of separate zone timers for phase and ground distance elements.

Infinite Bus A constant-voltage bus.
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Input Conditioning The establishment of debounce time and assertion level.

Instance A subdivision of a relay settings class. Group settings have several subdivisions 
(Group 1–Group 6), while the Global settings class has one instance.

Instantaneous Meter Type of meter data presented by the relay that includes the present values 
measured at the relay ac inputs. The word “Instantaneous” is used to differentiate 
these values from the measurements presented by the demand, thermal, energy, 
and other meter types.

Internal Fuse Fuse inside a capacitor unit.

IP Address An identifier for a computer or device on a TCP/IP network. Networks using the 
TCP/IP protocol route messages based on the IP address of the destination. The 
format of an IP address is a 32-bit numeric address written as four numbers 
separated by periods. Each number can be zero to 255. For example, 
1.160.10.240 could be an IP address.

IRIG-B A time-code input that the relay can use to set the internal relay clock.

ISO 8802-3 Defines Ethernet for local area and metropolitan area networks.

Jitter Time, amplitude, frequency, or phase-related abrupt, spurious variations in 
duration, magnitude, or frequency.

L/R Circuit inductive/resistive ratio.

LAN Local Area Network. A network of IEDs interconnected in a relatively small 
area, such as a room, building, or group of buildings.

Latch Bits Nonvolatile storage locations for binary information.

LED Light-emitting diode. Used as indicators on the relay front panel.

Left-Side Value LVALUE. Result storage location of a SELOGIC control equation.

Line Impedance The phasor sum of resistance and reactance in the form of positive-sequence, 
negative-sequence, and zero-sequence impedances of the protected line.

LMD SEL distributed port switch protocol.

LN Operator Math SELOGIC control equation operator that provides natural logarithm.

Load Encroachment The load-encroachment feature allows setting of phase overcurrent elements and 
phase distance elements independent of load levels.

Local Bits The Relay Word bit outputs of local control switches that you access through the 
front panel of the relay. Local control switches replace traditional panel-mounted 
control switches.

Lockout Relay An auxiliary relay that prevents operation of associated devices until it is reset 
either electrically or by hand.

Logical 0 A false logic condition, dropped out element, or deasserted control input or 
control output.

Logical 1 A true logic condition, picked up element, or asserted control input or control 
output.
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Logical Node In IEC 61850, the smallest part of a function that exchanges data. A logical node 
(LN) is an object defined by its data and methods. Each logical node represents a 
group of data (controls, status, measurements, etc.) associated with a particular 
function.

Loss of Channel Loss of guard and no permissive signal from communications gear in a DCUB 
(directional comparison unblocking scheme) for either two or three terminal 
lines.

Loss of Guard No guard signal from communications gear.

Loss of Potential Loss of one or more phase voltage inputs to the relay secondary inputs.

Low-Level Test Interface An interface that provides a means for interrupting the connection between the 
relay input transformers and the input processing module and allows inserting 
reduced-scale test quantities for relay testing.

MAC Address The Media Access Control (hardware) address of a device connected to a shared 
network medium, most often used with Ethernet networks.

Maintenance Testing Testing that confirms that the relay is measuring ac quantities accurately and 
verifies correct functioning of auxiliary equipment, scheme logic, and protection 
elements.

Math Operations Calculations for automation or extended protection functions.

Math Operators Operators that you use in the construction of math SELOGIC control equations to 
manipulate numerical values and provide a numerical base-10 result.

Maximum Dropout Time The maximum time interval following a change of input conditions between the 
deassertion of the input and the deassertion of the output.

Maximum/Minimum
Meter

Type of meter data presented by the relay that includes a record of the maximum 
and minimum of each value, along with the date and time that each maximum 
and minimum occurred.

Mechanical Operating
Time

Time between trip initiation or close initiation and the change in status of an 
associated circuit breaker auxiliary 52A normally open contacts.

Merging Unit A device that converts analog signals to digital signals and transmits them as 
IEC 61850-9-2 data.

Mho Characteristic A directional distance relay characteristic that plots a circle for the basic relay 
operation characteristic on an R-X diagram.

MIRRORED BITS
Communications

Patented relay-to-relay communications technique that sends internal logic 
status, encoded in a digital message, from one relay to the other. Eliminates the 
need for some communications hardware.

MMS Manufacturing messaging specification, a data exchange protocol used by UCA.

MOD Motor-operated disconnect.

Model Model of device (or component of a device) including the data, control access, 
and other features in UCA protocol.
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Motor Running Time The circuit breaker motor running time. Depending on your particular circuit 
breaker, you can use the motor running time to monitor the charge time of the 
circuit breaker springs or the running time of the compressor motor.

MOV Metal-oxide varistor.

MVA Mega Volt-Ampere. Typical unit for expressing the capacity of a power 
transformer, e.g., 100MVA.

Negation Operator A SELOGIC control equation math operator that changes the sign of the 
argument. The argument of the negation operation is multiplied by –1.

Negative-Sequence A configuration of three-phase currents and voltages. The currents and voltages 
have equal magnitude and a phase displacement of 120°, and have clockwise 
phase rotation with current and voltage maxima that occur differently from that 
for positive-sequence configuration. If positive-sequence maxima occur as ABC, 
negative-sequence maxima occur as ACB.

Negative-Sequence
Current Supervision

Pickup

An element allowed to operate only when a negative-sequence current exceeds a 
threshold.

Negative-Sequence
Directional Element

An element that provides directivity by the sign, plus or minus, of the measured 
negative-sequence impedance.

Negative-Sequence
Impedance

Impedance of a device or circuit that results in current flow with a balanced 
negative-sequence set of voltage sources.

Negative-Sequence
Overcurrent Elements

Elements that operate by comparing a negative-sequence calculation of the three-
phase secondary inputs with negative-sequence overcurrent setting thresholds. 
The relay asserts these elements when a relay negative-sequence calculation 
exceeds negative-sequence current setting thresholds.

Negative-Sequence
Voltage-Polarized

Directional Element

These directional elements are 32QG and 32Q. 32QG supervises the ground 
distance elements and residual directional-overcurrent elements; 32Q supervises 
the phase distance elements.

NEMA National Electrical Manufacturers’ Association.

Neutral Impedance An impedance from neutral to ground on a device such as a generator or 
transformer.

No Current/Residual
Current Circuit Breaker
Failure Protection Logic

Logic for detecting and initiating circuit breaker failure protection with a logic 
transition, or when a weak source drives the fault or a high-resistance ground 
fault occurs.

Nondirectional Start A blocking signal provided by nondirectional-overcurrent elements to a remote 
terminal used in DCB communications-assisted tripping schemes. The 
nondirectional start elements start sending the block signal.

Nonhomogeneous System A power system with a large angle difference (>5° difference) for the impedance 
angles of the local source, the protected line, and the remote source.

Nonvolatile Memory Relay memory that persists over time to maintain the contained data even when 
the relay is de-energized.

NOT Operator A logical operator that produces the inverse value.
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Operate Current Differential current (vector sum) between current(s) that enter a point, and 
current(s) that leave that point. 

OR Operator Logical OR. A Boolean SELOGIC control equation operator that compares two 
Boolean values and yields either a logical 1 if either compared Boolean value is 
logical 1 or a logical 0 if both compared Boolean values are logical 0.

OSI Open Systems Interconnect. A model for describing communications protocols. 
Also an ISO suite of protocols designed to this model.

Out-of-Step Blocking Blocks the operation of phase distance elements during power swings.

Out-of-Step Tripping Trips the circuit breaker(s) during power swings.

Outboard CT Current transformer physically positioned in such a way that the CT remains in 
circuit when the feeder is on transfer.

Over/Underpower
Elements

Elements that calculate the forward and reverse power flow and compare the 
result against settable thresholds.

Over/Undervoltage
Elements

Elements that calculate the system voltage and compare the result against settable 
thresholds.

Over/Underfrequency
Elements

Elements that calculate the power system frequency and compare the result 
against settable thresholds.

Overlap Configuration Configuration of the tie-breaker protection whereby the area between the tie-
breaker CTs are part of two bus-zones, i.e., a fault between the tie-breaker CTs is 
common to two bus-zones.

Override Values Test values you enter in Fast Meter, DNP3, and communications card database 
storage.

Parentheses Operator Math operator. Use paired parentheses to control the execution of operations in a 
SELOGIC control equation.

PC Personal computer.

Peak Demand Metering Maximum demand and a time stamp for phase currents, negative-sequence and 
zero-sequence currents, and powers. The relay stores peak demand values and the 
date and time these occurred to nonvolatile storage once per day, overwriting the 
previously stored value if the new value is larger. Should the relay lose control 
power, the relay restores the peak demand information saved at 23:50 hours on 
the previous day.

Phase Distance Element A mho distance element the relay uses to detect phase-to-phase and three-phase 
faults at a set reach along a transmission line.

Phase Overcurrent
Element

Elements that operate by comparing the phase current applied to the secondary 
current inputs with the phase overcurrent setting. The relay asserts these elements 
when any combination of the phase currents exceeds phase current setting 
thresholds.

Phase Rotation The sequence of voltage or current phasors in a multiphase electrical system. In 
an ABC phase rotation system, the B-Phase voltage lags the A-Phase voltage by 
120°, and the C-Phase voltage lags B-Phase voltage by 120°. In an ACB phase 
rotation system, the C-Phase voltage lags the A-Phase voltage by 120°, and the 
B-Phase voltage lags the C-Phase voltage by 120°.
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Phase Selection Ability of the relay to determine the faulted phase or phases.

Pickup Time The time measured from the application of an input signal until the output signal 
asserts. You can set the time, as in the case of a logic variable timer, or the pickup 
time can be a result of the characteristics of an element algorithm, as in the case 
of an overcurrent element pickup time.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper.

PMU Phasor measurement unit. A device that measures and publishes synchrophasor 
data.

Polarizing Memory A circuit that provides a polarizing source for a period after the polarizing 
quantity has changed or gone to zero.

Pole Discrepancy A difference in the open/closed status of circuit breaker poles. The relay 
continuously monitors the status of each circuit breaker pole to detect open or 
close conditions among the three poles.

Pole-Open Logic Logic that determines the conditions that the relay uses to indicate an open circuit 
breaker pole.

Pole Scatter Deviation in operating time between pairs of circuit breaker poles.

Port Settings Communications port settings such as Data Bits, Speed, and Stop Bits.

Positive-Sequence A configuration of three-phase currents and voltages. The currents and voltages 
have equal magnitude and a phase displacement of 120°. With conventional 
rotation in the counter-clockwise direction, the positive-sequence current and 
voltage maxima occur in ABC order.

Positive-Sequence
Current Restraint

Factor, a2

This factor compensates for highly unbalanced systems with many untransposed 
lines and helps prevent misoperation during CT saturation. The a2 factor is the 
ratio of the magnitude of negative-sequence current to the magnitude of positive-
sequence current (I2/I1).

Positive-Sequence
Current Supervision

Pickup

An element that operates only when a positive-sequence current exceeds a 
threshold.

Positive-Sequence
Impedance

Impedance of a device or circuit that results in current flow with a balanced 
positive-sequence set of voltage sources.

POTT (Permissive
Overreaching

Transfer Trip)

A communications-assisted line protection scheme. At least two overreaching 
protective relays must receive a permissive signal from the other terminal(s) 
before all relays trip and isolate the protected line.

Power Factor The cosine of the angle by which phase current lags or leads phase voltage in an 
ac electrical circuit. Power factor equals 1.0 for power flowing to a pure resistive 
load.

PPS Pulse per second from a GPS receiver. Previous relays had a TIME 1k PPS input.

Primitive Name The predefined name of a quantity within the relay.

Process Bus Network bus for IED communication at the bay level.
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Protection and
Automation Separation

Segregation of protection and automation processing and settings.

Protection Settings Group Individual scheme settings for as many as six different schemes (or instances).

Protection-Disabled State Suspension of relay protection element and trip/close logic processing and de-
energization of all control outputs.

Protection Zone
(also see Bus-Zone)

Area of protection formed by a minimum of one bus-zone. A protection zone can 
include more than one bus-zone. For example, merging two bus-zones results in a 
single protection zone. When no bus-zones are merged, a protection zone and a 
bus-zone have the same meanings.

PRP Parallel Redundancy Protocol, as defined in IEC 62439-3 for network 
redundancy and seamless failover.

PT Potential transformer. Also referred to as a voltage transformer or VT.

PTP Precision Time Protocol, as defined in IEEE 1588 for high-accuracy clock 
synchronization.

PTR Potential transformer ratio.

Quadrilateral
Characteristic

A distance relay characteristic on an R-X diagram consisting of a directional 
measurement, reactance measurement, and two resistive measurements.

Qualifier Code Specifies type of range for DNP3 objects. With the help of qualifier codes, DNP3 
master devices can compose the shortest, most concise messages.

R_TRIG Rising-edge trigger. Boolean SELOGIC control equation operator that triggers an 
operation upon logic detection of a rising edge.

RAM Random Access Memory. Volatile memory where the relay stores intermediate 
calculation results, Relay Word bits, and other data.

Reactance Reach The reach of a distance element in the reactive (X) direction in the R-X plane.

Real Power Power that produces actual work. The portion of apparent power that is real, not 
imaginary.

Reclose The act of automatically closing breaker contacts after a protective relay trip has 
opened the circuit breaker contacts and interrupted current through the breaker.

Relay Word Bit A single relay element or logic result. A Relay Word bit can equal either logical 1 
or logical 0. Logical 1 represents a true logic condition, picked up element, or 
asserted control input or control output. Logical 0 represents a false logic 
condition, dropped out element, or deasserted control input or control output. Use 
Relay Word bits in SELOGIC control equations.

Remapping The process of selecting data from the default map and configuring new indices 
to form a smaller data set optimized to your application.

Remote Bit A Relay Word bit with a state that is controlled by serial port commands, 
including the CONTROL command, a binary Fast Operate command, DNP3 
binary output operation, or a UCA control operation.

Report Settings Event report and Sequential Events Recorder (SER) settings.
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Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero.

Residual Directional
Overcurrent Element

A residual overcurrent element allowed to operate in only the forward or reverse 
direction.

Residual
Overcurrent Protection

Overcurrent protection that operates at conditions exceeding a threshold of 
system unbalance (3I0 = IA + IB + IC).

Resistance Blinder An operate boundary in the resistive direction of a ground quadrilateral distance 
element.

Resistive Reach The reach of a distance element in the resistive (R) direction in the R-X plane.

Restraint Current Sum of the absolute values of current(s) entering a point, and leaving that point. 
Used as basis to calculate the reference (setting) value for differential elements.

Restricted Earth Fault Differential element that augments the phase differential element by providing 
sensitive protection against ground faults close to the neutral of a grounded-wye 
transformer. The element compares the phase angle of zero-sequence quantities 
from the transformer neutral with zero-sequence quantities from as many as five 
line CTs.

Retrip A subsequent act of attempting to open the contacts of a circuit breaker after the 
failure of an initial attempt to open these contacts.

Reverse Fault A fault operation behind a relay terminal.

Rising Edge Transition from logical 0 to logical 1, or the beginning of an operation.

RMS Root-mean-square. This is the effective value of the current and voltage 
measured by the relay, accounting for the fundamental frequency and higher-
order harmonics in the signal.

Rolling Demand A sliding time-window arithmetic average in demand metering.

RTC Real-Time Control. A method for exchanging synchrophasor control data.

RTD Resistance Temperature Detector.

RTU Remote Terminal Unit.

RXD Received data.

SCADA Supervisory control and data acquisition.

SCD File IEC 61850 Substation Configuration Description file. XML file that contains 
information on all IEDs within a substation, communications configuration data, 
and a substation description.

SCL IEC 61850 Substation Configuration Language. An XML-based configuration 
language that supports the exchange of database configuration data among 
different software tools that can be from different manufacturers. There are four 
types of SCL files used within IEC 61850: CID, ICD, SCD, and SSD.

SDN Software-defined networking.

SEL-TMU A merging unit used in TiDL (T-Protocol) systems.
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Selective Protection
Disabling

A feature that allows for selectively disabling protection elements that are 
impacted by a loss of DSS data and allow non-impacted protection functions to 
remain operational.

Self-Description A feature of GOMSFE in the UCA2 protocol. A master device can request a 
description of all of the GOMSFE models and data within the IED.

Self-Test A function that verifies the correct operation of a critical device subsystem and 
indicates detection of an out-of-tolerance condition. The relay has self-tests that 
validate the relay power supply, microprocessor, memory, and other critical sys-
tems.

SELOGIC
Control Equation

A relay setting that allows you to control a relay function (such as a control 
output) using a logical combination of relay element outputs and fixed logic 
outputs.

SELOGIC
Expression Builder

A rules-based editor within the QuickSet software program for programming 
SELOGIC control equations.

SELOGIC Math Variables Math calculation result storage locations.

Sequencing Timers Timers designed for sequencing automated operations.

Sequential Events
Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a list that you set in the relay. A Sequential 
Events Recorder (SER) provides a useful way to determine the order and timing 
of events of a relay operation.

SER Sequential Events Recorder or the relay serial port command to request a report 
of the latest 1000 sequential events.

Series-Compensated Line A power line on which the addition of series capacitance compensates for 
excessive inductive line impedance.

Settle/Settling Time Time required for an input signal to result in an unvarying output signal within a 
specified range.

SFP Small form-factor pluggable transceiver module.

Shot Counter A counter that records the number of times a recloser attempts to close a circuit 
breaker.

Shunt Admittance The admittance resulting from the presence of a device in parallel across other 
devices or apparatus that diverts some current away from these devices or 
apparatus.

Shunt Capacitance The capacitance between a network connection and any existing ground.

Shunt Current The current that a parallel-connected high-resistance or high-impedance device 
diverts away from devices or apparatus.

SIN Operator Operator in math SELOGIC control equations that provides the sine function.

Single-CT Application Tie breaker with only one CT available for busbar protection.

Single-Pole Trip A circuit breaker trip operation that occurs when one pole of the three poles of a 
circuit breaker opens independently of the other poles.
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Single Relay Application
(Bus Protection)

Stations with as many as 21 per-phase CTs require only one SEL-487B. Stations 
with more than 21 and as many as 54 per-phase CTs require three SEL-487B 
relays.

SIR Source-to-line impedance ratio.

SNTP Simple Network Time Protocol. A network protocol for time synchronization.

SOTF
(Switch-Onto-Fault

Protection Logic)

Logic that provides tripping if a circuit breaker closes into a zero-voltage bolted 
fault, such as would happen if protective grounds remained on the line following 
maintenance.

Source Impedance The impedance of an energy source at the input terminals of a device or network.

SQRT Operator Math SELOGIC control equation operator that provides square root.

SSD File IEC 61850 System Specification Description file. XML file that describes the 
single-line diagram of the substation and the required logical nodes.

Stable Power Swing A change in the electrical angle between power systems. A control action can 
return the angular separation between systems to less than the critical angle.

Station Bus Network bus for IED communication between the bay and station levels.

Status Failure A severe out-of-tolerance internal operating condition. The relay issues a status 
failure message and enters a protection-disabled state.

Status Warning Out-of-tolerance internal operating conditions that do not compromise relay 
protection, yet are beyond expected limits. The relay issues a status warning 
message and continues to operate.

Strong Password A mix of valid password characters in a six-character combination that does not 
spell common words in any portion of the password. Valid password characters 
are numbers, upper- and lowercase alphabetic characters, “.” (period), and “-” 
(hyphen).

Subnet Mask The subnet mask divides the local node IP address into two parts, a network 
number and a node address on that network. A subnet mask is four bytes of 
information and is expressed in the same format as an IP address.

Subsidence Current See CT subsidence current.

SV Sampled Values, as defined in Part 9-2 of IEC 61850.

SV Channel A single-phase voltage or current transmitted as an integer value containing its 
magnitude and phase angle.

SV Stream Multicast packets containing a fixed data set transmitted periodically. In the case 
of 9-2LE, SV streams contain four currents and four voltages and are transmitted 
at a rate of 80 samples per cycle.

Synch Reference A phasor the relay uses as a polarizing quantity for synchronism-check 
calculations.

Synchronism-Check Verification by the relay that system components operate within a preset 
frequency difference and within a preset phase angle displacement between 
voltages.
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Synchronized Phasor A phasor calculated from data samples using an absolute time signal as the 
reference for the sampling process. The phasors from remote sites have a defined 
common phase relationship. Also known as Synchrophasor.

TAP Full-load secondary current that the relay uses to convert ampere values to 
dimensionless per-unit values.

TAP Tappings on some power transformer windings, used for voltage/reactive power 
flow control.

TAP (Point) Point in each phase that divides the capacitor bank into two parts.

TCB A circuit board mounted within the relay that has eight T-Protocol fiber-optic 
connections for creating a TiDL system.

Telnet An IP for exchanging terminal data that connects a computer to a network server 
and allows control of that server and communication with other servers on the 
network.

Terminal-to-Bus-Zone
Connection Variable

SELOGIC variable stating the conditions when the relay considers the current 
input from a particular terminal in the differential calculations of a particular bus-
zone.

Terminal
Emulation Software

Software that can be used to send and receive ASCII text messages and files via a 
computer serial port.

Thermal Demand Thermal demand is a continuous exponentially increasing or decreasing 
accumulation of metered quantities (used in demand metering).

Thermal
Withstand Capability

The capability of equipment to withstand a predetermined temperature value for 
a specified time.

Three-Phase Fault A fault involving all three phases of a three-phase power system.

Three-Pole Trip A circuit breaker operation that occurs when the circuit breaker opens all three 
poles at the same time.

Three-Relay Application Stations with more than 21 and as many as 54 per-phase CTs require three 
SEL-487B relays. Stations with as many as 21 per-phase CTs require only one 
SEL-487B.

Tie Breaker See Bus Coupler and Bus Sectionalizer.

Time Delay on Pickup The time interval between initiation of a signal at one point and detection of the 
same signal at another point.

Time Dial A control that governs the time scale of the time-overcurrent characteristic of a 
relay. Use the time-dial setting to vary relay operating time.

Time-Delayed Tripping Tripping that occurs after expiration of a predetermined time.

Time-Domain Link (TiDL) A technology that uses TiDL merging units to provide CT and PT inputs that are 
communicated to the relay by using direct fiber-optic connections.

Time Error A measurement of how much time an ac powered clock would be ahead or 
behind a reference clock, as determined from system frequency measurements.

Time-Overcurrent
Element

An element that operates according to an inverse relationship between input 
current and time, with higher current causing faster relay operation.
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Time Quality An indication from a GPS clock receiver that specifies the maximum error in the 
time information. Defined in IEEE C37.118.

Torque Control A method of using one relay element to supervise the operation of another.

Total Clearing Time The time interval from the beginning of a fault condition to final interruption of 
the circuit.

Tower Footing Resistance The resistance between true ground and the grounding system of a tower.

Transformer Impedance The resistive and reactive parameters of a transformer looking in to the 
transformer primary or secondary windings. Use industry accepted open-circuit 
and short-circuit tests to determine these transformer equivalent circuit 
parameters.

Tree Resistance Resistance resulting from a tree in contact with a power line.

TVE Total Vector Error. A measurement of accuracy for phasor quantities that 
combines magnitude and angle errors into one quantity. Defined in 
IEEE C37.118.

TXD Transmitted data.

UCA2 Utility Communications Architecture. A network-independent protocol suite that 
serves as an interface for individual IEDs.

UCA 61850-9-2LE Guideline for implementation of IEC 61850-9-2 created by the UCAIug to 
facilitate interoperability. The guideline can be considered a subset, or profile, of 
the IEC 61850-9-2 standard, which defines requirements for certain parts of the 
standard, including data mode implementation, data set descriptions, time 
synchronization, transfer rates, and sampling rates. Also referred to as 9-2LE.

UCAIug Utility Communications Architecture International Users Group.

Unbalanced Current
Element

Element that calculates the percentage difference between the three phase 
currents.

Unbalanced Fault All faults that do not include all three phases of a system.

Unbuffered Report IEC 61850 IEDs can issue immediate unbuffered reports of internal events 
(caused by trigger options data-change, quality-change, and data-update) on a 
“best efforts” basis. If no association exists, or if the transport data flow is not fast 
enough to support it, events may be lost.

Unconditional Tripping Protection element tripping that occurs apart from conditions such as those 
involving communication, switch-onto-fault logic, etc.

Ungrounded Capacitor
Bank

Capacitor bank with no intentional connection to ground. (A bank with a PT 
connected between the bank’s neutral point and ground is considered 
ungrounded.)

Unstable Power Swing A change in the electrical angle between power systems for which a control 
action cannot return the angular separation between systems to an angle less than 
the critical angle.

Untransposed Line A transmission line with phase conductors that are not regularly transposed. The 
result is an unbalance in the mutual impedances between phases.
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User ST Region in GOOSE for user-specified applications.

VA, VB, VC Measured A-Phase-to-neutral, B-Phase-to-neutral, and C-Phase-to-neutral 
voltages.

VAB, VBC, VCA Measured or calculated phase-to-phase voltages.

VG Residual voltage calculated from the sum of the three phase-to-neutral voltages, 
if connected.

Virtual
Terminal Connection

A mechanism that uses a virtual serial port to provide the equivalent functions of 
a dedicated serial port and a terminal.

Volatile Storage A storage device that cannot retain data following removal of relay power.

Voltage Compensation Adjustment of the voltage signals to nullify any standing unbalance voltage.

VT Voltage transformer. Also referred to as a potential transformer or PT.

Warm Start The reset of a running system without removing and restoring power.

Weak Infeed Logic Logic that permits rapid tripping for internal faults when a line terminal has 
insufficient fault current to operate protective elements.

Winding Transformer winding, synonymous with “terminal.”

Wye A phase-to-neutral connection of circuit elements, particularly voltage 
transformers or loads. To form a wye connection using transformers, connect the 
nonpolarity side of each of three voltage transformer secondaries in common (the 
neutral), and take phase-to-neutral voltages from each of the remaining three 
leads. When properly phased, these leads represent the A-Phase-, B-Phase-, and 
C-Phase-to-neutral voltages. This connection is frequently called ‘four-wire 
wye,’ alluding to the three phase leads plus the neutral lead.

XML Extensible Markup Language. This specification developed by the W3C (World 
Wide Web Consortium) is a pared-down version of SGML designed especially 
for web documents. It allows designers to create their own customized tags, 
enabling the definition, transmission, validation, and interpretation of data among 
applications and organizations.

Zero-Sequence A configuration of three-phase currents and voltages with currents and voltages 
that occur simultaneously, are always in phase, and have equal magnitude 
(3I0 = IA + IB + IC).

Zero-Sequence
Compensation Factor

A factor based on the zero-sequence and positive-sequence impedance of a line 
that modifies a ground distance element to have the same reach as a phase 
distance element.

Zero-Sequence Impedance Impedance of a device or circuit resulting in current flow when a single voltage 
source is applied to all phases.

Zero-Sequence
Mutual Coupling

Zero-sequence current in an unbalanced circuit in close proximity to a second 
circuit induces voltage into the second circuit. When not controlled by protection 
system design and relay settings, this situation can cause improper operation of 
relays in both systems.

Zero-Sequence
Overcurrent Element

Overcurrent protection that operates at conditions exceeding a threshold of 
system unbalance.
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Zero-Sequence Voltage-Polarized Directional Element—Zone Time Delay

Zero-Sequence
Voltage-Polarized

Directional Element

An element that provides directionality by the sign, plus or minus, of the 
measured zero-sequence impedance.

Z-Number That portion of the relay FID string that identifies the proper QuickSet software 
relay driver version and HMI driver version when creating or editing relay 
settings files.

Zone Time Delay Time delay associated with the forward or reverse step distance and zone protection.
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Preface

Manual Overview
The SEL-710-5 Motor Protection Relay Instruction Manual describes 
common aspects of motor relay application and use. It includes the necessary 
information to install, set, test, and operate the relay.

An overview of each manual section and topics follows:

Preface. Describes the manual organization, safety information, and 
conventions used to present information.

Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-710-5; lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-710-5; 
illustrates wiring connections for various applications.

Section 3: PC Interface. Describes the built-in web server and its features, 
including settings, meter and monitoring, reports, and firmware 
upgrading. Also describes the features, installation methods, and types 
of help available with the ACSELERATOR QuickSet® SEL-5030 
Software.

Section 4: Protection and Logic Functions. Describes the operating 
characteristic of each protection element, using logic diagrams and 
text, and explains how to calculate element settings; describes contact 
output logic, automation, and report settings.

Section 5: Metering and Monitoring. Describes the operation of each 
metering function; describes the monitoring functions.

Section 6: Settings. Describes how to view, enter, and record settings for 
protection, control, communications, logic, and monitoring.

Section 7: Communications. Describes how to connect the SEL-710-5 to a 
PC for communication; shows serial port pinouts; lists and defines 
serial port commands. Describes the communications port interfaces 
and protocols supported by the relay for serial and Ethernet ports.

Section 8: Front-Panel Operations. Explains the features and use of the 
front panel, including front-panel command menu, default displays, 
and automatic messages. Describes in detail the two-line display 
(2 x 16 characters) and the touchscreen display (5-inch, color, 
800 x 480 pixels).

Section 9: Bay Control. Describes how to configure and design the bay 
control screens for SEL-710-5 relays with the touchscreen display 
(5-inch, color, 800 x 480 pixels).

Section 10: Analyzing Events. Describes event type, messages, event 
summary data, standard event reports, and Sequential Events Recorder 
(SER) report.

Section 11: Testing and Troubleshooting. Describes protection element 
test procedures, relay self-test, and relay troubleshooting.
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Appendix A: Firmware, ICD, and Manual Versions. Lists the current relay 
firmware version and details differences between the current and 
previous versions. Provides a record of changes made to the manual 
since the initial release.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to 
update the firmware stored in flash memory.

Appendix C: SEL Communications Processors. Provides examples of how 
to use the SEL-710-5 with SEL Communications Processors for total 
substation automation solutions.

Appendix D: DNP3 Communications. Describes the DNP3 protocol support 
provided by the SEL-710-5.

Appendix E: Modbus Communications. Describes the Modbus protocol 
support provided by the SEL-710-5.

Appendix F: EtherNet/IP Communications. Describes the EtherNet/IP 
protocol support provided by the SEL-710-5.

Appendix G: IEC 61850 Communications. Describes IEC 61850 
implementation in the SEL-710-5.

Appendix H: IEC 60870-5-103 Communications. Describes the IEC 60870-
5-103 protocol support provided by the SEL-710-5.

Appendix I: DeviceNet Communications. Describes the use of DeviceNet 
(data-link and application protocol) over the Controller Area Network 
(CAN) hardware protocol.

Appendix J: MIRRORED BITS Communications. Describes how SEL 
protective relays and other devices can directly exchange information 
quickly, securely, and with minimum cost.

Appendix K: Motor Thermal Element. Contains a fundamental description 
of the SEL-710-5 thermal element. Describes interpretation of percent 
thermal capacity and thermal capacity used to start quantities.

Appendix L: Relay Word Bits. Lists and describes the Relay Word bits 
(outputs of protection and control elements).

Appendix M: Analog Quantities. Lists and describes the Analog Quantities 
(outputs of analog elements).

Appendix N: Cybersecurity Features. Describes a number of features to 
help meet cybersecurity design requirements.

SEL-710-5 Relay Command Summary. Briefly describes the serial port 
commands that are fully described in Section 7: Communications.
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Preface
Safety Information

Safety Information
Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, can result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Compliance Approvals
SEL-710-5 Relay (Hazardous Locations Approved)

The SEL-710-5 is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. 

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A or equivalent 
recommended by manufacturer. See Owner's Manual for safety 
instructions. The battery used in this device can present a fire or 
chemical burn hazard if mistreated. Do not recharge, disassemble, 
heat above 100°C or incinerate. Dispose of used batteries according 
to the manufacturer’s instructions. Keep battery out of reach of 
children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2330A ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur pour 
les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C ou 
incinérer. Éliminez les vieilles piles suivant les instructions du fabricant. 
Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be 
checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be 
checked before carrying out any other actions. It is the responsibil-
ity of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this 
manual. If misused, any safety protection provided by the equipment 
may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

Motor Overload: Class 10, 20, and 30. Surcharge du Moteur: Classe 10, 20 et 30.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l'air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Specifications des bornes

Type de filage

Utiliser seulement conducteurs en cuivre spécifiés à 75°C 
(167°F).

Tightening Torque

Terminal Block: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 0.18–0.25 Nm 
(1.6–2.2 in-lb)

Couple de serrage

Bornes : 0,9 à 1,4 Nm (8 à 12 livres-pouce)

Fiche à compression : 0,5 à 1,0 Nm (4,4 à 8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18 à 0,25 Nm (1,6 à 2,2 livres-pouce)

Hazardous Locations Safety Marks

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à Classe I, 
Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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The SEL-710-5 shall be installed in an indoor or outdoor (extended) locked 
enclosure that provides a degree of protection to personnel against access to 
hazardous parts. In either environment, the relay shall be protected from direct 
sunlight, precipitation, and full wind pressure.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-7. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements, 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.”

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening 
this device. Contact with hazardous voltages and currents inside 
this device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut 
causer un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that 
can result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

DANGER
Synchronous Motor Voltage Divider Module terminals carry high ac/
dc voltage signals. Disconnect the device from the synchronous 
motor before working on the device. Contact with live wires can 
cause electrical shock resulting in injury or death.

DANGER
Les bornes de raccordement du circuit diviseur de tension du motor 
synchrone sont alimentées par une haute tension ca/cc. Débrancher le 
module du moteur synchrone avant de le manipuler. Tout contact avec les 
fils sous tension peut être la cause d’ un choc électrique pouvant 
entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this 
manual can impair operator safety safeguards provided by this 
equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or 
others, or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
Always isolate the relay control circuits before performing any 
modifications to the relay.

AVERTISSEMENT
Il faut toujours isoler les circuits de commande du relais avant d'apporter 
des modifications au relais.

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.

WARNING
Overtightening the mounting nuts may permanently damage the 
relay chassis.

AVERTISSEMENT
Une pression excessive sur les écroux de montage peut endommager de 
façon permanente le chassis du relais
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“

General Information
Typographic 
Conventions

There are three ways to communicate with the SEL-710-5:

➤ Using a command line interface on a PC terminal emulation 
window.

➤ Using the front-panel menus and pushbuttons.

➤ Using QuickSet.

WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour des 
mots de passe confidentiels. Dans le cas contraire, un accès non-autorisé 
á l’équipement peut être possible. SEL décline toute responsabilité pour 
tout dommage résultant de cet accès non-autorisé.

WARNING
To install an option card, the relay must be de-energized and then 
re-energized. When re-energized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option 
card to prevent damage to the motor.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut éteindre 
l’équipement protégé avant d’installer la carte à option pour empêcher 
des dégats au moteur.

WARNING
Do not attempt to synchronize the brush-type synchronous motor 
without the external voltage divider board. Severe damage to the 
relay can result if the external voltage divider board is improperly 
connected.

AVERTISSEMENT
Ne pas essayer de synchroniser le moteur synchrone à balai sans le 
circuit de diviseur de tension externe. Des dégâts importants pourraient 
survenir au relais si le diviseur de tension externe était mal connecté.

CAUTION
Equipment components are sensitive to electrostatic discharge 
(ESD). Undetectable permanent damage can result if you do not use 
proper ESD procedures. Ground yourself, your work surface, and 
this equipment before removing any cover from this equipment. If 
your facility is not equipped to work with these components, 
contact SEL about returning this device and related SEL equipment 
for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. Raccordez-
vous correctement à la terre, ainsi que la surface de travail et l’appareil 
avant d’en retirer un panneau. Si vous n’êtes pas équipés pour travailler 
avec ce type de composants, contacter SEL afin de retourner l’appareil 
pour un service en usine.

CAUTION
Looking into optical connections, fiber ends, or bulkhead 
connections can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres oules 
connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment 
damage can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

Other Safety Marks (Sheet 2 of 2)
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The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions.

Trademarks All brand or product names appearing in this document are the trademark or 
registered trademark of their respective holders. No SEL trademarks may be 
used without written permission. 

SEL trademarks appearing in this manual are shown in the following table.

                    

Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-710-5. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the current version of your SEL-710-5.

LED Emitter The following table shows LED information specific to the SEL-710-5. See 
Figure 2.9 for the location of the ports using these LEDs on the relay.

Example Description

STATUS
Commands, command options, and command variables typed at 
a command line interface on a PC.

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings
PC dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

Main > Meters
Relay front-panel LCD menus and relay responses visible on the 
PC screen. The > character indicates submenus.

SEL Trademarks

ACSELERATOR Architect® SYNCHROWAVE®

ACSELERATOR QuickSet® MIRRORED BITS®

time-overlight® SELOGIC®

SEL-2407®

SEL-710-5 LED Information

Item
Fiber-Optic Ethernet Port 1 

(1A, 1B)
Port 2

Arc-Flash
Channel 1—8

Mode Multimode Multimode Multimode

Wavelength 1300 nm 820 nm 640 nm

Source LED LED LED

Connector type LC ST V-pin

Typical output power –15.7 dBm –16 dBm –12 dBm

CAUTION
Looking into optical connections, fiber 
ends, or bulkhead connections can 
result in hazardous radiation 
exposure.
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The following figure shows the LED location specific to the SEL-710-5. See 
Figure 2.9 for the complete rear-panel drawing.

SEL-710-5 LED Locations

Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

LED Safety Warnings and Precautions 

➤ Do not look into the end of an optical cable connected to an 
optical output.

➤ Do not look into the fiber ports/connectors.

➤ Do not perform any procedures or adjustments that are not 
described in this manual.

➤ During installation, maintenance, or testing of the optical 
ports, only use equipment classified as Class 1 laser products.

➤ Incorporated components such as transceivers and LED 
emitters are not user serviceable. Units must be returned to 
SEL for repair or replacement.

CAUTION
Use of controls, adjustments, or 
performance of procedures other 
than those specified herein may 
result in hazardous radiation 
exposure.

Fiber-Optic 
Serial Port LED

Arc-Flash Detection 
LEDs for Self-Test

Fiber-Optic 
Ethernet
Port LEDs

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea To 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40 to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations ±10% of nominal voltage
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Wire Sizes and 
Insulation

For standard wiring connections, use 105°C-rated wiring. Wire sizes for 
grounding (earthing), current, voltage, and contact connections are dictated by 
the terminal blocks and expected load currents. You can use the following 
table as a guide in selecting wire sizes. See the SEL application note Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices (AN2014-08) for wiring 
and termination guidance. Strip the wires 8 mm (0.31 in) for installation and 
termination.

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-710-5 chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.

Copyrighted Software The product includes copyrighted software licensed under the TI BSD End 
User Agreement, reproduced as follows:

Software License Agreement

Copyright © 2010 Texas Instruments Incorporated - http://www.ti.com/

Redistribution and use in source and binary forms, with or without 
modification, are permitted provided that the following conditions are met:

Redistributions of source code must retain the original copyright notice, 
this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright 
notice, this list of conditions and the following disclaimer in the 
documentation and/or other materials provided with the distribution.

Neither the name of Texas Instruments Incorporated nor the names of its 
contributors may be used to endorse or promote products derived from 
this software without specific prior written permission.

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

a Consult with the factory for derating specifications for higher altitude applications.

Condition Range/Description

Connection Type
Wire Size Insulation 

VoltageMinimum Maximum

Grounding (Earthing) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Current 16 AWG (1.3 mm2) 12 AWG (3.3 mm2) 300 V min

Potential (Voltage) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Contact I/O 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

RTDa

a See Table 2.19: Typical Maximum RTD Lead Length.

28 AWG (0.08 mm2) 16 AWG (1.30 mm2) 300 V min

PTCb

b See Table 2.18: PTC Cable Requirements.

20 AWG (0.5 mm2) 14 AWG (2.1 mm2) 300 V min

Other 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

NOTE: Terminal blocks are best 
suited to accept 10 AWG wire size. 
Make sure to select the appropriate 
lug size that is compatible with the 
SEL relay terminal block. All SEL 
qualification testing of terminal 
blocks is performed with ring or fork 
terminals for wire size as high as 
12 AWG.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND 
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED 
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL 
THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY 
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR 
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF 
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER 
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN 
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING 
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE 
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGE.

Technical Support We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/
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Overview
The SEL-710-5 Motor Protection Relay is designed to protect three-phase 
motors. The basic relay provides locked rotor, overload, unbalance, and short 
circuit protection. Voltage-based and RTD-based protection are available as 
options. All relay models provide monitoring functions.

This manual contains the information needed to install, set, test, operate, and 
maintain any SEL-710-5. You need not review the entire manual to perform 
specific tasks. 

Features
The SEL-710-5 protection and control features depend on the model selected. 
The models are configured with current/voltage input cards on Slot Z and 
specific option cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with the number 8 in the 
SEL-710-5 Model Options Table (MOT, see Models on page 1.4). For 
example, 81 in the MOT for Slot Z indicates a SELECT 4 ACI/3 AVI card with 
three-phase ac current inputs (1 A nominal), neutral ac current input (1 A 
nominal), and three-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with the number 7 in the 
SEL-710-5 Model Options Table (MOT). For example, 74 in the MOT for 
Slot E indicates a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash detection 
channels and 3 differential current channels.

Table 1.1 shows the different applications for which the SEL 710-5 can be 
used. Current inputs are 1 A, 5 A, or 2.5 mA (neutral only) nominal rating and 
voltage inputs are 300 V continuous rating.

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 1 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs

07105xxxxxxx Induction Motor Protection All Models All Models None (0X) NA

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels 
and Differential Protection

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

IA, IB, IC, IN, 
VA, VB, VC, N

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, 
AF4, IA87, IB87, 
IC87, COM
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Standard Protection 
Features

➤ Thermal Overload (Thermal Model) (49)

➤ Undercurrent (Load Loss) (37)

➤ Current Balance and Phase Loss (46)

➤ Overcurrent (Load Jam)

➤ Short Circuit (50P)

➤ Ground Fault—Residual Overcurrent (50G)

➤ Ground Fault—Neutral Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Incipient Cable Fault (50INC)

➤ Loss of Field (40)

➤ Out of Step (78)

➤ Phase Reversal (47) (current based)

➤ Induction Motor Starting/Running

➢ Start Motor Timer

➢ Notching or Jogging Device (66)

➢ TCU (Thermal Capacity Utilization) Start Inhibit

➢ Anti-Backspin Timer

➢ Emergency Start

➢ Two-Speed Protection

➢ Reduced Voltage Starting (19)

➢ Stall–Speed Switch (14)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Underpower (37)

➢ Reactive Power

➢ Phase Reversal (47)

➢ Power Factor (55)

➤ Frequency (81)

➤ Breaker/Contactor Failure Protection

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, 
AF4, AF5, AF6, 
AF7, AF8

07105xxx75xx Synchronous Motor 
Protection With 
Differential Protection

SYNCH/3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, 
IEX+, IEX–, IA87, 
IB87, IC87, COM

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 2 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs
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➤ VFD Motor Protection

➤ Broken Rotor Bar Detection Element (BBDE)

➤ Vibration Monitoring

Optional Protection 
and Control Features

➤ Synchronous Motor Protection and Control 

➢ Starting Control

➢ Power Factor/Reactive Power Regulator

➢ Loss of Synchronism (pull-out)

➢ Field Resistance, Voltage, and Current Elements

➤ Arc-Flash Protection 

➢ 4 Arc-Flash Detection Inputs

➢ 8 Arc-Flash Detection Inputs

➤ Differential Overcurrent (87M)

➤ PTC Overtemperature (Positive Temperature Coefficient 
Switching Thermistor) (49) 

➤ RTD-Based Protection: As many as ten (10) RTDs can be 
monitored when an internal RTD card is used, or as many as 
twelve (12) when an external SEL-2600 RTD Module with the 
ST option is used. There are separate Trip and Warn settings for 
each RTD.

Front-Panel Options The SEL-710-5 offers two front-panel HMI layouts that are model and option 
dependent. Table 1.2 lists the HMI options for the SEL-710-5 front panel. For 
ordering options, refer to the SEL-710-5 MOT.

 

Monitoring Features ➤ Event Summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event Reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Motor operating statistics since the last reset:

➢ Running and stopped times

➢ Number of starts and emergency starts

➢ Average and peak metering values during start and run 
periods

Table 1.2 SEL-710-5 Front-Panel Options

Model/Display Description
Front-Panel Option 
(MOT String Digit 

Number 18)

Number of 
Pushbuttons

LED Type
IRIG or PTC 

Option

SEL-710-5 With Two-Line Display
(2 x 16 characters)

0 8 Tricolor IRIG

SEL-710-5 With Two-Line Display
(2 x 16 characters)

1 8 Tricolor PTC

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

A 8 Tricolor IRIG

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

B 8 Tricolor PTC
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➢ Load profiling

➢ Number of various alarms and trips

➤ Motor Start Reports, for as long as 240 seconds, for each of the 
last 30 starts

➤ Motor Start Trend data for the past eighteen 30-day intervals

➤ A complete suite of accurate metering functions

➤ Broken rotor bar detection reports

➤ Breaker Health

➤ Vibration Monitoring

➤ 97FM elements for frequency components detection

➤ Motor monitoring using Fourier Transform and Compressed 
Meter commands.

Communications and 
Control Features

➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet port(s), and fiber-optic rear-panel EIA-232 port

➤ Built-in web server

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, Simple Network Time 
Protocol (SNTP), IEEE-1588-2008 firmware-based Precision 
Time Protocol (PTP), MIRRORED BITS, IEC 61850 Edition 2, 
IEC 60870-5-103, EtherNet/IP, DeviceNet, Parallel 
Redundancy Protocol (PRP), and Rapid Spanning Tree 
Protocol (RSTP)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare

Language Support ➤ The standard relay front-panel overlay is in English; a Spanish 
overlay is available as an ordering option. Text displayed on the 
HMI display will correspond to the ENGLISH or SPANISH 
ordering option.

➤ All of the ASCII command responses can be displayed in 
English or Spanish. When you set the port setting LANG to 
either ENGLISH or SPANISH (see Table 4.93), the SEL-710-5 
ASCII commands display in the corresponding language.

➤ Web server reports can be displayed in English or Spanish by 
setting the Ethernet Port 1 setting LANG to either ENGLISH or 
SPANISH. 

Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. See 

the latest Model Option Table for the SEL-710-5 with the two-line display and 
the SEL-710-5 with the touchscreen display at selinc.com on the SEL-710-5 

https://selinc.com/products/?configurable.yes
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product page under Documentation > Ordering Information. Options and 
accessories are as follows:

SEL-710-5 Base Unit ➤ Front panel with two-line display or with touchscreen display

➢ Eight programmable pushbuttons, each with two 
tricolor LEDs

➢ Eight target tricolor LEDs (six programmable)

➢ Operator control interface

➢ Front EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)—EIA-232 serial 
port, Multimode (ST) fiber-optic serial port, and IRIG-B time 
code input or PTC Input

➤ Three expansion slots for optional cards (Slots C, D, and E)

➤ Current/Voltage Inputs Card (Slots Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII, SEL Fast Meter, 
Fast Operate, Fast SER

➢ SEL Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS Communications

➤ Breaker Wear Monitoring

➤ Broken Rotor Bar Detection Element (BBDE)

Options ➤ Slot E Options: 

➢ 4 Arc Flash/Differential Inputs 

➢ Synchronous Motor/Differential Inputs

➢ 8 Arc Flash Inputs 

➤ Input/Output (I/O) Options: 

➢ Additional digital I/O (4 DI/4 DO, 4 DI/3 DO, 8 DI, 
8 DO, 3 DI/4 DO/1 AO, 14 DI)

➢ Additional analog I/O (4 AI/4 AO, 8 AI)

➢ 10 RTD inputs

➤ Front-panel HMI options (see Table 1.2)

➤ Communications Options (Protocols/Ports):

➢ EIA-485/EIA-232/Ethernet ports

➢ Multimode (ST) fiber-optic serial port

➢ Modbus RTU, Modbus TCP/IP protocol

➢ DNP3 serial and LAN/WAN

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)
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➢ IEC 61850 Edition 2

➢ IEC 60870-5-103

➢ SNTP

➢ PTP (firmware-based)

➢ EtherNet/IP

➢ PRP

➢ RSTP

➤ Choice of IRIG-B time-code input or PTC (thermistor) input

➤ Language Options

➢ The relay supports English or Spanish language as an 
ordering option

➤ Conformal coating for chemically harsh and/or high-moisture 
environments

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ Synchronous Motor Voltage Divider Module 
(P/N  915900294)

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ External RTD protection:

➢ SEL-2600 RTD Modules (ST option only)

➢ A simplex 62.5/200 µm fiber-optic cable with an ST 
connector for connecting the external RTD module to 
the SEL-710-5

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible 
ST fiber-optic port) for connection to relay fiber-optic serial 
Port 2, or use SEL-2505 with EIA-232 (DB-9) serial port to 
connect to EIA-232 Port 3 on the relay

➤ SEL-710-5 Configurable Labels

➤ Rack-Mounting Kits:

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Euro Connector Kit

➤ Ring Terminal Kit for all connections to the relay

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-710-5 mounting accessories for competitor products, including 
adapter plates, visit selinc.com/app/mounting-selector/.

https://selinc.com/applications/mountingselector/
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Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ With or without zero-sequence core-balance current 
transformer

➤ With or without external RTD module

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motors

➤ VFD motor application

➤ Synchronous motor application

➤ With or without arc-flash protection

Figure 1.1 shows across-the-line starting ac connections. Refer to Section 2: 
Installation for additional applications and the related connection diagrams.

Figure 1.1 AC Connections—Across-the-Line Starting

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 
chassis must be grounded in the relay cabinet.

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01
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Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-710-5 effectively. This section presents the fundamental knowledge 
you need to operate the SEL-710-5, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-710-5 with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.22.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

Establishing 
Communication

The SEL-710-5 has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL-C234A cable (or 
equivalent) to connect the SEL-710-5 to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC to the SEL-710-5 with the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.3. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You see the = prompt at the left side of the computer screen. 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.3.
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Step 6. Type QUIT <Enter> to view the relay report header.

The relay should respond as shown in Figure 1.2. If you see 
jumbled characters, change the terminal emulation type in the 
PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.16 for factory-default passwords) to go to Access 
Level 1.

Checking the 
Relay Status

Use the STA command to view the SEL-710-5 operational status. The status 
report includes the analog channel dc offset and monitored component status, 
as shown in Figure 1.3.

If a communications card with Modbus RTU protocol is present, the status 
report depicted in Figure 1.3 applies. If a communications card with the 
DeviceNet protocol is present, the DeviceNet status will be included, as 
shown in Figure 1.4. 

Table 1.3 SEL-710-5 Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
SEL-710-5              Date: 05/17/2013  Time: 10:22:14.348
MOTOR RELAY Time Source: Internal
=

Figure 1.2 Response Header

=>>STA <Enter>

SEL-710-5                                Date: 07/08/2016   Time: 18:12:11.105
SYNCHRONOUS MTR                          Time Source: External

Serial Num = 1120340538     FID = SEL-710-5-X143-V0-Z002001-D20160630
CID = 3FA3                  PART NUM = 071050E1B6X9X7586063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.80   2.49   3.32   3.76    4.95   -1.25   -5.05   3.04

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  12    10    10    10    -9    -8    -7    -5    -4    -4    -3

  Relay Enabled 

=>>

Figure 1.3 STA Command Response—No Communications Card or EIA-232/
EIA-485 Communications Card
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Table 7.57 provides the definition of each status report designator and 
Table 11.8 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification string (FID), and checksum string (CID). These strings 
uniquely identify the relay and the version of the operating firmware.

Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-710-5. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay replies:

5/29/2013 

If the DATE_F setting is YMD, the relay replies:

2013/5/29

If the DATE_F setting is DMY, the relay replies:

29/5/2013

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2013 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/13

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

=>>STA <Enter>

SEL-710-5                                Date: 05/14/2000   Time: 14:35:45.595
MOTOR RELAY                              Time Source: Internal

Serial Num = 000000000000000
FID = SEL-710-5-X051-V0-Z001001-D20130506               CID = 1368
PART NUM = 071050E1BA30X7585063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.21

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.81   2.50   3.36   3.75    4.99   -1.24   -4.96   3.00

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA      DN_RATE   DN_STATUS
  1          1a25 df42h  125kbps   0000 0001

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  11    14    13    13    -1    -1    0     -8    -10   -7    $$$

  Relay Enabled

=>>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-710-5. The relay 
replies with the stored time in 24-hour format. For example:

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, or semicolons.
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Specifications
U.Instruction Manual

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)
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Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms

Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)
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Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km

Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)
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Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13
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EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle



1.18

SEL-710-5 Relay Instruction Manual Date Code 20220826

Introduction and Specifications
Specifications

Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: Off, 0.01–650.00 A primary; 
0.01 A rms increment

2.5 mA models: Off, 0.01–25.00 A primary; 
0.01 A rms increment

Accuracy:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)

Time Delay: 0.0–5.0 s, 0.01 s increment

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup
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Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C
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RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM

IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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Installation

Overview
The first steps in applying the SEL-710-5 Motor Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. Carefully plan relay placement, 
cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-710-5. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-710-5 product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Physical Location The SEL-710-5 is EN 61010-1 certified at Installation/Overvoltage 

Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-710-5 is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.15.) 
For EN 61010-1 certification, the SEL-710-5 rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations Class I, 
Division 2, Groups A, B, C, and D, and temperature class T3C with a maximum 
surrounding air temperature of 50°C.
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Relay Mounting To flush mount the SEL-710-5 in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel. The relay is rated 
IP65 when the two-line display model is enclosed in a panel and rated IP54 
when the touchscreen display model is enclosed in a panel. 

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Models, Options, and Accessories on page 1.4 for information on 
mounting accessories.

I/O Configuration
Your SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, arc-flash 
detectors, and voltage/current cards are available for the SEL-710-5. 
Figure 2.2 shows the slot allocations for the cards.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply and C, D, or E slots with 24–48 Vdc/
Vac digital input options. Relays manufactured after May 18, 2022 will be 
provided with orange Euro connector for low-voltage power supply and digital 
inputs. Refer Figure 2.13 and Figure 2.15 for orange Euro connector 
examples.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

5.47
(139.0)

7.36
(187.0)

5.80
(147.4)

5.67
(144.0)

7.56
(192.0)

1.12
(28.5)

i9089b
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Figure 2.2 Slot Allocations for Different Cards

Rear-Panel Slot

A B C D E Z

Software Reference
1 3 4 5

(e.g., OUT101) (e.g., IN301) (e.g., OUT401) (e.g., AI501)

Description
Power supply 
and I/O carda 

CPU/comm. 
cardb 

Comm. or input/
outputc card

Input/outputc 
or RTD card

Input/outputc or 
current/voltage card

Current/voltage 
card

Card Type

SELECT EIA-232/485 

SELECT DeviceNet 

SELECT 3 DI/4 DO/1 AO (one card per relay)   

SELECT 4 DI/4 DO   

SELECT 4 DI/3 DO (2 Form C, 1 Form B)   

SELECT 8 DO   

SELECT 8 DI   

SELECT 8 AI   

SELECT 14 DId   

SELECT 4 AI/4 AO (one card per relay)   

SELECT 10 RTD 

SELECT 4 AFDI/3 DIFF ACI (MOT…x74…) 

SELECT SYNCH/3 DIFF ACI (MOT…x75…) 

SELECT 8 AFDI (MOT…x76…) 

SELECT 4 ACI/3 AVI (MOT.…x81/82/83/85/86/87x…) 

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports. The IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1). IRIG-B is also supported via fiber-optic serial port 
(Port 2) and rear-panel EIA-232 serial port (Port 3). You can use only one input at a time.

c Digital or analog.
d Requires R200 or higher firmware revision.

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O or Arc Flash or ACI/AVI 
Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot Z)
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Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-710-5 relay. It has two digital 
inputs and three digital outputs (two normally open Form-A contact outputs 
and one Form-C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the base-
unit options shown in Table 2.2.

Port F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

Table 2.1 Power Supply Inputs (PSIO/2 DI/3 DO) Card Terminal Designations

Side-Panel
Connections Label

Terminal 
Number Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T 
Ethernet copper port or 100BASE-FX 
Ethernet fiber-optic port

2 Rear Panel Standard Isolated multimode fiber-optic port with 
ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or EIA-485 
serial port
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Port 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ Simple Network Time Protocol (SNTP)

➤ Parallel Redundancy Protocol (PRP)

➤ EtherNet/IP

➤ Precision Time Protocol (PTP)

➤ IEC 61850

➤ FTP

➤ Telnet

Port 2 and Port 3 support the following protocols:

➤ Modbus RTU Slave

➤ DNP3 Level 2 Outstation

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ IEC 60870-5-103

Communications Card 
(Slot C)

Either the DeviceNet (see Appendix I: DeviceNet Communications) or the 
EIA-232/EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ Port 4A, an isolated EIA-485 serial port interface

➤ Port 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Select either EIA-232 or EIA-485 functionality using the Port 4 Setting 
COMM Interface. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

NOTE: After any change, be sure to 
thoroughly test the settings.
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➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ DNP3 Level 2 Outstation

➤ IEC 60870-5-103

Current/Voltage Card 
(4 ACI/3 AVI)

MOT…x81x… (1 A phase, 1 A neutral CTs); …x85x… (5 A phase, 5 A neutral 
CTs); …x82x… (1 A phase, 5 A neutral CTs); …x86x… (5 A phase, 
1 A neutral CTs); …x83x… (1 A phase, 2.5 mA neutral CTs); or …x87x… 
(5 A phase, 2.5 mA neutral CTs). Supported in Slot Z of the SEL-710-5 relay, 
this card has current inputs for three-phase CTs, neutral current CTs, and 
voltage inputs for three-phase (wye or delta) PTs. You can order one of three 
neutral CT ratings, 1 A, 5 A, or 2.5 mA (high sensitivity).

Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number Description

Z01

Z02

IA, A-phase current input

Z03

Z04

IB, B-phase current input

Z05

Z06

IC, C-phase current input

Z07

Z08

IN, Neutral current input

Z09

Z10

Z11

Z12

VA, A-phase voltage input

VB, B-phase voltage input

VC, C-phase voltage input

N, common connection for VA, VB, VC

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

WARNING
Voltage measurement circuits have 
high input impedance and will 
respond to stray signals when left 
open (disconnected). Always isolate 
the relay control circuit before 
opening the voltage input test 
switches or performing work on the 
voltage circuit. Z03

Z04
IB

Z05

Z06
IC

Z07

Z08
IN

Z02
IA

Z01

ACI

AVI

Z09

Z 1 1

WYE

VA VA

VB VB
(COM)

VC VC

Z12 N COM

OPEN
DELTA

Z10
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Four Arc-Flash 
Detection Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(4 AFDI/3 DIFF ACI)

MOT…x74x… Supported only in Slot E of the SEL-710-5, this card has four 
arc-flash fiber-optic transmit and receive inputs (AF1–AF4) and three 
differential current inputs (IA87, IB87, and IC87). Table 2.5 shows the 
terminal designation.

Three Synchronous 
Motor Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(SYNCH/3 DIFF ACI) 

MOT…x75x… Supported only in Slot E of the SEL-710-5, this card has three 
synchronous motor inputs (VDR, VEX, and IEX) and three differential 
current inputs (IA87, IB87, and IC87). IEX can use either (0–10 V) voltage or 
(4–20 mA) current input based on the position of the DCCT switch. Table 2.6 
shows the terminal designation.

Table 2.5 Four Arc-Flash Detection Inputs and Three AC Current Inputs 
(4 AFDI/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 IA87, A-phase differential current input

E06 IB87, B-phase differential current input

E07 IC87, C-phase differential current input

E08 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

05

06

I A87

COM

I C87

I B87

07

08

0 1

TX RX

02

03

04

AF 1

AF2

AF3

AF4

Table 2.6 Three Synchronous Motor Inputs and Three AC Current Inputs 
(SYNCH/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 VDR+, Field Discharge Resistor Voltage 
(Positive)

E02 VDR-,Field Discharge Resistor Voltage 
(Negative)

E03 VEX+, Exciter Voltage (Positive)

E04 VEX-, Exciter Voltage (Negative)

E05 IEX+, Exciter Current (Positive)

E06 IEX-, Exciter Current (Negative)

IEX DCCT Type Selection Switch

E07 IA87, A-phase differential current input

E08 IB87, B-phase differential current input

E09 IC87, C-phase differential current input

E10 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

C O M

07

08

09

1 0

VDR +

VDR –

VEX +

VEX –

01

02

03

04

05

06

EX +

EX  –

A 8 7

B 8 7

C 8 7

EX DCCT  TYPE

0-10V 4-20mA

AV

AC
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Eight Arc-Flash 
Detection Inputs 
(8 AFDI)

MOT…x76x… Supported only in Slot E of the SEL-710-5, this card has eight 
arc-flash fiber-optic transmit and receive inputs (AF1–AF8). Table 2.7 shows 
the terminal designations.

Analog Inputs Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.8 shows the terminal designation.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal 
Designations

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 AF5 Channel TX and RX Inputs

E06 AF6 Channel TX and RX Inputs

E07 AF7 Channel TX and RX Inputs

E08 AF8 Channel TX and RX Inputs

TX RX

0 1

02

03

04

AF 1

AF2

AF3

AF4

05 AF5

06 AF6

07 AF7

08 AF8

Table 2.8 Eight Analog Inputs (8 AI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

NOTE: Connection lengths less than 
10 meters for analog inputs and 
outputs meet the requirements of IEC 
60255-26 and IEC 60255-27.
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I/O Card (4 AI/4 AO) Supported in only one of the nonbase unit slots (Slot C through Slot E), this 
card has four analog inputs and four analog outputs. Table 2.9 shows the 
terminal designation.

I/O Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs (normally open contact outputs), and one analog 
output. Table 2.10 shows the terminal designation.

NOTE: The analog output is self-
powered and has an isolated power 
supply.

Table 2.9 Four Analog Inputs/Four Analog Outputs (4 AI/4 AO) Card 
Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog outputs (4 AI/4 AO, 
3 DI/4 DO/1 AO) are isolated (dielectric 
level up to 1.0 kVac) from each other 
and from the chassis ground.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

Table 2.10 Three Digital Inputs/Four Digital Outputs/One Analog Output 
(3 DI/4 DO/1 AO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 3-wire RTD inputs. Table 2.11 
shows the terminal designation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form B digital output (normally closed), and two Form C 
digital output contacts. Table 2.12 shows the terminal designation.

Table 2.11 RTD Inputs (10 RTD) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

•

•

•

•

•

•

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: Use passive resistors to 
simulate temperatures. Note that 
using RTD simulators to test RTD 
inputs can damage the relay.

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

NOTE: All Comp/Shield terminals are 
internally connected to the relay 
chassis and ground. 

Table 2.12 Four Digital Inputs/Three Digital Outputs (4 DI/3 DO) 
Card Terminal Designation 

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1
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I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are normally open contact 
outputs or all fast hybrid outputs (high-speed, high-current interrupting). 
Table 2.13 shows the terminal designation.

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.14 shows the terminal designation.

Table 2.13 Four Digital Input/Four Digital Output (4 DI/4 DO) 
Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

Table 2.14 Eight Digital Input (8 DI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element

INPUTS:

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1
IN_0 1

IN_02

IN_03

IN_04

IN_05

IN_06

IN_07

IN_08
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I/O Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital outputs. Table 2.15 shows the terminal designation.

The 8 DO card, shown in Table 2.15, has all 8 Form A contacts. Refer to the 
SEL-710-5 Model Option Table for all the variants available (8A, 8B, 4A/4B, 
2A/6B, 6A/2B).

I/O Card (14 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.15 Eight Digital Output (8 DO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC 
control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC 
control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC 
control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC 
control equation

09, 10 OUTx05, driven by OUTx05 SELOGIC 
control equation

11, 12 OUTx06, driven by OUTx06 SELOGIC 
control equation

13, 14 OUTx07, driven by OUTx07 SELOGIC 
control equation

15, 16 OUTx08, driven by OUTx08 SELOGIC 
control equation

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel 
Connections Label

Terminal 
Number

Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01 

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

INx01, drives INx01 element

INx02, drives INx02 element

INx03, drives INx03 element

INx04, drives INx04 element

INx05, drives INx05 element

INx06, drives INx06 element

INx07, drives INx07 element

COM

INx08, drives INx08 element

INx09, drives INx09 element

INx10, drives INx10 element

INx11, drives INx11 element

INx12, drives INx12 element

INx13, drives INx13 element

INx14, drives INx14 element

COM



2.13

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
I/O Configuration

Card Configuration 
Procedure

Changing card positions, or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to use the SET command to program the 
I/O settings).

The SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
The SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-710-5 in Slots C, D, 
and E. Optional communications cards are available only for Slot C; an RTD 
card is available only for Slot D; and synchronous motor inputs, current, and 
arc flash cards are available only on Slot E. Figure 2.2 shows the slot 
allocations for the cards.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations that provide options for an array of applications. Choose 
the combination of option cards most suited for your application.

Swapping Optional I/O Cards
When an I/O card is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 
OUT401–OUT404 are available. If OUT401 = IN101 AND 50P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-710-5 can be upgraded by adding as many as three cards.

Installation
Perform the following procedure to install or replace any one of the cards into 
Slots C, D, E, or Z of the base unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and A02–
and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material the may remain inside the SEL-710-5 case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

DANGER
Disconnect or de-energize all 
external connections before 
opening this device. Contact with 
hazardous voltages and currents 
inside this device can cause 
electrical shock resulting in injury 
or death.

NOTE: To replace the 
communications card in Slot C with 
a standard I/O card, remove the 
white, stick-on label on the back 
plate to see the correct slots for 
the selected I/O card.
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If you have a two-line display front panel, perform Step 11 
through Step 19; if you have a touchscreen display front panel, 
proceed to Step 20. 

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted in the wrong slot. Begin again at 
Step 2.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:

STATUS

Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:

Serial Num

000000000000000000000000

Step 16. Press the ENT pushbutton.

The front panel displays the following:

Confirm Hardware

Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:

Accept New Config?

No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:

Config Accepted.

Enter to Reboot

Step 19. Press ENT and proceed to Step 22.
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Step 20. Wait for the Device Status screen to appear, and then verify the 
new part number and tap Yes to confirm the new configuration.

Step 21. Tap OK on the notification screen to reboot the relay.

Step 22. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED is turned on to indicate the card was installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the digits shown below. These digits remain unchanged, 
i.e., these digits retain the same character as before the 
reconfiguration. A communications card (DeviceNet or 
EIA-232/485) installed in Slot C will be reflected as an empty 
slot in the part number. A regular 4 DI/4 DO card and a hybrid 
4 DI/4 DO card have the same device ID. When interchanging 
these two cards, the part number for the respective slots should 
be updated manually. Use the STATUS command to view the 
part number.

Step 23. Update the side-panel drawing with the drawing sticker 
provided in the option card kit. If necessary, replace the rear 
panel with the one applicable for the card and attach the 
terminal marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial number 
label with the updated part number.

Step 24. Reconnect all connection plugs and add any additional wiring/
connectors required by the new option card.

Slot B CPU Card Replacement
Before replacing the Slot B card, do the following:

 1. Ensure that the card has the latest firmware from the factory.

 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

 3. Save all the settings and event reports before replacing the card.

 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option on page B.19.

071050E1B5X1X7586000X

NOTE: If adding a SELECT 
SYNCH/3 DIFF card, perform R_S 
from Access Level C after accepting 
the configuration and rebooting the 
relay.
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Perform the following steps to replace the existing CPU card with a new card:

Step 1. Turn off the power to the relay.

Step 2. Use ground strap between yourself and relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the card from its slot and insert the new card.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via the terminal emulation 
software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the relay serial number and part number to the 
appropriate values, type END, and then save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial and part 
numbers of your relay are correct.

Slot A Power Supply Card
If you are replacing a power supply card, change the part number accordingly, 
using the PARTNO command from Access Level C. Install new side stickers 
on the relay.

Analog Input (AI) 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in Position 1–2; for a voltage channel, insert Jumper x in Position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Voltage/Current 
Jumper Selection

Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and 
10. For a voltage analog output selection, insert a jumper between Pins 3 and 
4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: There is no jumper between 
pins 5 and 6 for a voltage analog 
output selection.

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self-powered and has an 
isolated power supply.

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output



2.18

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
I/O Configuration

Password, Breaker 
(Start/Stop Control), 
and SELBOOT Jumper 
Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password Jumper, Breaker Jumper (Start/Stop Control), 
and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-710-5 experiences 
an internal failure, communication with the relay can be compromised. 
Forcing the relay to SELBOOT provides you with a way to download new 
firmware. To force the relay to SELBOOT, place the jumper in Position C, as 
shown in Figure 2.7 (SELBOOT forced). After the relay is forced to SELBOOT, 
you can only communicate with it via the front-panel port.

To gain access to Level, Level 2, and Level C command levels without 
passwords, place the jumper in Position A, as shown in Figure 2.7 (Password 
Bypassed). Note that you can only access command levels without passwords 
to the access level set for the MAXACC setting for the port through which you 
are communicating. Although you gain access to Level 2 and Level C without 
a password, the alarm contact still closes momentarily when accessing Level 2 
and Level C. See Table 2.17 for the functions of the three sets of pins and their 
jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B On (start/stop enabled) Enable breaker (start/stop 
control)a

a Enable/disable serial port, front panel, and Fast Operate commands for breaker control.
The jumper position affects the breaker control by using the STR or STO commands and 
output contact control by using the PULSE command via the serial port, the front-panel 
menu-driven user interface, or the communications protocols. The jumper position does not 
affect the operation of the local bits, the remote bits, or the front-panel programmable 
pushbuttons.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT

Forced

Remote Breaker Control
(Start/Stop)
Allowed

JMP1

A B C

JMP1

A B C
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Relay Connections
Side-Panel and 
Rear-Panel Diagrams

The physical layout of the connectors on the side-panel and rear-panel 
diagrams of three sample configurations of the SEL-710-5 are shown in 
Figure 2.8 through Figure 2.12.

Figure 2.8 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO and Synchronous 
Motor/Differential Option (Relay MOT: 071050E1AA3CA75850830)

Figure 2.9 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, 
Fast Hybrid 4 DI/4 DO and 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A6XCA74851300)

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.10 No Ethernet, Fiber-Optic Serial, EIA-232 Communications, IRIG-B, 8 DO, Fast Hybrid 4 DI/4 DO, 
8 Arc-Flash Option (Relay MOT: 071050E1A2ACA73850000)

Figure 2.11 Copper Ethernet, Fiber-Optic Serial, EIA-485 Serial Communications, IRIG-B, 8 DI, Fast Hybrid 4 DI/
4 DO, 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A3ACA74850300)

i6300a

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.12 Dual Copper Ethernet, Fiber-Optic Serial, EIA-232 Serial Communications, IRIG-B, 14 DI, 10 RTD and 
Synchronous Motor Differential Option (Relay MOT: 071050S1A4A9X7585A670)

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.13 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply options. Figure 2.13 shows the orange 
Euro connector with 24–48 Vdc power supply rating.

Figure 2.13 Slot A Euro Connector

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-710-5; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V maximum.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.49 for details. Be sure to use fuses that comply with 
IEC 60127-2.

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage 
can result if you do not use proper 
ESD procedures. Ground yourself, 
your work surface, and this 
equipment before removing any 
cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL 
about returning this device and 
related SEL equipment for service.
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Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1  mm2) to 18 AWG (0.8  mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

The relay IN input can be connected to the ground CT, as shown in 
Figure 2.24. Connecting the IN input residually requires you to select a 
relatively high overcurrent element pickup setting to avoid tripping due to 
false residual current caused by CT saturation during high starting current. 
The IN connection shown in Figure 2.24 is preferred and provides for a lower 
ratio flux-balance CT that avoids saturation and provides greater ground fault 
sensitivity.

When you use a ground CT, its placement is critical and depends on the type 
of cable used to connect the motor to the source. As Figure 2.14 shows, using 
unshielded cable requires that the CT be placed between the neutral 
connection to ground and the motor, with the neutral lead included in the CT 
window. With shielded cable, the shield connection to ground must pass 
through the CT window.

Figure 2.14 Ground CT Placement

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial Port 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the Port 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size 26 AWG through 
14 AWG. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

Load

A

B

C

N

Source

Load

A

B

C

Source

Shielded Cable

Shields Connected

to Ground on Load Side 

Unshielded Cable
x:1 or x:5 Window CT

Neutral Connected to 

Ground on Source Side Only

x:1 or x:5 Window CT

Stress

Cone Shields
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-710-5 accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but you should use only one at a time. You can use IRIG-B (B01 and 
B02) inputs, an SEL communications processor via EIA-232 serial Port 3, or 
fiber-optic serial Port 2. The available communications processors are the 
SEL-2032, SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. You 
can also use the SEL-3530 Real-Time Automation Controller (RTAC) to 
provide IRIG-B input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have 
the terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or 
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a 
fiber-optic cable pair with ST connectors (C805, C807, C808) to connect to 
Port 2 on the SEL-710-5. Refer to Section 7: Communications for details on 
IRIG-B connections examples and on SEL-2401/2407/2404 for time source.

Ethernet Port
The SEL-710-5 can be ordered with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to Port 1 of the device using a standard 
RJ45 connector for the copper port and an LC connector for the fiber-optic port.

Fiber-Optic Serial Port
The fiber-optic serial port is compatible with the SEL-2812 (with IRIG-B), the 
SEL-2814 Fiber-Optic Transceivers, or SEL-2600 RTD Modules.

I/O Connections Digital inputs, when selected with 24 Vdc/Vac or 48 Vdc/Vac input voltage 
option, come with an orange Euro connector on the slot. Figure 2.15 shows 
the orange Euro connector for the 3 DI/4 DO/1 AO digital input option on 
Slot C.

Figure 2.15 Slot C Euro Connector

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.16 and Figure 2.17.
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Figure 2.16 Control I/O Connections—4 AI/4 AO Option in Slot D

Figure 2.17 Control I/O Connections—Internal RTD Option
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Notes:

• The chassis ground connector located on the rear-panel card in Slot A must always be connected to the 

local ground mat.

• Power supply rating (110–240 Vac, 110-250 Vdc or 24–48 Vdc) depends on the relay part number.

• Optoisolated Inputs IN101 and IN102 are standard and located on the card in Slot A.

• All optoisolated inputs are single-rated: 24, 48, 110, 125, 220, or 250 Vac/Vdc. Standard Inputs IN101/102 

can have a different rating than the optional IN401/402/403/404 (not shown).

• Output Contacts OUT101, OUT102, and OUT103 are standard and located on the card in Slot A.

• The analog (transducer) outputs shown are located on the optional I/O expansion card in Slot D.

• The fiber-optic serial port is located on the card in Slot B. A Simplex 62.5/200 µm fiber-optic cable is 

required to connect the SEL-710-5 with an SEL-2600 Series RTD Module. This fiber-optic cable should be 

1000 meters or shorter.

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

NOTE: The B01–B02 
input located on the 
card in Slot B is either a 
PTC (thermistor) input 
or an IRIG-B Time-Code 
input depending on the 
SEL-710-5 model 
number. As many as six 
thermistors can be 
connected in series. 
Refer to Table 2.18 for 
PTC external cable 
length restrictions. 
Note that B01–B02 
based IRIG or PTC input 
is not available in 
SEL-710 models with 
fiber-optic or dual 
copper Ethernet port. 
Also, note that relays 
with PTC do not 
support IRIG-B. 
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PTC Wiring Table 2.18 shows the maximum cable lengths for the PTC connections.

RTD Wiring Table 2.19 shows the maximum cable lengths for the RTD connections that 
satisfy the 25-ohm limit required for connecting to SEL devices.

Refer to SEL application guide Applying Various Types of RTDs with SEL 
Devices (AG2017-09). This application guide specifies the correct connection 
of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note Wiring SEL-2400, 
SEL-2200, and SEL-700 Series Devices (AN2014-08)—and avoid fitting 
multiple wires into a single terminal, the bird-caging effect of stranded wires, 
and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.18. Also 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Table 2.18 PTC Cable Requirements

Wire Size, Twisted Pair 
AWG No.

Maximum Length (meters) 
Shielded Cable

Maximum Length (meters) 
Unshielded Cable

20 200  100

18 300  100

17 400  100

16 600  100

14 1000  100

Table 2.19 Typical Maximum RTD Lead Length 

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m

NOTE: RTD inputs are not 
internally protected for 
electrical surges. External 
protection is recommended if 
surge protection is desired.

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.
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Figure 2.18 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams for the following 
applications:

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motor

➤ Full-Voltage Reversing Starter

➤ VFD Motor 

➤ Synchronous Motor 

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.19 shows the output OUT103 relay coil and Form C contact. When the 
relay coil de-energizes, the contact between A07 and A08 opens while the 
contact between A07 and A09 closes.

Figure 2.19 Output OUT103 Relay Output Contact Configuration

The SEL-710-5 provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occur in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-710-5 is 
powered and operational.

➤ When the SEL-710-5 generates a trip signal, the relay coil is 
de-energized.

➤ The relay coil is also de-energized if the SEL-710-5 power 
supply voltage is removed or if the SEL-710-5 fails (self-test 
status is FAIL).

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time 
to open the contacts) for fast-hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).
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Figure 2.20 shows fail-safe and nonfail-safe wiring methods to control 
breakers and contactors.

Figure 2.20 Breaker Trip Coil and Contactor Connections with OUT103FS := Y and OUT103FS := N

Figure 2.21 shows a typical contactor application using the factory-default 
settings for output OUT102 and output OUT103. Note that the START Relay 
Word bit is used to start the motor in addition to the manual start pushbutton. 
This allows internal relay logic to start the motor. See Figure 4.30 for the logic 
the relay uses to initiate motor starts.

Figure 2.21 Contactor Application Using Factory-Default Settings

A07

52A

Fail-Safe
(Electrically Held Open)

OUT103FS = Y 

Nonfail-Safe
OUT103FS = Y

Nonfail-safe
OUT103FS = N

Circuit Breaker Contactor

CR

CR

STOP

START

52A

Breaker Trip Coil
A09

A07

A08

A07

STOP

START

Contactor Coil

Contactor Coil

Breaker Trip CoilTC

TC

CR

CR

A09

A08

A07

Fail-Safe
(Electrically Held Closed)

OUT103FS = Y

Note: Contacts shown with OUT103 relay coil de-energized

Contactor

CR

CR

OUT102 := START

STOP

START

Contactor Coil

OUT103FS := Y
OUT103 := TRIP OR PB04

Fail-Safe
(electrically held)

A06

A05

A08

A07
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High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity–
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, the ac voltages can be directly connected, wye-
wye VT connected, open-delta VT connected, or a single-phase VT can be 
used. Figure 2.22 and Figure 2.23 show the methods of connecting single-
phase and three-phase voltages.

Figure 2.22 Single Phase Voltage Connections

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short 
circuit arc flash incident energy.

A B C

Single Phase-to-Neutral VT Connection

Single Phase-to-Phase VT Connection

F1

A B C
Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

SEL-710-5

SEL-710-5

F1
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The VT secondary circuit should be grounded in the relay cabinet.

For open-delta VT connections, the figure shows grounding B-phase (Z10). You can 
choose to ground A-phase or C-phase instead of B-phase, but keep the jumper 
between terminals Z10 and Z12 as is.

Figure 2.23 Voltage Connections

A B C

A B C

SEL-710-5

Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

Direct Connection

Wye-Wye VT Connection

Open-Delta VT Connection

F1

F2

F3

F1, F2, and F3 are fuses

SEL-710-5

F1

F3

A B C

SEL-710-5

F1

F2

F3
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Across-the-Line 
Starting

Figure 2.24 AC Connections With Core-Balance Neutral CT

Figure 2.25 and Figure 2.26 show current circuit connections for the 
differential elements.

Figure 2.25 AC Connections With Core-Balance Differential CTs

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 chassis should be grounded in the relay cabinet.

SEL-710-5 with 4 AFDI/3 DIFF ACI Card in Slot E

A

B

C

IA87 IB87 IC87

E05 E06 E07 E08

MOTOR
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Figure 2.26 AC Connections With Source- and Neutral-Side CTs

The implementation in Figure 2.27 requires the following settings:

Figure 2.27 Control Connections for Fail-Safe Tripping

A

B

C
MOTOR

IA87 IB87 IC87

E05 E06 E07 

E08
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SEL-710-5
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C
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IA87 IB87 IC87

E05 E06 E07 

E08SEL-710-5

(A)  Differential Current Connections 
       (with 4 AFDI/3 DIFF ACI card in Slot E)

(B)  Differential and Motor Current Connections 
       (with 4 AFDI/3 DIFF ACI card in Slot E)

OUT101 := SALARM OR HALARM

OUT103 := TRIP OR PB04

OUT103FS := Y

Contactor
Indicator (contactor closed)
Indicator (relay alarm)

CR
I1
I2CR

STOP

START

I1

OUT103 SEL-710-5

OUT101
(ALARM)

+/H

—/N
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A07 A01 A03
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Star-Delta Starting The implementation in Figure 2.28 and Figure 2.29 requires the following 
settings.

Figure 2.28 AC Connections for Star-Delta Starting

Figure 2.29 Control Connections for Star-Delta Starting

NOTE: A single winding motor rated 
for Star-Delta starting is required. 
The current transformers must be 
located as shown, outside the delta.

OUT101 := SALARM OR HALARM OUT401 := DELTA

OUT103 := TRIP OR PB04 OUT402 := STAR

OUT103FS := Y

SEL-710-5

A
B

C
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IA

M
3 ~

Z03

Z06

Z05

Z04

Z02

Z01

CR1 CR2 CR3

= Contactor
= Indicator
  (contactor closed)
= Indicator 
  (relay alarm)

CR1, CR2, 
& CR3

I1

I2CR1

STOP

START

I1

OUT103 SEL-710-5

OUT101
(ALARM)OU

T4
02

OU
T4

01

+/H

—/N

A01 A03

A09

PS

A02 A04

A07
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CR1

D01

D02

CR2
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D04

CR3

CR3CR2

I2

DeltaWye



2.33

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
AC/DC Control Connection Diagrams

Two-Speed Motor In Figure 2.30, contactors C1 and C2 are interlocked so that only one is 
energized to select either Speed1 or Speed2. The following setting is required.

SPEED2 := IN101

Figure 2.30 AC Connections for Two-Speed Motor—Paralleled CTs

C2

+/H

—/N

LC

LB

LA

SEL-710-5IC

IB

IA

LN

Z06

Z05

A10

A11

Z04

Z03

Z02

Z01

IN
10

1

Speed 1 Windings

Speed 2 Windings

ABC

M
3 ~

CBA

C2C1

LA LB LC LN
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Full-Voltage 
Reversing Starter

Set FVR Phasing (FVR-PH) to identify the phase that is not affected by the 
Reverse contactor. For example, the FVR starter shown in Figure 2.31 
requires the following settings.

When phase CTs are located on the bus side of the contactor, set 
FVR_PH := NONE or set.

Figure 2.31 AC Connections for Full-Voltage Reversing (FVR) Starter

E2SPEED := Y FVR_PH := A SPEED2 := IN101

E2SPEED := N SPEED2 := 0

C

A
B

C AB

SEL-710-5

CBT IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

F R

R F

A11

Z

A12

IN101

R

+/H

—/N

R

F Forward Contactor

Reverse Contactor

N
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VFD Motor 
Application

The implementation in Figure 2.32 requires the following group settings. 

VFDAPP := Y

LOAD_ZS must be set ≤ FLA1. This represents load at zero speed. 

Similarly, set FREQ_FL between 10 and 70 Hz. This represents the frequency 
below which the full load current is derated. Refer to Configuration Settings 
on page 4.4 for details.

In a VFD application, the SEL-710-5 uses rms currents (that include 
harmonics) instead of fundamental frequency currents for the overcurrent and 
thermal protection (50, 51, and 49 including Motor State Logic) elements. The 
SEL-710-5 with VFD tracks frequency of the phase current inputs only. When 
voltage inputs are used, they should be from the same side of the VFD as the 
current inputs (e.g., the motor side for connections shown in Figure 2.31). 
SEL strongly discourages the use of voltage-based protection, including 
under- and overvoltage, power factor, underpower, reactive power (27/59, 
55, 37, and VAR) elements unless the voltage inputs are substantially 
sinusoidal.

Figure 2.32 AC Connections for a VFD Motor Application
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Synchronous Motor 
Application 

The ac/dc connection diagram showing a brush type synchronous motor in 
Figure 2.33 requires the group setting, SYNTYPE := BRUSH. Refer to 
Synchronous Motor Settings on page 4.71 for more details on synchronous 
motor applications, including setting of loss-of-field, field resistance, current 
and voltage elements, out-of-step element, power factor, and reactive power 
elements.

Figure 2.33 AC/DC Connections for a Brush-Type Synchronous Motor Application
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Figure 2.34 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 2.35 DC Control Connection Diagram for the Synchronous Motor Application
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Synchronous Motor Voltage Divider Module
The voltage divider module (VDM) provides attenuation to the VDR and 
VEX voltages when connected to the relay.

➤ VDR Divider DC Ratio: 5.4

➤ VEX Divider DC Ratio: 2.1

Note that the cable length has a negligible impact on signal accuracy, but can 
impact noise pickup. To minimize noise coupling, SEL recommends that you 
place the module near the synchronous motor field winding and use a 
14–18 AWG shielded, twisted-pair cable with the shield grounded at the relay 
cabinet to connect the VDM to the relay.

Charging capacitance on the wiring between the VDM and the relay 
attenuates the VDR voltage magnitude measurement during the first part of 
the motor start sequence. The start sequence logic is not affected by this 
voltage magnitude attenuation.

Figure 2.36 Synchronous Motor Voltage Divider Module (SEL P/N 915900294)

Figure 2.37 DIN-Rail Mounting Dimensions for the Module

DANGER
Synchronous Motor Voltage Divider 
Module terminals carry high ac/dc 
voltage signals. Disconnect the device 
from the synchronous motor before 
working on the device. Contact with 
live wires can cause electrical shock 
resulting in injury or death.

NOTE: Connection of any test meter 
should be limited to the input side of 
the divider module. This is to avoid 
inaccuracy in voltage measurements 
due to high input impedance of the 
module.

Relay Connector 

Pin  Relay Side Connections
1 VDR+, Field Discharge Resistor Voltage 

(Positive) to E01
3 VDR—, Field Discharge Resistor Voltage 

(Negative) to E02
6 VEX+, Exciter Voltage (Positive) to E03
8 VEX—, Exciter Voltage (Negative) to E04

Motor Connector

Pin  Motor Side Connections
1 VDRM+, Field Discharge Resistor 

Voltage (Positive)
6 VDRM—, Field Discharge Resistor 

Voltage (Negative)
11 VEXM+, Exciter Voltage (Positive)
16 VEXM—, Exciter Voltage (Negative)

Use Twisted Pairs on This Side

LEGEND

in
(mm) i9313a

SIDEFRONT
5.30

(134.6)

4.75

(120.7)

1.87

(47.5)
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Arc-Flash Protection
System Installation This section describes an arc-flash system installation, the sensor 

characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 11: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also refer to SEL application 
guide Using the SEL-751 and SEL-751A for Arc-Flash Detection 
(AG2011-01) available on the SEL website, for more details.

Figure 2.38 shows main system components comprising: current input card, 
the arc-flash/differential input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.11 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 4 AFDI/3 DIFF 
ACI card for arc-flash protection. Figure 2.10 shows the rear-panel layout and 
the side-panel I/0 designations for the relay model with the 8 AFDI card. 
Installation instructions for 8 AFDI are similar to the 4 AFDI/3 DIFF ACI card.

Figure 2.38 SEL-710-5 With an Arc-Flash Option Card and Fiber-Optic-Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location varies depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 

With 4 AFDI/3 DIFF ACI Card in Slot EWith 8 AFDI Card in Slot E
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clearance and creepage requirements. Sensors should be permanently affixed 
using supplied mounting grommets or permanent cable ties. Figure 2.39 
shows an example of a typical jacketed-fiber installation. 

Figure 2.39 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept above 50 mm (2 in). Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is required to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-710-5 relay as 
shown in Figure 2.38.

Point-Sensor 
Installation 

The point sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.40 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.40 Point-Sensor Assembly

There is a standard point sensor or a window point sensor available for the 
point-sensor assembly.

The standard point sensor is optimized for mounting inside the switchgear 
compartment. Figure 2.41 shows the standard point-sensor dimensions.

Dual V-Pin
Latch

V-Pin
Terminators

Black-Jacketed Fiber Zipcord Duplex

01-35 Meters

Sensor
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Figure 2.41 Standard Point-Senor Dimensions

The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.42.

Figure 2.42 Standard Point-Sensor Installation

The window point sensor is optimized for mounting outside switchgear, 
motor control centers, or breaker cabinets to detect an arc flash inside the 
enclosure. Figure 2.43 shows the window point-sensor dimensions.

Figure 2.43 Window Point-Sensor Dimensions

1. Mounting Grommet Insertion
(1/4” diameter hole)
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(1/4” diameter hole)
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(3.89 mm) 1.402 in
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(4.3 mm)
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(2.2 mm)0.389 in

(9.89 mm)

0.664 in

(16.86 mm)
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The window point sensor requires two holes to be drilled on the enclosure, as 
shown in Figure 2.44. The sensor must be mounted from the outside and 
secured in the correct position to the switchgear by using the self-tapping 
screws provided.

Figure 2.44 Window Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.45, Figure 2.46, and Figure 2.47 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts that are most likely to cause an arc-flash event. 

Figure 2.45 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.46 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.47 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Fiber Sensor 
Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.48 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.49 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.48 Clear-Jacketed Fiber Sensor Assembly

Figure 2.49 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.50. Two connector options (V-pin and ST) are available to transition 
from the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.51. 
The ST connector option is generally superior because of positive locking.

Figure 2.50 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. 
The maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both, clear-jacketed fiber and black-jacketed fiber sections (the 

i8004c

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber 
Transition Connectors 

(V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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black-jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.51.

Figure 2.51 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section

The clear-jacketed fiber loop should be returned through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains below 35 m, irrespective of the 
SEL-710-5 dual V-pin connector orientation. 

Application Example Figure 2.52 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. Breaker 1 is protected by an 
SEL-751 relay and Breakers 2 and 3 are protected by SEL-710-5 relays. 
Radial feeder breakers 2 and 3 must be tripped for downstream faults, 
normally located in the outgoing cable termination compartment. To obtain 
better coverage, multiple sensors can be installed in the same compartment, as 
shown in the lower right corner of the figure with sensors marked LS1 and 
LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right-hand corner 
of Figure 2.52). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When desired radial feeder relays sensors (such as LS3 connected to the lower 
right-hand relay) can be used to transfer trip the upstream breaker. Logic 
equations required for this function are shown in Output Logic Programming 
in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the arc-flash 
protection system in service, first 
make sure all the sensors are 
correctly installed, and then execute 
the AFT command to initiate a self-
test.
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Figure 2.52 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 Arc-Flash 
Detection (AFD) Fiber Cables and Accessories MOT. The losses and budget 
values shown in Table 2.20 are typical values. See Table 2.21 for SEL-C804 
and SEL-C814 arc-flash detection cable specifications.

SEL-710SEL-710

SEL-751

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs with point or clear-jacketed fiber sensors.

Table 2.20 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.53.

Figure 2.53 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.54. 

Table 2.21 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40 to +85°C –55 to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

Core Diameter 980 μm 980 μm

Cladding Diameter 1000 μm 1000 μm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm 
(0.087 in x 0.17 in)

2.20 mm (0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull 
Tension

140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull 
Tension

43.8 N (3 lb/ft) 43.8 N (3 lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) .175 dB/m .175 dB/m

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.54 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for 
transportation. For multimode fiber-optic arc-flash detection sensors with 
additional splice connectors, refer to the SEL-C814 Arc-Flash Detection 
(AFD) Fiber Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.55, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.55 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.56, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

01-35 Meters

“A” Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 meters

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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Figure 2.56 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 meters

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Section 3
PC Interface

Overview
The SEL-710-5 Relay is able to communicate with your computer in three 
different ways.

➤ The web server requires a web browser (Microsoft Internet 
Explorer, Mozilla FireFox, Google Chrome, etc.) and an 
Ethernet cable. The relay must have the Ethernet port option. 
See Web Server for functional details and capabilities.

➤ The SEL software solution requires downloading QuickSet (via 
Compass) to your computer. Communication to the relay is 
accomplished through a serial or Ethernet port. Refer to 
QuickSet Software for functional details and capabilities.

➤ The ASCII command line requires PC-based terminal 
emulation software (HyperTerminal, Tera Term, etc.), a serial 
or Ethernet port, and a serial or Ethernet cable to connect to the 
relay. Refer to Section 7: Communications for details on ASCII 
commands and functions supported.

Web Server

Connection and Login 
to Web Server

The web server provides a graphical user interface for the relay without 
loading any software on your PC. The user interface is contained in the relay 
firmware. To connect to the web server of the SEL-710-5, the relay and your 
PC must be connected to the same Ethernet network. The network can be of 
any size, from a company-wide network to a direct-connect from your PC to 
the relay. The connection from the relay is through the Ethernet port of the 
relay (Port 1). To start communicating with the relay, you must enter a valid IP 
address (SET P 1 IPADDR) and valid default router (SET P 1 DEFRTR) via 
the serial port of the relay. Be sure to obtain the IP address and default router 
from your IT resource to avoid network conflicts with duplicate IP addresses.

The SEL-710-5 comes pre-loaded with settings that enable you to 
communicate with the relay over a simple network. The network consists of 
connecting the SEL-710-5 (via Port 1) directly to the Ethernet port of your 
computer. Connect to Ethernet Port 1 of the relay by using a standard RJ45 
connector for the copper port and an LC connector for the fiber-optic port. 
This connection requires that the computer not be connected to any other 
network (see Figure 3.1).

NOTE: We have tested the web 
server for correct operation and 
formatting with the following 
browsers: Internet Explorer 8, 
Firefox 14, and Chrome 5.

There are a wide variety of browsers 
available. While most browsers have 
the same functionality, we cannot 
guarantee the correct operation and 
formatting for all of them.
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Figure 3.1 Direct Connection of SEL-710-5 to a Computer

The default IP address is 192.168.1.2 and the default router is 192.168.1.1. 
Once the network is configured, as shown in Figure 3.1, you can connect to 
the web server in the relay by entering 192.168.1.2 in the address bar of your 
web browser (as shown in Figure 3.2).

Figure 3.2 Login Page of Web Server for SEL-710-5

Cat-5e Cable 
(SEL-C627M or Equivalent)

SEL-710-5

NOTE: For relays with the fiber-
optic Ethernet ports, use a 
commercially available 100BASE-FX 
to 100BASE-TX media converter to 
interface with a PC RJ45 port. Use 
SEL-C808 62.5/125 μm Multimode 
Fiber-Optic Cable to connect to 
Port 1 on the relay. 
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The Login page of the web server allows you to access either the ACC or 2AC 
level. The menu item you select under Access Level determines the access 
level at which you enter the web server (see Figure 3.3). For factory-default 
passwords, refer to Table 7.44: Factory-Default Passwords for Access Levels 
1, 2, and C. Meter, Reports, Communications, Relay Status, and Settings 
(Show Only) require Access Level 1 or 2. Systems/File Management 
requires Access Level 2.

 

Figure 3.3 Selecting Access Level 2 From Web Server Login

Meter The web server offers a convenient method for displaying all metering reports 
stored in the relay. Located on the navigation pane, the Meter menu contains 
categories for each of the meter reports. When you select a category from the 
Meter menu, its corresponding meter report is displayed (see Figure 3.4).

NOTE: All meter reports will 
automatically update. To disable 
updates, select the Disable Page Refresh 
button at the bottom of the display 
window.
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Figure 3.4 Fundamental Meter Report

Reports In addition to metering data, the SEL-710-5 collects and stores a variety of 
data and statistics from the power system. These data are stored and reported 
through a series of reports. Located on the navigation pane, the Report menu 
contains categories for each of the reports stored in the relay (Event Reports, 
Sequential Events Recorder, Load Profile, etc.). When you select a category 
from the Reports menu, its corresponding report is displayed.

Event Reports
Event reports stored in the SEL-710-5 can be exported in three different 
formats (Binary COMTRADE, Raw CEV, or Filtered CEV format). When 
you select Event Reports, a list of all the event reports presently stored in the 
relay is shown (see Figure 3.5).

After selecting the event format to be used, select the event report to export by 
clicking on the event you need. When prompted, you can then open or save the 
event.
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In addition to allowing you to retrieve events, the Event Reports page allows 
you to clear all events stored in the relay or to trigger events. Clear Event 
Report History erases the events from the nonvolatile memory of the relay. 
Trigger Event Report commands the relay to do an event capture of the present 
voltages and currents detected by the relay (see Figure 3.5).

Figure 3.5 Event Report Webpage

Sequential Events Recorder
In addition to event reports, the SEL-710-5 collects and stores time-stamped 
data for assertion and deassertion of Relay Word bits. These data are captured 
in the Sequential Events Recorder (SER) and can be exported through the web 
server. 

When you select Sequential Events Recorder, a list of all SER reports 
presently stored in the relay displays (see Figure 3.6). SER reports stored in 
the SEL-710-5 can be downloaded or cleared by clicking the appropriate 
button at the bottom of the webpage. 
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Figure 3.6 Sequential Events Recorder Report

Load Profile 
The SEL-710-5 collects and stores time-stamped data of analog quantities. 
These data are reported in the load profile report.

When you select the Load Profile menu item, a list of all the load profile 
reports presently stored in the relay displays (see Figure 3.7). You can use the 
two buttons at the bottom of the display window to export or clear the load 
profile reports stored in the SEL-710-5. 

 

Figure 3.7 Load Profile Webpage
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Motor Statistics 
The SEL-710-5 collects and stores statistics of the motor service. These data 
are reported in the Motor Statistics report.

When you select Motor Statistics, all the motor operating statistics reports 
presently stored in the relay display (see Figure 3.8). Motor operating 
statistics reports stored in the SEL-710-5 can be cleared using the Clear 
Motor Operating Statistics button at the bottom of the screen. This webpage 
is updated automatically. The automatic update can be disabled by clicking 
Disable Page Refresh at the bottom of the screen.

Figure 3.8 Motor Operating Statistics Webpage

Motor Start 
The SEL-710-5 collects and stores statistics about each start of the motor. 
These data are reported in separate Motor Start reports.

When you select Motor Start, the Motor Start reports presently stored in the 
relay display (see Figure 3.9). Click on the report to download it to your 
computer and open the report with the Motor Start report viewer in QuickSet.
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Figure 3.9 Motor Start Report Webpage

Motor Start Trend
The SEL-710-5 collects and stores statistics of each start over an 18-month 
period. These data are reported in the Motor Start Trend report.

When you select Motor Start Trend, the Motor Start Trend report presently 
stored in the relay displays (see Figure 3.10). The Motor Start Trend report 
stored in the SEL-710-5 can be either cleared or downloaded with the buttons 
at the bottom of the screen.

 

Figure 3.10 Motor Start Trend 

Breaker Monitor Report
The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance (see Breaker Monitoring on page 5.23). When you select 
Breaker Monitor Report, the breaker monitor report presently stored in the 
relay displays (see Figure 3.11). The breaker monitor report stored in the 
SEL-710-5 can be downloaded with the Download Breaker Monitor Report 
button.
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Figure 3.11 Breaker Monitor Report

Communications You can view the Ethernet port configuration details including the MAC 
address of the relay by clicking Communications > Ethernet (see 
Figure 3.12). Use the Clear Ethernet Statistics button to clear PACKETS, 
BYTES, and ERRORS data. Refer to Section 7: Communications for further 
details on the Ethernet command. 

 

Figure 3.12 MAC Address

Relay Status
The Relay Status menu lists the status report pages available through the web 
server (Self-Tests, Relay Word Bits, and SELOGIC Counters). When you select 
a status report from the Relay Status menu, the corresponding status report 
displays.
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Self-Tests
The SEL-710-5 has continual diagnostics that verify the status of the relay 
hardware. The results of these diagnostics can be viewed by selecting Relay 
Status > Self-Tests in the navigation pane. Relay Status contains categories 
for each of the status pages in the web server (Self-Tests, Relay Word Bits, 
and SELOGIC Counters).

When you select Relay Status > Self-Tests, the status of the relay, including 
the serial number, part number, and self-tests results, is displayed (see 
Figure 3.13).

 

Figure 3.13 Self-Tests Webpage

Relay Word Bits
The web server can display the present state of the Relay Word bits of the 
relay.

Selecting Relay Word Bits displays the state of all the Relay Word bits (see 
Figure 3.14). Note that Relay Word bits shown in yellow are asserted. This 
webpage is updated automatically; you can disable the automatic updates by 
clicking Disable Page Refresh. Scroll up or down to view the remaining Relay 
Word bits not visible on the screen.
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Figure 3.14 Relay Word Bits Webpage

SELOGIC Counters
When you select Relay Status > SELOGIC Counters, the count of each of the 
enabled SELOGIC counters displays (see Figure 3.15). A counter is only 
displayed when it is enabled.

 

Figure 3.15 SELOGIC Counters Webpage
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Settings When you select Settings on the navigation pane, a list of all the available 
settings classes in the SEL-710-5 displays. Select a class of settings to view 
each of the settings in that class (Group, Logic, Global, Report, etc.). 
Figure 3.16 shows the Group 1 settings category.

 

Figure 3.16 Group 1 Settings Webpage

System
File Management (Firmware Upgrade)

The web server offers a convenient method for upgrading relay firmware. 
Select System > File Management (on the navigation pane) to upgrade your 
relay firmware (see Figure 3.17).

 

Figure 3.17 Upgrade Relay Firmware From the File Management Webpage
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When preparing to upgrade relay firmware, you must first have the new relay 
firmware. The firmware is designated with a .zds extension. Use the Browse 
button to select the firmware you want sent to the relay, then click Upgrade 
Firmware to start the upgrade process (see Figure 3.17). See Appendix B: 
Firmware Upgrade Instructions for complete details on the firmware upgrade 
procedure.

Language Support The web server reports can be displayed in English or Spanish by setting the 
Ethernet Port 1 setting LANG to ENGLISH or SPANISH.

QuickSet Software
This section describes how to get started with the SEL-710-5 Relay and 
ACSELERATOR QuickSet SEL-5030 Software. SEL provides many PC 
software solutions (applications) to support the SEL-710-5 and other SEL 
devices. Table 3.1 lists SEL-710-5 software solutions.

 

QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-710-5. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-710-5.

Table 3.1 SEL Software Solutions 

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and settings of multiple relays

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5036 ACSELERATOR Bay Screen 
Builder SEL-5036 Software

Designs and manages bay screens in conjunction with SEL-5030 for the SEL-710-5 
with the color touchscreen display

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and summarizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII format event report oscillography; performs 
custom calculations on analog, digital, and complex quantities; and analyzes the 
Impedance Plane for distance element (mho) operation, the Alpha Plane for 
differential element (78L) operation, and the Bewley Lattice for traveling wave data

SEL-5801 SEL-5801 Cable Selector Selects the proper SEL cables for your application
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Setup Follow the steps outlined in Section 2: Installation to prepare the SEL-710-5 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-710-5 and your PC.

Step 2. Apply power to the SEL-710-5.

Step 3. Start QuickSet.

Communications
QuickSet uses relay communications Port 1 through Port 4, or Port F (front 
panel), to communicate with the SEL-710-5. Perform the following steps to 
configure QuickSet to communicate with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.18.

Figure 3.18 Communications Parameter Menu Selection

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.19.

Table 3.2 QuickSet Applications 

Application Description

Rules-Based 
Settings Editor

Provides online or offline device settings that include 
interdependency checks. Use this feature to create and manage 
settings for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature to 
simplify commissioning testing.

Design Templatesa

a Available only in licensed versions of QuickSet.

Allows you to customize relay settings to particular applications 
and to store those settings in design templates. You can lock settings 
to match your standards or lock and hide settings that are not used.

Event Analysis Provides oscillography and other event analysis tools.

Bay Control Allows you to design new bay screens and edit existing bay screens 
by launching the Bay Screen Builder software for SEL-710-5 
Relays with the color touchscreen display.

Settings Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature to 
ensure proper communications and to directly interface with the 
device.

Help Provides general QuickSet and device-specific QuickSet context.
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Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-710-5 default settings by 
entering the Access Level 1 and Access Level 2 passwords in 
the respective text boxes.

Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.20. 

For the SEL-710-5, always select FTP as the file transfer 
option.

Step 6. Exit the menu by clicking OK when finished.

Terminal

Terminal Window
Select Communications > Terminal on the main menu bar (see Figure 3.21) 
to open the terminal window.

NOTE: Factory-default 
passwords for Access 
Level 1 and 2 are OTTER 
and TAIL, respectively.

Figure 3.19 Serial Port Communication 
Parameters Dialog Box

Figure 3.20 Network Communication 
Parameters Dialog Box
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Figure 3.21 Communications Terminal Menu Selection

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulator. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or pressing <Ctrl+T>. Verify 
proper communications with the relay by opening a terminal window, pressing 
<Enter> a few times, and verifying that a prompt is received. If a prompt is 
not received, verify proper setup.

Terminal Logging
To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Driver and Part Number
After clicking Communications > Terminal, access the relay at Access 
Level 1. Issue the ID command to receive an identification report, as shown in 
Figure 3.22.

Locate and record the Z-number (Z003002) in the FID string. The first portion 
of the Z-number (Z003…) determines the settings driver version when you are 
creating or editing relay settings files in QuickSet. The use of the driver 
version is discussed in more detail in Settings Editor on page 3.21. Compare 
the part number (PARTNO=7105XXXXXXXXXXXXXX) with the Model Option Table 
(MOT) to ensure the correct relay configuration. The SEL display package 
version can be found in Table A.5. The customer display package (CDP) 

=ID <Enter>
"FID=SEL-710-5-X219-V0-Z003002-D20180416","0912"
"BFID=BOOTLDR-R501-V0-Z000000-D20140224","0947"
"CID=DA16","0269"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X7583A21X","074A"
"CONFIG=112512000","041F"
"SEL DISPLAY PACKAGE=1.0.40710.2170","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_1","0664"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X202-V0-Z200006-D20180403","0D7E"
"LIB61850ID=3DB89FD6","04FF"
= 

Figure 3.22 Relay Response to the ID Command

NOTE: The SEL display package and 
customer display package versions 
are only displayed in the touchscreen 
display model.
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version has a unique ID code based on the total number of seconds from 
1/1/2000 to the time stamp when the CDP was created and downloaded to the 
relay via QuickSet.

Settings Database 
Management and 
Driver

QuickSet uses a database to save the relay settings. QuickSet contains sets of 
all settings files for each relay specified in the database manager. Choose 
appropriate backup storage methods and a secure location for storing the 
database files.

Database Manager
Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the database manager to access the database. Click File > 
Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter a description for the database in the Database 
Description text box. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description text box. These can 
include the protection scheme settings and communications 
settings. 

Step 4. Highlight a relay or settings file listed in Settings and click the 
Copy button to create a new set of settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases
Copy creates an identical device or settings file that appears in both databases. 
Move removes the device or settings file from one database and places the 
device or settings file in another database. To copy/move settings between 
settings databases, perform the following steps:

Step 1. Select the Copy/Move Settings Between Settings Databases 
tab to create multiple databases with the database manager; 
these databases are useful for grouping similar protection 
schemes or geographic areas. 

Step 2. Click the Settings Database B  button to open a relay 
database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or settings file in Settings 
Database A.

b. Click Copy or Move, and click the > button to create a 
new device or settings file in Settings Database B.

Step 4. Reverse this process to copy or move a device or settings file 
from Settings Database B to Settings Database A. 
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Create a New Database/Copy an Existing Database
To create a new database: 

Step 1. Click File > Database Manager, and click New. QuickSet 
prompts you for a file name. 

Step 2. Type the new database name (and select a new location if the 
new location differs from the existing one), and click Save. 
QuickSet displays the message Settings [path and 
filename] was successfully created. 

Step 3. Click OK.

To copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Settings Databases tab.

QuickSet opens the last active database and assigns it as 
Settings Database A. 

Step 2. Click the Settings Database B  button; QuickSet prompts 
you for a file location. 

Step 3. Type a new database name and click Open. Click Yes; the 
program creates a new empty database. Load devices or 
settings files into the new database as in Copy/Move Settings 
Between Databases on page 3.17.

Settings QuickSet has the capability of creating settings for one or more SEL-710-5 
Relays. Store existing relay settings downloaded from SEL-710-5 Relays with 
QuickSet. Create a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-710-5. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-710-5; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor
The settings editor shows the relay settings in easy-to-understand categories. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menu. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled.

Settings Menu
QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own settings records. Use the File menu to open (Open) an 
existing record, create and open a new (New) record, or read (Read) relay 
settings from a connected SEL-710-5 and then create and open a new record. 
Click Tools > Settings > Convert to convert and open an existing record in 
the settings editor.



3.19

Date Code 20220826 Instruction Manual SEL-710-5 Relay

PC Interface
QuickSet Software

File > New
To configure SEL-710-5 settings with the settings editor, click File > New on 
the main menu bar and select the SEL-710-5 and the latest driver version 
(00X) on the Settings Editor Selection screen, as shown in Figure 3.23.

QuickSet creates the new settings file using the driver that you specify in the 
Settings Editor Selection screen. QuickSet uses the Z-number in the FID 
string to create a particular settings file.

Figure 3.23 Driver Selection

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the settings 
editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.24. Click OK when finished.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Create and open a new record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.24 Update Part Number

Figure 3.25 shows the Settings Editor screen. Check the driver version 
number in the title bar of the Settings Editor screen. Compare the QuickSet 
settings driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct settings editor 
to display.

Figure 3.25 New Settings Editor Screen

File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the settings editor.

File > Read
When the Read menu item is selected, QuickSet uses serial protocols to read 
the device settings from the connected device. As QuickSet reads the device, a 
Transfer Status dialog box appears.

Device Version 
Number
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Tools > Settings > Convert
Use the Convert menu item (Tools > Settings) to convert from one settings 
version to another. Typically, this utility is used to upgrade an existing settings 
file to a newer version because devices are using a newer version number. 
QuickSet provides a Convert Settings report that shows missed, changed, and 
invalid settings created as a result of the conversion. Review this report to 
determine whether changes are necessary.

Settings Editor
Use the settings editor to enter settings. The settings editor includes the 
settings driver version (the first three digits of the Z-number) in the Settings 
Editor screen title bar.

Enter Settings

NOTE: Settings changes made 
during the edit session are not read by 
the relay unless they are transferred 
to the relay with the Send menu item.

Step 1. Click the  drop-downs and the buttons in the settings tree 
view to expand and select the settings you want to change. 

Step 2. Press <Tab> to navigate through the settings, or click a setting 
text box. 

Step 3. To restore the previous value for a setting, right-click on the 
setting text box and select Previous Value.

Step 4. To restore the factory-default settings value, right-click on the 
setting text box and select Default Value.

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the settings editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder
SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with Expression Builder, a 
rules-based editor for programming SELOGIC control equations. Expression 
Builder organizes device elements, analog quantities, and SELOGIC control 
equation variables.

Access Expression Builder. Use the ellipsis button  that follows the 
settings text boxes in the settings editor to create an expression, as shown in 
Figure 3.26.

NOTE: Be sure to enable the 
functions you need (Logic 
Settings > SELOGIC Enable) before 
using Expression Builder.
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Figure 3.26 Expression Created With Expression Builder

Using Expression Builder. The expression builder screen is organized into 
three main parts: the expression builder text box, the left side column, which 
contains broad categories of device elements, analog quantities, counters, 
timers, latches, and logic variables, and the right side column, which displays 
category operands for use in the expression. Directly underneath the 
expression builder text box is a row of operators that you can include in your 
expression. The operators include basic logic, rising- and falling-edge 
triggers, expression compares, and comments.

Touchscreen Settings and Bay Screen Builder
The touchscreen settings are available when the touchscreen display option is 
selected as part of the front-panel options. This option provides you with the 
ability to design bay screen one-line diagrams with the help of the Bay Screen 
Builder. For more information, refer to Bay Screens Design Using QuickSet 
and Bay Screen Builder on page 9.10.

File > Save
Select the Save menu item from the File menu once settings are entered into 
QuickSet to ensure that the settings are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section(s) that you want to transfer to the relay by 
selecting the appropriate check box and clicking OK.

Edit > Part Number
Use the Part Number menu item to change the part number.

Text Files
Select Tools > Settings > Import or Tools > Settings > Export on the main 
menu bar to import or export settings from or to a text file. Use this feature to 
create a small file that can be easily stored or sent electronically.

Ellipsis Button

Created Expression
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Event Analysis QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-710-5 stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.27 shows the event retrieval screen.

Figure 3.27 Retrieve Events Screen

You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 10: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.27.

View Event History
The SEL-710-5 is capable of capturing two types of events (4 samples/cycle 
filtered and 32 samples/cycle raw). These two types of events can be captured 
in either the compressed ASCII (.cev) or COMTRADE format. Quickset 
allows for downloading both .cev and COMTRADE events. Use the Event 
Type drop-down menu shown in Figure 3.27 to select the 32 samples/cycle 
unfiltered (raw) or COMTRADE format event data (default is 4 samples/cycle 
filtered data). For information on other methods of retrieving COMTRADE 
events from the relay, see Retrieving COMTRADE Event Files on page 10.30.

Get Event
Highlight the event you want to view (e.g., Event 1 in Figure 3.27), select the 
event type from the Event Type drop-down menu (4 samples or 32 samples), 
and click Get Selected Events. QuickSet then queries where to save the file 
on your computer, as shown in Figure 3.28.
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Figure 3.28 Save the Retrieved Event

When saving an event report, select a save location and a file name for your 
report. Select either Default Naming or Custom Naming. Default naming 
has predefined tags and organization, which appears in the Format text box 
when default naming is selected. You can use custom naming to create file 
names specific to your application by selecting and organizing your own tags 
(listed in Available Tags).

View Event Files
Click Tools > Events to view an event with SYNCHROWAVE Event. You can 
view multiple events by clicking on Load Event > Add New Event in 
SYNCHROWAVE Event.

Meter and Control Click on Tools > HMI > HMI to display a screen similar to the one shown in 
Figure 3.29. The HMI tree view shows all the functions available in the HMI 
function. Unlike the self-configuration of the device settings tree, the HMI 
tree remains the same regardless of the type of cards installed. For example, if 
no analog input card is installed, the analog input function is still available, but 
the relay responds as follows:

No Analog Input Card Present.

Device Overview
The Device Overview screen provides an overview of the device. The contact 
I/O portion of the screen displays the status of the two inputs and three outputs 
of the main board. You cannot change these assignments.
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Figure 3.29 Device Overview Screen

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit and click Update to assign the Relay Word bit to the LED. To 
change the color of the LED, click in the square and make your selection from 
the color palette.

The front-panel LEDs display the status of the 24 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignments. The 
Fundamental, Min/Max, Energy, etc., screens display the corresponding 
values.

Click Targets in the tree view to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (RB02 = 1), the Relay Word bit is 
asserted. When a Relay Word bit has a value of 0 (RB02 = 0), the Relay Word 
bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Click on the Motor Start Report > Data button to display the compressed 
(*.cmsr) motor start report data or on the Graph button to display the report 
graphically as shown in Figure 3.30.
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Figure 3.30 Graphical Display of Motor Start Report

Figure 3.31 shows the control screen. From here you can reset metering data; 
clear the event history, SER, MIRRORED BITS report, or LDP; or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If supported, you can run arc-flash sensor diagnostic tests.

Figure 3.31 Control Screen
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To control the remote bits, click on the appropriate square (RB01–RB32), then 
select the operation from the box shown in Figure 3.32.

Figure 3.32 Remote Bit Operation Selection

Language Support
QuickSet has multi-language support. Click on the Language menu to choose 
from English, Spanish, French, Portuguese, Russian, Turkish, or Chinese, as 
seen in Figure 3.33. Selecting any of these choices converts the menu items in 
QuickSet to the selected language.

Figure 3.33 Language Support Options

Additionally, if Spanish or English is selected from the Language menu, the 
relay settings displayed by QuickSet are converted into the corresponding 
language as shown in Figure 3.34.

NOTE: If the SEL-710-5 is connected 
to any SEL communications 
processor (SEL-203x or RTAC), the 
corresponding LANG port setting 
must be set to ENGLISH.
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Figure 3.34 Spanish Settings QuickSet Display

Each communications port (serial or Ethernet) on the SEL-710-5 can be 
independently set to display either English or Spanish. Changing the port 
setting LANG to SPANISH or ENGLISH results in the QuickSet HMI and all 
of its available functions displaying in the corresponding language. For 
example, if the Control Window is selected in the HMI while the setting 
LANG := SPANISH, QuickSet displays the Control Window (Ventana de 
Control) in Figure 3.35.

NOTE: Once the HMI screen is 
displayed in QuickSet, the LANG 
setting does not affect the displayed 
HMI. To change the language of the 
HMI, close the HMI, change the LANG 
setting, and then reopen the HMI.
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Figure 3.35 Spanish Control Window (Ventana de Control) Display

QuickSet Help Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-710-5 Settings Select Settings Help from the Help menu bar 
while the settings editor is open.
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Protection and Logic Functions

Overview
This section describes the SEL-710-5 Motor Protection Relay settings, includ-
ing the motor protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and the front-panel 
display.

This section includes the following subsections:

Application Data. Lists information that you need to know about the 
protected motor before calculating the relay settings.

Group Settings (SET Command).

ID Settings and Configuration Settings. Lists the ID settings and the 
settings that configure the relay inputs to accurately measure and 
interpret the ac current and voltage input signals.

Protection Elements. Lists settings and logic associated with the 
protection elements, including the thermal element, overcurrent 
elements, load-loss functions, and load-jam functions.

➤ Thermal Overload Element

➤ Slip-Dependent Thermal Model for Synchronous Motors

➤ Overcurrent Elements and Time-Overcurrent Elements

➤ Differential Element s

➤ Load-Jam Elements

➤ Undercurrent (Load Loss) Elements

➤ Current Unbalance Elements

➤ Start Monitoring/Incomplete Start Sequence

➤ Star-Delta (Wye-Delta) Starting

➤ Start Inhibit Function

➤ Phase Reversal Protection

➤ Speed Switch (Stalling During Start) Function

➤ Virtual Speed Switch

➤ PTC/RTD-Based Protection

➤ Undervoltage Function and Overvoltage Function

➤ Inverse-Time Undervoltage Protection and Inverse-Time 
Overvoltage Protection

Synchronous Motor Settings. Lists settings associated with synchronous 
motor protection and control. 

➤ Loss-of-Field Element

➤ Out-of-Step Element

NOTE: Factory-default settings for 
the SEL-710-5 are not selected for 
any particular application. You must 
compute, document, and send the 
appropriate settings to the relay for 
your application.
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➤ Field Resistance Element

➤ Field Current Element

➤ Field (Exciter) Voltage Element

➤ Power Factor Correction

➤ PID Controller

➤ Synchronous Motor Synchronization

Trip Logic. Lists settings associated with Trip Inhibit, Trip/Close logic and 
Motor Control logic.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to configure 
the relay to your power system, date format, analog inputs/outputs, and 
logic equations.

General Settings. Lists the global system settings like phase rotation, 
nominal frequency, date format, etc.

Broken Rotor Bar Protection. Lists the settings to configure Broken Rotor 
Bar protection. Describes the element operation and commands 
associated with the element.

Multiple Settings Groups. Lists settings for active group selection and 
describes configuration of active group selection via SELOGIC control 
equations.

Time and Date Management Settings. Lists settings for time and date 
management and describes configuration of these settings. Covers 
supported time protocols.

Breaker Failure Settings. Lists the settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists the settings for the arc-flash elements 
including arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists the settings and 
gives an example.

Analog Outputs. Describes analog output functionality, lists the settings 
and gives an example. Data Reset
Lists the data reset SELOGIC control equation settings for resetting 
targets, energy metering, max/min metering, demand metering and 
peak demand metering.

Breaker Monitor. Lists the settings and describes the breaker monitor 
function that you can use for scheduling circuit breaker maintenance.

Data Reset. Lists the data reset SELOGIC control equation settings for 
resetting targets, energy metering, max/min metering, demand 
metering and peak demand metering.

Access Control. Describes the SELOGIC control equation setting you 
would use for disabling settings changes from the relay front panel.

Time-Synchronization Source. Describes the setting you would use for 
choosing IRIG1 or IRIG2 as the time-synchronization source.

Disconnect Control Settings. Lists settings that configure the relay front- 
and rear-panel communications ports.

Local/Remote Control. Describes the local/remote motor control function.

Port Settings (SET P Command). Lists the settings that configure the relay 
front- and rear-panel serial ports.
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Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
recorder, event, motor start, and load profile reports.

DNP Map Settings (Set D Command). Shows the DNP user map register 
settings.

Modbus Map Settings (SET M Command). Lists Modbus user map register 
settings.

EtherNet/IP Assembly Map Settings (SET E Command). Shows EtherNet/IP 
assembly map settings.

Touchscreen Settings. The touchscreen settings apply to relays that support 
the color touchscreen display. (The settings are supported in 
ACSELERATOR QuickSet SEL-5030 Software only.)

When you calculate the protection element settings to protect your motor, pro-
ceed through the subsections listed earlier. See Section 6: Settings for the list 
of all settings (SEL-710-5 Settings Sheets) and various methods of accessing 
them.

You can enter the settings by using the front-panel SET RELAY function (see 
Section 8: Front-Panel Operations), the serial port (see Section 7: Communi-
cations), the EIA-485 port (see Appendix E: Modbus Communications), the 
DeviceNet port (see Appendix I: DeviceNet Communications), or the Ethernet 
port (see Section 7: Communications).

Application Data
It is faster and easier for you to calculate settings for the SEL-710-5 if you col-
lect the following information before you begin (collect the information for 
each speed for a two-speed motor application).

➤ Specifications of the protected motor, including the following 
details:

➢ Rated full-load current

➢ Service factor

➢ Locked rotor current

➢ Maximum locked rotor time with the motor at ambient 
and/or operating temperature

➢ Maximum motor starts per hour, if known

➢ Minimum time between motor starts, if known

➢ Full-load slip, per unit (for induction motor only)

➢ Locked rotor torque, per unit (for induction motor only)

➤ Additional data regarding the motor application, including the 
following information:

➢ Minimum no load current or power

➢ Motor accelerating time. This is the normal time 
required for the motor to reach full speed.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure I.1).
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➢ Maximum time to reach motor full load

This time can be significantly longer than the motor 
accelerating time, particularly in pump motor applica-
tions where the motor runs at full speed for some time 
before the pump reaches full head and full load.

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature detectors (RTDs), 
if used

➤ Expected fault current magnitudes for motor or cable ground and 
three-phase faults

Group Settings (SET Command)
ID Settings All models of the SEL-710-5 have the identifier settings described in 

Table 4.1.

The SEL-710-5 prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location, process, circuit, size, or equipment number of the protected 
motor.

Configuration 
Settings

Table 4.1 Identifier Settings

Setting Prompt Setting Range Setting Name := Factory Default

UNIT ID LINE 1 16 Characters RID := SEL-710-5

UNIT ID LINE 2 16 Characters TID := MOTOR RELAY

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYN MOTOR TYPE BRUSH, BRUSHLESS, NONE SYNTYPE := BRUSHLESS

PHASE CT RATIO 1–5000 CTR1 := 100

MOTOR FLA 0.2–5000 A pri FLA1 := 250a

VFD APPLICATION Y, N VFDAPP := N

LOAD @ ZEROSPEED 0.2–5000.0 A pri LOAD_ZS := 50.0

MNFREQ @ FULLOAD 10.00–70.00 Hz FREQ_FL := 60.00

TWO SPEED ENABLE Y, N E2SPEED := N

CT RATIO–2nd 1–5000 CTR2 := 100

MOTOR FLA–2nd 0.2–5000 A pri FLA2 := 250a

FVR PHASING NONE, A, B, C FVR_PH := NONE
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The CT ratio and full-load current settings configure the relay to accurately 
scale measured values and report the primary quantities. Calculate the phase 
and neutral CT ratios by dividing the primary rating by the secondary rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR1 or CTR2 := 100/5 := 20.

The FLA settings are in primary amperes, see Example 4.3 for sample calcula-
tions of Motor FLA. See the full-voltage reversing starter in Full-Voltage 
Reversing Starter on page 2.34 for a description of the setting FVR_PH. 
Table 4.3 shows the voltage settings. In applications in which only a single 
current is available, set SINGLEI equal to the measured phase. When 
SINGLEI is not equal to N, the relay performance changes in the following 
ways:

➤ Power and Current Elements. When you use one current, the 
relay assumes that the system currents are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced currents.

➤ Thermal Model and Protection Elements. When you use one 
current, the thermal model will operate assuming balanced 
currents. Since negative-sequence currents cannot be measured 
and cause significant additional heating during motor starting, 
the thermal model would underestimate the heating in the motor, 
under-protecting it. Protection elements that utilize zero- and 
negative-sequence elements are not disabled when using one 
current, but do not provide adequate protection.

➤ Metering. When you use one current, the relay displays that 
phase’s magnitude and angle. The relay displays a zero for the 
magnitudes of the unmeasured currents. Balanced currents are 
assumed for power, power factor, IG, and 3I2 metering.

➤ Event Reports. When you use one current, the unmeasured 
currents are reported as 0. 

NOTE: A minimum time delay 
greater than 100 ms is recommended 
for phase overcurrent elements when 
using the relay for a VFD application.

For the motors connected to a variable frequency drive (VFD), use 
VFDAPP := Y. The relay uses rms current magnitudes (that include harmon-
ics) instead of fundamental for the phase overcurrent elements (50P, 51P, 
51A, 51B, 51C) and the motor thermal model (49T) when VFDAPP := Y. The 
rest of the relay settings do not use rms magnitude for a VFD application. 
Exercise caution when setting protection elements using fundamental magni-
tude for VFD applications because rich harmonic content can distort the fun-
damental magnitude. SEL  strongly discourages the use of voltage-based 
protection, including under- and overvoltage, power factor, underpower, 
reactive power (27/59, 55, 37, and VAR) elements unless the voltage inputs 
are substantially sinusoidal.

A sustained low-speed operation in the variable frequency drive application 
can cause motor damage unless overload protection accounts for the poor 
cooling resulting from the low speed. Set the rated load at zero speed 

NEUTRAL CT RATIO 1–2000 CTRN := 100

SINGLE I INPUT N, IA, IB, IC SINGLEI := N

a FLAn default settings are 50 A for secondary phase input current of 1 A.

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NOTE: The SEL-710-5 normally uses 
settings CTR1 and FLA1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2 
and FLA2 (see Table 4.67).

NOTE: FLA setting is limited to 
20%–160% of CT primary rating. 
Refer to Table 6.6 for the allowable 
FLA/CTR ranges.

NOTE: Single current measurement 
is intended for control and power 
factor correction applications. It is not 
adequate for protection.
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(LOAD_ZS) to continuous current allowed at zero speed and minimum fre-
quency at full load (FREQ_FL) to the lowest frequency at which the cooling is 
near normal. The relay automatically adapts the trip threshold of the stator and 
rotor thermal protection elements by a factor of KVF using their respective 
thermal time constant. Figure 4.1 shows the typical characteristics of the KVF 
for specific example settings. To disable this feature, set the rated load at zero 
speed (LOAD_ZS) equal to the motor full load current (FLA1); this results in 
KVF = 1.0 at all operating frequencies irrespective of the FREQ_FL setting.

Figure 4.1 KVF Factor Versus VFD Output Frequency

These settings configure the relay voltage inputs to correctly measure and 
scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the VT 
ratio.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 4000 V motor application where 4200:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 4200/120 := 35 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE PT RATIO 1.00–250.00 PTR := 35.00

LINE VOLTAGEa

a The line voltage setting is in primary volts.

100–30000 V pri VNOM := 4160

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

SINGLE V INPUT Y, N SINGLEV := N
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Example Settings:
VFDAPP := Y  LOAD_ZS := 8 A (typically set 40% of FLA)
FLA1 := 20 A  FREQ_FL := 20 Hz (typically set < 50% of FNOM)
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In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.22, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA 
for an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the fol-
lowing ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced voltages.

➤ Metering. When you use one voltage, the relay displays that 
magnitude and phase angle. The relay displays zero for the 
magnitudes of the unmeasured voltages. Balanced voltages are 
assumed for power, power factor, VG, and 3V2 metering.

➤ Event Reports. When you use one voltage, the unmeasured 
voltages are reported as 0.

VNOM/PTR Range 
Check

The relay performs a range check for the PTR and VNOM settings that 
depends upon the voltage-input delta or wye configuration. When setting 
DELTA_Y is DELTA, then the allowed range of the quotient VNOM/PTR is 
100–250 V (l-l). When setting DELTA_Y is WYE, then the allowed range of 
VNOM/PTR is 100–440 V (l-l). 

Note that the VNOM is always set in line-to-line voltage, irrespective of the 
DELTA or WYE configuration. The expanded range of VNOM/PTR for the 
WYE configuration is intended only for the solidly grounded power systems. 
Do not use VNOM/PTR > 250 V if the system is either ungrounded or high 
impedance grounded. This is because a line-to-ground fault in such a system 
can raise line-to-ground voltage on ungrounded phases by a factor of 1.732.

Protection Elements
Thermal Overload Element

The SEL-710-5 motor thermal element provides integrated protection for all 
of the following motor operating conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Unbalance Current/Negative-Sequence Current Heating

➤ Repeated or Frequent Starting

The Thermal Method setting (SETMETH) selects the thermal element algo-
rithm that is used in the SEL-710-5. The Thermal Method setting essentially 
offers the two options described below.

Rating Thermal Method (SETMETH := Rating or Rating_1). When this 
method is selected, the relay configures a thermal curve based on the 
motor full-load amperes, service factor, run state time constant, locked 
rotor amperes, hot locked rotor time, and acceleration factor (locked 
rotor trip time dial) settings. When the optional settings, full-load slip 
and locked rotor torque are set, the relay uses a slip-dependent thermal 
model during the motor start.

Curve Thermal Method (SETMETH := Curve). When selected, the relay 
offers 45 standard motor thermal limit curves, or you can construct a 
custom curve.

NOTE: When you set Run State Time 
Constant (RTC1 or RTC2) to Auto, the 
relay automatically configures the 
overload curves so that the hot stator 
and cold rotor limits are the same at 
locked rotor current, which is typical 
for a rotor limited motor. For a stator 
limited motor, see the discussions 
later in this section.
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Both thermal element setting methods provide outstanding motor protection. 
In each case, the relay operates a thermal model with a trip value defined by 
the relay settings and a present heat estimate that varies with time and chang-
ing motor current. The relay expresses the present motor thermal estimate as 
the % Thermal Capacity Used for stator and for rotor. When either % Thermal 
Capacity reaches 100 percent, the relay trips. You can see the present % Ther-
mal Capacity values by using the relay front-panel Meter > Thermal function 
or the serial port METER T command. See Appendix K: Motor Thermal Ele-
ment for more detail on the thermal model.

The SEL-710-5 uses setting SF as the overload pickup threshold. For IEC and 
NEMA motors with service factor 1.0, consider an SF setting of 1.05 or higher. 

If the thermal model is turned off (E49MOTOR := N), the thermal model is 
disabled, the output of the thermal model is blocked, and the relay reports the 
% Thermal Capacities as 0, as noted in Section 5: Metering and Monitoring.

When you enable overload protection, the relay requires information about the 
protected motor capabilities. Obtain the required information (except the 
acceleration factor) from the motor specifications. Full load slip (FLS) and 
locked rotor torque (LRQ) are optional. The relay automatically enhances the 
thermal model by using slip-dependent rotor resistance when FLS and LRQ 
are known (see Appendix K: Motor Thermal Element for details). 

Table 4.4 Overload (Thermal Model) Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OVERLOAD ENABLE Y, N E49MOTOR := Y

FULL LOAD SLIP OFF, 0.0010–0.1000 pu FLS := OFF

LOCKD RTR TORQUE 0.30–2.00 pu LRQ := 0.80

SLIP SOURCEa

a The setting SLIPSRC is not applicable to induction motor applications. For induction motor 
applications, the relay uses R1 by default when the setting FLS is not set to OFF. SLIPSRC can 
be set for synchronous motor applications. For more information, refer to Settings Guidelines 
under Slip-Dependent Thermal Model for Synchronous Motors.

VDR, STAT, R1 SLIPSRC := STAT

THERMAL METHODb

b The Rating and Curve Methods are available for the SETMETH setting only when the FLS 
setting is OFF.

RATING, RATING_1, 
CURVE

SETMETH := RATING_1

OL RESET LEVEL 10%–99% TCU 49RSTP := 75

SERVICE FACTOR 1.01–1.50 SF := 1.15

MOTOR LRA 2.5–12.0 xFLA LRA1 := 6.0

LOCKD RTR TIME 1 1.0–600.0 s LRTHOT1 := 10.0

ACCEL FACTOR 0.10–1.50 TD1 :=1.00

STATOR TC AUTO, 1–2000 min RTC1 := AUTO

MOTOR LRA–2nd 2.5–12.0 xFLA2 LRA2 := 6.0

LOCKD RTR TIME 2 1.0–600.0 s LRTHOT2 := 10.0

ACCEL FACT–2nd 0.10–1.50 TD2 :=1.00

STATOR TC–2nd AUTO, 1–2000 min RTC2 := AUTO

THERM OL CURVE1 1–46 CURVE1 := 5

THERM OL CURVE2 1–45 CURVE2 := 7
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For high-inertia motor applications, consider the slip-dependent thermal 
model when the FLS and LRQ data are available from the motor manufac-
turer. The speed switch element (see Table 4.28) with the virtual speed switch incor-
porated provides additional locked rotor protection that is particularly useful in high-
inertia motor applications and when the FLS/LRQ data are not readily available.

Rating Thermal Method
The SEL-710-5 runs rotor and stator models simultaneously. The rotor ther-
mal model trips in locked rotor time at locked rotor current. Set 
SETMETH := RATING if you want the rotor model to trip in hot locked rotor 
time even when the rotor is at lower than normal operating temperatures. This 
is a conservative approach suitable for most applications where motor acceler-
ation time is significantly less than hot locked rotor time. Set SETMETH := 
RATING_1 if the acceleration time is close to hot locked rotor time or if the 
number of starts allowed from cold is important. The relay automatically uses 
SETMETH := RATING_1 when the FLS setting previously described is enabled.

The stator model provides overload protection by limiting the stator heat 
energy estimate to a value represented by the overload settings.

Note that the locked rotor time setting is for a hot-rotor condition. If only one 
locked rotor time is specified for a particular motor, unless the specification 
states otherwise, assume the time is the cold locked rotor time. Multiply the 
cold locked rotor time by 0.833 to determine a hot locked rotor time that is 
acceptable for most motors.

The Relay Word bit 50S asserts when the motor current is greater than 2.5 
times FLA and deasserts when the current drops below 2.4 times FLA.

EXAMPLE 4.3 Thermal Element Setting

A 4000 V, 600 HP motor is protected by the SEL-710-5 Thermal Overload 
Element. The motor data sheet includes the following information.

Rated Horsepower = 600 HP
Rated Voltage = 4000 V
Rated Full-Load Current = 80 A
Rated Locked Rotor Amps = 480 A
Safe Stall Time at 100% Volts:

Cold = 18 seconds
Hot = 15 seconds

Service Factor = 1.2

Phase current transformers with 100:5 A rating are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below:

Current Transformer Ratio: CTR1 := 100/5 := 20 (see Group 
Settings (SET Command))
Full-Load Amps (FLA): FLA1 := 80 A primary (see Group Settings 
(SET Command))
Service Factor: SF := 1.2
Locked Rotor Amps: LRA1 := 480.0/80.0 := 6.0 xFLA
Hot Locked Rotor Time: LRTHOT1 := 15.0 seconds
Run State Time Constant: RTC1 := AUTO

The acceleration factor (TD1) setting reduces or extends the allowed 
accelerating time under locked rotor conditions. You can always safely 
set this value equal to 1.00.

If you know that the driven load always accelerates in less than the 
rated locked rotor time, you can use a TD1 setting less than 1.00 to 
provide a faster trip in locked rotor conditions. Do not, however, set 
the TD1 setting greater than 1.00, except to allow a start with a longer 
than normal accelerating time (e.g., high inertia motor application, 
emergency condition). When TD1 is set greater than 1.00, use the 

NOTE: When SETMETH := RATING, 
the relay automatically raises the 
initial heat estimate in the rotor 
model at Starting (motor current > 
2.5 per unit of FLA) to a full-load 
operating level. You may observe a 
sudden rise in % Thermal Capacity 
value when you start the motor. This 
is normal operation for the 
SEL-710-5.

NOTE: The SEL-710-5 normally uses 
settings CTR1, FLA1, LRA1, LRTHOT1, 
TD1, RTC1, and CURVE1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2, 
FLA2, LRA2, LRTHOT2, TD2, RTC2, 
and CURVE2 (see Table 4.68) instead.
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speed switch (see Table 4.28) to provide locked rotor protection. See 
Figure 4.2 for the thermal overload limits for selected settings. 
Thermal Element Trip-Time Equations on page K.9 shows the 
equations for these and additional curves as well as definitions for 
hot stator and hot rotor.

In a particular application, a motor with a 10-second hot locked rotor 
time always starts in 5 seconds.

Setting the TD1 equal to 0.75 causes the relay to trip in 7.5 seconds 
under locked rotor conditions. This setting allows ample time for the 
motor to start, but does not subject the motor to the full 10 seconds 
of locked rotor current if a locked rotor start attempt takes place.

We recommend that you set RTC1 (and RTC2 if E2SPEED = Y and 
SPEED2 control input is asserted) to the specific values supplied by 
the motor manufacturer for optimum overload protection. For this 
example, assume that the actual RTC data are not available and the 
motor is rotor limited. When set to AUTO, the relay uses the following 
rotor limited motor equation to calculate the RTC.

If the RTC data are not available for a stator limited motor, use the 
following equation to calculate the RTC.

Figure 4.2 Thermal Overload Limits (Rating Method)

NOTE: When set to AUTO, the relay 
rounds down the calculated value of 
RTC if the decimal value is less than 
5. Relay rounds up the RTC value if 
the decimal is equal to 5 or greater 
value. RTC TD 0.2+( ) LRTHOT•

60 ln LRA2 0.9 SF•( )
2

–

LRA2 SF2
–

--------------------------------------------------•

-------------------------------------------------------------------------- minutes=

RTC1 38 minutes=

COOLTIME 3> RTC1• 3 38 1+• 115 minutes= =
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(B) Service Factor = 1.15

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)
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Curve Thermal Method
The Curve method is similar to the Rating method, except in the following 
ways:

➤ You select one of the 45 available standard motor overload/ 
locked rotor curves, or set Curve := 46 to configure a custom 
curve, then, set the motor-rated Full-Load Amps and Service 
Factor. Based on the curve number, the relay automatically 
determines and hides LRA, LRTHOT, TD, and RTC settings. 

➤ The relay does not raise the initial heat estimate at starting 
(motor current > 2.5 per unit of FLA). The locked rotor trip time, 
for a motor at ambient temperature, is 120 percent of the time for 
the same motor at operating temperature (similar to the Rating_1 
method). The Relay Word bit 50S asserts when the motor current 
is greater than 2.5 times FLA and deasserts when the current 
drops below 2.4 times FLA.

Figure 4.3 shows several of the available curves. Thermal Element Trip-Time 
Equations on page K.9 shows the equations for these and additional curves. 
Be sure that the standard curve you select trips in a time less than or equal to 
the motor-rated locked rotor time at locked rotor current. Each increase in the 
curve number yields a 2.5-second increase in the curve thermal limit time at 
six times the full-load current. For a cold rotor, the curve 10 trip time at six 
times the full-load current is 25 seconds. Table 4.5 shows the thermal limit 
time versus current for several curves.

Figure 4.3 Thermal Overload Limits (Curve Method)

For a hot rotor, each increase in the curve number yields a 2.08-second 
increase in the hot rotor thermal limit time at six times the full-load current.
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1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)

1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)
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EXAMPLE 4.4 Thermal Element Curve Method Setting

A 4160 V, 800 HP motor is to be protected through use of the 
SEL-710-5 Thermal Element Curve Method. The motor data sheet 
includes the following information.

Rated Horsepower (HP) = 800 HP
Rated Voltage (V) = 4160 V
Rated Full-Load Current (A) = 101.0 A
Rated Locked Rotor Amps (A) = 620.4 A
Safe Stall Time, Hot = 30 seconds
Service Factor = 1.15

Each increase in generic curve number increases the hot rotor 
thermal limit time by 2.08 seconds at six times the full-load current. 
Therefore, we can select the maximum curve number by using the 
following equation:

Phase current transformers having 150:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are shown 
below.

Current Transformer Ratio (CTR) = 150/5 = 30
Full-Load Amps (FLA) = 101 A primary
Service Factor (SF) = 1.15
Curve Number (CURVE) = 14

See Example 4.3 for the equation to calculate the RTC; use TD=1, 
LRA=6, and LRTHOT=Curve# • 2.08.

Table 4.5 Thermal Limit Tripping Times in Seconds vs. Multiples of Full-Load Amps (Service Factor = 1.01)a

Multiples of FLA Curve 1 Curve 2 Curve 3 Curve 5 Curve 10 Curve 15 Curve 30 Curve 45 Remarks

1.10 318.3 636.5 954.8 1,591 3,183 4,774 9,548 14,321 Stator Model 
Limitsb

1.20 171.7 343.4 515.1 858.6 1,717 2,576 5,151 7,727

1.30 115.0 229.9 344.9 574.9 1,150 1,725 3,449 5,174

1.40 84.83 169.7 254.5 424.1 848.3 1,272 2,545 3,817

1.50 66.21 132.4 198.6 331.1 662.1 993.2 1,986 2,979

2.00 28.51 57.02 85.53 142.6 285.1 427.7 855.3 1,283

2.45 17.27 34.53 51.80 86.33 172.7 259.0 518.0 777.0

2.50 14.40 28.80 43.20 72.00 144 216 432 648.0 Rotor Model 
Limitsc

3.00 10.00 20.00 30.00 50.00 100 150 300 450.0

4.00 5.63 11.25 16.88 28.13 56.25 84.38 169 253.1

5.00 3.60 7.20 10.80 18.00 36.00 54.00 108 162.0

6.00 2.50 5.00 7.50 12.50 25.00 37.50 75.00 112.5

7.00 1.84 3.67 5.51 9.18 18.37 27.55 55.10 82.65

8.00 1.41 2.81 4.22 7.03 14.06 21.09 42.19 63.28

9.00 1.11 2.22 3.33 5.56 11.11 16.67 33.33 50.00

10.0 0.90 1.80 2.70 4.50 9.00 13.50 27.00 40.50

11.0 0.74 1.49 2.23 3.72 7.44 11.16 22.31 33.47

12.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13

14.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13
a (Trip time for Curve n) = (Trip time for Curve 45)*n/45 at same multiple of FLA.
b Tripping times are for the stator initially at operating temperature (hot).
c Tripping times are for the rotor initially at ambient temperature (cold).

Curve Number Locked Rotor Amps FLA⁄( )2 Safe Stall Time, Hot in seconds( )•
36 2.08•

---------------------------------------------------------------------------------------------------------------------------------------------------------------<

Curve 15.12  select curve 15 or less;<
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RTC = 81 minutes
COOLTIME = 3 • 81 + 1 = 244 minutes

When the thermal element setting method is set to CURVE1 := 46, the relay 
allows you to construct a custom motor protection curve using as few as 5 or 
as many as 28 thermal limit points. The relay requires:

➤ The Full-Load Amps and Service Factor ratings for the motor.

➤ Time to Trip settings at 2.00 and 2.50 times Full-Load Amps for 
overload protection (hot stator trip-times).

➤ Time to Trip settings at 5.50, 6.00, and 6.50 times Full-Load 
Amps for locked rotor protection (cold rotor trip-times). 

If you wish to emulate a manufacturer’s specified thermal limit curve, you 
must enter additional hot stator and cold rotor time points along the curve. If 
you do not enter a time for a point, enter AUTO. The relay automatically uses 
a calculated thermal limit time between the entered time points.

You can use this method if the motor thermal limit curve includes a disconti-
nuity between the stator limit curve and the locked rotor limit curve, as shown 
in Figure 4.4. See Table 4.6 for the available settings to construct a custom 
curve.

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Trip Time @ 1.05 FL 1.0–6000.0 s, Auto TTT105 := AUTO

Trip Time @ 1.10 FL 1.0–6000.0 s, Auto TTT110 := AUTO

Trip Time @ 1.20 FL 1.0–6000.0 s, Auto TTT120 := AUTO

Trip Time @ 1.30 FL 1.0–6000.0 s, Auto TTT130 := AUTO

Trip Time @ 1.40 FL 1.0–6000.0 s, Auto TTT140 := AUTO

Trip Time @ 1.50 FL 1.0–6000.0 s, Auto TTT150 := AUTO

Trip Time @ 1.75 FL 1.0–6000.0 s, Auto TTT175 := 625.0

Trip Time @ 2.00 FL 1.0–6000.0 s TTT200 := 400.0

Trip Time @ 2.25 FL 1.0–6000.0 s, Auto TTT225 := AUTO

Trip Time @ 2.50 FL 1.0–6000.0 s TTT250 := 225.0

Trip Time @ 2.75 FL 1.0–6000.0 s, Auto TTT275 := AUTO

Trip Time @ 3.00 FL 1.0–6000.0 s, Auto TTT300 := AUTO

Trip Time @ 3.50 FL 1.0–6000.0 s, Auto TTT350 := AUTO

Trip Time @ 4.00 FL 1.0–6000.0 s, Auto TTT400 := 72.0

Trip Time @ 4.50 FL 1.0–6000.0 s, Auto TTT450 := 58.0

Trip Time @ 5.00 FL 1.0–600.0 s, Auto TTT500 := 30.0

Trip Time @ 5.50 FL 1.0–600.0 s TTT550 := 25.0

Trip Time @ 6.00 FL 1.0–600.0 s TTT600 := 18.1

Trip Time @ 6.50 FL 1.0–600.0 s TTT650 := 15.2

Trip Time @ 7.00 FL 1.0–600.0 s, Auto TTT700 := 13.2

Trip Time @ 7.50 FL 1.0–600.0 s, Auto TTT750 := AUTO

NOTE: Refer to AG2018-23: 
Testing Curve 46 in SEL Motor 
Protection Relays for more details 
on testing user-defined thermal 
curve 46 in SEL motor protection 
relays.

NOTE: Trip times for FL values as 
high as 2.5 FL are Hot Stator trip 
times. Trip times for FL values greater 
than 2.5 FL are Cold Rotor trip times.
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EXAMPLE 4.5 Thermal Element Curve Method, Curve := 46

A 4000 V, 3000 HP motor is to be protected using the SEL-710-5 
Relay Thermal Element Curve Method. The motor data sheet includes 
the following information:

Rated Horsepower (HP) = 3000 HP
Rated Voltage (V) = 4000 V
Rated Full-Load Current (A) = 366 A
Rated Locked Rotor Amps (A) = 2380 A
Safe Stall Time at 100% Volts

Cold = 16 seconds
Hot = 12 seconds

Service Factor = 1.25

The motor data sheet also includes the Thermal Limit Curve shown in 
Figure 4.4.

Figure 4.4 3000 HP Example Motor Thermal Limit Curve

Trip Time @ 8.00 FL 1.0–600.0 s, Auto TTT800 := AUTO

Trip Time @ 8.50 FL 1.0–600.0 s, Auto TTT850 := AUTO

Trip Time @ 9.00 FL 1.0–600.0 s, Auto TTT900 := AUTO

Trip Time @ 9.50 FL 1.0–600.0 s, Auto TTT950 := AUTO

Trip Time @10.0 FL 1.0–600.0 s, Auto TTT1000 := AUTO

Trip Time @ 11.0 FL 1.0–600.0 s, Auto TTT1100 := AUTO

Trip Time @ 12.0 FL 1.0–600.0 s, Auto TTT1200 := AUTO

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Acceleration

Overload

Locked Rotor

1 2 3 4 5 6 7 8 9 10 20

Multiples of Full-Load Amps

Ti
m

e 
In

 S
ec

on
ds
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The discontinuities in the thermal limit curve between the Overload, 
Acceleration, and Locked Rotor curve sections make this motor 
become ideal for protection by using a purpose-built thermal limit 
curve. The Curve setting method provides the facility to protect this 
motor.

By examining the curve, we can find the thermal limit times at various 
multiples of Full-Load Current, as listed in Table 4.7. These times map 
directly to the relay settings shown.

Phase current transformers having 500:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below.

Current Transformer Ratio (CTR) = 500/5 = 100
Full-Load Amps (FLA) = 366 A primary
Service Factor (SF) = 1.25
Time to Trip at 1.30 x FLA (TTT130) = AUTO
Time to Trip at 1.40 x FLA (TTT140) = AUTO
Time to Trip at 1.50 x FLA (TTT150) = AUTO
Time to Trip at 1.75 x FLA (TTT175) = 625.0 seconds
Time to Trip at 2.00 x FLA (TTT200) = 400.0 seconds
Time to Trip at 2.25 x FLA (TTT225) = AUTO
Time to Trip at 2.50 x FLA (TTT250) = 225.0 seconds
Time to Trip at 2.75 x FLA (TTT275) = AUTO
Time to Trip at 3.00 x FLA (TTT300) = AUTO
Time to Trip at 3.50 x FLA (TTT350) = AUTO
Time to Trip at 4.00 x FLA (TTT400) = 72.0 seconds
Time to Trip at 4.50 x FLA (TTT450) = 58.0 seconds
Time to Trip at 5.00 x FLA (TTT500) = 30.0 seconds
Time to Trip at 5.50 x FLA (TTT550) = 25.0 seconds
Time to Trip at 6.00 x FLA (TTT600) = 18.1 seconds
Time to Trip at 6.50 x FLA (TTT650) = 15.2 seconds
Time to Trip at 7.00 x FLA (TTT700) = 13.2 seconds
Time to Trip at 7.50 x FLA (TTT750) = AUTO
Time to Trip at 8.00 x FLA (TTT800) = AUTO
Time to Trip at 8.50 x FLA (TTT850) = AUTO
Time to Trip at 9.00 x FLA (TTT900) = AUTO
Time to Trip at 9.50 x FLA (TTT950) = AUTO
Time to Trip at 10.0 x FLA (TTT1000) = AUTO
Time to Trip at 11.0 x FLA (TTT1100) = AUTO
Time to Trip at 12.0 x FLA (TTT1200) = AUTO

Table 4.7 3000 HP Motor Thermal Limit Times

Multiples of Full-Load Current Thermal Limit Time (Seconds)

1.75 625

2.00 400

2.50 225

4.00 72

4.50 58

5.00 30

5.50 25

6.00 18.1

6.50 15.2

7.00 13.2
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The relay neither requests settings for thermal limit times less than the service 
factor nor does it require that all settings have a time entered. You can enter 
AUTO for some points and the relay automatically builds the thermal limit 
curve between the nearest two specified points. For instance, a relay thermal 
limit characteristic between 2.5 and 4.0 times Full-load Amps forms a contin-
uous curve between 225 seconds and 72 seconds.

When SETMETH := CURVE and CURVE := 46, then the relay uses the fol-
lowing equation to calculate TD and RTC1 values:

Equation 4.1

Continue calculating the balance of thermal element settings with the overload 
settings in Table 4.8.

Additional Thermal Overload Settings

When the motor thermal capacity used exceeds the overload warning level 
setting (TCAPU), the relay issues a warning and asserts Relay Word bit 49A. 
The early warning allows you to correct the load problem before a thermal trip 
occurs. Note that the warning and Relay Word bit 49A deassert when the ther-
mal capacity used goes below 90% of the pickup level.

Set TCAPU using the following criterion to avoid nuisance overload warnings 
when running the motor at full load.

Equation 4.2

The motor tripping and starting functions include supervision to help prevent a 
thermal trip on a normal start. The relay prevents motor starting until the 
thermal element has enough available rotor thermal capacity to allow a motor 
start without tripping. Set the start inhibit level TCSTART greater than the 

TD TTT600
Ta

---------------------  where Ta TTT550 TTT600 TTT650+ +( )
3

--------------------------------------------------------------------------------==

and

RTC1 LRTHOT1 TD 0.2+( )•

60 ln 36 0.9 SF•( )2
–

36 SF( )2
–

---------------------------------------
 
 
 

•

--------------------------------------------------------------  minutes=

Table 4.8 Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias)

Setting Prompt Setting Range Setting Name := Factory Default

OL WARN LEVEL OFF, 50–99 %TCU TCAPU := 85

START INH. LEVEL OFF, 1–99 %TCU TCSTART := OFF

LEARN TCSTART? Y, N TCLRNEN := Y

STOP COOL TIME 1–6000 min COOLTIME := 84

STOP COAST TIME 1–3600 sec COASTIME := 5

LEARN COOLTIME? Y, N COOLEN := N

OL RTD BIASING Y, N ETHMBIAS := N

NOTE: The Overload Alarm function 
(Relay Word bit 49A) has a built-in 
hysteresis of 10% of the pickup level 
(setting TCAPU). The hysteresis 
prevents the alarm from chattering. 
The alarm drops out when the TCU 
drops below 90% of the pickup level.

TCAPU 100
SF2
--------->
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rotor thermal capacity required to start (Start TCU) the motor. Refer to 
Figure 4.75, which shows the TCSTART usage for the thermal lockout logic. 
This feature can be disabled by setting TCSTART equal to OFF.

Equation 4.3

NOTE: A 5%—10% margin is 
suggested for Equation 4.2, 
Equation 4.3, and Equation 4.4.

The function of setting 49RSTP is similar to that of TCSTART, except that 
49RSTP determines the stator thermal capacity above which the relay does 
not allow reset.

Equation 4.4

When you use the Use Learned Starting Thermal Capacity function 
(TCLRNEN := Y and TCSTART≠ Off), the relay records the rotor thermal 
capacity used during the past five starts and uses it in the thermal model in 
place of the TCSTART setting. The learned TCSTART is 115 percent of the 
largest of the last five starting thermal capacities. The relay records the ther-
mal capacity and uses it in the thermal model in place of the TCSTART set-
ting. The relay requires that the rotor thermal model cool enough to permit 
that start. 

EXAMPLE 4.6 Learned Starting Thermal Capacity Calculation

Over the past five starts, a motor has used 24%, 27%, 22%, 25%, and 
26% of thermal capacity. The largest thermal capacity to start is 
27%. The relay requires that the present TCURTR drop below 69% 
(100%–31%) before a new start is allowed. 

You can view the present learned thermal capacity to start (Start TC) using the 
serial port MOTOR command or the front-panel Monitor\Display Mot 
Data\Learn Parameters (see Figure 8.7).

The relay uses the COOLTIME setting to determine the thermal model time 
constant when the motor is stopped. A stopped motor can take longer to cool 
than a running motor because of reduced airflow or loss of forced coolant. 
Based on the setting names, the stopped cooling time equation is shown in 
Equation 4.5. The relay prompts you with the minimum allowable COOL-
TIME when you attempt to save a value shorter than the minimum. This is 
useful when RTC is set to AUTO.

Equation 4.5

The factory-default settings assume that the motor stopped cooling time is the 
same as the motor running cooling time.

Motor manufacturers sometimes provide cooling parameters for a stopped 
motor in the form of either a cooling time constant or a cooling time. If a time 
constant is provided, multiply this value by three to calculate the motor 
stopped cooling time setting (COOLTIME). If a time is provided, use this 
time directly for COOLTIME. 

TCSTART Start TCU( )>

where:
RTC = RTC1 or RTC2 (whichever is higher)

49RSTP 100
SF2
---------<

NOTE: Reset the learned 
parameters prior to putting the relay 
in service (e.g., use the RLP 
Command) to erase any unintentional 
data learned during testing.

COOLTIME 3 RTC•  minutes>
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Set COASTIME to 90%–95% of the time the motor coasts before the rotor 
stops on a normal stop. The relay automatically delays the use of the slower 
cooling rate (based on COOLTIME) by this setting, which can significantly 
reduce the wait time before the next start may be allowed by thermal lock out. 
Figure 4.5 shows the coast-stop logic diagram. If the normal motor coast time 
is not available or if it is not necessary to minimize the wait time before the 
next start, you can safely leave the COASTIME setting at the default value of 
5 seconds.

Figure 4.5 Coast-Stop Logic Diagram

When the relay monitors one or more RTDs in the motor windings and an 
ambient temperature RTD, the relay learns the stator cooling time by 
monitoring the winding temperature when the motor is stopped. If you set 
Use Learned Cooling Time (COOLEN) equal to Y, the relay learns the 
cooling time over five stops and uses it in the thermal model in place of the 
Motor Stopped Cooling Time setting. However, when no ambient RTD is 
selected in the settings or if the ambient RTD/winding RTD has failed open or 
short, and COOLEN is set to Y, the relay does not learn the stator cooling time 
over five stops and continues to use the COOLTIME setting. Figure 4.6 shows 
the MOT command response for this case.

NOTE: Normal motor starts are 
inhibited until the COASTOP Relay 
Word bit asserts; however, the 
emergency start is not. See Start 
Inhibit Function on page 4.41.

SET

CLR

COASTOP

Relay
Word
BitsPOWERUP*

49T_RTR
SPDSTR

JAMTRIP

0

0.5 s
Latch 1

S

R

Q

Timer 1

Q

0

COASTIME

STOPPED

STOPPED
Timer 2

OR1

AND1

AND2

NOT2

NOT3

SPEEDSW

AND4

AND3

NO

NOT1

T1
SPEEDSW

Relay
Word
Bits

OR2

* POWERUP is an internal bit; it asserts for 1/4 cycle every time the relay turns on.
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The Learned Cooling Time function can revise the Cool Time only if the 
learned value is greater than the COOLTIME setting.

When you apply the user-defined curve Thermal Element Setting Method 
Curve1 := 46, the rotor and stator cooling time constants for the motor can 
differ significantly. Therefore, in this case, disable Use Learned Cooling Time 
(COOLEN = N) unless the motor manufacturer recommends a cooling time or 
time constant.

You can bias the thermal model by ambient temperature when ETHMBIAS is 
set equal to Y. Use the ambient temperature above 40°C and the winding RTD 
trip temperature setting to calculate the overload RTD bias.

When the ambient RTD temperature is greater than 40°C, and the minimum 
stator winding trip threshold is greater than 40°C, then the stator RTD trip 
temperatures are lowered (if ERTDBIAS := Y) as follows:

Calculate the RTD thermal capacity used (TCRTD) from the stator winding 
RTD closest to its corresponding trip threshold and the ambient temperature 
RTD. If ETHMBIAS := Y, then compare this value against the thermal model 
thermal capacity for the RTD bias alarm.

=>>MOT <Enter>

SEL-710-5                                Date: 03/22/2017   Time: 11:02:25.671
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    06/28/2016
Last Reset Time      14:44:47
Running Time          0:01:01
Stopped Time       >  245:10:13
Time Running (%)          0.0
Total MWhr (MWhr)         0.0
Number of Starts          443
Emergency Starts           18

Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       1.2    116.0
Max Start I (A)     97.7   1344.0
Min Start V (V)    527.9      0.0
Start %TCU          23.2   1322.2
Running %TCU         6.4    689.8
RTD %TCU            61.4    100.0
Running Cur (A)    117.7    591.8
Running kW         126.8   3862.0
Running kVARin     252.1   2299.1
Running kVARout     39.7   2306.0
Running kVA        368.1   4048.6
Max WDG RTD (C)      104      249
Max BRG RTD (C)  NA       NA
Ambient RTD (C)      219      220
Max OTH RTD (C)  NA       NA

Learn Parameters
CoolTime (s)  Insufficient Data
Start TC (%)  Insufficient Data

=>>

Figure 4.6 MOTOR Command Response

KRTD = TAMB – 40 Limit: 0 < KRTD < 45

TVRTDn = TRTMPn – KRTD Limit: TVRTDn > MIN (85, TRTMPn)

where
TAMB = measured ambient temperature

TVRTDn = biased stator winding temperature trip threshold for the 
nth winding RTD

TRTMPn = the nth winding trip threshold setting

NOTE: In addition to setting 
ETHMBIAS := Y, you must set one 
RTD location equal to ambient, at 
least one RTD location equal to 
winding, and set the winding trip level 
(see Table 4.30 for details).
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Calculate the ambient bias factor KTH using the following equations. Use the 
factor KTH in the thermal model to calculate start and run state trip values.

Slip-Dependent Thermal Model for Synchronous Motors
Slip-dependent thermal models enable longer motor start times, which are 
often needed on high inertia applications. The SEL-710-5 slip-dependent ther-
mal model uses the locked rotor torque (LRQ) in per unit of the full load 
torque of the motor, the locked rotor current (LRA) in per unit of FLA, and the 
full load slip of the motor (FLS). These numbers are readily available for most 
induction motors. 

For synchronous motors, however, these numbers are generally unavailable. 
To compute the LRQ setting, both the locked rotor torque and the full load 
torque of the machine operating as an induction motor must be available; but, 
the full load torque of synchronous motors operating as induction machines is 
seldom available. 

Similarly, to compute the LRA setting, the locked rotor current, and the full 
load current of the machine operating as induction in primary amps must be 
available; but again, the full load current of synchronous motors operating as 
induction machines is unavailable. Finally, the full load slip of synchronous 
motors operating as induction machines is unavailable to set the FLS setting.

In this section, we detail a procedure to set the SEL-710-5 thermal model to 
adequately protect synchronous motors connected to high inertia loads.

Rotor Thermal Model
The slip-independent rotor thermal model integrates the motor starting current 
over time to estimate the rotor temperature. On each processing interval the 
relay computes the rotor TCU using

where
TRTDn = the winding RTD temperature that is closest to its trip 

temperature
TVRTDn = the corresponding biased stator winding trip 

temperature
TAMB = measured ambient temperature

where
0 = <= KTH <=1

min{TRTMPn} = the stator RTD trip threshold temperature 
corresponding to the winding temperature TRTDn

TCRTD 1
TVRTDn TRTDn–

TVRTDn TAMB–
-------------------------------------------–=

KTH 1{ }   TAMB 40°C or min TRTMPn{ } 60°C≤ ≤=

KTH 1  
KRTD

min TRTMPn{ }
-----------------------------------------–

 
 
 

=    TAMB 40°C and min TRTMPn{ } 60°C> >

TCU k[ ] 100
tΣ0

kI2 k[ ]Δ

LRA2 LRT•
---------------------------------•=
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Note that if the current remains at the locked rotor value (LRA) for the locked 
rotor time (LRT) the TCU reaches 100% as defined by the locked rotor time 
and current.

Multiplying and dividing the TCU equation by the rotor resistance, we obtain:

where (LRA2 • LRT • Rr) is the energy that the rotor absorbs before reaching a 
damaging temperature. The numerator is the amount of energy added to the 
rotor by time k. The slip-dependent thermal model recognizes that the rotor 
resistance is a function of the slip. To include the rotor resistance dependence 
on the slip, we rewrite the TCU equation as follows:

where the rotor resistance as a function of the slip Rr(S) is given by:
Rr(S) = R1S + R0(1–S) with . Using Rr 
into the latest TCU expression:

The ratio of R1S[k] + R0(1–S[k]) to R1is between 1, when the slip is one and 
0 < R0/R1 < 1 when the slip is zero, making the TCU increments smaller than 
in the slip-independent thermal model. The smaller TCU increments lead to 
longer start times. Figure 4.7 shows a comparison of the slip-independent 
thermal model to the slip-dependent thermal model where R0/R1 = 2/3. Note 
that as the slip approaches zero the slope of the slip-dependent TCU goes 
down allowing for two additional seconds of start time.

Figure 4.7 Slip-Dependent and Slip-Independent Thermal Models

TCU k[ ] 100
tΣ0
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LRA2 LRT Rr••
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For induction motors, the R0/R1 ratio is generally between 1/3 and 1/6. For 
synchronous motors, the ratio is generally between 1/3 and 1/6. The following 
guidelines lead to R0/R1 = 1/3.

Settings Guidelines
These settings guidelines pertain specifically to synchronous motors that are 
connected to high-inertia loads, which require start times longer than the 
locked rotor time. To enable the slip-dependent thermal model, set FLS and 
LRQ to:

 

where LRA is the locked rotor current in per unit FLA. Internally, the relay 
sets R0 = FLS and R1 = LRQ/LRA2.

The SLIPSRC setting specifies the source for the motor slip used in the 
thermal model. Three options are available: STAT, VDR, and R1. Select the 
SLIPSRC setting based on the following guidelines.

STAT: The relay computes the motor slip based on the stator 
measurements as described in U.S. Patent Application Publication 
No. 2015/0088444, "Monitoring Synchronization of a Motor Using Stator 
Current Measurements." Use this method for brushless synchronous 
motors or when the field measurements are unavailable to the relay.

VDR: The relay computes the motor slip based on the field voltage 
measurement (VDR). Use this method when field voltage measurements 
are available. When the VDR option is selected, make sure that 
STSEQEN asserts with the STARTING Relay Word bit.

R1: The relay computes the motor slip based on the positive-sequence 
resistance measured during motor start up. This method is not 
recommended for synchronous motors. If this method is necessary for 
your application, contact SEL.

For an extensive comparison of STAT VDR and R1 methods, refer to 
“Synchronous rotor thermal model based on stator current modulation,” The 
Journal of Engineering, vol. 2018, no. 15, pp. 866–870, Oct. 2018. 

Overcurrent Elements
If the SEL-710-5 is connected to a motor protected by a fused contactor, 
disable the phase overcurrent element by setting its trip level to OFF. If the 
relay is connected to a device capable of interrupting fault current, use the 
element to detect and trip for phase overcurrent faults. Set the phase overcur-
rent trip level (50P1P) equal to 2.0 times the motor locked rotor current with a 
0.0 second time delay. Set the phase overcurrent warn level (50P2P) to the 
value you want with an appropriate time delay.

FLS 1
3 LRA2

• 
------------------------:= 

LRQ 1.0:= 

Table 4.9 Phase Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

PH OC TRIP LVL OFF, 0.10–20.00 xFLA  50P1P := 10.00

PH OC TRIP DLAY OFF, 0.00–5.00 s  50P1D := 0.00

PH OC WARN LVL OFF, 0.10–20.00 xFLA  50P2P := OFF

PH OC WARN DLAY OFF, 0.00–5.00 s  50P2D := 0.50
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The phase overcurrent elements (50P1 and 50P2; see Figure 4.8) normally 
operate using the output of the cosine filter. However, when the harmonic dis-
tortion index exceeds a fixed threshold, which indicates severe CT saturation, 
the phase overcurrent elements operate on the output of the peak detector. 

The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two methods provides an elegant 
solution for ensuring dependable short circuit overcurrent element operation.

The relay offers two types of ground fault detecting overcurrent elements. The 
neutral overcurrent elements (50N1T and 50N2T) operate with current mea-
sured by the IN input. The residual (RES) overcurrent elements (50G1T and 
50G2T) operate with the current derived from the phase currents (see 
Figure 4.8).

Table 4.10 Neutral Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NEUT OC TRIP LVL OFF, 0.01–650.00 A pri 50N1P := OFF

NEU OC TRIP DLAY OFF, 0.00–5.00 s 50N1D := 0.50

NEUT OC WARN LVL OFF, 0.01–650.00 A pri 50N2P := OFF

NEU OC WARN DLAY OFF, 0.0–120.0 s 50N2D := 10.0

NOTE: The phase overcurrent 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK50P := Y (see Table 4.64 for 
details).

NOTE: Neutral OC trip level settings 
are in primary amperes.

NOTE: The 50N1P and 50N2P 
settings ranges are dependent on the 
neutral CT ratio CTRN. Refer to 
Table 6.6 for the settings 
interdependency.

NOTE: The neutral and residual 
overcurrent elements are disabled by 
the Relay Word bit BLKPROT if the 
setting BLK50EF := Y (see Table 4.64 
for details).

NOTE: For the 2.5 mA models, the 
50NxP element includes a security 
timer of 100 ms.
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Figure 4.8 Overcurrent Element Logic

When a core-balance CT is connected to the relay IN input, as in Figure 2.24, 
use the neutral overcurrent element to detect motor ground faults. Calculate 
the trip and warn level settings based on the available ground fault current and 
the core-balance CT ratio.

EXAMPLE 4.7 Ground Fault Core-Balance CT Application

A resistance-grounded transformer limits the current for motor or 
cable ground faults. The resistor is sized to limit the current to 10 A 
primary. The three motor leads are passed through the window of a 
10:1 core-balance CT. The CT secondary is connected to the SEL-710-5 
IN current input (terminals Z07, Z08), as shown in Figure 4.9. Setting 
the Neutral OC CT Ratio (CTRN—see Group Settings (SET Command) 
on page 4.4) equal to 10 and Neutral Trip Lvl (50N1P) equal to 5 A 
with a 0.10-second time delay ensures that the element quickly 
detects and trips for motor ground faults, but prevents misoperation 
resulting from unequal breaker or contactor pole closing times.

50P1P

|IP|

IA

IB

IC

IN

PHROT

IG Current
Magnitude

Calculations

|IP|

|IN|

|IG|

50P1T

50P2P
50P2T

50N1P

|IN|

50N1T

50N2P
50N2T

50G1P

|IG|

50G1T

50G2P
50G2T

Settings

(Maximum Phase Current Magnitude)

(Core-Balance Current Magnitude)

(Residual Current Magnitude)

50P1D

0

50P2D

0

50N1D

0

50G2D

0

50G1D

0

50N2D

0

Negative-Sequence 
Current Calculation

(Negative-Sequence Current Magnitude) |3I2|

Relay 
Word
 Bits 

50Q1P

|3I2|

50Q1T

50Q2P
50Q2T

50Q2D

0

50Q1D

0

50P1P

50P2P

50N1P

50N2P

50G1P

50G2P

50Q1P

50Q2P

|IIAI|

|IIBI|

(A-Phase Current Magnitude)

(B-Phase Current Magnitude)

(C-Phase Current Magnitude) |IICI|
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Figure 4.9 Ground Fault Protection Using Core-Balance CT

When a core-balance CT is not available, use the 50G residual overcurrent 
elements. Set the residual overcurrent trip level (50G1P) between one-half and 
one-fifth of the full-load phase current, and set the residual overcurrent trip 
delay (50G1D) equal to 0.2 seconds. Set the warn level more sensitively, but 
with a longer time delay. The long time delay allows the sensitive warn ele-
ment to ride through the false residual current that can be caused by phase CT 
saturation during motor starting.

The relay offers a negative-sequence overcurrent element to be used in addi-
tion to or instead of the 46 Current Unbalance element to detect phase-to-
phase faults, phase reversal, single phasing, and heavy motor unbalance.

Incipient Cable Fault
The incipient cable fault element is used to detect self-clearing half- to one-
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled.

Table 4.11 Residual Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

RES OC TRIP LVL OFF, 0.10–20.00 xFLA  50G1P := OFF

RES OC TRIP DLAY OFF, 0.00–5.00 s  50G1D := 0.50

RES OC WARN LVL OFF, 0.10–20.00 xFLA  50G2P := OFF

RES OC WARN DLAY OFF, 0.0–120.0 s  50G2D := 10.0

Table 4.12 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NSEQ OC TRIP LVL OFF, 0.10–20.00 xFLA 50Q1P := 3.00

NSEQ OC TRIP DLY OFF, 0.1–120.0 s 50Q1D := 0.1

NSEQ OC WARN LVL OFF, 0.10–20.00 xFLA 50Q2P := 0.30

NSEQ OC WARN DLY OFF, 0.1–120.0 s 50Q2D := 0.2

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Motor

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to motor ground faults is 
less when the residual overcurrent 
element is used instead of the CB 
element. A separate ground fault 
detection method should be used if a 
CB CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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The logic, as detailed in Figure 4.11, detects when two consecutive raw sam-
ples of phase current are higher than the user-defined threshold and asserts the 
respective phase 50INCx (x = A, B, or C) Relay Word bit. If the overcurrent 
clears within three half cycles, then an event is recorded in a history report and 
the counter is incremented. The phase of the cable, total number of events on 
each phase, and the timestamps of the most recent 32 events are kept in the 
report (see Figure 4.10), which is displayed by using the HIS 50INC com-
mand (see Table 7.31). 

To reset the counter and the event report, issue the HIS 50INC C command.

Figure 4.11 Incipient Cable Fault Logic

The logic provides a threshold for alarm via 50IALC and a threshold for trip-
ping 50ITRC, depending on the number of detected events. These have corre-
sponding Relay Word bits, 50IALCx and 50ITRCx, for each phase when the 
count on that phase is higher than the respective threshold.

=>>HIS 50IN <Enter>

SEL-710-5                                Date: 08/29/2019   Time: 11:09:24.098
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X269-V0-Z004003-D20190828

#     DATE        TIME        CNTA   CNTB   CNTC   INCF PHASE
1     08/29/2019 11:09:15.497  1      0      0       A      
2     08/29/2019 11:09:15.747  2      0      0       A      
3     08/29/2019 11:09:15.998  3      0      0       A      
4     08/29/2019 11:09:16.248  4      0      0       A      
5     08/29/2019 11:09:16.498  5      0      0       A      

LAST RESET =  08/29/2019 11:09:09.024

=>>

Figure 4.10 HIS 50INC Report Response

50IALCA

50ITRCA

50IALC

50ITRC

Reset

Counter
8

Samples

2

16
Samples

46
Samples 50INCTA

50INCA

16

1
Samples

E50INC

|IA RAW|

Settings

Relay
Word
Bit

Relay
Word
Bits

Relay
Word
Bit

Settings

Table 4.13 Incipient Cable Fault Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

50INC PU LVL OFF, 5–50.00 Aa

1–10.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

E50INC := 15

E50INC := 3

50INC WARN COUNT 1–100 50IALC := 1

50INC TRIP COUNT 1–100 50ITRC := 10
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Time-Overcurrent Elements
One level of inverse-time element is available for A-, B-, and C-phase, and 
negative-sequence overcurrent. Also, two levels of inverse-time elements are 
available for maximum phase and residual overcurrent. See Table 4.14 
through Table 4.17 for available settings.

NOTE: Time-overcurrent elements 
trip level settings are in secondary 
amperes.

You can select from five U.S. and five IEC inverse characteristics. Table 4.18 
and Table 4.19 show equations for the curves and Figure 4.16 through 
Figure 4.25 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use 51_CT if you want to 
raise the curves by a constant time. Also, you can use 51_MR if you want to 
ensure the curve times no faster than a minimum response time.

Each element can be torque controlled using appropriate SELOGIC control 
equations (e.g., when 51P1TC := IN401, the 51P1 element is operational only 
if IN401 is asserted).

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51AP := OFF
51AP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 s 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51BP := OFF
51BP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 s 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51CP := OFF
51CP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c,
0.05–1.00d

51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 s 51CCT := 0.00
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.12.

Figure 4.12 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P1P := OFF

51P1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c,

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 s 51P1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P2P := OFF

51P2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

51ATC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.4)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.

SELOGIC
Setting

Setting
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.13.

Figure 4.13 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 s 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.16 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

a For INOM = 5 A.
b For INOM = 1 A.

51QP := OFF
51QP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 s 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P
|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC
Torque Control

51P1P Pickup

51P1R Reset

51P1T Curve
 Timeout

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

Y Electromechanical
N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings
  51P1P Pickup
  51P1C Curve Type
  51P1TD Time Dial
  51P1RS Electromechanical
    Reset? (Y/N)
  51P1CT Const. Time Add.
  51P1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown Figure 4.14.

Figure 4.14 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G1P := OFF

51G1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 s 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G2P := OFF

51G2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 s 51G2CT := 0.00

51QTC

SELOGIC
Torque Control

SELOGIC
Setting

(From Figure 4.4)

51QP

|3I2|

Setting

Torque Control Switch

Pickup

Curve
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to resid-
ual current IG as shown Figure 4.15.

Figure 4.15 Residual Time-Overcurrent Elements 51G1T and 51G2T

Relay Word Bit ORED51T
Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 
51BT, 51CT, 51PIT, 51P2T, 51G1T, 51G2T, or 51QT are asserted.

Time-Overcurrent Curves
The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.12 through 
Figure 4.15). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.20 through Figure 4.25. Curves U1, U2, and U3 (Figure 4.16 through 
Figure 4.19) conform to IEEE C37.112-1996, Standard Inverse-Time Charac-
teristic Equations for Overcurrent Relays.

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

710-5_IM_0175_ResidentialTimeOvercurrent_a.eps

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch
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Table 4.18 Equations Associated With U.S. Curves 

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.16

U2 (Inverse) Figure 4.17

U3 (Very Inverse) Figure 4.18

U4 (Extremely Inverse) Figure 4.19

U5 (Short-Time Inverse) Figure 4.20

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

Table 4.19 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.21

C2 (Very Inverse) Figure 4.22

C3 (Extremely Inverse) Figure 4.23

C4 (Long-Time Inverse) Figure 4.24

C5 (Short-Time Inverse) Figure 4.25

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M2
–

---------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.16 U.S. Moderately Inverse Curve: U1 Figure 4.17 U.S. Inverse Curve: U2

Figure 4.18 U.S. Very Inverse Curve: U3 Figure 4.19 U.S. Extremely Inverse Curve: U4
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Figure 4.20 U.S. Short-Time Inverse Curve: U5 Figure 4.21 IEC Class A Curve (Standard Inverse): C1

Figure 4.22 IEC Class B Curve (Very Inverse): C2 Figure 4.23 IEC Class C Curve (Extremely Inverse): C3
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Differential Elements
The SEL-710-5 optionally provides two definite-time delayed differential 
overcurrent elements. See Figure 4.26 for the element logic diagrams. Use the 
relay with either core-balance differential CTs (see Figure 2.25) or with sepa-
rate CTs on the source and neutral sides of the motor (see Figure 2.26).

A dedicated CT ratio setting (CTR87M) is provided for the differential ele-
ments. This is particularly useful when core-balance differential CTs are used 
because CBCT reads zero if balanced; therefore, you can detect small currents 
with high CT ratios.

Figure 4.24 IEC Long-Time Inverse Curve: C4 Figure 4.25 IEC Short-Time Inverse Curve: C5
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Table 4.20 Motor Differential Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DIFF ENABLE Y, N E87M := N

DIFF CT RATIO 1–5000 CTR87M := 100

DIFF 1 TRIP LVL OFF, 0.05–8.00 A sec 87M1P := OFF

DIFF 1 TRIP DLY 0.00–60.00 s 87M1TD := 0.10

DIFF 1 TRQ CON SELOGIC 87M1TC := 50S

DIFF 2 TRIP LVL OFF, 0.05–8.00 A sec 87M2P := OFF

DIFF 2 TRIP DLY 0.00–60.00 s 87M2TD := 0.10

DIFF 2 TRQ CON SELOGIC 87M2TC := NOT 50S

NOTE: If the SEL-710-5 is connected 
to a motor protected by a fused 
contactor, disable the differential 
elements by setting the trip level to 
OFF. If the relay is connected to a 
device capable of interrupting fault 
current, use the element to detect and 
trip for differential faults.
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Each differential element can be set independently with operate level 
(pickup), delay, and torque control equations to provide flexibility. For 
example, the factory-default torque control equations allow you to set higher 
level 1 pickup during motor starting for better security and lower level 2 
pickup during the rest of the times for more sensitive protection. Note that 
false differential current is more likely during motor starting because of large 
inrush currents.

Figure 4.26 Differential Element Logic

Load-Jam Elements
Load-jam protection is available only when the relay detects that the motor is 
in the RUNNING state. During a load-jam condition, the motor stalls and the 
phase current rises to near the locked rotor value. When load-jam tripping is 
enabled and the phase current exceeds the jam trip level setting (LJTPU) for 
longer than the time delay setting (LJTDLY), the relay trips (see Figure 4.27). 
Set the jam trip level greater than the expected normal load current but less 
than the rated locked rotor current. This setting is entered in per unit of the 
Full-Load Amps (FLA) setting.

I87max

87M1TC

I87max

87M2TC

Relay
Word
Bits

87M1

87M1T

87M2

87M2T

87M1TD

87M2TD

0

Torque Control Switch

Torque Control Switch

87M1P

87M2P

I87max = max (|IA87|, |IB87|, |IC87|)
If 87MxTC = 1, the associated torque control switch is closed

Settings Inputs_________ _______

0

Table 4.21 Load-Jam Settings 

Setting Prompt Setting Range Setting Name := Factory Default

JAM TRIP LEVEL OFF, 1.00–6.00 xFLA  LJTPU := OFF

JAM TRIP DELAY 0.0–120.0 s  LJTDLY := 0.5

JAM WARN LEVEL OFF, 1.00–6.00 xFLA  LJAPU := OFF

JAM WARN DELAY 0.0–120.0 s  LJADLY := 5.0

NOTE: The load-jam elements are 
disabled by the Relay Word bit 
BLKPROT if the setting BLK48 := Y 
(see Table 4.64 for details).
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Figure 4.27 Load-Jam Element Logic

Undercurrent (Load Loss) Elements
The relay arms the load-loss detection logic a settable time after the motor 
starts, as defined by the undercurrent start delay time setting (LLSDLY) and 
shown in Figure 4.28. Set this delay to allow pumps or compressors to reach 
normal load. Once armed, this function issues a warning or trip if phase cur-
rent drops below warn or trip level for the specified time delay. You can block 
these elements using SELOGIC (see Table 4.64).

Set the undercurrent trip and warn levels greater than the expected motor 
no-load current, but less than the minimum current expected when the motor 
is operating normally. These settings are entered in per unit of the Full-Load 
Amps (FLA) setting.

If you expect the motor to normally operate at no load, disable the trip and 
warn elements by setting LLTPU and LLAPU equal to OFF. The relay auto-
matically hides the associated time delay settings.

 LJAPU, LJTPU = Load-Jam Alarm and Trip Pickup
 I1 =  Positive-Sequence Current Magnitude
 RUNNING = Motor is Running
 LJADLY, LJTDLY = Load-Jam Alarm and Trip Delay
 JAMALRM, JAMTRIP = Load-Jam Alarm and Trip
 FLA = Full-Load Amps Setting

| I1 |

LJAPU = Off

LJTPU = Off

(LJAPU) (FLA)

(LJTPU) (FLA)

RUNNING

JAMALRM

JAMTRIPSettings

Settings

LJTDLY

0

LJADLY

0

Relay 
Word 
Bits

Relay 
Word 
Bits

Note: When LJAPU or LJTPU = OFF is satisfied, a logical 1 input is generated.

Table 4.22 Undercurrent Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UC TRIP LEVEL OFF, 0.10–1.00 xFLA  LLTPU := OFF

UC TRIP DELAY 0.4–120.0 s  LLTDLY := 5.0

UC WARN LEVEL OFF, 0.10–1.00 xFLA  LLAPU := OFF

UC WARN DELAY 0.4–120.0 s  LLADLY := 10.0

UC START DELAY 0–5000 s  LLSDLY := 0

NOTE: The undercurrent elements 
are disabled by the Relay Word bit 
BLKPROT if the setting BLK37 := Y 
(see Table 4.64 for details).
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Figure 4.28 Undercurrent (Load-Loss) Logic

Current Unbalance Elements
Unbalanced motor terminal voltages cause unbalanced stator currents to flow 
in the motor. The negative-sequence current component of the unbalanced 
current causes significant rotor heating. While the SEL-710-5 motor thermal 
element models the heating effect of the negative-sequence current, you may 
want the additional unbalanced and single-phasing protection offered by the 
current unbalance element.

The SEL-710-5 calculates percent unbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current, 
Iav, is greater than the motor-rated full-load current, the relay calculates the 
percent unbalance: 

Equation 4.6

 LLTPU = Load-Loss Trip Pickup Setting
 LLAPU = Load-Loss Alarm Pickup Setting
 STARTING = Motor Is Starting
 RUNNING = Motor Is Running
 LOSSTRIP = Load-Loss Trip
 LOSSALRM = Load-Loss Alarm

 I1 = Positive-Sequence Current Magnitude
 FLA = Full-Load Amps Setting
 LLTDLY = Load-Loss Trip Delay Setting
 LLSDLY = Load-Loss Start Delay Setting
 LLADLY = Load-Loss Alarm Delay Setting

| I1 |

| I1 |

LLTPU = OFF

LLAPU = OFF

LLTPU (FLA)

RUNNING
37LLTC

37LLTC

STARTING

RUNNING

Load-Loss Start
Delay Timer

Rising
Edge Detect

Load-Loss Trip
Delay Timer

Load-Loss Alarm
Delay Timer

LLAPU (FLA)

LOSSTRIP
LLTDLY

0

LLSDLY

0

LOSSALRM
LLADLY

0

Relay
Word
  Bits  

Relay
Word
  Bits  

Setting

Setting

Settings

Note: When LLTPU or LLAPU = OFF is satisfied, a logical 1 input is generated.

Table 4.23 Current Unbalance Settings 

Setting Prompt Setting Range Setting Name := Factory Default

CI TRIP LEVEL OFF, 5%–80%  46UBT := 20

CI TRIP DELAY 0–240 s  46UBTD := 5

CI WARN LEVEL OFF, 5%–80%  46UBA := 10

CI WARN DELAY 0–240 s  46UBAD := 10

NOTE: The current unbalance 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK46 := Y (see Table 4.64 for 
details).

UB% 100 Im
Iav
-------• =
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When the average current is less than the motor-rated full-load current, the 
relay calculates the percent unbalance:

Equation 4.7

In either case, the function is disabled if the average phase current magnitude 
is less than 25 percent of the Full-Load Amps setting (see Figure 4.29).

Figure 4.29 Current Unbalance Element Logic

A one percent voltage unbalance typically causes an approximate 6 percent 
current unbalance in induction motors. If a 2 percent voltage unbalance can 
occur in your location, set the current unbalance warn level greater than 
12 percent to prevent nuisance alarms. A 15 percent current unbalance warn 
level setting corresponds to an approximate 2.5 percent voltage unbalance, 
and a 20 percent current unbalance trip setting corresponds to an approximate 
3.3 percent voltage unbalance. A 10-second alarm delay and 5-second trip 
delay should provide adequate performance in most applications.

Start Monitoring/Incomplete Start Sequence
If motor starting has not finished by the START_T time, the relay produces a 
trip if the SMTRIP Relay Word bit (start motor time-out) asserts and is 
included in the TR equation. Use Start Monitoring to backup other protection 
and control elements, for example, the thermal model and the synchronous 
motor start sequence. 

UB% 100 Im
FLA
-----------• =

where
UB% Current unbalance percentage=

Im max Imax Iav– Imin Iav–,{ }=

where
Imax max Ia Ib Ic, ,{ }=

Imin min Ia Ib Ic, ,{ }=

Iav Ia Ib Ic+ +( ) 3⁄=

FLA Motor-rated full-load current=

46UBAD

0
46UBA

46UBTD

0
46UBT

Enable

Enable

Im

Iav
|IA|

|IC|

FLA

46UBA

46UBT

|IB|

Relay
Word
Bits

%UB = (Im/Iav) • 100%

Avg.

• 0.25

Max.
Dev.

Settings

Inputs %UB = (Im/FLA) • 100%

 IA = Phase Current
 IB = Phase Current
 IC = Phase Current
 FLA = Full-Load Amps
 46UBA = Phase Current Unbalance Warn Setting
 46UBT = Phase Current Unbalance Trip Setting

 Avg. = Average
 Iav = Average Phase Current Magnitude
 Im = Highest Unbalance Current Magnitude
 46UBAD = Phase Current Unbalance Alarm Delay
 46UBTD = Phase Current Unbalance Trip Delay

NOTE: With star-delta (wye-delta) 
starting, the total starting time (star 
and delta) is monitored. If immediate 
tripping is required in the event of 
stalling, monitoring must be provided 
by a speed switch function.
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Figure 4.30 shows the typical current during motor start and the START_T 
time setting. For a synchronous motor application (SYNTYPE := BRUSH OR 
BRUSHLESS), if the motor has not synchronized (SRUNNING := 0) by the 
START_T time, the relay produces a trip if the SMTRIP Relay Word bit (start 
motor time-out) asserts and is included in the TR equation.

Figure 4.30 Monitoring Motor Starting Time 

Figure 4.31 Synchronous Motor Incomplete Sequence Monitoring

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star to delta (wye to delta) 
as soon as the starting current drops to the near-rated value in star (wye). The 
relay makes the change to delta within the STAR_MAX setting (if used), 
regardless of the magnitude of the starting current. This feature is not avail-
able when VFDAPP := Y.

You can switch the maximum permissible time for the star (wye) operation on 
or off, as necessary. If it is off, the change to delta is made solely based on the 
motor current. If the motor has to be switched off when the total start time 
(star and delta) exceeds a set time, start monitoring must also be used.

Table 4.24 Start Monitor Settings

Setting Prompt Setting Range Setting Name := Factory Default

START MOTOR TIME OFF, 1–240 s  START_T := OFF

≤ 1.1  FLA 

1

2

3

t

tv

≥ 1.2  FLA 

IRelay
Word
Bits

STARTING = 1

RUNNING = 1

 1 = Motor starting current ≥ 1.2 FLA
 2= Rated conditions
 tv = START_T time
 3 = Tripping if starting lasts too long

STARTING
SRUNNING OR TRIP

SYNTYPE = NONE
START_T

0
SMTRIP

Table 4.25 Star-Delta Settings

Setting Prompt Setting Range Setting Name := Factory Default

STAR-DELTA ENABL Y, N  ESTAR_D := N

MAX STAR TIME OFF, 1–600 s  STAR_MAX := OFF

NOTE: In addition to enabling the 
star-delta, you must assign star and 
delta to auxiliary output relays (one 
each); see Figure 2.28 for a typical 
connection diagram.
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Figure 4.32 Star-Delta Starting

Start Inhibit Function
When the protected motor is rated for a specific maximum number of starts 
per hour or minimum time between starts, set the MAXSTART and TBSDLY 
settings accordingly. If the relay detects MAXSTART starts within 60 min-
utes and the motor stops or is tripped, the relay asserts the TRIP output contact 
to prevent an additional start until 60 minutes after the oldest start. If the 
motor stops or is tripped within TBSDLY minutes of the last start, the relay 
asserts the TRIP output contact to prevent a new start until TBSDLY minutes 
after the most recent start.

In certain pump applications, fluid flowing backward through the pump can 
spin the pump motor for a short time after the motor is stopped. Any attempt 
to start the motor during this time can be damaging. To prevent motor starts 
during the backspin period, enter a time in minutes in the RESTART BLK 
TIME setting. If the relay trips or the motor is stopped, the relay generates a 
trip signal and maintain it for at least this amount of time. The relay does not 
issue a start during the restart block period.

The relay maintains the trip signal until enough time passes for the motor to be 
safely restarted. During the lockout period, the relay displays a countdown 
time in minutes to the next allowed start. 

The emergency restart function overrides all three limits (in addition to the 
motor coasting; see Figure 4.5), allowing the motor to be placed back in ser-
vice in an emergency.

STOPPED

DELTA

STARTING
I1 < 0.635*FLA

STAR

STOPPED
TRIP

S

R

STAR

DELTA

S

R

A

0

20 ms

0

50 ms

0

Relay
Word
Bits

Relay
Word
Bits

A := STAR_MAX (user setting)
FLA = Full Load Amps

Table 4.26 Start Inhibit Settings

Setting Prompt Setting Range Setting Name := Factory Default

STARTS/HR. OFF, 1–15  MAXSTART := OFF

MIN. OFF TIME OFF, 1–150 min  TBSDLY := OFF

RESTART BLK TIME OFF, 1–1500 min  ABSDLY := OFF

NOTE: See Figure 4.74 and 
Figure 4.78 for the stop/trip and start 
logic diagrams.

NOTE: The starts/hour element is 
disabled by the Relay Word bit 
BLKPROT if the setting BLK66 := Y 
(see Table 4.64 for details).
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Phase Reversal Protection
The SEL-710-5 uses phase currents or phase voltages (if available) to deter-
mine that the phase rotation of signals applied to the relay matches the phase 
rotation setting, PHROT. When you set E47T equal to Y, the relay trips 
0.5 seconds after incorrect phase rotation signals are applied to the relay. 
Incorrect phase rotation is determined using currents as voltages (see 
Figure 4.33).

To ensure that phase reversal protection is enabled in case PHROT is set 
wrong, make sure the setting E47T is equal to Y and Relay Word bit 47T is in 
the TRIP equation.

Figure 4.33 Phase Reversal Element Logic

Table 4.27 Phase Reversal Setting

Setting Prompt Setting Range Setting Name := Factory Default

PH REV. ENABLE Y, N  E47T := Y

0.5 s

0

47T

E47T = Y
Voltage Option = Y

DELTA_Y = Wye

|VA|

|VB|

|VC|

|VAB|

|VBC|

60 V

0.5 • |V2|

0.25 • FLA
min

|V1|

|IA|

|IB|

|IC|

0.5 • |I2|
|I1|

35 V

Relay
Word
Bits

Relay
Inputs

I1, V1 and I2, V2 indicate positive-sequence 
and negative-sequence quantities.
FLAmin = Lowest Full-Load Current Setting Allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary

Relay
Inputs
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Speed Switch (Stalling During Start) Function
Use the physical speed switch to supplement the locked rotor (LR) protection 
normally provided by other elements, for example, the motor thermal model. 
Typically the speed switch provides faster LR protection than the other ele-
ments and is desirable in any motor application to minimize thermal and 
mechanical stresses caused by motor locked rotor currents. The SEL-710-5 
relay offers a virtual speed switch (VSS) logic that can be used when the phys-
ical speed switch is not available. The logic also includes monitoring of the 
physical speed switch, if present, to enhance its reliability. 

When the SPDSDLYT setting is set, the relay trips if motor speed is not 
detected either by the physical or virtual speed switch SPDSDLYT seconds 
after the motor start begins. A separate delay, SPDSDLYA, can also be set to 
provide a warning before the speed switch trip.

Figure 4.34 shows typical currents during motor start (normal and stall during 
start) and the SPDSDLYT time setting. 

Figure 4.34 Stalling During Starting

Virtual Speed Switch
The virtual speed switch (VSS) provides the following major features when 
enabled by setting VSSEN := Y. See Figure 4.35 for additional detail.

➤ Across-The-Line (ATL) Starting: The VSS is intended for ATL 
motor starting with acceleration times greater than 5 seconds.

➤ Subtransient Current Override: An inherent delay of 0.5 seconds 
overrides the subtransient inrush current typically present during 
ATL starts.

Table 4.28 Speed Switch Settings

Setting Prompt Setting Range Setting Name := Factory Default

SS TRIP DELAY OFF, 1–240 s  SPDSDLYT := OFF

SS WARN DELAY OFF, 1–240 s  SPDSDLYA := OFF

VIR SS ENABLE Y, N VSSEN := N

VIR SS CONSTANT 0.80–0.98 VSSCONST := 0.95

SS FAIL OPEN DLY OFF, 0.5–2.0 s FAILOPND := OFF

SS FAIL CLOS DLY 0.1–120 min FAILCLSD := 5.0

SS FAIL RESET SELOGIC SSFLRST := PB05

NOTE: In addition to setting the 
SS DELAY, connect the speed switch 
contact (if used) to an input assigned 
to the speed switch (see Table 4.68 
and Figure 2.16 for connection 
diagrams).

I

1
2

t
v

t

I
FLA 

FLA 

 1 = Normal start without hindrance by high overload or stalling
 2 = Stalling during starting
 t

v
 = SS TRIP DELAY time
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➤ Starting Current Profile Monitoring: The VSS algorithm 
requires both of the following occurrences to validate the rotor 
movement.

➢ Detection of a decreasing current trend after the sub-
transient delay.

➢ A minimum drop in starting current by a user setting 
VSSCONST.

The Relay Word bit VIRSPDSW asserts if the above criteria are 
met. VIRSPDSW, intended for LR protection, remains asserted 
until the motor stops, indicated by the assertion of Relay Word 
bit STOPPED. The VSS logic disregards the stop coast time 
previously described (see Table 4.8).

➤ The following data for each motor start are stored and available 
as long as the motor is running. They automatically reset when 
the motor stops.

➢ VSSCNTR: Shows the VSS logic time for the latest 
motor start in counts, 0.5 seconds per count from the 
motor start.

➢ VSSCURRn and VSSCNTn (n = 1–3): Three current 
levels (in per unit of FLA) show the trend of the 
magnitudes and associated counts for the latest motor 
start.

➢ VIRSPDSW: Relay Word bit that detects the rotor 
speed by VSS logic.

Use the VSSCONST default setting of 0.95 for most applications; however, 
change it to suit your specific application, as needed.
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Figure 4.35 Virtual Speed Switch Flow Chart

Figure 4.36 shows the physical speed switch monitoring logic. Essentially, the 
logic compares the operations of the physical and virtual speed switches to 
detect a failure of the physical switch. There are two timer settings, one each, 
to detect a Failed Open and a Failed Close condition. Set the FAILOPND set-
ting equal to the typical closing time of the physical switch to detect the rotor 
speed. Set the FAILCLSD setting to the longest expected rotor coasting-to-
stop time plus at least a 5 percent margin. Either Relay Word bit FAILOPN or 
FAILCLS will assert and latch-in when detecting a Failed Open or a Failed 
Close condition. By default, the front-panel pushbutton PB05 and its associ-
ated LED are programmed for this feature. Change the SSFLRST SELOGIC 
control equation and the PB5A_LED/PB5B_LED settings if the default set-
tings are unacceptable.

NO
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STOPPED RUNNING STARTING

Motor State?

Reset:
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PULSEGEN = 0
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Figure 4.36 Speed Switch Monitoring Logic

Figure 4.37 shows the speed switch element logic that provides the additional 
LR protection with VSS and/or physical speed switch inputs. Set SPDSDLYT 
longer than the assert time of the physical and virtual speed switch but shorter 
than the locked rotor withstand time. If VSSEN := Y, set SPDSDLYT ≥ 3 sec-
onds to coordinate with the VIRSPDSW operate time. 

Figure 4.37 Speed Switch Element Alarm/Trip Logic

PTC/RTD-Based Protection
Thermistor (PTC) Input Function

You can connect as many as six thermistor detectors (PTC) to the SEL-710-5 
with PTC option. The detectors are typically embedded in the stator winding 
of the motor, and they monitor the actual temperature of the winding. This 
function is independent of the thermal model and accounts for conditions such 
as ambient temperature, obstructed cooling, etc. 

The sensors have a low resistance below the rated response temperature and 
increase their resistance (exponentially) in the range of the rated response 
temperature. The rated response temperature is defined by the PTC sensor. 
Motors with different thermal insulation classes (Class F or H) are equipped 
with different PTC sensors, each of which has its own response temperature, 
such as 120°, 130°, and 140°C.
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Table 4.29 PTC Setting

Setting Prompt Setting Range Setting Name := Factory Default

PTC ENABLE Y, N  EPTC := N

NOTE: In addition to enabling the 
PTC function, you must also connect 
at least one thermistor to the relay 
(see Figure 2.17 for a connection 
diagram).

NOTE: The PTC element is disabled 
by the Relay Word bit BLKPROT if the 
setting BLK49PTC := Y (see Table 4.64 
for details).
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The detectors and their leads are monitored for short circuits. Figure 4.38 
shows the characteristics of the PTC.

Figure 4.38 Characteristic of PTC Sensors From IEC 34-11-2

RTD Input Function
When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 
the internal RTD card (set E49RTD := INT) option, the SEL-710-5 offers sev-
eral protection and monitoring functions, settings for which are described in 
Table 4.30. See Figure 2.16 for the RTD module fiber-optic cable connec-
tions. If the relay does not have internal or external RTD inputs, set 
E49RTD := NONE.

4000

1330

550

250

100

20
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—20°C

0°C
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 TNF = Nominal pickup temperature (°C)
 R (Ω) = Resistance in sensor circuits (ohms)

TNF — 20 K
TNF —   5 K

TNF + 15 K
TNF +  5 K

R 
(W

)

Table 4.30 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250°C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250°C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

RTD12 LOCATION OFF, AMB, OTH RTD12LOC := OFF

RTD12 IDENTIFIER 10 characters RTD12NAM :=

RTD12 TYPE PT100, NI100, NI120, CU10 RTD12TY := PT100

RTD12 TRIP LEVEL OFF, 1–250°C TRTMP12 := OFF

RTD12 WARN LEVEL OFF, 1–250°C ALTMP12 := OFF

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

TMP RTD BIASING? Y, N ERTDBIAS := N

NOTE: The SEL-710-5 monitors as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.30 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.

NOTE: The RTD elements are 
disabled by the Relay Word bit 
BLKPROT if the setting 
BLK49RTD := Y (see Table 4.64 for 
details).
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RTD Location. The relay allows you to independently define the location 
of each monitored RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type. The four available RTD types are the following:

➤ 100 Ω platinum (PT100)

➤ 100 Ω nickel (NI100)

➤ 120 Ω nickel (NI120)

➤ 10 Ω copper (CU10)

RTD Trip/Warning Levels. The SEL-710-5 provides temperature warn-
ings and trips through use of the RTD temperature measurements and the 
warning and trip temperature settings in Table 4.30.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding tem-
perature trip if one or two of the healthy winding RTDs indicate a temperature 
greater than their RTD trip temperature settings. Two winding RTDs must 
indicate excessive temperature when the winding trip voting setting equals Y. 
Only one excessive temperature indication is required if winding trip voting is 
not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for ambi-
ent and other RTDs.

To disable any of the temperature warning or trip functions, set the appropri-
ate temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip func-
tions. The relay includes specific logic to indicate if RTD leads are shorted or 
open. Refer to SEL Application Guide AG2016-10: How to Identify a Faulty 
RTD Connected to an SEL-700 Series Relay to determine if the RTD con-
nected to an SEL-700 series relay is faulty.

RTD Biasing. When you have connected an ambient temperature sensing 
RTD and set trip temperatures for one or more winding RTDs, the relay gives 
you the option to enable RTD trip temperature biasing by setting ERTDBIAS 
equal to Y. The thermal model can also be biased by setting ETHMBIAS 
equal to Y (see Table 4.8). 

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP indicators 
are delayed by approximately 12 
seconds.
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When you enable either biasing, the relay does the following:

➤ Calculates RTD % Thermal Capacity and adds the value to the 
Thermal Meter values.

➤ Automatically reduces the winding RTD trip temperatures if 
ambient temperature rises above 40°C and ERTDBIAS is set 
equal to Y.

➤ Automatically reduces the thermal model element trip threshold 
if ambient temperature rises above 40°C and ETHMBIAS is set 
equal to Y.

➤ Provides an RTD bias alarm if the winding temperature exceeds 
a 60°C rise above ambient and the RTD % Thermal Capacity 
exceeds the thermal element % Thermal Capacity by more than 
10 percent.

The relay uses Equation 4.8 to calculate RTD % Thermal Capacity.

Equation 4.8

As ambient temperature rises, the ability of a motor to shed heat to the sur-
roundings is reduced and internal temperatures rise. 

When you enable RTD biasing, the SEL-710-5 automatically reduces the 
RTD trip temperatures for all winding RTDs when the ambient temperature is 
above 40°C. The relay reduces the trip temperatures by 1°C for each degree 
rise in ambient temperature above 40°C.

Finally, when you enable thermal model biasing, the relay provides an RTD 
bias alarm when the RTD % Thermal Capacity exceeds the thermal element 
% Thermal Capacity by more than 10 percentage points while the winding 
temperature rise is higher than 60°C above ambient. This alarm indicates that 
the motor lost coolant flow or that the winding RTD trip temperature is con-
servatively low.

For all the RTD thermal capacity and bias calculations previously described, 
the relay uses the winding RTD with the measured temperature closest to the 
winding trip value. 

Table 4.31 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.31 RTD Resistance Versus Temperature (Sheet 1 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

RTD%
Thermal Capacity

Winding RTD
Temperature 

  Ambient
Temperature 
 –

Winding RTD Trip
Temperature 

  Ambient
Temperature 
 –

---------------------------------------------------------------------------------------------- 100%•=

NOTE: An open condition for an 
RTD is detected if the temperature 
is greater than 250°C and a short 
condition is detected if the 
temperature is less than —50°C.
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Undervoltage Function

Overvoltage Function

When you connect the SEL-710-5 voltage inputs to phase-to-phase connected 
VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of phase-
to-phase overvoltage and undervoltage elements.

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73

Table 4.31 RTD Resistance Versus Temperature (Sheet 2 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

Table 4.32 Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UV TRIP LEVEL OFF, 0.02–1.00 xVnm  27P1P := OFF

UV TRIP DELAY 0.0–120.0 s  27P1D := 0.5

UV WARN LEVEL OFF, 0.02–1.00 xVnm  27P2P := OFF

UV WARN DELAY 0.0–120.0 s  27P2D := 5.0

Table 4.33 Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

OV TRIP LEVEL OFF, 0.02–1.20 xVnm  59P1P := 1.10

OV TRIP DELAY 0.0–120.0 s  59P1D := 0.5

OV WARN LEVEL OFF, 0.02–1.20 xVnm  59P2P := OFF

OV WARN DELAY 0.0–120.0 s  59P2D := 5.0

NOTE: The under- and overvoltage 
level settings are in per unit nominal 
voltage, Vnm. The relay automatically 
calculates Vnm using the settings 
VNOM and DELTA_Y as follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if 
DELTA_Y := WYE.
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When you connect the SEL-710-5 voltage inputs to phase-to-neutral con-
nected VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of 
phase-to-neutral overvoltage and undervoltage elements.

Each of the elements has an associated time delay. You can use these elements 
as you choose for tripping and warning. Figure 4.39 and Figure 4.40 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.39 Undervoltage Element Logic
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0
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Figure 4.40 Overvoltage Element Logic

Inverse-Time Undervoltage Protection
The SEL-710-5 provides two inverse-time undervoltage protection elements 
(27I1 and 27I2). Based on relay hardware options and settings, the 27I ele-
ment offers the flexibility of using various analog quantities as operating 
quantities. The availability of these analog quantities is contingent on the set-
tings DELTA_Y and SINGLEV, as indicated in Table 4.34.

 59P1P, 59P2P = Settings
 Vnm = Effective Nominal Voltage
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|VPP|
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59P1
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NOTE: VAR Trip and Warning Level 
settings are in primary kVAR.

Table 4.34 Operating Quantities for the 27I Element

Settings Operating Quantities Available in 27InOQ Rangea

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 27InP (n = 1 or 2).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B-phase voltage VC: Magnitude of C-phase voltage
VBC: Magnitude of B-to-C-phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A-phase voltage MINLL: Magnitude of the minimum phase-to-phase voltage
VA: Magnitude of A-phase voltage MINLN: Magnitude of the minimum phase-to-neutral voltage
VB: Magnitude of B-phase voltage
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Figure 4.41 shows the inputs, settings, and outputs of the inverse-time under-
voltage element.

n = 1 or 2. q Refer to Table 4.34.

Figure 4.41 Logic Diagram of the Inverse-Time Undervoltage Element

When the fundamental frequency component of the operating quantity falls 
below the pickup setting (27InP), Relay Word bit 27In asserts. The timer does 
not start to integrate unless the operating quantity falls below 0.975 • 27InP. 
The inverse-time undervoltage protection element has the characteristic 
defined by Equation 4.9.

Equation 4.9

The settings used are listed in Table 4.35.

The SEL-710-5 provides three curve options for each of the 27I elements, set-
table via the 27InCRV setting—CURVEA, CURVEB, and COEF (user pro-
grammable curve). CURVEA is compliant with IEC 60255-127 and is the 

Table 4.35 Inverse-Time Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

27I ENABLE Y, N E27In := N

OPERATING QTY Refer to Table 4.34 27InOQ := VAB

PICKUP LVL Refer to Table 4.34 27InP := 120.00

CURVE CURVEA, CURVEB, COEF 27InCRV := CURVEA

COEFF A 0.00–3.00 27InCFA := 1

COEFF B 0.00–3.00 27InCFB := 0

COEFF C 0.01–3.00 27InCFC := 1

TIME DIAL 0.00–16.00 27InTD := 1.00

RESET TIME 0.00–1.00 sec 27InTTR := 0.01

TRQ CONTROL SELOGIC 27InTC := 1

Settings
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27I Inverse-Time
Undervoltage Element
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 27InP Pick up value    
 27InCRV Curve selection    
 27InCFA Coefficient A   
  27InCFB Coefficient B    
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 27InTC Torque control
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---------------------– 
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IEC standard curve as shown in Figure 4.42. CURVEB is a non-standard 
curve as shown in Figure 4.42. The curve option COEF is the user program-
mable curve. Set the coefficient related settings 27InCFA, 27InCFB and 
27InCFC to realize the curve that meets your application needs. Table 4.36 
shows the parameters of the three curves. Note that when 27InCRV is set to 
CURVEA or CURVEB the coefficient related settings 27InCFA, 27InCFB 
and 27InCFC are forced to the values shown in Table 4.36 and hidden.

When the operating quantity exceeds the pickup level, 27InP, then the output 
remains deasserted. If the operating quantity exceeds the pickup level for the 
reset time setting, 27InTTR, then the time integrator resets to 0.

 

Figure 4.42 Inverse Time-Undervoltage Element Curves 

Inverse-Time Overvoltage Protection
There are four inverse-time overvoltage elements (59I) available. Based on 
relay hardware options and settings, the 59I element offers the flexibility of 
using various analog quantities as operating quantities. The availability of 
these analog quantities is contingent on the settings DELTA_Y and 
SINGLEV, as indicated in Table 4.37.

Table 4.36 Specification of Inverse-Time Undervoltage Protection Element

Curve Description
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Figure 4.43 shows the inputs, settings and outputs of the inverse-time over-
voltage element.

 

n = 1, 2, 3, or 4. q Refer to Table 4.37.

Figure 4.43 Logic Diagram of the Inverse-Time Overvoltage Element

When the fundamental frequency component of the operating quantity 
exceeds the pickup setting, 59InP, Relay Word bit 59In asserts. The timer 
won't start to integrate unless the operating quantity exceeds 1.025 • 59InP. 
The inverse-time overvoltage protection element has the characteristic defined 
by Equation 4.10.

Equation 4.10

Table 4.37 Operating Quantities for the 59I Element

Settings Operating Quantities Available in 59InOQ Setting Rangea

DELTA_
Y

SINGLE
V

VAB VBC VCA VA VB VC VG V1 3V2 MAXLL MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 59InP (n = 1, 2, 3, or 4).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B phase voltage VG: Magnitude of zero-sequence voltage
VBC: Magnitude of B-to-C phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A phase voltage 3V2: Magnitude of negative-sequence voltage
VA: Magnitude of A-phase voltage MAXLL: Magnitude of the maximum phase-to-phase voltage
VB: Magnitude of B-phase voltage MAXLN: Magnitude of the maximum phase-to-neutral voltage
VC: Magnitude of C-phase voltage

Settings

Relay
Word
Bits

59I Inverse-Time
Overvoltage Element

Settings

 59InP Pick up value    
 59InCRV Curve selection    
 59InCFA Coefficient A   
  59InCFB Coefficient B    
 59InCFC Coefficient C    
 59InTD Time dial    
 59InTTR Time to reset    
 59InTC Torque control

59In

59InT

59InRS

59InP

59InOQ

59InTC

1

TTTn 59InTD 59InCFB 59InCFA
59InOQ
59InP

--------------------- 
  59InCFC

1–

-------------------------------------------------------+

 
 
 
 
 

•=
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The settings used are listed in Table 4.38.

The SEL-710-5 provides four curve options for each of the 59I elements, set-
table via the 59InCRV setting—CURVEA, CURVEB, CURVEC, and COEF 
(user-programmable curve). The characteristics of Curve A, Curve B, and 
Curve C are shown in Figure 4.44.

The curve option COEF is the user-programmable curve. Set the coefficient 
related settings 59InCFA, 59InCFB, and 59InCFC to realize the curve that 
meets your application needs. Table 4.39 shows the parameters of the three 
curves. Note that when 59InCRV is set to CURVEA, CURVEB, or CURVEC 
the coefficient related settings 59InCFA, 59InCFB, and 59InCFC are forced 
to the values shown in Table 4.39 and hidden.

When the operating quantity remains lower than the pickup level, 59InP, then 
the output remains deasserted. If the operating quantity gets lower than the 
pickup level for the reset time setting, 59InTTR, then the time integrator resets 
to 0.

Table 4.38 Inverse-Time Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

59I ENABLE Y, N E59In := N

OPERATING QTY Refer to Table 4.37 59InOQ := VAB

PICKUP LVL Refer to Table 4.37 59InP := 120.00

CURVE CURVEA, CURVEB, 
CURVEC, COEF

59InCRV := CURVEA

COEFF A 0.00–6.00 59InCFA := 3.88

COEFF B 0.00–3.00 59InCFB := 0.96

COEFF C 0.01–3.00 59InCFC := 2.00

TIME DIAL 0.00–16.00 59InTD := 1.00

RESET TIME 0.00–1.00 sec 59InTTR := 0.01

TRQ CONTROL SELOGIC 59InTC := 1

Table 4.39 Specification of Inverse-Time Overvoltage Protection Element

Curve Description

Curve Defining Constants

59InCFA 59InCFB 59InCFC

Curve A 3.88 0.96 2

Curve B 5.64 0.24 2

Curve C 0.14 0 0.02

Programmable Curve 0.00–6.00 0.00–3.00 0.01–3.00

n = 1, 2, 3, or 4.
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Figure 4.44 Inverse-Time Overvoltage Element Curves

VAR Function
If the positive or negative reactive power exceeds the appropriate level for 
longer than the time-delay setting, the relay issues a warning or trip signal. 
The reactive power elements are disabled when the motor is stopped or 
starting.

Figure 4.45 shows the logic diagram for the VAR elements. These elements 
detect synchronous motor out-of-step or loss-of-field conditions. In the case of 
synchronous motor applications, SYNTYPE := BRUSH or BRUSHLESS, 
program the VARDLY setting to a value that ensures that the currents and 
voltages are stabilized after the motor is synchronized. This prevents any nui-
sance trips immediately after the synchronization process.

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10
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Table 4.40 VAR Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEG VAR TRIP LEV OFF, 1–25000 kVAR pri NVARTP := OFF

POS VAR TRIP LEV OFF, 1–25000 kVAR pri PVARTP := OFF

VAR TRIP DELAY 0–240 s VARTD := 1

NEG VAR WARN LEV OFF, 1–25000 kVAR pri NVARAP := OFF

POS VAR WARN LEV OFF, 1–25000 kVAR pri PVARAP := OFF

VAR WARN DELAY 0–240 s VARAD := 1

VAR ARMING DELAY 0–5000 s VARDLY := 0
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Figure 4.45 Reactive Power (VAR) Element Logic

Refer to Figure 5.12 for the relay power measurement convention. For relay 
application on an induction motor, disable the elements by setting both the 
negative VAR warn level (NVARAP) and negative VAR trip level 
(NVARTP) settings to OFF.

Underpower Function
If the real three-phase power falls below the warning or trip level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
underpower elements are disabled when the motor is stopped or starting. 

Figure 4.46 shows the logic diagram for the underpower elements. These ele-
ments operate in addition to the load-loss function, and you can use them to 
detect motor load loss and other underpower conditions.

You can disable the elements by setting the underpower warning level 
(37PAP) and underpower trip level (37PTP) settings to OFF.

In the case of synchronous motor applications, SYNTYPE := BRUSH or 
BRUSHLESS, program the 37DLY setting to a value that ensures that the cur-
rents and voltages are stabilized after the motor is synchronized. This prevents 
any nuisance trips immediately after the synchronization process.

RUNNING

PVARTP

–(NVARTP)

Measured
Reactive Power

PVARAP

–(NVARAP)

VARA
VARAD

0

VART
VARTD

0

+Q

–Q

–P +P

PVARTP
PVARAP

NVARAP
NVARTPALARM

TRIP

Relay
Word
Bits

Relay
Word
Bits

Settings

VARDLY

0

Table 4.41 Underpower Settings

Setting Prompt Setting Range Setting Name := Factory Default

UP TRIP LEVEL OFF, 1–25000 kW pri  37PTP := OFF

UP TRIP DELAY 1–240 s  37PTD := 1

UP WARN LEVEL OFF, 1–25000 kW pri  37PAP := OFF

UP WARN DELAY 1–240 s  37PAD := 1

UP ARMING DELAY 0–5000 s 37DLY := 0

NOTE: Underpower Trip and Warning 
Level settings are in primary kW.
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Figure 4.46 Underpower Element Logic

Power Factor Elements
If the measured power factor falls below the leading or lagging level for lon-
ger than the time-delay setting, the relay can issue a warning or trip signal. 
The power factor elements are disabled when the motor is stopped or starting. 

Figure 4.47 shows the logic diagram for power factor elements. These ele-
ments can be used to detect synchronous motor out-of-step or loss-of-field 
conditions. In the case of synchronous motor applications, SYNTYPE := 
BRUSH or BRUSHLESS, program the 55DLY setting to a value that ensures 
that the currents and voltages are stabilized after the motor is synchronized. 
This prevents any nuisance trips immediately after the synchronization pro-
cess. Refer to Figure 5.12 for the relay power measurement convention.

Disable the elements by setting all four power factor level settings to OFF.

37PAD

0
37PA

RUNNING

Measured
Real Power

37PAP

37PTP

37PTD

0
37PT

Relay
Word
Bits

Relay
Word
Bit

Settings

37DLY

0

Table 4.42 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99  55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99  55LDTP := OFF 

PF TRIP DELAY 1–240 s  55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99  55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99  55LDAP := OFF

PF WARN DELAY 1–240 s  55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

PF CURRENT SUP OFF, 0.05–2.00 • INOM A sec 55I1SUP := OFF

PF TRQ CTRL SELOGIC 55TC := SRUNNING
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Figure 4.47 Power Factor Elements Logic

Power Factor Loss-of-Synchronism Detection
The SEL-710-5 includes a loss-of-synchronism (pull-out) detection logic that 
operates when the motor power factor falls below the relay setting POPFSP. 
As shown in Figure 4.48, the loss-of-synchronism logic is available for the 
synchronous motor only (SYNTYPE := NONE) and it is supervised by a min-
imum positive-sequence current and the relay RUNNING state. To accelerate 
operation, the logic also determines a pull-out condition when the positive-
sequence current is greater than 3.5 times the full-load current. At these cur-
rent levels, the pull-out condition is practically unavoidable; see the technical 
paper, “Performance of Synchronous Motors Loss-of-Synchronism Protec-
tion,” by M. Donolo, P. Donolo, S. Patel, and V. Yedidi, presented at the 2017 
Petroleum and Chemical Industry Technical Conference (PCIC). This logic is 
evaluated every quarter cycle. Use PORSFL for time-qualified tripping due to 
a detected pull-out condition for which the motor is no longer expected to 
resynchronize.

|Measured Power Factor|

RUNNING

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY

55TC

I1 > 55I1SUP

55I1SUP = OFF 1

2

S1

Switch S1 is in position 1 when SYNTYPE := NONE; 
otherwise, it is in position 2
OFF = Logic 1 
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Figure 4.48 Loss-of-Synchronism Detection Logic

Loss-of-Potential (LOP) Protection
The SEL-710-5 sets Relay Word bit LOP (loss-of-potential) upon detecting a 
loss of relay ac voltage input such as that caused by blown potential fuses or 
by the operation of molded-case circuit breakers. Because accurate relaying 
potentials are required by certain protection elements (for example, undervolt-
age 27 elements), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 20 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (above a predetermined threshold) in positive-sequence (I1), 
negative-sequence (I2), or zero-sequence currents (I0). If this condition per-
sists for 1 second, then the relay latches the LOP Relay Word bit at logical 1. 
The relay resets the LOP Relay Word bit when the conditions to the RESET 
input of the latch are met as shown in Figure 4.49.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation (see Table 4.44 for the LOPBLK setting and 
Figure 4.49 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 20 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.8). 

Relay
Word
  Bits  

PORSRTD

| IP |

3.5 * FLA1

PFANG

POPFSP

| I1 |

Pull Out Resync,

Ride-Thru Delay

0.2 * FLA1

RUNNING

SYNTYPE ! = NONE

PODTCT

Pull Out Detected

PORSFL

Pull Out Resync FAIL

ACOS

Setting

Setting

Setting

Setting

Relay
Word
  Bits  

Table 4.43 Loss-of-Synchronism Detection Settings

Setting Prompt Setting Range Setting Name := Factory Default

PO PF SET POINT 0.10–0.99 POPFSP := 0.70

PO PU DELAY 0.1–60.0 sec PORSRTD := 1.0

Table 4.44 Loss-of-Potential (LOP) Setting

Setting Prompt Setting Range Setting Name := Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying poten-
tials for correct operation. It is critical that the relay detects an LOP condition 
and prevents operation of these elements. For example, if a wrench drops on 
the phase-voltage input fuse holders, the relay LOP logic accurately deter-
mines that this loss of input voltages is an LOP condition and does not trip (if 
the LOP Relay Word bit supervises selected tripping elements, see 
Example 4.8). If you are using voltage-determined relay elements for tripping 
decisions, then blocking these elements is crucial when the voltage compo-
nent is no longer valid.

EXAMPLE 4.8 Supervising Voltage-Element Tripping With LOP

Use the LOP function to supervise undervoltage tripping. If you use 
the undervoltage trip element 27P1, then change a portion of the 
SV01 equation to the following:

SV01 := …OR (NOT LOP AND 27P1T) OR…

Similarly, if you want the remaining voltage-affected elements to act 
only when there are correct relaying potentials voltage, use the 
following in the equation:

…OR (NOT LOP AND (LOADLOW OR 37PT OR 55T OR VART)) OR…

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

LOP Monitoring and Alarms
Take steps to immediately correct an LOP problem so that normal protection 
is rapidly re-established. Include the LOP Relay Word bit in an output contact 
alarm to notify operation personnel of abnormal voltage input conditions and 
failures that can be detrimental to the protection system performance if not 
quickly corrected. 

Figure 4.49 Loss-of-Potential (LOP) Logic
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Frequency Elements
The SEL-710-5 provides four trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an underfre-
quency element. When the level setting is greater than the nominal frequency 
setting, the element operates as an overfrequency element. 

Figure 4.50 shows the logic diagram for the frequency elements.

Figure 4.50 Over- and Underfrequency Element Logic

Detecting Frequency Components With the 97FM Element
The 97FM elements monitor the magnitude of a user-selected frequency com-
ponent in different analog signals (see Table 4.46) by evaluating an individual 
term of the discrete Fourier transform (DFT). The SEL-710-5 Relay provides 
five of these elements. 

Table 4.45 Frequency Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 15.00–70.00 Hz 81D1TP := OFF

FREQ1 TRIP DELAYa

a Frequency element time delays are best set at least three cycles at the lowest 81U pickup 
setting.

0.00–400.00 s 81D1TD := 1.0

81D1 TRQCTRL SELOGIC 81D1TC := 1

FREQ2 TRIP LEVEL OFF, 15.00–70.00 Hz 81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 s 81D2TD := 1.0

81D2 TRQCTRL SELOGIC 81D2TC := 1

FREQ3 TRIP LEVEL OFF, 15.00–70.00 Hz 81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 s 81D3TD := 1.0

81D3 TRQCTRL SELOGIC 81D3TC := 1

FREQ4 TRIP LEVEL OFF, 15.00–70.00 Hz 81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 s 81D4TD := 1.0

81D4 TRQCTRL SELOGIC 81D4TC := 1

NOTE:  The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 0.1 • 
(nominal CT rating). The measured 
frequency is set to nominal frequency 
setting (FNOM) if the signal is below 
the minimum level.

FREQ

81DnTP

81D1T
81D2T
81D3T
81D4T

81DnTP ≤ FNOM
81DnTP ≥ FNOM

FREQTRK

81DnTD

0

81DnTC

 n = Frequency Elements 1–4
 FREQ = Measured Frequency
 81DnTP = Frequency Pickup Setting
 FNOM = Nominal Frequency Setting
 81DnTD = Over- and Underfrequency Element Pickup Time Delay
 81DnT = Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
 FREQTRK = Relay Is Tracking Frequency
 81DnTC = SELOGIC Setting for Torque Control  of the Frequency Element
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The 97FM element may be configured in three different operating modes: 
SU_EU (secondary or engineering units) mode, seen in Figure 4.51, in which 
the magnitude of the selected quantity at the selected frequency is compared 
to a threshold in the corresponding secondary or engineering units; dB_DC 
mode, seen in Figure 4.52, in which the magnitude of the selected component 
is obtained in dB of the dc component of the same signal; and finally, dB_FN 
mode, also seen in Figure 4.52, in which the magnitude of the selected com-
ponent is obtained in dB of the fundamental component. The 97xPT setting is 
used to choose the operating mode.

Figure 4.51 SU_EU Operating Mode (97FMxPT = SU_EU)

Table 4.46 Operating Quantities and Associated Sampling Rates 

97FMxOQ Operating Quantity

FNOM = 60 FNOM = 50

Delta T
Max 97FMxFS 

Setting
Delta T

Max 97FMxFS 
Setting

VA Raw VA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VB Raw VB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VC Raw VC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VAB Raw VAB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VBC Raw VBC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VCA Raw VCA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IA Raw IA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IB Raw IB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IC Raw IC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

P Three-phase active 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

Q Three-phase reactive 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

S Three-phase apparent 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

97FMxTD

0

97Fx

97FxT
Goertzel 

Filter

fnot

97FMxP

97FMxOQ

97FMxFS

Relay
Word
BitsSettings
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Figure 4.52 dB_DC (97FMxPT = dB_BC) and dB_FN (97FMxPT = dB_FN) 
Operating Modes

When the 97FMx analog quantity exceeds the corresponding threshold 
97FMxP, the element asserts the 97Fx Relay Word bit and the time-delayed 
97FxT Relay Word bit. These Relay Word bits may be directly monitored in 
the SER report. In some applications, these Relay Word bits may repeatedly 
assert and de-assert, cluttering the SER report. To avoid this, use the 
97FMxER timer. While 97FMxERT is deasserted, the 97FMx element gener-
ates a report every time that 97FxT asserts, as shown in Figure 4.53.

Figure 4.53 97FMxER Timer Logic

You can use the HIS FMR command to access these reports. Figure 4.54 
details the data included in the reports.

Frequency Resolution
The 97xFM element uses a windowed Goertzel filter to isolate the desired fre-
quency component. The capacity of this filter to reject off frequencies is 
shown in Figure 4.55.

=>>HIS FMR 10

SEL-710-5                                Date: 04/16/2019   Time: 16:47:59.217
SYNCHRONOUS MTR                          Time Source: External

 #     DATE        TIME          97FMx       97FMxOQ  97FMxFS  97FMxFR  97FMxPT
1    04/16/2019  16:47:54.211    0.17        Q        1.00     0.5      DB_DC 
2    04/16/2019  16:47:48.200    15.85       Q        1.00     0.5      DB_DC 
3    04/16/2019  16:47:36.205    6.53        Q        1.00     0.5      DB_DC 
4    04/16/2019  16:47:20.200    4.01        Q        1.00     0.5      DB_DC 
5    04/16/2019  16:46:58.184    43.34       Q        1.00     0.5      DB_DC 
6    04/16/2019  16:46:54.174    4.89        Q        1.00     0.5      DB_DC 
7    04/16/2019  16:46:46.183    21.89       Q        1.00     0.5      DB_DC 
8    04/16/2019  16:46:42.178    21.31       Q        1.00     0.5      DB_DC 
9    04/16/2019  16:46:38.168    1.04        Q        1.00     0.5      DB_DC 
10   04/16/2019  16:46:28.178    5.62        Q        1.00     0.5      DB_DC

Figure 4.54 HIS FMR Command Response 

dB Calculation
20log10(a/b)
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b
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97FMxPT has two modes in this diagram: dB_DC and dB_FN.
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Figure 4.55 Filter Frequency Response

Frequency Tracking
The relay tracks the fundamental frequency by adjusting the sampling rate by 
a factor equal to FREQ / FNOM. As the sampling rate changes, the effective 
pickup frequency of the 97FM element also moves by the same factor. Use the 
following equation to find the effective pickup frequency of the 97FM ele-
ment:

Table 4.47 Frequency Magnitude Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

97FM ENABLE (Y N) E97FMx := N

OPERATING QTTY IA, IB, IC, VAB, VBC, VCA, VA, VB, VC, 
P, Q, S

97FMxOQ := P

FREQ SETPOINT 0.00–960.00 Hz (for analogs and FNOM = 60)

0.00–800.00 Hz (for analogs and FNOM = 50)

0.00–60.00 Hz (for P, Q, S, and FNOM = 60)

0.00–50.00 Hz (for P, Q, S, and FNOM = 50)

97FMxFS := 20

PICKUP TYPE SU_EU, DB_FN (for currents and voltages)

SU_EU, DB_DC (for P, Q, and S)

97FMxPT := 
SU_EU

FREQ 
RESOLUTION

0.1, 0.5, 1, 5, 10, 20 Hz 97FMxFR := 1

PICKUP LEVEL 0.00–11250000.00 kVar (for Q)

0.00–11250000.00 kVA (for S)

0.00–11250000.00 kW (for P)

0.00–2 • INOM A sec (for I)

2.00–300.00 V sec (for V)

-60.00–0.00 (for DBs)

97FMxP := 0.00

TIME DELAY 0.0–6000.0 sec 97FMxTD := 0.0

Effective Pickup Frequency FREQ 97FMxFS•
FNOM

----------------------------------------------=
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Monitoring Sub-Synchronous Resonance and Load Variations
To detect low-frequency power oscillation resulting from sub-synchronous 
resonance or motor load oscillations, set a 97FM element as follows. If the 
frequency of the oscillation is known to be 1 Hz and the magnitude is 10 kW, 
set the 97FM element according to Table 4.48.

With these settings, the element will save, at most, one event per hour.

Monitoring High-Frequency Current Oscillations
Current signature analysis is widely used to diagnose conditions such as bro-
ken rotor bars, load misalignment, bearing damage, etc. The frequency 
F = FREQ • (7 – 6 • SLIP) is associated with broken bar conditions and may 
be useful in identifying cases where the main side bands are too close to the 
fundamental frequency. For FREQ = 60 Hz and a SLIP of one percent, this 
frequency is 416.4 Hz. For this component, first use the CMET S or 
MET FFT commands to determine a baseline value in dB of the fundamental. 
Then set the 97FM element pickup value to alert you when the component 
exceeds this baseline. If the baseline value is –45 dB, set the element as fol-
lows:

TRQ CONTROL SELOGIC 97FMxTC := 1

EVENT TIMER SELOGIC 97FMxER := 0

PICKUP TIMER 0–30000 min 97FmxPU := 0

DROPOUT TIMER 0–30000 min 97FmxDO := 600

Table 4.47 Frequency Magnitude Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

Table 4.48 97FM Element Settings for an Oscillation With 1 Hz Frequency 
and 10 kW Magnitude 

Setting Name Value

E97FM1 Y

97FM1OQ P

97FM1FS 1 Hz

97FM1PT SU_EU

97FM1FR 1 Hz

97FM1P 5 kW

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min
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Vibration Monitoring
The SEL-710-5 provides five vibration monitoring elements, and each ele-
ment can monitor a connected vibration transducer via analog inputs or math 
variables. For this application, these transducers are expected to measure a 
broadband frequency spectrum of vibration velocity at different strategically 
placed locations and output a 4–20 mA or 0–10 V signal that is proportional to 
the rms of the vibration velocity. The ISO 20816 standards describe the place-
ment, frequency ranges, and type of vibration measurement to use for differ-
ent machines and footings.

Each vibration measurement is compared against a set of thresholds that 
define the four evaluation zones:

➤ Zone A: Recently Commissioned

➤ Zone B: Acceptable

➤ Zone C: Warn

➤ Zone D: Damaging

Typical machine thresholds for rms velocity measurements, based on the class 
of motor, are included in Table 4.50. The class of motor and units of measure-
ment are selectable with the VIBCLASS and VIBUN settings, respectively. 
The analog inputs or math variables used to monitor the vibration need to be 
scaled to match the units used in the VIBUN setting.

The SEL-710-5 also allows for custom thresholds when VIBCLASS is set to 
MANUAL. This is useful for different machine types, orientations, and foot-
ings based on ISO 20816 tables or on-site test results.

Table 4.49 97FM Element Settings for Baseline Frequency Value of –45 dB

Setting Name Value

E97FM1 Y

97FM1OQ IA

97FM1FS 416 Hz

97FM1PT dB_FN

97FM1FR 1 Hz

97FM1P –40 dB

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min

Table 4.50 Machine Class Thresholds

VIBUN == mm/sec VIBUN == in/sec

VIBCLASS Class I Class II Class III Class IV Class I Class II Class III Class IV

VIBABP 1.12 1.8 2.8 4.5 0.04 0.07 0.11 0.18

VIBBCP 2.8 4.5 7.1 11.2 0.11 0.18 0.28 0.44

VIBCDP 7.1 11.2 18 28 0.28 0.44 0.70 1.10
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Figure 4.56 details the threshold logic for each element, as well as the pro-
vided Relay Word bits associated with each zone condition for use in alarm or 
trip conditions.

Figure 4.56 Vibration Monitoring Threshold Logic

Vibration Monitoring Example
This example uses a 10 kW motor with three vibration velocity-measuring 
transducers (P/N LP202-0R3-2E). Due to its size, the motor would fall under 
Class I of the ISO 20816-1 standard. Use a 20816-N (n > 1) standard for the 
type of machine in your application, if available, as a reference for setting the 
thresholds. 

The vibration transducers in this example output a 4–20 mA signal that is pro-
portional to the rms velocity of vibration in mm/sec. The signals are con-
nected to an analog card in Slot 4 of the relay. To configure the analog inputs 
on an analog card, see Analog Inputs. Following configuration, we ensure that 
the JMPn (n = 1, 2, or 3) jumpers on the board are in Position 1-2 for current 
measurement. The measurement range of these transducers is 0 to 
12.7 mm/sec, as defined in the transducer specifications, so we start with set-
ting AI40nEL set to 0 and AI40nEH set to 12.7. After calibrating for the dc 
offset, we set our analog inputs as shown in Table 4.52 for this application.

Table 4.51 Vibration Monitoring Settings 

Setting Prompt Setting Range Setting Name := Factory Default

ANALOG SELECTION OFF, MV01–MV32, AIx0y VIBAQx := OFF

PICKUP TIMER 0.00–400.00 s VIBPUT := 10.00

TRQ CONTROL SELOGIC VIBTC := 1

MACHINE CLASS CI, CII, CIII, CIV, MANUAL VIBCLASS := CI

VELOCITY UNITS mm/sec, in/sec VIBUN := mm/sec

A–B THRESHOLD 0.00–100.00 VIBABP := 1.12

B–C THRESHOLD 0.00–100.00 VIBBCP := 2.80

C–D THRESHOLD 0.00–100.00 VIBCDP := 7.10

Relay
Word
Bits

SELOGIC
Setting

VIBPUT

VIBPUT

VIBPUT

VIBPUT

VIBAQxAP

VIBAQxAT

VIBAQxBT

VIBAQxBP

VIBAQxCP

VIBAQxCT

VIBAQxDT

VIBAQxDP

VIBAQx

VIBABP

VIBBCP

VIBCDP
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With the analog inputs configured, we can set the vibration monitoring set-
tings. Given the class of the motor and the unit of measurement of the trans-
ducers, we would apply the settings listed in Table 4.53.

The touchscreen display option for the SEL-710-5 provides a screen to moni-
tor the measured vibration values in a bar graph, as seen in Figure 4.57. You 
can navigate to this screen from the Home screen by selecting Monitor > 
Vibration.

Table 4.52 Vibration Example Analog Input Settings

Setting Value

AI401TYP I

AI401L 4.000

AI401H 20.000

AI401EL –0.002

AI401EH 12.698

AI402TYP I

AI402L 4.000

AI402H 20.000

AI402EL –0.001

AI402EH 12.699

AI403TYP I

AI403L 4.000

AI403H 20.000

AI403EL –0.003

AI403EH 12.697

Table 4.53 Vibration Example Settings

Setting Value

VIBAQ1 AI401

VIBAQ2 AI402

VIBAQ3 AI403

VIBCLASS CI

VIBUN MM/SEC
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Figure 4.57 Vibration Monitoring Screen

Load Control Function
The SEL-710-5 has the capability to control external devices based on the 
parameter load control selection. You can select current, power, or stator ther-
mal capacity utilized to operate auxiliary outputs. Load control is active only 
when the motor is in the running state.

When the selected parameter exceeds the load control upper-level setting for 
one second, the auxiliary relay assigned to LOADUP operates. The auxiliary 
relay resets when the parameter drops below the upper-level setting for 
one second.

When the selected parameter drops below the load control lower-level setting 
for one second, the auxiliary relay assigned to LOADLOW operates. The 
auxiliary relay resets when the parameter is above the lower-level setting for 
one second. You can use this feature to control the motor load within set 
limits.

Synchronous Motor 
Settings

Some synchronous motor settings are available when a card with three syn-
chronous motor inputs and three ac current inputs is installed and the setting 
SYNTYPE := BRUSH/BRUSHLESS. Synchronous Motor Running State 
Relay Word bit, SRUNNING, can be used in the torque-control equation to 
enable brush/brushless protection functions. See Figure 4.76 for the synchro-
nous motor running state logic.

Loss-of-Field Element
Loss-of-field causes the synchronous motor to act as an induction motor. The 
SEL-710-5 uses a pair of offset mho circles to detect loss-of-field. Because 

Table 4.54 Load Control Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOAD CONTROL SEL OFF, Current, Power, TCU LOAD := OFF

LD CTL CUR UPPER OFF, 0.20–2.00 xFLA LOADUPP := OFF

LD CTL CUR LOWER OFF, 0.20–2.00 xFLA LOADLOWP := OFF

LD CTL PWR UPPER OFF, 1–25000 kW pri LOADUPP := OFF

LD CTL PWR LOWER OFF, 1–25000 kW pri LOADLOWP := OFF

LD CTL TCU UPPER OFF, 1–99 %TCU LOADUPP := OFF

LD CTL TCU LOWER OFF, 1–99 %TCU LOADLOWP := OFF

NOTE: Prompts of the settings 
LOADUPP and LOADLOWP are 
dependent on the LOAD setting. All 
possible prompts are shown in 
Table 4.54. The relay shows only the 
appropriate prompts based on the 
LOAD setting.

NOTE: In addition to setting the load 
control levels, you must assign the 
LOADUP and LOADLOW settings to 
auxiliary output relays (one each); see 
Table 4.77, and Figure 2.10 for the 
connection diagrams.
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loss-of-field affects all three phases, the condition is balanced. The SEL-710-5 
uses measured positive-sequence impedance to form the mho circles.

Typically, Zone 1 and Zone 2 are offset from the origin of the impedance 
plane by a value equal to half of the machine transient reactance, as shown in 
Figure 4.59. Zone 1 is intended to operate with little time delay in the event of 
a loss-of-field under full load conditions. Zone 2 reaches farther and operates 
with a longer time delay. Zone 2 is intended to trip for loss-of-field conditions 
that occur under light load conditions. The loss-of-field elements are super-
vised by the 40ZTC torque-control setting.

Figure 4.58 Loss-of-Field Logic Diagram

Set E40 := Y to enable loss-of-field protection elements. If loss-of-field pro-
tection is not necessary, set E40 := N.

The Zone 1 element typically is applied as a tripping function. Zone 1 diame-
ter and offset setting guidelines are described below. Set the Zone 1 offset 
equal to half the motor transient reactance, X'd, in secondary ohms. Zone 1 
loss-of-field tripping is typically performed with short or zero time delay. Use 
the 40Z1D setting to add any necessary delay.

Table 4.55 Loss-of-Field Protection Settings

Setting Prompt  Setting Range
 Setting Name := 
Factory Default

LOSS OF FIELD EN Y, N E40 := N

Z1 MHO DIAMETER OFF, 0.1–100 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

40Z1P := 13.4a

Z1 OFFSET 0.0–50.0 ohm seca 40XD1 := 2.5a 

Z1 TIME DELAY 0.00–400.00 s 40Z1D := 0.00

Z2 MHO DIAMETER OFF, 0.1–100 ohm seca 40Z2P := 13.4a 

Z2 OFFSET 0.0–50.0 ohm seca 40XD2 := 2.5a

Z2 TIME DELAY 0.00–400.00 s 40Z2D := 0.50

40Z TRQCTRL SELOGIC 40ZTC := NOT LOP AND 
SRUNNING

Impedance
Calculation

40Z1D

0

40Z2D

0

Relay
Word
Bits

Zone 1 
Calculation

Zone 2 
Calculation

SELOGIC
Setting

Setting

Z1Ω

40Z1T

40Z2T

40Z2

40Z1

40ZTC

40Z2P

40XD2

40Z1P

40ZTC

V1

I1

40XD1
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The 40Z1 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 1 mho circle defined by the 
offset and diameter settings.

The 40Z1T Relay Word bit asserts 40Z1D seconds after 40Z1 asserts.

The Zone 2 element typically is applied as a time-delayed tripping function. 
Zone 2 diameter and offset setting guidelines are described below.

Zone 2 loss-of-field tripping typically is performed with a time delay of 0.5 to 
0.6 seconds. Set 40Z2D equal to the necessary delay.

The 40Z2 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 2 mho circle defined by the 
offset and diameter settings. The 40Z2T Relay Word bit asserts 40Z2D sec-
onds after 40Z2 asserts. 

The loss-of-field elements are disabled when the 40ZTC SELOGIC control 
equation equals logical 0. The relay allows these elements to operate when the 
40ZTC SELOGIC control equation equals logical 1. With the default setting, 
the loss-of-field elements operate when the relay detects that the motor is syn-
chronized and no loss-of-potential condition exists. To prevent any nuisance 
trips immediately after the synchronization process, an additional pickup 
delay can stabilize the currents and voltages. Use the SELOGIC variables to 
program this delay, and add it to torque control. See the following example.

Setting Calculation
Collect the following information to set loss-of-field.

➤ Synchronous motor direct axis reactance, Xd, in secondary ohms

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Synchronous motor-rated line-to-line voltage, in secondary volts 
(VNOM)

➤ Synchronous motor-rated phase current, in secondary amperes 
(INOM = Full load current, secondary)

Loss-of-Field Protection Using Offset Zone 2
When setting Zone 2 with an offset, set the Zone 1 diameter equal to 1.0 per 
unit impedance.

Set the Zone 1 offset equal to half the synchronous motor transient reactance, 
X'd, in secondary ohms. Typically, the Xd is greater than 1 per unit impedance. 
However, if Xd is less than or equal to 1 per unit impedance, set the 40Z1P 
shorter so that the worst-case stable power system swing does not enter the 
Zone 1 characteristic.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
40ZTC := SV10T

NOTE: The loss-of-field elements 
require at least 0.25 volts of positive-
sequence voltage and 0.25 amperes 
of positive-sequence current to 
operate.

40Z1P
VNOM

1.73 INOM•
------------------------------  Ω=

40XD1
X′d
2

--------  Ω=
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Zone 1 loss-of-field tripping is typically performed with short or zero time 
delay.

Set the Zone 2 diameter equal to the machine direct axis reactance, Xd, in 
secondary ohms.

Set the Zone 2 offset equal to the Zone 1 offset.

Set the Zone 2 time delay long enough to avoid an incorrect operation during a 
worst-case stable power system swing condition, typically 0.5 to 0.6 seconds 
or according to the recommendations of the synchronous motor manufacturer.

The Relay Word bits 40Z1T and 40Z2T are configured to trip the synchronous 
motor breaker in the factory-default logic (see Trip/Close Logic for details). 
You must change the setting if your application requires a different action.

Figure 4.59 Loss-of-Field Element Operating Characteristic, Zone 2 Offset

Out-of-Step Element
The SEL-710-5 contains an out-of-step element to detect out-of-step condi-
tions between two interconnected systems. Two interconnected systems expe-
rience an out-of-step condition for several reasons. A synchronous motor out-
of-step condition (also referred to as pole-slipping) usually occurs because of 
an under-excited motor condition, an excessively reduced supply voltage, or 
an excessively loaded shaft. 

Detecting and isolating an out-of-step condition as early as possible is impera-
tive because the resulting high peak currents, winding stresses, and high shaft 
torques are very damaging to the synchronous motor.

40Z1D 0.0 seconds=

40Z2P XdΩ=

40XD2
X′d
2

--------  Ω=

 40Z2D 0.5 seconds=

40Z2P = Xd

Zone 2

40Z1P = 1.0 pu Zone 1

R

X’d
2

X
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The SEL-710-5 implements two out-of-step tripping schemes: single blinder 
and double blinder. Select whichever scheme suits your application, or you 
can disable out-of-step protection. Set E78 := 1B or 2B to enable out-of-step 
protection elements. If out-of-step protection is not necessary, set E78 := N.

Single-Blinder Scheme
The single-blinder scheme, shown in Figure 4.60, consists of mho element 
78Z1, right blinder 78R1, and left blinder 78R2.

Figure 4.60 Single-Blinder Scheme Operating Characteristics

Table 4.56 Out-of-Step Protection Settings

Setting Prompt  Setting Range
Setting Name := 
Factory Default

OUT-OF-STEP PROT N, 1B, 2B E78 := 1B

FORWARD REACH 0.1–100.0 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

78FWD := 8a

REVERSE REACH 0.1–100.0 ohm seca 78REV := 8a

RIGHT BLINDERb

b Right/Left Blinder settings apply to single-blinder scheme (1B) only.

0.1–50.0 ohm seca 78R1 := 6a

LEFT BLINDERb 0.1–50.0 ohm seca 78R2 := 6a

OUTER BLINDERc 

c Outer/Inner Blinder and OOS Delay settings apply to double-blinder scheme (2B) only.

0.2–100.0 ohm seca 78R1 := 6a

INNER BLINDERc 0.1–50.0 ohm seca 78R2 := 6a

OOS DELAYc 0.00–1.00 s 78D := 0.05

OOS TRIP DELAY 0.00–1.00 s 78TD := 0

OOS TRIP DUR 0.00–5.00 s 78TDURD := 0

POS-SEQ CURRENT 0.25-30.00 A secd

d Range and default setting shown are for 5 A CT. Divide by 5 for 1 A rated CTs.

50ABC := 0.25d

OOS TRQCTRL SELOGIC OOSTC := NOT LOP AND 
SRUNNING

Diameter of 78Z1 = (78REV + 78FWD)

78R2
Pickup

78R1
Pickup

78R1
Right Blinder

R

78R2
Left Blinder

78REV

78FWD

C B A

78R2 78R1
78Z1
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This scheme detects an out-of-step condition by tracking the path of positive-
sequence impedance trajectories that pass through the protection zone. If the relay 
detects an out-of-step condition, the following Relay Word bits assert:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance moves from the load region into Area A (left blinder 
78R2 and mho element 78Z1 assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances to Area B between the two blinders (right blinder 
78R1, left blinder 78R2, and mho element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle via 
Area C, the rising-edge triggered timer with 78TD pickup delay 
and 78TDURD dropout-delay starts timing. Relay Word bit 
OOST remains picked up for 78TDURD seconds after the 
pickup delay time 78TD expires.

➤ The previous description is only for trajectories traveling from 
right to left. Out-of-step trajectories traveling from left to right 
traverse the protection zone in the reverse sequence (that is, from 
Area C to B to A). The Relay Word bits assert in the same way, 
whether trajectories travel from right to left or from left to right.

The single-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by tracking the path of the impedance trajectory. During 
short-circuit faults, the impedance moves from the load region to inside the 
mho element and between the two blinders almost instantaneously, preventing 
the out-of-step function from picking up.

Figure 4.61 shows the logic diagram for the single-blinder scheme. In the fig-
ure, the states of 78R1 and 78R2 are latched on the rising edge of SWING to 
determine if the swing has entered the 78Z1 mho circle from the right or the 
left. (For OOST to occur, the swing must exit the 78Z1 mho circle in the 
opposite direction from which it entered.) The latched states of 78R1 and 
78R2 are retained until the next time SWING asserts, which is the next time a 
power system swing occurs.

The sum of the forward and reverse reaches (the diameter of the mho circle) 
has to be 100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

The blinder settings must be greater than or equal to five percent of either the 
forward or the reverse reach, whichever is greater.

The relay allows the element to operate when the OOSTC SELOGIC control 
equation equals logical 1. With the default setting, the 78 element operates 
when the relay detects that the motor is synchronized and no loss-of-potential 
condition exists. To prevent any nuisance trips immediately after the synchro-
nization process, an additional pickup delay can stabilize the currents and 
voltages. Use the SELOGIC variables to program this delay, and add it to 
torque control. See the following example. 

Block the operation of the 78 element for certain conditions, such as the pres-
ence of excessive negative-sequence currents, by setting OOSTC to NOT 
50Q1P. Refer to Logic Settings (SET L Command) on page 4.101 for a 
detailed discussion of SELOGIC control equations.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
OOSTC := SV10T
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The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for 78TDURD is zero because the Relay Word bit OOST is configured to trip 
the synchronous motor breaker with default trip logic TR (which includes an 
identical timer TDURD). You must change the settings (trip logic and/or 
78TDURD) if your application requires a different action.

The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications; however, a higher setting can be applied based on minimum 
expected swing currents. Note that the positive-sequence current levels below 
the 50ABC setting block the out-of-step function.

Both 78R1 and 78R2 must be within the mho circle.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study

Convert all impedances to synchronous motor base kV.
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Figure 4.61 Single-Blinder Scheme Logic Diagram

Recommendations. Figure 4.62 shows the elements set according to the 
following recommendations.

A transient stability study normally provides adequate data for setting the ele-
ments and timers properly. The out-of-step protection zone, which is limited 
by mho element 78Z1, includes the synchronous motor. Normally, set reverse 
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reach 78REV at 2–3 times the synchronous motor transient reactance, and set 
forward reach 78FWD at 0.05–0.15 times the synchronous motor transient 
reactance, X'd, to provide adequate coverage with a margin of error.

Set the left and right blinders to detect all out-of-step conditions. To do this, 
the right and left blinders are set so that the equivalent machine angles  and 
β are approximately 120 degrees, as shown in Figure 4.62. Separation angles 
of 120 degrees or greater between the two sources usually results in loss of 
synchronism.

Make sure that the mho element and the blinders do not include the maximum 
possible synchronous motor load, to avoid assertion of 78Z1, 78R1, and 78R2 
under normal system operation. 

Figure 4.62 Single-Blinder Typical Settings

Double-Blinder Scheme
The double-blinder scheme, shown in Figure 4.63, consists of mho element 
78Z1 and two blinder pairs: outer resistance blinder 78R1 and inner resistance 
blinder 78R2. This scheme uses timer 78D as part of its logic to detect out-of-
step conditions. The scheme declares an out-of-step condition if the positive-
sequence impedance stays between the two blinders for more than 78D sec-
onds and advances farther inside the inner blinder. The logic issues an out-of-
step trip once an out-of-step condition is established and the positive-sequence 
impedance exits the mho circle.

α

78Z1

78FWD

78FWD: Forward Reach
78REV: Reverse Reach
X’d: Synchronous Motor  Transient 

Reactance
Zs: System Impedance

M-N: Total Impedance Between 
Synchronous Motor and System

S-S’: Perpendicular Bisector of M-N
α and β: Angle of Separation Between 

Synchronous Motor and System

78REV
78R2 78R1

Zs

X’d

A

B

C

S’

N

R

S

M
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Figure 4.63 Double-Blinder Scheme Operating Characteristics

If the relay detects an out-of-step condition, it asserts the following Relay 
Word bits:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance stays between the outer and inner blinders for more 
than 78D seconds (78R1 asserts, mho element 78Z1 may or may 
not assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances farther inside the inner blinder (78R1, 78R2, and mho 
element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle, the 
rising-edge triggered timer with 78TD pickup delay and 
78TDURD dropout delay starts timing. Relay Word bit OOST 
remains picked up for 78TDURD seconds after pickup delay 
time 78TD expires.

The double-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by monitoring the length of time that the impedance trajec-
tory stays between the two blinders. During short-circuit faults, the impedance 
either moves inside the inner blinder or goes through the two blinders almost 
instantaneously so that the 78D does not time out. Either case prevents the 
out-of-step element from picking up. Figure 4.65 shows the logic diagram for 
the double-blinder scheme.

The sum of the forward and reverse reaches (the diameter of the mho circle) is 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

Set the inner blinder (78R2) so that its setting is greater than or equal to five 
percent of either the forward or the reverse reach, whichever is greater.

The 78 element torque control SELOGIC control equation OOSTC has a 
default setting of one. If this value is left at one, the out-of-step element is not 
controlled by any other conditions external to the element. Block operation of 
the 78 element for certain conditions, such as the presence of excessive nega-
tive-sequence currents, by setting OOSTC to NOT 50Q1P. Refer to Logic Set-
tings (SET L Command) for a detailed discussion of SELOGIC control 
equations.

78R2
Pickup

78R1
Pickup

78R2 78R1

78R2
Pickup

78R1
Pickup

—78R2—78R1

R

78Z1

78R2

78R1

78REV

78FWD

X
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The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications. Apply a higher setting based on minimum expected swing cur-
rents. Note that the positive-sequence current levels below the 50ABC setting 
block the out-of-step function.

The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for the 78TDURD is zero because the Relay Word bit OOST is configured to 
trip the synchronous motor breaker with default trip logic TR (which includes 
an identical timer TDURD). Change the settings (trip logic and/or 78TDURD) 
if your application requires a different action.

The inner resistance blinder must be inside the mho circle while the outer 
resistance blinder should be outside the mho circle for the logic to operate cor-
rectly.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd in secondary ohms.

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study.

Convert all impedances to synchronous motor base kV.

Recommendations. Figure 4.64 shows the elements set according to the 
following recommendations.

The out-of-step protection zone, which is limited by mho element 78Z1, 
includes the synchronous motor. Normally, set reverse reach 78REV at 2–3 
times the synchronous motor transient reactance, and set forward reach 
78FWD at 0.05–0.15 times the synchronous motor transient reactance, X'd, to 
provide adequate coverage with a margin of error.

Set the inner blinder 78R2 to detect all out-of-step conditions. To do this, set 
the inner blinder so that the equivalent machine angle, shown in Figure 4.64, 
is approximately 120 degrees. A separation angle of 120 degrees or greater 
between two sources generally results in loss of synchronism.

Set the outer blinder 78R1 and out-of-step timer 78D to satisfy the following:

➤ The outer blinder should not assert on maximum load.

➤ The outer blinder should lie outside the mho circle, to satisfy the 
relay logic.

➤ The outer blinder should separate from the inner blinder far 
enough to ensure that the 78D timer accurately times the out-of-
step slip cycle.

The SEL-710-5 processes the out-of-step logic every half cycle of the system 
frequency. To ensure that the relay times the out-of-step slip frequency accu-
rately, separate the outer and inner blinders appropriately. For example, 
assume that the highest out-of-step frequency encountered is five slip cycles 
per second, which translates to 30 degrees per cycle (60 Hz). Set the blinders 
with a 70-degree separation. This separation translates to a positive-sequence 
impedance travel time of 2.3 cycles between the two blinders, which should 
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provide adequate timing accuracy. Set the 78D timer at approximately 0.034 
seconds (two cycles), which ensures that 78D will pick up for swings travel-
ing at 30 degrees per cycle or less.

The out-of-step slip frequency is a system-specific value. A transient stability 
study normally determines this variable and, therefore, the double-blinder set-
tings.

Figure 4.64 Double-Blinder Typical Settings

78FWD: Forward Reach
78REV: Reverse Reach
X’

d
: Synchronous Motor Transient Reactance

ZS: System Impedance
M-N: Total Impedance Between Synchronous 

Motor and System

S-S1: Perpendicular Bisector of M-N
α: Angle of Separation Between Synchronous Motor 

and System Measured at 78R2
γ: Angle of Separation Between Synchronous Motor 

and System Measured at 78R1
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Figure 4.65 Double-Blinder Scheme Logic Diagram
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Field Resistance Element
This feature is available only if an external dc transducer is used separately to 
convert the primary field dc current to a low level signal (4 to 20 mA dc or 
0 to +10 Vdc) for the relay field current input, IEX, and an SEL external volt-
age divider board is connected to convert the primary field (exciter) dc voltage 
to a reduced voltage signal for the relay field voltage input, VEX. FDCURIN, 
FD_20 mA/ FD_5 V settings must be set to detect the primary field current. 
See Section 2: Installation for the board switch positions.

Primary field resistance is the ratio of the primary field voltage to the primary 
field current. If the primary field resistance goes above the field resistance 
warning or trip level for longer than a 10-second time delay, the relay issues a 
warning signal. 

The field resistance elements operate only when the field resistance torque 
control, FDRESTC, asserts. You can also disable the elements by setting the 
field resistance warning level settings to OFF.

An increase in field resistance indicates an increase in field temperature. This 
function is an estimation of the field resistance as the exciter voltage measure-
ment excludes the compensation for brush and cable voltage drop.

Field Current Element
The field current feature is available only if an external dc transducer is 
installed separately to convert primary field/exciter dc current to low level sig-
nal (4 to 20 mA dc or 0 to +10 Vdc) for relay field current input, IEX. See 
Section 2: Installation for the board switch positions.

Set the FD_20 mA setting to a primary field current value corresponding to a 
dc transducer output of 20 mA or set the FD_5 V setting to a primary field 
current value corresponding to a dc transducer output of 5 V. 

If the primary field current, IEX, falls below the field undercurrent warning or 
trip level for longer than the time-delay setting, the relay issues a warning or 
trip signal. If the primary field current, IEX, goes above the field overcurrent 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. 

The field current is operational only when the field current torque control, 
FDCTC, is asserted. You can also disable the elements by setting the field cur-
rent warning level and trip level settings to OFF. For a brushless application, 
use DCCT to measure the auxiliary exciter dc field current, IEX.

Table 4.57 Field Resistance Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD RES WARN 1 OFF, 0.10–500.00 ohm pri FDRES1P := OFF

FLD RES WARN 2 OFF, 0.10–500.00 ohm pri FDRES2P := OFF

FLDR TRQ CTRL SV FDRESTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD CURRENT IN I, V FDCURIN := I

FLD CUR @ 20 mA 1.0–2000.0 A dc pri FD_20mA := 400.0
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Field (Exciter) Voltage Element
The field voltage feature is available only when an SEL external voltage 
divider board is installed to convert the primary field (exciter) dc voltage to 
reduced voltage signal for relay field voltage input, VEX. 

If the primary field (exciter) voltage, VEX, falls below the field undervoltage 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. If the primary field (exciter) voltage, VEX, goes above 
the field overvoltage warning or trip level for longer than the time-delay set-
ting, the relay issues a warning or trip signal. 

The field voltage elements operate only when the field voltage torque control, 
FDVTC, asserts. You can also disable the elements by setting the field voltage 
warning level and field voltage trip level settings to OFF. For a brushless 
application, use the auxiliary exciter dc voltage for VEX input.

FLD CUR @ 5V 1.0–2000.0 A dc pri FD_5V := 400.0

FLD UC TRIP LEVEL OFF, 1.0–2000.0 A dc pri FDUC1P := OFF

FLD UC TRIP DLY 0.3–100.0 sec FDUC1D := 0.5

FLD UC WARN LVL OFF, 1.0–2000.0 A dc pri FDUC2P := OFF

FLD UC WARN DLY 0.3–100.0 sec FDUC2D := 5.0

FLD OC TRIP LVL OFF, 1.0–2000.0 A dc pri FDOC1P := OFF

FLD OC TRIP DLY 0.3–100.0 sec FDOC1D := 0.5

FLD OC WARN LVL OFF, 1.0–2000.0 A dc pri FDOC2P := OFF

FLD OC WARN DLY 0.3–100.0 sec FDOC2D := 5.0

FLDC TRQ CTRL SV FDCTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.59 Field Voltage Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD UV TRIP LVL OFF, 1.0–350.0 Vdc pri FDUV1P := OFF

FLD UV TRIP DLY 0.3–100.0 sec FDUV1D := 0.5

FLD UV WARN LVL OFF, 1.0–350.0 Vdc pri FDUV2P := OFF

FLD UV WARN DLY 0.3–100.0 sec FDUV2D := 5.0

FLD OV TRIP LVL OFF, 1.0–350.0 Vdc pri FDOV1P := OFF

FLD OV TRIP DLY 0.3–100.0 sec FDOV1D := 0.5

FLD OV WARN LVL OFF, 1.0–350.0 Vdc pri FDOV2P := OFF

FLD OV WARN DLY 0.3–100.0 sec FDOV2D := 5.0

FLDV TRQ CTRL SV FDVTC := NOT STOPPED
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Power Factor Correction 
The SEL-710-5 includes a power factor correction logic that compares the 
reactive power consumed by the motor with a required calculated reactive 
power set point and generates a command to raise or lower the excitation. 
Note that a positive required reactive power set point makes the motor behave 
as an inductive load and that a negative required reactive power set point 
makes the motor behave as a capacitive load.

With EPFC set to QSPMV, the reactive power set point is determined by a 
SELOGIC math variable. The SELOGIC math variable is selected using the 
PFQSP relay setting. For example, to select MV11, set PFQSP to 11, then the 
dynamically evaluated value in MV11 is used as the reactive power set point. 
With EPFC set to PFSP, the reactive power set point is computed using the 
measured active power of the motor, and power factor set point specified by 
PFSPAN and PFLDLG settings. Figure 4.66 shows the reactive power set 
point logic.

Figure 4.66 Reactive Power Set Point Calculation

Every five seconds, the difference between the measured reactive power and 
the reactive power set point (ΔQ) is compared to two reactive power thresh-
olds in a double deadband logic. When ΔQ is greater than the short step reac-
tive power threshold (PFSTH), the logic asserts the field voltage short raise 
Relay Word bit (FVSRT) for FVSDO seconds. Similarly, when ΔQ is greater 
than the long step reactive power threshold (PFLTH), the logic asserts the 
field voltage long raise Relay Word bit (FVLRT) for FVLDO seconds. The 
same thresholds and drop out timers are used to assert the field voltage short 
and long lower Relay Word bits (FVSLT and FVLLT) when ΔQ turns out to 
be negative. Figure 4.67 details the double deadband logic. 

Figure 4.67 Double Deadband Logic

NOTE: The time constants for the 
active power filter and reactive 
power filter are 30 seconds and 1 
second, respectively.
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The SEL-710-5 uses the FVLR, FVSR, FVLL, FVSL pulses to obtain the 
analog quantity OUTVAL, which is used to connect to a field controller that 
accepts an analog input. OUTVAL is computed as follows:

IF (PFCNTRL == 0) THEN: OUTVAL = PFCOVL

ELSE: OUTVAL[k] = OUTVAL[k – 1] + (FVLR • n) + (FVSR • m) 
– (FVLL • n) – (FVSL • m)

where:
m = PFSTH • 1000 • 100 / (3 • FLA1 • VNOM / SQRT(3))
n = m • ((PFLTH / PFSTH) – 1)

The range of OUTVAL (0 to 100) is meant to cover the operational range of 
the field voltage. Ensure that the analog output range provides the field con-
troller with the appropriate minimum and maximum operable field voltage for 
the machine. During a relay restart, OUTVAL is set to PFCOVL regardless of 
the value of PFCNTRL. 

The PFINBN Relay Word bit indicates that the reactive power is within the 
given band. The PFGUT Relay Word bit asserts when the reactive power is 
outside the given band for more than 10 minutes indicating that the system did 
not correct the power factor. 

PID Controller
The SEL-710-5 includes a Type B PID controller with two modes of opera-
tion: as a generic controller utilizing math variables, or for power factor cor-
rection through an analog field controller. The controller assumes that the 
units of the set point (SP) and the process variable (PV) are in percentages and 
that the control action is PV-SP. The PID controller is processed with the 
math variables and analog quantities at an interval of 25 ms. Figure 4.68 pres-
ents the PID internal structure. Note that the derivative is computed using the 
process variable rather than the error (Type B PID configuration).

Table 4.60 Power Factor Correction Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PF CPMP OFF, PFSP, QSPMV EPFC := OFF

PF SET POINT OFF, 0.50–1.00 PFSPAN := OFF

LEADLAG LEAD, LAG PFLDLG := LEAD

Q SP MATH VAR 1–32 PFQSP := 32

DEADBAND L TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFLTH := 0.05 • YYYY

DEADBAND S TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFSTH := 0.01 • YYYY

LONG STEP LENGTH 0.0–3.0 sec FVLDO := 1.0

SHRT STEP LENGTH 0.0–3.0 sec FVSDO := 0.5

SYNCVOLTAGE 0%–100% PFCOVL := 100

SYNC VLTG CNTRL SELOGIC PFCNTRL := SRUNNING

NOTE: For power factor correction, 
SEL strongly recommends using the 
double deadband algorithm 
described in Power Factor Correction 
over the PID methods because of 
instabilities that may arise from 
system conditions and parameters.
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Figure 4.68 PID Controller

When EPID is set to PIDMV, the PID controller will use the values of the 
math variables corresponding to PISPMV and PIPVMV as the set point and 
the process variable, respectively (e.g., PISPMV = 1 and PIPVMV = 2 will 
use MV01 and MV02). Since the PID controller assumes a PV–SP control 
action, you can achieve an SP–PV control action by setting the math variables 
you use to multiply by –1.

When EPID is set to PFSP, the PID controller will calculate a reactive power 
set point using the measured real power with the PISP and PILDLG settings, 
while the process variable will use the measured reactive power These values 
are converted to per unit through the use of the FLA1 and VNOM settings.

Set Point
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Error 
PIDOUT

Table 4.61 PID Controller Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PID N, PFSP, PIDMV EPID := N

PF SET POINT 0.10–1.00 PISP := 1.00

LEADLAG LEAD, LAG PILDLG := LEAD

MV SET POINT 1–32 PISPMV := 1

MV PROCESS VAR 1–32 PIPVMV := 1

INTEGRAL INIT VAL 0.0–100.0 PISTART := 50.0

GAIN CONSTANT 0.000 to 15.000 PIKC := 1.000

INT TIME CONST 0.01 to 600.00 sec PITI := 0.01

DERIV TIME CONST 0.000 to 5.000 sec PITD := 0.000

OUTPUT FLOOR 0.0–99.9 PIMIN := 0.0

OUTPUT CEILING 0.1–100.0 PIMAX := 100.0

INTEGRAL FREEZE SELOGIC PIFRE := 0

PID LOGIC CNTRL SELOGIC PIRUN := 1



4.89

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

The analog quantity output of the PID controller, PIDOUT, is given as a per-
centage and is bounded by the floor setting, PIMIN, and the ceiling setting, 
PIMAX. An anti-integral windup scheme is implemented by freezing the inte-
gral term when either of two scenarios occurs: the calculated PIDOUT is 
above the PIMAX setting and the error is positive, or the calculated PIDOUT 
is below the PIMIN setting and the error is negative. The integral term can 
also be frozen when the SELOGIC equation PIFRE evaluates to a logical 1. In 
either case, the Relay Word bit PIAW will assert when the integral term is frozen.

Synchronous Motor Synchronization
The SEL-710-5 provides three different methods for synchronous motor syn-
chronization: 

➤ Time-delayed start for brushless synchronous motors

➤ Slip-dependent synchronization based on field voltage 
measurements

➤ Slip-dependent synchronization based on stator current 
measurements

Time-Delayed Starting for Brushless Synchronous Motors
Time-delayed starting is applicable to brushless type machines when setting 
SYNTYPE := BRUSHLESS. The brushless motor is started by first applying 
ac power to the stator windings. Once the relay detects the machine is in the 
STARTING or RUNNING state, the relay asserts the 41CLOSE Relay Word 
bit after a fixed time-delay setting, 41DELAY. Use the 41CLOSE bit to oper-
ate an output contact directly. This output contact can be wired to close the 
field contactor or breaker circuit to apply dc excitation to the motor field 
winding.

Figure 4.69 Starting Brushless Synchronous Motor

Brush-Type Synchronous Motor Synchronization
The SEL 710-5 has the capability to synchronize a brush-type synchronous 
motor. Use an SEL external voltage divider board to convert the voltage 
across the field voltage discharge resistor (VDR) to a level suitable to the 
relay. Refer to Figure 2.33 for a connection diagram of the external voltage 
divider board. Proper polarity, as shown in Figure 2.33, is essential when con-
necting the VDR input to the relay. 

The following steps are part of the synchronization process:

1. Closing of the field circuit via the field discharge resistor

2. Application of three-phase power to stator

Table 4.62 Brushless Synchronous Motor Start-Sequence Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

41 CLOSE DELAY 0.0–100.0 sec 41DELAY := 3.0

41DELAY

0

SYNTYPE := BRUSHLESS

TRIP

STOPPED

41CLOSERelay
Word
  Bits  

Relay
Word
  Bit  

Setting

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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3. Application of field excitation when desired slip and angle are reached

4. Tripping of the motor in case of incomplete sequence

The motor is started with the discharge resistor connected across the motor 
field winding via the 41b auxiliary contact. The brush-type motor is started by 
applying ac power to the stator windings. This results in a rotating magnetic 
field in the air gap at synchronous speed. The rotating magnetic field, in 
effect, induces EMF in the amortisseur windings (also referred to as damper 
windings) and the field winding. The torque produced by the induced currents 
in the amortisseur windings causes the motor to operate as an induction motor 
and to accelerate to near synchronous speed. On the other hand, the induced 
current in the field circuit circulates through the VDR. The relay uses the 
voltage across the VDR to determine the exact moment to energize the field 
winding as explained in the following text. 

The relay uses the settings in Table 4.63 as part of the start sequence. 

Figure 4.70 shows the synchronous motor start sequence enable logic. Pro-
gram the SELOGIC setting STSEQEN to initiate the synchronization process. 
If the field excitation voltage, VEX, is wired to the relay, a field undervoltage 
element is set and programmed as part of STSEQEN, ensuring that appropri-
ate field voltage is present before the start sequence is initialized.

Program the percentage of the synchronization slip setting, SYNSLIP, as rec-
ommended in the synchronous motor data sheet. The relay calculates the slip 
frequency in percent from the VDR signal, FREQR, at every zero crossing, 
i.e., SMSLIP = (FREQR / FNOM) • 100, and compares it to the SYNSLIP set-
ting. If the calculated rotor slip frequency is less than or equal to the SYN-
SLIP setting, the relay declares that the required slip is reached and sets the 
SLIPRECH Relay Word bit. The relay simultaneously keeps track of the posi-
tive-to-negative zero crossing (PNZC) of the VDR signal rotor angle to allow 
for the effective pull-in of the rotor when the field is applied to synchronize 
the motor.

Figure 4.70 Synchronous Motor Start Sequence Enable Logic

Figure 4.71 shows the 41CLOSE logic for a brush-type synchronous motor. 
The DRVECLS (drive-to-close for an effective pull-in) or RELUCLS (reluc-
tance torque synchronizing) Relay Word bits set the 41CLOSE.

Table 4.63 Synchronous Motor Start Sequence Settings

Setting Prompt Setting Range Setting Name := Factory Default

STRT SEQ ENABLE  SELOGIC STSEQEN := R_TRIG STARTING 
AND NOT 47T AND NOT SMTRIP 
AND NOT (FDUV1T OR FDUV2T)

SYNCHRONIZE SLIP  1.0%–10.0% SYNSLIP := 2.0

UNLATCH 41CLOSE  SELOGIC UL41CL := TRIP OR STOPPED

MIN CLOSE DELAYa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

 0.1–99.0 sec 41MNDLY := 0.1

WARNING
Do not attempt to synchronize the 
brush-type synchronous motor 
without the external voltage divider 
board. Severe damage to the relay can 
result if the external voltage divider 
board is improperly connected.

NOTE: The input to VDRM should be 
greater than 54 V for the synchronous 
motor start logic to work.

SYNTYPE := BRUSH

STSEQEN

STOPPED OR TRIP

SYNENAND1
OR1

AND2SELOGIC
Setting

Setting Relay
Word
Bit
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The FREQDECAY input supervises both of these bits. This input qualifies a 
proper start sequence by ensuring that the VDR observed is favorable (e.g., 
negative and decreasing signal) after assertion of the SYNEN bit. The relay 
computes the speed of the rotor using consecutive zero crossings in the VDR 
signal. The relay computes two quantities to show the rotor speed: 
1) SMSLIP, in percentage, where 100 means stand-still and 0 means synchro-
nous speed; and 2) FREQR, in hertz.

Once the required slip frequency is reached, the relay issues a 41CLOSE via 
DRVECLS on the immediate or subsequent PNZC transition of the VDR sig-
nal for an effective pull-in of the rotor. 

If the SLIPRECH asserts while the signal is unfavorable (e.g., VDR negative 
but increasing), the PNZC may not be dependable. In this case, the relay 
issues a 41CLOSE via RELUCLS for a reluctance close. For the RELUCLS 
Relay Word bit to assert, the VDR voltage has to be unfavorable for a period 
greater than the SYNSLIP setting expressed in seconds. For example, if 
SYNSLP = 10% and FNOM = 60 Hz, then the SYNSLP setting expressed in 
seconds is 1/6 Hz = 0.167 seconds. Use the 41CLOSE bit to operate an output 
contact directly. Wire this output contact to close the field contactor or 
breaker circuit, to apply dc excitation to the motor field winding, and to open 
the field discharge resistance circuit. 

Figure 4.71 41CLOSE Logic for Brush-Type Synchronous Motor

Use the UL41CL SELOGIC setting to unlatch the 41CLOSE Relay Word bit in 
the event of a TRIP or when the motor has stopped. In applications that 
require line current supervision, i.e., for a line current less than 1.1 • FLA1, 
the ADV_RUNN Relay Word bit can be programmed into UL41CL 
(UL41CL := TRIP OR STOPPED OR NOT ADV_RUNN) to supervise the 
41CLOSE bit. Refer to Figure 4.77 for the ADV_RUNN Relay Word bit.

Monitor the synchronous motor starting sequence with the START_T setting 
(see Figure 4.30 and Figure 4.31) to trip the motor in case of an incomplete 
start sequence, i.e., the 41CLOSE does not assert within START_T time. The 
SEL-710-5 decides the state of the synchronous motor based on the 
synchronous motor running state logic shown in Figure 4.76. Program the 
FDCMIN and 41A settings accordingly to indicate to the relay that the 
synchronous motor field contactor or breaker is closed.

41CLOSE

Relay
Word
Bit

DRVECLS

RELUCLS

SLIPRECH

UL41CL

FreqDecay

FreqDecay

VDR PNZC

0.0 V

VDR SYNSLIPa S

R

a Period corresponding to SYNSLIP setting in seconds.

SELOGIC
Setting

Relay
Word
  Bits  

Relay
Word
  Bits  

0.0 V



4.92

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

See Figure 4.72 for an event capture of synchronous motor starting. Along 
with the line currents and voltages, the CEV report in SEL-710-5 also 
captures the VDR voltage and rotor frequency, FREQR, measured at each 
zero-crossing. In Figure 4.72, the capture uses the following event report 
settings: PRE = 10 cyc, LER = 180 cyc, and ER = R_TRIG STARTING. For 
motors with a starting time longer than three seconds, program ER = R_TRIG 
STARTING OR R_TRIG 41CLOSE, as needed.

Figure 4.72 SEL-710-5 Event Capture Of Synchronous Motor Starting 

Synchronization Based on Stator Measurements
This method is intended for synchronization of motors with salient poles and 
start times of at least three seconds. The SEL-710-5 Relay calculates the slip, 
SMSLIP2, based on the stator measurements and compares it with SYNSLIP 
(in percentage), as seen in Figure 4.73 (refer to Table 4.63 for settings). When 
the calculated slip, SMSLIP2, is less than the SYNSLIP setting, the relay 
declares that the required slip for synchronization is reached and the SLIPBT 
Relay Word bit asserts. The SLIPOK Relay Word bit supervises the SLIPBT 
Relay Word bit. The SLIPOK Relay Word Bit asserts when the slip calculated 
based on the stator measurements is reliable. The motor slip computation 
logic is enabled by Field Close Enable or the motor state logic declaring that 
the motor is in the STARTING state.

The 41CLOSE2 Relay Word bit is set by the 41CLS2 Relay Word bit. Use the 
41CLOSE2 Relay Word bit to close the field breaker. A timer supervises this 
logic. The timer guarantees that synchronization does not happen before the 
minimum timer expires (Ta) or after the maximum timer expires (Tb). Pro-
gram the 41MNDLY setting to 30 to 40 percent of the minimum start time. 
Use the UL41CL SELOGIC setting to unlatch the 41CLOSE2 Relay Word bit 
in the event of a TRIP or when the motor has come to a STOP.

NOTE: VDR in the CEV report is in 
volts primary, equivalent to VDRM 
shown in Figure 2.33.

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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Figure 4.73 Slip-Computation Using Stator Measurements for Slip-Dependent Thermal Model and Synchronous 
Motor Synchronization

While this synchronization method is adequate to synchronize both brush and 
brushless motors, synchronization based on the VDR measurements is the 
preferred method for brush motors. Synchronization based on the VDR mea-
surements allows for the closing of the field on a positive-to-negative zero 
crossing of the VDR signal for an effective pull-in of the rotor. Refer to 
Table 4.63 for the settings related to this method.

Trip Logic
Trip Inhibit (Block) Function

You can assign any control input to the SELOGIC control equation 
BLKPROT. The relay uses the BLKPROT Relay Word bit to disable one or 
more protective functions listed in Table 4.64 when the BLKPROT control 
input asserts. 

Relay
Word
  Bit  

UL41CL

41CLS2

STARTING

Reset has Priority

41CLOSE2

Ta = max(0.2, 41MNDLY minimum sync time)
Tb = max(41DELAY, Ta + 0.1)
Ts = Tb + 2 cycles

S

R

Q

Ta

TbTs

SYNSLIP

SLIPOK

SMSLIP2

SLIPBT

Ia, Ib, Ic

Relay
Word
  Bits  

Relay
Word
  Bit  

Relay
Word
  Bit  

Relay
Word
  Bit  

Setting

SELOGIC
Setting

Va, Vb, Vc
Vab, Vbc, Vca

ENABLE

Outputs updated 
every 8 cycles

Motor Slip Computation

Field Close Enable

0

Relay
Word
  Bits  

STSEQEN

TRIP
STOPPED

SELOGIC
Setting

Table 4.64 Trip Inhibit Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

BLOCK PROTECT SELOGIC Variable BLKPROT := 0

CURRENT IMBALANC Y, N BLK46 := N

JAM Y, N BLK48 := N

GROUND FAULT Y, N BLK50EF := N

SHORT CIRCUIT Y, N BLK50P := N

UNDERCURRENT Y, N BLK37 := N

START INHIBIT Y, N BLK66 := N
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During certain operational phases when the level (e.g., motor current) differs 
from normal values, selected functions are completely disabled as long as the 
control input is asserted. For operational phases such as those listed below, 
you could have no warning, no trip or reset, and tripping delays that begin to 
run only after the function is reenabled:

➤ During starting (earth fault and short-circuit protection) 

➤ At no-load (protection against asymmetry and underload) 

➤ During brief overload phases (high overload/jam) 

➤ During commissioning and fault location (localizing the source 
of the trouble)

Trip/Close Logic
The SEL-710-5 tripping logic is designed to trip or stop motors energized 
through circuit breakers or contactors. The relay logic lets you define the con-
ditions that cause a trip, the conditions that unlatch the trip, and the perfor-
mance of the relay output contact motor contactor or breaker. Figure 4.74 
illustrates the tripping logic.

PTC Y, N BLK49PTC := N

RTD Y, N BLK49RTD := N

Table 4.64 Trip Inhibit Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.65 Trip and Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 s TDURD := 0.5

TRIP EQUATION SV TR := 49T OR LOSSTRIP OR JAMTRIP 
OR 46UBT OR 50P1T OR 50G1T OR 
59P1T OR 47T OR SPDSTR OR 50N1T 
OR SMTRIP OR (27P1T AND NOT LOP) 
OR SV01T OR SV03T

REMOTE TRIP EQN SV REMTRIP := 0

TRIP ON LOCKOUT Y, N TRIPONLO := Y

UNLATCH TRIP EQN SV ULTRIP := 0

CONTACTOR STATUS SV 52A := 0

FLD BRKR STATUS SV 41A := 0

NOTE:  The factory-default 
assignment of the Relay Word bit 
TRIP is the output OUT103. See 
Table 4.77 for the output contacts 
settings.
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Figure 4.74 Stop/Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following text.

TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the STOP Relay Word bit (asserted at the front panel or by 
the STOP command) are maintained for at least the duration of the minimum 
trip duration time (TDURD) setting.

0

TDURDSTOP

TRIP

Trigger Events

Reset TRIP LED

STOPPED

THERMLO
NOSLO
TBSLO
ABSLO

TRIPONLO = Y

TRGTR

TR

 STOPPED = Motor Stopped Relay Word Bit
 THERMLO = Thermal Element Lockout
 NOSLO = Starts-Per-Hour Lockout
 TBSLO = Minimum Time Between Starts Lockout
 ABSLO = Antibackspin Lockout
 TRIPONLO = Trip on Lockout
 ULTRIP = Unlatch Trip SELOGIC Control Equation
 RSTTRGT = Target Reset SELOGIC Control Equation

 TRGTR = Target Reset Command, Front Panel or 
Serial Ports

 EMRSTR = Emergency Start Command, Front 
Panel or Modbus/DeviceNet Command

 TR = Trip SELOGIC Control Equation
 STOP = Motor Stop Command, Front Panel or 

Serial Ports
 TDURD = Minimum Trip Time Setting

 EMRSTR

52A
RSTLED = Y

Relay
Word
  Bits  

ULTRIP
RSTTRGT

SELOGIC
Settings

Relay
Word
  Bit  

Relay
Word
  Bit  

SELOGIC
Setting

RSTTRGT

SELOGIC
Setting

Relay
Word
  Bits  

Communications
Command

Target Reset

Pushbutton
TARGET RESET

Serial Port 
Command

TAR R

 EMRSTR

TRGTR
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TR Trip Conditions SELOGIC Control Equation
The SEL-710-5 Trip Logic offers two ways to stop the protected motor:

➤ Conditions mapped to TR

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

Either of the two conditions will trigger an event report. The relay controls the 
tripping output contact(s) when the Relay Word bit TRIP appears in an output 
contact SELOGIC control equation. Default relay settings have output OUT103 
set to TRIP and fail-safe setting OUT103FS at Y (see Fail-Safe/Nonfail-Safe 
Tripping on page 2.26).

Set the TR SELOGIC control equation to include an OR-combination of all the 
enabled protection element Relay Word bits that you want to cause the relay 
to trip. Use the factory-default setting as a guideline.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. 

For example, the following settings trip the breaker by input IN303 via REM-
TRIP.

    REMTRIP := IN303

    TR :=...OR REMTRIP

The HMI displays Remote Trip to indicate the trip by remote trip logic.

ULTRIP Unlatch Trip Conditions SELOGIC Control Equation
Following a fault, the trip signal is maintained until all of the following condi-
tions are true:

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ All the motor lockout functions, described below, deassert to 
logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

➢ An emergency restart command is executed or the 
EMRSTR SELOGIC control equation setting asserts to 
logical 1.

NOTE: The outputs in the 
SEL-710-5 are not designed to 
interrupt the trip coil current. An 
auxiliary contact with adequate 
current interrupting capacity must 
clear the trip coil current before the 
output of the SEL-710-5 opens. 
Failure to observe this safeguard 
could result in damage to the 
SEL-710-5 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
Bit TRIP, which stays asserted for the 
duration of the TDURD setting or 
until TRIP is unlatched, whichever is 
longer.

NOTE: You can use an indirect 
mapping (e.g., SV01T) as in the 
factory-default setting. See 
Table 4.65 for the SV01 settings.

NOTE: The factory-default setting of 
the ULTRIP provides a manual reset 
of the protection trips. Set the 
ULTRIP := 1 if you want an automatic 
reset. You can make the automatic 
reset by a selected element; for 
example, set ULTRIP := F_TRIG 49T in 
a two-wire motor control circuit.
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Lockout After Stop
When TRIPONLO := Y, the relay automatically locks out the motor by assert-
ing the trip signal under any of the following conditions:

➤ Antibackspin Lockout. The ABSDLY timer has not expired 
since the motor trip occurred. The trip signal is maintained until 
the ABSDLY timer expires.

➤ Minimum Time Between Starts Lockout. A new start is not 
permitted until after the minimum time between starts has 
passed. The trip signal is maintained until a start is permitted.

➤ Starts-Per-Hour Limit Lockout. If the starts-per-hour limit has 
been met, a new start is not permitted until 60 minutes after the 
oldest start. The trip signal is maintained until a start is 
permitted.

➤ Thermal Element Lockout. The motor thermal element 
% Thermal Capacity Used value is too high to permit a normal 
motor start without tripping. The trip signal is maintained until 
the % Thermal Capacity decreases to a level where a start can 
safely take place, as shown in Figure 4.75.

Figure 4.75 Thermal Element Lockout Logic

If any of the previous protection functions is not enabled by the relay settings, 
that function does not affect trip unlatch.

Also note that the relay automatically asserts the trip signal if the motor stops 
and a lockout condition is in effect. The trip signal is cleared once all the 
enabled lockout conditions are cleared.

52A and 52B Contactor/Breaker Status SELOGIC Control Equations
Use the SELOGIC settings 52A and 52B to map the respective breaker or con-
tactor auxiliary contacts to the relay. Because the 52b contact is not always 
available and to reduce the number of I/O required, the breaker status logic 
does not include the 52B contact. The relay uses the 52A Relay Word bit as 
the status of the breaker/contactor in conjunction with the protection elements, 
motor state, trip, and close logic. The default 52B setting is NOT 52A. The 
factory-default setting assumes no auxiliary contact connection (52A := 0).

NOTE: For the disconnect settings 
and logic, refer to Disconnect Control 
Settings on page 9.2. For the 
touchscreen relay option, refer to 
Table 9.5 for typical disconnect 
symbols. For the settings related to 
bay control disconnect symbols, refer 
to Table 9.7 and the corresponding 
descriptions.

If you connect the breaker auxiliary contacts to digital inputs, you must 
change the factory-default logic equations for 52A and 52B. For example, set 
52A := IN101 and 52B := IN102 if you connect the 52a and 52b contacts to 
inputs IN101 and IN102, respectively.

100—TCSTART

TCURTR

49RSTP
TCUSTR

THERMLO

Relay
Word
Bit

Note: TCSTART is the setting, unless a learned value is available.

NOTE: When the 52A setting is 
used with an appropriate control 
input, it enhances the motor state 
logic (see Figure 4.77). This is 
particularly important if the motor 
has low operational idling current 
(less than 10 percent FLA).
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NOTE: For the settings related to the 
local/remote breaker control function, 
refer to Local/Remote Control on 
page 9.7. For breaker control via the 
front-panel pushbuttons, refer to 
Front-Panel Operator Control 
Pushbuttons on page 8.18. For breaker 
control via the two-line display, refer 
to Control Menu on page 8.10. For 
breaker control via the touchscreen, 
refer to Motor/Disconnect Control Via 
the Touchscreen on page 9.8.

The SEL-710-5 relay with the touchscreen display option additionally pro-
vides the ability to design detailed single-line diagrams and display the 
breaker and disconnect status. Refer to Table 9.1 for typical circuit breaker 
symbols available for display on the bay screens. For settings related to bay 
control breaker symbols, refer to Table 9.7 and the corresponding description

41A Field Contactor/Breaker Status Conditions for the SELOGIC Control 
Equation

You can connect an auxiliary contact of the 41 contactor or breaker to the 
relay. The SELOGIC control equation 41A allows you to configure the relay 
for either the 41b or 41a contact input. The factory-default setting assumes no 
auxiliary contact connection (41A := 0). 

If you connect the breaker auxiliary contact to a digital input, you must 
change the factory-default logic equation for 41A. For example, set 
41A := IN101 if you connect the 41a contact to input IN101.

Synchronous motor is latched to be in synchronized running state, SRUN-
NING, either when the relay detects the 41A field breaker status as closed or 
when the relay detects a field current greater than minimum field current set-
ting, FDCMIN, while the machine is in the RUNNING state. The FDCURIN, 
FD_20 mA/ FD_5 V (see Section 2: Installation for the board switch position) 
settings must be set to detect primary field current. The SRUNNING state is 
unlatched by the motor STOPPED state.

Figure 4.76 Synchronous Motor Running State Logic

Motor Control
The motor control settings interface the SEL-710-5 for external start control 
and motor speed control. Table 4.67 lists these SELOGIC control equation 
settings.

Table 4.66 Start Sequence Setting

Setting Prompt Setting Range Setting Name := Factory Default

MN FDC TO SYNCa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

0.5–2000.0 A dc pri FDCMIN := 400.0

NOTE: When used with an 
appropriate control input, the 41A 
setting enhances the synchronous 
motor running state logic 
(see Figure 4.76).

SRUNNING

Relay
Word
Bit

IEX > FDCMIN

41A

Relay
Word
Bits

S

R

RUNNING

STOPPED

300 ms

0
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In VFD applications, connect the auxiliary contact of the bypass switch to the 
input assigned to the setting VFD Bypass (VFDBYPAS) only if the optional 
voltage inputs are connected. The relay automatically switches from rms to 
fundamental magnitudes for protection elements when the VFD is bypassed 
(VFDBYPAS is asserted).

Figure 4.77 Motor State Logic

Table 4.67 Motor Control Settings 

Setting Prompt Setting Range Setting Name := Factory Default

START EQUATION SELOGIC STREQ := PB03

BLK START SELOGIC BLKSTSR := STOPPED AND (THERMLO 
OR NOSLO OR TBSLO OR ABSLO)

EMERGENCY START SELOGIC EMRSTR := 0

SPEED2 SELOGIC SPEED2 := 0

SPEED SWITCH SELOGIC SPEEDSW := 0

VFDBYPASS SELOGIC VFDBYPAS := 0

 FLAn = Effective full-load current. (n is 1 or 2 for Speed 1 or Speed 2)

 FLAmin = Lowest full-load current setting allowed;

         FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.

 I1, I2 = Positive-/negative-sequence motor current; except (I1 + I2) = average phase current for a VFD application.

T1 and T2 are Timers.

L1, L2, L3, and L4 are Latches.

/ indicates reset on rising 

   edge of the Reset input.

50S, 52A are Relay Word bits.

300 ms

0

/

STOPPED

(I1+I2) < 0.1 • FLAmin

52A

T1

STARTING

RUNNING

L1

S

R

Relay
Word
Bits

50 ms

0

/

RUNNING

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A
300 ms

0

T2

STARTING

STOPPED

L3

S

R

/

ADV_RUNN

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A

STARTING

STOPPED

L4

S

R

/

STARTING

(I1+I2) > 0.25 • FLAmin

50S = 1

STOPPED

RUNNING

L2

S

R
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Start Controls
Figure 4.78 shows the logic the relay uses to initiate motor starts.

Figure 4.78 Start Logic

If the TRIP Relay Word bit is not asserted, the relay asserts the START Relay 
Word bit in response to any of the following conditions:

➤ Start motor signal is received from SELOGIC control equation 
STREQ

➤ Emergency restart signal is received from SELOGIC control 
equation EMRSTR, front panel, or Modbus/DeviceNet 
command

➤ Start motor signal is received from the front panel or serial ports

The START Relay Word bit remains asserted for 0.5 seconds unless the relay 
trips or the BLKSTR bit asserts. If the relay trips or the BLKSTR bit asserts 
before the 0.5 second timer expires, the relay resets the timer, clearing the 
START Relay Word bit.

In an emergency, it can be necessary to quickly start the motor even though a 
protection lockout condition exists and is holding the TRIP output asserted. The 
lockout might be a result of the thermal element or another protection function 
(see Figure 4.74). You can override all of the lockout conditions. Use the 
emergency restart function.

The relay asserts the emergency restart bit (EMRSTR) in response to any of 
the following conditions:

➤ The control input assigned to EMRSTR asserts

➤ The relay receives an emergency restart control command from 
the front panel or Modbus/DeviceNet command

When the emergency restart bit asserts, the relay does the following:

➤ Resets the motor thermal element capacity used to 0 percent.

➤ Manipulates the starts-per-hour, minimum time between starts, 
and antibackspin functions to permit an immediate start.

➤ Deasserts the TRIP output if no fault detecting element is picked up.

➤ Initiates a motor start through the logic shown in Figure 4.78.

Speed Controls
You can assign any control input to the SELOGIC control equations SPEED2 
and SPEEDSW. When the SPEED2 control input is asserted and the two-
speed enable setting E2SPEED is Y, the SEL-710-5 selects second values for 
the settings shown in Table 4.68. See Table 4.2 and Table 4.4 for a full 
description of various settings. Use the SPEED2 input for two-speed motor 
applications. You can also use this input to change the settings in applications 
where ambient temperature varies appreciably (e.g., exposed water pumps 
with different capacities during daytime and at night). This feature is not 
available when VFDAPP := Y.

TRIP OR BLKSTR
Reset

START
STREQ

EMRSTR
STR

0

0.5 s

Relay
Word
Bits

Relay
Word
Bits
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The SPEEDSW control input provides an indication of the rotor speed to the 
speed switch logic. Refer to Table 4.28 for more detail.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed below.

SELOGIC Enables Table 4.69 shows the enable settings for latch bits (ELAT), SELOGIC control 
equations (including timers; ESV), Counters (ESC), and math variable equa-
tions (EMV). This helps limit the number of settings that you need to make. 
For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output con-
tact state. The SEL-710-5 latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output con-
tact goes back to the state of the latch control switch after device initialization. 
Traditional latching device output contact states are changed by pulsing the 
latching device inputs (see Figure 4.79). Pulse the set input to close (set) the 
latching device output contact. Pulse the reset input to open (reset) the latch-
ing device output contact. The external contacts wired to the latching device 
inputs are often from remote control equipment (e.g., SCADA, RTU).

Table 4.68 Settings Selected by SPEED2 Input 

Setting Description
Normal Setting Prompt
(Normal Setting Name)

Second Setting Prompt 
(Second Setting Name)

Phase CT Ratio PHASE CT RATIO (CTR1) CT RATIO–2nd (CTR2)

Full-Load Current MOTOR FLA (FLA1) MOTOR FLA–2nd (FLA2)

Locked Rotor Current MOTOR LRA (LRA1) MOTOR LRA–2nd (LRA2)

Hot-Locked Rotor Time LOCKD RTR TIME 1 
(LRTHOT1)

LOCKD RTR TIME 2
(LRTHOT2)

Acceleration Factor ACCEL FACTOR (TD1) ACCEL FACT–2nd (TD2)

Run State Time Constant STATOR TC (RTC1) STATOR TC–2nd (RTC2)

Overload Curve Number THERM OL CURVE1 
(CURVE1)

THERM OL CURVE2
(CURVE2)

Table 4.69 Enable Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SELOGIC Latches N, 1–32 ELAT := N

SV/Timers N, 1–32 ESV := 3

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional settings change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(approximately 5–10 seconds after 
turn on).
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Figure 4.79 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-710-5 provide latching device 
functionality. Figure 4.80 shows the logic diagram of a latch switch. The out-
put of the latch control switch is a Relay Word bit LTn (n = 01–32), called a 
latch bit.

Figure 4.80 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit 
LTn deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-710-5 includes 32 latches. Table 4.70 shows the SET and RESET 
default settings for Latch 1. The remaining latches have the same settings.

Latch Bits: Nonvolatile State
Power Loss

The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is deas-
serted (LT03 := logical 0) when power is restored.

Table 4.70 Latch Bits Equation Settings 

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset)
(n = 01 through 32)

Device
Word
Bits

SELOGIC
Setting
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Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on 
page 4.102 explanation. If the individual settings change causes a change in 
SELOGIC control equation settings SETn or RSTn (n = 1 through 32), the 
retained states of the latch bits can be changed, subject to the newly enabled 
settings SETn or RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a fixed pickup and dropout debounce delay that can help in providing the 
necessary time qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your applica-
tion. Only the enabled SELOGIC control equations appear for settings. Each 
SELOGIC control equation variable/timer has a SELOGIC control equation set-
ting input and variable/timer outputs as shown in Figure 4.81. Timers SV01T 
through SV32T in Figure 4.81 have a setting range of 0.00–3000.00 seconds. 
This timer setting range applies to both pickup and dropout times (SVnPU and 
SVnDO, n = 1 through 32).

NOTE: Any SELOGIC equation that 
contains a RWB/analog quantity that 
gets hidden because of a setting 
change or a configuration change 
would show up as a BAD SELOGIC 
EQUATION.

Figure 4.81 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC equation, including a total 
of 14 elements in parentheses (see Table 4.72 for more information).

SELOGIC Control Equation Operators
Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 
already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an assignment operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean alge-
bra logic, combining Relay Word bits together with one or more of the Bool-
ean operators listed in Table 4.72. Math SELOGIC control equation settings 
operate on numerical values, using one or more of the Mathematical operators 
listed in Table 4.72. These numerical values can be mathematical variables or 
actual real numbers.

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

SVnPU

SVnDO

Relay
Word
Bits
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The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.9 for an explanation 
on improving the accuracy of the math operations by managing the processing 
order.

EXAMPLE 4.9 Improving the Accuracy of Math Operations

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 
calculation and scales it by 128, then rounds this up to a 2. The relay 
then multiplies the result by 100,000 and stores it as 200,000. When 
the number is reported, the relay divides out the scale factor (128) 
and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This 
result is then rounded and stored as 184,615. The relay then divides 
184,615 by 128 and reports 1442.3.

Example 4.9 illustrates how important it is to avoid calculations where a small 
number is divided by a large number followed by multiplication. It will 
amplify the error significantly.

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.71, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. Use scaling factors where possible to 
avoid the error introduced by the fixed point processor when multiplying and 
dividing fractional numbers.

You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.73 for this and other 
Boolean and math operators and values.

Table 4.71 Math Variable Fractional Multiplication Results

MV01 := 0.01*10 Result = 0.08 Error = 20%

MV01 := 0.05*10 Result = 0.47 Error = 6%

MV01 := 0.1*10 Result = 1.02 Error = 2.0%

MV01 := 0.5*10 Result = 5.00 Error = 0%

MV01 := 0.99*10 Result = 9.92 Error = 0.2%

NOTE: Math variables are reset to 
zero if the relay loses power because 
the math variables are stored in 
volatile memory.
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Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-710-5 evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for exam-
ple SV01 AND SV02 AND SV03, each AND is evaluated from the left to the 
right. If you substitute NOT SV04 for SV03 to make SV01 AND SV02 AND 
NOT SV04, the device evaluates the NOT operation of SV04 first and uses 
the result in subsequent evaluation of the expression.

Parentheses Operator ( ). You can use more than one set of parentheses 
in a SELOGIC control equation setting. For example, the following Boolean 
SELOGIC control equation setting has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

The logic within the parentheses is processed first and then the two parenthe-
ses resultants are ANDed together. Use as many as 14 sets of parentheses in a 
single SELOGIC control equation setting. The parentheses can be nested 
(parentheses within parentheses).

Math Negation Operator (–). The negation operator – changes the sign 
of a numerical value. For example:

MV01 := RB01

When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Table 4.72 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean 
and/or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply

divide

Mathematical

+
-

add

subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality

inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest 
precedence)
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Boolean NOT Operator (NOT). Apply the NOT operator to a single 
Relay Word bit and to multiple elements (within parentheses).

An example of a single Relay Word bit is as follows:

SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as fol-
lows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the follow-
ing example. 

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

This equation sets MV01 to 12 whenever IN101 asserts, otherwise it incre-
ments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG). Apply the rising-edge opera-
tor, R_TRIG, to individual Relay Word bits only; you cannot apply R_TRIG 
to groups of elements within parentheses. When any Relay Word bit asserts 
(going from logical 0 to logical 1), R_TRIG interprets this logical 0 to 
logical 1 transition as a “rising edge” and asserts to logical 1 for one process-
ing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing inter-
val when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG). Apply the falling-edge oper-
ator, F_TRIG, to individual Relay Word bits only; you cannot apply F_TRIG 
to groups of elements within parentheses. The falling-edge operator, F_TRIG, 
operates similarly to the rising-edge operator, but operates on Relay Word bit 
deassertion (elements going from logical 1 to logical 0) instead of Relay Word 
bit assertion. When the Relay Word bit deasserts, F_TRIG interprets this 
logical 1 to logical 0 transition as a “falling edge” and asserts to logical 1 for 
one processing interval, as shown in Figure 4.82.
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Figure 4.82 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators. If Relay Word bits (which are effectively 
Boolean resultants, equal to logical 1 or logical 0) are used in mathematical 
operations (*, /, +, and –), they are treated as numerical values 0 and 1, 
depending on if the Relay Word bit is equal to logical 0 or logical 1, respec-
tively.

Boolean Comparison Operators. Comparisons (<, >, <=, and >=) are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true) or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison ends up as a 
Boolean resultant. 

For example, if the output of a math variable is above a certain value, an out-
put contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8 in value, output contact OUT103 
asserts (OUT103 = logical 1). If the math variable (MV01) is less than or 
equal to 8 in value, output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality and Inequality Operators. Equality (=) and inequal-
ity (<>) operators operate similar to the comparison operators. These are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true), or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison, ends up as a 
Boolean resultant. For example, if the output of a math variable is not equal to 
a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45 in value, output contact 
OUT102 asserts (effectively OUT102 := logical 1). If the math variable 
(MV01) is equal to 45 in value, output contact OUT102 deasserts (effectively 
OUT102 := logical 0). The following table shows other operators and values 
that you can use in writing SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When Power Lost or Settings Changed
If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.83 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.83 Example Use of SELOGIC Variables/Timers

SV/Timers Settings
The SEL-710-5 includes 32 SELOGIC variables. Table 4.74 shows the pick-up, 
drop-out, and equation settings for SV01, SV02, and SV03. The remaining 
SELOGIC variables have the same default settings as SV02.

Table 4.73 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.74 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

SV TIMER PICKUP 0.00–3000.00 sec SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR BRGTRIP OR 
OTHTRIP OR AMBTRIP OR REMTRIP 
OR 37PT OR VART OR PTCTRIP OR 
81D1T OR 81D2T OR 81D3T OR 81D4T 
OR 50Q1T OR 87M1T OR 87M2T
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Counter Variables SELOGIC counters are up- or down-counting elements, updated every process-
ing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.84 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.84 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and Digi-
tal output SC01QU asserts when the counter reaches the programmable count 
value. Use the reset input (SC01R) to force the count to zero, and the analog 
output (SCnn) with analog comparison operators. Table 4.75 describes the 
counter inputs and outputs, and Table 4.76 shows the order of precedence of 
the control inputs.

SV TIMER PICKUP 0.00–3000.00 sec SV02PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV02DO := 0.000

SV INPUT SELOGIC SV02 := NA

SV TIMER PICKUP 0.00–3000.00 sec SV03PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV03DO := 0.000

SV INPUT SELOGIC SV03 := 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR FDOV1T 
OR FDRES1T OR SV01T OR OOST OR 
55T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 sec SV32 := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV05 := 0.00

SV INPUT SELOGIC SV05 := NA

Table 4.74 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.75 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the 
output (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: For device configurations that 
include either current or voltage 
cards, the SEL-710-5 tracks the 
frequency. When tracking the 
frequency, the processing interval 
varies with the frequency.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled).

NOTE: If setting SCnnCU is set to NA, 
the counter counts downward only.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output

NOTE: SELOGIC counters are reset 
to zero if the relay loses power 
because the counters are stored in 
volatile memory.
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Figure 4.85 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This indi-
cates that there is no intentional lag between the control input asserting and 
the count value changing. Most of the pulses in the diagram are on every sec-
ond processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.85 Example of the Effects of the Input Precedence

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a SELOGIC 
control equation and viewed using the COU 
command.

Table 4.76 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.75 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

SC01R

SC01LD

SC01CU

SC01CD

SC01PV = 7

SC01

= Sample

One Processing Interval

Two Processing Intervals6
5
4
3
2
1
0

Relay
Word
Bits

SELOGIC
Setting

Setting

Analog
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears in 
Figure 4.85, just before the “one processing interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters.

Output Contacts You can use SELOGIC control equations to map protection (trip and warning) 
and general-purpose control elements to the outputs with the SEL-710-5. In 
addition, you can enable fail-safe output contact operation for relay contacts 
on an individual basis.

Table 4.77 Control Output Equations and Contact Behavior Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := START

OUT103 FAIL-SAFE Y, N OUT103FS := Y

OUT103 SELOGIC OUT103 := TRIP or PB04

•
•
•

•
•
•

•
•
•

OUT401 FAIL-SAFE Y, N OUT401FS := N

OUT401 SELOGIC OUT401 := 0

OUT402 FAIL-SAFE Y, N OUT402FS := N

OUT402 SELOGIC OUT402 := 0

OUT403 FAIL-SAFE Y, N OUT403FS := N

OUT403 SELOGIC OUT403 := 0

OUT404 FAIL-SAFE Y, N OUT404FS := N

OUT404 SELOGIC OUT404 := 0

•
•
•

•
•
•

•
•
•

OUT408 FAIL-SAFE Y, N OUT408FS := N

OUT408 SELOGIC OUT408 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs in Slot D 
are shown. The outputs in Slots C and 
E have similar settings. 
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If the contact fail-safe is enabled, the relay output is held in its energized posi-
tion when relay control power is applied. The output falls to its de-energized 
position when control power is removed. Contact positions with de-energized 
output relays are indicated on the relay chassis and in Figure 2.16 and 
Figure 2.17.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected to the motor breaker or contactor, the motor is automatically 
tripped when relay control power fails. This setting/connection philosophy is 
appropriate if the protected motor is more valuable than the process that the 
motor supports. 

In critical applications where the protected motor is not more valuable than 
the process, you may want the motor to run even if the relay is out of service. 
In this case, disable TRIP output fail-safe by selecting N. In addition, you can 
select any of the auxiliary outputs to be fail-safe or nonfail-safe, according to 
what you need for your application. 

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix J: MIRRORED BITS Communications and SEL-710-5 Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings Set the FNOM setting equal to your system nominal frequency. The DATE_F 

setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Section 5: Meter-
ing and Monitoring for more details.

Set the SELOGIC control equation FAULT to temporarily block Maximum and 
Minimum Metering on page 5.6.

Table 4.78 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DMY DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := STARTING OR 50S
OR 50G1P OR 50N1P OR TRIP
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Figure 4.86 Phase Rotation Setting

Broken Rotor Bar 
Protection

The SEL-710-5 helps detect broken rotor bars when the broken rotor bar pro-
tection is enabled. This feature is not available when setting SYNTYPE := 
BRUSH/BRUSHLESS. Broken rotor bars cause reduced accelerating torque, 
increased motor heating, and increased vibrations, which can lead to further 
mechanical motor damage. The SEL-710-5 detects current signatures that are 
generated by broken rotor bars, and alerts about the problem. 

When the broken bar detection element is in automatic mode (EBBD := 
AUTO_SET), the SEL-710-5 periodically looks in the stator current spectrum 
for frequency components associated with broken bars. The SEL-710-5 uses 
the relative magnitude of these frequency components to estimate the damage 
to the bars in the rotor. Table 4.79 shows the status for the associated Relay 
Word bits under different operating conditions.

Relay Word bits BBD1T, BBD2T, and BBD3T show the condition of the 
rotor bars. When no damage is detected, all three Relay Word bits are de-
asserted. Relay Word bit BBD3T asserts when the stator currents show signa-
tures consistent with at least one broken bar. Relay Word bit BBD2T asserts 
when the stator currents show signatures consistent with multiple broken bars. 
Finally, Relay Word bit BBD1T asserts when the stator currents show signa-
tures consistent with severe rotor bar damage.

HIS BBD Command
Every time the SEL-710-5 detects a broken bar condition, the relay stores a 
broken bar event report that can be viewed with the HIS BBD command. The 
HIS BBD command shows the frequency of the detected broken bar component 
and its magnitude. Figure 4.87 shows the HIS BBD command output.

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B

Table 4.79 Broken Rotor Bar Relay Word Bits

Relay Word Bit

Condition BBD1T BBD2T BBD3T

No damage to rotor bars detected 0 0 0

Current signatures consistent with one broken bar 0 0 1

Current signatures consistent with multiple broken bars 0 1 1

Current signatures consistent with severe rotor bars damage 1 1 1

IMPORTANT: Oscillating motor 
loads and ripples in the motor supply 
voltage can produce stator current 
signatures like those produced by 
broken bars, causing the detection 
element to assert the associated 
Relay Word bits. Refer to the SEL 
technical paper, “Detecting Broken 
Rotor Bars With Zero-Setting 
Protection,” by Carlos Pezzani, Pablo 
Donolo, Guillermo Bossio, Marcos 
Donolo, Armando Guzman, and 
Stanley Zocholl (see selinc.com/
literature/technical-papers/) for 
methods to deal with these. 

https://selinc.com/literature/technical-papers/
https://selinc.com/literature/technical-papers/
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Set the broken bar detection element to manual, EBBD := MANUAL_SET, to 
display the internal settings of the broken bar detection algorithm shown in 
Table 4.80.

The broken bar detection algorithm run rate setting (BBDTD) specifies how 
often the broken bar detection algorithm runs. The lower and upper frequency 
bound settings (BBDLB and BBDUB) determine the range of frequencies, 
measured from the system operating frequency, that are scanned for broken 
bar components. 

When the operating slip of the protected motor is known, the BBDE security 
can be improved by narrowing the distance between the lower and upper fre-
quency bound settings. For example, if the operating slip of a 50 Hz motor is 
2 percent, the broken bar frequency components are expected to be 2 Hz 
(2 • 50 Hz • 2% = 2 Hz) away from the system frequency and the lower and 
upper frequency bound settings can be moved to 1 Hz and 2.5 Hz, respec-
tively. 

=>HIS BBD <Enter>

SEL-710-5                                Date: 02/15/2013   Time: 14:22:39.986
MOTOR RELAY                              Time Source: External

 #     DATE      TIME           FREQ_SB(Hz)  MAG(db)  BBD1T BBD2T BBD3T
1    02/06/2013  11:16:29.761   1.50         -36.51    0     1     1
2    02/06/2013  11:06:29.772   1.50         -36.46    0     1     1
3    02/06/2013  10:56:29.780   1.50         -36.64    0     1     1
4    02/06/2013  10:46:29.713   1.50         -36.76    0     1     1
.
.
.
1021 02/04/2013  09:56:48.807   1.50         -36.30    0     1     1
1022 02/04/2013  09:46:48.842   1.50         -35.98    0     1     1
1023 02/04/2013  09:36:48.819   1.50         -36.15    0     1     1
1024 02/04/2013  09:26:48.804   1.50         -36.25    0     1     1

Figure 4.87 HIS BBD Command Output

Table 4.80 Broken Bar Detection Settings 

Setting prompt Setting Range Setting Name := Factory Default

EN BRKN BAR DET AUTO_SET, 
MANUAL_SET, N

EBBD := N

BBD RUN RATE 1–180 min BBDTD := 10 

FREQ LOWER 
BOUND 

0.0–1.0 Hz BBDLB := 0.3 

FREQ UPPER BOUND 2.0–10.0 Hz BBDUB := 3.0 

BBD LEVEL1 PU  –80 to –1 dB BBDTH1 := –35 

BBD LEVEL2 PU  –80 to –1 dB BBDTH2 := –39 

BBD LEVEL3 PU  –80 to –1 dB BBDTH3 := –44 

BBD LEVEL4 PU  –80 to –1 dB BBDTH4 := –49 

BBD MIN MARGIN 1–80 dB MAR_AVG := 15 

DF FROM FNOM 0.10–3.00 Hz FNOM_TH := 0.50 

DF FROM INI FREQ 0.01–10.00 Hz F0_TH := 0.35 

DI FROM INI CURR  0.01–1.00 xFLA I0_TH := 0.10 

BLK BELOW CUR LV  0.20–2.00 xFLA I_TH := 0.50 



4.115

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Global Settings (SET G Command)

Depending on the application, different methods may be available to deter-
mine the operating slip of the protected motor. Handheld tachometer measure-
ments are often adequate. If the PTs are mounted on the motor side of the 
contactors, the operating slip may be obtained by using the MMR command. 
The SEL-710-5 tracks the residual voltage frequency of the motor as it spins 
down. Additionally, the SEL-710-5 records the loading on the motor immedi-
ately before disconnection. The relay then uses this frequency and load to 
compute the full-load rotor resistance, R0, which is presented by the MMR 
command (see MMR Command on page 7.57). Using the values in the MMR 
report, you can calculate the slip/speed in pu of the motor before de-energiza-
tion as follows: Slip/speed = R0 • POSTOP. From there, you can calculate the 
slip frequency in hertz as follows: Slip frequency = Slip/speed • FNOM. 

Alternatively, the operating speed of the protected motor may be obtained by 
identifying the rotational speed sidebands in the current spectrum by using the 
CMET S command. The rotational speed of the sidebands (FRSB) appears at 
FRSB = FREQ ± FREQM, where FREQM is the rotational speed of the 
machine in hertz. To find FRSB, first compute the synchronous speed of the 
motor (FRS) in hertz using FRS = FREQ – (FREQ / NPP) where NPP is the 
number of pole pairs of the motor. Then use the CMET S command to obtain 
the current spectrum of the motor while operating under load. The lower 
FRSB sideband appears to the right of FREQ – FRS and the upper FRSB 
appears to the left of FREQ – FRS. Figure 4.88 identifies each quantity in the 
current spectrum of a 50 Hz two pole pair motor.

Figure 4.88 Spectrum Analysis of 50 Hz Two Pole Pair Motor

FREQM is equal to FREQ – FRSB. Using the values from Figure 4.88, 
FREQM = 50 – 25.5 = 24.5 Hz. In this case, the SLIP = (25 – 24.5) / 25 = 0.02. In 
turn, the broken bar sidebands should land at (1 – 2 • SLIP) • FREQ = 48 Hz 
and at (1 + 2 • SLIP) • FREQ = 52 Hz, as seen in Figure 4.88. 

Thresholds BBDTH1, BBDTH2, and BBDTH3, are associated with Relay 
Word bits BBD1T, BBD2T, and BBD3T, respectively. When the magnitude 
of the broken bar frequency component in dB exceeds the BBDTHx threshold, 

FRSB = 25.5 Hz

FRS = 25 Hz

FREQ = 50 Hz
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the associated BBDxT Relay Word bit asserts. The relay uses the BBDTH4 
setting as a healthy motor threshold and the MAR_AVG setting to block the 
element under noisy operating conditions.

When the systems frequency (FREQ) is more than FNOM_TH from FNOM, 
the SEL-710-5 blocks the operation of the broken bar detection element to 
avoid running under abnormal system conditions. The default value of 
FNOM_TH may need to be adjusted in systems with large frequency excursions.

The broken bar detection element does not operate if the frequency measured 
anywhere inside the observation window goes beyond F0_TH Hz from the 
frequency measured at the beginning of the observation window. Similarly, 
the broken bar detection elements do not operate if the current measured any-
where inside the observation window goes beyond I0_TH xFLA A from the 
current measured at the beginning of the observation window. Additionally, 
the broken bar detection element does not operate when the current on the 
motor is below the I_TH xFLA A setting.

The SEL technical paper, Detecting Broken Rotor Bars With Zero-Setting Pro-
tection, by Carlos Pezzani, et al., (see selinc.com/literature/technical-papers/) 
details additional information about this broken rotor bar detection method.

The SEL-710-5 includes two Fourier Transform commands; the MET FFT 
command and the CMET S command for monitoring the motor. Refer to 
Motor Monitoring Using Fourier Analysis in Section 5: Metering and Moni-
toring.

Multiple Settings 
Groups

SEL-710-5 Relays have four independent settings groups. Each settings group 
has complete relay settings and protection SELOGIC settings. The active 
settings group can be:

➤ Viewed on the front-panel two-line LCD using the MAIN > 
Set/Show > Active Group menus.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.29.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.29.

➤ Selected using SELOGIC control equation settings SS1 through 
SS4, as shown in Table 4.81.

If SELOGIC control equations SS1–SS4 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If SELOGIC control equations are defined but evaluate to logical 0, or if 
they are not defined, the GROUP n command can be used to select the active 
settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1, SG2, and SG4 are deasserted to logical 0.

https://selinc.com/api/download/98367/
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS4, as shown in Table 4.81.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1, SS2, or SS4. If 
settings SS1 through SS4 all deassert to logical 0, settings Group 3 remains 
the active settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 4.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 

Table 4.81 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 s TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0

SELECT GROUP4 SELOGIC SS4 := 0



4.118

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Global Settings (SET G Command)

other than the active settings group, there is no interruption of the active 
settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS4, the active settings group can be changed, subject to the 
newly enabled SS1–SS4 settings.

Time and Date 
Management Settings

The SEL-710-5 supports several methods of updating the relay time and date. 
For SNTP applications, refer to Simple Network Time Protocol (SNTP) on 
page 7.16. For PTP applications, refer to Precision Time Protocol (PTP) on 
page 7.19. See Table 4.82 for the time and date management settings that are 
available in the Global settings.

IRIGC
IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC, 
Daylight Saving Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay adjusts the synchrophasor time 
stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated Universal Time (UTC) Offset Setting
The SEL-710-5 has a Global setting UTC_OFF, settable from –24.00 to 
24.00 hours, in 0.25 hour increments. The relay uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not con-
sidered because the other time sources are defined as local time.

Table 4.82 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B CONTROL BITS 
DEFINITION

NONE, C37.118 IRIGC := NONE

OFFSET FROM UTC –24.00 to 24.00 hours, 
rounds up to the nearest 
0.25 hour

UTC_OFF := 0.00

MONTH TO BEGIN DST OFF, 1–12 DST_BEGM := OFF

WEEK OF THE MONTH TO 
BEGIN DST

1–3, L DST_BEGW := 2

DAY OF THE WEEK TO BEGIN 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_BEGD := SUN

LOCAL HOUR TO BEGIN DST 0–23 DST_BEGH := 2

MONTH TO END DST 1–12 DST_ENDM := 11

WEEK OF THE MONTH TO END 
DST

1–3, L DST_ENDW := 1

DAY OF THE WEEK TO END 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_ENDD := SUN

LOCAL HOUR TO END DST 0–23 DST_ENDH := 2
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Automatic Daylight-Saving Time Settings
The SEL-710-5 can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-710-5 will change to and from daylight-saving time 
every year at the specified time. Device Word bit DST asserts when daylight-
saving time is active.

The SEL-710-5 interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting of the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a month.

As an example, consider the following settings:

DST_BEGM = 3

DST_BEGW = L

DST_BEGD = SUN

DST_BEGH = 2

DST_ENDM = 10

DST_ENDW = 3

DST_ENDD = WED

DST_ENDH = 3

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word 
bit, regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time set-
tings are properly configured.
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Simple Network Time Protocol (SNTP)
The SEL-710-5 Port 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.16 for a description and Table 7.7 for the settings.

Precision Time Protocol (PTP)
The SEL-710-5 Port 1 (Ethernet Port) supports PTP. See Precision Time Pro-
tocol (PTP) on page 7.19 and Table 7.9 for the settings.

PTP Timekeeping
When you use PTP, the SEL-710-5 can only be synchronized by a 
grandmaster (GM) clock on the PTP timescale, not one on an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative 
procedure and can change at any time during normal operation. The PTP 
timescale uses the PTP epoch of January 1, 1970 00:00:00 International 
Atomic Time (TAI), which corresponds to December 31, 1969 
23:59:51.999918 UTC. The unit of time for the PTP timescale is the SI second 
and accounts for leap seconds. As of June 2016, TAI is 37 seconds ahead of 
UTC.

When the SEL-710-5 is synchronized to a PTP master and the UTC offset 
information from the PTP master is valid, the PTP master instructs the 
SEL-710-5 when to go into daylight-saving time (DST) and when to exit 
DST. The PTP master also provides the UTC offset at this time. Otherwise, 
the SEL-710-5 uses the internal values for DST and UTC offset.

The offset between TAI and UTC is included in the PTP announce message, 
along with a flag that indicates whether the offset is valid. The SEL-710-5 
uses the offset it receives from the GM clock to determine UTC regardless of 
validity. Because of this, all SEL devices and other slave devices that share 
this behavior and are synchronized with the GM retain relational accuracy 
with each other even if the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the Power, C37.238 profile). In accordance with 
IEEE 1588-2008 16.3.3.4, this value must include the TAI to UTC offset to 
reflect local time at the node, or slave device. If the SEL-710-5 receives a TAI 
to Local offset value that does not include the TAI to UTC offset, it may 
incorrectly calculate UTC and local time. Also, if the announce message does 
not include the TAI to Local offset value, the SEL-710-5 uses its configured 
Time and Date Management Settings (UTC_OFF and DST_BEGM) to 
calculate local time. This is one reason that the SEL-710-5 Time and Date 
Management Settings must match the settings in the GM clock, or 
synchronized devices may have issues with time alignment.

SEL-710-5 relays only synchronize to clocks that serve TAI and do not 
support PTP in SWITCHED NETMODE. Additionally, the maximum 
synchronization interval that SEL-710-5 relays can support is 16 seconds.

If you want to use PTP, the SEL-710-5 part number must include the option 
for PTP and PTP must be enabled in the Port 1 settings (EPTP := Y). The 
SEL-710-5 must be connected to a network containing an appropriate PTP 
master, and all intervening switches must be IEEE 1588-aware. For 
SEL-710-5 relays, PTP is only available on Ethernet Ports 1A and 1B. See 
Precision Time Protocol (PTP) on page 7.19 for more information on 
configuring the relay and the Ethernet network for PTP.
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PTP Over PRP Networks
In SEL-710-5 relays, PTP over PRP is based on a first-come, first-served 
method. While the SEL-710-5 Relay monitors incoming traffic on both Port 
1A and Port 1B, it will synchronize to the first port on which it receives its 
first PTP message. If incoming PTP messages stop on that synchronized port, 
the relay waits 70 seconds and if no PTP messages appear within those 70 
seconds, it switches to the other port.

Breaker Failure 
Settings

The SEL-710-5 provides flexible breaker failure logic (see Figure 4.89). In 
the default breaker failure logic, assertion of Relay Word bit TRIP starts the 
BFD timer if the average motor current is above 0.1 • FLAmin. If the current 
remains above the threshold for BFD delay setting, Relay Word bit BFT 
asserts. Use the BFT to operate an output relay to trip appropriate backup 
breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is not wanted 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.89 Breaker Failure Logic

Arc-Flash Protection The SEL-710-5 offers advanced arc-flash protection capability aimed at mini-
mizing the hazards associated with high energy arc (faults) in metal-enclosed 
and metal-clad switchgear. The system supports as many as eight fiber-optic 
light sensors capable of detecting the high energy arc-flash events and tripping 
the breaker within milliseconds of the fault. Light sensors are supervised with 
an instantaneous overcurrent element offering enhanced security against false 

Table 4.83 Breaker Failure Setting

Setting Prompt Setting Range Setting Name := Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 s BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.1 • FLA
min

|IAV|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit

FLAmin = Lowest full-load current setting allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or 
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.



4.122

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Global Settings (SET G Command)

trips. Each of these sensors can be routed to multiple tripping outputs (using 
SELOGIC equations) offering ultimate flexibility in creating multiple protec-
tion zones (breaker truck cabinet, bus, PT cubicle, etc.).

SEL-710-5 arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time is typically longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in individ-
ual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. Both types of sensors are supervised by using a 
loopback-based attenuation measurement method, and can be used inter-
changeably on each of the eight light inputs. Refer to AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for details.

Arc-Flash Overcurrent Elements (50PAF, 50NAF)
Table 4.84 shows the settings for the arc-flash instantaneous overcurrent ele-
ments. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

NOTE: The 50NAFP setting is not 
available with the 2.5 mA neutral 
channel option.

The arc-flash overcurrent elements use raw A/D converter samples, and pro-
cess them 16 times per cycle. Individual samples are compared with the set-
ting threshold as shown in Figure 4.90, followed by a security counter 
requiring that two samples in a row be above the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to overreach under high harmonic load conditions. To avoid unin-
tended element pickup, arc-flash trip level 50PAFP should be set at least 2 
times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush/load pickup conditions is expected and is 
normally taken into account by the arc-flash light-based supervision.

Table 4.84 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 A seca

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 A secb

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.05–10.00 A seca 50NAFP := OFF

 0.01–2.00 A secb



4.123

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Global Settings (SET G Command)

Figure 4.90 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-Overlight Elements (TOL1 through TOL8)
The SEL-710-5 relay offers eight fiber-optic light sensor inputs. Each input is 
associated with one inverse time-overlight element offering enhanced security 
coupled with fast operation. Shape of the inverse time characteristic is fixed 
offering robust rejection of unrelated light events without adding unnecessary 
settings. Table 4.85 shows the arc-flash time-overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) that represents the type of sensor installed. Keyword POINT rep-
resents a point sensor, while the keyword FIBER represents a clear-jacketed 
fiber loop sensor.

TOL pickup parameter makes it possible to set the individual light threshold 
levels for each of the eight sensors. Pickup level is expressed in the percent of 
full scale, which is directly related to the light intensity level measured by the 
sensor.

When required, channel sensitivity can be compared to a light intensity level 
expressed in lux as shown in Table 4.86. However, because of the association 
of light sensitivity with fiber length (which is installation dependent), TOL 
element settings are expressed as a percentage of the available A/D converter 
range.

2

16

50PAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample
Setting 50AFP

Scaled to
Equivalent Sample

50PAF element is shown, 50NAF element is similar, responds to current measured by the IN input.

Table 4.85 Arc-Flash Time-Overlight Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL2P := 3.0

•

•

•

•

•

•

•

•

•

SENSOR 8 TYPE NONE, POINT, FIBER AFSENS8 := NONE

TOL 8 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL8P := 3.0

AFD OUTPUT SLOT 101_3, 301_4, 401_4 AOUTSLOT := 101_3
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The default processing interval in the SEL-710-5 is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as four outputs that are processed every 1/16 of a power system cycle. Use the 
setting AOUTSLOT to select these outputs. For instance, if Slot 3 (Slot C) is 
selected (AOUTSLOT := 301_4) the SELOGIC control equations OUT301, 
OUT302, OUT303, and OUT304 are processed at 1/16 of the cycle rate. To 
get the fastest possible operate time, use the contacts selected by the AOUT-
SLOT setting for tripping. For fastest output response times, use the high-cur-
rent, high-speed, hybrid outputs. The Relay Word bits corresponding to these 
OUTxxx control equations, along with all of the TOL, 50PAF, and 50NAF 
bits are processed at 1/16 of a power system cycle. for the SER.

Figure 4.91 shows the TOL element logic diagram. 

Figure 4.91 Inverse Time-Overlight Element Logic

Figure 4.92 shows the inverse time-overlight element curve shape. The ele-
ment uses 32 samples per cycle data, processed 16 times per cycle. TOL ele-
ment algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system 
cycle.

a Setting range with point sensor.
b Setting range with fiber sensor.
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Figure 4.92 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, SEL recom-
mends that the element be set based on the ambient light level. This approach 
guarantees maximum sensitivity coupled with the fastest tripping time.

Typical ambient light levels are shown in Table 4.86. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as the MET L command. Set the 
TOL pickup to the lowest possible light intensity level but above the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (noncritical loads), it may be neces-
sary to operate without overcurrent element supervision (OUTxxx := TOLn), 
relying only on the light detection element instead of having the overcurrent 
element (50PAF) supervise the light element (TOLn) in the output logic 
(OUTxxx := 50PAF AND TOLn). This approach offers fastest tripping times, 
but is less secure (can be tripped with the light input only).

Ti
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Table 4.86 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

> 20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, “Electric Arc Burn Hazards,” IEEE Transactions on Industry 
Applications, Vol. 42, No. 1. January/February 2006.

NOTE: The high-speed outputs 
selected by the AOUTSLOT setting, 
being Form A, cannot be used in fail-
safe mode and should be disabled 
(set OUTxxxFS := N).
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Output Logic Programming
Arc-flash protection involves detecting an overcurrent as well as light (arc). 
Location of the light sensors and source(s) of the arc energy must also be con-
sidered in developing the trip output logic. If the relay detects both signals 
simultaneously, it is desirable to trip the source breaker(s).

The Relay Word bits for arc-flash protection (see Figure 4.90 and 
Figure 4.91) are: 50PAF, 50NAF, TOL1, TOL2, TOL3, TOL4, TOL5, TOL6, 
TOL7, and TOL8.

Select two output contacts for high-speed processing by setting AOUTSLOT 
appropriately. The high-speed contact should be used for arc-flash tripping 
instead of the default OUT103 shown in Table 4.77. Also to ensure all the 
advantages of the trip logic (trip seal-in, event report trigger, etc.) the arc-flash 
trip should be included in the trip equation TR (see Table 4.84 and 6 for 
detail).

To get additional speed, select the fast hybrid output option card (4 DI/4 DO). 
This card contains trip duty rated solid-state output contacts, which operate 
within 50 µs (as much as 8 ms faster than the standard electromechanical out-
puts).

EXAMPLE 4.10 Output Logic Programming Example 1

SEL-710-5 applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of 
the source breaker and output contacts in Slot 3 are selected for high-
speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR 
TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2 OR TOL3)

EXAMPLE 4.11 Output Logic Programming Example 2

SEL-710-5 applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is 
located upstream of the feeder breaker, and output contacts in Slot 3 
are selected for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR 
TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 
does not include overcurrent element supervision. When desired, this 
supervision should be added by upstream relay(s). For instance, you 
can do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
desired. 
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Analog Inputs The SEL-710-5 tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.93. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.93 Analog Input Card Adaptive Name

Analog Input Calibration Process
In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a compen-
sation factor. These compensation factors correct the signal offset errors to 
within ±1 µA or ±1 mV.

Calculate the signal offset compensation factor through the following proce-
dure:

1. Turn the SEL-710-5 on and allow it to warm up for a few 
minutes.

2. Set the analog inputs for each analog channel to the desired 
range using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (for example, ±1 mA).

3. Short each analog input in turn at the device terminals using 
short, low resistance leads with solid connections.

4. Enter the MET AI 10 command to obtain 10 measurements for 
each channel.

5. Record these 10 measurements, then calculate the average of 
the 10 measurements. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting Example
Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures tem-
perature on a transformer load tap changer mechanism. For this temperature 
transducer, 4 mA corresponds to –50°C, and 20 mA corresponds to 150°C. 
You have already installed the correct hardware jumper (see Figure 2.3 for 
more information) for Input 1 to operate as a current input. At turn on, allow 
approximately five seconds for the SEL-710-5 to start up, perform self-diag-
nostics, and detect installed cards.

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Table 4.87 summarizes the steps and describes the settings we carry out in this 
example.

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts alphanu-
meric characters, the name AIx0yNAM setting must begin with an alpha char-
acter (A through Z) and not a number. The device displays the following 
prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC control equations, Signal Pro-
files, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag names char-
acters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, type I <Enter> (for a current-driven 
device) at AI301TYP, which is the next prompt (enter V if this is a voltage-
driven device). The next two settings define the lower level (AI301L) and the 
upper level (AI301H) of the transducer. In this example, the low level is 4 mA 
and the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign descrip-
tive names for engineering units. Because we measure temperature in this 
example, enter degrees C as engineering units. Type –50 <Enter> for the 
lower level and 150 <Enter> for the upper level.

Table 4.87 Summary of Steps

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 1 value

14 105 Enter HIGH ALARM value

NOTE: The AIx0yNAM setting 
cannot accept analog quantities, 
duplicate names, or other AI names. 
If any of these are entered, the relay 
will issue the Invalid Element 
message.

NOTE: Because the SEL-710-5 
accepts current values ranging from 
–20.48 to 20.48 mA, be sure to enter 
the correct range values.
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With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in engi-
neering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm func-
tions: low warnings and alarm functions assert when the measured value falls 
below the setting; high warnings and alarm functions assert when the mea-
sured values rise above the setting. 

In this example, we measure the oil temperature of a power transformer, and 
we want the following three actions to take place at three different tempera-
ture values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower val-
ues (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher values 
as shown in Figure 4.94. Set inputs connected to voltage driven transducers in 
a similar way.

Analog (DC Transducer) Input Board
Table 4.88 shows the setting prompt, setting range, and factory-default set-
tings for an analog input card in Slot 3. For the name setting (AI301NAM, for 
example), enter only alphanumeric and underscore characters. Characters are 
not case sensitive, but the device converts all lowercase characters to upper-
case. Although the device accepts alphanumeric characters, the name 
AI30-NAM setting must begin with an alpha character (A–Z) and not a num-
ber.

=>>SET G AI301NAM TERSE <Enter>

Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>

Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.94 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C
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Analog Outputs If an SEL-710-5 configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1–4. Figure 4.95 shows the x and y variable allocation for the analog output 
card.

Figure 4.95 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the ana-
log quantity we assign to Analog Output 1 (when set to OFF, the device hides 
all associated AOx0y settings and no value appears on the output). You can 
assign any of the analog quantities listed in Appendix M: Analog Quantities. 
Table 4.89 shows the setting prompt, setting range, and factory-default set-
tings for an analog card in Slot 3.

Table 4.88 Analog Input Card in Slot 3 

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters (0–9, A–Z, _) AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V.

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

AO301 ANALOG QTY Off, one analog 
quantity

AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-710-5 hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000



4.131

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Global Settings (SET G Command)

In this example, assume you want to display, in the control room, the analog 
quantity (refer to Appendix M: Analog Quantities) IA_MAG, and the A-phase 
current magnitude in primary amperes (0 to 3000 A) using a –20 to +20 mA 
analog output channel. Install an analog input/output card in Slot C (SELECT 
4 AI/4 AO) and set the card channel AO301 as shown in Figure 4.96. Note 
that the AO301 channel has to be configured as a “current analog output” 
channel (refer to Figure 2.4 to Figure 2.6).

The display instrument expects –20 mA when the IA_MAG current is 
0 amperes primary and +20 mA when it is 3000 amperes primary.

Breaker Monitor The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitoring on page 5.23 for a detailed descrip-
tion and Table 5.7 for the settings.

Data Reset The RSTTRGT setting resets the trip output and front-panel TRIP LED, pro-
vided there is no trip condition present (including start inhibit lockouts). See 
Figure 4.74 for more details. The RSTENRGY and RSTMXMN settings reset 
the Energy and Max/Min Metering values, respectively. Use the RSTMOT 
setting to reset the motor statistics and the motor start reports. You can assign 
a contact input (for example, RSTTRGT := IN401) to each of these settings if 
you want remote reset.

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V.

=>>SET G AO301AQ TERSE <Enter>

Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? –20 <Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20 <Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>> 

Figure 4.96 Analog Output Settings

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.90 Data Reset Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0
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Access Control The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings with serial port commands. Table 4.91 shows the settings 
prompt, setting range, and factory-default settings.

Time-Synchronization 
Source

The SEL-710-5 accepts a demodulated IRIG-B time signal. Table 4.92 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial Port 3 for the time signal 
input. When you use fiber-optic Port 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.23 and 
IRIG-B on page 7.8 for additional information.

Disconnect Control 
Settings

The SEL-710-5 supports as many as eight two-position and two three-position 
disconnects. For the disconnect settings and logic, refer to Disconnect Control 
Settings on page 9.2. The SEL-710-5 relay with the touchscreen display 
option additionally provides the ability to design detailed single-line diagrams 
and display the breaker and disconnect status. Refer to Table 9.5 for typical 
disconnect symbols available for display on the bay screens. For the settings 
related to bay control disconnect symbols, refer to Table 9.7 and the corre-
sponding description.

Local/Remote Control The SEL-710-5 supports local/remote control of the motor breaker/contactor 
and disconnect. For the settings related to the local/remote control function, 
refer to Local/Remote Control on page 9.7. For motor control via front-panel 
pushbuttons, refer to Front-Panel Operator Control Pushbuttons on page 8.18. 
For motor control via the two-line display, refer to Control Menu on 
page 8.10. The touchscreen allows you to control the motor through the fol-
lowing applications: Bay Screen, Start Motor, and Stop Motor. For motor 
control via the touchscreen display, refer to Motor/Disconnect Control Via the 
Touchscreen on page 9.8.

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET MOT REPORT SELOGIC RSTMOT := 0

Table 4.90 Data Reset Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.91 Settings Change Disable Setting

Setting Prompt Setting Range Setting Name := Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

NOTE: DSABLSET does not disable 
setting changes from the serial or 
Ethernet ports.

NOTE: Do not set maximum access 
level setting MAXACC := ACC on all 
ports at the same time when using 
the DSABLSET setting. This will lock 
you out from editing settings.

Table 4.92 Time-Synchronization Source Setting

Setting Prompt Setting Range Setting Name := Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-710-5 provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: Port F (front panel) is an 
EIA-232 port; Port 1 is an optional Ethernet port(s); Port 2 is a fiber-optic serial 
port; and Port 3 (rear) is optionally an EIA-232 or EIA-485 port. On the 
optional communications card, you can select Port 4 as either EIA-485 or 
EIA-232 (not both) with the COMMINF setting. See Table 4.93 through 
Table 4.98 for the port settings. See the appropriate appendix for additional 
information on communications protocols (DNP3, Modbus, EtherNet/IP, 
IEC 61850, IEC 60870-5-103, DeviceNet, and MIRRORED BITS) of interest.

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Setting EPORT to N disables the port and hides the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

PORT F

PORT 1

Table 4.93 Front-Panel Serial Port Settings 

Setting Prompt Setting Range
Setting Name :=
Factory Default

ENABLE PORT Y, N EPORT := Y

ENABLE ETHERNET FIRMWARE 
UPGRADE

Y, N EETHFWU := N

PROTOCOL SEL, MOD PROTO := SEL

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE (ENGLISH, SPANISH) ENGLISH, SPANISH LANG := ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.94 Ethernet Port Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 
255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

ENABLE TCP KEEP-ALIVE Y, N ETCPKA := Y

TCP KEEP-ALIVE IDLE RANGE 1–20 sec KAIDLE := 10
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TCP KEEP-ALIVE INTERVAL 
RANGE

1–20 sec KAINTV := 1

TCP KEEP-ALIVE COUNT 
RANGE

1–20 KACNT := 6

OPERATING MODE FIXED, FAILOVER, 
SWITCHED, PRP

NETMODE := 
FAILOVER

FAILOVER TIMEOUT OFF, 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

PRP ENTRY TIMEOUT 400–10000 msec PRPTOUT := 500

PRP DESTINATION ADDR LSB 0–255 PRPADDR := 0

PRP SUPERVISION TX 
INTERVAL

1–10 sec PRPINTV := 2

NETWRK PORTA SPD AUTO; 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO; 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

LANGUAGE ENGLISH, SPANISH LANG := ENGLISH

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET CONNECT BANNER 254 characters TCBAN := TERMINAL 
SERVER

TELNET TIME OUT 1–30 min TIDLE := 15

FAST OP MESSAGES Y, N FASTOP := N

ENABLE FTP Y, N EFTPSERV := Y

FTP MAXIMUM ACCESS LEVEL 1, 2, C FTPACC := 2

FTP USER NAME 20 characters FTPUSER := FTPUSER

FTP CONNECT BANNER 254 characters FTPBAN := FTP

FTP IDLE TIME-OUT 5–255 min FTPIDLE := 5

ENABLE IEC 61850 PROTOCOL Y, N E61850 := N

ENABLE IEC 61850 GSE Y, N EGSE := N

ENABLE MMS FILE SERVICES Y, N EMMSFS := N

ENABLE 61850 MODE/
BEHAVIOR CONTROL

Y, N E850MBC := N

ENABLE GOOSE TX IN OFF 
MODE

Y, N EOFFMTX := N

ENABLE MODBUS SESSIONS 0–2 EMOD := 0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP1 := 0.0.0.0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP2 := 0.0.0.0

MODBUS TCP PORT 1 1–65534 MODNUM1 := 502

MODBUS TCP PORT 2 1–65534 MODNUM2 := 502

MODBUS TIMEOUT 1 15–900 sec MTIMEO1 := 15

MODBUS TIMEOUT 2 15–900 sec MTIMEO2 := 15

Table 4.94 Ethernet Port Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is functional 
with protection enabled as soon as 
the ENABLED LED comes ON (about 
5—10 seconds from turn on).

NOTE: The Telnet LANG setting also 
applies to the web server interface.

NOTE: The FASTOP setting only 
functions when using SEL Fast 
Operate protocol to operate/set/pulse 
breaker bits and remote bits. This 
setting has no effect on other 
protocols.
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2, C HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

ENABLE RSTP Y, N ERSTP := N

BRIDGE PRIORITYb 0–61440 BRDGPRI := 49152

PORTA PRIORITYb 0–240 PORTAPRI := 128

PORTB PRIORITYb 0–240 PORTBPRI := 128

ENABLE DNP SESSIONc 0–5 EDNP := 0

ENABLE SNTP CLIENTd OFF, UNICAST, 
MANYCAST, 
BROADCAST

ESNTP := OFF

ENABLE PTPe Y, N EPTP := N

ENABLE ETHERNET/IPf Y, N EEIP := N

a MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, 
which effectively disables security and allows any master to communicate).

b The bridge priority and port priority settings should be in increments of 4096 and 16, 
respectively.

c See Table D.7 for a complete list of the DNP3 session settings.
d See Table 7.7 for a complete list of SNTP settings and their descriptions.
e See Table 7.9 for a complete list of PTP settings and their descriptions.
f See Table F.1 for a complete list of EtherNet/IP settings and their descriptions.

Table 4.94 Ethernet Port Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.95 Port Number Settings That Must Be Unique 

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO = DEFAULT and PTPTR = UDP 
(Ports 319 and 320 are reserved)

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are 
reserved)
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PORT 2

PORT 3

Table 4.96 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.

Table 4.97 Rear-Panel Serial Port (EIA-232) Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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PORT 4

Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After T_OUT minutes of inactivity on a serial port at Access Level 2, the port 
automatically returns to Access Level 0. This security feature helps prevent 
unauthorized access to the relay settings if the relay is accidentally left in 
Access Level 2. If you do not want the port to time out, set T_OUT equal to 0 
minutes.

For detailed information on communications protocols, refer to Appendix C: 
SEL Communications Processors, Appendix D: DNP3 Communications, 
Appendix E: Modbus Communications, Appendix F: EtherNet/IP Communi-
cations, Appendix G: IEC 61850 Communications, Appendix H: IEC 60870-
5-103 Communications, Appendix I: DeviceNet Communications, and 
Appendix J: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix J: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. 
To enable support for hardware (RTS/CTS) flow control, set the RTSCTS set-
ting equal to Y.

Table 4.98 Rear-Panel Serial Port (EIA-232/EIA-485) Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB, 
103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.
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On Ports F, 2, 3, and 4, when PROTO := SEL, use the LANG setting to com-
municate with the relay in English or Spanish. On Port 1 with the ENABLE 
TELNET := Y use the LANG setting to communicate with the relay in 
English or Spanish, Refer to the SEL-710-5 Relay Command Summary.

Set the AUTO := Y to allow automatic messages at a serial port.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-710-5 Fast Operate commands.

Set PROTO := DNET to establish communications when the DeviceNet card 
is used. Table 4.99 shows the additional settings, which can be set only at the 
rear on the DeviceNet card. Once the relay detects the DeviceNet card, all 
Port 4 settings are hidden. Refer to Appendix I: DeviceNet Communications 
for details on DeviceNet.

Front-Panel Settings (SET F Command)
The SEL-710-5 supports various front-panel options (see Table 1.2). This sec-
tion covers all of the front-panel related settings, except the touchscreen dis-
play settings. Refer to Table 9.7 for the touchscreen display settings. The 
touchscreen display settings are not settable via the SET F command.

General Settings Local bits provide control from the front panel (local bits), and display points 
display selected information on the LCD. However, you need to first enable 
the appropriate number of local bits and display points necessary for your 
application. When your SEL-710-5 arrives, four display points are already 
enabled, but no local bits are enabled. If more display points are necessary for 
your application, use the EDP setting to enable as many as 32 display points. 
Use the ELB setting to enable as many as 32 local bits. 

The EDP setting and the corresponding display point settings are not available 
for the touchscreen display model. The touchscreen display model provides 
you with the ability to configure bay screens with analog and digital labels, 
similar to the display point functionality in the two-line display model. Refer 
to Section 9: Bay Control for the procedure to create configurable bay screens.

Table 4.99 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.100 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABLa

a The setting EDP is not supported in the touchscreen display model.

N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N
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To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the dis-
play is within an Access Level 2 function when a time-out occurs, such as the 
device setting entry, the function is automatically terminated (without saving 
changes) after inactivity for this length of time. After terminating the function, 
the front-panel display returns to the default display. The FP_TO setting is not 
available in the touchscreen display model. Refer to Section 9: Bay Control 
for the touchscreen display settings.If you prefer to disable the front-panel 
time-out function during device testing, set the LCD time-out (FP_TO) equal 
to OFF. 

Use the front-panel LCD contrast setting FP_CONT to adjust the contrast of 
the LCD. The FP_CONT setting is not available in the touchscreen display 
model. 

Use the front-panel automessage setting FP_AUTO to define the display of 
Trip/Warning messages. Set FP_AUTO either to OVERRIDE or ROTATING 
for when the relay triggers a Trip/Warning message. Choosing OVERRIDE 
triggers the Trip/Warning message to override the rotating display, while 
choosing ROTATING will add the Trip/Warning message to the rotating dis-
play. Refer to Table 9.7 for the equivalent touchscreen display settings. Note 
that the FP_AUTO setting is not available in the touchscreen display model. 
The touchscreen display provides settings that allow you to choose from a 
wide range of screens, including custom screens, that can be displayed as part 
of the rotating display. The touchscreen automatically flashes a screen that 
overrides the rotating display in the case of trip or diagnostic failures. Refer to 
Section 8: Front-Panel Operations for more information on trip and diagnostic 
messages. 

Set RSTLED := Y to automatically reset the latched LEDs when the breaker 
or contactor closes.

The MAXACC setting (under Front-Panel Settings) selects the highest access 
level for the front panel. If MAXACC is set to 1, the front panel only allows 
metering and read access to the settings. If MAXACC is set to 2, the front 
panel allows breaker control and read/write access to the settings.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD. Although the LCD displays a 
maximum of 16 characters at a time, you can enter as many as 60 characters. 
For text exceeding 16 characters, the LCD displays the first 16 characters, 
then scrolls through the remaining text not initially displayed on the screen.

Table 4.101 LCD Settings

Setting Prompt Range
Setting Name := 
Factory Default

LCD TIMEOUTa 

a These settings are not supported in the touchscreen display model.

OFF, 1–30; min FP_TO :=15

LCD CONTRASTa 1–16 FP_CONT := 10

FP AUTOMESSAGESa OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

MAXIMUM ACCESS 
LEVELa

1, 2, C MAXACC := 2

NOTE: All Target LED settings can 
be found in Table 4.109.

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix L: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

“Name”, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see below). Commas are significant in identi-
fying and separating the four strings. Use quotation marks only if the text you 
enter for Alias, Set String, or Clear String contains commas or spaces. For 
example, DP01 = Name, Text is valid, but Name, Alias 3 is not valid (contains 
a space). Correct the Alias name by using the quotation marks: Name, “Text 
3”. You can customize the data display format by entering data in selected 
strings only. Table 4.103 shows the various display appearances resulting 
from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.103 shows examples of settings that always, never, or condi-
tionally hide a display point.

Table 4.102 Front-Panel Display Point Settings

Setting Prompt Setting Range
Setting Name := Factory 
Default

DISPLAY POINT DP01 60 characters DP01 := RID,”{16}”

DISPLAY POINT DP02 60 characters DP02 := TID,”{16}”

DISPLAY POINT DP03 60 characters DP03 :=

•
•
•

•
•
•

•
•
•

DISPLAY POINT DP32 60 characters DP32 := 

where:

Name = Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)
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Examples of selected display point settings, showing the resulting front-panel dis-
plays are discussed in the following text. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When the 
HV circuit breaker is open, we want the LCD to show: TRFR 1 HV BRKR: OPEN, 
and when the HV circuit breaker is closed, we want the display to show: TRFR 1 HV 
BRKR: CLOSED. We also want similar displays for the LV breaker. 

After connecting a Form A (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-710-5, we are ready to program the display points 
using the following information for the HV breaker (the LV breaker is 
similar):

➤ Name—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED 
The Form A (normally open) contact asserts or sets Relay Word 
bit IN101 when the circuit breaker is closed.

➤ Clear String—OPEN 
The Form A (normally open) contact deasserts or clears Relay 
Word bit IN101 when the circuit breaker is open.

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Table 4.103 Settings That Always, Never, or Conditionally Hide a Display Point 

Programmable Automation 
Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101, TRFR1, CLOSED, OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101, TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101, TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101, TRFR1, CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is deasserted

DP01 := IN101, “TRFR 1”, OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is asserted

DP01 := 1, {} 1 {} — — Displays empty line

DP01 := 1, “Fixed text” 1 Fixed Text — — Displays the fixed text

DP01 := 0 0 — — — Hides the display point

Table 4.104 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN
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Figure 4.97 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.98 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.99 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.98 Front-Panel Display—Both HV and LV Breakers Open

Figure 4.99 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV break-
ers, and the relay displays the information as shown in Figure 4.100. When 
the HV breaker opens (LV breaker is still closed), the relay removes the line 
containing the HV breaker information because the Clear String information 
was omitted. Because the line containing the HV breaker information is 
removed, the relay now displays the LV breaker information on the top line, 
as shown in Figure 4.101.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.97 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>
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Figure 4.100 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.101 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.102.

Figure 4.102 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.105 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

Figure 4.103 shows the front-panel display for the entry in Table 4.105. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.103 Front-Panel Display for a Binary Entry in the Name String Only

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>

Table 4.105 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0
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Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

“Name”, “User Text and Formatting”.

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.106 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.104 shows the front-panel display for the entry in Table 4.106, using 
the SET F command as follows:

Figure 4.104 Front-Panel Display for an Analog Entry in the 
Name String Only

Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.107 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting strings (DP02), using the 
SET F command as follows:

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display (all 
binary quantities occupy one line on the display).

User Text and
Formatting

= Display the user text, replacing the numerical formatting 
{width.dec,scale} with the value of Name, scaled by 
“scale”, formatted with total width “width” and “dec” 
decimal places. Name can be either an analog quantity or 
a Relay Word bit. The width value includes the decimal 
point and sign character, if applicable. The “scale” value
 is optional; if omitted, the scale factor is 1. If the numeric 
value is smaller than the string size requested, the string is 
padded with spaces to the left of the number. If the 
numeric value does not fit within the string width given, 
the string grows (to the left of the decimal point) to 
accommodate the number.

Table 4.106 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>
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Figure 4.105 shows the front-panel display for the entry in Table 4.107. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.105 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the engi-
neering units. For example, in the Group setting example, we set AI301EU to 
degrees C. With this setting, the front-panel display looks as shown in 
Figure 4.106.

Figure 4.106 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on 
two different lines, use a display point for each word, i.e., DP01 = 1, 
“DEFAULT” and DP02 = 1,“SETTINGS”. Table 4.108 shows other options 
and front-panel displays for the User Text and Formatting settings.

The following is an example of an application of analog settings. Assume we 
also want to know the hot-spot temperature, oil temperature, and winding tem-
perature of the transformer at a certain installation. To measure these tempera-

Table 4.107 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

Table 4.108 Example Settings and Displays 

Example Display Point Setting Value Example Display

AI301,"TEMP {4} deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP = {4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1 = {4,1000}" TEMP HV HS1 =1234

1,{} Empty line

1,"Fixed Text" Fixed Text

0 Hides the display point

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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tures, install an analog card in relay Slot C and connect 4–20 mA transducers 
inputs to analog inputs AI301 (hot-spot temperature), AI302 (oil temperature), 
and AI303 (winding temperature).

First, enable enough display points for the analog measurements (e.g., 
EDP = 5). Figure 4.107 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category.)

Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.108.

Figure 4.108 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the desired units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits go back to 

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.107 Adding Temperature Measurement Display Points

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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their states after the device initialization. Each local bit requires 3 of the 
following 4 settings, using a maximum of 14 characters for the NLBnn 
setting, and a maximum 7 characters for the remainder.

➤ NLBnn: Names the switch (normally the function that the switch 
performs, such as SUPERV SW) that appears on the LCD.

➤ CLBnn: Clears the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Sets the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulses the local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before deasserting 
again. Enter the text that describes the intended operation when 
LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 
Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.109 shows the set-
tings to program the two local bits.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>
Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SUPERV SW <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>
LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.109 Adding Two Local Bits
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Target LED Settings The SEL-710-5 offers the following types of LEDs. See Figure 8.2 and 
Figure 8.31 for the programmable LED locations:

➤ One ENABLED and one TRIP tricolored LED

➤ Six tricolored programmable target LEDs

➤ Sixteen tricolored programmable pushbutton LEDs

You can program all 22 LEDs using SELOGIC control equations, the only dif-
ference being that the target LEDs also include a latch function.

Target LEDs
The ENABLED and TRIP LEDs are not programmable. Except for choosing the 
LED illuminated color (LEDENAC or LEDTRPC), they are fixed-function 
LEDs. The ENABLED LED illuminates when the SEL-710-5 is powered cor-
rectly, is functional, and has no self-test failures. The TRIP LED illuminates 
and latches in at the rising-edge of any trip that comes from the trip logic. The 
LEDENAC setting is not supported in the touchscreen display models. For 
touchscreen display relays, the illuminated color of the ENABLED LED is fixed 
at green.

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) con-
trol the six front-panel LEDs. If the Tn_LEDL is set to Y, the LED will assert 
if a trip condition occurs and the T0n_LED equation asserts within 1.5 cycles 
of the trip assertion. At this point, the LED is latched. To reset these latched 
LEDs, the TRIP condition should no longer exist, and one of the following 
must occur:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the TAR R command.

➤ The assertion of the SELOGIC equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.109 shows the target LED settings. The factory-default settings shown 
match the as-shipped front-panel overlay (see Figure 8.2). You can change the 
settings to suit your application. See Section 8: Front-Panel Operations for 
slide-in labels for custom LED designations. 

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by pressing the TARGET RESET 
pushbutton if the target conditions 
are absent.

NOTE: Relay Word bits TLED_01 
through TLED_06 are not accessible 
to the user in the SYNCHROWAVE Event 
file.

Table 4.109 Target LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

ENA_LED COLORb R, G, A LEDENAC := G

TRIP_LED COLOR R, G, A LEDTRPC :=R

TRIP LATCH T_LED Y, N T01LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T01LEDC := R

LED1 EQUATION SELOGIC T01_LED := 49T OR AMBTRIP OR BRGTRIP OR OTHTRIP 
OR WDGTRIP

TRIP LATCH T_LED Y, N T02LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T02LEDC := R

LED2 EQUATION SELOGIC T02_LED := 50P1T OR 50N1T OR 50G1T
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . ., 8A, 8B) SELOGIC control equa-
tion settings. When these Relay Word bits assert, the corresponding LED also 
asserts.
Table 4.110 shows the setting prompts, settings ranges, and default settings for 
the LEDs. The factory-default settings shown match the shipped front-panel 
overlay (see Figure 8.2). You can change the settings to suit your application. 
See Section 8: Front-Panel Operations for slide-in labels for custom LED des-
ignations. 

TRIP LATCH T_LED Y, N T03LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T03LEDC := R

LED3 EQUATION SELOGIC T03_LED := 46UBT OR 47T

TRIP LATCH T_LED Y, N T04LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T04LEDC := R

LED4 EQUATION SELOGIC T04_LED := LOSSTRIP OR 37PT

TRIP LATCH T_LED Y, N T05LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T05LEDC := R

LED5 EQUATION SELOGIC T05_LED := (NOT STOPPED AND 27P1T) OR 59P1T

TRIP LATCH T_LED Y, N T06LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T06LEDC := R

LED6 EQUATION SELOGIC T06_LED := 87M1T OR 87M2T

a R = Red, G = Green, and A = Amber.
b The setting LEDENAC is not supported in the touchscreen display model.

Table 4.109 Target LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

Table 4.110 Pushbutton LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1ALEDC := AO

PB1A_LED EQUATION SELOGIC PB1A_LED := PB01

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1BLEDC := AO

PB1B_LED EQUATION SELOGIC PB1B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2ALEDC := AO

PB2A_LED EQUATION SELOGIC PB2A_LED := PB02

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2BLEDC := AO

PB2B_LED EQUATION SELOGIC PB2B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3ALEDC := AO

PB3A_LED EQUATION SELOGIC PB3A_LED := PB03
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PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3BLEDC := AO

PB3B_LED EQUATION SELOGIC PB3B_LED := STARTING OR RUNNING

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4ALEDC := AO

PB4A_LED EQUATION SELOGIC PB4A_LED := PB04

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4BLEDC := AO

PB4B_LED EQUATION SELOGIC PB4B_LED := STOPPED

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5ALEDC := AO

PB5A_LED EQUATION SELOGIC PB5A_LED := FAILOPN

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5BLEDC := AO

PB5B_LED EQUATION SELOGIC PB5B_LED := FAILCLS

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6ALEDC := AO

PB6A_LED EQUATION SELOGIC PB6A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6BLEDC := AO

PB6B_LED EQUATION SELOGIC PB6B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7ALEDC := AO

PB7A_LED EQUATION SELOGIC PB7A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7BLEDC := AO

PB7B_LED EQUATION SELOGIC PB7B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8ALEDC := AO

PB8A_LED EQUATION SELOGIC PB8A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8BLEDC := AO

PB8B_LED EQUATION SELOGIC PB8B_LED := 0

a Setting is a two-letter combination of the letters R, G, A, O, where the asserted/deasserted color choices are: R = Red, G = Green, 
A = Amber, O = Off. Asserted and deasserted colors must be different.

Table 4.110 Pushbutton LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default
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Report Settings (SET R Command)
The report settings use Relay Word bits for the SER and event report trigger 
as shown in Table 4.111 and Table 4.112. See Appendix L: Relay Word Bits for 
details. Refer to Section 10: Analyzing Events for additional information about 
SER and event reports.

SER Trigger Lists

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way the relay elements listed in the previous SER settings are dis-
played in the SER report. 

In addition, the Alias settings allow you to change the text displayed when a 
particular element is asserted and deasserted. The relay permits as many as 32 
unique aliases, as defined by the Enable Alias Settings (EALIAS) setting. The 
factory-default alias settings are shown in Table 4.113.

Define the enabled alias settings by entering the Relay Word bit name, a 
space, the desired alias, a space, the text to display when the condition asserts, 
a space, and the text to display when the condition deasserts. 

See Table L.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay interprets a space as the break between two strings. If you wish to clear a 
string, simply type NA.

Table 4.111 SERa Trigger Settings

a Use as many as 24 Relay Word bits separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 ABSLO TBSLO NOSLO THERMLO 
PB01 PB02 PB03 PB04

SER2 SER2 := 49T 49T_STR 49T_RTR LOSSTRIP JAMTRIP 46UBT 
50P1T RTDT PTCTRIP 50G1T VART 37PT 27P1T 59P1T 47T 
55T SPDSTR 50N1T SMTRIP 81D1T 81D2T OTHTRIP 87M1T 
87M2T

SER3 SER3 := AMBTRIP PTCFLT RTDFLT COMMIDLE 
COMMLOSS REMTRIP RSTTRGT 49A LOSSALRM 
JAMALRM 46UBA RTDA 55A 50N2T 50G2T VARA 37PA 
27P2T 59P2T 50P2T 50Q1T 50Q2T

SER4 SER4 := SPDSAL 81D3T 81D4T OTHALRM AMBALRM 
SALARM WARNING LOADUP LOADLOW 50P2T STOPPED 
RUNNING STARTING STAR DELTA START SPEED2

Table 4.112 Enable Alias Settings

Setting Prompt Setting Range Setting Name := Factory Default

Enable ALIAS Settings N, 1–32 EALIAS = 15

ALIAS1 = STARTING MOTOR_STARTING BEGINS ENDS
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Event Report Settings Event reports are 15, 64, or 180 cycles in length as determined by the LER set-
ting. For an LER of 15, the prefault length, PRE, is in the range of 1–10. For 
an LER of 64, the prefault length, PRE, is in the range of 1–59. For an LER of 
180, the prefault length, PRE, is in the range of 1–175. The relay typically 
holds at least forty-nine 15-cycle event reports, twenty-three 64-cycle event 
reports, or nine 180-cycle event reports.

Trigger CMET S R Event Reports
The SEL-710-5 captures a 19200-sample raw event report on rising edges of 
CMETSRTG. For example, you can set CMETSRTG = STARTING to cap-
ture the start of the motor. By providing this lengthy, high-resolution report, 
the relay enables external data processing while saving standard event reports 
for protection functions. 

Table 4.113 SET R SER Alias Settings

Setting 
Prompt

Relay Word 
Bit Alias

Asserted 
Text

Deasserted 
Text

ALIAS1 := STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2 := RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3 := STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4 := JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5 := LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6 := LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7 := 46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8 := 46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9 := 49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 := 49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 := 47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 := PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 := PB03 fp_start PICKUP DROPOUT

ALIAS15 := PB04 fp_stop PICKUP DROPOUT

ALIAS16 := NA — — —

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

ALIAS32 := NA — — —

Table 4.114 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG LOSSALRM OR 
R_TRIG 46UBA OR R_TRIG 49A OR 
R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA

EVENT LENGTH 15, 64, 180 cyc LER := 15

PREFAULT LENGTH 1–175 cyc PRE := 5

NOTE: Event report data stored in 
the relay are lost when you change 
the LER setting. Save the data before 
changing the setting.
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Start Report Settings The setting MSRR defines the resolution of the motor start report. The report 
is always triggered by each motor start; to trigger for additional conditions, 
use the SELOGIC control equation MSRTRG. For more information on the 
motor start report, go to Section 5: Metering and Monitoring.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix M: Analog Quantities 
for a list of the available analog quantities. Also set the LDAR to the acquisi-
tion rate for the report that you want.

DNP Map Settings (Set D Command)
Table 4.118 shows the available settings. See Appendix D: DNP3 Communi-
cations for additional details.

Table 4.115 Meter Report Settings

Setting Prompt Setting Range Setting Name := Factory 

CMET S R TRIGGER SELOGIC CMETSRTG := 0

Table 4.116 Motor Start Report Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

MSR RESOLUTION 0.25, 0.5, 1, 2, 5, 20 cyc MSRR := 5

MSR TRIGGERa

a Do not use SELOGIC control equation MSRTRG to capture starting conditions. Starting 
conditions are automatically captured for each start. Using SELOGIC control equations for the 
starting conditions may result in incorrect data in the MST and MOT records.

SELOGIC MSRTRG := 0

Table 4.117 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST 0, as many as 17 analog quantities LDLIST := 0

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15

IMPORTANT: All stored load data 
are lost when changing the LDLIST.

Table 4.118 DNP Map Settingsa (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

·
·
·

·
·
·

·
·
·

DNP Binary Input Label Name 10 characters BI_99 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.119 shows the available settings. See Appendix E: Modbus Communi-

cations for additional details.

42

DNP Binary Output Label Name 10 characters BO_00 := RB01

·
·
·

·
·
·

·
·
·

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

·
·
·

·
·
·

·
·
·

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Counter Label Name 11 characters CO_31 := NA

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Table 4.118 DNP Map Settingsa (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.119 User Map Register Settingsa

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range Setting Name := Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

•
•
•

•
•
•

•
•
•

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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EtherNet/IP Assembly Map Settings (SET E Command)
Table 4.120 shows the available assembly map settings. See Appendix F: 
EtherNet/IP Communications for additional details.

Touchscreen Settings
The touchscreen settings apply to relays that support the color touchscreen 
display and are discussed in Section 9: Bay Control (see Table 9.7).

Table 4.120 EtherNet/IP Assembly Map 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Input Assembly (IA) Binary

EIP Input Assembly Binary Label 
Name

10 characters IAB _00 := NA

• • •

• • •

• • •

EIP Input Assembly Binary Label 
Name

10 characters IAB _99 := NA

Input Assembly (IA) Analog

EIP Input Assembly Analog Label 
Name

10 characters IAA_00 := NOOP

IAA_01 := NA

• • •

• • •

• • •

EIP Input Assembly Analog Label 
Name

10 characters IAA_99 := NA

Output Assembly (OA) Binary

EIP Output Assembly Binary Label 
Name

10 characters OAB _00 := NA

• • •

• • •

• • •

EIP Output Assembly Binary Label 
Name

10 characters OAB _31 := NA

Output Assembly (OA) Analog

EIP Output Assembly Analog 
Label Name

10 characters OAA_00 := NOOP

OAA_01 := NA

• • •

• • •

• • •

EIP Output Assembly Analog 
Label Name

10 characters OAA _31 := NA
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Section 5
Instruction Manual

Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)
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The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor
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Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>
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When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report
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The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.
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Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.
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Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC



5.32

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 



5.33

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Metering and Monitoring
Asset Monitoring

Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A
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SEL-710
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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U.Instruction Manual

Settings

Overview
The SEL-710-5 Motor Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following 11 settings 
classes:

1. Group n (n = 1, 2, 3, or 4)

2. Logic Group n (n = 1, 2, 3, or 4)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. EtherNet/IP

7. Report

8. Modbus

9. DNP3

10. IEC 60870-5-103

11. Touchscreen (this setting class is only available for models with 
the color touchscreen display)

Some settings classes have multiple instances. In the previous list, there are 
five port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

IMPORTANT: Upon relay initial 
turn on or Port 1 setting changes or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(about 5–10 seconds from turn on).

Table 6.1 Methods of Accessing Settingsa

Web Serverb Serial Port Commandsc Front-Panel HMI Set/Show 
Menud

ACSELERATOR QuickSet 
SEL-5030 Softwareb

Display 
Settings

All settings All settings 
(SHO command)

Global, Group, and Port 
settings

All settings

Change 
Settings

Not available All settings
(SET command)

Global, Group, and Port 
settings

All settings

a These settings access methods do not apply to the touchscreen settings.
b Refer to Section 3: PC Interface for detailed information.
c Refer to Section 7: Communications for detailed information on set up and use of the serial communications port and Ethernet port.
d Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, menus and screens, and operator control 

pushbuttons.
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The SEL-710-5 Settings Sheets at the end of this section list all SEL-710-5 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Touchscreen settings are only available through QuickSet for models with the 
color touchscreen display. These settings are not available via the ASCII 
terminal, unlike the other relay settings. Refer to Section 9: Bay Control for 
detailed information on individual settings.

View/Change Settings With the Two-Line Front Panel
You can use the pushbuttons on the front panel to view/change settings. See 
Section 8: Front-Panel Operations for the details on front-panel operation.

Enter the front-panel menu by pushing the ESC pushbutton. The following 
message appears:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pressing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
presents you with the RELAY settings as listed in the SEL-710-5 Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pressing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the MOTOR FLA, FLA1 setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-710-5 is shipped 

with factory-default settings. 
Calculate the settings for your motor 
to ensure secure and dependable 
protection. Document the settings on 
the SEL-710-5 Settings Sheets at the 
end of this section before entering 
new settings in the relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

GROUP
1
2
3
4

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Thermal Overload
  •
  •
Trip/Close Logic
Motor Control

FLA1 Setting

MOTOR FLA
FLA1 = 0250.0 A 

Config Menu

CTR1
               100
FLA1
           250.0 A 
  •
  •
  •
SINGLEV
                 N
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View/Change Settings With the Touchscreen Front Panel
You can view or change Port, Global, Group, Date and Time, and Touchscreen 
settings by using the touchscreen display. Tapping the Settings folder on the 
Home screen navigates you to the Settings screen through which you can 
view or change settings. Refer to Touchscreen Display Front Panel on page 
8.20 for detailed information on how to view or change settings by using the 
touchscreen display.

View/Change Settings Over Communications Port 
Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port via a personal computer and how to use 
ASCII commands to communicate with the relay.

View Settings Use the SHO command to view relay settings. The SHO command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHO 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHO command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

Table 6.2 SHO Command Options

Command  Description

SHO n Shows relay group settings: n specifies the settings group (1, 2, 3, 
or 4); n defaults to active settings group if not listed.

SHO L n Shows logic settings: n specifies the settings group (1, 2, 3, or 4); 
n defaults to active settings group if not listed.

SHO G Shows global configuration settings

SHO P n Shows serial port settings for Port n (n = F, 1, 2, 3, or 4)

SHO F Shows front-panel display and LED settings

SHO E Show EtherNet/IP assembly map settings

SHO R Shows Sequential Event Report (SER) and event report settings

SHO M Shows Modbus map settings

SHO D Shows DNP3 map settings

SHO I Shows IEC 60870-5-103 map settings

Table 6.3 SET Command Options (Sheet 1 of 2)

Command Settings Type  Description

SET n Group Protection elements, timers, etc., for settings 
Group n (1, 2, 3, or 4)

SET L n Logic SELOGIC control equations for settings 
Group n (1, 2, 3, or 4)

SET G Global Global configuration settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a settings 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and in the 
two-line display model, the ENABLED LED extinguishes while the relay is 
disabled. In the touchscreen display model, the ENABLED LED stays 
illuminated while the relay saves the setting.

To change a specific setting, enter the command shown in Table 6.5.

SET P n Port Serial port settings for serial Port n (1, 2, 3, 4, or 
F)

SET F Front Panel Front-panel display and LED settings

SET E EtherNet/IP EtherNet/IP assembly map settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP3 DNP3 map settings

SET I IEC 60870-5-103 IEC 60870-5-103 user map settings

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format (Sheet 1 of 2)

SET n m s TERSE

where:

n is left blank or is G, L, F, R, M, or P to identify the class of settings.

m is 1, 2, 3, or 4 when n = G or L for group settings; m defaults to 1 if the 
parameter is left blank.

is F, 1, 2, 3, or 4 when n = P for port settings; m defaults to the active port if 
the parameter is left blank.

Table 6.3 SET Command Options (Sheet 2 of 2)

Command Settings Type  Description
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Setting Entry Error Messages
As you enter relay settings, the relay checks the setting entered against the 
range for the setting as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues one 
of the error messages shown in Table 6.6, and returns you to the settings list 
for a correction.

s is the name of the specific setting you wish to jump to and begin setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you wish to review the settings before saving, do not use the TERSE 
option.

Table 6.5 SET Command Format (Sheet 2 of 2)

SET n m s TERSE

Table 6.6 Setting Interdependency Error Messages (Sheet 1 of 2)

Error Message Setting/Function Correct the Condition

50PmP • FLAn/CTRn must be greater 
than or equal to 0.50 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.5

50PmP • FLAn/CTRn must be greater 
than or equal to 0.10 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.1

50NnP must be within (0.050 • CTRN) 
xx.xx and (10.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

50NnP must be within (0.010 • CTRN) 
xx.xx and (2.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

Choose PRE from 1–10 cycles Event Report 
Settings

Modify the PRE setting to satisfy the requirement 
shown in the error message.

50NnP must be within (0.000125 • 
CTRN) xx.xx and (0.0125 • CTRN) 
yy.yy 
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

CTRn,FLAn Setting Combination Out 
of Range
(n = 1 or 2)

Main Settings Modify the CTRn or FLAn setting to satisfy:

1.0 ≤ (FLAn/CTRn), ≤ 8 for phase input current 
rating of 5 A

0.2 ≤ (FLAn/CTRn), ≤ 1.6 for phase input current 
rating of 1 A
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View Settings Using the Web Server
Refer to Section 3: PC Interface for information on how to set up 
communication and how to access the relay on an Ethernet port with a 
personal computer.

View Settings Once communication with the relay is established through the web server, the 
home page screen appears in your browser window. Click on Settings from 
the navigation pane to view all the available settings classes, as shown in 
Figure 6.2. Access Level 1 and Access Level 2 are both view only. At this 
level, settings are dimmed and you cannot modify them. Click on a settings 
class to view its settings. 

Figure 6.2 Web Server Settings Screen

Minimum STOP COOL TIME: xxxx min Thermal Overload Modify the COOLTIME setting to satisfy the 
requirement shown in the error message.

Only one ambient RTD allowed
(n = 1–12)

RTD Modify the RTD location setting (RTDnLOC) to satisfy 
the requirement shown in the error message.

Output contacts cannot be set to 
NA.

Output Contact 
Logic Setting

Use 0, 1, or SELOGIC control equation for the logic 
setting.

PTR Setting Out of Range Main Settings Modify VNOM or PTR setting to satisfy:
100 ≤ (VNOM/PTR) ≤ 250 for DELTA_Y := DELTA
100 ≤ (VNOM/PTR) ≤ 440 for DELTA_Y := WYE

Table 6.6 Setting Interdependency Error Messages (Sheet 2 of 2)

Error Message Setting/Function Correct the Condition
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These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the communications ports. See Section 4: Protection and Logic Functions 
in the instruction manual for detailed descriptions of the settings.

➤ Some settings require an optional module. Refer to the SEL-710-5 Model Option Table and the notes 
with the following settings for details on which settings are available in a specific model. 
ACSELERATOR QuickSet SEL-5030 Software, which shows and hides settings depending on the MOT 
part number selected, is the best way to view the settings available in a specific model. Some of the set-
tings ranges can be more restrictive than shown because of settings interdependency checks performed 
when new settings are saved.

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

Configuration

UNIT ID LINE 1 (16 Characters)  RID :=

UNIT ID LINE 2 (16 Characters)  TID :=

SYN MOTOR TYPE (BRUSH, BRUSHLESS, NONE)
(SYNTYPE forced to NONE and hidden when Slot E ≠ 75)

SYNTYPE :=

PHASE CT RATIO (1–5000) CTR1 :=

MOTOR FLA (0.2–5000.0 A) FLA1 :=

VFD APPLICATION (Y, N) VFDAPP :=

LOAD @ ZEROSPEED (0.2–5000.0 A)
(Shown when VFDAPP:= Y)

LOAD_ZS :=

MNFREQ @ FULLOAD (10.00–70.00 Hz)
(Shown when VFDAPP:= Y)

FREQ_FL :=

TWO SPEED ENABLE (Y, N)
(E2SPEED forced to N and hidden when VFDAPP:= Y)

E2SPEED :=

CT RATIO–2ND (1–5000)
(Hidden when E2SPEED := N)

CTR2 :=

MOTOR FLA–2ND (0.2–5000.0 A)
(Hidden when E2SPEED := N)

FLA2 :=

FVR PHASING (NONE, A, B, C)
(Hidden when E2SPEED := N)

FVR_PH :=

NEUTRAL CT RATIO (1–2000) CTRN :=

PHASE PT RATIO (1.00–250.00) PTR :=

LINE VOLTAGE (100–30000 V) VNOM :=

XFMR CONNECTION (DELTA, WYE) DELTA_Y :=

SINGLE I INPUT (N, IA, IB, IC) SINGLEI :=

SINGLE V INPUT (Y, N) SINGLEV :=
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Thermal Overload
OVERLOAD ENABLE (Y, N) E49MOTOR :=

(All of the following thermal overload settings are hidden when E49MOTOR := N)

FULL LOAD SLIP (OFF, 0.0010–0.1000 pu)
(Forced to OFF and hidden when any of the following apply: E2SPEED := Y; 

ESTAR_D := Y; or VFDAPP := Y)

FLS :=

SLIP SOURCE (VDR, STAT, R1)
(Forced to R1 and hidden when E2SPEED := Y, ESTAR_D := Y, or VFDAPP := Y; 

Hidden when no synchronous motor card is available; Hidden when FLS := OFF; 
VDR hidden from range when SYNTYPE := BRUSHLESS)

SLIPSRC :=

LOCKD RTR TORQUE (0.30–2.00 pu)
(Hidden when FLS := OFF)

LRQ :=

THERMAL METHOD (RATING, RATING_1, CURVE)
(CURVE and RATING hidden when 0.001 ≤ FLS ≤ 0.10)

SETMETH :=

OL RESET LEVEL (10–99% TCU) 49RSTP :=

SERVICE FACTOR (1.01–1.50) SF :=

MOTOR LRA (2.5–12.0 xFLA)
(Forced to 6 and hidden when SETMETH := CURVE)

LRA1 :=

LOCKD RTR TIME 1 (1.0–600.0 sec)
(Hidden when SETMETH := CURVE)

LRTHOT1 :=

ACCEL FACTOR (0.10–1.50)
(Hidden when SETMETH := CURVE or when 0.001 ≤ FLS ≤ 0.10; forced to 1.00 

when 1 ≤ CURVE1 ≤ 45 or when 0.001 ≤ FLS ≤ 0.10)

TD1 :=

STATOR TC (AUTO, 1–2000 min)
(Hidden when SETMETH := CURVE)

RTC1 :=

MOTOR LRA–2ND (2.5–12.0 xFLA)
(Hidden when E2SPEED := N; forced to 6 and hidden when SETMETH := CURVE)

LRA2 :=

LOCKD RTR TIME 2 (1.0–600.0 sec)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

LRTHOT2 :=

ACCEL FACT–2ND (0.10–1.50)
(Hidden when E2SPEED := N; hidden and forced to 1.00 when 

SETMETH := CURVE)

TD2 :=

STATOR TC–2ND (AUTO, 1–2000 min)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

RTC2 :=

THERM OL CURVE1 (1–46)
(Hidden when SETMETH := RATING or RATING_1)

CURVE1 :=

TRIP TIME @ 1.05FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.05)

TTT105 :=

TRIP TIME @ 1.10FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.10)

TTT110 :=

TRIP TIME @ 1.20FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.20)

TTT120 :=

TRIP TIME @ 1.30FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.30)

TTT130 :=

TRIP TIME @ 1.40FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.40)

TTT140 :=

TRIP TIME @ 1.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF := 1.50)

TTT150 :=
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TRIP TIME @ 1.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT175 :=

TRIP TIME @ 2.00FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT200 :=

TRIP TIME @ 2.25FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT225 :=

TRIP TIME @ 2.50FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT250 :=

TRIP TIME @ 2.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT275 :=

TRIP TIME @ 3.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT300 :=

TRIP TIME @ 3.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT350 :=

TRIP TIME @ 4.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT400 :=

TRIP TIME @ 4.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT450 :=

TRIP TIME @ 5.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT500 :=

TRIP TIME @ 5.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT550 :=

TRIP TIME @ 6.00FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT600 :=

TRIP TIME @ 6.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT650 :=

TRIP TIME @ 7.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT700 :=

TRIP TIME @ 7.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT750 :=

TRIP TIME @ 8.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT800 :=

TRIP TIME @ 8.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT850 :=

TRIP TIME @ 9.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT900 :=

TRIP TIME @ 9.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT950 :=

TRIP TIME @ 10.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1000 :=

TRIP TIME @ 11.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1100 :=

TRIP TIME @ 12.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1200 :=

THERM OL CURVE2 (1–45)
(Hidden when SETMETH := RATING or RATING_1 or when E2SPEED := N)

CURVE2 :=

OL WARN LEVEL (OFF, 50–99% TCU) TCAPU :=

START INH. LEVEL (OFF, 1–99% TCU) TCSTART :=

LEARN TCSTART? (Y, N)
(Hidden when TCSTART := OFF)

TCLRNEN :=

STOP COOL TIME (1–6000 min) COOLTIME :=

STOP COAST TIME (1–3600 sec) COASTIME :=
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Phase Overcurrent

Neutral Overcurrent
(Refer to Table 6.6 for setting interdependency checks. The following pickup settings are in primary amperes.)

Residual Overcurrent

Negative-Sequence Overcurrent

Incipient Cable Fault

LEARN COOLTIME? (Y, N)
(Hidden when E49RTD := NONE)

COOLEN :=

OL RTD BIASING? (Y, N)
(Hidden when E49RTD := NONE)

ETHMBIAS :=

PH OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50P1P :=

PH OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P1D :=

PH OC WARN LVL (OFF, 0.10–20.00 xFLA) 50P2P :=

PH OC WARN DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P2D :=

NEUT OC TRIP LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC TRIP LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N1P :=

NEU OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50N1D :=

NEUT OC WARN LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC WARN LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N2P :=

NEU OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50N2D :=

RES OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50G1P :=

RES OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50G1D :=

RES OC WARN LVL (OFF, 0.10–20.00 xFLA) 50G2P :=

RES OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50G2D :=

NSEQ OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50Q1P :=

NSEQ OC TRIP DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q1D :=

NSEQ OC WARN LVL (OFF, 0.10–20.00 xFLA) 50Q2P :=

NSEQ OC WARN DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q2D :=

50INC PU LVL (OFF, (1.00–10.00) • INOM A) E50INC :=

50INC WARN COUNT (1, 2, . . . 100) 50IALC :=

50INC TRIP COUNT (1, 2, . . . 100) 50ITRC :=
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Phase Time Overcurrent

Maximum Phase Time Overcurrent

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51AP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51AC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51ATD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51ARS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51ACT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51AMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51ATC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51BP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51BTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51BRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden is associated pickup is OFF)

51BMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51BTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51CP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51CTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51CRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51CTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1CT :=
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Negative-Sequence Time-Overcurrent

Residual Ground Time-Overcurrent

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P2C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P2TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A)
(INOM 5 or 1 for 5 A or 1 A phase CTs)

51QP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 or 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51QTD :=

EM RESET DELAY (Y, N) 
(Hidden when associated pickup is OFF)

51QRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51QTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G2C :=
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Motor Differential Overcurrent

Jam

Undercurrent

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G2TC :=

DIFF ENABLE (Y, N) E87M :=

DIFF CT RATIO (1–5000)
(Hidden when E87M := N)

CTR87M :=

DIFF 1 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M1P :=

DIFF 1 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M1P := OFF)

87M1TD :=

DIFF 1 TRQ CON (SELOGIC)
(Hidden when 87M1P := OFF)

87M1TC :=

DIFF 2 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M2P :=

DIFF 2 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M2P := OFF)

87M2TD :=

DIFF 2 TRQ CON (SELOGIC)
(Hidden when 87M2P := OFF)

87M2TC :=

JAM TRIP LEVEL (OFF, 1.00–6.00 xFLA) LJTPU :=

JAM TRIP DELAY (0.0–120.0 sec)
(When LJTPU := OFF, LJTDLY is hidden and JAMTRIP is deasserted all the time)

LJTDLY :=

JAM WARN LEVEL (OFF, 1.00–6.00 xFLA) LJAPU :=

JAM WARN DELAY (0.0–120.0 sec)
(When LJAPU := OFF, LJADLY is hidden and JAMALRM is deasserted all the 

time)

LJADLY :=

UC TRIP LEVEL (OFF, 0.10–1.00 xFLA) LLTPU :=

UC TRIP DELAY (0.4–120.0 sec)
(Hidden when associated pickup is OFF)

LLTDLY :=

UC WARN LEVEL (OFF, 0.10–1.00 xFLA) LLAPU :=

UC WARN DELAY (0.40–120.0 sec)
(Hidden when associated pickup is OFF)

LLADLY :=

UC START DELAY (0–5000 sec)
(Hidden when LLTPU and LLAPU are OFF)

LLSDLY :=
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Current Unbalance

Start Monitoring

Star-Delta
(Forced to N and hidden when VFDAPP := Y)

Start Inhibit

Phase Reversal

Speed Switch

PTC

CI TRIP LEVEL (OFF, 5–80%) 46UBT :=

CI TRIP DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBTD :=

CI WARN LEVEL (OFF, 5–80%) 46UBA :=

CI WARN DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBAD :=

START MOTOR TIME (OFF, 1–240 sec) START_T :=

STAR-DELTA ENABL (Y, N) ESTAR_D :=

MAX STAR TIME (OFF, 1–600 sec)
(Hidden when ESTAR_D := N)

STAR_MAX :=

STARTS/HR. (OFF, 1–15) MAXSTART :=

MIN. OFF TIME (OFF, 1–150 min) TBSDLY :=

RESTART BLK TIME (OFF, 1–1500 min) ABSDLY :=

PH REV. ENABLE (Y, N) E47T :=

SS TRIP DELAY (OFF, 1–240 sec) SPDSDLYT :=

SS WARN DELAY (OFF, 1–240 sec) SPDSDLYA :=

VIR SS ENABLE (Y, N) 
(Forced to N and hidden when VFDAPP := Y)

VSSEN :=

VIR SS CONSTANT (0.80–0.98) 
(Hidden when VSSEN := N)

VSSCONST :=

SS FAIL OPEN DLY (OFF, 0.5–2.0 sec) 
(Forced to OFF and hidden when VSSEN := N)

FAILOPND :=

SS FAIL CLOS DLY (0.1–120.0 min) 
(Hidden when VSSEN := N or FAILOPND := OFF)

FAILCLSD :=

SS FAIL RESET (SELOGIC) 
(Hidden when VSSEN := N or FAILOPND := OFF) 

SSFLRST :=

PTC ENABLE (Y, N)
(Hidden when the PTC option is not selected)

EPTC :=
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RTD
RTD ENABLE (INT, EXT, NONE)

(The INT option is hidden from the range when there is no internal RTD card 
installed; all the following RTD settings are hidden when E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD1TY, TRTMP1, and ALTMP1 settings are hidden when RTD1LOC := OFF)

RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250°C) TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250°C) ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD2TY, TRTMP2, and ALTMP2 settings are hidden when RTD2LOC := OFF)

RTD2LOC :=

RTD2 TYPE (PT100, NI100, NI120, CU10) RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250°C) TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250°C) ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD3TY, TRTMP3, and ALTMP3 settings are hidden when RTD3LOC := OFF)

RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250°C) TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250°C) ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD4TY, TRTMP4, and ALTMP4 settings are hidden when RTD4LOC := OFF)

RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250°C) TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250°C) ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD5TY, TRTMP5, and ALTMP5 settings are hidden when RTD5LOC := OFF)

RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250°C) TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250°C) ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD6TY, TRTMP6, and ALTMP6 settings are hidden when RTD6LOC := OFF)

RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250°C) TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250°C) ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD7TY, TRTMP7, and ALTMP7 settings are hidden when RTD7LOC := OFF)

RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250°C) TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250°C) ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD8TY, TRTMP8, and ALTMP8 settings are hidden when RTD8LOC := OFF)

RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) RTD8TY :=

RTD8 TRIP LEVEL (OFF, 1–250°C) TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250°C) ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD9TY, TRTMP9, and ALTMP9 settings are hidden when RTD9LOC := OFF)

RTD9LOC :=
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Loss of Potential

Undervoltage

Overvoltage

RTD9 TYPE (PT100, NI100, NI120, CU10) RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250°C) TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250°C) ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD10TY, TRTMP10, and ALTMP10 settings are hidden when RTD10LOC := OFF)

RTD10LOC :=

RTD10 TYPE (PT100, NI100, NI120, CU10) RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250°C) TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250°C) ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD11TY, TRTMP11, and ALTMP11 settings are hidden when 

RTD11LOC := OFF); RTD11LOC is hidden and forced to OFF when 
E49RTD := INT)

RTD11LOC :=

RTD11 TYPE (PT100, NI100, NI120, CU10) RTD11TY :=

RTD11 TRIP LEVEL (OFF, 1–250°C) TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250°C) ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD12TY, TRTMP12, and ALTMP12 settings are hidden when 

RTD12LOC := OFF); RTD12LOC hidden and forced to OFF when 
E49RTD := INT)

RTD12LOC :=

RTD12 TYPE (PT100, NI100, NI120, CU10) RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250°C) TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250°C) ALTMP12 :=

WIND TRIP VOTING (Y, N)
(When less than two locations are WDG, the associated trip voting settings are 

hidden)

EWDGV :=

BEAR TRIP VOTING (Y, N)
(When less than two locations are BRG, the associated trip voting settings are hidden)

EBRGV :=

TMP RTD BIASING? (Y, N)
(Shown only when one RTD location is set to AMB and at least one RTD location is 

set to WDG)

ERTDBIAS :=

LOP BLOCK (SELOGIC) LOPBLK :=

UV TRIP LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P1D :=

UV WARN LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=

UV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P2D :=

OV TRIP LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P1D :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.11
of 90

Date _______________ SEL-710-5 Settings Sheets
27 Inverse-Time Undervoltage Group Settings (SET Command)

27 Inverse-Time Undervoltage

OV WARN LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P2D :=

27I ENABLE (Y, N) E27I1 :=

(The following 27I1 inverse-time undervoltage settings are hidden if E27I1 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I1P :=

CURVE (CURVEA, CURVEB, COEF) 27I1CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFC :=

TIME DIAL (0.00–16.00) 27I1TD :=

RESET TIME (0.00–1.00 s) 27I1TTR :=

TRQ CONTROL (SELOGIC) 27I1TC :=

27I ENABLE (Y, N) E27I2 :=

(The following 27I2 settings are hidden if E27I2 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I2P :=

CURVE (CURVEA, CURVEB, COEF) 27I2CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFC :=

TIME DIAL (0.00–16.00) 27I2TD :=

RESET TIME (0.00–1.00 s) 27I2TTR :=

TRQ CONTROL (SELOGIC) 27I2TC :=

Table SET.1 Range Dependencies for 27I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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59 Inverse-Time Overvoltage
59I ENABLE (Y, N) E59I1 :=

(The following 59I1 inverse-time overvoltage settings are hidden if E59I1 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I1P :=

CURVE (CURVEA, CURVEB, COEF) 59I1CR :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFC :=

TIME DIAL (0.00–16.00) 59I1TD :=

RESET TIME (0.00–1.00 s) 59I1TTR :=

TRQ CONTROL (SELOGIC) 59I1TC :=

59I ENABLE (Y, N) E59I2 :=

(The following 59I2 settings are hidden if E59I2 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I2P :=

CURVE (CURVEA, CURVEB, COEF) 59I2CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFC :=

TIME DIAL (0.00–16.00) 59I2TD :=

RESET TIME (0.00–1.00 s) 59I2TTR :=

TRQ CONTROL (SELOGIC) 59I2TC :=

59I ENABLE (Y, N) E59I3 :=

(The following 59I3 settings are hidden if E59I3 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I3OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I3P :=

CURVE (CURVEA, CURVEB, COEF) 59I3CRV :=

Table SET.2 Range Dependencies for 59I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC VG V1 3V2 MAXLN MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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Var

Loss of Field
(Hidden when SYNTYPE := NONE and E40 forced to default, N)

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFC :=

TIME DIAL (0.00–16.00) 59I3TD :=

RESET TIME (0.00–1.00 s) 59I3TTR :=

TRQ CONTROL 59I3TC :=

59I ENABLE (Y, N) E59I4 :=

(The following 59I4 settings are hidden if E59I4 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I4OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I4P :=

CURVE (CURVEA, CURVEB, COEF) 59I4CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFC :=

TIME DIAL (0.00–16.00) 59I4TD :=

RESET TIME (0.00–1.00 s) 59I4TTR :=

TRQ CONTROL (SELOGIC) 59I4TC :=

NEG VAR TRIP LEV (OFF, 1–25000 kVAR) NVARTP :=

POS VAR TRIP LEV (OFF, 1–25000 kVAR) PVARTP :=

VAR TRIP DELAY (1–240 sec)
(Hidden when NVARTP and PVARTP are OFF)

VARTD :=

NEG VAR WARN LEV (OFF, 1–25000 kVAR) NVARAP :=

POS VAR WARN LEV (OFF, 1–25000 kVAR) PVARAP :=

VAR WARN DELAY (1–240 sec)
(Hidden when NVARAP and PVARAP are OFF)

VARAD :=

VAR ARMING DELAY (0–5000 sec)
(Hidden when NVARTP, PVARTP, NVARAP, and PVARAP are OFF)

VARDLY :=

LOSS OF FIELD EN (Y, N)
(All the following settings are hidden when E40 := N)

E40 :=

Z1 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM = 5 A or 1 A)

40Z1P :=

Z1 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z1P := OFF)

40XD1 :=

Z1 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z1P := OFF)

40Z1D :=

Z2 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM := 5 or 1)

40Z2P :=

Z2 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z2P := OFF)

40XD2 :=
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Out of Step

Field Resistance

Field Current
(Hidden when SYNTYPE := NONE; FDUC1P, FDUC2P, FDOC1P, and FDOC2P forced to default, OFF)

Z2 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z2P := OFF)

40Z2D :=

40Z TRQ CTRL (SELOGIC) 40ZTC :=

OUT-OF-STEP PROT (N, 1B, 2B)
(The following settings are hidden when E78 := N)

E78 :=

FORWARD REACH ((0.5–500.0)/INOM ohm sec) 78FWD :=

REVERSE REACH ((0.5–500.0)/INOM ohm sec) 78REV :=

RIGHT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R1 :=

LEFT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R2 :=

OUTER BLINDER ((1.0–500.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R1 :=

INNER BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R2 :=

OOS DELAY (0.00–1.00 sec)
(Hidden when E78 := 1B)

78D :=

OOS TRIP DELAY (0.00–1.00 sec) 78TD :=

OOS TRIP DUR (0.00–5.00 sec) 78TDURD :=

POS-SEQ CURRENT ((0.05–6.00) • INOM A) 50ABC :=

OOS TRQ CTRL (SELOGIC) OOSTC :=

(Hidden when SYNTYPE := NONE; FDRES1P and FDRES2P forced to default, OFF)

FLD RES WARN 1 (OFF, 0.10–500.00 ohm) FDRES1P :=

FLD RES WARN 2 (OFF, 0.10–500.00 ohm) FDRES2P :=

FLDR TRQ CTRL (SELOGIC) FDRESTC :=

FLD CURRENT IN (I, V) FDCURIN :=

FLD CUR @ 20 mA (1.0–2000.0 A)
(Shown when FDCURIN := I)

FD_20mA :=

FLD CUR @ 5V (1.0–2000.0 A)
(Shown when FDCURIN := V)

FD_5V :=

FLD UC TRIP LEVEL (OFF, 1.0–2000.0 A) FDUC1P :=

FLD UC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC1D :=

FLD UC WARN LVL (OFF, 1.0–2000.0 A) FDUC2P :=

FLD UC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC2D :=

FLD OC TRIP LVL (OFF, 1.0–2000.0 A) FDOC1P :=

FLD OC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC1D :=
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Field Voltage
(Hidden when SYNTYPE := NONE; FDUV1P, FDUV2P, FDOV1P, FDOV2P forced to default, OFF)

Start Sequence
(Hidden when SYNTYPE := NONE; hidden and not processed when VFDAPP := Y)

Underpower

Power Factor

FLD OC WARN LVL (OFF, 1.0–2000.0 A) FDOC2P :=

FLD OC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC2D :=

FLDC TRQ CTRL (SELOGIC) FDCTC :=

FLD UV TRIP LVL (OFF, 1.0–350.0 V) FDUV1P :=

FLD UV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV1D :=

FLD UV WRN LVL (OFF, 1.0–350.0 V) FDUV2P :=

FLD UV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV2D :=

FLD OV TRIP LVL (OFF, 1.0–350.0 V) FDOV1P :=

FLD OV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV1D :=

FLD OV WARN LVL (OFF, 1.0–350.0 V) FDOV2P :=

FLD OV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV2D :=

FLD TRQ CTRL (SELOGIC) FDVTC :=

STRT SEQ ENABLE (SELOGIC) STSEQEN :=

SYNCHRONIZE SLIP (1.0–10.0%) SYNSLIP :=

UNLATCH 41CLOSE (SELOGIC) UL41CL :=

41 CLOSE DELAY (0.0–100.0 sec) 41DELAY :=

MN FDC TO SYNC (0.5–2000.0 A) FDCMIN :=

MIN CLOSE DELAY (0.1–99.0 sec) 41MNDLY :=

UP TRIP LEVEL (OFF, 1–25000 kW) 37PTP :=

UP TRIP DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PTD :=

UP WARN LEVEL (OFF, 1–25000 kW) 37PAP :=

UP WARN DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PAD :=

UP ARMING DELAY (0–5000 sec) 37DLY :=

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec)
(Hidden when 55LDTP and 55LG TP are OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=
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Power Factor Correction

Frequency

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec)
(Hidden when 55LDAP and 55LGAP are OFF)

55AD :=

PF ARMING DELAY (0–5000 sec)
(Hidden when 55LGTP, 55LDTP, 55LGAP, and 55LDAP are OFF)

55DLY :=

PF CURRENT SUP (OFF, 0.05–2.00 • INOM A)
(Hidden when SYNTYPE := NONE; INOM := 5 or 1)

55I1SUP :=

PF TRQ CTRL (SELOGIC)
(Hidden when SYNTYPE := NONE)

55TC :=

PO PF SET POINT (0.10-0.99) (Hidden when SYNTYPE := NONE) POPFSP :=

PO PU DELAY (0.1-60.0 sec) (Hidden when SYNTYPE := NONE) PORSRTD :=

ENABLE PF CPMP (OFF, PFSP, QSPMV) EPFC :=

(The following power factor correction settings are hidden when EPFC := OFF)

PF SET POINT (OFF, 0.50–1.00) (Hidden when EPFC := QSPMV) PFSPAN :=

LEADLAG (LEAD, LAG) (Hidden when EPFC := QSPMV) PFLDLG :=

Q SP MATH VAR (1–32) (Hidden when EPFC := PFSP) PFQSP :=

DEADBAND L TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFLTH > PFSTH)

PFLTH :=

DEADBAND S TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFSTH < PFLTH)

PFSTH :=

LONG STEP LENGTH (0.0–3.0 sec) (FVLDO > FVSDO) FVLDO :=

SHRT STEP LENGTH (0.0–3.0 sec) (FVSDO < FVLDO) FVSDO :=

SYNCVOLTAGE (0–100%) PFCOVL :=

SYNC VLTG CNTRL (SELOGIC) PFCNTRL :=

FREQ1 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D1TD :=

81D1 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D1TC :=

FREQ2 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D2TD :=

81D2 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D2TC :=

FREQ3 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D3TD :=

81D3 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D3TC :=

FREQ4 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D4TD :=

81D4 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D4TC :=
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Load Control

Vibration Monitoring

Trip Inhibit

LOAD CONTROL SEL (OFF, CURRENT, POWER, TCU)
(When LOAD := OFF, the rest of the load control settings are hidden)

LOAD :=

LD CTL CUR UPPER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := CURRENT)

LOADUPP :=

LD CTL CUR LOWER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL PWR UPPER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADUPP :=

LD CTL PWR LOWER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL TCU UPPER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADUPP :=

LD CTL TCU LOWER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADLOWP :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ1 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ2 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ3 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ4 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ5 :=

PICKUP TIMER (0.00–400.00) VIBPUT :=

TRQ CONTROL (SELOGIC) VIBTC :=

MACHINE CLASS (CI, CII, CIII, CIV, MANUAL) VIBCLASS :=

VELOCITY UNITS (mm/sec, in/sec) VIBUN :=

A–B THRESHOLD (0.00–100.00) VIBABP :=

B–C THRESHOLD (0.00–100.00) VIBBCP :=

C–D THRESHOLD (0.00–100.00) VIBCDP :=

BLOCK PROTECTION (SELOGIC) BLKPROT :=

CURRENT IMBALANC (Y, N) BLK46 :=

JAM (Y, N) BLK48 :=

GROUND FAULT (Y, N) BLK50EF :=

SHORT CIRCUIT (Y, N) BLK50P :=

UNDERCURRENT (Y, N) BLK37 :=

START INHIBIT (Y, N) BLK66 :=

PTC (Y, N) (Hidden when the PTC option is not selected) BLK49PTC :=

RTD (Y, N) BLK49RTD :=
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Trip/Close

Motor Control

Logic Settings (SET L Command)

SELOGIC Enables

Latch Bits Equations

MIN TRIP TIME (0.0–400.0 sec) TDURD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

TRIP ON LOCKOUT (Y, N) TRIPONLO :=

UNLATCH TRIP EQN (SELOGIC) ULTRIP :=

CONTACTOR STATUS (SELOGIC) 52A :=

CONTACTOR STATUS (SELOGIC) 52B :=

FLD BRKR STATUS (SELOGIC)
(Hidden when SYNTYPE := NONE)

41A :=

START EQUATION (SELOGIC) STREQ :=

BLK START (SELOGIC) BLKSTR :=

EMERGENCY START (SELOGIC) EMRSTR :=

SPEED 2 (SELOGIC)
(Hidden and not processed when E2SPEED := NONE)

SPEED2 :=

SPEED SWITCH (SELOGIC) SPEEDSW :=

VFD BYPASS (SELOGIC)
(Hidden and not processed when VFDAPP := N)

VFDBYPAS :=

SELOGIC LATCHES (N, 1–32) ELAT :=

SV/TIMERS (N, 1–32) ESV :=

SELOGIC COUNTERS (N, 1–32) ESC :=

MATH VARIABLES (N, 1–32) EMV :=

SET01 :=

RST01 :=

SET02 :=

RST02 :=

SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.19
of 90

Date _______________ SEL-710-5 Settings Sheets
Latch Bits Equations Logic Settings (SET L Command)

SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 :=

RST09 :=

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 :=

RST17 :=

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=

SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 :=

RST25 :=

SET26 :=



SET.20
 of 90

SEL-710-5 Settings Sheets Date________________
Logic Settings (SET L Command) SELOGIC Variable Timers

SEL-710-5 Relay Instruction Manual Date Code 20220826

SELOGIC Variable Timers

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=
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SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=

SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=



SET.22
 of 90

SEL-710-5 Settings Sheets Date________________
Logic Settings (SET L Command) Counters Equations

SEL-710-5 Relay Instruction Manual Date Code 20220826

Counters Equations

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPUT (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=
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SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=

SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=



SET.24
 of 90

SEL-710-5 Settings Sheets Date________________
Logic Settings (SET L Command) Counters Equations

SEL-710-5 Relay Instruction Manual Date Code 20220826

SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=

SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=
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SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=

SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=
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Math Variables

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=

SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=
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Base Output

Slot C Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=

MV29 :=

MV30 :=

MV31 :=

MV32 :=

OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT304 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

OUT305 FAIL-SAFE (Y, N) OUT305FS :=

OUT305 :=
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Slot D Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

Slot E Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

OUT306 FAIL-SAFE (Y, N) OUT306FS :=

OUT306 :=

OUT307 FAIL-SAFE (Y, N) OUT307FS :=

OUT307 :=

OUT308 FAIL-SAFE (Y, N) OUT308FS :=

OUT308 :=

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=

OUT405 FAIL-SAFE (Y, N) OUT405FS :=

OUT405 :=

OUT406 FAIL-SAFE (Y, N) OUT406FS :=

OUT406 :=

OUT407 FAIL-SAFE (Y, N) OUT407FS :=

OUT407 :=

OUT408 FAIL-SAFE (Y, N) OUT408FS :=

OUT408 :=

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT504 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

OUT505 FAIL-SAFE (Y, N) OUT505FS :=

OUT505 :=

OUT506 FAIL-SAFE (Y, N) OUT506FS :=

OUT506 :=
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MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

Global Settings

General

Broken Bar Detection

OUT507 FAIL-SAFE (Y, N) OUT507FS :=

OUT507 :=

OUT508 FAIL-SAFE (Y, N) OUT508FS :=

OUT508 :=

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

(Shown when SYNTYPE := NONE)

EN BRKN BAR DET (AUTO_SET, MANUAL_SET, N)
(The following broken bar detection settings are hidden and set to default values 

when EBBD :=  AUTO_SET; they are shown when EBBD := MANUAL_SET; and 
they are hidden when EBBD := N)

EBBD :=

BBD RUN RATE (1–180 min) BBDTD :=

FREQ LOWER BOUND (0.0–1.0 Hz) BBDLB :=

FREQ UPPER BOUND (2.0–10.0 Hz) BBDUB :=
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Group Selection

Time and Date Management

Breaker Failure

BBD LEVEL1 PU (–80 to –1 dB) BBDTH1 :=

BBD LEVEL2 PU (–80 to –1 dB) BBDTH2 :=

BBD LEVEL3 PU (–80 to –1 dB) BBDTH3 :=

BBD LEVEL4 PU (–80 to –1 dB) BBDTH4 :=

BBD MIN MARGIN (1–80 dB) MAR_AVG :=

DF FROM FNOM (0.10–3.00 Hz) FNOM_TH :=

DF FROM INI FREQ (0.01–10.00 Hz) F0_TH :=

DI FROM INI CURR (0.01–1.00 xFLA) I0_TH :=

BLK BELOW CUR LV (0.20–2.00 xFLA) I_TH :=

GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

SELECT GROUP4 (SELOGIC) SS4 :=

CTRL BITS DEFN (NONE, C37.118) (Hidden when the PTC option is selected) IRIGC :=

OFFSET FROM UTC (–24.00 to 24.00 hours)
(Automatically rounds up to the nearest quarter)

UTC_OFF :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_BEGW :=

DAY OF THE WEEK TO BEGIN DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_BEGH :=

MONTH TO END DST (1–12)
(Hidden when DST_BEGM is OFF)

DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_ENDH :=

52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=
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Arc-Flash Protection

AIx01

(The following arc-flash settings are hidden until an arc-flash card (74 or 76) is inserted in Slot E)

AF PH OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom phase}, 
0.10–20.00 A {1 A nom phase})

50PAFP :=

AF N OC TRP LVL (OFF, 0.01-2.00 A for 1 A nominal neutral; OFF, 0.05-10.00 A for 5 A 
nominal neutral) (Hidden if 2.5 mA neutral) (Hidden if 50AFP := OFF)

50NAFP :=

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 :=

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) TOL1P :=

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 :=

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) TOL2P :=

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 :=

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE) TOL3P :=

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 :=

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE) TOL4P :=

SENSOR 5 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS5 :=

TOL 5 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL5P :=

SENSOR 6 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS6 :=

TOL 6 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL6P :=

SENSOR 7 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS7 :=

TOL 7 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL7P :=

SENSOR 8 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS8 :=

TOL 8 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL8P :=

AFD OUTPUT SLOT (101_3, 301_4, 401_4)
(301_4 and 401_4 are not available when the slots do not have an output card.)

AOUTSLOT :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx01 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx01NAM :=

AIx01 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx01TYP :=

AIx01 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01L :=

AIx01 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01H :=

AIx01 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01L :=

AIx01 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01H :=

AIx01 ENG UNITS (16 characters) AIx01EU :=
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AIx02

AIx03

AIx01 EU LOW (–99999.000 to 99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx01EL setting)

AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx01LW1 :=

AIx01 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to 99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to 99999.000) AIx01HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx02 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx02NAM :=

AIx02 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx02TYP :=

AIx02 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02L :=

AIx02 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02H :=

AIx02 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02L :=

AIx02 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to 99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx02EL setting)

AIx02EH :=

AIx02 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx02LW1 :=

AIx02 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to 99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to 99999.000) AIx02HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx03 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx03NAM :=

AIx03 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx03TYP :=
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AIx04

AIx03 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03L :=

AIx03 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03H :=

AIx03 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03L :=

AIx03 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to 99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx03EL setting)

AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx03LW1 :=

AIx03 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to 99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to 99999.000) AIx03HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx04 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx04NAM :=

AIx04 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx04TYP :=

AIx04 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04L :=

AIx04 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04H :=

AIx04 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04L :=

AIx04 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=

AIx04 EU LOW (–99999.000 to 99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx04EL setting)

AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx04LW1 :=

AIx04 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to 99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to 99999.000) AIx04HAL :=
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AIx05

AIx06

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx05 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx05NAM :=

AIx05 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx05TYP :=

AIx05 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05L :=

AIx05 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05H :=

AIx05 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05L :=

AIx05 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to 99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx05EL setting)

AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx05LW1 :=

AIx05 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to 99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to 99999.000) AIx05HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx06 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx06NAM :=

AIx06 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx06TYP :=

AIx06 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06L :=

AIx06 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06H :=

AIx06 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06L :=

AIx06 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to 99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx06EL setting)

AIx06EH :=
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AIx07

AIx08

AIx06 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx06LW1 :=

AIx06 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to 99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to 99999.000) AIx06HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx07 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx07NAM :=

AIx07 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx07TYP :=

AIx07 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07L :=

AIx07 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07H :=

AIx07 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07L :=

AIx07 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to 99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx07EL setting)

AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx07LW1 :=

AIx07 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to 99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to 99999.000) AIx07HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx08 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx08NAM :=

AIx08 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx08TYP :=

AIx08 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08L :=
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AOx01

AIx08 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08H :=

AIx08 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08L :=

AIx08 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to 99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx08EL setting)

AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx08LW1 :=

AIx08 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to 99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to 99999.000) AIx08HAL :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx01 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx01AQ :=

AOx01 TYPE (I, V)
(Hidden when AOx01AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx01TYP :=

AOx01 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF)

AOx01AQL :=

AOx01 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF; must be greater than AOx01AQL setting)

AOx01AQH :=

AOx01 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=

AOx01 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=
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AOx02

AOx03

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx02 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx02AQ :=

AOx02 TYPE (I, V)
(Hidden when AOx02AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx02TYP :=

AOx02 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF)

AOx02AQL :=

AOx02 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF; must be greater than AOx02AQL setting)

AOx02AQH :=

AOx02 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

AOx02 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx03 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx03AQ :=

AOx03 TYPE (I, V)
(Hidden when AOx03AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx03TYP :=

AOx03 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF)

AOx03AQL :=

AOx03 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF; must be greater than AOx03AQL setting)

AOx03AQH :=

AOx03 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=

AOx03 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=
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AOx04

Breaker Monitor

Data Reset

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx04 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx04AQ :=

AOx04 TYPE (I, V)
(Hidden when AOx04AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx04TYP :=

AOx04 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF)

AOx04AQL :=

AOx04 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF; must be greater than AOx04AQL setting)

AOx04AQH :=

AOx04 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

AOx04 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

BREAKER MONITOR (Y, N)
(Hidden if EBMON := N)

EBMON :=

CL/OPN OPS SETPT 1 (0–65000)
(COSP1 must be > COSP2)

COSP1 :=

CL/OPN OPS SETPT 2 (0–65000)
(COSP2 must be > COSP3)

COSP2 :=

CL/OPN OPS SETPT 3 (0–65000) COSP3 :=

kA PRI INTERRPTD 1 (0.10–999.00)
(KASP1 must be < KASP2)

KASP1 :=

kA PRI INTERRPTD 2 (0.10–999.00)
(KASP2 must be < KASP3)

KASP2 :=

kA PRI INTERRPTD 3 (0.10–999.00)
(KASP3 must be at least 5 times but no more than 100 times the KASP1 value)

KASP3 :=

BRKR MON CONTROL (SELOGIC) BKMON :=

RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY :=
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Access Control
(DSABLSET applies only to the front panel, DSABLSET := 1 does not prevent settings change via the SET serial port 

command)

Time-Synchronization Source
(Category is hidden when PTC is available)

Two-Position Disconnect

RESET MAX/MIN (SELOGIC) RSTMXMN :=

RESET MOT REPORT (SELOGIC) RSTMOT :=

DISABLE SETTINGS (SELOGIC) DSABLSET :=

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

EN 2P DISC (N, 1–8) 89EN2P :=

2P DISC 1 NAME (16 characters) 89NM2P1 :=

2P DISC 1 MODE (Control, Monitor) 89MD2P1 :=

DISC 1 N/O CONT (SELOGIC) 89A2P1 :=

DISC 1 N/C CONT (SELOGIC) 89B2P1 :=

DISC 1 ALM PU (0.00–300.00 sec) 89A2P1D :=

DISC 1 SEALIN (0.00–300.00 sec) 89S2P1D :=

DISC 1 IMMOBI (0.00–300.00 sec) 89I2P1D :=

DISC 1 CL CONT (SELOGIC) 89RC2P1 :=

DISC 1 CL BLK (SELOGIC) 89CB2P1 :=

DISC 1 CL RST (SELOGIC) 89CR2P1 :=

DISC 1 CL IM RS (SELOGIC) 89CT2P1 :=

DISC 1 OP CONT (SELOGIC) 89RO2P1 :=

DISC 1 OP BLK (SELOGIC) 89OB2P1 :=

DISC 1 OP RST (SELOGIC) 89OR2P1 :=

DISC 1 OP IM RS (SELOGIC) 89OT2P1 :=

2P DISC 2 NAME (16 characters) 89NM2P2 :=

2P DISC 2 MODE (Control, Monitor) 89MD2P2 :=

DISC 2 N/O CONT (SELOGIC) 89A2P2 :=

DISC 2 N/C CONT (SELOGIC) 89B2P2 :=

DISC 2 ALM PU (0.00–300.00 sec) 89A2P2D :=

DISC 2 SEALIN (0.00–300.00 sec) 89S2P2D :=

DISC 2 IMMOBI (0.00–300.00 sec) 89I2P2D :=

DISC 2 CL CONT (SELOGIC) 89RC2P2 :=

DISC 2 CL BLK (SELOGIC) 89CB2P2 :=

DISC 2 CL RST (SELOGIC) 89CR2P2 :=
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DISC 2 CL IM RS (SELOGIC) 89CT2P2 :=

DISC 2 OP CONT (SELOGIC) 89RO2P2 :=

DISC 2 OP BLK (SELOGIC) 89OB2P2 :=

DISC 2 OP RST (SELOGIC) 89OR2P2 :=

DISC 2 OP IM RS (SELOGIC) 89OT2P2 :=

2P DISC 3 NAME (16 characters) 89NM2P3 :=

2P DISC 3 MODE (Control, Monitor) 89MD2P3 :=

DISC 3 N/O CONT (SELOGIC) 89A2P3 :=

DISC 3 N/C CONT (SELOGIC) 89B2P3 :=

DISC 3 ALM PU (0.00–300.00 sec) 89A2P3D :=

DISC 3 SEALIN (0.00–300.00 sec) 89S2P3D :=

DISC 3 IMMOBI (0.00–300.00 sec) 89I2P3D :=

DISC 3 CL CONT (SELOGIC) 89RC2P3 :=

DISC 3 CL BLK (SELOGIC) 89CB2P3 :=

DISC 3 CL RST (SELOGIC) 89CR2P3 :=

DISC 3 CL IM RS (SELOGIC) 89CT2P3 :=

DISC 3 OP CONT (SELOGIC) 89RO2P3 :=

DISC 3 OP BLK (SELOGIC) 89OB2P3 :=

DISC 3 OP RST (SELOGIC) 89OR2P3 :=

DISC 3 OP IM RS (SELOGIC) 89OT2P3 :=

2P DISC 4 NAME (16 characters) 89NM2P4 :=

2P DISC 4 MODE (Control, Monitor) 89MD2P4 :=

DISC 4 N/O CONT (SELOGIC) 89A2P4 :=

DISC 4 N/C CONT (SELOGIC) 89B2P4 :=

DISC 4 ALM PU (0.00–300.00 sec) 89A2P4D :=

DISC 4 SEALIN (0.00–300.00 sec) 89S2P4D :=

DISC 4 IMMOBI (0.00–300.00 sec) 89I2P4D :=

DISC 4 CL CONT (SELOGIC) 89RC2P4 :=

DISC 4 CL BLK (SELOGIC) 89CB2P4 :=

DISC 4 CL RST (SELOGIC) 89CR2P4 :=

DISC 4 CL IM RS (SELOGIC) 89CT2P4 :=

DISC 4 OP CONT (SELOGIC) 89RO2P4 :=

DISC 4 OP BLK (SELOGIC) 89OB2P4 :=

DISC 4 OP RST (SELOGIC) 89OR2P4 :=

DISC 4 OP IM RS (SELOGIC) 89OT2P4 :=

2P DISC 5 NAME (16 characters) 89NM2P5 :=

2P DISC 5 MODE (Control, Monitor) 89MD2P5 :=

DISC 5 N/O CONT (SELOGIC) 89A2P5 :=

DISC 5 N/C CONT (SELOGIC) 89B2P5 :=

DISC 5 ALM PU (0.00–300.00 sec) 89A2P5D :=

DISC 5 SEALIN (0.00–300.00 sec) 89S2P5D :=
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DISC 5 IMMOBI (0.00–300.00 sec) 89I2P5D :=

DISC 5 CL CONT (SELOGIC) 89RC2P5 :=

DISC 5 CL BLK (SELOGIC) 89CB2P5 :=

DISC 5 CL RST (SELOGIC) 89CR2P5 :=

DISC 5 CL IM RS (SELOGIC) 89CT2P5 :=

DISC 5 OP CONT (SELOGIC) 89RO2P5 :=

DISC 5 OP BLK (SELOGIC) 89OB2P5 :=

DISC 5 OP RST (SELOGIC) 89OR2P5 :=

DISC 5 OP IM RS (SELOGIC) 89OT2P5 :=

2P DISC 6 NAME (16 characters) 89NM2P6 :=

2P DISC 6 MODE (Control, Monitor) 89MD2P6 :=

DISC 6 N/O CONT (SELOGIC) 89A2P6 :=

DISC 6 N/C CONT (SELOGIC) 89B2P6 :=

DISC 6 ALM PU (0.00–300.00 sec) 89A2P6D :=

DISC 6 SEALIN (0.00–300.00 sec) 89S2P6D :=

DISC 6 IMMOBI (0.00–300.00 sec) 89I2P6D :=

DISC 6 CL CONT (SELOGIC) 89RC2P6 :=

DISC 6 CL BLK (SELOGIC) 89CB2P6 :=

DISC 6 CL RST (SELOGIC) 89CR2P6 :=

DISC 6 CL IM RS (SELOGIC) 89CT2P6 :=

DISC 6 OP CONT (SELOGIC) 89RO2P6 :=

DISC 6 OP BLK (SELOGIC) 89OB2P6 :=

DISC 6 OP RST (SELOGIC) 89OR2P6 :=

DISC 6 OP IM RS (SELOGIC) 89OT2P6 :=

2P DISC 7 NAME (16 characters) 89NM2P7 :=

2P DISC 7 MODE (Control, Monitor) 89MD2P7 :=

DISC 7 N/O CONT (SELOGIC) 89A2P7 :=

DISC 7 N/C CONT (SELOGIC) 89B2P7 :=

DISC 7 ALM PU (0.00–300.00 sec) 89A2P7D :=

DISC 7 SEALIN (0.00–300.00 sec) 89S2P7D :=

DISC 7 IMMOBI (0.00–300.00 sec) 89I2P7D :=

DISC 7 CL CONT (SELOGIC) 89RC2P7 :=

DISC 7 CL BLK (SELOGIC) 89CB2P7 :=

DISC 7 CL RST (SELOGIC) 89CR2P7 :=

DISC 7 CL IM RS (SELOGIC) 89CT2P7 :=

DISC 7 OP CONT (SELOGIC) 89RO2P7 :=

DISC 7 OP BLK (SELOGIC) 89OB2P7 :=

DISC 7 OP RST (SELOGIC) 89OR2P7 :=

DISC 7 OP IM RS (SELOGIC) 89OT2P7 :=

2P DISC 8 NAME (16 characters) 89NM2P8 :=

2P DISC 8 MODE (Control, Monitor) 89MD2P8 :=
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Three-Position Disconnect

DISC 8 N/O CONT (SELOGIC) 89A2P8 :=

DISC 8 N/C CONT (SELOGIC) 89B2P58 :=

DISC 8 ALM PU (0.00–300.00 sec) 89A2P8D :=

DISC 8 SEALIN (0.00–300.00 sec) 89S2P8D :=

DISC 8 IMMOBI (0.00–300.00 sec) 89I2P8D :=

DISC 8 CL CONT (SELOGIC) 89RC2P8 :=

DISC 8 CL BLK (SELOGIC) 89CB2P8 :=

DISC 8 CL RST (SELOGIC) 89CR2P8 :=

DISC 8 CL IM RS (SELOGIC) 89CT2P8 :=

DISC 8 OP CONT (SELOGIC) 89RO2P8 :=

DISC 8 OP BLK (SELOGIC) 89OB2P8 :=

DISC 8 OP RST (SELOGIC) 89OR2P8 :=

DISC 8 OP IM RS (SELOGIC) 89OT2P8 :=

EN 3P DISC (N, 1–2) 89EN3P :=

3P DISC 1 NAME (16 characters) 89NM3P1 :=

3P DISC 1 MODE (Control, Monitor) 89MD3P1 :=

LDISC 1 N/O CONT (SELOGIC) 89A3PL1 :=

LDISC 1 N/C CONT (SELOGIC) 89B3PL1 :=

LDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PL1D :=

LDISC 1 SEALIN (0.00–300.00 sec) 89S3PL1D :=

LDISC 1 IMMOBI (0.00–300.00 sec) 89I3PL1D :=

LDISC 1 CL CONT (SELOGIC) 89RC3PL1 :=

LDISC 1 CL BLK (SELOGIC) 89CB3PL1 :=

LDISC 1 CL RST (SELOGIC) 89CR3PL1 :=

LDISC 1 CL IM RS (SELOGIC) 89CT3PL1 :=

LDISC 1 OP CONT (SELOGIC) 89RO3PL1 :=

LDISC 1 OP BLK (SELOGIC) 89OB3PL1 :=

LDISC 1 OP RST (SELOGIC) 89OR3PL1 :=

LDISC 1 OP IM RS (SELOGIC) 89OT3PL1 :=

EDISC 1 N/O CONT (SELOGIC) 89A3PE1 :=

EDISC 1 N/C CONT (SELOGIC) 89B3PE1 :=

EDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PE1D :=

EDISC 1 SEALIN (0.00–300.00 sec) 89S3PE1D :=

EDISC 1 IMMOBI (0.00–300.00 sec) 89I3PE1D :=

EDISC 1 CL CONT (SELOGIC) 89RC3PE1 :=

EDISC 1 CL BLK (SELOGIC) 89CB3PE1 :=

EDISC 1 CL RST (SELOGIC) 89CR3PE1 :=

EDISC 1 CL IM RS (SELOGIC) 89CT3PE1 :=

EDISC 1 OP CONT (SELOGIC) 89RO3PE1 :=
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Control Configuration

61850 Mode Control
(Hidden when IEC 61850 is not supported)

EDISC 1 OP BLK (SELOGIC) 89OB3PE1 :=

EDISC 1 OP RST (SELOGIC) 89OR3PE1 :=

EDISC 1 OP IM RS (SELOGIC) 89OT3PE1 :=

3P DISC 2 NAME (16 characters) 89NM3P2 :=

3P DISC 2 MODE (Control, Monitor) 89MD3P2 :=

LDISC 2 N/O CONT (SELOGIC) 89A3PL2 :=

LDISC 2 N/C CONT (SELOGIC) 89B3PL2 :=

LDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PL2D :=

LDISC 2 SEALIN (0.00–300.00 sec) 89S3PL2D :=

LDISC 2 IMMOBI (0.00–300.00 sec) 89I3PL2D :=

LDISC 2 CL CONT (SELOGIC) 89RC3PL2 :=

LDISC 2 CL BLK (SELOGIC) 89CB3PL2 :=

LDISC 2 CL RST (SELOGIC) 89CR3PL2 :=

LDISC 2 CL IM RS (SELOGIC) 89CT3PL2 :=

LDISC 2 OP CONT (SELOGIC) 89RO3PL2 :=

LDISC 2 OP BLK (SELOGIC) 89OB3PL2 :=

LDISC 2 OP RST (SELOGIC) 89OR3PL2 :=

LDISC 2 OP IM RS (SELOGIC) 89OT3PL2 :=

EDISC 2 N/O CONT (SELOGIC) 89A3PE2 :=

EDISC 2 N/C CONT (SELOGIC) 89B3PE2 :=

EDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PE2D :=

EDISC 2 SEALIN (0.00–300.00 sec) 89S3PE2D :=

EDISC 2 IMMOBI (0.00–300.00 sec) 89I3PE2D :=

EDISC 2 CL CONT (SELOGIC) 89RC3PE2 :=

EDISC 2 CL BLK (SELOGIC) 89CB3PE2 :=

EDISC 2 CL RST (SELOGIC) 89CR3PE2 :=

EDISC 2 CL IM RS (SELOGIC) 89CT3PE2 :=

EDISC 2 OP CONT (SELOGIC) 89RO3PE2 :=

EDISC 2 OP BLK (SELOGIC) 89OB3PE2 :=

EDISC 2 OP RST (SELOGIC) 89OR3PE2 :=

EDISC 2 OP IM RS (SELOGIC) 89OT3PE2 :=

ENABLE LOC REM CON (Y, N) EN_LRC :=

LOCAL CONTROL (SELOGIC) LOCAL :=

CONTROL FOR IEC 61850 BLOCKED MODE (SELOGIC) SC850BM :=

CONTROL FOR IEC 61850 TEST MODE (SELOGIC) SC850TM :=
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61850 Simulation Mode
(Hidden when IEC 61850 is not supported)

61850 Local Remote
(Hidden when IEC 61850 is not supported)

SET PORT p (p = F, 1, 2, 3, or 4) Command

PORT F

Communications

Modbus

PORT 1
Ethernet Port in Slot B.
(Hidden when Ethernet option is not included) (IP addresses are entered using zzz = 1–126, 128–223; yyy = 0–255; 

xxx = 0–255; www = 0–255)

SELOGIC CONTROL FOR IEC 61850 SIMULATION MODE (SELOGIC) SC850SM :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT STATION LEVEL 
(SELOGIC) SC850LS :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT LOCAL/BAY LEVEL 
(SELOGIC) LOC :=

SELOGIC CONTROL FOR MULTILEVEL MODE OF CONTROL AUTHORITY 
(SELOGIC) MLTLEV :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD)

BITS :=

PARITY (O, E, N) PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD)

AUTO :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL)

SLAVEID :=

ENABLE PORT (Y, N) EPORT :=

ENABLE ETHERNET FIRMWARE UPGRADE (Y, N) EETHFWU :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=
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DEFAULT ROUTER (zzz.yyy.xxx.www)
Note: Setting DEFRTR := 0.0.0.0 disables the default router.

DEFRTR :=

ENABLE TCP KEEP-ALIVE (Y, N) ETCPKA :=

TCP Keep-Alive Idle Range (1–20 sec)
(Hidden when ETCPKA := N)

KAIDLE :=

TCP Keep-Alive Interval Range (1–20 sec)
(Hidden when ETCPKA := N)

KAINTV :=

TCP Keep-Alive Count Range (1–20)
(Hidden when ETCPKA := N)

KACNT :=

OPERATING MODE (FIXED, FAILOVER, SWITCHED, PRP)
(Hidden when dual redundant Ethernet Port option is not included)

NETMODE :=

FAILOVER TIMEOUT (OFF, 0.10–65.00 sec)
(Hidden when dual redundant Ethernet Port option is not included or when 

NETMODE is not set to FAILOVER)

FTIME :=

PRIMARY NETPORT (A, B)
(Hidden when dual redundant Ethernet Port option is not included)

NETPORT :=

PRP ENTRY TIMEOUT (400–10000 ms)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPTOUT :=

PRP DESTINATION ADDR LSB (0–255)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPADDR :=

PRP SUPERVISION TX INTERVAL (1–10 s)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPINTV :=

NETWRK PORTA SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETASPD :=

NETWRK PORTB SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

TELNET PORT (23, 1025–65534)
Note: See Table SET.1 and the note at the end of PORT 1 settings.

TPORT :=

TELNET CONNECT BANNER (254 characters) TCBAN :=

TELNET TIME-OUT (1–30 min) TIDLE :=

FAST OP MESSAGES (Y, N)
Note: The FAST OP MESSAGES setting only functions when using SEL Fast 

Operate protocol to operate/set/pulse breaker bits and remote bits. This setting has 
no effect on Modbus, DNP, EtherNet/IP, or IEC 61850 protocols.

FASTOP :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP MAXIMUM ACCESS (LEVEL 1, 2, C) FTPACC :=

FTP USER NAME (20 characters) FTPUSER :=

FTP CONNECT BANNER (254 characters) FTPCBAN :=

FTP IDLE TIME-OUT (5–255 min) FTPIDLE :=

ENABLE IEC 61850 PROTOCOL (Y, N)
(Hidden and forced to N when IEC 61850  is not supported)

E61850 :=

ENABLE IEC 61850 GSE (Y, N)
(Hidden and forced to N when E61850 := N)

EGSE :=

ENABLE MMS FILE SERVICES (Y, N) EMMSFS :=



SET.46
 of 90

SEL-710-5 Settings Sheets Date________________
SET PORT p (p = F, 1, 2, 3, or 4) Command PORT 1

SEL-710-5 Relay Instruction Manual Date Code 20220826

DNP3 Protocol
(All of the following DNP3 settings are hidden when DNP3 is not an option)

Session 1

ENABLE 61850 MODE/BEHAVIOR CONTROL (Y, N) E850MBC :=

ENABLE GOOSE Tx IN OFF MODE (Y, N) EOFFMTX :=

ENABLE MODBUS SESSIONS (0–2) EMOD :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0)

MODIP1 :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0 or 1)

MODIP2 :=

Note: MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, which effectively disables 
security and allows any master to communicate).

MODBUS TCP PORT1 (1–65534)
(Hidden when EMOD := 0) 
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM1 :=

MODBUS TCP PORT2 (1–65534)
(Hidden when EMOD := 0 or 1)
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM2 :=

MODBUS TIMEOUT 1 (15–900 sec)
(Hidden when EMOD := 0)

MTIMEO1 :=

MODBUS TIMEOUT 2 (15–900 sec)
(Hidden when EMOD := 0 or 1)

MTIMEO2 :=

ENABLE HTTP SERVER (Y, N) EHTTP :=

HTTP MAXIMUM ACCESS LEVEL (1, 2, C)
(Hidden when EHTTP := N)

HTTPACC :=

HTTP SERVER TCP/IP PORT NUMBER (1–65534)
(Hidden when EHTTP := N)
(NOTE: See Table SET.3 and the note at the end of PORT 1settings)

HTTPPORT :=

HTTP CONNECT BANNER (254 ASCII printable characters
(Hidden when EHTTP := N)

HTTPBAN :=

HTTP WEB SERVER TIMEOUT (1–60 min)
(Hidden when EHTTP := N)

HTTPIDLE :=

ENABLE RSTP (Y, N)
(Hidden when the dual redundant Ethernet port option is not included or if 

NETMODE ≠ SWITCHED)

ERSTP :=

BRIDGE PRIORITY (0–61440)
(Hidden if ERSTP := N; input must be set in increments of 4096)

BRDGPRI :=

PORTA PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTAPRI :=

PORTB PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTBPRI :=

ENABLE DNP SESSIONS (0–5)
(The following DNP3 settings are hidden when EDNP := 0)

EDNP :=

DNP TCP AND UDP PORT (1–65534)
See Table SET.3 and the note at the end of PORT 1 settings.

DNPNUM :=

DNP ADDRESS (0–65519) DNPADR :=

(The DNP IP address of each session (DNPIP1, DNPIP2, etc.) must be unique)

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP1 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR1 :=
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Session 2
(All Session 2 settings are hidden when EDNP < 2)

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP1 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6)
(Only applies to objects 30 and 32)

DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 :=  0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR1 := UDP)

DNPINA1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT ON TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP2 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR2 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP2 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR2 :=

DNP MAP (1–3) DNPMAP2 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI2 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB2 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC2 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA2 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA2 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV2 :=
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Session 3
(All Session 3 settings are hidden when EDNP < 3)

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM2 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBA2 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBV2 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

MINUTES FOR REQUEST INTERAL (I, M, 1–32767) TIMERQ2 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO2 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR2 := UDP)

DNPINA2 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO2 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA2 := 0, ECLASSB2 := 0, and 

ECLASSC2 := 0)
(All subsequent settings are hidden and forced to N if UNSOL2 := N)

UNSOL2 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL2 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE2 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE2 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY2 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO2 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP3 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR3 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP3 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR3 :=

DNP MAP (1–3) DNPMAP3 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI3 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB3 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC3 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA3 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA3 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV3 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM3 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBA3 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBV3 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ3 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO3 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR3 := UDP)

DNPINA3 :=
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Session 4
(All Session 4 settings are hidden when EDNP < 4)

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO3 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA3 := 0, ECLASSB3 := 0, and 

ECLASSC3 := 0)
(All subsequent settings are hidden and forced to N if UNSOL3 := N)

UNSOL3 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL3 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE3 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE3 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY3 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO3 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP4 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR4 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP4 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR4 :=

DNP MAP (1–3) DNPMAP4 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI4 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB4 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC4 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA4 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA4 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV4 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM4 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBA4 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBV4 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0 and ECLASSC4 := 0)

ANADBM4 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ4 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO4 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR4 := UDP)

DNPINA4 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO4 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA4 := 0, ECLASSB4 := 0, and 

ECLASSC4 := 0)
(All subsequent settings are hidden and forced to N if UNSOL4 := N)

UNSOL4 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N)
(Hidden when UNSOL3 := N)

PUNSOL4 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE4 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE4 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY4 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO4 :=
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Session 5
(All Session 5 settings are hidden when EDNP < 5)

SNTP Client Protocol Settings

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP5 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR5 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP5 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR5 :=

DNP MAP (1–3) DNPMAP5 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI5 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB5 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC5 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA5 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA5 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV5 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM5 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBA5 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBV5 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0 and ECLASSC5 := 0)

ANADBM5 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ5 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO5 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR5 := UDP)

DNPINA5 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO5 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA5 := 0, ECLASSB5 := 0, and 

ECLASSC5 := 0)
(All subsequent settings are hidden and forced to N if UNSOL5 := N)

UNSOL5 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL5 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE5 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE5 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY5 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO5 :=

ENABLE SNTP CLIENT (OFF, UNICAST, MANYCAST, BROADCAST)
(All subsequent category settings are hidden if ESNTP := OFF)

ESNTP :=

PRIMARY SERVER IP ADDRESS (zzz.yyy.xxx.www)
(To accept updates from any server when ESNTP := BROADCAST, set SNTPPSIP 

to 0.0.0.0; only IP addresses in the range 224.0.0.1 through 239.255.255.255 are 
valid when ESNTP := MANYCAST)

SNTPPSIP :=

Make the following setting when ESNTP := UNICAST

BACKUP SERVER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if ESNTP is not equal to UNICAST)

SNTPBSIP :=

SNTP IP (LOCAL) PORT NUMBER (1–65534)
See Port Number Settings Must be Unique and Table SET.3

SNTPPORT :=
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PTP Settings

EtherNet/IP Settings

SNTP UPDATE RATE (15–3600 sec) SNTPRATE :=

Make the following setting when ESNTP := UNICAST or MANYCAST

SNTP TIMEOUT (5–20 sec)
(Hidden and forced to 5 if ESNTP := BROADCAST)
(SNTPTO must be less than setting SNTPRATE)

SNTPTO :=

ENABLE PTP (Y, N)
(All subsequent category settings are hidden if EPTP := N)
(Hidden and forced to N if NETMODE := SWITCHED)

EPTP :=

PTP PROFILE (DEFAULT, C37.238)
(Hidden and forced to C37.238 if NETMODE := PRP)

PTPPRO :=

PTP TRANSPORT MECHANISM (UDP, LAYER2)
(Hidden and forced to LAYER2 if PTPPRO := C37.238 or if NETMODE := PRP)

PTPTR :=

PTP DOMAIN NUMBER (0–255) DOMNUM :=

PTP PATH DELAY MECHANISM (P2P, E2E, OFF)
(Hidden and forced to P2P if PTPPRO := C37.238 or if NETMODE := PRP)

PTHDLY :=

PEER DELAY REQUEST INTERVAL (1, 2, 4, 8, 16, 32, 64 seconds)
(Hidden if PTHDLY ≠ P2P and if PTPPRO ≠ C37.238 and if NETMODE ≠ PRP)

PDINT :=

PTP NUMBER OF ACCEPTABLE MASTERS, (OFF, 1–5) AMNUM :=

PTP ACCEPTABLE MASTER n IP (zzz.yyy.xxx.www)
(Hidden if n > AMNUM or if AMNUM := OFF or if PTPTR := LAYER2 or if 

NETMODE := PRP or if PTPPRO := C37.238)

AMIPn :=

PTP ACCEPTABLE MASTER n MAC (xx:xx:xx:xx:xx:xx)
(Hidden if AMNUM := OFF or if NETMODE ≠ PRP and if PTPTR ≠ LAYER2 and 

if PTPPRO ≠ C37.238)

AMMACn :=

PTP ALTERNATIVE PRIORITY1 FOR MASTER n (0–255)
(Hidden if n > AMNUM or if AMNUM := OFF)

ALTPRIn :=

PTP VLAN IDENTIFIER (1–4094)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLAN :=

PTP VLAN PRIORITY (0–7)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLANPR :=

ENABLE ETHERNET IP (Y, N) EEIP :=

CONFIGURATION ID (0–255) CONFIGID :=

MAJOR EDS REVISION (1–255) MAJORED
S

:=

MINOR EDS REVISION (1–255) MINOREDS :=

NUMBER OF IP ADDRESSES FOR EIP SCANNER (OFF, 1–8)
(OFF allows anonymous clients)

NUMIP :=

IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if NUMIP := OFF, or if n > NUMIP
NOTE: EIPIPn settings shall not be equal to the value of the IPADDR setting. EIPIP1 

through EIPIP8 must be unique)

EIPIPn :=

NUMBER OF IO CONNECTIONS (1–6) NUMCONN :=

APLLICATION TYPE (EXCLUSIVE_OWNER, INPUT_ONLY)
(NOTE: At most, three EXCLUSIVE_OWNER types are allowed)

APPTYPn :=

INPUT ASSEMBLY (IA1, IA2, IA3, OA1, OA2, OA3) INASSMn :=

OUTPUT ASSEMBLY (OA1, OA2, OA3)
(Hidden if APPTYPn := INPUT_ONLY)

OUTASSMn :=
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.3 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

PORT 2
(Fiber-Optic Serial Port in Slot B; the following settings are autoset and hidden if E49RTD := EXT)

P

Communications

Modbus

Table SET.3 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO := DEFAULT and PTPTR := UDP, 
Ports 319 and 320 are reserved

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are reserved)

a. MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 
numbers of other protocols.

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD, DNP, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when E49RTD := EXT or PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, SEL, or MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=
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DNP3 Protocol
(Hidden when PROTO := SEL, MB_, 103,or MOD)

MIRRORED BITS Protocol
(Hidden when PROTO:= SEL, 103, DNP, or MOD)

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PIKCUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

PORT 3
EIA-232/485 Port in Slot B.

Communications

RMB3 PIKCUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, or 

MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=
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Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, 103, MB_, or MOD)

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=

DNP Address (0–65519) DNPADR :=

DNP Address to Report to (0–65519) REPADR1 :=

DNP Map (1–3) DNPMAP1 :=

Analog Input Default Variation (1–6) DVARAI1 :=

Class for Binary Event Data (0–3) ECLASSB1 :=

Class for Counter Event Data (0–3) ECLASSC1 :=

Class for Analog Event Data (0–3) ECLASSA1 :=

Currents Scaling Decimal Places (0–3) DECPLA1 :=

Voltages Scaling Decimal Places (0–3) DECPLV1 :=

Misc Data Scaling Decimal Places (0–3) DECPLM1 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0  and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N) PUNSOL1 :=

Number of Events to Transmit On (1–200) NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec) AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10) URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec) UTIMEO1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, 103, or MOD)

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR :=

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 sec) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 s) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 s) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=
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PORT 4
EIA-232/485 Port or DeviceNet Port in Slot C.

Interface Select
(Hidden when PROTO := DNET)

Communications

Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, MB_, DNET, 103, or MOD)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL 
(SEL, DNP, MOD, DNET, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103)

PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

COMM INTERFACE (232, 485) COMMINF :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps)
(Hidden when PROTO := DNET)

SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := DNET or MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden when PROTO := MOD, MB_, DNET, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, 103, 

MB_, or DNET)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := DNP, MOD, MB_, DNET, or 103)

FASTOP :=

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, MB_, or DNET)

SLAVEID :=

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, DNET, 103, or MOD)

CLAS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0 sec) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5 sec)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MODEM CONNECTED TO PORT (Y, N) MODEM :=

MODEM STARTUP STRING (30 characters) MSTR :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM1 :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM2 :=

RETRY ATTEMPTS FOR PHONE 1 DIAL-OUT (1–20) RETRY1 :=

RETRY ATTEMPTS FOR PHONE 2 DIAL-OUT (1–20) RETRY2 :=

TIME TO ATTEMPT DIAL (5–300 sec) MDTIME :=

TIME BETWEEN DIAL-OUT ATTEMPTS (5–3600 sec) MDRET :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Front-Panel Settings (Set F Command)

General

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PICKUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=

RMB3 PICKUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

DISPLY PTS ENABL (N, 1–32)
(Hidden and forced to N if the front-panel MOT option is A/B)

EDP :=

LOCAL BITS ENABL (N, 1–32) ELB :=

LCD TIMEOUT (OFF, 1–30 min)
(Hidden and forced to OFF if the front-panel MOT option is A/B)

FP_TO :=

LCD CONTRAST (1–8)
(Hidden if the front-panel MOT option is A/B)

FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING)
(Hidden and forced to N if the front-panel MOT option is A/B)

FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

ENA_LED COLOR (R = Red, G = Green, A = Amber)
(Hidden and forced to N if the front-panel MOT option is A/B)

LEDENAC :=

TRIP_LED COLOR (R = Red, G = Green, A = Amber) LEDTRPC :=

MAXIMUM ACCESS LEVEL (1, 2)
(Hidden if the front-panel MOT option is A/B)

MAXACC :=
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Target LED
(R = Red, G = Green, A= Amber)

Operator Control LED
Asserted/deasserted color choices: R = Red, G = Green, A = Amber, O = Off. Asserted and deasserted colors must be 

different.

TRIP LATCH T_LED (Y, N) T01LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T01LEDC :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T02LEDC :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T03LEDC :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T04LEDC :=

LED4 EQUATION (SELOGIC) T04_LED :=

TRIP LATCH T_LED (Y, N) T05LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T05LEDC :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T06LEDC :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1ALEDC :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1BLEDC :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2ALEDC :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2BLEDC :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3ALEDC :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3BLEDC :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4ALEDC :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=
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Display Point
(The following display point settings are hidden if the front-panel MOT option is A/B)
Display point settings (maximum 60 characters):

Boolean: Relay Word Bit Name, “Alias”, “Set String”, “Clear String”
Analog: Analog Quantity Name, “User Text and Formatting”

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4BLEDC :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5ALEDC :=

PB5A_LED EQUATION (SELOGIC) PB5A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5BLEDC :=

PB5B_LED EQUATION (SELOGIC) PB5B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6ALEDC :=

PB6A_LED EQUATION (SELOGIC) PB6A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6BLEDC :=

PB6B_LED EQUATION (SELOGIC) PB6B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7ALEDC :=

PB7A_LED EQUATION (SELOGIC) PB7A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7BLEDC :=

PB7B_LED EQUATION (SELOGIC) PB7B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8ALEDC :=

PB8A_LED EQUATION (SELOGIC) PB8A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8BLEDC :=

PB8B_LED EQUATION (SELOGIC) PB8B_LED :=

DISPLAY POINT DP01 DP01 :=

DISPLAY POINT DP02 DP02 :=

DISPLAY POINT DP03 DP03 :=

DISPLAY POINT DP04 DP04 :=

DISPLAY POINT DP05 DP05 :=

DISPLAY POINT DP06 DP06 :=

DISPLAY POINT DP07 DP07 :=

DISPLAY POINT DP08 DP08 :=

DISPLAY POINT DP09 DP09 :=

DISPLAY POINT DP10 DP10 :=

DISPLAY POINT DP11 DP11 :=

DISPLAY POINT DP12 DP12 :=

DISPLAY POINT DP13 DP13 :=

DISPLAY POINT DP14 DP14 :=
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Local Bits Labels
LB_NAME (14 characters); CLEAR LB_ LABEL, SET LB_ LABEL, and PULSE LB_ LABEL (7 characters)

DISPLAY POINT DP15 DP15 :=

DISPLAY POINT DP16 DP16 :=

DISPLAY POINT DP17 DP17 :=

DISPLAY POINT DP18 DP18 :=

DISPLAY POINT DP19 DP19 :=

DISPLAY POINT DP20 DP20 :=

DISPLAY POINT DP21 DP21 :=

DISPLAY POINT DP22 DP22 :=

DISPLAY POINT DP23 DP23 :=

DISPLAY POINT DP24 DP24 :=

DISPLAY POINT DP25 DP25 :=

DISPLAY POINT DP26 DP26 :=

DISPLAY POINT DP27 DP27 :=

DISPLAY POINT DP28 DP28 :=

DISPLAY POINT DP29 DP29 :=

DISPLAY POINT DP30 DP30 :=

DISPLAY POINT DP31 DP31 :=

DISPLAY POINT DP32 DP32 :=

LB_NAME NLB01 :=

CLEAR LB_ LABEL CLB01 :=

SET LB_ LABEL SLB01 :=

PULSE LB_ LABEL PLB01 :=

LB_NAME NLB02 :=

CLEAR LB_ LABEL CLB02 :=

SET LB_ LABEL SLB02 :=

PULSE LB_ LABEL PLB02 :=

LB_NAME NLB03 :=

CLEAR LB_ LABEL CLB03 :=

SET LB_ LABEL SLB03 :=

PULSE LB_ LABEL PLB03 :=

LB_NAME NLB04 :=

CLEAR LB_ LABEL CLB04 :=

SET LB_ LABEL SLB04 :=

PULSE LB_ LABEL PLB04 :=

LB_NAME NLB05 :=

CLEAR LB_ LABEL CLB05 :=

SET LB_ LABEL SLB05 :=

PULSE LB_ LABEL PLB05 :=

LB_NAME NLB06 :=

CLEAR LB_ LABEL CLB06 :=

SET LB_ LABEL SLB06 :=

PULSE LB_ LABEL PLB06 :=

LB_NAME NLB07 :=

CLEAR LB_ LABEL CLB07 :=

SET LB_ LABEL SLB07 :=

PULSE LB_ LABEL PLB07 :=

LB_NAME NLB08 :=

CLEAR LB_ LABEL CLB08 :=

SET LB_ LABEL SLB08 :=

PULSE LB_ LABEL PLB08 :=

LB_NAME NLB09 :=

CLEAR LB_ LABEL CLB09 :=

SET LB_ LABEL SLB09 :=

PULSE LB_ LABEL PLB09 :=

LB_NAME NLB10 :=

CLEAR LB_ LABEL CLB10 :=

SET LB_ LABEL SLB10 :=

PULSE LB_ LABEL PLB10 :=
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LB_NAME NLB11 :=

CLEAR LB_ LABEL CLB11 :=

SET LB_ LABEL SLB11 :=

PULSE LB_ LABEL PLB11 :=

LB_NAME NLB12 :=

CLEAR LB_ LABEL CLB12 :=

SET LB_ LABEL SLB12 :=

PULSE LB_ LABEL PLB12 :=

LB_NAME NLB13 :=

CLEAR LB_ LABEL CLB13 :=

SET LB_ LABEL SLB13 :=

PULSE LB_ LABEL PLB13 :=

LB_NAME NLB14 :=

CLEAR LB_ LABEL CLB14 :=

SET LB_ LABEL SLB14 :=

PULSE LB_ LABEL PLB14 :=

LB_NAME NLB15 :=

CLEAR LB_ LABEL CLB15 :=

SET LB_ LABEL SLB15 :=

PULSE LB_ LABEL PLB15 :=

LB_NAME NLB16 :=

CLEAR LB_ LABEL CLB16 :=

SET LB_ LABEL SLB16 :=

PULSE LB_ LABEL PLB16 :=

LB_NAME NLB17 :=

CLEAR LB_ LABEL CLB17 :=

SET LB_ LABEL SLB17 :=

PULSE LB_ LABEL PLB17 :=

LB_NAME NLB18 :=

CLEAR LB_ LABEL CLB18 :=

SET LB_ LABEL SLB18 :=

PULSE LB_ LABEL PLB18 :=

LB_NAME NLB19 :=

CLEAR LB_ LABEL CLB19 :=

SET LB_ LABEL SLB19 :=

PULSE LB_ LABEL PLB19 :=

LB_NAME NLB20 :=

CLEAR LB_ LABEL CLB20 :=

SET LB_ LABEL SLB20 :=

PULSE LB_ LABEL PLB20 :=

LB_NAME NLB21 :=

CLEAR LB_ LABEL CLB21 :=

SET LB_ LABEL SLB21 :=

PULSE LB_ LABEL PLB21 :=

LB_NAME NLB22 :=

CLEAR LB_ LABEL CLB22 :=

SET LB_ LABEL SLB22 :=

PULSE LB_ LABEL PLB22 :=

LB_NAME NLB23 :=

CLEAR LB_ LABEL CLB23 :=

SET LB_ LABEL SLB23 :=

PULSE LB_ LABEL PLB23 :=

LB_NAME NLB24 :=

CLEAR LB_ LABEL CLB24 :=

SET LB_ LABEL SLB24 :=

PULSE LB_ LABEL PLB24 :=

LB_NAME NLB25 :=

CLEAR LB_ LABEL CLB25 :=

SET LB_ LABEL SLB25 :=

PULSE LB_ LABEL PLB25 :=

LB_NAME NLB26 :=

CLEAR LB_ LABEL CLB26 :=

SET LB_ LABEL SLB26 :=

PULSE LB_ LABEL PLB26 :=

LB_NAME NLB27 :=

CLEAR LB_ LABEL CLB27 :=

SET LB_ LABEL SLB27 :=

PULSE LB_ LABEL PLB27 :=

LB_NAME NLB28 :=

CLEAR LB_ LABEL CLB28 :=

SET LB_ LABEL SLB28 :=

PULSE LB_ LABEL PLB28 :=

LB_NAME NLB29 :=

CLEAR LB_ LABEL CLB29 :=

SET LB_ LABEL SLB29 :=

PULSE LB_ LABEL PLB29 :=

LB_NAME NLB30 :=

CLEAR LB_ LABEL CLB30 :=

SET LB_ LABEL SLB30 :=

PULSE LB_ LABEL PLB30 :=

LB_NAME NLB31 :=

CLEAR LB_ LABEL CLB31 :=
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Touchscreen Settings
(Shown if the front-panel and IRIG-B/PTC MOT option is A or B)
(Note: The Touchscreen settings category is only available in QuickSet, with the exception of the settings FPTO, FPDUR, 

and FPBAB, which are also available to set via the touchscreen display.)

Touchscreen Configuration

Rotating Display
(Refer to Table 8.7 for the setting range)

Pushbuttons
(OFF, refer to Table 8.17 for the setting range)

SET LB_ LABEL SLB31 :=

PULSE LB_ LABEL PLB31 :=

LB_NAME NLB32 :=

CLEAR LB_ LABEL CLB32 :=

SET LB_ LABEL SLB32 :=

PULSE LB_ LABEL PLB32 :=

DISPLAY HOME SCREEN (Refer to Table 8.17 for setting range) FPHOME :=

DISPLAY TIME-OUT (1–30 min) FPTO :=

ROTATING DISPLAY TRANSITION TIME (3–15 sec) FPDUR :=

BACKLIGHT ACTIVE BRIGHTNESS (1–10) FPBAB :=

ROTATING DISPLAY 01 FPRD01 :=

ROTATING DISPLAY 02 FPRD02 :=

ROTATING DISPLAY 03 FPRD03 :=

ROTATING DISPLAY 04 FPRD04 :=

ROTATING DISPLAY 05 FPRD05 :=

ROTATING DISPLAY 06 FPRD06 :=

ROTATING DISPLAY 07 FPRD07 :=

ROTATING DISPLAY 08 FPRD08 :=

ROTATING DISPLAY 09 FPRD09 :=

ROTATING DISPLAY 10 FPRD10 :=

ROTATING DISPLAY 11 FPRD11 :=

ROTATING DISPLAY 12 FPRD12 :=

ROTATING DISPLAY 13 FPRD13 :=

ROTATING DISPLAY 14 FPRD14 :=

ROTATING DISPLAY 15 FPRD15 :=

ROTATING DISPLAY 16 FPRD16 :=

PUSHBUTTON 01 HMI SCREEN FPPB01 :=

PUSHBUTTON 02 HMI SCREEN FPPB02 :=

PUSHBUTTON 03 HMI SCREEN FPPB03 :=

PUSHBUTTON 04 HMI SCREEN FPPB04 :=
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Bay Control Breaker

Bay Control Two-Position Disconnect

PUSHBUTTON 05 HMI SCREEN FPPB05 :=

PUSHBUTTON 06 HMI SCREEN FPPB06 :=

PUSHBUTTON 07 HMI SCREEN FPPB07 :=

PUSHBUTTON 08 HMI SCREEN FPPB08 :=

BREAKER TRIP TYPE (3) BK01TTY :=

BREAKER MODE (CONTROL, MONITOR) BK01MOD :=

BREAKER CLOSE STATUS (Relay Word bit) BK01CS :=

BREAKER OPEN STATUS (Relay Word bit) BK01OS :=

BREAKER ALARM STATUS (Relay Word bit) BK01AS :=

BREAKER HMI CLOSE COMMAND (Relay Word bit) BK01CLC :=

BREAKER HMI OPEN COMMAND (Relay Word bit) BK01OPC :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D01MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS01CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS01OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS01IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS01AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS01CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS01OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D02MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS02CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS02OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS02IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS02AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS02CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS02OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D03MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS03CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS03OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS03IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS03AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS03CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS03OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D04MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS04CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS04OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS04IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS04AS :=
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Bay Control Three-Position Disconnect

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS04CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS04OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D05MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS05CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS05OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS05IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS05AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS05CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS05OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D06MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS06CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS06OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS06IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS06AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS06CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS06OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D07MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS07CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS07OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS07IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS07AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS07CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS07OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D08MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS08CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS08OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS08IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS08AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS08CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS08OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D01MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID01CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID01OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID01IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID01AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID01CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID01OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED01CS :=
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THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED01OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED01IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED01AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED01CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED01OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D02MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID02CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID02OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID02IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID02AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID02CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID02OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED02CS :=

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED02OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED02IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED02AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED02CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED02OP :=

ANALOG QUANTITY ALAB01 :=

ANALOG QUANTITY ALAB02 :=

ANALOG QUANTITY ALAB03 :=

ANALOG QUANTITY ALAB04 :=

ANALOG QUANTITY ALAB05 :=

ANALOG QUANTITY ALAB06 :=

ANALOG QUANTITY ALAB07 :=

ANALOG QUANTITY ALAB08 :=

ANALOG QUANTITY ALAB09 :=

ANALOG QUANTITY ALAB10 :=

ANALOG QUANTITY ALAB11 :=

ANALOG QUANTITY ALAB12 :=

ANALOG QUANTITY ALAB13 :=

ANALOG QUANTITY ALAB14 :=

ANALOG QUANTITY ALAB15 :=

ANALOG QUANTITY ALAB16 :=

ANALOG QUANTITY ALAB17 :=
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Digital Label

ANALOG QUANTITY ALAB18 :=

ANALOG QUANTITY ALAB19 :=

ANALOG QUANTITY ALAB20 :=

ANALOG QUANTITY ALAB21 :=

ANALOG QUANTITY ALAB22 :=

ANALOG QUANTITY ALAB23 :=

ANALOG QUANTITY ALAB24 :=

ANALOG QUANTITY ALAB25 :=

ANALOG QUANTITY ALAB26 :=

ANALOG QUANTITY ALAB27 :=

ANALOG QUANTITY ALAB28 :=

ANALOG QUANTITY ALAB29 :=

ANALOG QUANTITY ALAB30 :=

ANALOG QUANTITY ALAB31 :=

ANALOG QUANTITY ALAB32 :=

RELAY WORD BIT DLAB01 :=

RELAY WORD BIT DLAB02 :=

RELAY WORD BIT DLAB03 :=

RELAY WORD BIT DLAB04 :=

RELAY WORD BIT DLAB05 :=

RELAY WORD BIT DLAB06 :=

RELAY WORD BIT DLAB07 :=

RELAY WORD BIT DLAB08 :=

RELAY WORD BIT DLAB09 :=

RELAY WORD BIT DLAB10 :=

RELAY WORD BIT DLAB11 :=

RELAY WORD BIT DLAB12 :=

RELAY WORD BIT DLAB13 :=

RELAY WORD BIT DLAB14 :=

RELAY WORD BIT DLAB15 :=

RELAY WORD BIT DLAB16 :=

RELAY WORD BIT DLAB17 :=

RELAY WORD BIT DLAB18 :=

RELAY WORD BIT DLAB19 :=

RELAY WORD BIT DLAB20 :=

RELAY WORD BIT DLAB21 :=

RELAY WORD BIT DLAB22 :=

RELAY WORD BIT DLAB23 :=

RELAY WORD BIT DLAB24 :=
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Report Settings (SET R Command)
SER Trigger Lists

Relay Word Bit Aliases
ALIASn := 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'
Alias, asserted, and deasserted text strings can be as many as 15 characters in length. Use NA to disable the setting.

RELAY WORD BIT DLAB25 :=

RELAY WORD BIT DLAB26 :=

RELAY WORD BIT DLAB27 :=

RELAY WORD BIT DLAB28 :=

RELAY WORD BIT DLAB29 :=

RELAY WORD BIT DLAB30 :=

RELAY WORD BIT DLAB31 :=

RELAY WORD BIT DLAB32 :=

SERn := as many as 24 Relay Word elements, separated by spaces or commas. Use NA to disable the setting.

SER1 :=

SER2 :=  

SER3 :=

SER4 :=

ENABLE ALIAS (N, 1–32) EALIAS :=

(All subsequent ALIAS settings are hidden and forced to NA if EALIAS := N)
ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=

ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=
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Event Report

Start Report

Fast Message Read Settings
FMRnNAM := any valid string (no spaces allowed; should be different from other FMRxNAM).
FMRn := as many as 24 analog quantities separated by spaces or commas (analog quantities listed here are included in the 

Fast Message read request).
Use NA to disable the setting.

ALIAS20 ALIAS20 :=

ALIAS21 ALIAS21 :=

ALIAS22 ALIAS22 :=

ALIAS23 ALIAS23 :=

ALIAS24 ALIAS24 :=

ALIAS25 ALIAS25 :=

ALIAS26 ALIAS26 :=

ALIAS27 ALIAS27 :=

ALIAS28 ALIAS28 :=

ALIAS29 ALIAS29 :=

ALIAS30 ALIAS30 :=

ALIAS31 ALIAS31 :=

ALIAS32 ALIAS32 :=

EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15, 64, 180 cycles) LER :=

PREFAULT LENGTH (1–10 cycles {if LER := 15}, 1–59 cycles {if LER := 64}, 
1–175 cycles {if LER := 180})

PRE :=

MSR RESOLUTION (0.25, 0.5, 1, 2, 5, 20 cycles) MSRR :=

MSR TRIGGER (SELOGIC) MSRTRG :=

FMR1 NAME (9 characters) FMR1NAM :=

FAST MESSAGE READ FMR1 (24 analog quantities) FMR1 :=

FMR2 NAME (9 characters) FMR2NAM :=

FAST MESSAGE READ FMR2 (24 analog quantities) FMR2 :=

FMR3 NAME (9 characters) FMR3NAM :=

FAST MESSAGE READ FMR3 (24 analog quantities) FMR3 :=

FMR4 NAME (9 characters) FMR4NAM :=

FAST MESSAGE READ FMR4 (24 analog quantities) FMR4 :=
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Fast Message Remote Analog Settings
Remote Analog Value Type (I, F, L), I = Integer, F = Float, L = Long

Load Profile

Modbus Map Settings (SET M Command)

Modbus User Map
User Map Register Label Name (8 characters); see Appendix E: Modbus Communications for additional details.

RA01TYPE :=

RA02TYPE :=

RA03TYPE :=

RA04TYPE :=

RA05TYPE :=

RA06TYPE :=

RA07TYPE :=

RA08TYPE :=

RA09TYPE :=

RA10TYPE :=

RA11TYPE :=

RA12TYPE :=

RA13TYPE :=

RA14TYPE :=

RA15TYPE :=

RA16TYPE :=

RA17TYPE :=

RA18TYPE :=

RA19TYPE :=

RA20TYPE :=

RA21TYPE :=

RA22TYPE :=

RA23TYPE :=

RA24TYPE :=

RA25TYPE :=

RA26TYPE :=

RA27TYPE :=

RA28TYPE :=

RA29TYPE :=

RA30TYPE :=

RA31TYPE :=

RA32TYPE :=

LDP LIST (NA, as many as 17 analog quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min) LDAR :=

MOD_001 :=

MOD_002 :=

MOD_003 :=

MOD_004 :=

MOD_005 :=

MOD_006 :=

MOD_007 :=

MOD_008 :=

MOD_009 :=

MOD_010 :=

MOD_011 :=

MOD_012 :=

MOD_013 :=

MOD_014 :=

MOD_015 :=

MOD_016 :=

MOD_017 :=

MOD_018 :=

MOD_019 :=

MOD_020 :=

MOD_021 :=

MOD_022 :=

MOD_023 :=

MOD_024 :=

MOD_025 :=

MOD_026 :=
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MOD_027 :=

MOD_028 :=

MOD_029 :=

MOD_030 :=

MOD_031 :=

MOD_032 :=

MOD_033 :=

MOD_034 :=

MOD_035 :=

MOD_036 :=

MOD_037 :=

MOD_038 :=

MOD_039 :=

MOD_040 :=

MOD_041 :=

MOD_042 :=

MOD_043 :=

MOD_044 :=

MOD_045 :=

MOD_046 :=

MOD_047 :=

MOD_048 :=

MOD_049 :=

MOD_050 :=

MOD_051 :=

MOD_052 :=

MOD_053 :=

MOD_054 :=

MOD_055 :=

MOD_056 :=

MOD_057 :=

MOD_058 :=

MOD_059 :=

MOD_060 :=

MOD_061 :=

MOD_062 :=

MOD_063 :=

MOD_064 :=

MOD_065 :=

MOD_066 :=

MOD_067 :=

MOD_068 :=

MOD_069 :=

MOD_070 :=

MOD_071 :=

MOD_072 :=

MOD_073 :=

MOD_074 :=

MOD_075 :=

MOD_076 :=

MOD_077 :=

MOD_078 :=

MOD_079 :=

MOD_080 :=

MOD_081 :=

MOD_082 :=

MOD_083 :=

MOD_084 :=

MOD_085 :=

MOD_086 :=

MOD_087 :=

MOD_088 :=

MOD_089 :=

MOD_090 :=

MOD_091 :=

MOD_092 :=

MOD_093 :=

MOD_094 :=

MOD_095 :=

MOD_096 :=

MOD_097 :=

MOD_098 :=

MOD_099 :=

MOD_100 :=

MOD_101 :=

MOD_102 :=

MOD_103 :=

MOD_104 :=

MOD_105 :=

MOD_106 :=

MOD_107 :=

MOD_108 :=
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DNP3 Map Settings (Set DNP n Command)
(Hidden when the DNP option is not included)
Use the SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: DNP3 

Communications for details. DNP Map1 is shown below (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 
1 table).

Binary Input Map
DNP Binary Input Label Name (10 characters)

MOD_109 :=

MOD_110 :=

MOD_111 :=

MOD_112 :=

MOD_113 :=

MOD_114 :=

MOD_115 :=

MOD_116 :=

MOD_117 :=

MOD_118 :=

MOD_119 :=

MOD_120 :=

MOD_121 :=

MOD_122 :=

MOD_123 :=

MOD_124 :=

MOD_125 :=

BI_00 :=

BI_01 :=

BI_02 :=

BI_03 :=

BI_04 :=

BI_05 :=

BI_06 :=

BI_07 :=

BI_08 :=

BI_09 :=

BI_10 :=

BI_11 :=

BI_12 :=

BI_13 :=

BI_14 :=

BI_15 :=

BI_16 :=

BI_17 :=

BI_18 :=

BI_19 :=

BI_20 :=

BI_21 :=

BI_22 :=

BI_23 :=

BI_24 :=

BI_25 :=

BI_26 :=

BI_27 :=

BI_28 :=

BI_29 :=

BI_30 :=

BI_31 :=

BI_32 :=

BI_33 :=

BI_34 :=

BI_35 :=

BI_36 :=

BI_37 :=

BI_38 :=

BI_39 :=

BI_40 :=

BI_41 :=

BI_42 :=

BI_43 :=

BI_44 :=

BI_45 :=
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Binary Output Map
DNP Binary Output Label Name (10 characters)

BI_46 :=

BI_47 :=

BI_48 :=

BI_49 :=

BI_50 :=

BI_51 :=

BI_52 :=

BI_53 :=

BI_54 :=

BI_55 :=

BI_56 :=

BI_57 :=

BI_58 :=

BI_59 :=

BI_60 :=

BI_61 :=

BI_62 :=

BI_63 :=

BI_64 :=

BI_65 :=

BI_66 :=

BI_67 :=

BI_68 :=

BI_69 :=

BI_70 :=

BI_71 :=

BI_72 :=

BI_73 :=

BI_74 :=

BI_75 :=

BI_76 :=

BI_77 :=

BI_78 :=

BI_79 :=

BI_80 :=

BI_81 :=

BI_82 :=

BI_83 :=

BI_84 :=

BI_85 :=

BI_86 :=

BI_87 :=

BI_88 :=

BI_89 :=

BI_90 :=

BI_91 :=

BI_92 :=

BI_93 :=

BI_94 :=

BI_95 :=

BI_96 :=

BI_97 :=

BI_98 :=

BI_99 :=

BO_00 :=

BO_01 :=

BO_02 :=

BO_03 :=

BO_04 :=

BO_05 :=

BO_06 :=

BO_07 :=

BO_08 :=

BO_09 :=

BO_10 :=

BO_11 :=

BO_12 :=

BO_13 :=

BO_14 :=

BO_15 :=

BO_16 :=

BO_17 :=

BO_18 :=

BO_19 :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.75
of 90

Date _______________ SEL-710-5 Settings Sheets
Analog Input Map DNP3 Map Settings (Set DNP n Command)

Analog Input Map
DNP Analog Input Label Name (24 characters)

BO_20 :=

BO_21 :=

BO_22 :=

BO_23 :=

BO_24 :=

BO_25 :=

BO_26 :=

BO_27 :=

BO_28 :=

BO_29 :=

BO_30 :=

BO_31 :=

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=

AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=

AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=
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Analog Output Map
DNP Analog Output Label Name (10 characters)

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=

AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

AO_00 :=

AO_01 :=

AO_02 :=

AO_03 :=

AO_04 :=

AO_05 :=

AO_06 :=

AO_07 :=

AO_08 :=

AO_09 :=

AO_10 :=

AO_11 :=

AO_12 :=

AO_13 :=

AO_14 :=

AO_15 :=

AO_16 :=

AO_17 :=

AO_18 :=

AO_19 :=

AO_20 :=

AO_21 :=

AO_22 :=

AO_23 :=

AO_24 :=

AO_25 :=

AO_26 :=

AO_27 :=

AO_28 :=

AO_29 :=

AO_30 :=

AO_31 :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.77
of 90

Date _______________ SEL-710-5 Settings Sheets
Counter Map IEC 60870-5-103 Map Settings (SET I Command)

Counter Map
DNP Counter Label Name (11 characters)

IEC 60870-5-103 Map Settings (SET I Command)
(Hidden if the IEC 60870-5-103 option is not included)
Use the SET I command to input the map required for the IEC 60870-5-103 protocol.

Binary Input Map

CO_00 :=

CO_01 :=

CO_02 :=

CO_03 :=

CO_04 :=

CO_05 :=

CO_06 :=

CO_07 :=

CO_08 :=

CO_09 :=

CO_10 :=

CO_11 :=

CO_12 :=

CO_13 :=

CO_14 :=

CO_15 :=

CO_16 :=

CO_17 :=

CO_18 :=

CO_19 :=

CO_20 :=

CO_21 :=

CO_22 :=

CO_23 :=

CO_24 :=

CO_25 :=

CO_26 :=

CO_27 :=

CO_28 :=

CO_29 :=

CO_30 :=

CO_31 :=

103BI00 :=

103BI01 :=

103BI02 :=

103BI03 :=

103BI04 :=

103BI05 :=

103BI06 :=

103BI07 :=

103BI08 :=

103BI09 :=

103BI10 :=

103BI11 :=

103BI12 :=

103BI13 :=

103BI14 :=

103BI15 :=

103BI16 :=

103BI17 :=

103BI18 :=

103BI19 :=

103BI20 :=

103BI21 :=

103BI22 :=

103BI23 :=

103BI24 :=

103BI25 :=

103BI26 :=

103BI27 :=

103BI28 :=

103BI29 :=

103BI30 :=

103BI31 :=
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Binary Target Map

103BI32 :=

103BI33 :=

103BI34 :=

103BI35 :=

103BI36 :=

103BI37 :=

103BI38 :=

103BI39 :=

103BI40 :=

103BI41 :=

103BI42 :=

103BI43 :=

103BI44 :=

103BI45 :=

103BI46 :=

103BI47 :=

103BI48 :=

103BI49 :=

103BI50 :=

103BI51 :=

103BI52 :=

103BI53 :=

103BI54 :=

103BI55 :=

103BI56 :=

103BI57 :=

103BI58 :=

103BI59 :=

103BI60 :=

103BI61 :=

103BI62 :=

103BI63 :=

103BI64 :=

103BI65 :=

103BI66 :=

103BI67 :=

103BI68 :=

103BI69 :=

103BI70 :=

103BI71 :=

103BI72 :=

103BI73 :=

103BI74 :=

103BI75 :=

103BI76 :=

103BI77 :=

103BI78 :=

103BI79 :=

103BI80 :=

103BI81 :=

103BI82 :=

103BI83 :=

103BI84 :=

103BI85 :=

103BI86 :=

103BI87 :=

103BI88 :=

103BI89 :=

103BI90 :=

103BI91 :=

103BI92 :=

103BI93 :=

103BI94 :=

103BI95 :=

103BI96 :=

103BI97 :=

103BI98 :=

103BI99 :=

103BT00 :=

103BT01 :=

103BT02 :=

103BT03 :=

103BT04 :=

103BT05 :=

103BT06 :=

103BT07 :=
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Fault Analog Map

Binary Control Map

Measurand Map

103FA00 :=

103FA01 :=

103FA02 :=

103FA03 :=

103FA04 :=

103FA05 :=

103FA06 :=

103FA07 :=

103FA08 :=

103FA09 :=

103FA10 :=

103FA11 :=

103FA12 :=

103FA13 :=

103FA14 :=

103FA15 :=

103FA16 :=

103FA17 :=

103FA18 :=

103FA19 :=

103FA20 :=

103FA21 :=

103FA22 :=

103FA23 :=

103FA24 :=

103FA25 :=

103FA26 :=

103FA27 :=

103FA28 :=

103FA29 :=

103FA30 :=

103FA31 :=

103BO00 :=

103BO01 :=

103BO02 :=

103BO03 :=

103BO04 :=

103BO05 :=

103BO06 :=

103BO07 :=

103BO08 :=

103BO09 :=

103BO10 :=

103BO11 :=

103BO12 :=

103BO13 :=

103BO14 :=

103BO15 :=

103BO16 :=

103BO17 :=

103BO18 :=

103BO19 :=

103BO20 :=

103BO21 :=

103BO22 :=

103BO23 :=

103BO24 :=

103BO25 :=

103BO26 :=

103BO27 :=

103BO28 :=

103BO29 :=

103BO30 :=

103BO31 :=

3MLB000 :=

3MLB001 :=

3MLB002 :=

3MLB003 :=
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3MLB004 :=

3MLB005 :=

3MLB006 :=

3MLB007 :=

3MLB008 :=

3MLB009 :=

3MLB010 :=

3MLB011 :=

3MLB012 :=

3MLB013 :=

3MLB014 :=

3MLB015 :=

3MLB016 :=

3MLB017 :=

3MLB018 :=

3MLB019 :=

3MLB020 :=

3MLB021 :=

3MLB022 :=

3MLB023 :=

3MLB024 :=

3MLB025 :=

3MLB026 :=

3MLB027 :=

3MLB028 :=

3MLB029 :=

3MLB030 :=

3MLB031 :=

3MLB032 :=

3MLB033 :=

3MLB034 :=

3MLB035 :=

3MLB036 :=

3MLB037 :=

3MLB038 :=

3MLB039 :=

3MLB040 :=

3MLB041 :=

3MLB042 :=

3MLB043 :=

3MLB044 :=

3MLB045 :=

3MLB046 :=

3MLB047 :=

3MLB048 :=

3MLB049 :=

3MLB050 :=

EtherNet/IP Assembly Map Settings (SET E Command)

EtherNet/IP Assembly Map
(See Appendix F: EtherNet/IP Communications for additional details)
(EtherNet/IP Assembly Map settings are hidden if EtherNet/IP is not included)
(Use SET E n command where n = 1, 2, or 3 to create as many as three EtherNet/IP Assembly Maps)
(This is EtherNet/IP Assembly Map 1 (EtherNet/IP Assembly Map 2 and EtherNet/IP Assembly Map 3 are identical to 

EtherNet/IP Assembly Map 1))

Input Assembly (IA) Binary

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_00:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_01:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_02:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_03:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_04:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_05:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_06:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_07:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_08:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_09:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_10:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_11:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_12:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_13:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_14:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_15:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_16:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_17:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_18:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_19:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_20:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_21:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_22:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_23:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_24:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_25:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_26:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_27:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_28:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_29:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_30:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_31:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_32:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_33:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_34:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_35:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_36:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_37:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_38:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_39:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_40:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_41:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_42:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_43:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_44:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_45:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_46:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_47:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_48:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_49:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_50:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_51:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_52:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_53:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_54:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_55:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_56:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_57:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_58:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_59:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_60:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_61:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_62:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_63:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_64:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_65:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_66:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_67:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_68:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_69:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_70:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_71:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_72:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_73:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_74:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_75:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_76:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_77:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_78:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_79:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_80:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_81:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_82:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_83:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_84:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_85:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_86:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_87:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_88:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_89:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_90:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_91:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_92:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_93:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_94:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_95:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_96:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_97:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_98:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_99:=

Input Assembly (IA) Analog

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_00:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_01:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_02:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_03:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_04:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_05:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_06:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_07:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_08:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_09:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_10:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_11:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_12:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_13:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_14:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_15:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_16:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_17:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_18:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_19:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_20:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_21:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_22:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_23:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_24:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_25:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_26:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_27:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_28:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_29:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_30:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_31:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_32:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_33:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_34:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_35:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_36:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_37:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_38:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_39:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_40:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_41:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_42:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_43:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_44:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_45:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_46:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_47:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_48:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_49:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_50:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_51:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_52:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_53:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_54:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_55:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_56:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_57:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_58:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_59:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_60:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_61:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_62:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_63:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_64:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_65:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_66:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_67:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_68:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_69:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_70:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_71:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_72:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_73:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_74:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_75:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_76:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_77:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_78:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_79:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_80:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_81:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_82:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_83:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_84:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_85:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_86:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_87:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_88:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_89:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_90:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_91:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_92:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_93:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_94:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_95:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_96:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_97:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_98:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_99:=

Output Assembly (OA) Binary

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_00:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_01:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_02:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_03:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_04:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_05:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_06:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_07:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_08:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_09:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_10:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_11:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_12:=



SET.88
 of 90

SEL-710-5 Settings Sheets Date________________
EtherNet/IP Assembly Map Settings (SET E Command) EtherNet/IP Assembly Map

SEL-710-5 Relay Instruction Manual Date Code 20220826

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_13:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_14:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_15:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_16:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_17:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_18:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_19:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_20:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_21:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_22:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_23:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_24:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_25:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_26:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_27:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_28:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_29:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_30:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_31:=

Output Assembly (OA) Analog

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_00:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_01:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_02:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_03:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_04:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_05:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_06:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_07:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_08:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_09:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_10:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_11:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_12:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_13:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_14:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_15:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_16:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_17:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_18:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_19:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_20:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_21:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_22:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_23:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_24:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_25:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_26:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_27:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_28:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_29:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_30:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_31:=
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R.Instruction Manual

Communications

Overview
A communications interface and protocol are required for communicating 
with the SEL-710-5 Motor Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay.

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-710-5 physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber-optic Ethernet port, 
single- or dual-redundant.

Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-710-5. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Table 7.1 SEL-710-5 Communications Port Interfaces

Port Communications Port Interface Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Standard

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the SEL-2600 RTD 
Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix I: DeviceNet Communications for information on the DeviceNet communications card.
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Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances as long as 15 m (49 ft) in 
low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-710-5 Relay

Some of the SEL devices available for integration or communications system 
robustness are included in the following list:

➤ SEL communications processors 

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to relay fiber-optic serial Port 2, 
or SEL-2505 with EIA-232 (DB-9) serial port to connect to 
EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.

Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS := Y. Disable hardware 
handshaking by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1
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Fiber-Optic Serial Port Use the optional fiber-optic port (Port 2) for safety and communications 
distances as far as 1 km. For communications distances as far as 4 km, use an 
SEL-2812 transceiver on Port 3. Although Port 2 and the SEL-2812 are 
compatible, Port 2 is less sensitive than the SEL-2812, which limits the 
distance to 1 km. Port 2 can receive the RTD measurement information from 
the optional external SEL-2600 RTD Module.

Telnet or the Web 
Server

Factory-default settings for the Ethernet ports disable all Ethernet protocols 
except for Telnet, HTTP, and PING. Command SET P 1 accesses settings for 
both Ethernet ports on the SEL-710-5: Port 1A and Port 1B. See the Ethernet 
port settings in Table 4.94 for a sample of the SET P 1 command with factory-
default settings.

Set the listed settings to the following using the SET P 1 command:

➤ IPADDR := IP address assigned by the network administrator

➤ DEFRTR := Default router IP address assigned by the network 
administrator

➤ NETMODE := SWITCHED (available with dual Ethernet 
ports)

➤ ETELNET := Y

➤ EHTTP := Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any 
Ethernet port on the relay. Verify that the amber Link LED illuminates on the 
connected relay port. Many computers and most Ethernet switches support 
autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, such 
as an SEL-C627 cable, will work. If the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. If your relay 
is equipped with dual Ethernet ports, connect to either port. Use a Telnet 
application of QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the command EXI from any access level.

In addition, you can communicate with the relay through your web browser. 
Launch a web browser and go to http://IPADDR, where IPADDR is the Port 1 
IPADDR setting.

To terminate the session, close the web browser (see Section 3: PC Interface 
for more details).

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-710-5 Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if a failure in the primary network is detected. The 
basic concept in the Parallel Redundancy Protocol (PRP) mode of operation is 
that the Ethernet network and all traffic are fully duplicated, with the two 
copies operating in parallel. The purpose of the protocol is to provide seamless 
recovery from any single Ethernet network failure. In addition to failover and 
PRP modes, the unit can operate in a “fixed connection (to netport) mode” or 
in a “switched mode” (as an unmanaged switch).

Carefully design your Ethernet network to maximize reliability, minimize 
system administrator efforts, and provide adequate security. SEL recommends 
that you work with a networking professional to design your substation 
Ethernet network.

NOTE: Telnet and the web server 
work with other NETMODE settings 
as well, but NETMODE = SWITCHED is 
the easiest to begin communication. 
The relay hides setting NETMODE 
when it is equipped with a single 
Ethernet port.
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Several settings control how the relay with the optional Ethernet card operates 
on an Ethernet network. These settings include IP addressing information, 
network port failover options, and network speed.

Use the network configuration settings shown in Table 4.94 to configure the 
relay for operation on an IP network and to set other parameters affecting the 
physical Ethernet network interface operation.

Figure 7.1 shows an example of a simple Ethernet network configuration, 
Figure 7.2 shows an example of an Ethernet network configuration with dual 
redundant connections, and Figure 7.3 shows an example of an Ethernet 
network configuration with ring structure.

Figure 7.1 Simple Ethernet Network Configuration

Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Cat 5 shielded, twisted-pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports
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Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched Mode)

Dual Network Port Operation
The SEL-710-5 dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the desired network port failover time. (OFF, 
0.10–65.00 seconds).

Step 3. Set NETPORT to the preferred network interface.

On startup, the relay communicates via the NETPORT (primary port) 
selected. If the SEL-710-5 detects a link failure on the primary port, it 
activates the standby port after the failover time, FTIME, elapses. If the link 
status on the primary link returns to normal before the failover time expires, 
the failover timer resets and uninterrupted operation continues on the primary 
network port. 

Setting FTIME := OFF allows fast port switching (with no intentional delay). 
Fast port switching occurs within one processing interval (typically 4 to 5 ms) 
and helps with IEC 61850 GOOSE performance.

After failover, while communicating via standby port, the SEL-710-5 checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The port of choice for communications is 
reevaluated on change of settings or failure of the standby port or on reboot. 
The relay returns to operation on the primary link under those conditions if it 
detects a normal link status. When the active and backup links both fail, the 
relay alternates checking for the link status of the primary and standby ports.

Switched Mode
If you have a network configuration where you want to use the relay as an 
unmanaged or managed switch, set NETMODE to SWITCHED. Set 
ERSTP := Y to use it as a managed switch. In SWITCHED mode, both links 

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) for 

copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NETWORK

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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are enabled. The relay responds to the messages it receives on either port. All 
the messages received on one network port that are not addressed to the relay 
are transmitted out of the other port without any modifications. In this mode, 
the relay ignores the NETPORT setting.

SWITCHED mode is often used to connect several relays to each other, 
creating a network of relays, then connecting at least two relays to a managed 
switch for redundancy. This configuration is popular because it reduces cost 
and reduces the number of devices in a network without sacrificing 
redundancy. Basically, each relay has a redundant path to the network. Refer 
to Figure 7.3.

There are compromises to be made in this configuration, however. When 
connecting cables between multiple switches in an Ethernet network, physical 
loops (rings) may occur that cause traffic storms, total bandwidth 
consumption, and other improper functioning. As a result, a subset of the 
relays in this configuration can seem unresponsive for extended periods of 
time.

For example, in Figure 7.3, imagine that a DNP master is receiving DNP UDP 
unsolicited messages from the relays. When a link is broken, it can sometimes 
take as long as 5 minutes for communications to be restored. For a similar 
network involving IEC 61850 GOOSE and a broken link, the restoration time 
can be greater than 5 seconds. The relay offers Rapid Spanning Tree Protocol 
(RSTP) mode to improve restoration times in such configurations. With RSTP 
enabled, the expected restoration time of the before-mentioned GOOSE 
network is around 100 ms.

RSTP protocol controls active paths in an Ethernet network to avoid loops and 
enable a level of redundancy. All Port 1 protocols are supported when RSTP is 
enabled. Refer to Rapid Spanning Tree Protocol (RSTP) on page 7.22 for 
additional details. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

PRP Connection Mode
Parallel Redundancy Protocol (PRP) is part of an IEC standard for high-
availability automation networks (IEC 62439-3). The purpose of the protocol 
is to provide seamless recovery from any single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully 
duplicated with the two copies operating in parallel.

Make the following settings for Port 1 to configure the relay for PRP mode.

➤ NETMODE = PRP

➤ PRPTOUT = desired timeout for PRP frame entry

➤ PRPADDR = PRP destination MAC address LSB (least 
significant byte of “01-15-4E-00-01-XX,” converted to decimal 
and entered as 0–255)

➤ PRPINTV = desired supervision frame transmit interval
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When NETMODE is not set to PRP, the settings shown in Table 7.2 are 
hidden.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports are capable of autonegotiating to 
determine the link speed and duplex mode. Accomplish this by setting the 
NETASPD and NETBSPD (network speed) to AUTO. Set single or dual 
copper ports to a specific speed to be able to apply them in networks with 
older switch devices. However, the speed setting is ignored for fiber Ethernet 
ports. The single and dual fiber Ethernet ports are fixed by the hardware to 
work at 100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option of selecting the primary port of 
communication in failover or fixed communication modes. 

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE or FTPIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. You can set it from 0 to 4,200,000 seconds 
via the IED Properties MMS Settings in ACSELERATOR Architect SEL-5032 
Software. The MMS inactivity default value is either 120 seconds or 
900 seconds, depending on the relay firmware version. Setting this value to 0 
disables the MMS inactivity timer. If enabled, the relay starts a timer for an 
MMS session after it receives an MMS request from the client on that session. 
It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it 
available for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 

Table 7.2 PRP Settings

Setting Prompt Setting Description
Setting 
Range 

Setting Name := 
Factory Default

PRP ENTRY 
TIMEOUT

PRP Entry Timeout 400–10000 ms PRPTOUT := 500

PRP 
DESTINATION 
ADDR LSB

The multicast MAC address of 
PRP supervision frames is 
01-15-4E-00-01-XX where XX 
is specified by this setting in 
decimal notation as 0–255

 0–255 PRPADDR := 0 

PRP 
SUSPERVISION 
TX INTERVAL

PRP Supervision TX Interval  1–10 second PRPINTV := 2 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-710-5 has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, only one 
input can be used at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with a dual Ethernet port, 
a fiber-optic Ethernet port, or a PTC option. Refer to Figure 7.4 for a 
connection diagram.

B01–B02 IRIG-B input is available on all models except those with the fiber-optic 
Ethernet, dual-copper Ethernet, or PTC options.
You cannot bring IRIG-B via Port 2 or 3 if B01–B02 input is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: Port 3 (EIA-232 Option Only)
This input is available on all models except those with the PTC option. 
Connect to an SEL communications processor with an SEL-C273A cable to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect an SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B input to Port 3.

You cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 Port 3 (SEL Communications 
Processor as Source)

NOTE: Relays with the PTC option 
do not have IRIG-B capability.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5
+ IRIG

– IRIGSEL-C962
Cable

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB-9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL-C273A
Cable

SEL-710-5

DB-9
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Cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input Via EIA-232 Port 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: Port 2 (Fiber-Optic Serial Port)
This input is available on all models except those with the PTC option. Fiber-
Optic Serial Port 2 can be used to bring IRIG-B input to the relay as shown in 
Figure 7.7 and Figure 7.8.

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 (SEL-2030/2032 
Time Source)

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 
(SEL-2401/2404/2407 Time Source)

Time Quality of the 
IRIG Source

The time-synchronization Relay Word bits in Table 7.3 indicate the present 
status of the timekeeping function of the SEL-710-5.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5

DB-9

BNC

IED

(Any EIA-232
serial application)

SEL-C292A
Cable

SEL C953
Cable

BNC-T Connector (3-way)
SEL P/N 240-1802

DB-9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB-9 Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-710-5

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB-9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

SEL-C654
Cable

Port 2

Set switch to J1 for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-710-5
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The Relay Word bit TSOK indicates that the time synchronization is OK. The 
SEL-710-5 determines the suitability of the IRIG-B signal for normal 
accuracy by applying several tests:

➤ Seconds, minutes, and day fields are in range.

➤ Time from two consecutive messages differs by one second, 
except for leap second or daylight-saving time transitions.

➤ When IRIGC := C37.118, the signal contains the correct parity 
bit.

The SEL-710-5 determines the suitability of the IRIG-B signal for high-
accuracy timekeeping by applying two additional tests:

➤ The jitter between positive transitions (rising edges) of the 
clock signal is less than 500 ns.

➤ The time-error information contained in the IRIG-B control 
field indicates a time error of less than 10–6 seconds (1 µs).

When IRIGC := NONE, the relay asserts TSOK only when the first test is met. 
When IRIGC := C37.118 and an appropriate IRIG-B signal is connected, the 
Relay Word bit TSOK asserts only when these two tests are met. The time 
error information in the IRIG-B control field is mapped to the TQUAL bits in 
the relay. Table 7.4 lists the TQUAL bits and how they translate to time 
quality. The values 0 (Locked) and 4 (1 µs) indicate that the relay is receiving 
high-accuracy IRIG.

When the IRIG signal is lost, IRIGOK deasserts. However, TSOK remains 
asserted for a holdover period of as long as 15 seconds. If the IRIG signal is 
not restored within 15 seconds, TSOK also deasserts.

Table 7.3 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy.

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 1 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

0 0 0 0 0 Locked

0 0 0 1 1 1 nanosecond

0 0 1 0 2 10 nanoseconds

0 0 1 1 3 100 nanoseconds

0 1 0 0 4 1 microsecond

0 1 0 1 5 10 microseconds

0 1 1 0 6 100 microseconds

0 1 1 1 7 1 millisecond

1 0 0 0 8 10 milliseconds

1 0 0 1 9 100 milliseconds

1 0 1 0 10 1 second

1 0 1 1 11 10 seconds

1 1 0 0 12 100 seconds

NOTE: The jitter measurement for 
the IRIG signal could take as long as 
15 seconds to determine. During this 
time, TSOK is not asserted.
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc power is available on Pin 1 only on EIA-232 Port 3 and EIA-232 
Port 4.

Connect Your 
PC to the Relay

The front port of the SEL-710-5 is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.5. You can connect to a standard 9-pin computer port with an 
SEL-C234A cable; wiring for this cable is shown in Figure 7.10. The 
SEL-C234A cable and other cables are available from SEL. Use the 
SEL-5801 Cable Selector software to select an appropriate cable for another 
application. This software is available for free download from the SEL 
website at selinc.com.

For the best performance, use an SEL-C234A cable not more than 15 m (49 ft) 
long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-710-5. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers
Table 7.5 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-710-5 to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

1 1 0 1 13 1000 seconds

1 1 1 0 14 10000 seconds

1 1 1 1 15 Fault

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 2 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

Table 7.5 EIA-232/EIA-485 Serial Port Pin Functions

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232b

b For relays with the PTC option, this port does not support IRIG-B.

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

5  4  3  2  1

9  8  7  6

NOTE: Serial communications 
cables that are used in the 710-5 
relays for the MIRRORED BITS protocol 
should have the R designation at the 
end of the SEL cable number instead 
of an A. For example, use SEL-C234R 
instead of SEL-C234A. The SEL-C234R 
cable is double shielded and provides 
better data integrity compared to the 
SEL-C234A.

https://selinc.com/
https://selinc.com/
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Figure 7.10 SEL-C234A Cable—SEL-710-5 to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-710-5 to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-710-5 to Modem

Figure 7.13 SEL-C272A Cable—SEL-710-5 to SEL Communications 
Processor (Without IRIG-B Signal)

SEL-710-5 Relay
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GND
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CTS
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Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)
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8
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Figure 7.14 SEL-C273A Cable—SEL-710-5 to SEL Communications 
Processor (With IRIG-B Signal)

Communications Protocols
Protocols Although the SEL-710-5 supports a wide range of protocols, not all protocols 

are available on all ports. In addition, not all hardware options support all 
protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for Port 1. Table 7.6 shows the ports and the protocols 
available on each port.

SEL Communications 
Protocols

SEL ASCII.
This protocol is described in SEL ASCII Protocol and Commands on 
page 7.25.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-710-5 Relay

Table 7.6 Protocols Supported on the Various Ports

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer 
Protocol, and Modbus RTU Slave

PORT 1a

a PORT 1 concurrently supports two Modbus, two FTP, two Telnet, five DNP3 LAN/WAN, one 
SNTP, one PTP, and seven IEC 61850 sessions, as well as two EIP I/O connections and six EIP 
message connections.

Modbus TCP/IP, FTP, IEC 61850, DNP3 LAN/WAN, EtherNet/IP, SNTP, 
PTP, and Telnet (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL 
Fast Operate, SEL Fast SER, SEL Fast Message, web server (HTTP), 
PRP, and RSTP) 

PORT 2 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, 
SEL Fast Operate, SEL Fast SER, SEL Fast Message, SEL Settings File 
Transfer, SEL MIRRORED BITS, DNP3, IEC 60870-5-103, and Modbus 
RTU Slave

PORT 3 All the protocols supported by PORT 2

PORT 4 All the protocols supported by PORT 2 or DeviceNet

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Compressed ASCII
This protocol provides compressed versions of some of the ASCII commands. 
The compressed commands are described in SEL ASCII Protocol 
and Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Meter
This protocol supports binary messages to transfer metering and digital 
element messages. Compressed ASCII commands that support Fast Meter are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Operate
This protocol supports binary messages to transfer operation messages. The 
protocol is described in Appendix C: SEL Communications Processors.

SEL Fast Message.
 This protocol uses binary messages to receive and transmit data from or to an 
SEL Communications Processor. The protocol is described in Appendix C: 
SEL Communications Processors.

SEL Fast SER.
 This protocol is used to receive binary Sequential Events Record unsolicited 
responses. The protocol is described in Appendix C: SEL Communications 
Processors.

Other Supported 
Protocols

MIRRORED BITS Protocol
The SEL-710-5 supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on Port 3 of the base unit and MBB on Port 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry. The MIRRORED BITS protocol 
is described in Appendix J: MIRRORED BITS Communications.

Modbus RTU Protocol
The SEL-710-5 provides Modbus RTU support. Modbus is a standard protocol 
described in Appendix E: Modbus Communications.

Distributed Network Protocol (DNP3)
The SEL-710-5 provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-710-5 provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix I: DeviceNet Communications.
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IEC 60870-5-103 Protocol
The SEL-710-5 provides IEC 60870-5-103 protocol support if the option is 
selected. The protocol is available on Ports 2, 3, and 4. All ports operate using 
the same map settings. The IEC 60870-3-105 protocol is described in 
Appendix H: IEC 60870-5-103 Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus TCP, HTTP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

Carefully design your Ethernet network to maximize reliability, minimize 
system administration effort, and provide adequate security. Work with a 
networking professional to design your substation Ethernet network.

File Transfer Protocol (FTP) and MMS File Transfer
FTP is a standard protocol for exchanging files between computers over a 
TCP/IP network. The SEL-710-5 operates as an FTP server, presenting files to 
FTP clients. To create an FTP session, you need the FTP username and 
password. The default username and password are FTPUSER and TAIL, 
respectively. The SEL-710-5 supports two FTP sessions at a time. Requests to 
establish additional FTP sessions are denied.

Manufacturing Message Specification (MMS) is used in IEC 61850 
applications and provides services for the transfer of real-time data, including 
files, within a substation LAN.

File Structure
The file structure is organized as a directory and subdirectory tree similar to 
that used by Windows and other common operating systems. See Virtual File 
Interface on page 7.74 for information on available files.

File dates within the last 12 months are displayed with month, day, hour, and 
minutes. Dates older than twelve months have the year, month, and day. The 
times are UTC.

Access Control
To log in to the FTP server, enter the value of the Port 1 setting FTPUSER as 
the username in your FTP application. Enter the Port 1 setting FTPACC level 
password as the password in your FTP application. Note that FTP does not 
encrypt passwords before sending them to the server.

MMS is enabled when the Port 1 setting E61850 is set to Y. No authentication 
is required. MMS File Transfer is enabled when setting EMMSFS is set to Y. 
If MMS Authentication is enabled via the CID file, then an authenticated 
connection must be established via MMS for MMS file transfer to take place.

Using FTP and MMS
A free FTP application is included with most web browsers and PC operating 
systems. You can also obtain free or inexpensive FTP applications from the 
Internet. Once you have retrieved the necessary files, be sure to close the FTP 
connection by using the disconnect function of your FTP application or 
completely closing the application. Failure to do so can cause the FTP 
connection to remain open, which blocks subsequent connection attempts 
until FTPIDLE time expires. See Appendix G: IEC 61850 Communications 
for information about using MMS.
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Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ Fast SER

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

Ping Server
Ping is an application based on ICMP over an IP network. A free Ping 
application is included with most computer operating systems. Use a Ping 
client with the relay Ping server to verify that your network configuration is 
correct.

IEC 61850
Use as many as seven sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
64 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix G: IEC 61850 Communications.

Simple Network Time Protocol (SNTP)
When Port 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less-accurate primary time source, or as 
a backup to the higher-accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise the relay remains at an 
elevated access level until TIDLE 
expires.
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Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Serve NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Create a Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make Port 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.7 shows each setting associated with 
SNTP.

SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST. In unicast mode of operation, the SNTP client in the 
relay requests time updates from the primary (IP address setting SNTPPSIP) 
or backup (IP address setting SNTPBSIP) NTP server at a rate defined by 
setting SNTPRATE. If the NTP server does not respond with the period 
defined by setting SNTPTO, then the relay tries the other SNTP server. When 
the relay successfully synchronizes to the primary NTP time server, Relay 
Word bit TSNTPP asserts. When the relay successfully synchronizes to the 
backup NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST. In the manycast mode of operation, the relay 
initially sends an NTP request to the broadcast address contained in setting 
SNTPPSIP. The relay continues to broadcast requests at a rate defined by 
setting SNTPRATE. When a server replies, the relay considers that server to 
be the primary NTP server, and switches to UNICAST mode, asserts Relay 
Word bit TSNTPP, and thereafter requests updates from the primary server. If 

Table 7.7 Settings Associated With SNTP 

Setting Setting Description Setting Range
Factory Default 
Setting

ESNTP Selects the mode of operation of SNTP. See descriptions in 
SNTP Operation Modes on page 7.17. 

UNICAST, MANY-
CAST, BROADCAST

OFF

SNTPPSIP Selects primary NTP server when ESNTP = UNICAST, or 
broadcast address when ESNTP = MANYCAST or 
BROADCAST.

Valid IP Address 192.168.1.1

SNTPPSIB Selects backup NTP server when ESNTP = UNICAST. Valid IP Address 192.168.1.1

SNTPPORT Ethernet port used by SNTP. Leave at default value unless 
otherwise required.

1–65534 123

SNTPRATE Determines the rate at which the relay asks for the updated 
time from the NTP server when ESNTP = UNICAST or 
MANYCAST. Determines the amount of time the relay 
waits for an NTP broadcast when ESNTP = BROADCAST.

15–3600 seconds 60

SNTPTO Determines the amount of time the relay waits for the NTP 
master to respond when ESNTP = UNICAST or MANY-
CAST.

5–20 seconds 5
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the NTP server stops responding for time SNTPTO, the relay deasserts 
TSNTPP and begins to broadcast requests again until the original or another 
server responds.

ESNTP = BROADCAST. If setting SNTPPSIP = 0.0.0.0 while setting 
ESNTP = BROADCAST, the relay listens for and synchronizes to any 
broadcasting NTP server. If setting SNTPPSIP is set to a specific IP address 
while setting ESNTP = BROADCAST, then the relay listens for and 
synchronizes to only NTP server broadcasts from that address. When 
synchronized, the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within five 
seconds after the period defined by setting SNTPRATE.

SNTP Accuracy Considerations
SNTP time-synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and 
routers between the SNTP Server and the SEL-710-5. Network monitoring 
software can also be used to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-710-5 and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time-synchronization error with the SNTP server is 
typically less than ±1 millisecond.

Embedded Web Server (HTTP)
When Port 1 setting EHTTP := Y, the relay serves webpages displaying 
settings, metering, status reports, event files, etc. The relay-embedded web 
server has been optimized and tested to work with the most popular web 
browsers, but should work with any standard web browser. As many as three 
users can access the embedded web server simultaneously. To begin using the 
embedded read-only web server, launch your web browser and browse to 
http://IPADDR, where IPADDR is the Port 1 setting IPADDR 
(e.g., http://192.168.1.2).

Login using your username and password to view or export various reports, 
view settings, monitor communications or relay status, or upgrade firmware 
(Access Level 2 only).

To log out of the web server, either close the web browser window or click on 
Logout in the banner bar near the top of the webpage.For more information on 
the web server, see Section 3: PC Interface.
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Table 7.8 lists the HTTP settings that are available for configuring the web 
server.

Precision Time Protocol (PTP)
Configuring PTP in the Relay

PTP implementation in the SEL-710-5 is firmware-based only. If the EPTP 
setting is available and set to Y, the SEL-710-5 supports PTP Version 2 
(PTPv2) as a slave-only clock as defined by IEEE 1588-2008 on Port 1A and 
Port 1B. Table 7.9 shows the settings associated with PTP.

Table 7.8 HTTP Server Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2 HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

Table 7.9 Settings Associated With PTP 

Setting Range Description
Factory Default 
Setting

EPTP Y, N When set to Y, the device becomes a slave PTP clock N

PTPPRO DEFAULT, C37.238 Sets the PTP profile DEFAULT

PTPTR UDP, LAYER2 Transport mechanism for PTP messages UDP

DOMNUM 0–255 PTP domain number of the clock 0

PTHDLY P2P, E2E, OFF Path delay measurement method to be used on the PTP 
network

E2E

PDINT 1, 2, 4, 8, 16, 32, 64 sec Duration of time between transmissions of peer delay 
request messages

1

AMNUM 1–5, OFF Number of acceptable PTP masters OFF

AMIP[n]a zzz.yyy.xxx.www

zzz: 1–126, 128–223

yyy: 0–255

xxx: 0–255

www: 0–255

Acceptable master IP addresses 192.168.1.12na

AMMAC[n]a Acceptable master MAC addresses 00-30-A7-00-00-0mb

ALTPRI[n]a 0–255 If the acceptable table master option is enabled and this 
setting value is not zero, the Priority 1 value received in 
the announce message from the specified master will 
be replaced by this value and used in the Best Master 
Clock Algorithm (BMCA)

0

PVLAN 1–4094 VLAN ID for a C37.238 Ethernet frame 1

PVLANPR 0–7 VLAN priority for a C37.238 Ethernet frame 4

a n = 1–5.
b m = A–E.
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To achieve the best accuracy (< 1 ms), it is necessary to have one or more PTP 
master clocks and for all intervening equipment (e.g., Ethernet switches) to be 
IEEE 1588-aware (i.e., all intervening network devices need to be transparent 
or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS 
input, is a master clock. The intervening switches are transparent clocks. You 
can use boundary clocks to connect networks together and pass time from one 
network to another. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not IEEE 1588-aware do not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP 
clocks implement algorithms to select the best available clock. The one 
selected for use by an end device is the grandmaster clock. You can learn more 
about configuring a PTP network in the following application notes:

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality in a Redundant Network 
Topology,” SEL Application Note (AN2015-07), 2015. 
Available: selinc.com.

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality to Isolated Ethernet Networks,” 
SEL Application Note (AN2015-06), 2015. Available: 
selinc.com.

To configure PTP, update the Port 1 PTP settings as described in Table 7.9. By 
default, PTP is disabled in the SEL-710-5. Set EPTP to Y to enable PTP and 
to make the other PTP settings available.

PTP implementation in the SEL-710-5 supports both one-step and two-step 
clocks. A one-step clock uses a single event message to provide time 
information. A two-step clock uses the combination of an event message and a 
subsequent general message to provide time information.

Within PTP, there are multiple clock profiles available. A profile defines the 
set of PTP features available in a specific application domain. SEL-710-5 
relays support two profiles: Default and Power (C37.238-2011). 

The Default profile has many optional features and is intended to address 
common applications. The Default profile supports both UDP and Layer 2 
(802.3) Ethernet transport, and it can use either the end-to-end (E2E) or the 
peer-to-peer (P2P) delay mechanism. Grandmaster clocks can send Announce, 
Sync, and Delay request messages over a wide range of intervals. A Default 
profile network can consist of boundary clocks or transparent clocks anywhere 
between the grandmaster and the end devices. The only performance 
requirement for the Default profile is that a master clock must maintain 
frequency accuracy to within 0.01 percent.

The Power profile has minimal optional features in order to facilitate 
interoperability and performance predictability. The Power profile is only 
supported on Layer 2 networks and exclusively uses the peer-to-peer delay 
mechanism. All messages must be sent at 1-second intervals, have 802.1Q 
VLAN tags, and include grandmaster ID and (maximum) inaccuracy fields in 
the announce message. Transparent clocks are mandatory in a Power profile 
network while boundary clocks are not allowed. Select the profile by using the 
PTPPRO setting.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation among clocks that participate in different 
application domains to coexist on the same network. Domains are identified 
by domain numbers. The DOMNUM setting determines the domain number 

https://selinc.com/
https://selinc.com/
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for the SEL-710-5. Set DOMNUM to match the domain number configured in 
the master clocks to which the SEL-710-5 should synchronize.

The SEL-710-5 supports transport of PTP messages over UDP or Layer 2 
(Ethernet). Use the PTPTR setting to select the PTP transport mechanism. 
This needs to match the transport mechanism used in the master clocks. Only 
Layer 2 is available with the Power profile. If operating in a UDP network, 
PTP operates on Ports 319 or 320. Except for peer delay messages, the 
SEL-710-5 sets the time allowed to live (TTL) value in the UDP/IP header of 
PTP messages to 64. This allows you to use routers across a WAN to 
synchronize the SEL-710-5 PTP master. High-accuracy synchronization may 
not be achievable across the WAN, so it is left to you to determine if the 
accuracy meets the needs of your application.

When using the Power profile, use the VLAN identifier and priority settings, 
PVLAN and PVLANPR, to set the VLAN ID and priority, respectively, of the 
Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the SEL-710-5 Relay.

PTP defines two methods for calculating and correcting the communications 
path delay between the SEL-710-5 and the master clock: end-to-end (Delay 
Request-Response) and peer-to-peer (Peer Delay Request Response). The 
end-to-end mechanism calculates the total path delay between the SEL-710-5 
and the master clock.

The peer-to-peer mechanism calculates the total path delay in a piecemeal 
fashion between each device in the path. Peer-to-peer is the more accurate 
method and is recommended for use in the SEL-710-5. Only the peer-to-peer 
mechanism is available for the Power profile. The SEL-710-5 periodically 
initiates path delay calculations. Use the PTHDLY and PDINT settings to 
configure the path delay method and the path delay request rate. If PTHDLY is 
set to OFF, the SEL-710-5 will not calculate and correct for path delay.

By default, the SEL-710-5 synchronizes to any clock on the network that it 
evaluates to be the best clock based on the Best Master Clock Algorithm 
(BMCA). Use the settings to specify a list of master (grandmaster or 
boundary) clocks to which the SEL-710-5 may synchronize. The SEL-710-5 
will not synchronize to any master clock that is not in the list. Use this feature 
for additional security. The AMNUM setting selects the number of master 
clocks you list. The default value is OFF, which results in the SEL-710-5 
synchronizing to any master clock on the network. If you set AMNUM to a 
value other than OFF, you must identify the number of allowable masters in 
accordance with the PTP transport you have chosen, i.e., MAC address for 
802.3 or IP address for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify 
the IP addresses of the clocks to which the SEL-710-5 is permitted to 
synchronize. If PTP transport is set to Layer 2, use the AMMACn settings to 
specify the MAC addresses of the clocks to which the SEL-710-5 is permitted 
to synchronize.

If the ALTPRIn (Alternate Priority1 for Master n) setting is set to a positive 
value, the ALTPRIn value replaces the Priority1 value in received Announce 
messages from the corresponding master clock before the application of the 
BMCA. The ALTPRIn values reprioritize the master clocks locally.

EtherNet/Industrial Protocol (IP)
EtherNet/IP is an industrial protocol that uses standard Ethernet and TCP/IP 
technology to transport Common Industrial Protocol (CIP) packets. You can 
enable EtherNet/IP on Port 1 for a maximum of eight simultaneous CIP 
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connections. Of these eight simultaneous connections, you can have as many 
as two Class 1 (I/O) connections and as many as six combined Class 3 
messages and Unconnected Message Manager (UCMM) messages.

When configuring EIP on Port 1, you can create as many as six Class 1 (I/O) 
connection configurations. Of these six, only two can be used simultaneously. 
Of the remaining six available connection configurations, as many as three can 
be Exclusive Owner connection configurations. The remaining number of 
connection configurations must be Input Only connection configurations. 
EtherNet/IP is described in detail in Appendix F: EtherNet/IP 
Communications.

Rapid Spanning Tree Protocol (RSTP)
RSTP is a protocol and is a distributed algorithm that is defined in the 
IEEE 802.1Q-2014 standard. Devices communicate RSTP through packets 
called Bridge Protocol Data Units (BPDUs) that travel between adjacent 
RSTP-enabled devices. These frames allow the devices to determine the root 
bridge in the network, as well as defines the state and role of each port of 
devices connected in the RSTP network.

Table 7.10 and Table 7.11 provide the various roles and states supported by 
the SEL-710-5. Use the RSTP command to view the assigned state and role of 
a port. The relay keeps a log of the states and roles in the Sequential Events 
Recorder (SER) report.

There are three RSTP settings available to set on Port 1 after RSTP is enabled. 
They include the bridge priority (BRDGPRI), which is used to help determine 
the root bridge in the network, and the port priorities (PORTAPRI and 

Table 7.10 RSTP Roles Supported in the SEL-710-5

Roles Definition

Root Port A port with the shortest patha to the root bridge. All STP and 
RSTP capable bridges must have exactly one except the root 
bridge, which cannot have any.

a This is not always the shortest path. The settings in the network define the path costs, so the 
root port is the one with the smallest path costs to the root switch. There may be a physically 
shorter path, but because of the path costs of the other devices, a longer path to the root 
may be used.

Designated Port The port that connects a LAN to its designated bridge.

Alternate Port Represents the best alternate path to the root bridge. This path is 
different than using the root port. The alternate port moves to the 
forwarding state if there is a failure on the designated port for the 
segment.

Backup Port Represents a redundant path to a segment where another port on 
the bridge already connects.

Disabled The port is disabled during the role initialization or it is disabled 
due to a link or hardware failure.

Table 7.11 RSTP States Supported in the SEL-710-5

States Definition

Forwarding A port receiving and transmitting message frames and BPDUs.

Learning A port receiving and transmitting BPDUs; this port does not 
receive or transmit message frames.

Discarding A port receiving BPDUs; this port does not receive or transmit 
message frames.

NOTE: Exercise caution when 
disabling RSTP (ERSTP := N) in a 
relay connected in a switched 
network because doing so could 
introduce network loops.



7.23

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
Communications Protocols

PORTBPRI) for Ports 1A and 1B, which are used to help determine the root 
port of the device. See Table 7.50 for more information regarding these 
settings.

Example of a Simple Topology
The simplest example of a loop is a network of devices connected in a ring 
(Figure 7.15). Devices connected in a ring topology allow traffic to go from 
one port on one device to another port on another device in either direction 
around the ring, as the two green lines show in Figure 7.15 between Devices 1 
and 6.

Figure 7.15 Physical Ring Without Loop Mitigation

Disabling the link between Devices 3 and 4 forces traffic to follow a single 
path across the network (as the green line in Figure 7.16 shows). The process 
of disabling links to logically remove loops from the network is called 
convergence because the devices use RSTP to converge the network into a 
stable configuration without any loops.

Figure 7.16 Network Convergence With Logically Disabled Link

The logically disabled connections remain physically present and can be 
quickly enabled by RSTP to provide an alternative path for the network traffic 
in the event of a physical network failure. For example, if the link between 
Devices 2 and 3 were to fail, traffic would be disrupted on the network, as 
indicated by the dashed green line in Figure 7.17. Devices 2 and 3 would 
respond by using RSTP and BPDUs to inform the other devices in the network 
that an event occurred. The rapid spanning tree algorithm (RSTA) in each 
network device would then use BPDUs over RSTP to communicate with their 
respective connected devices, in turn, and eventually the logically disabled 
link between Devices 3 and 4 would be re-enabled, as shown in Figure 7.18.
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Figure 7.17 Physical Link Failure Between Devices

Figure 7.18 Network Convergence

As the green line in Figure 7.18 shows, traffic can still flow between 
Devices 3 and 5 but now it is through a different path. The process of 
re-enabling disabled links to allow traffic to flow and heal the network is 
called reconvergence. During this change in the network, traffic is temporarily 
disrupted. Figure 7.3 shows a typical network diagram that uses SEL-710-5 in 
a switched network with ERSTP := Y. Refer to SEL application guide 
“Understanding RSTP and Choosing the Best Network Topology” 
(AG2017-21) at selinc.com for additional information on RSTP.

RSTP Performance Measurement
Figure 7.19 shows a convergence example involving a ring network where 
both SEL-2730M switches and all seven SEL-700 series relays are configured 
with default RSTP settings. In this example, there is a transmitting device 
connected to the North SEL-2730M switch and a receiving device connected 
to the South SEL-2730M switch.

As a result of the devices being configured with default RSTP settings, the 
network converges to break the loop at Relay 14. This configuration results in 
the port for Relay 14 to be in discarding state (indicated by “D”). In this state, 
traffic flows from the North SEL-2730M switch to the South SEL-2730M 
switch by passing through Link L1.

For this example, consider a link-down event occurring at Link L1. A link-
down event is when the cable that connects two devices is physically broken 
(indicated by the slash). After this link-down event, the network takes 
approximately 150 ms to reconverge such that the discarding port on Relay 14 
transitions into a forwarding state. This allows traffic to flow from the 
North SEL-2730M switch to the South SEL-2730M switch by passing 
through all seven relays.
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Figure 7.19 Link-Down Event at Link L1

If additional relays are added to this example network, the reconvergence time 
increases by approximately 20 ms per additional relay.

SEL-700 series relays are configured with a Max Age value of 40. This means 
that a network with SEL-700 series RSTP devices should be created with the 
understanding that the maximum number of hops from the root in the network 
should not exceed 40.

To understand the importance of enabling RSTP in an SEL-700 series relay 
ring network in comparison to leaving it disabled, refer to the SEL application 
guide “Maintaining Switched-Mode Relay Responsiveness in an RSTP 
Network” (AG2019-15).

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

Software Flow 
Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 

SEL-7xx SEL-7xx
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SEL-7xx

L4

SEL-7xx
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SEL-7xx
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SEL-7xx

L7

SEL-7xx

L8

11 12 13 14 15 16 17

SEL-2730MSEL-2730M

L1

L2 L9

Rx Tx

South-Root North-Backup Root

D

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-710-5.
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there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages are  
accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when XOFF is received and can resume when the relay 
sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.12 lists these messages.

Access Levels You can issue commands to the SEL-710-5 via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-710-5 Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-710-5 Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level; should be used under 
direction of SEL only)

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Set EPORT to N to disable the port and hide the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

Table 7.12 Serial Port Automatic Messages

Condition Description

Start Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 10: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-710-5 sends a status report each time a self-test 
warning or failure condition is detected. See STATUS Com-
mand (Relay Self-Test Status) on page 7.67.
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Access Level 0
Once serial port communication is established with the SEL-710-5, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-710-5 Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-710-5 to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.31 for more detail.

Access Level 1
When the SEL-710-5 is in Access Level 1, the relay sends the following 
prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-710-5 sends the prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

All of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is used exclusively by the SEL factory and SEL field service 
personnel to diagnose troublesome installations. A list of commands available 
at Access Level C is available from SEL upon request. Do not enter Access 
Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C. Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-710-5 Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands required by SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C is a restricted access level, and should only be 
used under direction of SEL

The SEL-710-5 responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the 
beginning:

Table 7.13 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting]                              Date: mm/dd/yyyy  Time: hh:mm:ss.sss
[TID Setting]                          Time Source: external

Table 7.13 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 710-5; see ID Settings on page 4.4.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = MOTOR RELAY; see ID Settings on 
page 4.4.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and external if an 
input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

89CLOSE Command (Close Disconnect)
The 89C command (see Table 7.14 for the command description and the 
format) is used to close a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89C m command 
asserts Relay Word Bit 89CC2Pm for a quarter-cycle when executed, while 
the 89C n m command asserts Relay Word bit 89CC3Pnm for a quarter-cycle 
when executed. See Table 9.2 for how these Relay Word bits are used in the 
disconnect close control logic.

 

To issue the 89C 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Table 7.14 89CLOSE Command

Command Description Access Level

89C m Closes Two-position Disconnect m 2

89C n m Closes Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to close.

n L or E, to signal an in-line or earthing disconnect, respectively.

=>>89C 1 <Enter>

Close 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Closed

=>>
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Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89C 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89C command. Following the in-progress state, 
the Relay Word bit that asserts determines the subsequent status message 
displayed in the terminal: Disconnect Open if 89OP2Pm or 89OP3Pnm is 
asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is asserted, or 
Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm is asserted. 
See Disconnect Control Settings on page 9.2.

The 89C command is supervised by the main board breaker control jumper 
(see Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89C command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89C command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89C command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

89OPEN Command (Open Disconnect)
The 89O command (see Table 7.15 for the command description and the 
format) is used to open a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89O m command 
asserts Relay Word Bit 89OC2Pm for a quarter-cycle when executed, while 
the 89O n m command asserts Relay Word bit 89OC3Pnm for a quarter-cycle 
when executed. See Figure 9.3 for how these Relay Word bits are used in the 
disconnect close control logic.

 

=>>89C L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89C L 1 <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.15 89OPEN Command

Command Description Access Level

89O m Opens Two-position Disconnect m 2

89O n m Opens Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to open.

n L or E, to signal an in-line or earthing disconnect, respectively.
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To issue the 89O 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89O 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89O Command. Following the in-progress 
state, the Relay Word bit that asserts determines the subsequent status 
message displayed in the terminal: Disconnect Open if 89OP2Pm or 
89OP3Pnm is asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is 
asserted, or Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm 
is asserted. See Disconnect Control Settings on page 9.2.

The 89O command is supervised by the main board breaker control (see 
Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89O command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89O command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89O command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.16) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-710-5 Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.26 for a discussion of placing 
the relay in an access level.

=>>89O 1 <Enter>

Open 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Open

=>>

=>>89O L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89O L 1 <Enter>

Command Aborted: Device in Local Control

=>>
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Password Requirements
Passwords are required unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.58 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.58. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

Table 7.16 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>
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At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
Access Level C can be accessed from Access Level 2 with the CAL 
command. The relay pulses the SALARM Relay Word bit for one second after 
a successful Level 2 or Level C access, or if access is denied.

AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (from Access Level 2) to initiate a self-test of the arc-
flash detection channels 1 to 4. This test requires that the relay has the 
SELECT 4 AFDI/3 DIFF ACI or the SELECT 8 AFDI card in Slot E and that 
the external fiber-optic connections are complete. The test checks the integrity 
of the arc-flash detection system. Figure 7.20 shows an example of the AFT 
command response. Refer to Section 11: Testing and Troubleshooting for 
details on the arc-flash self-tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 8. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word bits stay asserted continuously for 10 
seconds.

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: 
hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-710-5                                 Date: 6/09/2013  Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.20 AFT Command Response
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ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.17 for the command 
description and for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before reaching the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale over the time specified

When parameter p is a percentage, the relay displays the following message 
during the test:

When parameter p is a ramp function, the device displays the following 
message during the test:

Table 7.17 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output channel. 2

Parameters

c The analog channel (either the channel name, e.g., A0301, or the channel 
number, e.g., 301).

p A percentage of full scale, or either the letter “R” or “r” to indicate ramp 
mode.

t The duration (in decimal minutes) of the test.

Outputting xx.xx [units] to Analog Output Port for y.y minutes. Press any key 
to end test

where:
xx.xx is the calculation of percent of full scale
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

Ramping Analog Output at xx.xx [units]/min; full scale in y.y minutes. Press 
any key to end test

where:
xx.xx is the calculation based upon range/time t
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

NOTE: 0% = low span, 100% = high 
span. For a scaled output from 4–
20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.
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For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume the analog output signal 
type is 4–20 mA, and we want to test the analog output at 75 percent of rating 
for 5.5 minutes. 

To check the device output, calculate the expected mA output as follows:

To start the test, enter ANA AO301 75 5.5 at the Access Level 2 prompt:

Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

Analog Output Port Test Complete

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =
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BRE Command (Breaker Monitor Data)
Use the BRE command (Access Level 1) to view the breaker monitor report. 
See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor.

 

BRE W or R Command (Preload/Reset Breaker Wear)
The BRE W command (Access Level 2) only saves new settings after the 
Save Changes (Y/N)? message. If a data entry error is made using the 
BRE W command, the values echoed after the Invalid format, changes 
not saved message are the previous BRE values, unchanged by the aborted 
BRE W attempt.

Use the BRE R command (Access Level 2) to reset the breaker monitor:

=>BRE <Enter>

SEL-710-5                               Date: 12/04/2009   Time: 14:26:57
MOTOR PROTECTION RELAY                  Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2009 11:16:21

=>

=>>BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>
                                      IB      = 0.0      ? 18.6  <Enter>
                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>
                                      IB      = 0.0      ? 0.6  <Enter>
                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>
                                      B-phase =   0       ? 28  <Enter>
                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2009 ? 12/04/2009  <Enter>
                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? Y <Enter>

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? Y <Enter>
Clearing Complete

=>>LAST RESET 02/03/10 05:41:07
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See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor. 

CEV Command
The SEL-710-5 provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SYNCHROWAVE Event SEL-5601-2 Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT n 
(CEV n) command to display Compressed ASCII event reports. Parameter n 
indicates the event number. The events can be accessed by the event record 
number or by their unique reference number. The most recent event report is 
record number one (1), the next most recent report is record number two (2), 
and so on. Reference numbers start at 10000 and increment by 1 with each 
event. When the event report list is cleared, the reference number resets to 
10000. See Table C.2 for further information. Compressed ASCII Event 
Reports contain all of the Relay Word bits. The CEV n R command gives the 
raw Compressed ASCII event report. Additionally, the compressed event 
report has the arc-flash detector light measurements.

CMET S and CMET S R Commands
The CMET S command collects data simultaneously from all Ia, Ib, Ic, Va, 
Vb, and Vc and the output contains frequencies and associated magnitudes. 
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Motor Monitoring Using Fourier Analysis on page 5.11 for further details.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained 
by the device as well as statistics for the measured time offsets with the parent 
(master) clock. The PTP data sets contain information about the state, identity, 
and configuration of the local, parent, and grandmaster clocks, in addition to 
properties of the time being distributed by the grandmaster clock.

If the EPTP setting is set to NO, and the COM PTP command (with or 
without any parameters) is sent to the relay, the relay responds with:

If a temporary resource shortage exists, a settings change is in progress, or the 
PTP component is not yet initialized, and the COM PTP command is sent to 
the relay, the relay responds with:

Table 7.18 COM PTP Command

Command Description Access Level

COM PTP Displays the PTP data sets and offset statistics for 
the active PTP slave port of the last active PTP slave 
port before all PTP slave ports went down.

1

COM PTP C or R Clears or resets the PTP offset statistics for all 
ports.

1

=>COM PTP <Enter>

PTP not enabled
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If EPTP is enabled and the COM PTP C or R command is sent to the 
SEL-710-5, the SEL-710-5 responds with: 

If you select Y, the relay responds with: Clearing Complete. If you select N, 
the relay responds with: Command Canceled. If you select anything else, the 
relay responds with: Command Canceled. 

If a COM PTP C or R command is sent to the SEL-710-5 and the PTP 
component is enabled but not yet initialized, the SEL-710-5 responds with:

The SEL-710-5 Relay saves the date and time when the PTP offset statistics 
are cleared. The format of the offset clearing data matches the DATE_F 
Global Setting. The statistic clearing date and time is the time of the last user 
reset through an ASCII command, the last Port 1 settings change, or the last 
power up. The time stamp of the most recent event is displayed.

An example response to the COM PTP command when PTP is available is 
shown in Figure 7.21.

=>COM PTP <Enter>

Command is not available

=>COM PTP C <Enter>

Clear PTP offset statistics?
Are you sure? Y N

=>COM PTP R <Enter>

Command is not available

=>>COM PTP <Enter>

SEL-710-5                                   Date: 05/13/2019   Time: 10:01:41.976
MOTOR RELAY                                 Time Source: External

PTP offset statistics previously cleared on 05/09/2019 09:32:18 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : UDP
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 12 32 22
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 0
  Slave Only : true

Figure 7.21 COM PTP Command Response 
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A description of each PTP data set displayed in Figure 7.21 is given in 
Table 7.19.

Current Data Set
  Steps Removed : 1

Parent Data Set
  Parent Port Identity
  Clock Identity : 00 30 A7 FF FE 0B 29 91
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 0B 29 91
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale 6
    Clock Accuracy : Within 100 ns
    Offset Log Variance : 18887
  Grandmaster Priority1 : 128
  Grandmaster Priority2 : 128

Time Properties Data Set
  Current UTC Offset : 37
  Current UTC Offset Valid : true
  Leap59 : false
  Leap61 : false
  Time Traceable : true
  Frequency Traceable : true
  PTP Timescale : true
  Time Source : GPS
  Local Time Offset 
    Offset Valid : true
    Name : UTC-07:00
    Current Offset : -25237 s
    Jump Seconds : -3600 s
    Time of Next Jump : 1572771637 s

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 12 32 22
    Port Number : 1
  Port State : SLAVE
  Log Pdelay Request Interval : 0
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 4 intervals
  Path Delay Mechanism : P2P
  Failed to Receive Response : true
  Received Multiple Pdelay Responses : false
  Reason for Non-synchronization : 
  Port status : A, ACTIVE

=>>

Figure 7.21 COM PTP Command Response  (Continued)

Table 7.19 PTP Data Set Descriptions (Sheet 1 of 5)

Type of Data Set Information Field Description

Settings PTP Profile This value is the same as PTPPRO.

Transport 
Mechanism

This value is the same as PTPTR.

Path Delay This value is the same as PTHDLY.

Default Two Step For the default data set, this is set to TRUE. A two-step clock uses the combination of 
an event message and a subsequent general message to provide time information. A 
one-step clock uses a single event message to provide time information.

Clock Identity This is an 8-octet number that uniquely identifies the clock on the network. It is 
derived from the Ethernet MAC address.

Number of Ports This is the number of Ethernet ports used to communicate PTP messages. It is 
always 1 for SEL-710-5 relays.

Clock Quantity This contains information about clock class, accuracy, and variance of the 
SEL-710-5.
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Priority1 This is the first priority for the SEL-710-5 used in the default BMCA. It is always set 
to 255.

Priority2 This is the second priority for the SEL-710-5 used in the default BMCA. It is always 
set to 255.

Domain Number This value is the same as DOMNUM. It is the PTP domain number to which the clock 
belongs.

Slave Only This value is always TRUE for SEL-710-5 relays.

Current Steps Removed This is the number of communication paths between the SEL-710-5 Relay and the 
grandmaster clock. A communication path is the link between a master and a slave 
port. Hence, links to transparent clocks do not count as separate paths. The values 
range from 1 to 65535.

Parent Parent Port Identity This contains the clock identity and port number of the adjacent clock to which the 
SEL-710-5 clock is synchronized. The port number identifies the specific port on the 
adjacent clock from which the SEL-710-5 clock is receiving PTP messages. 

Grandmaster Clock 
Identity

This is the clock identity of the grandmaster clock to which the SEL-710-5 is 
synchronized. 

Grandmaster Clock 
Quality

This contains the class, accuracy, and variance of the grandmaster clock.

Grandmaster Clock 
Class

This field displays an ASCII message based on the received clock class code as 
described in the following table.

Table 7.19 PTP Data Set Descriptions (Sheet 2 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

68–122, 133–170, 216–232 Profile specific value

6 Synchronized with PTP timescale

13 Holdover with PTP timescale

14 Synchronized with ARB timescale

52 Holdover degrade A with PTP timescale

58 Holdover degrade A with ARB timescale

187 Holdover degrade B with PTP timescale

193 Holdover degrade B with ARB timescale

248 Default

255 Slave only

All other codes Reserved with decimal code value (xxx)
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Grandmaster Clock 
Accuracy

This field displays an ASCII message based on the received clock accuracy 
enumeration value as described in the following table.

Grandmaster 
Priority1

This is the priority1 value set in the grandmaster clock. If the setting ALTPRIn > 0, 
its value is used as the reported priority1 value for grandmaster n. The expected value 
is between 0 to 255.

Grandmaster 
Priority 2

This is the priority2 value set in the grandmaster clock. The expected value is 
between 0 to 255.

C37.238 TLV 
Information

This is the C37.238 TLV information received. It is valid only in the Power profile. In 
the case of Default profile, this section is hidden.

Time Properties Current UTC Offset This is the current number of leap seconds between TAI and UTC. 

Current UTC Offset 
Valid

This attribute is TRUE if the Current UTC Offset is valid and should be used. It is 
FALSE otherwise.

Leap59 This is set to TRUE if there is an impending leap second removal, i.e., the last minute 
of the current day contains 59 seconds. 

Leap61 This is set to TRUE if there is an impending leap second insertion, i.e., the last minute 
of the current day contains 61 seconds. 

Time Traceable This indicates if the time being served is traceable to UTC reference time. 

Frequency Traceable This indicates if the frequency being distributed is traceable to a primary source. 

Table 7.19 PTP Data Set Descriptions (Sheet 3 of 5)

Type of Data Set Information Field Description

Value (Hex) Message

20 Within 25 ns

21 Within 100 ns

22 Within 250 ns

23 Within 1 μs

24 Within 2.5 μs

25 Within 10 μs

26 Within 25 μs

27 Within 100 μs

28 Within 250 μs

29 Within 1 ms

2A Within 2.5 ms

2B Within 10 ms

2C Within 25 ms

2D Within 100 ms

2E Within 1 s

2F Within 10 s

30 Within 10 s

31 Greater than 10 s

80–FD Profile specific value (0xyy)

FE Unknown

All other values Reserved (0xyy)
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PTP Timescale This is TRUE if the time being served uses the PTP/UTC timescale. Otherwise, it is 
FALSE.

Time Sources This shows the source of the time being distributed based on the value of the time 
source enumeration as shown in the following table.

Local Time Offset This is the offset of local time from UTC and information about impending change in 
the offset.

Port Port Identity This contains the clock ID and port number of the SEL-710-5 Relay on the PTP 
network. 

Port State This is the synchronization state of the SEL-710-5: LISTENING, SLAVE, 
UNCALIBRATED, or FAULTY. The relay is synchronized if the state is SLAVE.

Log Delay Request 
Interval

If the end-to-end delay mechanism is enabled, this is the logarithm to base 2 of the 
delay request intervals (in seconds) received from the master clock. If the peer-to-
peer (P2P) delay mechanism is enabled, these data are hidden. Also, these data are 
hidden when delay mechanism is set to OFF.

Log Pdelay Request 
Interval

If the peer-to-peer (P2P) delay mechanism is enabled, this is the logarithm to base 2 
of the configured peer delay request intervals (PDINT). If the end-to-end delay 
mechanism is enabled, these data are hidden. Also, these data are hidden when the 
delay mechanism is set to OFF.

Peer Mean Path 
Delay

If the peer-to-peer (P2P) delay mechanism is enabled, this is the measured mean peer 
delay on the SEL-710-5. If the peer-to-peer (P2P) delay mechanism is not selected 
(PTHDLY := P2P), these data are hidden.

Announce Receipt 
Timeout

This value is always four announce intervals. 

Path Delay 
Mechanism

This is the same value as PTHDLY.

Failed to Receive 
Response

The value is TRUE if no response is received after five consecutive Delay or Pdelay 
Requests from the port. Otherwise, the value is FALSE. These data are hidden if 
PTHDLY := OFF.

Received Multiple 
Pdelay Responses

This is set to TRUE if a response is received from more than one clock to a Pdelay 
request from the SEL-710-5. The port state will transition to faulty when this 
happens. The value is reset to FALSE when only one clock responds to Pdelay 
requests from the SEL-710-5. These data are hidden if PTHDLY := P2P.

Table 7.19 PTP Data Set Descriptions (Sheet 4 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

10 ATOMIC_CLOCK

20 GPS

30 TERRESTRIAL_RADIO

40 PTP

50 NTP

60 HAND_SET

90 OTHER

A0 INTERNAL_OSCILLATOR

F0–FE PROFILE SPECIFIC VALUE (0xyy)

All other values RESERVED (0xyy)
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COMMUNICATIONS Command
The COM x command (see Table 7.20) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix J: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
Relay Word bits ROKA or ROKB. The Last Error field displays the reason for 
the most recent channel error, even if the channel was already failed. We 
define failure reasons as one of the following error types:

Reason for Non-
synchronization

If the SEL-710-5 fails to synchronize, this field provides one of the following reasons 
for the failure: incorrect domain number, clock not in the acceptable master table, or 
missing TLV in Announce messages. Otherwise, the string is empty. See the 
following table.

Port Status This displays the Port 1A or 1B time-synchronization status. If the port is not 
synchronized to a PTP master, NA is displayed. If a port is in the SLAVE state and it 
is chosen as master, ACTIVE is displayed.

Additional port status indications are available via Relay Word bits PTPA, PTPB, 
PASEL, and PBSEL. When Ethernet Port 1A is active, PASEL asserts. Similarly, 
when Ethernet Port 1B is active, PBSEL asserts. If the operating mode on Port 1 of 
the relay is PRP, PTP is enabled. If the relay is receiving PTP messages on Port 1A, 
PTPA asserts. Similarly, in PTP mode, if PTP is enabled and the relay is receiving 
PTP messages on Port 1B, PTPB asserts. 

Table 7.19 PTP Data Set Descriptions (Sheet 5 of 5)

Type of Data Set Information Field Description

Number Reason for Non-synchronization Display Strings

1 Received Announce message for a different domain: 
<domain number>

2 Received Announce message from an unacceptable master: 
<MAC or IP address>

3 Required TLV is missing or incorrectly formatted by clock:

<clock ID>

➤ Device disabled ➤ Re-sync
➤ Framing error ➤ Data error
➤ Parity error ➤ Loopback
➤ Overrun ➤ Underrun

Table 7.20 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 

COM S B 

Returns a summary report of the last 255 records in the 
communications buffer for either MIRRORED BITS com-
munications Channel A or Channel B when only one 
channel is enabled. 

1 

 

COM A Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel A. 

1 

COM B Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel B. 

1 

COM L A Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel A. 

1 
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.21) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.21.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.22) to copy the settings of Group j 
to the settings of Group k. The settings of Group j effectively overwrite the 
settings of Group k. Parameters j and k can be any available settings group 
number 1 through 4.

COM L B Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel B. 

1 

COM C Clears all communications records. If both MIRRORED 
BITS channels are enabled, omitting the channel speci-
fier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.20 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.21 CONTROL Command

Command Description Access Level

CON RBnn k Sets a Remote Bit to set, clear, or pulse. 2

Subcommand

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

Parameters

nn A number from 01 to 32, representing RB01 through RB32.

k S, C, or P.

=>>CON RB05 S <Enter>

Table 7.22 COPY Command

Command Description Access Level 

COP j k Copies settings in Group j to settings in Group k. 2 

Parameters

j 1, 2, 3, or 4.

k 1, 2, 3, or 4.
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For example when you enter the COP 1 3 command, the relay responds, Are 
you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.23).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.24) to view and set the relay date.

The relay can overwrite the date entered by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(Port 1) status, as shown in Figure 7.22, for the redundant fiber-optic (FX) 
Ethernet Port 1A and Port 1B configuration. The copper Ethernet port is labeled 
as TX. The response is similar for relays with the single Ethernet port option. 

Different Ethernet configurations and different NETMODE settings result in 
slightly different information being displayed, as shown in Figure 7.22 
through Figure 7.26.

Table 7.23 COUNTER Command

Command Description Access Level

COU n Displays current state of device counters n times, with a 
1/2-second delay between each display.

1

Table 7.24 Date Command

Command Description Access Level

DATE Displays the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Sets the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1
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=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:16:05.914
MOTOR RELAY                                Time Source: External

NETMODE: PRP

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
      5098     1000       645526      88876         0       0

=>

Figure 7.22 Ethernet Port (PORT 1) Status Report When NETMODE := PRP

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:18:11.791
MOTOR RELAY                                Time Source: External

NETMODE: FIXED

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
       143      107        14652       7861         0       0

=>

Figure 7.23 Ethernet Port (PORT 1) Status Report When 
NETMODE := FIXED
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=>ETH <Enter>

SEL-710-5                                  Date: 10/25/2016   Time: 10:59:25.558
MOTOR RELAY                                Time Source: Internal

NETMODE: FAILOVER

PRIMARY PORT:  1A
ACTIVE PORT:   1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Down   --     --     TX

IP Port:

MAC: 00-30-A7-67-32-10
IP ADDRESS: 10.10.52.244
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        36       72         2660       5081         0       0

GOOSE Port:

MAC: 00-30-A7-78-10-20

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
         0        0            0          0         0       0

=>

Figure 7.24 Ethernet Port (PORT 1) Status Report When 
NETMODE := FAILOVER, E61850 := Y, and EGSE := Y

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:21:34.698
MOTOR RELAY                                Time Source: External

NETMODE: SWITCHED

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        93       74         8537       5096         0       0

=>

Figure 7.25 Ethernet Port (PORT 1) Status Report When 
NETMODE := SWITCHED

NOTE: Relays with older CPU cards 
can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).
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The command response for the single Ethernet port option is as shown in 
Figure 7.26.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.25) to view event reports. See Section 10: 
Analyzing Events for further details on retrieving and analyzing event reports. 
See the HISTORY Command on page 7.53 for details on clearing event 
reports.

FILE Command
The FIL command (see Table 7.26) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FIL command is supported if you connect over the serial or 
Ethernet ports.

=>ETH <Enter>

SEL-710-5                                 Date: 06/05/2010 Time: 10:41:44
MOTOR RELAY                               Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 
 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>

Figure 7.26 Ethernet Port (PORT 1) Status Report for the Single Ethernet 
Port Option

Table 7.25 EVENT Command (Event Reports)

Command Description Access Level

EVE Return the most recent event report (including set-
tings and summary) at full length with 4 samples per 
cycle data

1

EVE [DIF] n Returns the n event report (standard or differential) 
with 4 samples/cycle data.

1

EVE [DIF] n R Returns the n event report (standard or differential) 
with raw (unfiltered) 32 samples/cycle analog data 
and 4 samples/cycle digital data.

1

Parameters

DIF Specifies a differential event report. If DIF is not specified, the relay 
displays a standard event report.

n Indicates a record or event reference number. The most recent event has 
a record number of 1 and increments by 1 with each event, whereas the 
event reference number is a unique number that starts at 10000 and 
increments by 1 with each event (see Event Reference Number on 
page 10.4 for details). If n is not specified, the relay displays the latest 
event report by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which can be used for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.27.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.26 FILE Command

Command Description Access Level

FIL DIR Returns a list of files. 1

FIL READ 
filename

Transfers settings file filename from the relay to 
the PC.

1

FIL WRITE 
filename

Transfers settings file filename from the PC to the 
relay.

2

FIL SHOW 
filename

Displays contents of the file filename. 1

Table 7.27 GOOSE Command Variants 

Command Variant Description
Access 
Level

GOOSE Displays GOOSE information. 1

GOOSE k Displays GOOSE information k times. 1

GOOSE S Displays a list of GOOSE subscriptions with their 
ID.

1

GOOSE S n Displays GOOSE statistics for all subscription ID n. 1

GOOSE S ALL Displays GOOSE statistics for all subscriptions. 1

GOOSE S n L Displays GOOSE statistics for subscription ID n 
including error history.

1

GOOSE S ALL L Displays GOOSE statistics for all subscriptions 
including error history.

1

GOOSE S n C Clears GOOSE statistics for subscription ID n. 1

GOOSE S ALL C Clears GOOSE statistics for all subscriptions. 1

Information Field Description

Transmit
GOOSE Control Reference

This field represents the GOOSE control reference information that includes the IED 
name, ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and GSECon-
trol name (GSE Control Block Name) (e.g., SEL_351S_1CFG/LLN0$GO$GooseD-
Set13).

Receive
GOOSE Control Reference

This field represents the goCbRef (GOOSE Control Block Reference) information that 
includes the iedName (IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical 
Node Class), and cbName (GSE Control Block Name) 
(e.g., SEL_351S_1CFG/LLN0$GO$GooseDSet13).

MultiCastAddr (Multicast Address) This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where spaces are used if the 
priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area Network) value, where 
spaces are used if the virtual LAN is unknown.

StNum (State Number) This hexadecimal field represents the state number that increments with each state change.
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SqNum (Sequence Number) This hexadecimal field represents the sequence number that increments with each retrans-
mitted GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is expected.

Code When appropriate, this text field contains warning or error condition text that is abbrevi-
ated as follows:

Transmit Data Set Reference This field represents the DataSetReference (Data Set Reference) that includes the IED 
name, LN0 lnClass (Logical Node Class), and GSEControl datSet (Data Set Name) 
(e.g., SEL_351S_1CFG/LLN0$DSet13).

Receive Data Set Reference This field represents the datSetRef (Data Set Reference) that includes the iedName (IED 
name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and datSet 
(Data Set Name) (e.g., SEL_351S_1CFG/LLN0$DSet13).

Ctrl Ref/
ControlBlockReference

This is the GOOSE control block reference. It is a concatenation of the logical device 
name, LLN0 (logical node containing the control block), GO (functional constraint), and 
the GSEControl name. (e.g. SEL_351S_1CFG/LLN0$GO$GooseDSet13) 

AppID This is the application identifier as a decimal number. 

From This is the date and time the current statistics collection started. 

To This is the date and time the GOOSE statistics command was executed. 

Accumulated downtime dura-
tion

This represents the total amount of time a subscription was in an error state. The duration 
is displayed in the format: hhhh:mm:ss.zzz.

Maximum downtime duration This represents the maximum amount of time a subscription was continuously in error 
state. The duration is displayed in the format: hhhh:mm:ss.zzz.

Date & time maximum downtime 
began

This is the date and time the recorded maximum downtime started. 

Number of messages received 
out-of-sequence (OOS)

This represents the total number of messages received with either the state number and/or 
sequence number out-of-sequence. This includes cases where more than one instance of a 
message is received within a single relay processing interval. In this case, the most recent 
message is processed and the others are discarded.

Number of time-to-live (TTL) 
violations detected 

This represents the total number of times a message was not received within the expected 
period/interval. 

Number of messages incor-
rectly encoded or corrupted

This represents the total number of messages that were identified with this subscription 
but were either incorrectly encoded or encoded with a wrong dataset. 

Number of messages lost due 
to receive overflow

This represents the total number of messages that were not processed because memory 
resources were exhausted. This includes cases where more than one instance of a message 
is received within a single relay processing interval. In this case, the most recent message 
is processed and the others are discarded.

Calculated max. sequential 
messages lost due to OOS

This represents the maximum estimated number of messages that were missed after 
receiving a message with a higher state or sequence number than expected.

Calculated number of mes-
sages lost due to OOS

This represents the total of all estimated number of messages lost due to state or sequence 
number skip in received messages. 

Information Field Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired
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Figure 7.27 shows an example response to the GOOSE command.

Table 7.28 Warning and Error Codes for GOOSE Subscriptions

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or 
becomes unresponsive after the GOOSE command has been 
issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the 
configuration revision number in the received GOOSE message 
does not match with the value of the configuration revision 
number present in the CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE 
message has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message 
does not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the 
StNum or SqNum value between received GOOSE messages is 
not sequential.

Warning

INVALID QUAL 7 Invalid date quality received. Warning
a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

=>GOOSE

GOOSE Transmit Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_710d5_1CFG/LLN0$GO$GPub01
 01-0C-CD-01-00-18 4:1     4120   1          5580       362   
 Data Set: SEL_710d5_1CFG/LLN0$GPDSet01

SEL_710d5_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-04 4:3     4      11119      3          944   
 Data Set: SEL_710d5_1CFG/LLN0$NewDataset

GOOSE Receive Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-05 4:3     5      1          5563       2000    
 Data Set: SEL_700G_1CFG/LLN0$NewDataset

SEL_787d4_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-03 4:3     3      1          5522       2000    
 Data Set: SEL_787d4_1CFG/LLN0$NewDataset

=>GOO S 1 L

Figure 7.27 GOOSE Command Response
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GROUP Command
Use the GROUP command (see Table 7.29) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change fails. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.30) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 AppID   : 5    
 From    : 04/20/2018 12:38:30.275  To: 04/20/2018 14:13:43.289

 Accumulated downtime duration                      : 0000:00:09.891
 Maximum downtime duration                          : 0000:00:09.891
 Date & time maximum downtime began                 : 04/20/2018 12:40:21.460
 Number of messages received out-of-sequence(OOS)   : 0
 Number of time-to-live(TTL) violations detected    : 1
 Number of messages incorrectly encoded or corrupted: 0
 Number of messages lost due to receive overflow    : 0
 Calculated max. sequential messages lost due to OOS: 0
 Calculated number of messages lost due to OOS      : 0

 #    Date        Time          Duration        Failure
 1    04/20/2018  12:40:21.460  0000:00:09.891  TTL EXPIRED

Figure 7.27 GOOSE Command Response (Continued)

Table 7.29 GROUP Command

Command Description Access Level

GROUP Displays the active group. 1

GROUP n Modifies the active Group n. 2

Parameter

n Indicates group numbers 1–4.

Table 7.30 HELP Command

Command Description Access Level

HELP Displays a list of each command available at the 
present access level with a one-line description.

1

HELP command Displays information on the command command. 1
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HISTORY Command
Use the HIS command (see Table 7.31) to view a list of one-line descriptions of 
relay events or clear the list (and corresponding event reports) from nonvolatile 
memory. For more information on event reports, see Section 10: Analyzing Events.

ID Command
Use the ID command (see Table 7.32) to extract device identification codes, as 
shown in Figure 7.28. You can use the information in the SPECIAL field in 
the ID command response to determine the hardware and firmware 
compatibility of the relay. Contact SEL technical support before you 
downgrade the relay firmware.

Table 7.31 HISTORY Command 

Command Description Access Level

HIS Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list.

1

HIS [50INC or 
BBD] n

Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list, beginning at event n.

1

HIS [50INC or 
BBD] C or R

Clears/resets the event history and all corre-
sponding event reports from nonvolatile mem-
ory.

1

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

1

HIS date1 date 2 Return the event summaries from date1 to date2, 
with date1 at the bottom of the list and date2 at 
the top of the list.

1

HIS CA or RA Clears/resets the event history and all corre-
sponding event reports from nonvolatile memory 
and resets the unique reference number to 
10000.

1

Parameter

BBD Returns event histories for the broken bar detection element. If 
BBD is not specified, the relay displays histories for the standard 
event report.

50INC Returns event histories for the incipient cable fault detection ele-
ment. If 50INC is not specified, the relay displays histories for the 
standard event report. 

n Indicates an event reference number. The event reference number 
is a unique number that starts at 10000 and increments by 1 with 
each event (see Event Reference Number on page 10.4 for 
details).

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display 
a chronological progression through the report. Enter the newest 
date first to display a reverse chronological progression. Date 
entries are dependent on the date format setting DATE_F.

Table 7.32 ID Command

Command Description Access Level

ID Returns a list of device identification codes. 0
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IRIG Command
Use the IRIG command to direct the relay to read the demodulated IRIG-B 
time code at the serial port or IRIG-B input (see Table 7.33).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRIG command to synchronize the 
relay clock with IRIG-B. Use the IRIG command to determine if the relay is 
properly reading the IRIG-B signal.

L_D Command (Load Firmware)
Use the L_D command (see Table 7.34) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: Firmware Upgrade 
Instructions for further details on downloading firmware. Only download 
firmware to the front port.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

Figure 7.28 ID Command Response

Table 7.33 IRIG Command

Command Description Access Level

IRIG Forces synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRIG <Enter>

SEL-710-5                  Date: 12/10/2003 Time: 08:56:03.190
MOTOR RELAY                Time Source: external
=>

Table 7.34 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads firmware to the relay. 2



7.55

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.35) to view and manage the Load Profile 
report (see Figure 5.27). If there are no stored data and an LDP command is 
issued, the relay responds with No data available.

LOOPBACK Command
The LOO command (see Table 7.36) is used for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix J: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing is wrong and ROK is deasserted. The 
LOO command tells the MIRRORED BITS software to temporarily expect to 
see its own data looped back as its input. In this mode, LBOK asserts if error-
free data are received. The LOO command with just the channel specifier, 
enables looped back mode on that channel for five minutes, while the inputs 
are forced to the default values.

Table 7.35 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Displays a numeric progression of all load pro-
file report rows. Use the LDP command with 
parameters to display a numeric or reverse 
numeric subset of the load profile rows.

1

LDP C Clears the load profile report from nonvolatile 
memory.

1

Parameters

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric pro-
gression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with date1 
and ending with date2. Enter the oldest date first to display a chrono-
logical progression through the report. Enter the newest date first to 
display a reverse chronological progression. Date entries are depen-
dent on the date format setting DATE_F.

Table 7.36 LOO Command

Command Description Access Level 

LOO Enables loopback testing of MIRRORED BITS channels. 2 

LOO A Enables loopback on MIRRORED BITS Channel A for 
the next 5 minutes. 

2 

LOO B Enables loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

LOO R Cancels the loopbackl test. 2

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>



7.56

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
SEL ASCII Protocol and Commands

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the desired number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command causes both channels to be disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as shown 
below.

MET Command (Metering Data)
The MET command (see Table 7.37 and Table 7.38) provides access to the 
relay metering data.

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>>MAC <Enter>

Port 1 (IP) MAC Address:      00-30-A7-67-32-10
Port 1 (GOOSE) MAC Address:   00-30-A7-78-10-20

=>>

NOTE: Relays with older CPU 
cards can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).

Table 7.37 Meter Command

Command Description Access Level

MET c n Displays metering data. 1

MET c R Resets metering data. 2

Parameters

c Identifies meter class. If c is not specified, the relay displays the funda-
mental meter report.

n Specifies the number of times (1–32767) to repeat the meter response.

Table 7.38 Meter Class (Sheet 1 of 2)

c Meter Class

F Fundamental Metering

Ea Energy Metering 

Ma Maximum/Minimum Metering

RMS RMS Metering
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Confirm by 
selecting Y and pressing ENT. The metering quantities are reset and the relay 
responds with Reset Complete.

MMR Command
Use the MMR (motor maintenance report) command to review for each start/
stop cycle motor parameters, such as:

➤ Time to start/stop

➤ Power on start/stop

➤ Maximum starting current

➤ Minimum starting voltage

➤ Slip on stop

The MMR command displays the values recorded during a baseline run and 
each subsequent run. The MMR report includes data for the latest 360 start/
stop cycles, along with the data captured in the baseline run.

See Motor Maintenance Report on page 5.18 for information on the contents 
of the motor maintenance report.

MOTOR Command
The MOT command (see Table 7.40) displays motor operating statistics 
including the following:

➤ Motor running time, stopped time, and percent time running.

➤ Total number of motor starts.

➤ Number of emergency starts.

FFT Fast Fourier Transform Data Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

L Light Metering for arc-flash detection (AFD)

MV SELOGIC Math Variable Metering

RA Remote Analog Metering

a Reset command available.

Table 7.38 Meter Class (Sheet 2 of 2)

c Meter Class

Table 7.39 MMR Command

Command Description Access Level

MMR Displays stored motor parameters for each start/stop 
cycle along with the baseline run.

1

MMR C Clears stored motor parameters for each start/stop 
cycle and readies the relay to compute a new set of 
baseline run parameters in the following start/stop 
cycle.

2
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Section 5: Metering and Monitoring includes additional details on the motor 
operating statistics report. Issuing the MOT R or MOT C command from 
Access Level 2 clears both motor statistics and motor start reports.

MSR or CMSR Command
Use the MSR (Motor Start Report) command (see Table 7.41) to view motor 
start reports. The relay records a 720-data point report each time the motor 
starts. Use the CMSR n command for compressed motor start reports.  
QuickSet supports viewing of the compressed motor start reports (*.cmsr).

See Section 5: Metering and Monitoring for information on the contents of 
motor start reports. Issuing the MOT R or MOT C command from Access 
Level 2 clears both motor statistics and motor start reports.

MST Command
Use the MST (Motor Start Trend) command (see Table 7.42) to review the 
motor start trend data. The relay records the number of starts and average 
information for each of the past eighteen 30-day periods. See Section 5: 
Metering and Monitoring for information on the contents of the motor start 
trend data.

PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.43) to change existing passwords.

Table 7.40 MOTOR Command 

Command Description Access Level

MOT Displays machine operating statistical monitoring of 
the protected device.

1

MOT C or R Use this command to clear/reset the motor statistic and 
motor start report records.

2

Table 7.41 MSR (Motor Start Report) Command

Command Description Access Level

MSR n Returns the n motor start report where n is event record or 
reference number. The n defaults to 1, where 1 is the most 
recent event.

1

CMSR n Shows compressed motor start record data, where n is the 
event record or reference number.

1

Table 7.42 MST (Motor Start Trend) Command

Command Description Access Level

MST Returns the motor start trend data 1

MST R or C Resets or clears the data stored in the motor start trend 
buffers.

2

Table 7.43 PASSWORD Command

Command Description Access Level

PAS level Changes password for Access Level level. 2, C

Parameter

level Parameter level represents the relay Access Levels 1, 2, or C.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.
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The factory-default passwords are as shown in Table 7.44.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change the Access Level 2 password and PAS C to 
change the Access Level C password.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are shown below:

➤ #0t3579!ijd7

➤ $A24.68&,mvj

➤ (Ih2dcs)36dn

➤ *4u-Iwg+?lf-

PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 1) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (Port 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.29. 

The command structure is:

PING x.x.x.x t 

where: 

x.x.x.x is the Host IP address and 

Table 7.44 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Passwords

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1  <Enter>
New PW: ?#Ot3579!ijd7 <Enter>
Confirm PW: ?#Ot3579!ijd7 <Enter>
Password Changed
=>>

Table 7.45 Valid Password Characters

Alpha
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric
0 1 2 3 4 5 6 7 8 9

Special
! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~
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t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing Q.

PULSE Command
Use the PULSE command (see Table 7.46) to pulse any of the relay outputs 
for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact closes 
or opens depending on the output contact type (a or b). The PUL command 
energizes the coil and does not have any effect if the coil is already energized. 
The outputs are OUTnnn, where nnn represents 101–103 (standard), 301–308 
(optional), 401–408 (optional), or 501–508 (optional). For example, 
OUTPUT 301 refers to Output 01 in Slot C. 

QUIT Command
Use the QUIT command (see Table 7.47) to revert to Access Level 0.

Access Level 0 is the lowest access level; the SEL-710-5 performs no 
password check to descend to this level (or to remain at this level).

=>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

=>

Figure 7.29 PING Command Response

Table 7.46 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnn Pulses output OUTnnn for 1 second. 2

PUL OUTnnn s Pulses output OUTnnn for s seconds. 2

Parameters

nnn Output number.

s Time in seconds, with a range of 1–30.

NOTE: The PULSE command is 
available when the breaker control 
jumper on the main board is in the 
ENABLED position.

Table 7.47 QUIT Command

Command Description Access Level

QUIT Goes to Access Level 0. 0
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R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.48) to restore factory-default settings.

RSTP Command
Use the RSTP command (see Figure 7.49) to display the RSTP statistics and 
the present RSTP configuration when RSTP is enabled.

Table 7.50 describes the information displayed in the output of the RSTP 
command.

Table 7.48 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restores the factory-default settings and passwords and 
reboots the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.49 RSTP Command

Command Description Access Level

RSTP Displays the RSTP statistics and the present RSTP 
configuration.

1

Table 7.50 RSTP Command Definitions (Sheet 1 of 2)

Information Field Description

ROOT BRIDGE Reveals the role of the relay in the RSTP configuration. It will either display YES or 
NO.

BRIDGE ID Displays the Bridge ID of the relay, which consists of the bridge priority (in decimal 
format) and the MAC address of the relay.

ROOT BRIDGE ID Displays the Bridge ID of the root bridge, which consists of the bridge priority (in 
decimal format) and the MAC address of the root bridge.

ROOT PORT Displays the port number (i.e., Port 1A or Port 1B) that is forwarding towards the root 
bridge when the relay is a designated bridge. If the relay is the root bridge, this dis-
plays NA.

TIME SINCE TOPOLOGY CHANGE Displays the number of seconds since the last topology change occurred.

BRIDGE PRIORITY Determines the root bridge. The bridge with the lowest value becomes the root bridge. 
It can be set under the Port 1 settings.

HELLO TIME Interval in which the relay sends BPDUs. It is fixed at 2 seconds.

MAX AGE Maximum number of hops before a BPDU is discarded. It is fixed at 40.

FORWARD DELAY The time that the relay must spend in the listening and learning states before transi-
tioning to forwarding. It is fixed at 21 seconds. This is only used when the relay is in 
STP compatibility mode.

PORT 1A PROTOCOL Displays either STP or RSTP.

PORT 1B PROTOCOL Displays either STP or RSTP.

PORT 1A STATE The state of Port 1A.

PORT 1B STATE The state of Port 1B.

PORT 1A ROLE The role of Port 1A.

PORT 1B ROLE The role of Port 1B.

PORT 1A PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.
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Figure 7.30 shows an example response to the RSTP command.

RLP Command
Use the RLP command (see Table 7.51) to reset learned motor parameters.

In response to the RLP command, the device responds with the following 
prompt: Reset Cooltime (Y/N)? If you confirm the prompt, the device 
resets the learned cooling time and responds: Learned Cooling Time 
Reset. Otherwise, the device aborts the request and responds: Command 
Canceled. The device then responds: Reset Start TC (Y/N)? If you 
confirm the prompt, the device resets the Learned Starting Thermal Capacity 
and responds: Learned Starting TC Reset. Otherwise, the device aborts 
the request and responds with Command Canceled.

PORT 1B PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.

PORT 1A PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1B PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1A EDGE PORT If YES, Port 1A is an edge port. If NO, it is not.

PORT 1B EDGE PORT If YES, Port 1B is an edge port. If NO, it is not.

PORT 1A BPDU COUNT Displays the number of BPDUs received on Port 1A.

PORT 1B BPDU COUNT Displays the number of BPDUs received on Port 1B.

Table 7.50 RSTP Command Definitions (Sheet 2 of 2)

Information Field Description

=>RSTP <Enter>

SEL-710-5                                 Date: 08/26/2022   Time: 10:37:34.788
MOTOR RELAY                          Time Source: External

RSTP Communication Statistics: 

Root Bridge: NO
Bridge Id: 36864-0030A7169000
Root Bridge Id: 12288-0030A70B64F9
Root Port: 1A
Time Since Topology Change: 76601 sec
Bridge Priority: 36864;   Hello Time:  2 sec
Max Age: 40;   Forward Delay:  21 sec

PORT PROTOCOL  STATE       ROLE    PRIORITY  PATHCOST EDGE #BPDU-RCVD 
 1A   RSTP   Forwarding   Rootport    128    200000   False     39608 
 1B   RSTP   Discarding   Disabled    128    200000   False      1077 

=>

Figure 7.30 RSTP Command Response

Table 7.51 RLP Command

Command Description Access Level

RLP Resets learned motor parameters 2
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SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.52) to view and manage the Sequential 
Events Recorder report. See Section 10: Analyzing Events for further details 
on SER reports. If there is no SER report row stored, the relay responds with 
No Data Available.

SET Command (Change Settings)
Use the SET command to view or change the relay settings (see Table 7.53).

Table 7.52 SER Command (Sequential Events Recorder Report) 

Command Description Access Level

SER Displays a chronological progression of all available 
SER rows (as many as 1024 rows). Row 1 is the most 
recently triggered row and row 1024 is the oldest.

1

SER C or R Clears/resets the SER records. 1

Parameters

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the report. 
Enter the larger number first to display a reverse numeric progression of 
rows. For example, use SER 1 10 to return the first 10 rows in numeric 
order or SER 10 1 to return these same items in reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use SER 1/1/
2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date begin-
ning with date1 and ending with date2. Enter the oldest date first to dis-
play a chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F. For example, use SER 1/5/
2003 1/7/2003 to return all records for January 5, 6, and 7, 2003.

Table 7.53 SET Command (Change Settings) (Sheet 1 of 2)

Command Description Access Level

SET n s TERSE Sets the relay settings, beginning at the first 
setting for Group n.

2

SET E TERSE Sets the EtherNet/IP settings. 2

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.54.

The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SET L n s TERSE Sets the general logic settings for Group n. 2

SET G s TERSE Sets the global settings. 2

SET P k s TERSE Sets the serial port settings. k specifies the 
port; k defaults to the active port if not listed.

2

SET R s TERSE Sets the report settings such as Sequential 
Events Recorder (SER) and Event Report (ER) 
settings.

2

SET F s TERSE Sets the front-panel settings. 2

SET I TERSE Sets the IEC 60870-5-103 settings. 2

SET M s TERSE Sets the Modbus User Map settings. 2

SET DNP m s TERSE Sets the DNP Map m settings. 2

Table 7.54 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.53 SET Command (Change Settings) (Sheet 2 of 2)

Command Description Access Level

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.55 for the 
SHOW command settings and format.

Table 7.55 SHOW Command (Show/View Settings)

Command Description Access Level

SHO n s Shows the relay settings for Group n. 1

SHO E Shows the EtherNet/IP assembly map settings. 1

SHO L n s Shows the general logic settings for Group n. 1

SHO G s Shows the Global settings. 1

SHO P k s Shows the serial port settings. k specifies the port 
(1, 2, 3, 4, or F); k defaults to the active port if not 
listed.

1

SHO R s Shows the report settings, such as Sequential 
Events Recorder (SER) and Event Report (ER) set-
tings.

1

SHO F s Shows the front-panel settings. 1

SHO I Shows the IEC 60870-5-103 settings. 1

SHO M s Shows the Modbus User Map settings. 1

SHO DNP m s Shows the DNP Map m settings. 1

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s The name of the specific setting you want to view. Jumps to this set-
ting. If s is not entered, the relay starts at the first setting.

=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-710-5
TID      := SYNCHRONOUS MTR

Config Settings
SYNTYPE  := BRUSHLESS     CTR1     := 100           FLA1     := 250.0
VFDAPP   := N             CTRN     := 100           PTR      := 35.00
VNOM     := 4160          DELTA_Y  := DELTA         SINGLEV  := N

Thermal Overload
E49MOTOR := Y             SETMETH  := RATING        49RSTP   := 75
SF       := 1.15          LRA1     := 6.0           LRTHOT1  := 10.0
TD1      := 1.00          RTC1     := AUTO          TCAPU    := 85
TCSTART  := OFF           COOLTIME := 84

Phase Overcurr
50P1P    := 10.00         50P1D    := 0.00          50P2P    := OFF

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF

Residual Overcur
50G1P    := OFF           50G2P    := OFF

Neq Seq Overcur
50Q1P    := 3.00          50Q1D    := 0.10          50Q2P    := 0.30
50Q2D    := 0.2

Figure 7.31 SHOW Command Example
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Phase TOC
51AP     := OFF           51BP     := OFF           51CP     := OFF

Maximum Ph TOC
51P1P    := OFF           51P2P    := OFF

Negative Seq TOC
51QP     := OFF

Residual TOC
51G1P    := OFF           51G2P    := OFF

Motor Diff OC
E87M     := N

Jam Settings
LJTPU    := OFF           LJAPU    := OFF

Undercurrent Set
LLTPU    := OFF           LLAPU    := OFF

Current Imb Set
46UBT    := 20            46UBTD   := 5             46UBA    := 10
46UBAD   := 10

Start Monitoring
START_T  := OFF

Star-Delta Set
ESTAR_D  := N

Start Inhibt Set
MAXSTART := OFF           TBSDLY   := OFF           ABSDLY   := OFF

Phase Rev Set
E47T     := Y

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF

27 Inverse Time
E27I1    := N             E27I2    := N

59 Inverse Time
E59I1    := N             E59I2    := N             E59I3    := N
E59I4    := N

VAR Settings
NVARTP   := OFF           PVARTP   := OFF           NVARAP   := OFF
PVARAP   := OFF

Loss of Field Set
E40      := N

Out of Step
E78      := N

Field Res Set
FDRES1P  := OFF           FDRES2P  := OFF
FDRESTC  := SRUNNING

Field Current Set
FDCURIN  := I             FD_20mA  := 400.0         FDUC1P   := OFF
FDUC2P   := OFF           FDOC1P   := OFF           FDOC2P   := OFF
FDCTC    := SRUNNING

Field Voltage Set
FDUV1P   := OFF           FDUV2P   := OFF           FDOV1P   := OFF
FDOV2P   := OFF
FDVTC    := NOT STOPPED

Start Seq Set
41DELAY  := 3.0           FDCMIN   := 400.0

Figure 7.31 SHOW Command Example (Continued)
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.56) displays the status report. See 
Figure 7.32 for an example of a status report.

Refer to Section 11: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.57 shows the status report definitions and message formats for each 
test. Refer to Figure 1.3 and Figure 1.4 for examples of the STATUS 
command response.

Underpower Set
37PTP    := OFF           37PAP    := OFF

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF           55I1SUP  := OFF
55TC     := SRUNNING

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF

Load Control Set
LOAD     := OFF

Trip Inhibit
BLKPROT  := 0
BLK46    := N             BLK48    := N             BLK50EF  := N

BLK50P   := N             BLK37    := N             BLK66    := N
BLK49RTD := N

Trip/Close Logic
TDURD    := 0.5

TR       := 49T OR LOSSTRIP OR JAMTRIP OR 46UBT OR 50P1T OR 50G1T OR 59P1T OR
            47T OR SPDSTR OR 50N1T OR SMTRIP OR ( 27P1T AND NOT LOP ) OR SV01T
            OR SV03T
REMTRIP  := 0
TRIPONLO := Y
ULTRIP   := 0

52A      := 0
41A      := 0

Motor Control
STREQ    := PB03
BLKSTR   := STOPPED AND ( THERMLO OR NOSLO OR TBSLO OR ABSLO )
EMRSTR   := 0
SPEEDSW  := 0

=>

Figure 7.31 SHOW Command Example (Continued)

Table 7.56 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Displays the relay self-test information n times (n = 1–
32767). Defaults to 1 if n is not specified.

1

STA S Displays the memory and execution utilization for the 
SELOGIC control equations.

1

STA C or R Reboots the relay and clears self-test warning and fail-
ure status results.

2
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Figure 7.32 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

Table 7.57 STATUS Command Report and Definitions 

STATUS Report 
Designator

Definition Message Format

Serial Num Serial number Text Data

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

Current Offset
(IA, IB, IC, IN, 
IA87, IB87, IC87)

Measurement of dc offset in hardware cir-
cuits of current channels

Measurement of 
dc Offset/WARN

Voltage Offset
(VA, VB, VC, 
VDR)

Measurement of dc offset in hardware cir-
cuits of voltage channels

Measurement of 
dc Offset/WARN

x.x V Power supply status Voltage/FAIL

FPGA FPGA programming unsuccessful, or 
FPGA failed

OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL

HMI Front-panel FPGA programming unsuc-
cessful, or front-panel FPGA failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that 
runs in RAM

OK/FAIL

NON_VOL Integrity of data stored in nonvolatile 
memory

OK/FAIL

BATT Clock battery voltage Voltage/WARN

CLOCK Clock functionality OK/WARN

PTC Integrity of PTC OK/FAIL

RTD Integrity of RTD module/communications OK/FAIL

CARD_Z Integrity of Card Z OK/FAIL

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications 
data rate ___kbps

Text Data

DN_Status DeviceNet connection and fault status 
000b bbbb

Text Data

CID_FILE Configured IED description file OK/FAIL
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STOP Command
The STOP command (see Table 7.58) causes the relay to trip, opening the 
motor contactor or circuit breaker and stopping the motor. For further details 
refer to Figure 4.74.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the 
STOP command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), 
the relay does not execute the STOP command, and it responds with the 
following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

STR Command
The STR command (see Table 7.59) uses internal relay logic to initiate a 
motor start. For further details refer to Section 4: Protection and Logic 
Functions.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the STR 
command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the STR command from the ASCII terminal, and it 
responds with the following:

=>STA S <Enter>
SEL-710-5                                Date: 05/09/2006   Time: 15:44:46
MOTOR RELAY                              Time Source: Internal
Part Number  071050E1B0X0X7286023X
Global (%)    76
FP (%)        77
Report (%)    62
               GROUP 1  GROUP 2  GROUP 3  GROUP 4
Execution (%)   90       95       95       95
Group (%)       67       70       70       70
Logic (%)       89       90       90       90

=>

Figure 7.32 Typical Relay Output for STATUS S Command

NOTE: The STA S report shows the 
available SELOGIC capacity of the 
relay. For example, execution 90% 
means that 90% of the execution 
capacity is still available. 

Table 7.58 STOP Command

Command Description Access Level

STOP Initiates user operation of an output to stop the motor. 2

=>>STO <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.59 STR Command

Command Description Access Level

STR Initiates user operation of an output to start and run the 
motor.

2
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The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

SUMMARY Command
The SUM command (see Table 7.60) displays an event summary in human 
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., OVERLOAD TRIP).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.61) displays the status of front-panel target 
LEDs or Relay Word bits, whether these LEDs or Relay Word bits are asserted 
or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.62. All Relay Word 
rows are described in Table L.1 and Table L.2. Relay Word bits are used in 
SELOGIC control equations. See Appendix L: Relay Word Bits.

=>>STR <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.60 SUMMARY Command

Command Description Access Level

SUM n Displays event summary n (where n is either the event 
record or the reference number).

1

SUM R or C Clears the archive. 1

Table 7.61 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

 TAR Displays Relay Word Row 0 or the last dis-
played target row.

1

TAR name k Displays the target row with target name in the 
row. Repeat display of this row for repeat count k.

1

TAR n Displays target row n. 1

TAR n k Displays target row n. Repeat display of row n 
for repeat count k.

1

TAR R Clears front-panel tripping targets. Unlatches 
the trip logic for testing purposes (see 
Figure 8.2). Shows Relay Word Row 0.

1

Parameters

name Displays the Relay Word row with Relay Word bit name.

n Shows Relay Word row number n.

k Repeats k times (1–32767).

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

TEST DB Command
Use the TEST DB command to temporarily force the relay to send fixed 
analog and/or digital values over communications interfaces for protocol 
testing.

If the relay is enabled to control IEC 61850 mode/behavior, then the TEST 
DB command can only be used when the relay is in On mode. The TEST DB 
command cannot be used in any other mode.

If the TEST DB command is active while the relay is in On mode, a change of 
mode will deactivate the TEST DB command.

The TEST DB command provides a method to override Relay Word bits or 
analog values to aid testing and commissioning of communications interfaces 
only and should not be used on an energized system. The command overrides 
values in the communications interfaces (ASCII, SEL Fast Message, DNP, 
Modbus, EtherNet/IP, IEC 60870-5-103, and IEC 61850) only. The actual 
values used by the relay for protection and control are not changed. However, 
remote devices may use these analog and digital signals to make control 
decisions. Ensure that remote devices are properly configured to receive the 
overridden data before using the TEST DB command.

R1xx firmware versions use a previous version of the TEST DB command 
that aids testing and commissioning of IEC 61850 protocol only. Note that the 
TEST DB command supported by R1xx firmware versions provides a method 
to override Relay Word bits only and should not be used on an energized 
system. If used on an energized system, the command can lead to undesired 
operations including a potential trip. 

Table 7.62 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

Table 7.63 TEST DB Commands 

Command Description Access Level

TEST DB Displays the present status of digital and 
analog overrides.

2

TEST DB A name value Forces the protocol analog element name to 
override value.

2

TEST DB D name value Forces the protocol digital element name to 
override value.

2

TEST DB name OFF Clears (analog or digital) override for ele-
ment name.

2

TEST DB A OFF Clears all analog overrides. 2

TEST DB D OFF Clears all digital overrides 2

TEST DB OFF Clears all analog and digital overrides. 2

WARNING
To reduce the chance of a false 
operating decision when using the 
TEST DB command, ensure that 
protocol master device(s) flag the data 
as “forced or test data”. One possible 
method is to monitor the TESTDB 
Relay Word bit.

NOTE: The TEST DB command does 
not support digital points in the case 
of SEL Fast Message protocol.
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To override analog data in a communications interface, enter the following 
from Access Level 2 or higher:

where value is a numerical value and name is an analog label from Table M.1, 
Analog Quantities, with an “x” in the DNP, Modbus, EtherNet/IP, Fast Meter, 
IEC 60870 5-103, or IEC 61850 column. For example, the TEST DB 
command can be used to force the value of the A-phase current magnitude 
transmitted to a remote device to 100 amperes:

To override digital data in an SEL ASCII, Modbus, EtherNet/IP, DNP, IEC 
60870-5-103, or IEC 61850 communications interface, enter the following 
from Access Level 2 or higher:

where name is a Relay Word bit (see Table L.1) and value is 1 or 0. For 
example, if Relay Word bit 51P1T := logical 0, the TEST DB command can 
be used effectively to test the communications interface by forcing the 
communicated status of this Relay Word bit to logical 1:

Values listed in the SER triggers SER1, SER2, SER3, and SER4 cannot be 
overridden.

When the relay is not in Test Mode, the relay responds to either the digital or 
analog override request with the following message:

The relay responds:

Relay Word bit TESTDB will also assert to indicate that Test Mode is active. If the 
relay is already in the test mode (overrides are already active), the relay responds:

=>>TEST DB A name value <Enter>

=>>TEST DB A IA_MAG 100 <Enter>

=>>TEST DB D name value <Enter>

=>>TEST DB D 51P1T 1 <Enter>

WARNING:  TEST MODE is not a regular operation.
Communication outputs of the device will be overridden by simulated values.

Are you sure (Y/N)? Y <Enter>

Test Mode Active.  Use Test DB OFF command to exit Test Mode.
Override Added

Override Added

NOTE: When using the TEST DB 
command to generate values for Fast 
Meter testing, you may need to 
override all current and voltage 
angles (IA_ANG, VA_ANG, etc.) to 
ensure the expected phase 
relationship.

NOTE: When using the TEST DB 
command, specifying a negative value 
may yield an unexpected display in 
some instances.
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The TEST DB command alone displays the present status of digital and 
analog overrides. An example TEST DB response after two analogs follows:

Individual overrides are cleared using the TEST DB command with the OFF 
parameter:

Entering TEST DB A OFF clears all analog overrides and TEST DB D OFF 
clears all digital overrides. Entering TEST DB OFF without any parameters 
clears all overrides. When there are no overrides, the relay automatically exits 
the Test Mode and clears all overrides if no TEST DB commands are entered 
for 30 minutes.

TIME Command (View/Change Time)
The TIME command (see Table 7.64) returns information about the 
SEL-710-5 internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-710-5 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.65) to trigger the SEL-710-5 to record 
data for high-resolution oscillographs and event reports.

=>>TEST DB <Enter>

SEL-710-5                          Date: 02/02/09    Time: 16:24:38.764
FEEDER RELAY                     Time Source: Internal

NAME          OVERRIDE VALUE
IA_MAG             100.0000
FREQ                60.0000

=>>

=>>TEST DB D or A name OFF <Enter> 

Table 7.64 TIME Command (View/Change Time)

Command Description Access Level

TIME Displays the present internal clock time. 1

TIME hh Sets the internal clock to hh. 1

TIME hh:mm Sets the internal clock to hh:mm. 1

TIME hh:mm:ss Sets the internal clock to hh:mm:ss. 1

Table 7.65 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Triggers an event report data capture. 1
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When you issue the TRI command, the SEL-710-5 responds with Triggered. 
If the event does not trigger within one second, the relay responds with Did 
not trigger. See Section 10: Analyzing Events for further details on event 
reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command under the direction of SEL. The information 
contained in a vector report is formatted for SEL in-house use only. Your SEL 
application engineer or the factory may request a VEC command capture to 
help diagnose a relay or system problem.

Language Support
All of the ASCII commands can be displayed in multiple languages (English 
or Spanish). When you set the port setting LANG (see Table 4.96) to either 
ENGLISH or SPANISH, the SEL-710-5 displays the ASCII commands in the 
corresponding language. See the SEL-710-5 Relay Command Summary for a 
list of commands.

Virtual File Interface
You can retrieve and send data as files through the relay virtual file interface. 
Devices with embedded computers can also use the virtual file interface. 
When using serial ports with SEL ASCII protocol or an Ethernet port with 
Telnet, use the FILE DIR command to access the file interface. When using 
the Ethernet port, the FTP and MMS protocols supported by the Ethernet port 
present the file structure and send and receive files.

Send and receive files using the following three protocols:

FTP and MMS File 
Structure

The Ethernet FTP and the IEC 61850 MMS have a two-level file structure. 
Files are available at the root level and subdirectories. Table 7.67 shows the 
directories and their contents.

Table 7.66 VEC Command

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2

Protocol Port Availability

File Transfer Protocol (FTP) Ethernet Only

Manufacturing Message Specification (MMS) Ethernet Only

Ymodem Serial and Ethernet

Table 7.67 FTP and MMS Virtual File Structure (Sheet 1 of 2)

Directory Contents

/ (Root) CFG.TXT file, CFG.XML file, ERR.TXT file and SET_61850.CID 
and the SETTINGS, REPORTS, EVENTS, COMTRADEa, and 
HMIb directories

/SETTINGS Relay settings

/REPORTS SER, LDP, MOT, MST, MSR, BRE, and HIS reports
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Root Directory
The root directory (/) contains files and subdirectories as shown in Table 7.67.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each settings class. External support software retrieves the CFG.TXT file 
to interact automatically with the relay. Calibration settings are included only 
when the file is read at Access Level C.

CFG.XML File (Read-Only)
Present only in units with the Ethernet option, the CFG.XML file is 
supplementary to the CFG.TXT file. The CFG.XML file describes the IED 
configuration and any options such as the Ethernet port, and includes firmware 
identification, settings class names, and configuration file information.

ERR.TXT (Read-Only) and SET_61850.CID File
Present if ordered with the IEC 61850 protocol option. The ERR.TXT file 
contents is based on the most recent SET_61850.CID file written to the relay. 
If there were no errors, the file is empty. If errors occurred, the relay logs these 
errors in the ERR.TXT file. The SET_61850.CID file contains the IEC 61850 

/EVENTS CEV, COMTRADE, and HIS reports

/COMTRADEa COMTRADE events

/HMIb Touchscreen settings (SET_HMI.zds and CDP.zds) and diagnostics 
(HMI_ALL.zip)

a The COMTRADE directory is only available in MMS file structure.
b Available only in the SEL-710-5 touchscreen display model. HMI_ALL.zip is not available in the 

MMS file structure.

Table 7.67 FTP and MMS Virtual File Structure (Sheet 2 of 2)

Directory Contents

[INFO]
RELAYTYPE=SEL-710-5
FID=SEL-710-5-X209-V0-Z003002-D20180124
BFID=BOOTLDR-R500-V0-Z000000-D20090925
PARTNO=071050E1BA3BX7486A270
[FRONTPANEL]
BDP=1.0.40710.2081
[CLASSES]
PF,"Port F"
P4,"Port 4"
P2,"Port 2"
P3,"Port 3"
P1,"Port 1"
G,"Global"
1,"Group 1"
2,"Group 2"
3,"Group 3"
4,"Group 4"
L1,"Logic 1"
L2,"Logic 2"
L3,"Logic 3"
L4,"Logic 4"

M,"Modbus User Map"
R,"Report"
F,"Front Panel"
D1,"DNP Map 1 Settings"
D2,"DNP Map 2 Settings"
D3,"DNP Map 3 Settings"
I,"IEC 60870-5-103 Map"
E1,"EtherNet/IP Assembly Map 1 Settings"
E2,"EtherNet/IP Assembly Map 2 Settings"
E3,"EtherNet/IP Assembly Map 3 Settings"

Figure 7.33 CFG.TXT File
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configured IED description in XML. ACSELERATOR Architect SEL-5032 
Software generates and then downloads this file to the relay. See Appendix G: 
IEC 61850 Communications for more information.

Settings Directory (Available for FTP and MMS)
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather 
than directly accessing them via other means. External settings support 
software reads settings from all of these files to perform its functions. The 
relay only allows you to write to the individual SET_cn files, where c is the 
settings class code and n is the settings instance. Except for the SET_61850 
CID file, changing settings with external support software involves the 
following steps:

Step 1. Read the CFG.TXT and the SET_ALL.TXT files from the 
relay using a support software.

Step 2. Modify the settings for each settings class and send the 
corresponding SET_cn.TXT file to the relay using the support 
software.

Step 3. Read the ERR.TXT file from the relay. If the ERR.TXT file is 
empty, the relay detected no errors in the SET_Cn.TXT file and 
it is accepted. 

Step 4. For any detected errors, fix the SET_cn.TXT file as indicated 
by the ERR.TXT file and send the SET_cn.TXT file to the 
relay.

Step 5. Repeat Step 2 to Step 4 for each setting class that you want to 
modify.

Step 6. After all setting changes are complete, test and commission the 
relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in 
the relay. Calibration settings are included only when the file is read at Access 
Level C.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 7.68 summarizes 
the settings files. The settings class is designated by c, and the settings 
instance number is designated by n.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT file 
written to the relay. If there were no errors, the file is empty. If errors occurred, 
the relay logs these errors in the ERR.TXT file.

Table 7.68 Settings Directory Files (Sheet 1 of 2)

File Name Settings Description

SET_n.TXT Group; n in range 1-4

SET_Dn.TXT DNP3 Map; n in range 1-4

SET_En.TXT EtherNet/IP Assembly Map; n in range 1–3

SET_F.TXT Front panel
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Reports Directory (Read-Only) (Available for FTP and MMS)
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 7.69. Note that the relay provides a report file that contains the latest 
information each time you request the file. Each time you request a report, the 
relay stores its corresponding command response in the designated text file.

SET_G.TXT Global

SET_I.TXT 60870 Map

SET_Ln.TXT Logic; n in range 1-4

SET_M.TXT Modbus Map

SET_Pn.TXT Port; n in range 1, 2, 3, 4, F

SET_R.TXT Report

SET_ALL.TXT All instances of all settings classes

ERR.TXT Error log for most recently written settings file

Table 7.68 Settings Directory Files (Sheet 2 of 2)

File Name Settings Description

Table 7.69 Reports Directory Files

File Name Description
Equivalent 
Command 
Response

BRE.TXT Breaker Report BRE

CHISTORY.TXT Compressed ASCII History Report CHI

HISTORY.TXT History Report HIS

CLDP.TXT Compressed Load Profile Data CLDP

LDP.TXT Load Profile Data LDP

CSER.TXT Compressed Sequence of Events CSER

SER.TXT Sequence of Events SER

MOT.TXT Motor Statistics Report MOT

MST.TXT Motor Start Trend Report MST

HIS_BBD.TXT Broken Bar Detection History Report HIS BBD

CM_nnnnn.CEV Compressed Motor Start Report; event ID 
number = nnnnn

CMSR nnnnn

MSR_nnnnn.CFGa Motor Start Report COMTRADE config-
uration file; event ID number = nnnnn

N/A

MSR_nnnnn.DATa Motor Start Report COMTRADE binary 
data file; event ID number = nnnnn

N/A

MSR_nnnnn.HDRa

a Also available in the COMTRADE directory for MMS only.

Motor Start Report COMTRADE header 
file; event ID number = nnnnn

N/A
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Events Directory (Read-Only)
The relay provides history, event reports, and oscillography files in the 
EVENTS directory as shown in Table 7.70.

Event reports are available in the following formats:

➤ SEL Compressed ASCII

➤ Binary COMTRADE format (IEEE C37.111-1999)

The size of each event report file is determined by the LER setting in effect at 
the time the event is triggered.

Compressed SEL ASCII event report files are generated, when requested, by 
storing the appropriate command response shown in Table 7.70.

Oscillography files are generated at the time the event is triggered (see Event 
Reporting on page 10.2). Higher resolution oscillography is available with 
SEL Compressed ASCII 32 sample/cycle raw event reports and binary 
COMTRADE files.

COMTRADE event files are available to read as a batch. See Batch File 
Access on page 7.80.

HR_nnnnn.* (Read-Only)
The three files HR_nnnnn.CFG, HR_nnnnn.DAT, and HR_nnnnn.HDR shown 
in Table 7.70 are used to create an event report that conforms to the 
COMTRADE standard. The event is an unfiltered (raw) 32 samples/cycle 
event. The field, nnnnn, corresponds to the unique event identification number 
displayed by the HIS command. For details on event reports see Section 10: 
Analyzing Events.

COMTRADE Directory (Available Only for MMS)
When using MMS file transfer, conveniently retrieve all of the COMTRADE 
files from the COMTRADE directory. Note that the COMTRADE files are 
also available in the Events directory. Refer to Table 7.70 for all the files 
available in the COMTRADE directory.

Table 7.70 Event Directory Files 

File Name Description
Equivalent Command 
Response

CHISTORY.TXTa Compressed ASCII History Report CHI

HISTORY.TXTa History Report HIS

C4_nnnnn.CEV Compressed 4-samples/cycle ASCII filtered event report; event ID 
number = nnnnn

CEV nnnnn

CR_nnnnn.CEV Compressed 32-samples/cycle ASCII raw event report; event ID 
number = nnnnn

CEV R nnnnn

HR_nnnnn.CFGb COMTRADE configuration file; event ID number = nnnnn N/A

HR_nnnnn.DATb COMTRADE binary data file; event ID number = nnnnn N/A

HR_nnnnn.HDRb COMTRADE header file; event ID number = nnnnn N/A

a Also available in the Reports directory for convenience.
b Also available in the COMTRADE directory for MMS only.



7.79

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
Virtual File Interface

HMI Directory (Read and Write)
Use the HMI directory to retrieve the diagnostic information and the setting 
files that apply to the touchscreen. Refer to Table 7.67 for all the files available 
in the HMI directory.

Ymodem File 
Structure

All the files available (see Table 7.71) for Ymodem protocol are in the root 
directory. See FILE Command on page 7.48 for a response to the FIL DIR 
command.

Table 7.71 Files Available for Ymodem Protocol (Sheet 1 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

CFG.TXT See Root Directory on page 7.75 1, 2, C N/A

ERR.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_ALL.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_n.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_C.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 C C

SET_Dn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_F.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_G.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_I.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Ln.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_M.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Pn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_R.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

C4_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CM_nnnnn.CMSR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CR_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.CFG See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.DAT See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.HDR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

BRE.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CHISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CLDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

LDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CSER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MOT.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A
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Batch File Access Files can be accessed as a batch by using the supported wildcard character, *.

FTP and MMS Wildcard Usage
Table 7.72 shows examples using supported wildcards. Note that these 
wildcards may be appended to a directory path (e.g., /specified_directory/
*.txt).

MST.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HIS_BBD.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.CFGb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.DATb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.HDRb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SET_HMI.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

CDP.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

HMI_ALL.zip See HMI Directory (Read and Write) on page 7.79 1, 2, C N/A

a Calibration settings are included only when accessed at Access Level C.
b Also available in the COMTRADE directory for MMS only.

Table 7.71 Files Available for Ymodem Protocol (Sheet 2 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

Table 7.72 FTP and MMS Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files and/or subdirectories 
in a specified directory whose 
name (including extension) ends 
with xyz.

/*.TXT List all files with the 
.TXT extension.

abc* Lists all files and/or subdirectories 
in a specified directory whose 
name begins with abc.

/SETTINGS/SET* List all settings files 
that start with SET.

*mno* Lists all files and/or subdirectories 
in a specified directory whose 
name contains mno.

/EVENTS/*_100* List all events that 
contain _100 in the 
ID number.
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Ymodem Wildcard Usage
Event, report, and diagnostic files can also be accessed as a batch using 
wildcards.

Table 7.73 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files that end 
with xyz.

FILE DIR 
HIS*.TXT

Lists all of the metering files 
(HISTORY.TXT)

abc* Lists all files whose 
name begins with abc.

FILE READ 
HR_10007*

Retrieves all of the three files for 
the COMTRADE event 10007 
(HR_10007.CFG, HR_10007.DAT, 
and HR_10007.HDR)

NOTE: Ymodem protocol does not 
support wildcards for settings files.
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Front-Panel Operations

Overview
The front panel of the SEL-710-5 Motor Protection Relay makes data 
collection and control quick and efficient. You can order the SEL-710-5 with 
either the two-line LCD, or the 5-inch, color, 800 x 480-pixel touchscreen 
display, as shown in Table 1.2 and Figure 8.1. Each display option comes with 
eight control pushbuttons. Use either front panel to analyze operating 
information, view and change relay settings, and perform control functions. 
You can use the front-panel to accomplish the following activities:

➤ Read metering

➤ Inspect targets

➤ Access settings

➤ Control relay operations

➤ View diagnostics

The two-line display and the touchscreen display front-panel models are 
similar in all aspects except the display and navigation scheme. The 
touchscreen display model offers additional features with respect to 
monitoring, control, and device status that are discussed in Touchscreen 
Display Front Panel. The function of operation and target LEDs and the 
TARGET RESET and control pushbuttons are similar in both front-panel 
variations.

Figure 8.1 SEL-710-5 Front-Panel Options
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This section includes the following:

➤ Two-Line Display Front Panel on page 8.2. Discusses the 
navigation scheme in the two-line display models, the 
operation of target LEDs, and programming of the control 
pushbuttons.

➤ Touchscreen Display Front Panel on page 8.20. Discusses the 
navigation scheme and the display screens in the touchscreen 
display model.

Two-Line Display Front Panel
Front-Panel Layout Figure 8.2 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 serial port (PORT F). See Section 7: Communications 
for details on the serial port.

You can customize the versatile front panel of the SEL-710-5 by using the 
following features:

➤ Rotating display on the HMI

➤ Programmable tricolor target LEDs

➤ Programmable tricolor pushbutton LEDs

➤ Slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

NOTE: Refer to Figure 8.31 for the 
pushbutton and LED numbering 
conventions.

NOTE: If the relay part number 
specifies the Spanish language 
option, all of the front-panel 
pushbuttons and LED labels will be in 
Spanish.
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Figure 8.2 Front-Panel Overview
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Two-Line Display HMI
Contrast

You can adjust the LCD screen contrast to suit your viewing angle and 
lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-710-5 displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

Front-Panel Automatic Messages
The relay displays automatic messages, overriding the rotating display, under 
the conditions described in Table 8.1, with the relay failure having the highest 
priority, followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure still overrides the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-710-5 front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.

NOTE: The two-line display updates 
every second.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detects any self-test failure Displays the type of latest failure (see Section 11: Testing and Troubleshooting).

Relay trip occurs without any lockouts Displays the latest trip reason until the targets are unlatched.

Relay trip occurs along with a lockout Displays the type or cause of the trip and when the TARGET RESET pushbutton is 
pressed, displays the time to reset and lockout type. Refer to Table 10.1 for a list 
of trip display messages.

When the relay has lockout because of the num-
ber of starts or time between starts or antiback-
spin or thermal lockout

Displays the type of lockout condition, lockout time remaining, and TRIP* at the 
end of the lockout if TRIPONLO := Y. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, the relay displays the type of lockout condition and the 
lockout time remaining, but no TRIP* message is displayed and the TRIP bit is 
not latched.

If a start is attempted on a lockout, the type of lockout condition and the lockout 
time remaining are displayed.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition has occurred Displays the type of alarm. The TRIP LED is also flashing during an alarm con-
dition. See Table 8.3 for a list of alarm conditions.

During emergency start Displays Emergency Start.
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In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.3 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 passwords. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.4 for you to enter the password.

Figure 8.4 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel time-out, setting FP_TO. A timer is reset 
every time a front-panel pushbutton is pressed. Once the time-out period has 
expired, the access level is reset to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Password=
Del Clr Accept
A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z . . . . . .
a b c d e f g h
i j k l m n o p
q r s t u v w x
y z . . . . . .
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8 9 . . . . . .
! " # $ % & ' (
) * + , - . / :
; < = > ? @ [ \
] ^ _ ` { | } ~
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Front-Panel Menus and Screens
Navigating the Menus

The SEL-710-5 front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD. Use the keypad (shown in Figure 8.5) to maneuver within 
the front-panel menu structure, described in detail throughout the remainder of 
this section. Table 8.2 describes the function of each front-panel pushbutton.

Figure 8.5 Front-Panel Pushbuttons

The SEL-710-5 automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu
Figure 8.6 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC Escape from the current menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

ESC
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Figure 8.6 Main Menu

Meter Menu. Select the Meter menu item from the MAIN menu as shown in 
Figure 8.7 to view metering data. The Meter menu has menu items for 
viewing different types of metering data like Fundamental, rms, Thermal, etc. 
Select the type of metering and view the data using the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Figure 8.7 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy or Max/
Min menu item from the METER menu and select the Display menu item as 
shown in Figure 8.8.

Figure 8.8 METER Menu and ENERGY Submenu

Energy or Max/Min metering data can be reset from the front-panel HMI by 
selecting the Reset menu item in the Energy or Max/Min menu. After selecting 
Reset and confirming the reset, the relay displays as shown in Figure 8.9.
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Quit
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Quit
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METER
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Figure 8.9 Relay Response When Energy or Max/Min Metering Is Reset

Assume the relay configuration contains no analog input cards. In response to 
a request for analog data (selecting Analog Inputs), the device displays the 
message as shown in Figure 8.10.

Figure 8.10 Relay Response When No Analog Cards Are Installed

Assume the math variables are not enabled. In response to a request for math 
variable data (selecting Math Variables), the device displays the message as 
shown in Figure 8.11.

Figure 8.11 Relay Response When No Math Variables Enabled

Events Menu. Select the Events menu item from the MAIN menu as shown in 
Figure 8.12. EVENTS menu has Display and Clear as menu items. Select 
Display to view events and Clear to delete all the events data.

Figure 8.12 MAIN Menu and EVENTS Submenu

Figure 8.13 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.13 EVENTS Menu and DISPLAY Submenu
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MAIN
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Quit
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DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear
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When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.14.

Figure 8.14 Relay Response When No Event Data Available

When Clear is selected from the EVENTS menu and confirming the selection, 
the relay displays as shown in Figure 8.15 after clearing the events data.

Figure 8.15 Relay Response When Events Are Cleared

Monitor Menu. Select the Monitor menu item on the MAIN menu as shown in 
Figure 8.16. The Monitor menu has Display Mot Data, Clear Motor Data and 
Reset Learn Data as menu items. 

Figure 8.16 MAIN Menu and MONITOR Submenu

Select Display Mot Data from the MONITOR menu as shown in Figure 8.17 to 
view motor operating statistics. See Motor Operating Statistics on page 5.20 
for a description of the data available.

Figure 8.17 MONITOR Menu and DISPLAY MOT DATA Submenu

Motor operating statistics can be cleared from the front-panel HMI by 
selecting Clear Mot Data menu item in the MONITOR menu. You need a Level 2 
access to clear motor operating statistics.

No Data
Available

Clearing
Complete

NOTE: Reset Learn Data is available 
only when TCLRNEN = Y or 
COOLEN = Y.

MAIN
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Targets
Control
Set/Show
Status

MONITOR
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NOTE: Learn Parameters is available 
only when TCLRNEN = Y or 
COOLEN = Y.

DISPLAY MOT DATA
Motor Use Data
Avg/Peak Data
Learn Parameters
Trip/Alarm Data

MONITOR
Display Mot Data
Clear Motor Data
Reset Learn Data

(Display Mot Data Selected)
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Select Reset Learn Data from MONITOR menu as shown in Figure 8.18 to reset 
learn data. You need a Level 2 access to reset learn data.

Figure 8.18 MONITOR Menu and RESET LEARN DATA Submenu

Targets Menu. Select the Targets menu item on the MAIN menu as shown in 
Figure 8.19 to view the binary state of the target rows. Each target row has 
eight Relay Word bits as shown in Table L.1. 

Figure 8.19 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.20.

Figure 8.20 TARGETS Menu Navigation

Control Menu. Select the Control menu item on the MAIN menu as shown in 
Figure 8.21 to go to the CONTROL menu. 
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Figure 8.21 MAIN Menu and CONTROL Submenu

The CONTROL menu has Stop Motor, Emergency Restrt, Start Motor, 
Outputs, Local Bits, and Reset TCU as menu items. 

Select the Stop Motor menu item to assert Relay Word bit STOP that stops the 
motor (see Figure 4.74).

Select the Start Motor menu item to assert Relay Word bit STR that initiates 
a motor start (see Figure 4.78). 

Stop Motor and Start Motor control actions via the front panel are supervised 
by the position of the breaker jumper (refer to Table 2.17), the status of the 
LOCAL bit when EN_LRC := Y, and the access level (requires Access 
Level 2). Start Motor is additionally supervised by any lockouts that are 
configured. For a list of lockouts, refer to Lockout After Stop on page 4.97. For 
more details on local/remote control function, refer to Local/Remote Control 
on page 9.7. 

Select the Emergency Restrt menu item to assert Relay Word bit EMRSTR 
that initiates an emergency start (see Figure 4.78). Note that the Emergency 
Restart control action via the front panel is supervised by the position of the 
breaker jumper (refer to Table 2.17) and the access level (requires Access 
Level 2). 

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.22 to test (pulse) SEL-710-5 output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.22 CONTROL Menu and OUTPUTS Submenu

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

(Control Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status

NOTE: The Emergency Restart 
feature is available only through 
front-panel HMI.

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

OUTPUTS
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Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches, and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.146 
for more information), local bit 1 replaces a supervisory switch. Figure 8.23 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN), and changes to asserted (SUPER 
SW = CLOSE) as shown in the final screen of Figure 8.23.

Figure 8.23 CONTROL Menu and LOCAL BITS Submenu

Select the Reset TCU menu item to reset the thermal capacity used (see 
Thermal Overload Element on page 4.7 for description). Note that resetting 
TCU requires Level 2 access.

Set/Show Menu. Select the Set/Show menu item on the MAIN menu. The Set/
Show menu is used to view or modify the settings (Global, Group, and Port), 
Active Group, Date, and Time. Note that modifying the settings requires 
Level 2 access.

Figure 8.24 MAIN Menu and SET/SHOW Submenu
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Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made using ACSELERATOR QuickSet SEL-5030 
Software or ASCII SET commands via a communications port.

Figure 8.25 SET/SHOW Menu

Status Menu. Select the Status menu item on the MAIN menu as shown in 
Figure 8.26 to access Relay Status data and Reboot Relay. See STATUS 
Command (Relay Self-Test Status) on page 7.67 for the STATUS data field 
description.
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Figure 8.26 MAIN Menu and Status Submenu

Breaker Menu. Select the Breaker menu item on the MAIN menu as shown in 
Figure 8.27 to access Breaker Monitor data or Reset the data. See Breaker 
Monitoring on page 5.23, in Section 5: Metering and Monitoring for a 
detailed description.

Figure 8.27 MAIN Menu and Breaker Submenu

Quit. Use the Quit menu item to exit Access Level 2 and go to Access 
Level 1.

Figure 8.28 Quit Menu Item

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. The HMI 
can display either ENGLISH or SPANISH. See the SEL-710-5 Relay 
Command Summary for a list of commands.
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Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Figure 8.29 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.148 for 
the SELOGIC control equations and the tricolor LED color selection settings.

Figure 8.29 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.29. Use settings T0nLEDC to select the LED color (R–red, G–green, 
A–amber). Parameter n is a number from 1 through 6 that indicates each LED. 
If the latch setting (T0nLEDL) for a certain LED is set to N, then the LED 
follows the status of the corresponding control equation (T0n_LED). When 
the equation asserts, the LED illuminates, and when the equation deasserts, 
the LED extinguishes. If the latch setting is set to Y, the LED will assert if a 
trip condition occurs and the T0n_LED equation is asserted within 1.5 cycles 
of the trip assertion. At this point, the LED latches in and can be reset using 
the TARGET RESET pushbutton or the TAR R command as long as the target 
conditions are absent. For a concise listing of the default programming on the 
front-panel LEDs, see Table 4.109.

The SEL-710-5 comes with slide-in labels for custom LED designations that 
match custom LED logic. The Configurable Label kit (includes blank labels, 
word processor templates, and instructions) is provided when the SEL-710-5 
is ordered.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. Note that 

T01_LED

T06_LED

ENABLED

TRIP

THERMAL OL

INST OC

FIELD LOSS

LOW PF

INCOMP SEQ

DIFFRNTIAL

Factory-Default Label for Models 
With Synchronous Motor Protection

•

•

•

•

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay. 
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the TRIP LED can indicate a warning condition only if the LED is not latched 
due to any active TRIP condition. For Relay Word bit definitions see 
Appendix L: Relay Word Bits.

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Overload Warning 49A AND RUNNING

Locked Rotor Warning 49A AND STARTING

Undercurrent Warning LOSSALRM

Jam Warning JAMALRM

Current Imbal. Warning 46UBA OR 50Q2T

Ground Fault Warning 50N2T OR 50G2T

Overcurrent Warning 50P2T

Speed Switch Warning SPDSAL

Undervoltage Warning 27P2T

Overvoltage Warning 59P2T

Underpower Warning 37PA

Power Factor Warning 55A

Reactive Power Warning VARA

RTD Warning WDGALRM OR BRGALRM ORAMBALRM OR OTH-
ALRM

RTD Failure RTDFLT

PTC Failure PTCFLT

Field Undercurrent Warning FDUC2T

Field Overcurrent Warning FDOC2T

Field Undervoltage Warning FDUV2T

Field Overvoltage Warning FDOV2T

Field Resistance Warning FDRES2T

Broken Bar Warning BBD1T OR BBD2T OR BBD3T

Comm. Loss Warning COMMLOSS

Comm. Idle Warning COMMIDLE

Comm. Fault Warning COMMFLT
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TARGET RESET Pushbutton
Target Reset

For a trip event, the SEL-710-5 latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.30 TARGET RESET Pushbutton

Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the Target LEDs; see Table 7.61 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting Target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.131 
for further information.
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Front-Panel Operator Control Pushbuttons 
The SEL-710-5 features eight operator-controlled pushbuttons, each with two 
programmable tricolor pushbutton LEDs, for local control as shown in 
Figure 8.31.

Figure 8.31 Operator Control Pushbuttons and LEDs

Pressing any one of these eight pushbuttons asserts the corresponding PBn 
(n = 01 through 08) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
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Pushbutton LED
Operator Control Pushbutton

Pushbutton LED
AUX1

AUX2

START

STOP

MOTOR RUNNING

MOTOR STOPPED 

AUX1

AUX2

START

STOP

Factory-Default 
Slide-In Labels

PB2A_LED
PB02

 PB2B_LED

PB3A_LED
PB03

PB3B_LED

PB4A_LED
PB04

PB4B_LED

 PB1A_LED
 PB01

 PB1B_LED

AUX5

AUX4

SSRST

AUX3
PB6A_LED

PB06
 PB6B_LED

PB7A_LED
PB07

PB7B_LED

PB8A_LED
PB08

PB8B_LED

 PB5A_LED
 PB05

 PB5B_LED

Pushbutton LED
Operator Control Pushbutton

Pushbutton LED

With Synchronous Motor Protection

Without Synchronous Motor Protection



8.19

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Two-Line Display Front Panel

pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable using front-panel settings PBnm_LED 
(where n = 1 through 8 and m = A or B). PBnm _LED settings are SELOGIC 
control equations that, when asserted, illuminate the corresponding LED for 
as long as the input is asserted. When the input deasserts, the LED also 
deasserts without latching. Use PBnmLEDC settings to select the LED color 
(R–red, G–green, A–amber) for both the asserted and deasserted state of the 
LED.

Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the slide-in label to mark the pushbuttons and 
pushbutton LEDs with custom names to reflect any programming changes that 
you make. Included on the SEL-710-5 Product Literature CD are word 
processor templates for printing slide-in labels. See the instructions included 
in the Configurable Label kit for more information on changing the slide-in 
labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-710-5 Front-Panel Operator Control Functions 

Control Functions Labels

Press the AUXn operator control pushbutton to enable/disable user-programmed auxiliary 
control. The corresponding LED can be programmed to illuminate during the enabled state.

NOTE: The AUXn operator control does not perform any function with the factory settings. Also, 
AUX1 to AUX6 pushbuttons do not perform any function in the factory-default settings. These 
pushbuttons are available to configure any application you may select.

For Models With Synchronous Motor Protection:

The AUX2 pushbutton is not used in the factory settings but can be easily programmed to 
perform a user control function.

The top LED is programmed to indicate FLD BRKR CLOSED (Relay Word bit 41A—
field breaker is closed) in the factory settings. The bottom LED is programmed to indicate 
FLD BRKR OPEN (Relay Word bit NOT 41A—field breaker is open).

For All Models:

Press the START operator control pushbutton to close the breaker and start the motor. The 
pushbutton corresponds to Relay Word bit PB03. The PB03 Relay Word bit is used in the 
default SELOGIC control equation for STREQ (Start Equation, see Figure 4.78). The corre-
sponding MOTOR RUNNING LED (Relay Word bit STARTING or RUNNING asserts) illumi-
nates, indicating that the breaker is closed and the motor is running.

Press the STOP operator control pushbutton to trip the breaker and stop the motor. The push-
button corresponds to Relay Word bit PB04. The PB04 Relay Word bit is used in the 
default SELOGIC control equation for OUT103 (see Figure 4.74). The corresponding 
MOTOR STOPPED LED (Relay Word bit STOPPED asserts) illuminates, indicating that the 
breaker is open and the motor is stopped.

Press the SS RST operator control pushbutton to reset the FAILOPN or FAILCLS Relay 
Word bits that assert and latch-in when detecting a Failed Open or a Failed Close condition 
of the physical speed switch. See Figure 4.36 for more details. 

AUX1

AUX 2
FLD BRKR OPEN

FLD BRKR CLOSED

START
MOTOR RUNNING

STOP
MOTOR STOPPED

SS RST
FAILED CLOSED

FAILED OPEN
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Touchscreen Display Front Panel
The SEL-710-5 Feeder Protection Relay can be ordered with an optional 
touchscreen display (5-inch, color, 800 x 480 pixels). The touchscreen display 
makes relay data metering, monitoring, and control quick and efficient. The 
touchscreen display option in the SEL-710-5 features a straightforward 
application-driven control structure and includes intuitive and graphical screen 
designs.

Front-Panel Layout The touchscreen front panel is the same as the two-line display in regards to 
the target LEDs, operator control pushbuttons, and the TARGET RESET 
pushbutton. Refer to Operation and Target LEDs on page 8.15 for a detailed 
description of these features. In addition, the touchscreen front panel features 
a HOME  pushbutton.

Touchscreen Display 
HMI

This section explains the navigation of the front-panel touchscreen and all the 
features it supports.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, and SER information

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings 

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a specific screen

Figure 8.32 shows the relay touchscreen display components and indicators.

Figure 8.32 Touchscreen Display Components and Indicators

NOTE: The touchscreen display 
updates every 250 ms.

Sidebar

Notification
Bar

Screen Title

Diagnostics Icon

Access Level
Indication

Local/Remote
Indication
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Home Pushbutton
Use the HOME  pushbutton to wake up the touchscreen after the inactivity 
timer expires and the screen goes dark. While the default mapping of the HOME 
pushbutton is the Home screen (see Figure 8.33), you can program the HOME 
pushbutton to jump to any screen. Refer to Table 8.17 for a list of screens 
available for the HOME pushbutton. Use the FPHOME setting in the 
Touchscreen settings of QuickSet to program a specific screen.

Touchscreen Backlight
Adjustment

Touchscreen displays have an LED backlight. You can adjust the touchscreen 
backlight to suit your viewing angle and lighting conditions. To change the 
backlight settings, tap the Settings folder and then tap the Touchscreen 
application. Use the FPBAB setting to adjust the brightness of the display. The 
backlight of the display goes dark 60 minutes after the inactivity timer (1–
30 min) expires.

Table 8.5 Touchscreen Display Component and Indicator Descriptions

Display 
Components and 

Indicators
Function or Indication

Screen Title Shows the display name of a screen (see Figure 8.32).

Sidebar Shows the navigation icons (see Figure 8.32).

Notification Bar Shows the notification messages and help text for screens 
(see Figure 8.32).

Diagnostics Icon ON if there are any warning/diagnostic failures on the unit.

Normal (no warnings or diagnostic failures present). Icon is OFF.

Warning. Icon asserts in amber.

Diagnostic failure. Icon asserts in red.

Local/Remote 
Indication

Indicates the status of the local/remote control. Refer to Local/
Remote Control on page 9.7 for more details.

When EN_LRC := Y and LOCAL := 1, relay control is in local 
mode, i.e., STR and STOP bits can be processed via the front 
panel only.

When EN_LRC := Y and LOCAL := 0, relay control is in remote 
mode, i.e., STR and STOP bits can be processed via remote 
sources/protocols only.

When EN_LRC := N, relay control is in local/remote control, 
i.e., STR and STOP bits can be processed from both the front 
panel and the remote sources/protocols.

Access Level 
Indication

Indicates the access level that the device is on at the time. 
Shows ACC if the device is on access level 1 and 2AC if on 
access level is 2.
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Front-Panel Automatic Messages
The relay displays automatic messages that override the present display under 
the conditions described in Table 8.6. When the relay has a failure, trip, 
lockout, or alarm condition, the trip and diagnostic messages screen will 
appear on the display. These messages can also be accessed by tapping the 
Trip & Diag. Messages application in the Device Info folder.

Front-Panel Security
Use the Access Level folder on the Home screen for login/logout operations.

The SEL-710-5 front panel typically operates at Access Level 1 and allows 
you to view relay measurements and settings. Particular activities, such as 
editing settings and controlling output contacts, are restricted to those 
operators who know the Access Level 2 password.

When an activity requires Access Level 2, an authentication screen appears on 
the display, which requires you to enter the Level 2 password to proceed 
further. After you have correctly entered the password, you can perform other 
Access Level 2 operations without re-entering the password. You will have to 
re-enter the password if the front-panel inactivity timer, FPTO, expires.

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing the passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO, in the Touchscreen 
application in the Settings folder. The timeout resets each time you press a 
front-panel pushbutton or tap the display. Once the timeout expires, the access 
level resets to the ACC access level. You can manually reset the access level 
by tapping Logout in the Access Level folder.

Table 8.6 Front-Panel Automatic Messages

Condition Front-Panel Message

Relay detects any failure Displays the latest failure type (refer to Section 11: Testing and Troubleshooting).

Relay trip occurs Displays the type or cause of the trip (refer to Table 10.1 for a list of trip display mes-
sages).

When the relay has a lockout because of 
the number of starts, time between starts, 
antibackspin, or thermal lockout

Displays the type of lockout condition and time remaining of the lockout with the great-
est time remaining.

If TRIPONLO := Y, then at the end of the lockout TRIP* will be displayed as a trip 
message if no other trip condition is present. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, then no TRIP* message is displayed and the TRIP bit is not 
latched.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition occurs Displays the type of alarm. The TRIP LED also flashes during an alarm condition (refer 
to Table 8.3 for a list of the warning conditions).
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Touchscreen
Navigating the Touchscreen Folders and Applications

Use the front-panel touchscreen and pushbuttons to access data measured and 
stored by the relay and to perform relay operations. All relay information and 
operations are available through the touchscreen via folders, applications, and 
the buttons in the sidebar. Table 8.7 describes the functions of the sidebar 
buttons.

The relay wakes up to the screen set in the FPHOME setting, unless the 
rotating display is enabled. If the rotating display is enabled and the inactivity 
time has expired, the relay wakes up to the rotating display. Pressing the HOME 
pushbutton a second time returns you to the screen set in the FPHOME 
setting.

You can navigate the touchscreen by tapping the folders and applications. Tap 
a folder or an application to view available applications or access an 
application, respectively. Folders and applications are labeled according to 
functionality.

Table 8.7 Sidebar Buttons 

Button
Button 
Name

Function Button
Button 
Name

Function

Up
Pages up in applications with multiple 
screens; when on the first screen, this 
button is disabled.

Back
Returns to the preceding screen, 
e.g., from applications to folders.

Down
Pages down in applications with 
multiple screens; when on the last 
screen, this button is disabled.

Pause Stops updating the phasors.

Left

Pages left on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the left.

Play
Updates the phasor values from the 
relay as the screen refreshes.

Right

Pages right on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the right.

Refresh
Reloads the data when new data are 
available.

Reset
Resets the accumulating quantities, 
such as energy, to zero.

Trigger 
Event

Triggers an event

Save Saves the edited settings to the relay. Search
Search tool (e.g., search for the status 
of a Relay Word bit).

Cancel 
Save

Cancels the setting edits. Trash Deletes the records from the report.
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Table 8.8 shows a list of folders and applications available on the Home 
screen.

The applications shown in the folders are based on the part number. For 
example, if the relay does not support arc flash, the Light Intensity and Arc-
Flash Diagnostics applications are not shown in the Meter and Device Info 
folders, respectively.

Descriptions of the folders and applications on the Home screen follow.

Bay Screens
Tap this application to navigate to as many as five customer-designed screens 
(Bay Screen 1 through Bay Screen 5, see Table 8.17). You can design these 
screens using ACSELERATOR Bay Screen Builder SEL-5036 Software. Refer 
to Section 9: Bay Control for the procedure to create custom screens.

Figure 8.33 Home (Default FPHOME Setting)

Table 8.8 Home Folders and Applications

Screen Name Folder or Application Name Comments

Home

Bay Screens Always available

Meter Always available

Monitor Always available

Reports Always available

Control Always available

Settings Always available

Device Info Always available

Access Level Always available

Rotating Display Always available

NOTE: Five bay screens are always 
rendered on the touchscreen. Any 
unused screens are blank.



8.25

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

Figure 8.34 Bay Screens Application

Meter
Tapping this folder navigates you to the Meter screen, as shown in 
Figure 8.35. This screen lists all of the available metering applications. The 
applications on the Meter screen are part number dependent. Only those 
metering applications specific to your part number appear on the Meter 
screen. Tapping an application on the Meter screen shows you the report for 
that particular application.

Figure 8.35 Meter Applications
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Table 8.9 identifies all the applications available in the Meter folder.

Figure 8.36 and Figure 8.37 show typical screens for phasor and fundamental 
metering.

A reset feature is provided for the Energy, Max/Min, and Thermal 
applications. Tap the Reset button to navigate to the reset confirmation screen. 
Once you confirm the reset, the data are reset to zero. Figure 8.38 and 
Figure 8.39 show typical screens for energy metering and reset confirmation.

Table 8.9 Meter Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Meter

Phasors Always available

Fundamental Always available

RMS Always available

Energy Available if the relay supports 
voltages

Max/Min Always available

Analog Inputs Shown when (Slot C = 5x or 6x) or 
(Slot D = 5x or 6x) or (Slot E = 5x 
or 6x)

Thermal Always available

Math Variables Always available

Remote Analogs Always available

Light Intensity Shown when Slot E = 74 or 76

Figure 8.36 Meter Phasors Figure 8.37 Meter Fundamental
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Monitor
Tapping this folder navigates you to the Monitor screen, as shown in 
Figure 8.40. Monitor the status of the Relay Word bits (targets), digital 
outputs, digital inputs, SELogic counters, and breaker wear data using the 
respective applications (Relay Word Bits, Digital Outputs, Digital Inputs, 
SELogic Counters, Breaker Wear, and Vibration).

Figure 8.40 Monitor Applications

Table 8.10 identifies all the applications available in the Monitor folder.

Tap the Breaker Wear application to view accumulated breaker wear/
operations. You can reset the accumulated data by tapping the Reset button 
provided in the sidebar of the Breaker Wear application. Typical screens for 
the Breaker Wear application follow.

Figure 8.38 Meter Energy Figure 8.39 Meter Energy Reset

Table 8.10 Monitor Application Availability

Folder Name Application Name Comments

Monitor

Relay Word Bits Always available

Digital Outputs Always available

Digital Inputs Always available

SELOGIC Counters Always available

Breaker Wear Always available

Vibration Always available
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Monitor the status of the Relay Word bits using the Relay Word Bits screen. 
Note that asserted Relay Word bits are highlighted in blue. You can use the 
Search button in the Relay Word Bits application to view the status of a Relay 
Word bit. To search for a Relay Word bit, you must enter the full name of the 
Relay Word bit in the screen Search Relay Word Bit SEARCH field. 
Figure 8.43 and Figure 8.44 show typical Relay Word bits monitoring screens.

The Vibration application dynamically displays the measured values of 
vibration in a bar graph, as shown in Figure 8.45. See Vibration Monitoring on 
page 4.68 for additional information.

Figure 8.45 Vibration

Figure 8.41 Breaker Wear Trips Figure 8.42 Breaker Wear A, B, C, and Last Reset

Figure 8.43 Monitor Relay Word Bits Figure 8.44 Search Relay Word Bits
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Reports
Tapping this folder navigates you to the Reports screen where you can access 
the Events, SER, Motor Start Trend, and Motor Statistics applications. Use 
these applications to view events, SERs, MSTs, and MOTs.

Figure 8.46 Reports Applications

Table 8.11 identifies all the applications available in the Reports folder.

To view the summary of a particular event record, tap the event record on the 
Event History screen. You can also trigger an event from the Event History 
screen using the Trigger Event Button. When new records become available 
while viewing Events or SER, the up and down buttons are disabled and the 
footer displays a message to refresh the screen. You can use the Refresh 
button to update the screen. Tap the Trash button on the Event History, 
Sequential Event Report, Motor Start Trend, and Motor Statistics screens and 
confirm the delete action to remove the records from the relay. Figure 8.47 
through Figure 8.49 show typical Event History, Sequential Event Report, and 
Motor Statistics screens.

Table 8.11 Reports Application Availability

Folder Name Application Name Comments

Reports

Events Always available

SER Always available

Motor Start Trend Always available

Motor Statistics Always available

Figure 8.47 Event History Figure 8.48 Event Summary



8.30

SEL-710-5 Relay Instruction Manual Date Code 20220826

Front-Panel Operations
Touchscreen Display Front Panel

Control
Tapping this folder navigates you to the Control screen, as shown in 
Figure 8.51. Use the Control folder applications Start Motor, Stop Motor, 
Output Pulsing, Local Bits, Emergency Restart, and Reset TCU to perform a 
motor start command, perform a motor stop command, pulse output contacts, 
control local bits, perform an emergency restart command, or to reset the 
thermal model.

Start Motor, Stop Motor, and Output Pulsing applications require that the 
breaker jumper be installed on the slot B board. Refer to Password, Breaker 
(Start/Stop Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

Figure 8.51 Control Applications

Table 8.12 identifies all the applications available in the Control folder.

Figure 8.49 Sequential Events Recorder Figure 8.50 Motor Statistics

Table 8.12 Control Application Availability

Folder Name Application Name Comments

Control

Start Motor Always available

Stop Motor Always available

Output Pulsing Always available

Local Bits Always available

Emergency Restart Always available

Reset TCU Always available
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To perform motor control, tap the Start Motor or Stop Motor application and 
then tap and confirm the control action. Motor control through the touchscreen 
is supervised by (1) the status of the LOCAL bit when EN_LRC := Y, (2) the 
position of the breaker jumper, and (3) the access level (requires 2AC). 
Start Motor is additionally supervised by any lockouts that are configured. For 
a list of lockouts, refer to Lockout After Stop on page 4.97. If there is an active 
lockout, the relay displays a notification screen as shown in Figure 8.52. 
When EN_LRC := N, supervision through the LOCAL bit is ignored, while 
supervision through the breaker jumper and access level are maintained.

Figure 8.52 Active Lockout Notification

When local/remote supervision setting EN_LRC := Y and LOCAL := 0, the 
Start Motor and Stop Motor applications block the control action with an 
associated footer notification. Figure 8.53 shows a Motor Stop confirmation 
screen with a remote supervision block notification. For the settings related to 
the local/remote control function, refer to Local/Remote Control on page 9.7.

Figure 8.53 Stop Motor Confirmation Screen

Tap the Emergency Restart application and confirm the control action 
allowing the motor to be placed back in service in an emergency. Note that the 
Emergency Restart control action via the touchscreen is supervised by the 
position of the breaker jumper (refer to Table 2.17) and the access level 
(requires Access Level 2). 

To pulse a digital output contact, tap the Output Pulsing application. Navigate 
to the desired output contact screen, tap the desired output, and confirm the 
control action. The output tile will be highlighted in blue on assertion, as 
shown in Figure 8.54. An output contact cannot be pulsed if it is already 
asserted. Pulsing the output contact requires that the breaker jumper be 
installed and that you have Level 2 access.
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To control the local bits, tap the Local Bits application. You can control the 
desired local bit by tapping on the corresponding row. Depending on the state, 
tap and confirm the type of action you would like to perform. Figure 8.56 
through Figure 8.58 show typical local bits control screens.

Device Info
Tapping this folder navigates you to the Device Info screen where you can 
access specific device information applications (Status, Configuration, 
Arc-Flash Diagnostics, and Trip & Diag. Messages) and the Reboot 
application.

Figure 8.54 Digital Output Pulsing—Slot A Figure 8.55 Digital Output Pulsing Confirmation

Figure 8.56 Local Bits Figure 8.57 Local Bits Notification

Figure 8.58 Local Bits Confirmation
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Figure 8.59 Device Info Applications

Table 8.13 identifies all the applications available in the Device Info folder.

Tap the Status application to view the relay status, firmware version, part 
number, etc., as shown in Figure 8.60. Use the Configuration application to 
view port information, the jumper positions for the breaker, etc., as shown in 
Figure 8.61. If the relay detects any new card in one of the slots, it disables 
and directs you to accept the change in configuration, as shown in Figure 8.62. 
Figure 8.60 through Figure 8.62 show typical screens for device 
configuration, device status, and trip and diagnostic messages.

Table 8.13 Device Info Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Device Info

Status Always available

Configuration Always available

Reboot Always available

Arc-Flash Diagnostics Shown when Slot E = 74 or 76

Trip & Diag. Messages Always available

Figure 8.60 Device Status Figure 8.61 Device Configuration
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Figure 8.62 Model Number Confirmation

When a diagnostic failure, trip, lockout, or warning occurs, the relay displays 
the diagnostic message on the screen until it is either overridden by the restart 
of the rotating display or the inactivity timer expires. To view the trip and 
diagnostic messages, tap the Trip & Diag. Messages application in the Device 
Info folder.

Figure 8.63 Trip and Diagnostic Messages

Tap on the Arc-Flash Diagnostics application to run a diagnostic check on the 
arc-flash sensors. Figure 8.64 and Figure 8.65 show typical arc-flash 
diagnostics screens.

Figure 8.64 Arc-Flash Diagnostics Figure 8.65 Arc-Flash Diagnostics Confirmation
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Access Level
Tapping this folder navigates you to the Access Level screen where you can 
either log in to or log out of Access Level 2.

Figure 8.66 Access Level Applications

Table 8.14 identifies all of the applications available in the Access Level 
folder.

Note that when an application requires Access Level 2 and the relay is at 
Access Level 1, the relay automatically displays the authentication screen 
requiring you to enter the password before performing a control operation, 
editing setting, etc.

Settings
Tapping this folder navigates you to the Settings screen where you can access 
settings applications (Global, Touchscreen) or settings folders (Port, Group, 
Date and Time) through which you can set or show settings.

Table 8.14 Access Level Application Availability

Folder Name Application Name Comments

Access Level
Login Always available

Logout Always available

Figure 8.67 Authentication Figure 8.68 Login Confirmation
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Figure 8.69 Settings Folders and Applications

Table 8.15 identifies all of the folders and applications available in the 
Settings folder.

Table 8.16 identifies all the applications available in each folder (Port, Group, 
Date and Time) in the Settings folder.

Table 8.15 Settings Folder and Application Availability

Folder Name Folder or Application Name Comments

Settings

Port Always available

Global Always available

Group Always available

Date and Time Always available

Touchscreen Always available

Table 8.16 Settings Folders Port, Group, and Date and Time Application 
Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Port

Port F Always available

Port 1 Shown when Slot B ≠ x0x or x1x

Port 2 Shown when E49RTD ≠ EXT

Port 3 Always available

Port 4 Shown when Slot C = Ax or 0x, 
i.e., Slot C has a comms card or is 
empty

Group

Set 1 Always available

Logic 1 Always available

Set 2 Always available

Logic 2 Always available

Set 3 Always available

Logic 3 Always available

Set 4 Always available

Logic 4 Always available

Date and Time
Date Always available

Time Always available
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Figure 8.70 and Figure 8.71 show typical port and group settings screens.

To edit a setting, tap on a setting row and enter the Access Level 2 password. 
If the relay is already at Level 2, the relay does not prompt for password 
authentication. After entering the value, tap the Save button to save your edit, 
or click the Cancel Save button to cancel the edit (see Table 8.7). If the 
Save/Cancel Save buttons are not visible, tap the Back button until they 
appear. When editing a settings class (e.g., Set 1 in Group Settings), you 
cannot navigate to another class (e.g., Logic 1) without saving or discarding 
the settings change made in Set 1.

Figure 8.70 Port Settings Figure 8.71 Group Settings

Figure 8.72 Set 1 Settings Figure 8.73 Thermal Overload Settings

Figure 8.74 Set/Show Settings Edit
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You can control the screen brightness, the screen inactivity timer settings, etc., 
through the Touchscreen application.

Rotating Display
Tapping this application allows you to start the rotating display. You can pick 
as many as 16 screens through which the display can rotate after the inactivity 
timer expires. Refer to Table 9.7 for the equivalent touchscreen display 
settings.

Tapping any screen while the display is rotating takes you to that particular 
screen. You can perform the needed operation and use the Back button to 
return to the Home screen.

Figure 8.77 Rotating Display

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. See the 
SEL-710-5 Relay Command Summary for a list of the commands.

Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Refer to Operation and Target LEDs on page 8.15 for details 
on the ENABLED, TRIP, and other programmable LEDs and their operation, and 
possible warning conditions on the relay.

Figure 8.75 Touchscreen Settings Figure 8.76 Touchscreen Settings Edit
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TARGET RESET Pushbutton
Refer to TARGET RESET Pushbutton on page 8.17 for the operation of the 
TARGET RESET pushbutton, the lamp test, and other target reset options.

Front-Panel Operator Control Pushbuttons
The SEL-710-5 touchscreen display features eight operator-controlled 
pushbuttons, each with two programmable tricolor pushbutton LEDs, for local 
control, as shown in Table 8.4. Refer to Front-Panel Operator Control 
Pushbuttons on page 8.18 for details on operator control pushbuttons and 
LEDs and their programming.

You can use the front-panel operator control pushbuttons to jump to a specific 
screen while using them for START/STOP operations, etc. You can program 
the selectable operator pushbutton screen settings under the Touchscreen 
settings category in QuickSet and map the button to a specific screen. For 
example, PB03, which is used to start a motor by default, can be programmed 
to jump to a bay screen by mapping the pushbutton touchscreen setting 
FPPB03 to Bay Screen 1. When you press PB03, the display jumps to Bay 
Screen 1, where you can see a visual confirmation of the START action.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 1 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments

Bay Screens

Bay Screen 1 Displays Bay Screen 1

Bay Screen 2 Displays Bay Screen 2

Bay Screen 3 Displays Bay Screen 3

Bay Screen 4 Displays Bay Screen 4

Bay Screen 5 Displays Bay Screen 5

Meter

Phasors

Phasor Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Phasor Screen 2 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental

Fundamental Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Fundamental Screen 2 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, MLOAD, 3V2, VAVE, 
UBV

Shown when 
DELTA_Y = DELTA
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Fundamental Screen 3 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental Screen 4 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, VG_MAG, VG_ANG, 
MLOAD, 3V2, VAVE, UBV

Shown when DELTA_Y = WYE

Fundamental Screen 5 P, Q, S, PF Always available

Fundamental Screen 6 IA87, IB87, IC87, VEX, 
IEX, Rf

Shown when Slot E = 74 or 75

RMS

RMS Screen 1 IARMS, IBRMS, ICRMS, 
INRMS, VABRMS, 
VBCRMS, VCARMS

Shown when 
DELTA_Y = DELTA

RMS Screen 2 IARMS, IBRMS, ICRMS, 
INRMS, VARMS, VBRMS, 
VCRMS

Shown when DELTA_Y = WYE

Energy

Energy Screen 1 MWH3P, MVARH3PI, 
MVARH3PO, MVAH3P

Always available

Energy Reset Screen Reset Energy data Always available

Max/Min

Max/Min Screen 1 IAMX, IAMN, IBMX, IBMN, 
ICMX, ICMN, INMX, INMN, 
IGMX, IGMN, VABMX, 
VABMN, VAMX, VAMN, 
VBCMX, VBCMN, VBMX, 
VBMN, VCAMX, VCAMN, 
VCMX, VCMN, VSMX, 
VSMN, kW3MX, kW3MN, 
kVAR3MX, kVAR3MN, 
kVA3MX, kVA3MN, 
FREQMX, FREQMN, 
RTD1MX–RTD12MX, 
RTD1MN–RTD12MN, 
AI301MX–AI308MX, 
AI301MN–AI308MN, 
AI401MX–AI408MX, 
AI401MN–AI408MN, 
AI501MX–AI508MX, 
AI501MN–AI508MN, 
MM_LRD

Always available

Max/Min Reset Screen Reset Max/Min data Always available

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 2 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Analog 
Inputs

Analog Inputs Screen 1 AI301–AI308, AI401–AI408, 
AI501–AI508

Available if the relay supports 
analog inputs

Thermal

Thermal Screen 1 RTDWDGMX, RTDBRGMX, 
RTDAMB, RTDOTHMX

Shown when E49RTD ≠ NONE

Thermal Screen 2 RTD1– RTD12 Shown when E49RTD ≠ NONE

Thermal Screen 3 MLOAD, TCUSTR, TCURTR, 
THRMTP, TRST, STRTAV

Always available

Math
Variables

Math Variables Screen 1 MV01–MV32 Shown when EMV ≠ N; shows 12 
math variables per page

Remote
Analogs

Remote Analogs Screen 1 RA001–RA012 Always available

Remote Analogs Screen 2 RA013–RA024 Always available

Remote Analogs Screen 3 RA025–RA036 Always available

Remote Analogs Screen 4 RA037–RA048 Always available

Remote Analogs Screen 5 RA049–RA060 Always available

Remote Analogs Screen 6 RA061–RA072 Always available

Remote Analogs Screen 7 RA073–RA084 Always available

Remote Analogs Screen 8 RA085–RA096 Always available

Remote Analogs Screen 9 RA097–RA108 Always available

Remote Analogs Screen 10 RA109–RA120 Always available

Remote Analogs Screen 11 RA121–RA128 Always available

Light
Intensity

Light Screen 1 LSENS1, LSENS2, LSENS3, 
LSENS4

Shown when Slot E = 74

Light Screen 2 LSENS1, LSENS2, LSENS3, 
LSENS4, LSENS5, LSENS6, 
LSENS7, LSENS8

Shown when Slot E = 76

Monitor

Relay Word
Bits

Relay Word Bits Screen 1 Shows status of all the relay 
word bits

Shows 32 RWBs per page

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 3 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital
Inputs

Digital Inputs Screen 1 IN101, IN102 Always available

Digital Inputs Screen 2 IN301, IN302, IN303, IN304 Shown when Slot C= Dx or 
1x or Cx

Digital Inputs Screen 3 IN301, IN302, IN303 Shown when Slot C = Bx

Digital Inputs Screen 4 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308

Shown when Slot C = 3x 

Digital Inputs Screen 5 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308, 
IN309, IN310, IN311, IN312, 
IN313, IN314

Shown when Slot C = 4x

Digital Inputs Screen 6 IN401, IN402, IN403, IN404 Shown when Slot D = Dx or 
1x or Cx

Digital Inputs Screen 7 IN401, IN402, IN403 Shown when Slot D = Bx

Digital Inputs Screen 8 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408

Shown when Slot D = 3x

Digital Inputs Screen 9 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408, 
IN409, IN410, IN411, IN412, 
IN413, IN414

Shown when Slot D = 4x

Digital Inputs Screen 10 IN501, IN502, IN503, IN504 Shown when Slot E = Dx or 
1x or Cx

Digital Inputs Screen 11 IN501, IN502, IN503 Shown when Slot E = Bx

Digital Inputs Screen 12 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508

Shown when Slot E = 3x

Digital Inputs Screen 13 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508, 
IN509, IN510, IN511, IN512, 
IN513, IN514

Shown when Slot E = 4x

Digital
Outputs

Digital Outputs Screen 1 OUT101, OUT102, OUT103 Always available

Digital Outputs Screen 2 OUT301, OUT302, OUT303, 
OUT304

Shown when Slot C = Bx or 
1x or Cx

Digital Outputs Screen 3 OUT301, OUT302, OUT303 Shown when Slot C = Dx

Digital Outputs Screen 4 OUT301, OUT302, OUT303, 
OUT304, OUT305, OUT306, 
OUT307, OUT308

Shown when Slot C = 2x

Digital Outputs Screen 5 OUT401, OUT402, OUT403, 
OUT404

Shown when Slot D = Bx or 
1x or Cx

Digital Outputs Screen 6 OUT401, OUT402, OUT403 Shown when Slot D = Dx

Digital Outputs Screen 7 OUT401, OUT402, OUT403, 
OUT404, OUT405, OUT406, 
OUT407, OUT408

Shown when Slot D = 2x

Digital Outputs Screen 8 OUT501, OUT502, OUT503, 
OUT504

Shown when Slot E = Bx or 
1x or Cx

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 4 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital Outputs Screen 9 OUT501, OUT502, OUT503 Shown when Slot E = Dx

Digital Outputs Screen 10 OUT501, OUT502, OUT503, 
OUT504, OUT505, OUT506, 
OUT507, OUT508

Shown when Slot E = 2x

SELOGIC

Counters

SELOGIC Counters Screen 1 SC01–SC32 Shown when ESC ≠ N; shows 12 
SELOGIC counters per page

Breaker 
Wear

Breaker Wear Screen 1 INTT, EXTT, INTIA, INTIB, 
INTIC, EXTIA, EXTIB, 
EXTIC

Shown when EBMON = Y

Breaker Wear Screen 2 WEARA, WEARB, WEARC Shown when EBMON = Y

Vibration

Vibration Screen 1 VIBAQ1, VIBAQ2, VIBAQ3, 
VIBAQ4, VIBAQ5

Always available

Reports

Events

Event History Screen 1 Shows the event records in the 
relay

SER

SER Screen 1 Shows the Sequential Event 
Records (SERs) in the relay

MST

MST Screen 1 Shows the Motor Start Trend data 
in the relay

MOT

MOT Screen 1 Shows the Motor Operating Sta-
tistics in the relay

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 5 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Device Info

Status

Status Screen 1 Status, serial number, 
FID string, part number, SEL 
display, customer display, 
IEC 61850 CID

Always available

Status Screen 2 Diagnostic status for the relay 
cards and power supply rails. 
CARD_C, CARD_D, 
CARD_E, CARD_Z, FPGA, 
GPSB, HMI, RAM, ROM, 
CR_RAM, NON_VOL, 
CLOCK, RTD, CID_FILE, 
+0.9V CHK (V), 
+1.2V CHK (V), 
+1.5V CHK (V), 
+1.8V CHK (V), 
+2.5V CHK (V), 
+3.3V CHK (V), 
+3.75V CHK (V), 
+5.0V CHK (V), 
–1.25V CHK (V), 
–5.0V CHK (V), 
BATT CHK (V)

Always available

Status Screen 3 DN_MAC_ID, ASA, 
DN_RATE, DN_STATUS

Shown if the DeviceNet option is 
available

Status Screen 4 OFFSETS: IA, IB, IC, IN, VA, 
VB, VC, IA87, IB87, IC87, 
VDR

Always available

Configuration

Configuration Screen 1 Part number, Port F protocol, 
Port F baud rate, Port 1 IP 
address, Port 1 default router, 
MAC address (IP), MAC 
address (GOOSE), breaker 
control jumper, password 
bypass jumper, rated frequency, 
phase rotation, nominal phase 
CT rating, nominal/neutral CT 
rating, PT connection, date 
format

Some of the quantities are part-
number dependent and will be 
hidden if the part number does not 
support them

Trip and 
Diagnostics

Trip and Diagnostic Screen 1 Diagnostic failures, trip event 
types, lockouts, and warnings

Always available

a In addition to the listed screens, the Home screen is available for the HOME pushbutton. By default, the HOME pushbutton is programmed to 
the Home screen.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 6 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Section 9
Bay Control

Overview
The SEL-710-5 Relay with the touchscreen display option provides you with 
the ability to design bay configuration screens to meet your system needs. The 
bay configuration can be displayed as a single-line diagram (SLD) on the 
touchscreen. You can create as many as five bay screens with one controllable 
breaker, as many as eight two-position disconnects, and as many as two three-
position disconnects. ANSI and IEC symbols, along with analog and digital 
labels, are available for you to create detailed single-line diagrams of the bay 
to indicate the status of the breaker and disconnects, bus voltages, and power 
flow through the breaker. In addition to single-line diagrams, you can design 
the screens to show the status of various relay elements via Relay Word bits or 
to show analog quantities for commissioning or day-to-day operations. These 
screens can be designed with the help of ACSELERATOR Bay Screen Builder 
SEL-5036 Software in conjunction with ACSELERATOR QuickSet SEL-5030 
Software. Note that the bay screen related settings can only be set via 
QuickSet (setting via an ASCII terminal is not supported).

This section covers all aspects of the SEL-710-5 Relay bay control.

➤ Circuit Breaker Symbol Settings and Status Logic on page 9.1

➤ Disconnect Control Settings on page 9.2

➤ Local/Remote Control on page 9.7

➤ Motor/Disconnect Control Via the Touchscreen on page 9.8

➤ Bay Screens Design Using QuickSet and Bay Screen Builder on 
page 9.10

➤ Bay Control Application Example on page 9.19

Circuit Breaker 
Symbol Settings and 
Status Logic

The SEL-710-5 supports one breaker that can be controlled and monitored via 
the bay screen. Use the SELOGIC settings 52A and 52B to map the respective 
breaker auxiliary contacts to the relay. Because the 52B contact is not always 
available in all applications, the breaker status logic does not include the 52B 
contact. The relay uses the 52A Relay Word bit as the status of the breaker in 
conjunction with the protection elements and trip and close logic. The default 
setting for 52B is NOT 52A. Map 52A and 52B Relay Word bits to the 
settings associated with the breaker symbol under the Bay Control settings in 
QuickSet to display the status of the breaker on the bay screen.

Use SELOGIC to create dual-point status of the breaker with breaker alarm 
indication. Refer to Table 9.7 for the Bay Control breaker settings. Refer to 
Bay Control Application Example on page 9.19 for example settings. Refer to 
Table 4.65 and 52A and 52B Contactor/Breaker Status SELOGIC Control 
Equations on page 4.97 for 52A and 52B settings and descriptions. Refer to 
Trip/Close Logic on page 4.94 for more information on the breaker trip and 
close logic.
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Table 9.1 provides typical ANSI and IEC breaker symbols that are supported 
by Bay Screen Builder. Column 1 identifies the standard (ANSI/IEC) and the 
type of breaker. Columns 3, 4, and 5 identify closed, open, and alarm states of 
the breaker image, respectively. Bay Screen Builder allows you to set the 
breaker color sequence property (identified in Column 2) for each of these 
states. Select the breaker color sequence based on your system convention. 
For a complete list of ANSI and IEC circuit breaker symbols available to use 
with the bay screens, refer to the ACSELERATOR Bay Screen Builder SEL-5036 
Software Instruction Manual, available in the Help > Contents menu of Bay 
Screen Builder. 

Disconnect Control 
Settings

The SEL-710-5 supports control of as many as eight two-position and two 
three-position disconnects. Refer to Table 9.2 and Table 9.3 for the two- and 
three-position switch settings. The following description applies to both the 
two- and three-position switches enabled by the 89EN2P and 89EN3P 
settings. Generic setting names are used in the following description for 
simplicity. For example, the label setting for two-position Switch 1 
(89NM2P1) is represented by 89NMkm, where k is the switch type (2P, 3PL, 
or 3PE) and m is the switch number (m = 1–8 if k = 2P and m = 1–2 if k = 3PL 
or 3PE).

Use the 89NMkm setting to name the disconnect using a maximum of sixteen 
characters. The 89Akm and 89Bkm SELOGIC control equation settings 
represent the normally open and normally close disconnect auxiliary contacts. 
Typically, these SELOGIC control equation settings are set to SEL-710-5 
inputs that are wired to the corresponding auxiliary contacts. Figure 9.1 shows 
the dual-point disconnect status logic. The Relay Word bits 89CLkm and 
89OPkm indicate whether the disconnect is in a fully close or fully open state, 
respectively. 89ALkm indicates the alarm status of the disconnect and asserts 
when the disconnect is in an undetermined state for longer than the 89AkmD 
time setting. The 89ALkm alarm bit also asserts if the switch fails to start 
close or open operation after a successful command is issued. Set the 89AkmD 
timer longer than the highest expected operation time (undetermined state).

Table 9.1 Circuit Breaker Symbols

Type
Breaker Color 

Sequence
State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI Breaker Red, Green, Amber

ANSI Truck Operated Breaker Black, White, Grey

IEC Breaker Green, Red, Amber

IEC Truck Operated Breaker Transparent
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Table 9.2 Two-Position Disconnect Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 2P DISC N, 1–8 89EN2P := 8

Disconnect ma

a  The value of m can be set to any number between 1 and the value of setting 89EN2P.

2P DISC m NAME 16 characters 89NM2Pm := 2Pm

DIS m N/O CONT SELOGIC 89A2Pm := 0

DIS m N/C CONT SELOGIC 89B2Pm := NOT 89A2Pm

DIS m ALM PU 0.00–300.00 sec 89A2PmD := 5.00

DIS m SEALIN OFF, 0.00–300.00 sec 89S2PmD := 4.67

DIS m IMMOBI OFF, 0.00–300.00 sec 89I2PmD := 0.33

DIS m CL CONT SELOGIC 89RC2Pm := 89CC2Pm

DIS m CL BLK SELOGIC 89CB2Pm := 89AL2Pm

DIS m CL RST SELOGIC 89CR2Pm := 89CL2Pm OR 
89CS2Pm OR 89 ALP2m

DIS m CL IM RS SELOGIC 89CT2Pm := NOT 89OP2Pm

DIS m OP CONT SELOGIC 89RO2Pm := 89OCPm

DIS m OP BLK SELOGIC 89OB2Pm := 89AL2Pm

DIS m OP RST SELOGIC 89OR2Pm := 89OP2Pm OR 
89OS2Pm OR 89AL2Pm

DIS m OP IM RS SELOGIC 89OT2Pm := NOT 89CL2Pm

Table 9.3 Three-Position Disconnect Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 3P DISC N, 1–2 89EN3P := N

Disconnect ma

3P DISC m NAME 16 characters 89NM3Pm := 3Pm

In-Line Disconnect

LDIS m N/O CONT SELOGIC 89A3PLm := 0

LDIS m N/C CONT SELOGIC 89B3PLm := NOT 89A3PLm

LDIS m ALM PU 0.00–300.00 sec 89A3PLmD := 5.00

LDIS m SEALIN OFF, 0.00–300.00 sec 89S3PLmD := 4.67

LDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PLmD := 0.33

LDIS m CL CONT SELOGIC 89RC3PLm := 89CC3PLm

LDIS m CL BLK SELOGIC 89CB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89 AL3PEm

LDIS m CL RST SELOGIC 89CR3PLm := 
89CL3PLm OR 89CS3PLm 
OR 89AL3PLm

LDIS m CL IM RS SELOGIC 89CT3PLm := 
NOT 89OP3PLm

LDIS m OP CONT SELOGIC 89RO3PLm := 89OC3PLm



9.4

SEL-710-5 Relay Instruction Manual Date Code 20220826

Bay Control
Overview

LDIS m OP BLK SELOGIC 89OB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89AL3PEm

LDIS m OP RST SELOGIC 89OR3PLm := 
89OP3PLm OR 89OS3PLm 
OR 89AL3PLm

LDIS m OP IM RS SELOGIC 89OT3PLm := 
NOT 89CL3PLm

Earthing Disconnect

EDIS m N/O CONT SELOGIC 89A3Pm := 0

EDIS m N/C CONT SELOGIC 89B3Pm := NOT 89A3PEm

EDIS m ALM PU 0.00–300.00 sec 89A3PEmD := 5.00

EDIS m SEALIN OFF, 0.00–300.00 sec 89S3PEmD := 4.67

EDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PEmD := 0.33

EDIS m CL CONT SELOGIC 89RC3PEm := 89CC3PEm

EDIS m CL BLK SELOGIC 89CB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m CL RST SELOGIC 89CR3PEm := 
89CL3PEm OR 89CS3PEm 
OR 89AL3PEm

EDIS m CL IM RS SELOGIC 89CT3PEm := 
NOT 89OP3PEm

EDIS m OP CONT SELOGIC 89RO3PEm := 89OC3PEm

EDIS m OP BLK SELOGIC 89OB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m OP RST SELOGIC 89OR3PEm := 
89OP3PEm OR 89OS3PEm 
OR 89AL3PEm

EDIS m OP IM RS SELOGIC 89OT3PEm := 
NOT 89CE3PLm

a  The value of m can be set to any number between 1 and the value of setting 89EN3P.

Table 9.3 Three-Position Disconnect Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 9.1 Dual-Point Disconnect Status Logic

The close and open logic shown in Figure 9.2 and Figure 9.3 are primarily for 
control of motor operated disconnects. The settings and control described 
below are not intended for manually operated disconnects and can be ignored. 
The description of close and open control logic applies to all two- and three-
position motor operate disconnects that are enabled.

Figure 9.2 Disconnect Close Logic

Close control action of a disconnect can be initiated via the front-panel HMI 
Bay Screen application (Relay Word bit 89CMkm) or remotely (i.e., via 
communications protocols [Relay Word bit 89CCkm] or the SELOGIC control 
equation setting [89RCkm]). Close control from the HMI requires that local 
control be enabled (Relay Word bit LOCAL asserted). When Relay Word bit 
LOCAL is asserted, remote close control is blocked. Use the 89CBkm 
SELOGIC control equation setting to block both local and remote control, if 
required. The logic automatically seals-in a successful close signal (Relay 
Word bit 89Ckm) until the user-defined reset Relay Word bit 89CRkm asserts. 
By default, the relay uses the seal-in timer output to avoid a premature reset of 

Alarm Timer
Setting Relay

Word
Bits

Relay
Settings

1

2

89IPkm

89CLkm

89OPkm

1
5 sec

89AkmD

89Akm

89Bkm

k = 2P, 3PL, or 3PE
m = 1–16 (if k = 2P) or 1–2 (if k = 3PL or 3PE)

2

89ALkm

3
89OIkm

89CIkm

Relay
Word
Bits

Relay
Word
Bits

89CMkm (HMI)
(supervised by LOCAL)

89CCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89CRkm

89RCkm

Close Immobility Timer

Close Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89CIkm

89CSkm

2
4

3
3

1
1

2
89CBkm

89Okm

89Ckm

Relay
Word
Bits

(Reset 89IkmD)

89CEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89CTkm

Settings
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the close signal. An immobility timer detects if the disconnect remains in the 
fully open position for longer than the 89IkmD time setting after the close 
signal is issued (89Ckm asserts) by the assertion of Relay Word bit 89CIkm.

Figure 9.3 Disconnect Open Logic

Similarly, open control action of a disconnect can be initiated via the front-
panel HMI (Relay Word bit 89OMkm) or remotely (i.e., communications 
protocols [Relay Word bit 89OCkm] or the SELOGIC control equation setting 
[89ROkm]). Open control from the HMI requires that local control be enabled 
(Relay Word bit LOCAL asserted). When Relay Word bit LOCAL is asserted, 
remote close is blocked. Use the 89OBkm SELOGIC control equation setting to 
block both local and remote control, if required. The logic automatically seals-
in a successful open signal (Relay Word bit 89Okm) until the user-defined 
reset Relay Word bit 89ORkm asserts. By default, the relay uses the seal-in 
timer output to avoid premature reset of the open signal. An immobility timer 
detects if the disconnect remains in the fully close position for longer than the 
89IkmD time setting after the open signal is issued (89Okm asserts) by the 
assertion of Relay Word bit 89OIkm.

The factory-default values of all the other settings should be suitable for most 
applications, however, they must be reviewed and edited for specific 
requirements.

Refer to Table 9.5 for the Bay Control disconnect settings. Refer to Bay 
Control Application Example on page 9.19 for example settings. Table 9.5 
provides typical ANSI and IEC disconnect symbols that are available to use in 

Relay
Word
Bits

89OMkm (HMI)
(supervised by LOCAL)

89OCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89ORkm

89ROkm

Open Immobility Timer

Open Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89OIkm

89OSkm

2
4

3
3

1
1

2
89OBkm

89Ckm

89Okm

Relay
Word
Bits

(Reset 89IkmD)

89OEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89OTkm

Settings

Table 9.4 Disconnect Control Setting Guidelines

Setting Remarks

89ENk Enable required number of 2- and 3-position switches

89NMkm Label each switch with a unique name

89Akm SELOGIC control equation for normally open auxiliary contact of the switch

89Bkm SELOGIC control equation for normally close auxiliary contact of the switch

89AkmD Operate alarm delay; set longer than the highest expected operate time of 
the switch

89SkmD Seal-in delay; set longer than the highest expected operate time of the motor 
operated switch
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bay screen design. Column 1 identifies the standard (ANSI/IEC) and the type 
of disconnect. Column 2 identifies the interior color property of the 
disconnect. Columns 3, 4, and 5 identify closed, open, and alarm states of the 
disconnect. For a complete list of ANSI and IEC disconnect symbols available 
to use with the bay screens, refer to the ACSELERATOR Bay Screen Builder 
SEL-5036 Software Instruction Manual.

Local/Remote Control The SEL-710-5 supports local/remote motor control functionality through 
supervision of the STR and STOP motor control Relay Word bits and local/
remote disconnect control functionality through supervision in the disconnect 
open and close control logic (See Figure 9.2 and Figure 9.3). The supervision 
can be enabled or disabled with the global setting EN_LRC (see Table 9.6). To 
enable local/remote supervision of the breaker and disconnect control, set 
EN_LRC := Y. When EN_LC := Y, the LOCAL SELOGIC control equation is 
available. 

The relay controls the status of the LOCAL Relay Word bit based on the 
EN_LRC setting and the selection applies to both the breaker and the 
disconnect control.

Table 9.5 Disconnect Symbols

Type Interior Color State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI and IEC Disconnect

(Two-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect

(Two-Position)

Transparent

ANSI and IEC Disconnect 
(Three-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect 

(Three-Position)

Transparent

Table 9.6 Local/Remote Motor Control Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE LOC REM CON Y, N EN_LRC := N

LOCAL CONTROLa

a This setting is hidden when EN_LRC := N.

SELOGIC LOCAL := 0
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➤ When EN_LRC := Y and LOCAL := 1, the relay processes the 
STR and STOP commands from the front panel (two-line 
display or touchscreen). The STR and STOP commands from 
remote sources/protocols (ASCII terminal, SEL Fast Operate, 
DNP, Modbus, EtherNet/IP, IEC 61850, etc.) are blocked.

➤ When EN_LRC := Y and LOCAL := 0, the relay processes the 
STR and STOP commands from remote sources/protocols 
(ASCII terminal, SEL Fast Operate, DNP, Modbus, 
EtherNet/IP, IEC 61850, etc.). The commands from the front 
panel are blocked (two-line display or touchscreen).

➤ When EN_LRC := N, the relay processes the STR and STOP 
commands from both the front panel (two-line display or 
touchscreen) and remote sources/protocols (ASCII terminal, 
SEL Fast Operate, DNP, Modbus, EtherNet/IP, IEC 61850, 
etc.).

Enable the local/remote control for proper supervision of motor control and 
operator safety. Map the LOCAL SELOGIC control equation to the status of 
the local/remote switch on the panel, if available. Alternatively, program one 
of the front-panel pushbuttons and an LED in conjunction with a SELOGIC 
latch to mimic the local/remote switch and map it to the LOCAL SELOGIC 
control equation.

When EN_LRC := Y, the status of the local/remote control is indicated on the 
footer of the touchscreen as “L” for local (LOCAL = 1) and “R” for remote 
(LOCAL = 0). If you do not intend to use the built-in local/remote function, 
and prefer to create your own control function using SELOGIC and remote bits, 
then set EN_LRC := N. In which case, the footer indicates “LR,” as shown in 
Figure 9.4, indicating that STR and STOP bits are processed from both the 
touchscreen and the remote sources/protocols. Local/remote indication is only 
available on the SEL-710-5 touchscreen display model. Refer to Bay Control 
Application Example on page 9.19 for example settings.

Figure 9.4 Local/Remote Control Mode Indication

Motor/Disconnect 
Control Via the 
Touchscreen

The SEL-710-5 enables you to control the motor from the touchscreen or the 
two-line LCD and the disconnect from the touchscreen. Motors and 
disconnects can also be controlled through the front-panel operator control 
pushbuttons. Refer to Front-Panel Operator Control Pushbuttons on 
page 8.39 for a discussion on motor control via the control pushbuttons. Refer 
to Control Menu on page 8.10 for instructions on motor control via the two-
line LCD. This section discusses motor and disconnect control via 
touchscreen.
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The touchscreen allows you to control the motor via two applications: Bay 
Screens and Motor Start/Stop Control; however, only the Bay Screens 
application allows control of the disconnects. The Bay Screens application is 
available on the Home screen. Breaker and disconnect control via the Bay 
Screens application requires you to design a bay control single-line diagram. 
Figure 9.5 shows a sample single-line diagram with a controllable breaker, 
disconnect, and analog quantities. For more details on how to design this 
screen, refer to Bay Control Application Example.

You can also control the motor via Motor Start and Motor Stop applications, 
which are available in the Control folder. These application are built-in and 
are always available for you to perform motor control. Figure 9.6 shows the 
Start Motor application display and Figure 9.7 shows the Stop Motor 
application display.

Figure 9.5 Bay Screens Application Display With a Single-Line Diagram

Figure 9.6 Start Motor Application

Figure 9.7 Stop Motor Application
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The Bay Screens, Motor Start, and Motor Stop applications use the STR and 
STOP bits and require you use their respective START and TRIP bits to 
perform motor control. For more details on how to program these bits, refer to 
Bay Control Application Example. The Bay Screens and Breaker Control 
applications use the 89OMkm and 89CMkm bits to perform disconnect control 
(see Figure 9.2 and Figure 9.3 for details). The relay checks for the following 
conditions, in the order shown. Only when the conditions are satisfied can you 
perform breaker or disconnect control.

1. EN_LRC := Y and Relay Word bit LOCAL is asserted. If 
EN_LRC := N, then this check is ignored.

2. The breaker control jumper on the slot B board is installed. The 
Relay Word bit BKJMP stays asserted when the breaker control 
jumper is installed. Refer to Password, Breaker (Start/Stop 
Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

3. You are at Access Level 2. The relay prompts for the Access 
Level 2 password if you are not at Access Level 2.

4. There are no active lockouts. If there is one or more active 
lockout, the relay displays those which are active and the 
greatest time remaining. This condition is only checked when 
issuing a START via Motor Start or CLOSE via Bay Screen 
application.

When the conditions are satisfied, the application pulses the STR or STOP bit, 
respectively, depending on your selection for motor start or stop.

Bay Screens Design 
Using QuickSet and 
Bay Screen Builder

QuickSet and Bay Screen Builder provide user-friendly interfaces to set the 
touchscreen settings. The touchscreen settings are not available for setting via 
ASCII terminal, unlike the other relay settings. The touchscreen settings are 
only available if the relay part number is configured with the touchscreen 
display under Front-Panel Options drop down as shown in Figure 9.8. 
Figure 9.9 shows the Touchscreen settings in QuickSet.

Figure 9.8 QuickSet Front-Panel Options
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Figure 9.9 QuickSet Touchscreen Settings

Table 9.7 Touchscreen Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Display Settings

Display Home Screen See Table 8.17 FPHOME := HOME

Display Time-Out 1–30 min FPTO := 15

Rotating Display Transition Time 3–15 sec FPDUR := 5

Backlight Active Brightness 1–10 FPBAB := 6

Rotating Display Screen Settings

Rotating Display 01 See Table 8.17 FPRD01 := Bay Screen 1

Rotating Display 02 See Table 8.17 FPRD02 :=

•

•

•

•

•

•

•

•

•

Rotating Display 15 See Table 8.17 FPRD15 :=

Rotating Display 16 See Table 8.17 FPRD16 :=

Pushbutton Settings (nn = 01–08)

Pushbutton nn HMI Screen OFF, See Table 8.17 FPPBnn := OFF

Bay Control Breaker Settings

Breaker Trip Type 3 BK01TTY := 3

Breaker Mode CONTROL, 
MONITOR

BK01MOD := MONITOR

Breaker 1 Close Status Relay Word Bit BK01CS := 52A1

Breaker 1 Open Status Relay Word Bit BK01OS := 52B1

NOTE: The settings in Table 9.7 shall 
be populated under each of the 
custom screens (sld1–sld5) based on 
the dynamic symbols chosen by the 
user.
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Breaker 1 Alarm Status Relay Word Bit BK01AS := NA

Breaker 1 HMI Close Command Relay Word Bit BK01CLC := NA

Breaker 1 HMI Open Command Relay Word Bit BK01OPC := NA

Breaker 2 Close Status Relay Word Bit BK02CS := 52A2

Breaker 2 Open Status Relay Word Bit BK02OS := 52B2

Breaker 2 Alarm Status Relay Word Bit BK02AS := NA

Breaker 2 HMI Close Command Relay Word Bit BK02CLC := NA

Breaker 2 HMI Open Command Relay Word Bit BK02OPC := NA

Breaker 3 Close Status Relay Word Bit BK03CS := 52A3

Breaker 3 Open Status Relay Word Bit BK03OS := 52B3

Breaker 3 Alarm Status Relay Word Bit BK03AS := NA

Breaker 3 HMI Close Command Relay Word Bit BK03CLC := NA

Breaker 3 HMI Open Command Relay Word Bit BK03OPC := NA

Breaker 4 Close Status Relay Word Bit BK04CS := 52A4

Breaker 4 Open Status Relay Word Bit BK04OS := 52B4

Breaker 4 Alarm Status Relay Word Bit BK04AS := NA

Breaker 4 HMI Close Command Relay Word Bit BK04CLC := NA

Breaker 4 HMI Open Command Relay Word Bit BK04OPC := NA

Bay Control Disconnect Settings
Two-Position Disconnects (m = 1–8)

Two-Position Disconnect Close 
Status

Relay Word bit 2DSmCS :=

Two-Position Disconnect 
Open Status

Relay Word Bit 2DSmOS :=

Two-Position Disconnect 
In-Progress Status

Relay Word Bit 2DSmIS := NA

Two-Position Disconnect 
Alarm Status

Relay Word Bit 2DSmAS := NA

Two-Position Disconnect HMI 
Close Command

89CM2P1–89CM2P8 2DSmCL := NA

Two-Position Disconnect HMI 
Open Command

89OM2P1–89OM2P8 2DSmOP := NA

Bay Control Disconnect Settings
Three-Position Disconnects (m = 1–2)

Three-Position In-Line 
Disconnect Close Status

Relay Word bit 3IDmCS :=

Three-Position In-Line 
Disconnect Open Status

Relay Word Bit 3IDmOS :=

Table 9.7 Touchscreen Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Display Settings
Use these settings to configure the touchscreen. Pressing the HOME pushbutton 
on the front panel takes you to the screen configured as part of the FPHOME 
setting. By default, FPHOME is set to the Home screen, which displays the 
Home screen folders and applications. You can set FPHOME to any screen 
that you like to view when the HOME pushbutton is pressed (see Table 8.17 for 
the list of available screens).

Three-Position In-Line 
Disconnect In-Progress Status

Relay Word Bit 3IDmIS := NA

Three-Position In-Line 
Disconnect Alarm Status

Relay Word Bit 3IDmAS := NA

Three-Position In-Line 
Disconnect HMI Close Command

89CM3PL1–
89CM3PL2

3IDmCL := NA

Three-Position In-Line 
Disconnect HMI Open Command

89OM3PL1–
89OM3PL2

3IDmOP := NA

Three-Position Earthing 
Disconnect Close Status

Relay Word Bit 3EDmCS :=

Three-Position Earthing 
Disconnect Open Status

Relay Word Bit 3EDmOS :=

Three-Position Earthing 
Disconnect In-Progress Status

Relay Word Bit 3EDmIS := NA

Three-Position Earthing 
Disconnect Alarm Status

Relay Word Bit 3EDmAS := NA

Three-Position Earthing 
Disconnect HMI Close Command

89CM3PE1–
89CM3PE2

3EDmCL := NA

Three-Position Earthing 
Disconnect HMI Open Command

89OM3PE1–
89OM3PE2

3EDmOP := NA

Bay Control Analog Label Settings (qq = 01–32)

Analog Quantity Analog Quantity ALAB01 := STRING_RID

Analog Quantity Analog Quantity ALAB02 := STRING_TID

Analog Quantity Analog Quantity ALAB03 := IAW1_MAG

Analog Quantity Analog Quantity ALAB04 := IBW1_MAG

Analog Quantity Analog Quantity ALAB05 := ICW1_MAG

Analog Quantity Analog Quantity ALAB06 := IAW2_MAG

Analog Quantity Analog Quantity ALAB07 := IBW2_MAG

Analog Quantity Analog Quantity ALAB08 := ICW2_MAG

Analog Quantity Analog Quantity ALABqq :=

Bay Control Digital Label Settings (qq = 01–32)

Relay Word Bit Relay Word Bit Name DLABqq :=

Table 9.7 Touchscreen Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO. The timeout resets 
each time you press a front-panel pushbutton or the screen detects a touch. 
When the timeout expires, the access level resets to Access Level 1 and 
switches to the rotating display if at least one screen is configured as part of 
the rotating display settings, FPRDkk (kk = 01–16), if not, the display 
switches to the Home screen. The rotating display transition time setting 
FPDUR defines the duration that each screen is displayed on the rotating 
display. Set FPDUR to a transition time most suitable to your application.

Use the FPBAB setting to control the backlight active brightness.

Rotating Display Settings
The SEL-710-5 allows you to configure as many as 16 screens for the rotating 
display. Configure the settings FPRDkk (kk = 01–16) to the screens most 
suitable to your application. Refer to Table 8.17 for the list of screens 
available as part of the FPRDkk settings.

Pushbutton Settings
The pushbutton settings FPPBnn (nn = 01–08) allow you to quickly navigate 
to a specific screen by pressing the programmed pushbutton. Refer to 
Table 8.17 for the list of screens available for the FPPBnn settings. Note that a 
given pushbutton can be configured to navigate to a specific screen while 
being used in SELOGIC (e.g., PB04 Relay Word bit). The relay does not 
prevent you from configuring a pushbutton for two purposes. Make sure to set 
dual-purpose pushbuttons with care to ensure safe operation.

Bay Control Breaker Settings
Bay control breaker settings are only available if the designed single-line 
diagram has a breaker symbol. When QuickSet detects a breaker symbol as 
part of the single-line diagram, it populates the corresponding settings. The 
SEL-710-5 supports one three-pole breaker. The setting BK01TTY is forced 
to 3 by default and is not settable. The breaker on the single-line can be 
configured as monitor-only or as a controllable breaker. Set 
BK01MOD = MONITOR if you do not want to allow breaker control via the 
touchscreen. Set BK01MOD = CONTROL if you want to allow breaker 
control via the touchscreen. Set BK01CS and BK01OS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
breaker. The relay does not support breaker alarm logic, but it can be 
programmed using SELOGIC. To display breaker alarm status, set the breaker 
alarm status setting BK01AS to the corresponding SELOGIC bit. When 
BK01MOD := CONTROL, both BK01CLC and BK01OPC settings are 
forced to STR and STOP, respectively, and are not settable. Refer to Bay 
Control Application Example on page 9.19 for sample breaker settings.

Bay Control Disconnect Settings
The bay control disconnect settings are only available if the designed single-
line diagram has at least one disconnect symbol. When QuickSet detects one 
or more disconnect symbols as part of the single-line diagram, it populates the 
corresponding settings. The SEL-710-5 supports eight two-position and two 
three-position disconnects. Set the DSnCS and DSnOS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
disconnect. Map the output of the disconnect alarm logic, 89ALkm (see 
Figure 9.1), to the corresponding DSnAS setting. A successful close or open 
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command from the HMI asserts the corresponding 89CMkm or 89OMkm 
Relay Word bit used in Figure 9.2 or Figure 9.3, respectively. Refer to Bay 
Control Application Example on page 9.19 for sample disconnect settings. 

Bay Control Analog Label Settings
The analog label settings are only available if the designed bay screen has at 
least one analog label. When QuickSet detects one or more analog labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 analog labels. Set ALABqq (qq = 01–32) to display 
the desired analog quantity on the bay screen. Refer to the display points 
column of Table M.1 for the list of analog quantities available to program into 
analog labels.

Bay Control Digital Label Settings
The digital label settings are only available if the designed bay screen has at 
least one digital label. When QuickSet detects one or more digital labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 digital labels. Set DLABqq (qq = 01–32) to display 
the desired Relay Word bits on the bay screen. Refer to Table L.1 for the list of 
Relay Word bits available to program into digital labels.

Bay Screen Builder Software
The Bay Screen Builder Software provides an intuitive and powerful interface 
to design bay screens to meet your application needs. This instruction manual 
provides only a brief overview of the Bay Screen Builder Software. For more 
details, refer to the ACSELERATOR Bay Screen Builder SEL-5036 Software 
Instruction Manual available from the Help > Contents menu in Bay Screen 
Builder or at selinc.com.

Several of the settings identified in Table 9.7 are available for you to set 
depending on the symbols chosen for your single-line diagram. Figure 9.10 
shows the layout of Bay Screen Builder and identifies different menus, panes, 
and information.

NOTE: Refer to the Product 
Literature CD for a list of UTF-8 
characters that can be rendered on 
the bay screen in Bay Screen Builder.

https://selinc.com
https://selinc.com
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Figure 9.10 Layout of Bay Screen Builder

Descriptions of the different menus, panes, and information in Bay Screen 
Builder are as follows:

q

w

e

r

t y u i

o

q Project Screens Pane: Displays the names of the screens (as many 
as 5) present in a project. Click a screen name to open the screen, and 
double-click or right-click a screen name to access additional options 
for that screen.

w Screen Area: Displays the selected project screen and its symbols. 
Create a single-line diagram or a metering or status screen by dragging 
and dropping symbols from the Symbols pane.
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e Symbols Pane: Displays the symbols available for selection. Bay 
Screen Builder supports several static and a limited number of 
dynamic ANSI and IEC symbols. Note that for a given project, you can 
only use either ANSI or IEC symbols, not both. While there are no 
constraints on the number of static symbols, Bay Screen Builder limits 
the number of dynamic symbols. The following table provides the 
number of breakers, disconnects, analog labels, and digital labels 
supported in a given project.

r Properties Pane: Displays the properties of a selected symbol. Edit 
the symbol properties as needed for your application. For instance, the 
breaker color sequence property identified in Table 9.1 can be set via 
the appearance property of the breaker symbol (refer to Edit Symbol 
Properties on page 9.22). Bay Screen Builder supports UTF-8 
character encoding. Refer to the Product Literature CD for a complete 
list of UTF-8 characters that can be rendered on the touchscreen 
display.

t Product Type: Displays the name of the QuickSet driver version of 
the product associated with the selected project (e.g., SEL-710-5 003, 
as shown in Figure 9.10). Select the product type in Bay Screen 
Builder when you create a new project independent of QuickSet. View 
Product Type though Settings > Project Settings. If a project is 
edited via QuickSet, Bay Screen Builder inherits the product type from 
the QuickSet settings file.

y Project Symbol Type: Displays the symbol type (IEC or ANSI) 
associated with the selected project as shown in Figure 9.10. Select the 
symbol type when you create a new project. If a project is edited via 
QuickSet, the ANSI symbol type is selected by default.

u Auto Save: Provides a shortcut for changing the auto save setting for 
the application. Enable Auto Save to allow Bay Screen Builder to 
automatically save your project periodically. Your auto save setting 
preference is saved when you exit the application and is applied the 
next time you launch Bay Screen Builder. You can also set Auto Save 
through Settings > Application Settings > File Handling.

Symbols
Number of Supported 
Symbols per Project

Breakers 1

Two-Position Disconnects 8

Three-Position Disconnects 2

Analog Labels 32

Digital Labels 32
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Figure 9.11 Project Analysis Pane: Analysis Results Tab

Figure 9.12 Project Analysis Pane: Constraints Summary Tab

You can adjust the size of the panes in the application. If you reconfigure the 
size of any of these panes, the new size is saved when you exit the application 
and applies the next time you launch Bay Screen Builder.

i Bay Screen Outline: Displays the drop-down list of symbols on the 
presently open screen. Click a symbol from the list to make it active. 
The bay screen outline provides an alternate way to select the symbols 
and is most useful in cases where symbols are crowded or stacked.

o Project Analysis Pane: Displays troubleshooting information/
messages about the project (Errors, Info, Warning, Unknown). The 
project analysis pane supports two tabs: Analysis Results and 
Constraints Summary, as shown in Figure 9.9 and Figure 9.10, 
respectively.

The Analysis Results tab displays details about the error, 
information, warning, and unknown messages for the project. You 
can use these messages for troubleshooting. Select a message type 
button to view the messages for that category. For example, click 
the Errors button to view the error messages for the project. Click 
a column header to sort by the information in that column (see 
Figure 9.11).

The Constraints Summary tab provides information about the 
rules that apply to the present project. All conditions listed under 
Symbol Constraints must be satisfied for a project to be valid. 
You can only publish a valid project, but you can save a project 
with errors (see Figure 9.12).

733 px
66 px

396 px

NOTE: The Constraints Summary tab 
shows the usage and limits of 
dynamic symbols for an entire 
project (all screens). Although not 
constrained, it is recommended that 
you limit the dynamic symbols to 32 
symbols per screen for faster screen 
updates.
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Bay Control Application Example
Specific components of bay screens are covered in Bay Screens Design Using 
QuickSet and Bay Screen Builder. This section provides a summarized 
application example tying all the components together. Refer to the 
ACSELERATOR Bay Screen Builder SEL-5036 Software Instruction Manual, 
available from the Help > Contents menu in Bay Screen Builder or at 
selinc.com, for more specific details regarding bay screen creation and symbol 
properties.

The SEL-710-5 supports as many as five custom screens. You can edit the 
predefined bay screen (Bay Screen 1) and the blank screens (Bay Screen 2, 
Bay Screen 3, Bay Screen 4, Bay Screen 5) (see Figure 9.15). You can also 
import one of the six predefined bay control single-line diagrams from the 
SEL-710-5 Product Literature CD. Refer to Predefined Bay Control Single-
Line Diagrams on page 9.28 for more details.

Consider if you were to create the single-line diagram shown in Figure 9.13 as 
part of your application. Use the following step-by-step approach to design the 
single-line diagram beginning with the predefined bay screen (Bay Screen 1).

Before creating your own diagram, ensure that the number of dynamic 
symbols in your schematic does not exceed the number allowed by the 
SEL-710-5 (see Figure 9.10 and the symbols pane description).

Figure 9.13 Bay Control Single-Line Diagram Schematic

Configure QuickSet 
for Bay Screen 
Builder

To use QuickSet and Bay Screen Builder to create bay screens for the 
SEL-710-5, your relay must have the touchscreen MOT configuration (an “A” 
or “B” in the 18th place of the part number). When your relay is configured 
for the touchscreen option, perform the following steps to configure QuickSet 
to work with Bay Screen Builder.

Step 1. Create an SEL-710-5 settings file configured for the 
touchscreen display. Use the Front-Panel Options drop down 
to select the touchscreen option (see Figure 9.14).

NOTE: The touchscreen display 
option is only available for 
SEL-710-5 QuickSet drivers 003 
and higher.

https://selinc.com
https://selinc.com
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Figure 9.14 Device Part Number Touchscreen Configuration Option

Step 2. Click OK.

Step 3. Expand the Touchscreen settings class.

Step 4. Click Bay Control.

QuickSet displays project management buttons and a project 
preview that includes a small-scale view of five project screens 
(one screen with a predefined single-line diagram and four 
blank screens) and an enlarged view of the predefined single-
line diagram, which is selected by default (see Figure 9.15). 

Figure 9.15 QuickSet Bay Control Project Management and Project Preview 
Display
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Build Single-Line 
Diagrams in Bay 
Screen Builder

Use Bay Screen Builder to create single-line diagrams to load onto the 
SEL-710-5 Relay through QuickSet. To create the single-line diagram shown 
in Figure 9.13, perform the following steps. 

Step 1. Select the screen with the predefined single-line diagram 
shown in Figure 9.16 as a starting point for your single-line 
diagram.

Step 2. Click the Edit button (Figure 9.16) to open the screen with the 
predefined single-line diagram in Bay Screen Builder.

Figure 9.16 Open Single-Line Diagram in Bay Screen Builder

Step 3. Drag-and-drop the additional symbols required for your single-
line diagram onto the screen area from the Symbols pane (see 
Figure 9.17). Remove the unused labels (RID/TID).

Figure 9.17 Drag-and-Drop Symbols
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Table 9.8 lists the number of each symbol required to draw the single-line 
diagram shown in Figure 9.13.

Edit Symbol Properties
All of the symbols in Bay Screen Builder include editable properties. These 
properties allow you to customize the symbols to your specific application. 
These properties appear in the right Properties pane of Bay Screen Builder 
either when you drag a symbol from the left Symbols pane and drop it in the 
screen area or when a symbol in the screen area is selected.

For example, you can use the Close/Open/Alarm Color property in the 
Appearance tab of the breaker properties to select a color scheme for your 
single-line diagram breaker.

Step 1. Select the existing breaker symbol in the predefined single-line 
diagram to display the breaker symbol properties in the 
Properties pane, as shown in Figure 9.18.

Table 9.8 Symbols Required for the Single-Line Diagram Schematic in 
Figure 9.13

Symbols Required
Number of Symbols 

Required
Symbol

Breaker 1

Disconnect 1

Motor 1

Analog labels
(display voltages, currents, 
and power)

8

Digital label
(display thermal lockout 
ON or OFF)

1

Text boxes
(identify the relay, motor 
name)

2

Line
(draw the bus 
and connections)

As Needed
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Figure 9.18 Selected Breaker Symbol Settings Displayed in the Properties 
Pane

Step 2. Select a color option from the drop down menu to edit the 
Close/Open/Alarm Color property in the Appearance tab 
(see Figure 9.19).

Table 9.1 lists the available options and breaker appearance in 
each state based on the selected property.

Figure 9.19 Close/Open/Alarm Color Property Drop Down Menu

Step 3. Use the State Preview tab to view your breaker close, open, 
and alarm state color selections.

Step 4. Edit the additional properties as needed for your application.

Select and edit the disconnect, dynamic labels (analog and digital labels), and 
static symbols, similar to the breaker symbol. Note that some of the symbols 
have the Text tab that can be edited for custom labeling.

In this example, only Bay Screen 1 has been modified in the project. You can 
also modify the other screens to add analog/digital labels to monitor the status 
of the quantities, if necessary. Publish the project using the following process 
after saving your edits.

NOTE: If sufficient width is not 
provided for the value field of the 
analog label it will be rendered as 
‘$$$$$’.

NOTE: The assignment of breaker 
Relay Word bits (e.g., 52A, 52B) to 
breaker symbols, or analog 
quantities (e.g., VA_MAG) to analog 
labels, cannot be made in Bay Screen 
Builder. These assignments can only 
be made in QuickSet.
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Publish Bay Screen 
Builder Project

When you have completed your single-line diagram in Bay Screen Builder, 
you are ready to publish your project to QuickSet.

Step 1. Click Save Project in the File menu to save your project.

Step 2. Click Publish Package in the File menu to publish your 
project (see Figure 9.20). Bay Screen Builder exports the 
project into QuickSet.

Figure 9.20 Publish Bay Screen Builder Project to QuickSet

Step 3. Allow a few seconds for Bay Screen Builder to publish the 
project to QuickSet. Respond to the QuickSet prompt, if 
presented. QuickSet then populates the settings of the updated 
single-line diagram (see Figure 9.21).

Figure 9.21 QuickSet Updated Single-Line Diagram and Corresponding Settings

Enter QuickSet 
Settings

The breaker, disconnect, analog and digital label, local/remote, and trip and 
close settings that follow are the settings applicable to the single-line diagram 
shown in Figure 9.13.
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Breaker Settings
For Figure 9.13, assume the breaker auxiliary contacts 52A and 52B are wired 
to digital inputs IN101 and IN102, respectively. SELOGIC settings 
SV01–SV03 are programmed to create dual-point breaker status with alarm to 
mimic the logic shown in Figure 9.1. Breaker settings are included in more 
than one settings class in QuickSet (Set 1 and Logic 1 in Group, Bay 
Control). Enter the following settings:

Disconnect Settings
For this example, the relay has an 8 DI card in Slot C. Also, the disconnect 
auxiliary contacts 89A and 89B for the disconnect are wired to digital inputs 
IN301 and disconnect settings are included in more than one settings class in 
QuickSet (Global, Bay Control). Enter the following settings:

Setting Example Setting Comment

Group 1 > Set 1 > Trip and Close Logic

52A IN101

52B IN102

Group 1 > Logic 1 > SELOGIC Variables and Timers

SV01 (52A AND 52B) OR 
(NOT 52A AND NOT 52B)

(XNOR gate)

SV01PU 0.5 Set pickup time to indi-
cate alarm for undeter-
mined breaker state

SV01DO 0.0

SV02 NOT SV01 AND 52A Indicates breaker close 
status when asserted

SV02PU 0.0

SV02DO 0.0

SV03 NOT SV01 AND 52B Indicates breaker open 
status when asserted

SV03PU 0.0

SV03DO 0.0

Touchscreen > Bay Control > Bay Screen 1

Breaker Mode CONTROL Controllable breaker

Breaker Close Status SV02T

Breaker Open Status SV03T

Breaker Alarm Status SV01T

Breaker HMI Close Commanda

a Settings are forced to STR and STOP, respectively, and are not available to be set.

STR

Breaker HMI Open Commanda STOP

NOTE: The relay does not support 
dual-point breaker status (see Bay 
Control Breaker Settings) and uses 
the 52A Relay Word bit as the state 
of the breaker in several of the 
protection elements, including trip 
and close logic. If you intend to 
indicate dual-point status on the bay 
control single-line diagram, make use 
of SELOGIC to program this logic 
similar to the one shown in Figure 9.1.

Setting Example Setting Comment

Global > Two-Position Disconnect Settings

89A2P1 IN301 Disconnect 1, A contact

89B2P1 IN302 Disconnect 1, B contact
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Analog Label Settings
Enter the following Bay Control, Bay Screen 1 settings:

Digital Label Settings
As shown in Figure 9.13, monitor the thermal lockout status of the motor by 
entering the following Bay Control, Bay Screen 1 setting:

Local/Remote Control Setting
The schematic shown in Figure 9.13 is programmed with the local/remote 
functionality.

Enter the following Global, Control Configuration setting:

Application With Handheld Local Remote Breaker Control Switch
Assume that the handheld local remote breaker control switch status is wired 
to IN304 of the relay. In this particular application, when IN304 is asserted, it 
implies that the motor control is in LOCAL mode (or SCADA is cut off).

Touchscreen > Bay Control > Bay Screen 1

Two-position disconnect close status 89CL2P1 Switch MCCB

Two-position disconnect open status 89OP2P1

Two-position disconnect in-progress 
status

89IP2P1

Two-position disconnect alarm status 89AL2P1

Two-position disconnect HMI close 
command

89CM2P1

Two-position disconnect HMI open 
command

89OM2P1

Setting Example Setting Comment

Setting Example Setting

VA VA_MAG

VB VB_MAG

VC VC_MAG

IA IA_MAG

IB IB_MAG

IC IC_MAG

3P P

3Q Q

Setting Example Setting Comment

THERMLO THERMLO Thermal lockout active/deactive

Setting Example Setting Comment

EN_LRC Y Enable local/remote control
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Enter the following Global, Control Configuration setting:

Application Without Handheld Local Remote Motor Control Switch
Assume that no handheld local remote motor control switch is available. In 
such case you can program one of the programmable pushbuttons (e.g., PB05) 
in conjunction with SELOGIC to switch the motor control between local and 
remote. Enter the following settings:

Send all active settings to the relay.

To view the designed bay control single-line diagram on the touchscreen 
display, perform the following steps:

Step 1. Navigate to the Home screen.

Step 2. Select the Bay Screens application.

Step 3. Use the Up and Down arrows to view your screens.

With all the previous settings applied to the relay, you have a bay control 
single-line diagram that provides the status of the breaker and disconnect and 
provides you with the ability to perform motor control via the touchscreen, as 
shown in Figure 9.22. In addition, you have the ability to monitor the voltages 
at the bus, the flow of currents and power through the breaker, and the status 
of the motor thermal lockout.

Setting Example Setting Comment

LOCAL IN304 Local/remote control selection

Setting Example Setting Comment

Group 1 > Logic 1 > SELOGIC Variables and Timers

ELAT 1

SET01 PB05_PUL AND NOT LT01 Local when LT01 is asserted

RST01 PB05_PUL AND LT01 Remote when LT01 is deasserted

Front Panela

a Use configurable labels to assign PB5A LED to LOCAL and PB5B LED to REMOTE.

PB5ALEDC GO

PB5A_LED LT01

PB5BLEDC GO

PB5B_LED NOT LT01

Global > Control Configuration

LOCAL LT01
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Figure 9.22 Final Bay Screen Builder Rendering

Export/Import Bay 
Screen Builder 
Project File

If you plan to use the same Bay Screen Builder project file (*.ldme) across 
multiple relays, export the file as shown in Figure 9.23 and save the file to 
import it to another relay. The *.ldme file does not save the settings associated 
with the bay control symbols.

Alternately, QuickSet allows you to save the Bay Screen as well as all of the 
corresponding analog and digital quantities settings (Tools > Settings > 
Export > Touchscreen).

Figure 9.23 Import/Export of the Bay Control Screen in QuickSet

Reset to Defaults Click Reset to Defaults in the QuickSet Project Management section to 
restore the default project in QuickSet.

Predefined Bay 
Control Single-Line 
Diagrams

Bay Screen Builder provides the ability to design bay control single-line 
diagrams. The following predefined single-line diagrams are available on the 
instruction manual CD. You can use them as is or edit them to fit your specific 
application. Any one of the following single-line diagrams can be imported 
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into Bay Screen Builder in place of the existing predefined single-line 
diagram. Use the Import button in the Project Management area of 
QuickSet to import one of the screens provided on the instruction manual CD.

Figure 9.24 ANSI Synchronous Motor Single-Line Diagram

Figure 9.25 ANSI Synchronous Motor with Disconnects Single-Line Diagram

Figure 9.26 IEC Induction Motor with Disconnects Single-Line Diagram
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Figure 9.27 IEC Synchronous Motor Single-Line Diagram

Figure 9.28 IEC Synchronous Motor with Disconnects Single-Line Diagram
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R.Instruction Manual

Analyzing Events

Overview
The SEL-710-5 Motor Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected motor to 
service.

➤ Event Reporting
➢ Event Summary Reports
➢ Event History Reports
➢ Event Reports

➤ Sequential Events Recorder Report
➢ Resolution: 1 ms
➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-710-5 does not result in lost data. The SEL-710-5 offers four types of 
event reports: Standard ASCII (EVE) reports, Compressed ASCII (CEV) 
reports, Binary Comtrade reports, and Sequential Event Recorder (SER) 
reports.

Event Reporting Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table L.1)

➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

NOTE: Arc-flash sensor light values 
and frequency are available only in 
Compressed ASCII event reports 
(CEV or CEV R commands).



10.2

SEL-710-5 Relay Instruction Manual Date Code 20220826

Analyzing Events
Event Reporting

➤ Group, Logic, Global, and Report settings (that were in service 
when the event was triggered)

➤ Relay part number and serial number to identify the relay model 
type

Compressed Event 
Reports

The SEL-710-5 provides Compressed ASCII and COMTRADE event reports 
to facilitate event report storage and display. SEL communications processors 
and the SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII and COMTRADE formats. Use the CHIS command to 
display Compressed ASCII event history information. Use the CSUM 
command to display Compressed ASCII event summary information. Use the 
CEVENT command to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 

Additionally, the SEL-710-5 Compressed Event (CEV command) report 
includes analog channels for the % arc-flash sensor light values and frequency 
measurements that are not available in the regular ASCII Event (EVE 
command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and the 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-710-5 provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15, 64, or 180 cycles. Prefault 
length is 1–10 cycles for LER = 15, 1–59 cycles for LER = 64, and 1–175 
cycles for LER = 180. Prefault length is the first part of the total event report 
length and precedes the event report triggering point. Changing the PRE 
setting has no effect on the stored reports. The relay stores as many as nine of 
the most recent 180-cycle, twenty-three of the most recent 64-cycle, or as 
many as forty-nine of the most recent 15-cycle event reports in nonvolatile 
memory. Refer to the SET R command in SET Command (Change Settings) 
on page 7.63 and Report Settings (SET R Command) on page SET.69.

Triggering The SEL-710-5 triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TR asserts

➤ Programmable SELOGIC control equation setting ER asserts (in 
Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

IMPORTANT: Changing the LER 
setting clears all events in memory. 
Be sure to save critical event data 
prior to changing the LER setting.
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Relay Word Bit TR
Refer to Figure 4.74. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.63). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-710-5 is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.152.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.73 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 49 of the most recent event summaries (if event 
report length setting LER := 15), as many as 22 (if LER := 64), or as many as 
9 (if LER := 180) event summaries. When the relay stores a new event 
summary, it discards the oldest event and event summary if the event memory 
is full. Event summaries contain the following information:

➤ Relay and Terminal Identification (RID and TID) 

NOTE: The HIS CA command resets 
the unique event reference number to 
10000.

➤ Event number, unique event reference number, date, time, event 
type (see Table 10.1), and frequency

➤ Primary magnitudes of line, neutral and residual currents

➤ Primary magnitudes of the line-to-neutral voltage and residual 
voltage (if DELTA_Y := WYE) or phase-to-phase voltages (if 
DELTA_Y := DELTA)

➤ Primary magnitudes of differential currents (if Differential 
Input card is available)

➤ Hottest RTD temperatures (if SEL-2600 RTD Module or 
internal RTD card is available)

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end, as shown in Figure 10.3. The example event 
summary in Figure 10.1 corresponds to the standard 15-cycle event report in 
Figure 10.3.

IMPORTANT: Clearing the history 
report with the HIS C or HIS CA 
command clears all event data within 
the SEL-710-5 event memory.

NOTE: Figure 10.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Logs
The Event Logs field shows the number of events presently stored in the Flash 
memory of the relay

Event Reference Number
The Event Reference Number is a unique event identification number 
assigned to the event. The unique event identification number of any event can 
be found by issuing the HIS command (see Viewing the Event History on 
page 10.7 for details). The Event Reference Number starts at 10000 and 
increments with each new event to a maximum of 42767. The Event 
Reference Number rolls over to 10000 after reaching the next event after event 
42767. The Event Reference Number can be reset to 10000 by using the 
HIS CA command.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 10.1.

=>>SUM <Enter>

SEL-710-5                                Date: 04/30/2002   Time: 22:01:01.592
MOTOR RELAY

Serial No = 000000000000000
FID = SEL-710-5-X211-V0-Z003002-D20180221               CID = 88C2
EVENT LOGS =  6             REF_NUM = 32838

Event:     Trigger
Targets    11010000
Freq (Hz)  60.00

Current Mag
        IA            IB            IC            IN       IG
(A)       0.0           0.0           0.0          0.02     0.06

Voltage Mag
       VAN    VBN    VCN    VG
(V)       0      0      0      0

Differential Current Mag
       IA87     IB87     IC87
(A)      0.00     0.00     0.00

=>>

Figure 10.1 Example Event Summary

Table 10.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF + 50NAF) • (TOL1 + TOL2 + TOL3 + TOL4 + TOL5 + 
TOL6 + TOL7 + TOL8) •  TRIP

Overload Trip (49T • RUNNING) • TRIP

Lockd Rotor Trip (49T • STARTING) • TRIP

Undercurr Trip LOSSTRIP • TRIP

Jam Trip JAMTRIP • TRIP

Curr Imbal Trip (46UBT + 50Q1T) • TRIP

Overcurrent Trip 50P1T • TRIP
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Ground Flt Trip (50N1T + 50G1T) • TRIP

Phase A 51 Trip 51AT • TRIP

Phase B 51 Trip 51BT • TRIP

Phase C 51 Trip 51CT • TRIP

Phase 51 Trip (51P1T + 51P2T) • TRIP

GND 51 Trip (51G1T + 51G2T) • TRIP

NEG SEQ 51 Trip (51QT) • TRIP

Speed Sw Trip SPDSTR • TRIP

Loss of Fld Trip (40Z1T + 40Z2T) • TRIP

Start Time Trip SMTRIP • TRIP

87M Diff Trip (87M1T + 87M2T) • TRIP

Underpower Trip 37PT • TRIP

Pwr Factor Trip 55T • TRIP

React Pwr Trip VART • TRIP

Phase Rev Trip 47T • TRIP

Underfreq Trip (81DnT • TRIP) when 81DnTP < FNOM setting, n = 1, 2, 3, or 4

Overfreq Trip (81DnT • TRIP) when 81DnTP > FNOM setting, n = 1, 2, 3, or 4

RTD Trip (WDGTRIP + BRGTRIP + AMBTRIP + OTHTRIP) • TRIP

PTC Trip PTCTRIP • TRIP

Undervolt Trip (27P1T + 27P2T + 27I1T + 27I2T) • !LOP • TRIP

Overvolt Trip (59P1T + 59P2T + 59I1T + 59I2T + 59I3T + 59I4T) • TRIP

BRK Failure Trip BFT • TRIP

Out of Step Trip OOST • TRIP

Fld UnderC Trip (FDUC1T) • TRIP

Fld OverC Trip (FDOC1T) • TRIP

Fld UnderV Trip (FDUV1T) • TRIP

Fld OverV Trip (FDOV1T) • TRIP

FldResistnce Trip (FDRES1T) • TRIP

RTD Fail Trip RTDFLT • TRIP

PTC Fail Trip PTCFLT • TRIP

Trigger Trigger Command

CommIdleLoss Trip (COMMIDLE + COMMLOSS) • TRIP

Remote Trip REMTRIP • TRIP

Stop Command Commanded Stop from serial port or front panel

ER Trigger ER equation assertion

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no 
active TRIP exists, or upon expiration of lockout timer display 
with TRIPONLO := Y.

Table 10.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic



10.6

SEL-710-5 Relay Instruction Manual Date Code 20220826

Analyzing Events
Event Reporting

Currents, Voltages, and RTD Temperatures
The relay determines the maximum cosine-filtered phase current during an 
event. The instant the maximum cosine-filtered phase current occurs is 
marked by an asterisk (*) in the event report (see Figure 10.3). This row of 
data corresponds to the analogs shown in the summary report for the event. 
Further, the relay looks at DI_A, DI_B, DI_C Relay Word bits to determine if 
the peak detector is active at the trigger point (>) of the event. If active, it 
shows the peak detector output current in the summary report appended with 
the “pk” string for the corresponding phase current instead of the maximum 
cosine-filtered phase current identified by the asterisk (*). 

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum phase current was measured. The currents displayed are 
listed below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

➤ Differential Currents (IA87, IB87, IC87)

The Voltage Mag fields display the primary voltage magnitudes at the instant 
when the maximum phase current was measured. The voltages displayed are 
listed below:

➤ DELTA_Y := WYE
➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)
➢ Residual Voltage VG, calculated from VA, VB, VC

➤ DELTA_Y := DELTA
➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 10.2 for a sample event history. Use this report to 
view the events that are presently stored in the SEL-710-5.

The event history contains the following:

➤ Standard report header
➢ Relay and terminal identification
➢ Date and time of report
➢ Time source (if IRIG-B model)

➤ E vent number, unique event reference number, date, time, 
event type (see Table 10.1)

➤ Maximum motor current

➤ Frequency

➤ Target LED status
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Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within ACSELERATOR QuickSet SEL-5030 
Software. View and download history reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.53 for information on the HIS command.

Use the front-panel MAIN > Events > Display Events menu to display event 
history data on the SEL-710-5 front-panel display.

Use QuickSet to retrieve the relay event history. View the Relay Event 
History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This clears all 
event summaries, history records, and reports. The HIS C command does not 
reset the unique event reference number. This number continues to increment 
from the present value with each subsequent event. Use the HIS CA command 
to clear all event data and reset the unique event reference number to 10000.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event summary (includes relay model number and serial 
number in Compressed ASCII event reports)

➤ Settings in service at the time of event triggering, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. See EVENT Command (Event Reports) on 
page 7.48 for information on the EVE command. 

=>>HIS <Enter>

SEL-710-5                                Date: 05/02/2002   Time: 21:43:48.656
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X211-V0-Z003002-D20180221

#
1
2
3
4
5
6

REF
32838
32837
32836
32835
32834
32833

DATE
04/30/2002
04/25/2002
04/25/2002
04/25/2002
04/18/2002
04/18/2002

TIME
22:01:01.592
20:43:37.185
20:36:26.188
20:25:01.146
04:09:02.737
04:05:49.034

EVENT
Trigger
ER Trigger
ER Trigger
ER Trigger
Trigger
Trigger

CURRENT
0.0
0.0
0.0
20.1
0.0
0.0

FREQ
60.00
60.00
60.00
60.00
60.00
60.00

TARGETS
11010000
11010000
11010000
11010000
11010000
11010000

Event 
Number

Reference 
Number

Event Type Maximum 
Current

Frequency User-Defined 
Target LEDs

Figure 10.2 Sample Event History
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The SEL-710-5 supports two separate event report types (model dependent):

➤ Standard Event Report (EVE command)

➤ Differential Event Report (EVE DIF command)

Filtered and Unfiltered Event Reports
The SEL-710-5 samples the power system measurands (ac voltage and ac 
current) 32 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, select the unfiltered event report using the 
EVE R command. Use the unfiltered event reports to observe power system 
conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the 
report.

Standard Event Report (EVE Command)
The standard event report includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and voltages 
VA (VAB), VB (VBC), VC (VCA), VAY (VABY), VBY 
(VBCY), VCY (VCAY)

➤ Digital states of the protection and control elements, including 
overcurrent and voltage elements, plus status of digital output 
and input states

➤ Event summary

➤ Relay settings

Standard Event Report Column Definitions
Refer to the example event report in Figure 10.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the SUM command (see SUMMARY 
Command on page 7.70) to retrieve event summary reports. 

Table 10.2 gives the standard event report column definitions for the analog 
quantities. Table 10.3 gives the standard event report column definitions for 
digital elements, including the protection and control elements, and the base 
model inputs and outputs.
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Table 10.2 Standard Event Report Column Definitions for Analogs

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

Motor S
R
.

STARTING asserted

RUNNING asserted

STOPPED asserted

Load J
I
L

JAMTRIP asserted

LOSSALARM AND NOT LOSSTRIP

LOSSTRIP

46 A
T

46UBA AND NOT 46UBT 

46UBT

47 T 47T

49 A
T

49A AND NOT 49T

49T

O/C 50P 1
2
b

50P1T AND NOT 50P2T

NOT 50P1T AND 50P2T

50P1T AND 50P2T

O/C 50G 1
2
b

50G1T AND NOT 50G2T 

NOT 50G1T AND 50G2T 

50G1T AND 50G2T

O/C 50N 1
2
b

50N1T AND NOT 50N2T

NOT 50N1T AND 50N2T 

50N1T AND 50N2T

RTD Wdg (SEL-2600 
RTD Module or RTD 
card required)

w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brg (SEL-2600 
RTD Module or RTD 
card required)

b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth (SEL-2600 
RTD Module or RTD 
card required)

o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb (SEL-2600 
RTD Module or RTD 
card required)

a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD In 1 RTDIN
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Note that the ac values change from plus to minus (–) values in Figure 10.3, 
indicating the sinusoidal nature of the waveforms.

Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 10.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 10.5 shows how event report current column data can be 
converted to phasor rms current values.

Standard Event Report Example (15-Cycle)

The following example of a standard 15-cycle event report in Figure 10.3 also 
corresponds to the example SER report in Figure 10.11. 

In Figure 10.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the VCA column identifies the row 
with the maximum phase current. The maximum phase current is calculated 
from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 10.4 and Figure 10.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description

=>>EVE <Enter>

SEL-710-5                              Date: 03/28/2018   Time: 10:01:04.045 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X215-V0-Z003002-D20180319   CID=88C2 Firmware Identifier and Firmware Checksum Identifier

                                                      M L    O/C   O
                                                      o o        I u
                                                      t a444 555 n t
       Currents (A Pri)              Voltages (V Pri) o d679 000 1 13
    IA     IB     IC     IN     IG   VAB   VBC   VCA  r      PGN 2 2
[1]

 126.7   71.3 -194.7    0.0    3.3   683  3225 -3908 R .... ... . ..

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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 -153.3  184.0  -30.3   -0.0    0.3 -4100  2647  1452 R .... ... . ..
 -128.0  -72.3  193.3   -0.0   -7.0  -679 -3227  3906 R .... ... . ..
  153.0 -183.3   29.0    0.0   -1.3  4100 -2644 -1456 R .... ... . ..

[2]
  125.7   72.0 -196.7    0.0    1.0   672  3231 -3904 R .... ... . ..
 -156.0  183.0  -29.3    0.0   -2.3 -4101  2642  1460 R .... ... . ..
 -126.0  -74.3  195.3    0.0   -5.0  -668 -3232  3900 R .... ... . ..
  154.0 -185.0   28.0   -0.0   -3.0  4101 -2636 -1465 R .... ... . ..

One Cycle of Data

[3]
125.7   74.0 -196.7   -0.0    3.0   663  3237 -3900 R .... ... . ..

 -156.0  184.0  -30.3   -0.0   -2.3 -4103  2633  1470 R .... ... . ..
 -127.0  -75.3  195.3    0.0   -7.0  -660 -3240  3899 R .... ... . ..
  157.7 -186.0   30.0    0.0    1.7  4104 -2627 -1476 R .... ... . ..
[4]
  124.7   74.0 -197.3    0.0    1.3   654  3244 -3898 R .... ... . ..
 -158.0  184.7  -30.3   -0.0   -3.7 -4106  2624  1482 R .... ... . ..
 -126.0  -75.3  195.3   -0.0   -6.0  -650 -3247  3897 R .... ... . ..
  262.0 -396.3  129.3    0.0   -5.0  3668 -2195 -1474 R .... ... . ..
[5]
  375.3   92.0 -468.0    0.0   -0.7   328  2844 -3172 R .... ... . ..
 -654.7  865.7 -210.7   -0.0    0.3 -2481  1436  1045 R .... ... . ..
 -689.3 -275.3  963.7   -0.0   -1.0  -138 -1907  2045 R .... ... . ..
  937.0-1125.0  186.0    0.0   -2.0  1729 -1099  -630>R .... 1.. . ..
[6]
  754.0  435.3-1190.3    0.0   -1.0   265  1374 -1639 R .... 1.. . .3
 -940.3 1122.7 -185.3   -0.0   -3.0 -1730  1099   631 R .... 1.. . .3
 -755.3 -440.7 1187.3   -0.0   -8.7  -265 -1374  1639 R .... 1.. . .3
  940.0-1122.3  182.0    0.0   -0.3  1729 -1096  -633 R .... 1.. . .3
[7]
  752.0  441.0-1188.7    0.0    4.3   261  1376 -1638 R .... 1.. . .3
 -941.0 1119.0 -181.3   -0.0   -3.3 -1730  1094   636 R .... 1.. . .3
 -750.3 -440.7 1189.3   -0.1   -1.7  -260 -1375  1635 R .... 1.. . .3
  940.7-1121.3  178.3   -0.0   -2.3  1730 -1093  -636 R .... 1.. . .3

[8]
  748.3  440.3-1191.3    0.0   -2.7   258  1379 -1637 R .... 1.. . .3
 -942.0 1119.0 -177.7   -0.0   -0.7 -1733  1094   638 R .... 1.. . .3
 -749.7 -444.3 1189.3    0.0   -4.7  -256 -1380  1636 R .... 1.. . .3
  942.7-1120.3  176.3    0.0   -1.3  1733 -1091  -642 R .... 1.. . .3
[9]
  746.3  444.0-1190.3    0.0    0.0   253  1381 -1635 R .... 1.. . .3
 -945.0 1119.0 -176.0   -0.0   -2.0 -1734  1089   645 R .... 1.. . .3
 -746.7 -446.0 1189.3   -0.1   -3.3  -252 -1380  1633 R .... 1.. . .3
  943.7-1121.3  172.7    0.0   -5.0  1732 -1085  -646 R .... 1.. . .3

[10]
  747.3  447.7-1191.3    0.0    3.7   249  1384 -1633 R .... 1.. . .3
 -947.7 1119.0 -174.0   -0.0   -2.7 -1732  1085   647 R .... 1.. . .3
 -746.7 -451.0 1190.0   -0.0   -7.7  -250 -1383  1633 R .... 1.. . .3
  946.3-1118.3  170.7    0.0   -1.3  1733 -1083  -649 R .... 1.. . .3
[11]
  742.7  449.7-1191.3    0.0    1.0   247  1386 -1633 R .... 1.. . .3
 -948.7 1116.3 -169.3    0.0   -1.7 -1733  1083   650 R .... 1.. . .3
 -743.0 -452.7 1188.3   -0.0   -7.3  -245 -1386  1631 R .... 1.. . .3
  947.3-1115.7  168.0    0.0   -0.3  1733 -1079  -653 R .... 1.. . .3
[12]
  741.7  453.3-1189.7    0.0    5.3   243  1387 -1630 R .... 1.. . .3
 -948.7 1113.3 -169.3   -0.1   -4.7 -1736  1080   656 R .... 1.. . .3
 -740.3 -457.3 1191.0   -0.0   -6.7  -241 -1387  1628 R .... 1.. . .3
  948.3-1116.7  165.3    0.0   -3.0  1735 -1077  -659 R .... 1.. . .3

[13]
  738.0  457.0-1191.3    0.0    3.7   237  1391 -1628 R .... 1.. . .3
 -950.7 1117.0 -163.7   -0.0    2.7 -1736  1076   660 R .... 1.. . .3
 -738.3 -458.3 1189.3   -0.0   -7.3  -236 -1391  1627 R .... 1.. . .3
  950.3-1117.3  161.3    0.0   -5.7  1735 -1072  -663*R .... 1.. . .3

See Figure 10.4 and Figure 10.5

[14]
  735.0  457.0-1192.3    0.0   -0.3   233  1393 -1626 R .... 1.. . .3
 -951.3 1115.3 -161.7   -0.0    2.3 -1736  1071   665 R .... 1.. . .3
 -735.3 -459.3 1191.0   -0.0   -3.7  -231 -1393  1624 R .... 1.. . .3
  953.0-1114.7  159.7    0.0   -2.0  1735 -1069  -666 R .... 1.. . .3
[15]
  732.3  459.0-1190.3    0.0    1.0   227  1397 -1624 R .... 1.. . .3
 -955.3 1113.3 -159.0   -0.0   -1.0 -1736  1069   667 R .... 1.. . .3
 -732.7 -462.0 1190.0   -0.1   -4.7  -226 -1398  1624 R .... 1.. . .3
  953.0-1114.7  155.7    0.0   -6.0  1736 -1066  -670 R .... 1.. . .3

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Serial No = 123456789047
FID = SEL-710-5-X215-V0-Z003002-D20180319               CID = 88C2

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 13             REF_NUM = 32845

Event:     ER Trigger
Targets    11010000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)    1203.4       1207.7         1200.2         0.05     9.27

Voltage Mag
       VAB    VBC    VCA
(V)    1751   1756   1757

Differential Current Mag
       IA87     IB87     IC87
(A)      0.08     0.00     0.11

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     
LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       
MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     
E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       
EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0
27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     
E27I1   := N       E27I2   := N       
E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     
LOAD    := OFF     
BLKPROT := 0
BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       
TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := RB01
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      
ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS
ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS
ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS
ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT
ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT
ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT
ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT
ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT
ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT
ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT
ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT
ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT
ALIAS14 :=PB03 FP_START PICKUP DROPOUT
ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 
55A OR R_TRIG VARA

LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4      
FMR4    :=NA
RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I       
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 10.4 and Figure 10.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 10.3. Figure 10.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 10.5 shows how the event report current column data can be converted 
to phasor rms values. Voltages are processed similarly.

Logic Settings
ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR 
VART OR PTCTRIP OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 
87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR 
FDRES1T OR SV01T OR OOST OR 55T

Math Variables
MV01    := PF
MV02    := NA
MV03    := NA
MV04    := NA
MV05    := NA
MV06    := NA
MV07    := NA

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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In Figure 10.4, note that any two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate rms current values.

Figure 10.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 10.5, note that two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate phasor rms current 
values. In Figure 10.5, at the present sample, the phasor rms current value is:

Equation 10.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 10.2

(738.0)2 + (–950.7)2 = 1204

(–738.3)2 + (950.3)2 = 1204

(–950.7)2 + (–738.3)2 = 1204

Event Report Column

738.0
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2
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Figure 10.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values

Differential Event Report (EVE DIF Command)
Use the EVE DIF command to retrieve a differential event report, which 
includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and 
differential currents IA87, IB87, and IC87

➤ Digital states of the differential elements, plus status of the base 
model digital inputs and outputs

➤ Event summary

➤ Relay Settings

Use the EVE DIF n command to view the normal differential report with 
4 samples/cycle for report n (if not listed, n is assumed to be 1). This 
command is only available in models with the differential element.

IA (RMS)

t

IA

Event Report Column

Magnitude =

X = 950.3

Y 
= 

—7
38

.3

Angle   = Arctan

 = Arctan

Y
X
—738.3
950.3

 = –37.8°

Real Axis

Ax
is

Im
ag

in
ar

y

1/4 cyc.

(—738.3)2 + (950.3)2 = 1204

Y = Previous 
1/4 Cycle

•••
 738.0
—950.7

 —738.3
 950.3

•••

X = Present Sample

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Differential Event Reports Column Definitions
Refer to the example event report in Table 10.6 to view the differential event 
report columns. This example differential event report displays rows of 
information each 1/4 cycle. Retrieve this report with the EVE DIF command.

Table 10.4 gives the differential event report column definitions for the analog 
quantities. Table 10.5 gives the differential event report column definitions for 
digital elements, including the differential elements and the base model inputs 
and outputs.

Differential Event Report Example (15-Cycle)

Table 10.4 Differential Event Report Column Definitions for the Analog Quantities

Column Heading Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IN Current measured by channel IN (primary A)

IG Residual current (IA + IB + IC, primary A)

IA87 Differential current measured by channel IA87 (primary A)

IB87 Differential current measured by channel IB87 (primary A)

IC87 Differential current measured by channel IC87 (primary A)

Table 10.5 Differential Event Report Digital Column Definitions for 
Differential and I/O Elements

Column Heading Column Symbols Description

87MTC 1 87M1TC AND NOT 87M2TC

2 87M2TC AND NOT 87M1TC

b 87M1TC AND 87M2TC

87M 1 87M1T AND NOT 87M2T

2 87M2T AND NOT 87M1T

b 87M1T AND 87M2T

In 12 1 IN101 AND NOT IN102

2 NOT IN101 AND IN102

b IN101 AND IN102

OUT 12 1 OUT101 AND NOT 0UT102

2 NOT OUT101 AND OUT102

b OUT101 AND OUT102

OUT 3 3 OUT103

=>>eve dif

SEL-710-5                              Date: 04/10/2018   Time: 13:16:30.081 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X218-V0-Z003002-D20180406   CID=812D Firmware Identifier and Firmware Checksum Identifier

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution
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                                                             8     O
                                                             7   I u
                                                             M 8 n t
       Currents (A Pri)               Differential (A Pri)   T 7 1 13
    IA     IB     IC     IN     IG    IA87   IB87   IC87     C M 2 2
[1]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.5    0.0     1 . . ..
  -21.4   16.9    7.2    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.4  -16.9   -7.2   -0.0   -2.8    0.0    0.5    0.0     1 . . ..

[2]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.2   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0   -0.7   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6   -0.0    0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8   -0.0    0.0   -0.1     1 . . ..

One Cycle of Data

[3]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8    0.0   -0.5   -0.1     1 . . ..
[4]
   -5.5  -17.1   27.2   -0.0    4.6    0.0    0.4    0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7   -0.0    0.3    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0   -0.5   -0.0*    1 . . ..
   21.4  -17.0   -7.2    0.0   -2.7    0.0   -0.1   -0.0     1 . . ..
[5]
   -5.5  -17.1   27.2   -0.0    4.6   -0.1    0.4    0.0     1 . . ..
  -21.4   17.0    7.1    0.0    2.7   -0.0   -0.4   -0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0    0.0    0.0     1 . . ..
   21.3  -17.0   -7.1   -0.0   -2.7    0.0    0.3    0.0>    1 . . ..
[6]
   -5.5  -17.1   27.2   -0.0    4.6   -0.0   -0.6   -0.1     1 . . ..
  -21.3   17.0    7.1    0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0    0.6    0.0     1 . . ..
   21.3  -17.0   -7.1    0.0   -2.7   -0.0   -0.4   -0.0     1 . . ..
[7]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.2   -0.0     1 . . ..
  -21.4   17.0    7.0   -0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.0   -7.0    0.0   -2.7    0.0    0.1    0.0     1 . . ..

[8]
   -5.6  -17.1   27.2   -0.0    4.6   -0.0    0.8    0.0     1 . . ..
  -21.3   17.0    7.0   -0.0    2.7    0.0    0.1   -0.0     1 . . ..
    5.6   17.0  -27.2    0.0   -4.6    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.0   -7.0   -0.0   -2.7   -0.0    0.2    0.0     1 . . ..
[9]
   -5.6  -17.0   27.2   -0.0    4.6   -0.0   -0.1   -0.0     1 . . ..
  -21.3   17.0    7.0    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.4    0.0     1 . . ..
   21.3  -17.1   -7.0    0.0   -2.7   -0.0   -0.3   -0.0     1 . . ..

[10]
   -5.6  -17.0   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.3   17.1    7.0    0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.0   -0.0     1 . . ..
   21.3  -17.1   -7.0   -0.0   -2.7    0.0   -0.7   -0.0     1 . . ..
[11]
   -5.7  -17.0   27.3   -0.0    4.6    0.0    0.2    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.3   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9    0.0   -2.7    0.0    0.2    0.0     1 . . ..
[12]
   -5.7  -17.0   27.3   -0.0    4.6   -0.0   -0.2   -0.0     1 . . ..
  -21.3   17.1    6.9    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0    0.7    0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7   -0.0   -0.1   -0.0     1 . . ..

[13]
   -5.7  -17.0   27.3    0.0    4.6    0.0   -0.4    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.5    0.0     1 . . ..
    5.7   16.9  -27.3    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7    0.0   -0.4   -0.0     1 . . ..

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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[14]
   -5.7  -16.9   27.3   -0.0    4.6    0.0    0.7    0.0     1 . . ..
  -21.3   17.1    6.8    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.7   16.9  -27.3   -0.0   -4.7    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.2   -6.8   -0.0   -2.7   -0.0    0.3    0.0     1 . . ..
[15]
   -5.8  -16.9   27.3    0.0    4.6   -0.0    0.0   -0.0     1 . . ..
  -21.3   17.2    6.8   -0.0    2.7    0.0   -0.5   -0.1     1 . . ..
    5.8   16.9  -27.3    0.0   -4.6    0.0    0.4    0.0     1 . . ..
   21.3  -17.2   -6.8    0.0   -2.7   -0.0    0.0    0.0     1 . . ..

Serial No = 123456789047
FID = SEL-710-5-X218-V0-Z003002-D20180406               CID = 812D

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 70             REF_NUM = 32976

Event:     ER Trigger
Targets    11000000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)      22.1          24.1          28.1          0.02     5.37

Voltage Mag
       VAB    VBC    VCA
(V)    2344   1994   3746

Differential Current Mag
       IA87     IB87     IC87
(A)      0.03     0.59     0.03

Hottest RTD
      WINDING  BEARING  AMBIENT  OTHER
(C)   Fail     Fail     Fail     Fail

SETTINGS CHANGED SINCE EVENT

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

. . . . . .

Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
. . . . . .

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := TR TRIP 
SER3    := OUT301 OUT302 OUT303 OUT304 
SER4    := OUT101 OUT102 OUT103 OUT401 OUT402 OUT403 OUT404 

. . . . . .

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       

. . . . . .

=>>

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Retrieving Event 
Reports Via Ethernet 
File Transfer

Selected event reports are available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

The Ethernet file server EVENTS folder contains two types of files for each 
event stored in the relay:

➤ Compressed, 4 sample/cycle, filtered event, equivalent to 
issuing a CEV command. These files are named C4.nnnnn.cev, 
where nnnnn is the unique event identifier.

➤ Compressed, 32 sample/cycle, unfiltered event, equivalent to 
issuing a CEV R command. These files are named 
CR.nnnnn.cev, where nnnnn is the unique event identifier.

The date and time displayed for events are from the time of event trigger. The 
times are UTC.

The EVENTS folder also contains the event history with unique event 
identification number (equivalent to the HIS command) and the compressed 
event history (equivalent to the CHIS command). See HISTORY Command on 
page 7.53. The Event files can also be retrieved with the FIL command. See 
FILE Command on page 7.48 and the information on CHIS Command under 
Compressed Event Reports on page 10.2 for additional information.

CEVENT The relay provides a Compressed ASCII event report for SCADA and other 
automation applications. QuickSet uses Compressed ASCII commands to 
gather event report data. If you want to view the Compressed ASCII event 
report data, use a terminal to issue ASCII command CEV. A sample of the 
report appears in Figure 10.7; this is a comma-delimited ASCII file. The relay 
appends a four-digit hex checksum at the end of the line in the Compressed 
ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (and 
COMTRADE files) include all Relay Word bits (see Appendix L: Relay Word 
Bits). See SEL Compressed ASCII Commands on page C.1 for more 
information on the Compressed ASCII command set.

=>CEV <Enter>

"FID","CEV_VER","PART_NUM","SER_NUM","097C"
"FID=SEL-710-5-X215-V0-Z003002-D20180319","2.0.1","071050E1B0X1X7486167X","123456789047","128C"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,28,2018,10,1,4,45,"03CB"

Report Header

"REC_NUM","REF_NUM","NUM_CH_A","NUM_CH_D","FREQ","NFREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","PR
IM_VAL","CTR_IA","CTR_IB","CTR_IC","CTR_IN","CTR_IG","PTR_VAB","PTR_VBC","PTR_VCA","CTR_IA87","CTR_
IB87","CTR_IC87","EVENT","GROUP","IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)"
,"IA87(A)","IB87(A)","IC87(A)","WDG(C)","BRG(C)","AMB(C)","OTH(C)","5576"

Summary Labels

1,32845,29,1216,60.0,60,4,4,15,"YES",2.00,2.00,2.00,100.00,2.00,35.00,35.00,35.00,100.00,100.00,100.
00,"ER Trigger",1,22.1,24.1,28.1,0.00,5.36,2344.494,1994.284,3746.482,0.05,0.08,0.05,"NA","NA","NA"
,"NA","28D1"

Summary Data

Figure 10.7 Sample Compressed ASCII Event Report
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"IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)","IA87(A)","IB87(A)","IC87(A)","*"
,"*","*","LSENS1(%)","LSENS2(%)","LSENS3(%)","LSENS4(%)","*","*","*","*","IARMS(A)","IBRMS(A)","ICR
MS(A)","FREQ","*","SMSLIP","SMSLIP2","TRIG","49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP 
VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP * * BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI COMMIDLE 
COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF 
49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T 
AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S STOPPED RUNNING STARTING STAR DELTA START 
COASTOP FAULT 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 
50Q2P 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T OUT101 OUT102 OUT103 * * * * * * * * * * * * * 
OUT401 OUT402 OUT403 OUT404 * * * * * * * * * * * * IN101 IN102 * * * * * * * * * * * * * * IN401 
IN402 IN403 IN404 * * * * * * * * * * * * WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO 
RTDIN TRGTR * RTDBIAS 52A SPEED2 52B VFDBYPAS RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T RTD5A 
RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T 
46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT 
LOP RSTMOT * SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A STR STOP EMRSTR ER ULTRIP TR FREQTRK STREQ DNAUX1 
DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T 
ZCFREQ PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL 
PB07_PUL PB08_PUL PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED PB5A_LED 
PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED * * T01_LED T02_LED T03_LED T04_LED 
T05_LED T06_LED LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16 LB17 
LB18 LB19 LB20 LB21 LB22 LB23 LB24 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32 RB01 RB02 RB03 RB04 RB05 
RB06 RB07 RB08 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24 RB25 
RB26 RB27 RB28 RB29 RB30 RB31 RB32 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08 SV01T SV02T SV03T SV04T 
SV05T SV06T SV07T SV08T SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16 SV09T SV10T SV11T SV12T SV13T SV14T 
SV15T SV16T SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T 
SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T LT01 LT02 
LT03 LT04 LT05 LT06 LT07 LT08 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16 LT17 LT18 LT19 LT20 LT21 LT22 
LT23 LT24 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU 
SC08QU SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD SC09QU SC10QU SC11QU SC12QU SC13QU 
SC14QU SC15QU SC16QU SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD SC17QU SC18QU SC19QU 
SC20QU SC21QU SC22QU SC23QU SC24QU SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD SC25QU 
SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD 
SC32QD * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A 
RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B 
LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA LINKA LINKB LINKFAIL PASEL PBSEL * * * VB001 VB002 
VB003 VB004 VB005 VB006 VB007 VB008 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016 VB017 VB018 
VB019 VB020 VB021 VB022 VB023 VB024 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032 VB033 VB034 
VB035 VB036 VB037 VB038 VB039 VB040 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048 VB049 VB050 
VB051 VB052 VB053 VB054 VB055 VB056 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064 VB065 VB066 
VB067 VB068 VB069 VB070 VB071 VB072 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080 VB081 VB082 
VB083 VB084 VB085 VB086 VB087 VB088 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096 VB097 VB098 
VB099 VB100 VB101 VB102 VB103 VB104 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112 VB113 VB114 
VB115 VB116 VB117 VB118 VB119 VB120 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128 51AP 51BP 51CP 
51P1P 51P2P 51QP 51G1P 51G2P 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T 51AR 51BR 51CR 51P1R 51P2R 
51QR 51G1R 51G2R BKMON BCW BCWA BCWB BCWC * IRIGOK TSOK TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC 
LPSECP TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG 
AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8 AFS1EL AFS2EL AFS3EL 
AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL FDVTC FDCTC 40ZTC * 40Z1 40Z1T 40Z2 40Z2T FDUV1 FDUV1T FDUV2 
FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T FDRES1T FDRES2T 
FDRESTC 41CLOSE UL41CL STSEQEN * * 78R1 78R2 78Z1 SWING OOS OOST * OOSTC 51ATC 51BTC 51CTC 51P1TC 
51P2TC 51QTC 51G1TC 51G2TC MATHERR TESTDB * SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN * VIRSPDSW 
SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN * * RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 
SLIPBT FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT FVR FVL PFINBND PFGUT * * PORSFL PODTCT * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 27I1 27I1T 
27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC 59I3 59I3T 
59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 * * * 89A2P2 89B2P2 
89CL2P2 89OP2P2 89AL2P2 * * * 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 * * * 89A2P4 89B2P4 89CL2P4 
89OP2P4 89AL2P4 * * * 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 * * * ENLRC LOCAL BKJMP * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *","8ACA"

Column Labels

-3.2,-18.8,26.3,-0.0,4.3,-446,-1894,2340,-0.0,-0.1,-0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.
00,0.00,22.04,24.07,28.12,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000
000FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000
00000FF0000000000000000000000111111505050505020000000000000","569D"
-21.8,15.0,10.0,-0.0,3.2,-2301,-622,2924,0.0,-0.6,-0.0,0.0,0.0,0.0,0.03,0.05,0.02,0.02,0.00,0.00,0.0
0,0.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","565E"
3.2,18.8,-26.3,0.0,-4.3,447,1895,-2342,-0.0,0.4,0.0,0.0,0.0,0.0,0.01,0.06,0.00,0.03,0.00,0.00,0.00,0
.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55F1"
21.8,-15.1,-10.0,0.0,-3.2,2301,622,-2923,-0.1,0.0,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.05,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.98,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5629"

Event Data (Cycle 1)
The block shown 
represents four 
quarter cycles of 
data.

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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•
•
•

21.8,-15.1,-9.9,-0.0,-3.2,2300,618,-2917,0.0,0.2,-0.0,0.0,0.0,0.0,0.00,0.03,0.01,0.00,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563A"
-3.3,-18.8,26.3,-0.0,4.3,-455,-1896,2351,0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.01,0.00,0.00,0.00
,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5648"
-21.8,15.1,9.9,0.0,3.2,-2300,-616,2916,-0.1,0.1,0.0,0.0,0.0,0.0,0.01,0.08,0.00,0.05,0.00,0.00,0.00,0
.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55E7"

3.3,18.7,-26.3,0.0,-4.3,455,1897,-2352,0.0,0.0,-0.1,0.0,0.0,0.0,0.01,0.04,0.00,0.01,0.00,0.00,0.00,0
.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00,"*","0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563B"

Event Data
The quarter cycle 
with the “*” symbol 
represents the row 
with the largest 
measured current 
for the event. This is 
the row used for the 
summary data.

-21.8,-15.1,-9.9,0.0,-3.2,2299,615,-2914,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.02,0.02,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","561C"
-3.3,-18.7,26.3,-0.0,4.3,-457,-1896,2353,-0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.02,0.00,0.00,0.0
0,0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","5679"
-21.8,15.1,9.9,-0.0,3.2,-2299,-614,2913,-0.0,0.4,-0.1,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5649"
3.3,18.7,-26.3,-0.0,-4.3,458,1897,-2356,0.0,0.4,-0.0,0.0,0.0,0.0,0.03,0.04,0.02,0.02,0.00,0.00,0.00,
0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5628"

21.8,-15.1,-9.9,0.0,-3.2,2299,613,-2912,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.02,0.00,0.00,0.00,
0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00,">","002000000810000921000303000000000000000000020000
00FF008012001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567A"

Event Data
The quarter cycle 
with the “>” symbol 
represents the 
trigger row for the 
event.-3.3,-18.7,26.3,-0.0,4.3,-460,-1897,2357,-0.0,-0.1,0.0,0.0,0.0,0.0,0.00,0.07,0.00,0.05,0.00,0.00,0.0

0,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"002000000810000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567C"

•
•
•

21.8,-15.4,-9.5,0.0,-3.1,2293,591,-2884,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.05,0.02,0.02,0.00,0.00,0.00,
0.00,22.05,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5620"

"SETTINGS","02E1"

"

Global Settings

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP
EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

.

.

.

Global Settings

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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The order of the labels in the digital portion of the Column Labels field 
matches the order of the HEX-ASCII Relay Word. Each numeral in the HEX-
ASCII Relay Word reflects the status of four Relay Word bits from the Digital 
Column Labels field of the Compressed ASCII event report. The HEX-ASCII 
Relay Word from the trigger cycle from Figure 10.7, follows.

In this HEX-ASCII Relay Word, the third numeral in the HEX-ASCII Relay 
Word is a 2. In binary, this is 0010. Mapping the labels to the digital Column 
Labels yields the following:

The 50A1P element picked up at the first sample of the trigger cycle row (see 
Figure 10.7)

Viewing Compressed 
Event (CEV) Reports

The CEV is viewed in the following ways:

➤ SYNCHROWAVE Event (SEL-5601-2)

➤ ACSELERATOR QuickSet SEL-5030 Software via 
SYNCHROWAVE Event (SEL-5601-2)

Using the SEL-5030 software, navigate to the Options menu under Tools and 
select SYNCHROWAVE Event (SEL-5601-2) as the event viewer.

Group Settings

RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       
50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
.
.
.

Group Settings

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 
EALIAS  := 15      
.
.
.

Report Settings

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
.
.
.

Logic Settings

=>

Figure 10.7 Sample Compressed ASCII Event Report (Continued)

00200000081000092100030300000000000000000002000000FF0080020011000004000800000
00000000000A0A00000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000048000000000000000000000000000000000000FF0
000000000008000000000FF0000000000000000000000111111505050505020000000000000

VART                    37PT                47T                     55T
  0                      0                   1                       0
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To view the saved events using the SEL-5030 software, click Tools > Events 
to view an event with SYNCHROWAVE Event and select the event you want to 
view (QuickSet remembers the location where you stored the previous event 
record). You can view multiple events by clicking on Local Event > Add 
New Event in SYNCHROWAVE Event.

As shown in Figure 10.8, all the analog and digital data can be viewed with 
SYNCHROWAVE Event (SEL-5601-2) or QuickSet via SYNCHROWAVE Event 
(SEL-5601-2). Using the Export Event feature, you can export the CEV report 
in COMTRADE format. Using the Export Data feature, you can also export 
the CEV report in comma-separated values (CSV) format.

Figure 10.8 Sample CEV Report Viewed With SYNCHROWAVE Event

With SYNCHROWAVE Event you have six options for converting CEV reports 
to COMTRADE:

➤ COMTRADE 1999 ASCII

➤ COMTRADE 1999 Binary

➤ COMTRADE 2013 ASCII

➤ COMTRADE 2013 Binary

➤ COMTRADE 2013 Binary32

➤ COMTRADE 2013 Float32

COMTRADE File 
Format Event Reports

The SEL-710-5 stores high-resolution raw data oscillography in binary format 
and uses COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

NOTE: COMTRADE event reports are 
sampled at 32 samples per cycle, 
which are equivalent to CEV R event 
reports..



10.26

SEL-710-5 Relay Instruction Manual Date Code 20220826

Analyzing Events
Event Reporting

The .HDR file contains summary information about the event in ASCII 
format. The .CFG file is an ASCII configuration file that describes the layout 
of the .DAT file. The .DAT file is in binary format and contains the values for 
each input channel for each sample in the record. These data conform to the 
IEEE C37.111-1999 COMTRADE standard.

.HDR File
The .HDR file contains the event summary and relay settings information that 
appears in the event report for the data capture. The settings portion is in a 
comma-delimited format as illustrated in Figure 10.9.

NOTE: COMTRADE events can be 
extracted using the FILE command (see 
Section 7: Communications), Ethernet 
File Transfer Protocol (FTP), or the IEC 
61850 Manufacturing Message 
Specification (MMS). To transfer files 
using MMS, set EMMSFS to Y

FID,"SEL-710-5-X211-V0-Z003002-D20180221"
Event_Report_Type,"UVR"
Part_Number,"071050E1B0X1X7486167X"
Serial_Number,"000000000000000"

[Summary]
Date,"30/04/2002"
Time,"22:01:01.591900"
Time_Source,"Internal"
Event_Logs,"6"
Event_Number,"32838"
Event,"Trigger"
Targets,"11010000"
Freq,"60.00"
IA (A),"0.0100"
IB (A),"0.0200"
IC (A),"0.0316"
IN (A),"0.0160"
IG (A),"0.0608"
VAN (V),"0"
VBN (V),"0"
VCN (V),"0"
VG (V),"0"
IA87 (A),"0.0000"
IB87 (A),"0.0000"
IC87 (A),"0.0000"

Event Summary Information

[Settings]
Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Global Settings

Figure 10.9 Sample COMTRADE .HDR Header File
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := WYE     
SINGLEV := N 

E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     

LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       

MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     

E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       

EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0

27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     

E27I1   := N       E27I2   := N       

E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

LOAD    := OFF     

BLKPROT := 0

BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       

TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := PB03
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Group Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      

ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 :=PB03 FP_START PICKUP DROPOUT

ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA
LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4 
FMR4    :=NA

RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I    
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15 

Report Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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.CFG File
The .CFG file contains data that is used to reconstruct the input signals to the 
relay and the status of Relay Word bits during the event report (see 
Figure 10.10). A <CR><LF> follows each line. If control inputs or control 
outputs are unavailable because of board loading and configuration, the relay 
does not report these inputs and outputs in the analog and digital sections of 
the .CFG file.

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 4       

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR VART OR PTCTRIP 
OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR FDRES1T OR SV01T OR 
OOST OR 55T

Math Variables
MV01    := FIA
MV02    := FIB
MV03    := FIC
MV04    := FIN

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

Logic Settings

SAM/CYC_A = 32
SAM/CYC_D = 4

Analog, Digital, and Input Samples 
per Cycle Data

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)

SEL-710-5,FID=SEL-710-5-X211-V0-Z003002-D20180221,1999 COMTRADE Standard

1232,16A,1216D Total Channels, Analog, Digital

1,IA,A,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
2,IB,B,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
3,IC,C,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
4,IN,,,A,0.010102,0.0,0,-32767,32767,100.0,1.0,P
5,IG,,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
6,VA,A,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
7,VB,B,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
8,VC,C,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
9,IA87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
10,IB87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
11,IC87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
12,LSENS1,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
13,LSENS2,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
14,LSENS3,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
15,LSENS4,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
16,FREQ,,,Hz,0.01,0.0,0,0,12000,1.0,1.0,P

Analog Channel Data
aScale_factor is the value used to convert the equivalent channel analog 
data in the DAT file to primary units (A or kV peak-to-peak)

1,rwb_labelb,c,,,0
2,rwb_labelb,c,,,0
•
•
•
nnnnd,rwb_labelb,c,,,0

Digital (Status) Channel Data
brwb_label is replaced with Relay Word bit labels as seen in Table L.1
cPlace holders denoted by asterisk (*), are labeled as UNUSEDxxx (where 
xxx is the number of the associated label)
dnnnn = number of the last Relay Word bit

<NFREQ>
0
0,<# of samples>

dd/mm/yyyy,hh:mm:ss.ssssss First Data Point

Figure 10.10 Sample COMTRADE .CFG Configuration File Data
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The configuration file has the following format:

➤ Relay ID, firmware ID, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Digital Relay Word bit names

➤ System frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

.DAT File
The .DAT file follows the COMTRADE binary standard. The format of the 
binary data files is sample number, time stamp, data value for each analog 
channel, and digital channel status data for each sample in the file. There are 
no data separators in the binary file, and the file contains no carriage return/ 
line feed characters. The sequential position of the data in the binary file 
determines the data translation. Refer to the IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems, IEEE 
C37.111–1999 for more information. Many software applications can read 
binary COMTRADE files, including SYNCHROWAVE Event and QuickSet.

Retrieving COMTRADE Event Files
COMTRADE files are available as read-only files that can be retrieved using 
the FILE command and Ymodem file transfer, Ethernet File Transfer Protocol 
(FTP), web server (EHTTP := Y), or Manufacturing Message Specification 
(MMS). MMS file transfer is only available in models that support IEC 61850 
and only when IEC 61850 is enabled (E61850 := Y) and MMS file services is 
enabled (EMMSFS := Y). See FILE Command on page 7.48, File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, and MMS on page G.5 
for additional information. You can also retrieve COMTRADE files via 
QuickSet. Refer to View Event History on page 3.23 for details.

Sequential Events 
Recorder (SER) 
Report

The SER report captures relay element state changes over an extended period. 
SER report data are useful in commissioning tests and root-cause analysis 
studies. SER information is stored when state changes occur. The report 
records the most recent 1024 state changes if a relay element is listed in the 
SER trigger equations. 

dd/mm/yyyy,hh:mm:ss.ssssss Trigger Point

BINARY
<time stamp multiplication factor>

Figure 10.10 Sample COMTRADE .CFG Configuration File Data (Continued)
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SER Triggering

Settings SER1 through SER4 are used to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements.

NOTE: A file containing an SER 
report can be extracted using the FILE 
command (see Section 7: 
Communications), the Ethernet File 
Transfer Protocol (FTP), or the 
IEC 61850 Manufacturing Message 
Specifications (MMS). To transfer files 
using MMS, set EMMSFS to Y.

The relay adds a message to the SER to indicate power up or settings change 
conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases

You can rename as many as 32 of the SER trigger conditions using the ALIAS 
settings. For instance, the factory-default alias setting 1 renames Relay Word 
bit STARTING for reporting in the SER:

ALIAS1:= STARTING MOTOR_STARTING BEGINS ENDS

When Relay Word bit STARTING is asserted, the SER report shows the date 
and time of MOTOR_STARTING BEGINS. When Relay Word bit 
STARTING is deasserted, the SER report shows the date and time of 
MOTOR_STARTING ENDS. With this and other alias assignments, the SER 
record is easier for the operator to review. See Relay Word Bit Aliases on 
page 4.151 for additional details.

Retrieving and Clearing SER Reports

See SER Command (Sequential Events Recorder Report) on page 7.63 for 
details on retrieving and clearing SER reports with the SER command.

SER data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Relay Powered Up
.
.
.
Relay Settings Changed
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Example SER Report
The example SER report in Figure 10.11 includes records of events that 
occurred before the beginning of the event summary report in Figure 10.3. 

=>>SER <Enter>

SEL-710-5                                Date: 04/19/2013   Time: 11:09:33.952
SYNCHRONOUS MTR                          Time Source: Internal

Serial No = 000000000000000
FID = SEL-710-5-X047-V0-Z001001-D20130415               CID = 6495

#      DATE         TIME               ELEMENT              STATE
9   04/19/2013  10:24:00.014   Relay Settings Changed
8   04/19/2013  10:24:00.014   SALARM                    Asserted
7   04/19/2013  10:24:01.010   SALARM                    Deasserted
6   04/19/2013  10:24:07.504   50P1T                     Asserted
5   04/19/2013  10:24:07.550   WARNING                   Asserted
4   04/19/2013  10:24:07.550   MOTOR_STARTING            BEGINS
3   04/19/2013  10:24:07.550   MOTOR_STOPPED             ENDS
2   04/19/2013  10:24:07.800   MOTOR_STARTING            ENDS
1   04/19/2013  10:24:07.800   MOTOR_RUNNING             BEGINS

=>>

Figure 10.11 Example Sequential Events Recorder (SER) Event Report
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
Current

Test
Source

IA

IB

IC

IC

IB

IA

N

Z01

Z02

Z03

Z04

Z05

Z06
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections

SEL-710-5

Z09

Z10

Z11

Z12

Voltage
Test

Source

VA

VB

VC

N

Va

Vb

Vc

N

Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Firmware
Determining the 
Firmware Version

To determine the firmware version, view the status report by using the serial 
port STATUS command or the front-panel. The status report displays the 
firmware identification (FID) string.

The firmware version will be either a standard release or a point release. A 
standard release adds new functionality to the firmware beyond the specifica-
tions of the existing version. A point release is reserved for modifying firm-
ware functionality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device 
FID string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

The date code is after the D. For example, the following is firmware version 
number R100, date code July 25, 2013.

FID=SEL-710-5-R100-V0-Z001001-D20130725

Table A.1, Table A.2, and Table A.3 list the firmware versions, a description of 
modifications, and the instruction manual date code that corresponds to the 
firmware versions of each series of firmware. The most recent firmware ver-
sion is listed first.

Starting with revisions published after March 1, 2022, changes that address 
security vulnerabilities are marked with “[Cybersecurity]”. Improvements to 
cybersecurity functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.

NOTE: R1xx series firmware can be 
upgraded to any of the latest 
firmware versions.
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Table A.1 R300 Series Firmware Revision History (Sheet 1 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

SEL-710-5-R302-V0-Z005003-D20220826 ➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart.

20220826

➤ [Cybersecurity] Updated a third-party networking software 
component, which removes low-risk security vulnerabilities that could 
result in temporary loss of Ethernet communications.

➤ Added firmware support for new hardware component suppliers.

➤ Added support for IEEE 802.1Q-2014 Rapid Spanning Tree Protocol 
(RSTP) for models with the dual Ethernet port option.

➤ Added support for the IEC 61850 Local/Remote control feature 
defined in the IEC 61850-7-4 standard.

➤ Added support for the IEC 61850 functional naming feature.

➤ Added SELOGIC variable SC850SM for IEC 61850 simulation mode.

➤ Increased the number of Relay Word bit aliases to 32.

➤ Improved performance to allow touchscreen operation after a 
firmware downgrade.

➤ Enhanced the relay firmware to retain configuration settings for the IP 
address, subnet mask, and default router for Port 1 during a firmware 
upgrade from any previous 3xx firmware version.

➤ Resolved an issue where the relay failed to evaluate analog quantity 
I850MOD when mapped to a SELOGIC control equation.

➤ Resolved an issue where the relay always remained in IEC 61850 ON 
mode after issuing an R_S command independent of the selected 
IEC 61850 mode/behavior.

➤ Resolved an issue that caused the touchscreen to incorrectly display 
“Resend the Touchscreen settings.”

SEL-710-5-R301-V0 Note: SEL-710-5 R301-V0 was not production released. R302-V0 follows 
R300-V6.

—

SEL-710-5-R300-V6-Z004003-D20220826 Includes all the functions of SEL-710-5-R300-V5-Z004003-D20220225 with 
the following additions:
➤ Added firmware support for new hardware component suppliers.

20220826

➤ Improved performance to allow touchscreen operation after a 
firmware downgrade.

➤ Resolved an issue where the relay always remained in IEC 61850 ON 
mode after issuing an R_S command independent of the selected 
IEC 61850 mode/behavior.

SEL-710-5-R300-V5-Z004003-D20220225 Includes all the functions of SEL-710-5-R300-V4-Z004003-D20211213 with 
the following additions:
➤ [Cybersecurity] Resolved an issue where GOOSE receive messages 

would no longer be processed during or after a GOOSE data storm on 
the network.

20220225

➤ Resolved an issue with the 14 digital input card where the digital 
inputs incorrectly processed an ac control signal input.

SEL-710-5-R300-V4-Z004003-D20211213 Includes all the functions of SEL-710-5-R300-V3-Z004003-D20210917 
with the following addition:
➤ Revised the firmware to allow replacement of the field-programmable 

gate array (FPGA) part.

20211213

SEL-710-5-R300-V3-Z004003-D20210917 Includes all the functions of SEL-710-5-R300-V2-Z004003-D20210104 with 
the following additions:
➤ Added the IEC 61850 blocked-by-interlocking control error response.

20210917

➤ Resolved an issue where a large number of file read operations could 
lead to a data retrieval error.
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➤ Resolved an issue where EtherNet/IP communication stopped after 
approximately 25 days.

➤ Resolved an issue where the power factor lead/lag label, shown on the 
fundamental metering screen for touchscreen models, did not update 
when any of the applied secondary phase currents were less than 
0.5 A.

➤ Resolved an issue in which the power factor label PFL, used in DNP, 
IEC 61850, and EtherNet/IP protocols, did not update when any of the 
applied secondary phase currents were less than 0.5 A.

SEL-710-5-R300-V2-Z004003-D20210104 Includes all the functions of SEL-710-5-R300-V1-Z004003-D20200921 with 
the following additions:
➤ Resolved a rare issue where Telnet traffic could cause a diagnostic 

restart of the relay.

20210104

➤ Resolved an issue in touchscreen relay models where repeated 
triggering of the TRIP/WARN messages resulted in the relay 
becoming disabled.

➤ Resolved an issue in which the MOT command response reported the 
total number of trips incorrectly.

➤ Resolved an issue with MIRRORED BITS communications over 
channels using an eight data bit format.

SEL-710-5-R300-V1-Z004003-D20200921 Includes all the functions of SEL-710-5-R300-V0-Z004003-D20200331 with 
the following additions:
➤ Resolved an issue with the EPORT setting for the Ethernet port.

20200921

➤ Resolved an issue where the HIS 50INC C command did not reset the 
alarm and trip Relay Word bits for the incipient cable fault logic.

➤ Resolved an issue in the relay where Modbus Register addresses did 
not match the Modbus Register Map.

SEL-710-5-R300-V0-Z004003-D20200331 ➤ Added support for zipped and digitally signed (.zds) firmware files. 
These .zds firmware files require the SELBOOT firmware version to 
be upgraded to R600 first. Firmware files with the .s19 and .z19 
extensions cannot be sent to relays with SELBOOT firmware R600.  

20200331

➤ Added the ability to upgrade relay firmware remotely over an Ethernet 
network.

➤ Added web server capability to relays equipped with Ethernet.

➤ Increased the number of two-position disconnects to eight and added 
control support to the two-position disconnects.

➤ Added two three-position disconnects with control support.

➤ Added support for IEEE 1588-2008 firmware-based Precision Time 
Protocol (PTP) for time synchronization.

➤ Added IEC 61850 Test Mode with standard operating modes, 
including On, Blocked, Test, Test/Blocked, and Off.

➤ Added the EtherNet/IP communications option for relays equipped 
with Ethernet.

➤ Added a Type B PID controller that can be used for generic control 
applications or power factor regulation for synchronous motor 
applications. 

➤ Added the ability to monitor vibrations based on the ISO 20816 
standard. In touchscreen models, you can also view in a bar graph the 
measured values of vibration transducers connected to a motor. 

➤ Added the Motor Maintenance Record (MMR), which tracks motor 
parameters, such as time to start/stop, power on start/stop, maximum 
starting current, minimum starting voltage, and slip on stop for offline 
analysis to monitor the health of the motor. 

Table A.1 R300 Series Firmware Revision History (Sheet 2 of 3)
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➤ Added 97FM elements to monitor the magnitude of user-selected 
frequency components in different analog signals.

➤ Added the CMET S R command, which displays the raw compressed 
meter report in CASCII format. 

➤ Added the incipient cable fault detection (50INC) element.

➤ Added the ability to detect CT saturation or A/D saturation during 
breaker opening to monitor molded case circuit breaker health.

➤ Added the SINGLEI setting to allow motor applications in which only 
single-phase current is available.

➤ Improved Sequential Events Recorder (SER) time-stamp accuracy for 
digital inputs and arc flash elements (50PAF, 50NAF, TOL, and digital 
outputs) to 1 ms.

➤ Improved event reports to include settings at the time of the event.

➤ Added the ability to trigger event reports from the Event History 
application on the touchscreen display.

➤ Improved the security of the resistance temperature detector (RTD) 
FAULT, ALARM, and TRIP indicators by adding an approximately 
12-second delay to filter RTD measurements distorted by electrical 
noise.

➤ Updated the TCP keep-alive settings so they can be turned off or 
configured as desired. This update applies to all TCP protocols, 
including Telnet, File Transfer Protocol (FTP), MMS, and C37.118 
phasor measurement unit (PMU). 

➤ Increased the upper limit of the frequency trip delay setting 81DnTD 
(n = 1 to 4) from 240.00 to 400.00 seconds. 

➤ Resolved an issue in which the power factor element did not operate 
correctly when real power was negative.

➤ Resolved an issue where the state of Target LED (TLED) data points 
was not correctly reported in GOOSE messages.

➤ Resolved an issue where the Global access control setting 
DSABLSET did not disable settings edits via the touchscreen 
interface when DSABLSET := Y.

➤ Resolved an issue in the touchscreen models where editing the DNP3 
setting, TIMERQ, resulted in an unresponsive screen until the HOME 
pushbutton was pressed.

➤ Resolved an issue where the COMTRADE events included event data 
four times. Firmware versions R200-V0 and higher are affected by 
this issue.

➤ Modified firmware to increment the state number (stNum) in GOOSE 
messages for any change of the quality attribute.

Table A.1 R300 Series Firmware Revision History (Sheet 3 of 3)
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SEL-710-5-R201-V5-Z003002-D20220826 Includes all the functions of SEL-710-5-R201-V4-Z003002-D20220225 
with the following addition:
➤ Added firmware support for new hardware component suppliers.

20220826

SEL-710-5-R201-V4-Z003002-D20220225 Includes all the functions of SEL-710-5-R201-V3-Z003002-D20211213 
with the following addition:
➤ [Cybersecurity] Resolved an issue where GOOSE receive messages 

would no longer be processed during or after a GOOSE data storm on 
the network.

20220225
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SEL-710-5-R201-V3-Z003002-D20211213 Includes all the functions of SEL-710-5-R201-V2-Z003002-D20210917 
with the following addition:
➤ Revised the firmware to allow replacement of the field-programmable 

gate array (FPGA) part.

20211213

SEL-710-5-R201-V2-Z003002-D20210917 Includes all the functions of SEL-710-5-R201-V1-Z003002-D20210104 
with the following additions:
➤ Resolved an issue where a large number of file read operations could 

lead to a data retrieval error.

20210917

➤ Resolved an issue where the power factor lead/lag label, shown on the 
fundamental metering screen for touchscreen models, did not update 
when any of the applied secondary phase currents were less than 
0.5 A.

➤ Resolved an issue in which the power factor label PFL, used in DNP, 
IEC 61850, and EtherNet/IP protocols, did not update when any of the 
applied secondary phase currents were less than 0.5 A.

SEL-710-5-R201-V1-Z003002-D20210104 Includes all the functions of SEL-710-5-R201-V0-Z003002-D20200331 
with the following additions:

➤ Resolved a rare issue where Telnet traffic could cause a diagnostic 
restart of the relay.

20210104

➤ Resolved an issue in touchscreen relay models where repeated trigger-
ing of the TRIP/WARN messages resulted in the relay becoming dis-
abled.

➤ Resolved an issue in which the MOT command response reported the 
total number of trips incorrectly.

SEL-710-5-R201-V0-Z003002-D20200331 ➤ Resolved an issue in which the power factor element did not operate 
correctly when real power was negative.

20200331

➤ Resolved an issue where the state of Target LED (TLED) data points 
was not correctly reported in GOOSE messages.

➤ Resolved an issue in the touchscreen models where editing the DNP3 
setting, TIMERQ, resulted in an unresponsive screen until the HOME 
pushbutton was pressed.

➤ Resolved an issue where the relay enabled 1/2 cycle before the front-
end analogs settled down, leading to nuisance events on relay turn on. 
This issue affects firmware versions R200-V0 and R200-V1 only.

SEL-710-5-R200-V1-Z003002-D20181228 Includes all the functions of SEL-710-5-R200-V0-Z003002-D20180629 with 
the following additions:
➤ Resolved an issue in which RTD measurements were not updated 

when setting BLK49RTD := Y and the Relay Word bit BLKPROT 
was asserted.

20181228

➤ Addressed a mismatch between the event type strings for CHI and 
CEV commands. Due to the mismatch, SEL RTACs were not able to 
collect events with event type strings longer than 14 characters from 
the relay.

➤ Resolved an issue in which the relay continued to send Fast SER data 
to the RTAC even after the relay acknowledged an RTAC disable 
command.

➤ Resolved an issue in which the power factor label PFL, used in the 
DNP reference map, was not updating when SINGLEV := Y.

➤ Resolved an issue in which the power factor lead/lag label shown in 
the fundamental metering screen for touchscreen models was not 
updating when setting SINGLEV := Y.

Table A.2 R200 Series Firmware Revision History (Sheet 2 of 4)
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SEL-710-5-R200-V0-Z003002-D20180629 ➤ Added the touchscreen display front-panel option. 20180629

➤ Added Spanish language support on all communications ports. Also 
added an ordering option for a relay with the Spanish overlay and 
Spanish front-panel HMI.

➤ Enhanced the CPU card design, including the addition of a GOOSE 
port with a dedicated MAC address to improve GOOSE performance. 
Note that relays with older CPU cards can be upgraded to firmware 
version R200 or higher, but the relay will not have the GOOSE 
performance improvements.

➤ Updated IEC 61850 protocol implementation to IEC 61850 Edition 2.

➤ Added file transfer support in IEC 61850 for CEV events; 
COMTRADE events; MST, MOT, CMSR, LDP, HIS, SER, and BRE 
reports; CID files; and settings files.

➤ Increased the maximum number of GOOSE subscriptions to 64.

➤ Added password authentication and session timeout for MMS 
services.

➤ Added IEC 62439 Parallel Redundancy Protocol (PRP) for models 
with the dual Ethernet port option.

➤ Added IEC-60870-5-103 protocol.

➤ Increased the number of DNP sessions from 3 to 5.

➤ Added Modbus Master IP settings.

➤ Added the enable port setting EPORT to all the communications ports 
to enhance port security.

➤ Added the MAXACC setting to all communications ports, including 
the front panel, to control limited or full access. Note that the front-
panel MAXACC setting is not supported for relays with the 
touchscreen option.

➤ Added Telnet access setting ETELNET and FTP access setting 
EFTPSERV to Ethernet Port 1.

➤ Added an ordering option for a 14 digital input card in Slots C, D, 
and E.

➤ Added COMTRADE support for Events and compressed Motor Start 
Reports in the relay.

➤ Added a unique reference numbering system for HIS, CHIS, SUM, 
CSUM, EVE, CEV, MSR, and CMSR reports.

➤ Increased the number of settings groups from 3 to 4.

➤ Added OFF to all the 50 elements delay settings ranges.

➤ Added the inverse-time over- and undervoltage elements.

➤ Added a setting, METHRES, in the Global settings category that 
allows for turning off the squelching of currents and voltages below a 
certain level.

➤ Added disconnect status logic with double point indication to monitor 
the status of as many as five disconnects.

➤ Increased the TOL pickup setting to 80% for both the point- and bare-
fiber sensors.

➤ Added torque-control settings for the frequency (81) elements with 
the default value set to 1.

➤ Enhanced SELOGIC processing capacity in the relay.

➤ Resolved an issue with the analog quantity for frequency getting reset 
to 0 after a settings change.

Table A.2 R200 Series Firmware Revision History (Sheet 3 of 4)
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➤ Modified GPSB diagnostics logic to show failure only if the GPSB 
diagnostics fail three consecutive times within 24 hours.

➤ Addressed an issue with 41 close logic in the presence of high 
frequency noise. 

➤ Resolved an issue with the load loss element, which did not operate 
when LLSDLY := 0.

➤ Resolved an issue with output contact OUTxxx chattering 
continuously when selected for arc flash, i.e., 
AOUTSLOT := OUTxxx setting, and mapped to TRIP equation, 
i.e., OUTxxx := TRIP.

➤ Resolved an issue with the NOSLO Relay Word bit asserting for a 
second when BLKPROT := STARTING and BLK66 := Y. 

➤ Resolved an issue with the PULSE/CON PULSE/TEST DO 
command on any output blocking the processing of all the remaining 
outputs for the duration of the pulse. 

➤ Addressed an issue where the relay could assert Thermal overload 
Trip incorrectly when there is a rapid drop in VFD frequency and the 
LOAD_ZS setting is being applied (not equal to motor full load 
current).

➤ Addressed an issue with breaker wear data not getting saved upon 
cycling power to the relay.

➤ Added TEST DB command to support relay testing. 

Table A.2 R200 Series Firmware Revision History (Sheet 4 of 4)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

Table A.3 R100 Series Firmware Revision History (Sheet 1 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

SEL-710-5-R102-V0-Z002001-D20170330 ➤ Improved the 41CLOSE logic to avoid closing the field breaker 
while the VDR signal is positive.

20170330

➤ Revolved an issue where the analog quantities for the light metering 
were reading incorrect values when more than 50% light was 
applied to the relay.

➤ Revised the firmware to allow power factor current supervision 
setting 55I1SUP for relays with MOT x81 for the Slot Z 
4 ACI/3 AVI card.

➤ Revised the firmware to allow AFD output slot setting, 
AOUTSLOT, to accept the 401_4 option when a DO card is 
installed in Slot D.

➤ Resolved an issue with the 41DELAY setting that caused the relay 
to disable when set to less than 0.4 seconds.

➤ Enhanced the MSR and CMSR reports to show the slip calculated 
from the stator quantities or the VDR signal when the slip source 
setting SLIPSRC is set to STAT or VDR, respectively.

➤ Improved the accuracy of the slip calculation in the slip dependent 
thermal model for brushless synchronous motor applications with 
the slip source setting, SLIPSRC := STAT. The revised firmware 
allows for longer start times.

➤ Revised the R101-V0 firmware version for the slip dependent 
thermal model in induction motor applications, which under 
reported the rotor TCU. The issue is present in only the R101-V0 
firmware version and it affects induction motor applications in 
which the full-load slip setting, FLS, is not set to OFF.

➤ Fixed Telnet and Modbus/TCP multiple session availability issue 
present in firmware revision R101 only.
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SEL-710-5-R101-V0-Z002001-D20160729 ➤ Added a power factor loss-of-synchronism (pull-out) detection logic 
that operates when the motor power factor falls below the relay 
setting POPFSP. 

20160729

➤ Added a power factor regulation logic that compares the reactive 
power consumed by the motor with a reactive power set point (QSP) 
and generates a raise or lower excitation command.

➤ Enhanced the firmware to allow synchronous motor start sequence 
for motor applications where field measurements are not available. 

➤ Enhanced the motor thermal model by allowing for faster cooling 
rate during coasting to stop. Based on the new COASTIME setting, 
the relay automatically delays the use of the slower cooling rate 
(based on COOLTIME), which significantly reduces the wait time 
before the next start is allowed by thermal lockout.

➤ Enhanced the slip-dependent thermal model to use slip derived from 
VDR (SMSLIP) for brush-type synchronous motors or slip derived 
from stator measurements (SMSLIP2) primarily for brushless 
synchronous motors.

➤ Added to the CEV report slip derived from VDR (SMSLIP) for 
brush-type synchronous motors and slip derived from stator 
measurements (SMSLIP2).

➤ Enhanced the Motor State Logic to use average rms instead of 
sequence currents for VFD application.

➤ Added OFF to the setting range of the failover time setting, FTIME, 
to support fast failover switching in dual Ethernet models.

➤ Revised to allow loss-of-field (40) and out-of-step (78) functions for 
the base model relay and to not require synchronous motor card in 
Slot E.

➤ Enhanced the firmware to include synchronous motor applications 
for Full-Voltage Reversing Starter.

➤ Added the LOPBLK SELOGIC control equation setting with the 
default value set to 0 to allow for blocking of the LOP logic under 
user-defined conditions. Also, raised the minimum threshold for 
positive-sequence voltage V1 from 5 V to 10.5 V.

➤ Revised the firmware to allow an anonymous TCP connection from 
DNP masters when DNPIPn is set to 0.0.0.0.

➤ Modified the prompt for the DNP Master IP Address DNPIPn to 
distinguish it from the device IP Address.

➤ Resolved an issue with the DNP binary outputs so that they are no 
longer reported as OFFLINE when the binary output is also present 
in the binary input map and the SER (Sequential Events Recorder).

➤ Added a 2.5 mA high-sensitivity neutral current input channel to the 
slot Z 4 ACI/3 AVI cards. 

➤  Revised the firmware to address an issue where the oldest 
180-cycle event disappeared from the event history after the relay 
power cycled or restarted with STA C.

➤ Added the RSTMOT SELOGIC control equation setting to reset 
MOT data.

➤  Added virtual speed switch functionality based on current profile 
during across-the-line motor starting with subtransient current 
override.

➤ Removed option D from the NETPORT setting.

➤ Resolved an issue that caused small jumps in the angle calculations 
for analog quantities.

Table A.3 R100 Series Firmware Revision History (Sheet 2 of 3)
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SELBOOT Firmware 
Version and Relay 
Firmware Compatibility

The SELBOOT revision and the compatible relay firmware versions are listed 
in Table A.6. The new SELBOOT firmware R600 ensures that the relay firm-
ware upgrade file is digitally signed by SEL using a secure hash algorithm that 
ensures that the file has been provided by SEL and that its contents have not 
been altered. R300-V0 firmware requires that the SELBOOT firmware be 
upgraded to R600.

SEL Display Package 
Versions

The SEL-710-5 with the touchscreen display option has display packages for 
the SEL display and default custom display. Table A.5 lists the display 
package version, a description of the modifications, and the instruction 
manual date code that corresponds to the display package versions. The most 
recent firmware version is listed first. The version number of this firmware is 
accessible through the Device Info folder.

➤ Resolved an issue with settings change (STSET) being reported as 
OFFLINE via DNP.

➤ Resolved an issue with the reset command for Max/Min and Energy 
metering functions.

➤ Resolved an issue with the TRIPONLO setting.

➤ Resolved an issue with RTD biasing that, in certain cases, caused 
the relay to TRIP on 49T even when currents were not applied.

SEL-710-5-R100-V0-Z001001-D20130725 ➤ Initial version. 20130725

Table A.3 R100 Series Firmware Revision History (Sheet 3 of 3)
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Table A.4 SELBOOT Firmware Revision History

Boot Firmware Identification Number Summary of Revisions
Firmware Revision 

Supported
Release 

Date

SLBT7XX-R602-V0-Z000000-D20220826 ➤ Improved the restart performance of the 
SELBOOT firmware.

R300 and higher 20220826

SLBT7XX-R601-V0-Z000000-D20211116 ➤ Revised the SELBOOT firmware to allow 
replacement of the field-programmable 
gate array (FPGA) part.

R300 and higher 20211116

SLBT7XX-R600-V0-Z000000-D20200331 ➤ The new SELBOOT supports zipped and 
digitally signed (.zds) firmware files.

R300 and higher 20200331

BOOTLDR-R502-V0-Z000000-D20211116 ➤ Revised the SELBOOT firmware to allow 
replacement of the field-programmable 
gate array (FPGA) part.

R1xx, R2xx 20211116

BOOTLDR-R501-V0-Z000000-D20160729 ➤ Changed RAM integrated circuit. R101 to R2xx 20160729

BOOTLDR-R500-V0-Z000000-D20130725 ➤ Initial version. R100 20130725

Table A.5 SEL Display Package Revision History (Sheet 1 of 2)

SEL Display Package Version Revisions Release Date

3.0.50710.3006 ➤ Added support for new hardware component suppliers. 20220826

➤ Improved performance to allow touchscreen operation during a 
firmware downgrade.

3.0.50710.3004 ➤ Added support for new hardware component suppliers. 20211213

➤ Modified the color touchscreen backlight brightness for more 
consistent dimming while in standby mode.
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SEL Display Package 
and Relay Firmware 
Compatibility

The display package and the compatible relay firmware versions are listed in 
Table A.6. The version number of the display package is accessible through 
the Device Info folder. Display packages may be compatible with more than 
one relay firmware version.

DeviceNet and 
Firmware Versions

The firmware on the DeviceNet interface has two versions (major and minor) 
as listed in Table A.7. The version number of this firmware is accessible via 
the DeviceNet interface. The SEL-710-5 needs DeviceNet firmware version 
1.005.

The Electronic Data Sheet (EDS) file is not updated every time a firmware 
release is made. A new EDS file is released only when there is a change in the 
Modbus/DeviceNet parameters. The EDS file and an ICON file for the 
SEL-710-5 are zipped together on the SEL-710-5 Product Literature CD 
(SEL-710-5Rxxx.zip). The file can also be downloaded from the SEL website 
at selinc.com. Table A.8 lists the compatibility among the EDS files and the 
various firmware versions of the relay.

➤ Improved the performance of the touchscreen display in rotating 
display mode.

➤ Resolved an issue where the backlight could flicker during 
power up.

3.0.50710.3000 ➤ Added the Vibration Monitor application. 20200331

➤ Updated the keyboard layout on the touchscreen display for ease of 
data entry.

➤ Added pick list feature for settings that have a fixed list in the 
setting range.

➤ Added the ability to keep the backlight of the touchscreen display 
always on after the inactivity timer expires. Relays shipped after 
May 21, 2020 support this feature.

1.0.50710.2013 ➤ Added support for new hardware component suppliers. 20211213

1.0.50710.2000 ➤ Initial release. 20180629

Table A.5 SEL Display Package Revision History (Sheet 2 of 2)

SEL Display Package Version Revisions Release Date

Table A.6 SEL Display Package Compatibility With Relay Firmware

SEL Display Package Version  Relay Firmware Versions Supported  Release Date

3.0.50710.3006 R300-V6 or higher 20220826

3.0.50710.3004 R300-V4 or higher 20211213

3.0.50710.3000 R300 20200331

1.0.50710.2013 R201-V3 or higher 20211213

1.0.50710.2000 R200, R201 20180629

Table A.7 DeviceNet Card Versions 

DeviceNet Card Software Revision Revisions Release Date

Major Rev: 1, Minor Rev: 5 (Rev 1.005) Reads product code, DeviceNet card parameter 
descriptions, etc., from the relay.

20080407

https://selinc.com/
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ICD File
Determining the ICD 
File Version

To find the ICD revision number in your relay, view the configVersion using 
the serial port ID command. The configVersion is the last item displayed in 
the information returned from the ID command.

configVersion=ICD-710-5-R200-V0-Z200006-D20180629

The ICD revision number is after the R (e.g., 200) and the release date is after 
the D. This revision number is not related to the relay firmware revision num-
ber. The configVersion revision displays the ICD file version used to create the 
CID file that is loaded in the relay.

The configVersion contains other useful information. The Z number consists 
of six digits. The first three digits following the Z represent the minimum IED 
firmware required to be used with the ICD (e.g., 200). The second three digits 
represent the ICD ClassFileVersion (e.g., 006). The ClassFileVersion incre-
ments when there is a major addition or change to the IEC 61850 implementa-
tion of the relay.

Table A.9 lists the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

Table A.8 EDS File Compatibility

EDS File Firmware Revisions Supported Release Date

SEL-710-5R300.EDS R300 20200331

SEL-710-5R200.EDS R200, R201 20180629

SEL-710-5R100.EDS R100, R101, R102 20130514

NOTE: The Z number representation 
is implemented with ICD File Revision 
R101. Previous ICD File Revisions do 
not provide an informative Z number.

Table A.9 SEL-710-5 ICD File Revision History (Sheet 1 of 4)

configVersion Summary of Revisions
Relay 

Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect
Manual 

Date CodeFile 
Description

Software 
Version

ICD-710-5-R203-V0-
Z302006-D20220826

➤ Added system logical 
nodes LGOS, LTIM, 
LTMS, and LCCH.

R302-V0 and 
higher

006 SEL-710-5 
Edition 2, 

R302-V0 or 
higher

20220826

➤ Added the IEC 61850 
LTRK logical node 
for service tracking.

➤ Added the IEC 61850 
feature for simulation 
mode.

➤ Added support for the 
IEC 61850 Local/ 
Remote control 
feature defined in the 
IEC 61850-7-4 
standard. Control 
messages need to 
include the orCat 
value associated with 
the active control 
authority.
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➤ Added support for the 
IEC 61850 Functional 
naming feature.

➤ Added PRBGGIO 
logical nodes to 
support pulsing 
remote bits.

ICD-710-5-R202-V0-
Z300006-D20210917

➤ Added the blocked-
by-interlocking 
AddCause to the 
control error response 
when an operation 
fails due to a control 
interlocking (CILO) 
check.

R300-V3 and 
higher

006 SEL-710-5 
Edition 2, 

R300-V3 or 
higher

20210917

➤ Added the new 
MCCILO1logical 
node and attribute to 
the PRO logical 
device for breaker 
control and status.

ICD-710-5-R201-V0-
Z300006-D20200331

➤ Added the ability to 
control mode and 
behavior through an 
MMS write to the 
LPHD logical node 
mode data object 
(Mod.ctlVal) in 
logical device CFG.

R300 and 
higher

006 SEL-710-5 
Edition 2, R300 

or higher

20200331

➤ Added new 
DC1CSWI1–
DC12CSWI12, 
DC1CILO1–
DC12CILO12, and 
DC1XSWI1–
DC12XSWI12 logical 
nodes and attributed 
to PRO LDevice for 
Disconnect Control 
and Status.

ICD-710-5-R200-V0-
Z200006-D20180629

➤ Initial ICD file release 
with Edition 2 support 
and compatibility.

R200 and 
higher

006 SEL-710-5 
Edition 2, R200 

or higher

20180629

➤ Updated 
ClassFileVersion to 
006.

➤ Increased maximum 
GOOSE subscriptions 
to 64.

➤ Added MMS 
authentication 
support.

➤ Made MMS Inactivity 
Timeout user-
configurable with a 
default value of 900 
seconds.
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➤ Added filehandling 
service.

➤ Added support for 
IEC 61850 group 
switch, Simulated 
Goose and stSeld.

➤ Increased number of 
MMS reports to 14.

➤ Increased number of 
default datasets to 15.

➤ Removed maxEntries 
and 
maxMappedItems.

➤ Added new I1PTUV6, 
I2PTUV7, I1PTOV6, 
I2PTOV7, I3PTOV8, 
I4PTOV9, and 
FLTRDRE1 Logical 
Nodes and attributes 
to PRO LDevice.

➤ Modified Loc 
attribute of 
BK1XCBR1 Logical 
Node to report 
LOCAL/Remote 
Control status.

➤ Added new attributes 
Loc to MCCSWI1 
Logical Node to 
report Local/Remote 
Control status.

➤ Added new attributes 
NumStrt and 
NumEmrst to 
MOTORMMOT1 
Logical Node.

➤ Added new 
FLTGGIO37, 
DCST1GGIO35, and 
SCGGIO36 Logical 
Nodes and attributes 
to ANN LDevice.

➤ Added new attributes 
Ind09–Ind14 to 
INCGGIO13, 
INDGGIO15, and 
INEGGIO17 Logical 
Nodes.

➤ Added new attributes 
Ind05–Ind08 to 
OUTCGGIO14, 
OUTDGGIO16, and 
OUTEGGIO18 
Logical Nodes.
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➤ Added new attributes 
Ind09–Ind16 to 
PBLEDGGIO7 
Logical Node.

➤ Modified Ind01–
Ind15 attributes of 
MISCGGIO31 
Logical Node.

➤ Modified Ind16–
Ind17 attributes of 
PROGGIO26 Logical 
Node.

ICD-710-5-R101-V0-
Z100004-D20131125

➤ Modified default 
MMS Report and 
Dataset names.

R100 and 
higher

004 710-5 Standard 20130802

➤ Updated all Report 
Control attributes.

➤ Corrected Report 
Control rptID 
attributes to display 
report name instead of 
dataset name.

➤ Updated 
configVersion for new 
format.

➤ Added new 
P1TPTOC3, 
P2TPTOC4, 
G1TPTOC5, 
G2TPTOC6, 
QTPTOC7, 
ATPTOC8, 
BTPTOC9, and 
CTPTOC10 Logical 
Nodes and attributes 
to PRO LDevice.

➤ Corrected dataNs 
attribute of 
RAGGIO29, 
RAGGIO30, 
RAGGIO31, and 
RAGGIO32 Logical 
Nodes.

ICD-710-5-R100-V0-
Z000000-D20130725

➤ Initial ICD File 
Release.

R100 and 
higher

004 710-5 with R100 
F/W

20130725
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Instruction Manual
The date code at the bottom of each page of this manual reflects the creation 
or revision date. Table A.10 lists the instruction manual versions and revision 
descriptions. The most recent instruction manual version is listed first.

Table A.10 Instruction Manual Revision History (Sheet 1 of 12)

Revision Date Summary of Revisions

20220826 Preface

➤ Updated Wire Sizes and Insulation.

Section 1

➤ Updated Specifications, including Compliance, Communications Protocols, Dielectric Strength and Impulse 
Tests, and Frequency.

Section 2

➤ Updated I/O Configuration, Power Connections, and Grounding (Earthing) Connections.
➤ Added I/O Connections.
➤ Updated Point-Sensor Installation.

Section 4

➤ Updated Example 4.3: Thermal Element Setting.
➤ Updated Power Factor Loss-of-Synchronism Detection, including Figure 4.48: Loss-of-Synchronism 

Detection Logic.
➤ Updated Figure 4.49: Loss-of-Potential (LOP) Logic and Table 4.45: Frequency Settings.
➤ Updated Time and Date Management Settings and Relay Word Bit Aliases.
➤ Updated Table 4.94: Ethernet Port Settings.

Settings Sheets

➤ Added 61850 Simulation Mode and 61850 Local Remote.
➤ Updated Port 1 for the RSTP settings.
➤ Updated Relay Word Bit Aliases.

Section 7

➤ Updated Table 7.6: Protocols Supported on the Various Ports.
➤ Added Switched Mode and Rapid Spanning Tree Protocol (RSTP).
➤ Added Table 7.28: Warning and Error Codes for GOOSE Subscriptions.
➤ Updated ID Command and added RSTP Command.

Section 10

➤ Updated Standard Event Report (EVE Command).

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revisions R201-V5, R300-V6, 
R302-V0.

➤ Updated Table A.4: SELBOOT Firmware Revision History for R602-V0.
➤ Updated Table A.5: SEL Display Package Revision History and Table A.6: SEL Display Package 

Compatibility With Relay Firmware for 3.0.50710.3006.
➤ Updated Table A.9: SEL-710-5 ICD File Revision History for firmware revision R203-V0.

Appendix B

➤ Updated Table B.1: Firmware Upgrade Methods.
➤ Added Upgrade the SELBOOT Firmware Loader Using a Terminal Emulator.

Appendix G

➤ Added Functional Naming, Local/Remote Control Authority, and Service Tracking.
➤ Updated Simulation Mode.
➤ Updated Table G.23: New Logical Node Extensions and added Table G.27: LCCH Physical Communication 

Channel Supervision, Table G.28: LGOS GOOSE Subscription, and Table G.29: LTMS Time Master 
Supervision.

➤ Updated Table G.37: Logical Device: PRO (Protection), Table G.38: Logical Device: MET (Metering), 
Table G.39: Logical Device: CON (Remote Control), Table G.40: Logical Device: ANN (Annunciation), and 
Table G.41: Logical Device: CFG (Configuration).

Appendix L

➤ Updated Table L.1: SEL-710-5 Relay Word Bits and Table L.2: Relay Word Bit Definitions for the SEL-710-5.
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Appendix N

➤ Updated Table N.1: IP Port Numbers.

Glossary

➤ Updated for RSTP.

Command Summary

➤ Added the RSTP command.

20220225 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V5.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V4.

20211213 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V4.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V3.
➤ Updated Table A.4: SELBOOT Firmware Revision History for firmware revisions R502-V0 and R601-V0.
➤ Updated Table A.5: SEL Display Package Revision History and Table A.6: SEL Display Package 

Compatibility With Relay Firmware.

20210917 Section 1

➤ Updated RFI and Interference Tests conducted and radiated emissions.

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V3.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V2.
➤ Updated Table A.9: SEL-710-5 ICD File Revision History.

Appendix G

➤ Added Control Interlocking, including Figure G.4: CSWI Logical Node Direct Operate Command Request.
➤ Updated Table G.6: AddCause Descriptions.
➤ Updated Table G.29: Logical Device: PRO (Protection).

20210104 Section 1

➤ Updated Models.

Section 2

➤ Updated Application Example.

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V2.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V1.

Appendix D

➤ Updated Transmission Control.

Appendix K

➤ Updated Figure K.7: Stator Thermal Element.

20200921 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V1.

20200331 Preface

➤ Updated compliance and product labels.

Section 1

➤ Updated Specifications.

Section 2

➤ Added footnote to Figure 2.2: Slot Allocations for Different Cards.
➤ Added note to RTD Card (10 RTD).
➤ Added note to Analog Inputs Card (8 AI). 
➤ Added note to Figure 2.33: Synchronous Motor Voltage Divider Module (SEL P/N 915900294).
➤ Added caution text to Application Example.
➤ Updated Point-Sensor Installation.
➤ Updated Ordering Arc-Flash Fiber Sensors.

Table A.10 Instruction Manual Revision History (Sheet 2 of 12)

Revision Date Summary of Revisions
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Section 3

➤ Updated Overview for web server information.
➤ Added Web Server.

Section 4

➤ Updated Overview.
➤ Updated Table 4.2: CT Configuration and Full-Load Current Settings to include single I input.
➤ Added Incipient Cable Fault.
➤ Updated Configuration Settings.
➤ Added note to Table 4.30: RTD Resistance Versus Temperature.
➤ Updated setting ranges for trip delays in Table 4.44: Frequency Settings.
➤ Added Vibration Monitoring.
➤ Added Detecting Frequency Components with the 97FM Element.
➤ Added note to TR Trip Conditions SELOGIC Control Equation.
➤ Added PID Controller.
➤ Updated HIS BBD Command.
➤ Added Precision Time Protocol (PTP).
➤ Updated the existing note and added a new note to Access Control.
➤ Removed note on TCP Keep Alive settings from beside and added PTP settings to Table 4.84: Ethernet Port 

Settings.
➤ Added PTP settings to Table 4.85: Port Number Settings That Must Be Unique.
➤ Updated Table 4.92: Ethernet Port Settings.
➤ Updated Disconnect Control Settings.
➤ Updated Local/Remote Control.
➤ Updated Event Report Settings.

Section 5

➤ Added Breaker Health.
➤ Added Asset Monitoring.
➤ Added CMET S R Command.

Section 6

➤ Updated Table 6.1: Methods of Accessing Settings.
➤ Added View Settings Using the Web Server.

Settings Sheets

➤ Updated Frequency under Group Settings (SET Command).
➤ Added PTP Settings.
➤ Updated Two-Position Disconnect and added Three-Position Disconnect to account for new disconnect 

settings.
➤ Added 61850 Mode Control.
➤ Updated Port 1 under SET PORTp (p = F, 1, 2, 3, or 4) Command.
➤ Added PTP settings to Table SET.3: Port Number Settings That Must Be Unique.
➤ Updated Bay Control Two-Position Disconnect and added Bay Control Three-Position Disconnect to account 

for new disconnect settings.

Section 7

➤ Added Telnet or the Web Server.
➤ Updated Ethernet Port.
➤ Added TCP Keep Alive.
➤ Added Embedded Web Server (HTTP).
➤ Added Precision Time Protocol (PTP).
➤ Added 89CLOSE Command (Close Disconnect) and 89OPEN Command (Open Disconnect).
➤ Added COM PTP Command.
➤ Updated HISTORY Command.
➤ Added MMR Command.
➤ Updated TEST DB Command.

Section 8

➤ Updated Table 8.7: Sidebar Buttons.
➤ Updated Reports for use of trigger event button.

Table A.10 Instruction Manual Revision History (Sheet 3 of 12)
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Section 9

➤ Updated Disconnect Control Settings.
➤ Updated Table 9.5: Disconnect Symbols.
➤ Updated Local/Remote Control.
➤ Updated Motor/Disconnect Control Via the Touchscreen.
➤ Updated Table 9.7: Touchscreen Settings.
➤ Updated Bay Control Disconnect Settings.

Section 10

➤ Updated Viewing Compressed Event (CEV) Reports.

Appendix B

➤ Added Upgrade the Relay Firmware to R300 Series Firmware.
➤ Added Upgrade the Relay SELBOOT Firmware Loader Using a Terminal Emulator.
➤ Added Digitally signed Firmware Files.
➤ Added Upgrade Relay Firmware Using the Web Server.
➤ Added a note to and updated Step 3 of Upgrade Firmware Using QuickSet.
➤ Updated Step 9 and added a note to Upgrade Firmware Using a Terminal Emulator.

Appendix D

➤ Updated Time Synchronization for priority information.
➤ Added note to Modem Support.
➤ Updated footnotes for Table. D.7: Port DNP3 Protocol Settings.
➤ Added new values to the binary outputs in Table D.10: DNP3 Reference Data Map.
➤ Updated Table D.12: SEL-710-5 Object 12 Control Operations.

Appendix E

➤ Updated description for Trip/Warn Data in Table E.34: Modbus Register Map.
➤ Updated Table E.33: Modbus Register Labels for Use With SET M Command.
➤ Updated Table E.34: Modbus Register Map.
➤ Added Table E.35: Corresponding Relay Word Bits for Trip/Warn Registers.

Appendix G

➤ Added IEC 61850 Mode/Behavior.
➤ Updated Mode, Behavior, and Health under Logical Nodes.
➤ Updated Table G.29: Logical Device: PRO (Protection), Table G.30: Logical Device: MET (Metering), Table 

G.32: Logical Device: ANN (Annunciation), Table G.33: Logical Device: CFG Configuration.

Appendix L

➤ Updated Table L.1: SEL-710-5 Relay Word Bits and Table L.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix M

➤ Updated Table M.1: Analog Quantities.

Appendix N

➤ Added PTP and HTTP information to Table N.1: IP Port Numbers.

Command Summary

➤ Added 89C m, 89O m, 89C n m, and 89O n m commands to Access Level 2 Commands.

20181228 Preface

➤ Removed caution statement from beginning of Safety Information and added it to General Safety Marks.
➤ Updated temperature class to T3C in Compliance Approvals.

Section 1

➤ Updated AC Current Inputs (IA, IB, IC, IN) and Differential Currents (IA87, IB87, IC87) in Specifications.

Section 2

➤ Updated temperature class to T3C in Physical Location.
➤ Removed note from Fail-Safe/Nonfail-Safe Tripping.
➤ Updated Figure 2.22: AC Connections With Core-Balance Differential CTs, Figure 2.23: AC Connections 

With Source- and Neutral-Side CTs, Figure 2.27: AC Connections for Two-Speed Motor-Paralleled CTs, 
Figure 2.28: AC Connections for Full-Voltage Reversing (FVR) Starter, and Figure 2.29: AC Connections for 
a VFD Motor Application.
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Section 4

➤ Added note to Curve Thermal Method.
➤ Updated Figure 4.64: Stop/Trip Logic.
➤ Replaced Group Selection with Multiple Settings Groups.

Appendix E

➤ Added footnote to Table E.33: Modbus Register Labels for Use With SET M Command.

Appendix L

➤ Updated Note 3 in Table L.1: Analog Quantities..

20180629 Preface

➤ Updated Compliance Approvals, including the relay compliance label.
➤ Updated Safety Marks.
➤ Updated Trademarks.
➤ Updated Product Labels for the high- and low-voltage supply models.
➤ Updated LED Emitter.
➤ Updated Wire Sizes and Insulation.
➤ Added Copyrighted Software.

Section 1

➤ Added Table 1.2: SEL-710-5 Front-Panel Options.
➤ Updated Communications and Control Features and Options for IEC 61850 Edition 2 and IEC 60870-5-103.
➤ Updated Options for conformal coating.
➤ Added Language Support.
➤ Updated SEL-710-5 Base Unit and Accessories.
➤ Updated Specifications, Compliance for the hazardous locations and ATEX; General for power consumption 

and supply, Fuse Ratings, Standard Contacts, and Optoisolated Control Inputs; Type Tests; Relay Elements; 
Communications Protocols for IEC 61850 Edition 2, IEC 60870-5-103, and PRP; and Oscillography for 
Binary COMTRADE.

Section 2

➤ Updated Relay Placement, I/O Configuration, and AC/DC Control Connection Diagrams.
➤ Added note to de-energize all external connections before opening the device to Installation under Card 

Configuration Procedure.
➤ Updated Card Configuration Procedure for the touchscreen display relay.
➤ Updated Table 2.18: Typical Maximum RTD Lead Length.
➤ Updated Figure 2.7: Pins for Password Jumper, Breaker Jumper (Start/Stop Control), and SELBOOT Jumper 

for default jumper positions.
➤ Updated Figure 2.15: Output OUT103 Relay Output Contact Configuration.
➤ Updated Figure 2.16: Breaker Trip Coil and Contactor Connections with OUT103FS := Y and 

OUT103FS := N.

Section 3

➤ Updated Table 3.1: SEL Software Solutions for ACSELERATOR Bay Screen Builder SEL-5036 Software, 
SEL-5601-2 SYNCHROWAVE Event Software, and SEL-5806 Curve Designer Software.

➤ Updated driver and part number for the SEL display package and updated Figure 3.5: Relay Response to the 
ID Command for the SEL and customer display packages.

➤ Updated Figure 3.6: Driver Selection and Figure 3.7: Updated Part Number.
➤ Added Touchscreen Settings and Bay Screen Builder.
➤ Updated View Event History for capturing events in Compressed ASCII or COMTRADE file formats.
➤ Updated the section to match the software interface.
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Section 4

➤ Updated example settings in Figure 4.1: KVF Factor Versus VFD Output Frequency.
➤ Updated Example 4.3: Thermal Element Setting.
➤ Added Inverse-Time Undervoltage Protection and Inverse-Time Overvoltage Protection.
➤ Updated Settings under Loss-of-Potential (LOP) Protection.
➤ Updated Phase Reversal Protection under Group Settings (SET Command) to specify how incorrect phase 

rotation is determined.
➤ Updated Table 4.44: Frequency Settings and Figure 4.48: Over- and Underfrequency Element Logic to include 

torque control of the frequency element.
➤ Updated 52A and 52B Contactor/Breaker Status SELOGIC Control Equations.
➤ Updated Table 4.59: Enable Settings.
➤ Added note to Counter Variables addressing relay power loss during storage of SELOGIC counters. 
➤ Updated SELOGIC Control Equation Variables/Timers under Logic Settings (SET L Command) to clarify how 

the results of multiplication and division are calculated.
➤ Updated Global Settings (SET G Command) to include the METHRES setting.
➤ Added note about the availability of the 50NAFP setting to Arc-Flash Overcurrent Elements (50PAF, 50NAF).
➤ Updated Table 4.75: Arc-Flash Time-Overlight Settings.
➤ Added 89A and 89B Disconnect Status SELOGIC Control Equations.
➤ Added Local/Remote Breaker Control.
➤ Updated Port Settings (SET P Command), including Table 4.82: Time-Synchronization Source Settings, 

Table 4.83: Front-Panel Serial Port Settings, Table 4.84: Ethernet Port Settings, Table 4.85: Port Number 
Settings That Must Be Unique, and Table 4.86: Fiber-Optic Serial Port Settings.

➤ Updated Port 2, Port 3, and Port 4.
➤ Updated General Settings under Front-Panel Settings (SET F Command) for the touchscreen display.
➤ Added Table 4.91: LCD Point Settings
➤ Updated Table 4.98: Target LED Settings.
➤ Added DNP Map Settings and Touchscreen Settings.

Section 5

➤ Updated Overview.
➤ Added Remote Analog Metering.
➤ Updated Small Signal Cutoff for Metering for METHRES := Y and METHRES := N.
➤ Updated Motor Start Report for the MSR_REF number.

Section 6

➤ Updated Overview for setting Group 4, IEC 60870-5-103, and touchscreen settings classes, and added a note 
on relay initial power up and settings changes.

➤ Added View/Change Settings With the Touchscreen Front Panel.
➤ Updated Table 6.2: SHO Command Options and Table 6.3: SET Command Options for IEC 60870-5-103 map 

settings.

Settings Sheets

➤ Updated for PRP, Telnet, FTP, MMS, Modbus, and touchscreen settings.
➤ Updated Frequency for torque-control settings.
➤ Updated General, Group Selection, and Arc-Flash Protection under Global Settings.
➤ Added 27 Inverse-Time Undervoltage and 59 Inverse-Time Overvoltage.
➤ Updated Trip/Close.
➤ Updated Breaker Monitor.
➤ Added Two-Position Disconnect and Control Configuration Settings Categories.
➤ Updated Port F, Port 1, Port 2, Port 3, and Port 4.
➤ Added Touchscreen Settings.
➤ Updated Event Report under Report Settings (SET R Command) to specify the prefault length for different LER.
➤ Added IEC 60870-5-102 Map Settings (SET I Command).
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Section 7

➤ Updated Communications Interfaces.
➤ Updated Communications Protocols for IEC 60870-5-103.
➤ Updated Access Levels for EPORT and MAXACC settings.
➤ Updated File Transport Protocol (FTP) and MMS File Transfer and IEC 61850.
➤ Updated Ethernet Port for PRP mode and added PRP Connection Mode.
➤ Updated ANALOG Command, CEV Command, Copy Command, ETH Command, MAC Command, PING 

Command, STOP Command, and STR Command.
➤ Removed Figure 7.16: Raw Compressed ASCII Event Report.
➤ Updated Table 7.17: EVENT Command (Event Reports) for the definition of parameter n.
➤ Updated Table 7.19: GOOSE Command Variants.
➤ Updated Table 7.22: HISTORY Command to include HIS CA or RA command.
➤ Updated Table 7.31: MSR (Motor Start Report) Command.
➤ Updated Table 7.41: SET Command (Change Settings) for setting Group 4 and SET I TERSE command.
➤ Updated Table 7.42: SHOW Command (Show/View Settings) for SHO I command and setting Group 4.
➤ Added TEST DB Command.
➤ Added Language Support.
➤ Added Virtual File Interface.
➤ Updated Table 7.58: Report Directory Files.
➤ Updated Table 7.60: Files Available for Ymodem Protocol.

Section 8

➤ Updated Overview; added Figure 8.1: SEL 710-5 Front-Panel Options.
➤ Updated Two-Line Display Front Panel.
➤ Updated Figure 8.24: SET/SHOW Menu.
➤ Added Language Support.
➤ Added Touchscreen Display Front Panel.

Section 9

➤ Added Section 9: Bay Control.

Section 10

➤ Updated Overview for the types of event reports.
➤ Updated Event Reporting.
➤ Updated Event Summaries for the unique reference number, added a note for the reset of the unique reference 

number to 100000 using the HIS CA command, and added Event Logs and Event Reference Number.
➤ Updated Clearing.
➤ Added Retrieving Event Reports Via Ethernet File Transfer.
➤ Added COMTRADE File Format Event Reports.
➤ Updated SER Triggering with a note on extracting an SER report.

Section 11

➤ Updated Table 11.7: Periodic Relay Checks to include Arc-Flash Detection Status.
➤ Updated Self-Test, including Table 11.8: Relay Self-Tests and added a note for SALARM and access level 

changes.

Appendix A

➤ Updated for standard and point releases.
➤ Updated Table A.1: R200 Series Firmware Revision History for firmware revision R200.
➤ Added SEL Display Package Versions, including Table A.3: SEL Display Package Revision History, and SEL 

Display Package and Relay Firmware Compatibility, including Table A.4: SEL Display Package Compatibility 
with Relay Firmware.

➤ Updated Table A.6: EDS File Compatibility for firmware revision R200.
➤ Updated Table A.7: SEL-710-5 ICD File Revision History.

Appendix B

➤ Updated Overview.
➤ Updated Upgrade Firmware Using a Terminal Emulator with a note about saving the touchscreen settings 

before upgrading the firmware and a note to change the relay serial port data rate before issuing the L_D 
command.
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Appendix D

➤ Updated Table D.7: Port DNP3 Protocol Settings.
➤ Updated Table D.10: DNP3 Reference Data Map.
➤ Updated Control Point Operation and Configurable Data Mapping.
➤ Updated Table E.34: Modbus Register Map.

Appendix E

➤ Updated Table E.7: 02H SEL-710-5 Inputs.
➤ Added note to Table E.16: 06h Preset Single Register Command to address the function of Relay Word bit 

LOCAL.
➤ Updated Table E.33: Modbus Register Labels for Use With SET M Command.
➤ Added note to Modbus Register Map on how to calculate the Modbus register.

Appendix F

➤ Updated Features for the number of SCADA client sessions and GOOSE messages.
➤ Updated Introduction to IEC 61850.
➤ Updated IEC 61850 Operation.
➤ Updated IEC 61850 Configuration.
➤ Updated Logical Nodes.
➤ Updated Table F.22: Logical Devices: ANN (Annunciation) for setting Group 4 and comments on broken bar 

detection.
➤ Updated Protocol Implementation Conformance Statement.
➤ Added Potential Client and Automation Application Issues With Edition 2 Upgrades.

Appendix G

➤ Added Appendix G: IEC 60870-5-103 Communications.

Appendix K

➤ Updated Table K.1: SEL-710-5 Relay Word Bits.
➤ Updated Table K.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix L

➤ Updated for IEC 61850 and IEC 60870-5-103.
➤ Updated Table L.1: Analog Quantities.

Appendix M

➤ Added Appendix M: Cybersecurity Features.

Command Summary

➤ Updated for new commands.
➤ Updated for Spanish commands.

20170508 Preface

➤ Updated Compliance Approvals and Product Labels.

Section 1

➤ Updated PTC Overtemperature and Ground Fault (50N) in Specifications.

Section 4

➤ Added a note for the 2.5 mA models with the 100 ms delay for the pickup of the 50N element.

Section 7

➤ Updated Serial (EIA-232 and EIA-485) Port.

Section 10

➤ Updated Low-Level Test Interface and Table 10.1: Resultant Scale Factors for Inputs for the IN channel with a 
nominal input of 2.5 mA.

Appendix C

➤ Updated Setting the SEL-710-5.

Appendix F

➤ Updated Features.
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20170330 Preface

➤ Updated Technical Assistance.

Section 1

➤ Updated Accessories.
➤ Added Differential Currents (IA87, IB87, IC87) and updated Synchronous Motor Inputs, Fuse Ratings, and 

Environmental Tests in Specifications.

Section 4

➤ Updated Additional Thermal Overload Settings and added Figure 4.6: MOTOR Command Response.
➤ Updated Settings Guidelines for setting LRQ and the R1 source for motor slip.
➤ Updated Figure 4.28: Monitoring Starting Time, Figure 4.41: Power Factor Elements Logic, and Figure 4.45: 

Loss-of-Field Logic Diagram.
➤ Updated Power Factor Correction and also added a note for the time constants of active and reactive power 

filters and updated Figure 4.53: Reactive Power Set Point Calculation and Figure 4.54: Double Deadband 
Logic.

➤ Updated Time-Delayed Starting for Brushless Synchronous Motors and added a note for the 41DELAY 
setting.

➤ Updated Brush-Type Synchronous Motor Synchronization, including Table 4.46: Synchronous Motor Start 
Sequence Settings.

➤ Updated Figure 4.57: 41CLOSE Logic for Brush-Type Synchronous Motor.
➤ Updated Synchronization Based on Stator Measurements, including Figure 4.59: Slip Computation Using 

Stator Measurements for Slip-Dependent Thermal Model and Synchronous Motor Synchronization.
➤ Updated Port Number Settings Must Be Unique.
➤ Added a note for SELOGIC control equation MSRTRG to Start Report Settings.

Section 5

➤ Added a note for VEX and IEX calculations.
➤ Updated Start Data.

Settings Sheets

➤ Updated Configuration and Motor Control settings and Port Number Settings Must Be Unique.

Section 9

➤ Updated Triggering.

Section 10

➤ Updated Figure 10.6: Delta Voltage Source Connections.
➤ Updated Factory Assistance.

Appendix A

➤ Updated Determining the Firmware Version for standard and point release firmware.
➤ Updated for firmware revision R102.

Appendix B

➤ Updated Overview for standard and point release firmware.
➤ Updated Factory Assistance.

Appendix J

➤ Updated the SLIPOK definition in Table J.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix K

➤ Updated the SMSLIP2 description in Table K.1: Analog Quantities.

20160729 Preface

➤ Added hazard statement to Safety Information.
➤ Updated Wire Sizes and Insulation information.

Section 1

➤ Updated Figure 1.3: STA Command Response—No Communications Card or EIA-232/EIA-485 
Communications Card. 
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Specifications

➤ Added Fuse Ratings specifications.
➤ Updated Phase and Neutral Currents Continuous Ratings.
➤ Added Arc-Flash Detectors specifications.
➤ Updated Phase Currents for Metering. 
➤ Updated Output Contacts.

Section 2

➤ Updated Table 2.16: OUT103 Contact Fail-Safe and Nonfail-Safe Options; Table 2.18: Typical Maximum 
RTD Lead Length; and Figure 2.32 Synchronous Motor Voltage Divider Module (SEL P/N 915900294).

➤ Updated Figure 2.27: AC Connections for Full-Voltage Reversing (FVR) Starter.

Section 3

➤ Updated Figure 3.6 Selection of Drivers.
➤ Updated Figure 3.12 Device Overview Screen.

Section 4

➤ Updated Overview section.
➤ Updated Figure 4.24: Undercurrent (Load Loss) Logic.
➤ Added Slip Dependent Thermal Model for Synchronous Motors subhead with Figure 4.6: Slip-Dependent and 

Slip-Independent Thermal Models.
➤ Added Virtual Speed Switch section with Figure 4.32 Virtual Speed Switch Flow Chart; Figure 4.33 Speed 

Switch Monitoring Logic; and Figure 4.34: Speed Switch Element Alarm/Trip Logic.
➤ Added Power Factor Correction with Figure 4.52: Reactive Power Set Point Calculation; Figure 4.53; Double 

Deadband Logic and Table 4.44 Power Factor Correction Settings.
➤ Added Slip-Dependent Synchronization Based on Stator Current Measurements section and Figure 4.58: Slip-

Dependent Synchronization Using Stator Current Measurements.
➤ Expanded explanation of COASTIME setting; added Figure 4.5: Coast-Stop Logic Diagram.
➤ Revised Curve Thermal Method. 
➤ Added Example 4.10: Improving the Accuracy of Math Operations.
➤ Updated Figure 4.1: KVF Factor Versus VFD Output Frequency; Table 4.4: Overload (Thermal Model) 

Settings; Table 4.8: Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias); Table 4.27: Speed 
Switch Settings; Table 4.87: Pushbutton LED Settings; Figure 4.54: Motor State Logic; and Table 4.73: Data 
Reset Settings.

➤ Added Figure 4.41: Loss-of-Synchronism Detection Logic to Power Factor Loss-of-Synchronism Detection.

Section 5

➤ Updated Motor Operating Statistics and Motor Start Report sections.

Section 6

➤ Updated Table 6.6: Setting Interdependency Error Messages.

Settings Sheets

➤ Added COASTIME setting.
➤ Updated Neutral Overcurrent settings.
➤ Updated Negative-Sequence Overcurrent settings.
➤ Updated Negative-Sequence Time Overcurrent settings.
➤ Updated Speed Switch settings.
➤ Updated RTD settings.
➤ Updated Out of Step settings.
➤ Updated Field Resistance settings.
➤ Updated Start Sequence settings.
➤ Updated Power Factor settings.
➤ Added Power Factor Correction settings.
➤ Updated Load Control settings.
➤ Updated Arc-Flash Protection settings.
➤ Updated Data Reset settings.
➤ Updated DNP Sessions IP address.

Section 7

➤ Updated Table 7.3: TQUAL Bits Translation to Time Quality.
➤ Updated Table 7.27: MOTOR Command. 
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Section 8

➤ Updated Figure 8.29 Operator Control Pushbuttons and LEDs. 
➤ Added Note regarding target LEDs.

Section 9

➤ Inserted Viewing Compressed Event (CEV) Reports section with Figure 9.7: Sample CEV Report Viewed With 
Analytic Assistant or QuickSet Via SEL-5601 and Figure 9.8: Options for Converting CEV Reports to 
COMTRADE in Analytic Assistant.

Section 10

➤ Updated Table 10.8: Relay Self-Tests.

Appendix A

➤ Updated Table A.1: R100 Series Firmware Revision History and Table A.3: Instruction Manual Revision 
History.

Appendix D

➤ Added paragraph regarding TCP connection to DNP3in the SEL-710-5.

Appendix E

➤ Updated scale factors in Table E.34: Modbus Register Map.

Appendix J

➤ Updated Table J.1: SEL-710-5 Relay Word Bits.
➤ Updated definitions in Table J.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix K

➤ Updated Table K.1: Analog Quantities.

Command Summary

➤ Updated Access Level 1 Commands and Access Level 2 Commands.

20150130 Preface

➤ Added Safety Information and General Information.
➤ Updated the product labels and compliance label.

Section 1

➤ Changed the Certifications section title to Compliance and relocated the section to the beginning of 
Specifications.

➤ Added the applied current at which the burden is measured for INOM = 1 A or 5 A in Specifications.
➤ Updated Type Test compliance specifications in Specifications.
➤ Updated the setting range for Ground Fault (50N) and the field voltage for Metering in Specifications.

Section 2

➤ Updated Card Configuration Procedure.
➤ Added a warning on CT circuits to applicable current card descriptions.
➤ Added Analog Output Wiring, including Figure 2.14: Analog Output Wiring Example.
➤ Added a note stating that the fail-safe option should not be used for fast hybrid output contacts in fail-safe/

nonfail-safe tripping.
➤ Added Figure 2.30: AC/DC Connections for a Brushless-Type Synchronous Motor Application.
➤ Added a cable length impact note for Figure 2.32: Synchronous Motor Voltage Divider Module 

(SEL P/N 915900294).

Section 3

➤ Updated Settings Database Management and Drivers.

Section 4

➤ Updated Rating Thermal Method and Curve Thermal Method.
➤ Updated Figure 4.22: Load-Jam Element Logic note.
➤ Added a note to Figure 4.23: Undercurrent (Load-Loss) Logic.
➤ Added Figure 4.27: Star-Delta Starting.
➤ Updated Brush-Type Synchronous Motor Synchronization.
➤ Updated Arc-Flash Time-Overlight Elements (TOL1 through TOL8) as well as the setting range and factory 

default for setting prompt AFD OUTPUT SLOT in Table 4.65: Arc-Flash Time-Overlight Settings.
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Section 5

➤ Updated the number of time-stamp entries that the relay memory can hold for load profiling.
➤ Added time to thermal trip calculation note to Thermal Metering.

Section 7

➤ Updated PULSE Command.
➤ Updated AFT Command (Arc-Flash Detection Channels Self-Test).
Added VEC Command (Show Diagnostic Information).

Section 10

➤ Added a warning on CT circuits.
➤ Updated Table 10.8: Relay Self-Tests.

Appendix A

➤ Added ICD File, including Table A.2: SEL-710-5 ICD File Revision History.

Appendix B

➤ Added a note to save the calibration settings before the upgrade in Upgrade Firmware Using a Terminal 
Emulator.

Appendix E

➤ Updated the scale factor for Power Data, Modbus Register Address 364 (R).

Appendix F

➤ Added a note in GOOSE regarding GOOSE subscriptions when loading a new CID file.
Updated ACSELERATOR Architect and SEL ICD File Versions.

Appendix H

➤ Updated the RBADPU setting prompt description in Table H.5: MIRRORED BITS Protocol Settings.

Appendix I

➤ Updated Figure I.4: Rotor Thermal Element During Motor Start and Figure I.5: Stator Thermal Element With 
Resistance and Trip Level Undefined.

➤ Added rating and curve method equations for cold stator.

Appendix J

➤ Updated the definitions for Relay Word bits 49T and AFS1EL–AFS8EL in Table J.2: Relay Word Bit 
Definitions for the SEL-710-5.

Appendix K

➤ Added a note to Table K.1: Analog Quantities for RTDWDGMX, RTDBRGMX, RTDAMB, and 
RTDOTHMX analog quantities.

20131220 Preface

➤ Updated the product compliance label.
➤ Added the voltage divider module compliance label.

Section 1

➤ Updated the Specifications for cUL and UL approvals, ac current input, and power supply.

20130725 ➤ Initial version.
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Appendix B
Firmware Upgrade Instructions

Overview
These instructions guide you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because SEL-710-5 relays store firmware in flash memory, 
changing physical components is unnecessary. Upgrade the relay firmware by 
downloading a file from a personal computer to the relay via the Ethernet port 
through the use of the web server, FTP, or Telnet. You can also use the front-
panel serial port through the use of ACSELERATOR QuickSet SEL-5030 
Software or a terminal emulator, as outlined in the following sections. For 
relays with the IEC 61850 option, verify the IEC 61850 protocol after the 
upgrade (see Protocol Verification for Relays With IEC 61850 Option).

Table B.1 details the available firmware upgrade methods. Available methods 
depend on your existing firmware and the firmware version to which you are 
upgrading.
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Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ PC

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A or equivalent, or a 
null-modem cable) or Ethernet cable

➤ Disk containing the firmware upgrade file 
(e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or rxxx-vx7105.zds)

➤ QuickSet software

Digitally Signed 
Firmware Files

The SEL-710-5 supports digitally signed firmware files for firmware versions 
R300-V0 and higher. These firmware files are compressed to reduce file 
transfer times and are digitally signed by SEL using a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that its 
contents have not been altered. Once the firmware is uploaded to the relay, the 
signature of the firmware is verified with a public key number that is stored on 
the relay from the factory. If the relay cannot verify the signature, it rejects the 
file.

The name of the digitally signed firmware file is of the form rxxx-vx7105.zds, 
where rxxx-vx is the firmware revision number, 7105 indicates the relay type, 
and .zds is the file extension reserved for digitally signed files. Firmware files 
with the .s19 extension are not available for firmware versions R300-V0 and 
higher.

Ethernet Firmware 
Upgrades

You can upgrade firmware over an Ethernet connection by sending the .zds 
firmware upgrade files via FTP, HTTP, or Telnet protocols to a relay running 
SELBOOT version R600 or newer and a relay firmware version identified in 
Table B.1. FTP, HTTP, and Telnet are plain text protocols and do not 
inherently support message encryption (of relay passwords, etc.). Because of 
this, SEL strongly recommends you use between the relay and your network a 
security gateway that provides encrypted communications along with SEL 
SDN technology to harden your network cybersecurity.

Table B.1 Firmware Upgrade Methods

Existing 
Firmware

Upgrade 
Version

SELBOOT Upgrade 
Required?

Firmware Upgrade Methods Supported

Serial Ethernet

R1xx R2xx NA Terminal emulator
QuickSet

—

R1xx or R2xx R3xx Yes 
(R600 or higher)

Terminal emulatora —

R3xx R3xxb No Terminal emulator
QuickSet

Web server
FTP

FILE command
Terminal emulator

a When upgrading from R1xx or R2xx to R3xx, you must first perform the Special Instructions for Upgrading to R300 Series Firmware and 
then follow the Protocol Verification for Relays With IEC 61850 Option instructions to upgrade your relay firmware.

b In firmware versions R302-V0 and higher, the relay firmware retains the Port 1 IP address, subnet mask, and default router settings during 
a firmware upgrade from any previous R3xx firmware version.

NOTE:  The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Special Instructions for Upgrading to R300 Series 
Firmware

The SELBOOT firmware in relays shipped with firmware versions earlier than 
R300 must be upgraded before you can use digitally signed firmware files. 
The SELBOOT firmware can be upgraded from version R500, R501, or R502 
to version R601 by uploading a special SELBOOT Loader firmware to the 
relay.

The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible reentry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 5. Download the SELBOOT Loader firmware to the relay.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing SELBOOT and relay 
firmwares can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Use the Xmodem protocol to send the special SELBOOT Loader 
firmware (e.g., slbtldr_r6017xx.s19) to the relay. The special 
SELBOOT Loader firmware erases the existing SELBOOT and 
relay firmwares and loads SELBOOT firmware version 
SLBT7XX-R601-V0-Z000000-D20211116.

The file transfer typically takes less than 5 minutes at 9600 bps, 
depending on the product. After the transfer is complete, the 
relay reboots and displays the SELBOOT !> prompt. After the 
SELBOOT upgrade is complete, upgrade your relay firmware 
using a terminal emulator. You do not need to save the relay 

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: Change the data rate of the 
relay serial port to 9600 bps before 
issuing the L_D command to start the 
upgrade process.
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settings and other data again during the firmware upgrade 
process if you saved them before upgrading SELBOOT. Proceed 
to Step 5 in Upgrade the Firmware Using a Terminal Emulator.

Figure B.1 shows the entire special SELBOOT upgrade process.

Upgrade the SELBOOT Firmware Loader Using a 
Terminal Emulator

The process for upgrading SELBOOT is similar to Upgrade the Firmware 
Using a Terminal Emulator on page B.6. To determine if SELBOOT must be 
updated, do the following:

Step 1. Establish communication between the relay and a personal 
computer.

Step 2. From the computer, type ID <Enter>.

=>>L_D <Enter>
Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R501-V0-Z000000-D20140224
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Upgrading SELBoot

 Preparing S Record...

 Validating S Record...

* * * * * * * * * W A R N I N G * * * * * * * * *

 Do not turn off or cycle power to the relay or it may
 become inoperative and require factory repair !!!

  Performing this operation will require firmware
      to be downloaded to relay after reboot.

 * * * * * * * * * * * * * * * * * * * * * * * * *

 Removing Old SELBoot...

 Writing New SELBoot...

 Removing SELBoot Loader

 SELBoot Loader cleared... Resetting Relay!!!

BFID=SLBT7XX-R601-V0-Z000000-D20211116
!>

Figure B.1 Special SELBOOT Upgrade Process

NOTE: Make sure the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.
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The relay responds with the following:

Step 3. Locate the Boot Firmware Identifier String (BFID).

Step 4. Find the SELBOOT revision number in the BFID (Rxxx). If the 
revision number is lower than the one you see on the firmware 
CD, follow the process mentioned below. Otherwise, upgrade 
the relay firmware using one of the methods mentioned later in 
the section.

Step 5. To upgrade SELBOOT, locate the new SELBOOT file 
(rxxx7xx.zds) on the desk provided with the firmware upgrade 
materials. Follow the instructions under Upgrade the Firmware 
Using a Terminal Emulator on page B.6. In Step 6, replace the 
REC command with REC BOOT and follow the prompts.

Step 6. When the relay prompts: Press any key to begin transfer 
and then start transfer at the terminal, press <Enter> 
and select the SELBOOT file.

Step 7. When the SELBOOT upgrade is successful, the relay prompts:

Erasing SELboot. Writing SELboot.

SELBOOT upload completed successfully. Restarting 
SELBOOT.

Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 8. Type EXI <Enter> at the SELBOOT !> prompt to exit 
SELBOOT. The relay should display the = prompt.

If the relay does not return the SELBOOT !> prompt within two 
minutes after displaying Restarting SELboot, cycle the relay 
power. The relay should restart and display the = prompt.

Once the SELBOOT upgrade is complete, select a firmware upgrade method as 
discussed later in the section. It is not necessary to save the relay settings and 
other data again if you did this before upgrading SELBOOT.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

NOTE: When you are upgrading 
an SEL-710-5 with a touchscreen 
front-panel display, save all of the 
relay settings, including the 
touchscreen settings, using 
QuickSet.

NOTE: Change the data rate of 
the relay serial port to 9600 bps 
before issuing the L_D command to 
start the upgrade process.

NOTE: The web server can be 
used to upgrade the relay firmware 
versions after R300-V0.

NOTE: In instances where the 
SELBOOT needs to be upgraded 
first, the web server cannot be 
used to upgrade the relay 
firmware. Use a terminal emulator 
to upgrade the SELBOOT first, 
followed by the relay firmware.
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Upgrade the Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial or Ethernet port and 
enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Start upgrading the firmware.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

If you are using an Ethernet port, proceed to Step 6.

Step 5. Change the data rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200 bps. 

b. Change the data rate of the PC to 115200 bps to match 
the relay.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing firmware can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Start the file transfer.

Use the Xmodem protocol to send the file that contains the new 
firmware (e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or 
rxxx-vx7105.zds).

Firmware files for firmware versions R1xx and R2xx have a 
.s19 or .z19 extension. Firmware files for firmware versions 
R300 and higher have a. zds extension. Firmware files with the 
.s19 or .z19 extension are not available for firmware versions 
R300 and higher.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (e.g., 38400 bps or 
57600 bps). Be sure to match the 
relay and PC data rates.
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The file transfer typically takes less than 15 minutes at 
115200 bps, depending on the product. After the transfer is 
complete, the relay reboots and returns to Access Level 0.

Figure B.2 shows the entire upgrade process.

Step 10. The relay front-panel ENABLED LED illuminates if the relay 
settings are retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then reboots with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is enabled, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This saves the relay calibration settings.

The relay responds:

Config Accepted

The relay reboots and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 6, and enter Access Level 2.

Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=SLBT7XX-R600-V0-Z000000-D20200331
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal. <Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.2 Firmware File Transfer Process
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Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Upgrade the Firmware Using QuickSet 

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Interface for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

NOTE: In instances where SELBOOT needs to 
be upgraded, QuickSet cannot be used to 
upgrade the relay firmware. Use a terminal 
emulator to upgrade SELBOOT and then 
upgrade the relay firmware.

Firmware Loader does not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.
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Step 1. If the relay is in service, 
open the relay control 
circuits.

Step 2. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Select 
Next to continue the 
wizard. 

b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file.

After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown..
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d. Click Return to 
Firmware Loader if 
this device does not have 
any event reports. 

If there are any event 
reports to be saved, 
select the events and 
click Get Selected 
Events. After saving 
them, click Return to 
Firmware Loader.

Step 3. Transfer firmware.

Click Next to begin the 
firmware transfer. 
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Step 4. Load firmware.

During this step, the device 
is put in SELBOOT mode. 
The transfer speed is 
maximized and the 
firmware transfer begins.

Step 5. Click Next to complete the 
firmware upgrade..
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as a result of a settings mismatch between a 
previous firmware version and a new firmware version, check the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL 
Non_Vol Failure on the two-line display model, or a settings 
mismatch notification screen on the touchscreen model, use the 
following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 bps, 8 data 
bits, and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the default settings due to the R_S command.

If the relay is still disabled, use the following procedure:

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config Accepted

The relay reboots and comes up enabled.
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Upgrade the Firmware Using the Web Server
The web server offers a convenient method for upgrading the relay firmware. 
Located on the left navigation pane of the screen, the System menu contains 
the File Management category that allows you to upgrade firmware in the 
relay. To upgrade the firmware using the web server, the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension. Refer to Section 3: PC Interface for connecting and logging in to 
the SEL-710-5 web server using the Ethernet port. 

To upgrade relay firmware by using the web server, set the Port 1 settings 
HTTPACC := 2 and EETHFWU := Y. The web server login page provides 
Access Level 2 as a user-selectable login access level. If EETHFWU is set 
to N, you cannot upgrade the firmware over Ethernet regardless of the 
HTTPACC setting.

Step 6. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
reinitializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings that are 
saved in the database to the 
device. Settings are 
converted automatically, if 
necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 2: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted 
over Ethernet. Monitoring this bit 
and reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Step 1. In QuickSet, save the current 
relay settings and other data.

Step 2. Proceed with the firmware 
upgrade process by 
performing the following 
steps: 

a. Click System > File 
Management from the 
left navigation pane of the 
webpage. 

b. Click Browse to select 
the firmware you want to 
send to the relay.

c. Click Upgrade 
Firmware to start the 
upgrade process.

Step 3. Click Yes - Upgrade if you 
want to upgrade using the 
file selected.

Once the upgrade process is 
in progress, the relay 
acknowledges the transfer 
with the message, 
Transferring firmware. 
Please wait.
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After the relay finishes the 
firmware transfer, an 
acknowledgment message 
appears and the relay 
reboots.

NOTE: After the relay reboots, if the ENABLED LED is not illuminated or if the front panel displays 
STATUS FAIL Non_Vol Failure on the two-line display model, or a settings mismatch notification 
screen on the touchscreen model, then open a terminal emulator using the serial port and use the 
following procedure to restore the factory-default settings. Refer to Protocol Verification for Relays 
With IEC 61850 Option for terminal emulator setup and connections. 

a. Set the communications software settings to 9600 bps, 8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory default.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the factory-default settings due to the R_S 
command.

If the relay is still disabled, use the following procedure:

d. Enter Access Level 2.

e. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config accepted

The relay reboots and comes up enabled.
Step 4. After the relay reboots, the 

Login screen appears on the 
web server. Log in to the 
relay to verify completion of 
the firmware upgrade 
process.
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Table B.2 provides messages displayed in the web browser and the relay 
condition associated with those messages.

An acknowledgment 
message appears that verifies 
a successful firmware 
upgrade.

Step 5. Check that the relay 
firmware version matches 
the version that was used for 
the upgrade and that the 
relay is enabled.

Click on Relay Status > 
Self-Tests to view the status 
report.

Table B.2 Messages Displayed in the Web Browser

User Message Relay Condition

Firmware upgrade succeeded. The previous firmware upgrade with a .zds file was suc-
cessful.

Invalid upgrade file. The .zds file was not successfully received or validated 
by the relay.

Upgrade in progress on 
another interface.

A firmware upgrade is currently being performed 
through another connection.

Errors during Upgrade File 
Transfer.

Upgrade failed due to errors during file transfer.
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Upgrade the Firmware Using File Transfer Protocol
To upgrade firmware using File Transfer Protocol (FTP), the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using FTP, the Port 1 setting FTPACC must be 
set to 2 or C and EETHFWU must be set to Y. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled regardless of the 
FTPACC setting.

The following instructions assume you have a working knowledge of the 
Windows command prompt.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Create an FTP session to connect to the relay using the relay IP 
address.

Step 6. Enter your FTP username and password.

Step 7. Issue the CD UPGRADE command to switch the present relay 
directory to the UPGRADE directory. 

Step 8. Issue the PUT RELAY.ZDS command to place the 
RELAY.zds file in the UPGRADE directory and to send the file 
to the relay.

When the download is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the FTP connection, and you must 
re-establish the FTP connection after the upgrade is complete. Then, navigate 
to the relay UPGRADE directory, read the error file ERR.TXT and review for 
any error messages. If the firmware upgraded properly, no errors occurred 
during the upgrade process and the file is empty. If messages are contained 
within the file, see Table B.2 for the error message and what the error means.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware 
upgrade is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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Figure B.3 shows the entire upgrade process via Windows command prompt.

Upgrade the Firmware Via Terminal Emulator Using 
the FILE Command Over Telnet

To upgrade firmware using the FILE command over Telnet, the firmware in 
your relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using the FILE Command over Ethernet, the 
Port 1 setting MAXACC must be set to 2 or C and EETHFWU must be set to 
Y. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled regardless of the MAXACC setting.

The following procedure assumes that you have a working knowledge of the 
software being used to upgrade the firmware via FILE command.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Save the RELAY.zds file to a directory.

Step 6. Update the active directory to be the directory where the 
RELAY.zds file is saved.

Step 7. Issue the FILE WRITE RELAY.ZDS command to the relay.

Step 8. Send the RELAY.zds file to the relay via Ymodem transfer.

Microsoft Windows [Version 10.0.17763.805]
(c) 2018 Microsoft Corporation. All rights reserved.

Y:\>FTP 10.39.94.180 <Enter>
Connected to 10.39.94.180.
220 FTP SERVER
550 NOOP requested action not taken.
User (10.39.94.180:(none)): xxxxxx <Enter>
331 User name okay, need password.
Password: xxxxxx <Enter>
230 User logged in, proceed.
ftp> CD UPGRADE <Enter>
250 CWD  requested file action okay, completed.
ftp> PUT RELAY.ZDS <Enter>
200 PORT Command okay.
150 File status okay; about to open data connection.
Connection closed by remote host.
ftp>

Figure B.3 Firmware Upgrade Via FTP

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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When the upgrade is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the Telnet connection, and you 
must re-establish the Telnet connection after the upgrade is complete. Then, 
navigate to the relay UPGRADE directory, read the error file ERR.TXT and 
review for any error messages. If the firmware upgraded properly, no errors 
occurred during the upgrade process and the file is empty. If messages are 
contained within the file, see Table B.2 for the error message and what the 
error means.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and, if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect detects the upgraded 
relay firmware and prompts you to allow it to convert the 
existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. Only transfer a 
CID file to the relay if you want to 
implement a change in the IEC 61850 
configuration or if new relay firmware 
does not support the current CID file 
version. If you transfer an invalid CID 
file, the relay disables the IEC 61850 
protocol, because it no longer has a 
valid configuration. To restart 
IEC 61850 protocol operation, you 
must transfer a valid CID file to the 
relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
https://selinc.com/support
https://selinc.com/support
mailto:info@selinc.com
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SEL Communications Protocols
The SEL-710-5 Motor Protection Relay supports SEL protocols and 
command sets shown in Table C.1.

SEL ASCII Commands We originally designed SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing 
terminal. A computer with a serial port can also use the SEL ASCII protocol 
to communicate with the relay, collect data, and issue commands.

SEL Compressed 
ASCII Commands

The relay supports a subset of SEL ASCII commands identified as 
Compressed ASCII commands. Each of these commands results in a comma-
delimited message that includes a checksum field. Most spreadsheet and 
database programs can directly import comma-delimited files. Devices with 
embedded processors connected to the relay can execute software to parse and 
interpret comma-delimited messages without expending the customization 
and maintenance labor needed to interpret nondelimited messages. The relay 
calculates a checksum for each line by numerically summing all of the bytes 
that precede the checksum field in the message. The program that uses the 
data can detect transmission errors in the message by summing the characters 
of the received message and comparing this sum to the received checksum.

Most commands are available only in SEL ASCII or Compressed ASCII 
format. Selected commands have versions in both standard SEL ASCII and 
Compressed ASCII formats. Compressed ASCII reports generally have fewer 

Table C.1 Supported Serial Command Sets

Command Set Description

SEL ASCII Use this protocol to send ASCII commands and receive 
ASCII responses that are human readable with an appropriate 
terminal emulation program.

SEL Compressed ASCII Use this protocol to send ASCII commands and receive 
Compressed ASCII responses that are comma-delimited for 
use with spreadsheet and database programs or for use by 
intelligent electronic devices.

SEL Fast Meter Use this protocol to send binary commands and receive 
binary meter and target responses.

SEL Fast Operate Use this protocol to receive binary control commands.

SEL Fast SER Use this protocol to receive binary Sequential Events 
Recorder unsolicited responses.

SEL Fast Message Use this protocol to write Remote Analog Data via 
unsolicited writes.
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characters than conventional SEL ASCII reports because the compressed 
reports reduce blanks, tabs, and other white space between data fields to a 
single comma.

Table C.2 lists the Compressed ASCII commands and contents of the 
command responses.

Interleaved ASCII and 
Binary Messages

SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view through use of a terminal or terminal 
emulation package. The binary data streams can interrupt the ASCII data 
stream to obtain information; the ASCII data stream continues after the 
interruption. This mechanism uses a single communications channel for 
ASCII communication (transmission of an event report, for example) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. However, 
you do not need a device to interleave data streams to use the binary or ASCII 
commands. Note that XON, XOFF, and CAN operations operate on only the 
ASCII data stream.

An example of using these interleaved data streams is when the SEL-710-5 
communicates with an SEL communications processor. These SEL 
communications processors perform autoconfiguration by using a single data 
stream and SEL Compressed ASCII and binary messages. In subsequent 
operations, the SEL communications processor uses the binary data stream for 
Fast Meter and Fast Operate messages to populate a local database and to 

Table C.2 Compressed ASCII Commands

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII 
commands available at access levels > 0

0

CBRE Breaker monitor 1

CEVENT Event report 1

CHISTORY List of events 1

CLDP Load Profile Data 1

CMETER Metering data, including fundamental, thermal, 
energy, max/min, rms, analog inputs, remote 
analogs, light and math variables 

1

CMSR Motor Start Data 1

CSE Sequence Of Events Data 1

CSTATUS Relay status 1

CSUMMARY Summary of an event report 1

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0
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perform SCADA operations. At the same time, you can use the binary data 
stream to connect transparently to the SEL-710-5 and use the ASCII data 
stream for commands and responses.

SEL Fast Meter, Fast 
Operate, Fast SER, 
and Unsolicited Write

SEL Fast Meter is a binary message that you solicit with binary commands. 
Fast Operate is a binary message for control. The relay can also send 
unsolicited Fast SER messages automatically and receive unsolicited SEL 
Fast Messages (used in the SEL-710-5 for Remote Analogs). If the relay is 
connected to an SEL communications processor, these messages provide the 
mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction.

SEL Communications Processor
SEL offers SEL communications processors, powerful tools for system 
integration and automation. The SEL-2030 series and the SEL-2020 
communications processors are similar, except that the SEL-2030 series has 
two slots for network protocol cards. These devices provide a single point of 
contact for integration networks with a star topology, as shown in Figure C.1.

Figure C.1 SEL Communications Processor Star Integration Network

In the star topology network in Figure C.1 the SEL communications processor 
offers the following substation integration functions:

➤ Collection of real-time data from SEL and non-SEL IEDs

➤ Calculation, concentration, and aggregation of real-time IED 
data into databases for SCADA, HMI, and other data 
consumers

➤ Access to the IEDs for engineering functions including 
configuration, report data retrieval, and control through local 
serial, remote dial-in, and Ethernet network connections

➤ Distribution of IRIG-B time-synchronization signal to IEDs 
based on external IRIG-B input, internal clock, or protocol 
interface

➤ Simultaneous collection of SCADA data and engineering 
connection to SEL IEDs over a single cable

➤ Automated dial-out on alarms

SEL Communications
Processor

To Engineering

Modem

To SCADA

Local HMI

SEL IED SEL IED SEL IED Non-SEL IED



C.4

SEL-710-5 Relay Instruction Manual Date Code 20220826

SEL Communications Processors
SEL Communications Processor

The SEL communications processors have 16 serial ports plus a front port. 
This port configuration does not limit the size of a substation integration 
project, because you can create a multitiered solution as shown in Figure C.2. 
In this multitiered system, the lower-tier SEL communications processors 
forward data to the upper-tier SEL communications processor that serves as 
the central point of access to substation data and substation IEDs.

Figure C.2 Multitiered SEL Communications Processor Architecture

You can add additional communications processors to provide redundancy and 
eliminate possible single points of failure. SEL communications processors 
provide an integration solution with a reliability comparable to that of SEL 
relays. In terms of MTBF (mean time between failures), SEL communications 
processors are 100 to 1000 times more reliable than computer-based and 
industrial technology-based solutions.

Configuration of an SEL communications processor is different from other 
general-purpose integration platforms. You can configure SEL 
communications processors with a system of communication-specific 
keywords and data movement commands rather than programming in C or 
another general-purpose computer language. SEL communications processors 
offer the protocol interfaces listed in Table C.3.

Table C.3 SEL Communications Processors Protocol Interfaces (Sheet 1 of 2)

Protocol Connect to

DNP3 Level 2 Outstation DNP3 masters

Modbus RTU Protocol Modbus masters

SEL ASCII/Fast Message Slave SEL protocol masters

SEL ASCII/Fast Message Master SEL protocol slaves including other 
communications processors and SEL relays

ASCII and Binary auto messaging SEL and non-SEL IED master and slave devices

Modbus Plusa Modbus Plus peers with global data and Modbus 
Plus masters

FTP (File Transfer Protocol)b FTP clients

SEL Communications
Processor

To Engineering

Modem
To SCADA

Local HMI

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL Communications
Processor

SEL Communications
Processor
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SEL Communications Processor and Relay Architecture
You can apply SEL communications processors and SEL relays in a limitless 
variety of applications that integrate, automate, and improve station operation. 
Most system integration architectures using SEL communications processors 
involve either developing a star network or enhancing a multidrop network.

Developing 
Star Networks

The simplest architecture using both the SEL-710-5 and an SEL 
communications processor is shown in Figure C.1. In this architecture, the 
SEL communications processor collects data from the SEL-710-5 and other 
station IEDs. The SEL communications processor acts as a single point of 
access for local and remote data consumers (local HMI, SCADA, engineers). 
The communications processor also provides a single point of access for 
engineering operations including configuration and the collection of report-
based information.

By configuring a data set optimized to each data consumer, you can 
significantly increase the utilization efficiency on each link. A system that 
uses an SEL communications processor to provide a protocol interface to an 
RTU has a shorter lag time (data latency); communication overhead is much 
less for a single data exchange conversation to collect all substation data (from 
a communications processor) than for many conversations required to collect 
data directly from each individual IED. You can further reduce data latency by 
connecting any SEL communications processor directly to the SCADA master 
and eliminating redundant communications processing in the RTU.

The SEL communications processor is responsible for the protocol interface, 
so you can install, test, and even upgrade the system in the future without 
disturbing protective relays and other station IEDs. This insulation of the 
protective devices from the communications interface assists greatly in 
situations where different departments are responsible for SCADA operation, 
communication, and protection.

SEL communications processors equipped with an SEL-2701 Ethernet 
Processor provide a UCA2 interface to SEL-710-5 relays and other serial 
IEDs. The SEL-710-5 data appear in models in a virtual device domain. The 
combination of the SEL-2701 with an SEL communications processor offers a 
significant cost savings because you can use existing IEDs or purchase less 
expensive IEDs. For full details on applying the SEL-2701 with an SEL 
communications processor, see the SEL-2701 Ethernet Processor Instruction 
Manual.

The engineering connection uses either an Ethernet network connection 
through the SEL-2701 or a serial port connection. This versatility 
accommodates the channel that is available between the station and the 
engineering center. SEL software uses either a serial port connection or an 
Ethernet network connection from an engineering workstation to the relays in 
the field.

Telnetb Telnet servers and clients

UCA2 GOMSFEb UCA2 protocol masters

UCA2 GOOSEb UCA2 protocol and peers
a Requires SEL-2711 Modbus Plus protocol card.
b Requires SEL-2701 Ethernet Processor.

Table C.3 SEL Communications Processors Protocol Interfaces (Sheet 2 of 2)

Protocol Connect to
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Enhancing Multidrop 
Networks

You can also use an SEL communications processor to enhance a multidrop 
architecture similar to the one shown in Figure C.3. In this example, the SEL 
communications processor enhances a system that uses the SEL-2701 with an 
Ethernet HMI multidrop network. In the example, there are two Ethernet 
networks, the SCADA LAN and the Engineering LAN. The SCADA LAN 
provides real-time data directly to the SCADA Control Center via a protocol 
gateway and to the HMI.

Figure C.3 Enhancing Multidrop Networks With SEL Communications 
Processors

In this example, the SEL communications processor provides the following 
enhancements when compared to a system that employs only the multidrop 
network:

➤ Ethernet access for IEDs with serial ports

➤ Backup engineering access through the dial-in modem

➤ IRIG-B time signal distribution to all station IEDs

➤ Integration of IEDs without Ethernet

➤ Single point of access for real-time data for SCADA, 
HMI, and other uses

➤ Significant cost savings by use of existing IEDs 
with serial ports

SEL Communications
Processor

Modem

To SCADA Control Center,
RTU, or Protocol Gateway To Engineering

HMI/Local
Engineering

Access

SEL-421 Relay

Hub Hub

Ethernet IED

SCADA
 Ethernet LAN

EIA-232

Engineering
Ethernet LAN

SEL-710-5 Relay SEL Relay Non-SEL IED
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SEL Communications Processor Example
This example demonstrates the data and control points available in the SEL 
communications processor when you connect an SEL-710-5. The physical 
configuration used in this example is shown in Figure C.4. In this example, the 
communications processor is an RTAC that is connected to the SEL-710-5 by 
using SEL Protocol via ACSELERATOR RTAC software. For more information 
regarding the RTAC and ACSELERATOR RTAC software, refer to selinc.com.

Figure C.4 Example of SEL Relay and SEL Communications Processor 
Configuration

Table C.4 shows the Port 1 settings for the RTAC.

Table C.4 RTAC Port 1 Settings (Sheet 1 of 2)

Setting Range Value

Communications

SERIAL 
COMMUNICATIONS PORT

The number of ports depends on 
the RTAC MOT

Com_01

SERIAL 
COMMUNICATIONS 
PORT TYPE

EIA-232, EIA-485/EIA-422 EIA232

BAUD RATE Auto-Baud, 300, 1200, 2400, 
4800, 9600, 19200, 38400, 
57600, 115200

115200

DATA BITS 8 8

PARITY BIT None None

STOP BIT 1 1

RTS_CTS True, False False

XON/XOFF True, False True

LEVEL 1 PASSWORD 0–32 characters **********

LEVEL 2 PASSWORD 0–32 characters **********

ENABLE PASSWORD 
MONITOR

True, False False

POLL CASCII RETRIES 0–255 3

POLL CASCII INACTIVITY 
TIMEOUT

100–65535 ms 8000

POLL BINARY RETRIES 0–255 3

POLL BINARY 
INACTIVITY TIMEOUT

<min>–65535 ms 2500

SLOW POLL MODE 
MULTIPLIER

1–65535 5

SEL Communications 

Processor

Port F

Port 3

Personal ComputerSEL-710-5 Relay

SEL-C273A Cable

SEL-C285T Cable

https://www.selinc.com
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After these settings are configured to align with the Port 1 settings of the 
SEL-710-5, the RTAC will auto-configure the connection. Refer to Figure C.5 
to see what a healthy connection looks like after auto-configuration is 
complete. Note that ENO and EN are TRUE and that Offline is FALSE.

Figure C.5 Healthy Communications Between an RTAC and an SEL Relay

Data Collection In this example, the RTAC is configured to collect data from the SEL-710-5 
via SEL Protocol, using the list in Table C.5.

You have the ability to set the poll period for each of the commands in 
Table C.5.

TRANSMIT FAST 
UNSOLICITED WRITE 
MESSAGING ON 
STARTUP

True, False False

Date-Time

UTC OFFSET –720 to 840 minutes 0

DST ENABLED True, False True

Event

ENABLE EVENT 
COLLECTION

True, False False

ENABLE COMTRADE 
COLLECTION

True, False False

LIST OF EVENT TYPES TO 
BE COLLECTED

HR

SEL

VIRTUAL PORT NUMBER 1–254 1

Table C.4 RTAC Port 1 Settings (Sheet 2 of 2)

Setting Range Value

Table C.5 RTAC Data Collection Automessages

Message Name Message Type Command Poll Period

History Compressed ASCII CHI 0

Load Data Compressed ASCII CLDP 0

SER Compressed ASCII CSE 0

Status Compressed ASCII CST 0

Demand Meter Fast Meter D2 0

Meter Fast Meter D1 1000

Peak Meter Fast Meter D3 0
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Control Points The RTAC can pass control messages, called Fast Operate messages, to the 
SEL-710-5 automatically. You must enable Fast Operate messages by using 
the FASTOP setting in the SEL-710-5 port settings for the port connected to 
the SEL communications processor.

When you enable Fast Operate functions, the SEL communications processor 
automatically sends messages to the relay for changes in remote bits 
RB01–RB32 on the corresponding SEL communications processor port.

SEL Communications 
Processor to 
SEL-710-5 Unsolicited 
Write Remote Analog 
Example

There are two settings that must be configured in the RTAC if you need to 
write to remote analogs in the SEL-710-5. In this example, the required 
settings needed to write to RA_001.Val and RA_002.Val are provided. The 
first set of settings is under the Tx UW Messages tab. See Figure C.6.

Figure C.6 Unsolicited Write Remote Analogs Tx UW Messages Settings

In the settings, note the unsolicited write Tx starting addresses. After these 
two settings are properly configured, Tx UW Message 1 must be configured. 
See Figure C.7. Note the Tag Types being MV and the Datatype being REAL. 
Use a similar setup to write to all of the remote analogs.

Figure C.7 Tag Type and Datatype for RA_001.Val–RA_032.Val

NOTE:  To use the Fast Operate 
function, the FASTOP setting must be 
set to Y (see Section 6: Settings).
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DNP3 Communications

Overview
The SEL-710-5 Motor Protection Relay provides a Distributed Network 
Protocol Version 3.0 (DNP3) Level 2 Outstation interface for direct serial and 
LAN/WAN network connections to the device.

This section covers the following topics:

➤ Introduction to DNP3 on page D.1

➤ DNP3 in the SEL-710-5 on page D.6

➤ DNP3 Documentation on page D.14

Introduction to DNP3
A supervisory control and data acquisition (SCADA) manufacturer developed 
the first versions of DNP from the lower layers of IEC 60870-5. Originally 
designed for use in telecontrol applications, Version 3.0 of the protocol has 
also become popular for local substation data collection. DNP3 is one of the 
protocols included in the IEEE Recommended Practice for Data 
Communications Between Remote Terminal Units and Intelligent Electronic 
Devices in a Substation.

The DNP Users Group maintains and publishes DNP3 standards. See the DNP 
Users Group website, www.dnp.org, for more information on standards, 
implementers, and tools for working with DNP3.

DNP3 Specifications DNP3 is a feature-rich protocol with many ways to accomplish tasks, defined 
in an eight-volume series of specifications. Volume 8 of the specification, 
called the Interoperability Specification, simplifies DNP3 implementation by 
providing four standard interoperable implementation levels. The levels are 
listed in Table D.1.

Table D.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communication requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communication requirements

Large RTUs, SCADA 
masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA 
masters

http://www.dnp.org
http://www.dnp.org
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Each level is a proper superset of the previous lower-numbered level. A 
higher-level device can act as a master to a lower-level device, but can only 
use the data types and functions implemented in the lower level device. For 
example, a typical SCADA master is a Level 3 device and can use Level 2 (or 
lower) functions to poll a Level 2 (or lower) device for Level 2 (or lower) data. 
Similarly, a lower-level device can poll a higher-level device, but the lower 
level device can only access the features and data available to its level.

In addition to the eight-volume DNP3 specification, the protocol is further 
refined by conformance requirements, optional features, and a series of 
technical bulletins. The technical bulletins supplement the specifications with 
discussions and examples of specific features of DNP3.

Data Handling
Objects

DNP3 uses a system of data references called objects, defined by the Basic 4 
standard object library. Each subset level specification requires a minimum 
implementation of object types and recommends several optional object types. 
DNP3 object types, commonly referred to as objects, are specifications for the 
type of data the object carries. An object can include a single value or more 
complex data. Some objects serve as shorthand references for special 
operations, including collections of data, time synchronization, or even all 
data within the DNP3 device.

If there can be more than one instance of a type of object, then each instance 
of the object includes an index that makes it unique. For example, each binary 
status point (Object 1) has an index. If there are 16 binary status points, these 
points are Object 1, Index 0 through Object 1, Index 15.

Each object also includes multiple versions called variations. For example, 
Object 1 (binary inputs) has three variations: 0, 1, and 2. You can use 
Variation 0 to request all variations, Variation 1 to specify binary input values 
only, and Variation 2 to specify binary input values with status information. 

Each DNP3 device has both a list of objects and a map of object indices. The 
list of objects defines the available objects, variations, and qualifier codes. The 
map defines the indices for objects that have multiple instances and defines 
what data or control points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. 
DNP3 terminology describes all points from the perspective of the master. 
Binary points for control that move from the master to the outstation are called 
binary outputs, while binary status points within the outstation are called 
binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master can use to manipulate the object. The object 
listing for the device shows the permitted function codes for each type of 
object. The most common DNP3 function codes are listed in Table D.2.
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range 
specifies the indices of the objects of interest. DNP3 masters use qualifier 
codes to compose the shortest, most concise message possible when 
requesting points from a DNP3 outstation.

For example, the qualifier code 01 specifies that the request for points includes 
a start address and a stop address. Each of these two addresses uses two bytes. 
An example request using qualifier code 01 might have the four hexadecimal 
byte range field, 00h 04h 00h 10h, which specifies points in the range 4 to 16.

Access Methods DNP3 has many features that help obtain maximum possible message 
efficiency. DNP3 masters send requests with the least number of bytes using 
special objects, variations, and qualifiers that reduce the message size. Other 
features eliminate the continual exchange of static (unchanging) data values. 
These features optimize use of bandwidth and maximize performance over a 
connection of any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit 
values that have not changed. Event data are time-stamped records that show 
when observed measurements changed. For binary points, the remote device 
(DNP3 outstation) logs changes from logical 1 to logical 0 and from logical 0 
to logical 1. For analog points, the outstation device logs changes that exceed 
a deadband. DNP3 outstation devices collect event data in a buffer that either 
the master can request or the device can send to the master without a request 
message. Data sent from the outstation to the master without a polling request 
are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved 
for reading the present value data (static data). Classes 1, 2, and 3 are event 
data classes. The meaning of Classes 1 to 3 is arbitrary and defined by the 
application at hand. With outstations that contain great amounts of data or in 
large systems, the three event classes provide a framework for prioritizing 
different types of data. For example, you can poll once a minute for Class 1 
data, once an hour for Class 2 data, and once a day for Class 3 data.

DNP3 also supports static polling: simple polling of the present value of data 
points within the outstation. By combining event data, unsolicited polling, and 
static polling, you can operate your system in one of the four access methods 
shown in Table D.3.

The access methods listed in Table D.3 are listed in order of increasing 
communication efficiency. With various trade-offs, each method is less 
demanding of communication bandwidth than the previous one. For example, 

Table D.2 Selected DNP3 Function Codes

Function 
Code

Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a Select-Before-Operate operation

4 Operate Second part of a Select-Before-Operate operation

5 Direct operate One-step operation with reply

6 Direct operate, no reply One-step operation with no reply
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unsolicited report-by-exception consumes less communication bandwidth 
than polled report-by-exception because that method does not require polling 
messages from the master. To properly evaluate which access method provides 
optimum performance for your application, you must also consider overall 
system size and the volume of data communication expected.

Binary Control 
Operations

DNP3 masters use Object 12, control device output block, to perform DNP3 
binary control operations. The control device output block has both a trip/
close selection and a code selection. The trip/close selection allows a single 
DNP3 index to operate two related control points such as trip and close or 
raise and lower. Trip/close pair operation is not recommended for new DNP3 
devices, but is often included for interoperability with older DNP3 master 
implementations.

The control device output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited 
subset of the possible combinations of the code field. Sometimes, DNP3 
outstations assign special operation characteristics to the latch and pulse 
selections. Table D.12 describes control point operation for the SEL-710-5.

Conformance Testing In addition to the protocol specifications, the DNP Users Group has approved 
conformance-testing requirements for Level 1 and Level 2 devices. Some 
implementers perform their own conformance specification testing, while 
some contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and outstation 
are fully interoperable (that is, work together properly for all implemented 
features). Conformance testing does help to standardize the testing procedure 
and move the DNP3 implementers toward a higher level of interoperability.

DNP3 Serial 
Network Issues

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (Open System 
Interconnection) model called the enhanced performance architecture. The 
layer definition helps to categorize functions and duties of various software 
components that make up the protocol. The middle layer, the Data Link Layer, 
includes several functions for error checking and media access control.

A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this 
feature helps you recognize a failed device or failed communications link 
quickly, it also adds significant overhead to the DNP3 conversation. Consider 
whether you require this link integrity function in your application at the 
expense of overall system speed and performance.

Table D.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only

Polled report-by-exception Master polls frequently for event data and occasionally 
for Class 0 data

Unsolicited report-by-exception Outstation devices send unsolicited event data to the 
master, and the master occasionally polls for Class 0 data

Quiescent Master never polls and relies on unsolicited reports only
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The DNP3 technical bulletin (DNP Confirmation and Retry Guidelines 9804-
002) on confirmation processes recommends against using data link 
confirmations because these processes can add to traffic in situations where 
communications are marginal. The increased traffic reduces connection 
throughput further, possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single (serial) network 
medium, you must provide a mechanism to resolve the resulting network 
medium contention. For example, unsolicited reporting results in network 
medium contention if you do not design your serial network as a star topology 
of point-to-point connections or use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a 
collision avoidance feature. Before sending a message, a DNP3 device listens 
for a carrier signal to verify that no other node is transmitting data. The device 
transmits if there is no carrier or waits for a random time before transmitting. 
However, if two nodes both detect a lack of carrier at the same instant, these 
two nodes could begin simultaneous transmission of data and cause a data 
collision. If your serial network allows for spontaneous data transmission 
including unsolicited event data transmissions, you also must use application 
confirmation to provide a retry mechanism for messages lost in data 
collisions.

DNP3 LAN/WAN 
Overview

The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the 
transport layer frames of the IP suite. This allows the IP stack to deliver the 
DNP3 data link layer frames to the destination in place of the original DNP3 
physical layer.

The DNP User Group Technical Committee has recommended the following 
guidelines for carrying DNP3 over a network:

NOTE: Link layer confirmations are 
explicitly disabled for DNP3 LAN/
WAN. The IP suite provides a reliable 
delivery mechanism, which is backed 
up at the application layer by 
confirmations when required.

➤ DNP3 shall use the IP suite to transport messages over a LAN/
WAN

➤ Ethernet is the recommended physical link, though you can use 
others

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP can be used for highly reliable single-segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The technical committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is 
used for either TCP or UDP.
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TCP/UDP Selection
The committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table D.4.

DNP3 in the SEL-710-5
The SEL-710-5 is a DNP3 Level 2 remote (outstation) device, without dual 
end point. 

Data Access Table D.5 lists DNP3 data access methods along with their corresponding 
SEL-710-5 settings. You must select a data access method and configure each 
DNP3 master for polling as specified.

The SEL-710-5 is an outstation device without dual end point. For a TCP 
connection, the relay sends out unsolicited messages only if a DNP3 master 
has already established a session and enabled unsolicited messaging for that 
session. However, for a Serial/Modem/UDP connection, the relay 
automatically dials out and sends unsolicited messages as defined by the 
settings.

Table D.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data 
(CDPD)

X

Low priority data, for example, data monitor or configuration information X

Table D.5 Configuring DNP3 Access Methods

Access Method Master Polling SEL-710-5 Settings

Polled static Class 0 Set ECLASSBn, ECLASSCn, 
ECLASSAn to 0; UNSOLn to No

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; UNSOLn to No

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently; 
mainly relies on unsolicited 
messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; set UNSOLn to Yes and 
PUNSOLn to Yes or No

Quiescent Class 0, 1, 2, 3 never; relies 
completely on unsolicited 
messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; set UNSOLn and PUNSOLn 
to Yes.

NOTE: Because unsolicited 
messaging is problematic in most 
circumstances, SEL recommends 
using the polled report-by-exception 
access method to maximize 
performance and minimize risk of 
configuration problems. 

NOTE: In the settings in Table D.5, 
the suffix n represents the DNP3 
session number from 1 to 5. All 
settings with the same numerical 
suffix comprise the complete DNP3 
session configuration.
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In both the unsolicited report-by-exception and quiescent polling methods 
shown in Table D.5, you must make a selection for the PUNSOLn setting. 
This setting enables or disables unsolicited data reporting when the device is 
turned on. If your DNP3 master can send a message to enable unsolicited 
reporting on the SEL-710-5, set PUNSOLn to No.

While automatic unsolicited data transmission on power up is convenient, this 
can cause problems if your DNP3 master is not prepared to start receiving data 
immediately on power up. If the master does not acknowledge the unsolicited 
data with an Application Confirm, the device resends the data until it is 
acknowledged. On a large system, or in systems where the processing power 
of the master is limited, you can have problems when several devices 
simultaneously begin sending data and waiting for acknowledgment 
messages.

The SEL-710-5 allows you to set the conditions for transmitting unsolicited 
event data on a class-by-class basis. It also allows you to assign points to event 
classes on a point-by-point basis (see DNP3 Documentation on page D.14). 
You can prioritize data transmission with these event class features. For 
example, you might place high-priority points in event Class 1 and set it with 
low thresholds (NUMEVEn and AGEEVEn settings) so that changes to these 
points are sent to the master quickly. You can then place low priority data in 
event Class 2 with higher thresholds.

If the SEL-710-5 does not receive an Application Confirm in response to 
unsolicited data, it waits for ETIMEOn seconds and then repeats the 
unsolicited message. To prevent clogging of the network with unsolicited data 
retries, the SEL-710-5 uses the URETRYn and UTIMEOn settings to increase 
retry time when the number of retries set in URETRYn is exceeded. After 
URETRYn has been exceeded, the SEL-710-5 pauses UTIMEOn seconds and 
then transmits the unsolicited data again. Figure D.1 provides an example with 
URETRYn = 2.

Figure D.1 Application Confirmation Timing With URETRYn = 2

Collision Avoidance If your application uses unsolicited reporting on a serial network, you must 
select a half-duplex medium or a medium that includes carrier detection to 
avoid data collisions. EIA-485 two-wire networks are half-duplex. EIA-485 
four-wire networks do not provide carrier detection, while EIA-232 systems 
can support carrier detection. DNP3 LAN/WAN uses features of the IP suite 
for collision avoidance, so does not require these settings.

The SEL-710-5 uses Application Confirmation messages to guarantee 
delivery of unsolicited event data before erasing the local event data buffer. 
Data collisions are typically resolved when messages are repeated until 
confirmed.

The SEL-710-5 pauses for a random delay between the settings MAXDLY 
and MINDLY when it detects a carrier through data on the receive line or the 
CTS pin. For example, if you use the settings of 0.10 seconds for MAXDLY 
and 0.05 seconds for MINDLY, the SEL-710-5 inserts a random delay of 50 to 

RX DATA
(Event Data Confirmation)

TX DATA

ETIMEOn

Retry RetryRetry

Confirmation

UTIMEOn

UTIMEOnETIMEOn
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100 ms between the end of carrier detection and the start of data transmission 
(see Figure D.2).

Figure D.2 Message Transmission Timing

Transmission Control If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio 
system for your DNP network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay 
between RTS signal control and data transmission (see Figure D.2). For 
example, an EIA-485 transceiver typically requires 10 to 20 ms to change 
from receive to transmit. If you set the pre-delay to 30 ms, you avoid data loss 
resulting from the data transmission beginning at the same time as the RTS 
signal assertion.

Event Data DNP3 event data objects contain change-of-state and time-stamp information 
that the SEL-710-5 collects and stores in a buffer. Points assigned in the 
Binary Input Map that are also assigned in the Sequential Events Recorder 
(SER) settings carry the time stamp of actual occurrence. Binary input points 
not assigned in the SER settings carry a time stamp based on the DNP map 
scan time. This may be significantly delayed from when the original source 
changed and should not be used for sequence-of-events determination. The 
DNP map is scanned approximately twice per second to generate events. You 
can configure the SEL-710-5 to either report the data without a polling request 
from the master (unsolicited data) or hold the data until the master requests it 
with an event poll message.

With the event class settings ECLASSBn, ECLASSCn, and ECLASSAn, you 
can set the event class for binary, counter, and analog inputs for Session n. You 
can use the classes as a simple priority system for collecting event data. The 
SEL-710-5 does not treat data of different classes differently with respect to 
message scanning, but it does allow the master to perform independent class 
polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. You must 
confirm that the polling configuration 
of your master allows independent 
polling for each class before 
implementing separate classes in the 
SEL-710-5.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in Table D.7. You 
can either:

➤ set and use default deadband and scaling according to data 
type, or 

➤ use a custom data map to select deadbands on a point-by-point 
basis.

See DNP3 Documentation on page D.14 for a discussion of how to set scaling 
and deadband operation on a point-by-point basis. You can modify deadbands 
for analog inputs at run-time by writing to Object 34..

The settings ANADBAn, ANADBVn, and ANADBMn control default 
dead-band operation for each type of analog data. Because DNP3 Objects 30 

Receipt of RX 
DATA or CTS

Random Delay
MINDLY to MAXDLY

RTS

TX DATA
PREDLY PSTDLY

NOTE: PREDLY and POSTDLY 
settings are only available for EIA-232 
and EIA-485 serial port sessions.
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and 32 use integer data, you must use scaling to send digits after the decimal 
point and avoid rounding to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling 
setting of 1, the value transmitted is 126. With a scaling setting of 3, the value 
transmitted is 12632. You must make certain that the maximum value does not 
exceed 32767 if you are polling the default 16-bit variations for Objects 30 
and 32, but you can send some decimal values using this technique. You must 
also configure the master to perform the appropriate division on the incoming 
value to display it properly.

You can set the default analog value scaling with the DECPLAn, DECPLVn, 
and DECPLMn settings. Application of event reporting deadbands occurs 
after scaling. For example, if you set DECPLAn to 2 and ANADBAn to 10, a 
measured current of 10.14 Amps would be scaled to the value 1014 and would 
have to increase to more than 1024 or decrease to less than 1004 (a change in 
magnitude of ± 0.1 Amps) for the device to report a new event value.

The SEL-710-5 uses the NUMEVEn and AGEEVEn settings to decide when 
to send unsolicited data to the master. The device sends an unsolicited report 
when the total number of events accumulated in the event buffer for Master n 
reaches NUMEVEn. The device also sends an unsolicited report if the age of 
the oldest event in the master n buffer exceeds AGEEVEn. The SEL-710-5 has 
the buffer capacities listed in Table D.6.

Binary Controls The SEL-710-5 provides more than one way to control individual points. The 
SEL-710-5 maps incoming control points either to remote bits or to internal 
command bits that cause circuit breaker operations. Table D.12 lists control 
points and control methods available in the SEL-710-5.

A DNP3 technical bulletin (Control Relay Output Block Minimum 
Implementation 9701-002) recommends that you use one point per Object 12, 
control block output device. You can use this method to perform Pulse On, 
Pulse Off, Latch On, and Latch Off operations on selected remote bits.

If your master does not support the single-point-per-index messages or single 
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page D.24.

Time Synchronization The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time 
synchronization in the event the device loses primary synchronization through 
the IRIG-B input. You can enable time synchronization with the TIMERQn 
setting and then use Object 50, Variation 1, and Object 52, Variation 2, to set 
the time via the Session n DNP3 master (Object 50, Variation 3 for DNP3 
LAN/WAN).

By default, the SEL-710-5 accepts and ignores time set requests 
(TIMERQn = I for “ignore”). (This mode allows the SEL-710-5 to use a high 
accuracy, IRIG time source, but still interoperate with DNP3 masters that send 

Table D.6 SEL-710-5 Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog 100

Counters 32
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time-synchronization messages.) You can set the SEL-710-5 to request time 
synchronization periodically by setting the TIMERQn setting to the desired 
period. You can also set it to not request, but accept, time synchronization 
(TIMERQn = M for “master”).

The SEL-710-5 prioritizes its time-synchronization sources. These time 
sources fall under one of two categories: primary time sources and secondary 
time sources. IRIG-B (BNC and Serial), PTP, and SNTP are primary time 
sources. All other time sources such as DNP, IEC 60870-5-103, Modbus, and 
serial port time and date commands are secondary time sources.

If an IRIG-B BNC time source is available, the SEL-710-5 synchronizes its 
time with that time source regardless of what other time sources are available. 
If an IRIG-B BNC time source is not available and an IRIG-B Serial time 
source is, the SEL-710-5 synchronizes its time with that IRIG-B Serial time 
source even if other time sources are available. If an IRIG-B Serial time 
source is not available and PTP is, the SEL-710-5 synchronizes its time with 
that PTP time source even if other time sources are available. If IRIG-B (BNC 
and Serial) and PTP are not available, but SNTP is, the SEL-710-5 
synchronizes its time with that SNTP time source even if other time sources 
are available. And finally, if IRIG-B (BNC and Serial), PTP, and SNTP are not 
available, the SEL-710-5 synchronizes with the remaining time sources that 
could be available. These include DNP, IEC 60870-5-103, Modbus, or serial 
port time and date commands. These four time sources take on the same 
priority. At any given time, the relay synchronizes with the one that most 
recently established synchronization with the relay. In summary, time-
synchronization prioritization starts with IRIG-B BNC, followed by IRIG-B 
Serial, followed by PTP, followed by SNTP, followed by DNP, 
IEC 60870-5-103, Modbus, or serial port time and date commands.

Note that when IRIG-B BNC or IRIG-B Serial time sources are available, any 
remaining time source that could be available can only be used to update the 
year.

Modem Support The SEL-710-5 DNP implementation includes modem support for serial ports. 
Your DNP3 master can dial-in to the SEL-710-5 and establish a DNP3 
connection. The SEL-710-5 can automatically dial out and deliver unsolicited 
DNP3 event data.

When the device dials out, it waits for the “CONNECT” message from the 
local modem and for assertion of the device CTS line before continuing the 
DNP transaction. This requires a connection from the modem DCD to the 
device CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
SEL-710-5 to other devices.

You can either connect the modem to a computer and configure it before 
connecting it to the SEL-710-5, or program the appropriate modem setup 
string in the modem startup string setting MSTR. Use the PH_NUM1 and 
(optional) PH_NUM2 settings to set the phone numbers that you want the 
SEL-710-5 to call. The SEL-710-5 automatically sends the ATDT modem dial 
command and then the contents of the PH_NUM1 setting when dialing the 
modem. If PH_NUM2 is set, use the RETRY1 setting to configure the number 
of times the SEL-710-5 tries to dial PH_NUM1 before dialing PH_NUM2. 
Similarly, the RETRY2 setting is the number of attempts the SEL-710-5 tries 
to dial PH_NUM2 before trying PH_NUM1. MDTIME sets the length of time 
from initiating the call to declaring it failed because of no connection, and 
MDRET sets the time between dial-out attempts.

NOTE: To enable hardware 
handshaking, set the modem settings 
to Y if you are using a Null modem 
cable for DOP protocol 
implementation.
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NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must use 
either X-ON/X-OFF software flow 
control or set the port data speed 
slower than the effective data rate of 
the modem.

The settings PH_NUM1 and PH_NUM2 must conform to the AT modem 
command set dialing string standard, including:

➤ A comma (,) inserts a four second pause

➤ If necessary, use a 9 to reach an outside line

➤ Include a 1 and the area code if the number requires long 
distance access

➤ Add any special codes your telephone service provider 
designates to block call waiting and other telephone line 
features.

DNP3 Settings The DNP3 port configuration settings available on the SEL-710-5 are shown 
in Table D.7. You can enable DNP3 on Ethernet Port 1 or on any of the serial 
Ports 2 through 4, to a maximum of five concurrent DNP3 sessions. Each 
session defines the characteristics of the connected DNP3 Master, to which 
you assign one of the three available custom maps. Some settings only apply 
to DNP3 LAN/WAN, and are visible only when configuring the Ethernet port. 
For example, you only have the ability to define multiple sessions on Port 1, 
the Ethernet port. Likewise, settings applicable to serial DNP3 are visible only 
when configuring a serial port.

Table D.7 Port DNP3 Protocol Settings (Sheet 1 of 3)

Name Description Range Default

EDNPa Enable DNP3 Sessions 0–5 0

DNPNUMa DNP3 TCP and UDP Port 1–65534 20000

DNPADR Device DNP3 address 0–65519 0

Session 1 Settings

DNPIP1a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR1a Transport protocol UDP, TCP TCP

DNPUDP1a UDP response port REQ, 1–65534 20000

REPADR1 DNP3 address of the Master to send messages to 0–65519 1

DNPMAP1 DNP3 Session Custom Map 1–3 1

DVARAI1 Analog Input Default Variation 1–6 4

ECLASSB1 Class for binary event data, 0 disables 0–3 1

ECLASSC1 Class for counter event data, 0 disables 0–3 0

ECLASSA1 Class for analog event data, 0 disables 0–3 2

DECPLA1 Decimal places scaling for Current data 0–3 1

DECPLV1 Decimal places scaling for Voltage data 0–3 1

DECPLM1 Decimal places scaling for Miscellaneous data 0–3 1

ANADBA1 Analog reporting deadband for current; hidden if ECLASSA1 set to 0 0–32767 100

ANADBV1 Analog reporting deadband for voltages; hidden if ECLASSA1 set to 0 0–32767 100

ANADBM1 Analog reporting deadband for miscellaneous analogs; hidden if ECLASSA and 
ECLASSC set to 0

0–32767 100

TIMERQ1 Time-set request interval, minutes (M = Disables time sync requests, but still accepts 
and applies time syncs from Master; I = Ignores (does not apply) time syncs from 
Master)

I, M, 1–32767 I

STIMEO1 Select/operate time-out, seconds 0.0–30.0 1.0
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DNPINA1a,c Send Data Link Heartbeat, seconds; hidden if DNPTR1 set to UDP 0.0–7200 120

DRETRY1d Data link retries 0–15 3

DTIMEO1d Data link time-out, seconds; hidden if DRETRY1 set to 0 0.0–5.0 1

ETIMEO1 Event message confirm time-out, seconds 1–50 5

UNSOL1 Enable unsolicited reporting; hidden and set to N if ECLASSB1, ECLASSC1, and 
ECLASSA1 set to 0

Y, N N

PUNSOL1 Enable unsolicited reporting at turn on; hidden and set to N if UNSOL1 set to N Y, N N

NUMEVE1e Number of events to transmit on 1–200 10

AGEEVE1e Oldest event to transmit on, seconds 0.0–99999.0 2.0

URETRY1e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO1e Unsolicited messages offline time-out, seconds 1–5000 60

Session 2 Settings

DNPIP2a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR2a Transport protocol UDP, TCP TCP

•
•
•

URETRY2a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO2a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 3 Settings

DNPIP3a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR3a Transport protocol UDP, TCP TCP

•
•
•

URETRY3a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO3a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 4 Settings

DNPIP4a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR4a Transport protocol UDP, TCP TCP

•
•
•

URETRY4a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO4a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 5 Settings

DNPIP5a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR5a Transport protocol UDP, TCP TCP

•
•
•

URETRY5a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO5a,e Unsolicited messages offline time-out, seconds 1–5000 60

Table D.7 Port DNP3 Protocol Settings (Sheet 2 of 3)

Name Description Range Default
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The modem settings in Table D.8 are available only for DNP3 serial port 
sessions.

Serial Port Settings

MINDLYd Minimum delay from DCD to TX, seconds 0.00–1.00 0.05

MAXDLYd Maximum delay from DCD to TX, seconds 0.00–1.00 0.10

PREDLYd Settle time from RTS on to TX; Off disables PSTDLY OFF, 0.00–30.00 0.00

PSTDLYd Settle time from TX to RTS off; hidden if PREDLY set to Off 0.00–30.00 0.00
a Available only on Ethernet ports.
b Set DNPIPn = 0.0.0.0 to accept connections from any DNP master.
c DNPINAn allows the user to set the wait time to detect a bad TCP connection. The relay closes the unused TCP connection after the 

DNPINAn response timeout. It is recommended you set this value to less than 20 seconds. Disabling DNPINAn violates the DNP3 standard 
and should only be done for testing.

d Available only on serial ports.
e Hidden if UNSOLn set to N.

Table D.7 Port DNP3 Protocol Settings (Sheet 3 of 3)

Name Description Range Default

Table D.8 Serial Port DNP3 Modem Settings

Name Description Range Default

MODEM Modem connected to port; all following 
settings are hidden if MODEM set to N

Y, N N

MSTR Modem startup string As many as 
30 characters

“E0X0& 
D0S0 = 4”

PH_NUM1 Primary phone number for dial-out As many as 
30 characters

“”

PH_NUM2 Secondary phone number for dial-out As many as 
30 characters

“”

RETRY1 Retry attempts for primary dial-out; hidden 
and unused if PH_NUM2 set to “”

1–20 5

RETRY2 Retry attempts for secondary dial-out; 
hidden and unused if PH_NUM2 set to “”

1–20 5

MDTIME Time from initiating call to failure because 
of no connection, seconds

5–300 60

MDRET Time between dial-out attempts 5–3600 120
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DNP3 Documentation
Object List Table D.9 lists the objects and variations with supported function codes and 

qualifier codes available in the SEL-710-5. The list of supported objects 
conforms to the format laid out in the DNP specifications and includes both 
supported and unsupported objects for DNP3 implementation Level 2 and 
higher and non-supported objects for DNP3 implementation Level 2 only. 
Those that are supported include the function and qualifier codes. The objects 
that are not supported are shown without any corresponding function and 
qualifier codes.

Table D.9 SEL-710-5 DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

0 211 Device Attributes—User-specific sets of attributes 1 0 129 0,17

0 212 Device Attributes—Master data set prototypes 1 0 129 0,17

0 213 Device Attributes—Outstation data set prototypes 1 0 129 0,17

0 214 Device Attributes—Master data sets 1 0 129 0,17

0 215 Device Attributes—Outstation data sets 1 0 129 0,17

0 216 Device Attributes—Max binary outputs per request 1 0 129 0,17

0 219 Device Attributes—Support for analog output events 1 0 129 0,17

0 220 Device Attributes—Max analog output index 1 0 129 0,17

0 221 Device Attributes—Number of analog outputs 1 0 129 0,17

0 222 Device Attributes—Support for binary output events 1 0 129 0,17

0 223 Device Attributes—Max binary output index 1 0 129 0,17

0 224 Device Attributes—Number of binary outputs 1 0 129 0,17

0 225 Device Attributes—Support for frozen counter events 1 0 129 0,17

0 226 Device Attributes—Support for frozen counters 1 0 129 0,17

0 227 Device Attributes—Support for counter events 1 0 129 0,17

0 228 Device Attributes—Max counter index 1 0 129 0,17

0 229 Device Attributes—Number of counters 1 0 129 0,17

0 230 Device Attributes—Support for frozen analog inputs 1 0 129 0,17

0 231 Device Attributes—Support for analog input events 1 0 129 0,17

0 232 Device Attributes—Max analog input index 1 0 129 0,17

0 233 Device Attributes—Number of analog inputs 1 0 129 0,17

0 234 Device Attributes—Support for double-bit events 1 0 129 0,17

0 235 Device Attributes—Max double-bit binary index 1 0 129 0,17

0 236 Device Attributes—Number of double-bit binaries 1 0 129 0,17

0 237 Device Attributes—Support for binary input events 1 0 129 0,17

0 238 Device Attributes—Max binary input index 1 0 129 0,17

0 239 Device Attributes—Number of binary inputs 1 0 129 0,17

0 240 Device Attributes—Max transmit fragment size 1 0 129 0,17
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0 241 Device Attributes—Max receive fragment size 1 0 129 0,17

0 242 Device Attributes—Device manufacturer’s software version 1 0 129 0,17

0 243 Device Attributes—Device manufacturer’s hardware version 1 0 129 0,17

0 245 Device Attributes—User-assigned location name 1 0 129 0,17

0 246 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 247 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 248 Device Attributes—Device serial number 1 0 129 0,17

0 249 Device Attributes—DNP subset and conformance 1 0 129 0,17

0 250 Device Attributes—Device manufacturer’s product name and 
model

1 0 129 0,17

0 252 Device Attributes—Device manufacturer’s name 1 0 129 0,17

0 254 Device Attributes—Non-specific all attributes request 1 0 129 0,17

0 255 Device Attributes—List of attribute variations 1 0 129 0,17

1 0 Binary Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

1 1 Binary Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

1 2e Binary Input With Status 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

2 0 Binary Input Change—All Variations 1 6, 7, 8

2 1 Binary Input Change Without Time 1 6, 7, 8 129 17, 28

2 2e Binary Input Change With Time 1 6, 7, 8 129, 130 17, 28

2 3 Binary Input Change With Relative Time 1 6, 7, 8 129 17, 28

10 0 Binary Output—All Variations 1 0, 1, 6, 7, 8

10 1 Binary Output

10 2e Binary Output Status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control Block—All Variations

12 1 Control Relay Output Block 3, 4, 5, 6 17, 28 129 echo of request

12 2 Pattern Control Block 3, 4, 5, 6 7 129 echo of request

12 3 Pattern Mask 3, 4, 5, 6 0, 1 129 echo of request

20 0 Binary Counter—All Variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28

20 1 32-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 2 16-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 3 32-Bit Delta Counter

20 4 16-Bit Delta Counter

20 5 32-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 6e 16-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 7 32-Bit Delta Counter Without Flag

20 8 16-Bit Delta Counter Without Flag

21 0 Frozen Counter—All Variations

Table D.9 SEL-710-5 DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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21 1 32-Bit Frozen Counter

21 2 16-Bit Frozen Counter

21 3 32-Bit Frozen Delta Counter

21 4 16-Bit Frozen Delta Counter

21 5 32-Bit Frozen Counter With Time of Freeze

21 6 16-Bit Frozen Counter With Time of Freeze

21 7 32-Bit Frozen Delta Counter With Time of Freeze

21 8 16-Bit Frozen Delta Counter With Time of Freeze

21 9 32-Bit Frozen Counter Without Flag

21 10 16-Bit Frozen Counter Without Flag

21 11 32-Bit Frozen Delta Counter Without Flag

21 12 16-Bit Frozen Delta Counter Without Flag

22 0 Counter Change Event—All Variations 1 6, 7, 8

22 1 32-Bit Counter Change Event Without Time 1 6, 7, 8 129 17, 28

22 2e 16-Bit Counter Change Event Without Time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit Delta Counter Change Event Without Time

22 4 16-Bit Delta Counter Change Event Without Time

22 5 32-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 6 16-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 7 32-Bit Delta Counter Change Event With Time

22 8 16-Bit Delta Counter Change Event With Time

23 0 Frozen Counter Event—All Variations

23 1 32-Bit Frozen Counter Event Without Time

23 2 16-Bit Frozen Counter Event Without Time

23 3 32-Bit Frozen Delta Counter Event Without Time

23 4 16-Bit Frozen Delta Counter Event Without Time

23 5 32-Bit Frozen Counter Event With Time

23 6 16-Bit Frozen Counter Event With Time

23 7 32-Bit Delta Counter Change Event With Time

23 8 16-Bit Delta Counter Change Event With Time

30f 0 Analog Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

30f 1 32-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 2 16-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 3 32-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 4 16-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 5 Short Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30 6 Long Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

Table D.9 SEL-710-5 DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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31 0 Frozen Analog Input—All Variations

31 1 32-Bit Frozen Analog Input

31 2 16-Bit Frozen Analog Input

31 3 32-Bit Frozen Analog Input With Time of Freeze

31 4 16-Bit Frozen Analog Input With Time of Freeze

31 5 32-Bit Frozen Analog Input Without Flag

31 6 16-Bit Frozen Analog Input Without Flag

31 7 Short Floating Point Frozen Analog Input

31 8 Long Floating Point Frozen Analog Input

32 0 Analog Change Event—All Variations 1 6, 7, 8

32f 1 32-Bit Analog Change Event Without Time 1 6, 7, 8 129 17, 28

32f 2 16-Bit Analog Change Event Without Time 1 6, 7, 8 129, 130 17, 28

32f 3 32-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 4 16-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 5 Short Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 6 Long Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 7 Short Floating Point Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 8 Long Floating Point Analog Change Event With Time 1 6, 7, 8 129 17, 28

33 0 Frozen Analog Event—All Variations

33 1 32-Bit Frozen Analog Event Without Time

33 2 16-Bit Frozen Analog Event Without Time

33 3 32-Bit Frozen Analog Event With Time

33 4 16-Bit Frozen Analog Event With Time

33 5 Short Floating Point Frozen Analog Event

33 6 Long Floating Point Frozen Analog Event

33 7 Short Floating Point Frozen Analog Event With Time

33 8 Long Floating Point Frozen Analog Event With Time

34 0 Analog Deadband—All Variations

34 1e 16-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 2 32-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 3 Floating Point Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

40 0 Analog Output Status—All Variations 1 0, 1, 6, 7, 8 129

40 1 32-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2e 16-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Short Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Long Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

Table D.9 SEL-710-5 DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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41 0 Analog Output Block—All Variations

41 1 32-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 2e 16-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 3 Short Floating Point Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

50 0 Time and Date—All Variations

50 1 Time and Date 1, 2 7, 8 index=0 129 07, quantity=1

50 2 Time and Date With Interval

50 3 Time and Date Last Recorded 2 7 quantity = 1 129

51 0 Time and Date CTO—All Variations

51 1 Time and Date CTO

51 2 Unsynchronized Time and Date CTO 129 07, quantity=1

52 0 Time Delay—All Variations

52 1 Time Delay, Coarse

52 2 Time Delay, Fine 129 7, quantity=1

60 0 All Classes of Data 1, 20, 21 6, 7, 8

60 1 Class 0 Data 1, 20, 21 6, 7, 8

60 2 Class 1 Data 1 6, 7, 8

60 3 Class 2 Data 1, 20, 21 6, 7, 8

60 4 Class 3 Data 1, 20, 21 6, 7, 8

70 1 File Identifier

70 2 Authentication Object

70 3 File Command Object

70 4 File Command Status Object

70 5 File Transport Object

70 6 File Transport Status Object

70 7 File Descriptor Object

80 1 Internal Indications 2 0, 1 index=7

81 1 Storage Object

82 1 Device Profile

83 1 Private Registration Object

83 2 Private Registration Object Descriptor

90 1 Application Identifier

100 1 Short Floating Point

100 2 Long Floating Point

100 3 Extended Floating Point

101 1 Small Packed Binary-Coded Decimal

101 2 Medium Packed Binary-Coded Decimal

Table D.9 SEL-710-5 DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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Device Profile The DNP3 Device Profile document, available on the supplied CD or as a 
download from the SEL website, contains the standard device profile 
information for the SEL-710-5. This information is also available in XML 
format. Please refer to this document for complete information on DNP3 
Protocol support in the SEL-710-5.

Reference Data Map Table D.10 shows the SEL-710-5 reference data map. The reference map 
shows the data available to a DNP3 master. You can use the default map or the 
custom DNP3 mapping functions of the SEL-710-5 to retrieve only the points 
required by your application.

NOTE: Deadband changes via 
Object 34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).

The SEL-710-5 scales analog values by the indicated settings or fixed scaling 
indicated in the description. Analog deadbands for event reporting use the 
indicated settings, or ANADBM if you have not specified a setting.

101 3 Large Packed Binary-Coded Decimal

110 all Octet String

111 all Octet String Event

112 All Virtual Terminal Output Block

113 All Virtual Terminal Event Data

N/A No object required for the following function codes:

13 cold start

14 warm start

23 delay measurement

13, 14, 23

a Supported in requests from master.
b May generate in response to master.
c Decimal.
d Hexadecimal.
e Default variation.
f Default variation specified by serial port setting DVARAI (or DVARAIn for Ethernet session n [n = 1, 2, 3, 4, or 5]).

Table D.9 SEL-710-5 DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

Table D.10 DNP3 Reference Data Map (Sheet 1 of 3)

Object Labels Description

Binary Inputs

01, 02 STFAIL Relay Diagnostic Failure (HALARM is latched)

STWARN Relay Diagnostic Warning (HALARM is pulsed)

STSET Relay Settings Change Or Restart

Enabled–T06_LEDa Relay Word Elements Target Row 0 (see Table L.1)

49T–SC850BMa Relay Word Elements (see Table L.1)

PFL Power Factor Leading for Three-Phase Currents

0 Logical 0

1 Logical 1

NOTE: Although the reference maps 
do not include Relay Word bit labels, 
you can use these labels in creating 
custom maps.
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Binary Outputs

10, 12 RB01–RB32 Remote bits RB01–RB32

RB01:RB02

RB03:RB04

RB05:RB06

…

RB29:RB30

RB31:RB32

Remote bit pairs RB01–RB32

STOP Stop motor command, pulse to stop the motor

STR Start motor command, pulse to start the motor

STOP:STR Stop/start motor pair

89OC2P1–89OC2P8 Pulse Open Two-position Disconnects 1–8 command

89CC2P1–89CC2P8 Pulse Close Two-position Disconnects 1–8 command

89OC2P1:89CC2P1

89OC2P2:89CC2P2

…

89OC2P8:89CC2P8

Open/Close pair for Two-position Disconnects 1–8

89OC3PL1 Pulse Open Three-position In-line Disconnect 1 
command

89CC3PL1 Pulse Close Three-position In-line Disconnect 1 
command

89OC3PL1:89CC3PL1 Open/Close pair for Three-position In-line Disconnect 1

89OC3PL2 Pulse Open Three-position In-line Disconnect 2 
command

89CC3PL2 Pulse Close Three-position In-line Disconnect 2 
command

89OC3PL2:89CC3PL2 Open/Close pair for Three-position In-line Disconnect 2 

89OC3PE1 Pulse Open Three-position Earthing Disconnect 1 
command

89CC3PE1 Pulse Close Three-position Earthing Disconnect 1 
command

89OC3PE1:89CC3PE1 Open/Close pair for Three-position Earthing 
Disconnect 1

89OC3PE2 Pulse Open Three-position Earthing Disconnect 2 
command

89CC3PE2 Pulse Close Three-position Earthing Disconnect 2 
command

89OC3PE2:89CC3PE2 Open/Close pair for Three-position Earthing 
Disconnect 2

Counters

20, 22 SCxx SELOGIC Counter Values (xx = 01–32)

GROUP Active Settings Group

Table D.10 DNP3 Reference Data Map (Sheet 2 of 3)

Object Labels Description

NOTE: When setting EN_LRC := Y 
(see Table 9.6), the Relay Word bit 
LOCAL supervises the STOP and 
STR, 89CC2Pm and 89OC2Pm 
(m = 1—8), and 89CC3Pnm and 
89OC3Pnm (m = 1—2, n = L or E) 
bits. To set the aforementioned 
binaries, ensure that the relay is in 
remote control mode (i.e., 
LOCAL = 0. The Relay Word bit 
LOCAL is dertermined by the 
LOCAL SELOGIC control equation 
(see Table 9.6).



D.21

Date Code 20220826 Instruction Manual SEL-710-5 Relay

DNP3 Communications
DNP3 Documentation

Default Data Map The default data map is an automatically generated subset of the reference 
map. All data maps are initialized to the default values, based on the 
SEL-710-5 part number. Table D.11 shows the SEL-710-5 default data map. If 
the default maps are not appropriate, you can also use the custom DNP 
mapping commands SET DNP and SHOW DNP to create the map required 
for your application.

Analog Inputs

30, 32, 34 IA_MAG–RA128b, c Analog Quantities from Appendix M with an “x” in 
the DNP3 column

SER_NUM Serial Number

0 Numeric 0

1 Numeric 1

Analog Outputs

40, 41 RAxxx Remote Analogs (RA001 to RA128)

GROUP Active Settings Group

NOOP No operation, no error

a Valid Relay Word bits depend on the relay model.
b Valid analog inputs depend on the relay model.
c Refer to Default Analog Inputs for default analog input scaling and deadbands.

Table D.10 DNP3 Reference Data Map (Sheet 3 of 3)

Object Labels Description

NOTE: All fault information 
analog inputs contain data from 
the latest captured event (see 
Appendix M: Analog Quantities).

Table D.11 DNP3 Default Data Map (Sheet 1 of 2)

Object Default Index Point Label

01, 02 0 ENABLED

1 TRIP_LED

2 TLED_01

3 TLED_02

4 TLED_03

5 TLED_04

6 TLED_05

7 TLED_06

8 STFAIL

9 STSET

10 IN101

11 IN102

12–99 A portion of these binary inputs can have default values as 
described in Default Binary Inputs on page D.22. Outside 
that scope, they contain the value NA.

10, 12 0–31 RB01–RB32 Remote Bits

20, 22 0–31 NA

30, 32, 34 0 IA_MAG

1 IB_MAG

2 IC_MAG

3 IG_MAG

4 IN_MAG

5 IAV

6 3I2

7 FREQ
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Default Binary Inputs
The SEL-710-5 dynamically creates the default binary input map after you 
issue an R_S command. The SEL-710-5 uses the part number to determine the 
presence of digital input cards in Slots 3, 4, and 5. If present, each digital input 
point label, INx0y (where x is the slot number and y is the point), is added to 
the default map in numerical order.

Default Analog Inputs
The SEL-710-5 dynamically creates the default analog input map after you 
issue an R_S command. The SEL-710-5 uses the part number to determine the 
presence of analog input cards in Slots 3, 4, and 5. If present, each analog 
input point label, AIx0y (where x is the slot and y is the point number), is 
added to the default map in numerical order.

Device Attributes 
(Object 0)

Table D.9 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the SEL-710-5 sends attributes that apply to 
that particular DNP3 session. Because the SEL-710-5 supports custom DNP3 
maps, these values are likely to be different for each session. The SEL-710-5 
uses its internal settings for the following variations:

➤ Variation 242—FID string

➤ Variation 243—Part Number

➤ Variation 245—TID setting

➤ Variation 246—RID setting

➤ Variation 247—RID setting

➤ Variation 248—Serial Number

Variation 249 shall contain the DNP subset and conformance, “2:2009”. 
Variation 250 shall contain the product model, “SEL-710-5” and Variation 
252 shall contain “SEL.”

Binary Inputs Binary inputs (Objects 1 and 2) are supported as defined by Table D.11. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. All variations are supported. Object 2, 
variation 3 will be responded to, but will contain no data.

8 VAB_MAG

9 VBC_MAG

10 VCA_MAG

11 VAVE

12 3V2

13 P

14 Q

15 S

16 PF

17–99 A portion of these analog inputs can have default values as 
described in Default Analog Inputs on page D.22. Outside 
that scope, they contain the value NA.

40, 41 0–31 NA

Table D.11 DNP3 Default Data Map (Sheet 2 of 2)

Object Default Index Point Label

NOTE: Deadband changes via 
Object 34 are stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).
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Binary inputs are scanned approximately twice per second to generate events. 
When time is reported with these event objects, it is the time at which the 
scanner observed the bit change. This can be significantly delayed from when 
the original source changed and should not be used for sequence-of-events 
determination. Binary inputs registered with SER are derived from the SER 
and carry the time stamp of actual occurrence. Some additional binary inputs 
are available only to communication protocols such as DNP and EtherNet/IP. 
For example, STWARN and STFAIL are derived from the diagnostic task 
data. Another binary input, STSET, is derived from the SER and carries the 
time stamp of actual occurrence. Static reads of this input will always show 0.

Binary Outputs Binary output status (Object 10, Variation 2) is supported. Static reads of 
points RB01–RB32, STOP/START, 89OC2Pm/89CC2Pm (m = 1–8), or 
89OC3Pnm/89CC3Pnm (n = L or E, m = 1 or 2) respond with the on-line bit 
set and the state of the requested bit. Reads from control-only binary output 
points respond with the online bit set and a state of 0. 

The SEL-710-5 supports Control Relay Output Block objects (Object 
12,Variation 1). The control relays correspond to the remote bits and other 
functions as shown previously. Each DNP Control message contains a Trip/
Close code (TRIP, CLOSE, or NUL) and an Operation type (PULSE ON, 
LATCH ON, LATCH OFF, or NUL). The Trip/Close code works with the 
Operation Type to produce set, clear, and pulse operations. 

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, 
and single-point controls follow the complementary latch or activation model. 
In the complementary two-output model, paired points only support Trip or 
Close operations, which, when issued, Pulse On the first or second point in the 
pair, respectively. An operation in progress can be canceled by issuing a NUL 
Trip/Close Code with a NUL Operation Type. Single output points support 
both Pulse and Latch operations. See Control Point Operation on page D.24 
for details on control operations.

The Status field is used exactly as defined. All other fields are ignored. A 
pulse operation is asserted for a single processing interval. Exercise caution if 
sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this can result in some of the pulse commands being ignored and the 
return of an already active status message. The SEL-710-5 only honors the 
first 10 points in an Object 12, Variation 1 request. Any additional points in 
the request returns the DNP3 status code TOO_MANY_OBJS.

The SEL-710-5 also supports Pattern Control Blocks (Object 12, Variations 2 
and 3) to control multiple binary output points. Variation 2 defines the control 
type (Trip/Close, Set/Clear, or Pulse) and the range of points to operate. 
Variation 3 provides a pattern mask that indicates which points in that range 
should be operated. Object 12, Variations 2 and 3 define the entire control 
command: the DNP3 master must send both for a successful control. For 
example, the DNP3 master sends an Object 12, Variation 2 message to request 
a Trip of the range of indices 0–7. The DNP3 master then sends an Object 12, 
Variation 3 message with a hexadecimal value of “BB” as the pattern mask 
(converted to binary notation: 10111011). Read right to left in increasing bit 
order, the Pattern Block Control command results in a TRIP of indexes 0, 1, 3 
to 5, and 7. Multiple binary output point control operations are not guaranteed 
to occur during the same processing interval.
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Control Point Operation
Use the Trip and Close, Latch On/Off and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table D.12. Pulse operations provide a pulse with duration of one protection 
processing interval. When setting EN_LRC := Y (see Table 9.6), the Relay 
Word bit LOCAL supervises STOP and STR, 89CC2Pm and 89OC2Pm 
(m = 1–8), and 89CC3Pnm and 89OC3Pnm (n = L or E, m = 1 or 2) bits. If the 
LOCAL bit is asserted (LOCAL = 1), the relay does not set the 
aforementioned bits. The Relay Word bit LOCAL is determined by the 
LOCAL SELOGIC control equation (see Table 9.6). 

Table D.12 SEL-710-5 Object 12 Control Operations (Sheet 1 of 2)

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

RB01–
RB32

Pulse Remote Bit 

RB01–RB32

Pulse Remote Bit

RB01–RB32

Set Remote Bit

RB01–RB32

Clear Remote Bit

RB01–RB32

Pulse Remote Bit 

RB01–RB32

RBxx:RByy Pulse RByy

RB01–RB32

Pulse RBxx

RB01–RB32

Pulse RByy

RB01–RB32

Pulse RBxx

RB01–RB32

Pulse RByy

RB01–RB32

STOP Stop Motor

(Pulse STOP)

Stop Motor

(Pulse STOP)

Stop Motor

(Pulse STOP)

No action Stop Motor

(Pulse STOP)

STR Start Motor

(Pulse STR)

Start Motor

(Pulse STR)

Start Motor

(Pulse STR)

No action Start Motor

(Pulse STR)

STOP:STR Start Motor

(Pulse STR)

Stop Motor

(Pulse STOP)

Start Motor

(Pulse STR)

Stop Motor

(Pulse STOP)

Start Motor

(Pulse STR)

89OC2P1-
89OC2P8

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

No Action Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

89CC2P1-
89CC2P8

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

No Action Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

89OC2Pm:
89CC2Pm

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

89OC3PL1 Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

No Action Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

89CC3PL1 Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

No Action Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

89OC3PL1:
89CC3PL1

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

89OC3PL2 Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

No Action Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

89CC3PL2 Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

No Action Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)
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Analog Inputs Analog Inputs (30) and Analog Change Events (32) are supported as defined 
in Table D.9 and Table D.10. The DVARAI1 (DVARAIn for DNP3 LAN/
WAN Session n) setting defines the default variation for both static and event 
inputs. Only the Read function code (1) is allowed with these objects.

Unless otherwise indicated, analog values are reported in primary units. See 
Appendix M: Analog Quantities for a list of all available analog inputs.

For all currents, the default scaling is the DECPLA setting on magnitudes and 
scale factor of 100 on angles. The default deadband for currents is ANADBV 
on magnitudes and ANADBM on angles. For all voltages, the default scaling 
is the DECPLV setting on magnitudes and scale factor of 100 on angles. The 
default deadband for voltages is ANADBV on magnitudes and ANADBM on 
angles. For all powers and energies, the default scaling is the DECPLM setting 
and default deadband is ANADBM. For all other quantities, the default 
scaling is 1 and default deadband is ANADBM.

Default scaling and deadbands can be overridden by per-point scaling and 
deadband. See Configurable Data Mapping on page D.26 for more 
information. deadbands for analog inputs can also be modified by writing to 
Object 34.

A deadband check is done after any scaling has been applied. Event class 
messages are generated whenever an input changes beyond the value given by 
the appropriate deadband setting. The voltage and current phase angles only 
generate an event if, in addition to their deadband check, the corresponding 
magnitude changes beyond its own deadband. Analog inputs are scanned at 
approximately twice a second. All events generated during a scan use the time 
the scan was initiated.

89OC3PL2:
89CC3PL2

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

89OC3PE1 Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

No Action Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

89CC3PE1 Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

No Action Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

89OC3PE1:
89CC3PE1

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

89OC3PE2 Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

No Action Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

89CC3PE2 Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

No Action Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

89OC3PE2:
89CC3PE2

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Table D.12 SEL-710-5 Object 12 Control Operations (Sheet 2 of 2)

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

NOTE: Deadband changes via 
Object 34 are not stored in 
nonvolatile memory. Be sure to 
reissue the Object 34 deadband 
changes you want to retain after 
changing DNP port settings, issuing a 
STA C command, or cold-starting the 
relay (power-cycle).
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Configurable Data 
Mapping

One of the most powerful features of the SEL-710-5 implementation is the 
ability to remap DNP3 data and, for analog values, specify per-point scaling 
and deadbands. Remapping is the process of selecting data from the reference 
map and organizing it into a data subset optimized for your application. The 
SEL-710-5 uses object and point labels, rather than point indices, to 
streamline the remapping process. This enables you to quickly create a custom 
map without having to search for each point index in a large reference map.

You can use any of the three available DNP3 maps simultaneously with as 
many as five unique DNP3 masters. Each map is initially populated with 
default data points, as described in Default Data Map on page D.21. You can 
remap the points in a default map to create a custom map with as many as: 

➤ 100 Binary Inputs

➤ 32 Binary Outputs

➤ 100 Analog Inputs

➤ 32 Analog Outputs

➤ 32 Counters

You can use the SHOW DNP x <Enter> command to view the DNP data map 
settings, where x is the DNP3 map number from 1 to 3. See Figure D.3 for an 
example display of Map 1.

=>>SHO DNP 1 <Enter>

DNP Map 1 Settings

Binary Input Map
BI_00    := ENABLED
BI_01    := T01_LED
BI_02    := T02_LED
BI_03    := T03_LED
…
BI_97    := IN101
BI_98    := IN102
BI_99    := 52A

Binary Output Map
BO_00    := RB01
BO_01    := RB02
BO_02    := RB03
…
BO_29    := RB30
BO_30    := RB31
BO_31    := RB32

Analog Input Map
AI_00    := IA_MAG
AI_01    := IB_MAG
AI_02    := IC_MAG
…
AI_95    := FREQ
AI_96    := P
AI_97    := Q
AI_98    := S
AI_99    := PF

Figure D.3 Sample Response to SHO DNP Command
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You can also use the MAP DNP y s <Enter> command to display DNP3 
maps, but the parameter y is the port number from 1 to 4. Because Port 1, the 
Ethernet port, can support multiple DNP3 sessions, it can have a different map 
assigned to each session selected by parameter s for Sessions 1 to 5. See 
Figure D.4 for an example of a MAP DNP command.

Analog Output Map
AO_00    := GROUP
AO_01    := RA001
AO_02    := RA002
…
AO_29    := RA029
AO_30    := RA030
AO_31    := RA031

Counter Map
CO_00    := SC01
CO_01    := SC02
CO_02    := SC03
…
CO_29    := SC30
CO_30    := SC31
CO_31    := SC32

=>>

=> MAP DNP 1 1 <Enter>

SEL-710-5                                Date: 05/02/2013   Time: 14:43:54.161
MOTOR RELAY                              Time Source: External

Map                          1
Transport                    TCP
Device IP Address            10.10.52.243
Master IP Address            192.168.1.3
Device DNP TCP and UDP Port  20000
Device DNP Address           0
Master DNP Address           1

Binary Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SER TIMESTAMP
  0      ENABLED      1
  1      TRIP_LED     1
  2      TLED_01      1
  3      TLED_02      1
  4      TLED_03      1
  5      TLED_04      1
  6      TLED_05      1
  7      TLED_06      1
  8      STFAIL       1
  9      STSET        1
  10     IN101        1
  11     IN102        1
  12     IN501        1
  13     IN502        1
  14     IN503        1
  15     IN504        1

Figure D.4 Port MAP Command

Figure D.3 Sample Response to SHO DNP Command (Continued)
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You can use the command SET DNP x, where x is the map number, to edit or 
create custom DNP3 data maps. You can also use ACSELERATOR QuickSet 
SEL-5030 Software, which is recommended for this purpose.

Scaling factors allow you to overcome the limitations imposed by the integer 
nature of the default variations of Objects 30 and 32. For example, the device 
rounds a value of 11.4 A to 11 A. You can use scaling to include decimal point 
values by multiplying by a number larger than one. If you use 10 as a scaling 

Binary Outputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL
  0      RB01
  1      RB02
  2      RB03
  3      RB04
  4      RB05
  5      RB06
  6      RB07
  7      RB08
  8      RB09
  9      RB10
  10     RB11
  11     RB12
  12     RB13
  13     RB14
  14     RB15
  15     RB16
  16     RB17
  17     RB18
  18     RB19
  19     RB20
  20     RB21
  21     RB22
  22     RB23
  23     RB24
  24     RB25
  25     RB26
  26     RB27
  27     RB28
  28     RB29
  29     RB30
  30     RB31
  31     RB32

Counters
--------------------------------------------------------------------------------
Analog Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SCALE FACTOR  DEADBAND
  0      IA_MAG       2                 10.0000  100
  1      IB_MAG       2                 10.0000  100
  2      IC_MAG       2                 10.0000  100
  3      IG_MAG       2                 10.0000  100
  4      IN_MAG       2                 10.0000  100
  5      IAV          2                 10.0000  100
  6      3I2          2                 10.0000  100
  7      FREQ         2                  1.0000  100
  8      VAB_MAG      2                 10.0000  100
  9      VBC_MAG      2                 10.0000  100
  10     VCA_MAG      2                 10.0000  100
  11     VAVE         2                 10.0000  100
  12     3V2          2                 10.0000  100
  13     P            2                 10.0000  100
  14     Q            2                 10.0000  100
  15     S            2                 10.0000  100
  16     PF           2                 10.0000  100

Analog Outputs
--------------------------------------------------------------------------------
INDEX  POINT LABEL

  0      GROUP
  1      RA001
  2      RA002
  ...
  ...
  30     RA030
  31     RA031

=>

Figure D.4 Port MAP Command (Continued)
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factor, 11.4 A is transmitted as 114. You must divide the value by 10 in the 
master to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer 
value of 32767. For example, if you have a value that can reach 157834, you 
cannot send it using DNP3 16-bit analog object variations. You could use a 
scaling factor of 0.1 so that the maximum value reported is 15783. You can 
then multiply the value by 10 in the master to see a value of 157830. You lose 
some precision as the last digit is rounded off in the scaling process, but you 
can transmit the scaled value using standard DNP3 Objects 30 and 32.

You can customize the DNP3 analog input map with per-point scaling, and 
deadband settings. Per-point customization is not required, but class scaling 
(DECPLA, DECPLV, and DECPLM) and deadband (ANADBA, ANADBV, 
and ANADBM) settings are applied to indices that do not have per-point 
entries. Unlike per-point scaling described above, class-level scaling is 
specified by an integer in the range 0–3 (inclusive), which indicates the 
number of decimal place shifts. In other words, select 0 to multiply by 1, 1 for 
10, 2 for 100, or 3 for 1000.

If it is important to maintain tight data coherency (that is, all data read of a 
certain type was sampled or calculated at the same time), then group those 
data together within your custom map. For example, if you want all the 
currents to be coherent, group points IA_MAG, IB_MAG, IC_MAG, and 
IG_MAG together in the custom map. If points are not grouped together, they 
might not come from the same data sample.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SEL ASCII command SET DNP for each 
point type, but the entire configuration can be completed without saving 
changes between point types. To do this, you simply continue entering data 
and save the entire map at the end. Alternately, you can use QuickSet to 
simplify custom data map creation. 

Consider a case where you want to set the AI points in a map, as shown in 
Table D.13.

To set these points as part of custom Map 1, you can use the command 
SET DNP 1 AI_00 TERSE <Enter> command as shown in Figure D.5.

Table D.13 Sample Custom DNP3 AI Map 

Desired 
Point 
Index

Description Label Scaling Deadband

0 IA magnitude IA_MAG default default

1 IB magnitude IB_MAG default default

2 IC magnitude IC_MAG default default

3 IG magnitude IG_MAG default default

4 Three-Phase Real Power P 5 default

5 AB Phase-to-Phase Voltage Magnitude VAB_MAG default default

6 AB Phase-to-Phase Voltage Angle VAB_ANG 1 15

7 Frequency FREQ .01 1
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You can also use QuickSet to enter the above AI map settings as shown in the 
screen capture in Figure D.6. Enter scaling and deadband settings in the same 
pop-up dialog used to select the AI point, as shown in Figure D.7.

Figure D.6 Analog Input Map Entry in QuickSet Software

=>>SET DNP 1 AI_00 TERSE <Enter>
Analog Input Map

DNP Analog Input Label Name (23 characters)
AI_00   := NA
? > IA_MAG <Enter>
AI_01   := NA
? > IB_MAG <Enter>

AI_02   := NA
? > IC_MAG <Enter>

AI_03   := NA
? > IG_MAG <Enter>

AI_04   := NA
? > P:5 <Enter>

AI_05   := NA
? > VAB_MAG <Enter>

AI_06   := NA
? > VAB_ANG:1:15 <Enter>

AI_07   := NA
? > FREQ:.01:1 <Enter>

AI_08   := NA
? > end <Enter>

Save changes (Y/N) ? Y <Enter>

=>>

Figure D.5 Sample Custom DNP3 AI Map Settings
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Figure D.7 AI Point, Scaling and Deadband in QuickSet Software

The SET DNP x AO_00<Enter> command allows you to populate the DNP 
analog output map with any of the 128 Remote Analogs (RA001–RA128) or 
the GROUP variable (present settings group) as shown in Figure D.8. 

You can also use QuickSet to enter the AO map settings as shown in the screen 
capture in Figure D.9.

Figure D.9 Analog Output Map Entry in QuickSet Software

The SET DNP x CO_00 <Enter> command allows you to populate the DNP 
counter map with per-point deadbands. Entering these settings is similar to 
defining the analog input map settings.

Use the command SET DNP x BO_00 TERSE <Enter> to change the binary 
output Map x as shown in Figure D.10. You can populate the custom BO map 
with any of the 32 remote bits (RB01–RB32). Define bit pairs in BO maps by 
including a colon (:) between the bit labels.

=>>SET DNP 1 AO_00 TERSE <Enter>

DNP Map 1 Settings

Analog Output Map

DNP Analog Output Label Name (6 characters)    AO_00   := NA        ? group
DNP Analog Output Label Name (6 characters)    AO_01   := NA        ? ra001
DNP Analog Output Label Name (6 characters)    AO_02   := NA        ? ra002
DNP Analog Output Label Name (6 characters)    AO_03   := NA        ? ra120
DNP Analog Output Label Name (6 characters)    AO_04   := NA        ? ra128
DNP Analog Output Label Name (6 characters)    AO_05   := NA        ? 
DNP Analog Output Label Name (6 characters)    AO_06   := NA        ? end
Save changes (Y,N)? y
Settings Saved

=>>

Figure D.8 Sample Custom DNP3 AO Map Settings
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You can also use QuickSet to enter the BO map settings as shown in the screen 
capture in Figure D.11. 

Figure D.11 Binary Output Map Entry in QuickSet Software

The binary input (BI) maps are modified in a similar manner, but pairs are not 
allowed.

=>>SET DNP 1 BO_00 TERSE <Enter>
Binary Output Map

DNP Binary Output Label Name (23 characters)
BO_00   := NA
? > RB01 <Enter>

DNP Binary Output Label Name (23 characters)
BO_01   := NA
? > RB02 <Enter>

DNP Binary Output Label Name (23 characters)
BO_02   := NA
? > RB03:RB04 <Enter>

DNP Binary Output Label Name (23 characters)
BO_03   := NA
? > RB05:RB06 <Enter>

DNP Binary Output Label Name (23 characters)
BO_04   := NA
? > end <Enter>

=>>

Figure D.10 Sample Custom DNP3 BO Map Settings
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Modbus Communications

Overview
This appendix describes Modbus RTU and TCP communications features 
supported by the SEL-710-5 Motor Protection Relay. Complete specifications 
for the Modbus protocol are available from the Modbus user’s group website 
at www.modbus.org.

Modbus TCP is automatically available with the optional Ethernet port. 
Modbus TCP uses the device IP address as the Modbus identifier and accesses 
the data in the relay by using the same function codes and data maps as 
Modbus RTU. The TCP Port for Modbus TCP is 502.

Enable Modbus RTU protocol with the serial port settings. When Modbus 
RTU protocol is enabled, the relay switches the port to Modbus RTU protocol 
and deactivates the ASCII protocol.

Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex—only one device transmits at a time. The master transmits a binary 
command that includes the address of the specified slave device. All of the 
slave devices receive the message, but only the slave device with the matching 
address responds.

The SEL-710-5 Modbus communication allows a Modbus master device to do 
the following:

➤ Acquire metering, monitoring, and event data from the relay.

➤ Control SEL-710-5 output contacts.

➤ Read the SEL-710-5 self-test status and learn the present 
condition of all the relay protection elements.

http://www.modbus.org
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Communications Protocol
Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 

query consists of the fields shown in Table E.1.

The SEL-710-5 SLAVEID setting defines the device address. Set this value to 
a unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices can have the same 
address.

The cyclical redundancy check detects errors in the received data. If an error is 
detected, the relay discards the packet.

Modbus Responses The slave device sends a response message after it performs the action the 
query specifies. If the slave cannot execute the query command for any reason, 
it sends an error response. Otherwise, the slave device response is formatted 
similarly to the query and includes the slave address, function code, data (if 
applicable), and a cyclical redundancy check value.

Supported Modbus 
Function Codes

The SEL-710-5 supports the Modbus function codes shown in Table E.2.

Table E.1 Modbus Query Fields

Field Number of Bytes

Slave Device Address 1 byte

Function Code 1 byte

Data Region 0–251 bytes

Cyclical Redundancy Check (CRC) 2 bytes

Table E.2 SEL-710-5 Modbus Function Codes

Codes Description

01h Read Discrete Output Coil Status

02h Read Discrete Input Status

03h Read Holding Registers

04h Read Input Registers

05h Force Single Coil

06h Preset Single Register

08h Diagnostic Command

10h Preset Multiple Registers

60h Read Parameter Information

61h Read Parameter Text

62h Read Enumeration Text

7Dh Encapsulate Modbus Packet With Control

7Eh NOP (can only be used with the 7Dh function)
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Modbus Exception 
Responses

The SEL-710-5 sends an exception code under the conditions described in 
Table E.3.

In the event that any of the errors listed in Table E.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the required data.

Cyclical 
Redundancy Check

The SEL-710-5 calculates a 2-byte CRC value through use of the device 
address, function code, and data region. It appends this value to the end of 
every Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-710-5, the master device uses the data received. If there is no match, the 
check fails and the message is ignored. The devices use a similar process 
when the master sends queries.

01h Read Discrete 
Output Coil Status 
Command

Use function code 01h to read the On/Off status of the selected bits (coils) (see 
the Modbus Register Map shown in Table E.34). You can read the status of as 
many as 2000 bits per query, using the fields shown in Table E.4. Note that the 
SEL-710-5 coil addresses start at 0 (e.g., Coil 1 is located at address zero). 
The coil status is packed one coil per bit of the data field. The least significant 
bit (LSB) of the first data byte contains the starting coil address in the query. 
The other coils follow towards the high-order end of this byte and from low 
order to high order in subsequent bytes.

Table E.3 SEL-710-5 Modbus Exception Codes

Exception
Code

Error Type Description

1 Illegal Function Code The received function code is either undefined or 
unsupported.

2 Illegal Data Address The received command contains an unsupported 
address in the data field (i.e., cannot write to a read-
only register, cannot write as settings are locked, etc.).

3 Illegal Data Value The received command contains a value that is out 
of range.

4 Device Error The SEL-710-5 is in the wrong state for the func-
tion a query specifies.

This also stands for Service Failure for DeviceNet 
interface applications. The relay is unable to per-
form the action specified by a query (i.e., cannot 
write to a read-only register, cannot write as settings 
are locked, etc.).

6 Busy The device is unable to process the command at this 
time because of a busy resource.

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (01h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16
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To build the response, the SEL-710-5 calculates the number of bytes required 
to contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte. Table E.14 includes the 
coil number and lists all possible coils (identified as Outputs and Remote bits) 
available in the device. Note that the command depends on the device 
hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.5.

02h Read Input 
Status Command

Use function code 02h to read the On/Off status of the selected bits (inputs), as 
shown in Table E.6. You can read the status of as many as 2000 bits per query. 
Note that input addresses start at 0 (e.g., Input 1 is located at address zero). 
The input status is packed one input per bit of the data field. The LSB of the 
first data byte contains the starting input address in the query. The other inputs 
follow towards the high order end of this byte, and from low order to high 
order in subsequent bytes.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (01h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16

Table E.5 Responses to 01h Read Discrete Output Coil Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 2 of 2)

Bytes Field

Table E.6 02h Read Input Status Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (02h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (02h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16
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To build the response, the device calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeroes to make an even byte.

In each row, the input numbers are assigned from the right-most input to the 
left-most input (i.e., Input 1 is TLED_06 and Input 8 is ENABLED). Input 
addresses start at 0000 (i.e., Input 1 is located at Input Address 0000). 
Table E.7 includes the coil address in decimal and lists all possible inputs 
(Relay Word bits) available in the device. Note that the command depends on 
the device hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.8.

03h Read Holding 
Register Command

Use function code 03h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for five-digit 
addressing, add 40001 to the standard database address.

Table E.7 02h SEL-710-5 Inputs

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona

a The input numbers are assigned from the right-most input to the left-most input in the Relay 
row as shown in the following example.
Address 7 = ENABLED
Address 6 = TRIP
Address 5 = T01_LED
Address 4 = T02_LED
Address 3 = T03_LED
Address 2 = T04_LED
Address 1 = T05_LED
Address 0 = T06_LED

0–7 2 Relay Element Status Row 0

8–15 2 Relay Element Status Row 1

16–23 2 Relay Element Status Row 2

• • •

• • •

• • •

1528–1535 2 Relay Element Status Row 191

1536–1543 2 Relay Element Status Row 192

1544–1551 2 Relay Element Status Row 193

Table E.8 Responses to 02h Read Input Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 
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The relay responses to errors in the query are shown in Table E.10.

04h Read Input 
Register Command

Use function code 04h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 3X references with this function code. If you 
are accustomed to 3X references with this function code, for five-digit 
addressing, add 30001 to the standard database address.

The relay responses to errors in the query are shown in Table E.12.

Table E.9 03h Read Holding Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (03h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (03h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16

Table E.10 Responses to 03h Read Holding Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.11 04h Read Input Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (04h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (04h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16
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05h Force Single Coil 
Command

Use function code 05h to set or clear a coil. In Table E.13, the command 
response is identical to the command request.

Table E.14 lists the coil numbers supported by the SEL-710-5. The physical 
coils (coils 0–26) are self-resetting. Pulsing a Set remote bit (decimal address 
59 through 90) causes the remote bit to be cleared at the end of the pulse.

Table E.12 Responses to 04h Read Input Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.13 05h Force Single Coil Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (05h)

2 bytes Coil Reference

1 byte Operation Code (FF for bit set, 00 for bit clear)

1 byte Placeholder (00)

2 bytes CRC-16

Table E.14 01h, 05h SEL-710-5 Output (Sheet 1 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description

0 01, 05 Pulse OUT101 1 second

1 01, 05 Pulse OUT102 1 second

2 01, 05 Pulse OUT103 1 second

3 01, 05 Pulse OUT301 1 second

4 01, 05 Pulse OUT302 1 second

5 01, 05 Pulse OUT303 1 second

6 01, 05 Pulse OUT304 1 second

7 01, 05 Pulse OUT305 1 second

8 01, 05 Pulse OUT306 1 second

9 01, 05 Pulse OUT307 1 second

10 01, 05 Pulse OUT308 1 second

11 01, 05 Pulse OUT401 1 second

12 01, 05 Pulse OUT402 1 second

13 01, 05 Pulse OUT403 1 second

14 01, 05 Pulse OUT404 1 second

15 01, 05 Pulse OUT405 1 second

16 01, 05 Pulse OUT406 1 second

17 01, 05 Pulse OUT407 1 second

18 01, 05 Pulse OUT408 1 second
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19 01, 05 Pulse OUT501 1 second

20 01, 05 Pulse OUT502 1 second

21 01, 05 Pulse OUT503 1 second

22 01, 05 Pulse OUT504 1 second

23 01, 05 Pulse OUT505 1 second

24 01, 05 Pulse OUT506 1 second

25 01, 05 Pulse OUT507 1 second

26 01, 05 Pulse OUT508 1 second

27 01, 05 RB01

28 01, 05 RB02

29 01, 05 RB03

30 01, 05 RB04

31 01, 05 RB05

32 01, 05 RB06

33 01, 05 RB07

34 01, 05 RB08

35 01, 05 RB09

36 01, 05 RB10

37 01, 05 RB11

38 01, 05 RB12

39 01, 05 RB13

40 01, 05 RB14

41 01, 05 RB15

42 01, 05 RB16

43 01, 05 RB17

44 01, 05 RB18

45 01, 05 RB19

46 01, 05 RB20

47 01, 05 RB21

48 01, 05 RB22

49 01, 05 RB23

50 01, 05 RB24

51 01, 05 RB25

52 01, 05 RB26

53 01, 05 RB27

54 01, 05 RB28

55 01, 05 RB29

56 01, 05 RB30

57 01, 05 RB31

58 01, 05 RB32

59 01, 05 Pulse RB01a

60 01, 05 Pulse RB02a

Table E.14 01h, 05h SEL-710-5 Output (Sheet 2 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description
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Coil addresses start at 0000 (i.e., Coil 1 is located at Coil address 0000). If the 
device is disabled, it responds with error code 4 (Device Error). In addition to 
Error Code 4, the device responses to errors in the query are shown in 
Table E.15.

61 01, 05 Pulse RB03a

62 01, 05 Pulse RB04a

63 01, 05 Pulse RB05a

64 01, 05 Pulse RB06a

65 01, 05 Pulse RB07a

66 01, 05 Pulse RB08a

67 01, 05 Pulse RB09a

68 01, 05 Pulse RB10a

69 01, 05 Pulse RB11a

70 01, 05 Pulse RB12a

71 01, 05 Pulse RB13a

72 01, 05 Pulse RB14a

73 01, 05 Pulse RB15a

74 01, 05 Pulse RB16a

75 01, 05 Pulse RB17a

76 01, 05 Pulse RB18a

77 01, 05 Pulse RB19a

78 01, 05 Pulse RB20a

79 01, 05 Pulse RB21a

80 01, 05 Pulse RB22a

81 01, 05 Pulse RB23a

82 01, 05 Pulse RB24a

83 01, 05 Pulse RB25a

84 01, 05 Pulse RB26a

85 01, 05 Pulse RB27a

86 01, 05 Pulse RB28a

87 01, 05 Pulse RB29a

88 01, 05 Pulse RB30a

89 01, 05 Pulse RB31a

90 01, 05 Pulse RB32a

a Pulsing a set remote bit causes the remote bit to be cleared at the end of the pulse (1 SELOGIC 
Processing Interval).

Table E.14 01h, 05h SEL-710-5 Output (Sheet 3 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description
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06h Preset Single 
Register Command

The SEL-710-5 uses this function to allow a Modbus master to write directly 
to a database register. Refer to the Modbus Register Map in Table E.34 for a 
list of registers that can be written by using this function code. If you are 
accustomed to 4X references with this function code, for six-digit addressing, 
add 400001 to the standard database addresses.

NOTE: When setting EN_LRC := Y 
(see Table 9.6), the Relay Word bit 
LOCAL supervises the STOP and STR, 
89CC2Pm and 89OC2Pm (m = 1—8), 
and 89CC3Pnm and 89OC3Pnm 
(m = 1—2, n = L or E) bits. To set the 
aforementioned binaries, ensure that 
the relay is in remote control mode 
(i.e., LOCAL = 0). The Relay Word bit 
LOCAL is determined by the LOCAL 
SELOGIC control equation (see 
Table 9.6).

In Table E.16, the command response is identical to the command required by 
the master.

The relay responses to errors in the query are shown in Table E.17.

08h Loopback 
Diagnostic Command

The SEL-710-5 uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message. 

Table E.15 Responses to 05h Force Single Coil Query Errors

Error Error Code Returned
Communication Counter 
Increments

Invalid bit (coil) Illegal Data Address (02h) Invalid Address

Invalid bit state requested Illegal Data Value (03h) Illegal Register

Format Error Illegal Data Value (03h) Bad Packet Format

Table E.16 06h Preset Single Register Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (06h)

2 bytes Register Address

2 bytes Data

2 bytes CRC-16

Table E.17 Responses to 06h Preset Single Register Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write

Illegal register value Illegal Data Value (03h) Illegal Write

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.19.

10h Preset Multiple 
Registers Command

This function code works much like code 06h, except that it allows you to 
write multiple registers at once, as many as 100 per operation. If you are 
accustomed to 4X references with the function code, for six-digit addressing, 
simply add 400001 to the standard database addresses.

The relay responses to errors in the query are shown in Table E.21.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field (identical to data in Master request)

2 bytes CRC-16

Table E.19 Responses to 08h Loopback Diagnostic Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal subfunction code Illegal Data Value (03h) Invalid Function Code/Op 
Code

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 2 of 2)

Bytes Field

Table E.20 10h Preset Multiple Registers Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers to Write

1 byte Number of Bytes of Data (n)

n bytes Data

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers

2 bytes CRC-16
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60h Read Parameter 
Information 
Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
information from the relay. One parameter (setting) is read in each query.

The Parameter Descriptor field is defined in Table E.23.

The Parameter Conversion field is defined in Table E.24.

Table E.21 10h Preset Multiple Registers Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal register to set Illegal Data Address (02h) Invalid Address 
Illegal Write

Illegal number of registers to set Illegal Data Value (03h) Illegal Register 
Illegal Write

Incorrect number of bytes in 
query data region

Illegal Data Value (03h) Bad Packet Format 
Illegal Write

Invalid register data value Illegal Data Value (03h) Illegal Write

Table E.22 60h Read Parameter Information Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

1 byte Parameter Descriptor

1 byte Parameter Conversion

2 bytes Parameter Minimum Settable Value

2 bytes Parameter Maximum Settable Value

2 bytes Parameter Default Value

2 bytes CRC-16

Table E.23 60h Read Parameter Descriptor Field Definition

Bit Name Description

0 RO: Read-only 1 when the setting is read-only

1 H: Hidden 1 when the setting is hidden

2 DBL: 32-bit 1 when the following setting is a fractional value of this setting

3 RA: RAM-only 1 when the setting is not saved in nonvolatile memory

4 RR: Read-only 
if running

1 when the setting is read-only if in running/operational state

5 P: Power Cycle 
or Reset

1 when the setting change requires a power cycle or reset

6 0 Reserved

7 Extend Reserved to extend the descriptor table
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Use Equation E.1 to calculate the actual (not scaled) value of the parameter 
(setting):

Equation E.1

Use Equation E.2 to calculate the scaled setting value:

Equation E.2

The relay response to errors in the query are shown Table E.25.

61h Read Parameter 
Text Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
text from the relay. One parameter text (setting name) is read in each query.

Table E.24 60h Read Parameter Conversion Field Definition 

Conversion 
Value

Type Multiplier Divisor Offset Base

0 Boolean 1 1 0 1

1 Unsigned Integer 1 1 0 1

2 Unsigned Integer 1 10 0 1

3 Unsigned Integer 1 100 0 1

4 Unsigned Integer 1 1000 0 1

5 Hexadecimal 1 1 0 1

6 Integer 1 1 0 1

7 Integer 1 10 0 1

8 Integer 1 100 0 1

9 Integer 1 1000 0 1

10 Enumeration 1 1 0 1

11 Bit Enumeration 1 1 0 1

Table E.25 Responses to 60h Read Parameter Information Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

value ParameterValue Offset+( ) Multiplier Base• • 
Divisor

----------------------------------------------------------------------------------------------------------------------------=

value value Divisor• 
Multiplier Base• 
---------------------------------------------- Offset–=

Table E.26 61h Read Parameter Text Command (Sheet 1 of 2)

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.27.

62h Read 
Enumeration 
Text Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
enumeration or bit enumeration values (setting lists) from the relay. One 
parameter enumeration is read in each query.

The relay responses to errors in the query are shown in Table E.29.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

16 bytes Parameter Text (setting name)

4 bytes Parameter Units (e.g., Amps)

2 bytes CRC-16

Table E.27 61h Read Parameter Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.26 61h Read Parameter Text Command (Sheet 2 of 2)

Bytes Field

Table E.28 62h Read Enumeration Text Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

16 bytes Enumeration Text

2 bytes CRC-16

Table E.29 61h Read Parameter Enumeration Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Illegal enumeration in index Illegal Data Value (03h) Illegal Register
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7Dh Encapsulated 
Packet With Control 
Command

The SEL-710-5 uses this function to allow a Modbus master to perform 
control operations and another Modbus function with one query. The 
DeviceNet card transmits this command periodically to achieve high-speed 
I/O processing and establish a heartbeat between the DeviceNet card and the 
main board.

Table E.31 shows the format of the relay responses to errors in the query.

Table E.30 7Dh Encapsulated Packet With Control Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Control Command (same as write to 2000h)

1 byte Embedded Modbus Function

n bytes Optional Data to Support Modbus Function (0–250)

2 bytes CRC-16 

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h 
based on Bit 3 in Control Command Word)

1 byte Embedded Modbus Function

n bytes Optional data to support the Modbus function (0–250)

2 bytes CRC-16

Table E.31 7Dh Encapsulated Packet Query Errors

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h based on Bit 3 in 
Control Command Word)

1 byte Modbus Function with Error Flag

1 bytes Function Error Codea

a If the embedded function code is invalid, then an illegal function code is returned here and 
the illegal function counter is incremented. This error code is returned by the embedded 
function for all valid embedded functions.

2 bytes CRC-16 
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7Eh NOP Command This function code has no operation. This allows a Modbus master to perform 
a control operation without any other Modbus command. This is only used 
inside of the 7Dh when no regular Modbus query is required.

Reading Parameter 
Information and Value 
Using Modbus

Through use of Modbus commands, you can read the present value of a 
parameter as well as parameter name, units, low limit, high limit, scale, and 
even the enumeration string (if the parameter is an enumeration type). This 
means that you can use a general user interface to retrieve and display specific 
parameter details from the relay. Use the 60h, 61h, and 62h commands to 
retrieve parameter information, and use the 03 command to retrieve values.

Controlling Output 
Contacts Using 
Modbus

The SEL-710-5 includes registers for controlling some of the outputs. See 
LOGIC COMMAND (2000h), RESET COMMAND (2001h), and registers in 
the Reset Settings region for the control features supported by the relay. Use 
Modbus function codes 06h or 10h to write appropriate flags. Remember that 
when writing to the Logic command register with output contacts, it is not a 
bit operation. All the bits in that register need to be written together to reflect 
the state you want for each of the outputs.

User-Defined Modbus 
Data Region and 
SET M Command

The SEL-710-5 Modbus Register Map defines an area of 125 contiguous 
addresses whose contents are defined by 125 user settable addresses. This 
feature allows you to take 125 discrete values from anywhere in the Modbus 
Register Map and place them in contiguous registers that you can then read in 
a single command. SEL ASCII command SET M provides a convenient 
method to define the user map addresses. The user map can also be defined by 
writing to user map registers MOD_001 to MOD_125.

To use the user-defined data region, follow the steps listed below:

Step 1. Define the list of quantities you want (as many as 125). 
Arrange the quantities in any order convenient for you.

Step 2. Refer to Table E.33 for a list of the Modbus label for each 
quantity. For more information on the Modbus labels, refer to 
the respective register in Table E.34. 

Step 3. Execute SET M command from the command line to map user 
registers 001 to 125 (MOD_001 to MOD_125) using the labels 
in Table E.33.

Note that this step can also be performed using Modbus 
protocol. Use Modbus Function Code 06h to write to registers 
MOD_001 through MOD_125.

Step 4. Use Modbus function code 03h or 04h to read the quantities 
from addresses 126 through 250 (user map values).

Table E.32 7Eh NOP Command

Bytes Field

An example of a 7D message response using 7E will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information

1 byte Function Code (7Eh)

2 bytes CRC-16 
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Table E.33 Modbus Register Labels for Use With SET M Command (Sheet 1 of 7)

Register 
Address Label

251–260 Reserved

261 RSTDAT

262–269 Reserved

270 SEC

271 MIN

272 HOUR

273 DAY

274 MONTH

275 YEAR

276–279 Reserved

280 FPGA

281 GPSB

282 HMI

283 RAM

284 ROM

285 CR_RAM

286 NON_VOL

287 CLKSTS

288 PTC

289 RTD

290 CID_FILE

291 P3P3PS

292 P5PS

293 P2P5PS

294 P3P75PS

295 N1P25PS

296 N5PS

297 CLKBAT

298 CARDC

299 CARDD

300 CARDE

301 CARDZ

302 IASTS

303 IBSTS

304 ICSTS

305 INSTS

306 VASTS

307 VBSTS

308 VCSTS

309 RLYSTS

310 IA87STS

311 IB87STS

312 IC87STS

313 VDRSTS

314 SER_NUMH

315 SER_NUML

316–319 Reserved

320 IA_MAG

321 IA_ANG

322 IB_MAG

323 IB_ANG

324 IC_MAG

325 IC_ANG

326 IN_MAG

327 IN_ANG

328 IG_MAG

329 IG_ANG

330 IAV

331 MLOAD

332 3I2

333 UBI

334 IA87

335 IB87

336 IC87

337–339 Reserved

340 VAB_MAG

341 VAB_ANG

342 VBC_MAG

343 VBC_ANG

344 VCA_MAG

345 VCA_ANG

346 VAVE

347 VA_MAG

348 VA_ANG

349 VB_MAG

350 VB_ANG

351 VC_MAG

352 VC_ANG

353 VG_MAG

354 VG_ANG

355 VAVE

356 3V2

357 UBV

358 RES_358

359 RES_359

360 P

361 Q

362 S

363 PF

364 FREQ

365–369 Reserved

370 VEX

371 IEX

372 RF

373–379 Reserved

380 MWH3PH

381 MWH3PL

382 MVRH3PIH

383 MVRH3PIL

384 MVRH3PO
H

Register 
Address Label

385 MVRH3POL

386 MVAH3PH

387 MVAH3PL

388 ENRGY_S

389 ENRGYMN

390 ENRGY_H

391 ENRGY_D

392 ENRGYMO

393 ENRGY_Y

394–399 Reserved

400 RTDWDGM
X

401 RTDBRGMX

402 RTDAMB

403 RTDOTHMX

404 RTD1

405 RTD2

406 RTD3

407 RTD4

408 RTD5

409 RTD6

410 RTD7

411 RTD8

412 RTD9

413 RTD10

414 RTD11

415 RTD12

416 TCURTD

417–419 Reserved

420 TCUSTR

421 TCURTR

422 THRMTP

423 TRST

424 STRTAV

425 SLIP

426 MRT

427–429 Reserved

430 LSENS1

431 LSENS2

432 LSENS3

433 LSENS4

434 LSENS5

435 LSENS6

436 LSENS7

437 LSENS8

438 RES_438

439 RES_439

440 INTT

441 EXTT

442 INTIA

443 EXTIA

Register 
Address Label

444 INTIB

445 EXTIB

446 INTIC

447 EXTIC

448 WEARA

449 WEARB

450 WEARC

451 BRKR_R_S

452 BRKR_RMN

453 BRKR_R_H

454 BRKR_R_D

455 BRKR_RMO

456 BRKR_R_Y

457–459 Reserved

460 IARMS

461 IBRMS

462 ICRMS

463 INRMS

464 VARMS

465 VBRMS

466 VCRMS

467 VABRMS

468 VBCRMS

469 VCARMS

470 IAMX

471 IAX_S

472 IAXMN

473 IAX_H

474 IAX_D

475 IAXMO

476 IAX_Y

477 IAMN

478 IAN_S

479 IANMN

480 IAN_H

481 IAN_D

482 IANMO

483 IAN_Y

484 IBMX

485 IBX_S

486 IBXMN

487 IBX_H

488 IBX_D

489 IBXMO

490 IBX_Y

491 IBMN

492 IBN_S

493 IBNMN

494 IBN_H

495 IBN_D

Register 
Address Label

496 IBNMO

497 IBN_Y

498 ICMX

499 ICX_S

500 ICXMN

501 ICX_H

502 ICX_D

503 ICXMO

504 ICX_Y

505 ICMN

506 ICN_S

507 ICNMN

508 ICN_H

509 ICN_D

510 ICNMO

511 ICN_Y

512 INMX

513 INX_S

514 INXMN

515 INX_H

516 INX_D

517 INXMO

518 INX_Y

519 INMN

520 INN_S

521 INNMN

522 INN_H

523 INN_D

524 INNMO

525 INN_Y

526 IGMX

527 IGX_S

528 IGXMN

529 IGX_H

530 IGX_D

531 IGXMO

532 IGX_Y

533 IGMN

534 IGN_S

535 IGNMN

536 IGN_H

537 IGN_D

538 IGNMO

539 IGN_Y

540 VABMXa

541 VABX_Sa

542 VABXMNa

543 VABX_Ha

544 VABX_Da

545 VABXMOa

Register 
Address Label
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546 VABX_Ya

547 VABMNa

548 VABN_Sa

549 VABNMNa

550 VABN_Ha

551 VABN_Da

552 VABNMOa

553 VABN_Ya

554 VBCMXa

555 VBCX_Sa

556 VBCXMNa

557 VBCX_Ha

558 VBCX_Da

559 VBCXMOa

560 VBCX_Ya

561 VBCMNa

562 VBCN_Sa

563 VBCNMNa

564 VBCN_Ha

565 VBCN_Da

566 VBCNMOa

567 VBCN_Ya

568 VCAMXa

569 VCAX_Sa

570 VCAXMNa

571 VCAX_Ha

572 VCAX_Da

573 VCAXMOa

574 VCAX_Ya

575 VCAMNa

576 VCAN_Sa

577 VCANMNa

578 VCAN_Ha

579 VCAN_Da

580 VCANMOa

581 VCAN_Ya

582 KW3PMX

583 KW3X_S

584 KW3XMN

585 KW3X_H

586 KW3X_D

587 KW3XMO

588 KW3X_Y

589 KW3PMN

590 KW3N_S

591 KW3NMN

592 KW3N_H

593 KW3N_D

594 KW3NMO

595 KW3N_Y

Register 
Address Label

596 KVAR3PMX

597 KVR3X_S

598 KVR3XMN

599 KVR3X_H

600 KVR3X_D

601 KVR3XMO

602 KVR3X_Y

603 KVAR3PMN

604 KVR3N_S

605 KVR3NMN

606 KVR3N_H

607 KVR3N_D

608 KVR3NMO

609 KVR3N_Y

610 KVA3PMX

611 KVA3X_S

612 KVA3XMN

613 KVA3X_H

614 KVA3X_D

615 KVA3XMO

616 KVA3X_Y

617 KVA3PMN

618 KVA3N_S

619 KVA3NMN

620 KVA3N_H

621 KVA3N_D

622 KVA3NMO

623 KVA3N_Y

624 FREQMX

625 FREQX_S

626 FREQXMN

627 FREQX_H

628 FREQX_D

629 FREQXMO

630 FREQX_Y

631 FREQMN

632 FREQN_S

633 FREQNMN

634 FREQN_H

635 FREQN_D

636 FREQNMO

637 FREQN_Y

638 RES_638

639 RES_639

640 RTD1MX

641 RTD1X_S

642 RTD1XMN

643 RTD1X_H

644 RTD1X_D

645 RTD1XMO

Register 
Address Label

646 RTD1X_Y

647 RTD1MN

648 RTD1N_S

649 RTD1NMN

650 RTD1N_H

651 RTD1N_D

652 RTD1NMO

653 RTD1N_Y

654 RTD2MX

655 RTD2X_S

656 RTD2XMN

657 RTD2X_H

658 RTD2X_D

659 RTD2XMO

660 RTD2X_Y

661 RTD2MN

662 RTD2N_S

663 RTD2NMN

664 RTD2N_H

665 RTD2N_D

666 RTD2NMO

667 RTD2N_Y

668 RTD3MX

669 RTD3X_S

670 RTD3XMN

671 RTD3X_H

672 RTD3X_D

673 RTD3XMO

674 RTD3X_Y

675 RTD3MN

676 RTD3N_S

677 RTD3NMN

678 RTD3N_H

679 RTD3N_D

680 RTD3NMO

681 RTD3N_Y

682 RTD4MX

683 RTD4X_S

684 RTD4XMN

685 RTD4X_H

686 RTD4X_D

687 RTD4XMO

688 RTD4X_Y

689 RTD4MN

690 RTD4N_S

691 RTD4NMN

692 RTD4N_H

693 RTD4N_D

694 RTD4NMO

695 RTD4N_Y

Register 
Address Label

696 RTD5MX

697 RTD5X_S

698 RTD5XMN

699 RTD5X_H

700 RTD5X_D

701 RTD5XMO

702 RTD5X_Y

703 RTD5MN

704 RTD5N_S

705 RTD5NMN

706 RTD5N_H

707 RTD5N_D

708 RTD5NMO

709 RTD5N_Y

710 RTD6MX

711 RTD6X_S

712 RTD6XMN

713 RTD6X_H

714 RTD6X_D

715 RTD6XMO

716 RTD6X_Y

717 RTD6MN

718 RTD6N_S

719 RTD6NMN

720 RTD6N_H

721 RTD6N_D

722 RTD6NMO

723 RTD6N_Y

724 RTD7MX

725 RTD7X_S

726 RTD7XMN

727 RTD7X_H

728 RTD7X_D

729 RTD7XMO

730 RTD7X_Y

731 RTD7MN

732 RTD7N_S

733 RTD7NMN

734 RTD7N_H

735 RTD7N_D

736 RTD7NMO

737 RTD7N_Y

738 RTD8MX

739 RTD8X_S

740 RTD8XMN

741 RTD8X_H

742 RTD8X_D

743 RTD8XMO

744 RTD8X_Y

745 RTD8MN

Register 
Address Label

746 RTD8N_S

747 RTD8NMN

748 RTD8N_H

749 RTD8N_D

750 RTD8NMO

751 RTD8N_Y

752 RTD9MX

753 RTD9X_S

754 RTD9XMN

755 RTD9X_H

756 RTD9X_D

757 RTD9XMO

758 RTD9X_Y

759 RTD9MN

760 RTD9N_S

761 RTD9NMN

762 RTD9N_H

763 RTD9N_D

764 RTD9NMO

765 RTD9N_Y

766 RTD10MX

767 RTD10X_S

768 RTD10XMN

769 RTD10X_H

770 RTD10X_D

771 RTD10XMO

772 RTD10X_Y

773 RTD10MN

774 RTD10N_S

775 RTD10NMN

776 RTD10N_H

777 RTD10N_D

778 RTD10NMO

779 RTD10N_Y

780 RTD11MX

781 RTD11X_S

782 RTD11XMN

783 RTD11X_H

784 RTD11X_D

785 RTD11XMO

786 RTD11X_Y

787 RTD11MN

788 RTD11N_S

789 RTD11NMN

790 RTD11N_H

791 RTD11N_D

792 RTD11NMO

793 RTD11N_Y

794 RTD12MX

795 RTD12X_S

Register 
Address Label
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796 RTD12XMN

797 RTD12X_H

798 RTD12X_D

799 RTD12XMO

800 RTD12X_Y

801 RTD12MN

802 RTD12N_S

803 RTD12NMN

804 RTD12N_H

805 RTD12N_D

806 RTD12NMO

807 RTD12N_Y

808 RES_808

809 RES_809

810 AI301MXH

811 AI301MXL

812 AI301X_S

813 AI301XMN

814 AI301X_H

815 AI301X_D

816 AI301XMO

817 AI301X_Y

818 AI301MNH

819 AI301MNL

820 AI301N_S

821 AI301NMN

822 AI301N_H

823 AI301N_D

824 AI301NMO

825 AI301N_Y

826 AI302MXH

827 AI302MXL

828 AI302X_S

829 AI302XMN

830 AI302X_H

831 AI302X_D

832 AI302XMO

833 AI302X_Y

834 AI302MNH

835 AI302MNL

836 AI302N_S

837 AI302NMN

838 AI302N_H

839 AI302N_D

840 AI302NMO

841 AI302N_Y

842 AI303MXH

843 AI303MXL

844 AI303X_S

845 AI303XMN

Register 
Address Label

846 AI303X_H

847 AI303X_D

848 AI303XMO

849 AI303X_Y

850 AI303MNH

851 AI303MNL

852 AI303N_S

853 AI303NMN

854 AI303N_H

855 AI303N_D

856 AI303NMO

857 AI303N_Y

858 AI304MXH

859 AI304MXL

860 AI304X_S

861 AI304XMN

862 AI304X_H

863 AI304X_D

864 AI304XMO

865 AI304X_Y

866 AI304MNH

867 AI304MNL

868 AI304N_S

869 AI304NMN

870 AI304N_H

871 AI304N_D

872 AI304NMO

873 AI304N_Y

874 AI305MXH

875 AI305MXL

876 AI305X_S

877 AI305XMN

878 AI305X_H

879 AI305X_D

880 AI305XMO

881 AI305X_Y

882 AI305MNH

883 AI305MNL

884 AI305N_S

885 AI305NMN

886 AI305N_H

887 AI305N_D

888 AI305NMO

889 AI305N_Y

890 AI306MXH

891 AI306MXL

892 AI306X_S

893 AI306XMN

894 AI306X_H

895 AI306X_D

Register 
Address Label

896 AI306XMO

897 AI306X_Y

898 AI306MNH

899 AI306MNL

900 AI306N_S

901 AI306NMN

902 AI306N_H

903 AI306N_D

904 AI306NMO

905 AI306N_Y

906 AI307MXH

907 AI307MXL

908 AI307X_S

909 AI307XMN

910 AI307X_H

911 AI307X_D

912 AI307XMO

913 AI307X_Y

914 AI307MNH

915 AI307MNL

916 AI307N_S

917 AI307NMN

918 AI307N_H

919 AI307N_D

920 AI307NMO

921 AI307N_Y

922 AI308MXH

923 AI308MXL

924 AI308X_S

925 AI308XMN

926 AI308X_H

927 AI308X_D

928 AI308XMO

929 AI308X_Y

930 AI308MNH

931 AI308MNL

932 AI308N_S

933 AI308NMN

934 AI308N_H

935 AI308N_D

936 AI308NMO

937 AI308N_Y

938 RES_938

939 RES_939

940 AI401MXH

941 AI401MXL

942 AI401X_S

943 AI401XMN

944 AI401X_H

945 AI401X_D

Register 
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946 AI401XMO

947 AI401X_Y

948 AI401MNH

949 AI401MNL

950 AI401N_S

951 AI401NMN

952 AI401N_H

953 AI401N_D

954 AI401NMO

955 AI401N_Y

956 AI402MXH

957 AI402MXL

958 AI402X_S

959 AI402XMN

960 AI402X_H

961 AI402X_D

962 AI402XMO

963 AI402X_Y

964 AI402MNH

965 AI402MNL

966 AI402N_S

967 AI402NMN

968 AI402N_H

969 AI402N_D

970 AI402NMO

971 AI402N_Y

972 AI403MXH

973 AI403MXL

974 AI403X_S

975 AI403XMN

976 AI403X_H

977 AI403X_D

978 AI403XMO

979 AI403X_Y

980 AI403MNH

981 AI403MNL

982 AI403N_S

983 AI403NMN

984 AI403N_H

985 AI403N_D

986 AI403NMO

987 AI403N_Y

988 AI404MXH

989 AI404MXL

990 AI404X_S

991 AI404XMN

992 AI404X_H

993 AI404X_D

994 AI404XMO

995 AI404X_Y

Register 
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996 AI404MNH

997 AI404MNL

998 AI404N_S

999 AI404NMN

1000 AI404N_H

1001 AI404N_D

1002 AI404NMO

1003 AI404N_Y

1004 AI405MXH

1005 AI405MXL

1006 AI405X_S

1007 AI405XMN

1008 AI405X_H

1009 AI405X_D

1010 AI405XMO

1011 AI405X_Y

1012 AI405MNH

1013 AI405MNL

1014 AI405N_S

1015 AI405NMN

1016 AI405N_H

1017 AI405N_D

1018 AI405NMO

1019 AI405N_Y

1020 AI406MXH

1021 AI406MXL

1022 AI406X_S

1023 AI406XMN

1024 AI406X_H

1025 AI406X_D

1026 AI406XMO

1027 AI406X_Y

1028 AI406MNH

1029 AI406MNL

1030 AI406N_S

1031 AI406NMN

1032 AI406N_H

1033 AI406N_D

1034 AI406NMO

1035 AI406N_Y

1036 AI407MXH

1037 AI407MXL

1038 AI407X_S

1039 AI407XMN

1040 AI407X_H

1041 AI407X_D

1042 AI407XMO

1043 AI407X_Y

1044 AI407MNH

1045 AI407MNL

Register 
Address Label
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1046 AI407N_S

1047 AI407NMN

1048 AI407N_H

1049 AI407N_D

1050 AI407NMO

1051 AI407N_Y

1052 AI408MXH

1053 AI408MXL

1054 AI408X_S

1055 AI408XMN

1056 AI408X_H

1057 AI408X_D

1058 AI408XMO

1059 AI408X_Y

1060 AI408MNH

1061 AI408MNL

1062 AI408N_S

1063 AI408NMN

1064 AI408N_H

1065 AI408N_D

1066 AI408NMO

1067 AI408N_Y

1068 RES_1068

1069 RES_1069

1070 AI501MXH

1071 AI501MXL

1072 AI501X_S

1073 AI501XMN

1074 AI501X_H

1075 AI501X_D

1076 AI501XMO

1077 AI501X_Y

1078 AI501MNH

1079 AI501MNL

1080 AI501N_S

1081 AI501NMN

1082 AI501N_H

1083 AI501N_D

1084 AI501NMO

1085 AI501N_Y

1086 AI502MXH

1087 AI502MXL

1088 AI502X_S

1089 AI502XMN

1090 AI502X_H

1091 AI502X_D

1092 AI502XMO

1093 AI502X_Y

1094 AI502MNH

1095 AI502MNL

Register 
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1096 AI502N_S

1097 AI502NMN

1098 AI502N_H

1099 AI502N_D

1100 AI502NMO

1101 AI502N_Y

1102 AI503MXH

1103 AI503MXL

1104 AI503X_S

1105 AI503XMN

1106 AI503X_H

1107 AI503X_D

1108 AI503XMO

1109 AI503X_Y

1110 AI503MNH

1111 AI503MNL

1112 AI503N_S

1113 AI503NMN

1114 AI503N_H

1115 AI503N_D

1116 AI503NMO

1117 AI503N_Y

1118 AI504MXH

1119 AI504MXL

1120 AI504X_S

1121 AI504XMN

1122 AI504X_H

1123 AI504X_D

1124 AI504XMO

1125 AI504X_Y

1126 AI504MNH

1127 AI504MNL

1128 AI504N_S

1129 AI504NMN

1130 AI504N_H

1131 AI504N_D

1132 AI504NMO

1133 AI504N_Y

1134 AI505MXH

1135 AI505MXL

1136 AI505X_S

1137 AI505XMN

1138 AI505X_H

1139 AI505X_D

1140 AI505XMO

1141 AI505X_Y

1142 AI505MNH

1143 AI505MNL

1144 AI505N_S

1145 AI505NMN

Register 
Address Label

1146 AI505N_H

1147 AI505N_D

1148 AI505NMO

1149 AI505N_Y

1150 AI506MXH

1151 AI506MXL

1152 AI506X_S

1153 AI506XMN

1154 AI506X_H

1155 AI506X_D

1156 AI506XMO

1157 AI506X_Y

1158 AI506MNH

1159 AI506MNL

1160 AI506N_S

1161 AI506NMN

1162 AI506N_H

1163 AI506N_D

1164 AI506NMO

1165 AI506N_Y

1166 AI507MXH

1167 AI507MXL

1168 AI507X_S

1169 AI507XMN

1170 AI507X_H

1171 AI507X_D

1172 AI507XMO

1173 AI507X_Y

1174 AI507MNH

1175 AI507MNL

1176 AI507N_S

1177 AI507NMN

1178 AI507N_H

1179 AI507N_D

1180 AI507NMO

1181 AI507N_Y

1182 AI508MXH

1183 AI508MXL

1184 AI508X_S

1185 AI508XMN

1186 AI508X_H

1187 AI508X_D

1188 AI508XMO

1189 AI508X_Y

1190 AI508MNH

1191 AI508MNL

1192 AI508N_S

1193 AI508NMN

1194 AI508N_H

1195 AI508N_D

Register 
Address Label

1196 AI508NMO

1197 AI508N_Y

1198 RES_1198

1199 RES_1199

1200 MXMN_R_S

1201 MXMN_RM
N

1202 MXMN_R_H

1203 MXMN_R_D

1204 MXMN_RM
O

1205 MXMN_R_Y

1206 RES_1206

1207 RES_1207

1208 RES_1208

1209 RES_1209

1210 RES_1210

1211 RES_1211

1212 RES_1212

1213 RES_1213

1214 RES_1214

1215 RES_1215

1216 RES_1216

1217 RES_1217

1218 RES_1218

1219 RES_1219

1220 AI301H

1221 AI301L

1222 AI302H

1223 AI302L

1224 AI303H

1225 AI303L

1226 AI304H

1227 AI304L

1228 AI305H

1229 AI305L

1230 AI306H

1231 AI306L

1232 AI307H

1233 AI307L

1234 AI308H

1235 AI308L

1236 AI401H

1237 AI401L

1238 AI402H

1239 AI402L

1240 AI403H

1241 AI403L

1242 AI404H

1243 AI404L

1244 AI405H

Register 
Address Label

1245 AI405L

1246 AI406H

1247 AI406L

1248 AI407H

1249 AI407L

1250 AI408H

1251 AI408L

1252 AI501H

1253 AI501L

1254 AI502H

1255 AI502L

1256 AI503H

1257 AI503L

1258 AI504H

1259 AI504L

1260 AI505H

1261 AI505L

1262 AI506H

1263 AI506L

1264 AI507H

1265 AI507L

1266 AI508H

1267 AI508L

1268 RES_1268

1269 RES_1269

1270 MV01H

1271 MV01L

1272 MV02H

1273 MV02L

1274 MV03H

1275 MV03L

1276 MV04H

1277 MV04L

1278 MV05H

1279 MV05L

1280 MV06H

1281 MV06L

1282 MV07H

1283 MV07L

1284 MV08H

1285 MV08L

1286 MV09H

1287 MV09L

1288 MV10H

1289 MV10L

1290 MV11H

1291 MV11L

1292 MV12H

1293 MV12L

1294 MV13H

Register 
Address Label
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1295 MV13L

1296 MV14H

1297 MV14L

1298 MV15H

1299 MV15L

1300 MV16H

1301 MV16L

1302 MV17H

1303 MV17L

1304 MV18H

1305 MV18L

1306 MV19H

1307 MV19L

1308 MV20H

1309 MV20L

1310 MV21H

1311 MV21L

1312 MV22H

1313 MV22L

1314 MV23H

1315 MV23L

1316 MV24H

1317 MV24L

1318 MV25H

1319 MV25L

1320 MV26H

1321 MV26L

1322 MV27H

1323 MV27L

1324 MV28H

1325 MV28L

1326 MV29H

1327 MV29L

1328 MV30H

1329 MV30L

1330 MV31H

1331 MV31L

1332 MV32H

1333 MV32L

1334 SC01

1335 SC02

1336 SC03

1337 SC04

1338 SC05

1339 SC06

1340 SC07

1341 SC08

1342 SC09

1343 SC10

1344 SC11

Register 
Address Label

1345 SC12

1346 SC13

1347 SC14

1348 SC15

1349 SC16

1350 SC17

1351 SC18

1352 SC19

1353 SC20

1354 SC21

1355 SC22

1356 SC23

1357 SC24

1358 SC25

1359 SC26

1360 SC27

1361 SC28

1362 SC29

1363 SC30

1364 SC31

1365 SC32

1366–1369 Reserved

1370 RA001_H

1371 RA001_L

1372 RA002_H

1373 RA002_L

1374 RA003_H

1375 RA003_L

1376 RA004_H

1377 RA004_L

1378 RA005_H

1379 RA005_L

1380 RA006_H

1381 RA006_L

1382 RA007_H

1383 RA007_L

1384 RA008_H

1385 RA008_L

1386 RA009_H

1387 RA009_L

1388 RA010_H

1389 RA010_L

1390 RA011_H

1391 RA011_L

1392 RA012_H

1393 RA012_L

1394 RA013_H

1395 RA013_L

1396 RA014_H

1397 RA014_L

Register 
Address Label

1398 RA015_H

1399 RA015_L

1400 RA016_H

1401 RA016_L

1402 RA017_H

1403 RA017_L

1404 RA018_H

1405 RA018_L

1406 RA019_H

1407 RA019_L

1408 RA020_H

1409 RA020_L

1410 RA021_H

1411 RA021_L

1412 RA022_H

1413 RA022_L

1414 RA023_H

1415 RA023_L

1416 RA024_H

1417 RA024_L

1418 RA025_H

1419 RA025_L

1420 RA026_H

1421 RA026_L

1422 RA027_H

1423 RA027_L

1424 RA028_H

1425 RA028_L

1426 RA029_H

1427 RA029_L

1428 RA030_H

1429 RA030_L

1430 RA031_H

1431 RA031_L

1432 RA032_H

1433 RA032_L

1434 RA033_H

1435 RA033_L

1436 RA034_H

1437 RA034_L

1438 RA035_H

1439 RA035_L

1440 RA036_H

1441 RA036_L

1442 RA037_H

1443 RA037_L

1444 RA038_H

1445 RA038_L

1446 RA039_H

1447 RA039_L

Register 
Address Label

1448 RA040_H

1449 RA040_L

1450 RA041_H

1451 RA041_L

1452 RA042_H

1453 RA042_L

1454 RA043_H

1455 RA043_L

1456 RA044_H

1457 RA044_L

1458 RA045_H

1459 RA045_L

1460 RA046_H

1461 RA046_L

1462 RA047_H

1463 RA047_L

1464 RA048_H

1465 RA048_L

1466 RA049_H

1467 RA049_L

1468 RA050_H

1469 RA050_L

1470 RA051_H

1471 RA051_L

1472 RA052_H

1473 RA052_L

1474 RA053_H

1475 RA053_L

1476 RA054_H

1477 RA054_L

1478 RA055_H

1479 RA055_L

1480 RA056_H

1481 RA056_L

1482 RA057_H

1483 RA057_L

1484 RA058_H

1485 RA058_L

1486 RA059_H

1487 RA059_L

1488 RA060_H

1489 RA060_L

1490 RA061_H

1491 RA061_L

1492 RA062_H

1493 RA062_L

1494 RA063_H

1495 RA063_L

1496 RA064_H

1497 RA064_L

Register 
Address Label

1498 RA065_H

1499 RA065_L

1500 RA066_H

1501 RA066_L

1502 RA067_H

1503 RA067_L

1504 RA068_H

1505 RA068_L

1506 RA069_H

1507 RA069_L

1508 RA070_H

1509 RA070_L

1510 RA071_H

1511 RA071_L

1512 RA072_H

1513 RA072_L

1514 RA073_H

1515 RA073_L

1516 RA074_H

1517 RA074_L

1518 RA075_H

1519 RA075_L

1520 RA076_H

1521 RA076_L

1522 RA077_H

1523 RA077_L

1524 RA078_H

1525 RA078_L

1526 RA079_H

1527 RA079_L

1528 RA080_H

1529 RA080_L

1530 RA081_H

1531 RA081_L

1532 RA082_H

1533 RA082_L

1534 RA083_H

1535 RA083_L

1536 RA084_H

1537 RA084_L

1538 RA085_H

1539 RA085_L

1540 RA086_H

1541 RA086_L

1542 RA087_H

1543 RA087_L

1544 RA088_H

1545 RA088_L

1546 RA089_H

1547 RA089_L

Register 
Address Label
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1548 RA090_H

1549 RA090_L

1550 RA091_H

1551 RA091_L

1552 RA092_H

1553 RA092_L

1554 RA093_H

1555 RA093_L

1556 RA094_H

1557 RA094_L

1558 RA095_H

1559 RA095_L

1560 RA096_H

1561 RA096_L

1562 RA097_H

1563 RA097_L

1564 RA098_H

1565 RA098_L

1566 RA099_H

1567 RA099_L

1568 RA100_H

1569 RA100_L

1570 RA101_H

1571 RA101_L

1572 RA102_H

1573 RA102_L

1574 RA103_H

1575 RA103_L

1576 RA104_H

1577 RA104_L

1578 RA105_H

1579 RA105_L

1580 RA106_H

1581 RA106_L

1582 RA107_H

1583 RA107_L

1584 RA108_H

1585 RA108_L

1586 RA109_H

1587 RA109_L

1588 RA110_H

1589 RA110_L

1590 RA111_H

1591 RA111_L

1592 RA112_H

1593 RA112_L

1594 RA113_H

1595 RA113_L

1596 RA114_H

1597 RA114_L

Register 
Address Label

1598 RA115_H

1599 RA115_L

1600 RA116_H

1601 RA116_L

1602 RA117_H

1603 RA117_L

1604 RA118_H

1605 RA118_L

1606 RA119_H

1607 RA119_L

1608 RA120_H

1609 RA120_L

1610 RA121_H

1611 RA121_L

1612 RA122_H

1613 RA122_L

1614 RA123_H

1615 RA123_L

1616 RA124_H

1617 RA124_L

1618 RA125_H

1619 RA125_L

1620 RA126_H

1621 RA126_L

1622 RA127_H

1623 RA127_L

1624 RA128_H

1625 RA128_L

1626 Reserved

1627 RES_1627

1628 RES_1628

1629 RES_1629

1630 MOT_E_M

1631 MOT_E_H

1632 MOT_E_D

1633 MOT_R_M

1634 MOT_R_H

1635 MOT_R_D

1636 MOT_S_M

1637 MOT_S_H

1638 MOT_S_D

1639 TIMERUN

1640 NUMSTRT

1641 NUMEMRS
T

1642 MOT_RS_S

1643 MOT_RSMN

1644 MOT_RS_H

1645 MOT_RS_D

1646 MOT_RSMO

1647 MOT_RS_Y

Register 
Address Label

1648 RES_1648

1649 RES_1649

1650 STRT_T_A

1651 MAXSTI_A

1652 MINSTV_A

1653 STRTTC_A

1654 RUNTC_A

1655 RTDTC_A

1656 RUNI_A

1657 RUNKW_A

1658 RUKVRI_A

1659 RUKVRO_A

1660 RUNKVA_A

1661 MAXWDG_
A

1662 MAXBRG_A

1663 MAXAMB_
A

1664 MAXOTH_A

1665–1669 Reserved

1670 STRT_T_P

1671 MAXSTI_P

1672 MINSTV_P

1673 STRTTC_P

1674 RUNTC_P

1675 RTDTC_P

1676 RUNI_P

1677 RUNKW_P

1678 RUKVRI_P

1679 RUKVRO_P

1680 RUNKVA_P

1681 MAXWDG_
P

1682 MAXBRG_P

1683 MAXAMB_P

1684 MAXOTH_P

1685–1689 Reserved

1690 97FM1_H

1691 97FM1_L

1692 97FM2_H

1693 97FM2_L

1694 97FM3_H

1695 97FM3_L

1696 97FM4_H

1697 97FM4_L

1698 97FM5_H

1699 97FM5_L

1700–1717 Reserved

1718 COOLTM

1719 LRNSTTC

1720 THERM_A

Register 
Address Label

1721 LOCKR_A

1722 LDLOSS_A

1723 LDJAM_A

1724 UBI_A

1725 PHFLT_A

1726 GRFLT_A

1727 SPDSW_A

1728 UNDV_A

1729 OVRV_A

1730 UNDP_A

1731 PF_A

1732 RPWR_A

1733 RTD_A

1734 BBD_A

1735 TOTAL_A

1736–1739 Reserved

1740 THERM_T

1741 LOCKR_T

1742 LDLOSS_T

1743 LDJAM_T

1744 UBI_T

1745 PHFLT_T

1746 GRFLT_T

1747 SPDSW_T

1748 UNDV_T

1749 OVRV_T

1750 UNDP_T

1751 PF_T

1752 RPWR_T

1753 RTD_T

1754 ARC_T

1755 FIELD_T

1756 PHREV_T

1757 DIFF_T

1758 UNDFRQ_T

1759 OVRFRQ_T

1760 PTC_T

1761 STTIM_T

1762 REMTR_T

1763 OTHTR_T

1764 TOTAL_T

1765–1769 Reserved

1770 NUMEVE

1771 EVESEL

1772 EVE_S

1773 EVEMN

1774 EVE_H

1775 EVE_D

1776 EVEMO

1777 EVE_Y

Register 
Address Label

1778 EVE_TYPE

1779 EVE_TRGT

1780 EVE_IA

1781 EVE_IB

1782 EVE_IC

1783 EVE_IN

1784 EVE_IG

1785 EVE_VAB

1786 EVE_VBC

1787 EVE_VCA

1788 EVE_VG

1789 EVE_DY

1790 EVE_FREQ

1791 EVE_IA87

1792 EVE_IB87

1793 EVE_IC87

1794 EVE_MAXW

1795 EVE_MAXB

1796 EVE_MAXA

1797 EVE_MAXO

1798–1809 Reserved

1810 TRIP_LO

1811 TRIP_HI

1812 WARN_LO

1813 WARN_HI

1814–1819 Reserved

1820 NUMRCV

1821 NUMOTH

1822 INVADR

1823 BADCRC

1824 UARTERR

1825 ILLFUNC

1826 ILLREG

1827 ILLWR

1828 BADPKTF

1829 BADPKTL

1830–1839 Reserved

1840 ROW_0

1841 ROW_1

1842 ROW_2

1843 ROW_3

1844 ROW_4

1845 ROW_5

1846 ROW_6

1847 ROW_7

1848 ROW_8

1849 ROW_9

1850 ROW_10

1851 ROW_11

1852 ROW_12

Register 
Address Label
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1853 ROW_13

1854 ROW_14

1855 ROW_15

1856 ROW_16

1857 ROW_17

1858 ROW_18

1859 ROW_19

1860 ROW_20

1861 ROW_21

1862 ROW_22

1863 ROW_23

1864 ROW_24

1865 ROW_25

1866 ROW_26

1867 ROW_27

1868 ROW_28

1869 ROW_29

1870 ROW_30

1871 ROW_31

1872 ROW_32

1873 ROW_33

1874 ROW_34

1875 ROW_35

1876 ROW_36

1877 ROW_37

1878 ROW_38

1879 ROW_39

1880 ROW_40

1881 ROW_41

1882 ROW_42

1883 ROW_43

1884 ROW_44

1885 ROW_45

1886 ROW_46

1887 ROW_47

1888 ROW_48

1889 ROW_49

1890 ROW_50

1891 ROW_51

1892 ROW_52

1893 ROW_53

1894 ROW_54

1895 ROW_55

1896 ROW_56

1897 ROW_57

1898 ROW_58

1899 ROW_59

1900 ROW_60

1901 ROW_61

1902 ROW_62

Register 
Address Label

1903 ROW_63

1904 ROW_64

1905 ROW_65

1906 ROW_66

1907 ROW_67

1908 ROW_68

1909 ROW_69

1910 ROW_70
1911 ROW_71
1912 ROW_72
1913 ROW_73
1914 ROW_74

1915 ROW_75

1916 ROW_76

1917 ROW_77

1918 ROW_78

1919 ROW_79

1920 ROW_80

1921 ROW_81

1922 ROW_82

1923 ROW_83

1924 ROW_84

1925 ROW_85

1926 ROW_86

1927 ROW_87

1928 ROW_88

1929 ROW_89

1930 ROW_90

1931 ROW_91

1932 ROW_92

1933 ROW_93

1934 ROW_94

1935 ROW_95

1936 ROW_96

1937 ROW_97

1938 ROW_98

1939 ROW_99

1940 ROW_100

1941 ROW_101

1942 ROW_102

1943 ROW_103

1944 ROW_104

1945 ROW_105

1946 ROW_106

1947 ROW_107

1948 ROW_108

1949 ROW_109

1950 ROW_110

1951 ROW_111

1952 ROW_112

1953 ROW_113

Register 
Address Label

1954 ROW_114

1955 ROW_115

1956 ROW_116

1957 ROW_117

1958 ROW_118

1959 ROW_119

1960 ROW_120

1961 ROW_121

1962 ROW_122

1963 ROW_123

1964 ROW_124

1965 ROW_125

1966 ROW_126

1967 ROW_127

1968 ROW_128

1969 ROW_129

1970 ROW_130

1971 ROW_131

1972 ROW_132

1973 ROW_133

1974 ROW_134

1975 ROW_135

1976 ROW_136

1977 ROW_137

1978 ROW_138

1979 ROW_139

1980 Reserved

1981 ROW_140

1982 ROW_141

1983 ROW_142

1984 ROW_143

1985 ROW_144

1986 ROW_145

1987 ROW_146

1988 ROW_147

1989 ROW_148

1990 ROW_149

1991 ROW_150

1992 ROW_151

1993 ROW_152

1994 ROW_153

1995 ROW_154

1996 ROW_155

1997 ROW_156

1998 ROW_157

1999 ROW_158

2000 ROW_159

2001 ROW_160

2002 ROW_161

2003 ROW_162

Register 
Address Label

2004 ROW_163

2005 ROW_164

2006 ROW_165

2007 ROW_166

2008 ROW_167

2009 ROW_168

2010 ROW_169

2011 ROW_170

2012 ROW_171

2013 ROW_172

2014 ROW_173

2015 ROW_174

2016 ROW_175

2017 ROW_176

2018 ROW_177

2019 ROW_178

2020 ROW_179

2021 ROW_180

2022 ROW_181

2023 ROW_182

2024 ROW_183

2025 ROW_184

2026 ROW_185

2027 ROW_186

2028 ROW_187

2029 ROW_188

2030 ROW_189

2031 ROW_190

2032 ROW_191

2033 ROW_192

2034 ROW_193

2035 Reserved

2036 Reserved

2037 Reserved

a Registers report 
corresponding phase-
to-phase values when 
setting DELTA_Y = 
DELTA and phase-to-
neutral values when 
setting DELTA _Y = 
WYE.

Register 
Address Label
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Reading History Data 
Using Modbus

Through use of the Modbus Register Map (Table E.34), you can download a 
complete history of the last 50 events via Modbus. The history contains the 
date and time stamp, type of event that triggered the report, currents, and 
voltages at the time of the event. Please refer to the Historical Data section in 
the map.

To use Modbus to download history data, including TRIP TYPE information, 
write the event number of interest (1–50) to the EVENT LOG SEL register at 
address 1747. Then read the history of the specific event number you 
requested from the registers shown in the Historical Data section of the 
Modbus Register Map (Table E.34). After a power cycle, the history data 
registers show the history data corresponding to the latest event. This is 
dynamically updated, as whenever there is a new event, the history data 
registers are automatically updated with new event data. If specific event 
number data have been retrieved using a write to the EVENT LOG SEL 
register, the event data registers stay frozen with that specific event history. 
This returns to the free running mode when a zero is written to the event 
selection register from a prior non-zero selection.

Modbus Register Map
Table E.34 lists the data available in the Modbus interface and their 
description, range, and scaling information. The table also shows the 
parameter number for access using the DeviceNet interface. The DeviceNet 
parameter number is obtained by adding 100 to the Modbus register address.

NOTE: Certain Modbus quantities are 
reported as 32-bit numbers; however, 
Modbus registers are only 16-bit. This 
results in displaying the Modbus 
quantities in a LOW and HIGH register. 
To determine the 32-bit number, 
concatenate the LOW register to the 
end of the HIGH register. For example, if 
the HIGH register value is 0x5ADC and 
the LOW register value is 0xF43B, the 
resulting 32-bit value is 0x5ADCF43B.

Table E.34 Modbus Mapa (Sheet 1 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number

0 (R) Reservedd 0 100 1

User Map Register

1–125 (R/W) USER REG #1–USER REG #125 280 2037 1 101–225 

User Map Register Values

126–250 (R) USER REG#1 VAL–USER 
REG#125 VAL

0 65535 0 1 226–350 

251–260 (R) Reservedd 0 0 0 351–360
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Reset Settings

261 (R/W) RESET DATA 0 2047 0 361

Bit 0 = TRIP RESET
Bit 1 = Reservedd

Bit 2 = RESET STAT DATA
Bit 3 = RESET HIST DATA
Bit 4 = RESET COMM CNTR
Bit 5 = RESET MOT DATA
Bit 6 = RST ENRGY DATA
Bit 7 = RST MX/MN DATA
Bit 8 = Reservedd

Bit 9 = Reservedd

Bit 10 = RST BKMON DATA
Bits 11–15 = Reservedd

262–269 (R) Reservedd 0 0 0 1 362–369 

Date/Time Settings

270 (R/W) SET SEC 0 5999 0 0.01 370

271 (R/W) SET MIN 0 59 0 1 371

272 (R/W) SET HOUR 0 23 0 1 372

273 (R/W) SET DAY 1 31 1 1 373

274 (R/W) SET MONTH 1 12 1 1 374

275 (R/W) SET YEAR 2000 9999 2000 1 375

276–279 (R) Reservedd 0 0 0 1 376–379

Device Status 0 = OK 1 = WARN 2 = FAIL

280 (R) FPGA STATUS 0 2 0 380

281 (R) GPSB STATUS 0 2 0 381

282 (R) HMI STATUS 0 2 0 382

283 (R) RAM STATUS 0 2 0 383

284 (R) ROM STATUS 0 2 0 384

285 (R) CR_RAM STATUS 0 2 0 385

286 (R) NON_VOL STATUS 0 2 0 386

287 (R) CLOCK STATUS 0 2 0 387

288 (R) PTC STATUS 0 2 0 388

289 (R) RTD STATUS 0 2 0 389

290 (R CID FILE STATUS 0 2 0 1 390

291 (R) +3.3V STATUS 0 2 0 391

292 (R) +5.0V STATUS 0 2 0 392

293 (R) +2.5V STATUS 0 2 0 393

294 (R) +3.75V STATUS 0 2 0 394

295 (R) –1.25V STATUS 0 2 0 395

296 (R) –5.0V STATUS 0 2 0 396

297 (R) CLK_BAT STATUS 0 2 0 397

298 (R) CARD C STATUS 0 2 0 398

299 (R) CARD D STATUS 0 2 0 399

Table E.34 Modbus Mapa (Sheet 2 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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300 (R) CARD E STATUS 0 2 0 400

301 (R) CARD Z STATUS 0 2 0 401

302 (R) IA STATUS 0 2 0 1 402

303 (R) IB STATUS 0 2 0 403

304 (R) IC STATUS 0 2 0 404

305 (R) IN STATUS 0 2 0 405

306 (R) VA STATUS 0 2 0 406

307 (R) VB STATUS 0 2 0 407

308 (R) VC STATUS 0 2 0 408

309 (R) RELAY STATUS 0 1 0 409
0 - ENABLED
1 - DISABLED

310  (R) IA87 STATUS 0 2 0 410

311  (R) IB87 STATUS 0 2 0 411

312  (R) IC87 STATUS 0 2 0 412

313  (R) VDR STATUS 0 2 0 413

314  (R) SERIAL NUMBER H 0 65535 0 414

315  (R) SERIAL NUMBER L 0 65535 0 415

316–319 (R) Reservedd 0 0 0

Current Data

320 (R) IA CURRENT A 0 65535 0 1 420

321 (R) IA ANGLE deg –1800 1800 0 0.1 421

322 (R) IB CURRENT A 0 65535 0 1 422

323 (R) IB ANGLE deg –1800 1800 0 0.1 423

324 (R) IC CURRENT A 0 65535 0 1 424

325 (R) IC ANGLE deg –1800 1800 0 0.1 425

326 (R) IN CURRENT A 0 65535 0 1 426

327 (R) IN ANGLE deg –1800 1800 0 0.1 427

328 (R) IG CURRENT A 0 65535 0 1 428

329 (R) IG ANGLE deg –1800 1800 0 0.1 429

330 (R) AVERAGE CURRENT A 0 65535 0 1 430

331 (R) MOTOR LOAD xFLA 0 120 0 0.1 431

332 (R) NEG-SEQ CURR 3I2 A 0 65535 0 1 432

333 (R) CURRENT IMBAL % 0 1000 0 0.1 433

334 (R) IA87 CURRENT A 0 65535 0 1 434

335 (R) IB87 CURRENT A 0 65535 0 1 435

336 (R) IC87 CURRENT A 0 65535 0 1 436

337–339 (R) Reservedd 0 0 0

Voltage Data

340 (R) VAB kV 0 65535 0 0.01 440

341 (R) VAB ANGLE deg –1800 1800 0 0.1 441

Table E.34 Modbus Mapa (Sheet 3 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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342 (R) VBC kV 0 65535 0 0.01 442

343 (R) VBC ANGLE deg –1800 1800 0 0.1 443

344 (R) VCA kV 0 65535 0 0.01 444

345 (R) VCA ANGLE deg –1800 1800 0 0.1 445

346 (R) AVERAGE LINEe kV 0 65535 0 0.01 446

347 (R) VAN kV 0 65535 0 0.01 447

348 (R) VAN ANGLE deg –1800 1800 0 0.1 448

349 (R) VBN kV 0 65535 0 0.01 449

350 (R) VBN ANGLE deg –1800 1800 0 0.1 450

351 (R) VCN kV 0 65535 0 0.01 451

352 (R) VCN ANGLE deg –1800 1800 0 0.1 452

353 (R) VG kV 0 65535 0 0.01 453

354 (R) VG ANGLE deg –1800 1800 0 0.1 454

355 (R) AVERAGE PHASEf kV 0 65535 0 0.01 455

356 (R) NEG-SEQ VOLT 3V2 kV 0 65535 0 0.01 456

357 (R) VOLTAGE IMBAL % 0 1000 0 0.1 457

358–359 (R) Reservedd 0 0 0 458–459

Power Data

360 (R) REAL POWER kW –32768 32767 0 1 460

361 (R) REACTIVE POWER kVAR –32768 32767 0 1 461

362 (R) APPARENT POWER kVA –32768 32767 0 1 462

363 (R) POWER FACTOR –100 100 0 0.01 463

364 (R) FREQUENCY Hz 1000 7000 6000 0.01 464

365–369 (R) Reservedd 0 0 0 465–469

Synchronous Data

370 (R) FIELD VOLTAGE V –32768 32767 0 1 470

371 (R) FIELD CURRENT A –32768 32767 0 1 471

372 (R) FIELD RESISTANCE Ohm 0 65535 0 1 472

373–379 (R) Reservedd 0 0 0 473–479

Energy Data

380 (R) MWH3P HI MWhr 0 65535 0 0.001 480

381 (R) MWH3P LO MWhr 0 65535 0 0.001 481

382 (R) MVARH3PI HI MVARhr 0 65535 0 0.001 482

383 (R) MVARH3PI LO MVARhr 0 65535 0 0.001 483

384 (R) MVARH3PO HI MVARhr 0 65535 0 0.001 484

385 (R) MVARH3PO LO MVARhr 0 65535 0 0.001 485

386 (R) MVAH3P HI MVAhr 0 65535 0 0.001 486

387 (R) MVAH3P LO MVAhr 0 65535 0 0.001 487

388 (R) LAST RST TIME ss 0 5999 0 0.01 488

Table E.34 Modbus Mapa (Sheet 4 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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389 (R) LAST RST TIME mm 0 59 0 1 489

390 (R) LAST RST TIME hh 0 23 0 1 490

391 (R) LAST RST DATE dd 1 31 1 1 491

392 (R) LAST RST DATE mm 1 12 1 1 492

393 (R) LAST RST DATE yy 2000 9999 2000 1 493

394–399 (R) Reservedd 0 0 0 494–499

RTD Data

400 (R) MAX WINDING RTD degC –32768 32767 0 1 500
7FFFh = Open
8000h = Short
7FFCh = Comm Fail
7FF8h = Stat Fail
7FFEh = Fail
7FF0h = NA

401 (R) MAX BEARING RTD degC –32768 32767 0 1 501

402 (R) MAX AMBIENT RTD degC –32768 32767 0 1 502

403 (R) MAX OTHER RTD degC –32768 32767 0 1 503

404–415  (R) RTD 1–RTD 12 degC –32768 32767 0 1 504–515

416 (R) RTD % TCU % 0 100 0 1 516

417–419 (R) Reservedd 0 0 0 517–519

Overload Status

420 (R) STATOR % TCU % 0 65535 0 1 520

421 (R) ROTOR % TCU % 0 65535 0 1 521

422 (R) TIME TO TRIP s 0 9999 0 1 522

423 (R) TIME TO RESET min 0 9999 0 1 523

424 (R) STARTS AVAILABLE 0 255 0 1 524

425 (R) SLIP % 0 1000 0 0.1 525

426 (R) RUNNING TIME hrs 0 65535 0 1 526

427–429 (R) Reservedd 0 0 0 527–529

Light Meter Data

430 (R) LS1 % 0 1000 0 0.1 530

431 (R) LS2 % 0 1000 0 0.1 531

432 (R) LS3 % 0 1000 0 0.1 532

433 (R) LS4 % 0 1000 0 0.1 533

434 (R) LS5 % 0 1000 0 0.1 534

435 (R) LS6 % 0 1000 0 0.1 535

436 (R) LS7 % 0 1000 0 0.1 536

437 (R) LS8 % 0 1000 0 0.1 537

438 (R) Reservedd 0 0 0 538

439 (R) Reservedd 0 0 0 539

Table E.34 Modbus Mapa (Sheet 5 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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Break Monitor Data
Note: In addition to the Breaker Monitor data, the time when Breaker Monitor Data was last reset 

is also reported in Modbus.

440 (R) RLY TRIPS  0 65535 0 1 540

441 (R) EXT TRIPS  0 65535 0 1 541

442 (R) IA RLY kA 0 65535 0 1 542

443 (R) IA EXT kA 0 65535 0 1 543

444 (R) IB RLY kA 0 65535 0 1 544

445 (R) IB EXT kA 0 65535 0 1 545

446 (R) IC RLY kA 0 65535 0 1 546

447 (R) IC EXT kA 0 65535 0 1 547

448 (R) A WEAR % 0 100 0 548

449 (R) B WEAR % 0 100 0 549

450 (R) C WEAR % 0 100 0 550

451 (R) BRKR RST TIM-ss 0 5999 0 0.01 551

452 (R) BRKR RST TIM-mm 0 59 0 552

453 (R) BRKR RST TIM-hh 0 23 0 553

454 (R) BRKR RST DAT-dd 1 31 1 554

455 (R) BRKR RST DAT-mm 1 12 1 555

456 (R) BRKR RST DAT-yy 2000 9999 2000 556

457–459 (R) Reservedd 0 0 0 1 557–559

RMS Data

460 (R) IA RMS A 0 65535 0 1 560

461 (R) IB RMS A 0 65535 0 1 561

462 (R) IC RMS A 0 65535 0 1 562

463 (R) IN RMS A 0 65535 0 1 563

464 (R) VA RMS kV 0 65535 0 0.01 564

465 (R) VB RMS kV 0 65535 0 0.01 565

466 (R) VC RMS kV 0 65535 0 0.01 566

467 (R) VAB RMS kV 0 65535 0 0.01 567

468 (R) VBC RMS kV 0 65535 0 0.01 568

469 (R) VCA RMS kV 0 65535 0 0.01 569

Maximum/Minimum Motor Data

470 (R) IA MAX A 0 65535 0 1 570

471 (R) IA MAX TIME ss seconds 0 5999 0 0.01 571

472 (R) IA MAX TIME mm minutes 0 59 0 1 572

473 (R) IA MAX TIME hh hours 0 23 0 1 573

474 (R) IA MAX DAY dd days 1 31 1 1 574

475 (R) IA MAX DAY mm months 1 12 1 1 575

476 (R) IA MAX DAY yy years 2000 9999 2000 1 576

Table E.34 Modbus Mapa (Sheet 6 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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477 (R) IA MIN A 0 65535 0 1 577

478–483 (R) IA MIN TIME ss–IA MIN TIME yy (See IA MAX for series structure and data.) 578–583 

484 (R) IB MAX A 0 65535 0 1 584

485–490 (R) IB MAX TIME ss–IB MAX TIME yy (See IA MAX for series structure and data.) 585–590

491 (R) IB MIN A 0 65535 0 1 591

492–497 (R) IB MIN TIME ss–IB MIN TIME yy (See IA MAX for series structure and data.) 592–597 

498 (R) IC MAX A 0 65535 0 1 598

499–504 (R) IC MAX TIME ss–IC MAX TIME yy (See IA MAX for series structure and data.) 599–504

505 (R) IC MIN A 0 65535 0 1 605

506–511 (R) IC MIN TIME ss–IC MIN TIME yy (See IA MAX for series structure and data.) 606–611 

512 (R) IN MAX A 0 65535 0 1 612

513–518 (R) IN MAX TIME ss–IN MAX TIME yy (See IA MAX for series structure and data.) 613–618

519 (R) IN MIN A 0 65535 0 1 619

520–525 (R) IN MIN TIME ss–IN MIN TIME yy (See IA MAX for series structure and data.) 620–625

526 (R) IG MAX A 0 65535 0 1 626

527–532 (R) IG MAX TIME ss–IG MAX TIME yy (See IA MAX for series structure and data.) 627–632

533 (R) IG MIN A 0 65535 0 1 633

534–539 (R) IG MIN TIME ss–IG MIN TIME yy (See IA MAX for series structure and data.) 634–639 

540 (R) VAB/VA MAX kV 0 65535 0 0.01 640

541–546 (R) VAB/VA MX TIM ss–VAB/VA MX TIM yy (See IA MAX for series structure and data.) 641–646 

547 (R) VAB/VA MIN kV 0 65535 0 0.01 647

548–553 (R) VAB/VA MN TIM ss–VAB/VA MN TIM yy (See IA MAX for series structure and data.) 648–653 

554 (R) VBC/VB MAX kV 0 65535 0 0.01 654

555–560 (R) VBC/VB MX TIM ss–VBC/VB MX TIM yy (See IA MAX for series structure and data.) 655–660

561 (R) VBC/VB MIN kV 0 65535 0 0.01 661

562–567 (R) VBC/VB MN TIM ss–VBC/VB MN TIM yy (See IA MAX for series structure and data.) 662–667

568 (R) VCA/VC MAX kV 0 65535 0 0.01 668

569–570 (R) VCA/VC MX TIM ss–VCA/VC MX TIM yy (See IA MAX for series structure and data.) 669–670

575 (R) VCA/VC MIN kV 0 65535 0 0.01 675

576–581 (R) VCA/VC MN TIM ss–VCA/VC MN TIM yy (See IA MAX for series structure and data.) 676–681

582 (R) KW3P MAX kW –32768 32767 0 1 682

583–588 (R) KW3P MX TIM ss–KW3P MX TIM yy (See IA MAX for series structure and data.) 683–688

589 (R) KW3P MIN kW –32768 32767 0 1 689

590–595 (R) KW3P MN TIM ss–KW3P MN TIM yy (See IA MAX for series structure and data.) 690–695

596 (R) KVAR3P MAX kVAR –32768 32767 0 1 696

597–602 (R) KVAR3P MX TIM ss–KVAR3P MX TIM yy (See IA MAX for series structure and data.) 697–702

603 (R) KVAR3P MIN kVAR –32768 32767 0 1 703

604–609 (R) KVAR3P MN TIM ss–KVAR3P MN TIM y (See IA MAX for series structure and data.) 704–709

610 (R) KVA3P MAX kVA –32768 32767 0 1 710

611–616 (R) KVA3P MX TIM ss–KVA3P MX TIM yy (See IA MAX for series structure and data.) 711–716

Table E.34 Modbus Mapa (Sheet 7 of 24)
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617 (R) KVA3P MIN kVA –32768 32767 0 1 717

618–623 (R) KVA3P MN TIM ss–KVA3P MN TIM yy (See IA MAX for series structure and data.) 718–723

624 (R) FREQ MAX Hz 0 65535 0 0.01 724

625–630 (R) FREQ MX TIM ss–FREQ MX TIM yy (See IA MAX for series structure and data.) 725–730

631 (R) FREQ MIN Hz 0 65535 0 0.01 731

632–637 (R) FREQ MN TIM ss–FREQ MN TIM yy (See IA MAX for series structure and data.) 732–737

638–639 (R) Reservedd

Maximum/Minimum RTD Data

640 (R) RTD1 MAX degC –32768 32767 0 1 740

641–646 (R) RTD1 MX TIM ss–RTD1 MX TIM yy (See IA MAX for series structure and data.) 741–746

647 (R) RTD1 MIN degC –32768 32767 0 1 747

648–653 (R) RTD1 MN TIM ss–RTD1 MN TIM yy (See IA MAX for series structure and data.) 748–753

•

•

•

•

•

•

•
•
•

794 (R) RTD12 MAX degC –32768 32767 0 1 894

795–800 (R) RTD12 MX TIM ss–RTD12 MX TIM yy (See IA MAX for series structure and data.) 895–900 

801 (R) RTD12 MIN degC –32768 32767 0 1 901

802–807 (R) RTD12 MN TIM ss–RTD12 MN TIM yy (See IA MAX for series structure and data.) 902–907

808–809 (R) Reservedd

Maximum/Minimum AI3 Data

810 (R) AI301 MX - HI Engineerin
g Units

–32768 32767 0 0.001 910

811 (R) AI301 MX - LO –32768 32767 0 0.001 911

812–817 (R) AI301 MX TIME ss–AI301 MX TIME yy (See IA MAX for series structure and data.) 912–917

818 (R) AI301 MN - HI Engineerin
g Units

–32768 32767 0 0.001 918

819 (R) AI301 MN - LO –32768 32767 0 0.001 919

820–825 (R) AI301 MN TIME ss–AI301 MN TIME yy (See IA MAX for series structure and data.) 920–925

•

•

•

•

•

•

•
•
•

922 (R) AI308 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1022

923 (R) AI308 MX - LO –32768 32767 0 0.001 1023

924–929 (R) AI308 MX TIM ss–AI308 MX TIM yy (See IA MAX for series structure and data.) 1024–1029

930 (R) AI308 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1030

931 (R) AI308 MN - LO –32768 32767 0 0.001 1031

932–937 (R) AI308 MN TIM ss–AI308 MN TIM yy (See IA MAX for series structure and data.) 1032–1037

938–939 (R) Reservedd

Table E.34 Modbus Mapa (Sheet 8 of 24)
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Maximum/Minimum AI4 Data

940 (R) AI401 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1040

941 (R) AI401 MX - LO –32768 32767 0 0.001 1041

942–947 (R) AI401 MX TIM ss–AI401 MX TIM yy (See IA MAX for series structure and data.) 1042–1047

948 (R) AI401 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1048

949 (R) AI401 MN - LO –32768 32767 0 0.001 1049

950–955 (R) AI401 MN TIM ss–AI401 MN TIM yy (See IA MAX for series structure and data.) 1050–1055

•

•

•

•

•

•

•
•
•

1052 (R) AI408 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1152

1053 (R) AI408 MX - LO –32768 32767 0 0.001 1153

1054–1059 (R) AI408 MX TIM ss–AI408 MX TIM yy (See IA MAX for series structure and data.) 1154–1159

1060 (R) AI408 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1160

1061 (R) AI408 MN - LO –32768 32767 0 0.001 1161

1062–1067 (R) AI408 MN TIM ss– AI408 MN TIM yy (See IA MAX for series structure and data.) 1162–1167

1068–1069 (R) Reservedd

Maximum/Minimum AI5 Data

1070 (R) AI501 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1170

1071 (R) AI501 MX - LO –32768 32767 0 0.001 1171

1072–1077 (R) AI501 MX TIM ss–AI501 MX TIM yy (See IA MAX for series structure and data.) 1172–1177

1078 (R) AI501 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1178

1079 (R) AI501 MN - LO –32768 32767 0 0.001 1179

1080–1085 (R) AI501 MN TIM ss–AI501 MN TIM yy (See IA MAX for series structure and data.) 1180–1185

•

•

•

•

•

•

•
•
•

1182 (R) AI508 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1282

1183 (R) AI508 MX - LO –32768 32767 0 0.001 1283

1184–1189 (R) AI508 MX TIM ss–AI508 MX TIM yy (See IA MAX for series structure and data.) 1284–1289

1190 (R) AI508 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1290

1191 (R) AI508 MN - LO –32768 32767 0 0.001 1291

1192–1197 (R) AI508 MN TIM ss–AI508 MN TIM yy (See IA MAX for series structure and data.) 1292–1299

1198–1199 (R) Reservedd
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Maximum/Minimum Reset Data

1200–1205 (R) MX/MN RST TIM ss–MX/MN RST TIM yy (See IA MAX for series structure and data.) 1300–1305

1206–1219 (R) Reservedd 0 0 0 1306–1319

Analog Input Data

1220 (R) AI301 - HI Engineerin
g Units

–32768 32767 0 0.001 1320

1221 (R) AI301 - LO –32768 32767 0 0.001 1321

•

•

•

•

•

•

•
•
•

1234 (R) AI308 - HI Engineerin
g Units

–32768 32767 0 0.001 1334

1235 (R) AI308 - LO –32768 32767 0 0.001 1335

1236 (R) AI401 - HI Engineerin
g Units

–32768 32767 0 0.001 1336

1237 (R) AI401 - LO –32768 32767 0 0.001 1337

•

•

•

•

•

•

•
•
•

1250 (R) AI408 - HI Engineerin
g Units

–32768 32767 0 0.001 1350

1251 (R) AI408 - LO –32768 32767 0 0.001 1351

1252 (R) AI501 - HI Engineerin
g Units

–32768 32767 0 0.001 1352

1253 (R) AI501- LO –32768 32767 0 0.001 1353

•

•

•

•

•

•

•
•
•

1266 (R) AI508 - HI Engineerin
g Units

–32768 32767 0 0.001 1366

1267 (R) AI508 - LO –32768 32767 0 0.001 1367

1268–1269 (R) Reservedd 0 0 0 1368–1369

Math Variables

1270 (R) MV01 - HI –32768 32767 0 0.01 1370

1271 (R) MV01 - LO –32768 32767 0 0.01 1371

•

•

•

•

•

•

•
•
•

1332 (R) MV32 - HI –32768 32767 0 0.01 1432

1333 (R) MV32 - LO –32768 32767 0 0.01 1433
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Device Counters

1334 (R) COUNTER SC01 0 65000 1 1 1434

•

•

•

•

•

•

•
•
•

1365 (R) COUNTER SC32 0 65000 1 1 1465

1366–1369 (R) Reservedd 0 0 0 1466–1469

Remote Analogs 1

1370 (R/W) RA001 (0:UW) –32768 32767 0 0.01 1470

1371 (R/W) RA001 (1:LW) –32768 32767 0 0.01 1471

•

•

•

•

•

•

•
•
•

1496 (R/W) RA064 (0:UW) –32768 32767 0 0.01 1596

1497 (R/W) RA064 (1:LW) –32768 32767 0 0.01 1597

Remote Analogs 2

1498 (R/W) RA065 (0:UW) –32768 32767 0 0.01 1598

1499 (R/W) RA001 (1:LW) –32768 32767 0 0.01 1599

•

•

•

•

•

•

•
•
•

1624 (R/W) RA064 (0:UW) –32768 32767 0 0.01 1724

1625 (R/W) RA064 (1:LW) –32768 32767 0 0.01 1725

1626–1629 (R) Reservedd 0 0 0 1726–1729

Motor Statistics

1630 (R) ELAPSED TIME mm 0 59 0 1 1730

1631 (R) ELAPSED TIME hh 0 23 0 1 1731

1632 (R) ELAPSED TIME dd 0 65535 0 1 1732

1633 (R) RUNNING TIME mm 0 59 0 1 1733

1634 (R) RUNNING TIME hh 0 23 0 1 1734

1635 (R) RUNNING TIME dd 0 65535 0 1 1735

1636 (R) STOPPED TIME mm 0 59 0 1 1736

1637 (R) STOPPED TIME hh 0 23 0 1 1737

1638 (R) STOPPED TIME dd 0 65535 0 1 1738

1639 (R) % TIME RUNNING % 0 1000 0 0.1 1739

1640 (R) STARTS COUNT 0 65535 0 1 1740

1641 (R) EMER START COUNT 0 65535 0 1 1741

1642 (R) MOT RST TIME ss 0 5999 0 0.01 1742

1643 (R) MOT RST TIME mm 0 59 0 1 1743

1644 (R) MOT RST TIME hh 0 23 0 1 1744

1645 (R) MOT RST DATE dd 1 31 1 1 1745
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1646 (R) MOT RST DATE mm 1 12 1 1 1746

1647 (R) MOT RST DATE yy 2000 9999 2000 1 1747

1648–1649 (R) Reservedd 0 0 0 1726–1729

Average Statistics

1650 (R) START TIME (S) s 0 9999 0 0.1 1750

1651 (R) MAX START I (A) A 0 65535 0 1 1751

1652 (R) MIN START V (V) V 0 65535 0 1 1752

1653 (R) START % TCU % 0 65535 0 0.1 1753

1654 (R) RUNNING % TCU % 0 65535 0 0.1 1754

1655 (R) RTD % TCU % 0 65535 0 1 1755

1656 (R) RUNNING CUR (A) A 0 65535 0 0.1 1756

1657 (R) RUNNING KW kW 0 65535 0 0.1 1757

1658 (R) RUNNING KVARIN kVAR 0 65535 0 0.1 1758

1659 (R) RUNNING KVAROUT kVAR 0 65535 0 0.1 1759

1660 (R) RUNNING KVA kVA 0 65535 0 0.1 1760

1661 (R) MAX WDG RTD (C) degC –32768 32767 0 1 1761

1662 (R) MAX BRG RTD (C) degC –32768 32767 0 1 1762

1663 (R) AMBIENT RTD (C) degC –32768 32767 0 1 1763

1664 (R) MAX OTH RTD (C) degC –32768 32767 0 1 1764

1665–1669 (R) Reservedd 0 0 0 1765–1769

Peak Statistics

1670 (R) START TIME (S) s 0 9999 0 0.1 1770

1671 (R) MAX START I (A) A 0 65535 0 1 1771

1672 (R) MIN START V (V) V 0 65535 0 1 1772

1673 (R) START % TCU % 0 65535 0 0.1 1773

1674 (R) RUNNING % TCU % 0 65535 0 0.1 1774

1675 (R) RTD % TCU % 0 65535 0 1 1775

1676 (R) RUNNING CUR (A) A 0 65535 0 0.1 1776

1677 (R) RUNNING KW kW 0 65535 0 0.1 1777

1678 (R) RUNNING KVARIN kVAR 0 65535 0 0.1 1778

1679 (R) RUNNING KVAROUT kVAR 0 65535 0 0.1 1779

1680 (R) RUNNING KVA kVA 0 65535 0 0.1 1780

1681 (R) MAX WDG RTD (C) degC –32768 32767 0 1 1781

1682 (R) MAX BRG RTD (C) degC –32768 32767 0 1 1782

1683 (R) AMBIENT RTD (C) degC –32768 32767 0 1 1783

1684 (R) MAX OTH RTD (C) degC –32768 32767 0 1 1784

1685–1689 (R) Reservedd 0 0 0 1785–1789
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97FM Element

1690 (R) 97FM1 HI –32768 32767 0 0.01 1790

1691 (R) 97FM1 LO –32768 32767 0 0.01 1791

1692 (R) 97FM2 HI –32768 32767 0 0.01 1792

1693 (R) 97FM2 LO –32768 32767 0 0.01 1793

1694 (R) 97FM3 HI –32768 32767 0 0.01 1794

1695 (R) 97FM3 LO –32768 32767 0 0.01 1795

1696 (R) 97FM4 HI –32768 32767 0 0.01 1796

1697 (R) 97FM4 LO –32768 32767 0 0.01 1797

1698 (R) 97FM5 HI –32768 32767 0 0.01 1798

1699 (R) 97FM5 LO –32768 32767 0 0.01 1799

1700–1717 Reservedd 0 0 0 1800–1817

Learned Parameters

1718 (R) COOL TIME (S) s 0 9999 0 0.1 1818

1719 (R) START TC % 0 65535 0 0.1 1819

Alarm Counters

1720 (R) OVERLOAD 0 65535 0 1 1820

1721 (R) LOCKED ROTOR 0 65535 0 1 1821

1722 (R) UNDERCURRENT 0 65535 0 1 1822

1723 (R) JAM 0 65535 0 1 1823

1724 (R) CURRENT IMBAL 0 65535 0 1 1824

1725 (R) OVERCURRENT 0 65535 0 1 1825

1726 (R) GROUND FAULT 0 65535 0 1 1826

1727 (R) SPEED SWITCH 0 65535 0 1 1827

1728 (R) UNDERVOLTAGE 0 65535 0 1 1828

1729 (R) OVERVOLTAGE 0 65535 0 1 1829

1730 (R) UNDERPOWER 0 65535 0 1 1830

1731 (R) POWER FACTOR 0 65535 0 1 1831

1732 (R) REACTIVE POWER 0 65535 0 1 1832

1733 (R) RTD 0 65535 0 1 1833

1734 (R) BBD 0 65535 0 1 1834

1735 (R) TOTAL ALARMS 0 65535 0 1 1835

1736–1739 (R) Reservedd 0 0 0 1836–1839

Trip Counters

1740 (R) OVERLOAD 0 65535 0 1 1840

1741 (R) LOCKED ROTOR 0 65535 0 1 1841

1742 (R) UNDERCURRENT 0 65535 0 1 1842

1743 (R) JAM 0 65535 0 1 1843

1744 (R) CURRENT IMBAL 0 65535 0 1 1844
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1745 (R) OVERCURRENT 0 65535 0 1 1845

1746 (R) GROUND FAULT 0 65535 0 1 1846

1747 (R) SPEED SWITCH 0 65535 0 1 1847

1748 (R) UNDERVOLTAGE 0 65535 0 1 1848

1749 (R) OVERVOLTAGE 0 65535 0 1 1849

1750 (R) UNDERPOWER 0 65535 0 1 1850

1751 (R) POWER FACTOR 0 65535 0 1 1851

1752 (R) REACTIVE POWER 0 65535 0 1 1852

1753 (R) RTD 0 65535 0 1 1853

1754 (R) ARC FLASH TRIP 0 65535 0 1 1854

1755 (R) FIELD TRIP 0 65535 0 1 1855

1756 (R) PHASE REVERSAL 0 65535 0 1 1856

1757 (R) 87M PHASE DIFF 0 65535 0 1 1857

1758 (R) UNDERFREQUENCY 0 65535 0 1 1858

1759 (R) OVERFREQUENCY 0 65535 0 1 1859

1760 (R) PTC 0 65535 0 1 1860

1761 (R) START TIMER 0 65535 0 1 1861

1762 (R) REMOTE TRIP 0 65535 0 1 1862

1763 (R) OTHER TRIPS 0 65535 0 1 1863

1764 (R) TOTAL TRIPS 0 65535 0 1 1864

1765–1769 (R) Reservedd 0 0 0 1865–1869

Historical Data

1770 (R) NO. EVENT LOGS 0 50 0 1 1870

1771 (R/W) EVENT LOG SEL 0 50 0 1 1871

1772 (R) EVENT TIME ss 0 5999 0 0.01 1872

1773 (R) EVENT TIME mm 0 59 0 1 1873

1774 (R) EVENT TIME hh 0 23 0 1 1874

1775 (R) EVENT DAY dd 1 31 1 1 1875

1776 (R) EVENT DAY mm 1 12 1 1 1876

1777 (R) EVENT DAY yy 2000 9999 2000 1 1877

Table E.34 Modbus Mapa (Sheet 14 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number



E.38

SEL-710-5 Relay Instruction Manual Date Code 20220826

Modbus Communications
Communications Protocol

1778 (R) EVENT TYPE 0 43 0 1878

0 = NA
1 = ARC FLASH TRIP
2 = OVERLOAD TRIP
3 = LOCKD ROTOR TRIP
4 = UNDERCURR TRIP
5 = JAM TRIP
6 = CURR IMBAL TRIP
7 = OVERCURRENT TRIP
8 = GROUND FLT TRIP
9 = PHASE A 51 TRIP
10 = PHASE B 51 TRIP
11 = PHASE C 51 TRIP
12 = PHASE 51 TRIP
13 = GND 51 TRIP
14 = NEG SEQ 51 TRIP
15 = SPEED SW TRIP
16 = FLD LOSS TRIP
17 = START TIME TRIP
18 = 87M DIFF TRIP
19 = UNDERPOWER TRIP
20 = PWR FACTOR TRIP
21 = REACT PWR TRIP

22 = PHASE REV TRIP
23 = UNDERFREQ TRIP
24 = OVERFREQ TRIP
25 = RTD TRIP
26 = PTC TRIP
27 = UNDERVOLT TRIP
28 = OVERVOLT TRIP
29 = BKR FAILURE TRIP
30 = OUT OF STEP TRIP
31 = FLD UNDERC TRIP
32 = FLD OVERC TRIP
33 = FLD UNDERV TRIP
34 = FLD OVERV TRIP
35 = FLDRESISTNCETRIP
36 = RTD FAIL TRIP
37 = PTC FAIL TRIP
38 = TRIGGER
39 = COMMIDLELOSSTRIP
40 = REMOTE TRIP
41 = STOP COMMAND
42 = ER TRIGGER
43 = TRIP

1779 (R) EVENT TARGETS 0 255 0 1879

Bit 0 = T06_LED
Bit 1 = T05_LED 
Bit 2 = T04_LED 
Bit 3 = T03_LED
Bit 4 = T02_LED 
Bit 5 = T01_LED
Bit 6 = TRIP
Bit 7 = ENABLED

1780 (R) EVENT IA A 0 65535 0 1 1880

1781 (R) EVENT IB A 0 65535 0 1 1881

1782 (R) EVENT IC A 0 65535 0 1 1882

1783 (R) EVENT IN A 0 65535 0 1 1883

1784 (R) EVENT IG A 0 65535 0 1 1884

1785 (R) EVENT VAB/VAN kV 0 65535 0 0.01 1885

1786 (R) EVENT VBC/VBN kV 0 65535 0 0.01 1886

1787 (R) EVENT VCA/VCN kV 0 65535 0 0.01 1887

1788 (R) EVENT VG kV 0 65535 0 0.01 1888

1789 (R) EVENT DELTA/WYE 0 1 0 1889
0 = DELTA
1 = WYE

1790 (R) EVENT FREQ 1000 7000 6000 0.01 1890

1791 (R) EVENT IA87 0 65535 0 1 1891

1792 (R) EVENT IB87 0 65535 0 1 1892

1793 (R) EVENT IC87 0 65535 0 1 1893

1794 (R) EVNT MAX WDG RTD degC –32768 32767 0 1 1894

1795 (R) EVNT MAX BRG RTD degC –32768 32767 0 1 1895
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1796 (R) EVNT MAX AMB RTD degC –32768 32767 0 1 1896

1797 (R) EVNT MAX OTH RTD degC –32768 32767 0 1 1897

1798–1809 (R) Reservedd 0 0 0 1898–1909

Trip/Warn Data

The Trip/Warn Status register bits are momentarily set as long as a trip/warn condition exists (see Table E.35 for the trigger condi-
tions). When a trip event occurs, the elements are latched to the rising edge of the TRIP Relay Word bit and they are not cleared until a 
target reset is issued from any interface

1810 (R) TRIP STATUS LO 0 65535 0 1 1910

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. UNBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

1811 (R) TRIP STATUS HI 0 65535 0 1 1911

Bit 0 = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bits 9– 15 = Reservedd

1812 (R) WARN STATUS LO 0 65535 0 1 1912

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM 
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR 
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

1813 (R) WARN STATUS HI 0 65535 0 1 1913

Bit 0 = FIELD WARNING
Bit 1 = DNET COMM
Bit 2 = SALARM
Bit 3 = WARNING
Bit 4–Bit15 = Reservedd

1814–1819 (R) Reservedd 0 0 0 1914–1919

Common Counters

1820 NUM MSG RCVD 0 65535 0 1 1920

1821 NUM OTHER MSG 0 65535 0 1 1921

1822 INVALID ADDR 0 65535 0 1 1922

1823 BAD CRC 0 65535 0 1 1923

1824 UART ERROR 0 65535 0 1 1924
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1825 ILLEGAL FUNCTION 0 65535 0 1 1925

1826 ILLEGAL REGISTER 0 65535 0 1 1926

1827 ILLEGAL WRITE 0 65535 0 1 1927

1828 BAD PKT FORMAT 0 65535 0 1 1928

1829 BAD PKT LENGTH 0 65535 0 1 1929

1830–1839 (R) Reservedd 0 0 0 1930–1939

Relay Elements

1840–1979 (R) ROW 0–ROW 139 0 255 0 1 1940–2079

1980 (R) Reservedd 0 0 0 2080

1981–2034 (R) ROW 140–ROW 193 0 255 0 1 2081–2134

2035–2037 (R) Reservedd 0 0 0 2135–2137

Control I/O Commands

2000H (Hex) (W) LOGIC COMMAND 0 65535 0 na

Bit 0 = Motor Start
Bit 1 = Motor Stop
Bit 2 = Emergency Restart
Bit 3 = Return Status 0/1
Bit 4 = DN Aux 1 Cmd
Bit 5 = DN Aux 2 Cmd
Bit 6 = DN Aux 3 Cmd
Bit 7 = DN Aux 4 Cmd

Bit 8 = DN Aux 5 Cmd
Bit 9 = DN Aux 6 Cmd
Bit 10 = DN Aux 7 Cmd
Bit 11 = DN Aux 8 Cmd
Bit 12 = DN Aux 9 Cmd
Bit 13 = DN Aux 10 Cmd
Bit 14 = DN Aux 11 Cmd
Bit 15 = Reservedd

2001H (W) RESET COMMAND 0 255 0 na

Bit 0 = Trip Reset
Bit 1 = Reservedd

Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reset MOT Data
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data
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2002H (W) LOGIC COMMAND 0 255 0 na

Bit 0 = 3-position Disconnect 
In-Line 1 Close

Bit 1 = 3-position Disconnect 
In-Line 1 Open

Bit 2 = 3-position Disconnect 
Earthing 1 Close

Bit 3 = 3-position Disconnect 
Earthing 1 Open

Bit 4 = 3-position Disconnect 
In-Line 2 Close

Bit 5 = 3-position Disconnect 
In-Line 2 Open

Bit 6 = 3-position Disconnect 
Earthing 2 Close

Bit 7 = 3-position Disconnect 
Earthing 2 Open

Bit 8 = 2-position Disconnect 1 
Close

Bit 9 = 2-position Disconnect 1 
Open

Bit 10 = 2-position 
Disconnect 2 Close

Bit 11 = 2-position 
Disconnect 2 Open

Bit 12 = 2-position 
Disconnect 3 Close

Bit 13 = 2-position 
Disconnect 3 Open

Bit 14 = 2-position 
Disconnect 4 Close

Bit 15 = 2-position 
Disconnect 4 Open

2003H (W) LOGIC COMMAND 0 255 0 na

Bit 0 = 2-position Disconnect 5 
Close

Bit 1 = 2-position Disconnect 5 
Open

Bit 2 = 2-position Disconnect 6 
Close

Bit 3 = 2-position Disconnect 6 
Open

Bit 4 = 2-position Disconnect 7 
Close

Bit 5 = 2-position Disconnect 7 
Open

Bit 6 = 2-position Disconnect 8 
Close

Bit 7 = 2-position Disconnect 8 
Open

Bit 8 = Reservedd

Bit 9 = Reservedd

Bit 10 = Reservedd

Bit 11 = Reservedd

Bit 12 = Reservedd

Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd
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Relay Elements

2100H (R) FAST STATUS 0 0 65535 0 na

Bit 0 = Faulted/Trip
Bit 1 = Warning
Bit 2 = IN101 Status
Bit 3 = IN102 Status
Bit 4 = IN401 Status
Bit 5 = IN402 Status
Bit 6 = IN403 Status
Bit 7 = Starting

Bit 8 = OUT101 Status
Bit 9 = OUT102 Status
Bit 10 = OUT401 Status
Bit 11 = OUT402 Status
Bit 12 = OUT403 Status
Bit 13 = OUT404 Status
Bit 14 = Running
Bit 15 = Stopped

2101H (R) FAST STATUS 1 0 65535 0 na

Bit 0 = Enabled
Bit 1 = Reservedd

Bit 2 = IN404 Status
Bit 3 = IN501 Status
Bit 4 = IN502 Status
Bit 5 = IN503 Status
Bit 6 = IN504 Status

Bit 7 = Reservedd

Bit 8 = OUT501 Status
Bit 9 = OUT502 Status
Bit 10 = OUT503 Status
Bit 11 = OUT504 Status
Bit 12–15 = Reservedd

2102H (R) TRIP STATUS LO na

2103H (R) TRIP STATUS HI na

2104H (R) WARN STATUS LO na

2105H (R) WARN STATUS HI na

2106H (R) AVERAGE CURRENT na

2107H (R) IA CURRENT na

2108H (R) IB CURRENT na

2109H (R) IC CURRENT na

210AH (R) STATOR TCU na

210BH (R) CURRENT IMBAL na

210CH (R) MAX WINDING RTD na

210DH (R) IG CURRENT na

210EH (R) IN CURRENT na

210FH (R) ROTOR TCU na

2110H (R) FAST STATUS 2 0 65535 0 na

Bit 0 = IN301 Status
Bit 1 = IN302 Status
Bit 2 = IN303 Status
Bit 3 = IN304 Status
Bit 4 = OUT301 Status
Bit 5 = OUT302 Status
Bit 6 = OUT303 Status
Bit 7 = OUT304 Status
Bit 8– Bit 15 = Reservedd

PAR Group Indices

3000H (R) Reservedd 0 0 0 na

3001H (R) USER MAP REG 1 125 1 1

3002H (R) USER MAP REG VAL 126 250 126 1
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3003H (R) RESERVED AREA1 251 260 251 1

3004H (R) RESET SETTINGS 261 269 261 1

3005H (R) DATE/TIME SET 270 279 270 1

3006H (R) DEVICE STATUS 280 319 280 1

3007H (R) CURRENT DATA 320 339 320 1

3008H (R) VOLTAGE DATA 340 359 340 1

3009H (R) POWER DATA 360 369 360 1

300AH (R) SYNCHRONOUS DATA 370 379 370 1

300BH (R) ENERGY DATA 380 399 389 1

300CH (R) RTD DATA 400 419 400 1

300DH (R) OVERLOAD STATUS 420 429 420 1

300EH (R) LIGHT MTR DATA 430 439 430 1

300FH (R) BREAKER MONITOR 440 459 440 1

3010H (R) RMS DATA 460 469 460 1

3011H (R) MAX/MIN MTR DATA 470 639 470 1

3012H (R) MAX/MIN RTD DATA 640 809 640 1

3013H (R) MAX/MIN AI3 DATA 810 939 810 1

3014H (R) MAX/MIN AI4 DATA 940 1069 940 1

3015H (R) MAX/MIN AI5 DATA 1070 1199 1070 1

3016H (R) MAX/MIN RST DATA 1200 1219 1200 1

3017H (R) ANA INP DATA 1220 1269 1220 1

3018H (R) MATH VARIABLES 1270 1333 1270 1

3019H (R) DEVICE COUNTERS 1334 1369 1334 1

301AH (R) REMOTE ANALOGS1 1370 1497 1370 1

301BH (R) REMOTE ANALOGS2 1498 1629 1498 1

301CH (R) MOTOR STATISTICS 1630 1649 1630 1

301DH (R) AVG STATISTICS 1650 1669 1650 1

301EH (R) PEAK STATISTICS 1670 1689 1670 1

301FH (R) RESERVED AREA5 1690 1717 1690 1

3020H (R) LEARN PARAMETERS 1718 1719 1718 1

3021H (R) ALARM COUNTERS 1720 1739 1720 1

3022H (R) TRIP COUNTERS 1740 1769 1740 1

3023H (R) HISTORICAL DATA 1770 1809 1770 1

3024H (R) TRIP/WARN DATA 1810 1819 1810 1

3025H (R) COMMN COUNTERS 1820 1839 1820 1

3026H (R) RELAY ELEMENTS 1840 2037 1840 1

Table E.34 Modbus Mapa (Sheet 20 of 24)
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Product Information

4000H (R) VENDOR CODE 0 65535 865 na

865 = SEL

4001H (R) PRODUCT CODE 0 65535 109 na

4002H (R/W) ASA NUMBER LOW 0 65535 na

4003H (R/W) ASA NUMBER HIGH 0 65535 na

4004H (R) FIRMWARE REVISION 1 32639 na

4005H (R) NUM OF PAR 1 2100 2037 na

4006H (R) NUM OF PAR GROUP 1 100 38 na

4007H (R/W) MAC ID 1 99 0 na

4008H (R/W) DN BAUD RATE 0 9 0 na

0 = 125 kbps
1 = 250 kbps
2 = 500 kbps
3 = AUTO
4–9 = Swr Configurable

4009H (R/W) DN STATUS 0 31 0 na

Bit 0 = Explicit Cnxn
Bit 1 = I/O Cnxn
Bit 2 = Explicit Fault
Bit 3 = I/O Fault
Bit 4 = I/O Idle
Bit 5–Bit 15 = Reservedd

400AH not used

400BH (R) CONFIG PAR CKSUM 0 na

400CH (R) LANGUAGE CODE 0 na
0 = English
1 = French
2 = Spanish (Mexican)
3 = Italian
4 = German
5 = Japanese
6 = Portuguese
7 = Mandarin Chinese
8 = Russian
9 = Dutch

400DH (R) FIRMWARE BUILD NUM 16400 16400 0 na

400EH not used

400FH (R) PRODUCT SUPPORT BITS na

Bit 0 = 2nd IO Card installed
Bits 1–15 = Reservedd

4010H (R/W) SETTINGS TIMEOUT ms 500 65535 500 na

4011H–4013H Reservedd 0 0 0

4014H (R) CONFIGURED BIT 0 na

Bit 0 = Unit Configured
Bits 1–15 = Reservedd

4015H (R) Reservedd 0 0 0 na

Table E.34 Modbus Mapa (Sheet 21 of 24)
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4016H (R) ERROR REGISTER 0 65535 0 na

Bit 0–Bit 15 = Reservedd

4017H (R) ERROR ADDRESS 0 65535 0 na

4018H–401FH (R) Reservedd 0 0 0 na

DeviceNet Card Parameters 

FF9DH (R) Hdw Inputs na na 0 na na

Bit 0 = Input IN101
Bit 1 = Input IN102
Bit 2 = Input IN401
Bit 3 = Input IN402
Bit 4 = Input IN403
Bit 5 = Input IN404
Bit 6 = Input IN501
Bit 7 = Input IN502

Bit 8 = Input IN503
Bit 9 = Input IN504
Bit 10–15 = Reservedd

FF9EH (R) Hdw Outputs na na 0 na na

Bit 0 = Output OUT101
Bit 1 = Output OUT102
Bit 2 = Output OUT401
Bit 3 = Output OUT402
Bit 4 = Output OUT403
Bit 5 = Output OUT404
Bit 6 = Output OUT501
Bit 7 = Output OUT502

Bit 8 = Output OUT503
Bit 9 = Output OUT504
Bit 10–15 = Reservedd

FF9FH (R) Trip Status 1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. IMBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

FFA0H (R) Trip Status 2 na na 0 na na

Bit = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bit 9–15 = Reservedd

Table E.34 Modbus Mapa (Sheet 22 of 24)
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FFA1H (R) Warn Status 1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

FFA2H (R) Warn Status 2 na

Bit 0 = FIELD WARNING
Bit 1 = DNET COMM
Bit 2 = SALARM
Bit 3 = WARNING
Bit 5–15 = Reservedd

FFA3H (R) Module Status na

Bit 0 = Exp Cnxn
Bit 1 = IO Cnxn
Bit 2 = Exp Flt
Bit 3 = IO Flt
Bit 4 = IO Idle
Bit 5 = Reservedd

Bit 6 = Reservedd

Bit 7 = Reservedd

Bit 8 = Fault
Bit 9 = Warning
Bit 10 = Starting
Bit 11 = Running
Bit 12 = Stopped
Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd

FFA4H–FFB0H (R) Reservedd na 2 0 364

FFB1H (R) Status COS Mask1 na

Bit 0 = Fault
Bit 1 = Warning
Bit 2 = IN101 Status
Bit 3 = IN102 Status
Bit 4 = IN401 Status
Bit 5 = IN402 Status
Bit 6 = IN403 Status
Bit 7 = Starting

Bit 8 = OUT101 Status
Bit 9 = OUT102 Status
Bit 10 = OUT401 Status
Bit 11 = OUT402 Status
Bit 12 = OUT403 Status
Bit 13 = OUT404 Status
Bit 14 = Running
Bit 15 = Stopped

FFB2H (R) Status COS Mask2 na 50000 1000 0.1 374

Bit 0 = Enabled
Bit 1 = Reservedd

Bit 2 = IN404 Status
Bit 3 = IN501 Status
Bit 4 = IN502 Status
Bit 5 = IN503 Status
Bit 6 = IN504 Status
Bit 7 = Reservedd

Bit 8 = OUT501 Status
Bit 9 = OUT502 Status
Bit 10 = OUT503 Status
Bit 11 = OUT504 Status
Bit 12 = Reservedd

Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd

Table E.34 Modbus Mapa (Sheet 23 of 24)
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FFB3H (R) Trip COS Mask1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. IMBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

FFB4H (R) Trip COS Mask2 na na 0 na na

Bit 0 = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bit 9–15 = Reservedd

FFB5H (R) Warn COS Mask1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

FFB6H (R) Warn COS Mask2 na na 0 na na

Bit 0 = FIELD WARNING

Bit 1 = DNET COMM

Bit 2 = SALARM

Bit 3 = WARNING

Bit 4–Bit 15 = Reservedd

a All addresses in this table refer to the register addresses in the Modbus packet.
b Registers labeled (R/W) are read-write registers. Registers labeled (W) are write-only registers. Registers Labeled (R) are read-only 

registers.
c Register value * Multiplier = System value as seen by the relay. For example, if the register 321 (IA Angle) reads 300 in decimal, then the 

system value is 30 deg (Multiplier = 0.1).
d Reserved addresses return 0.
e Read this register only when the PT connection is DELTA.
f Read this register only when the PT connection is WYE.

Table E.34 Modbus Mapa (Sheet 24 of 24)
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Table E.35 Trigger Conditions for Trip/Warn Status Register Bits (Sheet 1 of 2)

Register # Bit # Description Trigger Condition

1810 — TRIP STATUS LO —

Bit 0 OVERLOAD 49T

Bit 1 UNDERCURRENT LOSSTRIP

Bit 2 JAM JAMTRIP

Bit 3 CURR. IMBALANCE 46UBT OR 50Q1T

Bit 4 INST OVERCURRENT 50P1T

Bit 5 RTD RTDT OR OTHTRIP OR 
AMBTRIP OR RTDFLT

Bit 6 PTC PTCTRIP OR PTCFLT

Bit 7 GROUND CURR 50G1T OR 50N1T

Bit 8 VAR VART

Bit 9 UNDERPOWER 37PT

Bit 10 UNDERVOLTAGE 27P1T

Bit 11 OVERVOLTAGE 59P1T

Bit 12 PHASE REVERSAL 47T

Bit 13 POWER FACTOR 55T

Bit 14 SPEED SWITCH SPDSTR

Bit 15 87M DIFFERENTIAL 87M1T OR 87M2T

1811 — TRIP STATUS HI —

Bit 0 START TIME SMTRIP

Bit 1 FREQUENCY 81D1T OR 81D2T OR 81D3T OR 
81D4T

Bit 2 TOC OVERCURRENT 51AT OR 51BT OR 51CT OR 
51P1T OR 51P2T OR 51G1T OR 

51G2T OR 51QT

Bit 3 ARC FLASH TRIP AF_TRIP

Bit 4 FIELD TRIP 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR 

FDOV1T OR FDRES1T

Bit 5 OUT OF STEP OOST

Bit 6 BREAKER FAIL BFT

Bit 7 REMOTE TRIP REMTRIP

Bit 8 DNET COMM COMMIDLE OR COMMLOSS 
OR COMMFLT

Bit 9 Reserved —

Bit 10 Reserved —

Bit 11 Reserved —

Bit 12 Reserved —

Bit 13 Reserved —

Bit 14 Reserved —

Bit 15 Reserved —
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1812 WARN STATUS LO

Bit 0 OVERLOAD 49A

Bit 1 UNDERCURRENT LOSSALRM

Bit 2 INST OVERCURRENT 50P2T

Bit 3 JAM JAMALRM

Bit 4 CURR. IMBALANCE 46UBA OR 50Q2T

Bit 5 RTD RTDA OR AMBALRM OR 
OTHALRM OF RTDFLT

Bit 6 POWER FACTOR 55A

Bit 7 GROUND FAULT 50N2T OR 50G2T

Bit 8 BROKEN ROTOR BAR BBD1T OR BBD2T OR BBD3T

Bit 9 VAR VARA

Bit 10 UNDERPOWER 37PA

Bit 11 UNDERVOLTAGE 27P2T

Bit 12 OVERVOLTAGE 59P2T

Bit 13 SPEED SWITCH SPDSAL

Bit 14 ARC FLASH AFALARM

Bit 15 PTC PTCFLT

1813 — WARN STATUS HI —

Bit 0 FIELD WARNING FDUC2T OR FDOC2T OR 
FDUV2T OR FDOV2T OR 

FDRES2T

Bit 1 DNET COMM COMMIDLE OR COMMLOSS 
OR COMMFLT

Bit 2 SALARM SALARM

Bit 3 WARNING WARNING

Bit 4 Reserved —

Bit 5 Reserved —

Bit 6 Reserved —

Bit 7 Reserved —

Bit 8 Reserved —

Bit 9 Reserved —

Bit 10 Reserved —

Bit 11 Reserved —

Bit 12 Reserved —

Bit 13 Reserved —

Bit 14 Reserved —

Bit 15 Reserved —

Table E.35 Trigger Conditions for Trip/Warn Status Register Bits (Sheet 2 of 2)

Register # Bit # Description Trigger Condition
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Instruction Manual

EtherNet/IP Communications

Overview
EtherNet/IP, or Ethernet/Industrial Protocol, is an industrial protocol that uses 
standard Ethernet and TCP/IP technology to transport Common Industrial 
Protocol (CIP) packets.

The SEL-710-5 Motor Protection Relay supports EtherNet/IP. This section 
discusses general specifications for EtherNet/IP implementation, as well as 
the CIP data model, the allocation of the CIP connections, the EtherNet/IP 
Port 1 settings, and the Electronic Data Sheet (EDS) file in the SEL-710-5.

The SEL-710-5 supports two ways of exchanging data via EtherNet/IP:

➤ Implicit Message Adapter. The I/O data is mapped into 
Assembly object instances. The SEL-710-5 exchanges this I/O 
data via EtherNet/IP Implicit Class 1 connections with a remote 
EtherNet/IP Scanner device using UDP packets.

➤ Explicit Message Server. The I/O data is mapped into 
Assembly object instances. The SEL-710-5 responds to generic 
TCP EtherNet/IP Explicit message requests initiated by a 
remote EtherNet/IP Client device.

For more information on EtherNet/IP, visit www.odva.org. 

Specifications

Table F.1 EtherNet/IP Specifications (Sheet 1 of 2)

EtherNet/IP Services

Implicit Message Adapter (Class 1)

Explicit Message Server (Class 3 and unconnected)

CIP Model–Implemented Objects

Identity Object

Message Router Object

Assembly Object

Connection Manager Object

File Object

TCP/IP Interface Object

Ethernet Link Object

Vendor Specific Object

http://www.odva.org/
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CIP Data Model

Profile

Identity Object (0x01)
Instances Implemented

The SEL-710-5 supports one instance (Instance ID = 1) or the Identity Object.

Implicit Message Adapter

Number of Connections As many as eight (two Class 1 connections and 
six Class 3/unconnected connections)

Class 1 Connection Types Unicast

Multicast

Class 1 Connection Transport Types Exclusive Owner

Input Only

Listen Only

Class 1 Connection Trigger Types Cyclic

Change of State

Input Only Heartbeat Connection Point 238

Listen Only Heartbeat Connection Point 237

Table F.1 EtherNet/IP Specifications (Sheet 2 of 2)

Table F.2 CIP Data Model Profile 

Class Name Class ID Number of Instances

Identity Object 0x01 1

Message Router Object 0x02 1

Assembly Object 0x04 Determined by the user/based on the 
application.

Connection Manager Object 0x06 1

File Object 0x37 2

TCP/IP Interface Object 0xF5 1

Ethernet Link Object 0xF6 See Ethernet Link Object (0xF6)

Vendor Specific Object 0x64 1

Table F.3 Identity Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object.

2 Max Instance GET UINT 1 The maximum Identity Object 
Instance ID

3 Number of Instances GET UINT 1 Total number of Identity Objects

4 Optional Attribute List GET [UINT, Array of 
UINT]

[1, [21]] [Number of Optional Instance 
Attributes, List of Optional Instance 
Attributes]
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6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 21 Maximum Instance Attribute ID

Instance Attributes

1 Vendor ID GET UINT 865

2 Device Type GET UINT 0x2B

3 Product Code GET UINT The most significant byte is the Device 
Code (DEVCODE as found in the ID 
command of the SEL-710-5) and its 
least significant byte is the user-
configurable Configuration ID as 
provided in the Ethernet port settings.

4 [Major Revision, Minor 
Revision]

GET [USINT, 
USINT]

[1,1]

5 Status GET WORD Refer to Table F.4.

6 Serial Number GET UDINT The low-order 32 bits of the MAC 
address of the Ethernet port

7 Product Name GET STRING The existing default product name (the 
default RID string) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the 
Ethernet port settings. The general 
format is, “<Default RID>-
<Configuration ID>”.

21 Catalog Number GET STRING The existing default product name (the 
default RID string) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the 
Ethernet port settings. The general 
format is, “<Default RID>-
<Configuration ID>”.

Table F.3 Identity Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description

Table F.4 Status WORD Bits Descriptions

Bit Numbera Name Description

0 Owned TRUE, if at least one scanner has established an Exclusive Owner Class 1 
connection to the SEL-710-5.
FALSE, if the SEL-710-5 has no active Exclusive Owner connections to a 
scanner.

2 Configured Always TRUE.

4 to 7 Extended Device Status Hexadecimal value:
2: A Class 1 connection has timed out.
3: No Class 1 connection has been established.
6: At least one Class 1 connection is active.
7: In any other case.

11 Major Unrecoverable Fault TRUE if the product is disabled due to an unrecoverable fault; otherwise, 
it is FALSE.

a The Status WORD bits not listed in this table are always set to FALSE.
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Message Router 
Object (0x02)

Table F.5 Identity Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attributes All Yes Yes Returns a list of all of the values of the attributes.

0x05 Reset No Yes Restarts the EtherNet/IP service in the SEL-710-5. Only reset 
type 0 is allowed.

0x0E Get Attribute 
Single

Yes Yes Returns the value of a specific attribute.

Table F.6 Message Router Object List of Attributes 

Attribute 
ID

Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum Message Router Object Instance ID

3 Number of Instances GET UINT 1 Total number of Message Router Object Instances.

4 Optional Attribute List GET [UINT, Array 
of UINT]

[3,[1,2,3]] [Number of Optional Instance Attributes, List of 
Optional Instance Attributes]

5 Optional Service List GET [UINT, Array 
of UINT]

[1.[10]] Number of Optional Service Codes followed by 
the List of Optional Service Codes

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 3 Maximum Instance Attribute ID

Instance Attributes

1 Class List GET [UINT, Array 
of UINT]

Implemented object list

2 Maximum Connections GET UINT Maximum number of connections supported

3 Number of 
Connections

GET UINT Number of connections currently used

Table F.7 Message Router Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x0A Multiple Service Packet No Yes
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Assembly Object 
(0x04)

Instances Implemented
The SEL-710-5 relay settings define the number of Assembly Object 
Instances based on the number and type of connections configured and the 
data content of each instance. Each assembly is as large as 500 bytes in size. 
The SEL-710-5 supports a total of six assemblies (three Input Assemblies and 
three Output Assemblies).

Table F.8 Assembly Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 2 The revision of this CIP Object

2 Max Instance GET Determined by 
the settings

The maximum Assembly Object 
Instance ID defined by the user

3 Number of Instances GET Determined by 
the settings

Total number of Assembly Object 
instances defined by the user.

4 Optional Attribute List GET [UINT, Array 
of UINT]

[1,[4]] [Number of Optional Instance 
Attributes, List of Optional Instance 
Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 4 Maximum Instance Attribute ID

Instance Attributes

1 Number of Members GET UINT Number of Assembly Members defined 
by the user. 

2 Member List GET Array of 
[UINT, UINT, 
EPATH]

Only 500 bytes are allowed.

3 Data GET, 
SET

Array of Bytes Data map defined with SET E, 1, 2, or 3

4 Size GET UINT Number of bytes in Instance Attribute 3

Table F.9 Assembly Object Supported Services

Service Code Service Name Class Instance Description

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

0x18 Get Member No Yes Returns the value of a member of the data attribute.

0x19 Set Member No Yes Modifies the value of a member of the data attribute.



F.6

SEL-710-5 Relay Instruction Manual Date Code 20220826

EtherNet/IP Communications
CIP Data Model

Connection Manager 
Object (0x06)

Table F.10 Connection Manager Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT The maximum Connection Manager 
Object Instance ID

3 Number of Instances GET UINT Total number of Connection Manager 
Object Instances

4 Optional Attribute List GET [UINT, Array 
of UINT]

[8,[1,2,3,4,5,6,7,8]] [Number of Optional Instance Attri-
butes, List of Optional Instance Attri-
butes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 8 Maximum Instance Attribute ID

Instance Attributes

1 Open Requests GET/SET UINT Number of FWD Open service 
requests received

2 Open Format Rejects GET/SET UINT Number of FWD Open service 
requests rejected because of bad for-
mat

3 Open Resource Rejects GET/SET UINT Number of FWD Open service 
requests rejected because of lack of 
resources

4 Open Other Rejects GET/SET UINT Number of FWD Open service 
requests rejected for reasons other 
than bad format or lack or resources

5 Close Requests GET/SET UINT Number of FWD Close service 
requests received

6 Close Format Rejects GET/SET UINT Number of FWD Close service 
requests rejected because of bad for-
mat

7 Close Other Rejects GET/SET UINT Number of FWD Open service 
requests rejected for reasons other 
than bad format

8 Connection Timeouts GET/SET UINT Number of connection timeouts

Table F.11 Connection Manager Object Supported Services (Sheet 1 of 2)

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

0x02 Set Attribute All No Yes Sets the value of all attributes.

0x54 Forward Open No Yes Establishes a CIP connection.

0x4E Forward Close No Yes Closes a CIP connection.
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File Object (0x37) The File Object stores the EDS and icon files. The EDS file is generated by 
the SEL-710-5 based on the EtherNet/IP Port 1 settings and the SET E 1, 2, or 
3 settings. The relay can retrieve the file using the File Object services. You 
cannot write an EDS file to the relay using the File Object services.

The SEL-710-5 implements two instances of the File Object:

➤ Instance 0xC8 returns an uncompressed version of the EDS file 
with an embedded icon.

➤ Instance 0xC9 returns a compressed version of the icon file.

0x5B Large Forward Open No Yes Establishes a CIP connection that allows a large connection size.

0x5A Get Connection Owner No Yes Returns data about the connection that owns the object.

Table F.11 Connection Manager Object Supported Services (Sheet 2 of 2)

Service Code Service Name Class Instance Description

Table F.12 File Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 201

3 Number of Instances GET UINT 2

6 Maximum ID Number 
Class Attributes

GET UINT 32 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 11 Maximum Instance 
Attribute ID

32 Directory GET [UINT, 
STRINGI, 
STRINGI] 
[UINT, 
STRINGI,
STRINGI]

[0xC8,(ENG)‘EDS and 
Icon Files’, 
(ENG)‘EDS.txt’] 
[0xC9, (ENG)‘Related EDS 
and Icon Files’, 
(ENG)‘EDSCollection.gz’]

List of all File Object instance 
and file names present in the 
SEL-710-5 and the associated 
instance numbers

0xC8 Instance Attributes

1 State GET USINT 2

2 Instance Name GET STRINGI (ENG)‘EDS and Icon Files’

3 File Format Version GET UINT 1

4 File Name GET STRINGI (ENG)‘EDS.txt’

5 File Revision GET [USINT, 
USINT]

[Major EDS revision Ethernet 
port setting, Minor EDS revi-
sion Ethernet port setting]

6 File Size GET UDINT Size of the EDS file in bytes

7 File Checksum GET UINT Checksum of the EDS file 
(2s complement of the 16-bit 
sum of all octets in the file)

8 Invocation Method GET USINT 255

9 File Save Parameters GET USINT 0

10 File Access Rule GET USINT 1

11 File Encoding Format GET USINT 0
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TCP/IP Interface 
Object (0xF5)

Instances Implemented
The number of instances of the TCP/IP Interface Object is always 1, 
regardless of whether the CPU card contains a single Ethernet port or a dual 
Ethernet port.

0xC9 Instance Attributes

1 State GET USINT 2

2 Instance Name GET STRINGI (ENG)‘Related EDS and 
Icon Files’

3 File Format Version GET UINT 1

4 File Name GET STRINGI (ENG)‘EDSCollection.gz’

5 File Revision GET [USINT, 
USINT]

[1,1] [Major Revision, 
Minor Revision]

6 File Size GET UDINT Size of the loaded file in bytes

7 File Checksum GET UINT Checksum of the EDSCollec-
tion file (2s complement of the 
16-bit sum of all octets in the 
file)

8 Invocation Method GET USINT 255

9 File Save Parameters GET USINT 0

10 File Access Rule GET USINT 1

11 File Encoding Format GET USINT 1

Table F.12 File Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description

Table F.13 File Object Supported Services

Service Code Service Name Class Instance Description

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x4B Initiate Upload No Yes

0x4F Upload Transfer No Yes

Table F.14 TCP/IP Interface Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 4 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum TCP/IP Object Instance ID

3 Number of Instances GET UINT 1 Total number of TCP/IP Object Instances

4 Optional Attribute List GET [UINT, 
Array of 
UINT]

[4,[8,9,16,17]] [Number of Optional Instance Attributes, 
List of Optional Instance Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID
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7 Maximum ID Number 
Instance Attributes

GET UINT 17 Maximum Instance Attribute ID

Instance Attributes

1 Status GET DWORD 2

2 Configuration 
Capability

GET DWORD 32 Any change in the configuration will be 
updated when the server is restarted.

3 Configuration Control GET DWORD 0 IP addresses must be configured stati-
cally. DHCP and DNS are not supported.

4 Physical Link Object GET [UINT,  
EPATH]

[Path size, Path to the corresponding 
Ethernet link object instance] 

For a dual Ethernet port CPU card, the 
value is 00 00 (path size of 0). For a single 
Ethernet port CPU card, the value is 02 00 
20 F6 24 01, where 02 00 is the path size 
(number of 16-bit words), 20 is the 8-bit 
class segment type, F6 is the Ethernet 
Link Object class, 24 is the 8-bit instance 
segment type, and 01 is Instance 1.

5 Interface Configuration GET [UDINT, 
UDINT, 
UDINT, 
UDINT, 
UDINT, 
STRING]

[IP address, Network mask, Gateway 
address, 0, 0, null]

6 Host Name GET STRING When converted to ASCII, this displays, 
“[Product Name]-[Serial Number]”. This 
attribute cannot be set by the scanner.

8 TTL Value GET/SET USINT 1 The scanner can set this attribute.

9 Mcast Config GET/SET [USINT, 
USINT, 
UINT, 
UDINT]

[Alloc control, 
Reserved, 
Num Mcast, 
Mcast Start 
Address]

The scanner can set this attribute only if 
the control is 01 00. 

1st and 2nd Byte: This represents the con-
trol. When the value is 00 00, the scanner 
cannot change the number of multicast 
connections nor the Mcast Start Address. 
To change these, all eight bytes must be writ-
ten at once, e.g., 01 00 xx xx yy yy yy yy.

3rd and 4th Byte: Number of multicast 
connections supported by the product in 
little endian order. 02 00 is the default 
value. The maximum number of multicast 
connections supported is two.

5th–8th Byte: Mcast Start Address 
according to the default algorithm speci-
fied in Section 3-5.3 of Volume 2 of the 
standard.

13 Encapsulation 
Inactivity Timeout

GET/SET UINT 120 The scanner can set this value.

16 Active TCP 
Connections

GET UINT 1

17 Non-CIP Encapsula-
tion Messages per 
Second

GET UDINT 0

Table F.14 TCP/IP Interface Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description
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Ethernet Link Object 
(0xF6)

Instances Implemented
The number of instances of the Ethernet Link Object depends on whether the 
CPU card contains a single Ethernet port or a dual Ethernet port. The value 
will be 1 for a single Ethernet port and 2 for a dual Ethernet port.

Table F.15 TCP/IP Interface Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

Table F.16 Ethernet Link Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 4 The revision of this CIP Object

2 Max Instance GET UINT The maximum Ethernet Link Object 
Instance ID

3 Number of Instances GET UINT Total number of Ethernet Link Object 
Instances

4 Optional Attribute List GET [UINT, Array 
of UINT]

[1,[10]] [Number of Optional Instance Attributes, 
List of Optional Instance Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 11 Maximum Instance Attribute ID

Instance Attributes

1 Interface Speed GET UINT Speed (MBPS) in use on the correspond-
ing interface

2 Interface Flags GET DWORD See Table F.17

3 Physical Address GET USINT[6] MAC address of the corresponding inter-
face

10 Interface Label GET STRING SEL-710-5 interface name, 
e.g., “PORT 1”

11 Interface Capability GET [DWORD, 
USINT]

[Capability bits, Array Element Count]

Table F.17 Interface Flags Bits Descriptions (Sheet 1 of 2)

Bit Number Name Description

0 Link Status 0: The Ethernet interface link is inactive.
1: The link is active.

1 Half/Full Duplex 0: The interface is running half duplex.
1: The interface is running full duplex.
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Vendor Specific 
Object (0x64)

Instances Implemented
The SEL-710-5 supports one instance (Instance ID = 1) of the Vendor Specific 
Object.

2–4 Negotiation Status Octal unsigned value:
0: Auto negotiation in progress.
1: Auto negotiation and speed detection failed. Using default values.
2: Auto negotiation failed, but detected speed.
3: Successfully negotiated speed and duplex.
4: Auto negotiation not attempted.

5 Manual Setting Requires Reset Set to 1.

Table F.17 Interface Flags Bits Descriptions (Sheet 2 of 2)

Bit Number Name Description

Table F.18 Ethernet Link Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

Table F.19 Vendor Specific Object List of Attributes

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum Vendor Specific Object 
Instance ID

3 Number of Instances GET UINT 1 Total number of Vendor Specific Object 
Instances

Instance Attributes

100 Enableda GET BOOL Relay Enabled Status

101 Trip GET BOOL Protection Trip

a This attribute reflects the value of the Relay Word bit indicating Enabled status of the SEL-710-5.

Table F.20 Vendor Specific Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.
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CIP Connections and Corresponding Assembly Maps
The SEL-710-5 supports as many as eight simultaneous CIP connections. Of 
the eight simultaneous connections, as many as two of them can be Class 1 
(I/O) connections and as many as six of them can be a combination of Class 3 
messages and Unconnected Message Manager (UCMM) messages. Class 3 
connections are created internally by the SEL-710-5 when the appropriate 
connection is made by the EtherNet/IP scanner. 

When configuring EtherNet/IP (EIP) on Port 1, you can create as many as six 
Class 1 (I/O) connection configurations. Of these six, only two can be used 
simultaneously. Of the six available connection configurations, as many as 
three can be Exclusive Owner connection configurations. The remaining 
number of connection configurations must be Input Only connection 
configurations.

An Exclusive Owner connection configuration contains both a Target to 
Originator (T->O, data flows from the SEL-710-5 to the scanner) connection 
and an Originator to Target (O->T, data flows from the scanner to the 
SEL-710-5) connection. An Input Only connection configuration contains a 
(T->O) connection only. For every distinct (T->O) connection, the SEL-710-5 
automatically creates a Listen Only connection configuration. Listen Only 
connection configurations do not count against the six Class 1 (I/O) 
connection configurations. For the SEL-710-5, the types of supported 
connections are shown in Table F.21. 

The flow of data is represented via assemblies. Input Assemblies 100, 102, 
and 104 are always associated with (T->O) connections and Output 
Assemblies 101, 103, and 105 are always associated with (O->T) connections. 
Note that these Output Assemblies can also be associated with (T->O) 
connections. The Input Assemblies can contain both binary input (from 
Table L.1) and analog input (from Table M.1) data. The Output Assemblies 
can contain both binary output and analog output data. Input Assembly 100 
and Output Assembly 101 consist of data that can be chosen by setting the 
EtherNet/IP Assembly Map 1 settings using the SET E 1 command. Similarly, 
Input Assembly 102 and Output Assembly 103 consist of data that can be 
chosen by setting the EtherNet/IP Assembly Map 2 settings using the SET E 2 
command. Input Assembly 104 and Output Assembly 105 consist of data that 
can be chosen by setting the EtherNet/IP Assembly Map 3 settings using the 
SET E 3 command. Each of these assembly maps contains 100 binary input 
points, 100 analog input points, 32 binary output points, and 32 analog output 
points. It is important to note that the binary output points can take on the 
value of any remote bit (SET/CLEAR) or any 89OC/89CC bit (SET by the 
scanner and pulsed by the SEL-710-5 outside of the EIP library) within the 
SEL-710-5. The STOP and STR bits are also allowed (SET by the scanner and 
pulsed by the SEL-710-5 outside of the EIP library). The analog output points 
can take on the value of NOOP (writing to this point reports no errors and 
modifies no internal values). All the remote analogs and the active settings 
group are controllable. 

Both the EIP settings on Port 1 and the configured assembly maps are used by 
the SEL-710-5 to create the Electronic Data Sheet (EDS) file. Only the 
SEL-710-5 can create and modify the EDS file. Refer to Electronic Data Sheet 
File for more information.
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EtherNet/IP Settings
Table F.22 shows the EtherNet/IP Port 1 settings in the SEL-710-5.

Table F.21 Class 1 Connection Support

Class 1 Connections Supported Connections

Input Only Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Listen Only Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Exclusive Owner Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Table F.22 Port 1 EtherNet/IP Protocol Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE ETHERNET/IP Y, N EEIP := N

CONFIGURATION ID 0–255 CONFIGID := 0

MAJOR EDS REVISION 1–255 MAJOREDS := 1

MINOR EDS REVISION 1–255 MINOREDS := 1

NUMBER OF IP ADDRESSES 
FOR EIP SCANNER 

OFF, 1–8 NUMIP := 1

IP ADDRESS zzz.yyy.xxx.www zzz: 1–126, 128–223
yyy: 0–255
xxx: 0–255
www: 0–255

EIPIP1 := 192.168.1.151
EIPIP2 := 192.168.1.152
EIPIP3 := 192.168.1.153
EIPIP4 := 192.168.1.154
EIPIP5 := 192.168.1.155
EIPIP6 := 192.168.1.156
EIPIP7 := 192.168.1.157
EIPIP8 := 192.168.1.158

NUMBER OF I/O 
CONNECTIONS

1–6 NUMCONN := 1

APPLICATION TYPE EXCLUSIVE_OWNER, 
INPUT_ONLY

APPTYPn := INPUT_ONLY

INPUT ASSEMBLY IA1, IA2, IA3, 
OA1, OA2, OA3

INASSMn := IA1

OUTPUT ASSEMBLY OA1, OA2, OA3 OUTASSMn := OA1
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Electronic Data Sheet File
EtherNet/IP uses an EDS file to define the interface between the EIP library 
and the scanner. The scanner uses this information to determine what objects, 
attributes, and services are supported by the SEL-710-5.

In the SEL-710-5, the EDS file consists of the following sections:

➤ File Description Section, [File]

➤ Device Description Section, [Device]

➤ Device Classification Section, [Device Classification]

➤ Parameters Section, [Params]

➤ Assembly Section, [Assembly]

➤ Connections Section, [Connection Manager]

➤ Vendor Specific Object Section

➤ Capacity Section, [Capacity]

➤  Ethernet Link Class, [Ethernet Link Class]

File Description 
Section, [File]

The File Description Section of the EDS file contains the entries listed in 
Table F.23.

Device Description 
Section, [Device]

The Device Description Section of the EDS file contains the entries listed in 
Table F.24

Table F.23 File Description Section Entries 

Name Keyword Value

File Description Text DescText Contains the product specific name <Prod 
Name> as specified by the product. It is of 
the format “<Prod Name> EtherNet/IP 
Adapter EDS File”.

File Creation Date CreateDate UTC date value that is hardcoded to match 
the R-release date of the firmware.

File Creation Time CreateTime UTC time value that is hardcoded to match 
the R-release time of the firmware.

Last Modification Date ModDate UTC data value that is determined when the 
EDS file is generated.

Last Modification Time ModTime UTC time value that is determined when the 
EDS file is generated.

EDS Revision Revision The format is MAJOREDS.MINOREDS, 
where MAJOREDS and MINOREDS are 
populated by the correspondingly named 
parameters in the Port 1 settings.

Table F.24 Device Description Section Entries (Sheet 1 of 2)

Name Keyword Value

Vendor ID VendCode SEL Vendor ID number, 865

Vendor Name VendName “Schweitzer Engineering Laboratories”

Device Type ProdType 43
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Device Classification 
Section, [Device 
Classification]

The Device Classification Section of the EDS file contains the entry listed in 
Table F.25.

Parameters Section, 
[Params]

Each parameter entry is named as ParamN, where N is a sequential number 
starting from 1 and ending at the maximum number of parameter object 
instances as defined in the corresponding assembly map.

All parameters of the EDS file are defined for ParamN in Table F.26.

Device Type String ProdTypeStr “Generic Device Type”

Product Code ProdCode The number derived from the Device Code 
(DEVCODE as found in the ID command of 
the SEL-710-5) and Configuration ID as 
provided in the Ethernet port settings

Major Revision MajRev The Major Revision is assigned internally by 
the SEL-710-5

Minor Revision MinRev The Minor Revision is assigned internally by 
the SEL-710-5

Product Name ProdName Takes on the existing default product name 
(the default RID string in a two-line display 
model or the default STRING RID in a 
touchscreen display model) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the Port 1 
settings. The general format is “<Default 
RID>-<Configuration ID>”.

Catalog Number Catalog Takes on the existing default product name 
(the default RID string in a two-line display 
model or the default STRING RID in a 
touchscreen display model) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the Port 1 
settings. The general format is “<Default 
RID>-<Configuration ID>”.

Icon File Name Icon SEL7105.ICO

Icon Contents IconContents Uncompressed content of characters

Table F.24 Device Description Section Entries (Sheet 2 of 2)

Name Keyword Value

Table F.25 Device Classification Section Entry

Name Keyword Value

Device Classification Class1 “EtherNetIP”

Table F.26 Parameters of the EDS File (Sheet 1 of 2)

Label Value

Reserved 0

Path Size, Path Left empty

Descriptor 0x0000
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RPI Parameter
The Requested Packet Interval (RPI) parameter entry falls immediately after 
the last parameter object instance as defined previously. This RPI parameter 
entry, Param(N+1), follows the structure detailed in Table F.27. 

Data Type Digitals:
BOOL (0xC1) 1 Byte (0 or 1)

Analogs:
SINT (0xC2) Signed 1 Byte Integer,
USINT (0xC6) Unsigned 1 Byte Integer,
INT (0xC3) Signed 2 Byte Integer,
UINT (0xC7) Unsigned 2 Byte Integer,
DINT (0xC4) Signed 4 Byte Integer,
UDINT (0xC8) Unsigned 4 Byte Integer,
REAL (0xCA) 4 Byte Float,
LREAL (0xCB) 8 Byte Float,
LINT (0xC5) Signed 8 Byte Integer, or
ULINT (0xC9) Unsigned 8 Byte Integer

Data Size (Bytes) See previous

Name Takes on the label name as defined in the 
corresponding assembly map. Names are unique.

Units The value is “” for digitals. The value is 
determined internally by the SEL-710-5 for 
analogs.

Help String “”

Min, max, default data values It is 0,1,0 for digitals and ,,0, for analogs

Mult, div, base, offset scaling It is ,,,, for all instances

Mult, div, base, offset links It is ,,,, for all instances

Decimal places 0

Table F.26 Parameters of the EDS File (Sheet 2 of 2)

Label Value

Table F.27 RPI Parameter Structure 

Label Value

Reserved 0

Path Size, Path ,,

Descriptor 0x0004

Data Type 0xC8

Data Size (Bytes) 4

Name “RPI Range”

Units “ms”

Help String “This parameter limits the range of the RPI value”

Min, max, default data values 100000,,1000000

Mult, div, base, offset scaling 1,1000,1,0

Mult, div, base, offset links ,,,,

Decimal Places 1
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Assembly Section, 
[Assembly]

The Assembly Section of the EDS file contains the entries listed in Table F.28 
for all of the available assemblies in the product.

Connections Section, 
[Connection 
Manager]

The Connections Section of the EDS file contains the entries listed in 
Table F.29, Table F.30, and Table F.31. 

Table F.28 Assembly Section Entries 

Label Value

Name Name reflects the name of the Assembly type and 
instance, e.g., Input Assembly 1, Output Assembly 
1, Input Assembly 2, etc.

Path Set to “20 04 24 InstID 30 03” where InstID is the 
hexadecimal representation of the Assembly 
instance ID number.

Size Size_Bytes reflects the total size in bytes of the 
mapped parameters in the Assembly instance.

Descriptor 0x0000

Reserved Left empty

Member Size Each mapped parameter in the corresponding 
Assembly instance is included in the EDS file using 
the following format:

Member Size, Member Reference,
Member Size, Member Reference,
...
Member Size, Member Reference

MemberSize reflects the data size for each 
parameter mapped in the corresponding Assembly 
instance in bits.

Member Reference MemberReference reflects the name of each 
parameter entry “ParamN” (where N is the 
parameter instance) mapped in the corresponding 
Assembly instance.

Table F.29 Input Only Connection Entries

Field Value

Trigger and transport 0x02030002

Connection parameters 0x44640305

O->T RPI Left empty

O->T size 0

O->T format Left empty

T->O RPI Set to “ParamN” where N is the parameter entry that defines 
the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the configured 
input assembly for the connection point.

Connection name string Connection_Name contains “INPUT ONLY” as part of the 
string. All names are enumerated, e.g., “INPUT ONLY 1”, 
etc.
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Help string “”

Path Set to “20 04 2C EE 2C In” where In is the hexadecimal 
representation of the configured input assembly instance ID 
number.

Table F.30 Listen Only Connection Entries 

Field Value

Trigger and transport 0x01030002

Connection parameters 0x44640305

O->T RPI Left empty

O->T size 0

O->T format Left empty

T->O RPI Set to “ParamN” where N is the parameter entry 
that defines the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the 
configured input assembly for the connection 
point.

Connection name string Connection_Name contains “LISTEN ONLY” as 
part of the string. All names shall be enumerated, 
e.g., “LISTEN ONLY 1”, etc. 

Help string “”

Path Set to “20 04 2C ED 2C In” where In is the hexa-
decimal representation of the configured input 
assembly instance ID number.

Table F.31 Exclusive Owner Connection Entries (Sheet 1 of 2)

Field Value

Trigger and transport 0x04030002

Connection parameters 0x44640405

O->T RPI Set to “ParamN” where N is the parameter entry that 
defines the RPI for the device.

O->T size Left empty

O->T format Output_Assem is set to “AssemN” where N is the config-
ured output assembly for the connection point.

T->O RPI Set to “ParamN” where N is the parameter entry that 
defines the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the configured 
input assembly for the connection point.

Connection name string Connection_Name contains “EXCLUSIVE OWNER” as 
part of the string. All names are enumerated, 
e.g., “EXCLUSIVE OWNER 1”, etc.

Table F.29 Input Only Connection Entries

Field Value
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Vendor Specific 
Object Section

The Vendor Specific Object Section of the EDS file contains the entries listed 
in Table F.32.

Capacity Section, 
[Capacity]

The Capacity Section of the EDS file contains the entries listed in Table F.33. 

Ethernet Link Class, 
[Ethernet Link Class]

The Ethernet Link Class Section of the EDS file contains the entries listed in 
Table F.34. 

Help string “”

Path “20 04 2C Out 2C In” where Out is the hexadecimal repre-
sentation of the configured output assembly instance ID 
number and In is the hexadecimal representation of the con-
figured input assembly instance ID number.

Table F.31 Exclusive Owner Connection Entries (Sheet 2 of 2)

Field Value

Table F.32 Vendor Specific Object Section Entries

Label Value

Revision 1

Maximum Instance Number 1

Number of Static Instances 1

Maximum Number of Dynamic Instances 0

Object Name “Relay Status”

Object Class Code 0x64

Table F.33 Capacity Section Entries

Keyword Value

MaxIOConnections 2

MaxMsgConnections 6

Table F.34 Ethernet Link Class Entries

Keyword Value

Revision 4

Object_Name "Ethernet Link Object"

Object_Class_Code 0xF6

MaxInst It is 2 if a dual Ethernet port CPU card is used.
It is 1 if a single Ethernet port CPU card is used.

Number_Of_Static_
Instances

It is 2 if a dual Ethernet port CPU card is used.
It is 1 if a single Ethernet port CPU card is used.

Max_Number_Of_
Dynamic_Instances

0

InterfaceLabel1 It is “PORT 1” if a single Ethernet port CPU card is used.
It is “PORT 1A” if a dual Ethernet port CPU card is used.

InterfaceLabel2 Does not exist if a single Ethernet port CPU card is used.
It is “PORT 1B” if a dual Ethernet port CPU card is used.
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Features
The SEL-710-5 Relay uses Ethernet and IEC 61850 to support the following 
features:

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. 
The SEL-710-5 also supports as many as seven buffered and 
seven unbuffered report control blocks. See Table G.39 for 
Logical Node mapping that enables SCADA control via an 
MMS browser. Controls support the Direct Normal Security 
and Enhanced Security (Direct or Select Before Operate) 
control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE 
with as many as 64 incoming (receive) and 8 outgoing 
(transmit) messages. Virtual bits (VB001–VB128) and Remote 
Analogs (RA001–RA128) can be mapped from incoming 
GOOSE messages.

➤ Configuration—Use FTP client software or ACSELERATOR 

Architect SEL-5032 Software to transfer the Substation 
Configuration Language (SCL) Configured IED Description 
(CID) file to the relay.

NOTE: The SEL-710-5 relay ships 
with a default CID file installed which 
supports basic IEC 61850 
functionality. A new CID file should be 
loaded if a change in the relay 
configuration is required. If an invalid 
CID file is transferred, the relay will 
reject the file and revert to the 
previous valid CID file.

➤ Commissioning and Troubleshooting—Use software such as 
AX-S4 from Sisco, Inc., to browse the relay logical nodes and 
verify functionality.

This appendix presents the information you need to use the IEC 61850 
features of the SEL-710-5:

➤ Introduction to IEC 61850 on page F.2

➤ IEC 61850 Operation on page F.3

➤ Simulation Mode on page F.15

➤ IEC 61850 Configuration on page F.16

➤ Logical Nodes on page F.17

➤ Logical Node Extensions on page F.18

➤ SEL Nameplate on page F.37

➤ ACSI Conformance Statements on page F.43
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Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the 
Institute of Electrical and Electronics Engineers, Inc. (IEEE) began to define a 
Utility Communications Architecture (UCA). They initially focused on inter-
control center and substation-to-control center communications and produced 
the Inter-Control Center Communications Protocol (ICCP) specification. This 
specification, later adopted by the IEC as 60870-6 TASE.2, became the 
standard protocol for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical 
Committee 57 of the IEC to create a common international standard. Their 
joint efforts created the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 
specification, plus additional functionality. The standard describes client/
server and peer-to-peer communications, substation design and configuration, 
testing, and project standards. The IEC 61850 standard consists of the parts 
listed in Table G.1. These parts were first published between 2001 and 2004, 
and they are often referred to as IEC 61850 Edition 1 (Ed1). Selected parts of 
these standards were released in 2011 and tagged as Edition 2 (Ed2). The 
SEL-710-5 relay is compliant with Ed2.

It is possible, and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backwards compati-
bility, i.e., Ed2 devices can send and receive messages to and from Ed1 
devices. However, there are important considerations to be made when adding 
Ed2 devices to an existing Ed1 system. Please refer to Potential Client and 
Automation Application Issues With Edition 2 Upgrades on page F.40 for 
more information.

Table G.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communications requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communications structure for substations and feeder 
equipment—Principles and models

IEC 61850-7-2 Basic communications structure for substations and feeder 
equipment—Abstract Communication Service Interface (ACSI)

IEC 61850-7-3 Basic communications structure for substations and feeder 
equipment—Common data classes

IEC 61850-7-4 Basic communications structure for substations and feeder 
equipment—Compatible logical node (LN) classes and data 
classes
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The IEC 61850 document set, available directly from the IEC at 
www.iec.ch, contains information necessary for successful implementation of 
this protocol. SEL strongly recommends that anyone involved with the design, 
installation, configuration, or maintenance of IEC 61850 systems be familiar 
with the appropriate sections of this standard.

IEC 61850 Operation
Ethernet Networking IEC 61850 and Ethernet networking are available as options in the 

SEL-710-5. In addition to IEC 61850, the Ethernet port provides support 
protocols and data exchange, including FTP and Telnet. Access the 
SEL-710-5 Port 1 settings to configure all of the Ethernet settings, including 
IEC 61850 enable settings.

The SEL-710-5 Ethernet port supports IEC 61850 services, including 
transport of logical node objects, over TCP/IP. The Ethernet port can 
coordinate a maximum of seven concurrent IEC 61850 MMS sessions.

Object Models The IEC 61850 standard relies heavily on the Abstract Communication 
Service Interface (ACSI) model to define a set of service and the responses to 
those services. In terms of network behavior, abstract modeling enables all 
IEDs to act identically. You can use these abstract models to create objects 
(data items) and services that exist independently of any underlying protocols. 
These objects are in conformance with the common data class (CDC) 
specification IEC 61850-7-3, which describes the type and structure of each 
element within a logical node. CDCs for status, measurements, controllable 
analogs and statuses, and settings all have unique CDC attributes. Each CDC 
attribute belongs to a set of functional constraints that groups the attributes 
into specific categories such as status (ST), description (DC), and substituted 
value (SV). Functional constraints, CDCs and CDC attributes are used as 
building blocks for defining Local Nodes.

UCA2 uses GOMSFE (Generic Object Models for Substation and Feeder 
Equipment) to present data from station IEDs as a series of objects called 
models or bricks. The IEC working group has incorporated GOMSFE 
concepts into the standard, with some modifications to terminology; one 
change was the renaming of bricks to logical nodes. Each logical node 
represents a group of data (controls, status, measurements, etc.) associated 
with a particular function. For example, the MMXU logical node (polyphase 
measurement unit) contains measurement data and other points associated 

IEC 61850-8-1 SCSM-Mapping to Manufacturing Message Specification 
(MMS) (ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 
8802-3)

IEC 61850-9-1 SCSM-Sampled values over serial multidrop point-to-point link

IEC 61850-9-2 SCSM-Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table G.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

http://iec.ch
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with three-phase metering including voltages and currents. Each IED can 
contain many functions such as protection, metering, and control. Multiple 
logical nodes represent the functions in multifunction devices.

You can organize logical nodes into logical devices that are similar to 
directories on a computer disk. As represented in the IEC 61850 network, 
each physical device can contain many logical devices, and each logical 
device can contain many logical nodes. Many relays, meters, and other IEC 
61850 devices contain one primary logical device where all models are 
organized.

IEC 61850 devices are capable of self-description. You do not need to refer to 
the specifications for the logical nodes, measurements, and other components 
to request data from another IEC 61850 device. IEC 61850 clients can request 
and display a list and description of the data available in an IEC 61850 server 
device. Simply run an MMS browser to query devices on an IEC 61850 
network and discover what data are available. Self-description also permits 
extensions to both standard and custom data models. Instead of having to look 
up data in a profile stored in its database, an IEC 61850 client can simply 
query an IEC 61850 device and receive a description of all logical devices, 
logical nodes, and available data.

Unlike other Supervisory Control and Data Acquisition (SCADA) protocols 
that present data as a list of addresses or indices, IEC 61850 presents data with 
descriptors in a composite notation made up of components. Table G.2 shows 
how the A-phase current expressed as MMXU$A$phsA$cVal is broken down 
into its component parts.

Data Mapping Device data are mapped to IEC 61850 logical nodes (LN) according to rules 
defined by SEL. Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) 
for the mandatory content and usage of these LNs. The SEL-710-5 logical 
nodes are grouped under Logical Devices for organization based on function. 
See Table G.3 for descriptions of the Logical Devices in an SEL-710-5. See 
Logical Nodes on page F.19 for a description of the LNs that make up these 
Logical Devices.

Table G.2 Example IEC 61850 Descriptor Components

Components Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Sub-Data Object A-phase

cVal Data Attribute Complex value

Table G.3 SEL-710-5 Logical Devices

Logical Device Description

ANN Annunciator elements—alarms, status values

CFG Configuration elements—datasets and report control blocks

CON Control elements—Remote bits

MET Metering or Measurement elements—currents, voltages, power, etc.

PRO Protection elements—protection functions and breaker control
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Functional Naming Substation design typically starts with a one-line diagram and progresses 
down to the assignment of functions to IEDs. In this top-down approach, the 
functions are identified and named independently from the IEDs to which they 
are assigned.

Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a 
logical device based on the function it provides independent of the name of 
the IED to which the function is assigned. The alternative is product naming, 
which prepends the IED name to the logical device instance to create the 
logical device name. The functional name is used on the communications 
interface for all references to data in the logical device.

The SEL-710-5 supports functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable 
functional name editing on Server Model tab of supporting IEDs check 
box, as shown in Figure G.1.

Figure G.1 Enable Functional Naming in Architect

To provide functional names to the logical devices, navigate to the Server 
Model tab for the IED. Because datasets and control blocks are in the CFG 
logical device, any functional name given to the CFG logical device instance 
is used in dataset references, control block references, and in published 
GOOSE messages, as shown in Figure G.2. The IED Server Model also 
allows the user to change the default logical node prefix and instance values.

Figure G.2 Server Model View in Architect

MMS Manufacturing Message Specification (MMS) provides services for the 
application-layer transfer of real-time data within a substation LAN. MMS 
was developed as a network independent data exchange protocol for industrial 
networks in the 1980s and standardized as ISO 9506.

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support 
for this feature before configuring 
functional names in a publishing IED.
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In theory, you can map IEC 61850 to any protocol. However, it can be 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. 
MMS supports complex named objects and flexible services that enable 
mapping to IEC 61850 in a straightforward manner. This was why the UCA 
users group used MMS for UCA from the start, and why the IEC chose to 
keep it for IEC 61850. MMS associations are discussed within 
IEC 61850-8-1, clause 10 of the Edition 1 standard.

If MMS authentication is enabled, the device authenticates each MMS 
association by requiring the client to provide the password authentication 
parameter with a value that is equal to the Access Level 2 password of the 
SEL-710-5. 

➤ If the correct password authentication parameter is not 
received, the device returns a not authenticated error code.

➤ If the correct password authentication parameter value is 
received, the device gives a successful association response.

Once an authenticated association is established, the device allows access to 
all supported MMS services for that association.

File Services The Ethernet file system allows reading or writing data as files. The file 
system supports FTP and MMS file transfer. The file system provides:

➤ A means for the devices to transfer data as files

➤ A hierarchical file structure for the device data 

The SEL-710-5 supports MMS file transfer with or without authentication; the 
service is intended to support the following:

➤ CID file download and upload 

➤ Settings Files download and upload

➤ Retrieval of events, and reports

MMS file services are enabled or disabled via Port 1 settings. See Virtual File 
Interface for details on the files available for MMS file services. For 
additional details, see File Transfer Protocol (FTP) and MMS File Transfer, 
Retrieving COMTRADE Event Files, and Retrieving Event Reports Via 
Ethernet File Transfer. for details.

SCL Files Substation Configuration Language (SCL) is an XML-based configuration 
language used to support the exchange of database configuration data between 
different tools, which may come from different manufacturers. There are four 
types of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file described the capabilities of an IED, including information on 
LN and GOOSE support. The SSD file describes the single-line diagram of 
the substation and the necessary LNs. The SCD file contains information on 
all IEDs, communications configuration data, and a substation description. 
The CID file, of which there may be several, describes a single instantiated 
IED within the project, and includes address information.
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Datasets IEC 61850 datasets are lists of references to DataObject attributes for the 
purpose of efficient observation and transmission of data. Architect ICD files 
come with predefined datasets that can be used to transfer data via GOOSE 
messages or MMS reports. The datasets listed in Figure G.3 are the defaults 
for an SEL-710-5 device. Datasets BRDSet01–BRDSet07 and URDSet01–
URDSet07 are preconfigured with common FCDAs to be used for reporting. 
These datasets can be configured to represent the data you want to monitor. 
Dataset GPDSet01, which contains breaker status and control data attributes, 
is used in the default Goose Control Publication.

Figure G.3 SEL-710-5 Datasets

➤ GOOSE: You can use predefined or edited datasets, or create 
new datasets for outgoing GOOSE transmission.

➤ Reports: Fourteen predefined datasets (BRDSet01–BRDSet07 
and URDSet01–URDSet07) correspond to the default seven 
buffered and seven unbuffered reports, respectively. Note that 
you cannot change the number (14) or type of reports (buffered 
or unbuffered) within Architect. However, you can alter the 
data attributes that a dataset contains and so define what data an 
IEC 61850 client receives with a report.

➤ MMS: You can use predefined or edited datasets, or create new 
datasets to be monitored by MMS clients.

Reports The SEL-710-5 supports buffered and unbuffered report control blocks in the 
report model as defined in IEC 61850-8-1:2011. The predefined reports shown 
in Figure G.4 are available by default via IEC 61850. There are 14 report con-
trol blocks, seven buffered reports and seven unbuffered.

NOTE: Do not edit the dataset 
names used in reports. Changing or 
deleting any of those dataset names 
will cause a failure in generating the 
corresponding report.
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Figure G.4 SEL-710-5 Predefined Reports

For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can 
reallocate data within each report dataset to present different data attributes for 
each report beyond the predefined datasets. For buffered reports, connected 
clients can edit the report parameters shown in Table G.4.

Table G.4 Buffered Report Control Block Client Access 

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

configRef

reasonCode

dataRef

BufTm YES 500

TrgOp YES dchg

qchg

IntgPd YES 0

GI YESab 

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted 
returns to zero. Always read as zero.

b When disabled, a GI is processed and the report buffered if a buffer has been previously 
established. A buffer is established when the report is enabled for the first time.

YESa FALSE

PurgeBuf YESa FALSE

EntryId YES 0

NOTE: When configuring buffered 
and unbuffered reports that contain 
analog values, only a change in the 
magnitude values (mag or cVal data 
attributes) will trigger a data change 
report.
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Similarly, for unbuffered reports, connected clients can edit the report 
parameters shown in Table G.5.

For buffered reports, only one client can enable the RptEna attribute of the 
BRCB at a time resulting in a client association for that BRCB. Once enabled, 
the associated client has exclusive access to the BRCB until the connection is 
closed or the client disables the RptEna attribute. Once enabled, all 
unassociated clients have read only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna 
attribute of the URCB at a time, resulting in multiple client associations for 
that URCB. Once enabled, each client has independent access to a copy of that 
URCB. 

The Resv attribute is writable, however, the SEL-710-5 does not support 
reservations. Writing any field of the URCB causes the client to obtain its own 
copy of the URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value 
with a resolution of 1 ms. However, the integrity report is only sent when the 
period has been detected as having expired. The report service rate of 2 Hz 
results in a report being sent within 500 ms of expiration of the IntgPd. The 
new IntgPd begins at the time that the current report is serviced.

Supplemental 
Software

Examine the data structure and value of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, 
Inc. The settings necessary to browse an SEL-710-5 with an MMS browser 
are as follows:

Table G.5 Unbuffered Report Control Block Client Access

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

configRef

reasonCode

dataRef

BufTm YES 250

TrgOps YES dchg

qchg

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted, 
returns to zero. Always read as zero.

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and 
Quality

In addition to the various data values, the two attributes quality and t (time 
stamp) are available at any time. The relay determines the time stamp when it 
detects a change in quality or data.

The relay applies a time stamp to all data and quality attributes (Boolean, 
Bstrings, Analogs, etc.) in the same fashion as when it detects a data or quality 
change. However, there is a difference in how the relay detects the change 
between the different attribute types. For points that are assigned as SER 
points, i.e., programmed in the SER report, the relay detects the change as the 
receipt of an SER record (which contains the SER time stamp) within the relay.

For all other Booleans or Bstrings, the relay detects the change via the 
scanner, which compares the last state against the previous state to detect the 
change. For analogs, the scanner looks at the amount of change relative to the 
deadband configured for the point to indicate a change and apply the 
timestamp. In all cases, the relay uses these time stamps for the reporting model.

LN data attributes mapped to points assigned to the SER report have 4 ms 
SER-accurate time stamps for data change events. To ensure that you get SER-
quality time stamps for changes to certain points, you must include those points 
in the SER report. All other LN data attributes are scanned for data changes on a 1/2-
second interval and have 1/2-second time-stamped accuracy. See the SET R 
command for information on programming the SER report.

The SEL-710-5 uses GOOSE quality attributes to indicate the quality of the 
data in its transmitted GOOSE messages. Under normal conditions, all 
attributes are zero, indicating good quality data. Figure G.5 shows the 
GOOSE quality attributes available to devices that subscribe to GOOSE 
messages from SEL-710-5 datasets that contain them. Internal status 
indicators provide the information necessary for the device to set these 
attributes.

For example, if the device becomes disabled, as shown via status indications 
(e.g., an internal self-test failure), the SEL-710-5 sets the Validity attribute to 
invalid and the Failure attribute to TRUE. Note that the SEL-710-5 does not 
set any of the other quality attributes. These attributes always indicate 
FALSE (0). See the Architect online help for additional information on 
GOOSE Quality attributes.

Figure G.5 GOOSE Quality
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Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its 
outputs, external devices, or internal functions. This is accomplished by the 
IEC 61850 control model, which provides services to execute control 
commands. The control models are defined in IEC 61850-7-2 and the 
mapping to the MMS (Manufacturing Message Specification) application 
protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

The SEL-710-5 Relay supports four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-710-5 Relay supports the above control models for SPC and DPC 
controllable common data classes (CDCs) as defined in IEC 61850-8-1:2004. 
Other controllable CDCs defined in the standard are either unsupported or 
must be configured with the status-only control model. Supported CDCs 
include remote bits RBGGIOn in the CON Logical Device (LD), and breaker 
and disconnect controls xxXCBRnn and xxXSWInn in the PRO LD. One con-
trol model must be selected during initial IED configuration in Architect and 
is applied throughout the CID file. This control model will apply to all con-
trols in the IED.

Direct Control Models
The “Direct” control models provide the simplest means to initiate actions on 
the server. In these models, the client issues a control request via MMS, the 
server validates the request. Once validated, the server attempts to act upon 
the request. Note that if multiple clients are trying to perform control actions, 
the server will do nothing to prevent this.

SBO Control Model
The SBO control model supports the Select or SelectWithValue Service and 
can be used to prevent multiple clients from performing simultaneous control 
actions. In this mode, a client has to “reserve” the control object by sending a 
“select” control command. Once an object is selected, only the client that 
made the selection is allowed to perform control actions on it. If that client 
does not send a valid operate request for the object by the time the ten-second 
selection timer runs out, the object becomes available for selection again. The 
relay will support as many as ten pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, 
an error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute 
with trigger option.

Security in Control Models
“Security” in the control model context refers to additional supervision of the 
status value by the control object. The “enhanced security” models report 
additional error information on failed operations to the requesting client than 

NOTE: When an IED is configured 
with the SBO with Enhanced 
Security control model, the 
sboTimeout attribute of the 
controllable CDCs in the CID file is 
set to ten seconds. The time-out is 
not configurable via Architect.
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the models with “normal security”. Enhanced security control models also 
provide a command termination report indicating if the control actually 
reached the new state as commanded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

Optional Control Configurations
The SEL-710-5 Relay does not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects 
may be configured to be pulsed by direct modification of the CID file of the 
device.

The SEL-710-5 Relay does not support the concept of local/remote control 
authority defined in Annex B of IEC 61850-7-4:2010. However, a similar 
behavior can be achieved by associating some variable device data with the 
appropriate originator categories (orCats) by direct modification of the CID 
file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking
The SEL-710-5 relay uses control interlocking to supervise the open and close 
control command from MMS Clients. The relay accomplishes it by checking 
the CSWI logical node control object against an associated CILO logical node 
data object. The CILO logical node has two data objects: Enable Open 
(EnaOpn) and Enable Close (EnaCls). When the associated CILO logical node 
EnaCls and EnaOpn data objects are not asserted, the relay blocks the control 
operation and sends the AddCause “Blocked-by-interlocking” to the MMS 
Client.

Program SELOGIC variable SV31 to supervise opening and SV32 to supervise 
closing of the circuit breaker/contactor. Use settings 89CBkm and 89OBkm 
(k = 2P, 3PL, or 3PE, m = switch number [1–8 if k = 2P; 1–2 if k = 3PL or 
3PE]) to supervise closing and opening of the 2- or 3-position disconnect 
switches, respectively.

Figure G.6 shows how the relay responds to a CSWI logical node write com-
mand request from the MMS client when IEC 61850 control interlocking is 
applied.

NOTE: The maximum time 
required for a control operation to 
be completed should be less than 
the configured time-out period to 
avoid erroneous command 
termination reports including 
failure.
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Figure G.6 CSWI Logical Node Direct Operate Command Request

Local/Remote Control Authority
Control commands at a substation originate from one of three levels: remote 
(network control center) level, station level, or bay level. Under certain 
operational conditions (e.g., during maintenance), it may be necessary to 
block control commands from one or more of these levels. The local/remote 
control feature allows users to enable or disable control authority at any of the 
three levels. The level at which a control command originates is determined by 
the value of the origin.orCat (originator category) attribute in the command.

The SEL-710-5 supports the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and 
configurable attributes in the LLN0 logical node in each logical device. 
Table G.6 describes the attributes and their data sources.

Using these three attributes, you can enable or disable control authority at any 
of the three switching levels, as shown in Table G.7.

Receive a CSWI 
command request 
from MMS Client

Assert related 
OC/CC Relay 

Word bits

Command 
response to MMS 
Client: Successful

Command 
request rejected

Check if CILO 
EnaCls/EnaOpn is 

asserted No

Yes

Command response to 
MMS Client: 

blocked-by-interlocking

Table G.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multilevel control authority

Table G.7 Control Authority Settings (Sheet 1 of 2)

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 3) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA
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By default, all three attributes are set to False, so only remote commands are 
allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC con-
trol equation SC850LS asserts and set to False when SC850LS deasserts. 
LOCSTA may also be controlled through MMS, but if it is set to True through 
SELOGIC control equations, it cannot be set to False through MMS.

In the SEL-710-5, you can place only the XCBR and XSWI logical nodes in 
local mode by asserting the LOCAL Relay Word bit. This blocks all control 
commands to the associated CSWI logical nodes.

Control Requests IEC 61850 control services are implemented by reading and writing to 
pseudovariables in the relay in response to MMS requests. Similar to how 
client requests are generated and mapped to MMS read or write service 
requests, server actions are also mapped to internal commands, read and write 
actions and MMS information report messages. In the case of an unsuccessful 
control request, the relay will send the appropriate response PDU indicating 
that there was a problem and an MMS information report that contains more 
detailed information about the problem that occurred. 

When writing controls, the client must select and write the entire Oper, SBOw 
or Cancel structure to the relay. See Figure G.7 for the attributes of the CON 
Logical Device and ST and CO functional constraints (FC) of LN RBGGIO1 
used for controls of RB01 through RB08.

Figure G.7 MMS Client View of the CON Logical Device

T X X AAa NA NA

F T T AA AA NA

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (true or false)
AA = Command is allowed
NA = Command is not allowed

Table G.7 Control Authority Settings (Sheet 2 of 2)

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 3) Remote (3 or 6)
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Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of IEC 
61850-7-2 for additional information on the AddCause values. The 
SEL-710-5 Relay supports the AddCause values in Table G.8as part of the 
LastApplError information report.

Any AddCause value not specified above is not supported. Control CDC data 
attributes which are associated with unsupported AddCause values and are not 
part of a control structure will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper or Cancel structure will be 
ignored.

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 
client without having to revert to the command line or some other tool. 
However, this has great potential for integration with IEC 61850 SCADA 
systems which would be able to control setting groups through IEC 61850 
MMS.

Table G.8 AddCause Descriptions 

AddCause 
Enumeration

AddCause 
Description

Error Condition

0 Unknown No other AddCause value defined within this 
section applies

2 Blocked-by-
switching-hierarchy

Logical node is set to local mode, 
i.e., Loc.stVal = True

3 Select-failed Originator category not allowed to issue control 
commands or SelectWithValue operation fails

4 Invalid-position For controls with enhanced security, an AddCause 
of “Invalid-position” (4) will be sent if the control 
status changes to an unexpected value. If no 
control status change is detected after the operate 
time-out period, an AddCause of “Time-limit-
over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-
in-execution

Control object is already selected by the client, 
and
1. Logical node is set to local mode
i.e., Loc.stVal = true, or
2. Originator category not allowed to issue control 
commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Blocked-by-
interlocking

Control operation of switch device failed due to 
interlock check

12 Command-already-
in-execution

Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. 
(The control failed to reach its intended state prior 
to time-out)

18 Object-not-selected Cancel operation fails
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The IEC 61850 specification outlines a method for switching the current set-
tings group to another preconfigured settings group. The setting group control 
block, or SGCB, contains the SettingControl element which enables settings 
group control. An SEL-710-5 CID file that supports group switch functional-
ity will only contain one SGCB. The SGCB contains the number of settings 
groups in the relay and may also contain the current active setting group, 
ActSG. Note that if the CID file contains a value for ActSG, it will be ignored 
and the relay will use the actual active setting group value for ActSG at the 
time of CID file download. 

When the IEC 61850 functions of the relay are enabled, the selectActiveSG 
service allows an MMS client to request that the relay change the active set-
ting group. The MMS client can request a group switch by writing a valid set-
ting group number to ActSG. The relay updates the ActSG value under the 
following conditions:

➤ The value written to ActSG is valid and not the current active 
group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

Note that if the value written to ActSG is the same as the current group, the 
relay will not attempt to switch settings groups. Please refer to Multiple Set-
tings Groups on page 4.103 for more information on setting group selection.

Service Tracking The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging 
services, and group switch control services. IEC 61850 Edition 2 defines the 
service tracking feature to allow these services to be reported or logged, 
whether they succeed or fail.

The SEL-710-5 supports the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these 
services.

Tracking of these services is enabled by data objects in the service tracking 
logical node LTRK. Table G.9 lists the service tracking data objects. Their 
data attributes mirror those in the service request or in the control block that 
was the target of the service request.

Refer to Table G.41 for information regarding the available attributes in each 
tracking data object.

Table G.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a 
controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a 
controllable double-point object

EncTrk CTS Tracks control service requests targeted at a 
controllable enumerated status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection
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Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute 
serviceType provides an enumerated value for the specific service requested or 
executed. Table G.10 defines the service type enumerations.

The attribute errorCode provides the error code that indicates whether the ser-
vice was successful or unsuccessful. Table G.11 lists the codes and the corre-
sponding ACSI errors.

When creating datasets to track the services through information reporting, it 
is important to include the tracking data objects as a whole object (FCD—
functionally constrained data), and not as individual data attributes (FCDA—
functional constrained data attribute). Only the objRef attribute has a trigger 

Table G.10 IEC 61850 Service Type Enumeration 

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the 
following buffered report control block 
attributes: RptID, RptEna, OptFlds, 
BufTm, TrgOps, IntgPd, PurgeBuf, 
EntryID, or GI

26 SetURCBValues Write request on one or more of the 
following unbuffered report control block 
attributes: RptID, RptEna, OptFlds, 
BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control 
object configured with enhanced security 
control model

54 InternalChange Report control block has been 
automatically disabled, i.e., RptEna is set to 
False after a loss of association with the 
client

Table G.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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option (dupd—data update) and can trigger a report. The dupd trigger option 
must also be enabled in the report control block that is reporting changes in 
the tracking data objects.

GOOSE The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the messages 
several times, increasing the likelihood that other devices receive the 
messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, 
controls, and measured values between peers on an IEC 61850 network. 
Configure SEL devices to respond to GOOSE messages from other network 
with Architect software. Also, configure outgoing GOOSE messages for SEL 
devices in Architect. See the Architect online help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text 
identification and multicast group to identify and filter incoming GOOSE 
messages.

Virtual bits (VB001–VB128) are control inputs that you can map to GOOSE 
receive messages by using the Architect software. See the VBnnn bits in 
Table G.34 for details on which logical nodes and names are used for these 
bits. This information can be useful when searching through device data with 
MMS browsers. If you intend to use any SEL-710-5 virtual bits for controls, 
you must create SELOGIC control equations to define these operations. The 
Virtual Bit Logical Nodes only contain Virtual Bit status, and only those 
Virtual Bits that are assigned to an SER report are able to track bit transitions 
(via reporting) between LN data update scans. 

The relay is capable of receiving analog values via peer-to-peer GOOSE 
messages. Remote Analogs (RA001–RA128) are analog inputs that you can 
map to values from incoming GOOSE messages.

GOOSE Processing SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the Ethernet port. 

Outgoing GOOSE messages are processed within the following constraints:

➤ You can define as many as eight datasets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. You can map a single DA to one or more outgoing GOOSE 
datasets, or one or more times within the same outgoing GOOSE 
dataset. You can also map a single GOOSE dataset to multiple 
GOOSE control blocks. The number of unique Boolean 
variables is limited to a combined total of 128 digital bits 
across all eight outgoing messages.

➤ The relay transmits all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not 
retriggered; then, following the initial transmission, the relay 
retransmits that GOOSE based on the minimum time and 
maximum time configured for that GOOSE message. The first 
transmission occurs immediately on triggering of an element 
within the GOOSE dataset. The second transmission occurs 
Min. Time later. The third transmission occurs Min. Time after 
the second transmission. The fourth transmission occurs twice 

NOTE: Virtual bits and remote 
analogs mapped to GOOSE 
subscriptions retain their state until 
they are overwritten, a new CID file is 
loaded, or the device is restarted. To 
reset the virtual bits and remote 
analogs by restarting the device, 
issue an STA C command or remove 
and then restore power to the device.
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Min. Time after the third transmission. All subsequent 
transmissions occur at the Max Time interval. For example, a 
message with a Min. Time of 4 ms and Max. Time of 1000 ms 
is transmitted upon triggering, then retransmitted at intervals of 
4 ms, 4 ms, 8 ms, and then at 1000 ms indefinitely or until 
another change triggers a new GOOSE message (See IEC 
61850-8-1, Sec. 18.1). The default Min. Time value is 8 ms. 
This is also the suggested Min. Time value to use. 

➤ GOOSE transmission is squelched (silenced) after a permanent 
(latching) self-test failure.

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted 
entirely in a single network frame.

➤ The SEL-710-5 maintains the configuration of outgoing 
GOOSE through a power cycle and device reset.

Incoming GOOSE messages are processed within the following constraints:

➤ You can configure the SEL-710-5 to subscribe to as many as 64 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE 
messages which are mapped to Virtual Bits (VBnnn). Virtual 
Bits are volatile and are reset to zero when a new CID file is 
loaded, the device is restarted, or they are overwritten by data 
from a subscribed GOOSE message.

➤ The SEL-710-5 recognizes incoming GOOSE messages as 
valid based on the following content. Any GOOSE message 
that fails these checks is rejected.

➢ Source broadcast MAC address

➢ Dataset Reference

➢ Application ID

➢ GOOSE Control Reference

➤ Rejection of all DA contained in an incoming GOOSE, based 
on the accumulation of the following error indications created 
by inspection of the received GOOSE:

➢ Configuration Mismatch: the configuration number of 
the incoming GOOSE changes.

➢ Needs Commissioning: this Boolean parameter of the 
incoming GOOSE is true.

➢ Test Mode: this Boolean parameter of the incoming 
GOOSE is true.

➢ Decode Error: the format of the incoming GOOSE is 
not as configured.

➤ The SEL-710-5 discards incoming GOOSE under the following 
conditions: 

➢ after a permanent (latching) self-test failure

➢ when the relay is disabled

➢ when EGSE is set to No

Link-layered priority tagging and virtual LAN is supported as described in 
Annex C of IEC 61850-8-1:2011.
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Simulation Mode
The SEL-710-5 relay can be configured to operate in simulation mode.

In this mode, the SEL-710-5 continues to process normal GOOSE messages 
until a simulated GOOSE message is received for a subscription. Once a sim-
ulated GOOSE message is received, only simulated GOOSE messages are 
processed for that subscription. The simulated mode only terminates when 
LPHDSIM is returned to FALSE. When the relay is not in simulation mode, 
only normal GOOSE messages are processed for all subscriptions.

A user can place the SEL-710-5 in simulation mode by setting LPHDSIM 
(CFG.DevIDLPHD1.Sim.stVal) to TRUE via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the 
relay rejects MMS attempts to enter or exit simulation mode until SC850SM 
deasserts.

IEC 61850 Mode/Behavior
The IEC 61850-7-4:2010 standard defines the behavior of the different modes 
to facilitate testing. The different modes are only available in IEDs with 
IEC 61850 Edition 2 support.

SEL-710-5 relays support the following modes:

➤ On

➤ Blocked

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is determined by the logical device mode and its logical 
node mode according to the IEC 61850 standard. For SEL-710-5 relays, the 
selected IEC 61850 Mode/Behavior applies to the entire IED, including all the 
logical devices and all the logical nodes. The behavior of the IED is always 
the same as the selected mode. Table G.12 describes the available services 
based on the mode/behavior of the IED.

Table G.12 IEC 61850 Services Based on Mode/Behavior

Mode MMS
GOOSE Publication 
and Subscription

On Available Available

Blocked Available Available

Test Available Available

Test/Blocked Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE publication in Off mode is disabled if EOFFMTX = N.
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The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior as shown in Table G.13. One way to view the value of this 
analog quantity is by assigning it to a math variable.

Mode/Behavior 
Control

Enable Mode/Behavior Control
IEC 61850 Mode/Behavior, by default, is disabled in SEL-710-5 relays. To 
enable IEC 61850 Mode/Behavior, you must set the Port 1 setting E61850 
equal to Y. To enable IEC 61850 Mode/Behavior control, you must set port 
setting E850MBC equal to Y and the CID file setting 
controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of 
IEC 61850 Mode/Behavior when adding an IED to an ACSELERATOR 
Architect SEL-5032 Software project, as shown in Figure G.8.

Figure G.8 Set controllableModeSupported = True

Enhances Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported 
provide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED 
testing, a technician can disable unplanned switching of IEC 61850 Mode/
Behavior by setting E850MBC to N after switching the relay back to On 
mode.

Table G.13 Analog Quantity I850MOD Status Based on the Selected 
IEC 61850 Mode/Behavior 

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported
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Change Mode Via MMS or SELOGIC
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode 
data object (Mod.ctlVal) in logical device CFG. Note that Mod.ctVal in other 
logical devices does not accept MMS writes. See Table G.14 for the list of 
writable values.

You can also control IEC 61850 Mode/Behavior through use of the SET G 
command with protection SELOGIC variables SC850TM and SC850BM on 
the left side of the SELOGIC control equations. These variables are the 
SELOGIC controls for the Test mode and the Blocked mode, respectively.

EXAMPLE G.1 Change Mode Via SELOGIC

In this example, Pushbuttons PB01 and PB02 control SC850TM. 
Pushbuttons PB03 and PB04 control SC850BM. If you press PB01, 
the relay enters Test mode. If you press PB03, the relay transitions 
from Test mode into Test/Blocked mode. Press PB02 and PB04 to 
reset Test mode and Blocked mode, respectively.

Table G.14 IEC 61850 Mode/Behavior List of Writable Values 

Write Values to Mod.ctVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

Table G.15 IEC 61850 Mode/Behavior Evaluated States of SC850TM and 
SC850BM

SC850TM SC850BM
Selected IEC 61850 

Mode/Behavior

0 0 See notea

a The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 
(true), SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS 
control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See noteb

b You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are 
not evaluated.

See noteb Off

=>>SHO L <Enter>

Latch Bits Eqns
SET01    := PB01
RST01    := PB02
SET02    := PB03
RST02    := PB04
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Mode and Behavior Control
Regardless of mode (On, Blocked, Test, Test/Blocked, Off) the Mod, Beh, and 
Health quality bitstring will always be quality.validity = Good, 
quality.failure = False, and quality.test = False. This behavior differs from and 
is independent of behavior during the use of the TEST DB command.

Incoming Messages 
Processing

IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-710-5 relays, by default, check if the quality 
operatorBlocked equals False; if not, the relays treat the messages as invalid. 
You can disable the default check by changing the quality mask of GOOSE 
subscriptions. Figure G.9 illustrates the default quality check for GOOSE 
subscription in SEL-710-5 relays.

Figure G.9 Default Quality Check on GOOSE Subscription if Quality is 
Present

Relay Operation for 
Different IEC 61850 
Modes/Behaviors

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/
Behavior status as On and processes all inputs and outputs as normal. If the 
quality of the subscribed GOOSE messages satisfies the GOOSE processing 
(see GOOSE Processing), the relay processes the received GOOSE messages 
as valid. Table G.16 and Table G.17 illustrate how the relay handles incoming 
and outgoing messages while in On Mode.

=>>SHO G <Enter>

IEC 61850 Mode/Behavior Configuration
SC850BM    := LT02
SC850TM    := LT01

Table G.16 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid
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Figure G.10 illustrates the On Mode/Behavior.

Figure G.10 Relay Operations in On Mode

Mode: Blocked
Blocked mode is similar to On mode, but in Blocked mode, none of the 
physical contact outputs are operated. However, in Blocked mode, control 
bits, such as remote bits and output contact bits, do continue to operate. 
Figure G.11 illustrates the Blocked Mode/Behavior.

Figure G.11 Relay Operations in Blocked Mode

Mode: Test
In Test mode, the relay processes valid incoming test signals or normal 
messages and operates physical contact outputs, if triggered. In this mode/
behavior, outgoing MMS and GOOSE messages have the quality test bit set to 
True if the quality test bit is present. If the quality of the subscribed GOOSE 
messages satisfies the user-defined quality type definition (regardless of 
whether the quality test bit is set to True or False—see GOOSE Processing), 
the relay processes the received GOOSE messages as valid. Table G.18 and 
Table G.19 illustrate how the relay handles incoming and outgoing messages 
while in Test Mode.

Table G.17 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

Processed

Processed

IED
GOOSE

(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = On

Physical contacts 
operate as normal

GOOSE
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

Processed

Processed

IED
GOOSE

(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = Blocked

Physical contacts
are BLOCKED

GOOSE
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

Table G.18 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed
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Figure G.12 illustrates the Test Mode/Behavior.

Figure G.12 Relay Operations in Test Mode

Mode: Test/Blocked
In Test/Blocked mode, the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In 
this mode/behavior, outgoing MMS and GOOSE messages have the quality 
test bit set to True if the quality test bit is present. If the quality of the 
subscribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False— see GOOSE 
Processing), the relay processes the received GOOSE messages as valid.

Figure G.13 illustrates the Test/Blocked Mode/Behavior.

Figure G.13 Relay Operations in Test/Blocked Mode

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE messages. The 
relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. In this mode, the relay is in a 
disabled state and it no longer trips any physical contact outputs. The Relay 
Word bit ENABLED is set to False. The device processes MMS control 
requests to change the active mode of IEC 61850 Mode/Behavior if the quality 
test bit of the control is set to False. If EOFFMTX is set to Y, the relay 
continues to transmit GOOSE messages with the quality test bit set to False 
(0) and the validity set to Invalid (01) if the quality bit is present in the 
messages. If EOFFMTX is set to N, the relay does not transmit GOOSE 
messages in this mode. Table G.20 and Table G.21 describe how the relay 
handles incoming and outgoing messages while in Off Mode.

Table G.19 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

Processed

Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True)

Mode/Behavior = Test

Physical contacts 
operate as normal

GOOSE
(q.test = True)

MMS Controls
(q.test = True)

Logical Connections

Processed

Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True)

Mode/Behavior = Test/Blocked

Physical contacts 
are BLOCKED

GOOSE
(q.test = True)

MMS Controls
(q.test = True)

Logical Connections
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Figure G.14 illustrates the Off Mode/Behavior.

Figure G.14 Relay Operations in Off Mode

IEC 61850 Configuration
Settings Table G.22 lists IEC 61850 settings. IEC 61850 settings are only available if 

your device includes the optional IEC 61850 protocol. Configure all other IEC 
61850 settings, including subscriptions to incoming GOOSE messages, with 
Architect.

Table G.20 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Messages With 
Quality Test Bit Set to 
True (1)

MMS Relay Only Processes Mes-
sages to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

Table G.21 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

Not Processed

Not Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True/False)

Mode/Behavior = Off

If EOFFMTX = Y, GOOSE is transmitted 
with q.validity = Invalid

Physical contacts 
are BLOCKED

Logical Connections

Table G.22 IEC 61850 Settings

Label Description Range Default

E61850 Enables IEC 61850 protocol Y, N N

EGSEa

a Settings EGSE and EMMSFS are hidden when E61850 is set to N.

Enables IEC 61850 GSE Yb, N

b Requires that E61850 be set to Y.

N

EMMSFSa Enables MMS file services Yb, N N

E850MBC Enables IEC 61850 Mode/Behavior Control Yb, N N

EOFFMTX Enables Goose Tx in Off Mode Yb, N N
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ACSELERATOR Architect 
Software

Architect allow you to design and commission IEC 61850 substations 
containing SEL IEDs. Use Architect to perform the following:

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Edit and create GOOSE datasets.

➤ Read non-SEL IED Capability Description (ICD) and 
Configured IED Description (CID) files and determine the 
available IEC 61850 messaging options.

➤ Use or edit preconfigured datasets for reports.

➤ Load IEC 61850 CID files into SEL IEDs.

➤ Generate ICD and CID files that provide SEL IED descriptions 
to other manufacturers' tools so they can use SEL GOOSE 
messages and reporting features.

➤ Edit deadband settings for measured values.

NOTE: The ICD and CID files of other 
manufacturers must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet these 
criteria, the relay will reject the CID 
file upon download. Edit the ICD and 
CID files of other manufacturers prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

Architect provides a graphical user interface (GUI) for you to select, edit, and 
create IEC 61850 GOOSE messages important for substation protection, 
coordination, and control schemes. Typically, you first place icons 
representing IEDs in a substation container, then edit the outgoing GOOSE 
messages or create new ones for each IED. You can also select incoming 
GOOSE messages for each IED to receive from any other IEDs in the domain. 

Some measured values are reported to IEC 61850 only when the value 
changes beyond a defined deadband value. Architect allows a deadband to be 
changed during the CID file configuration. Check and set the deadband values 
for your particular application when configuring the CID file for a device.

Architect has the capability to read other manufacturers' ICD and CID files, 
enabling you to map the data seamlessly into SEL IED logic. See the 
Architect online help for more information. 

SEL ICD File Versions Architect version R.1.1.69.0 and later supports multiple ICD file versions for 
each type of IED in a project. Because relays with different firmware versions 
may require different CID file versions, users can manage the CID files of all 
IEDs within a single project.

Please ensure that you work with the appropriate version of Architect relative 
to your current configuration, existing project files, and ultimate goals. If you 
want the best available IEC 61850 functionality for your SEL relay, obtain the 
latest version of Architect and select the appropriate ICD version(s) for your 
needs. Architect generates CID files from ICD files, so the ICD file version 
Architect uses also determines the CID file version generated. Details about 
the different SEL-710-5 ICD files can be found in Table A.10.

The Logical Nodes description detailed in this manual revision corresponds to 
the SEL-710-5 006 ICD file. Information about the previous SEL-710-5 
004 ICD files can be found in the previous manual revisions. Please refer to 
Table A.10 to find the manual revision corresponding to the ICD file you are 
using.
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Logical Nodes
Each logical device (LD) has a set of common data objects at the top level 
LN0. These represent the current state of the device, as well as some 
informational data. These data objects are: Mod (Mode), Beh (Behavior), 
Health, and NamPlt.See below for a brief description of each object.

Mode The SEL-700 series relays include at the top-level LN0 within each LD the 
following enumerations for Mod stVal: 

The top-level logical node of each LD also includes the following Mod 
attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in 
your CFG logical device. 

Behavior The SEL-700 series relay LNs include the following enumerations for 
Beh stVal:

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health The SEL-700 series relays include at the top-level LN0 within each LD the 
following enumerations for Health stVal:

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior Disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior Disabled

Health stVal Enumeration Health stVal Value Description

1 Ok RELAY_EN Relay Word bit = 1

3 Alarm RELAY_EN Relay Word bit = 0



G.29

Date Code 20220826 Instruction Manual SEL-710-5 Relay

IEC 61850 Communications
Logical Nodes

The top-level logical node of each LD also includes the following Health attri-
butes:

Health q and Health t per the Time Stamps and Quality section.

NamPlt The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value

➤ NamPlt d, which is the LD description.

Logical Node 
Extensions

The following Logical Nodes and Data Classes were created in this device as 
extensions to the IEC 61850 standard, in accordance with IEC 61850 
guidelines.

Table G.23 New Logical Node Extensions

Logical Node IEC 61850 Description or Comments

Arc-Flash Detection PAFD This LN shall be used to represent arc-flash 
detection status.

Thermal Measurements 
(for equipment or ambient 
temperature readings)

MTHR This LN shall be used to represent values 
from RTDs and to calculate thermal capacity 
and usage mainly used for thermal 
monitoring.

Demand Metering 
Statistics

MDST This LN shall be used for calculation of 
demand currents in a three-phase system. 
This shall not be used for billing purposes.

Motor Measurement Data MMOT This LN shall be used to represent motor 
measurement data.

Metering Statistics MSTA This LN shall be used for power system 
metering statistics.

Physical Communication 
Channel Supervision

LCCH This LN is used for supervision of physical 
communication channels

GOOSE Subscription LGOS This LN is used for GOOSE subscription 
statistics

Time Master Supervision LTMS This LN is used for time synchronization 
master supervision
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Table G.24 defines the data class Arc-Flash Detection. This class represents 
Arc-Flash Detection status.

Table G.25 defines the data class, Thermal Metering Data. This class is a col-
lection of simultaneous measurements (or evaluations) that represent the RTD 
thermal metering values. Valid data depend on the presence and configuration 
of the RTD module(s).

Table G.24 Arc-Flash Detection Logical Node Class Definition 

PAFD Class

Data Object 
Name

Common 
Data Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName Shall be inherited from Logical-Node 
Class (see IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Status Information

Str ACD Start E

Op ACT Operate T E

Table G.25 Thermal Metering Data Logical Node Class Definition

MTHR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

EEHealth INS External equipment health (RTD 
Communications Status)

E

Data Objects

Measured Values

MaxAmbTmp MV Maximum Ambient Temperature E

MaxBrgTmp MV Maximum Bearing Temperature E

MaxOthTmp MV Maximum Other Temperature E

MaxWdgTmp MV Maximum Winding Temperature E

Tmp MV Temperature E
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Table G.26 defines the data class Demand Metering Statistics. This class is a 
collection of demand currents and energy.

Table G.26 Demand Metering Statistics Logical Node Class Definition

MDST Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Measured Values

NegVArh BCRc

c For IEC 61850 Edition 1 relays, this data object is defined as MV common data class.

Reactive energy supply (default supply 
direction: energy flow towards busbar)

E

DmdWh BCRc Real energy demand (default demand 
direction: energy flow from busbar 
away)

E

PosVArh BCRc Reactive energy demand (default 
demand direction: energy flow from 
busbar away)

E

Table G.27 LCCH Physical Communication Channel Supervision 
(Sheet 1 of 2)

LCCH Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

ChLiv SPS Physical channel status M

RedChLiv SPS Physical channel status of redundant 
channel

C

FerCh INS Frame error rate on this channel O

RedFerCh INS Frame error rate on redundant channel O
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Measured and Metered Values

RxCnt BCR Number of received messages O

RedRxCnt BCR Number of received messages on 
redundant channel

O

TxCnt BCR Number of sent messages O

Controls

RsStat SPC Reset device statistics E

Settings

NetMod ENG Network mode E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.28 LGOS GOOSE Subscription (Sheet 1 of 2)

LGOS Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

NdsCom SPS Subscription needs commissioning O

St SPS Status of the subscription M

SimSt SPS Status showing that Sim messages are 
received and accepted

O

LastStNum INS Last state number received O

LastSqNum INS Last sequence number received E

LastTal INS Last time-allowed-to-live received E

ConfRevNum INS Expected configuration revision number O

RxConfRevNum INS Configuration revision number of the 
received messages

O

ErrSt ENS Current error status of the subscription E

OosCnt INS Number of out-of-sequence (OOS) 
errors

E

TalCnt INS Number of time-allowed-to-live 
violations

E

DecErrCnt INS Number of messages that failed 
decoding

E

BufOvflCnt INS Number of messages lost due to buffer 
overflow

E

Table G.27 LCCH Physical Communication Channel Supervision 
(Sheet 2 of 2)

LCCH Class
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MsgLosCnt INS Number of messages lost due to OOS 
errors (estimated)

E

MaxMsgLos INS Max. number of sequential messages 
lost due to OOS error (estimated)

E

InvQualCnt INS Number of mapped incoming GOOSE 
data with invalid quantity

E

Measured and Metered Values

TotDwnTm MV Total downtime in seconds E

MaxDwnTm MV Maximum continuous downtime in 
seconds

E

Controls

RsStat SPC Reset/clear statistics E

Settings

GoCBRef ORG Reference to the subscribed GOOSE 
control block

O

DatSet ORG Configured dataset reference E

GoID VSG Configured GOOSE ID E

Addr VSG Configured multicast MAC address E

VlanID ING Configured VLAN ID E

VlanPri ING Configured VLAD priority E

AppID ING Configured APPID E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.29 LTMS Time Master Supervision (Sheet 1 of 2)

LTMS Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

TmAcc INS Number of significant bits in fraction of 
second in the time accuracy part of the 
time stamp

O

TmSrc VSS Current time source identity M

SelTmSrcTyp ENS Type of the clock source E

SelTmSyn ENS Actual time synchronization applied E

SelTmSynLkd ENS Locked status of clock synchronization E

Table G.28 LGOS GOOSE Subscription (Sheet 2 of 2)

LGOS Class
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Table G.30 defines the data class Motor Measurement Data. This class is a 
collection of motor measurement data.

Measured and Metered Values

SelTmTosPer MV Duration, in milliseconds, between two 
consecutive top-of-second points on the 
synchronized time

E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.30 Motor Measurement Data Logical Node Class Definition 

MMOT Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured Values

StrTcu MV Stator % Thermal Capacity Used E

RtrTcu MV Rotor % Thermal Capacity Used E

RtdTcu MV RTD % Thermal Capacity Used E

Mload MV Motor Load, pu of FLA E

ThrmTp MV Thermal Trip in, seconds E

Trst MV Time to reset, minutes E

StrtAv MV Starts available E

Slip MV Slip, % E

Mrt MV Motor Running Time, hours E

NumStrt MV Number of Motor Starts Counter E

NumEmrst MV Number of Emergency Motor Starts 
Counter

E

Table G.31 Metering Statics Logical Node Class Definition (Sheet 1 of 2)

MSTA Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Table G.29 LTMS Time Master Supervision (Sheet 2 of 2)

LTMS Class
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Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured and Metered Values

AvAmps MV Average Current E

AvVolts MV Average Voltage E

MaxVA MV Maximum apparent power E

MinVA MV Minimum apparent power E

MaxW MV Maximum real power E

MinW MV Minimum real power E

MaxVAr MV Maximum reactive power E

MinVAr MV Minimum reactive power E

MaxA WYE Maximum Phase Currents E

MinA WYE Minimum Phase Currents E

MaxPhV WYE Maximum Phase to Ground Voltages E

MinPhV WYE Minimum Phase to Ground Voltages E

MaxP2PV DEL Maximum Phase to Phase Voltages E

MinP2PV DEL Minimum Phase to Phase Voltages E

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.32 Compatible Logical Nodes With Extensions

Logical Node IEC 61850 Description or Comments

Measurement MMXU This LN is used for power system measurement data.

Circuit Breaker XCBR This LN is used for circuit breaker status and 
measurement data.

Generic Process I/O GGIO This LN is used for remote analog data.

Circuit Breaker 
Wear Supervision

SCBR This LN is used for supervision of circuit breakers.

Table G.33 Measurement Logical Node Class Definition (Sheet 1 of 2)

MMXU Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Table G.31 Metering Statics Logical Node Class Definition (Sheet 2 of 2)

MSTA Class
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Data Objects

Measured and Metered Values

TotW MV Total active power O

TotVAr MV Total reactive power O

TotVA MV Total apparent power O

TotPF MV Average power factor O

Hz MV Frequency O

PPV DEL Phase to phase voltages O

PhV WYE Phase to ground voltages O

A WYE Phase currents O

Vex CMV Field voltage E

Data Objects

Measured and Metered Values

Iex CMV Field current E

Rf MV Field resistance E

a Transient data object—the status of data objects with this designation is momentary and must 
be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.34 Circuit Breaker Logical Node Class Definition

XCBR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Status Information

Loc SPS Local control behavior M

OpCnt INS Operation counter M

OpCntEx INS Operation counter—external E

Measured and Metered Values

Pos DPC Switch position M

BlkOpn SPC Block opening M

BlkCls SPC Block closing M

Table G.33 Measurement Logical Node Class Definition (Sheet 2 of 2)
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Table G.35 Generic Process I/O Logical Node Class Definition

GGIO Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and must 
be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured Values

AnIn MV Analog input O

Ra MV Remote analog E

Controls

SPCSO SPC Single point controllable status output O

Status Information

Ind SPS General indication (binary input) O

Table G.36 Circuit Breaker Supervision (Per-Phase) Logical Node Class Definition

SCBR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the 
class name, the LN-Prefix and LN-
Instance-ID according to IEC 61850-
7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Status Information

ColOpn SPS Open command of trip coil M

Measured Values

AbrPrt MV Calculated or measured wear (e.g., of 
main contact), expressed in % where 0% 
corresponds to new condition.

E
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Device Logical Nodes The following tables, Table G.37 through Table G.41, show the Logical Nodes 
(LN) supported in the SEL-710-5 and the associated Relay Word bits or ana-
log quantities. 

Table G.37 shows the LN associated with protection elements defined as Log-
ical Device PRO.

Table G.37 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

MCCSWI1 Pos.Oper.ctlVal STR:STOPa Breaker/contactor close/open command

DC1CSWI1 Pos.Oper.ctlVal 89CC2P1:89OC2P1a Two-position Disconnect 1 close/open command

DC2CSWI2 Pos.Oper.ctlVal 89CC2P2:89OC2P2a Two-position Disconnect 2 close/open command

DC3CSWI3 Pos.Oper.ctlVal 89CC2P3:89OC2P3a Two-position Disconnect 3 close/open command

DC4CSWI4 Pos.Oper.ctlVal 89CC2P4:89OC2P4a Two-position Disconnect 4 close/open command

DC5CSWI5 Pos.Oper.ctlVal 89CC2P5:89OC2P5a Two-position Disconnect 5 close/open command

DC6CSWI6 Pos.Oper.ctlVal 89CC2P6:89OC2P6a Two-position Disconnect 6 close/open command

DC7CSWI7 Pos.Oper.ctlVal 89CC2P7:89OC2P7a Two-position Disconnect 7 close/open command

DC8CSWI8 Pos.Oper.ctlVal 89CC2P8:89OC2P8a Two-position Disconnect 8 close/open command

DC9CSWI9 Pos.Oper.ctlVal 89CC3PL1:89OC3PL1a Three-position In-Line Disconnect 1 close/open command

DC10CSWI10 Pos.Oper.ctlVal 89CC3PL2:89OC3PL2a Three-position In-Line Disconnect 2 close/open command

DC11CSWI11 Pos.Oper.ctlVal 89CC3PE1:89OC3PE1a Three-position Earthing Disconnect 1 close/open 
command

DC12CSWI12 Pos.Oper.ctlVal 89CC3PE2:89OC3PE2a Three-position Earthing Disconnect 2 close/open 
command

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = ST

A49PTTR1 Op.general 49A Thermal alarm

A55POPF1 Op.general 55A Power factor alarm

A55POPF1 Str.general 55A Power factor alarm

ABSLOPMRI1 Op.general ABSLO Antibackspin lockout condition

ATPTOC8 Op.general 51AT A-phase time-overcurrent element trip

ATPTOC8 Str.general 51AP A-phase time-overcurrent element pickup

BFRBRF1 OpEx.general BFT Breaker failure trip

BFRBRF1 Str.general BFI Breaker failure initiation

BK1XCBR1 BlkCls.stVal 0 Breaker/contactor close blocking not configured by 
default

BK1XCBR1 BlkOpn.stVal 0 Breaker/contactor open blocking not configured by 
default

BK1XCBR1 CBOpCap.stVal None Breaker/contactor physical operation capabilities not 
known to relay

BK1XCBR1 Loc.stVal LOCAL Breaker/contactor local control status. Asserted when 
relay is in Local mode.

BK1XCBR1 OpCnt.stVal INTT Internal trip counter
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BK1XCBR1 OpCntEx.stVal EXTT External trip counter

BK1XCBR1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 
52A = true, breaker closed)

BTPTOC9 Op.general 51BT B-phase time-overcurrent element trip

BTPTOC9 Str.general 51BP B-phase time-overcurrent element pickup

CTPTOC10 Op.general 51CT C-phase time-overcurrent element trip

CTPTOC10 Str.general 51CP C-phase time-overcurrent element pickup

D1TPTOF1 Op.general 81D1T Level 1 trip definite-time over- and underfrequency 
element

D1TPTOF1 Str.general 81D1T Level 1 trip definite-time over- and underfrequency 
element

D2TPTOF2 Op.general 81D2T Level 2 trip definite-time over- and underfrequency 
element

D2TPTOF2 Str.general 81D2T Level 2 trip definite-time over- and underfrequency 
element

D3TPTOF3 Op.general 81D3T Level 3 trip definite-time over- and underfrequency 
element

D3TPTOF3 Str.general 81D3T Level 3 trip definite-time over- and underfrequency 
element

D4TPTOF4 Op.general 81D4T Level 4 trip definite-time over- and underfrequency 
element

D4TPTOF4 Str.general 81D4T Level 4 trip definite-time over- and underfrequency 
element

DC1CILO1 EnaCls.stVal 89CE2P1 Two-position Disconnect 1 close enabled

DC1CILO1 EnaOpn.stVal 89OE2P1 Two-position Disconnect 1 open enabled

DC2CILO2 EnaCls.stVal 89CE2P2 Two-position Disconnect 2 close enabled

DC2CILO2 EnaOpn.stVal 89OE2P2 Two-position Disconnect 2 open enabled

DC3CILO3 EnaCls.stVal 89CE2P3 Two-position Disconnect 3 close enabled

DC3CILO3 EnaOpn.stVal 89OE2P3 Two-position Disconnect 3 open enabled

DC4CILO4 EnaCls.stVal 89CE2P4 Two-position Disconnect 4 close enabled

DC4CILO4 EnaOpn.stVal 89OE2P4 Two-position Disconnect 4 open enabled

DC5CILO5 EnaCls.stVal 89CE2P5 Two-position Disconnect 5 close enabled

DC5CILO5 EnaOpn.stVal 89OE2P5 Two-position Disconnect 5 open enabled

DC6CILO6 EnaCls.stVal 89CE2P6 Two-position Disconnect 6 close enabled

DC6CILO6 EnaOpn.stVal 89OE2P6 Two-position Disconnect 6 open enabled

DC7CILO7 EnaCls.stVal 89CE2P7 Two-position Disconnect 7 close enabled

DC7CILO7 EnaOpn.stVal 89OE2P7 Two-position Disconnect 7 open enabled

DC8CILO8 EnaCls.stVal 89CE2P8 Two-position Disconnect 8 close enabled

DC8CILO8 EnaOpn.stVal 89OE2P8 Two-position Disconnect 8 open enabled

DC9CILO9 EnaCls.stVal 89CE3PL1 Three-position In-Line Disconnect 1 close enabled

DC9CILO9 EnaOpn.stVal 89OE3PL1 Three-position In-Line Disconnect 1 open enabled

DC10CILO10 EnaCls.stVal 89CE3PL2 Three-position In-Line Disconnect 2 close enabled

Table G.37 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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DC10CILO10 EnaOpn.stVal 89OE3PL2 Three-position In-Line Disconnect 2 open enabled

DC11CILO11 EnaCls.stVal 89CE3PE1 Three-position Earthing Disconnect 1 close enabled

DC11CILO11 EnaOpn.stVal 89OE3PE1 Three-position Earthing Disconnect 1 open enabled

DC12CILO12 EnaCls.stVal 89CE3PE2 Three-position Earthing Disconnect 2 close enabled

DC12CILO12 EnaOpn.stVal 89OE3PE2 Three-position Earthing Disconnect 2 open enabled

DC1CSWI1 OpCls.general 89C2P1 Two-position Disconnect 1 closed

DC1CSWI1 OpOpn.general 89O2P1 Two-position Disconnect 1 open

DC1CSWI1 Loc.stVal LOC Control authority at local (bay) level

DC1CSWI1 LocSta.stVal LOCSTA Control authority at station level

DC1CSWI1 Pos.stVal 89CL2P1|89OP2P1?0:1:2:3c Two-position Disconnect 1 close/open status

DC2CSWI2 OpCls.general 89C2P2 Two-position Disconnect 2 closed

DC2CSWI2 OpOpn.general 89O2P2 Two-position Disconnect 2 open

DC2CSWI2 Loc.stVal LOC Control authority at local (bay) level

DC2CSWI2 LocSta.stVal LOCSTA Control authority at station level

DC2CSWI2 Pos.stVal 89CL2P2|89OP2P2?0:1:2:3c Two-position Disconnect 2 close/open status

DC3CSWI3 OpCls.general 89C2P3 Two-position Disconnect 3 closed

DC3CSWI3 OpOpn.general 89O2P3 Two-position Disconnect 3 open

DC3CSWI3 Loc.stVal LOC Control authority at local (bay) level

DC3CSWI3 LocSta.stVal LOCSTA Control authority at station level

DC3CSWI3 Pos.stVal 89CL2P3|89OP2P3?0:1:2:3c Two-position Disconnect 3 close/open status

DC4CSWI4 OpCls.general 89C2P4 Two-position Disconnect 4 closed

DC4CSWI4 OpOpn.general 89O2P4 Two-position Disconnect 4 open

DC4CSWI4 Loc.stVal LOC Control authority at local (bay) level

DC4CSWI4 LocSta.stVal LOCSTA Control authority at station level

DC4CSWI4 Pos.stVal 89CL2P4|89OP2P4?0:1:2:3c Two-position Disconnect 4 close/open status

DC5CSWI5 OpCls.general 89C2P5 Two-position Disconnect 5 closed

DC5CSWI5 OpOpn.general 89O2P5 Two-position Disconnect 5 open

DC5CSWI5 Loc.stVal LOC Control authority at local (bay) level

DC5CSWI5 LocSta.stVal LOCSTA Control authority at station level

DC5CSWI5 Pos.stVal 89CL2P5|89OP2P5?0:1:2:3c Two-position Disconnect 5 close/open status

DC6CSWI6 OpCls.general 89C2P6 Two-position Disconnect 6 closed

DC6CSWI6 OpOpn.general 89O2P6 Two-position Disconnect 6 open

DC6CSWI6 Loc.stVal LOC Control authority at local (bay) level

DC6CSWI6 LocSta.stVal LOCSTA Control authority at station level

DC6CSWI6 Pos.stVal 89CL2P6|89OP2P6?0:1:2:3c Two-position Disconnect 6 close/open status

DC7CSWI7 OpCls.general 89C2P7 Two-position Disconnect 7 closed

DC7CSWI7 OpOpn.general 89O2P7 Two-position Disconnect 7 open

DC7CSWI7 Loc.stVal LOC Control authority at local (bay) level
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DC7CSWI7 LocSta.stVal LOCSTA Control authority at station level

DC7CSWI7 Pos.stVal 89CL2P7|89OP2P7?0:1:2:3c Two-position Disconnect 7 close/open status

DC8CSWI8 OpCls.general 89C2P8 Two-position Disconnect 8 closed

DC8CSWI8 OpOpn.general 89O2P8 Two-position Disconnect 8 open

DC8CSWI8 Loc.stVal LOC Control authority at local (bay) level

DC8CSWI8 LocSta.stVal LOCSTA Control authority at station level

DC8CSWI8 Pos.stVal 89CL2P8|89OP2P8?0:1:2:3c Two-position Disconnect 8 close/open status

DC9CSWI9 OpCls.general 89C3PL1 Three-position In-Line Disconnect 1 closed

DC9CSWI9 OpOpn.general 89O3PL1 Three-position In-Line Disconnect 1 open

DC9CSWI9 Loc.stVal LOC Control authority at local (bay) level

DC9CSWI9 LocSta.stVal LOCSTA Control authority at station level

DC9CSWI9 Pos.stVal 89CL3PL1|89OP3PL1?0:1:2:3c Three-position In-Line Disconnect 1 close/open status

DC10CSWI10 OpCls.general 89C3PL2 Three-position In-Line Disconnect 2 closed

DC10CSWI10 OpOpn.general 89O3PL2 Three-position In-Line Disconnect 2 open

DC10CSWI10 Loc.stVal LOC Control authority at local (bay) level

DC10CSWI10 LocSta.stVal LOCSTA Control authority at station level

DC10CSWI10 Pos.stVal 89CL3PL2|89OP3PL2?0:1:2:3c Three-position In-Line Disconnect 2 close/open status

DC11CSWI11 OpCls.general 89C3PE1 Three-position Earthing Disconnect 1 closed

DC11CSWI11 OpOpn.general 89O3PE1 Three-position Earthing Disconnect 1 open

DC11CSWI11 Loc.stVal LOC Control authority at local (bay) level

DC11CSWI11 LocSta.stVal LOCSTA Control authority at station level

DC11CSWI11 Pos.stVal 89CL3PE1|89OP3PE1?0:1:2:3c Three-position Earthing Disconnect 1 close/open status

DC12CSWI12 OpCls.general 89C3PE2 Three-position Earthing Disconnect 2 closed

DC12CSWI12 OpOpn.general 89O3PE12 Three-position Earthing Disconnect 2 open

DC12CSWI12 Loc.stVal LOC Control authority at local (bay) level

DC12CSWI12 LocSta.stVal LOCSTA Control authority at station level

DC12CSWI12 Pos.stVal 89CL3PE2|89OP3PE2?0:1:2:3c Three-position Earthing Disconnect 2 close/open status

DC1XSWI1 BlkCls.stVal false Disconnect close blocking not configured by default

DC1XSWI1 BlkOpn.stVal false Disconnect open blocking not configured by default

DC1XSWI1 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC1XSWI1 OpCnt.stVal 0

DC1XSWI1 Pos.stVal 89CL2P1?1:2b Disconnect 1 position

DC1XSWI1 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC1XSWI1 SwTyp.stVal Disconnector Disconnect type

DC2XSWI12 BlkCls.stVal false Disconnect close blocking not configured by default

DC2XSWI12 BlkOpn.stVal false Disconnect open blocking not configured by default

DC2XSWI12 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC2XSWI12 OpCnt.stVal 0
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DC2XSWI12 Pos.stVal 89CL2P2?1:2b Disconnect 2 position

DC2XSWI12 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC2XSWI12 SwTyp.stVal Disconnector Disconnect type

DC3XSWI3 BlkCls.stVal false Disconnect close blocking not configured by default

DC3XSWI3 BlkOpn.stVal false Disconnect open blocking not configured by default

DC3XSWI3 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC3XSWI3 OpCnt.stVal 0

DC3XSWI3 Pos.stVal 89CL2P3?1:2b Disconnect 3 position

DC3XSWI3 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC3XSWI3 SwTyp.stVal Disconnector Disconnect type

DC4XSWI4 BlkCls.stVal false Disconnect close blocking not configured by default

DC4XSWI4 BlkOpn.stVal false Disconnect open blocking not configured by default

DC4XSWI4 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC4XSWI4 OpCnt.stVal 0

DC4XSWI4 Pos.stVal 89CL2P4?1:2b Disconnect 4 position

DC4XSWI4 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC4XSWI4 SwTyp.stVal Disconnector Disconnect type

DC5XSWI5 BlkCls.stVal false Disconnect close blocking not configured by default

DC5XSWI5 BlkOpn.stVal false Disconnect open blocking not configured by default

DC5XSWI5 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC5XSWI5 OpCnt.stVal 0

DC5XSWI5 Pos.stVal 89CL2P5?1:2b Disconnect 5 position

DC5XSWI5 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC5XSWI5 SwTyp.stVal Disconnector Disconnect type

DC6XSWI6 BlkCls.stVal false Disconnect close blocking not configured by default

DC6XSWI6 BlkOpn.stVal false Disconnect open blocking not configured by default

DC6XSWI6 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC6XSWI6 OpCnt.stVal 0

DC6XSWI6 Pos.stVal 89CL2P6?1:2b Disconnect 6 position

DC6XSWI6 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC6XSWI6 SwTyp.stVal Disconnector Disconnect type

DC7XSWI7 BlkCls.stVal false Disconnect close blocking not configured by default

DC7XSWI7 BlkOpn.stVal false Disconnect open blocking not configured by default

DC7XSWI7 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC7XSWI7 OpCnt.stVal 0

DC7XSWI7 Pos.stVal 89CL2P7?1:2b Disconnect 7 position

DC7XSWI7 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC7XSWI7 SwTyp.stVal Disconnector Disconnect type
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DC8XSWI8 BlkCls.stVal false Disconnect close blocking not configured by default

DC8XSWI8 BlkOpn.stVal false Disconnect open blocking not configured by default

DC8XSWI8 Loc.stVal OREDLOC Logical OR or LOC and LOCAL Relay Word bits

DC8XSWI8 OpCnt.stVal 0

DC8XSWI8 Pos.stVal 89CL2P8?1:2b Disconnect 8 position

DC8XSWI8 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC8XSWI8 SwTyp.stVal Disconnector Disconnect type

DC9XSWI9 BlkCls.stVal false Disconnect close blocking not configured by default

DC9XSWI9 BlkOpn.stVal false Disconnect open blocking not configured by default

DC9XSWI9 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC9XSWI9 OpCnt.stVal 0

DC9XSWI9 Pos.stVal 89CL2PL1?1:2b In-Line Disconnect 1 position

DC9XSWI9 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC9XSWI9 SwTyp.stVal Disconnector Disconnect type

DC10XSWI10 BlkCls.stVal false Disconnect close blocking not configured by default

DC10XSWI10 BlkOpn.stVal false Disconnect open blocking not configured by default

DC10XSWI10 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC10XSWI10 OpCnt.stVal 0

DC10XSWI10 Pos.stVal 89CL2PL2?1:2b In-Line Disconnect 2 position

DC10XSWI10 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC10XSWI10 SwTyp.stVal Disconnector Disconnect type

DC11XSWI11 BlkCls.stVal false Disconnect close blocking not configured by default

DC11XSWI11 BlkOpn.stVal false Disconnect open blocking not configured by default

DC11XSWI11 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC11XSWI11 OpCnt.stVal 0

DC11XSWI11 Pos.stVal 89CL2PE1?1:2b Earthing Disconnect 1 position

DC11XSWI11 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC11XSWI11 SwTyp.stVal Disconnector Disconnect type

DC12XSWI12 BlkCls.stVal false Disconnect close blocking not configured by default

DC12XSWI12 BlkOpn.stVal false Disconnect open blocking not configured by default

DC12XSWI12 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC12XSWI12 OpCnt.stVal 0

DC12XSWI12 Pos.stVal 89CL2PE2?1:2b Earthing Disconnect 2 position

DC12XSWI12 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC12XSWI12 SwTyp.stVal Disconnector Disconnect type

FDPIOC11 Op.general FDOC1T Field overcurrent Level 1 definite-time delayed element

FDPIOC11 Str.general FDOC1 Field overcurrent Level 1 pickup

FDPIOC12 Op.general FDOC2T Field overcurrent Level 2 definite-time delayed element

Table G.37 Logical Device: PRO (Protection) (Sheet 6 of 10)

Logical Node Attribute Data Source Comment



G.44

SEL-710-5 Relay Instruction Manual Date Code 20220826

IEC 61850 Communications
Logical Nodes

FDPIOC12 Str.general FDOC2 Field overcurrent Level 2 pickup

FDPTOV4 Op.general FDOV1T Field overvoltage Level 1 definite-time delayed element

FDPTOV4 Str.general FDOV1 Field overvoltage Level 1 pickup

FDPTOV5 Op.general FDOV2T Field overvoltage Level 2 definite-time delayed element

FDPTOV5 Str.general FDOV2 Field overvoltage Level 2 pickup

FDPTUC3 Op.general FDUC1T Field undercurrent Level 1 definite-time delayed element

FDPTUC3 Str.general FDUC1 Field undercurrent Level 1 pickup

FDPTUC4 Op.general FDUC2T Field undercurrent Level 2 definite-time delayed element

FDPTUC4 Str.general FDUC2 Field undercurrent Level 2 pickup

FDPTUV4 Op.general FDUV1T Field undervoltage Level 1 definite-time delayed element

FDPTUV4 Str.general FDUV1 Field undervoltage Level 1 pickup

FDPTUV5 Op.general FDUV2T Field undervoltage Level 2 definite-time delayed element

FDPTUV5 Str.general FDUV2 Field undervoltage Level 2 pickup

FLTRDRE1 RcdMade.stVal FLREP Event report present

FLTRDRE1 FltNum.stVal FLRNUM Unique event ID number

G1TPIOC5 Op.general 50G1T Definite-time residual overcurrent trip

G1TPIOC5 Str.general 50G1P Definite-time residual overcurrent trip pickup

G1TPTOC5 Op.general 51G1T Level 1 residual ground time-overcurrent element trip

G1TPTOC5 Str.general 51G1P Level 1 residual ground time-overcurrent element pickup

G2TPIOC6 Op.general 50G2T Definite-time residual overcurrent alarm

G2TPIOC6 Str.general 50G2P Definite-time residual overcurrent alarm pickup

G2TPTOC6 Op.general 51G2T Level 2 residual ground time-overcurrent element trip

G2TPTOC6 Str.general 51G2P Level 2 residual ground time-overcurrent element pickup

I1TPTOV6 Op.general 59I1T Level 1 inverse overvoltage element trip

I1TPTOV6 Str.general 59I1 Level 1 inverse overvoltage element pickup

I1TPTOV6 Str.dirGeneral unknown Direction undefined

I2TPTOV7 Op.general 59I2T Level 2 inverse overvoltage element trip

I2TPTOV7 Str.general 59I2 Level 2 inverse overvoltage element pickup

I2TPTOV7 Str.dirGeneral unknown Direction undefined

I3TPTOV8 Op.general 59I3T Level 3 inverse overvoltage element trip

I3TPTOV8 Str.general 59I3 Level 3 inverse overvoltage element pickup

I3TPTOV8 Str.dirGeneral unknown Direction undefined

I4TPTOV9 Op.general 59I4T Level 4 inverse overvoltage element trip

I4TPTOV9 Str.general 59I4 Level 4 inverse overvoltage element pickup

I4TPTOV9 Str.dirGeneral unknown Direction undefined

I1TPTUV6 Op.general 27I1T Level 1 inverse undervoltage element trip
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I1TPTUV6 Str.general 27I1 Level 1 inverse undervoltage element pickup

I1TPTUV6 Str.dirGeneral unknown Direction undefined

I2TPTUV7 Op.general 27I2T Level 2 inverse undervoltage element trip

I2TPTUV7 Str.general 27I2 Level 2 inverse undervoltage element pickup

I2TPTUV7 Str.dirGeneral unknown Direction undefined

JALRMPMSS1 Op.general JAMALRM Load-jam alarm

JALRMPMSS1 Str.general JAMALRM Load-jam alarm

JTRIPPMSS2 Op.general JAMTRIP Load-jam trip

JTRIPPMSS2 Str.general JAMTRIP Load-jam trip

LALRMPTUC1 Op.general LOSSALRM Load-loss alarm

LALRMPTUC1 Str.general LOSSALRM Load-loss alarm

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LOPPTUV3 Op.general LOP Loss of potential

LOPPTUV3 Str.general LOP Loss of potential

LTRIPPTUC2 Op.general LOSSTRIP Load-loss trip

LTRIPPTUC2 Str.general LOSSTRIP Load-loss trip

M1PDIF1 Op.general 87M1T Level 1 trip definite-time differential element 

M1PDIF1 Str.general 87M1 Level 1 pickup definite-time differential element

M2PDIF2 Op.general 87M2T Level 2 trip definite-time differential element 

M2PDIF2 Str.general 87M2 Level 2 pickup definite-time differential element

MCCILO1 EnaCls.stVal SV32T Program SELOGIC variable SV32 to supervise the close 
operation of the breaker/contactor

MCCSWI1 OpCls.general STR Breaker/contactor close control

MCCSWI1 OpOpn.general STOP Breaker/contactor open control

MCCSWI1 Loc.stVal LOC Control authority at local (bay) level

MCCSWI1 LocSta.stVal LOCSTA Control authority at station level

MCCSWI1 Pos.stVal 52A?1:2b Breaker/contactor position (52A = false, breaker opened; 
52A = true, breaker closed)

MCCILO1 EnaOpn.stVal SV31T Program SELOGIC variable SV31 to supervise the open 
operation of the breaker/contactor

N1TPIOC3 Op.general 50N1T Definite-time neutral overcurrent trip

N1TPIOC3 Str.general 50N1P Definite-time neutral overcurrent trip pickup

N2TPIOC4 Op.general 50N2T Definite-time neutral overcurrent alarm

N2TPIOC4 Str.general 50N2P Definite-time neutral overcurrent alarm pickup

NAFPIOC10 Op.general 50NAF Sample based neutral overcurrent element pickup

NAFPIOC10 Str.general 50NAF Sample based neutral overcurrent element pickup

NOSLOPMRI2 Op.general NOSLO Starts per hour lockout condition

OOSPPAM1 Op.general OOST Out-of-step trip

OOSPPAM1 Str.general OOS Out-of-step element
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P1TPIOC1 Op.general 50P1T Definite-time phase overcurrent trip

P1TPIOC1 Str.general 50P1P Definite-time phase overcurrent trip pickup

P1TPTOC3 Op.general 51P1T Level 1 maximum phase time-overcurrent element trip

P1TPTOC3 Str.general 51P1P Level 1 maximum phase time-overcurrent element pickup

P1TPTOV1 Op.general 59P1T Phase overvoltage Level 1 trip

P1TPTOV1 Str.general 59P1 Phase overvoltage Level 1 trip pickup

P1TPTUV1 Op.general 27P1T Phase undervoltage Level 1 trip

P1TPTUV1 Str.general 27P1 Phase undervoltage Level 1 trip pickup

P2TPIOC2 Op.general 50P2T Definite-time phase overcurrent alarm

P2TPIOC2 Str.general 50P2P Definite-time phase overcurrent alarm pickup

P2TPTOC4 Op.general 51P2T Level 2 maximum phase time-overcurrent element trip

P2TPTOC4 Str.general 51P2P Level 2 maximum phase time-overcurrent element pickup

P2TPTOV2 Op.general 59P2T Phase overvoltage Level 2 trip

P2TPTOV2 Str.general 59P2 Phase overvoltage Level 2 pickup

P2TPTUV2 Op.general 27P2T Phase undervoltage Level 2 trip

P2TPTUV2 Str.general 27P2 Phase undervoltage Level 2 pickup

PA37PDUP1 Op.general 37PA Underpower alarm

PA37PDUP1 Str.general 37PA Underpower alarm

PAFPIOC9 Op.general 50PAF Sample based phase overcurrent element pickup

PAFPIOC9 Str.general 50PAF Sample based phase overcurrent element pickup

PT37PDUP2 Op.general 37PT Underpower trip

PT37PDUP2 Str.general 37PT Underpower trip

PTCTPTTR7 Op.general PTCTRIP Asserts when measured PTC loop resistance is greater 
than set value

Q1TPIOC7 Op.general 50Q1T Definite-time negative-sequence overcurrent trip

Q1TPIOC7 Str.general 50Q1P Definite-time negative-sequence overcurrent trip pickup

Q2TPIOC8 Op.general 50Q2T Definite-time negative-sequence overcurrent alarm

Q2TPIOC8 Str.general 50Q2P Definite-time negative-sequence overcurrent alarm pickup

QTPTOC7 Op.general 51QT Negative-sequence time-overcurrent element trip

QTPTOC7 Str.general 51QP Negative-sequence time-overcurrent element pickup

R49PTTR4 Op.general 49T_RTR Thermal trip, rotor thermal model

RTDAPTTR5 Op.general RTDA Winding/bearing RTD overtemperature alarm

RTDTPTTR6 Op.general RTDT Winding/bearing RTD overtemperature trip

S49PTTR3 Op.general 49T_STR Thermal trip, stator thermal model

SPDSALPZSU1 Op.general SPDSAL Speed switch alarm

SPDSALPZSU1 Str.general SPDSAL Speed switch alarm

SPDSTRPZSU2 Op.general SPDSTR Speed switch trip

SPDSTRPZSU2 Str.general SPDSTR Speed switch trip
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T47PTOV3 Op.general 47T Phase reversal trip

T47PTOV3 Str.general 47T Phase reversal trip

T49PTTR2 Op.general 49T Thermal trip

T55POPF2 Op.general 55T Power factor trip

T55POPF2 Str.general 55T Power factor trip

TBSLOPMRI3 Op.general TBSLO Time between starts lockout condition

THRMLOPMRI4 Op.general THERMLO Thermal lockout condition

TOL1PAFD1 Op.general TOL1d Arc-Flash Light Input 1 element pickup

TOL1PAFD1 Str.general TOL1d Arc-Flash Light Input 1 element pickup

TOL2PAFD2 Op.general TOL2d Arc-Flash Light Input 2 element pickup

TOL2PAFD2 Str.general TOL2d Arc-Flash Light Input 2 element pickup

TOL3PAFD3 Op.general TOL3d Arc-Flash Light Input 3 element pickup

TOL3PAFD3 Str.general TOL3d Arc-Flash Light Input 3 element pickup

TOL4PAFD4 Op.general TOL4d Arc-Flash Light Input 4 element pickup

TOL4PAFD4 Str.general TOL4d Arc-Flash Light Input 4 element pickup

TOL5PAFD5 Op.general TOL5d Arc-Flash Light Input 5 element pickup

TOL5PAFD5 Str.general TOL5d Arc-Flash Light Input 5 element pickup

TOL6PAFD6 Op.general TOL6d Arc-Flash Light Input 6 element pickup

TOL6PAFD6 Str.general TOL6d Arc-Flash Light Input 6 element pickup

TOL7PAFD7 Op.general TOL7d Arc-Flash Light Input 7 element pickup

TOL7PAFD7 Str.general TOL7d Arc-Flash Light Input 7 element pickup

TOL8PAFD8 Op.general TOL8d Arc-Flash Light Input 8 element pickup

TOL8PAFD8 Str.general TOL8d Arc-Flash Light Input 8 element pickup

TRIPPTRC1 Tr.general TRIP Trip logic output

UB46APTOC1 Op.general 46UBA Phase current unbalance alarm

UB46APTOC1 Str.general 46UBA Phase current unbalance alarm

UB46TPTOC2 Op.general 46UBT Phase current unbalance trip

UB46TPTOC2 Str.general 46UBT Phase current unbalance trip

VARAPDOP1 Op.general VARA Reactive power alarm

VARAPDOP1 Str.general VARA Reactive power alarm

VARTPDOP2 Op.general VART Reactive power trip

VARTPDOP2 Str.general VART Reactive power trip

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a Writing a 0 to Pos.Oper.ctlVal will cause the Open control bit to assert and writing any other value will cause the Close control bit to assert.
b If breaker/disconnect is closed, value = 10(2). If breaker/disconnect is opened, value = 01(1).
c If the disconnect is closed, value = 10(2). If the disconnect is open, value = 01(1). Value = 00(0) indicates an in-progress or intermediate state 

and value = 11(3) indicates an alarm or bad state.
d Valid data depend on installed Arc Flash Card.
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Table G.38 shows the LN associated with measuring elements defined as 
Logical Device MET.

Table G.38 Logical Device: MET (Metering) (Sheet 1 of 4)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = MXa,b

DIFFMMXU3 A.phsA.instCVal.mag.f IA87 Differential current, A-phase, magnitude

DIFFMMXU3 A.phsB.instCVal.mag.f IB87 Differential current, B-phase, magnitude

DIFFMMXU3 A.phsC.instCVal.mag.f IC87 Differential current, C-phase, magnitude

METMMXU1 A.phsA.instCVal.ang.f IA_ANG Current, A-phase, angle

METMMXU1 A.phsA.instCVal.mag.f IA_MAG Current, A-phase, magnitude

METMMXU1 A.phsB.instCVal.ang.f IB_ANG Current, B-phase, angle

METMMXU1 A.phsB.instCVal.mag.f IB_MAG Current, B-phase, magnitude

METMMXU1 A.phsC.instCVal.ang.f IC_ANG Current, C-phase, angle

METMMXU1 A.phsC.instCVal.mag.f IC_MAG Current, C-phase, magnitude

METMMXU1 A.res.instCVal.ang.f IG_ANG Current, calculated-residual, angle

METMMXU1 A.res.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude

METMMXU1 A.neut.instCVal.ang.f IN_ANG Neutral current, angle

METMMXU1 A.neut.instCVal.mag.f IN_MAG Neutral current, magnitude

METMMXU1 Hz.instMag.f FREQ Frequency

METMMXU1 Iex.instCVal.mag.f IEX Field current

METMMXU1 PhV.phsA.instCVal.ang.f VA_ANG Voltage, A-phase-to-neutral, angle

METMMXU1 PhV.phsA.instCVal.mag.f VA_MAG Voltage, A-phase-to-neutral, magnitude

METMMXU1 PhV.phsB.instCVal.ang.f VB_ANG Voltage, B-phase-to-neutral, angle

METMMXU1 PhV.phsB.instCVal.mag.f VB_MAG Voltage, B-phase-to-neutral, magnitude

METMMXU1 PhV.phsC.instCVal.ang.f VC_ANG Voltage, C-phase-to-neutral, angle

METMMXU1 PhV.phsC.instCVal.mag.f VC_MAG Voltage, C-phase-to-neutral, magnitude

METMMXU1 PhV.res.instCVal.ang.f VG_ANG Zero-sequence voltage, angle

METMMXU1 PhV.res.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude

METMMXU1 PPV.phsAB.instCVal.ang.f VAB_ANG Voltage, A-to-B-phase, angle

METMMXU1 PPV.phsAB.instCVal.mag.f VAB_MAG Voltage, A-to-B-phase, magnitude

METMMXU1 PPV.phsBC.instCVal.ang.f VBC_ANG Voltage, B-to-C-phase, angle

METMMXU1 PPV.phsBC.instCVal.mag.f VBC_MAG Voltage, B-to-C-phase, magnitude

METMMXU1 PPV.phsCA.instCVal.ang.f VCA_ANG Voltage, C-to-A-phase, angle

METMMXU1 PPV.phsCA.instCVal.mag.f VCA_MAG Voltage, C-to-A-phase, magnitude

METMMXU1 Rf.instMag.f RF Field resistance

METMMXU1 TotPF.instMag.f PF Power factor, three-phase, magnitude

METMMXU1 TotVA.instMag.f S Apparent power, three-phase, magnitude

METMMXU1 TotVAr.instMag.f Q Reactive power, three-phase, magnitude
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METMMXU1 TotW.instMag.f P Real power, three-phase, magnitude

METMMXU1 Vex.instCVal.mag.f VEX Field voltage

METMSQI1 MaxImbA.instMag.f UBI Current unbalance

METMSQI1 MaxImbV.instMag.f UBV Voltage unbalance

METMSQI1 SeqA.c1.instCVal.ang.f I1_ANG Positive-sequence current, angle

METMSQI1 SeqA.c1.instCVal.mag.f I1_MAG Positive-sequence current, magnitude

METMSQI1 SeqA.c2.instCVal.ang.f I2_ANG Negative-sequence current, angle

METMSQI1 SeqA.c2.instCVal.mag.f I2_MAG Negative-sequence current, magnitude

METMSQI1 SeqA.c3.instCVal.ang.f IG_ANG Current, calculated-residual, angle

METMSQI1 SeqA.c3.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude

METMSQI1 SeqV.c1.instCVal.ang.f V1_ANG Positive-sequence voltage, angle

METMSQI1 SeqV.c1.instCVal.mag.f V1_MAG Positive-sequence voltage, magnitude

METMSQI1 SeqV.c2.instCVal.ang.f V2_ANG Negative-sequence voltage, angle

METMSQI1 SeqV.c2.instCVal.mag.f V2_MAG Negative-sequence voltage, magnitude

METMSQI1 SeqV.c3.instCVal.ang.f VG_ANG Zero-sequence voltage, angle

METMSQI1 SeqV.c3.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude

METMSTA1 AvAmps.instMag.f IAV Current, average current, magnitude

METMSTA1 AvVolts.instMag.f VAVE Average voltage, magnitude

METMSTA1 MaxA.phsA.instCVal.mag.f IAMX Current, A-phase, maximum magnitude

METMSTA1 MaxA.phsB.instCVal.mag.f IBMX Current, B-phase, maximum magnitude

METMSTA1 MaxA.phsC.instCVal.mag.f ICMX Current, C-phase, maximum magnitude

METMSTA1 MaxA.res.instCVal.mag.f IGMX Current, residual, maximum magnitude

METMSTA1 MaxA.neut.instCVal.mag.f INMX Current, neutral, maximum magnitude

METMSTA1 MaxP2PV.phsAB.instCVal.mag.f VABMX Voltage, A-to-B-phase, maximum magnitude

METMSTA1 MaxP2PV.phsBC.instCVal.mag.f VBCMX Voltage, B-to-C-phase, maximum magnitude

METMSTA1 MaxP2PV.phsCA.instCVal.mag.f VCAMX Voltage, C-to-A-phase, maximum magnitude

METMSTA1 MaxPhV.phsA.instCVal.mag.f VAMX Voltage, A-phase-to-neutral, maximum magnitude

METMSTA1 MaxPhV.phsB.instCVal.mag.f VBMX Voltage, B-phase-to-neutral, maximum magnitude

METMSTA1 MaxPhV.phsC.instCVal.mag.f VCMX Voltage, C-phase-to-neutral, maximum magnitude

METMSTA1 MaxVA.instMag.f KVA3PMX Apparent power, three-phase, maximum 
magnitude

METMSTA1 MaxVAr.instMag.f KVAR3PMX Reactive power, three-phase, maximum 
magnitude

METMSTA1 MaxW.instMag.f KW3PMX Real power, three-phase, maximum magnitude

METMSTA1 MinA.phsA.instCVal.mag.f IAMN Current, A-phase, minimum magnitude

METMSTA1 MinA.phsB.instCVal.mag.f IBMN Current, B-phase, minimum magnitude

METMSTA1 MinA.phsC.instCVal.mag.f ICMN Current, C-phase, minimum magnitude

METMSTA1 MinA.res.instCVal.mag.f IGMN Current, residual, minimum magnitude

METMSTA1 MinA.neut.instCVal.mag.f INMN Current, neutral, minimum magnitude
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METMSTA1 MinP2PV.phsAB.instCVal.mag.f VABMN Voltage, A-to-B-phase, minimum magnitude

METMSTA1 MinP2PV.phsBC.instCVal.mag.f VBCMN Voltage, B-to-C-phase, minimum magnitude

METMSTA1 MinP2PV.phsCA.instCVal.mag.f VCAMN Voltage, C-to-A-phase, minimum magnitude

METMSTA1 MinPhV.phsA.instCVal.mag.f VAMN Voltage, A-phase-to-neutral, minimum magnitude

METMSTA1 MinPhV.phsB.instCVal.mag.f VBMN Voltage, B-phase-to-neutral, minimum magnitude

METMSTA1 MinPhV.phsC.instCVal.mag.f VCMN Voltage, C-phase-to-neutral, minimum magnitude

METMSTA1 MinVA.instMag.f KVA3PMN Apparent power, three-phase, minimum 

METMSTA1 MinVAr.instMag.f KVAR3PMN Reactive power, three-phase, minimum magnitude

METMSTA1 MinW.instMag.f KW3PMN Real power, three-phase, minimum magnitude

MOTORMMOT1 Mload.instMag.f MLOAD Motor load

MOTORMMOT1 Mrt.instMag.f MRT Motor running time

MOTORMMOT1 NumEmrst.instMag.f EMSTRT Number of emergency starts counter

MOTORMMOT1 NumStrt.instMag.f STRT Number of starts counter

MOTORMMOT1 RtdTcu.instMag.f TCURTD RTD % thermal capacity used

MOTORMMOT1 RtrTcu.instMag.f TCURTR Rotor % thermal capacity used

MOTORMMOT1 Slip.instMag.f SLIP Slip

MOTORMMOT1 StrtAv.instMag.f STRTAV Starts available

MOTORMMOT1 StrTcu.instMag.f TCUSTR Stator % thermal capacity used

MOTORMMOT1 ThrmTp.instMag.f THRMTP Thermal trip in

MOTORMMOT1 Trst.instMag.f TRST Time to reset

RMSMMXU2 A.phsA.instCVal.mag.f IARMS RMS current, A-phase, magnitude

RMSMMXU2 A.phsB.instCVal.mag.f IBRMS RMS current, B-phase, magnitude

RMSMMXU2 A.phsC.instCVal.mag.f ICRMS RMS current, C-phase, magnitude

RMSMMXU2 A.neut.instCVal.mag.f INRMS RMS current, neutral, magnitude

RMSMMXU2 PhV.phsA.instCVal.mag.f VARMS RMS voltage, A-phase, magnitude

RMSMMXU2 PhV.phsB.instCVal.mag.f VBRMS RMS voltage, B-phase, magnitude

RMSMMXU2 PhV.phsC.instCVal.mag.f VCRMS RMS voltage, C-phase, magnitude

RMSMMXU2 PPV.phsAB.instCVal.mag.f VABRMS RMS voltage, AB-phase-to-phase, magnitude

RMSMMXU2 PPV.phsBC.instCVal.mag.f VBCRMS RMS voltage, BC-phase-to-phase, magnitude

RMSMMXU2 PPV.phsCA.instCVal.mag.f VCARMS RMS voltage, CA-phase-to-phase, magnitude

THERMMTHR1 MaxAmbTmp.instMag.f RTDAMBc Ambient RTD temperature

THERMMTHR1 MaxBrgTmp.instMag.f RTDBRGMXc Maximum bearing RTD temperature

THERMMTHR1 MaxOthTmp.instMag.f RTDOTHMXc Other maximum RTD temperature

THERMMTHR1 MaxWdgTmp.instMag.f RTDWDGMXc Maximum winding RTD temperature

THERMMTHR1 Tmp01.instMag.f– Tmp12.instMag.f RTD1–RTD12c RTD1–RTD12 temperature

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

METMDST1d DmdWh.actVal MWH3P Real energy, three-phase OUT

METMDST1d NegVArh.actVal MVARH3PI Reactive energy, three-phase IN

METMDST1d PosVArh.actVal MVARH3PO Reactive energy, three-phase OUT
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Table G.39 shows the LN associated with control elements defined as Logical 
Device CON.

Table G.40 shows the LN associated with annunciation elements defined as 
Logical Device ANN.

THERMMTHR1 EEHealth.stVal RTDFLT?1:3c RTD input or communication status

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a MX values contain instantaneous attributes (instMag and instCVal) that are updated whenever the source updates and other attributes 
that are only updated when the source goes outside the deadband (mag and cVal) of the data source. Only the instantaneous values are 
shown in the table.

b Data validity depend on the relay model and installed card options. Refer to Section 1: Introduction and Specifications for different relay 
models and available card options. Refer to Section 5: Metering and Monitoring for the model-dependent metering quantities.

c Valid data depend on E49RTD and RTD1LOC–RTD12LOC settings.
d For IEC 61850 Edition 1 relays, this quantity is located under Functional Constraint MX.

Table G.38 Logical Device: MET (Metering) (Sheet 4 of 4)

Logical Node Attribute Data Source Comment

Table G.39 Logical Device: CON (Remote Control)

Logical Node Status Control Relay Word Bit Comment

Functional Constraint = CO

RBGGIO1 SPCSO01.stVal– 
SPCSO08.stVal

SPCSO01.Oper.ctlVal–
SPCSO08.Oper.ctlVal

RB01–RB08 Remote Bits RB01–RB08

RBGGIO2 SPCSO09.stVal– 
SPCSO16.stVal

SPCSO09.Oper.ctlVal–
SPCSO16.Oper.ctlVal

RB09–RB16 Remote Bits RB09–RB16

RBGGIO3 SPCSO17.stVal–
SPCSO24.stVal

SPCSO17.Oper.ctlVal–
SPCSO24.Oper.ctlVal

RB17–RB24 Remote Bits RB17–RB24

RBGGIO4 SPCSO25.stVal–
SPCSO32.stVal

SPCSO25.Oper.ctlVal–
SPCSO32.Oper.ctlVal

RB25–RB32 Remote Bits RB25–RB32

PRBGGIO1 SPCSO01.stVal–
SPCSO08.stVal

SPCSO01.Oper.ctlVal–
SPCSO08.Oper.ctlVal

RB01–RB08 Pulse Remote Bits RB01–RB08

PRBGGIO2 SPCSO09.stVal–
SPCSO16.stVal

SPCSO09.Oper.ctlVal–
SPCSO16.Oper.ctlVal

RB09–RB16 Pulse Remote Bits RB09–RB16

PRBGGIO3 SPCSO17.stVal–
SPCSO24.stVal

SPCSO17.Oper.ctlVal–
SPCSO24.Oper.ctlVal

RB17–RB24 Pulse Remote Bits RB17–RB24

PRBGGIO4 SPCSO25.stVal–
SPCSO32.stVal

SPCSO25.Oper.ctlVal–
SPCSO32.Oper.ctlVal

RB25–RB32 Pulse Remote Bits RB25–RB32

Functional Constraint = ST

LLN0 Loc.stVal — LOC Control authority at local (bay) level

LLN0 LocSta.stVal LocSta.Oper.ctlVal LOCSTA Control authority at station level

Functional Constraint = SP

LLN0 GrRef.setSrcRef — IdName Functional name

LLN0 MltLev.setVal — MLTLEV Multilevel mode of control authority

Table G.40 Logical Device: ANN (Annunciation) (Sheet 1 of 6)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number
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Functional Constraint = MXa

AINCGGIO21 AnIn01.instMag.f–AnIn08.instMag.f AI301–AI308b Analog Inputs (AI301 to AI308)—Slot C

AINDGGIO22 AnIn01.instMag.f–AnIn08.instMag.f AI401–AI408b Analog Inputs (AI401 to AI408)—Slot D

AINEGGIO23 AnIn01.instMag.f–AnIn08.instMag.f AI501–AI508b Analog Inputs (AI501 to AI508)—Slot E

BWASCBR1 AccAbr.instMag.f WEARA Breaker—Contact A wear

BWBSCBR2 AccAbr.instMag.f WEARB Breaker—Contact B wear

BWCSCBR3 AccAbr.instMag.f WEARC Breaker—Contact C wear

FLTGGIO37 AnIn01.instMag.f FIA A-phase current of the most recent fault event

FLTGGIO37 AnIn02.instMag.f FIB B-phase current of the most recent fault event

FLTGGIO37 AnIn03.instMag.f FIC C-phase current of the most recent fault event

FLTGGIO37 AnIn04.instMag.f FIG Ground current of the most recent fault event

FLTGGIO37 AnIn05.instMag.f FIN Neutral current of the most recent fault event

FLTGGIO37 AnIn06.instMag.f FIA87 Differential A-phase current of the most recent 
fault event

FLTGGIO37 AnIn07.instMag.f FIB87 Differential B-phase current of the most recent 
fault event

FLTGGIO37 AnIn08.instMag.f FIC87 Differential C-phase current of the most recent 
fault event

FLTGGIO37 AnIn09.instMag.f FFREQ Frequency of the most recent fault event

LSGGIO28 AnIn01.instMag.f–AnIn08.instMag.f LSENS1–LSENS8c Arc-flash sensor light (LSENS1–LSENS8)

MVGGIO12 AnIn01.instMag.f–AnIn32.instMag.f MV01–MV32d Math Variables (MV01 to MV32)

PFLLIGGIO38 AnIn01.instMag.f PFL Three-phase Power Factor Lead/Lag Indicator 
(1: LEAD, 0: LAG)

RAGGIO29 Ra001.instMag.f–Ra032.instMag.f RA001–RA032 Remote Analogs (RA001 to RA032)

RAGGIO30 Ra033.instMag.f–Ra064.instMag.f RA033–RA064 Remote Analogs (RA033 to RA064)

RAGGIO31 Ra065.instMag.f–Ra096.instMag.f RA065–RA096 Remote Analogs (RA065 to RA096)

RAGGIO32 Ra097.instMag.f–Ra128.instMag.f RA097–RA128 Remote Analogs (RA097 to RA128)

SCGGIO20 AnIn01.instMag.f–AnIn32.instMag.f SC01–SC32e SELOGIC Counters (SC01 to SC32)

Functional Constraint = ST

BWASCBR1 ColOpn.stVal STOP Stop motor/open breaker

BWBSCBR2 ColOpn.stVal STOP Stop motor/open breaker

BWCSCBR3 ColOpn.stVal STOP Stop motor/open breaker

DCTSGGIO35 Ind01.stVal 89A2P1 Two-Position Disconnect 1 N/O contact

DCTSGGIO35 Ind02.stVal 89B2P1 Two-Position Disconnect 1 N/C contact

DCTSGGIO35 Ind03.stVal 89CL2P1 Two-Position Disconnect 1 closed

DCTSGGIO35 Ind04.stVal 89OP2P1 Two-Position Disconnect 1 open

DCTSGGIO35 Ind05.stVal 89AL2P1 Two-Position Disconnect 1 alarm

DCTSGGIO35 Ind06.stVal 89A2P2 Two-Position Disconnect 2 N/O contact

DCTSGGIO35 Ind07.stVal 89B2P2 Two-Position Disconnect 2 N/C contact

DCTSGGIO35 Ind08.stVal 89CL2P2 Two-Position Disconnect 2 closed

DCTSGGIO35 Ind09.stVal 89OP2P2 Two-Position Disconnect 2 open

DCTSGGIO35 Ind10.stVal 89AL2P2 Two-Position Disconnect 2 alarm

Table G.40 Logical Device: ANN (Annunciation) (Sheet 2 of 6)
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DCTSGGIO35 Ind11.stVal 89A2P3 Two-Position Disconnect 3 N/O contact

DCTSGGIO35 Ind12.stVal 89B2P3 Two-Position Disconnect 3 N/C contact

DCTSGGIO35 Ind13.stVal 89CL2P3 Two-Position Disconnect 3 closed

DCTSGGIO35 Ind14.stVal 89OP2P3 Two-Position Disconnect 3 open

DCTSGGIO35 Ind15.stVal 89AL2P3 Two-Position Disconnect 3 alarm

DCTSGGIO35 Ind16.stVal 89A2P4 Two-Position Disconnect 4 N/O contact

DCTSGGIO35 Ind17.stVal 89B2P4 Two-Position Disconnect 4 N/C contact

DCTSGGIO35 Ind18.stVal 89CL2P4 Two-Position Disconnect 4 closed

DCTSGGIO35 Ind19.stVal 89OP2P4 Two-Position Disconnect 4 open

DCTSGGIO35 Ind20.stVal 89AL2P4 Two-Position Disconnect 4 alarm

DCTSGGIO35 Ind21.stVal 89A2P5 Two-Position Disconnect 5 N/O contact

DCTSGGIO35 Ind22.stVal 89B2P5 Two-Position Disconnect 5 N/C contact

DCTSGGIO35 Ind23.stVal 89CL2P5 Two-Position Disconnect 5 closed

DCTSGGIO35 Ind24.stVal 89OP2P5 Two-Position Disconnect 5 open

DCTSGGIO35 Ind25.stVal 89AL2P5 Two-Position Disconnect 5 alarm

INAGGIO1 Ind01.stVal–Ind02.stVal IN101–IN102 Digital Inputs (IN101 to IN102)—Slot A

INCGGIO13 Ind01.stVal–Ind14.stVal IN301–IN314b Digital Inputs (IN301 to IN314)—Slot C

INDGGIO15 Ind01.stVal–Ind14.stVal IN401–IN414b Digital Inputs (IN401 to IN414)—Slot D

INEGGIO17 Ind01.stVal–Ind14.stVal IN501–IN514b Digital Inputs (IN501 to IN514)—Slot E

LBGGIO33 Ind01.stVal–Ind32.stVal LB01–LB32f Local Bits (LB01 to LB32)

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LTGGIO5 Ind01.stVal–Ind32.stVal LT01–LT32g Latch Bits (LT01 to LT32)

MBOKGGIO34 Ind01.stVal ROKA Channel A, received data OK

MBOKGGIO34 Ind02.stVal RBADA Channel A, outage duration over threshold

MBOKGGIO34 Ind03.stVal CBADA Channel A, channel unavailability over threshold

MBOKGGIO34 Ind04.stVal LBOKA Channel A, looped back OK

MBOKGGIO34 Ind05.stVal ROKB Channel B, received data OK

MBOKGGIO34 Ind06.stVal RBADB Channel B, outage duration over threshold

MBOKGGIO34 Ind07.stVal CBADB Channel B, channel unavailability over threshold

MBOKGGIO34 Ind08.stVal LBOKB Channel B, looped back OK

MISCGGIO27 Ind01.stVal HALARM Indication of a diagnostic failure or warning that 
warrants an ALARM

MISCGGIO27 Ind02.stVal SALARM Indication of software or user activity that 
warrants an ALARM

MISCGGIO27 Ind03.stVal WARNING Relay Word Warning

MISCGGIO27 Ind04.stVal IRIGOK IRIG-B time synch input data are valid

MISCGGIO27 Ind05.stVal TSOK Time synchronization OK

MISCGGIO27 Ind06.stVal DST Daylight-saving time active (DST)

MISCGGIO27 Ind07.stVal LINKA Asserted when a valid link is detected on Port 1A

MISCGGIO27 Ind08.stVal LINKB Asserted when a valid link is detected on Port 1B

Table G.40 Logical Device: ANN (Annunciation) (Sheet 3 of 6)
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MISCGGIO27 Ind09.stVal LINKFAIL Asserted when a valid link is not detected on the 
active port(s)

MISCGGIO27 Ind10.stVal PASEL Asserted when Port 1A is active

MISCGGIO27 Ind11.stVal PBSEL Asserted when Port 1B is active

MISCGGIO27 Ind12.stVal MATHERR Error in SELMath computation

MISCGGIO27 Ind13.stVal COMMLOSS DeviceNet communication failure

MISCGGIO27 Ind14.stVal COMMFLIT Time-out of internal communication between 
CPU board and DeviceNet board

MISCGGIO27 Ind15.stVal TESTDB Indicates when TESTDB override is active

MISCGGIO27 Ind16.stVal–Ind32.stVal 0 Reserved for future use

MOTGGIO24 Ind01.stVal RUNNING Asserts when motor is running

MOTGGIO24 Ind02.stVal STARTING Asserts when protected motor is starting

MOTGGIO24 Ind03.stVal STOPPED Asserts when motor is stopped

MOTGGIO24 Ind04.stVal SRUNNING Asserts when synchronous motor is running

MOTGGIO24 Ind05.stVal STAR Star control

MOTGGIO24 Ind06.stVal DELTA Delta control

MOTGGIO24 Ind07.stVal 50S Overcurrent threshold for starting

MOTGGIO24 Ind08.stVal SPEEDSW Speed switch input

MOTGGIO24 Ind09.stVal SPEED2 Asserts when protected motor runs with second 
speed

MOTGGIO24 Ind10.stVal VFDBYPAS Variable frequency driver bypass SELOGIC 
control equation

MOTGGIO24 Ind11.stVal EMRSTR Emergency restart SELOGIC equation or Comm 
Protocol command

MOTGGIO24 Ind12.stVal STREQ Start motor SELOGIC equation

MOTGGIO24 Ind13.stVal STSEQEN Synchronous start sequence enable

MOTGGIO24 Ind14.stVal BLKSTR Block start SELOGIC control equation

MOTGGIO24 Ind15.stVal 41A Motor field contactor or field circuit breaker is 
closed

MOTGGIO24 Ind16.stVal 41CLOSE Field breaker close initiation

MOTGGIO24 Ind17.stVal UL41CL Unlatch 41 breaker close

MOTGGIO24 Ind18.stVal FDRESTC Field resistance torque control

MOTGGIO24 Ind19.stVal AMBALRM Ambient temperature alarm

MOTGGIO24 Ind20.stVal OTHALRM Other temperature alarm

MOTGGIO24 Ind21.stVal WDGALRM Winding temperature alarm

MOTGGIO24 Ind22.stVal BRGALRM Bearing temperature alarm

OUTAGGIO2 Ind01.stVal–Ind03.stVal OUT101–OUT103 Digital Outputs (OUT101 to OUT103)—Slot A

OUTCGGIO14 Ind01.stVal–Ind08.stVal OUT301–OUT308b Digital Outputs (OUT301 to OUT308)—Slot C

OUTDGGIO16 Ind01.stVal–Ind08.stVal OUT401–OUT408b Digital Outputs (OUT401 to OUT408)—Slot D

OUTEGGIO18 Ind01.stVal–Ind08.stVal OUT501–OUT508b Digital Outputs (OUT501 to OUT508)—Slot E

PBLEDGGIO7 Ind01.stVal PB1A_LED Pushbutton PB1A LED

PBLEDGGIO7 Ind02.stVal PB1B_LED Pushbutton PB1B LED

PBLEDGGIO7 Ind03.stVal PB2A_LED Pushbutton PB2A LED
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PBLEDGGIO7 Ind04.stVal PB2B_LED Pushbutton PB2B LED

PBLEDGGIO7 Ind05.stVal PB3A_LED Pushbutton PB3A LED

PBLEDGGIO7 Ind06.stVal PB3B_LED Pushbutton PB3B LED

PBLEDGGIO7 Ind07.stVal PB4A_LED Pushbutton PB4A LED

PBLEDGGIO7 Ind08.stVal PB4B_LED Pushbutton PB4B LED

PBLEDGGIO7 Ind09.stVal PB5A_LED Pushbutton PB5A LED

PBLEDGGIO7 Ind10.stVal PB5B_LED Pushbutton PB5B LED

PBLEDGGIO7 Ind11.stVal PB6A_LED Pushbutton PB6A LED

PBLEDGGIO7 Ind12.stVal PB6B_LED Pushbutton PB6B LED

PBLEDGGIO7 Ind13.stVal PB7A_LED Pushbutton PB7A LED

PBLEDGGIO7 Ind14.stVal PB7B_LED Pushbutton PB7B LED

PBLEDGGIO7 Ind15.stVal PB8A_LED Pushbutton PB8A LED

PBLEDGGIO7 Ind16.stVal PB8B_LED Pushbutton PB8B LED

PROGGIO26 Ind01.stVal AFALARM Arc-flash system integrity alarm

PROGGIO26 Ind02.stVal FREQTRK Frequency tracking enable bit 

PROGGIO26 Ind03.stVal ZCFREQ Zero crossing detection bit status

PROGGIO26 Ind04.stVal–Ind11.stVal AFS1EL–AFS8ELc AF light input 1–8 excessive ambient light 
pickup 

PROGGIO26 Ind12.stVal 78R1 Out-of-step right blinder or outer resistance 
blinder

PROGGIO26 Ind13.stVal 78R2 Out-of-step left blinder or inner resistance 
blinder

PROGGIO26 Ind14.stVal 78Z1 Out-of-step mho element

PROGGIO26 Ind15.stVal SWING Single blinder: 78R1/78R2 and 78Z1 assert 
Double blinder: 78R1 and 78R2 assert or only 
78R1 asserts

PROGGIO26 Ind16.stVal COASTOP Rotor coast to stop

PROGGIO26 Ind17.stVal VIRSPDSW Virtual speed switch

PROGGIO26 Ind18.stVal–Ind32.stVal 0 Reserved for future use

RMBBGGIO10 Ind01.stVal–Ind08.stVal RMB1B–RMB8B Receive MIRRORED BITS (RMB1B to RMB8B)

SVGGIO36 Ind01.stVal–Ind04.stVal SG1–SG4 Setting Group 1 to 4 selection

SVGGIO3 Ind01.stVal–Ind32.stVal SV01–SV32h SELOGIC Variables (SV01 to SV32)

SVTGGIO4 Ind01.stVal–Ind32.stVal SV01T–SV32Tg SELOGIC Variable Timers (SV01T to SV32T)

TLEDGGIO6 Ind01.stVal ENABLED ENABLED LED

TLEDGGIO6 Ind02.stVal TRIP_LED TRIP LED

TLEDGGIO6 Ind03.stVal–Ind08.stVal TLED_01–TLED_06 Target LEDs TLED_01 to TLED_06

TMBAGGIO9 Ind01.stVal–Ind08.stVal TMB1A–TMB8A Transmit MIRRORED BITS (TMB1A to TMB8A)

TMBBGGIO11 Ind01.stVal–Ind08.stVal TMB1B–TMB8B Transmit MIRRORED BITS (TMB1B to TMB8B)

TRIPGGIO25 Ind01.stVal SMTRIP Asserts when start motor timer times-out

TRIPGGIO25 Ind02.stVal LOADUP Load control upper limit

TRIPGGIO25 Ind03.stVal LOADLOW Load control lower limit

TRIPGGIO25 Ind04.stVal PTCFLT Indicates faulted/shorted thermistor
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TRIPGGIO25 Ind05.stVal RTDFLT Asserts when an open or short circuit condition 
is detected on any enabled RTD input, or 
communication with the external RTD module 
has been interrupted

TRIPGGIO25 Ind06.stVal FAULT Indicates fault condition

TRIPGGIO25 Ind07.stVal AF_TRIP Arc-flash trip

TRIPGGIO25 Ind08.stVal AMBTRIP Ambient temperature trip

TRIPGGIO25 Ind09.stVal OTHTRIP Other temperature trip

TRIPGGIO25 Ind10.stVal WDGTRIP Winding temperature trip

TRIPGGIO25 Ind11.stVal BRGTRIP Bearing temperature trip

TRIPGGIO25 Ind12.stVal ULTRIP Unlatch (auto reset) trip from SELOGIC equation

TRIPGGIO25 Ind13.stVal BBD1T Severe rotor bar damage

TRIPGGIO25 Ind14.stVal BBD2T One or more broken bars

TRIPGGIO25 Ind15.stVal BBD3T Rotor high impedance points

TRIPGGIO25 Ind16.stVal FDRES1T Field resistance Level 1 trip

TRIPGGIO25 Ind17.stVal FDRES2T Field resistance Level 2 trip

VBGGIO19 Ind001.stVal–Ind128.stVal VB001–VB128 Virtual Bits (VB001 to VB128)

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a MX values contain instantaneous attributes (instMag and instCVal) that are updated whenever the source updates and other attributes 
that are only updated when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Active data only if an optional I/O card is installed in the slot.
c Active data only if an optional arc-flash card is installed.
d Active data depend on the EMV setting.
e Active data depend on the ESC setting.
f Active data depend on the ELB setting.
g Active data depend on the ELAT setting.
h Active data depend on the ESV setting.

Table G.40 Logical Device: ANN (Annunciation) (Sheet 6 of 6)
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Logical Node Attribute Data Source Comment

Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE traffic)

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValb I60MODc IEC 61850 mode/behavior control

LGOSnd RsStat.Oper.ctlVal GRSTne Reset GOOSE statistics for Message n

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

DevIDLPHD1 PhyNam.serNum SER_NUM Serial number 

LLN0 NamPlt.swRev FID Firmware revision
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Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal RELAY_EN Relay enabled

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel. Always reported as false.

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel. 
Always reported as 0.

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant 
GOOSE channels

GOLCCH2 FerCh.stVal GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stVal GORFERa Frame error rate on the redundant GOOSE channel. Always reported 
as 0.

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel. Always reported as false.

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel. Always 
reported as 0.

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP 
channels

IPLCCH1 FerCh.stVal IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stVal IPRFERa Frame error rate on the redundant IP channel. Always reported as 0.

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE 
traffic)

LLN0 Mod.stVal I60MODc IEC 61850 mode/behavior status

LLN0 Health.stVal RELAY_EN Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSnd NdsCom.stVal GNCMne Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSnd St.stVal GSTne Status of the subscription (True = active, False = not active) for 
GOOSE Message n

LGOSnd SimSt.stVal GSIMne Status showing that simulation messages are received and accepted 
for GOOSE Message n

LGOSnd LastStNum.stVal GLSTne Last state number received (StNum) for GOOSE Message n

LGOSnd LastSqNum.stVal GLSQne Last sequence number received (SqNum) for GOOSE Message n

LGOSnd LastTal.stVal GTALne Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSnd ConfRevNum.stVal f Expected configuration revision number for GOOSE Message n

LGOSnd RxConfRevNum.stVal GCNFne Received configuration revision number for GOOSE Message n

LGOSnd ErrSt.stValg GERRne Error status of the subscription for GOOSE Message n

LGOSnd OosCnt.stVal GOOSne Number of out-of-sequence (OOS) errors for GOOSE Message n

Table G.41 Logical Device: CFG (Configuration) (Sheet 2 of 6)
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LGOSnd TalCnt.stVal GTLCne Number of time-allowed-to-live violations for GOOSE Message n

LGOSnd DecErrCnt.stVal GDERne Number of messages that failed decoding for GOOSE Message n

LGOSnd BufOvflCnt.stVal GBFOne Number of messages lost because of buffer overflow for GOOSE 
Message n

LGOSnd MsgLosCnt.stVal GMSLne Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSnd MaxMsgLos.stVal GMXMne Maximum number of sequential messages lost because of OOS error 
(estimated) for GOOSE Message n

LGOSnd InvQualCnt.stVal GIDQne Number of mapped data with invalid quality for GOOSE Message n

LGOSnd RsStat.stVal GRSTne Status of statistics reset for GOOSE messages

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED 
location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of 
TimeStamp)
18: 4 µs accuracy (2–18)
10: 1 ms accuracy (2–10)
7: 10 ms accuracy (2–7)
31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity
If TmSrcTyp is PTP, TmSrc indicates the grandmaster clock class as 
defined by IEEE 1588-2008
If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP 
server
For all other values of TmSrcTyp, TmSrc is set to NA

LTMS SelTmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits 
Time.SNTP_PriSrvr, Time.SNTP_BackupSrvr, Time.SyncOk, and 
Time.IRIG_Ok
1: Unknown
2: SNTP
3: PTP
4: IRIG-B

LTMS SelTmSyn.stVal TSSYNa Traceability of the reference time to which the IED is synchronized
3: GlobalAreaClock—TmSrcTyp is PTP with grandmaster clock class 
of 6, TmSrcTyp is IRIG-B with IRIGC = C37.118, or TmSrcTyp is 
SNTP
2: LocalAreaClock—TmSrcTyp is PTP with grandmaster clock other 
than 6 (Future), or TmSrcTyp is IRIG-B with IRIGC ≠ C37.118
1: InternalClock—TmSrcTyp is unknown

LTMS SelTmSynLkd.stVal TSSYNLKa Status of clock synchronization:
1: Locked
2: Unlocked for 0–10 seconds
3: Unlocked for 10–100 seconds
4: Unlocked for 100–1000 seconds 
5: Unlocked for more than 1000 seconds

Functional Constraint = MX

LGOSnd TotDwnTm.instMag.f GDWTne Total downtime in seconds for GOOSE Message n

LGOSnd MaxDwnTm.instMag.f GMXDne Maximum continuous downtime in seconds for GOOSE Message n

LTMS SelTmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second 
points on the synchronized time; TmTosPer is set to 0 for time sources 
other than high-accuracy PTP or IRIG-B

Table G.41 Logical Device: CFG (Configuration) (Sheet 3 of 6)
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Functional Constraint = SP

GOLCCH2 NetMod.setVal NETMODE Port 1 network operating mode setting
1: Fixed
2: Failover
3: Switched
4: PRP

IPLCCH1 NetMod.setVal NETMODE Port 1 network operating mode setting 
1: Fixed
2: Failover
3: Switched
4: PRP

LGOSnd GoCBRef.setSrcRef f Configured GOOSE control block reference for GOOSE Message n

LGOSnd DatSet.setSrcRef f Configured data set reference for GOOSE Message n

LGOSnd GoID.setVal f Configured ID for GOOSE Message n

LGOSnd Addr.setVal f Configured multicast MAC address for GOOSE Message n

LGOSnd VlanID.setVal f Configured VLAN ID for GOOSE Message n

LGOSnd VlanPri.setVal f Configured VLAN priority for GOOSE Message n

LGOSnd AppID.setVal f Configured APPID for GOOSE Message n

LLN0 MtlLev.setVal MLTLEV Multilevel mode of control authority

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

Functional Constraint = SR

LTRK1 SpcTrk.objRef h ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType h, i Type of service requested or executed

LTRK1 SpcTrk.errorCode h, j ACSI service error status

LTRK1 SpcTrk.ctlVal h Control value in the request

LTRK1 SpcTrk.ctlNum h Control number in the request

LTRK1 SpcTrk.origin.orCat h Originator category value in the request

LTRK1 SpcTrk.origin.orIdent h Originator identity value in the request

LTRK1 SpcTrk.T h Time-stamp value in the request

LTRK1 SpcTrk.Test h Test value in the request

LTRK1 SpcTrk.Check h Check condition value in the request

LTRK1 SpcTrk.respAddCause h AddCause value returned in the response

LTRK1 DpcTrk.objRef h ACSI reference to the DPC object targeted in the request

LTRK1 DpcTrk.serviceType h, i Type of service requested or executed

LTRK1 DpcTrk.errorCode h, j ACSI service error status

LTRK1 DpcTrk.ctlVal h Control value in the request

LTRK1 DpcTrk.ctlNum h Control number in the request

LTRK1 DpcTrk.origin.orCat h Originator category value in the request

LTRK1 DpcTrk.origin.orIdent h Originator identity value in the request

Table G.41 Logical Device: CFG (Configuration) (Sheet 4 of 6)
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LTRK1 DpcTrk.T h Time-stamp value in the request

LTRK1 DpcTrk.Test h Test value in the request

LTRK1 DpcTrk.Check h Check condition value in the request

LTRK1 DpcTrk.respAddCause h AddCause value returned in the response

LTRK1 EncTrk.objRef h ACSI reference to the ENC object targeted in the request

LTRK1 EncTrk.serviceType h, i Type of service requested or executed

LTRK1 EncTrk.errorCode h, j ACSI service error status

LTRK1 EncTrk.ctlVal h Control value in the request

LTRK1 EncTrk.ctlNum h Control number in the request

LTRK1 EncTrk.origin.orCat h Originator category value in the request

LTRK1 EncTrk.origin.orIdent h Originator identity value in the request

LTRK1 EncTrk.T h Time-stamp value in the request

LTRK1 EncTrk.Test h Test value in the request

LTRK1 EncTrk.Check h Check condition value in the request

LTRK1 EncTrk.respAddCause h AddCause value returned in the response

LTRK1 BrcbTrk.objRef h ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType h, i Type of service requested or executed

LTRK1 BrcbTrk.errorCode h, j ACSI service error status

LTRK1 BrcbTrk.rptID h RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna h RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet h DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev h ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds h OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm h BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum h SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps h TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd h IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi h GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf h PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID h EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry h TimeOfEntry attribute value in the request or target BRCB object

LTRK1 UrcbTrk.objRef h ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType h, i Type of service requested or executed

LTRK1 UrcbTrk.errorCode h, j ACSI service error status

LTRK1 UrcbTrk.rptID h RptID attribute value in the request or target URCB object

LTRK1 UrcbTrk.rptEna h RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv h Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet h DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev h ConfRev attribute value in the target URCB object

Table G.41 Logical Device: CFG (Configuration) (Sheet 5 of 6)
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SEL Nameplate The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical 
device contains the Nameplate DOI (instantiated data object) with the 
following data.

Protocol Implementation Conformance Statement
The following tables are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services 
and functions must be implemented to achieve conformance, only the optional 
services and functions are listed.

LTRK1 UrcbTrk.optFlds h OptFlds attrbute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm h BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum h SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps h TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd h IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi h GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef h ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType h, i Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode h, j ACSI service error status

LTRK1 SgcbTrk.numOfSG h NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG h ActSG attribute value in the request

LTRK1 SgcbTrk.editSG h EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit h CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm h LActTm attribute value in the target SGCB object after activation of 
the settings group

a Internal data source and not available to the user.
b MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on 

page G.21 for more details.
c I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
d Where n = 1–16, corresponding to the first 16 GOOSE message subscriptions.
e Internal data source not available to the user. See GOOSE on page G.18 for more information.
f Data source defined in the IEC 61850 Configured IED Description (CID) file.
g Refer to Table 7.28 for a description of each enumeration.
h The value depends on the ACSI service type requested, the target object, and the error status.
i Refer to Table G.10 for the IEC 61850 service type enumeration.
j Refer to Table G.11 for the IEC 61850 ACSI service error.

Table G.41 Logical Device: CFG (Configuration) (Sheet 6 of 6)
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Table G.42 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

configRev Always 0

1dNs IEC 61850-7-4:2007A
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Refer to ACSI Conformance Statements for information on the supported 
services.

MMS Conformance The Manufacturing Message Specification (MMS) stack provides the basis for 
many IEC 61850 Protocol services. Table G.45 defines the service support 
requirement and restrictions of the MMS services in the SEL-700 series relays 
supporting IEC 61850. Generally, only those services whose implementation 
is not mandatory are shown. Refer to the IEC 61850 standard Part 8-1 for 
more information.

Table G.43 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
Management

A3 GSSE N N

A4 Time Sync N N

Table G.44 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, Not GSSE

T4 GSSE N N

T5 Time Sync Y N

Table G.45 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input
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output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore

reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

Table G.45 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table G.46 lists specific settings for the MMS parameter Conformance 
Building Block (CBB).

readJournal

writeJournal

initializeJournal

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table G.46 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table G.45 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following Variable Access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 
standard Part 8-1 for more information.

Table G.47 AlternateAccessSelection Conformance Statement

AlternateAccessSelection Client-CR Supported Server-CR Supported

accessSelection YES

 component YES

 index

 indexRange

 allElements

alternateAccess YES

selectAccess YES

 component YES

 index

 indexRange

 allElements

Table G.48 VariableAccessSpecification Conformance Statement

VariableAccessSpecification Client-CR Supported Server-CR Supported

listOfVariable YES

 variableSpecification YES

 alternateAccess YES

variableListName YES

Table G.49 VariableSpecification Conformance Statement

VariableSpecification Client-CR Supported Server-CR Supported

name YES

address

variableDescription

scatteredAccessDescription

invalidated

Table G.50 Read Conformance Statement

Read Client-CR Supported Server-CR Supported

Request

 specificationWithResult

 variableAccessSpecification

Response

 variableAccessSpecification YES

 listOfAccessResult YES
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Table G.51 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 name

 address

Response

 mmsDeletable YES

 address

 typeSpecification YES

Table G.52 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 variableListName

 listOfVariable

 variableSpecification

 alternateAccess

Response

Table G.53 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes Client-CR Supported Server-CR Supported

Request

 ObjectName

Response

 mmsDeletable YES

 listOfVariable YES

 variableSpecification YES

alternateAccess YES

Table G.54 DeleteNamedVariableList

DeleteNamedVariableList Client-CR Supported Server-CR Supported

Request

 Scope

 listOfVariableListName

 domainName

Response

 numberMatched

 numberDeleted

DeleteNamedVariableList-Error
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GOOSE Services 
Conformance 
Statement

ACSI Conformance Statements

Table G.55 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services YES YES

SendGOOSEMessage YES

GetGoReference

GetGOOSEElementNumber

GetGoCBValues YES

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) YES

Table G.56 ACSI Basic Conformance Statement

Client/Subscriber Server/Publisher SEL-710-5 Support

Client-Server Roles

B11 Server side (of Two-Party 
Application Association)

- cla YES

B12 Client side (of Two-Party 
Application Association)

cla

a c1 shall be mandatory if support for LOGICAL-DEVICE model has been declared.

-

SCMS Supported

B21 SCSM: IEC 61850-8-1 used YES

B22 SCSM: IEC 61850-9-1 used

B23 SCSM: IEC 61850-9-2 used

B24 SCSM: other

Generic Substation Event Model (GSE)

B31 Publisher side - Ob YES

B32 Subscriber side Ob

b O = Optional.

- YES

Transmission of Sampled Value Model (SVC)

B41 Published side - Ob

B42 Subscriber side Ob -

Table G.57 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscriber Server/Publisher SEL-710-5 Support

If Server Side (B11) Supported

M1 Logical device c2a c2a YES

M2 Logical node c3b c3b YES

M3 Data c4c c4c YES

M4 Data set c5d c5d YES
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M5 Substation Oe Oe

M6 Setting group control Oe Oe

Reporting

M7 Buffered report control Oe Oe YES

M7-1 sequence-number YES

M7-2 report-time-stamp YES

M7-3 reason-for-inclusion YES

M7-4 data-set-name YES

M7-5 data-reference YES

M7-6 buffer-overflow YES

M7-7 entryID YES

M7-8 BufTm YES

M7-9 IntgPd YES

M7-10 G1 YES

M8 Unbuffered report control Oe Oe YES

M8-1 sequence-number YES

M8-2 report-time-stamp YES

M8-3 reason-for-inclusion YES

M8-4 data-set-name YES

M8-5 data-reference YES

M8-6 BufTm YES

M8-7 IntgPd YES

M8-8 GI YES

Logging

M9 Log control Oe Oe

M9-1 IntgPd Oe Oe

M10 Log Oe Oe

M11 Control Mf Mf YES

If GSE (B31/32) Is Supported

M12 GOOSE Oe Oe YES

M12-1 entryID YES

M12-2 DataReflnc YES

M13 GSSE Oe Oe

If GSE (B41/42) Is Supported

M14 Multicast SVC Oe Oe

M15 Unicast SVC Oe Oe

M16 Time Mf Mf

M17 File Transfer Oe Oe

a c2 shall be "M" if support for LOGICAL-NODE model has been declared.
b c3 shall be "M" if support for DATA model has been declared.
c c4 shall be "M" if support for DATA-SET, Substitution, Report, Log Control, or Time model has been declared.
d c5 shall be "M" if support for Report, GSE, or SV models has been declared.
e O = Optional.
f M = Mandatory.

Table G.57 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscriber Server/Publisher SEL-710-5 Support
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Table G.58 ACSI Services Conformance Statement (Sheet 1 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support

Server (Clause 6)

S1 ServerDirectory TP Ma YES

Application Association (Clause 7)

S2 Associate Ma Ma YES

S3 Abort Ma Ma YES

S4 Release Ma Ma YES

Logical Device (Clause 8)

S5 LogicalDeviceDirectory TP Ma Ma YES

Logical Node (Clause 9)

S6 LogicalNodeDirectory TP Ma Ma YES

S7 GetAllDataValues TP Ob Ma YES

Data (Clause 10)

S8 GetDataValues TP Ma Ma YES

S9 SetDataValues TP Ob Ob

S10 GetDataDirectory TP Ob Ma YES

S11 GetDataDefinition TP Ob Ma YES

Data Set (Clause 11)

S12 GetDataSetValues TP Ob Ma YES

S13 SetDataSetValues TP Ob Ob

S14 CreateDataSet TP Ob Ob

S15 DeleteDataSet TP Ob Ob

S16 GetDataSetDirectory TP Ob Ob YES

Substitution (Clause 12)

S17 SetDataValues TP Ma Ma

Setting Group Control (Clause 13)

S18 SelectActiveSG TP Ob Ob

S19 SelectEditSG TP Ob Ob

S20 SetSGvalues TP Ob Ob

S21 ConfirmEditSGVal TP Ob Ob

S22 GetSGValues TP Ob Ob

S23 GetSGCBValues TP Ob Ob

S24 Report TP c6c c6c YES

S24-1 data-change (dchg) YES

S24-2 qchg-change (qchg) YES

S24-3 data-update (dupd)

S25 GetBRCBValues TP c6c c6c YES

S26 SetBRCBValues TP c6c c6c YES

Unbuffered Report Control Block (URCB)

S27 Report TP c6c c6c YES

S27-1 data-change (dchg) YES

S27-2 qchg-change (qchg) YES

S27-3 data-update (dupd)
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S28 GetURCBValues TP c6c c6c YES

S29 SetURCBValues TP c6c c6c YES

Logging (Clause 14)

Log Control Block

S30 GetLCBValues TP Ma Ma

S31 SetLCBValues TP Ob Ma

LOG

S32 QueryLogByTime TP c7d Ma

S33 QueryLogByEntry TP c7d Ma

S34 GetLogStatusValues TP Ma Ma

Generic Substation Event Model (GSE) (Clause 14.3.5.3.4)

GOOSE-Control-Block

S35 SendGOOSEMessage MC c8e c8e YES

S36 GetReference TP Ob c9f

S37 GetGOOSEElement

Number TP Ob c9f

S38 GetGoCBValues TP Ob Ob YES

S39 SetGoCBValues TP Ob Ob

ONLY

GSSE-Control-Block

S40 SendGSSEMessage MC c8e c8e

S41 GetReference TP Ob c9f

S42 GetGSSEElement

Number TP Ob c9f

S43 GetGsCBValues TP Ob Ob

S44 GetGsCBValues TP Ob Ob

Transmission of Sample Value Model (SVC) (Clause 16)

Multicast SVC

S45 SendMSVMessage MC c10g c10g

S46 GetMSVCBValues TP Ob Ob

S47 SetMSVCBValues TP Ob Ob

Unicast SVC

S48 SendUSVMessage MC c10g c10g

S49 GetUSVCBValues TP Ob Ob

S50 SetUSVCBValues TP Ob Ob

Control (Clause 16.4.8)

S51 Select Ma Ob

S52 SelectWithValue TP Ma Ob YES

S53 Cancel TP Ob Ma YES

S54 Operate TP Ma Ma YES

S55 Command-Termination TP Ma Ma YES

S56 TimeActivated-Operate TP Ob Ob

Table G.58 ACSI Services Conformance Statement (Sheet 2 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support
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Potential Client and Automation Application Issues 
With Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or 
automation applications may experience with IEC 61850 Edition 2 (Ed2) ICD 
and firmware changes. However, such issues may be resolved by 
reconfiguring the client or automation application or worked around by 
restoring the Ed1 (CID) configuration. None of these should prevent a client 
application from dynamically discovering the data in the IED as long as the 
application adheres to the specification of the standard. Note that upgrading to 
Ed2 firmware will not break existing Ed1 configurations (CID files) in the 
field, nor require loading an Ed2 version of the CID file.

Unexpected Error 
Messages

Some MMS and control errors have been changed in Ed2. Hence, the 
firmware now issues only the Ed2-compliant errors. Clients or automation 
applications that rely on the Ed1-compliant errors will not function correctly. 
You can resolve this by reconfiguring the client or automation application to 
accept Ed2-compliant errors.

Missing or Unknown 
Data Objects and 
Attributes

Ed2 has changed some data object and attribute names, as well as the data 
types of some attributes. Ed2 also prohibits the use of proprietary CDCs. See 
Logical Nodes on page F.23 and the logical nodes tables in each product-
specific manual to determine the Ed2 names. This may cause the failure of 

File Transfer (Clause 20)

S57 GetFile TP Ob Ma

S58 SetFile TP Ob Ob

S59 DeleteFile TP Ob Ob

S60 GetFileAttributeValues TP Ob Ma

Time (Clause 5.5)

T1 Time resolution of internal 
clock (nearest negative 
power of 2 in seconds)

20 (1 µs)

T2 Time accuracy of internal 
clock

7 (10 ms) for SNTP

18 (4 µs) for IRIG-B

T1 YES (for IRIG-B)

T2 YES (for IRIG-B)

T3 YES (for IRIG-B)

T4 YES (for IRIG-B)

T3 Supported Time Stamp 
resolution (nearest negative 
power of 2 in seconds)

7 (10 ms) for SNTP

18 (4 µs) for IRIG-B

a M = Mandatory.
b O = Optional.
c c6 shall declare support for at least one (BRCB or URCB).
d c7 shall declare support for at least one (QueryLogByTime or QueryLogAfter).
e c8 shall declare support for at least one (SendGOOSEMessage or SendGSSEMessage).
f c9 shall declare support if TP association is available.
g c10 shall declare support for at least one (SendMSVMessage or SendUSVMessage).

Table G.58 ACSI Services Conformance Statement (Sheet 3 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support
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clients or automation applications that rely on the Ed1 names. A workaround 
is to use the Ed1 version of the CID file, if available, to configure the IED. 
You can also resolve this by reconfiguring the client or automation application 
to accept the Ed2 names.

Unable to Find 
Operate Time-Out

A proprietary method was used to specify the operate time-out of control 
objects in the CID files. A client or automation application that relies on this 
proprietary method will fail to find the operate time-out in the CID file. A 
workaround is to use the Ed1 CID file to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 control object operate time-outs.

Unexpected Control 
Block Data Attribute 
Type

The string type data attributes in control blocks (RptID, DatSet, etc.) have 
been changed from a maximum length of 65 to 129 characters, i.e., 
VisString65 to Vis-String129. Some clients and automation applications might 
see this as an error when the type is reported in the MMS 
GetVariableAccessAttributes response. You can resolve this by reconfiguring 
the client or automation application.

Unexpected Reports Ed2 requires report buffering to start when the device is turned on, unlike in 
the Ed1 implementation where report buffering started after the first report 
enable. If a client or automation application relies on the Ed1 behavior, it 
might fail or indicate an error if the IED sends buffered reports immediately 
after the first enable. You can resolve this by reconfiguring the client or 
automation application.

Failure to Reselect a 
Control Object Before 
the Timeout

In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-
out to restart. According to Ed2, this reselection is supposed to fail. Ed1-based 
clients or automation applications that rely on successful reselection might 
operate incorrectly. You can resolve this by reconfiguring the client or 
automation application.

Test Control 
Commands Fail 
Immediately

In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate 
timeout error after the operate time-out expired. However, in Ed2, any such 
test commands will fail immediately with an error indicating that the 
command is blocked because the IED is not in the appropriate mode. Clients 
or automation applications that depend on the Ed1 behavior might fail. You 
can resolve this by reconfiguring the client or automation application.

No Reports Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Overview
The SEL-710-5 Motor Protection Relay provides the IEC 60870-5-103 inter-
face for direct serial connections to the device.

This section covers the following topics:

➤ Introduction to IEC 60870-5-103

➤ IEC 60870-5-103 in the SEL-710-5

➤ IEC 60870-5-103 Documentation

Introduction to IEC 60870-5-103
The International Electrotechnical Commission (IEC) 60870-5 is a protocol 
standard developed by the IEC Technical Committee of teleprotection, tele-
control, and telecommunications for electrical engineering and power system 
automation. It defines systems used for supervisory control and data acquisi-
tion (SCADA), including details related to communications between devices. 
IEC 60870-5-103 is a companion standard that allows interoperability 
between devices in a control system and protection equipment. The IEC 
60870-5 standard consists of the documents listed in Table H.1.

The IEC 60870-5-103 document contains the information necessary for 
successful implementation of this protocol. SEL strongly recommends that 
anyone involved with the design, installation, configuration, or maintenance of 
IEC 60870-5-103 systems be familiar with the appropriate sections of this 
document.

Table H.1 IEC 60870-5 Standard Documents

Document Description

IEC 60870-5-1 Transmission Frame Formats

IEC 60870-5-2 Data Link Transmission Services

IEC 60870-5-3 General Structure of Application Data

IEC 60870-5-4 Definition and Coding of Information Elements

IEC 60870-5-5 Basic Application Functions

IEC 60870-5-6 Guidelines for Conformance Testing IEC 60870-5 Companion 
Standards

IEC 60870-5-7 Security extensions to IEC 60870-5-1010 and IEC 60870-5-104 
protocols
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IEC 60870-5 was designed for wide-spread telecontrol networks. It is an 
international standard based on an international accepted and proven enhanced 
performance architecture (EPA) model (see Table H.2). The standard provides 
a balance between efficiency and reliability while using minimal hardware.

Layer seven implementation is described in the IEC 60870-5-3 and 
IEC 60870-5-4 sections of the standard. Layer two implementation is 
described in the IEC 60870-5-2 and IEC 60870-5-1 sections of the standard.

The history of IEC 60870-5 spans from 1990 to 2006. Table H.3 shows the 
history during this time period. The first five sections are the basic parts of the 
standard. The next six describe the companion standards, and the last two 
sections are test procedures of the standard.

Table H.2 IEC 60870-5 Enhanced Performance Architecture Model

Layer Layer Type

7 Application

– –

– –

– –

– –

2 Datalink

1 Physical

Table H.3 History of IEC 60870-5

Section Description

IEC 60870-5-1 Transmission Frame Formats

IEC 60870-5-2 Data Link Transmission Services

IEC 60870-5-3 General Structure of Application Data

IEC 60870-5-4 Definition and Coding Information Elements

IEC 60870-5-5 Basic Application Functions

IEC 60870-5-101 CS For Basic Telecontrol Tasks

IEC 60870-5-102 CS For Transmission Of Integrated Totals In Electric Power 
Systems

IEC 60870-5-103 CS for Informative Interface Of Protection Equipment

IEC 60870-5-104 Network Access For TCS101 Using Standard Transport Profiles

IEC 60870-5-101 Ed 2 Addendums Incorporated In Standard

IEC 60870-5-104 Ed 2 Addendums Incorporated In Standard

IEC 60870-5-601 Conformance Test Procedures For TCS 101

IEC 60870-5-604 Conformance Test Procedures For TCS 104
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Data Handling
Master/Slave Communication

The IEC 60870-5-103 standard is such that the IED only sends a message 
when the Master asks for it. Communication is set up by the Master and the 
Master controls the communication between the Master and the IED.

Interoperability
The method of data exchange in the SEL-710-5 involves Application Service 
Data Units (ASDUs) along with application procedures for transmission of 
standardized data messages (see Table H.4). The data are recognized by any 
IEC 60870-5-103 Master because the application data take the form of an 
IEC 60870-5-103 data type and pairs with an IEC 60870-5-103 address, 
resulting in device interoperability.

Table H.5 lists the available category map settings in the SEL-710-5. When 
configuring the settings with the command line, categories can be selected by 
entering “>” or “<”.

Table H.4 SEL-710-5 ASDU Types

ASDU Type Description

1 Time Tagged Message

2 Time Tagged Message With Relative Time

4 Time Tagged Measurands With Relative Time

5 Identification

6 Time Synchronization

7 General Interrogation Start

8 General Interrogation Termination

9 Measurands II

20 General Command

205 Non-Standard (defined below)

Type Identification 0xCD (205)

Variable Structure Qualifier 0x81

Cause of Transmission 0x01

Device Address ADDR

Function Type FUN

Information Number INF

Information Element Meter 
value: 29-bit signed integer
ER: 0 valid, 1 invalid

27 • • • • • • 20

215 • • • • • • 28

223 • • • • • • 216

0 ER 0 –228 • • • 224

Four Octet Binary Time Defined in 60870-5-103, 7.2.6.28
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Table H.5 IEC 60870-5-103 Category Map Settings

Setting Prompt
Scaling/Nominal 
Value Range

Information Number 
Range

Function Type Range Setting Name

103 Binary Input Label NA 0–255 0–255 103BI00

103 Binary Input Label NA 0–255 0–255 103BI01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Input Label NA 0–255 0–255 103BI99

103 Binary Target Label NA 0–255 0–255 103BT00

103 Binary Target Label NA 0–255 0–255 103BT01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Target Label NA 0–255 0–255 103BT07

103 Binary Control Label NA 0–255 0–255 103BO00

103 Binary Control Label NA 0–255 0–255 103BO01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Control Label NA 0–255 0–255 103BO31

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA00

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA31

103 Measurand Label 0.001–999999 0–255 0–255 3MLB000

103 Measurand Label 0.001–999999 0–255 0–255 3MLB001

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Measurand Label 0.001–999999 0–255 0–255 3MLB127

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ00

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ31
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Cause of Transmission
The Cause of Transmission (COT) represents the reason the SEL-710-5 sends 
a message to the Master. See Table H.6 for the possible COTs.

Information Number
The Information Number (INF) is one of the two octets of the information 
object identifier. See Table H.7 for the range and description of Information 
Numbers in IEC 60870-5-103.

Table H.6 IEC 60870-5-103 Cause Of Transmission

Cause of 
Transmission

Description

1 Spontaneous Events

2 Cyclic

3 Reset Frame Count Bit (FCB)

4 Reset Communication Unit (CU)

5 Start/Restart

6 Power On

7 Test Mode

8 Time Synchronization

9 Initiation Of General Interrogation

10 Termination Of General Interrogation

12 Remote Operation

20 General Command (Control Direction), Positive Acknowledgment Of 
Command (Monitor)

21 Negative Acknowledgment Of Command (Monitor)

31 Disturbance Recorder

40–44 Generic Commands And Data

Table H.7 IEC 60870-5-103 Information Numbers (Sheet 1 of 2)

Function Type Description

Monitor Direction

0–15 System Functions

16–31 Status

32–47 Supervision

48–63 Earth Fault

64–127 Short Circuit

128–143 Auto Reclose

144–159 Measurands

160–239 Not Used

240–255 Generic Functions
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Function Type
The Function Type (FUN) is the second of the two octets of the information 
object identifier.

Together, the pair [INF, FUN] distinctly characterizes each point within each 
data class. Table H.8 and Table H.9 give the Standard Function Types and 
Data Map for the IEC 60870-5-103 standard.

Control Direction

0–15 System Functions

16–31 General Commands

32–239 Not Used

240–255 Generic Functions

Table H.7 IEC 60870-5-103 Information Numbers (Sheet 2 of 2)

Function Type Description

Table H.8 IEC 60870-5-103 Standard Function Types

Function Type Description

128 Distance protection

160 Overcurrent protection

176 Transformer Differential Protection

192 Line Differential Protection

254 Generic Function Type

255 Global Function Type

Table H.9 IEC 60870-5-103 Data Map (Sheet 1 of 3)

INF Description GI ASDU Type COT FUN

System functions in monitor direction

0a End of general interrogation – 8 10 255

0a Time synchronization – 6 8 255

2a Reset FCB – 5 3 According to main FUN

3a Reset CU – 5 4 According to main FUN

4a Start/restart – 5 5 According to main FUN

5a Power on – 5 6 According to main FUN

Status indications in monitor directionb

16 Auto-recloser active Yes 1 1,7,9,11,12,20,21 128, 160, 192

17 Teleprotection active Yes 1 1,7,9,11,12,20,21 128, 160

18 Protection active Yes 1 1,7,9,11,12,20,21 128, 160, 176, 192

19 LED Reset – 1 1,7,11,12,20,21 128, 160, 176, 192

20 Monitor direction blocked Yes 1 9,11 128, 160, 176, 192

21 Test mode Yes 1 9,11 128, 160, 176, 192

22 Local parameter setting Yes 1 9,11 128, 160, 176, 192
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23 Characteristic 1c Yes 1 1,7,9,11,12,20,21 128

24 Characteristic 2c Yes 1 1,7,9,11,12,20,21 128

25 Characteristic 3c Yes 1 1,7,9,11,12,20,21 128

26 Characteristic 4c Yes 1 1,7,9,11,12,20,21 128

27 Auxiliary input 1d Yes 1 1,7,9,11 128, 160, 176, 192

28 Auxiliary input 2d Yes 1 1,7,9,11 128, 160, 176, 192

29 Auxiliary input 3d Yes 1 1,7,9,11 128, 160, 176, 192

30 Auxiliary input 4d Yes 1 1,7,9,11 128, 160, 176, 192

Supervision indications in monitor directionb

32 Measurand supervision I Yes 1 1,7,9 128, 160

33 Measurand supervision V Yes 1 1,7,9 128, 160

35 Phase sequence supervision Yes 1 1,7,9 128, 160

36 Trip circuit supervision Yes 1 1,7,9 128, 160, 176, 192

37 I>> back-up operation Yes 1 1,7,9 128

38 Voltage transformer fuse failure Yes 1 1,7,9 128, 160

39 Teleprotection disturbed Yes 1 1,7,9 128, 160, 192

46 Group warning Yes 1 1,7,9 128, 160, 176, 192

47 Group alarm Yes 1 1,7,9 128, 160, 176, 192

Earth fault indications in monitor directionb

48 Earth Fault L1 Yes 1 1,7,9 128, 160

49 Earth Fault L2 Yes 1 1,7,9 128, 160

50 Earth Fault L3 Yes 1 1,7,9 128, 160

51 Earth fault forward, i.e., line Yes 1 1,7,9 128, 160

52 Earth fault reverse, i.e., busbar Yes 1 1,7,9 128, 160

Fault indications in monitor directione

64 Start/pick-up Lb Yes 2 1,7,9 128, 160, 192

65 Start/pick-up Lc Yes 2 1,7,9 128, 160, 192

66 Start/pick-up Ld Yes 2 1,7,9 128, 160, 192

67 Start/pick-up N Yes 2 1,7,9 128, 160, 192

68 General trip – 2 1,7 128, 160, 176, 192

69 Trip L1 – 2 1,7 128, 160, 176, 192

70 Trip L2 – 2 1,7 128, 160, 176, 192

71 Trip L3 – 2 1,7 128, 160, 176, 192

72 Trip I>> (back-up operation) – 2 1,7 128, 160, 176, 192

73 Fault Location X in ohms – 4 1,7 128

74 Fault forward / line – 2 1,7 128, 160

75 Fault reverse / busbar – 2 1,7 128, 160

76 Teleprotection signal transmitted – 2 1,7 128, 160

77 Teleprotection signal received – 2 1,7 128, 160

78 Zone 1 – 2 1,7 128

Table H.9 IEC 60870-5-103 Data Map (Sheet 2 of 3)

INF Description GI ASDU Type COT FUN
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79 Zone 2 – 2 1,7 128

80 Zone 3 – 2 1,7 128

81 Zone 4 – 2 1,7 128

82 Zone 5 – 2 1,7 128

83 Zone 6 – 2 1,7 128

84 General start / pick-up Yes 2 1,7,9 128, 160, 176, 192

85 Breaker failure – 2 1,7 128, 160

86 Trip measuring system L1 – 2 1,7 176

87 Trip measuring system L2 – 2 1,7 176

88 Trip measuring system L3 – 2 1,7 176

89 Trip measuring system E – 2 1,7 176

90 Trip I> – 2 1,7 160

91 Trip I>> – 2 1,7 160

92 Trip IN> – 2 1,7 160

93 Trip IN>> – 2 1,7 160

Auto-recloser indications in monitor directionb

128 Circuit breaker on by Auto-recloser – 1 1,7 128, 160, 192

129 Circuit breaker on by long-time Auto-recloser – 1 1,7 128, 160, 192

130 Auto-recloser blocked Yes 1 1,7,9 128, 160, 192

Measurands in monitor direction

144 Measurand I – 3.1 2,7 128, 160

145 Measurands I, V – 3.2 2,7 128, 160

146 Measurands I, V, P, Q – 3.3 2,7 128

147 Measurands IN, VEN – 3.4 2,7 128, 160

148 Measurands IL1,2,3, VL1,2,3, P, Q, f – 9 2,7 128

System functions in control direction

0a Initiation of General Interrogation 7 9 255

0a Time synchronization 6 8 255

General commands in control directionf

16 Auto-recloser on/off ON/OFF 20 20 128, 160, 192

65 Teleprotection on/off ON/OFF 20 20 128, 160

66 Protection on/off ON/OFF 20 20 128, 160, 176, 192

67 LED Reset ON 20 20 128, 160, 176, 192

68 Activate characteristic 1c ON 20 20 128

69 Activate characteristic 2c 20 20 128

70 Activate characteristic 3c 20 20 128

71 Activate characteristic 4c 20 20 128

a The SEL-710-5 supports these points at the specified INF and FUN.
b Referred to as Binary Data in the SEL-710-5.
c Mapped to settings group indications and control in the SEL-710-5.
d Mapped to device contact inputs in the SEL-710-5.
e Referred to as Binary Targets and other Fault Information in the SEL-710-5.
f Referred to as Binary Controls in the SEL-710-5.

Table H.9 IEC 60870-5-103 Data Map (Sheet 3 of 3)

INF Description GI ASDU Type COT FUN
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IEC 60870-5-103 in the SEL-710-5
The IEC 60870-5-103 protocol settings in the SEL-710-5 contain five parame-
ters that must be set properly to get the most out of the protocol. These param-
eters are called 103ADDR, 103CYC, 103ACYC, 103ATRI, and 103TIME. 
Table H.10 describes each of these parameters.

The IEC 60870-5-103 standard in the SEL-710-5 provides six category types 
namely, Binary Inputs, Binary Targets, Binary Controls, Measurands, Fault 
Analogs, and Meter Quantities. Each data point within each class type 
requires an Information Number and a Function Type. Binary Inputs, Binary 
Targets, and Binary Controls are defined within the map by a Label Name 
followed by an Information Number followed by a Function Type. 
Measurands, Fault Analogs, and Meter Quantities are defined within the map 
by a Label Name followed by the Scale Factor/Nominal Value followed by the 
Information Number followed by the Function Type. The Nominal Value 
pertains only to Measurands and is defined within the following formula.

Consider for example frequency in the Measurand point (FREQ, 60, 0, 1). 
Conceptually, when the frequency is 60 Hz, which is 0.4167 of 2.4 • Nominal 
Value (2.4 • 60 = 144), then the value 0.4167 gets encoded as a 13-bit, fixed-
point number that has the same bit-wise representation as the integer that is 
equal to the Value seen by Master or

Binary Inputs In the SEL-710-5, binary data are reported as ASDU type 1 (Time Tagged 
Message). Those points, monitored by the SER function of the device, have 
their changes reported as COT type 1 (Spontaneous Events). The format of a 
binary input point within the binary input map is “Label, [INF, FUN].” The 
Label represents any valid binary input point accepted by the SEL-710-5. The 
INF parameter is an integer in the range of 0 to 255. Similarly, the FUN 
parameter is an integer in the range of 0 to 255. The Label can be entered by 
itself with the SEL-710-5 choosing default parameters for INF and FUN. The 
default parameter for INF is an available, unique value that is selected by the 
SEL-710-5. The default parameter for FUN is 250. 

Table H.10 SEL-710-5 IEC 60870-5-103 Port Settings

Parameter Description Range/Valid Input

103ADDR Link layer address of the product 0–254

103CYC Period at which to report cyclic data (measurands) 1–3600 seconds

103ACYC Meter quantity period to report type ASDU 205 
data

OFF, 1–3600 seconds

103ATRI Relay Word bit used as a meter quantity reporting 
trigger for type ASDU 205 data

1 Relay Word bit

103TIME Time synchronization enable Y, N

Value seen by Master 4096 Label_Value•
2.4 Nominal_Value•
---------------------------------------------------=

4096 FREQ•
2.4 60 Hz•

----------------------------------
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The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Label, INF, and FUN can all be manually entered. No other combinations are 
valid with the SEL-710-5.

Binary Targets The binary targets are Relay Word bits within the SEL-710-5 under row zero. 
They also appear as LEDs on the front panel of the SEL-710-5. There are 
eight binary targets in the SEL-710-5 namely, ENABLED, TRIP_LED, 
TLED_01, TLED_02, TLED_03, TLED_04, TLED_05, and TLED_06. In the 
SEL-710-5, binary targets are reported as ASDU type 2 (Time Tagged 
Message with Relative Time) with COT type 1 (Spontaneous Events). The 
format of a binary target point within the binary target map is “Label, [INF, 
FUN].” Label represents any valid binary target point accepted by the 
SEL-710-5. The INF parameter is an integer in the range of 0 to 255. 
Similarly, the FUN parameter is an integer in the range of 0 to 255. Label can 
be entered by itself with the SEL-710-5 choosing default parameters for INF 
and FUN. The default parameter for INF is an available, unique value that is 
selected by the SEL-710-5. The default parameter for FUN is 250. 

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Also, Label, INF, and FUN can all be manually entered. No other 
combinations are valid with the SEL-710-5.

Fault Analogs The fault analogs are analog quantities in the SEL-710-5 used to describe 
faults recognized by the relay, such as fault current or fault location. These 
quantities are listed in Table H.11. In the SEL-710-5, fault analog quantities 
are reported as ASDU type 4 (Time Tagged Measurands with Relative Time) 
with COT type 1 (Spontaneous Events). The format of a fault analog point 
within the fault analog map is “Label, [Scaling, [INF, FUN]].” Label 
represents any valid fault analog point accepted by the SEL-710-5. Scaling is 
the scaling factor applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.000 to 99999.000. The INF parameter is an integer 
in the range of 0 to 255. Similarly, the FUN parameter is an integer in the 
range of 0 to 255. Label can be entered by itself with the SEL-710-5 choosing 
default parameters for Scaling, INF, and FUN. The Label and Scaling values 
can also be entered together with the SEL-710-5 choosing default parameters 
for the INF and FUN. The default parameter for INF is an available, unique 
value that is selected by the SEL-710-5. The default parameter for FUN is 
250. The default value for Scaling is 1.

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. If 
the [INF, FUN] pair has been entered, then Scaling must also be entered.

For a single Master/SEL-710-5 session, the SEL-710-5 stores as many as three 
sets of event data into a buffer. If the buffer is full as a result of multiple events 
with the poll cycle, any new event data is discarded. When the buffered data 
have been reported (using the first-in first-out (FIFO) principle) to the Master, 
those data are removed from the buffer to make room for the next event.

Table H.11 SEL-710-5 Analog Fault Quantities (Sheet 1 of 2)

Analog Fault Quantity Description

FIA A-phase current of the fault event

FIB B-phase current of the fault event 

FIC C-phase current of the fault event
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Binary Controls In the SEL-710-5, two types of controls are permitted under this protocol. 
They are as follows:

➤ Latching Single-Point: On/Off operations latch the point to 1 or 
0, respectively. The points format is (Label, INF, FUN)

➤ Pulsing Single-Point: On operation pulses the point or triggers 
the point. Off has no effect. The point format is (Label, INF, 
FUN)

When controls are sent to the SEL-710-5 successfully, the relay responds with 
ASDU type 1 (Time Tagged Message) and COT type 20 (Positive 
Acknowledgment on Command) as well as with ASDU type 1 (Time Tagged 
Message) and COT type 12 (Remote Operation) if the control was sent 
remotely. The format of a binary control point within the binary control map is 
“Label, [INF, FUN].” Label represents any valid binary control point accepted 
by the SEL-710-5. The INF parameter is an integer in the range of 0 to 255. 
Similarly, the FUN parameter is an integer in the range of 0 to 255. Label can 
be entered by itself with the SEL-710-5 choosing default parameters for INF 
and FUN. The default parameter for INF is an available, unique value to use 
that is selected by the SEL-710-5. The default parameter for FUN is 250. 

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Also, the Label, INF, and FUN can all be manually entered. No other 
combinations are valid with the SEL-710-5.

Measurands In the SEL-710-5, a measurand is defined as a group of at most 16 analog 
quantities with the same [INF, FUN] pair. The SEL-710-5 allows at most 8 
measurands even if the measurand map is not completely filled with analog 
quantities (total of 128). Measurands are refreshed for the Master at the 
expiration of the 103CYC parameter and sent to the Master, once polled by 
the Master.

In the SEL-710-5, measurands are reported as ASDU type 9 (Measurands II) 
with COT type 2 (Cyclic). The format of an analog quantity within a 
measurand in the measurand map is “Label, Nominal, [INF, FUN].” Label 
represents any valid analog quantity accepted by the SEL-710-5. Nominal is 
the nominal value applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.001 to 999999.000. The INF parameter is an integer 
in the range of 0 to 255. Similarly, the FUN parameter is an integer in the 
range of 0 to 255. You are required to enter the Nominal value. The Label and 
Nominal values can be entered by themselves with the SEL-710-5 choosing 
default parameters for INF and FUN. The default parameter for INF is an 
available, unique value to use that is selected by the SEL-710-5. The default 
parameter for FUN is 250. 

FIG Ground current of the fault event

FIN Neutral current of the fault event

FIA87 Differential A-phase current of the fault event

FIB87 Differential B-phase current of the fault event

FIC87 Differential C-phase current of the fault event

FFREQ Frequency of the fault event

Table H.11 SEL-710-5 Analog Fault Quantities (Sheet 2 of 2)

Analog Fault Quantity Description
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The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. And 
of course, the Label, Nominal, INF, and FUN can all be manually entered. No 
other combinations are valid with the SEL-710-5.

Meter Quantities The meter quantities are analog quantities in the SEL-710-5. In the 
SEL-710-5, meter quantities are reported as ASDU type 205 (Non-Standard) 
with COT type 1 (Spontaneous Events). The format of a meter quantity point 
within the meter quantity map is “Label, [Scaling, [INF, FUN]].” Label 
represents any valid meter quantity point accepted by the SEL-710-5. Scaling 
is the scaling factor applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.000 to 99999. The INF parameter is an integer in 
the range of 0 to 255. Similarly, the FUN parameter is an integer in the range 
of 0 to 255. Label can be entered by itself with the SEL-710-5 choosing 
default parameters for the Scaling, INF, and FUN. Label and Scaling can also 
be entered together with the SEL-710-5 choosing default parameters for the 
INF and FUN. The default parameter for INF is an available, unique value to 
use that is selected by the SEL-710-5. The default parameter for FUN is 250. 
The default value for Scaling is 1.

In any case, the [INF, FUN] pair needs to either be entered together or not 
entered at all. The SEL-710-5 does not accept only one member of the [INF, 
FUN] pair. If the [INF, FUN] pair has been entered, then Scaling must also be 
entered.

The SEL-710-5 begins its response within 45 milliseconds of receiving a 
complete request. The above classes define the IEC 60870-5-103 data map in 
the SEL-710-5. The SEL-710-5 provides for only one IEC 60870-5-103 map. 
The map consists of 332 definable points. These points include 100 binary 
input points, 8 binary targets, 32 binary controls, 8 measurands (totaling 128 
analog quantities), 32 fault analogs, and 32 meter quantities.

Time Synchronization The SEL-710-5 supports time synchronization as indicated with the 103TIME 
parameter under the device port settings. If the value is set to yes, then the 
device uses the time provided by the Master when the command is given, as 
long as the SEL-710-5 is not connected to an external time source, e.g., IRIG, 
PTP, or SNTP. The SEL-710-5 sets the internal time validity bit to indicate 
proper reception of the time-synchronization command sequence from the 
Master. The date and time should not be trusted unless the validity bit is set. 
Time synchronization in the SEL-710-5 should only be used if IRIG, PTP, or 
SNTP sources are not available.

IEC 60870-5-103 Documentation
The IEC 60870-5-103 Configuration/Interoperability Guide for the 
SEL-710-5 is available on the supplied CD or as a download from the SEL 
website and contains the standard device profile information for the 
SEL-710-5. Please refer to this document for complete information on 
IEC 60870-5-103 configuration and interoperability in the SEL-710-5.
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DeviceNet Communications

Overview
This appendix describes DeviceNet communications features supported by the 
SEL-710-5 Motor Protection Relay.

DeviceNet is a low-level communications network that provides direct 
connectivity among industrial devices, resulting in improved communications 
and device-level diagnostics that are otherwise either unavailable or 
inaccessible through expensive hardwired I/O interfaces. Industrial devices for 
which DeviceNet provides this direct connectivity include limit switches, 
photoelectric sensors, valve manifolds, motor starters, process sensors, bar 
code readers, variable frequency drives, panel displays, and operator 
interfaces.

The SEL DeviceNet Communications Card User’s Guide contains more 
information on the installation and use of the DeviceNet card.

DeviceNet Card
The DeviceNet Card is an optional accessory that enables connection of the 
SEL-710-5 to the DeviceNet automation network. The card (see Figure I.1) 
occupies the communications expansion Slot C in the relay.

Figure I.1 DeviceNet Card Component Overview

NOTE: The DeviceNet option has 
been discontinued and is no longer 
available to order as of 
September 25, 2017.

DeviceNet Connector Accepts a 
5-pin linear, open DeviceNet plug

Bus Status LED Status indicator for 
backplane (relay) communication

Node Address Switch Rotary switch 
for setting the least significant digit 
(LSD) of node address

Node Address 
Switch Rotary switch for 
setting the most significant 
digit (MSD) of node address

Data Rate Switch Rotary switch for 
selecting the DeviceNet data rate at which 
the card communicates

Network Status LED Status indicator for 
DeviceNet communication
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Features
The DeviceNet Card features the following:

➤ The card receives the required power from the DeviceNet 
network.

➤ Rotary switches let you set the node address and network data 
rate prior to mounting in the SEL-710-5 and applying power. 
Alternatively, the switches can be set to positions that allow for 
configuration of these settings over the DeviceNet network, 
utilizing a network configuration tool such as RSNetWorx for 
DeviceNet.

➤ Status indicators report the status of the device bus and network 
communications. They are visible from the back panel of the 
SEL-710-5 as installed. 

You can do the following with the DeviceNet interface:

➤ Retrieve metering data such as the following:

❪ Currents

❪ Voltages

❪ Power

❪ Energy

❪ Max/Min 

❪ Analog Inputs

❪ Counters

➤ Retrieve motor statistics data

➤ Read and set time 

➤ Monitor device status, trip/warning status, and I/O status

➤ Perform high-speed control 

➤ Reset trip, target, and accumulated data

➤ Retrieve events history 

You can configure the DeviceNet interface through the use of address and data 
transmission rate switches. Indicators on the card at the back of the relay show 
network status and network activity. 
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Electronic Data Sheet

The Electronic Data Sheet (EDS) is a specially formatted file that includes 
configurable parameters for the device and public interfaces to those 
parameters. The EDS file contains information such as number of parameters; 
groupings; parameter name; minimum, maximum, and default values; units; 
data format; and scaling. This information makes possible user-friendly 
configuration tools (e.g., RSNetWorx for DeviceNet or DeviceNet 
Configurator from OMRON) for device parameter monitoring, modification, 
or both. The interface to the device can also be easily updated without revision 
of the configuration software tool itself. 

All the registers defined in the Modbus Register Map (Table E.34) are 
available as parameters in a DeviceNet configuration. Parameter names, data 
ranges, and scaling; enumeration values and strings; parameter groups; and 
product information are the same as specified in the Modbus Register Map 
defined in Table E.34. The parameter numbers are offset by a count of 100 
from the register numbers.

The EDS file for the SEL-710-5, SEL-xxxRxxx.EDS, can be found on the 
SEL-710-5 Product Literature CD, or on the SEL website at selinc.com.

Complete specifications for the DeviceNet protocol are available on the Open 
DeviceNet Vendor’s Association (ODVA) website www.odva.org. ODVA is an 
independent supplier organization that manages the DeviceNet specification 
and supports the worldwide growth of DeviceNet.

http://www.selinc.com
http://www.odva.org
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Appendix J
MIRRORED BITS Communications

Overview
MIRRORED BITS communications is a direct relay-to-relay communications 
protocol that allows IEDs to exchange information quickly, securely, and with 
minimal expense. Use MIRRORED BITS for functions such as remote control 
and remote sensing. 

The SEL-710-5 Motor Protection Relay supports two MIRRORED BITS com-
munications channels, designated A and B. Use the port setting PROTO to 
assign one of the MIRRORED BITS communications channels to a serial port: 
PROTO:=MBA for MIRRORED BITS communications Channel A; or 
PROTO:=MBB for MIRRORED BITS communications Channel B.

MIRRORED BITS are either Transmit MIRRORED BITS (TMB) or Received 
MIRRORED BITS (RMB). Transmit MIRRORED BITS include TMB1A–TMB8A 
(Channel A) and TMB1B–TMB8B (Channel B). The last letter (A or B) des-
ignates with which channel the bits are associated. Received bits include 
RMB1A–RMB8A and RMB1B–RMB8B. 

Control the transmit MIRRORED BITS with SELOGIC control equations. Use 
the received MIRRORED BITS as arguments in SELOGIC control equations. You 
can also use the ROKA, RBADA, CBADA, LBOKA, ROKB, RBADB, 
CBADB, and LBOKB channel status bits as arguments in SELOGIC control 
equations. Use the COM command (see Section 7: Communications) for 
additional channel status information.

Because of different applications, the SEL product range supports several 
variations of the MIRRORED BITS communications protocol. Through the Port 
settings, you can set the SEL-710-5 for compatible operation with SEL-300 
series devices, SEL-2505 Remote I/O Modules (ST option only), SEL-700 
series devices, and SEL-2100 Logic Processors. When communicating with 
an SEL-400 series relay, be sure to set the transmission mode setting in the 
SEL-400 series relay to paced transmission (TXMODE := P).

Operation

Message 
Transmission

In the SEL-710-5, the MIRRORED BITS transmission rate is a function of both 
the data rate and the power system cycle. At data rates below 9600, the 
SEL-710-5 transmits MIRRORED BITS as fast as possible for the given rate. At 
rates at and above 9600 bps, the SEL-710-5 self-paces by using a technique 
similar to the SEL-400 series pacing mode. There are no settings to enable or 
disable the self-pacing mode. The SEL-710-5 automatically enters the self-
pacing mode at data rates of 9600, 19200, and 38400. Table J.1 shows the 
transmission rates of the MIRRORED BITS messages at different rates.

IMPORTANT: Be sure to configure 
the port before connecting to a 
MIRRORED BITS device. If you connect 
an unconfigured port to a MIRRORED 
BITS device, the device appears to be 
locked up.

NOTE: Complete all of the port 
settings for a port that you use for 
MIRRORED BITS communications before 
you connect an external MIRRORED BITS 
communications device. If you 
connect a MIRRORED BITS 
communications device to a port that 
is not set for MIRRORED BITS 
communications operation, the port 
will be continuously busy.
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Transmitting at longer intervals for data rates faster than 9600 avoids over-
flowing relays that receive MIRRORED BITS at a slower rate.

Message Reception 
Overview

During synchronized MIRRORED BITS communications with the communica-
tions channel in normal state, the relay decodes and checks each received mes-
sage. If the message is valid, the relay sends each received logic bit (RMBn, 
where n = 1 through 8) to the corresponding pickup and dropout security 
counters, which in turn set or clear the RMBnA and RMBnB relay element 
bits.

Message Decoding 
and Integrity Checks

Set the RX_ID of the local SEL-710-5 to match the TX_ID of the remote 
SEL-710-5. The SEL-710-5 indicates the status of each MIRRORED BITS com-
munications channel with Relay Word bits ROKA (receive OK) and ROKB. 
During normal operation, the relay sets the ROKc (c = A or B). The relay 
clears the ROKc bit when it detects any of the following conditions.

➤ The relay is disabled.

➤ MIRRORED BITS are not enabled.

➤ Parity, framing, or overrun errors occur.

➤ Receive message identification error occurs.

➤ No message received in the time three messages have been sent 
when PROTO = MBc, or seven messages have been sent when 
PROTO = MB8c.

➤ Loopback is enabled

The relay asserts ROKc only after successful synchronization, as described 
below, and after two consecutive messages pass all of the data checks previ-
ously described. After ROKc is reasserted, received data can be delayed while 
passing through the security counters described in the following paragraph.

While ROKc is deasserted, the relay does not transfer new RMB data to the 
pickup-dropout security counters described below. Instead, the relay sends one 
of the user-definable default values to the security counter inputs. For each 
RMBn, use the RXDFLT setting to determine the default state the MIRRORED 
BITS should use in place of received data if an error condition is detected. The 
setting is a mask of 1s, 0s, and/or Xs (for RMB1A–RMB8A), where X rep-
resents the most recently received valid value. The positions of the 1s and 0s 
correspond to the respective positions of the MIRRORED BITS in the Relay 
Word bits (see Appendix L: Relay Word Bits). Table J.2 is an extract of 
Appendix L: Relay Word Bits, showing the positions of the MIRRORED BITS.

Table J.1 Number of MIRRORED BITS Messages for Different Data Rates

Rate Transmission Rate of MIRRORED BITS Packets

2400 15 ms

4800 7.5 ms

9600 4 times a power system cycle (automatic pacing mode)

19200 4 times a power system cycle (automatic pacing mode)

38400 4 times a power system cycle (automatic pacing mode)

NOTE: Exercise caution when 
applying a MIRRORED BITS channel to 
relays that protect systems which 
may not be synchronized, because 
the automatic pacing modes operate 
under the assumption that both 
relays are protecting systems of 
similar frequency. To maintain 
MIRRORED BITS channel dependability 
for this application, it is best to use a 
data rate of either 2400 or 4800 bps.
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Table J.3 shows an example of the values of the MIRRORED BITS for the RXD-
FLT setting of 10100111.

Individual pickup and dropout security counters supervise the movement of 
each received data bit into the corresponding RMBn element. You can set each 
pickup/dropout security counter from 1 to 8. A setting of 1 causes a security 
counter to pass every occurrence, while a setting of 8 causes a counter to wait 
for eight consecutive occurrences in the received data before updating the data 
bits. The pickup and dropout security count settings are separate. Control the 
security count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout 
timer, except that the counter uses units of counted received messages instead 
of time. Select a setting for the security counter in accordance with the trans-
mission rate (see Table J.1). For example, when transmitting at 2400 bps, a 
security counter set to 2 counts delays a bit by about 30 ms. However, when 
operating at 9600 bps, a setting of 2 counts delays a bit by about 8.5 ms.

You must consider the impact of the security counter settings in the receiving 
relay to determine the channel timing performance, particularly when two 
relays of different processing rates are communicating via MIRRORED BITS, 
such as an SEL-321 and an SEL-710-5. The SEL-321 processes power system 
information each 1/8 power system cycle, but, when transmitting at 
19200 bps, the SEL-710-5 processes MIRRORED BITS messages at 4.15 ms at 
60 Hz (4 times per power system cycle at 60 Hz). Although the SEL-321 pro-
cesses power system information each 1/8 power system cycle, the relay pro-
cesses the MIRRORED BITS pickup/dropout security counters as MIRRORED 
BITS messages are received. Because the SEL-710-5 transmits messages at 
approximately a 1/4-cycle processing interval (9600 bps and faster, see 
Table J.1), a counter set to two in the SEL-321 delays a received bit by another 
approximately 1/2 cycle. However, a security counter in the SEL-710-5 with a 
setting of two delays a received bit from the SEL-321 by a 1/4 cycle, because 
the SEL-710-5 is receiving new MIRRORED BITS messages each 1/8 cycle 
from the SEL-321.

Channel 
Synchronization

When an SEL-710-5 detects a communications error, it deasserts ROKA or 
ROKB. If an SEL-710-5 detects two consecutive communications errors, it 
transmits an attention message, which includes the TXID setting. The relay 
transmits an attention message until it receives an attention message that 
includes a match to the TXID setting value. If the attention message is suc-
cessful, the relay has properly synchronized and data transmission resumes. If 
the attention message is not successful, the relay repeats the attention message 
until it is successful.

Table J.2 Positions of the MIRRORED BITS

Bit/
Row

7 6 5 4 3 2 1 0

84 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

86 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

Table J.3 MIRRORED BITS Values for a RXDFLT Setting of 10100111

Bit/
Row

7 6 5 4 3 2 1 0

84 1 0 1 0 0 1 1 1
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In summary, when a relay detects an error, it transmits an attention message 
until it receives an attention message with its own TX_ID included. If three or 
four relays are connected in a ring topology, the attention message goes all the 
way around the loop until the originating relay receives it. The message then 
dies and data transmission resumes. This method of synchronization allows 
the relays to reliably determine which byte is the first byte of the message. It 
also forces unsynchronized UARTs to become resynchronized. On the down 
side, this method takes down the entire loop for a receive error at any relay in 
the loop. This decreases availability. It also makes one-way communications 
impossible.

Loopback Testing Use the LOOP command to enable loopback testing. In the loopback mode, 
you loop the transmit port to the receive port of the same relay to verify trans-
mission messages. While in loopback mode, ROKc is deasserted, and another 
user accessible Relay Word bit, LBOKc (Loop Back OK) asserts and deasserts 
based on the received data checks (see the Section 7: Communications for the 
ACSII commands).

Channel Monitoring Based on the results of data checks (previously described), the relay collects 
information regarding the 255 most recent communications errors. Each 
record contains at least the following fields:

➤ DATE—Date when the dropout occurred

➤ TIME—Time when the dropout occurred

➤ RECOVERY_DATE—Date when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ RECOVERY_TIME—Time when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ DURATION—Time elapsed during dropout

➤ CAUSE—Reason for dropout (see Message Decoding and 
Integrity Checks on page J.2)

There is a single record for each outage, but an outage can evolve. For exam-
ple, the initial cause could be a data disagreement, but framing errors can 
extend the outage. If the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at the time the 
report was requested.

NOTE: Combine error conditions, 
including RBADA, RBADB, CBADA, and 
CBADB, with other alarm conditions 
by using SELOGIC control equations. 
Use these alarm conditions to 
program the relay to take appropriate 
action when it detects a 
communications channel failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay asserts a user-accessible Relay Word bit, RBADA or 
RBADB. When channel unavailability exceeds a user-definable threshold for 
Channel A or B, the relay asserts a user-accessible Relay Word bit, CBADA or 
CBADB. Use the COMM command to generate a long or summary report of 
the communications errors.

Use the RBADPU setting to determine how long a channel error must last 
before the meter element RBADA is asserted. RBADA is deasserted when the 
channel error is corrected. RBADPU is accurate to ±1 second.
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Use the CBADPU setting to determine the ratio of channel downtime to the 
total channel time before the meter element CBADA is asserted. The times 
used in the calculation are those that are available in the COM records. See the 
COMMUNICATIONS Command in Section 7: Communications for more 
information.

MIRRORED BITS Protocol for Pulsar 9600 Baud Modem
To use a Pulsar MBT modem, set setting PROTO := MBTA or MBTB (Port 
settings). Setting PROTO := MBTA or MBTB hides setting SPEED (forces 
the data rate to 9600), hides setting PARITY (forces parity to a value of 0), 
hides setting RTSCTS (forces RTSCTS to a value of N), and forces the trans-
mit time to be faster than double the power system cycle. Table J.4 shows the 
difference in message transmission periods when not using the Pulsar modem 
(PROTO ≠ MBTA or MBTB), and using the Pulsar MBT modem (PROTO = 
MBTA or MBTB).

NOTE: You must consider the idle 
time in calculations of data transfer 
latency through a Pulsar MBT modem 
system.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify 
that MIRRORED BITS communications matches this specification.

Settings
Set PROTO = MBA or MB8A to enable the MIRRORED BITS protocol channel 
A on this port. Set PROTO = MBB or MB8B to enable the MIRRORED BITS 
protocol channel B on this port. The standard MIRRORED BITS protocols MBA 
and MBB use a 6-data bit format for data encoding. The MB8 protocols 
MB8A and MB8B use an 8-data bit format, which allows MIRRORED BITS to 
operate on communications channels requiring an 8-data bit format. For the 
remainder of this section, PROTO = MBA is assumed. Table J.5 shows the 
MIRRORED BITS protocol port settings, ranges, and default settings for Port F, 
Port 3, and Port 4.

Table J.4 MIRRORED BITS Communications Message Transmission Period

Bps PROTO ≠ MBTA or MBTB PROTO = MBTA or MBTB

38400 4 times a power system cycle n/a

19200 4 times a power system cycle n/a

9600 4 times a power system cycle 2 times a power system cycle

4800 7.5 ms n/a

Table J.5 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting 
Prompt

Setting Description
Factory- 
Default 
Settings

TXID MIRRORED BITS ID of This Device (1–4) 2

RXID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (1–10000 seconds) 60

CBADPU Channel Unavailability to Set CBAD (1–10000 ppm) 1000

RXDFLT 8 char string of 1s, 0s, or Xs XXXXXXXX
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RMB1PU RMB1 Pickup Debounce Messages (1–8 messages) 1

RMB1DO RMB1 Dropout Debounce Messages (1–8 messages) 1

RMB2PU RMB2 Pickup Debounce Messages (1–8 messages) 1

RMB2DO RMB2 Dropout Debounce Messages (1–8 messages) 1

RMB3PU RMB3 Pickup Debounce Messages (1–8 messages) 1

RMB3DO RMB3 Dropout Debounce Messages (1–8 messages) 1

RMB4PU RMB4 Pickup Debounce Messages (1–8 messages) 1

RMB4DO RMB4 Dropout Debounce Messages (1–8 messages) 1

RMB5PU RMB5 Pickup Debounce Messages (1–8 messages) 1

RMB5DO RMB5 Dropout Debounce Messages (1–8 messages) 1

RMB6PU RMB6 Pickup Debounce Messages (1–8 messages) 1

RMB6DO RMB6 Dropout Debounce Messages (1–8 messages) 1

RMB7PU RMB7 Pickup Debounce Messages (1–8 messages) 1

RMB7DO RMB7 Dropout Debounce Messages (1–8 messages) 1

RMB8PU RMB8 Pickup Debounce Messages (1–8 messages) 1

RMB8DO RMB8 Dropout Debounce Messages (1–8 messages) 1

Table J.5 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting 
Prompt

Setting Description
Factory- 
Default 
Settings
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Motor Thermal Element

Overview
The SEL-710-5 Motor Protection Relay uses a patented protection algorithm 
to provide effective motor thermal protection. The relay offers two convenient 
methods to set the thermal element. They are:

➤ Motor ratings method

➤ Thermal limit curve method

These setting methods are described in Section 4: Protection and Logic 
Functions. The two methods accommodate differences in the amount and type 
of motor information available. They also offer the majority of relay users at 
least one familiar setting method.

While the implementation details of each setting method vary, the 
fundamental thermal element is the same for both, so this generalized 
discussion applies to both methods equally. Regardless of the setting method 
used, the thermal element provides motor protection for the following 
potentially damaging conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Operation Under Unbalanced Currents

➤ Too Frequent or Prolonged Starting

To provide integrated protection for all these conditions, the thermal element:

➤ Continuously maintains numeric estimates analogous to the 
heat energy in the rotor and the stator of the motor.

➤ Adjusts the heat estimates based on the measured positive-
sequence and negative-sequence current flowing in the motor.

➤ Rotor Model: Weights the heating effect of negative-sequence 
current as five times the heating effect of positive-sequence 
currents when the motor is running (weights them equally 
when the motor is starting).

➤ Rotor Model (with slip calculation): Dynamically weights the 
heating effect of each of the negative-sequence and positive-
sequence currents as a function of calculated slip. For high 
inertia applications where the motor acceleration time is longer 
than the locked rotor time, this feature avoids tripping during a 
start. 

➤ Stator Model: Weights the heating effects of positive- and 
negative-sequence current equally when the motor is starting or 
running.
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➤ Models the heat lost to the surroundings when the motor is 
running.

➤ Compares the present heat estimate of rotor and stator to the 
trip threshold of rotor and stator models respectively.

➤ Provides a trip output if either of the present heat estimates 
exceeds the respective trip threshold.

➤ Provides an alarm output if either of the present heat estimates 
exceeds the alarm threshold (user settable as a percentage of 
the trip threshold).

➤ Adjusts the rotor and stator trip thresholds based on RTD 
ambient temperature measurement when enabled.

➤ Adjusts the rotor and stator trip thresholds based on measured 
frequency (for VFD applications) when enabled.

➤ Uses true rms current magnitude for the model (for VFD 
applications) instead of the sequence current magnitudes.

Purpose of Motor Thermal Protection
A typical induction motor draws six times the full-load current when starting. 
This high stator current induces a comparably high current in the rotor. The 
rotor resistance at zero speed typically is three times the rotor resistance when 
the motor is at rated speed. Thus, the I2r heating in the rotor is approximately 
62 • 3, or 108, times the I2r heating when the motor runs normally.

Consequently, the motor must tolerate extreme heating for a limited time in 
order to start. Manufacturers state the motor tolerance through the maximum 
locked rotor time and locked rotor amperes specifications for each motor. In a 
similar manner, the motor manufacturer communicates the ability of the motor 
to operate under continuous heavy load through the service factor 
specification.

The purpose of motor thermal protection is to allow the motor to start and run 
within the manufacturer’s published guidelines, but trip if the motor thermal 
energy exceeds those ratings because of overloads, negative-sequence current, 
or locked rotor starting.

Figure K.1 shows a typical motor thermal limit characteristic plotted with the 
motor starting current. Some motor protection applications use an inverse-
time phase overcurrent element to provide locked rotor and overload 
protection along with a separate negative-sequence overcurrent relay to 
prevent overheating resulting from current unbalance. Unfortunately, neither 
of these elements accounts for the motor thermal history or track temperature 
excursions. The SEL-710-5 thermal element offers distinct advantages over 
the use of overcurrent elements.

The SEL-710-5 thermal element individually tracks the heat energies in rotor 
and stator. The rotor trip threshold represents rated locked rotor current and 
time, providing locked rotor protection. The stator trip threshold represents 
the service factor and two other motor parameters, as defined and shown in 
Figure K.7, providing overload protection.
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Figure K.1 Motor Thermal Limit Characteristic Plotted With Motor Starting 
Current

Basic Thermal Element
Figure K.2 shows a simple electrical analog for a thermal system. The thermal 
element includes:

➤ A heat source, modeled as a current source.

➤ Thermal inertia, modeled as a capacitor.

➤ Thermal dissipation, modeled as a resistor.

➤ A comparator, to compare the present heat estimate, U, to the 
Thermal Trip Value.

Figure K.2 Electrical Analog of a Thermal System

Overload

Starting 
Current

Ti
m

e 
in

 S
ec

on
ds

Current in Multiples of Full-Load Amps

0 2 4 6 8 10

1000

100

10

1

Locked 
Rotor

Running 
Current

Thermal Trip
Thermal Trip Value

+

—

Heat
Source

U

C R



K.4

SEL-710-5 Relay Instruction Manual Date Code 20220826

Motor Thermal Element
Basic Thermal Element

To define a thermal element for an induction motor, the characteristics of each 
component in Figure K.2 must be defined, starting with the heat source. In an 
induction motor, heat principally is caused by I2r losses. Equation K.1 shows 
the motor heat source as a function of positive- and negative-sequence 
currents.

Equation K.1

Heating factors K1 and K2 are defined by the positive-sequence rotor 
resistance and negative-sequence rotor resistance, respectively.

Figure K.3 shows a plot of a typical induction motor current, torque, and rotor 
resistance versus slip. When motor slip is 1 per unit, rotor speed is zero. As the 
motor approaches rated speed, slip decreases to near zero.

Figure K.3 Typical Induction Motor Current, Torque, and Rotor Resistance 
Versus Slip

Use Equation K.2 to calculate the positive-sequence rotor resistance plotted in 
Figure K.3.

Equation K.2

The positive-sequence rotor resistance is represented as a linear function of 
slip S by Equation K.3.

Equation K.3

To properly account for the heating effects of the negative-sequence current, 
calculate the negative-sequence rotor resistance. The rotor has slip with 
respect to the stator negative-sequence current. To determine the value of the 
negative-sequence slip as a function of positive-sequence slip, S, observe that 

where:
S = Motor slip

QM(S) = Motor torque at slip S
I(S) = Motor positive-sequence current at slip S

where:
R1 = Positive-sequence rotor resistance at slip S = 1
R0 = Positive-sequence rotor resistance at slip S = 0

Heat Source I1
2 K1• I2

2 K2• +=

1 0.8 0.6 0.4 0.2
0

2

4

6

Slip, S

0

Current I(S)

Torque, QM(S)R1
R0Pe

r U
ni

t

Rr
QM S( )

I S( )2
---------------
 
 
 

S• =

Rr+ R1 R0–( ) S R0+• =
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negative-sequence stator currents induce a counter-rotating magnetic flux. 
When rotor speed is zero, the counter-rotating flux induces fundamental 
frequency currents in the rotor: negative-sequence slip equals positive-
sequence slip, S. When the rotor is spinning at near synchronous speed, the 
counter-rotating magnetic flux induces approximately double-frequency 
currents in the rotor: negative-sequence slip equals twice the fundamental 
frequency.

Based on these observations, negative-sequence slip equals (2–S). Substituting 
this value for S in Equation K.3, calculate negative-sequence rotor resistance, 
Rr–.

Equation K.4

To obtain factors expressing the relative heating effect of positive- and 
negative-sequence current, divide Equation K.3 and Equation K.4 by R0. For 
the locked rotor case (slip, S = 1).

Equation K.5

Unless otherwise known, the R1/R0 can be assumed to be equal to 3. When 
the motor is running (S ≈ 0), the positive-sequence heating factor, K1, is 
found.

Equation K.6

Using the assumed value of R1/R0, the negative-sequence heating factor, K2, 
at S ≈ 0 is found:

Equation K.7

To summarize, based on the assumption that the locked-rotor resistance is 
three times the running rotor resistance:

➤ The heating factor of positive-sequence current, K1, when the 
motor is running is 1 per unit.

➤ The heating factor of negative-sequence current, K2, when the 
motor is running is 5 per unit.

➤ Both K1 and K2 are 3 per unit when the rotor is locked.

The differences in the positive- and negative-sequence heating factors 
immediately suggest that the rotor thermal element should have two states 
representing the starting and running of the motor. The SEL-710-5 thermal 
element automatically selects which state to use based on the sum of positive 
and negative-sequence current magnitude. When the sum is greater than 2.5 

where:
R1 = Positive-sequence rotor resistance at slip S = 1
R0 = Positive-sequence rotor resistance at slip S = 0

Rr- R1 R0–( ) 2 S–( )• R0+=

Rr+
R0
--------

S 1=

Rr-
R0
-------

S 1=

R1
R0
------= =

Rr+
R0
--------

S 0=

R0
R0
------ 1= =

Rr-
R0
-------

S 0=

2
R1
R0
------ 
 • 1– 5= =

NOTE: Starting and running states 
for the thermal element described 
here are not the same as STARTING 
and RUNNING bits described in 
Figure 4.77.
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times the motor rated full-load current setting, the relay uses the starting state. 
When current is less than 2.5 times rated full-load current, the relay uses the 
running state.

Motor Starting Protection
Figure K.4 shows the rotor thermal element used (without slip calculation) 
when the motor is starting. Locked rotor heating occurs over just a few 
seconds, so the model assumes that no heat is lost to the surroundings and the 
resistor is removed from the thermal circuit. The thermal trip value is defined 
by the motor rated locked rotor current, IL, squared, times the rated hot motor 
locked rotor time, To. The thermal capacitance is selected to match the heat 
source factor, 3. By setting the capacitance equal to 3, when the motor 
positive-sequence current, I1, equals locked rotor current, IL, the heat 
estimate, U, reaches the trip value in exactly locked rotor time, To. This is true 
for the motor initially at or below the normal operating temperature when the 
rating method is used. If a Rating_1 or curve method is used, the locked rotor 
trip time adapts to the actual initial temperature (heat estimate at the beginning 
of the motor start). For example, the locked rotor trip time will be 120 percent 
of To for the motor at an ambient temperature.

Figure K.4 Rotor Thermal Element During Motor Start 
(When SETMETH = RATING)

When an optional voltage card is used, the SEL-710-5 uses the following heat 
source and capacitance values in the rotor thermal element:

Equation K.8

where: Rr+ and Rr– are calculated slip-dependent rotor resistances
LRQ, LRA1, and FLS are relay settings

_

+

C = 3I2 = 3 • (I12 + I22)

IL2 • To

U
49T_RTR

Relay
Word
Bit

R

I2 Rr+
R0
-------- I1

2 Rr-
R0
------- I2

2•+•=

C
R1
R0
------=

R1
LRQ

LRA12
------------------=

R0 FLS=
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Motor Running Protection
When the motor is running, it dissipates heat energy to the surroundings 
through radiation, conduction, convection, and, in some cases, forced cooling. 
The motor running thermal element provides a path for that energy dissipation 
through the resistor R, as shown in Figure K.5.

Figure K.5 Stator Thermal Element With Resistance and Trip Level 
Undefined

To determine the value of the resistor, recall that the motor reaches an energy 
level representing the motor-rated operating temperature when 1 per unit of 
positive-sequence current flows in the motor for a long time. Because the 
positive-sequence heat factor, K1, is 1 in the running model, and 1 per unit of 
I1 squared equals 1, the value of resistor R equals the energy level representing 
the motor-rated operating temperature.

To determine the normal operating energy, recall that many motor data sheets 
publish two locked rotor trip times: one longer time (referred to as Ta) when 
the motor is started from ambient temperature and one shorter time (To) when 
the motor is started from operating temperature.

Figure K.6 shows a graphical representation of the problem and corresponding 
solution. The motor normal operating energy is the difference between the 
ambient and operating temperature locked rotor times, multiplied by locked 
rotor current squared. For those motors without published separate locked 
rotor times, assume that the locked rotor trip energy is approximately six times 
the operating energy.

Figure K.6 Calculating the Normal Operating Energy by Using Locked Rotor 
Trip Times

_

+
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U
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Equation K.9

TDR is an time-dial variable calculated using Equation K.10. RTC is the run 
state time constant (setting in minutes; see Table 4.4 and Example 4.3).

Equation K.10

The motor ratings allow the motor to be run continuously at the motor service 
factor. The service factor, SF, is accounted for in the stator thermal element 
trip threshold. Figure K.7 shows the stator thermal element.

Figure K.7 Stator Thermal Element

Example K.1 illustrates the difference between the trip thresholds of the rotor 
and stator thermal elements.

EXAMPLE K.1 Rotor and Stator Trip Level Calculations

Given a motor with the following characteristics, calculate the stator 
and rotor thermal model trip thresholds.

Service Factor, SF = 1.15
Locked Rotor Current, IL= 6 per unit of full-load amperes
Locked Rotor Time From Operating Temperature, To = 12 seconds
Locked Rotor Time From Ambient Temperature, Ta = 14.4 seconds
Rotor Trip Threshold

= IL2 • To
= 36 • 12
= 432

Stator Trip Threshold
= IL2 • (Ta–To) • SF2

= 36 • 2.4 • 1.323
= 114.3

IL
2 Ta• 

IL
2 Ta To–( )• 

-------------------------------------- 6=

Ta
To
------- 1.2=∴

Ta To–( ) 0.2 To• =∴

TDR RTC 3 IL2• Ta To–( )•( )⁄=

_

+

3 • TDRI12  +  I22 IL2  •(Ta–To)

IL2  •(Ta–To) • SF2

U

Relay
Word
Bit

49T_STR
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Interpreting Percent Thermal Capacity Values
Several of the SEL-710-5 reporting functions include % Thermal Capacity 
values. At all times, the relay uses Equation K.11 to calculate the percent 
thermal capacity used for the rotor and the stator.

Equation K.11

By this definition, when either the stator or the rotor % Thermal Capacity 
reaches 100%, the heat estimate equals the respective trip value and the 
thermal element trips.

You can compare the rotor % Thermal Capacities of several starts using the 
relay Motor Start Reports and Motor Start Trend data. Using these data, you 
can notice an increasing trend in the Rotor % Thermal Capacity, the final 
Rotor % Thermal Capacity value when the motor state changes from starting 
to running. This could indicate gradually increasing load torque, which could 
eventually result in an unwanted locked rotor trip and subsequent downtime.

A normal motor start or an overload trip is expected to use a significant 
percentage of the available rotor and stator thermal capacity. After a motor 
start and an overload trip, it is generally necessary for the motor to cool for a 
time before another start is permitted. The cooling usually takes place while 
the motor is stopped or running at a reduced load.

The SEL-710-5 provides a facility to help ensure that a motor start is not 
attempted while either the stator or the rotor is still too hot to be started safely. 
The TCSTART and 49RSTP settings allow you to define a fixed value of the 
rotor and the stator thermal capacity used previously, in which the relay 
asserts the Thermal Lockout until the motor is cool. See Equation 4.3, 
Equation 4.4, Figure 4.74, and the associated description for setting criteria.

Thermal Element Trip-Time Equations
Figure 4.2 and Figure 4.3 in Section 4: Protection and Logic Functions show 
trip time curves for selected settings of the thermal element. Following are 
equations for calculating the trip times or curves for any settings.

As stated earlier, the motor model consists of distinct rotor and stator thermal 
elements (see Figure K.4 and Figure K.7). Equations for each element appear 
in the following text. For simplicity, all motor currents are assumed to be 
balanced three phase and in per unit of full load current (e.g., motor 
current I = motor current/full load current).

Definitions

% Thermal Capacity
Present Heat
Estimate, U 

 

 Thermal
Trip Value 
 

----------------------------------- 100%• =

I = Motor current in per unit of full load current
I0 = Preload motor current in per unit of full load current

0.9 • SF for stator initially at normal operating temperature 
(hot stator) OR
0 for cold stator and testing thermal element

Tp = Thermal element trip time in seconds
SETMETH = Thermal element method setting

SF = Service factor setting
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General Equations Equation K.12 applies to the rotor element when 12 ≥ Ι ≥ 2.5.

Equation K.12

Equation K.13 applies to the stator element when Ι > SF.

Equation K.13

Rating Method 
Equations

Equation K.14 applies to the rotor element when 12 ≥ Ι ≥ 2.5 and 
SETMETH = Rating. To obtain the trip time (hot or cold rotor), substitute 

 in Equation K.12. (Also use Equation K.12 when SETMETH := 
Rating_1, with Uo = R or 0 for hot or cold rotor, respectively.)

Equation K.14

Equation K.15 and Equation K.16 apply to the stator element when Ι > SF and 
SETMETH = Rating or Rating_1. To obtain the trip time (hot stator), 
substitute  and RTC in Equation K.13.

RTC = Auto

Equation K.15

RTC ≠ Auto

Equation K.16

RTC = Run state time constant (setting in minutes, see Table 4.4 and 
Example 4.3)

TO = Locked rotor time hot (setting LRTHOT in seconds)
IL = Locked rotor current (setting LRA)
R =  

U0 = Initial energy in per unit of R
TD = Acceleration factor setting

CURVE = Curve number setting (when SETMETH = Curve)

Thermal resistance 0.2 IL
2• T0•=

Tp
TD 0.2+( ) TO• IL

2•[ ] UO–

I2
----------------------------------------------------------------------=

Tp 60 RTC•
I2 I0

2
–

I2 SF2
–

--------------------ln•=

U0 R=

Tp
TD TO• IL

2•

I2
--------------------------------=

I0 0.9 SF•( )=

Tp

TO TD 0.2+( )•

IL
2 0.9 SF•( )2

–

IL
2 SF2

–
--------------------------------------ln

-------------------------------------------------- I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=

Tp 60 RTC• I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=
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To obtain the trip time for cold stator, substitute I0 = 0 and RTC in 
Equation K.13.

RTC = Auto

Equation K.17

RTC ≠ Auto

Equation K.18

Curve Method 
Equations

Equation K.19 and Equation K.20 apply to the rotor element when 
12 ≥ Ι ≥ 2.5 and SETMETH = Curve. To obtain the trip time (cold rotor), 
substitute , , , and  in 
Equation K.12

Equation K.19

To obtain the trip time (hot rotor), substitute , , 
, and  in Equation K.12

Equation K.20

Equation K.21 applies to the stator element when Ι > SF and SETMETH = 
Curve. To obtain the trip time (hot stator), substitute , and 
RTC in Equation K.13.

Equation K.21

To obtain the trip time for cold stator, substitute I0 = 0 and RTC in 
Equation K.13.

Equation K.22

Tp

TO TD 0.2+( )•

IL
2 0.9 SF•( )2

–

I2
L SF2

–
-----------------------------------------ln

---------------------------------------------------- I2

I2 SF2
–

--------------------ln•=

Tp 60 RTC• I2

I2 SF2
–

--------------------ln•=

U0 0= TD 1.0= TO 2.08 CURVE•( )= IL 6.0=

Tp
90 CURVE•

I2
--------------------------------=

U0 R= TD 1.0=
TO 2.08 CURVE•( )= IL 6.0=

Tp
75 CURVE•

I2
--------------------------------=

I0 0.9 SF•( )=

Tp

2.5 CURVE•

36 0.9 SF•( )2
–

36 SF2
–

---------------------------------------ln

--------------------------------------------------- I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=

Tp

2.5 CURVE•

36 0.9 SF•( )2
–

36 SF2
–

---------------------------------------ln

--------------------------------------------------- I2

I2 SF2
–

--------------------ln•=
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Appendix L
Relay Word Bits

Overview
The protection and control element results are represented by Relay Word bits 
in the SEL-710-5 Motor Protection Relay. Each Relay Word bit has a label 
name and is in either of the following states:

➤ 1 (logical 1)

➤ 0 (logical 0)

Logical 1 represents an element being picked up or otherwise asserted. 
Logical 0 represents an element being dropped out or otherwise deasserted.

Table L.1 and Table L.2 show a list of Relay Word bits and corresponding 
descriptions. The Relay Word bit row numbers correspond to the row numbers 
used in the TAR command (see TARGET Command (Display Relay Word Bit 
Status) on page R.7.70).

Any Relay Word bit (except Row 0) can be used in SELOGIC control equations 
(see Section 4: Protection and Logic Functions) and the Sequential Events 
Recorder (SER) trigger list settings (see Section 10: Analyzing Events).

Table L.1 SEL-710-5 Relay Word Bits (Sheet 1 of 6)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

1 49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP

2 VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP

3 a a BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI

4 COMMIDLE COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT

5 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF

6 49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP

7 VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T

8 AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S

9 STOPPED RUNNING STARTING STAR DELTA START COASTOP FAULT

10 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T

11 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 50Q2P

12 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T

13 OUT101 OUT102 OUT103 a a a a a
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14 OUT301 OUT302 OUT303 OUT304 OUT305 OUT306 OUT307 OUT308

15 OUT401 OUT402 OUT403 OUT404 OUT405 OUT406 OUT407 OUT408

16 OUT501 OUT502 OUT503 OUT504 OUT505 OUT506 OUT507 OUT508

17 IN101 IN102 a a a a a a

18 IN301 IN302 IN303 IN304 IN305 IN306 IN307 IN308

19 IN401 IN402 IN403 IN404 IN405 IN406 IN407 IN408

20 IN501 IN502 IN503 IN504 IN505 IN506 IN507 IN508

21 WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO

22 RTDIN TRGTR IBRK RTDBIAS 52A SPEED2 52B VFDBYPAS

23 RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T

24 RTD5A RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T

25 RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T

26 46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC

27 RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT LOP RSTMOT CMETSRTG

28 SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A

29 STR  STOP   EMRSTR ER     ULTRIP TR FREQTRK   STREQ

30 DNAUX1 DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8

31 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T ZCFREQ

32 PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08

33 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL PB07_PUL PB08_PUL

34 PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED

35 PB5A_LED PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED

36 a a T01_LED T02_LED T03_LED T04_LED T05_LED T06_LED

37 LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08

38 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16

39 LB17 LB18 LB19 LB20 LB21 LB22 LB23 LB24

40 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32

41 RB01 RB02 RB03 RB04 RB05 RB06 RB07 RB08

42 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16

43 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24

44 RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32

45 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08

46 SV01T SV02T SV03T SV04T SV05T SV06T SV07T SV08T

47 SV09 SV10 SV11 SV12 SV013 SV14 SV15 SV16

48 SV09T SV10T SV11T SV12T SV13T SV14T SV15T SV16T

49 SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24
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50 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T

51 SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32

52 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T

53 LT01 LT02 LT03 LT04 LT05 LT06 LT07 LT08

54 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16

55 LT17 LT18 LT19 LT20 LT21 LT22 LT23 LT24

56 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32

57 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU SC08QU

58 SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD

59 SC09QU SC10QU SC11QU SC12QU SC13QU SC14QU SC15QU SC16QU

60 SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD

61 SC17QU SC18QU SC19QU SC20QU SC21QU SC22QU SC23QU SC24QU

62 SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD

63 SC25QU SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU

64 SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD SC32QD

65 AILW1 AILW2 AILAL a AIHW1 AIHW2 AIHAL a

66 AI301LW1 AI301LW2 AI301LAL a AI301HW1 AI301HW2 AI301HAL a

67 AI302LW1 AI302LW2 AI302LAL a AI302HW1 AI302HW2 AI302HAL a

68 AI303LW1 AI303LW2 AI303LAL a AI303HW1 AI303HW2 AI303HAL a

69 AI304LW1 AI304LW2 AI304LAL a AI304HW1 AI304HW2 AI304HAL a

70 AI305LW1 AI305LW2 AI305LAL a AI305HW1 AI305HW2 AI305HAL a

71 AI306LW1 AI306LW2 AI306LAL a AI306HW1 AI306HW2 AI306HAL a

72 AI307LW1 AI307LW2 AI307LAL a AI307HW1 AI307HW2 AI307HAL a

73 AI308LW1 AI308LW2 AI308LAL a AI308HW1 AI308HW2 AI308HAL a

74 AI401LW1 AI401LW2 AI401LAL a AI401HW1 AI401HW2 AI401HAL a

75 AI402LW1 AI402LW2 AI402LAL a AI402HW1 AI402HW2 AI402HAL a

76 AI403LW1 AI403LW2 AI403LAL a AI403HW1 AI403HW2 AI403HAL a

77 AI404LW1 AI404LW2 AI404LAL a AI404HW1 AI404HW2 AI404HAL a

78 AI405LW1 AI405LW2 AI405LAL a AI405HW1 AI405HW2 AI405HAL a

79 AI406LW1 AI406LW2 AI406LAL a AI406HW1 AI406HW2 AI406HAL a

80 AI407LW1 AI407LW2 AI407LAL a AI407HW1 AI407HW2 AI407HAL a

81 AI408LW1 AI408LW2 AI408LAL a AI408HW1 AI408HW2 AI408HAL a

82 AI501LW1 AI501LW2 AI501LAL a AI501HW1 AI501HW2 AI501HAL a

83 AI502LW1 AI502LW2 AI502LAL a AI502HW1 AI502HW2 AI502HAL a

84 AI503LW1 AI503LW2 AI503LAL a AI503HW1 AI503HW2 AI503HAL a

85 AI504LW1 AI504LW2 AI504LAL a AI504HW1 AI504HW2 AI504HAL a
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86 AI505LW1 AI505LW2 AI505LAL a AI505HW1 AI505HW2 AI505HAL a

87 AI506LW1 AI506LW2 AI506LAL a AI506HW1 AI506HW2 AI506HAL a

88 AI507LW1 AI507LW2 AI507LAL a AI507HW1 AI507HW2 AI507HAL a

89 AI508LW1 AI508LW2 AI508LAL a AI508HW1 AI508HW2 AI508HAL a

90 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

91 TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A

92 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

93 TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B

94 LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA

95 LINKA LINKB LINKFAIL PASEL PBSEL a a LINK1

96 VB001 VB002 VB003 VB004 VB005 VB006 VB007 VB008

97 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016

98 VB017 VB018 VB019 VB020 VB021 VB022 VB023 VB024

99 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032

100 VB033 VB034 VB035 VB036 VB037 VB038 VB039 VB040

101 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048

102 VB049 VB050 VB051 VB052 VB053 VB054 VB055 VB056

103 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064

104 VB065 VB066 VB067 VB068 VB069 VB070 VB071 VB072

105 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080

106 VB081 VB082 VB083 VB084 VB085 VB086 VB087 VB088

107 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096

108 VB097 VB098 VB099 VB100 VB101 VB102 VB103 VB104

109 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112

110 VB113 VB114 VB115 VB116 VB117 VB118 VB119 VB120

111 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128

112 51AP 51BP 51CP 51P1P 51P2P 51QP 51G1P 51G2P

113 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T

114 51AR 51BR 51CR 51P1R 51P2R 51QR 51G1R 51G2R

115 BKMON BCW BCWA BCWB BCWC a IRIGOK TSOK

116 TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC LPSECP

117 TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH

118 AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG

119 TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8

120 AFS1EL AFS2EL AFS3EL AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL

121 FDVTC FDCTC 40ZTC a 40Z1 40Z1T 40Z2 40Z2T
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122 FDUV1 FDUV1T FDUV2 FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T

123 FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T

124 FDRES1T FDRES2T FDRESTC 41CLOSE UL41CL STSEQEN a a

125 78R1 78R2 78Z1 SWING OOS OOST a OOSTC

126 51ATC 51BTC 51CTC 51P1TC 51P2TC 51QTC 51G1TC 51G2TC

127 MATHERR TESTDB a SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN 

128 a VIRSPDSW SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN

129 a a RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 SLIPBT

130 FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT

131 FVR FVL PFINBND PFGUT a a PORSFL PODTCT

132 PIAW a 50ITRCC 50ITRCB 50ITRCA 50IALCC 50IALCB 50IALCA

133 a a a a a a a a

134 IN309 IN310 IN311 IN312 IN313 IN314 a a

135 IN409 IN410 IN411 IN412 IN413 IN414 a a

136 IN509 IN510 IN511 IN512 IN513 IN514 a a

137 a a 50INCTC 50INCTB 50INCTA 50INCC 50INCB 50INCA

138 27I1 27I1T 27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC

139 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC

140 59I3 59I3T 59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC

141 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 TTSTOP_A POSTOP_A POSTRT_A

142 89A2P2 89B2P2 89CL2P2 89OP2P2 89AL2P2 IMAX_A VMIN_A TTSTRT_A

143 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 a a a

144 89A2P4 89B2P4 89CL2P4 89OP2P4 89AL2P4 a a a

145 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 a a a

146 ENLRC LOCAL BKJMP 97FM1TC 97FM2TC 97FM3TC 97FM4TC 97FM5TC

147 97F1 97F1T 97FM1ER 97FM1ERT 97F2 97F2T 97FM2ER 97FM2ERT

148 97F3 97F3T 97FM3ER 97FM3ERT 97F4 97F4T 97FM4ER 97FM4ERT

149 97F5 97F5T 97FM5ER 97FM5ERT a a a a

150 a a a a a a a a

151 PTP_TIM PTP_OK PTPSYNC PTPA PTPB a a a

152 89O2P1 89OS2P1 89OI2P1 89OE2P1 89C2P1 89CS2P1 89CI2P1 89CE2P1

153 89O2P2 89OS2P2 89OI2P2 89OE2P2 89C2P2 89CS2P2 89CI2P2 89CE2P2

154 89O2P3 89OS2P3 89OI2P3 89OE2P3 89C2P3 89CS2P3 89CI2P3 89CE2P3

155 89O2P4 89OS2P4 89OI2P4 89OE2P4 89C2P4 89CS2P4 89CI2P4 89CE2P4

156 89O2P5 89OS2P5 89OI2P5 89OE2P5 89C2P5 89CS2P5 89CI2P5 89CE2P5

157 89O2P6 89OS2P6 89OI2P6 89OE2P6 89C2P6 89CS2P6 89CI2P6 89CE2P6

158 89O2P7 89OS2P7 89OI2P7 89OE2P7 89C2P7 89CS2P7 89CI2P7 89CE2P7
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159 89O2P8 89OS2P8 89OI2P8 89OE2P8 89C2P8 89CS2P8 89CI2P8 89CE2P8

160 89OC2P1 89RO2P1 89OM2P1 a 89CC2P1 89RC2P1 89CM2P1 a

161 89OC2P2 89RO2P2 89OM2P2 a 89CC2P2 89RC2P2 89CM2P2 a

162 89OC2P3 89RO2P3 89OM2P3 a 89CC2P3 89RC2P3 89CM2P3 a

163 89OC2P4 89RO2P4 89OM2P4 a 89CC2P4 89RC2P4 89CM2P4 a

164 89OC2P5 89RO2P5 89OM2P5 a 89CC2P5 89RC2P5 89CM2P5 a

165 89OC2P6 89RO2P6 89OM2P6 a 89CC2P6 89RC2P6 89CM2P6 a

166 89OC2P7 89RO2P7 89OM2P7 a 89CC2P7 89RC2P7 89CM2P7 a

167 89OC2P8 89RO2P8 89OM2P8 a 89CC2P8 89RC2P8 89CM2P8 a

168 89OC3PL1 89RO3PL1 89OM3PL1 a 89CC3PL1 89RC3PL1 89CM3PL1 a

169 89OC3PE1 89RO3PE1 89OM3PE1 a 89CC3PE1 89RC3PE1 89CM3PE1 a

170 89OC3PL2 89RO3PL2 89OM3PL2 a 89CC3PL2 89RC3PL2 89CM3PL2 a

171 89OC3PE2 89RO3PE2 89OM3PE2 a 89CC3PE2 89RC3PE2 89CM3PE2 a

172 a a a a a a a a

173 a a a a a a a a

174 a a a a a a a a

175 a a a a a a a a

176 89IP2P1 89IP2P2 89IP2P3 89IP2P4 89IP2P5 89IP2P6 89IP2P7 89IP2P8

177 89A3PL1 89B3PL1 89CL3PL1 89OP3PL1 89AL3PL1 89IP3PL1 89AL a

178 89A3PE1 89B3PE1 89CL3PE1 89OP3PE1 89AL3PE1 89IP3PE1 89IP a

179 89A3PL2 89B3PL2 89CL3PL2 89OP3PL2 89AL3PL2 89IP3PL2 a a

180 89A3PE2 89B3PE2 89CL3PE2 89OP3PE2 89AL3PE2 89IP3PE2 a a

181 89O3PL1 89OS3PL1 89OI3PL1 89OE3PL1 89C3PL1 89CS3PL1 89CI3PL1 89CE3PL1

182 89O3PE1 89OS3PE1 89OI3PE1 89OE3PE1 89C3PE1 89CS3PE1 89CI3PE1 89CE3PE1

183 89O3PL2 89OS3PL2 89OI3PL2 89OE3PL2 89C3PL2 89CS3PL2 89CI3PL2 89CE3PL2

184 89O3PE2 89OS3PE2 89OI3PE2 89OE3PE2 89C3PE2 89CS3PE2 89CI3PE2 89CE3PE2

185 89A2P6 89B2P6 89CL2P6 89OP2P6 89A2P7 89B2P7 89CL2P7 89OP2P7

186 89A2P8 89B2P8 89CL2P8 89OP2P8 a 89AL2P6 89AL2P7 89AL2P8

187 VIBAQ1AP VIBAQ1BP VIBAQ1CP VIBAQ1DP VIBAQ1AT VIBAQ1BT VIBAQ1CT VIBAQ1DT

1881 VIBAQ2AP VIBAQ2BP VIBAQ2CP VIBAQ2DP VIBAQ2AT VIBAQ2BT VIBAQ2CT VIBAQ2DT

189 VIBAQ3AP VIBAQ3BP VIBAQ3CP VIBAQ3DP VIBAQ3AT VIBAQ3BT VIBAQ3CT VIBAQ3DT

190 VIBAQ4AP VIBAQ4BP VIBAQ4CP VIBAQ4DP VIBAQ4AT VIBAQ4BT VIBAQ4CT VIBAQ4DT

191 VIBAQ5AP VIBAQ5BP VIBAQ5CP VIBAQ5DP VIBAQ5AT VIBAQ5BT VIBAQ5CT VIBAQ5DT

192 LPHDSIM a a a a a a a

193 SC850TM SC850BM SC850SM SC850LS LOC MLTLEV LOCSTA OREDLOC

a Reserved for future use.
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Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 1 of 21)

Bit Definition Row

27I1 Level 1 inverse undervoltage element pickup 138

27I1T Level 1 inverse undervoltage element time out 138

27I1RS Level 1 inverse undervoltage element reset 138

27I1TC Level 1 inverse undervoltage element torque control 138

27I2 Level 2 inverse undervoltage element pickup 138

27I2T Level 2 inverse undervoltage element time out 138

27I2RS Level 2 inverse undervoltage element reset 138

27I2TC Level 2 inverse undervoltage element torque control 138

27P1 Phase undervoltage Level 1 trip pickup 10

27P1T Phase undervoltage Level 1 trip definite-time delayed 10

27P2 Phase undervoltage Level 2 trip pickup 10

27P2T Phase undervoltage Level 2 definite-time delayed 10

37LLTC 37LL torque control 26

37PA Underpower alarm—asserts when the relay issues an underpower element alarm. 7

37PT Underpower trip—asserts when the relay issues an underpower element trip. 2

40Z1 Zone 1 instantaneous loss-of-field mho element 121

40Z1T Zone 1 time-delayed loss-of-field mho element 121

40Z2 Zone 2 instantaneous loss-of-field mho element 121

40Z2T Zone 2 time-delayed loss-of-field mho element 121

40ZTC Loss-of-field torque control 121

41A Asserts when the SELOGIC control equation 41A result is logical 1. Use to indicate that the 
motor field contactor or field circuit breaker is closed.

3

41CLOSE Field breaker close initiation for time-delayed start of brushless synchronous motors or slip-
dependent synchronization based on field voltage measurements

124

41CLOSE2 Field breaker close initiation for slip-dependent synchronization based on stator current 
measurements

129

41CLS2TO Slip dependent close OK 129

41CLS2 Start sequence time-out (synchronization based on stator current measurements) 129

46UBA Phase current unbalance alarm—asserts when the relay issues an alarm in response to a 
current unbalance condition, as defined by that function and its settings.

6

46UBT Phase current unbalance trip—asserts when the relay issues a trip in response to a current 
unbalance condition, as defined by that function and its settings.

1

46UBTC 46UB torque control 26

47T Phase reversal trip—asserts when the relay detects a phase reversal condition, if phase 
reversal tripping is enabled by the relay settings.

2

48LJTC 48LJ torque control 26

49A Thermal alarm—asserts when the relay issues a thermal element alarm because of locked 
rotor starting or running overload conditions.

6
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49PTCTC 49PTC torque control 26

49RTDTC 49RTD torque control 26

49T Thermal trip—asserts when the relay issues a thermal element trip because of locked rotor or 
running overload conditions, i.e., 49T = 49T_RTR OR 49T_STR.

1

49T_RTR Thermal trip, rotor thermal model 4

49T_STR Thermal trip, stator thermal model 4

50EFTC 50EF torque control 26

50G1P Definite-time residual overcurrent trip pickup 11

50G1T Definite-time residual overcurrent trip definite-time delayed 12

50G2P Definite-time residual overcurrent alarm pickup 11

50G2T Definite-time residual overcurrent alarm definite-time delayed 12

50IALCA Counter alarm level A-phase 132

50IALCB Counter alarm level B-phase 132

50IALCC Counter alarm level C-phase 132

50INCA Element pickup A-phase 137

50INCB Element pickup B-phase 137

50INCC Element pickup C-phase 137

50INCTA Element time out A-phase, self-clearing 137

50INCTB Element time out B-phase, self-clearing 137

50INCTC Element time out C-phase, self-clearing 137

50ITRCA Counter trip level A-phase 132

50ITRCB Counter trip level B-phase 132

50ITRCC Counter trip level C-phase 132

50N1P Definite-time neutral overcurrent trip pickup 11

50N1T Definite-time neutral overcurrent trip definite-time delayed 12

50N2P Definite-time neutral overcurrent alarm pickup 11

50N2T Definite-time neutral overcurrent alarm definite-time delayed 12

50NAF Sample based neutral overcurrent element pickup 5

50P1P Definite-time phase overcurrent trip pickup 11

50P1T Definite-time phase overcurrent trip definite-time delayed 12

50P2P Definite-time phase overcurrent alarm pickup 11

50P2T Definite-time phase overcurrent alarm definite-time delayed 12

50PAF Sample based phase overcurrent element pickup 5

50PTC 50P torque control 26

50Q1P Definite-time negative-sequence overcurrent trip pickup 11

50Q1T Definite-time negative-sequence overcurrent trip definite-time delayed 12

50Q2P Definite-time negative-sequence overcurrent alarm pickup 11

50Q2T Definite-time negative-sequence overcurrent alarm definite-time delayed 12

50S Overcurrent threshold for starting 8
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51AP A-phase time-overcurrent element pickup 112

51AR A-phase time-overcurrent element reset 114

51AT A-phase time-overcurrent element trip 113

51ATC A-phase time-overcurrent torque control 126

51BP B-phase time-overcurrent element pickup 112

51BR B-phase time-overcurrent element reset 114

51BT B-phase time-overcurrent element trip 113

51BTC B-phase time-overcurrent torque control 126

51CP C-phase time-overcurrent element pickup 112

51CR C-phase time-overcurrent element reset 114

51CT C-phase time-overcurrent element trip 113

51CTC C-phase time-overcurrent torque control 126

51G1P Level 1 residual ground  time-overcurrent element pickup 112

51G1R Level 1 residual ground  time-overcurrent element reset 114

51G1T Level 1 residual ground  time-overcurrent element trip 113

51G1TC Level 1 residual ground  time-overcurrent torque control 126

51G2P Level 2 residual ground  time-overcurrent element pickup 112

51G2R Level 2 residual ground  time-overcurrent element reset 114

51G2T Level 2 residual ground  time-overcurrent element trip 113

51G2TC Level 2 residual ground  time-overcurrent torque control 126

51P1P Level 1 maximum phase  time-overcurrent element pickup 112

51P1R Level 1 maximum phase  time-overcurrent element reset 114

51P1T Level 1 maximum phase  time-overcurrent element trip 113

51P1TC Level 1 maximum phase  time-overcurrent torque control 126

51P2P Level 2 maximum phase  time-overcurrent element pickup 112

51P2R Level 2 maximum phase  time-overcurrent element reset 114

51P2T Level 2 maximum phase  time-overcurrent element trip 113

51P2TC Level 2 maximum phase  time-overcurrent torque control 126

51QP Negative-sequence, time-overcurrent element pickup 112

51QR Negative-sequence, time-overcurrent element reset 114

51QT Negative-sequence, time-overcurrent element trip 113

51QTC Negative-sequence, time-overcurrent torque control 126

52A Motor contactor or circuit breaker N/O contact 22

52B Motor contactor or circuit breaker N/C contact 22

55A Power factor alarm—asserts when the relay issues a power factor element alarm. 6

55T Power factor trip—asserts when the relay issues a power factor element alarm or trip. 2

55TC 55 torque control 6

59I1 Level 1 inverse overvoltage element pickup 139
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59I1T Level 1 inverse overvoltage element time out 139

59I1RS Level 1 inverse overvoltage element reset 139

59I1TC Level 1 inverse overvoltage element torque control 139

59I2 Level 2 inverse overvoltage element pickup 139

59I2T Level 2 inverse overvoltage element time out 139

59I2RS Level 2 inverse overvoltage element reset 139

59I2TC Level 2 inverse overvoltage element torque control 139

59I3 Level 3 inverse overvoltage element pickup 140

59I3T Level 3 inverse overvoltage element time out 140

59I3RS Level 3 inverse overvoltage element reset 140

59I3TC Level 3 inverse overvoltage element torque control 140

59I4 Level 4 inverse overvoltage element pickup 140

59I4T Level 4 inverse overvoltage element time out 140

59I4RS Level 4 inverse overvoltage element reset 140

59I4TC Level 4 inverse overvoltage element torque control 140

59P1 Phase overvoltage Level 1 trip pickup 10

59P1T Phase overvoltage Level 1 trip definite-time delayed 10

59P2 Phase overvoltage Level 2 trip pickup 10

59P2T Phase overvoltage Level 2 trip definite-time delayed 10

66JOGTC 66JOG torque control 26

78R1 Out-of-step right blinder or outer resistance blinder 125

78R2 Out-of-step left blinder or inner resistance blinder 125

78Z1 Out-of-step mho element 125

81D1T Level 1 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D2T Level 2 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D3T Level 3 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D4T Level 4 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

87M1 Level 1 pickup definite-time differential element 5

87M1T Level 1 trip definite-time differential element 5

87M1TC Torque control—Level 1 definite-time differential element 5

87M2 Level 2 pickup definite-time differential element 5

87M2T Level 2 trip definite-time differential element 5

87M2TC Torque control—Level 2 definite-time differential element 5

89A2P1 Two-position Disconnect 1 N/O contact 141

89A2P2 Two-position Disconnect 2 N/O contact 142

89A2P3 Two-position Disconnect 3 N/O contact 143
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89A2P4 Two-position Disconnect 4 N/O contact 144

89A2P5 Two-position Disconnect 5 N/O contact 145

89A2P6 Two-position Disconnect 6 N/O contact 159

89A2P7 Two-position Disconnect 7 N/O contact 160

89A2P8 Two-position Disconnect 8 N/O contact 160

89A3PE1 Three-position Earthing Disconnect 1 N/O auxiliary contact 160

89A3PE2 Three-position Earthing Disconnect 2 N/O auxiliary contact 160

89A3PL1 Three-position In-line Disconnect 1 N/O auxiliary contact 160

89A3PL2 Three-position In-line Disconnect 2 N/O auxiliary contact 160

89AL Any two-position or three-position disconnect in alarm 160

89AL2P1 Two-position Disconnect 1 alarm 141

89AL2P2 Two-position Disconnect 2 alarm 142

89AL2P3 Two-position Disconnect 3 alarm 143

89AL2P4 Two-position Disconnect 4 alarm 144

89AL2P5 Two-position Disconnect 5 alarm 145

89AL2P6 Two-position Disconnect 6 alarm 160

89AL2P7 Two-position Disconnect 7 alarm 161

89AL2P8 Two-position Disconnect 8 alarm 161

89AL3PE1 Three-position Earthing Disconnect 1 alarm 161

89AL3PE2 Three-position Earthing Disconnect 2 alarm 161

89AL3PL1 Three-position In-line Disconnect 1 alarm 161

89AL3PL2 Three-position In-line Disconnect 2 alarm 161

89B2P1 Two-position Disconnect 1 N/C contact 141

89B2P2 Two-position Disconnect 2 N/C contact 142

89B2P3 Two-position Disconnect 3 N/C contact 143

89B2P4 Two-position Disconnect 4 N/C contact 144

89B2P5 Two-position Disconnect 5 N/C contact 145

89B2P6 Two-position Disconnect 6 N/C contact 161

89B2P7 Two-position Disconnect 7 N/C contact 161

89B2P8 Two-position Disconnect 8 N/C contact 162

89B3PE1 Three-position Earthing Disconnect 1 N/C auxiliary contact 162

89B3PE2 Three-position Earthing Disconnect 2 N/C auxiliary contact 162

89B3PL1 Three-position In-line Disconnect 1 N/C auxiliary contact 162

89B3PL2 Three-position In-line Disconnect 2 N/C auxiliary contact 162

89C2P1 Two-position Disconnect 1 close output 162

89C2P2 Two-position Disconnect 2 close output 162

89C2P3 Two-position Disconnect 3 close output 162

89C2P4 Two-position Disconnect 4 close output 163
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89C2P5 Two-position Disconnect 5 close output 163

89C2P6 Two-position Disconnect 6 close output 163

89C2P7 Two-position Disconnect 7 close output 163

89C2P8 Two-position Disconnect 8 close output 163

89C3PE1 Three-position Earthing Disconnect 1 close output 163

89C3PE2 Three-position Earthing Disconnect 2 close output 163

89C3PL1 Three-position In-line Disconnect 1 close output 163

89C3PL2 Three-position In-line Disconnect 2 close output 164

89CC2P1 Two-position Disconnect 1 close command for control via communication protocols 164

89CC2P2 Two-position Disconnect 2 close command for control via communication protocols 164

89CC2P3 Two-position Disconnect 3 close command for control via communication protocols 164

89CC2P4 Two-position Disconnect 4 close command for control via communication protocols 164

89CC2P5 Two-position Disconnect 5 close command for control via communication protocols 164

89CC2P6 Two-position Disconnect 6 close command for control via communication protocols 164

89CC2P7 Two-position Disconnect 7 close command for control via communication protocols 164

89CC2P8 Two-position Disconnect 8 close command for control via communication protocols 165

89CC3PE1 Three-position Earthing Disconnect 1 close command for control via communication protocols 165

89CC3PE2 Three-position Earthing Disconnect 2 close command for control via communication protocols 165

89CC3PL1 Three-position In-line Disconnect 1 close command for control via communication protocols 165

89CC3PL2 Three-position In-line Disconnect 2 close command for control via communication protocols 165

89CE2P1 Two-position Disconnect 1 close enable 165

89CE2P2 Two-position Disconnect 2 close enable 165

89CE2P3 Two-position Disconnect 3 close enable 165

89CE2P4 Two-position Disconnect 4 close enable 166

89CE2P5 Two-position Disconnect 5 close enable 166

89CE2P6 Two-position Disconnect 6 close enable 166

89CE2P7 Two-position Disconnect 7 close enable 166

89CE2P8 Two-position Disconnect 8 close enable 166

89CE3PE1 Three-position Earthing Disconnect 1 close enable 166

89CE3PE2 Three-position Earthing Disconnect 2 close enable 166

89CE3PL1 Three-position In-line Disconnect 1 close enable 166

89CE3PL2 Three-position In-line Disconnect 2 close enable 167

89CI2P1 Two-position Disconnect 1 close immobility timer timed out 167

89CI2P2 Two-position Disconnect 2 close immobility timer timed out 167

89CI2P3 Two-position Disconnect 3 close immobility timer timed out 167

89CI2P4 Two-position Disconnect 4 close immobility timer timed out 167

89CI2P5 Two-position Disconnect 5 close immobility timer timed out 167

89CI2P6 Two-position Disconnect 6 close immobility timer timed out 167
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89CI2P7 Two-position Disconnect 7 close immobility timer timed out 167

89CI2P8 Two-position Disconnect 8 close immobility timer timed out 168

89CI3PE1 Three-position Earthing Disconnect 1 close immobility timer timed out 168

89CI3PE2 Three-position Earthing Disconnect 2 close immobility timer timed out 168

89CI3PL1 Three-position In-line Disconnect 1 close immobility timer timed out 168

89CI3PL2 Three-position In-line Disconnect 2 close immobility timer timed out 168

89CL2P1 Two-position Disconnect 1 closed 141

89CL2P2 Two-position Disconnect 2 closed 142

89CL2P3 Two-position Disconnect 3 closed 143

89CL2P4 Two-position Disconnect 4 closed 144

89CL2P5 Two-position Disconnect 5 closed 145

89CL2P6 Two-position Disconnect 6 closed 168

89CL2P7 Two-position Disconnect 7 closed 168

89CL2P8 Two-position Disconnect 8 closed 168

89CL3PE1 Three-position Earthing Disconnect 1 closed 169

89CL3PE2 Three-position Earthing Disconnect 2 closed 169

89CL3PL1 Three-position In-line Disconnect 1 closed 169

89CL3PL2 Three-position In-line Disconnect 2 closed 169

89CM2P1 Two-position Disconnect 1 close command for control via front-panel HMI 169

89CM2P2 Two-position Disconnect 2 close command for control via front-panel HMI 169

89CM2P3 Two-position Disconnect 3 close command for control via front-panel HMI 169

89CM2P4 Two-position Disconnect 4 close command for control via front-panel HMI 169

89CM2P5 Two-position Disconnect 5 close command for control via front-panel HMI 170

89CM2P6 Two-position Disconnect 6 close command for control via front-panel HMI 170

89CM2P7 Two-position Disconnect 7 close command for control via front-panel HMI 170

89CM2P8 Two-position Disconnect 8 close command for control via front-panel HMI 170

89CM3PE1 Three-position Earthing Disconnect 1 close command for control via front-panel HMI 170

89CM3PE2 Three-position Earthing Disconnect 2 close command for control via front-panel HMI 170

89CM3PL1 Three-position In-line Disconnect 1 close command for control via front-panel HMI 170

89CM3PL2 Three-position In-line Disconnect 2 close command for control via front-panel HMI 170

89CS2P1 Two-position Disconnect 1 close seal-in timer timed out 171

89CS2P2 Two-position Disconnect 2 close seal-in timer timed out 171

89CS2P3 Two-position Disconnect 3 close seal-in timer timed out 171

89CS2P4 Two-position Disconnect 4 close seal-in timer timed out 171

89CS2P5 Two-position Disconnect 5 close seal-in timer timed out 171

89CS2P6 Two-position Disconnect 6 close seal-in timer timed out 171

89CS2P7 Two-position Disconnect 7 close seal-in timer timed out 171

89CS2P8 Two-position Disconnect 8 close seal-in timer timed out 171

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 7 of 21)

Bit Definition Row



L.14

SEL-710-5 Relay Instruction Manual Date Code 20220826

Relay Word Bits
Definitions

89CS3PE1 Three-position Earthing Disconnect 1 close seal-in timer timed out 172

89CS3PE2 Three-position Earthing Disconnect 2 close seal-in timer timed out 172

89CS3PL1 Three-position In-line Disconnect 1 close seal-in timer timed out 172

89CS3PL2 Three-position In-line Disconnect 2 close seal-in timer timed out 172

89IP Any two-position or three-position disconnect in alarm 172

89IP2P1 Two-position Disconnect 1 operation in-progress 172

89IP2P2 Two-position Disconnect 2 operation in-progress 172

89IP2P3 Two-position Disconnect 3 operation in-progress 172

89IP2P4 Two-position Disconnect 4 operation in-progress 173

89IP2P5 Two-position Disconnect 5 operation in-progress 173

89IP2P6 Two-position Disconnect 6 operation in-progress 173

89IP2P7 Two-position Disconnect 7 operation in-progress 173

89IP2P8 Two-position Disconnect 8 operation in-progress 173

89IP3PE1 Three-position Earthing Disconnect 1 operation in-progress 173

89IP3PE2 Three-position Earthing Disconnect 2 operation in-progress 173

89IP3PL1 Three-position In-line Disconnect 1 operation in-progress 173

89IP3PL2 Three-position In-line Disconnect 2 operation in-progress 174

89O2P1 Two-position Disconnect 1 open output 174

89O2P2 Two-position Disconnect 2 open output 174

89O2P3 Two-position Disconnect 3 open output 174

89O2P4 Two-position Disconnect 4 open output 174

89O2P5 Two-position Disconnect 5 open output 174

89O2P6 Two-position Disconnect 6 open output 174

89O2P7 Two-position Disconnect 7 open output 174

89O2P8 Two-position Disconnect 8 open output 175

89O3PE1 Three-position Earthing Disconnect 1 open output 175

8903PE2 Three-position Earthing Disconnect 2 open output 175

89O3PL1 Three-position In-line Disconnect 1 open output 175

89O3PL2 Three-position In-line Disconnect 2 open output 175

89OC2P1 Two-position Disconnect 1 open command for control via communication protocols 175

89OC2P2 Two-position Disconnect 2 open command for control via communication protocols 175

89OC2P3 Two-position Disconnect 3 open command for control via communication protocols 175

89OC2P4 Two-position Disconnect 4 open command for control via communication protocols 176

89OC2P5 Two-position Disconnect 5 open command for control via communication protocols 176

89OC2P6 Two-position Disconnect 6 open command for control via communication protocols 176

89OC2P7 Two-position Disconnect 7 open command for control via communication protocols 176

89OC2P8 Two-position Disconnect 8 open command for control via communication protocols 176

89OC3PE1 Three-position Earthing Disconnect 1 open command for control via communication protocols 176
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89OC3PE2 Three-position Earthing Disconnect 2 open command for control via communication protocols 176

89OC3PL1 Three-position In-line Disconnect 1 open command for control via communication protocols 176

89OC3PL2 Three-position In-line Disconnect 2 open command for control via communication protocols 177

89OE2P1 Two-position Disconnect 1 open enable 177

89OE2P2 Two-position Disconnect 2 open enable 177

89OE2P3 Two-position Disconnect 3 open enable 177

89OE2P4 Two-position Disconnect 4 open enable 177

89OE2P5 Two-position Disconnect 5 open enable 177

89OE2P6 Two-position Disconnect 6 open enable 177

89OE2P7 Two-position Disconnect 7 open enable 177

89OE2P8 Two-position Disconnect 8 open enable 178

89OE3PE1 Three-position Earthing Disconnect 1 open enable 178

89OE3PE2 Three-position Earthing Disconnect 2 open enable 178

89OE3PL1 Three-position In-line Disconnect 1 open enable 178

89OE3PL2 Three-position In-line Disconnect 2 open enable 178

890I2P1 Two-position Disconnect 1 open immobility timer timed out 178

890I2P2 Two-position Disconnect 2 open immobility timer timed out 178

890I2P3 Two-position Disconnect 3 open immobility timer timed out 178

890I2P4 Two-position Disconnect 4 open immobility timer timed out 179

890I2P5 Two-position Disconnect 5 open immobility timer timed out 179

890I2P6 Two-position Disconnect 6 open immobility timer timed out 179

890I2P7 Two-position Disconnect 7 open immobility timer timed out 179

890I2P8 Two-position Disconnect 8 open immobility timer timed out 179

89OI3PE1 Three-position Earthing Disconnect 1 open immobility timer timed out 179

89OI3PE2 Three-position Earthing Disconnect 2 open immobility timer timed out 179

89OI3PL1 Three-position In-line Disconnect 1 open immobility timer timed out 179

89OI3PL2 Three-position In-line Disconnect 2 open immobility timer timed out 180

89OM2P1 Two-position Disconnect 1 open command for control via front-panel HMI 180

89OM2P2 Two-position Disconnect 2 open command for control via front-panel HMI 180

89OM2P3 Two-position Disconnect 3 open command for control via front-panel HMI 180

89OM2P4 Two-position Disconnect 4 open command for control via front-panel HMI 180

89OM2P5 Two-position Disconnect 5 open command for control via front-panel HMI 180

89OM2P6 Two-position Disconnect 6 open command for control via front-panel HMI 180

89OM2P7 Two-position Disconnect 7 open command for control via front-panel HMI 180

89OM2P8 Two-position Disconnect 8 open command for control via front-panel HMI 181

89OM3PE1 Three-position Earthing Disconnect 1 open command for control via front-panel HMI 181

89OM3PE2 Three-position Earthing Disconnect 2 open command for control via front-panel HMI 181

89OM3PL1 Three-position In-line Disconnect 1 open command for control via front-panel HMI 181
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89OM3PL2 Three-position In-line Disconnect 2 open command for control via front-panel HMI 181

89OP2P1 Two-position Disconnect 1 open 141

89OP2P2 Two-position Disconnect 2 open 142

89OP2P3 Two-position Disconnect 3 open 143

89OP2P4 Two-position Disconnect 4 open 144

89OP2P5 Two-position Disconnect 5 open 145

89OP2P6 Two-position Disconnect 6 open 181

89OP2P7 Two-position Disconnect 7 open 181

89OP2P8 Two-position Disconnect 8 open 181

89OP3PE1 Three-position Earthing Disconnect 1 open 182

89OP3PE2 Three-position Earthing Disconnect 2 open 182

89OP3PL1 Three-position In-line Disconnect 1 open 182

89OP3PL2 Three-position In-line Disconnect 2 open 182

89OS2P1 Two-position Disconnect 1 open seal-in timer timed out 182

89OS2P2 Two-position Disconnect 2 open seal-in timer timed out 182

89OS2P3 Two-position Disconnect 3 open seal-in timer timed out 182

89OS2P4 Two-position Disconnect 4 open seal-in timer timed out 182

89OS2P5 Two-position Disconnect 5 open seal-in timer timed out 183

89OS2P6 Two-position Disconnect 6 open seal-in timer timed out 183

89OS2P7 Two-position Disconnect 7 open seal-in timer timed out 183

89OS2P8 Two-position Disconnect 8 open seal-in timer timed out 183

89OS3PE1 Three-position Earthing Disconnect 1 open seal-in timer timed out 183

89OS3PE2 Three-position Earthing Disconnect 2 open seal-in timer timed out 183

89OS3PL1 Three-position In-line Disconnect 1 open seal-in timer timed out 183

89OS3PL2 Three-position In-line Disconnect 2 open seal-in timer timed out 183

89RC2P1 Two-position Disconnect 1 remote close control SELOGIC equation 184

89RC2P2 Two-position Disconnect 2 remote close control SELOGIC equation 184

89RC2P3 Two-position Disconnect 3 remote close control SELOGIC equation 184

89RC2P4 Two-position Disconnect 4 remote close control SELOGIC equation 184

89RC2P5 Two-position Disconnect 5 remote close control SELOGIC equation 184

89RC2P6 Two-position Disconnect 6 remote close control SELOGIC equation 184

89RC2P7 Two-position Disconnect 7 remote close control SELOGIC equation 184

89RC2P8 Two-position Disconnect 8 remote close control SELOGIC equation 184

89RC3PE1 Three-position Earthing Disconnect 1 remote close control SELOGIC equation 185

89RC3PE2 Three-position Earthing Disconnect 2 remote close control SELOGIC equation 185

89RC3PL1 Three-position In-line Disconnect 1 remote close control SELOGIC equation 185

89RC3PL2 Three-position In-line Disconnect 2 remote close control SELOGIC equation 185

89RO2P1 Two-position Disconnect 1 remote open control SELOGIC equation 185
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89RO2P2 Two-position Disconnect 2 remote open control SELOGIC equation 185

89RO2P3 Two-position Disconnect 3 remote open control SELOGIC equation 185

89RO2P4 Two-position Disconnect 4 remote open control SELOGIC equation 185

89RO2P5 Two-position Disconnect 5 remote open control SELOGIC equation 186

89RO2P6 Two-position Disconnect 6 remote open control SELOGIC equation 186

89RO2P7 Two-position Disconnect 7 remote open control SELOGIC equation 186

89RO2P8 Two-position Disconnect 8 remote open control SELOGIC equation 186

89RO3PE1 Three-position Earthing Disconnect 1 remote open control SELOGIC equation 186

89RO3PE2 Three-position Earthing Disconnect 2 remote open control SELOGIC equation 186

89RO3PL1 Three-position In-line Disconnect 1 remote open control SELOGIC equation 186

89RO3PL2 Three-position In-line Disconnect 2 remote open control SELOGIC equation 186

97F1 Frequency component magnitude element pick up 146

97F1T Frequency component magnitude element time out 146

97F2 Frequency component magnitude element pick up 146

97F2T Frequency component magnitude element time out 146

97F3 Frequency component magnitude element pick up 146

97F3T Frequency component magnitude element time out 147

97F4 Frequency component magnitude element pick up 147

97F4T Frequency component magnitude element time out 147

97F5 Frequency component magnitude element pick up 147

97F5T Frequency component magnitude element time out 147

97FM1ER Event report timer pick up 147

97FM1ERT Event report timer time out 147

97FM1TC Frequency component magnitude element torque control 147

97FM2ER Event report timer pick up 148

97FM2ERT Event report timer time out 148

97FM2TC Frequency component magnitude element torque control 148

97FM3ER Event report timer pick up 148

97FMERT Event report timer time out 148

97FM3TC Frequency component magnitude element torque control 148

97FM4ER Event report timer pick up 148

97FM4ERT Event report timer time out 148

97FM4TC Frequency component magnitude element torque control 149

97FM5ER Event report timer pick up 149

97FM5ERT Event report timer time out 149

97FM5TC Frequency component magnitude element torque control 149

ABSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21
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ADV_RUNN Same as RUNNING Relay Word bit without the 300 ms time delay (for use in starting 
sequence for synchronous motor)

AF_TRIP Any arc flash trip as given by equation (50PAF OR 50NAF) AND (TOL1 OR TOL2 
OR…OR TOL8) AND TRIP

6

AFALARM Arc-flash system integrity alarm, logical OR of all AF diagnostics & excessive light bits 
(AFSnDIAG & AFSnSEL)

8

AFS1DIAG–AFS8DIAG AF light Input 1 diagnostic failure—AF light input 8 diagnostic failure 118

AFS1EL–AFS8EL If TOLn is asserted for 10 seconds continuously, the corresponding AFSnEL Relay Word bit 
asserts, where n = 1 to 8. This can be used as a warning for excessive ambient light detection.

120

AIHAL Analog inputs high alarm limit. If any AIxxxHAL = 1, then AIHAL = 1 65

AIHW1 Analog inputs high warning, Level 1. If any AIxxxHW1 = 1, then AIHW1 = 1 65

AIHW2 Analog inputs high warning, Level 2. If any AIxxxHW2 = 1, then AIHW2 = 1 65

AILAL Analog inputs low alarm limit. If any AIxxxLAL = 1, then AILAL = 1 65

AILW1 Analog inputs low warning, Level 1. If any AIxxxLW1 = 1, then AILW1 = 1 65

AILW2 Analog inputs low warning, Level 2. If any AIxxxLW2 = 1, then AILW2 = 1 65

AIxxxHAL High alarm limit 89

AIxxxHW1 High warning, Level 1 89

AIxxxHW2 High warning, Level 2 89

AIxxxLAL Low alarm limit 89

AIxxxLW1 Low warning, level 1 89

AIxxxLW2 Low warning, level 2 89

AMBALRM Ambient temperature alarm—asserts if the healthy ambient RTD temperature exceeds its 
alarm set point. 

8

AMBTRIP Ambient temperature trip—asserts when the healthy Ambient RTD temperature exceeds its 
trip set point.

2

BBD1T Severe rotor bar damage 31

BBD2T One or more broken bars 31

BBD3T Rotor high impedance points 31

BCW BCWA OR BCWB OR BCWC 115

BCWA A-phase breaker contact wear has reached the 100 percent wear level. 115

BCWB B-phase breaker contact wear has reached the 100 percent wear level. 115

BCWC C-phase breaker contact wear has reached the 100 percent wear level. 115

BFI Breaker failure initiation—asserts when the SELOGIC control equation BFI results in a 
logical 1. Use to indicate that the breaker failure logic has started.

3

BFT Breaker failure trip—asserts when the relay issues a breaker failure trip. 4

BKMON Breaker monitor initiation 115

BLKPROT SELOGIC control equation—asserts enabled torque control elements when logic 1. 27

BLKSTR Block start SELOGIC control equation 3

BRGALRM Bearing temperature alarm—BRGALRM asserts when any healthy bearing RTD temperature 
exceeds its alarm set point. 

21

BRGTRIP Bearing temperature trip—BRGTRIP asserts when one or two (when EBRGV = Y) healthy 
bearing RTD temperatures exceed their trip set points.

21

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 12 of 21)

Bit Definition Row



L.19

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Relay Word Bits
Definitions

BKJMP Asserts if breaker control jumper is installed on main board 146

CBADA Channel A, channel unavailability over threshold 94

CBADB Channel B, channel unavailability over threshold 94

CFGFLT Asserts on failed settings interdependency check during Modbus setting change. 4

CMETSRTG Meter report trigger SELOGIC control equation. 27

COASTOP Rotor coast to stop 9

COMMFLT Time-out of internal communication between CPU board and DeviceNet board 4

COMMIDLE DeviceNet card in programming mode 4

COMMLOSS DeviceNet communication failure 4

DELTA Delta control 9

DI_A Distortion index A-phase 28

DI_B Distortion index B-phase 28

DI_C Distortion index C-phase 28

DNAUX1–DNAUX8 DeviceNet/Modbus AUX1–AUX8 assert bits 30

DNAUX9–DNAUX11 DeviceNet/Modbus AUX9–AUX11 assert bits 31

DRVECLS Synchronous motor field breaker close initiated via drive-to-close path

DSABLSET SELOGIC control equation: Do not allow settings changes from front-panel interface when 
asserted.

27

DST Daylight-saving time 116

DSTP Daylight-saving time pending 116

EMRSTR Emergency restart SELOGIC control equation—asserts when input assigned to EMRSTR 
asserts or when a Modbus/DeviceNet EMRSTR command is received.

29

ENHSPDSW Enhance Speed Switch 128

ENLRC Asserted when Local/Remote is enabled by EN_LRC = Y 146

ER Event report trigger SELOGIC control equation 29

FAILCLS Speed switch failed close 128

FAILOPN Speed switch failed open 128

FAULT Indicates Fault condition—asserts when SELOGIC control equation FAULT results in a 
logical 1.

9

FDCTC Field current torque control 121

FDOC1 Field overcurrent Level 1 pickup 123

FDOC1T Field overcurrent Level 1 definite-time delayed 123

FDOC2 Field overcurrent Level 2 pickup 123

FDOC2T Field overcurrent Level 2 definite-time delayed 123

FDOV1 Field overvoltage Level 1 pickup 122

FDOV1T Field overvoltage Level 1 definite-time delayed 122

FDOV2 Field overvoltage Level 2 pickup 122

FDOV2T Field overvoltage Level 2 definite-time delayed 122

FDRES1T Field resistance Level 1 trip 124

FDRES2T Field resistance Level 2 warn 124
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FDRESTC Field resistance torque control 124

FDUC1 Field undercurrent Level 1 pickup 123

FDUC1T Field undercurrent Level 1 definite-time delayed 123

FDUC2 Field undercurrent Level 2 pickup 123

FDUC2T Field undercurrent Level 2 definite-time delayed 123

FDUV1 Field undervoltage Level 1 pickup 122

FDUV1T Field undervoltage Level 1 definite-time delayed 122

FDUV2 Field undervoltage Level 2 pickup 122

FDUV2T Field undervoltage Level 2 definite-time delayed 122

FDVTC Field voltage torque control 121

FREQTRK Frequency tracking enable bit—tracking enabled when bit is asserted 29

FVL Lower field voltage digital interphase 131

FVLL Lower field voltage long step 130

FVLLT Lower field voltage long step time-out 130

FVLR Raise field voltage long step 130

FVLRT Raise field voltage long step time-out 130

FVR Raise field voltage digital interphase 131

FVSL Lower field voltage short step 130

FVSLT Lower field voltage short step time-out 130

FVSR Raise field voltage short step 130

FVSRT Raise field voltage short step time-out 130

HALARM Diagnostics failure 8

IBRK Inspect breaker 22

IMAX_A Maximum start current alarm 142

IN101and IN102 Contact inputs IN101 and IN102 17

IN301–IN304 Contact inputs IN301–IN304 (available only with optional I/O module) 18

IN305–IN308 Contact inputs IN305–IN308 (available only with optional I/O module) 18

IN309–IN314 Contact inputs IN309–IN314 (available only with optional 14 DI I/O module) 134

IN401–IN404 Contact inputs IN401–IN404 (available only with optional I/O module) 19

IN405–IN408 Contact inputs IN405–IN408 (available only with optional I/O module) 19

IN409–IN414 Contact inputs IN409–IN414 (available only with optional 14 DI I/O module) 135

IN501–IN504 Contact inputs IN501–IN504 (available only with optional I/O module) 20

IN505–IN508 Contact inputs IN505–IN508 (available only with optional I/O module) 20

IN509–IN514 Contact inputs IN509–IN514 (available only with optional 14 DI I/O module) 136

IRIGOK IRIG-B time synch input data are valid. 115

JAMALRM Load-jam alarm 6

JAMTRIP Load-jam trip 1

LB01–LB08 Local Bits 1–8 37

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 14 of 21)
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LB09–LB16 Local Bits 9–16 38

LB17–LB24 Local Bits 17–24 39

LB25–LB32 Local Bits 25–32 40

LBOKA Channel A, looped back ok 94

LBOKB Channel B, looped back ok 94

LINK1 Asserts when a valid link is detected on Port 1. 95

LINKA Asserts if Ethernet Port A detects link. 95

LINKB Asserts if Ethernet Port B detects link. 95

LINKFAIL Failure of active Ethernet port link 95

LOC SELOGIC control for control authority at local/bay level 193

LOCAL Asserted when relay control configuration is in Local mode 146

LOCSTA SELOGIC control for control authority at station level 193

LOADLOW Load control lower limit 8

LOADUP Load control upper limit 8

LOP Loss-of-potential 27

LOPBLK SELOGIC equation to block LOP element from asserting. 117

LOSSALRM Load-loss alarm—asserts when the relay detects a load-loss as defined by that function and 
its settings. 

6

LOSSTRIP Load-loss trip—asserts when the relay detects a load-loss as defined by that function and its 
settings. 

1

LPHDSIM IEC 61850 simulation mode 192

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is 
asserted, the upcoming leap second is deleted; otherwise, the leap second is added.

116

LPSECP Leap second pending 116

LT01–LT08 Latch bits 1–8 53

LT09–LT16 Latch bits 9–16 54

LT17–LT24 Latch bits 17–24 55

LT25–LT32 Latch bits 25–32 56

MATHERR SELOGIC math error bit asserted for divide-by-zero, etc, in SELOGIC math functions 127

MLTLEV SELOGIC control for multilevel mode of control authority 193

MSRTRG Motor start report trigger SELOGIC control equation 28

NOSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

OOS Out-of-step element 125

OOST Out-of-step trip 125

OOSTC Out-of-step torque control 125

ORED51T Logical OR of all the time overcurrent elements tripped outputs 1

OREDLOC Logical OR of LOC and LOCAL Relay Word bits 193

OTHALRM Other temperature alarm—asserts when any healthy other RTD temperature exceeds its alarm 
set point.

7
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OTHTRIP Other temperature trip—asserts when one or more healthy Other RTD temperatures exceed 
their trip set points.

2

OUT101–OUT103 Control equation for contact outputs OUT101–OUT103. 13

OUT301–OUT304 Control equation for contact outputs OUT301–OUT304 (available only with optional I/O 
module).

14

OUT305–OUT308 Control equation for contact outputs OUT305–OUT308 (available only with optional I/O 
module).

14

OUT401–OUT404 Control equation for contact outputs OUT401–OUT404 (available only with optional I/O 
module).

15

OUT405–OUT408 Control equation for contact outputs OUT405–OUT408 (available only with optional I/O 
module).

15

OUT501–OUT504 Control equation for contact outputs OUT501–OUT504 (available only with optional I/O 
module).

16

OUT505–OUT508 Control equation for contact outputs OUT505–OUT508 (available only with optional I/O 
module).

16

PASEL Ethernet Port A is selected for communication 95

PB01 Front-panel Pushbutton 1 bit (asserted when PB01 is pressed) 32

PB01_PUL Front-panel Pushbutton 1 pulse bit (asserted for one processing interval when PB01 is 
pressed)

33

PB02 Front-panel Pushbutton 2 bit (asserted when PB02 is pressed) 32

PB02_PUL Front-panel Pushbutton 2 pulse bit (asserted for one processing interval when PB02 is 
pressed)

33

PB03 Front-panel Pushbutton 3 bit (asserted when PB03 is pressed) 32

PB03_PUL Front-panel Pushbutton 3 pulse bit (asserted for one processing interval when PB03 is 
pressed)

33

PB04 Front-panel Pushbutton 4 bit (asserted when PB04 is pressed) 32

PB04_PUL Front-panel Pushbutton 4 pulse bit (asserted for one processing interval when PB04 is 
pressed)

33

PB05 Front-panel Pushbutton 5 bit (asserted when PB05 is pressed) 32

PB05_PUL Front-panel Pushbutton 5 pulse bit (asserted for one processing interval when PB05 is 
pressed)

33

PB06 Front-panel Pushbutton 6 bit (asserted when PB06 is pressed) 32

PB06_PUL Front-panel Pushbutton 6 pulse bit (asserted for one processing interval when PB06 is 
pressed)

33

PB07 Front-panel Pushbutton 7 bit (asserted when PB07 is pressed) 32

PB07_PUL Front-panel Pushbutton 7 pulse bit (asserted for one processing interval when PB07 is 
pressed)

33

PB08 Front-panel Pushbutton 8 bit (asserted when PB08 is pressed) 32

PB08_PUL Front-panel Pushbutton 8 pulse bit (asserted for one processing interval when PB08 is 
pressed)

33

PB1A_LED–PB4A_LED SELOGIC control equation: drives LEDs PB1A–PB4A 34

PB1B_LED–PB4B_LED SELOGIC control equation: drives LEDs PB1B–PB4B 34

PB5A_LED–PB8A_LED SELOGIC control equation: drives LEDs PB5A–PB8A 35

PB5B_LED–PB8B_LED SELOGIC control equation: drives LEDs PB5B–PB8B 35
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PBSEL Ethernet Port B is selected for communication 95

PFGUT Asserts when the reactive power is outside the given band for more than 10 minutes. 131

PFINBND Asserts when the reactive power is within the given band. 131

PIAW PID controller anti-windup active 132

PODTCT Asserts when loss of synchronism (pull-out) is detected. 131

PORSFL Pull out resync FAIL ride-through trip 131

POSTOP_A Active power before stop alarm 141

POSTRT_A Active power after a start alarm 141

PTPA Asserts when PTP is enabled in PRP mode and the relay is receiving PTP messages on 
Port 1A.

151

PTPB Asserts when PTP is enabled in PRP mode and the relay is receiving PTP messages on 
Port 1B.

151

PTPSYNC Asserts if the relay is using PTP time to do time sync. 151

PTP_OK Asserts if PTP time is within the 4 ms local offset. 151

PTP_TIM Asserts if a valid PTP time source is detected. 151

PTCFLT Indicates faulted/shorted thermistor 3

PTCTRIP Asserts when measured PTC loop resistance is greater than set value. 1

RB01–RB08 Remote Bits 1–8 41

RB09–RB16 Remote Bits 9–16 42

RB17–RB24 Remote Bits 17–24 43

RB25–RB32 Remote Bits 25–32 44

RBADA Channel A, outage duration over threshold 94

RBADB Channel B, outage duration over threshold 94

RELAY_EN Relay OK flag. RELAY_EN status follows the ENABLED LED status. 31

RELUCLS Synchronous motor field breaker close initiated via reluctance close path (synchronization 
based on field voltage measurements) 

128

RELUCLS2 Start sequence reluctance close 129

REMTRIP Remote trip 4

RMB1A–RMB8A Channel A Received MIRRORED BITS RMB1A through RMB8A 90

RMB1B–RMB8B Channel B Received MIRRORED BITS RMB1B through RMB8B 92

ROKA Channel A, received data ok 94

ROKB Channel B, received data ok 94

RSTENRGY Reset energy metering—asserts when the SELOGIC control equation RSTENRG result is 
logical 1.

27

RSTMOT Reset motor statistic metering—asserts when the SELOGIC control equation RSTMOT result 
is logical 1.

27

RSTMXMN Reset max/min metering—asserts when the SELOGIC control equation RSTMXMN result is 
logical 1.

27

RSTTRGT SELOGIC control equation: reset trip logic and targets when asserted. 27

RTD1A–RTD4A

RTD1T–RTD4T

RTD1 through RTD4: alarms and trips. 23
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RTD5A–RTD8A

RTD5T–RTD8T

RTD5 through RTD8: alarms and trips. 24

RTD9A–RTD12A

RTD9T–RTD12T

RTD9 through RTD12: alarms and trips. 25

RTDA Winding/bearing RTD overtemperature alarm 6

RTDBIAS RTD bias alarm. When enabled, asserts when the motor winding temperature rise is greater 
than 60°C over ambient and the RTD % Thermal Capacity is more than ten percentage points 
higher than the motor thermal element % Thermal Capacity. Typically indicates a loss of 
motor cooling efficiency.

22

RTDFLT Asserts when an open or short circuit condition is detected on any enabled RTD input, or 
communication with the external RTD module has been interrupted.

3

RTDIN Indicates status of contact connected to SEL-2600A RTD module. 22

RTDT Winding/bearing RTD overtemperature trip 1

RUNNING Asserts when motor is running. 9

SALARM Software alarms: invalid password, changing access levels, settings changes, active group 
change, copy command, and password change.

8

SC01QD–SC08QD SELOGIC Counters 01 through 08 assert when counter = 0 58

SC01QU–SC08QU SELOGIC Counters 01 through 08 assert when counter = preset value 57

SC09QD–SC16QD SELOGIC Counters 09 through 16 assert when counter = 0 60

SC09QU–SC16QU SELOGIC Counters 09 through 16 assert when counter = preset value 59

SC17QD–SC24QD SELOGIC Counters 17 through 24 assert when counter = 0 62

SC17QU–SC24QU SELOGIC Counters 17 through 24 assert when counter = preset value 61

SC25QD–SC32QD SELOGIC Counters 25 through 32 assert when counter = 0 64

SC25QU–SC32QU SELOGIC Counters 25 through 32 assert when counter = preset value 63

SC850BM SELOGIC control for IEC 61850 block mode 193

SC850LS SELOGIC control for control authority at station level 193

SC850SM SELOGIC control for IEC 61850 simulation mode 193

SC850TM SELOGIC control for IEC 61850 test mode 193

SG1 Asserts when setting Group 1 is active. 28

SG2 Asserts when setting Group 2 is active. 28

SG3 Asserts when setting Group 3 is active. 28

SG4 Asserts when setting Group 4 is active 28

SLIPBT Asserts when slip is below the SYNSLIP setting. 129

SLIPOK Asserts when the slip calculation is reliable enough to successfully synchronize the motor 
based on stator measurements.

129

SLIPRECH Synchronous motor rotor slip frequency reached SYNSLIP setting

SMTRIP Asserts when start motor timer times out. 2

SPDSAL Speed switch alarm—asserts when the relay does not detect a speed switch contact closure 
within a settable period from the beginning of a motor start, if the function is enabled by relay 
settings.

7

SPDSFAIL Speed switch failed 128
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SPDSTR Speed switch trip—asserts when the relay does not detect a speed switch contact closure 
within a settable period from the beginning of a motor start, if the function is enabled by relay 
settings.

2

SPEED2 Asserts when protected motor run with second speed. 22

SPEEDSW Speed switch input—asserts when the SELOGIC control equation SPEEDSW result is 
logical 1. Used to indicate that the motor speed switch contact is closed.

22

SRUNNING Asserts when synchronous motor is running. 3

SSFLRST Reset speed switch monitor logic 128

STAR Star control 9

START Motor start (see Figure 4.78) 9

STARTING Asserts when protected motor is starting 9

STOP Stop motor —asserts when serial port command STOP or front-panel or Modbus/ DeviceNet 
Stop command is issued

29

STOPPED Asserts when motor is stopped. 9

STR Start motor—asserts when serial port command STR or front-panel or Modbus/ DeviceNet 
Start command is issued.

29

STREQ Start motor SELOGIC control equation 29

STSEQEN Synchronous motor start sequence enable SELOGIC control equation 124

SV01–SV08 SELOGIC control equation variables SV01 through SV08 45

SV01T–SV08T SELOGIC control equation variable SV01T through SV08T with settable pickup and dropout 
time delay

46

SV09–SV16 SELOGIC control equation variables SV09 through SV16 47

SV09T–SV16T SELOGIC control equation variable SV09T through SV16T with settable pickup and dropout 
time delay

48

SV17–SV24 SELOGIC control equation variables SV17 through SV24 49

SV17T–SV24T SELOGIC control equation variable SV17T through SV24T with settable pickup and dropout 
time delay

50

SV25–SV32 SELOGIC control equation variables SV25 through SV32 51

SV25T–SV32T SELOGIC control equation variable SV25T through SV32T with settable pickup and dropout 
time delay

52

SWING Single blinder: 78R1/78R2 and 78Z1 assert double blinder: 78R1 and 78R2 assert or only 
78R1 asserts 

125

SYNEN Synchronous motor start sequence enabled

T01_LED–T06_LED SELOGIC control equation: drives T01_LED–T06_LED 36

TBSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

TESTDB Command TESTDB (asserts when analog and digital values reported via Modbus, 
IEC 61850, or Fast meter protocol may be overridden)

127

THERMLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

TMB1A–TMB8A Channel A Transmit MIRRORED BITS TMB1A through TMB8A 91

TMB1B–TMB8B Channel B Transmit MIRRORED BITS TMB1B through TMB8B 93
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TOL1 – TOL8 Arc-flash light Input 1 element pickup—Arc-flash light Input 8 element pickup 119

TQUAL1 Time quality bit, add 1 when asserted. 116

TQUAL2 Time quality bit, add 2 when asserted. 116

TQUAL4 Time quality bit, add 4 when asserted. 116

TQUAL8 Time quality bit, add 8 when asserted. 116

TR Trip SELOGIC control equation (Also referred to as TRIPEQ) 29

TRDCPTR Meter report trigger SELOGIC equation 27

TRGTR Target reset—asserts for one quarter-cycle when you execute a front-panel, serial port target 
reset command, or Modbus target reset.

22

TRIP Trip logic output (see Figure 4.74) 1

TSNTPB SNTP secondary server is active. 117

TSNTPP SNTP primary server is active. 117

TSOK Asserts if current time-source accuracy is sufficient for synchronized phasor measurements 115

TTSTOP_A Time to stop alarm 141

TTSTRT_A Time to start alarm 142

TUTC1 Offset hours from UTC, binary, add 1 if asserted. 117

TUTC2 Offset hours from UTC, binary, add 2 if asserted. 117

TUTC4 Offset hours from UTC, binary, add 4 if asserted. 117

TUTC8 Offset hours from UTC, binary, add 8 if asserted. 117

TUTCH Offset half-hour from UTC, binary, add 0.5 if asserted. 117

TUTCS Offset hours sign from UTC, subtract the UTC offset if TUTCS is asserted; otherwise, add.

UL41CL Unlatch 41breaker close. 124

ULTRIP Unlatch (auto reset) trip from SELOGIC control equation 29

VARA Reactive power alarm—asserts when the relay issues a reactive power element alarm. 7

VART Reactive power trip—asserts when the relay issues a reactive power element trip. 2

VBxxx Virtual bits used for incoming GOOSE messages (xxx = 1–128) 96–111

VFDBYPAS Variable frequency driver bypass SELOGIC control equation—used to bypass the VFD 
application.

22

VIBAQ1AP Newly commissioned machinery picked up 1 187

VIBAQ1AT Newly commissioned machinery time out 1 187

VIBAQ1BP Unrestricted operation picked up 1 187

VIBAQ1BT Unrestricted operation time out 1 187

VIBAQ1CP Restricted operation picked up 1 187

VIBAQ1CT Restricted operation time out 1 187

VIBAQ1DP Damage occurs picked up 1 187

VIBAQ1DT Damage occurs time out 1 187

VIBAQ2AP Newly commissioned machinery picked up 2 188

VIBAQ2AT Newly commissioned machinery time out 2 188

VIBAQ2BP Unrestricted operation picked up 2 188
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VIBAQ2BT Unrestricted operation time out 2 188

VIBAQ2CP Restricted operation picked up 2 188

VIBAQ2CT Restricted operation time out 2 188

VIBAQ2DP Damage occurs picked up 2 188

VIBAQ2DT Damage occurs time out 2 188

VIBAQ3AP Newly commissioned machinery picked up 3 189

VIBAQ3AT Newly commissioned machinery time out 3 189

VIBAQ3BP Unrestricted operation picked up 3 189

VIBAQ3BT Unrestricted operation time out 3 189

VIBAQ3CP Restricted operation picked up 3 189

VIBAQ3CT Restricted operation time out 3 189

VIBAQ3DP Damage occurs picked up 3 189

VIBAQ3DT Damage occurs time out 3 189

VIBAQ4AP Newly commissioned machinery picked up 4 190

VIBAQ4AT Newly commissioned machinery time out 4 190

VIBAQ4BP Unrestricted operation picked up 4 190

VIBAQ4BT Unrestricted operation time out 4 190

VIBAQ4CP Restricted operation picked up 4 190

VIBAQ4CT Restricted operation time out 4 190

VIBAQ4DP Damage occurs picked up 4 190

VIBAQ4DT Damage occurs time out 4 190

VIBAQ5AP Newly commissioned machinery picked up 5 191

VIBAQ5AT Newly commissioned machinery time out 5 191

VIBAQ5BP Unrestricted operation picked up 5 191

VIBAQ5BT Unrestricted operation time out 5 191

VIBAQ5CP Restricted operation picked up 5 191

VIBAQ5CT Restricted operation time out 5 191

VIBAQ5DP Damage occurs picked up 5 191

VIBAQ5DT Damage occurs time out 5 191

VIRSPDSW Indicates detection of rotor speed by VSS logic. 128

VMIN_A Minimum start voltage 142

WARNING Warning bit asserts for possible warning conditions as shown in Table 8.3. These conditions 
also trigger a flashing TRIP LED.

8

WDGALRM Winding temperature alarm. WDGALRM asserts when any healthy winding RTD 
temperature exceeds its alarm set point. 

21

WDGTRIP Winding temperature trip. WDGTRIP asserts when one or two (when EWDGV = Y) healthy 
winding RTD temperatures exceed their trip set points.

21

ZCFREQ Zero crossing detection bit status 31
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Appendix M
Analog Quantities

The SEL-710-5 Motor Protection Relay contains several analog quantities that 
are used for more than one function. The actual analog quantities available 
depend on the part number of the relay used. Analog quantities are typically 
generated and used by a primary function, such as metering, and selected 
quantities are made available for one or more supplemental functions, for 
example, the load profile.

Note that all analog quantities available for use in SELOGIC control equations 
are processed every 25 ms and are not suitable for fast-response control and 
protection applications. Analog quantities for rms data are derived from data 
averaged from the previous 8 cycles. RMS Metering Analog Quantities (see 
Table M.1) are derived from data from the last 32 samples (one cycle).

Table M.1 lists analog quantities that are used in the following specific 
functions:

➤ Display points (see Section 8: Front-Panel Operations)

➤ SELOGIC control equations (see Section 4: Protection and 
Logic Functions)

➤ Load profile recorder (see Section 5: Metering and Monitoring)

➤ DNP3 (see Appendix D: DNP3 Communications)

➤ Fast Message Read

➤ EtherNet/IP (see Appendix F: EtherNet/IP Communications)

➤ IEC 60870-5-103 (see Appendix H: IEC 60870-5-103 
Communications)

➤ Modbus (see Appendix E: Modbus Communications)

➤ Fast Meter (see Appendix C: SEL Communications Processors)

➤ IEC 61850 (see Appendix G: IEC 61850 Communications)
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Table M.1 Analog Quantities (Sheet 1 of 8)
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Instantaneous (Fundamental) Metering
Note 1: The RF value is forced to 9999 when the motor-side dc field current IEX is less than 0.5 A dc.

IA_MAG Current, A-phase, magnitude A pri x x x x x x x

IA_ANG Current, A-phase, angle degrees x x x x x x

IB_MAG Current, B-phase, magnitude A pri x x x x x x x

IB_ANG Current, B-phase, angle degrees x x x x x x

IC_MAG Current, C-phase, magnitude A pri x x x x x x x

IC_ANG Current, C-phase, angle degrees x x x x x x

IN_MAG Neutral current, magnitude A pri x x x x x x x

IN_ANG Neutral current, angle degrees x x x x x x

IG_MAG Current, calculated-residual, magnitude A pri x x x x x x x

IG_ANG Current, calculated-residual, angle degrees x x x x x x

IAV Current, average current, magnitude A pri x x x x x x

3I2 Current, negative-sequence current, magnitude A pri x x x x x x

UBI Current imbalance % x x x x x x x

VA_MAG Voltage, A-phase-to-neutral, magnitude V pri x x x x x x x

VA_ANG Voltage, A-phase-to-neutral, angle degrees x x x x x x

VB_MAG Voltage, B-phase-to-neutral, magnitude V pri x x x x x x x

VB_ANG Voltage, B-phase-to-neutral, angle degrees x x x x x x

VC_MAG Voltage, C-phase-to-neutral, magnitude V pri x x x x x x x

VC_ANG Voltage, C-phase-to-neutral, angle degrees x x x x x x

VAB_MAG Voltage, A-to-B-phase, magnitude V pri x x x x x x x

VAB_ANG Voltage, A-to-B-phase, angle degrees x x x x x x

VBC_MAG Voltage, B-to-C-phase, magnitude V pri x x x x x x x

VBC_ANG Voltage, B-to-C-phase, angle degrees x x x x x x

VCA_MAG Voltage, C-to-A-phase, magnitude V pri x x x x x x x

VCA_ANG Voltage, C-to-A-phase, angle degrees x x x x x x

VG_MAG Zero-sequence voltage, magnitude V pri x x x x x x x

VG_ANG Zero-sequence voltage, angle degrees x x x x x x
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VAVE Average voltage, magnitude V pri x x x x x x

3V2 Voltage, negative-sequence, magnitude V pri x x x x x x

UBV Voltage imbalance % x x x x x x x

S Apparent power, three-phase, magnitude kVA pri x x x x x x x

P Real power, three-phase, magnitude kW pri x x x x x x x

Q Reactive power, three-phase, magnitude kVAR pri x x x x x x x

PF Power factor, three-phase, magnitude x x x x x x x

FREQ Frequency Hz x x x x x x x

VEX Field voltage V pri x x x x x x

IEX Field current A pri x x x x x x

RF1 Field resistance Ohm x x x x x x

SMSLIP Brush-type synchronous motor slip % x x

SMSLIP2 Synchronous motor slip % x x

Differential Metering 

IA87 Differential current, A-phase, magnitude A pri x x x x x

IB87 Differential current, B-phase, magnitude A pri x x x x x

IC87 Differential current, C-phase, magnitude A pri x x x x x

Fault Information

FIA A-phase fault current from maximum current event 
report row

A pri x x x x

FIB B-phase fault current from maximum current event 
report row

A pri x x x x

FIC C-phase fault current from maximum current event 
report row

A pri x x x x

FIG Ground fault current from maximum current event 
report row

A pri x x x x

FIN Neutral fault current from maximum current event 
report row

A pri x x x x

FIA87 Differential A-phase fault current from maximum 
current event report row

A pri x x x x

FIB87 Differential B-phase fault current from maximum 
current event report row

A pri x x x x

Table M.1 Analog Quantities (Sheet 2 of 8)
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FIC87 Differential C-phase fault current from maximum 
current event report row

A pri x x x x

FFREQ Fault frequency Hz x x x x

FLREP Event Report Present (shall be 1 when an event 
report is present. and 0 otherwise)

x

FLRNUM Unique identification number of the latest event x

Thermal Metering
Note 2: SEL Fast Message label names for RTDWDFMX, RTDBRGMX, RTDAMB, and RTDOTHMX are WDG, BRG, AMB, and OTH, 

respectively.
Note 3: Use caution when assigning RTD analog quantities to SELOGIC control equations or math variables because the conditions 

RTD open, short, comm fail, stat fail, fail, and NA will be reported as +32767, -32768, +32764, +32760, 
+32766, and +32752, respectively. 

RTDWDGMX2 Maximum winding RTD temperature °C x x x x x x x

RTDBRGMX2 Maximum bearing RTD temperature °C x x x x x x x

RTDAMB2 Ambient RTD temperature °C x x x x x x x

RTDOTHMX2 Other maximum RTD temperature °C x x x x x x x

RTD1 to RTD123 RTD1 temperature to RTD12 temperature °C x x x x x x

MLOAD Motor load pu of FLA x x x x x x x

TCURTR Rotor % thermal capacity used % x x x x x x x

TCUSTR Stator % thermal capacity used % x x x x x x x

TCURTD RTD % thermal capacity used % x x x x x x

THRMTP Thermal trip in seconds x x x x x x

TRST Time to reset minutes x x x x x x

STRTAV Starts available x x x x x x

SLIP Slip % x x x x x x

MRT Motor running time hours x x x x x x

STRT Number of starts counter x x x x

EMSTRT Number of emergency starts counter x x x x

Virtual Speed Switch Logic

VSSCNTR Virtual speed switch logic time (0.5 s per count) counts x x

VSSCNT1 Virtual speed switch time to Current Level 1 (0.5 s per 
count)

counts x x

VSSCNT2 Virtual speed switch time to Current Level 2 (0.5 s per 
count)

counts x x
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VSSCNT3 Virtual speed switch time to Current Level 3 (0.5 s per 
count)

counts x x

VSSCURR1 Virtual speed switch current level 1(MLOAD at 
VSSCNT1)

pu of FLA x x

VSSCURR2 Virtual speed switch current level 2 (MLOAD at 
VSSCNT2)

pu of FLA x x

VSSCURR3 Virtual speed switch current level 3 (MLOAD at 
VSSCNT3)

pu of FLA x x

Light Metering

LSENS1 Arc-Flash Sensor 1 light % x x x x x x

LSENS2 Arc-Flash Sensor 2 light % x x x x x x

LSENS3 Arc-Flash Sensor 3 light % x x x x x x

LSENS4 Arc-Flash Sensor 4 light % x x x x x x

LSENS5 Arc-Flash Sensor 5 light % x x x x x x

LSENS6 Arc-Flash Sensor 6 light % x x x x x x

LSENS7 Arc-Flash Sensor 7 light % x x x x x x

LSENS8 Arc-Flash Sensor 8 light % x x x x x x

Analog Input Metering
Note 4: EU is engineering units.

AI301 to AI308 Analog inputs for an analog card in Slot C EU4 x x x x x x

AI401 to AI408 Analog inputs for an analog card in Slot D EU4 x x x x x x

AI501 to AI508 Analog inputs for an analog card in Slot E EU4 x x x x x x

Energy Metering
Note 5: This analog quantity is not available for FMR.

EM_LRDH Energy last reset date/time high word x5

EM_LRDM Energy last reset date/time middle word x5

EM_LRDL Energy last reset date/time low word x5

MWH3P Real energy, three-phase OUT MWh pri x x x x x x

MVARH3PI Reactive energy, three-phase IN MVARh 
pri

x x x x x x

MVARH3PO Reactive energy, three-phase OUT MVARh 
pri

x x x x x x

MVAH3P Apparent energy, three-phase OUT MVAh pri x x x x x x
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Maximum and Minimum Metering
Note 6: For each of the maximum or minimum analog quantities, the corresponding time stamp is also reported in Modbus. In 

addition, the time when Max/Min data was last reset is also reported in Modbus (the actual labels used in the Modbus map 
are not MM_LRDH, MM_LRDM, MM_LRDL).

Note 7: Maximum and Minimum Metering quantities upon reset read +16777216 for MN and -16777216 for MX.

MM_LRDH6 Max/min last reset date/time high word x5

MM_LRDM6 Max/min last reset date/time middle word x5

MM_LRDL6 Max/min last reset date/time low word x5

IAMX Current, A-phase, maximum magnitude A pri x x x x x x

IBMX Current, B-phase, maximum magnitude A pri x x x x x x

ICMX Current, C-phase, maximum magnitude A pri x x x x x x

INMX Current, neutral, maximum magnitude A pri x x x x x x

IGMX Current, residual, maximum magnitude A pri x x x x x x

IAMN Current, A-phase, minimum magnitude A pri x x x x x x

IBMN Current, B-phase, minimum magnitude A pri x x x x x x

ICMN Current, C-phase, minimum magnitude A pri x x x x x x

INMN Current, neutral, minimum magnitude A pri x x x x x x

IGMN Current, residual, minimum magnitude A pri x x x x x x

VABMX Voltage, A-to-B-phase, maximum magnitude V pri x x x x x x

VBCMX Voltage, B-to-C-phase, maximum magnitude V pri x x x x x x

VCAMX Voltage, C-to-A-phase, maximum magnitude V pri x x x x x x

VAMX Voltage, A-phase-to-neutral, maximum magnitude V pri x x x x x x

VBMX Voltage, B-phase-to-neutral, maximum magnitude V pri x x x x x x

VCMX Voltage, C-phase-to-neutral, maximum magnitude V pri x x x x x x

VABMN Voltage, A-to-B-phase, minimum magnitude V pri x x x x x x

VBCMN Voltage, B-to-C-phase, minimum magnitude V pri x x x x x x

VCAMN Voltage, C-to-A-phase, minimum magnitude V pri x x x x x x

VAMN Voltage, A-phase-to-neutral, minimum magnitude V pri x x x x x x

VBMN Voltage, B-phase-to-neutral, minimum magnitude V pri x x x x x x

VCMN Voltage, C-phase-to-neutral, minimum magnitude V pri x x x x x x

KVA3PMX Apparent power, three-phase, maximum magnitude kVA pri x x x x x x
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KW3PMX Real power, three-phase, maximum magnitude kW pri x x x x x x

KVAR3PMX Reactive power, three-phase, maximum magnitude kVAR pri x x x x x x

KVA3PMN Apparent power, three-phase, minimum magnitude kVA pri x x x x x x

KW3PMN Real power, three-phase, minimum magnitude kW pri x x x x x x

KVAR3PMN Reactive power, three-phase, minimum magnitude kVAR pri x x x x x x

FREQMX Maximum frequency Hz x x x x x x

FREQMN Minimum frequency Hz x x x x x x

RTD1MX to RTD12MX RTD1 maximum to RTD12 maximum °C x x x x x x

RTD1MN to TD12MN RTD1 minimum to RTD12 minimum °C x x x x x x

AI301MX to I308MX Analog Transducer Input 301–308 maximum EU4 x x x x x x

AI301MN to I308MN Analog Transducer Input 301–308 minimum EU4 x x x x x x

AI401MX toAI408MX Analog Transducer Input 401–408 maximum EU4 x x x x x x

AI401MN toAI408MN Analog Transducer Input 401–408 minimum EU4 x x x x x x

AI501MX to AI508MX Analog Transducer Input 501–508 maximum EU4 x x x x x x

AI501MN to AI508MN Analog Transducer Input 501–508 minimum EU4 x x x x x x

RMS Metering
Note 8: RMS metering analog quantities are derived from data from the last 32 samples (one cycle).

IARMS RMS current, A-phase, magnitude A pri x x x x x x

IBRMS RMS current, B-phase, magnitude A pri x x x x x x

ICRMS RMS current, C-phase, magnitude A pri x x x x x x

INRMS RMS current, neutral, magnitude A pri x x x x x x

VARMS RMS voltage, A-phase, magnitude V pri x x x x x x

VBRMS RMS voltage, B-phase, magnitude V pri x x x x x x

VCRMS RMS voltage, C-phase, magnitude V pri x x x x x x

VABRMS RMS voltage, AB-phase-to-phase, magnitude V pri x x x x x x

VBCRMS RMS voltage, BC-phase-to-phase, magnitude V pri x x x x x x

VCARMS RMS voltage, CA-phase-to-phase, magnitude V pri x x x x x x
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Breaker Monitoring

INTT Internal trips—counter x x x x x

INTIA Accumulated current—internal trips, A-phase kA pri x x x x x

INTIB Accumulated current—internal trips, B-phase kA pri x x x x x

INTIC Accumulated current—internal trips, C-phase kA pri x x x x x

EXTT External trips—counter x x x x x

EXTIA Accumulated current—external trips, A-phase kA pri x x x x x

EXTIB Accumulated current—external trips, B-phase kA pri x x x x x

EXTIC Accumulated current—external trips, C-phase kA pri x x x x x

WEARA Breaker wear, A-phase % x x x x x

WEARB Breaker wear, B-phase % x x x x x

WEARC Breaker wear, C-phase % x x x x x

Power Factor Correction

OUTVAL Power factor correction analog output % x x x

PFANG Power factor angle deg x x x

PID Controller

PIDOUT PID controller analog output % x x x

97FM Element

97FM1–97FM5 Magnitude of selected frequency component for 
elements 1–5

x x x x x

Date/Time
Note 9: DATE and TIME are also available as DNP Object 50.

DATE Present date x x

TIME Present time x x

YEAR Year number (0000–9999) x x

DAYY Day of year number (1–366) x

WEEK Week number (1–52) x

DAYW Day of week number (1–7) x

MINSM Minutes since midnight x
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RID/TID 
Note 10: RID and TID are only available as display point settings (DP01 to DP32) in the two-line display model.
Note 11: STRING_RID and STRING_TID are only available as analog label quantities for the bay screen in the touchscreen model.

RID10 Relay Identifier x

TID10 Terminal Identifier x

STRING_RID11 Relay Identifier (Bay Screen) x

STRING_TID11 Terminal Identifier (Bay Screen) x

Serial Number 
Note 12: SER_NUM is available for use with display points in the two-line display model, but it is not available for use with analog 

labels in the touchscreen display model.

SER_NUM5,12 Serial number of the relay x x x x

Setting Group

GROUP Active setting group # x x x x x x

Math Variables 

MV01 to MV32 Math Variable 01 to Math Variable 32 x x x x x x

SELOGIC Counters
Note 13: Also available as DNP counter object.

SC01 to SC32 SELOGIC Counter 01 to SELOGIC Counter 32 x x x x x x

Remote Analogs 
Note 14: FM refers to Fast Message support for remote analogs. Remote analogs can be written by issuing an unsolicited Fast 

Message Write command.

RA001 to RA128 Remote analog 001 to remote analog 128 x x x x x x14 x

IEC 61850 Test Mode
Note15: The IEC 61850 label name for I850MOD is I60MOD.

I850MOD IEC 61850 Test Mode Status x x
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Appendix N
U.Instruction Manual

Cybersecurity Features
The SEL-710-5 provides a number of features to help meet cybersecurity 
design requirements.

Access Control
The SEL-710-5 has a number of mechanisms for managing electronic access. 
These include ways to limit access, provide user authentication, and monitor 
electronic and physical access.

Physical Port 
Controls

Each physical serial port and the Ethernet port can be individually disabled 
using the EPORT setting. By default, all of the ports are enabled. It is good 
security practice to disable unused ports.

IP Ports When using Ethernet, there are a number of IP ports available within the 
SEL-710-5. Many of these IP port numbers are configurable. All IP ports can 
be disabled. Table N.1 describes each of these.

See PORT 1 on page 4.133 and Ethernet Port on page 7.3 for more 
information on these settings.

Authentication and 
Authorization

The SEL-710-5 supports four levels of access, as described in Access Levels 
on page 7.26. Refer to this section to learn how each level is accessed and how 
to change passwords. It is good security practice to change the default 
passwords of each access level and to use a unique password for each level.

Table N.1 IP Port Numbers

IP Port 
Default

Port 
Selection 
Setting

Network 
Protocol

Default 
Port 
State

Port Enable 
Setting

Purpose

21 -- TCP Enabled EFTPSERV FTP protocol access for file transfer of settings and 
reports

23 TPORT TCP Enabled ETELNET Telnet access for general engineering terminal access

80 HTTPPORT TCP Enabled EHTTP Web server access to various relay information

102 -- TCP Disabled E61850 IEC 61850 MMS for SCADA functionality

123 SNTPPORT UDP Disabled ESNTP SNTP time synchronization

319/320 -- UDP Disabled EPTPa PTP time synchronization

502 MODNUM1/
MODNUM2

TCP Disabled EMOD MODBUS for SCADA functionality

2222/44818 -- TCP/
UDP

Disabled EEIP EtherNet/IP for SCADA

20000 DNPNUM TCP/
UDP

Disabled EDNP DNP for SCADA functionality

a When PTPPRO = DEFAULT and PTPTR = UDP.
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The MAXACC setting limits the level of access for each port. This permits 
you to operate under the principle of least privilege, restricting ports to the 
levels necessary for the functions performed on those ports.

The SEL-710-5 supports strong passwords with as many as 12 characters, 
using any printable character, allowing users to select complex passwords if 
they so choose. SEL recommends that passwords have a minimum of 8 
characters and include at least one of each of the following: lowercase letter, 
uppercase letter, number, and special character.

Ethernet protocols Telnet and FTP require the proper passwords to gain access 
to level-protected functions. Ethernet protocol MMS requires a password to 
gain access if MMS Authentication is enabled via the CID file. See Section 7: 
Communications for more information on access restrictions for the Ethernet 
protocols.

Monitoring and 
Logging

The SEL-710-5 provides Relay Word bits that are useful for monitoring relay 
access:

➤ SALARM—Pulses for approximately one second whenever a 
user gains access to Level 2 or higher, when an incorrect 
password is entered, or when a setting is changed.

➤ PASEL, PBSEL—Asserted while the Ethernet port(s) is active.

➤ LINK1, LINKA, LINKB—Asserted while the link is active on 
the Ethernet port(s). Loss of a link can be an indication that an 
Ethernet cable has been disconnected.

➤ LINKFAIL—Asserted if link is lost on the active IP port (ports 
1A or 1B).

These bits can be mapped for SCADA monitoring via DNP3, IEC 61850, 
Modbus, EtherNet/IP, or SEL Fast Message. They also may be added to the 
SER for later analysis or assigned to output contacts for alarm purposes.

The SEL-710-5 SER is a useful tool for capturing a variety of relay events. In 
addition to capturing state changes of user selected Relay Word bits, it 
captures all power-ups, settings changes, and group switches. See Sequential 
Events Recorder (SER) Report on page 10.30 for more information about 
SER.

Configuration Management
Many users are concerned about managing the configuration of their relays. 
The SEL-710-5 provides mechanisms to help users manage relay 
configuration.

All settings changes are logged to the SER log. Analysis of this log indicates 
if any unauthorized settings changes occurred. The SALARM Relay Word bit 
also indicates changes in the relay configuration by pulsing for approximately 
one second when any of the following occur:

➤ Settings are changed or saved

➤ A password changes

➤ The relay switches settings groups

See Self-Test on page 11.13 for more information regarding the Relay Word 
bit SALARM.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on 
page 7.31 for more information on 
when SALARM is pulsed for access 
level changes and unsuccessful 
password entry attempts.
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Malware Protection
The SEL-710-5 has inherent and continuous monitoring for Malware. For a 
full description of this, see selinc.com/mitigating_malware/.

Firmware Hash 
Verification

This device supports digitally signed firmware upgrades. SEL uses the 
SHA-256 secure hash algorithm to compress and digitally sign firmware 
upgrade files. The signature ensures that the file has been provided by SEL 
and that its contents have not been altered. When the file is uploaded to the 
relay, the signature is verified using a public key stored in the relay. If the 
relay cannot verify the signature, it rejects the file. See Appendix B: Firmware 
Upgrade Instructions for more information on firmware upgrades.

Operating System/
Firmware

SEL-710-5 relays are embedded devices that do not allow additional software 
to be installed. SEL-710-5 relays include a self-test that continually checks 
running code against the known good baseline version of code in nonvolatile 
memory. This process is outlined in more detail in the The SEL Process for 
Mitigating Malware Risk to Embedded Devices located at selinc.com/
mitigating_malware/.

SEL-710-5 relays run in an embedded environment for which there is no 
commercial anti-virus software available.

Software/Firmware 
Verification

SEL-710-5 relays can install firmware updates in the field. Authenticity and 
integrity of firmware updates can be verified using the Firmware Hash page at 
selinc.com/products/firmware.

Physical Access Security
Physical security of cybersecurity assets is a common concern. Typically, 
relays are installed within a control enclosure that provides physical security. 
Other times, they are installed in boxes within the switch yard. The relay 
provides some tools that may be useful to help manage physical security, 
especially when the unit is installed in the switch yard.

You can monitor physical ingress by wiring a door sensor to one of the relay 
contact inputs. This input can then be mapped for SCADA monitoring or 
added to the SER log so that you can detect when physical access to the relay 
occurs. It is also possible to wire an electronic latch to a relay contact output. 
You could then map this output for SCADA control. 

Vulnerability Notification Process
Security Vulnerability 
Process

SEL provides security disclosure alerts to customers, and SEL instruction 
manuals document all releases. SEL security vulnerability disclosures are 
described in The SEL Process for Disclosing Security Vulnerabilities located 
at selinc.com.

Emailed Security 
Notifications

You can sign up to receive email notifications when SEL releases security 
notices and service bulletins at selinc.com/support/security-notifications/.

https://selinc.com/mitigating_malware/
https://selinc.com/mitigating_malware/
https://selinc.com/mitigating_malware/
https://selinc.com/products/firmware/
https://selinc.com/
https://selinc.com/
https://selinc.com/support/security-notifications/
https://selinc.com/support/security-notifications/
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Settings Erasure
It is often desirable to erase the settings from the relay when it is removed 
from service. You can completely erase all the configuration settings from the 
SEL-710-5 using this procedure:

Step 1. Enter the Calibration Access Level. See Access Levels on 
page 7.26.

Step 2. Execute the R_S command.

Step 3. Allow the relay to restart.

Once this procedure is complete, all internal instances of user settings and 
passwords will be erased. Do not do this when sending in the relay for service 
at the factory. SEL needs to see how the relay was configured in order to 
properly diagnose many problems.

NOTE: Do not erase the settings 
when sending the relay to the factory 
for service. SEL needs to be able to see 
how the relay was configured to 
properly diagnose any problems.
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A Abbreviation for Amps or amperes; units of electrical current magnitude.

ACSELERATOR Architect
SEL-5032 Software

Design and commissioning tool for IEC 61850 communications. 

ACSELERATOR QuickSet
SEL-5030 Software

A Windows-based program that simplifies settings and provides analysis sup-
port.

Ambient Temperature Temperature of the motor cooling air at the cooling air inlet. Measured by an 
RTD whose location setting is AMB.

Analog In this instruction manual, Analog is synonymous with Transducer.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control 
relays. The standard device numbers used in this instruction manual include:

27 Undervoltage Element
27I  Inverse-Time Undervoltage Element

32 Directional Power Element

37 Underpower Element

40 Loss-of-Field Element

46 Phase Balance or Current Unbalance Element

47 Phase Sequence Element

49 Thermal Element

50 Instantaneous Overcurrent Element

51    Inverse Time-Overcurrent

52 AC Circuit Breaker

55 Power Factor Element

59 Overvoltage Element
59I  Inverse-Time Overvoltage Element

60 Loss-of-Potential Element

66 Jogging Device (limits number of operations within a given time of 
each other)

78 Out-of-Step Element

81 Frequency Element

87    Differential Element

These numbers are frequently used within a suffix letter to further designate 
application. The suffix letters used in this instruction manual include:

P Phase Element

G Residual/Ground Element

N Neutral/Ground Element

Q Negative-Sequence (3I2) Element
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Antibackspin Protection Relay function that prevents the motor from being started for a short time after 
it is stopped. Used on pump motors to prevent a start attempt while fluid is 
running backward through the pump.

Antijogging Protection Relay functions that prevent the motor from being started too many times 
within an hour (also referred to as Starts Per Hour protection) or too soon fol-
lowing the last start (also referred to as Minimum Time Between Starts protec-
tion).

Apparent Power, S Complex power expressed in units of volt-amperes (VA), kilovolt-amperes 
(kVA), or megavolt-amperes (MVA). Accounts for both real (P) and reactive 
(Q) power dissipated in a circuit: S = P + jQ.

Arc-Flash Detection The sensing of an arc-flash condition by detection of light and overcurrent by 
the relay.

Clear-Jacketed Fiber Sensor—The fiber-optic loop sensor used for 
arc-flash detection.

Point Sensor—The fiber-optic cable sensor with a light diffuser on the 
end and used for arc-flash detection.

Arc-Flash Hazard A dangerous condition associated with the release of energy caused by an 
electric arc.

Arc-Flash Protection
(Relay)

An action performed by the relay to minimize the arc-flash hazard. 

ASCII Abbreviation for American Standard Code for Information Interchange. 
Defines a standard way to communicate text characters between two elec-
tronic devices. The SEL-710-5 Motor Protection Relay uses ASCII text char-
acters to communicate using the relay front- and rear-panel EIA-232 serial 
ports.

Assert To activate; to fulfill the logic or electrical requirements necessary to operate a 
device. To apply a short-circuit or closed contact to an SEL-710-5 input. To 
set a logic condition to the true state (logical 1). To close a normally open out-
put contact. To open a normally closed output contact.

Bay Screen Builder
SEL-5036 Software

An intuitive and powerful interface to design bay screens to meet application 
needs.

Breaker
Auxiliary Contact

A spare electrical contact associated with a circuit breaker that opens or closes 
to indicate the breaker position. A Form A breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed, opens when 
the breaker is open. A Form B breaker auxiliary contact (ANSI Standard 
Device Number 52B) opens when the breaker is closed and closes when the 
breaker is open.

Broken Bar Rotor
Protection

A protection in the relay active for induction motor applications. Broken rotor 
bars cause reduced accelerating torque, increased motor heating, and 
increased vibrations, which can lead to further mechanical motor damage. The 
SEL-710-5 detects current signatures that are generated by broken rotor bars, 
and alarms the problem.

C37.238 IEEE C37.238, standard profile for use of IEEE 1588 Precision Time Protocol 
in power system applications.
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Checksum A numeric identifier of the firmware in the relay. Calculated by the result of a 
mathematical sum of the relay code.

CID Abbreviation for Checksum Identifier. The checksum of the specific firmware 
installed in the relay.

CID File IEC 61850 Configured IED Description file. XML file that contains the con-
figuration for a specific IED.

COMTRADE Abbreviation for Common Format for Transient Data Exchange. The 
SEL-710-5 supports the IEEE Standard Common Format for Transient Data 
Exchange (COMTRADE) for Power Systems, IEEE C37.111-1999.

Contiguous Items in sequence; the second immediately following the first.

CR_RAM Abbreviation for Critical RAM. Refers to the area of relay Random Access 
Memory (RAM) where the relay stores mission-critical data.

CRC-16 Abbreviation for Cyclical Redundancy Check-16. A mathematical algorithm 
applied to a block of digital information to produce a unique, identifying num-
ber. Used to ensure that the information was received without data corruption.

CT Abbreviation for current transformer.

Current
Unbalance

The SEL-710-5 calculates the magnitudes of the measured phase currents, cal-
culates the average of those magnitudes, determines the magnitude with the 
largest deviation from average. It then calculates the difference between the 
magnitude average and magnitude of the phase with the largest deviation from 
the average. Finally, the relay calculates the percent unbalance current by 
dividing the difference value by the motor rated full-load amperes or by the 
average magnitude, whichever is larger. Unbalance current causes heating in 
the rotor of the protected motor. The unbalance element can trip the motor in 
the presence of heavy unbalance to prevent rotor damage resulting from over-
heating. In the SEL-710-5, this element works together with the motor thermal 
element, which also provides unbalance current protection.

Deassert To deactivate; to remove the logic or electrical requirements needed to operate 
a device. To remove a short-circuit or closed contact from an SEL-710-5 
input. To clear a logic condition to the false state (logical 0). To open a nor-
mally open output contact. To close a normally closed output contact.

Delta A phase-to-phase connection of voltage transformers for electrical measuring 
purposes. Typically, two voltage transformers are used with one primary lead 
of the first transformer connected to A-phase and the other lead connected to 
B-phase. The second voltage transformer is connected to measure the voltage 
from B-phase to C-phase. When two transformers are used, this connection is 
frequently called “Open-Delta.” 

Also used for motor winding configuration during star-delta starting.

DNP (Distributed Network
Protocol)

Manufacturer-developed, hardware-independent communications protocol.

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element dropout time.
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Ethernet A network physical and data link layer defined by IEEE 802.2 and 
IEEE 802.3.

EtherNet/IP An Ethernet-based protocol that provides ease of integration for industrial 
automation applications and provides access to metering data, protection ele-
ments, targets, and contact I/O. 

Event History A quick look at recent relay activity that includes a standard report header; 
event number, date, time, and type; maximum fault phase current; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or command. The data show relay measurements 
before and after the trigger, in addition to the states of protection elements, 
relay inputs, and relay outputs each processing interval. After an electrical 
system fault, use event reports to analyze relay and system performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault voltages, currents, etc. The relay 
sends an event report summary (if auto messaging is enabled) to the relay 
serial port a few seconds after an event.

Fail-Safe An output contact that is energized during normal relay operation and de-ener-
gized when relay power is removed or if the relay fails.

Fast Meter, Fast Operate Binary serial port commands that the relay recognizes at the relay front-and 
rear-panel EIA-232 serial ports. These commands and the responses from the 
relay make relay data collection by a communications processor faster and 
more efficient than transfer of the same data through use of formatted ASCII 
text commands and responses.

FID Relay firmware identification string. Lists the relay model, firmware version 
and date code, and other information that uniquely identifies the firmware 
installed in a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash A type of nonvolatile relay memory used for storing large blocks of 
nonvolatile data, such as load profile records.

FTP File transfer protocol.

Fundamental Frequency The component of the measured electrical signal for which frequency is equal 
to the normal electrical system frequency, usually 50 or 60 Hz. Generally used 
to differentiate between the normal system frequency and any harmonic 
frequencies present.

Fundamental Meter Type of meter data presented by the SEL-710-5 that includes the present val-
ues measured at the relay ac inputs. The word “Fundamental” is used to indi-
cate that the values are Fundamental Frequency values and do not include 
harmonics.

GOOSE IEC 61850 Generic Object Oriented Substation Event. GOOSE objects can 
quickly and conveniently transfer status, controls, and measured values among 
peers on an IEC 61850 network.

HP Abbreviation for horsepower. 1 HP = 745.7 W.

IA, IB, IC Measured A-, B-, and C-phase currents.
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ICD File IEC 61850 IED Capability Description file. An XML file that describes IED 
capabilities, including information on logical node and GOOSE support.

IEC 60870-5-103 Standard protocol developed by the IEC Technical Committee of teleprotec-
tion, telecontrol, and telecommunications for electrical engineering and power 
system automation. It defines systems used for supervisory control and data 
acquisition (SCADA), including details related to communications between 
devices.

IEC 61850 Standard protocol for real-time exchange of data between databases in multi-
vendor devices.

IEX Measured dc field current for the synchronous motor excitation system.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero. When a motor ground 
fault occurs, this current can be large.

IN Neutral current measured by the relay IN input. The IN input is typically con-
nected to the secondary winding of a window-CT for motor ground fault 
detection on resistance-grounded systems.

IP Address An identifier for a computer or device on a TCP/IP network. Networks using 
the TCP/IP protocol route messages based on the IP address of the destination. 
The format of an IP address is a 32-bit numeric address written as four num-
bers separated by periods. Each number can be 0 to 255. For example, 
1.160.10.240 could be an IP address.

IRIG-B A time code input that the relay can use to set the internal relay clock.

LCD Abbreviation for Liquid Crystal Display. Used as the relay front-panel alpha-
numeric display.

LED Abbreviation for Light-Emitting Diode. Used as indicator lamps on the relay 
front panel.

Load-Jam Element A motor protection element that, when enabled, can trip the protected motor if 
the rotor stops turning because of  a sudden increase in load torque or decrease 
in bus voltage. When the rotor stops, the motor phase current increases. The 
relay detects the stopped rotor using a settable overcurrent element and trips 
after a settable time-delay.

Load-Loss Element A motor protection element that, when enabled, can trip the protected motor if 
the motor shaft is suddenly decoupled from the mechanical load. The relay 
detects the sudden decrease in mechanical load through use of an undercurrent 
or underpower element.

Logical Node In IEC 61850, the smallest part of a function that exchanges data. A logical 
node (LN) is an object defined by its data and methods. Each logical node rep-
resents a group of data (controls, status, measurements, etc.) associated with a 
particular function.

Loss-of-Field Element A synchronous motor protection element that detects the loss of dc field exci-
tation and can trip the motor.

Loss-of-Potential Loss of one or more phase voltage inputs to the relay.
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MAC Address The Media Access Control (hardware) address of a device connected to a 
shared network medium, most often used with Ethernet networks. 

MIRRORED BITS Protocol for direct relay-to-relay communications.

MMS Manufacturing Message Specification, a data exchange protocol used by IEC 
61850.

Motor Thermal Element A motor protection element that measures motor current, calculates a repre-
sentation of the energy dissipated in the motor, and compares the present 
energy estimate to trip thresholds defined by the relay settings. The output of 
the motor thermal element is represented as a % Thermal Capacity. When the 
% Thermal Capacity reaches 100, the relay trips to protect the motor. The 
Motor Thermal Element provides motor protection for the following condi-
tions that cause motor overheating: locked rotor, overload operation, and cur-
rent unbalance.

NEMA Abbreviation for National Electrical Manufacturers Association.

Neutral
Overcurrent Element

A protection element that causes the relay to trip when the neutral current 
magnitude (measured by the IN input) exceeds a user-settable value. Used to 
detect and trip in response to motor or cable ground faults.

Nominal Frequency Normal electrical system frequency, usually 50 or 60 Hz.

Nonfail-Safe Refers to an output contact that is not energized during normal relay opera-
tion. When referred to a trip or stop output contact, the protected motor 
remains in operation unprotected when relay power is removed or if the relay 
fails.

Nonvolatile Memory Relay memory that is able to correctly maintain data it is storing even when 
the relay is de-energized.

Out-of-Step Element A synchronous motor application element used to detect loss of synchronism 
conditions and trip the motor to protect it, if necessary.

Overfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency exceeds a settable frequency.

Phase Differential Element A protection element that measures the difference current between two CTs 
located on the two ends of a winding (generator) or on two windings (trans-
former) to detect internal faults.

Phase Reversal Element A protection element that detects the phase rotation of the voltage or current 
signals applied to the protected motor, and trips if that phase rotation is the 
opposite of the desired phase rotation.

Phase Rotation The sequence of voltage or current phasors in a multi-phase electrical system. 
In an ABC phase rotation system, the B-phase voltage lags the A-phase volt-
age by 120 degrees, and the C-phase voltage lags B-phase voltage by 120 
degrees. In an ACB phase rotation system, the C-phase voltage lags the A-
phase voltage by 120 degrees, and the B-phase voltage lags the C-phase volt-
age by 120 degrees.

Pickup Time The time measured from the application of an input signal until the output sig-
nal asserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element pickup time.
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PID Controller Abbreviation for Proportional-Integral-Derivative controller. A PID controller 
continuously calculates an error value as the difference between a desired set 
point and a measured process variable and applies a correction based on pro-
portional, integral, and derivative terms.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper. 

Power, P Real part of the complex power (S) expressed in units of Watts (W), kilowatts 
(kW), or megawatts (MW).

Power, Q Reactive part of the complex power (S) expressed in units of Vars (Var), kilo-
vars (kVar), or megavars (MVar).

Power Factor The cosine of the angle by which phase current lags phase voltage in an ac 
electrical circuit. Power factor equals 1.0 for power flowing to a resistive load.

Protection and Control
Processing

Processing interval is four times per power system cycle (except for math vari-
ables and analog quantities, which are processed every 25 ms).

PT Abbreviation for potential transformer. Also referred to as a voltage trans-
former or VT.

PTC Abbreviation for Positive Temperature Coefficient, a thermistor detector that 
makes use of the change of resistivity of semiconductor with change in tem-
perature. The thermistor detectors are often embedded in the stator winding of 
the motor.

PTP Precision Time Protocol, as defined in IEEE 1588-2008 for high-accuracy 
clock synchronization.

RAM Abbreviation for random access memory. Volatile memory where the relay 
stores intermediate calculation results, Relay Word bits, and other data that are 
updated every processing interval.

Reactive Power Element A motor protection element that can trip the protected motor if the measured 
reactive power exceeds a settable threshold.

Relay Word The collection of relay element and logic results. Each element or result is 
represented by a unique identifier, known as a Relay Word bit.

Relay Word Bit A single relay element or logic result that the relay updates once each process-
ing interval. A Relay Word bit can be equal to either logical 1 or logical 0. 
Logical 1 represents a true logic condition, picked up element, or asserted 
contact input or contact output. Logical 0 represents a false logic condition, 
dropped out element, or deasserted contact input or contact output. You can 
use Relay Word bits in SELOGIC control equations to control relay tripping, 
event triggering, and output contacts, as well as other functions.

Remote Bit A Relay Word bit for which state is controlled by serial port commands, 
including the CONTROL command, binary Fast Operate command, or 
Modbus command.

Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero. When a motor ground fault occurs, this current 
can be large.



GL.8 Glossary
RMS—VAB, VBC, VCA

SEL-710-5 Relay Instruction Manual Date Code 20220826

RMS Abbreviation for root-mean-square. Refers to the effective value of the sinu-
soidal current and voltage measured by the relay, accounting for the funda-
mental frequency and higher order harmonics in the signal. 

ROM Abbreviation for Read-Only Memory. Nonvolatile memory where the relay 
firmware is stored.

RSTP Abbreviation for Rapid Spanning Tree Protocol. RSTP provides an improved 
failover response in Ethernet networks in accordance with IEEE 802.1Q-2014.

RTD Abbreviation for Resistance Temperature Detector. An RTD is made of a 
metal having a precisely known resistance and temperature coefficient of 
resistance. The SEL-710-5 (and the SEL-2600 RTD Module RTD modules) 
can measure the resistance of the RTD, and thus, determine the temperature at 
the RTD location. Typically embedded in the motor windings or attached to 
the races of bearings. 

Self-Test A function that verifies the correct operation of a critical device subsystem 
and indicates if the relay has detected an out-of-tolerance condition. The 
SEL-710-5 is equipped with self-tests that validate the relay power supply, 
microprocessor, memory, and other critical systems.

SELOGIC
Control Equation

A relay setting that allows you to control a relay function (such as an output 
contact) by using a logical combination of relay element outputs and fixed 
logic outputs. Logical AND, OR, INVERT, rising edge [/], and falling edge [\] 
operators, plus a single level of parentheses are available to use in each control 
equation setting.

Sequential
Events Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a settable list. Provides a useful way to 
determine the order and timing of events following a relay operation.

SER Abbreviation for Sequential Events Recorder or the relay serial port command 
to request a report of the latest 1024 sequential events.

Speed Switch An electrical contact that closes to indicate that a motor speed exceeds a cer-
tain value.

Star Motor winding configuration during star-delta starting.

Terminal
Emulation Software

Personal computer (PC) software that can be used to send and receive ASCII 
text messages via the PC serial port.

Thermistor (ITC) Positive temperature coefficient thermistor.

Transducer Device that converts the input to the device to an analog output quantity of 
either current (±1, 2.5, 5, 10 and 20 mA, or 4–20 ma), or voltage (±1, 2.5, 5, or 
10 V).

Underfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency is less than a settable frequency.

Underpower Element A protection element that causes the relay to trip when the measured electrical 
power consumed by a motor is less than a settable value.

VA, VB, VC Measured A-, B-, and C-phase-to-neutral voltages. 

VAB, VBC, VCA Measured or calculated phase-to-phase voltages.
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VDR Field discharge resistor voltage (during synchronous motor starting).

VEX Measured dc field voltage for the synchronous motor excitation system.

VG Residual voltage calculated from the sum of the three phase-to-neutral volt-
ages, if connected.

VT Abbreviation for voltage transformer. Also referred to as a potential trans-
former or PT.

Wye As used in this instruction manual, a phase-to-neutral connection of voltage 
transformers for electrical measuring purposes. Three voltage transformers are 
used with one primary lead of the first transformer connected to A-phase and 
the other lead connected to ground. The second and third voltage transformers 
are connected to measure the voltage from B-phase and C-phase-to-ground, 
respectively. This connection is frequently called “four-wire wye,” alluding to 
the three phase leads plus the neutral lead.

Z-Number That portion of the relay RID string that identifies the proper ACSELERATOR 
QuickSet SEL-5030 Software relay driver version when creating or editing 
relay settings files.
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PING 7.59
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SEL ASCII protocol 7.25
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set relay 6.4
SNTP protocol 7.16
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EIA-232 7.12
EIA-485 7.11
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control equations 4.111
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factory defaults 4.111
fail-safe

operation 2.26
settings 4.111

output 4.108
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contact input 4.97
control equation 52A 4.97
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application example 4.24
placement 2.30

CSUMMARY Command 10.2
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Current Unbalance Elements 4.38
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logic diagram 4.39
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See also Core-Balance CT; Meter
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phase 2.30

starting K.3

D
DNP3 Protocol

analog inputs D.22
binary inputs D.22
data map D.19
DNP3 LAN/WAN D.5
DNP3 levels D.1
DNP3 serial D.3
DNP3 Settings D.11
event data D.8
object list D.14

DeviceNet
See also Communications
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Differential Element 4.35

Dimensions
mechanical 2.2
panel cut 2.2

Direct Trip, contact input 4.96

Display
front panel 8.2
HMI (SEL-5030) 3.25
LCD 4.138
touchscreen 8.20

Display Points
analog entry composition 4.144
Boolean entry composition 4.140
name and alias 4.144
name only 4.143
name, alias, set string, and clear string 4.141
rotating display 4.146

E
Emergency Restart

control input 4.100
impacts on start inhibit and protection 4.100
logic diagram 4.95

Ethernet Port(s)
settings 4.133
supported protocols 2.5

EtherNet/IP F.1
Assembly Object (0x04) F.5
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Ethernet Link Object (0xF6) F.10
File Object (0x37) F.7
Identity Object (0x01) F.2
Message Router Object (0x02) F.4
TCP/IP Interface Object (0xF5) F.8
Vendor Specific Object (0x64) F.11

Event
data capture time 4.152
ER control equation 10.3
length 4.152
nonvolatile 10.1
TR initiate 10.3
trigger 10.3

Event History
See also Event
HIS command 7.53, 10.7
retrieving history 10.7

application example 10.7

Event Report
*, largest current 10.10
See also Event
>, trigger row 10.10
clearing the buffer 10.7
column definitions 10.8–10.10
Differential 10.17
digital section 10.9
EVE command 7.48
filtered 10.8

phasor calculation 10.16
retrieving event data 10.7

application example 10.10–10.16
summary section 10.3–10.6
trigger 10.3
trigger settings 4.152
unfiltered 10.8

Event Summary
See also Event
contents 10.3
event type 10.4
SUMMARY command 7.70

F
Factory Default

contact outputs 2.27
LEDs 8.15
passwords 7.59
tripping logic 4.95

Fail-Safe
See also Contact Outputs
auxiliary outputs 4.112
TRIP output 4.112

Fast Binary Messages
See also Fast Operate; Fast Meter; Fast SER

Fast Meter C.3
See SEL Binary Protocols

Fast Operate
See SEL Binary Protocols

Fast SER C.3

Firmware
Digitally Signed Firmware Files B.2
Special Firmware Upgrade Instructions B.3
upgrade instructions B.1–B.19
versions A.1

Frequency
See also Meter
event report 10.3
event summary 7.70
meter 5.3
tracking 1.14

Frequency Elements
detect frequency component 4.63
logic diagram 4.63
overfrequency 4.63
underfrequency 4.63

Front Panel 8.1–8.17
access levels 8.4, 8.5
automatic messages 8.4
communications port 4.133
configurable labels 1.6, 8.15
contrast 8.4
display contrast 8.4
enabled LED 8.15
menus 8.6–8.14
Meter menu 5.2
password entry 8.5
pushbuttons 8.3, 8.6
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reset trip/targets 8.17
serial port 4.133
set relay 6.2
target LEDs 8.15
timeout 8.5

Front-Panel Settings (SET F Command) 4.138–4.149

Functional Overview 1.1

Functional Tests
currents 11.7
power and power factor 11.8
test connections 11.7, 11.9
unbalance 11.8
voltages, delta 11.9

Fundamental Meter 5.2

Fuse
rating 2.50
replacement 2.49

G
Global Settings (SET G Command) 4.112–4.132

Ground CT
See Core-Balance CT

Grounding 2.22

H
Help, SEL-5030 3.29

History
See Event History

I
I/O Configuration 2.2

IEC 60870-5-103 H.1, H.1–H.12
Category Map Settings H.4
Data Handling H.3
Interoperability H.3
Standard Documents H.1

IEC 61850 G.1–G.71
ACSI Conformance Statements G.67
Configuration G.26
GOOSE G.18
GOOSE Processing G.18
Introduction to G.2
Logical Nodes G.28
Manufacturing Message Specification (MMS) G.5, G.62
Operation G.3
Protocol Implementation Conformance Statement G.61
Substation Configuration Language (SCL) G.6

IEC 61850 Mode/Behavior G.20

Incipient Cable Fault 4.25

Installation
See also Commissioning Tests
dimensions 2.2
panel mounting 2.2
physical location 2.1
power supply 1.8, 2.21
rack mounting accessory 1.6

Instantaneous Overcurrent Elements
See Overcurrent Elements

Instruction Manual Versions A.15

IRIG-B Time Synchronization 7.8, 7.54
input specifications 1.14
IRI command 7.54
via communications processor C.3

J
Jogging Block Elements

See Starts Per Hour; Time Between Starts

Jumpers
analog card (V or I) 2.16
analog card configuration 2.16
Password 2.18

L
Labels, configurable 1.6, 8.15

Latch Bits, nonvolatile state 4.102

LCD
See Front Panel

Learned Parameters
cooling time 4.18
starting thermal capacity 4.17

LED Settings
Pushbutton LEDs 4.149
Target LEDs 4.148

Load Control 4.71

Load-Jam Elements, logic diagram 4.37

Load-Loss Element
See Undercurrent (Load-Loss) Elements

Local Bits, Local Bits
NLB, CLB, SLB, PLB 4.146

Local/Remote Breaker Control 9.7

Lockout Conditions
See Trip/Close Logic

Logic Settings, output contacts 4.111

Loss of Potential 4.61

Loss-of-Field Element 4.71

Low-Level Test Interface 11.2

M
Maintenance

routine checks 11.13
self-testing 11.13

Math Variables 4.101, 5.7

Menus
See Front Panel, menus

Meter
accuracy 1.20
apparent power 5.10
current 5.2, 5.4, 5.10
frequency 5.3, 5.4
fundamental 5.2
light 5.8
negative sequence 5.3, 5.4
power factor 5.3, 5.10
reactive power 5.10
real power 5.3, 5.10



IN.5Index
N–R

Date Code 20220826 Instruction Manual SEL-710-5 Relay

remote analogs 5.9
RTD 5.5
RTD % thermal capacity 5.4
RTD temperatures 5.4
starts available 5.4
temperature 5.5
time to reset 5.5
time to trip 5.4
unbalance 5.2, 5.4
voltage 5.4

MIRRORED BITS J.1–J.6

Modbus E.1–E.44
03h read holding registers E.5
04h input holding registers E.6
06h preset single register E.10
08h loopback diagnostic command E.10
10h preset multiple registers E.11
60h read parameter E.12
61h read parameter text E.13
62h read enumeration text E.14
7Dh encapsulated packet E.15
7Eh NOP (no operation) E.16
contact outputs E.16
cyclical redundancy check E.3
exception responses E.3
function codes E.2
history data E.24
Modbus Map Settings 4.154
Modbus Register Map E.24
password protection E.16
protocol description E.1
protocol setting 4.137
query E.2
response E.2
settings 4.137

Molded Case Circuit Breaker Health 5.23

Motor Monitoring Using Fourier Analysis 5.11

Motor Ratings, nameplate 4.3

Motor Start Report 5.16
MSR or CMSR command 7.58
resolution setting, MSRR 4.153
start data samples 5.17
summary data 5.17

Motor Start Trend 5.21
MST command 7.58

Motor Statistics, front-panel function 5.20

N
Network Parameters 3.15

Nonisolated EIA-232 Serial Port 2.5

O
Operating Time

See Motor Statistics

Out-of-step element
double-blinder scheme 4.79
single-blinder scheme 4.75

Overcurrent Elements
adaptive overcurrent element 4.23
core-balance (ground fault) CT, application example 4.24
logic diagram 4.24
neutral settings 4.23
phase settings 4.22
residual settings 4.25
time-overcurrent, negative-sequence settings 4.29
time-overcurrent, residual settings 4.30

Overvoltage (Inverse-time) Elements 4.54

Overvoltage Elements
logic diagram 4.52
settings 4.50

P
Password

access level 7.32–7.33
change 7.59
factory default 7.59
front panel 8.4
jumper 2.18

Phase Overcurrent Elements
See Overcurrent Elements

Phase Reversal Protection
logic diagram 4.42
setting 4.42

Phase Rotation
phasor diagram 4.113
setting, PHROT 4.112

Port Settings (SET P Command) 4.132

Positive temperature coefficient (PTC) thermistor 1.3

Power
functional test 11.8
meter 5.3
power measurement convention 5.10

Power Factor
functional test 11.8
logic diagram 4.60
meter 5.3
power factor measurement convention 5.10

Power Supply
fuse ratings 2.50

Precision Time Protocol (PTP) 7.19

PTC (positive temperature coefficient) 1.3

PTC Thermistor 2.25, 4.46

Pushbuttons
navigation 8.6
target reset 8.17

R
Rack Mounting Accessory 1.6

Reactive
power measurement convention 5.10

Reactive Power 5.10
meter 5.3
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Real Power 5.10
See also Meter
meter 5.2

Rear Panel 2.19

Relay Word Bits, row list L.1–L.7

Remote Analogs
populating DNP analog output map with D.31

Remote Trip, control input 4.96

Replacement Rear Connector Kit 1.6

Report Settings
Event report 4.152
SER trigger 4.151

Reset targets 8.17

Resistance Temperature Detector (RTD)
See also Meter
alarm temperatures 4.48
biasing 4.48
failure messages 5.4
location settings 4.48
RTD % thermal capacity 4.49
status messages 5.4
temperature vs. resistance table 4.49
thermal overload model biasing 4.49
trip temperature biasing 4.49
trip temperatures 4.48
trip voting 4.48

Retrieve event 3.23

Rotating Display 4.146

RTD
See Resistance Temperature Detector (RTD)

S
Safety Information

Laser/LED Emitter xxxi
symbols xxvii

SEL ASCII Protocol 7.25, C.1

SEL Binary Protocol C.2

SEL Communications Processor C.3–??

SEL-2600 RTD module 1.3
failure messages 5.4
fiber-optic connection 2.24
RTD-based protection 4.47–4.49

SEL-710-5 relay
cleaning chassis xxxiii
features 1.1
options 1.4

SELBOOT 2.18

Self-Tests 11.13

SELOGIC Control Equations
contact output 4.111
contactor/circuit breaker auxiliary 4.97, 4.98
counters 4.109
event trigger 10.3
operators 4.103–4.108
Relay Word bits L.1–L.27

speed switch 4.101
start and emergency restart 4.100
timers 4.108
trip/stop logic 4.94–4.99

Sequential Events Recorder (SER) 7.63, 10.30
clearing 10.31
example report 10.32
report 7.63
retrieving reports 10.31
trigger settings 4.151, 10.31

SER, See Sequential Events Recorder (SER)

SET Command 7.63

Set Relay
editing keystrokes 6.5
serial communications port 6.4–6.6
using front panel 6.2

Settings
analog input example 4.127
calculation method 4.3
classes, instances 6.1
error messages 6.6
EtherNet/IP Assembly Map (SET E Command) 4.155
front panel 6.2
Front-Panel Settings (SET F Command) 4.138–4.149
Global Settings (SET G Command) 4.112–4.132
Group Settings (SET Command) 4.4–4.101
Logic Settings (SET L Command) 4.101–4.112
Modbus Map Settings (SET M Command) 4.154
Port Settings (SET P Command) 4.132
Report Settings (SET R Command) 4.151
serial communications port 6.4–6.6

Short Circuit Protection
See Overcurrent Elements

SHOW Command 6.4, 7.65

Side Panel 2.19

Simple Network Time Protocol (SNTP) 7.16

Software (ACSELERATOR QuickSet)
databases 3.17
device editor 3.21
expression builder 3.21
human machine interface (HMI) 3.24
settings editor 3.19

Specifications 1.12–1.20

Speed Switch
control equation SPEEDSW 4.101
control input 4.43
settings 4.43

STA Command (Relay Status) 1.9

Start Motor
logic diagram 4.100
STR command 7.69

Starting
across the line 2.30
current K.3
RTD % thermal capacity 4.49
star-delta starting 2.32, 4.40
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start monitor 4.39
start report 5.16
start trending 5.21
thermal capacity 4.16, K.9
time 4.39

Starts Per Hour
lockout 4.41
meter, starts available 5.4, 5.5

Status, Relay 7.67
serial communication port

DeviceNet status 1.9
serial communications port 1.9

Stop Motor
STOP Command 7.69

Synchronous Motor
synchronous motor settings 4.71
synchronous motor starting 4.89

T
Targets

front-panel function 8.15
reset targets 8.17
view using communications port 7.70

Technical Support 11.17

Temperature
See Resistance Temperature Detector (RTD)

Testing
acceptance testing 11.3
arc-flash protection tests 11.10
commissioning testing 11.3–11.7
connection tests 11.7
low-level test interface 11.2
maintenance testing 11.13
methods 11.3, 11.13
relay elements 11.13
self-tests 11.13
test connections 11.7, 11.9
with SER 11.13
with targets, LEDs 11.13
with terminal 11.13

Thermal Capacity
alarm setting 4.16
interpreting values K.9
learned starting 4.17
meter 5.4, 5.5
required to start 4.16, K.9
RTD % thermal capacity 4.49
starting 4.16, K.9

Thermal Element
running protection K.7
starting protection K.6
theory K.1

Thermal Limit
3000 HP motor example 4.14
600 HP motor example 4.9
curves, rating 4.10
timer per curve 4.11

Thermal Overload Element
alarm 4.16
biasing 4.19, 4.48
curve method, application example 4.12
curves, figures and tables 4.11
electrical analog K.3
locked rotor trip time dial 4.9
lockout 4.97
negative-sequence K.4
positive-sequence K.4
purpose K.2
rating method, application example 4.9
RTD biasing 4.19, 4.48
running protection 4.9, K.7
selecting thermal method 4.7
starting protection 4.9
user method, example 4.14

Thermistor
See PTC Thermistor

Time Between Starts
lockout 4.41
meter, time to reset 5.4, 5.5

Time Code
See IRIG-B Time Synchronization

Time to Trip, meter 5.4

Touchscreen Display Front Panel 8.20

Trip Contact
See also Contact Outputs
fail-safe operation 2.26, 4.7
minimum duration time TDURD 4.95
wiring diagram 2.31

Trip Inhibit 4.93

Trip Reset, front-panel function 8.15

Trip Voting
See Resistance Temperature Detector (RTD)

Trip/Close Logic
contactor/breaker status 52A 4.97
factory default 4.96
logic diagram 4.95
minimum trip time TDURD 4.95
trip equation TR 4.96
trip Relay Word bit 4.95
trip unlatch ULTRIP 4.96

Troubleshooting 11.17
Technical Support 11.17

Two-Line Display Front Panel 8.2

Two-Speed Motor Applications, control equation 
SPEED2 4.100

Typographic Conventions xxxi
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U
Unbalance Current

See Current Unbalance

Undercurrent (Load-Loss) elements, logic diagram 4.38

Underpower Elements, logic diagram 4.59

Undervoltage (Inverse-time) Element 4.52

Undervoltage Element
logic diagram 4.51
settings 4.50

Upgrade
See Firmware, upgrade instructions

V
VAR Elements, logic diagram 4.58

Vibration Monitoring 4.68

Virtual Speed Switch 4.43

Voltages
connections 2.28
delta wiring diagram 2.29
four-wire wye wiring diagram 2.29
input settings, example 4.6
loss of potential 4.61
open-delta wiring diagram 2.29
phase-to-neutral voltage elements 4.51
phase-to-phase voltage elements 4.50

W
Web Server 3.1

Z
Z-number 3.20
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R.Instruction Manual

The following table lists the front serial port ASCII 
commands associated with particular activities. The 
commands are shown in uppercase letters, but you 
can also enter these with lowercase letters. 
Commands can be initiated with the three initial 
letters of the command. Refer to SEL ASCII Protocol 
and Commands for additional details and capabilities 
of each command.

La siguiente tabla muestra los comandos ASCII del 
puerto serie frontal asociados con diferentes 
actividades. Los comandos se pueden usar en 
mayúsculas o minúsculas. Los comandos se pueden 
ejecutar usando las primeras tres letras del nombre. Por 
más detalles consulte la guía SEL ASCII Protocol 
and Commands.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando

Access Level 0 Commands Comandos de Nivel de Acceso 0

ACC Goes to Access Level 1. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 1 
password.

ACC Ir a Nivel de Acceso 1. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 1.

ID Relay identification code. ID Código de identificación del relé.

QUIT Goes to Access Level 0. SAL Ir al Nivel de Acceso 0.

Access Level 1 Commands Comandos de Nivel de Acceso 1

2AC Goes to Access Level 2. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 2 
password.

2AC Ir a Nivel de Acceso 2. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 2.

BRE Displays breaker monitor data (trips, 
interrupted current, wear).

INT Mostrar información sobre disparos, corriente 
interrumpida, desgaste.

CEV n Shows compressed event report number n, at 
1/4-cycle resolution. If n is omitted, the most 
recent compressed event report is displayed.

CEV n Mostrar el reporte comprimido de evento 
número n, resolución de 1/4 de ciclo. 

CEV n R Shows compressed raw event report number 
n, at 1/32-cycle resolution. If n is omitted, the 
most recent compressed event report is 
displayed.

CEV n R Agregue R para mostrar el reporte de evento 
comprimido sin filtro, resolución 1/32 de 
ciclo. Si no se especifica n se muestra el 
evento comprimido mas reciente.

CMSR n Shows compressed motor start record data, 
where n is the record or reference number.

CMSR n Mostrar el reporte de inicio de motor n en 
formato comprimido.

COM A Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM A Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal A.

COM B Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM B Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal B.

COM C Clears all communications records. If both 
MIRRORED BITS channels are enabled, 
omitting the channel specifier (A or B) clears 
both channels.

COM D Borra todos los registros de comunicaciones. 
Si los dos canales MIRRORED BITS están 
habilitados, suprimiendo el especificador de 
canales (A o B) se borran los dos canales.

COM C A Clears all communications records for 
Channel A.

COM D A Borra todos los registros de comunicaciones 
del Canal A.

COM C B Clears all communications records for 
Channel B.

COM D B Borra todos los registros de comunicaciones 
del Canal B.
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COM L Appends a long report to the summary report 
of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS.

COM L A Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel A.

COM L A Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal A.

COM L B Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel B.

COM L B Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal B.

COM S Returns a summary report of the last 255 
records in the MIRRORED BITS 
communications buffer.

COM S Muestra un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS.

COU n Shows current state of device counters. 
n = repeat the report n times, with a 1/2 
second delay between each report.

COU n Muestra el estado actualizado de los 
contadores del dispositivo. n = repite el 
informe n veces, con ½ segundos entre cada 
informe.

DATE Shows the date. FEC Ver fecha.

DATE 
dd/mm/yyyy 

Sets the date in DMY format if DATE_F 
setting is DMY. 

FEC 
dd/mm/yyyy

Si DATE_F es igual a DMY, ingrese fecha en 
formato Día Mes Año

DATE 
mm/dd/yyyy 

Sets the date in MDY format if DATE_F 
setting is MDY. 

FEC 
mm/dd/yyyy

Si DATE_F es MDA, ingrese fecha en formato 
Mes Día Año.

DATE 
yyyy/mm/dd 

Sets the date in YMD format if DATE_F 
setting is YMD. 

FEC 
yyyy/mm/dd

Si DATE_F es AMD, ingrese fecha en 
formato Año Mes Día.

ETH Shows the Ethernet port status. ETH Mostrar el estado del puerto de Ethernet.

EVE n Shows event report n with 4 samples per 
cycle. If n is omitted, most recent report is 
displayed. 

EVE n Mostrar el reporte de evento estándar número 
n, con 4 muestras por ciclo. Omitiendo n, se 
muestra el informe más reciente.

EVE n R Shows event report n with raw (unfiltered) 32 
samples per cycle analog data and 4 samples 
per cycle digital data.

EVE n R Muestra el evento número n (32 muestras 
analógicas y 4 muestras digitales por ciclo) 

EVE DIF n R Shows differential event report. Parameters n 
and R are optional.

EVE DIF n R Muestra el reporte de veento differencial. Los 
parámetros n y R son opcionales.

FIL DIR Returns a list of files. FIL DIR Mostrar lista de archivos.

FIL READ 
filename 

Transfers settings file filename from the relay 
to the PC. 

FIL READ 
filename

Transferir el archivo de configuración 
filename del relé a la computadora.

FIL SHOW 
filename 

Filename displays contents of the file 
filename. 

FIL SHOW 
filename

Muestra el contenido del archivo filename.

GOOSE k Displays transmit and receive GOOSE 
messaging information. Enter number k to 
scroll the GOOSE data k times on the screen.

GOOSE k Mostrar información de transmisión y 
recepción de mensajes GOOSE. Ingresar el 
numero k para mostrar los datos GOOSE k 
veces en la pantalla.

GROUP Displays active group setting. GRUPO Mostrar el grupo de ajustes activo.

HELP Displays a short description of selected 
commands.

AYU Mostrar una descripción corta de los 
comandos elegidos.

HIS n Shows summary of n latest event reports, 
where n = 1 is the most recent entry. If n is 
omitted, all of the event report summaries are 
displayed.

HIS n Mostrar el resumen de los últimos n informes 
de eventos, donde n = 1 es la entrada más 
reciente. Si n es no está especificado, muestra 
todos los resúmenes de reportes de eventos.

HIS C or R Clears or resets history buffer. HIS D o R Borrar la historia de eventos.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando
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HIS CA or RA Clears history events and resets reference 
number.

HIS DT or RT Borrar eventos y restablecer los numeros de 
referencia.

HIS BBD Displays the frequency of the detected 
broken bar component and its magnitude.

HIS BBD Monstrar la frecuencia de la componente de 
barras rotas detectada y su magnitud.

HIS BBD 
C or R

Clears or resents HIS BBD. HIS BBD 
C or R

Borrar el historial de eventos de barras rotos.

IRIG Forces synchronization of internal control 
clock to IRIG-B time-code input.

IRIG Forzar la sincronización del reloj interno a 
IRIG-B.

LDP Displays load profile data. LDP Mostrar los datos de perfil carga.

LDP 
row1 row2

Displays load profile report rows from row1 
to row2, starting with row1. If row2 is 
omitted, displays the first row1 rows.

LDP 
row1 row2

Mostrar los datos de perfil carga entra las filas 
row1 y row2. Si se omite row2, muestra las 
primeras row1 columnas.

LDP 
date1 date2

Displays load profile report rows from date1 
to date2, starting with date1.

LDP 
date1 date2

Mostrar los datos de perfil carga entra las filas 
date1 y date2.

LDP C Clears load profile data. LDP D Borrar los datos de perfil de la señal.

MAC Displays the MAC address of the Ethernet 
port (PORT 1).

MAC Mostrar la dirección MAC del puerto de 
Ethernet (PUERTO 1).

MET or 
MET FUN

Displays fundamental instantaneous 
metering data. 

MED o 
MED FUN

Mostrar los datos de medición fundamentales.

MET k Displays fundamental metering data k times, 
where k is between 1 and 32767.

MED k Mostrar los datos de medición fundamentales 
k veces. k entre 1 y 32767

MET AI Displays analog input (transducer) data. MED EA Mostrar los datos de entrada analógica.

MET E Displays energy metering data. MED E Mostrar los datos de medición de energía.

MET FFT Displays the raw data collected and the 
frequencies and their associated magnitudes 
and phase angles (broken bar data).

MED FFT Mostrar reporte incluyendo muestras sin 
filtrar y espectro de frecuencia de la señal. 

MET L Displays arc-flash detector (AFD) light input 
(relay requires the arc-flash detection (AFD) 
option with a 2 AVI/4 AFDI card or 8 AFDI 
card in Slot E).

MED L Muestra la entrada de luz de los sensores AFD 
(arco de voltaje). Requiere sensores AFD 
tarjeta 2 AVI/4 AFDI o 8 AFDI en Slot E.

MET M Display minimum and maximum metering 
data.

MED M Mostrar datos de medición mínimos y 
máximos.

MET MV Displays SELOGIC math variable data. MED V Mostrar variables matemáticas SELOGIC.

MET RA Displays remote analog metering data. MED RA Mostrar datos analogicos de medición remota.

MET RE Resets energy metering data. MED RE Reiniciar los datos de medición de energía.

MET RM Resets minimum and maximum metering 
data.

MED RM Reiniciar los datos de medición mínima y 
máxima.

MET RMS Displays rms metering data. MED RMS Mostrar los datos de medición rms.

MET T Displays RTD and thermal metering data. MED T Mostrar los datos de medición RTD y 
termicos 

MMR Displays stored motor parameters for each 
start/stop cycle along with the baseline run.

MMR Mostrar reporte de mantenimiento del motor 
de cada ciclo de arranque/parada, incluyendo 
el ciclo inicial. 

MOT Displays motor operating statistics report. MOT Mostrar estadísticas de operación del motor

MSR n Displays motor start record data where n is 
the record or reference number.

MSR n Mostrar datos de arranque del motor. Donde n 
es el número de evento. 

MST Displays motor start trend data. MST Mostrar tendencias de arranque del motor.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando
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PING x.x.x.x t Determines if Ethernet port is functioning 
and configured properly. x.x.x.x is the IP 
address and t is the PING interval settable 
from 2 to 255 seconds. Default t is 1 second. 
Press Q to stop.

PING x.x.x.x t Determinar si el puerto Ethernet esta 
funcionando y configurado adecuadamente. 
x.x.x.x es la dirección IP. t es el intervalo entre 
PINGs, t es ajustable entre 2 y 255 segundos. 
Por omisión, t = 1 segundo. Oprima Q para 
detener.

RSTP Displays the RSTP statistics and the current 
RSTP configuration of Port 1.

RSTP Muestra estadisticas y configuracion RSTP 
actual.

SER Displays the entire Sequential Events 
Recorder (SER) report.

SER Mostrar el reporte completo del Registrador 
de Eventos Secuenciales (SER).

SER date1 Displays all the rows in the SER report 
recorded on the specified date (see DATE 
command for date format).

SER date1 Mostrar todos las filas en el reporte SER del 
dia date1 (vea el commando DATE por el 
formato de fecha).

SER 
date1 date2

Displays all the rows in the SER report 
recorded between dates date1 and date2, 
inclusive.

SER 
date1 date2

Mostrar todos las filas en el reporte SER entre 
el dia date1 y el dia date2 (vea el commando 
DATE por el formato de fecha)

SER row1 Displays the latest row1 rows in the SER 
report (row1 = 1–1024, where 1 is the most 
recent entry).

SER row1 Mostrar las ultimas row1 filas en el reporte 
SER (row1 = 1–1024, 1 es la fila más 
reciente).

SER 
row1 row2

Displays rows row1–row2 in the SER report SER 
row1 row2

Mostrar las filas entre row1–row2.

SER C or R Clears SER data. SER D Borrar los datos SER.

SHO n Displays relay settings for group n, where 
n = 1, 2, 3, or 4. If n is not specified, default 
is the active settings group. 

MOS n Mostrar ajustes del grupo n del relé 
(n = 1, 2, 3, o 4). Por omisión, muestra grupo 
de ajustes 1.

SHO DNP m Displays the DNP data map settings for 
Map m, where m = 1, 2, or 3.

MOS DNP m Mostrar ajustes de mapa de datos DNP para el 
Mapa m (m = 1, 2, o 3).

SHO E m Displays EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

MOS E m Mostrar ajustes EtherNet/IP del mapa número 
m (m = 1, 2, o 3).

SHO F Displays the front-panel settings. MOS F Mostrar ajustes del panel frontal.

SHO G Displays the global settings. MOS G Mostrar ajustes globales.

SHO I Displays the IEC 60870-5-103 map settings. MOS I Mostrar mapa de ajustes IEC 60870-5-103.

SHO L n Displays the general logic settings for group 
n, where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

MOS L n Mostrar la lógica de configuración general del 
grupo n del relé (n = 1, 2, 3 o 4). Por omisión, 
muestra grupo de ajustes 1.

SHO M Displays the Modbus User Map settings. MOS M Mostrar ajustes del Mapa del Usuario 
Modbus.

SHO P n Displays the port settings, where n specifies 
Port 1, 2, 3, 4, or F; n defaults to the active 
port if not listed.

MOS P n Mostrar configuraciones de puerto, donde n 
especifica el puerto (1, 2, 3, 4 o F); por defecto 
muestra ajustes del puerto activo.

SHO R Displays the report settings. MOS R Mostrar configuración de reportes.

STA Displays the relay self-test status. EST Muestar resultados de autotest.

STA S Displays the SELOGIC usage status report. EST S Mostrar reporte de utilización SELOGIC.

SUM n Displays event summary n. If n is omitted, 
displays the most recent event summary.

SUM n Muestra un resumen del evento n.

SUM C or R Resets the event summary buffer. SUM D o R Borrar el buffer de resúmenes de evento.

TAR Displays the default target row or the most 
recently viewed target row.

BAN Mostrar la fila de banderas por defecto o 
la última fila de banderas mostrada.

TAR n Displays target row n. BAN n Mostrar la fila de banderas n.

Serial Port 
Command Command Description
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TAR n k Displays target row n. Repeats display of row 
n for repeat count k.

BAN n k Mostrar la fila de banderas n k veces. 

TAR name Displays the target row with target name in 
the row.

BAN name Mostrar la fila de banderas que contiene la 
bandera name.

TAR name k Displays the target row with target name in 
the row. Repeats display of this row for 
repeat count k.

BAN name k Mostrar la fila de banderas que contiene la 
bandera name k veces.

TAR R Resets any latched targets and the most 
recently viewed target row.

BAN R Resetea todas las banderas selladas y la fila de 
banderas mostrada mas recientemente.

TIME Displays the time. HORA Ver hora.

TIME hh Sets the time by entering TIME followed by 
hours, as shown (24-hour clock).

HORA hh Configurar la hora ingresando HORA seguido 
por horas como se muestra (relog 24 horas).

TIME hh:mm Sets the time by entering TIME followed by 
hours and minutes, as shown (24-hour clock).

HORA 
hh:mm

Configurar la hora ingresando HORA seguido 
por horas y minutos como se muestra (relog 
24 horas).

TIME 
hh:mm:ss 

Sets the time by entering TIME followed by 
hours, minutes, and seconds, as shown (24-
hour clock).

HORA 
hh:mm:ss

Configurar la hora ingresando HORA seguido 
por horas, minutos y segundos como se 
muestra (relog 24 horas).

TRI Triggers an event report data capture. TRI Disparar la captura de un reporte de evento.

Access Level 2 Commands Comandos del Nivel de Acceso 2

89C m Closes Two-position Disconnect m, where 
m = 1–8

89C m Cierra el seccionador de dos-posiciones m, 
donde m = 1–8.

89O m Opens Two-position Disconnect m, where 
m = 1–8

89A m Abre el seccionador de dos-posiciones m, 
donde m = 1–8.

89C n m Closes Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89C n m Cierra el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

89O n m Opens Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89A n m Abre el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

AFT Tests arc-flash detector channels. AFT AFT Probar detectores arc-flash en canales. 

ANA c p t Tests analog output channel, where c is the 
channel name or number, p is a percentage of 
full scale or either letter “R” or “r” indicates 
ramp mode, and t is the duration of the test in 
decimal minutes.

ANA c p t Probar el canal de salida analógica donde c es 
el nombre o el número del canal, p es el 
porcentaje de escala completa, o las letras “R” 
o “r” para indicar el modo de rampa y t para 
indicar la duración de la prueba en minutos 
decimales.

BRE R Resets the breaker data. INT R Reiniciar datos del interruptor.

BRE W Preloads the breaker data. INT W Precargar datos del interruptor.

CAL Enters Access Level C. If the main board 
access jumper is not in place, the relay 
prompts for the entry of the Access Level C 
password. Access Level C is reserved for 
SEL use only.

CAL Ingresar al Nivel de Acceso C. Si el jumper de 
acceso en la tarjeta principal no está en su 
lugar, el relé pedirá la contraseña de Acceso 
del Nivel C. El Nivel de Acceso C está 
reservado para uso exclusivo de SEL.

CON RBnn k Selects a remote bit to set, clear, or pulse 
where nn is a number from 01 to 32, 
representing RB01 through RB32. k is S, C, 
or P for Set, Clear, or Pulse.

CON RBnn k Seleccionar un bit remoto para activar, 
desactivar o pulsar donde nn es un número del 
01 al 32, representando desde RB01 hasta 
RB32. k es A, D o P para Activar, Deactivar o 
Pulsar.

COPY m n Copies the relay and logic settings from 
Group m to Group n.

COPY m n Copiar configuración del relé y la 
configuración lógica del Grupo m al Grupo n.

Serial Port 
Command Command Description
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FIL WRITE 
filename

Transfers settings file filename from the PC 
to the relay.

FIL WRITE 
filename

Transferir el archivo de configuración 
filename de la computadora al relé.

GROUP n Changes the active group to Group n 
(where n = 1, 2, 3, or 4).

GRUPO n Usar Grupo de configuraciones n, donde 
n = 1, 2, 3 o 4.

L_D Loads new firmware. L_D Cargar un firmware nuevo.

LOO Enables loopback testing of MIRRORED BITS 
channels.

LOO Habilitar loopback de los canales MIRRORED 
BITS.

LOO A Enables loopback on MIRRORED BITS 
Channel A for the next 5 minutes.

LOO A Habilitar loopback en Canal MIRRORED 
BITS A por los siguientes 5 minutos.

LOO B Enables loopback on MIRRORED BITS 
Channel B for the next 5 minutes.

LOO B Habilitar loopback en Canal MIRRORED 
BITS B por los siguientes 5 minutos.

LOO R Disables the loopback on both channels and 
returns the device to normal operation.

LOO R Deshabilita loopback en canales MB A y B y 
regresa al modo normal de operación. 

LOO xx 
DATA

Enables loopback mode for xx minutes and 
allows the loopback data to modify the RMB 
values.

LOO xx 
DATA

Habilita loopback for xx minutos y permite 
modificar valores RMB.

MOT R or C Clears all motor statistics and motor start 
report data except for the learned parameters.

MOT D Borra todas las estadísticas del motor y de los 
eventos de arranque del motor excepto por los 
parámetros aprendidos. 

MMR C Clears stored motor parameters for each 
start/stop cycle and readies the relay to 
compute a new set of baseline run parameters 
in the following start/stop cycle.

MMR C Borra los reportes de mantenimiento del 
motor y prepara el relé para juntar datos de 
ciclo inicial. 

MST R or C Resets motor start trend data. MST R o C Reiniciar datos de tendencia de arranque del 
motor.

PARTNO Allows for updates to the part number after 
the relay hardware configuration has been 
changed.

PARTNO Cambia el número de parte del relé use 
despues de cambiar una tarjeta del relé.

PAS 1 Changes the Access Level 1 password. PAS 1 Cambiar la contraseña del Nivel de Acceso 1.

PAS 2 Changes the Access Level 2 password. PAS 2 Cambiar la contraseña del Nivel de Acceso 2.

PUL OUT nnn Pulse output contact nnn. PUL OUT nnn Pulsar el contacto de salida nnn.

PUL OUT 
nnn s

Pulses Output Contact nnn, where

nnn = OUT101…, for s (1 to 30, default is 1) 
seconds.

PUL OUT 
nnn s

Pulsar el contacto de salida nnn

(nnn = OUT101…) por t (de 1 a 30), el 
numero predeterminado es 1 segundos.

R_S Restores the factory-default settings and 
passwords and reboots the relay; available 
only after a firmware upgrade.

R_S Resetea el relé usando ajustes y passwords por 
defacto y después reinicia el relé. Disponible 
solamente después de una actualización de 
firmware.

RLP Resets learned motor parameters RLP Reinicia parámetros aprendidos. 

SET n Modifies the relay settings for group n, 
where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

AJU n Modificar el grupo n de ajustes del relé, 
donden n =1, 2, 3 o 4. Si no se especifica n, se 
modifica el grupo activo.

SET name For all SET commands, jump ahead to a 
specific setting by entering the setting name, 
e.g., 50P1P.

AJU name Para todos los comandos SET, adelántese a un 
ajuste ingresando el nombre del ajuste, por 
ejemplo, 50P11P.

SET DNP n Modifies the DNP data map settings for 
map n, where n = 1, 2, or 3.

AJU DNP n Modificar la configuración del mapa de datos 
DNP para el mapa n, donde n = 1, 2, o 3.

SET E m Modifies EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

AJU E m Modificar ajustes EtherNet/IP del mapa 
número n (n = 1, 2, o 3).

Serial Port 
Command Command Description
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SET F Modifies the front-panel settings. AJU F Modificar la configuración del panel frontal.

SET G Modifies the global settings. AJU G Modificar las ajustes globales.

SET I Modifies the IEC 60870-5-103 settings. AJU I Modificar ajustes IEC 60870-5-103.

SET L n Modifies the SELOGIC variable and timer 
settings for Group n, where n = 1, 2, 3, or 4. 
If n is not specified, default is the active 
settings group.

AJU L n Modifica ajustes SELOGIC, laches, variables 
lógicas (SV) y matemáticas (MV) en el grupo 
de ajustes n. Si no se especifica n, se modifica 
el grupo activo.

SET M Modifies the Modbus User Map settings. AJU M Modificar las configuración del Mapa del 
Usuario Modbus.

SET P n Modifies the port n settings, where n = 1, 2, 
3, 4, or F. If not specified, the default is the 
active port. 

AJU P n Modificar la configuración del puerto n, 
donde n = 1, 2, 3, 4 o F. Si n no está 
especificado, el puerto predeterminado es el 
puerto activo.

SET R Modifies the report settings. AJU R Modificar la configuración de reportes.

SET … 
TERSE 

For all SET commands, TERSE disables the 
automatic SHO command after the settings 
entry. 

AJU...TERSO Para todos los comandos AJU, TERSO 
desactiva los comandos automáticos MOS 
después de modificar las configuraciones.

STA C or R Clears the self-test status and restarts the 
relay. 

EST R Salir del modo de diagnostico automático y 
reiniciar el relé.

STO Stops motor. PARA Iniciar el motor.

STR Starts motor. INI Parar el motor.

TEST DB Displays the present status of digital and 
analog overrides.

TEST DB Mostrar el estado actual de variable digitales y 
analógicas con valores forzados.

VEC D Displays the diagnostic vector report. VEC D Mostar reporte standard de reinicio del relé. 

VEC E Displays the exception vector report. VEC E Mostar reporte de reinicio del relé.

Access Level CAL Commands Comandos del Nivel del Acceso C

PAS C Changes the Access Level C password. PAS C Cambiar la contraseña del Nivel de Acceso C.

Serial Port 
Command Command Description
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SEL-710-5 Relay Command Summary
R.Instruction Manual

The following table lists the front serial port ASCII 
commands associated with particular activities. The 
commands are shown in uppercase letters, but you 
can also enter these with lowercase letters. 
Commands can be initiated with the three initial 
letters of the command. Refer to SEL ASCII Protocol 
and Commands for additional details and capabilities 
of each command.

La siguiente tabla muestra los comandos ASCII del 
puerto serie frontal asociados con diferentes 
actividades. Los comandos se pueden usar en 
mayúsculas o minúsculas. Los comandos se pueden 
ejecutar usando las primeras tres letras del nombre. Por 
más detalles consulte la guía SEL ASCII Protocol 
and Commands.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando

Access Level 0 Commands Comandos de Nivel de Acceso 0

ACC Goes to Access Level 1. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 1 
password.

ACC Ir a Nivel de Acceso 1. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 1.

ID Relay identification code. ID Código de identificación del relé.

QUIT Goes to Access Level 0. SAL Ir al Nivel de Acceso 0.

Access Level 1 Commands Comandos de Nivel de Acceso 1

2AC Goes to Access Level 2. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 2 
password.

2AC Ir a Nivel de Acceso 2. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 2.

BRE Displays breaker monitor data (trips, 
interrupted current, wear).

INT Mostrar información sobre disparos, corriente 
interrumpida, desgaste.

CEV n Shows compressed event report number n, at 
1/4-cycle resolution. If n is omitted, the most 
recent compressed event report is displayed.

CEV n Mostrar el reporte comprimido de evento 
número n, resolución de 1/4 de ciclo. 

CEV n R Shows compressed raw event report number 
n, at 1/32-cycle resolution. If n is omitted, the 
most recent compressed event report is 
displayed.

CEV n R Agregue R para mostrar el reporte de evento 
comprimido sin filtro, resolución 1/32 de 
ciclo. Si no se especifica n se muestra el 
evento comprimido mas reciente.

CMSR n Shows compressed motor start record data, 
where n is the record or reference number.

CMSR n Mostrar el reporte de inicio de motor n en 
formato comprimido.

COM A Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM A Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal A.

COM B Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM B Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal B.

COM C Clears all communications records. If both 
MIRRORED BITS channels are enabled, 
omitting the channel specifier (A or B) clears 
both channels.

COM D Borra todos los registros de comunicaciones. 
Si los dos canales MIRRORED BITS están 
habilitados, suprimiendo el especificador de 
canales (A o B) se borran los dos canales.

COM C A Clears all communications records for 
Channel A.

COM D A Borra todos los registros de comunicaciones 
del Canal A.

COM C B Clears all communications records for 
Channel B.

COM D B Borra todos los registros de comunicaciones 
del Canal B.
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COM L Appends a long report to the summary report 
of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS.

COM L A Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel A.

COM L A Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal A.

COM L B Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel B.

COM L B Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal B.

COM S Returns a summary report of the last 255 
records in the MIRRORED BITS 
communications buffer.

COM S Muestra un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS.

COU n Shows current state of device counters. 
n = repeat the report n times, with a 1/2 
second delay between each report.

COU n Muestra el estado actualizado de los 
contadores del dispositivo. n = repite el 
informe n veces, con ½ segundos entre cada 
informe.

DATE Shows the date. FEC Ver fecha.

DATE 
dd/mm/yyyy 

Sets the date in DMY format if DATE_F 
setting is DMY. 

FEC 
dd/mm/yyyy

Si DATE_F es igual a DMY, ingrese fecha en 
formato Día Mes Año

DATE 
mm/dd/yyyy 

Sets the date in MDY format if DATE_F 
setting is MDY. 

FEC 
mm/dd/yyyy

Si DATE_F es MDA, ingrese fecha en formato 
Mes Día Año.

DATE 
yyyy/mm/dd 

Sets the date in YMD format if DATE_F 
setting is YMD. 

FEC 
yyyy/mm/dd

Si DATE_F es AMD, ingrese fecha en 
formato Año Mes Día.

ETH Shows the Ethernet port status. ETH Mostrar el estado del puerto de Ethernet.

EVE n Shows event report n with 4 samples per 
cycle. If n is omitted, most recent report is 
displayed. 

EVE n Mostrar el reporte de evento estándar número 
n, con 4 muestras por ciclo. Omitiendo n, se 
muestra el informe más reciente.

EVE n R Shows event report n with raw (unfiltered) 32 
samples per cycle analog data and 4 samples 
per cycle digital data.

EVE n R Muestra el evento número n (32 muestras 
analógicas y 4 muestras digitales por ciclo) 

EVE DIF n R Shows differential event report. Parameters n 
and R are optional.

EVE DIF n R Muestra el reporte de veento differencial. Los 
parámetros n y R son opcionales.

FIL DIR Returns a list of files. FIL DIR Mostrar lista de archivos.

FIL READ 
filename 

Transfers settings file filename from the relay 
to the PC. 

FIL READ 
filename

Transferir el archivo de configuración 
filename del relé a la computadora.

FIL SHOW 
filename 

Filename displays contents of the file 
filename. 

FIL SHOW 
filename

Muestra el contenido del archivo filename.

GOOSE k Displays transmit and receive GOOSE 
messaging information. Enter number k to 
scroll the GOOSE data k times on the screen.

GOOSE k Mostrar información de transmisión y 
recepción de mensajes GOOSE. Ingresar el 
numero k para mostrar los datos GOOSE k 
veces en la pantalla.

GROUP Displays active group setting. GRUPO Mostrar el grupo de ajustes activo.

HELP Displays a short description of selected 
commands.

AYU Mostrar una descripción corta de los 
comandos elegidos.

HIS n Shows summary of n latest event reports, 
where n = 1 is the most recent entry. If n is 
omitted, all of the event report summaries are 
displayed.

HIS n Mostrar el resumen de los últimos n informes 
de eventos, donde n = 1 es la entrada más 
reciente. Si n es no está especificado, muestra 
todos los resúmenes de reportes de eventos.

HIS C or R Clears or resets history buffer. HIS D o R Borrar la historia de eventos.

Serial Port 
Command Command Description
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HIS CA or RA Clears history events and resets reference 
number.

HIS DT or RT Borrar eventos y restablecer los numeros de 
referencia.

HIS BBD Displays the frequency of the detected 
broken bar component and its magnitude.

HIS BBD Monstrar la frecuencia de la componente de 
barras rotas detectada y su magnitud.

HIS BBD 
C or R

Clears or resents HIS BBD. HIS BBD 
C or R

Borrar el historial de eventos de barras rotos.

IRIG Forces synchronization of internal control 
clock to IRIG-B time-code input.

IRIG Forzar la sincronización del reloj interno a 
IRIG-B.

LDP Displays load profile data. LDP Mostrar los datos de perfil carga.

LDP 
row1 row2

Displays load profile report rows from row1 
to row2, starting with row1. If row2 is 
omitted, displays the first row1 rows.

LDP 
row1 row2

Mostrar los datos de perfil carga entra las filas 
row1 y row2. Si se omite row2, muestra las 
primeras row1 columnas.

LDP 
date1 date2

Displays load profile report rows from date1 
to date2, starting with date1.

LDP 
date1 date2

Mostrar los datos de perfil carga entra las filas 
date1 y date2.

LDP C Clears load profile data. LDP D Borrar los datos de perfil de la señal.

MAC Displays the MAC address of the Ethernet 
port (PORT 1).

MAC Mostrar la dirección MAC del puerto de 
Ethernet (PUERTO 1).

MET or 
MET FUN

Displays fundamental instantaneous 
metering data. 

MED o 
MED FUN

Mostrar los datos de medición fundamentales.

MET k Displays fundamental metering data k times, 
where k is between 1 and 32767.

MED k Mostrar los datos de medición fundamentales 
k veces. k entre 1 y 32767

MET AI Displays analog input (transducer) data. MED EA Mostrar los datos de entrada analógica.

MET E Displays energy metering data. MED E Mostrar los datos de medición de energía.

MET FFT Displays the raw data collected and the 
frequencies and their associated magnitudes 
and phase angles (broken bar data).

MED FFT Mostrar reporte incluyendo muestras sin 
filtrar y espectro de frecuencia de la señal. 

MET L Displays arc-flash detector (AFD) light input 
(relay requires the arc-flash detection (AFD) 
option with a 2 AVI/4 AFDI card or 8 AFDI 
card in Slot E).

MED L Muestra la entrada de luz de los sensores AFD 
(arco de voltaje). Requiere sensores AFD 
tarjeta 2 AVI/4 AFDI o 8 AFDI en Slot E.

MET M Display minimum and maximum metering 
data.

MED M Mostrar datos de medición mínimos y 
máximos.

MET MV Displays SELOGIC math variable data. MED V Mostrar variables matemáticas SELOGIC.

MET RA Displays remote analog metering data. MED RA Mostrar datos analogicos de medición remota.

MET RE Resets energy metering data. MED RE Reiniciar los datos de medición de energía.

MET RM Resets minimum and maximum metering 
data.

MED RM Reiniciar los datos de medición mínima y 
máxima.

MET RMS Displays rms metering data. MED RMS Mostrar los datos de medición rms.

MET T Displays RTD and thermal metering data. MED T Mostrar los datos de medición RTD y 
termicos 

MMR Displays stored motor parameters for each 
start/stop cycle along with the baseline run.

MMR Mostrar reporte de mantenimiento del motor 
de cada ciclo de arranque/parada, incluyendo 
el ciclo inicial. 

MOT Displays motor operating statistics report. MOT Mostrar estadísticas de operación del motor

MSR n Displays motor start record data where n is 
the record or reference number.

MSR n Mostrar datos de arranque del motor. Donde n 
es el número de evento. 

MST Displays motor start trend data. MST Mostrar tendencias de arranque del motor.

Serial Port 
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PING x.x.x.x t Determines if Ethernet port is functioning 
and configured properly. x.x.x.x is the IP 
address and t is the PING interval settable 
from 2 to 255 seconds. Default t is 1 second. 
Press Q to stop.

PING x.x.x.x t Determinar si el puerto Ethernet esta 
funcionando y configurado adecuadamente. 
x.x.x.x es la dirección IP. t es el intervalo entre 
PINGs, t es ajustable entre 2 y 255 segundos. 
Por omisión, t = 1 segundo. Oprima Q para 
detener.

RSTP Displays the RSTP statistics and the current 
RSTP configuration of Port 1.

RSTP Muestra estadisticas y configuracion RSTP 
actual.

SER Displays the entire Sequential Events 
Recorder (SER) report.

SER Mostrar el reporte completo del Registrador 
de Eventos Secuenciales (SER).

SER date1 Displays all the rows in the SER report 
recorded on the specified date (see DATE 
command for date format).

SER date1 Mostrar todos las filas en el reporte SER del 
dia date1 (vea el commando DATE por el 
formato de fecha).

SER 
date1 date2

Displays all the rows in the SER report 
recorded between dates date1 and date2, 
inclusive.

SER 
date1 date2

Mostrar todos las filas en el reporte SER entre 
el dia date1 y el dia date2 (vea el commando 
DATE por el formato de fecha)

SER row1 Displays the latest row1 rows in the SER 
report (row1 = 1–1024, where 1 is the most 
recent entry).

SER row1 Mostrar las ultimas row1 filas en el reporte 
SER (row1 = 1–1024, 1 es la fila más 
reciente).

SER 
row1 row2

Displays rows row1–row2 in the SER report SER 
row1 row2

Mostrar las filas entre row1–row2.

SER C or R Clears SER data. SER D Borrar los datos SER.

SHO n Displays relay settings for group n, where 
n = 1, 2, 3, or 4. If n is not specified, default 
is the active settings group. 

MOS n Mostrar ajustes del grupo n del relé 
(n = 1, 2, 3, o 4). Por omisión, muestra grupo 
de ajustes 1.

SHO DNP m Displays the DNP data map settings for 
Map m, where m = 1, 2, or 3.

MOS DNP m Mostrar ajustes de mapa de datos DNP para el 
Mapa m (m = 1, 2, o 3).

SHO E m Displays EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

MOS E m Mostrar ajustes EtherNet/IP del mapa número 
m (m = 1, 2, o 3).

SHO F Displays the front-panel settings. MOS F Mostrar ajustes del panel frontal.

SHO G Displays the global settings. MOS G Mostrar ajustes globales.

SHO I Displays the IEC 60870-5-103 map settings. MOS I Mostrar mapa de ajustes IEC 60870-5-103.

SHO L n Displays the general logic settings for group 
n, where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

MOS L n Mostrar la lógica de configuración general del 
grupo n del relé (n = 1, 2, 3 o 4). Por omisión, 
muestra grupo de ajustes 1.

SHO M Displays the Modbus User Map settings. MOS M Mostrar ajustes del Mapa del Usuario 
Modbus.

SHO P n Displays the port settings, where n specifies 
Port 1, 2, 3, 4, or F; n defaults to the active 
port if not listed.

MOS P n Mostrar configuraciones de puerto, donde n 
especifica el puerto (1, 2, 3, 4 o F); por defecto 
muestra ajustes del puerto activo.

SHO R Displays the report settings. MOS R Mostrar configuración de reportes.

STA Displays the relay self-test status. EST Muestar resultados de autotest.

STA S Displays the SELOGIC usage status report. EST S Mostrar reporte de utilización SELOGIC.

SUM n Displays event summary n. If n is omitted, 
displays the most recent event summary.

SUM n Muestra un resumen del evento n.

SUM C or R Resets the event summary buffer. SUM D o R Borrar el buffer de resúmenes de evento.

TAR Displays the default target row or the most 
recently viewed target row.

BAN Mostrar la fila de banderas por defecto o 
la última fila de banderas mostrada.

TAR n Displays target row n. BAN n Mostrar la fila de banderas n.
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TAR n k Displays target row n. Repeats display of row 
n for repeat count k.

BAN n k Mostrar la fila de banderas n k veces. 

TAR name Displays the target row with target name in 
the row.

BAN name Mostrar la fila de banderas que contiene la 
bandera name.

TAR name k Displays the target row with target name in 
the row. Repeats display of this row for 
repeat count k.

BAN name k Mostrar la fila de banderas que contiene la 
bandera name k veces.

TAR R Resets any latched targets and the most 
recently viewed target row.

BAN R Resetea todas las banderas selladas y la fila de 
banderas mostrada mas recientemente.

TIME Displays the time. HORA Ver hora.

TIME hh Sets the time by entering TIME followed by 
hours, as shown (24-hour clock).

HORA hh Configurar la hora ingresando HORA seguido 
por horas como se muestra (relog 24 horas).

TIME hh:mm Sets the time by entering TIME followed by 
hours and minutes, as shown (24-hour clock).

HORA 
hh:mm

Configurar la hora ingresando HORA seguido 
por horas y minutos como se muestra (relog 
24 horas).

TIME 
hh:mm:ss 

Sets the time by entering TIME followed by 
hours, minutes, and seconds, as shown (24-
hour clock).

HORA 
hh:mm:ss

Configurar la hora ingresando HORA seguido 
por horas, minutos y segundos como se 
muestra (relog 24 horas).

TRI Triggers an event report data capture. TRI Disparar la captura de un reporte de evento.

Access Level 2 Commands Comandos del Nivel de Acceso 2

89C m Closes Two-position Disconnect m, where 
m = 1–8

89C m Cierra el seccionador de dos-posiciones m, 
donde m = 1–8.

89O m Opens Two-position Disconnect m, where 
m = 1–8

89A m Abre el seccionador de dos-posiciones m, 
donde m = 1–8.

89C n m Closes Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89C n m Cierra el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

89O n m Opens Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89A n m Abre el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

AFT Tests arc-flash detector channels. AFT AFT Probar detectores arc-flash en canales. 

ANA c p t Tests analog output channel, where c is the 
channel name or number, p is a percentage of 
full scale or either letter “R” or “r” indicates 
ramp mode, and t is the duration of the test in 
decimal minutes.

ANA c p t Probar el canal de salida analógica donde c es 
el nombre o el número del canal, p es el 
porcentaje de escala completa, o las letras “R” 
o “r” para indicar el modo de rampa y t para 
indicar la duración de la prueba en minutos 
decimales.

BRE R Resets the breaker data. INT R Reiniciar datos del interruptor.

BRE W Preloads the breaker data. INT W Precargar datos del interruptor.

CAL Enters Access Level C. If the main board 
access jumper is not in place, the relay 
prompts for the entry of the Access Level C 
password. Access Level C is reserved for 
SEL use only.

CAL Ingresar al Nivel de Acceso C. Si el jumper de 
acceso en la tarjeta principal no está en su 
lugar, el relé pedirá la contraseña de Acceso 
del Nivel C. El Nivel de Acceso C está 
reservado para uso exclusivo de SEL.

CON RBnn k Selects a remote bit to set, clear, or pulse 
where nn is a number from 01 to 32, 
representing RB01 through RB32. k is S, C, 
or P for Set, Clear, or Pulse.

CON RBnn k Seleccionar un bit remoto para activar, 
desactivar o pulsar donde nn es un número del 
01 al 32, representando desde RB01 hasta 
RB32. k es A, D o P para Activar, Deactivar o 
Pulsar.

COPY m n Copies the relay and logic settings from 
Group m to Group n.

COPY m n Copiar configuración del relé y la 
configuración lógica del Grupo m al Grupo n.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando



6

SEL-710-5 Relay Instruction Manual Date Code 20220826

SEL-710-5 Relay Command Summary

FIL WRITE 
filename

Transfers settings file filename from the PC 
to the relay.

FIL WRITE 
filename

Transferir el archivo de configuración 
filename de la computadora al relé.

GROUP n Changes the active group to Group n 
(where n = 1, 2, 3, or 4).

GRUPO n Usar Grupo de configuraciones n, donde 
n = 1, 2, 3 o 4.

L_D Loads new firmware. L_D Cargar un firmware nuevo.

LOO Enables loopback testing of MIRRORED BITS 
channels.

LOO Habilitar loopback de los canales MIRRORED 
BITS.

LOO A Enables loopback on MIRRORED BITS 
Channel A for the next 5 minutes.

LOO A Habilitar loopback en Canal MIRRORED 
BITS A por los siguientes 5 minutos.

LOO B Enables loopback on MIRRORED BITS 
Channel B for the next 5 minutes.

LOO B Habilitar loopback en Canal MIRRORED 
BITS B por los siguientes 5 minutos.

LOO R Disables the loopback on both channels and 
returns the device to normal operation.

LOO R Deshabilita loopback en canales MB A y B y 
regresa al modo normal de operación. 

LOO xx 
DATA

Enables loopback mode for xx minutes and 
allows the loopback data to modify the RMB 
values.

LOO xx 
DATA

Habilita loopback for xx minutos y permite 
modificar valores RMB.

MOT R or C Clears all motor statistics and motor start 
report data except for the learned parameters.

MOT D Borra todas las estadísticas del motor y de los 
eventos de arranque del motor excepto por los 
parámetros aprendidos. 

MMR C Clears stored motor parameters for each 
start/stop cycle and readies the relay to 
compute a new set of baseline run parameters 
in the following start/stop cycle.

MMR C Borra los reportes de mantenimiento del 
motor y prepara el relé para juntar datos de 
ciclo inicial. 

MST R or C Resets motor start trend data. MST R o C Reiniciar datos de tendencia de arranque del 
motor.

PARTNO Allows for updates to the part number after 
the relay hardware configuration has been 
changed.

PARTNO Cambia el número de parte del relé use 
despues de cambiar una tarjeta del relé.

PAS 1 Changes the Access Level 1 password. PAS 1 Cambiar la contraseña del Nivel de Acceso 1.

PAS 2 Changes the Access Level 2 password. PAS 2 Cambiar la contraseña del Nivel de Acceso 2.

PUL OUT nnn Pulse output contact nnn. PUL OUT nnn Pulsar el contacto de salida nnn.

PUL OUT 
nnn s

Pulses Output Contact nnn, where

nnn = OUT101…, for s (1 to 30, default is 1) 
seconds.

PUL OUT 
nnn s

Pulsar el contacto de salida nnn

(nnn = OUT101…) por t (de 1 a 30), el 
numero predeterminado es 1 segundos.

R_S Restores the factory-default settings and 
passwords and reboots the relay; available 
only after a firmware upgrade.

R_S Resetea el relé usando ajustes y passwords por 
defacto y después reinicia el relé. Disponible 
solamente después de una actualización de 
firmware.

RLP Resets learned motor parameters RLP Reinicia parámetros aprendidos. 

SET n Modifies the relay settings for group n, 
where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

AJU n Modificar el grupo n de ajustes del relé, 
donden n =1, 2, 3 o 4. Si no se especifica n, se 
modifica el grupo activo.

SET name For all SET commands, jump ahead to a 
specific setting by entering the setting name, 
e.g., 50P1P.

AJU name Para todos los comandos SET, adelántese a un 
ajuste ingresando el nombre del ajuste, por 
ejemplo, 50P11P.

SET DNP n Modifies the DNP data map settings for 
map n, where n = 1, 2, or 3.

AJU DNP n Modificar la configuración del mapa de datos 
DNP para el mapa n, donde n = 1, 2, o 3.

SET E m Modifies EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

AJU E m Modificar ajustes EtherNet/IP del mapa 
número n (n = 1, 2, o 3).
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SET F Modifies the front-panel settings. AJU F Modificar la configuración del panel frontal.

SET G Modifies the global settings. AJU G Modificar las ajustes globales.

SET I Modifies the IEC 60870-5-103 settings. AJU I Modificar ajustes IEC 60870-5-103.

SET L n Modifies the SELOGIC variable and timer 
settings for Group n, where n = 1, 2, 3, or 4. 
If n is not specified, default is the active 
settings group.

AJU L n Modifica ajustes SELOGIC, laches, variables 
lógicas (SV) y matemáticas (MV) en el grupo 
de ajustes n. Si no se especifica n, se modifica 
el grupo activo.

SET M Modifies the Modbus User Map settings. AJU M Modificar las configuración del Mapa del 
Usuario Modbus.

SET P n Modifies the port n settings, where n = 1, 2, 
3, 4, or F. If not specified, the default is the 
active port. 

AJU P n Modificar la configuración del puerto n, 
donde n = 1, 2, 3, 4 o F. Si n no está 
especificado, el puerto predeterminado es el 
puerto activo.

SET R Modifies the report settings. AJU R Modificar la configuración de reportes.

SET … 
TERSE 

For all SET commands, TERSE disables the 
automatic SHO command after the settings 
entry. 

AJU...TERSO Para todos los comandos AJU, TERSO 
desactiva los comandos automáticos MOS 
después de modificar las configuraciones.

STA C or R Clears the self-test status and restarts the 
relay. 

EST R Salir del modo de diagnostico automático y 
reiniciar el relé.

STO Stops motor. PARA Iniciar el motor.

STR Starts motor. INI Parar el motor.

TEST DB Displays the present status of digital and 
analog overrides.

TEST DB Mostrar el estado actual de variable digitales y 
analógicas con valores forzados.

VEC D Displays the diagnostic vector report. VEC D Mostar reporte standard de reinicio del relé. 

VEC E Displays the exception vector report. VEC E Mostar reporte de reinicio del relé.

Access Level CAL Commands Comandos del Nivel del Acceso C

PAS C Changes the Access Level C password. PAS C Cambiar la contraseña del Nivel de Acceso C.
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Preface

Manual Overview
The SEL-751A Feeder Protection Relay Instruction Manual describes 
common aspects of feeder relay application and use. It includes the necessary 
information to install, set, test, and operate the relay.

An overview of each manual section and topics follows:

Preface. Describes the manual organization and conventions used to 
present information.

Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-751A; lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-751A; 
illustrates wiring connections for various applications.

Section 3: PC Software. Describes the features, installation methods, and 
types of help available with the ACSELERATOR QuickSet SEL-5030 
Software.

Section 4: Protection and Logic Functions. Describes the operating 
characteristic of each protection element, using logic diagrams and 
text, and explains how to calculate element settings; describes contact 
output logic, automation, and report settings.

Section 5: Metering and Monitoring. Describes the operation of each 
metering function; describes the monitoring functions.

Section 6: Settings. Describes how to enter and record settings for basic 
protection, voltage-based protection, and RTD-based protection.

Section 7: Communications. Describes how to connect the SEL-751A to a 
PC for communication; shows serial port pinouts; lists and defines 
serial port commands. Describes the communications port interfaces 
and protocols supported by the relay for serial and Ethernet.

Section 8: Front-Panel Operations. Explains the features and use of the 
front panel, including front-panel command menu, default displays, 
and automatic messages.

Section 9: Analyzing Events. Describes front-panel LED operation, trip-
type front-panel messages, event summary data, standard event 
reports, and Sequential Events Recorder (SER) report.

Section 10: Testing and Troubleshooting. Describes protection element 
test procedures, relay self-test, and relay troubleshooting.

Appendix A: Firmware, ICD, and Manual Versions. Lists the present relay
firmware version and details differences between the present and 
previous versions. Provides a record of changes made to the manual 
since the initial release.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to 
update the firmware stored in flash memory.

Appendix C: SEL Communications Processors. Provides examples of how 
to use the SEL-751A with SEL communications processors for total 
substation automation solutions.
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Appendix D: DNP3 Communications. Describes the DNP3 protocol support
provided by the SEL-751A.

Appendix E: Modbus Communications. Describes the Modbus protocol 
support provided by the SEL-751A.

Appendix F: IEC 61850 Communications. Describes IEC 61850 
implementation in the SEL-751A.

Appendix G: DeviceNet Communications. Describes the use of DeviceNet 
(data-link and application protocol) over CAN (controller area 
network).

Appendix H: Synchrophasors. Describes the Phasor Measurement Control 
Unit (PMCU), and accessing synchrophasor data via ASCII Command 
(MET PM) and IEEE C37.118 Protocol.

Appendix I: MIRRORED BITS Communications. Describes how SEL protective 
relays and other devices can directly exchange information quietly, 
securely, and with minimum cost.

Appendix J: Relay Word Bits. Lists and describes the Relay Word bits 
(outputs of protection and control elements).

Appendix K: Analog Quantities. Lists and describes the analog quantities 
(outputs of analog elements).

SEL-751A Relay Command Summary. Briefly describes the serial port 
commands that are fully described in Section 7: Communications.
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Safety Information

1

Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols The following symbols are often marked on SEL products.

CAUTION
To ensure proper safety and operation, the equipment ratings, installation instructions, and 
operating instructions must be checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be checked before carrying out any 
other actions. It is the responsibility of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this manual. If misused, any safety 
protection provided by the equipment may be impaired.

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, may result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Hazardous Locations Approvals
The SEL-751A is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. The SEL-751A shall be 
installed in an indoor or outdoor (extended) locked enclosure that provides a 
degree of protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

General Safety Marks 

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if 
mistreated. Do not recharge, disassemble, heat above 100°C or 
incinerate. Dispose of used batteries according to the manufacturer’s 
instructions. Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2335 ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur 
pour les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C 
ou incinérer. Éliminez les vieilles piles suivant les instructions du 
fabricant. Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be checked 
before commissioning or maintenance of the equipment. The integrity 
of any protective conductor connection must be checked before 
carrying out any other actions. It is the responsibility of the user to 
ensure that the equipment is installed, operated, and used for its 
intended function in the manner specified in this manual. If misused, 
any safety protection provided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les 
classements d’équipement ainsi que les instructions d’installation et 
d’opération avant la mise en service ou l’entretien de l’équipement. Il 
faut vérifier l’intégrité de toute connexion de conducteur de 
protection avant de réaliser d’autres actions. L’utilisateur est 
responsable d’assurer l’installation, l’opération et l’utilisation de 
l’équipement pour la fonction prévue et de la manière indiquée dans 
ce manuel. Une mauvaise utilisation pourrait diminuer toute 
protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l’air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de 
Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Tightening Torque

Terminal Blocks: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 
0.18–0.25 Nm (1.6–2.2 in-lb)

Spécifications des bornes

Type de filage

Utiliser seulement des conducteurs en cuivre spécifiés à 
75°C (167°F).

Couple de serrage

Borniers : 0,9–1,4 Nm (8–12 livres-pouce)

Fiche à compression : 0,5–1,0 Nm (4,4–8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18–0,25 Nm (1,6–2,2 livres-pouce)

Hazardous Locations Safety Marks 

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à 
Classe I, Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A must be installed in an enclosure that 
meets the requirements of an Ex n enclosure rated IP54 or better. The 
enclosure shall be limited to the surrounding air temperature range of –
20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements or 
be tested for compliance as part of the complete assembly.

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this 
device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet 
appareil. Tout contact avec des tensions ou courants internes à 
l’appareil peut causer un choc électrique pouvant entraîner des 
blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc 
électrique pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de 
celles indiquées dans ce manuel peut désarmer les dispositifs de 
protection d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or others, 
or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser 
avec d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour 
des mots de passe confidentiels. Dans le cas contraire, un accès non-
autorisé á l’équipement peut être possible. SEL décline toute 
responsabilité pour tout dommage résultant de cet accès non-
autorisé.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, 
utilisez exclusivement des équipements de test homologués comme 
produits de type laser de Classe 1.

WARNING
To install an option card, the relay must be de-energized and then 
reenergized. When reenergized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option card 
to prevent damage to the equipment.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut 
éteindre l’équipement protégé avant d’installer la carte à option pour 
empêcher des dégats à l’équipement

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper 
ESD procedures. Ground yourself, your work surface, and this 
equipment before removing any cover from this equipment. If your 
facility is not equipped to work with these components, contact SEL 
about returning this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. 
Raccordez-vous correctement à la terre, ainsi que la surface de travail 
et l’appareil avant d’en retirer un panneau. Si vous n’êtes pas équipés 
pour travailler avec ce type de composants, contacter SEL afin de 
retourner l’appareil pour un service en usine.
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General Information
Typographic 
Conventions

There are many ways to communicate with the SEL-751A. The three primary 
methods are:

➤ Using a command line interface on a PC terminal emulation 
window.

➤ Using the front-panel menus and pushbuttons.

➤ Using QuickSet.

The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions.

Trademarks All brand or product names appearing in this document are the trademark or 
registered trademark of their respective holders. No SEL trademarks may be 
used without written permission.

SEL trademarks appearing in this manual are shown in the following table.

CAUTION
Looking into optical connections, fiber ends, or bulkhead connections 
can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres 
oules connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment damage 
can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 2 of 2)

Example Description

STATUS Commands typed at a command line interface on a PC.

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

Main > Meters Relay front-panel LCD menus and relay responses.
The > character indicates submenus.

ACSELERATOR Analytic Assistant® SEL-2407®

ACSELERATOR Architect® SELOGIC®

ACSELERATOR QuickSet® time-overlight®

ACSELERATOR Report Server® SYNCHROWAVE®

MIRRORED BITS®
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Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-751A. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the present version of your SEL-751A.

LED Emitter The following table shows LED information specific to the SEL-751A 
(see Figure 2.10 for the location of the ports using these LEDs on the relay).

The following figure shows the LED location specific to the SEL-751A 
(see Figure 2.10 for the complete rear-panel drawing).

SEL-751A LED Locations

Item
Fiber-Optic Ethernet 

PORT 1 (1A, 1B)
PORT 2

Arc-Flash 
Channel 1—4

Mode Multimode Multimode Multimode

Wavelength 1300 nm 820 nm 640 nm

Source LED LED LED

Connector type LC ST V-pin

Typical Output power –15.7 dBm –16 dBm –12 dBm

CAUTION
Use of controls, adjustments, or 
performance of procedures other than 
those specified herein may result in 
hazardous radiation exposure.

CAUTION
Looking into optical connections, fiber 
ends, or bulkhead connections can 
result in hazardous radiation 
exposure.

i4333a

Fiber-Optic 
Serial Port LED

Arc-Flash Detection 
LEDs for Self-Test

Fiber-Optic 
Ethernet
Port LEDs
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Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

Wire Sizes and 
Insulation

For wiring connections, use 105°C-rated wiring. Wire sizes for grounding 
(earthing), current, voltage, and contact connections are dictated by the 
terminal blocks and expected load currents. You can use the following table as 
a guide in selecting wire sizes. See the SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08) for wiring 
and termination guidance. Strip the wires 8 mm (0.31 in) for installation and 
termination.

LED Safety Warnings and Precautions

➤ Do not look into the end of an optical cable connected to an 
optical output.

➤ Do not look into the fiber ports/connectors.

➤ Do not perform any procedures or adjustments that are not 
described in this manual.

➤ During installation, maintenance, or testing of the optical 
ports only use test equipment classified as Class 1 laser 
products.

➤ Incorporated components such as transceivers and laser/LED 
emitters are not user serviceable. Units must be returned to 
SEL for repair or replacement.

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea

a Consult the factory for derating specifications for higher altitude applications.

As high as 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40° to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations To ±10% of nominal voltage

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

Connection Type
Wire Size Insulation 

VoltageMinimum Maximum

Grounding (Earthing) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Current 16 AWG (1.3 mm2) 12 AWG (3.3 mm2) 300 V min

Potential (Voltage) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Contact I/O 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

RTDa

a See Table 2.17 for typical maximum RTD lead lengths.

28 AWG (0.08 mm2) 16 AWG (1.30 mm2) 300 V min

Other Connection 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min
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Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-751A chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.

Technical Support We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/
info@selinc.com
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Section 1
Introduction and Specifications

Overview
The SEL-751A Feeder Protection Relay is designed to provide overcurrent 
protection to feeders, transformers, etc. The basic relay provides instantaneous 
and inverse time-overcurrent protection. Voltage-based, arc-flash detector 
(AFD)-based, and RTD-based protection are available as options. All relay 
models provide monitoring functions.

This manual contains the information necessary to install, set, test, operate, 
and maintain any SEL-751A. You need not review the entire manual to 
perform specific tasks. 

Features
Standard Protection 
Features

➤ Phase Instantaneous Overcurrent (50P)

➤ Ground (Residual) Instantaneous Overcurrent (50G)

➤ Neutral Instantaneous Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Neutral Time Overcurrent (51N)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Frequency (81)

➤ Breaker Failure Protection

➤ Breaker Wear Monitor

Optional Protection 
Features

➤ Autoreclosing Control (79)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Negative-Sequence Overvoltage (59Q)

➢ Residual (Zero-Sequence) Overvoltage (59G)

➢ Power Elements (32)

➢ Power Factor (55)

➢ Loss of Potential (60LOP)
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➤ Rate-of-Change of Frequency (81R)

➤ Fast Rate-of-Change of Frequency (81RF) for Aurora 
Mitigation

➤ Optional Residual Current CT-based Overcurrent and Time 
Overcurrent (50G/51G)

➤ Arc-Flash Protection

➤ Demand and Peak Demand Metering

➤ Synchronism Check (25)

➢ Synchronism-Check Undervoltage (27S)

➢ Synchronism-Check Overvoltage (59S)

➤ Station DC Battery Monitor

➤ RTD-Based Protection: Monitor as many as ten (10) RTDs 
when you use an internal RTD card, or monitor as many as 
twelve (12) when you use an external SEL-2600 RTD Module 
with the ST option. There are separate Trip and Warn settings 
for each RTD.

Monitoring Features ➤ Event summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Compatibility with SEL-3010 Event Messenger

➤ A complete suite of accurate metering functions

Communications and 
Control ➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet, and fiber-optic rear panel EIA-232 ports.

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, MIRRORED BITS, IEC 61850, 
DeviceNet, and Synchrophasors with IEEE C37.118 Protocol 
(supported on serial port only)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare
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Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. 

See the latest SEL-751A Model Option Table at selinc.com, under SEL 
Literature, Ordering Information (Model Option Tables). Options and 
accessories are in the following listings.

SEL-751A Base Unit ➤ Front panel with large LCD display

➢ Four programmable pushbuttons with eight LEDs

➢ Eight target LEDs (six programmable)

➢ Operator control interface

➢ EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)

➢ EIA-232 serial port with IRIG-B time code input

➤ Three expansion slots for optional cards (Slots C, D, E)

➤ Four ac current inputs card (Slot Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII

➢ SEL Fast Meter, Fast Operate, Fast SER, Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS

➢ Event Messenger

➢ Synchrophasors with IEEE C37.118 (supported on 
serial ports only)

➤ Breaker Wear Monitoring

Options ➤ Firmware option

➢ Autoreclosing Control

➤ Voltage/Current Options (see Table 1.1) 

➤ Input/Output (I/O) Option 

➢ Additional digital I/O

➢ Additional analog I/O

➢ 10 RTD inputs

➤ Communications Options (Protocol/Ports)

➢ EIA-485/EIA-232/Ethernet ports (single/dual, copper 
or fiber-optic)

➢ Multimode (ST) fiber-optic serial port

➢ Modbus TCP/IP protocol

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)

https://www.selinc.com
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➢ IEC 61850 Communications

➢ DNP3 serial and LAN/WAN

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ External RTD protection

➢ SEL-2600 RTD Module (with ST option only)

➢ A simplex 62.5/125 µm fiber-optic cable with ST 
connector for connecting the external RTD module to 
the SEL-751A

Table 1.1 Voltage Input Options 

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa SELECT 5AVIb SELECT 5AVIc SELECT 3 AVI/4 AFDId SELECT 5 AVI/1 ACIe

Under- and overvoltage elements 
(27, 59)

x x x x x

Voltage based frequency measure-
ment and tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss of potential element (60LOP) x x x x x

Real, reactive, apparent power, and 
power factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements 
including under- and overvoltage 
elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage ele-
ment (59Q)

x x x

Rate-of-change-of-frequency ele-
ment (81R)

x x x

Fast rate-of-change-of-frequency 
element (81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor 
inputs with continuous self-testing 
(AFD)

x

Arc-flash protection elements 
(50PAF, 50NAF)

x

Residual current (IG) CT-based 
residual overcurrent elements 
(50G, 51G)

x

a Voltage Options.
b With Monitoring Package.
c With Monitoring and Advanced Metering and Protection Packages.
d With 4-Channel Arc-Flash Detector Inputs and Protection.
e SELECT 5AVI/1 ACI With Residual Ground CT Input.
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➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay.

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ SEL-751A Configurable Labels

➤ Rack-Mounting Kits

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Rear Connector Kit

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-751A mounting accessories for competitor products, including 
adapter plates, visit selinc.com/applications/mountingselector/.

Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ Distribution feeder protection (feeder protection with core-
balance CT)

➤ Delta-wye transformer overcurrent protection

➤ Wye-delta-wye transformer overcurrent protection

➤ With or without external RTD module

➤ With arc-flash protection

Figure 1.1 shows typical current connections. Refer to Section 2: Installation 
for additional applications and the related connection diagrams.

https://selinc.com/applications/mountingselector


1.6

SEL-751A Relay Instruction Manual Date Code 20220610

Introduction and Specifications
Getting Started

Figure 1.1 Typical Current Connections

Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-751A effectively. This section presents the fundamental knowledge 
you need to operate the SEL-751A, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-751A with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.20.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Establishing 
Communication

The SEL-751A has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL Cable C234A (or 
equivalent) to connect the SEL-751A to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC and the SEL-751A using the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.2. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You will see the = prompt at the left side of the computer screen 
(column 1). 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.2.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to Figure 1.2. 
If you see jumbled characters, change the terminal emulation 
type in the PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.34 for factory-default passwords) to go to Access 
Level 1.

Step 8. Type QUIT <Enter> to view the relay report header.

Checking the 
Relay Status

Use the STA serial port command to view the SEL-751A operational status. 
Analog channel dc offset and monitored component status are listed in the 
status report depicted in Figure 1.3.

Table 1.2 SEL-751A Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
Feeder xyz           Date: 03/10/2007  Time: 10:31:43
Station 1 Time Source: Internal

Figure 1.2 Response Header
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If a communications card with the DeviceNet protocol is present, the status 
report depicted in Figure 1.4 applies. If a communications card with Modbus 
RTU protocol is present, the status report depicted in Figure 1.3 applies. 

Table 7.48 provides the definition of each status report designator and 
Table 10.7 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification (FID) string, and checksum (CID) string. These strings 
uniquely identify the relay and the version of the operating firmware.

=>STA <Enter>

B1633H SEL-751A                          Date: 03/13/2018   Time: 16:21:54.608
FEEDER RELAY                             Time Source: Internal

Serial Num = 3161821078     FID = SEL-751A-R419-V0-Z011003-D20131025
CID = 79CC                  PART NUM = 751A51A1A0X71850211

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.79   2.49   3.35   3.76    4.98   -1.25   -4.91   2.89

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Power-on counts            85
Operating hours          2464

  Relay Enabled

=>

Figure 1.3 STA Command Response—No Communications Card 
or EIA-232/EIA-485 Communications Card

=>STA <Enter>

SEL-751A                                 Date: 08/13/2009   Time: 20:29:29
FEEDER RELAY                             Time Source: External

Serial Num = 000000000000000
FID = SEL-751A-X402-V0-Z005003-D20090803                CID = CD05
PART NUM = 751A01BA30X7386163X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.19

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.81   2.49   3.33   3.76    4.97   -1.25   -4.91   3.07

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA        DN_RATE         DN_STATUS
  3         1a0d c1e9h     500kbps         0000 0000

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Relay Enabled

=>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-751A. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay will reply:

7/29/2003

If the DATE_F setting is YMD, the relay will reply:

2003/7/29

If the DATE_F setting is DMY, the relay will reply:

29/7/2003

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2003 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/03

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-751A. The relay 
will reply with the stored time.

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, and semicolons.
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc
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Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz



1.12

SEL-751A Relay Instruction Manual Date Code 20220610

Introduction and Specifications
Specifications

When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.
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Section 2
Installation

Overview
The first steps in applying the SEL-751A Feeder Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. You should carefully plan relay 
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-751A. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-751A product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Proper placement of the SEL-751A helps to ensure years of trouble-free 
protection. Use the following guidelines for proper physical installation of the 
SEL-751A.

Physical Location The SEL-751A is EN 61010-1 certified at Installation/Overvoltage 
Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-751A is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.13.) 
For EN 61010-1 certification, the SEL-751A rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
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or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C with a 
maximum surrounding air temperature of 50°C.

Relay Mounting To flush mount the SEL-751A in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel (IP65).

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C-temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and 
Accessories for information on mounting accessories.

I/O Configuration
Your SEL-751A offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, and voltage 
cards are available for the SEL-751A. Figure  shows the slot allocations for 
the cards.

Because installations differ substantially, the SEL-751A offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

7.36 
(187.0)

5.47 
(139.0)

i9089b
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Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

SELECT EIA-232/485 ●

SELECT DeviceNet ●

SELECT 3 DI/4 DO/1 AO (one card per relay) ● ● ●

SELECT 4 DI/4 DO ● ● ●

SELECT 4 DI/3 DO (1 Form B, 2 Form C) ● ● ●

SELECT 8 DI ● ● ●

SELECT 8 AI ● ● ●

SELECT 4 AI/4 AO (one card per relay) ● ● ●

SELECT 10 RTD ●

SELECT 3 AVI (MOT… x71x…) ●

SELECT 5 AVI (MOT … x72x…) ●

SELECT 5 AVI (MOT … x73x…) ●

SELECT 3 AVI/4 AFDI (MOT … x74x…) ●

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O Expansion Card (Slot E)

SELECT 4 ACI Card (Slot Z)
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Figure 2.2 Slot Allocations for Different Cards

Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-751A Relay. It has two digital 
inputs and three digital outputs (two normally open Form A contact outputs 
and one Form C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

SELECT 5 AVI/1 ACI (MOT … x75/76x…) ●

SELECT 4 ACI ●

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1) that have PORT 3 as an EIA-232 serial port and can 
input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via PORT 2 (optional EIA-232 
fiber-optic serial port).

c Digital or analog.

Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

Table 2.1 Power Supply Card Inputs Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number

Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07
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Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the 
following base-unit options shown in Table 2.2.

PORT F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

➤ Event Messenger

➤ C37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ IEC 61850

➤ FTP

➤ Telnet

PORT 2 and PORT 3 support the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX

Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial 
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated 
EIA-485 serial port
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Communications Card 
(Slot C)

Either the DeviceNet (see Appendix G: DeviceNet Communications) or the 
EIA-232/ EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ PORT 4A, an isolated EIA-485 serial port interface

➤ PORT 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Use the PORT 4 setting, COMM Interface, to select either EIA-232 or EIA-485 
functionality. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Voltage Card Option 
(3 AVI)

MOT…x71x… Supported in Slot E only, order this card when you have 
either single or three-phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle—see Processing 
Specifications and Oscillography on page 1.14 for more information. 
Table 2.4 shows the terminal allocation.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

Table 2.4 3 AVI Voltage Card Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB,VC

06 N, Common connection for VA, VB,VC
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Enhanced Voltage 
Card Option With 
Monitoring Package 
(5 AVI)

MOT…x72x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. Table 2.5 shows the terminal allocation.

Enhanced Voltage Card 
Option With Advanced 
Metering and 
Protection Package 
(5 AVI)

MOT…x73x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. This option also provides demand and peak 
demand metering, and protection elements 32, 59G, 59Q, 81R, and 81RF (for 
Aurora mitigation). The connections are shown in Table 2.5.

Voltage Card Option 
With Arc-Flash 
Detection (AFD) 
Inputs (3 AVI/4 AFDI)

MOT…x74x… Supported in Slot E only, order this card when you have 
either single or three phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle. Table 2.6 shows the 
terminal allocation. This option also provides 4-channel arc-flash detection (AFD) 
inputs with continuous self-testing.

Table 2.5 5 AVI Voltage Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

Table 2.6 3 AVI/4 AFDI Voltage Card With Arc-Flash Detection Inputs 
Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB, VC

06 N, Common connection for VA, VB, VC

07 AF1 Channel TX and RX Inputs

08 AF2 Channel TX and RX Inputs 

09 AF3 Channel TX and RX Inputs

10 AF4 Channel TX and RX Inputs
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Enhanced Voltage 
Card Option With 
Advanced Metering and 
Protection Package and 
Residual Current Input 
(5 AVI/1 ACI)

MOT…x75/76x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input and residual current (IG) input. Order ...x75x... for 
5 A CT or ...x76x... for 1 A CT input. With this card installed, the SEL-751A 
samples the voltages and current 16 times a cycle. This option also provides 
demand and peak demand metering, and protection elements 32, 59G, 59Q, 
81R and 81RF. The connections are shown in Table 2.7.

Current Card Supported in Slot Z only, this card provides current inputs for three-phase CTs 
and one neutral CT. Secondary phase current ratings are either all 1 A or all 
5 A; you cannot order a combination of 1 A and 5 A phase CTs on one card. 
However, the phase CTs and the neutral CT can be of different current rating. 
You can order one of four neutral CT ratings, 1 A, 5 A, 50 mA, or 2.5 mA 
(high sensitivity). With a current card installed, the SEL-751A samples the 
currents 16 times a cycle—see Processing Specifications and Oscillography 
on page 1.14 for more information. Table 2.8 shows the terminal allocation.

Table 2.7 5 AVI/1 ACI Voltage/Current Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

09, 10 IG, residual current input 

Table 2.8 Current Card Terminal Designation

Terminal Number Description

01, 02 IA, Phase A current input

03, 04 IB, Phase B current input

05, 06 IC, Phase C current input

07, 08 IN, neutral current input

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.
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Analog Input Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.9 shows the terminal allocation.

Analog Input/Output 
Card (4 AI/4 AO)

Supported in any one of the nonbase unit slots (Slot C through Slot E), this card 
has four analog inputs and four analog outputs (AO). Table 2.10 shows the 
terminal allocation.

I/O Input Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs, and one analog output. Table 2.11 shows the 
terminal allocation.

Table 2.9 Eight Analog Input (8 AI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.

Table 2.10 Four Analog Input/Four Analog Output (4 AI/4 AO) Card Terminal 
Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self powered and has an 
isolated power supply.

NOTE: Connection lengths less 
than 10 meters meet the 
requirements of IEC 60255-26 and 
IEC 60255-27 for analog inputs and 
outputs.

Table 2.11 I/O (3 DI/4 DO/1 AO) Card Terminal Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high-
speed hybrid) connections are 
polarity neutral.

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.



2.10

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

RTD Card (10 RTD) Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.12 
shows the terminal allocation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form-B digital output (normally closed contact output) and 
two Form-C digital output contacts. Table 2.13 shows the terminal allocation.

I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are either all normally open 
contact outputs or all fast hybrid (high-speed, high-current interrupting) 
outputs. Table 2.14 shows the terminal allocation.

Table 2.12 RTD (10 RTD) Card Terminal Allocation 

Terminal Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

• •

• •

• •

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: All RTD Comp/Shield 
terminals are internally connected to 
the relay chassis and ground.

NOTE: Use passive resistors to 
simulate temperatures to test the 
RTD inputs. Use of an RTP simulator 
can damage the relay.

Table 2.13 Four Digital Inputs, One Form-B Digital Output, Two Form-C 
Digital Outputs (4 DI/3 DO) Card Terminal Allocation

Terminal Number Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC control equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element
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I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.15 shows the terminal allocation.

Card Configuration 
Procedure

Changing card positions or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to program the I/O settings using the SET 
command).

The SEL-751A offers flexibility in tailoring I/O for your specific application. 
The SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-751A in Slots C, D, 
and E. Optional communications cards are available only for Slot C, an RTD 
card is available only for Slot D, 1 A/5 A CT combinations for voltage/current 
cards are available only for Slot E, and current cards are available for Slot Z. 
Figure 2.2 shows the slot allocations for the cards. Because installations differ 
substantially, the SEL-751A offers a variety of card configurations that 
provide options for an array of applications. Choose the combination of cards 
most suited for your application.

Swapping Optional I/O Boards
When an I/O board is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 

Table 2.14 Four Digital Input/Four Digital Output (4 DI/4 DO) Card Terminal 
Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital inputs and digital 
outputs (including high-current, 
high-speed hybrid) connections are 
polarity neutral.

Table 2.15 Eight Digital Input (8 DI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element



2.12

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

OUT401–OUT404 are available. If OUT401 = IN101 AND 51P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-751A Relay can be upgraded by adding as many as three cards.

Installation
Perform the following steps to install cards in Slots C, D, E, or Z of the base 
unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and 
A02–, and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the option card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material that may remain inside the SEL-751A case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL
X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted into the wrong slot. Begin again at 
Step 2.

If you do see this message, proceed to Step 12.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:
STATUS
Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:
Serial Num
000000000000000000000000

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.
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Step 16. Press the ENT pushbutton.

The front panel displays the following:
Confirm Hardware
Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?
No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 19. Press the ENT pushbutton.

Step 20. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED turns on to indicate the option card is installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the following indicated digits. These digits remain 
unchanged, i.e., these digits retain the same character as before 
the reconfiguration. Also, a communications card installed in 
Slot C is reflected as an empty slot in the part number. A regular 
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same 
device ID. When interchanging these two cards, the part 
number for the respective slots should be updated manually. 
Use the STATUS command to view the part number.

Step 21. Update the side-panel drawing with the drawing sticker 
provided in the card kit. If necessary, replace the rear panel 
with the one applicable to the option card and attach the 
terminal-marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial label 
with the updated part number.

Step 22. Reconnect all of the connection plugs and add any additional 
wiring/connectors required by the new option card.

Slot B CPU Card Replacement
When replacing the Slot B card, do the following:

Step 1. Ensure that the card has the latest firmware from the factory.

Step 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

PART NUM = 751A01B5X1X7X86020X
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Step 3. Save all the settings and event reports before replacing the card.

Step 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option in Appendix B: 
Firmware Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new 
board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the serial number and part number to the appropriate 
values, type END, and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and 
part number of your relay are correct.

Slot A Power Supply Card
If you are replacing the power supply card, change the part number 
accordingly using the PARTNO command from Access Level C. Install new 
side stickers on the side of the relay. 

Analog Input Card 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in position 1–2; for a voltage channel, insert Jumper x in position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Configuration Jumper

Figure 2.4 shows the locations of JMP1 through JMP4 on an Analog Output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

NOTE: There is no jumper between 
Pins 5 and 6 for a voltage analog 
output selection.

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between pins 1 and 2, pins 5 and 6, and pins 9 and 
10. For a voltage analog output selection, insert a jumper between pins 3 and 
4, and pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self 
powered and has an isolated power 
supply.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output



2.16

SEL-751A Relay Instruction Manual Date Code 20220610

Installation
I/O Configuration

Password, Breaker 
Control, and SELBOOT 
Jumper Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password, Breaker Control, and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-751A suffers an 
internal failure, communications with the relay can be compromised. Forcing 
the relay to SELBOOT provides a means of downloading new firmware. To 
force the relay to SELBOOT, position the jumper in Position C, as shown in 
Figure 2.7 (SELBOOT forced). Once the relay is forced to SELBOOT, you can 
communicate with the relay only through the front-panel port.

JMP1

A B C

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT
Forced

Remote
Breaker
Control
Allowed

JMP1

(b) Card Layout for Relays With Firmware Versions R400 and Higher

(a) Card Layout for Relays With Firmware Versions Lower Than R400

A
B
C

JMP1

A
B
C

JMP1

A
B
C

JMP1

Default 
Positions

Password 
Bypassed

A
B
C

JMP1

SELBOOT

 Forced

Remote
Breaker
Control
Allowed

A
B
C

JMP1

A B C
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To gain access to Level 1 and Level 2 command levels without passwords, 
position the jumper in position A, as shown in Figure 2.7 (Password 
bypassed). Although you gain access to Level 2 without a password, the alarm 
contact still closes momentarily when you access Level 2. Table 2.16 tabulates 
the functions of the three sets of pins and jumper default positions.

Rear-Panel Connections Figure 2.8 shows the rear-panel connections for selected cards. Connections 
for additional cards are shown in Figure 2.9 through Figure 2.11.

Table 2.16 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B Off (breaker control disabled) Enable breaker controla

a Jumper position affects breaker control using the OPEN or CLOSE command via the serial 
port, front panel, or communications protocols. Jumper position does not affect breaker 
control using remote bits, which are always enabled.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

NOTE: After any 
change, be sure to 
thoroughly test the 
settings.

NOTE: All digital 
inputs and digital 
outputs (including 
high-current, high- 
speed hybrid) 
connections are 
polarity neutral.

NOTE: Analog 
outputs are isolated 
from each other and 
from the chassis 
ground.

Card 1: 
Current Card 
(4 ACI)

Card 2: 
Voltage Card 
(5 AVI)

Card 3: 
Voltage Card With 
AFD Inputs 
(3 AVI/4 AFDI)

Card 4: 
Voltage/Current 
Card (5 AVI/1 ACI)

Card 5: 
Eight Analog 
Input Card 
(8 AI)

Card 6: 
Four Digital Input/
Three Digital 
Output Card 
(4 DI/3 DO)

Card 7: 
Four Analog Input/
Four Analog 
Output Card 
(4 AI/4 AO)

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 101

02
IA

03

04
IB

05

06
IC

07

08
IN

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

02

03

05

06

VA

WYE

VB

VC

VB
(COM)

VC

VA

OPEN
DELTA

N COM

0 7

TX RX

08

09

1 0

AF 1

AF2

AF3

AF4

0 1

04

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

ACI

E 1 0

IG

E09
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Figure 2.8 Rear-Panel Connections of Selected Cards

Relay Connections
Rear-Panel and 
Side-Panel Diagrams

The physical layout of the connectors on the rear-panel and side-panel 
diagrams of three sample configurations of the SEL-751A are shown in 
Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12.

Figure 2.9 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 3 AVI Voltage Option

Card 8: 
Main Board With 
Dual, Fiber-Optic 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 9: 
Main Board With 
Single, Copper 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 10: 
Communications 
Card (EIA-232/
EIA-485)

Card 11: 
Four Digital Input/
Four Digital Output 
Card (4 DI/4 DO)

Card 12: 
RTD Card (10 RTD)

Card 13: 
Three Digital 
Input/Four Digital 
Output/One Analog 
Output Card 
(3 DI/4 DO/1 AO)

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

PORT 4C

+5 Vdc
RXD

N/C
TXD

GND5
N/C
RTS

GND

EIA–232

1
2

4
3

6

8 CTS
7

9

+TX
–TX
+RX
– RX
SHLD5

PORT 4A
EIA–485

1
2

4
3

+5 Vdc
RXD

+IRIG–B
TXD

GND5
–IRIG–B
RTS

GND

PORT 3
EIA–232

IRIG–B

PORT 2
FIBER OPTI C

TX

RX

1
2

4
3

6

8 CTS
7

9

02

PORT 1
ETHERNET

0 1 +

—

10/100BASE–T

i4160b

710_IM_0133_IRIG-BRP-B_i3970c.eps

i3970c

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 2.10 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

Figure 2.11 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option 
With Monitoring Package

i4159a

 
 

i4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4246a
i4247a

(A) Rear-Panel Layout
(B) Side-Panel Input and Output Designations
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Figure 2.12 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1AO, and 3 AVI/4 AFDI Voltage 
Option With Arc-Flash Detector Inputs

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.10 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-751A; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.42 for details. Be sure to use fuses that comply with 
IEC 60127-2.

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1 mm2) to 18 AWG (0.8 mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial PORT 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the PORT 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 26 through 
AWG 14. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-751A accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but only one should be used at a time. You can use IRIG-B (B01 and 
B02) inputs or an SEL communications processor connected to EIA-232 serial 
PORT 3. The available communications processors are the SEL-2032, 
SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. 

The models with fiber-optic Ethernet and dual copper Ethernet do not have the 
terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 PORT 3. 
The third option for IRIG-B is via fiber-optic serial PORT 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030 or SEL-2032 and bring 
the IRIG-B signal with the EIA-232 input. Use a fiber-optic cable pair with ST 
connectors (C805, C807, C808) to connect to PORT 2 on the SEL-751A. Refer 
to Section 7: Communications for IRIG-B connection examples and for details 
about using an SEL-2401/2407/2404 as a time source.

Ethernet Port
You can order the SEL-751A with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to PORT 1 of the device by using a 
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port
The optional fiber-optic serial port is compatible with the SEL-2812 (with 
IRIG-B) or the SEL-2814 Fiber-Optic Transceivers and the SEL-2600 RTD 
Module.

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.13 and Figure 2.14.

Figure 2.13 Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic Port in Slot B

Fiber-Optic Cable
to SEL-2600 series

+IRIG-B

–IRIG-B

IRIG-B

PS

A01

A02

–/N

+/H

External 
Contacts

SEL-751A Relay

RX

D07
+  

As Many as Four
Analog Outputs

D08
—  

B01 B02

IN
10

1

IN
10

2

A10

A11

A12 A07

A08

OU
T1

03

+  
D15

—  
D16

D02
—  

—  
D10

D01
+  

+  
D09

A03

A04

OU
T1

01

A05

A06

OU
T1

02

A09

TX

As Many as Four
Analog Inputs

AO401  AO404

AI401  AI404

+ +

+ +

NOTE: All digital inputs 
and digital outputs 
(including high-current, 
high-speed hybrid) 
connections are polarity 
neutral.
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Figure 2.14 Control I/O Connections—Internal RTD Option

RTD Wiring Table 2.17 shows the maximum cable lengths for the RTD connections.

NOTE: RTD inputs are not internally 
protected for electrical surges 
(IEC 60255-22-1 and IEC 60255-22-5). 
External protection is recommended if 
surge protection is necessary.

PS

A01

A02

–/N

+/H

External
Contacts

SEL-751A RelayIN
10

1

IN
10

2

A10

A11

A12

+IRIG-B

–IRIG-B

IRIG-B
B01 B02

A07

A08

OU
T1

03

A03

A04

OU
T1

01

A05

A06

OU
T1

02

A09

D03
COMP/
SHLD

D02
—

D01
+

RTD01

D30
COMP/
SHLD

D29
—  

D28
+  

RTD10

As Many as Ten
RTD Inputs

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

Notes:

➤ The chassis ground connector located on the 
rear-panel card Slot A must always be 
connected to the local ground mat.

➤ Power supply rating (110–240 Vac, 
110–250 Vdc or 24–48 Vdc) depends on 
relay part number.

➤ Optoisolated inputs IN101 and IN102 are 
standard and located on the card in Slot A.

➤ All optoisolated inputs are single-rated: 24, 
48, 110, 125, 220, or 250 Vac/Vdc. Standard 
inputs IN101/102 can have a different rating 
than the optional IN401/402/403/404 (not 
shown).

➤ Output contacts OUT101, OUT102, and 
OUT103 are standard and are located on 
the card in Slot A.

➤ The analog (transducer) outputs shown 
are located on the optional I/O 
expansion card in Slot D.

➤ The fiber-optic serial port is optional 
and is located on the card in Slot B. A 
Simplex 62.5/125 µm fiber-optic cable is 
necessary to connect the SELOGIC with 
an SEL-2600 series RTD Module. This 
fiber-optic cable should be 1000 meters 
or shorter.

Table 2.17 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m
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Refer to SEL application guide “Applying Various Types of RTDs with SEL 
Devices” (AG2017-09). This application guide specifies the correct 
connection of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08)—and 
avoid fitting multiple wires into a single terminal, the bird-caging effect of 
stranded wires, and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.15. Also, 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Figure 2.15 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams.

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.16 shows the output OUT103 relay coil and Form C contact. When the 
relay coil is de-energized, the contact between A07 and A08 is open while the 
contact between A07 and A09 is closed.

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time to 
open the contacts) for fast hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).

Figure 2.16 Output OUT103 Relay Output Contact Configuration

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

OUT103
Relay Coil
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The SEL-751A provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occurs in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-751A is 
powered and operational.

➤ When the SEL-751A generates a trip signal, the relay coil is de-
energized.

➤ The relay coil is also de-energized if the SEL-751A power 
supply voltage is removed or if the SEL-751A fails (self-test 
status is FAIL).

Figure 2.17 shows fail-safe and nonfail-safe wiring methods to control 
breakers.

Figure 2.17 Breaker Trip Coil Connections With OUT103FS := Y and 
OUT103FS := N

High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity-
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, you can connect the ac voltages directly using 
a connected, wye-wye VT connection. Use an open-delta VT connection, or 
use a single-phase VT. Figure 2.18 and Figure 2.19 show the methods of 
connecting single-phase and three-phase voltages.

Nonfail-safe
OUT103FS = N

52A

Breaker Trip CoilTC

A08

A07A07

TC

52A

Fail-Safe
(Electrically Held)

OUT103FS= Y

Circuit Breaker

Breaker Trip Coil

A09

Note: Contacts shown with OUT103 relay coil de-energized

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short- 
circuit arc-flash incident energy.
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Figure 2.18 Single-Phase Voltage Connections

Single Phase-Neutral VT Connection

Single Phase-Phase VT Connection

A B C

EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1 EO5

EO6

VS

NS
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Figure 2.19 Voltage Connections

Note: This figure shows grounding Phase B (E02). You can choose to ground Phase A or 
Phase C instead of Phase B, provided all the other connections remain as shown above.

A B C

EO1

EO2

EO3

EO4

Direct Connection (Grounded System)

Wye-Wye VT Connection

Open-Delta VT Connection

SEL-751A

A B C
EO1

EO2

EO3

EO4

SEL-751A

F1

F3

F1

F2

F3

EO5

EO6

VS

NS

EO5

EO6

VS

NS

A B C

SEL-751A

EO1

EO2

EO3

EO4

F1, F2, and F3 are fuses F1

F2

F3

EO5

EO6

VS

NS
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Station DC Battery 
Monitor

Use the station dc battery monitor (one of the options available with the 
voltage card option) in the SEL-751A to alarm for undervoltage and 
overvoltage dc battery conditions and to view how station dc battery voltage 
fluctuates during tripping, closing, and other dc control functions. The 
monitor measures station dc battery voltage applied to the rear-panel terminals 
E07 (VBAT+) and E08 (VBAT–) of the SELECT 5AVI voltage card in Slot E. 
Refer to Section 5: Metering and Monitoring for details on the station dc 
battery monitor function and settings. 

AC/DC Connections 
and Applications

Figure 2.20 shows typical phase and neutral current connections for a feeder 
application. Figure 2.21 through Figure 2.25 show ac/dc connection diagrams 
for various applications, however, wye-connected PTs are shown. See 
Figure 2.18 and Figure 2.19 for other voltage connections.

Figure 2.20 Typical Current Connections

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Figure 2.21 SEL-751A Provides Overcurrent Protection and Reclosing for a Distribution Feeder 
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.

Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit 
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with necessary 
supervision (e.g., synchronism check).

Figure 2.22 SEL-751A Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme) 
(Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.23 SEL-751A Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

Figure 2.24 SEL-751A Provides Overcurrent Protection for a Transformer Bank With a 
Tertiary Winding (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.25 SEL-751A Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Channel IN)
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Arc-Flash Protection: System Installation
This section describes an arc-flash system installation, the sensor 
characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 10: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also, refer to Application Guide 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details.

Figure 2.26 shows main system components comprising: current input card, 
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.12 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 3 AVI/4 AFDI 
card for arc-flash protection.

Figure 2.26 SEL-751A With an Arc-Flash Option Card and Fiber-Optic-
Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location will vary depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 
clearance and creepage requirements. Sensors should be permanently affixed 
through the use of supplied mounting grommets or permanent cable ties. 
Figure 2.27 shows an example of a typical black-jacketed fiber installation. 
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Figure 2.27 Black-Jacketed Fiber Installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in) Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is necessary to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-751A Relay as 
shown in Figure 2.28.

Figure 2.28 Connecting Sensor Fibers to the Relay

Point-Sensor 
Installation 

The point-sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.29 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.29 Point-Sensor Assembly

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters
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The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.30.

Figure 2.30 Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.31, Figure 2.32, and Figure 2.33 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts, which are most likely to cause an arc-flash event. 

Figure 2.31 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.32 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.33 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Clear-Jacketed Fiber 
Sensor Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.34 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.35 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.34 Clear-Jacketed Fiber Sensor Assembly

Figure 2.35 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.36. Two connector options (V-pin and ST) are available for 
transitioning from the black-jacketed to the clear-jacketed fiber section as 
shown in Figure 2.37. The ST connector option is generally superior because 
of positive locking and lower coupling loss.

Figure 2.36 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber exposed to the light. The 
maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both clear-jacketed and black-jacketed fiber sections (the black-
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jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.37.

Figure 2.37 Transition From Clear-Jacketed to Black-Jacketed Fiber Section

You should return the clear-jacketed fiber loop through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains less than 35 m, irrespective of the 
SEL-751A dual V-pin connector orientation. 

Care should be exercised not to scratch or otherwise damage the clear-
jacketed sensing fiber during installation. Surface scratches can result in 
increased light leakage that will be detected by the SEL-751A sensor 
diagnostics. Once damaged, the fiber must be replaced.

Application Example Figure 2.38 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. All three feeders are protected 
with an SEL-751A Relay controlling breakers 1, 2, and 3. Radial feeder 
breakers 2 and 3 must be tripped for downstream faults, normally located in 
the outgoing cable termination compartment. To obtain better coverage, 
multiple sensors can be installed in the same compartment, as shown in the 
lower right corner of the figure with sensors marked LS1 and LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right hand corner 
of Figure 2.38). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When necessary, you can use radial feeder relays sensors (such as LS3 
connected to the lower right hand relay) to transfer trip the upstream breaker. 
Logic equations necessary for this function are shown in Output Logic 
Programming in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 2.38 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 AFD Fiber 
Cables and Accessories MOT. The losses and budget values shown in 
Table 2.18 are typical values.

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Table 2.18 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 1 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40° to +80°C –55° to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.39.

Figure 2.39 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.40. 

Core Diameter 980 µm 980 µm

Cladding Diameter 1000 µm 1000 µm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm

(0.087 in x 0.17 in)

2.20 mm

(0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull Tension 140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull Tension 43.8 N (3.0 lb/ft) 43.8 N (lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) 0.175 dB/m 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 2 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.40 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional 
splice connectors, refer to the SEL-C814 AFD Fiber Cables and Accessories 
MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.41, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.41 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 m

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.42, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

Figure 2.42 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 m

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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Section 3
PC Software

Overview
SEL provides many PC software solutions (applications) to support the 
SEL-751A and other SEL devices. Table 3.1 lists SEL-751A software solutions.

 

This section describes how to get started with the SEL-751A and QuickSet. 
QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-751A. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-751A.

Table 3.1 SEL Software Solutions

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and set-
tings of multiple devices

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and sum-
marizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII 
format event report oscillography; 
performs custom calculations on analog, 
digital, and complex quantities; and ana-
lyzes the Impedance Plane for distance 
element (mho) operation, the Alpha 
Plane for differential element (78L) 
operation, and the Bewley Lattice for 
traveling-wave data

SEL-5801 SEL-5801 Cable Selector 
Software

Selects the proper SEL cables for your 
application

Table 3.2 QuickSet Software (Sheet 1 of 2)

Application Description

Rules Based Settings 
Editor

Provides on-line or off-line device settings that include interde-
pendency checks. Use this feature to create and manage settings 
for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature 
to simplify commissioning testing

Design Templates 
(available in licensed 
versions of QuickSet)

Allows you to customize relay settings to particular applica-
tions and store those settings in Design Templates. You can 
lock settings to match your standards or lock and hide settings 
that are not used.
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Setup

Follow the steps outlined in Section 2: Installation to prepare the SEL-751A 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-751A and the PC.

Step 2. Apply power to the SEL-751A.

Step 3. Start QuickSet.

Communications QuickSet uses relay communications PORT 1 through PORT 4, or PORT F (front 
panel) to communicate with the SEL-751A. Perform the following steps to 
configure QuickSet to communicate effectively with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.1.

Figure 3.1 Serial Port Communication Dialog Box

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.2.

Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-751A default settings by 
entering Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Event Analysis Provides oscillography and other event analysis tools.

Setting Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature 
to ensure proper communications and directly interface with 
the device

Help Provides general QuickSet and device-specific QuickSet con-
text help.

Table 3.2 QuickSet Software (Sheet 2 of 2)

Application Description
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Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.3. 

For the SEL-751A, always select FTP as the File Transfer 
Option.

Step 6. Exit the menus by clicking OK when finished.

Figure 3.2 Serial Port Communication Parameters Dialog Box
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Figure 3.3 Network Communication Parameters Dialog Box

Terminal
Terminal Window Select Communications > Terminal on the QuickSet main menu bar to open 

the terminal window (shown in Figure 3.4).

Figure 3.4 Tools Menu

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulation. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or by pressing <Ctrl+T>. 
Verify proper communications with the relay by opening a terminal window, 
pressing <Enter> a few times, and verifying that a prompt is received. If a 
prompt is not received, verify proper setup.
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Terminal Logging To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Drivers and Part 
Number

After clicking Communications > Terminal, access the relay at Access Level 1. 
Issue the ID command to receive an identification report, as shown in Figure 3.5.

Locate and record the Z-number (Z001001) in the FID string. The first portion 
of the Z-number (Z001…) determines the QuickSet relay settings driver 
version when you are creating or editing relay settings files. The use of the 
Device Editor driver version will be discussed in more detail later in this 
section—see Settings Editor (Editor Mode) on page 3.9. Compare the part 
number (PARTNO=751A0XXXXXXXXXXXXXX) with the Model Option Table (MOT) 
to ensure the correct relay configuration.

Settings Database Management and Drivers
QuickSet uses a database to save relay settings. QuickSet contains sets of all 
settings files for each relay specified in the Database Manager. Choose 
appropriate storage backup methods and a secure location for storing database 
files.

Database Manager Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the Database Manager to access the database. Click File 
> Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter descriptions for the database and for each relay or relay in 
the database in the Database Description and Settings 
Description dialog boxes. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description dialog box. These can 
include the protection scheme settings and communications 
settings. 

=ID <Enter>
"FID=SEL-751A-R100-V0-Z001001-D20070410","08EE"
"BFID=BOOTLDR-R303-V0-Z000000-D20060612","0949"
"CID=9B42","025E"
"DEVID=SEL-751A","0408"
"DEVCODE=69","0316"
"PARTNO=751A01B6X3X7183021X","06D9"
"CONFIG=11251201","03F0"
"iedName =TEMPLATE","05DC"
"type =SEL_751A","04B0"
"configVersion =ICD-751A-R100-V0-Z001001-D20070326","0D75"
= 

Figure 3.5 Device Response to the ID Command
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Step 4. Highlight one of the relays listed in Settings in Database and 
select the Copy option button to create a new collection of 
settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases

Step 1. Select the Copy/Move Settings Between Databases tab to 
create multiple databases with the Database Manager; these 
databases are useful for grouping similar protection schemes or 
geographic areas. 

Step 2. Click the Open B option button to open a relay database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or setting in the A database, 

b. Select Copy or Move, and click the > button to create a 
new device or setting in the B database. 

Step 4. Reverse this process to take devices from the B database to the 
A database. Copy creates an identical device that appears in 
both databases. Move removes the device from one database 
and places the device in another database.

Create a New Database, Copy an Existing Database
To create and copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Create New 
Database button. QuickSet prompts you for a file name. 

Step 2. Type the new database name (and location if the new location 
differs from the existing one), and click Save. QuickSet 
displays the message Settings [path and filename] was 
successfully created. 

Step 3. Click OK.

To copy an exiting database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Databases tab in the Database Manager 
dialog box.

QuickSet opens the last active database and assigns it as 
Database A. 

Step 2. Click the Open B button; QuickSet prompts you for a file 
location. 

Step 3. Type a new database name, click the Open button, and click 
Yes; the program creates a new empty database. Load devices 
into the new database as in Copy/Move Settings Between 
Databases on page 3.6.
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Settings
QuickSet offers the capability of creating settings for one or more SEL-751A 
Relays. Store existing relay settings downloaded from SEL-751A Relays with 
QuickSet, creating a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-751A. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-751A; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor The Settings Editor shows the relay settings in easy-to-understand categories. 
The SEL-751A settings structure makes setting the relay easy and efficient. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menus. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled. However, any disabled settings are dimmed when accessed by 
clicking an item in the tree view.

Settings Menu QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own record of settings. Use the File menu to Open an existing 
record, create and open a New record, or Read relay settings from a connected 
SEL-751A and then create and open a new record. Use the Tools menu to 
Convert and open an existing record. The record will be opened in the Setting 
Editor as a Setting Form (template) or in Editor Mode.

File > New
Selecting the New menu item creates new settings files. QuickSet makes the 
new settings files from the driver that you specify in the Settings Editor 
Selection dialog box. QuickSet uses the Z-number in the FID string to create a 
particular version of settings. To get started making SEL-751A settings with 
the Settings Editor in the Editor Mode, select File > New from the main 
menu bar and SEL-751A and 004 from the Settings Editor Selection 
window, as shown in Figure 3.6.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Open a New record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.6 Selection of Drivers

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the Relay 
Editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.7. Press OK when finished.

Figure 3.7 Update Part Number

Figure 3.8 shows the Settings Editor screen. View the bottom of the Settings 
Editor window to check the Settings Driver number. Compare the QuickSet 
Settings Driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct Settings 
Editor to display.

Figure 3.8 New Setting Screen

Z-Number
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File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the Settings Editor.

File > Read
When the Read menu item is selected, QuickSet reads the device settings 
from a connected device. As QuickSet reads the device, a Transfer Status 
window appears. QuickSet uses serial protocols to read settings from SEL 
devices.

Tools > Settings > 
Convert

Use the Convert menu item to convert from one settings version to another. 
Typically, you would use this utility is upgrade an existing settings file to a 
newer version because devices are using a newer version number. QuickSet 
provides a Convert Settings report that shows missed, changed, and invalid 
settings created as a result of the conversion. Review this report to determine 
whether changes are necessary.

Settings Editor 
(Editor Mode)

Use the Settings Editor (Editor Mode) to enter settings. These features 
include the QuickSet settings driver version number (the first three digits of 
the Z-number) in the lower left corner of the Settings Editor.

Entering Settings

NOTE: Setting changes made during 
the edit session are not read by the 
relay unless they are transferred to 
the relay with a Send menu item.

Step 1. Click the + marks and the buttons in the Settings Tree View to 
expand and select the settings you want to change. 

Step 2. Use Tab to navigate through the settings, or click on a setting. 

Step 3. To restore the previous value for a setting, right-click the mouse 
over the setting and select Previous Value. 

Step 4. To restore the factory-default setting value, right-click in the 
setting dialog box and select Default Value. 

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the Settings Editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder

NOTE: Be sure to enable the 
functions you need (Logic Settings > 
SELOGIC Enable) before using 
Expression Builder.

SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with the Expression Builder, a 
rules-based editor for programming SELOGIC control equations. The 
Expression Builder organizes device elements, analog quantities, and 
SELOGIC control equation variables.
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Access the Expression Builder
Use the Ellipsis buttons  in the Settings dialog boxes of Settings Editor 
windows to create expressions, as shown in Figure 3.9.

Figure 3.9 Expressions Created With Expression Builder

Expression Builder Organization
The Expression Builder dialog box is organized into two main parts 
representing the left side (LVALUE) and right side (RVALUE) of the 
SELOGIC control equation. The LVALUE is fixed for all settings.

Using the Expression Builder
Use the right side of the equation (RVALUE) to select broad categories of 
device elements, analog quantities, counters, timers, latches, and logic 
variables. Select a category in the RVALUE tree view, and the Expression 
Builder displays all operands for that category in the list box at the bottom 
right side. Directly underneath the right side of the equation, choose operators 
to include in the RVALUE. These operators include basic logic, rising- and 
falling-edge triggers, expression compares, and comments.

File > Save
Select the Save menu item from the File menu item of the Settings Editor 
once settings are entered into QuickSet. This will help ensure that the settings 
are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section you want transferred to the relay by checking 
the appropriate box.

Ellipsis Button

Created Expression
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Edit > Part Number
Use this menu item to change the part number if it was entered incorrectly 
during an earlier step.

Text Files
Select Tools > Settings > Import and Tools > Settings > Export on the 
QuickSet menu bar to import or export settings from or to a text file. Use this 
feature to create a small file that can be more easily stored or sent 
electronically.

Event Analysis
QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-751A stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.10 shows composite screens for 
retrieving events.

Figure 3.10 Composite Screens for Retrieving Events

Event Waveforms The relay provides two types of event data captures: event reports that use 
4 samples/cycle filtered data and 16 samples/cycle unfiltered (raw) data. See 
Section 9: Analyzing Events for information on recording events. Use the 
Options function in Figure 3.10 to select the 16 samples/cycle unfiltered 
(raw) data event (default is 4 samples/cycle filtered data).

View Event History You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 9: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.10.



3.12

SEL-751A Relay Instruction Manual Date Code 20220610

PC Software
Meter and Control

Get Event Highlight the event you want to view (e.g., Event 3 in Figure 3.10), select the 
event type with the Options Event type function (4 samples or 16 samples), 
and click the Get Selected Event button. When downloading is complete, 
QuickSet queries whether to save the file on your computer, as shown in 
Figure 3.11.

Figure 3.11 Saving the Retrieved Event

Enter a suitable name in the File name text box, and select the appropriate 
location where QuickSet should save the event record.

View Event Files Use the View Event Files function from the Tools > Events menu to select 
the event you want to view (QuickSet remembers the location where you 
stored the previous event record). Use View Combined Event Files to 
simultaneously view as many as three separate events.

Meter and Control
Click on Tools > HMI > HMI to bring up the screen shown in Figure 3.12. 
The HMI tree view shows all the functions available from the HMI function. 
Unlike the self-configuration of the device, the HMI tree remains the same 
regardless of the type of cards installed. For example, if no Analog Input card 
is installed, the Analog Input function is still available, but the device 
responds as follows:

No Analog Input Card Present.

Device Overview The device overview screen provides an overview of the device. The Contact 
I/O portion of the window displays the status of the two inputs and three 
outputs of the main board. You cannot change these assignments.

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit, and click the Update button to assign the Relay Word bit to 
the LED. To change the color of the LED, click in the square and make your 
selection from the color palette.
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The front-panel LEDs display the status of the 16 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignment.

Figure 3.12 Device Overview Screen

The Fundamental, Min/Max, Energy, etc., screens display the 
corresponding values.

Click on the Targets button to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (ENABLED = 1), the Relay Word bit 
is asserted. Similarly, when a Relay Word bit has a value of 0 (RB02 = 0), the 
Relay Word bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Figure 3.13 shows the control screen. From here you can reset metering data 
clear the Event History, SER, MIRRORED BITS report, LDP, or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If your SEL-751A supports such tests, you can run arc-flash sensor 
diagnostics.
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Figure 3.13 Control Screen

To control the Remote bits, click on the appropriate square, then select the 
operation from the box shown in Figure 3.14.

Figure 3.14 Remote Operation Selection
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QuickSet Help
Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-751A Settings Select Help > Settings Help from the main 
menu bar.
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Section 4
Protection and Logic Functions

Overview
This section describes the SEL-751A Feeder Protection Relay settings, 
including the protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and front-panel 
displays.

This section includes the following subsections:

Application Data. Lists information that you will need to know about the 
protected equipment before you calculate the relay settings.

Group Settings (SET Command). Lists settings that configure the relay 
inputs to accurately measure and interpret the ac current and optional 
voltage input signals.

Basic Protection. Lists settings for protection elements included in all 
models of the SEL-751A, including the overcurrent elements.

RTD-Based Protection. Lists settings associated with the RTD inputs. You 
can skip this subsection if your application does not include RTD 
inputs.

Voltage-Based Protection. Lists settings associated with undervoltage, 
overvoltage, power factor, and synchronism-check elements. These 
elements are available when an optional voltage input card is present. 
You can skip this subsection if your relay is not equipped with optional 
voltage inputs.

Frequency Protection. Lists settings included in all models of the 
SEL-751A with enhanced and/or expanded performance when 
optional voltage inputs are used.

Trip/Close Logic. Lists Trip and Close logic.

Reclose Supervision Logic. Describes the logic that supervises automatic 
reclosing when an open interval time times out—a final condition 
check right before the close logic asserts the close output contact.

Reclose Logic. Describes all the reclosing relay settings and logic 
necessary for automatic reclosing (besides the final close logic and 
reclose supervision logic described previously).

Demand Metering. Lists settings associated with demand metering.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to 
configure the relay to your power system, date format, analog inputs/
outputs, and logic equations of global nature.

NOTE: Each SEL-751A is shipped 
with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document 
and enter the settings (see Section 6: 
Settings).
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Synchrophasor Measurement. Describes Phasor Measurement Unit 
(PMU) settings for C37.118 Protocol.

Breaker Failure Setting. Lists settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists settings for the arc-flash elements including 
arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists settings, and 
gives an example.

Analog Outputs. Describes analog output functionality, lists settings, and 
gives an example. 

Station DC Battery Monitor. Describes station dc battery monitor function 
and lists settings.

Breaker Monitor. Lists settings and describes the breaker monitor function 
that you can use for scheduling circuit breaker maintenance.

Digital Input Debounce. Provides settings for digital input dc debounce or 
ac debounce mode of operation.

Data Reset. Lists data reset SELOGIC settings for resetting targets, energy 
metering, max/min metering, demand metering, and peak demand 
metering.

Access Control. Describes SELOGIC setting used for disabling settings 
changes from the relay front panel.

Time Synchronization Source. Describes setting used for choosing
IRIG1 or IRIG2 as the time-synchronization source.

Port Settings (SET P Command). Lists settings that configure the relay 
front- and rear-panel serial ports.

Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
reports, event, and load profile reports.

DNP Map Settings (Set DNP n command, n = 1, 2, or 3). Shows DNP user map 
register settings.

Modbus Map Settings (SET M Command). Shows Modbus user map 
register settings.

When you calculate the protection element settings, proceed through the 
subsections listed earlier. Skip the RTD- and voltage-based protection 
subsections if they do not apply to your specific relay model or installation. 

See Section 6: Settings for the list of all settings (SEL-751A Settings Sheets) 
and various methods of accessing them. All current and voltage settings in the 
SEL-751A are in secondary.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure G.1).

You can enter the settings by using the front-panel SET RELAY function 
(see Section 8: Front-Panel Operations), the serial port (see Section 7: 
Communications), the EIA-485 port (see Appendix E: Modbus 
Communications), the DeviceNet port (see Appendix G: DeviceNet 
Communications), or the Ethernet port (see Section 7: Communications).
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Application Data
It is faster and easier for you to calculate settings for the SEL-751A if you 
collect the following information before you begin:

➤ Highest expected load current

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature devices (RTDs), if 
used

➤ Expected fault current magnitudes for ground and three-phase 
faults

Group Settings (SET Command)
ID Settings All models of the SEL-751A have the identifier settings described in Table 4.1.

The SEL-751A prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual 
relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location or number of the protected feeder.

Configuration 
Settings

The CT ratio settings configure the relay to accurately scale measured values 
and report the primary quantities. Calculate the phase, neutral, and residual 
current (optional) CT ratios by dividing the primary rating by the secondary 
rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR := 100/5 := 20.

Table 4.1 Identifier Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

UNIT ID LINE 1 16 Characters  RID := SEL-751A

UNIT ID LINE 2 16 Characters  TID := FEEDER RELAY

Table 4.2 CT Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

PHASE CT RATIO 1–5000 CTR := 120

NEUTRAL CT RATIO 1–5000 CTRN := 120

IG SOURCE MEAS, CALC IG_SRC := MEAS

RESIDU CT RATIO 1–5000 CTRG := 120
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Table 4.3 shows voltage settings for relay models with optional voltage inputs.

These settings configure the optional relay voltage inputs to correctly measure 
and scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the 
VT ratio. The synchronism-check voltage input VS is an optional single phase-
neutral or phase-phase voltage input. Set the synchronism-check voltage input 
PT ratio (PTRS) setting equal to the VT ratio of the VS input.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 13.8 kV feeder application where 14400:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 14400/120 := 120 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.18, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA for 
an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the 
following ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced 
voltages.

➤ Metering. When you use one voltage, the relay displays 
magnitude and phase angle for the measured PT. The relay 
displays zero for the magnitudes of the unmeasured voltages. 
Balanced voltages are assumed for power, power factor, VG, 
and 3V2 metering.

Relays that are not equipped with phase voltage inputs hide these settings and 
disable voltage-based protection and metering functions.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

PHASE PT RATIO 1.00–10000.00 PTR := 180

SYNCV PT RATIO 1.00–10000.00 PTRS :=180

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

LINE VOLTAGE 20–250 Va

a The line voltage setting range is 20–440 if DELTA_Y := WYE.

VNOM := 120

SINGLE V INPUT Y, N SINGLEV := N
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VNOM Range Check The relay performs a range check for the VNOM setting that depends upon the 
voltage-input delta or wye configuration. When setting DELTA_Y is DELTA, 
then the allowed range of the VNOM is 20–250 V (l-l). When setting 
DELTA_Y is WYE, then the allowed range of VNOM is 20–440 V (l-l). 

Note that the VNOM setting is always in line-to-line voltage, even when set 
for a wye configuration. You should be careful to use a solidly grounded wye 
system for VNOM inputs greater than 250 V (l-l) to avoid a 1.73 increase in 
terminal voltages from a line-to-ground fault.

Basic Protection
Overcurrent Elements Four levels of instantaneous/definite-time elements are available for phase, 

neutral, residual, and negative-sequence overcurrent as shown in Table 4.4 
through Table 4.7 and in Figure 4.1.

Each element can be torque controlled through use of the appropriate 
SELOGIC control equations (e.g., when 50P1TC := IN401, the 50P1 element 
will be operational only if IN401 is asserted).

NOTE: The cosine filter provides 
excellent performance in removing dc 
offset and harmonics. However, the 
bipolar peak detector has the best 
performance in situations of severe 
CT saturation when the cosine filter 
magnitude estimation is significantly 
degraded. Combining the two 
methods provides an elegant solution 
for ensuring dependable short-circuit 
overcurrent element operation.

The phase instantaneous overcurrent elements (50P1 through 50P4; see 
Figure 4.1) normally operate by using the output of the one cycle cosine-
filtered phase current. During severe CT saturation, the cosine-filtered phase 
current magnitude can be substantially reduced because of the high harmonic 
content and reduced magnitude of the distorted secondary waveform. If the 
overcurrent element relied only on the output of the cosine-filtered secondary 
current, this can severely delay and even jeopardize the operation of any high-
set instantaneous overcurrent element. For any phase instantaneous 
overcurrent element in the SEL-751A Relay set in excess of eight times the 

Table 4.4 Maximum Phase Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50P1P := 10.00
50P1P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P1D := 0.00

MAXP OC TRQ CON SELOGIC 50P1TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P2P := 10.00
50P2P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P2D := 0.00

MAXP OC TRQ CON SELOGIC 50P2TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P3P := 10.00
50P3P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P3D := 0.00

MAXP OC TRQ CON SELOGIC 50P3TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P4P := 10.00
50P4P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P4D := 0.00

MAXP OC TRQ CON SELOGIC 50P4TC := 1
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relay current input rating (40 A in a 5 A relay), the overcurrent element also 
operates on the output of a bipolar peak detector if the current waveform is 
highly distorted, as is the case with severe CT saturation. This ensures fast 
operation of the 50Pn phase overcurrent elements even with severe CT 
saturation.

When the harmonic distortion index exceeds the fixed threshold, which 
indicates severe CT saturation, the phase overcurrent elements operate on the 
output of the peak detector. When the harmonic distortion index is below the 
fixed threshold, the phase overcurrent elements operate on the output of the 
cosine filter.

The relay offers two types of ground fault-detecting overcurrent elements. The 
neutral overcurrent elements (50N1T through 50N4T) operate with current 
measured by the IN input. The residual (RES) overcurrent elements (50G1T 
through 50G4T) operate with the current derived from the phase currents or 
with measured residual current IG through the use of the optional CT input on 
the SELECT 5 AVI/1 ACI card in Slot E (see Figure 4.1).

Table 4.5 Neutral Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

50N1P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N1D := 0.50

NEUT OC TRQ CON SELOGIC 50N1TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N2P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N2D := 0.50

NEUT OC TRQ CON SELOGIC 50N2TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N3P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N3D := 0.50

NEUT OC TRQ CON SELOGIC 50N3TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N4P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N4D := 0.50

NEUT OC TRQ CON SELOGIC 50N4TC := 1
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Figure 4.1 Instantaneous Overcurrent Element Logic

50P1P

|IA|

IA

IB

IC

IN

PHROT

IG Current
Magnitude

Calculations
|IP|
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50P1T

50PxP
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50NnP
50NnT
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(Maximum Phase Current Magnitude)

(Core-Balance Current Magnitude)

(Residual Current Magnitude)

50NnD

0

50PxD

0

Negative-Sequence 
Current Calculation

(Negative-Sequence Current Magnitude) |3I2|
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50GnT

50QnP
50QnT

50QnD

0

50GnD

0

|IA|
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(Phase A Current Magnitude)

(Phase B Current Magnitude)

(Phase C Current Magnitude) |IC|

50P1D

0

50P1P
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50QnP

50GnP

50NnP

50PxP

|3I2|

50QnTC

|IG|

50GnTC

|IN|

50NnTC

|IP|

50PxTC

Torque Control switch position = Closed when corresponding control 
bit is asserted (e.g., 50P1TC = 1), Open when it is de-asserted.
x = 2, 3, or 4
n = 1, 2, 3, or 4

IG

IG_SRC

NOTE: In Figure 4.1, 
Residual Current Magnitude 
lIGl is either calculated 
residual current or 
measured residual current 
depending on the setting 
IG_SRC and the availability 
of 5 AVI/ 1 ACI card in Slot E.

Not shown in the figure, 
Relay Word bit ORED50T is 
asserted if any of the 
50PnT, 50NnT, 50GnT, or 
50QnT Relay Word bits are 
asserted (n = 1 to 4).
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When a core-balance CT is connected to the relay IN input, as in Figure 2.25, 
use the neutral overcurrent element to detect the ground faults. Calculate the 
trip level settings according to the available ground fault current and the core-
balance CT ratio.

EXAMPLE 4.3 Ground Fault Core-Balance CT Application

A resistance-grounded power system limits the ground fault currents. The 
resistor is sized to limit the current to 10 A primary. The three feeder leads 
are passed through the window of a 10:1 core-balance CT. The CT 
secondary is connected to the SEL-751A IN current input (terminals Z07, 
Z08), as shown in Figure 4.2. Setting the Neutral OC CT Ratio (CTRN, see 
Figure 4.2) equal to 10 and Neutral Trip Lvl (50N1P) equal to 0.5 A or lower 
with 0.10-second time delay ensures that the element will quickly detect 
and trip for feeder ground faults.

Figure 4.2 Ground Fault Protection Using Core-Balance CT

Table 4.6 Residual Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

 50G1P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G1D := 0.50

RES OC TRQ CON SELOGIC  50G1TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G2P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G2D := 0.50

RES OC TRQ CON SELOGIC  50G2TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G3P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G3D := 0.50

RES OC TRQ CON SELOGIC  50G3TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G4P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G4D := 0.50

RES OC TRQ CON SELOGIC  50G4TC := 1

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Feeder52
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A core-balance CT input can also be connected to the IG input (terminals E09 
and E10) in relays with the SELECT 5 AVI/1 ACI card in Slot E of the relay. Set 
the CT ratio setting CTRG and set the residual current IG source setting 
IG_SRC := MEAS. When a core-balance CT is not available, use the 50G 
residual overcurrent elements based on the calculated residual current IG (set 
IG_SRC := CALC ).

.

The relay offers four negative-sequence overcurrent elements to detect phase-
to-phase faults, phase reversal, single phasing, and unbalance load.

Pickup and Reset 
Time Curves

Figure 4.3 and Figure 4.4 show pickup and reset time curves applicable to all 
nondirectional instantaneous overcurrent elements with sinusoidal waveforms 
applied (60 Hz or 50 Hz relays). These times do not include output contact 
operating time and, thus, are accurate for determining element operation time 
for use in internal SELOGIC control equations. Output contact pickup/dropout 
time is approximately 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a 
50 Hz relay).

NOTE: The pickup time curve in 
Figure 4.3 is not valid for conditions 
with a saturated CT, where the 
resultant current to the relay is 
nonsinusoidal.

Figure 4.3 Instantaneous Overcurrent Element Pickup Time Curve

Table 4.7 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50Q1P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q1D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q1TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q2P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q2D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q2TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q3P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q3D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q3TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q4P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q4D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q4TC := 1

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to ground faults is less 
when you use the residual 
overcurrent element instead of the CB 
element. You should use a separate 
ground fault detection method if a CB 
CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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Figure 4.4 Instantaneous Overcurrent Element Reset Time Curve

Time-Overcurrent 
Elements

One level of inverse time element is available for phase A, B, C, and negative-
sequence overcurrent. Also, two levels of inverse time elements are available 
for maximum phase, neutral, and residual overcurrent. See Table 4.8 through 
Table 4.12 for available settings.

You can select from five U.S. and five IEC inverse characteristics. Table 4.13 
and Table 4.14 show equations for the curves and Figure 4.10 through 
Figure 4.19 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use the 51_CT if you want 
to raise the curves by a constant time. Also, you can use the 51_MR if you 
want to ensure the curve times no faster than a minimum response time.

Each element can be torque controlled through the use of the appropriate 
SELOGIC control equations (e.g., when 51P1TC := IN401 the 51P1 element 
will be operational only if IN401 is asserted).
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Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51AP := 6.00
51AP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 sec 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51BP := 6.00
51BP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 sec 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1



4.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Basic Protection

The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.5.

Figure 4.5 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51CP := 6.00
51CP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c

0.05–1.00d
51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 sec 51CCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P1P := 6.00

51P1P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 sec 51P1CT := 0.00

Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

Setting

51ATC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical 
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.1)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.6.

Figure 4.6 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P2P := 6.00

51P2P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 sec 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P

|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51P1P

51P1R

51P1T

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51P1P Pickup
 51P1C Curve Type
 51P1TD Time Dial
 51P1RS Electromechanical 
     Reset? (Y/N)
 51P1CT Const. Time Add.
 51P1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown in Figure 4.7.

Figure 4.7 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.10 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51QP := 6.00
51QP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 sec 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

51QTC

SELOGIC 
Torque Control

SELOGIC
Setting

(From Figure 4.1)

51QP

|3I2|

Setting

Torque Control Switch

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical 
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response

Pickup

Curve 
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits
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The neutral time-overcurrent elements, 51N1T and 51N2T, respond to neutral 
channel current IN as shown Figure 4.8.

Figure 4.8 Neutral Time-Overcurrent Elements 51N1T and 51N2T

Table 4.11 Neutral Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

51N1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N1C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f

e For 51_C := U_.
f For 51_C := C_.

51N1TD := 1.50

EM RESET DELAY Y, N 51N1RS := N

CONST TIME ADDER 0.00–1.00 sec 51N1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N1MR := 0.00

TOC TRQ CONTROL SELOGIC 51N1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

51N2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N2C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f
51N2TD := 1.50

EM RESET DELAY Y, N 51N2RS := N

CONST TIME ADDER 0.00–1.00 sec 51N2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N2MR := 0.00

TOC TRQ CONTROL SELOGIC 51N2TC := 1

51N1P

|IN|

Setting

51N1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51N1P

51N1R

51N1T

51N1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51N1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51N1T Neutral
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51N1P Pickup
 51N1C Curve Type
 51N1TD Time Dial
 51N1RS Electromechanical 
     Reset? (Y/N)
 51N1CT Const. Time Add.
 51N1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51N1T element shown above; 51N2T is similar.
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to 
residual current IG as shown in Figure 4.9.

Figure 4.9 Residual Time-Overcurrent Elements 51G1T and 51G2T

Table 4.12 Residual Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51G1P := 0.50
51G1P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 sec 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51G2P := 0.50
51G2P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 sec 51G2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51G1T element shown above; 51G2T is similar.
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Time-Overcurrent 
Curves

The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.5 through 
Figure 4.9). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.10 through Figure 4.19. Curves U1, U2, and U3 (Figure 4.10 through 
Figure 4.12) conform to IEEE C37.112-1996 IEEE Standard Inverse-Time 
Characteristic Equations for Overcurrent Relays.

Relay Word Bit ORED51T Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 51BT, 
51CT, 51PIT, 51P2T, 51N1T, 51N2T, 51G1T, 51G2T, or 51QT are asserted.

Table 4.13 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.10

U2 (Inverse) Figure 4.11

U3 (Very Inverse) Figure 4.12

U4 (Extremely Inverse) Figure 4.13

U5 (Short-Time Inverse) Figure 4.14

Table 4.14 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.15

C2 (Very Inverse) Figure 4.16

C3 (Extremely Inverse) Figure 4.17

C4 (Long-Time Inverse) Figure 4.18

C5 (Short-Time Inverse) Figure 4.19

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M–
-------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.10 U.S. Moderately Inverse Curve: U1 Figure 4.11 U.S. Inverse Curve: U2

Figure 4.12 U.S. Very Inverse Curve: U3 Figure 4.13 U.S. Extremely Inverse Curve: U4
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Figure 4.14 U.S. Short-Time Inverse Curve: U5 Figure 4.15 IEC Class A Curve (Standard Inverse): C1

Figure 4.16 IEC Class B Curve (Very Inverse): C2 Figure 4.17 IEC Class C Curve (Extremely Inverse): C3
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RTD-Based Protection
RTD Input Function When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 

the internal RTD card (set E49RTD := INT) option, the SEL-751A offers 
several protection and monitoring functions, settings for which are described 
in Table 4.15. See Figure 2.13 for the RTD module fiber-optic cable 
connections. If the relay does not have internal or external RTD inputs set 
E49RTD := NONE.

NOTE: The SEL-751A can monitor as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.15 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

Figure 4.18 IEC Long-Time Inverse Curve: C4 Figure 4.19 IEC Short-Time Inverse Curve: C5
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Table 4.15 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250 °C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250 °C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.
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RTD Location
The relay allows you to independently define the location of each monitored 
RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type
The four available RTD types are:

➤ 100-ohm platinum (PT100)

➤ 100-ohm nickel (NI100)

➤ 120-ohm nickel (NI120)

➤ 10-ohm copper (CU10)

RTD Trip/Warning Levels
The SEL-751A provides temperature warnings and trips through use of the 
RTD temperature measurements and the warning and trip temperature settings 
in Table 4.16.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding 
temperature trip if one or two of the healthy winding RTDs indicate a 
temperature greater than their RTD trip temperature settings. Two winding 
RTDs must indicate excessive temperature when the winding trip voting 
setting equals Y. Only one excessive temperature indication is necessary if 
winding trip voting is not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for 
ambient and other RTDs.

To disable any of the temperature warning or trip functions, set the appropriate 
temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip 
functions. The relay includes specific logic to indicate if RTD leads are 
shorted or open.

NOTE: An open condition for an 
RTD is detected if the temperature is 
greater than 250°C and a short 
condition is detected if the 
temperature is less than –50°C.

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP are delayed 
by approximately 12 seconds.
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Table 4.16 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.16 RTD Resistance Versus Temperature

Temp
(°F)

Temp
(°C)

100
Platinum

120
Nickel

100
Nickel

10
Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73
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Voltage-Based Protection
The following information applies to relay models with voltage inputs.

Undervoltage 
Function

Overvoltage Function

NOTE: The under- and overvoltage 
level settings 27P and 59P are in per-
unit nominal voltage, Vnm. The relay 
automatically calculates Vnm, using 
the settings VNOM and DELTA_Y as 
follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.
The level settings 27S and 59S are in 
secondary voltage.

When you connect the SEL-751A voltage inputs to phase-to-phase connected 
VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, the relay 
provides two levels of phase-to-phase overvoltage and undervoltage elements.

When you connect the SEL-751A voltage inputs to phase-to-neutral 
connected VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, 
the relay provides two levels of phase-to-neutral overvoltage and undervoltage 
elements. When a synchronism voltage input is present (e.g., VS input shown 

Table 4.17 Undervoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

UV TRIP1 LEVEL OFF, 0.02–1.00 xVnm 27P1P := OFF

UV TRIP1 DELAY 0.0–120.0 sec 27P1D := 0.5

UV TRIP2 LEVEL OFF, 0.02–1.00 xVnm 27P2P := OFF

UV TRIP2 DELAY 0.0–120.0 sec 27P2D := 5.0

UVS LEVEL 1 OFF, 2.00–300.00 V 27S1P := OFF

UVS DELAY 1 0.0–120.0 sec 27S1D := 0.5

UVS LEVEL 2 OFF, 2.00–300.00 V 27S2P := OFF

UVS DELAY 2 0.0–120.0 sec 27S2D := 0.5

Table 4.18 Overvoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

OV TRIP1 LEVEL OFF, 0.02–1.20 xVnm 59P1P := 1.10

OV TRIP1 DELAY 0.0–120.0 sec 59P1D := 0.5

OV TRIP2 LEVEL OFF, 0.02–1.20 xVnm 59P2P := OFF

OV TRIP2 DELAY 0.0–120.0 sec 59P2D := 5.0

ZS OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59G1P := OFF

ZS OV TRIP1 DLY 0.0-120.0 sec 59G1D := 0.5

ZS OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59G2P := OFF

ZS OV TRIP2 DLY 0.0-120.0 sec 59G2D := 5.0

NSQ OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59Q1P := OFF

NSQ OV TRIP1 DLY 0.0-120.0 sec 59Q1D := 0.5

NSQ OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59Q2P := OFF

NSQ OV TRIP2 DLY 0.0-120.0 sec 59Q2D := 5.0

OVS LEVEL 1 OFF, 2.00–300.00 V 59S1P := OFF

OVS DELAY 1 0.0–120.0 sec 59S1D := 0.5

OVS LEVEL 2 OFF, 2.00–300.00 V 59S2P := OFF

OVS DELAY 2 0.0–120.0 sec 59S2D := 0.5
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in Figure 2.19) the SEL-751A provides two levels of VS under- and 
overvoltage elements. You can use these elements to control reclosing logic 
described later.

Each of the elements has an associated time delay, except the three-phase 
under- and overvoltage elements, 3P27 and 3P59. You can use these elements 
as you choose for tripping and warning. Figure 4.20 and Figure 4.21 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.20 Undervoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Figure 4.21 Overvoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Synchronism-Check 
Elements

Figure 2.21, and Figure 2.22 show examples where synchronism check can be 
applied. Synchronism-check voltage input VS is connected to one side of the 
circuit breaker, on any phase you want. The other synchronizing phase (VA, VB, 
or VC voltage inputs) on the other side of the circuit breaker is setting selected.

The two synchronism-check elements use the same voltage window (to ensure 
healthy voltage), frequency window (FNOM ±5 Hz), and slip frequency 
settings (see Figure 4.22 and Figure 4.23). They have separate angle settings.

If the voltages are static (voltages not slipping with respect to one another) or 
setting TCLOSD = OFF, the two synchronism-check elements operate as 
shown in the top of Figure 4.23. The relay checks these angle settings for 
synchronism-check closing.

If the voltages are not static (voltages slipping with respect to one another), 
the two synchronism-check elements operate as shown in the bottom of 
Figure 4.23. The angle difference is compensated by breaker close time, and 
the breaker is ideally closed at a zero-degree phase angle difference, to 
minimize system shock.

Figure 4.22 Synchronism-Check Voltage Window and Slip Frequency Elements
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q From Figure 4.22; w see Figure 4.35.

Figure 4.23 Synchronism-Check Elements
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Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye 
Transformer

Sometimes synchronism-check voltage VS cannot be in phase with voltage 
VA, VB, or VC (wye-connected PTs); or VAB, VBC, or VCA (delta-
connected PTs). This happens in applications where voltage input VS is 
connected

➤ Phase-to-phase when using a wye-connected relay

➤ Phase-to-neutral when using a delta-connected relay

➤ Beyond a delta-wye transformer

For such applications requiring VS to be at a constant phase angle difference 
from any of the possible synchronizing voltages (VA, VB, or VC; VAB, VBC, 
or VCA), an angle setting is made with the SYNCPH setting (see Table 4.19 
and Setting SYNCPH on page 4.27).

Setting SYNCPH
Enable the two single-phase synchronism-check elements by setting E25 := Y.

Wye-Connected Voltages.
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VA, and they indicate how many degrees VS constantly lags 
VA. In this case, voltage input VA-N has to be connected and has to meet the 
“healthy voltage” criteria (settings 25VHI and 25VLO—see Figure 4.23). For 
situations where VS cannot be in phase with VA, VB, or VC, the angle setting 
choices (0, 30, …, 300, or 330 degrees) are referenced to VA.

Table 4.19 Synchronism-Check Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYNCH CHECK Y, N E25 := N

VS WINDOW LOW 0.00–300.00 V 25VLO := 105.00

VS WINDOW HIGH 0.00–300.00 V 25VHI := 130.00

V RATIO COR FAC 0.50–2.00 25RCF := 1.00

MAX SLIP FREQ 0.05–0.50 Hz 25SF := 0.20

MAX ANGLE 1 0–80 deg 25ANG1 := 25

MAX ANGLE 2 0–80 deg 25ANG2 := 40

SYNCH PHASE VA, VB, VC, or 0, 30, 60, 90, 120, 
150, 180, 210, 240, 270, 300, 330 
deg lag VAa

a Range shown for DELTA_Y := WYE

SYNCPH := VA

SYNCH PHASE VAB, VBC, VCA, or 0, 30, 60, 90, 
120, 150, 180, 210, 240, 270, 300, 
330 deg lag VABb

b Range shown for DELTA_Y := DELTA

SYNCPH := VAB

BRKR CLOSE TIME OFF, 1-1000 ms TCLOSD := 50

BLK SYNCH CHECK SV BSYNCH := 52A

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Delta-Connected Voltages
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VAB, and they indicate how many degrees VS constantly 
lags VAB. In this application, voltage input VA-VB has to be connected and has 
to meet the “healthy voltage” criteria (settings 25VHI and 25VLO—see 
Figure 4.22). For situations where VS cannot be in phase with VAB, VBC, or 
VCA, the angle setting choices (0, 30, …, 300, or 330 degrees) are referenced 
to VAB.

Figure 2.21 shows a relay wired with delta-connected phase PTs, and a 
C-phase-to-ground connected VS-NS input. With ABC rotation, the correct 
SYNCPH setting for this example is 270 degrees, the amount that VC lags 
VAB. However, the setting angle is 90 degrees for the ACB phase rotation.

Use the voltage ratio correction factor (setting 25RCF) to compensate 
magnitude of the phase voltage to match the synchronism voltage VS. Many 
applications will require 25RCF := 1.00, however some applications may need 
a different setting. For example, Figure 2.21 requires 25RCF := PTR /
(1.732*PTRS). This will be 0.58 if the PTR and PTRS are equal.

See the Application Guide entitled Compensate for Constant Phase Angle 
Difference in Synchronism Check with the SEL-351 Relay Family (also applies 
to SEL-751A) for more information on setting SYNCPH with an angle 
setting.

Synchronism-Check Elements Voltage Inputs
The two synchronism-check elements are single-phase elements, with single-
phase voltage inputs VP and VS used for both elements:

VP Phase input voltage (VA, VB, or VC *25RCF for Delta_Y := Wye; VAB, 
VBC, or VCA*25RCF for Delta_Y := Delta), designated by setting SYNCPH 
(If SYNCPH is set to one of the angle settings, then VP = VA*25RCF or 
VAB*25RCF depending on the Delta_Y setting.)

VS Synchronism-check voltage, from SEL-751A rear-panel voltage 
input VS

For example, if the rear-panel voltage input VS-NS is connected to B-phase (or 
BC phase-to-phase for delta) then set SYNCPH := VB (or VBC for delta). The 
voltage across terminals VB-N (or VB-VC for delta) is synchronism checked with 
the voltage across terminals VS-NS (see Figure 2.21).

System Frequencies Determined from Voltages VA (or VAB for Delta) and VS
To determine slip frequency, first determine the system frequencies on both 
sides of the circuit breaker. Voltage VS determines the frequency on one side. 
Voltage VP determines the frequency on the other side. 

Synchronism-Check Elements Operation
Refer to Figure 4.22 and Figure 4.23.

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Voltage Window

Refer to Figure 4.22. Single-phase voltage inputs VP and VS are compared to a 
voltage window, to verify that the voltages are “healthy” and lie within 
settable voltage limits 25VLO and 25VHI. If both voltages are within the 
voltage window, the following Relay Word bits assert:

59VP indicates that voltage VP is within voltage window setting limits 
25VLO and 25VHI

59VS indicates that voltage VS is within voltage window setting limits 
25VLO and 25VHI

Other Uses for Voltage Window Elements. If voltage limits 25VLO and 
25VHI are applicable to other control schemes, you can use Relay Word bits 
59VP and 59VS in other logic at the same time you use them in the 
synchronism-check logic.

If synchronism check is not being used, Relay Word bits 59VP and 59VS can 
still be used in other logic, with voltage limit settings 25VLO and 25VHI set 
as necessary. Enable the synchronism-check logic (setting E25 = Y) and make 
settings 25LO, 25HI, and 25RCF. Apply Relay Word bits 59VP and 59VS in 
the logic scheme you want, using SELOGIC control equations. Even though 
synchronism-check logic is enabled, the synchronism-check logic outputs 
(Relay Word bits SF, 25A1, and 25A2) do not need to be used.

Block Synchronism-Check Conditions
Refer to Figure 4.22. The synchronism-check element slip frequency 
calculator runs if both voltages VP and VS are healthy (59VP and 59VS 
asserted to logical 1) and the SELOGIC control equation setting BSYNCH 
(Block Synchronism Check) is deasserted (= logical 0). Setting BSYNCH is 
most commonly set to block synchronism-check operation when the circuit 
breaker is closed (synchronism check is only necessary when the circuit 
breaker is open):

BSYNCH := 52A (see Figure 4.34)

In addition, synchronism-check operation can be blocked when the relay is 
tripping:

BSYNCH := … OR TRIP

Slip Frequency Calculator
Refer to Figure 4.22. The synchronism-check element Slip Frequency 
Calculator in Figure 4.22 runs if voltages VP and VS are healthy (59VP and 
59VS asserted to logical 1) and the SELOGIC control equation setting 
BSYNCH (Block Synchronism Check) is deasserted (= logical 0). The Slip 
Frequency Calculator output is:

Slip Frequency = fP – fS (in units of Hz = slip cycles/second)

fP = frequency of voltage VP (in units of Hz = cycles/second) 

fS = frequency of voltage VS (in units of Hz = cycles/second)

A complete slip cycle is a single 360-degree revolution of one voltage 
(e.g., VS) by another voltage (e.g., VP). Both voltages are thought of as 
revolving phasor-wise, so the “slipping” of VS past VP is the relative 
revolving of VS past VP.
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For example, in Figure 4.22, if voltage VP has a frequency of 59.95 Hz and 
voltage VS has a frequency of 60.05 Hz, the difference between them is the 
slip frequency:

Slip Frequency = 59.95 Hz – 60.05 Hz = –0.10 Hz = –0.10 slip cycles/
second

The slip frequency in this example is negative, indicating that voltage VS is 
not “slipping” behind voltage VP, but in fact “slipping” ahead of voltage VP. 
In a time period of one second, the angular distance between voltage VP and 
voltage VS changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second • (360°/slip cycle) • 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage VP 
and voltage VS changes by 36 degrees.

The relay runs the absolute value of the Slip Frequency output through a 
comparator and, if the slip frequency is less than the maximum slip frequency 
setting, 25SF, Relay Word bit SF asserts to logical 1.

Angle Difference Calculator
The synchronism-check element Angle Difference Calculator in Figure 4.23 
runs if the slip frequency is less than the maximum slip frequency setting 
25SF (Relay Word bit SF is asserted).

Voltages VP and VS Are “Static”. Refer to top of Figure 4.23. If the slip 
frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator 
does not take into account breaker close time—it presumes voltages VP and 
VS are “static” (not “slipping” with respect to one another). This would 
usually be the case for an open breaker with voltages VP and VS that are 
paralleled via some other electric path in the power system. The Angle 
Difference Calculator calculates the angle difference between voltages VP and 
VS:

Angle Difference = |(∠VP – ∠VS)|

For example, if SYNCPH := 90 (indicating VS constantly lags VP = VA by 
90 degrees), but VS actually lags VA by 100 angular degrees on the power 
system at a given instant, the Angle Difference Calculator automatically 
accounts for the 90 degrees and:

Angle Difference = |(∠ VP – ∠ VS)| = 10°

Also, if breaker close time setting TCLOSD = OFF, the Angle Difference 
Calculator does not take into account breaker close time, even if the voltages 
VP and VS are “slipping” with respect to one another. Thus, synchronism-
check elements 25A1 or 25A2 assert to logical 1 if the Angle Difference is 
less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages VP and VS Are “Slipping”. Refer to bottom of Figure 4.23. If the 
slip frequency is greater than 0.005 Hz and breaker close time setting 
TCLOSD ≠ OFF, the Angle Difference Calculator takes the breaker close time 
into account with breaker close time setting TCLOSD (set in ms; see 
Figure 4.24). The Angle Difference Calculator calculates the Angle 
Difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|
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Angle Difference Example (Voltages VP and VS are “Slipping”). Refer to 
bottom of Figure 4.23. For example, if the breaker close time is 100 ms, set 
TCLOSD := 100. Presume the slip frequency is the example slip frequency 
calculated previously. The Angle Difference Calculator calculates the angle 
difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|

Intermediate calculations:

(fP – fS) = (59.95 Hz – 60.05 Hz) = –0.10 Hz = –0.10 slip cycles/second 
TCLOSD • (1 / 1000) = 0.1 second

Resulting in:

Angle Difference

= |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • (360°/slip cycle)]|
= |(∠VP – ∠VS) + [–0.10 • 0.1 • 360°]| 
= |(∠VP – ∠VS) – 3.6°|

During the breaker close time (TCLOSD), the voltage angle difference 
between voltages VP and VS changes by 3.6 degrees. The relay applies this 
angle compensation to voltage VS, resulting in derived voltage VS*, as shown 
in Figure 4.24.

The top of Figure 4.24 shows the Angle Difference decreasing—VS* is 
approaching VP. Ideally, circuit breaker closing is initiated when VS* is in 
phase with VP (Angle Difference = 0 degrees). Then when the circuit breaker 
main contacts finally close, VS is in phase with VP, minimizing system shock.

The bottom of Figure 4.24 shows the Angle Difference increasing—VS* is 
moving away from VP. Ideally, circuit breaker closing is initiated when VS* is 
in phase with VP (Angle Difference = 0 degrees). Then when the circuit 
breaker main contacts finally close, VS is in phase with VP. But in this case, 
VS* has already moved past VP. To initiate circuit breaker closing when VS* 
is in phase with VP (Angle Difference = 0 degrees), VS* has to slip around 
another revolution, relative to VP.

NOTE: The angle compensation in 
Figure 4.24 appears much greater 
than 3.6 degrees. Figure 4.24 is for 
general illustrative purposes only.
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Figure 4.24 Angle Difference Between VP and VS Compensated by Breaker 
Close Time (fP < fS and VP Shown as Reference in This Example)

Synchronism-Check Element Outputs
Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in 
Figure 4.23) assert to logical 1 for the conditions explained in the following 
text.

Voltages VP and VS Are “Static” or Setting TCLOSD = OFF. To implement a 
simple fixed-angle synchronism-check scheme, set TCLOSD := OFF and 
25SF = 0.50. With these settings, the SEL-751A performs the synchronism 
check as the top of Figure 4.23 describes.
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If there is the possibility of a high slip frequency, exercise caution if you use 
synchronism-check elements 25A1 or 25A2 to close a circuit breaker. A high 
slip frequency and a slow breaker close could result in closing the breaker 
outside the synchronism-check window. Qualify the breaker close command 
with a time delay, such as:

SV06 := 25A1

CL := CC and SV06T

Set SV06PU with enough pickup delay to ensure that the slip frequency is low 
enough for the circuit breaker to close within the synchronism-check window.

Voltages VP and VS Are “Slipping” and Setting TCLOSD ≠ OFF. Refer to 
bottom of Figure 4.23. If VP and VS are “slipping” with respect to one 
another and breaker close time setting TCLOSD ≠ OFF, the Angle Difference 
(compensated by breaker close time TCLOSD) changes through time. 
Synchronism-check element 25A1 or 25A2 asserts to logical 1 for any one of 
the following three scenarios.

1. The top of Figure 4.24 shows the Angle Difference 
decreasing—VS* is approaching VP. When VS* is in phase 
with VP (Angle Difference = 0 degrees), synchronism-check 
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 4.24 shows the Angle Difference 
increasing—VS* is moving away from VP. VS* was in phase 
with VP (Angle Difference = 0 degrees), but has now moved 
past VP. If the Angle Difference is increasing, but the Angle 
Difference is still less than maximum angle settings 25ANG1 
or 25ANG2, then corresponding synchronism-check elements 
25A1 or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still 
being less than maximum angle settings 25ANG1 or 25ANG2, 
the operation of corresponding synchronism-check elements 
25A1 and 25A2 becomes less restrictive. Synchronism-check 
breaker closing does not have to wait for voltage VS* to slip 
around again in phase with VP (Angle Difference = 0 degrees). 
There might not be enough time to wait for this to happen. 
Thus, the “Angle Difference = 0 degrees” restriction is eased 
for this scenario.

3. Refer to Reclose Supervision Logic on page 4.48.

Refer to the bottom of Figure 4.35. If timer 79CLSD is set 
greater than zero (e.g., 79CLSD := 100 ms) and it times out 
without SELOGIC control equation setting 79CLS (Reclose 
Supervision) asserting to logical 1, the relay goes to the 
Lockout State (see top of Figure 4.36).

Refer to the top of Figure 4.35. If timer 79CLSD is set to zero 
(79CLSD := 0.00), the relay checks SELOGIC control equation 
setting 79CLS (Reclose Supervision) only once to see if it is 
asserted to logical 1. If it is not asserted to logical 1, the relay 
goes to the Lockout State.

Refer to the top of Figure 4.24. Ideally, circuit breaker closing 
is initiated when VS* is in phase with VP (Angle Difference = 
0 degrees). Then when the circuit breaker main contacts finally 
close, VS is in phase with VP, minimizing system shock. But 
with time limitations imposed by timer 79CLSD, this may not 
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be possible. To try to avoid going to the Lockout State, the 
following logic is employed.

If 79CLS has not asserted to logical 1 while timer 79CLSD is 
timing (or timer 79CLSD is set to zero and only one check of 
79CLS is made), the synchronism-check logic at the bottom of 
Figure 4.23 becomes less restrictive at the “instant” timer 
79CLSD is going to time out (or make the single check). It 
drops the requirement of waiting until the decreasing Angle 
Difference (VS* approaching VP) brings VS* in phase with VP 
(Angle Difference = 0 degrees). Instead, it just checks to see 
that the Angle Difference is less than angle settings 25ANG1 or 
25ANG2.

If the Angle Difference is less than angle setting 25ANG1 or 
25ANG2, then the corresponding Relay Word bit, 25A1 or 
25A2, asserts to logical 1 for that “instant” (asserts for 1/4 
cycle).

For example, if SELOGIC control equation setting 79CLS 
(Reclose Supervision) is set as follows:

79CLS := 25A1 OR … and the angle difference is less than angle setting 
25ANG1 at that “instant,” setting 79CLS asserts to logical 1 for 
1/4 cycle, allowing the sealed-in open interval time-out to 
propagate on to the close logic in Figure 4.34. Element 25A2 
operates similarly.

Synchronism-Check 
Applications for 
Automatic Reclosing 
and Manual Closing

Refer to Trip/Close Logic on page 4.45 and Reclose Supervision Logic on 
page 4.48.

For example, set 25ANG1 = 15 degrees and use the resultant synchronism-
check element in the reclosing relay logic to supervise automatic reclosing, 
e.g.,

79CLS := 25A1 OR … (see Figure 4.35)

Set 25ANG2 = 25° and use the resultant synchronism-check element in 
manual close logic to supervise manual closing (for example, assert IN301 to 
initiate manual close), e.g.,

CL := IN301 AND (25A2 OR …) (see Figure 4.34)

In this example, the angular difference across the circuit breaker can be 
greater for a manual close (25 degrees) than for an automatic reclose 
(15 degrees).

A single output contact (e.g., OUT102 := CLOSE) can provide the close 
function for both automatic reclosing and manual closing (see Figure 4.34) 
logic output).

Power Elements You can enable as many as two independent three-phase power elements in the 
SEL-751A Relay. Each enabled element can be set to detect real power or 
reactive power. When voltage inputs to the relay are from delta connected PTs 
or when you use a single voltage input, the relay cannot account for unbalance 
in the voltages in calculating the power. Take this into consideration in 
applying the power elements.
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With SELOGIC control equations, the power elements provide a wide variety 
of protection and control applications. Typical applications are:

➤ Overpower and/or underpower protection/control 

➤ Reverse power protection/control

➤ VAR control for capacitor banks

EPWR := 3P1 enables one three-phase power element. Set EPWR := 3P2 if 
you want to use both elements.

Set the element pickup, 3PH PWR ELEM PU, to the values you want. 
Figure 4.25 shows the power element logic diagram and Figure 4.26 shows 
the operation in the Real/Reactive power plane.

Figure 4.25 Three-Phase Power Elements Logic

Table 4.20 Power Element Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PWR ELEM N, 3P1, 3P2 EPWR := N

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary)

a The range shown is for 5 A input; range for 1 A input is OFF, 0.2—1300.0 VA.

3PWR1P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR1T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR1D := 0.0

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary) 3PWR2P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR2T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR2D := 0.0

PWRnD

0

3PWRnP

|VAB|

20 V

3PWRnT

Relay
Word
Bits

Switch A
Position

+WATTS
–WATTS
+VARS
–VARS

Setting
PWRnT

1
1
2
2

Switch B
Position

1
2
1
2

Where n = 1 or 2

2 Cycle
Average

•(–1)

Switch A Switch B

1 1

2 2

3PWRnP

|VBC|

Setting

P

Q

* lVBCl = lVABl if setting SINGLEV := Y

*
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Figure 4.26 Power Elements Operation in the Real/Reactive Power Plane

The power element type settings are made in reference to the load convention:

➤ +WATTS: positive or forward real power

➤ –WATTS: negative or reverse real power

➤ +VARS: positive or forward reactive power

➤ –VARS: negative or reverse reactive power

You can set the two power element time delay settings (PWR1D and PWR2D) 
to have no intentional delay for testing purposes. For protection applications 
involving the power element Relay Word bits, SEL recommends a minimum 
time delay setting of 0.1 second for general applications. The classical power 
calculation is a product of voltage and current, to determine the real and 
reactive power quantities. During a system disturbance, because of the high 
sensitivity of the power elements, the changing system phase angles and/or 
frequency shifts can cause transient errors in the power calculation.

The power elements are not supervised by any relay elements other than the 
minimum voltage check shown in Figure 4.25. If the protection application 
requires overcurrent protection in addition to the power elements, there can be 
a race condition, during a fault, between the overcurrent element(s) and the 

Reactive
Power

Reactive
Power

Real 
Power

Real 
Power

3PWR2P
(pickup)

3PWR1P
(pickup)

3PWR1P
(pickup)

3PWR2P
(pickup)

Set as Reactive Power Elements
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(Leading)

3PWR2 3PWR1 3PWR2 3PWR1

Forward
(Lagging)

Set as Real Power Elements

Reverse Forward

SEL-751A

52

SEL-751A

52

PWR1T = 
+VARS 
(type)

PWR2T = 
—VARS 
(type)

PWR2T = 
—WATTS 
(type)

PWR1T = 
+WATTS 
(type)

Note: Highlighted area represents pickup region
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power element(s) if the power element(s) are still receiving sufficient 
operating quantities. Use the power element time delay setting to avoid such 
race conditions.

Power Factor 
Elements

If the measured power factor falls below the leading or lagging level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
power factor elements are enabled 55DLY seconds after Relay Word 52A is 
asserted (breaker closed), however when 55DLY := 0 the element is always 
enabled irrespective of the 52A status. Figure 4.27 shows the logic diagram 
for the power factor elements. You can use these elements to detect 
synchronous motor out-of-step or loss-of-field conditions. Refer to Figure 5.1 
for the relay power measurement convention.

Figure 4.27 Power Factor Elements Logic

Table 4.21 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99 55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99 55LDTP := OFF 

PF TRIP DELAY 1–240 sec 55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99 55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99 55LDAP := OFF

PF WARN DELAY 1–240 sec 55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

| Measured
Power Factor |

52A

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY
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Loss-of-Potential 
(LOP) Protection

The SEL-751A sets Relay Word bit LOP upon detecting a loss of relay ac 
voltage input such as that caused by blown potential fuses or by the operation 
of molded-case circuit breakers. Because accurate relaying potentials are 
necessary for certain protection elements (undervoltage 27 elements, for 
example), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 25 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (greater than a pre-determined threshold) in positive-sequence 
(I1), negative-sequence (I2), or zero-sequence currents (I0). 

If this condition persists for 1 second, the relay latches the LOP Relay Word 
bit at logical 1. The relay resets the LOP Relay Word bit when the conditions 
of the RESET input of the latch are met, as shown in Figure 4.28.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation, LOPBLK (see Table 4.22 for the setting and 
Figure 4.28 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 25 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.4).

LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying 
potentials for correct operation. It is critical that the relay detects an LOP 
condition and prevents operation of these elements. For example, when 
dropping a wrench on the phase-voltage input fuse holders, the relay LOP 
logic accurately determines that this loss of input voltages is an LOP condition 
and does not trip (if the LOP Relay Word bit supervises selected tripping 
elements, see Example 4.4). If you are using voltage-determined relay 
elements for tripping decisions, then blocking these elements is crucial when 
the voltage component is no longer valid.

EXAMPLE 4.4 Supervising Voltage-Element Tripping With LOP

The factory-default setting supervises undervoltage trip by the LOP as 
follows:

SV01 := . . . OR (27P1T OR 27P2T) AND NOT LOP

Similarly, if you want the additional voltage-affected elements (e.g., 55T) 
to act only when there are correct relaying potentials voltage, use the 
following in the equation:

. . . OR (27P1T OR 27P2T OR 55T) AND NOT LOP . . . 
and remove 55T from TR

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

Table 4.22 LOP Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Monitoring and Alarms
You should take steps to immediately correct an LOP problem so that normal 
protection is rapidly reestablished. Include the LOP Relay Word bit in an 
output contact alarm to notify operation personnel of abnormal voltage input 
conditions and failures that can be detrimental to the protection system 
performance if not quickly corrected. 

Figure 4.28 LOP Logic

Frequency Protection
Frequency Elements

1 s
S

R

Q

Q

0

0

1 s

1 cyc

0

LOP
| V1 | > 10.5 V

Δ | V1  | > 25%

Δ | I1 | > 0.1 • I
NOM

Δ | I2 | > 0.1 • I
NOM

Δ | I0 | > 0.1 • I
NOM

| V2 | < 5 V

| V0 | < 5 V

| V1 | > 0.75 • VNOM/1.73

(RESET has priority)

Note: I
NOM

 is 1 A or 5 A, depending on the part number.
I
NOM

 is the phase secondary input rating. 
VNOM (in secondary volts) is the nominal line-to-line
voltage setting.

Relay 
Word 
Bit

Δ     I1  > 10°

Δ     I2 > 10°

Δ     I0 > 10°

LOPBLK

SELOGIC

Setting

Table 4.23 Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 20.00–70.00 Hz  81D1TP := OFF

FREQ1 TRIP DELAY a 0.00–400.00 sec  81D1TD := 1.00

FREQ2 TRIP LEVEL OFF, 20.00–70.00 Hz  81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 sec  81D2TD := 1.00

FREQ3 TRIP LEVEL OFF, 20.00–70.00 Hz  81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 sec  81D3TD := 1.00

FREQ4 TRIP LEVEL OFF, 20.00–70.00 Hz  81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 sec  81D4TD := 1.00

FREQ5 TRIP LEVEL OFF, 20.00–70.00 Hz  81D5TP := OFF
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NOTE: The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 
0.1 • (Nominal CT Rating). The 
measured frequency is set to nominal 
frequency setting (FNOM) if the signal 
is less than the minimum level.

The SEL-751A provides six trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an 
underfrequency element. When the level setting is greater than the nominal 
frequency setting, the element operates as an overfrequency element. 
Figure 4.29 shows the logic diagram for the frequency elements.

Figure 4.29 Over- and Underfrequency Element Logic

Rate-of-Change-of-Frequency (81R) Protection
Frequency changes occur in power systems when there is an unbalance 
between load and active power generated. Typically, generator control action 
adjusts the generated active power and restores the frequency to nominal 
value. Failure of such control action can lead to system instability unless 
remedial action, such as load shedding, is taken. You can use the rate-of-
change-of-frequency element to detect and initiate a remedial action. The 
SEL-751A provides four rate-of-change-of-frequency elements. Table 4.24 
shows the settings available for the elements.

FREQ5 TRIP DELAYa 0.00–400.00 sec  81D5TD := 1.00

FREQ6 TRIP LEVEL OFF, 20.00–70.00 Hz  81D6TP := OFF

FREQ6 TRIP DELAYa 0.00–400.00 sec  81D6TD := 1.00

a Frequency element time delays are best set no less than five cycles. The relay requires at 
least three cycles to measure frequency.

Table 4.23 Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

freq

81DnTP

81DnT81DnTP < FNOM

FREQTRK

81DnTD

0

Frequency Elements 1–6
Measured Frequency
Frequency Pickup Setting
Nominal Frequency Setting
Over- and Underfrequency Element Pickup Time Delay
Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
Relay Is Tracking Frequency

n =
freq =

81DnTP =
FNOM =

81DnTD =
81DnT =

FREQTRK =

81DnTP ≥ FNOM

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE 81R OFF, 1–4 E81R := OFF

81R VOLTAGE SUP OFF, 0.1–1.3*Vnma 81RVSUP := 0.1*Vnm

81R CURRENT SUP OFF, 0.1–2.0*INOM
b 81RISUP := OFF

81R1 TRIP LEVEL OFF, 0.10–15.00 81R1TP := OFF
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Use the E81R setting to enable the number of elements you need, Figure 4.30 
shows the element logic. The SEL-751A measures frequency (mf1) and 
second frequency (mf2) after a time window (dt) determined by Trip Level 
setting (81RnTP). Hysteresis is such that pickup is 100 percent of 81RnTP 
setting and dropout is 95 percent. Table 4.25 shows the time windows for 
different trip level settings.

Figure 4.30 81R Frequency Rate-of-Change Scheme Logic

81R1 TREND INC, DEC, ABS 81R1TRND := ABS 

81R1 TRIP DELAY 0.10–60.00 sec 81R1TD := 1.00

81R1 DO DELAY 0.00–60.00 sec 81R1DO := 0.00

81R2 TRIP LEVEL OFF, 0.10–15.00 81R2TP := OFF

81R2 TREND INC, DEC, ABS 81R2TRND := ABS

81R2 TRIP DELAY 0.10–60.00 sec 81R2TD := 1.00

81R2 DO DELAY 0.00–60.00 sec  81R2DO := 0.00

81R3 TRIP LEVEL OFF, 0.10–15.00  81R3TP := OFF

81R3 TREND INC, DEC, ABS 81R3TRND := ABS

81R3 TRIP DELAY 0.10–60.00 sec 81R3TD := 1.00

81R3 DO DELAY 0.00–60.00 sec 81R3DO := 0.00

81R4 TRIP LEVEL OFF, 0.10–15.00 81R4TP := OFF

81R4 TREND INC, DEC, ABS 81R4TRND := ABS

81R4 TRIP DELAY 0.10–60.00 sec 81R4TD := 1.00

81R4 DO DELAY 0.00–60.00 sec 81R4DO := 0.00

a See Note on page 4.22 for explanation of Vnm.
b INOM is nominal rating of the phase CTs (1A or 5A).

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Setting 81RnTP 
where n = 1–4

Frequency

81RnTRND = INC

81RnTRND = ABS

81RnTRND = DEC

mf2 > FNOM

mf2 < FNOM

FREQTRK

81RVSUP = OFF

81RISUP = OFF

V1

I1

81RVSUP

81RISUP

PU = 81RnTD

DO = 81RnDO

3 SEC

0

(mf2–mf1)/dt

PU

DO
81RnT

Relay
Word
Bit

95%

95%

95%

ABS

*(-1)
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Set 81Rn Trend to INC or DEC to limit operation of the element to increasing 
or decreasing frequency respectively. Also, when set to INC or DEC the 
element receives supervision from nominal frequency, FNOM. Set the trend to 
ABS if you want the element to disregard the frequency trend.

Voltage and current supervision: A minimum positive-sequence Voltage and/
or Current is necessary for the operation of 81R element when the levels are 
specified by the 81RISUP and 81RVSUP settings respectively. Set 
81RISUP := OFF if no current supervision is necessary and similarly set 
81RVSUP := OFF if no voltage supervision is necessary. In any case, the 
element receives supervision from Relay Word FREQTRK, which ensures 
that the relay is tracking and measuring the system frequency.

Use the Relay Word bit 81RnT to operate output contacts to open appropriate 
breaker(s) according to your load-shedding scheme requirements.

Fast Rate-of-Change-of-Frequency (81RF) Protection
Fast Rate-of-Change-
of-Frequency (81RF) 
Element (Aurora 
Vulnerability 
Mitigation)

The fast rate-of-change-of-frequency protection, 81RF, provides a faster 
response compared to the frequency (81) and rate-of-change-of-frequency 
(81R) elements. The fast operating speed makes the 81RF element suitable for 
detecting islanding conditions.

The element uses a characteristic (see Figure 4.31) based on frequency 
deviation from nominal frequency (DF = FREQ – FNOM) and rate-of-change 
of frequency (DF3C) to detect islanding conditions. The SEL-751A uses a 
time window of three cycles to calculate the value of DF3C. Under steady-
state conditions, the operating point is close to the origin. During islanding 
conditions, depending on acceleration or deceleration of the islanded system, 
the operating point enters Trip Region 1 or Trip Region 2 of the characteristic. 
81RFDFP in Hz and 81RFRP in Hz/s are the settings used to configure the 
characteristic (see Table 4.26).

Table 4.25 Time Window Versus 81RnTP Setting 

81RnTP Setting (Hz/sec) Time Window (Cycles)

15.00–2.33 3

2.32–1.17 6

1.16–0.78 9

0.77–0.58 12

0.57–0.47 15

0.46–0.38 18

0.37–0.33 21

0.32–0.29 24

0.28–0.26 27

< 0.25 30
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Figure 4.31 81RF Characteristics

An explanation of ways to mitigate Aurora threats to power systems can be 
found in the SEL technical paper, Mitigating the Aurora Vulnerability With Existing 
Technology, available on the SEL website. More detailed application considerations 
can be found in the SEL Application Guide, “Aurora Mitigation Using the 
SEL-751A Relay” (AG2010-03), also available on the SEL website.

Figure 4.32 shows the logic diagram of the 81RF element. Enable the element 
by setting E81RF to Y (Yes). Settings 81RFDFP and 81RFRP configure the 
81RF characteristics. These settings are typically coordinated with the frequency 
(81) and rate-of-change-of-frequency (81R) element settings. The slope of the 
characteristic, 81RFSLP, shown in the logic diagram is equal to 
–1 • (81RFRP/81RFDFP). 

Use 81RFVBLK or 81RFIBLK to block the operation of the 81RF element for 
undervoltage or overcurrent fault conditions. When 81RFVBLK := OFF, the 
undervoltage blocking scheme is disabled. Similarly, when 81RFIBLK := OFF, 
the overcurrent blocking scheme is disabled. You can use the 81RFBL 
SELOGIC control equation to include additional blocking elements. Relay 
Word bit 81RFI asserts if the operating point is in Trip Region 1 or Trip 
Region 2. Program the 81RFT Relay Word bit in one of the relay outputs for 
the intended operation.

Table 4.26 Fast Rate-of-Change-of-Frequency Settings 

Setting Prompt Range Setting Name := Factory Default

ENABLE 81RF Y, N E81RF := N

FREQDIF SETPOINT 0.1–10.0 Hz 81RFDFP := 1.0

DFDT SETPOINT 0.2–15.0 Hz/sec 81RFRP := 2.5

81RF PU DELAY 0.10–1.00 sec 81RFPU := 0.10

81RF DO DELAY 0.00–1.00 sec 81RFDO := 0.10

81RF VOLTAGE BLK OFF, 2–300 Va

OFF, 2–520 Vb

a Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.

81RFVBLK := OFF

81RFVBLK := OFF

81RF CURRENT BLK OFF, 0.1–20 A • INOM 81RFIBLK := 10 • INOM

81RF BLOCK SELOGIC 81RFBL := 0

81RF BLOCK DO 0.02–5.00 sec 81RFBLDO := 1.00

DF3C Hz/s
(df/dt calculated over 3-cycle window)

0.2

—0.2

0.1
—0.1

Trip Region 2

Trip Region 1

DF (FREQ-FNOM) Hz
+81RFDFP

+81RFRP

—81RFDFP

—81RFRP
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Figure 4.32 81RF Fast Rate-of-Change-of-Frequency Logic

0.2 Hz/s

0.1 Hz
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|IC|
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81RFBL

 Relay Word bit FREQTRK = 1, means relay is tracking frequency.

 81RFRP, 81RFDFP, 81RFPU, 81RFDO, 81RFVBLK, 81RFIBLK are settings.

 DF3C is df/dt calculated over 3-cycle window (Hz/s).

 DF is the difference (FREQ–FNOM) in Hz.

 81RFSLP = - (81RFRP/81RFDFP).

 |IA|, |IB|, |IC| are phase A, B, and C current magnitudes.

 VP** = |VPP| min

 INOM is the nominal rating of the relay (1 A or 5 A).
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Trip/Close Logic
Trip/Close Logic 
Settings

NOTE: The factory-default 
assignment of the Relay Word bit TRIP 
is the output OUT103. See Table 4.41 for 
the output contacts settings.

The SEL-751A tripping logic is designed to trip the circuit breakers. The relay 
logic lets you define the conditions that cause a trip, the conditions that 
unlatch the trip, and the performance of the relay output contact. Figure 4.33 
illustrates the tripping logic.

Figure 4.33 Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following paragraphs.

Table 4.27 Trip/Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 sec TDURD := 0.5

CLOSE FAIL DLY OFF, 0.0–400.0 sec CFD := 1.0

TRIP EQUATION SV TR := ORED50T OR ORED51T OR 
81D1T OR 81D2T OR 81D3T OR 
81D4T OR 59P1T OR 59P2T OR 
55T OR REMTRIP OR SV01 OR 
OC OR SV04T

REMOTE TRIP EQN SV REMTRIP := 0

UNLATCH TRIP SV ULTRIP := NOT (51P1P OR 51G1P 
OR 51N1P OR 52A)

BREAKER STATUS SV 52A := 0

CLOSE EQUATION SV CL := SV03T AND LT02 OR CC

UNLATCH CLOSE SV ULCL := 0

0

TDURD

Serial Port
Command TAR R

TARGET RESET
Pushbutton

TRGTR

Reset
TRIP LED

TRIP

Trigger
Events

Unlatch
 Trip

Trips

Comm.
Target Reset

RSTTRGT

ULTRIP

TR

52A

RSTLED = Y

Relay
Word
Bits

SELOGIC
Settings
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TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the TR Relay Word bit (includes OPEN command from 
front-panel and serial ports) are maintained for at least the duration of the 
minimum trip duration time (TDURD) setting.

TR Trip Conditions SELOGIC Control Equation
The SEL-751A TR SELOGIC control equation provides the trip logic to trip 
the breaker. The Relay Word bit TRIP is associated with the TR SELOGIC 
control equation.

The default TR setting is shown in Table 4.27 and includes protective 
elements Relay Word bits, front panel or serial port (including Modbus and 
DeviceNet) initiated OPEN command (Relay Word bit OC), and remote trips 
(Relay Word bit REMTRIP).

The trip conditions will trigger an event report. The relay controls the tripping 
output contact(s) when the Relay Word bit TRIP appears in an output contact 
SELOGIC control equation. Default relay settings have output OUT103 set to 
TRIP and fail-safe setting OUT103FS at N (see Fail-Safe/Nonfail-Safe Tripping 
on page 2.23).

NOTE: You can use an indirect 
mapping (e.g., SV01) as in the factory-
default setting. See Table 4.38 for the 
SV01 settings.

Set the TR SELOGIC control equation to include an OR combination of all the 
Relay Word bits for which you want the relay to trip. The factory-default 
setting already includes all commonly necessary Relay Word bits.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. For example, the following settings will trip the breaker by input 
IN303 via REMTRIP.

  REMTRIP := IN303

  TR := … OR REMTRIP

The HMI will display Remote Trip to indicate the trip by Remote trip logic.

You can map any Relay Word bit or SELOGIC control equation to the 
REMTRIP to trip the breaker. For example, you can map a control input to 
REMTRIP. Add REMTRIP to the TR SELOGIC control equation (as in the 
default settings) to quickly see from the HMI target that it was a Remote Trip 
that tripped the breaker.

Unlatch Trip Logic
Following a fault, the trip signal is maintained until all of the following 
conditions are true:

NOTE: Factory-default setting of the 
ULTRIP provides an automatic reset of 
the trip when breaker opens and 
selected 50/51 elements are not 
picked up.

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

NOTE: The outputs in the SEL-751A 
are not designed to interrupt the trip 
coil current. An auxiliary contact with 
adequate current interrupting 
capacity must clear the trip coil 
current before the output of the 
SEL-751A opens. Failure to observe 
this safeguard could result in damage 
to the SEL-751 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
bit TRIP, which stays asserted for at 
least the duration of the TDURD 
setting or until TRIP is unlatched, 
whichever is longer.

NOTE: The Relay Word bit TRIP is 
reset after a power cycle.
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➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

52A Breaker Status Conditions SELOGIC Control Equation
You can connect an auxiliary contact of the breaker to the relay. The SELOGIC 
control equation 52A allows you to configure the relay for either 52b or 52a 
contact input (or other contact that indicates a closed breaker). The factory-
default setting assumes no auxiliary contact connection (52A := 0).

If you connect the breaker auxiliary contact to a digital input, you must change 
the factory-default logic equation 52A. For example, set 52A := IN101 if you 
connect the 52a contact to input IN101.

Figure 4.34 shows the breaker close logic.

q From Figure 4.35

Figure 4.34 Close Logic

CL Close SELOGIC Control Equation
The SEL-751A Close Logic offers three ways to close the circuit breaker:

➤ Conditions mapped to CL

➤ Front-panel or serial port (including Modbus and DeviceNet) 
CLOSE command

➤ Automatic reclosing when open interval times out (qualified by 
SELOGIC control equation setting 79CLS—see Figure 4.35).

The relay controls the closing output contact(s) when the Relay Word bit 
CLOSE appears in an output contact SELOGIC control equation. Default relay 
settings have output OUT102 set to CLOSE. See Figure 2.21 for typical close 
circuit connection.

NOTE: The close logic is inoperative 
if 52A is set to 0 in SEL-751A models 
with reclosing option.

52A

Breaker Status
Close Failure

Timer

CF

Rising-Edge Detect

ULCL

CFD = OFF

Reclosing 
Relay 
Open 

Interval 
Time-Out 
(qualified 

by 
79CLS)

79RI

52A

Reclose Initiate

Close 
Conditions 

(other 
than 

automatic  
reclosing)

q

Unlatch Close

(If setting CFD := OFF, the Close 
Failure Timer is inoperative 
and does not time limit the 
CLOSE output condition)

CL

SELOGIC
Settings

CLOSE

Relay
Word
Bits

Pulses (logical 1) 
for one processing 
interval if Close 
Failure  Timer 
times out (drives 
reclosing relay to 
lockout)

Close Failure

CFD

0



4.48

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Reclose Supervision Logic

Set the CL SELOGIC control equation to include an OR-combination of all 
Relay Word bits for which you want the relay to close the breaker. The 
factory-default setting already includes all commonly necessary Relay Word 
bits.

Unlatch Close Logic
Once the CLOSE bit is asserted it is sealed-in until any of the following 
conditions are true:

➤ Unlatch Close SELOGIC control equation setting ULCL asserts 
to logical 1.

➤ Relay Word 52A asserts to logical 1.

➤ Close failure Relay Word bit asserts to logical 1.

Close Failure Logic
Set the close failure delay (setting CFD) equal to highest breaker close time 
plus a safety margin. If the breaker fails to close, the Relay Word CF will 
assert for 1/4 cycle. Use the CF bit as necessary.

Reclose Supervision Logic
Note that one of the inputs into the close logic in Figure 4.34 is:

Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input is the indication that a reclosing relay open interval has timed out 
(see Figure 4.36), a qualifying condition (SELOGIC control equation setting 
79CLS) has been met, and thus automatic reclosing of the circuit breaker 
should proceed by asserting the CLOSE Relay Word bit to logical 1. This 
input into the close logic in Figure 4.34 is an output of the reclose supervision 
logic in the following Figure 4.35.
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q To Figure 4.34

Figure 4.35 Reclose Supervision Logic (Following Open Interval Time-Out)

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD = 0
The above logic satisfies most 
applications.

Reclose Supervision Reclosing 
Relay Open 
Interval Timeout 
(qualified by 79CLS)

Reclosing 
Relay Open 
Interval 
Timeout 
(qualified 
by 79CLS)

Reclose Initiate

(If setting 79CLSD = OFF, 
the Reclose Supervision Limit 
Timer is inoperative and does 
not time limit the wait for the 
Reclose Supervision condition, 
79CLS, to assert to logical 1)

Reclosing 
Relay Open 

Interval 
Timeout

79RI

79CLSD = OFF

Lockout

Reclose 
Supervision 
Limit Timer

Reclose Supervision

CLOSE

79LO
79CLSD

0

SELOGIC
Setting

52A

SELOGIC
Settings

79CLS

SELOGIC
Setting

RCSF

Relay
Word
Bit

RCSF

Relay
Word
Bit

Relay
Word
Bits

79CLS

Reclosing 
Relay Open 

Interval 
Timeout

Rising-Edge 
Detect

Reclose Supervision 
Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state 
to lockout if Reclose 
Supervision Limit Timer 
times out.

Reclose Supervision Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state to 
lockout if SELOGIC control 
equation setting 79CLS is not 
asserted to logical 1 at the 
instant a reclosing relay open 
interval timer times out.

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD ≠ 0 (e.g., 79CLSD = 60)
The logic below is used only in a few, 
unique applications.

q

q
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(Refer to Bottom of Figure 4.35)

Figure 4.36 Reclose Supervision Limit Timer Operation 

Settings and General 
Operation

Figure 4.35 contains the following SELOGIC control equation setting:
79CLS (reclose supervision conditions—checked after 
reclosing relay open interval time-out)

and setting:
79CLSD (Reclose Supervision Limit Time)

See the Table 4.29 for Recloser Control settings.

For Most Applications (Top of Figure 4.35)
For most applications, the Reclose Supervision Limit Time setting should be 
set to zero seconds:

79CLSD := 0.00

With this setting, the logic in the top of Figure 4.35 is operative. When an 
open interval times out, the relay checks the SELOGIC control equation 
reclose supervision setting 79CLS just once.

open interval 1 
times out

open interval 1 
times out 1

Open Interval 
Timer

Open Interval 
Timer

Reclose Supervision 
Limit Timer

Reclose Supervision 
Limit Timer

79CLS (Reclose 
Supervision Condition)

79CLS (Reclose 
Supervision Condition)

RCSF (Reclose 
Supervision Failure)

RCSF (Reclose 
Supervision Failure)

OUT102 = CLOSE 
(Close Output Contact)

OUT102 = CLOSE 
(Close Output Contact)

79OI1

79OI1

79CLSD

79CLSD

One Processing 
Interval

79CLS not asserted. 
79CLSD times out.

79CLS asserts before 
79CLSD times out.

No Reclosing
Reclosing Proceeds
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If 79CLS is asserted to logical 1 at the instant of an open interval time-out, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.35 to automatically reclose the circuit breaker.

If 79CLS is deasserted to logical 0 at the instant of an open interval time-out, 
the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

See Settings Example 1 on page 4.52.

For a Few, Unique Applications (Bottom of Figure 4.35 and Figure 4.36)
For a few unique applications, the Reclose Supervision Limit Time setting is 
not set equal to zero seconds, e.g.,

79CLSD := 1.00 second

With this setting, the logic in the bottom of Figure 4.35 is operative. When an 
open interval times out, the SELOGIC control equation reclose supervision 
setting 79CLS is then checked for a time window equal to setting 79CLSD.

If 79CLS asserts to logical 1 at any time during this 79CLSD time window, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.34 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time 
window, when the time window times out, the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

The logic in the bottom of Figure 4.35 is explained in more detail in the 
following text.

Set Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.35. If all the following are true:

➤ The close logic output CLOSE (also see Figure 4.34) is not 
asserted (Relay Word bit CLOSE = logical 0).

➤ The reclosing relay is not in the Lockout State (Relay Word bit 
79LO = logical 0).

➤ The circuit breaker is open (52A = logical 0).

➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition.

➤ The Reclose Supervision Limit Timer is not timed out (Relay 
Word bit RCSF = logical 0).

then a reclosing relay open interval time-out seals in Figure 4.35. Then, when 
79CLS asserts to logical 1, the sealed-in reclosing relay open interval time-out 
condition will propagate through Figure 4.29 and on to the close logic in 
Figure 4.34.
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Unlatch Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.29. If the reclosing relay open interval time-
out condition is sealed-in, it stays sealed-in until one of the following occurs:

➤ The close logic output CLOSE (also see Figure 4.35) asserts 
(Relay Word bit CLOSE = logical 1).

➤ The reclosing relay goes to the Lockout State (Relay Word bit 
79LO = logical 1).

➤ The circuit breaker closes (52A = logical 1).

➤ The reclose initiation condition (79RI) makes a rising-edge 
(logical 0 to logical 1) transition.

➤ SELOGIC control equation setting 79CLS asserts 
(79CLS = logical 1).

➤ The Reclose Supervision Limit Timer times out (Relay Word 
bit RCSF = logical 1 for one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting 
79CLSD := OFF. With 79CLSD := OFF, reclose supervision condition 79CLS 
is not time limited. When an open interval times out, the relay checks reclose 
supervision condition 79CLS indefinitely until one of the other previously 
listed unlatch conditions comes true.

The unlatching of the sealed-in reclosing relay open interval time-out 
condition by the assertion of SELOGIC control equation setting 79CLS 
indicates successful propagation of a reclosing relay open interval time-out 
condition on to the close logic in Figure 4.34.

See Settings Example 2 on page 4.54.

EXAMPLE 4.5 Settings Example 1

Refer to the top of Figure 4.35 and Figure 4.37.

SEL-751A Relays are installed at both ends of a transmission line in a high-
speed reclose scheme. After both circuit breakers open for a line fault, the 
SEL-751A(1) recloses circuit breaker 52/1 first, followed by the SEL-751A(2) 
reclosing circuit breaker 52/2, after a synchronism check across circuit 
breaker 52/2.

Figure 4.37 SEL-751A Relays Installed at Both Ends of a Transmission Line 
in a High-Speed Reclose Scheme

SEL-751A (1)

Bus 1 Bus 2

52 
1

52 
2

IA, IB, IC

VA, VB, VC VS

SEL-751A (2)
IA, IB, IC

VA, VB, VCVS

3-Phase 3-Phase

1-Phase
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SEL-751A(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval 
time-out, the SEL-751A(1) checks that Bus 1 voltage is hot and the 
transmission line voltage is dead. This requires reclose supervision 
settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 59VP AND 27S1

SEL-751A(2) Relay

The SEL-751A(2) checks that Bus 2 voltage is hot, the transmission line 
voltage is hot, and in synchronism after the reclosing relay open interval 
times out, before allowing circuit breaker 52/2 to be reclosed. This 
requires reclose supervision settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 25A1

Other Setting Considerations for SEL-751A(1) and SEL-751A(2) Relays
Refer to Skip Shot and Stall Open Interval Timing Settings (79SKP and 
79STL, Respectively) on page 4.63.

SELOGIC control equation setting 79STL stalls open interval timing if it 
asserts to logical 1. If setting 79STL is deasserted to logical 0, open interval 
timing can continue. The SEL-751A(1) has no intentional open interval timing 
stall condition (circuit breaker 52/1 closes first after a transmission line fault):

79STL := 0

The SEL-751A(2) starts open interval timing after circuit breaker 52/1 at the 
remote end has reenergized the line. The SEL-751A(2) has to see Bus 2 hot, 
transmission line hot, and in synchronism across open circuit breaker 52/2 for 
open interval timing to begin. Thus, SEL-751A(2) open interval timing is 
stalled when the transmission line voltage and Bus 2 voltage are not in 
synchronism across open circuit breaker 52/2:

79STL := NOT 25A1 

A transient synchronism-check condition across open circuit breaker 52/2 
could possibly occur if circuit breaker 52/1 recloses into a fault on one phase 
of the transmission line. The other two unfaulted phases would be briefly 
energized until circuit breaker 52/1 is tripped again. If channel VS of the 
SEL-751A(2) is connected to one of these briefly energized phases, 
synchronism-check element 25A1 could momentarily assert to logical 1.

So that this possible momentary assertion of synchronism-check element 
25A1 does not cause any inadvertent reclose of circuit breaker 52/2, make 
sure the open interval timers in the SEL-751A(2) are set with some 
appreciable time greater than the momentary energization time of the faulted 
transmission line. Or, run the synchronism-check element 25A1 through a 

where:

59VP =  Bus 1 is hot

27S1 = monitored single-phase transmission line voltage 
(channel VS) is dead

where:

25A1 = selected Bus 2 phase voltage (VA, VB, or VC) is in 
synchronism with monitored single-phase 
transmission line voltage (channel VS) and both 
are hot
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programmable timer before using it in the preceding 79CLS and 79STL 
settings for the SEL-751A(2) (see Figure 4.34). Note the built-in 2-cycle 
qualification of the synchronism-check voltages shown in Figure 4.22.

EXAMPLE 4.6 Settings Example 2

Refer to subsection Synchronism-Check Elements on page R.4.25. Also 
refer to Figure 4.36 and Figure 4.37.

If the synchronizing voltages across open circuit breaker 52/2 are 
“slipping” with respect to one another, the Reclose Supervision Limit 
Timer setting 79CLSD should be set greater than zero so there is time for 
the slipping voltages to come into synchronism. For example:
79CLSD := 1.00 second

79CLS := 25A1

The relay checks the status of synchronism-check element 25A1 
continuously during the 60-cycle window. If the slipping voltages come 
into synchronism while timer 79CLSD is timing, synchronism-check 
element 25A1 asserts to logical 1 and reclosing proceeds.

In the previously referenced subsection, note item 3 under Synchronism-
Check Element Outputs on page R.4.32, Voltages VP and VS are 
“Slipping.” Item 3 describes a last attempt for a synchronism-check 
reclose before timer 79CLSD times out (or setting 79CLSD := 0.00 and 
only one check is made).

If E79 := 3 (which allows three automatic reclose attempts) and the 
slipping voltages fail to come into synchronism while timer 79CLSD is 
timing (resulting in a reclose supervision failure, causing RCSF to assert 
for one processing interval), then the reclosing relay goes to the Lockout 
State.

Reclose Logic
Note that input:

Reclosing Relay Open Interval Time-Out

in Figure 4.35 is the logic input that is qualified by SELOGIC control equation 
setting 79CLS, and then propagated on to the close logic in Figure 4.34 to 
automatically reclose a circuit breaker. The explanation that follows in this 
reclosing relay subsection describes all the reclosing relay settings and logic 
that eventually result in this open interval time-out logic input into 
Figure 4.35. Other aspects of the reclosing relay are also explained. As many 
as four (4) automatic reclosures (shots) are available.

The reclose enable setting, E79, has setting choices OFF, 1, 2, 3, and 4. Setting 
E79 = OFF defeats the reclosing relay. Setting choices 1 through 4 are the 
number of automatic reclosures you want (see Open Interval Timers on 
page 4.58). Setting choices 1 through 4 also have the reclosing relay go to the 
Lockout state upon reclose supervision failure (refer to Reclose Supervision 
Logic on page 4.48).
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Reclosing Relay States 
and General Operation

Figure 4.38 explains in general the different states of the reclosing relay and 
its operation.

Figure 4.38 Reclosing Relay States and General Operation

The reclosing relay is in one (and only one) of these states (listed in 
Table 4.28) at any time. When in a given state, the corresponding Relay Word 
bit asserts to logical 1, and the LED illuminates. Automatic reclosing only 
takes place when the relay is in the Reclose Cycle State.

All Automatic Reclosing 
Attempts Unsuccessful

Unsuccessful
Reclose Initiation

Other Lockout Conditions

Power Up

Reset
Timer  

Times     
Out        

Reset
  Timer
     Times
        Out

Other
Lockout   

Conditions      

Unsuccessful
Reclose   

Initiation      

Successful
   Reclose
      Initiation

Successful
Reclose Initiation

Maintained
Lockout Condition

Lockout State

All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-751A 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 

Relay Word bit 79LO = logical 1

Front-panel pushbutton LED 1B 
labeled RECL LOCKOUT illuminated

Reclose Cycle State

The SEL-751A automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.

Relay Word bit 79CY = logical 1

Reset State

The circuit breaker has been closed
for a qualifying reset time. The SEL-751A 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.

Relay Word bit 79RS = logical 1

Front-panel pushbutton LED 1A 
labeled RECL RESET illuminated

Table 4.28 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States

Reclosing Relay State
Corresponding Relay 
Word Bit

Corresponding
Front-Panel LED

Reset 79RS RECL RESET (Pushbutton LED 1A)

Reclose Cycle 79CY

Lockout 79LO RECL LOCKOUT (Pushbutton LED 1B)
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Lockout State
The reclosing relay goes to the Lockout State if any one of the following 
occurs:

➤ The shot counter is equal to or greater than the last shot at time 
of reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 4.36).

➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 4.61].

➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).

➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 4.62].

➤ The close failure timer (setting CFD) times out (see 
Figure 4.34).

➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].

➤ The Reclose Supervision Limit Timer (setting 79CLSD) times 
out (see Figure 4.35 and top of Figure 4.36) and the reclose 
enable setting, E79, has setting choices 1, 2, 3, or 4.

➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open).

The OPEN command is included in the reclosing relay logic via the factory 
SELOGIC control equation settings:

79DTL := OC OR … (drive-to-lockout)

Relay Word bit OC asserts for execution of the OPEN command. See OPEN 
Command (Open Breaker) on page 7.35 for more information on the OPEN 
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings 
(79DTL and 79DLS, Respectively) on page 4.62.

Reclosing Relay 
States and Settings/
Setting Group 
Changes

If individual settings are changed for the active setting group or the active 
setting group is changed, all of the following occur:

➤ The reclosing relay remains in the state it was in before the 
settings change.

➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows).

➤ The reset timer is loaded with reset time setting 79RSLD (see 
discussion on reset timing later in this section).

If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
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the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.

If the circuit breaker remains closed through the settings change, the reset 
timer times out on reset time setting 79RSLD after the settings change and 
goes to the Reset State (if it is not already in the Reset State), and the shot 
counter returns to shot = 0. If the relay happens to trip during this reset timing, 
the relay will immediately go to the Lockout State, because shot = last shot.

Defeat the Reclosing 
Relay

If any one of the following reclosing relay settings are made:

➤ Reclose enable setting E79 = OFF.

➤ Open Interval 1 time setting 79OI1 = 0.00.

then the reclosing relay is defeated, and no automatic reclosing can occur. 

If the reclosing relay is defeated, the following also occur:

➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are forced to logical 0 (see Table 4.28).

➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are forced to logical 0 (the shot counter is explained later 
in this section).

➤ The front-panel LEDs RECL RESET and RECL LOCKOUT are both 
extinguished.

Close Logic Can Still Operate When the Reclosing Relay Is Defeated
If the reclosing relay is defeated, the close logic (see Figure 4.34) can still 
operate if SELOGIC control equation circuit breaker status setting 52A is set to 
something other than numeral 0 or NA. Making the setting 52A := 0 or NA 
defeats the close logic and also defeats the reclosing relay.

For example, if 52A := IN101, a 52a circuit breaker auxiliary contact is 
connected to input IN101. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via SELOGIC control equation 
setting CL (close conditions, other than automatic reclosing). See Trip/Close 
Logic for more discussion on SELOGIC control equation settings 52A and CL.

Reclosing Control 
Settings

The reclosing control settings are shown in Table 4.29.

Table 4.29 Reclosing Control Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE RECLOSER OFF, 1–4 Shots E79 := OFF

OPEN INTERVAL 1 0.00–3000.00 secs 79OI1 := 5.00

OPEN INTERVAL 2 0.00–3000.00 secs 79OI2 := 0.00

OPEN INTERVAL 3 0.00–3000.00 secs 79OI3 := 0.00

OPEN INTERVAL 4 0.00–3000.00 secs 79OI4 := 0.00
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The operation of open interval timers is affected by SELOGIC control equation 
settings discussed later in this section.

Open Interval Timers
The reclose enable setting, E79, determines the number of open interval time 
settings that you can set. For example, if setting E79 := 3, the first three open 
interval time settings in Table 4.29, are made available for setting.

If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open interval times that follow it.

In the factory settings in Table 4.29, the open interval 2 time setting 79OI2 is 
the first open interval time setting set equal to zero:

79OI2 := 0.00 seconds

Thus, open interval times 79OI2, 79OI3, and 79OI4 are not operable. In the 
factory settings, both open interval times 79OI3 and 79OI4 are set to zero. But 
if the settings were:

79OI2 := 0.00 seconds

79OI3 := 15.00 seconds (set to some value other than zero)

open interval time 79OI3 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI2 := 0.00).

If open interval 1 time setting, 79OI1, is set to zero (79OI1 := 0.00 seconds), 
no open interval timing takes place, and the reclosing relay is defeated.

The open interval timers time consecutively; they do not have the same 
beginning time reference point. For example, with settings 79OI1 := 0.50 , and 
79OI2 := 10.00, open interval 1 time setting, 79OI1, times first. If subsequent 
first reclosure is not successful, then open interval 2 time setting, 79OI2, starts 
timing. If the subsequent second reclosure is not successful, the relay goes to 
the Lockout State. See the example time line in Figure 4.39.

RST TM FROM RECL 0.00–3000.00 secs 79RSD := 15.00

RST TM FROM LO 0.00–3000.00 secs 79RSLD := 5.00

RECLS SUPV TIME OFF, 0.00–3000.00 secs 79CLSD := 0.00

RECLOSE INITIATE SV 79RI := TRIP

RCLS INIT SUPVSN SV 79RIS := 52A OR 79CY

DRIVE-TO-LOCKOUT SV 79DTL := OC OR SV04T

DRIVE-TO-LSTSHOT SV 79DLS := 79LO

SKIP SHOT SV 79SKP := 0

STALL OPN INTRVL SV 79STL := TRIP

BLOCK RESET TMNG SV 79BRS := TRIP

SEQ COORDINATION SV 79SEQ := 0

RCLS SUPERVISION SV 79CLS := 1

Table 4.29 Reclosing Control Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 4.39 Reclosing Sequence From Reset to Lockout With Example Settings

You can set the SELOGIC control equation setting 79STL (stall open interval 
timing) to control open interval timing [see Skip Shot and Stall Open Interval 
Timing Settings (79SKP and 79STL, Respectively) on page 4.63].

Determination of Number of Reclosures (Last Shot)
The number of reclosures is equal to the number of open interval time settings 
that precede the first open interval time setting set equal to zero. The “last 
shot” value is also equal to the number of reclosures.

In the previous example settings, two set open interval times precede open 
interval 3 time, which is set to zero (79OI3 = 0.00):

79OI1 := 0.50

79OI2 := 10.00

79OI3 := 0.00

For this example:

Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.

Observe Shot Counter Operation
Observe the reclosing relay shot counter operation, especially during testing, 
using ASCII command TARGET (e.g., TARGET Command (Display Relay 
Word Bit Status) on page 7.44 for detail).

Reset Timer
The reset timer qualifies circuit breaker closure before taking the relay to the 
Reset State from the Reclose Cycle State or the Lockout State. Circuit breaker status 
is determined by the SELOGIC control equation setting 52A. (See Trip/Close 
Logic on page 4.45 for more discussion on SELOGIC control equation setting 52A.

Setting 79RSD
Qualifies closures when the relay is in the Reclose Cycle State. These closures 
are usually automatic reclosures resulting from open interval time-out.

It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination Setting (79SEQ) on page 4.66].

Setting 79RSLD
Qualifies closures when the relay is in the Lockout State. These closures are 
usually manual closures. These manual closures can originate external to the 
relay, via the CLOSE command, or via the SELOGIC control equation setting 
CL (see Figure 4.34).

Open Interval Time-out

Shot 
Counter 0

52A

79OI1 = 0.5

Reset State

Trip Close Trip Close Trip

Reclose Cycle State Lockout State

(79OI3 = 0)79OI2 = 10.0

(Last Shot = 2)
1 2
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Setting 79RSLD is also the reset timer used when the relay powers up, has 
individual settings changed for the active setting group, or the active setting 
group is changed (see Reclosing Relay States and Settings/Setting Group 
Changes on page 4.56).

Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.

The 79RSD and 79RSLD settings are set independently (setting 79RSLD can 
even be set greater than setting 79RSD, if necessary). You can set SELOGIC 
control equation setting 79BRS (block reset timing) to control reset timing 
(see Block Reset Timing Setting (79BRS) on page 4.65).

Monitoring Open Interval and Reset Timing
Open interval and reset timing can be monitored with the following Relay 
Word bits:

If the open interval timer is actively timing, OPTMN asserts to logical 1. 
When the relay is not timing on an open interval (e.g., it is in the Reset State or 
in the Lockout State), OPTMN deasserts to logical 0. The relay can only time 
on an open interval when it is in the Reclose Cycle State, but just because the 
relay is in the Reclose Cycle State does not necessarily mean the relay is 
timing on an open interval. The relay only times on an open interval after 
successful reclose initiation and no stall conditions are present [see Skip Shot 
and Stall Open Interval Timing Settings (79SKP and 79STL, Respectively) on 
page 4.63].

If the reset timer is actively timing, RSTMN asserts to logical 1. If the reset 
timer is not timing, RSTMN deasserts to logical 0. See Block Reset Timing 
Setting (79BRS) on page 4.65.

Reclosing Relay Shot 
Counter

Refer to Figure 4.39.

The shot counter increments for each reclose operation. For example, when 
the relay is timing on open interval 1, 79OI1, it is at shot = 0. When the open 
interval times out, the shot counter increments to shot = 1 and so forth for the 
set open intervals that follow. The shot counter cannot increment beyond the 
last shot for automatic reclosing [see Determination of Number of Reclosures 
(Last Shot) on page 4.59]. The shot counter resets back to shot = 0 when the 
reclosing relay returns to the Reset State.

Relay Word Bits Definition

OPTMN Indicates that the open interval timer is actively timing

RSTMN Indicates that the reset timer is actively timing

Table 4.30 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times 

Shot
Corresponding Relay 

Word Bit
Corresponding Open 

Interval

0 SH0 79OI1

1 SH1 79OI2

2 SH2 79OI3

3 SH3 79OI4

4 SH4
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When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).

The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination Setting (79SEQ) on page 4.66].

Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 

The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) for open interval timing to be initiated.

If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.

EXAMPLE 4.7 Factory Settings Example

With factory settings:
79RI := TRIP

79RIS := 52A OR 79CY

the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the 52A or 79CY Relay Word bit is at logical 1 
(52A = logical 1, or 79CY = logical 1). You must assign an input as the 
breaker status input (e.g., 52A := IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) 
at the instant of the first trip of the autoreclose cycle for the SEL-751A to 
successfully initiate reclosing and start timing on the first open interval. 
The SEL-751A is not yet in the reclose cycle state (79CY = logical 0) at the 
instant of the first trip.

Then for any subsequent trip operations in the autoreclose cycle, the 
SEL-751A is in the reclose cycle state (79CY = logical 1) and the SEL-751A 
successfully initiates reclosing for each trip. Because of factory setting 
79RIS = 52A OR 79CY, successful reclose initiation in the reclose cycle 
state (79CY = logical 1) is not dependent on the circuit breaker status 
(52A). This allows successful reclose initiation for the case of an 
instantaneous trip, but the circuit breaker status indication is slow—the 
instantaneous trip (reclose initiation) occurs before the SEL-751A sees the 
circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval 
(circuit breaker open and the SEL-751A calls for a trip), the SEL-751A goes 
immediately to lockout.

EXAMPLE 4.8 Additional Settings Example

The preceding settings example initiates open interval timing on rising 
edge of the TRIP Relay Word bit. The following is an example of reclose 
initiation on the opening of the circuit breaker.

Presume input IN101 is connected to a 52a circuit breaker auxiliary contact 
(52A := IN101).

With setting:
79RI := NOT 52A

the transition of the 52A Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting.

The reclose initiate supervision setting 79RIS supervises setting 79RI. 
With settings:
79RI := NOT 52A

79RIS := TRIP

the transition of the 52A Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the 
circuit breaker opens to initiate open interval timing. With a long enough 
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setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 4.33).

If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the 
Lockout State. This helps prevent reclose initiation for circuit breaker 
openings caused by trips external to the relay.

If circuit breaker status indication (52A) is slow, additional setting change 
ULCL := 0 (unlatch close; refer to Figure 4.34 and accompanying 
explanation) may need to be made when 79RI := NOT 52A. ULCL := 0 
avoids going to lockout prematurely for an instantaneous trip after an 
autoreclose by not turning CLOSE off until the circuit breaker status 
indication tells the relay that the breaker is closed. The circuit breaker 
anti-pump circuitry should take care of the TRIP and CLOSE being on 
together for a short period of time.

Other Settings Considerations
In Example 4.8 the preceding additional setting example, the reclose initiate 
setting (79RI) includes input IN101, that is connected to a 52a breaker auxiliary 
contact (52A := IN101).

79RI := NOT 52A

If a 52b breaker auxiliary contact is connected to input IN101 (52A := NOT 
IN101), the reclose initiate setting (79RI) remains the same.

If no reclose initiate supervision is necessary, make the following setting:
79RIS := 1 (numeral 1)

Setting 79RIS := logical 1 at all times. Any time setting 79RI detects a logical 
0 to logical 1 transition, the relay initiates open interval timing (unless 
prevented by other means).

If the following setting is made:
79RI := 0 (numeral 0)

reclosing will never take place (reclosing is never initiated). The reclosing 
relay is effectively inoperative.

If the following setting is made:
79RIS := 0 (numeral 0)

reclosing will never take place (the reclosing relay goes directly to the lockout 
state any time reclosing is initiated). The reclosing relay is effectively 
inoperative.

Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 

When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1), and the front-panel LO (Lockout) LED 
illuminates.

79DTL has a 1 second dropout time. This keeps the drive-to-lockout condition 
up 1 second after 79DTL has reverted back to 79DTL = logical 0. This is 
useful for situations where both of the following are true:

➤ Any of the trip and drive-to-lockout conditions are “pulsed” 
conditions (e.g., the OPEN command Relay Word bit, OC, 
asserts for only 1/4 cycle—refer to Factory Settings Example 
on page 4.63).

➤ Reclose initiation is by the breaker contact opening 
(e.g., 79RI := NOT 52A—refer to Additional Settings Example 
on page 4.61).
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Then the drive-to-lockout condition overlaps reclose initiation and the 
SEL-751A stays in lockout after the breaker trips open.

When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see Reclosing Relay Shot Counter on page 4.60).

EXAMPLE 4.9 Factory Settings Example

The drive-to-lockout factory setting is:
79DTL := OC OR SV04T

Relay Word bit OC asserts for execution of the OPEN command. See the 
Note in the Lockout State discussion, following Table 4.28. 

Relay Word bit SV04T asserts for execution of the open command from 
the front-panel pushbutton (see Table 8.4 for more detail).

The drive-to-last shot factory setting is:
79DLS := 79LO

One open interval is also set in the factory settings, resulting in last 
shot = 1. Any time the relay is in the lockout state (Relay Word bit 79LO =  
logical 1), the relay is driven to last shot (if the shot counter is not already 
at a shot value greater than or equal to shot = 1):

79DLS := 79LO = logical 1

Thus, the relay is driven to the Lockout State (by setting 79DTL) and, 
subsequently, last shot (by setting 79DLS).

EXAMPLE 4.10 Additional Settings Example

To drive the relay to the Lockout State for fault current greater than a 
certain level when tripping (e.g., level of phase instantaneous 
overcurrent element 50P3P), make settings similar to the following:

79DTL := TRIP AND 50P3P OR …
Additionally, if the reclosing relay should go to the Lockout State for an 
underfrequency trip, make settings similar to the following:

79DTL := TRIP AND 81D1T OR …

Other Settings Considerations
If no special drive-to-lockout or drive-to-last shot conditions are necessary, 
make the following settings:

79DTL := 0 (numeral 0)
79DLS := 0 (numeral 0)

With settings 79DTL and 79DLS inoperative, the relay still goes to the 
Lockout State (and to last shot) if an entire automatic reclose sequence is 
unsuccessful.

Overall, settings 79DTL or 79DLS are necessary to take the relay to the 
Lockout State (or to last shot) for immediate circumstances.

Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 

The skip shot setting 79SKP causes skipping of a reclose shot. Thus, the 
SEL-751A skips an open interval time and uses the next open interval time 
instead.

If 79SKP = logical 1 at the instant of successful reclose initiation 
(see preceding discussion on settings 79RI and 79RIS), the relay increments 
the shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 4.30). If the new shot is the “last 
shot,” no open interval timing takes place, and the relay goes to the Lockout 
State if the circuit breaker is open (see Lockout State on page 4.56).
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After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.

If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 4.30). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see Lockout State on page 4.56).

If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off. Use the OPTMN Relay Word bit to monitor open interval timing 
(see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.11 Factory Settings Example

The skip shot function is not enabled in the factory settings:
79SKP := 0 (numeral 0)

The stall open interval timing factory setting is:
79STL := TRIP

After successful reclose initiation, open interval timing does not start as 
long as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.

EXAMPLE 4.12 Additional Settings Example 1

With skip shot setting:
79SKP := 50P2P AND SH0

if shot = 0 (Relay Word bit SH0 = logical 1) and phase current exceeds the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2P = logical 1), at the instant of successful reclose initiation, the shot 
counter increments from shot = 0 to shot = 1. Then, open interval 1 time 
(setting 79OI1) is skipped, and the relay times on the open interval 2 time 
(setting 79OI2) instead.

In Table 4.31, note that the open interval 1 time (setting 79OI1) is a short 
time, while the following open interval 2 time (setting 79OI2) is 
significantly longer. For a high magnitude fault (greater than the phase 
instantaneous overcurrent element 50P2 threshold), open interval 1 time 
is skipped, and open interval timing proceeds on the following open 
interval 2 time.

Once the shot increments to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2P.

Table 4.31 Open Interval Time Example Settings

Shot
Corresponding 
Relay Word Bit

Corresponding 
Open Interval

Open Interval Time 
Example Setting

(seconds)

0 SH0 79OI1 0.50 

1 SH1 79OI2 10
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EXAMPLE 4.13 Additional Settings Example 2

If the SEL-751A Relay is in use on a feeder with a line-side independent 
power producer (cogenerator), the utility should not reclose into a line still 
energized by an islanded generator. To monitor line voltage and block 
reclosing, connect a line-side single-phase potential transformer to 
channel VS on the SEL-751A as shown in Figure 4.40.

Figure 4.40 Reclose Blocking for Islanded Generator

If the line is energized, you can set channel VS overvoltage element 59S1 
to assert. Make the following setting:

79STL := 59S1 OR …
If line voltage is present, Relay Word bit 59S1 asserts, stalling open interval 
timing (reclose block). If line voltage is not present, Relay Word bit 59S1 
deasserts, allowing open interval timing to proceed (unless some other set 
condition stalls open interval timing).

EXAMPLE 4.14 Additional Settings Example 3

Refer to Figure 4.37 and accompanying setting example, showing an 
application for setting 79STL.

Other Settings Considerations
If no special skip shot or stall open interval timing conditions are necessary, 
make the following settings:

79SKP := 0 (numeral 0)
79STL := 0 (numeral 0)

Block Reset Timing 
Setting (79BRS)

The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:

79RSD (Reset Time from Reclose Cycle)

or
79RSLD (Reset Time from Lockout)

Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:

79BRS = logical 1

reset timing is stopped and does not begin timing again until 79BRS deasserts 
to:

79BRS = logical 0

SEL-751A

Bus 1

52

IA, IB, IC

VA, VB, VC VS

3-Phase

1-Phase

Generator
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When reset timing starts again, the reset timer is fully loaded. Thus, successful 
reset timing has to be continuous. Use the RSTMN Relay Word bit to monitor 
reset timing (see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.15 Factory Settings Example

The reset timing is blocked if Relay Word bit TRIP is asserted, regardless of 
the reclosing relay state:

79BRS := TRIP

EXAMPLE 4.16 Additional Settings Example 1

The block reset timing setting is:
79BRS := (51P1P OR 51G1P) AND 79CY

Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 4.38 and Table 4.28).

When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the 
relay is in the Reset or Lockout States. When a circuit breaker is closed 
from lockout, there could be cold load inrush current that momentarily 
picks up a time-overcurrent element [e.g., phase time-overcurrent element 
51P1 pickup (51P1P) asserts momentarily]. But, this assertion has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 
0). The relay will time immediately on reset time 79RSLD and take the 
relay from the Lockout State to the Reset State with no additional delay 
because 79BRS is deasserted to logical 0.

When the relay is in the Reclose Cycle State, Relay Word bit 79CY is 
asserted to logical 1. Thus, the example 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1P or 51G1P is picked up 
while the relay is in the Reclose Cycle State. This helps prevent repetitive 
“trip-reclose” cycling.

EXAMPLE 4.17 Additional Settings Example 2

If the block reset timing setting is:
79BRS := 51P1P OR 51G1P

then reset timing is blocked if time-overcurrent pickup 51P1P or 51G1P is 
picked up, regardless of the reclosing relay state.

Sequence 
Coordination Setting 
(79SEQ)

The sequence coordination setting 79SEQ keeps the relay in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-751A overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.

For the sequence coordination setting 79SEQ to increment the shot counter, 
both the following conditions must be true:

➤ No trip present (Relay Word bit TRIP = logical 0)

➤ Circuit breaker closed (SELOGIC control equation setting 
52A = logical 1, effectively)

The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the previous two conditions are both true, and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 4.41) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-751A “in step” 
with the downstream device, as is shown in Additional Settings Example 1 on 
page 4.67 and Additional Settings Example 2 on page 4.68.
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Every time a sequence coordination operation occurs, the shot counter 
increments, and the reset timer is loaded up with reset time 79RSD. Sequence 
coordination can increment the shot counter beyond last shot, but no further 
than shot = 4. The shot counter returns to shot = 0 after the reset timer times 
out. Reset timing is subject to SELOGIC control equation setting 79BRS [see 
Block Reset Timing Setting (79BRS) on page 4.65].

Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.

EXAMPLE 4.18 Factory Settings Example

Sequence coordination is not enabled in the factory settings:
79SEQ := 0

EXAMPLE 4.19 Additional Settings Example 1

With sequence coordination setting:
79SEQ := 79RS AND 51P1P

sequence coordination is operable only when the relay is in the Reset 
State (79RS = logical 1). Refer to Figure 4.41 and Figure 4.42.

Figure 4.41 Sequence Coordination Between the SEL-751A and a Line 
Recloser

Assume that the line recloser is set to operate twice on the fast curve and 
then twice on the slow curve. The slow curve is allowed to operate after 
two fast curve operations because the fast curves are then inoperative for 
tripping. The SEL-751A phase time-overcurrent element 51P1T is 
coordinated with the line recloser fast curve. The SEL-751A single-phase 
time-overcurrent elements 51AT, 51BT, and 51CT are coordinated with the 
line recloser slow curve.

Fast Curve
(Line Recloser)

51P1

Slow Curve
(Line Recloser)

t

IF I

51P1T
(SEL-751A)

51AT, 51BT, 51CT
(SEL-751A)

SEL-751A

R

Line Recloser

IF
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q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.42 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)

If the SEL-751A is in the Reset State (79RS = logical 1) and then a 
permanent fault beyond the line recloser occurs (fault current IF in 
Figure 4.41), the line recloser fast curve operates to clear the fault. The 
SEL-751A also sees the fault. The phase time-overcurrent pickup 51P1P 
asserts and then deasserts without tripping, incrementing the relay shot 
counter from:

shot = 0 to shot = 1

When the line recloser recloses its circuit breaker, the line recloser fast 
curve operates again to clear the fault. The SEL-751A also sees the fault 
again. The phase time-overcurrent pickup 51P1P asserts and then 
deasserts without tripping, incrementing the relay shot counter from:

shot = 1 to shot = 2

The line recloser fast curve is now disabled after operating twice. When 
the line recloser recloses its circuit breaker, the line recloser slow curve 
operates to clear the fault. The relay does not operate on its faster-set 
phase time-overcurrent element 51P1 (51P1T is “below” the line recloser 
slow curve) because the shot counter is now at shot = 2. For this sequence 
coordination scheme, the SELOGIC control equation trip equation is:

TR := 51P1T AND (SH0 OR SH1) OR 51AT OR 51BT OR 51CT

With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51PT phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative, and its pickup (51P1P) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, 
etc. The 51P1T phase time-overcurrent element cannot cause a trip 
because shot ≥ 2, and SH0 and SH1 both are deasserted to logical 0.

The shot counter returns to shot = 0 after the reset timer (loaded with 
reset time 79RSD) times out.

EXAMPLE 4.20 Additional Settings Example 2

Review preceding Example 1.

Assume that the line recloser in Figure 4.41 is set to operate twice on the 
fast curve and then twice on the slow curve for faults beyond the line 
recloser.

Assume that the SEL-751A is set to operate once on 51P1T and then twice 
on 51AT, 51BT, or 51CT for faults between the SEL-751A and the line 
recloser. This results in the following trip setting:

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT

79SEQ := 79RS AND 51P1P

SH0 OR SH1

SH1

SH0

Shot Counter      0 1 2 3 4

q w e w e r e r

NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot in this example (last shot = 2 
in this factory setting example) but no 
further than shot = 4.

The following Example 2 limits 
sequence coordination shot counter 
incrementing.
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This requires that two open interval settings be made (see Table 4.29 and 
Figure 4.39). This corresponds to the last shot being:
last shot = 2

If the sequence coordination setting is:
79SEQ := 79RS AND 51P1P

and there is a permanent fault beyond the line recloser, the shot counter 
of the SEL-751A will increment all the way to shot = 4 (see Figure 4.42). If 
there is a coincident fault between the SEL-751A and the line recloser, the 
SEL-751A will trip and go to the Lockout State. Any time the shot counter 
is at a value equal to or greater than last shot and the relay trips, it goes to 
the Lockout State.

To avoid this problem, make the following sequence coordination setting:
79SEQ := 79RS AND 51P1P AND SH0

Refer to Figure 4.43.

If the SEL-751A is in the Reset State (79RS = logical 0) with the shot 
counter reset (shot = 0; SH0 = logical 1) and then a permanent fault 
beyond the line recloser occurs (fault current IF in Figure 4.41), the line 
recloser fast curve operates to clear the fault. The SEL-751A also sees the 
fault. The phase time-overcurrent pickup 51P1P asserts and then deasserts 
without tripping, incrementing the relay shot counter from:

shot = 0 to shot = 1

Now the SEL-751A cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT = (logical 0) OR 51AT OR 
51BT OR 51CT

q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.43 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 2)

The line recloser continues to operate for the permanent fault beyond it, 
but the SEL-751A shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.

79SEQ := 79RS AND 51P1P AND (logical 0) = Logical 0

The shot counter stays at shot = 1.

Thus, if there is a coincident fault between the SEL-751A and the line 
recloser, the SEL-751A will operate on 51AT, 51BT, or 51CT and then reclose 
once, instead of going straight to the Lockout State (shot = 1 < last shot = 
2).

As stated earlier, the reset time setting 79RSD takes the shot counter back 
to shot = 0 after a sequence coordination operation increments the shot 
counter. Make sure that reset time setting 79RSD is set long enough to 
maintain the shot counter at shot = 1, as shown in Figure 4.43.

79SEQ = 79RS * 51P1 * SHO

51P1

Shot Counter

SH0

0 1

q w e w e r e r
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Reclose Supervision 
Setting (79CLS)

See Reclose Supervision Logic on page 4.48.

Demand Metering
The SEL-751A provides demand and peak demand metering, selectable 
between thermal and rolling demand types, for the following values:

➤ IA, IB, IC, phase currents (A primary)

➤ IG Residual-ground current 
(A primary; IG = 3I0 = IA + IB + IC)

➤ 3I2 Negative-sequence current (A primary)

Table 4.32 shows the demand metering settings. Also refer to Section 5: 
Metering and Monitoring and Section 7: Communications for other related 
information for the demand meter.

The demand current level settings are applied to demand current meter 
outputs, as shown in Figure 4.44. 

Table 4.32 Demand Meter Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE DEM MTR THM, ROL EDEM := THM

DEM TIME CONSTNT 5, 10, 15, 30, 60 min DMTC := 5

PH CURR DEM LVL OFF, 0.50–16.00 Aa

OFF. 0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

PHDEMP := 5.00a

PHDEMP := 1.00b

RES CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
GNDEMP := 1.00a

GNDEMP := 0.20b

3I2 CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
3I2DEMP := 1.00a

3I2DEMP := 0.20b
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Figure 4.44 Demand Current Logic Outputs

For example, when residual-ground demand current IGD exceeds 
corresponding demand pickup GNDEMP, Relay Word bit GNDEM asserts to 
logical 1. Use these demand current logic outputs (PHDEM, GNDEM, and 
3I2DEM) to alarm for high loading or unbalance conditions.

The demand values are updated approximately once a second. The relay stores 
peak demand values to nonvolatile storage every six hours (it overwrites the 
previous stored value if it is exceeded). Should the relay lose control power, it 
will restore the peak demand values saved by the relay.

Demand metering peak recording is momentarily suspended when SELOGIC 
control equation setting FAULT is asserted (= logical 1). The differences 
between thermal and rolling demand metering are explained in the following 
discussion.

PHDEM

Relay
Word
Bits

Demand Current
Pickup Settings
(A Secondary)

IBD

IAD
IA

ICD

Analog
Quantities
Demand
CurrentsInstantaneous

Currents

Serial Port
Command

Demand Function
Maximum  
Current
Logic

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

Reset 
Demand

PHDEMP

IGD

Reset 
Demand

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

GNDEM
GNDEMP

IG
(residual)

Demand Function

3I2D

Reset 
Demand

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

3I2DEM
3I2DEMP

3I2

MET RD

Demand Function
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Comparison of 
Thermal and Rolling 
Demand Meters

The example in Figure 4.45 shows the response of thermal and rolling demand 
meters to a step current input. The current input is at a magnitude of zero and 
then suddenly goes to an instantaneous level of 1.0 per unit (a “step”).

Figure 4.45 Response of Thermal and Rolling Demand Meters to a 
Step Input (Setting DMTC = 15 minutes)
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Thermal Demand Meter Response
The response of the thermal demand meter in Figure 4.45 (middle) to the step 
current input (top) is analogous to the series RC circuit in Figure 4.46.

Figure 4.46 Voltage VS Applied to Series RC Circuit

In the analogy:

Voltage VS in Figure 4.46 corresponds to the step current input in 
Figure 4.45 (top).

Voltage VC across the capacitor in Figure 4.46 corresponds to the 
response of the thermal demand meter in Figure 4.45 (middle).

If voltage VS in Figure 4.46 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 4.46 is also at zero 
(VC = 0.0 per unit). If voltage VS is suddenly stepped up to some constant 
value (VS = 1.0 per unit), voltage VC across the capacitor starts to rise toward 
the 1.0 per-unit value. This voltage rise across the capacitor is analogous to the 
response of the thermal demand meter in Figure 4.44 (middle) to the step 
current input (top).

In general, as voltage VC across the capacitor in Figure 4.46 cannot change 
instantaneously, the thermal demand meter response is not immediate either 
for the increasing or decreasing applied instantaneous current. The thermal 
demand meter response time is based on the demand meter time constant 
setting DMTC (see Table 4.32). Note in Figure 4.45, the thermal demand 
meter response (middle) is at 90 percent (0.9 per unit) of full applied value 
(1.0 per unit) after a time period equal to setting DMTC = 15 minutes, 
referenced to when the step current input is first applied.

The SEL-751A updates thermal demand values approximately every second.

Rolling Demand Meter Response
The SEL-751A calculates the response of the rolling demand meter in 
Figure 4.45 (bottom) to the step current input (top) with a sliding time-
window arithmetic average calculation. The width of the sliding time-window 
is equal to the demand meter time constant setting DMTC (see Table 4.32). 
Note in Figure 4.45, the rolling demand meter response (bottom) is at 
100 percent (1.0 per unit) of full applied value (1.0 per unit) after a time 
period equal to setting DMTC = 15 minutes, referenced to when the step 
current input is first applied.

The rolling demand meter integrates the applied signal (e.g., step current) 
input in five-minute intervals. The SEL-751A performs this integration 
approximately every second. The average value for an integrated five-minute 
interval is derived and stored as a five-minute total. The rolling demand meter 
then averages a number of the five-minute totals to produce the rolling 
demand meter response. In the Figure 4.45 example, the rolling demand meter 

VS VC

+

+

—

—

R

C
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averages the three latest five-minute totals because setting DMTC = 15
(15/5 = 3). The relay updates the rolling demand meter response every five 
minutes, after it calculates a new five-minute total.

The following is a step-by-step calculation of the rolling demand response 
example in Figure 4.45 (bottom).

Time = 0 Minutes
Presume that the instantaneous current has been at zero for quite some time 
before “Time = 0 minutes” (or the demand meters were reset). The three 
five-minute intervals in the sliding time-window at “Time = 0 minutes” each 
integrate into the following five-minute totals:

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes
The three five-minute intervals in the sliding time-window at “Time = 5 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit.

Time = 10 Minutes
The three five-minute intervals in the sliding time-window at “Time = 10 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit.

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –15 to –10 minutes

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

0.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

1.0 per unit  0 to 5 minutes

1.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –5 to 0 minutes

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

2.0 per unit
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Time = 15 Minutes
The three five-minute intervals in the sliding time-window at “Time = 15 
minutes” each integrate into the following 5-minute totals:

Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed in the following table.

SELOGIC Enables The following table shows the enable settings for latch bits (ELAT), SELOGIC 
control equations (including timers) (ESV), Counters (ESC), and math 
variable equations (EMV). This helps limit the number of settings that you 
need to make. For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output 
contact state. The SEL-751A latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output 
contact will go back to the state of the latch control switch after device 
initialization. Traditional latching device output contact states are changed by 
pulsing the latching device inputs (see Figure 4.47). Pulse the set input to 
close (set) the latching device output contact. Pulse the reset input to open 
(reset) the latching device output contact. The external contacts wired to the 
latching device inputs are often from remote control equipment (e.g., SCADA, 
RTU).

Five-Minute Totals Corresponding Five-Minute Interval

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

1.0 per unit 10 to 15 minutes

3.0 per unit

Table 4.33 Enable Settings

Setting Prompt Setting Range Default Setting

SELOGIC Latches N, 1–32 ELAT := 4

SV/Timers N, 1–32 ESV := 5

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N
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Figure 4.47 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-751A provide latching device 
functionality. Figure 4.48 shows the logic diagram of a latch switch. The 
output of the latch control switch is a Relay Word bit LTn (n = 01–32), called 
a latch bit.

Figure 4.48 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit LTn 
deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-751A includes 32 latches. Table 4.34 shows the SET and RESET 
default settings for Latch 1 through Latch 4. The remaining latches are all set 
to NA.

Table 4.34 Latch Bits Equation Settings

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

SET02 SELOGIC SET02 := R_TRIG SV02T AND NOT LT02

RST02 SELOGIC RST02 := R_TRIG SV02T AND LT02

SET03 SELOGIC SET03 := PB03_PUL AND LT02 AND NOT 52A

RST03 SELOGIC RST03 := (PB03_PUL OR PB04_PUL OR 
SV03T) AND LT03

SET04 SELOGIC SET04 := PB04_PUL AND 52A

RST04 SELOGIC RST04 := (PB03_PUL OR PB04_PUL OR 
SV04T) AND LT04

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset) (n = 01 through 32)

Relay
Word
Bits

SELOGIC
Setting
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Latch Bits: 
Nonvolatile State

Power Loss
The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is 
deasserted (LT03 := logical 0) when power is restored.

Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on page 4.77 
explanation. If the individual settings change causes a change in SELOGIC 
control equation settings SETn or RSTn (n = 1 through 32), the retained states 
of the latch bits can be changed, subject to the newly enabled settings SETn or 
RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a separate debounce timer that can help in providing the necessary time 
qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your 
application. Only the enabled SELOGIC control equations appear for settings. 
Each SELOGIC control equation variable/timer has a SELOGIC control 
equation setting input and variable/timer outputs, as shown in Figure 4.49. 
Timers SV01T through SV32T in Figure 4.49 have a setting range of 0.00–
3000.00 seconds. This timer setting range applies to both pickup and dropout 
times (SVnPU and SVnDO, n = 1 through 32).

Figure 4.49 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC control equation, 
including a total of 14 elements in parentheses (see Table 4.36 for more 
information).

SELOGIC Control 
Equation Operators

Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

Relay
Word 
Bits

SVnPU

SVnDO
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already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an “assignment” operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean 
algebra logic, combining Relay Word bits together with one or more of the 
Boolean operators listed in Table 4.36. Math SELOGIC control equation 
settings operate on numerical values, using one or more of the mathematical 
operators listed in Table 4.36. These numerical values can be mathematical 
variables or real numbers.

The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.21 for an explana-
tion on improving the accuracy of the math operations by managing the pro-
cessing order. 

EXAMPLE 4.21 Improving the Accuracy of Math Operations 

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 calculation 
and scales it by 128, then rounds this up to a 2. The relay then multiplies it 
by 100,000 and stores it as 200,000. When the number is reported it 
divides out the scale factor (128) and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This result 
is then rounded and stored as 184,615. The relay then divides 184,615 by 128 
and reports 1442.3. 

Example 4.21 illustrates how important it is to avoid calculations where a 
small number is divided by a large number followed by multiplication. It will 
amplify the error significantly. 

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.35, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. You should use scaling factors 
where possible to avoid the error introduced by the fixed-point processor 
when multiplying and dividing fractional numbers.

Table 4.35 Math Variable Fractional Multiplication Results

MV01 := 0.01 • 10 Result = 0.08 Error = 20%

MV01 := 0.05 • 10 Result = 0.47 Error = 6%

MV01 := 0.1 • 10 Result = 1.02 Error = 2.0%

MV01 := 0.5 • 10 Result = 5.00 Error = 0%

MV01 := 0.99 • 10 Result = 9.92 Error = 0.2%
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You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.37 for this and other 
Boolean and math operators and values.

Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-751A evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for 
example SV01 AND SV02 AND SV03, each AND will be evaluated from the 
left to the right. If you substitute NOT SV04 for SV03 to make SV01 AND 
SV02 AND NOT SV04, the device evaluates the NOT operation of SV04 first 
and uses the result in subsequent evaluation of the expression.

Parentheses Operator ( )
You can use more than one set of parentheses in a SELOGIC control equation 
setting. For example, the following Boolean SELOGIC control equation setting 
has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

In the previous example, the logic within the parentheses is processed first and 
then the two parentheses resultants are ANDed together. Use as many as 14 
sets of parentheses in a single SELOGIC control equation setting. The 
parentheses can be “nested” (parentheses within parentheses).

Math Negation Operator (–)
The negation operator – changes the sign of a numerical value. For example:

MV01 := RB01

Table 4.36 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean and/

or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply
divide

Mathematical

+
-

add
subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality
inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest precedence)
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When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Boolean NOT Operator (NOT)
Apply the NOT operator to a single Relay Word bit and to multiple elements 
(within parentheses).

An example of a single Relay Word bit is as follows:
SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as 
follows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the 
following example.

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

The previous equation sets MV01 to 12 whenever IN101 asserts, otherwise it 
increments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG)
Apply the rising-edge operator, R_TRIG, to individual Relay Word bits only; 
you cannot apply R_TRIG to groups of elements within parentheses. When 
any Relay Word bit asserts (going from logical 0 to logical 1), R_TRIG 
interprets this logical 0 to logical 1 transition as a “rising edge” and asserts to 
logical 1 for one processing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing 
interval when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG)
Apply the falling-edge operator, F_TRIG, to individual Relay Word bits only; 
you cannot apply F_TRIG to groups of elements within parentheses. The 
falling-edge operator, F_TRIG, operates similarly to the rising-edge operator, 
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but operates on Relay Word bit deassertion (elements going from logical 1 to 
logical 0) instead of Relay Word bit assertion. When the Relay Word bit 
deasserts, F_TRIG interprets this logical 1 to logical 0 transition as a “falling 
edge” and asserts to logical 1 for one processing interval, as shown in 
Figure 4.50.

Figure 4.50 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators (*, /, +, and –)
If Relay Word bits (which are effectively Boolean resultants, equal to logical 1 
or logical 0) are used in mathematical operations, they are treated as 
numerical values 0 and 1, depending on if the Relay Word bit is equal to 
logical 0 or logical 1, respectively.

Boolean Comparison Operators (<, >, <=, and >=)
Comparisons are mathematical operations that compare two numerical values, 
with the result being a logical 0 (if the comparison is not true) or logical 1 (if 
the comparison is true). Thus, what starts out as a mathematical comparison 
ends up as a Boolean resultant. For example, if the output of a math variable 
exceeds a certain value, an output contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8, output contact OUT103 asserts 
(OUT103 = logical 1). If the math variable (MV01) is less that or equal to 8, 
output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality (=) and Inequality (<>) Operators
Equality and inequality operators operate similarly to the comparison 
operators. These are mathematical operations that compare two numerical 
values, with the result being a logical 0 (if the comparison is not true), or 
logical 1 (if the comparison is true). Thus, what starts out as a mathematical 
comparison, ends up as a Boolean resultant. For example, if the output of a 
math variable is not equal to a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45, output contact OUT102 asserts 
(effectively OUT102 := logical 1). If the math variable (MV01) is equal to 45, 
output contact OUT102 deasserts (effectively OUT102 := logical 0). The 
following table shows other operators and values that you can use in writing 
SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When 
Power Lost or 
Settings Changed

If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.51 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.51 Example Use of SELOGIC Variables/Timers

SV/Timers Settings The SEL-751A includes 32 SELOGIC variables. Table 4.38 shows the pickup, 
dropout, and equation settings for SV01 and SV02. The remaining SELOGIC 
variables have the same default settings as SV02.

Table 4.37 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.38 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Default Settings

SV TIMER PICKUP 0.00–3000.00 SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR 
BRGTRIP OR OTHTRIP OR 
AMBTRIP OR (27P1T OR 
27P2T) AND NOT LOP

SV TIMER PICKUP 0.00–3000.00 SV02PU := 3.00

SV TIMER DROPOUT 0.00–3000.00 SV02DO := 0.00

SV INPUT SELOGIC SV02 := PB02

SV TIMER PICKUP 0.00–3000.00 SV03PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV03DO := 0.00

SV INPUT SELOGIC SV03 := LT03
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The pickup times of 0 for the SV03PU and SV04PU settings shown 
previously provide an immediate close and trip actions from front-panel 
pushbuttons. For a delayed close, set SV03PU to the necessary delay. 
Similarly, set SV04PU for a delayed trip action. See Table 8.4 for more detail.

Counter Variables SELOGIC counters are up- or down-counting elements, updated every 
processing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.52 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.52 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and 
Digital output SC01QU asserts when the counter reaches the programmable 
count value. Use the reset input (SC01R) to force the count to zero, and the 
analog output (SCnn) with analog comparison operators. Table 4.39 describes 
the counter inputs and outputs, and Table 4.40 shows the order of precedence 
of the control inputs.

SV TIMER PICKUP 0.00–3000.00 SV04PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV04DO := 0.00

SV INPUT SELOGIC SV04 := LT04

SV TIMER PICKUP 0.00–3000.00 SV05PU := 0.25

SV TIMER DROPOUT 0.00–3000.00 SV05DO := 0.25

SV INPUT SELOGIC SV05 := (PB02 OR LT03 OR 
LT04) AND NOT SV05T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 SV32PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV32DO := 0.00

SV INPUT SELOGIC SV32 := NA

Table 4.38 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Default Settings

Table 4.39 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the out-
put (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled.

NOTE: If setting SCnnCU is set to NA, 
the counter counts downwards only.

NOTE: SELOGIC counters will be reset 
to zero if the relay loses power as the 
counters are stored in volatile 
memory.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output
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Figure 4.53 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This 
indicates that there is no intentional lag between the control input asserting 
and the count value changing. Most of the pulses in the diagram are on every 
second processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.53 Example of the Effects of the Input Precedence

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a 
SELOGIC control equation and viewed through use 
of the COU command.

Table 4.40 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.39 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

Relay
Word
Bits

SC01R

SC01LD

SC01CU

SC01CD

SELOGIC

Settings

SC01PV = 7

Setting

SC01

Analog

= Sample

One Processing Interval

Two Processing Intervals
6
5
4
3
2
1
0
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears 
in the previous diagram, just before the “one processing 
interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters. When a counter is disabled by 
setting, the present count value is forced to 0 (SCnn := 0), causing Relay Word 
bit SCnnQD to assert (SCnnQD := logical 1), and Relay Word bit SCnnQU to 
deassert (SCnnQU := logical 0).

Output Contacts

The SEL-751A provides the ability to use SELOGIC control equations to map 
protection (trip and warning) and general-purpose control elements to the 
outputs. In addition, you can enable fail-safe output contact operation for relay 
contacts on an individual basis.

Table 4.41 Control Output Equations and Contact Behavior Settings

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := CLOSE

OUT103 FAIL-SAFE Y, N OUT103FS := N

OUT103 SELOGIC OUT103 := TRIP

•
•
•

•
•
•

•
•
•

OUT301 FAIL-SAFE Y, N OUT301FS := N

OUT301 SELOGIC OUT301 := 0

OUT302 FAIL-SAFE Y, N OUT302FS := N

OUT302 SELOGIC OUT302 := 0

OUT303 FAIL-SAFE Y, N OUT303FS := N

OUT303 SELOGIC OUT303 := 0

OUT304 FAIL-SAFE Y, N OUT304FS := N

OUT304 SELOGIC OUT304 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs for Slot C 
(OUT301–OUT304) are shown. The 
outputs for Slot D (OUT401–OUT404) 
and Slot E (OUT501–OUT504) have 
similar settings.
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If the contact fail-safe is enabled, the relay output is held in its energized 
position when relay control power is applied. The output falls to its de-
energized position when control power is removed. Contact positions with de-
energized output relays are indicated on the relay chassis and in Figure 2.13 
and Figure 2.14.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected (see Figure 2.17), the breaker is automatically tripped when relay 
control power fails.

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix I: MIRRORED BITS Communications and SEL-751A Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings

The phase rotation setting tells the relay your phase labeling standard. Set 
PHROT equal to ABC when B-phase current lags A-phase current by 120 
degrees. Set PHROT equal to ACB when B-phase current leads A-phase 
current by 120 degrees.

Figure 4.54 Phase Rotation Setting

Set the FNOM setting equal to your system nominal frequency. The DATE_F 
setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Small Signal Cut-
off for Metering on page 5.12 for more details.

Table 4.42 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ. 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := 50G1P OR 50N1P OR 
51P1P OR 51QP OR 50Q1P OR TRIP

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B
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Set the SELOGIC control equation FAULT to temporarily block maximum and 
minimum metering, energy metering, and demand metering.

Event Messenger 
Points

You can configure the SEL-751A to automatically send ASCII message on a 
communications port when the trigger condition is satisfied. Use the SET P 
command to set PROTO := EVMSG on the necessary port to select the port. 
This feature is designed to send messages to the SEL-3010 Event Messenger, 
but you can use any device capable of receiving ASCII messages.

Set EMP to enable the necessary number of message points.

Set each of MPTRxx (xx = 01–32) to the necessary Relay Word bits, the rising 
edge of which defines the trigger condition.

MPAQxx is an optional setting and you can use it to specify an Analog 
Quantity to be formatted into a single message, as described next.

Use MPTXxx to construct the message you want. Note that by default the 
relay adds the analog quantity value, if specified, at the end of the message, 
rounded to the nearest integer value (see Example 4.22).

EXAMPLE 4.22 Setting MPTXxx Using the Default Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157

Location and resolution of the analog quantity value within the message 
can be specified by using “%.pf”, 

where
% defines location of the value
p defines number of digits (as many as 6, defaults to 6 if 
omitted)
f indicates floating point value (use %d if nearest whole 
number is necessary)

Table 4.43 Event Messenger Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EVE MSG PTS ENABL N, 1–32 EMP := N

MESSENGER POINT 
MP01 TRIGGER

Off, 1 Relay Word bit MPTR01 := OFF

MESSENGER POINT 
MP01 AQ

None, 1 analog quantity MPAQ01 := NONE

MESSENGER POINT 
MP01 TEXT

148 characters MPTX01 := 

•
•
•

•
•
•

•
•
•

MESSENGER POINT 
MP32 TRIGGER

Off, 1 Relay Word bit MPTR32 := OFF

MESSENGER POINT 
MP32 AQ

None, 1 analog quantity MPAQ32 := NONE

MESSENGER POINT 
MP32 TEXT

148 characters MPTX32 :=
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EXAMPLE 4.23 Setting MPTXxx With a Specified Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS %.2f AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157.44 
AMPERES

MPTX01 := THE LOAD CURRENT IS %d AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157 
AMPERES

Multiple Settings 
Groups

SEL-751A Relays have three independent settings groups. Each settings 
group has complete relay settings and protection SELOGIC settings. The active 
settings group can be: 

➤ Viewed on the front-panel LCD using the MAIN > Set/Show > 
Active Group menus, as shown in Figure 8.20.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.20.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.20.

➤ Selected using SELOGIC control equation settings SS1 through 
SS3, as shown in Table 4.44.

If SELOGIC control equations SS1–SS3 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If the SELOGIC control equations are defined but evaluate to logical 0, 
or if they are not defined, the GROUP n command can be used to select the 
active settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1 and SG2 are deasserted to logical 0.
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS3, as shown in Table 4.44.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1 or SS2. If settings SS1 
through SS3 all deassert to logical 0, settings Group 3 remains the active 
settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 3.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 
other than the active settings group, there is no interruption of the active 

Table 4.44 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 sec TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0
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settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS3, the active settings group can be changed, subject to the 
newly enabled SS1–SS3 settings.

Synchrophasor Measurement
The SEL-751A Relay provides Phasor Measurement Control Unit (PMCU) 
capabilities when connected to an IRIG-B time source. See Appendix H: 
Synchrophasors for the description and Table H.1 for the settings.

Time and Date Management Settings
The SEL-751A supports several methods of updating the relay time and date. 
For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor 
applications, refer to Appendix H: Synchrophasors for the description and 
Table H.1 for the settings. For SNTP applications, refer to Simple Network 
Time Protocol (SNTP) on page 7.13. For time update from a DNP Master, see 
Time Synchronization on page D.10.

Table 4.45 shows the time and date management settings that are available in 
the Global settings.

Table 4.45 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B Control Bits Definition NONE, C37.118 IRIGC := NONE

Offset From UTC –24.00 to 24.00 hours, 
rounds up to nearest 0.25 
hour

UTC_OFF := 0.00

Month To begin DST OFF, 1–12 DST_BEGM := OFF

Week Of The Month To Begin DST 1–3, L DST_BEGW := 2

Day Of The Week To Begin DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_BEGD := SUN

Local Hour To Begin DST 0–23 DST_BEGH := 2

Month To End DST 1–12 DST_ENDM := 11

Week Of The Month To End DST 1–3, L DST_ENDW := 1

Day Of The Week To End DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_ENDD := SUN

Local Hour To End DST 0–23 DST_ENDH := 2
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IRIGC IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC time, 
Daylight Savings Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay will be able to adjust the 
synchrophasor time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated 
Universal Time (UTC) 
Offset Setting

The SEL-751A has a Global setting UTC_OFF, settable from –24.00 to 24.00 
hours, in 0.25-hour increments. The relay also uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not 
considered because the other time sources are defined as local time.

Automatic Daylight-
Saving Time Settings

The SEL-751A can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-751A will change to and from daylight-saving time 
every year at the specified time. Relay Word bit DST asserts when daylight-
saving time is active.

The SEL-751A interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in 
week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a 
month. As an example, consider the following settings:

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

DST_BEGM = 3 DST_ENDM = 10

DST_BEGW = L DST_ENDW = 3

DST_BEGD = SUN DST_ENDD = WED

DST_BEGH = 2 DST_ENDH = 3
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When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word bit, 
regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time 
settings are properly configured.

Simple Network Time 
Protocol (SNTP)

The SEL-751A PORT 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.13 for a description and Table 7.4 for the settings.

Breaker Failure Setting

The SEL-751A provides flexible breaker failure logic (see Figure 4.55). In the 
default breaker failure logic, assertion of Relay Word bit TRIP starts the BFD 
timer if the sum of positive-sequence and negative-sequence currents exceed 
0.02 • INOM. If the current remains greater than the threshold for BFD delay 
setting, Relay Word bit BFT will assert. Use the BFT to operate an output 
relay to trip appropriate backup breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is unnecessary 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.55 Breaker Failure Logic

Table 4.46 Breaker Failure Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 sec BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.02 • INOM

|I1| + |I2|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit
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Arc-Flash Protection
The SEL-751A offers advanced arc-flash protection capability aimed at 
minimizing the hazards associated with high energy arc (faults) in metal-
enclosed and metal-clad switchgear. The system supports four fiber-optic light 
sensors capable of detecting the high energy arc-flash events and tripping the 
breaker within milliseconds of the fault. Light sensors are supervised with an 
instantaneous overcurrent element offering enhanced security against false 
trips. Each of the four sensors can be routed to multiple tripping outputs by 
using SELOGIC control equations, offering ultimate flexibility in creating 
multiple protection zones (breaker truck cabinet, bus, PT cubicle etc.).

SEL-751A arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time will typically be longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in 
individual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. A loopback-based attenuation measurement method 
supervises both types of sensors and you can use them interchangeably on each 
of the four light inputs. Refer to Application Guide AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for more details.

Arc-Flash 
Overcurrent Elements 
(50PAF, 50NAF)

Table 4.47 shows the settings for the arc-flash instantaneous overcurrent 
elements. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

The arc-flash overcurrent elements use raw A/D converter samples, with the 
sampling rate of 16 samples per cycle. Individual samples are compared with 
the setting threshold as shown in Figure 4.56, followed by a security counter 
requiring that two samples in a row exceed the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to “overreach” under high harmonic load conditions. To avoid 
unintended element pickup, Arc-flash trip level 50PAFP should be set at least 
2 times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush / load pickup conditions is expected and 
will normally be taken into account by the arc-flash “light based” supervision.

Table 4.47 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 Aa

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 Ab

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.50–100.00 Aa 50NAFP := OFF

 0.10–20.00 Ab
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Figure 4.56 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-
Overlight Elements 
(TOL1 through TOL4)

The SEL-751A Relay offers four fiber-optic light sensor inputs. Each input is 
associated with one inverse time-over light element offering enhanced security 
coupled with exceptionally fast operation. Shape of the inverse time 
characteristic is fixed offering robust rejection of unrelated light events 
without adding unnecessary settings. Table 4.48 shows the arc-flash time-
overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) representing the type of sensor installed. Keyword POINT represents 
a point sensor, while the keyword FIBER represents a clear-jacketed fiber loop 
sensor.

TOL Pickup parameter makes it possible to set the individual light threshold 
levels for each of the 4 sensors. Pickup level is expressed in the percent of full 
scale, which is directly related to the light intensity level measured by the 
sensor.

When necessary, channel sensitivity can be compared to a light intensity level 
expressed in lux, as shown in Table 4.49. However, light sensitivity is 
associated with fiber length (which is installation dependent), TOL element 
settings are expressed as a percentage of the available A/D converter range.

2

16

50PAF

Relay
Word
Bit

50NAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample

Setting 50PAFP
Scaled to

Equivalent Sample

2

16

IN Sample

Setting 50NAF
Scaled to

Equivalent Sample

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL2P := 3.0

SENSOR 3 TYPE NONE, POINT, FIBER AFSENS3 := NONE

TOL 3 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL3P := 3.0

SENSOR 4 TYPE NONE, POINT, FIBER AFSENS4 := NONE
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The default processing interval in the SEL-751A is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as two outputs that will be processed every 1/16 of a power system cycle. Use 
the setting AOUTSLOT to select these outputs. For instance, if Slot C is 
selected (AOUTSLOT := 301_2) the SELOGIC control equations OUT301 and 
OUT302 will be processed at the 1/16 of a cycle rate. To get the fastest 
possible operate time, use the contacts selected by the AOUTSLOT setting for 
tripping. 

Figure 4.57 shows the TOL element logic diagram. 

Figure 4.57 Inverse Time-Overlight Element Logic

Figure 4.58 shows the inverse time-overlight element curve shape. The 
element uses 32 samples per cycle data, processed 16 times per cycle. TOL 
element algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system cycle.

TOL 4 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL4P := 3.0

AFD OUTPUT SLOT 101_2, 301_2, 401_2 AOUTSLOT := 101_2

a Setting range with point sensor.
b Setting range with fiber sensor.

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

PU: 0

DO: 1 cycle

ITOL2

LS2

Setting
TOL2P

TOL2

PU: 0

DO: 1 cycle

ITOL1

LS1

Setting
TOL1P

TOL1

PU: 0

DO: 1 cycle

ITOL3

LS3

Setting
TOL3P

TOL3

PU: 0

DO: 1 cycle

ITOL4

LS4

Setting
TOL4P

TOL4
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Figure 4.58 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, it is 
recommended that you set the element based on the ambient light level. This 
approach guarantees maximum sensitivity coupled with the fastest tripping 
time.

Typical ambient light levels are shown in Table 4.49. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as MET L command. Set the TOL 
pickup to the least possible light intensity level but greater than the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (non critical loads), it may be 
necessary to operate without overcurrent element supervision 
(OUTxxx := TOLn), relying only on the light detection element instead of 
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Table 4.49 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

>20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, "Electric Arc Burn Hazards", IEEE Transactions on industry 
applications, Vol. 42, No. 1. January/February 2006.
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having the overcurrent element (50PAF) supervise the light element (TOLn) in 
the output logic (OUTxxx := 50PAF AND TOLn). This approach offers fastest 
tripping times, but is less secure (can be tripped with the light input only).

Output Logic 
Programming

As stated earlier, arc-flash protection involves detecting an overcurrent as well 
as light (arc). Location of the light sensors and source(s) of the arc energy 
must also be considered in developing the trip output logic. If the relay detects 
both signals simultaneously, it is desirable to trip the “source breaker(s).”

The Relay Word bits for arc-flash protection (see Figure 4.56 and Figure 4.57) 
are:

50PAF, 50NAF, TOL1, TOL2, TOL3, and TOL4

As described earlier, you select two output contacts for high-speed processing 
by setting AOUTSLOT appropriately. The high-speed contact should be used 
for arc-flash tripping instead of the default OUT103 shown in Table 4.41. Also 
to ensure all the advantages of the trip logic (trip seal-in, event report trigger, 
etc.) the arc-flash trip should be included in the trip equation TR (see 
Table 4.27 and Figure 4.33 for detail).

NOTE: The high-speed outputs 
selected by AOUTSLOT setting being 
Form A, cannot be used in fail safe 
mode and should be disabled (set 
OUTxxxFS := N).

To get additional speed select the fast hybrid output option card (4DI/4DO). 
This card contains trip duty rated solid state output contacts, which will 
operate within 50 µs (as much as 8 ms faster than the standard 
electromechanical outputs).
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EXAMPLE 4.24 Output Logic Programming Example 1

SEL-751A applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of the 
source breaker and output contacts in Slot 3 are selected for high-speed 
processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2 OR TOL3)

EXAMPLE 4.25 Output Logic Programming Example 2

SEL-751A applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is located 
upstream of the feeder breaker, and output contacts in Slot 3 are selected 
for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 does 
not include overcurrent element supervision. When necessary, this 
supervision should be added by upstream relay(s). For instance, you can 
do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
necessary. 

Analog Inputs
The SEL-751A tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.59. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.59 Analog Input Card Adaptive Name

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Analog Input 
Calibration Process

In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a 
compensation factor. These compensation factors correct the signal offset 
errors to within ±1 uA or ±1 mV.

Signal offset compensation factor calculation procedure:

Step 1. Turn the SEL-751A on and allow it to warm up for a few 
minutes.

Step 2. Set the analog inputs for each analog channel to the necessary 
range by using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (e.g., ±1 mA).

Step 3. Short each analog input in turn at the device terminals by using 
short, low resistance leads with solid connections.

Step 4. Issue the command MET AI 10 to obtain 10 measurements for 
each channel.

Step 5. Record these 10 measurements, then calculate the average of 
the 10 measurements by adding the 10 values algebraically, and 
dividing the sum by 10. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

Step 6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting 
Example

Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures 
temperature on a transformer load tap changer mechanism. For this 
temperature transducer, 4 mA corresponds to –50°C, and 20 mA corresponds 
to 150°C. You have already installed the correct hardware jumper (see 
Figure 2.3 for more information) for Input 1 to operate as a current input. At 
power up, allow approximately five seconds for the SEL-751A to boot up, 
perform self-diagnostics, and detect installed cards.

Table 4.50 summarizes the steps and describes the settings we will carry out in 
this example.

Table 4.50 Summary of Steps (Sheet 1 of 2)

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH
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NOTE: The AIx0yNAM setting cannot 
accept the following and will issue the 
Invalid Element message:
Analog Quantities
Duplicate Names
Other AI Names

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts 
alphanumeric characters, the name for the AIx0yNAM setting must begin with 
an alpha character (A through Z) and not a number. The device displays the 
following prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC

 control equations, Signal 
Profiles, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag name 
characters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, enter I <Enter> (for current-driven 
device) at AI301TYP, the next prompt (enter V if this is a voltage-driven 
device). The next two settings define the lower level (AI301L) and the upper 
level (AI301H) of the transducer. In this example, the low level is 4 mA and 
the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

NOTE: Because the SEL-751A 
accepts current values ranging from
–20.48 to 20.48 mA, be sure to enter 
the correct range values.

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign 
descriptive names for engineering units. Because we measure temperature in 
this example, enter “degrees C” (without quotation marks) as engineering 
units. Enter –50 <Enter> for the lower level and 150 <Enter> for the upper level.

With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in 
engineering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm 
functions: low warnings and alarm functions assert when the measured value 
falls below the setting; high warnings and alarm functions assert when the 
measured values exceed the setting. 

In this example, we measure the oil temperature of a power transformer, and we 
want the following three actions to take place at three different temperature values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 2 value

14 105 Enter HIGH ALARM value

Table 4.50 Summary of Steps (Sheet 2 of 2)

Step Activity Terse Description
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Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower 
values (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher 
values as shown in Figure 4.60. Set inputs connected to voltage-driven 
transducers in a similar way.

Analog (DC 
Transducer) Input 
Board

Table 4.51 shows the setting prompt, setting range, and factory-default 
settings for an analog input card in Slot 3. For the name setting (AI301NAM, 
for example), enter only alphanumeric and underscore characters. Characters 
are not case sensitive, but the device converts all lowercase characters to 
uppercase. Although the device accepts alphanumeric characters, the name 
AI301NAM setting must begin with an alpha character (A–Z) and not a 
number.

=>>SET G AI301NAM TERSE <Enter>
Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.60 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C

Table 4.51 Analog Input Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters 0–9, A–Z, _ AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF
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Analog Outputs
If an SEL-751A configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1-4. Figure 4.61 shows the x and y variable allocation for the analog output 
card.

Figure 4.61 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the 
analog quantity we assign to Analog Output 1 (when set to OFF, the device 
hides all associated AOx0y settings and no value appears on the output). You 
can assign any of the analog quantities listed in Appendix K: Analog 
Quantities.

Table 4.52 shows the setting prompt, setting range, and factory-default 
settings for an analog card in Slot 3.

Example In this example, assume that we want to display in the control room the analog 
quantity (refer to Appendix K: Analog Quantities) IA_MAG, Phase A Current 
Magnitude in Primary Amps (0 to 3000 A range) during use of a –20 to 
+20 mA Analog Output channel. We install an analog input/output card in 

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V

Table 4.51 Analog Input Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.52 Output Setting for a Card in Slot 3

Setting Prompt Setting Range
Setting Name := 
Factory Default

AO301 ANALOG QTY Off, 1 analog quantity AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-751A hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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Slot C (SELECT 4 AI/ 4 AO) and set the card channel AO301, as shown in 
Figure 4.62. Note that the AO301 channel has to be configured as a “current 
analog output” channel (refer to Figure 2.4 through Figure 2.6). 

The display instrument expects –20 mA when the IA_MAG current is 0 
amperes primary and +20 mA when it is 3000 amperes primary.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in Slot E of the relay. 
Refer to Station DC Battery Monitor on page 5.13 for a detailed description 
and Table 5.8 for settings.

Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitor on page 5.18 for a detailed description 
and Table 5.10 for settings.

Digital Input Debounce
To comply with different control voltages, the SEL-751A offers dc debounce 
as well as ac debounce modes. Therefore, if the control voltage is dc, select 
the dc mode of operation, and if the control voltage is ac, select the ac mode of 
operation. In general, debounce refers to a qualifying time delay before 
processing the change of state of a digital input. Normally, this delay applies 
to both the processing of the debounced input when used in device logic, as 
well as to the time stamping in the SER. Following is a description of the two 
modes.

=>>SET G AO301AQ TERSE <Enter>
Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? -20<Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20<Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.62 Analog Output Settings
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DC Mode Processing 
(DC Control Voltage)

Figure 4.63 shows the logic for the dc debounce mode of operation. To select 
the dc mode of debounce, set IN101D to any number between 0 and 65000 
ms. In the figure, Input IN101 becomes IN101R (internal variable), after 
analog-to-digital conversion. On assertion, IN101R starts Debounce Timer, 
producing Relay Word bit IN101 after the debounce time delay. The debounce 
timer is a pickup/dropout combination timer, with debounce setting IN101D 
applying to both pickup (pu) and dropout (do) timers, i.e., you cannot set any 
timer individually. For example, a setting of IN101D = 20 ms delays 
processing of the input signal by 20 ms (pu) and maintains the output of the 
timer (do) for 20 ms. Relay Word bit IN101 is the output of the debounce 
timer. If you do not want to debounce a particular input, still use Relay Word 
bit IN101 in logic programming, but set the debounce time delay to 0 
(IN101D = 0).

Figure 4.63 DC Mode Processing

AC Mode Processing 
(AC Control Voltage)

Figure 4.64 shows IN101R from Input IN101 applied to a pickup/dropout 
timer. Different from the dc mode, there are no time settings for the debounce 
timer in the ac mode: the pickup time delay is fixed at 2 ms, and the dropout 
time is fixed at 16 ms. Relay Word bit IN101 is the output of the debounce 
timer. To select the ac mode of debounce, set IN101D = AC.

Figure 4.64 AC Mode Processing

Figure 4.65 shows a timing diagram for the ac mode of operation. On the 
rising edge of IN101R, the pickup timer starts timing (points marked 1 in 
Figure 6.10). If IN101R deasserts (points marked 2 in Figure 6.10) before 
expiration of the pickup time setting, Relay Word bit IN101 does not assert, 
and remains at logical 0. If, however, IN101R remains asserted for a period longer 
than the pickup timer setting, then Relay Word bit IN101 asserts to a logical 1.

pu

do

IN101

Relay
Word
Bit

Input IN101
IN101RAnalog/Digital 

Converter

Debounce Timer

2 ms

16 ms
IN101

Relay
Word
Bit

IN101R

Debounce Timer
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Figure 4.65 Timing Diagram for Debounce Timer Operation When Operating 
in AC Mode

Deassertion follows the same logic. On the falling edge of IN101R, the 
dropout timer starts timing. If IN101R remains deasserted for a period longer than 
the dropout timer setting, then Relay Word bit IN101 deasserts to a logical 0.

Table 4.53 shows the settings prompt, setting range, and factory-default 
settings for a card in Slot C. See the SEL-751A Settings Sheets for a complete 
list of input debounce settings.

T

Data Reset

Table 4.53 Slot C Input Debounce Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

IN301 Debounce AC, 0–65000 ms IN301D := 10

IN302 Debounce AC, 0–65000 ms IN302D := 10

IN303 Debounce AC, 0–65000 ms IN303D := 10

IN304 Debounce AC, 0–65000 ms IN304D := 10

IN305 Debounce AC, 0–65000 ms IN305D := 10

IN306 Debounce AC, 0–65000 ms IN306D := 10

IN307 Debounce AC, 0–65000 ms IN307D := 10

IN308 Debounce AC, 0–65000 ms IN308D := 10

IN101R

2 ms

IN101R Deasserted;
DDOT Counts

IN101R Deasserted;
DDOT Counts

Dropout Time
(16 ms)

Debounce Dropout 
Timer Expires; 
Relay Word Bit 
IN101 Deasserts

Debounce Pickup 
Timer Expires; 
Relay Word Bit 
IN101 Asserts

IN101R Asserted;
DPUT Counts

IN101R Asserted;
DPUT counts

Relay Word
Bit IN101

1

2

1 1 1 1 1

2 2 2 2 2

DPUT = Debounce Pickup Timer
DDOT = Debounce Dropout Timer
1 = Rising Edge: DPUT Counts
2 = Falling Edge: DDOT Counts

Setting Prompt Setting Range
Setting Name := 
Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET DEMAND SELOGIC RSTDEM := 0

RESET PK DEMAND SELOGIC RSTPKDEM := 0
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The RSTTRGT setting resets the trip output and front-panel TRIP LED, 
provided there is no trip condition present. See Figure 4.33 for more details. 
The RSTENRGY and RSTMXMN settings reset the Energy and Max/Min 
Metering values respectively. You should assign a contact input (for example, 
RSTTRGT := IN401) to each of these settings if you want remote reset. The 
RSTDEM and RSTPKDEM settings reset demand and peak-demand. See 
Figure 4.44 for the demand current logic diagram.

Access Control
The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings through the use of serial port commands. Table 4.54 shows the 
settings prompt, setting range, and factory-default settings.

Use the BLOCK MODBUS SET setting to block relay settings changes via 
Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

Time Synchronization Source
The SEL-751A accepts a demodulated IRIG-B time signal. Table 4.55 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial PORT 3 for the time signal 
input. When you use fiber-optic PORT 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.21 and 
IRIG-B on page 7.6 for additional information.

Table 4.54 Setting Change Disable Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

BLOCK MODBUS SET NONE, R_S, ALL BLKMBSET := NONE

NOTE: DSABLSET does not disable 
the setting changes from the serial 
ports.

Table 4.55 Time-Synchronization Source Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-751A provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: PORT F (front panel) is an 
EIA-232 port; PORT 1 is an optional Ethernet port(s); PORT 2 is an optional 
fiber-optic serial port; and PORT 3 (rear) is optionally an EIA-232 or EIA-485 
port. On the optional communications card, you can select PORT 4 as either 
EIA-485 or EIA-232 (not both) with the COMMINF setting. See Table 4.56 
through Table 4.61 for the port settings, also see appropriate Appendix for 
additional information on the protocol (DNP, MODBUS, IEC-61850, 
DeviceNet, Synchrophasors, and MIRRORED BITS) of interest.

PORT F

PORT 1

Table 4.56 Front-Panel Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, EVMSG, PMU PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.57 Ethernet Port Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

Enable TCP Keep-Alive (Y, N) ETCPKA := Y

TCP Keep-Alive Idle Range 1–20 sec KAIDLE := 10

TCP Keep-Alive Interval 
Range

1–20 sec KAINTV := 1

TCP Keep-Alive Count 
Range

1–20 KACNT := 6

FAST OP MESSAGES Y, N FASTOP := N

OPERATING MODE FIXED, FAILOVER, 
SWITCHED

NETMODE := FAILOVER

FAILOVER TIMEOUT 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

IMPORTANT: Upon relay initial 
power up or PORT 1 setting changes 
or Logic setting changes, you may 
have to wait as long as two minutes 
before an additional setting change 
can occur. Note that the relay is 
functional with protection enabled, as 
soon as the ENABLED LED comes ON 
(about 5—10 seconds from power up).

NOTE: FAST OP messages setting 
only takes effect when using SEL Fast 
Operate protocol to operate/set/pulse 
Breaker bits and Remote bits. It has 
no effect on Modbus, DNP or IEC 
61850 protocols.
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Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

NETWRK PORTA SPD AUTO, 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO, 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET TIME OUT 1–30 min TIDLE := 15

ENABLE FTP Y, N EFTPSERV := Y

FTP USER NAME 20 characters FTPUSER := FTPUSER

Enable IEC 61850 Protocol Y, N E61850 := N

Enable IEC 61850 GSE Y, N EGSE := N

Enable Modbus Sessions 0–2 EMOD := 0

Modbus TCP Port 1 1–65534 MODNUM1 := 502

Modbus TCP Port 2 1–65534 MODNUM2 := 502

Enable DNP Sessiona 0–3 EDNP := 0

Modbus Timeout 1 15–900 sec MTIMEO1 := 15

Modbus Timeout 2 15–900 sec MTIMEO2 := 15

a See Table D.7 for a complete list of the DNP3 session settings.

Table 4.57 Ethernet Port Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.58 Port Number Settings That Must be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
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PORT 2

PORT 3

PORT 4

Table 4.59 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.60 Rear-Panel Serial Port (EIA-232) Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, EVMSG, 
PMU, MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.
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Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After Port Timeout minutes of inactivity on a serial port at Access Level 2, the 
port automatically returns to Access Level 0. This security feature helps 
prevent unauthorized access to the relay settings if the relay is accidentally left 
in Access Level 2. If you do not want the port to time out, set Port Timeout 
equal to 0 minutes.

Set PROTO := SEL (standard SEL ASCII protocol), MOD (Modbus RTU 
protocol), or one of the MIRRORED BITS protocols, as necessary for your 
application. For detailed information, refer to Appendix C: SEL 
Communications Processors, Appendix E: Modbus Communications, and 
Appendix I: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix I: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

Set the AUTO := Y to allow automatic messages at a serial port.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. If 
you want to enable support for hardware (RTS/CTS) flow control, set the 
RTSCTS setting equal to Y.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-751A Fast Operate commands.

Set PROTO := DNET to establish communications when you use the 
DeviceNet card. Table 4.62 shows the additional settings, which you can set 
only at the rear on the DeviceNet card. Once the relay detects the DeviceNet 
card, all PORT 4 settings are hidden. Refer to Appendix G: DeviceNet 
Communications for details on DeviceNet.

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) 

Setting Prompt Setting Range Setting Name := 
Factory Default
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Front-Panel Settings (SET F Command)
General Settings Local bits provide control from the front panel (local bits), and display points 

display selected information on the LCD display. However, you need to first 
enable the appropriate number of local bits and display points necessary for 
your application. When your SEL-751A arrives, four display points are 
already enabled, but no local bits are enabled. If more display points are 
necessary for your application, use the EDP setting to enable as many as 32 
display points. Use the ELB setting to enable as many as 32 local bits.

To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the 
display is within an Access Level 2 function when a time-out occurs, such as 
the device setting entry, the function is automatically terminated (without 
saving changes) after inactivity for this length of time. After terminating the 
function, the front-panel display returns to the default display. If you prefer to 
disable the front-panel time-out function during device testing, set the LCD 
time-out equal to OFF. Use the front-panel LCD contrast setting FP_CONT to 
adjust the contrast of the liquid crystal display. Use the front-panel auto-
message setting FP_AUTO to define displaying of Trip/Warning message. Set 
FP_AUTO either to Override or add to the Rotating display when the relay 
triggers a Trip/Warning message. Set RSTLED := Y to reset the latched LEDs 
automatically when the breaker or contactor closes.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD display. Although the LCD 
screen displays a maximum of 16 characters at a time, you can enter as many 
as 60 valid characters. Valid characters are 0–9, A–Z, -, /, ", {, }, space. For 
text exceeding 16 characters, the LCD displays the first 16 characters, then 
scrolls through the remaining text not initially displayed on the screen.

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

Table 4.63 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABL N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N

Table 4.64 LCD Display Settings

Setting Prompt Range Default

LCD TIMEOUT OFF, 1–30 min FP_TO := 15

LCD CONTRAST 1–8 FP_CONT := 5

FP AUTOMESSAGES OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix J: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

Relay Word Bit Name, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see following). Commas are significant in 
identifying and separating the four strings. Use quotation marks only if the 
text you enter for Alias, Set String, or Clear String contains commas or spaces. 
For example, DP01 = Name,Text is valid, but Name, Alias 3 is not valid 
(contains a space). Correct the Alias name by using the quotation marks: 
Name, “Text 3”. You can customize the data display format by entering data in 
selected strings only. Table 4.65 shows the various display appearances 
resulting from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.65 shows examples of settings that always, never, or 
conditionally hide a display point.

Following are examples of selected display point settings, showing the 
resulting front-panel displays. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When 
the HV circuit breaker is open, we want the LCD display to show: TRFR 1 HV 

where:

Name =  Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)

Table 4.65 Settings That Always, Never, or Conditionally Hide a Display Point

Programmable Automation Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101,TRFR1,CLOSED,OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101,TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101,TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101,TRFR1,CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is 
deasserted

DP01 := IN101,"TRFR 1",,OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is 
asserted
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BRKR: OPEN, and when the HV circuit breaker is closed, we want the display to 
show: TRFR 1 HV BRKR: CLOSED. We also want similar displays for the LV 
breaker. 

After connecting a form a (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-751A, we are ready to program the display points, 
using the following information for the HV breaker (LV breaker similar):

➤ Relay Word bit—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED (the form a [normally open] contact 
asserts or sets Relay Word bit IN101 when the circuit breaker is 
closed)

➤ Clear String—OPEN (the form a [normally open] contact 
deasserts or clears Relay Word bit IN101 when the circuit 
breaker is open)

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Figure 4.66 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.67 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.68 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.67 Front-Panel Display—Both HV and LV Breakers Open

Table 4.66 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.66 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN
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Figure 4.68 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV 
breakers, and the relay displays the information as shown in Figure 4.69. 
When the HV breaker opens (LV breaker is still closed), the relay removes the 
line containing the HV breaker information because the Clear String 
information was omitted. Because the line containing the HV breaker 
information is removed, the relay now displays the LV breaker information on 
the top line, as shown in Figure 4.70.

Figure 4.69 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.70 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.71.

Figure 4.71 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.67 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>
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Figure 4.72 shows the front-panel display for the entry in Table 4.67. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.72 Front-Panel Display for a Binary Entry in the Name String Only

Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

Name, “User Text and Formatting.”

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.68 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.73 shows the front-panel display for the entry in Table 4.68, using the 
SET F command as follows:

Figure 4.73 Front-Panel Display for an Analog Entry in the 
Name String Only

Table 4.67 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display 
(all binary quantities occupy one line on the display).

User text and
numerical
formatting

= Display the user text, replacing the numerical 
formatting {width.dec,scale} with the value of Name, 
scaled by “scale”, formatted with total width “width” 
and “dec” decimal places. Name can be either an analog
quantity or a Relay Word bit. The width value includes 
the decimal point and sign character, if applicable. The 
“scale” value is optional; if omitted, the scale factor 
is 1. If the numeric value is smaller than the string size 
requested, the string is padded with spaces to the left of 
the number. If the numeric value does not fit within the 
string width given, the string grows (to the left of the 
decimal point) to accommodate the number.

Table 4.68 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA
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Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.69 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting Strings (DP02), using the 
SET F command as follows:

Figure 4.74 shows the front-panel display for the entry in Table 4.69. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.74 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the 
engineering units. For example, in the Group setting example, we set 
AI301EU to degrees C. With this setting, the front-panel display looks similar 
to Figure 4.75.

Figure 4.75 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on two 
different lines, use a display point for each word, i.e., DP01 = 1,“DEFAULT” 
and DP02 = 1,“SETTINGS.” The following table shows other options and 
front-panel displays for the User Text and Formatting settings.

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>

Table 4.69 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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Following is an example of an application of analog settings. Assume we also 
want to know the hot-spot temperature, oil temperature, and winding 
temperature of the transformer at a certain installation. To measure these 
temperatures, we have installed an analog card in relay Slot C, and connected 
4–20 mA transducers inputs to analog inputs AI301 (hot-spot temperature), 
AI302 (oil temperature), and AI303 (winding temperature).

First enable enough display points for the analog measurements (e.g. 
EDP = 5). Figure 4.76 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category).

Table 4.70 Example Settings and Displays

Example Display Point Setting Value Example Display

AI301,"TEMP {4}deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP={4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1={4,1000}" TEMP HV HS1 = 1234

1,{} Empty line

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.76 Adding Temperature Measurement Display Points
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Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.77.

Figure 4.77 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the necessary units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits will go back 
to their states after the device initialization. Each local bit requires three of the 
following four settings, using a maximum of 14 valid characters for the 
NLBnn setting, and a maximum seven valid characters (0–9, A–Z, -, /, ., 
space) for the remainder:

➤ NLBnn: Name the switch (normally the function that the switch 
performs, such as SUPERV SW) that will appear on the LCD 
display.

➤ CLBnn: Clear local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Set local bit. Enter the text that describes the intended 
operation of the switch (this text appears on the display) when 
LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulse local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before 
deasserting again. Enter the text that describes the intended 
operation when LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.78 shows the 
settings to program the two local bits.

Target LED Settings The SEL-751A offers the following two types of LEDs. See Figure 8.1 and 
Figure 8.26 for the programmable LED locations:

➤ Six target LEDs

➤ Eight pushbutton LEDs

Your can program all 14 LEDs through the use of SELOGIC control equations, 
the only difference being that the Target LEDs also include a latch function.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>

Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SPERV SW <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>

LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.78 Adding Two Local Bits 
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Target LEDs

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) 
control the six front-panel LEDs. With Tn_LEDL set to Y, the LEDs latch the 
LED state at TRIP assertion. To reset these latched LEDs, the TRIP condition 
should no longer exist and one of the following takes place:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the serial port command TAR R.

➤ The assertion of the SELOGIC control equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.71 Target LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

TRIP LATCH T_LED Y, N T01LEDL := Y

LED1 EQUATION SELOGIC T01_LED := ORED50T

TRIP LATCH T_LED Y, N T02LEDL := Y

LED2 EQUATION SELOGIC T02_LED := 51AT
OR 51BT OR 51CT OR 51P1T OR 
51P2T

TRIP LATCH T_LED Y, N T03LEDL := Y

LED3 EQUATION SELOGIC T03_LED := 51N1T OR 51G1T OR 
51N2T OR 51G2T

TRIP LATCH T_LED Y, N T04LEDL := Y

LED4 EQUATION SELOGIC T04_LED := 51QT

TRIP LATCH T_LED Y, N T05LEDL := Y

LED5 EQUATION SELOGIC T05_LED := 81D1T OR 81D2T OR 
81D3T OR 81D4T

TRIP LATCH T_LED Y, N T06LEDL := N

LED6 EQUATION SELOGIC T06_LED := (BFT OR T06_LED) 
AND NOT TRGTR

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by using TARGET RESET if 
the target conditions are absent.
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . . 4A, 4B) SELOGIC control 
equation settings. When these Relay Word bits assert, the corresponding LED 
also asserts. The following table shows the setting prompts, settings ranges, 
and default settings for the LEDs.

Report Settings (SET R Command)
The report settings use Relay Word bits for the SER trigger as shown in 
Table 4.74 (see Appendix J: Relay Word Bits for more information).

SER Chatter Criteria The SER includes an automatic deletion and reinsertion function to prevent 
overfilling of the SER buffer with chattering information. Each processing 
interval the relay checks the Relay Word bits in the four SER reports for any 
changes of state. When detecting a change of state, the relay adds a record to 
the SER report containing the Relay Word bit(s), new state, time stamp, and 
checksum (see Section 9: Analyzing Events for more information).

When detecting oscillating SER items, the relay automatically deletes these 
oscillating items from SER recording. Table 4.73 shows the auto-removal 
settings.

Table 4.72 Pushbutton LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PB1A_LED EQUATION SELOGIC PB1A_LED := 79RS

PB1B_LED EQUATION SELOGIC PB1B_LED := 79LO

PB2A_LED EQUATION SELOGIC PB2A_LED := NOT LT02 OR SV02 
AND NOT SV02T AND SV05T

PB2B_LED EQUATION SELOGIC PB2B_LED := LT02 OR SV02 AND 
NOT SV02T AND SV05T

PB3A_LED EQUATION SELOGIC PB3A_LED := NOT LT02 AND NOT 
52A

PB3B_LED EQUATION SELOGIC PB3B_LED := 52A OR SV03 AND NOT 
SV03T AND SV05T

PB4A_LED EQUATION SELOGIC PB4A_LED := 0

PB4B_LED EQUATION SELOGIC PB4B_LED := NOT 52A OR SV04 AND 
NOT SV04T AND SV05T

Table 4.73 Auto-Removal Settings

Settings Prompt Setting Range Factory Default

Auto-Removal Enable Y, N ESERDEL := N

Number of Counts 2–20 counts SRDLCNT := 5

Removal Time 0.1–90.0 seconds SRDLTIM := 1.0
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To use the automatic deletion and reinsertion function, proceed with the 
following steps:

Step 1. Set Report setting ESERDEL (Enable SER Delete) to Y to 
enable this function.

Step 2. Select values for the setting SRDLCNT (SER Delete Count) 
and the setting SRDLTIM (SER Delete Time) that mask the 
chattering SER element.

Setting SRDLTIM declares a time interval during which the relay qualifies an 
input by comparing the changes of state of each input against the SRDLCNT 
setting. When an item changes state more than SRDLCNT times in an 
SRDLTIM interval, the relay automatically removes these Relay Word bits 
from SER recording. Once deleted from recording, the item(s) will be ignored 
for the next nine intervals. At the ninth interval, the chatter criteria will again 
be checked and, if the point does not exceed the criteria, it will be 
automatically reinserted into recording at the starting of the tenth interval. You 
can enable or disable the auto-deletion function via the SER settings. Any 
auto-deletion notice entry will be lost during changes of settings. The deleted 
items can be viewed in the SER Delete Report (command SER D—refer to 
Section 7: Communications for additional information).

SER Trigger Lists To capture element state changes in the SER report, enter the Relay Word bit 
into one of the four SER (SER1 through SER4) trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 Relay 
Word bits separated by spaces or commas; the SER report accepts a total of 96 
Relay Word bits. Table 4.74 shows the settings prompt and default settings for 
the four SER trigger equations.

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way relay elements listed previously in the SER settings are 
displayed in the SER report. In addition, the Alias settings allow you to 
change the text displayed when a particular element is asserted and deasserted. 
The relay permits as many as 20 unique aliases, as defined by the Enable Alias 
Settings (EALIAS) setting. Factory-default alias settings are shown in 
Table 4.76.

Table 4.74 SERa Trigger Settings

a Use as many as 24 Relay Word elements separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 
PB02 PB03 PB04

SER2 SER2 := CLOSE 52A CC

SER3 SER3 := 81D1T 81D2T

SER4 SER4 := SALARM

Table 4.75 Enable Alias Settings

Setting Prompt Setting Range
Setting Name = 
Factory Default

Enable ALIAS Settings (N, 1–20) N, 1–20 EALIAS = 4
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Define the enabled alias settings by entering the Relay Word bit name, a 
space, the alias you want to use, a space, the text to display when the condition 
asserts, a space, and the text to display when the condition deasserts. 

See Table J.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay will interpret a space as the break between two strings. If you want to 
clear a string, simply type NA.

Event Report Settings

Event reports can be either 15 cycles or 64 cycles in length as determined by 
the LER setting. For LER of 15, the prefault length, PRE, must be in the range 
1–10. The relay can hold as many as seventy-seven 15-cycle event reports or 
nineteen 64-cycle event reports.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix K: Analog Quantities 
for a list of the available Analog Quantities. Also set the LDAR to the 
necessary acquisition rate for the report.

IMPORTANT: All stored load data 
are lost when you change the LDLIST 
setting.

ALIAS1 = PB01 FP_AUX1 PICKUP DROPOUT

Table 4.76 SET R SER Alias Settings

Setting Prompt
Relay 
Word Bit

Alias
Asserted 
Text

Deasserted 
Text

ALIAS1 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS2 := PB02 FP_LOCK PICKUP DROPOUT

ALIAS3 := PB03 FP_CLOSE PICKUP DROPOUT

ALIAS4 := PB04 FP_TRIP PICKUP DROPOUT

ALIAS5 –ALIAS20 NA

Table 4.77 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG 51P1P OR R_TRIG 51G1P 
OR R_TRIG 50P1P OR R_TRIG 50G1P OR 
R_TRIG 51N1P OR R_TRIG CF

EVENT LENGTH 15, 64 cyc LER := 15

PREFAULT LENGTH 1–59 cyc PRE := 5

NOTE: Event report data stored in 
the relay is lost when you change the 
LER setting. You must save the data 
before changing the setting.

Table 4.78 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST NA, as many as 17 analog quantities LDLIST := NA

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15



4.124

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
DNP Map Settings (Set DNP n command, n = 1, 2, or 3)

DNP Map Settings (Set DNP n command, n = 1, 2, or 3)

Table 4.79 shows the available settings. See Appendix D: DNP3 
Communications for additional details.

Table 4.79 DNP Map Settingsa 

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

•

•

•

•

•

•

•

•

•

DNP Binary Input Label Name 10 characters BI_99 := NA

DNP Binary Output Label Name 10 characters BO_00 := RB01

•

•

•

•

•

•

•

•

•

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

•

•

•

•

•

•

•

•

•

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Counter Label Name 11 characters CO_31 := NA



4.125

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Modbus Map Settings (SET M Command)

Modbus Map Settings (SET M Command)
Modbus User Map Table 4.80 shows the available settings. See Appendix E: Modbus 

Communications for additional details.

Table 4.80 User Map Register Settings a

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

• • •

• • •

• • •

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)
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Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)
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Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP



5.20

SEL-751A Relay Instruction Manual Date Code 20220610

Metering and Monitoring
Breaker Monitor

Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).

10,000
100%

1000

2

3

4

5

6
7
8
9

100

2

3

4

5

6
7
8
9

10

2

3

4

5

6
7
8
9

1 2 3 4 5 6 7 8 9 5040302010.5

Nu
m

be
r o

f C
lo

se
/O

pe
n 

Op
er

at
io

ns

kA Interrupted per Operation

KASP1 = 1.2
COSP1 = 10000

KASP2 = 8.0
COSP2 = 150

KASP3 = 20.0
COSP3 = 12



5.22

SEL-751A Relay Instruction Manual Date Code 20220610

Metering and Monitoring
Breaker Monitor

In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear
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50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Settings

Overview
The SEL-751A Feeder Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following eight setting 
classes:

1. Relay Group n (where n = 1, 2, or 3)

2. Logic Group n (where n = 1, 2, or 3)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. Report

7. Modbus

8. DNP3

Some setting classes have multiple instances. In the previous list, there are five 
port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

The SEL-751A Settings Sheets at the end of this section list all SEL-751A 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Table 6.1 Methods of Accessing Settings

Serial Port 
Commandsa

a Refer to Section 7: Communications for detailed information on set-up and use of the serial 
communications port and Ethernet port.

Front-Panel HMI 
Set/Show Menub

b Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, 
menus and screens, and operator control pushbuttons.

ACSELERATOR QuickSet 
SEL-5030 (PC Software)c

c Refer to Section 3: PC Software for detailed information.

Display 
Settings

All settings
(SHO command)

Global, Group, and 
Port settings

All settings

Change 
Settings

All settings
(SET command)

Global, Group, and 
Port settings

All settings
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View/Change Settings With Front Panel

You can use the pushbuttons on the front panel to view/change settings. 
Section 8: Front-Panel Operations presents the operating details of the front 
panel.

Enter the front-panel menu by pushing the ESC pushbutton. It will display the 
following message:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pushing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
will present you with the RELAY settings as listed in the SEL-751A Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pushing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the PHASE PT RATIO, PTR setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-751A is shipped 

with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document the 
settings on the SEL-751A Settings 
Sheets at the end of this section 
before entering new settings in the 
relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

PTR Setting

PHASE PT RATIO
PTR=00120.00 

Config Menu

CTR
               100
CTRN
               100
PTR
            120.00 
  •
  •
  •
SINGLEV
                 N

GROUP
1
2
3

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Max Ph Overcurr
  •
Demand Mtr Set
Freq Settings
Trip/Close Logic

Meter
Events
Targets
Control
Set/Show
Status
Breaker 
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View/Change Settings Over Communications Port 

Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port with a personal computer and how to 
use ASCII commands to communicate with the relay.

View Settings Use the SHOW command to view relay settings. The SHOW command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHOW 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHOW command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

Table 6.2 SHOW Command Options

Command  Description

SHOW n Show relay group settings: n specifies the settings group (1, 2, or 3); n 
defaults to active settings group if not listed.

SHO L n Show logic settings: n specifies the settings group (1, 2, or 3); n defaults to 
active settings group if not listed.

SHO G Show global configuration settings.

SHO P n Show serial port settings for port n (n = F, 1, 2, 3, or 4).

SHO F Show front-panel display and LED settings.

SHO R Show Sequential Events Recorder (SER) report and Event Report settings.

SHO M Show Modbus settings.

SHO D Show DNP3 map settings.

Table 6.3 SET Command Options

Command Settings Type  Description

SET n Relay Protection elements, timers, etc., for settings group  n 
(1, 2, or 3)

SET L n Logic SELOGIC control equations for settings group  n 
(1, 2, or 3)

SET G Relay Global configuration settings including Event Messen-
ger, optoisolated input debounce timers, etc.

SET P n Port Serial port settings for serial port n (1, 2, 3, 4, or F)

SET F Front Panel Front-panel display and LED settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP DNP3 map settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a setting 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The ALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

To change a specific setting, enter the command shown in Table 6.5.

Setting Entry Error Messages
As you enter relay settings, the relay checks the settings entered against the 
ranges for the settings as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues a 
self-explanatory error message, and returns you to the settings list for a 
correction.

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format

SET n m s TERSE

where:

n is left blank or is D, G, L, F, R, M, or P to identify the class of settings.

m is blank (1) or is 1, 2, or 3 when n = G or L for group settings.

m is left blank or is F, 1, 2, 3, or 4 when n = P.

s is the name of the specific setting to which you want to jump and begin 
setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you want to review the settings before saving, do not use the TERSE 
option.
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SEL-751A Settings Sheets
Instruction Manual

These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the serial ports. See Section 4: Protection and Logic Functions for 
detailed descriptions of the settings.

➤ Some settings require an optional module. (Refer to SEL-751A Model Option Table, Table 1.1, and 
notes with the settings below for details.)

➤ Some of the settings ranges can be more restrictive than shown, because of settings interdependency 
checks performed when new settings are saved (see Setting Entry Error Messages on page 6.5).

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

UNIT ID LINE 1 (16 Characters) RID :=

UNIT ID LINE 2 (16 Characters) TID :=

Configuration
PHASE CT RATIO (1–5000) CTR :=

NEUTRAL CT RATIO (1–5000) CTRN :=

IG (residual) SOURCE (MEAS, CALC) 
(Hidden if Voltage Card Option is Not xx75xx or xx76xx, see Table 
1.1)

IG_SRC :=

RESIDU CT RATIO (Hidden if Voltage Card Option is Not xx75xx 
or xx76xx (see Table 1.1); OR IG_SRC := CALC)

CTRG : = 

PHASE PT RATIO (1.00–10000.00) 
(Hidden if voltages not included)

PTR :=

SYNCV PT RATIO (1.00–10000.00) 
(Hidden if sync voltage not included)

PTRS :=

XFMR CONNECTION (WYE, DELTA) 
(Hidden if voltages not included)

DELTA_Y :=

LINE VOLTAGE (20–250 {if DELTA_Y := DELTA}, 
20–440 {if DELTA_Y := WYE}) 
(Hidden if voltages not included)

VNOM :=

SINGLE V INPUT (Y, N) (Hidden if voltages not included) SINGLEV :=

Maximum Phase Overcurrent
MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50P1P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P1P := OFF) 50P1D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P1P := OFF) 50P1TC :=
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MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P2P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P2P := OFF) 50P2D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P2P := OFF) 50P2TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P3P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P3P := OFF) 50P3D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P3P := OFF) 50P3TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P4P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P4P := OFF) 50P4D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P4P := OFF) 50P4TC :=

Neutral Overcurrent
NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 

0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N1P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N1P := OFF) 50N1D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N1P := OFF) 50N1TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N2P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N2P := OFF) 50N2D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N2P := OFF) 50N2TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N3P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N3P := OFF) 50N3D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N3P := OFF) 50N3TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N4P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N4P := OFF) 50N4D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N4P := OFF) 50N4TC :=

Residual Overcurrent
RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50G1P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G1P := OFF) 50G1D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G1P := OFF) 50G1TC :=
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RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G2P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G2P := OFF) 50G2D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G2P := OFF) 50G2TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G3P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G3P := OFF) 50G3D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G3P := OFF) 50G3TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G4P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G4P := OFF) 50G4D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G4P := OFF) 50G4TC :=

Negative-Sequence Overcurrent
NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50Q1P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q1P := OFF) 50Q1D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q1P := OFF) 50Q1TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q2P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q2P := OFF) 50Q2D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q2P := OFF) 50Q2TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q3P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q3P := OFF) 50Q3D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q3P := OFF) 50Q3TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q4P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q4P := OFF) 50Q4D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q4P := OFF) 50Q4TC :=

Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51AP := 

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51AP := OFF)

51AC := 

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51AP := OFF)

51ATD :=

EM RESET DELAY (Y, N) (Hidden if 51AP := OFF) 51ARS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51AP := OFF)

51ACT :=
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MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51AP := OFF) 51AMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51AP := OFF) 51ATC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51BP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51BP := OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51BP := OFF)

51BTD :=

EM RESET DELAY (Y, N) (Hidden if 51BP := OFF) 51BRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51BP := OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51BP := OFF) 51BMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51BP := OFF) 51BTC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51CP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51CP := OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51CP := OFF)

51CTD :=

EM RESET DELAY (Y, N) (Hidden if 51CP := OFF) 51CRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51CP := OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51CP := OFF) 51CMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51CP := OFF) 51CTC :=

Maximum Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51P1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P1P := OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P1P := OFF)

51P1TD :=

EM RESET DELAY (Y, N) (Hidden if 51P1P := OFF) 51P1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P1P := OFF) 51P1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51P2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P2P := OFF)

51P2C :=
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TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P2P := OFF)

51P2TD :=

EM RESET DELAY (Y, N) (Hidden if 51P2P := OFF) 51P2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P2P := OFF) 51P2TC :=

Negative-Sequence Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51QP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51QP := OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51QP := OFF)

51QTD :=

EM RESET DELAY (Y, N) (Hidden if 51QP := OFF) 51QRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51QP := OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51QP := OFF) 51QMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51QP := OFF) 51QTC :=

Neutral Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N1P := OFF)

51N1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N1P := OFF)

51N1TD :=

EM RESET DELAY (Y, N) (Hidden if 51N1P := OFF) 51N1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N1P := OFF) 51N1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N2P := OFF)

51N2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N2P := OFF)

51N2TD :=

EM RESET DELAY (Y, N) (Hidden if 51N2P := OFF) 51N2RS :=
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CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N2P := OFF) 51N2TC :=

Residual Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51G1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G1P := OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G1P := OFF)

51G1TD :=

EM RESET DELAY (Y, N) (Hidden if 51G1P := OFF) 51G1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G1P := OFF) 51G1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.})

51G2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G2P := OFF)

51G2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G2P := OFF)

51G2TD :=

EM RESET DELAY (Y, N) (Hidden if 51G2P := OFF) 51G2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G2P := OFF) 51G2TC :=

RTD (Hidden if RTD card and PORT 2 not included)

RTD ENABLE (INT, EXT, NONE) 
(All RTD settings below Hidden if E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD1LOC := OFF)

RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD2LOC :=
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RTD2 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD2LOC := OFF)

RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD3LOC := OFF)

RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD4LOC := OFF)

RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD5LOC := OFF)

RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD6LOC := OFF)

RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD7LOC := OFF)

RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD8LOC := OFF)

RTD8TY :=
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RTD8 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD9LOC :=

RTD9 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD9LOC := OFF)

RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD10LOC:=

RTD10 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD10LOC := OFF)

RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD11LOC:=

RTD11 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

RTD11TY :=

RTD11 TRIP LEVE (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD12LOC:=

RTD12 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

ALTMP12 :=

WIND TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
WDG)

EWDGV :=

BEAR TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
BRG)

EBRGV :=

Undervoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

UV TRIP1 LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 27P1P := OFF) 27P1D :=

UV TRIP2 LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=
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UV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 27P2P := OFF) 27P2D :=

UVS LEVEL 1 (OFF, 2.00–300.00 V) 27S1P :=

UVS DELAY 1 (0.0–120.0 sec) (Hidden if 27S1P := OFF) 27S1D :=

UVS LEVEL 2 (OFF, 2.00–300.00 V) 27S2P :=

UVS DELAY 2 (0.0–120.0 sec) (Hidden if 27S2P := OFF) 27S2D :=

Overvoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

OV TRIP1 LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 59P1P := OFF) 59P1D :=

OV TRIP2 LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 59P2P := OFF) 59P2D :=

ZS OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G1P :=

ZS OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59G1P := OFF) 59G1D :=

ZS OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G2P :=

ZS OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59G2P := OFF) 59G2D :=  

NSQ OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) 59Q1P  :=

NSQ OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59Q1P := OFF) 59Q1D :=

NSQ OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) 59Q2P :=

NSQ OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59Q2P := OFF) 59Q2D :=

OVS LEVEL 1 (OFF, 2.00–300.00 V) 59S1P :=

OVS DELAY 1 (0.0–120.0 sec) (Hidden if 59S1P := OFF) 59S1D :=

OVS LEVEL 2 (OFF, 2.00–300.00 V) 59S2P :=

OVS DELAY 2 (0.0–120.0 sec) (Hidden if 59S2P := OFF) 59S2D :=

Synchronism Check
(Hidden if voltage card option with VS input not Included)

SYNCH CHECK (Y, N) E25 := 

VS WINDOW LOW (0.00–300.00 V) (Hidden if E25 := N) 25VLO := 

VS WINDOW HIGH (0.00–300.00 V) (Hidden if E25 := N) 25VHI := 

V RATIO COR FAC (0.50–2.00) 25RCF := 

MAX SLIP FREQUENCY (0.05–0.50 Hz) (Hidden if E25 := N) 25SF := 

MAX ANGLE 1 (0–80 deg) (Hidden if E25 := N) 25ANG1 :=

MAX ANGLE 2 (0–80 deg) (Hidden if E25 := N) 25ANG2 := 
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SYNCPH PHASE (VA, VB, VC, 0, 30, 60, 90, 120, 150, 180, 210, 
240, 270, 300, 330 deg lag VA) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := DELTA)

SYNCPH :=

SYNCPH PHASE (VAB, VBC, VCA, 0, 30, 60, 90, 120, 150, 180, 
210, 240, 270, 300, 330 deg lag VAB) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := WYE)

SYNCPH := 

BRKR CLOSE TIME (OFF, 1–1000 ms) (Hidden if E25 := N) TCLOSD := 

BLK SYNCH CHECK (SELOGIC) (Hidden if E25 := N) BSYNCH :=

Power Factor
(Hidden if voltage card option not included)

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec) 
(Hidden if both 55LDTP and 55LGTP := OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec) 
(Hidden if both 55LDAP and 55LGAP := OFF)

55AD :=

PF ARMING DELAY (0–5000 sec) 
(Hidden if all 55LGTP, 55LDTP, 55LGAP, and 55LDAP := OFF)

55DLY :=

Loss of Potential
(Hidden if voltage card option not included)

LOP BLOCK (SELOGIC) LOPBLK :=

Frequency
FREQ1 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D1TP := OFF)

81D1TD :=

FREQ2 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D2TP := OFF)

81D2TD :=

FREQ3 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D3TP := OFF)

81D3TD :=

FREQ4 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D4TP := OFF)

81D4TD :=

FREQ5 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D5TP :=
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FREQ5 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D5TP := OFF)

81D5TD := 

FREQ6 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D6TP := 

 FREQ6 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D6TP := OFF)

81D6TD := 

Rate-of-Change-of-Frequency
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81R (OFF,1–4) (All Rate-of-Change-of-Frequency 
settings below Hidden if E81R := NONE)

E81R :=

 81R VOLTAGE SUP (OFF,0.1–1.3 xVnm) 81RVSUP :=

 81R CURRENT SUP (OFF,0.1–2.0 xINOM) 81RISUP :=

 81R1 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R1TP :=

 81R1 TREND (INC,DEC,ABS) (Hidden if 81R1TP := OFF) 81R1TRND := 

 81R1 TRIP DELAY (0.10–60.00 sec) Hidden if 81R1TP := OFF) 81R1TD := 

 81R1 DO DELAY (0.00–60.00 sec) (Hidden if 81R1TP := OFF) 81R1DO := 

 81R2 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R2TP :=

 81R2 TREND (INC,DEC,ABS) (Hidden if 81R2TP := OFF) 81R2TRND := 

 81R2 TRIP DELAY (0.10–60.00 sec) Hidden if 81R2TP := OFF) 81R2TD := 

 81R2 DO DELAY (0.00–60.00 sec) (Hidden if 81R2TP := OFF) 81R2DO := 

 81R3 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R3TP :=

 81R3 TREND (INC,DEC,ABS) (Hidden if 81R3TP := OFF) 81R3TRND :=

 81R3 TRIP DELAY (0.10–60.00 sec) Hidden if 81R3TP := OFF) 81R3TD := 

 81R3 DO DELAY (0.00–60.00 sec) (Hidden if 81R3TP := OFF) 81R3DO := 

 81R4 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R4TP :=

 81R4 TREND (INC,DEC,ABS) (Hidden if 81R4TP := OFF) 81R4TRND := 

 81R4 TRIP DELAY (0.10–60.00 sec) Hidden if 81R4TP := OFF) 81R4TD := 

 81R4 DO DELAY (0.00–60.00 sec) (Hidden if 81R4TP := OFF) 81R4DO := 

Fast Rate-of-Change-of-Frequency (81RF)
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81RF (Y, N) (All Fast Rate-of-Change-of-Frequency 
settings below Hidden if E81RF := N)

E81RF :=

FREQDIF SETPOINT ( 0.1–10.0 Hz) 81RFDFP  :=

DFDT SETPOINT (0.2–15.0 Hz/sec) 81RFRP :=

81RF PU DELAY (0.10–1.00 sec) 81RFPU  :=

81RF DO DELAY (0.0–1.00 sec) 81RFDO  :=
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81RF VOLTAGE BLK (OFF, 0.2–1.0 x Vnm) 81RFVBLK  :=

81RF CURRENT BLK (OFF, 0.1–20 x INOM) 81RFIBLK  :=

81RF BLOCK (SELOGIC) 81RFBL :=

81RF BLOCK DO (0.02–5.00 sec) 81RFBLDO  := 

Demand Metering
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE DEM MTR (THM,ROL) EDEM := 

 DEM TIME CONSTNT (5, 10, 15, 30, 60 min) DMTC := 

 PH CURR DEM LVL (OFF, 0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

PHDEMP :=

 RES CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

GNDEMP := 

 3I2 CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

3I2DEMP := 

Power
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

ENABLE PWR ELEM (N, 3P1, 3P2)
(All Power element settings below hidden if EPWR := N)

EPWR := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 VA {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) 

3PWR1P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW1P := OFF)

PWR1T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW1P := OFF)

PWR1D := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) (Hidden if EPWR := 3P1)

3PWR2P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2D := 

Trip/Close Logic
MIN TRIP TIME (0.0–400.0 sec) TDURD :=

CLOSE FAIL DLY (0.0–400.0 sec) CFD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

UNLATCH TRIP (SELOGIC) ULTRIP :=

BREAKER STATUS (SELOGIC) 52A :=
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CLOSE EQUATION (SELOGIC) CL :=

UNLATCH CLOSE (SELOGIC) ULCL :=

Reclosing Control
(Hidden If Reclosing Option Is Not Included)

ENABLE RECLOSER (OFF,1–4 shots) (All settings below are 
hidden if OFF is selected)

E79 := 

OPEN INTERVAL 1 (0.00–3000.00 sec) 79OI1 := 

OPEN INTERVAL 2 (0.00–3000.00 sec) 79OI2 := 

OPEN INTERVAL 3 (0.00–3000.00 sec) 79OI3 := 

OPEN INTERVAL 4 (0.00–3000.00 sec) 79OI4 := 

RST TM FROM RECL (0.00–3000.00 sec) 79RSD := 

RST TM FROM LO (0.00–3000.00 sec) 79RSLD := 

RECLS SUPV TIME (OFF, 0.00–3000.00 sec) 79CLSD := 

RECLOSE INITIATE (SELOGIC) 79RI := 

RCLS INIT SUPVSN (SELOGIC) 79RIS := 

DRIVE-TO-LOCKOUT (SELOGIC) 79DTL := 

DRIVE-TO-LSTSHOT (SELOGIC) 79DLS := 

SKIP SHOT (SELOGIC) 79SKP := 

STALL OPN INTRVL (SELOGIC) 79STL := 

BLOCK RESET TMNG (SELOGIC) 79BRS := 

SEQ COORDINATION (SELOGIC) 79SEQ := 

RCLS SUPERVISION (SELOGIC) 79CLS :=

Logic Settings (SET L Command)
SELOGIC Enables

SELOGIC LATCHES (N, 1–32) ELAT := 

SV/TIMERS (N, 1–32) ESV := 

SELOGIC COUNTERS (N, 1–32) ESC := 

MATH VARIABLES (N, 1–32) EMV := 

Latch Bits Equations
SET01 := 

RST01 := 

SET02 :=

RST02 :=
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SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=

SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 := 

RST09 := 

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 := 

RST17 := 

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=
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SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 := 

RST25 := 

SET26 :=

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV/Timers
SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=
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SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=

SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=
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SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=
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SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPU (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

Counters Equations
SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=

SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=
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SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=
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SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=

SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=
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SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=
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SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

Math Variables
MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=
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MV29 :=

MV30 :=

MV31 :=

MV32 :=

Base Output
OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

Slot C Output
(Hidden If Output Option Not Included)

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT303 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

Slot D Output
(Hidden If Output Option Not Included)

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=
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Slot E Output
(Hidden If Output Option Not Included)

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT505 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=
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Global Settings (SET G Command)
General

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

EVE MSG PTS ENABL (N, 1–32) EMP :=

Event Messenger Points (Only the points enabled by EMP are visible)

MESSENGER POINT MP01 TRIGGER (Off, 1 Relay Word bit) MPTR01 :=

MESSENGER POINT MP01 AQ (None, 1 analog quantity) MPAQ01 :=

MESSENGER POINT MP01 TEXT (148 characters) MPTX01 :=

MESSENGER POINT MP02 TRIGGER (Off, 1 Relay Word bit) MPTR02 :=

MESSENGER POINT MP02 AQ (None, 1 analog quantity) MPAQ02 :=

MESSENGER POINT MP02 TEXT (148 characters) MPTX02 :=

MESSENGER POINT MP03 TRIGGER (Off, 1 Relay Word bit) MPTR03 :=

MESSENGER POINT MP03 AQ (None, 1 analog quantity) MPAQ03 :=

MESSENGER POINT MP03 TEXT (148 characters) MPTX03 :=

MESSENGER POINT MP04 TRIGGER (Off, 1 Relay Word bit) MPTR04 :=

MESSENGER POINT MP04 AQ (None, 1 analog quantity) MPAQ04 :=

MESSENGER POINT MP04 TEXT (148 characters) MPTX04 :=

MESSENGER POINT MP05 TRIGGER (Off, 1 Relay Word bit) MPTR05 :=

MESSENGER POINT MP05 AQ (None, 1 analog quantity) MPAQ05 :=

MESSENGER POINT MP05 TEXT (148 characters) MPTX05 :=

MESSENGER POINT MP06 TRIGGER (Off, 1 Relay Word bit) MPTR06 :=

MESSENGER POINT MP06 AQ (None, 1 analog quantity) MPAQ06 :=

MESSENGER POINT MP06 TEXT (148 characters) MPTX06 :=

MESSENGER POINT MP07 TRIGGER (Off, 1 Relay Word bit) MPTR07 :=

MESSENGER POINT MP07 AQ (None, 1 analog quantity) MPAQ07 :=

MESSENGER POINT MP07 TEXT (148 characters) MPTX07 :=

MESSENGER POINT MP08 TRIGGER (Off, 1 Relay Word bit) MPTR08 :=

MESSENGER POINT MP08 AQ (None, 1 analog quantity) MPAQ08 :=

MESSENGER POINT MP08 TEXT (148 characters) MPTX08 :=
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MESSENGER POINT MP09 TRIGGER (Off, 1 Relay Word bit) MPTR09 :=

MESSENGER POINT MP09 AQ (None, 1 analog quantity) MPAQ09 :=

MESSENGER POINT MP09 TEXT (148 characters) MPTX09 :=

MESSENGER POINT MP10 TRIGGER (Off, 1 Relay Word bit) MPTR10 :=

MESSENGER POINT MP10 AQ (None, 1 analog quantity) MPAQ10 :=

MESSENGER POINT MP10 TEXT (148 characters) MPTX10 :=

MESSENGER POINT MP11 TRIGGER (Off, 1 Relay Word bit) MPTR11 :=

MESSENGER POINT MP11 AQ (None, 1 analog quantity) MPAQ11 :=

MESSENGER POINT MP11 TEXT (148 characters) MPTX11 :=

MESSENGER POINT MP12 TRIGGER (Off, 1 Relay Word bit) MPTR12 :=

MESSENGER POINT MP12 AQ (None, 1 analog quantity) MPAQ12 :=

MESSENGER POINT MP12 TEXT (148 characters) MPTX12 :=

MESSENGER POINT MP13 TRIGGER (Off, 1 Relay Word bit) MPTR13 :=

MESSENGER POINT MP13 AQ (None, 1 analog quantity) MPAQ13 :=

MESSENGER POINT MP13 TEXT (148 characters) MPTX13 :=

MESSENGER POINT MP14 TRIGGER (Off, 1 Relay Word bit) MPTR14 :=

MESSENGER POINT MP14 AQ (None, 1 analog quantity) MPAQ14 :=

MESSENGER POINT MP14 TEXT (148 characters) MPTX14 :=

MESSENGER POINT MP15 TRIGGER (Off, 1 Relay Word bit) MPTR15 :=

MESSENGER POINT MP15 AQ (None, 1 analog quantity) MPAQ15 :=

MESSENGER POINT MP15 TEXT (148 characters) MPTX15 :=

MESSENGER POINT MP16 TRIGGER (Off, 1 Relay Word bit) MPTR16 :=

MESSENGER POINT MP16 AQ (None, 1 analog quantity) MPAQ16 :=

MESSENGER POINT MP16 TEXT (148 characters) MPTX16 :=

MESSENGER POINT MP17 TRIGGER (Off, 1 Relay Word bit) MPTR17 :=

MESSENGER POINT MP17 AQ (None, 1 analog quantity) MPAQ17 :=

MESSENGER POINT MP17 TEXT (148 characters) MPTX17 :=

MESSENGER POINT MP18 TRIGGER (Off, 1 Relay Word bit) MPTR18 :=

MESSENGER POINT MP18 AQ (None, 1 analog quantity) MPAQ18 :=

MESSENGER POINT MP18 TEXT (148 characters) MPTX18 :=

MESSENGER POINT MP19 TRIGGER (Off, 1 Relay Word bit) MPTR19 :=

MESSENGER POINT MP19 AQ (None, 1 analog quantity) MPAQ19 :=

MESSENGER POINT MP19 TEXT (148 characters) MPTX19 :=

MESSENGER POINT MP20 TRIGGER (Off, 1 Relay Word bit) MPTR20 :=
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MESSENGER POINT MP20 AQ (None, 1 analog quantity) MPAQ20 :=

MESSENGER POINT MP20 TEXT (148 characters) MPTX20 :=

MESSENGER POINT MP21 TRIGGER (Off, 1 Relay Word bit) MPTR21 :=

MESSENGER POINT MP21 AQ (None, 1 analog quantity) MPAQ21 :=

MESSENGER POINT MP21 TEXT (148 characters) MPTX21 :=

MESSENGER POINT MP22 TRIGGER (Off, 1 Relay Word bit) MPTR22 :=

MESSENGER POINT MP22 AQ (None, 1 analog quantity) MPAQ22 :=

MESSENGER POINT MP22 TEXT (148 characters) MPTX22 :=

MESSENGER POINT MP23 TRIGGER (Off, 1 Relay Word bit) MPTR23 :=

MESSENGER POINT MP23 AQ (None, 1 analog quantity) MPAQ23 :=

MESSENGER POINT MP23 TEXT (148 characters) MPTX23 :=

MESSENGER POINT MP24 TRIGGER (Off, 1 Relay Word bit) MPTR24 :=

MESSENGER POINT MP24 AQ (None, 1 analog quantity) MPAQ24 :=

MESSENGER POINT MP24 TEXT (148 characters) MPTX24 :=

MESSENGER POINT MP25 TRIGGER (Off, 1 Relay Word bit) MPTR25 :=

MESSENGER POINT MP25 AQ (None, 1 analog quantity) MPAQ25 :=

MESSENGER POINT MP25 TEXT (148 characters) MPTX25 :=

MESSENGER POINT MP26 TRIGGER (Off, 1 Relay Word bit) MPTR26 :=

MESSENGER POINT MP26 AQ (None, 1 analog quantity) MPAQ26 :=

MESSENGER POINT MP26 TEXT (148 characters) MPTX26 :=

MESSENGER POINT MP27 TRIGGER (Off, 1 Relay Word bit) MPTR27 :=

MESSENGER POINT MP27 AQ (None, 1 analog quantity) MPAQ27 :=

MESSENGER POINT MP27 TEXT (148 characters) MPTX27 :=

MESSENGER POINT MP28 TRIGGER (Off, 1 Relay Word bit) MPTR28 :=

MESSENGER POINT MP28 AQ (None, 1 analog quantity) MPAQ28 :=

MESSENGER POINT MP28 TEXT (148 characters) MPTX28 :=

MESSENGER POINT MP29 TRIGGER (Off, 1 Relay Word bit) MPTR29 :=

MESSENGER POINT MP29 AQ (None, 1 analog quantity) MPAQ29 :=

MESSENGER POINT MP29 TEXT (148 characters) MPTX29 :=

MESSENGER POINT MP30 TRIGGER (Off, 1 Relay Word bit) MPTR30 :=

MESSENGER POINT MP30 AQ (None, 1 analog quantity) MPAQ30 :=

MESSENGER POINT MP30 TEXT (148 characters) MPTX30 :=

MESSENGER POINT MP31 TRIGGER (Off, 1 Relay Word bit) MPTR31 :=

MESSENGER POINT MP31 AQ (None, 1 analog quantity) MPAQ31 :=
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MESSENGER POINT MP31 TEXT (148 characters) MPTX31 :=

MESSENGER POINT MP32 TRIGGER (Off, 1 Relay Word bit) MPTR32 :=

MESSENGER POINT MP32 AQ (None, 1 analog quantity) MPAQ32 :=

MESSENGER POINT MP32 TEXT (148 characters) MPTX32 :=

Group Selection
GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

Phasor Measurement (PMU)
EN SYNCHRO PHASOR (Y, N) (All subsequent PMU settings 

Hidden if EPMU :=N) 
EPMU :=

MESSAGES PER SEC (1, 2, 5, 10) MRATE :=

STATION NAME (16 characters) PMSTN :=

PMU HARDWARE ID (1–65534) PMID :=

VOLTAGE DATA SET (V1, ALL, NA) (Hidden if no voltages) PHDATAV :=

VOLT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAV := NA)

VCOMP :=

CURRENT DATA SET (I1, ALL, NA) PHDATAI :=

CURRENT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAI := NA)

ICOMP :=

NUM ANALOG (0–4) NUMANA :=

NUM 16-BIT DIGTAL (0, 1) NUMDSW :=

TRIG REASON BIT 1 (SELOGIC) TREA1 :=

TRIG REASON BIT 2 (SELOGIC) TREA2 :=

TRIG REASON BIT 3 (SELOGIC) TREA3 :=

TRIG REASON BIT 4 (SELOGIC) TREA4 :=

TRIGGER (SELOGIC) PMTRIG :=

Time and Date Management
CTRL BITS DEFN (NONE, C37.118) IRIGC  :=

OFFSET FROM UTC (–24.00 to 24.00) rounded up to quarter UTC_OFF  :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_BEGW :=
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DAY OF THE WEEK TO BEGIN DST (SUN, MON, TUE, 
WED, THU, FRI, SAT) (Hidden if DST_BEGM := OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)(Hidden if 
DST_BEGM := OFF)

DST_BEGH :=

MONTH TO END DST (1–12) (Hidden if DST_BEGM := OFF) DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN, MON, TUE, 
WED, THU, FRI, SAT)  (Hidden if DST_BEGM := OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23) (Hidden if 
DST_BEGM := OFF)

DST_ENDH :=

Breaker Failure
52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=

Arc-Flash Protection
(Hidden If Voltage Card With Arc-Flash Detection Not Included, see Table 1.1)

AF PH OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. phase}, 
0.10–20.00 A {1 A nom. phase})

50PAFP := 

Note: All settings below are hidden if 50PAFP := OFF

AF N OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. neutral}, 
0.10–20.00 A {1 A nom. neutral})

50NAFP := 

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 := 

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) 

TOL1P := 

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 := 

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) 

TOL2P := 

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 := 

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE)

TOL3P := 

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 := 

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE)

TOL4P := 

AFD OUTPUT SLOT (101_2, 301_2, 401_2) AOUTSLOT:= 
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Analog Inputs/Outputs
For the following settings, x is the card position (3, 4, or 5 in Slot C, D, and E, respectively). (Settings are hidden 
if Analog I/O are not included.)

AIx01
AIx01 TAG NAME (8 characters 0–9, A–Z, _) AIx01NAM :=

AIx01 TYPE (I, V) AIx01TYP :=

If AIx01TYP = I

AIx01 LOW IN VAL (–20.480 to +20.480; mA) AIx01L :=

AIx01 HI IN VAL (–20.480 to +20.480; mA) AIx01H :=

If AIx01TYP = V

AIx01 LOW IN VAL (–10.240 to +10.240 V) AIx01L :=

AIx01 HI IN VAL (–10.240 to +10.240 V) AIx01H :=

NOTE: Set Warn and Alarm to a value between Engr Low and 
Engr High settings.

AIx01 ENG UNITS (16 characters) AIx01EU :=

AIx01 EU LOW (–99999.000 to +99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to +99999.000) AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx01LW1 :=

AIx01 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to +99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to +99999.000) AIx01HAL :=

AIx02
AIx02 TAG NAME (8 characters 0–9, A–Z, _) AIx02NAM :=

AIx02 TYPE (I, V) AIx02TYP :=

If AIx02TYP = I

AIx02 LOW IN VAL (–20.480 to +20.480; mA) AIx02L :=

AIx02 HI IN VAL (–20.480 to +20.480; mA) AIx02H :=

If AIx02TYP = V

AIx02 LOW IN VAL (–10.240 to +10.240 V) AIx02L :=

AIx02 HI IN VAL (–10.240 to +10.240 V) AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to +99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to +99999.000) AIx02EH :=
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AIx02 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx02LW1 :=

AIx02 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to +99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to +99999.000) AIx02HAL :=

AIx03
AIx03 TAG NAME (8 characters 0–9, A–Z, _) AIx03NAM :=

AIx03 TYPE (I, V) AIx03TYP :=

If AIx03TYP = I

AIx03 LOW IN VAL (–20.480 to +20.480; mA) AIx03L :=

AIx03 HI IN VAL (–20.480 to +20.480; mA) AIx03H :=

If AIx03TYP = V

AIx03 LOW IN VAL (–10.240 to +10.240 V) AIx03L :=

AIx03 HI IN VAL (–10.240 to +10.240 V) AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to +99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to +99999.000) AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx03LW1 :=

AIx03 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to +99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to +99999.000) AIx03HAL :=

AIx04

AIx04 TAG NAME (8 characters 0–9, A–Z, _) AIx04NAM :=

AIx04 TYPE (I, V) AIx04TYP :=

If AIx04TYP = I

AIx04 LOW IN VAL (–20.480 to +20.480; mA) AIx04L :=

AIx04 HI IN VAL (–20.480 to +20.480; mA) AIx04H :=

If AIx04TYP = V

AIx04 LOW IN VAL (–10.240 to +10.240 V) AIx04L :=

AIx04 HI IN VAL (–10.240 to +10.240 V) AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=
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AIx04 EU LOW (–99999.000 to +99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to +99999.000) AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx04LW1 :=

AIx04 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to +99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to +99999.000) AIx04HAL :=

AIx05
AIx05 TAG NAME (8 characters 0–9, A–Z, _) AIx05NAM :=

AIx05 TYPE (I, V) AIx05TYP :=

If AIx05TYP = I

AIx05 LOW IN VAL (–20.480 to +20.480; mA) AIx05L :=

AIx05 HI IN VAL (–20.480 to +20.480; mA) AIx05H :=

If AIx05TYP = V

AIx05 LOW IN VAL (–10.240 to +10.240 V) AIx05L :=

AIx05 HI IN VAL (–10.240 to +10.240 V) AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to +99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to +99999.000) AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx05LW1 :=

AIx05 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to +99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to +99999.000) AIx05HAL :=

AIx06
AIx06 TAG NAME (8 characters 0–9, A–Z, _) AIx06NAM :=

AIx06 TYPE (I, V) AIx06TYP :=

If AIx06TYP = I

AIx06 LOW IN VAL (–20.480 to +20.480; mA) AIx06L :=

AIx06 HI IN VAL (–20.480 to +20.480; mA) AIx06H :=

If AIx06TYP = V

AIx06 LOW IN VAL (–10.240 to +10.240 V) AIx06L :=
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AIx06 HI IN VAL (–10.240 to +10.240 V) AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to +99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to +99999.000) AIx06EH :=

AIx06 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx06LW1 :=

AIx06 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to +99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to +99999.000) AIx06HAL :=

AIx07

AIx07 TAG NAME (8 characters 0–9, A–Z, _) AIx07NAM :=

AIx07 TYPE (I, V) AIx07TYP :=

If AIx07TYP = I

AIx07 LOW IN VAL (–20.480 to +20.480; mA) AIx07L :=

AIx07 HI IN VAL (–20.480 to +20.480; mA) AIx07H :=

If AIx07TYP = V

AIx07 LOW IN VAL (–10.240 to +10.240 V) AIx07L :=

AIx07 HI IN VAL (–10.240 to +10.240 V) AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to +99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to +99999.000) AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx07LW1 :=

AIx07 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to +99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to +99999.000) AIx07HAL :=

AIx08
AIx08 TAG NAME (8 characters 0–9, A–Z, _) AIx08NAM :=

AIx08 TYPE (I, V) AIx08TYP :=

If AIx08TYP = I

AIx08 LOW IN VAL (–20.480 to +20.480; mA) AIx08L :=

AIx08 HI IN VAL (–20.480 to +20.480; mA) AIx08H :=
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If AIx08TYP = V

AIx08 LOW IN VAL (–10.240 to +10.240 V) AIx08L :=

AIx08 HI IN VAL (–10.240 to +10.240 V) AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to +99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to +99999.000) AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx08LW1 :=

AIx08 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to +99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to +99999.000) AIx08HAL :=

AOx01
AOx01 ANALOG QTY (Off, 1 analog quantity) AOx01AQ :=

AOx01 TYPE (I, V) AOx01TYP :=

AOx01 AQTY LOW (–2147483647 to +2147483647) AOx01AQL :=

AOx01 AQTY HI (–2147483647 to +2147483647) AOx01AQH:=

If AOx01TYP = I

AOx01 LO OUT VAL (–20.480 to +20.480 mA) AOx01L :=

AOx01 HI OUT VAL (–20.480 to +20.480 mA) AOx01H :=

If AOx01TYP = V

AOx01 LO OUT VAL (–10.240 to +10.240 V) AOx01L :=

AOx01 HI OUT VAL (–10.240 to +10.240 V) AOx01H :=

AOx02
AOx02 ANALOG QTY (Off, 1 analog quantity) AOx02AQ :=

AOx02 TYPE (I, V) AOx02TYP :=

AOx02 AQTY LOW (–2147483647 to +2147483647) AOx02AQL :=

AOx02 AQTY HI (–2147483647 to +2147483647) AOx02AQH:=

If AOx02TYP = I

AOx02 LO OUT VAL (–20.480 to +20.480 mA) AOx02L :=

AOx02 HI OUT VAL (–20.480 to +20.480 mA) AOx02H :=

If AOx02TYP = V

AOx02 LO OUT VAL (–10.240 to +10.240 V) AOx02L :=

AOx02 HI OUT VAL (–10.240 to +10.240 V) AOx02H :=
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AOx03

AOx03 ANALOG QTY (Off, 1 analog quantity) AOx03AQ :=

AOx03 TYPE (I, V) AOx03TYP :=

AOx03 AQTY LOW (–2147483647 to +2147483647) AOx03AQL :=

AOx03 AQTY HI (–2147483647 to +2147483647) AOx03AQH:=

If AOx03TYP = I

AOx03 LO OUT VAL (–20.480 to +20.480 mA) AOx03L :=

AOx03 HI OUT VAL (–20.480 to +20.480 mA) AOx03H :=

If AOx03TYP = V

AOx03 LO OUT VAL (–10.240 to +10.240 V) AOx03L :=

AOx03 HI OUT VAL (–10.240 to +10.240 V) AOx03H :=

AOx04
AOx04 ANALOG QTY (Off, 1 analog quantity) AOx04AQ :=

AOx04 TYPE (I, V) AOx04TYP :=

AOx04 AQTY LOW (–2147483647 to +2147483647) AOx04AQL :=

AOx04 AQTY HI (–2147483647 to +2147483647) AOx04AQH:=

If AOx04TYP = I

AOx04 LO OUT VAL (–20.480 to +20.480 mA) AOx04L :=

AOx04 HI OUT VAL (–20.480 to +20.480 mA) AOx04H :=

If AOx04TYP = V

AOx04 LO OUT VAL (–10.240 to +10.240 V) AOx04L :=

AOx04 HI OUT VAL (–10.240 to +10.240 V) AOx04H :=

Station DC Battery Monitor
(Hidden if Voltage Option xx74xx is included, see Table 1.1)

DC UNDER VOLT PU (OFF, 20.00–300.00 Vdc) DCLOP := 

DC OVER VOLT PU (OFF, 20.00–300.00 Vdc) DCHIP := 

Input Debounce Settings (Base Unit)
IN101 Debounce (AC, 0–65000 ms) IN101D :=

IN102 Debounce (AC, 0–65000 ms) IN102D :=

Input Debounce Settings (Slot C)
(Hidden If Input Option Not Included)

IN301 Debounce (AC, 0–65000 ms) IN301D :=

IN302 Debounce (AC, 0–65000 ms) IN302D :=

IN303 Debounce (AC, 0–65000 ms) IN303D :=
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IN304 Debounce (AC, 0–65000 ms) IN304D :=

IN305 Debounce (AC, 0–65000 ms) IN305D :=

IN306 Debounce (AC, 0–65000 ms) IN306D :=

IN307 Debounce (AC, 0–65000 ms) IN307D :=

IN308 Debounce (AC, 0–65000 ms) IN308D :=

Input Debounce Settings (Slot D)
(Hidden If Input Option Not Included)

IN401 Debounce (AC, 0–65000 ms) IN401D :=

IN402 Debounce (AC, 0–65000 ms) IN402D :=

IN403 Debounce (AC, 0–65000 ms) IN403D :=

IN404 Debounce (AC, 0–65000 ms) IN404D :=

IN405 Debounce (AC, 0–65000 ms) IN405D :=

IN406 Debounce (AC, 0–65000 ms) IN406D :=

IN407 Debounce (AC, 0–65000 ms) IN407D :=

IN408 Debounce (AC, 0–65000 ms) IN408D :=

Input Debounce Settings (Slot E)
(Hidden If Input Option Not Included)

IN501 Debounce (AC, 0–65000 ms) IN501D :=

IN502 Debounce (AC, 0–65000 ms) IN502D :=

IN503 Debounce (AC, 0–65000 ms) IN503D :=

IN504 Debounce (AC, 0–65000 ms) IN504D :=

IN505 Debounce (AC, 0–65000 ms) IN505D :=

IN506 Debounce (AC, 0–65000 ms) IN506D :=

IN507 Debounce (AC, 0–65000 ms) IN507D :=

IN508 Debounce (AC, 0–65000 ms) IN508D :=

Breaker Monitor Settings
BREAKER MONITOR (Y,N) (All subsequent settings 

Hidden if EBMON :=N) 
EBMON := 

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 

kA PRI INTERRPTD 1 (0.10–999.00) KASP1 := 

kA PRI INTERRPTD 2 (0.10–999.00) KASP2 := 
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kA PRI INTERRPTD 3 (0.10–999.00) KASP3 := 

Control Breaker Monitor (SELOGIC) BKMON :=

Data Reset
RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY:=

RESET MAX/MIN (SELOGIC) RSTMXMN:=

RESET DEMAND (SELOGIC) (Hidden if Voltage Card Option is 
xx71xx or xx72xx)

RSTDEM :=

RESET PK DEMAND (SELOGIC) (Hidden if Voltage Card Option 
is xx71xx or xx72xx)

RSTPKDEM:=

Access Control
DISABLE SETTINGS (SELOGIC) DSABLSET :=

BLOCK MODBUS SET (NONE, R_S, ALL) BLKMBSET:=

Time-Synchronization Source 
(Hidden if Fiber-Optic PORT 2 Not Available)

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

SET PORT p (p = F, 1, 2, 3, or 4) Command
PORT F

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD, EVMSG, PMU) PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, EVMSG, or 
PMU)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG or PMU) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD or EVMSG) STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD or 
EVMSG)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

AUTO :=
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Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or PMU)

SLAVEID :=

PORT 1 (Ethernet Port in Slot B)
(Hidden If Ethernet Option Not Included)

ENABLE PORT (Y, N) EPORT :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=

DEFAULT ROUTER (zzz.yyy.xxx.www) DEFRTR :=

Enable TCP Keep-Alive (Y, N) ETCPKA := 

TCP Keep-Alive Idle Range (1–20 sec) (Hidden if ETCPKA := N) KAIDLE := 

TCP Keep-Alive Interval Range (1–20 sec) 
(Hidden if ETCPKA := N)

KAINTV := 

TCP Keep-Alive Count Range (1–20) (Hidden if ETCPKA := N) KACNT := 

FAST OP MESSAGES (Y, N) FASTOP := 

OPERATING MODE (FIXED, FAILOVER, SWITCHED) 
(Hidden if not dual redundant Ethernet Port option)

NETMODE := 

FAILOVER TIMEOUT (0.10–65.00 sec) (Hidden if not dual 
redundant Ethernet Port option or if NETMODE is not set to 
FAILOVER) 

FTIME := 

PRIMARY NETPORT (A, B) (Hidden if not dual redundant 
Ethernet Port option)

NETPORT := 

NETWRK PORTA SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETASPD := 

NETWRK PORTB SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

TELNET PORT (23,1025–65534) TPORT :=

TELNET TIME-OUT (1–30 min) TIDLE :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP USER NAME (20 characters) FTPUSER := 

Enable IEC 61850 Protocol (Y, N) (Hidden if 61850 not 
supported)

E61850 := 

Enable IEC 61850 GSE (Y, N) (Hidden if E61850 := N) EGSE := 

Enable Modbus Sessions (0–2) EMOD := 

Modbus TCP Port1 (1–65534) *(Hidden if EMOD := 0) MODNUM1:= 

Modbus TCP Port2 (1–65534) *(Hidden if EMOD := 0 or 1) MODNUM2:= 

Modbus Timeout 1 (15–900 s) (Hidden if EMOD := 0) MTIMEO1 := 
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Modbus Timeout 2 (15–900 s) (Hidden if EMOD := 0 or 1) MTIMEO2 := 

* Exclude the following port numbers: 20 (FTP Data), 21 (FTP Control), TPORT setting, SNTP, and 
DNPNUM setting if present.

DNP3 Protocol
All DNP3 settings below are hidden if DNP3 is not an option. 

Enable DNP Sessions (0–3) 

(DNP3 settings below Hidden if EDNP := 0) EDNP := 

DNP TCP and UDP Port (1–65534) DNPNUM := 

DNP Address (0–65519) DNPADR := 

Session 1

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP1 := 

Transport Protocol (UDP, TCP) DNPTR1 := 

UDP Response Port (REQ, 1–65534) DNPUDP1 := 

DNP Address to Report to (0–65519) REPADR1 := 

DNP Map (1–3) DNPMAP1 := 

Analog Input Default Variation (1–6) DVARAI1 := 

Class for Binary Event Data (0–3) ECLASSB1 := 

Class for Counter Event Data (0–3) ECLASSC1 := 

Class for Analog Event Data (0–3) ECLASSA1 := 

Currents Scaling Decimal Places (0–3) DECPLA1 := 

Voltages Scaling Decimal Places (0–3) DECPLV1 := 

Misc Data Scaling Decimal Places (0–3) DECPLM1 := 

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1 := 

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Seconds to send Data Link Heartbeat (0–7200) 
(Hidden if DNPTR1 := UDP)

DNPINA1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=
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Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Session 2

All Session 2 settings are hidden if EDNP < 2.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP2 :=

Transport Protocol (UDP, TCP) DNPTR2 :=

UDP Response Port (REQ, 1–65534) DNPUDP2 :=

DNP Address to Report to (0–65519) REPADR2 :=

DNP Map (1–3) DNPMAP2 :=

Analog Input Default Variation (1–6) DVARAI2 :=

Class for Binary Event Data (0–3) ECLASSB2 :=

Class for Counter Event Data (0–3) ECLASSC2 :=

Class for Analog Event Data (0–3) ECLASSA2 :=

Currents Scaling Decimal Places (0–3) DECPLA2 :=

Voltages Scaling Decimal Places (0–3) DECPLV2 :=

Misc Data Scaling Decimal Places (0–3) DECPLM2 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBA2 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBV2 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ2 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO2 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR2 := UDP)

DNPINA2 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO2 :=

Enable Unsolicited Reporting (Y, N) 
(Hidden if ECLASSA2 := 0, ECLASSB2 := 0, ECLASSC2 := 0, and 
ECLASSV2 := 0)

UNSOL2 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL2 := N)

PUNSOL2 :=
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Number of Events to Transmit On (1–200) 
(Hidden if UNSOL2 := N)

NUMEVE2 :=

Oldest Event to Tx On (0.0–99999.0 sec) 
(Hidden if UNSOL2 := N)

AGEEVE2 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL2 := N)

URETRY2 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL2 := N)

UTIMEO2 :=

Session 3

All Session 3 settings are hidden if EDNP < 3.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP3 :=

Transport Protocol (UDP, TCP) DNPTR3 :=

UDP Response Port (REQ, 1–65534) DNPUDP3 :=

DNP Address to Report to (0–65519) REPADR3 :=

DNP Map (1–3) DNPMAP3 :=

Analog Input Default Variation (1–6) DVARAI3 :=

Class for Binary Event Data (0–3) ECLASSB3 :=

Class for Counter Event Data (0–3) ECLASSC3 :=

Class for Analog Event Data (0–3) ECLASSA3 :=

Currents Scaling Decimal Places (0–3) DECPLA3 :=

Voltages Scaling Decimal Places (0–3) DECPLV3 :=

Misc Data Scaling Decimal Places (0–3) DECPLM3 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBA3 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBV3 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ3 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO3 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR3 := UDP)

DNPINA3 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO3 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA3 := 0, ECLASSB3 := 0, ECLASSC3 := 0, and 
ECLASSV3 := 0)

UNSOL3 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL3 := N)

PUNSOL3  :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL3 := N)

NUMEVE3 :=
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Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL3 := N)

AGEEVE3 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL3 := N)

URETRY3 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL3 := N)

UTIMEO3 :=

SNTP Client Protocol Settings
Enable SNTP Client (OFF, UNICAST, MANYCAST, 

BROADCAST)
ESNTP  :=

Make the following settings when ESNTP ≠ OFF.

Primary Server IP Address (zzz.yyy.xxx.www)

NOTE: To accept updates from any server when ESNTP = BROADCAST, set SNTPPSIP to 0.0.0.0.

SNTPPSIP :=

Make the following setting when ESNTP = UNICAST.

Backup Server IP Address (zzz.yyy.xxx.www) SNTPBSIP  :=

SNTP IP (Local) Port Number (1-65534)

NOTE: SNTPPORT cannot be set to 20, 21, 102, 502, 23, 
TPORT, or DNPNUM 

SNTPPORT :=

SNTP Update Rate (15–3600 seconds) SNTPRATE: =

Make the following setting when ESNTP = UNICAST or 
MANYCAST.

SNTP Timeout (5–20 seconds)

NOTE: SNTPTO must be less than setting SNTPRATE. SNTPTO : =

Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.2 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

Table SET.2 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 

numbers of other protocols
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PORT 2 (Fiber-Optic Serial Port in Slot B) 
(Hidden if E49RTD := EXT or PORT 2 Not Included)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO := 

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, DNP, PMU, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if E49RTD := EXT or if 
PROTO := EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, dnp, 
pmu, EVMSG, or MB_)

FASTOP :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD, 
DNP, SEL, PMU, EVMSG, or MB_)

RTSCTS :=

Modbus
MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 

EVMSG, or MB_)
SLAVEID :=

DNP3 Protocol

(Hidden if PROTO := SEL, EVMSG, MB, PMU, or MOD.) 

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=
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Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N )

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=
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RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 3 (EIA-232/485 Port in Slot B)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := DNP, PMU, MOD, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG, PMU, or MB_) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if COMMINF :=485 or 
PROTO := MOD, DNP, EVMSG, or MB_)

RTSCTS := 

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

FASTOP :=

Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or MB_)

SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=
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Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5) (Hidden if DRETRY1 := 0) DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA-232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=
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Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 4 (EIA-232/485 Port or DeviceNet Port in Slot C)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, DNET, EVMSG, PMU, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB)

PROTO :=

Interface Select (Hidden if PROTO := DNET)

COMM INTERFACE (232, 485) COMMINF :=

Communications
SPEED (300–38400 bps) (Hidden if PROTO := DNET) SPEED :=
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DATA BITS (7, 8 bits) 
(Hidden if PROTO := DNP, MOD, PMU, EVMSG, MB_, or DNET)

BITS :=

PARITY (O, E, N) 
(Hidden if PROTO := DNET, EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) 
(Hidden if PROTO := MOD, EVMSG, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min) 
(Hidden if PROTO := MOD, EVMSG, MB_, PMU, or DNET)

T_OUT :=

HDWR HANDSHAKING (Y, N) 
(Hidden if COMMINF := 485 or PROTO := MOD, DNP, EVMSG, 
MB_, or DNET)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

AUTO :=

FAST OP MESSAGES (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

FASTOP :=

Modbus
MODBUS SLAVE ID (1–247) 

(Hidden if PROTO := SEL, EVMSG, MB_, or DNET)
SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU , DNET or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=
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Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=



Date _______________

Date Code 20220610 Instruction Manual SEL-751A Relay

SET.51
 of 72

SEL-751A Settings Sheets
Front-Panel Settings (SET F Command)

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

Front-Panel Settings (SET F Command)
General

DISPLY PTS ENABL (N,1–32) EDP :=

LOCAL BITS ENABL (N,1–32) ELB :=

LCD TIMEOUT (OFF,1–30 min) FP_TO :=

LCD CONTRAST (1–8) FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING) FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

Target LED
TRIP LATCH T_LED (Y, N) T01LEDL :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

LED4 EQUATION (SELOGIC) T04_LED :=
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TRIP LATCH T_LED (Y, N) T05LEDL :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

Display Points
Display Point Settings (maximum 60 characters):

➤ (Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"

➤ (Analog): Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters) DP01 :=

DISPLAY POINT DP02 (60 characters) DP02 :=

DISPLAY POINT DP03 (60 characters) DP03 :=

DISPLAY POINT DP04 (60 characters) DP04 :=

DISPLAY POINT DP05 (60 characters) DP05 :=

DISPLAY POINT DP06 (60 characters) DP06 :=

DISPLAY POINT DP07 (60 characters) DP07 :=

DISPLAY POINT DP08 (60 characters) DP08 :=

DISPLAY POINT DP09 (60 characters) DP09 :=

DISPLAY POINT DP10 (60 characters) DP10 :=

DISPLAY POINT DP11 (60 characters) DP11 :=

DISPLAY POINT DP12 (60 characters) DP12 :=

DISPLAY POINT DP13 (60 characters) DP13 :=

DISPLAY POINT DP14 (60 characters) DP14 :=

DISPLAY POINT DP15 (60 characters) DP15 :=

DISPLAY POINT DP16 (60 characters) DP16 :=

DISPLAY POINT DP17 (60 characters) DP17 :=

DISPLAY POINT DP18 (60 characters) DP18 :=



Date _______________

Date Code 20220610 Instruction Manual SEL-751A Relay

SET.53
 of 72

SEL-751A Settings Sheets
Front-Panel Settings (SET F Command)

DISPLAY POINT DP19 (60 characters) DP19 :=

DISPLAY POINT DP20 (60 characters) DP20 :=

DISPLAY POINT DP21 (60 characters) DP21 :=

DISPLAY POINT DP22 (60 characters) DP22 :=

DISPLAY POINT DP23 (60 characters) DP23 :=

DISPLAY POINT DP24 (60 characters) DP24 :=

DISPLAY POINT DP25 (60 characters) DP25 :=

DISPLAY POINT DP26 (60 characters) DP26 :=

DISPLAY POINT DP27 (60 characters) DP27 :=

DISPLAY POINT DP28 (60 characters) DP28 :=

DISPLAY POINT DP29 (60 characters) DP29 :=

DISPLAY POINT DP30 (60 characters) DP30 :=

DISPLAY POINT DP31 (60 characters) DP31 :=

DISPLAY POINT DP32 (60 characters) DP32 :=

Local Bits Labels
LB_NAME (14 characters) NLB01 := 

CLEAR LB_ LABEL (7 characters) CLB01 := 

SET LB_ LABEL (7 characters) SLB01 :=

PULSE LB_ LABEL (7 characters) PLB01 :=

LB_NAME (14 characters) NLB02 :=

CLEAR LB_ LABEL (7 characters) CLB02 :=

SET LB_ LABEL (7 characters) SLB02 :=

PULSE LB_ LABEL (7 characters) PLB02 :=

LB_NAME (14 characters) NLB03 :=

CLEAR LB_ LABEL (7 characters) CLB03 :=

SET LB_ LABEL (7 characters) SLB03 :=

PULSE LB_ LABEL (7 characters) PLB03 :=

LB_NAME (14 characters) NLB04 :=

CLEAR LB_ LABEL (7 characters) CLB04 :=

SET LB_ LABEL (7 characters) SLB04 :=

PULSE LB_ LABEL (7 characters) PLB04 :=

LB_NAME (14 characters) NLB05 :=

CLEAR LB_ LABEL (7 characters) CLB05 :=
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SET LB_ LABEL (7 characters) SLB05 :=

PULSE LB_ LABEL (7 characters) PLB05 :=

LB_NAME (14 characters) NLB06 :=

CLEAR LB_ LABEL (7 characters) CLB06 :=

SET LB_ LABEL (7 characters) SLB06 :=

PULSE LB_ LABEL (7 characters) PLB06 :=

LB_NAME (14 characters) NLB07 :=

CLEAR LB_ LABEL (7 characters) CLB07 :=

SET LB_ LABEL (7 characters) SLB07 :=

PULSE LB_ LABEL (7 characters) PLB07 :=

LB_NAME (14 characters) NLB08 :=

CLEAR LB_ LABEL (7 characters) CLB08 :=

SET LB_ LABEL (7 characters) SLB08 :=

PULSE LB_ LABEL (7 characters) PLB08 :=

LB_NAME (14 characters) NLB09 :=

CLEAR LB_ LABEL (7 characters) CLB09 :=

SET LB_ LABEL (7 characters) SLB09 :=

PULSE LB_ LABEL (7 characters) PLB09 :=

LB_NAME (14 characters) NLB10 :=

CLEAR LB_ LABEL (7 characters) CLB10 :=

SET LB_ LABEL (7 characters) SLB10 :=

PULSE LB_ LABEL (7 characters) PLB10 :=

LB_NAME (14 characters) NLB11 :=

CLEAR LB_ LABEL (7 characters) CLB11 :=

SET LB_ LABEL (7 characters) SLB11 :=

PULSE LB_ LABEL (7 characters) PLB11 :=

LB_NAME (14 characters) NLB12 :=

CLEAR LB_ LABEL (7 characters) CLB12 :=

SET LB_ LABEL (7 characters) SLB12 :=

PULSE LB_ LABEL (7 characters) PLB12 :=

LB_NAME (14 characters) NLB13 :=

CLEAR LB_ LABEL (7 characters) CLB13 :=

SET LB_ LABEL (7 characters) SLB13 :=

PULSE LB_ LABEL (7 characters) PLB13 :=
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LB_NAME (14 characters) NLB14 :=

CLEAR LB_ LABEL (7 characters) CLB14 :=

SET LB_ LABEL (7 characters) SLB14 :=

PULSE LB_ LABEL (7 characters) PLB14 :=

LB_NAME (14 characters) NLB15 :=

CLEAR LB_ LABEL (7 characters) CLB15 :=

SET LB_ LABEL (7 characters) SLB15 :=

PULSE LB_ LABEL (7 characters) PLB15 :=

LB_NAME (14 characters) NLB16 :=

CLEAR LB_ LABEL (7 characters) CLB16 :=

SET LB_ LABEL (7 characters) SLB16 :=

PULSE LB_ LABEL (7 characters) PLB16 :=

LB_NAME (14 characters) NLB17 :=

CLEAR LB_ LABEL (7 characters) CLB17 :=

SET LB_ LABEL (7 characters) SLB17 :=

PULSE LB_ LABEL (7 characters) PLB17 :=

LB_NAME (14 characters) NLB18 :=

CLEAR LB_ LABEL (7 characters) CLB18 :=

SET LB_ LABEL (7 characters) SLB18 :=

PULSE LB_ LABEL (7 characters) PLB18 := 

LB_NAME (14 characters) NLB19 := 

CLEAR LB_ LABEL (7 characters) CLB19 := 

SET LB_ LABEL (7 characters) SLB19 := 

PULSE LB_ LABEL (7 characters) PLB19 := 

LB_NAME (14 characters) NLB20 := 

CLEAR LB_ LABEL (7 characters) CLB20 := 

SET LB_ LABEL (7 characters) SLB20 := 

PULSE LB_ LABEL (7 characters) PLB20 := 

LB_NAME (14 characters) NLB21 := 

CLEAR LB_ LABEL (7 characters) CLB21 := 

SET LB_ LABEL (7 characters) SLB21 := 

PULSE LB_ LABEL (7 characters) PLB21 := 

LB_NAME (14 characters) NLB22 := 

CLEAR LB_ LABEL (7 characters) CLB22 := 
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SET LB_ LABEL (7 characters) SLB22 := 

PULSE LB_ LABEL (7 characters) PLB22 := 

LB_NAME (14 characters) NLB23 := 

CLEAR LB_ LABEL (7 characters) CLB23 := 

SET LB_ LABEL (7 characters) SLB23 := 

PULSE LB_ LABEL (7 characters) PLB23 := 

LB_NAME (14 characters) NLB24 := 

CLEAR LB_ LABEL (7 characters) CLB24 := 

SET LB_ LABEL (7 characters) SLB24 := 

PULSE LB_ LABEL (7 characters) PLB24 := 

LB_NAME (14 characters) NLB25 := 

CLEAR LB_ LABEL (7 characters) CLB25 := 

SET LB_ LABEL (7 characters) SLB25 := 

PULSE LB_ LABEL (7 characters) PLB25 :=

LB_NAME (14 characters) NLB26 := 

CLEAR LB_ LABEL (7 characters) CLB26 := 

SET LB_ LABEL (7 characters) SLB26 := 

PULSE LB_ LABEL (7 characters) PLB26 := 

LB_NAME (14 characters) NLB27 := 

CLEAR LB_ LABEL (7 characters) CLB27 := 

SET LB_ LABEL (7 characters) SLB27 := 

PULSE LB_ LABEL (7 characters) PLB27 := 

LB_NAME (14 characters) NLB28 := 

CLEAR LB_ LABEL (7 characters) CLB28 := 

SET LB_ LABEL (7 characters) SLB28 := 

PULSE LB_ LABEL (7 characters) PLB28 := 

LB_NAME (14 characters) NLB29 := 

CLEAR LB_ LABEL (7 characters) CLB29 := 

SET LB_ LABEL (7 characters) SLB29 := 

PULSE LB_ LABEL (7 characters) PLB29 := 

LB_NAME (14 characters) NLB30 := 

CLEAR LB_ LABEL (7 characters) CLB30 := 

SET LB_ LABEL (7 characters) SLB30 := 

PULSE LB_ LABEL (7 characters) PLB30 := 
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LB_NAME (14 characters) NLB31 := 

CLEAR LB_ LABEL (7 characters) CLB31 := 

SET LB_ LABEL (7 characters) SLB31 := 

PULSE LB_ LABEL (7 characters) PLB31 := 

LB_NAME (14 characters) NLB32 := 

CLEAR LB_ LABEL (7 characters) CLB32 := 

SET LB_ LABEL (7 characters) SLB32 := 

PULSE LB_ LABEL (7 characters) PLB32 := 

Report Settings (SET R Command)
SER Chatter Criteria

Auto-Removal Enable (Y, N) ESERDEL :=

Number of Counts (2–20 counts) SRDLCNT :=

Removal Time (0.1–90.0 seconds) SRDLTIM :=

SER Trigger Lists
SERn = As many as 24 Relay Word elements separated by spaces or commas. Use NA to disable 
setting.

SER1 :=

SER2 :=

SER3 :=

SER4 :=

Relay Word Bit Aliases
ALIASn= 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'. Alias, Asserted, and 
Deasserted text strings can as long as 15 characters. Use NA to disable setting.

Enable ALIAS (N,1–20) EALIAS := 

ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=
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ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=

ALIAS20 ALIAS20 :=

Event Report
EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15,64 cyc) LER :=

PREFAULT LENGTH (1–59 cyc {if LER := 15}, 1–10 cyc 
{if LER := 64})

PRE :=

Load Profile
LDP LIST (NA, As many as 17 Analog Quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min.) LDAR :=

Modbus Map Settings (SET M Command)
Modbus User Map 

(See Appendix E: Modbus Communications for additional 
details)

User Map Register Label Name (8 characters) MOD_001 :=

User Map Register Label Name (8 characters) MOD_002 :=

User Map Register Label Name (8 characters) MOD_003 :=

User Map Register Label Name (8 characters) MOD_004 :=

User Map Register Label Name (8 characters) MOD_005 :=

User Map Register Label Name (8 characters) MOD_006 :=

User Map Register Label Name (8 characters) MOD_007 :=

User Map Register Label Name (8 characters) MOD_008 :=

User Map Register Label Name (8 characters) MOD_009 :=

User Map Register Label Name (8 characters) MOD_010 :=



Date _______________

Date Code 20220610 Instruction Manual SEL-751A Relay

SET.59
 of 72

SEL-751A Settings Sheets
Modbus Map Settings (SET M Command)

User Map Register Label Name (8 characters) MOD_011 :=

User Map Register Label Name (8 characters) MOD_012 :=

User Map Register Label Name (8 characters) MOD_013 :=

User Map Register Label Name (8 characters) MOD_014 :=

User Map Register Label Name (8 characters) MOD_015 :=

User Map Register Label Name (8 characters) MOD_016 :=

User Map Register Label Name (8 characters) MOD_017 :=

User Map Register Label Name (8 characters) MOD_018 :=

User Map Register Label Name (8 characters) MOD_019 :=

User Map Register Label Name (8 characters) MOD_020 :=

User Map Register Label Name (8 characters) MOD_021 :=

User Map Register Label Name (8 characters) MOD_022 :=

User Map Register Label Name (8 characters) MOD_023 :=

User Map Register Label Name (8 characters) MOD_024 :=

User Map Register Label Name (8 characters) MOD_025 :=

User Map Register Label Name (8 characters) MOD_026 :=

User Map Register Label Name (8 characters) MOD_027 :=

User Map Register Label Name (8 characters) MOD_028 :=

User Map Register Label Name (8 characters) MOD_029 :=

User Map Register Label Name (8 characters) MOD_030 :=

User Map Register Label Name (8 characters) MOD_031 :=

User Map Register Label Name (8 characters) MOD_032 :=

User Map Register Label Name (8 characters) MOD_033 :=

User Map Register Label Name (8 characters) MOD_034 :=

User Map Register Label Name (8 characters) MOD_035 :=

User Map Register Label Name (8 characters) MOD_036 :=

User Map Register Label Name (8 characters) MOD_037 :=

User Map Register Label Name (8 characters) MOD_038 :=

User Map Register Label Name (8 characters) MOD_039 :=

User Map Register Label Name (8 characters) MOD_040 :=

User Map Register Label Name (8 characters) MOD_041 :=

User Map Register Label Name (8 characters) MOD_042 :=

User Map Register Label Name (8 characters) MOD_043 :=

User Map Register Label Name (8 characters) MOD_044 :=
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User Map Register Label Name (8 characters) MOD_045 :=

User Map Register Label Name (8 characters) MOD_046 :=

User Map Register Label Name (8 characters) MOD_047 :=

User Map Register Label Name (8 characters) MOD_048 :=

User Map Register Label Name (8 characters) MOD_049 :=

User Map Register Label Name (8 characters) MOD_050 :=

User Map Register Label Name (8 characters) MOD_051 :=

User Map Register Label Name (8 characters) MOD_052 :=

User Map Register Label Name (8 characters) MOD_053 :=

User Map Register Label Name (8 characters) MOD_054 :=

User Map Register Label Name (8 characters) MOD_055 :=

User Map Register Label Name (8 characters) MOD_056 :=

User Map Register Label Name (8 characters) MOD_057 :=

User Map Register Label Name (8 characters) MOD_058 :=

User Map Register Label Name (8 characters) MOD_059 :=

User Map Register Label Name (8 characters) MOD_060 :=

User Map Register Label Name (8 characters) MOD_061 :=

User Map Register Label Name (8 characters) MOD_062 :=

User Map Register Label Name (8 characters) MOD_063 :=

User Map Register Label Name (8 characters) MOD_064 :=

User Map Register Label Name (8 characters) MOD_065 :=

User Map Register Label Name (8 characters) MOD_066 :=

User Map Register Label Name (8 characters) MOD_067 :=

User Map Register Label Name (8 characters) MOD_068 :=

User Map Register Label Name (8 characters) MOD_069 :=

User Map Register Label Name (8 characters) MOD_070 :=

User Map Register Label Name (8 characters) MOD_071 :=

User Map Register Label Name (8 characters) MOD_072 :=

User Map Register Label Name (8 characters) MOD_073 :=

User Map Register Label Name (8 characters) MOD_074 :=

User Map Register Label Name (8 characters) MOD_075 :=

User Map Register Label Name (8 characters) MOD_076 :=

User Map Register Label Name (8 characters) MOD_077 :=

User Map Register Label Name (8 characters) MOD_078 :=



Date _______________

Date Code 20220610 Instruction Manual SEL-751A Relay

SET.61
 of 72

SEL-751A Settings Sheets
Modbus Map Settings (SET M Command)

User Map Register Label Name (8 characters) MOD_079 :=

User Map Register Label Name (8 characters) MOD_080 :=

User Map Register Label Name (8 characters) MOD_081 :=

User Map Register Label Name (8 characters) MOD_082 :=

User Map Register Label Name (8 characters) MOD_083 :=

User Map Register Label Name (8 characters) MOD_084 :=

User Map Register Label Name (8 characters) MOD_085 :=

User Map Register Label Name (8 characters) MOD_086 :=

User Map Register Label Name (8 characters) MOD_087 :=

User Map Register Label Name (8 characters) MOD_088 :=

User Map Register Label Name (8 characters) MOD_089 :=

User Map Register Label Name (8 characters) MOD_090 :=

User Map Register Label Name (8 characters) MOD_091 :=

User Map Register Label Name (8 characters) MOD_092 :=

User Map Register Label Name (8 characters) MOD_093 :=

User Map Register Label Name (8 characters) MOD_094 :=

User Map Register Label Name (8 characters) MOD_095 :=

User Map Register Label Name (8 characters) MOD_096 :=

User Map Register Label Name (8 characters) MOD_097 :=

User Map Register Label Name (8 characters) MOD_098 :=

User Map Register Label Name (8 characters) MOD_099 :=

User Map Register Label Name (8 characters) MOD_100 :=

User Map Register Label Name (8 characters) MOD_101 :=

User Map Register Label Name (8 characters) MOD_102 :=

User Map Register Label Name (8 characters) MOD_103 :=

User Map Register Label Name (8 characters) MOD_104 :=

User Map Register Label Name (8 characters) MOD_105 :=

User Map Register Label Name (8 characters) MOD_106 :=

User Map Register Label Name (8 characters) MOD_107 :=

User Map Register Label Name (8 characters) MOD_108 :=

User Map Register Label Name (8 characters) MOD_109 :=

User Map Register Label Name (8 characters) MOD_110 :=

User Map Register Label Name (8 characters) MOD_111 :=

User Map Register Label Name (8 characters) MOD_112 :=
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User Map Register Label Name (8 characters) MOD_113 :=

User Map Register Label Name (8 characters) MOD_114 :=

User Map Register Label Name (8 characters) MOD_115 :=

User Map Register Label Name (8 characters) MOD_116 :=

User Map Register Label Name (8 characters) MOD_117 :=

User Map Register Label Name (8 characters) MOD_118 :=

User Map Register Label Name (8 characters) MOD_119 :=

User Map Register Label Name (8 characters) MOD_120 :=

User Map Register Label Name (8 characters) MOD_121 :=

User Map Register Label Name (8 characters) MOD_122 :=

User Map Register Label Name (8 characters) MOD_123 :=

User Map Register Label Name (8 characters) MOD_124 :=

User Map Register Label Name (8 characters) MOD_125 :=

DNP3 Map Settings (SET DNP n Command)
(Hidden If DNP Option Not Included)

Use SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: 
DNP3 Communications for details. 

This is DNP Map 1 (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 1 table).
Binary Input Map

DNP Binary Input Label Name (10 characters) BI_00 :=

DNP Binary Input Label Name (10 characters) BI_01 :=

DNP Binary Input Label Name (10 characters) BI_02 :=

DNP Binary Input Label Name (10 characters) BI_03 :=

DNP Binary Input Label Name (10 characters) BI_04 :=

DNP Binary Input Label Name (10 characters) BI_05 :=

DNP Binary Input Label Name (10 characters) BI_06 :=

DNP Binary Input Label Name (10 characters) BI_07 :=

DNP Binary Input Label Name (10 characters) BI_08 :=

DNP Binary Input Label Name (10 characters) BI_09 :=

DNP Binary Input Label Name (10 characters) BI_10 :=

DNP Binary Input Label Name (10 characters) BI_11 :=

DNP Binary Input Label Name (10 characters) BI_12 :=

DNP Binary Input Label Name (10 characters) BI_13 :=
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DNP Binary Input Label Name (10 characters) BI_14 :=

DNP Binary Input Label Name (10 characters) BI_15 :=

DNP Binary Input Label Name (10 characters) BI_16 :=

DNP Binary Input Label Name (10 characters) BI_17 :=

DNP Binary Input Label Name (10 characters) BI_18 :=

DNP Binary Input Label Name (10 characters) BI_19 :=

DNP Binary Input Label Name (10 characters) BI_20 :=

DNP Binary Input Label Name (10 characters) BI_21 :=

DNP Binary Input Label Name (10 characters) BI_22 :=

DNP Binary Input Label Name (10 characters) BI_23 :=

DNP Binary Input Label Name (10 characters) BI_24 :=

DNP Binary Input Label Name (10 characters) BI_25 :=

DNP Binary Input Label Name (10 characters) BI_26 :=

DNP Binary Input Label Name (10 characters) BI_27 :=

DNP Binary Input Label Name (10 characters) BI_28 :=

DNP Binary Input Label Name (10 characters) BI_29 :=

DNP Binary Input Label Name (10 characters) BI_30 :=

DNP Binary Input Label Name (10 characters) BI_31 :=

DNP Binary Input Label Name (10 characters) BI_32 :=

DNP Binary Input Label Name (10 characters) BI_33 :=

DNP Binary Input Label Name (10 characters) BI_34 :=

DNP Binary Input Label Name (10 characters) BI_35 :=

DNP Binary Input Label Name (10 characters) BI_36 :=

DNP Binary Input Label Name (10 characters) BI_37 :=

DNP Binary Input Label Name (10 characters) BI_38 :=

DNP Binary Input Label Name (10 characters) BI_39 :=

DNP Binary Input Label Name (10 characters) BI_40 :=

DNP Binary Input Label Name (10 characters) BI_41 :=

DNP Binary Input Label Name (10 characters) BI_42 :=

DNP Binary Input Label Name (10 characters) BI_43 :=

DNP Binary Input Label Name (10 characters) BI_44 :=

DNP Binary Input Label Name (10 characters) BI_45 :=

DNP Binary Input Label Name (10 characters) BI_46 :=

DNP Binary Input Label Name (10 characters) BI_47 :=
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DNP Binary Input Label Name (10 characters) BI_48 :=

DNP Binary Input Label Name (10 characters) BI_49 :=

DNP Binary Input Label Name (10 characters) BI_50 :=

DNP Binary Input Label Name (10 characters) BI_51 :=

DNP Binary Input Label Name (10 characters) BI_52 :=

DNP Binary Input Label Name (10 characters) BI_53 :=

DNP Binary Input Label Name (10 characters) BI_54 :=

DNP Binary Input Label Name (10 characters) BI_55 :=

DNP Binary Input Label Name (10 characters) BI_56 :=

DNP Binary Input Label Name (10 characters) BI_57 :=

DNP Binary Input Label Name (10 characters) BI_58 :=

DNP Binary Input Label Name (10 characters) BI_59 :=

DNP Binary Input Label Name (10 characters) BI_60 :=

DNP Binary Input Label Name (10 characters) BI_61 :=

DNP Binary Input Label Name (10 characters) BI_62 :=

DNP Binary Input Label Name (10 characters) BI_63 :=

DNP Binary Input Label Name (10 characters) BI_64 :=

DNP Binary Input Label Name (10 characters) BI_65 :=

DNP Binary Input Label Name (10 characters) BI_66 :=

DNP Binary Input Label Name (10 characters) BI_67 :=

DNP Binary Input Label Name (10 characters) BI_68 :=

DNP Binary Input Label Name (10 characters) BI_69 :=

DNP Binary Input Label Name (10 characters) BI_70 :=

DNP Binary Input Label Name (10 characters) BI_71 :=

DNP Binary Input Label Name (10 characters) BI_72 :=

DNP Binary Input Label Name (10 characters) BI_73 :=

DNP Binary Input Label Name (10 characters) BI_74 :=

DNP Binary Input Label Name (10 characters) BI_75 :=

DNP Binary Input Label Name (10 characters) BI_76 :=

DNP Binary Input Label Name (10 characters) BI_77 :=

DNP Binary Input Label Name (10 characters) BI_78 :=

DNP Binary Input Label Name (10 characters) BI_79 :=

DNP Binary Input Label Name (10 characters) BI_80 :=

DNP Binary Input Label Name (10 characters) BI_81 :=
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DNP Binary Input Label Name (10 characters) BI_82 :=

DNP Binary Input Label Name (10 characters) BI_83 :=

DNP Binary Input Label Name (10 characters) BI_84 :=

DNP Binary Input Label Name (10 characters) BI_85 :=

DNP Binary Input Label Name (10 characters) BI_86 :=

DNP Binary Input Label Name (10 characters) BI_87 :=

DNP Binary Input Label Name (10 characters) BI_88 :=

DNP Binary Input Label Name (10 characters) BI_89 :=

DNP Binary Input Label Name (10 characters) BI_90 :=

DNP Binary Input Label Name (10 characters) BI_91 :=

DNP Binary Input Label Name (10 characters) BI_92 :=

DNP Binary Input Label Name (10 characters) BI_93 :=

DNP Binary Input Label Name (10 characters) BI_94 :=

DNP Binary Input Label Name (10 characters) BI_95 :=

DNP Binary Input Label Name (10 characters) BI_96 :=

DNP Binary Input Label Name (10 characters) BI_97 :=

DNP Binary Input Label Name (10 characters) BI_98 :=

DNP Binary Input Label Name (10 characters) BI_99 :=

Binary Output Map
DNP Binary Output Label Name (10 characters) BO_00 :=

DNP Binary Output Label Name (10 characters) BO_01 :=

DNP Binary Output Label Name (10 characters) BO_02 :=

DNP Binary Output Label Name (10 characters) BO_03 :=

DNP Binary Output Label Name (10 characters) BO_04 :=

DNP Binary Output Label Name (10 characters) BO_05 :=

DNP Binary Output Label Name (10 characters) BO_06 :=

DNP Binary Output Label Name (10 characters) BO_07 :=

DNP Binary Output Label Name (10 characters) BO_08 :=

DNP Binary Output Label Name (10 characters) BO_09 :=

DNP Binary Output Label Name (10 characters) BO_10 :=

DNP Binary Output Label Name (10 characters) BO_11 :=

DNP Binary Output Label Name (10 characters) BO_12 :=

DNP Binary Output Label Name (10 characters) BO_13 :=
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DNP Binary Output Label Name (10 characters) BO_14 :=

DNP Binary Output Label Name (10 characters) BO_15 :=

DNP Binary Output Label Name (10 characters) BO_16 :=

DNP Binary Output Label Name (10 characters) BO_17 :=

DNP Binary Output Label Name (10 characters) BO_18 :=

DNP Binary Output Label Name (10 characters) BO_19 :=

DNP Binary Output Label Name (10 characters) BO_20 :=

DNP Binary Output Label Name (10 characters) BO_21 :=

DNP Binary Output Label Name (10 characters) BO_22 :=

DNP Binary Output Label Name (10 characters) BO_23 :=

DNP Binary Output Label Name (10 characters) BO_24 :=

DNP Binary Output Label Name (10 characters) BO_25 :=

DNP Binary Output Label Name (10 characters) BO_26 :=

DNP Binary Output Label Name (10 characters) BO_27 :=

DNP Binary Output Label Name (10 characters) BO_28 :=

DNP Binary Output Label Name (10 characters) BO_29 :=

DNP Binary Output Label Name (10 characters) BO_30 :=

DNP Binary Output Label Name (10 characters) BO_31 :=

Analog Input Map
DNP Analog Input Label Name (24 characters)

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=
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AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=
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AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=
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AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

Analog Output Map
DNP Analog Output Label Name (6 characters) AO_00 :=

DNP Analog Output Label Name (6 characters) AO_01 :=

DNP Analog Output Label Name (6 characters) AO_02 :=

DNP Analog Output Label Name (6 characters) AO_03 :=

DNP Analog Output Label Name (6 characters) AO_04 :=

DNP Analog Output Label Name (6 characters) AO_05 :=

DNP Analog Output Label Name (6 characters) AO_06 :=

DNP Analog Output Label Name (6 characters) AO_07 :=

DNP Analog Output Label Name (6 characters) AO_08 :=

DNP Analog Output Label Name (6 characters) AO_09 :=

DNP Analog Output Label Name (6 characters) AO_10 :=

DNP Analog Output Label Name (6 characters) AO_11 :=

DNP Analog Output Label Name (6 characters) AO_12 :=

DNP Analog Output Label Name (6 characters) AO_13 :=

DNP Analog Output Label Name (6 characters) AO_14 :=

DNP Analog Output Label Name (6 characters) AO_15 :=

DNP Analog Output Label Name (6 characters) AO_16 :=

DNP Analog Output Label Name (6 characters) AO_17 :=

DNP Analog Output Label Name (6 characters) AO_18 :=

DNP Analog Output Label Name (6 characters) AO_19 :=

DNP Analog Output Label Name (6 characters) AO_20 :=

DNP Analog Output Label Name (6 characters) AO_21 :=

DNP Analog Output Label Name (6 characters) AO_22 :=

DNP Analog Output Label Name (6 characters) AO_23 :=
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DNP Analog Output Label Name (6 characters) AO_24 :=

DNP Analog Output Label Name (6 characters) AO_25 :=

DNP Analog Output Label Name (6 characters) AO_26 :=

DNP Analog Output Label Name (6 characters) AO_27 :=

DNP Analog Output Label Name (6 characters) AO_28 :=

DNP Analog Output Label Name (6 characters) AO_29 :=

DNP Analog Output Label Name (6 characters) AO_30 :=

DNP Analog Output Label Name (6 characters) AO_31 :=

Counter Map
DNP Counter Label Name (11 characters) CO_00 :=

DNP Counter Label Name (11 characters) CO_01 :=

DNP Counter Label Name (11 characters) CO_02 :=

DNP Counter Label Name (11 characters) CO_03 :=

DNP Counter Label Name (11 characters) CO_04 :=

DNP Counter Label Name (11 characters) CO_05 :=

DNP Counter Label Name (11 characters) CO_06 :=

DNP Counter Label Name (11 characters) CO_07 :=

DNP Counter Label Name (11 characters) CO_08 :=

DNP Counter Label Name (11 characters) CO_09 :=

DNP Counter Label Name (11 characters) CO_10 :=

DNP Counter Label Name (11 characters) CO_11 :=

DNP Counter Label Name (11 characters) CO_12 :=

DNP Counter Label Name (11 characters) CO_13 :=

DNP Counter Label Name (11 characters) CO_14 :=

DNP Counter Label Name (11 characters) CO_15 :=

DNP Counter Label Name (11 characters) CO_16 :=

DNP Counter Label Name (11 characters) CO_17 :=

DNP Counter Label Name (11 characters) CO_18 :=

DNP Counter Label Name (11 characters) CO_19 :=

DNP Counter Label Name (11 characters) CO_20 :=

DNP Counter Label Name (11 characters) CO_21 :=

DNP Counter Label Name (11 characters) CO_22 :=

DNP Counter Label Name (11 characters) CO_23 :=
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DNP Counter Label Name (11 characters) CO_24 :=

DNP Counter Label Name (11 characters) CO_25 :=

DNP Counter Label Name (11 characters) CO_26 :=

DNP Counter Label Name (11 characters) CO_27 :=

DNP Counter Label Name (11 characters) CO_28 :=

DNP Counter Label Name (11 characters) CO_29 :=

DNP Counter Label Name (11 characters) CO_30 :=

DNP Counter Label Name (11 characters) CO_31 :=
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Section 7
Communications

Overview
A communications interface and protocol are necessary for communicating 
with the SEL-751A Feeder Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay. 

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-751A physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber Ethernet port, single 
or dual redundant.

Table 7.1 SEL-751A Communications Port Interfaces

Communications Port Interfaces Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100 BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Ordering Option

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the applicable 
SEL-2600 RTD Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix G: DeviceNet Communications for information on the DeviceNet communications card.
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Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-751A. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances of as long as 15 m (49 ft) 
in low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you will need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-751A Relay

Some of the SEL devices available for integration or communication system 
robustness are included in the following list:

➤ SEL Communications Processors (SEL-2032, SEL-2030, 
SEL-2020)

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-3010 Event Messenger

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to the optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front-panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.
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Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS = Y. Disable hardware handshaking 
by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Fiber-Optic Serial 
Port

Use the optional fiber-optic port (PORT 2) for safety and communications 
distances as far as 1 km. Communications distances as far as 4 km can be 
achieved by using an SEL-2812 transceiver on PORT 3. While PORT 2 and the 
SEL-2812 are compatible, PORT 2 is less sensitive than the SEL-2812, which 
limits the distance to 1 km.

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-751A Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if the relay detects a failure in the primary 
network. In addition to failover mode, the unit can operate in a “fixed 
connection (to netport) mode” or in a “switched mode” (as an unmanaged 
switch).

Figure 7.1 shows an example of a Simple Ethernet Network Configuration, 
Figure 7.2 shows an example of an Ethernet Network Configuration with Dual 
Redundant Connections, and Figure 7.3 shows an example of an Ethernet 
Network Configuration with Ring Structure.

Figure 7.1 Simple Ethernet Network Configuration

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK
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Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched 
Mode)

Dual Network Port Operation
The SEL-751A dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the necessary network port failover time.

Step 3. Set NETPORT to the network interface you prefer.

On startup the relay communicates via NETPORT (primary port) selected. If 
the SEL-751A detects a link failure on the primary port, it activates the 
standby port after the failover time, FTIME, elapses. If the link status on the 

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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primary link returns to normal before the failover time expires, the failover 
timer resets and uninterrupted operation continues on the primary network 
port. 

After failover, while communicating via standby port, the SEL-751A checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The relay reevaluates your port of choice 
for communications on a change of settings, at failure of the standby port, or 
on reboot. The relay returns to operation on the primary link under those 
conditions if it detects a normal link status. When the active and backup links 
both fail, the relay alternates checking for the link status of the primary and 
standby ports.

Unmanaged Switch Mode
If you have a network configuration where you want to use the relay as an 
unmanaged switch, set NETMODE to SWITCHED. In this mode, both links 
are enabled. The relay will respond to the messages it receives on either port. 
The relay will transmit out of the other port, without modification, all 
messages a network port receives that are not addressed to the relay. In this 
mode, the relay ignores the NETPORT setting. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports can autonegotiate to determine the link 
speed and duplex mode. Accomplish this by setting the NETASPD and 
NETBSPD (network speed) to AUTO. You can also set single or dual copper 
ports specific speeds so that you can apply them in networks with older switch 
devices. However, the relay ignores the speed settings for fiber Ethernet ports. 
The relay hardware fixes the single and dual fiber Ethernet ports to work at 
100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option to select the primary port of 
communication in failover or fixed communications modes.

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. The MMS inactivity default value is 
120 seconds. If enabled, the relay starts a timer for an MMS session after it 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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receives an MMS request from the client on that session. It resets the timer 
whenever it receives a new MMS request from that client. When the timer 
runs out, the relay disconnects the MMS session, making it available for other 
MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 
MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-751A has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, you can 
use only one input at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with dual Ethernet Port or 
Fiber-Optic Ethernet port. Refer to Figure 7.4 for a connection diagram.

B01–B02 IRIG-B input is available on all models except those with fiber-optic 
Ethernet or dual-copper Ethernet.

You cannot bring IRIG-B via PORT 2 or 3 if you use the B01–B02 input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: PORT 3 (EIA-232 Option Only)
Connect to an SEL Communications Processor with SEL Cable C273A to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect a SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B Input to PORT 3.

You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 PORT 3 (SEL Communications 
Processor as Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A
+ IRIG

– IRIGSEL Cable
C962

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL Cable
C273A

(Figure 7.6)

SEL-751A

DB9
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You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input VIA EIA-232 PORT 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: PORT 2 (Fiber-Optic Serial Port)
You can use Fiber-Optic Serial PORT 2 to bring IRIG-B Input to the relay as 
shown in Figure 7.7 and Figure 7.8.

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2030/2032 
Time Source)

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2401/2404/
2407 Time Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A

DB9

BNC

IED

(Any EIA-232
serial application)

SEL Cable
C292A

SEL Cable
C953

BNC-T Connector (3-way)
SEL Part #240-1802

DB9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB9 Fiber-Optic Cables
SEL C805 or SEL C807

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-751A

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL C805 or SEL C807

SEL Cable
C654

Port 2

Set switch to “J1” for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-751A
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc is available only on Pin 1 of the DB-9 connector for the EIA-232 
ports.

Connect Your 
PC to the Relay

The front port of the SEL-751A is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.2. You can connect to a standard 9-pin computer port with 
SEL-C234A Cable; wiring for this cable is shown in Figure 7.10. SEL-C234A 
Cable and other cables are available from SEL. Use the SEL-5801 Cable 
SELector Software to select an appropriate cable for another application. This 
software is available for free download from the SEL website at 
www.selinc.com.

For best performance, SEL-C234A Cable should not be more than 15 m 
(49 ft) long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-751A. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers

Table 7.2 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-751A to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

Table 7.2 EIA-232/EIA-485 Serial Port Pin Functions 

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

12345

6789

https://www.selinc.com
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Figure 7.10 SEL-C234A Cable—SEL-751A to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-751A to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-751A to Modem

Figure 7.13 SEL-C272A Cable—SEL-751A to SEL Communications 
Processor Without IRIG-B Signal

SEL-751A Relay
9-Pin Male
D Subconnector

9-Pin Female
D Subconnector

2
3
5
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3
2
5
8
7
1
4
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RXD
TXD
GND
CTS

TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
2
9
8

7
3
2
1
4
5
6
8
20

GND
TXD
RXD
GND
CTS

GND
RXD
TXD
GND
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DTR
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Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
7
2
8
9

7
2
20
3
8
1

GND
TXD
RTS
RXD
CTS
GND

GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

**DCE Device

**DCE = Data Communications Equipment (Modem, etc.)

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
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2
3
5
7
8

3
2
5
8
7

RXD
TXD
GND
RTS
CTS

TXD
RXD
GND
CTS
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Func.
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SEL-751A Relay
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Figure 7.14 SEL-C273A Cable—SEL-751A to SEL Communications 
Processor With IRIG-B Signal

Figure 7.15 SEL-C387 Cable—SEL-751A to SEL-3010

Communications Protocols
Protocols Although the SEL-751A supports a wide range of protocols, not all protocols are 

available on all ports. In addition, not all hardware options support all protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for PORT 1. Table 7.3 shows the ports and the protocols 
available on each port.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay

SEL-751A Relay
DTE*
9-Pin Male
D Subconnector

DCE**
9-Pin Male
D Subconnector

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

DCD***
RXD
TXD

GND

RTS
CTS
GND

+5 Vdc (IN)
RXD (OUT)
TXD (IN)
Not Used
GND
Not Used
RTS (IN)
CTS (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

SEL-3010 Event Messenger

*DTE = Data Terminal Equipment

**DCE = Data Communications Equipment (Modem, etc.) 

***DC Voltage (+5 V) not available on front-panel EIA-232 port

Table 7.3 Protocols Supported on the Various Ports (Sheet 1 of 2)

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer Proto-
col, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), and Event 
Messenger

PORT 1 Modbus TCP/IP, FTP, TCP/IP, IEC 61850, DNP3 LAN/WAN, SNTP, and Tel-
net TCP/IP (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER)a 

PORT 2 All the protocols supported by PORT 3

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Communications Protocols

SEL ASCII. This protocol is described in SEL ASCII Protocol and 
Commands on page 7.15.

SEL Compressed ASCII. This protocol provides compressed versions of 
some of the ASCII commands. The compressed commands are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Meter. This protocol supports binary messages to transfer 
metering and digital element messages. Compressed ASCII commands 
that support Fast Meter are described in SEL ASCII Protocol and 
Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Operate. This protocol supports binary messages to transfer 
operation messages. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast SER. Use this protocol to receive binary Sequential Events Record 
unsolicited responses. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Event Messenger. This is an SEL ASCII protocol with 8 Data bits, No 
Parity, and 1 Stop bit for transmitting data to SEL-3010 Event 
Messenger. You can change only the Communications Speed to match 
the settings in the SEL-3010.

MIRRORED BITS Protocol
The SEL-751A supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on PORT 3 of the base unit and MBB on PORT 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry.

IEEE C37.118 Protocol
The SEL-751A provides IEEE C37.118 protocol (synchrophasor data) support 
at one of the serial ports F, 2, 3, or 4. The protocol is described in Appendix H: 
Synchrophasors.

PORT 3 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER, SEL Settings File Transfer, SEL MIRRORED BITS, 
DNP3, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), 

and Event Messenger

PORT 4 All the protocols supported by PORT 3 and DeviceNet

a PORT 1 concurrently supports two Modbus, three DNP3 LAN/WAN, two FTP, two Telnet, one 
SNTP, and six IEC 61850 sessions.

Table 7.3 Protocols Supported on the Various Ports (Sheet 2 of 2)

PORT Supported Protocol 



7.12

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
Communications Protocols

Modbus RTU Protocol
The SEL-751A provides Modbus RTU support. Modbus is an optional 
protocol described in Appendix E: Modbus Communications.

DNP3 (Distributed Network Protocol)
The SEL-751A provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-751A provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix G: DeviceNet Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus/TCP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

You should carefully design your Ethernet network to maximize reliability, 
minimize system administration effort, and provide adequate security. Work 
with a networking professional to design your substation Ethernet network.

FTP Server
Use the single FTP (File Transfer Protocol) session to access the following files:

CFG.XMLConfiguration read-only file in XML format

CFG.TXTConfiguration read-only file in TXT format

ERR.TXTError read-only file in text format

SET_61850.CIDIEC 61850 CID read-write file

SET_xx.TXTSetting files in TXT format

FTP is a standard TCP/IP protocol for exchanging files. A free FTP 
application is included with most web browser software. You can also obtain a 
free or inexpensive FTP application from the Internet. When you connect to 
the relay Ethernet port, you will find files stored in the root (top-level) 
directory.

Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise, the relay will remain at an 
elevated access level until TIDLE 
expires.
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Ping Server
Use a Ping client with the relay Ping server to verify that your network 
configuration is correct. Ping is an application based on ICMP over an IP 
network. A free Ping application is included with most computer operating 
systems.

IEC 61850
Use as many as six sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
16 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix F: IEC 61850 Communications.

Simple Network Time 
Protocol (SNTP)

When PORT 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less accurate primary time source, or as 
a backup to the higher accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve NTP 
Via the SEL-3530 RTAC

AN2009-38: Using SEL Satellite-Synchronized Clocks With the SEL-3332 
or SEL-3351 to Output NTP

AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create a 
Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make PORT 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.4 shows each setting associated with 
SNTP.
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SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST
In unicast mode of operation, the SNTP client in the relay requests time 
updates from the primary (IP address setting SNTPPSIP) or backup 
(IP address setting SNTPBSIP) NTP server at a rate defined by setting 
SNTPRATE. If the NTP server does not respond with the period defined by 
setting SNTPTO, then the relay tries the other SNTP server. When the relay 
successfully synchronizes to the primary NTP time server, Relay Word bit 
TSNTPP asserts. When the relay successfully synchronizes to the backup 
NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST
In the manycast mode of operation, the relay initially sends an NTP request to 
the broadcast address contained in setting SNTPPSIP. The relay continues to 
broadcast requests at a rate defined by setting SNTPRATE. When a server 
replies, the relay considers that server to be the primary NTP server, and 
switches to UNICAST mode, asserts Relay Word bit TSNTPP, and thereafter 
requests updates from the primary server. If the NTP server stops responding 
for time SNTPTO, the relay deasserts TSNTPP and begins to broadcast 
requests again until the original or another server responds.

ESNTP = BROADCAST
If setting SNTPPSIP = 0.0.0.0 while setting ESNTP = BROADCAST, 
the relay will listen for and synchronize to any broadcasting NTP server. 
If setting SNTPPSIP is set to a specific IP address while setting ESNTP = 
BROADCAST, then the relay will listen for and synchronize to only NTP 
server broadcasts from that address. When synchronized, the relay asserts 
Relay Word bit TSNTPP. Relay Word bit TNSTPP deasserts if the relay does 
not receive a valid broadcast within five seconds after the period defined by 
setting SNTPRATE.

Table 7.4 Settings Associated With SNTP 

Setting Range Description

ESNTP UNICAST, 
MANYCAST, 
BROADCAST

Selects the mode of operation of SNTP. See descrip-
tions in SNTP Operation Modes on page 7.14. 

SNTPPSIP Valid IP Address Selects primary NTP server when 
ENSTP = UNICAST, or broadcast address when 
ESNTP = MANYCAST or BROADCAST.

SNTPPSIB Valid IP Address Selects backup NTP server when 
ESNTP = UNICAST.

SNTPPORT 1–65534 Ethernet port used by SNTP. Leave at default value 
unless otherwise necessary.

SNTPRATE 15–3600 seconds Determines the rate at which the relay asks for 
updated time from the NTP server when 
ESNTP = UNICAST or MANYCAST. Determines 
the time the relay will wait for an NTP broadcast 
when ENSTP = BROADCAST.

SNTPTO 5–20 seconds Determines the time the relay will wait for the NTP 
master to respond when ENSTP = UNICAST or 
MANYCAST.
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SNTP Accuracy Considerations
The accuracy of the SNTP Server and the networking environment limit 
SNTP time synchronization accuracy. You can achieve the highest degree of 
SNTP time synchronization by minimizing the number of switches and 
routers between the SNTP Server and the SEL-751A. You can also use 
network monitoring software to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-751A and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time synchronization error with the SNTP server is 
typically less than ±1 millisecond.

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-751A.
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Software 
Flow Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages will 
be accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when the relay receives XOFF, and transmission can 
resume when the relay sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.5 lists these messages.

Access Levels You can issue commands to the SEL-751A via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-751A Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-751A Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

Table 7.5 Serial Port Automatic Messages

Condition Description

Power Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 9: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-751A sends a status report each time it detects a 
self-test warning or failure condition. See STATUS Command 
(Relay Self-Test Status) on page 7.42.
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Access Level 0
Once serial port communication is established with the SEL-751A, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-751A Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-751A to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.19 for more detail.

Access Level 1
When the SEL-751A is in Access Level 1, the relay sends the following prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-751A sends the prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

Any of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is for use exclusively by the SEL factory and SEL field 
service personnel to diagnose troublesome installations. A list of commands 
available at Access Level C is available from SEL upon request. Do not enter 
Access Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C . Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-751A Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands necessary for SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

The SEL-751A responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the beginning:

Table 7.6 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external

Table 7.6 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 751A; see ID Settings on page 4.3.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = FEEDER RELAY; see ID Settings on 
page 4.3.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and it is external if 
an input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.7) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-751A Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.16 for a discussion of placing 
the relay in an access level.

Password Requirements
Passwords are necessary unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.36 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Table 7.7 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>
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Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.36. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates that the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates that the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
You can get to Access Level C from Access Level 2 with the CAL command. 
The relay pulses the SALARM Relay Word bit for one second after a 
successful Level 2 or Level C access, or if access is denied.

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>
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AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (Access Level 2) to initiate a self-test of the arc-flash 
detection channels 1 to 4. This test requires that the relay has the 
SELECT 3 AVI/4 AFDI card in the Slot E and the external fiber-optic 
connections are complete. The test checks the integrity of the arc-flash 
detection system. Figure 7.16 shows an example of the AFT command 
response. Refer to Section 10: Testing and Troubleshooting for details on the 
arc-flash self tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 4. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word Bits stay asserted continuously for 10 
seconds.

ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.8 for the command description 
and Table 7.9 for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before it reaches the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale during the time specified

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-751A                                 Date: 12/09/2008   Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.16 AFT Command Response

Table 7.8 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output 
channel.

2
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NOTE: 0% = low span, 100% = high 
span. For a scaled output from 
4–20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.

When parameter p is a percentage, the relay displays the following message 
during the test:

Outputting xx.xx [units] to Analog Output Port for y.y 
minutes. Press any key to end test

When parameter p is a ramp function, the device displays the following 
message during the test:

Ramping Analog Output at xx.xx [units]/min; full scale in 
y.y minutes. Press any key to end test

For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Analog Output Port Test Complete

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume that the analog output 
signal type is 4–20 mA, and we want to test the analog output at 75 percent of 
rating for 5.5 minutes. To check the device output, calculate the expected mA 
output as follows:

To start the test, enter ANA A0301 75 5.5 at the Access Level 2 prompt:

Table 7.9 ANALOG Command Format

Parameter Description

c Parameter c is the analog channel (either the channel name, 
e.g., A0301, or the channel number, e.g., 301).

p Parameter p is a percentage of full scale, or either the letter “R” or 
“r” to indicate ramp mode.

t Parameter t is the duration (in decimal minutes) of the test.

where:
xx.xx is the calculation of percent of full scale

[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

where:
xx.xx is the calculation based upon range/time t

[units] is either mA or V, depending on the channel type setting
y.y  is the time in minutes

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =
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Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

BRE Command (Breaker Monitor Data)
Use the BRE command to view the breaker monitor report.

See Breaker Monitor on page 5.18 for further details on the breaker monitor.

BRE n Command (Preload/Reset Breaker Wear)
The BRE W command only saves new settings after the Save Changes 
(Y/N)? message. If you make a data entry error while using the BRE W 
command, the values echoed after the Invalid format, changes not saved 
message are the previous BRE values, unchanged by the aborted BRE W 
attempt.

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =

=>>BRE <Enter>

SEL-751A                                 Date: 12/04/2008   Time: 14:26:57
FEEDER RELAY                             Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2008 11:16:21

=>>
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Use the BRE R command to reset the breaker monitor:

See Breaker Monitor on page 5.18 for further details on the breaker monitor. 

CEV Command
The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT (CEV) 
command to display Compressed ASCII event reports. See Table C.2 for 
further information. Compressed ASCII Event Reports contain all of the 
Relay Word bits. The CEV R command gives the raw Compressed ASCII 
event report. Additionally, the compressed event report has the arc-flash 
detector light and frequency measurements.

CLOSE Command (Close Breaker)
The CLO (CLOSE) command asserts Relay Word bit CC for 1/4 cycle when 
it is executed. Relay Word bit CC can then be programmed into the CL 
SELOGIC control equation to assert the CLOSE Relay Word bit, which in turn 
asserts an output contact (e.g., OUT102 = CLOSE) to close a circuit breaker 
(see Table 4.25 and Figure 4.34 for factory-default setting CL and close 
logic).

=>> BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>

                                      IB      = 0.0      ? 18.6  <Enter>

                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>

                                      IB      = 0.0      ? 0.6  <Enter>

                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>

                                      B-phase =   0       ? 28  <Enter>

                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2008 ? 12/04/2008  <Enter>

                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? y

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? y
Clearing Complete

=>>LAST RESET 02/03/01 05:41:07
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To issue the CLO command, enter the following.

Typing N <Enter> after the previous prompt will abort the command.

The main board Breaker jumper (see Table 2.16) supervises the CLO 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the CLO command and responds with the following.

COMMUNICATIONS Command
The COM x command (see Table 7.10) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix I: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
ROKA or ROKB. The Last error field displays the reason for the most 
recent channel error, even if the channel was already failed. We define failure 
reasons as one of the following error types:

➤ Device disabled

➤ Framing error

➤ Parity error

➤ Overrun

➤ Re-sync

➤ Data error

➤ Loopback

➤ Underrun

=>>CLO <Enter>
Close Breaker (Y,N)? Y <Enter>
=>>

=>>CLO <Enter>
Command Aborted: No BRKR Jumper
=>>

Table 7.10 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 
COM S B 

Return a summary report of the last 255 records in 
the communications buffer for either MIRRORED 
BITS communications Channel A or Channel B 
when only one channel is enabled. 

1

COM A Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel A. 

1

COM B Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel B. 

1

COM L A Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A. 

1

COM L B Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B. 

1
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.11) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
Bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.12.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.13) to copy the settings of settings 
Group j to the settings of settings Group k. The settings of settings Group j 
effectively overwrite the settings of settings Group k. Parameters j and k can 
be any available settings group number 1 through 3.

For example, when you enter the COPY 1 3 command, the relay responds, 
Are you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COM C Clears all communications records. If both MIR-
RORED BITS channels are enabled, omitting the 
channel specifier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.10 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.11 CONTROL Command

Command Description Access Level

CON RBnna kb

a Parameter nn is a number from 01 to 32, representing RB01 through RB32.
b Parameter k is S, C, or P.

Set a Remote Bit to set, clear, or pulse. 2

Table 7.12 Three Remote Bit States

Subcommand Description Access Level

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

=>>CON RB05 S <Enter>

Table 7.13 COPY Command

Command Description Access Level 

COPY j ka

a Parameters j and k are 1–3.

Copy settings in Group j to settings in Group k. 2 
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COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.14).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.15) to view and set the relay date.

The relay can overwrite the date you enter by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(PORT 1) status as shown in Figure 7.17 for the redundant fiber-optic (FX) 
Ethernet PORT 1A and PORT 1B configuration. Copper Ethernet port is labeled as 
TX. The non-redundant port response is similar.

Table 7.14 COUNTER Command

Command Description Access Level

COU n Display present state of device counters n times, 
with a 1/2-second delay between each display

1

Table 7.15 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Set the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:37
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1B

             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up    100M     Full    FX    
PORT 1B      Down   --      --      FX    

=>>

Figure 7.17 Ethernet Port (PORT 1) Status Report
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The non-redundant port response is as shown in Figure 7.18.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.16 and Table 7.17) to view event reports. 
See Section 9: Analyzing Events for further details on retrieving and analyzing 
event reports. See the HISTORY Command on page 7.31 for details on 
clearing event reports.

FILE Command
The FIL command (see Table 7.18) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FILE command is supported if you connect over serial or 
Ethernet ports.

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:44
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>>

Figure 7.18 Non-Redundant Port Response

Table 7.16 EVENT Command (Event Reports)

Command Description Access Level

EVE n Return the n event report with 4-samples/
cycle data.

1

EVE n R Return the n event report with raw (unfiltered) 
16 samples/cycle analog data and 4 samples/cycle 
digital data.

1

Table 7.17 EVENT Command Format

Parameter Description

n Parameter n specifies the event report number to be returned. Use the 
HIS command to determine the event report number of the event you 
want to display. If n is not specified, the relay will display event 
report 1 by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which you can use for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.19.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.18 FILE Command 

Command Description Access Level

FIL DIR Return a list of files. 1

FIL READ filename Transfer settings file filename from the relay to 
the PC.

1

FIL WRITE filename Transfer settings file filename from the PC to 
the relay.

2

FIL SHOW filename Filename 1 displays contents of the file file-
name.

1

Table 7.19 GOOSE Command Variants

Command Variant Description Access Level

GOOSE Display GOOSE information. 1

GOOSE count Display GOOSE information count times. 1

IED Description

Transmit
GOOSE Control 
Reference

This field represents the GOOSE control reference information that 
includes the IED name, ldInst (Logical Device Instance), LN0 
lnClass (Logical Node Class), and GSEControl name (GSE Control 
Block Name) (e.g., SEL_751A_1CFG/LLN0$GO$GooseDSet13).

Receive
GOOSE Control 
Reference

This field represents the goCbRef (GOOSE Control Block Refer-
ence) information that includes the iedName (IED name), ldInst 
(Logical Device Instance), LN0 lnClass (Logical Node Class), and 
cbName (GSE Control Block Name) (e.g., SEL_751A_1CFG/
LLN0$GO$GooseDSet13).

MultiCastAddr 
(Multicast Address)

This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where 
spaces are used if the priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area 
Network) value, where spaces are used if the virtual LAN is 
unknown.

StNum (State 
Number)

This hexadecimal field represents the state number that increments 
with each state change.

SqNum (Sequence 
Number)

This hexadecimal field represents the sequence number that incre-
ments with each GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is 
expected.
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An example response to the GOOSE commands is shown in Figure 7.19.

Code This text field contains warning or error condition text when appro-
priate that is abbreviated as follows:

Transmit Data 
Set Reference

This field represents the DataSetReference (Data Set Reference) 
that includes the IED name, LN0 lnClass (Logical Node Class), and 
GSEControl datSet (Data Set Name) (e.g., SEL_751A_1/
LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that 
includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class), and datSet (Data Set 
Name) (e.g., SEL_751A_1CFG/LLN0$DSet13).

#>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_2CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04  4:1     2          20376      50
   Data Set: SEL_751A_2CFG/LLN0$DSet13
GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-05  4:0     1          100425     160
   Data Set: SEL_751A_1CFG/LLN0$DSet10

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage3
   01-0C-CD-01-00-03  4:0     1          98531      120
   Data Set: SEL_751A_1CFG/LLN0$DSet05

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          97486      200
   Data Set: SEL_751A_1CFG/LLN0$DSet04

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          96412      190
   Data Set: SEL_751A_1CFG/LLN0$DSet03

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-06  4:0     1          116156     140
   Data Set: SEL_387E_1CFG/LLN0$DSet10

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage4
   01-0C-CD-01-00-05  4:0     1          116041     130
   Data Set: SEL_387E_1CFG/LLN0$DSet06

Figure 7.19 GOOSE Command Response

IED Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired

HOST DISABLED Optional code for when the host is dis-
abled or becomes unresponsive after 
the GOOSE command has been issued



7.31

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
SEL ASCII Protocol and Commands

GROUP Command
Use the GROUP command (see Table 7.20) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change will fail. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.21) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

HISTORY Command
Use the HIS command (see Table 7.22) to view a list of one-line descriptions 
of relay events or clear the list (and corresponding event reports) from 
nonvolatile memory.

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          115848     120
   Data Set: SEL_387E_1CFG/LLN0$DSet04

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          115798     150
   Data Set: SEL_387E_1CFG/LLN0$DSet03

=>

Figure 7.19 GOOSE Command Response (Continued)

Table 7.20 GROUP Command

Command Description Access Level

GROUP Display the active settings group. 1

GROUP na

a Parameter n indicates group numbers 1–3.

Change the active group to Group n. 2

Table 7.21 HELP Command

Command Description Access Level

HELP Display a list of each command available at the 
present access level with a one-line description.

1

HELP command Display information on the command command. 1
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For more information on event reports, see Section 9: Analyzing Events.

IDENTIFICATION Command
Use the ID command (see Table 7.23) to extract device identification codes.

IRI Command
Use the IRI command to direct the relay to read the demodulated IRIG-B time 
code at the serial port or IRIG-B input (see Table 7.24).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRI command to synchronize the relay 
clock with IRIG-B. Use the IRI command to determine if the relay is properly 
reading the IRIG-B signal.

LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.25 and Table 7.26) to view and manage 
the Load Profile report (see Figure 5.14). If there is no stored data and an LDP 
command is issued, the relay responds with No data available.

Table 7.22 HISTORY Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list.

1

HIS n Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list, 
beginning at event n.

1

HIS C or R Clear/reset the event history and all corresponding 
event reports from nonvolatile memory.

1

Table 7.23 IDENTIFICATION Command

Command Description Access Level

ID Return a list of device identification codes. 0

Table 7.24 IRI Command

Command Description Access Level

IRI Force synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRI <Enter>

SEL-751A                  Date: 12/10/2003 Time: 08:56:03.190
FEEDER RELAY             Time Source: external
=>
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L_D Command (Load Firmware)
Use the L_D command (see Table 7.27) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: 
Firmware Upgrade Instructions for further details on downloading firmware. 
Only download firmware to the front port.

LOOPBACK Command
Use the LOO command (see Table 7.28) for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix I: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing will be wrong and ROK will be 
deasserted. The LOO command tells the MIRRORED BITS software to 
temporarily expect to see its own data looped back as its input. In this mode, 
LBOK will assert if error-free data are received. The LOO command, with 
just the channel specifier, enables loop back mode on that channel for five 
minutes, while the inputs are forced to the default values.

Table 7.25 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Use the LDP command to display a numeric pro-
gression of all load profile report rows. Use the LDP 
command with parameters to display a numeric or 
reverse numeric subset of the load profile rows.

1

LDP C Use this command to clear the load profile report 
from nonvolatile memory.

1

Table 7.26 LDP Command Parameters

Parameter  Description

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display a 
chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F.

Table 7.27 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads new firmware. 2
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.

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the necessary number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command will cause both channels to be 
disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as follows.

MET Command (Metering Data)
The MET command (see Table 7.29, Table 7.30, and Table 7.31) provides 
access to the relay metering data.

Table 7.28 LOO Command

Command Description Access Level 

LOO Enable loopback testing of MIRRORED BITS chan-
nels. 

2 

LOO A Enable loopback on MIRRORED BITS Channel A 
for the next 5 minutes. 

2 

LOO B Enable loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>MAC <Enter>
Port 1 MAC Address:  00-30-A7-00-00-00
=>

Table 7.29 Meter Command

Command Description Access Level

MET c n Display metering data. 1

MET c R Reset metering data. 2



7.35

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
SEL ASCII Protocol and Commands

For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Upon confirming 
(pressing Y), the metering quantities will be reset and the relay responds with 
Reset Complete.

OPEN Command (Open Breaker)
The OPE (OPEN) command asserts Relay Word bit OC for 1/4 cycle when it 
is executed. Relay Word bit OC can then be programmed into the TR 
SELOGIC control equation to assert the TRIP Relay Word bit, which in turn 
asserts an output contact (e.g., OUT103 = TRIP) to open a circuit breaker (see 
Table 4.27 and Figure 4.33 for factory-default setting TR and trip logic).

To issue the OPE command, enter the following.

Typing N <Enter> after the prompt will abort the command.

The main board breaker jumper (see Table 2.16) supervises the OPE 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the OPE command and responds with the following.

Table 7.30 Meter Command Parameters

Parameter Description 

c Parameter for identifying meter class.

n Parameter used to specify number of times (1–32767) to repeat the 
meter response.

Table 7.31 Meter Class

c Meter Class

F Fundamental Metering

Ea

a Reset Metering Available.

Energy Metering 

Ma Maximum/Minimum Metering

R RMS Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

DEa Demand Metering

PEa Peak Demand Metering

PM Synchrophasor Metering

L Light Metering for Arc-Flash Detection (AFD)

MV SELOGIC Math Variable Metering

=>>OPE <Enter>
Open Breaker (Y,N)? Y <Enter>
=>>

=>>OPE <Enter>
Command Aborted: No BRKR Jumper
=>>
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PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.32 and Table 7.33) to change existing 
passwords.

The factory-default passwords are as shown in Table 7.34.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change Level 2 passwords and PAS C to change 
Level C passwords.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are as follows:

➤ #0t3579!ijd7

➤ (Ih2dcs)36dn

➤ $A24.68&,mvj

➤ *4u-Iwg+?lf-

Table 7.32 PASSWORD Command

Command Description Access Level

PAS level Change password for Access Level level. 2, C

Table 7.33 PAS Command Format

Parameter Description

level Parameter level represents the relay Access Levels 1, 2, or C.

Table 7.34 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Password

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1 <Enter>
Old PW: ? ***** <Enter>
New PW: ? *********** <Enter>
Confirm PW: ? *********** <Enter>
Password Changed
=>>

Table 7.35 Valid Password Characters

Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric 0 1 2 3 4 5 6 7 8 9

Special ! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~

This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.

! WARNING
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PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 2) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (PORT 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.20. 

The command structure is:

PING x.x.x.x t

where: 

x.x.x.x is the Host IP address and 

t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing the Q key.

PULSE Command
Use the PULSE command (see Table 7.36) to pulse any of the relay control 
outputs for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact will 
close or open depending on the output contact type (a or b). The PUL 
command energizes the coil and does not have any effect if the coil is already 
energized. The control outputs are OUTnnn, where nnn represents 101–103 
(standard), 301–304 (optional), 401–404 (optional), or 501–504 (optional).

QUIT Command
Use the QUIT command (see Table 7.37) to revert to Access Level 0.

==>>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

==>>

Figure 7.20 PING Command Response

Table 7.36 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. 2
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Access Level 0 is the lowest access level; the SEL-751A performs no 
password check to descend to this level (or to remain at this level).

R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.38) to restore factory-default settings.

SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.39 and Table 7.40) to view and manage 
the Sequential Events Recorder report. See Section 9: Analyzing Events for 
further details on SER reports.

If the requested SER report rows do not exist, the relay responds with No SER 
data.

Table 7.37 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0. 0

Table 7.38 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restore the factory-default settings and passwords 
and reboot the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.39 SER Command (Sequential Events Recorder Report)

Command Description Access Level

SER Use the SER command to display a chronological 
progression of all available SER rows (as many as 
1024 rows). Row 1 is the most recently triggered 
row and row 1024 is the oldest.

1

SER C or R Use this command to clear/reset the SER records. 1

Table 7.40 SER Command Format

Parameter Description

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. For example, use SER 1 10 to return the first 10 
rows in numeric order or SER 10 1 to return these same items in 
reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use 
SER 1/1/2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date 
beginning with date1 and ending with date2. Enter the oldest date 
first to display a chronological progression through the report. Enter 
the newest date first to display a reverse chronological progression. 
Date entries are dependent on the date format setting DATE_F. For 
example, use SER 1/5/2003 1/7/2003 to return all records for 
January 5, 6, and 7, 2003.
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SER D Command
The SER D command shows a list of SER items that the relay has automatic-
ally removed. These are “chattering” elements. You can automatically remove 
chattering SER elements in the SER Chatter Criteria category of the Report 
settings; the enable setting is ESERDEL. See Section 4: Protection and Logic 
Functions, Report Settings (SET R Command) for more information on SER 
automatic deletion and reinsertion.

If you issue the SER D command and you have not enabled automatic 
removal of chattering SER elements (Report setting ESERDEL), the relay 
responds, Automatic removal of chattering SER elements not enabled.

SET Command (Change Settings)
The SET command is for viewing or changing the relay settings 
(see Table 7.42 and Table 7.43).

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.44.

Table 7.41 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is 
removing from the SER records.

1

Table 7.42 SET Command (Change Settings) 

Command Description Access Level

SET n s TERSE Set the Relay settings, beginning at the first 
setting for group n (n = 1, 2, or 3).

2

SET L n s TERSE Set general logic settings for group n 
(n = 1, 2, or  3).

2

SET G s TERSE Set global settings. 2

SET P n s TERSE Set serial port settings. n specifies the PORT (1, 
2, 3, 4, or F); n defaults to the active port if not 
listed.

2

SET R s TERSE Set report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) set-
tings.

2

SET F s TERSE Set front-panel settings. 2

SET M s TERSE Set Modbus User Map settings. 2

SET DNP m s TERSE Set DNP Map m settings (m = 1, 2, or 3). 2

Table 7.43 SET Command Format

Parameter Description

s Append s, the name of the specific setting you want to view and jumps to 
this setting. If s is not entered, the relay starts at the first setting.

TERSE Append TERSE to skip the settings display after the last setting. Use this 
parameter to speed up the SET command. If you want to review the set-
tings before saving, do not use the TERSE option.
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The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.45 for the 
SHOW command settings and Table 7.46 for the command format.

Table 7.44 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.45 SHOW Command (Show/View Settings) 

Command Description Access Level

SHO n s Show Relay settings for group n (n = 1, 2, or 3). 1

SHO L n s Show general logic settings for group n 
(n = 1, 2, or 3).

1

SHO G s Show global settings. 1

SHO P n s Show serial port settings. n specifies the PORT (1, 2, 
3, 4, or F); n defaults to the active port if not listed.

1

SHO R s Show report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) settings.

1

SHO F s Show front-panel settings. 1

SHO M s Show Modbus User Map settings. 1

SHO DNP m s Show DNP Map m settings (m = 1, 2, or 3). 1

Table 7.46 SHOW Command Format

Parameter Description

s Appends, s, the name of the specific setting you want to view, and jumps to 
this setting. If s is not entered, the relay starts at the first setting.
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=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-751A
TID      := FEEDER RELAY

Config Settings
CTR      := 120           CTRN     := 120           PTR      := 180.00
PTRS     := 180.00        DELTA_Y  := DELTA         VNOM     := 120.00
SINGLEV  := N

Max Ph Overcurr
50P1P    := 10.00         50P1D    := 0.00
50P1TC   := 1
50P2P    := 10.00         50P2D    := 0.00
50P2TC   := 1
50P3P    := 10.00         50P3D    := 0.00
50P3TC   := 1
50P4P    := 10.00         50P4D    := 0.00
50P4TC   := 1

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF           50N3P    := OFF
50N4P    := OFF

Residual Overcurr
50G1P    := OFF           50G2P    := OFF           50G3P    := OFF
50G4P    := OFF

Neg Seq Overcurr
50Q1P    := OFF           50Q2P    := OFF           50Q3P    := OFF
50Q4P    := OFF

Phase TOC
51AP     := 6.00          51AC     := U3            51ATD    := 3.00
51ARS    := N             51ACT    := 0.00          51AMR    := 0.00
51ATC    := 1
51BP     := 6.00          51BC     := U3            51BTD    := 3.00
51BRS    := N             51BCT    := 0.00          51BMR    := 0.00
51BTC    := 1
51CP     := 6.00          51CC     := U3            51CTD    := 3.00
51CRS    := N             51CCT    := 0.00          51CMR    := 0.00
51CTC    := 1

Maximum Ph TOC
51P1P    := 6.00          51P1C    := U3            51P1TD   := 3.00
51P1RS   := N             51P1CT   := 0.00          51P1MR   := 0.00
51P1TC   := 1
51P2P    := 6.00          51P2C    := U3            51P2TD   := 3.00
51P2RS   := N             51P2CT   := 0.00          51P2MR   := 0.00
51P2TC   := 1

Negative Seq TOC
51QP     := 6.00          51QC     := U3            51QTD    := 3.00
51QRS    := N             51QCT    := 0.00          51QMR    := 0.00
51QTC    := 1

Neutral TOC
51N1P    := OFF           51N2P    := OFF

Residual TOC
51G1P    := 0.50          51G1C    := U3            51G1TD   := 1.50
51G1RS   := N             51G1CT   := 0.00          51G1MR   := 0.00
51G1TC   := 1
51G2P    := 0.50          51G2C    := U3            51G2TD   := 1.50
51G2RS   := N             51G2CT   := 0.00          51G2MR   := 0.00
51G2TC   := 1

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF           27S1P    := OFF
27S2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF
59Q1P    := OFF           59Q2P    := OFF           59S1P    := OFF
59S2P    := OFF

Figure 7.21 SHOW Command Example
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.47) displays the status report.

Refer to Section 10: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.48 shows the status report definitions and message formats for each test.

SyncCheck Set
E25      := N

LOP Setting
LOPBLK   := 0

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF           81D5TP   := OFF           81D6TP   := OFF

Rate of Frequency Set
E81R     := OFF

Fast Rate of Frequency Set
E81RF    := N

Demand Mtr Set
EDEM     := THM           DMTC     := 5             PHDEMP   := 5.00
GNDEMP   := 1.00          3I2DEMP  := 1.00

Power Elements
EPWR     := N

Trip/Close Logic
TDURD    := 0.5           CFD      := 1.0
TR       := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR
            59P2T OR 55T OR REMTRIP OR SV01 OR OC OR SV04T
REMTRIP  := 0
ULTRIP   := NOT ( 51P1P OR 51G1P OR 51N1P OR 52A )
52A      := 0
CL       := SV03T AND LT02 OR CC
ULCL     := 0

=>

Figure 7.21 SHOW Command Example (Continued)

Table 7.47 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Display the relay self-test information n times 
(n = 1–32767). Defaults to 1 if n is not specified.

1

STA S Display the memory and execution utilization for 
the SELOGIC control equations.

1

STA C or R Reboot the relay and clear self-test warning and 
failure status results.

2

Table 7.48 STATUS Command Report and Definitions (Sheet 1 of 2)

STATUS Report Designator Definition Message Format

Serial Num Serial number Number 

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

FPGA FPGA programming unsuccessful, or FPGA failed OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL
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Figure 7.22 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

NOTE: The STA S report gives the 
available SELOGIC capacity of the 
relay. In the example, Execution 90% 
means 90% of execution capacity is 
still available

HMI Front-panel FGPA programming unsuccessful, or front-panel FPGA 
failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that runs in RAM OK/FAIL

Non_Vol Integrity of data stored in nonvolatile memory OK/FAIL

Clock Clock functionality OK/WARN

RTD Integrity of RTD module/communications OK/FAIL

CID_FILE Configured IED description file OK/FAIL

x.x V Power supply status (Refer to Figure 1.3 and Figure 1.4 for examples of 
STATUS command responses)

Voltage/FAIL

BATT Clock battery voltage Voltage/WARN

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

CURRENT Integrity of current board OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications data rate ___kbps Text Data

DN_Status DeviceNet connection and fault status 000b bbbb Text Data

Current Offset (IA, IB, IC, IN) DC offset in hardware circuits of current channels DC OFFSET/WARN

Voltage Offset (VA, VB, VC, VS) DC offset in hardware circuits of voltage channels DC OFFSET/WARN

Table 7.48 STATUS Command Report and Definitions (Sheet 2 of 2)

STATUS Report Designator Definition Message Format

=>STA S <Enter>

SEL-751A                                 Date: 02/27/2007   Time: 15:04:16
FEEDER RELAY                             Time Source: Internal

Part Number  751A01BBX5X7186030X
Global (%)    81
FP (%)        69
Report (%)    96

               GROUP 1  GROUP 2  GROUP 3
Execution (%)   90       90       90
Group (%)       81       81       81
Logic (%)       89       89       89

=>

Figure 7.22 Typical Relay Output for STATUS S Command
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SUMMARY Command
The SUM command (see Table 7.49) displays an event summary in human-
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., Phase A 51 Trip).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.50 and Table 7.51) displays the status of 
front-panel target LEDs or Relay Word bit, whether these LEDs or Relay 
Word bits are asserted or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.52. All Relay Word 
rows are described in Table J.1 and Table J.2.

Relay Word bits are used in SELOGIC control equations. See Appendix J: 
Relay Word Bits.

The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

Table 7.49 SUMMARY Command

Command Description Access Level

SUM n The command without arguments displays the latest 
event summary. Use n to display particular event 
summary.

1

SUM R or C Use this command to clear the archive. 1

Table 7.50 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

TAR name k 
TAR n
TAR n k 

Use TAR without parameters to display 
Relay Word Row 0 or last displayed target row.

1

TAR R Clears front-panel tripping targets. Unlatches the 
trip logic for testing purposes (see Figure 8.1). 
Shows Relay Word Row 0.

1

Table 7.51 TARGET Command Format

Parameter Description

name Display the Relay Word row with Relay Word bit name.

n Show Relay Word row number n.

k Repeat k times (1–32767)

Table 7.52 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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TIME Command (View/Change Time)
The TIME command (see Table 7.53) returns information about the 
SEL-751A internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-751A 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.55) to trigger the SEL-751A to record 
data for high-resolution oscillography and event reports.

When you issue the TRI command, the SEL-751A responds with Triggered. 
If the event did not trigger within one second, the relay responds with Did not 
trigger. See Section 9: Analyzing Events for further details on event reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command (see Table 7.55) under the direction of SEL. The 
information contained in a vector report is formatted for SEL in-house use 
only. Your SEL application engineer or the factory may request a VEC 
command capture to help diagnose a relay or system problem.

Table 7.53 TIME Command (View/Change Time)

Command Description Access Level

TIME Display the present internal clock time. 1

TIME hh Set the internal clock to hh. 1

TIME hh:mm Set the internal clock to hh:mm. 1

TIME hh:mm:ss Set the internal clock to hh:mm:ss. 1

Table 7.54 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Trigger event report data capture. 1

Table 7.55 VEC Command 

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2
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Section 8
Front-Panel Operations

Overview
The SEL-751A Feeder Protection Relay front panel makes feeder data 
collection and control quick and efficient. Use the front panel to analyze 
operating information, view and change relay settings, and perform control 
functions. The SEL-751A features a straightforward menu-driven control 
structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LEDs give a clear indication of the SEL-751A 
operation status. The features that help you operate the relay from the front 
panel include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

➤ Viewing diagnostics

Front-Panel Layout
Figure 8.1 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 Serial Port (PORT F). See Section 7: Communications 
for details on the serial port.
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Figure 8.1 Front-Panel Overview

You can use the following features of the versatile front panel to customize it 
to your needs:

➤ Rotating display on the HMI

➤ Programmable target LEDs

➤ Programmable pushbutton LEDs

➤ Optional slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

Human-Machine Interface
Contrast You can adjust the LCD screen contrast to suit your viewing angle and 

lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-751A displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

i4143a

RECL RESET

RECL LOCKOUT

In Reclosing Models Only

AUX1

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.
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Front-Panel 
Automatic Messages

The relay displays automatic messages that override the rotating display under 
the conditions described in Table 8.1. Relay failure has the highest priority, 
followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure will still override the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-751A front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.2 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 password. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.3 for you to enter the password.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detecting any failure Displays the type of latest failure (see Section 10: Testing 
and Troubleshooting).

Relay trip has occurred Displays the type or cause of the latest trip. Refer to 
Table 9.1 for a list of trip display messages.

Relay alarm condition has 
occurred

Displays the type of alarm. The TRIP LED is also flashing 
during an alarm condition. See Table 8.3 for a list of the 
alarm conditions.
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Figure 8.3 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.36 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-751A provides a front-panel time-out, setting FP_TO. A timer resets 
every time you press a front-panel pushbutton. Once the time-out period 
expires, the access level resets to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Front-Panel Menus 
and Screens

Navigating the Menus
The SEL-751A front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD display. Use the keypad (shown in Figure 8.4) to maneuver 
within the front-panel menu structure, described in detail throughout the 
remainder of this section. Table 8.2 describes the function of each front-panel 
pushbutton.

Figure 8.4 Front-Panel Pushbuttons

Password=
Del Clr Accept
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Y Z . . . . . .
a b c d e f g h
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The SEL-751A automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu 
Figure 8.5 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Figure 8.5 Main Menu

Meter Menu
Select the Meter menu item from the MAIN menu as shown in Figure 8.6 to 
view metering data. The Meter menu has menu items for viewing different 
types of metering data like Fundamental, rms, Thermal, etc. Select the type of 
metering and view the data through use of the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow
Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow
Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC

Escape from the present menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT

Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.6 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy (or Max/
Min) menu item from the METER menu and select the Display menu item as 
shown in Figure 8.7.

Figure 8.7 METER Menu and ENERGY Submenu

You can reset energy (or Max/Min, Demand, Peak Demand) metering data 
from the front-panel HMI by selecting the Reset menu item in the Energy (or 
Max/Min, Demand, Peak Demand) menu. After selecting Reset and confirming 
the reset, the relay displays as shown in Figure 8.8.

Figure 8.8 Relay Response When Energy (or Max/Min, Demand, Peak 
Demand) Metering Is Reset

Assume that the relay configuration contains no analog input cards. In 
response to a request for analog data (selecting Analog Inputs), the device 
displays the message as shown in Figure 8.9.

Figure 8.9 Relay Response When No Analog Cards Are Installed

Assume that the math variables are not enabled. In response to a request for 
math variable data (selecting Math Variables), the device displays the 
message as shown in Figure 8.10.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

(Meter Selected)

ENERGY
Display
Reset

(Energy Selected)

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

Reset Complete

No Analog Input
Cards Present
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Figure 8.10 Relay Response When No Math Variables Enabled

Events Menu
Select the Events menu item from the MAIN menu as shown in Figure 8.11. 
EVENTS menu has Display and Clear as menu items. Select Display to view 
events and Clear to delete all the events data.

Figure 8.11 MAIN Menu and EVENTS Submenu

Figure 8.12 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.12 EVENTS Menu and DISPLAY Submenu

When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.13.

Figure 8.13 Relay Response When No Event Data Available

When you select Clear from the EVENTS menu and confirm the selection, the 
relay displays as shown in Figure 8.14 after it clears the events data.

Figure 8.14 Relay Response When Events Are Cleared

No Math
Variables
Enabled (see EMV 
Setting)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

EVENTS
Display
Clear

(Events Selected)

DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear

(Display Selected)

No Data
Available

Clearing
Complete
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Targets Menu
Select the Targets menu item on the MAIN menu as shown in Figure 8.15 to 
view the binary state of the target rows. Each target row has eight Relay Word 
bits as shown in Table J.1. 

Figure 8.15 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.16.

Figure 8.16 TARGETS Menu Navigation

Control Menu 
Select the Control menu item on the MAIN menu as shown in Figure 8.17 to go 
to the CONTROL menu. 

Figure 8.17 MAIN Menu and CONTROL Submenu

The CONTROL menu has Open, Close, Outputs, and Local Bits as menu items. 

Select the Open menu item to assert Relay Word bit OC that opens the breaker 
via the TR SELOGIC control equation (see Table 4.27 for the TR equation and 
Table J.2 for the definition of the OC bit). Note that this requires Level 2 
access.

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

(Targets Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

ENABLED=1
TRIP_LED=0
TLED_01=0
TLED_02=0
.
.
.

(Row 0 Selected)

CONTROL
Open
Close
Outputs
Local Bits

(Control Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Select the Close menu item to assert Relay Word bit CC that closes the 
breaker via the CL SELOGIC control equation (see Figure 4.34). Note that this 
requires Level 2 access.

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.18 to test (pulse) SEL-751A output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.18 CONTROL Menu and OUTPUTS Submenu

Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.118 
for more information), local bit 1 replaces a supervisory switch. Figure 8.19 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN). It then changes to asserted 
(SUPER SW = CLOSE) as shown in the final screen of Figure 8.19.

Figure 8.19 CONTROL Menu and LOCAL BITS Submenu

Set/Show Menu
Select the Set/Show menu item on the MAIN menu. Use the Set/Show menu to 
view or modify the settings (Global, Group, and Port), Active Group, Date, 
and Time. Note that modifying the settings requires Level 2 access.

CONTROL
Open
Close
Outputs
Local Bits

OUTPUTS
OUT101
OUT102
OUT103
.
.
.

(Outputs Selected)

LOCAL BITS
SUPERV SW = OPEN

SUPERV SW = OPEN
CLOSE

CLOSE
YES No

SUPERV SW = CLOSE
OPEN

CONTROL
Open
Close
Outputs
Local Bits

(Local Bits Selected)

(SUPERV SW Selected)

(CLOSE Selected)

(Yes Selected)
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Figure 8.20 MAIN Menu and SET/SHOW Submenu

Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made by using QuickSet or ASCII SET 
commands via a communications port.

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

(Set/Show Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.21 SET/SHOW Menu

Status Menu
Select the Status menu item on the MAIN menu as shown in Figure 8.22 to 
access Relay Status data and Reboot Relay. See STATUS Command (Relay 
Self-Test Status) on page 7.42 for the STATUS data field description.

Figure 8.22 MAIN Menu and Status Submenu
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Breaker Menu
Select the Breaker menu item on the MAIN menu as shown in Figure 8.23 to 
access Breaker Monitor data or Reset the data. See Breaker Monitor on 
page 5.18, in Section 5: Metering and Monitoring for a detailed description.

Figure 8.23 MAIN Menu and Breaker Submenu

Operation and Target LEDs
Programmable LEDs The SEL-751A provides quick confirmation of relay conditions via operation 

and target LEDs. Figure 8.24 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.119 for 
the SELOGIC control equations.

Figure 8.24 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.24. Parameter n is a number from 1 through 6 that indicates each 
LED. If the latch setting (T0nLEDL) for a certain LED is set to N, then the 
LED will follow the status of the corresponding control equation (T0n_LED). 
When the equation asserts, the LED will illuminate, and when the equation 
deasserts, the LED will extinguish. If the latch setting is set to Y, the LED will 
only assert if a trip condition occurs and the T0n_LED equation is asserted at 
the time of the trip. At this point, the LED will latch in. You can reset this 

(Breaker Selected)

BREAKER
Display
Reset

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

T01_LED

Factory-Default Label

T06_LED

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay.
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LED by using the TARGET RESET pushbutton or the TAR R command, as long 
as the target conditions are absent. For a concise listing of the default 
programming on the front-panel LEDs, see Table 4.71.

You can order the SEL-751A with optional slide-in labels for custom LED 
designations that match custom LED logic. The Configurable Label kit 
(includes blank labels, word processor templates, and instructions) is provided 
when the SEL-751A is ordered with the Configurable Labels option.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. For Relay 
Word bit definitions, see Appendix J: Relay Word Bits.

TARGET RESET 
Pushbutton

Target Reset
For a trip event, the SEL-751A latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.25 Target Reset Pushbutton

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Power Factor Warning 55A

RTD Warning WDGALRM+BRGALRM+AMBALRM+OTHALRM

RTD Failure RTDFLT

Comm Loss Warning COMMLOSS

Comm Idle Warning COMMIDLE
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Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the target LEDs; see Table 7.12 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.105 
for further information.

Front-Panel Operator 
Control Pushbuttons 

The SEL-751A features four operator-controlled pushbuttons, each with two 
programmable pushbutton LEDs, for local control as shown in Figure 8.26.

Figure 8.26 Operator Control Pushbuttons and LEDs

Pressing any one of these four pushbuttons asserts the corresponding PBn 
(n = 01 through 04) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable through the use of front-panel settings 
PBnm_LED (where n = 1 through 4 and m = A or B). PBnm _LED settings are 
SELOGIC control equations that, when asserted, illuminate the corresponding 
LED for as long as the input is asserted. When the input deasserts, the LED 
also deasserts without latching. 

Factory-Default
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Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the optional slide-in label to mark the 
pushbuttons and pushbutton LEDs with custom names to reflect any 
programming changes that you make. Included on the SEL-751A Product 
Literature CD are word processor templates for printing slide-in labels. See 
the instructions included in the Configurable Label kit for more information 
on changing the slide-in labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-751A Front-Panel Operator Control Functions 

Press the AUX 1 operator control pushbutton to enable/disable user-programmed auxiliary 
control. You can program the corresponding LED to illuminate during the enabled state.

NOTE: The AUX 1 operator control does not perform any function with the factory 
settings.

For Models With Reclosing Option:

The pushbutton is not used in the factory settings, but you can easily program it to perform a 
user control function.

The top LED is programmed to indicate RECL RESET (Relay Word bit 79RS—reclosing 
relay in RESET state) in the factory settings. The bottom LED is programmed to indicate 
RECL LOCKOUT (Relay Word bit 79LO—reclosing relay in LOCKOUT state).

Continually press the LOCK operator control pushbutton for three (3) seconds to engage/dis-
engage the lock function (Latch LT02 functions as Lock with the latch in reset state equiva-
lent to the engaged lock). While this pushbutton is pressed, the corresponding LED flashes 
on and off, indicating a pending engagement or disengagement of the lock function. The 
LED illuminates constantly to indicate the engaged state. While the lock function is 
engaged, the following operator control is “locked in position” (assuming factory-default 
settings): CLOSE.

While “locked in position,” this operator control cannot change state if pressed—the corre-
sponding LEDs remain in the same state. When the lock function is engaged, the CLOSE 
operator control cannot close the breaker, but the TRIP operator control can still trip the 
breaker.

Press the CLOSE operator control pushbutton to close the breaker. Corresponding BREAKER 
CLOSED LED illuminates to indicate that the breaker is closed.

Option: Set a delay, so that the operator can press the CLOSE operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a close 
(the CLOSE operator control comes with no set delay in the factory settings). With a set 
delay, press the CLOSE operator control pushbutton momentarily, and notice that the cor-
responding BREAKER CLOSED LED flashes on and off during the delay time, indicating a 
pending close. Abort the pending close by pressing the CLOSE operator control pushbut-
ton again or by pressing the TRIP operator control pushbutton. This delay setting for the 
CLOSE operator control is SV03PU (range: 0 to 3000 seconds; factory-set at 0—no delay). 
The delay is set via the SET L command. See Table 4.38 for more information.

Press the TRIP operator control pushbutton to trip the breaker (and take the control to the 
lockout state). Corresponding BREAKER OPEN LED illuminates to indicate the breaker is open.

Option: Set a delay, so that the operator can press the TRIP operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a trip 
(the TRIP operator control comes with no set delay in the factory settings). With a set 
delay, press the TRIP operator control pushbutton momentarily and notice that the corre-
sponding BREAKER OPEN LED flashes on and off during the delay time, indicating a pend-
ing trip. Abort the pending trip by pressing the TRIP operator control pushbutton again or 
by pressing the CLOSE operator control pushbutton. This delay setting for the TRIP opera-
tor control is SV04PU (range: 0 to 3000 seconds; factory-set at 0—no delay). The delay 
is set via the SET L command. See Table 4.38 for more information.

AUX1

RECL RESET

RECL LOCKOUT

ENABLED

DISABLED
LOCK

BLOCK CLOSE

BREAKER CLOSED 
CLOSE

BREAKER OPEN
TRIP
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Section 9
Analyzing Events

Overview
The SEL-751A Feeder Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected equipment 
to service.

➤ Event Reporting

➢ Event Summary Reports

➢ Event History Reports

➢ Event Reports

➤ Sequential Events Recorder Report

➢ Resolution: 1 ms

➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-751A will not result in lost data.

Event 
Reporting

Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table J.1)

NOTE:  Arc-flash sensor light 
values and frequency are available 
only in Compressed ASCII event 
reports (CEV or CEV R commands).
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➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

➤ Group, Logic, Global, and Report settings (that were in service 
when the event was retrieved)

Compressed Event 
Reports

The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT command 
to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 
Additionally, the SEL-751A Compressed Event (CEV command) report 
includes four analog channels for the % arc-flash sensor light values and 
frequency measurements that are not available in the regular ASCII Event 
(EVE command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-751A provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15 or 64 cycles. Prefault length is 
1–10 cycles for LER = 15 and 1–59 cycles for LER = 64. Prefault length is the 
first part of the total event report length and precedes the event report 
triggering point. Changing the PRE setting has no effect on the stored reports. 
The relay stores as many as 19 of the most recent 64-cycle or as many as 77 of 
the most recent 15-cycle event reports in nonvolatile memory. Refer to the 
SET R command in SET Command (Change Settings) on page 7.39 and 
Report Settings (SET R Command) on page SET.57.

Triggering The SEL-751A triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TRIP asserts

➤ Programmable SELOGIC control equation setting ER asserts 
(in Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

IMPORTANT: Changing the LER 
setting will clear all events in 
memory. Be sure to save critical 
event data prior to changing the LER 
setting.
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Relay Word Bit TR
Refer to Figure 4.33. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.39). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-751A is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.123.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.45 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 77 of the most recent event summaries (if event 
report length setting LER := 15); or, as many as 19 (if LER := 64). When the 
relay stores a new event summary, it discards the oldest event and event 
summary if the event memory is full. Event summaries contain the following 
information:

➤ Relay and Terminal Identification (RID and TID) 

➤ Event number, date, time, event type, and frequency (see 
Table 9.1)

➤ The primary magnitudes of line, neutral and residual currents

➤ The primary magnitudes of the line to neutral voltages and 
residual voltage (if DELTA_Y := WYE) or phase-to-phase 
voltages (if DELTA_Y := DELTA), optional Voltage Inputs 
card necessary

➤ Hottest RTD temperatures, SEL-2600 RTD Module or internal 
RTD card option necessary

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end (See Figure 9.3). The example event summary 
in Figure 9.1 corresponds to the standard 15-cycle event report in Figure 9.3. 

IMPORTANT: Clearing the 
HISTORY report with the HIS C 
command also clears all event data 
within the SEL-751A event memory.

NOTE: Figure 9.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 9.1. The 
event type designations AG through CAG are only entered in the Event field if 
the fault type is determined successfully.

The relay processes the TRIP type in the same order shown in Table 9.1, 
starting from the top with Arc-Flash Trip. As soon as it reaches an active TRIP 
type it stops the process of looking for TRIP type. If it reaches the bottom of 
the table without finding a TRIP type then it simply calls it TRIP as shown in 
the table.

=>>SUM <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 13:58:23.629
FEEDER RELAY

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052
EVENT LOGS =  7

Event:     Trigger
Targets    10000000
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)     110.7         107.5         103.3          0.24     7.24

Voltage Mag
       VAN    VBN    VCN    VG
(V)   11476  11482  11503    150

=>>

Figure 9.1 Example Event Summary

Table 9.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3 OR TOL4) AND TRIP

AG, BG, CG Single phase-to-ground faults. Appends T if any overcurrent trip asserted.

ABC Three-phase faults. Appends T if any overcurrent trip asserted.

AB, BC, CA Phase-to-phase faults. Appends T if any overcurrent trip asserted.

ABG, BCG, CAGa Phase-to-phase-to-ground faults. Appends T if any overcurrent trip asserted.

Phase A1 50 Trip 50A1P AND 50P1T AND TRIP

Phase B1 50 Trip 50B1P AND 50P1T AND TRIP

Phase C1 50 Trip 50C1P AND 50P1T AND TRIP

Phase 50 Trip (50P2T OR 50P3T OR 50P4T) AND TRIP

GND/NEUT 50 Trip (50N1T OR 50N2T OR 50N3T OR 50N4T OR 50G1T OR 50G2T OR 50G3T OR 50G4T) AND 
TRIP

NEG SEQ 50 Trip (50Q1T OR 50Q2T OR 50Q3T OR 50Q4T) AND TRIP

Phase A 51 Trip 51AT AND TRIP

Phase B 51 Trip 51BT AND TRIP

Phase C 51 Trip 51CT AND TRIP

Phase 51 Trip (51P1T OR 51P2T) AND TRIP
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GND/NEUT 51 Trip (51N1T OR 51N2T OR 51G1T OR 51G2T) AND TRIP

NEG SEQ 51 Trip (51QT) AND TRIP

59 Trip (59P1T OR 59P2T OR 59G1T OR 59G2T OR 59Q1T OR 59Q2T) AND TRIP

55 Trip 55T AND TRIP

Underfreq 81 Trip (81DnT AND TRIP) when 81DnTP < FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

Overfreq 81 Trip (81DnT AND TRIP) when 81DnTP > FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

PowerElemnt Trip (3PWR1T OR 3PWR2T) AND TRIP

RTD Trip (WDGTRIP OR BRGTRIP OR AMBTRIP OR OTHTRIP) AND TRIP

Remote Trip REMTRIP AND TRIP

27 Trip (27P1T OR 27P2T) AND NOT LOP AND TRIP

RTD Fail Trip RTDFLT AND TRIP

Breaker Failure Trip BFT AND TRIP

CommIdleLossTrip (COMMIDLE OR COMMLOSS) AND TRIP

Trigger Serial port TRI command

ER Trigger ER Equation assertion. Phase involvement is indeterminate.

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no active TRIP exists

a The GFLT bit asserts if any one of the residual overcurrent or residual time-overcurrent Relay Word bits pick up during the event. When 
Phase_A, Phase_B, Phase_C, or GFLT are set to latch target LEDs, latching can only occur when TRIP occurs after the event trigger and 
within the event. Phase_A, Phase_B, Phase_C, and GFLT bits assert for a fixed duration of (LER–PRE–0.75) cycles.

Table 9.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic

Table 9.2 Phase Involvement Event Type (Sheet 1 of 2)

Type Condition

ABC PHASE_A * PHASE_B * PHASE_C * NOT TRIP

AB PHASE_A * PHASE_B * NOT TRIP

BC PHASE_B * PHASE_C * NOT TRIP

CA PHASE_C * PHASE_A * NOT TRIP

ABG PHASE_A * PHASE_B * GFLT * NOT TRIP

BCG PHASE_B * PHASE_C * GFLT * NOT TRIP

CAG PHASE_C * PHASE_A * GFLT * NOT TRIP

AG PHASE_A * NOT TRIP

BG PHASE_B * NOT TRIP

CG PHASE_C * NOT TRIP

ABC T PHASE_A * PHASE_B * PHASE_C * TRIP

AB T PHASE_A * PHASE_B * TRIP

BC T PHASE_B * PHASE_C * TRIP

CA T PHASE_C * PHASE_A * TRIP

ABG T PHASE_A * PHASE_B * GFLT * TRIP

BCG T PHASE_B * PHASE_C * GFLT * TRIP

CAG T PHASE_C * PHASE_A * GFLT * TRIP
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The event type logic (PHASE_A, PHASE_B, PHASE_C) uses Relay Word 
bits FSA, FSB, and FSC to help determine the fault type and to select the 
appropriate fault location method. The SEL-751A asserts one of the Relay 
Word bits FSA, FSB, or FSC based on the magnitude and angle difference of 
negative- and zero-sequence current. The A-, B-, or C-phase naming of the 
FSA, FSB, and FSC Relay Word bits does not directly translate to assertion of 
PHASE_A, PHASE_B, PHASE_C. When the relay processes a new EVENT, 
the status of the FSA, FSB, and FSC Relay Word bits help to determine which 
phase (PHASE_A, PHASE_B, PHASE_C) to assert.

If FSA, FSB, or FSC Relay Word bits are not asserted, the relay further 
evaluates the event type based on the negative-sequence current magnitude. If 
|I2| < 0.2 * |I1|, Phase_A, Phase_B, and Phase_C Relay Word bits are asserted. 
The SELOGIC control equation FAULT has to be picked up for three-phase 
fault indication. If |I2| < 0.2 * |I1| condition is not satisfied, the relay evaluates 
the fault type based on the magnitude of maximum phase-to-phase current 
IPPmax to assert the combination of PHASE_A or PHASE_B or PHASE_C 
Relay Word bits.

Phase_A and Phase_B are asserted if current IAB = IPPmax.

Phase_B and Phase_C are asserted if current IBC = IPPmax.

Phase_C and Phase_A are asserted if current ICA = IPPmax.

If any ground or neutral Relay Word bits are asserted, the relay sets the GFLT 
Relay Word bit.

If PHASE_A, PHASE_B, or PHASE_C assert, the type in Table 9.1 is 
replaced by the type in Table 9.2.

Currents, Voltages, and RTD Temperatures
The relay determines the maximum phase current during an event. The instant 
the maximum phase current occurs is marked by an asterisk (*) in the event 
report (see Figure 9.3). This row of data corresponds to the analogs shown in 
the summary report for the event.

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum current was measured. The currents displayed are listed 
below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

The Voltage Mag fields display primary voltage magnitudes at the instant 
maximum current was measured. The voltages displayed are listed below:

➤ DELTA_Y := WYE

➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)

➢ Residual Voltage VG, calculated from VA, VB, VC

AG T PHASE_A * TRIP

BG T PHASE_B * TRIP

CG T PHASE_C * TRIP

Table 9.2 Phase Involvement Event Type (Sheet 2 of 2)

Type Condition
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➤ DELTA_Y := DELTA

➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 9.2 for a sample event history. Use this report to view 
the events that are presently stored in the SEL-751A.

The event history contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➢ Time source (if IRIG-B model)

➤ Event number, date, time, event type (see Table 9.1)

➤ Maximum feeder current

➤ Frequency

➤ Target LED status

Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within QuickSet. View and download history 
reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.31 for information on the HIS command.

=>>HIS <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 15:06:13
FEEDER RELAY                             Time Source: Internal

FID = SEL-751A-R100-V0-Z001001-D20070410

# DATE TIME EVENT CURRENT FREQ TARGETS

1 02/28/2007 13:58:23.629 Trigger 110.7 60.0 10000000

2 02/28/2007    13:54:10.003 Phase 51 Trip 1170.1 60.0  11010001

3 02/28/2007   13:54:09.607 ER Trigger 1190.1 60.0 11010001

4 02/28/2007    13:47:36.121 Phase 51 Trip 1172.4 59.9  11010000

5 02/28/2007    13:47:35.725 ER Trigger 1171.7 59.9 10000000

6 02/28/2007    13:43:30.393 Phase 51 Trip  483.9 60.1  11010001

7 02/28/2007    13:43:29.347 ER Trigger  484.9 60.0 11010001

=>>

Event 
Number

Event Type Maximum 
Current

Frequency User-
Defined 

Target LEDs

Figure 9.2 Sample Event History
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Use the front-panel MAIN > Events > Display menu to display event history 
data on the SEL-751A front-panel display.

Use the QuickSet software to retrieve the relay event history. View the Relay 
Event History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This will 
clear all event summaries, history records, and reports.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event Summary

➤ Settings in service at the time of event retrieval, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. 

Filtered and Unfiltered Event Reports
The SEL-751A samples the power system measurands (ac voltage and ac 
current) 16 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, use the EVE R command to select the 
unfiltered event report. Use the unfiltered event reports to observe power 
system conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the report.

Event Report Column Definitions
Refer to the example event report in Figure 9.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

NOTE: Figure 9.3 is on multiple 
pages.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the serial port SUM command (see 
SUMMARY Command on page 7.44) to retrieve event summary reports. 

Table 9.3 summarizes the event summary report current and voltage columns. 
Table 9.4 summarizes the event summary report output, input, protection, and 
control element columns.
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Table 9.3 Event Report Current and Voltage Columns 

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

VS Voltage measured by channel VS (terminals VS, NS) (primary V)

VDC Voltage measured by channel VDC (terminals VBAT+, VBAT-)

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

51ABC .
A
B
C
a
b
c
3

51A, B, and C Elements in reset state

51AP AND NOT (51BP OR 51CP)

51BP AND NOT (51AP OR 51CP)

51CP AND NOT (51AP OR 51BP)

51AP AND 51BP AND NOT 51CP

51BP AND 51CP AND NOT 51AP

51CP AND 51AP AND NOT 51BP

51AP AND 51BP AND 51AC

51P 1
2
3

51P1P AND NOT 51P2P 

51P2P AND NOT 51P1P

51P1P AND 51P2P

51N 1
2
3

51N1P AND NOT 51N2P

51N2P AND NOT 51N1P

51N1P AND 51N2P

51G 1
2
3

51G1P AND NOT 51G2P

51G2P AND NOT 51G1P

51G1P AND 51G2P

51Q 1 51QP
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Note that the ac values change from plus to minus (–) values in Figure 9.3, 
indicating the sinusoidal nature of the waveforms.

50P 1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

50P1P AND NOT (50P2P OR 50P3P OR 50P4P)

50P2P AND NOT (50P1P OR 50P3P OR 50P4P)

50P3P AND NOT (50P1P OR 50P2P OR 50P4P)

50P4P AND NOT (50P1P OR 50P2P OR 50P3P)

50P1P AND 50P2P

50P1P AND 50P3P

50P1P AND 50P4P

50P2P AND 50P3P

50P2P AND 50P4P

50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P

50P1P AND 50P2P AND 50P4P

50P1P AND 50P3P AND 50P4P

50P2P AND 50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P AND 50P4P

50NQG N
Q
G
a
b
c
3

50N1P OR 50N2P OR 50N3P OR 50N4P

50Q1P OR 50Q2P OR 50Q3P OR 50Q4P

50G1P OR 50G2P OR 50G3P OR 50G4P

50NxP AND 50QyP, x, y = any from 1-4

50QxP AND 50GyP, x, y = any from 1-4

50GxP AND 50NyP, x, y = any from 1-4

50NxP AND 50QyP AND 50GzP, x, y, z = any from 
1-4

81 1 81D1T OR 81D2T OR 81D3T OR 81D4T OR 
81D5T OR 81D6T

RTD Wdga,b w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brga,b b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth a,b o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb a,b a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD Inb 1 RTDIN

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

a SEL-2600 RTD Module or RTD card necessary.
b These quantities are not displayed when the relay has the voltage card option with VS (sync 

voltage) and VDC (battery voltage) inputs. 

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description
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Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 9.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 9.5 shows how you can convert event report current 
column data to phasor rms current values.

Example 15-Cycle 
Event Report

The following example of a standard 15-cycle event report in Figure 9.3 also 
corresponds to the example SER report in Figure 9.6. 

In Figure 9.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the DC column identifies the row with 
the maximum phase current. The SEL-751A calculates the maximum phase 
current from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 9.4 and Figure 9.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

=>>EVE <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 13:40:26.270 Date and Time of Event

FEEDER RELAY

Serial Number=000000000000000
FID=SEL-751A-X215-V0-Z003002-D20080530   CID=0E1E
                                                               55555 55 8   O
                                                               11111 00 1 I u
                                                               A      N   n t
      Currents (A Pri)            Voltages (V Pri)             B      Q   1 13
    IA    IB    IC    IN    IG     VA     VB     VC     VS VDC CPNGQ PG   2 2 
[1]

 -1739   467  1277  -0.0   4.2  -7429  -3317  10679  -7178  48 33... F. . . .3 Optional Voltage Card Required

449 -1735  1256   0.0 -30.0   7994 -10399   2259   8071  48 33... F. . . .3
  1741  -468 -1279   0.0  -6.0   7421   3323 -10681   7173  48 33... F. . . .3
  -454  1736 -1258   0.0  24.0  -7999  10395  -2255  -8080  48 33... F. . . .3

[2]
 -1742   466  1278  -0.0   1.8  -7418  -3332  10679  -7171  48 33... F. . . .3
   454 -1737  1258  -0.0 -25.2   7999 -10397   2246   8084  48 33... F. . . .3
  1738  -465 -1283   0.0 -10.2   7412   3334 -10685   7162  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8006  10391  -2243  -8087  48 33... F. . . .3

One Cycle of Data

[3]
 -1737   461  1283   0.0   7.2  -7409  -3341  10685  -7160  48 33... F. . . .3
   455 -1737  1258  -0.0 -24.0   8010 -10393   2236   8089  48 33... F. . . .3
  1735  -460 -1284  -0.0  -9.6   7402   3346 -10688   7153  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8015  10388  -2232  -8095  48 33... F. . . .3
[4]
 -1738   460  1282   0.0   3.6  -7402  -3353  10687  -7151  48 33... F. . . .3
   457 -1737  1255  -0.0 -25.2   8015 -10388   2225   8096  48 33... F. . . .3
  1737  -463 -1286  -0.0 -12.0   7396   3357 -10690   7146  48 33... F. . . .3
  -459  1736 -1257   0.0  19.8  -8021  10384  -2219  -8102  48 33... F. . . .3
[5]
 -1737   459  1285  -0.0   6.6  -7393  -3366  10690  -7142  48 33... F. . . .3

 497 -1736  1255  -0.0  15.6   8024 -10384   2212   8104  48*33... F. . . .3 Maximum Phase Current

 1363  -460 -1287   0.0  -384   7385   3368 -10692   7137  48 33.3. F. . . .3

 -346  1738 -1256   0.0   136  -8030  10379  -2209  -8109  48>33.3. F. . . .3 Trigger Row

[6]
  -788   458  1286  -0.0   956  -7384  -3377  10690  -7135  48 33.31 F. . . .3
   153 -1739  1254  -0.0  -332   8033 -10377   2200   8111  48 33.31 F. . . .3
   581  -458 -1286   0.0 -1163   7376   3379 -10694   7128  48 b3.31 F. . . .3
  -155  1738 -1255   0.0   328  -8039  10375  -2198  -8116  48 b3.31 F. . . .3

See Figure 9.4 and Figure 9.5

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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[7]
  -583   454  1283  -0.0  1154  -7373  -3386  10692  -7126  48 b3.31 F. . . .3
   154 -1737  1253   0.0  -331   8039 -10377   2191   8120  48 b3.31 F. . . .3
   581  -454 -1288   0.0 -1160   7367   3391 -10696   7119  48 b3.31 F. . . .3
  -155  1735 -1252   0.0   327  -8044  10373  -2187  -8127  48 b3.31 F. . . .3

[8]
  -582   453  1289   0.0  1160  -7367  -3400  10696  -7115  48 b3.31 F. . . .3
   154 -1739  1249  -0.0  -337   8048 -10372   2178   8127  48 b3.31 F. . . .3
   580  -452 -1291   0.0 -1163   7358   3404 -10699   7108  48 b3.31 F. . . .3
  -155  1738 -1249   0.0   333  -8055  10368  -2173  -8134  48 b3.31 F. . . .3
[9]
  -584   450  1291  -0.0  1157  -7357  -3411  10699  -7106  48 b3.31 F. . . .3
   156 -1738  1247  -0.0  -335   8059 -10370   2165   8136  48 b3.31 F. . . .3
   581  -451 -1293   0.0 -1163   7351   3413 -10701   7101  48 b3.31 F. . . .3
  -159  1737 -1248   0.0   330  -8064  10366  -2162  -8141  48 b3.31 F. . . .3
[10]
  -582   449  1292  -0.0  1159  -7348  -3422  10699  -7097  48 b3.31 F. . . .3
   156 -1737  1247  -0.0  -334   8064 -10366   2155   8143  48 b3.31 F. . . .3
   580  -450 -1297  -0.0 -1167   7340   3427 -10705   7090  48 b3.31 F. . . .3
  -157  1738 -1248   0.0   333  -8071  10361  -2151  -8150  48 b3.31 F. . . .3
[11]
  -583   449  1296   0.0  1162  -7339  -3434  10705  -7088  48 b3.31 F. . . .3
   156 -1741  1245  -0.0  -340   8073 -10359   2140   8152  48 b3.31 F. . . .3
   581  -448 -1295   0.0 -1162   7333   3438 -10706   7083  48 b3.31 F. . . .3
  -159  1738 -1246   0.0   333  -8078  10355  -2137  -8158  48 b3.31 F. . . .3
[12]
  -583   446  1294  -0.0  1157  -7331  -3445  10706  -7081  48 b3.31 F. . . .3
   156 -1519  1243  -0.0  -121   8080 -10355   2128   8159  48 b3.31 F. . . .3
   581  -276 -1296   0.0  -991   7322   3449 -10708   7074  48 b3.31 F. . . .3
-158   941 -1243   0.0  -460  -8086  10352  -2124  -8165  48 b3.31 F. . . .3

[13]
  -582   124  1296  -0.0   838  -7319  -3456  10706  -7072  48 b3.31 F. . . .3
   158  -586   981  -0.0   553   8089 -10354   2117   8168  48 C3.31 F. . . .3
   581  -149 -1085   0.0  -652   7313   3461 -10710   7065  48 C3.31 F. . . .3
  -160   585  -569   0.0  -145  -8096  10350  -2111  -8174  48 C3.3. F. . . .3
[14]
  -583   145   651  -0.0   212  -7310  -3469  10710  -7061  48 C3.3. .. . . .3
   158  -585   413  -0.0 -13.8   8096 -10350   2106   8174  48 C3.3. .. . . .3
   581  -146  -436   0.0  -0.6   7304   3472 -10714   7056  48 ..... .. . . .3
  -159   583  -414   0.0   9.6  -8104  10346  -2102  -8181  48 ..... .. . . .3
[15]
  -581   146   435  -0.0   0.0  -7303  -3479  10714  -7052  48 ..... .. . . .3
   157  -584   413  -0.0 -14.4   8107 -10346   2093   8183  48 ..... .. . . .3
   579  -148  -436   0.0  -4.2   7297   3483 -10715   7047  48 ..... .. . . .3
  -158   584  -414   0.0  12.0  -8111  10341  -2088  -8188  48 ..... .. . . ..

Serial No = 2008xxxxxxxxxxx

FID = SEL-751A-X215-V0-Z003002-D20080530                CID = 0E1E Firmware Identifier and 
Firmware Checksum Identifier

EVENT LOGS =  2

Event:     ER Trigger
Targets    11100001
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)    1806.6        1796.0        1796.0          0.00    16.94

Voltage Mag
       VAN    VBN    VCN    VG
(V)   10910  10916  10916    162

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     
FAULT   := 50G1P OR 50N1P OR 51P1P OR 51QP OR 50Q1P OR TRIP
EMP     := N       TGR     := 3       
SS1     := 1
SS2     := 0
SS3     := 0

52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

AO301AQ :=OFF
DCLOP   := OFF     DCHIP   := OFF     

IN101D  := 10      IN102D  := 10      
IN301D  := 10      IN302D  := 10      IN303D  := 10      IN401D  := 10      
IN402D  := 10      IN403D  := 10      IN404D  := 10      

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0

DSABLSET:= 0

Group Settings

RID     := SEL-751A         
TID     := FEEDER RELAY     
CTR     := 120     CTRN    := 120     PTR     := 180.00  PTRS    := 180.00  
DELTA_Y := WYE     VNOM    := 120.00  SINGLEV := N       

50P1P   := 10.00   50P1D   := 0.00    50P1TC  := 1
50P2P   := 10.00   50P2D   := 0.00    50P2TC  := 1
50P3P   := 10.00   50P3D   := 0.00    50P3TC  := 1
50P4P   := 10.00   50P4D   := 0.00    50P4TC  := 1
50N1P   := OFF     50N2P   := OFF     50N3P   := OFF     50N4P   := OFF     
50G1P   := OFF     50G2P   := OFF     50G3P   := OFF     50G4P   := OFF     
50Q1P   := OFF     50Q2P   := OFF     50Q3P   := OFF     50Q4P   := OFF     

51AP    := 6.00    
51AC    := U3      51ATD   := 3.00    51ARS   := N       
51ACT   := 0.00    51AMR   := 0.00    51ATC   := 1

51BP    := 6.00    51BC    := U3      51BTD   := 3.00    51BRS   := N       
51BCT   := 0.00    51BMR   := 0.00    51BTC   := 1
51CP    := 6.00    51CC    := U3      51CTD   := 3.00    51CRS   := N       

51CCT   := 0.00    51CMR   := 0.00    51CTC   := 1

51P1P   := 6.00    51P1C   := U3      51P1TD  := 3.00    51P1RS  := N       
51P1CT  := 0.00    51P1MR  := 0.00    51P1TC  := 1

51P2P   := 6.00    51P2C   := U3      51P2TD  := 3.00    51P2RS  := N       
51P2CT  := 0.00    51P2MR  := 0.00    51P2TC  := 1

51QP    := 6.00    51QC    := U3      51QTD   := 3.00    51QRS   := N       
51QCT   := 0.00    51QMR   := 0.00    51QTC   := 1

51N1P   := OFF     51N2P   := OFF     51G1P   := 0.50    51G1C   := U3      
51G1TD  := 1.50    51G1RS  := N       
51G1CT  := 0.00    51G1MR  := 0.00    51G1TC  := 1

51G2P   := 0.50    51G2C   := U3      51G2TD  := 1.50    51G2RS  := N       
51G2CT  := 0.00    51G2MR  := 0.00    51G2TC  := 1
E49RTD  := NONE    
27P1P   := OFF     27P2P   := OFF     27S1P   := OFF     27S2P   := OFF     

59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     59S1P   := OFF     
59S2P   := OFF     

E25     := N       
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

TDURD   := 0.5     CFD     := 1.0     
TR      := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR 59P2T OR 55T OR 

REMTRIP OR SV01 OR OC OR SV04T
REMTRIP := 0
ULTRIP  := NOT (51P1P OR 51G1P OR 51N1P OR 52A)
52A     := 0
CL      := SV03T AND LT02 OR CC
ULCL    := 0
E79     := OFF 
Report Settings

ESERDEL := N       

SER1    := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 PB02 PB03 PB04 
SER2    := CLOSE 52A CC 
SER3    := 81D1T 81D2T 
SER4    := SALARM 

EALIAS  := 4       

ALIAS1  :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS2  :=PB02 FP_LOCK PICKUP DROPOUT
ALIAS3  :=PB03 FP_CLOSE PICKUP DROPOUT
ALIAS4  :=PB04 FP_TRIP PICKUP DROPOUT

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 and Figure 9.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 9.3. Figure 9.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 9.5 shows how you can convert the event report current column data to 
phasor rms values. Voltages processing occurs similarly.

In Figure 9.4, note that you can use any two rows of current data from the 
event report in Figure 9.3, 1/4 cycle apart, to calculate rms current values.

ER      := R_TRIG 51P1P OR R_TRIG 51G1P OR R_TRIG 50P1P OR R_TRIG 50G1P OR R_TRIG 51N1P OR R_TRIG CF
LER     := 15      PRE     := 5       

LDLIST  := NA 

LDAR    := 15      

Logic Settings

ELAT    := 4       ESV     := 5       ESC     := N       EMV     := N       

SET01   := NA
RST01   := NA
SET02   := R_TRIG SV02T AND NOT LT02
RST02   := R_TRIG SV02T AND LT02
SET03   := PB03_PUL AND LT02 AND NOT 52A
RST03   := (PB03_PUL OR PB04_PUL OR SV03T) AND LT03
SET04   := PB04_PUL AND 52A
RST04   := (PB03_PUL OR PB04_PUL OR SV04T) AND LT04

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT LOP
SV02PU  := 3.00    SV02DO  := 0.00    
SV02    := PB02
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := LT03
SV04PU  := 0.00    SV04DO  := 0.00    
SV04    := LT04
SV05PU  := 0.25    SV05DO  := 0.25    
SV05    := (PB02 OR LT03 OR LT04) AND NOT SV05T

OUT101FS:= Y       OUT101  := HALARM OR SALARM
OUT102FS:= N       OUT102  := CLOSE
OUT103FS:= N       OUT103  := TRIP
OUT301FS:= N       OUT301  := 0
OUT302FS:= N       OUT302  := 0
OUT303FS:= N       OUT303  := 0
OUT304FS:= N       OUT304  := 0
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 9.5, note that you can use two rows of current data from the event 
report in Figure 9.3, 1/4 cycle apart, to calculate phasor rms current values. In 
Figure 9.5, at the present sample, the phasor rms current value is:

Equation 9.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 9.2

(752.0)2 + (–941.0)2 = 1204

(–750.3)2 + (940.7)2 = 1204

(–941.0)2 + (–750.3)2 = 1204

Event Report Column
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Figure 9.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values
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NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Sequential Events Recorder (SER) Report
The SER report captures relay element state changes during an extended 
period. SER report data are useful in commissioning tests and root-cause 
analysis studies. SER information is stored when state changes occur. The 
report records the most recent 1024 state changes if a relay element is listed in 
the SER trigger equations. 

SER Triggering Use settings SER1 through SER4 to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements. The relay 
adds a message to the SER to indicate power up or settings change conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases You can use the ALIAS settings to rename as many as 20 of the SER trigger 
conditions. For instance, the factory-default alias setting 2 renames Relay 
Word bit PB02 for reporting in the SER:

ALIAS2:= PB02 FP_LOCK PICKUP DROPOUT

When Relay Word bit PB02 is asserted, the SER report will show the date and 
time of FP_LOCK PICKUP. When Relay Word bit PB02 is deasserted, the 
SER report will show the date and time of FP_LOCK DROPOUT. With this 
and other alias assignments, the SER record is easier for the operator to 
review. See Relay Word Bit Aliases on page 4.122 for additional details.

See SER Command (Sequential Events Recorder Report) on page 7.38 for 
details on retrieving and clearing SER reports with the SER command.

Example SER Report The example SER report in Figure 9.6 includes records of events that occurred 
before the beginning of the event summary report in Figure 9.3. 

Relay Powered Up
.
.
.
Relay Settings Changed

=>SER 8 <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 16:34:28
FEEDER RELAY                             Time Source: Internal

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052

#      DATE         TIME               ELEMENT              STATE
8   02/28/2007  13:54:09.602   51P1P                     Asserted
7   02/28/2007  13:54:09.602   51AP                      Asserted
6   02/28/2007  13:54:10.003   51P1T                     Asserted
5   02/28/2007  13:54:10.003   TRIP                      Asserted
4   02/28/2007  13:54:10.219   51P1P                     Deasserted
3   02/28/2007  13:54:10.219   51AP                      Deasserted
2   02/28/2007  13:54:10.236   51P1T                     Deasserted
1   02/28/2007  13:54:10.511   TRIP                      Deasserted
=>

Figure 9.6 Example Sequential Events Recorder (SER) Event Report



This page intentionally left blank



Date Code 20220610 Instruction Manual SEL-751A Relay

WARNING

Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Firmware
Determining the 
Firmware Version

To determine the firmware version, view the status report by using the serial 
port STATUS command or the front panel. The status report displays the 
firmware identification (FID) string.

The firmware version will be either a standard release or a point release. A 
standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform the to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

The release date is after the D. For example, the following is firmware revision 
number R100, release date April 10, 2007.

FID=SEL-751A-R100-V0-Z001001-D20070410

Revision History Table A.1 lists the firmware versions for the R400 series firmware, a 
description of the modifications, and the instruction manual date code that 
corresponds to the firmware versions (see Table A.2 for R300 series firmware, 
Table A.3 for R200 series firmware, and Table A.4 for R100 series firmware). 
The most recent firmware version is listed first.

Starting with revisions published after March 1, 2022, changes that address 
security vulnerabilities are marked with “[Cybersecurity]”. Improvements to 
cybersecurity functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.
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Table A.1 400 Series Firmware Revision History (Sheet 1 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-751A-R421-V2-Z013003-D20220610 Includes all the functions of SEL-751A-R421-V1-Z013003-D20211116 
with the following addition:

➤ Resolved an issue with the automatic calibration procedure for the 
current channels. This issue only affects firmware version R421-V1.

20220610

SEL-751A-R421-V1-Z013003-D20211116 Includes all the functions of SEL-751A-R421-V0-Z013003-D20200619 
with the following addition:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R421-V0-Z013003-D20200619 ➤ Added the enable port setting EPORT to all the communications ports 
to enhance port security. Added Telnet access setting ETELNET and 
FTP access setting EFTPSERV to Ethernet Port 1.

20200619

➤ Expanded the TCP keep-alive settings to all TCP protocols, including 
Telnet, File Transfer Protocol (FTP), MMS, and IEEE C37.118 
phasor measurement unit (PMU), so that keep alive can be turned off 
or configured as desired.

➤ Improved the security of the resistance temperature detector (RTD) 
FAULT, ALARM, and TRIP indicators by adding an approximately 
12-second delay to filter RTD measurements distorted by electrical 
noise.

➤ Added the 81D5T and 81D6T elements to the WARN STATUS HI 
Modbus register.

➤ Resolved an issue in which the power factor element did not correctly 
operate when real power was negative.

➤ Resolved an issue in which the relay continued to send Fast 
Sequential Events Recorder (SER) data to the real-time automation 
controller (RTAC) after the relay acknowledged an RTAC disable 
command.

➤ Modified the firmware to reset the virtual bits when a new Configured 
IED Description (CID) file is sent to the relay.

➤ Improved self-test diagnostics for Slot E and Slot Z cards.

SEL-751A-R420-V3-Z012003-D20211116 Includes all the functions of SEL-751A-R420-V2-Z012003-D20190513 
with the following additions:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R420-V2-Z012003-D20190513 Includes all the functions of SEL-751A-R420-V1-Z012003-D20181109 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R420-V1-Z012003-D20181109 Includes all the functions of SEL-751A-R420-V0-Z012003-D20180831 
with the following additions:

➤ Added the METHRES setting (Global settings) to turn off the 
squelching of currents and voltages below a certain level.

20181109

➤ Revised the firmware to remove Option D from the NETPORT 
setting.

➤ Modified the prompt for DNP Master IP Address DNPIPn to 
distinguish them from the device IP address.

➤ Resolved an issue with PULSE/CON PULSE/TEST DO command on 
any output blocking the processing of all the remaining outputs for the 
duration of the pulse.
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➤ Added LOPBLK SELOGIC control equation setting with default value 
set to 0 to allow for blocking of the LOP logic under user-defined 
conditions. Also raised the minimum threshold for positive sequence 
voltage V1 from 5 V to 10 V.

➤ Resolved an issue with the analog quantity for frequency getting reset 
to 0 after a settings change.

➤ Resolved an issue where the firmware rejects a valid Alias name if the 
same Alias name is used in the existing settings. 

➤ Modified the firmware to make the MATHERR Relay Word bit 
available for SELOGIC settings.

➤ Modified GPSB diagnostics logic to show failure only if the GPSB 
diagnostics fail three consecutive times within 24 hours.

➤ Increased the threshold of the frequency trip delay setting 81DnTD 
(n = 1 to 6) from 240.00 to 400.00 seconds.

➤ Increased the time-overlight (TOL) pickup setting to 80% for both the 
point- and bare-fiber sensors.

➤ Addressed an issue with the relay missing remote bit pulse operations 
periodically when the requests were sent back-to-back.

➤ Addressed an issue with event type string mismatch between CHI and 
CEV commands. Due to the mismatch, SEL RTACs were not able to 
collect event types longer than 14 characters from the relay.

➤ Addressed an issue where frequency value was incorrectly placed in a 
CEV file.

Firmware version R420-V1 is for upgrading relays with R400–R419 
firmware.

SEL-751A-R420-V0-Z012003-D20180831 ➤ SEL-751A R420-V0 was not released. —

SEL-751A-R419-V2-Z011003-D20211116 Includes all the functions of SEL-751A-R419-V1-Z011003-D20190513 
with the following additions:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R419-V1-Z011003-D20190513 Includes all the functions of SEL-751A-R419-V0-Z011003-D20131025 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R419-V0-Z011003-D20131025 ➤ Corrected an issue with R418 where the IEC 61850 CID file was not 
preserved while upgrading to R418. R419 preserves the IEC 61850 
CID file.

Firmware version R419 is for upgrading relays with R400–R418 
firmware.

20131025

SEL-751A-R418-V0-Z011003-D20130726 ➤ Improved the security of RTD ALARM and TRIP by adding an 
approximately six-second delay to qualify the event.

20130802

➤ Added Breaker Wear Data to the ICD files.

➤ Corrected an issue where the device was sending continuous 
Gratuitous ARP requests while in switched mode.

➤ Added a feature to allow YMODEM file transfers over TELNET.

➤ Added Flash File System support to make settings and other 
miscellaneous nonvolatile data storage more robust and avoid the 
display of NON-VOL FAIL messages.

Table A.1 400 Series Firmware Revision History (Sheet 2 of 6)
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➤ Changed the latch and local bits storage to flash memory from RTC 
RAM.

➤ Corrected an issue with 81RFIBLK = OFF setting. When 
81RFIBLK = OFF, the overcurrent blocking scheme is disabled.

➤ Added power demand analog quantities to IEC 61850.

➤ Revised firmware for HMI FPGA part replacement.

Firmware version R418 is for upgrading relays with R400–R417 
firmware.

SEL-751A-R417-V0-Z011003-D20130329 ➤ Forced RTS to high and ignored CTS when PREDLY setting is OFF 
to power certain fiber-optic transceivers.

20130329

➤ Corrected an Ethernet Failover Switching issue for dual Ethernet 
models.

➤ Corrected an issue where old packets were returned on new 
connections when polling Modbus at a high speed.

➤ Revised the order of SELOGIC control equation processing. To correct 
a latency issue, the 79 element control equations now run after the 
52A control equation.

➤ Corrected an issue with the initial Gratuitous ARP request not being 
sent for as long as five minutes after startup.

Firmware version R417 is for upgrading relays with R400–R415 
firmware.

SEL-751A-R415-V0-Z011003-D20130117 ➤ Added event fault current data to analog quantities for DNP. 20130117

➤ Improved the PHASE LED logic.

➤ Added frequency measurement (FREQ) to CEV report.

➤ Updated units to parts per million (ppm) for CBADPU in Mirrored 
Bits Protocol.

➤ Updated error messages for setting interdependency checks to match 
the global setting AOx0yH.

➤ Modified Real Time Clock (RTC) diagnostics logic to show failure 
only if the RTC diagnostics fail for three consecutive times.

➤ Added a feature in Modbus to always show the latest event data unless 
another event is selected.

➤ Corrected an issue with the data type “Units_0” in the IEC 61850 ICD 
file.

➤ Improved the product ordering options to allow for IEC 61850 option 
or DNP option, or both.

➤ Corrected an issue where synch-check voltage frequency “FREQS” 
was not recognized as a valid analog quantity.

➤ Added new demand power metering and analog quantities.

➤ Corrected an issue with EVE, CEV, and CEV R reports that showed 
station battery voltage VBAT to be 0V for all values of VBAT.

➤ Corrected an issue with DC offset on analog channels upon relay 
power up.

SEL-751A-R414-V0-Z010003-D20120622 ➤ Corrected an issue in firmware R413 that occurred when changing 
settings. The relay intermittently disabled and locked up all 
communications ports and the front panel when settings were revised 
and saved.

20120622
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SEL-751A-R413-V0-Z010003-D20120518 ➤ Fixed an issue that caused port settings to not be accepted when relay 
settings were downloaded using ACSELERATOR QuickSet® SEL-5030 
Software. QuickSet reported with a message that settings files were 
not received.

20120518

➤ Corrected an issue where IN304 was shown in targets for the 
3 DI/4 DO/1 AO card, which has only three inputs.

➤ Resolved an issue where there was an ER (event report) trigger with 
no trip and the relay reported a trip based on the phase identification 
logic.

➤ Fixed an issue where the relay was not allowing FREQS analog 
quantity in the LDLIST setting for the Load Profile report.

SEL-751A-R412-V0-Z010003-D20111028 ➤ Enhanced firmware to make serial number visible to IEC 61850 
protocol and also revised the ICD file to add serial and part number 
information to PhyNam DO similar to the SEL-400 series relays.

20111028

➤ Corrected an issue with the rms meter values, where in some cases the 
values would spike for a short time.

➤ Fixed an issue with LDP (Load Profile) command response, where in 
some instances the column data and header were not matched 
correctly.

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

SEL-751A-R411-V0-Z010003-D20110621 ➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.3 V) and currents (below 3.0% of INOM) in the rms 
metering quantities command response.

20110621

➤ Lowered the low end of the VNOM setting range from 100 V to 20 V.

➤ Corrected DNP polling issue with IN101.

➤ Corrected issue with AOUTSLOT setting to work correctly with 
4 DI/3 DO card option.

SEL-751A-R410-V0-Z009003-D20110509 ➤ Corrected issue of SALARM not asserting for a settings group 
change.

20110509

➤ Corrected IEC 61850 KEMA compliance issue (Sisco library).

➤ Added df (frequency deviation) and df/dt (rate-of-change-of-
frequency) qualifiers to 81RF function.

➤ Corrected issue in Demand Meter report where it was not capturing 
3I2PD (negative-sequence peak demand) when setting 
EDEM := ROLL.

➤ Corrected RECLOSER setting issue where any recloser time settings 
above 2147 seconds were not handled correctly.

SEL-751A-R408-V0-Z009003-D20110201 ➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly for FNOM = 50 Hz nominal frequency).

20110201

➤ Corrected issue with PULSE command use with OUT101 and 
OUT102 in relays with Arc-Flash Detection option.

➤ Updated firmware revision history for version R406 to show the 
implementation of improved diagnostics and actions in the relay self-
tests.

SEL-751A-R407-V0-Z009003-D20101230 ➤ Added support for Simple Network Time Protocol (SNTP) to Ethernet 
port (PORT 1) including new settings.

20101230

➤ Added new settings for time and date management (including daylight 
saving time) under Global Settings.
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➤ Improved frequency measurement algorithm performance during 
transient voltage and current changes.

➤ Corrected an issue of missing SER records upon warm start.

➤ Fixed SEL-751A SV/SVT variables status problem at IEC 61850 
client end.

SEL-751A-R406-V0-Z008003-D20101018 ➤ Added residual current IG input CT capability on a new option card 
SELECT 5 AVI/1 ACI.

20101018

➤ Added Fast Rate-of-Change of Frequency element (81RF) for Aurora 
mitigation.

➤ Corrected LDP command issue (relay lockup if data exceeds a 
threshold) in R400–403 firmware.

➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.1 V) and currents (below 1% of INOM) in the metering 
quantities command response.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities to allow selection for display points. 

➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly at off-nominal frequency).

➤ Implemented improved diagnostics and actions in the relay self-tests. 
For certain failures, the relay will automatically restart as many as 
three times.

SEL-751A-R403-V0-Z007003-D20100709 ➤ Added two time-out settings for Modbus TCP sessions on the 
Ethernet port.

20100709

➤ Added the Select Before Operate (SBO) control to the IEC 61850 
protocol.

➤ Added Access Control setting BLOCK MODBUS SET 
(BLKMBSET) to be able to block settings changes from a remote 
Modbus or DeviceNet master.

➤ Added new, 4 DI/3 DO, optional I/O card, which has one Form-B and 
two Form-C outputs.

➤ Corrected relay status reporting via Modbus when relay is disabled.

➤ Updated Ethernet port settings IPADDR, SUBNETM, and DEFRTR 
validation to allow addresses in the private address space.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities.

➤ Revised arc-flash settings rules to disable arc-flash subsystem when 
50PAFP setting is SET to OFF.

➤ Added I1_MAG positive-sequence current magnitude to the analog 
quantities.

Firmware version R403 is only for upgrading relays with R400–R402 
firmware.

SEL-751A-R402-V0-Z006003-D20100129 ➤ Added faulted phase Identification logic and included the faulted 
phase information in the Event Summary Report Event Type field. 
Also made it available in the Modbus Map. 

Firmware version R402 is only for upgrading relays with R400 or higher 
firmware.

20100129
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SEL-751A-R401-V0-Z005003-D20100118 ➤ Corrected an occasional IEC 61850 communications defect where the 
firmware incorrectly reads an opcode from Flash memory and results 
in a vector.

Firmware version R401 is only for upgrading relays with R400 or higher 
firmware.

20100118

SEL-751A-R400-V0-Z005003-D20090910 ➤ Revised firmware for processor update. Previous versions cannot be 
upgraded to R400.

20090910

➤ Extended event report storage capability to at least seventy-seven 15-
cycle or nineteen 64-cycle event reports.
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SEL-751A-R311-V2-Z007003-D20211116 Includes all the functions of SEL-751A-R311-V1-Z007003-D20190513 
with the following additions:

➤ Resolved an issue where the MET RMS command response reported 
zero for all metered quantities.

20211116

SEL-751A-R311-V1-Z007003-D20190513 Includes all the functions of SEL-751A-R311-V0-Z007003-D20180831 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R311-V0-Z007003-D20180831 ➤ Resolved an issue with PULSE/CON PULSE/TEST DO command on 
any output blocking the processing of all the remaining outputs for the 
duration of the pulse.

Firmware version R311 is for upgrading relays with R101–R310 
firmware.

20181109

SEL-751A-R310-V0-Z007003-D20150206 ➤ Resolved an issue with the “involved” phase identification logic 
where the output was not long enough in duration to latch the phase 
LEDs when a trip occurred.

20150206

➤ Resolved an issue with dc offset on analog channels when the relay 
was turned on.

➤ Resolved an issue of missing SER records upon settings change for 
the IEC 61850 and DNP protocols.

➤ Resolved an issue with all previous firmware versions in which 
SALARM did not assert for a settings group change.

➤ Resolved an issue with DNP polling in previous firmware versions. 
When a group switch was performed, the DNP protocol reported an 
incorrect status for the first Relay Word bit in the SER1 trigger list. 

➤ Resolved an issue that caused some non-trip events to be reported as 
trip events.

➤ Improved frequency measurement algorithm performance during 
transient voltage and current changes.

➤ Modified the firmware to process RSTTRGT SELOGIC equation 
output on the rising edge.

➤ Improved the measuring accuracy of the frequency measurement by 
using VA instead of V1 for single-phase voltage input applications.

Firmware version R310 is for upgrading relays with R101–R309 
firmware.
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SEL-751A-R309-V0-Z007003-D20130329 ➤ Forced RTS to high and ignored CTS when PREDLY setting is OFF 
to power certain fiber-optic transceivers.

20130329

➤ Corrected an Ethernet Failover Switching issue for dual Ethernet 
models.

➤ Corrected an issue where old packets were returned on new 
connections when polling Modbus at a high speed.

➤ Revised the order of SELOGIC control equation processing. To correct 
a latency issue, the 79 element control equations now run after the 
52A control equation.

➤ Corrected an issue with the initial Gratuitous ARP request not being 
sent for as long as 5 minutes after startup.

Firmware version R309 is for upgrading relays with R101-R308 
firmware.

SEL-751A-R308-V0-Z007003-D20111028 ➤ Corrected an issue with the rms meter values, where in some cases the 
values would spike for a short time.

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

20111028

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

SEL-751A-R307-V0-Z007003-D20110509 ➤ Corrected issue in Demand Meter report where it was not capturing 
3I2PD (negative-sequence peak demand) when setting 
EDEM := ROLL.

20110509

➤ Corrected RECLOSER setting issue where any recloser time settings 
above 2147 seconds were not handled correctly.

SEL-751A-R306-V0-Z007003-D20110201 ➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly for FNOM = 50 Hz nominal frequency).

20110201

SEL-751A-R305-V0-Z007003-D20101018 ➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.1 V) and currents (below 1% of INOM) in the metering 
quantities command response. 

20101018

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities to allow selection for display points. 

➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly at off-nominal frequency). 

SEL-751A-R303-V0-Z007003-D20100709 ➤ Added two time-out settings for the Modbus TCP sessions on the 
Ethernet port.

20100709

➤ Added the Select Before Operate (SBO) control to the IEC 61850 
protocol.

➤ Added Access Control setting BLOCK MODBUS SET 
(BLKMBSET) to be able to block settings changes from a remote 
Modbus or DeviceNet master.

➤ Added new I/O card option of 4 DI/3 DO, which has one Form-B and 
two Form-C outputs.

➤ Corrected relay status reporting via Modbus when relay is disabled.

➤ Updated Ethernet port settings IPADDR, SUBNETM, and DEFRTR 
validation to allow addresses in the private address space.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities.
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➤ Revised arc-flash settings rules to disable arc-flash subsystem when 
50PAFP setting is SET to OFF.

➤ Added I1_MAG positive-sequence current magnitude to the analog 
quantities.

Firmware version R303 is only for upgrading relays with R101-R302 
firmware.

SEL-751A-R302-V0-Z006003-D20100129 ➤ Added faulted phase Identification logic and included the faulted 
phase information in the Event Summary Report Event Type field. 
Also made it available in the Modbus Map. 

Firmware version R302 is for upgrading relays with R101–R301 
firmware.

20100129

SEL-751A-R301-V0-Z005003-D20090501 ➤ Added new power elements option with selected voltage card options. 20090501

➤ Added new neutral CT current range option 5.0–1000.0 mA, 
(50 mA nom).

➤ Added FASTOP setting to PORT 1 (Ethernet) settings to allow 
breaker control using Fast Operate.

SEL-751A firmware versions R301 and higher require DeviceNet card 
firmware version 1.005.

SEL-751A-R300-V0-Z004003-D20090109 ➤ Added new arc-flash detection (AFD), arc-flash time-overlight (TOL) 
and overcurrent (50PAF and 50NAF) protection options. Added arc-
flash light measurements to the CEV report and created a meter light 
report.

20090109

➤ Added DNP3 serial and LAN/WAN protocol options.

➤ Added synchrophasor measurements, metering, and C37.118 Protocol 
to the SEL-751A base model.

➤ Added breaker monitor function to the SEL-751A base model.

➤ Added demand and peak demand metering option to selected models.

➤ Added IRIG-B input capability to fiber-optic serial PORT 2 option.

➤ Improved frequency measurement and frequency element accuracy to 
0.01 Hz resolution.

➤ Increased frequency elements (81) from 4 to 6.

➤ Added rate-of-change-of-frequency (81R) elements to selected 
models.

➤ Added residual overvoltage (59G) and negative-sequence overvoltage 
(59Q) elements option to selected models.

➤ Added voltage ratio correction factor (setting 25RCF) to 
synchronism-check element (25).

➤ Added Relay Word bits 3P27 (all voltage phases below 27P1P setting) 
and 3P59 (all voltage phases above 59P1P setting).

➤ Updated rms and max/min metering quantities to include VS 
(synchronism voltage).

➤ Improved energy metering resolution to one kWh and updated energy 
metering convention.

➤ Increased 59P elements settings range to 0.02–1.20 xVnm from 
1.00–1.20 xVnm.

➤ Added relay serial number field in DNP and Modbus.
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SEL-751A-R204-V0-Z003002-D20081124 ➤ Corrected firmware upgrade issue in firmware version R203 when 
upgrading relays with previous firmware versions R200–R202.

20081124

SEL-751A-R203-V0-Z003002-D20081104 ➤ Corrected 55 element operation (an issue in firmware R201 only). 20081104

➤ Corrected VDC (VBAT) metering (an issue in firmware R202 only).

SEL-751A-R202-V0-Z003002-D20081022

SEL-751A-R105-V0-Z002001-D20081022

➤ Updated IEC 61850 firmware to enhance security, streamline MMS 
processing, and improve TCP/IP connections.

20081022

➤ Improved security (see selinc.com/support/security-notifications for 
details).

SEL-751A-R201-V0-Z003002-D20080808 ➤ Improved active Ethernet port selection logic during relay startup 
(applies to dual redundant Ethernet port option relays).

20080808

SEL-751A-R200-V0-Z003002-D20080627 ➤ Added a four-shot automatic reclosing (79) option. 20080627

➤ Added synchronism-check voltage input (VS) and element (25) 
option.

➤ Added synchronism voltage input (VS) based over- and undervoltage 
elements (27S, 59S).

➤ Added new Ethernet port options.

➢ single fiber-optic Ethernet.

➢ dual fiber-optic or copper Ethernet ports with FAILOVER or 
SWITCH modes.

➤ Added capability to support two Modbus TCP sessions.

➤ Added station dc battery monitor function.

➤ Added single-phase power, reactive power, apparent power, and 
power factor metering when wye-connected PTs are used.

➤ Improved VNOM setting resolution from (xxx) to two decimal places 
(xxx.xx).

➤ Changed setting range for 27P1P and 27P2P settings from (OFF, 
0.60–1.00 x Vnm) to (OFF, 0.02–1.00 x Vnm).

➤ Extended 50 elements range as follows:

➢ 1 A nom (OFF, 0.10–20.00 A) from (OFF, 0.10–19.20 A).

➢ 5 A nom (OFF, 0.50–100.00 A) from (OFF, 0.50–96.00 A).

➤ Corrected MIRRORED BITS communication using MBT-9600 modem.
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SEL-751A-R104-V0-Z002001-D20080508 ➤ Revised IN scaling for the INOM = 2.5 mA, high sense neutral CT 
input, for proper operation of the 50N elements.

20080508

SEL-751A-R103-V0-Z002001-D20080325 ➤ Corrected reporting of digital inputs (INxxx) during relay power up to 
MMS for IEC 61850 protocol.

20080325

➤ Corrected setting change function using Modbus Function Code 06 
when voltage board is not installed.

➤ Corrected SER captures of digital input transitions.

https://www.selinc.com/support/security-notifications
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DeviceNet and 
Firmware Versions

The firmware on the DeviceNet interface has two versions as listed in 
Table A.5. The version number of this firmware is only accessible via the 
DeviceNet interface. 

The Electronic Data Sheet (EDS) file is not updated every time a firmware 
release is made. New EDS files are released only when there is a change in the 
Modbus or DeviceNet parameters. The EDS file and an ICON file for the 
SEL-751A are zipped together on the SEL-751A Product Literature CD 
(SEL-xxxRxxx.exe). The file can also be downloaded from the SEL website at 
selinc.com. Table A.6 lists the compatibility among the EDS files and the 
various firmware versions of the relay.

SEL-751A-R102-V0-Z002001-D20080121 ➤ Corrected 51N pickup setting for relays with different nominal ratings 
for their phase and neutral inputs.

20080121

➤ Removed solid-state outputs option and added fast hybrid (high-
speed, high-current interrupting) outputs option.

➤ Enhanced IEC 61850 functionality with KEMA certification updates.

SEL-751A-R101-V0-Z002001-D20070806 ➤ Internal changes to support new hardware (current and voltage cards). 20070806

➤ Revised for PORT 2 as an optional fiber-optic serial port.

➤ Added de-bounce settings for digital inputs.

SEL-751A-R100-V0-Z001001-D20070410 This original firmware version was not production released. 20070410
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Table A.5 DeviceNet Card Versions

DeviceNet Card Software Version Revisions Release Date

Major Rev: 1, Minor Rev: 5 (Rev 1.005) Reads product code, DeviceNet card parameter descriptions, etc., 
from the relay.

20080407

Major Rev: 1, Minor Rev: 3 (Rev 1.003) Resolves some conformance issues (Card defines product 
code = 100, fixed descriptions for DeviceNet card parameters, etc.)

20050922

Table A.6 EDS File Compatibility

EDS File Firmware Revisions Supported Release Date

SEL-751AR502.EDS R407, R408, R410, R411, and later (with DeviceNet version 1.005) 20101230

SEL-751AR501.EDS R406 (with DeviceNet version 1.005) 20101018

SEL-751AR403.EDS R403, R303, R305, R306, R307, R308, and R309 
(with DeviceNet version 1.005)

20100618

SEL-751AR301.EDS R402, R401, R302, R301 (with DeviceNet version 1.005) 20090415

SEL-751AR300.EDS R400, R300 (with DeviceNet version 1.005) 20090109

SEL-751AR300X.EDS R400, R300 (with DeviceNet version 1.001) 20090109

SEL-751AR200.EDS R200, R201, R202, R203, R204 (with DeviceNet version 1.005) 20080623

SEL-751AR200X.EDS R200, R201, R202, R203, R204 (with DeviceNet version 1.001) 20080623

SEL-751AR101.EDS R101, R102, R103, R104, R105 (with DeviceNet version 1.005) 20070727

SEL-751AR101X.EDS R101, R102, R103, R104, R105 (with DeviceNet version 1.001) 20070727

https://www.selinc.com
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Determining the ICD 
File Version

To find the ICD revision number in your relay, view the configVersion using 
the ID command. The configVersion is the last item displayed in the 
information returned from the ID command.

configVersion=ICD-751A-R304-V0-Z000000-D20130726

The ICD revision number is after the R (e.g., 100) and the release date is after 
the D. This revision number is not related to the relay firmware revision 
number. The configVersion revision displays the ICD file version used to 
create the CID file that is loaded in the relay.

Table A.7 lists the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

Table A.7 SEL-751A ICD File Revision History (Sheet 1 of 2)

configVersion Summary of Revisions
Relay Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect 
Manual 

Date CodeFile
Description

Software 
Version

ICD-751A-R304-V0-
Z000000-D20130726

➤ Made corrections per 
KEMA recommendations.

R418 and higher 004a 751A R418 and 
above

1.1.141.0 and 
higher

20130802

➤ Updated Report Control 
attributes.

➤ Updated orCat control 
instances to proprietary 
node.

➤ Corrected datatype for 
DmdA, and PkDmdA DOs.

➤ Corrected deadbands for 
several Logical Node 
attributes in MET and ANN 
LDevices.

➤ Added new OpCntEx 
attribute to BK1XCBR1 LN.

➤ Added new TOL1PAFD1, 
TOL2PAFD2, TOL3PAFD3, 
and TOL4PAFD4 Logical 
Nodes and attributes to PRO 
LDevice.

➤ Added new TRIPGGIO24, 
PROGGIO25, RCGGIO26, 
LBGGIO27, 
MBOKGGIO28, 
MISCGGIO29, 
PWRGGIO30, and 
LSGGIO31 Logical Nodes 
and attributes to ANN 
LDevice.

➤ Added new RMSMMXU2 
and DCZBAT1 Logical 
Nodes and attributes to MET 
LDevice.

➤ Added new BWASCBR1, 
BWBSCBR2, and 
BWCSCBR3 Logical Nodes 
and attributes for Breaker 
Wear.
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ICD-751A-R303-V0-
Z000000-D20121128

➤ Improved IEC 61850 
conformance

➤ Added Serial and Model 
Number attributes to 
PhyNam DO.

R410 and higher 004a 751A R410 and 
above

1.1.141.0 and 
higher

20111028

ICD-751A-R201-V0-
Z000000-D20101207

➤ Remove UTC offset 
attribute.

R407–R408 004a 751A R407/R408 1.1.99.0 and 
higher

20101230

ICD-751A-R200-V0-
Z000000-D20100702

➤ Added select before operate 
(SBO) and enhanced 
security SBO modes to 
61850 MMS.

R303 and higher
R403 and higher

003b Enhanced Controls 
R303/R403 and 
above

1.1.92.0 and 
higher

20100709

ICD-751A-R106-V0-
Z002001-D20090109

➤ Added additional attribute 
INTT to BK1XCBR1 LN.

➤ Added new Protection LNs 
PAFPIOC17, NAFPIOC18, 
D5TPTOF5, D6TPTOF6, 
R1TPFRC1, R2TPFRC2, 
R3TPFRC3, R4TPFRC4, 
P3PTUV4, S1TPTUV5, 
S2TPTUV6, P3PTOV3, 
S1TPTOV4, S2TPTOV5, 
G1TPTOV6, G2TPTOV7, 
Q1TPTOV8, Q2TPTOV9, 
and BFR1RBRF1.

➤ Added new LN 
METMDST1 for Demand 
Data.

R300–R302
R400–R402

002 R300 or greater 1.1.82.0 and 
higher

20090109

ICD-751A-R105-V0-
Z002001-D20080618

➤ Added additional attributes 
for Power Quantities to 
METMMXU1 LN. 

➤ Added new SCGGIO20 LN 
for SELOGIC Counters.

➤ Added new AINCGGIO21, 
AINDGGIO22, and 
AINEGGIO23 LNs for 
Analog Inputs.

R200–R204 002 R200 or greater 1.1.75.0 and 
higher

20080627

ICD-751A-R104-V0-
Z002001-D20080508

➤ Made corrections per 
KEMA recommendations.

R102–R105 002 Short LN Prefixes 1.1.73.0 and 
higher

20080508

ICD-751A-R103-V0-
Z002001-D20080324

➤ Modified default GOOSE 
data set GooseDSet13 and 
MSTA LN.

R102–R105 002c N/A N/A 20080325

ICD-751A-R102-V0-
Z002001-D20080110

➤ Modifications for 
Conformance testing.

R102 –R105 002c N/A N/A 20080121

 ICD-751A-R101-V0-
Z001001-D20070712

➤ Initial ICD file release. R101 001c N/A N/A 20070806

a ICD files with ClassFileVersion 004 require R4xx series firmware and do not work with R3xx firmware.
b ICD files with ClassFileVersion 003 can be used with R4xx series firmware with 61850 device library 004. Architect will convert the ICD file 

to ClassFileVersion 004 and send to the relay.
c These ICD files are no longer supported and are not included with Architect.

Table A.7 SEL-751A ICD File Revision History (Sheet 2 of 2)

configVersion Summary of Revisions
Relay Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect 
Manual 

Date CodeFile
Description

Software 
Version



A.14

SEL-751A Relay Instruction Manual Date Code 20220610

Firmware, ICD, and Manual Versions
Instruction Manual

Instruction Manual
The date code at the bottom of each page of this manual reflects the creation 
or revision date. Table A.8 lists the instruction manual release dates and a 
description of modifications. The most recent instruction manual revisions are 
listed at the top.

Table A.8 Instruction Manual Revision History (Sheet 1 of 12)

Revision Date Summary of Revisions

20220610 Appendix A

➤ Updated for firmware version R421-V2.

20211116 Section 1

➤ Updated RFI and Interference Tests conducted and radiated emissions.

20200619 Section 1

➤ Updated Specifications.

Section 2

➤ Added note to Analog Input Card (8 AI), Analog Input/Output Card (4AI/4 AO), I/O Input Card (3 DI/4 DO/1 
AO), and RTD Card (10 RTD). 

➤ Added Table 2.19: SEL-C804 and SEL-C814 Arc Flash Detection Cable.

Section 4

➤ Updated the notes in RTD TRIP/Warning Levels.

➤ Added note to TR Trip Conditions SELOGIC Control Equation.

➤ Added note to Unlatch Trip Logic.

➤ Updated Port Settings (SET P Command).

Settings Sheet

➤ Updated the Settings Sheets to include new enable settings for Ports F, 1, 2, 3, and 4 and for FTP and Telnet.

Section 7

➤ Added TCP Keep Alive.

Section 9

➤ Updated Event Type.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History.

Appendix D

➤ Added note to Modem Support.

Appendix E

➤ Updated footnotes for Table E.33: Modbus Register Labels for Use With SET M Command.

➤ Updated Table E.34: Modbus Register Map.

➤ Added Table E,35: Trigger Condition for the Trip/Warn Status Register Bits.

Command Summary

➤ Updated Access Level 1 Commands.

20190513 Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History for firmware revisions R419-V1 and R420-V2.

➤ Updated Table A.2: 300 Series Firmware Revision History for firmware revision R311-V1.

20190401 Preface

➤ Updated Safety Information, including General Safety Marks and the product compliance label.

➤ Updated General Information, including Typographic Conventions and the product labels.

➤ Added Trademarks.

Section 1

➤ Updated Getting Started.
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Section 2

➤ Updated Physical Location.

➤ Updated Figure 2.2: Slot Allocations for Different Cards for Slot Z.

➤ Updated Swapping Optional I/O Boards, Card Installation for Slots C, D, E, and Z, Slot B CPU Card 
Replacement, and Slot A Power Supply Card.

➤ Updated Power Connections, Grounding (Earthing) Connections, and Serial Ports.

➤ Updated RTD Wiring, including Table 2.17: Typical Maximum RTD Lead Length.

➤ Updated Figure 2.29: Point-Sensor Assembly.

Section 3

➤ Updated Table 3.1: SEL Software Solutions for SEL-5601-2 software.

➤ Updated Table 3.2: QuickSet Software.

➤ Updated QuickSet Help.

Section 4

➤ Updated Table 4.38: SELogic Variable Settings and Table 4.41: Control Output Equations and Contact 
Behavior Settings.

➤ Added Multiple Settings Groups.

Section 7

➤ Updated Serial (EIA-232 and EIA-485) Port, +5 Vdc Power Supply, and Connect Your PC to the Relay.

➤ Updated TIME Command (View/Change Time).

Appendix A

➤ Updated Determining the Firmware Versions for firmware point releases.

➤ Updated Table A.2: 300 Series Firmware Revision History for firmware revision R311.

Appendix B

➤ Updated Overview for firmware point releases.

➤ Added a note that the firmware loader is not supported on Ethernet port connections to Upgrade Firmware 
Using QuickSet.

20181109 Preface

➤ Updated Hazardous Locations Safety Marks and Hazardous Locations Approvals, including product 
compliance label.

➤ Updated Product Labels.

➤ Updated Wire Sizes and Insulation.

Section 1

➤ Updated Models, Options, and Accessories.

➤ Updated Figure 1.3: STA Command Response—No Communications Card or EIA-232/EIA485 Communications 
Card.

➤ Updated Specifications.

Section 2

➤ Updated Physical Location under Relay Placement.

➤ Updated Figure 2.4: JMP1 through JMP4 Locations on 4 AI/4 AO Board.

➤ Updated Table 2.17: Typical Maximum RTD Lead Length.

➤ Updated Figure 2.17: Breaker Trip Coil Connections With OUT103FS := Y and OUT103FS := N.

➤ Added High-Speed, High-Current Interrupting DC Tripping Outputs.

➤ Added Ordering Arc-Flash Fiber Sensors.

Table A.8 Instruction Manual Revision History (Sheet 2 of 12)

Revision Date Summary of Revisions
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Section 4

➤ Updated Loss-of-Potential (LOP) Protection.

➤ Updated Figure 4.28: Loss-of-Potential (LOP) Logic.

➤ Updated Table 4.22: Frequency Settings.

➤ Added footnote to Table 4.32: Enable Settings.

➤ Updated SELOGIC Control Equation Operators.

➤ Added note on SELOGIC counters to Counter Variables.

➤ Added METHES to Table 4.40: General Global Settings.

➤ Updated Table 4.46: Arc-Flash Time-Overlight Settings.

➤ Added Port Number Settings Must Be Unique.

Section 5

➤ Updated Small Signal Cutoff for Metering to include METHRES.

➤ Updated Load Profiling.

Settings Sheets

➤ Added Loss-of-Potential.

➤ Updated Frequency.

➤ Added METHRES to General under Global Settings (SET G Command).

➤ Updated Arc-Flash Protection.

➤ Added Port Number Settings Must Be Unique.

Section 7

➤ Updated NETPORT Selection.

➤ Added description of AFALARM Relay Word bit to AFT Command (Arc-Flash Detection Channels Self-Test).

➤ Updated Table 7.48: STATUS Command Report and Definitions.

➤ Updated Figure 7.21: SHOW Command Example.

Section 8

➤ Added note to Programmable LEDs.

Section 9

➤ Added TRIP* to Table 9.1: Event Types.

Section 10

➤ Updated Table 10.5: Power Quantity Accuracy–Delta Voltages.

➤ Updated Table 10.7: Relay Self Tests.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History.

➤ Updated Table A.2: 300 Series Firmware Revision History.

Appendix D

➤ Updated Data Access under DNP3 in the SEL-751A.

➤ Updated Table D.10: DNP3 Reference Data Map.

Appendix E

➤ Updated Table E.34: Modbus Register Map.

Appendix G

➤ Added note to DeviceNet Card.

Appendix J

➤ Updated Table J.1: SEL-751A Relay Word Bits and Table J.2: Relay Word Bit Definitions for the SEL-751A.

Table A.8 Instruction Manual Revision History (Sheet 3 of 12)

Revision Date Summary of Revisions
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20150206 Preface

➤ Added Safety Information and General Information.

➤ Updated the product labels and compliance label.

Section 1

➤ Changed the Certifications section title to Compliance and relocated the section to the beginning of 
Specifications.

➤ Added the applied current at which the burden is measured for INOM = 2.5 mA, 50 mA, 1 A , 5 A in 
Specifications.

➤ Updated Arc Flash Specifications for pickup setting range.

➤ Updated the accuracy specifications.

Section 2

➤ Added a note on CT circuits to applicable current card descriptions.

➤ Updated the note for Table 2.16: Jumper Functions and Default Positions.

➤ Updated Card Configuration Procedure.

➤ Added Analog Output Wiring.

➤ Added a note stating that the fail-safe option should not be used for fast hybrid output contacts in fail-safe/ 
nonfail-safe tripping.

Section 5

➤ Updated the number of time-stamped entries that the relay memory can hold for load profiling.

Section 7

➤ Added VEC Command (Show Diagnostic Information).

Section 10

➤ Added a note on CT circuits.

➤ Updated Table 10.7: Relay Self-Tests.

Appendix A

➤ Updated for firmware version R310.

➤ Added ICD File, including Table A.7: SEL-751A ICD File Revision History.

Appendix F

➤ Added a note for GOOSE and ACSELERATOR Architect regarding GOOSE subscriptions when loading a new 
CID file.

Appendix K

➤ Added a note to Table K.1: Analog Quantities for RTDWDG, RTDBRG, RTDAMB, and RTDOTHMX analog 
quantities.

20131025 Section 1

➤ Update the ac current inputs and the input voltage range for the power supply in Specifications.

Appendix A

➤ Updated for firmware version R419.

20130802 Section 1

➤ Corrected the continuous rating specification for INOM = 5 A, 1 A, 50 mA, and 2.5 mA.

➤ Updated the ac voltage rating specification for VNOM.

➤ Added RTD Trip/Alarm Time Delay to the RTD Protection category of the Specifications.

Section 10

➤ Added a note for clear-jacketed fiber sensor.

Appendix A

➤ Updated for firmware version R418.

Table A.8 Instruction Manual Revision History (Sheet 4 of 12)

Revision Date Summary of Revisions
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Appendix F

➤ Revised Table F.7: New Logical Node Extensions, Table F.8: Arc-Flash Detection, and Table F.9: Thermal 
Metering Data Logical Node Class Definition.

➤ Added Table F.10: Demand Metering Statistics, Table F.11: Circuit Breaker Supervision (Per-Phase) Logical 
Node Class Definition, Table F.12: Compatible Logical Nodes With Extensions, Table F.13: Metering Statistics 
Logical Node Class Definition, and Table F.14: Circuit Breaker Logical Node Class Definition.

➤ Revised Table F.15: Logical Device: PRO (Protection), Table F.16: Logical Device: MET (Metering), 
Table F.17: Logical Device: CON (Remote Control), Table F.18: Logical Device: ANN (Annunciation), and 
Table F.19: Logical Device: CFG (Configuration).

20130329 Section 1

➤ Added open state leakage current for Fast Hybrid contacts to the Specifications.

Section 2

➤ Revised the Table 2.16: Jumper Functions and Default Positions footnote to clarify the impact of the jumper 
position on breaker control.

➤ Added a note to Figure 2.18: Voltage Connections.

Section 7

➤ Updated the Fiber-Optic Serial Port paragraph.

➤ Updated +5 Vdc availability statement in +5 Vdc Power Supply.

Appendix A

➤ Updated for firmware versions R417 and R309.

20130117 Preface

➤ Updated the product labels for the SEL-751A.

Section 1

➤ Added current/voltage input terminal block information under Terminal Connections category of the 
Specifications.

Section 4

➤ Added a note for display points stating that they are updated approximately every two seconds.

➤ Corrected Table 4.63: Entries for the Four Strings for set and clear strings.

Section 5

➤ Updated Table 5.6: Demand Values with new power demand quantities.

➤ Updated the metering screen captures for demand and peak demand functions.

Section 9

➤ Updated the note for event reporting to state that frequency is now available in CEV or CEVR reports.

➤ Updated the footnote for Table 9.1: Event Types with the logic of the GFLT Relay Word bit.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History for R407 and R412 firmware and Table A.2: 300 
Series Firmware Revision History for R308 firmware.

➤ Added a summary of revisions for R415.

Appendix B

➤ Added instructions for upgrading firmware using QuickSet.

Appendix E

➤ Added a statement that Event History will display the latest event data when no number is written to the event 
log SEL register in Reading History Data Using Modbus.

Appendix J

➤ Updated the Relay Word bit definition for GFLT, PHASE_A, PHASE_B, and PHASE_C.

➤ Added a footnote for Relay Word bits RTD1 through RTD12.

Appendix K

➤ Added new demand and peak demand metering quantities for DNP and Fault Information in Table K.1:Analog 
Quantities.

Table A.8 Instruction Manual Revision History (Sheet 5 of 12)

Revision Date Summary of Revisions
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20120903 Preface

➤ Updated product label examples in Product Labels.

Section 1

➤ Updated Specifications.

20120622 Appendix A

➤ Updated for firmware version R414.

20120518 Preface

➤ Updated Compliance Label.

Section 1

➤ Added Relay Mounting Screws (#8-32) Tightening Torque specification. 

Section 2

➤ Revised Note in Table 2.16: Jumper Functions and Default Positions to clarify the impact of the ENABLE/
DISABLE breaker control jumper.

Section 4

➤ Revised Figure 4.28: Loss-of-Potential (LOP) Logic to include VNOM.

➤ Added IN sample to Figure 4.56: Arc-Flash Instantaneous Overcurrent Element Logic.

➤ Added note to FAST OP MESSAGES setting.

Section 5

➤ Updated threshold values in Small Signal Cutoff for Metering section.

Section 9

➤ Revised Event Type paragraph on page 9.4 to clarify TRIP type processing order. 

Appendix A

➤ Updated for firmware versions R413.

Appendix E

➤ Added BLOCK MODBUS SET setting paragraph.

Appendix G

➤ Added BLOCK MODBUS SET setting paragraph.

20111028 Section 1

➤ Added Compression Plug Mounting Ear Screw Tightening Torque specification. 

Section 4

➤ Revised Figure 4.33: Trip Logic to show target reset when 52A asserts with setting RSTLED = Y.

Appendix A

➤ Updated for firmware versions R308 and R412.

20110621 Section 1

➤ Updated Optoisolated Control Inputs voltage specifications.

Section 2

➤ Added Table 2.17: Typical Maximum RTD Lead Length.

Section 4

➤ Revised the low end of the VNOM setting range to 20 V from 100 V.

Settings Sheets

➤ Updated to include the new VNOM setting range.

Section 7

➤ Revised Table 7.2: EIA-232/EIA-485 Serial Port Pin Functions to add PORT 3 as EIA-485.

Appendix A

➤ Updated for firmware version R411.

Appendix E

➤ Added 08h Loopback Diagnostic Command.

Table A.8 Instruction Manual Revision History (Sheet 6 of 12)

Revision Date Summary of Revisions
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20110509 Section 4

➤ Updated Fast Rate-of-Change-of-Frequency (81RF) function text and figures for the addition of df and df/dt 
qualifiers.

Appendix A

➤ Updated for firmware versions R307 and R410.

Appendix F

➤ Updated Protocol Implementation Conformance Statement.

20110201 Section 10

➤ Updated Self-Test descriptions to reflect the improvements (including automatic restarts in some cases) 
implemented in firmware version R406.

Appendix A

➤ Updated for firmware versions R306 and R408.

➤ Addendum to R406 for the self-test firmware improvements.

20101230  Section 1

➤ Added Simple Network Time Protocol (SNTP) Accuracy Internal Clock accuracy specification.

Section 2

➤ Added Power Supply Card PSIO/2DI/3DO (Slot A) description and terminal designations.

Section 4

➤ Added Time and Date Management and Simple Network Time Protocol (SNTP) subsections.

Section 6

➤ Updated Settings Sheets with Time and Date Management and SNTP Client Protocol settings.

Section 7

➤ Added Simple Network Time Protocol (SNTP) subsection.

Appendix A

➤ Updated for firmware version R407.

Appendix E

➤ Updated Modbus map for new settings.

Appendix J

➤ Updated with new Relay Word bits TSNTPP and TSNTPB.

20101217 Section 1

➤ Revised Analog Output (1AO) accuracy specification to < ±1%, full scale, at 25°C in Specifications.

➤ Updated Dielectric (HiPot) type tests in Specifications.

20101018 Section 1

➤ Added new element 81RF for Aurora mitigation.

➤ Added optional residual current CT based Overcurrent and Time Overcurrent (50G/51G).

➤ Added 5 AVI/1 ACI card to Table 1.1: Voltage Input Options.

Section 2

➤ Added new card SELECT 5AVI /1 ACI and description.

Section 4

➤ Added new settings and descriptions for the residual current CT input option.

➤ Added new element 81RF settings and description (fast rate-of-change of frequency) for Aurora mitigation.

Section 6

➤ Added settings for new residual current CT input

➤ Added settings for new 81RF element (fast rate-of-change of frequency) for Aurora mitigation.

Appendix A

➤ Updated for firmware versions R305 and R406.

Table A.8 Instruction Manual Revision History (Sheet 7 of 12)

Revision Date Summary of Revisions
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Appendix E

➤ Updated Modbus Map for the new settings.

Appendix J

➤ Added new Relay Word bits for the 81RF element.

20100907 Section 1

➤ Updated Specifications for UL508 certification.

Section 4

➤ Updated single voltage input (SINGLEV setting) application considerations.

Section 8

➤ Updated Table 8.3: Possible Warning Conditions (Flashing TRIP LED) to include the warning messages.

20100709 Section 1

➤ Updated Analog Inputs accuracy specifications and Type Tests descriptive data. Added Arc-Flash processing 
specifications.

Section 2

➤ Added SELECT 4DI/3 DO (2 Form C, 1 Form B) card information. Added note that digital inputs and outputs 
are polarity neutral.

Section 4

➤ Added a description of the new Access Control setting BLOCK MODBUS SET (BLKMBSET), which blocks 
settings changes from remote Modbus or DeviceNet masters.

➤ Added figures for overcurrent (50) elements pickup and dropout times.

➤ Revised Figure 4.26: Loss-of- Potential (LOP) Logic.

➤ Added Modbus time-out settings for the Ethernet port.

Section 5

➤ Added note for the energy meter rollover value.

Section 6

➤ Updated for new settings.

Section 7

➤ Added Access Level C access and password information.

Section 8

➤ Updated Figure 8.26: Operator Control Pushbuttons and LEDs and added note for the target LEDs latching 
with trip.

Appendix A

➤ Updated for firmware versions R403 and R303.

Appendix F

➤ Updated for Select Before Operate (SBO) control changes.

Appendix J

➤ Added calculated phase-to-phase voltages for wye-connected PTs and I1_MAG positive-sequence current to the 
analog quantities.

Command Summary

➤ Added Access Level C commands.

20100129 Section 9

➤ Updated Table 9.1: Event Types with faulted phase identification in event types.

Appendix A

➤ Updated for firmware versions R302 and R402.

Appendix E

➤ Added faulted phase identification event types in Modbus map Historical data register 1754.

Appendix J

➤ Added Relay Word bits Phase_A, Phase_B, Phase_C, and GFLT to Row 117.

Table A.8 Instruction Manual Revision History (Sheet 8 of 12)
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20100118 Appendix A

➤ Updated for firmware version R401.

20090910 Section 1

➤ Updated CT ratings, and voltage element and metering accuracy specifications. Updated Figures 1.3: STA 
Command Response—No Communications Card or EIA-232•EIA-485 Communications Card and 1.4: STA 
Command Response—Communications Card/DeviceNet Protocol.

➤

Section 2

➤ Updated Figure 2.7: Pins for Password, Breaker Control, and SELBOOT Jumper to show jumper locations on 
updated processor card.

Section 4

➤ Updated number of event reports that can be stored. Revised Figure 4.24: Loss-of-Potential (LOP) Logic.

Section 10 

➤ Updated Table 10.7: Relay Self-Tests to show additional voltage checks on updated processor card.

Appendix A

➤ Updated for firmware version R400.

20090501 Preface

➤ Updated labels.

Section 1

➤ Added Power elements specifications and new CT current range option.

Section 4

➤ Added Power elements description, added new neutral CT current range option, added PORT 1 setting FASTOP.

Section 6

➤ Added new settings for Power elements, neutral CT range addition, and FASTOP setting addition to PORT 1.

Section 9

➤ Added power element to the TRIP message list.

Appendix A

➤ Updated for firmware version R301.

Appendix E

➤ Updated Modbus map.

Appendix H

➤ Added Relay Word bits for power elements.

20090109 Preface

➤ Updated for new functions, including arc-flash protection, breaker monitor, synchrophasors, and DNP.

Section 1

➤ Added and revised specifications for arc-flash protection, 80, 81R, 59G, and 59Q elements.

Section 2

➤ Added arc-flash protection installation instructions.

Section 3

➤ Revised screen captures for the QuickSet driver update.

Section 4

➤ Added description and settings for arc-flash protection. 

➤ Added description and settings for rate-of-change-of-frequency elements (81R).

➤ Added description and settings for residual overvoltage element (59G).

➤ Added description and settings for negative-sequence overvoltage element (59Q).

➤ Added RCF setting to synchronism-check element (25).

➤ Added 3P27 and 3P59 elements.

Table A.8 Instruction Manual Revision History (Sheet 9 of 12)
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Section 5

➤ Updated MET RMS, MET M (min/max), and MET E (energy) sections.

➤ Added demand (MET DEM) and peak demand (MET PEA) metering.

➤ Added synchrophasor metering (MET PM).

➤ Added arc-flash light metering (MET L).

➤ Added description and settings for breaker monitor function.

Section 6

➤ Updated settings sheets for the additions listed under Section 4 above.

Section 7

➤ Added ASCII commands BREn, AFT, MET DEM, MET PEA, MET PM, and MET L.

➤ Added Ethernet network configuration figures.

➤ Added IRIG-B connection figures and updated for IRIG-B using PORT 2.

➤ Added DNP3 and synchrophasor (C37.118) protocols.

Section 8

➤ Added description of new front-panel setting that allows the new choice of continuing rotating display for trip 
and warning messages.

➤ Updated HMI menus for the new additions (demand, etc.).

Section 9

➤ Added arc-flash trip to Table 9.1: Event Types.

➤ Added note to show that CEV includes arc-flash light measurements.

Section 10

➤ Added arc-flash protection commissioning and functional tests.

Appendix A

➤ Updated for firmware version R300.

Appendix C

➤ Updated Table C.9: Communications Processor TARGET Region.

Appendix D

➤ New release.

Appendix E

➤ Updated Modbus map for the new functions added.

Appendix F

➤ Updated for ICD Ver 002 R300.

➤ Updated the logical device tables.

Appendix H

➤ New release.

Appendix J

➤ Added new rows 116–119.

➤ Added new Relay Word bits for the new functions.

Appendix K

➤ Added LSENS1–LSENS4 (arc-flash light measurements).

➤ Added breaker monitor quantities.

➤ Added demand and peak demand quantities.

20081104 Appendix A

➤ Updated for firmware version R203. 

20081022 Appendix A

➤ Updated for firmware versions R105 and R202. 

20080808 Appendix A

➤ Updated for firmware version R201. 
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20080627 Preface

➤ Updated for new functions, including reclosing and synchronism check.

Section 1

➤ Added synchronism check, station dc battery monitor specifications, and new Ethernet options.

Section 2

➤ Added new options, including new Ethernet choices, synchronism-check voltage, and station dc battery monitor. 
Revised applications figures to show new functions.

Section 3

➤ Updated figures for the new additions.

Section 4

➤ Added reclosing control description and settings.

➤ Added synchronism-check description and settings.

➤ Revised VNOM, 27P1P, 27P2P, and 50 elements settings ranges.

➤ Added new Ethernet port options description and settings.

Section 5

➤ Updated MET command response (Figure 5.1: METER Command Report With Enhanced Voltage Option With 
Monitoring Package) to show synchronism-check voltage (VS), station dc battery voltage (VDC), and single-
phase P, Q, S, and PF quantities.

Section 6

Updated for new settings for reclosing, synchronism check, Ethernet ports, and station dc battery monitor.

Section 7

➤ Added ETH (Ethernet) and PING command descriptions.

Section 8

➤ Updated configurable label descriptions.

Section 9

➤ Updated EVE command response (Figure 9.3: Example Standard 15-Cycle Event Report 1/4-Cycle Resolution) 
to show new VS and VDC quantities.

Section 10

➤ Removed power supply warning self-tests from Table 10.7: Relay Self-Tests.

Appendix A

Updated for firmware version R200. 

Appendix C

➤ Added VS and VDC to metering data.

Appendix D

➤ Updated Modbus map for new functionality additions.

Appendix E

➤ Updated for ICD version Ver 002 R200.

➤ Updated logical device tables (Table E.10–E.13).

Appendix H

➤ Added new Relay Word bit rows 110-115 to the table.

➤ Added new Relay Word bits for reclosing, synchronism check, battery monitor, and Ethernet functions.

Appendix I

➤ Added VS, VDC, and per phase P, Q, S, and PF quantities.

20080508 Appendix A

➤ Updated for firmware version R104. 

20080325 Appendix A

➤ Updated for firmware version R103. 
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20080121 Section 1

➤ Added fast hybrid output specifications.

➤ Removed solid-state output specifications.

Section 2

➤ Updated Figure 2.10: Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option.

Appendix A

➤ Updated for firmware version R102. 

➤ Added Table A.2: ACSELERATOR Architect CID File Compatibility.

Appendix B

➤ Added IEC 61850 verification testing.

Appendix E

➤ Added table to document new ICD file versions supported by ACSELERATOR Architect version R.1.1.69.0. 

➤ Added Table E.7: ICD Logical Nodes Summary.

➤ Updated Table E.10: Logical Device: PRO (Protection), Table E.11: Logical Device: MET (Metering), 
Table E.12: Logical Device: CON (Control), and Table E.13: Logical Device: ANN (Annunciation).

20070806 Section 1

➤ Added Fiber-Optic port to Communications Options list.

➤ Updated AC Current Input specifications.

➤ Added Solid-State Output specifications.

Section 2

➤ Updated Table 2.1: Slot Allocations for Different Cards and Table 2.2: Communication Ports.

➤ Updated Figure 2.7: Rear-Panel Connections of Selected Cards.

➤ Updated titles in Figure 2.8: Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 
Voltage Option through Figure 2.11: Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic 
Port in Slot B.

➤ Revised Fiber-Optic Serial Port information.

➤ Updated Figure 2.12: Control I/O Connections—Internal RTD Option.

➤ Updated Figure 2.18: SEL-751A Provides Overcurrent Protection for a Distribution Feeder through 
Figure 2.21: SEL-751A Provides Overcurrent Protection for a Transformer Bank With a Tertiary Winding.

Section 3

➤ Updated Figure 3.7: Update Part Number.

Section 4

Added information regarding commenting in SELOGIC Control Equation Operators.

Section 6

➤ Added Input Debounce Settings to SEL-751A Settings Sheets.

Section 7

➤ Updated Table 7.1: SEL-751A Communication Port Interfaces, Table 7.31: PASSWORD Command, and 
Table 7.32: PAS Command Format.

Section 8

➤ Updated Configurable Label information in Programmable LEDs.

Section 9

➤ Updated Figure 9.3: Example Standard 15-Cycle Event Report 1/4-Cycle Resolution.

Section 10

➤ Removed Low-Level Test Interface.

➤ Updated Table 10.7: Relay Self-Tests.

Appendix A

➤ Updated for firmware version R101.

20070410 Note: The initial version was not released from the factory.
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Instruction Manual

Overview
This instruction guides you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

These firmware upgrade instructions apply to all SEL-700 series industrial 
products except the SEL-701 Relay and SEL-734 Meter.

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because the SEL-751A Relays store firmware in flash memory, 
changing physical components is not necessary. Upgrade the relay firmware 
by downloading a file from a personal computer to the relay via the front-
panel serial port via ACSELERATOR QuickSet SEL-5030 Software or terminal 
emulator as outlined in the following sections. For relays with IEC 61850 
option, verify IEC 61850 protocol after the upgrade (see Protocol Verification 
for Relays With IEC 61850 Option on page B.8).

Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A Cable or equivalent, 
or a null-modem cable)
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➤ Disk containing the firmware upgrade file (e.g., r1017xxx.s19 or 
r1017xxx.z19)

➤ QuickSet software

Upgrade Firmware Using QuickSet

NOTE: Firmware releases are also 
available as zip files (.z19). Use the zip 
file for faster download.

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Software for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

Firmware Loader will not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.

Step 1. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Click 
Next to continue the 
wizard. 
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b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file. Clicking 
Cancel will stop the 
transfer. 
After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown.

d. Click Return to 
Firmware Loader if 
this product does not 
have any event reports. 

If there are any event 
reports to be saved, click 
the Get Selected Event 
button after selecting the 
events. After saving 
them, click the Return 
to Firmware Loader 
button.



B.4

SEL-751A Relay Instruction Manual Date Code 20220610

Firmware Upgrade Instructions
Upgrade Firmware Using QuickSet

Step 2. Transfer Firmware.

Click Next to begin the 
firmware transfer. 

Step 3. Load Firmware.

During this step, the device 
is put in SELBOOT. The 
transfer speed is maximized 
and the firmware transfer 
begins.
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as mentioned in condition number 2, check for the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL Non_Vol Failure, 
use the following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 baud, 8 data bits, 
and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and 
the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings. The relay responds:

Config Accepted

The relay restarts and comes up enabled.

Step 4. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
re-initializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings saved in 
the database to the device. 
Settings are converted 
automatically, if necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 1: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

T
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Upgrade Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), select transfer protocol (Xmodem/CRC or 1k Xmodem/CRC), 
and transfer files (for example, send and receive binary files).

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (described in Section 3: PC 
Software) to save and restore settings easily. Otherwise, use the 
following steps.

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

c. We recommend that you save all stored data in the 
relay, including EVENTS, before the upgrade.

Step 4. Start upgrading of firmware.

a. Issue the L_D command to the relay.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay will send the !> prompt.

Step 5. Change the baud rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200. 

b. Change the data rate of the PC to 115200 to match the 
relay.

Step 6. Begin the transfer of new firmware to the relay by issuing the 
REC command.

Step 7. Type Y to erase the existing firmware or press <Enter> to 
abort.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging in to Access 
Level C using the Access Level C 
password. Factory default password 
for Access Level C is CLARKE.

NOTE: Change the data rate of the 
relay serial port to 9600 before 
issuing the L_D command to start the 
upgrade process.

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (for example, 38400 
bps or 57600 bps). Be sure to match 
the relay and PC data rates.
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Step 9. Start the file transfer.

Select the Send file option in your communications software. 
Use the Xmodem protocol and send the file that contains the 
new firmware (e.g., r101xxx.s19 or r101xxx.z19). 

The file transfer typically takes less than 15 minutes at 
115200 bps depending on the product. After the transfer is 
complete, the relay restarts and returns to Access Level 0.

Figure B.1 shows the entire process.

Step 10. The relay illuminates the ENABLED front-panel LED if the relay 
settings were retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then restarts with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is ENABLED, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings.

The relay will respond:

Config Accepted

The relay restarts and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 5, and enter Access Level 2.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R500-V0-Z000000-D20090925
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.<Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.1 Firmware File Transfer Process
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Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR  Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect will detect the 
upgraded relay firmware and prompt you to allow it to convert 
the existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. You should only 
transfer a CID file to the relay if you 
want to implement a change in the 
IEC 61850 configuration or if new 
relay firmware does not support the 
current CID file version. If you 
transfer an invalid CID file, the relay 
will disable the IEC 61850 protocol, 
because it no longer has a valid 
configuration. To restart IEC 61850 
protocol operation, you must transfer 
a valid CID file to the relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
mailto:info@selinc.com
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SEL Communications Protocols
The SEL-751A Feeder Protection Relay supports SEL protocols and 
command sets shown in Table C.1.

SEL ASCII Commands We originally designed SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing 
terminal. A computer with a serial port can also use the SEL ASCII protocol 
to communicate with the relay, collect data, and issue commands.

SEL Compressed 
ASCII Commands

The relay supports a subset of SEL ASCII commands identified as 
Compressed ASCII commands. Each of these commands results in a comma-
delimited message that includes a checksum field. Most spreadsheet and 
database programs can directly import comma-delimited files. Devices with 
embedded processors connected to the relay can execute software to parse and 
interpret comma-delimited messages without expending the customization 
and maintenance labor necessary to interpret nondelimited messages. The 
relay calculates a checksum for each line by numerically summing all of the 
bytes that precede the checksum field in the message. The program that uses 
the data can detect transmission errors in the message by summing the 
characters of the received message and comparing this sum to the received 
checksum.

Most commands are available only in SEL ASCII or Compressed ASCII 
format. Selected commands have versions in both standard SEL ASCII and 
Compressed ASCII formats. Compressed ASCII reports generally have fewer 
characters than conventional SEL ASCII reports because the compressed 
reports reduce blanks, tabs, and other white space between data fields to a 
single comma.

Table C.1 Supported Serial Command Sets

Command Set Description

SEL ASCII Use this protocol to send ASCII commands and receive 
ASCII responses that are human readable with an appropriate 
terminal emulation program.

SEL Compressed ASCII Use this protocol to send ASCII commands and receive Com-
pressed ASCII responses that are comma-delimited for use 
with spreadsheet and database programs or for use by intelli-
gent electronic devices.

SEL Fast Meter Use this protocol to send binary commands and receive 
binary meter and target responses.

SEL Fast Operate Use this protocol to receive binary control commands.

SEL Fast SER Use this protocol to receive binary Sequential Events 
Recorder unsolicited responses.
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Table C.2 lists the Compressed ASCII commands and contents of the 
command responses.

Interleaved ASCII and 
Binary Messages

SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view through use of a terminal or terminal 
emulation package. The binary data streams can interrupt the ASCII data 
stream to obtain information; the ASCII data stream continues after the 
interruption. This mechanism uses a single communications channel for 
ASCII communication (transmission of an event report, for example) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. However, 
you do not need a device to interleave data streams to use the binary or ASCII 
commands. Note that XON, XOFF, and CAN operations operate on only the 
ASCII data stream.

An example of using these interleaved data streams is when the SEL-751A 
communicates with an SEL communications processor. These SEL 
communications processors perform autoconfiguration by using a single data 
stream and SEL Compressed ASCII and binary messages. In subsequent 
operations, the SEL communications processor uses the binary data stream for 
Fast Meter and Fast Operate messages to populate a local database and to 
perform SCADA operations. At the same time, you can use the binary data 
stream to connect transparently to the SEL-751A and use the ASCII data 
stream for commands and responses.

SEL Fast Meter, Fast 
Operate, and Fast SER

SEL Fast Meter is a binary message that you solicit with binary commands. 
Fast Operate is a binary message for control. The relay can also send 
unsolicited Fast SER messages automatically. If the relay is connected to an 
SEL communications processor, these messages provide the mechanism that 
the communications processor uses for SCADA or DCS functions that occur 
simultaneously with ASCII interaction.

Table C.2 Compressed ASCII Commands

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII com-
mands available at access levels > 0

0

CEVENT Event report 1

CHISTORY List of events 1

CLDP Load Profile Data 1

CMETER Metering data, including fundamental, thermal 
demand, peak demand, energy, max/min, rms, ana-
log inputs, and math variables 

1

CSE Sequence Of Events Data 1

CSTATUS Relay status 1

CSUMMARY Summary of an event report 1

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0
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SEL Communications Processor
SEL offers SEL communications processors, powerful tools for system 
integration and automation. The SEL-2030 series and the SEL-2020 
communications processors are similar, except that the SEL-2030 series has 
two slots for network protocol cards. These devices provide a single point of 
contact for integration networks with a star topology, as shown in Figure C.1.

Figure C.1 SEL Communications Processor Star Integration Network

In the star topology network in Figure C.1, the SEL communications 
processor offers the following substation integration functions:

➤ Collection of real-time data from SEL and non-SEL IEDs

➤ Calculation, concentration, and aggregation of real-time IED 
data into databases for SCADA, HMI, and other data 
consumers

➤ Access to the IEDs for engineering functions including 
configuration, report data retrieval, and control through local 
serial, remote dial-in, and Ethernet network connections

➤ Distribution of IRIG-B time-synchronization signal to IEDs 
based on external IRIG-B input, internal clock, or protocol 
interface

➤ Simultaneous collection of SCADA data and engineering 
connection to SEL IEDs over a single cable

➤ Automated dial-out on alarms

The SEL communications processors have 16 serial ports plus a front port. 
This port configuration does not limit the size of a substation integration 
project, because you can create a multitiered solution as shown in Figure C.2. 
In this multitiered system, the lower-tier SEL communications processors 
forward data to the upper-tier SEL communications processor that serves as 
the central point of access to substation data and substation IEDs.

SEL Communications
Processor

To Engineering

Modem

To SCADA

Local HMI

SEL IED SEL IED SEL IED Non-SEL IED
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Figure C.2 Multitiered SEL Communications Processor Architecture

You can add additional communications processors to provide redundancy and 
eliminate possible single points of failure. SEL communications processors 
provide an integration solution with a reliability comparable to that of SEL 
relays. In terms of MTBF (mean time between failures), SEL communications 
processors are 100 to 1000 times more reliable than computer-based and 
industrial technology-based solutions.

Configuration of an SEL communications processor is different from other 
general-purpose integration platforms. You can configure SEL 
communications processors with a system of communication-specific 
keywords and data movement commands rather than programming in C or 
another general-purpose computer language. SEL communications processors 
offer the protocol interfaces listed in Table C.3.

Table C.3 SEL Communications Processors Protocol Interfaces

Protocol Connect to

DNP3 Level 2 Slave DNP3 masters

Modbus RTU Protocol Modbus masters

SEL ASCII/Fast Message Slave SEL protocol masters

SEL ASCII/Fast Message Master SEL protocol slaves including other communica-
tions processors and SEL relays

ASCII and Binary auto messaging SEL and non-SEL IED master and slave devices

Modbus Plusa

a Requires SEL-2711 Modbus Plus protocol card.

Modbus Plus peers with global data and Modbus 
Plus masters

FTP (File Transfer Protocol)b

b Requires SEL-2701 Ethernet Processor.

FTP clients

Telnetb Telnet servers and clients

UCA2 GOMSFEb UCA2 protocol masters

UCA2 GOOSEb UCA2 protocol and peers

SEL Communications
Processor

To Engineering

Modem
To SCADA

Local HMI

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL Communications
Processor

SEL Communications
Processor
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SEL Communications Processor and 
Relay Architecture

You can apply SEL communications processors and SEL relays in a limitless 
variety of applications that integrate, automate, and improve station operation. 
Most system integration architectures utilizing SEL communications 
processors involve either developing a star network or enhancing a multidrop 
network.

Developing 
Star Networks

The simplest architecture using both the SEL-751A and an SEL 
communications processor is shown in Figure C.1. In this architecture, the 
SEL communications processor collects data from the SEL-751A and other 
station IEDs. The SEL communications processor acts as a single point of 
access for local and remote data consumers (local HMI, SCADA, engineers). 
The communications processor also provides a single point of access for 
engineering operations including configuration and the collection of report-
based information.

By configuring a data set optimized to each data consumer, you can 
significantly increase the utilization efficiency on each link. A system that 
uses an SEL communications processor to provide a protocol interface to an 
RTU will have a shorter lag time (data latency); communication overhead is 
much less for a single data exchange conversation to collect all substation data 
(from a communications processor) than for many conversations necessary to 
collect data directly from each individual IED. You can further reduce data 
latency by connecting any SEL communications processor directly to the 
SCADA master and eliminating redundant communication processing in the 
RTU.

The SEL communications processor is responsible for the protocol interface, 
so you can install, test, and even upgrade the system in the future without 
disturbing protective relays and other station IEDs. This insulation of the 
protective devices from the communications interface assists greatly in 
situations where different departments are responsible for SCADA operation, 
communication, and protection.

SEL communications processors equipped with an SEL-2701 Ethernet 
Processor can provide a UCA2 interface to SEL-751A Relays and other serial 
IEDs. The SEL-751A data appear in models in a virtual device domain. The 
combination of the SEL-2701 with an SEL communications processor offers a 
significant cost savings because you can use existing IEDs or purchase less 
expensive IEDs. For full details on applying the SEL-2701 with an SEL 
communications processor, see the SEL-2701 Ethernet Processor Instruction 
Manual.

The engineering connection can use either an Ethernet network connection 
through the SEL-2701 or a serial port connection. This versatility will 
accommodate the channel that is available between the station and the 
engineering center. SEL software can use either a serial port connection or an 
Ethernet network connection from an engineering workstation to the relays in 
the field.
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Enhancing 
Multidrop Networks

You can also use an SEL communications processor to enhance a multidrop 
architecture similar to the one shown in Figure C.3. In this example, the SEL 
communications processor enhances a system that uses the SEL-2701 with an 
Ethernet HMI multidrop network. In the example, there are two Ethernet 
networks, the SCADA LAN and the Engineering LAN. The SCADA LAN 
provides real-time data directly to the SCADA Control Center via a protocol 
gateway and to the HMI (Human Machine Interface).

Figure C.3 Enhancing Multidrop Networks With SEL Communications 
Processors

In this example, the SEL communications processor provides the following 
enhancements when compared to a system that employs only the multidrop 
network:

➤ Ethernet access for IEDs with serial ports

➤ Backup engineering access through the dial-in modem

➤ IRIG-B time signal distribution to all station IEDs

➤ Integration of IEDs without Ethernet

➤ Single point of access for real-time data for SCADA, 
HMI, and other uses

➤ Significant cost savings by use of existing IEDs 
with serial ports

SEL Communications
Processor

Modem

To SCADA Control Center,
RTU, or Protocol Gateway To Engineering

HMI/Local 
Engineering

Access

SEL-421 Relay

Hub Hub

Ethernet IED

SCADA
 Ethernet LAN

EIA-232

Engineering
Ethernet LAN

SEL-751A Relay SEL Relay Non-SEL IED



C.7

Date Code 20220610 Instruction Manual SEL-751A Relay

SEL Communications Processors
SEL Communications Processor Example

SEL Communications Processor Example
This example demonstrates the data and control points available in the SEL 
communications processor when you connect an SEL-751A. The physical 
configuration used in this example is shown in Figure C.4.

Figure C.4 Example of SEL Relay and SEL Communications Processor 
Configuration

Table C.4 shows the PORT 1 settings for the SEL communications processor.

Table C.4 SEL Communications Processor PORT 1 Settings

Setting 
Name

Setting Description

DEVICE S Connected device is an SEL device

CONFIG Y Allow autoconfiguration for this device

PORTID Relay 1 Name of connected relaya

a Automatically collected by the SEL communications processor during autoconfiguration.

BAUD 19200 Channel speed of 19200 bits per seconda

DATABIT 8 Eight data bitsa

STOPBIT 1 One stop bit

PARITY N No parity

RTS_CTS N Hardware flow control enabled

XON_XOFF Y Enable XON/XOFF flow control

TIMEOUT 30 Idle time-out that terminates transparent connections of 
30 seconds

SEL Communications
Processor

SEL-751A Relay

Personal 
Computer

Port F

Port 1

Port 3
Cable C273A

Cable C234A
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Data Collection The SEL communications processor is configured to collect data from the 
SEL-751A, using the list in Table C.5.

Table C.6 shows the automessage (SET A) settings for the SEL 
communications processor.

Table C.7 shows the map of regions in the SEL communications processor for 
data collected from the SEL-751A. Use the MAP n command to view these 
data.

Table C.5 SEL Communications Processor Data Collection Automessages 

Message Data Collected

20METER Power system metering data

20DEMAND Demand metering data

20TARGET Selected Relay Word bit elements

20HISTORY History Command (ASCII)

20STATUS Status Command (ASCII)

20EVENTS Standard 4 sample/cycle event report (data with settings)

20EVENT Standard 4 sample/cycle event report (data only)

Table C.6 SEL Communications Processor PORT 1 Automatic 
Messaging Settings

Setting Name Setting Description

AUTOBUF Y Save unsolicited messages

STARTUP ACC\nOTTER\n Automatically log in at Access Level 1

SEND_OPER Y Send Fast Operate messages 
for remote bit and breaker bit control

REC_SER N Automatic Sequential Events Recorder data 
collection disabled

NOCONN NA No SELOGIC control equation entered to selectively 
block connections to this port

MSG_CNT 3 Three automessages

ISSUE1 P00:00:01.0 Issue Message 1 every second

MESG1 20METER Collect metering data

ISSUE2 P00:00:01.0 Issue Message 2 every second

MESG2 20TARGET Collect Relay Word bit data

ISSUE3 P00:01:00.0 Issue Message 3 every minute

MESG3 20DEMAND Collect demand metering data

ARCH_EN N Archive memory disabled

USER 0 No USER region registers reserved

Table C.7 SEL Communications Processor PORT 1 Region Map

Region
Data Collection
Message Type

Region Name Description

D1 Binary METER Relay metering data

D2 Binary TARGET Relay Word bit data

D3 Binary DEMAND Demand meter data

D4–D8 n/a n/a Unused

A1–A3 n/a n/a Unused

USER n/a n/a Unused
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Relay Metering Data Table C.8 shows the list of meter data available in the SEL communications 
processor and the location and data type for the memory areas within D1 
(Data Region 1). The type field indicates the data type and size. The int type is 
a 16-bit integer. The float type is a 32-bit IEEE floating point number. Use the 
VIE n:D1 command to view these data.

Table C.8 Communications Processor METER Region Map

Item Starting Address Type

_YEAR 2000h int

DAY_OF_YEAR 2001h int

TIME(ms) 2002h int[2]

MONTH 2004h char

DATE 2005h char

YEAR 2006h char

HOUR 2007h char

MIN 2008h char

SECONDS 2009h char

MSEC 200Ah int

IA 200Bh float

IB 200Dh float

IC 200Fh float

IN 2011h float

IG 2013h float

UBI 2015h float

VAB 2017h float

VBC 2019h float

VCA 201Bh float

* 201Dh float

VS 201Fh float

UBV 2021h float

P 2023h float

Q 2025h float

S 2027h float

PF 2029h float

FREQ 202Bh float

FREQS 202Dh float

VDC 202Fh float

WDG 2031h float

BRG 2033h float

AMB 2035h float

OTH 2037h float
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Relay Word 
Bits Information

Table C.9 lists the Relay Word bit data available in the SEL communications 
processor TARGET region.

Control Points The SEL communications processor can automatically pass control messages, 
called Fast Operate messages, to the SEL-751A. You must enable Fast 
Operate messages by using the FASTOP setting in the SEL-751A port settings 
for the port connected to the SEL communications processor. You must also 
enable Fast Operate messages in the SEL communications processor by 
setting the automessage setting SEND_OPER equal to Y.

When you enable Fast Operate functions, the SEL communications processor 
automatically sends messages to the relay for changes in remote bits RB01–
RB32 on the corresponding SEL communications processor port. In this 
example, if you set RB01 on PORT 1 in the SEL communications processor, it 
automatically sets RB01 in the SEL-751A.

Breaker bit BR1 operates differently than remote bits. There is one breaker bit 
in the SEL-751A. For Circuit Breaker 1, when you set BR1, the SEL 
communications processor sends a message to the SEL-751A that asserts the 
OC bit for one processing interval. If you clear BR1, the SEL communications 
processor sends a message to the SEL-751A that asserts the CC bit for one 
processing interval. OC will open the breaker (via SELOGIC control equation 
TR) and CC will close the breaker (via SELOGIC control equation CL). See 
Figure 4.33 and Figure 4.34 for the breaker trip and breaker close logic 
diagrams, respectively.

Table C.9 Communications Processor TARGET Region

Address
Relay Word Bits (in Bits 7–0)

7 6 5 4 3 2 1 0

2804h * * * * * PWRUP STSET *

2805h See Table J.1, Row 0

2806h See Table J.1, Row 1

2807h See Table J.1, Row 2

2808h See Table J.1, Row 3

2809h See Table J.1, Row 4

280Ah See Table J.1, Row 5

280Bh See Table J.1, Row 6

280Ch See Table J.1, Row 7

280Dh See Table J.1, Row 8

280Eh See Table J.1, Row 9

280Fh See Table J.1, Row 10

2810h See Table J.1, Row 11

2811h See Table J.1, Row 12

•

•

•

•

•

•

287Ch See Table J.1, Row 119
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Demand Data Table C.10 lists the demand data available in the SEL Communications 
Processor and the location and data type for the memory areas within D3 
(Data Region 3). The type field indicates the data type and size. The type “int” 
is a 16-bit integer. The type “float” is a 32-bit IEEE floating point number.

Table C.10 Communications Processor DEMAND Region Map

Item Starting Address Type

_YEAR 3000h int

DAY_OF_YEAR 3001h int

TIME(ms) 3002h int[2]

MONTH 3004h char

DATE 3005h char

YEAR 3006h char

HOUR 3007h char

MIN 3008h char

SECONDS 3009h char

MSEC 300Ah int

IAD(A) 300Bh float

IBD(A) 300Dh float

ICD(A) 300Fh float

IGD(A) 3011h float

3I2D(A) 3013h float
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Appendix D
DNP3 Communications

Overview
The SEL-751A Feeder Protection Relay provides a Distributed Network 
Protocol Version 3.0 (DNP3) Level 2 Outstation interface for direct serial and 
LAN/WAN network connections to the device.

This section covers the following topics:

➤ Introduction to DNP3 on page D.1

➤ DNP3 in the SEL-751A on page D.6

➤ DNP3 Documentation on page D.14

Introduction to DNP3
A Supervisory Control and Data Acquisition (SCADA) manufacturer 
developed the first versions of DNP from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, Version 3.0 of the 
protocol has also become popular for local substation data collection. DNP3 is 
one of the protocols included in the IEEE Recommended Practice for Data 
Communication between Remote Terminal Units (RTUs) and Intelligent 
Electronic Devices (IEDs) in a Substation.

The DNP Users Group maintains and publishes DNP3 standards. See the DNP 
Users Group website, www.dnp.org, for more information on standards, 
implementers, and tools for working with DNP3.

DNP3 Specifications DNP3 is a feature-rich protocol with many ways to accomplish tasks, defined 
in an eight-volume series of specifications. Volume 8 of the specification, 
called the Interoperability Specification, simplifies DNP3 implementation by 
providing four standard interoperable implementation levels. The levels are 
listed in Table D.1.
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Each level is a proper superset of the previous lower-numbered level. A 
higher-level device can act as a master to a lower-level device, but can only 
use the data types and functions implemented in the lower level device. For 
example, a typical SCADA master is a Level 3 device and can use Level 2 (or 
lower) functions to poll a Level 2 (or lower) device for Level 2 (or lower) data. 
Similarly, a lower-level device can poll a higher-level device, but the lower 
level device can only access the features and data available to its level.

In addition to the eight-volume DNP3 specification, the protocol is further 
refined by conformance requirements, optional features, and a series of 
technical bulletins. The technical bulletins supplement the specifications with 
discussions and examples of specific features of DNP3.

Data Handling
Objects

DNP3 uses a system of data references called objects, defined by the Basic 4 
standard object library. Each subset level specification requires a minimum 
implementation of object types and recommends several optional object types. 
DNP3 object types, commonly referred to as objects, are specifications for the 
type of data the object carries. An object can include a single value or more 
complex data. Some objects serve as shorthand references for special 
operations, including collections of data, time synchronization, or even all 
data within the DNP3 device.

If there can be more than one instance of a type of object, then each instance 
of the object includes an index that makes it unique. For example, each binary 
status point (Object 1) has an index. If there are 16 binary status points, these 
points are Object 1, Index 0 through Object 1, Index 15.

Each object also includes multiple versions called variations. For example, 
Object 1 (binary inputs) has three variations: 0, 1, and 2. You can use variation 
0 to request all variations, variation 1 to specify binary input values only, and 
variation 2 to specify binary input values with status information. 

Each DNP3 device has both a list of objects and a map of object indices. The 
list of objects defines the available objects, variations, and qualifier codes. The 
map defines the indices for objects that have multiple instances and defines 
what data or control points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. 
DNP3 terminology describes all points from the perspective of the master. 
Binary points for control that move from the master to the outstation are called 
Binary Outputs, while binary status points within the outstation are called 
Binary Inputs.

Table D.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communication requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communication requirements

Large RTUs, SCADA mas-
ters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA mas-
ters
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Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object 
listing for the device shows the permitted function codes for each type of 
object. The most common DNP3 function codes are listed in Table D.2.

Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range 
specifies the indices of the objects of interest. DNP3 masters use qualifier 
codes to compose the shortest, most concise message possible when 
requesting points from a DNP3 outstation.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses 
two bytes. An example request using qualifier code 01 might have the four 
hexadecimal byte range field, 00h 04h 00h 10h, which specifies points in the 
range 4 to 16.

Access Methods DNP3 has many features that help obtain maximum possible message 
efficiency. DNP3 masters use special objects, variations, and qualifiers that 
reduce the message size to send requests with the least number of bytes. Other 
features eliminate the continual exchange of static (unchanging) data values. 
These features optimize use of bandwidth and maximize performance over a 
connection of any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit 
values that have not changed. Event data are time-stamped records that show 
when observed measurements changed. For binary points, the remote device 
(DNP3 outstation) logs changes from logical 1 to logical 0 and from logical 0 
to logical 1. For analog points, the outstation device logs changes that exceed 
a deadband. DNP3 outstation devices collect event data in a buffer that either 
the master can request or the device can send to the master without a request 
message. Data sent from the outstation to the master without a polling request 
are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved 
for reading the present value data (static data). Classes 1, 2, and 3 are event 
data classes. The meaning of Classes 1 to 3 is arbitrary and defined by the 
application at hand. With outstations that contain great amounts of data or in 
large systems, the three event classes provide a framework for prioritizing 
different types of data. For example, you can poll once a minute for Class 1 
data, once an hour for Class 2 data, and once a day for Class 3 data.

Table D.2 Selected DNP3 Function Codes

Function 
Code

Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a Select Before Operate operation

4 Operate Second part of a Select Before Operate operation

5 Direct operate One-step operation with reply

6 Direct operate, no reply One-step operation with no reply
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DNP3 also supports static polling: simple polling of the present value of data 
points within the outstation. By combining event data, unsolicited polling, and 
static polling, you can operate your system in one of the four access methods 
shown in Table D.3.

The access methods listed in Table D.3 are listed in order of increasing 
communication efficiency. With various trade-offs, each method is less 
demanding of communication bandwidth than the previous one. For example, 
unsolicited report-by-exception consumes less communication bandwidth 
than polled report-by-exception because that method does not require polling 
messages from the master. To properly evaluate which access method provides 
optimum performance for your application, you must also consider overall 
system size and the volume of data communication expected.

Binary Control 
Operations

DNP3 masters use Object 12, control device output block, to perform DNP3 
binary control operations. The control device output block has both a trip/
close selection and a code selection. The trip/close selection allows a single 
DNP3 index to operate two related control points such as trip and close or 
raise and lower. Trip/close pair operation is not recommended for new DNP3 
devices, but is often included for interoperability with older DNP3 master 
implementations.

The control device output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited 
subset of the possible combinations of the code field. Sometimes, DNP3 
outstations assign special operation characteristics to the latch and pulse 
selections. Table D.12 describes control point operation for the SEL-751A.

Conformance Testing In addition to the protocol specifications, the DNP Users Group has approved 
conformance-testing requirements for Level 1 and Level 2 devices. Some 
implementers perform their own conformance specification testing, while 
some contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and outstation 
will be fully interoperable (that is, work together properly for all implemented 
features). Conformance testing does help to standardize the testing procedure 
and move the DNP3 implementers toward a higher level of interpretability.

Table D.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only

Polled report-by-exception Master polls frequently for event data and occasionally 
for Class 0 data

Unsolicited report-by-exception Outstation devices send unsolicited event data to the 
master, and the master occasionally polls for Class 0 
data

Quiescent Master never polls and relies on unsolicited reports 
only
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DNP3 Serial 
Network Issues

Data Link Layer Operation

DNP3 employs a three-layer version of the seven-layer OSI (Open Systems 
Interconnect) model called the enhanced performance architecture. The layer 
definition helps to categorize functions and duties of various software 
components that make up the protocol. The middle layer, the Data Link Layer, 
includes several functions for error checking and media access control.

A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this 
feature helps you recognize a failed device or failed communications link 
quickly, it also adds significant overhead to the DNP3 conversation. You 
should consider whether you require this link integrity function in your 
application at the expense of overall system speed and performance.

The DNP3 technical bulletin (DNP Confirmation and Retry Guidelines 9804-
002) on confirmation processes recommends against using data link 
confirmations because these processes can add to traffic in situations where 
communications are marginal. The increased traffic will reduce connection 
throughput further, possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single (serial) network 
medium, you must provide a mechanism to resolve the resulting network 
medium contention. For example, unsolicited reporting results in network 
medium contention if you do not design your serial network as a star topology 
of point-to point connections or use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a 
collision avoidance feature. Before sending a message, a DNP3 device listens 
for a carrier signal to verify that no other node is transmitting data. The device 
transmits if there is no carrier or waits for a random time before transmitting. 
However, if two nodes both detect a lack of carrier at the same instant, these 
two nodes could begin simultaneous transmission of data and cause a data 
collision. If your serial network allows for spontaneous data transmission 
including unsolicited event data transmissions, you also must use application 
confirmation to provide a retry mechanism for messages lost as a result of data 
collisions.

DNP3 LAN/WAN 
Overview

The main process for carrying DNP3 over an Ethernet Network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the 
transport layer frames of the Internet Protocol (IP) suite. This allows the IP 
stack to deliver the DNP3 data link layer frames to the destination in place of 
the original DNP3 physical layer.

The DNP User Group Technical Committee has recommended the following 
guidelines for carrying DNP3 over a network:

NOTE: Link layer confirmations are 
explicitly disabled for DNP3 LAN/
WAN. The IP suite provides a reliable 
delivery mechanism, which is backed 
up at the application layer by 
confirmations when necessary.

➤ DNP3 shall use the IP suite to transport messages over a LAN/
WAN

➤ Ethernet is the recommended physical link, though others may 
be used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs
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➤ User Datagram Protocol (UDP) may be used for highly reliable 
single segment LANs

➤ UDP is necessary if you need broadcast messages

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). Use this port 
for either TCP or UDP.

TCP/UDP Selection
The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table D.4.

DNP3 in the SEL-751A
The SEL-751A is a DNP3 Level 2 remote (outstation) device without dual end 
point.

Data Access Table D.5 lists DNP3 data access methods along with corresponding 
SEL-751A settings. You must select a data access method and configure each 
DNP3 master for polling as specified.

Table D.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data 
(CDPD)

X

Low priority data, for example, data monitor or configuration information X

Table D.5 DNP3 Access Methods (Sheet 1 of 2)

Access Method Master Polling SEL-751A Settings

Polled static Class 0 Set ECLASSBn, ECLASSCn, 
ECLASSAn to 0; UNSOLn to No

Polled report-
by-exception

Class 0 occasionally, 
Class 1, 2, 3 frequently

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; UNSOLn to No

NOTE: Because unsolicited 
messaging is problematic in most 
circumstances, SEL recommends 
using the polled report-by-exception 
access method to maximize 
performance and minimize risk of 
configuration problems. 

NOTE: In the settings in Table D.5, 
the suffix n represents the DNP3 
session number from 1 to 3. All 
settings with the same numerical 
suffix comprise the complete DNP3 
session configuration.
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The SEL-751A is an outstation device without dual end point. For a TCP 
connection, the relay sends out unsolicited messages only if a DNP3 master 
has already established a session and enabled unsolicited messaging for that 
session. However, for a serial/modem/UDP connection, the relay 
automatically dials out and sends unsolicited messages as defined by the 
settings.

In both the unsolicited report-by-exception and quiescent polling methods 
shown in Table D.5, you must make a selection for the PUNSOLn setting. 
This setting enables or disables unsolicited data reporting at power up. If your 
DNP3 master can send a message to enable unsolicited reporting on the 
SEL-751A, you should set PUNSOLn to No.

While automatic unsolicited data transmission on power up is convenient, this 
can cause problems if your DNP3 master is not prepared to start receiving data 
immediately on power up. If the master does not acknowledge the unsolicited 
data with an Application Confirm, the device will resend the information until 
it is acknowledged. On a large system, or in systems where the processing 
power of the master is limited, you may have problems when several devices 
simultaneously begin sending data and waiting for acknowledgment 
messages.

The SEL-751A allows you to set the conditions for transmitting unsolicited 
event data on a class-by-class basis. It also allows you to assign points to event 
classes on a point-by-point basis (see DNP3 Documentation on page D.14). 
You can prioritize data transmission with these event class features. For 
example, you might place high-priority points in event class 1 and set it with 
low thresholds (NUMEVEn and AGEEVEn settings) so that changes to these 
points will be sent to the master quickly. You may then place low priority data 
in event class 2 with higher thresholds.

If the SEL-751A does not receive an Application Confirm in response to 
unsolicited data, it will wait for ETIMEOn seconds and then repeat the 
unsolicited message. To prevent clogging of the network with unsolicited data 
retries, the SEL-751A uses the URETRYn and UTIMEOn settings to increase 
retry time when the number of retries set in URETRYn is exceeded. After 
URETRYn has been exceeded, the SEL-751A pauses UTIMEOn seconds and 
then transmits the unsolicited data again. Figure D.1 provides an example with 
URETRYn = 2.

Unsolicited report-
by-exception

Class 0 occasionally, 
optional Class 1, 2, 3 less 
frequently; mainly relies 
on unsolicited messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; set UNSOLn to Yes and 
PUNSOLn to Yes or No

Quiescent Class 0, 1, 2, 3 never; 
relies completely on 
unsolicited messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; set UNSOLn and PUNSOLn to 
Yes.

Table D.5 DNP3 Access Methods (Sheet 2 of 2)

Access Method Master Polling SEL-751A Settings
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Figure D.1 Application Confirmation Timing With URETRY n = 2

Collision Avoidance If your application uses unsolicited reporting on a serial network, you must 
select a half-duplex medium or a medium that includes carrier detection to 
avoid data collisions. EIA-485 two-wire networks are half-duplex. EIA-485 
four-wire networks do not provide carrier detection, while EIA-232 systems 
can support carrier detection. DNP3 LAN/WAN uses features of the IP suite 
for collision avoidance, so does not require these settings.

The SEL-751A uses Application Confirmation messages to guarantee delivery 
of unsolicited event data before erasing the local event data buffer. Data 
collisions are typically resolved when messages are repeated until confirmed.

The SEL-751A pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. For example, if you use the settings of 0.10 seconds for MAXDLY and 
0.05 seconds for MINDLY, the SEL-751A will insert a random delay of 50 to 
100 ms (milliseconds) between the end of carrier detection and the start of 
data transmission (see Figure D.2).

Figure D.2 Message Transmission Timing

Transmission Control If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio 
system for your DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay 
between RTS signal control and data transmission (see Figure D.2). For 
example, an EIA-485 transceiver typically requires 10 to 20 ms to change 
from receive to transmit. If you set the pre-delay to 30 ms, you will avoid data 
loss resulting from data transmission beginning at the same time as RTS signal 
assertion.

Event Data DNP3 event data objects contain change-of-state and time-stamp information 
that the SEL-751A collects and stores in a buffer. Points assigned in the 
Binary Input Map that are also assigned in the Sequential Events Recorder 
(SER) settings carry the time stamp of actual occurrence. Binary input points 
not assigned in the SER settings will carry a time stamp based on the DNP 
map scan time. This may be significantly delayed from when the original 
source changed and should not be used for sequence-of-events determination. 
The DNP map is scanned approximately once per second to generate events. 

RX DATA
(Event Data Confirmation)

TX DATA

ETIMEOn

Retry RetryRetry

Confirmation

UTIMEOn

UTIMEOnETIMEOn

Receipt of RX 
DATA or CTS

Random Delay
MINDLY to MAXDLY

RTS

TX DATA
PREDLY PSTDLY

NOTE: PREDLY and POSTDLY 
settings are only available for EIA-232 
and EIA-485 serial port sessions.
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You can configure the SEL-751A to either report the data without a polling 
request from the master (unsolicited data) or hold the data until the master 
requests the data with an event poll message.

With the event class settings ECLASSBn, ECLASSCn, and ECLASSAn, you 
can set the event class for binary, counter, and analog inputs for session n. You 
can use the classes as a simple priority system for collecting event data. The 
SEL-751A does not treat data of different classes differently with respect to 
message scanning, but it does allow the master to perform independent class 
polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. You must 
confirm that the polling configuration 
of your master allows independent 
polling for each class before 
implementing separate classes in the 
SEL-751A.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in Table D.7. You 
can either:

➤ set and use default deadband and scaling according to data 
type, or 

➤ use a custom data map to select deadbands on a point-by-point 
basis.

See DNP3 Documentation on page D.14 for a discussion of how to set scaling 
and deadband operation on a point-by-point basis. You can modify deadbands 
for analog inputs at run-time by writing to Object 34.

The settings ANADBAn, ANADBVn, and ANADBMn control default dead-
band operation for each type of analog data. Because DNP3 Objects 30 and 32 
use integer data, you must use scaling to send digits after the decimal point 
and avoid rounding to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling 
setting of 1, the value transmitted is 126. With a scaling setting of 3, the value 
transmitted is 12632. You must make certain that the maximum value does not 
exceed 32767 if you are polling the default 16-bit variations for Objects 30 
and 32, but you can send some decimal values by using this technique. You 
must also configure the master to perform the appropriate division on the 
incoming value to display it properly.

You can set the default analog value scaling with the DECPLAn, DECPLVn, 
and DECPLMn settings. Application of event reporting deadbands occurs 
after scaling. For example, if you set DECPLAn to 2 and ANADBAn to 10, a 
measured current of 10.14 A would be scaled to the value 1014 and would 
have to increase to more than 1024 or decrease to less than 1004 (a change in 
magnitude of ± 0.1 A) for the device to report a new event value.

The SEL-751A uses the NUMEVEn and AGEEVEn settings to decide when 
to send unsolicited data to the master. The device sends an unsolicited report 
when the total number of events accumulated in the event buffer for master n 
reaches NUMEVEn. The device also sends an unsolicited report if the age of 
the oldest event in the master n buffer exceeds AGEEVEn. The SEL-751A has 
the buffer capacities listed in Table D.6.
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Binary Controls The SEL-751A provides more than one way to control individual points. The 
SEL-751A maps incoming control points either to remote bits or to internal 
command bits that cause circuit breaker operations. Table D.12 lists control 
points and control methods available in the SEL-751A.

A DNP3 technical bulletin (Control Relay Output Block Minimum 
Implementation 9701-002) recommends that you use one point per Object 12, 
control block output device. You can use this method to perform Pulse On, 
Pulse Off, Latch On, and Latch Off operations on selected remote bits.

If your master does not support the single-point-per-index messages or single 
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page D.23.

Time Synchronization The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time 
synchronization in the event the device loses primary synchronization through 
the IRIG-B input. You can enable time synchronization with the TIMERQn setting 
and then use Object 50, Variation 1, and Object 52, Variation 2, to set the time via the 
Session n DNP3 master (Object 50, variation 3 for DNP3 LAN/WAN).

By default, the SEL-751A accepts and ignores time set requests 
(TIMERQn = I for “ignore”). (This mode allows the SEL-751A to use a high 
accuracy, IRIG time source, but still interoperate with DNP3 masters that send 
time-synchronization messages.) You can set the SEL-751A to request time 
synchronization periodically by setting the TIMERQn setting to the necessary 
period. You can also set it to not request, but accept time synchronization 
(TIMERQn = M for “master”).

Modem Support The SEL-751A DNP implementation includes modem support for serial ports. 
Your DNP3 master can dial-in to the SEL-751A and establish a DNP3 
connection. The SEL-751A can automatically dial out and deliver unsolicited 
DNP3 event data.

When the device dials out, it waits for the “CONNECT” message from the 
local modem and for assertion of the device CTS line before continuing the 
DNP transaction. This requires a connection from the modem DCD to the 
device CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
SEL-751A to other devices.

You can either connect the modem to a computer and configure it before 
connecting it to the SEL-751A, or program the appropriate modem setup 
string in the modem startup string setting MSTR. You should use the 
PH_NUM1 and (optional) PH_NUM2 settings to set the phone numbers that 
you want the SEL-751A to call. The SEL-751A will automatically send the 
ATDT modem dial command and then the contents of the PH_NUM1 setting 
when dialing the modem. If PH_NUM2 is set, use the RETRY1 setting to 
configure the number of times the SEL-751A tries to dial PH_NUM1 before 
dialing PH_NUM2. Similarly, the RETRY2 setting is the number of attempts 

Table D.6 SEL-751A Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog 100

Counters 32

NOTE: To enable hardware 
handshaking, set the modem settings 
for the selected port equal to Y if you 
are using a null modem cable for DNP 
protocol implementation.
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the SEL-751A tries to dial PH_NUM2 before trying PH_NUM1. MDTIME 
sets the length of time from initiating the call to declaring it failed because of 
no connection, and MDRET sets the time between dial-out attempts.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must use 
either X-ON/X-OFF software flow 
control or set the port data speed 
slower than the effective data rate of 
the modem.

The settings PH_NUM1 and PH_NUM2 must conform to the AT modem 
command set dialing string standard, including:

➤ A comma (,) inserts a four second pause

➤ If necessary, use a 9 to reach an outside line

➤ Include a 1 and the area code if the number requires long 
distance access

➤ Add any special codes your telephone service provider designates 
to block call waiting and other telephone line features.

DNP3 Settings The DNP3 port configuration settings available on the SEL-751A are shown 
in Table D.7. You can enable DNP3 on Ethernet PORT 1 or on any of the serial 
Ports 2 through 4, for a maximum of three concurrent DNP3 sessions. Each 
session defines the characteristics of the connected DNP3 Master to which 
you assign one of the three available custom maps. 

Some settings only apply to serial DNP3 and are visible only when 
configuring a serial port. Likewise, some settings only apply to DNP3 LAN/
WAN, and are visible only when configuring the Ethernet Port.

For example, you only have the ability to define multiple sessions on Port 1, 
the Ethernet port. The IP address for each session must be unique. 

Table D.7 Port DNP3 Protocol Settings (Sheet 1 of 2)

Name Description Range Default

EDNPa Enable DNP3 Sessions 0–3 0

DNPNUMa DNP3 TCP and UDP Port 1–65534 20000

DNPADR Device DNP3 address 0–65534 0

Session 1 Settings

DNPIP1a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR1a Transport protocol UDP, TCP TCP

DNPUDP1a UDP response port REQ, 1–65534 20000

REPADR1 DNP3 address of the Master to send messages to 0–65519 1

DNPMAP1 DNP3 Session Custom Map 1–3 1

DVARAI1 Analog Input Default Variation 1–6 4

ECLASSB1 Class for binary event data, 0 disables 0–3 1

ECLASSC1 Class for counter event data, 0 disables 0–3 0

ECLASSA1 Class for analog event data, 0 disables 0–3 2

DECPLA1 Decimal places scaling for Current data 0–3 1

DECPLV1 Decimal places scaling for Voltage data 0–3 1

DECPLM1 Decimal places scaling for Miscellaneous data 0–3 1

ANADBA1 Analog reporting deadband for current; hidden if ECLASSA1 set to 0 0–32767 100

ANADBV1 Analog reporting deadband for voltages; hidden if ECLASSA1 set to 0 0–32767 100

ANADBM1 Analog reporting deadband for miscellaneous analogs; hidden if ECLASSA and 
ECLASSC set to 0

0–32767 100
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TIMERQ1 Time-set request interval, minutes (M = Disables time sync requests, but still accepts and 
applies time syncs from Master; I = Ignores (does not apply) time syncs from Master)

I, M, 1–32767 I

STIMEO1 Select/operate time-out, seconds 0.0–30.0 1.0

DNPINA1a,b Send Data Link Heartbeat, seconds; hidden if DNPTR1 set to UDP 0.0–7200 120

DRETRY1c Data link retries 0–15 3

DTIMEO1c Data link time-out, seconds; hidden if DRETRY1 set to 0 0.0–5.0 1

ETIMEO1 Event message confirm time-out, seconds 1–50 5

UNSOL1 Enable unsolicited reporting; hidden and set to N if ECLASSB1, ECLASSC1, and 
ECLASSA1 set to 0

Y, N N

PUNSOL1 Enable unsolicited reporting at power up; hidden and set to N if UNSOL1 set to N Y, N N

NUMEVE1d Number of events to transmit on 1–200 10

AGEEVE1d Oldest event to transmit on, seconds 0.0–99999.0 2.0

URETRY1d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO1d Unsolicited messages offline time-out, seconds 1–5000 60

Session 2 Settings

DNPIP2a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR2a Transport protocol UDP, TCP TCP

·
·
·

URETRY2a,d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO2a,d Unsolicited messages offline time-out, seconds 1–5000 60

Session 3 Settings

DNPIP3a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR3a Transport protocol UDP, TCP TCP

·
·
·

URETRY3a,d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO3a,d Unsolicited messages offline time-out, seconds 1–5000 60

Serial Port Settings

MINDLYc Minimum delay from DCD to TX, seconds 0.00–1.00 0.05

MAXDLYc Maximum delay from DCD to TX, seconds 0.00–1.00 0.10

PREDLYc Settle time from RTS on to TX; Off disables PSTDLY OFF, 0.00–30.00 0.00

PSTDLYc Settle time from TX to RTS off; hidden if PREDLY set to Off 0.00–30.00 0.00

a Available only on Ethernet ports. The DNP IP Address of each session (DNPIP1, DNPIP2, etc.) must be unique.
b DNPINAn (n = 1–3) allows you to set the wait time to detect a bad TCP connection. The relay closes the unused TCP connection after the 

DNPINAn response timeout. Set this value to be less than 20 seconds. Disabling DNPINAn violates the DNP3 standard and should only be 
done for testing.

c Available only on serial ports.
d Hidden if UNSOLn set to N.

Table D.7 Port DNP3 Protocol Settings (Sheet 2 of 2)

Name Description Range Default
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The modem settings in Table D.8 are only available for DNP3 serial port sessions.

Table D.8 Serial Port DNP3 Modem Settings 

Name Description Range Default

MODEM Modem connected to port; all following 
settings are hidden if MODEM set to N

Y, N N

MSTR Modem startup string As many 
as 30

characters

“E0X0&D0S0 = 4”

PH_NUM1 Primary phone number for dial-out As many 
as 30

characters

“”

PH_NUM2 Secondary phone number for dial-out As many 
as 30 

characters

“”

RETRY1 Retry attempts for primary dial-out; hid-
den and unused if PH_NUM2 set to “”

1–20 5

RETRY2 Retry attempts for secondary dial-out; 
hidden and unused if PH_NUM2 set to “”

1–20 5

MDTIME Time from initiating call to failure result-
ing from no connection, seconds

5–300 60

MDRET Time between dial-out attempts 5–3600 120
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DNP3 Documentation
Object List Table D.9 lists the objects and variations with supported function codes and 

qualifier codes available in the SEL-751A. The list of supported objects 
conforms to the format laid out in the DNP specifications and includes both 
supported and unsupported objects for DNP3 implementation Level 2 and 
above and non-supported objects for DNP3 implementation Level 2 only. 
Those that are supported include the function and qualifier codes. The objects 
that are not supported are shown without any corresponding function and 
qualifier codes.

Table D.9 SEL-751A DNP Object List (Sheet 1 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

0 211 Device Attributes—User-specific sets of attributes 1 0 129 0,17

0 212 Device Attributes—Master data set prototypes 1 0 129 0,17

0 213 Device Attributes—Outstation data set prototypes 1 0 129 0,17

0 214 Device Attributes—Master data sets 1 0 129 0,17

0 215 Device Attributes—Outstation data sets 1 0 129 0,17

0 216 Device Attributes—Max binary outputs per request 1 0 129 0,17

0 219 Device Attributes—Support for analog output events 1 0 129 0,17

0 220 Device Attributes—Max analog output index 1 0 129 0,17

0 221 Device Attributes—Number of analog outputs 1 0 129 0,17

0 222 Device Attributes—Support for binary output events 1 0 129 0,17

0 223 Device Attributes—Max binary output index 1 0 129 0,17

0 224 Device Attributes—Number of binary outputs 1 0 129 0,17

0 225 Device Attributes—Support for frozen counter events 1 0 129 0,17

0 226 Device Attributes—Support for frozen counters 1 0 129 0,17

0 227 Device Attributes—Support for counter events 1 0 129 0,17

0 228 Device Attributes—Max counter index 1 0 129 0,17

0 229 Device Attributes—Number of counters 1 0 129 0,17

0 230 Device Attributes—Support for frozen analog inputs 1 0 129 0,17

0 231 Device Attributes—Support for analog input events 1 0 129 0,17

0 232 Device Attributes—Max analog input index 1 0 129 0,17

0 233 Device Attributes—Number of analog inputs 1 0 129 0,17

0 234 Device Attributes—Support for double-bit events 1 0 129 0,17

0 235 Device Attributes—Max double-bit binary index 1 0 129 0,17

0 236 Device Attributes—Number of double-bit binaries 1 0 129 0,17

0 237 Device Attributes—Support for binary input events 1 0 129 0,17

0 238 Device Attributes—Max binary input index 1 0 129 0,17

0 239 Device Attributes—Number of binary inputs 1 0 129 0,17

0 240 Device Attributes—Max transmit fragment size 1 0 129 0,17

0 241 Device Attributes—Max receive fragment size 1 0 129 0,17

0 242 Device Attributes—Device manufacturer’s software 
version

1 0 129 0,17
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0 243 Device Attributes—Device manufacturer’s hardware 
version

1 0 129 0,17

0 245 Device Attributes—User-assigned location name 1 0 129 0,17

0 246 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 247 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 248 Device Attributes—Device serial number 1 0 129 0,17

0 249 Device Attributes—DNP subset and conformance 1 0 129 0,17

0 250 Device Attributes—Device manufacturer’s product 
name and model

1 0 129 0,17

0 252 Device Attributes—Device manufacturer's name 1 0 129 0,17

0 254 Device Attributes—Non-specific all attributes request 1 0 129 0,17

0 255 Device Attributes—List of attribute variations 1 0 129 0,17

1 0 Binary Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

1 1 Binary Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

1 2e Binary Input With Status 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

2 0 Binary Input Change—All Variations 1 6, 7, 8

2 1 Binary Input Change Without Time 1 6, 7, 8 129 17, 28

2 2e Binary Input Change With Time 1 6, 7, 8 129, 130 17, 28

2 3 Binary Input Change With Relative Time 1 6, 7, 8 129 17, 28

10 0 Binary Output—All Variations 1 0, 1, 6, 7, 8

10 1 Binary Output

10 2e Binary Output Status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control Block—All Variations

12 1 Control Relay Output Block 3, 4, 5, 6 17, 28 129 echo of request

12 2 Pattern Control Block 3, 4, 5, 6 7 129 echo of request

12 3 Pattern Mask 3, 4, 5, 6 0, 1 129 echo of request

20 0 Binary Counter—All Variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28

20 1 32-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 2 16-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 3 32-Bit Delta Counter

20 4 16-Bit Delta Counter

20 5 32-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 6e 16-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 7 32-Bit Delta Counter Without Flag

20 8 16-Bit Delta Counter Without Flag

21 0 Frozen Counter—All Variations

21 1 32-Bit Frozen Counter

21 2 16-Bit Frozen Counter

21 3 32-Bit Frozen Delta Counter

21 4 16-Bit Frozen Delta Counter

Table D.9 SEL-751A DNP Object List (Sheet 2 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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21 5 32-Bit Frozen Counter With Time of Freeze

21 6 16-Bit Frozen Counter With Time of Freeze

21 7 32-Bit Frozen Delta Counter With Time of Freeze

21 8 16-Bit Frozen Delta Counter With Time of Freeze

21 9 32-Bit Frozen Counter Without Flag

21 10 16-Bit Frozen Counter Without Flag

21 11 32-Bit Frozen Delta Counter Without Flag

21 12 16-Bit Frozen Delta Counter Without Flag

22 0 Counter Change Event—All Variations 1 6, 7, 8

22 1 32-Bit Counter Change Event Without Time 1 6, 7, 8 129 17, 28

22 2e 16-Bit Counter Change Event Without Time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit Delta Counter Change Event Without Time

22 4 16-Bit Delta Counter Change Event Without Time

22 5 32-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 6 16-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 7 32-Bit Delta Counter Change Event With Time

22 8 16-Bit Delta Counter Change Event With Time

23 0 Frozen Counter Event—All Variations

23 1 32-Bit Frozen Counter Event Without Time

23 2 16-Bit Frozen Counter Event Without Time

23 3 32-Bit Frozen Delta Counter Event Without Time

23 4 16-Bit Frozen Delta Counter Event Without Time

23 5 32-Bit Frozen Counter Event With Time

23 6 16-Bit Frozen Counter Event With Time

23 7 32-Bit Delta Counter Change Event With Time

23 8 16-Bit Delta Counter Change Event With Time

30f 0 Analog Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

30f 1 32-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 2 16-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 3 32-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 4 16-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 5 Short Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 6 Long Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

31 0 Frozen Analog Input—All Variations

31 1 32-Bit Frozen Analog Input

31 2 16-Bit Frozen Analog Input

31 3 32-Bit Frozen Analog Input With Time of Freeze

31 4 16-Bit Frozen Analog Input With Time of Freeze

31 5 32-Bit Frozen Analog Input Without Flag

Table D.9 SEL-751A DNP Object List (Sheet 3 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
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Qual. 
Codesd
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31 6 16-Bit Frozen Analog Input Without Flag

31 7 Short Floating Point Frozen Analog Input

31 8 Long Floating Point Frozen Analog Input

32f 0 Analog Change Event—All Variations 1 6, 7, 8

32f 1 32-Bit Analog Change Event Without Time 1 6, 7, 8 129 17, 28

32f 2 16-Bit Analog Change Event Without Time 1 6, 7, 8 129, 130 17, 28

32f 3 32-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 4 16-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 5 Short Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 6 Long Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 7 Short Floating Point Analog Change Event 
With Time

1 6, 7, 8 129 17, 28

32f 8 Long Floating Point Analog Change Event 
With Time

1 6, 7, 8 129 17, 28

33 0 Frozen Analog Event—All Variations

33 1 32-Bit Frozen Analog Event Without Time

33 2 16-Bit Frozen Analog Event Without Time

33 3 32-Bit Frozen Analog Event With Time

33 4 16-Bit Frozen Analog Event With Time

33 5 Short Floating Point Frozen Analog Event

33 6 Long Floating Point Frozen Analog Event

33 7 Short Floating Point Frozen Analog Event With Time

33 8 Long Floating Point Frozen Analog Event With Time

34 0 Analog Deadband—All Variations

34 1e 16-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 2 32-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 3 Floating Point Analog Input Reporting Deadband 
Object

1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

40 0 Analog Output Status—All Variations 1 0, 1, 6, 7, 8 129

40 1 32-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2e 16-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Short Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Long Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog Output Block—All Variations

41 1 32-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 2e 16-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 3 Short Floating Point Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

50 0 Time and Date—All Variations

50 1 Time and Date 1, 2 7, 8 index = 0 129 07, 
quantity = 1

Table D.9 SEL-751A DNP Object List (Sheet 4 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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50 2 Time and Date With Interval

50 3 Time and Date Last Recorded 2 7 quantity =  1 129

51 0 Time and Date CTO—All Variations

51 1 Time and Date CTO

51 2 Unsynchronized Time and Date CTO 129 07, 
quantity = 1

52 0 Time Delay—All Variations

52 1 Time Delay, Coarse

52 2 Time Delay, Fine 129 07, 
quantity = 1

60 0 All Classes of Data 1, 20, 21 6, 7, 8

60 1 Class 0 Data 1, 20, 21 6, 7, 8

60 2 Class 1 Data 1 6, 7, 8

60 3 Class 2 Data 1, 20, 21 6, 7, 8

60 4 Class 3 Data 1, 20, 21 6, 7, 8

70 1 File Identifier

70 2 Authentication Object

70 3 File Command Object

70 4 File Command Status Object

70 5 File Transport Object

70 6 File Transport Status Object

70 7 File Descriptor Object

80 1 Internal Indications 2 0, 1 index = 7

81 1 Storage Object

82 1 Device Profile

83 1 Private Registration Object

83 2 Private Registration Object Descriptor

90 1 Application Identifier

100 1 Short Floating Point

100 2 Long Floating Point

100 3 Extended Floating Point

101 1 Small Packed Binary-Coded Decimal

101 2 Medium Packed Binary-Coded Decimal

101 3 Large Packed Binary-Coded Decimal

110 all Octet String

111 all Octet String Event

112 All Virtual Terminal Output Block

Table D.9 SEL-751A DNP Object List (Sheet 5 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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Device Profile The DNP3 Device Profile document, available on the supplied CD or as a 
download from the SEL website, contains the standard device profile 
information for the SEL-751A.This information is also available in XML 
format. Please refer to this document for complete information on DNP3 
Protocol support in the SEL-751A.

Reference Data Map Table D.10 shows the SEL-751A reference data map. The reference map 
shows the data available to a DNP3 master. You can use the default map or the 
custom DNP3 mapping functions of the SEL-751A to retrieve only the points 
necessary for your application.

NOTE: Deadband changes via Object 
34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).

The SEL-751A scales analog values by the indicated settings or fixed scaling 
indicated in the description. Analog deadbands for event reporting use the 
indicated settings, or ANADBM if you have not specified a setting.

113 All Virtual Terminal Event Data

N/A No object necessary for the following function codes:

13 cold start

14 warm start

23 delay measurement

13, 14, 23

a Supported in requests from master.
b May generate in response to master.
c Decimal.
d Hexadecimal.
e Default variation.
f Default variation specified by serial port setting DVARAI (or DVARAIn for Ethernet session n [n = 1, 2, or3]).

Table D.9 SEL-751A DNP Object List (Sheet 6 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

Table D.10 DNP3 Reference Data Map (Sheet 1 of 2)

Object Labels Description

Binary Inputs

01, 02 STFAIL Relay diagnostic failure (HALARM is latched)

STWARN Relay diagnostic warning (HALARM is pulsed)

STSET. Relay settings change or restart

Enabled–TLED_06a Relay Word Elements Target Row 0 (see Table J.1)

50A1P–AFS4ELa Relay Word Elements (see Table J.1)

PFL Power Factor Leading for Three-Phase Currents

0 Logical 0

1 Logical 1

Binary Outputs

10,12 RB01–RB32 Remote bits RB01–RB32

10,12 RB01:RB02

RB03:RB04

RB05:RB06

…

RB29:RB30

RB31:RB32

Remote bit pairs RB01–RB32

10,12 OC Pulse Open Circuit Breaker command

NOTE: Although the reference maps 
do not show Relay Word bit labels, you 
can use any Relay Word bit label for 
creating custom maps.
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Default Data Map The default data map is an automatically generated subset of the reference 
map. All data maps are initialized to the default values, based on the 
SEL-751A part number. Table D.11 shows the SEL-751A default data map. If 
the default maps are not appropriate, you can also use the custom DNP 
mapping commands SET DNP and SHOW DNP to create the map necessary 
for your application.

10,12 CC Pulse Close Circuit Breaker command

10,12 OC:CC Open/Close pair for Circuit Breaker

Counters

20, 22 SCxx SELOGIC Counter Values (xx = 01–32)

GROUP Active Settings Group

Analog Inputs

30, 32, 34 IA_MAG–SC32b,c Analog Quantities from Table K.1 with an “x” in 
the DNP column

SER_NUM Serial Number

0 Numeric 0

1 Numeric 1

Analog Outputs

40, 41 GROUP Active Settings Group

NOOP No operation, no error

a Valid Relay Word bits depend on the relay model.
b Valid analog inputs depend on the relay model.
c Refer to Default Analog Inputs for default analog input scaling and deadbands.

Table D.10 DNP3 Reference Data Map (Sheet 2 of 2)

Object Labels Description

Table D.11 DNP3 Default Data Map (Sheet 1 of 2)

Object Default Index Point Label

01, 02 0 ENABLED

1 TRIP_LED

2 TLED_01

3 TLED_02

4 TLED_03

5 TLED_04

6 TLED_05

7 TLED_06

8 STFAIL

9 STSET

10 IN101

11 IN102

12–99 A portion of these binary inputs can have default values as 
described in Default Binary Inputs on page D.21. Outside 
that scope, they contain the value NA.

10, 12 0–31 RB01–RB32 Remote Bits

20, 22 0–31 NA

30, 32, 34 0 IA_MAG
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Default Binary Inputs
The SEL-751A dynamically creates the default Binary Input map after you 
issue an R_S command. The SEL-751A uses the Part Number to determine 
the presence of Digital Input cards in slots 3, 4, and 5. If present, each digital 
input point label, INx0y (where x is the slot number and y is the point), is 
added to the default map in numerical order.

Default Analog Inputs
The SEL-751A dynamically creates the default Analog Input map after you 
issue an R_S command. The SEL-751A first checks for a voltage option in the 
part number, and if voltages are present, adds VAB_MAG, VBC_MAG, 
VCA_MAG, VAVE, 3V2, P, Q, S, and PF to the default DNP map. The 
SEL-751A then uses the Part Number to determine the presence of Analog 
Input cards in slots 3, 4, and 5. If present, the SEL-751A adds each analog 
input point label, AIx0y (where x is the slot and y is the point number), to the 
default map in numerical order to the DNP map.

Device Attributes (Object 0)
Table D.10 includes the supported Object 0 Device Attributes and variations. 
In response to Object 0 requests, the SEL-751A will send attributes that apply 
to that particular DNP3 session. Because the SEL-751A supports custom 
DNP3 maps, these values will likely be different for each session. The 
SEL-751A uses its internal settings for the following variations:

➤ Variation 242-FID string

➤ Variation 243-Part Number

➤ Variation 245-TID setting

➤ Variation 246-RID setting

➤ Variation 247-RID setting

➤ Variation 248-Serial Number

Variation 249 shall contain the DNP subset and conformance, “2:2009”. 
Variation 250 shall contain the product model, “SEL-751A” and variation 252 
shall contain “SEL”.

1 IB_MAG

2 IC_MAG

3 IG_MAG

4 IN_MAG

5 IAV

6 3I2

7 FREQ

8–99 A portion of these analog inputs can have default values as 
described in Default Analog Inputs on page D.21. Outside 
that scope, they contain the value NA.

40, 41 0–31 NA

Table D.11 DNP3 Default Data Map (Sheet 2 of 2)

Object Default Index Point Label

NOTE: Deadband changes via 
Object 34 are stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(HIS C) or cold start (power cycle).
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Binary Inputs
Binary Inputs (objects 1 & 2) are supported as defined by Table D.11. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. All variations are supported. Object 2, 
variation 3 will be responded to, but will contain no data.

Binary Inputs are scanned approximately once per second to generate events. 
When time is reported with these event objects, it is the time at which the 
scanner observed the bit change. This may be significantly delayed from when 
the original source changed and should not be used for sequence-of-events 
determination. Binary inputs registered with SER are derived from the SER 
and carry the time stamp of actual occurrence. Some additional binary inputs 
are available only to DNP. For example, STWARN and STFAIL are derived 
from the diagnostic task data. Another binary input, STSET, is derived from 
the SER and carries the time stamp of actual occurrence. Static reads of this 
input will always show 0.

Binary Outputs
Binary Output status (Object 10 variation 2) is supported. Static reads of 
points RB1–RB32, OC/CC respond with the on-line bit set and the state of the 
requested bit. Reads from control-only binary output points respond with the 
on-line bit set and a state of 0.The SEL-751A supports Control Relay Output 
Block objects (Object 12,Variation 1). The control relays correspond to the 
remote bits and other functions as shown previously. Each DNP Control 
message contains a Trip/Close code (TRIP, CLOSE, or NUL) and an 
Operation type (PULSE ON, LATCHON, LATCH OFF, or NUL). The Trip/
Close code works with the Operation Type to produce set, clear, and pulse 
operations. 

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, 
and single-point controls follow the complementary latch or activation model. 
In the complementary two-output model, paired points only support Trip or 
Close operations, which, when issued, will Pulse On the first or second point 
in the pair, respectively. Latch commands and Pulse operations without a Trip 
code are not supported. An operation in progress may be canceled by issuing a 
NUL Trip/Close Code with a NUL Operation Type. Single output points 
support both Pulse and Latch operations. See Control Point Operation for 
details on control operations.

Use of the Status field is exactly as defined. All other fields are ignored. A 
pulse operation is asserted for a single processing interval. You should 
exercise caution if sending multiple remote bit pulses in a single message 
(i.e.,point count > 1), because this can result in some of the pulse commands 
being ignored and the return of an already active status message. The 
SEL-751A will only honor the first ten points in an Object 12, Variation 1 
request. Any additional points in the request will return the DNP3 status code 
TOO_MANY_OBJS.

The SEL-751A also supports Pattern Control Blocks (Object 12, Variations 
2 and 3) to control multiple binary output points. Variation 2 defines the 
control type (Trip/Close, Set/Clear, or Pulse) and the range of points to 
operate. Variation 3 provides a pattern mask that indicates which points in that 
range should be operated. Object 12, Variations 2 and 3 define the entire 
control command: the DNP3 master must send both for a successful control. 
For example, the DNP3 master sends an Object 12, Variation 2 message to 
request a Trip of the range of indices 0–7. The DNP3 master then sends an 
Object 12, Variation 3 message with a hexadecimal value of “BB” as the 
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pattern mask (converted to binary notation: 10111011). Read right to left in 
increasing bit order, the Pattern Block Control command will result in a TRIP 
of indexes 0, 1, 3 to 5, and 7. Multiple binary output point control operations 
are not guaranteed to occur during the same processing interval.

Control Point 
Operation

Use the Trip and Close, Latch On/Off and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table D.12. Pulse operations provide a pulse with duration of one protection 
processing interval.

Analog Inputs

NOTE: Deadband changes via Object 
34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadband changes you 
want to retain after a change to DNP 
port settings, issuing a STA C 
command, or a relay cold-start 
(power-cycle).

Analog Inputs (30) and Analog Change Events (32) are supported as defined 
in Table D.11. The DVARAI1 (DVARAIn for DNP3 LAN/WAN session n) 
setting defines the default variation for both static and event inputs. Only the 
Read function code (1) is allowed with these objects. Unless otherwise 
indicated, analog values are reported in primary units. See Appendix K: 
Analog Quantities for a list of all available analog inputs.

For all currents, the default scaling is the DECPLA setting on magnitudes and 
scale factor of 100 on angles. The default deadband for currents is ANADBV 
on magnitudes and ANADBM on angles. For all voltages, the default scaling 
is the DECPLV setting on magnitudes and scale factor of 100 on angles. The 
default deadband for voltages is ANADBV on magnitudes and ANADBM on 
angles. For all Powers and Energies, the default scaling is the DECPLM 
setting and default deadband is ANADBM. For all other quantities, the default 
scaling is 1 and default deadband is ANADBM.

Default scaling and deadbands may be overridden by per-point scaling and 
deadband. See Configurable Data Mapping for more information. Deadbands 
for analog inputs can also be modified by writing to Object 34.

A deadband check is done after any scaling has been applied. Event class 
messages are generated whenever an input changes beyond the value given by 
the appropriate deadband setting. The voltage and current phase angles will 
only generate an event if, in addition to their deadband check, the 
corresponding magnitude changes beyond its own deadband. Analog inputs 
are scanned at approximately a 1 second rate. All events generated during a 
scan will use the time the scan was initiated.

Table D.12 SEL-751A Object 12 Control Operations

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

RB01–RB32 Pulse Remote Bit 
RB01–RB32

Pulse Remote Bit 
RB01–RB32

Set Remote Bit 
RB01–RB32

Clear Remote Bit 
RB01–RB32

Pulse Remote Bit 
RB01–RB32

RBxx:RByy Pulse RByy      
RB01–RB32

Pulse RBxx       
RB01–RB32

Not Supported Not Supported Not Supported

OC Open Circuit 
Breaker (Pulse OC)

Open Circuit Breaker 
(Pulse OC)

Open Circuit Breaker 
(Pulse OC)

No action Open Circuit Breaker 
(Pulse OC)

CC Close Circuit 
Breaker (Pulse CC)

Close Circuit Breaker 
(Pulse CC)

Close Circuit 
Breaker (Pulse CC)

No action Close Circuit Breaker 
(Pulse CC)

OC:CC Close Circuit 
Breaker (Pulse CC)

Open Circuit Breaker 
(Pulse OC)

Not Supported Not Supported Not Supported
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Configurable Data 
Mapping

One of the most powerful features of the SEL-751A implementation is the 
ability to remap DNP3 data and, for analog values, specify per-point scaling 
and deadbands. Remapping is the process of selecting data from the reference 
map and organizing it into a data subset optimized for your application. The 
SEL-751A uses object and point labels, rather than point indices, to streamline 
the remapping process. This enables you to quickly create a custom map 
without having to search for each point index in a large reference map.

You can use any of the three available DNP3 maps simultaneously with as 
many as three unique DNP3 masters. Each map is initially populated with 
default data points, as described in Default Data Map on page D.20. You can 
remap the points in a default map to create a custom map with as many of the 
following as: 

➤ 100 Binary Inputs (Select from supported Relay Word bits in 
Appendix J: Relay Word Bits)

➤ 32 Binary Outputs

➤ 100 Analog Inputs

➤ 32 Analog Outputs

➤ 32 Counters

You can use the SHOW DNP x <Enter> command to view the DNP3 data 
map settings, where x is the DNP3 map number from 1 to 3. See Figure D.3 
for an example display of map 1.

=>>SHO DNP 1 <Enter>

DNP Map 1 Settings

Binary Input Map
BI_00    := ENABLED
BI_01    := TRIP_LED
BI_02    := TLED_01
BI_03    := TLED_02
…
BI_97    := IN101
BI_98    := IN102
BI_99    := 50P1P

Binary Output Map
BO_00    := RB01
BO_01    := RB02
BO_02    := RB03
…
BO_29    := RB30
BO_30    := RB31
BO_31    := RB32

Analog Input Map
AI_00    := IA_MAG
AI_01    := IB_MAG
AI_02    := IC_MAG
…
AI_95    := FREQ
AI_96    := P
AI_97    := Q
AI_98    := S
AI_99    := PF

Analog Output Map
AO_00    := GROUP
AO_01    := NOOP
AO_02    := NA
…
AO_29    := NA
AO_30    := NOOP
AO_31    := NOOP

Figure D.3 Sample Response to SHO DNP Command
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You can also use the MAP DNP y s <Enter> command to display DNP3 
maps, but the parameter y is the port number from 1 to 4. Because port 1, the 
Ethernet port, can support multiple DNP3 sessions, it may have a different map 
assigned to each session selected by parameter s for sessions 1 to 3. See Figure D.4 
for an example of a MAP command that shows the same map as in Figure D.3.

Counter Map
CO_00    := SC01
CO_01    := SC02
CO_02    := SC03

…
CO_29    := SC30
CO_30    := SC31
CO_31    := SC32

=>>

=>MAP DNP 1 1 <Enter>

SEL-751A  Date: 12/14/2008  Time: 09:33:39
FEEDER RELAY   Time Source: Internal

Map                          1
Transport                    TCP
Device IP Address            10.201.5.3
Master IP Address            10.200.0.139
Device DNP TCP and UDP Port  20000
Device DNP Address           15
Master DNP Address           0

Binary Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SER TIMESTAMP
  0      ENABLED      1            No
  1      TRIP_LED 1            No
  2      TLED_01 1            No
  3      TLED_02 1            No
…

97 IN101 1            No
98 IN102 1            No
99 5P1P 1            No

Binary Outputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL
  0      RB01
  1      RB02
  2      RB03
…
  29     RB30
  30     RB31
  31     RB32

Counters
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  DEADBAND
  0      SC01         0            1
  1      SC02         0            1
  2      SC03         0            1
…
  29     SC30         0            1
  30     SC31         0            1
  31     SC32         0            1

Figure D.4 Port MAP Command

Figure D.3 Sample Response to SHO DNP Command (Continued)
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You can use the command SET DNP x, where x is the map number, to edit or 
create custom DNP3 data maps. You can also use QuickSet, which is 
recommended for this purpose.

Scaling factors allow you to overcome the limitations imposed by the integer 
nature of the default variations of Objects 30 and 32. For example, the device 
rounds a value of 11.4 A to 11 A. You can use scaling to include decimal point 
values by multiplying by a number larger than one. If you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master to 
see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer 
value of 32767. For example, if you have a value that can reach 157834, you 
cannot send it by using DNP3 16-bit analog object variations. You could use a 
scaling factor of 0.1 so that the maximum value reported is 15783. You can 
then multiply the value by 10 in the master to see a value of 157830. You will 
lose some precision as the last digit is rounded off in the scaling process, but 
you can transmit the scaled value by using standard DNP3 Objects 30 and 32.

You can customize the DNP3 analog input map with per-point scaling, and 
deadband settings. Per-point customization is not necessary, but class scaling 
(DECPLA, DECPLV, and DECPLM) and deadband (ANADBA, ANADBV, 
and ANADBM) settings are applied to indices that do not have per-point 
entries. Unlike per-point scaling described previously, class-level scaling is 
specified by an integer in the range 0–3 (inclusive), which indicates the 
number of decimal place shifts. In other words, you should select 0 to multiply 
by 1, 1 for 10, 2 for 100, or 3 for 1000.

If it is important to maintain tight data coherency (that is, all data read of a 
certain type was sampled or calculated at the same time), then you should 
group that data together within your custom map. For example, if you want all 
the currents to be coherent, you should group points IA_MAG, IB_MAG, 
IC_MAG, IN_MAG, and IG_MAG together in the custom map. If points are 
not grouped together, they might not come from the same data sample.

Analog Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SCALE FACTOR  DEADBAND
  0      IA_MAG 2                 10.0000  1000
  1      IB_MAG 2                 10.0000  1000
  2      IC_MAG 2                 10.0000  1000
  3      IG_MAG 2                 10.0000  1000
  4      IN_MAG 2                 10.0000  1000
  5      IAV  2                 10.0000  1000
  6 3I2  2                 10.0000  1000
7 FREQ  2                 1.0000  100
8 VAB_MAG      2                 10.0000  2000

  9 VBC_MAG      2                 10.0000  2000
  10 VCA_MAG 2                 10.0000  2000
  11 VAVE 2                 10.0000  2000
  12 3V2 2                 10.0000  2000
…
…
  96 P            2                 10.0000  100
  97 Q            2                 10.0000  100
  98 S            2                 10.0000  100
  99 PF           2                 10.0000  100

Analog Outputs
--------------------------------------------------------------------------------
INDEX  POINT LABEL
  0      GROUP
  1      NOOP

Figure D.4 Port MAP Command (Continued)
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The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SEL ASCII command SET DNP for each 
point type, but the entire configuration may be completed without saving 
changes between point types. To do this, you simply continue entering data 
and save the entire map at the end. Alternatively, you can use QuickSet to 
simplify custom data map creation.

Consider a case where you want to set the AI points in a map, as shown in 
Table D.13.

To set these points as part of custom map 1, you can use the command SET 
DNP 1 AI_00 TERSE <Enter> command as shown in Figure D.5.

You may also use QuickSet to enter the previous AI map settings, as shown in 
the screen capture in Figure D.6. You can enter scaling and deadband settings 
in the same pop-up dialog used to select the AI point, as shown in Figure D.7.

Table D.13 Sample Custom DNP3 AI Map 

Desired Point Index Description Label Scaling Deadband

0  IA magnitude IA_MAG default default

1  IB magnitude IB_MAG default default

2  IC magnitude IC_MAG default default

3 IN magnitude IN_MAG default default

4 3-Phase Real Power P 5 default

5 AB Phase-to-Phase Voltage Magnitude VAB_MAG default default

6 AB Phase-to-Phase Voltage Angle VAB_ANG 1 15

7 Frequency FREQ .01 1

=>>SET DNP 1 AI_00 TERSE <Enter>
Analog Input Map

DNP Analog Input Label Name (24 characters)
AI_00   := NA
? > IA_MAG <Enter>

AI_01   := NA
? > IB_MAG <Enter>

AI_02   := NA
? > IC_MAG <Enter>

AI_03   := NA
? > IN_MAG <Enter>

AI_04   := NA
? > P:5 <Enter>

AI_05   := NA
? > VAB_MAG <Enter>

AI_06   := NA
? > VAB_ANG:1:15 <Enter>

AI_07   := NA
? > FREQ:.01:1 <Enter>

AI_08   := NA
? > end <Enter>

Save changes (Y/N) ? Y <Enter>

=>>

Figure D.5 Sample Custom DNP3 AI Map Settings
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Figure D.6 Analog Input Map Entry in QuickSet 

Figure D.7 AI Point Label, Scaling and Deadband in QuickSet

The SET DNP x CO_00 <Enter> command allows you to populate the DNP 
counter map with per-point deadbands. Entering these settings is similar to 
defining the analog input map settings.

You can use the command SET DNP x BO_00 TERSE <Enter> to change 
the binary output map x as shown in Figure D.8. You can populate the custom 
BO map with any of the 32 remote bits (RB01–RB32). You can define bit 
pairs in BO maps by including a colon (:) between the bit labels.

=>>SET DNP 1 BO_00 TERSE <Enter>
Binary Output Map

DNP Binary Output Label Name (23 characters)
BO_00   := NA
? > RB01 <Enter>
DNP Binary Output Label Name (23 characters)
BO_01   := NA
? > RB02 <Enter>
DNP Binary Output Label Name (23 characters)
BO_02   := NA
? > RB03:RB04 <Enter>
DNP Binary Output Label Name (23 characters)
BO_03   := NA
? > RB05:RB06 <Enter>
DNP Binary Output Label Name (23 characters)
BO_04   := NA
? > end <Enter>

=>>

Figure D.8 Sample Custom DNP3 BO Map Settings
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You may also use QuickSet to enter the BO map settings as shown in the 
screen capture in Figure D.9.

Figure D.9 Binary Output Map Entry in QuickSet

The binary input (BI) maps are modified in a similar manner, but pairs are not 
allowed.
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Appendix E
Modbus Communications

Overview
This appendix describes Modbus RTU communications features supported by 
the SEL-751A Feeder Protection Relay. Complete specifications for the 
Modbus protocol are available from the Modbus user’s group website at 
www.modbus.org.

Enable Modbus TCP protocol with the optional Ethernet port settings. The 
SEL-751A supports as many as two Modbus TCP sessions. The TCP port 
number for each session is selected with the Ethernet port settings. The default 
TCP port number is the Modbus TCP registered port 502. Modbus TCP uses 
the device IP address as the Modbus identifier and accesses the data in the 
relay using the same function codes and data maps as Modbus RTU.

Enable Modbus RTU protocol with the serial port settings. When Modbus 
RTU protocol is enabled, the relay switches the port to Modbus RTU protocol 
and deactivates the ASCII protocol.

Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex—only one device transmits at a time. The master transmits a binary 
command that includes the address of the slave device you want. All of the 
slave devices receive the message, but only the slave device with the matching 
address responds.

The SEL-751A Modbus communication allows a Modbus master device to do 
the following:

➤ Acquire metering, monitoring, and event data from the relay.

➤ Control SEL-751A output contacts.

➤ Read the SEL-751A self-test status and learn the present 
condition of all the relay protection elements.

➤ Read most of the relay settings and modify the relay settings.

NOTE: User should be aware of the 
following setting in the relay: 
Under Global settings =====>> Access 
Control, there is a setting called 
BLOCK MODBUS SET. 

The BLOCK MODBUS SET setting is used to block relay settings changes 
via Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

The customer is strongly advised to change the BLKMBSET (BLOCK 
MODBUS SET) := ALL if they (customer) do not want the PLC 
(Programmable Logic Controller) or DCS (Distributed Control System) to 
send the settings to the SEL-751A Relay. There is a strong possibility that 
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under special conditions like a reboot, the PLC/DCS will send default settings 
to the relay, overwriting the existing settings. To protect the existing settings 
under these conditions it is highly recommended to set the setting to "ALL."

Communications Protocol

Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 
query consists of the fields shown in Table E.1.

The SEL-751A SLAVEID setting defines the device address. Set this value to 
a unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices may have the same 
address.

The cyclical redundancy check detects errors in the received data. If the relay 
detects an error, it discards the packet.

Modbus Responses The slave device sends a response message after it performs the action the 
query specifies. If the slave cannot execute the query command for any reason, 
it sends an error response. Otherwise, the slave device response is formatted 
similarly to the query and includes the slave address, function code, data (if 
applicable), and a cyclical redundancy check value.

Supported Modbus 
Function Codes

The SEL-751A supports the Modbus function codes shown in Table E.2.

Table E.1 Modbus Query Fields

Field Number of Bytes

Slave Device Address 1 byte

Function Code 1 byte

Data Region 0–251 bytes

Cyclical Redundancy Check (CRC) 2 bytes

Table E.2 SEL-751A Modbus Function Codes 

Codes Description

01h Read Discrete Output Coil Status

02h Read Discrete Input Status

03h Read Holding Registers

04h Read Input Registers

05h Force Single Coil

06h Preset Single Register

08h Diagnostic Command

10h Preset Multiple Registers

60h Read Parameter Information

61h Read Parameter Text

62h Read Enumeration Text

7Dh Encapsulate Modbus Packet With Control

7Eh NOP (can only be used with the 7Dh function)
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Modbus Exception 
Responses

The SEL-751A sends an exception code under the conditions described in 
Table E.3.

In the event that any of the errors listed in Table E.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the necessary data.

Cyclical 
Redundancy Check

The SEL-751A calculates a 2-byte CRC value through use of the device 
address, function code, and data region. It appends this value to the end of 
every Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-751A, the master device uses the data received. If there is no match, the 
check fails and the message is ignored. The devices use a similar process 
when the master sends queries.

01h Read Discrete 
Output Coil Status 
Command

Use function code 01h to read the On/Off status of the selected bits (coils) (see 
the Modbus Register Map shown in Table E.14). You can read the status of as 
many as 2000 bits per query, using the fields shown in Table E.4. Note that the 
SEL-751A coil addresses start at 0 (e.g., Coil 1 is located at address zero). The 
coil status is packed one coil per bit of the data field. The Least Significant Bit 
(LSB) of the first data byte contains the starting coil address in the query. The 
other coils follow towards the high order end of this byte and from low order 
to high order in subsequent bytes.

Table E.3 SEL-751A Modbus Exception Codes

Exception
Code

Error Type Description

1 Illegal Function Code The received function code is either undefined or 
unsupported.

2 Illegal Data Address The received command contains an unsupported 
address in the data field (i.e., cannot write to a read- 
only register, cannot write because settings are 
locked, etc.).

3 Illegal Data Value The received command contains a value that is out 
of range.

4 Device Error The SEL-751A is in the wrong state for the function 
a query specifies.

This also stands for Service Failure for DeviceNet 
interface applications. The relay is unable to per-
form the action specified by a query (i.e., cannot 
write to a read-only register, cannot write because 
settings are locked, etc.).

6 Busy The device is unable to process the command at this 
time, because of a busy resource.

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (01h)

2 bytes Address of the first bit

2 bytes Number of bits to read
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To build the response, the SEL-751A calculates the number of bytes necessary 
to contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte. Table E.14 includes the 
coil number and lists all possible coils (identified as Outputs and Remote bits) 
available in the device. Note that the command depends on the device 
hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.5.

02h Read Input 
Status Command

Use function code 02h to read the On/Off status of the selected bits (inputs), as 
shown in Table E.6. You can read the status of as many as 2000 bits per query. 
Note that input addresses start at 0 (e.g., Input 1 is located at address zero). 
The input status is packed one input per bit of the data field. The LSB of the 
first data byte contains the starting input address in the query. The other inputs 
follow towards the high order end of this byte, and from low order to high 
order in subsequent bytes.

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (01h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16

Table E.5 Responses to 01h Read Discrete Output Coil Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 2 of 2)

Bytes Field

Table E.6 02h Read Input Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (02h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (02h)

1 byte Bytes of data (n)
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To build the response, the device calculates the number of bytes necessary to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte.

In each row, the input numbers are assigned from the right-most input to the 
left-most input (i.e., Input 1 is TLED_06 and Input 8 is ENABLED). Input 
addresses start at 0000 (i.e., Input 1 is located at Input Address 0000). 
Table E.7 includes the coil address in decimal and lists all possible inputs 
(Relay Word bits) available in the device. Note that the command depends on 
the device hardware configuration; the device responds only to installed cards.

n bytes Data

2 bytes CRC-16

Table E.7 02h SEL-751A Inputs (Sheet 1 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona

0–7 2 Relay Element Status Row 0

8–15 2 Relay Element Status Row 1

16–23 2 Relay Element Status Row 2

24–31 2 Relay Element Status Row 3

32–39 2 Relay Element Status Row 4

40–47 2 Relay Element Status Row 5

48–55 2 Relay Element Status Row 6

56–63 2 Relay Element Status Row 7

64–71 2 Relay Element Status Row 8

72–79 2 Relay Element Status Row 9

80–87 2 Relay Element Status Row 10

88–95 2 Relay Element Status Row 11

96–103 2 Relay Element Status Row 12

104–111 2 Relay Element Status Row 13

112–119 2 Relay Element Status Row 14

120–127 2 Relay Element Status Row 15

128–135 2 Relay Element Status Row 16

136–143 2 Relay Element Status Row 17

144–151 2 Relay Element Status Row 18

152–159 2 Relay Element Status Row 19

160–167 2 Relay Element Status Row 20

168–175 2 Relay Element Status Row 21

176–183 2 Relay Element Status Row 22

184–191 2 Relay Element Status Row 23

192–199 2 Relay Element Status Row 24

Table E.6 02h Read Input Status Command (Sheet 2 of 2)

Bytes Field
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200–207 2 Relay Element Status Row 25

208–215 2 Relay Element Status Row 26

216–223 2 Relay Element Status Row 27

224–231 2 Relay Element Status Row 28

232–239 2 Relay Element Status Row 29

240–247 2 Relay Element Status Row 30

248–255 2 Relay Element Status Row 31

256–263 2 Relay Element Status Row 32

264–271 2 Relay Element Status Row 33

272–279 2 Relay Element Status Row 34

280–287 2 Relay Element Status Row 35

288–295 2 Relay Element Status Row 36

296–303 2 Relay Element Status Row 37

304–311 2 Relay Element Status Row 38

312–319 2 Relay Element Status Row 39

320–327 2 Relay Element Status Row 40

328–335 2 Relay Element Status Row 41

336–343 2 Relay Element Status Row 42

344–351 2 Relay Element Status Row 43

352–359 2 Relay Element Status Row 44

360–367 2 Relay Element Status Row 45

368–375 2 Relay Element Status Row 46

376–383 2 Relay Element Status Row 47

384–391 2 Relay Element Status Row 48

392–399 2 Relay Element Status Row 49

400–407 2 Relay Element Status Row 50

408–415 2 Relay Element Status Row 51

416–423 2 Relay Element Status Row 52

424–431 2 Relay Element Status Row 53

432–439 2 Relay Element Status Row 54

440–447 2 Relay Element Status Row 55

448–455 2 Relay Element Status Row 56

456–463 2 Relay Element Status Row 57

464–471 2 Relay Element Status Row 58

472–479 2 Relay Element Status Row 59

480–487 2 Relay Element Status Row 60

488–495 2 Relay Element Status Row 61

496–503 2 Relay Element Status Row 62

Table E.7 02h SEL-751A Inputs (Sheet 2 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona
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504–511 2 Relay Element Status Row 63

512–519 2 Relay Element Status Row 64

520–527 2 Relay Element Status Row 65

528–535 2 Relay Element Status Row 66

536–543 2 Relay Element Status Row 67

544–551 2 Relay Element Status Row 68

552–559 2 Relay Element Status Row 69

560–567 2 Relay Element Status Row 70

568–575 2 Relay Element Status Row 71

576–583 2 Relay Element Status Row 72

584–591 2 Relay Element Status Row 73

592–599 2 Relay Element Status Row 74

600–607 2 Relay Element Status Row 75

608–615 2 Relay Element Status Row 76

616–623 2 Relay Element Status Row 77

624–631 2 Relay Element Status Row 78

632–639 2 Relay Element Status Row 79

640–647 2 Relay Element Status Row 80

648–655 2 Relay Element Status Row 81

656–663 2 Relay Element Status Row 82

664–671 2 Relay Element Status Row 83

672–679 2 Relay Element Status Row 84

680–687 2 Relay Element Status Row 85

688–695 2 Relay Element Status Row 86

696–703 2 Relay Element Status Row 87

704–711 2 Relay Element Status Row 88

712–719 2 Relay Element Status Row 89

720-727 2 Relay Element Status Row 90

728–735 2 Relay Element Status Row 91

736–743 2 Relay Element Status Row 92

744–751 2 Relay Element Status Row 93

752–759 2 Relay Element Status Row 94

760–767 2 Relay Element Status Row 95

768–775 2 Relay Element Status Row 96

776–783 2 Relay Element Status Row 97

784–791 2 Relay Element Status Row 98

792–799 2 Relay Element Status Row 99

800–807 2 Relay Element Status Row 100

Table E.7 02h SEL-751A Inputs (Sheet 3 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona
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The relay responses to errors in the query are shown in Table E.8.

03h Read Holding 
Register Command

Use function code 03h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for five-digit 
addressing, add 40001 to the standard database address.

808–815 2 Relay Element Status Row 101

816–823 2 Relay Element Status Row 102

824–831 2 Relay Element Status Row 103

832–839 2 Relay Element Status Row 104

840–847 2 Relay Element Status Row 105

848–855 2 Relay Element Status Row 106

856–863 2 Relay Element Status Row 107

864–871 2 Relay Element Status Row 108

872–879 2 Relay Element Status Row 109

880–887 2 Relay Element Status Row 110

888–895 2 Relay Element Status Row 111

896–903 2 Relay Element Status Row 112

904–911 2 Relay Element Status Row 113

912–919 2 Relay Element Status Row 114

920–927 2 Relay Element Status Row 115

928–935 2 Relay Element Status Row 116

936–943 2 Relay Element Status Row 117

944–951 2 Relay Element Status Row 118

952–959 2 Relay Element Status Row 119

a The input numbers are assigned from the right-most input to the left-most input in the Relay 
row as shown in the following example.
Address 7 = ENABLED
Address 6 = TRIP
Address 5 = T01_LED
Address 4 = T02_LED
Address 3 = T03_LED
Address 2 = T04_LED
Address 1 = T05_LED
Address 0 = T06_LED

Table E.8 Responses to 02h Read Input Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.7 02h SEL-751A Inputs (Sheet 4 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona
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The relay responses to errors in the query are shown in Table E.10.

04h Read Input 
Register Command

Use function code 04h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 3X references with this function code. If you 
are accustomed to 3X references with this function code, for five-digit 
addressing, add 30001 to the standard database address.

Table E.9 03h Read Holding Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (03h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (03h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16

Table E.10 Responses to 03h Read Holding Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.11 04h Read Input Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (04h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (04h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.12.

05h Force Single Coil 
Command

Use function code 05h to set or clear a coil. In Table E.13, the command 
response is identical to the command request.

Table E.14 lists the coil numbers supported by the SEL-751A. The physical 
coils (coils 0–26) are self-resetting. Pulsing a Set remote bit (decimal address 
59 through 90) causes the remote bit to be cleared at the end of the pulse.

Table E.12 Responses to 04h Read Input Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.13 05h Force Single Coil Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (05h)

2 bytes Coil Reference

1 byte Operation Code (FF for bit set, 00 for bit clear)

1 byte Placeholder (00)

2 bytes CRC-16

Table E.14 01h, 05h SEL-751A Output (Sheet 1 of 3)

Coil Address (Decimal) Function Code Supported Coil Description

0 01, 05 Pulse OUT101 1 second

1 01, 05 Pulse OUT102 1 second

2 01, 05 Pulse OUT103 1 second

3 01, 05 Pulse OUT301 1 second

4 01, 05 Pulse OUT302 1 second

5 01, 05 Pulse OUT303 1 second

6 01, 05 Pulse OUT304 1 second

7 01, 05 Reserved

8 01, 05 Reserved

9 01, 05 Reserved

10 01, 05 Reserved

11 01, 05 Pulse OUT401 1 second

12 01, 05 Pulse OUT402 1 second

13 01, 05 Pulse OUT403 1 second

14 01, 05 Pulse OUT404 1 second

15 01, 05 Reserved

16 01, 05 Reserved
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17 01, 05 Reserved

18 01, 05 Reserved

19 01, 05 Pulse OUT501 1 second

20 01, 05 Pulse OUT502 1 second

21 01, 05 Pulse OUT503 1 second

22 01, 05 Pulse OUT504 1 second

23 01, 05 Reserved

24 01, 05 Reserved

25 01, 05 Reserved

26 01, 05 Reserved

27 01, 05 RB01

28 01, 05 RB02

29 01, 05 RB03

30 01, 05 RB04

31 01, 05 RB05

32 01, 05 RB06

33 01, 05 RB07

34 01, 05 RB08

35 01, 05 RB09

36 01, 05 RB10

37 01, 05 RB11

38 01, 05 RB12

39 01, 05 RB13

40 01, 05 RB14

41 01, 05 RB15

42 01, 05 RB16

43 01, 05 RB17

44 01, 05 RB18

45 01, 05 RB19

46 01, 05 RB20

47 01, 05 RB21

48 01, 05 RB22

49 01, 05 RB23

50 01, 05 RB24

51 01, 05 RB25

52 01, 05 RB26

53 01, 05 RB27

54 01, 05 RB28

Table E.14 01h, 05h SEL-751A Output (Sheet 2 of 3)

Coil Address (Decimal) Function Code Supported Coil Description
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55 01, 05 RB29

56 01, 05 RB30

57 01, 05 RB31

58 01, 05 RB32

59 01, 05 Pulse RB01a

60 01, 05 Pulse RB02a

61 01, 05 Pulse RB03a

62 01, 05 Pulse RB04a

63 01, 05 Pulse RB05a

64 01, 05 Pulse RB06a

65 01, 05 Pulse RB07a

66 01, 05 Pulse RB08a

67 01, 05 Pulse RB09a

68 01, 05 Pulse RB10a

69 01, 05 Pulse RB11a

70 01, 05 Pulse RB12a

71 01, 05 Pulse RB13a

72 01, 05 Pulse RB14a

73 01, 05 Pulse RB15a

74 01, 05 Pulse RB16a

75 01, 05 Pulse RB17a

76 01, 05 Pulse RB18a

77 01, 05 Pulse RB19a

78 01, 05 Pulse RB20a

79 01, 05 Pulse RB21a

80 01, 05 Pulse RB22a

81 01, 05 Pulse RB23a

82 01, 05 Pulse RB24a

83 01, 05 Pulse RB25a

84 01, 05 Pulse RB26a

85 01, 05 Pulse RB27a

86 01, 05 Pulse RB28a

87 01, 05 Pulse RB29a

88 01, 05 Pulse RB30a

89 01, 05 Pulse RB31a

90 01, 05 Pulse RB32a

a Pulsing a Set remote bit will cause the remote bit to be cleared at the end of the pulse 
(1 SELOGIC Processing Interval).

Table E.14 01h, 05h SEL-751A Output (Sheet 3 of 3)

Coil Address (Decimal) Function Code Supported Coil Description
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Coil addresses start at 0000 (i.e., Coil 1 is located at Coil address 0000). If the 
device is disabled it will respond with error code 4 (Device Error). In addition 
to Error Code 4, the device responses to errors in the query are shown in 
Table E.15.

06h Preset Single 
Register Command

The SEL-751A uses this function to allow a Modbus master to write directly 
to a database register. Refer to the Modbus Register Map in Table E.34 for a 
list of registers that you can write by using this function code. If you are 
accustomed to 4X references with this function code, for six-digit addressing, 
add 400001 to the standard database addresses.

In Table E.16, the command response is identical to the command necessary 
for the master.

The relay responses to errors in the query are shown in Table E.17.

08h Loopback 
Diagnostic Command

The SEL-751A uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message. 

Table E.15 Responses to 05h Force Single Coil Query Errors

Error Error Code Returned
Communication Counter 
Increments

Invalid bit (coil) Illegal Data Address (02h) Invalid Address

Invalid bit state requested Illegal Data Value (03h) Illegal Register

Format Error Illegal Data Value (03h) Bad Packet Format

Table E.16 06h Preset Single Register Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (06h)

2 bytes Register Address

2 bytes Data

2 bytes CRC-16

Table E.17 Responses to 06h Preset Single Register Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write

Illegal register value Illegal Data Value (03h) Illegal Write

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (08h)
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The relay responses to errors in the query are shown in Table E.19.

10h Preset Multiple 
Registers Command

This function code works much like code 06h, except that it allows you to 
write multiple registers at once, as many as 100 per operation. If you are 
accustomed to 4X references with the function code, for six-digit addressing, 
simply add 400001 to the standard database addresses.

2 bytes Subfunction (0000h)

2 bytes Data Field

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field (identical to data in Master request)

2 bytes CRC-16

Table E.19 Responses to 08h Loopback Diagnostic Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal subfunction code Illegal Data Value (03h) Invalid Function Code/Op 
Code

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 2 of 2)

Bytes Field

Table E.20 10h Preset Multiple Registers Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers to Write

1 byte Number of Bytes of Data (n)

n bytes Data

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers

2 bytes CRC-16
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The relay responses to errors in the query are as follows.

60h Read Parameter 
Information 
Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
information from the relay. One parameter (setting) is read in each query.

The Parameter Descriptor field is defined in Table E.23.

Table E.21 10h Preset Multiple Registers Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal register to set Illegal Data Address (02h) Invalid Address 
Illegal Write

Illegal number of registers to set Illegal Data Value (03h) Illegal Register 
Illegal Write

Incorrect number of bytes in 
query data region

Illegal Data Value (03h) Bad Packet Format 
Illegal Write

Invalid register data value Illegal Data Value (03h) Illegal Write

Table E.22 60h Read Parameter Information Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

1 byte Parameter Descriptor

1 byte Parameter Conversion

2 bytes Parameter Minimum Settable Value

2 bytes Parameter Maximum Settable Value

2 bytes Parameter Default Value

2 bytes CRC-16

Table E.23 60h Read Parameter Descriptor Field Definition (Sheet 1 of 2)

Bit Name Description

0 RO: Read-only 1 when the setting is read-only

1 H: Hidden 1 when the setting is hidden

2 DBL: 32-bit 1 when the following setting is a fractional value of this setting

3 RA: RAM-only 1 when the setting is not saved in nonvolatile memory

4 RR: Read-only 
if running

1 when the setting is read-only if in running/operational state

5 P: Power Cycle 
or Reset

1 when the setting change requires a power cycle or reset
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The Parameter Conversion field is defined in Table E.24.

Use Equation E.1 to calculate the actual (not scaled) value of the parameter 
(setting):

Equation E.1

Use Equation E.2 to calculate the scaled setting value:

Equation E.2

The relay response to errors in the query are shown Table E.25.

6 0 Reserved

7 Extend Reserved to extend the descriptor table

Table E.24 60h Read Parameter Conversion Field Definition

Conversion 
Value

Type Multiplier Divisor Offset Base

0 Boolean 1 1 0 1

1 Unsigned Integer 1 1 0 1

2 Unsigned Integer 1 10 0 1

3 Unsigned Integer 1 100 0 1

4 Unsigned Integer 1 1000 0 1

5 Hexidecimal 1 1 0 1

6 Integer 1 1 0 1

7 Integer 1 10 0 1

8 Integer 1 100 0 1

9 Integer 1 1000 0 1

10 Enumeration 1 1 0 1

11 Bit Enumeration 1 1 0 1

Table E.25 Responses to 60h Read Parameter Information Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.23 60h Read Parameter Descriptor Field Definition (Sheet 2 of 2)

Bit Name Description

value ParameterValue Offset+( ) Multiplier Base• • 
Divisor

----------------------------------------------------------------------------------------------------------------------------=

value value Divisor• 
Multiplier Base• 
---------------------------------------------- Offset–=
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61h Read Parameter 
Text Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
text from the relay. One parameter text (setting name) is read in each query.

The relay responses to errors in the query are as follows.

62h Read 
Enumeration 
Text Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
enumeration or bit enumeration values (setting lists) from the relay. One 
parameter enumeration is read in each query.

Table E.26 61h Read Parameter Text Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

16 bytes Parameter Text (setting name)

4 bytes Parameter Units (e.g., Amps)

2 bytes CRC-16

Table E.27 61h Read Parameter Text Query Error Messages

Error Error Code Returned
Communications 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.28 62h Read Enumeration Text Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

16 bytes Enumeration Text

2 bytes CRC-16
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The relay responses to errors in the query are as follows.

7Dh Encapsulated 
Packet With Control 
Command

The SEL-751A uses this function to allow a Modbus master to perform 
control operations and another Modbus function with one query. The Device 
Net card will transmit this command periodically to achieve high-speed I/O 
processing and establish a heartbeat between the DeviceNet card and the main 
board.

Table E.31 shows the format of the relay responses to errors in the query.

Table E.29 61h Read Parameter Enumeration Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Illegal enumeration in index Illegal Data Value (03h) Illegal Register

Table E.30 7Dh Encapsulated Packet With Control Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Control Command (same as write to 2000h)

1 byte Embedded Modbus Function

n bytes Optional Data to Support Modbus Function (0–250)

2 bytes CRC-16 

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h 
based on Bit 3 in Control Command Word)

1 byte Embedded Modbus Function

n bytes Optional data to support the Modbus function (0–250)

2 bytes CRC-16

Table E.31 7Dh Encapsulated Packet Query Errors 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h based on Bit 3 in 
Control Command Word)

1 byte Modbus Function with Error Flag

1 bytes Function Error Codea

a If the embedded function code is invalid, then an illegal function code returns here and the 
illegal function counter is increments. This error code is returned by the embedded function 
for all valid embedded functions.

2 bytes CRC-16 
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7Eh NOP Command This function code has no operation. This allows a Modbus master to perform 
a control operation without any other Modbus command. This is only used 
inside of the 7Dh when no regular Modbus query is necessary.

Reading Parameter 
Information and Value 
Using Modbus

Through use of Modbus commands, you can read the present value of a 
parameter as well as parameter name, units, low limit, high limit, scale, and 
even the enumeration string (if the parameter is an enumeration type). This 
means that you can use a general user interface to retrieve and display specific 
parameter details from the relay. Use the 60h, 61h, and 62h commands to 
retrieve parameter information, and use the 03 command to retrieve values.

Modifying Relay 
Settings Using 
Modbus

The SEL-751A does not provide password protection. It is assumed that 
because the interface is a binary protocol with CRC-16 protection, the 
interface is being handled by an intelligent master system. Therefore, the 
master would provide password protection. 

You can change any of the settings listed in the Modbus Register Map 
(Table E.34). The high and low limits provided in the table might cover a 
wider range than what is acceptable by the particular model or configuration. 
The settings are not saved as and when they are received. The relay 
acknowledges the write operation, but it does not change the relay settings. 
The relay holds these settings until there are no further edits for a time 
specified by SETTINGS TIMEOUT register (4010h). After this time-out, the 
relay attempts to save the settings. If there are no errors, the settings are saved. 
If, however, a setting interdependency rule is violated, the settings are not 
saved. The relay will set the Config Fault bit in the TRIP STATUS HI register 
to indicate that the save settings operation has failed. The relay will also set 
ERROR REGISTER (4016h) flags to indicate the type of error.

You can change parameters such as date and time with the appropriate 
registers by using Modbus Function Code 06h or 10h.

You can block the ability to change the settings via Modbus protocol by using 
the Global Setting BLKMBSET or BLOCK MODBUS SET register.

Controlling Output 
Contacts Using 
Modbus

The SEL-751A includes registers for controlling some of the outputs. See 
LOGIC COMMAND (2000h), RESET COMMAND (2001h), and registers in 
the Reset Settings region for the control features supported by the relay. Use 
Modbus function codes 06h or 10h to write appropriate flags. Remember that 
when writing to the Logic command register with output contacts, it is not a 
bit operation. You must write all the bits in that register together to reflect the 
state you want for each of the outputs.

Table E.32 7Eh NOP Command

Bytes Field

An example of a 7D message response using 7E will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information

1 byte Function Code (7Eh)

2 bytes CRC-16 
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User-Defined Modbus 
Data Region and 
SET M Command

The SEL-751A Modbus Register Map defines an area of 125 contiguous 
addresses whose contents are defined by 125 user-settable addresses. This 
feature allows you to take 125 discrete values from anywhere in the Modbus 
Register Map and place them in contiguous registers that you can then read in 
a single command. SEL ASCII command SET M provides a convenient 
method to define the user map addresses. The user map can also be defined by 
writing to user map registers MOD_001 to MOD_125.

To use the user-defined data region, perform the following steps.

Step 1. Define the list of necessary quantities (as many as 125). 
Arrange the quantities in any order that is convenient for you to 
use.

Step 2. Refer to Table E.33 for a list of the Modbus label for each 
quantity. For more information on the Modbus labels, refer to 
the respective register in Table E.34.

Step 3. Execute SET M command from the command line to map user 
registers 001 to 125 (MOD_001 to MOD_125) through use of 
the labels in Table E.33.

Note that this step can also be performed through the use of the 
Modbus protocol. Use Modbus Function Code 06h to write to 
registers MOD_001 through MOD_125.

Step 4. Use Modbus function code 03h or 04h to read the quantities 
you want from addresses 126 through 250 (user map values).
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Table E.33 Modbus Register Labels for Use With SET M Command (Sheet 1 of 5)

Register 
Address Label

610 FPGA

611 GPSB

612 HMI

613 RAM

614 ROM

615 CR_RAM

616 NON_VOL

617 CLKSTS

618 CID_FILE

619 RTD

620 P3P3PS

621 P5PS

622 P2P5PS

623 P3P75PS

624 N1P25PS

625 N5PS

626 CLKBAT

627 CTBRD

628 CARDC

629 CARDD

630 CARDE

631 IASTS

632 IBSTS

633 ICSTS

634 INSTS

635 VASTS

636 VBSTS

637 VCSTS

638 RLYSTS

639 VSSTS

640 SER_NUMH

641 SER_NUML

642 IGSTS

643–649a

650 IA_MAG

651 IA_ANG

652 IB_MAG

653 IB_ANG

654 IC_MAG

655 IC_ANG

656 IN_MAG

657 IN_ANG

658 IG_MAG

659 IG_ANG

660 IAV

661 RES_661

662 3I2

663 UBI

664 VS_MAG

665 VS_ANG

666 VDC

667 VAB_MAG

668 VAB_ANG

669 VBC_MAG

670 VBC_ANG

671 VCA_MAG

672 VCA_ANG

673 VAVE

674 VA_MAG

675 VA_ANG

676 VB_MAG

677 VB_ANG

678 VC_MAG

679 VC_ANG

680 VG_MAG

681 VG_ANG

682 VAVE

683 3V2

684 UBV

685 P

686 Q

687 S

688 PF

689 FREQ

690 MWH3PH

691 MWH3PL

692 MVRH3PIH

693 MVRH3PIL

694 MVRH3POH

695 MVRH3POL

696 MVAH3PH

697 MVAH3PL

698 ENRGY_S

699 ENRGYMN

700 ENRGY_H

701 ENRGY_D

702 ENRGYMO

703 ENRGY_Y

704 MWH3PIH

705 MWH3PIL

706 FREQS

707–711a

712 RTDWDGMX

713 RTDBRGMX

714 RTDAMB

715 RTDOTHMX

716 RTD1

717 RTD2

718 RTD3

719 RTD4

Register 
Address Label

720 RTD5

721 RTD6

722 RTD7

723 RTD8

724 RTD9

725 RTD10

726 RTD11

727 RTD12

728 RES_728

729 LSENS1

730 LSENS2

731 LSENS3

732 LSENS4

733–738a

739 VSRMS

740 IARMS

741 IBRMS

742 ICRMS

743 INRMS

744 VARMS

745 VBRMS

746 VCRMS

747 VABRMS

748 VBCRMS

749 VCARMS

750 IAMX

751 IAX_S

752 IAXMN

753 IAX_H

754 IAX_D

755 IAXMO

756 IAX_Y

757 IAMN

758 IAN_S

759 IANMN

760 IAN_H

761 IAN_D

762 IANMO

763 IAN_Y

764 IBMX

765 IBX_S

766 IBXMN

767 IBX_H

768 IBX_D

769 IBXMO

770 IBX_Y

771 IBMN

772 IBN_S

773 IBNMN

774 IBN_H

Register 
Address Label

775 IBN_D

776 IBNMO

777 IBN_Y

778 ICMX

779 ICX_S

780 ICXMN

781 ICX_H

782 ICX_D

783 ICXMO

784 ICX_Y

785 ICMN

786 ICN_S

787 ICNMN

788 ICN_H

789 ICN_D

790 ICNMO

791 ICN_Y

792 INMX

793 INX_S

794 INXMN

795 INX_H

796 INX_D

797 INXMO

798 INX_Y

799 INMN

800 INN_S

801 INNMN

802 INN_H

803 INN_D

804 INNMO

805 INN_Y

806 IGMX

807 IGX_S

808 IGXMN

809 IGX_H

810 IGX_D

811 IGXMO

812 IGX_Y

813 IGMN

814 IGN_S

815 IGNMN

816 IGN_H

817 IGN_D

818 IGNMO

819 IGN_Y

820 VABMXb

821 VABX_Sb

822 VABXMNb

823 VABX_Hb

824 VABX_Db

Register 
Address Label

825 VABXMOb

826 VABX_Yb

827 VABMNb

828 VABN_Sb

829 VABNMNb

830 VABN_Hb

831 VABN_Db

832 VABNMOb

833 VABN_Yb

834 VBCMXb

835 VBCX_Sb

836 VBCXMNb

837 VBCX_Hb

838 VBCX_Db

839 VBCXMOb

840 VBCX_Yb

841 VBCMNb

842 VBCN_Sb

843 VBCNMNb

844 VBCN_Hb

845 VBCN_Db

846 VBCNMOb

847 VBCN_Yb

848 VCAMXb

849 VCAX_Sb

850 VCAXMNb

851 VCAX_Hb

852 VCAX_Db

853 VCAXMOb

854 VCAX_Yb

855 VCAMNb

856 VCAN_Sb

857 VCANMNb

858 VCAN_Hb

859 VCAN_Db

860 VCANMOb

861 VCAN_Yb

862 KW3PMX

863 KW3X_S

864 KW3XMN

865 KW3X_H

866 KW3X_D

867 KW3XMO

868 KW3X_Y

869 KW3PMN

870 KW3N_S

871 KW3NMN

Register 
Address Label



E.22

SEL-751A Relay Instruction Manual Date Code 20220610

Modbus Communications
Communications Protocol

Table E.33 Modbus Register Labels for Use With SET M Command (Sheet 2 of 5)

872 KW3N_H

873 KW3N_D

874 KW3NMO

875 KW3N_Y

876 KVAR3PMX

877 KVR3X_S

878 KVR3XMN

879 KVR3X_H

880 KVR3X_D

881 KVR3XMO

882 KVR3X_Y

883 KVAR3PMN

884 KVR3N_S

885 KVR3NMN

886 KVR3N_H

887 KVR3N_D

888 KVR3NMO

889 KVR3N_Y

890 KVA3PMX

891 KVA3X_S

892 KVA3XMN

893 KVA3X_H

894 KVA3X_D

895 KVA3XMO

896 KVA3X_Y

897 KVA3PMN

898 KVA3N_S

899 KVA3NMN

900 KVA3N_H

901 KVA3N_D

902 KVA3NMO

903 KVA3N_Y

904 FREQMX

905 FREQX_S

906 FREQXMN

907 FREQX_H

908 FREQX_D

909 FREQXMO

910 FREQX_Y

911 FREQMN

912 FREQN_S

913 FREQNMN

914 FREQN_H

915 FREQN_D

916 FREQNMO

917 FREQN_Y

918 RTD1MX

919 RTD1X_S

920 RTD1XMN

921 RTD1X_H

Register 
Address Label

922 RTD1X_D

923 RTD1XMO

924 RTD1X_Y

925 RTD1MN

926 RTD1N_S

927 RTD1NMN

928 RTD1N_H

929 RTD1N_D

930 RTD1NMO

931 RTD1N_Y

932 RTD2MX

933 RTD2X_S

934 RTD2XMN

935 RTD2X_H

936 RTD2X_D

937 RTD2XMO

938 RTD2X_Y

939 RTD2MN

940 RTD2N_S

941 RTD2NMN

942 RTD2N_H

943 RTD2N_D

944 RTD2NMO

945 RTD2N_Y

946 RTD3MX

947 RTD3X_S

948 RTD3XMN

949 RTD3X_H

950 RTD3X_D

951 RTD3XMO

952 RTD3X_Y

953 RTD3MN

954 RTD3N_S

955 RTD3NMN

956 RTD3N_H

957 RTD3N_D

958 RTD3NMO

959 RTD3N_Y

960 RTD4MX

961 RTD4X_S

962 RTD4XMN

963 RTD4X_H

964 RTD4X_D

965 RTD4XMO

966 RTD4X_Y

967 RTD4MN

968 RTD4N_S

969 RTD4NMN

970 RTD4N_H

971 RTD4N_D

Register 
Address Label

972 RTD4NMO

973 RTD4N_Y

974 RTD5MX

975 RTD5X_S

976 RTD5XMN

977 RTD5X_H

978 RTD5X_D

979 RTD5XMO

980 RTD5X_Y

981 RTD5MN

982 RTD5N_S

983 RTD5NMN

984 RTD5N_H

985 RTD5N_D

986 RTD5NMO

987 RTD5N_Y

988 RTD6MX

989 RTD6X_S

990 RTD6XMN

991 RTD6X_H

992 RTD6X_D

993 RTD6XMO

994 RTD6X_Y

995 RTD6MN

996 RTD6N_S

997 RTD6NMN

998 RTD6N_H

999 RTD6N_D

1000 RTD6NMO

1001 RTD6N_Y

1002 RTD7MX

1003 RTD7X_S

1004 RTD7XMN

1005 RTD7X_H

1006 RTD7X_D

1007 RTD7XMO

1008 RTD7X_Y

1009 RTD7MN

1010 RTD7N_S

1011 RTD7NMN

1012 RTD7N_H

1013 RTD7N_D

1014 RTD7NMO

1015 RTD7N_Y

1016 RTD8MX

1017 RTD8X_S

1018 RTD8XMN

1019 RTD8X_H

1020 RTD8X_D

1021 RTD8XMO

Register 
Address Label

1022 RTD8X_Y

1023 RTD8MN

1024 RTD8N_S

1025 RTD8NMN

1026 RTD8N_H

1027 RTD8N_D

1028 RTD8NMO

1029 RTD8N_Y

1030 RTD9MX

1031 RTD9X_S

1032 RTD9XMN

1033 RTD9X_H

1034 RTD9X_D

1035 RTD9XMO

1036 RTD9X_Y

1037 RTD9MN

1038 RTD9N_S

1039 RTD9NMN

1040 RTD9N_H

1041 RTD9N_D

1042 RTD9NMO

1043 RTD9N_Y

1044 RTD10MX

1045 RTD10X_S

1046 RTD10XMN

1047 RTD10X_H

1048 RTD10X_D

1049 RTD10XMO

1050 RTD10X_Y

1051 RTD10MN

1052 RTD10N_S

1053 RTD10NMN

1054 RTD10N_H

1055 RTD10N_D

1056 RTD10NMO

1057 RTD10N_Y

1058 RTD11MX

1059 RTD11X_S

1060 RTD11XMN

1061 RTD11X_H

1062 RTD11X_D

1063 RTD11XMO

1064 RTD11X_Y

1065 RTD11MN

1066 RTD11N_S

1067 RTD11NMN

1068 RTD11N_H

1069 RTD11N_D

1070 RTD11NMO

1071 RTD11N_Y

Register 
Address Label

1072 RTD12MX

1073 RTD12X_S

1074 RTD12XMN

1075 RTD12X_H

1076 RTD12X_D

1077 RTD12XMO

1078 RTD12X_Y

1079 RTD12MN

1080 RTD12N_S

1081 RTD12NMN

1082 RTD12N_H

1083 RTD12N_D

1084 RTD12NMO

1085 RTD12N_Y

1086 AI301MXH

1087 AI301MXL

1088 AI301X_S

1089 AI301XMN

1090 AI301X_H

1091 AI301X_D

1092 AI301XMO

1093 AI301X_Y

1094 AI301MNH

1095 AI301MNL

1096 AI301N_S

1097 AI301NMN

1098 AI301N_H

1099 AI301N_D

1100 AI301NMO

1101 AI301N_Y

1102 AI302MXH

1103 AI302MXL

1104 AI302X_S

1105 AI302XMN

1106 AI302X_H

1107 AI302X_D

1108 AI302XMO

1109 AI302X_Y

1110 AI302MNH

1111 AI302MNL

1112 AI302N_S

1113 AI302NMN

1114 AI302N_H

1115 AI302N_D

1116 AI302NMO

1117 AI302N_Y

1118 AI303MXH

1119 AI303MXL

1120 AI303X_S

1121 AI303XMN

Register 
Address Label
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1122 AI303X_H

1123 AI303X_D

1124 AI303XMO

1125 AI303X_Y

1126 AI303MNH

1127 AI303MNL

1128 AI303N_S

1129 AI303NMN

1130 AI303N_H

1131 AI303N_D

1132 AI303NMO

1133 AI303N_Y

1134 AI304MXH

1135 AI304MXL

1136 AI304X_S

1137 AI304XMN

1138 AI304X_H

1139 AI304X_D

1140 AI304XMO

1141 AI304X_Y

1142 AI304MNH

1143 AI304MNL

1144 AI304N_S

1145 AI304NMN

1146 AI304N_H

1147 AI304N_D

1148 AI304NMO

1149 AI304N_Y

1150 AI305MXH

1151 AI305MXL

1152 AI305X_S

1153 AI305XMN

1154 AI305X_H

1155 AI305X_D

1156 AI305XMO

1157 AI305X_Y

1158 AI305MNH

1159 AI305MNL

1160 AI305N_S

1161 AI305NMN

1162 AI305N_H

1163 AI305N_D

1164 AI305NMO

1165 AI305N_Y

1166 AI306MXH

1167 AI306MXL

1168 AI306X_S

1169 AI306XMN

1170 AI306X_H

1171 AI306X_D

Register 
Address Label

1172 AI306XMO

1173 AI306X_Y

1174 AI306MNH

1175 AI306MNL

1176 AI306N_S

1177 AI306NMN

1178 AI306N_H

1179 AI306N_D

1180 AI306NMO

1181 AI306N_Y

1182 AI307MXH

1183 AI307MXL

1184 AI307X_S

1185 AI307XMN

1186 AI307X_H

1187 AI307X_D

1188 AI307XMO

1189 AI307X_Y

1190 AI307MNH

1191 AI307MNL

1192 AI307N_S

1193 AI307NMN

1194 AI307N_H

1195 AI307N_D

1196 AI307NMO

1197 AI307N_Y

1198 AI308MXH

1199 AI308MXL

1200 AI308X_S

1201 AI308XMN

1202 AI308X_H

1203 AI308X_D

1204 AI308XMO

1205 AI308X_Y

1206 AI308MNH

1207 AI308MNL

1208 AI308N_S

1209 AI308NMN

1210 AI308N_H

1211 AI308N_D

1212 AI308NMO

1213 AI308N_Y

1214 AI401MXH

1215 AI401MXL

1216 AI401X_S

1217 AI401XMN

1218 AI401X_H

1219 AI401X_D

1220 AI401XMO

1221 AI401X_Y
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1222 AI401MNH

1223 AI401MNL

1224 AI401N_S

1225 AI401NMN

1226 AI401N_H

1227 AI401N_D

1228 AI401NMO

1229 AI401N_Y

1230 AI402MXH

1231 AI402MXL

1232 AI402X_S

1233 AI402XMN

1234 AI402X_H

1235 AI402X_D

1236 AI402XMO

1237 AI402X_Y

1238 AI402MNH

1239 AI402MNL

1240 AI402N_S

1241 AI402NMN

1242 AI402N_H

1243 AI402N_D

1244 AI402NMO

1245 AI402N_Y

1246 AI403MXH

1247 AI403MXL

1248 AI403X_S

1249 AI403XMN

1250 AI403X_H

1251 AI403X_D

1252 AI403XMO

1253 AI403X_Y

1254 AI403MNH

1255 AI403MNL

1256 AI403N_S

1257 AI403NMN

1258 AI403N_H

1259 AI403N_D

1260 AI403NMO

1261 AI403N_Y

1262 AI403MXH

1263 AI403MXL

1264 AI403X_S

1265 AI403XMN

1266 AI403X_H

1267 AI403X_D

1268 AI403XMO

1269 AI403X_Y

1270 AI404MNH

1271 AI404MNL
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1272 AI404N_S

1273 AI404NMN

1274 AI404N_H

1275 AI404N_D

1276 AI404NMO

1277 AI404N_Y

1278 AI405MXH

1279 AI405MXL

1280 AI405X_S

1281 AI405XMN

1282 AI405X_H

1283 AI405X_D

1284 AI405XMO

1285 AI405X_Y

1286 AI405MNH

1287 AI405MNL

1288 AI405N_S

1289 AI405NMN

1290 AI405N_H

1291 AI405N_D

1292 AI405NMO

1293 AI405N_Y

1294 AI406MXH

1295 AI406MXL

1296 AI406X_S

1297 AI406XMN

1298 AI406X_H

1299 AI406X_D

1300 AI406XMO

1301 AI406X_Y

1302 AI406MNH

1303 AI406MNL

1304 AI406N_S

1305 AI406NMN

1306 AI406N_H

1307 AI406N_D

1308 AI406NMO

1309 AI406N_Y

1310 AI407MXH

1311 AI407MXL

1312 AI407X_S

1313 AI407XMN

1314 AI407X_H

1315 AI407X_D

1316 AI407XMO

1317 AI407X_Y

1318 AI407MNH

1319 AI407MNL

1320 AI407N_S

1321 AI407NMN
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1322 AI407N_H

1323 AI407N_D

1324 AI407NMO

1325 AI407N_Y

1326 AI408MXH

1327 AI408MXL

1328 AI408X_S

1329 AI408XMN

1330 AI408X_H

1331 AI408X_D

1332 AI408XMO

1333 AI408X_Y

1334 AI408MNH

1335 AI408MNL

1336 AI408N_S

1337 AI408NMN

1338 AI408N_H

1339 AI408N_D

1340 AI408NMO

1341 AI408N_Y

1342 AI501MXH

1343 AI501MXL

1344 AI501X_S

1345 AI501XMN

1346 AI501X_H

1347 AI501X_D

1348 AI501XMO

1349 AI501X_Y

1350 AI501MNH

1351 AI501MNL

1352 AI501N_S

1353 AI501NMN

1354 AI501N_H

1355 AI501N_D

1356 AI501NMO

1357 AI501N_Y

1358 AI502MXH

1359 AI502MXL

1360 AI502X_S

1361 AI502XMN

1362 AI502X_H

1363 AI502X_D

1364 AI502XMO

1365 AI502X_Y

1366 AI502MNH

1367 AI502MNL

1368 AI502N_S

1369 AI502NMN

1370 AI502N_H

1371 AI502N_D

Register 
Address Label
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1372 AI502NMO

1373 AI502N_Y

1374 AI503MXH

1375 AI503MXL

1376 AI503X_S

1377 AI503XMN

1378 AI503X_H

1379 AI503X_D

1380 AI503XMO

1381 AI503X_Y

1382 AI503MNH

1383 AI503MNL

1384 AI503N_S

1385 AI503NMN

1386 AI503N_H

1387 AI503N_D

1388 AI503NMO

1389 AI503N_Y

1390 AI504MXH

1391 AI504MXL

1392 AI504X_S

1393 AI504XMN

1394 AI504X_H

1395 AI504X_D

1396 AI504XMO

1397 AI504X_Y

1398 AI504MNH

1399 AI504MNL

1400 AI504N_S

1401 AI504NMN

1402 AI504N_H

1403 AI504N_D

1404 AI504NMO

1405 AI504N_Y

1406 AI505MXH

1407 AI505MXL

1408 AI505X_S

1409 AI505XMN

1410 AI505X_H

1411 AI505X_D

1412 AI505XMO

1413 AI505X_Y

1414 AI505MNH

1415 AI505MNL

1416 AI505N_S

1417 AI505NMN

1418 AI505N_H

1419 AI505N_D

1420 AI505NMO

1421 AI505N_Y
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1422 AI506MXH

1423 AI506MXL

1424 AI506X_S

1425 AI506XMN

1426 AI506X_H

1427 AI506X_D

1428 AI506XMO

1429 AI506X_Y

1430 AI506MNH

1431 AI506MNL

1432 AI506N_S

1433 AI506NMN

1434 AI506N_H

1435 AI506N_D

1436 AI506NMO

1437 AI506N_Y

1438 AI507MXH

1439 AI507MXL

1440 AI507X_S

1441 AI507XMN

1442 AI507X_H

1443 AI507X_D

1444 AI507XMO

1445 AI507X_Y

1446 AI507MNH

1447 AI507MNL

1448 AI507N_S

1449 AI507NMN

1450 AI507N_H

1451 AI507N_D

1452 AI507NMO

1453 AI507N_Y

1454 AI508MXH

1455 AI508MXL

1456 AI508X_S

1457 AI508XMN

1458 AI508X_H

1459 AI508X_D

1460 AI508XMO

1461 AI508X_Y

1462 AI508MNH

1463 AI508MNL

1464 AI508N_S

1465 AI508NMN

1466 AI508N_H

1467 AI508N_D

1468 AI508NMO

1469 AI508N_Y

1470 MXMN_R_S

1471 MXMN_RMN
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1472 MXMN_R_H

1473 MXMN_R_D

1474 MXMN_RMO

1475 MXMN_R_Y

1476–1480a

1481 PA

1482 QA

1483 SA

1484 PFA

1485 PB

1486 QB

1487 SB

1488 PFB

1489 PC

1490 QC

1491 SC

1492 PFC

1493 AI301H

1494 AI301L

1495 AI302H

1496 AI302L

1497 AI303H

1498 AI303L

1499 AI304H

1500 AI304L

1501 AI305H

1502 AI305L

1503 AI306H

1504 AI306L

1505 AI307H

1506 AI307L

1507 AI308H

1508 AI308L

1509 AI401H

1510 AI401L

1511 AI402H

1512 AI402L

1513 AI403H

1514 AI403L

1515 AI404H

1516 AI404L

1517 AI405H

1518 AI405L

1519 AI406H

1520 AI406L

1521 AI407H

1522 AI407L

1523 AI408H

1524 AI408L

1525 AI501H
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1526 AI501L

1527 AI502H

1528 AI502L

1529 AI503H

1530 AI503L

1531 AI504H

1532 AI504L

1533 AI505H

1534 AI505L

1535 AI506H

1536 AI506L

1537 AI507H

1538 AI507L

1539 AI508H

1540 AI508L

1541–1546a

1547 MV01H

1548 MV01L

1549 MV02H

1550 MV02L

1551 MV03H

1552 MV03L

1553 MV04H

1554 MV04L

1555 MV05H

1556 MV05L

1557 MV06H

1558 MV06L

1559 MV07H

1560 MV07L

1561 MV08H

1562 MV08L

1563 MV09H

1564 MV09L

1565 MV10H

1566 MV10L

1567 MV11H

1568 MV11L

1569 MV12H

1570 MV12L

1571 MV13H

1572 MV13L

1573 MV14H

1574 MV14L

1575 MV15H

1576 MV15L

1577 MV16H

1578 MV16L

1579 MV17H

1580 MV17L
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1581 MV18H

1582 MV18L

1583 MV19H

1584 MV19L

1585 MV20H

1586 MV20L

1587 MV21H

1588 MV21L

1589 MV22H

1590 MV22L

1591 MV23H

1592 MV23L

1593 MV24H

1594 MV24L

1595 MV25H

1596 MV25L

1597 MV26H

1598 MV26L

1599 MV27H

1600 MV27L

1601 MV28H

1602 MV28L

1603 MV29H

1604 MV29L

1605 MV30H

1606 MV30L

1607 MV31H

1608 MV31L

1609 MV32H

1610 MV32L

1611 SC01

1612 SC02

1613 SC03

1614 SC04

1615 SC05

1616 SC06

1617 SC07

1618 SC08

1619 SC09

1620 SC10

1621 SC11

1622 SC12

1623 SC13

1624 SC14

1625 SC15

1626 SC16

1627 SC17

1628 SC18

1629 SC19

1630 SC20

Register 
Address Label
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1631 SC21

1632 SC22

1633 SC23

1634 SC24

1635 SC25

1636 SC26

1637 SC27

1638 SC28

1639 SC29

1640 SC30

1641 SC31

1642 SC32

1643–1647a

1648 INTT

1649 EXTT

1650 INTIA

1651 EXTIA

1652 INTIB

1653 EXTIB

1654 INTIC

1655 EXTIC

1656 WEARA

1657 WEARB

1658 WEARC

1659 BRKR_R_S

1660 BRKR_RMN

1661 BRKR_R_H

1662 BRKR_R_D

1663 BRKR_RMO

1664 BRKR_R_Y

1665–1666a

1667 VSMX

1668 VSX_S

1669 VSXMN

1670 VSX_H

1671 VSX_D

1672 VSXMO

1673 VSX_Y

1674 VSMN

1675 VSN_S

1676 VSNMN

1677 VSN_H

1678 VSN_D

1679 VSNMO

1680 VSN_Y 

1681–1688a

1689 IAD

1690 IBD

1691 ICD

1692 IGD

Register 
Address Label

1693 3I2D

1694 IAPD

1695 IBPD

1696 ICPD

1697 IGPD

1698 3I2PD

1699 PDEM_R_S

1700 PDEM_RMN

1701 PDEM_R_H

1702 PDEM_R_D

1703 PDEM_RMO

1704 PDEM_R_Y 

1705–1745a

1746 NUMEVE

1747 EVESEL

1748 EVE_S

1749 EVEMN

1750 EVE_H

1751 EVE_D

1752 EVEMO

1753 EVE_Y

1754 EVE_TYPE

1755 EVE_TRGT

1756 EVE_IA

1757 EVE_IB

1758 EVE_IC

1759 EVE_IN

1760 EVE_IG

1761 EVE_VAB

1762 EVE_VBC

1763 EVE_VCA

1764 EVE_VG

1765 EVE_DY

1766 EVE_FREQ

1767–1769a

1770 EVE_MAXW

1771 EVE_MAXB

1772 EVE_MAXA

1773 EVE_MAXO

1774–1779a

1780 TRIP_LO

1781 TRIP_HI

1782 WARN_LO

1783 WARN_HI

1784–1788a

1789 NUMRCV

1790 NUMOTH

1791 INVADR

1792 BADCRC

1793 UARTERR

Register 
Address Label

1794 ILLFUNC

1795 ILLREG

1796 ILLWR

1797 BADPKTF

1798 BADPKTL

1799–1804a

1805 ROW_0

1806 ROW_1

1807 ROW_2

1808 ROW_3

1809 ROW_4

1810 ROW_5

1811 ROW_6

1812 ROW_7

1813 ROW_8

1814 ROW_9

1815 ROW_10

1816 ROW_11

1817 ROW_12

1818 ROW_13

1819 ROW_14

1820 ROW_15

1821 ROW_16

1822 ROW_17

1823 ROW_18

1824 ROW_19

1825 ROW_20

1826 ROW_21

1827 ROW_22

1828 ROW_23

1829 ROW_24

1830 ROW_25

1831 ROW_26

1832 ROW_27

1833 ROW_28

1834 ROW_29

1835 ROW_30

1836 ROW_31

1837 ROW_32

1838 ROW_33

1839 ROW_34

1840 ROW_35

1841 ROW_36

1842 ROW_37

1843 ROW_38

1844 ROW_39

1845 ROW_40

1846 ROW_41

1847 ROW_42

1848 ROW_43
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1849 ROW_44

1850 ROW_45

1851 ROW_46

1852 ROW_47

1853 ROW_48

1854 ROW_49

1855 ROW_50

1856 ROW_51

1857 ROW_52

1858 ROW_53

1859 ROW_54

1860 ROW_55

1861 ROW_56

1862 ROW_57

1863 ROW_58

1864 ROW_59

1865 ROW_60

1866 ROW_61

1867 ROW_62

1868 ROW_63

1869 ROW_64

1870 ROW_65

1871 ROW_66

1872 ROW_67

1873 ROW_68

1874 ROW_69

1875 ROW_70

1876 ROW_71

1877 ROW_72

1878 ROW_73

1879 ROW_74

1880 ROW_75

1881 ROW_76

1882 ROW_77

1883 ROW_78

1884 ROW_79

1885 ROW_80

1886 ROW_81

1887 ROW_82

1888 ROW_83

1889 ROW_84

1890 ROW_85

1891 ROW_86

1892 ROW_87

1893 ROW_88

1894 ROW_89

1895 ROW_90

1896 ROW_91

1897 ROW_92

1898 ROW_93

Register 
Address Label

1899 ROW_94

1900 ROW_95

1901 ROW_96

1902 ROW_97

1903 ROW_98

1904 ROW_99

1905 ROW_100

1906 ROW_101

1907 ROW_102

1908 ROW_103

1909 ROW_104

1910 ROW_105

1911 ROW_106

1912 ROW_107

1913 ROW_108

1914 ROW_109

1915 ROW_110

1916 ROW_111

1917 ROW_112

1918 ROW_113

1919 ROW_114

1920 ROW_115

1921 ROW_116

1922 ROW_117

1923 ROW_118

1924 ROW_119

1925–1946a

1947 NA

a All the reserved 
registers between the 
data areas in the map 
may also be assigned to 
the user registers with a 
label RES_xxxx where 
xxxx is the register 
number.

b Registers report 
corresponding phase-to-
phase values when 
setting DELTA_Y := 
DELTA and phase-to-
neutral values when 
setting DELTA_Y := WYE.

Register 
Address Label
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Reading History Data 
Using Modbus

Through use of the Modbus Register Map (Table E.34), you can download a 
complete history of the last 50 events via Modbus. The history contains the 
date and time stamp, type of event that triggered the report, currents, and 
voltages at the time of the event. Please refer to the Historical Data section in 
the map.

To use Modbus to download history data, including TRIP TYPE information, 
write the event number of interest (1–50) to the EVENT LOG SEL register at 
address 1747. Then read the history of the specific event number you 
requested from the registers shown in the Historical Data section of the 
Modbus Register Map (Table E.34). After a power cycle, the history data 
registers will show the history data corresponding to the latest event. This is 
dynamically updated, as whenever there is a new event, the history data 
registers will be automatically updated with new event data. If specific event 
number data have been retrieved using a write to the EVENT LOG SEL 
register, the event data registers will stay frozen with that specific event 
history. This will return to the free running mode when a zero is written to the 
event selection register from a prior nonzero selection.

Modbus Register Map (Modbus Map)
Table E.34 lists the data available in the Modbus interface and its description, 
range, and scaling information. The table also shows the parameter number 
for access through use of the DeviceNet interface. The DeviceNet parameter 
number is obtained by adding 100 to the Modbus register address.

Table E.34 Modbus Register Mapa (Sheet 1 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers

0 (R) Reservedd 0 100 1

User Map Register

1 (R/W) USER REG #1 610 1947 650 1 101
•
•
•

125 (R/W) USER REG #125 610 1947 1947 1 225

User Map Register Values

126 (R) USER REG#1 VAL 0 65535 0 1 226
•
•
•

250 (R) USER REG#125 VAL 0 65535 0 1 350

Reserved Area 1

251–259 (R) Reservedd 0 0 0 351–359

Access Control

260 (R/W) BLOCK MODBUS SET 0 2 0 360
0 = NONE
1 = R_S
2 = ALL

General Settings

261 (R/W) PHASE ROTATION 0 1 0 361
0 = ABC
1 = ACB



E.27

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Modbus Register Map (Modbus Map)

262 (R/W) RATED FREQ. Hz 0 1 1 1 362
0 = 50 Hz
1 = 60 Hz

263 (R/W) DATE FORMAT 0 2 0 1 363
0 = MDY
1 = YMD
2 = DMY

264 (R/W) EVE MSG PTS EN 0 32 0 1 364
0 = N, 1–32

Group Selection

265 (R/W) GRP CHG DELAY sec 0 400 3 1 365

Breaker Failure Settings

266 (R/W) 52A INTERLOCK 0 1 0 366

0 = N
1 = Y

267 (R/W) BK FAILURE DELAY sec 0 200 50 00.01 367

268 (R) Reservedd 0 0 0 368

DC Battery Monitor

269 (R/W) DC UNDER VOLT EN 0 1 0 369
0 = N
1 = Y

270 (R/W) DC UNDER VOLT PU V 2000 30000 2000 0.01 370

271 (R/W) DC OVER VOLT EN 0 1 0 371
0 = N
1 = Y

272 (R/W) DC OVER VOLT PU V 2000 30000 30000 0.01 372

Configuration Settings

273 (R/W) PHASE CT RATIO 1 5000 120 1 373

274 (R/W) NEUTRAL CT RATIO 1 5000 120 1 374

275 (R/W) PHASE PT RATIO-I 1 10000 180 1 375

276 (R/W) PHASE PT RATIO-F 0 99 0 0.01 376

277 (R/W) SYNCV PT RATIO-I 1 10000 180 1 377

278 (R/W) SYNCV PT RATIO-F 0 99 0 0.01 378

279 (R/W) XFMR CONNECTION 0 1 0 379
0 = DELTA
1 = WYE

280 (R/W) LINE VOLTAGE V 2000 44000 12000 0.01 380

281 (R/W) SINGLE V INPUT 0 1 0 381
0 = N
1 = Y

282 (R/W) IG (residual current) SOURCE 0 1 0 382
0 = MEAS
1 = CALC

283 (R/W) RESIDU CT RATIO 1 5000 120 1 383

Maximum Phase Overcurrent

284 (R/W) MAXP OC L1 EN 0 1 1 384
0 = N
1 = Y

Table E.34 Modbus Register Mapa (Sheet 2 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers
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285 (R/W) MAXP OC TRIP L1 A 10 10000 1000 0.01 385

286 (R/W) MAXP OC L1 DLY sec 0 500 0 0.01 386

287 (R/W) MAXP OC L2 EN 0 1 1 387
0 = N
1 = Y

288 (R/W) MAXP OC TRIP L2 A 10 10000 1000 0.01 388

289 (R/W) MAXP OC L2 DLY sec 0 500 0 0.01 389

290 (R/W) MAXP OC L3 EN 0 1 1 390
0 = N
1 = Y

291 (R/W) MAXP OC TRIP L3 A 10 10000 1000 0.01 391

292 (R/W) MAXP OC L3 DLY sec 0 500 0 0.01 392

293 (R/W) MAXP OC L4 EN 0 1 1 393
0 = N
1 = Y

294 (R/W) MAXP OC TRIP L4 A 10 10000 1000 0.01 394

295 (R/W) MAXP OC L4 DLY sec 0 500 0 0.01 395

Neutral Overcurrent

296 (R/W) NEUT OC L1 EN 0 1 0 396
0 = N
1 = Y

297 (R/W) NEUT OC TRIP L1 A 10 10000 200 0.01 397

298 (R/W) NEUT OC TRIP L1 mA 1 10000 100 0.1 398

299 (R/W) NEUT OC L1 DLY sec 0 500 50 0.01 399

300 (R/W) NEUT OC L2 EN 0 1 0 400
0 = N
1 = Y

301 (R/W) NEUT OC TRIP L2 A 10 10000 200 0.01 401

302 (R/W) NEUT OC TRIP L2 mA 1 10000 100 0.1 402

303 (R/W) NEUT OC L2 DLY sec 0 500 50 0.01 403

304 (R/W) NEUT OC L3 EN 0 1 0 404
0 = N
1 = Y

305 (R/W) NEUT OC TRIP L3 A 10 10000 200 0.01 405

306 (R/W) NEUT OC TRIP L3 mA 1 10000 100 0.1 406

307 (R/W) NEUT OC L3 DLY sec 0 500 50 0.01 407

308 (R/W) NEUT OC L4 EN 0 1 0 408
0 = N
1 = Y

309 (R/W) NEUT OC TRIP L4 A 10 10000 200 0.01 409

310 (R/W) NEUT OC TRIP L4 mA 1 10000 100 0.1 410

311 (R/W) NEUT OC L4 DLY sec 0 500 50 0.01 411

Residual Overcurrent

312 (R/W) RES OC L1 EN 0 1 0 412
0 = N
1 = Y

313 (R/W) RES OC TRIP L1 A 10 10000 200 0.01 413

314 (R/W) RES OC L1 DLY sec 0 500 50 0.01 414

Table E.34 Modbus Register Mapa (Sheet 3 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers
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315 (R/W) RES OC L2 EN 0 1 0 415
0 = N
1 = Y

316 (R/W) RES OC TRIP L2 A 10 10000 200 0.01 416

317 (R/W) RES OC L2 DLY sec 0 500 50 0.01 417

318 (R/W) RES OC L3 EN 0 1 0 418
0 = N
1 = Y

319 (R/W) RES OC TRIP L3 A 10 10000 200 0.01 419

320 (R/W) RES OC L3 DLY sec 0 500 50 0.01 420

321 (R/W) RES OC L4 EN 0 1 0 421
0 = N
1 = Y

322 (R/W) RES OC TRIP L4 A 10 10000 200 0.01 422

323 (R/W) RES OC L4 DLY sec 0 500 50 0.01 423

Negative-Sequence Overcurrent

324 (R/W) NSEQ OC L1 EN 0 1 0 424
0 = N
1 = Y

325 (R/W) NSEQ OC TRIP L1 A 10 10000 200 0.01 425

326 (R/W) NSEQ OC L1 DLY sec 1 1200 2 0.01 426

327 (R/W) NSEQ OC L2 EN 0 1 0 427
0 = N
1 = Y

328 (R/W) NSEQ OC TRIP L2 A 10 10000 200 0.01 428

329 (R/W) NSEQ OC L2 DLY sec 1 1200 2 0.01 429

330 (R/W) NSEQ OC L3 EN 0 1 0 430
0 = N
1 = Y

331 (R/W) NSEQ OC TRIP L3 A 10 10000 200 0.01 431

332 (R/W) NSEQ OC L3 DLY sec 1 1200 2 0.01 432

333 (R/W) NSEQ OC L4 EN 0 1 0 433
0 = N
1 = Y

334 (R/W) NSEQ OC TRIP L4 A 10 10000 200 0.01 434

335 (R/W) NSEQ OC L4 DLY sec 1 1200 2 0.01 435

Phase Time Overcurrent

336 (R/W) PHA TOC TRIP EN 0 1 1 436
0 = N
1 = Y

337 (R/W) PHA TOC TRIP LVL A 10 1600 120 0.01 437

338 (R/W) PHA TOC CURVE 0 9 2 438
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

339 (R/W) PHA TOC TIM DIAL 5 1500 300 0.01 439
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340 (R/W) PHA EM RST DLAY 0 1 0 440
0 = N
1 = Y

341 (R/W) PHA CONST TIME sec 0 100 0 0.01 441

342 (R/W) PHA MIN RESP TIM sec 0 100 0 0.01 442

343 (R/W) PHB TOC TRIP EN 0 1 1 443
0 = N
1 = Y

344 (R/W) PHB TOC TRIP LVL A 10 1600 120 0.01 444

345 (R/W) PHB TOC CURVE 0 9 2 445
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

346 (R/W) PHB TOC TIM DIAL 5 1500 300 0.01 446

347 (R/W) PHB EM RST DLAY 0 1 0 447
0 = N
1 = Y

348 (R/W) PHB CONST TIME sec 0 100 0 0.01 448

349 (R/W) PHB MIN RESP TIM sec 0 100 0 0.01 449

350 (R/W) PHC TOC TRIP EN 0 1 1 450
0 = N
1 = Y

351 (R/W) PHC TOC TRIP LVL A 10 1600 120 0.01 451

352 (R/W) PHC TOC CURVE 0 9 2 1 452
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

353 (R/W) PHC TOC TIM DIAL 5 1500 300 0.01 453

354 (R/W) PHC EM RST DLAY 0 1 0 454
0 = N
1 = Y

355 (R/W) PHC CONST TIME sec 0 100 0 0.01 455

356 (R/W) PHC MIN RESP TIM sec 0 100 0 0.01 456

Maximum Phase Time Overcurrent

357 (R/W) TOC TRIP L1 EN 0 1 1 457
0 = N
1 = Y

358 (R/W) TOC TRIP LVL1 A 10 1600 120 0.01 458

359 (R/W) TOC CURVE SEL1 0 9 2 1 459
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

360 (R/W) TOC TIME DIAL1 5 1500 300 0.01 460

361 (R/W) EM RESET DELAY1 0 1 0 461
0 = N
1 = Y
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362 (R/W) CONST TIME1 sec 0 100 0 0.01 462

363 (R/W) MIN RESP TIME1 sec 0 100 0 0.01 463

364 (R/W) TOC TRIP L2 EN 0 1 1 464
0 = N
1 = Y

365 (R/W) TOC TRIP LVL2 A 10 1600 120 0.01 465

366 (R/W) TOC CURVE SEL2 0 9 2 1 466
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

367 (R/W) TOC TIME DIAL2 5 1500 300 0.01 467

368 (R/W) EM RESET DELAY2 0 1 0 468
0 = N
1 = Y

369 (R/W) CONST TIME2 sec 0 100 0 0.01 469

370 (R/W) MIN RESP TIME2 sec 0 100 0 0.01 470

Negative-Sequence Time Overcurrent

371 (R/W) NSTOC TRIP EN 0 1 1 471
0 = N
1 = Y

372 (R/W) NSTOC TRIP LVL A 10 1600 120 0.01 472

373 (R/W) NSTOC CURVE SEL 0 9 2 1 473
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

374 (R/W) NSTOC TIME DIAL 5 1500 300 0.01 474

375 (R/W) NSTOC EM RST DLY 0 1 0 475
0 = N
1 = Y

376 (R/W) NSTOC CONST TIME sec 0 100 0 0.01 476

377 (R/W) NSTOC MIN RESP sec 0 100 0 0.01 477

Neutral Time Overcurrent

378 (R/W) NEUT TOC L1 EN 0 1 0 478
0 = N
1 = Y

379 (R/W) NEU TOC TRIP L1 A 10 1600 120 0.01 479

380 (R/W) NEU TOC TRIP L1 mA 13 16000 100 0.01 480

381 (R/W) NEUT TOC CURVE1 0 9 2 1 481
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

382 (R/W) NEU TOC TIM DL1 5 1500 150 0.01 482

383 (R/W) NEU EM RST DLAY1 0 1 0 483
0 = N
1 = Y

384 (R/W) NEUT CONST TIME1 sec 0 100 0 0.01 484
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385 (R/W) NEU MIN RESP T1 sec 0 100 0 0.01 485

386 (R/W) NEUT TOC L2 EN 0 1 0 486
0 = N
1 = Y

387 (R/W) NEU TOC TRIP L2 A 10 1600 120 0.01 487

388 (R/W) NEU TOC TRIP L2 mA 13 16000 100 0.01 488

389 (R/W) NEUT TOC CURVE2 0 9 2 1 489
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

390 (R/W) NEU TOC TIM DL2 5 1500 150 0.01 490

391 (R/W) NEU EM RST DLAY2 0 1 0 491
0 = N
1 = Y

392 (R/W) NEUT CONST TIME2 sec 0 100 0 0.01 492

393 (R/W) NEU MIN RESP T2 sec 0 100 0 0.01 493

Residual Time Overcurrent

394 (R/W) RES TOC L1 EN 0 1 1 494
0 = N
1 = Y

395 (R/W) RES TOC TRIP L1 A 10 1600 10 0.01 495

396 (R/W) RES TOC CURVE1 0 9 2 1 496
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

397 (R/W) RES TOC TIM DL1 5 1500 150 0.01 497

398 (R/W) RES EM RST DLAY1 0 1 0 498
0 = N
1 = Y

399 (R/W) RES CONST TIME1 sec 0 100 0 0.01 499

400 (R/W) RES MIN RESP T1 sec 0 100 0 0.01 500

401 (R/W) RES TOC L2 EN 0 1 1 501
0 = N
1 = Y

402 (R/W) RES TOC TRIP L2 A 10 1600 10 0.01 502

403 (R/W) RES TOC CURVE2 0 9 2 1 503
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

404 (R/W) RES TOC TIM DL2 5 1500 150 0.01 504

405 (R/W) RES EM RST DLAY2 0 1 0 505
0 = N
1 = Y

406 (R/W) RES CONST TIME2 sec 0 100 0 0.01 506

407 (R/W) RES MIN RESP T2 sec 0 100 0 0.01 507

408–410 (R) Reservedd 0 0 0 508–510
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RTD Settings

411 (R/W) RTD ENABLE 0 2 0 511
0 = NONE
1 = INT
2 = EXT

412 (R/W) RTD1 LOCATION 0 4 0 512
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

413 (R/W) RTD1 TYPE 0 3 0 513
0 = PT100
1 = NI100
2 = NI120
3 = CU10

414 (R/W) RTD1 TRIP LEVEL °C 0 250 0 1 514
0 = Off

415 (R/W) RTD1 WARN LEVEL °C 0 250 0 1 515
0 = Off

416 (R/W) RTD2 LOCATION 0 4 0 1 516
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

417 (R/W) RTD2 TYPE 0 3 0 1 517
0 = PT100
1 = NI100
2 = NI120
3 = CU10

418 (R/W) RTD2 TRIP LEVEL °C 0 250 0 1 518
0 = Off

419 (R/W) RTD2 WARN LEVEL °C 0 250 0 1 519
0 = Off

420 (R/W) RTD3 LOCATION 0 4 0 1 520
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

421 (R/W) RTD3 TYPE 0 3 0 1 521
0 = PT100
1 = NI100
2 = NI120
3 = CU10

422 (R/W) RTD3 TRIP LEVEL °C 0 250 0 1 522
0 = Off

423 (R/W) RTD3 WARN LEVEL °C 0 250 0 1 523
0 = Off

424 (R/W) RTD4 LOCATION 0 4 0 1 524
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH
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425 (R/W) RTD4 TYPE 0 3 0 1 525
0 = PT100
1 = NI100
2 = NI120
3 = CU10

426 (R/W) RTD4 TRIP LEVEL °C 0 250 0 1 526
0 = Off

427 (R/W) RTD4 WARN LEVEL °C 0 250 0 1 527
0 = Off

428 (R/W) RTD5 LOCATION 0 4 0 1 528
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

429 (R/W) RTD5 TYPE 0 3 0 1 529
0 = PT100
1 = NI100
2 = NI120
3 = CU10

430 (R/W) RTD5 TRIP LEVEL °C 0 250 0 1 530
0 = Off

431 (R/W) RTD5 WARN LEVEL °C 0 250 0 1 531
0 = Off

432 (R/W) RTD6 LOCATION 0 4 0 1 532
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

433 (R/W) RTD6 TYPE 0 3 0 1 533
0 = PT100
1 = NI100
2 = NI120
3 = CU10

434 (R/W) RTD6 TRIP LEVEL °C 0 250 0 1 534
0 = Off

435 (R/W) RTD6 WARN LEVEL °C 0 250 0 1 535
0 = Off

436 (R/W) RTD7 LOCATION 0 4 0 1 536
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

437 (R/W) RTD7 TYPE 0 3 0 1 537
0 = PT100
1 = NI100
2 = NI120
3 = CU10

438 (R/W) RTD7 TRIP LEVEL °C 0 250 0 1 538
0 = Off

439 (R/W) RTD7 WARN LEVEL °C 0 250 0 1 539
0 = Off
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440 (R/W) RTD8 LOCATION 0 4 0 1 540
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

441 (R/W) RTD8 TYPE 0 3 0 1 541
0 = PT100
1 = NI100
2 = NI120
3 = CU10

442 (R/W) RTD8 TRIP LEVEL °C 0 250 0 1 542
0 = Off

443 (R/W) RTD8 WARN LEVEL °C 0 250 0 1 543
0 = Off

444 (R/W) RTD9 LOCATION 0 4 0 1 544
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

445 (R/W) RTD9 TYPE 0 3 0 1 545
0 = PT100
1 = NI100
2 = NI120
3 = CU10

446 (R/W) RTD9 TRIP LEVEL °C 0 250 0 1 546
0 = Off

447 (R/W) RTD9 WARN LEVEL °C 0 250 0 1 547
0 = Off

448 (R/W) RTD10 LOCATION 0 4 0 1 548
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

449 (R/W) RTD10 TYPE 0 3 0 1 549
0 = PT100
1 = NI100
2 = NI120
3 = CU10

450 (R/W) RTD10 TRIP LEVEL °C 0 250 0 1 550
0 = Off

451 (R/W) RTD10 WARN LEVEL °C 0 250 0 1 551
0 = Off

452 (R/W) RTD11 LOCATION 0 4 0 1 552
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

453 (R/W) RTD11 TYPE 0 3 0 1 553
0 = PT100
1 = NI100
2 = NI120
3 = CU10
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454 (R/W) RTD11 TRIP LEVEL °C 0 250 0 1 554
0 = Off

455 (R/W) RTD11 WARN LEVEL °C 0 250 0 1 555
0 = Off

456 (R/W) RTD12 LOCATION 0 4 0 1 556
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

457 (R/W) RTD12 TYPE 0 3 0 1 557
0 = PT100
1 = NI100
2 = NI120
3 = CU10

458 (R/W) RTD12 TRIP LEVEL °C 0 250 0 1 558
0 = Off

459 (R/W) RTD12 WARN LEVEL °C 0 250 0 1 559
0 = Off

460 (R/W) WIND TRIP VOTING 0 1 0 1 560
0 = N
1 = Y

461 (R/W) BEAR TRIP VOTING 0 1 0 1 561
0 = N
1 = Y

Undervoltage Settings

462 (R/W) UV TRIP1 ENABLE 0 1 0 562
0 = N
1 = Y

463 (R/W) UV TRIP1 LEVEL xVnm 2 100 80 0.01 563

464 (R/W) UV TRIP1 DELAY sec 0 1200 5 0.1 564

465 (R/W) UV TRIP2 ENABLE 0 1 0 565
0 = N
1 = Y

466 (R/W) UV TRIP2 LEVEL xVnm 2 100 80 0.01 566

467 (R/W) UV TRIP2 DELAY sec 0 1200 50 0.1 567

468 (R/W) UVS LVL1 ENABLE 0 1 0 568
0 = N
1 = Y

469 (R/W) UVS LEVEL1 V 200 30000 200 0.01 569

470 (R/W) UVS DELAY1 sec 0 1200 5 0.1 570

471 (R/W) UVS LVL2 ENABLE 0 1 0 571
0 = N
1 = Y

472 (R/W) UVS LEVEL2 V 200 30000 200 0.01 572

473 (R/W) UVS DELAY2 sec 0 1200 5 0.1 573

Overvoltage Settings

474 (R/W) OV TRIP1 ENABLE 0 1 1 574
0 = N
1 = Y

475 (R/W) OV TRIP1 LEVEL xVnm 2 120 110 0.01 575

476 (R/W) OV TRIP1 DELAY sec 0 1200 5 0.1 576
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477 (R/W) OV TRIP2 ENABLE 0 1 0 577
0 = N
1 = Y

478 (R/W) OV TRIP2 LEVEL xVnm 2 120 110 0.01 578

479 (R/W) OV TRIP2 DELAY sec 0 1200 50 0.1 579

480 (R/W) OVS LVL1 ENABLE 0 1 0 580
0 = N
1 = Y

481 (R/W) OVS LEVEL1 V 200 30000 30000 0.01 581

482 (R/W) OVS DELAY1 sec 0 1200 5 0.1 582

483 (R/W) OVS LVL2 ENABLE 0 1 0 583
0 = N
1 = Y

484 (R/W) OVS LEVEL2 V 200 30000 30000 0.01 584

485 (R/W) OVS DELAY2 sec 0 1200 5 0.1 585

Reclosing Control

486 (R/W) ENABLE RECLOSER 0 4 0 1 586

487 (R/W) OPEN INTERVAL1-I sec 0 3000 5 1 587

488 (R/W) OPEN INTERVAL1-F sec 0 99 0 0.01 588

489 (R/W) OPEN INTERVAL2-I sec 0 3000 0 1 589

490 (R/W) OPEN INTERVAL2-F sec 0 99 0 0.01 590

491 (R/W) OPEN INTERVAL3-I sec 0 3000 0 1 591

492 (R/W) OPEN INTERVAL3-F sec 0 99 0 0.01 592

493 (R/W) OPEN INTERVAL4-I sec 0 3000 0 1 593

494 (R/W) OPEN INTERVAL4-F sec 0 99 0 0.01 594

495 (R/W) RST FROM RECL-I sec 0 3000 15 1 595

496 (R/W) RST FROM RECL-F sec 0 99 0 0.01 596

497 (R/W) RST FROM LO-I sec 0 3000 5 1 597

498 (R/W) RST FROM LO-F sec 0 99 0 0.01 598

499 (R/W) RECLS SUPV EN 0 1 1 599
0=N
1=Y

500 (R/W) RECL SUPV TIME-I sec 0 3000 0 1 600

501 (R/W) RECL SUPV TIME-F sec 0 99 0 0.01 601

Power Factor Settings

502 (R/W) PF LAG TRIP ENABL 0 1 0 602
0 = N
1 = Y

503 (R/W) PF LAG TRIP LEVL 5 99 50 0.01 603

504 (R/W) PF LD TRIP ENABL 0 1 0 604
0 = N
1 = Y

505 (R/W) PF LD TRIP LEVEL 5 99 50 0.01 605

506 (R/W) PF TRIP DELAY sec 1 240 1 1 606

507 (R/W) PF LAG WARN ENABL 0 1 0 607
0 = N
1 = Y
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508 (R/W) PF LAG WARN LEVL 5 99 50 0.01 608

509 (R/W) PF LD WARN ENABL 0 1 0 609
0 = N
1 = Y

510 (R/W) PF LD WARN LEVEL 5 99 50 0.01 610

511 (R/W) PF WARN DELAY sec 1 240 1 1 611

512 (R/W) PF ARMING DELAY sec 0 5000 0 1 612

Frequency Settings

513 (R/W) FREQ1 TRIP ENABL 0 1 0 613
0 = N
1 = Y

514 (R/W) FREQ1 TRIP LEVEL Hz 2000 7000 6000 0.01 614

515 (R/W) FREQ1 TRIP DELAY sec 0 2400 10 0.1 615

516 (R/W) FREQ2 TRIP ENABL 0 1 0 616
0 = N
1 = Y

517 (R/W) FREQ2 TRIP LEVEL Hz 2000 7000 6000 0.01 617

518 (R/W) FREQ2 TRIP DELAY sec 0 2400 10 0.1 618

519 (R/W) FREQ3 TRIP ENABL 0 1 0 619
0 = N
1 = Y

520 (R/W) FREQ3 TRIP LEVEL Hz 2000 7000 6000 0.01 620

521 (R/W) FREQ3 TRIP DELAY sec 0 2400 10 0.1 621

522 (R/W) FREQ4 TRIP ENABL 0 1 0 622
0 = N
1 = Y

523 (R/W) FREQ4 TRIP LEVEL Hz 2000 7000 6000 0.01 623

524 (R/W) FREQ4 TRIP DELAY sec 0 2400 10 0.1 624

Synch Check Set

525 (R/W) SYNCH CHECK 0 1 0 625
0 = N
1 = Y

526 (R/W) VS WINDOW LOW V 0 30000 10500 0.01 626

527 (R/W) VS WINDOW HIGH V 0 30000 13000 0.01 627

528 (R/W) MAX SLIP FREQ Hz 50 500 200 0.001 628

529 (R/W) MAX ANGLE 1 deg 0 80 25 629

530 (R/W) MAX ANGLE 2 deg 0 80 40 630
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531 (R/W) SYNCH PHASE deg 0 14 0 631
0 = VA (or VAB)
1 = VB (or VBC)
2 = VC (or VCA)
3 = 0
4 = 30
5 = 60
6 = 90
7 = 120
8 = 150
9 = 180
10 = 210
11 = 240
12 = 270
13 = 300
14 = 330

532 (R/W) BRKR CLOSE TIME ms 0 1000 50 632

Trip/Close Logic

533 (R/W) MIN TRIP TIME sec 0 4000 5 0.1 633

534 (R/W) CLS FAIL DLY EN 0 1 1 634
0 = N
1 = Y

535 (R/W) CLOSE FAIL DELAY sec 0 4000 10 0.1 635

536–541 (R) Reservedd 0 0 0 636–641

SELOGIC Enables

542 (R/W) SELOGIC LATCHES 0 32 4 1 642

543 (R/W) SV/TIMERS 0 32 5 1 643

544 (R/W) SELOGIC COUNTERS 0 32 0 1 644

545 (R/W) MATH VARIABLES 0 32 0 1 645

546–550 (R) Reservedd 0 0 0 646–650

Output Contacts 0 = N 1 = Y

551 (R/W) OUT101 FAIL-SAFE 0 1 1 651

552 (R/W) OUT102 FAIL-SAFE 0 1 0 652

553 (R/W) OUT103 FAIL-SAFE 0 1 0 653

554 (R/W) OUT301 FAIL-SAFE 0 1 0 654

555 (R/W) OUT302 FAIL-SAFE 0 1 0 655

556 (R/W) OUT303 FAIL-SAFE 0 1 0 656

557 (R/W) OUT304 FAIL-SAFE 0 1 0 657

558 (R/W) OUT401 FAIL-SAFE 0 1 0 658

559 (R/W) OUT402 FAIL-SAFE 0 1 0 659

560 (R/W) OUT403 FAIL-SAFE 0 1 0 660

561 (R/W) OUT404 FAIL-SAFE 0 1 0 661

562 (R/W) OUT501 FAIL-SAFE 0 1 0 662

563 (R/W) OUT502 FAIL-SAFE 0 1 0 663

564 (R/W) OUT503 FAIL-SAFE 0 1 0 664

565 (R/W) OUT504 FAIL-SAFE 0 1 0 665

566–570 (R) Reservedd 0 0 0 666–670
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Event Report Settings

571 (R/W) EVENT LENGTH cyc 0 1 0 671
0 = 15
1 = 64

572 (R/W) PREFAULT LENGTH cyc 1 59 5 1 672

573 (R) Reservedd 0 0 0 673

574 (R/W) ENABLE ALIASES 0 20 4 674

575 (R/W) LDP ACQ RATE min 0 4 2 1 675
0 = 5
1 = 10
2 = 15
3 = 30
4 = 60

576 (R/W) AUTO-REMOVAL EN 0 1 0 676
0 = N
1 = Y

577 (R/W) NUM OF COUNTS 2 20 5 1 677

578 (R/W) REMOVAL TIME sec 1 900 10 0.1 678

579–580 (R) Reservedd 0 0 0 679–680

Front-Panel Settings

581 (R/W) DISPLAY PTS ENABL 0 32 4 1 681

582 (R/W) LOCAL BITS ENABL 0 32 0 1 682

583 (R/W) LCD TIMEOUT min 0 30 15 1 683
0 = Off

584 (R/W) LCD CONTRAST 1 8 5 1 684

585 (R/W) CLOSE RESET LEDS 0 1 1 685
0 = N
1 = Y

586 (R/W) FP AUTOMESSAGES 0 1 0 686
0 = OVERRIDE
1 = ROTATING

587–590 (R) Reservedd 0 0 0 687–690

Reset Settings

591 (R/W) RESET DATA 0 1023 0 1 691
Bit 0 = Trip Reset
Bit 1 = Set to Defaults
Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reserved
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data
Bit 8 = Rst Demand
Bit 9 = Rst Peak Demand
Bit 10–15 = Reserved

592–601 (R) Reservedd 0 0 0 692–701
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Date/Time Settings

602 (R/W) SET SEC 0 5999 0 0.01 702

603 (R/W) SET MIN 0 59 0 1 703

604 (R/W) SET HOUR 0 23 0 1 704

605 (R/W) SET DAY 1 31 1 1 705

606 (R/W) SET MONTH 1 12 1 1 706

607 (R/W) SET YEAR 2000 9999 2000 1 707

608 (R) Reservedd 0 0 0 708

609 (R) Reservedd 0 0 0 709

Device Status 0 = OK 1 = WARN 2 = FAIL

610 (R) FPGA STATUS 0 2 0 710

611 (R) GPSB STATUS 0 2 0 711

612 (R) HMI STATUS 0 2 0 712

613 (R) RAM STATUS 0 2 0 713

614 (R) ROM STATUS 0 2 0 714

615 (R) CR_RAM STATUS 0 2 0 715

616 (R) NON_VOL STATUS 0 2 0 716

617 (R) CLOCK STATUS 0 2 0 717

618 (R) CID FILE STATUS 0 2 0 718

619 (R) RTD STATUS 0 2 0 719

620 (R) +3.3V STATUS 0 2 0 720

621 (R) +5.0V STATUS 0 2 0 721

622 (R) +2.5V STATUS 0 2 0 722

623 (R) +3.75V STATUS 0 2 0 723

624 (R) –1.25V STATUS 0 2 0 724

625 (R) –5.0V STATUS 0 2 0 725

626 (R) CLK_BAT STATUS 0 2 0 726

627 (R) CT BOARD STATUS 0 2 0 727

628 (R) CARD C STATUS 0 2 0 728

629 (R) CARD D STATUS 0 2 0 729

630 (R) CARD E STATUS 0 2 0 730

631 (R) IA STATUS 0 2 0 731

632 (R) IB STATUS 0 2 0 732

633 (R) IC STATUS 0 2 0 733

634 (R) IN STATUS 0 2 0 734

635 (R) VA STATUS 0 2 0 735

636 (R) VB STATUS 0 2 0 736

637 (R) VC STATUS 0 2 0 737

638 (R) RELAY STATUS 0 1 0 738
0 = ENABLED
1 = DISABLED

639 (R) VS STATUS 0 2 0 739

640 (R) SERIAL NUMBER H 0 65535 0 740
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641 (R) SERIAL NUMBER L 0 65535 0 741

642 (R) IG STATUS 0 2 0 742
0 = OK
1 = WARN
2 = FAIL

643–649 (R) Reservedd 0 0 0 743–749

Current Data

650 (R) IA CURRENT A 0 65535 0 1 750

651 (R) IA ANGLE deg –1800 1800 0 0.1 751

652 (R) IB CURRENT A 0 65535 0 1 752

653 (R) IB ANGLE deg –1800 1800 0 0.1 753

654 (R) IC CURRENT A 0 65535 0 1 754

655 (R) IC ANGLE deg –1800 1800 0 0.1 755

656 (R) IN CURRENT A 0 65535 0 1 756

657 (R) IN ANGLE deg –1800 1800 0 0.1 757

658 (R) IG CURRENT A 0 65535 0 1 758

659 (R) IG ANGLE deg –1800 1800 0 0.1 759

660 (R) AVERAGE CURRENT A 0 65535 0 1 760

661 (R) Reservedd 0 0 0 761

662 (R) NEG-SEQ CURR 3I2 A 0 65535 0 1 762

663 (R) CURRENT IMBAL % 0 1000 0 0.1 763

Extra Voltage Date

664 (R) VSN V 0 65535 0 1 764

665 (R) VSN ANGLE deg –1800 1800 0 0.1 765

666 (R) VDC V 0 65535 0 0.1 766

Voltage Data

667 (R) VAB V 0 65535 0 1 767

668 (R) VAB ANGLE deg –1800 1800 0 0.1 768

669 (R) VBC V 0 65535 0 1 769

670 (R) VBC ANGLE deg –1800 1800 0 0.1 770

671 (R) VCA V 0 65535 0 1 771

672 (R) VCA ANGLE deg –1800 1800 0 0.1 772

673 (R) AVERAGE LINEe V 0 65535 0 1 773

674 (R) VAN V 0 65535 0 1 774

675 (R) VAN ANGLE deg –1800 1800 0 0.1 775

676 (R) VBN V 0 65535 0 1 776

677 (R) VBN ANGLE deg –1800 1800 0 0.1 777

678 (R) VCN V 0 65535 0 1 778

679 (R) VCN ANGLE deg –1800 1800 0 0.1 779

680 (R) VG V 0 65535 0 1 780

681 (R) VG ANGLE deg –1800 1800 0 0.1 781

682 (R) AVERAGE PHASEf V 0 65535 0 1 782

683 (R) NEG-SEQ VOLT 3V2 V 0 65535 0 1 783

684 (R) VOLTAGE IMBAL % 0 1000 0 0.1 784
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Power Data

685 (R) REAL POWER kW –32768 32767 0 1 785

686 (R) REACTIVE POWER kVAR –32768 32767 0 1 786

687 (R) APPARENT POWER kVA –32768 32767 0 1 787

688 (R) POWER FACTOR –100 100 0 0.01 788

689 (R) FREQUENCY Hz 2000 7000 6000 0.01 789

Energy Data

690 (R) MWH3PO HI MWhr 0 65535 0 0.001 790

691 (R) MWH3PO LO MWhr 0 65535 0 0.001 791

692 (R) MVARH3PI HI MVARh 0 65535 0 0.001 792

693 (R) MVARH3PI LO MVARh 0 65535 0 0.001 793

694 (R) MVARH3PO HI MVARh 0 65535 0 0.001 794

695 (R) MVARH3PO LO MVARh 0 65535 0 0.001 795

696 (R) MVAH3P HI MVAh 0 65535 0 0.001 796

697 (R) MVAH3P LO MVAh 0 65535 0 0.001 797

698 (R) LAST RST TIME ss 0 5999 0 0.01 798

699 (R) LAST RST TIME mm 0 59 0 1 799

700 (R) LAST RST TIME hh 0 23 0 1 800

701 (R) LAST RST DATE dd 1 31 1 1 801

702 (R) LAST RST DATE mm 1 12 1 1 802

703 (R) LAST RST DATE yy 2000 9999 2000 1 803

704 (R) MWH3PI HI MWhr 0 65535 0 0.001 804

705 (R) MWH3PI LO MWhr 0 65535 0 0.001 805

706 (R) SYNC FREQUENCY Hz 2000 7000 6000 0.01 806

707–711 (R) Reservedd 0 0 0 807–811

RTD Data

712 (R) MAX WINDING RTD °C –32768 32767 0 1 812
7FFFh = Open
8000h = Short
7FFCh = Comm Fail
7FF8h = Stat Fail
7FFEh = Fail
7FF0h = NA

713 (R) MAX BEARING RTD °C –32768 32767 0 1 813

714 (R) MAX AMBIENT RTD °C –32768 32767 0 1 814

715 (R) MAX OTHER RTD °C –32768 32767 0 1 815

716–727 (R) RTD 1 through RTD 12 °C –32768 32767 0 1 816–827

728 (R) Reservedd 0 0 0 828

Light Meter Data

729 (R) LS 1 % 0 1000 0 0.1 829

730 (R) LS 2 % 0 1000 0 0.1 830

731 (R) LS 3 % 0 1000 0 0.1 831

732 (R) LS 4 % 0 1000 0 0.1 832

733–738 (R) Reservedd 0 0 0 833–838
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RMS Data

739 (R) VS RMS V 0 65535 0 1 839

740 (R) IA RMS A 0 65535 0 1 840

741 (R) IB RMS A 0 65535 0 1 841

742 (R) IC RMS A 0 65535 0 1 842

743 (R) IN RMS A 0 65535 0 1 843

744 (R) VA RMSf V 0 65535 0 1 844

745 (R) VB RMSf V 0 65535 0 1 845

746 (R) VC RMSf V 0 65535 0 1 846

747 (R) VAB RMSe V 0 65535 0 1 847

748 (R) VBC RMSe V 0 65535 0 1 848

749 (R) VCA RMSe V 0 65535 0 1 849

MAX/MIN Meter Data
Note: The labels of registers 820–861 represent phase-to-phase voltages when DELTA_Y is set to DELTA and they represent 

phase voltages when DELTA_Y is set to WYE.

750 (R) IA MAX A 0 65535 0 1 850

751 (R) IA MAX TIME ss 0 5999 0 0.01 851

752 (R) IA MAX TIME mm 0 59 0 1 852

753 (R) IA MAX TIME hh 0 23 0 1 853

754 (R) IA MAX DAY dd 1 31 1 1 854

755 (R) IA MAX DAY mm 1 12 1 1 855

756 (R) IA MAX DAY yy 2000 9999 2000 1 856

757 (R) IA MIN A 0 65535 0 1 857

758 (R) IA MIN TIME ss 0 5999 0 0.01 858

759 (R) IA MIN TIME mm 0 59 0 1 859

760 (R) IA MIN TIME hh 0 23 0 1 860

761 (R) IA MIN DAY dd 1 31 1 1 861

762 (R) IA MIN DAY mm 1 12 1 1 862

763 (R) IA MIN DAY yy 2000 9999 2000 1 863

764 (R) IB MAX A 0 65535 0 1 864

765 (R) IB MAX TIME ss 0 5999 0 0.01 865

766 (R) IB MAX TIME mm 0 59 0 1 866

767 (R) IB MAX TIME hh 0 23 0 1 867

768 (R) IB MAX DAY dd 1 31 1 1 868

769 (R) IB MAX DAY mm 1 12 1 1 869

770 (R) IB MAX DAY yy 2000 9999 2000 1 870

771 (R) IB MIN A 0 65535 0 1 871

772 (R) IB MIN TIME ss 0 5999 0 0.01 872

773 (R) IB MIN TIME mm 0 59 0 1 873

774 (R) IB MIN TIME hh 0 23 0 1 874

775 (R) IB MIN DAY dd 1 31 1 1 875

776 (R) IB MIN DAY mm 1 12 1 1 876

777 (R) IB MIN DAY yy 2000 9999 2000 1 877
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778 (R) IC MAX A 0 65535 0 1 878

779 (R) IC MAX TIME ss 0 5999 0 0.01 879

780 (R) IC MAX TIME mm 0 59 0 1 880

781 (R) IC MAX TIME hh 0 23 0 1 881

782 (R) IC MAX DAY dd 1 31 1 1 882

783 (R) IC MAX DAY mm 1 12 1 1 883

784 (R) IC MAX DAY yy 2000 9999 2000 1 884

785 (R) IC MIN A 0 65535 0 1 885

786 (R) IC MIN TIME ss 0 5999 0 0.01 886

787 (R) IC MIN TIME mm 0 59 0 1 887

788 (R) IC MIN TIME hh 0 23 0 1 888

789 (R) IC MIN DAY dd 1 31 1 1 889

790 (R) IC MIN DAY mm 1 12 1 1 890

791 (R) IC MIN DAY yy 2000 9999 2000 1 891

792 (R) IN MAX A 0 65535 0 1 892

793 (R) IN MAX TIME ss 0 5999 0 0.01 893

794 (R) IN MAX TIME mm 0 59 0 1 894

795 (R) IN MAX TIME hh 0 23 0 1 895

796 (R) IN MAX DAY dd 1 31 1 1 896

797 (R) IN MAX DAY mm 1 12 1 1 897

798 (R) IN MAX DAY yy 2000 9999 2000 1 898

799 (R) IN MIN A 0 65535 0 1 899

800 (R) IN MIN TIME ss 0 5999 0 0.01 900

801 (R) IN MIN TIME mm 0 59 0 1 901

802 (R) IN MIN TIME hh 0 23 0 1 902

803 (R) IN MIN DAY dd 1 31 1 1 903

804 (R) IN MIN DAY mm 1 12 1 1 904

805 (R) IN MIN DAY yy 2000 9999 2000 1 905

806 (R) IG MAX A 0 65535 0 1 906

807 (R) IG MAX TIME ss 0 5999 0 0.01 907

808 (R) IG MAX TIME mm 0 59 0 1 908

809 (R) IG MAX TIME hh 0 23 0 1 909

810 (R) IG MAX DAY dd 1 31 1 1 910

811 (R) IG MAX DAY mm 1 12 1 1 911

812 (R) IG MAX DAY yy 2000 9999 2000 1 912

813 (R) IG MIN A 0 65535 0 1 913

814 (R) IG MIN TIME ss 0 5999 0 0.01 914

815 (R) IG MIN TIME mm 0 59 0 1 915

816 (R) IG MIN TIME hh 0 23 0 1 916

817 (R) IG MIN DAY dd 1 31 1 1 917

818 (R) IG MIN DAY mm 1 12 1 1 918

819 (R) IG MIN DAY yy 2000 9999 2000 1 919
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820 (R) VAB/VA MAX V 0 65535 0 1 920

821 (R) VAB/VA MX TIM ss 0 5999 0 0.01 921

822 (R) VAB/VA MX TIM mm 0 59 0 1 922

823 (R) VAB/VA MX TIM hh 0 23 0 1 923

824 (R) VAB/VA MX DAY dd 1 31 1 1 924

825 (R) VAB/VA MX DAY mm 1 12 1 1 925

826 (R) VAB/VA MX DAY yy 2000 9999 2000 1 926

827 (R) VAB/VA MIN V 0 65535 0 1 927

828 (R) VAB/VA MN TIM ss 0 5999 0 0.01 928

829 (R) VAB/VA MN TIM mm 0 59 0 1 929

830 (R) VAB/VA MN TIM hh 0 23 0 1 930

831 (R) VAB/VA MN DAY dd 1 31 1 1 931

832 (R) VAB/VA MN DAY mm 1 12 1 1 932

833 (R) VAB/VA MN DAY yy 2000 9999 2000 1 933

834 (R) VBC/VB MAX V 0 65535 0 1 934

835 (R) VBC/VB MX TIM ss 0 5999 0 0.01 935

836 (R) VBC/VB MX TIM mm 0 59 0 1 936

837 (R) VBC/VB MX TIM hh 0 23 0 1 937

838 (R) VBC/VB MX DAY dd 1 31 1 1 938

839 (R) VBC/VB MX DAY mm 1 12 1 1 939

840 (R) VBC/VB MX DAY yy 2000 9999 2000 1 940

841 (R) VBC/VB MIN V 0 65535 0 1 941

842 (R) VBC/VB MN TIM ss 0 5999 0 0.01 942

843 (R) VBC/VB MN TIM mm 0 59 0 1 943

844 (R) VBC/VB MN TIM hh 0 23 0 1 944

845 (R) VBC/VB MN DAY dd 1 31 1 1 945

846 (R) VBC/VB MN DAY mm 1 12 1 1 946

847 (R) VBC/VB MN DAY yy 2000 9999 2000 1 947

848 (R) VCA/VC MAX V 0 65535 0 1 948

849 (R) VCA/VC MX TIM ss 0 5999 0 0.01 949

850 (R) VCA/VC MX TIM mm 0 59 0 1 950

851 (R) VCA/VC MX TIM hh 0 23 0 1 951

852 (R) VCA/VC MX DAY dd 1 31 1 1 952

853 (R) VCA/VC MX DAY mm 1 12 1 1 953

854 (R) VCA/VC MX DAY yy 2000 9999 2000 1 954

855 (R) VCA/VC MIN V 0 65535 0 1 955

856 (R) VCA/VC MN TIM ss 0 5999 0 0.01 956

857 (R) VCA/VC MN TIM mm 0 59 0 1 957

858 (R) VCA/VC MN TIM hh 0 23 0 1 958

859 (R) VCA/VC MN DAY dd 1 31 1 1 959

860 (R) VCA/VC MN DAY mm 1 12 1 1 960

861 (R) VCA/VC MN DAY yy 2000 9999 2000 1 961
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862 (R) KW3P MAX kW –32768 32767 0 1 962

863 (R) KW3P MX TIM ss 0 5999 0 0.01 963

864 (R) KW3P MX TIM mm 0 59 0 1 964

865 (R) KW3P MX TIM hh 0 23 0 1 965

866 (R) KW3P MX DAY dd 1 31 1 1 966

867 (R) KW3P MX DAY mm 1 12 1 1 967

868 (R) KW3P MX DAY yy 2000 9999 2000 1 968

869 (R) KW3P MIN kW –32768 32767 0 1 969

870 (R) KW3P MN TIM ss 0 5999 0 0.01 970

871 (R) KW3P MN TIM mm 0 59 0 1 971

872 (R) KW3P MN TIM hh 0 23 0 1 972

873 (R) KW3P MN DAY dd 1 31 1 1 973

874 (R) KW3P MN DAY mm 1 12 1 1 974

875 (R) KW3P MN DAY yy 2000 9999 2000 1 975

876 (R) KVAR3P MAX kVAR –32768 32767 0 1 976

877 (R) KVAR3P MX TIM ss 0 5999 0 0.01 977

878 (R) KVAR3P MX TIM mm 0 59 0 1 978

879 (R) KVAR3P MX TIM hh 0 23 0 1 979

880 (R) KVAR3P MX DAY dd 1 31 1 1 980

881 (R) KVAR3P MX DAY mm 1 12 1 1 981

882 (R) KVAR3P MX DAY yy 2000 9999 2000 1 982

883 (R) KVAR3P MIN kVAR –32768 32767 0 1 983

884 (R) KVAR3P MN TIM ss 0 5999 0 0.01 984

885 (R) KVAR3P MN TIM mm 0 59 0 1 985

886 (R) KVAR3P MN TIM hh 0 23 0 1 986

887 (R) KVAR3P MN DAY dd 1 31 1 1 987

888 (R) KVAR3P MN DAY mm 1 12 1 1 988

889 (R) KVAR3P MN DAY yy 2000 9999 2000 1 989

890 (R) KVA3P MAX kVA –32768 32767 0 1 990

891 (R) KVA3P MX TIM ss 0 5999 0 0.01 991

892 (R) KVA3P MX TIM mm 0 59 0 1 992

893 (R) KVA3P MX TIM hh 0 23 0 1 993

894 (R) KVA3P MX DAY dd 1 31 1 1 994

895 (R) KVA3P MX DAY mm 1 12 1 1 995

896 (R) KVA3P MX DAY yy 2000 9999 2000 1 996

897 (R) KVA3P MIN kVA –32768 32767 0 1 997

898 (R) KVA3P MN TIM ss 0 5999 0 0.01 998

899 (R) KVA3P MN TIM mm 0 59 0 1 999

900 (R) KVA3P MN TIM hh 0 23 0 1 1000

901 (R) KVA3P MN DAY dd 1 31 1 1 1001

902 (R) KVA3P MN DAY mm 1 12 1 1 1002

903 (R) KVA3P MN DAY yy 2000 9999 2000 1 1003
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904 (R) FREQ MAX Hz 0 65535 0 0.01 1004

905 (R) FREQ MX TIM ss 0 5999 0 0.01 1005

906 (R) FREQ MX TIM mm 0 59 0 1 1006

907 (R) FREQ MX TIM hh 0 23 0 1 1007

908 (R) FREQ MX DAY dd 1 31 1 1 1008

909 (R) FREQ MX DAY mm 1 12 1 1 1009

910 (R) FREQ MX DAY yy 2000 9999 2000 1 1010

911 (R) FREQ MIN Hz 0 65535 0 0.01 1011

912 (R) FREQ MN TIM ss 0 5999 0 0.01 1012

913 (R) FREQ MN TIM mm 0 59 0 1 1013

914 (R) FREQ MN TIM hh 0 23 0 1 1014

915 (R) FREQ MN DAY dd 1 31 1 1 1015

916 (R) FREQ MN DAY mm 1 12 1 1 1016

917 (R) FREQ MN DAY yy 2000 9999 2000 1 1017

MAX/MIN RTD Data

918 (R) RTD1 MAX °C –32768 32767 0 1 1018

919 (R) RTD1 MX TIM ss 0 5999 0 1 1019

920 (R) RTD1 MX TIM mm 0 59 0 1 1020

921 (R) RTD1 MX TIM hh 0 23 0 1 1021

922 (R) RTD1 MX DAY dd 1 31 1 1 1022

923 (R) RTD1 MX DAY mm 1 12 1 1 1023

924 (R) RTD1 MX DAY yy 2000 9999 2000 1 1024

925 (R) RTD1 MIN °C –32768 32767 0 1 1025

926 (R) RTD1 MN TIM ss 0 5999 0 0.01 1026

927 (R) RTD1 MN TIM mm 0 59 0 1 1027

928 (R) RTD1 MN TIM hh 0 23 0 1 1028

929 (R) RTD1 MN DAY dd 1 31 1 1 1029

930 (R) RTD1 MN DAY mm 1 12 1 1 1030

931 (R) RTD1 MN DAY yy 2000 9999 2000 1 1031

932 (R) RTD2 MAX °C –32768 32767 0 1 1032

933 (R) RTD2 MX TIM ss 0 5999 0 0.01 1033

934 (R) RTD2 MX TIM mm 0 59 0 1 1034

935 (R) RTD2 MX TIM hh 0 23 0 1 1035

936 (R) RTD2 MX DAY dd 1 31 1 1 1036

937 (R) RTD2 MX DAY mm 1 12 1 1 1037

938 (R) RTD2 MX DAY yy 2000 9999 2000 1 1038

939 (R) RTD2 MIN °C –32768 32767 0 1 1039

940 (R) RTD2 MN TIM ss 0 5999 0 0.01 1040

941 (R) RTD2 MN TIM mm 0 59 0 1 1041

942 (R) RTD2 MN TIM hh 0 23 0 1 1042

943 (R) RTD2 MN DAY dd 1 31 1 1 1043

944 (R) RTD2 MN DAY mm 1 12 1 1 1044
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945 (R) RTD2 MN DAY yy 2000 9999 2000 1 1045

946 (R) RTD3 MAX °C –32768 32767 0 1 1046

947 (R) RTD3 MX TIM ss 0 5999 0 0.01 1047

948 (R) RTD3 MX TIM mm 0 59 0 1 1048

949 (R) RTD3 MX TIM hh 0 23 0 1 1049

950 (R) RTD3 MX DAY dd 1 31 1 1 1050

951 (R) RTD3 MX DAY mm 1 12 1 1 1051

952 (R) RTD3 MX DAY yy 2000 9999 2000 1 1052

953 (R) RTD3 MIN °C –32768 32767 0 1 1053

954 (R) RTD3 MN TIM ss 0 5999 0 0.01 1054

955 (R) RTD3 MN TIM mm 0 59 0 1 1055

956 (R) RTD3 MN TIM hh 0 23 0 1 1056

957 (R) RTD3 MN DAY dd 1 31 1 1 1057

958 (R) RTD3 MN DAY mm 1 12 1 1 1058

959 (R) RTD3 MN DAY yy 2000 9999 2000 1 1059

960 (R) RTD4 MAX °C –32768 32767 0 1 1060

961 (R) RTD4 MX TIM ss 0 5999 0 0.01 1061

962 (R) RTD4 MX TIM mm 0 59 0 1 1062

963 (R) RTD4 MX TIM hh 0 23 0 1 1063

964 (R) RTD4 MX DAY dd 1 31 1 1 1064

965 (R) RTD4 MX DAY mm 1 12 1 1 1065

966 (R) RTD4 MX DAY yy 2000 9999 2000 1 1066

967 (R) RTD4 MIN °C –32768 32767 0 1 1067

968 (R) RTD4 MN TIM ss 0 5999 0 0.01 1068

969 (R) RTD4 MN TIM mm 0 59 0 1 1069

970 (R) RTD4 MN TIM hh 0 23 0 1 1070

971 (R) RTD4 MN DAY dd 1 31 1 1 1071

972 (R) RTD4 MN DAY mm 1 12 1 1 1072

973 (R) RTD4 MN DAY yy 2000 9999 2000 1 1073

974 (R) RTD5 MAX °C –32768 32767 0 1 1074

975 (R) RTD5 MX TIM ss 0 5999 0 0.01 1075

976 (R) RTD5 MX TIM mm 0 59 0 1 1076

977 (R) RTD5 MX TIM hh 0 23 0 1 1077

978 (R) RTD5 MX DAY dd 1 31 1 1 1078

979 (R) RTD5 MX DAY mm 1 12 1 1 1079

980 (R) RTD5 MX DAY yy 2000 9999 2000 1 1080

981 (R) RTD5 MIN °C –32768 32767 0 1 1081

982 (R) RTD5 MN TIM ss 0 5999 0 0.01 1082

983 (R) RTD5 MN TIM mm 0 59 0 1 1083

984 (R) RTD5 MN TIM hh 0 23 0 1 1084

985 (R) RTD5 MN DAY dd 1 31 1 1 1085

986 (R) RTD5 MN DAY mm 1 12 1 1 1086
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987 (R) RTD5 MN DAY yy 2000 9999 2000 1 1087

988 (R) RTD6 MAX °C –32768 32767 0 1 1088

989 (R) RTD6 MX TIM ss 0 5999 0 0.01 1089

990 (R) RTD6 MX TIM mm 0 59 0 1 1090

991 (R) RTD6 MX TIM hh 0 23 0 1 1091

992 (R) RTD6 MX DAY dd 1 31 1 1 1092

993 (R) RTD6 MX DAY mm 1 12 1 1 1093

994 (R) RTD6 MX DAY yy 2000 9999 2000 1 1094

995 (R) RTD6 MIN °C –32768 32767 0 1 1095

996 (R) RTD6 MN TIM ss 0 5999 0 0.01 1096

997 (R) RTD6 MN TIM mm 0 59 0 1 1097

998 (R) RTD6 MN TIM hh 0 23 0 1 1098

999 (R) RTD6 MN DAY dd 1 31 1 1 1099

1000 (R) RTD6 MN DAY mm 1 12 1 1 1100

1001 (R) RTD6 MN DAY yy 2000 9999 2000 1 1101

1002 (R) RTD7 MAX °C –32768 32767 0 1 1102

1003 (R) RTD7 MX TIM ss 0 5999 0 0.01 1103

1004 (R) RTD7 MX TIM mm 0 59 0 1 1104

1005 (R) RTD7 MX TIM hh 0 23 0 1 1105

1006 (R) RTD7 MX DAY dd 1 31 1 1 1106

1007 (R) RTD7 MX DAY mm 1 12 1 1 1107

1008 (R) RTD7 MX DAY yy 2000 9999 2000 1 1108

1009 (R) RTD7 MIN °C –32768 32767 0 1 1109

1010 (R) RTD7 MN TIM ss 0 5999 0 0.01 1110

1011 (R) RTD7 MN TIM mm 0 59 0 1 1111

1012 (R) RTD7 MN TIM hh 0 23 0 1 1112

1013 (R) RTD7 MN DAY dd 1 31 1 1 1113

1014 (R) RTD7 MN DAY mm 1 12 1 1 1114

1015 (R) RTD7 MN DAY yy 2000 9999 2000 1 1115

1016 (R) RTD8 MAX °C –32768 32767 0 1 1116

1017 (R) RTD8 MX TIM ss 0 5999 0 0.01 1117

1018 (R) RTD8 MX TIM mm 0 59 0 1 1118

1019 (R) RTD8 MX TIM hh 0 23 0 1 1119

1020 (R) RTD8 MX DAY dd 1 31 1 1 1120

1021 (R) RTD8 MX DAY mm 1 12 1 1 1121

1022 (R) RTD8 MX DAY yy 2000 9999 2000 1 1122

1023 (R) RTD8 MIN °C –32768 32767 0 1 1123

1024 (R) RTD8 MN TIM ss 0 5999 0 0.01 1124

1025 (R) RTD8 MN TIM mm 0 59 0 1 1125

1026 (R) RTD8 MN TIM hh 0 23 0 1 1126

1027 (R) RTD8 MN DAY dd 1 31 1 1 1127

1028 (R) RTD8 MN DAY mm 1 12 1 1 1128
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1029 (R) RTD8 MN DAY yy 2000 9999 2000 1 1129

1030 (R) RTD9 MAX °C –32768 32767 0 1 1130

1031 (R) RTD9 MX TIM ss 0 5999 0 0.01 1131

1032 (R) RTD9 MX TIM mm 0 59 0 1 1132

1033 (R) RTD9 MX TIM hh 0 23 0 1 1133

1034 (R) RTD9 MX DAY dd 1 31 1 1 1134

1035 (R) RTD9 MX DAY mm 1 12 1 1 1135

1036 (R) RTD9 MX DAY yy 2000 9999 2000 1 1136

1037 (R) RTD9 MIN °C –32768 32767 0 1 1137

1038 (R) RTD9 MN TIM ss 0 5999 0 0.01 1138

1039 (R) RTD9 MN TIM mm 0 59 0 1 1139

1040 (R) RTD9 MN TIM hh 0 23 0 1 1140

1041 (R) RTD9 MN DAY dd 1 31 1 1 1141

1042 (R) RTD9 MN DAY mm 1 12 1 1 1142

1043 (R) RTD9 MN DAY yy 2000 9999 2000 1 1143

1044 (R) RTD10 MAX °C –32768 32767 0 1 1144

1045 (R) RTD10 MX TIM ss 0 5999 0 0.01 1145

1046 (R) RTD10 MX TIM mm 0 59 0 1 1146

1047 (R) RTD10 MX TIM hh 0 23 0 1 1147

1048 (R) RTD10 MX DAY dd 1 31 1 1 1148

1049 (R) RTD10 MX DAY mm 1 12 1 1 1149

1050 (R) RTD10 MX DAY yy 2000 9999 2000 1 1150

1051 (R) RTD10 MIN °C –32768 32767 0 1 1151

1052 (R) RTD10 MN TIM ss 0 5999 0 0.01 1152

1053 (R) RTD10 MN TIM mm 0 59 0 1 1153

1054 (R) RTD10 MN TIM hh 0 23 0 1 1154

1055 (R) RTD10 MN DAY dd 1 31 1 1 1155

1056 (R) RTD10 MN DAY mm 1 12 1 1 1156

1057 (R) RTD10 MN DAY yy 2000 9999 2000 1 1157

1058 (R) RTD11 MAX °C –32768 32767 0 1 1158

1059 (R) RTD11 MX TIM ss 0 5999 0 0.01 1159

1060 (R) RTD11 MX TIM mm 0 59 0 1 1160

1061 (R) RTD11 MX TIM hh 0 23 0 1 1161

1062 (R) RTD11 MX DAY dd 1 31 1 1 1162

1063 (R) RTD11 MX DAY mm 1 12 1 1 1163

1064 (R) RTD11 MX DAY yy 2000 9999 2000 1 1164

1065 (R) RTD11 MIN °C –32768 32767 0 1 1165

1066 (R) RTD11 MN TIM ss 0 5999 0 0.01 1166

1067 (R) RTD11 MN TIM mm 0 59 0 1 1167

1068 (R) RTD11 MN TIM hh 0 23 0 1 1168

1069 (R) RTD11 MN DAY dd 1 31 1 1 1169

1070 (R) RTD11 MN DAY mm 1 12 1 1 1170
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1071 (R) RTD11 MN DAY yy 2000 9999 2000 1 1171

1072 (R) RTD12 MAX °C –32768 32767 0 1 1172

1073 (R) RTD12 MX TIM ss 0 5999 0 0.01 1173

1074 (R) RTD12 MX TIM mm 0 59 0 1 1174

1075 (R) RTD12 MX TIM hh 0 23 0 1 1175

1076 (R) RTD12 MX DAY dd 1 31 1 1 1176

1077 (R) RTD12 MX DAY mm 1 12 1 1 1177

1078 (R) RTD12 MX DAY yy 2000 9999 2000 1 1178

1079 (R) RTD12 MIN °C –32768 32767 0 1 1179

1080 (R) RTD12 MN TIM ss 0 5999 0 0.01 1180

1081 (R) RTD12 MN TIM mm 0 59 0 1 1181

1082 (R) RTD12 MN TIM hh 0 23 0 1 1182

1083 (R) RTD12 MN DAY dd 1 31 1 1 1183

1084 (R) RTD12 MN DAY mm 1 12 1 1 1184

1085 (R) RTD12 MN DAY yy 2000 9999 2000 1 1185

MAX/MIN AI3 Data

1086 (R) AI301 MX–HI EU –32768 32767 0 0.001 1186

1087 (R) AI301 MX–LO EU –32768 32767 0 0.001 1187

1088 (R) AI301 MX TIM ss 0 5999 0 0.01 1188

1089 (R) AI301 MX TIM mm 0 59 0 1 1189

1090 (R) AI301 MX TIM hh 0 23 0 1 1190

1091 (R) AI301 MX DAY dd 1 31 1 1 1191

1092 (R) AI301 MX DAY mm 1 12 1 1 1192

1093 (R) AI301 MX DAY yy 2000 9999 2000 1 1193

1094 (R) AI301 MN–HI EU –32768 32767 0 0.001 1194

1095 (R) AI301 MN–LO EU –32768 32767 0 0.001 1195

1096 (R) AI301 MN TIM ss 0 5999 0 0.01 1196

1097 (R) AI301 MN TIM mm 0 59 0 1 1197

1098 (R) AI301 MN TIM hh 0 23 0 1 1198

1099 (R) AI301 MN DAY dd 1 31 1 1 1199

1100 (R) AI301 MN DAY mm 1 12 1 1 1200

1101 (R) AI301 MN DAY yy 2000 9999 2000 1 1201

1102 (R) AI302 MX–HI EU –32768 32767 0 0.001 1202

1103 (R) AI302 MX–LO EU –32768 32767 0 0.001 1203

1104 (R) AI302 MX TIM ss 0 5999 0 0.01 1204

1105 (R) AI302 MX TIM mm 0 59 0 1 1205

1106 (R) AI302 MX TIM hh 0 23 0 1 1206

1107 (R) AI302 MX DAY dd 1 31 1 1 1207

1108 (R) AI302 MX DAY mm 1 12 1 1 1208

1109 (R) AI302 MX DAY yy 2000 9999 2000 1 1209

1110 (R) AI302 MN–HI EU –32768 32767 0 0.001 1210

1111 (R) AI302 MN–LO EU –32768 32767 0 0.001 1211
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1112 (R) AI302 MN TIM ss 0 5999 0 0.01 1212

1113 (R) AI302 MN TIM mm 0 59 0 1 1213

1114 (R) AI302 MN TIM hh 0 23 0 1 1214

1115 (R) AI302 MN DAY dd 1 31 1 1 1215

1116 (R) AI302 MN DAY mm 1 12 1 1 1216

1117 (R) AI302 MN DAY yy 2000 9999 2000 1 1217

1118 (R) AI303 MX–HI EU –32768 32767 0 0.001 1218

1119 (R) AI303 MX–LO EU –32768 32767 0 0.001 1219

1120 (R) AI303 MX TIM ss 0 5999 0 0.01 1220

1121 (R) AI303 MX TIM mm 0 59 0 1 1221

1122 (R) AI303 MX TIM hh 0 23 0 1 1222

1123 (R) AI303 MX DAY dd 1 31 1 1 1223

1124 (R) AI303 MX DAY mm 1 12 1 1 1224

1125 (R) AI303 MX DAY yy 2000 9999 2000 1 1225

1126 (R) AI303 MN–HI EU –32768 32767 0 0.001 1226

1127 (R) AI303 MN–LO EU –32768 32767 0 0.001 1227

1128 (R) AI303 MN TIM ss 0 5999 0 0.01 1228

1129 (R) AI303 MN TIM mm 0 59 0 1 1229

1130 (R) AI303 MN TIM hh 0 23 0 1 1230

1131 (R) AI303 MN DAY dd 1 31 1 1 1231

1132 (R) AI303 MN DAY mm 1 12 1 1 1232

1133 (R) AI303 MN DAY yy 2000 9999 2000 1 1233

1134 (R) AI304 MX–HI EU –32768 32767 0 0.001 1234

1135 (R) AI304 MX–LO EU –32768 32767 0 0.001 1235

1136 (R) AI304 MX TIM ss 0 5999 0 0.01 1236

1137 (R) AI304 MX TIM mm 0 59 0 1 1237

1138 (R) AI304 MX TIM hh 0 23 0 1 1238

1139 (R) AI304 MX DAY dd 1 31 1 1 1239

1140 (R) AI304 MX DAY mm 1 12 1 1 1240

1141 (R) AI304 MX DAY yy 2000 9999 2000 1 1241

1142 (R) AI304 MN–HI EU –32768 32767 0 0.001 1242

1143 (R) AI304 MN–LO EU –32768 32767 0 0.001 1243

1144 (R) AI304 MN TIM ss 0 5999 0 0.01 1244

1145 (R) AI304 MN TIM mm 0 59 0 1 1245

1146 (R) AI304 MN TIM hh 0 23 0 1 1246

1147 (R) AI304 MN DAY dd 1 31 1 1 1247

1148 (R) AI304 MN DAY mm 1 12 1 1 1248

1149 (R) AI304 MN DAY yy 2000 9999 2000 1 1249

1150 (R) AI305 MX–HI EU –32768 32767 0 0.001 1250

1151 (R) AI305 MX–LO EU –32768 32767 0 0.001 1251

1152 (R) AI305 MX TIM ss 0 5999 0 0.01 1252

1153 (R) AI305 MX TIM mm 0 59 0 1 1253
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1154 (R) AI305 MX TIM hh 0 23 0 1 1254

1155 (R) AI305 MX DAY dd 1 31 1 1 1255

1156 (R) AI305 MX DAY mm 1 12 1 1 1256

1157 (R) AI305 MX DAY yy 2000 9999 2000 1 1257

1158 (R) AI305 MN–HI EU –32768 32767 0 0.001 1258

1159 (R) AI305 MN–LO EU –32768 32767 0 0.001 1259

1160 (R) AI305 MN TIM ss 0 5999 0 0.01 1260

1161 (R) AI305 MN TIM mm 0 59 0 1 1261

1162 (R) AI305 MN TIM hh 0 23 0 1 1262

1163 (R) AI305 MN DAY dd 1 31 1 1 1263

1164 (R) AI305 MN DAY mm 1 12 1 1 1264

1165 (R) AI305 MN DAY yy 2000 9999 2000 1 1265

1166 (R) AI306 MX–HI EU –32768 32767 0 0.001 1266

1167 (R) AI306 MX–LO EU –32768 32767 0 0.001 1267

1168 (R) AI306 MX TIM ss 0 5999 0 0.01 1268

1169 (R) AI306 MX TIM mm 0 59 0 1 1269

1170 (R) AI306 MX TIM hh 0 23 0 1 1270

1171 (R) AI306 MX DAY dd 1 31 1 1 1271

1172 (R) AI306 MX DAY mm 1 12 1 1 1272

1173 (R) AI306 MX DAY yy 2000 9999 2000 1 1273

1174 (R) AI306 MN–HI EU –32768 32767 0 0.001 1274

1175 (R) AI306 MN–LO EU –32768 32767 0 0.001 1275

1176 (R) AI306 MN TIM ss 0 5999 0 0.01 1276

1177 (R) AI306 MN TIM mm 0 59 0 1 1277

1178 (R) AI306 MN TIM hh 0 23 0 1 1278

1179 (R) AI306 MN DAY dd 1 31 1 1 1279

1180 (R) AI306 MN DAY mm 1 12 1 1 1280

1181 (R) AI306 MN DAY yy 2000 9999 2000 1 1281

1182 (R) AI307 MX–HI EU –32768 32767 0 0.001 1282

1183 (R) AI307 MX–LO EU –32768 32767 0 0.001 1283

1184 (R) AI307 MX TIM ss 0 5999 0 0.01 1284

1185 (R) AI307 MX TIM mm 0 59 0 1 1285

1186 (R) AI307 MX TIM hh 0 23 0 1 1286

1187 (R) AI307 MX DAY dd 1 31 1 1 1287

1188 (R) AI307 MX DAY mm 1 12 1 1 1288

1189 (R) AI307 MX DAY yy 2000 9999 2000 1 1289

1190 (R) AI307 MN–HI EU –32768 32767 0 0.001 1290

1191 (R) AI307 MN–LO EU –32768 32767 0 0.001 1291

1192 (R) AI307 MN TIM ss 0 5999 0 0.01 1292

1193 (R) AI307 MN TIM mm 0 59 0 1 1293

1194 (R) AI307 MN TIM hh 0 23 0 1 1294

1195 (R) AI307 MN DAY dd 1 31 1 1 1295
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1196 (R) AI307 MN DAY mm 1 12 1 1 1296

1197 (R) AI307 MN DAY yy 2000 9999 2000 1 1297

1198 (R) AI308 MX–HI EU –32768 32767 0 0.001 1298

1199 (R) AI308 MX–LO EU –32768 32767 0 0.001 1299

1200 (R) AI308 MX TIM ss 0 5999 0 0.01 1300

1201 (R) AI308 MX TIM mm 0 59 0 1 1301

1202 (R) AI308 MX TIM hh 0 23 0 1 1302

1203 (R) AI308 MX DAY dd 1 31 1 1 1303

1204 (R) AI308 MX DAY mm 1 12 1 1 1304

1205 (R) AI308 MX DAY yy 2000 9999 2000 1 1305

1206 (R) AI308 MN–HI EU –32768 32767 0.001 0.001 1306

1207 (R) AI308 MN–LO EU –32768 32767 0.001 0.001 1307

1208 (R) AI308 MN TIM ss 0 5999 0.01 0.01 1308

1209 (R) AI308 MN TIM mm 0 59 1 1 1309

1210 (R) AI308 MN TIM hh 0 23 1 1 1310

1211 (R) AI308 MN DAY dd 1 31 1 1 1311

1212 (R) AI308 MN DAY mm 1 12 1 1 1312

1213 (R) AI308 MN DAY yy 2000 9999 1 1 1313

MAX/MIN AI4 Data

1214 (R) AI401 MX–HI EU –32768 32767 1 0.001 1314

1215 (R) AI401 MX–LO EU –32768 32767 0 0.001 1315

1216 (R) AI401 MX TIM ss 0 5999 0 0.01 1316

1217 (R) AI401 MX TIM mm 0 59 0 1 1317

1218 (R) AI401 MX TIM hh 0 23 0 1 1318

1219 (R) AI401 MX DAY dd 1 31 1 1 1319

1220 (R) AI401 MX DAY mm 1 12 1 1 1320

1221 (R) AI401 MX DAY yy 2000 9999 2000 1 1321

1222 (R) AI401 MN–HI EU –32768 32767 0 0.001 1322

1223 (R) AI401 MN–LO EU –32768 32767 0 0.001 1323

1224 (R) AI401 MN TIM ss 0 5999 0 0.01 1324

1225 (R) AI401 MN TIM mm 0 59 0 1 1325

1226 (R) AI401 MN TIM hh 0 23 0 1 1326

1227 (R) AI401 MN DAY dd 1 31 1 1 1327

1228 (R) AI401 MN DAY mm 1 12 1 1 1328

1229 (R) AI401 MN DAY yy 2000 9999 2000 1 1329

1230 (R) AI402 MX–HI EU –32768 32767 0 0.001 1330

1231 (R) AI402 MX–LO EU –32768 32767 0 0.001 1331

1232 (R) AI402 MX TIM ss 0 5999 0 0.01 1332

1233 (R) AI402 MX TIM mm 0 59 0 1 1333

1234 (R) AI402 MX TIM hh 0 23 0 1 1334

1235 (R) AI402 MX DAY dd 1 31 1 1 1335

1236 (R) AI402 MX DAY mm 1 12 1 1 1336
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1237 (R) AI402 MX DAY yy 2000 9999 2000 1 1337

1238 (R) AI402 MN–HI EU –32768 32767 0 0.001 1338

1239 (R) AI402 MN–LO EU –32768 32767 0 0.001 1339

1240 (R) AI402 MN TIM ss 0 5999 0 0.01 1340

1241 (R) AI402 MN TIM mm 0 59 0 1 1341

1242 (R) AI402 MN TIM hh 0 23 0 1 1342

1243 (R) AI402 MN DAY dd 1 31 1 1 1343

1244 (R) AI402 MN DAY mm 1 12 1 1 1344

1245 (R) AI402 MN DAY yy 2000 9999 2000 1 1345

1246 (R) AI403 MX–HI EU –32768 32767 0 0.001 1346

1247 (R) AI403 MX–LO EU –32768 32767 0 0.001 1347

1248 (R) AI403 MX TIM ss 0 5999 0 0.01 1348

1249 (R) AI403 MX TIM mm 0 59 0 1 1349

1250 (R) AI403 MX TIM hh 0 23 0 1 1350

1251 (R) AI403 MX DAY dd 1 31 1 1 1351

1252 (R) AI403 MX DAY mm 1 12 1 1 1352

1253 (R) AI403 MX DAY yy 2000 9999 2000 1 1353

1254 (R) AI403 MN–HI EU –32768 32767 0 0.001 1354

1255 (R) AI403 MN–LO EU –32768 32767 0 0.001 1355

1256 (R) AI403 MN TIM ss 0 5999 0 0.01 1356

1257 (R) AI403 MN TIM mm 0 59 0 1 1357

1258 (R) AI403 MN TIM hh 0 23 0 1 1358

1259 (R) AI403 MN DAY dd 1 31 1 1 1359

1260 (R) AI403 MN DAY mm 1 12 1 1 1360

1261 (R) AI403 MN DAY yy 2000 9999 2000 1 1361

1262 (R) AI404 MX–HI EU –32768 32767 0 0.001 1362

1263 (R) AI404 MX–LO EU –32768 32767 0 0.001 1363

1264 (R) AI404 MX TIM ss 0 5999 0 0.01 1364

1265 (R) AI404 MX TIM mm 0 59 0 1 1365

1266 (R) AI404 MX TIM hh 0 23 0 1 1366

1267 (R) AI404 MX DAY dd 1 31 1 1 1367

1268 (R) AI404 MX DAY mm 1 12 1 1 1368

1269 (R) AI404 MX DAY yy 2000 9999 2000 1 1369

1270 (R) AI404 MN–HI EU –32768 32767 0 0.001 1370

1271 (R) AI404 MN–LO EU –32768 32767 0 0.001 1371

1272 (R) AI404 MN TIM ss 0 5999 0 0.01 1372

1273 (R) AI404 MN TIM mm 0 59 0 1 1373

1274 (R) AI404 MN TIM hh 0 23 0 1 1374

1275 (R) AI404 MN DAY dd 1 31 1 1 1375

1276 (R) AI404 MN DAY mm 1 12 1 1 1376

1277 (R) AI404 MN DAY yy 2000 9999 2000 1 1377

1278 (R) AI405 MX–HI EU –32768 32767 0 0.001 1378
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1279 (R) AI405 MX–LO EU –32768 32767 0 0.001 1379

1280 (R) AI405 MX TIM ss 0 5999 0 0.01 1380

1281 (R) AI405 MX TIM mm 0 59 0 1 1381

1282 (R) AI405 MX TIM hh 0 23 0 1 1382

1283 (R) AI405 MX DAY dd 1 31 1 1 1383

1284 (R) AI405 MX DAY mm 1 12 1 1 1384

1285 (R) AI405 MX DAY yy 2000 9999 2000 1 1385

1286 (R) AI405 MN–HI EU –32768 32767 0 0.001 1386

1287 (R) AI405 MN–LO EU –32768 32767 0 0.001 1387

1288 (R) AI405 MN TIM ss 0 5999 0 0.01 1388

1289 (R) AI405 MN TIM mm 0 59 0 1 1389

1290 (R) AI405 MN TIM hh 0 23 0 1 1390

1291 (R) AI405 MN DAY dd 1 31 1 1 1391

1292 (R) AI405 MN DAY mm 1 12 1 1 1392

1293 (R) AI405 MN DAY yy 2000 9999 2000 1 1393

1294 (R) AI406 MX–HI EU –32768 32767 0 0.001 1394

1295 (R) AI406 MX–LO EU –32768 32767 0 0.001 1395

1296 (R) AI406 MX TIM ss 0 5999 0 0.01 1396

1297 (R) AI406 MX TIM mm 0 59 0 1 1397

1298 (R) AI406 MX TIM hh 0 23 0 1 1398

1299 (R) AI406 MX DAY dd 1 31 1 1 1399

1300 (R) AI406 MX DAY mm 1 12 1 1 1400

1301 (R) AI406 MX DAY yy 2000 9999 2000 1 1401

1302 (R) AI406 MN–HI EU –32768 32767 0 0.001 1402

1303 (R) AI406 MN–LO EU –32768 32767 0 0.001 1403

1304 (R) AI406 MN TIM ss 0 5999 0 0.01 1404

1305 (R) AI406 MN TIM mm 0 59 0 1 1405

1306 (R) AI406 MN TIM hh 0 23 0 1 1406

1307 (R) AI406 MN DAY dd 1 31 1 1 1407

1308 (R) AI406 MN DAY mm 1 12 1 1 1408

1309 (R) AI406 MN DAY yy 2000 9999 2000 1 1409

1310 (R) AI407 MX–HI EU –32768 32767 0 0.001 1410

1311 (R) AI407 MX–LO EU –32768 32767 0 0.001 1411

1312 (R) AI407 MX TIM ss 0 5999 0 0.01 1412

1313 (R) AI407 MX TIM mm 0 59 0 1 1413

1314 (R) AI407 MX TIM hh 0 23 0 1 1414

1315 (R) AI407 MX DAY dd 1 31 1 1 1415

1316 (R) AI407 MX DAY mm 1 12 1 1 1416

1317 (R) AI407 MX DAY yy 2000 9999 2000 1 1417

1318 (R) AI407 MN–HI EU –32768 32767 0 0.001 1418

1319 (R) AI407 MN–LO EU –32768 32767 0 0.001 1419

1320 (R) AI407 MN TIM ss 0 5999 0 0.01 1420
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1321 (R) AI407 MN TIM mm 0 59 0 1 1421

1322 (R) AI407 MN TIM hh 0 23 0 1 1422

1323 (R) AI407 MN DAY dd 1 31 1 1 1423

1324 (R) AI407 MN DAY mm 1 12 1 1 1424

1325 (R) AI407 MN DAY yy 2000 9999 2000 1 1425

1326 (R) AI408 MX–HI EU –32768 32767 0 0.001 1426

1327 (R) AI408 MX–LO EU –32768 32767 0 0.001 1427

1328 (R) AI408 MX TIM ss 0 5999 0 0.01 1428

1329 (R) AI408 MX TIM mm 0 59 0 1 1429

1330 (R) AI408 MX TIM hh 0 23 0 1 1430

1331 (R) AI408 MX DAY dd 1 31 1 1 1431

1332 (R) AI408 MX DAY mm 1 12 1 1 1432

1333 (R) AI408 MX DAY yy 2000 9999 2000 1 1433

1334 (R) AI408 MN–HI EU –32768 32767 0 0.001 1434

1335 (R) AI408 MN–LO EU –32768 32767 0 0.001 1435

1336 (R) AI408 MN TIM ss 0 5999 0 0.01 1436

1337 (R) AI408 MN TIM mm 0 59 0 1 1437

1338 (R) AI408 MN TIM hh 0 23 0 1 1438

1339 (R) AI408 MN DAY dd 1 31 1 1 1439

1340 (R) AI408 MN DAY mm 1 12 1 1 1440

1341 (R) AI408 MN DAY yy 2000 9999 2000 1 1441

MAX/MIN AI5 Data

1342 (R) AI501 MX–HI EU –32768 32767 0 0.001 1442

1343 (R) AI501 MX–LO EU –32768 32767 0 0.001 1443

1344 (R) AI501 MX TIM ss 0 5999 0 0.01 1444

1345 (R) AI501 MX TIM mm 0 59 0 1 1445

1346 (R) AI501 MX TIM hh 0 23 0 1 1446

1347 (R) AI501 MX DAY dd 1 31 1 1 1447

1348 (R) AI501 MX DAY mm 1 12 1 1 1448

1349 (R) AI501 MX DAY yy 2000 9999 2000 1 1449

1350 (R) AI501 MN–HI EU –32768 32767 0 0.001 1450

1351 (R) AI501 MN–LO EU –32768 32767 0 0.001 1451

1352 (R) AI501 MN TIM ss 0 5999 0 0.01 1452

1353 (R) AI501 MN TIM mm 0 59 0 1 1453

1354 (R) AI501 MN TIM hh 0 23 0 1 1454

1355 (R) AI501 MN DAY dd 1 31 1 1 1455

1356 (R) AI501 MN DAY mm 1 12 1 1 1456

1357 (R) AI501 MN DAY yy 2000 9999 2000 1 1457

1358 (R) AI502 MX–HI EU –32768 32767 0 0.001 1458

1359 (R) AI502 MX–LO EU –32768 32767 0 0.001 1459

1360 (R) AI502 MX TIM ss 0 5999 0 0.01 1460

1361 (R) AI502 MX TIM mm 0 59 0 1 1461
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1362 (R) AI502 MX TIM hh 0 23 0 1 1462

1363 (R) AI502 MX DAY dd 1 31 1 1 1463

1364 (R) AI502 MX DAY mm 1 12 1 1 1464

1365 (R) AI502 MX DAY yy 2000 9999 2000 1 1465

1366 (R) AI502 MN–HI EU –32768 32767 0 0.001 1466

1367 (R) AI502 MN–LO EU –32768 32767 0 0.001 1467

1368 (R) AI502 MN TIM ss 0 5999 0 0.01 1468

1369 (R) AI502 MN TIM mm 0 59 0 1 1469

1370 (R) AI502 MN TIM hh 0 23 0 1 1470

1371 (R) AI502 MN DAY dd 1 31 1 1 1471

1372 (R) AI502 MN DAY mm 1 12 1 1 1472

1373 (R) AI502 MN DAY yy 2000 9999 2000 1 1473

1374 (R) AI503 MX–HI EU –32768 32767 0 0.001 1474

1375 (R) AI503 MX–LO EU –32768 32767 0 0.001 1475

1376 (R) AI503 MX TIM ss 0 5999 0 0.01 1476

1377 (R) AI503 MX TIM mm 0 59 0 1 1477

1378 (R) AI503 MX TIM hh 0 23 0 1 1478

1379 (R) AI503 MX DAY dd 1 31 1 1 1479

1380 (R) AI503 MX DAY mm 1 12 1 1 1480

1381 (R) AI503 MX DAY yy 2000 9999 2000 1 1481

1382 (R) AI503 MN–HI EU –32768 32767 0 0.001 1482

1383 (R) AI503 MN–LO EU –32768 32767 0 0.001 1483

1384 (R) AI503 MN TIM ss 0 5999 0 0.01 1484

1385 (R) AI503 MN TIM mm 0 59 0 1 1485

1386 (R) AI503 MN TIM hh 0 23 0 1 1486

1387 (R) AI503 MN DAY dd 1 31 1 1 1487

1388 (R) AI503 MN DAY mm 1 12 1 1 1488

1389 (R) AI503 MN DAY yy 2000 9999 2000 1 1489

1390 (R) AI504 MX–HI EU –32768 32767 0 0.001 1490

1391 (R) AI504 MX–LO EU –32768 32767 0 0.001 1491

1392 (R) AI504 MX TIM ss 0 5999 0 0.01 1492

1393 (R) AI504 MX TIM mm 0 59 0 1 1493

1394 (R) AI504 MX TIM hh 0 23 0 1 1494

1395 (R) AI504 MX DAY dd 1 31 1 1 1495

1396 (R) AI504 MX DAY mm 1 12 1 1 1496

1397 (R) AI504 MX DAY yy 2000 9999 2000 1 1497

1398 (R) AI504 MN–HI EU –32768 32767 0 0.001 1498

1399 (R) AI504 MN–LO EU –32768 32767 0 0.001 1499

1400 (R) AI504 MN TIM ss 0 5999 0 0.01 1500

1401 (R) AI504 MN TIM mm 0 59 0 1 1501

1402 (R) AI504 MN TIM hh 0 23 0 1 1502

1403 (R) AI504 MN DAY dd 1 31 1 1 1503
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1404 (R) AI504 MN DAY mm 1 12 1 1 1504

1405 (R) AI504 MN DAY yy 2000 9999 2000 1 1505

1406 (R) AI505 MX–HI EU –32768 32767 0 0.001 1506

1407 (R) AI505 MX–LO EU –32768 32767 0 0.001 1507

1408 (R) AI505 MX TIM ss 0 5999 0 0.01 1508

1409 (R) AI505 MX TIM mm 0 59 0 1 1509

1410 (R) AI505 MX TIM hh 0 23 0 1 1510

1411 (R) AI505 MX DAY dd 1 31 1 1 1511

1412 (R) AI505 MX DAY mm 1 12 1 1 1512

1413 (R) AI505 MX DAY yy 2000 9999 2000 1 1513

1414 (R) AI505 MN–HI EU –32768 32767 0 0.001 1514

1415 (R) AI505 MN–LO EU –32768 32767 0 0.001 1515

1416 (R) AI505 MN TIM ss 0 5999 0 0.01 1516

1417 (R) AI505 MN TIM mm 0 59 0 1 1517

1418 (R) AI505 MN TIM hh 0 23 0 1 1518

1419 (R) AI505 MN DAY dd 1 31 1 1 1519

1420 (R) AI505 MN DAY mm 1 12 1 1 1520

1421 (R) AI505 MN DAY yy 2000 9999 2000 1 1521

1422 (R) AI506 MX–HI EU –32768 32767 0 0.001 1522

1423 (R) AI506 MX–LO EU –32768 32767 0 0.001 1523

1424 (R) AI506 MX TIM ss 0 5999 0 0.01 1524

1425 (R) AI506 MX TIM mm 0 59 0 1 1525

1426 (R) AI506 MX TIM hh 0 23 0 1 1526

1427 (R) AI506 MX DAY dd 1 31 1 1 1527

1428 (R) AI506 MX DAY mm 1 12 1 1 1528

1429 (R) AI506 MX DAY yy 2000 9999 2000 1 1529

1430 (R) AI506 MN–HI EU –32768 32767 0 0.001 1530

1431 (R) AI506 MN–LO EU –32768 32767 0 0.001 1531

1432 (R) AI506 MN TIM ss 0 5999 0 0.01 1532

1433 (R) AI506 MN TIM mm 0 59 0 1 1533

1434 (R) AI506 MN TIM hh 0 23 0 1 1534

1435 (R) AI506 MN DAY dd 1 31 1 1 1535

1436 (R) AI506 MN DAY mm 1 12 1 1 1536

1437 (R) AI506 MN DAY yy 2000 9999 2000 1 1537

1438 (R) AI507 MX–HI EU –32768 32767 0 0.001 1538

1439 (R) AI507 MX–LO EU –32768 32767 0 0.001 1539

1440 (R) AI507 MX TIM ss 0 5999 0 0.01 1540

1441 (R) AI507 MX TIM mm 0 59 0 1 1541

1442 (R) AI507 MX TIM hh 0 23 0 1 1542

1443 (R) AI507 MX DAY dd 1 31 1 1 1543

1444 (R) AI507 MX DAY mm 1 12 1 1 1544

1445 (R) AI507 MX DAY yy 2000 9999 2000 1 1545
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1446 (R) AI507 MN–HI EU –32768 32767 0 0.001 1546

1447 (R) AI507 MN–LO EU –32768 32767 0 0.001 1547

1448 (R) AI507 MN TIM ss 0 5999 0 0.01 1548

1449 (R) AI507 MN TIM mm 0 59 0 1 1549

1450 (R) AI507 MN TIM hh 0 23 0 1 1550

1451 (R) AI507 MN DAY dd 1 31 1 1 1551

1452 (R) AI507 MN DAY mm 1 12 1 1 1552

1453 (R) AI507 MN DAY yy 2000 9999 2000 1 1553

1454 (R) AI508 MX–HI EU –32768 32767 0 0.001 1554

1455 (R) AI508 MX–LO EU –32768 32767 0 0.001 1555

1456 (R) AI508 MX TIM ss 0 5999 0 0.01 1556

1457 (R) AI508 MX TIM mm 0 59 0 1 1557

1458 (R) AI508 MX TIM hh 0 23 0 1 1558

1459 (R) AI508 MX DAY dd 1 31 1 1 1559

1460 (R) AI508 MX DAY mm 1 12 1 1 1560

1461 (R) AI508 MX DAY yy 2000 9999 2000 1 1561

1462 (R) AI508 MN–HI EU –32768 32767 0 0.001 1562

1463 (R) AI508 MN–LO EU –32768 32767 0 0.001 1563

1464 (R) AI508 MN TIM ss 0 5999 0 0.01 1564

1465 (R) AI508 MN TIM mm 0 59 0 1 1565

1466 (R) AI508 MN TIM hh 0 23 0 1 1566

1467 (R) AI508 MN DAY dd 1 31 1 1 1567

1468 (R) AI508 MN DAY mm 1 12 1 1 1568

1469 (R) AI508 MN DAY yy 2000 9999 2000 1 1569

MAX/MIN RST Data

1470 (R) MX/MN RST TIM ss 0 5999 0 0.01 1570

1471 (R) MX/MN RST TIM mm 0 59 0 1 1571

1472 (R) MX/MN RST TIM hh 0 23 0 1 1572

1473 (R) MX/MN RST DAT dd 1 31 1 1 1573

1474 (R) MX/MN RST DAT mm 1 12 1 1 1574

1475 (R) MX/MN RST DAT yy 2000 9999 2000 1 1575

1476–1480 (R) Reservedd 0 0 0 1576–1580

Per Phase Power Data

1481 (R) A REAL POWER kW –32768 32767 0 1 1581

1482 (R) A REACTIVE POWER kVAR –32768 32767 0 1 1582

1483 (R) A APPARENT POWER kVA –32768 32767 0 1 1583

1484 (R) A POWER FACTOR –100 100 0 0.01 1584

1485 (R) B REAL POWER kW –32768 32767 0 1 1585

1486 (R) B REACTIVE POWER kVAR –32768 32767 0 1 1586

1487 (R) B APPARENT POWER kVA –32768 32767 0 1 1587

1488 (R) B POWER FACTOR –100 100 0 0.01 1588

1489 (R) C REAL POWER kW –32768 32767 0 1 1589
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1490 (R) C REACTIVE POWER kVAR –32768 32767 0 1 1590

1491 (R) C APPARENT POWER kVA –32768 32767 0 1 1591

1492 (R) C POWER FACTOR -100 100 0 0.01 1592

Analog Input Data

1493 (R) AI301–HI EU –32768 32767 0 0.001 1593

1494 (R) AI301–LO EU –32768 32767 0 0.001 1594

1495 (R) AI302–HI EU –32768 32767 0 0.001 1595

1496 (R) AI302–LO EU –32768 32767 0 0.001 1596

1497 (R) AI303–HI EU –32768 32767 0 0.001 1597

1498 (R) AI303–LO EU –32768 32767 0 0.001 1598

1499 (R) AI304–HI EU –32768 32767 0 0.001 1599

1500 (R) AI304–LO EU –32768 32767 0 0.001 1600

1501 (R) AI305–HI EU –32768 32767 0 0.001 1601

1502 (R) AI305–LO EU –32768 32767 0 0.001 1602

1503 (R) AI306–HI EU –32768 32767 0 0.001 1603

1504 (R) AI306–LO EU –32768 32767 0 0.001 1604

1505 (R) AI307–HI EU –32768 32767 0 0.001 1605

1506 (R) AI307–LO EU –32768 32767 0 0.001 1606

1507 (R) AI308–HI EU –32768 32767 0 0.001 1607

1508 (R) AI308–LO EU –32768 32767 0 0.001 1608

1509 (R) AI401–HI EU –32768 32767 0 0.001 1609

1510 (R) AI401–LO EU –32768 32767 0 0.001 1610

1511 (R) AI402–HI EU –32768 32767 0 0.001 1611

1512 (R) AI402–LO EU –32768 32767 0 0.001 1612

1513 (R) AI402–HI EU –32768 32767 0 0.001 1613

1514 (R) AI403–LO EU –32768 32767 0 0.001 1614

1515 (R) AI404–HI EU –32768 32767 0 0.001 1615

1516 (R) AI404–LO EU –32768 32767 0 0.001 1616

1517 (R) AI405–HI EU –32768 32767 0 0.001 1617

1518 (R) AI405–LO EU –32768 32767 0 0.001 1618

1519 (R) AI406–HI EU –32768 32767 0 0.001 1619

1520 (R) AI406–LO EU –32768 32767 0 0.001 1620

1521 (R) AI407–HI EU –32768 32767 0 0.001 1621

1522 (R) AI407–LO EU –32768 32767 0 0.001 1622

1523 (R) AI408–HI EU –32768 32767 0 0.001 1623

1524 (R) AI408–LO EU –32768 32767 0 0.001 1624

1525 (R) AI501–HI EU –32768 32767 0 0.001 1625

1526 (R) AI501–LO EU –32768 32767 0 0.001 1626

1527 (R) AI502–HI EU –32768 32767 0 0.001 1627

1528 (R) AI502–LO EU –32768 32767 0 0.001 1628

1529 (R) AI503–HI EU –32768 32767 0 0.001 1629

1530 (R) AI503–LO EU –32768 32767 0 0.001 1630
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1531 (R) AI504–HI EU –32768 32767 0 0.001 1631

1532 (R) AI504–LO EU –32768 32767 0 0.001 1632

1533 (R) AI505–HI EU –32768 32767 0 0.001 1633

1534 (R) AI505–LO EU –32768 32767 0 0.001 1634

1535 (R) AI506–HI EU –32768 32767 0 0.001 1635

1536 (R) AI506–LO EU –32768 32767 0 0.001 1636

1537 (R) AI507–HI EU –32768 32767 0 0.001 1637

1538 (R) AI507–LO EU –32768 32767 0 0.001 1638

1539 (R) AI508–HI EU –32768 32767 0 0.001 1639

1540 (R) AI508–LO EU –32768 32767 0 0.001 1640

1541–1546 (R) Reservedd 0 0 0 1641–1646

Math Variables

1547 (R) MV01–HI –32768 32767 0 0.01 1647

1548 (R) MV01–LO –32768 32767 0 0.01 1648

1549 (R) MV02–HI –32768 32767 0 0.01 1649

1550 (R) MV02–LO –32768 32767 0 0.01 1650

1551 (R) MV03–HI –32768 32767 0 0.01 1651

1552 (R) MV03–LO –32768 32767 0 0.01 1652

1553 (R) MV04–HI –32768 32767 0 0.01 1653

1554 (R) MV04–LO –32768 32767 0 0.01 1654

1555 (R) MV05–HI –32768 32767 0 0.01 1655

1556 (R) MV05–LO –32768 32767 0 0.01 1656

1557 (R) MV06–HI –32768 32767 0 0.01 1657

1558 (R) MV06–LO –32768 32767 0 0.01 1658

1559 (R) MV07–HI –32768 32767 0 0.01 1659

1560 (R) MV07–LO –32768 32767 0 0.01 1660

1561 (R) MV08–HI –32768 32767 0 0.01 1661

1562 (R) MV08–LO –32768 32767 0 0.01 1662

1563 (R) MV09–HI –32768 32767 0 0.01 1663

1564 (R) MV09–LO –32768 32767 0 0.01 1664

1565 (R) MV10–HI –32768 32767 0 0.01 1665

1566 (R) MV10–LO –32768 32767 0 0.01 1666

1567 (R) MV11–HI –32768 32767 0 0.01 1667

1568 (R) MV11–LO –32768 32767 0 0.01 1668

1569 (R) MV12–HI –32768 32767 0 0.01 1669

1570 (R) MV12–LO –32768 32767 0 0.01 1670

1571 (R) MV13–HI –32768 32767 0 0.01 1671

1572 (R) MV13–LO –32768 32767 0 0.01 1672

1573 (R) MV14–HI –32768 32767 0 0.01 1673

1574 (R) MV14–LO –32768 32767 0 0.01 1674

1575 (R) MV15–HI –32768 32767 0 0.01 1675

1576 (R) MV15–LO –32768 32767 0 0.01 1676
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1577 (R) MV16–HI –32768 32767 0 0.01 1677

1578 (R) MV16–LO –32768 32767 0 0.01 1678

1579 (R) MV17–HI –32768 32767 0 0.01 1679

1580 (R) MV17–LO –32768 32767 0 0.01 1680

1581 (R) MV18–HI –32768 32767 0 0.01 1681

1582 (R) MV18–LO –32768 32767 0 0.01 1682

1583 (R) MV19–HI –32768 32767 0 0.01 1683

1584 (R) MV19–LO –32768 32767 0 0.01 1684

1585 (R) MV20–HI –32768 32767 0 0.01 1685

1586 (R) MV20–LO –32768 32767 0 0.01 1686

1587 (R) MV21–HI –32768 32767 0 0.01 1687

1588 (R) MV21–LO –32768 32767 0 0.01 1688

1589 (R) MV22–HI –32768 32767 0 0.01 1689

1590 (R) MV22–LO –32768 32767 0 0.01 1690

1591 (R) MV23–HI –32768 32767 0 0.01 1691

1592 (R) MV23–LO –32768 32767 0 0.01 1692

1593 (R) MV24–HI –32768 32767 0 0.01 1693

1594 (R) MV24–LO –32768 32767 0 0.01 1694

1595 (R) MV25–HI –32768 32767 0 0.01 1695

1596 (R) MV25–LO –32768 32767 0 0.01 1696

1597 (R) MV26–HI –32768 32767 0 0.01 1697

1598 (R) MV26–LO –32768 32767 0 0.01 1698

1599 (R) MV27–HI –32768 32767 0 0.01 1699

1600 (R) MV27–LO –32768 32767 0 0.01 1700

1601 (R) MV28–HI –32768 32767 0 0.01 1701

1602 (R) MV28–LO –32768 32767 0 0.01 1702

1603 (R) MV29–HI –32768 32767 0 0.01 1703

1604 (R) MV29–LO –32768 32767 0 0.01 1704

1605 (R) MV30–HI –32768 32767 0 0.01 1705

1606 (R) MV30–LO –32768 32767 0 0.01 1706

1607 (R) MV31–HI –32768 32767 0 0.01 1707

1608 (R) MV31–LO –32768 32767 0 0.01 1708

1609 (R) MV32–HI –32768 32767 0 0.01 1709

1610 (R) MV32–LO –32768 32767 0 0.01 1710

Device Counters

1611 (R) COUNTER SC01 0 65000 0 1 1711
•
•
•

1642 (R) COUNTER SC32 0 65000 0 1 1742

1643–1647 (R) Reservedd 0 0 0 1743–1747

Table E.34 Modbus Register Mapa (Sheet 39 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers



E.65

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Modbus Register Map (Modbus Map)

Breaker Monitor Data

1648 (R) RLY TRIPS 0 65535 0 1 1748

1649 (R) EXT TRIPS 0 65535 0 1 1749

1650 (R) IA RLY kA 0 65535 0 1 1750 

1651 (R) IA EXT kA 0 65535 0 1 1751

1652 (R) IB RLY kA 0 65535 0 1 1752 

1653 (R) IB EXT kA 0 65535 0 1 1753

1654 (R) IC RLY kA 0 65535 0 1 1754 

1655 (R) IC EXT kA 0 65535 0 1 1755

1656 (R) A WEAR % 0 100 0 1 1756

1657 (R) B WEAR % 0 100 0 1 1757

1658 (R) C WEAR % 0 100 0 1 1758

1659 (R) BRKR RST TIM ss 0 5999 0 0.01 1759

1660 (R) BRKR RST TIM mm 0 59 0 1 1760

1661 (R) BRKR RST TIM hh 0 23 0 1 1761

1662 (R) BRKR RST DAT dd 1 31 1 1 1762

1663 (R) BRKR RST DAT mm 1 12 1 1 1763

1664 (R) BRKR RST DAT yy 2000 9999 2000 1 1764

1665-1666 (R) Reservedd 0 0 0 1765-1766

VS Maximum/Minimum Data

1667 (R) VS MAX 0 65535 0 1 1767

1668 (R) VS MAX TIME ss 0 5999 0 0.01 1768

1669 (R) VS MAX TIME mm 0 59 0 1 1769

1670 (R) VS MAX TIME hh 0 23 0 1 1770

1671 (R) VS MAX DAY dd 1 31 1 1 1771 

1672 (R) VS MAX DAY mm 1 12 1 1 1772 

1673 (R) VS MAX DAY yy 2000 9999 2000 1 1773

1674 (R) VS MIN 0 65535 0 1 1774 

1675 (R) VS MIN TIME ss 0 5999 0 0.01 1775 

1676 (R) VS MIN TIME mm 0 59 0 1 1776

1677 (R) VS MIN TIME hh 0 23 0 1 1777

1678 (R) VS MIN DAY dd 1 31 1 1 1778 

1679 (R) VS MIN DAY mm 1 12 1 1 1779

1680 (R) VS MIN DAY yy 2000 9999 2000 1 1780

1681-1688 (R) (R) Reservedd 0 0 0 1781-1788

Demand Data

1689 (R) IA DEMAND 0 65535 0 1 1789

1690 (R) IB DEMAND 0 65535 0 1 1790

1691 (R) IC DEMAND 0 65535 0 1 1791

1692 (R) IG DEMAND 0 65535 0 1 1792

1693 (R) 3I2 DEMAND 0 65535 0 1 1793

1694 (R) IA PEAK DEMAND 0 65535 0 1 1794
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1695 (R) IB PEAK DEMAND 0 65535 0 1 1795

1696 (R) IC PEAK DEMAND 0 65535 0 1 1796

1697 (R) IG PEAK DEMAND 0 65535 0 1 1797

1698 (R) 3I2 PEAK DEMAND 0 65535 0 1 1798

1699 (R) PEAKD RST TIM ss 0 5999 0 0.01 1799

1700 (R) PEAKD RST TIM mm 0 59 0 1 1800

1701 (R) PEAKD RST TIM hh 0 23 0 1 1801

1702 (R) PEAKD RST DAT dd 1 31 1 1 1802

1703 (R) PEAKD RST DAT mm 1 12 1 1 1803

1704 (R) PEAKD RST DAT yy 2000 9999 2000 1 1804

1705-1718 (R) Reservedd 0 0 0 1805-1818 

Reserved Area 5

1719–1745 (R) Reservedd 0 0 0 1819–1845

Historical Data

1746 (R) NO. EVENT LOGS 0 50 0 1 1846

1747 (R/W) EVENT LOG SEL. 0 50 0 1 1847

1748 (R) EVENT TIME ss 0 5999 0 0.01 1848

1749 (R) EVENT TIME mm 0 59 0 1 1849

1750 (R) EVENT TIME hh 0 23 0 1 1850

1751 (R) EVENT DAY dd 1 31 1 1 1851

1752 (R) EVENT DAY mm 1 12 1 1 1852

1753 (R) EVENT DAY yy 0 9999 2000 1 1853

1754 (R) EVENT TYPE 0 55 0 1 1854
0 = NA
1 = PHASE A1 50 TRIP
2 = PHASE B1 50 TRIP
3 = PHASE C1 50 TRIP
4 = PHASE 50 TRIP
5 = GND/NEUT 50 TRIP
6 = NEG SEQ 50 TRIP
7 = PHASE A 51 TRIP
8 = PHASE B 51 TRIP
9 = PHASE C 51 TRIP
10 = PHASE 51 TRIP
11 = GND/NEUT 51 TRIP
12 = NEG SEQ 51 TRIP
13 = 59 TRIP
14 = 55 TRIP
15 = 81 UF TRIP
16 = 81 OF TRIP
17 = POWERELEMNT TRIP
18 = ARC FLASH TRIP
19 = RTD TRIP
20 = REMOTE TRIP
21 = 27 TRIP
22 = RTD FAIL TRIP

28 = AG fault, no OC trip, GFLT=1
29 = BG fault, no OC trip, GFLT=1
30 = ABG fault, no OC trip, GFLT=1
31 = CG fault, no OC trip, GFLT=1
32 = CAG fault, no OC trip, GFLT=1
33 = BCG fault, no OC trip, GFLT=1
34 = ABC fault, no OC trip, GFLT=1
35 = AG fault, OC trip, GFLT=1
36 = BG fault, OC trip, GFLT=1
37 = ABG fault, OC trip, GFLT=1
38 = CG fault, OC trip, GFLT=1
39 = CAG fault, OC trip, GFLT=1
40 = BCG fault, OC trip, GFLT=1
41 = ABC fault, OC trip, GFLT=1
42 = AG fault, no OC trip, GFLT=0
43 = BG fault, no OC trip, GFLT=0
44 = AB fault, no OC trip, GFLT=0
45 = CG fault, no OC trip, GFLT=0
46 = CA fault, no OC trip, GFLT=0
47 = BC fault, no OC trip, GFLT=0
48 = ABC fault, no OC trip, GFLT=0
49 = AG fault, OC trip, GFLT=0
50 = BG fault, OC trip, GFLT=0

Table E.34 Modbus Register Mapa (Sheet 41 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers



E.67

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Modbus Register Map (Modbus Map)

23 = BREAKER FAILURE TRIP
24 = COMMIDLELOSSTRIP
25 = TRIGGER
26 = ER TRIGGER
27 = TRIP

51 = AB fault, OC trip, GFLT=0
52 = CG fault, OC trip, GFLT=0
53 = CA fault, OC trip, GFLT=0
54 = BC fault, OC trip, GFLT=0
55 = ABC fault, OC trip, GFLT=0

1755 (R) EVENT TARGETS 0 255 0 1 1855
Bit 0 = T06_Led
Bit 1 = T05_Led
Bit 2 = T04_Led
Bit 3 = T03_Led
Bit 4 = T02_Led
Bit 5 = T01_Led
Bit 6 = Trip
Bit 7 = Enabled

1756 (R) EVENT IA A 0 65535 0 1 1856

1757 (R) EVENT IB A 0 65535 0 1 1857

1758 (R) EVENT IC A 0 65535 0 1 1858

1759 (R) EVENT IN A 0 65535 0 1 1859

1760 (R) EVENT IG A 0 65535 0 1 1860

1761 (R) EVENT VAB/VAN V 0 65535 0 1 1861

1762 (R) EVENT VBC/VBN V 0 65535 0 1 1862

1763 (R) EVENT VCA/VCN V 0 65535 0 1 1863

1764 (R) EVENT VG V 0 65535 0 1 1864

1765 (R) EVENT DELTA/WYE 0 1 0 1865
0 = DELTA
1 = WYE

1766 (R) EVENT FREQ Hz 2000 7000 6000 0.01 1866

1767–1769 (R) Reservedd 0 0 0 1867–1769

1770 (R) EVNT MAX WDG RTD °C –32768 32767 0 1 1870

1771 (R) EVNT MAX BRG RTD °C –32768 32767 0 1 1871

1772 (R) EVNT MAX AMB RTD °C –32768 32767 0 1 1872

1773 (R) EVNT MAX OTH RTD °C –32768 32767 0 1 1873

1774–1779 (R) Reservedd 0 0 0 1874–1879

Trip/Warn Data

The Trip/Warn Status register bits are momentarily set as long as a trip/warn condition exists (see Table E.35 for the trigger condi-
tions). When a trip event occurs, the elements are latched to the rising edge of the TRIP Relay Word bit and they are not cleared until 
a target reset is issued from any interface.

1780 (R) TRIP STATUS LO 0 65535 0 1 1880
Bit 0 = PHASE A1 50
Bit 1 = PHASE B1 50
Bit 2 = PHASE C1 50
Bit 3 = PHASE 50P1
Bit 4 = GROUND 50G1
Bit 5 = NEUTRAL 50N1
Bit 6 = NEG SEQ 50Q1
Bit 7 = PHASE A 51

Bit 8 = PHASE B 51
Bit 9 = PHASE C 51
Bit 10 = PHASE 51P1
Bit 11 = GROUND 51G1
Bit 12 = NEUTRAL 51N1
Bit 13 = NEG SEQ 51Q
Bit 14 = UNDERVOLT 27P1
Bit 15 = OVERVOLT 59P1
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1781 (R) TRIP STATUS HI 0 65535 0 1 1881
Bit 0 = POWER FACTOR 55
Bit 1 = FREQUENCY 81D1
Bit 2 = FREQUENCY 81D2
Bit 3 = RTD-OTHER
Bit 4 = RTD-AMBIENT
Bit 5 = RTD-WIND BEAR
Bit 6 = RTD ERROR
Bit 7 = POWER ELEMENTS

Bit 8 = COMM IDLE
Bit 9 = COMM LOSS
Bit 10 = REMOTE TRIP
Bit 11 = COMM FAULT
Bit 12 = CONFIG FAULT
Bit 13 = RESERVED
Bit 14 = RESERVED
Bit 15 = BREAKER FAIL

1782 (R) WARN STATUS LO 0 65535 0 1 1882
Bit 0 = PHASE 50P2
Bit 1 = PHASE 50P3
Bit 2 = PHASE 50P4
Bit 3 = GROUND 50G2
Bit 4 = GROUND 50G3
Bit 5 = GROUND 50G4
Bit 6 = NEUTRAL 50N2
Bit 7 = NEUTRAL 50N3

Bit 8 = NEUTRAL 50N4
Bit 9 = NEG SEQ 50Q2
Bit 10 = NEG SEQ 50Q3
Bit 11 = NEG SEQ 50Q4
Bit 12 = PHASE 51P2
Bit 13 = GROUND 51G2
Bit 14 = NEUTRAL 51N2
Bit 15 = RESERVED

1783 (R) WARN STATUS HI 0 65535 0 1 1883
Bit 0 = POWER FACTOR 55
Bit 1 = SALARM
Bit 2 = WARNING
Bit 3 = RTD-WIND BEAR
Bit 4 = RTD-OTHER
Bit 5 = RTD-AMBIENT
Bit 6 = UNDERVOLT 27P2
Bit 7 = OVERVOLT 59P2

Bit 8 = FREQUENCY 81D3
Bit 9 = FREQUENCY 81D4
Bit 10 = FREQUENCY 81D5
Bit 11 = FREQUENCY 81D6
Bit 12 = RESERVED
Bit 13 = RESERVED
Bit 14 = RESERVED
Bit 15 = RESERVED

1784–1788 (R) Reservedd 0 0 0 1884–1888

Communications Counters

1789 (R) NUM MSG RCVD 0 65535 0 1 1889

1790 (R) NUM OTHER MSG 0 65535 0 1 1890

1791 (R) INVALID ADDR 0 65535 0 1 1891

1792 (R) BAD CRC 0 65535 0 1 1892

1793 (R) UART ERROR 0 65535 0 1 1893

1794 (R) ILLEGAL FUNCTION 0 65535 0 1 1894

1795 (R) ILLEGAL REGISTER 0 65535 0 1 1895

1796 (R) ILLEGAL WRITE 0 65535 0 1 1896

1797 (R) BAD PKT FORMAT 0 65535 0 1 1897

1798 (R) BAD PKT LENGTH 0 65535 0 1 1898

1799–1804 (R) Reservedd 0 0 0 1899–1904

Relay Elements

1805 (R) ROW 0 0 255 0 1 1905
Bit 0 = T06_LED
Bit 1 = T05_LED
Bit 2 = T04_LED
Bit 3 = T03_LED
Bit 4 = T02_LED
Bit 5 = T01_LED
Bit 6 = TRIP
Bit 7 = ENABLED
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1806 (R) ROW 1 0 255 0 1 1906
Bit 0 = 52A
Bit 1 = *
Bit 2 = ORED51T
Bit 3 = ORDE50T
Bit 4 = *
Bit 5 = 50C1P
Bit 6 = 50B1P
Bit 7 = 50A1P

1807 (R) ROW 2 0 255 0 1 1907
Bit 0 = 50Q4P
Bit 1 = 50Q3P
Bit 2 = 50Q2P
Bit 3 = 50Q1P
Bit 4 = 50P4P
Bit 5 = 50P3P
Bit 6 = 50P2P
Bit 7 = 50P1P

1808 (R) ROW 3 0 255 0 1 1908
Bit 0 = 50Q4T
Bit 1 = 50Q3T
Bit 2 = 50Q2T
Bit 3 = 50Q1T
Bit 4 = 50P4T
Bit 5 = 50P3T
Bit 6 = 50P2T
Bit 7 = 50P1T

1809 (R) ROW 4 0 255 0 1 1909
Bit 0 = 50G4P
Bit 1 = 50G3P
Bit 2 = 50G2P
Bit 3 = 50G1P
Bit 4 = 50N4P
Bit 5 = 50N3P
Bit 6 = 50N2P
Bit 7 = 50N1P

1810 (R) ROW 5 0 255 0 1 1910
Bit 0 = 50G4T
Bit 1 = 50G3T
Bit 2 = 50G2T
Bit 3 = 50G1T
Bit 4 = 50N4T
Bit 5 = 50N3T
Bit 6 = 50N2T
Bit 7 = 50N1T

1811 (R) ROW 6 0 255 0 1 1911
Bit 0 = 51QP
Bit 1 = 51N2P
Bit 2 = 51N1P
Bit 3 = 51P2P
Bit 4 = 51P1P
Bit 5 = 51CP
Bit 6 = 51BP
Bit 7 = 51AP
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1812 (R) ROW 7 0 255 0 1 1912
Bit 0 = 51QT
Bit 1 = 51N2T
Bit 2 = 51N1T
Bit 3 = 51P2T
Bit 4 = 51P1T
Bit 5 = 51CT
Bit 6 = 51BT
Bit 7 = 51AT

1813 (R) ROW 8 0 255 0 1 1913
Bit 0 = 51QR
Bit 1 = 51N2R
Bit 2 = 51N1R
Bit 3 = 51P2R
Bit 4 = 51P1R
Bit 5 = 51CR
Bit 6 = 51BR
Bit 7 = 51AR

1814 (R) ROW 9 0 255 0 1 1914
Bit 0 = 27P1T
Bit 1 = 27P1
Bit 2 = 51G2R
Bit 3 = 51G2T
Bit 4 = 51G2P
Bit 5 = 51G1R
Bit 6 = 51G1T
Bit 7 = 51G1P

1815 (R) ROW 10 0 255 0 1 1915
Bit 0 = 3P27
Bit 1 = 3P59
Bit 2 = 59P2T
Bit 3 = 59P2
Bit 4 = 59P1T
Bit 5 = 59P1
Bit 6 = 27P2T
Bit 7 = 27P2

1816 (R) ROW 11 0 255 0 1 1916
Bit 0 = 55T
Bit 1 = 55A
Bit 2 = 81D6T
Bit 3 = 81D5T
Bit 4 = 81D4T
Bit 5 = 81D3T
Bit 6 = 81D2T
Bit 7 = 81D1T

1817 (R) ROW 12 0 255 0 1 1917
Bit 0 = BFT
Bit 1 = BFI
Bit 2 = *
Bit 3 = BKMON
Bit 4 = OTHTRIP
Bit 5 = OTHALRM
Bit 6 = AMBTRIP
Bit 7 = AMBALRM
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1818 (R) ROW 13 0 255 0 1 1918
Bit 0 = FAULT
Bit 1 = IRIGOK
Bit 2 = TSOK
Bit 3 = WARNING
Bit 4 = SALARM
Bit 5 = PMDOK
Bit 6 = LINKB
Bit 7 = LINKA

1819 (R) ROW 14 0 255 0 1 1919
Bit 0 = LOP
Bit 1 = 3PWR2T
Bit 2 = 3PWR1T
Bit 3 = CFGFLT
Bit 4 = COMMFLT
Bit 5 = REMTRIP
Bit 6 = COMMLOSS
Bit 7 = COMMIDLE

1820–1825 (R) ROW 15 through ROW 20 0 255 0 1 1920–1925

1826 (R) ROW 21 0 255 0 1 1926
Bit 0 = RSTPKDEM
Bit 1 = RSTDEM
Bit 2 = RSTMXMN
Bit 3 = RSTENRGY
Bit 4 = BRGTRIP
Bit 5 = BRGALRM
Bit 6 = WDGTRIP
Bit 7 = WDGALRM

1827 (R) ROW 22 0 255 0 1 1927
Bit 0 = HALARM
Bit 1 = RSTTRGT
Bit 2 = DSABLSET
Bit 3 = 3PWR2P
Bit 4 = 3PWR1P
Bit 5 = TRGTR
Bit 6 = RTDIN
Bit 7 = RTDFLT

1828–1924 (R) ROW 23 through ROW 119 0 255 0 1 1928–2024

1925–1947 (R) Reservedd 0 0 0 2025–2047

Extra Settings

1948 (R/W) BREAKER MONITOR 0 1 1 2048
0 = N
1 = Y

1949 (R/W) CL/OPN OPS SETP1 0 65000 10000 1 2049

1950 (R/W) CL/OPN OPS SETP2 0 65000 150 1 2050

1951 (R/W) CL/OPN OPS SETP3 0 65000 12 1 2051

1952 (R/W) KA PRI INTRPD1-I 0 999 1 1 2052

1953 (R/W) KA PRI INTRPD1-F 0 99 20 0.01 2053

1954 (R/W) KA PRI INTRPD2-I 0 999 8 1 2054

1955 (R/W) KA PRI INTRPD2-F 0 99 0 0.01 2055

1956 (R/W) KA PRI INTRPD3-I 0 999 20 1 2056
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1957 (R/W) KA PRI INTRPD3-F 0 99 0 0.01 2057

1958 (R/W) ENBL AF PH OC 0 1 0 2058
0 = N
1 = Y

1959 (R/W) AF PH OC TRP LVL A 10 10000 100 0.01 2059

1960 (R/W) ENBL AF N OC 0 1 0 2060
0 = N
1 = Y

1961 (R/W) AF N OC TRP LVL A 10 10000 100 0.01 2061

1962 (R/W) SENSOR 1 TYPE 0 2 0 2062
0 = NONE
1 = POINT
2 = FIBER

1963 (R/W) TOL 1 PICKUP % 30 200 50 0.1 2063

1964 (R/W) SENSOR 2 TYPE 0 2 0 2064
0 = NONE
1 = POINT
2 = FIBER

1965 (R/W) TOL 2 PICKUP % 30 200 50 0.1 2065

1966 (R/W) SENSOR 3 TYPE 0 2 0 2066
0 = NONE
1 = POINT
2 = FIBER

1967 (R/W) TOL 3 PICKUP % 30 200 50 0.1 2067

1968 (R/W) SENSOR 4 TYPE 0 2 0 2068
0 = NONE
1 = POINT
2 = FIBER

1969 (R/W) TOL 4 PICKUP % 30 200 50 0.1 2069

1970 (R/W) ARC OUTPUT SLOT 0 2 0 2070
0 = 101_2
1 = 301_2
2 = 401_2

1971 (R/W) EN SYNCHRO PHSOR 0 1 0 2071
0 = N
1 = Y

1972 (R/W) MESSAGES PER SEC 0 3 3 2072
0 = 1
1 = 2
2 = 5
3 = 10

1973 (R/W) PMU HARDWARE ID 1 65534 1 1 2073

1974 (R/W) VOLTAGE DATA SET 0 2 0 2074
0 = V1
1 = ALL
2 = NA

1975 (R/W) VOLT COMP ANGLE deg -17999 18000 0 0.01 2075

1976 (R/W) CURRENT DATA SET 0 2 0 2076
0 = I1
1 = ALL
2 = NA

1977 (R/W) CURR COMP ANGLE deg -17999 18000 0 0.01 2077

1978 (R/W) NUM ANALOGS 0 4 0 1 2078
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1979 (R/W) NUMDSW 0 1 0 2079
0 = N
1 = Y

1980 (R/W) CTRL BITS DEFN 0 1 0 2080
0 = NONE
1 = C37.118

1981 (R/W) IRIG TIME SOURCE 0 1 0 2081
0 = IRIG1
1 = IRIG2

1982 (R/W) OFFSET FROM UTC hour -2400 2400 0 0.01 2082

1983 (R/W) ENABLE DST 0 1 0 2083
0 = N
1 = Y

1984 (R/W) MONTH DST BEGINS 1 12 1 1 2084

1985 (R/W) WEEK DST BEGINS 0 3 2 2085
0 = L
1 = 1
2 = 2
3 = 3

1986 (R/W) DAY DST BEGINS 0 6 0 2086
0 = SUN
1 = MON
2 = TUE
3 = WED
4 = THU
5 = FRI
6 = SAT

1987 (R/W) HOUR DST BEGINS 0 23 2 1 2087

1988 (R/W) MONTH DST ENDS 1 12 11 1 2088

1989 (R/W) WEEK DST ENDS 0 3 1 2089
0 = L
1 = 1
2 = 2
3 = 3

1990 (R/W) DAY DST ENDS 0 6 0 2090
0 = SUN
1 = MON
2 = TUE
3 = WED
4 = THU
5 = FRI
6 = SAT

1991 (R/W) HOUR DST ENDS 0 23 2 1 2091

1992 (R/W) FREQ5 TRIP ENABL 0 1 0 2092
0 = N
1 = Y

1993 (R/W) FREQ5 TRIP LEVEL Hz 2000 7000 6000 0.01 2093

1994 (R/W) FREQ5 TRIP DELAY sec 0 2400 10 0.1 2094

1995 (R/W) FREQ6 TRIP ENABL 0 1 0 2095
0 = N
1 = Y

1996 (R/W) FREQ6 TRIP LEVEL Hz 2000 7000 6000 0.01 2096

1997 (R/W) FREQ6 TRIP DELAY sec 0 2400 10 0.1 2097

1998 (R/W) V RATIO COR FAC 50 200 100 0.01 2098
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1999 (R/W) ZS OV TRIP1 ENBL 0 1 0 2099
0 = N
1 = Y

2000 (R/W) ZS OV TRIP1 LVL xVnm 2 120 110 0.01 2100

2001 (R/W) ZS OV TRIP1 DLY sec 0 1200 5 0.1 2101

2002 (R/W) ZS OV TRIP2 ENBL 0 1 0 2102
0 = N
1 = Y

2003 (R/W) ZS OV TRIP2 LVL xVnm 2 120 110 0.01 2103

2004 (R/W) ZS OV TRIP2 DLY sec 0 1200 50 0.1 2104

2005 (R/W) NSQ OV TRIP1 EBL 0 1 0 2105
0 = N
1 = Y

2006 (R/W) NSQ OV TRIP1 LVL xVnm 2 120 110 0.01 2106

2007 (R/W) NSQ OV TRIP1 DLY sec 0 1200 5 0.1 2107

2008 (R/W) NSQ OV TRIP2 EBL 0 1 0 2108
0 = N
1 = Y

2009 (R/W) NSQ OV TRIP2 LVL xVnm 2 120 110 0.01 2109

2010 (R/W) NSQ OV TRIP2 DLY sec 0 1200 50 0.1 2110

2011 (R/W) ENABLE 81R 0 4 0 1 2111

2012 (R/W) 81R VOLTAGE SUP xVnm 0 13 0 0.1 2112

2013 (R/W) 81R CURRENT SUP xInm 0 20 0 0.1 2113

2014 (R/W) ENABLE 81R1 0 1 0 2114
0 = N
1 = Y

2015 (R/W) 81R1 TRIP LEVEL Hz/s 10 1500 1500 0.01 2115

2016 (R/W) 81R1 TREND 0 2 2 2116
0 = INC
1 = DEC
2 = ABS

2017 (R/W) 81R1 TRIP DELAY sec 10 6000 100 0.01 2117

2018 (R/W) 81R1 DO DELAY sec 0 6000 0 0.01 2118

2019 (R/W) ENABLE 81R2 0 1 0 2119
0 = N
1 = Y

2020 (R/W) 81R2 TRIP LEVEL Hz/s 10 1500 1500 0.01 2120

2021 (R/W) 81R2 TREND 0 2 2 2121
0 = INC
1 = DEC
2 = ABS

2022 (R/W) 81R2 TRIP DELAY sec 10 6000 100 0.01 2122

2023 (R/W) 81R2 DO DELAY sec 0 6000 0 0.01 2123

2024 (R/W) ENABLE 81R3 0 1 0 2124
0 = N
1 = Y

2025 (R/W) 81R3 TRIP LEVEL Hz/s 10 1500 1500 0.01 2125
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2026 (R/W) 81R3 TREND 0 2 2 2126
0 = INC
1 = DEC
2 = ABS

2027 (R/W) 81R3 TRIP DELAY sec 10 6000 100 0.01 2127

2028 (R/W) 81R3 DO DELAY sec 0 6000 0 0.01 2128

2029 (R/W) ENABLE 81R4 0 1 0 2129
0 = N
1 = Y

2030 (R/W) 81R4 TRIP LEVEL Hz/s 10 1500 1500 0.01 2130

2031 (R/W) 81R4 TREND 0 2 2 2131
0 = INC
1 = DEC
2 = ABS

2032 (R/W) 81R4 TRIP DELAY sec 10 6000 100 0.01 2132

2033 (R/W) 81R4 DO DELAY sec 0 6000 0 0.01 2133

2034 (R/W) DEMAND MTR 0 1 0 2134
0 = THM
1 = ROL

2035 (R/W) DEM TIME CONSTNT min 0 4 0 2135
0 = 5
1 = 10
2 = 15
3 = 30
4 = 60

2036 (R/W) PH CURR DEM LVL A 1 160 50 0.1 2136

2037 (R/W) RES CURR DEM LVL A 1 160 10 0.1 2137

2038 (R/W) 3I2 CURR DEM LVL A 1 160 10 0.1 2138

2039 (R/W) ENABLE PWR ELEM 0 2 0 2139
0 = N
1 = 3P1
2 = 3P2

2040 (R/W) ENABLE 3PWR1P 0 1 0 2140
0 = N
1 = Y

2041 (R/W) 3PH PWR ELEM PU VA 2 65000 20000 0.1 2141

2042 (R/W) PWR ELEM TYPE 0 3 2 2142
0 = + WATTS
1 = – WATTS
2 = + VARS
3 = –VARS

2043 (R/W) PWR ELEM DELAY sec 0 2400 0 0.1 2143

2044 (R/W) ENABLE 3PWR2P 0 1 0 2144
0 = N
1 = Y

2045 (R/W) 3PH PWR ELEM PU VA 2 65000 20000 0.1 2145

2046 (R/W) PWR ELEM TYPE 0 3 2 2146
0 = + WATTS
1 = – WATTS
2 = + VARS
3 = – VARS

2047 (R/W) PWR ELEM DELAY sec 0 2400 0 0.1 2147
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2048 (R/W) ENABLE 81RF 0 1 0 2148
0 = N
1 = Y

2049 (R/W) FREQDIF SETPOINT Hz 1 100 10 0.1 2149

2050 (R/W) DFDT SETPOINT Hz/sec 2 150 25 0.1 2150

2051 (R/W) 81RF PU DELAY sec 10 100 10 0.01 2151

2052 (R/W) 81RF DO DELAY sec 0 100 10 0.01 2152

2053 (R/W) ENABLE 81RFVBLK 0 1 0 2153
0 = N
1 = Y

2054 (R/W) 81RFVOLTAGE BLK xVnm 2 10 8 0.1 2154

2055 (R/W) ENABLE 81RFIBLK 0 1 0 2155
0 = N
1 = Y

2056 (R/W) 81RF CURRENT BLK xINOM 1 200 100 0.1 2156

2057 (R/W) 81RF BLOCK DO sec 2 500 100 0.01 2157

2058-2070 (R) Reservedd 0 0 0 2158-2170

Control I/O Commands

2000H (W) LOGIC COMMAND 0 65535 0 na
Bit 0 = Breaker Close
Bit 1 = Breaker Open
Bit 2 = Reserved
Bit 3 = Return Status 0/1
Bit 4 = DN Aux 1 Cmd
Bit 5 = DN Aux 2 Cmd
Bit 6 = DN Aux 3 Cmd
Bit 7 = DN Aux 4 Cmd

Bit 8 = DN Aux 5 Cmd
Bit 9 = DN Aux 6 Cmd
Bit 10 = DN Aux 7 Cmd
Bit 11 = DN Aux 8 Cmd
Bit 12 = DN Aux 9 Cmd
Bit 13 = DN Aux 10 Cmd
Bit 14 = DN Aux 11 Cmd
Bit 15 = Reserved

2001H (W) RESET COMMAND 0 1023 0 na
Bit 0 = Trip Reset
Bit 1 = Set to Defaults
Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reserved
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data

Bit 8 = Rst Demand
Bit 9 = Rst Peak Demand
Bit 10–15 = Reserved

Relay Elements

2100H (R) FAST STATUS 0 0 65535 0 na
Bit 0 = Faulted/Trip
Bit 1 = Warning
Bit 2 = IN1/IN101 Status
Bit 3 = IN2/IN102 Status
Bit 4 = IN3/IN401 Status
Bit 5 = IN4/IN402 Status
Bit 6 = IN5/IN403 Status
Bit 7 = Reserved

Bit 8 = AUX1/OUT101 Status
Bit 9 = AUX2/OUT102 Status
Bit 10 = AUX3/OUT401 Status
Bit 11 = AUX4/OUT402 Status
Bit 12 = AUX5/OUT403 Status
Bit 13 = AUX6/OUT404 Status
Bit 14 = Reserved
Bit 15 = Reserved
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2101H (R) FAST STATUS 1 0 65535 0 na
Bit 0 = Enabled
Bit 1 = Reserved
Bit 2 = IN6/IN404 Status
Bit 3 = IN7/IN501 Status
Bit 4 = IN8/IN502 Status
Bit 5 = IN9/IN503 Status
Bit 6 = IN10/IN504 Status
Bit 7 = Reserved

Bit 8 = AUX7/OUT501 Status
Bit 9 = AUX8/OUT502 Status
Bit 10 = AUX9/OUT503 Status
Bit 11 = AUX10/OUT504 Status
Bit 12 = Reserved
Bit 13 = Reserved
Bit 14 = Reserved
Bit 15 = Reserved

2102H (R) TRIP STATUS LO na

2103H (R) TRIP STATUS HI na

2104H (R) WARN STATUS LO na

2105H (R) WARN STATUS HI na

2106H (R) AVERAGE CURRENT na

2107H (R) IA CURRENT na

2108H (R) IB CURRENT na

2109H (R) IC CURRENT na

210AH (R) Reservedd na

210BH (R) CURRENT IMBAL na

210CH (R) MAX WINDING RTD na

210DH (R) IG CURRENT na

210EH (R) IN CURRENT na

210FH (R) Reservedd na

2110H (R) FAST STATUS 2 0 65535 0 na
Bit 0 = IN11/IN301 Status
Bit 1 = IN12/IN302 Status
Bit 2 = IN13/IN303 Status
Bit 3 = IN14/IN304 Status
Bit 4 = OUT11/OUT301 Status
Bit 5 = OUT12/OUT302 Status
Bit 6 = OUT13/OUT303 Status
Bit 7 = OUT14/OUT304 Status

Bit 8 = IN15/IN305 Status
Bit 9 = IN16/IN306 Status
Bit 10 = IN17/IN307 Status
Bit 11 = IN18/IN308 Status
Bit 12 = Reserved
Bit 13 = Reserved
Bit 14 = Reserved
Bit 15 = Reserved

2111H (R) FAST STATUS 3 0 65535 0 na
Bit 0 = IN19/IN405 Status
Bit 1 = IN20/IN406 Status
Bit 2 = IN21/IN407 Status
Bit 3 = IN22/IN408 Status
Bit 4 = IN23/IN505 Status
Bit 5 = IN24/IN506 Status
Bit 6 = IN25/IN507 Status
Bit 7 = IN26/IN508 Status
Bit 8–15 = Reserved

PAR Group Indices

3000H (R) Reservedd 0 0 0

3001H (R) USER MAP REG 1 125 1

3002H (R) USER MAP REG VAL 126 250 126

3003H (R) RESERVED AREA1 251 259 251

3004H (R) ACCESS CONTROL 260 260 260

3005H (R) GENERAL SETTINGS 261 264 261
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3006H (R) GROUP SELECTION 265 265 265

3007H (R) BK FAILURE SET 266 268 266

3008H (R) DC BATTERY MONITOR 269 272 269

3009H (R) CONFIG SETTINGS 273 283 273

300AH (R) MAX PH OVERCURR 284 295 284

300BH (R) NEUTRAL OVERCURR 296 311 296

300CH (R) RESIDUAL OVERCUR 312 323 312

300DH (R) NEG SEQ OVERCURR 324 335 324

300EH (R) PHASE TOC 336 356 336

300FH (R) MAXIMUM PH TOC 357 370 357

3010H (R) NEGATIVE SEQ TOC 371 377 371

3011H (R) NEUTRAL TOC 378 393 378

3012H (R) RESIDUAL TOC 394 410 394

3013H (R) RTD SETTINGS 411 461 411

3014H (R) UNDERVOLTAGE SET 462 473 462

3015H (R) OVERVOLTAGE SET 474 485 474

3016H (R) RECLOSING CONTROL 486 501 486

3017H (R) POWER FACTOR SET 502 512 502

3018H (R) FREQ SETTINGS 513 524 513

3019H (R) SYNC CHECK SET 525 532 525

301AH (R) TRIP/CLOSE LOGIC 533 541 533

301BH (R) SELOGIC ENABLES 542 550 542

301CH (R) OUTPUT CONTACTS 551 570 551

301DH (R) EVENT REPORT SET 571 580 571

301EH (R) FRONT PANEL SET 581 590 581

301FH (R) RESET SETTINGS 591 601 591

3020H (R) DATE/TIME SET 602 609 602

3021H (R) DEVICE STATUS 610 649 610

3022H (R) CURRENT DATA 650 663 650

3023H (R) EXTRA VOLTAGE DATA 664 666 664

3024H (R) VOLTAGE DATA 667 684 667

3025H (R) POWER DATA 685 689 685

3026H (R) ENERGY DATA 690 711 690

3027H (R) RTD DATA 712 728 712

3028H (R) LIGHT MTR DATA 729 738 729

3029H (R) RMS DATA 739 749 739

302AH (R) MAX/MIN MTR DATA 750 917 750

302BH (R) MAX/MIN RTD DATA 918 1085 918

302CH (R) MAX/MIN AI3 DATA 1086 1213 1086

302DH (R) MAX/MIN AI4 DATA 1214 1341 1214

302EH (R) MAX/MIN AI5 DATA 1342 1469 1342

302FH (R) MAX/MIN RST DATA 1470 1480 1470

Table E.34 Modbus Register Mapa (Sheet 53 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers
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3030H (R) PER PHASE POWER DATA 1481 1492 1481

3031H (R) ANA INP DATA 1493 1546 1493

3032H (R) MATH VARIABLES 1547 1610 1547

3033H (R) DEVICE COUNTERS 1611 1647 1611

3034H (R) BREAKER MONITOR 1648 1666 1648

3035H (R) VS MAXMIN DATA 1667 1688 1667

3036H (R) DEMAND DATA 1689 1718 1689

3037H (R) RESERVED AREA5 1719 1745 1719

3038H (R) HISTORICAL DATA 1746 1779 1746

3039H (R) TRIP/WARN DATA 1780 1788 1780

303AH (R) COMMN COUNTERS 1789 1804 1789

303BH (R) RELAY ELEMENTS 1805 1947 1805

303CH (R) EXTRA SETTINGS 1948 2070 1948

Product Information

4000H (R) VENDOR CODE 0 65535 865 na
865 = SEL

4001H (R) PRODDUCT CODE 0 65535 103 na

4002H (R/W) ASA NUMBER LOW 0 65535 na

4003H (R/W) ASA NUMBER HIGH 0 65535 na

4004H (R) FIRMWARE REVISION 1 32639 na

4005H (R) NUM OF PAR 1 2100 2070 na

4006H (R) NUM OF PAR GROUP 1 100 60 na

4007H (R/W) MAC ID 1 99 0 na
64–99 = Swr Configurable

4008H (R/W) DN BAUD RATE 0 9 0 na
0 = 125 kbps
1 = 250 kbps
2 = 500 kbps
3 = AUTO
4–9 = Swr Configurable

4009H (R/W) DN STATUS 0 31 0 na
Bit 0 = Explicit Cnxn
Bit 1 = I/O Cnxn
Bit 2 = Explicit Fault
Bit 3 = I/O Fault
Bit 4 = I/O Idle
Bit 5–Bit 15 = Reserved

400AH not used

400BH (R) CONFIG PAR CKSUM 0 na

400CH (R) LANGUAGE CODE 0 na
0 = English
1 = French
2 = Spanish (Mexican)
3 = Italian
4 = German
5 = Japanese
6 = Portuguese

Table E.34 Modbus Register Mapa (Sheet 54 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers
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7 = Mandarin Chinese
8 = Russian
9 = Dutch

400DH (R) FIRMWARE BUILD NUM 16400 16400 0 na

400EH not used

400FH (R) PRODUCT SUPPORT BITS na
Bit 0 = 2nd IO Card installed
Bits 1–15 = Reserved

4010H (R/W) SETTINGS TIMEOUT ms 500 65535 750 na

4011H–4013H Reservedd

4014H (R) CONFIGURED BIT 0 na
Bit 0 = Unit Configured
Bits 1–15 = Reserved

4015H (R) Reservedd 0 0 0 na

4016H (R) ERROR REGISTER 0 65535 0 na
Bit 0 = Settings Read Error
Bit 1 = Setting Write Error
Bit 2 = Settings Update Error
Bit 3 = Settings Resource Error
Bit 4 = Settings Locked
Bit 5 = Group Settings Error
Bit 6 = Global Settings Error
Bit 7 = Logic Settings Error

Bit 8 = Report Settings Error
Bit 9 = Front Panel Settings Error
Bit 10 = Memory Not Available
Bit 11 = Settings Prep Error
Bit 12 = Setting Changes Disabled
Bit 13 = Memory Diag Error
Bit 14 = Reserved
Bit 15 = Reserved

4017H (R) ERROR ADDRESS 0 65535 0

4018H–401FH (R) Reservedd 0 0 0

a All addresses in this table refer to the register addresses in the Modbus packet.
b Registers labeled (R/(W) are read-write registers. Registers labeled (W) are write-only registers. Registers Labeled (R) are read-only 

registers.
c Register value * Multiplier = System value as seen by the relay. For example, if the register 651 (IA Angle) reads 300 in decimal, then the 

system value is 30 deg (Multiplier = 0.1).
d Reserved addresses return 0.
e Read this register only when PT connection is DELTA.
f Read this register only when PT connection is WYE.

Table E.34 Modbus Register Mapa (Sheet 55 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers

Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition

1780 — Trip Status LO

Bit 0 PHASE A1 50 50A1P

Bit 1 PHASE B1 50 50B1P

Bit 2 PHASE C1 50 50C1P

Bit 3 PHASE 50P1 50P1T

Bit 4 GROUND 50G1 50G1T

Bit 5 NEUTRAL 50N1 50N1T

Bit 6 NEG SEQ 50Q1 50Q1T

Bit 7 PHASE A 51 51AT

Bit 8 PHASE B 51 51BT
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Bit 9 PHASE C 51 51CT

Bit 10 PHASE 51P1 51P1T

Bit 11 GROUND 51G1 51G1T

Bit 12 NEUTRAL 51N1 51N1T

Bit 13 NEG SEQ 51Q 51QT

Bit 14 UNDERVOLT 27P1 27P1T

Bit 15 OVERVOLT 59P1 59P1T

1781 — Trip Status HI

Bit 0 POWER FACTOR 55 55T

Bit 1 FREQUENCY 81D1 81D1T

Bit 2 FREQUENCY 81D2 81D2T

Bit 3 RTD-OTHER OTHTRIP

Bit 4 RTD-AMBIENT AMBTRIP

Bit 5 RTD-WIND BEAR RTDT

Bit 6 RTD ERROR RTDFLT

Bit 7 POWER ELMENTS 3PWR1T

Bit 8 COMM IDLE COMMIDLE

Bit 9 COMM LOSS COMMLOSS

Bit 10 REMOTE TRIP REMTRIP

Bit 11 COMM FAULT COMMFLT

Bit 12 CONFIG FAULT ALARMCR

Bit 13 RESERVED

Bit 14 RESERVED

Bit 15 BREAKER FAIL BFT

1782 — Warn Status LO

Bit 0 PHASE 50P2 50P2T

Bit 1 PHASE 50P3 50P3T

Bit 2 PHASE 50P4 50P4T

Bit 3 GROUND 50G2 50G2T

Bit 4 GROUND 50G3 50G3T

Bit 5 GROUND 50G4 50G4T

Bit 6 NEUTRAL 50N2 50N2T

Bit 7 NEUTRAL 50N3 50N3T

Bit 8 NEUTRAL 50N4 50N4T

Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition
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Bit 9 NEG SEQ 50Q2 50Q2T

Bit 10 NEG SEQ 50Q3 50Q3T

Bit 11 NEG SEQ 50Q4 50Q4T

Bit 12 PHASE 51P2 51P2T

Bit 13 GROUND 51G2 51G2T

Bit 14 NEUTRAL 51N2 51N2T

Bit 15 RESERVED

1783 — Warn Status HI

Bit 0 POWER FACTOR 55 55A

Bit 1 SALARM SALARM

Bit 2 WARNING WARNING

Bit 3 RTD-WIND BEAR RTDA

Bit 4 RTD-OTHER OTHALRM

Bit 5 RTD-AMBIENT AMBALRM

Bit 6 UNDERVOLT 27P2 27P2T

Bit 7 OVERVOLT 59P2 59P2T

Bit 8 FREQUENCY 81D3 81D3T

Bit 9 FREQUENCY 81D4 81D4T

Bit 10 FREQUENCY 81D5 81D5T

Bit 11 FREQUENCY 81D6 81D6T

Bit 12 RESERVED

Bit 13 RESERVED

Bit 14 RESERVED

Bit 15 RESERVED

Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition
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Features
The SEL-751A Relay supports the following features through use of Ethernet 
and IEC 61850:

➤ SCADA—Connect as many as six simultaneous IEC 61850 
MMS client sessions. The SEL-751A also supports as many as 
six buffered and six unbuffered report control blocks. See the 
CON Logical Device Table for Logical Node mapping that 
enables SCADA control via a Manufacturing Messaging 
Specification (MMS) browser. Controls support the direct 
control, Select Before Operate (SBO) control, and SBO with 
enhanced security control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with 
as many as 16 incoming (receive) and 8 outgoing (transmit) 
messages. You can map virtual bits (VB001–VB128), Breaker 
Open (OC), and Breaker Close (CC) bits from incoming 
GOOSE messages.

➤ Configuration—Use FTP client software or ACSELERATOR 

Architect SEL-5032 Software to transfer the Substation 
Configuration Language (SCL) Configured IED Description 
(CID) file to the relay.

NOTE: The SEL-751A supports one 
CID file, which should be transferred 
only if a change in the relay 
configuration is necessary. If an invalid 
CID file is transferred, the relay will no 
longer have a valid IEC 61850 
configuration, and the protocol will 
stop operating. To restart protocol 
operation, a valid CID must be 
transferred to the relay.

➤ Commissioning and Troubleshooting—Use software such as 
MMS Object Explorer and AX-S4 MMS from Sisco, Inc., to 
browse the relay logical nodes and verify functionality.

This appendix presents the information you need to use the IEC 61850 
features of the SEL-751A:

➤ Introduction to IEC 61850

➤ IEC 61850 Operation

➤ IEC 61850 Configuration 

➤ Logical Nodes

➤ Logical Node Extensions

➤ Protocol Implementation Conformance Statement

➤ ACSI Conformance Statement 
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Introduction to IEC 61850

In the early 1990s, the Electric Power Research Institute (EPRI) and the 
Institute of Electrical and Electronics Engineers, Inc. (IEEE) began to define a 
Utility Communications Architecture (UCA). They initially focused on inter-
control center and substation-to-control center communications and produced 
the Inter-Control Center Communications Protocol (ICCP) specification. This 
specification, later adopted by the IEC as 60870-6 TASE.2, became the 
standard protocol for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical 
Committee 57 of the IEC to create a common international standard. Their 
joint efforts created the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 
specification, plus additional functionality. The standard describes client/
server and peer-to-peer communications, substation design and configuration, 
testing, and project standards. The IEC 61850 standard consists of the parts 
listed in Table F.1.

The IEC 61850 document set, available directly from the IEC at 
http://www.iec.ch, contains information necessary for successful 
implementation of this protocol. SEL strongly recommends that anyone 
involved with the design, installation, configuration, or maintenance of IEC 
61850 systems be familiar with the appropriate sections of these documents.

Table F.1 IEC 61850 Document Set

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equip-
ment-Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equip-
ment—Abstract Communication Service Interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equip-
ment-Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equip-
ment—Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM-Mapping to Manufacturing Messaging Specification 
(MMS) (ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 
8802-3)

IEC 61850-9-1 SCSM-Sampled values over serial multidrop point-to-point link

IEC 61850-9-2 SCSM-Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing
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IEC 61850 Operation
Ethernet Networking IEC 61850 and Ethernet networking are available as options in the SEL-751A. 

In addition to IEC 61850, the Ethernet port provides support protocols and 
data exchange, including FTP and Telnet. Access the SEL-751A PORT 1 
settings to configure all of the Ethernet settings, including IEC 61850 enable 
settings.

The SEL Ethernet port supports IEC 61850 services, including transport of 
logical node objects, over TCP/IP. The Ethernet port can coordinate a 
maximum of six concurrent IEC 61850 sessions.

Object Models The IEC 61850 standard relies heavily on the Abstract Communication 
Service Interface (ACSI) model to define a set of service and the responses to 
those services. In terms of network behavior, abstract modeling enables all 
IEDs to act identically. You can use these abstract models to create objects 
(data items) and services that exist independently of any underlying protocols. 
These objects are in conformance with the common data class (CDC) 
specification IEC 61850 7 3, which describes the type and structure of each 
element within a logical node. CDCs for status, measurements, controllable 
analogs and statuses, and settings all have unique CDC attributes. Each CDC 
attribute belongs to a set of functional constraints that groups the attributes 
into specific categories such as status (ST), description (DC), and substituted 
value (SV). Functional constraints, CDCs and CDC attributes are used as 
building blocks for defining Local Nodes.

UCA2 uses GOMSFE (Generic Object Models for Substation and Feeder 
Equipment) to present data from station IEDs as a series of objects called 
models or bricks. The IEC working group has incorporated GOMSFE 
concepts into the standard, with some modifications to terminology; one 
change was the renaming of bricks to logical nodes. Each logical node 
represents a group of data (controls, status, measurements, etc.) associated 
with a particular function. For example, the MMXU logical node (polyphase 
measurement unit) contains measurement data and other points associated 
with three-phase metering including voltages and currents. Each IED can 
contain many functions such as protection, metering, and control. Multiple 
logical nodes represent the functions in multifunction devices.

You can organize logical nodes into logical devices that are similar to 
directories on a computer disk. As represented in the IEC 61850 network, 
each physical device can contain many logical devices, and each logical 
device can contain many logical nodes. Many relays, meters, and other IEC 
61850 devices contain one primary logical device where all models are 
organized.

IEC 61850 devices are capable of self-description. You do not need to refer to 
the specifications for the logical nodes, measurements, and other components 
to request data from another IEC 61850 device. IEC 61850 clients can request 
and display a list and description of the data available in an IEC 61850 server 
device. This process is similar to the autoconfiguration process used within 
SEL communications processors (SEL-2032 and SEL-2030). Simply run an 
MMS browser to query devices on an IEC 61850 network and discover what 
data are available. Self-description also permits extensions to both standard 
and custom data models. Instead of having to look up data in a profile stored 
in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available 
data.
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Unlike other Supervisory Control and Data Acquisition (SCADA) protocols 
that present data as a list of addresses or indices, IEC 61850 presents data with 
descriptors in a composite notation made up of components. Table F.2 shows 
how the A-phase current expressed as MMXU$A$phsA$cVal is broken down 
into its component parts.

Data Mapping Device data are mapped to IEC 61850 logical nodes (LN) according to rules 
defined by SEL. Refer to IEC 61850-5:2003(E) and IEC 61850-7-4:2003(E) 
for the mandatory content and usage of these LNs. The SEL-751A logical 
nodes are grouped under Logical Devices for organization based on function. 
See Table F.3 for descriptions of the Logical Devices in an SEL-751A. See 
Logical Nodes for a description of the LNs that make up these Logical 
Devices.

MMS Manufacturing Messaging Specification (MMS) provides services for the 
application-layer transfer of real-time data within a substation LAN. MMS 
was developed as a network independent data exchange protocol for industrial 
networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can be 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. 
MMS supports complex named objects and flexible services that enable 
mapping to IEC 61850 in a straightforward manner. This was why the UCA 
users group used MMS for UCA from that start, and why the IEC chose to 
keep it for IEC 61850.

GOOSE The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the messages 
several times, increasing the likelihood that other devices receive the 
messages.

Table F.2 Example IEC 61850 Descriptor Components

Components Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Sub-Data Object Phase A

cVal Data Attribute Complex value

Table F.3 SEL-751A Logical Devices

Logical Device Description

ANN Annunciator elements—alarms, status values

CFG Configuration elements—datasets and report control blocks

CON Control elements—Remote bits

MET Metering or Measurement elements—currents, voltages, power, etc.

PRO Protection elements—protection functions and breaker control
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IEC 61850 GOOSE objects can quickly and conveniently transfer status, 
controls, and measured values between peers on an IEC 61850 network. 
Configure SEL devices to respond to GOOSE messages from other networks 
with Architect. Also, configure outgoing GOOSE messages for SEL devices 
in Architect. See the Architect online help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text 
identification and multicast group to identify and filter incoming GOOSE 
messages.

NOTE: Virtual bits and remote 
analogs mapped to GOOSE 
subscriptions retain their state until 
they are overwritten, a new CID file is 
loaded, or the device is restarted. To 
reset the virtual bits and remote 
analogs by restarting the device, issue 
an STA C command or remove and then 
restore power to the device.

Virtual bits (VB001–VB128) are control inputs that you can map to GOOSE 
receive messages by using the Architect software. See the VBnnn bits in 
Table F.18 for details on which logical nodes and names are used for these 
bits. This information can be useful when searching through device data with 
MMS browsers. If you intend to use any SEL-751A virtual bits for controls, 
you must create SELOGIC control equations to define these operations. The 
Virtual Bit Logical Nodes only contain virtual bit status, and only those virtual 
bits that are assigned to an SER report will be able to track bit transitions (via 
reporting) between LN data update scans.

In addition to the virtual bits, the breaker control bits CC and OC can also be 
mapped to GOOSE receive messages.

File Services The Ethernet File System allows reading or writing data as files. The File 
System supports FTP. The File System provides:

➤ A means for the devices to transfer data as files

➤ A hierarchical file structure for the device data (root level only 
for SEL-700 series devices)

SCL Files Substation Configuration Language (SCL) is an XML-based configuration 
language used to support the exchange of database configuration data between 
different tools, which may come from different manufacturers. There are four 
types of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file described the capabilities of an IED, including information on 
LN and GOOSE support. The SSD file describes the single-line diagram of 
the substation and the necessary LNs. The SCD file contains information on 
all IEDs, communications configuration data, and a substation description. 
The CID file, of which there may be several, describes a single instantiated 
IED within the project, and includes address information.
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Reports The SEL-751A supports buffered and unbuffered report control blocks in the 
report model as defined in IEC 61850-8-1:2004(E). The predefined reports 
shown in Figure F.1 are available by default via IEC 61850.

Figure F.1 SEL-751A Predefined Reports

There are 12 report control blocks, six buffered reports and six unbuffered. For 
each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (12) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can 
reallocate data within each report dataset to present different data attributes for 
each report beyond the predefined datasets. For buffered reports, connected 
clients may edit the report parameters shown in Table F.4.

Table F.4 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptId YES Dset01 - Dset06

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

configRef

BufTm YES 500

TrgOp YES dchg

qchg

IntgPd YES 0

GI YESab

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. A buffer is established when the report is enabled for the first time.

YESa FALSE

PurgeBuf YESa FALSE

EntryId YES 0
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Similarly, for unbuffered reports, connected clients may edit the report 
parameters shown in Table F.5.

For Buffered Reports, only one client can enable the RptEna attribute of the 
BRCB at a time resulting in a client association for that BRCB. Once enabled, 
the associated client has exclusive access to the BRCB until the connection is 
closed or the client disables the RptEna attribute. Once enabled, all 
unassociated clients have read only access to the BRCB.

For Unbuffered Reports, as many as six (6) clients can enable the RptEna 
attribute of the URCB at a time, resulting in multiple client associations for 
that URCB. Once enabled, each client has independent access to a copy of that 
URCB. The Resv attribute is writable, however, the SEL-751A does not 
support reservations. Writing any field of the URCB causes the client to 
obtain its own copy of the URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value 
with a resolution of 1 ms. However, the integrity report is only sent when the 
period has been detected as having expired. The report service rate of 2 Hz 
results in a report being sent within 500 ms of expiration of the IntgPd. The 
new IntgPd will begin at the time that the current report is serviced.

Datasets Within Architect, IEC 61850 datasets have two main purposes:

➤ GOOSE: You can use predefined or edited datasets, or create 
new datasets for outgoing GOOSE transmission.

➤ Reports: Twelve predefined datasets (DSet01 to DSet12) 
correspond to the default six buffered and six unbuffered 
reports. Note that you cannot change the number (12) or type of 
reports (buffered or unbuffered) within Architect. However, 
you can alter the data attributes that a dataset contains and so 
define what data an IEC 61850 client receives with a report. 
The last dataset, DSet13, is a list of the Breaker Status and 
Control Data Attributes that are in the SEL-751A.

Table F.5 Unbuffered Report Control Block Client Access

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES Dset07 - Dset12

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

configRef

BufTm YES 250

TrgOps YES dchg

qchg

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

0

NOTE: Do not edit the dataset 
names used in reports. Changing or 
deleting any of those dataset names 
will cause a failure in generating the 
corresponding report.
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The list of datasets in Figure F.2 is the default for an SEL-751A device.

Figure F.2 SEL-751A Datasets

Supplemental 
Software

Examine the data structure and value of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 MMS from Sisco, 
Inc.

The settings necessary to browse an SEL-751A with an MMS browser are as 
follows:

Time Stamps and 
Quality

In addition to the various data values, the two attributes quality and t (time 
stamp) are available at any time. The relay determines the time stamp when it 
detects a change in data or quality.

The relay applies the time stamp to all data and quality attributes (Boolean, 
Bstrings, Analogs, etc.) in the same fashion as when it detects a data or quality 
change. However, there is a difference in how the relay detects the change 
between the different attribute types. For points that are assigned as SER 
points, i.e., programmed in the SER report, the relay detects the change as the 
receipt of an SER record (which contains the SER time stamp) within the 
relay.

For all other Booleans or Bstrings, the relay detects the change via the 
scanner, which compares the last state against the previous state to detect the 
change. For analogs, the scanner looks at the amount of change relative to the 
deadband configured for the point to indicate a change and apply the 
timestamp. In all cases, the relay uses these time stamps for the reporting 
model.

Functionally Constrained Data Attributes mapped to points assigned to the 
SER report have 4 ms SER-accurate timestamps for data change events. To 
ensure that you will get SER-quality timestamps for changes to certain points, 
you must include those points in the SER report. All other FCDAs are scanned 
for data changes on a 1/2-second interval and have 1/2-second timestamp 
accuracy. See the SET R command for information on programming the SER 
report.

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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The SEL-751A uses GOOSE quality attributes to indicate the quality of the 
data in its transmitted GOOSE messages. Under normal conditions, all 
attributes are zero, indicating good quality data. Figure F.3 shows the GOOSE 
quality attributes available to devices that subscribe to GOOSE messages from 
SEL-751A datasets that contain them. Internal status indicators provide the 
information necessary for the device to set these attributes.

For example, if the device becomes disabled, as shown via status indications 
(e.g., an internal self-test failure), the SEL-751A will set the Validity attribute 
to invalid and the Failure attribute to TRUE. Note that the SEL-751A does not 
set any of the other quality attributes. These attributes will always indicate 
FALSE (0). See the Architect online help for additional information on 
GOOSE Quality attributes.

Figure F.3 GOOSE Quality

GOOSE Processing SEL devices support GOOSE processing as defined by IEC 61850-7-1:2003(E), 
IEC 61850-7-2:2003(E), and IEC 61850-8-1:2004(E) via the installed 
Ethernet port. Outgoing GOOSE messages are processed in accordance with 
the following constraints:

➤ You can define as many as eight outgoing GOOSE messages 
consisting of any Data Attribute (DA) from any logical node. 
You can map a single DA to one or more outgoing GOOSE, or 
one or more times within the same outgoing GOOSE. You can 
also map a single GOOSE dataset to multiple GOOSE control 
blocks.

➤ The SEL-751A will transmit all configured GOOSE 
immediately upon successful initialization. If a GOOSE is not 
retriggered, then, following initial transmission, the SEL-751A 
will retransmit that GOOSE on a curve. The curve begins at 10 
ms and doubles for each retransmission until leveling at the 
maximum specified in the CID file for that GOOSE. For 
example, a message with a maximum retransmit interval of 100 
ms is retransmitted at intervals of 10 ms, 20 ms, 40 ms, 80 ms, 
and 100 ms, then repeated every 100 ms until a trigger causes 
the transmission sequence to be repeated. The time-to-live 
reported in each transmitted message, is three times the current 
interval, or two times the interval, if the maximum time-to-live 
has been reached (30 ms, 60 ms, 120 ms, 240 ms, and 200 ms 
for the previous example; see IEC 61850-8-1, sec. 18.1).

➤ GOOSE transmission is squelched (silenced) after a permanent 
(latching) self-test failure.
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➤ Each outgoing GOOSE includes communication parameters 
(VLAN, Priority, and Multicast Address) and is transmitted 
entirely in a single network frame.

➤ The SEL-751A will maintain the configuration of outgoing 
GOOSE through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following 
constraints:

➤ You can configure the SEL-751A to subscribe to as many as 16 
incoming GOOSE messages.

The SEL-751A will recognize incoming GOOSE messages as 
valid based on the following content. Any GOOSE message 
that fails these checks shall be rejected.

➢ Source broadcast MAC address

➢ Dataset Reference

➢ Application ID

➢ GOOSE Control Reference

➤ Rejection of all DA contained in an incoming GOOSE, based 
on the accumulation of the following error indications created 
by inspection of the received GOOSE:

➢ Configuration Mismatch: the configuration number of 
the incoming GOOSE changes.

➢ Needs Commissioning: this Boolean parameter of the 
incoming GOOSE is true.

➢ Test Mode: this Boolean parameter of the incoming 
GOOSE is true.

➢ Decode Error: the format of the incoming GOOSE is 
not as configured.

➤ The SEL-751A will discard incoming GOOSE under the 
following conditions: 

➢ after a permanent (latching) self-test failure

➢ when the relay is disabled

➢ when EGSE is set to No

Link-layered priority tagging and virtual LAN is supported as described in 
Annex C of IEC 61850-8-1:2004(E).

IEC 61850 Configuration
Settings Table F.6 lists IEC 61850 settings. IEC 61850 settings are only available if 

your device includes the optional IEC 61850 protocol.

Table F.6 IEC 61850 Settings

Label Description Range Default

E61850 IEC 61850 interface enable Y, N N

EGSE Outgoing IEC 61850 GSE message enable Ya, N

a Requires E61850 set to Y to send IEC 61850 GSE messages.

N
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Configure all other IEC 61850 settings, including subscriptions to incoming 
GOOSE messages, with Architect.

Architect Architect enables users to design and commission IEC 61850 substations 
containing SEL IEDs.Users can use Architect to do the following:

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Edit and create GOOSE datasets.

➤ Read non-SEL IED Capability Description (ICD) and 
Configured IED Description (CID) files and determine the 
available IEC 61850 messaging options.

➤ Use or edit preconfigured datasets for reports.

➤ Load IEC 61850 CID files into SEL IEDs.

➤ Generate ICD and CID files that will provide SEL IED 
descriptions to other manufacturers' tools so they can use SEL 
GOOSE messages and reporting features.

➤ Edit deadband settings for measured values.

Architect provides a Graphical User Interface (GUI) for users to select, edit, 
and create IEC 61850 GOOSE messages important for substation protection, 
coordination, and control schemes. Typically, the user first places icons 
representing IEDs in a substation container, then edits the outgoing GOOSE 
messages or creates new ones for each IED. The user can also select incoming 
GOOSE messages for each IED to receive from any other IEDs in the domain.

Some measured values are reported to IEC 61850 only when the value 
changes beyond a defined deadband value. Architect allows a deadband to be 
changed during the CID file configuration. Check and set the deadband values 
for your particular application when configuring the CID file for a device.

Architect has the capability to read other manufacturers' ICD and CID files, 
enabling the user to map the data seamlessly into SEL IED logic. See the 
Architect online help for more information.

SEL ICD File Versions Architect generates CID files from ICD files so the ICD file version Architect 
uses also determines the CID file version generated. Details about the different 
SEL-751A ICD files can be found in Table A.7.
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Logical Node Extensions
The following Logical Nodes and Data Classes were created in this device as 
extensions to the IEC 61850 standard, in accordance with IEC 61850 
guidelines.

Table F.8 defines the data class Arc-Flash Detection. This class represents 
Arc-Flash Detection status.

Table F.9 defines the data class, Thermal Metering Data. This class is a 
collection of simultaneous measurements (or evaluations) that represent the 
RTD thermal metering values. Valid data depend on the presence and 
configuration of the RTD module(s).

Table F.7 New Logical Node Extensions

Logical Node IEC 61850 Description or comments

Arc-Flash Detection PAFD This LN shall be used to represent Arc-Flash Detection status.

Thermal Measurements 

(for equipment or ambient temperature 
readings)

MTHR This LN shall be used to represent values from RTDs and to cal-
culate thermal capacity and usage mainly used for Thermal Mon-
itoring.

Demand Metering Statistics MDST This LN shall be used for calculation of demand currents in a 
three-phase system. This shall not be used for billing purposes.

Circuit Breaker Supervision SCBR Circuit breaker supervision abrasion and operation values.

Table F.8 Arc-Flash Detection

PAFD Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName Shall be inherited from Logical-Node Class (see IEC 61850-7-2).

Data

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Status Information

Str ACD Start E

Op ACT Operate T E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.9 Thermal Metering Data Logical Node Class Definition (Sheet 1 of 2)

MTHR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

EEHealth INS External equipment health (RTD Communications Status) E
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Table F.10 defines the data class Demand Metering Statistics. This class is a 
collection of demand currents and energy.

Data Objects

Measured Values

MaxAmbTmp MV Maximum Ambient Temperature E

MaxBrgTmp MV Maximum Bearing Temperature E

MaxOthTmp MV Maximum Other Temperature E

MaxWdgTmp MV Maximum Winding Temperature E

Tmp MV Temperature E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.9 Thermal Metering Data Logical Node Class Definition (Sheet 2 of 2)

MTHR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

Table F.10 Demand Metering Statistics Logical Node Class Definition

MDST Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Measured Values

DmdA WYE Demand Currents E

PkDmdA WYE Peak Demand Currents E

SupWh MV Real energy supply (default supply direction: energy flow towards busbar) E

SupVArh MV Reactive energy supply (default supply direction: energy flow towards busbar) E

DmdWh MV Real energy demand (default demand direction: energy flow from busbar away) E

DmdVArh MV Reactive energy demand (default demand direction: energy flow from busbar away) E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.
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Table F.11 Circuit Breaker Supervision (Per-Phase) Logical Node Class Definition

SCBR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Status Information

ColOpn SPS Open command of trip coil M

Measured Values

AbrPrt MV Calculated or measured wear (e.g. of main contact), expressed in % where 0% 
corresponds to new condition

E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.12 Compatible Logical Nodes With Extensions

Logical Node IEC 61850 Description or comments

Metering Statistics MSTA This LN is used for power system metering statistics.

Circuit Breaker XCBR This LN is used for circuit breaker status and measurement data.

Table F.13 Metering Statistics Logical Node Class Definition (Sheet 1 of 2)

MSTA Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Measured and Metered Values

AvAmps MV Average Current O

AvVolts MV Average Voltage O

MaxVA MV Maximum apparent power O

MinVA MV Minimum apparent power O

MaxW MV Maximum real power O

MinW MV Minimum real power O

MaxVAr MV Maximum reactive power O

MinVAr MV Minimum reactive power O

MaxA WYE Maximum Phase Currents E

MinA WYE Minimum Phase Currents E

MaxPhV WYE Maximum Phase to Ground Voltages E

MinPhV WYE Minimum Phase to Ground Voltages E
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Logical Nodes
The following tables, Table F.15 through Table F.19, show the Logical Nodes 
(LN) supported in the SEL-751A and the associated Relay Word bits or 
measured quantities. Table F.15 shows the LN associated with protection 
elements defined as Logical Device PRO.

MaxP2PV DEL Maximum Phase to Phase Voltages E

MinP2PV DEL Minimum Phase to Phase Voltages E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.13 Metering Statistics Logical Node Class Definition (Sheet 2 of 2)

MSTA Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

Table F.14 Circuit Breaker Logical Node Class Definition

XCBR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix

and LN-Instance-ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Status Information

Loc SPS Local control behavior M

OpCnt INS Operation counter M

OpCntEx INS Operation counter – external E

Measured and Metered values

Pos DPC Switch position M

BlkOpn SPC Block opening M

BlkCls SPC Block closing M

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.15 Logical Device: PRO (Protection) (Sheet 1 of 5)

Logical Node Attribute Data Source Comment 

Functional Constraint = CO

BKR1CSWI1 Pos.Oper.ctlVal CCa Breaker close/open command

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number



F.16

SEL-751A Relay Instruction Manual Date Code 20220610

IEC 61850 Communications
Logical Nodes

Functional Constraint = ST

A55POPF1 Op.general 55A Power factor alarm

A55POPF1 Str.general 55A Power factor alarm

ATPTOC8 Op.general 51AT Phase A time-overcurrent element trip 

ATPTOC8 Str.general 51AP Phase A time-overcurrent element pickup

BFR1RBRF1 OpEx.general BFT Breaker failure trip

BFR1RBRF1 Str.general BFI Breaker failure initiation

BK1XCBR1 BlkCls.stVal 0 Breaker close blocking not configured by default

BK1XCBR1 BlkOpn.stVal 0 Breaker open blocking not configured by default

BK1XCBR1 CBOpCap.stVal None Breaker physical operation capabilities not known to relay

BK1XCBR1 Loc.stVal 0 Breaker local control status not configured by default

BK1XCBR1 OpCnt.stVal INTT Internal trip counter

BK1XCBR1 OpCntEx.stVal EXTT External trip counter

BK1XCBR1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 52A = true,

breaker closed)

BKR1CSWI1 OpCls.general CC Breaker close control

BKR1CSWI1 OpOpn.general OC Breaker open control

BKR1CSWI1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 52A = true,

breaker closed)

BTPTOC9 Op.general 51BT Phase B time-overcurrent element trip

BTPTOC9 Str.general 51BP Phase B time-overcurrent element pickup

CTPTOC10 Op.general 51CT Phase C time-overcurrent element trip

CTPTOC10 Str.general 51CP Phase C time-overcurrent element pickup

D1TPTOF1 Op.general 81D1T Level 1 trip definite time over/underfrequency elements

D1TPTOF1 Str.general 81D1T Level 1 trip definite time over/underfrequency elements

D2TPTOF2 Op.general 81D2T Level 2 trip definite time over/underfrequency elements

D2TPTOF2 Str.general 81D2T Level 2 trip definite time over/underfrequency elements

D3TPTOF3 Op.general 81D3T Level 3 trip definite time over/underfrequency elements

D3TPTOF3 Str.general 81D3T Level 3 trip definite time over/underfrequency elements

D4TPTOF4 Op.general 81D4T Level 4 trip definite time over/underfrequency elements

D4TPTOF4 Str.general 81D4T Level 4 trip definite time over/underfrequency elements

D5TPTOF5 Op.general 81D5T Level 5 trip definite time over/underfrequency elements

D5TPTOF5 Str.general 81D5T Level 5 trip definite time over/underfrequency elements

D6TPTOF6 Op.general 81D6T Level 6 trip definite time over/underfrequency elements

D6TPTOF6 Str.general 81D6T Level 6 trip definite time over/underfrequency elements

G1TPIOC9 Op.general 50G1T Level 1 residual-ground instantaneous overcurrent element trip

G1TPIOC9 Str.general 50G1P Level 1 residual-ground instantaneous overcurrent element pickup

G1TPTOC5 Op.general 51G1T Level 1 residual-ground time-overcurrent element trip

G1TPTOC5 Str.general 51G1P Level 1 residual-ground time-overcurrent element pickup

G1TPTOV6 Op.general 59G1T Level 1 zero-sequence instantaneous overvoltage element trip

G1TPTOV6 Str.general 59G1 Level 1 zero-sequence instantaneous overvoltage element pickup

Table F.15 Logical Device: PRO (Protection) (Sheet 2 of 5)

Logical Node Attribute Data Source Comment 
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G2TPIOC10 Op.general 50G2T Level 2 residual-ground instantaneous overcurrent element trip

G2TPIOC10 Str.general 50G2P Level 2 residual-ground instantaneous overcurrent element pickup 

G2TPTOC6 Op.general 51G2T Level 2 residual-ground time-overcurrent element trip

G2TPTOC6 Str.general 51G2P Level 2 residual-ground time-overcurrent element pickup

G2TPTOV7 Op.general 59G2T Zero-sequence instantaneous overvoltage element trip

G2TPTOV7 Str.general 59G2 Zero-sequence instantaneous overvoltage element pickup

G3TPIOC11 Op.general 50G3T Level 3 residual-ground instantaneous overcurrent element trip

G3TPIOC11 Str.general 50G3P Level 3 residual-ground instantaneous overcurrent element pickup

G4TPIOC12 Op.general 50G4T Level 4 residual-ground instantaneous overcurrent element trip 

G4TPIOC12 Str.general 50G4P Level 4 residual-ground instantaneous overcurrent element pickup

LOPPTUV3 Op.general LOP Loss of Potential

LOPPTUV3 Str.general LOP Loss of Potential

N1TPIOC5 Op.general 50N1T Level 1 neutral-ground instantaneous overcurrent element trip

N1TPIOC5 Str.general 50N1P Level 1 neutral-ground instantaneous overcurrent element pickup 

N1TPTOC3 Op.general 51N1T Level 1 neutral-ground time-overcurrent element trip

N1TPTOC3 Str.general 51N1P Level 1 neutral-ground time-overcurrent element pickup

N2TPIOC6 Op.general 50N2T Level 2 neutral-ground instantaneous overcurrent element trip

N2TPIOC6 Str.general 50N2P Level 2 neutral-ground instantaneous overcurrent element pickup

N2TPTOC4 Op.general 51N2T Level 2 neutral-ground time-overcurrent element trip

N2TPTOC4 Str.general 51N2P Level 2 neutral-ground time-overcurrent element pickup

N3TPIOC7 Op.general 50N3T Level 3 neutral-ground instantaneous overcurrent element trip

N3TPIOC7 Str.general 50N3P Level 3 neutral-ground instantaneous overcurrent element pickup

N4TPIOC8 Op.general 50N4T Level 4 neutral-ground instantaneous overcurrent element trip

N4TPIOC8 Str.general 50N4P Level 4 neutral-ground instantaneous overcurrent element pickup

NAFPIOC18 Op.general 50NAF Sample based neutral overcurrent element

NAFPIOC18 Str.general 50NAF Sample based neutral overcurrent element

P1TPIOC1 Op.general 50P1T Level 1 phase instantaneous overcurrent element trip

P1TPIOC1 Str.general 50P1P Level 1 phase instantaneous overcurrent element pickup

P1TPTOC1 Op.general 51P1T Level 1 maximum phase time-overcurrent element trip

P1TPTOC1 Str.general 51P1P Level 1 maximum phase time-overcurrent element pickup

P1TPTOV1 Op.general 59P1T Level 1phase overvoltage element trip

P1TPTOV1 Str.general 59P1 Level 1phase overvoltage element pickup

P1TPTUV1 Op.general 27P1T Level 1 phase undervoltage element trip

P1TPTUV1 Str.general 27P1 Level 1phase undervoltage element pickup

P2TPIOC2 Op.general 50P2T Level 2 phase instantaneous overcurrent element trip 

P2TPIOC2 Str.general 50P2P Level 2 phase instantaneous overcurrent element pickup 

P2TPTOC2 Op.general 51P2T Level 2 maximum phase time-overcurrent element trip

P2TPTOC2 Str.general 51P2P Level 2 maximum phase time-overcurrent element pickup

P2TPTOV2 Op.general 59P2T Level 2 phase overvoltage element trip

P2TPTOV2 Str.general 59P2 Level 2 phase overvoltage element pickup

P2TPTUV2 Op.general 27P2T Level 2 phase undervoltage element trip

Table F.15 Logical Device: PRO (Protection) (Sheet 3 of 5)

Logical Node Attribute Data Source Comment 
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P2TPTUV2 Str.general 27P2 Level 2 phase undervoltage element pickup

P3PTOV3 Op.general 3P59 3-phase overvoltage pickup when all 3 phases are above 59P1P

P3PTOV3 Str.general 3P59 3-phase overvoltage pickup when all 3 phases are above 59P1P

P3PTUV4 Op.general 3P27 3-phase undervoltage pickup when all 3 phases are below 27P1P

P3PTUV4 Str.general 3P27 3-phase undervoltage pickup when all 3 phases are below 27P1P

P3TPIOC3 Op.general 50P3T Level 3 phase instantaneous overcurrent element trip 

P3TPIOC3 Str.general 50P3P Level 3 phase instantaneous overcurrent element pickup

P4TPIOC4 Op.general 50P4T Level 4 phase instantaneous overcurrent element trip

P4TPIOC4 Str.general 50P4P Level 4 phase instantaneous overcurrent element pickup

PAFPIOC17 Op.general 50PAF Sample based phase overcurrent element

PAFPIOC17 Str.general 50PAF Sample based phase overcurrent element

PWR1PDOP1 Op.general 3PWR1T 3-phase power element 1 trip

PWR1PDOP1 Str.general 3PWR1P 3-phase power element 1 pickup

PWR1PDUP1 Op.general 3PWR1T 3-phase power element 1 trip

PWR1PDUP1 Str.general 3PWR1P 3-phase power element 1 pickup

PWR2PDOP1 Op.general 3PWR2T 3-phase power element 2 trip

PWR2PDOP1 Str.general 3PWR2P 3-phase power element 2 pickup

PWR2PDUP1 Op.general 3PWR2T 3-phase power element 2 trip

PWR2PDUP1 Str.general 3PWR2P 3-phase power element 2 pickup

Q1TPIOC13 Op.general 50Q1T Level 1 negative-sequence instantaneous overcurrent element trip

Q1TPIOC13 Str.general 50Q1P Level 1 negative-sequence instantaneous overcurrent element 
pickup

Q1TPTOV8 Op.general 59Q1T Negative-sequence instantaneous overvoltage element trip

Q1TPTOV8 Str.general 59Q1 Negative-sequence instantaneous overvoltage element pickup

Q2TPIOC14 Op.general 50Q2T Level 2 negative-sequence instantaneous overcurrent element trip

Q2TPIOC14 Str.general 50Q2P Level 2 negative-sequence instantaneous overcurrent element 
pickup

Q2TPTOV9 Op.general 59Q2T Negative-sequence instantaneous overvoltage element trip

Q2TPTOV9 Str.general 59Q2 Negative-sequence instantaneous overvoltage element pickup

Q3TPIOC15 Op.general 50Q3T Level 3 negative-sequence instantaneous overcurrent element trip

Q3TPIOC15 Str.general 50Q3P Level 3 negative-sequence instantaneous overcurrent element 
pickup

Q4TPIOC16 Op.general 50Q4T Level 4 negative-sequence instantaneous overcurrent element trip

Q4TPIOC16 Str.general 50Q4P Level 4 negative-sequence instantaneous overcurrent element 
pickup

QTPTOC7 Op.general 51QT Negative-sequence time-overcurrent element trip

QTPTOC7 Str.general 51QP Negative-sequence time-overcurrent element pickup

R1TPFRC1 Op.general 81R1T Level 1 rate-of-change-of-frequency element trip

R1TPFRC1 Str.general 81R1T Level 1 rate-of-change-of-frequency element trip

R2TPFRC2 Op.general 81R2T Level 2 rate-of-change-of-frequency element trip

R2TPFRC2 Str.general 81R2T Level 2 rate-of-change-of-frequency element trip

R3TPFRC3 Op.general 81R3T Level 3 rate-of-change-of-frequency element trip

Table F.15 Logical Device: PRO (Protection) (Sheet 4 of 5)

Logical Node Attribute Data Source Comment 
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Table F.16 shows the LN associated with measuring elements defined as 
Logical Device MET.

R3TPFRC3 Str.general 81R3T Level 3 rate-of-change-of-frequency element trip

R4TPFRC4 Op.general 81R4T Level 4 rate-of-change-of-frequency element trip

R4TPFRC4 Str.general 81R4T Level 4 rate-of-change-of-frequency element trip

S1TPTOV4 Op.general 59S1T Level 1 VS channel overvoltage element with time delay

S1TPTOV4 Str.general 59S1 Level 1 VS channel overvoltage element pickup

S1TPTUV5 Op.general 27S1T Level 1 VS channel undervoltage element with time delay

S1TPTUV5 Str.general 27S1 Level 1 VS channel undervoltage element pickup

S2TPTOV5 Op.general 59S2T Level2 VS channel overvoltage element with time delay

S2TPTOV5 Str.general 59S2 Level 2 VS channel overvoltage element pickup

S2TPTUV6 Op.general 27S2T Level 1 VS channel undervoltage element with time delay

S2TPTUV6 Str.general 27S2 Level 2 VS channel undervoltage element pickup

T55POPF2 Op.general 55T Power factor trip

T55POPF2 Str.general 55T Power factor trip

TOL1PAFD1 Op.general TOL1 Arc-Flash Light Input 1 element pickup

TOL1PAFD1 Str.general TOL1 Arc-Flash Light Input 1 element pickup

TOL2PAFD2 Op.general TOL2 Arc-Flash Light Input 2 element pickup

TOL2PAFD2 Str.general TOL2 Arc-Flash Light Input 2 element pickup

TOL3PAFD3 Op.general TOL3 Arc-Flash Light Input 3 element pickup

TOL3PAFD3 Str.general TOL3 Arc-Flash Light Input 3 element pickup

TOL4PAFD4 Op.general TOL4 Arc-Flash Light Input 4 element pickup

TOL4PAFD4 Str.general TOL4 Arc-Flash Light Input 4 element pickup

TRIPPTRC Tr.general TRIP Trip logic output

a Writing a 0 to BKR1CSWI1.CO.Pos.Oper.ctlVal will cause OC to assert and writing any other value will cause CC to assert.
b If breaker is closed, value = 10(2). If breaker is opened, value = 01(1).

Table F.15 Logical Device: PRO (Protection) (Sheet 5 of 5)

Logical Node Attribute Data Source Comment 

Table F.16 Logical Device: MET (Metering) (Sheet 1 of 4)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = MXab

DCZBAT1 Vol.instMag.f VDC Station dc battery voltage 

METMDST1 DmdA.nseq.instCVal.mag.f 3I2D Negative-sequence current demand 

METMDST1 DmdA.phsA.instCVal.mag.f IAD Phase A current demand 

METMDST1 DmdA.phsB.instCVal.mag.f IBD Phase B current demand 

METMDST1 DmdA.phsC.instCVal.mag.f ICD Phase C current demand 

METMDST1 DmdA.res.instCVal.mag.f IGD Residual current demand 

METMDST1 DmdVArh.instMag.f MVARH3PO 3-phase reactive energy OUT 

METMDST1 DmdWh.instMag.f MWH3P 3-phase real energy OUT 

METMDST1 PkDmdA.nseq.instCVal.mag.f 3I2PD Negative-sequence current peak demand 
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METMDST1 PkDmdA.phsA.instCVal.mag.f IAPD Phase A current peak demand 

METMDST1 PkDmdA.phsB.instCVal.mag.f IBPD Phase B current peak demand 

METMDST1 PkDmdA.phsC.instCVal.mag.f ICPD Phase C current peak demand 

METMDST1 PkDmdA.res.instCVal.mag.f IGPD Residual current peak demand 

METMDST1 SupVArh.instMag.f MVARH3PI Reactive energy, 3-phase IN 

METMDST1 SupWh.instMag.f MWH3PI 3-phase real energy IN

METMMXU1 A.phsA.instCVal.ang.f IA_ANG Current, A-phase, angle 

METMMXU1 A.phsA.instCVal.mag.f IA_MAG Current, A-phase, magnitude 

METMMXU1 A.phsB.instCVal.ang.f IB_ANG Current, B-phase, angle 

METMMXU1 A.phsB.instCVal.mag.f IB_MAG Current, B-phase, magnitude 

METMMXU1 A.phsC.instCVal.ang.f IC_ANG Current, C-phase, angle 

METMMXU1 A.phsC.instCVal.mag.f IC_MAG Current, C-phase, magnitude 

METMMXU1 A.res.instCVal.ang.f IG_ANG Current, calculated-residual, angle 

METMMXU1 A.res.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude 

METMMXU1 A.neut.instCVal.ang.f IN_ANG Neutral current, angle 

METMMXU1 A.neut.instCVal.mag.f IN_MAG Neutral current, magnitude 

METMMXU1 Hz.instMag.f FREQ Frequency 

METMMXU1 PhV.phsA.instCVal.ang.f VA_ANG Voltage, A-phase-to-neutral, angle 

METMMXU1 PhV.phsA.instCVal.mag.f VA_MAG Voltage, A-phase-to-neutral, magnitude 

METMMXU1 PhV.phsB.instCVal.ang.f VB_ANG Voltage, B-phase-to-neutral, angle 

METMMXU1 PhV.phsB.instCVal.mag.f VB_MAG Voltage, B-phase-to-neutral, magnitude 

METMMXU1 PhV.phsC.instCVal.ang.f VC_ANG Voltage, C-phase-to-neutral, angle 

METMMXU1 PhV.phsC.instCVal.mag.f VC_MAG Voltage, C-phase-to-neutral, magnitude 

METMMXU1 PhV.res.instCVal.ang.f VG_ANG Zero-sequence voltage, angle 

METMMXU1 PhV.res.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude 

METMMXU1 PPV.phsAB.instCVal.ang.f VAB_ANG Voltage, A-to-B-phase, angle 

METMMXU1 PPV.phsAB.instCVal.mag.f VAB_MAG Voltage, A-to-B-phase, magnitude 

METMMXU1 PPV.phsBC.instCVal.ang.f VBC_ANG Voltage, B-to-C-phase, angle 

METMMXU1 PPV.phsBC.instCVal.mag.f VBC_MAG Voltage, B-to-C-phase, magnitude 

METMMXU1 PPV.phsCA.instCVal.ang.f VCA_ANG Voltage, C-to-A-phase, angle 

METMMXU1 PPV.phsCA.instCVal.mag.f VCA_MAG Voltage, C-to-A-phase, magnitude 

METMMXU1 TotPF.instMag.f PF Power factor, 3-phase, magnitude 

METMMXU1 TotVA.instMag.f S Apparent power, 3-phase, magnitude 

METMMXU1 TotVAr.instMag.f Q Reactive power, 3-phase, magnitude 

METMMXU1 TotW.instMag.f P Real power, 3-phase, magnitude 

METMSQI1 MaxImbA.instMag.f UBI Current imbalance

METMSQI1 MaxImbV.instMag.f UBV Voltage imbalance

METMSQI1 SeqA.c1.instCVal.ang.f I1_ANG Positive-sequence current, angle

METMSQI1 SeqA.c1.instCVal.mag.f I1_MAG Positive-sequence current, magnitude

METMSQI1 SeqA.c2.instCVal.ang.f I2_ANG Negative-sequence current, angle

METMSQI1 SeqA.c2.instCVal.mag.f I2_MAG Negative-sequence current, magnitude

Table F.16 Logical Device: MET (Metering) (Sheet 2 of 4)

Logical Node Attribute Data Source Comment
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METMSQI1 SeqA.c3.instCVal.ang.f IG_ANG Current, calculated-residual, angle 

METMSQI1 SeqA.c3.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude 

METMSQI1 SeqV.c1.instCVal.ang.f V1_ANG Positive-sequence voltage, angle

METMSQI1 SeqV.c1.instCVal.mag.f V1_MAG Positive-sequence voltage, magnitude

METMSQI1 SeqV.c2.instCVal.ang.f V2_ANG Negative-sequence voltage, angle

METMSQI1 SeqV.c2.instCVal.mag.f V2_MAG Negative-sequence voltage, magnitude

METMSQI1 SeqV.c3.instCVal.ang.f VG_ANG Zero-sequence voltage, angle 

METMSQI1 SeqV.c3.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude 

METMSTA1 AvAmps.instMag.f IAV Current, average current, magnitude 

METMSTA1 AvVolts.instMag.f VAVE Average voltage, magnitude 

METMSTA1 MaxA.phsA.instCVal.mag.f IAMX Current, A-phase, maximum magnitude 

METMSTA1 MaxA.phsB.instCVal.mag.f IBMX Current, B-phase, maximum magnitude 

METMSTA1 MaxA.phsC.instCVal.mag.f ICMX Current, C-phase, maximum magnitude 

METMSTA1 MaxA.res.instCVal.mag.f IGMX Current, residual, maximum magnitude 

METMSTA1 MaxA.neut.instCVal.mag.f INMX Current, neutral, maximum magnitude 

METMSTA1 MaxP2PV.phsAB.instCVal.mag.f VABMX Voltage, A-to-B-phase, maximum magnitude 

METMSTA1 MaxP2PV.phsBC.instCVal.mag.f VBCMX Voltage, B-to-C-phase, maximum magnitude 

METMSTA1 MaxP2PV.phsCA.instCVal.mag.f VCAMX Voltage, C-to-A-phase, maximum magnitude 

METMSTA1 MaxPhV.phsA.instCVal.mag.f VAMX Voltage, A-phase-to-neutral, maximum magnitude 

METMSTA1 MaxPhV.phsB.instCVal.mag.f VBMX Voltage, B-phase-to-neutral, maximum magnitude 

METMSTA1 MaxPhV.phsC.instCVal.mag.f VCMX Voltage, C-phase-to-neutral, maximum magnitude 

METMSTA1 MaxVA.instMag.f KVA3PMX Apparent power, 3-phase, maximum magnitude 

METMSTA1 MaxVAr.instMag.f KVAR3PMX Reactive power, 3-phase, maximum magnitude 

METMSTA1 MaxW.instMag.f KW3PMX Real power, 3-phase, maximum magnitude 

METMSTA1 MinA.phsA.instCVal.mag.f IAMN Current, A-phase, minimum magnitude 

METMSTA1 MinA.phsB.instCVal.mag.f IBMN Current, B-phase, minimum magnitude 

METMSTA1 MinA.phsC.instCVal.mag.f ICMN Current, C-phase, minimum magnitude 

METMSTA1 MinA.res.instCVal.mag.f IGMN Current, residual, minimum magnitude 

METMSTA1 MinA.neut.instCVal.mag.f INMN Current, neutral, minimum magnitude 

METMSTA1 MinP2PV.phsAB.instCVal.mag.f VABMN Voltage, A-to-B-phase, minimum magnitude 

METMSTA1 MinP2PV.phsBC.instCVal.mag.f VBCMN Voltage, B-to-C-phase, minimum magnitude 

METMSTA1 MinP2PV.phsCA.instCVal.mag.f VCAMN Voltage, C-to-A-phase, minimum magnitude 

METMSTA1 MinPhV.phsA.instCVal.mag.f VAMN Voltage, A-phase-to-neutral, minimum magnitude 

METMSTA1 MinPhV.phsB.instCVal.mag.f VBMN Voltage, B-phase-to-neutral, minimum magnitude 

METMSTA1 MinPhV.phsC.instCVal.mag.f VCMN Voltage, C-phase-to-neutral, minimum magnitude 

METMSTA1 MinVA.instMag.f KVA3PMN Apparent power, 3-phase, minimum magnitude 

METMSTA1 MinVAr.instMag.f KVAR3PMN Reactive power, 3-phase, minimum magnitude 

METMSTA1 MinW.instMag.f KW3PMN Real power, 3-phase, minimum magnitude 

RMSMMXU2 A.phsA.instCVal.mag.f IARMS RMS current, A-phase, magnitude 

RMSMMXU2 A.phsB.instCVal.mag.f IBRMS RMS current, B-phase, magnitude 

RMSMMXU2 A.phsC.instCVal.mag.f ICRMS RMS current, C-phase, magnitude 

Table F.16 Logical Device: MET (Metering) (Sheet 3 of 4)

Logical Node Attribute Data Source Comment
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Table F.17shows the LN associated with control elements defined as Logical 
Device CON.

Table F.18 shows the LN associated with annunciation elements defined as 
Logical Device ANN.

RMSMMXU2 A.neut.instCVal.mag.f INRMS RMS current, neutral, magnitude 

RMSMMXU2 PhV.phsA.instCVal.mag.f VARMS RMS voltage, A-phase, magnitude 

RMSMMXU2 PhV.phsB.instCVal.mag.f VBRMS RMS voltage, B-phase, magnitude 

RMSMMXU2 PhV.phsC.instCVal.mag.f VCRMS RMS voltage, C-phase, magnitude 

RMSMMXU2 PPV.phsAB.instCVal.mag.f VABRMS RMS voltage, AB-phase-to-phase, magnitude 

RMSMMXU2 PPV.phsBC.instCVal.mag.f VBCRMS RMS voltage, BC-phase-to-phase, magnitude 

RMSMMXU2 PPV.phsCA.instCVal.mag.f VCARMS RMS voltage, CA-phase-to-phase, magnitude 

THERMMTHR1 MaxAmbTmp.instMag.f RTDAMBc Ambient RTD temperature 

THERMMTHR1 MaxBrgTmp.instMag.f RTDBRGMXc Maximum bearing RTD temperature 

THERMMTHR1 MaxOthTmp.instMag.f RTDOTHMXc Other maximum RTD temperature 

THERMMTHR1 MaxWdgTmp.instMag.f RTDWDGMXc Maximum winding RTD temperature 

THERMMTHR1 Tmp01.instMag.f –Tmp12.instMag.f RTD1 - RTD12c RTD1 - RTD12 temperature 

Functional Constraint = ST

DCZBAT1 BatHi.stVal DCHI Station dc battery instantaneous overvoltage ele-
ment

DCZBAT1 BatLo.stVal DCLO Station dc battery instantaneous undervoltage ele-
ment

THERMMTHR1 EEHealth.stVal RTDFLT?1:3c RTD input or communication status

a MX values contain instantaneous attributes (instMag and instCVal), which are updated whenever the source updates and other attributes 
which are only updates when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Data validity depends on the relay model and installed card options. Refer to Section 1: Introduction and Specifications for different relay 
models and available options. Refer to Section 5: Metering and Monitoring for the model dependent metering quantities.

c Valid data depend on E49RTD and RTD1LOC–RTD12LOC settings.

Table F.16 Logical Device: MET (Metering) (Sheet 4 of 4)

Logical Node Attribute Data Source Comment

Table F.17 Logical Device: CON (Remote Control)

Logical Node Status Control Relay Word Bit Comment

RBGGIO1 SPCSO01.stVal–SPC-
SO08.stVal

SPCSO01.Oper.ctlVal–SPC-
SO08.Oper.ctlVal

RB01–RB08 Remote Bits RB01–RB08

RBGGIO2 SPCSO09.stVal–SPC-
SO16.stVal

SPCSO09.Oper.ctlVal–SPC-
SO16.Oper.ctlVal

RB09–RB16 Remote Bits RB09–RB16

RBGGIO3 SPCSO17.stVal– SPC-
SO24.stVal

SPCSO17.Oper.ctlVal–SPC-
SO24.Oper.ctlVal

RB17–RB24 Remote Bits RB17–RB24

RBGGIO4 SPCSO25.stVal–SPC-
SO32.stVal

SPCSO25.Oper.ctlVal–SPC-
SO32.Oper.ctlVal

RB25–RB32 Remote Bits RB25–RB32

Table F.18 Logical Device: ANN (Annunciation) (Sheet 1 of 5)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number
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Functional Constraint = MXa

AINCGGIO21 AnIn01.instMag.f–
AnIn08.instMag.f

AI301–AI308b Analog Inputs (AI301 to AI308)—Slot C

AINDGGIO22 AnIn01.instMag.f–
AnIn08.instMag.f 

AI401–AI408b Analog Inputs (AI401 to AI408)—Slot D

AINEGGIO23 AnIn01.instMag.f–
AnIn08.instMag.f

AI501–AI508b Analog Inputs (AI501 to AI508)—Slot E

BWASCBR1 AbrPrt.instMag.f WEARA Breaker - Contact A wear 

BWBSCBR2 AbrPrt.instMag.f WEARB Breaker - Contact B wear

BWCSCBR3 AbrPrt.instMag.f WEARC Breaker - Contact C wear 

LSGGIO31 AnIn01.instMag.f–
AnIn04.instMag.f

LSENS1–LSENS4c Arc-flash sensor light (LSENS1-LSENS8)

MVGGIO12 AnIn01.instMag.f–
AnIn32.instMag.f

MV01–MV32d Math Variables (MV01 to MV32)

PWRGGIO30 AnIn01.instMag.f KWADIe Real power, A-phase demand IN 

PWRGGIO30 AnIn02.instMag.f KWBDIe Real power, B-phase demand IN 

PWRGGIO30 AnIn03.instMag.f KWCDIe Real power, C-phase demand IN 

PWRGGIO30 AnIn04.instMag.f KW3DIe Real power, 3-phase demand IN 

PWRGGIO30 AnIn05.instMag.f KVARADIe Reactive power, A-phase demand IN

PWRGGIO30 AnIn06.instMag.f KVARBDIe Reactive power, B-phase demand IN 

PWRGGIO30 AnIn07.instMag.f KVARCDIe Reactive power, C-phase demand IN 

PWRGGIO30 AnIn08.instMag.f KVAR3DIe Reactive power, 3-phase demand IN 

PWRGGIO30 AnIn09.instMag.f KWADOe Real power, A-phase demand OUT 

PWRGGIO30 AnIn10.instMag.f KWBDOe Real power, B-phase demand OUT 

PWRGGIO30 AnIn11.instMag.f KWCDOe Real power, C-phase demand OUT 

PWRGGIO30 AnIn12.instMag.f KW3DOe Real power, 3-phase demand OUT 

PWRGGIO30 AnIn13.instMag.f KVARADOe Reactive power, A-phase demand OUT 

PWRGGIO30 AnIn14.instMag.f KVARBDOe Reactive power, B-phase demand OUT 

PWRGGIO30 AnIn15.instMag.f KVARCDOe Reactive power, C-phase demand OUT 

PWRGGIO30 AnIn16.instMag.f KVAR3DOe Reactive power, 3-phase demand OUT 

PWRGGIO30 AnIn17.instMag.f KWAPDIe Real power, A-phase peak demand IN 

PWRGGIO30 AnIn18.instMag.f KWBPDIe Real power, B-phase peak demand IN 

PWRGGIO30 AnIn19.instMag.f KWCPDIe Real power, C-phase peak demand IN 

PWRGGIO30 AnIn20.instMag.f KW3PDIe Real power, 3-phase peak demand IN 

PWRGGIO30 AnIn21.instMag.f KVARAPDIe Reactive power, A-phase peak demand IN 

PWRGGIO30 AnIn22.instMag.f KVARBPDIe Reactive power, B-phase peak demand IN 

PWRGGIO30 AnIn23.instMag.f KVARCPDIe Reactive power, C-phase peak demand IN 

PWRGGIO30 AnIn24.instMag.f KVAR3PDIe Reactive power, 3-phase peak demand IN 

PWRGGIO30 AnIn25.instMag.f KWAPDOe Real power, A-phase peak demand OUT 

PWRGGIO30 AnIn26.instMag.f KWBPDOe Real power, B-phase peak demand OUT 

PWRGGIO30 AnIn27.instMag.f KWCPDOe Real power, C-phase peak demand OUT 

PWRGGIO30 AnIn28.instMag.f KW3PDOe Real power, 3-phase peak demand OUT 

PWRGGIO30 AnIn29.instMag.f KVARAPDOe Reactive power, A-phase peak demand OUT 

Table F.18 Logical Device: ANN (Annunciation) (Sheet 2 of 5)

Logical Node Attribute Data Source Comment
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PWRGGIO30 AnIn30.instMag.f KVARBPDOe Reactive power, B-phase peak demand OUT 

PWRGGIO30 AnIn31.instMag.f KVARCPDOe Reactive power, C-phase peak demand OUT 

PWRGGIO30 AnIn32.instMag.f KVAR3PDOe Reactive power, 3-phase peak demand OUT 

SCGGIO20 AnIn01.instMag.f–
AnIn32.instMag.f

SC01–SC32f SELOGIC Counters (SC01 to SC32)

Functional Constraint = ST

BWASCBR1 ColOpn.stVal OC Open breaker

BWBSCBR2 ColOpn.stVal OC Open breaker

BWCSCBR3 ColOpn.stVal OC Open breaker

INAGGIO1 Ind01.stVal–Ind02.stVal IN101–IN102 Digital Inputs (IN101 to IN102)—Slot A

INCGGIO13 Ind01.stVal–Ind08.stVal IN301–IN308b Digital Inputs (IN301 to IN308)—Slot C

INDGGIO15 Ind01.stVal–Ind08.stVal IN401–IN408b Digital Inputs (IN401 to IN408)—Slot D

INEGGIO17 Ind01.stVal–Ind08.stVal IN501–IN508b Digital Inputs (IN501 to IN508)—Slot E

LBGGIO27 Ind01.stVal–Ind32.stVal LB01–LB32g Local Bits (LB01 to LB32)

LTGGIO5 Ind01.stVal–Ind32.stVal LT01–LT32h Latch Bits (LT01 to LT32)

MBOKGGIO28 Ind01.stVal ROKA Channel A, received data OK

MBOKGGIO28 Ind02.stVal RBADA Channel A, outage duration over threshold

MBOKGGIO28 Ind03.stVal CBADA Channel A, channel unavailability over threshold

MBOKGGIO28 Ind04.stVal LBOKA Channel A, looped back OK

MBOKGGIO28 Ind05.stVal ROKB Channel B, received data OK

MBOKGGIO28 Ind06.stVal RBADB Channel B, outage duration over threshold

MBOKGGIO28 Ind07.stVal CBADB Channel B, channel unavailability over threshold

MBOKGGIO28 Ind08.stVal LBOKB Channel B, looped back OK

MISCGGIO29 Ind01.stVal–Ind03.stVal SG1–SG3 Setting Group 1 to 3 selection

MISCGGIO29 Ind04.stVal HALARM Indication of a diagnostic failure or warning that warrants an 
ALARM

MISCGGIO29 Ind05.stVal SALARM Indication of software or user activity that warrants an

ALARM

MISCGGIO29 Ind06.stVal WARNING Relay Word WARNING

MISCGGIO29 Ind07.stVal IRIGOK IRIG-B time synch input data is valid

MISCGGIO29 Ind08.stVal TSOK Time synchronization OK

MISCGGIO29 Ind09.stVal DST Daylight savings time active

MISCGGIO29 Ind10.stVal LINKA Asserted when a valid link is detected on Port 1A

MISCGGIO29 Ind11.stVal LINKB Asserted when a valid link is detected on Port 1B

MISCGGIO29 Ind12.stVal LINKFAIL Asserted when a valid link is not detected on the active 
port(s)

MISCGGIO29 Ind13.stVal PASEL Asserted when port 1A is active

MISCGGIO29 Ind14.stVal PBSEL Asserted when port 1B is active

MISCGGIO29 Ind15.stVal COMMLOSS DeviceNet communication failure

MISCGGIO29 Ind16.stVal COMMFLT DeviceNet internal communication failure

OUTAGGIO2 Ind01.stVal–Ind03.stVal OUT101–OUT103 Digital Outputs (OUT101 to OUT103)—Slot A

OUTCGGIO14 Ind01.stVal–Ind04.stVal OUT301–OUT304b Digital Outputs (OUT301 to OUT304)—Slot C

Table F.18 Logical Device: ANN (Annunciation) (Sheet 3 of 5)

Logical Node Attribute Data Source Comment
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OUTDGGIO16 Ind01.stVal–Ind04.stVal OUT401–OUT404b Digital Outputs (OUT401 to OUT404)—Slot D

OUTEGGIO18 Ind01.stVal–Ind04.stVal OUT501–OUT504b Digital Outputs (OUT501 to OUT504)—Slot E

PBLEDGGIO7 Ind01.stVal PB1A_LED Pushbutton PB1A LED

PBLEDGGIO7 Ind02.stVal PB1B_LED Pushbutton PB1B LED

PBLEDGGIO7 Ind03.stVal PB2A_LED Pushbutton PB2A LED

PBLEDGGIO7 Ind04.stVal PB2B_LED Pushbutton PB2B LED

PBLEDGGIO7 Ind05.stVal PB3A_LED Pushbutton PB3A LED

PBLEDGGIO7 Ind06.stVal PB3B_LED Pushbutton PB3B LED

PBLEDGGIO7 Ind07.stVal PB4A_LED Pushbutton PB4A LED

PBLEDGGIO7 Ind08.stVal PB4B_LED Pushbutton PB4B LED

PROGGIO25 Ind01.stVal AFALARM Arc-flash system integrity alarm

PROGGIO25 Ind02.stVal FREQTRK Frequency tracking enable bit 

PROGGIO25 Ind03.stVal–Ind06.stVal AFS1EL–AFS4ELc AF Light Input 1-4 excessive ambient light pickup 

PROGGIO25 Ind07.stVal CLOSE Close logic output

PROGGIO25 Ind08.stVal CF Close condition failure (asserts for ¼ cycle)

PROGGIO25 Ind09.stVal RCSF Reclose supervision failure (asserts for ¼ cycle)

PROGGIO25 Ind10.stVal OPTMN Open interval timer is timing

PROGGIO25 Ind11.stVal RSTMN Reset timer is timing

PROGGIO25 Ind12.stVal PHDEM Phase current demand pickup

PROGGIO25 Ind13.stVal 3I2DEM Negative-sequence current demand pickup

PROGGIO25 Ind14.stVal GNDEM Zero-sequence current demand pickup

PROGGIO25 Ind15.stVal 59VP Phase voltage window element (selected phase voltage [VP] 
between settings 25VLO and 25VHI)

PROGGIO25 Ind16.stVal 59VS VS channel voltage window element (selected phase voltage 
[VS] between settings 25VLO and 25VHI)

PROGGIO25 Ind17.stVal SF Slip frequency of voltages VP and VS and less than setting 
25SF

PROGGIO25 Ind18.stVal 81RFBLK Fast rate-of-change overall block logic output 

PROGGIO25 Ind19.stVal 81RFT Fast rate-of-change trip output

PROGGIO25 Ind20.stVal 81RFBL Fast rate-of-change block output SELOGIC

PROGGIO25 Ind21.stVal 81RFP Fast rate-of-change pickup

PROGGIO25 Ind22.stVal 81RFI Fast rate-of-change initiate

PROGGIO25 Ind23.stVal 25A1 Level 1 synchronism-check element 

PROGGIO25 Ind24.stVal 25A2 Level 2 synchronism-check element

RCGGIO26 Ind01.stVal 79RS Reclosing relay in reset state

RCGGIO26 Ind02.stVal 79CY Reclosing relay in reclose cycle state

RCGGIO26 Ind03.stVal 79LO Reclosing relay in lockout state

RCGGIO26 Ind04.stVal–Ind08.stVal SH0–SH4 Reclosing relay shot counter = 0 - 4

RMBAGGIO8 Ind01.stVal–Ind08.stVal RMB1A–RMB8A Receive MIRRORED BITS (RMB1A to RMB8A)

RMBBGGIO10 Ind01.stVal–Ind08.stVal RMB1B–RMB8B Receive MIRRORED BITS (RMB1B to RMB8B)

SVGGIO3 Ind01.stVal–Ind32.stVal SV01–SV32i SELOGIC Variables (SV01 to SV32)

SVTGGIO4 Ind01.stVal–Ind32.stVal SV01T–SV32Ti SELOGIC Variable Timers (SV01T to SV32T)

Table F.18 Logical Device: ANN (Annunciation) (Sheet 4 of 5)
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TLEDGGIO6 Ind01.stVal ENABLED ENABLED LED

TLEDGGIO6 Ind02.stVal TRIP_LED TRIP LED

TLEDGGIO6 Ind03.stVal–Ind08.stVal TLED_01–TLED_06 Target LEDs TLED_01 to TLED_06

TMBAGGIO9 Ind01.stVal–Ind08.stVal TMB1A–TMB8A Transmit MIRRORED BITS (TMB1A to TMB8A)

TMBBGGIO11 Ind01.stVal–Ind08.stVal TMB1B–TMB8B Transmit MIRRORED BITS (TMB1B to TMB8B)

TRIPGGIO24 Ind01.stVal AMBTRIP Ambient temperature trip

TRIPGGIO24 Ind02.stVal BRGTRIP Bearing temperature trip

TRIPGGIO24 Ind03.stVal FAULT Indicates fault condition

TRIPGGIO24 Ind04.stVal OTHTRIP Other temperature trip

TRIPGGIO24 Ind05.stVal REMTRIP Remote trip

TRIPGGIO24 Ind06.stVal RTDFLT Asserts when an open or short circuit condition is detected 
on any enabled RTD input, or communication with the exter-
nal RTD module has been interrupted

TRIPGGIO24 Ind07.stVal ULTRIP Unlatch (auto reset) trip from SELOGIC equation

TRIPGGIO24 Ind08.stVal WDGTRIP Winding temperature trip

VBGGIO19 Ind001.stVal–
Ind128.stVal

VB001–VB128 Virtual bits (VB001 to VB128)

a MX values contain instantaneous attributes (instMag and instCVal), which are updated whenever the source updates and other attributes 
which are only updated when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Active data only if optional I/O card is installed in the slot.
c Active data only if optional Arc-Flash card is installed.
d Active data depend on the EMV setting.
e Data validity depends on the relay models and installed card options. Refer to Section 1: Introduction and Specifications for different relay 

models and available card options. Refer to Section 5: Metering and Monitoring for the model dependent metering quantities.
f Active data depends on the ESC setting.
g Active data depends on the ELB setting.
h Active data depends on the ELAT setting.
i Active data depends on the ESV setting.

Table F.18 Logical Device: ANN (Annunciation) (Sheet 5 of 5)

Logical Node Attribute Data Source Comment

Table F.19 Logical Device: CFG (Configuration)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

DevIDLPHD1 PhyNam.serNum SER_NUM Serial number 

LLN0 NamPlt.swRev FID Firmware revision
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Protocol Implementation Conformance Statement
The following tables are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, so only the optional 
services and functions are listed.

Refer to the ACSI Conformance statements in the Reference Manual for 
information on the supported services.

MMS Conformance The Manufacturing Messaging Specification (MMS) stack provides the basis 
for many IEC 61850 Protocol services. Table F.22 defines the service support 
requirement and restrictions of the MMS services in the SEL-700 series 
products supporting IEC 61850. Generally, only those services whose 
implementation is not mandatory are shown. Refer to the IEC 61850 standard 
Part 8-1 for more information.

Table F.20 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
Management

A3 GSSE N N

A4 Time Sync N N

Table F.21 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, Not GSSE

T4 GSSE N N

T5 Time Sync Y N

Table F.22 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList
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getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore

reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

Table F.22 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported
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deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

reportJournalStatus

createJournal

deleteJournal

fileOpen

fileRead

fileClose

fileRename

fileDelete

fileDirectory

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

ReconfigureProgramInvocation

Table F.22 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported
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Table F.23 lists specific settings for the MMS parameter Conformance 
Building Block (CBB).

The following Variable Access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 
standard Part 8-1 for more information.

Table F.23 MMS Parameter CBB

MMS Parameter CBB Client-CR Supported Server-CR Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table F.24 Alternate Access Selection Conformance Statement

Alternate Access Selection Client-CR Supported Server-CR Supported

accessSelection Y

 component Y

 index

 indexRange

 allElements

alternateAccess Y

selectAccess Y

 component Y

 index

 indexRange

 allElements

Table F.25 VariableAccessSpecification Conformance Statement

VariableAccessSpecification Client-CR Supported Server-CR Supported

listOfVariable Y

 variableSpecification Y

 alternateAccess Y

variableListName Y
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t

Table F.26 VariableSpecification Conformance Statement

VariableSpecification Client-CR Supported Server-CR Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table F.27 Read Conformance Statement

Read Client-CR Supported Server-CR Supported

Request

 specificationWithResult

 variableAccessSpecification

Response

 variableAccessSpecification Y

 listOfAccessResult Y

Table F.28 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 name

 address

Response

 mmsDeletable Y

 address

 typeSpecification Y

Table F.29 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 variableListName

 listOfVariable

 variableSpecification

 alternateAccess

Response
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GOOSE Services 
Conformance 
Statement

Table F.30 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes Client-CR Supported Server-CR Supported

Request

 ObjectName

Response

 mmsDeletable Y

 listOfVariable Y

 variableSpecification Y

alternateAccess Y

Table F.31 DeleteNamedVariableList

DeleteNamedVariableList Client-CR Supported Server-CR Supported

Request

 Scope

 listOfVariableListName

 domainName

Response

 numberMatched

 numberDeleted

DeleteNamedVariableList-Error

Table F.32 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y
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ACSI Conformance Statements

Table F.33 ACSI Basic Conformance Statement

Client/Subscriber Server/Publisher SEL-751A Support

Client-Server Roles

B11 Server side (of Two-Party Applica-
tion-Association)

- cla YES

B12 Client side (of Two-Party Applica-
tion-Association)

cla -

SCMS Supported

B21 SCSM: IEC 61850-8-1 used YES

B22 SCSM: IEC 61850-9-1 used

B23 SCSM: IEC 61850-9-2 used

B24 SCSM: other

Generic Substation Event Model (GSE)

B31 Publisher side - Ob YES

B32 Subscriber side Ob - YES

Transmission of Sampled Value Model (SVC)

B41 Published side - Ob

B42 Subscriber side Ob -

a c1 shall be mandatory if support for LOGICAL-DEVICE model has been declared.
b O = Optional.

Table F.34 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscriber Server/Publisher SEL-751A Support

If Server Side (B11) Supported

M1 Logical device c2a c2a YES

M2 Logical node c3b c3b YES

M3 Data c4c c4c YES

M4 Data set c5d c5d YES

M5 Substation Oe Oe

M6 Setting group control Oe Oe

Reporting

M7 Buffered report control Oe Oe YES

M7-1 sequence-number YES

M7-2 report-time-stamp YES

M7-3 reason-for-inclusion YES

M7-4 data-set-name YES

M7-5 data-reference YES

M7-6 buffer-overflow YES

M7-7 entryID YES

M7-8 BufTm YES

M7-9 IntgPd YES

M7-10 G1 YES
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M8 Unbuffered report control Oe Oe YES

M8-1 sequence-number YES

M8-2 report-time-stamp YES

M8-3 reason-for-inclusion YES

M8-4 data-set-name YES

M8-5 data-reference YES

M8-6 BufTm YES

M8-7 IntgPd YES

M-8-8 GI YES

Logging

M9 Log control Oe Oe

M9-1 IntgPd Oe Oe

M10 Log Oe Oe

M11 Control Mf Mf YES

If GSE (B31/32) Is Supported

M12 GOOSE Oe Oe YES

M12-1 entryID YES

M12-2 DataReflnc YES

M13 GSSE Oe Oe

If GSE (B41/42) Is Supported

M14 Multicast SVC Oe Oe

M15 Unicast SVC Oe Oe

M16 Time Mf Mf

M17 File Transfer Oe Oe

a c2 shall be "M" if support for LOGICAL-NODE model has been declared.
b c3 shall be "M" if support for DATA model has been declared.
c c4 shall be "M" if support for DATA-SET, Substitution, Report, Log Control, or Time model has been declared.
d c5 shall be "M" if support for Report, GSE, or SV models has been declared.
e O = Optional.
f M = Mandatory.

Table F.34 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscriber Server/Publisher SEL-751A Support

Table F.35 ACSI Services Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support

Server (Clause 6)

S1 ServerDirectory TP Ma YES

Application Association (Clause 7)

S2 Associate Ma Ma YES

S3 Abort Ma Ma YES

S4 Release Ma Ma YES

Logical Device (Clause 8)

S5 LogicalDeviceDirectory TP Ma Ma YES
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Logical Node (Clause 9)

S6 LogicalNodeDirectory TP Ma Ma YES

S7 GetAllDataValues TP Ob Ma YES

Data (Clause 10)

S8 GetDataValues TP Ma Ma YES

S9 SetDataValues TP Ob Ob

S10 GetDataDirectory TP Ob Ma YES

S11 GetDataDefinition TP Ob Ma YES

Data Set (Clause 11)

S12 GetDataSetValues TP Ob Ma YES

S13 SetDataSetValues TP Ob Ob

S14 CreateDataSet TP Ob Ob

S15 DeleteDataSet TP Ob Ob

S16 GetDataSetDirectory TP Ob Ob YES

Substitution (Clause 12)

S17 SetDataValues TP Ma Ma

Setting Group Control (Clause 13)

S18 SelectActiveSG TP Ob Ob

S19 SelectEditSG TP Ob Ob

S20 SetSGvalues TP Ob Ob

S21 ConfirmEditSGVal TP Ob Ob

S22 GetSGValues TP Ob Ob

S23 GetSGCBValues TP Ob Ob

S24 Report TP c6c c6c YES

S24-1 data-change (dchg) YES

S24-2 qchg-change (qchg) YES

S24-3 data-update (dupd)

S25 GetBRCBValues TP c6c c6c YES

S26 SetBRCBValues TP c6c c6c YES

Unbuffered Report Control Block (URCB)

S27 Report TP c6c c6c YES

S27-1 data-change (dchg) YES

S27-2 qchg-change (qchg) YES

S27-3 data-update (dupd)

S28 GetURCBValues TP c6c c6c YES

S29 SetURCBValues TP c6c c6c YES

Table F.35 ACSI Services Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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Logging (Clause 14)

Log Control Block

S30 GetLCBValues TP Ma Ma

S31 SetLCBValues TP Ob Ma

LOG

S32 QueryLogByTime TP c7d Ma

S33 QueryLogByEntry TP c7d Ma

S34 GetLogStatusValues TP Ma Ma

Generic Substation Event Model (GSE) (Clause 14.3.5.3.4)

GOOSE-Control-Block

S35 SendGOOSEMessage MC c8e c8e YES

S36 GetReference TP Ob c9f

S37 GetGOOSEElement

Number TP Ob c9f

S38 GetGoCBValues TP Ob Ob YES

S39 SetGoCBValues TP Ob Ob

ONLY

GSSE-Control-Block

S40 SendGSSEMessage MC c8e c8e

S41 GetReference TP Ob c9f

S42 GetGSSEElement

Number TP Ob c9f

S43 GetGsCBValues TP Ob Ob

S44 GetGsCBValues TP Ob Ob

Transmission of Sample Value Model (SVC) (Clause 16)

Multicast SVC

S45 SendMSVMessage MC c10g c10g

S46 GetMSVCBValues TP Ob Ob

S47 SetMSVCBValues TP Ob Ob

Unicast SVC

S48 SendUSVMessage MC c10g c10g

S49 GetUSVCBValues TP Ob Ob

S50 SetUSVCBValues TP Ob Ob

Control (Clause 16.4.8)

S51 Select Ma Ob

S52 SelectWithValue TP Ma Ob YES

S53 Cancel TP Ob Ma YES

S54 Operate TP Ma Ma YES

S55 Command-Termination TP Ma Ma YES

S56 TimeActivated-Operate TP Ob Ob

Table F.35 ACSI Services Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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File Transfer (Clause 20)

S57 GetFile TP Ob Ma

S58 SetFile TP Ob Ob

S59 DeleteFile TP Ob Ob

S60 GetFileAttributeValues TP Ob Ma

Time (Clause 5.5)

T1 Time resolution of internal 
clock (nearest negative 
power of 2 in seconds)

2-10 (1 ms) T1

T2 Time accuracy of internal 
clock

10/9

T1 YES

T2 YES

T3 YES

T4 YES

T3 Supported TimeStamp reso-
lution (nearest negative 
power of 2 in seconds)

2-10 (1 ms) 10

a M = Mandatory.
b O = Optional.
c c6 shall declare support for at least one (BRCB or URCB).
d c7 shall declare support for at least one (QueryLogByTime or QueryLogAfter).
e c8 shall declare support for at least one (SendGOOSEMessage or SendGSSEMessage).
f c9 shall declare support if TP association is available.
g c10 shall declare support for at least one (SendMSVMessage or SendUSVMessage).

Table F.35 ACSI Services Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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Appendix G
DeviceNet Communications

Overview
This appendix describes the DeviceNet communications features supported by 
the SEL-751A Feeder Protection Relay. DeviceNet is a low-level 
communications network that provides direct connectivity among industrial 
devices, resulting in improved communication and device-level diagnostics 
that are otherwise either unavailable or inaccessible through expensive 
hardwired I/O interfaces. Industrial devices, for which DeviceNet provides 
this direct connectivity, include limit switches, photoelectric sensors, valve 
manifolds, motor starters, process sensors, bar code readers, variable 
frequency drives, panel displays, and operator interfaces. The SEL DeviceNet 
Communications Card User’s Guide contains more information on the 
installation and use of the DeviceNet card.

The BLOCK MODBUS SET setting is used to block relay settings changes 
via Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

NOTE: Be aware of the following 
setting in the relay: Under Global 
settings =====>> Access Control, 
there is a setting called BLOCK 
MODBUS SET.

The customer is strongly advised to change the BLKMBSET (BLOCK 
MODBUS SET) := ALL if they (customer) do not want the PLC 
(Programmable Logic Controller) or DCS (Distributed Control System) to 
send the settings to the SEL-751A Relay. There is a strong possibility that 
under special conditions like a reboot, the PLC/DCS will send default settings 
to the relay, overwriting the existing settings. To protect the existing settings 
under these conditions it is highly recommended to set the setting to "ALL."
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DeviceNet Card
The DeviceNet Card is an optional accessory that enables connection of the 
SEL-751A to the DeviceNet automation network. The card (see Figure G.1) 
occupies the communications expansion Slot C in the relay.

Figure G.1 DeviceNet Card Component Overview

Features
The DeviceNet Card features the following:

➤ The card receives the necessary power from the DeviceNet 
network.

➤ Rotary switches let you set the node address and network data 
rate prior to mounting in the SEL-751A and applying power. 
Alternatively, you can set the switches to positions that allow 
for configuration of these settings over the DeviceNet network, 
using a network configuration tool such as RSNetWorx for 
DeviceNet.

➤ Status indicators report the status of the device bus and network 
communications. They are visible from the back panel of the 
SEL-751A as installed. 

You can do the following with the DeviceNet interface:

➤ Retrieve metering data such as the following:

➢ Currents

➢ Voltages

➢ Power

➢ Energy

➢ Max/Min 

➢ Analog Inputs

➢ Counters

Node Address Switch: Rotary switch 
for setting the least significant digit 
(LSD) of node address

DeviceNet Connector: Accepts a 
5-pin linear, open DeviceNet plug

Node Address Switch: Rotary 
switch for setting the most 
significant digit (MSD) of node 

Data Rate Switch: Rotary switch for 
selecting the DeviceNet data rate at which 
the card communicates

Network Status LED: Status indicator 
for DeviceNet communication

Bus Status LED: Status indicator for 
backplane (relay) communication

NOTE: The DeviceNet option has 
been discontinued and is no longer 
available to order after 
September 25, 2017.
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➤ Retrieve and modify relay settings 

➤ Read and set time 

➤ Monitor device status, trip/warning status, and I/O status

➤ Perform high-speed control 

➤ Reset trip, target, and accumulated data

➤ Retrieve events history 

You can configure the DeviceNet interface through the use of address and data 
transmission rate switches. Indicators on the card at the back of the relay show 
network status and network activity. 

Electronic Data Sheet

The Electronic Data Sheet (EDS) is a specially formatted file that includes 
configurable parameters for the device and public interfaces to those 
parameters. The EDS file contains information such as number of parameters; 
groupings; parameter name; minimum, maximum, and default values; units; 
data format; and scaling. This information makes possible user-friendly 
configuration tools (e.g., RSNetWorx for DeviceNet or DeviceNet 
Configurator from OMRON) for device parameter monitoring, modification, 
or both. The interface to the device can also be easily updated without revision 
of the configuration software tool itself. 

All the registers defined in the Modbus Register Map (Table E.34) are 
available as parameters in a DeviceNet configuration. Parameter names, data 
ranges, and scaling; enumeration values and strings; parameter groups; and 
product information are the same as specified in the Modbus Register Map 
defined in Table E.34. The parameter numbers are offset by a count of 100 
from the register numbers.

The EDS file for the SEL-751A, SEL-xxxRxxx.EDS, is located on the 
SEL-751A Product Literature CD, or can also be downloaded from the SEL 
website at www.selinc.com.

Complete specifications for the DeviceNet protocol are available on the Open 
DeviceNet Vendor’s Association (ODVA) website www.odva.org. ODVA is an 
independent supplier organization that manages the DeviceNet specification 
and supports the worldwide growth of DeviceNet.

https://www.selinc.com
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Appendix H
Synchrophasors

Overview
The SEL-751A Feeder Protection Relay provides Phasor Measurement 
Control Unit (PMCU) capabilities when connected to an IRIG-B time source 
with an accuracy of ±10 µs or better. Synchrophasor data are available via the 
MET PM ASCII command and the C37.118 Protocol.

Synchrophasor measurement refers to the concept of providing measurements 
taken on a synchronized schedule at precise instants in time. A high-accuracy 
clock, commonly called a Global Positioning System (GPS) receiver such as 
the SEL-2407 Satellite-Synchronized Clock, makes synchrophasor 
measurement possible.

The availability of an accurate time reference over a large geographic area 
allows multiple devices, such as SEL-751A Relays, to synchronize the 
gathering of power system data. The accurate clock allows precise event 
report triggering and other off-line analysis functions.

The SEL-751A Global settings class contains the synchrophasor settings, 
including the choice of transmitted synchrophasor data set. The Port settings 
class selects which serial port(s) you can use for synchrophasor protocol. See 
Settings for Synchrophasors on page H.4. 

The SEL-751A timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement. 
Some protection SELOGIC variables, and programmable digital trigger 
information is also added to the Relay Word bits for synchrophasors. See 
Synchrophasor Relay Word Bits on page H.8.

When synchrophasor measurement is enabled, the SEL-751A creates the 
synchrophasor data set at a user-defined rate. Synchrophasor data are available 
in ASCII format over a serial port set to PROTO = SEL. See View 
Synchrophasors Using the MET PM Command on page H.9.

The value of synchrophasor data increases greatly when you can share the 
data over a communications network in real time. A synchrophasor protocol is 
available in the SEL-751A that allows for a centralized device to collect data 
efficiently from several phasor measurement units (PMUs). Some possible 
uses of a system-wide synchrophasor system include the following: 

➤ Power-system state measurement

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power-system disturbance analysis
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The SEL-3306 Synchrophasor Processor is a PC-based communications 
processor specifically designed to interface with PMUs. The SEL-3306 has 
two primary functions. The first is to collect and correlate synchrophasor data 
from multiple PMUs. The second is to then compact and transmit 
synchrophasor data either to a data historian for post-analysis or to 
visualization software for real-time viewing of a power system.

The SEL-751A supports the protocol portion of the IEEE C37.118, Standard 
for Synchrophasors for Power Systems. In the SEL-751A, this protocol is 
referred to simply as C37.118. See Settings Affect Message Contents on 
page H.10.

Synchrophasor Measurement
The phasor measurement unit in the SEL-751A measures four voltages (VA, 
VB, VC, and Vsync) and four currents (IA, IB, IC, and IN) on a constant-time 
basis. These samples are time-stamped with the IRIG time source. The phase 
angle is measured relative to an absolute time reference, which is represented 
by a cosine function in Figure H.1. The time-of-day is shown for the two time 
marks. The reference is consistent with the phase reference defined in the 
C37.118 standard. During steady-state conditions, you can compare the 
SEL-751A synchrophasor values directly to values from other phasor 
measurement units that conform to C37.118. Synchrophasor values are 
available for the full frequency range of the SEL-751A.

Figure H.1 Phase Reference

The TSOK Relay Word bit asserts when the SEL-751A has determined that 
the IRIG-B time source has sufficient accuracy and the synchrophasor data 
meets the specified accuracy. Synchrophasors are still measured if the time 
source threshold is not met, as indicated by Relay Word bit TSOK = logical 0. 
The MET PM command is not available in this case.

The instrumentation transformers (PTs or CTs) and the interconnecting cables 
can introduce a time shift in the measured signal. Global settings VCOMP and 
ICOMP, entered in degrees, are added to the measured phasor angles to create 
the corrected phasor angles, as shown in Figure H.2, Figure H.3, and 
Equation H.1. The VCOMP and ICOMP settings can be positive or negative 
values.

t

10:00:00:000000 10:00:00:016667
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Figure H.2 Waveform at Relay Terminals May Have a Phase Shift

Equation H.1

If the time shift on the pt measurement path Δtpt = 0.784 ms and the nominal 
frequency, freqnominal = 60Hz, use Equation H.2 to obtain the correction 
angle: 

Equation H.2

Figure H.3 Correction of Measured Phase Angle

The phasors are rms values scaled in primary units, as determined by Group 
setting PTR, PTRS (for sync check input), CTR, and CTRN. 

Because the sampling reference is based on the GPS clock (IRIG-B signal) 
and not synchronized to the power system, an examination of successive 
synchrophasor data sets will almost always show some angular change 
between samples of the same signal. This is not a malfunction of the relay or 
the power system, but is merely a result of viewing data from one system with 
an instrument with an independent time base. In other words, a power system 
has a nominal frequency of either 50 or 60 Hz, but on closer examination, it is 
usually running a little faster or slower than nominal.
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Settings for Synchrophasors

The phasor measurement unit (PMU) settings are listed in Table H.1. Modify 
these settings when you want to use the C37.118 synchrophasor protocol. 

You must set Global enable setting EPMU to Y before the remaining 
SEL-751A synchrophasor settings are available. No synchrophasor data 
collection can take place when EPMU := N.

You must make the serial port settings in Table H.2 to transmit data with a 
synchrophasor protocol. It is possible to set EPMU := Y without using any 
serial ports for synchrophasor protocols. For example, the serial port 
MET PM ASCII command can still be used.

Certain settings in Table H.1 are hidden, depending on the status of other 
settings. For example, if PHDATAI := NA, the ICOMP setting is hidden to 
limit the number of settings for your synchrophasor application.

The Port settings for PROTO := PMU, shown in Table H.2, do not include the 
settings DATABIT and PARITY; these two settings are internally fixed as 
DATABIT := 8, PARITY := N (None). See Section 7: Communications for 
descriptions of these functions.

Table H.1 PMU Settings in the SEL-751A for C37.118 Protocol in Global 
Settings 

Setting Description Default

EPMU Enable Synchronized Phasor Measurement 
(Y, N)

Na

a Set EPMU := Y to access the remaining settings.

MRATE Messages per Second {1, 2, 5, 10} 10

PMSTN Station Name (16 characters) SEL-751A FEEDER1

PMID PMU Hardware ID (1–65534) 1

PHDATAV Phasor Data Set, Voltages (V1, ALL, NA) V1

VCOMP Voltage Angle Comp Factor 
(–179.99 to 180 deg)

0.00

PHDATAI Phasor Data Set, Currents (I1, ALL, NA) NA

ICOMP Current Angle Comp Factor 
(–179.99 to 180 deg)

0.00

NUMANA Number of Analog Values (0–4) 0

NUMDSW Number of 16-bit Digital Status Words (0, 1) 0

TREA1 Trigger Reason Bit 1 (SELOGIC) TRIP or ER

TREA2 Trigger Reason Bit 2 (SELOGIC) 81D1T OR 81D2T OR 
81D3T OR 81D4T

TREA3 Trigger Reason Bit 3 (SELOGIC) 59P1T OR 59P2T 

TREA4 Trigger Reason Bit 4 (SELOGIC) 27P1T OR 27P2T

PMTRIG Trigger (SELOGIC) TREA1 OR TREA2 
OR TREA3 OR 
TREA4

IRIGC IRIG-B Control Bits Definition (NONE, 
C37.118)

NONE
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PROTO := PMU Does Not Allow Commands on That Serial Port
You can make the PROTO := PMU settings choice in Table H.2 even when 
Global setting EPMU := N. However, in this situation, the serial port will not 
respond to any commands or requests. Either enable synchrophasors by 
making the Table H.1 settings, or change the port PROTO setting to SEL.

If you use a computer terminal session or QuickSet connected to a serial port, 
and then set that same serial port PROTO setting to PMU, you will lose the 
ability to communicate with the relay through ASCII commands or virtual file 
interface commands. If this happens, either connect via another serial port 
(that has PROTO := SEL) or use the front-panel HMI SET/SHOW screen to 
change the disabled port PROTO setting back to SEL. 

Descriptions of Synchrophasor Settings
Definitions for the settings in Table H.1 are as follows:

MRATE
Selects the message rate in messages per second for synchrophasor data 
streaming on serial ports.

Choose the MRATE setting that suits the needs of your PMU application. This 
setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size. See 
Communications Bandwidth on page H.10 for detailed information.

PMSTN and PMID
Defines the name and number of the PMU.

The PMSTN setting is an ASCII string with as many as 16 characters. The 
PMID setting is a numeric value. Use your utility or synchrophasor data 
concentrator naming convention to determine these settings.

PHDATAV and VCOMP
PHDATAV selects which voltage synchrophasors to include in the data packet. 
Consider the burden on your synchrophasor processor and offline storage 
requirements when deciding how much data to transmit. This setting is one of 
six settings that determine the minimum port SPEED necessary to support the 
synchrophasor data packet rate and size—see Communications Bandwidth on 
page H.10 for detailed information.

➤ PHDATAV := V1 will transmit only positive-sequence 
voltage, V1 

Table H.2 SEL-751A Serial Port Settings for Synchrophasors

Setting Description Default

PROTO Protocol (SEL, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)a, b

a Some of the other PROTO setting choices may not be available.
b Setting choice PMU is not available on PORT 1.

SELc

c Set PROTO := PMU to enable (on this port) the synchrophasor protocol.

SPEED Data Speed (300, 1200, 2400, 4800, 9600, 
19200, 38400 bps)

9600

STOPBIT Stop Bits (1, 2) 1

RTSCTS HDWR HANDSHAKING (Y, N) N
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➤ PHDATAV := ALL will transmit V1, VA, VB, VC, and VS (if 
available)

➤ PHDATAV := NA will not transmit any voltages

Table H.3 describes the order of synchrophasors inside the data packet.

The VCOMP setting allows correction for any steady-state voltage phase 
errors (from the potential transformers or wiring characteristics). See 
Synchrophasor Measurement on page H.2 for details on this setting.

PHDATAI and ICOMP
PHDATAI selects which current synchrophasors to include in the data packet. 
Consider the burden on your synchrophasor processor and offline storage 
requirements when deciding how much data to transmit. This setting is one of 
the five settings that determine the minimum port SPEED necessary to support 
the synchrophasor data packet rate and size—see Communications Bandwidth 
on page H.10 for detailed information.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1 

➤ PHDATAI := ALL will transmit I1, IA, IB, IC, and IN

➤ PHDATAI := NA will not transmit any currents

Table H.3 describes the order of synchrophasors inside the data packet.

The ICOMP setting allows correction for any steady-state phase errors (from 
the current transformers or wiring characteristics). See Synchrophasor 
Measurement on page H.2 for details on these settings.

NUMANA
Selects the number of user-definable analog values to be included in the 
synchrophasor data stream.

Table H.3 Synchrophasor Order in Data Stream (Voltages and Currents) 

Synchrophasorsa 

a Synchrophasors are included in the order shown (i.e., voltages, if selected, will always precede 
currents).

Included When Global Settings Are as Follows:Polar

Magnitude Angle

V1 V1 PHDATAV := V1 or ALL

VA VA

VB VB PHDATAV := ALL

VC VC

VS VS

I1 I1 PHDATAI := I1 or ALL 

IA IA

IB IB PHDATAI := ALL 

IC IC

IN IN
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This setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size—see 
Communications Bandwidth on page H.10 for detailed information.

The choices for this setting depend on the synchrophasor system design.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–4 sends the user-definable analog 
values, as listed in Table H.4. 

The format of the user-defined analog data are always floating point, and each 
value occupies four bytes.

NUMDSW
Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

This setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size—see 
Communications Bandwidth on page H.10 for detailed information.

The choices for this setting depend on the synchrophasor system design. The 
inclusion of binary data can help indicate breaker status or other operational 
data to the synchrophasor processor.

➤ Setting NUMDSW := 0 sends no user-definable binary status 
words.

➤ Setting NUMDSW := 1 sends the user-definable binary status 
words, as listed in Table H.5. 

Table H.4 User-Defined Analog Values Selected by the NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 MV29 4

2 Above, plus MV30 8

3 Above, plus MV31 12

4 Above, plus MV32 16

Table H.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [SV32, SV31 … SV17] 2
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TREA1, TREA2, TREA3, TREA4, and PMTRIG
Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU 
Trigger setting, PMTRIG, are SELOGIC control equations in the Global 
settings class. The SEL-751A evaluates these equations and places the results 
in Relay Word bits with the same names: TREA1–TREA4, and PMTRIG. 

The trigger reason equations represent the Trigger Reason bits in the STAT 
field of the data packet. After the trigger reason bits are set to convey a 
message, the PMTRIG equation should be asserted for a reasonable time to 
allow the synchrophasor processor to read the TREA1–TREA4 fields.

The SEL-751A automatically sets the TREA1–TREA4 or PMTRIG Relay 
Word bits based on their default SELOGIC control equations. To change the 
operation of these bits they must be programmed.

These bits may be used to send various messages at a low bandwidth via the 
synchrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the 
trigger reason messages in SELOGIC.

Use these Trigger Reason bits when your synchrophasor system design 
requires these bits. The SEL-751A synchrophasor processing and protocol 
transmission are not affected by the status of these bits.

IRIGC
Defines whether IEEE C37.118 control bit extensions are in use. Control bit 
extensions contain information such as Leap Second, UTC time, Daylight 
Savings Time, and Time Quality. When your satellite-synchronized clock 
provides these extensions your relay will be able adjust the synchrophasor 
time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Synchrophasor Relay Word Bits
Table H.6 and Table H.7 list the SEL-751A Relay Word bits that are related to 
synchrophasor measurement. The Synchrophasor Trigger Relay Word bits in 
Table H.6 follow the state of the SELOGIC control equations of the same 
name, listed at the bottom of Table H.1. These Relay Word bits are included in 
the IEEE C37.118 synchrophasor data frame STAT field. See Table H.5 for 
standard definitions for these settings.

NOTE: The PM Trigger function is 
not associated with the SEL-751A 
Event Report Trigger ER, a SELOGIC 
control equation in the Report 
settings class.

Table H.6 Synchrophasor Trigger Relay Word Bits 

Name Description

PMTRIG Trigger (SELOGIC)

TREA4 Trigger Reason Bit 4 (SELOGIC)

TREA3 Trigger Reason Bit 3 (SELOGIC)

TREA2 Trigger Reason Bit 2 (SELOGIC)

TREA1 Trigger Reason Bit 1 (SELOGIC)
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The Time-Synchronization Relay Word bits in Table H.7 indicate the present 
status of the timekeeping function of the SEL-751A.

View Synchrophasors Using the MET PM Command
You can use the MET PM serial port ASCII command to view the SEL-751A 
synchrophasor measurements. See MET Command (Metering Data) on 
page 7.34 for general information on the MET command.

There are multiple ways to use the MET PM command:

➤ As a test tool, to verify connections, phase rotation, and scaling

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time

➤ As a method of periodically gathering synchrophasor data 
through a communications processor

The MET PM command displays the same set of analog synchrophasor 
information, regardless of the Global settings PHDATAV, PHDATAI, and 
PHCURR. The MET PM command can function even when no serial ports 
are sending synchrophasor data—it is unaffected by serial port setting 
PROTO.

The MET PM command will only operate when the SEL-751A is in the IRIG 
timekeeping mode, as indicated by Relay Word bit TSOK = logical 1.

Figure H.4 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Meter PM menu in QuickSet, and has a 
similar format to Figure H.4.

NOTE: In order to have the MET PM 
xx:yy:zz response transmitted from a 
serial port, the corresponding port 
must have the AUTO setting set to 
YES (Y).

You can use the MET PM time command to direct the SEL-751A to display 
the synchrophasor for an exact specified time, in 24-hour format. For example, 
entering the command MET PM 14:14:12 will result in a response similar to 
Figure H.4 occurring just after 14:14:12, with the time stamp 14:14:12.000. 

See Section 7: Communications for complete command options, and error 
messages.

Table H.7 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time Synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy for synchrophasor measurement.

PMDOK Phasor Measurement Data OK. Asserts when the SEL-751A is enabled 
and synchrophasors are enabled (Global setting EPMU := Y).
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C37.118 Synchrophasor Protocol
The SEL-751A complies with IEEE C37.118, Standard for Synchrophasors 
for Power Systems. The protocol is available on serial ports 2, 3, 4, and F by 
setting the corresponding Port setting PROTO := PMU.

This subsection does not cover the details of the protocol, but highlights some 
of the important features and options that are available.

Settings Affect 
Message Contents

The SEL-751A allows several options for transmitting synchrophasor data. 
These are controlled by Global settings described in Settings for 
Synchrophasors on page H.4. You can select how often to transmit the 
synchrophasor messages (MRATE) and which synchrophasors to transmit 
(PHDATAV and PHDATAI). The SEL-751A automatically includes the 
frequency and rate-of-change of frequency in the synchrophasor messages. 

The relay can include as many as four user-programmable analog values in the 
synchrophasor message, as controlled by Global setting NUMANA, and 0 or 
16 digital status values, as controlled by Global setting NUMDSW.

The SEL-751A always includes the results of four synchrophasor trigger 
reason SELOGIC control equations TREA1, TREA2, TREA3, and TREA4, 
and the trigger SELOGIC control equation result PMTRIG, in the 
synchrophasor message.

Communications 
Bandwidth

A phasor measurement unit (PMU) that is configured to transmit a single 
synchrophasor (positive-sequence voltage, for example) at a message rate of 
once per second places little burden on the communications channel. As more 

=>MET PM <Enter>

SEL-751A                                 Date: 10/24/2008   Time: 02:43:44
FEEDER RELAY                             Time Source: External

Time Quality   Maximum time synchronization error:    0.000 (ms)  TSOK = 0

Synchrophasors

                   Phase Voltages     Sync Voltage  Pos. Seq. Voltage
               VA        VB        VC       VS          V1
MAG (V)      134.14     131.64   128.60   120.79      131.45
ANG (DEG)    129.22     10.57   -111.89   129.50      129.50

                   Phase Currents     Neut. Current Pos. Seq. Current
               IA        IB        IC       IN          I1
MAG (A)     365.40    359.22    379.54     12.00     367.91
ANG (DEG)   114.78     -2.35   -120.40    -26.35     118.65

FREQ (Hz) 60.000
Rate-of-change of FREQ (Hz/s)    0.00

Digitals

SV24    SV23    SV22    SV21    SV20    SV19    SV18    SV17
 0       0       1       0       0       0       1       0
SV32    SV31    SV30    SV29    SV28    SV27    SV26    SV25
 1       0       0       0       1       0       0       0

Analogs

MV29      2.123  MV30      10.450  MV31      -120.300  MV32      40.120  

=>

Figure H.4 Sample MET PM Command Response
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synchrophasors, analog values, or digital status words are added, or if the 
message rate is increased, some communications channel restrictions come 
into play.

The C37.118 synchrophasor message format always includes 18 bytes for the 
message header and terminal ID, time information, status bits, and CRC value. 
The selection of synchrophasor data, numeric format, programmable analog, 
and programmable digital data will add to the byte requirements. You can use 
Table H.8 to calculate the number of bytes in a synchrophasor message.

Table H.9 lists the baud settings available on any SEL-751A serial port 
(setting SPEED), and the maximum message size that can fit within the port 
bandwidth. Blank entries indicate bandwidths of less than 20 bytes.

Referring to Table H.8 and Table H.9, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one 
digital status word, and this message would consume 24 bytes. This type of 
message could be sent at any message rate (MRATE) when SPEED := 4800 to 
38400, as much as MRATE := 5 when SPEED := 2400, and as much as 
MRATE := 1 when SPEED := 600.

Another example application has messages comprised of nine synchrophasors, 
one digital status word, and two analog values. This type of message would 
consume 68 bytes. The 68-byte message could be sent at any message rate 
(MRATE) when SPEED := 9600. 

Protocol Operation The SEL-751A will only transmit synchrophasor messages over serial ports 
that have setting PROTO := PMU. The connected device will typically be a 
synchrophasor processor, such as the SEL-3306. The synchrophasor processor 
controls the PMU functions of the SEL-751A, with IEEE C37.118 commands, 

Table H.8 Size of a C37.118 Synchrophasor Message

Item
Possible Number

of Quantities 
Bytes 

per Quantity

Minimum 
Number
of Bytes

Maximum 
Number
of Bytes

Fixed 18 18

Synchrophasors 0, 1, 2, 4, 5, 

6, 9, or 10

4 0 40

Frequency 2 (fixed) 2 4 4

Analog Values 0–4 4 0 16

Digital Status 
Words

0–1 2 0 2

Total (Minimum and Maximum) 22 80

Table H.9 Serial Port Bandwidth for Synchrophasors (in Bytes)

Global 
Setting 
MRATE

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400

1 21 42 85 170 340 680 1360 2720

2 21 42 85 170 340 680 1360

5 34 68 136 272 544

10 34 68 136 272
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including commands to start and stop synchrophasor data transmission, and 
commands to request a configuration block from the relay, so the 
synchrophasor processor can automatically build a database structure.

Transmit Mode Control
The SEL-751A will not begin transmitting synchrophasors until an enable 
message is received from the synchrophasor processor. The relay will stop 
synchrophasor transmission when the appropriate command is received from 
the synchrophasor processor. The SEL-751A can also indicate when a 
configuration change occurs, so the synchrophasor processor can request a 
new configuration block and keep its database up-to-date.

The SEL-751A will only respond to configuration block request messages 
when it is in the non-transmitting mode.

NOTE: Only one serial port can be 
set to PROTO:=PMU at one time.
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Overview
MIRRORED BITS is a direct relay-to-relay communications protocol that allows 
IEDs to exchange information quickly, securely, and with minimal expense. 
Use MIRRORED BITS for functions such as remote control and remote sensing. 
The SEL-751A Feeder Protection Relay supports two MIRRORED BITS 
communications channels, designated A and B. Use the port setting PROTO to 
assign one of the MIRRORED BITS communications channels to a serial port; 
PROTO:=MBA for MIRRORED BITS communications Channel A or 
PROTO:=MBB for MIRRORED BITS communications Channel B. MIRRORED 
BITS are either Transmit MIRRORED BITS (TMB) or Received MIRRORED BITS 
(RMB). Transmit MIRRORED BITS include TMB1A–TMB8A (channel A) and 
TMB1B–TMB8B (channel B). The last letter (A or B) designates with which 
channel the bits are associated. Received bits include RMB1A–RMB8A and 
RMB1B–RMB8B. Control the transmit MIRRORED BITS in SELOGIC control 
equations. Use the received MIRRORED BITS as arguments in SELOGIC control 
equations. The channel status bits are ROKA, RBADA, CBADA, LBOKA, 
ROKB, RBADB, CBADB, and LBOKB. You can also use these channel 
status bits as arguments in SELOGIC control equations. Use the COM 
command (see Section 7: Communications) for additional channel status 
information.

Because of different applications, the SEL product range supports several 
variations of the MIRRORED BITS communications protocol. Through port 
settings, you can set the SEL-751A for compatible operation with SEL-300 
series devices, SEL-2505 Remote I/O Modules, and SEL-2100 Logic 
Processors. When communicating with an SEL-400 series relay, be sure to set 
the transmission mode setting in the SEL-400 series relay to paced 
transmission (TXMODE := P).

Operation
Message 
Transmission

In the SEL-751A, the MIRRORED BITS transmission rate is a function of both 
the data rate and the power system cycle. At data rates slower than 9600, the 
SEL-751A transmits MIRRORED BITS as fast as possible for the given rate. At 
rates at and faster than 9600 bps the SEL-751A self-paces, using a technique 
similar to the SEL-400 series pacing mode. There are no settings to enable or 
disable the self-pacing mode; the SEL-751A automatically enters the self-
pacing mode at data rates of 9600, 19200, and 38400. Table I.1 shows the 
transmission rates of the MIRRORED BITS messages at different rates.

IMPORTANT: Be sure to configure 
the port before connecting to a 
MIRRORED BITS device. If you connect 
an unconfigured port to a MIRRORED 
BITS device, the device will appear to 
be locked up.

NOTE: Complete all of the port 
settings for a port that you use for 
MIRRORED BITS communications before 
you connect an external MIRRORED BITS 
communications device. If you 
connect a MIRRORED BITS 
communications device to a port that 
is not set for MIRRORED BITS 
communications operation, the port 
will be continuously busy.
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Transmitting at longer intervals for data rates faster than 9600 avoids 
overflowing relays that receive MIRRORED BITS at a slower rate.

Message Reception 
Overview

During synchronized MIRRORED BITS communications with the 
communications channel in normal state, the relay decodes and checks each 
received message. If the message is valid, the relay sends each received logic 
bit (RMBn, where n = 1 through 8) to the corresponding pickup and dropout 
security counters, that in turn set or clear the RMBnA and RMBnB relay 
element bits.

Message Decoding 
and Integrity Checks

Set the RX_ID of the local SEL-751A to match the TX_ID of the remote 
SEL-751A. The SEL-751A provides indication of the status of each 
MIRRORED BITS communications channel with Relay Word bits ROKA 
(receive OK) and ROKB. During normal operation, the relay sets the ROKc 
(c = A or B). Upon detecting any of the following conditions, the relay clears 
the ROKc bit when:

➤ The relay is disabled.

➤ MIRRORED BITS communications is not enabled.

➤ Parity, framing, or overrun errors.

➤ Receive message identification error.

➤ No message received in the time three messages have been sent 
when PROTO = MBc, or seven messages have been sent when 
PROTO = MB8c.

➤ Loopback is enabled.

The relay asserts ROKc only after successful synchronization as described in 
the following text and two consecutive messages pass all of the data checks 
described previously. After ROKc is reasserted, received data may be delayed 
while passing through the security counters described in the following text.

While ROKc is deasserted, the relay does not transfer new RMB data to the 
pickup-dropout security counters described in the following text. Instead, the 
relay sends one of the user-definable default values to the security counter 
inputs. For each RMBn, use the RXDFLT setting to determine the default state 
the MIRRORED BITS should use in place of received data if the relay detects an 
error condition. The setting is a mask of 1s, 0s, and/or Xs (for RMB1A–
RMB8A), where X represents the most recently received valid value. The 
positions of the 1s and 0s correspond to the respective positions of the 
MIRRORED BITS in the Relay Word bits (see Appendix J: Relay Word Bits). 
Table I.2 is an extract of Appendix J: Relay Word Bits, showing the positions 
of the MIRRORED BITS.

Table I.1 Number of MIRRORED BITS Messages for Different Rates

Rate Transmission Rate of MIRRORED BITS Packets

2400 15 ms

4800 7.5 ms

9600 4 times a power system cycle (automatic pacing mode)

19200 4 times a power system cycle (automatic pacing mode)

38400 4 times a power system cycle (automatic pacing mode)
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Table I.3 shows an example of the values of the MIRRORED BITS for a 
RXDFLT setting of 10100111.

Individual pickup and dropout security counters supervise the movement of 
each received data bit into the corresponding RMBn element. You can set each 
pickup/dropout security counter from 1 to 8. A setting of 1 causes a security 
counter to pass every occurrence, while a setting of 8 causes a counter to wait 
for eight consecutive occurrences in the received data before updating the data 
bits. The pickup and dropout security count settings are separate. Control the 
security count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout 
timer, except that the counter uses units of counted received messages instead 
of time. Select a setting for the security counter in accordance with the 
transmission rate (see Table I.1). For example, when transmitting at 2400 
baud, a security counter set to 2 counts delays a bit by about 30 ms. However, 
when operating at 9600 baud, a setting of 2 counts delays a bit by about 
8.5 ms.

You must consider the impact of the security counter settings in the receiving 
relay to determine the channel timing performance, particularly when two 
relays of different processing rates are communicating via MIRRORED BITS, 
such as an SEL-321 and an SEL-751A. The SEL-321 processes power system 
information each 1/8 power system cycle, but, when transmitting at 19200 
baud, the SEL-751A processes MIRRORED BITS messages at 4.15 ms at 60 Hz 
(4 times per power system cycle at 60 Hz). Although the SEL-321 processes 
power system information each 1/8 power system cycle, the relay processes 
the MIRRORED BITS pickup/dropout security counters as MIRRORED BITS 
messages are received. Because the SEL-751A transmits messages at 
approximately 1/4-cycle processing interval (9600 baud and faster, see 
Table I.1), a counter set to two in the SEL-321 delays a received bit by another 
approximately 1/2 cycle. However, a security counter in the SEL-751A with a 
setting of two delays a received bit from the SEL-321 by 1/4 cycle, because 
the SEL-751A is receiving new MIRRORED BITS messages each 1/8 cycle 
from the SEL-321.

Channel 
Synchronization

When an SEL-751A detects a communications error, it deasserts ROKA or 
ROKB. If an SEL-751A detects two consecutive communications errors, it 
transmits an attention message, which includes the TXID setting. The relay 
transmits an attention message until it receives an attention message that 
includes a match to the TXID setting value. If the attention message is 
successful, the relay has properly synchronized and data transmission 
resumes. If the attention message is not successful, the relay repeats the 
attention message until it is successful.

Table I.2 Positions of the MIRRORED BITS

Bit/
Row

7 6 5 4 3 2 1 0

88 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

90 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

Table I.3 MIRRORED BITS Values for a RXDFLT Setting of 10100111

Bit/
Row

7 6 5 4 3 2 1 0

88 1 0 1 0 0 1 1 1
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In summary, when a relay detects an error, it transmits an attention message 
until it receives an attention message with its own TX_ID included. If three or 
four relays are connected in a ring topology, the attention message will go all 
the way around the loop until the originating relay receives it. The message 
then dies and data transmission resumes. This method of synchronization 
allows the relays to reliably determine which byte is the first byte of the 
message. It also forces unsynchronized UARTs to become resynchronized. On 
the down side, this method takes down the entire loop for a receive error at any 
relay in the loop. This decreases availability. It also makes one-way 
communications impossible.

Loopback Testing Use the LOOP command to enable loopback testing. In the loopback mode, 
you loop the transmit port to the receive port of the same relay to verify 
transmission messages. While in loopback mode, ROKc is deasserted, and 
another user accessible Relay Word bit, LBOKc (Loop Back OK) asserts and 
deasserts based on the received data checks (see the Section 7: 
Communications for the ACSII commands).

Channel Monitoring Based on the results of data checks (described previously), the relay collects 
information regarding the 255 most recent communications errors. Each 
record contains at least the following fields:

➤ DATE—Date when the dropout occurred

➤ TIME—Time when the dropout occurred

➤ RECOVERY_DATE—Date when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ RECOVERY_TIME—Time when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ DURATION—Time elapsed during dropout

➤ CAUSE—Reason for dropout (see Message Decoding and 
Integrity Checks on page I.2)

There is a single record for each outage, but an outage can evolve. For 
example, the initial cause could be a data disagreement, but framing errors can 
extend the outage. If the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at the time the 
report was requested.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions 
using SELOGIC control equations. You 
can use these alarm conditions to 
program the relay to take appropriate 
action when it detects a 
communications channel failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay asserts a user-accessible Relay Word bit, RBADA or 
RBADB. When channel unavailability exceeds a user-definable threshold for 
Channel A or B, the relay asserts a user-accessible Relay Word bit, CBADA or 
CBADB. Use the COMM command to generate a long or summary report of 
the communications errors.

Use the RBADPU setting to determine how long a channel error must last 
before the meter element RBADA is asserted. RBADA is deasserted when the 
channel error is corrected. RBADPU is accurate to ±1 second.
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Use the CBADPU setting to determine the ratio of channel down time to the 
total channel time before the meter element CBADA is asserted. The times 
used in the calculation are those that are available in the COM records. See the 
COMMUNICATIONS Command in Section 7: Communications for more 
information.

MIRRORED BITS Protocol for the Pulsar 9600 Baud Modem
To use a Pulsar MBT modem, set setting PROTO := MBTA or MBTB (Port 
settings). Setting PROTO := MBTA or MBTB hides setting SPEED (forces 
the baud to 9600), hides setting PARITY (forces parity to a value of 0), hides 
setting RTSCTS (forces RTSCTS to a value of N), and forces the transmit 
time to be faster than double the power system cycle. Table I.4 shows the 
difference in message transmission periods without use of the Pulsar modem 
(PROTO ≠ MBTA or MBTB), and with use of the Pulsar MBT modem 
(PROTO = MBTA or MBTB).

NOTE: You must consider the idle 
time in calculations of data transfer 
latency through a Pulsar MBT modem 
system.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify 
that MIRRORED BITS communications matches this specification.

Settings
Set PROTO = MBA or MB8A to enable the MIRRORED BITS protocol channel 
A on this port. Set PROTO = MBB or MB8B to enable the MIRRORED BITS 
protocol channel B on this port. The standard MIRRORED BITS protocols MBA 
and MBB use a 6-data bit format for data encoding. The MB8 protocols 
MB8A and MB8B use an 8-data bit format, which allows MIRRORED BITS to 
operate on communication channels requiring an 8-data bit format. For the 
remainder of this section, PROTO = MBA is assumed. Table I.5 shows the 
MIRRORED BITS protocol port settings, ranges, and default settings for PORT F, 
PORT 3, and PORT 4.

Table I.4 MIRRORED BITS Communications Message Transmission Period

Baud PROTO ≠ MBTA or MBTB PROTO = MBTA or MBTB

38400 4 times a power system cycle n/a

19200 4 times a power system cycle n/a

9600 4 times a power system cycle 2 times a power system cycle

4800 7.5 ms n/a

Table I.5 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting 
Prompt

Setting Description
Factory-
Default 
Setting

TXID MIRRORED BITS ID of This Device (1–4) 2

RXID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (1–10000 seconds) 60

CBADPU Channel Unavailability to Set CBAD (1–10000 ppm) 1000

RXDFLT 8 char string of 1s, 0s, or Xs XXXXXXXX

RMB1PU RMB1 Pickup Debounce Messages (1–8 messages) 1

RMB1DO RMB1 Dropout Debounce Messages (1–8 messages) 1

RMB2PU RMB2 Pickup Debounce Messages (1–8 messages) 1
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RMB2DO RMB2 Dropout Debounce Messages (1–8 messages) 1

RMB3PU RMB3 Pickup Debounce Messages (1–8 messages) 1

RMB3DO RMB3 Dropout Debounce Messages (1–8 messages) 1

RMB4PU RMB4 Pickup Debounce Messages (1–8 messages) 1

RMB4DO RMB4 Dropout Debounce Messages (1–8 messages) 1

RMB5PU RMB5 Pickup Debounce Messages (1–8 messages) 1

RMB5DO RMB5 Dropout Debounce Messages (1–8 messages) 1

RMB6PU RMB6 Pickup Debounce Messages (1–8 messages) 1

RMB6DO RMB6 Dropout Debounce Messages (1–8 messages) 1

RMB7PU RMB7 Pickup Debounce Messages (1–8 messages) 1

RMB7DO RMB7 Dropout Debounce Messages (1–8 messages) 1

RMB8PU RMB8 Pickup Debounce Messages (1–8 messages) 1

RMB8DO RMB8 Dropout Debounce Messages (1–8 messages) 1

Table I.5 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting 
Prompt

Setting Description
Factory-
Default 
Setting
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Relay Word Bits

Overview
The protection and control element results are represented by Relay Word bits 
in the SEL-751A Feeder Protection Relay. Each Relay Word bit has a label 
name and can be in either of the following states:

➤ 1 (logical 1)

➤ 0 (logical 0)

Logical 1 represents an element being picked up or otherwise asserted. 
Logical 0 represents an element being dropped out or otherwise deasserted.

Table J.1 and Table J.2 show a list of Relay Word bits and corresponding 
descriptions. The Relay Word bit row numbers correspond to the row numbers 
used in the TAR command (see TARGET Command (Display Relay Word Bit 
Status) on page 7.44).

You can use any Relay Word bit (except Row 0) in SELOGIC control equations 
(see Section 4: Protection and Logic Functions) and the Sequential Events 
Recorder (SER) trigger list settings (see Section 9: Analyzing Events).

Table J.1 SEL-751A Relay Word Bits (Sheet 1 of 4)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

1 50A1P 50B1P 50C1P 50PAF ORED50T ORED51T 50NAF 52A

2 50P1P 50P2P 50P3P 50P4P 50Q1P 50Q2P 50Q3P 50Q4P

3 50P1T 50P2T 50P3T 50P4T 50Q1T 50Q2T 50Q3T 50Q4T

4 50N1P 50N2P 50N3P 50N4P 50G1P 50G2P 50G3P 50G4P

5 50N1T 50N2T 50N3T 50N4T 50G1T 50G2T 50G3T 50G4T

6 51AP 51BP 51CP 51P1P 51P2P 51N1P 51N2P 51QP

7 51AT 51BT 51CT 51P1T 51P2T 51N1T 51N2T 51QT

8 51AR 51BR 51CR 51P1R 51P2R 51N1R 51N2R 51QR

9 51G1P 51G1T 51G1R 51G2P 51G2T 51G2R 27P1 27P1T

10 27P2 27P2T 59P1 59P1T 59P2 59P2T 3P59 3P27

11 81D1T 81D2T 81D3T 81D4T 81D5T 81D6T 55A 55T

12 AMBALRM AMBTRIP OTHALRM OTHTRIP BKMON * BFI BFT

13 LINKA LINKB PMDOK SALARM WARNING TSOK IRIGOK FAULT

14 COMMIDLE COMMLOSS REMTRIP COMMFLT CFGFLT 3PWR1T 3PWR2T LOP

15 TRIP OUT101 OUT102 OUT103 OUT301 OUT302 OUT303 OUT304
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16 OUT401 OUT402 OUT403 OUT404 OUT501 OUT502 OUT503 OUT504

17 IN101 IN102 * * * * * *

18 IN301 IN302 IN303 IN304 IN305 IN306 IN307 IN308

19 IN401 IN402 IN403 IN404 IN405 IN406 IN407 IN408

20 IN501 IN502 IN503 IN504 IN505 IN506 IN507 IN508

21 WDGALRM WDGTRIP BRGALRM BRGTRIP RSTENRGY RSTMXMN RSTDEM RSTPK-
DEM

22 RTDFLT RTDIN TRGTR 3PWR1P 3PWR2P DSABLSET RSTTRGT HALARM

23 RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T

24 RTD5A RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T

25 RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T

26 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4

27 CLOSE CF RCSF OPTMN RSTMN LINKFAIL PASEL PBSEL

28 SG1 SG2 SG3 * * DI_C DI_B DI_A

29 CC OC * ER ULTRIP TR FREQTRK PMTRIG

30 DNAUX1 DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8

31 DNAUX9 DNAUX10 DNAUX11 RELAY_EN TREA1 TREA2 TREA3 TREA4

32 PB01 PB02 PB03 PB04 PB01_PUL PB02_PUL PB03_PUL PB04_PUL

33 PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED

34 CL ULCL T01_LED T02_LED T03_LED T04_LED T05_LED T06_LED

35 LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08

36 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16

37 LB17 LB18 LB19 LB20 LB21 LB22 LB23 LB24

38 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32

39 RB01 RB02 RB03 RB04 RB05 RB06 RB07 RB08

40 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16

41 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24

42 RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32

43 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08

44 SV01T SV02T SV03T SV04T SV05T SV06T SV07T SV08T

45 SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16

46 SV09T SV10T SV11T SV12T SV13T SV14T SV15T SV16T

47 SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24

48 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T

49 SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32

50 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T

51 LT01 LT02 LT03 LT04 LT05 LT06 LT07 LT08

52 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16

53 LT17 LT18 LT19 LT20 LT21 LT22 LT23 LT24

54 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32

Table J.1 SEL-751A Relay Word Bits (Sheet 2 of 4)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0



J.3

Date Code 20220610 Instruction Manual SEL-751A Relay

Relay Word Bits
Overview

55 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU SC08QU

56 SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD

57 SC09QU SC10QU SC11QU SC12QU SC13QU SC14QU SC15QU SC16QU

58 SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD

59 SC17QU SC18QU SC19QU SC20QU SC21QU SC22QU SC23QU SC24QU

60 SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD

61 SC25QU SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU

62 SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD SC32QD

63 AILW1 AILW2 AILAL * AIHW1 AIHW2 AIHAL *

64 AI301LW1 AI301LW2 AI301LAL * AI301HW1 AI301HW2 AI301HAL *

65 AI302LW1 AI302LW2 AI302LAL * AI302HW1 AI302HW2 AI302HAL *

66 AI303LW1 AI303LW2 AI303LAL * AI303HW1 AI303HW2 AI303HAL *

67 AI304LW1 AI304LW2 AI304LAL * AI304HW1 AI304HW2 AI304HAL *

68 AI305LW1 AI305LW2 AI305LAL * AI305HW1 AI305HW2 AI305HAL *

69 AI306LW1 AI306LW2 AI306LAL * AI306HW1 AI306HW2 AI306HAL *

70 AI307LW1 AI307LW2 AI307LAL * AI307HW1 AI307HW2 AI307HAL *

71 AI308LW1 AI308LW2 AI308LAL * AI308HW1 AI308HW2 AI308HAL *

72 AI401LW1 AI401LW2 AI401LAL * AI401HW1 AI401HW2 AI401HAL *

73 AI402LW1 AI402LW2 AI402LAL * AI402HW1 AI402HW2 AI402HAL *

74 AI403LW1 AI403LW2 AI403LAL * AI403HW1 AI403HW2 AI403HAL *

75 AI404LW1 AI404LW2 AI404LAL * AI404HW1 AI404HW2 AI404HAL *

76 AI405LW1 AI405LW2 AI405LAL * AI405HW1 AI405HW2 AI405HAL *

77 AI406LW1 AI406LW2 AI406LAL * AI406HW1 AI406HW2 AI406HAL *

78 AI407LW1 AI407LW2 AI407LAL * AI407HW1 AI407HW2 AI407HAL *

79 AI408LW1 AI408LW2 AI408LAL * AI408HW1 AI408HW2 AI408HAL *

80 AI501LW1 AI501LW2 AI501LAL * AI501HW1 AI501HW2 AI501HAL *

81 AI502LW1 AI502LW2 AI502LAL * AI502HW1 AI502HW2 AI502HAL *

82 AI503LW1 AI503LW2 AI503LAL * AI503HW1 AI503HW2 AI503HAL *

83 AI504LW1 AI504LW2 AI504LAL * AI504HW1 AI504HW2 AI504HAL *

84 AI505LW1 AI505LW2 AI505LAL * AI505HW1 AI505HW2 AI505HAL *

85 AI506LW1 AI506LW2 AI506LAL * AI506HW1 AI506HW2 AI506HAL *

86 AI507LW1 AI507LW2 AI507LAL * AI507HW1 AI507HW2 AI507HAL *

87 AI508LW1 AI508LW2 AI508LAL * AI508HW1 AI508HW2 AI508HAL *

88 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

89 TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A

90 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

91 TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B

92 LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA

93 VB001 VB002 VB003 VB004 VB005 VB006 VB007 VB008

94 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016

Table J.1 SEL-751A Relay Word Bits (Sheet 3 of 4)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0
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95 VB017 VB018 VB019 VB020 VB021 VB022 VB023 VB024

96 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032

97 VB033 VB034 VB035 VB036 VB037 VB038 VB039 VB040

98 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048

99 VB049 VB050 VB051 VB052 VB053 VB054 VB055 VB056

100 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064

101 VB065 VB066 VB067 VB068 VB069 VB070 VB071 VB072

102 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080

103 VB081 VB082 VB083 VB084 VB085 VB086 VB087 VB088

104 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096

105 VB097 VB098 VB099 VB100 VB101 VB102 VB103 VB104

106 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112

107 VB113 VB114 VB115 VB116 VB117 VB118 VB119 VB120

108 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128

109 PHDEM 3I2DEM GNDEM * BCWA BCWB BCWC BCW

110 59VP 59VS AFALARM SF 25A1 25A2 DCHI DCLO

111 59S1 59S1T 59S2 59S2T 27S1 27S1T 27S2 27S2T

112 TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC LPSECP

113 TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH

114 59G1 59G1T 59G2 59G2T 59Q1 59Q1T 59Q2 59Q2T

115 81R1T 81R2T 81R3T 81R4T AFS1DIAG AFS2DIAG  AFS3DIAG AFS4DIAG

116 TOL1 TOL2 TOL3 TOL4 AFS1EL AFS2EL  AFS3EL AFS4EL

117 LOPBLK MATHERR * * PHASE_A PHASE_B PHASE_C GFLT

118 * * * 81RFBLK 81RFT 81RFBL 81RFP 81RFI

119 * * * * * * * *

Table J.1 SEL-751A Relay Word Bits (Sheet 4 of 4)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 1 of 11)

Bit Definition Row

* Reserved for future use. —

3I2DEM Negative-Sequence Demand Pickup. 109

3P27 3-Phase Undervoltage Trip Pickup (all phases less than the 27P1P setting). 10

3P59 3-Phase Overvoltage Trip Pickup (all phases exceeding 59P1P setting). 10

3PWR1P 3-Phase Power Element 1 Pickup. 22

3PWR1T 3-Phase Power Element 1 Trip. 14

3PWR2P 3-Phase Power Element 2 Pickup. 22

3PWR2T 3-Phase Power Element 2 Trip. 14
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25A1 Synchronism-Check Element Level 1 Pickup. 110

25A2 Synchronism-Check Element Level 2 Pickup. 110

27P1 Phase Undervoltage Trip 1 Pickup (see Figure 4.20). 9

27P1T Phase Undervoltage Trip 1 Output (see Figure 4.20). 9

27P2 Phase Undervoltage Trip 2 Pickup (see Figure 4.20). 10

27P2T Phase Undervoltage Trip 2 Output (see Figure 4.20). 10

27S1 Level 1 VS Channel Undervoltage Element Pickup 111

27S1T Level 1 VS Channel Undervoltage Element With Time Delay 111

27S2 Level 2 VS Channel Undervoltage Element Pickup 111

27S2T Level 2 VS Channel Undervoltage Element With Time Delay 111

50G1P Definite-Time Residual Overcurrent Trip 1 Pickup (see Figure 4.1). 4

50G1T Definite-Time Residual Overcurrent Trip 1 Output (see Figure 4.1). 5

50G2P Definite-Time Residual Overcurrent Trip 2 Pickup (see Figure 4.1). 4

50G2T Definite-Time Residual Overcurrent Trip 2 Output (see Figure 4.1). 5

50G3P Definite-Time Residual Overcurrent Trip 3 Pickup (see Figure 4.1). 4

50G3T Definite-Time Residual Overcurrent Trip 3 Output (see Figure 4.1). 5

50G4P Definite-Time Residual Overcurrent Trip 4 Pickup (see Figure 4.1). 4

50G4T Definite-Time Residual Overcurrent Trip 4 Output (see Figure 4.1). 5

50N1P Definite-Time Neutral Overcurrent Trip 1 Pickup (see Figure 4.1). 4

50N1T Definite-Time Neutral Overcurrent Trip 1 Output (see Figure 4.1). 5

50N2P Definite-Time Neutral Overcurrent Trip 2 Pickup (see Figure 4.1). 4

50N2T Definite-Time Neutral Overcurrent Trip 2 Output (see Figure 4.1). 5

50N3P Definite-Time Neutral Overcurrent Trip 3 Pickup (see Figure 4.1). 4

50N3T Definite-Time Neutral Overcurrent Trip 3 Output (see Figure 4.1). 5

50N4P Definite-Time Neutral Overcurrent Trip 4 Pickup (see Figure 4.1). 4

50N4T Definite-Time Neutral Overcurrent Trip 4 Output (see Figure 4.1). 5

50NAF Sample-Based Neutral Overcurrent Element (Arc-Flash Protection) 1

50P1P Definite-Time Phase Overcurrent Trip 1 Pickup (see Figure 4.1). 2

50P1T Definite-Time Phase Overcurrent Trip 1 Output (see Figure 4.1). 3

50P2P Definite-Time Phase Overcurrent Trip 2 Pickup (see Figure 4.1). 2

50P2T Definite-Time Phase Overcurrent Trip 2 Output (see Figure 4.1). 3

50P3P Definite-Time Phase Overcurrent Trip 3 Pickup (see Figure 4.1). 2

50P3T Definite-Time Phase Overcurrent Trip 3 Output (see Figure 4.1). 3

50P4P Definite-Time Phase Overcurrent Trip 4 Pickup (see Figure 4.1). 2

50P4T Definite-Time Phase Overcurrent Trip 4 Output (see Figure 4.1). 3

50PAF Sample-Based Phase Overcurrent Element (Arc-Flash Protection) 1

50Q1P Definite-Time Negative-Sequence Overcurrent Trip 1 Pickup (see Figure 4.1). 2

50Q1T Definite-Time Negative-Sequence Overcurrent Trip 1 Output (see Figure 4.1). 3

50Q2P Definite-Time Negative-Sequence Overcurrent Trip 2 Pickup (see Figure 4.1). 2

50Q2T Definite-Time Negative-Sequence Overcurrent Trip 2 Output (see Figure 4.1). 3

50Q3P Definite-Time Negative-Sequence Overcurrent Trip 3 Pickup (see Figure 4.1). 2

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 2 of 11)

Bit Definition Row
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50Q3T Definite-Time Negative-Sequence Overcurrent Trip 3 Output (see Figure 4.1). 3

50Q4P Definite-Time Negative-Sequence Overcurrent Trip 4 Pickup (see Figure 4.1). 2

50Q4T Definite-Time Negative-Sequence Overcurrent Trip 4 Output (see Figure 4.1). 3

51AP Phase A Time-Overcurrent Element Pickup (see Figure 4.5). 6

51AR Phase A Time-Overcurrent Element Reset (see Figure 4.5). 8

51AT Phase A Time-Overcurrent Element Trip (see Figure 4.5). 7

51BP Phase B Time-Overcurrent Element Pickup (see Figure 4.5). 6

51BR Phase B Time-Overcurrent Element Reset (see Figure 4.5). 8

51BT Phase B Time-Overcurrent Element Trip (see Figure 4.5). 7

51CP Phase C Time-Overcurrent Element Pickup (see Figure 4.5). 6

51CR Phase C Time-Overcurrent Element Reset (see Figure 4.5). 8

51CT Phase C Time-Overcurrent Element Trip (see Figure 4.5). 7

51G1P Residual Time-Overcurrent Trip 1 Pickup (see Figure 4.9). 9

51G1R Residual Time-Overcurrent Trip 1 Reset (see Figure 4.9). 9

51G1T Residual Time-Overcurrent Trip 1 Output (see Figure 4.9). 9

51G2P Residual Time-Overcurrent Trip 2 Pickup (see Figure 4.9). 9

51G2R Residual Time-Overcurrent Trip 2 Reset (see Figure 4.9). 9

51G2T Residual Time-Overcurrent Trip 2 Output (see Figure 4.9). 9

51N1P Neutral Time-Overcurrent Trip 1 Pickup (see Figure 4.8). 6

51N1R Neutral Time-Overcurrent Trip 1 Reset (see Figure 4.8). 8

51N1T Neutral Time-Overcurrent Trip 1 Output (see Figure 4.8). 7

51N2P Neutral Time-Overcurrent Trip 2 Pickup (see Figure 4.8). 6

51N2R Neutral Time-Overcurrent Trip 2 Reset (see Figure 4.8). 8

51N2T Neutral Time-Overcurrent Trip 2 Output (see Figure 4.8). 7

51P1P Maximum Phase Time-Overcurrent Trip 1 Pickup (see Figure 4.6). 6

51P1R Maximum Phase Time-Overcurrent Trip 1 Reset (see Figure 4.6). 8

51P1T Maximum Phase Time-Overcurrent Trip 1 Output (see Figure 4.6). 7

51P2P Maximum Phase Time-Overcurrent Trip 2 Pickup (see Figure 4.6). 6

51P2R Maximum Phase Time-Overcurrent Trip 2 Reset (see Figure 4.6). 8

51P2T Maximum Phase Time-Overcurrent Trip 2 Output (see Figure 4.6). 7

51QP Negative-Sequence Time-Overcurrent Element Pickup (see Figure 4.7). 6

51QR Negative-Sequence Time-Overcurrent Element Reset (see Figure 4.7). 8

51QT Negative-Sequence Time-Overcurrent Element Trip Output (see Figure 4.7). 7

52A Asserts when the SELOGIC control equation 52A result is logical 1. Use to indicate that the cir-
cuit breaker is closed.

1

55A Power Factor Alarm. Asserts when the relay issues a power factor element alarm/warning (see 
Figure 4.27).

11

55T Power Factor Trip. Asserts when the relay issues a power factor element alarm or trip (see 
Figure 4.27).

11

59G1 Level 1 Zero-Sequence Overvoltage Element Pickup. 114

59G1T Level 1 Zero-Sequence Overvoltage Element Trip. 114

59G2 Level 2 Zero-Sequence Overvoltage Element Pickup. 114

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 3 of 11)

Bit Definition Row
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59G2T Level 2 Zero-Sequence Overvoltage Element Trip. 114

59P1 Phase Overvoltage Trip 1 Pickup (see Figure 4.21). 10

59P1T Phase Overvoltage Trip 1 Output (see Figure 4.21). 10

59P2 Phase Overvoltage Trip 2 Pickup (see Figure 4.21). 10

59P2T Phase Overvoltage Trip 2 Output (see Figure 4.21). 10

59Q1 Level 1 Negative-Sequence Overvoltage Element Pickup. 114

59Q1T Level 1 Negative-Sequence Overvoltage Element Trip. 114

59Q2 Level 2 Negative-Sequence Overvoltage Element Pickup. 114

59Q2T Level 2 Negative-Sequence Overvoltage Element Trip. 114

59S1 Level 1 VS Channel Overvoltage Element Pickup. 111

59S1T Level 1 VS Channel Overvoltage Element With Time Delay. 111

59S2 Level 2 VS Channel Overvoltage Element Pickup. 111

59S2T Level 2 VS Channel Overvoltage Element With Time Delay. 111

59VP Phase Voltage window element (selected phase voltage [VP] between settings 25VLO and 
25VHI).

110

59VS VS Channel Voltage window element (selected phase voltage [VS] between settings 25VLO and 
25VHI). 

110

79RS Reclosing Relay in Reset State. 26

79CY Reclosing Relay in Reclose Cycle State. 26

79LO Reclosing Relay in Lockout State. 26

81D1T Definite-Time Over- and Underfrequency Element (Trip Level 1). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D2T Definite-Time Over- and Underfrequency Element (Trip Level 2). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D3T Definite-Time Over- and Underfrequency Element (Trip Level 3). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D4T Definite-Time Over- and Underfrequency Element (Trip Level 4). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D5T Definite-Time Over- and Underfrequency Element (Trip Level 5). Asserts when the frequency 
has been either greater or less than the element set point for a definite time. (see Figure 4.29).

11

81D6T Definite-Time Over- and Underfrequency Element (Trip Level 6). Asserts when the frequency 
has been either greater or less than the element set point for a definite time. (see Figure 4.29).

11

81R1T Level 1 Rate-of-change-of-frequency element trip. 115

81R2T Level 2 Rate-of-change-of-frequency element trip. 115

81R3T Level 3 Rate-of-change-of-frequency element trip. 115

81R4T Level 4 Rate-of-change-of-frequency element trip. 115

81RFBLK Fast Rate-of-change-of-frequency overall block logic output 118

81RFT Fast Rate-of-change-of-frequency trip output 118

81RFBL Fast Rate-of-change-of-frequency block output SELOGIC 118

81RFP Fast Rate-of-change-of-frequency pickup 118

81RFI Fast Rate-of-change-of-frequency initiate 118

AFS1DIAG Arc-Flash Sensor input 1 diagnostic failure. 115

AFS2DIAG Arc-Flash Sensor input 2 diagnostic failure. 115

AFS3DIAG Arc-Flash Sensor input 3 diagnostic failure. 115

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 4 of 11)
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AFS4DIAG Arc-Flash Sensor input 4 diagnostic failure. 115

AFALARM Arc-Flash system integrity alarm, logical OR of all AF diagnostics and excessive light bits 
(AFSnDIAG & AFSnSEL)

110

AFS1EL Arc-Flash Sensor Input 1 excessive ambient light pickup for 10 seconds. 116

AFS2EL Arc-Flash Sensor Input 2 excessive ambient light pickup for 10 seconds. 116

AFS3EL Arc-Flash Sensor Input 3 excessive ambient light pickup for 10 seconds. 116

AFS4EL Arc-Flash Sensor Input 4 excessive ambient light pickup for 10 seconds. 116

AIHAL Analog inputs High Alarm Limit. If any AIxxxHAL = 1, then AIHAL = 1. 63

AIHW1 Analog inputs High Warning, Level 1. If any AIxxxHW1 = 1, then AIHW1 = 1. 63

AIHW2 Analog inputs High Warning, Level 2. If any AIxxxHW2 = 1, then AIHW2 = 1. 63

AILAL Analog inputs Low Alarm Limit. If any AIxxxLAL = 1, then AILAL = 1. 63

AILW1 Analog inputs Low Warning, Level 1. If any AIxxxLW1 = 1, then AILW1 = 1. 63

AILW2 Analog inputs Low Warning, Level 2. If any AIxxxLW2 = 1, then AILW2 = 1. 63

AIxxxHAL Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Alarm Limit. 64–87

AIxxxHW1 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Warning, Level 1. 64–87

AIxxxHW2 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Warning, Level 2. 64–87

AIxxxLAL Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Alarm Limit. 64–87

AIxxxLW1 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Warning, Level 1. 64–87

AIxxxLW2 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Warning, Level 2. 64–87

AMBALRM Ambient Temperature Alarm. Asserts if the healthy ambient RTD temperature exceeds the alarm/
warning set point for that temperature. 

12

AMBTRIP Ambient Temperature Trip. Asserts when the healthy ambient RTD temperature exceeds its trip 
set point.

12

BCWA Phase A breaker contact wear has reached the 100 percent wear level. 109

BCWB Phase B breaker contact wear has reached the 100 percent wear level. 109

BCWC Phase C breaker contact wear has reached the 100 percent wear level. 109

BCW BCWA OR BCWB OR BCWC has asserted. 109

BFI Breaker Failure Initiation. Asserts when the SELOGIC control equation BFI result in a logical 1. 12

BFT Breaker Failure Trip. Asserts when the relay issues a breaker failure trip (see Figure 4.55). 12

BKMON SELOGIC control equation BKMON asserts (initiates breaker monitoring (see Figure 5.19) 12

BRGALRM

BRGTRIP

Bearing Temperature Alarm and Trip. BRGALRM asserts when any healthy bearing RTD tem-
perature exceeds the corresponding alarm set point. BRGTRIP asserts when one or two (when 
EBRGV = Y) healthy bearing RTD temperatures exceed corresponding trip set points.

21

CBADA Channel A, channel unavailability over threshold. 92

CBADB Channel B, channel unavailability over threshold. 92

CC Close command—asserts when serial port command CLOSE or front-panel or Modbus/Devi-
ceNet CLOSE command is issued (see Table 4.27 and Figure 4.34).

29

CF Close condition failure–asserts for 1/4 cycle. 27

CFGFLT Asserts on failed settings interdependency check during Modbus setting change. 14

CL Close SELOGIC control equation. 34

CLOSE Close logic output. 27

COMMFLT Time-out of internal communication between CPU board and DeviceNet board. 14

COMMIDLE DeviceNet Card in programming mode. 14

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 5 of 11)
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COMMLOSS DeviceNet Card communication failure. 14

DCHI Station dc battery instantaneous overvoltage element pickup. 110

DCLO Station dc battery instantaneous undervoltage element pickup. 110

DI_A Distortion index phase A (see Overcurrent Elements on page 4.5). 28

DI_B Distortion index phase B (see Overcurrent Elements on page 4.5). 28

DI_C Distortion index phase C (see Overcurrent Elements on page 4.5). 28

DNAUXn DeviceNet/Modbus AUXn assert bit, where n = 1 to 8. 30

DNAUXn DeviceNet/Modbus AUXn assert bit, where n = 9 to 11. 31

DSABLSET Settings changes not allowed from the front-panel interface—when asserted. 22

DST Daylight Savings Time (Synchrophasors). 112

DSTP Daylight Savings Time Pending (Synchrophasors). 112

ENABLED Relay Enabled. 0

ER Event report trigger SELOGIC control equation (see Table 4.69). 29

FAULT Fault indication. Asserts when the SELOGIC control equation FAULT result in a logical 1. 13

FREQTRK Asserts when relay is tracking frequency. 29

GFLT Ground fault. The GFLT bit asserts if any one of the residual overcurrent or residual time-
overcurrent Relay Word bits pick up. The GFLT bit asserts for a fixed duration of 
(LER-PRE-0.75) cycles.

117

GNDEM Zero-Sequence Current Demand Pickup 109

HALARM Hardware alarm (see Self-Test on page 10.12). 22

IN101 Contact input. 17

IN102 Contact input. 17

INnnn Contact input nnn, where nnn = 301 to 304 (available only with optional I/O module). 18

INnnn Contact input nnn, where nnn = 401 to 404 (available only with optional I/O module). 19

INnnn Contact input nnn, where nnn = 501 to 504 (available only with optional I/O module). 20

IRIGOK IRIG-B input OK. 13

LB01 to LB08 Local Bit n asserted, where n = 1 to 8. 35

LB09 to LB16 Local Bit n asserted, where n = 9 to 16. 36

LB17 to LB24 Local Bit n asserted, where n = 17 to 24. 37

LB25 to LB32 Local Bit n asserted, where n = 25 to 32. 38

LBOKA Channel A, looped back ok. 92

LBOKB Channel B, looped back ok. 92

LINKA Assert if Ethernet Port A detects link. 13

LINKB Assert if Ethernet Port B detects link 13

LINKFAIL Failure of active Ethernet port link 27

LOP Loss-of-Potential logic asserted (see Figure 4.28). 14

LOPBLK SELOGIC equation to block LOP element from asserting 117

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is 
asserted, the upcoming leap second is deleted; otherwise, the leap second is added (synchropha-
sors)

112

LPSECP Leap second pending (synchrophasors) 112

LTnn Latch Bit nn asserted, where nn = 01 to 08 (see Figure 4.48). 51

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 6 of 11)
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LTnn Latch Bit nn asserted, where nn = 09 to 16 (see Figure 4.48). 52

LTnn Latch Bit nn asserted, where nn = 17 to 24 (see Figure 4.48). 53

LTnn Latch Bit nn asserted, where nn = 25 to 32 (see Figure 4.48). 54

MATHERR SELOGIC math error bit asserted for divide-by-zero, etc., in SELOGIC math functions. 117

OC Open command—asserts when serial port command OPEN or front-panel or Modbus/DeviceNet 
OPEN command is issued (see Table 4.27 and Figure 4.33).

29

OPTMN Open interval timer is timing. 27

ORED50T Logical OR of all the instantaneous overcurrent elements tripped outputs (see Figure 4.1). 1

ORED51T Logical OR of all the time-overcurrent elements tripped outputs (see Figure 4.5 through 
Figure 4.9).

1

OTHALRM Other Temperature Alarm. Asserts when any healthy Other RTD temperature exceeds the alarm/
warning set point for that temperature.

12

OTHTRIP Other Temperature Trip. Asserts when one (or more) healthy Other RTD temperature exceeds the 
trip set points.

12

OUT101 Control equation for contact output. 15

OUT102 Control equation for contact output. 15

OUT103 Control equation for contact output. 15

OUT301 Control equation for contact output (available only with optional I/O module). 15

OUT302 Control equation for contact output (available only with optional I/O module). 15

OUT303 Control equation for contact output (available only with optional I/O module). 15

OUT304 Control equation for contact output (available only with optional I/O module). 16

OUT401 Control equation for contact output (available only with optional I/O module). 16

OUT402 Control equation for contact output (available only with optional I/O module). 16

OUT403 Control equation for contact output (available only with optional I/O module). 16

OUT404 Control equation for contact output (available only with optional I/O module). 16

OUT501 Control equation for contact output (available only with optional I/O module). 16

OUT502 Control equation for contact output (available only with optional I/O module). 16

OUT503 Control equation for contact output (available only with optional I/O module). 16

OUT504 Control equation for contact output (available only with optional I/O module). 16

PASEL Ethernet Port A is active. 27

PBSEL Ethernet Port B is active. 27

PB01 Front-panel pushbutton 1 bit. 32

PB01_PUL Front-panel pushbutton 1 pulse bit (asserted for one processing interval when PB01 is pressed). 32

PB02 Front-panel pushbutton 2 bit. 32

PB02_PUL Front-panel pushbutton 2 pulse bit (asserted for one processing interval when PB02 is pressed). 32

PB03 Front-panel pushbutton 3 bit. 32

PB03_PUL Front-panel pushbutton 3 pulse bit (asserted for one processing interval when PB03 is pressed). 32

PB04 Front-panel pushbutton 4 bit. 32

PB04_PUL Front-panel pushbutton 4 pulse bit (asserted for one processing interval when PB04 is pressed). 32

PB1A_LED Asserts when the SELOGIC control equation PB1A_LED results in logical 1. 33

PB1B_LED Asserts when the SELOGIC control equation PB1B_LED results in logical 1. 33

PB2A_LED Asserts when the SELOGIC control equation PB2A_LED results in logical 1. 33

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 7 of 11)
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PB2B_LED Asserts when the SELOGIC control equation PB2B_LED results in logical 1. 33

PB3A_LED Asserts when the SELOGIC control equation PB3A_LED results in logical 1. 33

PB3B_LED Asserts when the SELOGIC control equation PB3B_LED results in logical 1. 33

PB4A_LED Asserts when the SELOGIC control equation PB4A_LED results in logical 1. 33

PB4B_LED Asserts when the SELOGIC control equation PB4B_LED results in logical 1. 33

PHASE_A “A” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHASE_B “B” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHASE_C “C” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHDEM Phase Current Demand Pickup 109

PMDOK Phasor Measurement Data OK. Asserts when the SEL-751A is enabled and synchrophasors are 
enabled (Global setting EPMU:= Y) (see Table H.7).

13

PMTRIG Trigger for Synchrophasors (see Table H.7). 29

RBADA Channel A, outage duration over threshold. 92

RBADB Channel B, outage duration over threshold. 92

RBnn Remote Bit nn asserted, where nn = 01 to 08. 39

RBnn Remote Bit nn asserted, where nn = 09 to 16. 40

RBnn Remote Bit nn asserted, where nn = 17 to 24. 41

RBnn Remote Bit nn asserted, where nn = 25 to 32. 42

RCSF Reclose supervision failure—asserts for 1/4 cycle. 27

RELAY_EN Relay OK flag used by IEC 61850. RELAY_EN status follows the ENABLED LED status. 31

REMTRIP Remote trip control input asserted (see Table 4.27). 14

RMB1A to RMB8A Channel A receives MIRRORED BITS RMB1A through RMB8A. 88

RMB1B to RMB8B Channel B receives MIRRORED BITS RMB1B through RMB8B. 90

ROKA Channel A, received data ok. 92

ROKB Channel B, received data ok. 92

RSTDEM Reset Demand metering. 21

RSTENRGY Reset Energy metering. 21

RSTMN Reset timer is timing 27

RSTMXMN Reset Max/Min metering. 21

RSTPKDEM Reset Peak Demand metering. 21

RSTTRGT Asserts when the SELOGIC control equation RSTTRGT result is logical 1. Used to reset trip logic 
and target LEDs (see Table 4.52). 

22

RTD10A RTD10 Alarm. 25

RTD10T RTD10 Trip. 25

RTD11A RTD11 Alarm. 25

RTD11T RTD11 Trip. 25

RTD12A RTD12 Alarm. 25

RTD12T RTD12 Trip. 25

RTD1A RTD1 Alarm. 23

RTD1T RTD1 Trip. 23

RTD2A RTD2 Alarm. 23

RTD2T RTD2 Trip. 23

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 8 of 11)
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RTD3A RTD3 Alarm. 23

RTD3T RTD3 Trip. 23

RTD4A RTD4 Alarm. 23

RTD4T RTD4 Trip. 23

RTD5A RTD5 Alarm. 24

RTD5T RTD5 Trip. 24

RTD6A RTD6 Alarm. 24

RTD6T RTD6 Trip. 24

RTD7A RTD7 Alarm. 24

RTD7T RTD7 Trip. 24

RTD8A RTD8 Alarm. 24

RTD8T RTD8 Trip. 24

RTD9A RTD9 Alarm. 25

RTD9T RTD9 Trip. 25

RTDFLT Asserts when the relay detects an open or short-circuit condition on any enabled RTD input, or 
when communication with the external RTD module has been interrupted.

22

RTDIN Indicates status of contact connected to an SEL-2600 RTD Module. 22

SALARM Pulses for the following conditions: setting changes, access level changes, and three unsuccessful 
password entry attempts, active group changes, copy commands, and password changes.

13

SC01QD to SC08QD SELOGIC Counters 01 through 08 asserted when counter = 0. 56

SC01QU to SC08QU SELOGIC Counters 01 through 08 asserted when counter = preset value. 55

SC09QD to SC16QD SELOGIC Counters 09 through 16 asserted when counter = 0. 58

SC09QU to SC16QU SELOGIC Counters 09 through 16 asserted when counter = preset value. 57

SC17QD to SC24QD SELOGIC Counters 17 through 24 asserted when counter = 0. 60

SC17QU to SC24QU SELOGIC Counters 17 through 24 asserted when counter = preset value. 59

SC25QD to SC32QD SELOGIC Counters 25 through 32 asserted when counter = 0. 62

SC25QU to SC32QU SELOGIC Counters 25 through 32 asserted when counter = preset value. 61

SF Slip frequency of voltages VP and VS is less than setting 25SF. 110

SGn Setting Group n active, where n = 1 to 3. 28

SH0 Reclosing relay shot counter = 0 26

SH1 Reclosing relay shot counter = 1 26

SH2 Reclosing relay shot counter = 2 26

SH3 Reclosing relay shot counter = 3 26

SH4 Reclosing relay shot counter = 4 26

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 01 to 08 
(see Figure 4.49).

43

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 09 to 16 (see 
Figure 4.49).

45

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 17 to 24 (see 
Figure 4.49).

47

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 25 to 32 (see 
Figure 4.49).

49
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SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 01 to 08 
(see Figure 4.49).

44

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 09 to 16 (see 
Figure 4.49).

46

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 17 to 24 (see 
Figure 4.49).

48

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 25 to 32 (see 
Figure 4.49).

50

T01_LED Asserts when the SELOGIC control equation T01_LED result is logical 1 (see Table 4.71). 34

T02_LED Asserts when the SELOGIC control equation T02_LED result is logical 1 (see Table 4.71). 34

T03_LED Asserts when the SELOGIC control equation T03_LED result is logical 1 (see Table 4.71). 34

T04_LED Asserts when the SELOGIC control equation T04_LED result is logical 1 (see Table 4.71). 34

T05_LED Asserts when the SELOGIC control equation T05_LED result is logical 1 (see Table 4.71). 34

T06_LED Asserts when the SELOGIC control equation T06_LED result is logical 1 (see Table 4.71). 34

TLED_01 Front-Panel T01_LED. 0

TLED_02 Front-Panel T02_LED. 0

TLED_03 Front-Panel T03_LED. 0

TLED_04 Front-Panel T04_LED. 0

TLED_05 Front-Panel T05_LED. 0

TLED_06 Front-Panel T06_LED. 0

TMB1A to TMB8A Channel A transmit MIRRORED BITS TMB1A through TMB8A. 89

TMB1B to TMB8B Channel B transmit MIRRORED BITS TMB1B through TMB8B. 91

TOL1 Arc-Flash light input 1 element pickup. 116

TOL2 Arc-Flash light input 2 element pickup. 116

TOL3 Arc-Flash light input 3 element pickup. 116

TOL4 Arc-Flash light input 4 element pickup. 116

TQUAL1 Time Quality Bit, add 1 when asserted (synchrophasors). 112

TQUAL2 Time Quality Bit, add 2 when asserted (synchrophasors). 112

TQUAL4 Time Quality Bit, add 4 when asserted (synchrophasors). 112

TQUAL8 Time Quality Bit, add 8 when asserted (synchrophasors). 112

TR Trip SELOGIC control equation (see Figure 4.1). 29

TREA1 Trigger Reason for Bit 1 for Synchrophasors (see Table H.7). 31

TREA2 Trigger Reason for Bit 2 for Synchrophasors (see Table H.7). 31

TREA3 Trigger Reason for Bit 3 for Synchrophasors (see Table H.7). 31

TREA4 Trigger Reason for Bit 4 for Synchrophasors (see Table H.7). 31

TRGTR Target Reset. Asserts for one quarter-cycle when you execute a front-panel, serial port target reset 
command, or Modbus target reset.

22

TRIP Output of Trip Logic (see Figure 4.33). 15

TRIP_LED Front-Panel TRIP LED. 0

TSNTPB SNTP Secondary Server is active. 113

TSNTPP SNTP Primary Server is active. 113

TSOK Assert if current time source accuracy is sufficient for synchronized phasor measurements. (Refer 
to Table H.8.)

13
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TUTCS Offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted; otherwise, add. 
(Synchrophasors)

113

TUTC1 Offset hours from UTC time, binary, add 1 if asserted 113

TUTC2 Offset hours from UTC time, binary, add 2 if asserted 113

TUTC4 Offset hours from UTC time, binary, add 4 if asserted 113

TUTC8 Offset hours from UTC time, binary, add 8 if asserted 113

TUTCH Offset half-hour from UTC time, binary, add 0.5 if asserted 113

ULCL Unlatch close conditions SELOGIC control equation state (see Table 4.27). 34

ULTRIP Unlatch (auto reset) trip from SELOGIC control equation (see Table 4.27). 29

VBxxx Virtual bits used for incoming GOOSE messages (xxx = 001 to 128) (see virtual bits description 
on page F.5).

93–108

WARNING Warning bit asserts for possible warning conditions, as shown in Table 8.3. These conditions also 
trigger a flashing TRIP LED.

13

WDGALRM

WDGTRIP

Winding Temperature Alarm and Trip. WDGALRM asserts when any healthy winding RTD tem-
perature exceeds the corresponding alarm set point. WDGTRIP asserts when one or two (when 
EWDGV = Y) healthy winding RTD temperatures exceed corresponding trip set points.

21
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Appendix K
Analog Quantities

The SEL-751A Feeder Protection Relay contains several analog quantities 
that you can use for more than one function. The actual analog quantities 
available depend on the part number of the relay used. Analog quantities are 
typically generated and used by a primary function, such as metering and 
selected quantities are made available for one or more supplemental functions, 
for example, the load profile.

Note that all analog quantities available for use in SELOGIC are processed 
every 100 ms and may not be suitable for fast-response control and protection 
applications. Analog quantities for rms data are determined through the use of 
data averaged over the previous 8 cycles.

Table K.1 lists analog quantities that you can use in the following specific 
functions:

➤ SELOGIC control equations (see Section 4: Protection and 
Logic Functions.)

➤ Display points (see Section 8: Front-Panel Operations.)

➤ Load profile recorder (see Section 5: Metering and 
Monitoring.)

➤ DNP (see Appendix D: DNP3 Communications.)

➤ Fast Meter (see Appendix C: SEL Communications 
Processors.)

For a list of analog quantities available for Modbus communications, see 
Appendix E: Modbus Communications.

Table K.1 Analog Quantities (Sheet 1 of 7)

Label Description Units
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Fundamental Instantaneous Metering 

IA_MAG A-phase line current A primary x x x x x

IA_ANG Angle of the A-phase line current degrees x x x x

IB_MAG B-phase line current A primary x x x x x

IB_ANG Angle of the B-phase line current degrees x x x x

IC_MAG C-phase line current A primary x x x x x

IC_ANG Angle of the C-phase line current degrees x x x x

IN_MAG Neutral current A primary x x x x x

IN_ANG Angle of the neutral current degrees x x x x

IG_MAG Calculated or measured residual current A primary x x x x x

IG_ANG Angle of the calculated or measured residual current degrees x x x x

IAV Average line current A primary x x x x
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3I2 Negative-sequence current A primary x x x x

UBI Current unbalance % x x x x x

VA_MAG A-phase-to-neutral voltage V primary x x x x x

VA_ANG Angle of the A-phase-to-neutral voltage degrees x x x x

VB_MAG B-phase-to-neutral voltage V primary x x x x x

VB_ANG Angle of the B-phase-to-neutral voltage degrees x x x x

VC_MAG C-phase-to-neutral voltage V primary x x x x x

VC_ANG Angle of the C-phase-to-neutral voltage degrees x x x x

NOTE: Calculated phase-to-phase voltages are available in the analog quantities for wye-connected PTs.

VAB_MAG A-to-B phase voltage V primary x x x x x

VAB_ANG Angle of the A-to-B phase voltage degrees x x x x

VBC_MAG B-to-C phase voltage V primary x x x x x

VBC_ANG Angle of the B-to-C phase voltage degrees x x x x

VCA_MAG C-to-A phase voltage V primary x x x x x

VCA_ANG Angle of the C-to-A phase voltage degrees x x x x

VG_MAG Zero-sequence voltage V primary x x x x x

VG_ANG Angle of the zero-sequence voltage degrees x x x x

VS_MAG Sync. voltage V primary x x x x x

VS_ANG Angle of sync. voltage degrees x x x x

VAVE Average voltage V primary x x x x

3V2 Negative-sequence voltage V primary x x x x

UBV Voltage unbalance % x x x x x

SA A-phase apparent power kVA primary x x x x

SB B-phase apparent power kVA primary x x x x

SC C-phase apparent power kVA primary x x x x

S 3-phase apparent power kVA primary x x x x

VA primary x

PA A-phase real power kW primary x x x x

PB B-phase real power kW primary x x x x

PC C-phase real power kW primary x x x x

P 3-phase real power kW primary x x x x

W primary x

QA A-phase reactive power kVAR primary x x x x

QB B-phase reactive power kVAR primary x x x x

QC C-phase reactive power kVAR primary x x x x

Q 3-phase reactive power kVAR primary x x x x

VAR primary x

PFA A-phase power factor x x x x

PFB B-phase power factor x x x x
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Date Code 20220610 Instruction Manual SEL-751A Relay

Analog Quantities

PFC C-phase power factor x x x x

PF 3-phase power factor x x x x x

FREQ Frequency Hz x x x x x

FREQS Sync. Frequency Hz x x x x x

VDC Station dc battery voltage V x x

Miscellaneous Quantities

DFDT Frequency rate-of-change Hz/sec. x x

I1_MAG Positive-sequence current A primary x x

Light Metering

LSENS1 Arc-Flash sensor 1 light % x x x x

LSENS2 Arc-Flash sensor 2 light % x x x x

LSENS3 Arc-Flash sensor 3 light % x x x x

LSENS4 Arc-Flash sensor 4 light % x x x x

Thermal Metering 

RTDWDGMXa Maximum winding RTD temperature °C x x x x

RTDBRGMXa Maximum bearing RTD temperature °C x x x x

RTDAMBa Ambient RTD temperature °C x x x x

RTDOTHMXa Other maximum RTD temperature °C x x x x

RTD1 to RTD12b RTD1 temperature to RTD12 temperature °C x x x x

Analog Input Meteringc 

AI301 to AI308 Analog inputs for an analog card in Slot C x x x x

AI401 to AI408 Analog inputs for an analog card in Slot D x x x x

AI501 to AI508 Analog inputs for an analog card in Slot E x x x x

Energy Metering 

EM_LRDH Energy Last Reset Date/Time High Word x

EM_LRDM Energy Last Reset Date/Time Middle Word x

EM_LRDL Energy Last Reset Date/Time Low Word x

MWH3PI 3-phase real energy IN MWh primary x x x x

MWH3P 3-phase real energy OUT MWh primary x x x x

MVARH3PI 3-phase reactive energy IN MVARh primary x x x x

MVARH3PO 3-phase reactive energy OUT MVARh primary x x x x

MVAH3P 3-phase apparent energy MVAh primary x x x x

Maximum/Minimum Metering 

MM_LRDH Max/Min Last Reset Date/Time High Word x

MM_LRDM Max/Min Last Reset Date/Time Middle Word x

MM_LRDL Max/Min Last Reset Date/Time Low Word x

IAMX A-phase maximum current A primary x x x x

IBMX B-phase maximum current A primary x x x x

ICMX C-phase maximum current A primary x x x x

INMX Neutral maximum current A primary x x x x
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Analog Quantities

IGMX Calculated residual maximum current A primary x x x x

IAMN A-phase minimum current A primary x x x x

IBMN B-phase minimum current A primary x x x x

ICMN C-phase minimum current A primary x x x x

INMN Neutral minimum current A primary x x x x

IGMN Calculated residual minimum current A primary x x x x

VABMX A-to-B phase maximum voltage V primary x x x x

VBCMX B-to-C phase maximum voltage V primary x x x x

VCAMX C-to-A phase maximum voltage V primary x x x x

VAMX A-phase maximum voltage V primary x x x x

VBMX B-phase maximum voltage V primary x x x x

VCMX C-phase maximum voltage V primary x x x x

VSMX Vsync maximum voltage V primary x x x x

VABMN A-to-B phase minimum voltage V primary x x x x

VBCMN B-to-C phase minimum voltage V primary x x x x

VCAMN C-to-A phase minimum voltage V primary x x x x

VAMN A-phase minimum voltage V primary x x x x

VBMN B-phase minimum voltage V primary x x x x

VCMN C-phase minimum voltage V primary x x x x

VSMN Vsync minimum voltage V primary x x x x

KVA3PMX 3-phase maximum apparent power kVA primary x x x x

KW3PMX 3-phase maximum real power kW primary x x x x

KVAR3PMX 3-phase maximum reactive power kVAR primary x x x x

KVA3PMN 3-phase minimum apparent power kVA primary x x x x

KW3PMN 3-phase minimum real power kW primary x x x x

KVAR3PMN 3-phase minimum reactive power kVAR primary x x x x

FREQMX Maximum frequency Hz x x x x

FREQMN Minimum frequency Hz x x x x

RTD1MX to 
RTD12MX

RTD1 maximum to RTD12 maximum °C x x x x

RTD1MN to 
RTD12MN

RTD1 minimum to RTD12 minimum °C x x x x

AI301MX to 
AI308MXc

Analog transducer input 301–308 maximum x x x x

AI301MN to 
AI308MNc

Analog transducer input 301–308 minimum x x x x

AI401MX to 
AI408MXc

Analog transducer input 401–408 maximum x x x x

AI401MN to 
AI408MNc

Analog transducer input 401–408 minimum x x x x
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Analog Quantities

AI501MX to 
AI508MXc

Analog transducer input 501–508 maximum x x x x

AI501MN to 
AI508MNc

Analog Transducer Input 501–508 minimum x x x x

RMS Metering 

IARMS A-phase rms current A primary x x x x

IBRMS B-phase rms current A primary x x x x

ICRMS C-phase rms current A primary x x x x

INRMS Neutral rms current A primary x x x x

VARMS A-phase rms voltage V primary x x x x

VBRMS B-phase rms voltage V primary x x x x

VCRMS C-phase rms voltage V primary x x x x

VSRMS Vsync rms voltage V primary x x x x

VABRMS A-to-B phase rms voltage V primary x x x x

VBCRMS B-to-C phase rms voltage V primary x x x x

VCARMS C-to-A phase rms voltage V primary x x x x

Demand Metering 

IAD Phase A Current Demand A pri x x x x

IBD Phase B Current Demand A pri x x x x

ICD Phase C Current Demand A pri x x x x

IGD Residual Current Demand A pri x x x x

3I2D Negative-Sequence Current Demand A pri x x x x

KWADI Real Power, A-phase Demand IN kW pri x x x

KWBDI Real Power, B-phase Demand IN kW pri x x x

KWCDI Real Power, C-phase Demand IN kW pri x x x

KW3DI Real Power, 3-phase Demand IN kW pri x x x

KVARADI Reactive Power, A-phase Demand IN kVAR pri x x x

KVARBDI Reactive Power, B-phase Demand IN kVAR pri x x x

KVARCDI Reactive Power, C-phase Demand IN kVAR pri x x x

KVAR3DI Reactive Power, 3-phase Demand IN kVAR pri x x x

KWADO Real Power, A-phase Demand OUT kW pri x x x

KWBDO Real Power, B-phase Demand OUT kW pri x x x

KWCDO Real Power, C-phase Demand OUT kW pri x x x

KW3DO Real Power, 3-phase Demand OUT kW pri x x x

KVARADO Reactive Power, A-phase Demand OUT kVAR pri x x x

KVARBDO Reactive Power, B-phase Demand OUT kVAR pri x x x

KVARCDO Reactive Power, C-phase Demand OUT kVAR pri x x x

KVAR3DO Reactive Power, 3-phase Demand OUT kVAR pri x x x
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Analog Quantities

Peak Demand Metering 

PM_LRDH Peak Demand Last Reset Date/Time High Word x x x

PM_LRDM Peak Demand Last Reset Date/Time Middle Word x x x

PM_LRDL Peak Demand Last Reset Date/Time Low Word x x x

IAPD Phase A Current Peak Demand A pri x x x x

IBPD Phase B Current Peak Demand A pri x x x x

ICPD Phase C Current Peak Demand A pri x x x x

IGPD Residual Current Peak Demand A pri x x x x

3I2PD Negative-Sequence Current Peak Demand A pri x x x x

KWAPDI Real Power, A-phase Peak Demand IN kW pri x x x

KWBPDI Real Power, B-phase Peak Demand IN kW pri x x x

KWCPDI Real Power, C-phase Peak Demand IN kW pri x x x

KW3PDI Real Power, 3-phase Peak Demand IN kW pri x x x

KVARAPDI Reactive Power, A-phase Peak Demand IN kVAR pri x x x

KVARBPDI Reactive Power, B-phase Peak Demand IN kVAR pri x x x

KVARCPDI Reactive Power, C-phase Peak Demand IN kVAR pri x x x

KVAR3PDI Reactive Power, 3-phase Peak Demand IN kVAR pri x x x

KWAPDO Real Power, A-phase Peak Demand OUT kW pri x x x

KWBPDO Real Power, B-phase Peak Demand OUT kW pri x x x

KWCPDO Real Power, C-phase Peak Demand OUT kW pri x x x

KW3PDO Real Power, 3-phase Peak Demand OUT kW pri x x x

KVARAPDO Reactive Power, A-phase Peak Demand OUT kVAR pri x x x

KVARBPDO Reactive Power, B-phase Peak Demand OUT kVAR pri x x x

KVARCPDO Reactive Power, C-phase Peak Demand OUT kVAR pri x x x

KVAR3PDO Reactive Power, 3-phase Peak Demand OUT kVAR pri x x x

Breaker Monitoring

INTT Internal trips— counter x x x x

INTIA Accumulated current—internal trips, A-phase kA primary x x x x

INTIB Accumulated current—internal trips, B-phase kA primary x x x x

INTIC Accumulated current—internal trips, C-phase kA primary x x x x

EXTT External trips—counter x x x x

EXTIA Accumulated current—external trips, A-phase kA primary x x x x

EXTIB Accumulated current—external trips, B-phase kA primary x x x x

EXTIC Accumulated current—external trips, C-phase kA primary x x x x

WEARA Breaker Wear, A-phase % x x x x

WEARB Breaker Wear, B-phase % x x x x

WEARC Breaker Wear, C-phase % x x x x

Date/Time 

DATEd,e Present date x

TIMEd,e Present time x
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Analog Quantities

YEAR Year number (0000–9999) x x

DAYY Day of year number (1–366) x x

WEEK Week number (1–52) x x

DAYW Day of week number (1–7) x x

MINSM Minutes since midnight x x

RID/TID 

RIDd Relay identifier x

TIDd Terminal identifier x

Serial Number

SER_NUM Serial Number of the Relay x

Setting Group

GROUP Active setting group # x x x x

Math Variables

MV01 to MV32 Math variable 01 to math variable 32 x x x x

SELOGIC Countersf

SC01 to SC32 SELOGIC counter 01 to SELOGIC counter 32 x x x x

Fault Information

FIA Phase A Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIB Phase B Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIC Phase C Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIG Ground Fault Current from Maximum Current Event 
Report Row

A pri x x x

FIN Neutral Fault Current from Maximum Current Event 
Report Row

A pri x x x

FFREQ Event Frequency Hz x x x

a SEL Fast Message Label names for RTDWDGMX, RTDBRGMX, RTDAMB, and RTDOTHMX are WDG, BRG, AMB, and OTH, respectively.
b RTD open is equivalent to +32767 and RTD short is equivalent to –32768 when RTDs are monitored via LDP.
c See the Engineering Unit settings (e.g., AI301EU) of the respective analog input quantity for the unit.
d DATE, TIME, RID, and TID are only available for display point settings (DP01 to DP32).
e Also available via DNP object 50.
f Also available as DNP counter object.
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Date Code 20220610 Instruction Manual SEL-751A Relay

Glossary
R.Instruction Manual

A Abbreviation for Amps or amperes; units of electrical current magnitude.

ACSELERATOR
QuickSet SEL-5030

Software

A Windows-based program that simplifies settings and provides analysis sup-
port.

ACSELERATOR Architect
SEL-5032 Software

Design and commissioning tool for IEC 61850 communications.

Ambient Temperature Temperature of the motor cooling air at the cooling air inlet. Measured by an 
RTD whose location setting is AMB.

Analog In this instruction manual, Analog is synonymous with Transducer.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control 
relays. The standard device numbers used in this instruction manual include:

25 Synchronism-Check Element
27 Undervoltage Element
49 Thermal Element
50 Instantaneous Overcurrent Element
51 Inverse Time-Overcurrent Element
52 AC Circuit Breaker
55 Power Factor Element
59 Overvoltage Element
79 Reclosing Control Logic
81 Frequency Element
81R Rate-of-Change-of-Frequency Element

These numbers are frequently used within a suffix letter to further designate 
application. The suffix letters used in this instruction manual include:

P Phase Element
G Residual/Ground Element
N Neutral/Ground Element
Q Negative-Sequence (3I2) Element

Apparent Power, S Complex power expressed in units of volt-amps (VA), kilovolt-amps (kVA), or 
megavolt-amps (MVA). Accounts for both real (P) and reactive (Q) power dis-
sipated in a circuit: S = P + jQ.

Arc-Flash Detection The sensing of an arc-flash condition by detection of light and overcurrent by 
the relay.

Clear-Jacketed Fiber Sensor—The fiber optic loop sensor used for 
arc-flash detection.

Point Sensor—The fiber-optic cable sensor with a light diffuser on the 
end and used for arc-flash detection.

Arc-Flash Protection
(Relay)

An action performed by the relay to minimize the arc-flash hazard. 

Arc-Flash Hazard A dangerous condition associated with the release of energy cause by an elec-
tric arc. 
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Glossary
ASCII—Delta

ASCII Abbreviation for American Standard Code for Information Interchange. 
Defines a standard way to communicate text characters between two elec-
tronic devices. The SEL-751A Feeder Protection Relay uses ASCII text charac-
ters to communicate through use of the relay front- and rear-panel EIA-232 serial 
ports.

Assert To activate; to fulfill the logic or electrical requirements necessary to operate a 
device. To apply a short-circuit or closed contact to an SEL-751A input. To set 
a logic condition to the true state (logical 1). To close a normally open output 
contact. To open a normally closed output contact.

Breaker
Auxiliary Contact

A spare electrical contact associated with a circuit breaker that opens or closes 
to indicate the breaker position. A form-a breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed, opens when 
the breaker is open. A form-b breaker auxiliary contact (ANSI Standard 
Device Number 52B) opens when the breaker is closed and closes when the 
breaker is open.

Checksum A numeric identifier of the firmware in the relay. Calculated by the result of a 
mathematic sum of the relay code.

CID Abbreviation for Checksum Identifier. The checksum of the specific firmware 
installed in the relay.

Contiguous Items in sequence; the second immediately following the first.

CR_RAM Abbreviation for Critical RAM. Refers to the area of relay Random Access 
Memory (RAM) where the relay stores mission-critical data.

CRC-16 Abbreviation for Cyclical Redundancy Check-16. A mathematical algorithm 
applied to a block of digital information to produce a unique, identifying num-
ber. Used to ensure that the information was received without data corruption.

CT Abbreviation for current transformer.

Current
Unbalance

The SEL-751A calculates the magnitudes of the measured phase currents, cal-
culates the average of those magnitudes, determines the magnitude with the 
largest deviation from average. It then calculates the difference between the 
magnitude average and magnitude of the phase with the largest deviation from 
the average. Finally, the relay calculates the percent unbalance current by 
dividing the difference value by the CT nominal current or by the average 
magnitude, whichever is larger.

Deassert To deactivate; to remove the logic or electrical requirements necessary to 
operate a device. To remove a short-circuit or closed contact from an 
SEL-751A input. To clear a logic condition to the false state (logical 0). To 
open a normally open output contact. To close a normally closed output con-
tact.

Delta A phase-to-phase connection of voltage transformers for electrical measuring 
purposes. Typically, two voltage transformers are used with one primary lead 
of the first transformer connected to A-phase and the other lead connected to 
B-phase. The second voltage transformer is connected to measure the voltage 
from B-phase to C-phase. When two transformers are used, this connection is 
frequently called “Open-Delta.” 
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Glossary
Dropout Time—IG

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element dropout time.

EEPROM Abbreviation for Electrically Erasable Programmable Read-Only Memory. 
Nonvolatile memory where relay settings, event reports, SER records, and 
other nonvolatile data are stored.

Event History A quick look at recent relay activity that includes a standard report header; 
event number, date, time, and type; maximum fault phase current; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or command. The data show relay measurements 
before and after the trigger, in addition to the states of protection elements, 
relay inputs, and relay outputs each processing interval. After an electrical 
system fault, use event reports to analyze relay and system performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault voltages, currents, etc. The relay 
sends an event report summary (if auto messaging is enabled) to the relay 
serial port a few seconds after an event.

Fail-Safe Refers to an output contact that is energized during normal relay operation and 
de-energized when relay power is removed or if the relay fails.

Fast Meter, Fast Operate Binary serial port commands that the relay recognizes at the relay front-and 
rear-panel EIA-232 serial ports. These commands and the responses from the 
relay make relay data collection by a communications processor faster and 
more efficient than transfer of the same data through use of formatted ASCII 
text commands and responses.

FID Relay firmware identification string. Lists the relay model, firmware version 
and date code, and other information that uniquely identifies the firmware 
installed in a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash A type of nonvolatile relay memory used for storing large blocks of 
nonvolatile data, such as load profile records.

Fundamental Frequency The component of the measured electrical signal for which frequency is equal 
to the normal electrical system frequency, usually 50 or 60 Hz. Generally used 
to differentiate between the normal system frequency and any harmonic 
frequencies present.

Fundamental Meter Type of meter data presented by the SEL-751A that includes the present val-
ues measured at the relay ac inputs. The word “Fundamental” indicates that 
the values are Fundamental Frequency values and do not include harmonics.

IA, IB, IC Measured A-, B-, and C-phase currents.

IEC 61850 Standard protocol for real-time exchange of data between databases in multi-
vendor devices.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero. When a ground fault 
occurs, this current can be large.
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IN—PT

IN Neutral current measured by the relay IN input. The IN input is typically con-
nected to the secondary winding of a window-CT for ground fault detection on 
resistance-grounded systems.

LCD Abbreviation for Liquid Crystal Display. Used as the relay front-panel alpha-
numeric display.

LED Abbreviation for Light-Emitting Diode. Used as indicator lamps on the relay 
front panel.

MIRRORED BITS Protocol for direct relay-to-relay communications.

NEMA Abbreviation for National Electrical Manufacturers Association.

Neutral
Overcurrent Element

A protection element that causes the relay to trip when the neutral current 
magnitude (measured by the IN input) exceeds a user-settable value. Used to 
detect and trip in response to ground faults.

Nominal Frequency Normal electrical system frequency, usually 50 or 60 Hz.

Nonfail-Safe Refers to an output contact that is not energized during normal relay opera-
tion. When referred to a trip output contact, the protected equipment remains 
in operation unprotected when relay power is removed or if the relay fails.

Nonvolatile Memory Relay memory that is able to correctly maintain data it is storing even when 
the relay is de-energized.

Overfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency exceeds a settable frequency.

Phase Rotation The sequence of voltage or current phasors in a multi-phase electrical system. 
In an ABC phase rotation system, the B-phase voltage lags the A-phase volt-
age by 120 degrees, and the C-phase voltage lags B-phase voltage by 120 
degrees. In an ACB phase rotation system, the C-phase voltage lags the A-
phase voltage by 120°, and the B-phase voltage lags the C-phase voltage by 
120 degrees.

Pickup Time The time measured from the application of an input signal until the output sig-
nal asserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element pickup time.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper. 

Power, P Real part of the complex power (S) expressed in units of Watts (W), kilowatts 
(kW), or megawatts (MW).

Power Factor The cosine of the angle by which phase current lags phase voltage in an ac 
electrical circuit. Power factor equals 1.0 for power flowing to a resistive load.

Power, Q Reactive part of the complex power (S) expressed in units of Vars (W), kilo-
vars (kVar), or megavars (MVar).

PT Abbreviation for potential transformer. Also referred to as a voltage trans-
former or VT.
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Glossary
RAM—Sequential Events Recorder

RAM Abbreviation for Random Access Memory. Volatile memory where the relay 
stores intermediate calculation results, Relay Word bits, and other data that are 
updated every processing interval.

Rate-of-Change-of-
Frequency Element

A protection element that causes the relay to trip when the measured electrical 
system rate of change of frequency exceeds a settable rate.

Relay Word The collection of relay element and logic results. Each element or result is 
represented by a unique identifier, known as a Relay Word bit.

Relay Word Bit A single relay element or logic result that the relay updates once each process-
ing interval. A Relay Word bit can be equal to either logical 1 or logical 0. 
Logical 1 represents a true logic condition, picked up element, or asserted 
contact input or contact output. Logical 0 represents a false logic condition, 
dropped out element, or deasserted contact input or contact output. You can 
use Relay Word bits in SELOGIC control equations to control relay tripping, 
event triggering, and output contacts, as well as other functions.

Remote Bit A Relay Word bit for which state is controlled by serial port commands, 
including the CONTROL command, binary Fast Operate command, or 
Modbus command.

Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero. When a ground fault occurs, this current can be 
large.

RMS Abbreviation for Root-Mean-Square. Refers to the effective value of the sinu-
soidal current and voltage measured by the relay, accounting for the funda-
mental frequency and higher order harmonics in the signal. 

ROM Abbreviation for Read-Only Memory. Nonvolatile memory where the relay 
firmware is stored.

RTD Abbreviation for Resistance Temperature Device. An RTD is made of a metal 
having a precisely known resistance and temperature coefficient of resistance. 
The SEL-751A (and the SEL-2600 RTD Module) can measure the resistance 
of the RTD, and thus determine the temperature at the RTD location. Typically 
embedded in the motor windings or attached to the races of bearings. 

Transducer Device that converts the input to the device to an analog output quantity of 
either current (±1, 2.5, 5, 10 and 20 mA, or 4–20 ma), or voltage (±1, 2.5, 5, or 
10 V).

Self-Test A function that verifies the correct operation of a critical device subsystem 
and indicates if the relay has detected an out-of-tolerance condition. The 
SEL-751A is equipped with self-tests that validate the relay power supply, 
microprocessor, memory, and other critical systems.

SELOGIC

Control Equation
A relay setting that allows you to control a relay function (such as an output 
contact) by using a logical combination of relay element outputs and fixed 
logic outputs. Logical AND, OR, INVERT, rising edge [/], and falling edge [\] 
operators, plus a single level of parentheses are available to use in each control 
equation setting.

Sequential
Events Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a settable list. Provides a useful way to 
determine the order and timing of events following a relay operation.
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Glossary
SER—Z-Number

SER Abbreviation for Sequential Events Recorder or the relay serial port command 
to request a report of the latest 1024 sequential events.

Synchrophasors The word synchrophasor is derived from two words: synchronized phasor. 
Synchrophasor measurement refers to the concept of providing measurements 
taken on a synchronized schedule in multiple locations. A high-accuracy 
clock, commonly a Global Positioning System (GPS) receiver such as the 
SEL-2407 Satellite-Synchronized Clock, makes synchrophasor measurement 
possible.

Terminal
Emulation Software

Personal computer (PC) software that you can use to send and receive ASCII 
text messages via the PC serial port.

Underfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency is less than a settable frequency.

VA, VB, VC Measured A-, B-, and C-phase-to-neutral voltages. 

VAB, VBC, VCA Measured or calculated phase-to-phase voltages. 

VG Residual voltage calculated from the sum of the three phase-to-neutral volt-
ages, if connected.

VS Measured phase-neutral or phase-phase synchronism-check voltage

VT Abbreviation for voltage transformer. Also referred to as a potential trans-
former or PT.

Wye As used in this instruction manual, a phase-to-neutral connection of voltage 
transformers for electrical measuring purposes. Three voltage transformers are 
used with one primary lead of the first transformer connected to A-phase and 
the other lead connected to ground. The second and third voltage transformers 
are connected to measure the voltage from B-phase and C-phase-to-ground, 
respectively. This connection is frequently called “four-wire wye,” alluding to 
the three phase leads plus the neutral lead.

Z-Number That portion of the relay RID string that identifies the proper QuickSet relay 
driver version when creating or editing relay settings files.



Date Code 20220610 Instruction Manual SEL-751A Relay

Index
R.Instruction Manual

Page numbers appearing in bold mark the location of the topic’s primary discussion.

Symbols
*, Largest Current 9.11

>, Trigger Row 9.11

A
Access Levels

communications ports 7.16

front panel 8.3

Alarm

Level 2 access 2.17

Arc-Flash Protection

Arc-Flash Detection (AFD) 2.33

arc-flash overcurrent elements 4.93

time-overlight elements 4.94

ASCII Commands

See Commands

ASCII Protocol

See SEL ASCII Protocol

Aurora Mitigation

using 81RF element 4.42

Automatic Messages

events 9.1, 9.4

front panel 8.3

B
Breaker Failure Logic 4.92

Breaker Wear Monitor 5.18

C
CEVENT Command 9.2

CHISTORY Command 9.2

Circuit Breaker Auxiliary Contact

contact input 4.47

Commands

AFT 7.21

BRE 7.23

CEV 7.24

DATE 1.9

HISTORY 9.7

IRIG 7.6

TRIGGER 9.3

Commissioning Tests

connection test 10.5

required equipment 10.2

Communications

ASCII commands 7.19–7.45

automatic messages 7.16

communications ports 7.1

connector pinout 7.8

control characters 7.16

DeviceNet protocol 7.12

DNP3 Protocol D.1–D.23

EIA-232 ports 7.1

EIA-485 ports 7.1

establishing communications 
procedure 1.7, 7.2

exception responses E.3

factory default settings 1.7, 7.2

fiber-optic port 7.1

front panel 4.107

hardware flow control 7.3

port power, rear 7.8

rear panel 4.109

SEL ASCII protocol 7.15, C.1

SEL protocols 7.11

set relay 6.4

Synchrophasors (C37.118 protocol) 
H.1–H.12

Communications Cables and 
Connections

DeviceNet G.2

EIA-232 1.7, 7.9

EIA-485 7.8

PC-to-relay cable pinout 7.9

Communications Ports

See Communication

Configurable Label Kit 8.13

Connections

rear panel 2.17

Contact Outputs

control equations 4.85

de-energized position 2.24

factory defaults 4.85

fail-safe

operation 2.23

settings 4.85

nonfail-safe operation 2.24

output 4.82

Contactor/Circuit Breaker Auxiliary 
Contact

control equation 52A 4.47

Core-Balance CT

application example 4.8

placement 1.6, 2.27

CSUMMARY Command 9.2

CT Ratio

setting example 4.3

Current Imbalance

functional test 10.6

meter 5.3

percent imbalance equations 5.3

Currents

See also Core-Balance CT; Meter

average current 5.3

connections

ground/neutral 1.6, 2.27

phase 1.6, 2.27

D
DNP3 Protocol

analog inputs D.23

analog inputs, default D.21

binary inputs D.22

binary inputs, default D.21

binary outputs D.22

data map D.19

device profile D.19

DNP Map Settings 4.124

DNP3 LAN/WAN D.5

DNP3 qualifier codes, ranges D.3

DNP3 Settings D.11

event data D.8

object list D.14

Debounce

ac mode 4.103

dc mode 4.103

Direct Trip

contact input 4.46

Display

HMI (SEL-5030) 3.13

LCD 4.111

E
Event 9.3

data capture time 4.123

ER control equation 9.3

length 4.123

nonvolatile 9.1

TR initiate 9.3

trigger 9.3



IN.2 Index
F–M

SEL-751A Relay Instruction Manual Date Code 20220610

Event History

HIS command 7.31, 9.7

retrieving history 9.7

application example 9.7

Event Report

*, largest current 9.11

>, trigger row 9.11

clearing the buffer 9.8

column definitions 9.8–9.11

digital section 9.9

EVE command 7.28

filtered 9.8

phasor calculation 9.15

retrieving event data 9.8

application example 9.11–9.15

summary section 9.3–9.7

trigger 9.3

unfiltered 9.8

Event Summary

contents 9.3

event type 9.4

SUMMARY command 7.44

F
Factory Default

LEDs 8.12

passwords 7.36

tripping logic 4.45

Fail-Safe 4.85

TRIP output 4.86

Frequency

See also Meter

event report 9.3

meter 5.3

tracking 1.12

Frequency Elements

fast rate-of-change (81RF for 
Aurora mitigation) 4.42

logic diagram 4.40

overfrequency 4.40

rate-of-change 4.40

underfrequency 4.40

Front Panel

access levels 8.3, 8.4

automatic messages 8.3

communications port 4.107

configurable labels 1.5, 8.13

contrast 8.2

display contrast 8.2

ENABLED LED 8.13

Meter menu 5.2

password entry 8.3

pushbuttons 8.2, 8.5

reset trip/targets 8.13

serial port 4.107

set relay 6.2

target LEDs 8.12

time-out 8.4

Functional Tests

currents 10.5

imbalance 10.6

power and power factor 10.7

test connections 10.6, 10.7

voltages, delta 10.8

G
Ground CT

See Core-Balance CT

Grounding 2.20

H
Help

SEL-5030 3.15

I
IEC 61850

ACSI Conformance Statements F.33

Configuration F.10

GOOSE F.4

GOOSE Processing F.9

Introduction to F.2

Logical Nodes F.13, F.15

Manufacturing Messaging 
Specification (MMS) F.4, F.27

Operation F.3

Protocol Implementation 
Conformance Statement F.27

Substation Configuration Language 
(SCL) F.5

Installation

power supply 1.6

rack mounting accessory 1.4

IRIG-B Time Synchronization 7.32

input specifications 1.12

IRI command 7.32

via communications processor C.3

L
Labels

configurable 1.5, 8.13

Local Bits 4.118

NLB, CLB, SLB, PLB 4.118

Logic Settings

output contacts 4.85

M
Maintenance

routine checks 10.11

self testing 10.12

Meter

accuracy 1.16

apparent power 5.2, 5.3

current 5.2, 5.3, 5.5

demand 5.10

frequency 5.3, 5.5

fundamental 5.3

imbalance 5.3, 5.5

light 5.10

negative sequence 5.3, 5.5

peak demand 5.10

power factor 5.2, 5.3

reactive power 5.2, 5.3

real power 5.2, 5.3

RTD 5.6

RTD temperatures 5.5

synchrophasor 5.11

temperature 5.5, 5.6

thermal 5.5

voltage 5.3, 5.5

Modbus

03h read holding registers E.8

04h input holding registers E.9

06h preset single register E.13

08h loopback diagnostic command 
E.13

10h preset multiple registers E.14

60h read parameter E.15

61h read parameter text E.17

62h read enumeration text E.17

7Dh encapsulated packet E.18

7Eh NOP (no operation) E.19

contact outputs E.19

cyclical redundancy check E.3

exception responses E.3

function codes E.2

history data E.26

Modbus Register Map E.26

password protection E.19

protocol description E.1

protocol setting 4.109

query E.2

relay settings E.19

response E.2

settings 4.109



IN.3Index
O–Z

Date Code 20220610 Instruction Manual SEL-751A Relay

O
Overcurrent Elements

adaptive overcurrent element 4.5

core-balance (ground fault) CT 4.7

application example 4.8

logic diagram 4.7

negative-sequence 4.9, 4.13

neutral 4.6, 4.14

residual 4.8, 4.15

Overvoltage Elements

logic diagram 4.24

P
Password

access level 7.19–7.20

change 7.36

factory default 7.36

front panel 8.3

jumper 2.16

Phase Rotation

phasor diagram 4.86

setting, PHROT 4.86

Power

functional test 10.7

meter 5.3

Power Factor

elements

logic diagram 4.37

functional test 10.7

meter 5.3

Power Supply

fuse ratings 2.43

Pushbuttons

navigation 8.4

target reset 8.13, 8.14

R
Reactive Power

meter 5.3

Real Power

meter 5.3

Rear-Panel Connections 2.17

Relay Word Bits

row list J.4–J.13

Remote Trip

control input 4.46

Report Settings

Event report 4.123

SER trigger 4.122

Reset

targets 8.13

Resistance Temperature Device

See also Meter

alarm temperatures 4.20

failure messages 5.5

location settings 4.20

trip temperatures 4.20

trip voting 4.20

S
SEL ASCII Protocol C.1

SEL-2600 RTD Module

failure messages 5.5

RTD-based protection 4.19–4.21

SEL-3306

See Synchrophasors

SELOGIC Control Equations

circuit breaker auxiliary 4.47

contact output 4.85

event trigger 9.3

PMU trigger H.8

Relay Word bits J.1–J.13

trip logic 4.45–4.48

Sequential Events Recorder (SER)

clearing 9.17

example report 9.17

retrieving reports 9.17

trigger settings 9.17

SER

See Sequential Events Recorder 
(SER)

Set Relay

editing keystrokes 6.5

serial communications port 6.4–6.5

using front panel 6.2

Setting

calculation method 4.2

classes 6.1

front panel 6.2

instances 6.1

serial communications port 6.4–6.5

Settings

DNP Map Settings (SET DNP 
Command) 4.124

Short Circuit Protection

See Overcurrent Elements

Status, Relay

serial communication port 1.7

DeviceNet status 1.8

Synchrophasors

MET PM Command H.9

protocols

C37.118 H.10

Relay Word bits H.8

T
Targets

front-panel function 8.12

reset targets 8.13

view using communications port 
7.44

Technical Support 10.16

Testing

acceptance testing 10.2

commissioning testing 10.2–10.5

connection tests 10.5

maintenance testing 10.11

methods 10.2, 10.11

relay elements 10.11

self tests 10.12

test connections 10.6, 10.7

with SER 10.11

with targets, LEDs 10.11

with terminal 10.11

Trip Contact

fail-safe operation 2.23, 4.85

minimum duration time TDURD 
4.45

wiring diagram 2.23, 2.24

Trip Reset

front-panel function 8.13

Trip Voting

See Resistance Temperature Device

Trip/Close Logic

breaker status 52A 4.47

factory default 4.46

logic diagram 4.45

minimum trip time TDURD 4.45

trip equation TR 4.46

trip Relay Word bit 4.45

trip unlatch ULTRIP 4.46

Troubleshooting

setting error messages 6.5

Technical Support 10.16

U
Undervoltage Elements

logic diagram 4.23

V
Voltages

See also Meter

input settings

example 4.4

phase-to-neutral voltage elements 
4.22

phase-to-phase voltage elements 
4.22

Z
Z-number 3.8



This page intentionally left blank



Date Code 20220610 Instruction Manual SEL-751A Relay

SEL-751A Relay Command Summary

The following table lists the front serial port ASCII commands associated with particular activities. The 
commands are shown in uppercase letters, but they can also be entered by using lowercase letters.

Serial Port Command Command Description

Access Level 0 Commands

ACC Go to Access Level 1. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 1 password.

ID Relay identification code. 

QUI Go to Access Level 0. 

Access Level 1 Commands

2AC Go to Access Level 2. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 2 password.

BRE Display breaker monitor data (trips, interrupted current, wear).

CEV n Show compressed event report number n, at 1/4-cycle resolution. Attach R for compressed raw report, at 
1/16- cycle resolution.

COM A Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel A.

COM B Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel B.

COM C Clears all communications records. If both MIRRORED BITS channels are enabled, omitting the channel 
specifier (A or B) clears both channels.

COM C A Clears all communications records for Channel A.

COM C B Clears all communications records for Channel B.

COM L Appends a long report to the summary report of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L A Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM L B Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM S Return a summary report of the last 255 records in the MIRRORED BITS communications buffer.

COU n Show current state of device counters. n = repeat the report n times, with a 1/2 second delay between each 
report.

DAT View the date. 

DAT dd/mm/yyyy Enter date in DMY format. 

DAT mm/dd/yyyy Enter date in MDY format if DATE_F setting is MDY. 

DAT yyyy/mm/dd Enter date in YMD format if DATE_F setting is YMD. 

ETH Show the Ethernet port status.

EVE n Show event report n with 4 samples per cycle. If n is omitted, most recent report is displayed. 

EVE R n Show event report n with raw (unfiltered) 16 samples per cycle analog data and 4 samples per cycle digital 
data.

FIL DIR Return a list of files. 

FIL READ filename Transfer settings file filename from the relay to the PC. 

FIL SHOW filename Filename 1 displays contents of the file filename. 

GOO k Display transmit and receive GOOSE messaging information. Enter number k to scroll the GOOSE data k 
times on the screen.

GRO Display active group setting.

http;//www.selinc.com
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HEL Display a short description of selected commands.

HIS n Show summary of n latest event reports, where n = 1 is the most recent entry. If n is not specified, all event 
report summaries are displayed.

HIS C or R Clear or reset history buffer. 

IRIG Force synchronization of internal control clock to IRIG-B time-code input.

LDP Display signal profile data.

LDP C Clear signal profile data.

MAC Display the MAC address of the Ethernet port (PORT 1).

MET Display instantaneous metering data. 

MET k Display instantaneous metering data k times, where k is between 1 and 32767.

MET AI Display analog input (transducer) data.

MET DEM k Display demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET E Display energy metering data.

MET L Display arc-flash detector (AFD) light input (relay requires the 3 AVI/4 AFDI card in slot E).

MET M Display minimum and maximum metering data.

MET MV Display SELOGIC math variable data.

MET PEA k Display peak demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET PM Display synchrophasor metering data.

MET RD Reset demand metering values.

MET RE Reset energy metering data.

MET RM Reset minimum and maximum metering data.

MET RMS Display RMS metering data.

MET RP Reset peak demand metering values.

MET T Display RTD metering data. 

PING x.x.x.x t Determine if Ethernet port is functioning and configured properly. x.x.x.x is the IP address and “t” is the 
PING interval settable from 2 to 255 seconds. Default “t” is 1 second. Press Q to stop.

SER Display the entire Sequential Events Recorder (SER) report.

SER date1 Display all the rows in the SER report recorded on the specified date (see DATE command for data 
format).

SER date1 date2 Display all the rows in the SER report recorded between dates date1 and date2, inclusive.

SER row1 Display the latest row1 rows in the SER report (row1 = 1–1024, where 1 is the most recent entry).

SER row1 row2 Display rows row1–row2 in the SER report.

SER C or R Clear SER data. 

SER D Display SER Delete Report, which shows deleted items (use when SER Auto Deletion is selected to 
remove chatter).

SHO n Display relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SHO F Display front-panel settings. 

SHO G Display global settings. 

SHO L n Display general logic settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings 
group. 

SHO M Display Modbus User Map settings.

SHO P n Display port settings, where n specifies the port (1, 2, 3, 4, or F); n defaults to the active port if not listed.

SHO R Display report settings. 

STA Display relay self-test status. 

STA S Display SELOGIC usage status report. 

SUM Display an event summary.

Serial Port Command Command Description
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SUM R or C Reset event summary buffer. 

TAR Display default target row or the most recently viewed target row.

TAR n Display target row n.

TAR n k Display target row n. Repeat display of row n for repeat count k.

TAR name Display the target row with target name in the row.

TAR name k Display the target row with target name in the row. Repeat display of this row for repeat count k.

TAR R Reset any latched targets and the most recently viewed target row.

TIM View time. 

TIM hh Set time by entering TIM followed by hours, as shown (24-hour clock).

TIM hh:mm Set time by entering TIM followed by hours and minutes, as shown (24-hour clock).

TIM hh:mm:ss Set time by entering TIM followed by hours, minutes, and seconds, as shown (24-hour clock).

TRI Trigger an event report data capture. 

Access Level 2 Commands

AFT Test arc-flash detector channels 1–4

ANA c p t Test analog output channel where c is the channel name or number, p is a percentage of full scale or either 
letter “R” or “r” indicates ramp mode, and t is the duration of the test in decimal minutes.

BRE R Reset breaker data.

BRE W Preload breaker data.

CAL Enter Access Level C. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level C password. Access Level C is reserved for SEL use only.

CLO Close circuit breaker.

CON RBnn k Select a remote bit to set, clear, or pulse where nn is a number from 01 to 32, representing RB01 through 
RB32. k is S, C, or P for Set, Clear, or Pulse.

COP m n Copy relay and logic settings from Group m to Group n.

FIL WRITE filename Transfer settings file filename from the PC to the relay.

GRO n Modify active group setting.

L_D Load new firmware.

LOO Enables loopback testing of MIRRORED BITS channels.

LOO A Enable loopback on MIRRORED BITS Channel A for the next 5 minutes.

LOO B Enable loopback on MIRRORED BITS Channel B for the next 5 minutes.

OPE Open circuit breaker.

PAS 1 Change Access Level 1 password. 

PAS 2 Change Access Level 2 password. 

PUL n t Pulse Output Contact n (n = OUT101…) for t (1 to 30, default is 1) seconds.

SET n Modify relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SET name For all SET commands, jump ahead to a specific setting by entering the setting name, e.g., 50P1P.

SET F Modify front-panel settings. 

SET G Modify global settings. 

SET L n Modify SELOGIC variable and timer settings for group n (n = 1, 2, or 3). If n is not specified, default is the 
active settings group.

SET M Modify Modbus User Map settings.

SET P n Modify port n settings (n = 1, 2, 3, 4, or F; if not specified, the default is the active port). 

SET R Modify report settings. 

Serial Port Command Command Description



4 SEL-751A Relay Command Summary

SEL-751A Relay Instruction Manual Date Code 20220610

SET … TERSE For all SET commands, TERSE disables the automatic SHO command after the settings entry. 

STA R or C Clear self-test status and restart relay. 

Access Level C Commands

PAS C Changes Access Level C password.

Serial Port Command Command Description
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SEL-751A Relay Command Summary

The following table lists the front serial port ASCII commands associated with particular activities. The 
commands are shown in uppercase letters, but they can also be entered by using lowercase letters.

Serial Port Command Command Description

Access Level 0 Commands

ACC Go to Access Level 1. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 1 password.

ID Relay identification code. 

QUI Go to Access Level 0. 

Access Level 1 Commands

2AC Go to Access Level 2. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 2 password.

BRE Display breaker monitor data (trips, interrupted current, wear).

CEV n Show compressed event report number n, at 1/4-cycle resolution. Attach R for compressed raw report, at 
1/16- cycle resolution.

COM A Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel A.

COM B Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel B.

COM C Clears all communications records. If both MIRRORED BITS channels are enabled, omitting the channel 
specifier (A or B) clears both channels.

COM C A Clears all communications records for Channel A.

COM C B Clears all communications records for Channel B.

COM L Appends a long report to the summary report of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L A Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM L B Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM S Return a summary report of the last 255 records in the MIRRORED BITS communications buffer.

COU n Show current state of device counters. n = repeat the report n times, with a 1/2 second delay between each 
report.

DAT View the date. 

DAT dd/mm/yyyy Enter date in DMY format. 

DAT mm/dd/yyyy Enter date in MDY format if DATE_F setting is MDY. 

DAT yyyy/mm/dd Enter date in YMD format if DATE_F setting is YMD. 

ETH Show the Ethernet port status.

EVE n Show event report n with 4 samples per cycle. If n is omitted, most recent report is displayed. 

EVE R n Show event report n with raw (unfiltered) 16 samples per cycle analog data and 4 samples per cycle digital 
data.

FIL DIR Return a list of files. 

FIL READ filename Transfer settings file filename from the relay to the PC. 

FIL SHOW filename Filename 1 displays contents of the file filename. 

GOO k Display transmit and receive GOOSE messaging information. Enter number k to scroll the GOOSE data k 
times on the screen.

GRO Display active group setting.
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HEL Display a short description of selected commands.

HIS n Show summary of n latest event reports, where n = 1 is the most recent entry. If n is not specified, all event 
report summaries are displayed.

HIS C or R Clear or reset history buffer. 

IRIG Force synchronization of internal control clock to IRIG-B time-code input.

LDP Display signal profile data.

LDP C Clear signal profile data.

MAC Display the MAC address of the Ethernet port (PORT 1).

MET Display instantaneous metering data. 

MET k Display instantaneous metering data k times, where k is between 1 and 32767.

MET AI Display analog input (transducer) data.

MET DEM k Display demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET E Display energy metering data.

MET L Display arc-flash detector (AFD) light input (relay requires the 3 AVI/4 AFDI card in slot E).

MET M Display minimum and maximum metering data.

MET MV Display SELOGIC math variable data.

MET PEA k Display peak demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET PM Display synchrophasor metering data.

MET RD Reset demand metering values.

MET RE Reset energy metering data.

MET RM Reset minimum and maximum metering data.

MET RMS Display RMS metering data.

MET RP Reset peak demand metering values.

MET T Display RTD metering data. 

PING x.x.x.x t Determine if Ethernet port is functioning and configured properly. x.x.x.x is the IP address and “t” is the 
PING interval settable from 2 to 255 seconds. Default “t” is 1 second. Press Q to stop.

SER Display the entire Sequential Events Recorder (SER) report.

SER date1 Display all the rows in the SER report recorded on the specified date (see DATE command for data 
format).

SER date1 date2 Display all the rows in the SER report recorded between dates date1 and date2, inclusive.

SER row1 Display the latest row1 rows in the SER report (row1 = 1–1024, where 1 is the most recent entry).

SER row1 row2 Display rows row1–row2 in the SER report.

SER C or R Clear SER data. 

SER D Display SER Delete Report, which shows deleted items (use when SER Auto Deletion is selected to 
remove chatter).

SHO n Display relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SHO F Display front-panel settings. 

SHO G Display global settings. 

SHO L n Display general logic settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings 
group. 

SHO M Display Modbus User Map settings.

SHO P n Display port settings, where n specifies the port (1, 2, 3, 4, or F); n defaults to the active port if not listed.

SHO R Display report settings. 

STA Display relay self-test status. 

STA S Display SELOGIC usage status report. 

SUM Display an event summary.

Serial Port Command Command Description
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SUM R or C Reset event summary buffer. 

TAR Display default target row or the most recently viewed target row.

TAR n Display target row n.

TAR n k Display target row n. Repeat display of row n for repeat count k.

TAR name Display the target row with target name in the row.

TAR name k Display the target row with target name in the row. Repeat display of this row for repeat count k.

TAR R Reset any latched targets and the most recently viewed target row.

TIM View time. 

TIM hh Set time by entering TIM followed by hours, as shown (24-hour clock).

TIM hh:mm Set time by entering TIM followed by hours and minutes, as shown (24-hour clock).

TIM hh:mm:ss Set time by entering TIM followed by hours, minutes, and seconds, as shown (24-hour clock).

TRI Trigger an event report data capture. 

Access Level 2 Commands

AFT Test arc-flash detector channels 1–4

ANA c p t Test analog output channel where c is the channel name or number, p is a percentage of full scale or either 
letter “R” or “r” indicates ramp mode, and t is the duration of the test in decimal minutes.

BRE R Reset breaker data.

BRE W Preload breaker data.

CAL Enter Access Level C. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level C password. Access Level C is reserved for SEL use only.

CLO Close circuit breaker.

CON RBnn k Select a remote bit to set, clear, or pulse where nn is a number from 01 to 32, representing RB01 through 
RB32. k is S, C, or P for Set, Clear, or Pulse.

COP m n Copy relay and logic settings from Group m to Group n.

FIL WRITE filename Transfer settings file filename from the PC to the relay.

GRO n Modify active group setting.

L_D Load new firmware.

LOO Enables loopback testing of MIRRORED BITS channels.

LOO A Enable loopback on MIRRORED BITS Channel A for the next 5 minutes.

LOO B Enable loopback on MIRRORED BITS Channel B for the next 5 minutes.

OPE Open circuit breaker.

PAS 1 Change Access Level 1 password. 

PAS 2 Change Access Level 2 password. 

PUL n t Pulse Output Contact n (n = OUT101…) for t (1 to 30, default is 1) seconds.

SET n Modify relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SET name For all SET commands, jump ahead to a specific setting by entering the setting name, e.g., 50P1P.

SET F Modify front-panel settings. 

SET G Modify global settings. 

SET L n Modify SELOGIC variable and timer settings for group n (n = 1, 2, or 3). If n is not specified, default is the 
active settings group.

SET M Modify Modbus User Map settings.

SET P n Modify port n settings (n = 1, 2, 3, 4, or F; if not specified, the default is the active port). 

SET R Modify report settings. 

Serial Port Command Command Description



4 SEL-751A Relay Command Summary

SEL-751A Relay Instruction Manual Date Code 20220610

SET … TERSE For all SET commands, TERSE disables the automatic SHO command after the settings entry. 

STA R or C Clear self-test status and restart relay. 

Access Level C Commands

PAS C Changes Access Level C password.

Serial Port Command Command Description
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed”
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 

1.16 TESTING EQUIPMENT AND SPECIAL TOOL INFORMATION 
 

 
Testing Equipment 

 

1. Desktop or laptop computer. 
2. USB cable. 

 

 
Special Tools 

 

No special tools required. 
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REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 
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Project No. 0219-13PES 

1.17 WARRANTY INFORMATION 
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1. Contract Terms 

These Standard Terms and Conditions of Sale (“Conditions of Sale”) shall apply to any purchase or procurement of 
Products or Services by the legal entity procuring such Products or Services (“Purchaser”) from the legal entity of the 
Schneider Electric division that provided the proposal or is selling the Products and Services (“SE”). To the extent that 
there is a conflict between these Conditions of Sale and a valid signed master agreement between the Purchaser and 
SE, the specific conflicting terms of the master agreement shall prevail. To the extent that there is a conflict between 
these Conditions of Sale and another set of SE terms and conditions issued to the Purchaser as part of the proposal or 
quotation process, the specific conflicting terms of the proposal or quotation document shall prevail. Any other variation 
from these Conditions of Sale shall require the signed consent of an authorized SE representative. 

 
2. Prices 

Unless otherwise stated in an applicable quotation or proposal, all prices are subject to change without notice. In the 
event of a net price change and unless otherwise agreed to in writing, prices for orders scheduled for immediate 
release shall be those in effect at time of order entry. Prices for orders placed for future shipment without an agreed 
price and ship date will be billed at the pricing in effect as of the shipment date. All clerical errors are subject to 
correction. 

 
Services Assumptions: SE’s work estimates are based on work performed during normal work hours (8 hours) between 
the hours of 06:00 and 18:00 local time, Monday to Friday, holidays excepted. Unless specified in writing the following 
are chargeable in addition to base rates: overtime or premium hours, travel costs, specialized tools and test goods, 
utility shutdowns, any delays or site issues not caused by SE, additional trips for postponement or delay. No on-site 
orientation, safety training, work required for site specific requirements is included in a quotation unless expressly 
specified by SE. Current rates are in SE’s then current SE Field Services Demand Labor Rates document. Field 
specialists bill a 4-hour minimum charge for travel where Services are performed in less than 4 hours, and an 8-hour 
minimum charge for Services otherwise. 

 
3. Taxes 

Unless otherwise set out in SE’s proposal or quotation, prices do not include taxes, duties or any other governmental 
levies, all of which are payable by Purchaser. Except as may be otherwise provided in the relevant Purchase Order, 
the price excludes all present or future sales taxes, revenue or excise taxes, value-added taxes, import and export 
duties and any other taxes, surcharges or duties now existing or hereafter imposed by governmental authorities upon 
equipment and/or services quoted by SE. The Purchaser shall be responsible for all such taxes, duties and charges 
resulting from these Conditions of Sale or any associated purchase. SE is required to impose taxes on orders and shall 
invoice the Purchaser for such taxes and/or fees according to applicable law, statutes, or regulations, unless SE 
furnishes the Purchaser at the time of order with a properly completed exemption certificate(s) acceptable to the 
authorities imposing the tax or fees. Any changes in foreign exchange rates, sales taxes, customs tariffs or other taxes 
shall be chargeable to the Purchaser. 

 
4. Terms of payment 

Terms are net 30 days from date of invoice. Late payments will be subject to interest charges at the rate of two percent 
(2%) per month. Invoices for pro-rata payments become due on the date of shipment. If at Purchaser’s request, 
shipments are delayed beyond the scheduled date, payments for the Products and Services completed to date will be 
invoiced to the Purchaser, as a percentage of the total Purchase Order price when SE was originally prepared to ship. 
Products held for the Purchaser shall be at the risk and expense of the Purchaser. If completion of Services is delayed 
more than 30 days after originally scheduled delivery date and not caused solely by SE, SE reserves the right to ship 
all Products to the Purchaser who will accept responsibility for Products including payment. Failure to pay any 
applicable payment on its due date shall automatically cause all installment amounts to become payable and in addition 
to SE’s other lawful remedies, SE reserves the right to suspend or cancel the PO. If Purchaser fails to pay SE 
for the Products and Services, SE reserves the right to file in its sole discretion any liens, charges, security interests, or 
similar encumbrances against the applicable property, building, land, or Products and Services and Purchaser 
consents to such filings and registrations. 

 
5. Delivery and Schedule 

Dates for delivery, schedule, or execution for Services or Products set out on a Purchase Order are subject to 
confirmation by SE and until such confirmation may change solely based on SE’s circumstances. All confirmed dates 
are based on the prompt receipt by SE of all required information enabling achievement of such dates and SE reserves 
the right to change such dates in the event additional information is necessary or other information was not provided. 
DISCLAIMER: The Purchaser acknowledges that the Products or part thereof are produced in, or otherwise sourced 
from, or will be installed in areas already affected by, or that may be affected in the future by, the prevailing COVID-19 
epidemics/pandemic and that the situation may trigger stoppage, hindrance or delays in SE’s (or its subcontractors) 
capacity to produce, deliver, install or service the products, irrespective of whether such stoppage, hindrance or delays 
are due to measures imposed by authorities or deliberately implemented by SE (or its subcontractors) as preventive or 
curative measures to avoid harmful contamination exposure of SE’s (or its subcontractors’) employees. The Purchaser 
therefore recognizes that such circumstances shall be considered as a cause for excusable delay not exposing SE to 
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contractual sanctions including without limitation, delay penalties, liquidated or other damages or termination for 
default. 

 
6. Risk of loss 

Unless otherwise specifically agreed by the Parties, the Products are delivered Ex Works (Incoterms 2010) and the risk 
of loss or damage shall pass to the Purchaser upon collection of the Products by the first carrier at SE’s premises, 
plants or warehouses. Delivery of Products by SE will be deemed to be made to the Purchaser upon obtaining a signed 
receipt from the carrier showing receipt of the Products in good order. Title passes on full payment. 

7. Substitutions 
SE may furnish suitable substitutes for Products unobtainable because of priorities or regulations established by 
governmental authority or non-availability of materials from suppliers, provided such substitutions do not adversely 
affect the technical soundness of the Products. SE assumes no liability for deviation from published dimensions and 
descriptive information not essential to proper performance of the Products. 

 
8. Shortage 

Claims for shortages or errors must be submitted to SE within 30 days after invoice date, and failure to give such notice 
shall constitute unqualified acceptance and a waiver of all such claims by the Purchaser. 

 
9. Installments 

SE reserves the right to make shipments in installments, unless otherwise expressly stipulated in a specific Purchase 
Order; and all such installments when separately invoiced shall be paid for when due per invoice without regard to 
subsequent shipments. Delay in shipment of any installment shall not relieve Purchaser of its obligation to accept 
remaining shipments. 

 
10. Force Majeure 

SE will be excused from and not be liable for any non-performance of a Purchase Order if such delay or non- 
performance is due to any cause beyond the reasonable control of SE, or which SE could not reasonably foresee or 
reasonably provide against, and which prevents SE from carrying out the terms of the Purchase Order. This includes 
but is not limited to the following: epidemic, pandemic, public health emergency, war, revolution, insurrection or 
hostilities (whether declared or not), riot, economic upheaval, civil commotion or uprising, flood, earthquake, tempest, 
hurricane, lightning or other natural disaster; fire or explosion; strike, lockout, or other industrial disturbance whether at 
SE or one of its suppliers; sabotage, accident, cyber attack, embargo, car shortage, wrecks or delays in transportation, 
non-delivery of materials or order or action of government authority. Any delay resulting from such cause shall extend 
the date of delivery accordingly. SE reserves the right to cancel a Purchase Order, if in its opinion such circumstances 
threaten or cause extended delay in the performance thereof. 

 
11. Purchaser’s Cybersecurity Obligations 

Purchaser’s Obligations for Its Systems: Purchaser is solely responsible for the implementation and maintenance of a 
comprehensive security program (“Security Program”) that contains reasonable and appropriate security measures and 
safeguards to protect its computer network, systems, machines, and data (collectively, “Systems”), including those Systems 
on which it runs the Products or which it uses with the Services, against Cyber Threats. “Cyber Threat” means any 
circumstance or event with the potential to adversely impact, compromise, damage, or disrupt Purchaser’s Systems or that 
may result in any unauthorized access, acquisition, loss, misuse, destruction, disclosure, and/or modification of Purchaser’s 
Systems, including any data, including through malware, hacking, or similar attacks. 

 
Without limiting the foregoing, Purchaser shall at a minimum: 

 
(a)             have qualified and experienced personnel with appropriate expertise in cybersecurity maintain Purchaser’s 

Security Program, and have such personnel regularly monitor cyber intelligence feeds and security advisories 
applicable to Purchaser’s Systems or Purchaser’s industry; 

(b) promptly update or patch its Systems or implement other appropriate measures based on any reported Cyber 
Threats and in compliance with any security notifications or bulletins, whether publicly disclosed on SE’s security 
notification  webpage  at  https://www.se.com/ww/en/work/support/cybersecurity/security-notifications.jsp or 
otherwise provided to Purchaser; 

(c) regularly monitor its Systems for possible Cyber Threats; 
(d)             regularly conduct vulnerability scanning, penetration testing, intrusion scanning, and other cybersecurity testing 

on its Systems; and 
(e)           meet the recommendations of SE’s Recommended Cybersecurity Best Practices, available at 

https://www.se.com/us/en/download/document/7EN52-0390/, as may be updated by SE from time to time, and 
then-current industry standards. 

 
Purchaser’s Use of the Products, Software, and Services: SE may release Updates and Patches for its Products, Software, 
and Services from time to time. Purchaser shall promptly install any Updates and Patches for such Products, Software, or 
Services as soon as they are available in accordance with SE’s installation instructions and using the latest version of the 
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Products or Software, where applicable. An "Update" means any software that contains a correction of errors in a Product, 
Software, or Service and/or minor enhancements or improvements for a Product, Software, or Service, but does not contain 
significant new features. A “Patch” is an Update that fixes a vulnerability in a Product, Software, or Service. Purchaser 
understands that failing to promptly and properly install Updates or Patches for the Products, Software, or Services may 
result in the Products, Software, or Services or Purchaser’s Systems becoming vulnerable to certain Cyber Threats or result 
in impaired functionality, and SE shall not be liable or responsible for any losses or damages that may result. 

 
Identification of Cyber Threats: If Purchaser identifies or otherwise becomes aware of any vulnerabilities or other Cyber 
Threats relating to the Products, Software, or Services for which SE has not released a Patch, Purchaser shall promptly 
notify SE of such vulnerability or other Cyber Threat(s) via the SE Report a Vulnerability page 
(https://www.se.com/ww/en/work/support/cybersecurity/report-a-vulnerability.jsp#Customers) and further provide SE with 
any reasonably requested information relating to such vulnerability (collectively, “Feedback”). SE shall have a non-exclusive, 
perpetual and irrevocable right to use, display, reproduce, modify, and distribute the Feedback (including any confidential 
information or intellectual property contained therein) in whole or part, including to analyze and fix the vulnerability, to create 
Patches or Updates for its customers, and to otherwise modify its Products, Software, or Services, in any manner without 
restrictions, and without any obligation of attribution or compensation to Purchaser; provided, however, SE shall not publicly 
disclose Purchaser’s name in connection with such use or the Feedback (unless Purchaser consents otherwise). By 
submitting Feedback, Purchaser represents and warrants to SE that Purchaser has all necessary rights in and to such 
Feedback and all information it contains, including to grant the rights to SE described herein, and that such Feedback does 
not infringe any proprietary or other rights of third parties or contain any unlawful information. 

 
12. Standard Warranty 

SE warrants: 
(a)  Products manufactured by SE under its own brands and supplied by SE as part of the Purchase Order, if any, 

against defects in material and workmanship of those Products arising under normal use for a period of 12 
months from the date of commissioning or 18 months from the date of shipment from SE, whichever occurs 
first. 

(b)  Services performed by SE’s personnel as part of the Purchase Order, if any, will be performed by qualified 
personnel with care, skill and diligence, in accordance with the applicable generally accepted standards 
recognized by the industry for a period of 12 months from the date of invoice. 

(c)  Software provided with the Products will perform its essential functions during the warranty period applicable 
to the Products. 

 
Exclusive Warranty Remedies:  In the event of any warranty covered defects or deficiencies in Products in subsections 
(a) above, or Services in subs. (b) above, or Software in subs. (c) above, the sole and exclusive obligation of SE shall 
be to re-perform the Services, or repair or replace the defective Products or part of the Products, or provide an update 
to the Software to correct the non-conformance or replace the Software with the latest available version containing a 
correction, at SE’s sole discretion. SE shall have no other obligation to provide updates or revisions. The foregoing 
warranty coverage is contingent on Purchaser providing prompt notification to SE once such defect or deficiency is 
reasonably apparent to Purchaser. 
Exclusions & Limitations: This warranty shall not apply (a) to Products or Software not manufactured by SE, (b) Services not 
provided directly by SE, (c) to Products, Software or Services that has been repaired or altered by anyone other than SE so 
as, in SE’s judgment, affects the same adversely, (d) Seller’s conformance with Buyer’s design of the Products, Software, or 
Services; or (e) to Products, Software or Services that appear to be subjected to negligence, accident, or damage by 
circumstances beyond SE’s control, or improper any non-SE operation, maintenance or storage, or to other than normal use 
or service. The foregoing warranties do not cover reimbursement for labor, transportation, removal, installation, temporary 
power, or any other expenses that may be incurred in connection with repair or replacement. THESE WARRANTIES, 
CONDITIONS, AND EXCLUSIONS ARE EXCLUSIVE AND IN LIEU OF ALL OTHER EXPRESS OR IMPLIED 
WARRANTIES, CONDITIONS, REPRESENTATIONS AND GUARANTEES (EXCEPT WARRANTIES OF TITLE), 
INCLUDING, BUT NOT LIMITED, TO IMPLIED WARRANTIES OF MERCHANTABILITY, MERCHANTABLE QUALITY, 
AND FITNESS FOR A PARTICULAR PURPOSE. SE MAKES NO WARRANTY THAT THE PRODUCTS, SOFTWARE OR 
SERVICES WILL MEET PURCHASER’S REQUIREMENTS, OR THAT PURCHASER’S USE OF THE PRODUCTS, 
SOFTWARE OR SERVICES WILL BE UNINTERRUPTED, SECURE, OR ERROR-FREE. SE DOES NOT REPRESENT, 
WARRANT, OR GUARANTEE THAT THE PRODUCTS, SOFTWARE OR SERVICES WILL BE SECURE OR FREE FROM 
VULNERABILITIES, CORRUPTION, ATTACK, VIRUSES, INTERFERENCE, HACKING, OR OTHER SECURITY 
INTRUSIONS OR CYBER THREATS, AND SE DISCLAIMS ANY LIABILITY IN RELATION THERETO. EXCEPT AS MAY 
BE PROVIDED IN WRITING BY SE, SE SHALL NOT BE SUBJECT TO ANY OTHER OBLIGATIONS OR LIABILITIES 
WHATSOEVER THAN AS STATED ABOVE WITH REGARD TO PRODUCTS, SOFTWARE AND SERVICES SOLD BY 
SE TO PURCHASER. BY USING THE PRODUCTS, SOFTWARE OR SERVICES, PURCHASER UNDERSTANDS 
THESE LIMITATIONS AND AGREES THAT PURCHASER ACCESSES AND USES THE PRODUCTS, SOFTWARE AND 
SERVICES AT PURCHASER’S OWN DISCRETION AND RISK AND THAT PURCHASER WILL BE SOLELY 
RESPONSIBLE FOR ANY DAMAGES TO PURCHASER’S SYSTEMS OR ASSETS OR LOSSES THAT RESULT FROM 
SUCH ACCESS OR USE. 

 
Non-SE Products, Software or Services: With respect to Products or Software not manufactured by SE, or Services 
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provided by non-SE providers, the warranty obligations of SE shall in all respects conform and be limited to the warranty 
actually extended to SE by such non-SE supplier. 

 
13. Return of Products 

No Products may be returned without first obtaining SE’s written permission and a returned material identification tag. 
Returned Products must be of current manufacture, in the original packaging, unused, undamaged and in saleable 
condition. Returned Products must be securely packed to reach SE without damage and labeled with the return 
authorization number. For any returns, SE will be pay the carrier and deduct the freight charges from the credit unless 
if returns result from SE error, freight charges will be paid by SE. Any cost incurred by SE to put Products in first class 
condition will be charged to the Purchaser. Returns must originate from the original Purchaser account number. 
Returns will be credited at the original price paid as indicated on the invoice or Purchase Order associated to the 
Products being returned as provided by the Purchaser. If no invoice number or Purchase Order number is provided, 
then credit will be issued based on the into stock price in effect 12 months prior to date of return authorization and will 
also have an additional 25% processing fee applied. SE Products, which are listed in the current product list as 
returnable and which are accepted for credit, not involving a SE error, shall be assessed a restocking fee of 25% of the 
invoice price. 

 
14. Intellectual Property 

SE retains ownership of all right, title and interest (including copyright and patent rights) in and to the intellectual 
property relating to Products and Services and work product relating to these. Nothing in these Conditions of Sale 
constitutes a transfer or conveyance of any right, title or interest in such intellectual property, including without limitation 
any software or firmware contained in those, except the limited right to use it as provided in the documentation. As to 
Products proposed and furnished by SE, SE shall defend any suit or proceeding brought against Purchaser so far as 
based on a claim that such Products constitute an infringement of any copyright, trademark or 
patent in the United States or Canada. This obligation shall be effective only if Purchaser shall have made all payments 
then due hereunder and if SE is notified promptly in writing and given authority, information, and assistance at SE's 
expense for the defense of the same. In the event the use of such Products by Purchaser is enjoined in such a suit, SE 
shall, at its expense, and at its sole option, either (a) procure for the Purchaser the right to continue using such 
Products (b) modify such Products to render them non-infringing, or (c) replace such Products with non-infringing 
Products. SE will not be responsible for any compromise or settlement made without its written consent. The foregoing 
states the entire liability of SE for patent, trademark or copyright infringement, and in no event shall SE be liable if any 
infringement charge is based on the use of SE Products for a purpose other than that for which it was sold by SE. As to 
any Products or Services furnished by SE to Purchaser and manufactured or provided in accordance with designs 
proposed by Purchaser, the Purchaser shall indemnify SE against any award made against SE for patent, trademark, 
or copyright infringements. 

 
15. Software 

Any software or computer information, in whatever form, that is provided with Products manufactured by SE or as part 
of Services (collectively, the “Software”), is licensed to Purchaser solely pursuant to standard licenses of SE or its 
supplier of such Software, which licenses are hereby incorporated by reference and are available upon request. 
Purchaser shall not reverse engineer, decompile, disassemble or apply any process, technique, or procedure or make 
any attempt to ascertain or derive the source code of any Product, Software or Services. 

 
16. LIMITATION OF LIABILITY 

NOTWITHSTANDING ANY PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT 
DOCUMENT TO THE CONTRARY, IN NO EVENT SHALL EITHER PARTY, ITS OFFICERS, DIRECTORS, 
AFFILIATES OR EMPLOYEES BE LIABLE FOR ANY FORM OF INDIRECT, SPECIAL, CONSEQUENTIAL, OR 
PUNITIVE DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOSS OF USE, LOSS OF PRODUCTION, LOSS OF 
PRODUCT, LOSS OF REVENUE OR PROFITS, OR LOSS OF DATA OR BUSINESS INFORMATION, WHETHER 
SUCH DAMAGES ARISE IN CONTRACT OR TORT, IRRESPECTIVE OF FAULT, NEGLIGENCE OR STRICT 
LIABILITY OR WHETHER SUCH PARTY HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH 
DAMAGES. NOTWITHSTANDING ANY OTHER PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER 
CONTRACT DOCUMENT TO THE CONTRARY, AND TO THE EXTENT PERMITTED BY APPLICABLE LAW, THE 
MAXIMUM LIABILITY OF SE FOR DAMAGES HEREUNDER SHALL NOT EXCEED THE AMOUNTS ACTUALLY 
PAID BY PURCHASER TO SE FOR THE PRODUCT OR SERVICE GIVING RISE TO A CLAIM. 

 
17. Indemnification 

Purchaser agrees to indemnify, defend, and hold harmless SE from and against any and all claims, lawsuits, demands, 
actions, or other proceedings brought against it by any third party due to, arising out of, or related to (a) Purchaser’s use 
of Products, Software or Services in a manner not permitted by these Conditions of Sale, (b) Purchaser’s failure to comply 
with Section 11, including Purchaser’s failure maintain a Security Program in compliance with Section 11 or Purchaser’s 
failure to promptly and properly install Updates and Patches for the Products, Software or Services in accordance with 
Section 11, (c) Purchaser’s violation of these Conditions of Sale or the master agreement, (d) any information that 
Purchaser submits, transmits, or makes available to SE, including but not limited to as part of the Feedback, or (e) 
Purchaser’s violation of any law, regulation, or third party rights. Purchaser shall pay any and all costs, damages, and 
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expenses, including, without limitation, reasonable attorneys' fees and costs awarded against or otherwise incurred by 
SE in connection with or arising from any such claim, lawsuit, action, demand, or other proceeding. SE, at its expense, 
may assume the exclusive defense and control of any matter subject to indemnification by Purchaser, in which event 
Purchaser agrees to cooperate with SE in asserting any available defenses. 

 
18. Insurance 

SE shall maintain reasonable insurance coverage (e.g., commercial general liability, worker’s compensation, 
automobile) in such amounts as SE deems appropriate in accordance with industry practice. Certificate of insurance 
evidencing this may be provided on request. 

 
19. Import and Export 

The Products and Services provided by SE under these Conditions of Sale contain or may contain components and/or 
technologies from the United States of America (“US”), the European Union (“EU”) and/or other nations. Purchaser 
acknowledges and agrees that the Products, assignment and/or usage of the Products, Software, Services, information, 
other deliverables and/or the embedded technologies (hereinafter referred to as “Deliverables”) under these Conditions 
of Sale shall fully comply with related applicable US, EU and other national and international export control laws and/or 
regulations. 
Unless applicable export license/s has been obtained from the relevant authority and SE has approved, the Deliverables 
shall not (i) be exported and/or re-exported to any destination and party (may include but not limited to an individual, 
group and/or legal entity) restricted by the applicable export control laws and/or regulations; or (ii) be used for those 
purposes and fields restricted by the applicable export control laws and/or regulations. Purchaser also agrees that the 
Deliverables will not be used either directly or indirectly in any rocket systems or unmanned air vehicles; nor be used in 
any nuclear weapons delivery systems; and will not be used in any design, development, production or use for any 
weapons which may include but not limited to chemical, biological or nuclear weapons. 

 
If any necessary or advisable licenses, authorizations or approvals are not obtained, whether arising from inaction by 
any relevant government authority or otherwise, or if any such licenses, authorizations or approvals are denied or 
revoked, or if the applicable export control laws and/or regulations would prohibit SE from fulfilling any order, or would in 
SE’s judgment otherwise expose SE to a risk of liability under the applicable export control laws and/or regulations if it 
fulfilled the order, SE shall be excused from all obligations under such order and/or these Conditions of Sale. 

 
20. Health and Safety Compliance 

SE employees shall not perform Services that, in their sole opinion, are not free of reasonably foreseeable harm. This 
includes working on any equipment, whether provided by SE, Purchaser or otherwise, that in such SE employees’ sole 
opinion has not been placed in an electrically safe working condition. Purchaser warrants that site and working 
conditions shall meet or exceed those specified by applicable Occupational Health and Safety Act and Regulations. 
Purchaser shall inform SE of: (a) Known hazards, or reasonably foreseeable hazards, that are related to SE’s scope of 
Services and the site where the Services will be performed; and (b) Information about the worksite necessary to 
identify hazards and assess risk for the protection of the health and safety of SE personnel. This information might 
include, but is not limited to: (i) Providing an accurate up-to-date single line diagram of the electrical distribution 
system; (ii) Providing relevant Workplace Hazardous Materials Information System (WHMIS) information such as 
Material Safety Data Sheets (MSDS) and floor plans indicating areas where hazardous materials are located and 
emergency exits for service rooms and other areas of operation; and (iii) Other site specific information relative to the 
Purchaser’s operation, process and safety systems. Any hazardous materials requiring remediation in SE’s sole 
opinion will be separately chargeable to Purchaser and will be a condition precedent to SE’s performance of such 
Services. 

 
21. Witness of Tests & Factory Inspections 

Normal production schedules do not provide the opportunity for Purchaser to witness routine factory tests on Products 
or make factory inspections. Witnessing of tests or factory inspections by the Purchaser may result in delays of 
production for which SE will not be responsible and which may result in additional charges and delayed scheduling to 
Purchaser. Witness testing and factory inspections must be requested at time of quotation, are subject to additional 
costs and must be confirmed at Purchase Order entry. Standard SE factory testing and inspection will apply. SE will 
notify Purchaser fourteen (14) calendar days prior to scheduled witness testing or inspection. In the event Purchaser is 
unable to attend, the Parties may mutually agree on a rescheduled date. However, SE, at its sole option, may consider 
the witness tests or inspection waived, and ship and invoice the Products and the witness testing charges. Purchaser 
will be responsible for paying for all scheduled witness testing, whether or not Purchaser attends. 

 
22. Patterns and Tools 

Notice will be given if special patterns or tools are required to complete any Purchase Order. Charges for such patterns 
or tools do not convey title thereto or the right to remove them from SE's plant. If patterns or tools are not used for a 
period of two years, SE shall have the right to scrap them without notice. 

 
23. Nuclear Applications 
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Unless otherwise agreed in writing by a duly authorized representative of SE, Products sold hereunder are not 
intended for use in or in connection with any nuclear facility or activity. Purchaser hereby represents and warrants that 
such Products shall not be used in or in connection with any nuclear facility or activity. If so used, SE disclaims all 
liability for any damage, injury or contamination; and Purchaser agrees and indemnifies SE against any such liability, 
whether arising as a result of breach of contract, warranty or tort (including negligence) or otherwise. 

 
24. Nature of Relationship 

Purchaser agrees that SE is an independent contractor and nothing in these Conditions of Sales creates between SE 
and Purchaser a relationship of partners, joint venturers, or agents of each other, and no Party may so represent itself 
any of these manners. 

 
25. Termination 

Any Purchase Order may be terminated by the Purchaser only upon 30 days’ notice to SE and upon payment of 
reasonable and proper termination charges based on the price of the terminated Purchase Order and reimbursement 
of all costs and expenses associated with the order caused by such termination and shall include a reasonable profit. 
Special or custom ordered Products is not cancelable after final acceptance OR approval OF drawings for the 
commencement of manufacturing. 

 
26. Cancellation 

SE shall have the right to cancel any Purchase Order at any time by written notice for any material breach of these 
Conditions of Sale by the Purchaser, including material delays by Purchaser or its authorized representatives in 
releasing Products for manufacture or approval drawings and excessive changes to specifications or drawings. 

 
27. Amendments 

No amendment, supplement, modification, waiver or termination of the Purchase Order or these Conditions of Sale is 
binding unless executed in writing by both Parties. 

 
28. Antibribery and Corruption 

28.1 Purchaser acknowledges that SE is committed to eliminating all risk of bribery and corruption, influence peddling, 
money laundering and tax evasion or the facilitation thereof in its business activities. Purchaser must immediately notify 
SE of any suspected, or known, breaches of Anti-Corruption Law. Purchaser may raise this alert through their point of 
contact or through the Trust Line: https://secure.ethicspoint.eu/domain/media/en/gui/104677/index.html. 

 
28.2 None of Purchaser’s employees, beneficial owners, shareholders, or any other person who is involved in or will 
benefit from the performance of the Contract or has an interest in Purchaser: 
(a) is a civil servant, public or governmental official; 
(b) is an official or employee of SE or one of its affiliates; or 
(c) has been convicted of, or otherwise been subjected to any administrative sanction or penalty for, any offence involving 
fraud, bribery, corruption, influence peddling, money laundering, or any other criminal offence involving dishonesty as an 
element. Buyer will immediately notify SE if any such individuals are the subject of any investigation into any such 
offenses. 

 
28.3 Purchaser undertakes and covenants to SE that it shall not, alone or in conjunction with any other person, directly 
or indirectly, offer, pay, give, promise to pay or give, or authorize the payment or giving of any money, gift, undue 
advantage, or anything of value to any employee, official or authorized representatives of SE. 
 
28.4 In the event Purchaser has concerns related to ethics, compliance or SE’s Principles of Responsibility, and/or any 
potential violations of these policies, Purchaser is welcome to make use SE’s GreenLine. The GreenLine is SE’s global 
helpline for external stakeholders. It is a confidential channel through which Purchasers can ask questions and raise 
concerns. Reports can be made using the link below: 
“https://secure.ethicspoint.eu/domain/media/en/gui/104677/index.html.” 

 
29. Applicable Laws 

All matters arising out of or relating to the execution, construction, interpretation or breach thereof, are to be governed 
by the laws of the state of Delaware, USA without regard to the conflict of law provisions thereof. The Parties agree 
that the United Nations Convention on Contracts for the International Sale of Goods does not apply to these Conditions 
of Sale. 
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Domestic U.S.A. General Terms and Conditions of Sale for
Distribution and Control Products and Services

Terms and Conditions of Sale.  The Terms and Conditions of Sale set forth herein, and any supplements which may be attached hereto, constitute the 
full and final expression of the contract for the sale of products or services (“Product(s)” or “Services”) by Eaton Corporation (“Seller”) to the Buyer, and 
supersedes all prior quotations, purchase orders, correspondence or communications, whether written or oral, between the Seller and the Buyer. 
Notwithstanding any contrary language in the Buyer’s purchase order, correspondence or other form of acknowledgment, Buyer shall be bound by these 
Terms and Conditions of Sale when it sends a purchase order or otherwise indicates acceptance of this contract, or when it accepts delivery from Seller 
of the Products or Services. THE CONTRACT FOR SALE OF THE PRODUCTS OR SERVICES IS EXPRESSLY LIMITED TO THE TERMS AND 
CONDITIONS OF SALE STATED HEREIN. ANY ADDITIONAL OR DIFFERENT TERMS PROPOSED BY BUYER ARE REJECTED UNLESS 
EXPRESSLY AGREED TO IN WRITING BY SELLER. No contract shall exist except as herein provided.

Complete Agreement.  All Seller documents referenced in these Terms and Conditions of Sale are hereby incorporated by reference into the terms 
herein.  No amendment or modification hereto nor any statement, representation or warranty not contained herein shall be bind ing on the Seller unless 
made in writing by an authorized representative of the Seller. Prior dealings, usage of the trade or a course of performance shall not be relevant to 
determine the meaning of this contract even though the accepting or acquiescing party had knowledge of the nature of the performance and opportunity 
for objection.

Quotations. A written quotation is valid for 30 days from its date unless otherwise stated in the quotation or terminated sooner by notice.
Verbal quotations, unless accepted, expire the same day they are made. A complete signed order must be received by Seller within 20 calendar days of 
notification of award, otherwise the price and shipment will be subject to re-negotiation.

TERMINATION AND CANCELLATION

Products. Any order may be terminated by the Buyer only by written notice and upon payment of reasonable termination charges, including all progress 
billings and all incurred direct manufacturing costs.

Services.  Any order may be terminated by the Buyer only by written notice and upon payment of reasonable termination charges including all costs 
plus profit. Seller shall have the right to cancel any order at any time by written notice if Buyer breaches any of the terms hereof, becomes the subject of 
any proceeding under state or federal law for the relief of debtors, or otherwise becomes insolvent or bankrupt, generally does not pay its debts as they 
become due or makes an assignment for the benefit of creditors.

Prices. All prices are subject to change without notice. In the event of a price change, the effective date of the change will be the date of the new price 
or discount sheet, letter or telegram. All quotations made or orders accepted after the effective date will be on the new basis. For exis ting orders, the 
price of the unshipped portion of an order will be the price in effect at time of shipment.

Price Policy – Products and Services. When prices are quoted as firm for quoted shipment, they are firm provided the following conditions are met:
1. The order is released with complete engineering details.
2. Shipment of Products is made, and Services purchased are providedwithin the quoted lead time.
3. When drawings for approval are required for any Products, the drawings applicable to those Products must be returned within 30*1calendar

days from the date of the original mailing of the drawings by Seller. The return drawings must be released for manufacture and shipment and
must be marked “APPROVED” or “APPROVED AS NOTED.” Drawing re-submittals which are required for any other reason than to correct
Seller errors will not extend the 30-day period.

If the Buyer initiates or in any way causes delays in shipment, provision of Services or return of approval drawings beyond the periods stated above, the 
price of the Products or Services will be increased 1% per month or fraction thereof up to a maximum of 18 months from the date of the Buyer’s order. 
For delays resulting in shipment or provision of Services beyond 18 months from the date of the Buyer’s order, the price must be renegotiated.

Price Policy – BLS. Refer to Price Policy 25-050.

Minimum Billing. Orders less than $1,000 will be assessed a shipping and handling charge of 5% of the price of the order, with a minimum charge of
$25.00 unless noted differently on Product discount sheets.

Taxes.  The price does not include any taxes. Buyer shall be responsible for the payment of all taxes applicable to, or arising from, the transaction, the 
Products, its sale, value or use, or any Services performed in connection therewith regardless of the person or entity actually taxed.

TERMS OF PAYMENT

Products.  Acceptance of all orders is subject to the Buyer meeting Seller’s credit requirements. Terms of payment are subject to change for failure to 
meet such requirements. Seller reserves the right at any time to demand full or partial payment before proceeding with a contract of sale as a result of 
changes in the financial condition of the Buyer. Terms of Payment are either Net 30 days from the date of invoice of each shipment or carry a cash 
discount based on Product type. Specific payment terms for Products are outlined in the applicable Product discount schedules.

Services.  Terms of payment are net within 30 days from date of invoice for orders amounting to less than $50,000.00. Terms of payment for orders 
exceeding $50,000.00 shall be made according to the following:

1. Twenty percent (20%) of order value with the purchase order payable 30 days from date of invoice.

*160 days for orders through contractors to allow time for their review and approval before and after transmitting them to their customers.
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2. Eighty percent (80%) of ordervalue in equal monthly payments over the performance period payable 30 days from date of invoice.

Except for work performed (i) under a firm fixed price basis or (ii) pursuant to terms of a previously priced existing contract between Seller and Buyer, 
invoices for work performed by Seller shall have added and noted on each invoice a charge of 3% (over and above the price of the work) which is 
related to Seller compliance with present and proposed environmental, health and safety regulations associated with prescrib  requirements covering
hazardous materials management and employee training, communications, personal protective equipment, documentation and record keeping 
associated therewith. 

Adequate Assurances. If, in the judgment of Seller, the financial condition of the Buyer, at any time during the period of the contract, does not justify 
the terms of payment specified, Seller may require full or partial payment in advance.

Delayed Payment. If payments are not made in accordance with these terms, a service charge will, without prejudice to the right of Seller to immediate 
payment, be added in an amount equal to the lower of 1.5% per month or fraction thereof or the highest legal rate on the unpaid balance.

Freight. Freight policy will be listed on the Product discount sheets, or at option of Seller one of the following freight terms will be quoted.

F.O.B. – P/S – Frt./Ppd. and Invoiced. Products are sold F.O.B. point of shipment freight prepaid and invoiced to the Buyer. 

F.O.B. – P/S – Frt./Ppd. and Allowed. Products sold are delivered F.O.B. point of shipment, freight prepaid and included in the price. 

F.O.B. Destination – Frt./Ppd. and Allowed. At Buyer’s option, Seller will deliver the Products F.O.B. destination freight prepaid and 2% will be added 
to the net price. The term “freight prepaid” means that freight charges will be prepaid to the accessible common carrier delivery point nearest the 
destination for shipments within the United States and Puerto Rico unless noted differently on the Product discount sheets. For any other destination, 
contact Seller’s representative.

Shipment and Routing.  Seller shall select the point of origin of shipment, the method of transportation, the type of carrier equipment and the rout ing of 
the shipment. If the Buyer specifies a special method of transportation, type of carrier equipment, routing or delivery requirement, Buyer shall pay all 
special freight and handling charges. When freight is included in the price, no allowance will be made in lieu of transportation if the Buyer accepts 
shipment at factory, warehouse or freight station or otherwise supplies its own transportation.

Risk of Loss. Risk of loss or damage to the Products shall pass to Buyer at the F.O.B. point.

Concealed Damage. Except in the event of F.O.B. destination shipments, Seller will not participate in any settlement of claims for concealed damage.
When shipment has been made on an F.O.B. destination basis, the Buyer must unpack immediately and, if damage is discovered, must: 

Not move the Products from the point of examination.
Retain shipping container and packing material.
Notify the carrier in writing of any apparent damage.
Notify Seller representative within 72 hours of delivery.
Send Seller a copy of the carrier’s inspection report.

Witness Tests/Customer Inspection. Standard factory tests may be witnessed by the Buyer at Seller’s factory for an additional charge calculated at 
the rate of $2,500 per day (not to exceed eight (8) hours) per Product type. Buyer may final-inspect Products at the Seller’s factory for $500 per day per 
Product type.

Witness tests will add one (1) week to the scheduled shipping date. Seller will notify Buyer fourteen (14) calendar days prior to scheduled witness testing
or inspection. In the event Buyer is unable to attend, the Parties shall mutually agree on a rescheduled date. However, Seller reserves the right to deem 
the witness tests waived with the right to ship and invoice Products.

Held Orders. For any order held, delayed or rescheduled at the request of the Buyer, Seller may, at its sole option, (1) require payment to be based on 
any reasonable basis, including but not limited to the contract price, and any additional expenses, or cost resulting from such a delay; (2) store Products 
at the sole cost and risk of loss of the Buyer; and/or (3) charge to the Buyer those prices under the applicable price policy. Payment for such price, 
expenses and costs, in any such event, shall be due by Buyer within thirty (30) days from date of Seller’s invoice. Any order so held delayed or 
rescheduled beyond six (6) months will be treated as a Buyer termination.

Drawing Approval.  Seller will design the Products in line with, in Seller’s judgment, good commercial practice. If at drawing approval Buyer makes 
changes outside of the design as covered in their specifications, Seller will then be paid reasonable charges and allowed a commensurate delay in 
shipping date based on the changes made.

Drawing Re-Submittal.  When Seller agrees to do so in its quotation, Seller shall provide Buyer with the first set of factory customer approval drawing(s) 
at Seller’s expense. The customer approval drawing(s) will be delivered at the quoted delivery date. If Buyer requests drawing changes or additions after 
the initial factory customer approval drawing(s) have been submitted by Seller, the Seller, at its option, may assess Buyer drawing charges. Factory 
customer approval drawing changes required due to misinterpretation by Seller will be at Seller’s expense. Approval drawings generated by Bid-
Manager are excluded from this provision.

WARRANTY

Warranty for Products.  Seller warrants that the Products manufactured by it will conform to Seller’s applicable specifications and be free from failure 
due to defects in workmanship and material for one (1) year from the date of installation of the Product or eighteen (18) months from the date of 
shipment of the Product, whichever occurs first.

In the event any Product fails to comply with the foregoing warranty Seller will, at its option, either (a) repair or replace the defective Product, or defective 
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part or component thereof, F.O.B. Seller’s facility freight prepaid, or (b) credit Buyer for the purchase price of the Produc t. All warranty claims shall be 
made in writing.

Seller requires all non-conforming Products be returned at Seller’s expense for evaluation unless specifically stated otherwise in writing by Seller.
This warranty does not cover failure or damage due to storage, installation, operation or maintenance not in conformance with Seller's 
recommendations, including as set forth in these Terms and Conditions of Sale, and industry standard practice or due to accident, misuse, abuse, or 
negligence. This warranty does not cover breach of data or system security, including that of information technology infrastructure, computers, software, 
hardware, databases, electronic systems (including database management systems), and networks.  This warranty does not cover reimbursement for 
labor, gaining access, removal, installation, temporary power or any other expenses, which may be incurred in connection with repair or replacement.
This warranty does not apply to equipment not manufactured by Seller. Seller limits itself to extending the same warranty it receives from the third-party 
supplier, to the extent such third party permits assignment of its warranty.

Extended Warranty for Products.  If requested by the Buyer and specifically accepted in writing by Seller, the foregoing standard warranty for Products 
will be extended from the date of shipment for the period and price indicated below:

24 months – 2% of ContractPrice 
30 months – 3% of ContractPrice 
36 months – 4% of ContractPrice

Special Warranty (In and Out) for Products.  If requested by the Buyer and specifically accepted in writing by Seller, Seller will, during the warranty 
period for Products, at an additional cost of 2% of the contract price, be responsible for the direct cost of:

1. Removing the Product from the installed location.
2. Transportation to the repair facility and return to thesite.
3. Reinstallation on site.

The total liability of Seller for this Special Warranty for Products is limited to 50% of the contract price of the particular Product being repaired and 
excludes expenses for removing adjacent apparatus, walls, piping, structures, temporary service, etc. 

Warranty for Services. Seller warrants that the Services performed by it hereunder will be performed in accordance with generally accepted 
professional standards. The Services, which do not so conform, shall be corrected by Seller upon notification in writing by the Buyer within one (1) year 
after completion of the Services. Unless otherwise agreed to in writing by Seller, Seller assumes no responsibility with respect to the suitability of the 
Buyer’s, or its customer’s, equipment or with respect to any latent defects in equipment not supplied by Seller. This warranty does not c over damage to 
Buyer’s, or its customer’s, equipment, components or parts resulting in whole, or in part from improper maintenance or operation (including failure to 
comply with Seller’s recommendations) or from their deteriorated condition. Buyer will, at its cost, provide Seller with unobstructed access to the 
defective Services, as well as adequate free working space in the immediate vicinity of the defective Services and such facilities and systems, including, 
without limitation, docks, cranes and utility disconnects and connects, as may be necessary in order that Seller may perform its warranty obligations. The 
conducting of any tests shall be mutually agreed upon and Seller shall be notified of, and may be present at, all tests that may be made.

Warranty for Power Systems Studies. Seller warrants that any power systems studies performed by it will conform to generally accepted professional 
standards. Any portion of the study, which does not so conform, shall be corrected by Seller upon notification in writing by the Buyer within six (6) 
months after completion of the study. All warranty work shall be performed in a single shift straight time basis Monday through Friday. In the event that 
the study requires correction of warranty items on an overtime schedule, the premium portion of such overtime shall be for the Buyer’s account. 

Limitation on Warranties for Products, Services and Power Systems Studies.  THE FOREGOING WARRANTIES ARE EXCLUSIVE EXCEPT FOR
WARRANTY OF TITLE. SELLER DISCLAIMS ALL OTHER WARRANTIES INCLUDING ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE. CORRECTION OF NON-CONFORMITIES IN THE MANNER AND FOR THE PERIOD OF TIME 
PROVIDED ABOVE SHALL CONSTITUTE SELLER’S SOLE LIABILITY AND BUYER’S EXCLUSIVE REMEDY FOR FAILURE OF SELLER TO MEET 
ITS WARRANTY OBLIGATIONS, WHETHER CLAIMS OF THE BUYER ARE BASED IN ONTRACT, IN TORT (INCLUDING NEGLIGENCE OR STRICT 
LIABILITY) OR OTHERWISE.

Asbestos. Federal Law requires that building or facility owners identify the presence, location and quantity of asbestos containing material (hereinafter 
“ACM”) at work sites. Seller is not licensed to abate ACM. Accordingly, for any contract which includes the prov ision of Services, prior to (i) 
commencement of work at any site under a specific Purchase Order, (ii) a change in the work scope of any Purchase Order, the Buyer will certify that 
the work area associated with the Seller’s scope of work includes the handling of Class II ACM, including but not limited to generator wedges and high 
temperature gaskets which include asbestos materials. The Buyer shall, at its expense, conduct abatement should the removal, handling, modification 
or reinstallation, or some or all of them, of said Class II ACM be likely to generate airborne asbestos fibers; and should such abatement affect the cost of 
ortime of performance of the work then Seller shall be entitled to an equitable adjustment in the schedule, price and other pertinent affected provisions of 
the contract.

Compliance with Nuclear Regulation. Seller’s Products are sold as commercial grade Products not intended for application in facilities or 
activities licensed by the United States Nuclear Regulatory Commission for atomic purposes. Further certification will be required for use of the 
Products in any safety-related application in any nuclear facility licensed by the U.S. Nuclear Regulatory Commission.

Returning Products. Authorization and shipping instructions for the return of any Products must be obtained from Seller before returning the Products. 
When return is occasioned due to Seller error, full credit including all transportation charges will be allowed.

Product Notices. Buyer shall provide the users including its employees and in the case of permitted resale any subsequent purchasers of the
Products with all Seller supplied Product notices, warnings, instructions, recommendations and similar materials.

Cybersecurity. Seller is not responsible for a breach of data or electronic system security, including, but not limited to, a system intrusion or 
interference, virus or malicious code attack, loss of data, data theft, unauthorized access to confidential information and/or nonpublic personal 
information, hacking incident or any acts of data ransom, caused by any third-party equipment, modification made to a Product other than by Seller, or 

This warranty does not cover breach of data or system security, including that of information technology infrastructure, computers, software, 
hardware, databases, electronic systems (including database management systems), and networks.

Cybersecurity. Seller is not responsible for a breach of data or electronic system security, including, but not limited to, a system intrusion or y y p y y g y
interference, virus or malicious code attack, loss of data, data theft, unauthorized access to confidential information and/or nonpublic personalp p
information, hacking incident or any acts of data ransom, caused by any third-party equipment, modification made to a Product other than by Seller, or 
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failure by Buyer to comply with Eaton Assemblies Cybersecurity Hardening Guidelines at www.eaton.com/assemblies-security (the “Cybersecurity
Guidelines”). Seller may revise the Cybersecurity Guidelines at any time without prior notice.

Buyer is responsible for obtaining (at Buyer’s expense) assurances from third party suppliers with respect to cybersecurity for third party equipment. As a 
condition of use and/or resale, Buyer shall direct all users of the Products purchased to access the applicable accompanying Eaton End User License 
Agreement (EULA) and the Cybersecurity Guidelines, all of which are subject to change in terms and practices, at Seller’s discretion, at any time.

Force Majeure.  Seller shall not be liable for failure to perform or delay in performance due to fire, flood, strike or other labor difficulty, act of God, act of 
any governmental authority or of the Buyer, riot, embargo, fuel or energy shortage, car shortage, wrecks or delays in transportation, or due to any other 
cause beyond Seller’s reasonable control. In the event of delay in performance due to any such cause, the date of delivery or time for completion will be 
extended by a period of time reasonably necessary to overcome the effect of such delay. Seller cannot be held liable, and Buyer shall not be entitled to 
any damages and/or indemnifications, in case Seller is prevented, hindered or delayed from or in performing any of its obligations resulting from the 
impact of the outbreak of COVID-19 or any future pandemic or epidemic for reasons not attributable to Seller.

Liquidated Damages. Contracts which include liquidated damage clauses for failure to meet shipping or job completion promises are not acceptable or 
binding on Seller, unless such clauses are specifically accepted in writing by an authorized representative of the Seller at its headquarters office.

Patent Infringement.  Seller will defend or, at its option, settle any suit or proceeding brought against Buyer, or Buyer’s customers, to the exten t it is 
based upon a claim that any Product or part thereof, manufactured by Seller or its subsidiaries and furnished hereunder, infringes any United States 
patent, other than a claim of infringement based upon use of a Product or part thereof in a process, provided Seller is notified in reasonable time and 
given authority, information and assistance (at Seller’s expense) for the defense of same. Seller shall pay all legal and court costs and expenses and 
court-assessed damages awarded therein against Buyer resulting from or incident to such suit or proceeding. In addition to the foregoing, if at any time 
Seller determines there is a substantial question of infringement of any United States patent, and the use of such Product is or may be enjoined, Seller 
may, at its option and expense: either (a) procure for Buyer the right to continue using and selling the Product; (b) replace the Product with non- 
infringing apparatus; (c) modify the Product so it becomes non-infringing; or (d) as a last resort, remove the Product and refund the purchase price, 
equitably adjusted for use and obsolescence. 

In no case does Seller agree to pay any recovery based upon its Buyer’s savings or profit through use of Seller’s Products whether the use be special or 
ordinary. The foregoing states the entire liability of Seller for patent infringement. 

The preceding paragraph does not apply to any claim of infringement based upon: (a) any modification made to a Product other than by Seller; (b) any 
design and/or specifications of Buyer to which a Product was manufactured; or (c) the use or combination of Product with other products where the 
Product does not itself infringe. As to the above-identified claim situations where the preceding paragraph does not apply, Buyer shall defend and hold 
Seller harmless in the same manner and to the extent as Seller’s obligations described in the preceding paragraph. Buyer shall be responsible for 
obtaining (at Buyer’s expense) all license rights required for Seller to be able to use software products in the possession o f Buyer where such use is 
required in order to perform any Service for Buyer. 

With respect to a Product or part thereof not manufactured by Seller or its subsidiaries, Seller will attempt to obtain for Buyer, from the supplier(s), the 
patent indemnification protection normally provided by the supplier(s) to customers. 

Compliance with OSHA. Seller offers no warranty and makes no representation that its Products comply with the provisions or standards of the 
Occupational Safety and Health Act of 1970, or any regulation issued thereunder. In no event shall Seller be liable for any loss, damage, fines, penalty 
or expenses arising under said Act. 

Limitation of Liability.  THE REMEDIES OF THE BUYER SET FORTH IN THIS CONTRACT ARE EXCLUSIVE AND ARE ITS SOLE REMEDIES 
FOR ANY FAILURE OF SELLER TO COMPLY WITH ITS OBLIGATIONS HEREUNDER. NOTWITHSTANDING ANY PROVISION IN THIS 
CONTRACT TO THE CONTRARY, IN NO EVENT SHALL SELLER BE LIABLE IN CONTRACT, IN TORT (INCLUDING NEGLIGENCE OR STRICT 
LIABILITY) OR OTHERWISE FOR DAMAGE TO PROPERTY OR EQUIPMENT OTHER THAN PRODUCTS SOLD UNDER THIS AGREEMENT, 
LOSS OF PROFITS OR REVENUE, LOSS OF USE OF PRODUCTS, LOST PRODUCTION, COST OF CAPITAL, LOSS OF, DAMAGE TO, OR 
UNAUTHORIZED ACCESS TO DATA, BREACH OF SYSTEM SECURITY, FAILURE TO TRANSMIT OR RECEIVE DATA,, BUSINESS INTERRUPTION, CLAIMS 
OF CUSTOMERS OF THE BUYER OR ANY SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES WHATSOEVER, 
REGARDLESS OF WHETHER SUCH POTENTIAL DAMAGES ARE FORESEEABLE OR IF SELLER HAS BEEN ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGES.  THE TOTAL CUMULATIVE LIABILITY OF SELLER ARISING FROM OR RELATED TO THIS CONTRACT WHETHER THE 
CLAIMS ARE BASED IN CONTRACT, IN TORT (INCLUDING NEGLIGENCE OR STRICT LIABILITY) OR OTHERWISE, SHALL NOT EXCEED THE 
PRICE OF THE PRODUCT OR SERVICES ON WHICH SUCH LIABILITY IS BASED.

Distributors and Third-Party Agents. In order to ensure that distributors and third party agents acting on behalf of Seller share Seller’s commitment to
doing business right, all distributors and agents shall abide by Seller’s Anticorruption Policy.

Eaton Corporation. 
1000 Cherrington Parkway Moon Township, PA 15108 United States 
Tel: 1-800-525-2000 
Eaton.com 

© 2021 Eaton Corporation. All Rights Reserved. Printed in USA. Publication No. SP03000001E Z7740. 
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1. Contract Terms 

These Standard Terms and Conditions of Sale (“Conditions of Sale”) shall apply to any purchase or procurement of 
Products or Services by the legal entity procuring such Products or Services (“Purchaser”) from the legal entity of the 
Schneider Electric division that provided the proposal or is selling the Products and Services (“SE”). To the extent that 
there is a conflict between these Conditions of Sale and a valid signed master agreement between the Purchaser and 
SE, the specific conflicting terms of the master agreement shall prevail. To the extent that there is a conflict between 
these Conditions of Sale and another set of SE terms and conditions issued to the Purchaser as part of the proposal or 
quotation process, the specific conflicting terms of the proposal or quotation document shall prevail. Any other variation 
from these Conditions of Sale shall require the signed consent of an authorized SE representative. 

 
2. Prices 

Unless otherwise stated in an applicable quotation or proposal, all prices are subject to change without notice. In the 
event of a net price change and unless otherwise agreed to in writing, prices for orders scheduled for immediate 
release shall be those in effect at time of order entry. Prices for orders placed for future shipment without an agreed 
price and ship date will be billed at the pricing in effect as of the shipment date. All clerical errors are subject to 
correction. 

 
Services Assumptions: SE’s work estimates are based on work performed during normal work hours (8 hours) between 
the hours of 06:00 and 18:00 local time, Monday to Friday, holidays excepted. Unless specified in writing the following 
are chargeable in addition to base rates: overtime or premium hours, travel costs, specialized tools and test goods, 
utility shutdowns, any delays or site issues not caused by SE, additional trips for postponement or delay. No on-site 
orientation, safety training, work required for site specific requirements is included in a quotation unless expressly 
specified by SE. Current rates are in SE’s then current SE Field Services Demand Labor Rates document. Field 
specialists bill a 4-hour minimum charge for travel where Services are performed in less than 4 hours, and an 8-hour 
minimum charge for Services otherwise. 

 
3. Taxes 

Unless otherwise set out in SE’s proposal or quotation, prices do not include taxes, duties or any other governmental 
levies, all of which are payable by Purchaser. Except as may be otherwise provided in the relevant Purchase Order, 
the price excludes all present or future sales taxes, revenue or excise taxes, value-added taxes, import and export 
duties and any other taxes, surcharges or duties now existing or hereafter imposed by governmental authorities upon 
equipment and/or services quoted by SE. The Purchaser shall be responsible for all such taxes, duties and charges 
resulting from these Conditions of Sale or any associated purchase. SE is required to impose taxes on orders and shall 
invoice the Purchaser for such taxes and/or fees according to applicable law, statutes, or regulations, unless SE 
furnishes the Purchaser at the time of order with a properly completed exemption certificate(s) acceptable to the 
authorities imposing the tax or fees. Any changes in foreign exchange rates, sales taxes, customs tariffs or other taxes 
shall be chargeable to the Purchaser. 

 
4. Terms of payment 

Terms are net 30 days from date of invoice. Late payments will be subject to interest charges at the rate of two percent 
(2%) per month. Invoices for pro-rata payments become due on the date of shipment. If at Purchaser’s request, 
shipments are delayed beyond the scheduled date, payments for the Products and Services completed to date will be 
invoiced to the Purchaser, as a percentage of the total Purchase Order price when SE was originally prepared to ship. 
Products held for the Purchaser shall be at the risk and expense of the Purchaser. If completion of Services is delayed 
more than 30 days after originally scheduled delivery date and not caused solely by SE, SE reserves the right to ship 
all Products to the Purchaser who will accept responsibility for Products including payment. Failure to pay any 
applicable payment on its due date shall automatically cause all installment amounts to become payable and in addition 
to SE’s other lawful remedies, SE reserves the right to suspend or cancel the PO. If Purchaser fails to pay SE 
for the Products and Services, SE reserves the right to file in its sole discretion any liens, charges, security interests, or 
similar encumbrances against the applicable property, building, land, or Products and Services and Purchaser 
consents to such filings and registrations. 

 
5. Delivery and Schedule 

Dates for delivery, schedule, or execution for Services or Products set out on a Purchase Order are subject to 
confirmation by SE and until such confirmation may change solely based on SE’s circumstances. All confirmed dates 
are based on the prompt receipt by SE of all required information enabling achievement of such dates and SE reserves 
the right to change such dates in the event additional information is necessary or other information was not provided. 
DISCLAIMER: The Purchaser acknowledges that the Products or part thereof are produced in, or otherwise sourced 
from, or will be installed in areas already affected by, or that may be affected in the future by, the prevailing COVID-19 
epidemics/pandemic and that the situation may trigger stoppage, hindrance or delays in SE’s (or its subcontractors) 
capacity to produce, deliver, install or service the products, irrespective of whether such stoppage, hindrance or delays 
are due to measures imposed by authorities or deliberately implemented by SE (or its subcontractors) as preventive or 
curative measures to avoid harmful contamination exposure of SE’s (or its subcontractors’) employees. The Purchaser 
therefore recognizes that such circumstances shall be considered as a cause for excusable delay not exposing SE to 
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contractual sanctions including without limitation, delay penalties, liquidated or other damages or termination for 
default. 

 
6. Risk of loss 

Unless otherwise specifically agreed by the Parties, the Products are delivered Ex Works (Incoterms 2010) and the risk 
of loss or damage shall pass to the Purchaser upon collection of the Products by the first carrier at SE’s premises, 
plants or warehouses. Delivery of Products by SE will be deemed to be made to the Purchaser upon obtaining a signed 
receipt from the carrier showing receipt of the Products in good order. Title passes on full payment. 

7. Substitutions 
SE may furnish suitable substitutes for Products unobtainable because of priorities or regulations established by 
governmental authority or non-availability of materials from suppliers, provided such substitutions do not adversely 
affect the technical soundness of the Products. SE assumes no liability for deviation from published dimensions and 
descriptive information not essential to proper performance of the Products. 

 
8. Shortage 

Claims for shortages or errors must be submitted to SE within 30 days after invoice date, and failure to give such notice 
shall constitute unqualified acceptance and a waiver of all such claims by the Purchaser. 

 
9. Installments 

SE reserves the right to make shipments in installments, unless otherwise expressly stipulated in a specific Purchase 
Order; and all such installments when separately invoiced shall be paid for when due per invoice without regard to 
subsequent shipments. Delay in shipment of any installment shall not relieve Purchaser of its obligation to accept 
remaining shipments. 

 
10. Force Majeure 

SE will be excused from and not be liable for any non-performance of a Purchase Order if such delay or non- 
performance is due to any cause beyond the reasonable control of SE, or which SE could not reasonably foresee or 
reasonably provide against, and which prevents SE from carrying out the terms of the Purchase Order. This includes 
but is not limited to the following: epidemic, pandemic, public health emergency, war, revolution, insurrection or 
hostilities (whether declared or not), riot, economic upheaval, civil commotion or uprising, flood, earthquake, tempest, 
hurricane, lightning or other natural disaster; fire or explosion; strike, lockout, or other industrial disturbance whether at 
SE or one of its suppliers; sabotage, accident, cyber attack, embargo, car shortage, wrecks or delays in transportation, 
non-delivery of materials or order or action of government authority. Any delay resulting from such cause shall extend 
the date of delivery accordingly. SE reserves the right to cancel a Purchase Order, if in its opinion such circumstances 
threaten or cause extended delay in the performance thereof. 

 
11. Purchaser’s Cybersecurity Obligations 

Purchaser’s Obligations for Its Systems: Purchaser is solely responsible for the implementation and maintenance of a 
comprehensive security program (“Security Program”) that contains reasonable and appropriate security measures and 
safeguards to protect its computer network, systems, machines, and data (collectively, “Systems”), including those Systems 
on which it runs the Products or which it uses with the Services, against Cyber Threats. “Cyber Threat” means any 
circumstance or event with the potential to adversely impact, compromise, damage, or disrupt Purchaser’s Systems or that 
may result in any unauthorized access, acquisition, loss, misuse, destruction, disclosure, and/or modification of Purchaser’s 
Systems, including any data, including through malware, hacking, or similar attacks. 

 
Without limiting the foregoing, Purchaser shall at a minimum: 

 
(a)             have qualified and experienced personnel with appropriate expertise in cybersecurity maintain Purchaser’s 

Security Program, and have such personnel regularly monitor cyber intelligence feeds and security advisories 
applicable to Purchaser’s Systems or Purchaser’s industry; 

(b) promptly update or patch its Systems or implement other appropriate measures based on any reported Cyber 
Threats and in compliance with any security notifications or bulletins, whether publicly disclosed on SE’s security 
notification  webpage  at  https://www.se.com/ww/en/work/support/cybersecurity/security-notifications.jsp or 
otherwise provided to Purchaser; 

(c) regularly monitor its Systems for possible Cyber Threats; 
(d)             regularly conduct vulnerability scanning, penetration testing, intrusion scanning, and other cybersecurity testing 

on its Systems; and 
(e)           meet the recommendations of SE’s Recommended Cybersecurity Best Practices, available at 

https://www.se.com/us/en/download/document/7EN52-0390/, as may be updated by SE from time to time, and 
then-current industry standards. 

 
Purchaser’s Use of the Products, Software, and Services: SE may release Updates and Patches for its Products, Software, 
and Services from time to time. Purchaser shall promptly install any Updates and Patches for such Products, Software, or 
Services as soon as they are available in accordance with SE’s installation instructions and using the latest version of the 
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Products or Software, where applicable. An "Update" means any software that contains a correction of errors in a Product, 
Software, or Service and/or minor enhancements or improvements for a Product, Software, or Service, but does not contain 
significant new features. A “Patch” is an Update that fixes a vulnerability in a Product, Software, or Service. Purchaser 
understands that failing to promptly and properly install Updates or Patches for the Products, Software, or Services may 
result in the Products, Software, or Services or Purchaser’s Systems becoming vulnerable to certain Cyber Threats or result 
in impaired functionality, and SE shall not be liable or responsible for any losses or damages that may result. 

 
Identification of Cyber Threats: If Purchaser identifies or otherwise becomes aware of any vulnerabilities or other Cyber 
Threats relating to the Products, Software, or Services for which SE has not released a Patch, Purchaser shall promptly 
notify SE of such vulnerability or other Cyber Threat(s) via the SE Report a Vulnerability page 
(https://www.se.com/ww/en/work/support/cybersecurity/report-a-vulnerability.jsp#Customers) and further provide SE with 
any reasonably requested information relating to such vulnerability (collectively, “Feedback”). SE shall have a non-exclusive, 
perpetual and irrevocable right to use, display, reproduce, modify, and distribute the Feedback (including any confidential 
information or intellectual property contained therein) in whole or part, including to analyze and fix the vulnerability, to create 
Patches or Updates for its customers, and to otherwise modify its Products, Software, or Services, in any manner without 
restrictions, and without any obligation of attribution or compensation to Purchaser; provided, however, SE shall not publicly 
disclose Purchaser’s name in connection with such use or the Feedback (unless Purchaser consents otherwise). By 
submitting Feedback, Purchaser represents and warrants to SE that Purchaser has all necessary rights in and to such 
Feedback and all information it contains, including to grant the rights to SE described herein, and that such Feedback does 
not infringe any proprietary or other rights of third parties or contain any unlawful information. 

 
12. Standard Warranty 

SE warrants: 
(a)  Products manufactured by SE under its own brands and supplied by SE as part of the Purchase Order, if any, 

against defects in material and workmanship of those Products arising under normal use for a period of 12 
months from the date of commissioning or 18 months from the date of shipment from SE, whichever occurs 
first. 

(b)  Services performed by SE’s personnel as part of the Purchase Order, if any, will be performed by qualified 
personnel with care, skill and diligence, in accordance with the applicable generally accepted standards 
recognized by the industry for a period of 12 months from the date of invoice. 

(c)  Software provided with the Products will perform its essential functions during the warranty period applicable 
to the Products. 

 
Exclusive Warranty Remedies:  In the event of any warranty covered defects or deficiencies in Products in subsections 
(a) above, or Services in subs. (b) above, or Software in subs. (c) above, the sole and exclusive obligation of SE shall 
be to re-perform the Services, or repair or replace the defective Products or part of the Products, or provide an update 
to the Software to correct the non-conformance or replace the Software with the latest available version containing a 
correction, at SE’s sole discretion. SE shall have no other obligation to provide updates or revisions. The foregoing 
warranty coverage is contingent on Purchaser providing prompt notification to SE once such defect or deficiency is 
reasonably apparent to Purchaser. 
Exclusions & Limitations: This warranty shall not apply (a) to Products or Software not manufactured by SE, (b) Services not 
provided directly by SE, (c) to Products, Software or Services that has been repaired or altered by anyone other than SE so 
as, in SE’s judgment, affects the same adversely, (d) Seller’s conformance with Buyer’s design of the Products, Software, or 
Services; or (e) to Products, Software or Services that appear to be subjected to negligence, accident, or damage by 
circumstances beyond SE’s control, or improper any non-SE operation, maintenance or storage, or to other than normal use 
or service. The foregoing warranties do not cover reimbursement for labor, transportation, removal, installation, temporary 
power, or any other expenses that may be incurred in connection with repair or replacement. THESE WARRANTIES, 
CONDITIONS, AND EXCLUSIONS ARE EXCLUSIVE AND IN LIEU OF ALL OTHER EXPRESS OR IMPLIED 
WARRANTIES, CONDITIONS, REPRESENTATIONS AND GUARANTEES (EXCEPT WARRANTIES OF TITLE), 
INCLUDING, BUT NOT LIMITED, TO IMPLIED WARRANTIES OF MERCHANTABILITY, MERCHANTABLE QUALITY, 
AND FITNESS FOR A PARTICULAR PURPOSE. SE MAKES NO WARRANTY THAT THE PRODUCTS, SOFTWARE OR 
SERVICES WILL MEET PURCHASER’S REQUIREMENTS, OR THAT PURCHASER’S USE OF THE PRODUCTS, 
SOFTWARE OR SERVICES WILL BE UNINTERRUPTED, SECURE, OR ERROR-FREE. SE DOES NOT REPRESENT, 
WARRANT, OR GUARANTEE THAT THE PRODUCTS, SOFTWARE OR SERVICES WILL BE SECURE OR FREE FROM 
VULNERABILITIES, CORRUPTION, ATTACK, VIRUSES, INTERFERENCE, HACKING, OR OTHER SECURITY 
INTRUSIONS OR CYBER THREATS, AND SE DISCLAIMS ANY LIABILITY IN RELATION THERETO. EXCEPT AS MAY 
BE PROVIDED IN WRITING BY SE, SE SHALL NOT BE SUBJECT TO ANY OTHER OBLIGATIONS OR LIABILITIES 
WHATSOEVER THAN AS STATED ABOVE WITH REGARD TO PRODUCTS, SOFTWARE AND SERVICES SOLD BY 
SE TO PURCHASER. BY USING THE PRODUCTS, SOFTWARE OR SERVICES, PURCHASER UNDERSTANDS 
THESE LIMITATIONS AND AGREES THAT PURCHASER ACCESSES AND USES THE PRODUCTS, SOFTWARE AND 
SERVICES AT PURCHASER’S OWN DISCRETION AND RISK AND THAT PURCHASER WILL BE SOLELY 
RESPONSIBLE FOR ANY DAMAGES TO PURCHASER’S SYSTEMS OR ASSETS OR LOSSES THAT RESULT FROM 
SUCH ACCESS OR USE. 

 
Non-SE Products, Software or Services: With respect to Products or Software not manufactured by SE, or Services 
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provided by non-SE providers, the warranty obligations of SE shall in all respects conform and be limited to the warranty 
actually extended to SE by such non-SE supplier. 

 
13. Return of Products 

No Products may be returned without first obtaining SE’s written permission and a returned material identification tag. 
Returned Products must be of current manufacture, in the original packaging, unused, undamaged and in saleable 
condition. Returned Products must be securely packed to reach SE without damage and labeled with the return 
authorization number. For any returns, SE will be pay the carrier and deduct the freight charges from the credit unless 
if returns result from SE error, freight charges will be paid by SE. Any cost incurred by SE to put Products in first class 
condition will be charged to the Purchaser. Returns must originate from the original Purchaser account number. 
Returns will be credited at the original price paid as indicated on the invoice or Purchase Order associated to the 
Products being returned as provided by the Purchaser. If no invoice number or Purchase Order number is provided, 
then credit will be issued based on the into stock price in effect 12 months prior to date of return authorization and will 
also have an additional 25% processing fee applied. SE Products, which are listed in the current product list as 
returnable and which are accepted for credit, not involving a SE error, shall be assessed a restocking fee of 25% of the 
invoice price. 

 
14. Intellectual Property 

SE retains ownership of all right, title and interest (including copyright and patent rights) in and to the intellectual 
property relating to Products and Services and work product relating to these. Nothing in these Conditions of Sale 
constitutes a transfer or conveyance of any right, title or interest in such intellectual property, including without limitation 
any software or firmware contained in those, except the limited right to use it as provided in the documentation. As to 
Products proposed and furnished by SE, SE shall defend any suit or proceeding brought against Purchaser so far as 
based on a claim that such Products constitute an infringement of any copyright, trademark or 
patent in the United States or Canada. This obligation shall be effective only if Purchaser shall have made all payments 
then due hereunder and if SE is notified promptly in writing and given authority, information, and assistance at SE's 
expense for the defense of the same. In the event the use of such Products by Purchaser is enjoined in such a suit, SE 
shall, at its expense, and at its sole option, either (a) procure for the Purchaser the right to continue using such 
Products (b) modify such Products to render them non-infringing, or (c) replace such Products with non-infringing 
Products. SE will not be responsible for any compromise or settlement made without its written consent. The foregoing 
states the entire liability of SE for patent, trademark or copyright infringement, and in no event shall SE be liable if any 
infringement charge is based on the use of SE Products for a purpose other than that for which it was sold by SE. As to 
any Products or Services furnished by SE to Purchaser and manufactured or provided in accordance with designs 
proposed by Purchaser, the Purchaser shall indemnify SE against any award made against SE for patent, trademark, 
or copyright infringements. 

 
15. Software 

Any software or computer information, in whatever form, that is provided with Products manufactured by SE or as part 
of Services (collectively, the “Software”), is licensed to Purchaser solely pursuant to standard licenses of SE or its 
supplier of such Software, which licenses are hereby incorporated by reference and are available upon request. 
Purchaser shall not reverse engineer, decompile, disassemble or apply any process, technique, or procedure or make 
any attempt to ascertain or derive the source code of any Product, Software or Services. 

 
16. LIMITATION OF LIABILITY 

NOTWITHSTANDING ANY PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT 
DOCUMENT TO THE CONTRARY, IN NO EVENT SHALL EITHER PARTY, ITS OFFICERS, DIRECTORS, 
AFFILIATES OR EMPLOYEES BE LIABLE FOR ANY FORM OF INDIRECT, SPECIAL, CONSEQUENTIAL, OR 
PUNITIVE DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOSS OF USE, LOSS OF PRODUCTION, LOSS OF 
PRODUCT, LOSS OF REVENUE OR PROFITS, OR LOSS OF DATA OR BUSINESS INFORMATION, WHETHER 
SUCH DAMAGES ARISE IN CONTRACT OR TORT, IRRESPECTIVE OF FAULT, NEGLIGENCE OR STRICT 
LIABILITY OR WHETHER SUCH PARTY HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH 
DAMAGES. NOTWITHSTANDING ANY OTHER PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER 
CONTRACT DOCUMENT TO THE CONTRARY, AND TO THE EXTENT PERMITTED BY APPLICABLE LAW, THE 
MAXIMUM LIABILITY OF SE FOR DAMAGES HEREUNDER SHALL NOT EXCEED THE AMOUNTS ACTUALLY 
PAID BY PURCHASER TO SE FOR THE PRODUCT OR SERVICE GIVING RISE TO A CLAIM. 

 
17. Indemnification 

Purchaser agrees to indemnify, defend, and hold harmless SE from and against any and all claims, lawsuits, demands, 
actions, or other proceedings brought against it by any third party due to, arising out of, or related to (a) Purchaser’s use 
of Products, Software or Services in a manner not permitted by these Conditions of Sale, (b) Purchaser’s failure to comply 
with Section 11, including Purchaser’s failure maintain a Security Program in compliance with Section 11 or Purchaser’s 
failure to promptly and properly install Updates and Patches for the Products, Software or Services in accordance with 
Section 11, (c) Purchaser’s violation of these Conditions of Sale or the master agreement, (d) any information that 
Purchaser submits, transmits, or makes available to SE, including but not limited to as part of the Feedback, or (e) 
Purchaser’s violation of any law, regulation, or third party rights. Purchaser shall pay any and all costs, damages, and 
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expenses, including, without limitation, reasonable attorneys' fees and costs awarded against or otherwise incurred by 
SE in connection with or arising from any such claim, lawsuit, action, demand, or other proceeding. SE, at its expense, 
may assume the exclusive defense and control of any matter subject to indemnification by Purchaser, in which event 
Purchaser agrees to cooperate with SE in asserting any available defenses. 

 
18. Insurance 

SE shall maintain reasonable insurance coverage (e.g., commercial general liability, worker’s compensation, 
automobile) in such amounts as SE deems appropriate in accordance with industry practice. Certificate of insurance 
evidencing this may be provided on request. 

 
19. Import and Export 

The Products and Services provided by SE under these Conditions of Sale contain or may contain components and/or 
technologies from the United States of America (“US”), the European Union (“EU”) and/or other nations. Purchaser 
acknowledges and agrees that the Products, assignment and/or usage of the Products, Software, Services, information, 
other deliverables and/or the embedded technologies (hereinafter referred to as “Deliverables”) under these Conditions 
of Sale shall fully comply with related applicable US, EU and other national and international export control laws and/or 
regulations. 
Unless applicable export license/s has been obtained from the relevant authority and SE has approved, the Deliverables 
shall not (i) be exported and/or re-exported to any destination and party (may include but not limited to an individual, 
group and/or legal entity) restricted by the applicable export control laws and/or regulations; or (ii) be used for those 
purposes and fields restricted by the applicable export control laws and/or regulations. Purchaser also agrees that the 
Deliverables will not be used either directly or indirectly in any rocket systems or unmanned air vehicles; nor be used in 
any nuclear weapons delivery systems; and will not be used in any design, development, production or use for any 
weapons which may include but not limited to chemical, biological or nuclear weapons. 

 
If any necessary or advisable licenses, authorizations or approvals are not obtained, whether arising from inaction by 
any relevant government authority or otherwise, or if any such licenses, authorizations or approvals are denied or 
revoked, or if the applicable export control laws and/or regulations would prohibit SE from fulfilling any order, or would in 
SE’s judgment otherwise expose SE to a risk of liability under the applicable export control laws and/or regulations if it 
fulfilled the order, SE shall be excused from all obligations under such order and/or these Conditions of Sale. 

 
20. Health and Safety Compliance 

SE employees shall not perform Services that, in their sole opinion, are not free of reasonably foreseeable harm. This 
includes working on any equipment, whether provided by SE, Purchaser or otherwise, that in such SE employees’ sole 
opinion has not been placed in an electrically safe working condition. Purchaser warrants that site and working 
conditions shall meet or exceed those specified by applicable Occupational Health and Safety Act and Regulations. 
Purchaser shall inform SE of: (a) Known hazards, or reasonably foreseeable hazards, that are related to SE’s scope of 
Services and the site where the Services will be performed; and (b) Information about the worksite necessary to 
identify hazards and assess risk for the protection of the health and safety of SE personnel. This information might 
include, but is not limited to: (i) Providing an accurate up-to-date single line diagram of the electrical distribution 
system; (ii) Providing relevant Workplace Hazardous Materials Information System (WHMIS) information such as 
Material Safety Data Sheets (MSDS) and floor plans indicating areas where hazardous materials are located and 
emergency exits for service rooms and other areas of operation; and (iii) Other site specific information relative to the 
Purchaser’s operation, process and safety systems. Any hazardous materials requiring remediation in SE’s sole 
opinion will be separately chargeable to Purchaser and will be a condition precedent to SE’s performance of such 
Services. 

 
21. Witness of Tests & Factory Inspections 

Normal production schedules do not provide the opportunity for Purchaser to witness routine factory tests on Products 
or make factory inspections. Witnessing of tests or factory inspections by the Purchaser may result in delays of 
production for which SE will not be responsible and which may result in additional charges and delayed scheduling to 
Purchaser. Witness testing and factory inspections must be requested at time of quotation, are subject to additional 
costs and must be confirmed at Purchase Order entry. Standard SE factory testing and inspection will apply. SE will 
notify Purchaser fourteen (14) calendar days prior to scheduled witness testing or inspection. In the event Purchaser is 
unable to attend, the Parties may mutually agree on a rescheduled date. However, SE, at its sole option, may consider 
the witness tests or inspection waived, and ship and invoice the Products and the witness testing charges. Purchaser 
will be responsible for paying for all scheduled witness testing, whether or not Purchaser attends. 

 
22. Patterns and Tools 

Notice will be given if special patterns or tools are required to complete any Purchase Order. Charges for such patterns 
or tools do not convey title thereto or the right to remove them from SE's plant. If patterns or tools are not used for a 
period of two years, SE shall have the right to scrap them without notice. 

 
23. Nuclear Applications 
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Unless otherwise agreed in writing by a duly authorized representative of SE, Products sold hereunder are not 
intended for use in or in connection with any nuclear facility or activity. Purchaser hereby represents and warrants that 
such Products shall not be used in or in connection with any nuclear facility or activity. If so used, SE disclaims all 
liability for any damage, injury or contamination; and Purchaser agrees and indemnifies SE against any such liability, 
whether arising as a result of breach of contract, warranty or tort (including negligence) or otherwise. 

 
24. Nature of Relationship 

Purchaser agrees that SE is an independent contractor and nothing in these Conditions of Sales creates between SE 
and Purchaser a relationship of partners, joint venturers, or agents of each other, and no Party may so represent itself 
any of these manners. 

 
25. Termination 

Any Purchase Order may be terminated by the Purchaser only upon 30 days’ notice to SE and upon payment of 
reasonable and proper termination charges based on the price of the terminated Purchase Order and reimbursement 
of all costs and expenses associated with the order caused by such termination and shall include a reasonable profit. 
Special or custom ordered Products is not cancelable after final acceptance OR approval OF drawings for the 
commencement of manufacturing. 

 
26. Cancellation 

SE shall have the right to cancel any Purchase Order at any time by written notice for any material breach of these 
Conditions of Sale by the Purchaser, including material delays by Purchaser or its authorized representatives in 
releasing Products for manufacture or approval drawings and excessive changes to specifications or drawings. 

 
27. Amendments 

No amendment, supplement, modification, waiver or termination of the Purchase Order or these Conditions of Sale is 
binding unless executed in writing by both Parties. 

 
28. Antibribery and Corruption 

28.1 Purchaser acknowledges that SE is committed to eliminating all risk of bribery and corruption, influence peddling, 
money laundering and tax evasion or the facilitation thereof in its business activities. Purchaser must immediately notify 
SE of any suspected, or known, breaches of Anti-Corruption Law. Purchaser may raise this alert through their point of 
contact or through the Trust Line: https://secure.ethicspoint.eu/domain/media/en/gui/104677/index.html. 

 
28.2 None of Purchaser’s employees, beneficial owners, shareholders, or any other person who is involved in or will 
benefit from the performance of the Contract or has an interest in Purchaser: 
(a) is a civil servant, public or governmental official; 
(b) is an official or employee of SE or one of its affiliates; or 
(c) has been convicted of, or otherwise been subjected to any administrative sanction or penalty for, any offence involving 
fraud, bribery, corruption, influence peddling, money laundering, or any other criminal offence involving dishonesty as an 
element. Buyer will immediately notify SE if any such individuals are the subject of any investigation into any such 
offenses. 

 
28.3 Purchaser undertakes and covenants to SE that it shall not, alone or in conjunction with any other person, directly 
or indirectly, offer, pay, give, promise to pay or give, or authorize the payment or giving of any money, gift, undue 
advantage, or anything of value to any employee, official or authorized representatives of SE. 
 
28.4 In the event Purchaser has concerns related to ethics, compliance or SE’s Principles of Responsibility, and/or any 
potential violations of these policies, Purchaser is welcome to make use SE’s GreenLine. The GreenLine is SE’s global 
helpline for external stakeholders. It is a confidential channel through which Purchasers can ask questions and raise 
concerns. Reports can be made using the link below: 
“https://secure.ethicspoint.eu/domain/media/en/gui/104677/index.html.” 

 
29. Applicable Laws 

All matters arising out of or relating to the execution, construction, interpretation or breach thereof, are to be governed 
by the laws of the state of Delaware, USA without regard to the conflict of law provisions thereof. The Parties agree 
that the United Nations Convention on Contracts for the International Sale of Goods does not apply to these Conditions 
of Sale. 
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1. General Terms.  These sales terms (“Terms”) shall govern all 

sales of Products and Services to Buyer by Schweitzer Engineering 

Laboratories, Inc., its affiliates, subsidiaries, and/or divisions, 

(collectively, “SEL”), unless other terms are specified in SEL’s 

quotation or sales order acknowledgment or unless otherwise 

agreed by SEL in writing.  All sales are expressly limited to these 

Terms and are conditional on Buyer’s assent to these Terms. 

Buyer’s assent to these Terms shall be deemed given upon the 

occurrence of any of the following: (i) Buyer’s failure to object to 

these Terms in writing within three (3) days from the date of its 

receipt of them, (ii) Buyer’s issuance of a purchase order or 

transmission of an order using electronic data interchange (“EDI”), 

or (iii) Buyer’s acceptance of delivery of Products or Services.  

SEL expressly objects to any additional or different terms proposed 

by Buyer, unless expressly agreed to in writing by SEL.  For the 

purposes of these Terms and unless stated otherwise, “Products” 

shall mean the products manufactured by SEL, including SEL 

systems or control enclosure structures, specified on the SEL sales 

order acknowledgment, including without limitation any 

accessories; and “Services” shall mean any SEL training, 

consulting, technical support, and any other services specified on 

the SEL sales order acknowledgment, except for projects governed 

by an SEL Engineering Services Proposal.    Training provided by 

SEL University is governed by the SEL University Terms and 

Conditions posted on SEL’s website at 

www.selinc.com/termsandconditions/SELUniversity/.  SEL may 

modify these terms at any time without prior notice provided that 

no such modification shall apply to any order for Products or 

Services which has been accepted by Seller prior to the 

modification(s).  The latest version of the Terms will be posted on 

SEL’s website at 

www.selinc.com/termsandconditions/unitedstates, and Buyer 

should review these Terms prior to purchasing any Products or 

Services.  No contract will be deemed to be formed until the SEL 

sales order acknowledgment has been sent to Buyer.  All orders are 

subject to SEL’s ability to obtain, on appropriate terms and within 

a reasonable amount of time, any export or import license or permit 

required by applicable law or regulation.  Orders sent using EDI 

shall be deemed a writing of Buyer and shall be deemed received 

and accepted by SEL when (a) sent by Buyer via the technical 

format specified or approved by SEL in writing and (b) accessible 

on SEL’s computer system in an intelligible form and SEL issues 

an electronic order acknowledge. SEL shall have the right to cancel 

any order at any time for failure of Buyer to agree to these Terms 

or for any material breach by Buyer of these Terms. 

2. Prices, Taxes and Payment Terms.  Each quotation or 

proposal is valid for sixty (60) days, unless specified otherwise.  

For all other sales, the prices shall be the prices in effect on the date 

of the SEL sales order acknowledgement. Prices include ground 

freight prepaid to Buyer’s place of business.  For sales to Buyers 

outside the continental United States, prices are exclusive of any 

freight, packing, or insurance charges and any customs, sales, use, 

value-added, property, or similar taxes, tariffs or duties unless 

specified otherwise by SEL.  If Buyer claims a tax or other 

exemption or direct payment permit, Buyer will provide a valid 

exemption certificate or permit prior to invoicing and indemnify, 

defend and hold SEL harmless from any taxes, costs and penalties 

arising from the same.  If Buyer does not provide a valid 

exemption certification or permit prior to invoicing, Buyer shall be 

responsible for paying or seeking reimbursement for the taxes 

invoiced.  For Services performed on a time and expense basis, 

charges shall include time and expenses incurred in the previous 

calendar month.  For Services performed on a fixed-price basis, 

charges shall include the price of major deliverables substantially 

completed in the previous calendar month.   Payment terms for all 

Products and Services are net thirty (30) days from date of invoice 

if credit is approved.  All invoices shall be deemed accurate unless 

Buyer advises SEL in writing of an error within 10 days following 

receipt.  If Buyer advises SEL of an error, (i) any amounts 

corrected by SEL shall be paid within 14 days of correction or 

within 30 days of the due date, whichever is later, and (ii) all other 

amounts shall be paid by Buyer by the due date.   If Buyer requires 

SEL to use a specific system or tool to process regular business 

transactions (e.g., invoices, shipment notifications, purchase 

orders), SEL may charge Buyer for any transaction, setup or 

subscription fees charged to use the system or tool. Partial 

shipments will be invoiced and are payable as they occur in 

accordance with these Terms.  All payments shall be made in 

United States Dollars, unless specified otherwise.  Buyer must 

meet the then-current SEL credit requirements to purchase on 

credit.  If, in the judgment of SEL, the financial condition of Buyer 

at any time prior to delivery does not justify the payment and/or 

credit terms offered by SEL, SEL may require payment in advance 

or suspend or cancel any outstanding order.    SEL may suspend 

work or cancel any outstanding order if Buyer fails to make a 

payment when due and until such payment is made and may 

impose a late charge equal to the lesser of 1.5% per month or the 

highest applicable rate allowed by law on all amounts not paid 

when due.  SEL shall not be liable for any liquidated or other 

damages if SEL suspends work due to the Buyer’s late payment or 

credit issues. If an order is cancelled because of credit issues or late 

payments, SEL shall be entitled to receive a sum equal to 25% of 

the order price (the “Cancellation Charges”). Delays in delivery or 

non-conformities in any installments shall not relieve Buyer of its 

obligation to pay any remaining installments. Any payment made 

by Buyer may be applied to amounts due before being applied to 

current orders, at SEL’s sole discretion.  Notwithstanding the 

foregoing, Buyer’s failure to pay amounts due shall be deemed a 

material breach of these Terms, and any acceptance by SEL of late 

payments shall not be deemed a waiver of such breach.  To the 

extent allowed by law, SEL shall be entitled to recover all costs 

incurred in collecting amounts due from Buyer, including without 

limitation legal fees, disbursements and other costs. 

3. Delivery, Documentation and Disclosure of Information.  

Delivery dates are approximate, based upon prompt receipt of all 

necessary information from Buyer and constitute neither a 

contractual obligation nor a representation to the Buyer.  If drawing 

approval is required, drawings must be returned on schedule to 

maintain estimated shipping dates.  SEL shall pack and ship 

Products according to its standard procedure, and all shipments 

shall be sent to Buyer using the SEL standard freight forwarder or 

carrier.  Buyer shall pay for any increased costs due to special 

packing, shipment (including freight forwarders or carriers required 

by Buyer) or insurance requests, as well as any detention or 

demurrage charges.  Seller reserves the right to make partial 

shipments of the Products and/or to ship Products early unless 

otherwise stipulated in Buyer’s purchase order.  Unless otherwise 

stated in the SEL sales order acknowledgment, the shipping terms 

are as stated herein.  For Products shipped to addresses within the 

continental United States, title and risk of loss or damage shall pass 

http://www.selinc.com/termsandconditions/SELUniversity/
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to Buyer upon delivery to Buyer’s place of business.    For 

Products shipped to addresses outside the continental United 

States, title and risk of loss or damage shall pass to Buyer at the 

SEL factory upon delivery to the freight forwarder or carrier.  

Buyer must unpack and examine Products immediately and, if 

damage is discovered, notify SEL within three (3) business days of 

delivery.  In any event, acceptance shall be deemed to have 

occurred no later than fifteen (15) days after shipment. Buyer may 

return standard products, with SEL’s prior written approval, up to 

one year after the original invoice date (the “Purchase Date”) if 

they are new in their original packaging, were stored properly, and 

have never been installed. A restocking fee of 25% of the product 

price if the product is returned less than 6 months after the 

Purchase Date, and 50% if returned between 6 months and 1 year 

after the Purchase Date, will apply to each returned product, 

including panels. Returns are not possible 1 year or more after the 

Purchase Date, or for customized products, or for any cable.  When 

applicable, SEL shall provide Buyer with one (1) copy of 

instructions for each Product.  Buyer may not reproduce such 

instructions.  Buyer may order additional copies from SEL.  All 

instructions and related documentation shall be in English.  

Although SEL or its representatives may from time to time provide 

translations of such instructions and documentation as a courtesy, 

the English version shall govern, and SEL shall not be liable for 

any discrepancies.  The English versions are available at 

selinc.com.  Any information, suggestions or ideas transmitted by 

Buyer to SEL in connection with performance hereunder shall not 

be regarded as proprietary or confidential, unless identified in 

writing by Buyer and acknowledged in writing by SEL. 

4. Intellectual Property.  Buyer shall not challenge the validity 

of any SEL intellectual property, including without limitation any 

trademarks, service marks, trade dress, patents, copyrights, trade 

secrets or licenses.  Buyer acknowledges that SEL intellectual 

property is the sole property of SEL.  By sale of Products or 

Services to Buyer, SEL does not transfer any SEL intellectual 

property rights (including without limitation rights to designs or 

other work product).  Buyer shall not remove or alter any 

trademarks, service marks or trade dress that identify SEL, nor use 

any trademarks, service marks, trade dress or any other intellectual 

property that, in the sole discretion of SEL, is confusingly similar 

to those of SEL.  Any software (including firmware) included with 

Products is owned by SEL (or its licensors) and is licensed, not 

sold, to Buyer.  Buyer may use such software only with Products 

and only as intended and permitted by SEL.  All software shall be 

provided subject to the then-current SEL Software License 

Agreement. 

5. Product Warranty and Services Commitment.  SEL 

warrants to Buyer that Products are free from defects in material 

and workmanship for ten (10) years after shipment for all SEL 

Products, including SEL-manufactured control enclosure structures 

and panels.    The sole and exclusive warranties for any software 

are set forth in the SEL Software License Agreement.  This 

warranty is conditioned upon proper storage and shall be void in its 

entirety if Buyer modifies Products without prior written consent to 

and subsequent approval of any such modifications by SEL or uses 

Products for any applications that require product listing or 

qualification not specifically included in the SEL written quotation 

or proposal.  If any Product fails to conform to this warranty, Buyer 

properly notifies SEL of such failure and Buyer returns the Product 

to SEL factory (unless another location is agreed upon by SEL) for 

diagnosis (and pays all expenses for such return), SEL shall correct 

any such failure by, at its sole discretion, either repairing any 

defective or damaged Product part(s) or making available any 

necessary replacement part(s) or Product(s).  SEL will pay the 

freight to return the Product to the Buyer (Carriage Paid To (CPT) 

customer’s place of business). If SEL is unable or unwilling to 

repair or replace, SEL and Buyer shall negotiate an equitable 

resolution such as a prorated refund or credit to the Buyer’s 

account. Any Product repair or upgrade shall be covered by this 

warranty for the longer of one (1) year from date of repair or the 

remainder of the original warranty period.  TO THE MAXIMUM 

EXTENT PERMITTED BY LAW, THIS WARRANTY SHALL 

BE EXCLUSIVE AND IN LIEU OF ALL OTHER 

WARRANTIES, WHETHER STATUTORY, EXPRESS OR 

IMPLIED (INCLUDING WARRANTIES OF 

MERCHANTABILITY AND FITNESS FOR PARTICULAR 

PURPOSE AND WARRANTIES ARISING FROM COURSE OF 

PERFORMANCE OR DEALING OR USAGE OF TRADE), 

EXCEPT WARRANTY OF TITLE AND AGAINST PATENT 

INFRINGEMENT.  SEL shall, whenever possible, pass the 

original manufacturer warranty to Buyer for non-SEL products.  

SEL does not warrant non-SEL products, including non-SEL 

control enclosure structures, and non-SEL products within SEL 

panels, control enclosure structures and systems, and products or 

prototypes provided by SEL for testing, marketing, or loan 

purposes.  SEL shall perform Services in a manner consistent with 

the degree of care and skill ordinarily exercised by members of the 

same profession currently practicing under similar circumstances.  

SEL shall reperform (or, at SEL’s option, pay a third party to 

reperform) any defective Services (including Services performed in 

conjunction with SEL systems) at no cost upon receipt of notice 

detailing the defect(s) within one (1) year of performance of the 

original Services. 

6. Limitation of Liability, Indemnity and Insurance.  In no 

event, whether as a result of breach of contract, indemnity, 

warranty, tort (including negligence), strict liability or otherwise, 

shall SEL be liable to Buyer or Buyer’s insurers for any loss or 

damage for an amount (i) exceeding the contract price or (ii) if 

Buyer places multiple order(s) under the contract, the price of each 

particular order for all claims arising from or related to that order, 

and any liability shall terminate upon the expiration of the warranty 

period.  No claim, regardless of form, arising from these Terms 

may be brought by Buyer more than one (1) year from the date 

such claim accrues.  In no event, whether as a result of breach of 

contract, indemnity, warranty, tort (including negligence), strict 

liability or otherwise, shall SEL be liable for any special, 

consequential, incidental, liquidated or punitive damages, including 

without limitation any loss of profit or revenues, loss of use of 

Products or associated equipment, damage to associated 

equipment, cost of capital, cost of substitute products, facilities, 

services or replacement power, downtime costs or claims of 

Buyer’s customers for such damages.  If SEL or its subcontractors 

or suppliers provide Buyer with advice or other assistance, 

including input of customer-provided or customer-requested 

settings and advice related thereto, concerning any Product or any 

system or equipment in which any such Product may be installed, 

the provision of such advice or assistance shall not subject SEL to 

any liability.  SEL shall not be liable for any claims or losses 

resulting from any unauthorized access to Products.  Buyer 

confirms that it has read the manuals and instructions for use of 

Products (or that it will do so) and shall not install or operate 

Products unless Buyer is competent to do so.  Buyer shall 

indemnify, defend and hold harmless SEL and all related parties 

from and against any claims, demands, causes of action, losses, 

https://selinc.com/products/software/license/
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costs and expenses, including without limitation legal fees and 

other costs, arising directly or indirectly from the acts or omissions 

of Buyer, its officers, employees, agents or representatives, 

including without limitation (i) Buyer’s modification or integration 

of any Product, (ii) Buyer’s specifications, (iii) Buyer’s relay 

settings, which may or may not be based on relay setting examples 

or guides from SEL, (iv) any changes made by Buyer or others 

related to design documents produced by SEL, (v) any 

unauthorized use or reuse of the designs, drawings, plans and 

specifications furnished by SEL, (vi) Buyer’s failure to fully utilize 

the password protection available in any Product (including 

without limitation Buyer’s failure to use passwords or to change 

default passwords to unique Buyer passwords) or (vii) any breach 

of these Terms by Buyer.  Buyer shall obtain advance consent from 

SEL prior to using any Products in connection with any nuclear 

facility or activity located outside of the United States.  Buyer shall 

maintain commercially reasonable insurance (including waiver of 

subrogation) against liability and property damage, including 

without limitation all standard commercial, environmental and, for 

any Products used in connection with any nuclear facility or 

activity, nuclear incident insurance.  SEL shall maintain for its 

protection the following insurance coverage: (i) Worker’s 

Compensation, Employer’s Liability and other statutory 

insurance required by law with respect to work related injuries 

or disease of employees of SEL in such form(s) and amount(s) 

as required by applicable laws; (ii) Automobile Liability 

insurance with a combined single limit of $1,000,000 per 

occurrence; and (iii) Commercial General Liability or Public 

Liability insurance for bodily injury and property damage with a 

combined single limit of $2,000,000 per occurrence, $4,000,000 

annual aggregate. Upon request, SEL will provide a certificate of 

insurance reflecting such coverage. 

7. Patent Indemnity.  SEL shall defend any action brought 

against Buyer based on a claim that any Product as provided by 

SEL infringes any United States patent, and SEL shall pay any 

award or settlement recovered against Buyer in any such action and 

shall reimburse Buyer for reasonable costs incurred by Buyer in the 

defense of any such action, provided that Buyer gives SEL prompt 

notice of such action, reasonable assistance in the defense thereof 

and full opportunity to control all aspects thereof, including 

settlement, and does not take any position adverse to SEL in 

connection with such action.  In the event such Product is held to 

constitute infringement and use of the Product is enjoined (or SEL 

foresees a substantial risk of such event), SEL shall, at its sole 

discretion, exchange the Product with a non-infringing Product, 

acquire the right for Buyer to continue using it, modify it so that it 

becomes non-infringing or repurchase it from Buyer for a fair 

portion of the original price.  SEL shall not be liable for damages 

that arise after SEL offers one of the foregoing remedies in good 

faith.  SEL shall not be liable for any patent infringement claim 

arising from any custom Product, modification of any Product, 

integration of any Product not as intended by SEL, or integration of 

any Product with any non-SEL product, and Buyer shall fully 

indemnify, defend and hold harmless SEL and all related parties 

from and against any such patent infringement claim. 

8. Transfer to End-User Other Than Buyer.  Prior to resale of 

any Product, Buyer shall obtain written authorization from SEL for 

any such resale.  To obtain such authorization, Buyer shall provide 

SEL, initially and on an ongoing basis, with complete and accurate 

end-user data for each Product.  Buyer shall provide the end-user of 

each Product with all product notices, warnings, instructions, 

recommendations, bulletins and similar materials provided directly 

or indirectly by SEL.  In the event Buyer transfers to a third party 

any Product or any right or interest therein, Buyer shall indemnify, 

defend and hold harmless SEL and all related parties from and 

against any claims against SEL in excess of any SEL obligations 

under these Terms by such transferee or any other party.  Any 

assignment or transfer of any Product without prior written 

authorization from SEL shall void the SEL warranty.  Buyer 

acknowledges that all commodities, software or technology 

(collectively “Items”) provided by SEL are subject to US export 

jurisdiction and agrees to comply with all applicable import and 

export laws, rules and regulations regarding the transfer of any 

such Items, including but not limited to, the US Export 

Administration Regulations 15 C.F.R. Parts 730-774.  Buyer shall 

obtain prior authorization from the U.S. Department of Commerce 

or any other applicable government entities prior to the export, re-

export, transfer, diversion or disclosure any Items provided 

hereunder, or any direct product thereof, to any destination, end-

use or end-user which is restricted or prohibited by US or other 

applicable laws. Buyer also agrees to comply with US anti-boycott 

laws and regulations when exporting Items.  Buyer warrants that 

the shipping information is true and accurate to the best of their 

knowledge.  The attempted assignment or transfer by Buyer of 

these Terms or any rights or duties hereunder without prior written 

consent of SEL shall not relieve Buyer of any obligations to SEL. 

9. Contract Variations.  If Buyer requires approval of drawings, 

such approval must be received by SEL no later than ten (10) 

working days after submittal of drawings by SEL to Buyer.  

Buyer’s failure to comply with this requirement may result in 

additional costs and delays, which shall be Buyer’s sole 

responsibility.  Where Buyer’s specifications lack sufficient detail, 

SEL reserves the right to design Products in accordance with good 

commercial practice, as determined at the sole discretion of SEL.  

Changes in scope or modification of Services will result in the 

contract amount and schedule being equitably adjusted.  SEL is not 

obligated to proceed with any change until both parties agree upon 

such change in writing.  SEL shall be entitled to an equitable 

adjustment in the price and schedule in the event of any changes in 

the law or engineering standards impacting SEL’s obligations or 

performance under this Agreement.  Any order may be terminated 

by Buyer upon written notice and payment of Cancellation 

Charges.  Any order delayed at Buyer’s request shall be subject to 

the prices and Terms in effect at the time of release of such delay.  

Any such order delayed beyond a reasonable period (as determined 

in SEL’s sole discretion) shall be treated as a Buyer’s termination, 

and will be subject to Cancellation Charges equal to 25% of the 

order price (including for SEL systems and control enclosure 

structure). When Products are ready for shipment and shipment 

cannot be made due to Buyer’s request, SEL shall submit an 

invoice for such Products payable upon receipt thereof and shall 

store such Products on Buyer's behalf.  In such event, title and risk 

of loss shall pass to Buyer upon moving such Products to storage, 

and all expenses incurred by SEL in connection with such storage, 

including without limitation demurrage, cost of preparation for 

storage, storage charges, insurance (if SEL chooses, at its sole 

discretion, to purchase such insurance) and handling charges, shall 

be payable by Buyer upon submission of invoices by SEL. 

10. Governing Law and Dispute Resolution.  The laws of the 

State of Washington, USA, excluding conflict of laws principles, 

shall govern these Terms.  The parties reject any applicability of 

the United Nations Convention on Contracts for the International 

Sale of Goods.  Any controversy or claim arising out of or relating 

to these Terms, or the breach thereof, shall be settled by binding 
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arbitration administered by the American Arbitration Association 

in accordance with its Commercial Arbitration Rules, and 

judgment on the arbitration award may be entered in any court of 

competent jurisdiction.  Arbitration shall be held in Seattle, 

Washington, or another location agreed upon by the parties, and 

shall be conducted in English.  The prevailing party to any dispute 

shall be entitled to recover legal fees and other costs (including 

without limitation arbitration fees, disbursements, and collection 

costs). 

11. Miscellaneous.  These Terms, including the SEL Software 

License Agreement, SEL sales order acknowledgement, and SEL 

University Terms and Conditions constitute the entire agreement 

between SEL and Buyer, and supersede any prior or 

contemporaneous verbal or written agreements, negotiations, 

commitments, representations or correspondence between the 

parties, including without limitation any terms on any purchase 

order form.  SEL rejects any representation, express or implied 

warranty, course of performance or dealing, trade usage or any 

different or additional terms not set forth herein.  SEL reserves the 

right to modify or revoke any quote or order to comply with 

applicable laws and market conditions.  Any notice pursuant to 

these Terms shall be deemed given when sent by registered mail, 

certified mail (return receipt requested), or overnight delivery to an 

authorized officer at the address listed on the SEL sales order 

acknowledgment or, if no such address is provided, at the 

registered headquarters of the other party, or when faxed to 1-509-

336-7920 or emailed to legal@selinc.com (receipt confirmed).  All 

rights and duties hereunder shall be for the sole and exclusive 

benefit of Buyer and SEL, and not for the benefit of any other 

party.  SEL may perform its obligations hereunder personally, or 

through one or more of its affiliates, although SEL shall 

nonetheless be solely responsible for the performance.  SEL may 

assign or novate its rights and obligations under the Contract, in 

whole or in part, to any of its affiliates or may assign accounts 

receivable to any party without Buyer’s consent.  Buyer agrees to 

execute any documents necessary to complete Seller’s assignment 

or novation.  SEL may subcontract portions of the work so long as 

SEL remains responsible for the work.  Buyer shall notify SEL 

immediately upon any change in ownership of more than fifty 

percent (50%) of Buyer’s voting rights or of any controlling 

interest in Buyer.  No failure or delay by either party in exercising 

any right or remedy or insisting upon strict compliance by the other 

party with any obligation in these Terms, shall constitute a waiver 

of any right thereafter to demand exact compliance with these 

Terms.  The invalidity, in whole or part, of any provision in these 

Terms shall not affect the remainder of such provision or any other 

provision and, where possible, shall be replaced by a valid 

provision that effects as close as possible the intent of the invalid 

provision.  Neither party shall be liable for failure to perform or 

delay in performance of any obligation under these Terms (except 

payment of amounts already due and owing) where such failure or 

delay results from any event beyond its reasonable control.   

https://selinc.com/products/software/license/
https://selinc.com/products/software/license/
https://cdn.selinc.com/assets/Literature/Miscellaneous/Sales%20Terms%20and%20Conditions/2018.06.20_SELU_Terms.pdf?v=20180717-131135
https://cdn.selinc.com/assets/Literature/Miscellaneous/Sales%20Terms%20and%20Conditions/2018.06.20_SELU_Terms.pdf?v=20180717-131135
mailto:legal@selinc.com
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1.19 CONTRACTOR INFORMATION 
 

 
General Contractor 

Name    Veterans Northwest Construction LLC 

Address   2926 6th Avenue S, Seattle, WA 98134 

Telephone Number  206-324-9777 

 

Electrical Contractor 

Name    Safari Electric LLC 

Address   6536 Kitsap Way, Bremerton, WA 98312 

Telephone Number  360-813-3505 

 

Equipment Supplier 

Name    Optimal Control Systems, Inc. 

Address   2324 Three Lakes Road, Albany, OR 97322 

Telephone Number  541-967-9323 

 

Manufacturer 

Name    Schneider Electric 

Address   3600 136th Place SE # 300, Bellevue, WA, 98006 

Telephone Number  206-236-4120 

 

Manufacturer 

Name    Eaton Corporation 

Address   1604 15th Street SW # 114, Auburn, WA, 98001 

Telephone Number  253-833-5021 
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1.20 ADDITIONS TO O&M DATA 
 

 

TABLE OF CONTENTS 
 

 
1. An instruction manual with pertinent items and information highlighted. 

2. Complete as-built shop drawings, from the manufacturer, including outline drawings, 

with front view and sectional views with items and devices identified on and with 

wiring diagrams. 

3. Manufacturer product data. 

4. Prices for spare parts and supply list. 

5. Routine and field acceptance test reports. 

6. Complete interconnection diagram which shall include the following; 

a. Location of all terminals blocks and the landing location of each control wire 

on the terminal blocks. 

b. A table for each interconnection terminal board with each circuit identified. 

c. The identification of the terminals of all equipment items shown on the drawing 

and the function. The control circuit shall be clearly identified on the 

drawing. 

7. Time-Current-Characteristic (TCC) curves of fuses and circuit breakers. 

8. Final configuration files for all relays. Two hard copies and one electronic copy 

are required. 

9. Actual nameplate diagram. 

10. Date of purchase. 

11. AutoCAD Files for Submittal drawings, Electronic Files (2-CD’s). 
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Standard Terms and Conditions of Sale 

 
 
1. Contract Terms 

These Standard Terms and Conditions of Sale (“Conditions of Sale”) shall apply to any purchase or procurement of 
Products or Services by the legal entity procuring such Products or Services (“Purchaser”) from the legal entity of the 
Schneider Electric division that provided the proposal or is selling the Products and Services (“SE”). To the extent that 
there is a conflict between these Conditions of Sale and a valid signed master agreement between the Purchaser and 
SE, the specific conflicting terms of the master agreement shall prevail. To the extent that there is a conflict between 
these Conditions of Sale and another set of SE terms and conditions issued to the Purchaser as part of the proposal or 
quotation process, the specific conflicting terms of the proposal or quotation document shall prevail. Any other variation 
from these Conditions of Sale shall require the signed consent of an authorized SE representative. 

2. Prices 
Unless otherwise stated in an applicable quotation or proposal, all prices are subject to change without notice. In the event 
of a net price change and unless otherwise agreed to in writing, prices for orders scheduled for immediate release shall be 
those in effect at time of order entry. Prices for orders placed for future shipment without an agreed price and ship date will 
be billed at the pricing in effect as of the shipment date. All clerical errors are subject to correction 

Services Assumptions: SE’s work estimates are based on work performed during normal work hours (8 hours) between 
the hours of 06:00 and 18:00 local time, Monday to Friday, holidays excepted. Unless specified in writing the following 
are chargeable in addition to base rates: overtime or premium hours, travel costs, specialized tools and test goods, 
utility shutdowns, any delays or site issues not caused by SE, additional trips for postponement or delay. No on-site 
orientation, safety training, work required for site specific requirements is included in a quotation unless expressly 
specified by SE. Current rates are in SE’s then current SE Field Services Demand Labor Rates document. Field 
specialists bill a 4-hour minimum charge for travel where Services are performed in less than 4 hours, and an 8-hour 
minimum charge for Services otherwise. 

3. Taxes 
Unless otherwise set out in SE’s proposal or quotation, prices do not include taxes, duties or any other governmental 
levies, all of which are payable by Purchaser. Except as may be otherwise provided in the relevant Purchase Order, the 
price excludes all present or future sales taxes, revenue or excise taxes, value-added taxes, import and export duties 
and any other taxes, surcharges or duties now existing or hereafter imposed by governmental authorities upon 
equipment and/or services quoted by SE. The Purchaser shall be responsible for all such taxes, duties and charges 
resulting from these Conditions of Sale or any associated purchase. SE is required to impose taxes on orders and shall 
invoice the Purchaser for such taxes and/or fees according to applicable law, statutes, or regulations, unless SE 
furnishes the Purchaser at the time of order with a properly completed exemption certificate(s) acceptable to the 
authorities imposing the tax or fees. Any changes in foreign exchange rates, sales taxes, customs tariffs or other taxes 
shall be chargeable to the Purchaser. 

4. Terms of payment 
Terms are net 30 days from date of invoice. Late payments will be subject to interest charges at the rate of two percent 
(2%) per month. Invoices for pro-rata payments become due on the date of shipment. If at Purchaser’s request, shipments 
are delayed beyond the scheduled date, payments for the Products and Services completed to date will be invoiced to 
the Purchaser, as a percentage of the total Purchase Order price when SE was originally prepared to ship. Products held 
for the Purchaser shall be at the risk and expense of the Purchaser. If completion of Services is delayed more than 30 
days after originally scheduled delivery date and not caused solely by SE, SE reserves the right to ship all Products to 
the Purchaser who will accept responsibility for Products including payment. Failure to pay any applicable payment on its 
due date shall automatically cause all installment amounts to become payable and in addition to SE’s other lawful 
remedies, SE reserves the right to suspend or cancel the PO. If Purchaser fails to pay SE for the Products and Services, 
SE reserves the right to file in its sole discretion any liens, charges, security interests, or similar encumbrances against 
the applicable property, building, land, or Products and Services and Purchaser consents to such filings and registrations. 

5. Delivery and Schedule 
Dates for delivery, schedule, or execution for Services or Products set out on a Purchase Order are subject to confirmation 
by SE and until such confirmation may change solely based on SE’s circumstances. All confirmed dates are based on the 
prompt receipt by SE of all required information enabling achievement of such dates and SE reserves the right to change 
such dates in the event additional information is necessary or other information was not provided. 
 
DISCLAIMER: The Purchaser acknowledges that the products or part thereof are produced in, or otherwise sourced from, 
or will be installed in areas already affected by, or that may be affected in the future by, the prevailing COVID-19 
epidemics/pandemic and that the situation may trigger stoppage, hindrance or delays in SE’s (or its subcontractors) capacity 
to produce, deliver, install or service the products, irrespective of whether such stoppage, hindrance or delays are due to 
measures imposed by authorities or deliberately implemented by SE (or its subcontractors) as preventive or curative 
measures to avoid harmful contamination exposure of SE’s (or its subcontractors’) employees. The Purchaser therefore 
recognizes that such circumstances shall be considered as a cause for excusable delay not exposing SE to contractual 
sanctions including without limitation, delay penalties, liquidated or other damages or termination for default. 
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6. Risk of loss 

Unless otherwise specifically agreed by the Parties, the Products are delivered Ex Works (Incoterms 2010) and the risk 
of loss or damage shall pass to the Purchaser upon collection of the Products by the first carrier at SE’s premises, plants 
or warehouses. Delivery of Products by SE will be deemed to be made to the Purchaser upon obtaining a signed receipt 
from the carrier showing receipt of the Products in good order. Title passes on full payment. 
 

7. Substitutions 
SE may furnish suitable substitutes for Products unobtainable because of priorities or regulations established by 
governmental authority or non-availability of materials from suppliers, provided such substitutions do not adversely 
affect the technical soundness of the Products. SE assumes no liability for deviation from published dimensions and 
descriptive information not essential to proper performance of the Products. 

8.      Shortage  
Claims for shortages or errors must be submitted to SE within 30 days after invoice date, and failure to give such notice 
shall constitute unqualified acceptance and a waiver of all such claims by the Purchaser. 

9. Installments 
SE reserves the right to make shipments in installments, unless otherwise expressly stipulated in a specific Purchase 
Order; and all such installments when separately invoiced shall be paid for when due per invoice without regard to 
subsequent shipments. Delay in shipment of any installment shall not relieve Purchaser of its obligation to accept 
remaining shipments. 

10. Force Majeure 
SE will be excused from and not be liable for any non-performance of a Purchase Order if such delay or non-
performance is due to any cause beyond the reasonable control of SE, or which SE could not reasonably foresee or 
reasonably provide against, and which prevents SE from carrying out the terms of the Purchase Order. This includes 
but is not limited to the following: war, revolution, insurrection or hostilities (whether declared or not), riot, economic 
upheaval, civil commotion or uprising, flood, earthquake, tempest, hurricane, lightning or other natural disaster; fire or 
explosion; strike, lockout or other industrial disturbance whether at SE or one of its suppliers; sabotage, accident, 
embargo, car shortage, wrecks or delays in transportation, non-delivery of materials or order or action of government 
authority. Any delay resulting from such cause shall extend the date of delivery accordingly. SE reserves the right to 
cancel a Purchase Order, if in its opinion such circumstances threaten or cause extended delay in the performance 
thereof. 

11. Standard Warranty 

SE warrants: 
(a) Products manufactured by SE under its own brands and supplied by SE as part of the Purchase Order, if any, 

against defects in material and workmanship of those Products arising under normal use for a period of 12 
months from the date of commissioning or 18 months from the date of shipment from SE, whichever occurs 
first. 

(b) Services performed by SE’s personnel as part of the Purchase Order, if any, will be performed by qualified 
personnel with care, skill and diligence, in accordance with the applicable generally accepted standards 
recognized by the industry for a period of 12 months from the date of invoice. 

Exclusive Warranty Remedies:  In the event of any warranty covered defects or deficiencies in Products in subsections 
(a) above, or Services in subs. (b) above, the sole and exclusive obligation of SE shall be to re-perform the Services, or 
repair or replace the defective Products or part of the Products, at SE’s sole discretion. Such warranty coverage is 
contingent on Purchaser providing prompt notification to SE once such defect or deficiency is reasonably apparent to 
Purchaser. 
Exclusions & Limitations: This warranty shall not apply (a) to Products not manufactured by SE, (b) Services not provided 
directly by SE, (c) to Products or Services that has been repaired or altered by anyone other than SE so as, in SE’s 
judgment, affects the same adversely, (d) Seller’s conformance with Buyer’s design of the Products or Software; or (e) to 
Products or Services that appear to be subjected to negligence, accident, or damage by circumstances beyond SE’s 
control, or improper any non-SE operation, maintenance or storage, or to other than normal use or service. The foregoing 
warranties do not cover reimbursement for labor, transportation, removal, installation, temporary power, or any other 
expenses that may be incurred in connection with repair or replacement. THESE WARRANTIES, CONDITIONS, AND 
EXCLUSIONS ARE EXCLUSIVE AND IN LIEU OF ALL OTHER EXPRESS OR IMPLIED WARRANTIES, CONDITIONS, 
REPRESENTATIONS AND GUARANTEES (EXCEPT WARRANTIES OF TITLE), INCLUDING, BUT NOT LIMITED, TO 
IMPLIED WARRANTIES OF MERCHANTABILITY, MERCHANTABLE QUALITY, AND FITNESS FOR A PARTICULAR 
PURPOSE. EXCEPT AS MAY BE PROVIDED IN WRITING BY SE, SE SHALL NOT BE SUBJECT TO ANY OTHER 
OBLIGATIONS OR LIABILITIES WHATSOEVER THAN AS STATED ABOVE WITH REGARD TO PRODUCTS AND 
SERVICES SOLD BY SE TO PURCHASER. 
Non-SE Products or Services: With respect to Products not manufactured by SE, or Services provided by non-SE 
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providers, the warranty obligations of SE shall in all respects conform and be limited to the warranty actually extended 
to SE by such non-SE supplier. 

12. Return of Products 
No Products may be returned without first obtaining SE’s written permission and a returned material identification tag. 
Returned Products must be of current manufacture, in the original packaging, unused, undamaged and in saleable 
condition. Returned Products must be securely packed to reach SE without damage and labeled with the return 
authorization number. For any returns, SE will be pay the carrier and deduct the freight charges from the credit unless if 
returns result from SE error, freight charges will be paid by SE. Any cost incurred by SE to put Products in first class condition 
will be charged to the Purchaser. Returns must originate from the original Purchaser account number. Returns will be 
credited at the original price paid as indicated on the invoice or Purchase Order associated to the Products being returned 
as provided by the Purchaser. If no invoice number or Purchase Order number is provided, then credit will be issued based 
on the into stock price in effect 12 months prior to date of return authorization and will also have an additional 25% 
processing fee applied. SE Products, which are listed in the current product list as returnable and which are accepted for 
credit, not involving a SE error, shall be assessed a restocking fee of 25% of the invoice price. 

13. Intellectual Property 
SE retains ownership of all right, title and interest (including copyright and patent rights) in and to the intellectual property 
relating to Products and Services and work product relating to these. Nothing in these Conditions of Sale constitutes a 
transfer or conveyance of any right, title or interest in such intellectual property, including without limitation any software 
or firmware contained in those, except the limited right to use it as provided in the documentation. As to Products 
proposed and furnished by SE, SE shall defend any suit or proceeding brought against Purchaser so far as based on a 
claim that such Products constitute an infringement of any copyright, trademark or patent in the United States or Canada. 
This obligation shall be effective only if Purchaser shall have made all payments then due hereunder and if SE is notified 
promptly in writing and given authority, information, and assistance at SE's expense for the defense of the same. In the 
event the use of such Products by Purchaser is enjoined in such a suit, SE shall, at its expense, and at its sole option, 
either (a) procure for the Purchaser the right to continue using such Products (b) modify such Products to render them 
non-infringing, or (c) replace such Products with non-infringing Products. SE will not be responsible for any compromise 
or settlement made without its written consent. The foregoing states the entire liability of SE for patent, trademark or 
copyright infringement, and in no event shall SE be liable if any infringement charge is based on the use of SE Products 
for a purpose other than that for which it was sold by SE. As to any Products or Services furnished by SE to Purchaser 
and manufactured or provided in accordance with designs proposed by Purchaser, the Purchaser shall indemnify SE 
against any award made against SE for patent, trademark, or copyright infringements. 

14. Software 
Any software or computer information, in whatever form that is provided with Products manufactured by SE or as part 
of Services, is licensed to Purchaser solely pursuant to standard licenses of SE or its supplier of such software or 
computer information which licenses are hereby incorporated by reference and are available upon request. SE does 
not warrant that such software or computer information will operate error-free or without interruption, and warrants only 
that during the warranty period applicable to the Products that the software will perform its essential functions. If such 
software or computer information fails to conform to such warranty, SE will, at its option, provide an update to correct 
the non- conformance or replace the software or computer information with the latest available version containing a 
correction. SE shall have no other obligation to provide updates or revisions. 

15. LIMITATION OF LIABILITY 
NOTWITHSTANDING ANY PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT 
DOCUMENT TO THE CONTRARY, IN NO EVENT SHALL EITHER PARTY, ITS OFFICERS, DIRECTORS, 
AFFILIATES OR EMPLOYEES BE LIABLE FOR ANY FORM OF INDIRECT, SPECIAL, CONSEQUENTIAL OR 
PUNITIVE DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOSS OF USE, LOSS OF PRODUCTION, LOSS OF 
PRODUCT, LOSS OF REVENUE, PROFITS OR LOSS OF DATA DAMAGES WHETHER SUCH DAMAGES ARISE 
IN CONTRACT OR TORT, IRRESPECTIVE OF FAULT, NEGLIGENCE OR STRICT LIABILITY OR WHETHER SUCH 
PARTY HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH DAMAGES. NOTWITHSTANDING 
ANY OTHER PROVISION OF THESE CONDITIONS OF SALE OR ANY OTHER CONTRACT DOCUMENT TO THE 
CONTRARY, AND TO THE EXTENT PERMITTED BY APPLICABLE LAW, THE MAXIMUM LIABILITY OF SE FOR 
DAMAGES HEREUNDER SHALL NOT EXCEED THE AMOUNTS ACTUALLY PAID BY THE PURCHASER TO SE 
FOR THE WORK GIVING RISE TO A CLAIM. 

16. Insurance 
SE shall maintain reasonable insurance coverage (e.g., commercial general liability, worker’s compensation, 
automobile) in such amounts as SE deems appropriate in accordance with industry practice. Certificate of insurance 
evidencing this may be provided on request. 

17. Import and Export 
Purchaser agrees that all Products and Services require proper compliance with import and export laws and 
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administrative requirements including the payment of all associated duties, taxes and fees. 

18. Health and Safety Compliance 
SE employees shall not perform Services that, in their sole opinion, are not free of reasonably foreseeable harm. This 
includes working on any equipment, whether provided by SE, Purchaser or otherwise, that in such SE employees’ sole 
opinion has not been placed in an electrically safe working condition. Purchaser warrants that site and working conditions 
shall meet or exceed those specified by applicable Occupational Health and Safety Act and Regulations. Purchaser shall 
inform SE of: (a) Known hazards, or reasonably foreseeable hazards, that are related to SE’s scope of Services and the 
site where the Services will be performed; and (b) Information about the worksite necessary to identify hazards and assess 
risk for the protection of the health and safety of SE personnel. This information might include, but is not limited to: (i) 
Providing an accurate up-to-date single line diagram of the electrical distribution system; (ii) Providing relevant Workplace 
Hazardous Materials Information System (WHMIS) information such as Material Safety Data Sheets (MSDS) and floor 
plans indicating areas where hazardous materials are located and emergency exits for service rooms and other areas of 
operation; and (iii) Other site specific information relative to the Purchaser’s operation, process and safety systems. Any 
hazardous materials requiring remediation in SE’s sole opinion will be separately chargeable to Purchaser and will be a 
condition precedent to SE’s performance of such Services. 

19. Witness of Tests & Factory Inspections 
Normal production schedules do not provide the opportunity for Purchaser to witness routine factory tests on Products or 
make factory inspections. Witnessing of tests or factory inspections by the Purchaser may result in delays of production 
for which SE will not be responsible and which may result in additional charges and delayed scheduling to Purchaser. 
Witness testing and factory inspections must be requested at time of quotation, are subject to additional costs and must 
be confirmed at Purchase Order entry. Standard SE factory testing and inspection will apply. SE will notify Purchaser 
fourteen (14) calendar days prior to scheduled witness testing or inspection. In the event Purchaser is unable to attend, 
the Parties may mutually agree on a rescheduled date. However, SE, at its sole option, may consider the witness tests or 
inspection waived, and ship and invoice the Products and the witness testing charges. Purchaser will be responsible for 
paying for all scheduled witness testing, whether or not Purchaser attends. 

20. Patterns and Tools 
Notice will be given if special patterns or tools are required to complete any Purchase Order. Charges for such patterns 
or tools do not convey title thereto or the right to remove them from SE's plant. If patterns or tools are not used for a 
period of two years, SE shall have the right to scrap them without notice. 

21. Nuclear Applications 
Unless otherwise agreed in writing by a duly authorized representative of SE, Products sold hereunder are not intended 
for use in or in connection with any nuclear facility or activity. Purchaser hereby represents and warrants that such 
Products shall not be used in or in connection with any nuclear facility or activity. If so used, SE disclaims all liability for 
any damage, injury or contamination; and Purchaser agrees and indemnifies SE against any such liability, whether 
arising as a result of breach of contract, warranty or tort (including negligence) or otherwise. 

22. Nature of Relationship 
Purchaser agrees that SE is an independent contractor and nothing in these Conditions of Sales creates between SE 
and Purchaser a relationship of partners, joint venturers, or agents of each other, and no Party may so represent itself 
any of these manners. 

23. Termination 
Any Purchase Order may be terminated by the Purchaser only upon 30 days’ notice to SE and upon payment of 
reasonable and proper termination charges based on the price of the terminated Purchase Order and reimbursement 
of all costs and expenses associated with the order caused by such termination and shall include a reasonable profit. 
Special or custom ordered Products is not cancelable after final acceptance OR approval OF drawings for the 
commencement of manufacturing. 

24. Cancellation 
SE shall have the right to cancel any Purchase Order at any time by written notice for any material breach of these 
Conditions of Sale by the Purchaser, including material delays by Purchaser or its authorized representatives in 
releasing Products for manufacture or approval drawings and excessive changes to specifications or drawings. 

25. Amendments 
No amendment, supplement, modification, waiver or termination of the Purchase Order or these Conditions of Sale is 
binding unless executed in writing by both parties. 

26. Applicable Laws 
All matters arising out of or relating to the execution, construction, interpretation or breach thereof, are to be governed 
by the laws of the jurisdiction in which the applicable SE entity is located, excluding such jurisdiction’s rules regarding 
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conflicts of laws and the provisions of the United Nations Convention on Contracts for the International Sale of Goods. 
SE agrees to bring any action claims or legal proceedings in any way pertaining to this Purchase Order, or the 
execution, construction, interpretation or breach thereof in the courts of the jurisdiction specified above and in no other 
court or tribunal whatsoever. 
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   BILL OF MATERIALS    

      
001-00   1 Designation: ES202422 

ENGINEERING STUDY 
ENGINEERING STUDY 
We are pleased to quote Engineering Services f 
or Naval Facility BBFW3M Replace 4160V Switchg 
ear per BOM and specifications with the follow 
ing exception(s)/clarification(s). 
                                  Exception(s) 
 does not include setpoint files. 
 does not include label installation. 
ote does not include setting/testing overcurre 
nt devices.  Please contact Schneider Electric 
 Services for a quote to set/test the breakers 
. 
 Clarification(s) 
 to new Square D brand equipment as listed in 
the BOM. 
quirements will be based on the following arc 
flash labeling practice.The arc flash labeling 
 practice on this job will consist of two labe 
ls:  (1) An Arc Flash Information label and (2 
) a general safety label.  The Arc Flash Infor 
mation label is printed with values produced b 
y a Schneider Electric Engineering Services, L 
LC analysis and is field installed.  The gener 
al safety label is factory installed on new Sq 
uare D brand equipment and will be provided fo 
r field installation on electrical equipment l 
acking these labels.  Refer to 0180IB0802 (Arc 
-Flash Label Installation Instruction Bulletin 
) which shows samples and describes our offer 
in detail. 
 by the electrical contractor at no cost to Sc 
hneider Electric Engineering Services, LLC. 
                                           Thi 
s quote is subject to the services and billing 
 agreement for Schneider Electric Engineering 
Services, LLC. 
              If a short-circuit analysis is i 
ncluded in the study scope, our intent is to d 
eliver a short-circuit evaluation table prior 
to the date of equipment release to manufactur 
ing.  The completion of the analysis and repor 
t will typically be targeted around the ship d 
ates of switchboards/MCCs, at which time the s 
tudy will be invoiced.  Reports will be revise 
d to reflect as-built conditions at no additio 
nal charge, provided the size and scope of the 
 changes do not vary from the original design 
layout and the request is made within three mo 
nths of commissioning. 
                      Customer is responsible 
for supplying necessary data (refer to the sum 
mary below) in order to complete the study.  W 
hen provided with customer and utility contact 
 information, we can assist in obtaining this 
data.  The Field Office is responsible for com 
municating any change orders that may impact t 
he results of the analysis.*** If specific dat 
a is not received, the short-circuit and time- 
current coordination analyses will be performe 
d based on a conservative set of assumptions - 
 other calculations such as:  arc flash; harmo 
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nic; motor starting - voltage drop; motor star 
ting; and load flow - voltage drop will be exc 
luded.*** 
         Summary - intended for SC, TCC, & AF 
(not all-inclusive):1. One-line diagram showin 
g the scope of the system study.2. All of the 
cable data - lengths, wire sizes, etc_3. The a 
vailable short-circuit current from the power 
company at the point of supply.4. The main tra 
nsformer information with primary fuse rating 
or breaker settings (ignore if Schneider Elect 
ric is supplying the transformer).5. Generator 
 electrical data and breaker(s) details if app 
licable.6. Automatic transfer switch short-cir 
cuit current rating or catalog number if appli 
cable.7. Submittals for paralleling gear or eq 
uipment associated with the emergency or UPS s 
ystem.8. Description of starter type and locat 
ion of any motors greater than 50HP.9. Project 
 study specifications (ignore if specification 
s were provided at the time we quoted this job 
). 
  Feel free to contact me at QUOTES_SYSTEM_STU 
DIES@us.schneider-electric.com with any questi 
ons. 

      
002-00   1 Designation: ES202422 

SETPOINT FILES 
SETPOINT FILES 
We are pleased to quote Engineering Services f 
or Naval Facility BBFW3M Replace 4160V Switchg 
ear per BOM and specifications with the follow 
ing exception(s)/clarification(s). 
                                  Clarificatio 
n(s) 
of this quote includes the creation of the set 
point files that we will supply to the commiss 
ioning agent when startup is near.  The settin 
gs will only include the protective functions 
for the MV relays. 
 study is limited to new Square D brand equipm 
ent as listed in the BOM. 
he following arc flash labeling practice.The a 
rc flash labeling practice on this job will co 
nsist of two labels:  (1) An Arc Flash Informa 
tion label and (2) a general safety label.  Th 
e Arc Flash Information label is printed with 
values produced by a Schneider Electric Engine 
ering Services, LLC analysis and is field inst 
alled.  The general safety label is factory in 
stalled on new Square D brand equipment and wi 
ll be provided for field installation on elect 
rical equipment lacking these labels.  Refer t 
o 0180IB0802 (Arc-Flash Label Installation Ins 
truction Bulletin) which shows samples and des 
cribes our offer in detail. 
shall be provided by the electrical contractor 
 at no cost to Schneider Electric Engineering 
Services, LLC. 
              This quote is subject to the ser 
vices and billing agreement for Schneider Elec 
tric Engineering Services, LLC. 
                               If a short-circ 
uit analysis is included in the study scope, o 
ur intent is to deliver a short-circuit evalua 
tion table prior to the date of equipment rele 
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ase to manufacturing.  The completion of the a 
nalysis and report will typically be targeted 
around the ship dates of switchboards/MCCs, at 
 which time the study will be invoiced.  Repor 
ts will be revised to reflect as-built conditi 
ons at no additional charge, provided the size 
 and scope of the changes do not vary from the 
 original design layout and the request is mad 
e within three months of commissioning. 
                                       Custome 
r is responsible for supplying necessary data 
(refer to the summary below) in order to compl 
ete the study.  When provided with customer an 
d utility contact information, we can assist i 
n obtaining this data.  The Field Office is re 
sponsible for communicating any change orders 
that may impact the results of the analysis.** 
* If specific data is not received, the short- 
circuit and time-current coordination analyses 
 will be performed based on a conservative set 
 of assumptions - other calculations such as: 
 arc flash; harmonic; motor starting - voltage 
 drop; motor starting; and load flow - voltage 
 drop will be excluded.*** 
                          Summary - intended f 
or SC, TCC, & AF (not all-inclusive):1. One-li 
ne diagram showing the scope of the system stu 
dy.2. All of the cable data - lengths, wire si 
zes, etc_3. The available short-circuit curren 
t from the power company at the point of suppl 
y.4. The main transformer information with pri 
mary fuse rating or breaker settings (ignore i 
f Schneider Electric is supplying the transfor 
mer).5. Generator electrical data and breaker( 
s) details if applicable.6. Automatic transfer 
 switch short-circuit current rating or catalo 
g number if applicable.7. Submittals for paral 
leling gear or equipment associated with the e 
mergency or UPS system.8. Description of start 
er type and location of any motors greater tha 
n 50HP.9. Project study specifications (ignore 
 if specifications were provided at the time w 
e quoted this job). 
                   Feel free to contact me at 
QUOTES_SYSTEM_STUDIES@us.schneider-electric.co 
m with any questions. 

      
003-00   1 Designation: Metalclad  SWGR 86-1 

MetalClad Switchgear 
Metal Clad Switchgear 
------------------------------------------- 
 
METAL CLAD Switchgear Assembly 
Consisting of the following: 
4 Section Line-up 
 
Network Communications Only 
System Communications 
RS485 Modbus Comms Wired Out 
1 Set of Certified Test Reports included with 
  Final Drawings 
IBC/ASCE7 Seismic Qualification 
Indoor (Type 1) 
Label Requirements: UL 
With Front and Rear Access Required 
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If Customer Witness Testing Required, 
must add in separately from this Bill of 
Material and price in at Standard 
Square D daily rate. 
 
Equipment Ratings 
------------------------------------------- 
Nominal System Voltage: 4.16/2.4kV, 3 Phase, 
  3 Wire, Solidly Grounded Wye 
Maximum Bus Continuous Current: 1200A 
Maximum Short Circuit Current: 50kA (RMS 
  Symmetrical) 
Maximum Voltage: 4.76KV 
One-Minute Withstand Voltage: 19kv RMS 
Impulse Withstand Voltage (BIL): 60kV 
Frequency: 60 Hertz 
 
Lineup Options 
------------------------------------------- 
1 - Pendant w/ Carry Case for Integrated 
  Racking 
1 - Test Cabinet, 8 ft. cable 
1 - Test Jumper, 14 ft. cable only 
Breaker Lift Truck 
Cable Support/Clamp for each breaker 
Control wiring terminations: Ring Tongue - 
  Insulated 
 
Structure Information 
------------------------------------------- 
1200A Silver Plated Copper Main Bus 
Bus Bracing: 50kA (RMS Symmetrical) 
Bus Supports: Glass Polyester 
Glass Polyester Pass-Through Inserts in Glass 
  Polyester Bus Barrier (between 
  sections)(Std) 
Ground Bus: Copper, Unplated (Std) 
Lug Type: Supplied by Customer 
1 - Strip Heaters (Remote Power Source) w/ 
  Thermostat (per section) 
2 Infrared Viewing Windows per Cubicle Cable 
  Compartment 
Breaker Close Control Power: Customer 
  Supplied 125VDC 
Breaker Failure Detection 
Breaker Trip Control Power: Customer Supplied 
  125VDC 
Exterior Paint Color: ANSI #61, Light Gray 
  (Std) 
Humidistat for Strip Heaters 
Indication Lights - LED Type lamps 
Rear Access, Bolted Panel 
White Interior LV Panels 
 
Dimensions: 
Width of Lineup: 111.75" - 2838.45mm 
Height @ Highest Point: 95.10"  2416 mm 
Depth @ Base: 92.00"  2337 mm 
 
Special Features or TAG Items (per line-up) 
------------------------------------------- 
If Special Features are included in this 
Bill of Material, they will NOT appear on the 
Front-Elev or One-line Drawing and may alter 
the final layout and dimensions. 
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Detailed Bill of Material 
------------------------------------------- 
This Metal Clad Switchgear shall be 
depicted in the attached drawing and shall 
include the following: 
 
 
Section 1 - 14.75W, Full-height section,  - 
Transition Section to Motorpact - MVMcc 
 
 
 
Section 2 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 2 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 2 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 3 - 36W, Upper - Blank 
1 - Set of Cable Termination Boots for CFMB 
Main Bus Load Lug Connection 4 per Phase 
 
Section 3 - 36W, Lower - Blank 
 
 
Section 4 - 25W, Full-height section,  - 
3" Secondary transformer throat 
  connection-Left 
 
 
 

      
003-01   1 46023-672-50 

MAGELIS AND CASE KIT 
    

      
004-00   1 Designation: Metalclad  SWGR 86-2 

MetalClad Switchgear 
Metal Clad Switchgear 
------------------------------------------- 
 
METAL CLAD Switchgear Assembly 
Consisting of the following: 
4 Section Line-up 
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1 Set of Certified Test Reports included with 
  Final Drawings 
IBC/ASCE7 Seismic Qualification 
Indoor (Type 1) 
Label Requirements: UL 
With Front and Rear Access Required 
 
If Customer Witness Testing Required, 
must add in separately from this Bill of 
Material and price in at Standard 
Square D daily rate. 
 
Equipment Ratings 
------------------------------------------- 
Nominal System Voltage: 4.16/2.4kV, 3 Phase, 
  3 Wire, Solidly Grounded Wye 
Maximum Bus Continuous Current: 1200A 
Maximum Short Circuit Current: 50kA (RMS 
  Symmetrical) 
Maximum Voltage: 4.76KV 
One-Minute Withstand Voltage: 19kv RMS 
Impulse Withstand Voltage (BIL): 60kV 
Frequency: 60 Hertz 
 
Lineup Options 
------------------------------------------- 
1 - Pendant Existing on Jobsite for 
  Integrated Racking 
Cable Support/Clamp for each breaker 
Control wiring terminations: Ring Tongue - 
  Insulated 
 
Structure Information 
------------------------------------------- 
1200A Silver Plated Copper Main Bus 
Bus Bracing: 50kA (RMS Symmetrical) 
Bus Supports: Glass Polyester 
Glass Polyester Pass-Through Inserts in Glass 
  Polyester Bus Barrier (between 
  sections)(Std) 
Ground Bus: Copper, Unplated (Std) 
Lug Type: Supplied by Customer 
1 - Strip Heaters (Remote Power Source) w/ 
  Thermostat (per section) 
2 Infrared Viewing Windows per Cubicle Cable 
  Compartment 
Breaker Close Control Power: Customer 
  Supplied 125VDC 
Breaker Failure Detection 
Breaker Trip Control Power: Customer Supplied 
  125VDC 
Exterior Paint Color: ANSI #61, Light Gray 
  (Std) 
Humidistat for Strip Heaters 
Indication Lights - LED Type lamps 
Rear Access, Bolted Panel 
White Interior LV Panels 
 
Dimensions: 
Width of Lineup: 133.00" - 3378.20mm 
Height @ Highest Point: 95.10"  2416 mm 
Depth @ Base: 92.00"  2337 mm 
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Special Features or TAG Items (per line-up) 
------------------------------------------- 
If Special Features are included in this 
Bill of Material, they will NOT appear on the 
Front-Elev or One-line Drawing and may alter 
the final layout and dimensions. 
 
 
  Special connect to 5MVA liquid  #: 171885 
 
Detailed Bill of Material 
------------------------------------------- 
This Metal Clad Switchgear shall be 
depicted in the attached drawing and shall 
include the following: 
 
 
Section 1 - 25W, Full-height section,  - 
3" Secondary transformer throat 
  connection-Left 
 
 
 
Section 2 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 2 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 2 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 3 - 36W,  - 
1 - Integrated Racking - 2 High 
 
Section 3 - 36W, Upper - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
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2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 600:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
Section 3 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 600:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
Lugs Supplied by Customer 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
 
 
Section 4 - 36W,  - 
1 - Integrated Racking - 1 High 
 
Section 4 - 36W, Upper - Auxiliary 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
1 - VT Drawer with (3) VTs, (1) Primary Fuse 
  per VT 
 
Section 4 - 36W, Lower - Breaker_1200A 
Catalog Number: V5D4133Y000 
1 - 4.76kV Max. Voltage, 350MVA / 50KA, 
  1200A, Vacuum Breaker Type: VR-05035-12 
1 - TOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
1 - Key Interlock (per key) Manufacturer : 
  Kirk 
1 - Breaker Control Switch 1t, 1c 
1 - MOC Switch Supplying 10 Additional 
  Contacts (5a, 5b) 
2 - Test Blk/Sw for Ctrl Schematic 
3 - Multi-Ratio 1200:5 CT - Standard Accuracy 
  - Model 781 - Set#1 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#2 
3 - Single Ratio 800A:5A CT - Standard 
  Accuracy - Model 780 - Set#4 
1 - Set Ground Ball Studs w/ Insulating Cap 
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Hazard Categories and Special Symbols
Read these instructions carefully and look at the equipment to become familiar with 

the device before trying to install, operate, service or maintain it. The following 

special messages may appear throughout this bulletin or on the equipment to warn 

of potential hazards or to call attention to information that clarifies or simplifies a 

procedure.

The addition of either symbol to a “Danger” or “Warning” safety label indicates that 

an electrical hazard exists which will result in personal injury if the instructions are 

not followed.

This is the safety alert symbol. It is used to alert you to potential personal injury 

hazards. Obey all safety messages that follow this symbol to avoid possible injury 

or death.

NOTE: Provides additional information to clarify or simplify a procedure.

Please Note
Electrical equipment should be installed, operated, serviced, and maintained only by 

qualified personnel. No responsibility is assumed by Schneider Electric for any 

consequences arising out of the use of this material.

A qualified person is one who has skills and knowledge related to the construction, 

installation, and operation of electrical equipment and has received safety training 

to recognize and avoid the hazards involved.

DANGER
DANGER indicates an imminently hazardous situation which, if not avoided, will
result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not avoided, can
result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, can
result in minor or moderate injury.

NOTICE
NOTICE is used to address practices not related to physical injury. The safety 

alert symbol is not used with this signal word.
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Section 1—Introduction
Two-high, 4.76–15 kV, Square D™ brand Masterclad™ metal-clad, drawout 

switchgear provides medium voltage power distribution. Manufactured by Schneider 

Electric, it is designed for use with the Type VR drawout circuit breaker, which 

employs vacuum technology. A typical Masterclad switchgear assembly is shown in 

Figure 1 on page 8. The Type VR circuit breaker is shown in Figure 2 on page 9.

Refer to these instruction bulletins for complete information on the Type VR circuit 

breakers:

• 6055-31 (1200 A and 2000 A, 50 kA)

• 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA)

The switchgear assembly consists of individually-grounded, compartmentalized, 

steel structures. Each compartment has doors, barriers, and removable access 

panels to isolate the separate working functions. All circuit breakers, instrument 

and control power transformers, relays, meters, and other components are 

factory-assembled, wired, and tested as an assembly. The user normally makes 

only the external control, ground, and power connections at the terminals provided, 

and reconnects the wiring and bus bars at the shipping breaks.

Each assembly is custom-designed to specifications. Standard structures and bus 

configurations are also arranged according to customer specifications. The 

structures are then combined with the circuit breaker and other components 

necessary for the required protective scheme, metering, and number of feeders.

Complete customer drawings are furnished for each Masterclad switchgear 

assembly. The drawings include floor plans and elevations, one-line diagrams, 

control schematics, and wiring diagrams.
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Figure 1 – Typical Masterclad Metal-Clad Switchgear Assembly

Control power transformer (CPT), drawout

Voltage transformer (VT), drawout

Type VR circuit breaker, drawout

Racking mechanism
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Figure 2 – Type VR Circuit Breaker—Front and Rear Views

Front View

Rear View
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Section 2— Safety Precautions

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 

electrical work practices. See NFPA 70E or CSA Z462.

• This equipment must be installed and serviced only by qualified 

electrical personnel.

• Perform such work only after reading and understanding all of the instructions 

contained in this bulletin.

• Turn off all power supplying this equipment before working on or 

inside equipment.

• Always use a properly rated voltage sensing device to confirm  power is off.

• Before performing visual inspections, tests, or maintenance on this equipment, 

disconnect all sources of electric power. Assume all circuits are live until they 

are completely de-energized, tested, and tagged. Pay particular attention to 

the design of the power system. Consider all sources of power, including the 

possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Circuit breaker and switch contacts must be open and all springs discharged 

before performing maintenance work, disconnection, or removal of a 

circuit breaker.

• Move circuit breakers to the disconnected position before removing rear 

access panels.

• Conduct electrical testing to confirm no short-circuits were created during 

installation, maintenance, or inspection.

• Never insert a circuit breaker into a circuit breaker compartment that is not 

complete and functional.

• The complete assembly arrangement determines if the top or bottom contacts 

are the line side; both can be energized when the circuit breaker is removed 

from the compartment.

• Disconnect all high voltage to the switchgear before accessing the horizontal 

bus compartment.

• Do not use liquid fire extinguishers or water on electrical fires! Before 

extinguishing fires within the assembly, be absolutely certain the main power 

source is disconnected and the main and all feeder circuit breakers are tripped.

• Carefully inspect your work area, and remove any tools and objects left inside 

the equipment.

• Replace all devices, doors, and covers before turning on power to 

this equipment.

• All instructions in this manual are written with the assumption that the customer 

has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Section 3—Receiving, Handling, and Storage
Receiving

Masterclad two-high, 4.76–15 kV, metal-clad, indoor switchgear is shipped on 

skids in protective crates or wrapping. Circuit breakers are shipped in switchgear 

cells. Do not stack the circuit breakers.

Upon receipt, inspect the equipment for damage that may have occurred in transit. 

Check all items against the packing list provided. Immediately notify the carrier and 

Schneider Electric of any damages or shortages.

Handling
The switchgear is normally shipped in one or two sections. Each section has four 

lifting lugs bolted on top. If more than two bays are shipped as one section, lifting 

channels or frames may be bolted on top. Put a crane hook through each of the 

four holes to lift and move the sections. After the group has been placed in position, 

remove and discard the lifting lugs. Then, screw the bolts back into place to cover 

the mounting holes.

If a crane is not available, the sections may be unloaded and moved with a forklift. 

Rollers under the skids may be used on a relatively flat surface if other moving 

equipment is not available or space prohibits the use of other moving methods. See 

Section 6, “Installation,” for handling uncrated assemblies.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

• Do not remove the skids until the shipping sections are in the final location.

• Do not maneuver the switchgear directly on rollers.

• Always use the skids to prevent switchgear distortion or damage.

Failure to follow these instructions will result in equipment damage.
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Storage

If the assembly is stored prior to installation, keep it in a clean, dry, well-ventilated 

area with an ambient temperature of approximately 70 °F (21 °C). Place dust 

covers over circuit breakers. If space heaters are furnished in the assembly, 

energize them from an external source. Refer to schematic and wiring diagrams for 

a logical connection point and for voltage and power requirements.

If space heaters are not installed in the assembly and the area is cold and damp, 

use a temporary heating source within the assembly. A minimum of 200 watts of 

heat per cell is recommended. Avoid greasy, smoky heaters that can deposit 

carbon on insulation, causing tracking and eventual insulation breakdown.

If the space heaters are normally energized from the assembly control power 

transformer, open the control power transformer secondary circuit breaker, remove 

the primary current limiting fuses, and install an out-of-service tag before 

energizing the space heaters. This prevents backfeed to the main bus through the 

control power transformer.

DANGER
HAZARD OF PERSONAL INJURY

When energizing space heaters from a remote source, remove the primary 

current limiting fuses of the control power transformer. 

Failure to follow these instructions will result in death or serious injury.
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Section 4—Description
The number of bays in a Masterclad switchgear assembly depends on customer 

specifications. Each bay is a separate rigid, self-contained, bolted structure 

fabricated of heavy gauge steel. It consists of:

• front section with secondary control devices

• circuit breaker cell, drawout voltage transformer and control power transformer, 

and fuse drawout section

• main bus compartment

• cable compartment

Figure 3 – Upper and Lower Circuit Breaker Cells with Circuit Breakers Removed

Controls for lower

circuit breaker

Controls for upper

circuit breaker

Upper circuit

breaker cell

Lower circuit

breaker cell
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Front Section
The front section includes the front hinged doors with instruments, relays, and 

control switches, the terminal blocks, fuse blocks, and other required secondary 

control devices. It also houses the wiring space for inter-unit connection and 

customer cable connections.

Circuit Breaker Cell
The circuit breaker cell contains 16 separate, but coordinated, features, each 

necessary for circuit breaker operation:

• circuit breaker positioning rails

• racking mechanism

• circuit breaker position indicator

• disconnect position latch

• circuit breaker interlocks

• compartment rating interlocks

• control power receptacle

• ground and test unit and dummy breaker interlock

• primary high voltage contacts

• current transformers

• shutters

• barriers

• cell interlock

• ground contact bar

• mechanism-operated contacts (MOC)—optional

• truck-operated contacts (TOC)—optional

Circuit Breaker Positioning Rails
The circuit breaker is equipped with rubber wheels for moving the circuit breaker 

when it is outside the switchgear and metal rollers to guide and position the circuit 

breaker inside the circuit breaker cell. The four metal rollers are captured in rails 

(Figure 4 on page 15) which position the circuit breaker in the vertical position.

Racking Mechanism
The racking mechanism (Figure 4) is located on the circuit breaker cell floor. It is 

operated by a removable racking crank inserted into the front of the circuit breaker 

cell. The front may be either open or closed. The circuit breaker engages in a gear-

driven racking roller (Figure 4). As the roller rotates, it moves the circuit breaker 

from the test to the operating position.

Circuit Breaker Interlocks
A racking block bar (Figure 4) welded to the racking shaft will hit an interlock pin on 

the circuit breaker when it is closed. This interlock mechanism will stop a closed 

circuit breaker from being moved between the test/disconnected position and the 

connected position.

The racking roller actuates an interlock located underneath the circuit breaker. This 

interlock mechanism is designed to stop a circuit breaker from being closed when it 

is between the test/disconnected and connected positions.
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A lockout lever located on the drawout gear box stops the circuit breaker from 

being inserted into the cell when the racking roller is not in the test position.

A racking block lever will not allow the racking mechanism to operate when the 

circuit breaker is not in the cell. Without the circuit breaker in the cell, the shutter 

cannot be opened.

A spring discharge interlock will discharge the closing springs when the circuit 

breaker is inserted or withdrawn from the cell.

Compartment Rating Interlocks
These interlocks stop accidental insertion of circuit breakers with incorrect current, 

voltage, or interrupting ratings into the compartment. The stationary interference 

brackets are mounted on the floor of the compartment and the moving part of the 

interlock system is mounted on the underside of each circuit breaker.

Ground and Test Unit Dummy Circuit Breaker Interlock
Each circuit breaker cell is equipped with a ground and test unit (GTU) and dummy 

breaker permissive interlock. GTUs and dummy breakers that are not equipped with 

the required ground and test unit interlocks cannot be inserted into the circuit breaker 

cell. The permissive interlocks are located beside the position interlock on the circuit 

breaker cell floor. Refer to the specific GTU and dummy breaker instruction bulletins.

Figure 4 – Circuit Breaker Floor Plate, Racking Device, and Interlocks
A. Circuit breaker position latch bracket

B. Circuit breaker positioning rail

C. Ground contact bar

D. Racking block lever

E. Racking roller

F. Shutter actuator

G. Circuit breaker position indicator

H. Racking block bar

I. Cell key interlock provision

J. Lockout lever

K. Spring discharge bracket

L. Racking mechanism

M. Control power receptacle handle

N. Control power receptacle

F
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CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not test interlocks by hand. Test interlocks only by moving the circuit breaker over 

the cell-mounted operating cams. Do not operate interlocks in an incorrect sequence.

Failure to follow these instructions can result in equipment damage.
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Control Power Receptacle
The circuit breaker control power receptacle is located on the lower right floor of the 

compartment (Figures 4 and 5). The molded insulating receptacle contains 24 

contacts and two tapered guide pins. The control power can be connected in the 

test position by rotating the control plug handle and pulling it forward.

Disconnect Position Latch
A spring-loaded latch on the circuit breaker engages behind the circuit breaker latch 

brackets on top of the left-hand guide rail (Figure 4) when the circuit breaker is in the 

test/disconnected position. The latch is disengaged by the circuit breaker release 

handle (Figure 6) when the circuit breaker is in the test/disconnected position.

Figure 5 – Circuit Breaker Cell without Circuit Breaker

Control power 

receptacle

Racking mechanism

Control plug handle

Figure 6 – Circuit Breaker Release Handle

Release handle



Section 4—Description Masterclad™ Metal-Clad Indoor Switchgear

17

EN
G

LI
SH

© 1996–2014 Schneider Electric All Rights Reserved6055-30

Shutters
Two steel shutters (Figure 7) are mounted directly in front of the primary high 

voltage contacts. The shutters move with a rotary motion, actuated by the racking 

mechanism. Figure 4 on page 15 shows the shutter actuator.

Circuit Breaker Position Indicator
An indicator beside the racking port (Figures 4, 8, and 9) shows which position the 

circuit breaker is in: test/disconnected, transport, or connected. When the door is 

open, two arrows which line up with the front cover are visible on the left hand rail. 

They also indicate the position of the circuit breaker.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Disconnect power to both line and load connections before removing the barrier for 

maintenance or repair. Verify the power is off with a properly rated testing device.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.

Figure 7 – Circuit Breaker Cell without Circuit Breaker

Control panel

Mechanism-operated

contacts

Truck-operated

contacts

Shutters

Racking

mechanism

Figure 8 – Racking Port, Handle, and Cell Position Indicator

Racking

port

Cell position indicator in 

connected position

Racking

handle

Cell position indicator in 

test/disconnected position
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Primary High Voltage Contacts
The primary main contacts are housed in a bell assembly (Figure 9) consisting of 

insulating tubes extending toward the front. The current transformers are mounted 

around the tubes, which are covered at the open end by the shutter when the circuit 

breaker is in the test/disconnected position or is withdrawn from the cell. The bell 

assembly is furnished with molded fiberglass polyester tubes as standard, but may 

also be equipped with porcelain tubes.

Current Transformers
Bushing-type, single- or multi-ratio current transformers (Figure 9) can be mounted 

around either the top or bottom insulating tubes. A maximum of four current 

transformers, depending on accuracy, can be mounted per phase—two on the line 

side and two on the load side.

Cell Interlock
A cell key interlock provision (Figure 4 on page 15) is provided in each circuit breaker 

cell for locking a circuit breaker out of the connected position. The cell interlock is 

located in the center of the cell floor and has padlock provisions as standard. It can 

be equipped with a key interlock when specified by the user. The cell interlock 

prevents racking the circuit breaker into the connected position. A circuit breaker can 

be stored in the test/disconnected position with the cell interlock locked.

Ground Contact Bar
A ground contact bar is located on the bottom of the circuit breaker cell. It is directly 

connected to the main ground bus. A mating set of sliding contacts is located on the 

underside of the circuit breaker. The contacts engage before the circuit breaker 

reaches the test position and stay continuously grounded to the connected position.

Figure 9 – Circuit Breaker Cell without Circuit Breaker—
Shutter Forced Open

Current transformer

Bell assemby

Primary high

voltage contact

Shutter forced open
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Mechanism-Operated Contacts (MOC) (Optional)
Mechanism-operated contacts (Figure 7 on page 17 and Figure 10) are 

compartment-mounted, auxiliary contacts operated by the circuit breaker 

mechanism. Like circuit-breaker-mounted auxiliary contacts, they indicate whether 

the circuit breaker is in the open or closed position. They operate in both the 

connected and test/disconnected positions.

The MOC unit is mounted on the left side of the circuit breaker cell. It is operated by 

a mechanism that is driven vertically by a roller on the left side of the circuit 

breaker.

Truck-Operated Contacts (TOC) (Optional)
Truck-operated contacts (Figures 7 and 10) indicate the physical position of the 

circuit breaker in the compartment. They indicate whether the circuit breaker is in 

the connected or test/disconnected position.

The TOC unit does not distinguish between the circuit breaker being in the 

test/disconnected position or withdrawn completely from the compartment.

The TOC unit is mounted on the right side of the horizontal steel barrier in the top of 

the circuit breaker cell. It is operated by a spring-loaded lever. This lever is 

activated, just before the circuit breaker reaches the connected position, by a pin 

on the upper right side of the front cover of the circuit breaker.

Figure 10 – Mechanism and Truck-Operated Contacts

Truck-operated

contact

Mechanism-operated

contact

Contact actuator
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Voltage Transformer, Control Power Transformer, and Fuse Drawout Units
The voltage transformer (VT), control power transformer (CPT), and fuse drawout 

units are self-contained drawers (Figure 11) that roll on two sliding extension rails 

from the disconnected to the connected position. The drawer front panel is 

recessed behind the front door in the connected position and is held in place by 

two thumbscrews.

An insulating barrier (Figure 11) divides the compartment. The stationary contacts 

(Figure 11) and associated high voltage parts are mounted behind the barrier. 

Floating, self-aligning line contacts engage the moving contacts as the drawer is 

inserted into the connected position. As the drawer is withdrawn, a static ground 

contact mounted on top of the compartment grounds the primary connection.

Drawout Control Power Transformer
The control power transformer (CPT), Figures 11, 12, and 13, supplies control 

voltage for circuit breaker closing, capacitor trip charging, and miscellaneous 

station auxiliary power functions. The transformer is sized for the specific order 

requirements. Do not add arbitrary non-specified loads after installation. The 

maximum capacity of the CPT in a drawout unit is 15 kVA.

The CPT, its primary current limiting fuses, and secondary molded case circuit 

breaker are mounted on the drawer and are withdrawn as an assembly. The 

secondary circuit breaker handle must be in the OFF position in order to withdraw 

or insert the drawer. To release the latch, push the secondary circuit breaker 

handle to the left (OFF position). To engage the latch, push the secondary circuit 

Figure 11 – Drawout Units in Connected Position

Control power transformer

(CPT) drawout unit

Voltage transformer (VT)

drawout unit

Insulating
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Stationary

contacts

Primary contacts
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breaker handle to the right (ON position) after returning the assembly to the 

connected position.

Each drawout control power transformer is equipped with a padlock provision 

(Figure 12) which locks the unit in the engaged position.

Secondary, sliding, finger-type contacts are mounted on the front left side of the 

drawer (Figure 13). They engage fixed-mounted contacts in the connected position.

Figure 12 – Control Power Transformer—Secondary Circuit 
Breaker Interlock

Figure 13 – Control Power Transformer—Secondary Contacts

Padlock

provision

Secondary contact
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Drawout Voltage Transformer
Drawout VTs (Figure 14) supply voltage indication for metering and relaying 

purposes. Primary current limiting fuses are mounted on each voltage transformer. 

Secondary, sliding, finger-type contacts (Figure 14) are mounted on the front left 

side of the drawer and engage fixed compartment mounted contacts in the 

connected position. Secondary fuses for the voltage transformers are located in the 

front compartment.

Drawout Fuse
Drawout fuses (Figure 15) are provided for stationary control power transformers. 

Fixed-mounted CPTs are supplied when three-phase control power is required or 

control power requirements exceed 15 kVA. The current limiting fuses are mounted 

in the drawer and withdrawn as an assembly.

Figure 14 – Drawout Voltage Transformer

Grounding contact

Primary current-limiting fuses

Secondary contact

Figure 15 – Drawout Primary Fuses for Stationary Control 
Power Transformer

Primary fuses
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The fuse drawout is interlocked with the secondary circuit breaker by a key 

interlock system. One interlock locks the drawout in the connected position 

(Figure 16). A second interlock allows the fuse drawout to be withdrawn only when 

the secondary circuit breaker is in the OPEN position. The secondary circuit 

breaker with interlock is mounted above or below the drawout unit.

Main Bus Compartment
The main bus compartment is located in the center of the switchgear. It is isolated 

from other compartments by the main bus compartment cover, which consists of 

removable metal access plates (Figure 18 on page 24). The main bus 

compartment is accessible from the back (Figure 18) through the cable 

compartment and from the front through the circuit breaker cell.

1200 and 2000 A, 50 kA main buses are available in aluminum or copper. The 

3000 A, 50kA and 1200, 2000, and 3000 A, 63k A main bus is always copper.

Each bus bar has fluidized bed epoxy insulation rated for 221 °F (105 °C) operation. 

Glass polyester barriers are used to separate the bus compartments between 

adjacent cells. Optional porcelain inserts are available for 50 kA buses only.

Figure 16 – Drawout Primary Fuses Interlock with Secondary Circuit Breaker

Figure 17 – Secondary Circuit Breaker and Interlock for Drawout Primary 
Fuses

Key interlock for 

interlocking secondary 

circuit breakers

Padlock provision

Key interlock
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Polyvinyl chloride boots insulate the connection in the main bus compartment, 

overlapping the epoxy insulation on the bus bars. The busbar insulation and boots 

form an integral insulating system for the equipment to meet its dielectric ratings. 

The busbar insulation must not be damaged or modified. Boots must be in place 

before operating the equipment.

Cable Compartments
Each circuit breaker in a vertical section has a separate cable compartment 

(Figure 18), accessible by removing a steel cover on the back. Insulated load 

connectors are provided for terminating cables. As standard, the load connectors 

are punched for terminating two cables per phase with a NEMA two-hole pattern. 

Schneider Electric provides lugs upon request. Tape and associated material for 

insulating cable terminations are not supplied as standard.

A ground bus (Figure 18) in the cable compartment has lugs on each end for the 

assembly ground. This ground bus is connected to each circuit breaker 

compartment ground contact bar and to the individual ground bars in each cable 

compartment. All instrument transformer, metering, and relaying grounds are also 

connected to this common ground system. 

A typical ground bus cross section:

• up to 50 kA is 0.25 x 2.0 in. (6 x 51 mm)

• 63 kA is 0.5 x 2.0 in. (13 x 51 mm)

Figure 18 – Two Bay Assembly—Rear View
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Conduit must enter the cable compartments, in the areas shown on the customer 

drawings, from either the top or bottom of the cable compartment. A removable 

steel cable pull box (Figure 18 on page 24) is provided to isolate cables when two 

circuit breakers are installed in one vertical section.

NOTE: Conduit should be stubbed in the concrete pad as part of the site 

preparation before the assembly is installed, but top entrance conduit must be 

installed after the assembly is in place. The top covers can be removed, punched 

to fit the conduit, and put back in place.

The front conduit area is for the bottom circuit breaker when all cables enter from 

below, and for the top circuit breaker when all cables enter from above. This cable 

pull box may be removed to install the rear cables first. When required, zero-

sequence current transformers (Figure 18 on page 24) are conveniently located in 

each cable compartment.

Various cable termination systems are used. These are detailed on the plans and 

specifications. Solderless or compression lugs can be supplied on the load 

connectors. Potheads are mounted on grounded support brackets. The compound 

and tape for their internal connections are shipped in a container with other 

miscellaneous parts. Tape and insulating material necessary for completing the 

field connection at the bus pad are not supplied with the assembly.

Surge Arresters
Surge arresters are furnished only when listed in the user’s specifications. The 

vulnerability of the incoming and outgoing lines to lightning strikes or other high 

voltage transient conditions determines their type and justification. Surge arresters, 

when specified, are mounted in the incoming and outgoing cable compartments.
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Section 5—Operation
Circuit Breaker–Circuit Breaker Cell Interlock System

The circuit breaker and the circuit breaker cell are equipped with an interlock 

system. The interlocks are designed to:

• not allow the circuit breaker to be pushed into the cell when the circuit breaker 

is closed

• not allow the circuit breaker to be closed while it is moved between the test and 

operating position

• not allow the circuit breaker to be moved from the operating position when 

it is closed

• discharge both the closing and trip springs when the circuit breaker is being 

moved from the circuit breaker cell

Circuit Breaker Operation
Racking Mechanism

The racking mechanism moves the circuit breaker from the test/disconnected 

position to the connected position and vice versa.

Push the circuit breaker into the compartment to the test/disconnected position, 

and the disconnect release handle engages (Figure 6 on 16).

With the front door closed, insert the racking handle and rotate it clockwise to rack 

the circuit breaker into the connected position. When in the connected position, the 

circuit breaker’s forward motion stops.

With the door closed, the position indicator (Figure 8 on 17) shows if the circuit 

breaker is in the test/disconnected, transport, or connected position. With the door 

open, two arrows on the left-hand rail show if the circuit breaker is in the 

test/disconnected position or in the connected position.

To remove a circuit breaker from the connected position to the test/disconnected 

position, open the circuit breaker electrically with the compartment door closed, and 

with the racking handle, move the circuit breaker to the test/disconnected position.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• When the switchgear is energized, always open and close the circuit breaker, 

and rack the circuit breaker from one position to another with the door closed.

• Never use force to move the circuit breaker inside the circuit breaker cell. If a 

mechanism is not operating smoothly, look for the cause.

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Control Power Plug
In normal operation, the control power plug automatically connects and 

disconnects as the circuit breaker is moved into and out of the connected position.

To test the control system with the circuit breaker in the test/disconnected position, 

rotate and pull the handle of the secondary control power receptacle forward until it 

can be rotated again and locks the receptacle in position. The circuit breaker can 

now be electrically operated the same as in the connected position. After checking 

all electrical functions, push the receptacle back in its normal operating position. 

Only then, rack the circuit breaker into the connected position.

Disconnect Position Latch
The disconnect position latch prevents the circuit breaker from rolling out of the 

compartment in the test/disconnected position. To remove the circuit breaker from 

the cell, pull the release handle of the circuit breaker.

Manual Spring Charging Mechanism
In normal operation, when the control plug is engaged, the motor automatically 

charges the circuit breaker closing springs. The springs can also be charged 

manually, using the manual spring charging mechanism. This feature is provided 

for testing and maintenance purposes, and for emergency operating conditions.

Manual CLOSE and OPEN Push Buttons
Manual CLOSE and OPEN push buttons are located at the front of the circuit 

breaker. These push buttons operate the circuit breaker whether the circuit breaker 

is charged manually or electrically. Use them only when testing the circuit breaker 

during start-up or maintenance. Refer to the Type VR Circuit Breaker instruction 

bulletins 6055-31 (1200 and 2000 A, 50 kA) and 6055-33 (3000 A, 50 kA and 1200, 

2000, 3000 A, 63 kA).

NOTICE
HAZARD OF EQUIPMENT DAMAGE

Never manually close a circuit breaker in the connected position unless the 

opening source of power and protective relays are connected and operable.

Failure to follow these instructions can result in equipment damage.

NOTICE
HAZARD OF EQUIPMENT DAMAGE

When the switchgear is energized, never use the manual OPEN and CLOSE 

push buttons on the front of the circuit breaker. Use the control switch with the 

front door closed.

Failure to follow these instructions can result in equipment damage.
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Section 6—Installation
Site Preparation

Good site preparation is essential for reliable operation of the assembly. Carefully 

compare the plans and specifications with the customer drawings provided. Be 

sure to:

• provide adequate ventilation at all times so the ambient temperature around the 

assembly does not exceed 104 °F (40 °C). Clean, dry, filtered air should be 

supplied.

• provide adequate lighting in both the front and back aisle spaces. Also provide 

convenience outlets in both areas for electrical hand tool use.

• provide adequate floor drains

• route sewer, water, and steam lines so they do not pass over or near the 

assembly. Dripping liquids may damage the insulation.

The weight of the average complete switchgear unit is 2500–2900 lb 

(1134–1315 kg) for up to 50 kA and 3200 lb (1451 kg) for 63 kA. Refer to Table 1 to 

determine switchgear and component weights for handling and structural 

considerations.

Table 1 – Switchgear and Component Weights

Item Rating Weight

Switchgear unit
up to 50 kA 2100 lb (952 kg)

63 kA 2400 lb (1089 kg)

Circuit breaker

1200 A, 25 kA 380 lb (172 kg)

1200 A, 40 kA 380 lb (172 kg)

1200 A, 50 kA 430 lb (195 kg)

2000 A, 25 kA 430 lb (195 kg)

2000 A, 40 kA 450 lb (204 kg)

2000 A, 50 kA 500 lb (227 kg)

3000 A, 50 kA 700 lb (318 kg)

1200, 2000, and 3000 A, 63 kA 800 lb (363 kg)

Drawout VT unit (two VTs)
up to 50 kA, 15 kV 210 lb (95 kg)

63 kA, 15 kV 273 lb (124 kg)

Drawout CPT unit
up to 50 kA, 15 kVA 270 lb (122 kg)

63 kA, 15 kVA 333 lb (151 kg)

CPT fixed mounted
37.5 kVA 580 lb (263 kg)

50 kVA 750 lb (340 kg)

Surge arresters (three intermediate) 15 kV 120 lb (54 kg)
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Foundation
The switchgear must be installed on a flat, level surface. Schneider Electric 

recommends installing the switchgear on a concrete pad leveled to 0.0625 in. (1.6 mm) 

in any square yard, with steel channels (Figure 19 on page 29) installed in the pad 

(Figure 20 on page 30 and Figure 21 on page 31) for anchoring the switchgear.

Pour a 7 ft. (2.1 m)-wide aisle space in front of the mounting pad, flush with and 

finished to the same tolerance as the mounting pad. This level surface is necessary 

for the circuit breaker lift truck and for inserting the circuit breakers into the bottom 

compartment.

NOTE: A minimum of 3 ft. (1 m) is absolutely necessary on the right end facing the 

front of the line-up. This space is necessary for door clearance when removing the 

circuit breakers.

Conduits should be stubbed a maximum of 1 in. (25 mm) above floor level. To 

simplify moving the switchgear into place, keep the conduit flush with the surface of 

the floor. Position the conduit accurately so that there is no mechanical interference 

with the assembly frame. Eliminate continuous loops of reinforcing rod or structural 

steel around any single conductor of a three-phase power circuit.

Switchgear Installation
Shipping Section Installation

Two-high, 4.76–15 kV, metal-clad, indoor switchgear may be shipped in one or 

more shipping sections, depending on the number of cells in the assembly. Before 

installing each section, refer to the customer drawings and section markings to 

ensure proper alignment. When installing two shipping sections, install the section 

which allows the most maneuverability first before installing the second section.

When there are more than two shipping sections, carefully measure the conduit 

spacings and compare with the customer drawings. Cumulative error in conduit 

location may require starting with the center shipping section and working toward 

either end. If the conduits are properly located, install the end shipping section first 

which allows the most maneuverability before installing the additional sections.

Figure 19 – Switchgear Mounting Floor Channels

Weld

Concrete

Weld or bolt

Concrete Concrete

1/2-13 tap-in channel

Shim between channel and 
bottom of switchgear as 
required to level.

NOTE: Consult a structural 

engineer for seismic anchoring.
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Figure 20 – Floor Plan for Switchgear Rated Up to 50 kA
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Figure 21 – Floor Plan for 63 kA-Rated Switchgear
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Sweep the pad before installing any sections. Move the sections, with skids intact, 

into place. If rollers must be used, move with the skid in place. Remove the skid 

only when the switchgear is in proper position on the pad. Lower the first section 

onto the pad. If necessary, place a 2 ft. x 6 ft. (0.6 m x 1.8 m) board across the 

assembly and pry it into place. Do not pry directly on the structure, doors, or 

covers. Before proceeding, verify that:

• the conduits are in the center of the cutouts

• the back of the unit is perpendicular to the pad and has proper clearance

• the mounting holes line up with the holes in the mounting channels

Level each section before installing the next. Install steel shims, when necessary, 

between floor channels and switchgear. After leveling a section, bolt it to any previously 

installed sections before proceeding. If the sections do not fit snugly together, remove 

the most recently placed section with the crane. Check for obstructions and try again. 

Do not attempt to pull sections together with the hardware.

All shipping sections must be bolted together in place before bolting or welding 

sections to the channel sills, or installing the horizontal main bus. After all the 

sections are level and bolted together, verify again that all shipping sections are in 

their correct position according to the job drawings. If they are, weld or bolt the 

switchgear to the pad. For bolting, use 1/2-13 bolts.

Main Bus Installation
Install the main bus at the shipping break only after all sections are securely 

anchored in place and no additional movement of the assembly will occur. Bus bar 

extensions for shipping breaks are shipped with the miscellaneous items. 

A typical main bus assembly is shown in (Figure 22 on page 33). The side and rear 

views (Figure 22) of the assembly show the general arrangement of the main bus 

and riser. The side (Figure 23 on page 33) and top (Figure 24 on page 34) views 

show the different bus connections and the orientation of the filler and splice plates. 

When aluminum bus is furnished, some of the circuit breaker connections and 

splice or filler plates are copper.
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Figure 22 – Main Bus Assembly

Figure 23 – Main Bus Connections—Side View
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The standard switchgear is furnished with fiberglass-polyester bus barriers 

between bays. Porcelain “pass-throughs” are available as an option (Figure 25) 

for 50 kA and below only.

For porcelain pass-throughs only, O-rings must be installed inside the 

pass-throughs to cushion the bus bars under short-circuit conditions.

An easy way to install two busbars is to place the larger O-ring around both bars at 

the correct distance from the end (Figure 25), and the smaller rings around each 

bar approximately 1 in. (25 mm) on each side from the large O-ring. Next, slide 

both bars into the porcelain (one end of the porcelain may have a larger opening).

Figure 24 – Main Bus Connections—Top View
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When busbar stand-off insulator installation is required on shipping sections, refer 

to Figure 26. Fiberglass/polyester washers and rubber O-rings must be installed as 

shown.

Remove the main bus covers and the insulating boots. Install one phase at a time by 

sliding the busbar through the bus barriers and loosely bolting the horizontal bus to 

the vertical bus. Do not bend or force the bus to make this connection. The through 

bushings and the divided insulating barrier may be loosened if necessary. They have 

sufficient clearance and adjustment to compensate for minor field misalignment of 

shipping sections. Tighten the bolts holding the busbar joints only after all three 

busbars are in place and properly fitted. Use a torque wrench to ensure that the bolts 

for busbar connections are tightened in accordance with Table 2.

Ground Bus Connection
Connect the ground bus splice at each shipping section. Remove the hardware and 

position the splice plate, then replace hardware on both ends. The ground bus 

must be connected for proper operation of relaying and instrumentation, and for 

personnel safety.

Control Wiring Connections
Consult the customer wiring diagram for reconnection of wiring at the shipping 

break. Each wire is identified and has been previously connected during assembly 

and testing at the factory. If the identification is missing or blurred, ring-out before 

connecting to avoid control circuit and instrument panel problems at start-up.

Figure 26 – Stand-Off Bus Support
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Table 2 – Bolt Torque Values

Bolt Size Mechanical Joints Bus Bar Connections
1/4–20 4–7 lb-ft (5.4–9.5 N•m) —

5/16–18 11–15 lb-ft (14.9–20.3 N•m) —

3/8–16 18–24 lb-ft (24.4–32.5 N•m) 30–40 lb-ft (40.7–54.2 N•m)

1/2–13 32–44 lb-ft (43.4–59.7 N•m) 47–62 lb-ft (63.7–84.0 N•m)
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Circuit Breaker Installation
With all primary and control power circuits de-energized, insert each circuit breaker 

into the connected position of its respective circuit breaker compartment. Observe 

the operation of the ground contacts, shutters, and disconnect position latch.

Remove each circuit breaker from its compartment. Open the shutters and check 

that tracks made in the contact grease by the fingers of the main disconnects 

extend back a minimum of 0.5 in. (13 mm) from the front edge of each bar. Ensure 

that the ground shoe leaves tracks on the ground bus.

Do not force circuit breakers into circuit breaker compartments. Compartment 

rating interlocks prevent inserting circuit breakers into incorrect cells.

VT, CPT, and Fuse Drawout Installation
Withdraw the drawout control power fuse drawer and the drawout voltage 

transformer drawer. Observe their operation. Verify that the static grounding 

contacts touch the moving drawout contacts and that the primary and secondary 

contacts make proper contact.

High-Potential Testing
Before making external power connections, perform a high-potential (hi-pot) test on 

the bus and circuit breakers as an assembly. To prepare for this test:

1. Disconnect lightning arresters.

2. Withdraw the control power transformer drawer, the voltage transformer 

drawer, and drawout fuse (if provided).

3. Place each of the circuit breakers in its proper circuit breaker compartment in 

the connected position. Charge the springs manually, and then close each 

circuit breaker by using the push button.

Use a reliable transformer-type tester with a built-in voltmeter and milliammeter for 

hi-pot testing. Capacitor-loaded, bench-type testers with neon bulb indicators do 

not have sufficient capacity to give reliable results.

Table 3 gives normal test values for dry, clean, new assemblies. Field hi-pot tests 

are made at 75% of factory test voltages in accordance with ANSI standards.

If satisfactory results are not obtained, locate the problem, correct it, and rerun the 

test before proceeding. If results are acceptable, the power cables, ground wires, 

external wiring, and battery (if supplied) can be connected to the assembly.

Phasing
In accordance with NEMA standards, all bus within the switchgear is phased A-B-C 

left-to-right, top-to-bottom, and front-to-back when viewing the assembly from the 

front (the circuit breaker compartment side). If, for any reason, the bus must be 

phased differently, the different phase will be identified on the bus with a label.

Table 3 – One-Minute High-Potential Test1

1 All voltages are 60 Hz, rms symmetrical.

Assembly Rated 
Maximum Voltage

Factory Test 
Voltage

Field Test Voltage

AC DC
4.76 kV 19 kV 14 kV 20 kV

8.2 kV 36 kV 27 kV 38 kV

15 kV 36 kV 27 kV 38 kV
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Cable Connections
Be very careful when making up all types of cable terminations, as terminations are 

critical to the successful operation of the electrical distribution system. Avoid sharp 

turns, edges, or corners to prevent damage to the cable insulation. Follow the cable 

manufacturer’s recommendations for minimum bending radius. These instructions 

will vary from manufacturer to manufacturer.

Solderless or compression-type cable lugs are the most common method for 

connecting power cables to metal-clad switchgear. When making the terminations 

for each type of power cable, follow the cable manufacturer’s instructions. After the 

cable connections are made, insulate them as follows:

1. Place 3M™ Scotchfil™ electrical insulating putty around the lugs and bolts to 

reduce the concentrated field created by their irregular shapes (Figure 27 on 

page 37). Apply a layer of 3M Scotch® 13 electrical semiconducting tape over 

the Scotchfil. Half-lap the tape, which must extend onto the conductor. Do not 

extend the tape up over the bus epoxy insulation. Apply 3M Scotch 130C 

splicing tape over the Scotch 13 tape. Half-lap this tape for two layers on 4.76 

kV installations, and four layers on 8.25 kV and 15 kV installations. For 4.76 kV 

applications, extend this tape 1.5 in. (38 mm) up over the bus insulation and 

cable insulation. Extend the tape 2 in. (51 mm) for 15 kV applications.

2. Apply two layers of 3M Scotch 22 electrical tape, extending the tape up over 

the Scotch 130C tape in all directions. The tape and other insulating materials 

for completing these field connections are not supplied with the switchgear.

3. When potheads or terminators are supplied for terminating power cables, follow 

the pothead manufacturer’s instructions for terminating the cables in these 

devices. To facilitate installation of the power cables, the bus side is not taped. 

After the cables are installed, insulate the pothead-to-bus connections 

according to the cable lug insulation instructions in this section.

NOTE: The external surface of each shielded cable is at ground potential and must 

be positioned a minimum of 6 in. (152 mm) from any live part (even its own pole), 

including insulated bus bars.

Figure 27 – High Voltage Cable Lug Insulation
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Section 7—Start-Up

Training of personnel for final start-up can be provided. Contact your local 

Schneider Electric field sales representative for information.

To start the switchgear:

1. Vacuum out every compartment. Remove all loose parts, tools, miscellaneous 

construction items, and litter.

2. Replace all the main bus covers and any other barriers or covers which were 

removed during installation.

3. Ensure all insulating boots are installed.

4. Install the cable compartment back covers.

5. Connect the battery charger and batteries (if used) to the switchgear control 

bus according to the order drawings.

6. Unblock all the relays and set to the relay schedule. Using a relay tester, verify 

the settings and electrical operation of each relay.

7. Ensure that the drawout control power transformer (or drawout fuse drawer) has 

the current limiting fuses in place. Pull the drawer out to the withdrawn position.

8. Place all circuit breakers in their compartments in the test/disconnected 

position.

9. Connect a temporary source of low-voltage power to the stationary secondary 

contact of the control power transformer or any logical point (consult the 

customer schematic and wiring diagram). Open the secondary circuit breaker 

and remove the primary fuses.

10. Rack one circuit breaker at a time into the connected position. Then, electrically 

close and open the circuit breaker with the door-mounted circuit breaker control 

switch. Open the circuit breaker by temporarily closing the contacts of each 

protective relay. Reset the relay targets after each operation and rack the 

circuit breaker into the test/disconnected position.

11. Electrically operate from remote control locations and check the remote 

indicating lights.

12. Operate all electrical interlocks, transfer schemes, lock-out relays, and other 

control functions to ensure proper operation.

13. Remove the temporary source of low voltage power and make the permanent 

connection of low voltage power. Rack all circuit breakers into the connected 

position. Insert the drawout control power transformer, drawout fuses, and 

drawout voltage transformers into the connected position.

14. Using a properly rated tester, verify again that trip voltage is available at circuit 

breaker terminals in each compartment.

15. Energize incoming high voltage circuits.

16. Close circuit breakers to establish electrical service.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

All personnel involved in the start-up operation should be thoroughly familiar with 

the information in this instruction bulletin and on provided customer drawings 

before working on this equipment.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Section 8—Inspection and Maintenance
Perform inspection and maintenance after the first year and annually, or as 

operating conditions require. Abnormal operation or conditions may require 

immediate corrective action.

During the inspections listed in this section, the inspector should be looking for 

damage, contaminants or pollutants.

Main Bus Compartment
1. Remove the front and rear covers from each main bus compartment.

2. Inspect the bus bars, primary contact supports, and insulating barrier(s) for 

damage.

3. Inspect all bus bar connections; if required, torque all 1/2 inch bolts to 55 lb-ft 

(75 N•m).

4. Slight discoloration or tarnish of the silver plate is normal and of no concern. 

Severe discoloration of the silver plate is an indication of an improper or loose 

contact and overheating. Clean the discoloration from the contact surfaces of the 

busbar and primary contact. Use an abrasive pad such as 3M Scotch-Brite™.

5. Wipe off the insulation with a clean cloth.

6. Vacuum each compartment to remove dust, spiderwebs, and so forth.

Cable Compartment
1. Inspect the load connectors, stand-off insulators, primary contact supports, and all 

accessible cable terminations for indications of insulation deterioration.

2. Vacuum each compartment and wipe off all insulation.

3. Replace removable back covers.

DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Perform inspection and maintenance only with the main sources of power 

disconnected and locked open with a “work” lock.

• Be sure there is no backfeed through any feeder circuit.

• Ground the main and feeder circuits before touching the main bus, bus pads, 

or primary contacts.

Failure to follow these instructions will result in death, serious injury, or 
equipment damage.
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Circuit Breaker Compartment
NOTE: For the purpose of maintenance, the interlock which blocks the operation of 

the mechanism without a circuit breaker in the cell can be defeated by 

simultaneously holding the racking block lever down (Figure 4 on page 15) and 

turning the racking handle.

1. Withdraw each circuit breaker from its compartment, and thoroughly inspect 

each of the moving mechanisms in the compartment for damage and 

contamination/pollution.

2. Inspect the shutter hardware and tighten if necessary. The shutters should 

raise and lower smoothly with no indication of binding, twisting, hesitation, or 

hang-up.

3. Inspect the primary contacts. They should have a silver-gray appearance, 

indicating good contact with the circuit breaker separable contacts. Slight 

discoloration or tarnish of the silver plate on the primary contact is normal. 

Severe discoloration of the silver plate is an indication of excessive heating and 

should be corrected. Typical causes are:

— poor contact between the circuit breaker separable contacts and the 

primary contacts

— loose hardware or otherwise improper contact at the bus connection 

4. Clean the discoloration and tighten the contact mounting bolts to the proper 

torque. See Table 2, page 30.

5. Inspect the primary contact and support insulators for damage.

6. Inspect the ground contact bar. It should have marks indicating good contact 

with the circuit breaker sliding contacts. Clean the contact surfaces, removing 

grease and dirt buildup. Inspect and tighten the hardware and re-grease.

7. Inspect the stationary control power receptacle, ensuring that the molding is 

free of cracks, the female contacts are clean, and the assembly is free to move. 

Clean the front and back surfaces of the receptacle to remove any 

contamination buildup.

8. Vacuum the compartment, and wipe off the primary contact high voltage 

insulating tubes and support insulation with a clean, dry cloth.

9. Every 50 cycles of the racking mechansim:

— lightly lubricate the primary contacts and the ground contacts with 

Mobilux® EP 1, Schneider Electric part number 1615-100790

— lubricate all moving joints (shutters, MOC, TOC, and so forth) with 

Mobilgrease® 28, Schneider Electric part number 1615-100950

10. Check all terminal block connections for loose connections and crimps.

11. Make certain that the hinge wiring to the door is not frayed and has no insulation 

damage.

12. Ensure all wires are routed through the hinge loop.
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Circuit Breakers
Consult the individual circuit breaker instruction and maintenance manual for 

cleaning, adjustment, and lubrication information.

Refer to the Type VR Circuit Breaker instruction bulletins 6055-31 (1200 and 2000 A, 

50 kA) and 6055-33 (3000 A, 50 kA and 1200, 2000, and 3000 A, 63 kA).

VT, CPT and Fuse Drawout Units
1. Pull the drawer to the fully withdrawn position.

2. Inspect the moving and stationary primary and secondary contacts and the 

static ground contacts.

3. Clean the contact surfaces, removing any burn or pit marks if required. Use an 

abrasive pad such as 3M Scotch-Brite™.

4. Remove the current limiting fuses, and inspect the fuse clip and fuse contact 

surfaces.

5. Inspect the transformer for indication of insulation deterioration.

6. Check all hardware, including the secondary contact wiring terminals, 

for tightness.

7. Vacuum the compartment and drawer.

8. Wipe off the insulation and control power transformer with a clean, dry cloth.

9. Lightly lubricate the moving primary and secondary contacts and fingers with 

Mobilux EP 1, Schneider Electric part number 1615-100790.

10. Lubricate all rollers and sliding parts with Mobilgrease 28, Schneider Electric 

part number 1615-100950.

11. Inspect the interlock mechanism for proper operation.

12. Replace the current limiting fuses, but leave the drawer in the withdrawn 

position until all the inspection and maintenance is completed.

Re-energizing
1. Insert all of the circuit breakers to the test/disconnected position with their 

secondary control power plugs engaged, and close the compartment doors.

2. Connect the control power source.

3. Close the main source of power, and operate each circuit breaker electrically in 

the test/disconnected position.

4. If all controls are functioning properly, disconnect the secondary control plugs.

5. Rack the circuit breakers into the connected position.

6. Close the circuit breakers and resume normal operation.
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Section 9—Accessories
Circuit Breaker Lift Truck

One circuit breaker lift truck (Figure 28) is required for each two-high line up. The 

cradle is raised and lowered by a self-braking worm and pinion drive system with a 

winch and wire cable. No ratchet release or locking is required because of the 

automatic load-retaining clutch feature. Rotating the handle clockwise raises the 

cradle. Rotating the handle counterclockwise lowers the cradle.

NOTE: The lift truck is designed to service Type VR circuit breakers. Please refer 

to instruction bulletin 6055-54 to understand the requirements for using Type VR 

trucks to service auxiliary devices.

To remove a circuit breaker from the cell with the lift truck:

1. Push the lift truck toward the circuit breaker compartment so the cradle is 

square with the front of the circuit breaker cell.

2. Raise the cradle until the hook brackets on each side of the cradle clear the 

blocks on each side of the circuit breaker cell rails.

3. Lower the cradle until the hook brackets lock over the blocks on each side of 

the circuit breaker cell rails.

4. Roll the circuit breaker onto the lift truck.

5. Secure the circuit breaker on the lift truck using the safety cable provided.

6. Raise the cradle until it clears the blocks on each side of the circuit breaker 

cell rails.

7. Remove the lift truck and circuit breaker from the cell and lower the cradle to 

the floor.

8. To remove the circuit breaker from the lift truck, disconnect the safety cable 

from the front of the circuit breaker.

9. Push the circuit breaker slightly toward the back of the cradle and pull the lever 

on the back of the cradle while rolling the circuit breaker off of the cradle.

Figure 28 – Circuit Breaker 
Lift Truck

Safety

cable

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Check the nameplate of the lift truck before using it. Circuit breakers rated for 

50 kA, and below, require a lift truck rated for 800 lbs (363 kg) or more. Circuit 

breakers rated for 63 kA require a lift truck rated for 950 lbs (431 kg).

Failure to follow these instructions can result in death, serious injury, or 
equipment damage.
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Test Cabinet—Optional
An optional wall-mounted test cabinet (Figure 29) is furnished when listed in the 

user’s specifications. The test cabinet consists of:

• small enclosure with a power on-off toggle switch

• white power-on indicating light

• red circuit-breaker-closed indicating light

• green circuit-breaker-open indicating light

• CLOSE and OPEN push buttons

• 8 ft. (2.4 m) cable with a secondary control receptacle that can be plugged 

directly into the circuit breaker control plug

Refer to the customer drawings for the external power connections and 

requirements necessary for the cabinet. A convenient terminal block is provided 

inside the test cabinet for these connections.

Ground and Test Device—Optional
Two types of ground and test devices are available:

• manual

• automatic

Ground and test devices are safety devices, typically used for:

• grounding of circuits during maintenance periods

• connection points for applying voltage for hi-pot testing and cable testing

• access to both lineside and loadside circuits for phase sequence testing

A complete description, operating instructions, and maintenance information is 

included in a separate ground and test devices instruction bulletin.

Figure 29 – Wall-Mounted Test Cabinet (optional)
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Section 10—Outlines
Figure 30 – Masterclad 25–50 kA Indoor Switchgear Outline

95.1 in.

2416 mm

91.0 in.

2311 mm

1.0 in.

25 mm

48.4 in.

1228 mm
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Figure 31 – Masterclad 63 kA Indoor Switchgear Outline

95.1 in.

2416 mm

99.7 in.

2533 mm

1.0 in.

25 mm

57.1 in.

1450 mm
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Section 11—Installation and Maintenance Log
Date Initials Maintenance Performed
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed” 
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection 
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/


Integrated Racking Mechanism Replacement Parts and Servicing 

14 6055-62B© 2017 Schneider Electric All Rights Reserved

E
N

G
L

IS
H



Replacement Parts and Servicing Integrated Racking Mechanism

156055-62B © 2017 Schneider Electric All Rights Reserved

E
N

G
L

IS
H



Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Integrated Racking Mechanism 6055-62B 

Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

Schneider Electric and Square D are trademarks and the property of 
Schneider Electric SE, its subsidiaries, and affiliated companies. All other trademarks 
are the property of their respective owners.

© 2017 Schneider Electric All Rights Reserved

E
N

G
L

IS
H





Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Importado en México por:

Schneider Electric México, S.A. de C.V.
Av. Ejercito Nacional No. 904
Col. Palmas, Polanco 11560 México, D.F.
55-5804-5000
www.schneider-electric.com.mx

Schneider Electric Canada, Inc.
5985 McLaughlin Road
Mississauga, ON L5R 1B8 Canada
800-565-6699
www.schneider-electric.ca

Standards, specifications, and designs may 
change, so please ask for confirmation that 
the information in this publication is current.

Normas, especificaciones y diseños pueden 
cambiar, por lo tanto pida confirmación de que la 
información de esta publicación está actualizada.

Du fait que les normes, caractéristiques et 
conceptions peuvent changer, demander 
confirmation que l'information contenue dans 
cette publication est à jour.

Schneider Electric and Square D are 
trademarks and the property of 
Schneider Electric SE, its subsidiaries, and 
affiliated companies. All other trademarks are 
the property of their respective owners.

Schneider Electric y Square D son marcas 
comerciales y propiedad de 
Schneider Electric SE, sus filiales y compañías 
afiliadas. Todas las otras marcas comerciales 
son propiedad de sus respectivos propietarios.

Schneider Electric et Square D sont des 
marques commerciales et la propriété de 
Schneider Electric SE, ses filiales et 
compagnies affiliées. Toutes les autres 
marques commerciales sont la propriété de 
leurs propriétaires respectifs.

© 2017 Schneider Electric
All Rights Reserved

© 2017 Schneider Electric
Reservados todos los derechos

© 2017 Schneider Electric
Tous droits réservés

6055-62B, 06/2017 6055-62B, 06/2017 6055-62B, 06/2017



 

All trademarks are the property of 
Schneider Electric SE, its subsidiaries, and 
affiliated companies.

Todas las marcas comerciales son propiedad de 
Schneider Electric SE, sus filiales y compañías 
afiliadas.

Toutes les marques commerciales sont la propriété de 
Schneider Electric SE, ses filiales et compagnies 
affiliées.

Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Importado en México por:
Schneider Electric México, S.A. de C.V.
Av. Ejercito Nacional No. 904
Col. Palmas, Polanco 11560 México, D.F.
55-5804-5000
www.schneider-electric.com.mx

Schneider Electric Canada, Inc.
5985 McLaughlin Road
Mississauga, ON L5R 1B8 Canada
800-565-6699
www.schneider-electric.ca

80043-842-01
08/2018

California Proposition 65 Warning—Nickel Compounds and 
Bisphenol A (BPA)
Advertencia de la Proposición 65 de California—
compuestos de níquel y Bisfenol A (BPA)
Avertissement concernant la Proposition 65 de Californie—
composés de nickel et Bisphénol A (BPA)

 Addendum Anexo Annexe

© 2018 Schneider Electric All Rights Reserved / Reservados todos los derechos / Tous droits réservés 

WARNING: This product can 
expose you to chemicals 
including Nickel compounds, 
which are known to the State of 
California to cause cancer, and 
Bisphenol A (BPA), which is 
known to the State of California 
to cause birth defects or other 
reproductive harm. For more 
information go to 
www.P65Warnings.ca.gov.

ADVERTENCIA: Este producto 
puede exponerle a químicos 
incluyendo compuestos de níquel, que 
son conocidos por el Estado de 
California como causantes de cáncer, 
y Bisfenol A (BPA), que es conocido 
por el Estado de California como 
causante de defectos de nacimiento u 
otros daños reproductivos. Para 
mayor información, visite 
www.P65Warnings.ca.gov.

AVERTISSEMENT: Ce produit peut 
vous exposer à des agents chimiques, y 
compris composés de nickel, identifiés 
par l'État de Californie comme pouvant 
causer le cancer, et Bisphénol A (BPA) 
reconnus par l'État de Californie comme 
pouvant causer des malformations 
congénitales ou autres troubles de 
l'appareil reproducteur. Pour de plus 
amples informations, prière de 
consulter www.P65Warnings.ca.gov.

http://www.p65warnings.ca.gov/
http://www.p65warnings.ca.gov/
http://www.p65warnings.ca.gov/


  

THIS PAGE WAS INTENTIONALLY LEFT BLANK 



Instruction Bulletin

6055-31
Retain for future use.

Type VR Vacuum 
Circuit Breaker
4.76 kV, 8.25 kV and 15 kV
1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View

Manual charging handle

Close pushbutton

Open pushbutton
Open-closed indicator

Charged-discharged indicator

Pull handle

Rating Nameplate

Front cover

Figure 3: Circuit Breaker–Rear View
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed
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Closing springs
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Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View
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Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED





Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.
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Introduction This bulletin provides operation instructions for Type VR lift trucks used with 
auxiliary devices. These devices include:

• Voltage transformers (VT)

• Control power transformers (CPT) 

• Fuse drawout units stationary CPT

These devices roll on two stationary rails from the disconnected to the 
connected position.

Most routine maintenance can be performed by moving the device to its 
withdrawn position. However, during certain operations (commissioning or 
component replacement) these devices must be removed from the enclosure.

Using the Lift Truck The use of a lift truck is required on the following device locations:

• Upper Circuit Breaker Compartment

• Auxiliary Drawout Locations A, B, C and D

For breaker insertion and removal instructions, please refer to document 
6055-30. For auxiliary device removal from the cell with the lift truck:

1. Prepare the lift truck cradle according to the location from which the 
drawout device will be withdrawn.

a. For Locations A, B and C, ensure the lift truck adapters are placed 
on the lift truck cradle sides.

b. For Location D, the auxiliary drawout rolls directly into the lift truck 
cradle sides (lift truck adapters are not required).

2. Push the lift truck toward the auxiliary compartment so the cradle is 
square with the front of the drawout device position.

3. Raise the cradle until the hook brackets on each side of the cradle clear 
the blocks on each side of the auxiliary drawout rails.

4. Push the lift truck into the equipment until the hooks are over the blocks. 
Lower the cradle until the hook brackets lock over the blocks on each 
side of the auxiliary drawout rails. The lift truck adapters and drawout 
rails should be aligned. Apply the lift device floor lock.

5. Roll the drawout device until it touches the cell stop brackets. Lift up the 
first set of wheels and roll them over the lift truck adapters. Repeat until 
all wheels are on the cradle.

6. Secure the drawout device on the lift truck using the safety 
cable provided.

7. Raise the cradle until it clears the blocks on each side of the drawout rails.

8. Remove the lift truck and drawout device from the cell and lower 
the cradle.

9. Use properly-rated lifting device to transfer the drawout device to 
a workspace.

Figure 1: Auxiliary Drawout Locations

A

B

C

D
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Retrofit Options Lift truck adapters are standard equipment for switchgear manufactured after 
3Q 2011. Retrofit kits are available for Masterclad Model 5 switchgear 
manufactured between 2007 and 2011. Retrofit work involves both auxiliary 
drawouts and switchgear. Table 1 shows the reference kit number required 
for each model. Contact Schneider Electric Services (1-888-778-2733) for 
retrofit support.

Figure 2: Lift Truck Adapter

Lift truck adapter

Figure 3: Drawout Rail Detail

Switchgear rail

Lift truck adapter

Table 1: Retrofit Options—By Switchgear Release Date

Switchgear Release Date Kit Number

Before 2007 Not available

2007–2008 46015-976-50

2008–3rd Quarter 2011 46015-977-50

After 3rd Quarter 2011 Not Required

Lift Truck Adapter Kit 46015-961-50
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Figure 4: Drawout Design (Before 2007)

NEMA secondary 
connector

Figure 5: Drawout Design (2007–2008)

A, B, C Compartment

D Compartment

Truck stop

Truck stop

Figure 6: Lift Truck Retrofit Kit Figure 7: Drawout Design 
(2008–3rd Quarter 2011)

A, B, C Compartment

D Compartment

Truck stop

Truck stop
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qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

Square D™ and Schneider Electric™ are trademarks or registered trademarks of 
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Installation Instructions
VP Series



1. Getting Started
Before starting, you should ensure that you have all the tools and equipment 
required to successfully complete the installation and that the window is to 

cut using either a hole saw or punch. 

• Hole saw or punch
• Electric drill
• Cone drill
• 75 mm (3/16”) drill bit
• Center punch

• Anti-corrosion metal treatment

• Safety glasses
• Working gloves (recommended)
• Comply with all site PPE   
  requirements

You must enter the data into the thermographer label that corresponds with 

8 inches               Hor=13.2     Hor=16.2            Hor=19.2
              Ver=9.9      Ver=12.9             Ver=15.9

              Ver=13.5     Ver=16.5             Ver=19.5

              Ver=18.75     Ver=21.75            Ver=21.75

2. Check the Contents
Verify your shipment contains 

the supplied cutting template to the side of the panel 

holes and 

windows.
dimensions are in inches.

Instalation Instructions
VP Series 



1. 
2. Place the body of the unit, complete with seals, on 

the front of the panel.

Champion 
Hole Saw mm

St/Steel 

VP-12

VP-75

*For best performance, we recommend 1/2” corded power 

tools.

Greenlee Hole Punch
VP-12

VP-75

Cut the correct size hole using your chosen method; 

de-burr, remove any metal shavings and the remaining 

treat all bare metal surfaces with a protective, anti-

term corrosion and protect the integrity of the panel. 

required is by using the clock face method, i.e. bus bar connections at 

to ensure the unit is used correctly.
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Current and Voltage Transformers
Transformadores de corriente y tensión
Transformateurs de courant et de tension

Replaces / Reemplaza / Remplace 39000-300-01, 06/1999

Class
Clase

Classe

Type
Tipo
Type

4210 Indoor / Para interiores /
Pour usage à l’intérieur 600 V

Retain for future use. / Conservar para uso futuro. / À conserver pour usage ultérieur.

*

INTRODUCTION INTRODUCCIÓN INTRODUCTION

This document provides installation 
information for Square D® 600 V, 
indoor-type current and voltage 
instrument transformers. Square D 
voltage and current transformers are 
field-proven in well over a million 
installations where accuracy, 
dependability, and long life are 
essential. Current transformers (CTs) 
and voltage transformers (VTs), or 
potential transformers (PTs), are 
used for measurement and control of 
generation, transmission, and 
distribution equipment.

Este documento ofrece información sobre 
la instalación de transformadores de 
instrumentos de corriente y tensión 
Square D® de 600 V, para interiores. Los 
transformadores Square D de tensión y 
corriente se han probado en campo en 
más de un millón de instalaciones en las 
que la precisión, la confiabilidad y la 
durabilidad son esenciales. Los 
transformadores de corriente (TC) y los 
transformadores de tensión (TT) o 
transformadores de potencial (TP) se 
utilizan para medir y controlar equipos de 
generación, transmisión y distribución.

Ce document contient des informations sur 
l’installation des transformateurs de 
mesure de courant et de tension de 
Square D® de 600V pour usage à 
l'intérieur. Les transformateurs de courant 
et de tension Square D sont des appareils 
qui ont été prouvés dans plus d’un million 
d’installations, où des qualités telles que la 
précision, la fiabilité et une longue durée 
de vie sont essentielles. Les 
transformateurs de courant (TC) et les 
transformateurs de tension (TT) ou 
transformateurs de potentiel (TP) sont 
utilisés pour la mesure et le contrôle des 
appareils de génération, de transmission 
et de distribution.

RECEIVING RECEPCIÓN RÉCEPTION

Upon receiving the transformer, 
inspect it for possible damage. If 
damage is suspected, immediately 
file a claim with the freight carrier. 
Before returning any product to the 
factory, obtain a Return Material 
Authorization (RMA) from your 
Schneider Electric/Square D 
representative.

Al recibir el transformador, inspecciónelo 
para determinar si se ha dañado. Si existe 
sospecha de daño, de inmediato presente 
una reclamación a la compañía de 
transportes. Antes de devolver cualquier 
producto a la fábrica, obtenga una 
garantía de Autorización de devolución de 
material (ADM) de su representante de 
Schneider Electric/Square D.

Dès la réception du transformateur, 
l’examiner pour s’assurer qu’il n’est pas 
endommagé. En cas de dommages 
possibles, faire une réclamation à 
remettre immédiatement au transporteur. 
Avant de retourner l’appareil à l’usine, 
obtenir une Autorisation de retour de 
matériel (ARM) de votre représentant de 
Schneider Electric/Square D.

HANDLING MANEJO MANUTENTION

Transformer core and coil assemblies 
are housed in molded thermo-plastic 
cases. These cases offer excellent 
protection from damage; however, 
care should be taken not to drop or 
crush the units. Replacement case 
parts are not available.

Los ensambles de núcleo y bobina del 
transformador se alojan en cajas 
moldeadas de plástico térmico. Estas cajas 
brindan excelente protección contra daños; 
sin embargo, se debe tener cuidado de no 
dejar caer o aplastar las unidades. No se 
encuentran disponibles piezas de 
repuesto.

Les assemblages de noyaux et bobines du 
transformateur sont montés dans des 
boîtiers moulés en thermo-plastique. Ces 
boîtiers offrent une excellente protection 
contre les dommages; cependant, 
certaines précautions doivent être prises 
afin de ne pas laisser tomber ou écraser 
les unités. Aucune pièce de rechange pour 
boîtiers n'est disponible.

STORAGE ALMACENAMIENTO ENTREPOSAGE

When not installed, the transformers 
must be stored in a clean, dry 
location. The temperature range for 
storage is -50 °C to +85 °C.

Si no se han instalado, los 
transformadores se deben almacenar en 
una ubicación límpia y seca. La gama de 
temperatura de almacenamiento es de 
-50° C a +85° C.

Lorsqu’ils ne sont pas installés, les 
transformateurs doivent être entreposés 
dans un endroit propre et sec. La 
température d’entreposage doit être entre
-50 °C et +85 °C.

Continued on next page Continúa en la siguiente página Page suivante
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INSTALLATION INSTALACIÓN INSTALLATION

Transformers must be installed and 
serviced only by qualified personnel 
in accordance with National 
Electrical Code® (NEC®) NFPA 70 
and any other applicable codes 
and standards.

La instalación y servicios de mantenimiento 
deberá realizarlos sólo personal calificado 
de acuerdo con la norma 70 de NFPA del 
National Electrical Code® (NEC®, EUA) o 
NOM-001-SEDE así como otros códigos y 
normas aplicables.

L’installation et l’entretien des 
transformateurs ne doivent être effectués 
que par du personnel qualifié et 
conformément au NFPA 70 du National 
Electrical Code® (NEC®; É.-U.) et à tous 
les autres codes et normes applicables.

1. If optional mounting brackets 
(ordered separately) are used, 
install the mounting brackets onto 
the transformer.

1. Si se usan soportes de montaje 
opcionales (pedidos por separado), 
instálelos en el transformador.

1. Si des supports de montage optionnels 
(commandés séparément) sont utilisés, 
les installer sur le transformateur.

2. Install the transformer in an 
appropriate enclosure. These 
transformers are not intended for 
outdoor use unless surrounded 
by an enclosure that provides 
protection from the weather. 
Maintain proper working 
clearances between live parts 
and non-insulated mounting 
brackets and/or core steel (split 
core designs).

2. Instale el transformador en un gabinete 
adecuado. Estos transformadores no 
son para uso en exteriores a menos 
que se use un gabinete que lo proteja 
contra las inclemencias de la 
intemperie o mal tiempo. 
Mantenga espacio de trabajo 
adecuado entre las partes energizadas 
y soportes de montaje no aislados y/o 
de núcleo de acero (diseños con 
núcleo dividido). 

2. Installer le transformateur dans une 
armoire appropriée. Ces 
transformateurs ne sont pas conçus 
pour une utilisation à l’extérieur à 
moins qu’ils ne soient placés dans une 
armoire assurant une protection contre 
les intempéries. 
Maintenir un espace de travail adéquat 
entre les pièces sous tension et les 
supports de montage non-isolés ou 
les noyaux d’acier (conceptions à 
noyau fendu).

NOTE:  The temperature inside 
the enclosure should not exceed 
55 °C to avoid thermal damage to 
the transformers.

NOTA: La temperatura dentro del gabinete 
no debe exceder los 55 °C para evitar 
daños térmicos a los transformadores.

REMARQUE :  La température à l’intérieur 
de l’armoire ne doit pas dépasser 55 °C 
afin d’éviter des dommages thermiques 
aux transformateurs.

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARD OF ELECTRIC SHOCK, 
EXPLOSION, OR ARC FLASH

• Apply appropriate personal 
protective equipment (PPE) and 
follow safe electrical work 
practices. See NFPA 70E.

• This equipment must only be 
installed and serviced by qualified 
electrical personnel.

• Turn off all power supplying this 
equipment before working on or 
inside equipment.

• Always use a properly rated 
voltage sensing device to confirm 
power is off.

• Replace all devices, doors and 
covers before turning on power to 
this equipment.

PELIGRO DE DESCARGA ELÉCTRICA, 
EXPLOSIÓN O DESTELLO POR 
ARQUEO

• Utilice equipo de protección personal 
(EPP) apropiado y siga las prácticas de 
seguridad eléctrica establecidas por su 
Compañía, consulte la norma 70E 
de NFPA.

• Solamente el personal eléctrico 
especializado deberá instalar y prestar 
servicio de mantenimiento a este equipo.

• Desenergice el equipo antes de realizar 
cualquier trabajo en él.

• Siempre utilice un dispositivo detector de 
tensión nominal adecuado para 
confirmar la desenergización del equipo.

• Vuelva a colocar todos los dispositivos, 
las puertas y las cubiertas antes de 
volver a energizar el equipo.

RISQUE D'ÉLECTROCUTION, 
D'EXPLOSION OU D'ÉCLAIR D'ARC

• Portez un équipement de protection 
personnelle (ÉPP) approprié et 
observez les méthodes de travail 
électrique sécuritaire. Voir NFPA 70E.

• Seul un personnel qualifié doit effectuer 
l'installation et l'entretien de cet appareil.

• Coupez l'alimentation de l'appareil 
avant d'y travailler.

• Utilisez toujours un dispositif de 
détection de tension ayant une valeur 
nominale appropriée pour s'assurer 
que l'alimentation est coupée.

• Replacez tous les dispositifs, les portes 
et les couvercles avant de mettre 
l'appareil sous tension.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.
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3. Connect the transformer primary 
and secondary per the 
instrumentation wiring diagram. 

The relative instantaneous 
polarity of the leads or terminals 
is indicated by permanent 
markings, i.e., H1 and X1 are of 
the same polarity. H1/X1 
terminals are identified with white 
dots, white wires, the actual 
terminal designation, or a 
combination of these methods 
(see Figure 1). For round window 
current transformers, full 
accuracy is obtained for any 
conductor position in the window. 
The primary conductor should be 
centered in the rectangular- 
shaped window for best accuracy.

3. Conecte el primario y el secundario del 
transformador de acuerdo con el 
diagrama de alambrado del dispositivo. 

La polaridad relativa instantánea de los 
conductores o terminales es indicada 
por marcas permanentes, por ejemplo, 
H1 y X1 tienen la misma polaridad. Las 
terminales H1/X1 se identifican con 
puntos blancos, cables blancos, la 
designación actual de la terminal o una 
combinación de estos métodos 
(consulte la figura 1). Para 
transformadores de corriente tipo 
dona, se obtiene la precisión completa 
para cada posición de conductor en la 
abertura. Para una mejor precisión, el 
conductor primario se debe centrar en 
la abertura de forma rectangular.

3. Raccorder le primaire et le secondaire 
du transformateur selon le schéma 
de câblage. 

La polarité relative instantanée des 
conducteurs ou des bornes est 
indiquée par marquage permanent, par 
exemple H1 et X1 ont la même polarité. 
Les bornes H1/X1 sont identifiées par 
des points blancs, des fils blancs, la 
désignation réelle des bornes ou la 
combinaison de ces méthodes 
(consulter la figure 1). Pour les 
transformateurs de courant à fenêtres 
rondes, la précision peut être obtenue 
pour chacune des positions de 
conducteur de la fenêtre. Pour une 
précision optimale, le conducteur 
primaire doit être placé au centre de la 
fenêtre rectangulaire.

Figure / Figura / Figure 1 : Polarity Markings and Connection Diagrams / 
Marcas de polaridad y diagramas de conexión / 
Marquages de polarité et schémas de connexions

Continued on next page Continúa en la siguiente página Page suivante
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X1 secondary 
polarity mark / 
Marca de polaridad 
del secundario X1 / 
Marque de polarité 
du secondaire X1

H1 primary polarity mark / 
Marca de polaridad del 
primario H1 / 
Marque de polarité du 
primaire H1

Nameplate / 
Placa de datos / 
Plaque signalétique

Nameplate / 
Placa de datos / 
Plaque signalétique

Polarity mark / 
Marca de polaridad / 
Marque de polarité
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4. If an instrumentation wiring 
diagram is not available, the 
transformer secondary or 
secondaries should be grounded 
as shown in Figure 2.

4. Si no se dispone de un diagrama de 
alambrado, el secundario o 
secundarios del transformador deben 
estar conectados a tierra como se 
muestra en la figura 2.

4. Si le schéma de câblage n’est pas 
disponible, les secondaires du 
transformateur doivent être mis à la 
terre tel qu’illustré à la figure 2.

NOTE: To ground secondary windings 
of multiple transformers in 
3-phase applications, jumper the 
common terminals at the transformers 
(or terminal board), and apply only 
one ground bond at this point.

NOTA: Para conectar a tierra los devanados 
secundarios de transformadores múltiples 
en aplicaciónes de 3 fases, haga una 
conexión en puente de las terminales en 
común a los transformadores (o en la 
tarjeta de las terminales) y realice una sóla 
conexión a tierra en este punto.

REMARQUE : Pour la mise à la terre des 
enroulements secondaires de multiples 
transformateurs pour des applications 
triphasées, relier les bornes communes 
aux transformateurs (ou au bornier) et fixer 
un seul raccordement de mise à la terre à 
ce point.

Figure / Figura / Figure 2 : Transformer Grounding / 
Conexión a tierra del transformador / 
Mise à la terre du transformateur

Continued on next page Continúa en la siguiente página Page suivante

DANGER / PELIGRO / DANGER
HAZARDOUS VOLTAGE

• Current Transformers: Connect 
current transformers to 
low-impedance burdens. If not 
connected to a burden, the 
secondary of a current transformer 
must be short-circuited to prevent 
high crest voltages.

TENSIÓN PELIGROSA

• Transformadores de corriente: Conecte 
los transformadores de corriente a 
cargas de baja impedancia. Si no está 
conectado a una carga, el secundario 
debe estar cortocircuitado a fin de evitar 
altas tensiones de cresta.

TENSION DANGEREUSE

• Transformateurs de courant : Raccorder 
les transformateurs de courant à des 
charges à faible impédance. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
court-circuité afin de prévenir les hautes 
tensions de pointe.

• Voltage Transformers: Connect 
voltage transformers to 
high-impedance burdens. If not 
connected to a burden, the 
secondary of a voltage transformer 
must be open-circuited to prevent 
equipment damage.

• Transformadores de tensión: Conecte los 
transformadores de tensión a cargas de 
alta impedancia. Si no está conectado a 
una carga, se debe abrir el circuito del 
secundario del transformador de tensión 
para evitar que se dañe el equipo.

• Transformateurs de tension : Raccorder 
les transformateurs de tension à des 
charges à impédance élevée. Si l’appareil 
n’est pas raccordé à une charge, le 
secondaire du transformateur doit être 
laissé en circuit ouvert afin d’éviter 
d’endommager le matériel.

Failure to follow these 
instructions will result in death or 
serious injury.

El incumplimiento de estas 
instrucciones podrá causar la muerte o 
lesiones serias.

Si ces directives ne sont pas 
respectées, cela entraînera la mort ou 
des blessures graves.

X1

H1

H2

X2

H1

X1

To burden / 
A la carga / 
Vers la charge

Primary / 
Primario /
Primaire

Ground / 
Tierra / 
Conducteur de mise à la terre 

To meter / 
Al medidor / 
Vers l’appareil de mesure

Ground / 
Tierra / 
Conducteur de mise à la terre 

Current Transformer / Transformador de corriente / 
Transformateur de courant

Voltage Transformer / Transformador de tensión /
Transformateur de tension
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5. Current transformers: If 
installing a window-type current 
transformer over fully insulated 
cable that is surrounded by a 
current-carrying sheath or 
concentric neutral, insert the 
sheath ground wire or neutral 
through the window before 
grounding. See Figure 3.

5. Transformadores de corriente: Si se 
instala un transformador de corriente 
con abertura sobre un cable 
completamente aislado, cubierto por 
una funda conductora de corriente o 
neutro concéntrico, inserte el cable de 
tierra del cable con funda o neutro a 
través de la abertura antes de hacer la 
conexión a tierra. Consulte la figura 3.

5. Transformateurs de courant : En cas 
d’installation d’un transformateur de 
courant muni d’une fenêtre sur un 
câble électrique complètement isolé et 
protégé par une gaine conductrice ou à 
neutre concentrique, insérer le fil de 
m.à.l.t. du câble avec gaine 
conductrice ou du neutre à travers la 
fenêtre avant de procéder à la mise à la 
terre. Voir la figure 3.

NOTE: Grounding the neutral on 
both sides of the current transformer 
creates a short turn and can affect 
the current transformer performance.

NOTA: La conexión a tierra del neutro en 
ambos lados del transformador de 
corriente genera una espira corta que 
puede afectar el desempeño del 
transformador de corriente.

REMARQUE : La mise à la terre du neutre 
sur les deux côtés du transformateur de 
courant crée une spire courte et peut 
affecter le rendement du transformateur 
de courant.

Figure / Figura / Figure 3 : CT and Cable with Conductive Sheath or Concentric Neutral / 
TC y cable con funda conductora o neutro concéntrico / 
TC et câble avec gaine conductrice ou neutre concentrique

USING A SELECTOR SWITCH UTILIZACIÓN DE UN SELECTOR UTILISATION D’UN SÉLECTEUR

If a selector switch is used on a 
current transformer in conjunction 
with one ammeter to read current on 
all three phases, the switch must 
have a “make-before-break” 
contact pattern and automatic 
shorting to ensure the current 
transformer is not open-circuited 
when switching between phases. A 
voltage transformer selector switch 
must have a “break-before-make” 
contact pattern to avoid shorting the 
voltage transformer secondary.

Si se usa un selector en un transformador 
de corriente en conjunto con un 
ampérmetro para leer la corriente de las 
tres fases, el interruptor debe tener un 
contacto de “cierre antes de apertura” 
así como un cortocircuito automático para 
asegurar que el transformador de corriente 
no esté en circuito abierto durante la 
conmutación entre fases. El selector del 
transformador de tensión debe tener un 
contacto de “apertura antes de cierre” 
para evitar cortocircuitos en el secundario 
del transformador de tensión.

Si un sélecteur est utilisé sur un 
transformateur de courant avec un 
ampèremètre pour lire le courant sur les 
trois phases, l’interrupteur doit posséder 
un contact de « fermeture-avant-
ouverture » et une mise en court-circuit 
automatique pour assurer que le 
transformateur de courant n’est pas en 
circuit ouvert pendant la commutation 
entre les phases. Un sélecteur de 
transformateur de tension doit posséder un 
contact d’« ouverture-avant-fermeture » 
afin d’éviter de court-circuiter le 
secondaire du transformateur.

APPLICATION SUPPORT SOPORTE DE APLICACIÓN SUPPORT D’APPLICATION

Specifications, performance data, 
and special application 
documentation are available at 
www.us.SquareD.com. Or, call 
1-888-778-2733 for other instrument 
transformer application assistance.

Las especificaciones, los datos de 
funcionamiento y la documentación sobre 
aplicaciones especiales se encuentran 
disponibles del sitio web 
www.us.SquareD.com. Si desea obtener 
asistencia sobre otras aplicaciones de 
transformadores de instrumentos llame al 
1-888-778-2733 en los EUA.

De la documentation sur les 
caractéristiques, les données de 
performance et les applications spéciales 
est disponible à www.us.SquareD.com. Ou 
appeler le 1-888-778-2733 (É.-U.) pour 
toute autre assistance sur les applications 
de transformateurs de mesure.
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Electrical equipment should be installed, 
operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed 
by Schneider Electric for any consequences 
arising out of the use of this material. 

Solamente el personal especializado deberá instalar, 
hacer funcionar y prestar servicios de mantenimiento 
al equipo eléctrico. Schneider Electric no asume 
responsabilidad alguna por las consecuencias 
emergentes de la utilización de este material.

Seul un personnel qualifié doit effectuer l’installation, 
l’utilisation, l’entretien et la maintenance du matériel 
électrique. Schneider Electric n’assume aucune 
responsabilité des conséquences éventuelles 
découlant de l’utilisation de cette documentation.

Schneider Electric USA 
6 Commercial Road
Huntington, IN 46750 USA
1-888-SquareD (1-888-778-2733)
www.us.SquareD.com

Importado en México por:
Schneider Electric México, S.A. de C.V. 
Calz. J. Rojo Gómez 1121-A
Col. Gpe. del Moral 09300 México, D.F.
Tel. 55-5804-5000
www.schneider-electric.com.mx

Schneider Electric Canada 
19 Waterman Avenue, M4B 1 Y2
Toronto, Ontario
1-800-565-6699
www.schneider-electric.ca

© 1999–2005 Schneider Electric
All Rights Reserved / Reservados todos los derechos / Tous droits réservés

* a brand of Schneider Electric. / una marca de Schneider Electric. / 
une marque de Schneider Electric.
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Flexitest Switch
Type FT-1

For Multi-Circuit Testing of Switchboard
Relays, Meters and Instruments

APPLICATION
The ABB Type FT-1 Flexitest Switches and ABB Test
Plugs are designed and manufactured to allow quick
and easy multi-circuit testing of protective relays,
meters and instruments by any conventional system.

Advantages
The Type FT-1 Switches and related Test Plugs have
all the features necessary for applications involving
the measurement of individual currents and voltages
associated with substation instrumentation and pro-
tection devices. The make before break current short
circuit feature also allows test personnel to quickly
and safely isolate equipment from current trans-
former (ct) circuits. 

Safe and Convenient
The semi-flush mounted FT-1 Switch provides fast,
safe and reliable access to components and circuits
on panel boards and switchboards without discon-
necting existing wiring. All measurements and tests
can be performed at the front of the switchboard
without taking any devices out of service.

Fast and Reliable
When Test Plugs are used, any number of circuits
may be tested in rapid succession, since one plug

properly connected can test all instruments or meters
of a particular type.

Maximum Flexibility
The FT-1 Switch is built with a maximum of ten indi-
vidual poles or switch units. The switches can be
assembled in a variety of different arrangements, to
match customer requirements.

ABB Test Plugs are used in conjunction with the FT-1
Switch to enable easy measurement, calibration, ver-
ification or maintenance of relays, meters or instru-
ments.

Voltage measurements can also be made directly on
the FT-1 Switch (without disturbing existing connec-
tions). There is a test clip located on the top of each
pole that allows connection with standard spring clip
test leads.

Security
With the cover in place, a meter type lead seal can
be placed through either of the cover studs of the
FT-1 Switch to prevent unauthorized access to the
switch. As an additional feature, a clear cover is
available that can also be installed and locked with
the switchblades in the open position.

Figure 1. FT-1 Flexitest Switch (Front View)
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SPECIFICATIONS

Ratings 
The FT-1 Switch is rated at 600 volts and 30 amps. It
is UL recognized, and meets or exceeds all the
requirements in ANSI/IEEE C37-90 standard.

Mounting
FT-1 Switches are designed for semi-flush mounting
on the front of switchboard panels, facilitating inspec-
tion and accessibility.

FT-1 SWITCH CONSTRUCTION
Base
The base of the FT-1 Flexitest Switch is made of a
molded polycarbonate material, which provides a
tough, insulated enclosure. Barriers are molded into
the base (front and rear) to separate the switch units
from one another. The barriers provide insulation
between poles, and also ample wiring space
between terminals.

Cover
The cover of the FT-1 Switch provides a tough insu-
lated enclosure for the switch and is also made of a
polycarbonate material. FT-1 standard styles come
with a black opaque cover, but an optional clear
cover is also available. This clear switch cover
affords the user the unique option of intentionally
leaving switch handles in the open position and
replacing the cover. Maintaining the provision for a
meter seal when some handles are in the open posi-
tion allows the user to service electrical equipment
while still complying with OSHA tag and lock proce-
dures.

The clear cover can be ordered on new FT-1
Switches or ordered separately for retrofit to existing
FT-1 Switches. Users will maintain the same ease of
accessibility as with the black opaque cover.

The cover thumb nut has been modified so that a
1/4” nut driver can be used to loosen & tighten it.

This is the same size nut driver that is used on the
hex head terminal screws of the standard FT-1
Switch.

Poles

FT-1 Switches are available in combinations of any-
where from 1 to a maximum of 10 individual poles or
switch units. Each pole is identified by a letter (A to J)
visible along the top of the base from left to right (See
Fig. 1).The individual switch units are of a knife blade
type. There are two different types of switch units
available: potential poles and current poles. Potential
poles (P, T, . . .) are configured as single, non-short-
ing knife blades for use in potential, trip, or control
circuits. Current poles are typically configured in sets
of two, (C-C), for use with current circuits; and con-
sist of a current test jack, a shorting spring, a shorting
blade, and a non-shorting blade. (See Fig. 2) The
positions of the short circuit springs are visible from
the front of the switch. 

Switch Handles

Switch handles are made of a molded phenolic mate-
rial, and are typically black for potential and current
circuits, and red for trip circuits. They are also avail-
able in a variety of different colors. Each handle has
a dovetail indentation to hold a circuit identification
label. Knife blade switches can be operated indepen-
dently, or ganged together with a horizontal interlock-
ing bar, to suit testing needs. (See Fig. 3)

A hole runs through the middle of each switch handle
to allow insertion of interlocking bars that can
mechanically tie 2, 3, 4, 5, 6 or 10 switch handles
together. Interlocking Bars are sold separately. (See
“ACCESSORIES – ORDERING INFORMATION” on
page 8.)

Weight Net
lbs. (kg)

Shipping
lbs. (kg)

FT-1 Switch 1.75 (.79) 3 (1.4)

In Service Series Test Plug 1.5 (.68) 3 (1.4)

Separate Source Test Plug 1.5 (.68) 3 (1.4)

Individual Current Circuit Test plug 0.1 (.045) 1 (0.45)

Figure 2. Blade assembly of two position pole “C-C”
(Rear View, outside of base)
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Terminals
Connection terminals are located at the rear of the
switch. Terminals are numbered 1 to 20 for easy iden-
tification (rear view). Each pair of numbered terminals

is associated with a matching pole designated by a
letter on the front of the switch. (See Fig. 4)

Figure 3. Switch Handles Figure 4. FT-1 Switch (rear view)

FT-1 SWITCH ORDERING INFORMATION

Style Number
Prefix

Style 
Number Description Photo

None
(Standard) See Table 3 Black Cover

Screw Terminals

S See Table 3 Black Cover
Stud  & Nut Terminals

C See Table 3 Clear Cover
Screw Terminals

CS See Table 3 Clear Cover
Stud  & Nut Terminals

R, RS For FT-19R Applications only
(See DB 41-078)
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Ordering Information

• FT-1 Switches may be ordered by style number.
Table 3 starting on page 9 provides a compre-
hensive selection guide of existing styles.

• An FT-1 Switch with black cover and screw ter-
minals will be supplied when ordering the stan-
dard style number as listed on Table 3,
(Example: 129A501G01). An optional clear cover
will be supplied instead of the black cover by
using style number prefix “C”, (Example:
C129A501G01).

• Optional stud and nut terminals will be supplied
by using style number prefix “S”, (Example:
S129A501G01).

• Optional clear cover and optional stud and nut
terminals will be supplied by using style number
prefix “CS”, (Example: CS129A501G01).

• For FT-1 Switch requirements that cannot be
matched up to an existing style number on Table
3, it is recommended that the customer find a
style number that comes closest to meeting the
necessary requirements. Enter description only
to order the new FT-1 Switch as similar-to (exist-
ing style) except stating the different characteris-
tic(s) required. 

• Customers may also place the order by providing
a complete Switch Arrangement definition,
Example: P P P C-C C-C C-C P. (See Switch
Arrangement section below.)

Switch Arrangement
• FT-1 Switches are available in any combination

of 1 to 10 poles.

• Pole positions are identified from left to right on
the front view of the switch by the letters “A”
through “J”.

• Pole designations are used to identify each type
of pole. To develop a complete Switch Arrange-
ment that describes a unique FT-1 Switch,
arrange pole designation sequentially from left to
right (A-J).

• Every pole position has to be defined by a “Pole
Designation” (“X” is used to designate empty
pole positions).

• Some current Pole Designations span more than
one pole position.

• A space is the delimiter between Pole Designa-
tions, (Example: P P P C-C C-C C-C P is the
complete Switch Arrangement definition for style
number 129A514G01).

• See Tables 1 & 2 for a complete listing of avail-
able Pole Designations, and their definitions.

Note: All switch arrangements developed or ordered
should be checked for adequate current trans-
former shorting when applied to current trans-
former circuits.

Terminals
• All required terminal hardware is supplied with

each FT-1 Switch.

• Screw Terminals are provided with standard FT-1
Switch styles. They require customer connec-
tions be made with a hex washer head screw.
(See Fig. 5)

• Stud and Nut Terminals are an optional feature.
Customer connections are made with two wash-
ers and a nut. (See Fig. 5) A special nut driver
can be purchased from ABB to connect to stud
terminals. (See “ACCESSORIES – ORDERING
INFORMATION” on page 8)

Figure 5. Standard and Optional Terminals 
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Table 1 - CURRENT POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

C†

†  = Current Poles C and R are special Pole Designations developed for test circuits. They are not intended for use in current transformer circuits.

BLACK
NON-SHORTING, WITH TEST JACK

R† RED

C-C ‡

‡  = Typical Pole Designations

BLACK
CURRENT, SHORTING, WITH CURRENT TEST JACK

R-R RED

C-A BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK

C-B BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK, 
WITHOUT JAW OR BLADE AT “B”

C-D BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK, 
WITHOUT BLADE AT “D”

C-E BLACK CURRENT, SHORTING, WITHOUT CURRENT TEST JACK 
WITH SHORTING BLADE ALSO AT “E”

C-C-C ††

††  = Also available as C-C-A, C-C-B. . . up to C-C-C-C

BLACK CURRENT, SHORTING, WITH CURRENT TEST JACK (2 
POSITION SHORTING SPRING)

B

D

E

Table 2 - POTENTIAL POLES

POLE
DESIGNATIONS

HANDLE
COLOR

SCHEMATIC
DIAGRAM DESCRIPTION

P ‡ BLACK

POTENTIAL, NON-SHORTING BLADE

T ‡ RED

G GREEN

Y YELLOW

Z BLUE

W WHITE

O ORANGE

L BLACK POTENTIAL, LONG BLADE

S --- --- FIXED SHORTING STRAP

J --- --- CURRENT JAW, NO BLADE

N --- --- TERMINAL STUD IN BLADE LOCATION, NO JAW

U --- --- STUD AND TEST CLIP

X --- --- EMPTY POLE POSITION

‡ = Typical Pole Designations
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TEST PLUGS

In-Service Series Test Plug 

When using an In-Service Series Test Plug for current
measurements, connections from the Test Plug to the
measuring instruments must be made before inserting
the Test Plug in place.

The “In-Service” Series Test Plug with a maximum of
10 positions is designed to match the pole configura-
tions of specific styles of FT Flexitest devices (either
FT-1 Switches or FT case relays). Not every switch
or relay pole configuration is suitable to accept an In-
Service Series Test Plug, but many FT-1 Switch
styles do have one already available, See Table 3,
page 9, “IN-SERVICE TEST PLUG”.

This Test Plug is typically used to connect devices
measuring the currents and voltages being applied to
the switchboard relays, meters and instruments with-
out interrupting or short-circuiting the circuit. Only the
current test switches with the current jack must be
opened before inserting the Series Test Plug.

Individual Current Circuit Test Plug 

When using an Individual Current Circuit Test Plug for
current measurements, connections from the Test
Plug to the measuring instruments must be made
before inserting the Test Plug in place

The Individual Current Circuit Test Plug is an amme-
ter type device used to measure current. It can be
inserted in the current test jack of FT Flexitest
devices after opening the knife blade switch. This
plug consists of two conducting strips separated by
an insulating strip. The ammeter is connected to
these strips by terminal screws and leads carried out

through holes in the back of the insulated handle.
(See Figs. 7 and 8)

 

 Separate Source Test Plug   

Provision is made only on current poles with shorting 
springs to automatically short-circuit current trans-
former circuits when the knife switches are opened 
prior to inserting the Test Plug.

The 10 Position Separate Source Test Plug isolates
the external connections from the relay or equipment
under test. This test plug provides quick circuit test-
ing, by fitting into the stationary contact jaws of any
Flexitest Type FT Case or FT-1 Switch. L-shaped test
blades assure quick, accurate alignment between the
Test Plug and the stationary contact jaws.

WARNING

Figure 6. In-Service Series Test Plug

WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Plug inserted 
into Flexitest Case 

WARNING

Figure 9. Separate Source Test Plug - 10 Position
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This Test Plug connects the relay inputs and outputs
to a set of binding posts on the top of the Test Plug,
and completely isolates the relay circuits from the
external connections (ct, pt, trip, etc.) by means of an
insulated barrier along the bottom of the plug. The
external test circuits can then be connected to these
binding posts, which are staggered for easy accessi-
bility. 

Before inserting the Separate Source Test Plug, all
switch- blades must be placed in the full open posi-
tion. In a Flexitest Type FT Case, the plug is inserted
in the bottom switch jaws with the binding posts up
and in the top test switch jaws with the binding posts
down. (See Fig. 10)

Figure 10. Separate source test plug shown
inserted in FT-Case
(Bottom Switch Jaws)

TEST PLUGS – ORDERING INFORMATION

Description Style Number Photo

In-Service Series Test Plug
(Order to match Flexitest FT relay 
case or FT-1 Switch arrangement)

See Table 3

Individual Current Circuit Test Plug
(Leads not included)

7B4618G04

Separate Source Test Plug
(10 position) 1164046
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ACCESSORIES – ORDERING INFORMATION

Description Style Number Photo

Clear Cover 9676A32G01

Black Cover 128A973G01

Description Style Number Photo

Nut Driver
(For Stud & Nut Terminals only, Prefix “S”) 877A821G01

Description Style Number Photo

Interlocking Bar 2 Position 1270547

Interlocking Bar 3 Position 1164048

Interlocking Bar 4 Position 02C9834G03

Interlocking Bar 5 Position 02C9834G04

Interlocking Bar 6 Position 02C9834G06

Interlocking Bar 10 Position 02C9834G05
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P
O
T
E
N
T
I
A
L

C
U
R
R
E
N
T

A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

1
Pole

A B C D E F G H I J

1 0 P . . . . . . . . . 774B542G09 129A062G10

2
Pole

A B C D E F G H I J

2 0 . . . . . . . P . P 291B954G15 129A062G10

2 0 . . . P . . P . . . 129A534G01 129A062G10

2 0 P P . . . . . . . . 291B954G13 129A062G10

2 0 T . . . . . . . . T 291B954G14 129A062G10

2 0 T T . . . . . . . . 291B954G16 129A062G10

2 0 Z Z . . . . . . . . 9676A38G01 129A062G10

0 2 . . . . . . . C-C . 291B954G12 129A062G01

0 2 . . . . . C-C . . . 129A531G01 129A062G08

0 2 . C-C . . . . . . . 498A026G01 129A062G07

3
Pole

A B C D E F G H I J

3 0 . . . . . . . P P P 716B871G11 129A062G10

3 0 . . . P P P . . . . 716B871G09 129A062G10

3 0 P . . . P . . . . P 716B871G12 129A062G10

1 2 C-C . . . . . . . T 9663A78G01 (1)

0 3 . . . C C C . . . . 716B871G10 (1)

4 
Pole

A B C D E F G H I J

4 0 . . . T P T P . . . 9676A26G01 129A062G10

4 0 . . . T T T P . . . 9676A27G01 129A062G10

4 0 . . P P P P . . . . 129A524G01 129A062G10

4 0 . . T . T . T . T . 291B956G31 129A062G10

4 0 . . T T T T . . . . 1586C39G01 129A062G10

4 0 . . T T T T . . . . 291B956G32 129A062G10

4 0 P . . . . . . P P P 129A506G01 129A062G10

4 0 P . . . . . . P P P 3501A86G06 129A062G10

4 0 P . . P . . P . . P 291B956G24 129A062G10

4 0 P . . P P P . . . . 291B956G25 129A062G10

4 0 P P . . . . . . P P 129A538G01 129A062G10

4 0 P P P . . . . . . P 498A022G01 129A062G10

4 0 P P P . . . . . . T 9663A80G01 129A062G10

4 0 P P P P . . . . . . 9672A73G01 129A062G10

4 0 T . . . . . . P P T 763A166G01 129A062G10

4 0 T . . . . . . T T T 498A012G01 129A062G10

4 0 T . T . . . . T . T 862A584G01 129A062G10

4 0 T T T . . . . . . T 1586C39G02 129A062G10

3 1 P P C . . . . . . P 291B956G26 (1)

2 2 P . . . . . . C-C P 129A507G01 129A062G01

2 2 P P . . . . . C-C . 291B956G18 129A062G01

2 2 P P C-C . . . . . . 291B956G30 (1)

2 2 T . . . . . . C-C P 9671A05G01 129A062G01

2 2 T T . . . . . C-C . 9676A36G01 129A062G01

1 3 . . . C C C . . . P 291B956G28 (1)

0 4 . . . . . C-C C-C . 291B956G13 129A062G02

0 4 . C C C C . . . . . 291B956G23 (1)

0 4 . C-C . . C-C . . . 763A109G01 (1)

0 4 . C-C C-C . . . . . 498A027G01 129A062G09

0 4 C C C C . . . . . . 291B956G27 (1)

0 4 C-C C-C . . . . . . 291B956G29 (1)

0 4 C-C-C-C . . . . . . 837A087G01 (1)

5
Pole

A B C D E F G H I J

5 0 P P . . . . . P P P 129A505G01 129A062G10

5 0 P P P P P . . . . . 291B957G15 129A062G10

5 0 T T . . . . . T T T 9676A37G01 129A062G10

3 2 P C-C P . . . . . P 129A508G01 129A062G07

3 2 P P . . . . . C-C P 129A533G01 129A062G01

3 2 P P . . C-C . . . P 291B957G17 (1)

3 2 P P P C-C . . . . . 291B957G16 (1)

3 2 T P . . . . . C-C T 291B957G09 129A062G01

1 4 . C C . C . C . P . 498A002G01 (1)

0 5 C . C . C . C . C . 129A555G01 (1)

6
Pole

A B C D E F G H I J

6 0 . . . P P P P P P . 188A416G01 129A062G10

6 0 P P . . . . P P P P 837A889G01 129A062G10

6 0 P P . . P P . . P P 629A568G01 129A062G10

6 0 P P P . . . . P P P 129A504G01 129A062G10

6 0 P P P P . . . . P P 129A550G01 129A062G10

6 0 P P P P P P . . . . 291B958G25 129A062G10

6 0 P P T . . . . T T T 1586C40G01 129A062G10

6 0 T T T T . . . . T T 291B958G33 129A062G10

4 2 P . . . . P P C-C P 129A509G01 129A062G01

4 2 P P P P R-R . . . . 9667A02G01 (1)

4 2 T T . . . P P . C-C 9672A03G01 (1)
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3 3 P P . . . . C C C P 291B958G24 (1)

3 3 P P . . . . C C-C P 129A543G01 129A062G02

3 3 P P P . . . C C C . 9676A19G01 (1)

2 4 . . . C-C C-C P P . 291B958G30 129A062G12

2 4 P . . . . C-C C-C P 129A537G01 129A062G02

2 4 P . . . . P C-C C-C 291B958G31 (1)

2 4 P . . C C C C . . P 291B958G27 (1)

0 6 . . . . C-C C-C C-C 9672A72G01 (1)

0 6 . . . C C C C C C . 188A454G01 (1)

0 6 . . . C-A C-A C-A . 291B958G26 (1)

0 6 . . . C-A C-A C-C . 291B958G29 (1)

0 6 . . . C-B C-B C-B . 498A017G01 (1)

0 6 . . . C-C C-C C-C . 129A516G01 292B319G23

0 6 . . . R-R R-R R-R . 291B958G28 292B319G23

0 6 . . C C C C C C . . 129A523G01 (1)

0 6 . C-C . C-C . C-C . 498A014G01 (1)

0 6 C . C . C . . C C C 188A304G01 (1)

0 6 C-C C-C C-C . . . . 9660A97G01 (1)

7
Pole

A B C D E F G H I J

7 0 . P P P P P P P . . 129A526G01 129A062G10

7 0 P . . P P P . P P P 129A503G01 129A062G10

7 0 P . . P P P P P . P 291B959G19 129A062G10

7 0 P P P . . . P P P P 129A547G01 129A062G10

7 0 P P P . . . P P P P 291B959G30 129A062G10

7 0 P P P P . . P P P . 498A013G01 129A062G10

7 0 P P P P P P . . . T 9663A79G01 129A062G10

7 0 P P P P P P P . . . 291B959G28 129A062G10

7 0 T . . P P P . P P T 763A168G01 129A062G10

7 0 T T P . . . P P P P 291B959G33 129A062G10

5 2 P C-C P . . . P P P 188A261G01 129A062G07

5 2 P P . . . C-C P P P 129A510G01 129A062G08

5 2 P P P P P . . . C-C 291B959G27 (1)

5 2 P P P P P . . C-C . 291B959G18 129A062G01

5 2 T P . . . P P C-C T 188A622G01 129A062G01

5 2 T T . . . R-R T T T 9667A17G01 129A062G08

4 3 P P C . C . C . P P 188A477G01 292B319G24

3 4 P C C . C . C . P P 188A618G01 (1)

3 4 P P . . . C-C C-C P 129A511G01 129A062G02

3 4 P P P . . C-C C-C . 498A008G01 129A062G02

3 4 T C-C T C-C T . . . 291B959G26 (1)
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3 4 T T T . . . C C C C 291B959G32 (1)

3 4 T T T . . C-C C-C . 291B959G20 129A062G02

1 6 . . . C-C C-C C-C T 498A003G01 292B319G23

1 6 C-C C-C C-C . . . T 9663A77G01 (1)

1 6 P C-C C-B C-B . . . 129A540G01 (1)

0 7 . . C C-C C-C C-C . 291B959G29 292B319G22

0 7 C-C C-C C-C C . . . 9676A24G01 (1)

8
Pole

A B C D E F G H I J

8 0 . P P P P P P P P . 291B960G37 129A062G10

8 0 P . . P P P P P P P 129A549G01 129A062G10

8 0 P P P . . P P P P P 719B591G09 129A062G10

8 0 P P P . P P . P P P 291B960G39 129A062G10

8 0 P P P P . . P P P P 129A502G01 129A062G10

8 0 P P P P . . P P P T 129A536G01 129A062G10

8 0 P P P P P . . P P P 129A546G01 129A062G10

8 0 P P P P P . . P T T 719B591G14 129A062G10

8 0 P P P P P P P P . . 719B591G10 129A062G10

8 0 T T T T T . . T T T 719B591G12 129A062G10

6 2 P P P . . C-C P P P 291B960G26 129A062G08

6 2 P P P P P . . C-C P 188A632G01 129A062G01

6 2 P P P P P P . . C-C 291B960G36 (1)

6 2 T . . P P P P C-C T 763A167G01 129A062G01

4 4 . . P P P C-C C-C P 629A315G01 129A062G02

4 4 C-C C-C . . P P P P 719B591G13 (1)

4 4 C-C C-C . P P P P . 719B591G11 (1)

4 4 P C-C P . . P C-C P 129A512G01 129A062G06

4 4 P P . C C C C . P P 498A016G01 (1)

4 4 P P . C-C C-C . P P 129A530G01 129A062G12

4 4 P P P P . C-C C-C . 129A544G01 129A062G02

3 5 T P . . C C-C C-C T 291B960G27 292B319G23

2 6 . C C C C C C . P P 9667A21G01 (1)

2 6 . C-C C-C C-C . P P 129A521G01 129A062G09

2 6 . C-C C-C C-C P P . 129A525G01 129A062G09

2 6 C-B C-B C-B . . P P 291B960G38 (1)

2 6 T T . . C-C C-C C-C 9668A69G01 (1)

1 7 C . . C-B C-B C-B P 498A018G01 (1)

1 7 P . C C-C C-C C-C . 498A019G01 292B319G22

0 8 . C C C C C C C C . 498A004G01 (1)

0 8 . C-C C-C C-C C-C . 129A517G01 292B319G22

0 8 . C-C-C-B . C-C-C-B 498A029G01 (1)
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0 8 . C-C-C-B C-C-C-B . 291B960G20 (1)

0 8 . C-C-C-C C-C-C-C . 291B960G33 (1)

0 8 . R-R R-R R-R R-R . 9660A84G01 292B319G22

0 8 C C C C . . C C C C 188A229G01 (1)

0 8 C-C . . C-C C-C C-C 9672A10G01 (1)

0 8 C-C C-C C-C . . C-C 1586C41G01 (1)

0 8 C-C-C-A C-C-C-B . . 837A099G01 (1)

0 8 C-C-C-B . . C-C-C-B 498A025G01 (1)

0 8 C-C-C-C C-C-C-B . . 837A098G01 (1)

9
Pole

A B C D E F G H I J

9 0 P P . P P P P P P P 129A548G01 129A062G10

9 0 P P P P . P P P P P 129A551G01 129A062G10

6 3 P P P C C C P P P . 291B961G23 (1)

6 3 P P P P P . C C C P 291B961G30 (1)

6 3 P P P P P . C C-C P 129A552G01 129A062G02

6 3 P P P P P . C-C C P 629A483G01 (1)

5 4 P P P P . C-C C-C P 188A633G01 129A062G02

5 4 P P P P P . C-C C-C 291B961G22 (1)

5 4 P P P P P C C C C . 291B961G28 (1)

5 4 P P P P P C-C C-C . 129A545G01 129A062G02

4 5 P P P P . C C-C-C-B 498A028G01 (1)

3 6 . T C-C T C-C T C-C 9663A34G01 (1)

3 6 P C-C P C-C P C-C . 861A551G01 (1)

3 6 P P . C-C C-C C-C P 129A515G01 292B319G23

3 6 P P P . C-C C-C-C-B 498A024G01 (1)

3 6 P P P C-C C-C . C C 291B961G27 (1)

3 6 P P P C-C C-C C-C . 291B961G29 292B319G23

3 6 T T . C-C C-C C-C T 9663A74G01 292B319G23

3 6 T T T C-C C-C C-C N 291B961G25 (1)

2 7 P P . C-B C-B C-B S 291B961G26 (1)

1 8 . C-C C-C C-C C-C T 498A009G01 292B319G22

1 8 T . C-C C-C C-C C-C 9668A70G01 (1)

0 9 . C C-B C C-B C C-B 498A023G01 (1)

0 9 C C-C C-C C-C C-C . 3501A86G05 (1)

0 9 C C-C C-C C-C C-C . 498A021G01 (1)

0 9 C-C C-C C-C C . C-C 9676A25G01 (1)

10
Pole

A B C D E F G H I J

10 0 O O O O O O O O O O 9672A97G01 129A062G10
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10 0 P P P P P P P P P P 129A501G01 129A062G10

10 0 P P P P P P P P P P 3501A86G02 129A062G10

10 0 P P P P P P P P P T 774B430G19 129A062G10

10 0 P P P P P P P P T T 1586C42G23 129A062G10

10 0 P P P P P P P P Z Z 9671A94G01 129A062G10

10 0 P P P P P P P T T P 9672A77G01 129A062G10

10 0 P P P P P P P T T T 1586C42G25 129A062G10

10 0 P P P P P P T P P P 1586C42G29 129A062G10

10 0 P P P P P P T P P T 9676A08G01 129A062G10

10 0 P P P P P P T P T P 9672A75G01 129A062G10

10 0 P P P P P P T P T T 1586C42G30 129A062G10

10 0 P P P P P P T T T P 9672A98G01 129A062G10

10 0 P P P P P P T T T T 9672A71G01 129A062G10

10 0 P P P P P P Z Z Z Z 9671A95G01 129A062G10

10 0 P P P P P T T T T T 1586C42G24 129A062G10

10 0 P P P P P T T T T T 670B197G21 129A062G10

10 0 P P P P T P P T P P 9667A06G01 129A062G10

10 0 P P P P T P T T T T 1586C42G28 129A062G10

10 0 P P P P T T T P P P 9676A14G01 129A062G10

10 0 P P P P T T T T T T 670B197G26 129A062G10

10 0 P P P T T T T T T P 9672A74G01 129A062G10

10 0 P P T P T P P P P P 1586C42G15 129A062G10

10 0 P P T T T T T T T T 670B197G24 129A062G10

10 0 P T P P T P P T P P 9668A27G01 129A062G10

10 0 P T P P T T P P T P 9667A03G01 129A062G10

10 0 P T P T P P T P T P 9670A98G01 129A062G10

10 0 P T T P P P P P P P 9671A69G01 129A062G10

10 0 T P P P P P P P P P 1586C42G31 129A062G10

10 0 T P P P P P P P P T 670B197G36 129A062G10

10 0 T P P P P T P P P P 9667A93G01 129A062G10

10 0 T P P T P P P P P P 9670A35G01 129A062G10

10 0 T P P T P P T P P P 9670A34G01 129A062G10

10 0 T P P T P P T P P T 9670A97G01 129A062G10

10 0 T P T P P P P P P P 1586C42G06 129A062G10

10 0 T P T P P P P T P T 1586C42G46 129A062G10

10 0 T P T P T P T P T P 9668A54G01 129A062G10

10 0 T P T T T P T P T P 9676A34G01 129A062G10

10 0 T T P P P P P P P P 1586C42G45 129A062G10

10 0 T T P P P P P P P T 9667A78G01 129A062G10

10 0 T T P P P P P P T T 1586C42G41 129A062G10

10 0 T T P P P P T T P P 9660A92G01 129A062G10

10 0 T T P P P T T P P P 9671A68G01 129A062G10
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10 0 T T P P T T P P T T 9667A86G01 129A062G10

10 0 T T T P P P P T T T 9663A25G01 129A062G10

10 0 T T T T P P P P P P 670B197G31 129A062G10

10 0 T T T T T P P P P P 9671A13G01 129A062G10

10 0 T T T T T T P P P P 716B562G10 129A062G10

10 0 T T T T T T T T P P 1586C42G44 129A062G10

10 0 T T T T T T T T T T 129A539G01 129A062G10

10 0 T T T T T T T T T T 3501A86G04 129A062G10

10 0 T T T T T T Z Z Z Z 9672A02G01 129A062G10

10 0 Z Z Y Y Y Y Y Y G W 9663A41G01 129A062G10

9 1 C P P P P P P P P P 498A011G01 (1)

9 1 C T T T T T T T T T 1586C42G39 (1)

8 2 C-A P P P P P P P P 714B325G31 (1)

8 2 C-C P P P P P P P P 837A665G01 (1)

8 2 C-C T T T T T T T T 1586C42G20 (1)

8 2 P C C P P P T P P P 1586C42G32 (1)

8 2 P P C-C P P P P P P 670B197G33 (1)

8 2 P P P C-C P P P P P 716B562G21 (1)

8 2 P P P P P P C-C P P 9663A60G01 (1)

8 2 P P P P P P P C-C P 129A542G01 129A062G01

8 2 P P P P P P P C-C T 1586C42G38 129A062G01

8 2 P P P P P P P P C-A 714B325G30 (1)

8 2 P P P P P P P P C-C 716B562G26 (1)

8 2 P P P P P P P R-R P 9676A15G01 129A062G01

8 2 P P P P T T P C-C P 716B562G35 129A062G01

8 2 T P P P P P P C-C P 9672A83G01 129A062G01

8 2 T P P P P P P C-C T 1586C42G26 129A062G01

8 2 T T C-C P G Y W Z O 9676A04G01 (1)

8 2 T T T T C-C T T T T 1586C42G33 (1)

8 2 T T T T T T T C-C T 1586C42G47 129A062G01

8 2 T T T T T T T R-R T 670B197G17 129A062G01

8 2 T T T T T T T T C-C 9672A89G01 (1)

7 3 P P P P P P C C-C P 129A553G01 (1)

6 4 C C P P P P P P C C 716B562G20 (1)

6 4 C-A C-A P P P P P P 714B325G27 (1)

6 4 C-C C-C P P P P P P 498A015G01 (1)

6 4 C-C C-C P P P P P T 1586C42G13 (1)

6 4 C-C C-C P P P P T T 9672A80G01 (1)

6 4 C-C C-C P P T T T T 9676A06G01 (1)

6 4 C-C C-C T T T T T T 9663A31G01 (1)

6 4 C-C P P C-C P P P P 716B562G17 (1)

6 4 C-C P P P P C-C P P 716B562G19 (1)
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6 4 C-C P P P P P P C-C 877A077G01 (1)

6 4 C-C-C-C P P P P P T 1586C42G11 (1)

6 4 C-C-C-C P P P P T T 1586C42G12 (1)

6 4 C-C-C-C T T T T T T 9672A99G01 (1)

6 4 C-C-C-E T T T T T T 9672A87G01 (1)

6 4 P C-C C-C P P P P P 716B562G36 (1)

6 4 P C-C P P P P C-C P 129A513G01 129A062G06

6 4 P C-C P P P P C-C T 629A735G01 129A062G06

6 4 P C-C P P P T C-C P 1586C42G22 129A062G06

6 4 P C-C P P T T C-C T 1586C42G27 129A062G06

6 4 P C-C-C-C P P P P P 836A867G01 (1)

6 4 P P C-A C-A P P P P 714B325G28 (1)

6 4 P P C-C P P C-C P P 716B562G15 (1)

6 4 P P P C-C P P C-C P 129A520G01 129A062G05

6 4 P P P P C-A C-A P P 714B325G29 (1)

6 4 P P P P C-C C-C P P 670B197G19 (1)

6 4 P P P P C-C P P C-C 670B197G34 (1)

6 4 P P P P P C-C C-C P 129A532G01 129A062G02

6 4 P P P P P P C-A C-A 714B325G16 (1)

6 4 P P P P P P C-C-C-A 714B325G18 (1)

6 4 P P P P P P C-C-C-C 670B197G28 (1)

6 4 P P T P P C-C C-C P 9676A09G01 129A062G02

6 4 P P T P T P C-C-C-C 1586C42G14 (1)

6 4 R-R R-R T T T T T T 670B197G25 (1)

6 4 T P C P C P C P C P 670B197G37 292B319G22

6 4 T P P C-C P P C-C P 9660A91G01 129A062G05

6 4 T P P C-C T P P C-C 9676A05G01 (1)

6 4 T P P P P C-C C-C T 849A307G01 (1)

6 4 T T T R-R T T R-R T 861A670G01 129A062G05

5 5 P P C C-C P C-C P P 670B197G20 (1)

4 6 C C C C C C P P P P 774B430G18 (1)

4 6 C C-C C-C C T T T T 1586C42G21 (1)

4 6 C-C C-C C-C P P P P 774B430G20 (1)

4 6 C-C C-C C-C P P P T 1586C42G36 (1)

4 6 C-C C-C C-C P P T T 9671A70G01 (1)

4 6 C-C C-C C-C T T T T 774B430G24 (1)

4 6 C-C P P C-C P P C-C 716B562G16 (1)

4 6 C-C T P C-C-C-C P T 1586C42G10 (1)

4 6 C-C-C-C C-C P P P P 774B430G09 (1)

4 6 L L L L C-E C-E C-E 9660A96G01 (1)

4 6 P C-C C-C C-C P P P 716B562G37 129A062G09

4 6 P C-C C-C C-C P P P 774B430G10 129A062G09
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4 6 P C-C P C-C P C-C P 129A528G01 (1)

4 6 P P C C C C C C P P 774B430G21 (1)

4 6 P P C C-C C-C C P P 714B325G19 (1)

4 6 P P C-C P P C-C C-C 716B562G18 (1)

4 6 P P P C C C C C C P 9670A05G01 (1)

4 6 P P P C-A P C-C-C-A 714B325G17 (1)

4 6 P P P C-C C-C C-C P 129A514G01 292B319G23

4 6 P P P C-C C-C C-C T 670B197G32 292B319G23

4 6 P P P C-C C-C C-C Z 9671A93G01 292B319G23

4 6 P P P C-C C-R C-R T 1586C42G34 292B319G23

4 6 P P P C-C P C-C-C-C 670B197G27 (1)

4 6 P P P P C-A C-A C-A 714B325G24 (1)

4 6 P P P P C-C C-C C-C 1586C42G05 (1)

4 6 P P P P C-C C-C C-C 670B197G18 (1)

4 6 P P P P C-C-C C-C-C 1586C42G37 (1)

4 6 P P P P P P C-C C-C 670B197G23 (1)

4 6 P P P P R-R R-R R-R 9660A85G01 (1)

4 6 P P P R-R R-R R-R P 1586C42G03 292B319G23

4 6 P P T C-C C-C C-C T 1586C42G48 292B319G23

4 6 P R-R P R-R P R-R P 9676A17G01 (1)

4 6 R-B R-B R-B T T T T 714B325G20 (1)

4 6 T C-C T C-C T C-C T 188A523G01 (1)

4 6 T P C-C C-C C-C P P 1586C42G18 (1)

4 6 T T C-C C-C C-C T T 9667A22G01 (1)

4 6 T T P C-C C-C C-C T 9667A80G01 292B319G23

4 6 T T P P C-C C-C C-C 9672A90G01 (1)

4 6 T T T C-C C-C C-C P 9667A69G01 292B319G23

4 6 T T T C-C C-C C-C T 714B325G32 292B319G23

4 6 T T T C-C C-C C-C W 9676A35G01 292B319G23

4 6 T T T R-R R-R R-R T 774B430G13 292B319G23

4 6 T T T T C-C C-C C-C 498A010G01 (1)

4 6 T T T T C-C C-C-C-C 9676A10G01 (1)

4 6 Z Z Z C-C C-C C-C Z 9672A01G01 292B319G23

3 3 P P P U C U C U C U 1485B70G09 (1)

3 6 L L L U C-E C-E C-E 1485B70G10 (1)

3 6 P P P C-B C-B C-B S 716B562G30 (1)

3 6 P P P S C-C C-C C-C 774B430G16 (1)

3 6 T T T C-C C-C C-C U 1485B70G11 (1)

3 7 C-C C-C C-C C P P P 1586C42G43 (1)

3 7 C-C P C-C P C-C P C 714B325G22 (1)

3 7 P P C C-C C C-C C P 716B562G12 (1)

3 7 P P C C-C C-C C-C P 129A535G01 292B319G22
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STYLE

IN-SERVICE
TEST PLUG

3 7 P P C C-C C-C C-C P 3501A86G01 292B319G22

3 7 P P C C-C C-C C-C T 9672A86G01 292B319G22

3 7 P P P C C C C C C C 1586C42G17 (1)

3 7 P P P C C-C C-C C-C 9671A26G01 (1)

3 7 P P P C-C C-C C-C C 1586C42G19 (1)

3 7 P P P C-C C-C C-C C 714B325G11 (1)

3 7 P P P C-C C-C C-C C 714B325G25 (1)

3 7 P T C C-C C-C C-C T 670B197G22 292B319G22

3 7 T T C C-C C-C C-C T 670B197G35 292B319G22

3 7 T T T C-C C-C C-C C 9663A59G01 (1)

2 8 C-A P P C C-C C C-C 714B325G21 (1)

2 8 C-C C-C C-C C-C P P 837A407G01 (1)

2 8 C-C C-C C-C C-C P T 9672A95G01 (1)

2 8 C-C C-C C-C C-C T P 9676A11G01 (1)

2 8 C-C C-C C-C C-C T T 774B430G22 (1)

2 8 C-C C-C P C C C C P 837A664G01 (1)

2 8 C-C P P C C-C C C-C 716B562G24 (1)

2 8 C-C T C-C C-C C-C T 9667A68G01 (1)

2 8 C-C-C-B C-C-C-B P P 498A031G01 (1)

2 8 C-C-C-C C C C-C P P 716B562G38 (1)

2 8 C-C-C-C C-C C-C P P 714B325G15 (1)

2 8 C-C-C-C C-C-C-B P P 837A101G01 (1)

2 8 C-C-C-C C-C-C-B T T 1586C42G42 (1)

2 8 C-C-C-C C-C-C-C P P 774B430G11 (1)

2 8 C-C-C-C C-C-C-C P T 1586C42G09 (1)

2 8 C-C-C-C C-C-C-C T P 9671A22G01 (1)

2 8 C-C-C-C P C-C-C-C P 9672A94G01 (1)

2 8 C-C-C-C T C-C-C-C T 9676A01G01 (1)

2 8 C-C-C-D C-C-C-B P P 498A032G01 (1)

2 8 C-C-C-D C-C-C-D P P 714B325G13 (1)

2 8 C-C-C-D C-C-C-D P P 774B430G12 (1)

2 8 C-C-C-E C-C-C-E T T 9672A23G01 (1)

2 8 C-C-C-E T C-C-C-E T 9672A88G01 (1)

2 8 C-C-E C C-C C-C P P 716B562G39 (1)

2 8 P C C C C C C C C P 129A519G01 (1)

2 8 P C C C C P C C C C 716B562G27 (1)

2 8 P C-C C-C C-C C-C P 129A518G01 292B319G22

2 8 P C-C C-C C-C C-C P 3501A86G03 292B319G22

2 8 P C-C C-C C-C C-C T 1586C42G08 292B319G22

2 8 P C-C C-C C-C C-C T 837A616G01 292B319G22

2 8 P P C-C C-C C-C C-C 716B562G25 (1)

2 8 R-B R-B R-B R-B T T 714B325G12 (1)

P
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L
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A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

Table 3
FT-1 Switch Selection Guide (continued)
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2 8 R-C R-C R-C R-C T T 716B562G11 (1)

2 8 T C C C C C C C C P 9671A04G01 (1)

2 8 T C C C C C C C C T 9671A12G01 (1)

2 8 T C C C-C C-C C-C T 876A157G01 (1)

2 8 T C-C C-C C-C C-C P 670B197G38 292B319G22

2 8 T C-C C-C C-C C-C T 849A513G01 292B319G22

2 8 T R-R R-R R-R R-R T 716B562G28 292B319G22

2 8 T T C-C C-C C-C C-C 1586C42G16 (1)

2 8 T T C-C C-C C-C C-C 774B430G28 (1)

1 9 C C C C C C C C C P 129A541G01 (1)

1 9 C C C C C C C C C T 188A286G01 (1)

1 9 C C C C-C C-C C-C P 670B197G16 (1)

1 9 C-C C-C C-C C C-C P 1586C42G40 (1)

1 9 C-C C-C C-C C C-C T 1586C42G35 (1)

1 9 P C-C C C-C C C-C C 714B325G23 (1)

1 9 P C-C-C-B C C-C-C-B 498A030G01 (1)

0 10 C C C C C C C C C C 129A529G01 (1)

0 10 C C C C C C C C C C 774B430G17 (1)

0 10 C C C C-C C-C C-C C 9676A18G01 (1)

0 10 C C-B C C-B C C-B C 716B562G14 (1)

0 10 C C-C C-C C-C C-C C 716B562G13 (1)

0 10 C-C C-C C C C-C C-C 714B325G26 (1)

0 10 C-C C-C C-C C-C C C 774B430G15 (1)

0 10 C-C C-C C-C C-C C-C 498A020G01 (1)

0 10 C-C C-C C-C C-C R R 9676A23G01 (1)

0 10 C-C C-C C-C C-C-C-C 9676A20G01 (1)

0 10 C-C-C-A C-C C-C C-A 774B430G14 (1)

0 10 C-C-C-A C-C-C-A C-C 1586C42G02 (1)

0 10 C-C-C-B C-C C-C-C-B 498A001G01 (1)

0 10 C-C-C-C C-C C-C C-C 714B325G14 (1)

0 10 C-C-C-C C-C-C-C C-C 774B430G23 (1)

0 10 C-D C-D C-D C-D C-D 9676A07G01 (1)

0 10 C-E C-E C-E C-E C-E 714B325G09 (1)

0 10 J J J J J J J J J J 291B962G31 (1)

0 10 R-B R-B R-B R-B R-B 714B325G10 (1)

0 10 R-C R-C R-C R-C R-C 716B562G09 (1)

0 10 R-R R-R R-R R-R R-R 9663A33G01 (1)

P
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A B C D E F G H I J
STANDARD
STYLE

IN-SERVICE
TEST PLUG

Table 3
FT-1 Switch Selection Guide (continued)

 (1) When a multi-position In-Service Test Plug is not available,
then the individual current circuit test plug can be used.
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           Figure 11. Typical FT-1 Switch Connection Schematic
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Figure 12. FT-1 Switch, Outline and Drilling Plan, with Standard Black Cover or Optional Clear Cover
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ABSTRACT 

The series 24 Instrument and Control Switch 
is a heavy-duty rotary switch that satisfies the 
most stringent requirements of industrial control 
and power industry applications. The switches 
are rated 600 volts and are UL listed and CSA 
certified. The units are also qualified to ESC
STD-1000 which includes aging and seismic testing 
to ANSI/IEEE-STD-323-1984 and IEEE-STD-344-1987 
for Class IE uses in nuclear power generating 
stations. 

INTRODUCTION 

The power industry has widespread need for 
versatile heavy-duty instrument and control swit
ches. Some uses are: 

Circuit-breaker control 
Motor-control 
Voltmeter selector and transfer 
Ammeter selector and transfer 
Volt-ammeter selector and transfer 
Wattmeter selector and transfer 
Synchroscope control 

The series 24 Instrument and Control Switch 
has the design features to satisfy all the differ
ent requirements simply and reliably. S o m e  of 
these features are: 

Standard 3-hole mount 

*8-32 terminal screws for easy installation 
of #12AWG wire 

Insulating Materials 
NEMA Class A {105°C) 

Silver contact surfaces for long reliable 
life 

Double-sided, double-wiping knife-type 
rotary contacts 

Special features for control switches 
including 

* mechanical red/green target 

* slip-contacts for alarm and indicator 
circuits 

* pull-to-lock mechanism for a safety 
lock-out 

* spring-return mechanism to return the 
switch handle to the normal (vertical) 
position 

General Release November 3, 1978 
Revised & Updated April 1, 1983 
Revised & Updated March 1, 1986 
Revised & Updated March 15, 1989 
Reprinted - January 1, 1992 

Revised & Updated - November 15, 1992 

Revised & Updated April 1, 1995 
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Special features for meter control 
switches including 

* make-before-break (shorting) contacts 
for ammeter control (designed with 
physically overlapping contacts) 

* common-input tap-switch arrangement 
whereby the meter may be sequentially 
connected to several lines using the 
same switching deck 

* Positive " snappy " positioning detent 
mechanism 

* pre-wired jumpers 

Special features for Synchroscope 
applications including 

* removeable-oval handles 

* keyed arrangements 

Fig. l. Typical series 24 I nstrument 
and Control Switch 

Many power industry applications also re
quire stringent quality assurance, design con
trol, and qualification testing. The series 24 
Instrument and Control Switches comply with all 
known requirements for Class IE components. Qua
lification testing is in accordance with ANSI
/IEEE-STD-323-1984 entitled Standard for Qua
lifying Class IE Equipment for Nuclear-Power 
GeneraTing-Stations. The test1ng 1ncl-udes elec
tro-mechan1cal and environmental aging, which 
simulates a forty year service life, and then 
concludes with a seismic event. The seismic 
testing is in accordance with IEEE-STD-344-1987 
entitled IEEE Recommended Practices for Seismic 
QualificatrcJrl of Class IE Equ 1 pment for Nuclear 
Power Generat1ngstations. Biaxial--s-roadband 
repeatable mult1 frequency inputs are used as 
outlined in ANSI/IEEE C37 . 98-l987 entitled IEEE 
Standard for Seismic Testing of Relays. In aaaf= 
t1on, the qual1ty control system-of ELECTROSWITCH 
is in conformance with N RC regulation l0CFR50 
Appendix B which outlines the Quali!x Asssurance 
Criteria for Nuclear Power PlantSand Fuel Repro
cess1ng PTants. 

This bulletin describes the features and 
shows the designs and how they are used. Also 
detailed is complete operational informa"::.ion in
cluding electrical, environmental, and mechanical 
data plus the qualification information. Ordering 
information, drawing masters, and contact charts 
are also included. 



THE MECHANICAL DESIGN 

The series 24 Instrument and Control Switch 
is modular in design whereby several subassemblies 
are stacked together to form a rigid rugged de
vice. Figure 2 shows a cut-away view exposing the 
basic components. 

Fig. 2. Cut-away view of series 24 
I nstrument and Control Switch 

The mounting plate (1) connects a detent 
assembly (2 ) to one or more contact decks (3.) and 
finally a position limiting stop plate (4) . These 
assemblies are bolted together along with a steel 
shaft (5) and a handle (6). 

The Nameplate 

The nameplate is standard black molded 
phenolic or nylon. The nameplate 
may also include white engraving. 
The title can have up to 
fourteen characters and each 
position location can contain 
up to five characters for 
best size and legibility. 

The control switch nameplate also includes a mec
hanical target (as shown) . A green target shows 
that the last activated position was to the left 
(generally engraved TRIP) and a red target shows 
that the last activated position was to the right 
(generally C LOSE) . 

The Detent Assembly 

The detent assembly contains a specially 
designed star-wheel and up 
to four spring-loaded ball 
bearings providing snappy 
positive indexing. Spring
return switches use a coil 
spring in place of the 
star-wheel/spring/ball 
bearing arrangement. 

The Contact Deck Assembly 

The electrical parts 
are contained within 
sturdy phenolic 
moldings that pro-
vide individual 
insulated compart-
ments where all 
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switching takes plac e .  A n  insulating barrier 
completes the contact 

deck assembly. The 
barrier not only 

separates one 
contact assembly 
from another but 

also provides a 
tight insulating 

compartment. With this construction there is no 
need to add a dust cover. 

Positive reliable 
maintenance free 
operation results 
from the 
double-sided, 
double-wiping, 
self-cleaning 
knife-blade 
moveable contacts. 

Large #8-32 
binding-head 
terminal screws 
secure the 
external 
wiring to 
the terminals . 
The screws are 

The barrier next to the 
stationary terminals 

is clearly marked 
with the terminal 

number that 
corresponds 

with the wiring 
diagrams . 

more than adequate for the traditional #l2AWG 
wires used in the power industry . 

Jumpering may be done 
right on the switch 

providing a simple 
and neat arrangement . 

Silver-plated brass 
strap jumpers are 

available for adjacent 
contacts--either 
between adjacent 

contacts on the 
same deck or 

the same terminal 
location on adjacent 

decks . Wire and 
lug jumpers are 
also available . 

Jumpers are already supplied on the meter and 
control switches illustrated in this bulletin 
(where shown) simplifying field wiring. All you 
need to do is connect the instrument leads and the 
line wires. 

The steel stop plate 
assembly includes a steel 
stop arm that is connected 
to the shaft and a steel 0 
stop plate the contains eight holes. Stop screws 
may be inserted in the field to limit the posi
tions to the number and location desired . This 
externally adjustable position limiting feature 
allows the use of standard switches for many cus
tomized applications. The limit screws are facto
ry assembled in the standard meter and control 
switches illustrated in this bulletin . 



The Handles 

The traditional choice of handle shapes are 
available and are interchageable with the excep
tion of the oval removeable version. The general 
use of the different shapes are: 

Round knurled
instrume n t  
and 
meter s 

Oval
general 
use 

Pistol-grip
motor control ,  
circuit-b reaker 
control, other 
control 

Oval-removeable
synchroscope 

The oval-removeable handle can also be keyed 
so that it can only be inserted and removed when 
the switch is in a certain position. As an ex
ample, in a three position arrangement des ignated 
RUN (R) and INCOMING (I) with a spring-return 
arrangement to return the switch to the normal 
vertical position; an R handle can only rotate the 
switch to the R position and the I handle can only 
rotate the switch to the I position. These hand
les are removeable only in the normal vertical 
position. 

The Pull-to-Lock Mechanism 

Control switches generally have positions 
both 450 left and right of the normal vertical 
position. The handle spring-returns to the normal 
position. The pull-to-lock mechanism enables an 
operator to turn the handle beyond the left (nor
mally TRIP) position to the 90° location, pull out 
the handle and thereby lock the switch into this 
position. This precludes the possibility of some
one inadvertently closing a circuit-breaker when 
it is desired that it stay in the tripped posi
tion . 

The SliP:Contacts 

Because control switches return to the normal 
vertical position after performing their function, 
the control contacts in these positions open. It 
is often desirable to have alarm or indicator 
contacts stay on and show what the last active 
posi�ion was. The slip-contacts do this. A slip 
coupling is connected to the back of the switch 
shaft; a positive detent mechanism is attached, 
and then one or more slip-contact decks are at
tached to provide this function. The contacts are 
closed when the switch is turned to its commanded 
position, the slip coupling enables the handle to 
return to normal without disturbing the slip
contact decks, and the slip-contacts will only 
open when the switch is turned to the other con
trol pas i tion. 
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THE ELECTRICAL DESIGN 

The series 24 Instrument and Control Switch 
contacts operate on the original, reliable prin
ciple of knife switches--double-sided, double
wiping, spring-wiper blades closing on both sides 
of a terminal. This design is shock-proof and 
·virtually bounce-proof. Figure 3 shows a typical 
contacting arrangement. 

Fig. 3 .  Double-sided, double-w iping 
knife-type contact configuration 

Contact Materials 

The wiper blades are made from a phosphor
bronze alloy with a silver alloy overlay that 
combines superior spring qualities with good elec
trical conductivity. This material and blade 
design has been proven by extensive laboratory 
testing as well as more than thirty years of field 
use and experience. Initially used in rugged 
naval ship applications, it is also used in indus
trial applications such as railroad locomotives 
and earth moving equipment. It has been used for 
more than fifteen years in power industry appli
cations, as well. 

The blades are formed, assembled, and riveted 
nearly closed. The gap is machine adjusted to 
provide a uniform high pressure. The gap does not 
change with time and use. Normal use tends to 
improve the contact surfaces due to the rubbing 
action. This provides a burnishing as well as 
cleaning action. 

The contact surface conductivity is enhanced 
by a silver overlay that lasts the life of the 
unit. This ensures a good contact even in those 
cases where the switch is not operated for long 
periods of time. 

The terminals are made of electrically and 
environmentally compatible copper material with a 
silver overlay at the contact area plus an overall 
silver-plate to ensure a lastingly good contact 
surface for customer wiring purposes. Similarly, 
the terminal screws are made from silver-plated 
brass. 

Contact Deck Arrangements and Contact Charts 

The blade and terminal configurations enable 
the use of multicontacts in the same deck, and 
simple stacking procedures enable the fabrication 
of up to ten decks in one switch. 

Two standard blade configurations are avail
able (shown in Fig. 4 and Fig. 8). Figure 4 
illustrates the most common arrangement whereby 
two separate and independent contacts are provided 



in each deck . This arrangement is used in all 
control switches and any other application of two 
or three positions. Deck l is shown. Terminal 
numbers repeat :or multideck switches. The first 
number indicates the deck number; the second indi
cates the terminal �ocation around the deck. 

For the illustration shown a typical deck is 
used to show contact choice for popular position 
arrangements. Position 2 contact choices should 
not be used in the same deck as position l choices 
because of the overlap of terminals. One position 
1 contact (upper) can be combined with one posi
tion 2 contact (lower), though--and other combina
tions can also be made by a careful choice, avoid
ing using the same terminal number f or "-'-'0 con
tacts. 

' I / 
,,/ 

1� 

Contacts used for 

position 1 

Contacts used for 

position 3 and slip 

contacts from position 2 

Contacts used for 

position 2 

Contacts used for 

position 4 and slip 

contacts from position 4 

F ig . 4. Basic Two Contact Deck Layout 

A typical application using the two contact
per-deck design is illustrated in a contact chart 
arrangement in Figure 5. 

CIRCUIT 
BREAKER 

CONTROL SWITCH 

Handle: Pistol-grip 

UNIVERSAL 
CIRCUIT 

Cat. No. 24580 

BREAKER CONTROL 

TRIP OCLOSE 
PULL-TOQ LOCK 

" CONTACTS u w HANDLE END 0 

I 1 2 0-1 r--1 1--0 I 3 

1 6 0-H----H-o 17 2 2 1 0--1 f----11--0 28 
24 0--1 r--1 1--0 25 

3 33 0-1 r--1 l--03
4 

37 0-1 r--1 f-038 
4 41 0-1 r--1 HJ42 

45 0--i r--1 l-046 
5 52 0-H----j 1--0 53 

56 0-11--i 1-0 57 
6 61 0-11--i l--062 

65 0-11--i 1--0 66 

_J 
f-
_1_, _J ::::l 
0.. 

1 

X 
X 

POSITIONS 

w 
0.. (j) - () 0 a: Cll Cll _J 
f- c c u 

3 from 
2 2 4 4 

X 
X 

X 
X 

X X 
X X 

X X 
X X 

X X 
X X 

Fig. 5. Typical Contact Chart Using Two 
Independent Contacts Per-Deck Design 
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Another useful application for the two con
tact-per-deck design is the double-throw with OFF 
arrangement. A jumper is assembled between "11" 
and "12" and "15" and "16" to provide a common 
input to the adjacent positions. This is illus
trated in Figure 6. 

OFF 1'-i.i ,2 I ; 1/ 

OFF 
1' 1 ,2 ' , ' , ' ; 

OFF 
I 

1., v� 2 
' I ' 

Fig. 6. Double-Throw (with OFF) Configuration 
Two Contact-Per-Deck Design 

A typical contact chart of this double-throw 
with "OFF" arrangement is shown in Figure 7. 

DOUBLE-THROW 
SWITCH 

WITH OFF 

Handle: Oval 

Cat. No. 2421 OB 
(10 deck) 

OFF 
2 

0 

(typical plate) 

" u w 0 

I 

CONTACTS 
HANDLE END 11 � r--1 1--0 18 

12 �1--0 13 15 � r--1 1--0 14 16 �1--017 

POSITIONS 
1 OFF 2 

X 
X 

X 
X 21�1--il-028 �-

2 22 J---11--0 23 J( 25p-l � J( c-r--
X 

X 
X 

X 
X 

X 
X 

Fig. 7. Typical Contact Chart for Double-Throw 
Application Using Two-Contact-Per-Deck 
Design with Optional Strap Jumpers 

The standard tap-switch contact arrangement 
is illustrated in Figure 8. This is very useful 
in meter applications and any other application 
having three or more "ON" positions. The common 
input is to terminal "11" which feeds through an 
integral slip-ring and sequentially connects the 
circuit to the other seven terminals. 

OFF 

' : ; ' ; 

---' "":--,I' 

,' ; '
, 

' 1 
' : ;f( 

__ :¥---,.� I 
', 

; I ' 
I 

I 
' I ; ', I ,' -=�,�-3 
\ �14-

�1 
I , I I 7 I 

' I / ', : ,' ',, : 
// " ; ./ ---)K(--- __ *-___ 6 �--- ---)1{---, . I '' �· I ' �'': '

,. 
/'I ', ; ' ' 5 ,... : ' ,. I � / : ' 

��-�-� w..�� y 
Fig. 8. Typical Tap-Switch Contact Deck Layout 



A contact chart layout of the tap-switch 
arrangement is shown in Figure 9. Up to ten decks 
of this arrangement are available. 

X CONTACTS POSITIONS u -..... HANDLE END ::3 1 2 3 4 5 6 7 c 11 o-
f-H--o12 )( 
f---11---013 )( 

1 f-11-014 )( 
f--- 11---015 )( f---11---016 )( 
f---1 1---017 )( 
L_lj--018 )( 

Fig. 9. Contact Chart Using Tap-Switch 
Contact Design 

The most common use of the tap-switch contact 
arrangement is the metering application . Figure 
10 illustrates a simple wiring diagram of a two 
deck switch to transfer two three-phase systems 
sequentially to one voltmeter. The contact chart 
is the same as Figure 9 except there are two 
decks. The terminal numbers on deck two are the 
same as the first deck except they start with "2 ". 

VOLTMETER 
OFF 

3-1 1-2 
2-3 0 2-3 

1-2 3-� 
OFF 

Handle: Round, knurled 

Cat. No. 2406C 

11 12 13 14 16 17 18 

Fig. 10. l'liring diagram of a typical voltmeter 
transfer switch, 2-30 c kts , � to 0 

The tap-switch arrangement is also very use
ful in ammeter transfer applications. Shorting or 
make-before-break overlapping contacts are used to 
ensure that the CT's are never "open". The se
quence is: 

1. short the CI''s to " ground " 
2. connect the CT to the ammeter 
3 . open the CI' "ground" ( read "amp" ) 
4. reconnect the C':' ':.0 "ground" 
5 . remove t.'le CT from the ammeter 

A typical ammeter transfer switch uses two 
decks. The first deck is like Figure 9 except 
with shorting contacts and the second deck has 
seven shorting contacts and has an open only where 
the first deck is closed. The first deck selects 
the ammeter and the second deck controls the 
grounding of the CT. The deck arrangement is 
shown in Figure ll. 
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·�_,:CS\' .,_
-

-
-, 

17�)14 

16 '�) 

Fig . 11. Typical deck layout of an Ammeter 
Transfer Switch using shorting 
Contacts 

A contact chart and wiring diagram of an 
a m m eter transfer switch used in a three-phase, 

three CT application is illustrated in Figure 12. 

wiring diagram 

AMMETER 11 12 13 14 
2 3 

OFF 0 

typical plate 

Handle: Round Knurled 
Cat . No. 2410C 

*Indicates shorting contacts 

X CONTACTS POSITIONS u "--..... HANDLE END "-- * 1 * 2 * c 0 

"l 1 jf---012 )( )( )( 
-1 �-c 13 )( )( )( 

1 !-014 )( ,,.E 
2 11---022 )( )( )( )( )( 

11---0 23 )( )( )( )( )( 
j--024 )( )( )( )( )( )( 

3 

)( 

)( 
)( 

Fig. 12. k�eter transfer switch, 3¢, 3CT 

Shorting contacts are often shown in another 
manner. For illustration purposes, the contact 
chart of Figure 12 is repeated using this method. 

X CONTACTS POS. u "--..... HANDLE END "-- 1 2 3 c 0 "1: 1 -1 f---0 12 )( 
1---013 )( 

11--D 14 )( 

"E 2 1---022 )( )( )( 
1---023 )( )( )( 

11---024 )( )( )( 
DECKS 1 & 2 SHORTING CONTACTS 

Fig . 13. Alternate method of illustrating 
shorting contacts 



Contact charts, wiring diagrams, and escut
cheon plate engravings for the most common instru
ment and control applications are detailed on 
pages 14 to 20 along with catalog numbers and 
other ordering information. Additionally, the 
design flexibility enables the user to specify 
literally millions of contacting arrangements 
using the standard design and stocked parts to 
exilctly sntisfy his switc hing needs. A "DESIGN 
GUIDE" is included on pages 21 and 22 to aid the 
user in specifying these needs. 

Contact Ratings 

The series 24 Instrument and Control Switch 
has been tested to many different circuit condi
tions. The interrupting ratings are based on 
10,000 operations of life, using suddenly applied 
and removed rated voltctge, with no extensive burn
ing of contacts. Inductive ratings are based on 
tests using standard inductance L/R=0.04 for D C  
and cos0=0.4 f o r  AC. T h e  Interrupting Rating 
column headed "double contacts" means two contacts 
in series. Short-time, and continuous ratings are 
based on temperature rise in contact members and 
supporting parts not exceeding SOOC above ambient. 

TABLE I 

CONTACT RATINGS FOR TWO CONTACTS/DECK DESIGN 

INTERRUPI'IVE RATING (AMPS) SHORT CON-
CONTACT RESISTIVE INDUCTIVE• TIME TINUOUS 
CIRCUIT SINGLE DOUBLE SINGLE DOUBLE RATING RATING 
VOLTS CONTACT CONTACT CONTACI CONTACT (AMPS)•• (AMPS) 
125VDC 5 10 2 5 60 30 
250VDC 3 5 1 2 60 30 
120VAC 20 30 20 30 60 30 
240VAC 15 20 10 15 60 30 
480VAC 7.5 10 5 5 60 30 
600VAC 6 6 5 5 60 30 

TJ\DLE II 

CONTACT RATINGS FOR TAP-SWITCH CONTACT DESIGN 

INTERRUPI'IVE RATING (AMPS) SHORT CON-
CONTACT RESISTIVE INDUCTIVE• TillE TINUOUS 
CIRCUIT SINGLE DOUBLE SINGLE DOUBLE RATING RATING 
VOLTS CONTACT CONTACT CONTACT CONTACT (AMPS)•• (AMPS) 
125VDC 3 5 2 5 60 30 
250VDC 3 3 1 2 60 30 
120VAC 20 25 20 30 60 30 
240VAC 15 20 10 15 60 30 
480VAC 7.5 10 5 5 60 30 
600VAC 6 6 5 5 60 30 

*AC PF • 0.4; DC L/R • 0.04 
••Short time current for one minute 

Circuit-breaker control switches must "make" 
the circuit, but independent means (such as break
er auxiliary contacts) "break" the circuit. In 
these and similar applications, a "make" rating is 
useful (the switch "breaks" on no-load). Make 
ratings are: 95A-l25VDC. 

Allowable Variation from Rated Voltage 

Series 24 Instrument and Control Switches are 
not sensitive to normal variations in voltage. 
The interrupting capacity is important as indi
cated in Table I. Variations of plus and minus 
20% in rated voltage need not be considered as 
long as the interrupting current is not exceeded. 
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VERIFICATION TESTING 

The series 24 Instrument and Control Switch 
has undergone extensive laboratory testing to 
verify its ruggedness and reliability under a 
variety of power industry applications. The most 
important tests include aging since experience 
with similar electro-mechanical devices shows that 
failure will most likely occur after electro
mechanical endurance tests. These aging tests 
accelerate mechanical wear and electrical contact 
erosion and pitting due to arcing. 

The aging tests are conducted in conformance 
·.-�ith the following specifications and standards: 

ANSI/IEEE-STD-323-1984- IEEE Standard for 
Qualifying Class IE Equipme�for-Nu� 
lear Power deneratTrlg-·staEIOils- -- --

IEEE-STD-344-1987-IEEE Recommended Practices 
for Seismic QUalification of Class IE 
EqUipment for Nuclear PowerGener:a"ting 
Stations 

A.'JSI/IEEE C37.90-l978 Standard for Relays and 
Relay Svstems Associated with Electric 
Power Apparatus 

ANSI/IEEE C37.98-1987 Standard for Seismic 
Testing of Relays 

The testing is performed in accordance with 
ESC-STD-1000-General Specifications for Rotary 
Switches and Auxiliary Relays for Utility Applica
tions including Class IE Eauipment Requirements 
for Nuclear Power Generating Stations. The tests 
include ratings evaluation tests, aging tests to 
simulate forty years operating life, and seismic 
tests. 

Aging tests are run in accordance with ANSI
/IEEE-STU-323-1984 and ESC-STD-1000 and co nsist 
of the following (run in sequence): 

l. Visual and mechanical examination 
2. Circuit configuration and operation 
3. Dielectric withstanding voltage -

2200VRMS, 60Hz for one minute 
4. Insulation resistance - 100 megohms 

minimum at SOOVDC 
5. Contact resistance - 10 milliohms 

maximum at rated current 
6. Radiation aging - 10 megarads, co60 gamma 
7. Elevated Humidity - 46 hours at 95% RI! 
8. Temperature rise (contacts) - sooc maximum 

at maximum continuous current rating 
9. Elevated Temperature - 120 hours at 80oc 

10. Aging - 10,000 cycles under electrical load 
11. Seismic vibration - ZPA=5g 
12. After test measurements (in order) -

items 3 (1000 VRMS after aging), 4 , 5 , 8 , 2 , 1 

Details on the background of these tests plus the 
methods and procedures are outlined in ESC-STD-
1000. 



Seismic Tests 

The series 24 Instrument and Control Switch 
is subjected to fragility testing in a seismic 
environment after aging to an accelerated life 
estimated to be forty years. This sequence is 
outlined under Aging Tests. The seismic tests are 
in accordance with IEEE-STD-344-1987 and ANSI
/IEEE C37.98-1987. The test s  are performed in 
accordance 1�ith ESC-STD-1000. Broadband re
peatable multi-frequency input motions are used. 
The Fragility Response Spectrum (FRS) envelopes 
the Standard Response Spectrum (SRS) shown in 
Figure 14 using a b i axial input motion. 
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Fig. 14. Multi-frequency Broadband 
Standard Response Spectrum (SRS) 

ORDERI�G DATA 

Standard Instrument and Control Switches 

The standard series 24 Instrument and Control 
switcC1es are ordered by c atalog :-�umber. Each 
catalog m..:mber identifies a specific swl tch that 
is furnished complete with the contact arrange
ment, t.erminal-to-terminal prewiring, handle, and 
engraved escutcheon plate shown in the description 
that accompanles the switch listing. The listings 
are on pages 15 to 20. Each switch is sup plied 
with complete mounting hardware for panels up to 
3/16 inch thick. The most common circuits are 
stocked for immediate delivery. 

Standard General Purpose Switches 

T he standard tap, transfer, and selector 
switches are ordered b y  catalog nu mbers. Each 
catalog number identifies a specific switch that 
is furnished with an oval handle and a blank 
nameplate. The catalog numbers are listed on 
page s 14 a nd 15. Each switch is supplied with 
complete moun+: ing hard ·ware for panels up to 3/16 
inch thick. T he most common arrangements are 
stocked for immediate delivery. 
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The round-knurled or pistol-grip handles may 
be substituted for the oval handle without affect
ing the availability of the switch since the hand
les are interchangeable. Order by exception, e.g. 
Catalog No. 242058 except with round-knurled hand
le or Cat a log No. 242058 except with pistol-grip 
handle. 

Nameplates are available in four standard 
styles. Generally, the factory will automatically 
supp l y the app r op riate one. When ordering en
graved plates, however, it is important to use the 
correct prefix number and specify engraving. 

PREFIX NAMEPLATE 

Standard 10 
ll 

18 
19 

Removeable handle or 
waterproof-mount 
Standard target 
Target with pull-to
lock . 

Prefix numbers have already been assigned to the 
standard nameplates listed in this bulletin. 

Engra ving for namep late s is available up o n  
request. S tandard engravings are ordered by en
graving code, e.g. Catalog �o. 242058 with engrav
ing 10C-3Bl2 or the engraving code can be shown on 
the DESIGN GUIDE. Standard engravings are listed 
on pages 8 to 13. Engravings different from those 
listed are also available on request. The title 
is limited to fourteen characters and the posi
tions are limited to five characters each. 

The standard engraving codes are broken down 
in two ways to aid in selecting the most appro
priate one, as follows: 

l . There are many common position arrangements 
but with different titles. These are de
tailed on p ages 8 to 11. The position ar
rangements shown are: 

OFF-ON 
MAN-AUTO 
OFF-TEST 
R AISE-LOWER 
LOCAL-REMOTE 
STOP-START 
SUPV-LOCAL 
TRIP-CLOSE 
OPEN-CLOSE 

l-2-3 
LOWER-OFF-RAISE 
AUTO-OFF-MAN 

ON-OFF 
AUTO-MAN 

LOWER-RAISE 
REMOTE-LOCAL 
START-STOP 

CLOSE-OPEN 
l-OFF-2 
RAISE-OFF-LOWER 
MAN-OFF-AUTO 

2. The rest of the standard engravings are list
ed alphabeticall y by title, e.g. A MMETER, 
SYNCHR O S C OP E, etc. These engravings are 
listed on pages 11 to 13. 

Nonstandard Switches 

The mo dular flex ible design feature of the 
series 24 Instrument and Control Switch enables 
literally millions of combinations while utilizing 
only a few standard stocked parts and subassem
blies. These may be specified by filling out the 
DESIGN GUIDE included on pages 21 or 22 or by any 
other means that conveniently conveys the re
quirements to us. Some nonstandards may be: 

panels greater the 3/16 inch thick 



colored handles or nameplates (most colors 
can be made available using epoxy paint) 

a separation barrier for combination nuclear 
class IE and nonclass IE use 
removeable �andles 

pull-to-lock 

special drawing or document control 

waterproof-mount 

A DESIGN GUIDE (see pages 21 and 22) will be 
prepared by an Electro Switch applications engin
eer and a specific crawing number will be assigned 
for customer use and control. The number may be 
one of two types depending on whether the basic 
switch is modified, e.g. 

24205B-001 

24205LE 

Jumpers 

The basic switch is standard, the -
001 is a specific three digit num
ber assi gnment to show what is 
added or changed without affecting 
the basic switch, e.g. we can take 
a stancard or stock switch an d add 
or subtract something to make ��is 
switch. 

There is a modification to the 
basic switch, the uncoded series 
LB, LC, LD, etc. is a specific 
ass ignmen�to show the mod ifica
tion. The switch is fabricated 
special to order. 

Strap jumper s are available for adjacent 
contacts, an d wire and lug assemblies are avail
a b le for other terminal jumpering . The strap 
jumper s  are available in packages of ten or twen
ty-five. The wire and lug assemblies are or dered 
indivi dually. Data is as follows: 

Strap jumpers are silver-plated brass 

CATALOG NO . DESCRIPTION 

020ll-lO-C3 Jumper, adjacent te rmi
nals on the same deck 

0201 1-12-CJ Jumper, same terminal 
location on adjacent deck 

Wire and lug assemblies have #lOAWG wire and 
insulated ring lugs. 

CATALOG NO. 

002012-l 

002012-2 

002012-3 

LENGTH (L) 

3-l/16 "  1 1 
4-1/4''-� -

5-5/8'' �L� 
Engr avings by Standard Position Arrangements 

OFF-ON position arrangement 

Title Engr. Code 

NONE (BLANK) ......... l0D-2X5 
AMMETERS . . . . . . . . . . . . .  10D-2Al3A 
CUTOFF . .. . . ... . . . . . . .  lOD-2CllB 
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OFF-ON position arrangement (continued) 

Title Engr. Code 

(title) 
CUTOUT SWITCH . . . . . . . .  10D-2Cl7E 
CURRENT BALANCE ...... 10D- 2Cl9B 

OFF DC VOLTS . . . .. . . . . . . . .  10D-2Dl2A 
ON ENGINE CONTROL . . . . . . .  10D-2El8 

0 FREQUENCY METER . . . . . .  10D-2Fl9A 
FREQUENCY CONTROL . . . . 10D-2F21 
GROUND RELAY . . . . . . .. . 10D-2Gl6C 
GROUND DETECTOR . . ... . 10D-2Gl9E 
GENERATOR HEATER . . . . .  10D-2G20C 
HEATER CONTROL . . . . . . . 10D-2Hl8 
KVAR METER . . . . . . . . .. . 10D-2Kl4A 
LAMPS . . . . ... . . . . . . .. . 10D-2Ll0 
LOAD SHED . . . . . . ... . . .  l0D-2Ll3 
MAINTENANCE SAFETY . . . 10D-2M22G 
P.F. METER . . .. . . . . . . . 10D-2Pl4 
POWER DISCON�ECT .. . . .  10D-2P20D 
RECLOSER ............. 10D-2Rl3 
REGULATOR . . . . . . . . . . . . 10D-2Rl4 
REMOTE ALARM . . . . . . . . .  10D-2Rl6A 
REGULATOR SW . • . . . . . • .  10D-2Rl6B 
REGULATOR SWITCH . .. .. l0D-2R20E 
RECLOSER CUTOFF . . . . . . l0D-2Rl9B 
RECLOSER CUTOUT ...... l0D-2Rl9 
RECLOSER SWITCH ...... 10D-2Rl9F 
REVERSE POWER RELAY . .  10D-2R22B 
SPACE HEATER . . . . . . . . .  l0D-2Sl6 
SYNCHROSCOPE .. . . . . . . .  10D-2Sl7 
SUPV'Y CONTROL . . .. . . .  10D-2Sl8H 
SUPERVISORY CTL . . . . . .  10D-2Sl9A 
TRIP CUT-OFF ......... 10D-2Tl6A 
TRANSFER TRIP . . . . . . . . l0D-2Tl7C 
TURBINE CONTROL . . . . . .  10D-2Tl9 
VOLTAGE REG . .. . . . . . . .  10D-2Vl5C 
VOLTAGE CONTROL . . . . . .  10D-2Vl9 
VOLTAGE REGULATOR . . . .  10D-2V21 
VOLTMETER ............ 10D-2Vl4 
WATTMETER . . . . . . . . . . . .  l0D-2Wl4 
UNIT PAR ALLEL . . . . . .. .  10D-2Ul7 
VARMETER . • . . . . . . . . . . .  10D-2Vl3 

ON-OFF position arr angement 

(title) Title Engr. Code 

ON 
OFF NONE (BLANK) . • . . . . . . .  l0D-2X5A 

MOTOR CONTROL ... . . . . .  10D-2Ml7H 
0 RECLOSER . . . . . • . . . . . . .  10D-2Rl3C 

REGULATOR . . .. .... . . . .  10D-2Rl4E 

MAN-AUTO position arrangement 

(title) 

MAN 
AUTO 

0 

Title Engr. Code 

NONE (BLANK) . . . . • . . . •  l0D-2X7B 
AUTO MAN . . . . . . . . . . . .. 10D-2Al4 
CONTROL TRANSFER . . . . .  l0D-2C22H 
EXITER CONTROL ....... 10D-2E20B 
MASTER CONTROL . . . . . . .  10D-2M20E 
REGULATOR . . . . . . . . . . . .  10D-2Rl6 
SELECTOR . . . • . • . . . . . . .  lOD-2515 
SYNCHRONIZING • . . . . . . .  10D-2S20E 
TRANSFER SWITCH . . . . . .  10D-2T21E 
VOLTAGE REGULATOR . . . . 10D-2V23C 

AUTO-MAN position arrangement 

(title) Title Engr. Code 

AUTO 
MAN NONE (BLANK) ......... 10D-2X7A 

0 AUTO-MAN SWITCH . . . . . .  10D-2A21E 
CONTROL SWITCH . . . . . .. 10D-2C20C 
EXCITATION ........... 10D-2El7A 
MODE SELECTOR . . . . . . . .  10D-2Ml9D 
PITCH SELECTOR . . . .. . .  10D-2P20 



AUTO-MAN position arrangement (continued) 

(title) 
Tit le Engr. Code 

AUTO SELECTOR . . . . . . . . .. . . .  10D-2Sl5H 
SYNCHRONIZE . . . . . . . . . . 10D-2Sl8F 

0 SYNCHRONIZING ........ l0D-2S20C 
THROTTLE SELECT . . .. . .  l0D-2T21B 
TRANSFER MODE . . . . ... . l0D-2Tl9L 
TRANSFER SWITCH . . . . . . l0D-2T21F 
VOLTAGE CONTROL . . . . .. 10D-2V21A 
VOLTAGE REGULATOR . . . .  10D-2V23 
VOLT. REGULATOR .. . . . . 10D-2V21C 

OFF-TEST position arrangement 

(title) 
Title Engr. Code 

OFF 
NONE (BLANK) ......... 10D-2X7K 

TEST GND TEST SW . . . . . . . . .. 10D-2Gl6D 

0 GROUND FAULT . . . . . . . .. lOD-2Gl8J 
LAMP TEST . . . . . . . . . . . .  1 OD-2Ll5B 
LOAD TEST TRANSFER ... 10D-2L23 
TEST SWITCH ...... . . . . 10D-2Tl7F 

SUPV-LOCAL position arrangement 

(title) Tit le Engr. Code 

SUPV NONE (BLANK) ......... 10D-2X9BL 
LOCAL MASTER CONTROL . . . . . . .  10D-2M22B 

0 SUPERVISORY . . . . . . . . . . 10D-2S20D 
SYNCHRONIZING . . . . . ... 10D-2S22E 
TRANSFER . . . . . . . . . . . .. 10D-2Tl7 

RAISE-LOWER position arrangement 

(title) Title Engr. Code 

NONE (BLANK) ......... lOD-2XlOR 
LOWER ENGINE CONTROL .. . . . . . 10D-2E23 

0 ENGINE SPEED ......... l0D-2E21 
FIELD RHEOSTAT . . .. . . . 10D-2F23A 
FREQUENCY CONTROL . . . . 10D-2F26 
GEN. VOLTS . . . . . . . . .. . 10D-2Gl9B 
GOVERNOR . .... . ... . . . .  10D-2Gl8 
GOVERNOR CONTROL ... . . l0D-2G25A 
GOVERNOR SWITCH ...... 10D-2G24 
LOAD CONTROL . . . . .. . . . 10D-2L21 
MOTOR CONTROL . .. .. . . .  10D-2M22 
PUMP ................. 1 OD-2Pl9B 
POWER SUPPLY . . . . . . . . .  10D-2P21C 
RHEOSTAT CONTROL . . . . .  10D-2R25 
SPEED CONTROL . ... . . . . 10D-2S22 
SPEED ADJUST . . . . . . . . .  10D-2S21B 
VOLTAGE . . . . . . . . . . . • . .  10D-2Vl 7 
VOLTAGE CONTROL .. . . . .  10D-2V24 

RAISE-LOWER position arrangement with target 

(title) 

D RAISE LOWER 

0 

Title Engr. Code 

NONE (BLANK) ......... 18B-2XlOR 
ENGINE CONTROL ....... l8B-2E23 
ENGINE SPEED ......... 18B-2E21 
FREQUENCY CONTROL .... l8B-2F26 
GOVERNOR ............. l8B-2Gl8 
GOVERNOR CONTROL ..... 18B-2G25A 
MOTOR CONTROL ........ l8B-2M22 
PUMP ................. 18B-2Pl9B 
POWER SUPPLY ......... 18B-2P21C 
SPEED CONTROL ........ 18B-2S22 
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RAISE-LOWER position arrangement with target 

(continued) 

(title) 

D 
RAISE LOWER 

0 

Title Engr. Code 

VOLTAGE .............. 18B-2Vl 7 
VOLTAGE CONTROL ...... 18B-2V24 
FREQUENCY CONTROL .... 18B-2F26B 
TURBINE SPEED ........ 18B-2T22L 
TURBINE VOLTAGE ...... 18B-2T24K 
VOLTAGE ADJUST ....... 18B-2V23D 

LOWER-RAISE position arrangement 

\title) Tit le Engr. Code 

LOWER 
NONE (BLANK) . . . ..... . 10D-2Xl OG 

RAISE GOVERNOR . . . . . . . . . . . . .  10D-2Gl8H 

0 GOVERNOR CONTROL . . . . .  10D-2G25 
MOTOR CONTROL . . . . . . . .  10D-2M22A 
VOLTAGE CONTROL . . . . . .  10D-2V24A 
TAP CHANGER CONTROL . . 10D-2T27A 

LOWER-RAISE position arrangement with target 

(title) Title Engr. Code 

D RAISE LOWER 
NONE (BLANK) ......... 18B-2Xl0G 
GOVERNOR ............. 18B-2Gl8H 

0 GOVERNOR CONTROL ..... 18B-2G25 
MOTOR CONTROL ........ 18B-2M22A 
VOLTAGE CONTROL ...... 18B-2V24A 
TAP CHANGER CONTROL .. 18B-2T27A 
ENGINE SPEED ......... 18B-2E21D 
REGULATOR ............ 18B- 2Rl 9L 
SPEED CONTROL . . . . . . .. 18B-2S22AC 
VOLTAGE REGULATOR .... 18B-2V26C 

LOCAL-REMOTE position arrang.�ent 

(title) Title Engr. Code 

LOCAL NONE (BLANK) ..... . . . . lOD-2XllB 
REMOTE BREAKER CONTROL ...... 10D-2B25B 

0 COMPUTER MASTER ...... 10D-2C25A 
ENGINE CONTROL ....... 10D-2E24 
EXCITER CONTROL ...... 10D-2E27 
LOCAL REMOTE SW. . . . . . 1 OD-2L24A 
UNIT OPERATION . . . . . . . l0D-2U24 

REMOTE-LOCAL position arrangement 

(title) 
Title Engr. Code 

REMOTE 
NONE (BLANK) ......... 10D-2Xll 

LOCAL CONTROL SELECTOR SW . .  10D-2C28 

0 MASTER TRANSFER . . . . . . l0D-2M25A 
MODE . . . . . . . . . .. . . . . . . 10D-2Ml5C 
TRIP SW . . . . . . . . . . . . . . l0D-2Tl8D 
TRANSFER SWITCH . . . ... 10D-2T25A 
VALVE ....... . . . ... .. . 10D-2Vl6 

STOP-START position arrangement with target 

(title) Title Engr. Code 

STOP 
D 

START 
NONE (BLA..N'K) ......... 18B-2X9H 
ENGINE ............... 18B-2El5 

0 MOTOR CONTROL ........ 18B-2M21E 
BREAKER CONTROL ...... 18B-2B23H 
MODE CONTROL ......... 18B-3M21C 
OIL PUMP CONTROL ..... 188-2023 



START-STOP position arrangement with target 

(title) 

D START STOP 

0 

Title Engr. Code 

NONE (BLANK) ............ 18B-2X9S 
MOTOR CONTROL ........... 18B-2M21C 
TIME RECORD ............. 18B-2Tl9D 
TURB. MAN. CONT ......... 18B-2T23D 
FEEDER .................. l8B-2Fl5E 
GENERATOR ............... l8B-2Gl8L 
MASTER CONTROL SW ....... l8B-2M24G 

STOP-START & PULL-TO-LOCK position 
arrangement

-
with target 

(title) 

D STOP START 

PULL-TO 0 
LOCK 

Title Engr. Code 

NONE (BLANK) ............ 19C-3Xl9B 
CONTROL SWITCH .......... 19C-3C29K 
BREAKER CONTROL ......... 19C-3B33C 
FIRE PUMP ............... 19C-3F27H 
MOTOR CONTROL ........... l9C-3M31D 

OPEN-CLOSE position arrangement with target 

(title) 
Title Engr. Code 

D 
CLOSE OPEN 

NONE (BLANK) ............ l8B-2X9 
DISCONNECT SWITCH ....... 18B-2D25 

0 GROUNDING SWITCH ........ 18B-2G24A 
LOAD SHED ............... l8B-2Ll7A 
MAN BREAKER CONTROL ..... l8B-2M26 
MOAB CONTROL SWITCH ..... 18B-2M26B 
OCB CONTROL ............. lBB-2019 
SHUT OFF VALVE .......... 18B-2S21G 
SWITCH CONTROL .......... l8B-2S22A 
VALVE CONTROL ........... l8B-2V21G 

TRIP-CLOSE position arrangement with target 

(title) Title Engr. Code 

D THIP CLOSE 
NONE (BLANK) ............ l8B-2X9P 
BREAKER CONTROL ......... l8B-2B23 

0 CKT BKR CONT ............ 18B-2Cl9D 
CONTROL SWITCH .......... l8B-2C22 
CIRCUIT BREAKER ......... 18B-2C23E 
RECLOSER CONTROL ........ l8B-2R24A 

TRIP-CLOSE & PULL-TO-LOCK position 
arrangement

-
with target 

(title) 

D 
TRIP CLOSE 

Title Engr. Code 

NONE (BLANK) ............ 19C-3Xl9A 
BREAKER CONTROL ......... 19C-3B33 
BUS TIE BKR ............. 19C-3B28B 
I. D. FAN ............... l9C-3D26A 
MAIN OIL PUMP ........... l9C-3M30J 
STANDBY OIL PUMP ........ 19C-3S33A 
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1-2-3 position arrangement 

(title) Title Engr. Code 

NONE (BLANK) ........... 10C-3X3A 
AMMETER ................ lOC-3AlOA 

0 AMMETER-VOLTMETER ...... 10C-3Al9 
VOLTMETER .............. l0C-3Vl2 

l-OFF-2 position arrangement 

(title) Title Engr. Code 

OFF NONE (BLANK) ........... 10C-3X5 
AMMETER ................ l0C-3Al2A 

0 BATTERY ............. . · . l0C-3Bl2 
FREQUENCY .............. l0C-3Fl4 
FREQUENCY METER ........ l0C-3Fl9 
STANDBY UNIT ........... l0C-3Sl6E 
SYNCHRONIZING .......... l0C-3Sl8 
UNIT CO"JTROL ........... l0C-3Ul6B 
VOLTMETER .............. l0C-3Vl4 

LOWER-OFF-RAISE position arrangement 

(title) 

OFC 

LOWER RAISE 

0 

Title Engr. Code 

NONE(BLANK) . . . . . . . . . .  · .  l0C-3Xl3AL 
FREQUENCY ADJUSTER ..... 10C-3F26B 
GOVERNOR CONTROL ....... l0C-3G28D 
SPEED CONTROL .......... 10C-3S25L 
TAP CHANGER ............ 1 OC-3T2 3B 
VOLTAGE CONTROL ........ l0C-3V27C 

RAISE-OFF-LOWER position arrangement 

(title) Title Engr. Code 

OFF NONE (BLANK) ........... l0C-3Xl3G 
RAISE LOWER GOVERNOR ............... 10C-3G2l 

0 GOVERNOR CONTROL ....... l0C-3G28A 
GOVERNOR SPEED ......... l0C-3G27 
GOVERNOR SPEED CONTROL. 10C-3G33 
MOTOR CONTROL .......... 10C-3M25 
UNIT SPEED ............. 10C-3U22 
VOLTAGE ................ l0C-3V20C 

AUTO-OFF-MAN position arrangement 

(title) 

OFF 
AUTO MAN 

0 

Title Engr. Code 

NONE (BLANK) ........... lOC-3XlOE 
BRAKE CONTROL .......... l0C-3B22E 
CONTROL SWITCH ......... 10C-3C23 
ENGINE CONTROL ......... l0C-3E23 
EXCITATION ............. l0C-3E20A 
EXCITATION SWITCH ...... l0C-3E26C 
MODE SELECTOR .......... l0C-3M22B 
REGULATOR .............. 10C-3Rl9 



AUTO-OFF-MAN po s i tion arrangement ( cont inued ) 

(tit le)  Title Engr . Cod e 

OFF SYNCHRON I Z ING . . . . . . . . l 0C-3S23D 
AUTO SYNCHROSCOPE . . . . . . . . . l 0C-3S22B 

0 SYNCH. SELECTOR . . . . . . l 0C-3S24D 
START-UP MODE . . . . . . . . l 0C-3S22F 
VOLTAGE CONTROL . . . . . . l 0C-3V24 
VOLTAGE REGULATOR . . . . l 0C-3V26A 

MAN -OFF -AUTO position arrangem ent 

(tit le) 

O F '  
MAN AUTO 

0 

T i tle Engr. Cod e 

NONE ( BLANK) . . ... . . . .  l Q C-3 X l OA 
ACTUATOR F I RING . . . . . .  l 0C-3A24 
BREAKER CONTROL . . . . . . l 0C-3B24 
ENGINE . . . . . . . . . . . . . . . l 0C-3E l 6  
ENGINE CONTROL . . . . . . . l 0C-3E23A 
E XCI TATION . . . . . . . . . . . l 0C-3E20 
FUEL TRANSF E R  . . . . . . . . l0C-3F22 
MODE SELECTOR . . . . . . . .  l0C-3M22 
REGULATOR . . . . . . . . . . . . l OC-3 Rl 9A 
SYNCH . MODE . .. . . . . . . .  l Q C-3519 
SYNCHRON I ZE . . . . . . . . . . l0C-3S2l 
SYNCHROSCOPE . . . . . . . . .  l 0C-3S2 2A 
VOLTAGE REGULATOR . . . . l 0C-3V26 

Standard Nameplate Engravings Listed by Tit l e  

A I R  P R E H EATER 

OFF 

AUTO RUN 

0 

Code 1 OC-3A22A 

A M M E T E R  

B 
A C 

0 

Code 1 OC-3A 1 0 0 

AMMETER 

O F F  

0 
3 

Code 1 0 0-4A1 3 

AMMETER 

OFF 
A 

0 B 

c 

Code 1 0 0-4A1 3 0  

A L A R M  BYPASS 

NORM 

BYPASS 

0 

Code 1 00-2A2 1 

AMMETER 

2 

OFF 0 

Code 1 0C-3A 1 2 C  

AMMETER 

3 

0 4 

Co'de 1 OC-4A 1 1  

A M M E T E R  

0 4 

5 

Code 1 0 E-5A 1 2 

A M M E T E R  SCALE 

LOW 
HIGH 

0 

Code 1 00-2A 1 9 F  

AMMETER 

3 
OFF 0 

Code 1 OC-4A 1 3  

AMMETER 

B A c 

O F F  0 

Code 1 OC-4A 1 3 0 

AMMETER 

OFF OFF 

0 3 

Code 1 OC-5A 1 6  

l l  

Standard Nam ep late Engravings Liste���i t l� 

AMMETER 

OFF 

O F F  0 O F F  

Code 1 O F. - 6A 1 9  

AMMETER 

O F F  0 4 

6 
Code 1 0 E - 7 A 1 6 

A M M E T E R  V O LT M E T E R  

O F F  O F F  

0 3 

Code 1 OC-5A26 

B O l l E R  L E A D  

OFF 

0 
3 

Code 1 0 0-48 1 6  

B R E A K E R  RESET 

AUTO 
RESET 

0 

Code 1 0 0 - 2 82 1 A 

C O N T R O L  SWITCH 

STOP 
O F F  R U N  

0 

Code 1 OC-3C23 8  

D I ESEL M O D E  

A U T O  

O F F  MAN 

0 

Code 1 OC-3020 

D I F F E RENTIAL C U T O U T  

O N  

TEST 

0 O F F  

Code 1 00-3 02 7 

AMMETER 

OFF 

2 3 

O F F  0 O F F  

4 

Code 1 OE-7 A20 

A M M ET E R  

OF F  

0 
5 3 

4 
Code 1 OE-8A 1 7 

A M M E T E R  V O LTMETER 

O F F  0 4 

Code 1 OC-5A24 

B R E A K E R  C O N T R O L  

T R I P  

0 

Code 1 0 0-1 8 1 8  

B U S  S E L E C T O R  SWITCH 

BUS 1 
BUS 2 

0 

Code 1 0 0-2 81 8 0  

CONT R O L  SWITCH 

NORM 

AUTO MAN 

0 

Code 1 OC-3C24F 

D I E S E L  START 

NORMAL 

START 

0 

Code 1 0 0-2022 

O I F F  R E LAY CUTO F F  

ON 

TEST 

O F F  0 

Code 1 OC-3025A 

A M M E T E R  

OFF 

0 
3 

Code 1 0 E-7A1 6A 

A M M E T E R  VOLTMETER 

3 

OFF 0 

Code 1 OC-4A23C 

A N N U N C I AT O R  

O P E R  

TEST 

0 

Code 1 00-2A 1 9 

B R E A K E R  C O NTR O L  

�DAM 
TRIP CLOSE 

0 

Code 1 OC-382 7 C  

C A R R I E R  R E LA Y  

R E C  NORM 

OFF 0 SEND 

Code 1 OC-4C27 

C O N T R O L  SWITCH 

NEUT 
STOP STAAT 

0 

Code 1 OC-3C2 6 E  

D I F F E R ENTIAL 

NORMAL 
CUTO F F  

0 

Code 1 00-2 024 

D O O R  

OFF 
OPEN CLOSE 

0 

Code 1 0C-3 0 1 6 



Standard Namep late E ngrav ings List ed by Tit l e  

D O O R  

AUTO 

OPEN CLOSE 

0 

Code 1 0C- 3 D 1 7A 

ENGINE  CONTROl 

O F F  RUN 

0 

Code 1 OC-3 E24A 

E !'-; G I N E  CONTROL 

O F F 
T E S T  

0 � A N  

AUTO 

Code 1 OD-4E27 

F R EQUENCY 

O F F  
GEN B U S  

0 

Code 1 OC-3 F 1 8  

FREQUENCY METER 

G E .'\1 1 

BUS GEN 2 

O F F  0 

Code 1 OC-4F28 

F R EQUENCY METER 

GEN 2 

GEN 1 GEN 3 

O F F  0 GEN 4 

Code 1 OC-5 F33 

G O V E R N O R  C O N T R O L  

NOR r...' 

AAISE LOWER 

0 

Code 1 OC-3G 29A 

K W / K V A R  SWITCH 

KW 

KVAR 

0 

Code 1 0D-2 K 1 9 

LUBE P U M P  

O F F  

HAND AUTO 

0 

Code 1 0C - 3 L 1 9 

E M E R G .  S H U T  DOWN 

0 
EMEAG 

'STOP 

Code 1 0 D- 1 E24 

E N G IN E  CONT R O l  

O F F  

START 

0 RUN 

Code 1 0 D-3 E24C 

ENGINE SELECTOR 

4UT0 
STOP RUN 

0 

Code 1 OC-3E25A 

F REQUENCY METER 

O F F  

GEN BUS 

0 

Code 1 OC-3F23 

F R EQUENCY M E T E R  

GEN 2 

GEN 1 GEN 3 

OFF 0 

Code 1 OC-4F29 

F U E L  SELECTOR 

G A S  

L I Q U I D  

0 

Code 1 0 D-2 F2 1 J 

G O V E R N O R  TRANSFER 

OFF 
TEST MAN 

AUTO 0 

Code 1 OC-4G3 1  

L E A D  B O I L E R  

OFF  

0 

Code 1 0 D- 4 L 1 6 

M A N U A L  O I L  PUMP 

O F F  

PUMP AUTO 

0 

Code 1 OC-3M24C 

E N G I N E  

STOP 

RUN 

0 

Code 1 OD-2 E 1 3A 

f N G I N E  CONTROL 
r�ORM 

STOP START 

0 

Code 1 OC-3E26B 

F A U l T  SElECTOR 

B 
A c 

0 G 

Code 1 OC-4 F 1  7 

FREQUENCY METER 

O F F  

0 
3 

Code 1 OD-4F20 

FREQUENCY METER 

GEN 2 

GEN 1 GEN J 

O F F  0 sus 

Code 1 OC-5F32 

G O V E R N O R  

NORM 

LOWER RAISE 

0 

Code 1 OC-3G22A 

G R O U N D  FAULT S E L E C T O R  

O F F  

A G  

0 BG 

CG 

Code 1 OD-4G28 

LEAD P U M P  SELECTOR 

0 

Code 1 0 D-2 L1 8C 

MASTER C O N T R O L  

O F F  
AUTO TEST 

0 

Code 1 OC-3M24 

12 

Standard Narne��E n<;£_ra:r�l:!.� s L i s t ed by T i t l e  

MASTER SWITCH 

O F F  

HAND AUTO 

0 

Code 1 OC-3M23C 

M O D E  SELECTOR 

O F F  

A U T O  

NORM 

0 EMERG 

Code 1 OC-4 M28 

M O D E  SWITCH 

AUTO 
MAN RESET 

STOP 0 

Code 1 OC-4M26C 

MOTO R CO NTROL 

AUTO 

STOP STAAT 

0 

Code 1 OC-3 M 2 5 C  

OPE RATION S ELECTO R 

AUTO 

MAN TEST 

O F F  0 

Code 1 0C-40 3 1  

PHASE F AULT SELECTO R 
OFF  

A B  

0 BC 

CA 
Code 1 0 D-4P27A 

PUMP CONTROL 

MAN 
OFF AUTO 

0 

Code 1 0C - 3 P 2 1  

PUMP SEQUENCE SELECTOR 

0 
6 4 

5 

3 

Code 1 OE-6P26 

R E C O R D E R  

O F F  

RECORD 

0 

Code 1 O D -2 R 1 7 C  

M O D E  SELECTOR 

O F F  

RUN EMERG 

0 

Code 1 OC-3M22F 

MODE SELECTOR 

LOCAL 

LOCKOUT REMOTE 

0 

Code 1 OC-3M30G 

MOTOR CONTROL 
STOP 

FOR REV 

0 

Code 1 OC-3M22A 

M O T O R  CONTROL 

NORMAL 

RAISE LOWER 

0 

Code 1 OC-3 M28 

PARALLELING SW 

NORM 

AAL 

0 

Code 1 OD-2 P20E 

PHI\SE SELECTOR 

4 

0 

Code 1 OC-4P1 7 A 

PUMP SELECTOR 

1 -2 2-1 

0 

Code 1 OD-2P1 8 A  

RAM 

AUTO 

UP DOWN 

0 

Code 1 0C-3 R 1 3  

R E C O R D E R  

NORMAL 

SERVICE 

0 

Code 1 0 D - 2 R 2 1  E 

M O D E  SELECTOR 

LOCAL 

REMOTE TEST 
0 

Code 1 OC-3M27 

MODE SELECTOR 

AESET 
LOAD O I L  

0 GAS 

Code 1 OC-4M27C 

MOTOR CONTROL 
N E U T  

STOP STA RT 

0 

Code 1 OC-3M25A 

MOTOR CONTROL 

AUTO 

STOP START 

PULL-TO 0 
LOCK 

Code 1 OC-4M35 

P .  F . METER 

OFF 

G1 

0 

Code 1 OC-3 P 1 6C 

PILOT W I R E  

STBY 

NORM 

0 

Code 1 0D-2P1 7D 

PUMP SEQUENCE 

2-3-1 

1 -3-2 2-1 -3 

1 -2-3 0 3-1-2 

3-2-1 
Code 1 OE-6 P42A 

RI\M 

O F F  

U P  FLOAT 

0 DOWN 

Code 1 OC-4R 1 7 

REGULATOR 

DROOP 

I SOC 

0 

Code 1 0D-2 R 1 8A 



S tandard Nameplate Engrav ings L i s ted by Ti t l e  

R E G ULATO R C O N T R O L  

T E S T  

O F F  ON 

0 

Code 1 OC-3 R 2 5  

SELECTOR SWITCH 

O F F  

A U T O  T E ST 

0 

Code 1 0C - 3 5 2 5 H  

S E L E C T O R  SWITCH 

O F F  

C R A N K  A U T O  

0 TEST 

Code 1 OC-4530 

S E Q U E N C E  S E L E CT O R  

2-3-1 

1 -2-3 3 - 1 - 2  

0 

Code 1 OC-3 5 3 1  

SPE E O  C O NT R O L  

0 3 

Code 1 O D - 5 5 1 7A 

SYNCH R O N I Z I N G  

O F F  

AUTO MAN 

0 

Code 1 OC-35230 

SY N CH R O SCOPE 

GE'\ 2 

G E N I G E N J 

O F F  0 

Code 1 OC-4526 

T E M PE R AT U R E  TEST 

N O R M  

TEST 

0 

Code 1 OC-2T23 

T E M P  M E T E R  

O F F  

T E ST 

0 
1 

3 
Code 1 OD-5 T 1 9 

R E G U LATOR M O D E  

D I F F  

DROOP 

0 

Code 1 OD-2 R22C 

S E L E CT O R  SWITCH 

O F F  

M A N  A U T O  

0 TEST 

Code 1 OC-4528 

S E L E CTOR SWITCH 

0 

Code 1 O E-6520 

S O U R C E  S E L E CTO R 

L I "' E  1 

L I N E 2 

0 

Code 1 OD-2524 

S Y N C H  SWITCH 

O F F  

G E N  1 G E ·..,_ 2 

0 

Cc.de 1 OC-3 5 2 2 K  

SYN C H R O SCOPE 

R 

0 

Code 1 OC-25 1 4 

SY N C H ROSCOPE 

G E N  2 

GEN 1 GEN 3 

O F F  0 GEN 4 

Code 1 OC-55 3 1  

TEMP M E T E R  

T E ST 

0 

Code 1 0 D -4T1 6 

T E M P  M E T E R  

0 

Code 1 OE-6T1 6 

R E LAY B Y PASS 

AUTO 

COMM B A E R G  

0 

Code 1 OC-3R24A 

S E L E CT O R  SWITCH 

OH 

AUTO MAN 

T EST 0 

Code 1 OC-4528 8  

S E L E CTOR SWITCH 

OFF 

0 
4 

Code 1 O E - 7 5 2 3  

S P E E D  C O N T R O L  

I SOCHA DROOP 

0 

Code 1 OB-2523 

SYN C H R O N I Z E R  

M A N  lE ST 

0 AUTO 

Code 1 OC-4526A 

SYN C H R OSCOPE 

O F F  

G E N  1 G E N  2 

0 

Code 1 OC-35238 

SYSTEM ISOLATION 

C L O S E D  

O P E N  

0 

Code 1 O D - 2 525A 

T E M P  M E T E R  

OFF  
TEST 

0 

Code 1 OD-4T 1 9A 

TEMP M E T E R  

T E S T  

0 
3 

Code 1 OE-6T1 9 13 

T E M P  M E T E R  

OFF 

T E S T  

0 

Code 1 O E -6T2 1 

TEMP METER 
O F F  6 T E S T  

0 

Code 1 O E -8T23 

TEST SWITCH 

NORM 

TEST 1 TEST 2 

0 

Code 1 OC-3T24B 

T U R B I N E  CONT R O L  

AUTO 

R ESE T M A N  

O F F  0 

Code 1 OC-4T29C 

V O LTAGE REG 

U N I T  

P A R A  

0 

Code 1 OD-2V 1 9A 

V O LTM E T E R  

OFF 0 

Code 1 OC-4V 1 5A 

V O L  T M E T E A  

O F F  0 

Code 1 0C-4V2 1 A  

V O L  T M E H R  

O F F  
1 - 2  

2-3 0 
3 - 1 3 

Code 1 O E - 7V24 

WATTM E T E R  

w 
A V A  

0 

Code 1 O D-2W 1 3 

TEMP M E T E R  

T E S T  

0 
3 

Code 1 0 E-7T20 

T E S T  S E L E C T O R  

O F F  

A U T O  

0 

Code 1 OD-2T1 9K 

TEST TRANSFE R 

N O R M  

TEST 

0 

Code 1 OD-2T20A 

V A L V E  CONTROL 

AUTO 

CLOSE OPEN 

0 

Code 1 OC-3V2 5 B  

VOLTM E T E R  

2-3 

1 -2 3-1  
0 

Code 1 0C-3V 1 8  

VOLTMETER 

B A c 
O F F  0 

Code 1 OC-4V 1 5 D  

V O LTMETER 

O F F  
1 -2 

0 2-3 

3-1 
BUS 

Code 1 OD-5V24A 

VOLTMETER 

A - 8  A 

8-C 0 8 
C-A c 

Code 1 O E - 7V24A 

WATTM E T E R  

O F F  

A V A  

0 

Code 1 OC-3W1 6 

T E M P  M E T E R  

TEST 

6 0 

Code 1 OE-8T20 

TEST SWITCH 

NORM 

TEST 

0 

Code 1 OD-2T1 8A 

TRANSFER T R I P  

NORM 

BYPASS 

0 

Code 1 0D-2T22F 

VOLTAGE 

LOW 

H I G H  

0 

Code 1 OD-2V1 4G 

V O L T M E T E R  

O F F  

GEN BUS T I E  

0 

Code 1 OC-3V 2 1  

V O LT M E T E R  

2-3 
1 -2 3 - 1  

O F F  0 

Code 1 OC-4V2 1 

V O LT M E T E R  

1 -2 

2-3 0 
3-1 

Code 1 O E -6V2 1 

VOLTM E T E R  

O F F  

1 - 2  

2 - 3  0 
3-1 3 

O F F  

C o d e  1 0E-8V27A 

WATTMETER 

3 

O F F  0 

Code 1 OC-4W1 5 



D E T E N T  ACT I O N  R O TA R Y  SW I T C H E S  

D ESC R I PT I O N  S TO P S  

O F F - ON 
0 1 SW ITCH v 1 & 7 

S I NG LE-THROW 

DOUB L E  

THROW 1 

v 2 SWITCH 1 & 7 
( N O  O F F )  

DOU B L E  

THROW 1 ° 2 SW ITCH � 2 & 7  
(WITH O F F )  

C O NTACT I N G  A N D  W I R I N G  D I AG R A M S  

This f irst deck is shown. Contacting i s  
identical for a l l  decks. The contact 
n u m ber changes. The fi rst digit is the 
deck number;  e.g. 1 1  is deck _l, .?_ 1  i s  
deck �. etc. 

I 

:.: POS. I 1 1 ' 1 1 I � CONTACTS �)ON c 

1 120-ir H-0 13 � L� ' 1 1 I 
16 0-i f---H-D 1 7  POl [ ? ' 

:.: POS. l " rJ I 15 t 11 J � CONTACTS ' 1 2 ' Q ' 

c>----0 , � 
IJUT INtT 

120-i f- x ' 

1 "-013 I 

c "-0
15 � ' 

160-H - � ON . CN 2 ! ON l ON 1 
-I HJ I 7 POLl I POLE 2 

I 

:.: POS. I " � IT' � "I � CONTACTS 1 0 2 c 

� 1 1�)-- � -0 18 
INPt "JIT 

r--)C 1 12 r1 c-D I3  15�HHJI4 � 16 f-1'-<J 17 r--)C ON I 

f'OlE l 
ON ON I ON 1 P0Ll 2 

Order the jumpers for th is arrange-
ment separately  ( 2  per deck P/N 
0201 1 · 1 0) 

CATA LOG N U M B E R S  

The cata log numbers a re for 
u n iversal switches that pro· 
v ide a l l  contacti ng shown. 
Oval handle  sup pi ied. 

To l im it switches to positions 
shown put l imit  screws i n  
h oles i n  rear stop pl ate shown 
as "STOPS". 

Decks Catalog Numbers inches* 

1 24201 8 2.4 
2 242028 2.9 
3 242038 3.6 
4 242048 4.3 
5 242058 4.8 
6 242068 5.4 
7 242078 6 .2 
8 242088 6.6 
9 242098 7.4 

1 0  242 1 0 8  8.0 

*depth beh i nd panel 

M O M E N TARY (spr i n g - return) ACT I O N  R OTARY S W I TC H E S  

D ESCR I PT I O N  STOPS 

O F F - ON 
0 SWI TCH 

SINGLE-THROW 
v1 1 & 7 

DOU B L E  

THROW 1 
v
2 SWITCH 1 & 7 

(NO O F F )  

DOU B L E  

THROW 0 
SW ITCH 1w2 2 & 7  

(WITH O F F )  

C O NTACT I N G  A N D  W I R I N G  D I A G R A M S  

:.: 
� 
Q 

This fi rst deck is shown. Contacting is 
identical for al l  decks. The contact 
n u m ber changes. The fi rst dig it  i s  the 
deck number;  e.g. 1 1  is deck 1, 21 is 
deck 2, etc. 

- - -

I 

:.: POS. l r ! I ! r � CONTACTS �)ON Q ' 

1 12 0-1 H f-0  13 � t[� ' L� I 16 0-i r-1 r-o n  
' 

:.: POS. I" r " I 15 t 11 � CONTACTS ' 
1 2 ' Q ' o-e:)-011 � r,c INLT JUT 12 I 

1 r-o l3 ' ' 
�I-DIS � I 

16 r,c ON I ON 2 1 ON I ON 2 
1 1-0 1 7  P[ll[ 1 POLE 2 

' 
POS. l " � ll l \� � 17 CONTACTS 1 :=; 2 

� "C:i-j f-018 

1 12 c--H-o 1 3 f-� IN}U T  1 IN}UT 

J 

l 

1 5t: HI-DI4 � f-� DN I ON 2 ON � ON 2 16 H f-<:> 17 POtE J P0LE 2 

Order the jumpers for th is  arrange· 
ment separate ly  (2  per deck P/N 
020 1 1 · 1 0) 

1 4  

CATALOG N U M B E R S  

The catal og num bers are for 
un iversal switches that pro
vide a l l  contacti n g  shown. 
Oval handle supplied. 

To l i m i t  switches to positions 
shown put l imit screws in 
holes i n  rear stop pl ate shown 
as "STOPS". 

Decks Catalog Numbers inches * 

1 7420 1 8  2.4 
2 742028 2.9 
3 742038 3.6 
4 742048 4.3 
5 742058 5.3 

*depth behind panel 



D ES C R I PT I O N  

TR I P L E-TH R OW 

SW ITCH 

(with off) 

4-TH R OW SW I TC H  

(with off) 

�' 3 

0 

�
2 

4 

0 
5-TH ROW SWI TC H  ¥, 

(w ith off) 2 
5 3 4 

6-TH ROW SWI TCH *'0 1 
(with off) 6 2 

5 3 4 

7-TH ROW SWI TCH *0 

( with off) 6 2 
5 3 4 

ROTARY TAP SWITCH ES 

S T O PS 

1 & 5 

1 & 4 

1 & 3 

1 & 2 

none 

C O NT A CT I N G A N D  W I R I N G D I AG R A M S  

T h i s  f i rst deck is shown. Contacti ng i s  
identical for  a l l  decks. The contact 
n u m ber  cha nges. The fi rst digit  is the 
deck n u m ber;  e.g. 1 1  i s  deck .!_, �1 i s  
deck �, etc. 

-

"' 
� 0 

1 

POS I T IONS 
CONTACTS 

0 1 2 3 4 5 6 
1 1 0-

r-H-Z• t2  )( 
r---H-D \ 3  )( 
r- lf-D I 4  )( 
r- H-O  1 5  )( [--H-o 16 )( f---H-0 1 7  � f-0 1 8 

li 11 T 14 T 16 T I� I ,J, 
T 
J I I 
oN 2 oJ 4 o! & 

ON l ON 3 ON 5 ON I 

)( 

7 

)( 

CATALOG N U M B ER S  

The catalog numbers are for 
u n iversal switches that pro· 
v ide a l l  contacting shown. 
Oval handle suppl ied. 

To l im it  switches to positions 
shown pu t l i m i t  screws in 
holes i n  rear stop plate shown 
as "STOPS". 

Dec k s  Catalog N u m bers i n che s *  

1 2430 1 8 2.4 
2 243028 2.9 
3 243038 3.6 
4 243048 4.3 
5 2430 5 8  4 .8 
6 243068 5.4 
7 243078 6 .2 
8 243088 6.6 
9 243098 7.4 

1 0  2431 0 8  8 . 0  

*depth beh ind panel 

ROTARY SWITC H ES for I NSTRU M ENT and CONTROL 

A P P L I C AT I O N  E S C U TC H EO N  

V O LT M E T E R  VOLTMETER 
T R A N S F E R  S W I T C H  

OFF 
2 w�re S 1 n gle phase or d c ON 
Double pole s 1 ngle t n row 

0 
Handle Round . k n urled 

Cat. No. 240 1 C 

Depth beh i n d  panel  - 2.4 Code 1 OD-2V 1 4  

V O LT M ET E R  
TRANSFER & W I T C H  VOLTMETER 

4 -wtre.  Two phase or OFF 
two separate d-e c t rcui ts  1 2 
Dou b l e - pole double-t h row 0 
Handle :  Round. k n u rled 

Cat . N o .  2402C 

Depth be h i n d  pa ne l - 2.4 Code 1 OC-3V 1 4 

V O L T M E T E R  
TRA.NSFER S W I T C H  VOLTMETER 

3 phase. phase to neutral 2 
Double-pole tr �p le  til row 1 3 
Handle: Round. knurled OFF 0 
Cat.  N o .  2403C 

Depth beh i n d  panel - 2 .9 
Code 1 OC-4V 1 5A 

V O LT M E T E R  
T R A N 8 f' E R  SWITCH VOLTMETER 

3 phase. phase to-phase 2-3 
Double- pole t r � ple-throw 1 -2 3-1 
Handle: Round. k n u rled OFF 0 
Cat.  N o .  2404C 

Depth beh i n d  panel - 2.9 
Code 1 0C-4V2 1  

C O N T A CT I N G 

"' POS. u CONTACTS :: IY< c: 

1 12 o-n · ·----() 13 � 16 C>---i � - � ,_  .... :; 1 7 

"' POS � CONTACTS 
I I �  0 

1 1  , . ,  . �· 1 8  � 1 1---12 '_)- � ' - ' r·--:' 1 3  
1 5  J- --<  • - ' �  .� , 4 � 1---16 ' ·� .  - - l '  -o 1 7 

� POS u CONTACTS I 0 

$ � 

1 l :� ·' " " 
2 1 (}-----, 

2 ��>--0 22 [ · �-on 
· • >--0 }4 

� u CONTACTS 
0 

" '1 1 < H) "  

K: > J 
L - • r -0  14 

' '1 2 - I-C·22 
'--'2·2] 

- < r--(:: 24 

1 5  

r-x� 
POS 

I � f.-+--- X 
X 

1-----,c H= X 
X 

z 

)( 
)( 

A N D  W I R I N G D I A G R A M S  

tl 
lr ¥ 16 T l 

8 I 
CL 

@lr � 

1 3 14 � 17 
J 

r;-- I 
�' 
() 
U': 

� �  � 11 22 2J 14 � T l 
·� 
cs 

11 12 13 14 �"';v cu f-e """"� cu � u� � �  � 
'nnocn!ooooo -
� 

-, ,  m (i'; 
0 



ROTA RY SWITC H ES lor I NSTRU M ENT and CONTROL 

A P P L I CATI O N  ESCUTC H EON CONTACT I N G  AND W I R I N G  D I A G R A M S  

CONTACTS POSITIONS 
V O L T M E T E R  Q � �- • .  c 1 1 > 1  J 

TRANSFER SWITCH VOLTMETER l cu � �1._; ,::._:; ' j--C Q I( 
3 -phase, phase-to-phase OFF 1 

__,�-o 13 I( 

� � 23 " :Ju and phase-to-neutral 1-2 1 CO "  I( --•ro•6 I( 
Double-pole six-throw f-0 17 I( 2-3 0 2 f-018 I( 
Handle: Round, knu rled ··� I 

3-1 3 -on I( CD '-023 I( 
Cat .  No.  2405C 2 -<>2< I( J 

ro26 I( 8 
Depth beh i n d  panel - 2.9 Code 1 O E-7V24 f-027 I( 

f-028 I( 

CONTACTS POSITIONS 
V O L T M E T E R  Q = 1. :: ;; er-- r • c 

, .•• f-· " TRANSFER SWITCH VOLTMETER I( �rZ_U �� 6-wire. Two 3-phase f-::::: I( cu OFF 1 I( 
c i rcuits; phase-to-phase 3•1 1·2 f-if">6 I( �� u"'i· t}'-: 
Double-pole six-throw I( 

2·3 0 2-3 1 -o  I( 
r-::1 Handle: Round, k n urled "'1- · f--022 I( 1 

1•2 3·1 >--· f--023 I( (i). � Cat. N o .  2406C OFF 2 Era" I( 
t-c26 I( J 
CC27 I( 

Depth beh i nd panel - 2.9 Code 1 OE-8V33 t-c28 I( 

"' POSITIONS 
A M M E T E R  � CONTACTS , .. 2 * 3 Q � � �  TRANSFER &WITCH AMMETER 

C0: n o-t 3-phase, 2 3 1 d--D 13 )( )(  )( )(  � 23 2!)" 
two current-transformers 1 )( )(  )( )(  --c c-0 14 
Handle: Round, knurled 0 2 21 01: 

K> 2 3  )( )(  1 
Cat. N o .  2407C )( )(  1 K> 24 1 

J 
Depth beh i n d  panel - 2.9 Code 1 OC-3A 1 OA * denotes make-before-break "'= 

"' POSITIONS 
A M M ET E R  � CONTACTS *' 1 * ? * l �1 ��  AMMETER Q � 

C0: TRANSFER SWITCH 

2 n o-t f 2!1 3-phase, 1 3 1 c-0 13 )( )(  )( )(  )( � two cu rrent-transformers ---< c-0 1 4  )( )(  )( )(  
Handle: Round, knurled 

OFF 0 21 ot 2 1 K> 23 )( )(  )( )(  1 
Cat. N o. 2408C )( )(  )( )(  1 K> 24 

J 

Depth beh i nd panel - 2.9 Code 1 OC-4A 1 3 * denotes make-before-break 
� 

"' POSITIONS � CONTACTS 2 * 3 
A M M ET E R  Q 1 * � � � � TRANSFER &WITCH 

AMMI!TI!R 1 1 0-L 

� 

2 1 < c-0 1 2  )( )(  � 7 2!)" ·!T 3-phase, 1 3 I I D 13 )( )( )(  
three current-transformers -If-() 14 )( )(  
Handle: Round, knurled 0 2

1 0�Kl22 
..J I 

2 )( )( )( )( 
Cat. N o .  2409C '-023 )( )(  )( )(  \.')' 

L-1 ---<:'l 24 )( )(  )( )(  � "'=  
Depth beh i nd panel - 2.9 Code 1 OC-3A 1 OA 

* denotes make-before-break 

� CONTACTS 
POSITIONS 

A M M ET E R  Q 0 * 1 * 2 * 3 
TRANSFER SWITCH AMMETER 

"1 � � � � �  2 1 -- j c-0 1 2  )( )(  )( 3 -phase, 1 3 n --o 13 )( )(  )( �12�2� 
t h ree current-transformers 

""' 14 )( )(  
Handle: Round , knurled OFF 0 21

0�Kl22 ..J 
2 )( )(  )( )( )( )( I 

Cat. N o .  24 1 0C >---o 23 )( )(  )( )(  )( )(  '-'--' 
L...; KJ 24 )( )(  )( )(  )( )(  l 

Depth beh ind panel - 2.9 Code 1 OC-4A 1 3 -=-

* denotes make-before-break 

16 



ROTARY SWITC H ES lor I N STRU M E NT and CONTROL 

A P P L I C AT I O N  ESC UTC H EO N  

A M M ET E R  
TRAN8FER SWITCH AMMETER 

2 
3-phase 
three current-t ransformers 
three mdependent circuits 1 0 3 
Handle: Round, knurled 

NO O F F  Cod e  1 OA- 3 A  1 0  

Cat. N o .  24 1 1 C 

W I T H  OF F AMMETER 

Cat, N o .  24 1 2C OFF 2 OFF 

Depth beh ind panel - 5.4 
1 0 3 

Cod e  1 0C-5A 1 6 

A M M ET E R -

V O LT M ET E R  
TRANSFER SWITCH 

UIIIETEI-YOLTIETEI 

3-phase, phase-to-phase 2 
three cu rrent-transformers 1 3 
Handle: Round, kn urled OFF 0 
Cat . N o .  24 1 5C 

Depth behind panel - 4.3 Code 1 OC-4A23 C 

W A TT M E T E R  
TRANSFER SWITCH 

3-phase WATTMETER 
t h ree cu rrent-transformers 
t h ree cu rrent-coils OFF 

ON 
Handle: Round , knu rled 

0 
Cat. No. 24 1 9C 

Depth beh i n d  panel - 3.6 
Code 1 OD-2W1 4 

WATT M ET E R  
TRANSFER SWITCH 

3-phase WATTMETER 
two current-transformers 
two current-coils OFF 
two potential coils ON 
Handle:  Rou n d ,  knurled 0 
Cat . N o .  2420C 

Depth beh i n d  panel - 3.6 Cod e  1 OD-2W1 4 

CO NTACTI N G  A N D  W I R I N G D I A G R A M S  

POSITIONS CONTACTS 
Q 1 '* � * 2 * � * 3  

< r - o n  " �§ 1 f--{)14 

f-0 »  
C0>6 

-tl--0 1 7  ' P  ron 
2 H--024 

--H--o25 
--11-026 

ron 

X X  

X 

I< X )( 

I< X 

X I<  )( )( )(  
X )( )(  )( )(  

)( )(  
X )( )(  )( )( )(  

X X  

3 "
1::: )( )(  )( 

X X I<  

� '::� ' )( I< X 

X X  

41 0--1 
i---• •--<_:,43 X X  

4 .--• >--044 )( )( )(  
· ··<:·45 X X X  

• - < · 046 X X X  
"-------j -<:·47 X X  

51 � 1-----j ·-cSJ X X  

5 H '-054 X X X  
H r-c ss I< X X  

t:� X X X  

X X  

f-063 X X  

6 ---l l--064 X X X  
f-065 X X X  "� f-066 X X X  

.____, I-C67 X X  

* denotes make-before-break 

POSITIONS � CONTACTS � ·)1- 1 * 2 * J 

" '�!__ , , )( 1 �:::� X 
·-H--0 14 X 

2 "'Era" X 
ron X 

CC" X 

"'E f--032 3 i f--033 

X X X  

f-D34 

"1 4 f--c•2 
f-C<J 
f-C" 

X X  

X X  )( )(  

X X X  

X X  

)( X X X  

X X  X X  

X I<  X X  

* denotes m ake-before-break 

� POS I 
u CONTACTS " 
� '--:, * · li� 

12 ;_} I ,  .... ' 0-- · �  13 X X  1 " �-I:;· 1 5  � X 16 '" 17 l)(fx 
22'r l '- l '  0 23 X X  2 . ' J .-Q 25 
26 C>- 1  

L- j r--·0 2 7  �� X x 
320--l f------l f--0 33 X X 3 36 o-CH-0 3 5  �� x 1 f-D 37 X 

* denotes ma ke-before-break 

� CONTACTS POS. 
c ;=:, * U�-1 

1 2 0- H  � r-(J 13 X X  1 � X ,-- j f----<; 1 5  16 0- i  l)(fx ' -- 1 � 0 1 7 
220-l l-ll-023 X X  2 .- 1 ro 2 s  2 6  'crL, ro 27 � X xrx 3 32 o--H---H-c 3 3 XIX 
36o-H--4 ro 3 7  X X  

* denotes make-before-break 

1 7  

3 1 1 11 r! �i:.J:li [ .... 1 
� rJ: u;y 

r -..! t� ; ;__X � 1 
L -� � :  � .:: ;JI 

51 � �: : r-� 
� 

" � : : :Jt-

��u cU � � u�· 
� I� �� � cu � 42 ·� 44 

' � 
0 

3 
= 

12 '---J � 17 �� 22 � I� � -� 
31 � ��� �  
I 

1 

3 

� 
0 

3 

/ 1----ioc 
>-----. 
-::-

12 � 
12 � 
32 y r-

� i _j�URRENT .- COILS 

i.\ t. _�-POTENTIAL 
T I :;.. ..Q.lli(' 

COILS 

00000 

f----.-, 
""= 

jg 



ROTARY SWITCH ES lor I N STRU M ENT and CONTROL 

APPLICAT I O N  ESCUTCH E O N  

W A T T M ET E R  WATTMI!TI!R 
REVERSING SW\TCK OFF 

Handle: Round, knurled w RVA 
0 

Cat. No.  2421 C 

Depth beh i n d  panel - 2.9 
Code 1 OC-3W1 6 

POWER-FACTOR 
SW ITCH P . F .  METER 

3-phase OFF 
two current-transformers ON 
one or two current·co i l s  

Handle: Round , knurled 0 

Cat. No.  2422C 

Depth beh i n d  panel - 2.4 
C o d e  1 0 D-2 P 1 4  

SYNCH RON I Z I N G  
aWJTCH SYNCHROSCOPE 

Machi ne-to-bus with OFF interlocks ON 
Handle: Oval, removable 0 

Cat. No.  2424E 

Depth beh i n d  panel - 2.9 
Code 1 1  D- 2 5 1 7  

MOTOR CONTROL 
8WITCH MOTOR CONTROL GOVERNOR OR RH I:08TAT 

Split-field motor RAISE LOIIIIER 
Handle: Pistol-grip 

0 Spring-return 

Cat. No. 2427D 

Depth beh ind panel - 2.4 Code 1 O B - 2 M 2 2  

TEM PERATURE 

M ETER 
TRANSFER SWITCH T EMP.METER 

Transfers two wi res O F F  
t o  three coils TEST 
with TEST and OFF 0 1 
Handle: Round, knurled 2 3 
Cat. No.  2432C 

Depth beh i n d  panel - 2.9 C o d e  1 O D - 5 T 1 9 

C I R C U I T  

B R E A K E R  BREAKER CONTROL 
T R I P  SWITCH 

Double-pole single-t h row TRIP 
contacts normally open 

Handle:  Pistol-grip Spring·return 0 
Cat. No. 2436D 

Depth beh i nd panel - 2.4 C o d e  1 0 D - 1 B 1 8  

CONTACT I N G  A N D  WI R I NG D I AGRAMS 

POS. 

.. CONTACTS � "'  " � > s W O o:  
t t 01 H I-018 X 1 120-iHI--013 )( 
!So.< f--11-0,. )( 
t6o-1 H I-0 1 1  )( 2 1<>jHI-028 )( 22<>jHkJ2J )( IL 2501 H l-024 )( 26<>j H 1-0 21 )( 

¥ �OS. y CONTACTS !AI ...._ ON Cl 0 
12 0-i H t-0 13 X 

1 16o-� �c� 15 )( r-)C !-<> 17 

::0:: POS . u CONTACTS "-.... "-Q 0 ON 

1 12 0-j r--i r-o 13 )( 
16 0--H-- 1 r-o 1 1  )( 

2 22 0-1 r--1 r-o 23 )( 
26o-H--H-o27 )( 

POS. 
CONTACTS -

..., "' 0: ¥ V') E w y :X 1- 3 .... 0 0 Q 0: c: -' 

1 1 · 12  �1-0 18 )( 
o1 1-0 13 1 )( 

15·16 r£1-0 1 4  )( 
C>-j 1-0 1 7  )( 

?iS -:2 J 

POTTR":S POTENTIAl. COILS OF �AITMETER 

� u  �)- u :: 
--·� It t UJ JJ AUTOTRt.sJ 

POTENT�L COILS POTTRANS 
OF WATTMETER 

Aufo.TRANS 

::.1 � CURRENT � 11 17 COilS 

CD � 
' 
J hxr-'::' 

.:. 

�� J � t t;!_ �IIi it 
, �PARt BK� CLO�ING .__a�) 

CIRCUIT m �-SCOPE 

r· u ' ' 15 •• 11 
-

_,.. § f�. 

• Contacts 1 1 -1 2 & 1 5-1 6 connected internai!Y in Normal Position 

� 
CONTACTS 

1 "1)-012 
>-013 
>-0" 
k>\5 

" "'" 
"� 

J. * t--023 
)-024 "'" 

POSITIONS 

� :;; � � 1 ' 3  

lC 
)( 

lC 
lC 

lC 
lC 

lC 
)( 

CONTACTS 
¥ 
u !AI Q 

1 12 0-1 H t-0 13 
16 0-1 H t-o 17 

18 

* Deck # 2  
MBB (short i ng ) contacts 

POS. 
� 

� 

� 2: 
0 c c: .... 

� TRIP TfliPor 

r---; ALARM 

X 



ROTARY SWITCH ES lor I NSTRU M ENT and CONTROL 

APPLICATION ESCUTC H EON 

C I R C U I T  IIUIEI COITIOL 
B R EA K E R  

CONTROL SWITCH 
TRIP D CLOSE 

Handle: Pistol-gnp 
Spnng-return 0 

Cat. N o .  24380 

Depth beh i nd panel - 2.4 Code 1 8 8 - 2 82 3  

C I R C U I T  

B R EA K E R  
IIUUI CDRTIOL 

CONTROL SWITCH 
TRIP D CLOSE 

Handle:  Pistol-grip 
Spring-return 0 

Cat. N o .  24400 

Depth be h i nd panel - 2.4 Code 1 8 8-2823 

C I R C U I T  

B R E A K E R  IIUKEI COITIOL CONTROL SWITCH 

Operate two breakers TRIP D cLosE 

Handle: Pistol-grip 0 
Spring- return 

Cat. No. 2441 0 

Depth beh i n d  panel - 2.4 Code 1 8 8-2823 

C I R C U I T 

B R E A K E R  IIUlEI COtiTIOL 
CONTROL 8WITCti 

TRIP D cLosE 
H a nd le: Pistol-grip 

Spring- return 0 

Cat. No. 24420 

Depth behind panel - 4.3 Code 1 88-2823 

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

Handle: Pistol-grip IIEAIEI COIITIOL 
Spri ng-return 

TRIP D CLOSE 

Cat. N o .  24430 0 

Depth beh i n d  panel - 4. 7 

Code 1 8 8-2823 

C I R C U I T  

B R EA K E R  IIEAIEI COITIOL 
CONTROL SWITCH 

H a nd le: Pistol-grip TRIP D ews� 
Spnng-return 

0 
Cat. N o .  24440 

Depth beh i n d  panel - 4.7 
Code 1 8 8-2823 

CONTACT I N G  AND W I R I N G  D I AGRAMS 

POS. 

CONTACTS � 

4+ij 

!¥ u.J X n.. "' u - ... 0 ..... 0: 0 ..... 
0 ,_ c: <..J 

1 1 1  0-l � f--0 18  X TRIP CLOSf 

16 o-j 1-----1 f--0 I 7 X 

- + - !RIP a S'NITCr ClDSr 

POS . l lD SWII<> 
CONTACTS -;;; HT� T ��I 9¢LA.PS ..... X Q. E "' f-u - 0 ..... c: 0 ..... 

0 - I: u 
1 2 0-l � f--0 1 3  X ��� fUSES � 1 15-16 rl f--014 X Cl OSING BUS J o-! 1-+  Y l-0 17 X j 

TRIPPING E\.S 

• Contacts 1 5-1 6 connected internally in Normal Position 

CONTACTS .. 
� 
c 

1 1- 1 2  
�

KJ 18 o-1 . t-<) 13 
1 1 5 - 16 �1-0 14 

o-1 t-<) 1 7  

POS. 

� � � �  c: 0 g - � � 

� Hx � � 
��l TtP CLOS� !RIP l Lsr 

�[S 

+ 0< 
+ 

• Contacts 1 1 -1 2 & 1 5-1 6 connected internally in Normal Position 

CONTACTS "' 
� 
c 

1 1  o-H-_, Kl 12 
1 15-16 rtl-014 

� Kl 1 7  2 220-' ,....., Kl23 
2 6  o-1 1--1 Kl 2 7  

POS 

� ' - 1 u 
0::: 1 1"0 , - l c:: c:: 

XIX 
X 

� 
g u 

X 
X IX XIX 

1 1  

+ 

� � 23 

. TRIP CO IL 
1---w------. �fj ::. b!Y 

-,.,CLOSING RllA;-
+ " "rt 1 • w}:lf.-I + 

_ BELL ALARM or RECLOSURE 

• Contacts 1 5-1 6 connected internally in Normal Position 

CONTACTS "' 
u 
0 

I? 0-1 >--H·<: 13 
1 ·5-16 � Kl 14 

D-i f-0 1 7  
2 ? 1 0-' .......... f-0 22 

POS 

I I � �  c. " "  - - u r o  
:= t � I � I U  

IX  
X I I 

I lX lXlX I 

- + - �. SWITCH CLOSE TRIP -'·� :�:, l l 
1\� ;1 � 17 

• RES 

211_ � 
'i �  )� FU�S9� 

f9l -8-;Ell 3 32 e>--' ,..._j KJ J J  lXI� + rn x  36e>--' 1--1 Kl 3 7  I XIX CLOSING BUS y 
TRIPPING BUS + 
ALARM BUS 

• Contacts 1 5-1 6 connected internally in Normal Position 

POS. 

CONTAC"TS � "' � I - "' 
� a: � � g 0 1- c c u 1 1 1  o-1 1--1 1-D 18 X 

16 c:H f-1 f-0 1 7  X 2 2 1 o-n--1 >-a 22 IX X 
2 5 0-1  f---1 f-026 IX X 3 32 04 '-"-1 f-033 X X 
36o--l l--l f-0 37 X X 

1 9  



ROTARY SWITC H ES for I NSTRU M ENT and CONTROL 

A P P L I C AT I O N  ESCUTCH EON 

C I R C U I T  

B R E A K E R  BREAKER CONTROL 

CONTROL SWITCH 

TRIP D CLOSE 
Handle:  Pistol-grip 

Spring-return 0 
Cat. No.  2445D 

Depth beh i n d  panel - 5.4 
Code 1 8 8 · 2 8 2 3  

C I R C U I T  

B R E A K E R  II£UU CONTROL 

CONTROL SWITCH 

TRIP D CLOSE Hand le: Pistol-grip 
Spring-return 0 

Cat. No. 2446D 

Depth beh i n d  panel - 5.4 
Cod e  1 8 8 - 2 8 2 3  

C I R C U I T  

B R E A K E R  IREUER CONTROL 
CONTROL SWITCH 

Handle: Pistol-grip TRIP D CLOSE 
Spring-return 

pUII·ID 0 
lock 

Cat. No.  2450D 

Depth beh i n d  pane l  - 4.7 
Code 1 9 C- 3 8 3 3  

C I R C U I T  

B R E A K E R  IIUII.EI CONTROL 
CONTROL SWITCH 

Handle:  Pistol-grip TRIP D CLOSE 
Spring-return 

pUII·ID 0 
lock 

Cat. No.  24520 

Depth beh ind pa n e l  - 6.9 
Code 1 9C - 3 83 3  

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

BREAKER CONTIOL 

Handle:  Pistol -gnp 

D CLOSE S p n n g - return TRIP 

UNIV ERSAL 0 
C I R CUIT 

Cat.  No. 2457D 
C o d e  1 8 8 - 2 8 2 3  

Depth beh ind panel - 6.2 

C I R C U I T  

B R E A K E R  
CONTROL SWITCH 

Handle:  Pistol -grip IREAIEI COMTIOL 
Spring-return 

TRIP D CLOSE Pul l -to-lock 

U N I V ERSA L pUII·ID 0 lock 
C I RCU IT 

Cat. No.  2458D 
Cod e  1 9 C - 3 8 3 3  

D epth beh i nd panel - 8.0 

C O NTACT I N G  

CONTACTS 
w 
0 

POS � � - I J� c::: "' "' ' � , , ,  ( 1---j l-- · j � ·: •s X 
16 ·� ...... f , , ,_: 1 7  

2 2 1 0-q - i •--c22 3 32< > ., • · -- H'JJ 
36-f- f --· r--' · 37  4 4 1 o -1 1--- t --D42 

4 5 :-> 1 '------1 f-C'46 

CONTACTS 
X 

0 

X X  

X X  
X X  
)( )( 

POS 
I I �I· � " 

� u 0 . -" w , , , , __ -j ,__ - j · -: � 18 )( 
14  :_:.--1 o-------1 >--0 1 5  )( 2 21  · �  " "•-'22 ')( )( 
26<� >-027 )( 3 lLc_, o-------; --;_' ]3 )( )(  
J(j ·:>-� f..-� f--.0 3 ?  )( )(  4 tl2C--1> - k 43 )( )(  
460--< r-----< f-C 4 7 )( )(  

POS I T IONS 
I I CONTAC TS ... � G � � -

' �  0 
::::> a: ;  1"1:1 

0 � I- I  c: c u 

1 1 1  ')---i j--------1 HJ 18 X X  2 2 2 ':>-1 f---1 KJ 2 3  X 
26C.......j f-----1 r-0 '2 7  l>< 3 31 0-H---' f-0 3 5  X X X  X 

POS I T ION$ 
;: I  : I 

� 
X 

CONTACTS 5 )� i :; ': :;; § w 
0 Cl.. ...- • o:; ' r:: u 1 1:? -· H -- "" 1J ' )( 

" " � '  -� ;:-;] t--r --;----- )( 2 21 -� � - � �- n )( )(  
] ') . >--< �� ...... 26 )( )(  
3 1  � .  _. , ,  38 )( )( ' 

4 41 - · � _____, �, -4R )( , )( )( 
)( )( 

A N D  W I R I N G D I AG R A M S  

Deck s 1 & 3 are make-before-break 

5 ':J.l�>-' � --< >--C 53 
':.b . rl �  d-( 'i? )( )(  Decks 3 & 4 are make-before-break 

POS 
CON fACTS 

X � � "' u " 0  . -0 • u 1 1 2 0-H---- H <-, 13 - �  ----�:-;-16 Cr.ff - -H D I 1  )( 2 1 1 < ) \ 1  · l t 028 )( 

]4, > H--H-.. >2� )( 3 1 1 " 0  t t o32 I( )(  
'I':'.\-<.} I f ·  U O)() )( )(  4 '110-1� � I-O H  )( )(  
<46o- H -- -HD41  )( )( 5 510-��-H--o sz )( )(  
�5 L•-H--H--o56 )( )(  

POSITIONS 
CONTACTS .:: � "' :: !!: - .. '-' :: 9  � " "' . .. ... c c .. 

1 12 <>-l H f-<> 1 3  X 
16 o-H---H-01 7  X 

2 21 <>-l H f-<>211 )( 
240-I H I-0 25  )( 

3 33o-1 Hf-o34 
37o-1 H f-o38 )( 

4 41 o-< H I-o42 )( )( 
,.5o--l H I-o46 

5 52<>-< H I-o53 )( 
56o-IH �S7 X X  6 61 o-< H I-o62 )( )(  
65<>-l Hf-<>66 )( )(  

2 0  



e ELECTROS WITCH 
• SWITCHES & RELA YS  

UNIT OF ELECTRO SWITCH CORP. 
WEYMOUTH, MA 02188 TEL: (781 ) 335-5200 FAX: (781 ) 335-4253 

HAND LES 

SE R I ES 24 
I NSTR U M E N T  & CONTROL 

SWITCH 

ACTI ONS 

SWITCH 
N U M B E R  -----------_.,..,.......f 
E N G R A V I NG ,REV 

COD E ___________ ___ 

OTH E R  F E ATU R ES D Oval D Knu rled D Pistol-grip Maintained Panel 
Spring-ret u rn to vertical 

Deptn 
Tnoc kness ---- ben o nd panel ---

D Removeable 
in Pos __ _ D D D tJ 0 � 0 � D Slip-contacts 0 Pul l-to-lock 

SPE C I A L  F E ATU R E S  

T I T L E 
E N G R A V I N G :  

POS I T I O N  E N G R A V I N G  

:,L CONTACTS 
u H A N D L E  w 
Ci E N D  1 2 3 

•denotes make-before-b reak contactong 

0
2 

8 3 
0 

7 4 

6 5 

M A D E  
B Y  
APPR. 
B Y :  

0
2 

8 3 
0 

7 4 

6 5 

DAT E 

DA TE : 

POS I T I ONS 

4 5 6 7 

0
2 

8 3 
0 

7 4 

6'--' 5 

COMPA N Y  

8 

HAND L E  POSIT IONS 

1 1  1 2  13 14 15 16 1 7  1 8  
0 0 0 0 0 0 0 0 
21  22 23 ?4 25 26 27 28 
0 0 0 0 0 0 0 0 
31 32 33 34 35 36 37 38 
0 0 0 0 0 0 0 0 
41 42 43 44 45 46 47 48 
0 0 0 0 0 0 0 0 
51 52 53 54 55 56 57 58 0 0 0 0 0 0 0 0 
61 62 63 64 65 66 67 68 
0 0 0 0 0 0 0 0 
71  72 73 74 75 76 77 78 
0 0 0 0 0 0 0 0 
81 82 83 84 85 86 87 88 
0 0 0 0 0 0 0 0 
91 92 93 94 95 96 97 98 
0 0 0 0 0 0 0 0 
WI 102 103 104 105 106 107 1 08 
0 0 0 0 0 0 0 0 

T E R M I N A L  NU MBERS A R E  
PRELIMINARY PENDING 
FACTORY R EVIEW AND 
APPROVAL 

0
2 

8 3 

7 4 

6 5 
• denotes termonal used 

2 1 

SHOW JUMPE RS TO BE SUPP L I E D  

DWG 
N O .  
S H E E T  O F  

VJ 
z Q 
VJ 
> 
w 
a: 



e EL ECTROSWITCH 
• SWITCI-IES & RELA YS  
UNIT OF ELECTRO SWITCH CORP. 

WEYMOUTH, MA 02188 TEL: (781) 335-5200 FAX: (781) 335-4253 

HAND LES 

SER I ES 24 
BREAKER CONTROL 

SWI TCH 
ACTI ONS 

SWI TCH 
N UM B ER ----------�.......1 ENGRAV ING JREV 
COD E ---------------· 1 

OTH E R  F EATU R ES D Oval D Knu rled D Pistol-grip Maintai ned Spring-return to vertical 
Panel Depth 
Thickness --- beh i nd panel ---

D Removeable 
in Pos __ _ D D D V D � D <-iJ D Slip-contacts D Pull-to-lock 

SPE C I AL F EATU R E S  

TIT LE 
E NG R A V I NG : 

� CONTACTS 3 from u H A N D L E  w 1 2 2 0 E N D  

*denotes make-before-break contacting 

0
2 

B 3 
0 

7 4 

6 5 

M A D E  
B Y :  
APPR. 
B Y :  

02 8 3 
0 

7 4 

6 5 

DATE :  

DAT E :  

4 4 

0
2 

B 3 
0 

7 4 

6 5 

COMPA NY 

HAND LE POSIT IONS 

1 1  1 2  13 14 15 16 17 18 0 0 0 0 0 0 0 0 
21 22 23 ?4 25 26 27 28 0 0 0 0 0 0 0 0 
31 32 33 34 35 36 37 38 0 0 0 0 0 0 0 0 
41 42 43 44 45 46 47 48 0 0 0 0 0 0 0 0 
51 52 53 54 55 56 57 58 0 0 0 0 0 0 0 0 
61 62 63 64 65 66 67 68 0 0 0 0 0 0 0 0 
71 72 73 74 75 76 77 78 
0 0 0 0 0 0 0 0 
81 B2 B3 B4 B5 86 B7 B8 
0 0 0 0 0 0 0 0 
91 92 93 94 95 96 97 9B 
0 0 0 0 0 0 0 0 
101  102 103 104 105 106 107 1 08 0 0 0 0 0 0 0 0 

S L I P  CONTACTS W I L L  BE 
GROUPED AT R E A R  O F  SWITCH 

TERMINAL N U M B E R S  A R E  
PRELIMINARY PENDING 
FACTORY REVIEW AND 
APPROVAL 

02 B 3 
0 

7 4 

6 5 
• denotes term inal used 

2 2  

SHOW JUMPERS TO BE S U PP L I E D  

DWG 
NO. 
S H E ET OF 

"' z 
Q 
"' 
> 
w 
a: 



e ELECTROSWITCH 
• SWITCHES & RELA YS  
UNIT OF ELECTRO SWITCH CORP. 

WEYMOUTH, MA 021 88 TEL: (781) 335-5200 FAX: (781) 335-4253 

SE R I ES 24 
I NSTR U M E N T  & CONTROL 

SWITCH 

CATA LOG N U M B E R S  
24 SE R I ES ( D ET E N T  ACTI ON ) 
74 S E R I ES (SPR I N G  R ETU R N )  

STOP SCREWS SUPPLIED TO L IM IT ROTATION AS DES IRED 

O V A L  . 1 9 M AX . PA N E L I H A N D L E  -- � T Y P I CA L T E R M I N A L  
T E R M I N A L  SCR EWS 8-32 x 1 /4 B D .  H D  . 
S U PP L I E D  

Handles for 
Series 24 Switches 

Knurled 

PAN E L  D R I L L I N G  ( I N C H ES) 

2 2 1  DIA 3 HGLES ) f 

�' 'T' o'¥, 
� 1 . 09 

- - - -�-� ��-;4 
1 . C9 

-$- -- -___i_ 
* . 8 1  C L EA R A N C E  H O L E  

F O R  R E MOVA B L E  H A N D L E  

M A D E  -rJV'I 
BY:  'ltJ f Y \  
APP R .  I1A. I\.._ R B Y :  f J\ fY\ 

D A T E  I0 /4/78 
DATE /Oj�/78' 

. 20 -J 

D E C KS D I M .  X 
( i nches) 

1 2.4 
2 2 .9 
3 3.6 

4 4.3 

5 4.8 
6 5.4 
7 6 . 2  

8 6.6 

9 7.4 
1 0  8.0 

5 1  ip Con tacts - add 1 . 5 "  
Pul l -to-l ock - add 1 "  
( These are appro x i mate 
d i me n s i ons . Ac tual 
d i mens i on s  are on a 
separate s heet . )  

UL File No. E 1 8 1 74 

DRAW I NG MASTER 

2 3  

I NTERRUP T I N G  RATI N GS :  

U N O .  L A B . I N C .  R E C O G N I Z E D  
2 0A- 1 20VAC 
15A- 240VAC 

6A-600VAC 
3A- 125VDC 
1A- 250VDC 

CSA CE RT I FI E D  

2 0A-600VAC ( re s )  
1 5A-600VAC ( i nd )  

2A- 125VDC 
2HP-240/ 480VAC 

OTH E R  RAT I NGS : 

Momentary Current ( therma l ) 
3 SEC-200A 

30 S E C- 75A 
60 S E C- 6 0A 

Ove r l oad ( 50 Opera t i ons ) 

95A- 1 20VAC 
6 5A-240VAC 
3 5A- 600VAC 

Maki n g  a b i l i ty for 
C i rc u i t  B reaker Co i l s  

95A- 125VDC 

Di e l ectr i c S t rength - 2200VRMS 
I ns u l a ti on Res i s tance - 100 megohms 
Contact Res i s tance - 1 0  mi l l i o hms 
Con t i n uo u s  Ra ti n g  - 30A- 600V 

OTHE R  TECHNI CAL DATA 
I N  BULLETIN 24- 1 

TESTED TO ESC-STD-1000 

CONTACT I N G  & CATALOG NUMB E RS 
ON S EPARATE SHEET 

DWG .  
NO : 

S H E ET 

24 & 74 SE R I ES 

1 OF 1 

en z 0 
en 
> 
w 
a:: 

R E V  

0 

SP 2 98/5M 



H46C Humidity Controller 

INSTALLATION INSTRUCTIONS 

APPLICATION 
The H46C Humidity Controller is used with portable and 
central unit dehumidifiers to maintain relative humidity. 
The H46 has an spst, snap-acting switch designed for 
line voltage circuits and two leadwires for switch box 
mounting. 

INSTALLATION 

When Installing this Product... 
1. Read these instructions carefully. Failure to follow 

them could damage the product or cause a 
hazardous condition. 

2. Check the ratings in the instructions and on the 
product to make sure the product is suitable for 
your application. 

3. Installer must be a trained, experienced service 
technician. 

4. After installation is complete, check out product 
operation as provided in these instructions. 

CAUTION 
Electrical Shock Hazard. 
Can cause electrical shock or equipment  
damage. 
Disconnect power supply before connecting 
wiring. 

Location 
Select a location about 5 ft (1.5m) above the floor in an 
area with good circulation at average temperature and 
humidity for the area to be controlled. Avoid locations 
near hot or cold air ducts and discharged air from the 
controlled equipment. 

Mounting 
1. Remove the setting knob. 
2. To remove cover, pull cover forward from device. 
3. Install a 2 in. x 3 in. (51 mm x 76 mm) vertical 

switch box at the selected location. 
4. Using the two screws provided, fasten the adapter 

plate to the switch box, as shown. 

5. Pull the wires from the switch box through the 
opening in the adapter plate and connect to the 
H46 leadwires with the solderless connectors 
provided. See Fig. 2 and 3 for typical hookup. 

6. Push the wires back into the switch box. 
7. Place the H46 against the adapter plate, making 

certain the tab at the bottom of the plate fits into the 
notch on the H46. 

8. Fasten the H46 to the adapter plate by tightening 
the captive screw. 

9. Replace the cover and the setting knob. 

2 X 3 IN. 

H46
(COVER OFF) 

H46 CAPTIVE 
MOUNTING SCREW 

ADAPTER PLATE 
SCREWS (2) 

SWITCH BOX 

NYLON
ELEMENT H46 LEADWIRES (2) 

PLATE TAB 

ADAPTER PLATE 

WALL SURFACE 

M7907

Fig. 1. Mounting H46C on vertical switch box. 

Wiring 
Disconnect power supply before connecting wiring to 
avoid electrical shock or equipment damage. All wiring 
must comply with local codes or equipment damage. All 
wiring must comply with local codes and ordinances. Do 
not exceed contact and coil ratings when wiring into 
system. See Fig. 2. 

® U.S. Registered Trademark 
Copyright © 2003 Honeywell International Inc.  • • All Rights Reserved 

95-5367-4



H46C HUMIDITY CONTROLLER 

H46C 
HUMIDITY CONTROLLER
RISE

DEHUMIDIFIER

L1 EXHAUST FAN

(HOT)

1

1

OR AIR 
POWER CONDITIONER
SUPPLY 

L2 

PROVIDE DISCONNECT MEANS AND OVERLOAD 
M7923

PROTECTION AS REQUIRED. 

Fig. 2. Typical H46C wiring diagram. 

Connections and Operation 
A dehumidistat in combination with the thermostat can be 
used to run the air conditioner to control relative humidity 
levels. The dehumidistat and thermostat can be wired in 
parallel or in series. 

Wiring in parallel allows the dehumidistat to indepen-
dently control the humidity level, but could cause 
overcooling of the home. During unoccupied times, the 
homeowner should set the thermostat to a relatively high 
setting and control moisture using the dehumidistat. 

Wiring in series prevents overcooling but the air 
conditioner runs only when both the thermostat and 
dehumidistat are calling. During unoccupied times, the 
homeowner should set the thermostat to a relatively low 
setting and control moisture using the dehumidistat. 

SETTING AND ADJUSTMENT 
The H46 makes contact on a relative humidity rise to the 
setpoint to start the dehumidifier. On a decrease in 
relative humidity to the setpoint (minus the differential), 
the switch breaks contact to stop the dehumidifier. Turn 
the knob clockwise to the setting stop to place the H46 in 
the On position. Turn the knob counterclockwise to the 
setting stop to place the H46 in the Off position. 

CHECKOUT 
After completing all mounting and wiring, turn on the 
power supply. Place the system into operation by turning 
the setting knob toward the low end of the scale until the 
dehumidifier motor starts. Turn the setting knob slowly 
toward the high end of the scale until the dehumidifier 
motor stops. 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL

HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

M7913

Fig. 3. Typical parallel wiring hookup for H46C with T87F/Q539A combination
for dehumidification and mildew control. 

95-5367-4 2 



H46C HUMIDITY CONTROLLER 

H46C T87F/Q539A INTERNALSCHEMATIC 

TEMPERATURE
FALL

1

2

3

PROVIDE OVERLOAD PROTECTION AND DISCONNECT MEANS 
AS REQUIRED. 

HEATING DAMPER MOTOR, IF USED. 

3 2

BX O

R1

W Y

W1 Y1

G RHR

HEAT OFF FANAUTO ONCOOL

HEAT OFF COOL 

FIXED
COOL
ANTICIPATOR

ADJUSTABLE
HEAT
ANTICIPATOR

HEATING
RELAY OR 
VALVE COIL 

COOLING
CONTACTOR
COIL

FAN RELAY 
COIL

FILTER
LIGHT

T87F

CLOGGED FILTER SWITCH OR COOLING PANEL CONNECTION. 

1
M7914

Fig. 4. Typical series wiring hookup of H46C with T87F/Q539A combination
for dehumidification and mildew control. 

3 95-5367-4 



H46C HUMIDITY CONTROLLER 

Automation and Control Solutions 
Honeywell International Inc. Honeywell Limited-Honeywell Limitée 
1985 Douglas Drive North 35 Dynamic Drive 
Golden Valley, MN  55422 Scarborough, Ontario 

M1V 4Z9 

Printed in U.S.A. on recycled95-5367-4  G.H.  Rev. 07-03 paper containing at least 10% www.honeywell.com/yourhome 
post-consumer paper fibers. 
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Kirk Key Interlock Company

Installation Instructions

Proper installation of key interlocks is a critical element of a key interlock system. It is essential that
each interlock be installed so that the lock bolt cannot be extended unless the equipment on which it
is installed is in the proper position/condition. After installation of the interlocks, the complete interlock
system should be tested sequentially by person(s) familiar with the entire system, the key routing,
and its intended purpose. Any problems or discrepancies must be corrected prior to energization.

Each interlock is supplied with a key in each cylinder. These keys are needed during installation of
the interlocks. Once the complete interlock system is installed, all extra keys must be removed from
the system and destroyed or retained by a responsible person. There should only be enough keys to
operate the interlock system sequentially. Kirk Key Interlock Company will not be responsible for
extra keys left in the interlock system.

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be
extended or withdrawn. Likewise, transfer blocks and transfer panels (which do not have exposed
lock bolts) require insertion of all keys before the operating bolt can be extended or withdrawn
allowing release of previously held keys. Do not try to force a multiple cylinder interlock that does not
have the correct keys fully inserted in every cylinder!

INTERLOCK INSTRUCTION MANUAL

211Wetmore Ave. S.E., Massillon, OH 44646

Phone: 330.833.8223 • Fax: 330.833.1528

Toll Free: 1.800.438.2442

www.kirkkey.com
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PAGE 2IB/B-T/06

INTERLOCK INSTRUCTION MANUAL

Two Cylinder Interlock

Keys Removable Extended (EE)

Two Cylinder Interlock

Keys Removable (EW)

Lock Bolt Extended

Keys Released

Lock Bolt Withdrawn

Keys Trapped

Lock Bolt Extended

E Key Released

W Key Trapped

Lock Bolt Withdrawn

E Key Trapped

W Key Released

Lock Bolt Extended

E Keys Released

W Key Trapped

Lock Bolt Withdrawn

E Keys Trapped

W Key Released

Three Cylinder Interlock

Keys Removable (EEW)

Three Cylinder Interlock

Keys Removable (EWW)

Lock Bolt Extended

E Key Released

W Keys Trapped

Lock Bolt Withdrawn

E Key Trapped

W Keys Released

E E EE

E W E W

E WE E WE

E W W E W W

Lock Body Lock Body

Lock Bolt Lock Bolt

Lock

Cylinder

Lock

Cylinder

Type F

Terminology

Type B

Terminology

Lock Bolt Extended

Key Released

Lock Bolt Withdrawn

Key Trapped

Single Cylinder Interlock

Key Removable Extended (E)

All KIRK Key Interlocks (Type F, FN, B, NT, T, U, FR)

The key interlock should be mounted so that the 5/8" lock bolt can be extended to lock the device 
in the proper position.  In the unlocked position, the lock bolt should be blocked from extending, 
thereby trapping the key(s) in the interlock.

Multiple cylinder interlocks can be designed to retain one or more keys while the remaining keys 
are withdrawn.  

Key interlocks with multiple cylinders require the insertion of all keys before the lock bolt can be 
extended or withdrawn allowing release of the previously held keys.  Do not try to force a 
multiple cylinder interlock that does not have the correct keys fully inserted in every cylinder.
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INTERLOCK INSTRUCTION MANUAL

KIRK Door/Access Interlocks (Type D, Type DM, Type DY)

Type D Door Interlock
All Type D interlocks have two parts: a main body with one or more cylinders and a latch block.  Proper alignment of both 
parts is crucial to the operation of a Type D interlock.  When the main body is separated from the latch block, the lock bolt 
is retained in the withdrawn position by concealed latch pins.  Thus the key(s) is always held in the lock whenever the two 
parts are separated.  When the door on which the interlock is mounted is properly closed, the key(s) can be turned to 
extend the lock bolt into the latch block, securing the door.  Only extending the lock bolt, after properly closing the door, 
should allow release of the key(s).  An exception to this rule is a multiple cylinder Type D interlock which allows release of 
a "personnel" key when the door is opened.  The personnel key can be put in the pocket of the maintenance person 
ensuring that the door cannot be closed and locked as long as he holds the personnel key.

Type D Terminology

Lock BodyLatch Block

The key is trapped in type D interlock when the door is open.

Mounting Options for Type D Locks and Latch Blocks

KIRK door interlocks should not be used to align the door, or be the latching means for holding the door in the closed 
position.  Type DM or DY interlocks should be utilized in situations where the door and door-frame are ill-fitting, and a 
degree of latitude is required.
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INTERLOCK INSTRUCTION MANUAL

Type DM Access Door Interlock

All Type DM interlocks have two parts: a main body with one or two cylinders and a latch bolt with chain.  When the 
latch bolt is separated from the main body, the key(s) is trapped in the lock.  When the door on which the interlock is 
mounted is properly closed, the latch bolt can be inserted into the main body and the key can be turned and released.

Weld or bolt the chain to the door or door-frame allowing enough slack to insert and turn the latch bolt in the Type DM 
lock body when the door is properly closed.

DM Terminology and Operating Instructions

Insert Keys

Rotate keys 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the keys are trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate keys 90 degrees

(counterclockwise) and

remove from lock.

Two Cylinder DM

(EE) Instructions

Insert "E" Key

Rotate "E" key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

The latch bolt is now free

from the lock body

and the "E" key is trapped.

To Unlock

Insert the "W" key.

To Lock

Rotate "W" key 90

degrees (clockwise).

Insert latch bolt and rotate

downward to capture

latch bolt in lock body.

The "W" key is trapped.

Rotate the "W" key 90

degrees (counterclockwise)

and remove from the lock.

Rotate "E" key 90 degrees

(counterclockwise) and

remove from the lock.

Two Cylinder DM

(with Personnel Key)

(EW) Instructions

E W

E

E W

E

W

W

E

E

W

W

E

WE

W

Lock Body

Lock Cylinder

Latch Bolt

Access Door

Weld or Bolt

Chain to Door

DM Terminology

Rotate key 90 degrees

(clockwise).  Grip eyebolt and

rotate latch bolt upward.

Insert Key

The latch bolt is now free

from the lock body and

the key is now trapped.

To Unlock

With eyebolt facing

outward, insert the latch

bolt into the lock body.

To Lock

Grip eyebolt and rotate

latch bolt downward.

Rotate key 90 degrees

(counterclockwise) and

remove from lock.

Single Cylinder

DM Instructions

The "E" keys can be turned and released when the latch bolt is latched and the "W" keys can be turned and released 
when the latch bolt is unlatched.
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INTERLOCK INSTRUCTION MANUAL

Type DY Access Door Interlock

All Type DY interlocks have two parts: a main body and a latch block-bolt eye.  When the main body is separated from 
the latch block-bolt eye, the key is retained and cannot turn in the lock.  Thus, the key is always held in the lock when the 
two parts are separated.  

Once the door or gate is closed and the latch block bolt-eye is engaged with the main body of the lock, the key can be 
turned and released.  

Latch Block-Bolt Eye

Engaged with Lock Body.

Door Locked

Key Removed

Latch Block-Bolt Eye

Disengaged  from Lock Body.

Door Unlocked

Key Trapped

Side View - DY Interlock & Latch Block-Bolt Eye

The latch block-bolt eye can be attached directly to the door jamb or fastened to a chain that is attached to the door 
frame as shown in the drawing below. 

DY Interlock bolted to

angle bracket attached to

fence or fence post.

Latch Block-Bolt Eye

bolted or welded to fence gate

Fence Gate



®KIRK Key Transfer Panels

A transfer panel is a group of primary and secondary locks involved in a transfer step. primary
keys must be inserted in the transfer panel and turned before secondary keys can be released.
Primary keys are generally related to power sources (such as breakers, T/R switches, level
detectors, etc.) and secondary keys are related to access doors.

In the normal operating position, all
secondary keys are “trapped” in the
transfer panel and all primary keys are
“trapped” in upstream equipment. All
upstream equipment must be locked safe
in order to release the keys for insertion in
the primary side of the transfer panel.
The secondary keys are then released
allowing access to equipment (such as
hopper doors, manholes, access doors).
Access doors must make use of key
retaining interlocks, such as the Type D,
DY, or DM so that the secondary keys are
trapped at the access point until the
access openings are properly closed.

Two or more transfer scheme systems
can be provided in one transfer panel
enclosure however most enclosures are
designed to house a single system.

It is important that the installer understand
the entire key interlock system(s) and the
intended purpose.

All
any
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Wiring of Type S Auxiliary Switches

Denoted by a “ ”, “ ”, “ ”, or “ ” in column four of the interlock part number. (EX. KFL 00010S-CM)

Wiring of Type K Auxiliary Switches

Auxiliary switches are an option for most styles of interlocks. Four different styles of slow-make, slow-break S
switches are available as shown by the chart below.

Instructions for wiring Type S switches:
1) Remove the cover.
2) Run wires into the switch housing and terminate on appropriate terminals.
3) Replace the switch cover.
4) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Denoted by a “ ” in column four of the interlock part number.

The Type K auxiliary switch is an option that is available for most styles of interlocks. The Type K is normally a
DPDT, quick-make, quick-break toggle switch. (Note: other styles of toggle switches are available by special
order)

Instructions for wiring the Type K Switch:
1) Remove the cover.
2) Remove the toggle switch (three screws).
3) Run the wires into the switch housing and terminate on the appropriate terminals.
4) Reattach the toggle switch to the housing (three screws).
5) Replace the switch cover.
6) Test the wiring to verify that the circuitry corresponds to the proper lock bolt position.

Note: The Type S and Type K Auxiliary switches cannot be added to existing interlocks in the field.

3 4 5 6 3

1

Contact Arrangement:

(EX. KFL 00010S-CM)1
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Type of Switch

Number of Circuits

Make Contacts

Break Contacts

Conduit Opening

Length of Switch Housing

Contact Arrangement:

Type S

2

1

1

3/4”

3-1/2”

Type SS

4

2

2

1”

5-3/4”

Type SSS

6

3

3

1”

8-1/4”

Type SSSS

8

4

4

1”

9-5/8”

INTERLOCK INSTRUCTION MANUAL

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Extended

Type F Interlock

with Type SS

Auxiliary Switch

Lock Bolt

Withdrawn
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Lock Bolt

Extended

Contacts Closed:

1-2, 4-5

Lock Bolt

Withdrawn

Contacts Closed:

The Set of Contacts Nearest the

2-3, 5-6

Lock Bolt are Closed when the

Lock Bolt is Extended and Open

when the Lock Bolt is Withdrawn



Wiring of Type TPS (and TPSS) Interlock Switches

Dust Covers (Available Option)

The type TPS interlock is a key actuated switch designed for back-panel mounting. The TPS has two
normally open and two normally closed contacts and the TPSS has four normally open and four normally
closed contacts. The contact blocks are clearly marked with the status of the contacts. After wiring, the
installer must test the wiring to verify that the circuitry corresponds to the key position (trapped vs. free).

Two Styles of dust covers are available to protect the lock cylinder and key against moisture, dirt, and
sleet.

The Push On dust cover slips tightly over the lock cylinder when the key is in the held position or
removed. The Push On dust cover is supplied with a chain and mounting ring, which is secured under the
interlock mounting bolt head.

The Flip Open dust cover is designed to provide protection to the lock cylinder and key regardless of the
position of the key. The Flip Open dust cover is hinged and held closed with spring tension. A single set-
screw attaches the Flip Open dust cover to the lock cylinder.
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FRONT VIEW SIDE VIEW

Flip OpenPush On 2-1/8" 9/16"

1-1/2"

5/16"

1-15/32"

3/8" R

1-23/64"
Dia.

11/16"

1-1/4"

2-1/8”

Typical F Interlock



Key Control

IMPORTANT - To ensure correct operation of the KIRK interlock system it is necessary to remove all

Duplicate Keys

loosely or removable held keys before operating the equipment on which the interlocks are mounted.
There should only be enough keys to operate the interlock system sequentially.

The keys removed from the KIRK interlocks should be returned to Kirk Key Interlock Company,
Massillon, Ohio, or retained by authorized personnel for use as spare keys.

The spare keys must not be normally available to operating personnel, since the use of these keys, where
not specifically required, will result in incorrect operation of the equipment on which the interlocks are
mounted. Any spare keys should be given to operating personnel only, if and when the
corresponding operating key has been destroyed.

ADDITIONAL KEYS will be provided ONLY with proper authorization from the ultimate user to which the

®

specific key combination has been assigned.

®

Each interlock is supplied with a key in its lock. These keys are needed during installation of the
interlocks on equipment. This then provides more keys than are actually necessary for operation of
the interlock system.

When the interlocks have been installed, all extra keys should be removed from the system and
destroyed or retained by authorized personnel. If additional keys are required because of loss or
damage, they can be supplied only on the purchaser’s authorized order. To order additional or
replacement keys, please:
1) Copy the duplicate key release form on pages11 and 12 of this manual, or print from http://www.kirkkey.com.
2) Complete the form and sign your name.
3) Fax the form to Kirk Key Interlock Company for immediate delivery, at 330-833-1528.
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Service and Maintenance

Lubrication
Do not use oil of any type

Kirk Key Interlock Company cannot warranty interlocks that have been oiled.

Factory Service

- Interlocks should be periodically lubricated with a small amount of dry powdered
graphite. as the oil will collect dirt and "foul" the lock cylinder so that it will
not operate. Apply a small amount of graphite to the key and insert the key into the lock cylinder.
Work the key in and out and turn the key several times in order to distribute the graphite inside the
lock cylinder.

Kirk Key Interlock Company offers a Graphite Lubrication Kit (part number GL-1) complete with
instructions for use. The powdered graphite is supplied in a plastic tube that can be "squeezed" to
force a small amount of graphite into the lock cylinder. As described above, work the key in and out
and turn the key a few times in order to distribute the graphite inside the lock cylinder.

NOTE: Stainless steel dust covers should be utilized to protect the lock cylinders when located
outdoors or in a demanding environment. Dust covers are available separately and can be easily
added to any interlock.

- Under normal operating conditions, KIRK interlocks should not require any
maintenance service, other than graphite lubrication. However, if refurbishment or replacement
should be required, contact Kirk Key Interlock Company, Massillon, Ohio. All factory service will be
performed as quickly as possible to minimize your down time.

Any damaged or malfunctioning interlock should be returned to
Kirk Key Interlock Company, Massillon, Ohio. If this is not
possible and replacement locks are required, the following

®

information must be forwarded to Kirk Key Interlock Company:

KIRK Key Interlock

S.O.

ITEM

ITEM NUMBER

ORDER NUMBER

MASSILLON, OHIO, USA

1-800-438-2442

K I R K

1) Lock Number - obtain from the face of lock cylinder.
2) S.O. Number - obtain from nameplate on interlock
3) Item Number - obtain from nameplate on interlock
4) Key Interchange Number (if applicable) - obtain from the

LOCK NUMBER

face of lock cylinder.
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DUPLICATE KEY RELEASE FORM
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KIRK KEY INTERLOCK CO.

 

 

DUPLICATE KEY RELEASE FORM AND INDEMNITY AGREEMENT 

 

Bill To Address:     Ship To Address: 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

_________________________________  _________________________________ 

Telephone No. _____________________ 

 

Attn: _____________________________ 

Fax No. __________________________ 

       

P.O. No. _________________________ 
 

Credit Card Type (VISA, MC) __________________ Credit Card Expiration Date ____________ 

Credit Card No. _______________________________________________  

Name on Card ________________________________________________ 
 

Duplicate Key Number(s) 

   

End User (Company Name & Address) 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________ 

___________________________________  __________________________________  

Kirk Key SO No. _________________     
(Found on nameplate of lock requiring duplicate key)

 

 

 

Dear Sir/Madam,
 

 

We acknowledge your request that Kirk Key Interlock Company, LLC (“Kirk Key”) supply you 

with a duplicate or replacement key(s) for the above-noted Kirk Key interlock.   

A key interlock system operates using interlocks and a limited number of keys in a predetermined 

sequence.  The purpose of this sequential operation of a key interlock system is to safeguard your 

employees and to protect your equipment.  The use of duplicate or replacement keys could provide 

a means to circumvent the sequential operation of a key interlock system and thereby defeat the 

protections afforded by the key interlock system.  Consequently, any duplicate or replacement key 

supplied by Kirk Key to you should be secured and controlled by a responsible person to prevent 

any misuse of a duplicate or replacement key.  
 

Kirk Key understands that end users may have the need for duplicate or replacement keys, but Kirk 

Key has no way of evaluating an end user’s need for duplicate or replacement keys.  Specifically, 



DUPLICATE KEY RELEASE FORM
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we have no way of evaluating your need for the duplicate or replacement key(s) that you have 

requested.    

 

 At this time, we must emphasize the potential dangers associated with the misuse of a duplicate or 

replacement key to circumvent the sequential operation of a key interlock system and thereby defeat 

the protections afforded by the key interlock system.  We also must insist that any duplicate or 

replacement key must be secured and controlled by a responsible person to prevent any misuse of 

the duplicate or replacement key.  

 
Before complying with your request for a duplicate or replacement key, Kirk Key requires that you 

acknowledge the potential dangers associated with the misuse of a duplicate or replacement key to 

circumvent the sequential operation of a key interlock system and that you agree that a responsible 

person shall secure and control any duplicate or replacement key supplied by Kirk Key to you.  Kirk 

Key also requires that you acknowledge that Kirk Key shall not be responsible or liable for any 

death or injury to any person, including any of your employees or third parties, or any damage to 

any property, including loss of use thereof.   

 
Under the circumstances, Kirk Key further requires that you agree to Defend, Indemnify and Hold 

Harmless Kirk Key from all claims, demands, lawsuits, including attorneys fees and costs incurred 

in defending same, arising from any actual or alleged use of any duplicate or replacement key 

supplied by Kirk Key to you that allegedly results in any death or injury to any person or damage to 

any property, or loss of use thereof, irrespective of whether it is alleged that Kirk Key was negligent 

in supplying such duplicate or replacement key. 

 
Please indicate your agreement by signing the acknowledgement below and returning the executed 

acknowledgement along with your purchase order.  Upon receipt of the executed acknowledgement 

and your purchase order for the requested duplicate or replacement keys(s), Kirk Key will 

immediately process your order for prompt shipment. 

 

 
Acknowledged and agreed: 

 
Signature: ______________________________________________ 

 
Printed name: ___________________________________________ 

 
Title: __________________________________________________ 

 
For: ___________________________________________________ 

 
Date: ____________________________ 

 

KIRK KEY INTERLOCK
 

COMPANY
 

 TELEPHONE
 

211 Wetmore Avenue S.E.
   

1-800-438-2442
  

Massillon, OH
  

44646 
  

1-330-833-8223  

USA 

  
 FAX

 
http://www.kirkkey.com

   
1-330-833-1528 
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Master Document Index 
Medium Voltage Control 

Ampgard MVC 
 

User Date THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON CORPORATION.  
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COLE 
11/14/2019 
2:32:15 PM 

  POA20227X9K2 
       Final Drawings  
REVISION DWG SIZE G.O. DWG SHEET 
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 Drawing Description Document Name Rev 
1 Master Drawing List A00FMX5M01.DOC 4 
2 Certified Production Test Report A00FMX5901.DOC 1 
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10 SCHEMATIC AMV1O13-S.DWG 4 
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12 DIAGRAM AWMV1O13S01.DWG 01 
13 DIAGRAM AWMV1O13S02.DWG 02 
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15 DIAGRAM AWMV1O13S04.DWG 01 
16 DIAGRAM AWMV1O13S05.DWG 03 
17 DIAGRAM AWMV1O13S06.DWG 01 
18 DIAGRAM AWMV1O13S07.DWG 01 
19 DIAGRAM AWMV1O13S08.DWG 02 
20 DIAGRAM AWMV1O13S09.DWG 01 
21 DIAGRAM AWMV1O13S10.DWG 01 
22 DIAGRAM AWMV1O13S11.DWG 02 
23 DIAGRAM AWMV1O13S12.DWG 01 
24 SCHEME ACMV1O13S01.DWG 01 
25 SCHEME AHMV1O13S01.DWG 03 
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Certified Production Test Report - Asheville 
Medium Voltage Control 

 
 

Tester Date 
EATON CORPORATION, 221 HEYWOOD ROAD, ARDEN, NC 28704 

 
Krissy 
James 

10/30/2019 

  This certifies that the above is based upon recorded factory tests made at this location. 
   Certified Test Report 
REVISION DWG SIZE G.O. DWG SHEET 

1 A LPO0021765-001 A00FMX5901 1 of 1 
 

CERTIFICATION 
Production tests performed in accordance with ANSI C37.20.2, Par. 5.3, NEMA ICS3, and Eaton ISO 9000 

certified Work Instructions for Medium Voltage Switchgear Inspection and Testing, as follows:  
 
TEST PASSED N/A 
Style check per shop order Bill-of-Material (WI# AMP039A)  X     
Wiring checked per schematics and wiring diagrams (WI# AMP039B)  X     
Electrical connections checked to be proper and tight  X     
General appearance  X     
Electrical clearance  X     
Dielectric Test @ HV 2.25 x Rated Voltage + 2000 Volts (WI# AMP040A, B C as required)  X     
Unit Sequence - per schematic  X     
Contactors - checked for operation  X     
Mechanical interlock checked for proper operation  X     
Relays - checked for proper operation  X     
Meters - checked for proper operation     X  
Resistor(s) - checked for proper operation     X  
Transformer Ratio - verified  X     
 

Page: 1 of 1 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 1 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 2 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 3 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 4 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 5 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 6 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 7 of 7 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 1 of 2 



THE INFORMATION ON THIS DOCUMENT WAS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS ONLYIssued For

Construction
The information on this
document is suitable for
use in establishing final

installation and
construction details.

TO BE USED FOR THE PURPOSE IN WHICH IT WAS SUPPLIED.

Page: 2 of 2 



           THIS PAGE LEFT BLANK



ISSUED FOR CONSTRUCTION - THE INFORMATION ON THIS DOCUMENT IS SUITABLE FOR USE
IN ESTABLISHING FINAL INSTALLATION AND CONSTRUCTION DETAILS.

DFTR DATE

DRAKE COLE 5/24/2019
THE INFORMATION ON THIS DOCUMENT IS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS
ONLY TO BE USED FOR THE PURPOSE IN WHICH IT IS SUPPLIED.

APPD DATE

DRAKE COLE 5/24/2019
TITLE OPTIMAL US NAVY - NBK PSNS - 4160 REPLAC

S.O.

AMV1O13
TYPE

MVC AMPGARD
CUSTOMER

BOM
PRODUCT CODE

OA
CAGE CODE

68592
REVISION

3 A
G.O.

LPO0021765-001
DWG

LPO0021765-001P
SHEET

1 OF 7

Customer BOM
OPTIMAL US NAVY - NBK PSNS - 4160 REPLACEMENT

MVC - MVC Ampgard
GO-Item: LPO0021765-001

Material Information By: DRAKE COLE
Generated: 5/24/2019



ISSUED FOR CONSTRUCTION - THE INFORMATION ON THIS DOCUMENT IS SUITABLE FOR USE
IN ESTABLISHING FINAL INSTALLATION AND CONSTRUCTION DETAILS.

DFTR DATE

DRAKE COLE 5/24/2019
THE INFORMATION ON THIS DOCUMENT IS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS
ONLY TO BE USED FOR THE PURPOSE IN WHICH IT IS SUPPLIED.

APPD DATE

DRAKE COLE 5/24/2019
TITLE OPTIMAL US NAVY - NBK PSNS - 4160 REPLAC

S.O.

AMV1O13
TYPE

MVC AMPGARD
CUSTOMER

BOM
PRODUCT CODE

OA
CAGE CODE

68592
REVISION

3 A
G.O.

LPO0021765-001
DWG

LPO0021765-001P
SHEET

2 OF 7

CONSOLIDATED PARTS

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 3 1015, 1018,
1021

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 3 1016, 1019,
1022

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 3

CR1, CR2, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 9

CR3 RELAY, 240VAC, 6N0-2NC 2A98239G11 1

CR5, CR6, CR7 RELAY, 120VAC, 2N0-2NC 2A98239G01 5

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 3

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 3

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 3

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 3

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 3

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 3

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 3

HTR1 HEATER 250V 375W 7497A69H04 3

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 6

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 3

LT4, LT5 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 3

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 3

PB1, PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 4

PB2 PB,E34 RED FLUSH 1NO & 1NC CNT 25A4124G59 1

PLC1 400A RVSS 4160V COST 151B592G250 3

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 3

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 3

REC1 PLUG + RECP,ASSY 125V 2A98269G03 3

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 3

SS2, SS3, SS4 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 3

TB1, TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 3

TB1, TB5 SHORT CIR TERM BLK OPTION 2 1A48791G02 3

TB2, TB3, TB7, TB9 2-3 POINT SCREW TYPE 81-28333-6 6

TB3, TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 3

TB4, TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 3

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 3

TB7, TB9 6-3 POINT PULL APART TERM BLK 81-27899-18 3

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 3

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 3

5KV 187A 12R BOLT IN FUSE 54A1311G18 3

METER 2GB COM EXP CARD 110-250 PXM4051A1BB 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1
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C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1015

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1016

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR2, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR3 RELAY, 240VAC, 6N0-2NC 2A98239G11 1

CR5 RELAY, 120VAC, 2N0-2NC 2A98239G01 1

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS2 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB3, TB9 2-3 POINT SCREW TYPE 81-28333-6 2

TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB7 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

METER 2GB COM EXP CARD 110-250 PXM4051A1BB 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1
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C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1018

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1019

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR5, CR6 RELAY, 120VAC, 2N0-2NC 2A98239G01 2

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

PB1, PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 2

PB2 PB,E34 RED FLUSH 1NO & 1NC CNT 25A4124G59 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS3 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB2 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB3, TB9 2-3 POINT SCREW TYPE 81-28333-6 2

TB4 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB5 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB7 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1
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C1 CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1021

C2 CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1022

CPT1 C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

CR1, CR3, CR4 RELAY, 120VAC, 3N0-1NC 2A98239G02 3

CR5, CR7 RELAY, 120VAC, 2N0-2NC 2A98239G01 2

CT1 200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

DS1 STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

FU1 PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

FU2 FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FU3 FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 1

FU4 FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 1

GFCT1 SENSOR; GRD FAULT CT 50/5 5264C10H11 1

HTR1 HEATER 250V 375W 7497A69H04 1

LT1, LT3 LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LT2 LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LT4 LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

LT5 LIGHT,E34 AMB XFR6V LED 120VAC 25A4125G70 1

PB3 PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

PLC1 400A RVSS 4160V COST 151B592G250 1

PR1 SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

PT1 3 PH PT, 35, 60, 60 PT3E0F6-N 1

REC1 PLUG + RECP,ASSY 125V 2A98269G03 1

SS1 E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

SS4 SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

TB1 2-3 POINT PULL APART TERM BLK 81-27899-6 1

TB2, TB7 2-3 POINT SCREW TYPE 81-28333-6 2

TB3 11-3 POINT CLAMP TYPE TERM BLK 81-28935-33 1

TB4 7-3 POINT PULL APART TERM BLK 81-27899-21 1

TB5 SHORT CIR TERM BLK OPTION 2 1A48791G02 1

TB6 18-3 POINT CLAMP TYPE TERM BLK 81-28935-54 1

TB8 4-3 POINT PULL APART TERM BLK 81-27899-12 1

TB9 6-3 POINT PULL APART TERM BLK 81-27899-18 1

TH1 THERM & BOX W/O THERMOMETER 3475C49G02 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1
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SHIP LOOSE PARTS

DEVICE ID DESCRIPTION PART NUMBER QTY MARKING

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1
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OPTIMAL US NAVY - NBK PSNS - 4160 REPLACEMENT

MVC - AMPGARD MEDIUM VOLTAGE CONTROL
GO-Item: LPO0021765-001

Material Information By: DRAKE COLE
Generated: 10/3/2019

Manufacturing Location: Arden
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CONSOLIDATED PARTS

DESCRIPTION PART NUMBER QTY MARKING

SCHWEITZ 071050E1ACA9X74850200 10-10024-10 3

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 3 1015, 1018,
1021

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 3 1016, 1019,
1022

200/5 CURRENT TRANSF 3 PHASE 151B554H03 3

400A RVSS 4160V COST 151B592G250 3

SHORT CIR TERM BLK OPTION 2 1A48791G02 3

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 3

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 3

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 3

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 3

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 3

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 3

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 3

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 6

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 3

RELAY, 120VAC, 2N0-2NC 2A98239G01 9

RELAY, 120VAC, 3N0-1NC 2A98239G02 6

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 6

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 3

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 6

PLUG + RECP,ASSY 125V 2A98269G03 3

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 3

COMMUNUCA BELDEN EY6F201006012 43-368-12 1

COMMUNUCA BELDEN EY6F201006016 43-368-16 1

COMMUNUCA BELDEN EY6F201006018 43-368-18 1

COMMUNUCA BELDEN EY6F201006002 43-368-2 1

COMMUNUCA BELDEN EY6F201006025 43-368-25 2

SENSOR; GRD FAULT CT 50/5 5264C10H11 3

5KV 187A 12R BOLT IN FUSE 54A1311G18 3

HEATER 250V 375W 7497A69H04 3

STD. 400A ISO SW BOLTED FUSES 87C0520G05 3

SP10 RVSS TRUCK RAMP ASSEMBLY 87C1137G01 1

HIRSCHMANN SPIDERII 8TX ETH SW 943 957-001 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 3

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 3

48 WATT 2 AMP POWER SUPPLY ELC-PS02 3

FUSE:BUSS, 1A, 300VDC LP-CC-1 6

3 PH PT, 35, 60, 60 PT3E0F6-N 3
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VERTICAL SECTION 2
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SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1015

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1016

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2

PLUG + RECP,ASSY 125V 2A98269G03 1

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 1

COMMUNUCA BELDEN EY6F201006012 43-368-12 1

COMMUNUCA BELDEN EY6F201006002 43-368-2 1

SENSOR; GRD FAULT CT 50/5 5264C10H11 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

HEATER 250V 375W 7497A69H04 1

STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

HIRSCHMANN SPIDERII 8TX ETH SW 943 957-001 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1
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SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1018

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1019

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2

FUSE,W/BLK 250V DIN/PL(1) 15A 2A98257G10 1

FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2

PLUG + RECP,ASSY 125V 2A98269G03 1

FUSEBLOCK; PULL,2P,W/INDICATOR 36C1027H03 1

COMMUNUCA BELDEN EY6F201006016 43-368-16 1

COMMUNUCA BELDEN EY6F201006018 43-368-18 1

SENSOR; GRD FAULT CT 50/5 5264C10H11 1

5KV 187A 12R BOLT IN FUSE 54A1311G18 1

HEATER 250V 375W 7497A69H04 1

STD. 400A ISO SW BOLTED FUSES 87C0520G05 1

REAL TIME AUTOMATION 460MCMM 99-6413-2 1

C2000VA4160/120V,60H,1W,60,24 C20E1D1F2-N 1

48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1



ISSUED FOR CONSTRUCTION - THE INFORMATION ON THIS DOCUMENT IS SUITABLE FOR USE
IN ESTABLISHING FINAL INSTALLATION AND CONSTRUCTION DETAILS.

DFTR DATE

DRAKE COLE 10/3/2019
THE INFORMATION ON THIS DOCUMENT IS CREATED BY EATON
CORPORATION. IT WAS DISCLOSED IN CONFIDENCE AND IS
ONLY TO BE USED FOR THE PURPOSE IN WHICH IT IS SUPPLIED.

APPD DATE

DRAKE COLE 10/3/2019
TITLE OPTIMAL US NAVY - NBK PSNS - 4160 REPLAC

S.O.

AMV1O13
TYPE CUSTOMER

BOM
PRODUCT CODE

OA
CAGE CODE

68592
REVISION

3 A
G.O.

LPO0021765-001
DWG

AMV1O13-P401
SHEET

6 OF 7

VERTICAL SECTION 4

DESCRIPTION PART NUMBER QTY MARKING

SCHWEITZ 071050E1ACA9X74850200 10-10024-10 1

CONTACTOR SL72B4SH3LANL7MNR25 10-10449-2 1 1021

CONTACTOR SL72S4SS3LANL84NR25 10-10450-239 1 1022

200/5 CURRENT TRANSF 3 PHASE 151B554H03 1

400A RVSS 4160V COST 151B592G250 1

SHORT CIR TERM BLK OPTION 2 1A48791G02 1

PRI FUSE KIT 5KV 0.81 DIA FUSE 2147A11G49 1

PB,E34 RED FLUSH W/2NC CNT 25A4124G02 1

PB,E34 BLK FLUSH W/2NO CNT BLK 25A4124G06 1

SWITCH,E34 3POS LVR (2)2NO CNT 25A4124G26 1

PB,E34 BLK FLUSH 1NO & 1NC CNT 25A4124G55 1

E34 2 POS SW W/2-NO-NO CONTACT 25A4124G64 1

LIGHT,E34 GRN XFR6V LED 120VAC 25A4125G67 1

LIGHT,E34 RED XFR6V LED 120VAC 25A4125G68 2

LIGHT,E34 WHT XFR6V LED 120VAC 25A4125G69 1

RELAY, 120VAC, 2N0-2NC 2A98239G01 3

RELAY, 120VAC, 3N0-1NC 2A98239G02 2

FUSE,W/BLK 250V DIN/PL (1) 1A 2A98257G01 2
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FUSE,W/BLK 250V DIN/PL(2) 1A 2A98257G21 2
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48 WATT 2 AMP POWER SUPPLY ELC-PS02 1

FUSE:BUSS, 1A, 300VDC LP-CC-1 2

3 PH PT, 35, 60, 60 PT3E0F6-N 1
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Effective December 2009Instructional Leaflet IB48041

Instructions for AMPGARD 400A
medium voltage starter

� DANGER
READ AND UNDERSTAND THIS MANUAL IN ITS  
ENTIRETY BEFORE INSTALLING OR OPERATING THE 
CONTROLLER. INSTALLATION, ADJUSTMENT, REPAIR, 
AND MAINTENANCE OF THESE CONTROLLERS  
MUST BE PERFORMED BY QUALIFIED PERSONNEL.  
A QUALIFIED PERSON IS ONE WHO IS FAMILIAR  
WITH THE CONSTRUCTION AND OPERATION OF  
THIS EQUIPMENT AND THE HAZARDS INVOLVED.

Introduction
This instruction book is intended to cover  
the handling, installation, operation, and mainte-
nance of AMPGARD� 400A, 7.2 kV starters and 
associated equipment. The function of these  
controllers is to start, stop, and protect medium 
voltage motors, transformers, capacitors, and  
other loads. Controllers may be of full voltage, 
reduced voltage reactor, reduced voltage  
autotransformer, reduced voltage solid-state, or 
two-speed type. They may control induction or  
synchronous machines, and they may be  
non-reversing or reversing.

While this instructional leaflet is dedicated primarily 
to full-voltage starting, the other applications listed 
are an expansion of the principles identified in this 
leaflet. This leaflet does not purport to cover all 
possible contingencies, variations, and details that  
may arise during operation or maintenance of this 
equipment. If further information is desired  
regarding this product, contact your local Eaton 
sales office. 

Identification
A rating nameplate is located on the door of each 
controller. Contained on this nameplate are the  
controller type and ratings as required by industry 
standards. Also contained on this nameplate is the 
factory’s general order number. This number should 
be given to the Eaton sales office if a question 
should arise concerning the equipment or if renew-
al parts are required. Refer to Figure 1 for typical 
location of rating nameplates.
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Figure 1. Starter with Rating Nameplate

� DANGER
EXCEEDING THE NAMEPLATE RATINGS OF AN AMPGARD CONTROLLER 
MAY CAUSE EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Do not apply an AMPGARD controller beyond its nameplate ratings.

Table 1. Contractor Ratings

Rated Utilization Voltage 2200–2500V 3000–3600V 3800–4800V 6000–6900V

Interrupting rating
   NEMA� unfused (E1)
   NEMA fused (E2)

8.5 kA
50 kA
200 MVA at 2400V

8.5 kA
50 kA
295 MVA at 3300V

8.5 kA
50 kA
400 MVA at 4600V

8.5 kA
50 kA
570 MVA at 6600V

Application table
   Induction motor
   Synchronous motor (0.8 PF)
   Synchronous motor (1.0 PF)
Transformer
Capacitor three-phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum insulation voltage: 7200V

Maximum interrupting current 
   (3 operations)
Rated current
IEC make-break capability-AC1
   Make
   Break
Short-time current
   30 seconds
   1 second
   8.6 milliseconds (0.5 cycle) �
Standard service altitude
Optional service altitude

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time
   (energization to contact touch)
Operating time

8500A
400A enclosed

4000A
3200A

2400A
6000A
63 kA peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
90 milliseconds

30 to 330 milliseconds
(selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages
   AC
   DC
Control circuit burden
   Closing (AC/DC)
   Holding (AC/DC)
Auxiliary contact rating
Voltage (maximum)
Continuous current
   Making capacity (AC)
   Making capacity (DC)
   Breaking capacity (AC)
   Breaking capacity (DC)
Latch (when specified)
   Mechanical life
      Trip voltages (DC)
      Trip voltages (DC)
   Minimum trip voltage
   Trip burden
      (24 Vdc)
      (125 Vdc)
      (110/125 Vac)
   Trip Time
Weight

12 milliseconds (3/4 cycle) or less
90% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

—
30 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/120V
110/120V
90% rated coil voltage

—
—
—
30 milliseconds
60 lbs (27 kg) (rollout)

� Time-rated cycles on 60 Hz base.

Low 
Voltage 
Door

Rating 
Nameplate

Medium 
Voltage 
Door
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Description
Controller

The AMPGARD 400A, 7.2 kV controller consists of a non-loadbreak 
isolation switch, medium voltage current-limiting fuses, one or 
more Type SL vacuum-break contactors, a set of current transform-
ers, plus control and protection devices. The isolating switch has a 
limited make and break rating, suitable only for closing and opening 
limited transformer magnetizing currents. The controller is designed 
to start, stop, and protect a three-phase medium voltage motor 
within the ratings shown in Table 1. The controller may also be used 
to switch transformer windings or capacitor loads as shown. For 
applications other than those indicated, consult the factory. Each 
AMPGARD controller occupies all or a portion of a steel structure 
that may also enclose a horizontal bus system to distribute power to 
two or more sections and a vertical bus system to connect individual 
starters to the horizontal bus. The controllers are configured for full-
voltage or reduced-voltage starting, reversing or non-reversing, in 
single-speed or two-speed applications.

Starters are available with bolt-in or clip-in main fuses. Contactors 
may have bolted connections or stab-in connections to the  
starter cell.

The flow of current through a starter with bolted fuses and a  
stab-in contactor can be described as follows: The line finger  
assembly mounted at the back of the enclosure serves to connect 
the isolation switch moving stabs to the controller line terminals 
when the switch is closed. Power flows from the switch moving 
stabs through a flexible shunt to the upper fuse mountings. The 
fuses are connected to the lower fuse mountings that contain the 
line-side stab connections to the line finger assemblies for the main 
contactor. With the main contactor energized, power flows through 
the contactor’s vacuum interrupters to the contactor load fingers, 
which are engaged on to the contactor load-side stabs. Medium  
voltage cables connect the load-side stabs to the motor load  
connections. The contactor is held in place by a set of rails  
mounted in the lower part of the cell. Current transformers are  
typically mounted immediately behind the main contactor, under the 
load-side stabs. The motor load connections are mounted to the left 
of the main fuses in the rear of the compartment, facing forward. 

Figure 2. Medium Voltage Compartment

Low voltage components

The low voltage components consisting of a protective relay,  
interposing relay, test power circuit, terminal blocks, and optional 
equipment are mounted in the low voltage control compartment 
located on the front of the controller medium voltage door. The low 
voltage compartment is fabricated from steel sheets to provide iso-
lation from the medium voltage components mounted behind the 
low voltage compartment. A window is provided in the low voltage 
compartment to allow the user to view the position of the isolation 
switch before entering the medium voltage compartment. See the  
“Isolation Switch” section for further details.

Figure 3. Low Voltage Compartment

Isolation switch

The controller isolation switch is a non-loadbreak device.  
Mechanical and electrical interlocks are provided to ensure that  
the main contactor is de-energized before the switch can be  
operated. In the open position, the switch isolates medium voltage 
from the main controller compartment, allowing access to the  
controller for inspection and maintenance. For standard applications, 
the isolation switch includes ground fingers that ground the line side  
of the power fuses when the switch is in the open position. The  
isolation switch has a mechanical endurance rating of 10,000  
operations. Isolation switches in starters with double-barrel fuses 
are supplied with additional phase barriers that must be installed to 
maintain the proper dielectric rating of the starter.

� DANGER
AMPGARD CONTROLLERS ARE SOMETIMES ENERGIZED BY A BACK-FED 
CONDITION THAT ALLOWS THE MEDIUM VOLTAGE COMPARTMENT TO BE 
ENERGIZED WITH THE ISOLATION SWITCH IN THE OPEN POSITION. STUDY 
THE PLANT SINGLE LINE DIAGRAMS TO MAKE CERTAIN THAT NO BACK-
FEED SITUATION EXISTS BEFORE ENTERING THE MEDIUM VOLTAGE  
COMPARTMENT. 

All power sources must be isolated and locked out before  
servicing the equipment.

For applications where the controller is back fed, the grounding  
fingers should be removed from the isolation switch.

The switch consists of a fixed rear portion and a removable front 
portion. Refer to Figures 5 and 6. The fixed portion includes the 
controller line fingers and a moveable shutter that isolates the line 
fingers when the switch is in the open position. The removable  
portion is operated by a handle mechanism that extends through the 
controller medium voltage door. With the handle in the up position, 
the switch is closed and medium voltage is available for connection 
to the controller load. With the handle in the down position, the 
switch is open and medium voltage is isolated from the controller 
and the controller load.

An isolation switch viewing window is provided in the upper rear 
corner of the low voltage control compartment. After opening the 
isolation switch and before opening the medium voltage door, the 
switch should be visually examined through the viewing window to 
verify that it is in the open position. Three green and white “barber 
poles” will be visible when the switch is in the open position and 
the shutter assembly is in the isolating position. See Figure 4 for 
location of barber poles. The use of a flashlight will help in verifying 
the position of the barber poles. 

Isolation Switch 
Position View 
Window
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Figure 4. Shutter Closed 

� DANGER
DO NOT ENTER THE MEDIUM VOLTAGE STARTER COMPARTMENT WITH-
OUT VISUALLY VERIFYING THAT THE ISOLATION SWITCH IS OPEN AND
THE ISOLATING SHUTTER IS IN PLACE. ENTERING A COMPARTMENT 
WITHOUT THE ISOLATING SHUTTER IN PLACE MAY RESULT IN SEVERE 
INJURY OR DEATH.

Figure 5. Fixed Portion—ISO Switch

Figure 6. Removable Portion—ISO Switch

Power fuses

AMPGARD controllers are supplied with Eaton Type CLS, CLE, 
or HLE current-limiting power fuses. Fuses may be either bolt-in 
type or clip-in type. All fuses include an indicator that pops up when 
the fuse has blown. An optional blown fuse trip bar may be supplied 
with bolt-in fuses. The mechanism is mounted on the controller 
isolation switch and may be wired to trip the controller off-line in 
the event of a blown fuse.

Vacuum contactor

400A AMPGARD medium voltage controllers are supplied with 400A 
vacuum contactors. The contactors are supplied with one of two 
interrupting ratings: The standard contactor has an interrupting rating 
of 4500A, while the high-interrupting contactor has an interrupting 
rating of 8500A. The standard contactors are typically supplied on 
controllers with single-barrel main fuses (<188 FLA). They are also 
supplied when auxiliary contactors are required, such as start and 
run contactors on autotransformer starters and run contactors on 
reactor starters. High-interrupting contactors are supplied on 
controllers with double-barrel fuses. A code plate is provided in 
cells originally equipped with high-interrupting contactors to prevent 
the inadvertent installation of standard interrupting contactors into 
those cells.

Figure 7. SL Vacuum Contactor

Contactors are typically three-pole devices except in the case of the 
start contactor on autotransformer starters, which are normally two-
pole devices.

Refer to Instruction Book IB48018N for further details on the 
operation and maintenance of the vacuum contactors.

Controllers supplied as transformer feeders, or for other specialized 
applications, are sometimes supplied with contactors that include 
a mechanical latch device. Refer to Instruction Book IB48020
for further details on the operation and maintenance of the 
latch mechanism.

Safety interlocks

AMPGARD controllers are manufactured with several built-in inter-
lock provisions and safety features to reduce hazards and provide 
proper operating sequences:

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. Ensure that the medium 
voltage door is fully closed and latched using the two latches on 
the right side of the door to prevent damage to the interlock 
bracket on the back of the door

An additional interlock prevents closing of the switch unless the 
medium voltage door is closed (see MV door interlock plunger in 
Figure 8). On controllers that require two structures (reduced 
voltage starters, for example), the door to the second structure 
will also be interlocked with the switch-operating mechanism. The 
second door must be closed before the main door is closed. Both 
doors must be closed before the switch operator can be moved 
to the closed position

ote:N Attempting to close the switch with the door open can cause damage 
to the operating mechanism. 

Barber Poles 
Indicating 
Shutter 
Closed
Phase 
Barriers (4) 
for Double-
Barrel Fuses
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Figure 8. Handle Mechanism with Contactor and Door Interlocks

Mechanical and electrical interlocks are provided to ensure that the 
non-loadbreak isolation switch cannot be opened or closed unless 
the main contactor is de-energized. (See contactor interlock rod in 
Figure 8.) Do not attempt to force the switch-operating mechanism 
with the main contactor closed. The handle mechanism is designed 
to fail before the isolation switch can be opened with the main  
contactor closed. 

� CAUTION
APPLYING EXCESSIVE FORCE TO THE SWITCH HANDLE WITH THE 
MECHANICAL INTERLOCKS ENGAGED WILL RESULT IN DAMAGE TO  
THE SWITCH.

An electrical interlock is provided to disconnect the control power 
transformer secondary before the isolating switch stabs are  
disconnected from the controller line fingers. This interlock ensures 
that the switch is breaking transformer magnetizing current only.  
Do not connect additional loads to the controller isolating switch. 

� DANGER
IF LOADS GREATER THAN THE INTERRUPTING RATING OF THE SWITCH 
ARE CONNECTED TO THE SWITCH, EQUIPMENT DAMAGE, PERSONAL 
INJURY, OR DEATH MAY OCCUR.

An optional key interlock may be provided to lock the switch in the 
open position for special configurations. Refer to the specific order 
drawings to determine if key interlocks have been provided.

On reversing, two-speed, or autotransformer type starters,  
mechanical interlocks are provided to prevent two or more  
contactors from closing at the same time.

Low voltage control

The low voltage control compartment is located in a steel pocket in 
the medium voltage door. A low voltage door with up to four device 
panels provides access to the low voltage compartment with the 
medium voltage door closed. The low voltage compartment swings 
out of the way with the medium voltage door as it is opened,  
allowing access to the isolation switch, fuses, main contactor,  
and other starter components that are mounted behind the low  
voltage compartment.

A row of control terminal blocks is provided on the left side of the 
controller. They can be accessed by opening the low voltage door. 
The blocks are fixed mounted and remain in place when the medium 
voltage door is opened. Refer to Figures 9 and 10 for details.

Figure 9. Low Voltage Terminal Blocks, Medium Voltage  
Door Open

Figure 10. Low Voltage Terminal Blocks, Low Voltage  
Door Open

A test plug and receptacle are typically supplied inside the low 
voltage section. The receptacle is wired to the secondary of the 
controller control power transformer. Test power can be used to 
energize the control circuit by removing the plug from the receptacle 
and using a standard extension cord to energize the plug. Refer to 
Figure 11 for specific location.

Figure 11. Low Voltage Compartment with Test Plug

� DANGER
DO NOT CONNECT TEST POWER TO THE STARTER CONTROL CIRCUIT 
WITHOUT REMOVING THE PLUG FROM THE RECEPTACLE. FAILURE TO DO 
SO WILL RESULT IN A BACK-FEED CONDITION ON THE CONTROL POWER 
TRANSFORMER, WHICH WILL GENERATE HIGH VOLTAGE INSIDE THE  
CONTROLLER WITH THE ISOLATION DEVICE OPEN. HIGH VOLTAGE CAN 
CAUSE SEVERE INJURY OR DEATH.

Isolation 
Switch 
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Contactor 
Interlock 
Rod

MV Door 
Interlock 
Plunger

MV Door 
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Current transformers

A three-phase current transformer (CT) is provided as standard on all 
starters. The standard mounting location for the CT is under the con-
tactor load connection assembly. The three CTs in the assembly are 
provided with the proper ratio and output burden to work properly 
with the overload relay supplied in the control compartment.

Figure 12. Standard CT Mounting

Main bus

AMPGARD lineups are typically supplied with copper main bus. The 
bus is located in a 12-inch-high bus compartment mounted at the 
top of the lineup. Bus may be rated 1000, 1200, 2000, or 3000A. 
The standard bus is uninsulated and tin plated. Optional insulation 
and silver plating are available. Bus specifications can be found on 
the job-specific order drawings.

Figure 13. Main Bus Compartment, Top View

The main bus compartment in a starter section includes vertical  
bus drops to connect the starter(s) to the main bus. Also included 
are wireways for routing of motor load and control cables to the  
starters below.

Installation
Handling

An AMPGARD controller is insulated for high voltages and must be 
protected against damage during handling. The controller should 
remain in an upright position at all times.

Exercise extreme care during any movement and placement  
operations to prevent dropping or unintentional rolling or tipping. 
AMPGARD medium voltage equipment may be moved by forklift,  
rollers, or overhead crane.

A forklift is usually the most convenient method of handling the  
controller. Use safety straps around the protective packaging  
material when handling the controller with a forklift. Insert the forks 
under the shipping skid. Do not allow the end of the forks to enter 
the bottom of the enclosure.

Rod or pipe rollers provide a simple method for moving the  
controller on a level floor. The bottom of the AMPGARD structure is 
designed to be rolled without damage on minimum 2-inch diameter 
rollers, four rollers per 36-inch section.

AMPGARD controllers are shipped with two steel lifting angles,  
one in front and one in back, running the full width of the shipping 
section. Back-to-back units also have one in the back and one in the 
front, running the full width of the shipping section. Select or adjust 
the rigging lengths to compensate for any unequal distribution  
of the load, and maintain the controller in an upright position.  
Some controller interiors may contain heavy equipment, such as 
transformers, that can make the center of gravity vary considerably 
from the center of the lineup. Do not allow the angle between 
the lifting cables and vertical to exceed 45 degrees. Do not pass 
ropes or cables through the lift holes. Use slings with safety hooks 
or shackles of adequate load rating.

Each controller is properly adjusted at the factory before  
shipment. However, vibration and mechanical stresses imposed 
by transit and installation can adversely affect mechanical  
interlocks and other adjustments; therefore, a final inspection  
is essential before energizing. If this inspection reveals any  
portion of the controller has come out of adjustment, the  
controller should be readjusted according to information in  
this instruction book or by a qualified Eaton service engineer.

Storage

If it is necessary to store an AMPGARD controller before installation, 
keep it in a clean, dry location with ample air circulation and heat  
to prevent condensation. Like all electrical apparatus, an AMPGARD 
controller contains insulation that must be protected against dirt  
and moisture.

Mounting

AMPGARD controllers should be installed on a non-combustible 
level surface of sufficient strength to properly support the control-
ler’s mass. After the lineup has been placed in position, anchor bolts  
may be installed and tightened. Refer to the job-specific order  
drawings for the bolt locations. The use of half-inch diameter bolts  
is recommended.

Equipment located in certain seismic zones must be anchored to 
meet the requirements of those zones. Refer to Eaton I.B. 48042  
for instructions on mounting in these special locations. It is the 
user’s responsibility to ensure the mounting pad is sufficiently strong 
to properly anchor and support the equipment.

When an order includes two or more shipping sections, the order 
outline drawing will show the sequence in which the sections are 
to be lined up and which shipping splits are to be joined. A bus bar 
splice kit and a connecting hardware kit are supplied for each open 
joint between sections. 

Place the first shipping split into position. Move the second  
shipping split into position alongside the first, and use the six or  
eight 3/8 x 1.50-inch bolts and companion hardware to connect the 
two sideplates. Place one flat washer under the bolt head and one 
flat washer and one lock washer under the nut. Tighten each bolt to 
25 lb-ft (33 Nm).

Bus splicing

Connect the bus bars using the splice kit, including hardware  
(3/8-inch diameter) that is provided with the equipment. Tighten 
bolts to 25 lb-ft (33 Nm).

Power connections

Incoming power connects to the lineup in a variety of ways. Cables, 
bus from other close-coupled equipment, busduct, and transformer 
shunts are some of the more common methods. Note that these 
connections may be energized even when the starter isolation 
switch or other switching devices are in the open position. 
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� DANGER
DE-ENERGIZE AND LOCK OUT ALL INCOMING POWER CONNECTIONS 
AT THEIR SOURCE BEFORE SERVICING ANY PART OF THE EQUIPMENT 
DIRECTLY CONNECTED TO THE INCOMING POWER, INCLUDING MAIN  
HORIZONTAL BUS, VERTICAL BUS, BUS POTENTIAL TRANSFORMERS,  
OR CONTROL POWER TRANSFORMERS.

Review the order drawings supplied with the equipment for informa-
tion on the incoming connections for your specific equipment.

Ensure that all connections are tight and of the proper ampacity 
to carry the rated load. Cables should be properly supported and 
braced, with special attention to ensure that the insulation is  
protected from damage.

Load cable termination

Load cable terminations are typically located in the left rear of the 
controller compartment. Refer to Figure 14 for location details. 
In reduced-voltage starters, the terminations are located in the 
reduced-voltage compartment. Load cables may exit either the top 
or bottom of the structure. Ensure that the factory-supplied phase 
barriers are installed before energizing the starters. Failure to install 
the barriers can result in a flashover at the load connections.

Figure 14. Customer Load Connections, Shown with Optionally 
Supplied Lugs

In two-high controller arrangements, the cables from one controller 
must pass through the controller located either above or below. An 
isolated steel cableway is provided for these cables. Special barriers 
are provided to enhance this isolation. The order drawings will state 
if the factory construction was set up for top or for bottom entry of 
cables. If the actual entry of cables is different than the factory set-
ting, the special barriers can be removed and reinstalled in the other 
controller compartment to facilitate entry from the other direction.

Figure 15. Medium Voltage Cable Isolation Barriers

Top-exiting cables pass through the left rear area of the main bus 
compartment. For two-high construction, the cable area includes 
a barrier to isolate the cables from the two starters. The front area 
should be used for access to the top controller, the rear area should 
be used for access to the lower controller.

Figure 16. Medium Voltage Cable Conduit Area (View from Top 
Rear of Bus Compartment)

Control connections

Control wires may enter the enclosure from either the top or the 
bottom. For lineups with main bus, a low voltage wireway is located 
in the left front of the bus compartment to facilitate top entry of  
control wiring. For controllers where bottom entry is used, wires 
enter the lower left front of the enclosure. Refer to the order- 
specific drawings for specific locations for control wireways. 

Steel channels are provided for the isolation of control wires in two-
high construction. For top entry of control wires, the lower starter 
wiring should pass behind the channel in the upper compartment. 
For bottom entry of control wires, the top starter wiring should pass 
behind the channel in the lower compartment. The order drawings 
will state if the factory construction was set up for top or for bottom 
entry of control wires. If the actual entry of wires is different  
than the factory setting, the special barriers can be removed and 
reinstalled in the other controller compartment to facilitate entry 
from the other direction. Figure 17 below illustrates the barriers 
for top entry of low voltage wires. 

Figure 17. Low Voltage Terminal Blocks and Vertical Wireway

A fixed row of terminal blocks for control connections is located in 
the left front of the controller compartment. The starter isolation 
switch should be in the disconnected position and the medium  
voltage door open for wiring access to these terminal blocks.

When top entry of low voltage wiring is used, make sure that the 
wiring for the top starter is routed to the left and secured using wire 
ties as soon as possible to prevent interference with the low voltage 
control compartment when the medium voltage door is closed.

Some wiring may need to be connected to devices on the low  
voltage door or in the low voltage compartment. Wiring to these 
devices should come through one of the wire cutouts in the  
bottom left of the low voltage compartment. Make sure that there  
is sufficient slack in the wiring to allow the medium voltage door to 
open properly.

A horizontal low voltage wireway is located at the bottom front of 
each lineup. The equipment ground bus is also located in the wire-
way. This area may be used to route control wires that must pass 
from one structure to another.  

Move Barriers to Starter 
Above or Below if Cable 
Entrance is Different from 
Factory Configuration

Low Voltage 
Wireway  
Barriers (move 
to lower starter 
if bottom entry)

Low Voltage Wire 
Space from Bus  
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Terminal 
Blocks
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Figure 18. Horizontal Wireway and Ground Bus 

Setting of adjustable protective devices

AMPGARD controllers may contain protective devices, such as 
solid-state motor protection relays, overcurrent relays, incomplete 
sequence timers, and other devices, critical to the proper operation 
of the starter. Due to the wide variation in job site parameters, these 
devices are not set at the factory. It is the purchaser’s responsibility 
to ensure that all adjustable devices are properly set before energiz-
ing the equipment. Warranty is void if adjustable devices are not 
properly set prior to initially starting the equipment.

� DANGER
FAILURE TO PROPERLY SET ADJUSTABLE DEVICES MAY RESULT IN  
EQUIPMENT DAMAGE, PERSONAL INJURY, OR DEATH.

Pre-startup checks
Before attempting to put a newly installed controller into service, 
study the wiring diagrams, control schematics, other order-specific 
drawings, and all instruction literature. Ensure that all adjustable 
devices, including protective relays and timers, have been  
properly set. 

Verify that the controller and motor are connected per the Eaton 
drawings. This is particularly essential in this class of equipment, as 
the fuse ratings, current transformers, and overload protection are 
based on the characteristics of the particular motor (or other load)  
to be controlled.

Ensure that all safety precautions have been taken and that the 
installation conforms to applicable regulations and safety practices.

The equipment should be free of dirt, scraps of wire, tools, and 
other foreign material.

The dielectric strength of the vacuum interrupters should be 
checked before the contactor is energized for the first time and  
regularly thereafter to detect at the earliest possible date any  
deterioration in the dielectric strength of the interrupter, because 
this may result in an interruption failure. The test is best performed  
with the contactor removed from the controller cubicle. Removal 
instructions can be found later in this instructional leaflet in the 
“Maintenance/Contactor” section. If testing is performed with the 
contactor installed, care must be taken to ensure no damage is 
inflicted on the controller control power transformer (CPT), potential 
transformers (PT), or to the controller load. Removal of the primary 
fuses is sufficient to protect the CPT or PTs. Cables to the load 
should be disconnected. Although an AC test is recommended, a 
DC test may be performed if only a DC test unit is available. A good 
vacuum interrupter will withstand a 16 kV–60 Hz test or a 23 kV–DC 
test across the normally open contact gap. When performing DC 
tests, the voltage should be raised in discrete steps until the final 
test voltage is reached. When tested with an AC high-potential  
tester, expect a capacitance leakage current of approximately  
1 milliampere per interrupter. Refer to IB-48018N for more  
information on dielectric testing of the vacuum interrupters.

The insulation level of the starter should be checked and recorded 
before the unit is energized.

Enclosure doors should close easily. Do not force doors closed, but 
rather look for improperly positioned contactors, isolating switches, 
or other devices.

Ensure that all phase barriers are in good condition and are properly 
installed. Note that larger and/or additional barriers are used when 
double-barrel fuses are in use. Refer to Figures 6, 12, 14, and 19 
for examples.

� DANGER
ENSURE THAT THE CORRECT BARRIERS ARE USED WITH DOUBLE-BARREL 
FUSES. FAILURE TO INSTALL THE CORRECT PHASE BARRIERS CAN RESULT 
IN EQUIPMENT DAMAGE, SEVERE INJURY, OR DEATH.

Figure 19. Lower Fuse Mounting with Optional Fuse Clips

Verify that the contactor is fully inserted into the controller  
compartment. On stab-connected type contactors, verify that all  
finger-stab combinations are properly engaged. On bolt-connected 
contactors, verify that all connections have been properly torqued. 
On stab-connected contactors, a mounting bracket is provided to 
secure the contactor in the cell. Verify that the securing bolt is in 
place and is properly tightened to the bracket. A small gap between 
the contactor baseplate and the mounting bracket is normal. 

Figure 20. Contactor Hold-Down Bracket

� DANGER
ALL SOURCES OF MEDIUM VOLTAGE MUST BE ISOLATED AND LOCKED 
OUT AT THE UPSTREAM FEEDER BEFORE THE INTERLOCK CHECK CAN BE 
PERFORMED. FAILURE TO ISOLATE AND LOCK OUT ALL INCOMING POWER 
TO THE LINEUP CAN RESULT IN EQUIPMENT DAMAGE, SEVERE INJURY,  
OR DEATH.
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Mechanical interlocks should be checked as follows: Isolate and lock 
out all incoming power sources. Open the isolation switch. Open the 
medium voltage door. Verify that the mechanical interlocks between 
the contactor and handle mechanism are connected and function-
ing properly. The switch drive rod connection and the contactor 
interlock rod connections should be verified by operating the handle 
mechanism, open-to-close-to-open. The door interlock plunger must 
be held in by hand during this operation. Verify that the pivot arm 
on the handle mechanism drops down and makes contact with the 
cam after the handle is fully closed. Failure to contact the cam may 
indicate a problem with the adjustment of the aluminum interlock 
arm on the contactor. Close the main contactor with test power 
and attempt to operate the switch while holding the door interlock 
plunger in. The mechanical interlock should prevent the switch from 
operating. Avoid putting excessive force on the operating handle dur-
ing this operation or damage to the handle mechanism may occur.

Figure 21. Mechanical Interlock Verification

Maintenance
A maintenance program should be established as soon as the  
controller has been installed and put into operation. After the  
controller has been inspected a number of times at monthly  
intervals and the conditions noted, the frequency of inspection  
can be increased or decreased to suit the conditions found.

Before attempting maintenance, consult the order-specific drawings 
and instructions supplied with the controller.

Insulation level

The insulation resistance between poles, and from each pole to 
ground, should be measured and recorded. It is not practical to 
specify an absolute value for this reading because it is dependent on 
other connected apparatus and conditions of service. However, any 
unusually low reading or abrupt reduction in a reading would indicate 
a possible source of trouble, and the cause should be investigated 
and corrected.

Fuses

Inspect the current-limiting fuses after each relay initiated trip, 
because this is the most severe service to which they will be sub-
jected. Check the fuse resistance, and compare with the value of 
a new fuse. A visual sign of an open fuse is provided by a pop-up 
indicator on the top of the fuse. If a fuse has blown due to a fault, 
it is likely that the other fuses experienced a similar overcurrent 
condition. In this case, Eaton recommends that all three fuses be 
replaced. Ensure that the replacement fuses are of the same rating 
and mounting configuration as those originally supplied.

Clip-in fuses can be removed by simply pulling them from the  
fuse clips. Lightly lubricate fuse clips with Dow DC-4 high-temp 
dielectric compound before installation of new fuses to reduce  
the force required to insert and remove fuses. Bolt-in fuses can be 
removed by loosening the four nuts that secure the fuses to their 

mounting studs. The phase barriers on the lower fuse mountings 
can be removed if desired to ease access to the mounting studs 
and nuts. The upper phase barriers are not removable. If the optional 
blown fuse trip bar has been supplied, lift the operating arms up  
to clear the fuse mounting flanges. The arms will latch in the up 
position. Installation is the reverse of removal. Bolt-in fuses must  
be torqued to 25 lb-ft (33 N-m). Be sure to lower the blown fuse  
trip bar operating arms after all three fuses are reinstalled.

Contactor

Inspect the contactor line and load fingers for signs of arcing or 
overheating. Replace as necessary. Inspect the mechanical interlock 
components attached to right side of the contactor main operating 
shaft and side sheets. Ensure the lever is secure on the shaft and 
that the pivoting arm moves freely. Verify that the finger assemblies 
on stab-connected contactors are in their neutral (horizontal)  
position before reinserting the contactor into the cell. No lubrication 
is required. 

Refer to IB 48018N for details of additional contactor operation and 
maintenance information.

Follow the steps below to remove the contactor from the starter 
cell. Installation is the reverse of the removal process. Note that the 
mechanical interlock mechanism on the side of the contactor must 
be reconnected before the contactor can be closed. The mechanism 
is weighted in such a manner that the contactor cannot operate  
until the interlock rod clevis is reconnected. Figures 22 through 26 
illustrate the removal sequence.

1. Unplug control harness

2. Remove bolt from hold-down bracket

3. Unsnap pin collar from interlock rod clevis

4. Remove pin from interlock rod clevis

5. Remove bolts for contactor line and load connections  
(bolt-in unit only)

6. Withdraw contactor from cell

Figure 22. Unplug Control Harness 

Figure 23. Remove Bolt-Down Hardware
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Figure 24. Unsnap Pin Collar

Figure 25. Remove Pin

Figure 26. Remove Three Line-Side and Three Load-Side Bolts 
(Bolt-In Contactor Only) 

Isolation switch

The isolation switch consists of a fixed rear portion and a remov-
able front portion. The switch should operate smoothly in both 
directions, with an increase in resistance as the stabs engage the 
controller line fingers. Inspect for any signs of mechanical wear or 
overheating. 

To withdraw the removable portion:

1. Remove the three main fuses

2. Remove the control plug 

3. Remove the cotter pin and clevis pin from drive rod clevis

4. Remove the two bolts securing the removable portion of the 
switch to the fixed portion

5. Pull the switch forward, then down and out of the controller

� CAUTION
TAKE CARE NOT TO LET THE SWITCH QUICKLY DROP DOWN AS THE 
REMOVABLE PORTION SEPARATES FROM THE FIXED PORTION OR 
DAMAGE TO THE SHUTTER CAN OCCUR.

Figure 27. Isolation Switch Control Plug

Figure 28. Isolation Switch Drive Rod
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Figure 29. Bolts Securing ISO Switch

The fixed portion of the switch, including the isolating shutter, 
remains in the controller. Medium voltage may be present at the 
line fingers behind this shutter. Before attempting to inspect the line 
fingers or do other work on the fixed portion of the switch, ensure 
that the controller incoming power is isolated and locked out at an 
upstream feeder.

With the incoming power locked out, the fingers can be inspected 
and the vertical bus connections checked for tightness. Remove the 
polyester barrier mounted immediately below the switch for access 
to the vertical bus connections. Verify the operation of the shutter 
mechanism by gently pushing it to the left. It should spring back 
to the closed position when released. After 5000 operations, the 
fingers and stabs should be relubricated with Dow DC4 high-
temperature dielectric compound.

� DANGER
FAILURE TO LOCK OUT INCOMING POWER BEFORE SERVICING THE FIXED
PORTION OF THE SWITCH OR VERTICAL BUS CAN RESULT IN EQUIPMENT 
DAMAGE, SEVERE INJURY, OR DEATH.

Figure 30. Fixed Isolation Switch

Reinstallation is the reverse of the procedure previously discussed. 
Make sure that the shaft of the removable portion of the switch is 
rotated to the fully open position before reinstallation. 

� DANGER
IF THE SWITCH IS INSERTED WITH THE SHAFT IN THE CLOSED POSITION, 
THE SHUTTER MAY BE FORCED OPEN AND LIVE PARTS MAY BE CONTACT-
ED, RESULTING IN SEVERE INJURY OR DEATH.

Door interlock

A mechanical interlock prevents opening the medium voltage door 
with the switch in the closed position. A steel plunger lowers into 
position as the switch is closed. This plunger engages a bracket 
welded to the back of door, preventing the door from opening with 
the switch closed. In the unlikely event the switch malfunctions and 
cannot be opened, it will be necessary to drill out the welds to allow 
access to the medium voltage compartment. Refer to Figure 31. 
Use a 1/4-inch bit and drill out the two welds that can be seen just 
below the handle mechanism. After repairs are made to the switch 
mechanism, the door should be replaced with a new factory-built 
part to ensure the restoration of the interlock feature.

Figure 31. Drill Location for Emergency Entrance to 
Medium Voltage Compartment
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I.B.48021Cutler-Hammer

Instructions for 36" Wide Vacuum-Break Starters Rated 200 and
400 Amperes, 7200 Volts, Roll-Out Type with SL Contactor

HAZARDOUS VOLTAGE.

READ AND UNDERSTAND THIS MANUAL IN ITS EN-
TIRETY BEFORE INSTALLING OR OPERATING CON-
TROLLER. INSTALLATION, ADJUSTMENT, REPAIR AND
MAINTENANCE OF THESE CONTROLLERS MUST BE
PERFORMED BY QUALIFIED PERSONNEL. A QUALI-
FIED PERSON IS ONE WHO IS FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIP-
MENT AND THE HAZARDS INVOLVED.

THE CONTROLLER
Each Ampgard® motor starter (controller) consists of one
nonload-break isolating switch, one or more Type SLA,
vacuum-break contactors, current-limiting fuses, a set of
current transformers, and some form of overload protection.
The isolating switch has a limited make and break rating,
suitable only for closing and opening limited magnetizing
current loads.  The controller is designed to start, stop and
protect a three-phase medium-voltage motor within the
ratings shown in Table I.  The controller may also be used to
switch transformer windings or other medium voltage loads.
Each Ampgard® controller occupies all or a portion of a steel
structure that may also enclose a horizontal bus system to
distribute power to two or more sections and a vertical bus
system in each section connected to the horizontal main bus
system. The controllers are configured for full-voltage or
reduced-voltage starting, reversing or nonreversing, single-
speed or two-speed applications.

Fig. 1 Ampgard® Motor Controller, 36" Wide

DANGER

System Voltage 2400V 3300V 4160V 6600V
 SLA –200 amp

Induction Motor 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor  (0.8 PF) 8000 HP 1100 HP 1500 HP 2250 HP
Synchronous Motor (1.0 PF) 1000 HP 1250 HP 1750 HP 2750 HP
Transformer 7500 KVA 1000 KVA 1250 KVA 2000 KVA

 SLA – 400 amp
Induction Motor 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor  (0.8 PF) 1750 HP 2250 HP 3000 HP 4500 HP
Synchronous Motor (1.0 PF) 2000 HP 2500 HP 3500 HP 5500 HP
Transformer 1500 KVA 2000 KVA 2500 KVA 4000 KVA

Max. Interrupting 4500 Amps (SL-200)
  Current (3 OPS.) 8500 Amps (SL-400)
Rated Current 200 A Enclosed (SL-200)

400 A Enclosed (SL-400)
Max. Rated Voltage 7.2kV
Making/Breaking Capacity4000 amps
Short Time Current

30 Sec. 2400 A
1 Sec. 6000 A
8.7 MS (0.5 Cycle) 63kA Peak

(I2t=5.89mega-joules)

Arcing Time 12 mS (0.75 Cycle) or Less
Pickup Voltage 80% Rated Coil Voltage
Dropout Voltage 60% Rated Coil Voltage
Control Voltages Selectable:

AC 110-120, 220-240  50/60Hz
DC 125

Control Circuit Burden
Closing (AC)/(DC) 600VA (200 Milliseconds)
 Holding (AC)/(DC) 30 VA

Auxiliary Contact Rating
Voltage (Max) 600 V
Continuous Current 10 A
Making Capacity (AC) 7200 VA

(DC) 125 VA
Breaking Capacity (AC) 720 VA

(DC) 125 VA
Min. Voltage/Current 5V/100mA
Latch (when Specified)
Mechanical Life 250,000 operations
Trip Voltage (DC) 24 Volts

(DC) 125 Volts
(AC) 110/120 volts

Min.  Trip Voltage 80% Rated Coil Voltage
Trip Burden

(24 VDC) 100 VA
(125 VDC) 200 VA
(110 VAC & 120 VAC) 150 VA

Trip time 30 M sec (2 cycles)

Mechanical Life 2,500,000 Operations
Electrical Life 300,000 Operations
BIL 60 kV (1.2 x 50 Microseconds)
Dielectric Strength (60 Hz) 20 kV (1 Minute)
Closing Time 80 Milliseconds

(Energization To
Contact Touch)

Opening Times 30 to 250 Milliseconds
Dip Switch Selectable
Refer to Table IV

TABLE I: APPLICATION DATA
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THE CONTROLLER (Cont.)
While this instruction booklet is dedicated to full-voltage
starting, the other applications listed are an expansion of
the same principles shown.

MEDIUM-VOLTAGE COMPONENTS
The flow of current through a vacuum-break controller
(starter) can be traced by referring to the lower portion of
Figure 4, where the controller is shown in the energized
position.  The line stab assembly mounted at the back of
the enclosure also serves as the controller line terminals
(1).  The stabs themselves are engaged by the fuse jaws
(2) of the isolating switch which is mounted on rails at the
top of the cell compartment.  The line ferrules (3) of the
current-limiting motor-starting power circuit fuses (4) clip
into the fuse jaws, and the load ferrules (5) fit into the fuse
holders (6) which are part of the contactor line terminals.
Current flow through the contactor is from the load ferrules
of the power circuit fuses, through the contactor line bus
(7), and the vacuum interrupters (bottles) of the contactor
(8), to the contactor load terminals (9).  The contactor is
mounted on rails in the lower part of the cell, immediately
adjacent to the current transformers, which are bolted to a
panel on the side of the enclosure.  Spring loaded contact
jaws mounted on the contactor load terminals plug into the
lower stab assembly (10), providing a convenient connec-
tion through the current transformers to the motor (load)
terminals mounted on the left-hand side wall of the enclo-
sure.  Instrument quality potential transformers (when
furnished) are mounted to the right side sheet of contactor.

Fig. 2  SLA Contactor & Isolating Switch Interlock

LOW-VOLTAGE CONTROL COMPONENTS
The low-voltage components consisting of an interposing
relay,  protective relays, and optional equipment are
generally mounted on a slide-out panel.  The single-phase
control power transformer is bolted to the contactor frame.
The capacity of this transformer ranges from 600 VA to 2
kVA, depending upon voltage, frequency and extra
capacity requirements.  The primary of the control power
transformer is connected to the line through the power
circuit fuse assembly, and is protected by two additional
low rating current-limiting fuses  mounted on the contactor.
See Figure 6.  The secondary of the control power trans-
former supplies power to the 120 (or 240) volt grounded
control circuit through a secondary fuse mounted next to
the test-run plug.

The slide-out panel and attached door constitute the low-
voltage compartment for most Ampgard motor controllers.
This panel and door combination may be removed from
the base enclosure by first removing four machine screws
from the top and bottom rail bayonets on the back side of
the panel and lifting the panel until the bayonets clear their
slots.  These screws must be replaced when the panel is
reinstalled to maintain stability.  Pull-apart terminal blocks
permit mechanical and electrical separation from the
contactor.  See Figure 3.

To energize the primary of the control power transformer,
the contactor must be inserted into the enclosure, the
power circuit fuses must be installed, and the isolating
switch must be closed.
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Fig. 3  Low-Voltage Compartment

For convenience during maintenance, when it may be
desirable to energize the contactor or the control circuit, a
test-run plug is provided.  WITH THE ISOLATING SWITCH
OPEN, disconnect the plug from the socket and plug it
into a 120 volt single phase polarized extension cord (or
240 volt when specified).  See Figure 6.
Disconnect this temporary circuit and restore the plug to
its socket on the contactor before returning the unit to
service.
DOOR INTERFERENCE
The SLA contactor is equipped with a projection bar
attached to the upper front edge of the right-hand
sidesheet.  Its function is to ensure that the contactor is
properly racked into position by providing an obstacle to
door closure if the load jaws are not fully engaged with the
load stabs.

DO NOT OPERATE CONTACTOR IF THE DOOR INTER-
FERENCE PREVENTS DOOR CLOSING.
LOW-VOLTAGE CUTOFF SWITCH
Two auxiliary switches are installed behind the operating
handle housing of the isolating switch and are used to
disconnect the load of a control power transformer, space

heaters, or other auxiliary circuits.  Each of these auxiliary
switches has an inductive load rating of 20 amperes at not
greater than 250 VAC.  These auxiliary contacts operate
within the first five degrees of movement of the isolating
switch handle.  At least one of the normally-open contacts
of these switches disconnects the control power trans-
former from its load.
ISOLATING SWITCH
Each Ampgard® isolating switch is a medium-voltage,
three-pole, manually operated device.  It consists of an
operating mechanism and a sliding tray mounted between
two steel end plates.  The sliding tray is molded insulating
material and carries three sets of fuse jaw finger assem-
blies.  One end of the fuse jaw finger   assembly grips the
upper ferrule of the power fuse while the other end en-
gages the line stab.  In the switch open position, the three
fuse jaw fingers are grounded.  Arc resistant and flame
retarding insulating barriers are mounted between phases
and also between the two outside poles and the isolating
switch end plates.
This isolating switch is a nonload-break device.  It must
never close or interrupt a power load.  However, it does
have a limited capacity for interrupting the single-phase
control power and potential transformers exciting current.
In terms of transformer ratings, the maximum load is the
equivalent of an unloaded (exciting current only) 6 KVA
transformer.
An Ampgard® starter is shipped with the isolating switch in
the ON position (Figure 5, View A).  The isolating switch
handle is operated by moving it through a vertical arc from
the ON to the OFF position.  From the OFF position, it can
be rotated 90° counterclockwise to the HORIZONTAL
position, the door-open position (Figure 5, View D).
In both the ON and OFF positions, a portion of the handle
housing extends over the door to the medium-voltage
compartment, preventing this door from being opened.  To
open this door, the handle must be moved to the HORI-
ZONTAL position.
With the handle in the OFF position, up to three padlocks
can be used to lock out the switch, preventing the handle
from being moved to either the ON or the HORIZONTAL
position.  This locked position prevents both unauthorized
entry into the medium-voltage compartment and acciden-
tal closing of the isolating switch while maintenance work
is being done.  From the HORIZONTAL position, the
handle cannot be moved to the ON position without first
moving to the OFF position.
FUSE SELECTION AND COORDINATION
Fuse selection is dependent on motor locked rotor current,
acceleration time, and full load current.  To prevent fuse
fatigue it is recommended that the minimum melting time
of the fuse always exceed the locked rotor current times a
safety factor of 1.25 at the motor acceleration time.  The

WARNING



I.B. 48021Page 4

Effective 11/99

Fig. 4  Ampgard® Components, Two Starters (Controllers) Shown
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motor full load current must always be less than the fuse
continuous current rating. Cutler-Hammer selects fuse
ratings based on the following assumptions: 1) Locked
Rotor Current is equal to 6 times Full Load Current, and 2)
Acceleration time is 10 seconds at full voltage.
During high-power testing the SL-400 contactor was
confirmed to properly coordinate with Cutler-Hammer Type
CLS current limiting motor starting fuses.  Tests were
conducted with 5.08kV-24R and 7.2kV-24R fuses.  The
contactor successfully withstood the let-through energy of
each fuse for a 50kA available symmetrical fault at the
rated voltage of the fuse.  Maximum let-through occurred
with the 5.08kV fuse.  The maximum observed current
was a 63kA peak, with I2t equal to 5.89 mega-joules. The
SL-200 Contactor will coordinate with Cutler-Hammer Type
CLS fuses rated 5.08kV-12R and 7.2kV-12R.
Proper coordination must be maintained between the
contactor interrupting rating, contactor dropout time, and
the total clearing time of the main fuse.  Care must be
exercised when selecting the dropout time setting on the
contactor control board.  The contactor must not open on
a fault greater than it’s rated interrupting current.  By
holding the contactor closed for the appropriate time, the
fuse will clear if the fault current exceeds the contactor
rating.  Delays in relay settings should not be included in
the calculation since it is likely that the voltage will
collapse and allow the contactor to drop open no matter

Fig. 6  Type SLA Contactor, Front View

CONTROL POWER
TRANSFORMER
PRIMARY FUSES (2)

CONTROL POWER
TRANSFORMER
(CPT)

TEST-RUN PLUG

CONTROL POWER
TRANSFORMER
SECONDARY FUSES

POWER CIRCUIT
FUSE CLIPS

CONTACTOR PORTION
OF MECHANICAL
INTERLOCK

CONTROL
RECEPTACLE

Fig. 5  Isolating Switch Handle Positions

The operating handle has three distinct positions.

In the ON position (A), the isolating switch is closed, the
door is interlocked shut, and the starter may be energized.

In the OFF position (B), the isolating switch is open, the
door is interlocked shut, and the starter is de-energized and
grounded.

With the handle rotated 90° counterclockwise (C) to the
HORIZONTAL position (D), the isolating switch is open, the
starter is de-energized and grounded, and the door may be
opened.

A B

C D

Four Screws

�
�

�
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TABLE II.  FUSE APPLICATION TABLE FOR SL-200 AND SL-400 CONTACTORS

SL-200
Motor FLA Voltage Fuse Rating Min Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 130
137-187 151D933G02 230-12R 130
187-200* 151D933G02 230-12R                    130 * For FLA > 187, Max Accel Time = 3.5 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 60
137-200 151D963G07 230-12R 250

SL-400
Motor FLA Voltage Fuse RatingMin Opening Time
11.0-18 2400-4800V 449D597G01 30-1R 30
18-31 449D597G02 70-2R 30
31-46 449D597G03 100-3R 30
46-62 449D597G04 130-4R 30
62-74 449D597G05 150-5R 30
74-93 449D597G06 170-6R 30
93-137 151D933G01 200-9R 30
137-187 151D933G02 230-12R 30
187-244 151D933G03 390-18R 60
244-360 151D933G04 450-24R 130
360-400** 151D933G04 450-24R                    130 ** For FLA > 360, Max Accel Time = 6 seconds

11.0-34 5500-6900 151D963G01 70-2R 30
34-46 151D963G02 100-3R 30
46-56 151D963G03 130-4R 30
56-68 151D963G04 150-5R 30
68-85 151D963G05 170-6R 30
85-137 151D963G06 200-9R 30
137-187 151D963G07 230-12R 30
187-273 151D963G10 390-18R 60
273-400 151D963G11 450-24R 250

Note: Fuse selections based on LRC = FLA x 6, accleration time of 10 seconds except where noted.
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THE CONTACTOR
Magnetically Held Contactor
The  contactor consists of a base SL contactor mounted
between steel sidesheets with fuse mounting provisions,
mechanical interlocks, and other components to form an
integrated contactor truck assembly.  The base contactor is
mounted in the horizontal position between the sidesheets.
Refer to Figure 2 and 6 for details.

DUE TO ELECTRICAL CLEARANCE REQUIREMENTS,
THE FOUR PHASE BARRIERS SUPPLIED WITH THE
CONTACTOR MUST BE INSTALLED BEFORE THE
CONTACTOR IS ENERGIZED. WHERE NO POWER
FUSES ARE MOUNTED ON THE TOP OF THE
CONTACTOR, AS IN THE CASE OF A REDUCED
VOLTAGE CONTACTOR, NO BARRIERS ARE REQUIRED.
A return spring located behind the moving armature plate
(Figure 7) holds the contactor in the open position with the
main coils deenergized.
The contactor is closed by energizing the contactor control
board with the appropriate control voltage at terminals 1 and
2.  The control board rectifies the input voltage and applies a
pulse width modulated DC output voltage to the coils.  The
output voltage is approximately full voltage for the first 200
milliseconds after energization during which time the
contactor closes and seals.  The output voltage is then
automatically reduced to approximately 15 VDC to maintain
the contactor in the closed position.

CAUTION

what the setting of the relay.  The standard factory
dropout setting is 130 ms (8 cycles).  Table II lists the
minimum recommended dropout times for coordination
with the available ratings for main power fuses supplied
with Ampgard starters.
For more information, refer to Cutler-Hammer Application
Data 36-693 which includes minimum-melt, total clearing,
and let-through curves for Type CLS motor fuses.

ENCLOSURE
These Ampgard®  motor controllers are supplied in cells
assembled into floor-mounted enclosures. These enclo-
sures are 36 inches wide x 30 inches deep x 90 inches high
(92 cm wide, 76 cm deep, and 229 cm high). Each 90-inch
high enclosure accommodates one or two Ampgard®

starters depending upon the requirements. Complex
controllers such as reduced-voltage starting require more
than one 36" wide section. A 10-inch (25-cm) high horizon-
tal bus enclosure can be added at the top which increases
the total enclosure height to 100 inches (254 cm).

Fig. 8  Contactor closed

Fig. 7   Contactor open

The coil cores are magnetized which rotates the armature
shaft, moving armature, and operating plate.  As the
operating plate moves toward the coil cores, the main
contacts close.  The plate continues to move an additional
distance (known as overtravel) which allows for contact
preload and wear (Figure 8).
When control power is removed from the control board the
SL is held closed for a preset time and then opens.  The
range of time between the removal of control power and
contact opening is from 30 to 250 milliseconds.  The time
can be adjusted for such factors as fuse coordination and
voltage loss ride-through.  Unless otherwise specified, the
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Return Spring

Armature Shaft
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Stop
Assembly
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Overtravel
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Stop
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Mechanically Latched Contactor
The mechanically latched contactor is closed in the same
manner as the magnetically held contactor.  After the
contactor is electrically closed, a mechanical latch is
engaged that holds the moving armature plate in the closed
position.  Power should then be removed from the control
board by a N.C. auxiliary contact.
To open the contactor, the unlatch coil is energized with the
appropriate control voltage.  The coil engages a release lever
on the latch mechanism.  The contactor is then forced
opened by the return spring.
Auxiliary Contacts
An operating lever attached to the rotating shaft operates a
set of auxiliary contacts located on the bottom right of the
contactor.  The standard configuration is 2NO-2NC contacts.

TABLE III. CONTROL BOARD VOLTAGE SETTINGS

TABLE IV. CONTROL BOARD DROPOUT SETTINGS

Fig. 10  Coil Control Board with Dipswitch

Fig. 9  Coil Control Board Removal

factory default setting is 130 milliseconds, or approximately
8 line cycles (60Hz).  Refer to section on Fuse Selection
and Coordination for more information on selecting the
correct dropout time.
As the moving armature is rotated to the open position by
the return spring, it impacts the stop assembly located at
the front of the contactor (Figure 7).  The stop assembly
absorbs much of the kinetic energy of the moving armature
and reduces the over-travel of the vacuum interrupters as
the contactor is forced open.
A selectable dipswitch is located on the control board for
setting the control voltage level and the contactor dropout
time (Figure 10).  The control board must be removed from
its cavity in the contactor housing to gain access to the
dipswitch (Figure 9).  Table III lists the available voltage
settings and Table IV lists the available dropout settings.

Dip Switch
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The auxiliary contacts are rated 600VAC, 10 amps con-
tinuous.  Minimum ratings are 5 volts, 100 milliamps.
Grounding
A contactor ground clip is attached to the left rear sidesheet
of all main contactors.  A formed steel cover protects the
clip to help minimize the likelihood of damage to the clip.
Care should still be exercised when handling the contactor
to prevent damage.  A ground bar mounted on the rear of the
left frame rail engages the clip when the contactor is
inserted into the starter compartment.  Refer to Figure 11.

Before initial startup and after any procedure where the
contactor has been removed from the starter cell, insure that
the contactor ground clip properly contacts the ground bar.
Code Plates
200 Amp contactors should not be inserted into 400 amp
cells.  All 400 amp starters with SL contactors include a
code plate attached to the inside of the left contactor rail.
200 amp SL contactors include an interference rod that will
engage the code plate in a 400 amp starter cell, preventing
the contactor from being installed. Refer to Figure 12.

Fig. 11 Ground clip assembly

Fig. 12   Code plate in 400 amp cell preventing 200 amp
contactor from being inserted.

SWITCH-CONTACTOR INTERLOCK
Ampgard® motor control always includes a mechanical
interlock that is designed to prevent the isolating switch
from closing with the contactor already closed, and to
prevent the contactor from closing while the isolating
switch is being opened.
One of the features of Ampgard roll-out motor control is
the interlocking of the contactor and isolation switch with a
mechanical interlock that does not require mechanical
disassembly to separate the components that are inter-
locked.  See Figure 13.
With the isolation switch either fully closed or fully open
and the contactor open, all interlocks are neutral. See
Figure 13.  With the contactor closed the yoke rotates and
blocks the interlock arm from moving. The interlock arm in
turn prevents the isolation switch cam from rotating.  If

WARNING

DO NOT ATTEMPT TO FORCE A 200 AMP CONTACTOR
INTO A 400 AMP CELL, DAMAGE TO THE CELL AND/OR
CONTACTOR COULD OCCUR.

Fig. 13  Contactor Open, Interlocks Neutral



I.B. 48021Page 10

Effective 11/99

CAUTION

OTHER MECHANICAL INTERLOCKS
Before putting an Ampgard® controller into service,
become familiar with all the mechanical interlocks.
Line Stab Insulating Shutter
When an Ampgard® isolating switch is installed, both a
shutter and a rear line stab barrier are in place in the
controller structure and are intended to prevent accidental
access to the line bus.  As the isolating switch is opened,
the sliding tray (Figure 15) mechanically drives the insulat-
ing shutter closed across the three line stab openings in the
rear barrier.  As the shutter closes the openings, green and
white striped labels are uncovered to visually indicate that
the shutter is closed.  With the isolating switch in the fully
open position, the fuse jaw finger assemblies and the line
side of the main fuses are connected to the ground bar.

When the isolating switch is removed from the starter
structure, a latch lever (“32,” Figure 16) on the shutter
assembly is activated.  It is designed to hold the insulating
shutter closed.  This latch may be deliberately bypassed
and the shutter moved to the open position.

UNDER THESE CONDITIONS THE EXPOSED LINE
TERMINAL STABS OF THE STARTER MAY BE ENER-
GIZED AT LINE POTENTIAL.

Fig. 15  Sliding Tray Mechanism of 400 Ampere Isolating
Switch

operation of the isolation switch handle is attempted,
interlocks inside the switch prevent switch operation since
the cam cannot rotate.  The handle cannot be moved.
As the isolation switch handle is operated (with the
contactor open), a cam rotates down, depressing the
interlock arm on the contactor.  The depressed interlock
arm blocks the yoke from rotating, which prevents the
contactor from closing. See Figure 14.  When the switch
reaches the fully open or closed position, the cam rotates
up, allowing the contactor to close.
The purpose of this interlocking is to prevent the
accidental closing or opening of the isolation switch while
the contactor is closed, and to prevent the closing of the
contactor if the isolation switch is not fully open or
closed.  Neither closing or opening of the isolation switch
under load is safe.
There is an auxiliary switch located behind the isolation
switch faceplate that is operated when the front switch
handle is moved from the closed to the open position.
The auxiliary switch is wired into the control circuit and
disconnects control power during the first 10 degrees of
rotation of the front handle.  Pulling on the switch handle
will operate the auxiliary switch, disconnect control power,
and allow the main contactor to drop out (if it is closed).

Fig. 14  Contactor Interlocked Open by Isolation Switch
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from the secondary of the control power transformer.  This
male test plug can be plugged into a standard polarized
120-volt (or 240-volt, depending on coil voltage rating)
extension cord socket for testing the control circuit and any
sequence without energizing the medium-voltage controller
at power circuit voltage.  When the male plug is transferred
to the extension cord, it automatically disconnects from the
control power transformer to prevent feedback of high
voltage into the power circuits.  Check to be sure no
inadvertent bypass of this arrangement has been made in
the wiring before relying on this safety feature.
CONTACTOR HANDLING
Each contactor weighs about 125 pounds (57 kilograms).
A horizontal bar is provided at the front for pulling the
contactor out of its cell, or for pushing it back into place.
When a type SLA contactor is installed in a medium-
voltage controller it can be moved to a drawout position or
removed from the enclosure as follows:

When the isolating switch is replaced in the structure, the
latch member is automatically released to allow the
shutter to operate normally.
As a final precaution before touching any of the electrical
parts of the starter, visually check to make certain that
the shutter is closed, the green and white striped labels
are visible, the grounding fingers are in contact with the
ground bar, and the tips of the fuse fingers are visible.
Door Interlock
With the isolating switch handle in the HORIZONTAL
position, the door to the medium-voltage compartment can
be opened.  As soon as the door opens, a mechanical
interlock becomes effective.  It is designed to prevent the
user from accidentally operating the isolating switch handle
and closing the starter on to the line with the door open.
This interlock is a spring-loaded plunger located just below
the handle housing.  This prevents the handle from being
accidentally returned to the OFF position.  This interlock
may be deliberately bypassed by depressing the plunger
with a screwdriver so that the handle can be moved to the
OFF position to observe the operation of the isolating
switch during installation or maintenance.  To do this, it is
necessary to deliberately bypass the interlock.  The handle
must be returned to the HORIZONTAL position by again
depressing the interlock plunger before the door can be
closed.  The operator must be aware of what he is doing
and take appropriate safety precautions.
CONTACTOR-MOUNTED COMPONENTS
To simplify installation and servicing, a number of related
components may be mounted on the Type SLA contactor
chassis:  a control power transformer with test plug and
fuses, primary fuses for the control power transformer, 3-
phase potenial transformer, and load side fuse clips for the
power circuit fuses.  See Figure 6.  The test-run plug is
used to connect to an auxiliary source of control voltage
when it is not inserted into the receptacle that is the output

Fig. 16  Shutter Operating Mechanism

WARNING: ALL WORK ON THIS CONTACTOR SHOULD
BE DONE WITH THE MAIN DISCONNECT DEVICE
OPEN. AS WITH ANY CONTACTOR OF THIS VOLTAGE,
THERE IS DANGER OF ELECTROCUTION AND/OR
SEVERE BURNS. MAKE CERTAIN THAT POWER IS
OFF. CHECK FOR VOLTAGE WITH VOLTAGE SENSOR
OR A METER OF THE APPROPRIATE RANGE.
1. If removal is planned, provide a lift truck or suitable

platform to receive the contactor as it comes out. See
that the shipping clamp is no longer in place.

2. Make sure all circuits are deenergized.
3. Remove the three power circuit fuses using the fuse

puller supplied with the starter.
4. Disconnect the 12-point control plug and stow it so

that the cable will not be damaged.  Disconnect the
two 3-point plugs on the right front of the isolating
switch. Disconnect the PT secondary plug, if supplied.

5. Release the latch on the left side by holding it upward
(using your foot if desired, when unit is at floor level).

6. While holding the latch up, pull the contactor outward.
It will roll forward and should re-latch at a detent
position, partially out of the cell.

7. To remove the contactor completely, reverse the latch,
pressing it downward.  The contactor can then be
rolled out of its cell.

Once the contactor is on the floor, it can be moved easily
by means of a short length of 0.75-inch (19.1-mm) pipe
inserted into a bracket on the front of the left side sheet.
The contactor can be pushed or pulled like a wagon in this
manner.

DANGER
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When there is access space behind the installation, the
rear panel of the enclosure can be removed to facilitate
wiring.  Adequate space has been provided at the rear of
the enclosure for medium-voltage line and load cables,
while low-voltage cables may be conveniently arranged
near the right-hand enclosure wall.

CAUTION

START-UP PRECAUTIONS
Before attempting to put a newly installed motor controller
into service, study the wiring diagram and instruction
literature.

General Precautions. Be sure that:
1. The corresponding controller and motor are connected

as shown on the Cutler-Hammer drawings. This is
particularly essential in this class of motor controller
as the fuse ratings, current transformers, and overload
protection are based on the characteristics of the
particular motor to be controlled.

2. The controller is connected to a suitable power supply
with characteristics agreeing with motor and starter
nameplate markings.

3. The motor and the machine it drives are properly lined
up, bolted down, lubricated, free of obstructions, and
ready to go.

4. Connections are neat, tight, of proper capacity and in
agreement with the diagram.

5. Equipment has been cleaned of dirt, scraps of wire,
tools, and all other foreign material.

6. THE INSULATION LEVEL OF THE STARTER IS
CHECKED AND RECORDED BEFORE THE
STARTER IS ENERGIZED. See GENERAL MAINTE-
NANCE on page 17.

7. Enclosure door closes easily. Do not force the door
closed but rather look for improperly positioned
contactor, fuses, or isolating switch.

8. All safety precautions have been taken and the
installation conforms with applicable regulations and
safety practices.

For Isolating Switch. Be sure that:
1. The current-limiting motor-starting power circuit fuses

have been properly installed. See the permanent
operating instructions on the inside of the medium-
voltage door.

2. The mechanical interlocking system operates freely,
is properly adjusted, and will operate to provide the
intended protection.

The four lower corners of the contactor side sheets are cut
at 45°.  When the contactor is on a level firm work surface,
it can be temporarily tilted backward or forward off its
wheels onto these 45° pads for easy inspection.  Do not
leave contactor in this position unless actually being
inspected.

To reinstall, reverse the procedure.

INSTALLATION
This industrial type control is designed to be installed by
adequately trained and qualified personnel with appropriate
supervision.  These instructions do not cover all details,
variations, or combinations of the equipment, its storage,
delivery, installation, check-out, safe operation, or mainte-
nance.  Care must be exercised to comply with local,
state, and national regulations, as well as safety prac-
tices, for this class of equipment.  See START-UP PRE-
CAUTIONS. For site preparation and general information
regarding receiving, storage, and installation see I.B.
48001.

TALL STRUCTURE — MAY TIP OVER IF MISHANDLED.

MAY CAUSE BODILY INJURY OR EQUIPMENT DAMAGE.

DO NOT REMOVE FROM SKID UNTIL READY TO
SECURE IN PLACE. READ THE HANDLING
INSTRUCTIONS IN I.B. 48001 BEFORE MOVING.
Medium-voltage motor controllers are extremely heavy
and the moving equipment used in handling must be
capable of handling the weight of the motor controller.

Confirm this capability prior to starting any handling
operations with the controller.

INSTALLATION

The motor controller should be kept in an upright position
unless specific instructions to the contrary are provided
with the controller.

After a level installation site has been prepared, the
Ampgard®  assemblies positioned and fastened in place,
and protective packaging removed, the individual control-
lers can be disassembled to permit access to conduit and
complete wiring.  Step-by-step disassembly procedures
are shown on Pages 14, 15, and 16.  Following the recom-
mended procedures will save time. All cable connections
can be made by access through the front of the enclosure.
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Fig. 17  Key Points in Disassembly.

A. SHIPPING CLAMP
B. POWER CIRCUIT FUSES
C. CONTROL PLUG
D. VACUUM CONTACTOR
E. ISOLATION SWITCH AUXILIARY CONTACT

TERMINAL BLOCK

F. CONTACTOR DETENT LATCH
G. ISOLATING SWITCH
H. CONTACTOR ON-OFF INDICATOR
I. POTENTIAL TRANSFORMER SECONDARY

 TERMINAL BLOCK (OPTIONAL)

C

G

F H B D A

E

I
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6 Part way out the contactor will
relatch in a detent position. To
remove the contactor, press down
and at the same time pull the
contactor forward.  Lower the
contactor to the floor and roll out of
the way. The contactor weighs
approximately 125 lbs.
(57 kilograms). If a contactor is
installed in an upper compartment,
an industrial lift with a platform is
necessary.

5 To remove contactor (D), lift latch
(F) on bottom left-hand corner of
contactor and at the same time
give the contactor a sharp pull
forward.

4 Disconnect the auxiliary contact
terminal blocks (E) on the
isolating switch.

1 Remove the shipping clamp (A)
by taking out two bolts. 2 Remove three power circuit fuses

(B) using the fuse puller supplied.
See operating instructions inside
medium-voltage door.

3 Remove the control plug (C).
Disconnect the potential
transformer plug (I), if supplied.
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7 Free the isolating switch (G), by
removing two hex head bolts as
shown.

8 Pull the isolating switch forward.
CAUTION: It has no latch and will
pull completely out. However, it
weighs only 75 lbs. (34 kg.) and
can usually be handled without a
crane or lift.

9 If cable is used to connect the line
stabs, loosen four pan head
screws approximately three turns.
Lift rear barrier and shutter
assembly up and off the screws.
Disconnect the shutter drive lever
using the keyhole in the lever.
Starter is now ready to wire.

10 Refer to load cable instruction tag
located in starter at motor
terminal for load wiring
instructions.

11 After wiring, reverse the procedure
to reassemble. Slide the isolating
switch in place and secure with two
bolts. Refer to Steps 7 and 8.

12 Check to make sure each fuse
clamp is in correct position. Refer
to instructions on the starter door.
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time and regularly thereafter to detect at the earliest
possible date any deterioration in the dielectric strength of
the contact gap since this may result in an interruption
failure. See section on Vacuum Integrity Check.

CHECK-OUT, MECHANICAL
One of the features of Ampgard® motor control is the
interlocking of the contactor and isolating switch which
prevents opening the isolating switch when the contactor
is closed, and prevents closing the isolating switch if the
contactor is already closed due to some malfunction.
Neither closing nor opening of the isolating switch under
load is permissable. The isolating switch interlock arm
does not move, except when the isolating switch is being
opened or closed.

These interlocks are intended to protect against malfunc-
tion. But they should be tested with main POWER OFF
prior to start-up (and at intervals thereafter) by simulating
improper operation and sequencing of the contactor and
isolating switch. Any failure to interlock must be corrected
before power is applied.

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

CHECK-OUT, VACUUM INTERRUPTERS
The dielectric strength of the interrupters should be
checked before the contactor is energized for the first

DANGER

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

For Contactor. Be sure that:
1. PHASE BARRIERS ARE INSTALLED (WHEN PROVIDED)
2. The drawout latch, located on the left-hand contactor

end plate, is positioned behind the stop bracket
mounted on the left-hand contactor rail.

3. The contactor coil is electrically isolated, to prevent
feedback into a control power transformer and a
hazardous situation.

4. There has been a check, using an extension cord and
a separate source of AC control circuit power, of the
control circuit functions.

Operate the appropriate pushbuttons to close and open the
contactor. If the contactor does not close fully or does not
drop out fully, refer to the CONTACTOR MAINTENANCE on
page 18.

Disconnect the extension cord and restore the plug into its
socket on the contactor chassis.

13 Return contactor to its
compartment and make sure
detent latch is engaged.

14 Reconnect the isolating switch
terminal blocks. Install the
contactor control plug and the PT
secondary plug, if supplied.
Refer to Steps 3 and 4.

15 Install the three power circuit
fuses. Make sure each fuse is
fully seated on the bottom fuse
holder located on the contactor.

DANGER
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GENERAL MAINTENANCE
Ampgard® motor controllers should be operated and
maintained by authorized and qualified personnel only.
Personnel authorized to operate the isolation switch and
those authorized to inspect, adjust, or replace equipment
inside the enclosure should have a complete understand-
ing of the operation of the controller, and must have
thorough training in the safety precautions to be followed
when working with medium-voltage equipment.

MAINTENANCE PRECAUTIONS
There is a hazard of electric shock whenever working on
or near electrical equipment. Turn off all power supplying
the equipment before starting work. Lock out the discon-
necting means in accordance with NFPA 70E, “Electrical
Safety Requirements for Employee Safety In the Work-
place.” Where it is not feasible to de-energize the system,
take the following precautions:
a) Instruct persons working near exposed parts that are

or may be energized to use practices (including
appropriate apparel, equipment and tools) in accor-
dance with NFPA 70E.

b) Require persons working on exposed parts that are or
may be energized to be qualified persons who have
been trained to work on energized circuits.

For the purpose of these instructions, a qualified person is
one who is familiar with the installation, construction, or
operation of the equipment and the hazards involved. In
addition, this person should have the following qualifications:

a) Be trained and authorized to energize, de-energize,
clear, ground, and tag circuits and equipment in
accordance with established safety practices.

b) Be trained in the proper care and use of protective
equipment such as rubber gloves, hard hat, safety
glasses or face shields, flash clothing, etc., in accor-
dance with established practices.

c) Be trained in rendering first aid.
d) Be knowledgeable with respect to electrical installa-

tion codes and standards, for example, the National
Electrical Code (NEC).

MAINTENANCE PROGRAM
A maintenance program should be established as soon as
the controller has been installed and put into operation.
After the controller has been inspected a number of times
at monthly intervals and the conditions noted, the fre-
quency of inspection can be increased or decreased to
suit the conditions found.

Before attempting maintenance, consult the specific
circuit diagrams supplied with the controller.

Insulation Level
After installation, and before energizing the controller for
the first time, the insulation resistance between poles, and
from each pole to ground, should be measured and
recorded. It is not practical to specify an absolute value
for this reading since it is dependent on other connected
apparatus and conditions of service. However, any unusu-
ally low reading or abrupt reduction in a reading would
indicate a possible source of trouble, and the cause
should be investigated and corrected.

Fuses
Inspect the current-limiting fuses after each fault-clearing
operation, since this is the most severe service to which
they will be subjected. Check the fuse resistance, and
compare this value with a new fuse. A visual sign of an
open fuse is provided by a colored indicator in the top of
the fuse. This indicator pops up and is visible when the
fuse is blown.

Use the fuse puller to remove and replace blown fuses.
The fuse puller is stored alongside the contactor rail. The
correct procedure for replacing fuses is described on the
operating instruction panel which is permanently fastened
inside the door to the medium-voltage compartment. This
instruction panel also lists the correct fuse rating and fuse
part number for that particular starter. The same type,
rating and part number of power circuit fuses must be
used for replacement in all cases. If preferred, fuses may
be removed and replaced by hand.

If for any reason, there is doubt about the condition of a
fuse, a simple test is to check its electrical continuity and
resistance.

ALL WORK PERFORMED ON THIS CONTACTOR
SHOULD BE DONE WITH THE MAIN DISCONNECT
DEVICE OPEN AND LOCKED OUT.  AS WITH ANY
CONTACTOR OF THIS VOLTAGE, THERE IS DANGER
OF ELECTROCUTION AND/OR SEVERE BURNS.
MAKE CERTAIN THAT POWER IS OFF.  CHECK FOR
VOLTAGE WITH VOLTAGE SENSOR OR A METER OF
THE APPROPRIATE RANGE.  MAKE CERTAIN THAT
ALL TRANSFORMERS ARE ISOLATED TO PREVENT
FEEDBACK AND THE RESULTANT GENERATION OF
HIGH VOLTAGE.

DANGER

CONTACTOR MAINTENANCE
Maintenance
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THIS PROCEDURE REQUIRES THE USE OF A HIGH
POTENTIAL TEST UNIT, WHICH PRODUCES
HAZARDOUS VOLTAGES.

APPLYING HIGH VOLTAGES ACROSS THE OPEN
CONTACTS OF A VACUUM INTERRUPTER MAY
PRODUCE X-RAYS.  THE RADIATION MAY INCREASE
WITH AN INCREASE IN THE VOLTAGE OR A
DECREASE IN THE DISTANCE BETWEEN THE OPEN
CONTACTS.  THE LEVELS OF RADIATION
GENERATED AT THE RECOMMENDED TEST
VOLTAGES AND NORMAL CONTACTOR OPEN GAP
SPACING ARE EXTREMELY LOW.  HOWEVER, AS A
PRECAUTIONARY MEASURE IT IS RECOMMENDED
THAT ALL OPERATING PERSONNEL STAND AT
LEAST THREE FEET AWAY FROM THE CONTACTOR
WHILE PERFORMING THIS TEST.

Vacuum contactors depend on the vacuum in each
interrupter to successfully stop current flow to the
connected load when the contactor opens.
The SL contactors are thoroughly tested at the factory
prior to shipment.  They can however be damaged by
improper handling during shipment and storage.  The
integrity of the vacuum interrupters should therefore be
verified before the contactor is energized for the first time.
The check should also be made each time the contactor
is serviced or repaired, otherwise the test should be
performed each 50,000 operations or annually, which ever
occurs first.

WARNING

DANGER

Hardware on any components other than the basic
contactor (i.e. main fuse supports, etc.) is grade 5
standard Imperial size.  Imperial hardware can be
identified by its yellow dichromate plating.

Diameter
(mm)

4
5
6
8
10
12

Torque
N-m

2.8 - 3.1
5.6 - 6.2

  9.4 - 10.4
22.9 - 25.4
45.5 - 50.6
79.2 - 88.0

lb-in

24 - 27
49 - 55
83 - 92

203 - 225
402 - 447
701 - 779

lb-ft

-
-
-

17 -19
34 - 37
58 - 65

*unless otherwise specified

TABLE V.  RECOMMENDED TORQUE VALUES
FOR PROPERTY CLASS 8.8 METRIC HARDWARE*

TABLE VI.  RECOMMENDED TORQUE VALUES
FOR GRADE 5 IMPERIAL HARDWARE

Dia Torque
inches lb-ft

5/16 10-14
3/8 18-25
7/16 28-40
½ 42-60

9/16 61-87
5/8 84-120

The contactor should be serviced on a regular basis.  The
time interval between maintenance checks is variable and
dependant on factors such as environment, duty cycle,
etc.  Unless the experience of the maintenance personnel
suggests a different service interval, the contactor should
go through a checkout after each 50,000 operations or
annually, which ever occurs first.
To service the contactor, remove it from the starter
enclosure.  Access to some components will require that
the contactor truck be rotated 90 degrees so that it rests
with the “front” of the truck on the floor or workbench.
Some of the instructional photos show the base contactor
without sidesheets.  The contactor does not have to be
removed from the sidesheets before service begins.
General
The contactor should be kept clean and free from dust
and other accumulated deposits.  Dust can be removed
from the contactor by blowing with dry air that is free from
lubricants.
Verify wiring by grasping each wire and pulling to check
tightness.
Check for hairline cracks in high stress areas such as
mechanical interlock bracket, baseplate, auxiliary contact
mounting bracket, etc.
Inspect for loose joints that produce excess heat and
discolor conductors.  Verify that insulation has not been
damaged by high temperatures.  Do not over-torque bolts
while verifying tightness.
Hardware in the basic contactor is metric property class
8.8.   Metric hardware can be identified by its clear
plating, which allows the hardware to maintain a gray/
silver appearance.  Refer to Table V for recommended
torque values.

Vacuum Integrity check
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THERE ARE BELLOWS IN EACH INTERRUPTER THAT
SEAL THE MOVING CONTACT FROM THE
ATMOSPHERE. THESE BELLOWS ARE FRAGILE AND
MUST BE PROTECTED FROM ANY TORSIONAL
LOADING.  AN APPROPRIATE TOOL MUST SUPPORT
THE MACHINED FLATS ON EACH END OF THE
INTERRUPTER WHEN TIGHTENING ANY HARDWARE
ON THE INTERRUPTER.  BOTTLE WRENCH, CUTLER-
HAMMER PART NUMBER 4A36081H01, IS
SUGGESTED FOR USE IN THIS APPLICATION.
Remove each VI using the steps listed below:
1. Remove the two bolts securing the load finger

casting to the contactor (Figure 19).
2. Remove bolt securing the line bus to the lower

terminal (Figure 20).
3. Remove bolt and shunt supports securing end of

lower terminal to housing (Figure 21).
4. Loosen locknut securing threaded rod to top of

standoff insulator (Figure 22).
5. Rotate insulator clockwise to screw insulator off

threaded rod.
6. Remove clamp securing lower end of VI to housing

(Figure 23).
7. Remove bolt securing VI to upper terminal (Figure 24).
8. Hold insulator down and rotate lower portion of VI

assembly forward to remove (Figure 25).
9. Insert new VI assembly (reverse of step 8).
10. Install bolt securing VI to upper terminal, do not

tighten (reverse of step 7).

CAUTION

CAUTION

To verify the integrity of the vacuum interrupters a voltage
of 16kV-ac should be applied across the open contacts of
the interrupters. The voltage should be applied for 60
seconds without breakdown. Breakdown is defined as a
current of 5mA or more flowing across the open contacts.
Note that approximately 1mA of current will flow through
each interrupter during the AC test due to the capacitance
of the vacuum interrupter.
If a DC high potential test unit is used, make certain that
the peak voltage does not exceed 23kV, the peak of the
corresponding AC RMS test voltage.  A megger cannot be
used to verify vacuum integrity due to its limited output
voltage.

SOME DC HIGH POTENTIAL UNITS, OPERATING AS
UNFILTERED HALF-WAVE RECTIFIERS, ARE NOT
SUITABLE FOR TESTING VACUUM INTERRUPTERS,
BECAUSE THE PEAK VOLTAGE APPEARING ACROSS
THE INTERRUPTERS CAN BE SUBSTANTIALLY
GREATER THAN THE VALUE INDICATED.

Interrupter Wear Check
The interrupters used in the SL contactor are designed for
long electrical life.  Replacement should be at 300,000
operations except in cases of plugging or jogging, which
may require more frequent replacement.  Verification of
contact wear can be made by following the procedure
below.
The overtravel gap for a new SL contactor is .100" and is
set at the factory.  As the contacts wear the overtravel is
reduced.  The SL interrupter design allows for .080” wear
before replacement is required.  To verify that the
contacts are not worn beyond their allowable limits, close
the contactor with rated control power.   Insert the .020"
contactor wear gauge, p/n 5259C11H01, between the
operating plate and the washer on the lower insulator
stem of each pole.  Refer to Figure 18.  If the gauge
cannot be inserted on each pole, all three interrupters
must be replaced.  Refer to the section VI Replacement
for instructions on replacing the interrupters.
VI Replacement
If the vacuum interrupters fail the vacuum integrity or
wear check, or if they have more than 300,000
operations, they must be replaced.  The three interrupters
should be replaced as a set.

Fig. 18 – Interrupter Wear Check
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After 3 new VI’s have been installed, set the proper open
gap using the steps listed below. Two or three battery
operated test lights or continuity testers are needed for
the proper setting of the open gap.
Adjusting VI’s
1. Attach test lights across the upper and lower

terminals of each interrupter.
2. Rotate Insulator on middle phase bottle until light

flickers. Rotate clockwise if light is not on, counter-
clockwise if light is on.

3. From the point the light flickers, rotate insulator on
middle phase bottle counter-clockwise three and two-
thirds turns to establish a 5.5mm open gap. Use
markings on insulator to verify correct rotation. (Two-
thirds turn is equal to 8 divisions that are molded on
the surface of the insulator.)

4. Slowly rotate the main shaft, closing the VI’s, until
the middle phase light is on, now adjust the insulators
on the two outside phases so that the lights on all
three phases come on simultaneously, (DO NOT
MOVE THE INSULATOR ON THE MIDDLE PHASE)
while rocking the main shaft open and closed.

5. Tighten locknuts securing threaded rod to top of each
insulator.  Use bottle wrench to insure standoff
insulator does not rotate during this operation.

6. Perform test as described in section on Vacuum
Integrity Check on page 19 before returning
contactor to service.

Coil replacement
1. Remove the coil leads from terminals 5 and 6 on the

control board.  Cut the wire-tie securing the coil leads
to the baseplate.Fig. 20

Fig. 19

11. Install bolt and shunt supports securing lower
terminal to housing. When tightening insure shunt is
straight and shunt supports are in correct position
(reverse of step 3).

12. Install bolt securing line bus to the lower terminal.
Torque to 12 lb-ft (16.2 N-m) (reverse of step 2).

13. Tighten bolt securing VI to upper terminal while
holding bottle wrench on upper VI stem. Torque to
200 lb-in (22.6 N-m). Insure the laminated shunt is
not twisted.

14. Install two bolts securing the load finger casting to
the contactor. Torque bolt making the electrical
connection between the upper terminal and the
casting to 18 lb-ft (24.2 N-m) (reverse of step 1).

15. Install clamp securing lower end of VI to housing
(reverse of step 6). 16. Rotate insulator counter-clockwise approximately 3

to 4 turns to secure threaded rod to insulator.
17. Adjust VI’s as outlined in the next section.

Fig. 21
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2. Remove the coil mounting angle by removing the two
angle mounting bolts located on the bottom of the
contactor baseplate.  (Figure 26).  Be careful not to
allow the angle to move abruptly as the bolts are
removed since there is pressure applied to the angle
by the return spring.

3. Remove the lock nut holding the return spring bolt on
the back of the mounting angle (Figure 27).  Note:
After removing locknut, count the threads protruding
through the mounting angle to insure correct length
during reassembly.

4. Unscrew the spring assembly by hand and remove
from the angle  (Figure 28).

5. Slip the two coils from the cores.
6. Install the two new coils over the cores. (Figure 29)

Fig. 25

Fig. 22

Fig. 24Fig. 23
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Fig. 26   Remove the coil mounting angle

WARNING

Fig. 27   Remove the locknut securing the return spring bolt

Fig. 28  Unscrew the return spring assembly Fig. 29   Install new coils on cores

7. Thread the return spring assembly into the mounting
angle until the locknut under the bottom spring
retainer just contacts the angle.  The number of
threads protruding through the mounting angle should
be the same as counted in step 3 above.  Do not
overtighten since this would compress the return
spring and prevent the proper force from being applied
to the operating plate on opening.  The rear locknut for
the return bolt should then be tightened on the back
of the angle.

8. Secure the angle to the contactor baseplate using the
two mounting bolts.  Sufficient force must be applied
to the angle to compress the return spring and allow
the threaded holes in the angle to align with the
appropriate holes in the baseplate.

9. Connect the coil leads to the appropriate terminals on
the control board.  Secure the leads using a wire tie
and the hole in the baseplate to insure that the leads
do not become abraised.  Before the contactor is
reinstalled, verify proper operation using test power.
When power is applied, the contactor should close
cleanly.  When power is removed, the moving armature
should securely contact the return assembly.

Control Board Check and Replacement
To verify the output of the control board, apply rated
control voltage to terminals one and two. Terminals 3 and
4 must remain connected with the factory-installed
jumper.

VERIFY THAT THE APPLIED POWER CANNOT BE FED
BACK INTO ANY CPT OR OTHER CIRCUIT, WHICH
MAY GENERATE DANGEROUS VOLTAGES.
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Using a standard hand-held multimeter, check the dc
output of the board at terminals 5 and 6.  The voltage
should be approximately 9 to 16 volts depending on type
of meter. If there is no output, the board must be
replaced. If there is an output voltage, but it is not within
this range, remove the board and verify the dipswitch
settings.
To remove the board, wires connected to terminals 1, 2,
5, 6 and (7 and 8 also if mechanical latch is installed)
must be disconnected. Make certain that the wires are
properly marked before disconnecting to insure the ability
to reconnect them to the proper terminal. (The jumper on
terminals 3 and 4 may remain.) After the wires are
disconnected, loosen the mounting screws located at the
top and the bottom of the terminal block. The board may
now be withdrawn from its mounting compartment.
Before a new board is installed, make certain that the
dipswitches are properly set. Installation is the opposite
of removal.
Stop Assembly Replacement
If the stop assembly becomes worn it should be replaced.
To replace, close the contactor with test power. Remove
the two bolts securing the assembly to the baseplate.
Install a new assembly.
Auxiliary Contact Maintenance and Replacement
If standard contact blocks become oxidized due to very
low current levels passing through the contacts, they may
be cleaned by periodically disconnecting them from the
circuit and circulating approximately 10 amps through the
contacts for a short period of time.
If one or more of the auxiliary contacts fail, it is
recommended that the complete contact block assembly
be replaced.  Disconnect wiring to each contact, making

Fig. 30  Remove the two mounting screws securing the
contact assembly to bearing retainer

Fig. 31  Adjust the gap between plunger and operating
arm to .110 inches

sure to properly mark each wire to insure proper
reconnection.  Remove the two mounting screws securing
the contact assembly to the bearing retainer.  Install the
replacement assembly, securing with the two mounting
screws.  The contacts are properly adjusted when the
plunger to operating arm gap is .110 inches.  (Figures 30
and 31)
Insulation Level Check
After installation and before energizing the contactor for
the first time, the insulation level should be checked and
recorded.  Check the resistance between poles and from
each pole to ground with a megger. Record all readings.  It
is not practical to specify an absolute value for this
reading since it is dependent on other connected
apparatus and conditions of service.  However, any
unusually low readings (below 1 meg per 1000 volts) or
abrupt reduction in a reading would indicate a possible
source of trouble, and the cause should be investigated
and corrected.  As previously discussed, the insulation
level check cannot verify vacuum interrupter integrity.
Contact Resistance Check
Testing that measures the contact resistance of the VI’s
is not recommended since the results can vary widely on
good contacts.  If a resistance check is performed, the
best results will be with a test module that will force 50 to
100 amps through the contacts while measuring
resistance.  Any value under 300 micro-ohms can be
considered typical, although higher readings may be
measured if the test equipment is not connected near the
contactor terminals.
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Welded Jaws or Contacts
In the unlikely event that either the isolating switch fuse
jaws or the contactor contacts should weld closed, or if an
event should occur such that the isolating switch handle
cannot be moved from the ON to the OFF position,
provision has been made so that the door to the medium-
voltage compartment can be opened in a emergency.  The
door can be opened by using the following procedure:
1. Make sure that the main incoming power line is de-

energized, to avoid a hazardous situation when the
door is opened.

2. Remove the four screws holding the rectangular
handle housing of the isolating switch to the front
casting.  (See Figure 5.)

3. Disconnect the leads between the isolating switch
auxiliary switches and their pull-apart terminal blocks.

4. The complete handle housing can now be pushed up
far enough to provide clearance for opening the door
and any maintenance to be carried out.

Fig. 32  Auxiliary Switch Installation

OPERATE THE ISOLATING SWITCH ONLY WITH ALL
DOORS CLOSED AND COMPLETELY LATCHED. THE
ISOLATING SWITCH MAY FAIL TO INTERRUPT IF ITS
RATING HAS BEEN EXCEEDED BY AN UNDETECTED
INTERNAL FAULT.

ISOLATING SWITCH MAINTENANCE

When the isolating switch is removed from the starter
structure, a latch lever on the shutter assembly is acti-
vated.  It is designed to hold the insulating shutter closed.
This latch may be deliberately by-passed and the shutter
moved to the open position. Caution should be observed
since the exposed line terminal stabs of the starter may
be energized at line potential.

When the isolating switch is replaced in the structure, the
latch lever is automatically released to allow the shutter to
operate normally.

Lubrication
Periodically, apply a light coating of Dow Corning DC-4
high temperature silicone grease (or equivalent) to the tips
of the fuse jaw fingers where they engage the line terminal
stabs.  Also clean and lubricate the tray guide rails of the
isolating switch.  See Figure 15.

DANGER

As a final precaution before touching any of the electrical
parts of the starter with the isolating switch removed,
visually check to make certain that the shutter is closed,
the green and white striped labels are visible, the ground-
ing fingers are in contact with the ground bar, and the tips
of the fuse fingers are visible.

Auxiliary Contact Replacement
The auxiliary switch kit, part number 2147A01G01,
consisting of two auxiliary contact switches mounted to a
spring plate and leads, is designed for replacing auxiliary
switches used with Ampgard® isolating switches.  The kit
includes two switch mechanisms, each with an inductive-
load rating of 20 amperes at not more than 250 VAC.
These switches serve as the low-voltage cutoff switch.

Assemble the auxiliary switches as shown in Figure 32.
Carefully remove the old switches from the rear of the
door interlock spring housing.  Do not remove the spring or
door interlock pin.  Discard the old spring plate.  Use
spring plate mounting hardware to mount the auxiliary
switch assembly to the spring housing.
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1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.



Type VR Vacuum Circuit Breaker  6055-31
Section 4—Product Overview 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.12

E
N

G
L

IS
H

Figure 2: Circuit Breaker–Front View
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Figure 3: Circuit Breaker–Rear View
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed

Operating mechanism

Closing springs
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Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed

MOC roller

Terminal bar
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Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor
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Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View
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Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury
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4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 



6055-31 Type VR Vacuum Circuit Breaker
05/2008 Section 6—Operation

© 1996–2008 Schneider Electric All Rights Reserved. 31

E
N

G
L

IS
H

Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.
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E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Instruction Manual Preface

This manual provides information and instructions for installing, setting, config-
uring, and operating the SEL-487B relay. The manual is for use by power engi-
neers and others experienced in protective relaying applications. Included are 
detailed technical descriptions of the relay and application examples.

Manual Overview
The SEL-487B instruction manual set consists of two volumes:

➤ SEL-487B Instruction Manual

➤ SEL-400 Series Relays Instruction Manual

Read the sections that pertain to your application to gain valuable information 
about using the SEL-487B. For example, to learn about relay protection func-
tions, read the protection sections of this manual and skim the automation sec-
tions. You can concentrate on the operation sections or on the automation 
sections of this manual as your job needs and responsibilities dictate. An over-
view of each manual section and section topics follows.

SEL-487B Instruction Manual
Preface. Describes manual organization and conventions used to present 

information, as well as safety information.

Section 1: Introduction and Specifications. Introduces SEL-487B Relay fea-
tures, summarizes relay functions and applications, and lists relay specifi-
cations, type tests, and ratings.

Section 2: Installation. Discusses the ordering configurations and interface 
features (control inputs, control outputs, and analog inputs, for example). 
Provides information about how to design a new physical installation and 
secure the relay in a panel or rack. Details how to set relay board jumpers 
and make proper rear-panel connections (including wiring to CTs, PTs, 
and a GPS receiver). Explains basic connections for the relay communi-
cations ports and how to install optional communications cards (such as 
the Ethernet Card).

Section 3: Testing. Describes techniques for testing the relay.

Section 4: Front-Panel Operations. Describes the LCD display messages and 
menu screens that are unique to the SEL-487B.

Section 5: Protection Functions. Describes the function of various relay pro-
tection elements. Describes how the relay processes these elements. Gives 
detailed specifics on protection scheme logic for POTT, DCB, DCUB, 
and DTT. Provides trip logic diagrams, and current and voltage source 
selection details. Also describes basic 87L communications channel 
options and configuration parameters.

Section 6: Protection Application Examples. Provides examples of configuring 
the SEL-487B for some common applications.



xx
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Section 7: Metering, Monitoring, and Reporting. Describes SEL-487B-specific 
metering, monitoring, and reporting features.

Section 8: Settings. Provides a list of all relay settings and defaults. The set-
tings list is organized in the same order as in the relay and in the ACSEL-
ERATOR QuickSet SEL-5030 Software.

Section 9: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 10: Communications Interfaces. Describes the SEL-487B specific 
communications characteristics.

Section 11: Relay Word Bits. Contains a summary of Relay Word bits.

Section 12: Analog Quantities. Contains a summary of analog quantities.

Appendix A: Firmware, ICD File, and Manual Versions. Lists the current firm-
ware and manual versions and details differences between the current and 
previous versions.

Appendix B: Converting Settings From SEL-487B-0 to SEL-487B-1. Describes dif-
ferences in settings, Relay Word bits, analog quantities, and DNP3 maps 
between these versions of the relay.

SEL-400 Series Relays Instruction Manual
Preface. Describes manual organization and conventions used to present 

information, as well as safety information.

Section 1: Introduction. Introduces SEL-400 Series Relay common features.

Section 2: PC Software. Explains how to use SEL Grid Configurator and 
ACSELERATOR QuickSet SEL-5030 Software.

Section 3: Basic Relay Operations. Describes how to perform fundamental 
operations such as applying power and communicating with the relay, set-
ting and viewing passwords, checking relay status, viewing metering 
data, reading event reports and Sequential Events Recorder (SER) 
records, operating relay control outputs and control inputs, and using 
relay features to make relay commissioning easier.

Section 4: Front-Panel Operations. Describes the LCD display messages and 
menu screens. Shows you how to use front-panel pushbuttons and read 
targets. Provides information about local substation control and how to 
make relay settings via the front panel.

Section 5: Control. Describes various control features of the relay, including 
circuit breaker operation, disconnect operation, remote bits, and one-line 
diagrams.

Section 6: Autoreclosing. Explains how to operate the two-circuit breaker 
multishot recloser. Describes how to set the relay for single-pole 
reclosing, three-pole reclosing, or both. Shows selection of the lead and 
follow circuit breakers.

Section 7: Metering. Provides information on viewing current, voltage, power, 
and energy quantities. Describes how to view other common internal 
operating quantities.

Section 8: Monitoring. Describes how to use the circuit breaker monitors and 
the substation dc battery monitors.
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Section 9: Reporting. Explains how to obtain and interpret high-resolution raw 
data oscillograms, filtered event reports, event summaries, history reports, 
and SER reports. Discusses how to enter SER trigger settings.

Section 10: Testing, Troubleshooting, and Maintenance. Describes techniques 
for testing, troubleshooting, and maintaining the relay. Includes the list of 
status notification messages and a troubleshooting chart.

Section 11: Time and Date Management. Explains time keeping principles, syn-
chronized phasor measurements, and estimation of power system states 
using the high-accuracy time-stamping capability. Presents real-time load 
flow/power flow application ideas.

Section 12: Settings. Provides a list of all common SEL-400 Series Relay set-
tings and defaults.

Section 13: SELOGIC Control Equation Programming. Describes multiple setting 
groups and SELOGIC control equations and how to apply these equations. 
Discusses expanded SELOGIC control equation features such as PLC-
style commands, math functions, counters, and conditioning timers. Pro-
vides a tutorial for converting older format SELOGIC control equations to 
new freeform equations.

Section 14: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 15: Communications Interfaces. Explains the physical connection of 
the relay to various communications network topologies. Describes the 
various software protocols and how to apply these protocols to substation 
integration and automation. Includes details about Ethernet IP protocols, 
SEL ASCII, SEL Compressed ASCII, SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER, and enhanced MIRRORED BITS communications.

Section 16: DNP3 Communication. Describes the DNP3 communications proto-
col and how to apply this protocol to substation integration and automa-
tion. Provides a Job Done example for implementing DNP3 in a substation.

Section 17: IEC 61850 Communication. Describes the IEC 61850 protocol and 
how to apply this protocol to substation automation and integration. 
Includes IEC 61850 protocol compliance statements.

Section 18: Synchrophasors. Describes the phasor measurement unit (PMU) 
functions of the relay. Provides details on synchrophasor measurement 
and real-time control. Describes the IEEE C37.118 synchrophasor proto-
col settings. Describes the SEL Fast Message synchrophasor protocol set-
tings.

Section 19: Digital Secondary Systems. Describes the basic concepts of digital 
secondary systems (DSS). This includes both the Time-Domain Link 
(TiDL) system and UCA 61850-9-2LE Sampled Values.

Appendix A: Manual Versions. Lists the current manual version and details dif-
ferences between the current and previous versions.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to update 
the firmware stored in Flash memory.

Appendix C: Cybersecurity Features. Describes the various features of the 
relay that impact cybersecurity.

Glossary. Defines various technical terms used in the SEL-400 series instruc-
tion manuals.
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Safety Information
Dangers, Warnings, and Cautions

This manual uses three kinds of hazard statements, defined as follows:

                    

Safety Symbols
The following symbols are often marked on SEL products.

                    

DANGER
Indicates an imminently hazardous situation that, if 
not avoided, will result in death or serious injury.

WARNING
Indicates a potentially hazardous situation that, if 
not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that, if 
not avoided, may result in minor or moderate injury 
or equipment damage.

                    

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

                    

Earth (ground) Terre

                    

Protective earth (ground) Terre de protection

                    

Direct current Courant continu

                    

Alternating current Courant alternatif

                    

Both direct and alternating current Courant continu et alternatif

                    

Instruction manual Manuel d’instructions
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Safety Marks
The following statements apply to this device.

                    

                    

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if mis-
treated. Do not recharge, disassemble, heat above 100°C or incinerate. 
Dispose of used batteries according to the manufacturer’s instructions. 
Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. Rem-
placez seulement avec un Rayovac no BR2335 ou un produit équivalent 
recommandé par le fabricant. Voir le guide d’utilisateur pour les instruc-
tions de sécurité. La pile utilisée dans cet appareil peut présenter un 
risque d’incendie ou de brûlure chimique si vous en faites mauvais usage. 
Ne pas recharger, démonter, chauffer à plus de 100°C ou incinérer. Élimi-
nez les vieilles piles suivant les instructions du fabricant. Gardez la pile 
hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, installa-
tion instructions, and operating instructions must be checked before 
commissioning or maintenance of the equipment. The integrity of any 
protective conductor connection must be checked before carrying out 
any other actions. It is the responsibility of the user to ensure that the 
equipment is installed, operated, and used for its intended function in the 
manner specified in this manual. If misused, any safety protection pro-
vided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Other Safety Marks (Sheet 1 of 3)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this device 
can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut cau-
ser un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not qual-
ified to service this equipment, you can injure yourself or others, or cause 
equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords should 
be changed to private passwords at installation. Failure to change each 
default password to a private password may allow unauthorized access. 
SEL shall not be responsible for any damage resulting from unauthorized 
access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A l’installa-
tion, les mots de passe par défaut devront être changés pour des mots de 
passe confidentiels. Dans le cas contraire, un accés non-autorisé á l’équi-
pement peut être possible. SEL décline toute responsabilité pour tout 
dommage résultant de cet accés non-autorisé.

WARNING
Do not look into the fiber ports/connectors.

AVERTISSEMENT
Ne pas regarder vers les ports ou connecteurs de fibres optiques.

WARNING
Do not look into the end of an optical cable connected to an optical 
output.

AVERTISSEMENT
Ne pas regarder vers l’extrémité d’un câble optique raccordé à une sortie 
optique.

WARNING
Do not perform any procedures or adjustments that this instruction man-
ual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use only 
test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.
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WARNING
Incorporated components, such as LEDs and transceivers are not user 
serviceable. Return units to SEL for repair or replacement.

AVERTISSEMENT
Les composants internes tels que les leds (diodes électroluminescentes) 
et émetteurs-récepteurs ne peuvent pas être entretenus par l'usager. 
Retourner les unités à SEL pour réparation ou remplacement.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper ESD 
procedures. Ground yourself, your work surface, and this equipment 
before removing any cover from this equipment. If your facility is not 
equipped to work with these components, contact SEL about returning 
this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges élec-
trostatiques (DES). Des dommages permanents non-décelables peuvent 
résulter de l’absence de précautions contre les DES. Raccordez-vous cor-
rectement à la terre, ainsi que la surface de travail et l’appareil avant d’en 
retirer un panneau. Si vous n’êtes pas équipés pour travailler avec ce 
type de composants, contacter SEL afin de retourner l’appareil pour un 
service en usine.

CAUTION
Equipment damage can result from connecting ac circuits to Hybrid 
(high-current interrupting) control outputs. Do not connect ac circuits to 
Hybrid control outputs. Use only dc circuits with Hybrid control outputs.

ATTENTION
Des dommages à l’appareil pourraient survenir si un circuit CA était rac-
cordé aux contacts de sortie à haut pouvoir de coupure de type “Hybrid.” 
Ne pas raccorder de circuit CA aux contacts de sortie de type “Hybrid.” 
Utiliser uniquement du CC avec les contacts de sortie de type “Hybrid.”

CAUTION
Substation battery systems that have either a high resistance to ground 
(greater than 10 k) or are ungrounded when used in conjunction with 
many direct-coupled inputs can reflect a dc voltage offset between bat-
tery rails. Similar conditions can exist for battery monitoring systems 
that have high-resistance balancing circuits or floating grounds. For 
these applications, SEL provides optional ground-isolated (optoisolated) 
contact inputs. In addition, SEL has published an application advisory on 
this issue. Contact the factory for more information.

ATTENTION
Les circuits de batterie de postes qui présentent une haute résistance à 
la terre (plus grande que 10 k) ou sont isolés peuvent présenter un biais 
de tension CC entre les deux polarités de la batterie quand utilisés avec 
plusieurs entrées à couplage direct. Des conditions similaires peuvent 
exister pour des systèmes de surveillance de batterie qui utilisent des 
circuits d’équilibrage à haute résistance ou des masses flottantes. Pour 
ce type d’applications, SEL peut fournir en option des contacts d’entrée 
isolés (par couplage optoélectronique). De surcroît, SEL a publié des 
recommandations relativement à cette application. Contacter l’usine 
pour plus d’informations.

CAUTION
If you are planning to install an INT4 I/O interface board in your relay, 
first check the firmware version of the relay. If the firmware version is 
R111 or lower, you must first upgrade the relay firmware to the newest ver-
sion and verify that the firmware upgrade was successful before install-
ing the new board. Failure to install the new firmware first will cause the 
I/O interface board to fail, and it may require factory service. Complete 
firmware upgrade instructions are provided when new firmware is 
ordered.

ATTENTION
Si vous avez l’intention d’installer une Carte d’Interface INT4 I/O dans 
votre relais, vérifiez en premier la version du logiciel du relais. Si la ver-
sion est R111 ou antérieure, vous devez mettre à jour le logiciel du relais 
avec la version la plus récente et vérifier que la mise à jour a été correc-
tement installée sur la nouvelle carte. Les instructions complètes de mise 
à jour sont fournies quand le nouveau logiciel est commandé.

CAUTION
Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8 with 
INT4 can cause I/O contact failure. The INT4 board has a pickup and 
dropout delay setting range of 0–1 cycle. For all other I/O boards, pickup 
and dropout delay settings (IN201PU–IN224PU, IN201DO–IN224DO, 
IN301PU–IN324PU, and IN301DO–IN324DO) have a range of 0–5 cycles. 
Upon replacing any I/O board with an INT4 board, manually confirm reset 
of pickup and dropout delays to within the expected range of 0–1 cycle.

ATTENTION
Le remplacement en chantier des cartes d’entrées/sorties INT1, INT2, 
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance 
du contact d’entrée/sortie. La carte INT4 présente un intervalle d’ajuste-
ment pour les délais de montée et de retombée de 0 à 1 cycle. Pour 
toutes les autres cartes, l’intervalle de réglage du délai de montée et 
retombée (IN201PU–IN224PU, IN201DO– IN224DO, IN301PU–IN324PU, et 
IN301DO–IN324DO) est de 0 à 5 cycles. Quand une carte d’entrées/sorties 
est remplacée par une carte INT4, vérifier manuellement que les délais 
de montée et retombée sont dans l’intervalle de 0 à 1 cycle.

CAUTION
Do not install a jumper on positions A or D of the main board J21 header. 
Relay misoperation can result if you install jumpers on positions J21A and 
J21D.

ATTENTION
Ne pas installer de cavalier sur les positions A ou D sur le connecteur J21 
de la carte principale. Une opération intempestive du relais pourrait 
résulter suite à l’installation d’un cavalier entre les positions J21A et 
J21D.

CAUTION
Insufficiently rated insulation can deteriorate under abnormal operating 
conditions and cause equipment damage. For external circuits, use wiring 
of sufficiently rated insulation that will not break down under abnormal 
operating conditions.

ATTENTION
Un niveau d’isolation insuffisant peut entraîner une détérioration sous 
des conditions anormales et causer des dommages à l’équipement. Pour 
les circuits externes, utiliser des conducteurs avec une isolation suffi-
sante de façon à éviter les claquages durant les conditions anormales 
d’opération.

CAUTION
Relay misoperation can result from applying other than specified second-
ary voltages and currents. Before making any secondary circuit connec-
tions, check the nominal voltage and nominal current specified on the 
rear-panel nameplate.

ATTENTION
Une opération intempestive du relais peut résulter par le branchement 
de tensions et courants secondaires non conformes aux spécifications. 
Avant de brancher un circuit secondaire, vérifier la tension ou le courant 
nominal sur la plaque signalétique à l’arrière.

Other Safety Marks (Sheet 2 of 3)
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General Information
The SEL-487B Instruction Manual uses certain conventions that identify particu-
lar terms and help you find information. To benefit fully from reading this man-
ual, take a moment to familiarize yourself with these conventions.

Typographic Conventions
There are three ways to communicate with the SEL-400 Series Relays:

➤ Using a command line interface on a PC terminal emulation window, 
such as Microsoft HyperTerminal

➤ Using the front-panel menus and pushbuttons

➤ Using ACSELERATOR QuickSet SEL-5030 Software

The instructions in this manual indicate these options with specific font and for-
matting attributes. The following table lists these conventions:

                    

CAUTION
Severe power and ground problems can occur on the communications 
ports of this equipment as a result of using non-SEL cables. Never use 
standard null-modem cables with this equipment.

ATTENTION
Des problèmes graves d’alimentation et de terre peuvent survenir sur les 
ports de communication de cet appareil si des câbles d’origine autre que 
SEL sont utilisés. Ne jamais utiliser de câble de modem nul avec cet équi-
pement.

CAUTION
Do not connect power to the relay until you have completed these proce-
dures and receive instruction to apply power. Equipment damage can 
result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces procé-
dures et d’avoir reçu l’instruction de brancher l’alimentation. Des dom-
mages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other than 
those specified herein, may result in hazardous radiation exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 3 of 3)

Example Description

STATUS Commands, command options, and command variables typed at a 
command line interface on a PC.

n
SUM n

Variables determined based on an application (in bold if part of a 
command).

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen. The > character indicates submenus.
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Logic Diagrams
Logic diagrams in this manual follow the conventions and definitions shown below.

                    

Trademarks
All brand or product names appearing in this document are the trademark or reg-
istered trademark of their respective holders. No SEL trademarks may be used 
without written permission.

SEL trademarks appearing in this manual are shown in the following table.

                    

EtherCAT is registered trademark and patented technology, licensed by Beckhoff 
Automation GmbH, Germany.

A

B
C

C
A

B

S
R

Q

A

A B

B
Y

X

X

Y

A

B
C

A

B
C

NAME SYMBOL FUNCTION

COMPARATOR

OR

AND

NAND

TIME DELAYED PICK UP AND/OR
TIME DELAYED DROP OUT

EDGE TRIGGER TIMER

SET RESET FLIP FLOP

Input A is compared to input B.  Output C
asserts if A is greater than B.

Either input A or input B asserted cause
output C to assert.

Input A and input B must assert to
assert output C.

If A and/or B are deasserted, output C is
asserted.

X is a time-delay-pickup value;
Y is a time-delay-dropout value.
B asserts time X after input A asserts;
B will not assert if A does not remain
asserted for time X.  If X is zero, B
will assert when A asserts.  If Y is
zero, B will deassert when A deasserts.

Rising edge of A starts timers.  Output B
will assert time X after the rising edge of
A.  B will remain asserted for time Y.  If
Y is zero, B will assert for a single processing
interval.  Input A is ignored while the timers
are running.

Input S asserts output Q until input R asserts.
Output Q deasserts or resets when R asserts.

EXCLUSIVE OR
B

A
If either A or B is asserted, output C is
asserted.  If A and B are of the same state,
C is deasserted.

C

NOR
B

A
If neither A nor B asserts, output C asserts.C

AND W/ INVERTED INPUT
B

A If input A is asserted and input B
is deasserted, output C asserts.  Inverter "O"
inverts any input or output on any gate.

C

INPUT FLAG Input A comes from other logic.A

—

+

B asserts at the falling edge of input A.FALLING EDGE A B

RISING EDGE A B B asserts at the rising edge of input A.

ACSELERATOR Architect® MIRRORED BITS®

ACSELERATOR QuickSet® SELOGIC®

Connectorized®



xxvii

Date Code 20230830 Instruction Manual SEL-487B Relay

Preface
General Information

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

http://selinc.com/support/
mailto:info@selinc.com
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S E C T I O N 1

Introduction and Specifications

The SEL-487B relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. Equipped with four inter-
face boards, the relay has a total of 103 inputs (74 common inputs and 29 inde-
pendent inputs) and 40 outputs. It is configurable in either a three-relay or a 
single-relay application. The relay has 21 analog current inputs and 3 analog 
voltage inputs. For buses with no more than seven terminals, use one SEL-487B 
in a single-relay application. For buses with as many as 21 terminals, use three 
SEL-487B relays in a three-relay application; each relay provides as many as six 
dedicated zones of protection.

The SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas with extensive protection and automation programming 
capabilities. You can organize automation SELOGIC control equation program-
ming into 10 blocks of 100 program lines each, for a total of 1000 lines of auto-
mation programming. Use as many as 100 lines in the separate protection 
programming area to program custom protection functions. With the flexibility of 
the expanded SELOGIC control equations, the relay is suitable for custom protec-
tion and control schemes.

Communications interfaces include standard SEL ASCII and enhanced MIR-
RORED BITS communications protocols. Establish Ethernet connectivity with the 
optional Ethernet card. With the Ethernet card, you can employ common industry 
communications tools, including Telnet, FTP, IEC 61850, and DNP3 LAN/WAN 
protocols.

Included with the SEL-487B is the ACSELERATOR QuickSet SEL-5030 Software 
program. Use QuickSet to assist you in setting, controlling, and acquiring data 
from the relays both locally and remotely. ACSELERATOR Architect SEL-5032 
Software is included with purchase of the optional Ethernet card with IEC 61850 
protocol support. Architect enables you to view and configure IEC 61850 settings 
via a graphical user interface (GUI), tightly integrated with QuickSet.

Combining the simple and robust hardware design with extensive self-testing 
provides relay reliability and enhances relay availability.

This section introduces the SEL-487B and provides information on the following 
topics:

➤ Features on page 1.2

➤ Models and Options on page 1.4

➤ Applications on page 1.5

➤ Product Characteristics on page 1.9

➤ Specifications on page 1.11
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Features
The SEL-487B contains many protection, automation, and control features. 
Figure 1.1 presents a simplified functional overview of the relay.

                    

The SEL-487B features include the following:

Bus Protection. The SEL-487B provides differential protection for the follow-
ing: single bus, double bus, double bus with transfer, breaker-and-a-half, tri-
ple bus arrangements, generators and motors, shunt capacitor banks, 
autotransformers, and reactors.

Second Trip Criterion. Each of the six elements includes a second trip crite-
rion. This criterion consists of the OR combination of a directional element 
in parallel with a fault detection element.

Check Zone Capability. If your protection philosophy calls for an overall 
check zone, use as many as three independent check zones available in the 
relay.

Voltage Elements. Phase, negative-, and/or zero-sequence elements are avail-
able as additional trip criteria for trip supervision.

Breaker Failure. Select the type of breaker failure protection (internal or 
external) on a terminal-by-terminal basis. Internal breaker failure protection 
provides breaker failure trip and breaker retrip for 21 terminals. Open-phase 
detection ensures current-element reset in less than one cycle. For the exter-
nal breaker failure protection, select the external breaker failure option. With 
this option, the relay accepts inputs from breaker failure relays installed in 
the feeder protection panels.

                    

Figure 1.1 SEL-487B Relay Basic Functions in a Double-Bus Application

ANSI NUMBERS/ACRONYMS AND FUNCTIONS 

16 SEC   Access Security (Serial, Ethernet) 

27/59 Over- and Undervoltage 

50                                 Overcurrent 

50BF                             Breaker Failure Overcurrent 

51 Time-Overcurrent 

85 RIO  SEL MIRRORED BITS Communications 

87 Current Differential 

DFR  Event Reports 

HMI  Operator Interface 

LGC  Expanded  SELOGIC Control Equations 

MET  High-Accuracy Metering 

RTU  Remote Terminal Unit 

SER  Sequential Events Recorder 

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 

1 Copper or Fiber Optic * Optional Feature

 

  

ADDITIONAL FEATURES 

Open CT Detection

Three Independent Check Zones

Disconnect Status and Monitoring Logic for 60 Disconnects

Single-Relay Application: 2 Three-Phase Zones for as many as 7 Terminals

Two-Relay Application: 3 Three-Phase Zones for as many as 10 Terminals

Three-Relay Application: 6 Single-Phase Zones for as many as 21 Terminals
4

EIA-232

2

Ethernet1*
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RIO DFR HMI LGC
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Zone 1

Zone 2

Zone 2

PT898989

8989

8989

Tie Breaker
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Differential Protection. Innovative algorithms switch the relay to a high-secu-
rity mode during through-fault conditions. While in the high-security mode, 
the algorithm does not block the differential elements, thus avoiding unnec-
essary time delays for clearing faults evolving from external to internal 
faults.

Overcurrent Elements. Each of the 21 terminals provides one level of phase 
instantaneous (50) and one level of time-overcurrent (51) protection.

CT Open-Circuit Detection. Use the independent sensitive differential element 
in each zone to detect CT open circuit, short circuit, or incorrect CT polarity.

Minimum CT Requirement. The relay requires primary CTs that shall repro-
duce the primary current without saturation for at least 2 ms after external 
fault inception.

Dynamic Station Configuration. Wire the disconnect (89) auxiliary contacts to 
the relay to assign the current inputs dynamically to the correct differential 
measuring element. Instead of disabling bus protection during disconnect 
switching, use this feature to provide bus protection during switching opera-
tions, when the safety of personnel is at high risk.

CT Ratio Mismatch. Mismatched CTs of ratios as high as 10:1 can be installed. 
For example, this means you can install the new feeder with a CT ratio of 
2000/5 to existing bus systems that all have CT ratios of 200/5. 

Expanded SELOGIC Control Equations. Modify and set custom relay applica-
tions with PLC-style (programmable logic controller, IEC 61131-3) 
SELOGIC control equation programming that includes math and comparison 
functions. Use counters and multifunction timers for greater application flex-
ibility, i.e., perform advanced PLC functions within the relay. The 
SEL-487B has separate protection and automation SELOGIC control equa-
tion programming areas. These programming areas provide ample protection 
programming capability and 10 blocks of 100-line automation programming 
capability (1000 lines).

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making the initial programming and maintenance much easier.

Metering. View metering primary or secondary information for phase cur-
rents and angles of all 21 terminals, phase voltages and angles, CT polarities, 
and the operating and restraint values from all protection zones.

Oscillography and Event Reporting. Record raw currents of all 21 current ter-
minals and 3 voltages in a single report. Investigate relay internal logic 
points and power system performance with event report phasor analysis.

Sequential Events Recorder (SER). Record 1000 system entries from 250 mon-
itoring points, including settings changes, restarts, and Relay Word bit ele-
ments that you select. Set element names to easily understood aliases.

Digital Relay-to-Relay Communication. Use MIRRORED BITS communications 
to monitor internal element conditions between relays within a substation 
and between substations using communication channels (SEL fiber-optic 
transceivers to send a direct transfer trip, for example).

Ethernet Communications Capability. Implement control and data gathering 
capabilities via substation LANs (local area networks) and company WANs 
(wide area networks) with the optional Ethernet card. Employ the FTP proto-
col for system data acquisition.
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Increased Security. The SEL-487B divides control and settings into seven 
relay access levels; the relay has separate breaker, protection, automation, 
and output access levels, among others. Set unique passwords for each 
access level.

Computer Software. Use the rules-based settings editor, the QuickSet soft-
ware, to develop settings offline.

Settings Reduction. Internal relay programming shows only the settings for 
the functions and elements you have enabled.

Models and Options
For ease of ordering and future expansion, the SEL-487B is available in a 9U 
chassis size (U is one rack unit in height—44.45 mm [1.75 in]) that supports as 
many as four additional expansion I/O boards, or, for applications not requiring 
as many contact I/O points, in a 7U chassis size that supports as many as two 
additional expansion I/O boards. For the three-relay application, three units are 
required. Features not labeled as ordering options are standard.

➤ As many as four optional I/O boards (9U chassis size supports a 
maximum of four optional I/O boards; 7U chassis size supports a 
maximum of two optional I/O boards)

➢ INT4 with high-speed outputs: 18 common inputs (2 groups 
of 9), 6 independent inputs, 6 high-speed Form A outputs, 2 
standard Form A outputs

➢ INT4 with standard outputs: 18 common inputs (2 groups of 9), 
6 independent inputs, 8 standard Form A outputs

➤ Voltage ranges for the inputs on the main board as well as for the 
inputs on the four interface boards are as follows:

➢ 24 Vdc

➢ 48 Vdc

➢ 110 Vdc

➢ 125 Vdc

➢ 220 Vdc

➢ 250 Vdc

➤ Power supply (ordering option)

➢ 24–48 Vdc

➢ 48–125 Vdc or 110–120 Vac

➢ 125–250 Vdc or 110–240 Vac

➤ Secondary current inputs (ordering option)

➢ 1 A nominal or 5 A nominal CT inputs

➤ Communications card (ordering option)

➢ Ethernet card with combinations of 10/100BASE-T and 
100BASE-FX media connections on each of two ports

➤ Secondary voltage inputs (standard feature)

➢ 300 V maximum per voltage input
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➤ Ethernet Communication Protocols

➢ Standard (FTP, Telnet, DNP3, PRP)

➢ Standard plus IEC 61850

➤ Connector Type for PT and CT inputs

➢ Screw-terminal block inputs (standard feature)

➢ Connectorized (ordering option)

➤ Conformal Coat

➢ Conformal coating provides an additional barrier to harsh 
environments, such as high humidity and airborne contaminants. 
See selinc.com/conformalcoating/ for more information.

Contact the SEL factory or your local Technical Service Center for ordering 
information (see Technical Support on page xxvii in the Preface). You can also 
view the latest ordering information on the SEL website at selinc.com.

Applications
Use the SEL-487B for most bus protection applications. For information on con-
necting the relay, see Section 2: Installation. See Section 6: Protection Applica-
tion Examples for discussions of protection and automation applications using 
the SEL-487B. The figures in this subsection illustrate common relay applica-
tions. Each SEL-487B has 21 analog current inputs (I01–I21) and three analog 
voltage inputs (V01, V02, and V03).

The SEL-487B-1 Relay supports DSS through use of the SEL-2240 Axion. The 
Axion provides analog and digital data over an IEC 61158 EtherCAT TiDL net-
work. This technology provides very low and deterministic latency over a point-
to-point architecture. The SEL-487B-1 Relay can receive as many as eight fiber-
optic links from as many as eight Axion nodes. See Section 2: Installation for 
more details about TiDL (EtherCAT) applications.

Single Busbar—As Many As 7 Terminals
Use one SEL-487B for the application in Figure 1.2. In this application, the relay 
has 2 three-phase bus-zones available. Wire the disconnect status to the relay to 
dynamically assign the terminal currents to the differential elements for each 
zone.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

http://selinc.com/solutions/technologies/#conformal-coating
http://selinc.com/
http://selinc.com/
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Figure 1.2 Single SEL-487B Protecting Double Bus Sections With Bus Tie 
Breaker
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Breaker-and-a-Half Busbar Configuration
Figure 1.3 shows a station with a breaker-and-a-half busbar configuration. For 
this configuration, and with seven or fewer terminals on either busbar, use one 
SEL-487B per busbar.

                    
                    

Figure 1.3 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration
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Triple Busbar—As Many As 21 Terminals
Figure 1.4 shows a triple busbar layout (i.e., two main busbars and a transfer 
bus).

                    

                    

                    

Figure 1.4 Three SEL-487B Relays Protect 2 Main Busbars and a Transfer Busbar, 1 Bus Coupler, and 17 Terminals

Table 1.1 Application Highlights (Sheet 1 of 2)

Application Key Feature

High number of terminals and zones Three-relay applications provide six zones of protection for as many as 21 terminals. 

Complex busbar arrangements Flexible zone selection logic uses the disconnect auxiliary contacts to dynamically 
assign the currents to the correct zones.

Wide range of bus applications A variety of bus applications are available: single bus, double bus, double bus with trans-
fer, breaker-and-a-half, triple bus arrangements.

High-speed tripping The SEL-487B features fast differential elements and fast closing trip outputs with total 
tripping times of less than one cycle.

Minimum CT requirements The differential elements are secure when the CTs reproduce the primary current with-
out saturating for at least 2 ms after external fault inception.
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Product Characteristics
Each SEL-400 Series Relay shares common features but has unique characteris-
tics. Table 1.2 summarizes the unique characteristics of the SEL-487B Relay.

                    

Open CT detection The open CT detection elements use delta IOP/IRT to reliably detect failed CTs within 
each differential zone.

Terminals with different CT ratios The SEL-487B accepts a CT mismatch of 10:1 in any one zone or combination of zones; 
for example, 250/5 to 2500/5.

Fast resetting internal breaker failure protec-
tion

The SEL-487B includes breaker failure protection with retrip for each terminal. Open-
phase detection ensures current-element reset in less than one cycle.

External breaker failure relays Set any terminal to “external breaker failure” to still use the trip logic in the relay, but the 
breaker failure initiation is from an external breaker failure relay.

Backup overcurrent protection Each terminal has instantaneous and inverse time-overcurrent elements.

Check zone as trip criterion Configure any of the six zones as an overall check zone or use any of the three the avail-
able independent check zones.

Voltage as trip supervision Choose from phase, negative-, or zero-sequence voltage to supervise the differential ele-
ments.

End-zone protection Use SELOGIC control equations to configure end-zone protection for faults between the 
feeder circuit breaker and the CT.

Fault between tie breaker and CT The SEL-487B includes logic to accelerate tripping for a fault between the tie breaker 
and CT. Further logic ensures the security of the healthy zone when the tie breaker is 
closed onto a fault.

Direct transfer trip Use MIRRORED BITS communications to send a trip to the remote end of the line.

Auxiliary relays The SEL-487B requires no auxiliary relays for zone selection.

SCADA applications analog and digital data 
acquisition for station-wide functions

The SEL-487B can acquire analog and digital data for station-wide functions.

Communications capability These protocols are included in the relay:

SEL Compressed ASCII, SEL Fast Messaging (SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER), SEL ASCII, Enhanced MIRRORED BITS communications, Ymo-
dem File Transfer, DNP3 Serial.

Additionally, you can choose these optional protocols:

Ethernet, IEC 61850, FTP, Telnet, DNP3 LAN/WAN.

Customized protection and automation 
schemes

The SEL-487B includes separate protection and automation SELOGIC control equation 
programming areas. Use timers and counters in expanded SELOGIC control equations for 
complete flexibility.

Table 1.1 Application Highlights (Sheet 2 of 2)

Application Key Feature

Table 1.2 SEL-487B Relay Characteristics (Sheet 1 of 2)

Characteristic Value

Standard Processing Rate 12 times per cycle

Battery Monitor One

Autorecloser none

MBG Protocol Not supported

SELOGIC

Protection Free Form 100 lines

Automation Free Form 10 blocks of 100 lines each
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Additionally, the SEL-487B does not support the following typical SEL-400 
Series features:

➤ Synchrophasors

➤ One-line diagrams on the front panel

➤ Breaker close operations

➤ Circuit breaker monitor

➤ Communications with the SEL-2600A RTD Module

SELOGIC Variables 64 protection

256 automation

SELOGIC Math Variables 64 protection

256 automation

Conditioning Timers 16 protection

32 automation

Sequencing Timers 32 protection

32 automation

Counters 32 protection

32 automation

Latch Bits 32 automation

32 protection

Control

Remote Bits 96

Breakers 21: 1–21 (open control only)

Disconnects 60 (status only)

Bay Control Not supported

Metering

Maximum/Minimum Metering Not supported

Energy Metering Not supported

Table 1.2 SEL-487B Relay Characteristics (Sheet 2 of 2)

Characteristic Value
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Specifications
Section 1Introduction and SpecificationsInstruction Manual
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using 
TiDL (EtherCAT), the operating times will be delayed by 1.5 ms. Use 
caution when setting the relay coordination times to account for this added 
delay. Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits 

for a Class A digital device, pursuant to part 15 of the FCC Rules. 
These limits are designed to provide reasonable protection against 
harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal: 0.1 VA @ 1 A

5 A Nominal: 0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage 
Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden: 0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage 
Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per 
IEC 60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage 
Range:

38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage 
Range:

85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups 

of 9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km
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Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold: 2.2 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power 
Utility Automation Profile)

Synchronization 
Accuracy:

±100 ns @ 1-second Sync Intervals when 
communicating directly with master 
clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation 
delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above 
+70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and 
sized equal to or greater than any other conductor connected to the 
device, unless otherwise required by local or national wiring 
regulations.

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, 

Battery Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, 

IRIG-B, Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand 
Capability (SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)
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Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + 

A2:2010
20 V/m (>35 V/m, 80% AM, 1 kHz)

Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz

Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency 
Magnetic Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles 

(12 + 12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering
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Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay 
Application:

Single-Relay Application:
21
7

Pickup Range: 0.1–4.0 per unit

Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current 
Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating 
Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage 
Range: 0–350 Vdc
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Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)
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Installation

The first steps in applying the SEL-487B relay are installing and connecting the 
relay. This section describes common installation features and particular installa-
tion requirements for the physical configurations of the SEL-487B. You can 
order the relay in panel-mount or rack-mount versions, in a 9U horizontal orien-
tation, with as many as four interface boards, or in a 7U version, with as many as 
two interface boards. This section contains drawings of typical ac and dc connec-
tions to the SEL-487B (Figure 2.42 and Figure 2.43). Use these drawings as a 
starting point for planning your particular relay application.

To install and connect the relay safely and effectively, you must be familiar with 
relay configuration features, options, and relay jumper configuration. You should 
plan relay placement, cable connection, and relay communication carefully.

Consider the following when installing the SEL-487B:

➤ Shared Configuration Attributes on page 2.1

➤ Plug-In Boards on page 2.13

➤ Jumpers on page 2.15

➤ Relay Placement on page 2.21

➤ Connection on page 2.23

➤ AC/DC Connection Diagrams on page 2.46

It is also very important to limit access to the SEL-487B settings and control 
functions by using passwords. For information on relay access levels and pass-
words, see Access Levels and Passwords on page 3.7 in the SEL-400 Series 
Relays Instruction Manual.

For more introductory information on using the SEL-487B, see Section 2: PC 
Software and Section 3: Basic Relay Operations in the SEL-400 Series Relays 
Instruction Manual.

Shared Configuration Attributes
There are common or shared attributes among the many possible configurations 
of the SEL-487B. This section discusses the main shared features of the relay.

Relay Sizes
SEL produces the SEL-487B in a 9U panel-mount or rack-mount version, hori-
zontal orientation, or in a 7U panel-mount or rack-mount version. The 9U version 
is capable of supporting as many as four optional I/O boards, and the 7U version 
is capable of supporting as many as two optional I/O boards.
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Front-Panel Templates
The front-panel template is shown in Figure 2.1. The SEL-487B front panel has 
three pockets for slide-in labels: one pocket for the Target LED labels and two 
pockets for the Operator Control labels. Figure 2.1 and Figure 2.2 show the front-
panel pocket areas and openings; dashed lines denote the pocket areas.

                    
                    

Figure 2.1 Front-Panel Diagram, Panel-Mount Option, 9U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3560d
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Rear Panels 
Figure 2.3 and Figure 2.4 show examples of a rear panel with fixed terminal 
block analog inputs.

Connector Types
Screw-Terminal Connectors–I/O and Battery Monitor/Power

Connection to the relay I/O and Battery Monitor/Power terminals on the rear 
panel is through screw-terminal connectors. You can remove the entire screw-ter-
minal connector from the back of the relay to disconnect relay I/O, dc battery 
monitor, and power without removing each wire connection. The screw-terminal 
connectors are keyed (see Figure 2.21), so you can replace the screw-terminal 
connector on the rear panel only where you removed the screw-terminal connec-
tor. In addition, the receptacle key prevents you from inverting the screw-terminal 
connector. This feature makes relay removal and replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom two rows of 
the relay rear panel. You cannot remove these terminal blocks from the relay rear 
panel. These terminals offer a secure high-reliability connection for PT and CT 
secondaries.

                    

Figure 2.2 Front-Panel Diagram, Panel-Mount Option, 7U Version, Showing the Front Panel With LCD, Navigation 
Pushbuttons, Programmable LEDs, Reset, and Programmable Pushbuttons

i3879a
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Connectorized

The Connectorized SEL-478B features receptacles that accept plug-in/plug-out 
connectors for terminating PT and CT inputs. This requires ordering a wiring 
harness (SEL-WA0487B) with mating plugs and wire leads. Figure 2.5 shows the 
relay with Connectorized CT and PT analog inputs. (See Connectorized on 
page 2.30 for more information.)

Time-Domain Link
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The TiDL (EtherCAT) SEL-487B has eight fiber-optic EtherCAT connections 
instead of the standard CT and PT analog inputs (see TiDL (EtherCAT) Connec-
tions on page 2.32 for more information).

                    
                    

Figure 2.3 Rear-Panel Diagram of SEL-487B With Four Interface Boards (9U Version)
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Figure 2.4 Rear-Panel Diagram of SEL-487B With Two Interface Boards (7U Version)
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Secondary Circuits
The SEL-487B presents a low burden to the CT and PT secondaries (see Specifi-
cations on page 1.11). 

The relay accepts 21 analog current inputs from the power system. CT inputs are 
labeled as follows: I01, I02–I21. Because the relay impedance is low, the current 
elements can be wired in series with current elements from other relays. 

                    

Figure 2.5 Rear-Panel Diagram of SEL-487B Connectorized Boards (7U Version)

                    

Figure 2.6 EtherCAT Board for TiDL
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WARNING

Figure 2.7 shows the CT connections of the A-phase unit in a three-relay applica-
tion. Current Input IA01 enters the relay at Terminal Y01 and leaves the relay at 
Terminal Y02 for input to other relays. 

Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.

                    

Figure 2.8 shows the CT connections if the SEL-487B is the last relay in the CT 
circuit. For a single-relay application, Current Input IA enters the relay at Termi-
nal Y01, Input IB at Terminal Y03, and Input IC at Terminal Y05. Form the wye 
or star point by connecting Terminals Y02, Y04, and Y06 together and include 
the return wire to the CT on any one of these three terminals.

                    

Figure 2.9 shows the CT connections for a single-relay application when other 
devices are connected downstream of the SEL-487B. Current Input IA enters the 
relay at Terminal Y01 and leaves the relay at Terminal Y02 for input to other 
devices. B-phase and C-phase are wired similarly.

                    

Figure 2.7 CT Connections for a Three-Relay Application

                    

Figure 2.8 CT Connections for a Single-Relay Application When the SEL-487B 
Is the Last in the CT Circuit

IA01 IA02 IA03

A-Phase Unit

IA IB IC IN
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For 5 A relays, the rated nominal input current, INOM, is 5 A. For 1 A relays, the 
rated nominal input current, INOM, is 1 A. Continuous input current for both relay 
types is 3 • INOM (or 4 • INOM at +55°C). See AC Current Inputs (Secondary Cir-
cuits) on page 1.11 for complete CT input specifications.

The relay also accepts one set of three, six-wire potentials from power system PT 
secondaries at inputs V01, V02, and V03. The nominal line-to-neutral input volt-
age for the PT inputs is 67 volts with a maximum voltage rating of 300 volts and 
a burden of less than 0.1 VA at 125 V, L-N. The PT inputs and elements are inde-
pendent of each other for both the single-relay or three-relay applications.

NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

Relays that use the TiDL (EtherCAT) system do not contain secondary circuits on 
the relay. The secondary circuit uses an SEL-2240 Axion to supply the voltages 
and currents through a direct fiber link; however, the nominal current must be 
selected to appropriately apply scaling through various protection functions. The 
relay, by default, assumes 5 A as the nominal current selection. If you use 1 A 
scaling, use the CFG CTNOM command (see Table 14.28 in the SEL-400 Series 
Relays Instruction Manual for more information). The SEL-2245-42 AC Analog 
Input Module also sets its internal calculations based on this command. The relay 
internally transmits these data to the Axion modules and adjusts the appropriate 
scaling in the Axion module when this command is used.

In addition to the CT nominal values, TiDL relays also require you to set the 
nominal frequency by issuing the CFG NFREQ command. At Access Level 2, 
issue a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a 
CFG NFREQ 50 to set the relay to 50 Hz nominal. This command changes the 
NFREQ setting and restarts the relay, and it is only available in TiDL relays. The 
relay defaults to 60 Hz, so only use this command if you want to switch to 50 Hz 
nominal. Issue this command after the CFG CTNOM command but before send-
ing settings to the relay.

Control Inputs
Inputs into the relay are high-impedance control inputs. Use these inputs for 
monitoring change-of-state conditions of power system equipment. These high-
isolation control inputs are ground-isolated circuits and are not polarity sensitive, 

                    

Figure 2.9 CT Connections for a Single-Relay Application When the SEL-487B 
Is in Series With Other Relays

IA IB IC
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i.e., the relay will detect input changes with voltage applied at either polarity. For 
more information on control input specifications, see Specifications on 
page 1.11. 

Inputs can be independent or common. Independent inputs have two separate 
ground-isolated connections, with no internal connections among inputs. Com-
mon inputs share one input leg in common; all input legs of common inputs are 
ground isolated. Each group of common inputs is isolated from all other groups. 

Nominal current drawn by these inputs is 8 mA or less with six voltage options 
covering a wide range of voltages, as published in the Specifications on 
page 1.11. You can debounce the control input pickup delay and dropout delay 
separately for each input as a global setting that applies to all the inputs.

AC Control Signals
Optoisolated control inputs can be used with ac control signals, within the ratings 
shown in Control Inputs on page 1.12. Specific pickup and dropout time-delay 
settings are required to achieve the specified ac thresholds, as shown in Table 2.1.

It is possible to mix ac and dc control signal detection on the same INT4 I/O 
interface board, provided that the two signal types are not present on the same set 
of combined inputs. Use standard debounce time settings (usually the same value 
in both the pickup and dropout settings) for the inputs being used with dc control 
voltages.

                    

The recognition times listed in Table 2.1 are only valid when:

➤ The ac signal applied is at the same frequency as the power system.

➤ The signal is within the ac threshold pickup ranges defined in 
Control Inputs on page 1.12.

➤ The signal contains no dc offset.

The SEL-487B samples the optoisolated inputs at 2 kHz.

Control Outputs
Control outputs from the relay include standard outputs and high-speed (high-
current interrupting) outputs. A Metal-Oxide Varistor (MOV) protects against 
excess voltage transients for each contact. Each output is individually isolated 
except Form C outputs, which share a common connection between the NC (nor-
mally closed) and NO (normally open) contacts.

Table 2.1 Required Settings for Use With AC Control Signalsa

a First set Global setting EICIS := Y to gain access to the individual input pickup and dropout timer 
settings (only available for installed INT4 I/O interface boards).

Global Settings Description Entryb

b These are the only setting values that SEL recommends for detecting ac control signals. Other 
values may result in inconsistent operation.

Relay Recognition Time for AC 
Control Signal State Change

IN201PU–IN224PU, 
IN301PU–IN324PU, 
IN401PU–IN424PU, 
IN501PU–IN524PU

Pickup Delay 2.0 ms at 60 Hz 
2.5 ms at 50 Hz 
(approximately
1/8 cycle)

0.625 cycles maximum 
(assertion)

IN201DO–IN224DO, 
IN301DO–IN324DO, 
IN401DO–IN424DO, 
IN501DO–IN524DO

Dropout Delay 16.5 ms at 60 Hz 
20.0 ms at 50 Hz 
(approximately 
1 cycle)

1.1875 cycles maximum 
(deassertion)
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The relay updates control outputs 12 times per cycle. Updating of relay control 
outputs does not occur when the relay is disabled. When the relay is re-enabled, 
the control outputs assume the state that reflects the present protection processing.

Standard Control Outputs
NOTE: You can use ac or dc circuits 
with standard control outputs.

The Standard control outputs are dry Form A (NO) contacts. Ratings for standard 
outputs are 30 A make, 6 A continuous, and 0.5 A or less break (depending on 
circuit voltage). Standard contact outputs have a maximum voltage rating of 
250 Vac/330 Vdc. Maximum break time is 6 ms (milliseconds) with a resistive 
load. The maximum pickup time for the Standard control outputs is 6 ms. 
Figure 2.10 shows a representative connection for a Form A Standard control 
output on the main board I/O terminals.

                    

See Control Outputs on page 1.11 for complete standard control output specifica-
tions.

Hybrid (High-Current Interrupting) Control Outputs
The hybrid (high-current interrupting) control outputs are polarity-dependent and 
are capable of interrupting high-current, inductive loads. Hybrid control outputs 
use an Insulated Gate Bipolar Junction Transistor (IGBT) in parallel with a 
mechanical contact to interrupt (break) highly inductive dc currents. The contacts 
can carry continuous current, while eliminating the need for heat sinking and pro-
viding security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit induc-
tive/resistive) ratio. As the L/R ratio increases, the time needed to interrupt the 
circuit fully increases also. The reason for this increased interruption delay is that 
circuit current continues to flow through the output MOV after the output deas-
serts, until all of the inductive energy dissipates. Maximum dropout (break) time is 
6  ms with a resistive load, the same as for the standard control outputs. The other 
ratings of these control outputs are similar to the standard control outputs, except 
that the hybrid outputs can break current as great as 10 A. Hybrid contact outputs 
have a maximum voltage rating of 330 Vdc.

The maximum contact closing time for the hybrid control outputs is 6 ms. 
Figure 2.11 shows a representative connection for a Form A hybrid control out-
put on the main board I/O terminals.

                    

Figure 2.10 Standard Control Output Connection

OUT03

O5
O6

CAUTION
Equipment damage can result from con-
necting ac circuits to hybrid (high-cur-
rent interrupting) control outputs. Do 
not connect ac circuits to Hybrid control 
outputs. Use only dc circuits with Hybrid 
control outputs.



2.11

Date Code 20230830 Instruction Manual SEL-487B Relay

Installation
Shared Configuration Attributes

                    

See Control Outputs on page 1.11 for complete hybrid control output specifications.

High-Speed, High-Current Interrupting Control Outputs
NOTE: You can use only dc circuits 
with high-speed, high-current 
interrupting outputs.

In addition to the standard control outputs, the INT4 I/O interface board offers 
high-speed, high-current interrupting control outputs. These control outputs have 
a resistive load pickup time of 10 s, which is much faster than the 6 ms pickup 
time of the standard and hybrid control outputs. The high-speed, high-current 
interrupting control outputs drop out at a maximum time of 8 ms. The maximum 
voltage rating is 330 Vdc. See Control Outputs on page 1.11 for complete high-
speed, high-current interrupting control output specifications.

Figure 2.12 shows a representative connection for a Form A high-speed, high-
current interrupting control output on the INT4 I/O interface terminals. The HS 
marks are included to indicate that this is a high-speed control output.

                    

Short transient inrush current can flow at the closing of an external switch in 
series with open high-speed, high-current interrupting contacts. This transient 
will not energize the circuits in typical relay-coil control applications (trip coils 
and close coils), and standard auxiliary relays will not pick up. However, an 
extremely sensitive digital input or light-duty, high-speed auxiliary relay can pick 
up for this condition. This false pickup transient occurs when the capacitance of 
the high-speed, high-current interrupting output circuitry charges (creating a 
momentary short circuit that a fast, sensitive device sees as a contact closure).

Figure 2.13 shows some possible connections for external resistors that will elim-
inate the false pickup transients when closing an external switch. In general, you 
must connect external resistors to the dc rail (positive or negative) that is on the 
same side as the open external switch condition. If an open switch exists on either 
side of the output contact, then you can accommodate only one condition because 
two open switches (one on each side of the contact) defeat the precharge circuit.

                    

Figure 2.11 Hybrid Control Output Connection

OUT01

+

O1
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Figure 2.12 High-Speed, High-Current Interrupting Control Output Connection, 
INT4

OUT03

O5
O6

HS



2.12

SEL-487B Relay Instruction Manual Date Code 20230830

Installation
Shared Configuration Attributes

                    

Main Board I/O
The SEL-487B has 9U and 7U chassis options with I/O interface on the main 
board. See Figure 2.3 and Figure 2.18 for representative views of the 9U chassis 
rear panel and Figure 2.4 and Figure 2.19 for representative views of the 7U 
chassis rear panel.

Every SEL-487B configuration includes the main board I/O and features these 
connections:

➤ Three hybrid (high-current interrupting) Form A outputs

➤ Two standard Form A outputs

➤ Three standard Form C outputs

➤ Seven level-sensitive optoisolated control inputs (five independent 
and two common)

IRIG-B Inputs
Supply high-accuracy time to the SEL-487B via the IRIG-B IN BNC connector 
on the rear of the relay. You can use the IRIG OUT BNC connector to output 
IRIG, but you cannot use the output signal for high-accuracy timekeeping 
because it lacks the IEEE C37.118 IRIG control bits. If you need high-accuracy 
IRIG timekeeping, do not use the IRIG OUT connection as a high-accuracy IRIG 
source. Instead, use the connections external to the relay to distribute the IRIG 
signal between relays. In a three-relay application, any one of the three units can 
be the reference relay; by connecting the IRIG-B signal to the IRIG-B terminal 
labeled IN, the relay becomes the reference relay. Connect the IRIG-B terminal 
labeled OUT from the reference relay to the IRIG-B terminal labeled IN of the 
next relay, and so on. If there is no IRIG-B available, the relays generate the syn-
chronizing signal internally to synchronize the three relays relative to each other, 
although not to an absolute time reference. You can provide IRIG-B time-code 
format signals to the relay from many sources (SEL-2030 Communications Pro-
cessor, for instance). See Section 11: Time and Date Management in the SEL-400 
Series Relays Instruction Manual for more information on the use and benefits of 
high-accuracy timekeeping.

The IRIG-B serial data format consists of a 1-second frame containing 100 pulses 
divided into fields. The relay decodes the second, minute, hour, and day fields 
and sets the internal time clock upon detecting valid time data in the IRIG time 
mode. See IRIG-B Input Connections on page 2.41 for information on enabling 
IRIG-B timekeeping.

                    

Figure 2.13 Precharging Internal Capacitance of High-Speed, High-Current 
Interrupting Output Contacts, INT4
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high-current interrupting 
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IRIG-B Pins of Serial Port 1
This IRIG-B input is capable of regular IRIG mode timekeeping only. Timing 
accuracy for the IRIG time mode is 500 µs.

IRIG-B BNC Connector
This IRIG-B input is capable of both modes of timekeeping. If the connected 
timekeeping source is qualified as high-accuracy, the relay enters the HIRIG 
mode, which has a timing accuracy of 1 µs. If both inputs are connected, the 
SEL-487B uses the IRIG-B signal from the BNC connection (if a signal is avail-
able).

Battery-Backed Clock
If relay input power is lost or removed, a lithium battery powers the relay clock 
providing date and time backup. The battery is a 3 V lithium coin cell, Rayovac 
no. BR2335 or equivalent. If power is lost or disconnected, the battery discharges 
to power the clock. At room temperature (25°C, 77°F), the battery will operate 
for approximately 10 years at rated load. 

When the SEL-487B is operating with power from an external source, the self-
discharge rate of the battery is very small. Thus, battery life can extend well 
beyond the nominal 10-year period. The battery cannot be recharged. Figure 2.14 
shows the clock battery location (at the front of the main board). 

If the relay does not maintain the date and time after power loss, replace the bat-
tery (see Replacing the Lithium Battery on page 10.27 in the SEL-400 Series 
Relays Instruction Manual).

Communications Interfaces
The SEL-487B has several communications interfaces you can use to communi-
cate with other intelligent electronic devices (IEDs) via EIA-232 ports: PORT 1, 
PORT 2, PORT 3, and PORT F. See Section 15: Communications Interfaces in the 
SEL-400 Series Relays Instruction Manual for more information and options for 
connecting your relay to the communications interfaces.

An optional Ethernet card provides Ethernet capability for the SEL-487B. An 
Ethernet card gives the relay access to popular Ethernet networking standards 
including TCP/IP, FTP, Telnet, DNP3, and IEC 61850 over local area and wide 
area networks. The Ethernet card with IEC 61850 support is only available at 
purchase as a factory-installed option. For information on DNP3 applications, see 
Section 16: DNP3 Communication in the SEL-400 Series Relays Instruction 
Manual. For more information on IEC 61850 applications, see Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Plug-In Boards
The SEL-487B supports as many as four interface boards. There are ordering 
options for the number of I/O boards, as well as the overall chassis size. A 9U 
chassis ordering option provides support for as many as four additional interface 
boards. A 7U chassis option provides support for as many as two additional inter-
face boards. Both chassis sizes are available in rack- or panel-mount versions.
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Plug-in communications cards are also available for the SEL-487B. The optional 
Ethernet card allows you to use TCP/IP, FTP, Telnet, DNP LAN/WAN, and 
IEC 61850 applications on an Ethernet network. This card is only available at the 
time of purchase of a new SEL-487B as a factory-installed option or as a factory-
installed conversion to an existing relay.

I/O Interface Boards 
When the 9U chassis size is ordered, you can choose as many as four INT4 inter-
face boards for a total of 96 inputs and 32 outputs (all four boards installed). 
When the 7U chassis size is ordered, you can choose as many as two INT4 inter-
face boards for a total of 48 inputs and 16 outputs (both boards installed). In addi-
tion to the inputs and outputs provided by the INT4 interface boards, there are 
also 7 inputs and 8 outputs on the main board (described in Main Board I/O on 
page 2.12). Refer to Figure 2.3 for a view of the interface boards and the rear 
screw-terminal connectors associated with the interface boards.

The I/O interface boards carry jumpers that identify the board location. See 
Jumpers on page 2.15 for more information on I/O board jumpers.

I/O Interface Board Inputs
The INT4 I/O interface board has two groups of nine common contacts (18 total) 
and six independent control inputs. All independent inputs are isolated from 
other inputs. These high-isolation control inputs are not polarity sensitive, i.e., 
you cannot damage these inputs with a reverse polarity connection.

Table 2.2 shows the I/O board input capacities and the I/O inputs on the main 
board. See Control Inputs on page 1.12 for complete control input specifications.

                    

I/O Interface Board Outputs
The INT4 I/O interface board is available with either six high-speed and two 
standard output contacts, or eight standard contact outputs. Table 2.3 shows the 
I/O board outputs; the table also shows the I/O outputs on the main board. See 
Control Outputs on page 1.11 for complete control output specifications.

                    

Table 2.2 Control Inputs

Board Independent Contact Pairs Common Contact Pairs

INT4 6 Two sets of 9

Main Board 5 2

Table 2.3 Control Outputs

Board
Standard High-Speed Hybrida

a High-current interrupting.

Form A Form C Form A Form A

INT4 with high-speed outputs 2 0 6 0

INT4 with standard outputs 8 0 0 0

Main Board 2 3 0 3
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CAUTION

Ethernet Card
You can add Ethernet communications protocols to the SEL-487B by purchasing 
the Ethernet card option. Factory-installed in the rear relay Port 5, the Ethernet 
card provides Ethernet ports for industrial applications that process data traffic 
between the SEL-487B and a local area network (LAN).

Jumpers
The SEL-487B contains jumpers that configure the relay for certain operating 
modes. The jumpers are located on the main board and on each of the I/O inter-
face boards.

Main Board Jumpers 
The jumpers on the main board of the SEL-487B perform the following func-
tions:

➤ Temporary/emergency password disable

➤ Circuit breaker control enable

➤ Rear serial port +5 Vdc source enable

Figure 2.15 shows the positions of the main board jumpers. The main board 
jumpers are in two locations. The password disable jumper and circuit breaker 
control jumper are at the front of the main board. The serial port jumpers are near 
the rear-panel serial ports; each serial port jumper is directly in front of the serial 
port that it controls.

Password and Circuit Breaker Jumpers
You can access the password disable jumper and circuit breaker control jumper 
without removing the main board from the relay cabinet. Remove the SEL-487B 
front cover to view these jumpers (use appropriate ESD precautions). The pass-
word and circuit breaker jumpers are on jumper header J18 on the front of the 
main board.

Do not install a jumper on positions A 
or D of the main board J18 header. 
Relay misoperation can result if you 
install jumpers on positions J18A and 
J18D.

There are four jumpers, denoted as D, BREAKER, PASSWORD, and A, from 
left to right (position D being on the left). Positions D and A are for SEL use, 
position PASSWORD is the password disable jumper, and position BREAKER is 
the circuit breaker control enable jumper. Figure 2.15 shows the jumper header 
with the circuit breaker/control jumper in the ON position and the password 
jumper in the OFF position; these are the normal jumper positions for an in-ser-
vice relay. Table 2.4 lists the J18 jumper positions and functions.
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Figure 2.14 Major Component Locations on the SEL-487B Main Board
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The password disable jumper, PASSWORD, is for temporary or emergency sus-
pension of the relay password protection mechanisms. Under no circumstance 
should you install PASSWORD on a long-term basis. The SEL-487B ships with 
password disable jumper PASSWORD OFF (passwords enabled).

The circuit breaker control enable jumper, BREAKER, supervises the OPEN n 
command, the PULSE OUTnnn command, and front-panel local bit control. To 
use these functions, you must install Jumper BREAKER. The relay checks the 
status of the circuit breaker control jumper when you issue OPEN n, PULSE 
OUTnnn, and when you use the front panel to close or open circuit breakers, 
control a local bit, or pulse an output. The SEL-487B ships with circuit breaker 
Jumper BREAKER OFF. For commissioning and testing of the SEL-487B con-
tact outputs, it may be convenient to set BREAKER ON, so that the PULSE 
OUTnnn commands can be used to check output wiring. BREAKER must also 
be set ON if SCADA (DNP, Fast Operate, IEC 61850) control of the circuit 
breaker is required or if the LOCAL CONTROL > BREAKER CONTROL screens are 
going to be used.

                    

Figure 2.15 Jumper Location on the Main Board
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Table 2.4 Main Board Jumpers

Jumper
Jumper 
Location

Jumper 
Positiona

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Function

A Front OFF For SEL use only

PASSWORD Front OFF Enable password protection (normal and 
shipped position)

ON Disable password protection (temporary or 
emergency only)

BREAKER Front OFF Disable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb 
(shipped position)

b Also affects the availability of SCADA Control Messages and the front-panel LOCAL CONTROL 
> BREAKER CONTROL, and front-panel LOCAL CONTROL > OUTPUT TESTING screens.

ON Enable circuit breaker commands (OPEN and 
CLOSE) and output PULSE commandsb

D Front OFF For SEL use only
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Serial Port Jumpers
Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the three 
rear-panel EIA-232 serial ports. The maximum current available from this Pin 1 
source is 0.5 A. The Pin 1 source is useful for powering an external modem. 
Table 2.5 describes the JMP2, JMP3, and JMP4 positions. Refer to Figure 2.15 
for the locations of these jumpers. The SEL-487B ships with JMP2, JMP3, and 
JMP4 OFF (no +5 Vdc on Pin 1).

                    

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. To change the 
JMP2, JMP3, and JMP4 jumpers in an SEL-487B, perform the following steps: 

Step 1. Remove the relay from service.

a. Follow your company’s standard for removing a relay from 
service.

b. Disconnect power from the SEL-487B.

c. Retain the GND connection, if possible, and ground the 
equipment to an ESD mat.

Step 2. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 3. Remove the front panel from the SEL-487B.

Step 4. Disconnect the front-panel cable at the front panel.

Step 5. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 6. Remove rear-panel EIA-232 ports mating connectors.

a. Unscrew the keeper screws.

b. Disconnect any serial cables connected to the PORT 1, PORT 2, and 
PORT 3 rear-panel receptacles.

Step 7. Remove any Ethernet and IRIG-B connections.

Step 8. Carefully pull out the drawout assembly containing the main board.

Step 9. Locate the jumper you want to change.

Jumpers JMP2, JMP3, and JMP4 are located at the rear of the main 
board, directly in front of PORT 3, PORT 2, and PORT 1, respectively (see 
Figure 2.15).

Step 10. Install or remove the jumper as needed.

See Table 2.5 for jumper position descriptions.

Step 11. Reinstall the SEL-487B main board.

Table 2.5 Main Board Jumpers—JMP2, JMP3, and JMP4a

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Jumper
Jumper 
Location

Jumper 
Position

Pin Connections

JMP2 Rear OFF

ON

Serial Port 3, Pin 1 = not connected

Serial Port 3, Pin 1 = +5 V

JMP3 Rear OFF

ON

Serial Port 2, Pin 1 = not connected

Serial Port 2, Pin 1 = +5 V

JMP4 Rear OFF

ON

Serial Port 1, Pin 1 = not connected

Serial Port 1, Pin 1 = +5 V

WARNING
Have only qualified personnel service 
this equipment. If you are not 
qualified to service this equipment, 
you can injure yourself or others, or 
cause equipment damage.

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 12. Reconnect the power cable, the interface board cable(s), and the 
input board analog cable.

Step 13. Reattach the front panel.

Step 14. Reconnect any external cables that you removed in the disassembly 
process.

Step 15. Follow your company’s standard procedure to return the relay to 
service.

I/O Interface Board Jumpers
Jumpers on the INT4 I/O interface board identify the I/O board control address 
(see I/O Interface Boards on page 2.14 for more information on these boards). 
The jumpers on these I/O interface boards are at the front of each board, as shown 
in Figure 2.16.
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To confirm the positions of your I/O board jumpers, you can remove the front 
panel and inspect the jumper placements visually. Table 2.6 lists the four jumper 
positions for I/O interface boards. Refer to Figure 2.17 for the locations of these 
jumpers.

                    

Figure 2.16 Major Component Locations on the SEL-487B INT4 I/O Board
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The I/O board control address has a hundreds-series prefix attached to the control 
inputs and control outputs for that particular I/O board chassis slot.

A 7U chassis has a 200-address slot for inputs IN201, IN202, etc. and outputs 
OUT201, OUT202, etc., and a 300-address slot for IN301, IN302, etc. A 9U 
chassis also has a 400-address slot and 500-address slot for as many as two addi-
tional I/O boards. The drawout tray on which each I/O board is mounted is keyed. 
See Installing Optional I/O Interface Boards on page 10.30 in the SEL-400 
Series Relays Instruction Manual for information on the key positions for the 
200-addresses slot trays and the 300-addresses slot trays.

                    

See Figure 2.3 for board location details.

Relay Placement
Proper placement of the SEL-487B helps make certain that you receive years of 
trouble-free power system protection. Use the following guidelines for proper 
physical installation of the SEL-487B.

Physical Location 
You can mount the SEL-487B in a sheltered indoor environment (a building or an 
enclosed cabinet) that does not exceed the temperature and humidity ratings for 
the relay. 

This rating allows mounting the relay indoors or in an outdoor (extended) enclo-
sure where the relay is protected against exposure to direct sunlight, precipita-
tion, and full wind pressure, but neither temperature nor humidity are controlled. 
You can place the relay in extreme temperature and humidity locations. The relay 
operates in –40° to +85°C (–40° to +185°F) temperatures (see Operating Tem-
perature on page 1.13). With no condensation present, the relay operates in 
humidity ranging from 5 percent to 95 percent. 

Rack Mounting
When mounting the SEL-487B in a rack, use the reversible front flanges to either 
semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails of 
approximately 1.1 inches (27.9 mm). The projection mount places the front panel 
approximately 3.5 inches (88.9 mm) in front of the relay rack rails.

See Figure 2.17 for exact mounting dimensions for both the horizontal and verti-
cal rack-mount relays. Use four screws of the appropriate size for your rack.

Table 2.6 I/O Board Jumpers

Description JMP49A JMP49B JMP50A JMP50B

Position A (Main Board) 1xx I/O N/A N/A N/A N/A

Position B (Expansion I/O) 2xx I/O OFF OFF OFF OFF

Position C (Expansion I/O) 3xx I/O ON OFF ON OFF

Position D (Expansion I/O) 4xx I/O OFF ON OFF ON

Position E (Expansion I/O) 5xx I/O ON ON ON ON
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Panel Mounting 
Place the panel-mount versions of the SEL-487B in a switchboard panel. See the 
drawings in Figure 2.17 for panel cut and drill dimensions. Use the supplied 
mounting hardware to attach the relay.

                    

Figure 2.17 Relay Chassis Dimensions
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CAUTION

Connection

Insufficiently rated insulation can 
deteriorate under abnormal operat-
ing conditions and cause equipment 
damage. For external circuits, use wir-
ing of sufficiently rated insulation that 
will not break down under abnormal 
operating conditions.

The SEL-487B is available with a main board and as many as four INT4 interface 
boards. The INT4 interface board is available to expand the control inputs and 
control outputs only. There are two relay size options: a 9U chassis capable of 
supporting as many as the maximum of four interface boards, or a 7U chassis 
capable of supporting as many as two interface boards. This subsection presents a 
representative sample of relay rear-panel configurations and the connections to 
these rear panels. 

When connecting the SEL-487B, refer to your company plan for wire routing and 
wire management. Be sure to use wire that is appropriate for your installation 
with an insulation rating of at least 90°C.

Rear-Panel Layout
Figure 2.18 and Figure 2.19 show the rear panel of the relay with only the main 
board installed, and Figure 2.3, Figure 2.4, and Figure 2.5 show the rear panel of 
the relay fully equipped. For clarity, the figures do not show a communications 
card installed in PORT 5.
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Figure 2.18 Rear Panel With Only Main Board (9U Version)
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Rear-Panel Symbols
Figure 2.20 shows important safety symbols and their descriptions. These safety 
symbols appear on the rear of the relay. Observe proper safety precautions when 
you connect the relay at terminals marked by these symbols. In particular, the 
danger symbol located on the rear panel corresponds to the following: Contact 
with instrument terminals can cause electrical shock that can result in injury or 
death. Be careful to limit access to these terminals.

                    

Screw-Terminal Connectors
Terminate connections to the SEL-487B screw-terminal connectors with ring-
type crimp lugs. Use a #8 ring lug with a maximum width of 9.1 mm (0.36 in). 
The screws in the rear-panel screw-terminal connectors are #8-32 binding head, 
slotted, nickel-plated brass screws. Tightening torque for the terminal connector 
screws is 1.0 Nm to 2.0 Nm (9 in-lb to 18 in-lb). 

                    

Figure 2.19 Rear Panel With Only Main Board (7U Version)

                    

Figure 2.20 Rear-Panel Symbols

Danger (Caution,
risk of danger)

Symbol

Grounding
Terminal
Symbol

DC Input SymbolAC/DC Input Symbol
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You can remove the screw-terminal connectors from the rear of the SEL-487B by 
unscrewing the screws at each end of the connector block. Remove the connector 
by pulling the connector block straight out. Note that the receptacle on the relay 
circuit board is keyed; you can insert each screw-terminal connector in only one 
location on the rear panel. To replace the screw-terminal connector, confirm that 
you have the correct connector, push the connector firmly onto the circuit board 
receptacle, and reattach the two screws at each end of the block.

Changing Screw-Terminal Connector Keying
You can rotate a screw-terminal connector so that the connector wire dress posi-
tion is the reverse of the factory-installed position (for example, wires entering 
the relay panel from below instead of from above). In addition, you can move 
similar function screw-terminal connectors to other locations on the rear panel. 
To move these connectors to other locations, you must change the screw-terminal 
connector keying. Inserts in the circuit board receptacles key the receptacles for 
only one screw-terminal connector in one orientation. Each screw-terminal con-
nector has a missing web into which the key fits (see Figure 2.21). If you want to 
move a screw-terminal connector to another circuit board receptacle or reverse 
the connector orientation, rearrange the receptacle keys to match the screw-termi-
nal connector block. Use long-nosed pliers to move the keys. Figure 2.22 shows 
the factory-default key positions.

                    
                    

Figure 2.21 Screw-Terminal Connector Keying

Webs Removed for Keying
(Receptacle Keys Fit Here)

Top View

Front View

A B C D E F 1 2 3 4 5 6
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Figure 2.22 Rear-Panel Receptacle Keying
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Grounding
Connect the grounding terminal (#Y31) labeled GND on the rear panel to a rack 
frame ground or main station ground for proper safety and performance. This 
protective earthing terminal is in the lower right side of the relay panel (see 
Figure 2.18. The symbol that indicates the grounding terminal is shown in 
Figure 2.20. Use 14 AWG (2.5 mm2) or larger wire, less than 2 m (6.6 feet) in 
length for this connection. This terminal connects directly to the internal chassis 
ground of the SEL-487B.

Power Connections 
The terminals labeled POWER on the rear panel (Y29 and Y30) must connect to a 
power source that matches the power supply characteristics that your SEL-487B 
specifies on the rear-panel serial number label. (See Power Supply on page 1.11 
for complete power input specifications.)

                    

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

The POWER terminals are isolated from chassis ground. Use 18 AWG (0.8 mm2) 
or larger size wire to connect to the POWER terminals. Connection to external 
power must comply with IEC 60947-1 and IEC 60947-3 and must be identified 
as the disconnect device for the equipment. Place an external disconnect device, 
either a switch/fuse combination or circuit breaker in the POWER leads for the 
SEL-487B; this device must interrupt both the hot (H/+) and neutral (N/-) power 
leads. The current rating for the power disconnect circuit breaker or fuse must be 
20 A maximum.

Operational power is internally fused by power supply fuse F1. Table 2.7 lists the 
SEL-487B power supply fuse requirements. Be sure to use fuses that comply 
with IEC 127-2. 

You can order the SEL-487B with one of three operational power input ranges 
listed in Table 2.7. Each of the three supply voltage ranges represents a power 
supply ordering option. As noted in Table 2.7, model numbers for the relay with 
these power supplies begin with 0487B1n, where n is 2, 4, or 6, to indicate low-, 
medium-, and high-voltage input power supplies, respectively. Note that each 
power supply range covers two widely used nominal input voltages. The 
SEL-487B power supply operates from 30 Hz to 120 Hz when ac power is used 
for the POWER input.

                    

Figure 2.23 Power Connection Areas of the Rear Panel

Terminal Y31
Terminal Y30Terminal Y29
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The SEL-487B accepts dc power input for all three power supply models. The 
48–125 Vdc supply also accepts 110–120 Vac; the 125–250 Vdc supply also 
accepts 110–240 Vac. When connecting a dc power source, connect the source 
with the proper polarity, as indicated by the + (Terminal Y29) and – (Terminal 
Y30) symbols on the power terminals. When connecting an ac power source, the 
+ Terminal Y29 is hot (H), and the – Terminal Y30 is neutral (N). Each model of 
the SEL-487B internal power supply exhibits low power consumption and a wide 
input voltage tolerance. For more information on the power supplies, see Power 
Supply on page 1.11.

Monitor Connections (DC Battery)
Each SEL-487B monitors one dc battery system. For information on the battery 
monitoring function, see Station DC Battery System Monitor on page 8.21 in the 
SEL-400 Series Relays Instruction Manual. Connect the positive lead of the Bat-
tery System to Terminal Y25 and the negative lead of the Battery System to Ter-
minal Y26. (Usually the Battery System is also connected to the rear panel 
POWER input terminals.) For the three-unit application and when there are two 
battery systems at a station, connect the second battery system to any one of the 
other two relays (also Terminals Y25 and Y26).

Secondary Circuit Connections
Each SEL-487B has 21 current inputs and 3 voltage inputs. Shared Configuration 
Attributes on page 2.1 describes these inputs in detail. Use appropriate safety pre-
cautions when connecting secondary circuits to these terminals. 

To verify these connections, use SEL-487B metering (see Examining Metering 
Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). You 
can also review metering data in an event report that results when you issue the 
TRIGGER command.

                    

Fixed Terminal Blocks
Connect the secondary current circuits to the first 18 terminals on the Y terminal 
block (Terminals Y01–Y18) and on the Z terminal block (Terminals Z01–Z24).

NOTE: The combined voltages 
applied to the POWER and MONITOR 
terminals must not exceed 600 V (rms 
or dc).

Connect the voltage inputs to Terminals Y19–Y24 on the Y terminal block. Note 
the polarity dots above the odd-numbered terminals (Y01 and Y03–Y23, Z01 and 
Z03–Z23) for the analog inputs.

Table 2.7 Fuse Requirements for the Power Supply

Rated Voltage
Operational 

Voltage Range
Fuse F1 Fuse Description

24–48 Vdc 18–60 Vdc T5.0AH250V 5x20 mm, time-lag, 5.0 A, 
high-break capacity, 250 V

48–125 Vdc or
110–120 Vac

38–140 Vdc or
85–140 Vac
(30–120 Hz) 

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

125–250 Vdc or
110–240 Vac

85–300 Vdc or
85–264 Vac
(30–120 Hz

T3.15AH250V 5x20 mm, time-lag, 3.15 A, 
high-break capacity, 250 V

CAUTION
Relay misoperation can result from 
applying anything other than speci-
fied secondary voltages and currents. 
Before making any secondary circuit 
connections, check the nominal volt-
age and nominal current specified on 
the rear-panel nameplate.

DANGER
Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.
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Connectorized
For the Connectorized SEL-487B, order the wiring harness kit, SEL-WA0487B. 
The wiring harness contains eight prewired connectors for the relay current and 
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact 
your local Technical Service Center or the SEL factory for ordering information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectors into terminals #Z01 through #Z24 
and #Y01 through #Y18, as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws located 
on each end of the connector.

When you remove the CT shorting connector, pull straight away 
from the relay rear panel.

As you remove the connector, internal mechanisms within the 
connector separately short each power system current transformer.

You can install these connectors in only one orientation.

Step 3. Plug the PT voltage connectors into terminals #Y19 to #Y24, as 
appropriate.

Odd numbered terminals are the polarity terminals. You can install 
these connectors in only one orientation.

Control Circuit Connections
You can configure the SEL-487B with many combinations of control inputs and 
control outputs. See Main Board I/O on page 2.12 and I/O Interface Boards on 
page 2.14 for information about I/O configurations. This subsection provides 
details about connecting these control inputs and outputs. Refer to Figure 2.3 for 
representative rear-panel screw-terminal connector locations.

Control Inputs
No control input on the relay is polarity sensitive, which means you cannot dam-
age these inputs with a reverse polarity connection. Note that the main board I/O 
control inputs have one set of two inputs that share a common input leg. These 
inputs are IN106 and IN107 found on Terminals A30, A31, and A32. To assign 
the functions of the control inputs, see Operating the Relay Inputs and Outputs 
on page 3.55 in the SEL-400 Series Relays Instruction Manual for more details. 
You can also use ACSELERATOR QuickSet SEL-5030 Software to set and verify 
operation of the inputs.

Control Outputs
The SEL-487B has three types of outputs:

➤ Standard outputs (for example: main board OUT104)

➤ Hybrid (high-current interrupting) outputs (for example: main board 
OUT101)

➤ High-speed, high-current interrupting (for example: INT4 board 
OUT01). See Control Outputs on page 2.9 for more information.
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You can connect the standard outputs and the high-speed, high-current interrupt-
ing outputs in either ac or dc circuits. Connect the high-current interrupting out-
puts to dc circuits only. The screw-terminal connector legends alert you about 
these requirements by showing polarity marks on the hybrid (high-current inter-
rupting) contacts and HS marks on the high-speed, high-current interrupting con-
tacts. Two pairs of Form C contacts are on the main board. The INT4 I/O 
interface board is available with six high-speed and two standard output contacts, 
or optionally, with eight standard output contacts.

Alarm Output

The SEL-487B monitors internal processes and hardware in continual self-tests. 
If the relay senses an out-of-tolerance condition, the relay declares a Status Warn-
ing or a Status Failure. The relay signals a Status Warning by pulsing the 
HALARM Relay Word bit (hardware alarm) to a logical 1 for five seconds. For a 
Status Failure, the relay latches the HALARM Relay Word bit at logical 1. To 
provide remote alarm status indication, connect the b contact of OUT108 to your 
control system remote alarm input. Figure 2.24 shows the configuration of the a 
and b contacts of control output OUT108.

                    

Default settings for Output OUT 107 and Output OUT108 are as follows:

OUT107 := TNS_SW #RELAY TEST MODE

OUT108 := NOT (SALARM OR HALARM)

TNS_SW is a test function programmed to Pushbutton PB4, labeled RELAY TEST 
MODE. Output OUT107 asserts when the relay is in the test mode. When the relay 
is operating normally, the NOT HALARM signal is at logical 1 and the b contact 
of control output OUT108 is open. When a Status Warning condition occurs, the 
relay pulses the NOT HALARM signal to logical 0 and the b contact of OUT108 
closes momentarily to indicate an alarm condition. For a Status Failure, the relay 
disables all control outputs and the OUT108 b contact closes to trigger an alarm. 
Also, when relay power is off, the OUT108 b contact closes to generate a power-
off alarm. See Relay Self-Tests on page 10.19 in the SEL-400 Series Relays 
Instruction Manual for information on relay self-tests.

The relay pulses the SALARM Relay Word bit for software programmed condi-
tions; these include settings changes, access level changes, alarming after three 
unsuccessful password entry attempts, and Ethernet firmware upgrade attempts.

                    

Figure 2.24 Control Output OUT108

N/C N/O

1817

OUT108

19

b a

(connect alarm here)
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Tripping and Closing Outputs

To assign the control outputs for tripping, see Setting Outputs for Tripping and 
Closing on page 3.61 in the SEL-400 Series Relays Instruction Manual. In addi-
tion, you can use the SET O command; see SET on page 9.6 for more details.

TiDL (EtherCAT) Connections
NOTE: TiDL (EtherCAT) technology 
is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the 
SEL-487B-2.

The SEL-487B Relays that support TiDL have a 4U chassis. The relay supports 
I/O on the main board as well as one additional I/O board. The main board and 
additional I/O board map to the 100- and 200-level inputs and outputs. The Axion 
modules provide additional I/O for the 300, 400, and 500 levels and analog chan-
nels.

The protection functions remain unchanged from the standard SEL-487B Relay.

Axion Modules
The SEL-2240 Axion is a fully integrated analog and digital I/O control solution 
that is suitable for DSS. An Axion node consists of a 10-slot, 4-slot, or dual 4-slot 
chassis that is configurable to contain a power module and combinations of 
CT/PT, digital input (DI), or digital output (DO) modules.

                    

SEL-2243 Power Coupler

Each chassis requires an SEL-2243 Power Coupler (see Figure 2.26). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. Although the power coupler has two fiber-
optic ports, only PORT 1 is currently used for TiDL.

                    

Figure 2.25 Axion Chassis
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The SEL-2243 has sufficient power capacity to accommodate an entire Axion 
node. The terminal strip at the bottom of the unit (shown in Figure 2.26) is the 
connection point for incoming power. All Axion modules have a 55-position IEC 
C-style connector that provides a communications and power interface to the 
backplane. See the SEL-2240 Axion Instruction Manual for more information.

SEL-2244-2 Digital Input Module

The SEL-2244-2 Digital Input Module (see Figure 2.27) consists of 24 optoiso-
lated inputs that are not polarity dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay in the 300, 400, and 500 I/O board levels, based on the mod-
ules that occur in the network. Only the first 12 of 24 inputs are used in each 
module to help distribute the I/O around the network more efficiently. The inputs 
are mapped to the relay inputs based on the order in which the DI module occurs 
in the TiDL network.

There can be multiple DI modules in an Axion node, and the order of the DI 
modules will proceed from left to right in the node to determine the mapping of 
the inputs.

The first DI module that exists in the system, for example, on PORT 6A, will map 
to IN301–IN312, and if a second module is available on PORT 6A, it will map to 
IN313–IN324. If a second module does not exist on PORT 6A, IN313–IN324 will be 
mapped from the next module appearing in the TiDL system. Mapping order 
determination starts with PORT 6A and ends with the last port, PORT 6H.

                    

                    

Figure 2.26 SEL-2243 Power Coupler

First SEL-2244-2 DI module IN301–IN312

Second SEL-2244-2 DI module IN313–IN324

Third SEL-2244-2 DI module IN401–IN412

Fourth SEL-2244-2 DI module IN413–IN424
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SEL-2244-5 Fast High-Current Digital Output Module

The SEL-2244-5 Fast High-Current Digital Output Module consists of 10 fast, 
high-current output contacts. The outputs use the first 8 of the10 outputs and map 
as follows:

                    

Fifth SEL-2244-2 DI module IN501–IN512

Sixth SEL-2244-2 DI module IN513–IN524

                    

Figure 2.27 SEL-2244-2 Digital Input Module

First SEL-2244-5 DO Module OUT301–OUT308

Second SEL-2244-5 DO Module OUT309–OUT316

Third SEL-2244-5 DO Module OUT401–OUT408

Fourth SEL-2244-5 DO Module OUT409–OUT416

Fifth SEL-2244-5 DO Module OUT501–OUT508

Sixth SEL-2244-5 DO Module OUT509–OUT516
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For both the DI and DO modules, use 24–12 AWG (0.2–3.31 mm2) wire of suffi-
cient current capacity to connect to the digital input and output terminals for your 
application.

The order of mapping for DO modules is the same as that for DI modules.

SEL-2245-42 AC Analog Input Module

The SEL-2245-42 AC Analog Input Module (see Figure 2.29) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See Topologies on page 2.36 for more information on supported relay 
topologies and their connections.

                    

Figure 2.28 SEL-2244-5 Fast High-Current Digital Output Module
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Topologies
The SEL-487B Relay has a set of fixed topologies. These topologies map the 
voltages and currents internally in the relay to maintain existing settings and 
functionality. When the TiDL system is commissioned (see Commissioning on 
page 2.39), the firmware validates the connected Axion nodes and identifies if 
the installed CT/PT modules in the system match one of the supported topologies 
for the SEL-487B.

Ports listed as optional in the following topology diagrams do not require a 
CT/PT module to be connected to them. All other ports require a CT/PT module 
to be connected for the relay to verify the topology.

                    

Figure 2.29 SEL-2245-42 AC Analog Input Module
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Figure 2.30 Topology 1

Port
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6E
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I13, I14, I15 (optional)
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Feeder 1

I04, I05, I06
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SEL Axion SEL Axion SEL Axion SEL Axion

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

SEL Relay

Control House

Substation Yard
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Figure 2.31 Topology 2

Port
6A
6B
6C
6D
6E
6F
6G
6H

Analogs
I01, I02, I03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)
V01, V02, V03

I13, I14, I15

Line 1

I16, I17, I18

Line 2

I19, I20, I21

Line 3

SEL Axion SEL Axion SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I01, I02, I03 I04, I05, I06 I07, I08, I09 I10, I11, I12

SEL Axion SEL AxionSEL AxionSEL AxionSEL Axion

SEL Relay

Control House

Substation Yard
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Commissioning
In TiDL applications, the relay receives currents from an Axion module. You 
must set the nominal current input of the relay to either 1 A or 5 A. Many settings 
and ranges of settings depend on the nominal current. Use the CFG CTNOM 
command to set the nominal current value. At Access level 2, issue a CFG 
CTNOM 1 to set the relay to 1 A values or use the command CFG CTNOM 5 to 
set it to 5 A values. This command is only available in relays that support TiDL 
technology. Note that after issuing this command, the relay settings are forced to 
their default values and the relay turns off and back on again to reinitialize the 
settings. The relay defaults to 5 A nominal, so only use this command if you are 
switching to a 1 A setting (see Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual for more information). The 
SEL-2245-42 AC Analog Input Module also sets its internal calculations based 
on this command. The relay internally transmits these data to the Axion modules 
and adjusts the scaling in the appropriate Axion module when this command is 
used.

In addition to the CT nominal values, TiDL relays also require that the nominal 
frequency be set by issuing the CFG NFREQ command. At Access level 2, issue 
a CFG NFREQ 60 to set the relay to 60 Hz nominal or issue a CFG NFREQ 50 
to set the relay to 50 Hz nominal. This command changes the NFREQ setting and 

                    

Note: This topology uses three or four CT/PT modules installed in one Axion node. The first module maps to the I01–I03 
currents and V01–V03 voltages, the second module maps to the I04–I06 currents, and the third maps to the I07–I09 
currents. Similar mapping occurs in the second Axion.

Figure 2.32 Topology 3

Port
6A

6B

Analogs
I01, I02, I03, V01, V02, V03
I04, I05, I06
I07, I08, I09
I10, I11, I12 (optional)
I13, I14, I15 (optional)
I16, I17, I18 (optional)
I19, I20, I21 (optional)

I01, I02, I03

Line 1

I04, I05, I06

Line 2

I07, I09, I09

Line 3 SEL Axion

V0,
V1,
V2

Feeder 1 Feeder 2 Feeder 3 Feeder 4

I10, I11, I12 I13, I14, I15 I16, I17, I18 I19, I20, I21
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SEL Relay

Control House

Substation Yard
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restarts the relay, and it is only available in TiDL relays. The relay defaults to 
60 Hz. This command should be issued after the CFG CTNOM command but 
before settings are sent to the relay.

The TiDL system uses a commissioning feature to identify that the connected 
Axion nodes meet the requirements of the supported topologies for the applied 
relay. These topologies are a balance between copper reduction and number of 
nodes. The nodes must be connected in one of the supported topologies so that 
the relay will map the voltages and currents accordingly.

The SEL-487B has a new interface on its back panel that replaces the original CT 
and PT input connections. These standard inputs are replaced with a module 
interface that supports eight fiber ports, labeled PORT 6A–PORT 6H (see Figure 2.33).

                    

Once all the Axion nodes are connected to the relay, press the COMMISSION push-
button on the module interface. This process verifies that the connected ports and 
Axion nodes are installed according to one of the supported topologies. Once the 
process is complete, the topology is stored in memory. At each additional startup 
of the relay, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes whether any of the CT/PT modules within the 
node have changed. If the topology needs to be changed (e.g., modules are added 
or replaced), the system will need to be recommissioned by pressing the COMMIS-
SION pushbutton.

When the commissioning and validation of the topology is complete, the voltages 
and currents map according to the topology assignments (see Topologies on 
page 2.36). Secondary injection testing takes place at each Axion node. Test 
sources must inject voltages and currents to the Axion node to verify correct 
installation and mapping. Monitoring of the voltages and currents remains in the 
control house with the relay.

LED Status
As shown in Figure 2.33, the TiDL relay provides LED status indication about 
the network and configuration. Once the system is connected, and the COMMISSION 
button pressed, the LEDs will provide the status of the commissioning process. 
Table 2.8 shows the status of the rear-panel LEDs for each commissioning state.

                    

                    

Figure 2.33 TiDL (EtherCAT) Module Interface

Commissioning 

Button

Commission LED 

for Network Status

Eight Fiber-Optic 100 Mbps 

EtherCAT Ports

LEDs for Axion 

Node Status

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 1 of 2)

State Description LED Status

Initial State Determining if topology exists Green COMMISSION LED OFF

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF

Red LED: PORT 6A–PORT 6H ON
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IRIG-B Input Connections
The SEL-487B accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are the BNC connector labeled IRIG-B 
and Pin 4 (+) and Pin 6 (–) of the DB-9 rear-panel serial port labeled PORT 1. 
When you use the PORT 1 input, ensure that you connect Pins 4 and 6 with the 
proper polarity. See Communications Ports Connections on page 2.42 for other 
DB-9 connector pinouts and additional details.

These inputs accept the dc shift time code generator output (demodulated) 
IRIG-B signal with a positive edge on the time mark. For more information on 
IRIG-B and the SEL-487B, see IRIG-B Inputs on page 2.12.

The PORT 1 IRIG-B input connects to a 2.5-k grounded resistor and goes 
through a single logic signal buffer. The PORT 1 IRIG-B is equipped with robust 
ESD and overvoltage protection but is not optically isolated. When you are using 
the PORT 1 input, ensure that you connect Pin 4 (+) and Pin 6 (–) with the proper polarity.

The IRIG Network should be properly terminated with an external termination 
resistor (SEL 240-1802, BNC Tee, and 240-1800, BNC terminator 50 ohms) 
placed on the unit that is farthest from the source. This termination provides 
impedance matching of the cable for the best possible signal-to-noise ratio.

When the distance between the SEL-487B and the IRIG-B sending device 
exceeds the cable length recommended for conventional EIA-232 metallic con-
ductor cables, you can use transceivers to provide isolation and to establish com-
munication to remote locations.

Verify Topology Determining if topology is supported Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H Blinking

Red LED: PORT 6A–PORT 6H ON

Topology Mismatch Connection does not match supported topology Green COMMISSION LED Blinking

Red COMMISSION LED ON

Green LED: PORT 6A–PORT 6H OFF—mismatched/unused

ON—matched

Red LED: PORT 6A–PORT 6H Blinking—mismatched

ON—matched

OFF—ports unused

Topology Matched Connection matches topology Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H OFF

N/A A commissioned port experiences an error Green COMMISSION LED ON

Red COMMISSION LED OFF

Green LED: PORT 6A–PORT 6H ON

Red LED: PORT 6A–PORT 6H Blinking—failed port

Table 2.8 TiDL (EtherCAT) LED Status (Sheet 2 of 2)

State Description LED Status
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Conventional fiber-optic and telephone modems do not support IRIG-B signal 
transmission. The SEL-2810 Fiber-Optic Transceiver/Modem includes a channel 
for the IRIG-B time code. These transceivers enable you to synchronize time pre-
cisely from IRIG-B time-code generators (such as the SEL-2032 Communica-
tions Processor) over a fiber-optic communications link.

For ease of connection or for runs as long as 300 feet from the IRIG-B generator 
to the SEL-487B, use the BNC IRIG-B input to connect the IRIG-B input of the 
SEL-487B to the IRIG-B generation equipment. Make this connection with a 
50  coaxial cable assembly.

Each SEL-487B provides two IRIG-B BNC connectors, labeled IN and OUT. The 
IRIG OUT connector does not support high-accuracy IRIG timekeeping. It lacks 
the C37.118 IRIG Control Bits.

Step 1. Referring to the external source connections in Figure 2.34, connect 
the IRIG-B signals to the IN connection of Relay A to update the 
clock of Relay A.

Step 2. Connect the OUT connection of Relay A to the IN connector of Relay 
B to update the clock in Relay B.

A similar connection between Relay B and Relay C updates the time 
in Relay C. 

NOTE: The IRIG OUT connection 
works regardless of the type of 
external time source connected to the 
relay.

                    

In the absence of an external IRIG-B signal, connect the relays as shown by the 
internal source connections in Figure 2.34. Connected this way, Relay B uses the 
clock of Relay A as time reference, and Relay C uses the clock of Relay B as 
time reference.

Communications Ports Connections
The SEL-487B has three rear-panel EIA-232 serial communications ports labeled 
PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For information on 
serial communications, see Establishing Communication on page 3.3 in the 
SEL-400 Series Relays Instruction Manual.

                    

Figure 2.34 Time Synchronization Connections Between Three Relays
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CAUTION

In addition, the rear panel features a PORT 5 for an optional factory-installed 
Ethernet communications card. For additional information about communica-
tions topologies and standard protocols that are available in the SEL-487B, see 
Section 10: Communications Interfaces in this manual and Section 15: Commu-
nications Interfaces, Section 16: DNP3 Communication, and Section 17: 
IEC 61850 Communication in the SEL-400 Series Relays Instruction Manual.

Serial Ports
The SEL-487B serial communications ports use EIA-232 standard signal levels 
in a D-subminiature 9-pin (DB-9) connector. To establish communication 
between the relay and a DTE device (a computer terminal, for example) with a 
DB-9 connector, use an SEL-C234A cable. Alternatively, you can use an 
SEL-C662 cable to connect to a USB port.

Figure 2.34 shows the configuration of SEL-C234A cable that you can use for 
basic ASCII and binary communication with the relay. A properly configured 
ASCII terminal, terminal emulation program, or QuickSet along with the 
SEL-C234A cable provides communication with the relay in most cases.

                    

Serial Cables
Using an improper cable can cause numerous problems or failure to operate, so 
be sure to specify the proper cable for application of your SEL-487B. Several 
standard SEL communications cables are available for use with the relay. The 
following list provides rules and practices you should follow for successful com-
munication using EIA-232 serial communications devices and cables:

Severe power and ground problems 
can occur on the communications 
ports of this equipment as a result of 
using non-SEL cables. Never use stan-
dard null-modem cables with this 
equipment.

➤ Route communications cables well away from power and control 
circuits. Switching spikes and surges in power and control circuits 
can cause noise in the communications circuits if power and control 
circuits are not adequately separated from communications cables.

➤ You should keep the length of the communications cables as short as 
possible to minimize communications circuit interference and also to 
minimize the magnitude of hazardous ground potential differences 
that can develop during abnormal power system conditions.

                    

Figure 2.35 SEL-487B-to-Computer DB-9 Connector
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➤ EIA-232 communications cable lengths should never exceed 15.24 m 
(50 feet), and you should always use shielded cables for 
communications circuit lengths greater than 3.048 m (10 feet).

➤ Modems provide communication over long distances and give 
isolation from ground potential differences that are present between 
device locations. (Examples are the SEL-2800-series transceivers.)

➤ Lower data speed communication is less susceptible to interference 
and will transmit greater distances over the same medium than higher 
data speeds. You should use the lowest data speed that provides an 
adequate data transfer rate.

Ethernet Network Connections
The optional Ethernet card for the SEL-487B comes with two ports, either A and 
B or C and D. You can use either installed port. These ports can work together to 
provide a primary and backup interface. Other operating modes (FIXED and 
SWITCHED) are also available. The following list describes the Ethernet card 
port options.

➤ 10/100BASE-T. 10 Mbps or 100 Mbps communications using Cat 5 
cable (category 5 twisted-pair) and an RJ45 connector

➤ 100BASE-FX. 100 Mbps communications over multimode fiber-
optic cable using an LC connector

                    

Ethernet Card Rear-Panel Layout
Rear-panel layouts for the three Ethernet card port configurations are shown in 
Figure 2.36–Figure 2.41.

                    

                    

                    

Optional fiber-optic ports

                    

Figure 2.36 Two 100BASE-FX Port Configuration on Ports 5A and 5B

                    

Figure 2.37 Two 100BASE-T Port Configuration on Ports 5A and 5B

CAUTION
Use of controls or adjustments, or per-
formance of procedures other than 
those specified herein, may result in 
hazardous radiation exposure.

WARNING
Do not look into the end of an optical 
cable connected to an optical output.

WARNING
Do not perform any procedures or 
adjustments that this instruction man-
ual does not describe.
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Twisted-Pair Networks
NOTE: Use caution with UTP cables 
as these cables do not provide 
adequate immunity to interference in 
electrically noisy environments unless 
additional shielding measures are 
employed.

While Unshielded Twisted Pair (UTP) cables dominate office Ethernet networks, 
Shielded Twisted Pair (STP) cables are often used in industrial applications. The 
SEL-487B Ethernet card is compatible with standard UTP cables as well as STP 
cables for Ethernet networks.

Typically, UTP cables are installed in relatively low-noise environments, includ-
ing offices, homes, and schools. Where noise levels are high, you must either use 
STP cables or shield UTP cables, using grounded ferrous raceways such as steel 
conduit.

Several types of STP bulk cable and patch cables are available for use in Ethernet 
networks. If noise in your environment is severe, you should consider using fiber-
optic cables. We strongly advise against using twisted-pair cables for segments 
that leave or enter the control enclosure.

If you use twisted-pair cables, you should use care to isolate these cables from 
sources of noise to the maximum extent possible. Do not install twisted-pair 
cables in trenches, raceways, or wireways with unshielded power, instrumenta-
tion, or control cables. Do not install twisted-pair cables in parallel with power, 
instrumentation, or control wiring within panels, rather make them perpendicular 
to the other wiring.

You must use a cable and connector rated as Category 5 (Cat 5) to operate the 
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower categories 
are becoming rare and because you may upgrade a 10 Mbps network to 
100 Mbps, we recommend using all Cat 5 components.

                    

Figure 2.38 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5A 
and 5B

                    

Figure 2.39 Two 100BASE-FX Port Configuration on Ports 5C and 5D

                    

Figure 2.40 Two 10/100BASE-T Port Configuration on Ports 5C and 5D

                    

Figure 2.41 100BASE-FX and 10/100BASE-T Port Configuration on Ports 5C 
and 5D

WARNING
During installation, maintenance, or 
testing of the optical ports, use only 
test equipment qualified for Class 1 
laser products.

WARNING
Incorporated components, such as 
LEDs and transceivers, are not user 
serviceable. Return units to SEL for 
repair or replacement.
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Some industrial Ethernet network devices use 9-pin connectors for STP cables. 
The Ethernet card RJ45 connectors are grounded, so you can ground the shielded 
cable using a standard, externally shielded jack with cables terminating at the 
Ethernet card.

AC/DC Connection Diagrams
You can apply the SEL-487B to different power system busbar layouts. 
Figure 2.42 shows one particular application scheme with connections that repre-
sent typical interfaces to the relay for a single zone layout. Figure 2.43 depicts 
typical connections for a three-relay application.
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Figure 2.42 Typical External AC/DC Connections for a Single-Relay Application
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Figure 2.43 Typical External AC/DC Connections for a Three-Relay Application
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Testing

This section contains guidelines for determining and establishing test routines for 
the SEL-487B relay. Follow the standard practices of your company in choosing 
testing philosophies, methods, and tools. Section 10: Testing, Troubleshooting, 
and Maintenance in the SEL-400 Series Relays Instruction Manual addresses the 
concepts related to testing. This section provides supplemental information spe-
cific to testing the SEL-487B.

This section includes the following topics:

➤ Low-Level Test Interface on page 3.1

➤ Relay Test Connections on page 3.4

➤ Checking Relay Operation on page 3.7

➤ Technical Support on page 3.24

The SEL-487B is factory calibrated; this section contains no calibration informa-
tion. If you suspect that the relay is out of calibration, contact your Technical Ser-
vice Center or the SEL factory.

Low-Level Test Interface
You can test the relay in two ways: by using secondary injection testing or by 
applying low-magnitude ac voltage signals to the low-level test interface. This 
section describes the low-level test interface between the two calibrated input 
modules and the processing module.

Access the test interface by removing the relay front panel. At the right side of 
the relay main board is the processing module. Inputs to the processing module 
are multipin connectors J14 and J24, the analog or low-level test interface con-
nections. Receptacle J24 is on the right side of the main board, with J14 located 
5 cm (2 inches) behind J20; for a locating diagram, see Figure 2.14. 

Figure 3.1 shows the connections for low-level interface J24 and Figure 3.2 the 
connections for low-level interface J14. Apply only the nominal voltage levels 
and current levels listed in the figures to the relay. Never apply voltage signals 
greater than 6.6 V peak-to-peak sinusoidal signal (2.33 Vrms) to the low-level 
test interface. To use the low-level test interface, remove the ribbon cable from 
the main board J14 and J24 receptacles and substitute a test cable with the signals 
specified in Figure 3.1 and Figure 3.2.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

NOTE: The relay front, I/O, and CAL 
boards are not hot-swappable. 
Remove all power from the relay 
before altering ribbon cable 
connections.
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Use signals from the Low-Level Relay Test System to test the relay processing 
module. Apply appropriate signals to the low-level test interface connections J14 
and J24 from the Relay Test System (see Figure 3.1 and Figure 3.2). These sig-
nals simulate power system conditions, taking into account PT ratio and CT ratio 
scaling. Use relay metering to determine whether the applied test voltages and 
currents produce correct relay operating quantities. The UUT Database entries 
for the SEL-487B in the SEL-5401 Relay Test System Software are shown in 
Table 3.1, Table 3.2, Table 3.3, and Table 3.4.

                    

                    

Figure 3.1 Low-Level Test Interface J24

                    

Figure 3.2 Low-Level Test Interface J14

Table 3.1 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—5 A Relay

Channel Label Scale Factor Unit

1 I01 75 A

2 I02 75 A

3 I03 75 A

4 I04 75 A

5 I05 75 A

6 I06 75 A

7 I07 75 A

8 I08 75 A

9 I09 75 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J24): 6.6 Vp-p Maximum.

+5V B1C B1D V03 V02 V01 I09 I08 I07 I06 I05 I04 I03 I02 I01

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

U.S. Patent  5,479,315.

Input Module Output (J3): 66.6 mV at Nominal Current (1 A or 5 A).
446 mV at Nominal Voltage (67 VLN).

Processing Module Input (J14): 6.6 Vp-p Maximum.

+5V I18I19I20I21 I17 I16 I15 I14 I13 I12 I11 I10

+5V –5V –5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND
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Table 3.2 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—5 A Relay

Channel Label Scale Factor Unit

1 I10 75 A

2 I11 75 A

3 I12 75 A

4 I13 75 A

5 I14 75 A

6 I15 75 A

7 I16 75 A

8 I17 75 A

9 I18 75 A

10 I19 75 A

11 I20 75 A

12 I21 75 A

Table 3.3 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Y)—1 A Relay

Channel Label Scale Factor Unit

1 I01 15 A

2 I02 15 A

3 I03 15 A

4 I04 15 A

5 I05 15 A

6 I06 15 A

7 I07 15 A

8 I08 15 A

9 I09 15 A

10 V01 150 V

11 V02 150 V

12 V03 150 V

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 1 of 2)

Channel Label Scale Factor Unit

1 I10 15 A

2 I11 15 A

3 I12 15 A

4 I13 15 A

5 I14 15 A

6 I15 15 A

7 I16 15 A

8 I17 15 A

9 I18 15 A



3.4

SEL-487B Relay Instruction Manual Date Code 20230830

Testing
Relay Test Connections

Relay Test Connections
The SEL-487B is a flexible tool that you can use to implement many protection 
and control schemes. Although you can connect the relay to the power system in 
many ways, connecting basic bench test sources helps you model and understand 
more complex relay field connection schemes.

NOTE: The procedures specified in 
this subsection are for initial relay 
testing only. Follow your company 
policy for connecting the relay to the 
power system.

For each relay element test, you must apply ac voltage and current signals to the 
relay. The text and figures in this subsection describe the test source connections 
you need for relay protection element checks. You can use these connections to 
test protective elements and simulate all fault types. These examples show con-
nections on I01, I02, and I03. You can make similar connections to any of the 
current inputs: I01–I21.

Connections for Three Voltage Sources and Three Current Sources
Figure 3.3 shows the connections to use when you have three voltage sources and 
three current sources available.

                    

10 I19 15 A

11 I20 15 A

12 I21 15 A

Table 3.4 UUT Database Entries for SEL-5401 Relay Test System Software 
(Analog Input Board Z)—1 A Relay (Sheet 2 of 2)

Channel Label Scale Factor Unit

                    

Figure 3.3 Test Connections Using Three Voltage and Three Current Sources

WARNING
Before working on a CT circuit, first 
apply a short to the secondary wind-
ing of the CT.
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Connections for Three Voltage Sources and Two Current Sources
Figure 3.4 and Figure 3.5 show connections to use when you have three voltage 
sources and two current sources. You can use the connections shown in Figure 3.4 
to simulate phase-to-phase, phase-to-ground, and two-phase-to-ground faults. 
Use the connections shown in Figure 3.5 to simulate three-phase faults.

                    

                    

                    

Figure 3.4 Test Connections Using Two Current Sources for Phase-to-Phase, 
Phase-to-Ground, and Two-Phase-to-Ground Faults

                    

Figure 3.5 Test Connections Using Two Current Sources for Three-Phase Faults
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Connections for Three Voltage Sources and One Current Source
Figure 3.6 and Figure 3.7 show connections to use when you have three voltage 
sources and a single current source. You can use the connections shown in 
Figure 3.6 to simulate phase-to-ground faults. Use the connections shown in 
Figure 3.7 to simulate phase-to-phase faults.

                    
                    

Figure 3.6 Test Connections Using a Single Current Source for a Phase-to-
Ground Fault

Three-Phase
Voltage and Current
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IA
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Relay Rear-Panel Secondary 
Voltage and Current Inputs

N

N

N
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Checking Relay Operation
Your SEL-487B comes with all functions fully checked and calibrated so that the 
relay operates correctly and accurately. You can test the relay to verify proper 
relay operation, but you do not need to test every relay element, timer, and func-
tion in this evaluation. The following checks are valuable for confirming proper 
SEL-487B connections and operation:

➤ AC connection check (metering)

➤ Commissioning tests

➤ Functional tests

➤ Element verification

An ac connection check uses relay metering to verify that the relay current and 
voltage inputs have the proper magnitude and phase angle (see Examining Meter-
ing Quantities on page 3.34 in the SEL-400 Series Relays Instruction Manual). 
Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55 in the SEL-400 Series Relays Instruction Man-
ual). Brief functional tests and element verification confirm correct internal relay 
processing.

                    

Figure 3.7 Test Connections Using a Single Current Source for a Phase-to-
Phase Fault
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This subsection discusses tests for the following:

➤ Alias settings

➤ Zone selection function

➤ Sensitive differential elements

➤ Differential elements

➤ Directional element

➤ Voltage elements

Before you perform element tests, however, you should be aware of your substa-
tion layout and apply the appropriate settings to the relay.

Example Substation
Figure 3.8 shows an example of a substation that requires two protection zones. 
The station layout consists of two busbars (BUS_1 and BUS_2), a tie breaker 
(TB_1 and TB_2), and two feeders (FDR_1 and FDR_2). 

                    
                    

Figure 3.8 Station Layout, Comprising a Tie Breaker, Two Feeders and Two 
Busbars

BUS_2 (BZ2)

89I02_2

89I01_1

BUS_1 (BZ1)

52

89I03_2

89I03_1

52

89I04_1

89I04_2

52

I01

TB_1 TB_2

I02

I03

FDR_1

I04

FDR_2
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Use front-panel pushbuttons to simulate the disconnect auxiliary contacts for the 
terminal-to-bus-zone SELOGIC control equations as shown in Figure 3.8. 
Table 3.5 shows the SELOGIC control equation assignments.

NOTE: Pushbutton labels PB1–PB8 
(shown in Figure 3.9) identify the 
pushbuttons for this test; these labels 
do not appear on the relay front panel.

                    

                    

Relay Settings
Apply the appropriate settings to the relay. For the relay to match the station lay-
out in Figure 3.8, change the following setting categories:

➤ Alias settings

➤ Zone configuration settings

➤ Protection group settings

➤ Protection logic settings

➤ Front-panel settings

Alias Settings
Change the default alias names for the four analog channels to the names indi-
cated in Figure 3.8. From Access Level 2, use the SET T command to rename the 
analog channels, as shown in Figure 3.10. Some of the alias names assigned in 
this example are default alias names in the relay. If an alias name is duplicated, 
type Delete <Enter> to clear the default alias names that are not relevant to this 
example.

                    

Figure 3.9 Front-Panel Operator Pushbuttons

Table 3.5 Pushbutton Assignments to Simulate Disconnect Auxiliary Contacts

Pushbutton Relay Word Bits Description

PB5 I01BZ1V Connects TB_1 to BUS_1 when closed

PB6 I02BZ2V Connects TB_2 to BUS_2 when closed

PB7 I03BZ1V Connects FDR_1 to BUS_1 when closed

PB8 I04BZ2V Connects FDR_2 to BUS_2 when closed

PB1 PB5

PB2 PB6

PB3 PB7

PB4 PB8
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Zone Configuration Settings
Set the terminal-to-bus-zone connections to determine when the input currents 
from the terminals are considered in the differential calculations. We use protec-
tion latch bits in the terminal-to-bus-zone connections to emulate disconnect aux-
iliary contacts (see Protection Logic Settings on page 3.12). Figure 3.11 shows 
the steps to enter the zone configuration settings.

=>>SET T <Enter>

Alias

Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])

1: I01,"FDR_1"
?  I01,TB_1 <Enter>
2: I02,"FDR_2"
?  I02,TB_2 <Enter>
3: I03,"FDR_3"
?  I03,FDR_1 <Enter>
4: I04,"TRFR_1"
?  I04,FDR_2 <Enter>
5: I05,"TB_1"
?  BZ1, BUS_1 <Enter>
6: I06,"TB_2"
?  BZ2, BUS_2 <Enter>
7: BZ1,"BUS_1"
?  DELETE <Enter>   (Note, this is to clear default alias settings for this 

example)
7: BZ2,"BUS_2"
?  DELETE <Enter>
7: FBF01,"F1_BF"
?  END <Enter>
Alias
.
.
. 
Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.10 Alias Names for the Four Analog Channels
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Protection Group Settings
The sensitive differential element default settings block the differential elements 
from operating during CT open-circuit conditions. Disable the sensitive differen-
tial elements to prevent these elements from blocking the differential elements 
when we inject unbalanced test values. Figure 3.12 shows the steps to disable the 
sensitive differential elements.

                    

=>>SET Z <Enter>

Zone Config Group 1

Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
? TB_1, BUS_1, P <Enter>
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := DIFF_EN AND NOT TOS01
?  PLT07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
?  TB_2, BUS_1, P <Enter>
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := DIFF_EN AND NOT TOS02
?  PLT08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I03BZ2C := FDR_1, BUS_2, P
?  FDR_1,BUS_1,P <Enter>
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := NA
?  PLT09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
?  FDR_2,BUS_2,P <Enter>
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := DIFF_EN AND NOT TOS04
?  PLT10 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I05BZ1C := I05, BUS_1, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
I06BZ2C := I06, BUS_2, P
?  DELETE <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
?  END <Enter> 

.

.

.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.11 Zone Configuration Settings

=>>SET <Enter>

Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?N <Enter>
.
Save settings (Y,N)  ?Y <Enter>

=>>

Figure 3.12 Steps to Disable the Sensitive Differential Elements
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Protection Logic Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Figure 3.13 shows the steps to program 
the protection latch bits.

                    

Front-Panel Settings
We use four protection latch bits, operated from four front-panel pushbuttons to 
simulate disconnect auxiliary contacts. Each front-panel pushbutton has an LED 
in close proximity to the pushbutton. Program these LEDs to illuminate when the 
pushbuttons are in the closed position. Pushbutton assertion simulates closing 
disconnect auxiliary contacts, assigning the input currents to the appropriate dif-
ferential elements. Figure 3.14 shows the steps to program the LEDs.

=>>SET L <Enter>

1: PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED
?  > <Enter>
21: 
?  PLT07S := PB5_PUL AND NOT PLT07 <Enter>
22: 
?  PLT07R := PB5_PUL AND PLT07 <Enter>
23: 
?  PLT08S := PB6_PUL AND NOT PLT08 <Enter>
24: 
?  PLT08R := PB6_PUL AND PLT08 <Enter>
25: 
?  PLT09S := PB7_PUL AND NOT PLT09 <Enter>
26: 
?  PLT09R := PB7_PUL AND PLT09 <Enter>
27: 
?  PLT10S := PB8_PUL AND NOT PLT10 <Enter>
28: 
?  PLT10R := PB8_PUL AND PLT10 <Enter>
29: 
?  END <Enter>
Protection 1

.

.

.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.13 Steps to Program Protection Latch Bits
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Verify the Relay Settings
Step 1. Use the serial port SHO Z ASCII command to generate a report 

similar to that shown in Figure 3.15.

Information shown in Figure 3.15 is an extract of important settings, 
not the complete relay response.

Step 2. In particular, verify the following values:

a. PTR1, PTR2, and PTR3 are all equal to 2000.

b. CTR01, CTR02, CTR03, and CTR04 are all equal to 600.

c. TAP01, TAP02, TAP03, and TAP04 are all equal to 5.

d. The terminal-to-bus-zone settings are as shown.

=>>SET F <Enter>

Front Panel

Front Panel Settings

Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Pushbutton LED 1 (SELogic Equation)
PB1_LED := DIFF_EN # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
Pushbutton LED 2 (SELogic Equation)
PB2_LED := BF_EN # BREAKER FAILURE ENABLED
?  <Enter>
Pushbutton LED 3 (SELogic Equation)
PB3_LED := NA
?  <Enter>
Pushbutton LED 4 (SELogic Equation)
PB4_LED := TNS_SW # TEST NORMAL SWITCH ENABLED
?  <Enter>
Pushbutton LED 5 (SELogic Equation)
PB5_LED := NA
?  PLT07 <Enter>
Pushbutton LED 6 (SELogic Equation)
PB6_LED := NA
?  PLT08 <Enter>
Pushbutton LED 7 (SELogic Equation)
PB7_LED := NA
?  PLT09 <Enter>
Pushbutton LED 8 (SELogic Equation)
PB8_LED := NA
?  PLT10 <Enter>
Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  END <Enter>
.
.
.
Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Steps to Program the LEDs
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Selected Element Tests
Zone Selection Function

Step 1. Test the zone selection logic (terminal-to-bus-zone connection).

a. Press the PB5 pushbutton to simulate the closing of disconnect 
89I01_1, assigning TB_1 to BUS_1.

b. Confirm that the relay assigns Terminal TB_1 to BUS_1, and 
includes the bus-zone BUS_1 in Protection Zone 1.

c. Type MET Z1 <Enter> to generate a Zone 1 meter report.

Figure 3.16 shows the relay response, confirming that Terminal 
TB_1 is an active terminal in BUS_1.

=>>SHO Z <Enter>

Zone Config Group 1

Potential Transformer Ratio
PTR1    := 2000     PTR2    := 2000     PTR3    := 2000

Current Transformer Ratio
CTR01   := 600      CTR02   := 600      CTR03   := 600      CTR04   := 600

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TB_1, BUS_1, P
TB_1 to BUS_1 Connection (SELogic Equation)
I01BZ1V := PLT07
Terminal, Bus-Zone, Polarity (P,N)
I02BZ1C := TB_2, BUS_1, P
TB_2 to BUS_1 Connection (SELogic Equation)
I02BZ1V := PLT08
Terminal, Bus-Zone, Polarity (P,N)
I03BZ1C := FDR_1, BUS_1, P
FDR_1 to BUS_1 Connection (SELogic Equation)
I03BZ1V := PLT09
Terminal, Bus-Zone, Polarity (P,N)
I04BZ2C := FDR_2, BUS_2, P
FDR_2 to BUS_2 Connection (SELogic Equation)
I04BZ2V := PLT10

.

.

.

Current Normalization Factor

TAP01   := 5.00     TAP02   := 5.00     TAP03   := 5.00     TAP04   := 5.00

=>>

Figure 3.15 Selected Information From the Relay Response to the SHO Z 
Command

NOTE: 5 A relays are rated for 
continuous current injection of 15 A.

NOTE: When a terminal is active, the 
terminal name appears under the 
heading “Primary Currents.” The 
heading “Bus-Zones in Protection 
Zone 1” shows the Bus-Zones in 
Protection Zone 1.
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Sensitive Differential Element
                    

Step 1. Use the test connections shown in Figure 3.17 for this test.

Step 2. Inject the current values listed in Table 3.6 into the relay.

Current flows through all four terminals, but because only the PB5 
pushbutton (Step 1, Step a on page 3.14) is closed, the relay only 
considers the CT input from TB_1. 

The CT ALARM LED illuminates after approximately five seconds, and 
the relay triggers an event report. The relay does not trip, because the 
differential current is below the O87P threshold.

Step 3. Stop the injection. The CT ALARM LED turns off.

=>>MET Z1 <ENTER>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Current Terminals in Protection Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL      
 TB_1         0.291    -6.94    P       

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01          0.002   -37.06
 V02          0.003   -53.56
 V03          0.001  -169.73

Bus-Zones in Protection Zone 1
BUS_1  

=>>

Figure 3.16 Relay Response to the MET Z1 Command

                    

Figure 3.17 Test Connections Using Two Current Sources

Table 3.6 Current for Testing the Threshold Point, O87P

Current Value

IA 4.80°

IB 4.80°

+ +
IA

I01 I02 I03 I04

IB

Three-Phase Voltage and Current Test Sources

SEL-487B (Partial)
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Differential Elements
The following test verifies the characteristics for two of the six differential ele-
ments in the SEL-487B. The test plots the relay characteristic at two points. The 
first point is at the pickup threshold (O87P); the second point is at three per-unit 
restraint current. Three per unit is an arbitrary value; you may use any other con-
venient restraint current value.

Figure 3.18 shows the default O87P setting and the default Slope 1 setting.

Use the following equation to calculate IOP(IRT), the operating current value for 
any specified restraint current value:

                    

Equation 3.1

                    

                    

Test the first point on the differential element characteristic.

Step 1. Obtain the operate current value and restraint current value.

a. Inject the current values in Table 3.6 into the relay.

b. Type MET DIF <Enter>.

The current values should approximate those in Figure 3.19:

where:

IOP(IRT) = Operating current as a function of the restraint current

SLP1 = Differential element Slope 1 setting 

IRT = Differential element restraint current

                    

Figure 3.18 Differential Element Characteristic

IOP(IRT) SLP1
100

------------- IRT=

IRT (p.u.)

IOP (IRT) (p.u.)

O87P
1 p.u.

SLP1 = 60%
Operating Region

Restraining Region
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Step 2. Test the threshold point, O87P. (Pushbutton PB5 is still asserted.)

a. Type TAR 87O1 9999 <Enter> to monitor the status of Relay 
Word bit 87O1.

b. Increase current IA until the status of Relay Word bit 87O1 
changes from logical 0 to logical 1.

When the bit changes state, the TRIP, 87 (DIFF), and ZONE 1 LEDs 
illuminate.

c. Record the value of the injected current.

This value should be 5 A ±5% and ±0.02 • INOM. 

d. Type <Ctrl+X> to end the scrolling of Relay Word bit 87O1 
status values.

e. Type MET DIF <Enter> to obtain the differential operate 
current value and differential restraint current value.

These values should approximate the differential operate current 
values and differential restraint current values in Figure 3.20.

f. Stop the injection.

g. Press the TARGET RESET pushbutton.

                    

Test the second point on Zone 1 and Zone 2 differential element characteristic.

Step 1. Use Equation 3.1 to calculate the per-unit operating current for a 
restraint current of 3 per unit.

This operating current is for the second point on the differential 
characteristic.

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       0.96              0.96
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.19 Example Values Below the 8701 Element Pickup Value in Response 
to the MET DIF Command

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.02              1.02
2       0.00              0.00
Current Reference (A)
IREF
3000

=>>

Figure 3.20 Example Values Above the 8701 Element Pickup Value in Response 
to the MET DIF Command
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Step 2. Use Equation 3.2 and Equation 3.3 to calculate the two current 
values that result in an operating current of 1.8 per unit at a restraint 
current of 3 per unit.

                    

Equation 3.2

                    

Equation 3.3

Step 3. Use Equation 3.4 to convert the current values from per-unit values 
to current values in amperes:

                    

                    

Equation 3.4

                    

Step 4. Press pushbuttons PB6, PB7, and PB8.

Step 5. Inject the current values listed in Table 3.7 into the relay.

where:

TAP01 = Terminal 01 normalization factor.

TAP02 = Terminal 02 normalization factor.

IOP(IRT) SLP1
100

------------- IRT=

0.6 3 per unit=

1.8 per unit=

I1pu
IRT IOP(IRT)+

2
---------------------------------------per unit=

3.0 + 1.8
2

---------------------per unit=

2.4 per unit=

I2pu IRT–I1pu per unit=

3.0–2.4 per unit=

0.6 per unit=

I1A TAP01 I1pu A=

5 2.4 A=

12.0 A=

I2A TAP02 I2pu A=

5 0.6 A=

3.0 A=
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The CT ALARM LED illuminates after approximately five seconds, but 
the relay does not trip, because the differential current is below the 
operating value.

Step 6. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.21:

                    

Step 7. Type TAR 87R1 9999 <Enter> to monitor the status of Relay Word 
bit 87R1.

Step 8. Decrease current IB until the status of Relay Word bit 87R1 changes 
from logical 0 to logical 1.

After this bit changes state, the TRIP, 87 (DIFF), ZONE 1, and ZONE 2 
LEDs illuminate.

Step 9. Record the value of IB.

IB should be 3 A ±5% and ±0.02 • INOM.

Step 10. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit 87R1.

Step 11. Type MET DIF <Enter> to obtain the operate current value and 
restraint current value.

These values should approximate the operate current values and 
restraint current values shown in Figure 3.22.

Table 3.7 Current for Testing the Second Point on the Relay Characteristic

Current Value

IA 12.00°

IB 3.20°

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.76              3.04
2       1.76              3.04
Current Reference (A)
IREF
3000

=>>

Figure 3.21 Example Values in Response to the MET DIF Command With Two 
Active Zones
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Step 12. Turn off the test set.

Step 13. Press pushbuttons PB5–PB8 and TARGET RESET.

Directional Element
Use the steps in the following example to test the directional element. Apply the 
same relay settings as when testing the differential element. To test the direc-
tional element characteristic, use the test connections as shown in Figure 3.23.

                    

Figure 3.24 shows the directional element characteristic, the shaded area indicat-
ing an internal fault.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 09/10/2015  Time: 07:41:32.970
Station A                                  Serial Number: 1150010001

Operate Currents    Restraint Currents
      (Per Unit)       (Per Unit)
ZONE     IOP              IRT
1       1.80              3.00
2       1.80              3.00
Current Reference (A)
IREF
3000

=>>

Figure 3.22 Example Values in Response to the MET DIF Command With Two 
Differential Elements Asserted

                    

Figure 3.23 Test Connections for Testing the Directional Element

                    

Figure 3.24 Directional Element Characteristic

+
IA

I01

Current Test Sources

SEL-487B (Partial)

+

I03

IB

IREF

IT01
Internal 

Fault
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The test consists of two parts. In the first part, we test the threshold of the direc-
tional element. The directional element only considers terminals with current val-
ues exceeding the threshold value in the directional calculations. In the second 
part, we test the boundaries of the element characteristic.

Step 1. Test the threshold value by injecting the current values shown in 
Table 3.8 into the relay.

a. Type TAR 50DS01 <Enter> to obtain the relay response as 
shown in Figure 3.25.

b. Verify that only Relay Word bit 50DS03 has a value of logical 1.

                    

c. Type TAR 50DS01 9999 <Enter> and slowly increase current IA.

Relay Word bit 50DS01 asserts when IA reaches a value of 
approximately 0.26 A.

d. Stop the injection.

e. Type <Ctrl+X> to end the scrolling of the Relay Word bit 
50DS01 status values.

Step 2. Test the boundary values.

a. Press pushbuttons PB5 and PB7.

b. Inject the current values shown in Table 3.9 into the relay.

                    

c. Type TAR DE1F <Enter> to obtain a relay response similar to 
that shown in Figure 3.26.

d. Verify that Relay Word bit DE1F is deasserted.

                    

Table 3.8 Current Values for Testing the Threshold Value of the Directional 
Element

Current  Current Injected

IA 0.20°

IB 2.0180°

=>>TAR 50DS01 <ENTER>

50DS08  50DS07  50DS06  50DS05  50DS04  50DS03  50DS02  50DS01  
0       0       0       0       0       1       0       0       

=>>

Figure 3.25 Relay Response to the TAR 50DS01 Command

Table 3.9 Current Values for Testing the Boundary Values of the Directional 
Element

Current  Current Injected

IA 2.00°

IB 2.090°

=>>TAR DE1F <Enter>

*       *       DE6F    DE5F    DE4F    DE3F    DE2F    DE1F    
0       0       0       0       0       0       0       0 

Figure 3.26 Relay Response to the TAR DE1F Command
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e. Type TAR DE1F 9999 <Enter> and slowly decrease the angle 
of current IB.

Relay Word bit DE1F asserts when the angle reaches a value of 
approximately 74 degrees.

f. Quickly move the angle to –70 degrees and continue to slowly 
decrease the angle of current IB.

Relay Word bit DE1F deasserts when the angle reaches a value of 
approximately –74 degrees.

g. Type <Ctrl+X> to end the scrolling of the status values of Relay 
Word bit DE1F.

h. Stop the injection.

Voltage Elements
The SEL-487B-1 includes six overvoltage and six undervoltage elements. Each 
element has two pickup level settings, with a definite-time delay assigned to 
Level 1. The operating quantity for the input to each voltage element is select-
able, with phase, zero-sequence, and negative-sequence voltage quantities avail-
able for selection. We will test the phase voltage elements for the voltage inputs. 

Phase Over- and Undervoltage Elements

Figure 3.27 shows the steps to apply settings to the over- and undervoltage ele-
ments to V01.

                    

=>>SET E27 <Enter>

Group 1

Relay Configuration

Enable Under Voltage Elements (N,1-6)                E27     := N      ?1 <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?1 <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

.

.

.

Under Voltage (27) Element 1

U/V Element 1 Operating Quantity                     27O1    := V01FIM ? <Enter>
U/V Element 1 Level 1 P/U (2.00-300 V,sec)           27P1P1  := 20.00  ?60 <Enter>
U/V Element 1 Torque Control (SELogic Eqn)
27TC1 := 1 
?  <Enter>
U/V Element 1 Level 1 Delay (0.00-16000 cyc)         27P1D1  := 10.00  ? <Enter>
U/V Element 1 Level 2 P/U (2.00-300 V,sec)           27P1P2  := 15.00  ?55 <Enter>

Figure 3.27 Over- and Undervoltage Element Settings
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Verify the operation of the phase over- and undervoltage elements.

Step 1. Connect a source of variable three-phase voltage to the relay as 
shown in Figure 3.28.

                    

Step 2. Test the overvoltage elements by applying the voltage values shown 
in Table 3.10 to the relay.

Over Voltage (59) Element 1

O/V Element 1 Operating Quantity                     59O1    := V01FIM ? <Enter>
O/V Element 1 Level 1 P/U (2.00-300 V,sec)           59P1P1  := 76.00  ?70 <Enter>
O/V Element 1 Torque Control (SELogic Eqn)
59TC1 := 1 
?  <Enter>
O/V Element 1 Level 1 Delay (0.00-16000 cyc)         59P1D1  := 10.00  ? <Enter>
O/V Element 1 Level 2 P/U (2.00-300 V,sec)           59P1P2  := 80.00  ?75 <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := 0
?  END <Enter>
.
.
.

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

                    

Figure 3.28 Test Connections for Testing the Voltage Elements

Figure 3.27 Over- and Undervoltage Element Settings (Continued)

+ +
VA VB

V01 V02 V03

+
VC

Three-Phase Voltage Test Sources

SEL-487B (Partial)
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The voltage elements are on a per-phase basis, with V01 (A-phase) 
assigned to voltage Element 1. Similar steps can be followed to 
assign V02 (B-phase) to voltage Element 2 and V03 (C-phase) to 
voltage Element 3. Relay Word bits 591P1T, 591P2, 592P1T, and 
592P2 are in the same row.

a. Type TAR 591P1T 999 <Enter> to see the status of these Relay 
Word bits.

b. Raise the A-phase voltage (V01) until Relay Word bit 591P1 asserts.

The voltage should equal 70 V ±0.5 V and ±5%.

c. Continue to increase the voltage until Relay Word bit 591P2 asserts.

The voltage should equal 75 V ±0.5 V and ±5%.

d. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

e. Stop the injection.

Step 3. Test the undervoltage elements.

a. Apply the voltage values shown in Table 3.10 to the relay.

b. Type TAR 271P1T 999 <Enter> to see the status of these Relay 
Word bits.

c. Lower the A-phase voltage (V01) until Relay Word bit 271P1 
asserts.

The voltage should equal 60 V ±0.5 V and ±5%.

d. Continue to lower the applied voltage until Relay Word bit 271P2 
asserts.

The voltage should equal 55 V ±0.5 V and ±5%.

e. Type <Ctrl+X> <Enter> to end the scrolling of the Relay Word 
bits status values.

f. Stop the injection.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 3.10 Injected Voltage Values for Testing the Overvoltage Elements

Channel Voltage Value

VA 670°

VB 67–120°

VC 67120°

http://selinc.com/support/
mailto:info@selinc.com
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Front-Panel Operations

The SEL-487B relay front panel makes power system data collection and system 
control quick and efficient. Using the front panel, you can examine power system 
operating information, view and change port, group, and global settings, and per-
form relay control functions. The relay features a straightforward menu-driven 
control structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LED (light-emitting diodes) indicators give a quick look 
at SEL-487B operation status. You can perform often-used control actions rap-
idly by using the large direct-action pushbuttons. All of these features help you 
operate the relay from the front panel and include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing port, group, global, date, and time settings

➤ Controlling relay operations

General front-panel operations are described in Section 4: Front-Panel Opera-
tions in the SEL-400 Series Relays Instruction Manual. This section provides 
additional information that is unique to the SEL-487B. This section includes the 
following:

➤ Front-Panel LCD Default Displays on page 4.1

➤ Front-Panel Menus and Screens on page 4.5

➤ Target LEDs on page 4.7

➤ Front-Panel Operator Control Pushbuttons on page 4.9

Front-Panel LCD Default Displays
The SEL-487B has two screen scrolling modes: autoscrolling and manual scroll-
ing. After the initial relay power up, or after front-panel time out, the LCD pres-
ents each of the display screens in this sequence:

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Enabled metering screens

➤ Zone configuration screens

If enabled, the relay displays the metering and zone configuration screens in the 
order listed in Table 4.1 (see Figure 4.4 for samples of the metering screens). 
This sequence comprises the ROTATING DISPLAY.

                    

Table 4.1 Metering Screens Enable Settings (Sheet 1 of 2)

Name Description Range Default

STA_BAT Station Battery Screen Y, N N

FUND_VI Fundamental Voltage and Current Screens Y, N Y
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Use the front-panel settings (the SET F command from a communications port 
or the Front Panel settings in ACSELERATOR QuickSet SEL-5030 Software) to 
access the metering screen enable settings. Entering a Y (Yes) for a metering 
screen enable setting results in the corresponding metering screen appearing in 
the ROTATING DISPLAY. Entering an N (No) hides the metering screen from pre-
sentation in the ROTATING DISPLAY. If all metering screen enable settings are set 
to N (No) and there are no configured display points screens, the DIFF screen 
appears by default in the ROTATING DISPLAY. Figure 4.1 shows a ROTATING DIS-
PLAY example consisting of an example alarm points screen, a display points 
screen, and one of the factory-default metering screens (the screen values in 
Figure 4.1 are representative values).

                    

DIFF Differential Metering Y, N Y

ZONECFG Terminals Associated With Zones Y, N Y

                    

Figure 4.1 ROTATING DISPLAY

Table 4.1 Metering Screens Enable Settings (Sheet 2 of 2)

Name Description Range Default

Tie-Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

ZONE  IOP      IRT
 1     0.12     2.3
 2     0.05     1.0
 3     0.01     1.3
 4     0.10     2.1
 5     0.07     1.7
 6     0.06     1.5
          

          (PER UNIT)

ROTATING DISPLAY

Press  for menu

Other Screens

Buscoupler 2
   --Open--

Bus Section 1
   --Closed--

SF6 ALARM

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu
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The active alarm points are the first screens in the ROTATING DISPLAY (see Alarm 
Points on page 4.7 in the SEL-400 Series Relays Instruction Manual). Each alarm 
points screen shows as many as 11 alarm conditions. The SEL-487B can present 
a maximum of six alarm points screens. 

The active display points are the next screens in the ROTATING DISPLAY (see Dis-
play Points on page 4.10 in the SEL-400 Series Relays Instruction Manual). Each 
display points screen shows as many as 11 enabled display points. (With 94 dis-
play points, the SEL-487B can present a maximum of 9 display point screens.) If 
a display point does not have text to display, the screen space for that display 
point is maintained.

METER
Factory-enabled metering screens scroll through the following metering screens:

➤ Differential quantities

➤ Zone configuration (when active)

➤ Fundamental Current

➤ Fundamental Voltage

Figure 4.2 shows the zone specific and check zone differential metering screens. 
The display shows the Bus-Zone number and the operating and restraint current 
for each active zone. An active zone is a zone with at least one terminal in the 
zone. Zones become inactive when there are no terminals connected to the zone 
or when the zone was merged with other zones. Inactive zones are not displayed. 
Figure 4.2 shows an example with two zones active.

                    

Figure 4.3 shows the screen displaying the terminal(s) present in each active 
zone. For each active zone, the relay displays the terminals connected to that par-
ticular zone. When two zones merge, the new zone carries the zone number of the 
lower of the two zones. For example, when Zones 2 and 4 merge, the new com-
bined zone becomes Zone 2.

                    

Figure 4.4 shows the fundamental current screens, displaying the primary current 
and phase angle for each terminal.

                    

Figure 4.2 Differential Screens

                    

Figure 4.3 Terminals in Zone Screen

ZONE SPECIFIC
ZONE  IOP      IRT
 1    0.12     2.3
 2    0.05     1.0
 

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

CHECK ZONE
ZONE  IOP      IRT
 1    0.00     2.7
 2    0.00     2.71
 3    0.00     2.7

           

          

          (PER UNIT)

ROTATING DISPLAY

Press  For Menu

TERMINALS IN ZONE 1
 TRFR_1    FEEDR_3
 TRFR_2    FEEDR_5
 FEEDR_1   FEEDR_8
   •          •
   •          •
   •          •
   •          •
   •          •
   •          • 
 

ROTATING DISPLAY

Press  For Menu
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All angles are referenced to the voltage connected to voltage terminal V01. If 
voltage at terminal V01 is not available, the relay selects V02, and then V03. In 
the absence of voltage inputs, the relay references the current input of I01, pro-
vided the current is above 0.05 • INOM. If I01 is not above this current level, the 
relay references the current from I02, if available. If I02 is not available, the relay 
continues to I03, I04, and so on until it finds a current input above 0.05 • INOM.

Figure 4.5 shows the primary voltage magnitudes and angles from the three volt-
age inputs in kV.

                    

                    

Figure 4.4 Fundamental Primary Current Screens

                    

Figure 4.5 Fundamental Primary Voltage Screen

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE

FDR_1   214.45   45°
FDR_2   230.07   50°
FDR_3   121.49 -143°
TRFR_1   20.64 -119°
TB_1    212.32   75°
TB_1    321.44   49°  
  

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I13     214.45   45°
I14     230.07   50°
I15     121.49 -143°
I16      20.64 -119°
I17     212.32   75°
I18      21.44   49°

ROTATING DISPLAY

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I07     214.45   45°
I08     230.07   50°
I09     121.49 -143°
I10      20.64 -119°
I11     212.32   75°
I12     321.44   49°

ROTATING DISPLAY

Press  For Menu

Press  For Menu

Press  For Menu

PRIMARY CURRENT (A)

TERM ID   MAG/ANGLE
I19     214.45   45°
I20     230.07   50°
I21     121.49 -143°

ROTATING DISPLAY

Press  For Menu

PRIMARY VOLTAGE (kV)

TERM ID  MAG/ANGLE
V01     88.00    5˚
V02     88.00 –125˚
V03     88.00  115˚
          

          

ROTATING DISPLAY

Press  For Menu
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Use the SET F command and set STA_BAT = Y to enable the station battery 
screen, as displayed in Figure 4.6.

                    

Front-Panel Menus and Screens
Operate the SEL-487B front panel through a sequence of menus that you view on 
the front-panel display. The MAIN MENU is the introductory menu for other front-
panel menus. These additional menus allow you on-site access to control and port 
settings. Use the following menus and screens to set the relay and perform local 
control actions:

➤ Support Screens
➢ Adjust Contrast
➢ Password

➤ MAIN MENU 
➢ EVENTS
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST

➢ RESET ACCESS LEVEL 

See Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual for information on most of these screens. The following screen descrip-
tions are unique to the SEL-487B.

Events
Section 4: Front-Panel Operations in the SEL-400 Series Relays Instruction 
Manual describes viewing summary events from the front panel. Figure 4.7 illus-
trates what a summary event report looks like in an SEL-487B.

                    

                    

Figure 4.6 Station Battery Screen

STATION BATTERY

VDC1 = 124.7 V

ROTATING DISPLAY

Press  For Menu

                    

Figure 4.7 EVENT SUMMARY Screen

12/28/2002    GROUP1 
10:45:12.738
EVENT:         87BTR
TARGETS:
87_DIFF
ZONE_1      

EVENT SUMMARY  10005
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View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the SEL-487B. In the MAIN MENU, 
highlight the VIEW CONFIGURATION option by using the navigation pushbuttons. 
The relay presents five screens in the order shown in Figure 4.8. Use the naviga-
tion pushbuttons to scroll through these screens. When finished viewing these 
screens, press ESC to return to the MAIN MENU.

                    
                    

Figure 4.8 VIEW CONFIGURATION Sample Screens

FID=SEL-487B-1-R308-
  V0-Z010005-
  D20150414
PART NUMBER: 0487B1X
  6252XC2XEH7EEXXX
S/N=0000000000
SELBOOT:
  BFID=SLBT-4XX-
  R209-V0-Z001002-
  D20150130
  CHECKSUM: 4DDF

CONFIGURATION INFO

INTERFACE BOARDS:
  BOARD 1:24 INPUTS
           8 OUTPUTS     
  BOARD 2:NOT
          INSTALLED
  BOARD 3:NOT
          INSTALLED
  BOARD 4:NOT
          INSTALLED
EXTENDED FEATURES:
  IEC 61850

CONFIGURATION INFO

COMMUNICATIONS CARD:
  ETHERNET
    PORT A: NA
    PORT B: NA
    PORT C: COPPER
    PORT D: COPPER

CONFIGURATION INFO

IF THE CONFIGURATION
IS NOT WHAT YOU 
EXPECTED, CONTACT
SEL FOR ASSISTANCE.

CONFIGURATION INFO

MAINBOARD:
  CODE FLASH: 12 MB
  DATA FLASH: 52 MB
  RAM:        64 MB
  EEPROM:    128 KB

ANALOG INPUTS:
  CURRENTS:  5 A
  VOLTAGE:  67 V

CONFIGURATION INFO
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Target LEDs
The SEL-487B gives you at-a-glance confirmation of relay conditions via opera-
tion and target LEDs. These LEDs are located in the middle of the relay front 
panel. The SEL-487B provides either 16 or 24 LEDs, depending on ordering 
options selected.

The general operation and configuration of these LEDs is described in Section 4: 
Front-Panel Operations in the SEL-400 Series Relays Instruction Manual. Please 
note that the SEL-487B has the alternate behavior on the Tn_LED bits: they latch 
independently of the trip condition. For a concise listing of the default program-
ming on the front-panel LEDs, see Front-Panel Settings on page 12.20 in the 
SEL-400 Series Relays Instruction Manual.

Use the slide-in labels to mark the LEDs with custom names. Included on the 
SEL-400 Series Product Literature DVD are Customer Label Templates to print 
labels for the slide-in label carrier. Figure 4.9 shows the arrangement of the oper-
ation and target LEDs region into several areas described in Table 4.2.

                    

                    

                    

Figure 4.9 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)

Table 4.2 Front-Panel Target LEDs

Label Function

ENABLED, TRIP Operational

87 (DIFF), BKR FAIL, ZONE 1, ZONE 2, ZONE 3, 
ZONE 4, ZONE 5, ZONE 6, 50, 51

Protection and Zone Indication

CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM

Alarms

27a, 59a, V01 ONa, V02 ONa, V03 ONa

BUS FAULTa, 52 ALARMa

IRIG LOCKa

a Only available in 24 LED models.

Voltage Status

Miscellaneous Status

Clock Status

Protection and 
Zone Indication

Alarms

Operational

Voltage 
Status

Miscellaneous 
Status

Clock Status
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Protection and Zone Indication
The SEL-487B indicates essential information about the most recent relay trip 
event with the LEDs of the Protection and Zone Indication area. These trip types 
are 87 (DIFF), BKR FAIL, ZONE 1–6, 50, 51. 

The 87 (DIFF) target LED illuminates and latches the indication, indicating 
operation of any one of the six SEL-487B differential elements. 

The BKR FAIL target LED illuminates and latches the indication, indicating 
operation of any one of the 21 SEL-487B breaker failure elements.

The ZONE 1–6 target LEDs illuminate and latches the indication, indicating 
the zone(s) in which the fault occurred.

The 50 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, instantaneous elements.

The 51 target LED illuminates and latches the indication, indicating opera-
tion of any one of the 21 nondirectional, time-delayed overcurrent elements.

Alarms
The alarm area target indicators are the CT ALARM, 87 BLOCKED, TOS, 89 IN PROG, 
89 ALARM, PT ALARM LEDs. 

The CT ALARM (current transformer) target illuminates but does not latch the 
indication when any one of the six sensitive differential elements times out.

The 87 BLOCKED target illuminates and latches the indication when any one of 
the six Zone Supervision (ZnS) SELOGIC control equations becomes a 
logical 0. 

The TOS (Terminal Out of Service) target illuminates but does not latch the 
indication when any one of the 21 terminals is out of service.

The 89 IN PROG target illuminates but does not latch the indication when a 
disconnect operation is in progress on any one of the 60 disconnects.

The 89 ALARM (Disconnect Alarm) target illuminates but does not latch the 
indication when the disconnect alarm 89AL asserts.

The PT ALARM (potential transformer) target illuminates and latches after a 
240-cycle time delay, indicating the presence of a negative- or zero-sequence 
voltage. This function works on the assumption that all three phases from the 
PTs are available in the same relay with an ABC phase rotation. In a three-
relay application, wire the three phases from the PTs to the same SEL-487B.

Voltage Status
The 27 target LED illuminates when any one of the terminal undervoltage ele-
ments operates.

The 59 target LED illuminates when any one of the terminal overvoltage ele-
ments operates.

The V01 ON, V02 ON, and V03 ON LEDs illuminate when the terminal filtered 
instantaneous voltages are greater than 55 V. See Table 8.50 for setting default 
values. The default setting of 55 V is 82 percent of the line-to-neutral nominal 
voltage of 67 V to coincide with the nominal line-to-line voltage of 115 V.
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Miscellaneous Status
The BUS FAULT target LED illuminates when a busbar fault is detected (Relay 
Word bit FAULT is asserted).

The 52 ALARM target LED illuminates when the relay detects any circuit breaker 
alarm (Relay Word bit 52AL is asserted).

Clock Status
The IRIG LOCK target LED illuminates in the SEL-487B when the relay detects 
synchronization to an external clock with less than 500 ns of jitter (Relay Word 
bit TIRIG is asserted). See IRIG-B Timekeeping on page 11.1 in the SEL-400 
Series Relays Instruction Manual for complete details.

Front-Panel Operator Control Pushbuttons
The SEL-487B front panel features large operator control pushbuttons coupled 
with amber annunciator LEDs for local control. Figure 4.10 shows this region of 
the relay front panel with factory-default configurable front-panel label text. The 
SEL-487B provides either 8 or 12 pushbuttons depending on ordering options 
selected.

                    

Factory-default programming associates specific relay functions with the push-
buttons and LEDs. The SEL-487B default setting uses only three of the pushbut-
tons, as listed in Table 4.3. For a concise listing of the default programming for 
the front-panel pushbuttons and LEDs, see Front-Panel Settings on page 8.21.

                    

Press the operator control pushbuttons momentarily to toggle on and off the func-
tions listed adjacent to each LED/pushbutton combination. The operator control 
pushbuttons and LEDs are programmable. Figure 4.11 describes the factory 
defaults for the three operator controls.

                    

Figure 4.10 Operator Control Pushbuttons and LEDs (8 Pushbutton Version)

Table 4.3 Operator Control Pushbuttons and LEDs—Factory Defaults

LED Function

87 (DIFF) ENABLED Enable the differential protection

BKR FAIL ENABLED Enable the breaker failure protection

RELAY TEST MODE Enable the differential and breaker failure 
protection, but inhibit trip outputs

Operator 
Control Pushbutton

Annunciator LED
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There are two ways to program the operator control pushbuttons. The first is 
through front-panel settings PBn_HMI. These settings allow any of the operator 
control pushbuttons to be programmed to display a particular HMI screen cate-
gory. The HMI screen categories available are Alarm Points, Display Points, 
Event Summaries, and SER. All PBn_HMI settings are OFF by default. Front-
panel setting NUM_ER allows the user to define the number of event summaries 
that are displayed via the operator control pushbutton; it has no effect on the 
event summaries automatically displayed or the event summaries available 
through the main menu. Each HMI screen category can be assigned to a single 
pushbutton. Attempting to program more than one pushbutton to a single HMI 
screen category will result in an error. After assigning a pushbutton to an HMI 
screen category, pressing the pushbutton will jump to the first available HMI 
screen in that particular category. If more than one screen is available, a naviga-
tion scroll bar will be displayed. Pressing the navigation arrows will scroll 
through the available screens. Subsequent pressing of the operator control push-
button will advance through the available screens, behaving the same as the Right 
Arrow or the Down Arrow pushbutton. Pressing the ESC pushbutton will return the 
user to the ROTATING DISPLAY. 

The second way to program the operator control pushbutton is through SELOGIC 
control equations, using the pushbutton output as a programming element. Using 
SELOGIC control equations, you can change the default pushbutton and LED 
functions. Use the slide-in labels to mark the pushbuttons and pushbutton LEDs 
with custom names to reflect any programming changes that you make. The 
labels are keyed; you can insert each Operator Control Label in only one position 
on the front of the relay. Word processor templates for printing slide-in labels are 
included on the SEL-400 Series Product Literature DVD. See Front-Panel Tem-
plates on page 2.2 for more information on changing the slide-in labels.

The SEL-487B has two types of outputs for each of the front-panel pushbuttons. 
Relay Word bits represent the pushbutton presses. One set of Relay Word bits fol-
lows the pushbutton and another set pulses for one processing interval when the 
button is pressed. Relay Word bits PB1–PB12 are the “follow” outputs of opera-
tor control pushbuttons. Relay Word bits PB1_PUL–PB12PUL are the “pulsed” 
outputs.

Annunciator LEDs for each operator control pushbutton are PB1_LED–
PB12LED. The factory defaults programmed for three LEDs used are protection 
latches (PLT01, for example), settings groups, and Relay Word bits. The asserted 
and deasserted colors for the LED are determined with settings PB1COL–
PB12COL (12-pushbutton version). Options include red, green, amber, or off. 
You can change the LED indications to fit your specific control and operational 
requirements. This programmability allows great flexibility and provides opera-
tor confidence and safety, especially in indicating the status of functions that are 
controlled both locally and remotely.
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Figure 4.11 Factory-Default Operator Control Pushbuttons

PB1_LED = DIFF_EN
# Differential

Protection Enabled

PB2_LED = BF_EN
# Breaker Failure

Enabled

PB4_LED = TNS_SW
# Test normal

Switch Enabled

PB3_LED = NA

SELOGIC

Factory
Setting

Operator
Control

Pushbutton
LED

Label Description

Press this operator control pushbutton enable differential protection. The 
corresponding 87 (DIFF) ENABLED LED is illuminated amber indicating that 
DIFF_EN=1. DIFF_EN is the default alias setting for the Relay Word bit PLT01. 
DIFF_EN is included in the Terminal to Bus Connection Logic setting for IqqBZpV 
(qq = 00–21, p = 1–6) and effectively supervises the terminal to bus-zone 
connection. Therefore, if PB1 is not pressed, DIFF_EN = 0 and the terminal Iqq will 
not be connected to bus zone BZp. To disable differential protection, press and 
hold this pushbutton for one second until the LED is no longer illuminated. If the 
LED is off, DIFF_EN = 0.

Press this operator control pushbutton enable breaker failure initiate settings. 
The corresponding BKR FAIL ENABLED LED is illuminated amber indicating that 
BF_EN = 1. BF_EN is the default alias setting for the Relay Word bit PLT02. BF_EN is 
included in the Breaker Failure Initiate setting for BFI01–BFI06. Therefore, if PB2 is 
not pressed, BF_EN = 0 and the breaker failure initiate equation cannot be true. To 
disable breaker failure protection, press and hold this pushbutton for one second 
until the LED is no longer illuminated. If the LED is off, BF_EN = 0. 

Press this operator control pushbutton to disable outputs OUT101–OUT105 and 
close OUT107. The corresponding RELAY TEST MODE LED is illuminated amber 
indicating that TNS_SW = 1. TNS_SW is the default alias setting for the Relay Word 
bit PLT03. TNS_SW is included in the output equation for OUT101–OUT105. 
Therefore, if PB4 is pressed, TNS_SW = 1 and the output equations supervised by 
this Relay Word bit cannot be true and the associated outputs will not close. This 
is useful functionality for testing TRIP01–TRIP05 equations during commissioning, 
but preventing the output operation. To disable the test mode, press and hold this 
pushbutton for one second until the LED is no longer illuminated. If the LED is off, 
TNS_SW = 0. 

PB5_LED = NA
PB6_LED = NA
PB7_LED = NA
PB8_LED = NA
PB9_LED = NA

PB10_LED = NA
PB11_LED = NA
PB12_LED = NA
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Protection Functions

This section provides a detailed explanation of the SEL-487B relay protection 
functions. Each subsection provides an explanation of the function, along with a 
list of the corresponding settings and Relay Word bits. Logic diagrams and other 
figures are included.

Functions discussed in this section are listed below.

➤ Busbar Protection Elements on page 5.1

➤ Check Zone Protection Elements on page 5.10

➤ Sensitive Differential Element on page 5.12

➤ Zone Supervision Logic on page 5.14

➤ Dynamic Zone Selection Logic on page 5.14

➤ Check Zone Selection on page 5.16

➤ Instantaneous/Delayed Overcurrent Elements on page 5.17

➤ Selectable Time-Overcurrent Elements (51) on page 5.18

➤ Over- and Undervoltage Elements on page 5.25

➤ Open-Phase Detection Logic on page 5.28

➤ Open CT Detection Logic on page 5.29

➤ Circuit Breaker Failure Protection on page 5.30

➤ Circuit Breaker Failure Trip Logic on page 5.34

➤ Bus Coupler/Bus Sectionalizer Configurations on page 5.36

➤ Coupler Security Logic on page 5.37

➤ Disconnect Monitor on page 5.43

➤ Zone-Switching Supervision Logic on page 5.45

➤ Differential Trip Logic on page 5.47

➤ Breaker Trip Logic on page 5.48

➤ Circuit Breaker Status Logic on page 5.49

Busbar Protection Elements
Busbar protection philosophy traditionally calls for two-out-of-two trip criteria, 
where two separate measuring elements must agree before protection issues a trip 
signal. Realization of the two-out-of-two trip criteria can occur by using one of 
the combinations of measuring elements listed below:

➤ Dual differential element combination (main zone and check zone)

➤ Differential element and directional element combination (main zone 
and directional element)

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Each combination has an advantage over the other; the weakness of one being the 
strength of the other. In particular, differential elements (amplitude comparators) 
are more vulnerable to CT saturation than directional elements (phase compara-
tors), but directional elements (phase comparators) are more vulnerable to high-
impedance faults.

CT saturation is a concern in networks with high fault currents. Poor CT selec-
tion increases the potential for CT saturation. In networks with impedance 
grounding, all ground faults are high-impedance faults. Although relays may 
have been correctly selected in the initial network design, changes in the network 
may adversely influence the network parameters. For example, network exten-
sions or reduced source impedance result in higher fault current, and deteriora-
tion of the substation grounding mat at the substation may result in higher fault 
impedance for ground faults.

Modern busbar protection relays should not only include protection elements to 
allow for diverse network parameters, but the implementation of these elements 
in the relays must ensure continual, uncompromising relay performance, despite 
changes in network parameters. In general, busbar protection must comply with 
the following performance requirements:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Minimum delay for evolving faults

The SEL-487B meets the above performance requirements during all system 
operating conditions. The relay includes six busbar protection elements for the 
protection of as many as six zones. Each of the six busbar protection elements 
consists of the following three elements (see Figure 5.1):

➤ Differential element using phasor values

➤ Directional element using phasor values 

➤ Fault detection logic using instantaneous values

Figure 5.1 shows a block diagram of one of the six busbar protection elements, 
with only two (I01 and I02) of the available 21 current inputs connected. The 
relay uses the highest CT ratio (CTRMAX) divided by the lowest CT ratio 
(CTRMIN) to verify that the CT ratio mismatch for the differential protection is 
less than 10:1. Only CT ratios associated with terminals that are used in the ter-
minal-to-bus-zone settings will be used to determine CTRMAX and CTRMIN. 
Because the relay accepts current inputs from CTs with a 10:1 ratio mismatch, 
the calculations for the differential elements are performed on per unit values. 
The relay uses the highest CT ratio (CTRMAX) of the installed CT ratios as a ref-
erence value in converting the input currents from ampere to per unit values. 
Using Equation 5.1, the relay calculates a normalization factor value (TAP) for 
each terminal:

                    

Equation 5.1

                    

where:

TAPnn = TAP value for each terminal to convert current from ampere to 
per unit (nn = 01–21)

CTRMAX = Highest CT ratio of the terminals used in the terminal-to-bus-
zone settings

INOM = Nominal CT secondary current (1 A or 5 A)

CTRnn = CT ratio of the specific terminal

TAPnn
CTRMAX INOM

CTRnn
--------------------------------------------=
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Using the TAPnn values, the relay calculates the current in per unit values for 
each terminal as shown in Equation 5.2:

                    

Equation 5.2

                    

Figure 5.1 shows the block diagram for Busbar Protection Element 1, one of six 
busbar protection elements available in the relay. Throughout the following ele-
ment descriptions, the numerical part of the Relay Word bits refers either to ele-
ments from a specific busbar protection element (1–6) or the specific terminal 
number (01–21). In most cases, the protection element descriptions refer to ele-
ments from Busbar Protection Element 1. For example, FDIF1 in Figure 5.1 
refers to the output from the filtered differential element of Busbar Protection 
Element 1. I01 and I02 refer to current inputs from Terminal I01 and 
Terminal I02.

                    

Referring to Figure 5.1, after the per unit conversion, the data (I01CR and 
I02CR) follow two separate paths. One path is through a digital band-pass filter 
(DBPF) to the filtered differential element and the directional element; the other 
path brings the instantaneous values to the fault detection logic.

The filtered differential element uses the input currents from each terminal in a 
protection zone to calculate the operate and restraint currents. The directional 
element compares the direction of current at a reference terminal to the direction 
of current at all other terminals in a protection zone to calculate fault direction. 
Several elements combine in the fault detection logic to distinguish between 
internal or busbar faults (FAULT1) and external faults (CON1).

where:

InnCR = Per unit current for Terminals I01–I21

Inn = Current in amperes for Terminals I01–I21

pu = per unit

                    

Figure 5.1 Block Diagram Showing the Logic for Busbar Protection Element 1
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AND Gate 1 combines the OR combination of the directional element (DE1F) 
and internal fault element (FAULT1) with the sensitive differential element 
(87ST1) to supervise the filtered differential element. P87R1, the output from 
Gate 1, drives a security timer that controls the final output (87R1) of the busbar 
protection element. 

The logic includes three dedicated check zones (see Check Zone Protection Ele-
ments on page 5.10). This flexibility provides the opportunity to configure the 
dual differential (main zone and check zone) element combination.

Filtered Differential Element
The following discussion refers to the Filtered Differential Element 1, (with only 
Terminals 01 and 02 connected to the element) but applies equally well to the 
remaining five filtered differential elements. Using the output quantities from the 
digital band-pass filter (cosine filter), the filtered differential element calculates a 
restraint quantity, IRT1, and an operating quantity, IOP1, according to 
Equation 5.3 and Equation 5.4:

                    

Equation 5.3

and

                    

Equation 5.4

                    

Figure 5.2 shows a block diagram of the elements necessary for obtaining the dif-
ferential and restraint quantities used in the filtered differential elements. Relay 
Word bit FDIF1 is the output from the differential calculation. Relay Word bit 
87O1 asserts when the differential current exceeds the O87P threshold. Together 
these two Relay Word bits form the filtered differential element characteristic.

                    

Figure 5.3 shows the characteristic of the differential element as a straight line 
through the origin of the form:

                    

Equation 5.5

where:

I01CF and I02CF = Filtered per unit current values from Terminals I01 and 
I02

                    

Figure 5.2 Filtered Differential Element 1
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For operating quantities (IOP1) exceeding the threshold level O87P and falling in 
the operate region of Figure 5.3, the filtered differential element issues an output. 
There are two slope settings. Slope 1 (SLP1) is effective for internal faults, and 
Slope 2 (SLP2) is effective for external faults. To change the slope values, first 
enable the advanced settings by setting EADVS := Y in Group Settings and then 
proceed to change the slope values. When the fault detection logic detects an 
external fault condition, Relay Word bit CON1 asserts. CON1 switches the slope 
of the differential characteristic from Slope 1 to Slope 2 to add security to the fil-
tered differential element (see Fault Detection Logic on page 5.7).

Directional Element
The relay includes directional elements that supervise the filtered differential ele-
ments. In particular, the directional elements provide additional security to the 
filtered differential elements during external faults with heavy CT saturation con-
ditions. Each of the six busbar protection elements has a directional element spe-
cific to that differential element.

The directional element compares the direction of current at the reference termi-
nal to the direction of current at all other qualifying terminals in each zone. A 
qualifying terminal is a terminal with current value greater than the 50DSP 
threshold setting; the relay selects one of these currents as a reference. For each 
calculation, the relay uses the real part of the product of the terminal current and 
the conjugate of the current at the reference terminal, as depicted in Figure 5.4.

                    

The relay declares an internal fault condition when the direction of current at all 
the remaining terminals coincides with the direction of current at the reference 
terminal. For the directional element to begin processing, the current values of at 
least two terminals within the zone must exceed the 50DSP threshold. Figure 5.5 
shows the directional element characteristic, the shaded area indicating an inter-
nal fault.

                    

Figure 5.3 Filtered Differential Element Characteristic
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Figure 5.4 Torque Calculation Used in the Directional Element to Determine 
Fault Direction

Torque Calculation 
T = Re(IT01 • IREF*)

IREF

IT01
DE1F01



5.6

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Functions
Busbar Protection Elements

                    

The relay acquires the terminals within each specific protection zone from the 
zone selection logic. The relay determines the terminals with phase current 
greater than the 50DSP threshold and selects one of the currents greater than the 
50DSP threshold as a reference. The relay establishes fault direction by compar-
ing the direction of current at the reference terminal to that at the remaining ter-
minals in the zone with phase current greater than the 50DSP threshold.

Referring to Figure 5.6, consider the case of four terminals in Zone 1, with inputs 
labeled I01CF, I02CF, I03CF, and I04CF. Further, assume that the current magni-
tude in terminal I04CF is below the 50DSP threshold.

                    

First, the directional element determines which terminals have phase current 
magnitude greater than the 50DSP threshold. Because the current magnitude of 
input I04CF is below the 50DSP threshold, the relay selects only inputs I01CF, 
I02CF, and I03CF for further processing. The relay selects input I01CF as the ref-
erence (IREF) and compares the direction of current I02CF (IT02) and current 
I03CF (IT03) to this reference. DE1F asserts only if the direction of current at 
both IT02 and IT03 coincides with the direction of current at the reference termi-
nal according to the directional element characteristic shown in Figure 5.5. 

                    

Figure 5.5 Directional Element Characteristic, the Shaded Area Indicating an 
Internal Fault

                    

Figure 5.6 Directional Element Logic

IREF

IT01
Internal 

Fault

|IO1CF| 50DS01 IREF

DE1F02

DE1F03

IT02

IT03

50DS02

50DS03

50DS04

|IO2CF|

|IO3CF|

IO1CF

IO2CF

IO3CF

IO4CF

|IO4CF|

50DSP 

Select 
Reference 

and Elements 
With Current 

Values Greater 
Than 50DSP

Directional 
Element: 

IREF and ITO2

Directional 
Element: 

IREF and ITO3

DE1F



5.7

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Functions
Busbar Protection Elements

Fault Detection Logic
The fault detection logic distinguishes between external faults (external fault 
detection logic) and internal faults (internal fault detection logic), as shown in 
Figure 5.7. When the fault detection logic detects an external fault, Relay Word 
bit CON1 asserts, and when the fault detection logic detects an internal fault, 
Relay Word bit FAULT1 asserts.

                    

Elements in the fault detection logic use instantaneous per unit currents to calcu-
late a restraint quantity, IRT1R, and an operating quantity, IOP1R, according to 
Equation 5.6 and Equation 5.7:

                    

Equation 5.6

and

                    

Equation 5.7

                    

Figure 5.8 shows a block diagram of how the fault detection logic obtains 
restraint quantity IRT1R and operating quantity IOP1R.

                    

External Fault Detection Logic
In general, operating and restraint currents increase simultaneously for internal 
faults; for external faults, only the restraint current increases if there is no CT sat-
uration. By comparing the change in operating current (IOP1R) to the change in 
restraint current (IRT1R), the relay detects external fault conditions. Because 
CTs can saturate during external faults, the relay asserts the external fault condi-
tion (Relay Word bit CON1) for 60 cycles after detecting an external fault. 
Figure 5.9 shows the logic for detecting external fault conditions.

                    

Figure 5.7 Fault Detection Logic That Distinguishes Between External and 
Internal Faults

where:

I01CR and I02CR = Instantaneous per unit current from Terminals 01 and 02.

                    

Figure 5.8 Fault Detection Logic Obtaining Restraint and Operating Quantities

CON1 
(External Fault Condition)

FAULT1 
(Internal Fault Condition)

 Fault 
Detection 

Logic

IO1CR

IO2CR

DE1F

IRT1R I01CR  I02CR +=

IOP1R I01CR I02CR+ =

I01CR

I02CR

Absolute 
Value

Absolute 
Value

Absolute 
ValueΣ

Σ

IOP1R

IRT1R



5.8

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Functions
Busbar Protection Elements

                    

Asserting CON1 for 60 cycles can slow relay operation for evolving faults 
(where the fault starts as an external fault and then develops into an internal 
fault). To prevent delayed tripping, CON1 resets when either the directional ele-
ment (DE1F) detects an evolving fault or the internal fault detection logic (IFAU-
LT1) confirms an internal fault condition. 

Relay Word bit CON1 controls the operating mode of the relay by asserting when 
the relay detects an external fault. The relay operates normally with CON1 deas-
serted but switches to a high-security mode when CON1 asserts. High security 
causes the following in the relay:

➤ Slope 1 changes to Slope 2.

➤ Delay time of the adaptive security timer increases.

Resetting CON1 releases the relay from the high-security mode, and the relay 
operates with the normal settings.

Internal Fault Detection Logic 
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.10 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. When the raw operate current (IOP1R) exceeds 
the active slope and the O87P setting, RDIF1 asserts. RDIF1 forms the input into 
the consecutive measurement fault detection logic and the fast fault detection 
logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the IFAULT1 Relay Word bit asserts.

                    

If surge (lightning) arresters are installed on busbars, a path to ground exists 
when these devices conduct, resulting in operating current in the differential ele-
ments. The fast fault detection logic qualifies the operating current with a time 

                    

Figure 5.9 External Fault Detection Logic
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Figure 5.10 Internal Fault Detection, Instantaneous Differential Element, 
Consecutive Measurement Fault Detection, and Fast Fault Detection Logics
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delay to differentiate between operating current resulting from surge arrester con-
duction and operating current because of internal faults. If the fast fault detection 
logic detects an internal fault, Relay Word bit GFAULT1 asserts.

Protection Element Output Logic
Figure 5.11 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
protection element output, Relay Word bit 87R1):

➤ An output from the filtered differential element, FDIF1

➤ An output from the filtered differential element threshold, 87O1

➤ An output from either the directional element (DE1F) or the internal 
fault detection logic (FAULT1)

➤ No output from the sensitive differential element (87ST1) with 
E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87R1 starts the adaptive security timer. CON1 also controls the security timer 
time setting; when CON1 asserts, the relay increases the time delay by 0.4 cycles 
to increase security for the protection element.

Table 5.1 shows operating times for the bus differential elements. Figure 5.12 
shows the average operating times (minimum of five trials) for the differential 
element. Operating times include the time it takes for the 87R element to assert 
and does not take into consideration the output contact closure time. Tests were 
performed for 1, 2, 3, 4, 5, 6, and 7 multiples of pickup setting. At 7 times the set-
ting, the deviation was 0.02 cycles. These tests do not include fault resistance. 
Operating times are the same for 50 Hz and 60 Hz.

                    

                    

q See Figure 5.47.

Figure 5.11 Differential Element Output: Final Conditions and Adaptive Security 
Timer

Table 5.1 Restrained Differential Element (87R) Operating Times (Cycles)
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Check Zone Protection Elements
The SEL-487B logic includes three dedicated check zones, providing the flexibil-
ity and opportunity to configure the dual differential (main zone and check zone) 
element combination.

Figure 5.13 shows the block diagram for a Check Zone 1 Protection Element 
(Check Zones 2 and 3 are similar). Throughout the following element descrip-
tions, the numerical part of the Relay Word bits refers to the specific terminal 
number (01–21). I01 and I02 refer to current inputs from Terminal I01 and Ter-
minal I02.

                    

6 0.51

7 0.52

                    

Figure 5.12 Average 87R Operating Times
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Figure 5.13 Block Diagram Showing Logic for Check Zone Protection Element 1
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Check Zone Filtered Differential Element
Figure 5.14 shows a block diagram of the elements necessary for obtaining the 
differential and restraint quantities used in the check zone filtered differential ele-
ments. Relay Word bit FDIFCZ1 is the output from the check zone differential 
calculation. Relay Word bit 87OCZ1 asserts when the differential current 
exceeds the CZO87P threshold. Together these two Relay Word bits form the 
check zone filtered differential element characteristic.

                    

Check Zone External Fault Detection Logic
Figure 5.15 shows the logic for detecting external fault conditions.

                    

To change the threshold values, first enable the advanced settings (see Section 8: 
Settings for more information on setting the relay) by setting EADVS := Y in 
Group Settings and then enable the check zone settings by setting ECHKZN := Y. 

Check Zone Internal Fault Detection Logic
For the internal fault detection logic, the relay uses a characteristic similar to the 
filtered differential element characteristic.

Figure 5.16 shows the internal fault detection logic consisting of the instanta-
neous differential element, the consecutive measurement fault detection logic, 
and the fast fault detection logic. RDIFCZ1, the output from the instantaneous 
differential element, forms the input into the consecutive measurement fault 
detection logic and the fast fault detection logic.

The consecutive measurement fault detection logic declares an internal fault 
when differential current still exists on a consecutive measurement one-half cycle 
after the instantaneous differential element asserted. When this logic detects an 
internal fault, the Relay Word bit IFLTCZ1 asserts.

                    

Figure 5.14 Check Zone Filtered Differential Element 1
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Figure 5.15 Check Zone External Fault Detection Logic
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Check Zone Protection Element Output Logic
Figure 5.17 shows the four conditions from the relay measuring and control logic 
that must be fulfilled to start the security timer (the final stage in asserting the 
Check Zone Protection Element output, Relay Word bit 87RCZ1):

➤ An output from the check zone filtered differential element 
(FDIFCZ1)

➤ An output from the check zone filtered differential element threshold 
(87OCZ1)

➤ An output from either the check zone directional element (DECZ1F) 
or the check zone internal fault detection logic (FLTCZ1)

➤ No output from the check zone sensitive differential element 
(87STCZ1) with E87SSUP := Y

                    

When the four differential element output logic conditions are met, the output 
P87RCZ1 starts the adaptive security timer. CONCZ1 also controls the security 
timer time setting; when CONCZ1 asserts, the relay increases the time delay by 
0.4 cycles to increase security for the protection element.

Sensitive Differential Element
For each zone, sensitive differential elements detect differential current resulting 
from CT open or short circuits conditions. If such a condition exceeds a settable 
delay, the element asserts an alarm. There are two Relay Word bits per zone: an 
instantaneous Relay Word bit, 87S1, and a time-delayed Relay Word bit, 87ST1. 

                    

Figure 5.16 Check Zone Internal Fault Detection, Instantaneous Differential 
Element, Consecutive Measurements Fault Detection, and Fast Fault Detection 
Logics
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Figure 5.17 Check Zone Differential Element Output: Final Conditions and 
Adaptive Security Timer
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Use 87ST1, the time-delayed output, for alarming and supervision. Each sensi-
tive differential element compares the sensitive differential element operating 
quantity, IOP1, against the S87P threshold.

                    

The status of the sensitive differential element is one of the four conditions con-
sidered in the final output logic of the differential protection element (see 
Figure 5.18). With E87SSUP := Y, the output 87STn supervises the differential 
protection element. When E87SSUP := N the sensitive differential (87STn) ele-
ment does not supervise the differential protection elements (87Rn). Setting 
E87SSUP := N only removes the supervision function from the differential ele-
ment, but does not disable the sensitive differential elements. The sensitive differ-
ential elements are still running and available for other functions such as 
asserting an alarm.

The sensitive differential elements may assert under load conditions if not set 
properly. To prevent these elements from asserting under load conditions, set the 
differential threshold setting 50 percent higher than the natural out-of-balance 
current at the station. Be sure to measure the worst natural out-of-balance current 
at the station. For example, in a double busbar layout with bus-zone-to-bus-zone 
connections, first merge the bus-zones before making the measurement (see 
Dynamic Zone Selection Logic on page 5.14 and Bus-Zone-to-Bus-Zone Connec-
tions on page 6.33 for more information). Use the MET DIF command to read 
the per unit operating current values from each protection zone.

Check Zone Sensitive Differential Element
                    

Each check zone has an independent sensitive differential element. There are two 
Relay Word bits per zone: an instantaneous Relay Word bit, 87SCZ1, and a time-
delayed Relay Word bit, 87STCZ1. Use 87STCZ1, the time-delayed output, for 
alarming and supervision. Each sensitive differential element compares the sensi-
tive differential element operating quantity, IOPCZ1, against the CZS87P thresh-
old.

                    

Figure 5.18 Sensitive Differential Element (87S)
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Figure 5.19 Check Zone Sensitive Differential Element (87S)
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Zone Supervision Logic
This logic provides final supervision criteria before a trip signal is issued. 
Figure 5.20 shows the logic for Differential Element 1, but similar logic is avail-
able for all six differential elements. Relay Word bit 87R1 is the output from the 
differential element, and Z1S is a SELOGIC control equation in the zone configu-
ration settings. The differential trip logic uses Relay Word bit 87Z1, the output 
from this logic, to determine which terminals to trip. See Differential Trip Logic 
on page 5.47 for more detail.

                    

Setting Z1S is a SELOGIC control equation in which you can program the condi-
tions for supervising the differential element (87R1). For example, this is the set-
ting in which you enter the output from the check zone differential element 
during check zone configuration. Consider the case where a check zone is config-
ured and 87CZ1 is the check zone element output. Both the check zone and the 
sensitive differential elements must supervise the 87R1 element. With 
E87SSUP := Y, 87ST1 is already included in the differential element supervision 
(one of the four final conditions; see Figure 5.11). Only the check zone informa-
tion is required:

Z1S := 87CZ1

Dynamic Zone Selection Logic
Busbar protection involves assigning the appropriate input current values to the 
corresponding differential elements for calculation of per zone operating and 
restraint quantities and determining the breakers to trip for differential and 
breaker failure protection operation. To allow flexible substation configuration 
without compromising busbar protection, the relay dynamically reassigns input 
currents to the appropriate differential elements when the station configuration 
changes.

Disconnect and breaker auxiliary contacts typically provide station configuration 
information in the form of control inputs, entered into the relay as SELOGIC con-
trol equations. By evaluating these SELOGIC control equations, the zone selection 
logic assigns the currents to the appropriate differential elements. When discon-
nects are closed in such a way that a solid connection exists between two (or 
more) zones, the zones merge, and only one zone is active. The active zone after 
a merge is always the zone with the lowest number. For example, if Zone 3 and 
Zone 4 merge, Zone 3 encompasses Zone 4.

When the SELOGIC control equation representing the Terminal-to-Bus-Zone 
becomes a logical 1, the zone selection algorithm processes the current values 
associated with that particular terminal (see Table 5.2). When the equation is log-
ical 0, the current values are neither processed nor considered in the differential 
calculations. This is also true for the trip output. When the SELOGIC control 
equation of a terminal is a logical 0, the differential element issues no trip signals 
to that terminal.

                    

Figure 5.20 Zone and Check Zone Supervision Logic

87R1

Z1S
87Z1

87RCZ1

CZ1S
87CZ1

NOTE: Setting E87ZSUP := N sets 
ZnS to logical 1. This setting prevents 
the inadvertent blocking of the 
differential elements.

CAUTION
Setting E87ZSUP := Y enables the 
zone supervision in all six zones. If you 
do not enter any supervision condi-
tions for a particular zone, be sure to 
enter a 1 at the SELOGIC control equa-
tion prompt.
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To properly configure the station, the zone selection algorithm requires the fol-
lowing information:

➤ Terminals to bus-zones connections, IqqBZpV.

➤ Interconnections between bus-zones, BZpBZpV.

                    

Both IqqBZpV and BZpBZpV are SELOGIC control equation variables that you 
enter in the relay when using the SET Z command to set the relay. In QuickSet, 
IqqBZpV is found in Group > Zone Configuration > Terminal To Bus-Zone 
Connections and BZpBZpV is found in Group > Zone Configuration > Bus-
Zone To Bus-Zone Connections.

Selecting the Zones
The relay runs the zone selection algorithm every protection processing interval 
and sets the appropriate zone switching operation (ZSWOPp) Relay Word bits 
for one cycle when there is a status change in either IqqBZpV (terminal is con-
nected to or disconnected from a bus-zone) or BZpBZpV (two or more bus-zones 
are connected together).

Based on the SELOGIC control equations IqqBZpV and BZpBZpV, the zone 
selection logic determines the following:

➤ The bus-zone(s) to be included in each protection zone

➤ The active terminals to be included in each protection zone

➤ The terminals to trip for differential and breaker failure protection 
operations

Table 5.3 shows the Relay Word bits available in the zone selection logic with 
their descriptions.

                    

Table 5.2 Current Values Assigned to the Differential Element as a Function of 
the Disconnect Status

SELOGIC Control 
Equation

Status Meaning in the Differential Calculation

I01BZ1V := D891 D891 = 1 (closed) I01 is part of differential Bus-Zone 1

I01BZ1V := D891 D891 = 0 (open) I01 is not part of differential Bus-Zone 1

where:

I01BZ1V = SELOGIC control equation declaring the conditions when Ter-
minal 1 connects to Bus-Zone 1

D891 = input from Terminal 1 disconnect auxiliary contact that 
changes state when the disconnect switch changes state

where:

qq = 01–21 (Terminal 1 to Terminal 21)

p = 1–6 (Bus-Zone 1 to 6)

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 1 of 2)

Quantity Description

ZSWOPp Picks up following a change to either bus-zone-to-bus-zone or terminal-to-
bus-zone conditions in Zone p

ZONEp Differential Zone p is active

IqqBZpV Terminal qq connected to BZp

BZpBZpV A connection exists between BZp and BZp
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Check Zone Selection
The check zone function in the SEL-487B-1 differs in three ways from the check 
zone in the SEL-487B-0:

➤ Each SEL-487B-1 has three check zones

➤ There are no Terminal-to-Check-Zone Connection Logic settings, 
IqqCZ1V, in the SEL-487B-1

➤ The SEL-487B-1 includes Advance Check Zone settings

The single check zone in each SEL-487B-0 means that you can use the check 
zone only in a three-relay application. The three check zones in each 
SEL-487B-1 makes it possible to configure a check zone for each of the three 
phases in a single-relay application. 

On the basis that terminals in the check zone are independent of the disconnect 
auxiliary contact status, there is no need to configure Terminal-to-Check-Zone 
Connection Logic (i.e., IqqCZ1V in the SEL-487B-0) in the SEL-487B-1. There-
fore, to include a terminal in the check zone, just enter the Terminal, Check-
Zone, Polarity (P,N) settings, as shown below.

                    

In QuickSet, go to Check Zone Configuration > Terminal qq To Check Zone 
Connections and set CTqqCZp (p = 1–3) to Y to include a terminal in a check 
zone as shown in Figure 5.21. 

ZNpIqq Terminal qq connected to Zone p

ZNpIqqT Terminal qq connected to Zone p and will be tripped

BZpBZpR A connection exists between BZp and BZp and the coupler is removed

ZpBZp Bus-Zone p is part of Protective Zone p

Table 5.3 Relay Word Bits in the Zone Selection Logic (Sheet 2 of 2)

Quantity Description

Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ?N
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When you enter a check zone in the Terminal-to-Check-Zone settings, the corre-
sponding CZONEx (x = 1–3) Relay Word bit asserts. For example, in the above 
example, Relay Word bit CZONE1 asserts, but not Relay Word bits CZONE2 or 
CZONE3. Use the TAR ASCII command to verify the status of these Relay 
Word bits.

                    

The Advance Check Zone Settings provide a method to configure a check zone 
for applications with in-board CTs (see Example of Check Zone With In-Board 
(Bushing) CTs on page 6.23).

The SEL-487B-1 still includes Check Zone Supervision setting. Use these set-
tings to disable the entire check zone. In the following example, CZ1S is set to 1 
(the default setting), meaning that the check zone is always in service.

                    

Instantaneous/Delayed Overcurrent Elements
Each of the 21 terminals includes a single level of phase instantaneous and time-
delayed overcurrent elements. Figure 5.22 shows the logic for the 50Pnn ele-
ment. Labels FIM (Filtered, Instantaneous, Magnitude) are included for informa-
tional purposes and indicate specific processes used in the relay (see Section 12: 
Analog Quantities for more information about analog quantities).

The logic compares the magnitudes of phase input current InnFIM to a pickup 
setting 50PnnP. If the current magnitude exceeds the pickup level, Relay Word bit 
50Pnn asserts and the timer starts timing. After the time specified by the delay 

                    

Figure 5.21 Check Zone Settings

=>>TAR CZONE1<Enter>
*       *       *       *       *       CZONE3  CZONE2  CZONE1  
0       0       0       0       0       0       0       1

Check Zone Supervision
Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ?Y
Check Zone 1 Supervision (SELogic Equation)
CZ1S := 1

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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setting 50PnnD expires, a second Relay Word bit, 50PnnT, asserts. Relay Word 
bit 50PnnT only asserts if Relay Word bit 50Pnn remains asserted for the dura-
tion of the 50PnnD time setting. When Relay Word bit 50Pnn deasserts, the timer 
resets without delay, along with 50PnnT if it has asserted.

                    

The definite-time overcurrent elements are not enabled in the default settings. 
Enable the elements by setting E50 := nn (nn = 01–21). After enabling the ele-
ments, the definite-time overcurrent elements of all 21 terminals are available but 
are still set to OFF. For example, assume we want definite-time overcurrent pro-
tection for Terminal 05. Set E50 := 5, making the definite-time overcurrent ele-
ments of Terminal 01–Terminal 05 available. Because the default settings for the 
definite-time overcurrent elements are OFF, the elements are not active. Only 
enter settings at the definite-time overcurrent protection prompt of Terminal 05. 
Terminal 05 is the only terminal with definite-time overcurrent protection; the 
definite-time overcurrent protection for Terminal 01–Terminal 04 remains 
switched OFF.

Selectable Time-Overcurrent Elements (51)
Instead of having dedicated inverse-time overcurrent elements for each current 
channel, the relay offers the flexibility of an unassigned time-overcurrent ele-
ment, each with the choice of five US and five IEC operating curves. Unassigned 
means that the 51 element operating quantities are available for assignment, as 
the application requires (see Table 5.6).

The inverse-time overcurrent elements are not enabled in the default settings. 
Enable the desired number of elements by setting E51 := nn (nn = 01–21). 
Choose from any filtered instantaneous phase current quantity magnitudes 
(I01FIM–I21FIM) to set as the operate quantity, 51Onn.

Table 5.4 shows the five US characteristics, and Table 5.5 shows the five IEC 
characteristics. Each table shows the five operating time equations, together with 
the five electromechanical reset characteristic equations.

                    

                    

Figure 5.22 Phase Instantaneous and Time-Delayed Overcurrent Elements

50PnnD

0
CYC

InnFIM

50Pnn

50PnnT50PnnP
(Setting)

nn = 01, 02, . . .21

Timer 50P

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 1 of 2)

Curve Type Operating Time Reset Time

U1 (Moderately Inverse)  

U2 (Inverse)  

U3 (Very Inverse)  

Tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = TR TD 1.08
1 M2

–
---------------- 
 • =

Tp TD 0.180 5.95
M2 1–
----------------+ 

 • = TR TD 5.95
1 M2

–
---------------- 
 • =

Tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = TR TD 3.88
1 M2

–
---------------- 
 • =
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U4 (Extremely Inverse)  

U5 (Short-Time Inverse)  

a TP = Operating Time
TR = Reset Time
TD = Time-Delay Setting
M = Measured Current / Pickup Current

Table 5.5 IEC Time-Overcurrent Equations

Curve Type Operating Time Reset Time

C1 (Standard Inverse) 

C2 (Very Inverse) 

C3 (Extremely Inverse) 

C4 (Long-Time Inverse) 

C5 (Short-Time Inverse) 

Table 5.4 U.S. Time-Overcurrent Equationsa (Sheet 2 of 2)

Curve Type Operating Time Reset Time

Tp TD 0.02434 5.64
M2 1–
----------------+ 

 • = TR TD 5.64
1 M2

–
---------------- 
 • =

Tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = TR TD 0.323
1 M2

–
---------------- 
 • =

Tp TD 0.14
M0.02 1–
---------------------- 
 • = TR TD 13.5

1 M2
–

---------------- 
 • =

Tp TD 13.5
M 1–
-------------- 
 • = TR TD 47.3

1 M2
–

---------------- 
 • =

Tp TD 80
M2 1–
---------------- 
 • = TR TD 80

1 M2
–

---------------- 
 • =

Tp TD 120
M 1–
-------------- 
 • = TR TD 120

1 M–
-------------- 
 • =

Tp TD 0.05
M0.04 1–
---------------------- 
 • = TR TD 4.85

1 M2
–

---------------- 
 • =
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Figure 5.23 U.S. Curves U1, U2, U3, and U4
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Figure 5.24 U.S. Curve U5 and IEC Curves C1, C2, and C3
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The 51 overcurrent elements of the relay have dynamic pickup (51Pxx) and time-
delay (51TDxx) values. Because these settings can be programmed by means of 
protection math variables (PMVs), their actual value cannot be checked at setting 
time. To ensure that the pickup and time-delay values are within their predefined 
limits, the relay uses a limit check to verify the validity of setting values. Relay 
Word bits 51TMxx (time-dial limit check) and 51MMxx (pickup-limit check) are 
used to indicate a setting that is outside of the limit check thresholds. If the maxi-
mum limit thresholds are exceeded, the relay uses the maximum limit value. If 
the minimum limit thresholds are exceeded, the relay uses the minimum limit 
value (see Figure 5.26).

                    

                    

Figure 5.25 IEC Curves C4 and C5

10

20

30

40

50

60
70
80
90

100

1

2

3

4

5

6
7
8
9

.1

.2

.3

.4

.5

.6

.7

.8

.9

.01

.02

.03

.04

.05

.06

.07

.08

.09

10
01 2 3 4 5 6 7 8 9.5 .6 .7 .8 .9 908070605040302010

 T
im

e 
in

 S
ec

on
ds

Multiples of Pickup

0.05

0.10

0.20

0.30

0.40

0.50
0.60
0.70
0.80
0.90
1.00

0.20

0.10

0.05

1.00
0.90
0.80
0.70
0.60
0.50

0.40

0.30

.7.6.5
.1

.9.8 1

.4

.2

.3

.5

.6

.8

.7

.9
1

2

3

4

5

7
6

42 3 765 1098 4020 30 7050 60 80 90 10
0

50

9
8

10

20

30

40

300

200

100

80

60
70

90

1000
900
800
700
600

500

400

Ti
m

e 
in

 S
ec

on
ds

Multiples of Pickup

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0 
Hz

)

30 (25)

60 (50)

150 (125)

300 (250)

3000 (2500)

600 (500)

1500 (1250)

6000 (5000)

15000 (12500)

30000 (25000)

60000 (50000)

Ti
m

e 
in

 C
yc

le
s 

60
 H

z 
(5

0 
Hz

)

3 (2.5)

6 (5)

15 (12.5)

30 (25)

60 (50)

600 (500)

150 (125)

300 (250)

1500 (1250)

3000 (2500)

6000 (5000)

IEC Long-Time Inverse Curve: C4 IEC Short-Time Inverse Curve: C5

Example 5.1

The Terminal 01 current channel input is 5 A nominal …. From relay part 
number

51O01 := I01FIM

 Therefore 51B101 := 0.25 (lower limit)

 And 51B201 := 16.0 (upper limit)

5 A Current Terminal: (Determined by Relay part number and the operating 
quantity)

B1 := 0.25 and B2 := 16.0
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If the calculated pickup value is greater than 3.2, the relay logic clamps the 
pickup value at 3.2. Similarly, if the value is less than 0.05, the relay logic clamps 
the pickup value at 0.05. At the same time that it clamps the values to these lim-
its, the logic sets a limit bit (51MMxx) to indicate to the user that the read-in 
value is outside the specified limits.

Logic
                    

Settings Description 
Operating Quantity

The 51 elements are unassigned, so you can select the operating quantity from 
Table 5.6.

                    

The Terminal 01 current channel input is 1 A nominal …. From relay part 
number

51O01 := I01FIM

Therefore 51B101 := 0.05 (lower limit)

And 51B201 := 3.2 (upper limit)

1 A Current Terminal: (Determined by relay part number and the operating 
quantity)

B1 := 0.05 and B2 := 3.2

Example 5.1  (Continued)

                    

Figure 5.26 Time-Overcurrent Logic

51Pxx
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51TDxx

(Time Dial)

51Txx
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(Element Reset)

Limit check
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Limit check
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51Oxx
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51TCxx

(Torque Control)

51Sxx

(Element Pickup)

SI

51TMxx (Time Dial Limits Exceeded)

51MMxx (Pickup Limits Exceeded)

Operating Quantity

51RSxx

(EM Reset)

Where: xx = 01–21

Note: If the relay is using TiDL (EtherCAT), the operating 
times will be delayed by 1.5 ms. Use caution when setting
the relay coordination times to account for this added delay.

Table 5.6 Time-Overcurrent Operating Quantity List 

Analog Quantity Description

InnFIMa

a Where nn = 01–21.

Filtered Instantaneous Terminal nn Current Magnitude
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Pickup and Time-Dial Settings
Pickup setting 51P01, operating on the ratio of the measured current to the 
pickup setting (multiple of pickup setting), moves the characteristic horizontally 
to vary the pickup current; time-dial (multiplier) setting 51TD01 moves the curve 
vertically to vary the operating time for a given multiple of pickup.

Both pickup (51P01) and time-dial (51TD01) settings are math variables instead 
of fixed settings. SEL math variables, unlike fixed settings that cannot be dynam-
ically changed, allow for the adaptive changing of pickup and time- dial settings 
without the need for changing relay setting groups. However, if your installation 
does not require adaptive pickup and/or time-dial settings changes, use the time-
overcurrent element as a conventional 51 element. For a conventional element, 
simply enter the pickup and time-dial settings as numbers, such as: 

51P01 = 1.5

51TD01 = 1

Upper and Lower Range Limits
When you use SEL math variables, the selected analog value can exceed the 
upper value of the pickup range, or it can fall below the lower value of the pickup 
range. When this happens, the relay assigns the appropriate threshold value to the 
element and continues to calculate the trip time. For the 51Pnn pickup settings, 
the upper threshold is 3.2 for 1 A relays and 16 for 5 A relays. The lower thresh-
old is 0.05 for 1 A relays and 0.25 for 5 A relays. For the 51TDnn time-dial set-
tings, the U.S. curve thresholds are 0.5 and 15, and the IEC thresholds are 0.05 
and 1.0. In addition, the relay also asserts the appropriate Relay Word bits: 
51MM01 (pickup value out of bounds) and/or 51TM01 (time-dial value out of 
bounds).

                    

Example 5.2

For example, you want a 1 A relay to pick up at 1.5 A when IN201 asserts 
and to pick up at 2 A when IN202 asserts (IN201 deasserted). Program the 
following:

51P01 := IN201 • 1.5 + IN202 • 2

With IN201 asserted (logical 1), and IN202 deasserted (logical 0), the 51P01 
setting is:

(1 • 1.5) + (0 • 2) = 1.5 + 0 = 1.5

When IN202 asserts (IN201 deasserted), the 51P01 setting is:

(0 • 1.5) + (1 • 2) = 0 + 2 = 2

If, however, IN202 asserts while IN201 is still asserted, the 51P01 setting is:

(1 • 1.5) + (1 • 2) = 1.5 + 2 = 3.5

Because 3.5 exceeds the upper range value of 3.2, the relay clamps the set-
ting at 3.2 and asserts Relay Word bit 51MM01.
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Torque Control
SELOGIC control equation 51TC01 allows you to state the conditions when the 
element must run. When 51TC01 asserts (logical 1), switch S1 in Figure 5.26 
closes, and the relay evaluates input 51O01. For example, if the element should 
only measure when the circuit breaker is closed, enter the following:

51TC01 := IN201 (Breaker auxiliary “A” contact connected to IN201)

With this setting, switch S1 closes only when IN201 is a logical 1. If the element 
must measure all the time, enter the following:

51TC01 := 1

EM Reset
Setting 51RS01 defines whether the curve resets like an electromechanical disk 
or after one power system cycle when current drops below pickup. If you set 
51RS01 = Y, then the relay resets according to the reset timer equations for that 
particular curve (see Table 5.4 or Table 5.5). If you set 51RS01 = N, then the 
relay resets after one power system cycle when current drops below pickup.

Over- and Undervoltage Elements
The SEL-487B offers as many as six undervoltage and six overvoltage elements. 
Each of these 12 elements has two levels, for a total of 24 over- and undervoltage 
elements. Figure 5.27 shows the over- and undervoltage element logic.

Use the E27 and E59 settings to enable as many over- and undervoltage elements 
as you need.

Select any operating quantity shown in Table 5.7 for the 27Ok settings, and any 
value from Table 5.8 for the 59Ok settings as an input quantity (27Ok and 59Ok 
settings). You can select the same quantity for an undervoltage element as for an 
overvoltage element.

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.
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Settings Descriptions
E27 Enable Undervoltage Elements

Use the E27 setting to enable the number of undervoltage elements you want the 
relay to use. Each undervoltage element provides two pickup settings levels.

27Ok Undervoltage Element Operating Quantity
Select the operating quantity 27Ok (k = 1–6) you want for each voltage element 
from Table 5.7.

                    

                    

Figure 5.27 Over- and Undervoltage Logic
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Table 5.7 Undervoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage
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27PkP1 Undervoltage Element Level 1 Pickup
The 27PkP1 (k = 1–6) undervoltage element Level 1 pickup setting is typically 
used for alarm level indication of undervoltage conditions. The setting is in sec-
ondary voltage. The Level 1 pickup has a definite-time delay (27PkD1) that can 
be used to provide a time delay on the assertion of the undervoltage element.

27PkP2 Undervoltage Element Level 2 Pickup
The 27PkP2 (k = 1–6) undervoltage element Level 2 pickup setting is typically 
used for undervoltage tripping conditions. The setting is in secondary voltage. 
The Level 2 pickup has no definite-time delay.

27TCk Undervoltage Element Torque Control
The 27TCk (k = 1–6) undervoltage element torque control uses a SELOGIC con-
trol equation to provide torque control of the undervoltage elements. All under-
voltage elements are blocked from operation when the 27TCk input evaluates to a 
zero. The default setting of 1 allows the undervoltage elements to always operate.

27PkD1 Undervoltage Element Level 1 Delay
When the system voltage falls below the undervoltage setting value, the under-
voltage timer starts timing. Set the delay (in cycles) for which the timer must run 
before the 27PkD1 (k = 1–6) setting asserts the output.

E59 Enable Overvoltage Elements
Use the E59 setting to enable the number of overvoltage elements you want to 
use in the relay. Each overvoltage element provides two pickup setting levels.

59Ok Overvoltage Element Operating Quantity
Select the operating quantity 59Ok (k = 1–6) you want for each voltage terminal 
from Table 5.8.

                    

59PkP1 Overvoltage Element Level 1 Pickup
Set pickup thresholds for the voltage values above which you want the Level 1 
overvoltage elements to assert. The Level 1 pickup has a definite-time delay 
(59PkD1) that can be used to provide a time delay on the assertion of the over-
voltage element.

Table 5.8 Overvoltage Operating Quantity List

Label Description

V01FIM Voltage Element 01 fundamental filtered voltage

V02FIM Voltage Element 02 fundamental filtered voltage

V03FIM Voltage Element 03 fundamental filtered voltage

V1FIM Positive-sequence fundamental filtered voltage

3V2FIM Negative-sequence fundamental filtered voltage

3V0FIM Zero-sequence fundamental filtered voltage
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59PkP2 Overvoltage Element Level 2 Pickup
Set pickup thresholds for the voltage values above which you want the Level 2 
overvoltage elements to assert.

The 59PkP2 (k = 1–6) overvoltage element Level 2 pickup setting is typically 
used for overvoltage tripping conditions. The setting is in secondary voltage. The 
Level 2 pickup has no definite-time delay.

59TCk Overvoltage Element Torque Control
The 59TCk (k = 1–6) overvoltage element torque control uses a SELOGIC control 
equation to provide torque control of the overvoltage elements. All overvoltage 
elements are blocked from operation when the 59TCk input evaluates to a zero. 
The default setting of 1 allows the overvoltage elements to always operate.

59PkD1 Overvoltage Element Level 1 Delay
When the system voltage exceeds the overvoltage setting value, the overvoltage 
timer starts timing. Set the delay (in cycles) for which the timer must run before 
the 59PkD1 (k = 1–6) setting asserts the output.

Certain protection philosophies require voltage supervision for a trip. Each 
SEL-487B provides two levels of negative-sequence voltage and two levels of 
zero-sequence voltage elements to satisfy this requirement. In addition, the relay 
also provides two levels of phase undervoltage (27) and overvoltage (59) ele-
ments for each of the three phases.

Open-Phase Detection Logic
Subsidence current results from energy trapped in a CT magnetizing branch after 
a circuit breaker opens to clear a fault or interrupt load. This current exponen-
tially decays and delays the resetting of instantaneous overcurrent elements used 
for breaker failure protection. Breaker failure protection requires fast open-phase 
detection to ensure fast resetting of instantaneous overcurrent elements. 
Figure 5.28 shows open-phase logic that asserts SEL-487B open-phase detection 
elements OPHnn (nn = 01, 02, …21) in less than one cycle, even during subsid-
ence current conditions.

                    
                    

q See Figure 5.51.

Figure 5.28 Open-Phase Detection
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The logic measures the zero crossings and maximum and minimum current val-
ues of each phase. The relay declares an open phase when the logic does not 
detect a zero crossing or current value within 7/12 of a power system cycle since 
the previous measurement. The bottom path in Figure 5.28 is used to detect when 
the nominal current input for any channel is nearing the point of clipping at the 
analog to digital converter. If current channel clipping is imminent, current is 
above subsidence levels and the open-phase logic is forced to a false condition.

Open CT Detection Logic
When a CT opens, there is an incremental increase in operating current and a cor-
responding incremental decrease in restraint current. The two increments should 
result in a summation equal to zero.

Figure 5.29 shows the open current transformer detection logic. The change in 
operating current (IOPnR), the change in restraint current (IRTnR), and oper-
ating current (IOPn) are the analog inputs to the logic.

The AND gate output asserts when the following conditions are true:

➤ IOPnR is a positive value (greater than or equal to 0.05 pu)

➤ IRTnR is a negative value (less than –0.05 pu)

➤ The sum of IOPnR and IRTnR is very small (less than 0.05 pu)

➤ The filtered operating current (IOPn) is greater than or equal to 
Group Setting S87P

When the AND gate output is asserted, Relay Word bit OCTZn asserts and is 
latched. SELOGIC control equation ROCTZn resets the latch and Relay Word bit 
OCTZn clears. Reset has priority over set.

The lower portion of the logic asserts Relay Word bit RSTOCTn, the default 
value for SELOGIC control equation ROCTZn. RSTOCTn asserts when any of the 
following conditions are true:

➤ IOPn is less than 90 percent of group setting S87P

➤ IOPn is less than 0.05
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Table 5.9 shows the Relay Word bits available in the check zone selection logic 
with their descriptions.

                    

Circuit Breaker Failure Protection
The SEL-487B has complete breaker failure protection that includes retrip for 
each of the 21 terminals. This protection uses open-phase detection logic, pro-
vided with subcycle current reset, to reduce breaker failure coordination times. 
Two options are available for application of breaker failure protection:

➤ Schemes equipped with external breaker failure relays. These 
schemes send a bus trip (output from the breaker failure relay on the 
terminal panel) command to the bus protection relay (SEL-487B) 
that requires only the zone selection and output contacts to operate 
the appropriate breakers.

➤ Schemes using the internal breaker failure protection of the 
SEL-487B. These schemes send a breaker failure initiate (normally a 
trip output) command to the bus protection relay. The SEL-487B 
includes breaker failure logic, as well as zone selection and output 
contacts, to operate the appropriate breakers.

Apply either option exclusively, or use a combination of the two options at the 
same station. For example, use the breaker failure relays on the feeder panels for 
protection philosophies requiring discrete breaker failure relays, but use the built-

                    

Figure 5.29 Zone n Open CT Detector

Table 5.9 Relay Word Bits in the Open CT Detection Logic

Quantity Description

OCTZn Zone n Open CT detected

ROCTZn Reset Zone n Open CT detector (SELOGIC control equation)

RSTOCTn Zone n Open CT detection reset

ROCTZn

OCTZn

RSTOCTn

S

R

Q
0.05

—1

0.9

0.05

DIOPnR

DIRTnR

IOPn
S87P

n can be 1–6

�
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in breaker failure protection in the SEL-487B for all other terminals at the sta-
tion. Connect breaker failure initiate signals from these terminals to any one of 
six independent optoisolated inputs. These inputs are available on each INT4 
interface board. Figure 5.30 shows logic for Terminal 01; similar logic is avail-
able for all 21 terminals.

                    

Schemes Using Internal Breaker Failure Relays 
The basic breaker failure logic does not include logic to seal-in the breaker fail-
ure initiate signals. For applications where BFI seal-in and extension are 
required, alternate BFI logic is provided. Set EXBF01 := N to enable the internal 
breaker failure logic for Terminal 01. Refer to Figure 5.30.

Breaker Failure Logic
The breaker failure logic requires the trip signal to be continuously present for 
the duration of the breaker failure timer because the BFI signal is not sealed in. If 
an external BFI signal falls away for one processing interval longer than the 
debounce dropout time setting of the input, the breaker failure timers reset. Wire 
breaker failure initiate circuitry, typically a trip output contact from a protection 
relay, to one of the six independent optoisolated inputs and assign the input to 
BFI01.

When the trip contact from the protection relay closes to assert BFI01, timers 
BFPU01 (Terminal I01 circuit breaker failure timer) and RTPU01 (Terminal I01 
retrip timer) start timing. If BF101 remains asserted when the retrip timer 
expires, Relay Word bit RT01 asserts. Use this Relay Word bit as an output to 
attempt another trip pulse to the circuit breaker before the relay issues a bus trip 
command. When timer BFPU01 expires, Relay Word bit FBF01 asserts if 50F01 
is asserted. Use this Relay Word bit in the circuit breaker tripping logic to cause a 
circuit breaker failure trip.

If the circuit breaker opens successfully before timer BFPU01 or timer RTPU01 
expires, the cessation of current flow on the circuit will cause the fast breaker 
open detector element OPH01 to assert, dropping out element 50F01. This will 
block the assertion of the breaker failure Relay Word bit FBF01. If the trip con-
tact from the protection relay opens before timer RTP01 expires, the BFPU01 
timer and RTPU01 timers will drop out and neither RT01 nor FBF01 will assert.

This logic is suitable for applications where two breakers must open to interrupt 
fault current, such as in breaker-and-a-half and ring-bus configurations. For these 
applications, breaker failure logic that requires both BFI and 50F to be asserted 
before the timer starts is often not suitable. The problem occurs because the 50F 

                    

Figure 5.30 Breaker Failure Logic
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element may not assert until the first of the two breakers opens and the current 
redistributes so that all of it goes through the failed breaker. This situation results 
in a delay of the Breaker 2 breaker failure time equal to the time for Breaker 1 to 
interrupt the current. The 50 breaker failure logic does not have this problem.

Alternate Breaker Failure Initiating Input With Extension and/or Seal 
In Logic

The alternate BFI logic lets you choose to either extend the breaker failure initi-
ate signal or seal in the breaker failure initiate signal. Figure 5.31 shows the com-
bined logic for both breaker failure initiating input extension (AND Gate 1) and 
seal-in (AND Gates 1 and 2) functions. This logic can also be used for applica-
tions where it is required to have 50F01 asserted before the breaker failure timer 
can start.

                    

Breaker Failure Initiating Input Seal In

Use the seal-in option if the breaker failure initiation signal is not continuous and 
fault current is immediately available (single-breaker applications). Referring to 
Figure 5.31, set EXBF01 := N to enable the internal breaker failure logic. Set 
EBFIS01 := Y to set the top input of AND Gate 2 to a logical 1. Wire the breaker 
failure initiate signal to the SEL-487B, and assign the input to ATBFI01. Then 
assign Relay Word bit ABFIT01 to BFI01 (Figure 5.30). On receipt of the 
breaker failure initiate signal, AND Gate 1 turns on. The output from AND Gate 
1 starts the breaker failure timers (Figure 5.30) and turns AND Gate 2 on. If the 
initiate signal is present for longer than the Timer BFISP01 setting, the output 
from Gate 1 seals in for as long as the current exceeds the 50FP01 threshold. Set 
the Timer BFISP01 setting longer than a quarter cycle to prevent seal-in for spu-
rious signals, but set it shorter than the initiate signal to ensure seal-in.

Breaker Failure Initiating Input Extension

Use the extension option in conjunction with the seal in option if the breaker fail-
ure initiation signal is not continuous, but fault current is not immediately avail-
able to start the breaker failure timers (double-breaker applications). 

The logic still requires the current to be above the 50FP01 threshold after timer 
BFIDO01 times out to keep Gate 1 turned on. Set EXBF01 := N to enable the 
internal breaker failure logic. Referring to Figure 5.31, wire the breaker failure 
initiate signal to the SEL-487B, and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). In the absence of fault current, 
and on receipt of the rising edge of the breaker failure initiate signal at input 

                    

Figure 5.31 Circuit Breaker Failure Initiation Extension and Seal In
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ATBFI01, AND Gate 1 turns on. When AND Gate 1 turns on, Relay Word bit 
ABFIT01 asserts, causing timers BFPU01 and RTP01 to start timing 
(Figure 5.30). 

When Breaker 1 opens, enough current flows through Breaker 2 to assert the 
50F01 Relay Word bit. Refer to Figure 5.31 and note that the current flowing 
through Breaker 2 replaces the output from timer BFIDO01 and keeps Gate 1 
turned on, sustaining the input to the breaker failure timers. Set Timer BFIDO01 
longer than the time Breaker 1 takes to interrupt the current, but shorter than the 
Timer BFPU01setting. This setting ensures that, after Breaker 1 opens, Timer 
BFPU01 will continue to run while current greater than 50FP01 is present.

Supervising Breaker Failure Initiate With the Fault Detector

Use the alternate BFI logic if the breaker failure initiation signal must be super-
vised by current before the BFPU01 timer can start. Set EXBF01 := N to enable 
the internal breaker failure logic. Referring to Figure 5.31, wire the breaker fail-
ure initiate signal to the SEL-487B and assign the input to ATBFI01. Then assign 
Relay Word bit ABFIT01 to BFI01 (Figure 5.30). Set BFIDO01 to 0.0 CYC. In 
this configuration, the upper input to AND Gate 1 is controlled by 50F01 and the 
lower input to AND Gate 1 is controlled by ATBFI01. Thus, ABFIT01 will not 
assert and start the BFPU01 and RTP01 timers (Figure 5.30) unless both ATB-
FI01 and 50F01 are asserted.

Schemes Equipped With External Breaker Failure Relays
Set EXBF01 := Y to enable the external breaker failure logic. This setting effec-
tively reduces the logic to that shown in Figure 5.32. 

                    

Wire breaker failure initiate circuitry to one of the SEL-487B inputs, and assign 
the input to XBF01. Relay Word bit FBF01 immediately asserts upon assertion of 
the input signal.

Retrip
Some circuit breakers have two separate trip coils. If one trip coil fails, local pro-
tection can attempt to energize the second trip coil (often connected to a separate 
battery) to prevent an impending circuit breaker failure operation. Configure your 
protection system to always attempt a local retrip using the second trip coil 
before the circuit breaker failure pickup timer expires. RTPU01 (Retrip Time 
Delay on Pickup Timer) begins timing when BFI01 asserts. Relay Word bit RT01 
(Breaker 1 Retrip) asserts immediately after RTPU01 times out. Assign a control 
output to trip the circuit breaker when Relay Word bit RT01 asserts. 

Breaker Failure Clearing Times
Figure 5.33 is based on actual test data at room temperature using various set-
tings. Relay element specifications given in Section 1: Introduction and Specifi-
cations include the entire temperature range of the relay. Output contact times are 
not included.

NOTE: Although BFIDO01 is set to 
0.0, the timer picks up for one 
processing interval after assertion.

                    

Figure 5.32 Breaker Failure Logic for External Breaker Failure
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Circuit Breaker Failure Trip Logic
Following a breaker failure relay operation, the SEL-487B breaker failure trip 
logic sends trip signals to all of the breakers the logic identifies as being in the 
same bus-zone as the faulted breaker. The logic uses breaker failure trip informa-
tion from the internal breaker failure logic and zone selection information to 
determine which breakers to trip. Figure 5.34 shows the processing sequence for 
tripping the breakers according to the breaker failure operation FBF01.

                    

Figure 5.33 Breaker Failure Clearing Times
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For example, assume Terminals I01, I02, I03, and I04 are in Bus-Zone 1, with 
Terminal 01 failing for an external fault. The logic determines that Terminal 01 is 
in Bus-Zone 1, just as Terminals 02, 03, and 04 are also in Bus-Zone 1. The relay 
asserts Relay Word bits SBFTR01, SBFTR02, SBFTR03, and SBFTR04. With 
the assumption that there are four breakers, assign these four Relay Word bits to 
the corresponding TR01, TR02, TR03, and TR04 trip equations.

The breaker failure trip logic asserts the breaker failure trips as shown in 
Table 5.10.

                    

                    

Figure 5.34 Station Breaker Failure Trip Logic

Table 5.10 Station Breaker Failure Trips (Sheet 1 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

I01 SBFTR01

I02 SBFTR02

I03 SBFTR03

104 SBFTR04

105 SBFTR05

106 SBFTR06

107 SBFTR07
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109 SBFTR09

110 SBFTR10

I11 SBFTR11

I12 SBFTR12

Start

End

FBF01 
Asserted?

Read zone(s) that 
include Terminal 01

Assert BFZp

Read terminals
to trip within
active zone(s)

Generate trip for 
terminals in the 
involved zones 

(SBFTRkk)

No

Yes
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SBFTR is the OR combination of SBFTR01 to SBFTR21.

Bus Coupler/Bus Sectionalizer Configurations
With the flexibility of SELOGIC control equations, you can configure any one of 
the bus sectionalizer (tie breaker) configurations in Figure 5.35–Figure 5.37 
without additional wiring; it is simply a software configuration change.

CT Either Side of the Breaker With Overlap
Figure 5.35 shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in overlap. For an overlap application, con-
nect the CTs so that each zone of protection (B1 and B2) includes the tie-breaker 
circuit breaker. For example, for Fault 1, only the differential element of Busbar 
B2 operates; the differential element of Busbar B1 is stable. However, because of 
the overlap connections, both differential elements operate for Fault F2.

                    

CT Either Side of the Breaker With Breaker Differential
Figure 5.36 also shows a bus sectionalizer with a CT on either side of the circuit 
breaker with the protection arranged in a breaker differential application. For a 
breaker differential application, connect the CTs so that each zone of protection 
(B1 and B2) excludes the tie-breaker circuit breaker. For example, for Fault F1, 
the differential element of Busbar B2 operates; the differential element of Busbar 
B1 is stable. The differential element of both Busbar B1 and Busbar B2 is stable 
for Fault F2. To provide protection for Fault F2, configure an additional differen-
tial zone of protection across the tie-breaker circuit breaker. 

I13 SBFTR13

I14 SBFTR14

I15 SBFTR15

I16 SBFTR16

I17 SBFTR17

I18 SBFTR18

I19 SBFTR19

I20 SBFTR20

I21 SBFTR21

Table 5.10 Station Breaker Failure Trips (Sheet 2 of 2)

Terminal Within a Zone Station Breaker Failure Trip Bit

                    

Figure 5.35 Two CTs With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
F1F2

B2

52
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Single CT, Single or Two Cores With Overlap
Figure 5.37 shows a bus sectionalizer with a single CT on one side of the circuit 
breaker with the protection arranged in overlap.

                    

Refer to the application examples in Section 6: Protection Application Examples 
for more information.

Coupler Security Logic
A fault between bus coupler circuit breaker and CT usually results in the loss of 
multiple zones as well as in delayed fault clearance, except for where the bus 
coupler has overlapping zones of protection where both zones are tripped instan-
taneously. For bus coupler configurations such as breaker differential and single 
CT applications, fault clearance time usually equals the bus coupler breaker fail-
ure time for faults between the CT and the breaker. The coupler security logic 
includes logic to shorten this time so that it equals the operating time of the bus 
coupler circuit breaker. Coupler security logic also includes logic to prevent trip-
ping of multiple bus-zones instead of just the faulted bus-zone. Although identi-
fying the faulted bus-zone introduces a trip delay, this delay is still shorter than 
the bus coupler breaker failure time.

Preventing the loss of multiple bus-zones requires two steps. First, the coupler 
security logic allows the differential elements to trip only the bus coupler circuit 
breaker, thereby interrupting the fault current from the unfaulted bus-zone. Then, 
this logic removes the bus coupler CTs from all differential calculations. Remov-
ing the bus coupler CTs from the differential calculations of the unfaulted bus-
zone has no effect on the stability of this bus-zone because it no longer contrib-
utes to the fault current. However, removing the bus coupler CTs from the differ-
ential calculations of the faulted bus-zone causes the differential elements of the 
faulted bus-zone to operate. This application trips only the faulted bus-zone, 
thereby preventing the indiscriminate loss of multiple zones, irrespective of the 
fault position or CT location.

                    

Figure 5.36 Two CTs With the Busbar Protection Configured as Breaker 
Differential

52

Bus 1 Bus 2

B1 B2

87

F2 F1

                    

Figure 5.37 Single CT With the Busbar Protection Configured in Overlap

Bus 1 Bus 2

B1
B2

F1

52
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In most cases, breaker auxiliary contacts provide circuit breaker status informa-
tion. However, circuit breaker auxiliary contact failure or misalignment can result 
in relay misoperation instead of accelerated tripping. The following discussion 
describes network operating conditions that may result in relay misoperation and 
shows how the coupler security logic in the SEL-487B prevents these possible 
misoperations. Two examples of accelerated tripping show how to apply the cou-
pler security logic to breaker differential and single CT applications. In all cases, 
assume circuit breaker operating times to be two cycles.

Network Operating Condition 1
Figure 5.38 depicts a subset of a substation showing Bus Sectionalizer Breaker Z, 
and two terminals labeled Feeder 1 and Feeder 2. Zone 1 and Zone 2 are the two 
bus sections at the station, with the bus sectionalizer busbar protection arranged 
in overlap. Because both sectionalizer disconnects (Z891 and Z892) are closed, 
the currents from the sectionalizer CTs are considered in the differential calcula-
tions. In this example, the bus sectionalizer circuit breaker is open, and both 
feeder circuit breakers are closed. Table 5.11 summarizes the prevailing network 
operating conditions.

                    

                    

Assume now that Fault F1 occurs as indicated in Figure 5.38. Because the cur-
rents from the sectionalizer CTs are considered in the differential calculations, 
and because the bus sectionalizer busbar protection is arranged in overlap, both 
zones trip. Table 5.12 summarizes the event.

                    

One solution for overcoming this problem is to include the bus sectionalizer cir-
cuit breaker auxiliary contact together with the disconnect auxiliary contact as a 
condition for CT consideration in the differential calculations. With the bus sec-
tionalizer circuit breaker auxiliary contact included in the conditions, the current 

                    

Figure 5.38 Fault F1 Between Bus Sectionalizer and CT With the Bus 
Sectionalizer Circuit Breaker Open

Table 5.11 Summary of the Network Conditions Shown in Figure 5.38

Station Conditions Fault Description

Bus sectionalizer Circuit Breaker Z open

Both bus sectionalizer disconnects (Z891 and 
Z892) closed

All other breakers and disconnects closed

Fault F1 develops between the sectionalizer 
circuit breaker and CT

Table 5.12 Summary of the Event for Fault F1 Shown in Figure 5.38

Tripping for Fault F1 Clearing Time Zones Lost Comment

All breakers in both zones trip 
without time delay

2 cycles 2 Zone 2 tripped unneces-
sarily

Z891 Z892

Zone 1

891

5252

Zone 2

892

Z

F1

Feeder 1 Feeder 2

Overlap
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inputs from the bus sectionalizer CTs are not considered in the differential calcu-
lations when the bus sectionalizer circuit breaker is open. In this case, only 
Zone 1 trips for Fault F1 in Figure 5.38.

Including the bus sectionalizer circuit breaker auxiliary contact solves the prob-
lem in Network Operating Condition 1. However, Network Operating 
Condition 2 shows that the busbar protection is still not completely secure, 
although the conditions for CT consideration in the differential calculations now 
include the bus sectionalizer circuit breaker auxiliary contact.

Network Operating Condition 2
Figure 5.39 shows the same substation under different operating conditions. The 
bus sectionalizer circuit breaker auxiliary contact 52A forms part of the condi-
tions for CT consideration in the differential calculations. Although the discon-
nects are closed, the bus sectionalizer circuit breaker is open and the differential 
calculations do not consider the bus sectionalizer CT inputs in the differential 
calculation. Fault F2 in Figure 5.39 represents grounding straps that were inad-
vertently left on the busbars in Zone 1. The Feeder 1 circuit breaker is open, and 
the bus sectionalizing circuit breaker is about to close. Table 5.13 summarizes the 
prevailing network operating conditions.

                    

                    

If the bus sectionalizing circuit breaker auxiliary contacts are misaligned or fail 
in such a way that the CTs from the sectionalizer are not considered in the differ-
ential calculation at fault inception, the Zone 2 differential elements misoperate. 
Table 5.14 summarizes the event.

                    

                    

Figure 5.39 Closing the Bus Sectionalizing Circuit Breaker Onto a Faulted 
Busbar

Table 5.13 Summary of the Events for Fault F2 Shown in Figure 5.39

Station Conditions Fault Description

Bus sectionalizer Breaker Z closing

Both bus sectionalizer disconnects (Z891 and Z892) are closed

All Zone 2 feeder breakers and disconnects (892) are closed

All Zone 1 feeder disconnects (891) are open

Sectionalizer breaker closes 
onto Fault F2

Table 5.14 Summary of the Event for Fault F2 Shown in Figure 5.39

Tripping for F2 Clearing Time Zones Lost Comment

All breakers in Zone 2 
trip without time delay 
(Feeder 2 and Circuit 
Breaker Z)

2 cycles 1 Incorrect tripping for terminals 
connected to Zone 2; only termi-
nals connected to Zone 1 
(Breaker Z) should have tripped.

Z891 Z892

Zone 2

F2

Zone 1

52A

Overlap

891

52

Feeder 1

52

892

Feeder 2
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Use the coupler security logic (see Figure 5.40) in the SEL-487B to prevent relay 
misoperation for network conditions 1 and 2.

Coupler Security Logic
Inserting the bus sectionalizer CTs into the differential calculations before fault 
inception prevents relay misoperation for Network Operating Condition 2. 
Figure 5.40 shows one of the four coupler security logics available in the relay. 
Wire a bus sectionalizer auxiliary contact to input CB52A1, and wire the bus sec-
tionalizer circuit breaker closing signal to input CBCLS1. Inputs CB52A1 and 
CBCLS1 coordinate the bus sectionalizer CT insertion into and removal from the 
differential calculation. For breaker differential applications, enter CSL1, the 
output from the coupler security logic, instead of the bus sectionalizer circuit 
breaker auxiliary contact, as a condition for CT consideration in the differential 
calculations.

As shown in Figure 5.40, the breaker auxiliary contact (CB52A1) and the close 
signal (CBCLS1) are in parallel. Issuing the close signal to the bus sectionalizer 
circuit breaker close coil also asserts Relay Word bit CSL1. Timer CBCLD01 
maintains the close signal for five cycles (default setting), allowing ample time 
for the bus sectionalizer circuit breaker auxiliary contact to change state. When 
Relay Word bit CSL1 asserts, the CTs are immediately considered in the differ-
ential calculation. Because the bus sectionalizer CTs are considered in the differ-
ential calculation before fault inception, Zone 2 is stable for Network Operating 
Condition 2.

                    

When the bus sectionalizer circuit breaker trips, misaligned circuit breaker auxil-
iary contacts can remove the bus sectionalizer CTs from the differential calcula-
tion while current still flows through the bus sectionalizer circuit breaker. Timer 
CB52D01 maintains the status of the bus sectionalizer circuit breaker auxiliary 
contact as closed for four cycles (default setting) after the contact changes state. 
During this four-cycle time delay, the bus sectionalizer CTs are still considered in 
the differential calculation, allowing the bus sectionalizer circuit breaker ample 
time to interrupt the current.

ACTRP1, the third input into the coupler security logic provides an input to 
accelerate tripping of the bus sectionalizer circuit breaker for faults between bus 
sectionalizer circuit breaker and CT. Accelerated tripping operating time is the 
time period greater than the bus sectionalizer circuit breaker operating time (typi-
cally 2 cycles) but shorter than the breaker failure time (typically 6–10 cycles).

                    

Figure 5.40 Coupler Security Logic for Accelerated Tripping and Busbar 
Protection Security for Circuit Breaker Auxiliary Contact Misalignment
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Breaker Differential
Figure 5.41 shows an application of breaker differential protection. There are 
CTs on either side of the bus sectionalizing circuit breaker, and we configure a 
differential zone of protection across the bus sectionalizing circuit breaker. This 
is in addition to Zone 1 and Zone 2 of the busbar protection. Any of the six zones 
may be used for breaker differential protection. Breaker differential protection is 
a good choice for stations where preservation of supply is more important than a 
very fast clearing time.

                    

We use the coupler security logic (initially without an ACTRP1 input) and con-
sider the relay operation for Fault F3 in Figure 5.41. Circuit Breaker Z opens 
after two cycles, deasserting the input to CB52A1. When Circuit Breaker Z trips, 
fault current no longer flows from Zone 2, but Zone 1 still contributes to the fault. 
Four cycles after Circuit Breaker Z trips (CB52D01 default time), Relay Word bit 
CSL1 deasserts, removing both bus sectionalizing CTs from all three differential 
elements (breaker differential, Zone 1, and Zone 2). Zone 2 is stable after remov-
ing the CTs from the Zone 2 differential calculations because Zone 2 no longer 
contributes to the fault. However, Zone 1 still contributes to the fault, and remov-
ing the CTs from the Zone 1 differential calculations causes the Zone 1 differen-
tial elements to operate, clearing the fault. Only one zone is lost, although this 
loss occurs after a time delay. Table 5.15 summarizes the events.

                    

Because Fault F3 is external to Zone 1 and Zone 2, both of these zones are stable 
for as long as the sectionalizing breaker CTs are considered in the differential 
calculations. If the sectionalizing breaker fails, both Zone 1 and Zone 2 trip only 
after breaker failure time.

                    

Figure 5.41 CTs on Either Side of the Sectionalizer Circuit Breaker With 
Breaker Differential Across Breaker Z

Table 5.15 Summary of the Event for Fault F3 Shown in Figure 5.41

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer CB52A1 expires 4 cycles 0 Relay Word bit CSL1 deas-
serts, unbalancing Zone 1

SEL-487B operating time 1 cycle 0 Typical operating time is 0.75 
cycles

All circuit breakers in Zone 1 
trip

2 cycles 1 Total clearing time is 10 
cycles

Z891 Z892

Zone 2

F3

Zone 1

Z

52A

Diff

891

52

Feeder 1

52

892

Feeder 2
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Function ACTRP1 provides an input for removing the bus sectionalizing CTs 
sooner. One solution is to assign 87R3, the output from the sectionalizer breaker 
differential element to input ACTRP1. Relay Word bit 87R3 asserts when there is 
a fault within the sectionalizer zone. With ACTPPU1 set to 4 cycles, Relay Word 
bit CSL1 deasserts about 2 cycles after the sectionalizing circuit breaker inter-
rupts the fault current. Table 5.16 summarizes the events.

                    

Single CT Application
Figure 5.42 shows the same substation, now with only one CT installed on the 
bus sectionalizer. The busbar protection is connected in overlap. The challenge 
for the busbar protection is to distinguish between faults F4 and F5. When Fault 
F5 occurs, Zone 1 is stable and the Zone 2 protection immediately trips Feeder 2 
and the bus sectionalizer circuit breaker. Tripping Feeder 2 and the bus sectional-
izer circuit breaker clears Fault F5.

                    

When Fault F4 occurs, Zone 1 is stable, and, as before, the Zone 2 protection 
immediately trips Feeder 2 and the bus sectionalizer circuit breaker. Tripping 
Feeder 2 and the bus sectionalizer circuit breaker, however, does not clear Fault 
F4, and fault current still flows through the bus sectionalizer CT. At the same 
time, the busbar protection also initiates breaker failure protection on Feeder 2 
and the bus sectionalizer. This fault current causes the breaker failure protection 
of the bus sectionalizer to continue timing, although the bus sectionalizer circuit 
breaker tripped. After the bus sectionalizer breaker failure timer times out, all cir-
cuit breakers in Zone 1 trip. Both Zone 1 and Zone 2 trip to clear this fault.

Table 5.16 Summary of the Event for Fault F3 Using the Accelerated Trip 
Function

Relay and Circuit Breaker 
Operation for F3

Time Delay Zones Lost Comment

Breaker differential (87R3) 
asserts

1 cycle 0 Typical operating time is 0.75 
cycles. Timer ACTPPU1 starts 
timing

Bus sectionalizer trips 2 cycles 0 Correct tripping

Timer ACTPPU1 expires 2 cycles 0 Reduce this setting for faster 
clearance

SEL-487B operating time 1 cycle 0 Typical operating time is 
0.75 cycles

All circuit breakers in 
Zone 1 trip

2 cycles 1 Total clearing time is 8 cycles

                    

Figure 5.42 Single CT Application With Fault F4 Between the Bus Sectionalizer 
Circuit Breaker and CT
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If delayed tripping time for Zone 2 busbar faults is in order, use a combination of 
the zone supervision and coupler security logic to prevent losing both zones. 
Assign 87R2, the output from the Zone 2 differential element, to ACTRP1, the 
accelerated trip input of the coupler security logic. Assign the negated output 
from the coupler security logic (NOT CSL1) to supervise the Zone 2 differential 
element output (Z2S := NOT CSL1). For single CT applications, enter CB52A1, 
the bus sectionalizer circuit breaker auxiliary contact, as a condition for CT con-
sideration in the differential calculations for the zone supervised by CSL1 (Zone 
2 in this case). Then, enter CB52T1, the coupler status timed-out bit, as a condi-
tion for CT consideration in the differential calculations for the unsupervised 
zone (Zone 1 in this case).

For faults in Zone 2, trip only the bus sectionalizer circuit breaker. After the bus 
sectionalizer opens, remove the bus sectionalizer CT from the differential calcu-
lations of Zone 2. After a set delay of at least 2 cycles (to allow the 87R2 element 
to reset), remove the Zone 2 supervision and the bus sectionalizer CT from the 
differential calculations of Zone 1. The operation of the logic is as follows:

When either Fault F4 or Fault F5 occurs, the Zone 2 differential element 
operates to clear the fault. The Zone 2 zone supervision prevents Relay Word 
bit 87Z2 from asserting and only the bus sectionalizer circuit breaker 
receives a trip signal. The circuit breaker trips two cycles later, removing CT 
cores C1 and eventually C2 from the differential calculations for Zone 1 and 
Zone 2. 

For Fault F4, the bus sectionalizer circuit breaker is open, but fault current 
still flows through CT Cores C1 and C2. Removing the bus sectionalizer CTs 
from all differential calculations prevents Zone 2 from operating (current 
from CT Core C1 removed) but causes Zone 1 to operate (balancing current 
from CT Core C2 removed). 

For Fault F5, tripping the bus sectionalizer circuit breaker interrupts the fault 
current contribution from Zone 1, and the Zone 1 differential element is sta-
ble. The Zone 2 zone supervision prevents tripping of terminals in Zone 2, 
until Accelerate Trip Timer ACTRP1 times out. When ACTRP1 times out, 
coupler security logic output CSL1 deasserts. When Relay Word bit CSL1 
deasserts, Relay Word bit Z2S asserts, allowing the Zone 2 differential ele-
ment (87Z2) to operate and issuing a trip signal to all circuit breakers in 
Zone 2. See Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180 for an example.

Disconnect Monitor
Disconnect auxiliary contacts provide the zone selection logic with the informa-
tion required to dynamically assign current inputs to the appropriate differential 
elements. Figure 5.43 depicts the logic for Disconnect Logic Circuit 01 in the 
relay, one of 60 disconnect logic circuits available in the relay. This logic requires 
both normally open (89A) and/or normally closed (89B) disconnect auxiliary 
contacts.

Table 5.17 shows the four possible disconnect auxiliary contact combinations, 
and the way in which the relay interprets these combinations. Applying the prin-
ciple of (disconnect) NOT OPEN = (disconnect) CLOSED, the relay properly 
coordinates the primary current flow and the CT current assignment to the appro-
priate differential element.
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The following description of the contact combinations assumes the disconnect 
auxiliary contacts are the only conditions declared in the terminal-to-bus-zone 
variable settings.

                    

Case 1 occurs when disconnect auxiliary contact 89A and auxiliary contacts 89B 
are open simultaneously. This case is the intermediate position in an open-to-
close or close-to-open operation. Timer 89ALP01 times for this condition and 
asserts Relay Word bit 89AL01 when the disconnect auxiliary contacts remain in 
the intermediate position for a period exceeding the 89ALP01 timer setting. 
Relay Word bit 89OIP01 also asserts during this period, indicating a disconnect 
operation in progress condition. The relay considers the disconnect main contact 
closed during this period, and the CTs are considered in the differential calcula-
tions.

Case 2 is the only combination of disconnect auxiliary contacts for which the 
relay considers the disconnect main contact to be open. This is also the only com-
bination for which the CTs are not considered in the differential calculations.

Case 3 is the only combination of disconnect auxiliary contacts for which the 
relay confirms the disconnect main contacts to be closed. Relay Word bit 89CL01 
asserts to indicate the main contact close position. The CTs are considered in the 
differential calculations.

Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALP01 times for this condition and asserts Relay Word bit 89AL01 when the 
disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

The relay includes 60 alarm timers that provide individual time settings for 60 
disconnect logic circuits. These individual timers are useful in installations where 
the disconnect travel times differ substantially. In particular, sequentially oper-
ated devices (pantographs, for example) have travel times much longer than nor-
mal disconnects.

Relay Word bit 89OIP represents the OR combination of Relay Word bits 
89OIP01–89OIP60, and Relay Word bit 89AL (not shown) is respectively the OR 
combination of Relay Word bits 89AL01–89AL60.

Table 5.17 Disconnect 89A and 89B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89CL01)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 5.43 Disconnecting Switch Status Logic
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To ensure correct differential element operation, the contacts must comply with 
the requirements listed in Table 5.18.

                    

Figure 5.44 shows the disconnect auxiliary contact requirements with respect to 
the arcing point.

                    

Zone-Switching Supervision Logic
Because the disconnect monitoring logic requires both 89A and 89B disconnect 
auxiliary contacts, installations with only an 89A (or 89B) contact available can-
not use the disconnect monitoring logic. In these installations, there is always 
uncertainty whether the disconnect auxiliary contact actually changed status. 
This is important information because busbar protection will misoperate if input 
currents are assigned to the incorrect differential elements. Zone-switching 
supervision logic uses the ZSWOP Relay Word bit (see Dynamic Zone Selection 
Logic on page 5.14) that asserts for any terminal-to-bus-zone or bus-zone-to-bus-
zone change. In other words, the ZSWOP Relay Word bit provides an acknowl-
edgment that the relay has recognized a change in disconnect auxiliary contact 
status. Figure 5.45 shows the logic.

Table 5.18 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the arcing point (the point where primary 
current starts to flow).

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the arcing point (the point where 
primary current has stopped flowing).

                    

Figure 5.44 Disconnecting Switch Main Contact, 89a, and 89b Status for Open-to-Close and Close-to-Open 
Conditions
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Asserting Relay Word bit ZSWO activates the logic (i.e., the rising edge of 
ZSWO starts Timer ZSWOPU) and asserts the ZSWOIP bit for the period when 
the timer is timing. When the zone selection logic acknowledges a change in dis-
connect status, the ZSWOP Relay Word bit asserts and resets the timer. If the 
Zone Selection does not acknowledge the switching operation within the 
ZSWOPU time setting, the logic asserts the switching operation alarm 
ZSWOAL. SELOGIC control equation RZSWOAL provides the input to reset the 
alarm.

There is only one zone-switching supervision logic in the relay; disconnect open 
and close commands must be combined externally to the relay for electrically 
operated disconnects, as shown in Figure 5.46. 

                    

For manually operated disconnects, configure one of the SEL-487B front-panel 
pushbuttons as an input to assert the ZSWO Relay Word bit. Timer ZSWOPU has 
a range of more than 27 minutes, allowing ample time for the operating proce-
dures. 

                    

Figure 5.45 Zone-Switching Supervision Logic

                    

Figure 5.46 External Wiring and Initiation Input for Zone-Switching 
Supervision
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Differential Trip Logic
This is the final stage of the differential trip output. Figure 5.47 is the Bus-Zone 
portion of Figure 5.20 from the zone supervision logic. At this point, the differ-
ential element has operated (87R1), and all supervising criteria are met (Z1S). 
The differential trip logic now acquires all Zone 1 terminals and generates a trip 
output to the appropriate breakers.

                    

Figure 5.48 shows the processing sequence for tripping the breakers as a function 
of the differential element operation, 87Zn, where n = 1–6.

                    

The differential trip logic asserts differential trips as shown in Table 5.19.

                    

                    

q See Figure 5.11.

Figure 5.47 Differential Element Zone Supervision for Zone 1

                    

Figure 5.48 Bus Differential Trip Logic

Table 5.19 Differential Trips (Sheet 1 of 2)

Terminal Within a Zone Differential Trip Bit

I01 87BTR01

I02 87BTR02

I03 87BTR03

104 87BTR04

105 87BTR05

106 87BTR06

107 87BTR07

108 87BTR08

109 87BTR09

87R1
87Z1

Z1S
q

Start

End

87Zn 
Asserted?

Read
terminals to

trip within Zone n 

Generate trip
for the selected 

terminals 87BTRkk
kk = 01, . . . , 21

No

Yes
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This is the final stage of the check zone differential trip output. Figure 5.49 is the 
check zone portion of Figure 5.20 from the zone supervision logic. At this point, 
the Check Zone Differential Element has operated (87RCZ1), and all supervising 
criteria are met (CZ1S). The supervised trip output is then asserted (87CZ1). The 
check zone output is independent of the bus zones and is not processed by the dif-
ferential trip logic shown in Figure 5.48.

                    

Breaker Trip Logic
Figure 5.50 shows the tripping logic for Terminal 01 in the SEL-487B. The 
remaining logic for Terminal 02–Terminal 21 is identical and uses variables 
TR02–TR21 and ULTR02–ULTR21, and TRIP02–TRIP21, respectively. 

NOTE: In the trip logic, the set or 
latch function (TRkk) has priority over 
the reset or unlatch (ULTRkk) function 
(kk = 1–21).

                    

Enable the trip logic settings by setting the Global setting NUMBK = kk, where 
kk is the number of breakers at the station. For example, if you have 12 terminals 
installed at a substation, set NUMBK = 12.

110 87BTR10

I11 87BTR11

I12 87BTR12

I13 87BTR13

I14 87BTR14

I15 87BTR15

I16 87BTR16

I17 87BTR17

I18 87BTR18

I19 87BTR19

I20 87BTR20

I21 87BTR21

                    

Figure 5.49 Differential Element Zone Supervision for Check Zone

Table 5.19 Differential Trips (Sheet 2 of 2)

Terminal Within a Zone Differential Trip Bit

87RCZ1

CZ1S
87CZ1

                    

Figure 5.50 Trip Logic for Breaker 1

TRIPkk

Relay
Word
Bit

TRkk

ULTRkk
RSTTRGT

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip 
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Asserting TR01 directly asserts TRIP01 via input OR Gate 1 and starts the Mini-
mum Trip Duration Timer (TDURD). TRIP01 asserts for a minimum of TDURD 
cycles, even if TR01 is asserted for as little as one processing interval, or if the 
unlatch portion of the logic is asserted before TDURD expires. The default set-
ting of TDURD is twelve cycles.

TRIP01 also seals itself in via AND Gate 1. This AND gate receives the negated 
inputs from the unlatching functions. As long as ULTR01 or TRGTR are not 
asserted, TRIP01 remains sealed in. TRIP01 is used to drive an output contact to 
initiate tripping of the breaker.

You can use one of four methods to unlatch the trip logic. One method is to assert 
either one of SELOGIC control equation setting ULTR01 or SELOGIC control 
equation setting RSTTRGT. You can also push the TARGET RESET pushbutton on 
the front panel or send the TAR R serial port command to assert Relay Word bit 
TRGTR for one processing interval. Relay Word bit TRGTR also resets the LED 
targets on the front panel. In the trip logic, assertion of ULTR01, RSTTRGT, or 
TRGTR places a zero input on AND Gate 1 and, thereby, breaks the TRIP01 
seal-in loop.

Note that TRIP01 is always asserted when TR01 is asserted, regardless of the 
action of ULTR01 or the TARGET RESET commands, and that TRIP01 will be 
asserted for a minimum of TDURD cycles no matter how short the length of time 
TR01 has been asserted.

Circuit Breaker Status Logic
Figure 5.51 shows the circuit breaker status logic, which uses the combination of 
breaker 52A (normally open) auxiliary contact and the open-phase detection 
function, OPH. Because 52B (normally closed) contacts are not always available 
and as a means to reduce the number of I/O required, the 52B contacts are not 
required in the logic. However, for applications where the protection philosophy 
requires a 52B (normally closed) contact, wire the 52B contact into the relay, but 
use the negated form of the 52B contact in the logic, i.e., NOT 52B (52A01 := 
NOT IN301).

Relay Word bits 52CL01–52CL21 assert when the breaker is closed. Open-phase 
detection logic (OPHnn) Relay Word bits are included in the circuit breaker sta-
tus logic to guard against delayed breaker status declaration resulting from possi-
ble breaker auxiliary contact misalignment. If a discrepancy between the open-
phase detection logic and the breaker auxiliary contact exists for as long as five 
cycles, the logic generates an alarm that indicates one of the following:

➤ Possible auxiliary contact supply voltage failure 

➤ Possible failure in an auxiliary contact connection circuit

➤ Possible failure of auxiliary contact mechanism

The logic in Figure 5.51 is generic for three-pole or single-pole breaker mecha-
nisms.
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Note that OPHnn Relay Word bits assert when no current flows through the cir-
cuit breaker and that set has priority over reset in the circuit breaker status logic. 
Table 5.20 shows the output states for all possible breaker conditions.

                    

                    

q See Figure 5.28.

Figure 5.51 Breaker Status and Alarm Logic

Table 5.20 Conditions and Results for the Circuit Breaker Status Logic

Breaker Status
52A01 or 

NOT 52B01
OPH01 52CL01 52AL01

Open 0 1 (no current) 0 0

Closed 1 1 (no current) 1 0

Open 0 0 (current flow) 1 1 (after 5 cyc)

Closed 1 0 (current flow) 1 0

52Ann

OPHnn

Relay
Word
Bits

52CLnn

52ALnn

Relay
Word
Bits

5
CYC 0

CYC

S

R

Q

Set has priority

Alarm Timer

q
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Protection Application Examples

Configuring the system is the most challenging of the many activities associated 
with using the SEL-487B relay. System configuration includes renaming (alias-
ing) terminals and bus-zones, assigning input contacts to selected relay logics, 
declaring terminal-to-bus-zone connections, declaring bus-zone-to-bus-zone con-
nections, configuring bus couplers and check zones, and assigning logics to relay 
outputs. System configuration requires careful consideration of the following 
items because they both influence the number of SEL-487B relays and ordering 
options needed:

➤ primary layout of the substation

➤ choice of protection elements

For example, substations with seven or fewer terminals require only one relay. To 
monitor both 89A and 89B contacts, however, you must equip this relay with the 
correct number of interface boards to ensure an adequate number of input con-
tacts.

The following discussion provides general guidelines and outlines general factors 
that should be considered when using ASCII commands to configure your relay. 
The section also provides application examples for some of the more common 
busbar layouts. Included in this section are the following topics:

➤ Input, Logic, and Output Assigning Process on page 6.2

➤ Relay Differential Element Composition on page 6.3

➤ CT Requirements on page 6.12

➤ Disconnect Requirements on page 6.15

➤ Alias Names on page 6.18

➤ Bus-Zone Configurations on page 6.18

➤ Bus-Zone-to-Bus-Zone Connections on page 6.33

➤ Zone Supervision on page 6.36

➤ Trip Logic on page 6.36

➤ Output Assignments on page 6.37

➤ Summary on page 6.37

➤ Application 1: Single Bus and Tie Breaker (Three Relays) on 
page 6.39

➤ Application 2: Single Bus and Tie Breaker (Single Relay) on 
page 6.60

➤ Application 3: Breaker-and-a-Half on page 6.84

➤ Application 4: Single Bus and Transfer Bus With Bus Coupler on 
page 6.111

➤ Application 5: Double Bus With Bus Coupler on page 6.133

➤ Application 6: Double and Transfer Bus With Two Busbars on 
page 6.156
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➤ Application 7: Double and Transfer Bus (Outboard CTs) on 
page 6.180

➤ Application 8: Double and Transfer Bus (Inboard CTs) on 
page 6.206

Input, Logic, and Output Assigning Process
Figure 6.1 shows a block diagram of the SEL-487B input, logic, and output 
assigning process for system configuration and protection element settings. Digi-
tal input sources include disconnect and breaker auxiliary contacts, breaker fail-
ure initiate signals, and breaker close signals. Current and potential transformers 
provide analog inputs. Use alias settings to assign more meaningful names to 
primitive Relay Word bits and/or analog names, or use the primitive names of the 
input quantities to configure and set the relay. The relay has many ready-made 
logic functions available; however, assign these functions before they become 
operative. System configuration includes terminal-to-bus-zone and bus-zone-to-
bus-zone assignments, zone supervision, and zone-switching supervision set-
tings. Scheme settings include enable settings, differential and sensitive differen-
tial element settings, directional element settings, selected relay logic settings, 
and output assignment.

                    
                    

Figure 6.1 Block Diagram of the Input, Logic, and Output Assigning Process for System Configuration Protection 
Element Settings
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Relay Differential Element Composition
Each SEL-487B accepts as many as 21 current inputs (I01–I21) and then assigns 
these inputs to any of six differential elements (BZ1–BZ6). Figure 6.2 shows a 
block diagram of the arrangement.

                    

Single-Relay Application
Because differential calculations occur on a per-phase basis, each phase of a 
three-phase system must bear a unique identification. Figure 6.3 shows a typical 
single-line diagram of a station consisting of two busbars (NORTH and SOUTH), 
a tie breaker (Z), and four terminals.

                    

Because the station has no more than seven terminals, a single SEL-487B suf-
fices. Figure 6.4 shows the SEL-487B and a three-phase representation of TD, 
one of the terminals at the station.

                    

Figure 6.2 Block Diagram Showing Nine Current Inputs and Six Differential 
Elements

BZ1 BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 
(partial)

Six Differential Elements

21 Analog Current Inputs (only 9 shown)

                    

Figure 6.3 Single-Line Diagram of a Station With Two Busbars and a Tie 
Breaker
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Because differential calculations for each protection zone require an individual 
differential element, assign an individual differential element to each phase. This 
assignment uses three of the available six differential elements in the relay for 
Busbar NORTH. In this example, assign the phases and differential elements as 
shown in Figure 6.5. Each assignment is a software assignment, as indicated by 
the dotted lines; no electrical wires are required.

Assign the A-phase differential element of Busbar NORTH to differential 
element BZ1

Assign the B-phase differential element of Busbar NORTH to differential 
element BZ2

Assign the C-phase differential element of Busbar NORTH to differential 
element BZ3

                    

Figure 6.4 Three-Phase Diagram of Terminal TD, the NORTH Busbar, and the SEL-487B
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To make the bus-zone labels more substation specific, assign the following alias 
names to the bus-zones, as shown in Figure 6.6:

For the A-phase differential element BZ1, assign NORTH_A

For the B-phase differential element BZ2, assign NORTH_B

For the C-phase differential element BZ3, assign NORTH_C

                    

Figure 6.5 A Three-Phase Zone Requires Three Differential Elements
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For the current inputs in a single-relay application, wire A-phase, B-phase, and 
C-phase to adjacent terminal connections such as I01, I02, and I03, as shown in 
Figure 6.7. These connections are copper wires connecting the CTs to the relay.

                    

Figure 6.6 Three Differential Elements With Alias Names for a Three-Phase Bus-Zone in a Single Relay Application
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Reference Figure 6.3 and continue CT connections by wiring the CT inputs from 
TE (I04–I06) and Z1 (tie breaker configured in overlap) to I07–I09. Connect the 
CTs from Z2, TF, and TG, following the same procedure to complete protection 
for both bus-zones.

Digital inputs control the dynamic assignment of input currents to differential 
elements. If you need dynamic zone selection, wire into the relay the auxiliary 
contacts from the disconnect (89), the circuit breaker (52), or any other condi-
tions that must ultimately be considered in the zone selection logic. Figure 6.8 
shows the disconnect and circuit breaker wiring for Terminal TD.

Only the differential elements are enabled for this example. If you need other 
functions such as breaker failure protection, wire those inputs to the relay. You 
need all six zones and all 21 current channels to configure the remaining termi-
nals in the same way. Figure 6.9 shows the complete station analog channel con-
figuration.

                    

Figure 6.7 Three Differential Elements and Three CT Inputs in a Single-Relay Application
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Three-Relay Application
Consider now the same station, configured with three relays instead of one. In the 
three-relay application, a total of 21 current inputs are available. As before, the 
label NORTH in the single-line diagram consists of A-phase, B-phase, and 
C-phase, and each of the three phases is assigned to a differential element. 
NORTH still requires three differential elements, but the application uses one dif-
ferential element from each of the three relays, as shown in Figure 6.10, instead 
of three elements in the same relay.

                    

Figure 6.8 Disconnect and Circuit Breaker Wiring for Terminal TD

                    

Figure 6.9 Complete Station Configuration, Using Two Three-Phase Bus-Zones and All 21 Current Inputs in a Single-
Relay Application
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Instead of wiring A-phase, B-phase, and C-phase to adjacent terminal connec-
tions on the same relay, as with the single-relay application shown in Figure 6.7, 
wire each phase to a separate relay. For example, wire A-phase to the A-Phase 
SEL-487B Terminal I01, B-phase to the B-Phase SEL-487B Terminal I01, and 
C-phase to the C-Phase SEL-487B Terminal I01, as shown in Figure 6.11.

                    

Figure 6.10 One Differential Element From Each of the Three Relays in a Three-Relay Application

Disconnect

Circuit 
Breaker

NORTH

89

NORTH_A

NORTH_B

NORTH_C

NORTH_A BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 

(partial)

21 Analog Current Inputs (only 9 shown)

A-Phase

NORTH_B BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 

(partial)

21 Analog Current Inputs (only 9 shown)

B-Phase

NORTH_C BZ2 BZ3 BZ4 BZ5 BZ6
SEL-487B 

(partial)

21 Analog Current Inputs (only 9 shown)

C-Phase

52



6.10

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Relay Differential Element Composition

                    

Figure 6.12 shows the CT wiring for one of the three relays with all A-phase 
inputs of the station and two bus-zones assigned. B-phase and C-phase relays 
have similar arrangements.

                    

Figure 6.11 CT Wiring in a Three-Relay Application Showing One CT Input to Each of the Three Relays
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Because the differential elements are in three different relays, each of these relays 
must receive the same information from the digital inputs. Figure 6.13 shows 
jumpers between relays for the case where only one 89 contact and one 52 auxil-
iary contact are available.

                    

Figure 6.12 CT Wiring for A-Phase Relay, With All A-Phase Inputs of the Station 
and Two Bus-Zones Assigned
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CT Requirements
CT Connections

Connect all CTs to the relay in wye configuration. The SEL-487B does not 
account for delta-connected CTs.

                    

Figure 6.13 Jumpers Between Relays From Digital Inputs 52 and 89
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CT Sizing
Sizing a CT to avoid saturation for maximum asymmetrical fault current is ideal 
but not always possible. Such sizing requires CTs with C voltage ratings greater 
than (1 + X/R) times the burden voltage for the maximum symmetrical fault cur-
rent, where X/R is the reactance-to-resistance ratio of the primary system.

As a rule of thumb, CT performance will be satisfactory if the CT secondary 
maximum symmetrical external fault current multiplied by the total secondary 
burden in ohms is less than half the C voltage rating of the CT.

For correct operation, the relay algorithm requires that the CTs not saturate for 
2 ms following an external fault inception. The IEEE Document C37.110 Guide 
for the Application of Current Transformers Used for Protective Relaying Pur-
poses contains guidelines that will provide a conservative recommendation of the 
proper CT characteristics needed for low impedance bus differential protection 
using the SEL-487B. SEL also offers an executable CT saturation program called 
SEL Two_CTs to assist in determining the CT performance. This program is 
available on the SEL-400 Series Product Literature DVD.

CT Ratio Selection
For installations with different CT ratios, be sure that the highest/lowest CT ratio 
does not exceed 10. The SEL-487B selects the highest CT ratio and calculates 
settings TAP01–TAP21, provided that the ratio TAPMAX/TAPMIN is less than or 
equal to 10. If the ratio TAPMAX/TAPMIN is greater than 10, select a different CT 
ratio.

CT Grounding
Because each of the 21 current channels is independent, be sure to apply a ground 
to each set of three CTs forming the current input from each terminal. Such 
grounding connections are usually in the form of short jumpers on the rear of the 
relay that together create a common connection among terminals. For example, 
in a three-relay application that uses all 21 terminals, apply 20 jumpers to create a 
common ground connection point (a single-relay that uses all 21 terminals 
requires 6 jumpers). Then connect this common point at one location to the sta-
tion ground mat. Be sure to make ground connections in accordance with ANSI/
IEEE C57.13.3-1983.

Polarity
IEEE Std C37.110-1996 provides the following definition of polarity:

The designation of the relative instantaneous directions of the currents enter-
ing the primary terminals and leaving the secondary terminals during most 
of each half cycle. Primary and secondary terminals are said to have the 
same polarity when, at a given instant during most of each cycle, the current 
enters the identified, similarly marked primary lead and leaves the identified, 
similarly marked secondary terminals in the same direction, as though the 
two terminals formed a continuous circuit.

Figure 6.14 shows some of the common polarity marks used to indicate CT 
polarity.
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Polarity marks are also declared on the relay analog input terminals as dots above 
the relay terminal, as shown in Figure 6.15. 

                    

Guideline for Establishing CT Polarity
Configure a CT to have a positive polarity when the primary current entering the 
zone of protection is in phase with the secondary current entering the polarity 
marked terminal on the relay. Because CTs are commonly positioned to point 
toward the zone of protection, secondary connections are generally polarity-to-
polarity or “dot-to-dot.” If a CT points away from the zone of protection, apply a 
polarity-to-nonpolarity connection to continue a positive convention. This results 
in positive polarity declarations for all CTs in software.

If a single CT has two zone boundaries or is shared by an adjacent zone, you can-
not use a positive convention for both zones. In this case, configure the CT polar-
ity to be negative for the non-conforming zone.

Figure 6.16 and Figure 6.17 show examples for determining polarity.

                    

                    

Figure 6.14 Polarity Marks

                    

Figure 6.15 Polarity Marks Above the Odd-Numbered CT Terminals at the Rear 
of the Relay
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Figure 6.16 Declare Positive Polarity in Software (Preferred)
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For simplicity, all application examples in this manual assume polarity-to-
polarity connections between the CTs and relay.

Disconnect Requirements
Disconnect auxiliary contacts provide Zone Selection Logic with the information 
required to dynamically assign the appropriate current inputs to the correct differ-
ential elements. To ensure correct differential element operation, the contacts 
must comply with the requirements listed in Table 6.1.

                    

Figure 6.18 shows the disconnect auxiliary contact requirements with respect to 
the arcing point. The position of 0% travel in Figure 6.18 indicates the position 
when the main contacts are fully open, and the 100% position indicates when the 
main contacts are fully closed.

                    

When both 89A and 89B contacts are available, use the disconnect monitoring 
logic in the SEL-487B to establish the principle of

(disconnect) NOT OPEN = (disconnect) CLOSED

                    

Figure 6.17 Declare Negative Polarity in Software
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Table 6.1 Disconnect Auxiliary Contact Requirements to Ensure Correct 
Differential Element Operation

Operation Requirement

From disconnect open to 
disconnect close operation

Assign the currents to the applicable differential element before 
the disconnect reaches the “arcing” point, the point where pri-
mary current starts to flow.

From disconnect close to 
disconnect open operation

Remove the current from the applicable differential element only 
once the disconnect has passed the “arcing” point, the point 
where primary current has stopped flowing.

                    

Figure 6.18 Disconnect Auxiliary Contact Requirements With Respect to the 
Arcing Point for an Open-to-Close Disconnect Operation
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Applying this principle, the relay properly coordinates the primary current flow 
and the CT current assignment to the appropriate differential element. When both 
89A and 89B disconnect auxiliary contacts are available, use the disconnect mon-
itoring logic to monitor the disconnect operating time and disconnect status. 
Table 6.2 shows the four possible disconnect auxiliary contact combinations and 
the way the relay interprets these combinations.

                    

Table 6.2 (Disconnect Status column) shows that the output from the disconnect 
monitor logic interprets the disconnect as always closed, except for Case 2. With 
this interpretation, the relay assigns the input currents to the applicable differen-
tial elements for Case 1, Case 3, and Case 4. The following discussion considers 
the four cases in more detail.

Disconnect Open to Close Operation
Figure 6.19 shows the disconnect main contact starting to travel in an open-to-
close operation. Auxiliary contact B is still closed, and auxiliary contact A is 
open. Table 6.2 shows this as Case 2; the disconnect is considered open, and the 
current is removed from all differential elements. This is the only combination of 
auxiliary contacts for which the relay considers the disconnect main contacts to 
be open.

                    

Intermediate Position 
Figure 6.20 shows the intermediate position (Case 1 in Table 6.2) in a disconnect 
open-to-close operation, with both A and B auxiliary contacts open for a period 
of time. Enter this time duration as the disconnect switch alarm timer setting 
value (89ALPnn). By choosing the auxiliary contacts that will change status as 
soon as disconnect travel starts and close only near the end of travel, the interme-
diate position time duration can be accurately measured. Should the disconnect 

Table 6.2 Disconnect A and B Auxiliary Contact Status Interpretation

Case 89A01 89B01 Disconnect Status (89 CLnn)

1 0 0 Closed (1)

2 0 1 Open (0)

3 1 0 Closed (1)

4 1 1 Closed (1)

                    

Figure 6.19 Disconnect Main Contacts and Auxiliary Contact A Open, Auxiliary 
Contact B Closed; Disconnect Is Considered Open
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remain in the intermediate position for longer than the 89ALPnn (nn = 1–60) 
time setting, the disconnect switch alarm timer expires and asserts 89ALnn, the 
disconnect monitor alarm. 

NOTE: The relay includes 60 alarm 
timers that provide individual time 
settings for 60 disconnect logic 
circuits. These individual timers are 
useful in installations where the 
disconnect travel times differ 
substantially. In particular, 
sequentially operated devices 
(pantographs, for example) have 
travel times much longer than normal 
disconnects. Relay Word bit 89OIP 
represents the OR combination of 
Relay Word bits 89OIP01–89OIP60, 
and Relay Word bit 89AL is 
respectively the OR combination of 
Relay Word bits 89AL01–89AL60.

                    

When auxiliary contact B opens, the disconnect is considered closed (Case 1 in 
Table 6.2). When the disconnect is considered closed, the CT currents are 
assigned to applicable differential elements, and the disconnect switch alarm 
timer starts to time. Because disconnect auxiliary contact B opens well in 
advance of the arcing point, the CT currents are assigned to applicable differen-
tial elements before primary current flows.

Auxiliary Contact A Closes
Figure 6.21 shows contact status after auxiliary contact A closes, with the main 
contact past the arcing point and approaching the end of the close operation.

                    

When the A contact closes, the disconnect switch alarm timer stops and the Dis-
connect Monitoring Logic considers the disconnect main contact to be closed.

Disconnect Open and Closed Simultaneously
Case 4 is an illegitimate condition, with the disconnect auxiliary contacts show-
ing the disconnect main contact to be open and closed simultaneously. Timer 
89ALPnn times for this condition and asserts Relay Word bit 89ALnn when the 

                    

Figure 6.20 Intermediate Position With Both Auxiliary Contacts Open; the 
Disconnect Is Considered Closed
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Figure 6.21 The Main Contact Has Completed 95% of Travel; Contact A Is 
Closed, Contact B Is Open, and the Disconnect Is Considered Closed
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disconnect auxiliary contacts remain in this condition for a period exceeding the 
timer setting. The relay considers the disconnect main contact closed during this 
period, and the CTs are considered in the differential calculations.

Close-to-Open Operation
For the close-to-open operation, CT currents must remain assigned to the differ-
ential elements for as long as primary current flows. When the auxiliary 
contact A opens (Case 1), we again enter the intermediate position, as depicted in 
Figure 6.20. In the intermediate position, the CT currents are still assigned to the 
differential elements, and the disconnect switch alarm timer (89ALnn) starts to 
time. Only when auxiliary contact B closes (Figure 6.19) are the CT currents 
removed from the differential elements, which are safely past the arcing point.

Many disconnect switches provide only auxiliary contact B. Table 6.3 shows the 
two possible disconnect auxiliary contact positions and status interpretations.

                    

Alias Names
Any Relay Word bit, analog quantity, or default terminal name can be renamed 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. See the description in Alias Settings on page 12.25 in the 
SEL-400 Series Relays Instruction Manual for more details.

Bus-Zone Configurations
Dynamic zone selection is the process the relay uses to assign or remove CT cur-
rents from the differential elements as a function of the Boolean value (logical 0 
or logical 1) of a particular SELOGIC control equation. The SELOGIC control 
equation is a setting in the form of InnBZkC and InnBZkV (nn = 01–21, and 
k = 1–6). When setting SELOGIC control equations, use a separate SELOGIC con-
trol equation for each busbar to which the terminal can connect.

NOTE: In Quickset, the Terminal-to-
Bus-Zone connection setting, 
InnBZkC, is broken down into two 
setting: CTnnBZk and TBZPx (x = 1–
126). CTnnBZk enables Terminal nn to 
be connected to Bus-Zone k. TBZPx 
sets the polarity of the Terminal nn to 
Bus-Zone k connection.

In general, a terminal can be identified as either a normal terminal (feeders, lines, 
transformers, etc.) or as a tie breaker (bus coupler). For terminals, typical inputs 
are disconnect auxiliary contacts and, in some cases, circuit breaker auxiliary 
contacts. Bus couplers have specific logic and configuration options that require 
inputs in addition to disconnect and circuit breaker auxiliary contacts to ensure 
security and dependability.

When configuring bus-zone protection, the goal is to accomplish the following:

➤ Protect the busbars for all operating conditions

➤ Eliminate all dead zones

➤ Open the minimum number of breakers when tripping

Table 6.3 Disconnect Auxiliary Contact Status Interpretation When Only 
Auxiliary Contact B Is Available

89B01 Disconnect Position

0 Closed

1 Open
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➤ Implement the check zone without disconnect supervision, if a check 
zone is required

When the terminal-to-bus-zone SELOGIC control equation (InnBZkV Terminal to 
Bus Connection Logic) is logical 0, differential calculations do not consider the 
CT inputs from that specific terminal, and no trip outputs from the differential 
elements are issued to that terminal. Of particular concern are instances when 
more than one disconnect for any particular terminal are closed at the same time. 
When this happens, parallel paths form, possibly resulting in the unbalance of 
multiple zones, as shown in Figure 6.22 and Figure 6.23. Under balanced condi-
tions, the current toward the busbars equals the current away from the busbars, 
and the differential current in any differential element is practically zero.

In practice, the most popular implementation for preventing misoperation when 
parallel paths form is to combine the parallel paths into a single zone and route 
the CTs to a single differential element. Another option is to use a check zone by 
combining all terminals at a specific voltage level into a single zone independent 
of the terminal-to-bus-zone SELOGIC control equations. Using the check zone as 
a second trip criterion prevents relay misoperation in the case of parallel paths.

In general, apply the following rules when setting terminal-to-bus-zone SELOGIC 
control equations:

➤ Observe the correct CT polarity

➤ Avoid parallel operating conditions

➤ When parallel paths are unavoidable, take necessary precautions

Two situations exist where parallel paths are unavoidable: when two disconnects 
are closed simultaneously and when using inboard (bushing) CTs.

Two Disconnects Closed Simultaneously
Figure 6.22 shows a double busbar layout in which two disconnects can be closed 
simultaneously. With the tie breaker (TZ) connected in overlap, CT1 and CT2 
form Differential Element 1, and CT3 and CT4 form Differential Element 2. 
There are no parallel paths in Figure 6.22, and both differential elements are bal-
anced. Calculate the differential currents with the following expression:

                    

Equation 6.1

                    

where:

IDIFF1 = The differential current calculated in Differential Element 1

In = CT currents from the n terminals assigned to Differential Ele-
ment 1

IDIFF1   In
1

n

=
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Closing 891_TA in Figure 6.23 forms a parallel path between the two busbars, 
and both differential elements are unbalanced. 

                    

Figure 6.22 Both Differential Elements Balanced
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To prevent misoperation, combine the two bus-zones by stating the conditions 
governing the combinations during setting of bus-zones-to-bus-zones connec-
tions. When using bushing (inboard) CTs, combining bus-zones involves includ-
ing a circuit breaker as part of the connection. You can include a circuit breaker 
provided that the circuit breaker auxiliary contact is wired to the relay and 
included in the bus-zones-to-bus-zones settings.

Inboard (Bushing) CTs
Figure 6.24 shows an outboard CT, and Figure 6.25 shows an inboard CT. Defin-
ing a CT as inboard or outboard only has meaning when a terminal is on transfer. 
To define the terms, refer to the area between the circuit breaker and the CT, and 
determine the connection to the transfer bus.

➤ Outboard CT: the connection to the transfer bus is between the circuit 
breaker and the CT (Figure 6.24).

➤ Inboard CT: the connection to the transfer bus is not between the 
circuit breaker and the CT (Figure 6.25).

                    

Figure 6.23 Both Differential Elements Unbalanced
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Figure 6.24 Outboard CT

                    

Figure 6.25 Inboard CT
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Bushing CTs (typically the source of inboard CTs) present two difficulties to bus 
protection when a terminal is on transfer:

➤ A transfer differential zone cannot be formed because of a lack of CT 
inputs.

➤ The check zone is unbalanced.

Not having a transfer differential zone is not a major problem if it is understood 
that the transfer busbar becomes part of the line and forms part of the line protec-
tion when a terminal is on transfer. However, the unbalanced check zone usually 
necessitates blocking busbar protection when a terminal is on transfer.

Example of Check Zone With In-Board (Bushing) CTs
Instead of blocking the check zone protection when a terminal is on transfer, you 
can use the Advance Check Zone function to include a terminal from the bus cou-
pler in the check zone differential element calculations. Although this approach 
deviates from the practice of having the check zone CTs independent of discon-
nect auxiliary contacts, it provides an opportunity to still have a check zone for 
in-board CT applications. Figure 6.26 shows an example of an application with 
in-board CTs that includes a check zone. In Figure 6.26, Feeder 1 connects to 
Bus 1 (i.e., not on transfer). Under these conditions, Zone 1 (formed by I01 and 
I03), Zone 2 (formed by I02 and I04), and the check zone (formed by I01 and 
I04) are all balanced.

                    

In Figure 6.27, Feeder 1 connects to the Transfer busbar. When Feeder 1 con-
nects to the Transfer busbar, note the following conditions:

1. Line CT I01 of Feeder 1 is no longer in the circuit.

2. Without I01, the current to balance I03 is missing, resulting in an 
unbalanced Zone 1.

3. Without I01, the current to balance I04 is missing, resulting in an 
unbalanced check zone.

4. I02 and I04 are still available so that Zone 2 is balanced.

                    

Figure 6.26 Normal Operating Conditions
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To balance Zone 1, we need to remove I03 from the Zone 1 differential element 
calculations. You can remove I03 with existing settings; either by means of the 
Terminal-to-Bus-Zone settings, or by means of the Zone Supervision settings 
(see Application 6: Double and Transfer Bus With Two Busbars on page 6.156).

To balance the Check Zone, we need to add I02 to the Check Zone differential 
element calculations by means of the Advanced Check Zone settings. The steps 
are as follows:

1. Include I02 in the Terminal to Check Zone Connection settings.

2. Use the Advanced Check Zone settings to remove I02 from the 
Check Zone differential element calculations, except when Feeder 1 
is on transfer.

Following is an example of how to use the Advance Check Zone function to bal-
ance the Check Zone for this application.

NOTE: In Quickset, these settings are 
made in Group > Zone Configuration > 
Check Zone Configuration > Terminal nn to 
Check Zone Connections. 

                    

Table 6.4 discusses the settings mentioned above. Please pay close attention to 
the comments mentioned in Step 4.

                    

Figure 6.27 Feeder With Inboard CTs
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Check Zone Configuration

Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y <Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I01 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I02 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P <Enter>
Terminal, Check-Zone, Polarity (P,N)
?  <Enter>
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? Y <Enter>
Include coupler 1 in check zone 1 (SELogic Eq.)
CZ11R := NA
?  89CL04 <Enter>
Terminal associated with coupler 1 in CZ1 (Inn)      CZ11M   :=        ?I02 <Enter>
Include coupler 2 in check zone 1 (SELogic Eq.)
CZ12R := NA
?END <Enter>
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Table 6.5 shows the settings for the Advance Check Zone.

                    

Terminal Configurations
In essence, busbar protection is assigning the correct CT currents to the appropri-
ate differential elements. Disconnect auxiliary contacts provide the information 
necessary for busbar protection, and breaker auxiliary contacts provide the 
breaker status for refining the protection. SELOGIC control equations provide the 
mechanism for declaring the conditions when the currents are assigned to the 
appropriate differential elements. Entering data in the relay requires two steps. 
The first identifies the terminal and attributes, and the second involves creation of 
the SELOGIC control equation stating the conditions for the CTs to be considered 
in the differential calculation. Bus couplers (tie breakers) require more condition 
information when two or more bus-zones are combined.

Step 1. Identify the terminal, the bus-zone to which the terminal can connect, 
and the CT polarity when this connection is made.

The following is the relay prompt for the Step 1 entry:

                    

Table 6.4 Discussion of the Advanced Check Zone Settings

Step Number Setting Comment

Step 1 ECHKZN  := Y Enable the three Check Zones.

Step 2 Terminal, Check-Zone, Polarity 
(P,N) ?  I02 CZ1 P <Enter>

This is the non-conventional setting. Here we add the bus coupler CT to the 
Check Zone. This is the first part of the solution. Under normal operating con-
ditions (when no terminal is on transfer) the bus coupler CTs must be 
EXCLUDED from the Check Zone differential element calculations. You 
MUST complete the second part of this setting under the Advance Check Zone 
Settings.

Step 3 EADVCZ := Y Enable the Advance Check Zone Settings.

Step 4 Include coupler 1 in check 
zone 1 (SELogic Eq.)

CZ11R := NA ?  89CL04 <Enter>

This is the second part of the solution. CZ11R is similar to the Terminal to Bus-
Zone Connections (i.e., here is where you enter the conditions when the bus 
coupler CT must be included in the Check Zone differential element calcula-
tions). Assuming you assigned Disconnect Logic 89CL04 to the Transfer Dis-
connect for I02, enter 89CL04.

CZ11R defeats the Check zone setting of Step 2. This means that, although the 
list of Check Zone terminals (Step 2) includes I02, I02 is only included in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Step 5 CZ11M := I02 Enter the bus coupler terminal (I02 in this example) you want to include in the 
Check Zone differential element calculations when CZ11R evaluates to logical 1.

Table 6.5 Advance Check Zone Settings

Label Prompt Default Value

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqR Include Coupler q in Check Zone p (SELOGIC Eq.) NA

CZpqM Terminal associated with Coupler q in CZp (Inn)

Terminal, Bus-Zone, Polarity (P,N)

?
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Step 2. State the conditions when Terminal will be connected to the Bus-
Zone:

I01BZ2V :=

Think of Terminal as the CT of that particular terminal and Bus-
Zone as the busbar to which the CT will be connected for differential 
and restraint current calculations. In other words, assign the CT 
(Terminal) to busbar (Bus-Zone) under the following conditions: 
I01BZ2V := <conditions>.

Figure 6.28 shows Terminal NEW_YRK. The differential calculations consider 
the CT when disconnect NEW891 closes to complete the connection to Bus-Zone 
NORTH.

                    

Step 3. Enter the data as follows:

                    

Entering incorrect information may result in relay misoperation. To 
reduce potential entry of incorrect information, the relay provides a 
double check to verify that terminal and bus-zone connections are 
indeed as intended. The next prompt has two parts:

➢ The relay states terminal and bus-zone alias names just entered.

➢ The relay generates a prompt with the primitive terminal and 
bus-zone names.

Thus, the prompt now appears as follows:

                    

                    

Figure 6.28 Terminal NEW_YRK Disconnects NEW892 and NEW891 and Bus-
Zone NORTH

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := 

NORTH

NEW891

NEW892

NEW_YRK

52
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Step 4. Enter the conditions under which Terminal NEW_YRK is to be 
assigned to Busbar NORTH by specifying the particular disconnect 
(89) auxiliary contact that will connect the terminal to the busbar.

For example, when Disconnect NEW891 is closed, Terminal 
NEW_YRK is connected to Busbar NORTH. A Terminal, Bus-Zone, 
Polarity (P, N), and I01BZ1V setting is required for each 89 contact 
that results in a terminal-to-busbar connection. Consider a terminal 
that can be connected to Busbar 1, Busbar 2, and the transfer bus. 
Because the terminal connects to three busbars, provide terminal-to-
bus-zone (Terminal, Bus-Zone, Polarity) and conditions for 
consideration in the differential calculations [I01BZnV (n = 3)] for 
each of the three busbars.

Step 5. Enter the following settings for Terminal NEW_YRK:

                    

Entries here assign CT currents to differential elements. Take care to 
first investigate the position of the CT for each entry. For example, 
refer to Figure 6.24, and observe that regardless of which disconnect 
closes (A891, A892 or A898), current always flows through the CT. 
This is not the case with inboard CTs; closing B898 in Figure 6.25 
bypasses the CT, and no current flows in the inboard CT.

Step 6. Determine the CT polarity, assuming a polarity-to-polarity 
connection. Figure 6.29 shows that the CT polarity is positive.

                    

Step 7. Omit the final argument if the CT polarity is positive. For example,

                    

has the same meaning as

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Terminal Bus-Zone 
Connections > Terminal 1 To Bus-Zone Connections. Set CT01BZ1 = Y, 
TBZP1 = P, and I01BZ1V = NEW891. NEW_YRK and NORTH are automati-
cally populated into the TBZT1 and TBZB1 fields as the alias names for I01 and 
BZ1. 

NEW_YRK to NORTH Connection (SELogic Equation)

I01BZ1V := NEW891 <Enter>

                    

Figure 6.29 Positive CT Polarity for Terminal NEW_YRK

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH,P <Enter>

Terminal, Bus-Zone, Polarity (P,N)

?NEW_YRK,NORTH <Enter>

NORTH

NEW891

NEW892

NEW_YRK

52
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Bus Coupler (Tie Breaker) Configurations
In general, bus couplers are usually configured according to one of the three 
cases shown in Figure 6.31:

➤ Case 1: Single CT, single or two cores (two cores shown) with 
overlap

➤ Case 2: CT either side of the breaker, configured in overlap

➤ Case 3: CT either side of the breaker with breaker differential

                    

A discussion on how to set the three configurations follows.

Label all CTs as indicated in Figure 6.32 (i.e., CPL1 and CPL2) with the under-
standing that CPL1 is wired to Terminal I01, and CPL2 to Terminal I02 of the 
SEL-487B.

                    

Figure 6.30 Terminal to Bus-Zone Connections Screen

                    

Figure 6.31 Three Typical Cases of Bus Coupler Configurations
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Case 1: Single CT, Single or Two Cores (Two Cores Shown) With Overlap
Step 1. For an overlap, establish the following relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminal CPL1, assuming a polarity-to-
polarity connection. Figure 6.33 shows that the polarity of Terminal 
CPL1 is negative.

                    

Step 3. Determine the polarity of Terminal CPL2, assuming a polarity-to-
polarity connection. Figure 6.34 shows that the polarity of Terminal 
CPL2 is positive.

                    

Figure 6.32 General Information Regarding the Three Typical Bus Coupler 
Configurations
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Figure 6.33 Negative CT Polarity for Terminal CPL1
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Step 4. Figure 6.35 shows an extract from the SET Z 1 ASCII command in 
determining the terminal-to-bus-zone settings in the relay.

                    

This concludes the Case 1 configuration.

Case 2: CT Either Side of the Breaker, Configured in Overlap
Step 1. As we did before for an overlap, establish the following 

relationships:

➢ CPL1 and SOUTH when CPL891 is closed

➢ CPL2 and NORTH when CPL892 is closed

Step 2. Determine the polarity of Terminals CPL1 and CPL2, assuming 
polarity-to-polarity connections. Figure 6.36 shows that the polarities 
of Terminals CPL1 and CPL2 are positive.

                    

Figure 6.34 Positive CT Polarity for Terminal CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,N <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL2 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.35 Using the SET Z 1 Command to Determine Terminal-to-Bus-Zone 
Settings
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Figure 6.37 shows an extract from use of the SET Z 1 ASCII command to set the 
terminal-to-bus-zone settings in the relay.

                    

This concludes the configuration for Case 2.

Case 3: CT Either Side of the Breaker With Breaker Differential
Step 1. Use one of the six available differential elements to configure the 

breaker differential.

For the bus coupler in the example, three differential elements are 
required; the third differential element covers only the common area 
between the two CTs.

In addition to the breaker differential, configure the same CTs (CPL1 
and CPL2) to balance SOUTH and NORTH. For the breaker 
differential, establish the following relationships:

For balancing SOUTH and NORTH:

➣ CPL1 and NORTH when CPL892 is closed

➣ CPL2 and SOUTH when CPL891 is closed

For the breaker differential:

➣ CPL1 and ZONE3 when CPL891 or CPL892 is closed

➣ CPL2 and ZONE3 when CPL891 or CPL892 is closed

                    

Figure 6.36 Positive CT Polarity for Both Terminals CPL1 and CPL2

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,SOUTH,P <Enter>
CPL1 to SOUTH Connection (SELogic Equation)
I01BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,NORTH,P <Enter>
CPL21 to NORTH Connection (SELogic Equation)
I02BZ1V := CPL892 <Enter> 

Figure 6.37 Using the SET Z 1 Command to Set the Terminal-to-Bus-Zone 
Settings
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Considering both Terminals CPL1 and CPL2, we determine that both 
polarities are negative, when we balance SOUTH and NORTH, as 
shown in Figure 6.38.

                    

Step 2. Determine the polarity of Terminals CPL1 and CPL2 for the breaker 
differential (ZONE3), assuming polarity-to-polarity connections. 
Figure 6.39 shows that the polarities of Terminals CPL1 and CPL2 
for the breaker differential are positive.

                    

                    

Figure 6.38 Negative CT Polarities for Both Terminals CPL1 and CPL2 When 
Balancing SOUTH and NORTH

                    

Figure 6.39 Positive CT Polarities for Both Terminals CPL1 and CPL2 for the 
Breaker Differential
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Figure 6.40 shows the entries for Terminals CPL1 and CPL2.

                    

Bus-Zone-to-Bus-Zone Connections
Bus-zone-to-bus-zone settings are used only when bus-zone-to-bus-zone connec-
tions are formed between two or more busbars, particularly when the connection 
is formed without a circuit breaker between the busbars. For example, closing 
disconnects D891 and D892 in Figure 6.41 forms a solid connection between 
NORTH and SOUTH, and there is no circuit breaker between the busbars.

                    

Terminal, Bus-Zone, Polarity (P,N)
? CPL1,NORTH,N <Enter>
CPL1 to NORTH Connection (SELogic Equation)
I01BZ1V := CPL892 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL1,ZONE3,P <Enter>
CPL1 to ZONE3 Connection (SELogic Equation)
I01BZ3V := CPL891 OR CPL892 <Enter> 
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,SOUTH,N <Enter>
CPL2 to SOUTH Connection (SELogic Equation)
I02BZ2V := CPL891 <Enter>   
Terminal, Bus-Zone, Polarity (P,N)
? CPL2,ZONE3,P <Enter>
CPL2 to ZONE3 Connection (SELogic Equation)
I02BZ3V := CPL891 OR CPL892 <Enter>

Figure 6.40 Entries for Terminals CPL1 and CPL2

                    

Figure 6.41 Forming Bus-Zone-to-Bus-Zone Connections With and Without a 
Circuit Breaker
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By contrast, closing E892 and E898 or E891, E892, and E898 also forms a con-
nection between Busbar 1 and Busbar 2, but now there exists a circuit breaker 
between the busbars, namely the Terminal E circuit breaker. The significance of 
the bus-zone-to-bus-zone connection is twofold.

➤ Both differential zones (SOUTH and NORTH) must operate when a 
fault develops on either zone during the time when the two 
differential zones are connected via disconnects D891 and D892 (or 
similar connections).

➤ Parallel paths are formed, and both differential zones may be 
unbalanced (see Figure 6.23).

When two bus-zones are combined, bus coupler CTs are redundant and are 
removed from the differential calculations.

One protection philosophy requires the tripping of only those circuit breakers that 
can contribute fault current to optimize breaker maintenance. However, there is 
also the protection philosophy that requires all breakers in the faulted differential 
zone to be tripped. To satisfy both protection philosophies, the SEL-487B offers 
the choice of leaving the bus coupler closed or issuing a trip signal. The first 
prompt in this group asks you for the two busbars that will be combined.

Step 1. From Figure 6.41, we see that we would enter SOUTH and NORTH 
at the prompt (without spaces between the differential zone names or 
the comma).

                    

Step 2. Next, the SELOGIC control equation that declares the digital input 
conditions which must be a logical 1 for the relay to recognize the 
combination of SOUTH and NORTH. Again, the relay states the 
names you enter and then generates a prompt with the primitive 
names as a double check.

List all of the several possible combinations, separating each 
combination with the OR function. From Figure 6.41, NORTH and 
SOUTH are combined when D891 and D892 are closed, or when 
E891 and E892 are closed:

                    

NOTE: When the bus-zone-to-bus- 
zone SELOGIC control equation 
includes the circuit breaker, be sure to 
also include the breaker auxiliary 
contact status (not only the 
disconnect status) to ensure separate 
bus-zones when the circuit breaker is 
open.

This setting identifies the particular differential zones that can be 
combined and the conditions under which this combination can take 
place.

Step 3. The next setting allows you to select a subset of the conditions stated 
in the previous setting. In the present example, there is no subset, and 
the setting is a repeat of the previous setting.

                    

Step 4. Next, state the terminals to be removed when the two differential 
zones are combined. In most cases, these terminals are the bus 
coupler CTs, as is the case in Figure 6.41. You would, therefore, 
enter the bus coupler terminal names at the prompt.

Bus-Zone,Bus-Zone?

SOUTH,NORTH <Enter>

SOUTH to NORTH Connection (SELogic Equation)

BZ1BZ2V := (D891 AND D892) OR (E891 AND E892) <Enter> 

Remove Terminals when NORTH and SOUTH Bus-Zones merge (SELogic Equation)
BZ1BZ2R := NA

?  (D891 AND D892) OR (E891 AND E892) <Enter>
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Step 5. To end this group, select whether the bus coupler must be tripped (Y) 
when a fault occurs in the combined protection zone during the time 
when the two bus-zones are merged, or whether the bus coupler must 
not be issued a trip signal (N). Again, as a double check, the relay 
states the primitive names of the terminals that must be removed:

                    

In Quickset, go to Group 1 > Zone Configuration 1 > Bus-Zone to Bus-Zone 
Connections > Bus-Zone to Bus-Zone Connections Blocks 1–5. Set 
CBZ1BZ2 = Y, BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), 
BZ1BZ2V = (D891 AND D892) OR (E891 AND E892), CPT11 = CPL1, 
CPT21 = CPL2, and BZBZT1 = Y. NORTH and SOUTH are automatically popu-
lated into the BZBZ11 and BZBZ21 fields as the alias names for BZ1 and BZ2.

                    

Terminals Removed when NORTH and SOUTH Bus-Zone merge (Ter k,...,Ter n)
BZ1BZ2M :=

?CPL1,CPL2 <Enter>

Trip Terminals CPL1, CPL2 (Y,N)
BZ1BZ2T := N

?  Y <Enter>

                    

Figure 6.42 Bus-Zone to Bus-Zone Blocks 1–5
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Zone Supervision
This is the final check before a bus-zone trip (87Z1) is issued for each of the six 
differential zones. Figure 6.43 shows the relay logic for this function, where the 
output from the differential calculations (87R1) is ANDed with the zone supervi-
sion conditions. See Section 5: Protection Functions for more information.

                    

This is a good place to include the overall check zone differential element output, 
if one was configured.

Assume Check Zone 1 was configured. Enter the following to include the check 
zone.

                    

Trip Logic
Figure 6.44 shows the steps necessary for assigning protection functions to the 
trip logic.

Make sure all selected protection functions appear in the trip equation.

For example, having selected the breaker failure protection, assign the output 
from this logic to the output contact, or the contact will not assert when the 
breaker failure protection operates. For Terminal I06 wired to OUT201, the fol-
lowing includes differential protection, internal breaker failure protection, and 
time-overcurrent protection.

                    

                    

Figure 6.43 Zone Supervision Logic

Z1S:= 87CZ1 <Enter>

87R1

Z1S
87Z1

=>>SET TR06 <Enter>
Group 1
Trip Logic
Trip 06 (SELogic Equation)
TR06 := NA
?  87BTR06 OR SBFTR06 OR 51P01T <Enter>
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?  END <Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.44 Assign the Protection Functions to the Trip Logic
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Output Assignments
Figure 6.45 shows the steps necessary for assigning the output from the trip logic 
(TRIP06) to output contact OUT201.

                    

Summary
In general, system configuration can be summarized in the four-step approach 
shown in Figure 6.46. Use the worksheets provided on the SEL-400 Series Prod-
uct Literature DVD to collect and organize the data before configuring and set-
ting the relay.

                    

Step 1. Assess your station and select appropriate protection functions.

Inspect the substation layout to make the appropriate selection in 
terms of number of bus-zones, number of terminals, CT ratio 
mismatch, I/O count, etc.

As for protection functions, decide whether to use internal or external 
breaker failure protection, breaker differential, or an overlap coupler 
CT application (if two sets of CTs are available), etc.

Step 2. Assign alias names.

Because configuration settings use terminal names, assign alias 
names at this point.

Step 3. Configure your system.

Entries here determine the CT/differential element assignment with 
the terminal-to-bus-zone and bus-zone-to-bus-zone settings, while 
zone supervision and zone-switching supervision provide for 
additional control and information.

=>>SET O OUT201 <Enter>
Output
Interface Board #1
OUT201 := NA
?  TRIP06 <Enter>
OUT202 := NA
?  END <Enter>
Output
Main Board
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.45 Assigning the Output From the Trip Logic to an Output Contact

                    

Figure 6.46 Information Flow Diagram

Configuration:
Terminal-to-Bus-Zone
Bus-Zone-to-Bus-Zone
Zone Supervision
Zone Switching       
 Supervision

Alias Assignments:
IN206,
BER891, I03, FDR1

Outputs:
TR01 := 87BTR01
OUT301 := TRIP09

Station 
Assessment

Protection 
Function Selection

+
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Step 4. Assign outputs.

For each terminal, select the relay functions for which the terminal 
will be issued a trip signal.

Use Table 6.6–Table 6.11 to assist with Step 1 of the configuration process.

                    

                    

                    

                    

Table 6.6 Primary Plant Data 

Items Requirement for Your Plant

Number of terminals (maximum 21)

Number of busbars (maximum 6)

Number of main zones (maximum 6)

Number of check zones (maximum 3)

Number of bus couplers or tie breakers (maximum 4)a

a Mutually exclusive; sum of bus couplers and bus sections cannot exceed four.

Inboard CTs (Y,N)

Maximum/minimum CT ratio

Table 6.7 Data for Bus Coupler 1 and Bus Coupler 2

Bus Coupler 1 Data Bus Coupler 2 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.8 Data for Bus Coupler 3 and Bus Coupler 4 

Bus Coupler 3 Data Bus Coupler 4 Data

Number of CTs Number of CTs

Overlap or differential Overlap or differential

Coupler security logic? Y, Na

a Allocate independent optoisolated inputs to the selected logic.

Coupler security logic? Y, Na

Breaker status logic? Y, Nb

b Allocate one grouped optoisolated input to the selected logic for each logic.

Breaker status logic? Y, Nb

Table 6.9 Disconnect, Breaker, and Input Data

Items Requirement for Your Plant

Number of 89A (N/O) contacts?a

a Allocate independent optoisolated inputs to the selected logic.

Number of 89B (N/C) contacts?a

Disconnect Monitoring Logic? (maximum 60)

Zone-Switching Supervision Logic?

Number of 52A contacts
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Application 1: Single Bus and Tie Breaker (Three Relays)
This application describes the busbar arrangement shown in Figure 6.47, a single 
bus with bus sectionalizer (tie breaker), three-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Table 6.10 Breaker Failure Data

Items Requirement for Your Plant

Number of internal breaker failure circuits

Number of external breaker failure circuits

Additional security?a

a Allocate independent optoisolated inputs to the selected logic.

Table 6.11 End-Zone Protection

Items Requirement for Your Plant

Number of 52A (N/O) contacts?a

a Allocate this number of common optoisolated input contacts.

Number of communication outputs required?b

b Allocate this number of independent output contacts.

                    

Figure 6.47 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler or 
sectionalizing breaker) configuration. The classification for this application is:

➤ Description

➢ Single bus with tie breaker

➤ Current Transformers

➢ Outboard (free standing)

➤ Disconnects

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration

➢ Overlap

➤ Future expansion

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Use the Disconnect Monitoring Logic.

3. Block the busbar protection for an open-circuit CT.

4. Configure check-zone protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for a check zone, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. To properly identify and categorize the protection philos-
ophy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.61 and select the standard functions 
required for the application. Table 6.12 shows the selection of the standard func-
tions.
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User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Check-Zone Protection

Figure 6.48 shows a station with check-zone protection. Check-zone protection 
stems from the philosophy of providing an additional trip criterion before issuing 
a busbar protection trip signal. This philosophy encompasses additional trip crite-
ria such as directional elements and overcurrent elements.

When using check-zone protection as an additional criterion, the practice is to 
provide a measurement from a second differential element that is independent of 
the disconnect auxiliary contact status. Using a measurement independent of the 
disconnect auxiliary contact status prevents differential element misoperation 
resulting from disconnect auxiliary contact failure.

Table 6.12 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection, zone specific Check-zone 
protection

Dynamic zone selection logic Yes Use the zone selection to reconfigure the dif-
ferential protection according to the discon-
nect positions

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Enter the check zone and zone-specific con-
ditions to supervise the zone-specific differ-
ential elements

Zone-switching supervision logic No 89A and 89B disconnect contacts available; 
therefore, this logic is not required

Coupler security logic No Two CTs with overlap configuration do not 
require the coupler security logic

Circuit breaker failure protection No Not required

Instantaneous overcurrent protec-
tion

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence volt-
age elements

No Not required
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Both the Check Zone and either Zone 1 or Zone 2 differential elements must 
assert before a busbar protection trip output asserts. Use the Differential Element 
Zone Supervision setting to comply with the requirement for both check zone 
and zone-specific differential elements to assert. Figure 6.49 shows the zone 
supervision logic. Relay Word bit 87R1 is the output from the Zone 1 differential 
element and Z1S is the SELOGIC control equation where we enter conditions for 
supervising the Zone 1 differential element. (See Zone Configuration Group Set-
tings on page 6.54 for more detail.)

                    

Create the check-zone protection by configuring a check zone when entering the 
zone configuration settings (ECHKZN := Y).

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

                    

Figure 6.48 Station With Two Zone-Specific Bus-Zones and an Overall Check Zone
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Figure 6.49 Zone Supervision Logic
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Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 7 three-phase terminals (21 CTs), we can install a single 
SEL-487B. For stations with more than 21 and as many as 63 CTs, we install 3 
SEL-487B Relays. Use Equation 6.2 to calculate the number of current channels 
at the station, and use Equation 6.3 to calculate the number of zones at the sta-
tion.

                    

Equation 6.2

                    

Equation 6.3

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 2 (Zone 1 and Zone 2). The number of check zones required is 1 
(Check Zone 1). One SEL-487B suffices for these requirements, but the require-
ment for 4 future feeders increases the number of per-phase CTs to 30. Because 
each SEL-487B has 21 analog input channels, we need 3 relays. This is known as 
a three-relay application.

In a three-relay application, each relay provides six zones and three check zones 
of protection for one of the three phases of the power system. For example, wire 
all the A-phase CTs to Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hard wiring) the 
input and output contacts to the other two relays. This example shows the setting 
and configuration for the A-phase relay, so identified with an appended letter A 
(LOND_A). For the other two relays, the settings and configuration are the same 
as for the A-phase relay, but the appended letter changes according to the letter 
designation of the relay. For example, the corresponding LOND_A setting is 
LOND_B in the B-phase relay and LOND_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application.

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; therefore, the number of disconnect logics 
required is six. Each disconnect monitoring logic requires two disconnect auxil-
iary contact inputs: an 89A and an 89B contact. Use Equation 6.4 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.4

Table 6.13 summarizes the input contact required for this application.

                    

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

Table 6.13 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 6 • 2 = 12

Total number of inputs 12

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs. From the input contact perspective, 
we need one interface board. It is not necessary to include I/O for future expan-
sion with the initial order; install additional I/O if and when required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
Table 6.14 shows the breakdown and the total number of relay output contacts 
required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts.

The interface boards may have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board can be ordered with an option 
that provides six high-speed, high-interrupting output contacts and two standard 
output contacts. For fast busbar fault clearance, assign each circuit breaker trip 
output to a high-speed, high-interrupting output contact for each of the circuit 
breakers at the station. From the output contact perspective, we need one inter-
face board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Table 6.14 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Total number of relay output contacts 5
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Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

➤ Check-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.15 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie-breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.15 shows the assignment for the A-phase relay starting with the tie-
breaker CTs, followed by the four terminals, taken left to right from Figure 6.47.

                    

Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.16.

                    

Check-Zone Alias Assignment
Each SEL-487B provides three check zones. For the A-phase relay, we use the 
check zone with the alias name as shown in Table 6.17.

                    

Table 6.15 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 SEC1_A

TIE-BREAKER CT2, A-Phase I02 SEC2_A

LONDON, A-phase I03 LOND_A

BERLIN, A-phase I04 BERL_A

NEW YORK, A-phase I05 NEWY_A

CANBERRA, A-phase I06 CANB_A

Table 6.16 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 EAST_A

Table 6.17 Alias Name for the Check Zone

Check-Zone Name Description Alias

CZ1 Check Zone CHECK_A
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Input to Logic Allocation and Alias Assignment
Table 6.13 shows that we require 12 digital inputs. We now assign the 12 digital 
input contacts to the selected logic and assign alias names to the input contacts 
and logic elements. Because of the functional requirement of this application, we 
do not need to use any digital inputs on the main board.

Input Contact to Logic Allocation and Alias Assignment, Interface 
Board 1 (200)

Table 6.18 shows the disconnect auxiliary contact input allocations and the alias 
names. Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are independent 
inputs for breaker failure initiate inputs; these inputs are not used in the present 
application.

                    

Assign Alias Names to the Selected Standard Logic
Referring to Table 6.12, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.50 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements).

Table 6.18 Alias Names for the Breaker Status Logic Output Relay Word Bits

Input Description Alias

IN204 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN205 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN206 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN207 TIE-BREAKER disconnect (EAST) NC contact ISE892B

IN208 LONDON disconnect N/O contact ILON89A

IN209 LONDON disconnect N/C contact ILON89B

IN210 BERLIN disconnect N/O contact IBER89A

IN211 BERLIN disconnect N/C contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B
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Table 6.19 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets that the disconnect main contacts as closed. Use Relay 
Word bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control 
equations. We also assign alias names to the alarm Relay Word bits (89ALnn). 
Table 6.20 shows the alias names.

                    

                    

Figure 6.50 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.19 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits

Input Description Alias

89A01 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B01 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A02 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B02 TIE-BREAKER disconnect (EAST) NC contact SEC892B

89A03 LONDON disconnect NO contact LON89A

89B03 LONDON disconnect NC contact LON89B

89A04 BERLIN disconnect NO contact BER89A

89B04 BERLIN disconnect NC contact BER89B

89A05 NEW YORK disconnect NO contact NEW89A

89B05 NEW YORK disconnect NC contact NEW89B

89A06 CANBERRA disconnect NO contact CAN89A

89B06 CANBERRA disconnect NC contact CAN89B

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 1 of 2)

Primitive Name Description Alias

89CL01 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL02 TIE-BREAKER disconnect (EAST) is closed SEC289C

89CL03 LONDON disconnect is closed LOND89C

89CL04 BERLIN disconnect is closed BERL89C

89CL05 NEW YORK disconnect is closed NEWY89C

89CL06 CANBERRA disconnect is closed CANB89C

89AL01 TIE-BREAKER disconnect (WEST) alarm SEC189A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60



6.48

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 1: Single Bus and Tie Breaker (Three Relays)

Differential Trip Logic and Differential Element Alias Assignment

Figure 6.51 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.21 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information).

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.53 for more information). Table 6.22 shows the primitive differential trip 
bit names, the alias names for the differential trip bits, and the terminal with 
which the relay associates each differential trip bit.

                    

89AL02 TIE-BREAKER disconnect (EAST) alarm SEC289A

89AL03 LONDON disconnect alarm LOND89A

89AL04 BERLIN disconnect alarm BERL89A

89AL05 NEW YORK disconnect alarm NEWY89A

89AL06 CANBERRA disconnect alarm CANB89A

Table 6.20 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits (Sheet 2 of 2)

Primitive Name Description Alias

Table 6.21 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip EASTA_T

87CZ1 Check Zone differential element trip CHECA_T

                    

Figure 6.51 Differential Trip Logic for Differential Element 1

Table 6.22 Primitive Differential Trip Bit Names, Alias Names for the 
Differential Trip Bits, and Associated Terminals

Differential Trip Bit Alias Comments

87BTR01 87SEC1A Associated with Terminal 01

87BTR02 87SEC2A Associated with Terminal 02

87BTR03 87LON_A Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87NEW_A Associated with Terminal 05

87BTR06 87CAN_A Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.52 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers setting 
(NUMBK) and the number of trip equations, i.e., the number of trip equations 
(TRkk) equals the number of circuit breakers (NUMBK) setting. Table 6.23 
shows the five primitive and alias names for the trip logic of each terminal.

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.14 
shows the breakdown of the five relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.24 shows TEST and 
ALARM protection logic assigned to the output contacts of the main board out-
put contacts. Table 6.25 shows the linking of the trip logic outputs to the relay 
output contacts of Interface Board 1 and the alias names of the of the interface 
board output contacts.

                    

Figure 6.52 Breaker Trip Logic

Table 6.23 Primitive and Alias Names for the Trip Logic of Each Terminal 

Primitive Name Description Alias Name

TRIP01 Trip output of the sectionalizing breaker asserted TRSEC_A

TRIP02 Trip output of the LONDON Terminal asserted TRLON_A

TRIP03 Trip output of the BERLIN Terminal asserted TRBER_A

TRIP04 Trip output of the NEW YORK Terminal asserted TRNEW_A

TRIP05 Trip output of the CANBERRA Terminal asserted TRCAN_A

TRIPkk

Relay
Word
Bit

TRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip 
Duration Timer

kk = 01 to 05
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Output Alias Assignment, Main Board
This application requires no output contacts from the main board.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can be ordered to include six high-speed, 
high-interrupting output contacts. Table 6.25 shows the alias assignment for the 
five terminals of the A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.53.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary terminal contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals

Table 6.24 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.25 Alias Assignment for the Five Terminals in Our Example 

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output SECTR_A

OUT202a LONDON trip logic output LONTR_A

OUT203a BERLIN trip logic output BERTR_A

OUT204a NEW YORK trip logic output NEWTR_A

OUT205a CANBERRA trip logic output CANTR_A
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.54.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Figure 6.53 Substation Layout With Specific Terminal Information

WEST EAST

LOND89A
LON89B

LONTR_A

I03 = LOND_A I04 = BERL_A I05 = NEWY_A I06 = CANB_A

I01 = SEC1_A                     I02 = SEC2_A

BER89A
BER89A

BERTR_A

NEW89A
NEW89B

NEWTR_A

CAN89A
CAN89B

CANTR_A

SEC891A
SEC891B

SEC892A
SEC892BSEC_TRP

200/5 2000/5

2000/5 2000/5
52

52 52

LONDON BERLIN

2000/5

52

NEW YORK

2000/5

52

CANBERRA

BZ1 = WEST_A BZ2 = EAST_A

OVERLAP
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Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.55.

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in Figure 6.56.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter> 
Alias
Relay Aliases
(RW Bit,Analog Qty.,Terminal,Bus-Zone, or Check Zone, 7 Char. Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.54 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.55 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,SEC1_A <Enter>
20:
?  I02,SEC2_A <Enter>
21:
?  I03,LOND_A <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,NEWY_A <Enter>
24:
?  I06,CANB_A <Enter>
25:
?  BZ1,WEST_A <Enter>
26:
?  BZ2,EAST_A <Enter>
27:
?  CZ1,CHECK_A <Enter>
28:
?  IN204,ISE891A <Enter>
29:
?  IN205,ISE891B <Enter>
30:

•
•
•
?  OUT204,NEWTR_A <Enter>
92:
?  OUT205,CANTR_A <Enter>
93:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.56 Analog Quantities and Relay Word Bit Alias Names
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Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.57 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either alias names or prim-
itive names when entering settings.

NOTE: The relay interprets the 
number of circuit breakers (NUMBK) 
as the number of circuit breaker poles, 
not as the number of circuit breakers.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. Because we do not need circuit breaker auxiliary 
contacts for this application, set 52A01–52A05 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
06). Travel time is the time period when both disconnect auxiliary contacts are in 
the open position (see Figure 6.20 for more information). Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

=>>SET G <Enter>
Global
General Global Settings

Station Identifier (40 characters)
SID := "Station A"
?  <Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6<Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ? <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ? <Enter>
Independent Control Input Settings (Y,N)             EICIS   := N      ? <Enter>
Data Reset Control (Y,N)                             EDRSTC  := N      ? <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ><Enter>

Figure 6.57 Global Settings for Application 1
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the LONDON feeder, all three phases 
(LOND_A, LOND_B, and LOND_C) operate together. Because the relay mea-
sures the three phases in three separate relays (phase LOND_A in the A-phase 
relay, phase LOND_B in B-phase relay, etc.), we need to convey the disconnect 
status to all three relays. 

The check zone performs supervision, so you must first determine zone configu-
ration settings for the check zone before determining settings for Zone 1 and 
Zone 2. Configure the check zone by declaring all terminals but the tie-breaker 
(bus sectionalizer) CTs in the terminal-to-check-zone SELOGIC control equa-
tions. Never include the tie-breaker CTs in the check zone. Figure 6.61 shows the 
zone configuration group settings.

Disconnect Inputs and Timers

N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ISE891A<Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ISE891B<Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400<Enter>
N/O Contact Input -DS02 (SELogic Equation)

89A02 := NA
?  ISE892A<Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  ISE892B<Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400<Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  ILON89A<Enter>

.

.

.
  
DS06 Alarm Pickup Delay (0-99999 cyc)                89ALP06 := 300    ?400<Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ? <Enter>
DNP Session Time Base (LOCAL, UTC)                   DNPSRC  := UTC    ? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.57 Global Settings for Application 1 (Continued)
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Use the Differential Element Zone Supervision setting to comply with the 
requirement for both check zone and zone-specific differential elements to assert 
before a busbar protection trip output asserts. For this application, we allocated 
BZ1 for Zone 1, BZ2 for Zone 2, and CZ1 for the overall check zone (see 
Table 6.16). Because the check zone is independent from any other zone, the 
relay does not follow the differential trip logic shown in Figure 6.58 when the 
check zone asserts.

                    

The implication of this independence is that the Check Zone Supervision Logic 
can be left to its default value of 1 as seen in Figure 6.59. The same effect is 
achieved by setting E87CZSP = N.

                    

For the zone-specific elements, enter the Check Zone differential element trip 
output 87CZ1 as a supervisory condition for each zone, as shown in Figure 6.60.

                    

                    

Figure 6.58 Bus Differential Trip Logic

                    

Figure 6.59 Check-Zone Supervision Logic

                    

Figure 6.60 Zone Supervision for Zone 1 (a) and Zone 2 (b)

Start

End
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Generate trip for the 
selected terminals 
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Y

N

87CZ1
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Be sure to include Relay Word bit 87CZ1 as the supervisory condition for all 
zones encompassed by the Check Zone. Set E87ZSUP = Y to enable the Differ-
ential Element Zone Supervision settings, then enter the supervision settings.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration group default settings. With the zone con-
figuration group default settings deleted, the setting prompts no longer reference 
the default settings. The zone configuration group default settings are for a spe-
cific substation with arbitrarily selected alias names, serving only as an example.

                    

=>>SET Z TE<Enter>
Zone Config Group 1
Potential Transformer Ratio

Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio

Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?400<Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?400<Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40<Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400<Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400<Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400<Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections

Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEAT_A, P
?  DELETE 100<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01 BZ2 P<Enter>
SEC1_A to EAST_A Connection (SELogic Equation)
I01BZ2V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02 BZ1 P<Enter>
SEC2_A to WEAT_A Connection (SELogic Equation)
I02BZ1V := NA
?  SEC189C AND SEC289C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03 BZ1 P<Enter>
LOND_A to WEAT_A Connection (SELogic Equation)
I03BZ1V := NA
?  LOND89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04 BZ1 P<Enter>
BERL_A to WEAT_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05 BZ2 P<Enter>
NEWY_A to EAST_A Connection (SELogic Equation)
I05BZ2V := NA
?  NEWY89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06 BZ2 P<Enter>
CANB_A to EAST_A Connection (SELogic Equation)
I06BZ2V := NA
?  CANB89C<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  <Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?  <Enter>

Zone Supervision

Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y<Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  87CZ1<Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  87CZ1<Enter>

Figure 6.61 Zone Configuration Group Settings for Application 1
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element by setting 
E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information). Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, and EVOLT := N 
because we do not use the coupler security logic, terminal out of service, breaker 
failure protection, overcurrent elements, or voltage elements in this application.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05) and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.22) when the differential 

Zone Switching Supervision

Zone Switching Supervision (Y,N)                     EZSWSUP := N      ? <Enter>

Zone Open CT Detector

Reset Zone 1 Open CT Detector (SELogic Equation)
ROCTZ1 := RSTOCT1
?  <Enter>
Reset Zone 2 Open CT Detector (SELogic Equation)
ROCTZ2 := RSTOCT2
?  <Enter>
Check Zone Configuration
Enable Check Zones at Station (Y,N)                  ECHKZN  := N      ?Y<Enter>

Check Zone Configuration: Terminal to Check Zone Connections

Terminal, Check-Zone, Polarity (P,N)
?  I03 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I04 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I05 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  I06 CZ1 P<Enter>
Terminal, Check-Zone, Polarity (P,N)
?  
Enable Advance Check Zone Settings (Y,N)             EADVCZ  := N      ? <Enter>

Check Zone Supervision

Differential Element Check Zone Supervision (Y,N)    E87CZSP := N      ? <Enter>

Current Normalization Factor

Normalization Factor -I01                            TAP01   := 5.00   ?
Normalization Factor -I02                            TAP02   := 5.00   ?
Normalization Factor -I03                            TAP03   := 50.00  ?
Normalization Factor -I04                            TAP04   := 5.00   ?
Normalization Factor -I05                            TAP05   := 5.00   ?
Normalization Factor -I06                            TAP06   := 5.00   ?
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.61 Zone Configuration Group Settings for Application 1 (Continued)
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element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. Because the tie breaker has two analog 
channels but only one circuit breaker, include both differential trip bits 
(87SEC1A and 87SEC2A) in trip equation TR01.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting. Set the timer TDURD longer than 
the clearing time of the slowest circuit breaker at the station. For this application, 
we use the default values for the Sensitive Differential Element, the Restrained 
Differential Element, the Directional Element, and the Trip Duration Timer. 
Figure 6.62 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration

Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element

Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>

Check Zone Sensitive Differential Element

CZ Sensitive Diff. Element Pickup (0.05-1 pu)        CZS87P  := 0.10   ?> <Enter>

Restrained Differential Element

Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Check Zone Restrained Differential Element

CZ Restrained Diff Element Pickup (0.10-4 pu)        CZO87P  := 1.00   ?> <Enter>

Directional Element

Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip Logic

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87SEC1A
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? 

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87SEC2A
?  87LON_A <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? 

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_A
?  87BER_A <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? 

Figure 6.62 Protection Group Settings for Application 1
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay, and connect the cable to the circuit 
breaker trip coil to any one of the three relays.

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA. Figure 6.63 shows the control output settings.

                    

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BER_A
?  87NEW_A<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? 

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87NEW_A OR SBFTR06 OR 87CAN_A
?  87CAN_A<Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? 

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.62 Protection Group Settings for Application 1 (Continued)

=>>SET O <Enter>

Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  NA <Enter>

OUT102 := TRLON_A AND NOT PLT03
?  NA <Enter>
OUT103 := TRBER_A AND NOT PLT03
?  NA <Enter>

OUT104 := TRNEW_A AND NOT PLT03
?  NA <Enter>
OUT105 := TRCAN_A AND NOT PLT03
?  NA <Enter>

OUT106 := NA
? > <Enter>

Interface Board #1
OUT201 := NA
?  TRSEC_A AND NOT PLT03 <Enter>
OUT202 := NA
?  TRLON_A AND NOT PLT03 <Enter>

Figure 6.63 Control Output Settings for Application 1
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This concludes the settings for Application 1.

Application 2: Single Bus and Tie Breaker (Single Relay)
This application describes the busbar arrangement shown in Figure 6.64, a single 
bus with bus sectionalizer (tie breaker), single-relay application. The busbar 
arrangement consists of two busbar sections, four feeders, and a tie breaker. Con-
sider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

OUT203 := NA
?  TRBER_A AND NOT PLT03 <Enter>
OUT204 := NA
?  TRNEW_A AND NOT PLT03 <Enter>

OUT205 := NA
?  TRCAN_A AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.63 Control Output Settings for Application 1 (Continued)

                    

Figure 6.64 Single Bus With Bus Sectionalizer (Tie Breaker)
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie breaker (bus coupler or 
sectionalizing breaker) configuration.

➤ Description:

➢ Single bus with tie breaker

➤ Current Transformers:

➢ Outboard

➤ Disconnect:

➢ Both 89A and 89B disconnect auxiliary contacts are available

➤ Sectionalizing breaker (tie-breaker) configuration:

➢ Overlap

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Use the 89 disconnect auxiliary contacts to dynamically configure 
the station.

2. Block the busbar protection for an open-circuit CT.

3. Use the Disconnect Monitoring Logic.

4. Include end-zone protection with direct transfer tripping for the four 
feeders.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. For example, in this application the protection philoso-
phy calls for end-zone protection, but not for breaker failure protection.

The SEL-487B offers a number of protection functions as standard features, but 
also includes the capability through SELOGIC control equations to create user-
configurable functions. Breaker failure protection is a standard function but end-
zone protection is not. To properly identify and categorize the protection philoso-
phy requirements, group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created using SELOGIC control 
equations)

Standard Functions
Refer to Protection Philosophy on page 6.86 and select the standard functions 
required for the application. Table 6.26 shows the selection of the standard func-
tions.
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User-Defined Functions
Identify logic functions we need for the application that are not part of the stan-
dard logic in the relay. For this application, end-zone protection for the four feed-
ers is not a standard function; we use SELOGIC control equations to create this 
logic.

End-Zone Protection

Figure 6.65 shows end-zone fault F1, which is a fault between the feeder CT and 
circuit breaker. The busbar protection at Busbar S operates for this fault and trips 
Circuit Breaker 1, but the line still feeds the fault from the source at Busbar R.

                    

Fault F1 is only cleared when Circuit Breaker 2 at Busbar R trips. In step-dis-
tance protection schemes, Circuit Breaker 2 trips after a time delay, typically on 
the order of 400 ms. Using end-zone protection, we can shorten this time by 
sending a direct transfer trip (DTT) from Station S to Circuit Breaker 2 at 
Station R to trip Circuit Breaker 2.

Table 6.26 Selection of the Standard Protection Functions

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch.

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available.

Differential protection Yes Busbar protection (zone specific and 
check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the 
differential protection according to the 
disconnect positions

Sensitive differential protection Yes CT open circuit detection.

Zone supervision logic No Not required

Zone-switching supervision logic No 89A and 89B disconnect contacts avail-
able, so this logic is not required.

Coupler security logic No Two CTs configured in overlap configura-
tion do not require the coupler security 
logic.

Circuit breaker failure protection No Not required

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage 
elements

No Not required

                    

Figure 6.65 Fault Between Circuit Breaker 1 and the CT at Busbar S

Busbar SSource S Busbar R Source R

1 2

Infeed
from Source R

LineCT CT

F1
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This logic detects faults under the following three conditions:

➤ The differential protection has issued a trip signal to the circuit 
breaker. 

➤ There is still current flowing in the feeder CT after Circuit Breaker 1 
has been open for 5 cycles. 

➤ The busbar disconnect of the feeder is closed. 

Create the above-mentioned end-zone logic by programming four protection 
SELOGIC control variables (PSV01–PSV04) when setting the protection logic, 
and assign the alias names as described in Assign Alias Names to the User-
Defined Logic.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.5 to calculate the number of current channels at the station, and 
use Equation 6.6 to calculate the number of zones at the station.

                    

Equation 6.5

                    

Equation 6.6

The number of per-phase CTs at the station is 18 and the number of bus-zones 
required is 6. Because each SEL-487B has 21 analog input channels and 6 zones, 
we need only one SEL-487B. This is known as a single-relay application.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires one disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.7 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.7

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections

# relay inputs required = 2 # disconnect monitoring logics• 
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The protection philosophy calls for end-zone protection. Because there are four 
feeder circuit breakers at the station the number of circuit breaker auxiliary inputs 
we need is four. Table 6.27 summarizes the input contact required for this appli-
cation. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; the six independent input contacts are 
available for breaker failure initiate inputs. Because this application has no circuit 
breaker failure protection, the independent input contacts are available for circuit 
breaker auxiliary contact inputs. However, in anticipation of future circuit 
breaker failure protection installation, instead use the grouped input contacts on 
the interface board for the circuit breaker auxiliary contact inputs and disconnect 
contact inputs. From the input contact perspective, we need one interface board.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all breakers are part of the busbar differential 
protection, we want to trip each breaker upon differential protection operation. 
We also need direct transfer trip output contacts for the end-zone protection for 
each of the four feeders. Table 6.28 shows the breakdown and the total number of 
relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). 
Table 6.28 shows that we need nine output contacts; the eight main board output 
contacts are insufficient for our application. Also, the main board contacts are all 
standard output contacts.

The interface boards can have high-speed, high-interrupting output contacts that 
provide faster contact closure. Each interface board provides six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign the circuit breaker trip outputs to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. 
Although the standard output contacts are slightly slower (6 ms for resistive 
loads) than the high-speed, high-interrupting output contacts, we use the main 
board output contact for direct transfer tripping. From the output contact perspec-
tive, we need one interface board. If you require fast output contacts for direct 
transfer tripping, add another interface board to the relay.

Table 6.27 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 6 = 12

Number of relay inputs required for end-zone protection 4

Total number of inputs 16

Table 6.28 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping 5

Number of relay output contacts required for direct transfer tripping 4

Total number of relay output contacts 9
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The conclusion from the preceding analysis is that we need one SEL-487B, 
equipped with a single interface board, for this application.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

NOTE: Alias names cannot exceed 
seven characters.

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment
Table 6.29 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase tie breaker CT1 to relay channel I01, and 
assign to this CT the alias name SEC1_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.29 shows the assignment taken from Figure 6.64.

                    

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 1 of 2)

CTs Analog Channel Alias

LONDON, A-phase I01 LOND_A

LONDON, B-phase I02 LOND_B

LONDON, C-phase I03 LOND_C

BERLIN, A-phase I04 BERL_A

BERLIN, B-phase I05 BERL_B

BERLIN, C-phase I06 BERL_C

NEW YORK, A-phase I07 NEWY_A

NEW YORK, B-phase I08 NEWY_B

NEW YORK, C-phase I09 NEWY_C
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Bus-Zone Alias Assignment
Each SEL-487B provides six zones of protection. In this application, we use all 
six zones with alias names as shown in Table 6.30.

                    

Input-to-Logic Allocation and Alias Assignment
Table 6.27 shows that we require 16 digital inputs. We now assign the digital 
inputs to the selected logic, and apply alias names to the inputs and logic ele-
ments. Because of the functional requirement of this application, we do not need 
to use any digital inputs on the main board. 

Input-to-Logic-Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.31 shows the circuit breaker auxiliary contact input allocations, the dis-
connect auxiliary contact input allocations, and the alias names. Inputs IN201, 
IN202, IN203, IN213, IN214, and IN215 are independent inputs for breaker fail-
ure initiate inputs; these inputs are not used in this application.

                    

CANBERRA, A-phase I10 CANB_A

CANBERRA, B-phase I11 CANB_B

CANBERRA, C-phase I12 CANB_C

TIE-BREAKER CT1, A-phase I13 SEC1_A

TIE-BREAKER CT1, B-phase I14 SEC1_B

TIE-BREAKER CT1, C-phase I15 SEC1_C

TIE-BREAKER CT2, A-phase I16 SEC2_A

TIE-BREAKER CT2, B-phase I17 SEC2_B

TIE-BREAKER CT2, C-phase I18 SEC2_C

Table 6.29 CTs to Analog Channel Allocations and Alias Assignments
 (Sheet 2 of 2)

CTs Analog Channel Alias

Table 6.30 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 WEST_A

BZ2 Bus-Zone 2 WEST_B

BZ3 Bus-Zone 3 WEST_C

BZ4 Bus-Zone 4 EAST_A

BZ5 Bus-Zone 5 EAST_B

BZ6 Bus-Zone 6 EAST_C

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 1 of 2)

Input Description Alias

IN204 LONDON circuit breaker ILON52A

IN205 BERLIN circuit breaker IBER52A

IN206 NEW YORK circuit breaker INEW52A

IN207 CANBERRA circuit breaker ICAN52A



6.67

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 2: Single Bus and Tie Breaker (Single Relay)

Assign Alias Names to the Selected Standard Logic
Referring to Table 6.26, the following is a discussion on each selected function. 
Alias name assignments are also included.

Disconnect Monitoring Logic and Disconnect Alias Assignment

Figure 6.66 shows one of the 60 disconnect monitor logic circuits available in the 
relay. (See Disconnect Requirements on page 6.15 for more information on the 
disconnect auxiliary contact requirements.)

                    

Table 6.32 shows the alias names for the disconnect auxiliary contact Relay Word 
bits.

                    

IN208 LONDON disconnect NO contact ILON89A

IN209 LONDON disconnect NC contact ILON89B

IN210 BERLIN disconnect NO contact IBER89A

IN211 BERLIN disconnect NC contact IBER89B

IN212 NEW YORK disconnect NO contact INEW89A

IN216 NEW YORK disconnect NC contact INEW89B

IN217 CANBERRA disconnect NO contact ICAN89A

IN218 CANBERRA disconnect NC contact ICAN89B

IN219 TIE-BREAKER disconnect (WEST) NO contact ISE891A

IN220 TIE-BREAKER disconnect (WEST) NC contact ISE891B

IN221 TIE-BREAKER disconnect (EAST) NO contact ISE892A

IN222 TIE-BREAKER disconnect (EAST) NC contact ISE892B

Table 6.31 Alias Names and Assignment for the Digital Inputs (Sheet 2 of 2)

Input Description Alias

                    

Figure 6.66 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 1 of 2)

Input Description Alias

89A01 LONDON disconnect NO contact LON89A

89B01 LONDON disconnect NC contact LON89B

89A02 BERLIN disconnect NO contact BER89A

89B02 BERLIN disconnect NC contact BER89B

89A03 NEW YORK disconnect NO contact NEW89A

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. We also 
assign alias names to the alarm Relay Word bits (89ALnn). Table 6.33 shows the 
alias names.

                    

Breaker Status Logic

Figure 6.67 shows the breaker status logic circuit associated with current channel 
I01. This logic includes an OPH01 input from the open-phase detection logic. 
Open-phase detection logic asserts the OPH01 Relay Word bit when the logic 
measures no current in that specific phase. Alarm output 52AL01 asserts when 
the 52A01 and OPH01 inputs are both deasserted for longer than 5 cycles. For 
example, when the circuit breaker is open (52A01 is logical 0), Relay Word bit 
OPH01 asserts (changes to logical 1) when current stops flowing. AND Gate 2 in 
Figure 6.67 outputs a logical 0 and the timer does not run. However, if current 
still flows through the CT when the circuit breaker is open (end-zone fault, for 
example), Relay Word bit OPH01 does not assert (remains at logical 0) and the 
timer starts.

89B03 NEW YORK disconnect NC contact NEW89B

89A04 CANBERRA disconnect NO contact CAN89A

89B04 CANBERRA disconnect NC contact CAN89B

89A05 TIE-BREAKER disconnect (WEST) NO contact SEC891A

89B05 TIE-BREAKER disconnect (WEST) NC contact SEC891B

89A06 TIE-BREAKER disconnect (EAST) NO contact SEC892A

89B06 TIE-BREAKER disconnect (EAST) NC contact SEC892B

Table 6.33 Alias Names for the Disconnect Monitor Logic Output Relay Word 
Bits 

Primitive Name Description Alias

89CL01 LONDON disconnect is closed LOND89C

89CL02 BERLIN disconnect is closed BERL89C

89CL03 NEW YORK disconnect is closed NEWY89C

89CL04 CANBERRA disconnect is closed CANB89C

89CL05 TIE-BREAKER disconnect (WEST) is closed SEC189C

89CL06 TIE-BREAKER disconnect (EAST) is closed SEC289C

89AL01 LONDON disconnect alarm LON89AL

89AL02 BERLIN disconnect alarm BER89AL

89AL03 NEW YORK disconnect alarm NEW89AL

89AL04 CANBERRA disconnect alarm CAN89AL

89AL05 TIE-BREAKER disconnect (WEST) alarm SE189AL

89AL06 TIE-BREAKER disconnect (EAST) alarm SE289AL

Table 6.32 Alias Names for the Disconnect Auxiliary Contact Relay Word Bits
 (Sheet 2 of 2)

Input Description Alias
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Wire a single, normally open circuit breaker auxiliary contact from each of the 
four feeder circuit breakers to an individual relay input (IN204, IN205, IN206, 
and IN207). In this example, we do not assign alias names to the Relay Word 
bits; we use the primitive names instead. Because this is a single-relay applica-
tion, the three phases of each terminal are in the same relay. Table 6.34 shows the 
breaker status logic input and output Relay Word bits.

                    

                    

Figure 6.67 Breaker Status Logic

Table 6.34 Breaker Status Logic Input and Output Relay Word Bits 

Primitive Name Description

52A01 LONDON A-phase NO contact

52AL01 LONDON A-phase discrepancy alarm

52A02 LONDON B-phase NO contact

52AL02 LONDON B-phase discrepancy alarm

52A03 LONDON C-phase NO contact

52AL03 LONDON C-phase discrepancy alarm

52A04 BERLIN A-phase NO contact

52AL04 BERLIN A-phase discrepancy alarm

52A05 BERLIN B-phase NO contact

52AL05 BERLIN B-phase discrepancy alarm

52A06 BERLIN C-phase NO contact

52AL06 BERLIN C-phase discrepancy alarm

52A07 NEW YORK A-phase NO contact

52AL07 NEW YORK A-phase discrepancy alarm

52A08 NEW YORK B-phase NO contact

52AL08 NEW YORK B-phase discrepancy alarm

52A09 NEW YORK C-phase NO contact

52AL09 NEW YORK C-phase discrepancy alarm

52A10 CANBERRA A-phase NO contact

52AL10 CANBERRA A-phase discrepancy alarm

52A11 CANBERRA B-phase NO contact

52AL11 CANBERRA B-phase discrepancy alarm

52A12 CANBERRA C-phase NO contact

52AL12 CANBERRA C-phase discrepancy alarm

52A01

OPH01

Relay
Word
Bits

52CL01

52AL01

Relay
Word
Bits

5
CYC 0

CYC

Alarm Timer

1

2

S

R

Q

Set has priority
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Differential Trip Logic and Differential Element Alias Assignment

Figure 6.68 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information). 
Table 6.35 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Differential trip bits 87BTR01–87BTR21 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we will 
use 18 of the 87BTRmm (mm = 01–21) Relay Word bits. Table 6.36 shows the 
primitive differential trip bit names and the alias names for the differential trip 
bits.

                    

Table 6.35 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip WESTA_T

87Z2 Zone 2 differential element trip WESTB_T

87Z3 Zone 3 differential element trip WESTC_T

87Z4 Zone 4 differential element trip EASTA_T

87Z5 Zone 5 differential element trip EASTB_T

87Z6 Zone 6 differential element trip EASTC_T

                    

Figure 6.68 Differential Trip Logic for Differential Element 1

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 1 of 2)

Differential Trip Bit Alias Comments

87BTR01 87LON_A Associated with Terminal 01

87BTR02 87LON_B Associated with Terminal 02

87BTR03 87LON_C Associated with Terminal 03

87BTR04 87BER_A Associated with Terminal 04

87BTR05 87BER_B Associated with Terminal 05

87BTR06 87BER_C Associated with Terminal 06

87BTR07 87NEW_A Associated with Terminal 07

87BTR08 87NEW_B Associated with Terminal 08

87BTR09 87NEW_C Associated with Terminal 09

87BTR10 87CAN_A Associated with Terminal 10

87BTR11 87CAN_B Associated with Terminal 11

87BTR12 87CAN_C Associated with Terminal 12

87BTR13 87SEC1A Associated with Terminal 13

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip 
bits within zone

• 
• 
•

87BTRmm

87BTRnn

mm = first terminal within zone 
nn = last terminal within zone
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Breaker Trip Logic and Trip Alias Assignment 

Figure 6.69 shows the general tripping logic for the 15 trip outputs used in this 
application. (See Section 5: Protection Functions for more information).

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals 15.

After setting the TRnn trip equations, the relay associates each TRnn trip equa-
tion with a particular circuit breaker pole; we must combine the trip equations in 
the output settings to form a single output for the tie breaker (see the Protection 
Group Settings on page 6.80). For example, after setting TR01 := 87BTR01 and 
TR02 := 87BTR02, the relay associates Trip Equation TR01 with Terminal 01 
(LOND_A), Trip Equation TR02 with Terminal 02 (LOND_B), and so on. 
Table 6.37 shows the 15 primitive and alias names for the trip logic of each termi-
nal.

                    

87BTR14 87SEC1B Associated with Terminal 14

87BTR15 87SEC1C Associated with Terminal 15

87BTR16 87SEC2A Associated with Terminal 16

87BTR17 87SEC2B Associated with Terminal 17

87BTR18 87SEC2C Associated with Terminal 18

Table 6.36 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits (Sheet 2 of 2)

Differential Trip Bit Alias Comments

                    

Figure 6.69 Breaker Trip Logic

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 1 of 2)

Primitive Name Description Alias

TRIP01 Trip output of the LONDON terminal A-Phase asserted TRLON_A

TRIP02 Trip output of the LONDON terminal B-Phase asserted TRLON_B

TRIP03 Trip output of the LONDON terminal C-Phase asserted TRLON_C

TRIP04 Trip output of the BERLIN terminal A-Phase asserted TRBER_A

TRIP05 Trip output of the BERLIN terminal B-Phase asserted TRBER_B

TRIP06 Trip output of the BERLIN terminal C-Phase asserted TRBER_C

TRIP07 Trip output of the NEW YORK terminal A-Phase asserted TRNEW_A

TRIP08 Trip output of the NEW YORK terminal B-Phase asserted TRNEW_B

TRIP09 Trip output of the NEW YORK terminal C-Phase asserted TRNEW_C

TRIPkk

Relay
Word
BitTRkk

ULTRkk

TRGTR

SELOGIC
Setting

0 CYC

TDURD

Minimum Trip
Duration Timer

kk = 01 to 15
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Assign Alias Names to the User-Defined Logic
We created the general end-zone protection logic under User-Defined Functions 
on page 6.62. We now assign the application-specific alias names to all the 
appropriate Relay Word bits in the end-zone protection logic.

End-Zone Protection

Table 6.38 shows the alias names for the four protection SELOGIC control equa-
tion variables (PSV01–PSV04).

                    

Figure 6.70 shows the end-zone logic with the alias names instead of the primi-
tive names. The logic declares an end-zone fault when the following three condi-
tions are met: 

➤ A differential trip signal has been issued to the circuit breaker

➤ Current continues to flow through the feeder CT after a 5-cycle delay

➤ The busbar disconnect of the feeder is closed. 

Note that the second condition is met by using the built-in 5-cycle delay of 
52ALnn, which is the alarm timer output of the circuit breaker status logic. Cre-
ate similar logic for the other three feeders with the protection logic settings.

                    

TRIP10 Trip output of the CANBERRA terminal A-Phase asserted TRCAN_A

TRIP11 Trip output of the CANBERRA terminal B-Phase asserted TRCAN_B

TRIP12 Trip output of the CANBERRA terminal C-Phase asserted TRCAN_C

TRIP13 Trip output of the sectionalizing breaker A-Phase asserted TRSEC_A

TRIP14 Trip output of the sectionalizing breaker B-Phase asserted TRSEC_B

TRIP15 Trip output of the sectionalizing breaker C-Phase asserted TRSEC_C

Table 6.37 Primitive and Alias Names for the Trip Logic of Each Terminal 
(Sheet 2 of 2)

Primitive Name Description Alias

Table 6.38 Alias Names for the End-Zone Protection Logic

Primitive Name Description Alias

PSV01 End-zone element for LONDON terminal LOND_EZ

PSV02 End-zone element for BERLIN terminal BERL_EZ

PSV03 End-zone element for NEW YORK terminal NEWY_EZ

PSV04 End-zone element for CANBERRA terminal CANB_EZ

                    

Figure 6.70 End-Zone Logic With the Alias Names for the London Feeder

TRLON_A

TRLON_B

TRLON_C

1

52AL01

52AL02

52AL03

LOND89C

2

LOND_EZ
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Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.28 
shows the breakdown of the nine relay outputs we need for this application. We 
now link the appropriate relay logic outputs to specific relay output contacts and 
assign alias names to the relay output contacts. Table 6.39 shows the linking of 
the end-zone protection logic to the output contacts of the main board and the 
alias names of the relay main board output contacts. Table 6.40 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1 and the 
alias names of the of the interface board output contacts.

Output Alias Assignment–Main Board
We assign the outputs from the end-zone protection logics as direct transfer trip 
(DTT) functions to the output contacts of the main board. Wire the direct transfer 
trip outputs to the communications equipment or terminal panel to transmit the 
signal to the remote busbar.

                    

Output Alias Assignment–Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.40 shows the alias assignment for the five terminals 
in our example.

                    

Table 6.39 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT101 DTT for an end zone fault on LONDON Feeder LON_DTT

OUT102 DTT for an end zone fault on BERLIN Feeder BER_DTT

OUT103 DTT for an end zone fault on NEW YORK Feeder NEW_DTT

OUT104 DTT for an end zone fault on CANBERRA Feeder CAN_DTT

OUT105 NA NA

OUT106 NA NA

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.40 Alias Assignment for the Five Terminals in Our Example

Output Contact 
Assignment

Description
Output Contact 

Alias

OUT201a

a High-speed, high-interrupting outputs.

LONDON trip logic output LON_TRP

OUT202a BERLIN trip logic output BER_TRP

OUT203a NEW YORK trip logic output NEW_TRP

OUT204a CANBERRA trip logic output CAN_TRP

OUT205a TIE-BREAKER trip logic output SEC_TRP
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Station Layout Update
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.71.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminals CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Protection Logic Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.72.

                    

Figure 6.71 Substation Layout With Specific Terminal Information
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After inspecting the list, we decide that the only useful alias names are those of 
the 16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.73.

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the 18 analog channels and Relay Word bits, as shown in 
Figure 6.74.

                    

This concludes the alias settings. The next settings class is the global settings.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.72 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.73 Deletion of the First 43 Alias Names

1:OUT107,"TEST"
?  <Enter>
19:
?  I01,LOND_A <Enter>
20:
?  I02,LOND_B <Enter>

21:
?  I03,LOND_C <Enter>
22:
?  I04,BERL_A <Enter>
23:
?  I05,BERL_B <Enter>

24:
?  I06,BERL_C <Enter>
•
•
•
133:
?  OUT204,CAN_TRP <Enter>

134:
?  OUT205,SEC_TRP <Enter>
135:
?  END <Enter>
Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.74 Analog Quantities and Relay Word Bit Alias Names for 
Application 2
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Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Settings Group 1 to Protection Settings 
Group 2, global settings such as station name and relay name still apply. 
Figure 6.75 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either alias names or primi-
tive names when entering settings.

Carefully consider circuit breaker related settings when applying the relay in a 
single-relay application. The relay considers all applications to be three-relay 
applications; there is no setting distinguishing a single-relay application from a 
three-relay application. In particular, the relay interprets the number of circuit 
breakers (NUMBK) as the number of circuit breaker poles, not as the number of 
circuit breakers.

In this single-relay application example, there are 15 circuit breaker poles at the 
substation, and the value of NUMBK is 15. However, wire only one circuit 
breaker auxiliary contact from each circuit breaker to the relay; see the TRkk, 
TRIPkk, and the output settings for information on how to set the relay for this 
application.

There exists a direct relationship between the number of circuit breakers and the 
number of breaker status logics, i.e., the number of breaker input equations 
(52Akk) equals the number of circuit breakers (NUMBK). Enter the number of 
poles at the station for the NUMBK setting. Because the relay interprets the num-
ber of circuit breakers (NUMBK) as the number of circuit breaker poles, the set-
ting of NUMBK in this application equals 15.

Setting NUMBK equal to 15 makes 15 corresponding circuit breaker auxiliary 
input equations (52A01–52A15), and 15 corresponding trip equations (TR01–
TR15) available for setting. Although 15 circuit breaker auxiliary input equations 
are available, there are only four circuit breaker auxiliary contacts wired to the 
relay, one contact from each of the four feeder circuit breakers at the station. 
Group three circuit breaker auxiliary input equations to form an association with 
a circuit breaker, and enter the same contact name for the three circuit breaker 
auxiliary input equations. For example, group circuit breaker auxiliary input 
equations 52A01, 52A02, and 52A03 to form an association with the LONDON 
circuit breaker.

Table 6.31 shows the allocation of ILON52A, the circuit breaker auxiliary con-
tact to relay input IN204. We use relay input IN204 to monitor the status of the 
LONDON circuit breaker. All three circuit breaker auxiliary input equations 
(52A01, 52A02, and 52A03) must assert when ILON52A asserts, so ILON52A 
must appear in all three circuit breaker auxiliary input equations. Because we do 
not need a circuit breaker auxiliary contact from the tie breaker, set 52A13–
52A15 to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need six disconnect logics although 
there are 12 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPnn setting (nn = 01–06). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.
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=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?15 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?6 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?<Enter>
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>
Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  ILON52A <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
?  ILON52A <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  ILON52A <Enter>
N/O Contact Input -BK04 (SELogic Equation)
52A04 := NA
?  IBER52A <Enter>

N/O Contact Input -BK05 (SELogic Equation)
52A05 := NA
?  IBER52A <Enter>
N/O Contact Input -BK06 (SELogic Equation)
52A06 := NA
?  IBER52A <Enter>
N/O Contact Input -BK07 (SELogic Equation)

•
•
•

52A13 := NA
?  <Enter>
N/O Contact Input -BK13 (SELogic Equation)
52A14 := NA
?  <Enter>
N/O Contact Input -BK14 (SELogic Equation)
52A15 := NA
?  <Enter>

N/O Contact Input -BK15 (SELogic Equation)
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  ILON89A <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  ILON89B <Enter>

Figure 6.75 Global Settings for Application 2
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and to assign the input cur-
rents from the CTs to the appropriate differential elements. For each terminal, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three phases. For example, when we close the busbar disconnect on 
the LONDON feeder, all three phases (LOND_A, LOND_B, and LOND_C) 
operate together. Because the relay measures the three phases in three separate 
differential elements (phase LOND_A in differential element WEST_A, phase 
LOND_B in differential element WEST_B, etc.), we need to convey the discon-
nect status to all three differential elements. Table 6.33 shows the alias names of 
the disconnect status Relay Word bits; Figure 6.76 shows the zone configuration 
group settings.

The zone configuration group default settings are for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration group settings for the new substation, delete the exist-
ing zone configuration default settings. With the zone configuration group default 
settings deleted, the setting prompts no longer reference the default settings.

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ? <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IBER89A <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IBER89B <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ? <Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.75 Global Settings for Application 2 (Continued)
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=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?40 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?40 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?40 <Enter>
Current Transformer Ratio -I04 (1-50000)             CTR04   := 600    ?400 <Enter>
Current Transformer Ratio -I05 (1-50000)             CTR05   := 600    ?400 <Enter>
Current Transformer Ratio -I06 (1-50000)             CTR06   := 600    ?400 <Enter>
Current Transformer Ratio -I07 (1-50000)             CTR07   := 600    ?400 <Enter>
Current Transformer Ratio -I08 (1-50000)             CTR08   := 600    ?400 <Enter>
Current Transformer Ratio -I09 (1-50000)             CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)             CTR10   := 600    ?400 <Enter>
Current Transformer Ratio -I11 (1-50000)             CTR11   := 600    ?400 <Enter>

•
•
•

Current Transformer Ratio -I18 (1-50000)             CTR18   := 600    ?400 <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := SEC1_A, WEST_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>

LOND_A to WEST_A Connection (SELogic Equation)
I01BZ1V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
LOND_B to WEST_B Connection (SELogic Equation)
I02BZ2V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>

LOND_C to WEST_C Connection (SELogic Equation)
I03BZ3V := NA
?  LOND89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BERL_A to WEST_A Connection (SELogic Equation)
I04BZ1V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

BERL_B to WEST_B Connection (SELogic Equation)
I05BZ2V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
BERL_C to WEST_C Connection (SELogic Equation)
I06BZ3V := NA
?  BERL89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ4,P <Enter>

NEWY_A to EAST_A Connection (SELogic Equation)
I07BZ4V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ5,P <Enter>
NEWY_B to EAST_B Connection (SELogic Equation)
I08BZ5V := NA
?  NEWY89C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ6,P <Enter>
NEWY_C to EAST_C Connection (SELogic Equation)
I09BZ6V := NA
?  NEWY89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I10,BZ4,P <Enter>

CANB_A to EAST_A Connection (SELogic Equation)
I10BZ4V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I11,BZ5,P <Enter>
CANB_B to EAST_B Connection (SELogic Equation)
I11BZ5V := NA
?  CANB89C <Enter>

Figure 6.76 Zone Configuration Group Settings for Application 2
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, and E59 := 
N because we do not use the Coupler Security Logic, terminal out of service, 
breaker failure protection, overcurrent elements, or voltage elements in this appli-
cation. Pay close attention to the trip logic (TR01–TR15) settings.

Terminal, Bus-Zone, Polarity (P,N)
?  I12,BZ6,P <Enter>
CANB_C to EAST_C Connection (SELogic Equation)
I12BZ6V := NA
?  CANB89C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I13,BZ4,P <Enter>

SEC1_A to EAST_A Connection (SELogic Equation)
I13BZ4V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I14,BZ5,P <Enter>
SEC1_B to EAST_B Connection (SELogic Equation)
I14BZ5V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I15,BZ6,P <Enter>

SEC1_C to EAST_C Connection (SELogic Equation)
I15BZ6V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I16,BZ1,P <Enter>
SEC2_A to WEST_A Connection (SELogic Equation)
I16BZ1V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I17,BZ2,P <Enter>
SEC2_B to WEST_B Connection (SELogic Equation)
I17BZ2V := NA
?  SEC189C AND SEC298C <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I18,BZ3,P <Enter>
SEC2_C to WEST_C Connection (SELogic Equation)
I18BZ3V := NA
?  SEC189C AND SEC298C <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections

Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.76 Zone Configuration Group Settings for Application 2 (Continued)
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Because we use one SEL-487B, CTs from the three phases (A-phase, B-phase, 
and C-phase) from each terminal are assigned to three different differential ele-
ments (see Single-Relay Application on page 6.3).

Setting NUMBK (Global Settings) equal to 15 also makes 15 corresponding trip 
equations (TR01–TR15) available for setting. Table 6.36 shows the 18 differen-
tial trip bits that assert when the differential protection operates. Setting the trip 
equations involves assigning the 18 differential trip bits to the correct 15 trip 
equations. There are six differential elements in the relay, and because there are 
six bus-zones at the station, we use all six differential elements.

For the per-phase differential calculations, the relay assigns the individual phases 
of each terminal to three separate differential elements. (Strictly speaking, the 
relay assigns the phases according to the zone configuration group settings. How-
ever, correct zone configuration group settings cause the relay to assign the indi-
vidual phases of each terminal to three separate differential elements.) The tie 
breaker has six CTs; one CT assigned to each of the six differential elements. 
Because the tie breaker has only one circuit breaker, operation of any one of the 
six differential elements must trip the tie-breaker circuit breaker. For this reason, 
we include the two A-phase differential trip bits (87SEC1A and 87SEC2A) in the 
same trip equation, the two B-phase differential trip bits (87SEC1B and 
87SEC2B) in the same trip equation, and so on.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.

Although the SEL-487B includes 21 trip logics, there is only one Minimum Trip 
Duration Time Delay (TDURD) setting. Set the timer TDURD longer than the 
clearing time of the slowest circuit breaker at the station.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element, the Directional Element, and the Trip 
Duration Timer. Figure 6.77 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87LON_A
?  87LON_A <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87LON_B
?  87LON_B <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Figure 6.77 Protection Group Settings for Application 2
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This concludes the protection group settings. The next settings class is the protec-
tion logic settings.

Protection Logic Settings
Use the protection logic settings to create logics in the relay. Figure 6.78 shows 
the settings in our example. Protection Latch Bit PLT01 constitutes the differen-
tial enable function on the front-panel pushbutton labeled 87(DIFF) ENABLED. Lines 
22–27 show the programming for the end-zone protection. Figure 6.78 shows the 
protection logic settings.

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87LON_C
?  87LON_C <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

•
•
•
Trip 12 (SELogic Equation)
TR12 := NA
?  87CAN_C <Enter>
Unlatch Trip 12 (SELogic Equation)
ULTR12 := NA
?<Enter>

Trip 13 (SELogic Equation)
TR13 := NA
?  87SEC1A OR 87SEC2A <Enter>
Unlatch Trip 13 (SELogic Equation)
ULTR13 := NA
?<Enter>

Trip 14 (SELogic Equation)
TR14 := NA
?  87SEC1B OR 87SEC2B <Enter>
Unlatch Trip 14 (SELogic Equation)
ULTR14 := NA
?<Enter>

Trip 15 (SELogic Equation)
TR15 := NA
?  87SEC1C AND 87SEC2C <Enter>
Unlatch Trip 15 (SELogic Equation)
ULTR15 := NA
?  <Enter>

Trip Logic
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?> <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.77 Protection Group Settings for Application 2 (Continued)
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This concludes the protection logic settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need nine output contacts for our example:

➤ four for the direct transfer trip outputs

➤ five for the bus-bar protection trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings.

Because the relay interprets the NUMBK setting as the number of poles, there are 
15 trip equations for this application. There is, of course, only one circuit breaker 
for each terminal. We, therefore, combine the appropriate trip outputs from the 
breaker trip logic (TRIP01–TRIP15, see Figure 6.69) to provide a single trip out-
put for each circuit breaker. For example, we set the trip equations (Protection 
Group Settings) for the London terminal to TR01 := 87LON_A, TR02 := 87LON_B, 
and TR03 := 87LON_C, with the corresponding breaker trip logic output alias 
names of TRLON_A, TRLON_B, and TRLON_C. Because Terminal LONDON 
has only one circuit breaker, we assign only one trip output contact (OUT201) to 
trip the circuit breaker. Therefore, assertion of any one of the three breaker trip 
logic outputs (TRLON_A, TRLON_B, or TRLON_C) must trip the circuit 
breaker of the London terminal. To achieve this tripping, set Output OUT201 
equal to the OR combination of the three breaker trip logic outputs.

=>>SET L <Enter>

Protection 1

1: PLT01S := NOT PLT01 AND PLT04 # DIFFERENTIAL ENABLED
?  ><Enter>
21: 
?  # END-ZONE PROTECTION FOR THE LONDON FEEDER <Enter>
22:
? LOND_EZ:=(TRLON_A OR TRLON_B OR TRLON_C) AND (52AL01 OR 52AL02 OR 52AL03) AND 

LOND89C <Enter>

7:
? # END-ZONE PROTECTION FOR THE BERLIN FEEDER <Enter>
23:
? BERL_EZ:=(TRBER_A OR TRBER_B OR TRBER_C) AND (52AL04 OR 52AL05 or 52AL06) AND 

BERL89C <Enter>
24:
? # END-ZONE PROTECTION FOR THE NEW YORK FEEDER <Enter>
25:
? NEWY_EZ:=(TRNEW_A OR TRNEW_B OR TRNEW_C) AND (52AL07 or 52AL08 or 52AL09) \ AND 

NEWY89C <Enter>
26:
? # END-ZONE PROTECTION FOR THE CANBERRA FEEDER <Enter>

27:
? CANB_EZ:=(TRCAN_A OR TRCAN_B OR TRCAN_C) AND (52AL10 OR 52AL11 OR 52AL12) \ AND 

CANB89C <Enter>
28:
? END <Enter>

Protection 1
•
•
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.78 Protection Logic Settings for Application 2
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NOTE: The tie-breaker trip equations 
(TR13–TR15) already include the 
combination of two differential 
elements (87SEC1A OR 87SEC2A, 
etc.).

Figure 6.79 shows the settings. We include Protection Latch Bit PLT03 in the 
output equation. With PLT03 included in every output equation, the RELAY TEST 
MODE pushbutton disables all output contacts. We assign the direct transfer trip 
outputs to the main board contacts and the bus-zone protection to the trip outputs 
of the interface board. Figure 6.79 shows the output settings.

                    

This concludes the settings for Application 2.

Application 3: Breaker-and-a-Half
This application describes the breaker-and-a-half busbar arrangement shown in 
Figure 6.80. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRSEC_A AND NOT PLT03
?  LOND_EZ AND NOT PLT03 <Enter>
OUT102 := TRSEC_B AND NOT PLT03
?  BERL_EZ AND NOT PLT03 <Enter>
OUT103 := TRSEC_C AND NOT PLT03
?  NEWY_EZ AND NOT PLT03 <Enter>
OUT104 := TRLON_A AND NOT PLT03
?  CANB_EZ AND NOT PLT03 <Enter>
OUT105 := TRLON_B AND NOT PLT03
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRLON_A OR TRLON_B OR TRLON_C) AND NOT PLT03 <Enter>
OUT202 := NA
?  (TRBER_A OR TRBER_B OR TRBER_C) AND NOT PLT03 <Enter>
OUT203 := NA
?  (TRNEW_A OR TRNEW_B OR TRNEW_C) AND NOT PLT03 <Enter>
OUT204 := NA
?  (TRCAN_A OR TRCAN_B OR TRCAN_C) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TRSEC_A OR TRSEC_B OR TRSEC_C) AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 6.79 Control Output Settings for Application 2
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information.

➤ Description:

➢ Breaker-and-a-half

➤ Current Transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ No disconnect auxiliary contacts are available

➤ Future expansion:

➢ One feeder

                    

Figure 6.80 Breaker-and-a-Half Busbar Layout
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Use the terminal out-of-service function.

2. Use the voltage elements as an additional trip criterion, and generate 
an event report when the voltage elements assert.

3. Block the busbar protection for an open-circuit CT.

4. Use the internal breaker failure protection in the relay for Terminals 
TD, TE, and TF and include retrip for each terminal.

5. Protect the two busbars with separate relays.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. The SEL-487B offers a number of protection func-
tions as standard features, but it also includes the capability through SELOGIC 
control equations to create user-configurable functions. To properly identify and 
categorize the protection philosophy requirements, group the protection functions 
as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions necessary for 
the application. Table 6.41 shows the selection of the standard functions.

                    

Table 6.41 Section of Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable 
mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic No No disconnect auxiliary contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic No No disconnect auxiliary contacts available

Sensitive differential protection Yes CT open circuit detection

Zone supervision logic Yes Supervise tripping with the undervoltage 
elements as well as the negative- and zero-
sequence overvoltage elements

Zone-switching supervision logic No No disconnect auxiliary contacts available

Coupler security logic No Breaker-and-a-half busbar layout does not 
require this function



6.87

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 3: Breaker-and-a-Half

User-Defined Functions
Because the SEL-487B includes all protection functions necessary for this appli-
cation as standard protection functions, we do not need any user-defined func-
tions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.8 to calculate the number of current channels at the station, and 
use Equation 6.9 to calculate the number of zones at the station.

                    

Equation 6.8

                    

Equation 6.9

The protection philosophy calls for a separate relay for each busbar. There are 
three terminals in each zone, for a total of nine analog channels. Because of 
future expansion, however, add 3 more channels for a total of 12. Each 
SEL-487B has 21 analog channels, so that one relay has enough analog inputs to 
protect one of the busbars; we need 2 relays to protect both busbars.

Therefore, an SEL-487B protects busbar NORTH, and a separate SEL-487B pro-
tects the SOUTH busbar. This is known as a single-relay application. The follow-
ing discussion describes setting the relay that protects the NORTH busbar. 
Configuration settings for the relay protecting the SOUTH busbar are the same, 
except for the alias names. System settings such as CT ratios may be different.

Circuit breaker failure protection Yes Use the internal circuit breaker failure pro-
tection

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements Yes Use these elements as an additional trip cri-
terion

Zero- or negative-sequence voltage 
elements

Yes Use these elements as an additional trip cri-
terion

Table 6.41 Section of Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. The protec-
tion philosophy calls for breaker failure protection. We, therefore, need a breaker 
failure initiate input contact for each of the three terminals. Table 6.42 summa-
rizes the input contact requirement for this application.

                    

The relay main board has seven input contacts, sufficient for our application. 
From the input contact perspective, we only need the main board; we do not need 
an interface board.

Number of Relay Output Contacts
Circuit breakers TD, TE, and TF each need a trip output contact as well as a 
direct transfer trip (DTT). Table 6.43 shows the breakdown and the total number 
of relay output contacts required.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). There 
are enough output contacts on the main board, but these contacts are all standard 
output contacts. The interface boards can have high-speed, high-interrupting out-
put contacts that provide faster contact closure. Each interface board provides six 
high-speed, high-interrupting output contacts and two standard output contacts. 
For fast busbar fault clearance, assign each circuit breaker trip output to a high-
speed, high-interrupting output contact. From the output contact perspective, we 
need one interface board.

The conclusion from the preceding analysis is that we need one SEL-487B per 
busbar, each relay equipped with a single interface board.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ the number of SEL-487B Relays necessary for the application

➤ the number of input contacts

➤ the number of output contacts

➤ the selected functions

Table 6.42 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for circuit breaker failure protection 3

Total number of inputs 3

Table 6.43 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for differential, breaker failure trip-
ping, and direct transfer trip

3

Number of relay output contacts required for direct transfer tripping 3

Total number of relay output contacts 6
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
Table 6.44 shows CT-to-relay analog channel allocations and alias assignments. 
For example, allocate the A-phase CT from Terminal TD to relay channel I01, 
and assign to this CT the alias name TD_A. The choice of CT-to-analog channel 
allocation is arbitrary; you can assign the CTs randomly to relay analog channels. 
Table 6.44 shows the assignment starting with Terminal TD, followed by Termi-
nal TE, and Terminal TF, taken left-to-right from Figure 6.80.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. In this application, we use 
three of the six zones with alias names as shown in Table 6.45.

                    

Table 6.44 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

Terminal TD, A-phase I01 TD_A

Terminal TD, B-phase I02 TD_B

Terminal TD, C-phase I03 TD_C

Terminal TE, A-phase I04 TE_A

Terminal TE, B-phase I05 TE_B

Terminal TE, C-phase I06 TE_C

Terminal TF, A-phase I07 TF_A

Terminal TF, B-phase I08 TF_B

Terminal TF, C-phase I09 TF_C

Table 6.45 Alias Names for Three of the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 NORTH_A

BZ2 Bus-Zone 2 NORTH_B

BZ3 Bus-Zone 3 NORTH_C
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Input-to-Logic Allocation and Alias Assignment
Table 6.42 shows that we require three digital inputs. We now assign the digital 
inputs to the selected logic and apply alias names to the inputs and logic ele-
ments. Because we installed an interface board, we use the independent inputs on 
the interface board for the breaker failure initiate inputs, instead of the inputs on 
the main board.

Input-to-Logic Allocation and Alias Assignment, Interface Board 1 
(200)

Table 6.46 shows the breaker failure initiate input allocations.

                    

Assign Alias Names to the Selected Standard Logic
The following explains each selected function in reference to Table 6.41. Alias 
name assignments are also included. 

Breaker Failure

This application is a breaker-and-a-half busbar layout. For such busbar layouts, 
two circuit breakers must operate to clear a fault. Figure 6.81 shows fault F1, for 
which both Circuit Breaker TD and Circuit Breaker TG must operate to clear the 
fault. For certain faults, the current distribution may be such that Circuit Breaker 
TD carries the bulk of the fault current, as shown in Figure 6.81.

                    

Because of the current distribution, Terminal TG may only have enough current 
to assert the breaker failure current element threshold (50Fnn) when Circuit 
Breaker TD opens, as shown in Figure 6.82. 

Table 6.46 Alias Names for the Breaker Failure Input Contacts

Input Description Alias

IN201 Terminal TD breaker failure initiate ITD_BFI

IN202 Terminal TE breaker failure initiate ITE_BFI

IN203 Terminal TF breaker failure initiate ITF_BFI

                    

Figure 6.81 Current Distribution for Fault F1 With Circuit Breaker TD and 
Circuit Breaker TG Closed

R

TD TG

F1
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This situation delays initiation of the breaker failure protection of Terminal TG 
until Circuit Breaker TD interrupts the current. However, both circuit breakers 
receive the trip signal at the same time and are expected to operate at the same 
time. Use breaker failure protection Scheme 2 to prevent this delay. See Circuit 
Breaker Failure Protection on page 5.30 for more information. 

Because the protection philosophy calls for use of the internal breaker failure 
protection, wire a breaker failure initiate contact from each feeder panel to an 
independent relay input contact. Table 6.47 shows the primitive names and the 
alias names of the breaker failure initiate Relay Word bits (see the Protection 
Group Settings on page 6.100 for more information).

                    

We also assign alias names to breaker failure logic output Relay Word bits. 
Table 6.48 shows the primitive names and the alias names.

                    

                    

Figure 6.82 Current Flow for Fault F1 After Circuit Breaker TD Opened

Table 6.47 Alias Names for the Breaker Failure Initiate Relay Word Bits 

Logic Name Description Alias

ATBFI01 Terminal TD A-phase breaker failure protection initiate input TDA_BFI

ATBFI02 Terminal TD B-phase breaker failure protection initiate input TDB_BFI

ATBFI03 Terminal TD C-phase breaker failure protection initiate input TDC_BFI

ATBFI04 Terminal TE A-phase breaker failure protection initiate input TEA_BFI

ATBFI05 Terminal TE B-phase breaker failure protection initiate input TEB_BFI

ATBFI06 Terminal TE C-phase breaker failure protection initiate input TEC_BFI

ATBFI07 Terminal TF A-phase breaker failure protection initiate input TFA_BFI

ATBFI08 Terminal TF B-phase breaker failure protection initiate input TFB_BFI

ATBFI09 Terminal TF C-phase breaker failure protection initiate input TFC_BFI

Table 6.48 Alias Names for the Breaker Failure Logic Output Relay Word Bits

Logic Name Description Alias

FBF01 Terminal TD A-phase breaker failure protection asserted TDA_BF

FBF02 Terminal TD B-phase breaker failure protection asserted TDB_BF

FBF03 Terminal TD C-phase breaker failure protection asserted TDC_BF

FBF04 Terminal TE A-phase breaker failure protection asserted TEA_BF

FBF05 Terminal TE B-phase breaker failure protection asserted TEB_BF

FBF06 Terminal TE C-phase breaker failure protection asserted TEC_BF

FBF07 Terminal TF A-phase breaker failure protection asserted TFA_BF

FBF08 Terminal TF B-phase breaker failure protection asserted TFB_BF

FBF09 Terminal TF C-phase breaker failure protection asserted TFC_BF

R

TD TG

F1
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Alias Assignment

Figure 6.83 shows the station breaker failure trip logic. Relay Word bits FBF01–
FBF09 are the inputs to the station breaker failure trip logic; Relay Word bits 
SBFTR01–SBFTR09 are the outputs from the station breaker failure trip logic. 
Relay Breaker failure trip bits SBFTR01–SBFTR09 assert to trip the circuit 
breakers of the terminals in the bus-zone with the failed circuit breaker. (See 
Section 5: Protection Functions for more information.)

                    

Table 6.49 shows the station breaker failure Relay Word bits and the alias names 
for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection (see the Control Out-
put Settings on page 6.110 for more information).

Differential Trip Logic and Differential Element Alias Assignment

Figure 6.84 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.)

Differential trip bits 87BTR01–87BTR09 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Table 6.50 shows the Relay Word bits and the alias names for the zone differen-
tial protection outputs.

                    

Figure 6.83 Station Breaker Failure Trip Logic

Table 6.49 Primitive Terminal and Station Breaker Failure Trip Relay Word Bit 
Names and the Alias Names for the Breaker Failure Trip Bits 

Primitive 
Name

Description
Alias 

Names

SBFTR01 Terminal TD A-phase station breaker failure protection asserted TDA_SBF

SBFTR02 Terminal TD B-phase station breaker failure protection asserted TDB_SBF

SBFTR03 Terminal TD C-phase station breaker failure protection asserted TDC_SBF

SBFTR04 Terminal TE A-phase station breaker failure protection asserted TEA_SBF

SBFTR05 Terminal TE B-phase station breaker failure protection asserted TEB_SBF

SBFTR06 Terminal TE C-phase station breaker failure protection asserted TEC_SBF

SBFTR07 Terminal TF A-phase station breaker failure protection asserted TFA_SBF

SBFTR08 Terminal TF B-phase station breaker failure protection asserted TFB_SBF

SBFTR09 Terminal TF C-phase station breaker failure protection asserted TFC_SBF

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR09

FBF01

FBF09

                    

Figure 6.84 Differential Trip Logic for Differential Element 1

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR09

Z1S is the setting for voltage supervision



6.93

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 3: Breaker-and-a-Half

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate. In our example, we want 
to trip three terminals. Table 6.51 shows the primitive terminal names, the differ-
ential trip bit names, and the alias names for the differential trip bits.

                    

Breaker Trip Logic and Trip Alias Assignment 

Figure 6.85 shows the general tripping logic in the SEL-487B. (See Section 5: 
Protection Functions for more information.)

                    

There exists a direct relationship between the number of circuit breakers and the 
number of trip equations, i.e., the number of trip equations (TRkk) equals the 
number of circuit breakers (NUMBK). Because the relay interprets the number of 
circuit breakers (NUMBK) as the number of circuit breaker poles, the setting of 
NUMBK in this application equals nine. After setting the TRkk trip equations, 
the relay associates each TRkk trip equation with a particular circuit breaker pole; 
we must combine the trip equations in the output settings to form a single output 
for the circuit breaker (see Control Output Settings on page 6.110 for more infor-
mation). For example, after setting TR01 := 87BTR01 OR SBFTR01 and 

Table 6.50 Alias Names for the Zone Differential Protection Output Relay Word 
Bits

Primitive Name Description Alias

87Z1 Zone 1 differential element trip NORTA_T

87Z2 Zone 2 differential element trip NORTB_T

87Z3 Zone 3 differential element trip NORTC_T

Table 6.51 Primitive Terminal and Differential Trip Bit Names and the Alias 
Names for the Differential Trip Bits

Primitive Name Description Alias

87BTR01 Terminal TD A-phase differential protection trip asserted TD_TA

87BTR02 Terminal TD B-phase differential protection trip asserted TD_TB

87BTR03 Terminal TD C-phase differential protection trip asserted TD_TC

87BTR04 Terminal TE A-phase differential protection trip asserted TE_TA

87BTR05 Terminal TE B-phase differential protection trip asserted TE_TB

87BTR06 Terminal TE C-phase differential protection trip asserted TE_TC

87BTR07 Terminal TF A-phase differential protection trip asserted TF_TA

87BTR08 Terminal TF B-phase differential protection trip asserted TF_TB

87BTR09 Terminal TF C-phase differential protection trip asserted TF_TC

                    

Figure 6.85 Breaker Trip Logic
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TR02 := 87BTR02 OR SBFTR02, the relay associates Trip Equation TR01 with 
Terminal 01 (TD_A), Trip Equation TR02 with Terminal 02 (TD_B), and so on. 
Table 6.52 shows the primitive and alias names for the trip logic of each terminal. 

                    

Assign Alias Names to the User-Defined Logic
This application requires no user-defined logic.

Relay Logic-to-Output Contact Allocation and Output Contact Alias 
Assignments

At this point, we have assigned alias names to all relay functions. Table 6.43 
shows the breakdown of the relay outputs that we need for this application. We 
now assign specific relay output contacts to the relay functions and assign alias 
names to the relay output contacts. Table 6.53 shows the main board assignments 
and alias names. 

Output Alias Assignment, Main Board
This application requires no main board output contacts.

                    

Output Alias Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.54 shows the assignments and alias names for Inter-
face Board 1.

Table 6.52 Primitive and Alias Names for the Trip Logic of Each Terminal

Primitive Name Description Alias Name

TRIP01 Terminal TD A-phase trip output asserted TRTD_A

TRIP02 Terminal TD B-phase trip output asserted TRTD_B

TRIP03 Terminal TD C-phase trip output asserted TRTD_C

TRIP04 Terminal TE A-phase trip output asserted TRTE_A

TRIP05 Terminal TE B-phase trip output asserted TRTE_B

TRIP06 Terminal TE C-phase trip output asserted TRTE_C

TRIP07 Terminal TF A-phase trip output asserted TRTF_A

TRIP08 Terminal TF B-phase trip output asserted TRTF_B

TRIP09 Terminal TF C-phase trip output asserted TRTF_C

Table 6.53 Alias Assignment for the Trip Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update
We are now ready to set and configure the relay. Write down all the relevant 
information onto the station diagram, as shown in Figure 6.86. Figure 6.86 shows 
the updated station layout for both relays.

1. Write down the bus-zone, terminal, and disconnect names.

2. Allocate the terminals CTs to the relay input current channels.

3. Allocate the auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the station terminals.

                    

Table 6.54 Alias Assignments for the Output Contacts of Interface Board 1

Output Contact 
Assignment

Description Output Contact Alias

OUT201a

a High-speed, high-interrupting outputs.

Terminal TD trip output TD_TRIP

OUT202a Terminal TE trip output TE_TRIP

OUT203a Terminal TF trip output TF_TRIP

OUT204a Terminal TD direct transfer trip output TD_DTT

OUT205a Terminal TE direct transfer trip output TE_DTT

OUT206a Terminal TF direct transfer trip output TF_DTT

                    

Figure 6.86 Substation Layout With Specific Terminal Information
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following settings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Front Panel Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. Type SET T <Enter> to enter the alias setting class. Many 
default Relay Word bits have useful alias names ready for use. Type LIST 
<Enter> to see a list of default primitive names and associated alias names, as 
shown in Figure 6.87.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.88. 

                    

Type > <Enter> to advance to the next available line in the settings list. Enter the 
alias names for the analog channels and Relay Word bits, as shown in Figure 6.89.

We include the alias names for the three protection latch bits (PLT01, PLT02, and 
PLT03). We use these protection latch bits for local control of the differential ele-
ments (PLT01), the breaker fail protection (PLT02), and the relay test mode 
(PLT03). Because the protection logic default settings include these three protec-
tion latch bits as default settings, we did not select these protection latch bits as 
user-defined logic.

=>>SET T <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
60: TLED_15,"89_ALRM"
61: TLED_16,"PT_ALRM"
1: I01,"FDR_1"
?

Figure 6.87 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"

?  DELETE 43 <Enter>

Figure 6.88 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is the Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.90 shows the setting changes we need for our example. Because we 
declared the alias names in the alias settings class, use either the alias names or 
the primitive names when entering settings.

Enter the number of poles at the station for the NUMBK settings. There are three 
terminals in the differential equation, each with three poles. The total number of 
poles, therefore, equals nine poles, and we set NUMBK to 9.

Setting NUMBK to 9 makes 9 corresponding circuit breaker auxiliary input 
equations (52A01–52A09) and nine corresponding trip equations (TR01–TR09) 
available for setting. Because we do not need circuit breaker auxiliary inputs for 
this example, we need not enter values for the circuit breaker auxiliary input 
equations. For this example, the only Global setting change is the number of cir-
cuit breakers; all other settings remain at default settings.

1: OUT107,"TEST"
?  > <Enter>
19:
?  I01,TD_A <Enter>
20:
?  I02,TD_B <Enter>
21:
?  I03,TD_C <Enter>
22:
?  I04,TE_A <Enter>
23:
?  I05,TE_B <Enter>
24:
?  I06,TE_C <Enter>
•
•
•
136:
?  PLT01,DIFF_EN <Enter>
137:
?  PLT02,BF_EN <Enter>
138:
?  PLT03,TNS_SW <Enter>
139:
?  END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.89 Analog Quantities and Relay Word Bits Alias Names
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. In this application, there are no disconnect 
auxiliary contacts available, and we permanently assign analog channels to the 
appropriate differential elements. All 21 channels are available for setting, but 
only the first 9 are part of the differential protection. We, therefore, assign only 
the first nine analog channels to the differential elements. The protection philoso-
phy calls for the use of the voltage elements as an additional trip criterion.

Calculate the ratio settings as follows:

                    

Equation 6.10

Figure 6.91 shows the zone configuration settings.

Because there are no disconnects available at this station, we cannot use the 
dynamic zone selection logic. Because we cannot use the dynamic zone selection 
logic, the CTs are always considered in the differential equations.

When we consider only the disconnect auxiliary contacts as conditions in the ter-
minal-to-bus-zone connection settings, we would have entered a 1 for each of the 
terminal-to-bus-zone connection settings.

This example, however, also includes two other conditions that must be a logical 
1 before the relay considers the CTs in the differential equations. The two condi-
tions are

➤ the differential enable switch (Alias DIFF_EN)

➤ and the terminal-out-of-service switch (TOSnn, where nn is the 
terminal number)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?9 <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?END <Enter>
Global
•
•
•
52A08 := NA
52A09 := NA
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.90 Global Settings for Application 3
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Front-panel pushbutton PB1 controls DIFF_EN. The function of DIFF_EN is to 
remove all the terminals from the differential equations with a single command. 
Enter DIFF_EN at every terminal-to-bus-zone variable.

The terminal out-of-service switch, which removes individual terminals from the 
differential calculations, is part of the front-panel local controls. Include an indi-
vidual terminal out-of-service (TOSnn) for each terminal.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example. Delete the terminal-to-
bus-zone default settings for ease of setting zone configuration settings for the 
new substation. With the terminal-to-bus-zone default settings deleted, the setting 
prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.91 shows the Zone 
configuration settings for this application. Instead of entering 1 AND DIFF_EN 
AND NOT TOSnn, we omit the 1, and enter only DIFF_EN AND NOT TOSnn 
for each setting.

                    

=>>SET Z <Enter>

Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)          PTR1    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V02 (1-10000)          PTR2    := 2000   ?1000 <Enter>
Potential Transformer Ratio -V03 (1-10000)          PTR3    := 2000   ?1000 <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)            CTR01   := 600    ?400 <Enter>
Current Transformer Ratio -I02 (1-50000)            CTR02   := 600    ?400 <Enter>

•
•
•
Current Transformer Ratio -I09 (1-50000)            CTR09   := 600    ?400 <Enter>
Current Transformer Ratio -I10 (1-50000)            CTR10   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TD_A, NORTH_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TD_A to NORTH_A Connection (SELogic Equation)
I01BZ1V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>
TD_B to NORTH_B Connection (SELogic Equation)
I02BZ2V := NA
?  PLT01 AND NOT TOS01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ3,P <Enter>
TD_C to NORTH_C Connection (SELogic Equation)
I03BZ3V := NA
?  PLT01 AND NOT TOS01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
TE_A to NORTH_A Connection (SELogic Equation)
I04BZ1V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

TE_B to NORTH_B Connection (SELogic Equation)
I05BZ2V := NA
?  PLT01 AND NOT TOS02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,BZ3,P <Enter>
TE_C to NORTH_C Connection (SELogic Equation)
I06BZ3V := NA
?  PLT01 AND NOT TOS02 <Enter>

Figure 6.91 Zone Configuration Group Settings for Application 3
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
ECSL := N because we do not use the Coupler Security Logic.

Terminal out of service is a local bit (local bits provide programming capabilities 
for functions available on the front-panel screen under LOCAL CONTROL). Include 
the terminal out of service in the trip equations to disable the outputs from indi-
vidual terminals.

This local control selectively takes a terminal out of service, whereas the 87(DIFF) 
ENABLED pushbutton disables all the trip outputs. Set ETOS := 3 because there are 
three breakers in the bus-zone differential protection.

There are nine breaker poles (NUMBK := 9), all of which need relay breaker fail-
ure protection. Set EBFL := 9 to enable nine breaker failure logics. Set E50 := N 
and E51 := N because we do not need overcurrent protection for this application.

Terminal, Bus-Zone, Polarity (P,N)
?  I07,BZ1,P <Enter>
TF_A to NORTH_A Connection (SELogic Equation)
I07BZ1V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I08,BZ2,P <Enter>

TF_B to NORTH_B Connection (SELogic Equation)
I08BZ2V := NA
?  PLT01 AND NOT TOS03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I09,BZ3,P <Enter>
TF_C to NORTH_C Connection (SELogic Equation)
I09BZ3V := NA
?  PLT01 AND NOT TOS03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
? DELETE 100 <Enter>
Bus-Zone, Bus-Zone
?<Enter>

Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  592P1 OR 592P1 OR 271P1 <Enter>
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  591P1 OR 592P1 OR 271P1 <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.91 Zone Configuration Group Settings for Application 3 (Continued)
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The protection philosophy calls for undervoltage as an additional trip criterion. 
Because the voltage elements are enabled in the default settings, leave EVOLT := Y.

Default settings for the differential elements are 60 percent for Slope 1 and 80 
percent for Slope 2. Enable the advanced settings by setting EADVS := Y to 
change the slope setting.

With EADVS := Y, the slope settings and incremental restrained and operating 
current settings become available. For this application, we use the default values 
for the sensitive differential element, the restrained differential element, and the 
directional element.

The protection philosophy calls for breaker failure protection. This application 
shows an example of how to calculate breaker failure settings for the Terminal 
TD circuit breaker. In this example, we apply the settings calculated for Terminal 
TD to all the terminals at the station. Because network parameters are different, 
be sure to calculate values for the other terminals; do not assume that settings for 
one terminal apply to all other terminals at the same station.

EBFL, Enable Breaker Fail Setting

Enter the number of per-pole breaker fail logics you want to enable.

In this single-relay application, we need nine per-pole breaker fail logics, because 
we must provide breaker failure protection for three breakers.

EBFL := 9 Enable breaker fail

Figure 6.92 shows the components of breaker failure protection for line protec-
tion. Do not consider remote terminal information when considering breaker fail-
ure protection for equipment such as capacitor banks, transformers, etc.

                    

Use the SEL-487B to provide circuit breaker failure protection for Circuit 
Breaker TD in Figure 6.93.

                    

Figure 6.92 Breaker Failure Timing Diagram
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Figure 6.93 shows the power system for this example. Line 1 and Line 2 connect 
Station S and Station R. We set the breaker failure protection in the SEL-487B to 
detect circuit breaker failures for Terminal TD at Station S. This example uses a 
line with three-pole tripping, but the relay provides the flexibility to also apply 
circuit breaker failure for single-pole trip circuit breakers. This flexibility is pos-
sible because the current measurement and timers are available on a per-phase 
basis.

                    

50FP01, Phase Current Level Detector Setting 
NOTE: This is one method for 
calculating setting 50FP01. Use your 
company’s practices and policies for 
determining the pickup setting for 
your particular application.

Set the current pickup (50FP01) greater than maximum load and less than the 
fault current that flows through Terminal TD. Assume that the total load current 
(IS) is 3.25 A secondary, supplied from Substation S. Calculate setting 50FP01 
with all the load current IS through Terminal TD.

                    

Equation 6.11

A fault study shows that the minimum ground fault current, Ifault minimum, is 
4.2 A secondary when the parallel line is in service at minimum generation. Cal-
culate the 50FP01 setting for dependability at half the minimum fault current.

                    

Equation 6.12

Although the result of this setting calculation is less than maximum load, obtain 
greater dependability by using this calculation to set the 50FP01 element to 
2.10 A.

                    

Figure 6.93 Power System for Circuit Breaker Failure Scheme 2
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BFPU01, Circuit Breaker Failure Time Delay Setting

BFPU01 (Breaker Failure Time Delay-Terminal TD) is the time for which the 
input (BFI01) to Timer BFPU01 must be continuously present to result in a cir-
cuit breaker failure trip operation. The recommended setting for BFPU1 is the 
sum of the following:

➤ Maximum circuit breaker operating time

➤ OPH01 maximum dropout time

➤ Safety margin

Figure 6.94 shows the timing diagram for setting Timer BFPU01. 

                    

NOTE: If the relay is using TiDL 
(EtherCAT), the operating times will 
be delayed by 1.5 ms. Use caution 
when setting the relay coordination 
times to account for this added delay.

To maintain system stability, you must clear the fault within the total clearing 
time, assumed to be 17 cycles for this example. Use the maximum operating time 
of the local and remote circuit breakers. The maximum circuit breaker operating 
time, tbk, is 3 cycles for this example.

Use 0.75 cycle for tOPH, the maximum assertion time of the open-phase detec-
tor, OPH01. You must also include the communications channel time, tch, for 
remote circuit breaker tripping. To determine setting BFPU1, you must find the 
safety margin, ts. Use Equation 6.13 to calculate the safety margin:

                    

Equation 6.13

                    

                    

Figure 6.94 Timing Diagram for Setting BFPU01–Scheme 2
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where:

ts = safety margin

tt = total clearing time (17 cycles)

t1r = line protection maximum operating time (2 cycles)

t1bk = local circuit breaker maximum operating time (3 cycles)

ts tt – tlr tlbk t+ OPH t86 tch t+ rbk+ + + =

17 – (2 + 3 + 0.75 + 1 + 1 + 3)=

5.75 cycles=
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Use the safety margin result from Equation 6.13 to calculate BFPU01:

                    

Equation 6.14

BFPU01 := 9.50 cycles Breaker Failure Time Delay

RTPU01, Retrip Time Delay Setting

If the circuit breaker is equipped with two trip coils, the relay should attempt to 
retrip the protected circuit breaker before a circuit breaker failure trip asserts. In 
this example, local circuit breaker maximum operating time is 3 cycles, and the 
open-phase detection assertion is 0.75 cycle. Wait 4 cycles for the retrip.

RTPU01 := 4.00 Retrip Time Delay

BFI01 and ABFI01, Circuit Breaker Initiation Settings

Figure 6.95 shows the breaker failure initiate contact for Terminal TD. Wire sim-
ilar contacts for Terminal TE and Terminal TF into the SEL-487B.

                    

For this example, assume the breaker failure initiate signal is continuous. 
Because this is a breaker-and-a-half busbar layout, use the input extension option 
of Alternate Breaker Failure Initiating Input With Extension and/or Seal In Logic 
on page 5.32 (see Circuit Breaker Failure Protection on page 5.30 for more 
information).

Figure 6.96 shows the circuit breaker failure initiation extension and seal-in 
logic, and Figure 6.97 shows the circuit breaker failure logic. 

tOPH = open-phase detection OPH01 maximum assertion time (0.75 cycle)

t86 = auxiliary breaker failure relay operating time (1 cycle)

tch = communications channel maximum operating time (1 cycle)

trbk = remote circuit breaker maximum operating time (3 cycles)

BFPU01 t1bk tOPH ts+ +=

3 + 0.75 + 5.75=

9.5 cycles=

                    

Figure 6.95 Breaker Failure Protection Wiring for Terminal TD
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Scheme 2 uses a combination of the logic in Figure 6.96 and Figure 6.97 by set-
ting the output from the circuit breaker failure initiation extension and seal-in 
logic (ABFIT01, Figure 6.96) as the breaker failure initiate input of the breaker 
failure logic (BFI01, Figure 6.97).

                    

Because this is an example of a three-pole circuit breaker, enter the same breaker 
failure initiate input (IN201) for all three phases (ATBFI01–ATBFI03) for Termi-
nal TD.

Table 6.55 shows the breaker failure initiate input (IN201) and the assignment 
and setting to combine the logic for Terminal TD, stating the alias names where 
applicable. Settings for the remaining terminals are similar.

                    

                    

Figure 6.96 Circuit Breaker Failure Initiation Extension and Seal-In Logic

                    

Figure 6.97 Circuit Breaker Failure Logic

Table 6.55 Input and Relay Word Bit Assignments and Settings for the 
Combined Logic

Assignment Setting to Achieve the Assignment

IN201 to ATBFI01 TDA_BFI := ITD_BFI

IN201 to ATBFI02 TDB_BFI := ITD_BFI

IN201 to ATBFI03 TDC_BFI := ITD_BFI

ABFIT01 to BFI01 BFI01 := ABFIT01

ABFIT02 to BFI02 BFI02 := ABFIT02

ABFIT03 to BFI03 BFI03 := ABFIT03

Relay
Word
Bit

ATBFI01

EBFIS01 := Y 
(Logical 1 if EBFIS01 := Y)

50F01

SELOGIC
Setting 0

BFIDO01 
(1.5 CYC)

ABFIT01

0

(0.5 CYC) 
BFISP01

1

2

Relay
Word
BitsXBF01

EXBF01 := Y 
(Logical 1 if EXBF01 := Y)

BFI01

I01

50FP01

OPH01

SELOGIC
Settings

BFPU01

0
CYC

RTPU01

0
CYC

FBF01

50F01

BFIT01

RT01
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BFIDO01, Circuit Breaker Failure Protection Initiation Dropout Delay 
Setting

Setting EBFIS01 applies to the case where the breaker failure initiate signal is not 
continuous. Because the breaker failure initiate signal is continuous in this exam-
ple, leave EBFIS01 at the default value of N. Consider the case where the entire 
fault current initially flows through Terminal TG, and no current flows through 
Terminal TD. Timer BFIDO01 replaces the current input 50FI01 (Figure 6.96) 
for the period when the entire fault current flows through Circuit Breaker TG. 
During this period, not enough current is available to assert Relay Word bit 
50FI01 to turn AND Gate 1 on (Figure 6.96). Timer BFIDO01 extends the 
breaker failure initiate signal, waiting for Terminal TD to interrupt the fault cur-
rent. The maximum circuit breaker operating time for Terminal TG is 3 cycles; 
allow a short safety margin and set Timer BFIDO01 to 4 cycles.

BFIDO1 := 4.00 Breaker Failure Initiate Dropout Delay-BK1

Negative- and Zero-Sequence Overvoltage, Thresholds and Phase 
Undervoltage Settings

Conduct fault studies to obtain appropriate settings for the negative-sequence and 
zero-sequence overvoltage elements.

For this example, assume a setting of 15 V for both negative-sequence and zero-
sequence overvoltage elements and 45 V for the undervoltage elements. 

59P1P1 := 15 Overvoltage Element 1 pickup setting. Use 59O1 = 3V2FIM for 
the negative-sequence operating quantity.

59P2P1 := 15 Overvoltage Element 2 pickup setting. Use 59O2 = 3V0FIM for 
the zero-sequence operating quantity.

27P1P1 := 45 Undervoltage Element 1 pickup setting. Use V0nFIM (n = 1–3) 
for the undervoltage operating quantity.

TR01–TR09, Trip Equations Settings

Pay close attention to the trip logic (TR01–TR09) settings. Because this is a sin-
gle-relay application, CTs from the three phases (A-phase, B-phase, and C-phase) 
from each terminal are assigned to three different differential elements (see Sin-
gle-Relay Application on page 6.3). Setting NUMBK (Global settings) to 9 also 
makes 9 corresponding trip equations (TR01–TR09) available for setting. All 
nine channels are part of the breaker failure protection, as well as part of the bus-
zone protection. Therefore, we include the differential trip outputs as well as the 
station breaker fail trip outputs in the trip equation of each terminal. Setting the 
trip equations involves assigning the nine differential trip bits to the correct nine 
trip equations, and assigning the nine station breaker failure trip bits to the cor-
rect nine trip equations. 

TDURD, Minimum Trip Duration Time Delay Setting

Although the SEL-487B includes nine trip logics, there is only one Minimum 
Trip Duration Time Delay setting. Set the timer TDURD longer than the operat-
ing time of the slowest circuit breaker at the station, using the default value of 
12 cycles.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. Press the 
TARGET RESET pushbutton on the front panel to deassert the trip outputs. 
Alternatively, enter specific reset conditions at the ULTRkk settings.
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The SEL-487B triggers an event report when any one of the following Relay 
Word bits asserts:

➤ 87BTR (any one of the differential trip bits)

➤ SBFTR (any one of the station breaker failure trip bits)

➤ TRIP (any one of the nine trip logic outputs)

➤ ER (user-defined functions)

➤ TRI (ASCII command)

The protection philosophy calls for the relay to generate an event report when the 
negative-sequence and zero-sequence overvoltage elements assert. To achieve 
this, enter Relay Word bit 591P1 and 592P1 at the ER prompt.

ER := 591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3

Protection Latch bit PLT02 enables/disables the breaker failure protection in the 
default settings. Include PLT02 in each breaker failure initiate setting for the BKR 
FAIL ENABLE pushbutton to control the breaker failure protection. Figure 6.98 
shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?<Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?3 <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?9 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?> <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Terminal Out-of-Service
Terminal 01 Out-of-Service (SELogic Equation)
TOS01 := LB01
?  > <Enter>
Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?<Enter>
Fault Current Pickup -BK01 (0.50-50 amps,sec)        50FP01  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK01 (0.00-6000 cyc)    BFPU01  := 6.00   ?9.5 <Enter>
Retrip Delay -BK01 (0.00-6000 cyc)                   RTPU01  := 3.00   ?4 <Enter>

Breaker Fail Initiate -BK01 (SELogic Equation)
BFI01 := IN101 AND BF_EN
?  ABFIT01 <Enter>
Alt Breaker Fail Initiate -BK01 (SELogic Equation)
ATBFI01 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK01 (Y,N)            EBFIS01 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ?4 <Enter>

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?<Enter>
Fault Current Pickup -BK02 (0.50-50 amps,sec)        50FP02  := 3.00   ?2.1 <Enter>
Brkr Fail Init Pickup Delay -BK02 (0.00-6000 cyc)    BFPU02  := 6.00   ?9.5 <Enter>
Retrip Delay -BK02 (0.00-6000 cyc)                   RTPU02  := 3.00   ?4 <Enter>
Breaker Fail Initiate -BK02 (SELogic Equation)
BFI02 := IN102 AND BF_EN
?  ABFIT02 <Enter>

Alt Breaker Fail Initiate -BK02 (SELogic Equation)
ATBFI02 := NA
?  IN201 AND PLT02 <Enter>
Breaker Fail Initiate Seal-In -BK02 (Y,N)            EBFIS02 := N      ?<Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ?4 <Enter>
•
•
•

Figure 6.98 Protection Group Settings for Application 3
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This concludes the protection group settings. The next settings class is the front-
panel settings.

Front-Panel Settings
The front-panel settings class is where we set functions visible and accessible 
from the front panel. Settings include LEDs, pushbuttons, front-panel screen 
selection, display point, and local control. All of these functions have default set-
tings, except five pushbuttons and the display points.

Because not all functions are required in this application, change the settings 
according to the protection philosophy. Remove the following LED settings:

➤ ZONE 4 trip indication (LED 6)

➤ ZONE 5 trip indication (LED 7)

➤ ZONE 6 trip indication (LED 8)

➤ 50 indication (LED 9)

Trip Logic
Trip 01 (SELogic Equation)
TR01 := TDA_SBF OR TD_TA
?<Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := TDB_SBF OR TD_TB
?<Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>
Trip 03 (SELogic Equation)
TR03 := TDC_SBF OR TD_TC
?<Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Trip 04 (SELogic Equation)
TR04 := TEA_SBF OR TE_TA
?<Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := TEB_SBF OR TE_TB OR TEC_SBF OR TE_TC
?  TEB_SBF OR TE_TB <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Trip 06 (SELogic Equation)
TR06 := NA
?  TEC_SBF OR TE_TC
Unlatch Trip 06 (SELogic Equation)
ULTR06 := NA
?<Enter>
•
•
•
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000  ? <Enter>

Event Report Trigger Equation (SELogic Equation)
ER := R_TRIG 87ST
?  591P1 OR 592P1 OR 87S1 OR 87S2 OR 87S3 <Enter>
Group 1
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.98 Protection Group Settings for Application 3 (Continued)
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➤ 51 indication (LED 10)

➤ 89 IN PROG (LED 14)

➤ 89 ALARM (LED 15)

Also, change the number of Local bits for the TOS (Terminal Out of Service) 
function to the correct number, 3. Figure 6.99 shows the settings.

                    

=>>SET F <Enter>
Front Panel
Front Panel Settings
Front Panel Display Time-Out (OFF,1-60 mins)         FP_TO   := 15     ? <Enter>
Enable LED Asserted Color (R,G)                      EN_LEDC := G      ? <Enter>
Trip LED Asserted Color (R,G)                        TR_LEDC := R      ? <Enter>

Pushbutton LED 1 (SELogic Equation)
PB1_LED := PLT01 # DIFFERENTIAL PROTECTION ENABLED
?  <Enter>
PB1_LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB1_COL := AO     ? <Enter>
Pushbutton LED 2 (SELogic Equation)

PB2_LED := PLT02 # BREAKER FAILURE ENABLED
.
.
.
PB12LED Assert & Deassert Color (Enter 2: R,G,A,O)   PB12COL := AO     ? <Enter>

Target LED 1 (SELogic Equation)
T1_LED := 87BTR
?  <Enter>
Target LED 1 Latch (Y,N)                             T1LEDL  := Y      ? <Enter>
T1_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T1LEDC  := RO     ? <Enter>
Target LED 2 (SELogic Equation)
T2_LED := SBFTR
?  <Enter>
.
.
.

Target LED 6 Latch (Y,N)                             T6LEDL  := Y      ?N <Enter>
T6_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T6LEDC  := RO     ? <Enter>
Target LED 7 (SELogic Equation)
T7_LED := 87Z5
?  <Enter>
Target LED 7 Latch (Y,N)                             T7LEDL  := Y      ?N <Enter>
T7_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T7LEDC  := RO     ? <Enter>
Target LED 8 (SELogic Equation)
T8_LED := 87Z6
?  <Enter>
Target LED 8 Latch (Y,N)                             T8LEDL  := Y      ?N <Enter>
T8_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T8LEDC  := RO     ? <Enter>

Target LED 9 (SELogic Equation)
T9_LED  := 50P01T OR 50P02T OR 50P03T OR 50P04T OR 50P05T OR 50P06T OR \
            50P07T OR 50P08T OR 50P09T OR 50P10T OR 50P11T OR 50P12T OR \
            50P13T OR 50P14T OR 50P15T OR 50P16T OR 50P17T OR 50P18T OR \
            50P19T OR 50P20T OR 50P21T
?  <Enter>
Target LED 9 Latch (Y,N)                             T9LEDL  := Y      ?N <Enter>
T9_LED Assert & Deassert Color (Enter 2: R,G,A,O)    T9LEDC  := RO     ? <Enter>
Target LED 10 (SELogic Equation)
T10_LED := 51T01 OR 51T02 OR 51T03 OR 51T04 OR 51T05 OR 51T06 OR \
            51T07 OR 51T08 OR 51T09 OR 51T10 OR 51T11 OR 51T12 OR \
            51T13 OR 51T14 OR 51T15 OR 51T16 OR 51T17 OR 51T18 OR \
            51T19 OR 51T20 OR 51T21
?  <Enter>
Target LED 10 Latch (Y,N)                            T10LEDL := Y      ?N <Enter>
T10LED Assert & Deassert Color (Enter 2: R,G,A,O)    T10LEDC := RO     ? <Enter>

Target LED 11 (SELogic Equation)
T11_LED := 87ST
?  <Enter>
.
.
.
?  <Enter>
Target LED 24 Latch (Y,N)                            T24LEDL := N      ? <Enter>
T24LED Assert & Deassert Color (Enter 2: R,G,A,O)    T24LEDC := RO     ? <Enter>

Figure 6.99 Front-Panel Settings for Application 3
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This concludes the front-panel settings. The next settings class is the control out-
put settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need six output contacts for our example:

➤ three for the differential and breaker failure trip outputs

➤ three for direct transfer trip outputs

Although not specifically called for in the protection philosophy, it is good prac-
tice to also include the TEST and ALARM outputs in the relay settings. 

Because the relay interprets the NUMBK setting as the number of poles, there are 
nine trip equations for this application. There is, of course, only one circuit 
breaker for each terminal. We therefore combine the appropriate trip outputs 
from the breaker trip logic (TRIP01–TRIP09, see Figure 6.85) to provide a single 
trip output for each circuit breaker. For example, we set (Group settings) the trip 
equations for Terminal TD to TR01 := TDA_SBF OR TD_TA, TR02 := 

Selectable Screens for the Front Panel

Front Panel Display Update Rate (OFF,1-15 seconds)   SCROLD  := 5      ? <Enter>
Station Battery Screen (Y,N)                         STA_BAT := N      ? <Enter>
Fundamental Voltage and Current Screen (Y,N)         FUND_VI := Y      ? <Enter>
Differential Metering (Y,N)                          DIFF    := Y      ? <Enter>
Terminals Associated with Zones (Y,N)                ZONECFG := Y      ? <Enter>

Selectable Operator Pushbuttons

Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)          PB1_HMI := OFF    ?> <Enter>

Front Panel Event Display

Enable HMI Auto Display of Event Summaries (Y,N)     DISP_ER := Y      ?> <Enter>

Display Points
(Boolean):RWB Name, "Label", "Set String", "Clear String", "Text Size"
(Analog) : Analog Quantity Name, "User Text and Formatting", "Text Size"

1: 
?  <Enter>

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB01,"F1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB01,"Terminal TD","OUT OF SERVICE","IN SERVICE",N<Enter>
2: LB02,"F2 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB02,"Terminal TE","OUT OF SERVICE","IN SERVICE",N<Enter>
3: LB03,"F3 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  LB03,"tERMINAL TF","OUT OF SERVICE","IN SERVICE",N<Enter>
4: LB04,"T1 OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  DELETE<Enter>
4: LB05,"TB OUT OF SERVICE","OUT OF SERVICE","IN SERVICE",N
?  END<Enter>

Front Panel

Front Panel Settings

•
•
•

SER Parameters

SER_PP  := N
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.99 Front-Panel Settings for Application 3 (Continued)
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TDB_SBF OR TD_TB, and TR03 := TDC_SBF OR TD_TC, with the corre-
sponding breaker trip logic output alias names of TRTD_A, TRTD_B, and TRT-
D_C. Because Terminal TD has only one circuit breaker, assertion of any one of 
the three breaker trip logic outputs (TRTD_A, TRTD_B, or TRTD_C) must trip 
the circuit breaker of Terminal TD. To achieve this combination, enter all three of 
the breaker trip logic output Relay Word bits in the output equation of the circuit 
breaker of Terminal TD. We assign the output Relay Word bits of the breaker fail-
ure logic to output contacts OUT204, OUT205, and OUT206 for direct transfer 
tripping.

Figure 6.100 shows the output settings. We include Protection Latch Bit PLT03 
in the output equation. With PLT03 included in every output equation, the RELAY 
TEST MODE pushbutton disables all output contacts. 

                    

This concludes the settings for Application 3.

Application 4: Single Bus and Transfer Bus With Bus 
Coupler

This application describes the busbar arrangement shown in Figure 6.101, single 
bus and transfer bus with tie breaker (bus coupler). The busbar arrangement con-
sists of two busbars (main busbar and transfer busbar), four feeders and a tie 
breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

=>>SET O <Enter>
Output
Main Board
OUT101 := TRTD_A AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRTD_B AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRTD_C AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRTE_A AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRTE_B AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  (TRTD_A OR TRTD_B OR TRTD_C) AND NOT PLTO3 <Enter>
OUT202 := NA
?  (TRTE_A OR TRTE_B OR TRTE_C) AND NOT PLTO3 <Enter>
OUT203 := NA
?  (TRTF_A OR TRTF_B OR TRTF_C) AND NOT PLTO3 <Enter>

OUT204 := NA
?  (TDA_SBF OR TDB_SBF OR TDC_SBF) AND NOT PLT03 <Enter>
OUT205 := NA
?  (TEA_SBF OR TEB_SBF OR TEC_SBF) AND NOT PLT03 <Enter>
OUT206 := NA
?  TFA_SBF OR TFB_SBF OR TFC_SBF AND NOT PLT03 <Enter>
OUT207 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.100 Output Settings for Application 3
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➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

                    

Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Single bus and transfer bus with tie breaker

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ Only 89A disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one CT core for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.101 Single Bus and Transfer Bus With Bus Coupler (Tie Breaker)
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every substation uses all of these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the 89B disconnect auxiliary contacts to dynamically configure 
the station.

4. Use the zone-switching supervision logic.

5. Prevent the loss of Busbar 1 for a fault between the tie breaker and 
tie-breaker CT.

6. Ensure bus-zone protection stability for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs necessary for the application. Study the protec-
tion philosophy to determine which protection and/or control functions to apply 
to any particular substation. For example, in this application the protection phi-
losophy calls for the use of the zone-switching supervision, but not for breaker 
failure protection. The SEL-487B offers a number of protection functions as stan-
dard features, but it also includes the capability through SELOGIC control equa-
tions to create user-configurable functions.

To prevent tripping of Busbar 1 when there is a fault between the tie breaker and 
tie-breaker CT, we can delay tripping of Busbar 1 and trip the tie breaker first 
(see Protection Group Settings on page 6.127). We then remove the tie-breaker 
currents from the differential calculations. To remove the tie-breaker currents 
from the differential calculations, we use the breaker auxiliary contact from the 
tie breaker and a combination of the coupler security logic and zone supervision.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations)

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.56 shows the selection of the standard functions.

                    

Table 6.56 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic No We need both 89A and 89B disconnect; only 
the 89A contact is available.
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User-Defined Functions
This application requires no user-defined functions.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ and the number of interface boards (as many as four interface boards 
per relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.15 to calculate the number of current channels at the station, and 
use Equation 6.16 to calculate the number of zones at the station.

                    

Equation 6.15

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of pre-
venting the loss of Busbar 1 for a fault between 
the tie breaker and the tie-breaker CT.

Zone-switching supervision 
logic

Yes Use this logic when only one (either 89A or 
89B) disconnect contact is available.

Coupler security logic Yes Use the coupler security logic in a single CT 
application for enhanced protection for faults 
between the tie-breaker CT and circuit breaker.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.56 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs
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Equation 6.16

The number of per-phase CTs at the station is 15 (the tie breaker has three CT 
cores), and one SEL-487B suffices. However, the requirement for five future 
feeders increases the number of per-phase CTs to 30. Because each SEL-487B 
has 21 analog input channels, we need three relays. This is known as a three-relay 
application.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, identi-
fied with an appended letter A (MEXCO_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MEXCO_A setting is MEXCO_B in the B-phase relay, and 
MEXCO_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The protection philosophy calls for disconnect auxiliary contacts to dynamically 
configure the station. Because each terminal provides only one disconnect auxil-
iary contact, we cannot use the disconnect monitoring logic. Each feeder has two 
busbar disconnects (891 and 892), and the tie breaker also has two disconnects 
(891 and 892). Each feeder therefore requires two inputs, and the tie breaker 
requires two inputs, for a total number of ten disconnect logics.

The protection philosophy also calls for zone-switching supervision logic, and 
we will use the coupler security logic to prevent tripping of Busbar 1 when there 
is a fault between the tie breaker and tie-breaker CT. For the zone-switching 
supervision logic, connect the close and open signals from each disconnect in 
parallel, and wire the parallel combination as a single input into the relay (see 
Zone Configuration Group Settings on page 6.123). 

The coupler security logic requires three inputs:

➤ a close signal

➤ a circuit breaker 52A auxiliary contact

➤ an input for the accelerated tripping function (see Figure 6.110 for 
more information)

We need one input for the circuit breaker 52A auxiliary contact and one input for 
the closing signal. For the accelerated tripping input (ACTRP1), we use the out-
put from the BZ1 differential element (87R1). Table 6.57 summarizes the input 
contacts necessary for this application. 

# of bus-zones required = # of per-phase station bus sections
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The relay main board has seven inputs, insufficient inputs for our application. 
Each interface board provides two sets of nine grouped inputs and six indepen-
dent inputs. Use the grouped inputs for the disconnect auxiliary contact inputs; 
the six independent inputs are available for breaker failure initiate inputs. 
Because this application has no circuit breaker failure protection, and the circuit 
breaker closing signals are best suited for independent inputs, use the indepen-
dent inputs on the interface board for the circuit breaker closing signal. From the 
input perspective, we need one interface board. It is not necessary to include I/O 
for future expansion with the initial order; install additional I/O if and when 
required.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.58 shows the breakdown and the total number of relay output 
contacts required for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts. The interface 
boards can have high-speed, high-interrupting output contacts that provide faster 
contact closure. Each interface board provides six high-speed, high-interrupting 
output contacts and two standard output contacts. For fast busbar fault clearance, 
assign each circuit breaker trip output to a high-speed, high-interrupting output 
contact for each of the circuit breakers at the station. From the output contact per-
spective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with a single interface board. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays necessary for the application

➤ The number of inputs

Table 6.57 Number of Required Relay Inputs

Input Description Inputs

Number of relay inputs required for the disconnect contacts (4 • 2) + 2 = 10

Number of relay inputs required for disconnect open/close 
signal

1

Number of relay inputs required for the coupler security 
logic on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary contact)

Total number of inputs 13

Table 6.58 Breakdown and the Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for tripping the circuit breakers 5

Total number of relay output contacts 5
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➤ The number of output contacts

➤ The selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation, and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.59 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.59 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from Figure 6.101.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.60.

                    

Table 6.59 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MEXICO terminal, A-phase I02 MEXCO_A

RIO DE JANEIRO terminal, A-phase I03 RIODJ_A

BOGOTA terminal, A-phase I04 BOGOT_A

PANAMA terminal, A-phase I05 PANAM_A

Table 6.60 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 BUS_A

BZ2 Bus-Zone 2 TRANS_A
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Input-to-Logic Allocation 
Table 6.57 shows that we require 13 digital inputs. We now assign the 13 digital 
input contacts to the selected logic. There are 18 grouped and 6 independent 
input contacts on the interface board. We assign the 10 disconnect inputs to the 
grouped terminals and the remaining 3 inputs to the independent relay inputs on 
the interface board.

Input Contact to Logic Allocation, Main Board

This application requires no main board inputs.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.61 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because inputs IN201–IN203 and IN213–IN215 are independent inputs, 
assign the inputs for the coupler security logic and the open/closing signals to 
these relay inputs.

                    

Identification of the Selected Standard Logic
The following explains each selected function in reference to Table 6.56. Alias 
name assignments are also included.

Differential Trip Logic Identification

Figure 6.102 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if zone supervision conditions permit an output from 
the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.62 shows the Relay Word bits and description for the zone differential 
protection outputs.

Table 6.61 Relay Input-to-Relay Logic Assignment

Input Description

IN201 TIE-BREAKER circuit breaker 52A auxiliary contact

IN202 TIE-BREAKER circuit breaker closing signal

IN203 Disconnect open/closing signal

IN204 TIE-BREAKER disconnect (BUS_A) NO contact

IN205 TIE-BREAKER disconnect (TRANS_A) NO contact

IN206 MEXICO terminal disconnect (BUS_A) NO contact

IN207 MEXICO terminal disconnect (TRANS_A) NO contact

IN208 RIO DE JANEIRO terminal disconnect (BUS_A) NO contact

IN209 RIO DE JANEIRO terminal disconnect (TRANS_A) NO contact

IN210 BOGOTA terminal disconnect (BUS_A) NO contact

IN211 BOGOTA terminal disconnect (TRANS_A) NO contact

IN212 PANAMA terminal disconnect (BUS_A) NO contact

IN216 PANAMA terminal disconnect (TRANS_A) NO contact
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.122 for more information). Table 6.63 shows the differential trip bit and 
the associated terminals.

                    

Relay Logic-to-Output Contact Allocation 
Table 6.58 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.64 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.65 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Contact Allocation, Main Board
This application requires only the TEST and ALARM output contacts from the 
main board.

                    

Table 6.62 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.102 Differential Trip Logic for Differential Element 1

Table 6.63 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

Table 6.64 Alias Names and Contact Allocation of the Main Board Output 
Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Output Contact Allocation, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.65 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.103.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

                    

Table 6.65 Allocation of the Interface Board Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-breaker trip logic output

OUT202a MEXICO trip logic output

OUT203a RIO DE JANERO trip logic output

OUT204a BOGOTA trip logic output

OUT205a PANAMA trip logic output

                    

Figure 6.103 Substation Layout With Specific Information

Transfer Bus

Busbar 1

D891

D893

Z892

Z891

3000/5

4000/5

3000/5 3000/5 3000/5

D892 E891

E893

E892 F891

F893

F892 G891

G893

G892

MEXICO RIO DE JANEIRO BOGOTA PANAMA

TIE BREAKER

TRANS_A (BZ2)

BUS_A (BZ1)

IN205

IN204

IN206 IN207 IN208 IN209 IN210 IN211 IN212 IN216

I02 MEXCO_A I03 RIODJ_A I04 BOGOT_A I05 PANAM_A

I01 = TIE_A

52

52 52 52 52
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay.

Type SET T <Enter> to enter the alias setting class. Many default Relay Word 
bits have useful alias names ready for use. Type LIST <Enter> to see a list of 
default primitive names and associated alias names, as shown in Figure 6.104.

After inspecting the list, we decide the only useful alias names are those of the 24 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.105. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.106.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>

1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.104 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.105 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.107 shows the setting changes we need for our example. 

Because there are five circuit breakers at the station, set NUMBK to 5. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input contact for the tie-breaker auxiliary contact (52A01 := 
IN201). Set the remaining four circuit breaker auxiliary input equations (52A02–
52A05) to NA.

                    

v1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>

28:
?  I02,MEXCO_A <Enter>
29:
?  I03,RIODJ_A <Enter>
30:
?  I04,BOGOT_A <Enter>

31:
?  I05,PANAM_A <Enter>
32:
?  BZ1,BUS_A <Enter>
33:
?  BZ2,TRANS_A <Enter>

34:
?  PLT01,DIFF_EN <Enter>
35:
? PLT03,TNS_SW <Enter>
36:
? END <Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.106 Analog Quantities and Relay Word Bits Alias Names

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?  <Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?  <Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?> <Enter>

Global Enables

Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>

Control Inputs (Global)

Input Pickup Delay (0.0-30 ms)                       GINPU   := 2.0    ?> <Enter>

Figure 6.107 Global Settings for Application 4
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contact status to determine the station configuration and assign the input currents 
from the CTs to the appropriate differential elements. For each terminal, wire an 
89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Mexico feeder, all three phases 
(MEXCO_A, MEXCO_B, and MEXCO_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MEXCO_A in the 
A-phase relay, phase MEXCO_B in B-phase relay, etc.), we must convey the dis-
connect status to all three relays. 

Settings Group Selection

Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  ><Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs

N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN201<Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter> 
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

DNP

Event Summary Lock Period (0-1000 s)                 EVELOCK := 0      ?> <Enter>
Global
•
•
•
EVELOCK := 0        DNPSRC  := UTC
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.107 Global Settings for Application 4 (Continued)
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For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the terminal to the 
transfer busbar (disconnect G892 on the Panama Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one feeder will be on transfer at any given time, i.e., the tie-
breaker disconnects and the feeder transfer disconnect (n892, n = D, 
E, F, G) of only one of the four feeders can be closed simultaneously.

➤ Only Busbar 1 can be the source busbar.

➤ The operating sequence to put a feeder on transfer is fixed.

Because the operating sequence defines a set of operating rules, settings engi-
neers can decide on appropriate terminal-to-bus-zone and bus-zone-to-bus-zone 
settings for each step.

Table 6.66 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Refer to Figure 6.103 and consider a case in which we put the PANAMA Feeder 
on transfer.

Assume the tie breaker is open and both tie-breaker disconnects are open.

                     

Because the operating sequence prevents connections that could result in relay 
misoperation, we must merge the zones during the intermediate position (Step 2 
in Table 6.66). We define this intermediate position as the time when disconnects 
n891 and n892 of any feeder are closed simultaneously.

Enter this state to merge the zones in the bus-zone-to-bus-zone connections:

BZ1BZ2V := (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 
AND IN216)

Table 6.66 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Close tie-breaker disconnects 
Z892 and Z891. Close the tie-
breaker circuit breaker.

Feeder Disconnects D891, E891, F891, and 
G891 as well as D893, E893, F893, and G893 
are now closed. Feeder Disconnects D892, E892, 
F892, and G892 are open. Closing the tie breaker 
brings both busbars to the same potential.

2 Close the Panama G892 discon-
nect.

Closing Disconnect G892 forms a bus-zone-to-
bus-zone connection, resulting in a parallel 
path between the tie breaker and the Panama 
Feeder. Merge the two zones to prevent possi-
ble relay misoperation.

3 Open the Panama circuit breaker. Although the current distribution is known at 
this point, the feeder is still considered in the 
intermediate position and the two zones are 
still merged.

4 Open the line disconnect (G893) 
of the Panama feeder. Open the 
Busbar 1 (G891) disconnect.

Opening G891 removes the bus-zone-to-bus-
zone connection, forming two independent 
zones. The Panama feeder is now on transfer.
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We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 1 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ1 differential element out-
put by the negated coupler security output (ZS1 := NOT CSL1) (see Protection 
Group Settings on page 6.127 for more information).

I01BZ1V and I01BZ2V, the tie-breaker terminal-to-bus-zone settings, comprise 
the disconnect auxiliary contacts (IN204 and IN205), the circuit breaker auxiliary 
contact (CB52A1), the circuit breaker closing signal (CBCLST1), and the cou-
pler status timed out bit (CB52T1). (See Figure 6.110 and Protection Group Set-
tings on page 6.127 for more detail.)

In this application, the disconnect provides only one (89B) disconnect auxiliary 
contact. We cannot use the disconnect monitoring logic because the disconnect 
monitoring logic requires two disconnect auxiliary contacts. For installations 
with only one disconnect auxiliary contact, use the zone-switching supervision 
logic. (See Section 5: Protection Functions for more information.) Enable the 
zone switching supervision by setting EZSWSUP := Y. Connect the open and 
close signals from the disconnects in parallel (see Figure 6.108).

In this application, we assign this parallel connection to relay input IN203. Set 
ZSWO := IN203.

Alarm ZSWOAL stays asserted indefinitely in the event of the disconnect auxil-
iary contact failing to change status. Use pushbutton PB5 to reset Alarm 
ZSWOAL when a disconnect auxiliary contact fails to change status. Set 
RZSWOAL := PB5. 

                    

Measure each disconnect travel time.

Set the zone-switching operation pickup delay (ZSWOPU) to a value longer than 
the time necessary for the slowest disconnect to complete an open-to-close, or 
close-to-open operation. Based on previous experience with similar equipment, 
we set the ZSWOPU to 3600 cycles in this example. Figure 6.109 shows the zone 
configuration settings for this application.

The zone configuration default settings are for a specific substation with arbi-
trarily selected alias names, serving only as an example.

For ease of setting zone configuration settings for the new substation, delete the 
terminal-to-bus-zone connections default settings. With the terminal-to-bus-zone 
connections default settings deleted, the setting prompts no longer reference the 
default settings.

                    

Figure 6.108 External Wiring and Initiation Input for Zone-Switching 
Supervision

Open Signal, 
Terminal 01

Close Signal, 
Terminal 01

Open Signal, 
Terminal nn

Close Signal, 
Terminal nn

• • •

IN203

+

–
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You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.109 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?600 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, BUS_A, P
?  DELETE 100 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ1,P <Enter>
TIE_A to BUS_A Connection (SELogic Equation)
I01BZ1V := NA
?  IN204 AND IN205 AND (CB52A1 OR CBCLST1) <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,BZ2,N <Enter>
TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ2V := NA
?  IN204 AND IN205 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ1,P <Enter>
MEXCO_A to BUS_A Connection (SELogic Equation)
I02BZ1V := NA
?  IN206 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,BZ2,P <Enter>

MEXCO_A to TRANS_A Connection (SELogic Equation)
I02BZ2V := NA
?  IN207 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ1,P <Enter>
RIODJ_A to BUS_A Connection (SELogic Equation)
I03BZ1V := NA
?  IN208 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,BZ2,P <Enter>

RIODJ_A to TRANS_A Connection (SELogic Equation)
I03BZ2V := NA
?  IN209 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ1,P <Enter>
BOGOT_A to BUS_A Connection (SELogic Equation)
I04BZ1V := NA
?  IN210 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,BZ2,P <Enter>

BOGOT_A to TRANS_A Connection (SELogic Equation)
I04BZ2V := NA
?  IN211 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ1,P <Enter>
PANAM_A to BUS_A Connection (SELogic Equation)
I05BZ1V := NA
?  IN212 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,BZ2,P <Enter>

PANAM_A to TRANS_A Connection (SELogic Equation)
I05BZ2V := NA
?  IN216 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  BZ1,BZ2 <Enter>

BUS_A to TRANS_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>
Connection to Remove Terminals when BUS_A and TRANS_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (IN206 AND IN207) OR (IN208 AND IN209) OR (IN210 AND IN211) OR (IN212 AND IN\
216) <Enter>

Figure 6.109 Zone Configuration Group Settings for Application 4
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, beginning with the func-
tion enable settings. Default settings for the differential elements are 60 percent 
for Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable 
the advanced settings by setting EADVS := Y. With EADVS := Y, the slope set-
tings and incremental restrained and operating current settings become available. 
For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more information).

We need one coupler security logic for this application. Set ECSL := 1. Set 
ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N because we do not use the terminal out of service function, breaker 
failure protection, overcurrent elements, voltage elements, or advanced settings 
in this application.

Setting NUMBK to 5 (Global settings) makes five corresponding circuit breaker 
auxiliary input equations (52A01–52A05), and five corresponding trip equations 
(TR01–TR05) available for setting. Each of the five analog channels has a corre-
sponding differential trip bit that asserts (Table 6.63) when the differential ele-
ment asserts.

Be sure to include these differential trip bits in the trip equations of all circuit 
breakers you want to trip. When applying the coupler security logic as in this 
example, include the differential element trip output (87R1) and the 87BTR01 
differential trip bit in the tie-breaker trip logic. 

Terminals Removed when BUS_A and TRANS_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>
Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?

Zone Supervision
Differential Element Zone Supervision (Y,N)         E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT CSL1 <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  > <Enter>

Zone Switching Supervision (Y,N)                    EZSWSUP := N      ?Y <Enter>
Zone Switching Operation (SELogic Equation)
ZSWO := NA
?  IN203 <Enter>
Reset Zone Switching Op Alarm (SELogic Equation)
RZSWOAL := NA
?  PB5 <Enter>
Zone Switching Op Pickup Delay (0-99999 cyc)        ZSWOPU  := 1800   ?3600 <Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.109 Zone Configuration Group Settings for Application 4 (Continued)
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The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Figure 6.110 shows the combination of the coupler security logic and the zone 
supervision with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the fixed logic.

                    

The protection philosophy calls for the loss of only one zone when a fault 
between the tie-breaker CT and circuit breaker occurs. Use the coupler security 
logic to prevent the loss of Busbar 1 for a fault between the tie-breaker CT and 
circuit breaker. Be aware, however, that using this logic delays relay operation for 
all busbar faults on Busbar 1. 

Assume for this application that the maximum circuit breaker tripping time is two 
cycles and that the maximum closing time is four cycles. Refer to Figure 6.110, 
and notice the difference in the CB52A1 and CBCLS1 inputs from the regular 
coupler security application. Input CBCLS1 provides the closing signal informa-
tion to the relay. For an open-to-close operation, Input CBCLS1 asserts when the 
operator issues a closing signal to the circuit breaker, asserting Relay Word bits 
I01BZ1V and I01BZ2V. When Relay Word bits I01BZ1V and I01BZ2V assert, 
the relay considers the CT in the differential equations. Inserting the CTs in the 
differential equations before primary current flows emulates the early make, late 
break timing requirement for the disconnect auxiliary contacts. Set the timer 
dropout time (CBCLDO1) to a value longer than the maximum breaker closing 
time. In this example, allow a short safety margin and set CBCLDO1 to 5 cycles 
(default value). A setting of five cycles allows the circuit breaker ample time to 
change state, during which time Relay Word bit CB52A1 asserts. 

When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 

                    

Figure 6.110 Coupler Security Logic With Applied Input Settings
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use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 2. However, because we supervise all Zone 1 faults, 
premature removal of the CTs does not adversely affect Zone 1 differential ele-
ments.

Figure 6.111 shows just the tie breaker and two terminals of the application. The 
single CT on the tie breaker has one core, providing CT information to both dif-
ferential elements. The challenge to the coupler security logic is to trip BZ2 and 
not BZ1 for Fault F1. This requirement contradicts the existing configuration, for 
it calls for the coupler security logic to prevent BZ1 from operating for an in-
zone fault (fault on Busbar 1) and for BZ2 to operate for an out-of-zone fault 
(fault on Busbar 1). 

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection BZ2 is stable, and differential protection BZ1 immedi-
ately trips the Mexico circuit breaker and the tie-breaker circuit breaker. How-
ever, tripping the Mexico circuit breaker and the tie-breaker circuit breaker does 
not clear Fault F1. Fault current still flows from the Rio de Janeiro Feeder, 
through the transfer bus, and into the fault. Although breaker failure protection 
will operate to trip the Rio de Janeiro circuit breaker, this operation takes place 
after the breaker failure time delay. After the tie-breaker breaker failure timer 
times out, all circuit breakers in BZ2 zone trip, resulting in both BZ1 and BZ2 
tripping to clear Fault F1. 

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in such a way that tripping of the BZ1 bus-zone is only permitted 
when the tie-breaker circuit breaker is open. To prevent tripping BZ1, configure 
the relay to achieve the following:

                    

Figure 6.111 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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➤ Check if the tie-breaker circuit breaker is closed.

➤ If the tie-breaker circuit breaker is closed, trip only the tie breaker to 
interrupt the fault current from BZ1; trip no other circuit breakers.

➤ If the tie breaker is open, allow normal busbar protection tripping.

➤ When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of BZ1 and eventually BZ2.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 1 requires the following two settings:

➤ Supervising the BZ1 differential element

➤ Issuing a trip signal to the tie breaker first

Supervise the BZ1 differential element output with the negated output from the 
coupler security logic (Z1S := NOT CSL1). We assign 87R1, the unsupervised 
output from the BZ1 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.110 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the 
supervision from the BZ1 differential element. 

Supervising the BZ1 differential element in this way prevents the tripping of all 
terminals in BZ1, including the tie breaker. To trip the tie breaker, include 87R1, 
the unsupervised output from Differential Element 1 in the trip equation of the tie 
breaker.

After the tie breaker opens (two cycles), we remove the tie-breaker CT from the 
differential calculations of BZ1, but not the BZ1 supervision. Maintain the BZ1 
supervision for at least another 1.25 cycles (add a safety margin of 0.75 cycle) to 
allow the differential element to reset. Achieve this delay by setting ACTPPU1 to 
at least 4 cycles.

For Fault F1, BZ1 operates, asserting Relay Word bit 87R1. When Relay Word 
bit 87R1 asserts, the accelerated trip timer starts timing. Because of the BZ1 zone 
supervision (NOT CSL1), 87Z1 cannot assert, and only the bus tie breaker 
receives a trip signal.

Two cycles later, the tie-breaker trips, interrupting the fault current contribution 
from BZ1. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ1V and eventually I01BZ2V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the tie 
breaker is open, but fault current still flows through the CT. Removing the tie-
breaker CTs from all differential calculations does not trip BZ1 (no fault current 
contribution from BZ1) but causes BZ2 to operate (BZ2 balancing tie-breaker CT 
removed), tripping all circuit breakers on the transfer bus. Removing the bus sec-
tionalizer CTs also deasserts Relay Word bit 87R1, causing the accelerated trip 
timer to stop timing. Fault F1 is now cleared, although there is a time delay.

For Fault F2, the initial tripping is the same as for Fault F1: BZ1 operates, assert-
ing Relay Word bit 87R1. When Relay Word bit 87R1 asserts, the accelerated trip 
timer starts timing. Because of the BZ1 zone supervision (NOT CSL1), 87Z1 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.
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Two cycles later, the tie-breaker circuit breaker trips, and the auxiliary contact 
changes state at the same time. When the auxiliary contact changes state, Relay 
Word bit CB52A1 deasserts, causing Relay Word bits I01BZ1V and eventually 
I01BZ2V to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deas-
sert, the relay removes the CTs from the differential calculations for BZ1 and 
BZ2. Because the circuit breaker is open, terminals from BZ2 no longer contrib-
ute to the fault, and BZ2 is stable. However, the BZ1 zone supervision (NOT 
CSL1) still supervises the BZ1 trip output for another two cycles. Two cycles 
later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. When 
Relay Word bit CSL1 deasserts, Relay Word bit Z1S asserts, removing the zone 
supervision from BZ1, issuing a trip signal to all circuit breakers on Busbar 1.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.112 shows the group settings.

                    

=>>SET <Enter>

Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ?<Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ?<Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ?<Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ?<Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ?<Enter>
Advanced Settings (Y,N)                              EADVS   := N      ?<Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN201 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ?<Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN202 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ?<Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R1 <Enter>

Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ?<Enter>
Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87R1 OR 87BTR01 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR02 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR03 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>

Figure 6.112 Protection Group Settings for Application 4
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay. Connect the cable to the circuit breaker trip coil to any one of the 
three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.113 shows the control output settings.

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR04 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
?<Enter>

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR05 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?<Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.112 Protection Group Settings for Application 4 (Continued)
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This concludes the settings for Application 4.

Application 5: Double Bus With Bus Coupler
This application describes the busbar arrangement shown in Figure 6.114, double 
bus with tie breaker (bus coupler). The busbar arrangement consists of two bus-
bars (main busbar and transfer busbar), four terminals and a tie breaker. Consider 
the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  > <Enter>

•
•
•
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.113 Control Output Settings for Application
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

                    

Figure 6.114 Double Bus With Bus Coupler (Tie Breaker)
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3. Use the disconnect auxiliary contacts to dynamically configure the 
differential protection.

4. Use the disconnect monitor logic

5. Use external breaker failure protection.

6. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 6 of the protection philosophy calls for 
stable differential protection for all operating conditions. There are two network 
conditions when the differential protection can become unstable:

➤ When disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ When the transfer disconnect of any feeder is closed

By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.67 shows the selection of the standard functions.

                    

Table 6.67 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Function Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differential 
protection according to the disconnect positions

Sensitive differential pro-
tection

Yes Use the sensitive differential element as CT open 
circuit detection

Zone supervision logic Yes Use the zone supervision logic to ensure stable dif-
ferential protection for all operating conditions

Zone-switching supervi-
sion logic

No 89A and 89B disconnect contacts available so this 
logic is not required

Coupler security logic No Two CTs in overlap configuration do not require the 
coupler security logic

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and 3 voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs we install 3 SEL-487B Relays. 
Use Equation 6.17 to calculate the number of current channels at the station, and 
use Equation 6.18 to calculate the number of zones at the station.

                    

Equation 6.17

                    

Equation 6.18

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays. This example shows the setting and configura-
tion for the A-phase relay, so identified with an appended letter A (MADRI_A). 
For the other two relays, the settings and configuration are the same as for the A-

Time-overcurrent protec-
tion

No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.67 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Function Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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phase relay, but the appended letter changes according to the letter designation of 
the relay. For example, the corresponding MADRI_A setting is MADRI_B in the 
B-phase relay, and MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the four feeders requires three disconnect monitoring 
logic and the tie breaker requires two; the number of disconnect logics required is 
therefore six. Each disconnect monitoring logic requires two disconnect auxiliary 
contact inputs: an 89A and an 89B contact. Use Equation 6.19 to calculate the 
number of relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.19

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.68 summarizes the input contact required for this application. 

                    

The relay main board has seven input contacts, which are not enough input con-
tacts for our application. Each interface board provides two sets of nine grouped 
input contacts and six independent input contacts. Use the grouped input contacts 
for the disconnect auxiliary contact inputs; and five of the six independent input 
contacts for the breaker failure inputs. From the input contact perspective, we 
need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.69 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.68 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.69 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton on the front panel is selected, 
and Output Contact 8 is used for alarming purposes in the default settings). How-
ever, the main board contacts are all standard output contacts; high-speed, high-
interrupting output contacts provide for faster contact closure. Each interface 
board can provide six high-speed, high-interrupting output contacts, and two 
standard output contacts. For fast busbar fault clearance, assign each circuit 
breaker trip output to a high-speed, high-interrupting output contact for each of 
the circuit breakers at the station. From the output contact perspective, we need 
one interface board. 

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards. 

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the number of the following:

➤ the number of SEL-487B Relays required for the application

➤ the number of input contacts

➤ the number of output contacts

➤ selected protection functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ link specific CT inputs to specific relay analog channels

➤ link specific disconnect and external circuit breaker failure inputs to 
specific relay input contacts

➤ link relay element/logic outputs to specific relay output contacts

➤ assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.70 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.70 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.114.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.71.

                    

Input to Logic Allocation 
Table 6.68 shows that we require 33 digital inputs. We now assign the 33 digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact to Logic Allocation, Interface Board 1 (200)

Table 6.72 and Table 6.73 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs. 

                    

Table 6.70 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.71 Alias Names for the Six Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.73 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

                    

Assignment of the Selected Standard Logic
Referring to Table 6.67, the following is a discussion on each selected function. 

Disconnect Monitoring Logic 

Figure 6.115 shows one of the 60 disconnect monitor logic circuits available in 
the relay. (See Dynamic Zone Selection Logic on page 5.14 for more information 
on the disconnect auxiliary contact requirements).

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.72 Disconnect and Circuit Breaker Failure Contact Input Allocation 
 (Sheet 2 of 2)

Input Description

Table 6.73 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.74 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.115 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.74 Disconnect Auxiliary Contact Relay Word Bits

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 60
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.116 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.75 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.147 for more information). Table 6.76 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.117 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

Table 6.75 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.116 Differential Trip Logic for Differential Element 1

Table 6.76 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Table 6.77 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.118 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.72 to the appropriate 
XBFnn (nn = 01–06) of the breaker failure protection logic (see Protection 
Group Settings on page 6.153). Table 6.78 shows the primitive names and assign-
ments.

                    

                    

Figure 6.117 Breaker Failure Trip Logic

Table 6.77 Station Breaker Failure Trip Bit Names and Associated Terminal 
Names

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.118 Breaker Failure Logic for External Breaker Failure

Table 6.78 Breaker Failure Logic Output Relay Word Bits

Logic Name Description

IN201 TIE1_A breaker failure protection asserted

IN201 TIE2_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFnn
EXBF01 = Y 

(Logical 1 if EXBF01 = Y)

SELOGIC
Setting

FBF01
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.69 shows the breakdown of the five relay outputs we need for Applica-
tion 5. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.79 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.80 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.80 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.119.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal digital inputs to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.79 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.80 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

Tie-Breaker trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application 
example, we set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.119 Substation Layout With Specific Information

Z8
91

D8
91

E8
91

F8
91

G8
91

Z8
92

D8
92

E8
92

F8
92

G8
92

40
00

/5

40
00

/5

52

B1 B2

D8
94

D8
95

30
00

/5

D8
98

M
AD

RI
D

52

E8
94

E8
95

30
00

/5

E8
98

M
IL

AN

52

F8
94

F8
95

30
00

/5

F8
98

RO
M

E

52

G8
94

G8
95

30
00

/5

G8
98

CA
IR

O

52

ZO
NE

 1_
A

ZO
NE

 2
_A

M
AD

RI
_A

M
IL

AN
_A

RO
M

E_
A

CA
IR

O_
A

IO
4

IO
3

IO
2

IO
1

TI
E1

_A

TI
E2

_A

IO
5

IO
6

89
CL

05
IN

21
2 

(8
9A

)
IN

21
6 

(8
9B

)

89
CL

08
IN

22
1 (

89
A)

IN
22

2 
(8

9B
)

89
CL

11
IN

30
8 

(8
9A

)
IN

30
9 

(8
9B

)

89
CL

14
IN

31
7 

(8
9A

)
IN

31
8 

(8
9B

)

89
CL

12
IN

31
0 

(8
9A

)
IN

31
1 (

89
B)

89
CL

09
IN

30
4 

(8
9A

)
IN

30
5 

(8
9B

)

89
CL

06
IN

21
7 

(8
9A

)
IN

21
8 

(8
9B

)

89
CL

03
IN

20
8 

(8
9A

)
IN

20
9 

(8
9B

)

89
CL

01
IN

20
4 

(8
9A

)
IN

20
5 

(8
9B

)

89
CL

02
IN

20
6 

(8
9A

)
IN

20
7 

(8
9B

)

89
CL

13
IN

31
2 

(8
9A

)
IN

31
6 

(8
9B

)

89
CL

10
IN

30
6 

(8
9A

)
IN

30
7 

(8
9B

)

89
CL

07
IN

21
9 

(8
9A

)
IN

22
0 

(8
9B

)

89
CL

04
IN

21
0 

(8
9A

)
IN

21
1 (

89
B)

Ti
e 

Br
ea

ke
r

OV
ER

LA
P



6.146

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 5: Double Bus With Bus Coupler

Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.120.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.121. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.122. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"
•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.120 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.121 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>

33:
?  BZ1,ZONE1_A <Enter>
34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from protection setting Group 1 to protection setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.123 shows the setting changes we need for our example.

Because we declared the alias names in the previous setting class, use either the 
alias names or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–60). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.122 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>

Time and Date Management

Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>
Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

Figure 6.123 Global Settings for Application 5
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfigure the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the London feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>

DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>

N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•

N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ? <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.123 Global Settings for Application 5 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected.

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., disconnect G898 on the CAIRO Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z892 or Z891) and the transfer 
disconnect (n898, n = D, E, F, and G) of only one of the four feeders 
can be closed simultaneously.

➤ Either Busbar B1 or Busbar B2 can be the source busbar.

➤ When closing the transfer disconnect, the protection of the transfer 
busbar becomes part of the line protection.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.81 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that the tie breaker and tie-breaker disconnects are closed. For brevity, 
we consider only the MADRID and CAIRO Feeders in the following discussion. 
Consider a case where we put the CAIRO Feeder on transfer, with Busbar B2 
selected as the source busbar.

                    

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 1 of 2)

Step 
Number

Description Comment

1 Switch Terminals TD, 
TE, and TF to the 
source busbar (B2).

Assume that all FDRs are connected to B1. Close the dis-
connects that connect the terminals to Busbar B2 (D892, 
E892, F892, and G892), and open the disconnects that 
connect the terminals to Busbar B1 (D891, E891, and 
F891). After Step 1, CAIRO is the only feeder connected 
to Busbar B1, see Figure 6.124. Both Bus-zone B2 (I03 + 
I01 = Is – Is = 0) and Bus-Zone B1 are balanced (I02 + 
I06 = Is – Is = 0).

2 Close the transfer dis-
connect (G898) of the 
terminal going on 
transfer.

This operation forms a parallel path, with current IS split-
ting at the G894 and G898 junction; not all current flows 
through the CAIRO CT. There are still two bus-zones (B1 
and B2), but because the current from the CAIRO CT is 
missing (worst case), Bus-Zone B1 can misoperate. 
Remove Bus-Zone B1 by removing the CAIRO CT and 
tie-breaker channel I02 from the differential calculations. 
(See the ensuing discussion and Figure 6.125). The trans-
fer busbar is now part of the line protection.
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Figure 6.124 shows the station after Step 1 in Table 6.81. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. With all trans-
fer disconnects open, all the CT secondary currents are available, and both Bus-
Zones B1 and B2 are balanced.

                    

Figure 6.125 shows the current distribution for the condition when disconnect 
G891 and disconnect G898 are both closed. Current IS enters the MADRID ter-
minal, flows through the tie breaker, busbar B1, and as far as the junction 
between disconnect G894 and G898. At this junction, the current splits into ia 
and ib. As a worst-case scenario, assume the entire current, IS, flows through dis-
connect G898, with no current flowing through the CAIRO CT. To balance the 
B1 differential element, we need the sum of the currents in the B1 element to 
equal zero. Without the CAIRO CT current contribution, the differential element 
is unbalanced and can result in misoperation. To conclude, the current input from 

3 Open the circuit 
breaker of the termi-
nal going on transfer.

Opening the CAIRO circuit breaker interrupts the current 
path through the circuit breaker. Tie-breaker channel I01 
remains part of the differential calculations to balance the 
current flow to the CAIRO Feeder.

4 Open the source bus-
bar disconnect (G894) 
and the line discon-
nect (G895) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating sequence; 
the operation has no effect on the busbar protection. 

                    

Figure 6.124 Bus-Zone B1 and Bus-Zone B2 Are Balanced When Both Transfer 
Disconnects Are Open

Table 6.81 Fixed Operating Sequence to Put a Feeder on Transfer (Sheet 2 of 2)

Step 
Number

Description Comment

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894

D895

D898

MADRID

52

+Is

+Is

Is Is

G894

G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6
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the CAIRO CT is uncertain when disconnect G891 and disconnect G898 are both 
closed, and disappears when the circuit breaker opens. For these reasons, Bus-
Zone B1 cannot form a reliable differential zone when disconnect G898 closes. 
Differential Element B2 remains stable, and the B2 Busbar protection is secure.

                    

By removing the CAIRO CT as well as the tie-breaker I02 channel from the dif-
ferential calculations, we effectively remove Differential element B1. We can 
achieve the same result in two ways:

➤ by using the zone supervision setting (ZnS)

➤ entering values for each of the terminal-to-bus-zone settings

This example uses the first option (i.e., the zone supervision setting).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

1. With no feeder on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections. 

2. A feeder is on transfer when any n898 AND n891, or any n898 AND 
n892 (n = D, E, F, and G) disconnects are closed simultaneously. 

3. When a feeder is on transfer and B2 is the source busbar, remove I02. 
B2 is the source busbar when n891 AND n898 (n = D, E, F, and G) 
disconnects are closed.

                    

Figure 6.125 Current Distribution During Transfer Procedure Using Inboard CTs

Z891 D891 G891

Z892 D892 G892

52

B1

B2

D894
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G895

–Is

–Is

G898

CAIRO

52

IO1

IO2

IO3 IO6

D894 and
D898 Junction

Worst case: ia » Is 

Worst case: ib » 0 

Current –Is
is missing in
this CT, without 
which +Is in the
tie-breaker channel 
I02 is unbalanced
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4. When a feeder is on transfer and B1 is the source busbar, remove I01. 
B1 is the source busbar when n892 AND n898 (n = D, E, F, and G) 
disconnects are closed.

Z1S:= NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 
89CL11) OR (89CL12 AND 89CL14))

Z2S:= NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 
89CL11) OR (89CL13 AND 89CL14))

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For the ease of setting the zone configuration settings for the new substation, 
delete the existing zone configuration default settings.

With the zone configuration default settings deleted, the setting prompts no lon-
ger reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.126 
shows the zone configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Figure 6.126 Zone Configuration Group Settings for Application 5
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available. For 
this application, we use the default values for the Sensitive Differential Element, 
the Restrained Differential Element, and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>

CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>

Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>
Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
? <Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>

Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT ((89CL03 AND 89CL05) OR (89CL06 AND 89CL08) OR (89CL09 AND 89CL11) OR (8\
9CL12 AND 89CL14)) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT ((89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (8\
9CL13 AND 89CL14)) <Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.126 Zone Configuration Group Settings for Application 5 (Continued)
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TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Select six as the number of breaker failure logics for this application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.76) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip.

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.77) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both Differential Trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01).

Figure 6.127 shows the protection group settings for this application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>

Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.127 Protection Group Settings for Application 5
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>

•
•
•
External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF06 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK06 (0.00-1000 cyc)   BFIDO06 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
?<Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
?<Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
?<Enter>
•
•
•

Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
?<Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>

Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.127 Protection Group Settings for Application 5 (Continued)
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We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts. Because we do not use any output contacts from the main board 
for protection functions (OUT107 and OUT108 are used for alarming purposes), 
set OUT101–OUT106 = NA.

Figure 6.128 shows the control output settings.

                    

This concludes the settings for Application 5.

Application 6: Double and Transfer Bus With Two Busbars
This describes the busbar arrangement shown in Figure 6.129. The busbar 
arrangement consists of two busbars (main busbar and transfer busbar), four ter-
minals and a tie breaker. Consider the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection functions selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation and alias name assignment

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>
Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>

OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.128 Control Output Settings for Application 5
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information, and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description:

➢ Double bus with tie breaker

➤ Current Transformers:

➢ Inboard

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Two CTs, configured in overlap

➤ Future expansion:

➢ Four feeders

                    

Figure 6.129 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker)
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
all of these functions are applied at every substation. Carefully consider each 
application before stating the functional requirements. The protection philosophy 
for this application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open circuit CT. 

3. Ensure stable differential protection for all operating conditions.

4. Use the disconnect auxiliary contacts to dynamically configure the 
station.

5. Use the disconnect monitor logic.

6. Use external breaker failure protection.

Protection Functions Selection
We select the protection functions early in the relay setting and configuration 
process because the choice of protection functions determines the number of 
relay digital inputs and outputs required for the application. Study the protection 
philosophy to determine which protection and/or control functions to apply to 
any particular substation. Requirement 3 of the protection philosophy calls for 
stable differential protection for all operating conditions.

There are two network conditions when the differential protection can become 
unstable: when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time, or when the transfer disconnect of any feeder is closed. 
By declaring the appropriate conditions in the bus-zone-to-bus-zone connection 
settings of the zone selection logic, the relay is stable when disconnects n891 and 
n892 are closed simultaneously. We use the zone supervision logic to ensure sta-
ble differential protection during the time when one of the transfer disconnects is 
closed.

Standard Functions
Refer to the protection philosophy and select the standard functions required for 
the application. Table 6.82 shows the selection of the standard functions.

                    

Table 6.82 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mismatch

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the station according to the dis-
connect positions.

Sensitive differential protection Yes Use the sensitive differential element as CT open circuit detection.

Zone supervision logic Yes Use the zone supervision logic to compensate for the inboard CTs 
during the bypass period, as well as when a feeder is on transfer.

Zone-switching supervision logic No 89A and 89B disconnect contacts available, so this logic is not required.

Coupler security logic No Not required

Circuit breaker failure protection Yes External breaker failure
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User-Defined Functions
Identify logic functions we need for the application that is not part of the standard 
logic in the relay. We comply with the protection philosophy using the standard 
functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.20 to calculate the number of current channels at the station, and 
use Equation 6.21 to calculate the number of zones at the station.

                    

Equation 6.20

                    

Equation 6.21

The number of per-phase CTs at the station is 18 (tie breaker has 6 CT cores), 
and one SEL-487B suffices. However, the requirement for 4 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 

Instantaneous overcurrent protection No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence voltage elements No Not required

Table 6.82 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, each of the 4 feeders requires 3 disconnect monitoring logic and 
the tie breaker requires 2; the number of disconnect logics required is therefore 
14. Each disconnect monitoring logic requires two disconnect auxiliary contact 
inputs: an 89A and an 89B contact. Use Equation 6.22 to calculate the number of 
relay inputs required for the disconnect auxiliary contacts.

                    

Equation 6.22

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. The relay then uses this information to only trip the ter-
minals in the bus-zone with the failed breaker, when a circuit breaker fails. Wire 
an output from each breaker failure relay on each of the terminals to the 
SEL-487B. Table 6.83 summarizes the input contact required for this application. 

                    

The relay main board has seven inputs, which are not enough inputs for our appli-
cation. Each interface board provides two sets of nine grouped inputs and six 
independent input contacts. Use the grouped inputs for the disconnect auxiliary 
contact inputs and the six independent inputs for the breaker failure inputs. From 
the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.84 shows the breakdown and the total number of relay output 
contacts required for tripping. 

                    

Table 6.83 Number of Relay Input Contacts Required

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 14 = 28

Number of relay inputs required for breaker failure protection 5

Total number of inputs 33

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.84 Breakdown and Total Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts, and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point we have determined the following: 

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ Selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay.

However, we still need to do the following:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
input contacts

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog quantity

➤ Terminal name

➤ Bus-Zone name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed using characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.85 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay Channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.85 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.129.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
two bus-zones with alias names as shown in Table 6.86.

                    

Input-to-Logic Allocation 
Table 6.83 shows that we require 33 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input Contact-to-Logic Allocation, Interface Board 1 (200)

Table 6.87 and Table 6.88 show the disconnect and circuit breaker failure contact 
input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure input signals 
to these relay inputs.

                    

Table 6.85 CT-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.86 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 1 of 2)

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN208 MADRID terminal disconnect (ZONE1_A) NO contact

IN209 MADRID terminal disconnect (ZONE1_A) NC contact

IN210 MADRID terminal disconnect (ZONE2_A) NO contact

IN211 MADRID terminal disconnect (ZONE2_A) NC contact

IN212 MADRID terminal disconnect (TRANS _A) NO contact

IN216 MADRID terminal disconnect (TRANS _A) NC contact
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Input Contact to Logic Allocation, Interface Board 2 (300)

Table 6.88 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs. 

                    

Assignment of the Selected Standard Logic
Referring to Table 6.82, the following is a discussion on each selected function. 

IN217 MILAN terminal disconnect (ZONE1_A) NO contact

IN218 MILAN terminal disconnect (ZONE1_A) NC contact

IN219 MILAN terminal disconnect (ZONE2_A) NO contact

IN220 MILAN terminal disconnect (ZONE2_A) NC contact

IN221 MILAN terminal disconnect (TRANS _A) NO contact

IN222 MILAN terminal disconnect (TRANS _A) NC contact

Table 6.87 Disconnect and Circuit Breaker Failure Contact Input Allocations
 (Sheet 2 of 2)

Input Description

Table 6.88 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Disconnect Monitoring Logic 

Figure 6.130 shows one of the 60 disconnect monitor logic circuits available in 
the relay (see Figure 6.20). 

                    

Table 6.89 shows the assignment of the disconnect auxiliary contact Relay Word 
bits.

                    

                    

Figure 6.130 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Disconnect Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 MADRI_A disconnect (ZONE1_A) NO contact

89B03 MADRI_A disconnect (ZONE1_A) NC contact

89A04 MADRI_A disconnect (ZONE2_A) NO contact

89B04 MADRI_A disconnect (ZONE2_A) NC contact

89A05 MADRI_A disconnect (TRANS_A) NO contact

89B05 MADRI_A disconnect (TRANS_A) NC contact

89A06 MILAN_A disconnect (ZONE1_A) NO contact

89B06 MILAN _A disconnect (ZONE1_A) NC contact

89A07 MILAN _A disconnect (ZONE2_A) NO contact

89B07 MILAN _A disconnect (ZONE2_A) NC contact

89A08 MILAN _A disconnect (TRANS_A) NO contact

89B08 MILAN _A disconnect (TRANS_A) NC contact

89A09 ROME_A disconnect (ZONE1_A) NO contact

89B09 ROME _A disconnect (ZONE1_A) NC contact

89A10 ROME _A disconnect (ZONE2_A) NO contact

89B10 ROME _A disconnect (ZONE2_A) NC contact

89A11 ROME _A disconnect (TRANS_A) NO contact

89B11 ROME _A disconnect (TRANS_A) NC contact

89A12 CAIRO _A disconnect (ZONE1_A) NO contact

89B12 CAIRO _A disconnect (ZONE1_A) NC contact

89A13 CAIRO _A disconnect (ZONE2_A) NO contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 14
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.131 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.90 shows the Relay Word bits and description for the zone differential 
protection outputs.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.170 for more information). Table 6.91 shows the primitive analog channel 
names and the differential trip bit names for the differential trip bits.

                    

89B13 CAIRO _A disconnect (ZONE2_A) NC contact

89A14 CAIRO _A disconnect (TRANS_A) NO contact

89B14 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.89 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Disconnect Input Description

Table 6.90 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.131 Differential Trip Logic for Differential Element 1

Table 6.91 Differential Trip Bit Names and the Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.132 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF06 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR06 are the outputs from the station breaker failure logic. Relay 
Breaker failure trip bits SBFTR01–SBFTR06 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.92 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip six terminals. 

Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.133 shows the 
logic for the external breaker failure function.

                    

Table 6.87 and Table 6.88 show the appropriate XBFqq (qq = 1–6) and relay 
input assignment (see Protection Group Settings on page 6.177).

                    

Figure 6.132 Breaker Failure Trip Logic

Table 6.92 Station Breaker Failure Trip Relay Word Bit Names and Associated 
Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

SBFTR06 Associated with Terminal 06

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR06

FBF01

FBF06

                    

Figure 6.133 Breaker Failure Logic for External Breaker Failure

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.84 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.93 shows TEST and ALARM protection logic assigned to the 
output contacts of the main board output contacts. Table 6.94 shows the linking 
of the trip logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.94 shows the assignment for the five terminals of the 
A-phase relay.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.134.

1. Write down the bus-zone, terminal and disconnect names. 

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.93 Alias Names for the Main Board Output Contacts

Output Contact Assignment Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.94 Assignment of the Output Contacts

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.134 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.135.

After inspecting the list, we decide the only useful alias names are those of the 
16 LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.136. 

                    

Type > <Enter> to advance to the next available line in the setting list. Enter the 
alias names for the six analog channels and Relay Word bits, as shown in 
Figure 6.137. 

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.135 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.136 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>

29:
?  I03,MADRI_A <Enter>
30:
?  I04,MILAN_A <Enter>

31:
?  I05,ROME_A <Enter>
32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names
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This concludes the alias settings. The next settings class is global settings.

Global Settings
Global settings comprise settings that apply to all protection setting groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.138 shows the setting changes we need for our example. Because we 
declared the alias names in the previous setting class, use either the alias names 
or the primitive names when entering settings. 

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 14 disconnect logics although 
there are 28 disconnect inputs. You can set each disconnect travel time individu-
ally with the 89ALPpp setting (pp = 01–14). Travel time is the time period when 
both disconnect auxiliary contacts are in the open position (see Figure 6.20 for 
more information). Measure the travel time during commissioning and adjust the 
settings appropriately. Based on previous experience with similar equipment, we 
set the tie-breaker disconnect travel time to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>

Alias
•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.137 Analog Quantities and Relay Word Bit Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?14 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>

Figure 6.138 Global Settings for Application 6
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This concludes the global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism to automatically reconfiguring the zone of protection, without any wiring 
changes (See Dynamic Zone Selection Logic on page 5.14 for more information). 
In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration, and assign the input cur-
rents from the CTs to the appropriate differential elements. For each disconnect, 
wire an 89A and an 89B disconnect auxiliary contact to the relay.

Because the disconnect simultaneously operates all three phases of the terminal, 
we state the disconnect status in the terminal-to-bus-zone SELOGIC control equa-
tions of all three relays. Because we wire a disconnect auxiliary contacts to only 
one relay, jumper (hardwire) the contact to the two other relays. For example, 
when we close the busbar disconnect on the Milan feeder, all three phases 
(MILAN_A, MILAN_B, and MILAN_C) operate together. Because the relay 
measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays. 

DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>

DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?<Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)

•
•
•
N/O Contact Input -DS14 (SELogic Equation)
89A14 := NA
?  IN317 <Enter>
N/C Contact Input -DS14 (SELogic Equation)
89B14 := NA
?  IN318 <Enter>
DS14 Alarm Pickup Delay (0-99999 cyc)                89ALP14 := 300    ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.138 Global Settings for Application 6 (Continued)
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For this discussion we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer. 

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected (B1).

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
circuit breaker (e.g., Disconnect G898 on the Cairo Terminal).

Although the relay is flexible enough to accept settings for the many disconnect 
combinations, we will configure the relay according to the following operating 
conditions:

➤ Only one terminal will be on transfer at any given time, i.e., the 
transfer Disconnect (n898, n = D, E, F, and G) of only one of the four 
feeders can be closed at a time.

➤ Only Busbar B2 can be the source busbar.

➤ The transfer busbar (B1) becomes part of the line protection when a 
terminal is on transfer.

➤ The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step.

Table 6.95 shows the operating sequence for the settings in this application; many 
other operating sequences are possible and in use.

Assume that Disconnects Z891 and Z892 and the tie-breaker circuit breaker are 
closed. For brevity, we consider only the MADRID and CAIRO terminals in the 
following discussion. Consider the case where we put Terminal CAIRO on trans-
fer.

                    

Table 6.95 Fixed Operating Sequence to Put a Terminal on Transfer

Step 
Number

Description Comment

1 Switch terminals TD, TE, and 
TF to the source busbar (B2).

Close all disconnects that connect the terminals to 
busbar B2 (D892, E892, F892, and G892), and 
open all disconnects that connect the terminals to 
busbar B1 (D891, E891, F891, and G891). No 
current flows through the tie breaker, see 
Figure 6.139. Bus-Zone B1 does not operate 
because no current flows through the tie breaker. 
Bus-Zone B2 is balanced because I03 + I06 = 0.

2 Close the transfer Disconnect 
(G898) of the terminal going 
on transfer.

This operation forms a parallel path, with 
(ia + ib – ia – ib) current Is splitting into ia and ib at 
the D892 and Busbar B2 junction, as shown in 
Figure 6.140. To overcome this problem, remove 
tie-breaker Channel I02 from the B1 differential 
calculations when G898 closes. (See the ensuing 
discussion and Figure 6.140). 

3 Open the circuit breaker of the 
terminal going on transfer.

Opening the CAIRO circuit breaker interrupts the 
current path through the circuit breaker. Tie-
breaker Channel I01 remains part of the B2 differ-
ential calculations to balance the current flow to 
the CAIRO Terminal.

4 Open the source busbar Dis-
connect (G892) and the line 
Disconnect (G893) to isolate 
the circuit breaker.

Step 4 is shown here to complete the operating 
sequence; the operation has no effect on the bus-
bar protection. 
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Figure 6.139 shows the station after Step 1 in Table 6.95. Step 1 is standard oper-
ating procedure and requires no special busbar protection settings. Because tie-
breaker Disconnect Z891 is still closed, both bus-zones B1 and B2 are active. 
Bus-Zone B1 has only one CT (tie-breaker Channel I02) in place, but because no 
current flows through the tie breaker, the relay does not operate. Having both 
zones active provides the benefit of detecting faults on B1 during these operating 
conditions.

                    

Closing Disconnect G898 in Step 2 of Table 6.95 forms a parallel path. Current Is 
enters at the MADRID terminal and splits into ia and ib at the D892 and Busbar 
B2 junction. This current distribution unbalances B1 because current –ia is miss-
ing in the CAIRO CT. The two differential elements calculate the differential cur-
rents as follows:

Element for Busbar B1:

Equation 6.23

Element for Busbar B2:

Equation 6.24

                    

Figure 6.139 Bus-Zones B1 and B2 Are Balanced When All Transfer Disconnects 
Are Open
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In Step 3 of Table 6.95, we open the CAIRO circuit breaker and the parallel path 
no longer exists. Current ib disappears and Is flows as shown in Figure 6.141. The 
differential element for Busbar B2 is stable (I01 + I03 = 0), but the differential 
element for Busbar B1 is unbalanced. To conclude, the differential element for 
Busbar B1 is unbalanced during the transition period (when a parallel path exists) 
as well as when the terminal is on transfer.

                    

Figure 6.140 Current Distribution During Transfer Procedure Using Inboard CTs
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Because Disconnect G898 bypasses the CAIRO CT, we cannot provide differen-
tial protection for Busbar B1. Because we cannot provide differential protection 
for Busbar B1, we need to remove the existing differential B1 element to prevent 
misoperation. We remove differential B1 element by using a zone supervision 
setting (ZnS).

In this application, the tie-breaker current assignment to the differential elements 
depends on the position of only one of the tie-breaker disconnects: current Chan-
nel I01 is assigned to B2 when Z892 is closed. Likewise, current Channel I02 is 
assigned to B1 when Z891 is closed. The assignment of the feeder currents to the 
differential elements depends solely on the corresponding B1 and B2 disconnect 
positions (n891 and n892).

Consider also that by removing Differential Element B1, the transfer busbar is 
without protection. One solution is to use the tie-breaker I02 CT for the line pro-
tection, thereby including the transfer busbar as part of the line. When using the 
SEL-421 as line protection, program the selection functions in the relay to select 
Current I02 as an alternate current source.

To configure the correct disconnect combinations, use the following conditions:

➤ With no terminal on transfer, manipulate the tie-breaker CTs with the 
bus-zone-to-bus-zone connections.

➤ A terminal is on transfer when any n898 (n = D, E, F, and G) 
disconnect is closed.

➤ When a terminal is on transfer, disable the differential element for 
Busbar B1.

                    

Figure 6.141 Current Distribution After Opening the Circuit Breaker of the 
Terminal Going on Transfer
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Set the Zone Supervision setting for Busbar B1 as follows: Z1S := NOT (89CL05 
OR 89CL08 OR 89CL11 OR 89CL14). Figure 6.142 shows the Zone Configura-
tion settings for this application.

The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example. For the ease of set-
ting the zone configuration settings for the new substation, delete the terminal-to-
bus-zone default settings. With the terminal-to-bus-zone default settings deleted, 
the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.142 
shows the Zone Configuration settings for this application.

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>

Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL01 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL03 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL04 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL06 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A, <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL09 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL12 <Enter>

Figure 6.142 Zone Configuration Group Settings for Application 6
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the Sensitive Differential Ele-
ment, the Restrained Differential Element and the Directional Element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Set E87SSUP := Y (see Figure 5.11 and Figure 5.18 for more 
information) to use the sensitive differential element for this requirement. Set 
TOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and EADVS := N because 
we do not use the Coupler Security Logic, overcurrent elements, terminal out of 
service, or voltage elements in this application. 

Because breaker failure protection measures each current channel, select the 
number of breaker failure logics (EBFL setting) equal to the number of current 
channels, not the number of circuit breakers.

Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>

Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL03 AND 89CL04) OR (89CL06 AND 89CL07) OR (89CL09 AND 89CL10) OR (89CL12\
 AND 89CL13) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?  NOT(89CL05 OR 89CL08 OR 89CL11 OR 89CL14) <Enter>
Zone 2 Supervision (SELogic Equation)
Z2S := 1
?<Enter>

Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.142 Zone Configuration Group Settings for Application 6 (Continued)
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This application has five circuit breakers, but six current channels (tie breaker has 
two CTs). Therefore, select six as the number of breaker failure logics for this 
application.

This application assumes a single breaker failure input from the tie-breaker pro-
tection. With a single breaker failure input from the tie-breaker protection, set 
both tie-breaker breaker failure initiate setting (XBF01 and XBF02) equal to 
IN201. For tie breakers with two breaker failure relays, allocate an additional 
relay input for the second breaker failure input, and equate each relay input to an 
XBFnn settings. For example, assume the two breaker failure inputs are assigned 
to relay input IN201 and relay input IN202. With these input assignments, set 
XBF01 := IN201 and XBF02 := IN202.

Setting NUMBK equal to five makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.91) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Each of the six analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.92) when the breaker failure element asserts. Be sure 
to include these station breaker failure trip bits in the trip equations of all circuit 
breakers you want to trip.

Because the tie breaker has two analog channels, but only one circuit breaker, 
include both differential trip bits (87BTR01 and 87BTR02) as well as both sta-
tion breaker failure trip bits (SBFTR01 and SBFTR02) in the trip equation of the 
tie breaker (TR01). Figure 6.143 shows the protection group settings for this 
application.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>

Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ? <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Enable Under Voltage Elements (N,1-6)                E27     := N      ? <Enter>
Enable Over Voltage Elements (N,1-6)                 E59     := N      ? <Enter>

Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK01 (0.00-1000 cyc)   BFIDO01 := 1.50   ? <Enter>

Figure 6.143 Protection Group Settings for Application 6
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This concludes the protection group settings. The next settings class is control 
output settings.

Control Output Settings
In this setting class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. Because each relay pro-
tects only one phase of the power system, combine the trip outputs from the three 
relays in a single output to the circuit breaker. Jumper (hardwire) the trip output 
from each relay, and connect the cable to the circuit breaker trip coil to any one of 
the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN201 <Enter>
Brkr Fail Init Dropout Delay -BK02 (0.00-1000 cyc)   BFIDO02 := 1.50   ? <Enter>
•
•
•

External Breaker Fail -BK06 (Y,N)                    EXBF06  := N      ?Y <Enter>
External Brkr Fail Init -BK06 (SELogic Equation)
XBF05 := NA
?  IN302<Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR SBFTR02 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  SBFTR03 OR 87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  SBFTR04 OR 87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  SBFTR06 OR 87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>
Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ?4 <Enter>
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.143 Protection Group Settings for Application 6 (Continued)



6.180

SEL-487B Relay Instruction Manual Date Code 20230830

Protection Application Examples
Application 7: Double and Transfer Bus (Outboard CTs)

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.144 shows the control output settings.

                    

Application 7: Double and Transfer Bus (Outboard CTs)
This application describes the busbar arrangement shown in Figure 6.145. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>

OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>

Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.144 Control Output Settings for Application 6
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and it declares the tie-breaker (bus coupler) 
configuration.

➤ Description:

➢ Double bus with transfer busbar

➤ Current transformers:

➢ Outboard (free standing)

➤ Disconnects:

➢ 89A and 89B disconnect auxiliary contacts are available

➤ Bus coupler (tie breaker):

➢ Single CT with one core used for busbar protection

➤ Future expansion:

➢ Five feeders

                    

Figure 6.145 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Outboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename only the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT. 

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Use external breaker failure protection.

6. Prevent the loss of Busbar B2 for a fault between the tie breaker and 
tie-breaker CT.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. For example, in this application, the protection philosophy calls for 
the use of breaker failure protection but not for overcurrent protection. The 
SEL-487B offers a number of protection functions as standard features, but it 
also offers the capability through SELOGIC control equations for you to create 
user-configurable functions. 

To prevent tripping of Busbar B2 when there is a fault between the tie breaker 
and tie-breaker CT, we can delay tripping of Busbar B2 and trip the tie breaker 
first (see Protection Group Settings on page 6.200). We then remove the tie-
breaker currents from the differential calculations of both zones to trip Busbar B1 
and not Busbar B2.

To properly identify and categorize the protection philosophy requirements, 
group the protection functions as follows:

➤ standard protection functions (available in the relay)

➤ user-defined protection functions (created with SELOGIC control 
equations).

Standard Functions
Refer to Protection Philosophy on page 6.182 and select the standard functions 
necessary for the application. Table 6.96 shows the selection of standard func-
tions.

                    

Table 6.96 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check zone)
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay).

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards. 

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.25 to calculate the number of current channels at the station, and 
use Equation 6.26 to calculate the number of zones at the station.

                    

Equation 6.25

                    

Equation 6.26

Dynamic zone selection 
logic

Yes Use the zone selection to reconfigure the differen-
tial protection according to the disconnect positions.

Sensitive differential protec-
tion

Yes CT open circuit detection

Zone supervision logic Yes Use the zone supervision logic as part of prevent-
ing the loss of Busbar B2 for a fault between the tie 
breaker and the tie-breaker CT.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so this 
logic is not required.

Coupler security logic Yes Use the coupler security logic in a single CT appli-
cation for enhanced protection for faults between 
the tie-breaker CT and the circuit breaker.

Circuit breaker failure pro-
tection

Yes External breaker failure

Instantaneous overcurrent 
protection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.96 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station CTs
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The number of per-phase CTs at the station is 15 (tie breaker has three CT cores), 
so one SEL-487B suffices. However, the requirement for 5 future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need 3 relays. This is known as a three-relay applica-
tion.

In a three-relay application, each relay provides six zones of protection for one of 
the three phases of the power system. For example, wire all the A-phase CTs to 
Relay 1, the B-phase CTs to Relay 2, and the C-phase CTs to Relay 3. Settings 
for the three relays are identical; all three relays require the same information. 
Wire input and output contacts (from the circuit breaker or disconnects, for 
example) to one of the three relays, then jumper (hardwire) the input and output 
contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required therefore is 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.27 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts.

                    

Equation 6.27

The protection philosophy calls for external breaker failure as well as dynamic 
zone selection. Use the external breaker failure logic when the breaker failure 
relays are integrated in the terminal protection. The zone selection dynamically 
reconfigures the station according to the disconnect positions and records the ter-
minals in each bus-zone. When a circuit breaker fails, the relay uses this informa-
tion to only trip the terminals in the bus-zone with the failed circuit breaker. Wire 
a breaker failure output contact from each breaker failure relay on each of the ter-
minals to the SEL-487B. 

We will use the coupler security logic to prevent tripping of Busbar B2 when 
there is a fault between the tie breaker and the tie-breaker CT. The coupler secu-
rity logic requires three inputs: a close signal, a circuit breaker 52A auxiliary 
contact, and an input for the accelerated tripping function (see Figure 6.110 for 
more information). We need one input for the circuit breaker 52A auxiliary con-
tact and one input for the closing signal. For the accelerated tripping input 
(ACTRP1), we use the output from the B2 differential element (87R2). 
Table 6.97 summarizes the input contact necessary for this application.

# relay inputs required = 2 # disconnect monitoring logics• 
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The relay main board has seven input contacts, an insufficient number of inputs 
for our application. Each interface board provides two sets of nine grouped inputs 
and six independent inputs. Use the grouped inputs for the disconnect auxiliary 
contact inputs, and use the six independent inputs for the breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.98 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board contacts are all standard output contacts. The 
interface boards have high-speed, high-interrupting output contacts that provide 
faster contact closure. Each interface board can provide six high-speed, high-
interrupting output contacts and two standard output contacts. For fast busbar 
fault clearance, assign each circuit breaker trip output to a high-speed, high-inter-
rupting output contact for each of the circuit breakers at the station. From the out-
put contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of inputs

➤ The number of output contacts

➤ The selected protection functions

Table 6.97 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Number of relay inputs required for breaker failure protection 5

Number of relay inputs required for the coupler security logic 
on the tie breaker

2 (one closing signal and one 
circuit breaker auxiliary 52A 
contact)

Total number of inputs 37

Table 6.98 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Link specific CT inputs to specific relay analog channels

➤ Link specific disconnect and circuit breaker inputs to specific relay 
inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.99 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.99 shows the assignment for the A-phase relay starting with the 
tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.145.

                    

Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. For the A-phase relay, we use 
three bus-zone alias names, as shown in Table 6.100.

                    

Table 6.99 CTs-to-Analog Channel Allocations and Alias Assignments

CTs Analog Channel Alias

TIE-BREAKER CT, A-phase I01 TIE_A

MADRID terminal, A-phase I02 MADRI_A

MILAN terminal, A-phase I03 MILAN_A

ROME terminal, A-phase I04 ROME_A

CAIRO terminal, A-phase I05 CAIRO_A

Table 6.100 Alias Names for the Three Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

BZ3 Transfer busbar TRANS_A
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Input-to-Logic Allocation 
Table 6.97 shows that we require 37 digital inputs. We now assign the digital 
inputs to the selected logic. Because of the functional requirements of this appli-
cation, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.101 and Table 6.102 show the disconnect and circuit breaker failure con-
tact input allocations. Because Inputs IN201, IN202, IN203, IN213, IN214, and 
IN215 are independent inputs, we assign the circuit breaker failure (only one 
breaker failure initiate input for the tie breaker) initiate input signals, tie-breaker 
52A auxiliary contact, and the tie-breaker closing signal to these relay inputs.

                    

Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.102 shows the disconnect and circuit breaker auxiliary contact input allo-
cations. Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are 
independent inputs, we assign the circuit breaker failure input signals to these 
relay inputs.

Table 6.101 Disconnect and Circuit Breaker Failure Contact Input Allocations 

Input Description

IN201 TIE-BREAKER breaker failure input

IN202 MADRID breaker failure input

IN203 MILAN breaker failure input

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS _A) NO contact

IN209 TIE-BREAKER disconnect (TRANS _A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN213 TIE-BREAKER circuit breaker 52A auxiliary contact

IN214 TIE-BREAKER circuit breaker closing signal

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS _A) NO contact

IN218 MADRID terminal disconnect (TRANS _A) NC contact

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS _A) NO contact

IN224 MILAN terminal disconnect (TRANS _A) NC contact
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Assignment of the Selected Standard Logic
The following discussion references Table 6.96 in explaining each selected function.

Disconnect Monitoring Logic 

Figure 6.146 shows one of the 60 disconnect monitor logic circuits available in 
the relay.

                    

Table 6.103 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

Table 6.102 Disconnect and Circuit Breaker Failure Contact Input Allocations

Input Description

IN301 ROME breaker failure input

IN302 CAIRO breaker failure input

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact

                    

Figure 6.146 Disconnect Monitoring Logic Circuit for Terminal 01

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO contact

89B02 TIE-BREAKER disconnect (ZONE2_A) NC contact

89A03 TIE-BREAKER disconnect (TRANS_A) NO contact

89B03 TIE-BREAKER disconnect (TRANS_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15
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Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect inputs to the other 
two relays. Relay Word bits 89CLnn assert when the disconnect monitoring logic 
interprets the disconnect main contacts as closed. Use Relay Word bits 89CLnn 
as conditions in the terminal-to-bus-zone SELOGIC control equations. 

Differential Trip Logic and Differential Element Assignment

Figure 6.147 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.104 shows Relay Word bits and description for the differential protection 
outputs.

                    

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN_A disconnect (ZONE1_A) NC contact

89A08 MILAN_A disconnect (ZONE2_A) NO contact

89B08 MILAN_A disconnect (ZONE2_A) NC contact

89A09 MILAN_A disconnect (TRANS_A) NO contact

89B09 MILAN_A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME_A disconnect (ZONE1_A) NC contact

89A11 ROME_A disconnect (ZONE2_A) NO contact

89B11 ROME_A disconnect (ZONE2_A) NC contact

89A12 ROME_A disconnect (TRANS_A) NO contact

89B12 ROME_A disconnect (TRANS_A) NC contact

89A13 CAIRO_A disconnect (ZONE1_A) NO contact

89B13 CAIRO_A disconnect (ZONE1_A) NC contact

89A14 CAIRO_A disconnect (ZONE2_A) NO contact

89B14 CAIRO_A disconnect (ZONE2_A) NC contact

89A15 CAIRO_A disconnect (TRANS_A) NO contact

89B15 CAIRO_A disconnect (TRANS_A) NC contact

Table 6.103 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.104 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

87Z3 Transfer zone differential element trip
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Differential trip bits 87BTR01–87BTR05 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.195). Table 6.105 shows the differential trip bit names and the associated 
terminal current channels.

                    

Breaker Failure Trip Logic and Station Breaker Failure Logic Output 
Assignment

Figure 6.148 shows the station breaker failure trip logic. Relay Word bits 
FBF01–FBF05 are the inputs to the station breaker failure logic; Relay Word bits 
SBFTR01–SBFTR05 are the outputs from the station breaker failure logic. 
Breaker failure trip bits SBFTR01–SBFTR05 assert to trip the circuit breakers of 
the terminals in the bus-zone with the failed circuit breaker. (See Section 5: Pro-
tection Functions for more information.)

                    

Table 6.106 shows the station breaker failure Relay Word bits and the primitive 
names for the breaker failure protection outputs.

                    

Be sure to include the station breaker failure trip bits in the trip equations of all 
the terminals you want to trip for breaker failure protection. In this example, we 
want to trip five circuit breakers. 

                    

Figure 6.147 Differential Trip Logic for Differential Element 1

Table 6.105 Differential Trip Bit and Associated Terminals

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR05

                    

Figure 6.148 Breaker Failure Trip Logic

Table 6.106 Station Breaker Failure Trip Bits and Associated Terminals

Station Breaker Failure Trip Bits Description

SBFTR01 Associated with Terminal 01

SBFTR02 Associated with Terminal 02

SBFTR03 Associated with Terminal 03

SBFTR04 Associated with Terminal 04

SBFTR05 Associated with Terminal 05

Read
terminals to trip 
within active zone

Read zones
that include 
terminals to trip

Generate trip
for terminals
in involved zone

• 
• 
•

• 
• 
•

SBFTR01

SBFTR05

FBF01

FBF05
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Breaker Failure Input Assignments

This application uses external breaker failure protection. Figure 6.149 shows the 
logic for the external breaker failure function.

                    

We assign the relay breaker failure inputs shown in Table 6.101 and Table 6.102 
to the appropriate XBFqq (qq = 01–05) of the breaker failure protection logic 
(see Protection Group Settings on page 6.200). Table 6.107 shows the relay input 
and terminal assignments.

                    

Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.98 shows the breakdown of the five relay outputs we need for this appli-
cation. We now link the appropriate relay logic outputs to specific relay output 
contacts. Table 6.108 shows TEST and ALARM protection logic output assign-
ment to the main board output contacts. Table 6.109 shows the linking of the trip 
logic outputs to the relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.109 shows the assignments for the five terminals of 
the A-phase relay.

                    

Figure 6.149 Breaker Failure Logic for External Breaker Failure

Table 6.107 Breaker Failure Logic Input Relay Word Bits

Logic Name Description

IN201 TIE_A breaker failure protection asserted

IN202 MADRI_A breaker failure protection asserted

IN203 MILAN_A breaker failure protection asserted

IN301 ROME_A breaker failure protection asserted

IN302 CAIRO_A breaker failure protection asserted

Relay
Word
Bit

XBFqq

EXBFqq

SELOGIC
Setting

FBFqq

Logical 1 if EXBFqq = Y)

Table 6.108 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description Output Contact Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM
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Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all relevant information on 
the station diagram, as shown in Figure 6.150.

1. Write down the bus-zone, terminal, and disconnect names. 

2. Allocate the terminal CTs to the relay input current channels.

3. Allocate the terminal auxiliary contacts to the relay digital inputs.

4. Allocate the digital outputs from the relay to the terminals.

Table 6.109 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201a

a High-speed, high-interrupting outputs.

TIE-BREAKER trip output

OUT202a MADRID trip output

OUT203a MILAN trip output

OUT204a ROME trip output

OUT205a CAIRO trip output
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Setting the Relay
The following describes the settings for this application. We set the following set-
tings classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.150 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias settings class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.151.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.152. 

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.153.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

.

.

.
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.151 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.152 Deletion of the First 43 Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.154 shows the settings changes we need for our example. Because we 
declared the alias names in the previous settings class, use either the alias names 
or the primitive names when entering settings. 

Set NUMBK to 5 because there are five circuit breakers at the station. Setting 
NUMBK to 5 makes five corresponding circuit breaker auxiliary input equations 
(52A01–52A05), and five corresponding trip equations (TR01–TR05) available 
for setting.

Declare here the input for the breaker status logic (52A01) for current channel 
I01 (52A01 := IN213). Set the remaining four circuit breaker auxiliary input 
equations (52A02–52A05) to NA.

Setting NUMDS declares the number of disconnect logics we need, not the num-
ber of disconnect inputs. In our example, we need 15 disconnect logics. You can 
set each disconnect travel time individually with the 89ALPpp setting (pp = 01–
15). Travel time is the period during which both disconnect auxiliary contacts are 
in the open position. Measure the travel time during commissioning and adjust 
the settings appropriately. Based on previous experience with similar equipment, 
we set the tie-breaker disconnect travel time to 400 cycles in this example.

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE_A <Enter>
28:
?  I02,MADRI_A <Enter>
29:
?  I03, MILAN_A <Enter>

30:
?  I04, ROME_A <Enter>
31:
?  I05, CAIRO_A <Enter>
32:
?  BZ1,ZONE1_A <Enter>
33:
?  BZ2,ZONE2_A <Enter>
34:
?  BZ3,TRANS_A <Enter>

35:
?  END <Enter>
Alias
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.153 Analog Quantities and Relay Word Bit Alias Names
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This concludes the Global settings. The next settings class is the zone configura-
tion Group settings.

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>
Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>

Number of Breakers (N,1-21)                          NUMBK   := 5      ?<Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>
Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0   ?> <Enter>

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  IN213 <Enter>
N/O Contact Input -BK02 (SELogic Equation)
52A02 := NA
? <Enter>
N/O Contact Input -BK03 (SELogic Equation)
52A03 := NA
?  > <Enter>

Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>
N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>

N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>
N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>

N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter> 
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ?400 <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>

DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ?<Enter>
N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.154 Global Settings
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Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes (see Dynamic Zone Selection Logic on page 5.14 for more information).

In this example, the dynamic zone selection logic uses the disconnect auxiliary 
contacts status to determine the station configuration and assign the input cur-
rents from the CTs to the appropriate differential elements.

For each disconnect, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays. Because we wire a disconnect auxiliary contacts 
to only one relay, jumper (hardwire) the contact to the two other relays. For 
example, when we close the busbar disconnect on the Milan feeder, all three 
phases (MILAN_A, MILAN_B, and MILAN_C) operate together. Because the 
relay measures the three phases in three separate relays (phase MILAN_A in the 
A-phase relay, phase MILAN_B in B-phase relay, etc.), we need to convey the 
disconnect status to all three relays.

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect that connects the feeder to the 
transfer busbar (Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many possible discon-
nect combinations, we will configure the relay according to the following operat-
ing conditions:

1. Only one terminal will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. The operating sequence to put a terminal on transfer is fixed. 
Because the operating sequence defines a set of operating rules, 
settings engineers can decide on appropriate terminal-to-bus-zone 
and bus-zone-to-bus-zone connection settings for each step. 
Table 6.110 shows the operating sequence for the settings in this 
application; many other operating sequences are possible and in use.

Refer to Figure 6.157 and consider a case in which we put the CAIRO Feeder on 
transfer. Assume that the tie breaker is closed and that tie-breaker disconnect 
Z891 and disconnect Z892 are closed.
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The zone configuration default settings are settings for a specific substation with 
arbitrarily selected alias names serving only as an example.

We use a combination of the zone supervision and coupler security logic to pre-
vent tripping Busbar 2 for a fault between the tie-breaker circuit breaker and CT. 
For the zone supervision setting, we supervise the BZ2 differential element out-
put by the negated coupler security output (ZS2 := NOT CSL1) see the Protec-
tion Group Settings on page 6.200 for more information.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings.

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone connection settings. Figure 6.155 
shows the zone configuration settings for this application.

                    

Table 6.110 Fixed Operating Sequence to Put a Feeder on Transfer 

Step 
Number

Description Comment

1 Switch all terminals to the source bus-
bar (B2).

Close all the disconnects that connect the 
terminals to ZONE2_A (D892, E892, etc.)

2 Open the tie-breaker circuit breaker. 
Open Disconnect Z891, and close Dis-
connect Z898.

Closing Disconnects Z891 and Z898 
forms the path from source busbar to 
transfer busbar (Busbar B2 to Busbar T).

3 Close the tie-breaker circuit breaker. Busbar B2 and Busbar T are at the same 
potential.

4 Close the transfer disconnect of the ter-
minal going on transfer (G898).

The relay now forms a differential zone 
for the transfer busbar.

5 Open the circuit breaker of the terminal 
going on transfer (Cairo circuit 
breaker).

Terminal G is now on transfer. Operation 
of disconnect G893 does not affect the 
busbar protection, and is not mentioned.

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>
Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ? <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>

Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE_A, ZONE1_A, P
?  DELETE 200 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>

TIE_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
? (89CL01 OR 89CL03) AND 89CL02 AND (CB52A1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE1_A,N <Enter>
TIE_A to ZONE1_A Connection (SELogic Equation)
I01BZ1V := NA
?  89CL01 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I01,TRANS_A,N <Enter>

TIE_A to TRANS_A Connection (SELogic Equation)
I01BZ3V := NA
?  89CL03 AND 89CL02 AND (CB52T1 OR CBCLST1) <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL04 <Enter>

Figure 6.155 Zone Configuration Group Settings
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I02BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I02,TRANS_A,P <Enter>

MADRI_A to TRANS_A Connection (SELogic Equation)
I02BZ3V := NA
?  89CL06 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL07 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL08 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,TRANS_A,P <Enter>
MILAN_A to TRANS_A Connection (SELogic Equation)
I03BZ3V := NA
?  89CL09 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL10 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
ROME_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,TRANS_A,P <Enter>
ROME_A to TRANS_A Connection (SELogic Equation)
I04BZ3V := NA
?  89CL12 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>
CAIRO_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL14 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I05,TRANS_A,P <Enter>
CAIRO_A to TRANS_A Connection (SELogic Equation)
I05BZ3V := NA
?  89CL15 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>

ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  BZ1BZ2V <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  I01 <Enter>

Trip Terminals TIE_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?Y <Enter>
Zone 1 Supervision (SELogic Equation)
Z1S := 1
?<Enter>

Figure 6.155 Zone Configuration Group Settings (Continued)
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This concludes the zone configuration Group settings. The next settings class is 
the protection Group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17). Because we do not use 
the terminal out of service, overcurrent elements, or voltage elements in this 
application, set ETOS := N, E50 := N, E51 := N, E27 := N, E59 := N, and 
EADVS := N. 

Because the relay associates breaker failure protection with each current channel, 
select the number of breaker failure logics (EBFL setting) equal to the number of 
current channels, not the number of circuit breakers.

This application has five circuit breakers, and also five current channels (tie 
breaker has one CT channel). Therefore, select 5 as the number of breaker failure 
logics for this application. Setting NUMBK equal to 5 makes five corresponding 
circuit breaker auxiliary input equations (52A01–52A05), and five corresponding 
trip equations (TR01–TR05) available for setting. Be sure to include the Differ-
ential Trip bits in the trip equations of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative way is to enter specific reset conditions at the ULTRkk set-
tings.

Each of the five analog channels also has a corresponding station breaker failure 
trip bit that asserts (Table 6.107) when the breaker failure element asserts.

Be sure to include these station breaker failure trip bits in the trip equations of all 
circuit breakers you want to trip.

We use a combination of the zone supervision and coupler security logics to pre-
vent tripping Busbar 2 for faults between the tie-breaker circuit breaker and the 
CT.

Zone 2 Supervision (SELogic Equation)
Z2S := 1
?  NOT CSL1 <Enter> 
Zone 3 Supervision (SELogic Equation)
Z3S := 1
?  <Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.155 Zone Configuration Group Settings (Continued)
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Figure 6.156 shows the combination of the coupler security logic and the zone 
supervision, with the input settings applied. Notice that Gate 1 and Gate 2 repre-
sent the tie-breaker terminal-to-bus-zone connection settings; they are not part of 
the logic.

                    

Assume for this application that the maximum circuit breaker tripping time is 2 
cycles and that the maximum closing time is 3 cycles. Refer to Figure 6.156, and 
notice that Inputs CB52A1 and CBCLS1 provide the circuit breaker status and 
the closing signal information to the relay. These two inputs are in parallel, com-
plementing each other to provide accurate circuit breaker status during open-to-
close and close-to-open circuit breaker operations.

When the operator issues a closing signal to the circuit breaker, Input CBCLS1 
asserts, asserting Relay Word bit CBCLST1. We used CBCLST1 in the 
I01BZ1V, I01BZ2V, and I01BZ3V terminal-to-bus-zone settings. When Relay 
Word bits I01BZ1V, I01BZ2V, and I01BZ3V assert, the relay considers the CT in 
the differential calculations.

Set the timer dropout time (CBCLDO1) to a value longer than the maximum 
breaker closing time. In this example, allow a short safety margin and set 
CBCLDO1 to 5 cycles (default value). 

Inserting the CTs in the differential equations before primary current flows emu-
lates the early make, late break timing requirement for the disconnect auxiliary 
contacts. A setting of 5 cycles allows the circuit breaker ample time to change 
state, during which time the CB52A1 Relay Word bit asserts.

                    

Figure 6.156 Combination of the Coupler Security Logic and the Zone 
Supervision to Prevent the Loss of Two Zones
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When opening the circuit breaker, the inverse applies. For a close-to-open circuit 
breaker operation, we must guard against prematurely removing the CTs from the 
differential equations due to circuit breaker auxiliary contact misalignment. We 
use CB52T1 in the tie-breaker terminal-to-bus-zone connection settings to 
accomplish this for Zone 1 and Zone 3. However, because we supervise all Zone 
2 faults, premature removal of the CTs does not adversely affect Zone 2 differen-
tial elements.

Two tie-breaker operating conditions are possible: when the tie breaker connects 
between Busbar B1 and Busbar B2 (Disconnect Z891 and Disconnect Z892 are 
closed) or when the tie breaker connects between Busbar B2 and the Transfer 
busbar (Disconnect Z892 and Disconnect Z898 are closed).

The following discussion describes the prevention of the loss of Busbar 2 when 
the tie breaker connects between Busbar B1 and Busbar B2, but the same argu-
ment applies when a feeder is on transfer.

Figure 6.157 shows Busbar B1, Busbar B2, the tie breaker, and two of the four 
terminals at the station. The challenge to the coupler security logic is to trip Bus-
bar B1 and not Busbar B2 for Fault F1. This requirement contradicts the existing 
configuration because it calls for the coupler security logic to prevent the differ-
ential element of Busbar B2 from operating for an in-zone fault (fault on Busbar 
2), and for the differential element of Busbar B1 to operate for an out-of-zone 
fault (fault on Busbar 2).

                    

Consider the operation when Fault F1 occurs without the coupler security logic. 
Differential protection B1 is stable, and differential protection B2 immediately 
trips the MADRID circuit breaker and the tie-breaker circuit breaker. However, 
tripping the MADRID circuit breaker and the tie-breaker circuit breaker does not 
clear Fault F1. Fault current still flows from the MILAN Feeder through Busbar 
B1 and into the fault. Although breaker failure protection will operate to trip the 

                    

Figure 6.157 Single CT Application With Faults Between the Circuit Breaker and 
Tie-Breaker CT
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MILAN circuit breaker, this operation takes place after the breaker failure time 
delay. After the tie-breaker breaker failure timer times out, all circuit breakers in 
B1 trip, resulting in both B1 and B2 tripping to clear Fault F1.

If a delay in bus-zone protection operation is in order, implement the coupler 
security logic in a way that trips bus-zone B2 only when the tie-breaker circuit 
breaker is open. To prevent tripping of bus-zone B2, configure the relay to 
achieve the following:

1. Check if the tie breaker is closed. If the tie breaker is closed, trip only 
the tie breaker to interrupt the fault current from B2; trip no other 
circuit breakers. If the tie breaker is open, allow normal busbar 
protection tripping.

2. When the tie breaker is open, remove the tie-breaker CT from the 
differential calculations of B2 and eventually B1.

To check the tie-breaker status and remove the CT from the supervised zone 
when the tie breaker is open, use the tie-breaker auxiliary contact in the tie-
breaker terminal-to-bus-zone connection settings. To remove the CT from the 
unsupervised zone, use the coupler status timed-out bit (CB52T1) in the tie-
breaker terminal-to-bus-zone connection settings. To trip only the tie breaker for 
a fault on Busbar 2 requires the following two settings:

➤ supervising the BZ2 differential element

➤ issuing a trip signal to the tie breaker first

Supervise the BZ2 differential element output with the negated output from the 
coupler security logic (Z2S := NOT CSL1). We assign 87R2, the unsupervised 
output from the BZ2 differential element, to ACTRP1, the accelerated trip input 
of the coupler security logic. When accelerated trip timer output (ACTRPT1) 
asserts, Gate 4 in Figure 6.156 turns off and Relay Word bit CSL1 deasserts. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
supervision from the BZ2 differential element. 

Supervising the BZ2 differential element in this way prevents the tripping of all 
terminals in BZ2, including the tie breaker. To still trip the tie breaker, include 
87R2, the unsupervised output from Differential Element 2, in the trip equation 
of the tie breaker.

After the tie breaker opens, we remove the tie-breaker CT from the differential 
calculations of BZ2, but not the BZ2 supervision. Maintain the BZ2 supervision 
for at least another 1.25 cycles (add a safety margin of 0.75 cycles) to allow the 
differential element to reset. Achieve this delay by setting ACTPPU1 to at least 4 
cycles.

For Fault F1, BZ2 operates, asserting Relay Word bit 87R2. When Relay Word 
bit 87R2 asserts, the accelerated trip timer starts timing. Because of the BZ2 zone 
supervision (NOT CSL1), 87Z2 cannot assert, and only the bus coupler circuit 
breaker receives a trip signal. 

Two cycles later, the tie breaker trips, interrupting the fault current contribution 
from BZ2. Assume the circuit breaker auxiliary contact changes state at the same 
time. When the auxiliary contact changes state, Relay Word bit CB52A1 deas-
serts, causing Relay Word bits I01BZ2V and eventually I01BZ1V to also deas-
sert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the relay removes 
the CTs from the differential calculations for BZ1 and BZ2. For Fault F1, the bus 
coupler circuit breaker is open, but fault current still flows through the CT. BZ2 is 
stable when the relay removes the CTs because the bus coupler circuit breaker is 
open, and terminals from BZ2 no longer contribute to the fault. However, remov-
ing the CTs causes BZ1 to operate because the BZ1 balancing current from the 
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bus coupler CT disappeared. Removing the bus sectionalizer CTs also deasserts 
Relay Word bit 87R2, causing the accelerated trip timer to stop timing. Fault F1 
is now cleared, by tripping the correct busbar, although after a time delay. 

For Fault F2, the initial tripping is the same as for Fault F1: BZ2 operates, assert-
ing Relay Word bit 87R2. When Relay Word bit 87R2 asserts, the accelerated trip 
timer starts timing. Because of the BZ2 zone supervision (NOT CSL1), 87Z2 
cannot assert, and only the bus coupler circuit breaker receives a trip signal.

Two cycles later, the tie breaker trips, and the auxiliary contact changes state at 
the same time. When the auxiliary contact changes state, Relay Word bit 
CB52A1 deasserts, causing Relay Word bits I01BZ2V and eventually I01BZ1V 
to also deassert. When Relay Word bits I01BZ1V and I01BZ2V deassert, the 
relay removes the CTs from the differential calculations for BZ1 and BZ2. 
Because the bus coupler circuit breaker is open, terminals from BZ1 no longer 
contribute to the fault and BZ1 is stable. However, the BZ2 zone supervision 
(NOT CSL1) still supervises the BZ2 trip output for another two cycles. Two 
cycles later, Accelerate Trip Timer ACTRP1 times out, causing CSL1 to deassert. 
When Relay Word bit CSL1 deasserts, Relay Word bit Z2S asserts, removing the 
zone supervision from BZ2 and issuing a trip signal to all circuit breakers on 
Busbar 2.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.158 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ?1 <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?5 <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>
Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>

Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>
Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>
Coupler 1 Security Logic
Coupler 1 Status (SELogic Equation)
CB52A1 := NA
?  IN213 <Enter>

Coupler 1 Status Dropout Delay (0.00-1000 cyc)       CB52DO1 := 4.00   ? <Enter>
Coupler 1 Close Command (SELogic Equation)
CBCLS1 := NA
?  IN214 <Enter>
Coupler 1 Close Command D/O Delay (0.00-1000 cyc)    CBCLDO1 := 5.00   ? <Enter>
Coupler 1 Acc Trip (SELogic Equation)
ACTRP1 := NA
?  87R2 <Enter>
Coupler 1 Acc Trip Pickup Delay (0.00-1000 cyc)      ACTPPU1 := 4.00   ? <Enter>

Breaker 01 Failure Logic
External Breaker Fail -BK01 (Y,N)                    EXBF01  := N      ?Y <Enter>
External Brkr Fail Init -BK01 (SELogic Equation)
XBF01 := NA
?  IN201 <Enter>
Breaker 02 Failure Logic
External Breaker Fail -BK02 (Y,N)                    EXBF02  := N      ?Y <Enter>
External Brkr Fail Init -BK02 (SELogic Equation)
XBF02 := NA
?  IN202 <Enter>

Figure 6.158 Protection Group Settings for Application 7
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.159 shows the control output settings.

Breaker 03 Failure Logic
External Breaker Fail -BK03 (Y,N)                    EXBF03  := N      ?Y <Enter>
External Brkr Fail Init -BK03 (SELogic Equation)
XBF03 := NA
?  IN203 <Enter>
Breaker 04 Failure Logic
External Breaker Fail -BK04 (Y,N)                    EXBF04  := N      ?Y <Enter>
External Brkr Fail Init -BK04 (SELogic Equation)
XBF04 := NA
?  IN301<Enter>

External Breaker Fail -BK05 (Y,N)                    EXBF05  := N      ?Y <Enter>
External Brkr Fail Init -BK05 (SELogic Equation)
XBF05 := NA
?  IN302 <Enter>
Brkr Fail Init Dropout Delay -BK05 (0.00-1000 cyc)   BFIDO05 := 1.50   ? <Enter>

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  SBFTR01 OR 87BTR01 OR 87R2 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>
Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>

Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>
•
•
•

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.158 Protection Group Settings for Application 7 (Continued)
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This concludes the settings for Application 7.

Application 8: Double and Transfer Bus (Inboard CTs)
This application describes the busbar arrangement shown in Figure 6.160. The 
busbar arrangement consists of three busbars, four terminals, and a tie breaker. 
Use the following to set and configure the relay:

➤ Busbar classification

➤ Protection philosophy 

➤ Protection function selection

➤ Number of SEL-487B Relays and I/O boards 

➤ Input, logic, and output allocation 

➤ Station layout update

➤ Relay setting and configuration

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>

OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>

OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>

OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>

OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.159 Control Output Settings for Application 7
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Busbar Classification
The busbar classification provides general busbar layout and CT positioning 
(inboard or outboard) information and declares the tie-breaker (bus coupler) con-
figuration.

➤ Description: Double bus with transfer busbar

➤ Current transformers: Bushing (inboard)

➤ Disconnects: 89A and 89B disconnect auxiliary contacts are 
available

➤ Bus coupler (tie breaker): Two CTs, configured in overlap

➤ Future expansion: Four feeders

                    

Figure 6.160 Double Bus and Transfer Bus With Bus Coupler (Tie Breaker) and Inboard CTs
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Protection Philosophy
Although the SEL-487B offers a variety of protection and control functions, not 
every application uses all these functions. Carefully consider each application 
before stating the functional requirements. The protection philosophy for this 
application is as follows:

1. Rename the terminals and bus-zones with alias names.

2. Block the busbar protection for an open-circuit CT.

3. Use the disconnect auxiliary contacts to dynamically configure the 
station.

4. Use the disconnect monitor logic.

5. Ensure stable differential protection for all operating conditions.

Protection Functions Selection
We select protection functions early in the relay setting and configuration process 
because the choice of protection functions determines the number of relay digital 
inputs and outputs necessary for the application. Study the protection philosophy 
to determine which protection and/or control functions to apply to any particular 
substation. The SEL-487B offers a number of protection functions as standard 
features, but it also offers the capability through SELOGIC control equations for 
you to create user-configurable functions. Requirement 5 of the protection phi-
losophy calls for stable differential protection for all operating conditions. There 
are two network conditions when the differential protection can become unstable:

➤ when disconnects n891 and n892 (n = D, E, F, G) of any feeder are 
closed at the same time

➤ when the transfer disconnect of any feeder is closed

By following the correct operating sequence, and by declaring the appropriate 
conditions in the terminal-to-bus-zone and bus-zone-to-bus-zone connection set-
tings of the zone selection logic, the relay is stable for all operating conditions. 

Standard Functions
Refer to Protection Philosophy on page 6.208 and select the standard functions 
necessary for the application. Table 6.111 shows the selection of standard func-
tions.

                    

Table 6.111 Selection of the Standard Protection Functions (Sheet 1 of 2)

Protection Functions Selection Comment

CT ratio mismatch  10:1 Yes 10:1 mismatch is the maximum allowable mis-
match

Circuit breaker status logic No Not required

Disconnect monitor logic Yes 89A and 89B disconnect contacts available

Differential protection Yes Busbar protection (zone specific and check 
zone)

Dynamic zone selection logic Yes Use the zone selection to reconfigure the differ-
ential protection according to the disconnect 
positions.

Sensitive differential protection Yes Use the sensitive differential element as CT 
open-circuit detection.
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User-Defined Functions
Identify logic functions we need that is not part of the standard relay logic in the 
relay. In this application, we comply with the protection philosophy using the 
standard functions in the relay.

Number of Relays and I/O Boards
Selecting the relay has two parts:

➤ the number of relays (single-relay application or three-relay 
application)

➤ the number of interface boards (as many as four interface boards per 
relay)

The number of analog (CT) inputs determines the number of relays, and the num-
ber of digital inputs and outputs determines the number of interface boards.

Number of Relays
Each SEL-487B has 21 current channels and three voltage channels. For stations 
with as many as 21 CTs (per phase), we can install a single SEL-487B. For sta-
tions with more than 21 and as many as 63 CTs, we install 3 SEL-487B Relays. 
Use Equation 6.28 to calculate the number of current channels at the station, and 
use Equation 6.29 to calculate the number of zones at the station.

                    

Equation 6.28

                    

Equation 6.29

The number of per-phase CTs at the station is 18 (tie breaker has six CT cores), 
so one SEL-487B suffices. However, the requirement for four future feeders 
increases the number of per-phase CTs to 30. Because each SEL-487B has 21 
analog input channels, we need three relays. This is known as a three-relay appli-
cation. In a three-relay application, each relay provides six zones of protection 

Zone supervision logic No Not required. We achieve relay stability with 
terminal-to-bus-zone and bus-zone-to-bus-zone 
connection settings.

Zone-switching supervision 
logic

No 89A and 89B disconnect contacts available, so 
this logic is not required.

Coupler security logic No Two CTs configured in overlap do not require 
the coupler security logic.

Circuit breaker failure protec-
tion

No Not required

Instantaneous overcurrent pro-
tection

No Not required

Time-overcurrent protection No Not required

Phase voltage elements No Not required

Zero- or negative-sequence 
voltage elements

No Not required

Table 6.111 Selection of the Standard Protection Functions (Sheet 2 of 2)

Protection Functions Selection Comment

# of current channels required = # of per-phase station CTs

# of bus-zones required = # of per-phase station bus sections
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for one of the three phases of the power system. For example, wire all the 
A-phase CTs to Relay 1, all the B-phase CTs to Relay 2, and all the C-phase CTs 
to Relay 3. Settings for the three relays are identical; all three relays require the 
same information. Wire input and output contacts (from the circuit breaker or dis-
connects, for example) to one of the three relays, then jumper (hardwire) the 
input and output contacts to the other two relays.

This example shows the setting and configuration for the A-phase relay, so iden-
tified with an appended letter A (MADRI_A). For the other two relays, the set-
tings and configuration are the same as for the A-phase relay, but the appended 
letter changes according to the letter designation of the relay. For example, the 
corresponding MADRI_A setting is MADRI_B in the B-phase relay, and 
MADRI_C in the C-phase relay.

Number of Relay Inputs
The protection philosophy and protection function selection determine the num-
ber of digital relay inputs and outputs required for each application. 

The number of disconnect logics (NUMDS) required is the number of discon-
nects for which the protection philosophy requires disconnect monitoring logic. 
In this example, the tie breaker and each of the 4 feeders require 3 disconnect 
monitoring logics; the number of disconnect logics required is therefore 15. Each 
disconnect monitoring logic requires two disconnect auxiliary contact inputs: an 
89A and an 89B contact. Use Equation 6.30 to calculate the number of relay 
inputs required for the disconnect auxiliary contacts. 

                    

Equation 6.30

Table 6.112 summarizes the input contact required for this application.

                    

The relay main board has seven inputs, an insufficient number of inputs for our 
application. Each interface board provides two sets of nine grouped inputs and 
six independent inputs. Use the grouped inputs for the disconnect auxiliary con-
tact inputs, and use the six independent inputs for future breaker failure inputs. 
From the input perspective, we need two interface boards.

Number of Relay Output Contacts
Our example station has five circuit breakers, all of which are part of the busbar 
differential protection. Because all circuit breakers are part of the busbar differen-
tial protection, we want to trip each breaker when the differential protection oper-
ates. Table 6.113 shows the breakdown and the number of relay output contacts 
necessary for tripping.

                    

Table 6.112 Relay Input Contacts Requirement

Input Description Inputs

Number of relay inputs required for the disconnect contacts 2 • 15 = 30

Total number of inputs 30

# relay inputs required = 2 # disconnect monitoring logics• 

Table 6.113 Breakdown and Number of Relay Outputs Required

Output Description Outputs

Number of relay output contacts required for breaker tripping 5

Total number of relay output contacts 5
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The relay main board has eight standard output contacts (Output Contact 7 is 
used to assert when the RELAY TEST MODE pushbutton from the front panel is 
selected, and Output Contact 8 is used for alarming purposes in the default set-
tings). However, the main board output contacts are all standard output contacts. 
The interface boards have high-speed, high-interrupting output contacts that pro-
vide faster contact closure. Each interface board can provide six high-speed, 
high-interrupting output contacts and two standard output contacts. For fast bus-
bar fault clearance, assign each circuit breaker trip output to a high-speed, high-
interrupting output contact for each of the circuit breakers at the station. From the 
output contact perspective, we need one interface board.

The conclusion from the preceding analysis is that we need three SEL-487B 
Relays, each relay equipped with two interface boards.

Input, Logic, and Output Allocation and Alias Name Assignment
At this point, we have determined the following:

➤ The number of SEL-487B Relays required for the application

➤ The number of input contacts

➤ The number of output contacts

➤ The selected functions

For example, we have matched the number of CTs at the station with the number 
of available analog channels in the relay. However, we still need to do the follow-
ing:

➤ Assign each CT input to a specific relay analog channel

➤ Assign each disconnect input to specific relay inputs

➤ Link relay element/logic outputs to specific relay output contacts

➤ Assign alias names where appropriate

Assign a valid seven-character alias name to any of the following:

➤ Relay Word bit

➤ Analog Quantity

➤ Terminal Name

➤ Bus-Zone Name

Alias names are valid when they consist of a maximum of seven characters, and 
they are constructed with characters 0–9, uppercase A–Z, or the underscore (_).

CT-to-Analog Channel Allocation and CT Alias Assignment 
The protection philosophy specifies that only the terminals and bus-zones need 
alias names. Table 6.114 shows CT-to-relay analog channel allocations and alias 
assignments. For example, allocate the A-phase tie-breaker CT to relay channel 
I01, and assign to this CT the alias name TIE1_A. The choice of CT-to-analog 
channel allocation is arbitrary; you can assign the CTs randomly to relay analog 
channels. Table 6.114 shows the assignment for the A-phase relay starting with 
the tie-breaker CTs, followed by the four terminals, taken left-to-right from 
Figure 6.160.
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Bus-Zone Alias Assignment 
Each SEL-487B provides six zones of protection. Although there are three bus-
bars at the station, we only provide differential protection for Busbar B1 and Bus-
bar B2. Because the feeders have bushing CTs, the transfer busbar never forms 
part of the busbar protection. For the A-phase relay, we use two bus-zones with 
alias names as shown in Table 6.115.

                    

Input-to-Logic Allocation 
Table 6.112 shows that we require 30 digital inputs. We now assign the digital 
input contacts to the selected logic. Because of the functional requirements of 
this application, we do not need any digital inputs on the main board.

Input-to-Logic Allocation, Interface Board 1 (200)

Table 6.116 and Table 6.117 show the disconnect auxiliary contact input alloca-
tions. Because Inputs IN201, IN202, IN203, IN213, IN214, and IN215 are inde-
pendent inputs, we preserve these for future circuit breaker failure inputs.

                    

Table 6.114 CTs-to-Analog Channel Allocations and Alias Assignments 

CTs Analog Channel Alias

TIE-BREAKER CT1, A-phase I01 TIE1_A

TIE-BREAKER CT2, A-phase I02 TIE2_A

MADRID terminal, A-phase I03 MADRI_A

MILAN terminal, A-phase I04 MILAN_A

ROME terminal, A-phase I05 ROME_A

CAIRO terminal, A-phase I06 CAIRO_A

Table 6.115 Alias Names for the Two Bus-Zones

Bus-Zone Name Description Alias

BZ1 Bus-Zone 1 ZONE1_A

BZ2 Bus-Zone 2 ZONE2_A

Table 6.116 Disconnect Contact Input Allocations (Sheet 1 of 2)

Input Description

IN204 TIE-BREAKER disconnect (ZONE1_A) NO contact

IN205 TIE-BREAKER disconnect (ZONE1_A) NC contact

IN206 TIE-BREAKER disconnect (ZONE2_A) NO contact

IN207 TIE-BREAKER disconnect (ZONE2_A) NC contact

IN208 TIE-BREAKER disconnect (TRANS_A) NO contact

IN209 TIE-BREAKER disconnect (TRANS_A) NC contact

IN210 MADRID terminal disconnect (ZONE1_A) NO contact

IN211 MADRID terminal disconnect (ZONE1_A) NC contact

IN212 MADRID terminal disconnect (ZONE2_A) NO contact

IN216 MADRID terminal disconnect (ZONE2_A) NC contact

IN217 MADRID terminal disconnect (TRANS_A) NO contact

IN218 MADRID terminal disconnect (TRANS_A) NC contact
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Input-to-Logic Allocation, Interface Board 2 (300)

Table 6.117 shows the disconnect and auxiliary contact input allocations. 
Because Inputs IN301, IN302, IN303, IN313, IN314, and IN315 are independent 
inputs, we preserve these inputs for future circuit breaker failure inputs.

                    

Assignment of the Selected Standard Logic
The following discussion references Table 6.111 in explaining each selected 
function. 

Disconnect Monitoring Logic 

Figure 6.161 shows the disconnect monitor logic circuit available in the relay. 
See Figure 6.120 for more information.

IN219 MILAN terminal disconnect (ZONE1_A) NO contact

IN220 MILAN terminal disconnect (ZONE1_A) NC contact

IN221 MILAN terminal disconnect (ZONE2_A) NO contact

IN222 MILAN terminal disconnect (ZONE2_A) NC contact

IN223 MILAN terminal disconnect (TRANS_A) NO contact

IN224 MILAN terminal disconnect (TRANS_A) NC contact

Table 6.116 Disconnect Contact Input Allocations (Sheet 2 of 2)

Input Description

Table 6.117 Disconnect Contact Input Allocations

Input Description

IN304 ROME terminal disconnect (ZONE1_A) NO contact

IN305 ROME terminal disconnect (ZONE1_A) NC contact

IN306 ROME terminal disconnect (ZONE2_A) NO contact

IN307 ROME terminal disconnect (ZONE2_A) NC contact

IN308 ROME terminal disconnect (TRANS _A) NO contact

IN309 ROME terminal disconnect (TRANS _A) NC contact

IN310 CAIRO terminal disconnect (ZONE1_A) NO contact

IN311 CAIRO terminal disconnect (ZONE1_A) NC contact

IN312 CAIRO terminal disconnect (ZONE2_A) NO contact

IN316 CAIRO terminal disconnect (ZONE2_A) NC contact

IN317 CAIRO terminal disconnect (TRANS _A) NO contact

IN318 CAIRO terminal disconnect (TRANS _A) NC contact
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Table 6.118 shows the assignment of the disconnect auxiliary contact Relay 
Word bits.

                    

                    

Figure 6.161 One of the Disconnect Monitoring Logic Circuits Available in the 
Relay

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 1 of 2)

Input Description

89A01 TIE-BREAKER disconnect (ZONE1_A) NO contact 

89B01 TIE-BREAKER disconnect (ZONE1_A) NC contact

89A02 TIE-BREAKER disconnect (ZONE2_A) NO

89B02 TIE-BREAKER disconnect (ZONE2_A) NC

89A03 TIE-BREAKER disconnect (TRANS_A) NO

89B03 TIE-BREAKER disconnect (TRANS _A) NC

89A04 MADRI_A disconnect (ZONE1_A) NO contact

89B04 MADRI_A disconnect (ZONE1_A) NC contact

89A05 MADRI_A disconnect (ZONE2_A) NO contact

89B05 MADRI_A disconnect (ZONE2_A) NC contact

89A06 MADRI_A disconnect (TRANS_A) NO contact

89B06 MADRI_A disconnect (TRANS_A) NC contact

89A07 MILAN_A disconnect (ZONE1_A) NO contact

89B07 MILAN _A disconnect (ZONE1_A) NC contact

89A08 MILAN _A disconnect (ZONE2_A) NO contact

89B08 MILAN _A disconnect (ZONE2_A) NC contact

89A09 MILAN _A disconnect (TRANS_A) NO contact

89B09 MILAN _A disconnect (TRANS_A) NC contact

89A10 ROME_A disconnect (ZONE1_A) NO contact

89B10 ROME _A disconnect (ZONE1_A) NC contact

89A11 ROME _A disconnect (ZONE2_A) NO contact

89B11 ROME _A disconnect (ZONE2_A) NC contact

89A12 ROME _A disconnect (TRANS_A) NO contact

89B12 ROME _A disconnect (TRANS_A) NC contact

89A13 CAIRO _A disconnect (ZONE1_A) NO contact

89B13 CAIRO _A disconnect (ZONE1_A) NC contact

89A14 CAIRO _A disconnect (ZONE2_A) NO contact

89B14 CAIRO _A disconnect (ZONE2_A) NC contact

89ALnn

89OIPnn

89CLnn

Relay
Word
Bits

89Ann

89Bnn

SELOGIC
Setting

Disconnect 
Alarm Timer

89ALPnn

0
CYC

nn = 01, . . ., 15



6.215

Date Code 20230830 Instruction Manual SEL-487B Relay

Protection Application Examples
Application 8: Double and Transfer Bus (Inboard CTs)

Wire a normally open disconnect auxiliary contact (89A) and a normally closed 
disconnect auxiliary contact (89B) from each disconnect to individual relay 
inputs on the A-phase relay. Jumper (hardwire) the disconnect input contacts to 
the other two relays. Relay Word bits 89CLnn assert when the disconnect moni-
toring logic interprets the disconnect main contacts as closed. Use Relay Word 
bits 89CLnn as conditions in the terminal-to-bus-zone SELOGIC control equa-
tions. 

Differential Trip Logic and Differential Element Assignment

Figure 6.162 shows the differential trip logic for Differential Element 1. Relay 
Word bit 87Z1 asserts only if the zone supervision conditions permit an output 
from the AND gate. (See Section 5: Protection Functions for more information.) 
Table 6.119 shows Relay Word bits and description for the zone differential pro-
tection outputs. Because of the bushing (inboard) CTs, we cannot provide differ-
ential protection for the transfer busbar.

                    

Differential trip bits 87BTR01–87BTR06 assert to trip the circuit breakers of the 
terminals in the faulted bus-zone. (See Section 5: Protection Functions for more 
information.)

                    

Be sure to include the differential trip bits in the trip equations of all the terminals 
you want to trip when the differential elements operate (see Global Settings on 
page 6.219 for more information). Table 6.120 shows the differential trip bit 
names and the associated terminal current channels.

                    

89A15 CAIRO _A disconnect (TRANS_A) NO contact

89B15 CAIRO _A disconnect (TRANS_A) NC contact

Table 6.118 Disconnect Auxiliary Contact Relay Word Bits (Sheet 2 of 2)

Input Description

Table 6.119 Zone Differential Protection Output Relay Word Bits

Primitive Name Description

87Z1 Zone 1 differential element trip

87Z2 Zone 2 differential element trip

                    

Figure 6.162 Differential Trip Logic for Differential Element 1

Table 6.120 Differential Trip Bit Names and Associated Terminal Names

Differential Trip Bit Description

87BTR01 Associated with Terminal 01

87BTR02 Associated with Terminal 02

87BTR03 Associated with Terminal 03

87BTR04 Associated with Terminal 04

87BTR05 Associated with Terminal 05

87BTR06 Associated with Terminal 06

87R1 87Z1
Z1S

Read terminals 
to trip within zone

Generation of 
Differential Trip bits

• 
• 
•

87BTR01

87BTR06
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Relay Logic-to-Output Contact Allocation and Output Contact 
Assignments

Table 6.113 shows the relay outputs we need for this application. We now link the 
appropriate relay logic outputs to specific relay output contacts. Table 6.121 
shows TEST and ALARM protection logic output assignment to the main board 
output contacts. Table 6.122 shows the linking of the trip logic outputs to the 
relay output contacts of Interface Board 1.

Output Assignment, Main Board
This application requires no other output contacts from the main board.

                    

Output Assignment, Interface Board 1 (200)
Each interface board of the SEL-487B can include six high-speed, high-interrupt-
ing output contacts. Table 6.122 shows the assignment of the A-phase relay out-
put terminals.

                    

Station Layout Update (A-Phase)
We are now ready to set and configure the relay. Write all the relevant informa-
tion on the station diagram, as shown in Figure 6.163.

1. Write down the bus-zone, terminal, and disconnect names.

2. Draw in the overlapping zone on the bus section to clearly identify 
the terminal/zone allocation.

3. Allocate the terminal CTs to the relay input current channels.

4. Allocate the terminal auxiliary contacts to the relay digital inputs.

5. Allocate the digital outputs from the relay to the terminals.

Table 6.121 Alias Names for the Main Board Output Contacts

Output Contact 
Assignment

Description
Output Contact 
Alias

OUT107 Relay in test mode TEST

OUT108 Relay alarm ALARM

Table 6.122 Assignment of the Output Terminals

Output Contact Assignment Description

OUT201 TIE-BREAKER trip logic output

OUT202a MADRID trip logic output

OUT203a MILAN trip logic output

OUT204a ROME trip logic output

OUT205a CAIRO trip logic output
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Setting the Relay
The following describes the settings for this application. For this application, we 
set the following setting classes: 

➤ Alias Settings

➤ Global Settings

➤ Zone Configuration Group Settings

➤ Protection Group Settings

➤ Control Output Settings

                    

Figure 6.163 Substation Layout With Specific Terminal Information
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Alias Settings
We have identified and allocated the alias names to the analog channels and 
Relay Word bits. We now enter the alias names in the relay. Type SET T 
<Enter> to enter the alias setting class. Many default Relay Word bits have use-
ful alias names ready for use. Type LIST <Enter> to see a list of default primi-
tive names and associated alias names, as shown in Figure 6.164.

After inspecting the list, we decide the only useful alias names are those of the 16 
LEDs, TEST, and ALARM.

                    

Type DELETE 43 <Enter> at the first action prompt to delete the first 43 default 
alias names, as shown in Figure 6.165.

                    

Type > <Enter> to advance to the next available line in the settings list.

Enter the alias names for the six analog channels and Relay Word bits, as shown 
in Figure 6.166.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. or Terminal or Bus-Zone, 7 Character Alias [0-9 A-Z _])
1: I01,"FDR_1"
?  LIST <Enter>
1: I01,"FDR_1"
2: I02,"FDR_2"
3: I03,"FDR_3"
4: I04,"TRFR_1"
5: I05,"TB_1"
6: I06,"TB_2"
7: BZ1,"BUS_1"
8: BZ2,"BUS_2"

•
•
•
68: TLED_23,"52_ALRM"
69: TLED_24,"IRIGLED"
1: I01,"FDR_1"
?

Figure 6.164 List of Default Primitive Names and Associated Alias Names

1: I01,"FDR_1"
?  DELETE 43 <Enter>

Figure 6.165 Deletion of the First 43 Alias Names

1: OUT107,"TEST"
?  > <Enter>
27:
?  I01,TIE1_A <Enter>
28:
?  I02,TIE2_A <Enter>
29:
?  I03,MADRI_A <Enter>

30:
?  I04,MILAN_A <Enter>
31:
?  I05,ROME_A <Enter>

32:
?  I06,CAIRO_A <Enter>
33:
?  BZ1,ZONE1_A <Enter>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names
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This concludes the alias settings. The next settings class is Global settings.

Global Settings
Global settings comprise settings that apply to all protection settings groups. For 
example, when changing from Protection Setting Group 1 to Protection Setting 
Group 2, Global settings such as station name and relay name still apply. 
Figure 6.167 shows the setting changes we need for our example. Because we 
declared the alias names in the alias setting class, use either the alias names or the 
primitive names when entering settings. 

The NUMBK setting declares the number of circuit breakers at the station. In our 
example, there are five circuit breakers at the station, and we set NUMBK to 5. 
Setting NUMBK to 5 makes five corresponding circuit breaker auxiliary input 
equations (52A01–52A05), and five corresponding trip equations (TR01–TR05) 
available for setting.

In this application, we do not require circuit breaker auxiliary contacts, therefore 
set all circuit breaker auxiliary input equations to NA. 

The NUMDS setting declares the number of disconnect monitor logics we need, 
not the number of disconnect inputs. In our example, we need 15 disconnect 
monitor logics. You can set each disconnect travel time individually with the 
89ALPpp setting (pp = 01–15). Travel time is the period during which both dis-
connect auxiliary contacts are in the open position. Measure the travel time 
during commissioning and adjust the settings appropriately. Based on previous 
experience with similar equipment, we set the tie-breaker disconnect travel time 
to 400 cycles in this example.

                    

34:
?  BZ2,ZONE2_A <Enter>
35:
?  END <Enter>
Alias

•
•
•

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.166 Analog Quantities and Relay Word Bits Alias Names (Continued)

=>>SET G <Enter>
Global
General Global Settings
Station Identifier (40 characters)
SID := "Station A"
?<Enter>

Relay Identifier (40 characters)
RID := "Relay 1"
?<Enter>
Number of Breakers (N,1-21)                          NUMBK   := 5      ? <Enter>
Number of Disconnects (N,1-60)                       NUMDS   := N      ?15 <Enter>
Nominal System Frequency (50,60 Hz)                  NFREQ   := 60     ?> <Enter>

Global Enables
Station DC Battery Monitor (Y,N)                     EDCMON  := N      ?> <Enter>
Control Inputs (Global)
Input Pickup Delay (0.00-30 ms)                      GINPU   := 2.0    ?> <Enter>

Figure 6.167 Global Settings for Application 8
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This concludes the Global settings. The next settings class is the zone configura-
tion group settings.

Zone Configuration Group Settings
The terminal-to-bus-zone SELOGIC control equations identify an analog channel, 
a differential element, and the conditions for which the relay assigns the analog 
channel to the differential element. Dynamic zone selection provides a mecha-
nism for automatically reconfiguring the zone of protection, without any wiring 
changes. In this example, the dynamic zone selection logic uses the disconnect 
auxiliary contacts status to determine the station configuration and assign the 
input currents from the CTs to the appropriate differential elements.

For each terminal, wire an 89A and an 89B disconnect auxiliary contact to the 
relay. Because the disconnect simultaneously operates all three phases of the ter-
minal, we state the disconnect status in the terminal-to-bus-zone SELOGIC con-
trol equations of all three relays.

Because we wire a disconnect auxiliary contact to only one relay, jumper (hard-
wire) the contact to the two other relays. For example, when we close the busbar 
disconnect on the MILAN feeder, all three phases (MILAN_A, MILAN_B, and 

Settings Group Selection
Select Setting Group 1 (SELogic Equation)
SS1 := NA
?  > <Enter>
Time and Date Management
Date Format (MDY,YMD,DMY)                            DATE_F  := MDY    ?> <Enter>

Breaker Inputs
N/O Contact Input -BK01 (SELogic Equation)
52A01 := NA
?  > <Enter>
Disconnect Inputs and Timers
N/O Contact Input -DS01 (SELogic Equation)
89A01 := NA
?  IN204 <Enter>

N/C Contact Input -DS01 (SELogic Equation)
89B01 := NA
?  IN205 <Enter>
DS01 Alarm Pickup Delay (0-99999 cyc)                89ALP01 := 300    ?400 <Enter>
N/O Contact Input -DS02 (SELogic Equation)
89A02 := NA
?  IN206 <Enter>
N/C Contact Input -DS02 (SELogic Equation)
89B02 := NA
?  IN207 <Enter>
DS02 Alarm Pickup Delay (0-99999 cyc)                89ALP02 := 300    ?400 <Enter>

N/O Contact Input -DS03 (SELogic Equation)
89A03 := NA
?  IN208 <Enter>
N/C Contact Input -DS03 (SELogic Equation)
89B03 := NA
?  IN209 <Enter>
DS03 Alarm Pickup Delay (0-99999 cyc)                89ALP03 := 300    ? <Enter>
N/O Contact Input -DS04 (SELogic Equation)
89A04 := NA
?  IN210 <Enter>
N/C Contact Input -DS04 (SELogic Equation)
89B04 := NA
?  IN211 <Enter>
DS04 Alarm Pickup Delay (0-99999 cyc)                89ALP04 := 300    ? <Enter>

N/O Contact Input -DS05 (SELogic Equation)
•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.167 Global Settings for Application 8 (Continued)
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MILAN_C) operate together. Because the relay measures the three phases in 
three separate relays (phase MILAN_A in the A-phase relay, phase MILAN_B in 
B-phase relay, etc.), we need to convey the disconnect status to all three relays. 

For this discussion, we define the following terms:

➤ Source busbar: the busbar to which all terminals are connected, 
except the terminal on transfer

➤ Transfer busbar: the busbar to which the terminal on transfer is 
connected

➤ Transfer disconnect: the disconnect, when closed, bypasses the 
feeder circuit breaker (e.g., Disconnect G898 on the CAIRO Feeder)

Although the relay is flexible enough to accept settings for many disconnect 
combinations, we will configure the relay according to a fixed operating 
sequence. Because the operating sequence defines a set of operating rules, set-
tings engineers can decide on appropriate terminal-to-bus-zone and bus-zone-to-
bus-zone settings for each step. The following defines the operating sequence for 
this application; many other operating sequences are possible and in use:

1. Only one feeder will be on transfer at any given time, i.e., the tie-
breaker transfer disconnect (Z898) and the transfer disconnect (n898, 
n = D, E, F, and G) of only one of the four terminals can be closed 
simultaneously.

2. Only Busbar B2 can be the source busbar.

3. No busbar protection exists for the transfer busbar. The transfer 
busbar is always part of the line protection. This is the key statement 
from the setting viewpoint. By declaring appropriate terminal-to-bus-
zone connection conditions, we can prevent relay misoperation when 
putting a feeder on transfer. In particular, we do not assign a 
differential element for the transfer busbar. Remove channel I02 from 
Busbar B1 differential calculations when any transfer disconnect 
closes. 

The zone configuration default setting are settings for a specific substation with 
arbitrarily selected alias names, serving only as an example.

For ease of setting the zone configuration settings for the new substation, delete 
the terminal-to-bus-zone default settings. With the terminal-to-bus-zone default 
settings deleted, the setting prompts no longer reference the default settings. 

You can use a combination of primitive and alias names when entering the termi-
nal-to-bus-zone and bus-zone-to-bus-zone settings. Figure 6.168 shows the Zone 
configuration settings for this application. 

                    

=>>SET Z <Enter>
Zone Config Group 1
Potential Transformer Ratio
Potential Transformer Ratio -V01 (1-10000)           PTR1    := 2000   ?> <Enter>
Current Transformer Ratio
Current Transformer Ratio -I01 (1-50000)             CTR01   := 600    ?800 <Enter>

Current Transformer Ratio -I02 (1-50000)             CTR02   := 600    ?800 <Enter>
Current Transformer Ratio -I03 (1-50000)             CTR03   := 600    ?> <Enter>
Zone Configuration: Terminal to Bus-Zone Connections
Terminal, Bus-Zone, Polarity (P,N)
I01BZ1C := TIE1_A, ZONE1_A, P
?  DELETE 200 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I01,ZONE2_A,P <Enter>
TIE1_A to ZONE2_A Connection (SELogic Equation)
I01BZ2V := NA
?  89CL02 <Enter>

Figure 6.168 Zone Configuration Group Settings for Application 8
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Terminal, Bus-Zone, Polarity (P,N)
?  I02,ZONE1_A,P <Enter>
TIE2_A to ZONE1_A Connection (SELogic Equation)
I02BZ1V := NA
?  89CL02 AND 89CL01 AND NOT(89CL03 OR 89CL06 OR 89CL09 OR 89CL12 OR 89CL15) 

<Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE1_A,P <Enter>
MADRI_A to ZONE1_A Connection (SELogic Equation)
I03BZ1V := NA
?  89CL04 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I03,ZONE2_A,P <Enter>
MADRI_A to ZONE2_A Connection (SELogic Equation)
I03BZ2V := NA
?  89CL05 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE1_A,P <Enter>
MILAN_A to ZONE1_A Connection (SELogic Equation)
I04BZ1V := NA
?  89CL07 <Enter>

Terminal, Bus-Zone, Polarity (P,N)
?  I04,ZONE2_A,P <Enter>
MILAN_A to ZONE2_A Connection (SELogic Equation)
I04BZ2V := NA
?  89CL08 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE1_A,P <Enter>
ROME_A to ZONE1_A Connection (SELogic Equation)
I05BZ1V := NA
?  89CL10 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I05,ZONE2_A,P <Enter>

ROME_A to ZONE2_A Connection (SELogic Equation)
I05BZ2V := NA
?  89CL11 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE1_A,P <Enter>
CAIRO_A to ZONE1_A Connection (SELogic Equation)
I06BZ1V := NA
?  89CL13 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?  I06,ZONE2_A,P <Enter>

CAIRO_A to ZONE2_A Connection (SELogic Equation)
I06BZ2V := NA
?  89CL14 <Enter>
Terminal, Bus-Zone, Polarity (P,N)
?<Enter>
Zone Configuration: Bus-Zone to Bus-Zone Connections
Bus-Zone, Bus-Zone
?  ZONE1_A,ZONE2_A <Enter>
ZONE1_A to ZONE2_A Connection (SELogic Equation)
BZ1BZ2V := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>

Connection to Remove Terminals when ZONE1_A and ZONE2_A merge (SELogic Equation)
BZ1BZ2R := NA
?  (89CL04 AND 89CL05) OR (89CL07 AND 89CL08) OR (89CL10 AND 89CL11) OR (89CL13\
 AND 89CL14) <Enter>
Terminals Removed when ZONE1_A and ZONE2_A Bus-Zones merge (Ter k,...,Ter n)
BZ1BZ2M :=
?  TIE1_A,TIE2_A <Enter>

Trip Terminals TIE1_A, TIE2_A (Y,N)
BZ1BZ2T := N
?  Y <Enter>
Bus-Zone, Bus-Zone
?<Enter>
Zone Supervision
Differential Element Zone Supervision (Y,N)          E87ZSUP := N      ?<Enter>
Zone Switching Supervision
Zone Switching Supervision (Y,N)                     EZSWSUP := N      ?<Enter>

•
•
•
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.168 Zone Configuration Group Settings for Application 8 (Continued)
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This concludes the zone configuration group settings. The next settings class is 
the protection group settings.

Protection Group Settings
Settings of this class comprise the protection functions, starting with the function 
enable settings. Default settings for the differential elements are 60 percent for 
Slope 1 and 80 percent for Slope 2. To change the slope settings, first enable the 
advanced settings by setting EADVS := Y. With EADVS := Y, the slope settings 
and incremental restrained and operating current settings become available.

For this application, we use the default values for the sensitive differential ele-
ment, the restrained differential element, and the directional element.

The protection philosophy calls for the blocking of the busbar protection for an 
open CT condition. Use the sensitive differential element for this requirement by 
setting E87SSUP := Y (see Figure 6.11 and Figure 6.17 for more information).

Because we do not use the coupler security logic, overcurrent elements, terminal 
out of service, breaker failure protection, or voltage elements in this application, 
set ESCL := N, ETOS := N, EBFL := N, E50 := N, E51 := N, E27 := N, E59 := N, 
and EADVS := N. 

Setting NUMBK equal to 5 makes five corresponding circuit breaker auxiliary 
input equations (52A01–52A05), and five corresponding trip equations (TR01–
TR05) available for setting. There are five trip equations available, but there are 
six analog channels (I01–I06) at the station. Each of the six analog channels has a 
corresponding differential trip bit that asserts (Table 6.120) when the differential 
element asserts. Be sure to include these differential trip bits in the trip equations 
of all circuit breakers you want to trip. 

The trip logic latches the trip outputs TRIPkk after TRkk assertion. One way to 
deassert the trip outputs is to press the TARGET RESET pushbutton on the front 
panel. An alternative method is to enter specific reset conditions at the ULTRkk 
settings.

Although each SEL-487B includes 21 trip logics, there is only one Minimum 
Trip Duration Time Delay (TDURD) setting.

Because the default setting is longer than the slowest tripping time, use the 
default setting of 12 cycles. Figure 6.169 shows the Group 1 settings.

                    

=>>SET <Enter>
Group 1
Relay Configuration
Sensitive Differential Element Supervision (Y,N)     E87SSUP := Y      ? <Enter>
Coupler Security Logic (N,1-4)                       ECSL    := N      ? <Enter>
Terminal Out of Service (N,1-21)                     ETOS    := 5      ?N <Enter>
Breaker Failure Logic (N,1-21)                       EBFL    := 6      ?N <Enter>
Definite Time Overcurrent Elements (N,1-21)          E50     := N      ? <Enter>

Inverse Time Overcurrent Elements (N,1-21)           E51     := N      ? <Enter>
Voltage Elements (Y,N)                               EVOLT   := Y      ?N <Enter>
Advanced Settings (Y,N)                              EADVS   := N      ? <Enter>
Sensitive Differential Element
Sensitive Differential Element Pickup (0.05-1 pu)    S87P    := 0.10   ?> <Enter>
Restrained Differential Element
Restrained Diff Element Pickup (0.10-4 pu)           O87P    := 1.00   ?> <Enter>

Directional Element
Dir Element O/C Supervision Pickup (0.05-3 pu)       50DSP   := 0.05   ?> <Enter>

Figure 6.169 Protection Group Settings for Application 8
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This concludes the protection group settings. The next settings class is the control 
output settings.

Control Output Settings
In this settings class, we assign the logic or Relay Word bits in the relay to output 
contacts. We need five output contacts for our example. Although not specifically 
called for in the protection philosophy, it is good practice to also include the 
default TEST and ALARM outputs in the relay settings. 

Because each relay protects only one phase of the power system, combine the trip 
outputs from the three relays in a single output to the circuit breaker. Jumper 
(hardwire) the trip output from each relay. Connect the cable to the circuit 
breaker trip coil to any one of the three relays. 

We include Protection Latch Bit PLT03 in the output equation. With PLT03 
included in every output equation, the RELAY TEST MODE pushbutton disables all 
output contacts.

Because we do not use any output contacts from the main board for protection 
functions (OUT107 and OUT108 are used for alarming purposes), set OUT101–
OUT106 = NA. Figure 6.170 shows the control output settings.

Trip Logic
Trip 01 (SELogic Equation)
TR01 := SBFTR01 OR 87BTR01
?  87BTR01 OR 87BTR02 <Enter>
Unlatch Trip 01 (SELogic Equation)
ULTR01 := NA
? <Enter>

Trip 02 (SELogic Equation)
TR02 := SBFTR02 OR 87BTR02
?  87BTR03 <Enter>
Unlatch Trip 02 (SELogic Equation)
ULTR02 := NA
? <Enter>
Trip 03 (SELogic Equation)
TR03 := SBFTR03 OR 87BTR03
?  87BTR04 <Enter>
Unlatch Trip 03 (SELogic Equation)
ULTR03 := NA
? <Enter>

Trip 04 (SELogic Equation)
TR04 := SBFTR04 OR 87BTR04
?  87BTR05 <Enter>
Unlatch Trip 04 (SELogic Equation)
ULTR04 := NA
? <Enter>
Trip 05 (SELogic Equation)
TR05 := SBFTR05 OR 87BTR05 OR SBFTR06 OR 87BTR06
?  87BTR06 <Enter>
Unlatch Trip 05 (SELogic Equation)
ULTR05 := NA
? <Enter>

Minimum Trip Duration Time Delay (2.000-8000 cyc)    TDURD   := 12.000 ? <Enter>
Event Report Trigger Equation (SELogic Equation)
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.169 Protection Group Settings for Application 8 (Continued)
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This concludes the settings for Application 8.

=>>SET O <Enter>
Output
Main Board
OUT101 := TRIP01 AND NOT TNS_SW
?  NA <Enter>
OUT102 := TRIP02 AND NOT TNS_SW
?  NA <Enter>
OUT103 := TRIP03 AND NOT TNS_SW
?  NA <Enter>
OUT104 := TRIP04 AND NOT TNS_SW
?  NA <Enter>
OUT105 := TRIP05 AND NOT TNS_SW
?  NA <Enter>
OUT106 := NA
?  > <Enter>

Interface Board #1
OUT201 := NA
?  TRIP01 AND NOT PLT03 <Enter>
OUT202 := NA
?  TRIP02 AND NOT PLT03 <Enter>
OUT203 := NA
?  TRIP03 AND NOT PLT03 <Enter>
OUT204 := NA
?  TRIP04 AND NOT PLT03 <Enter>
OUT205 := NA
?  TRIP05 AND NOT PLT03 <Enter>
OUT206 := NA
?  END <Enter>
Output
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 6.170 Control Output Settings for Application 8
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Metering, Monitoring, and Reporting

The SEL-487B relay provides extensive capabilities for monitoring substation 
components, metering important power system parameters, and reporting on 
power system performance. The relay provides the following useful features:

➤ Metering on page 7.1

➤ Station DC Battery System Monitor on page 7.7

➤ Reporting on page 7.8

See Section 7: Metering, Section 8: Monitoring, and Section 9: Reporting in the 
SEL-400 Series Relays Instruction Manual for general information. This section 
contains details specific to the SEL-487B.

Metering
The SEL-487B provides one-cycle average metering for measuring power system 
conditions and differential protection values. Each SEL-487B processes 21 cur-
rents, 3 voltages, and 1 battery monitor.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns the fundamental frequency primary measurement 
quantities listed in Table 7.1. 

                    

The MET command followed by a number, MET k, specifies the number of 
times the command will repeat (k can range from 1 to 32767). This is useful for 
troubleshooting or investigating uncharacteristic power system conditions. With 
other command options, you can view currents from the terminals.

Table 7.2 shows the MET command options, followed by a short description of 
each option.

                    

Table 7.1 Instantaneous Metering Quantities—Voltages and Currents

Metered Quantity Symbol Units

Phase voltage magnitude V01–V03 kV

Phase voltage angle V01, –V03 degrees

Phase current magnitude I01–I21 A

Phase current angle I01, –I21 degrees

Table 7.2 MET Command—Metering Only (Sheet 1 of 2)

Namea Description

MET k Displays fundamental primary phase information k times for all terminals

MET k CZq Displays fundamental primary phase information k times for all terminals 
in Check Zone q

MET k Zn Displays fundamental primary phase information k times for all terminals 
in Zone n
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Instantaneous Metering
Use the MET command to obtain the current and voltage quantities in primary 
values, as shown in Table 7.3.

                    

Figure 7.1 shows the relay response to the MET command.

                    

All angles are referenced to the voltage connected to Voltage Terminal V01. If 
voltage at Terminal V01 is not available, the relay selects V02 and then V03 as 
reference. In the absence of voltage inputs, the relay references the current input 
of I01, provided the current is above 0.05 • INOM. If I01 is not above this current 

MET SEC k Displays fundamental secondary phase information k times for all terminals

MET SEC k CZq Displays fundamental secondary phase information k times for all terminals 
in Check Zone q

MET SEC k Zn Displays fundamental secondary phase information k times for all terminals 
in Zone n

MET DIF Displays per unit operating and restraint currents for all active zones

MET BAT Displays station battery measurements

MET RBM Reset station battery max/min measurements

MET ANA Displays the analog values used with MIRRORED BITS communications

MET PMV Displays all the Protection Math Variables

MET AMV Displays all the Automation Math Variables

a k = 1–32767; n = 1–6; q = 1–3.

Table 7.2 MET Command—Metering Only (Sheet 2 of 2)

Namea Description

Table 7.3 Information Available With the MET Command

Command Information

MET Primary current magnitudes and angles from all 21 terminals in 
amperes.

Primary voltage magnitudes and angles from the 3 voltage inputs in kV.

=>>MET <Enter>

Relay 1                                    Date: 04/21/2011  Time: 15:55:01.820
Station A                                  Serial Number: 1131840172

       Primary Currents
Terminal    MAG(A)   ANG(DEG)           Terminal    MAG(A)   ANG(DEG)           
 FDR_1     2397.801     0.00             I12          0.000    24.81
 FDR_2     2997.321     0.00             I13          0.000    58.82
 FDR_3     1797.586   180.00             I14          0.000    28.81
 TRFR_1    3597.324   180.00             I15          0.000    83.86
 TB_1      5398.234   180.00             I16          0.000  -130.34
 TB_2      5397.541     0.00             I17          0.000  -142.62
 I07          0.000    37.69             I18          0.000  -118.68
 I08          0.000   168.78             I19          0.000  -146.11
 I09          0.000   169.83             I20          0.000    80.32
 I10          0.000   96.44              I21          0.000   -19.29
 I11          0.000   136.89            

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        141.969     0.00
 V02        132.001  -120.06
 V03        128.031   119.99

=>>

Figure 7.1 Relay Response to the MET Command
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level, the relay references the current from I02, if available. If I02 is not available, 
the relay continues to I03, I04, and so on until it finds a current input above 
0.05 • INOM.

For check-zone-specific primary values information, use the MET CZq 
(q = 1–3) command. Table 7.4 shows the information, including the CT polarity, 
included in Check Zone q.

                    

For the relay to display any measured values, at least one Terminal-to-Check-
Zone equation must be a logical 1 (i.e., at least one terminal must be connected to 
the Check Zone). Figure 7.2 shows the relay response to the MET CZ1 com-
mand if no such connection exists.

                    

Figure 7.3 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Check Zone 1.

                    

For zone-specific primary values information, use the MET Zn (n = 1–6) com-
mand. Table 7.5 shows the information, including the CT polarity and Bus-
Zones, included in Protection Zone n, if two Bus-Zones are combined.

                    

Table 7.4 Information Available With the MET CZq Command

Commanda

a q = 1–3.

Information

MET CZq Primary current magnitudes, angles, and CT polarities from the active ter-
minals in amperes.

Primary voltage magnitudes and angles from the three voltage inputs in kV.

=>>MET CZ1 <Enter>

Specified zone is inactive

Figure 7.2 Response to MET CZ1 Command When All Terminals Are Inactive

=>>MET CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P

       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00

=>>

Figure 7.3 Response to the MET CZ1 Command of One Phase in a Three-Relay 
Application

Table 7.5 Information Available With the MET Zn Command

Commanda

a n = 1–6.

Information

MET Zn Primary current magnitudes, angles, and CT polarities from the active ter-
minals in Amperes. 

Primary voltage magnitudes and angles from the three voltage inputs in kV.

Bus-Zones in Protection Zone n.
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For the relay to display any measured values, at least one Terminal-to-Bus-Zone 
equation must be a logical 1 (i.e., at least one terminal must be connected to the 
specified Bus-Zone). Figure 7.4 shows the relay response to the MET Zn com-
mand if no such connection exists.

                    

Figure 7.5 shows the relay response of one phase in a three-relay application 
when Terminals I01 and I02 are connected to Bus-Zone 1.

                    

MET SEC provides secondary information similar to the MET command, but 
includes the CT and PT ratios, as shown in Table 7.6.

                    

Figure 7.6 shows the relay response to the MET SEC command of one phase in 
a three-relay application.

=>>MET Z1 <Enter>

All terminals in the specified zone are inactive

Figure 7.4 Response to MET Z1 Command When All Terminals Are Inactive

=>>MET Z1 <Enter>

Relay 1                                    Date: 02/27/2015 Time: 13:56:37.718
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
       Primary Currents
Terminal    MAG(A)   ANG(DEG)  POL
 FDR_1       98.131     0.00    P
 FDR_2       98.677   180.00    P
       Primary Voltages
Terminal    MAG(kV)  ANG(DEG)
 V01        133.990     0.00
 V02        133.990  -119.99
 V03        133.990   120.00
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.5 Response to the MET Z1 Command of One Phase in a Three-Relay 
Application

Table 7.6 Information Available With the MET SEC Command

Command Information

MET SEC Secondary current magnitudes, angles, and CT ratios from all 21 termi-
nals in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.
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For check-zone-specific secondary information, use the MET SEC CZq 
(q = 1–3) command. The information includes the CT polarity, as shown in 
Table 7.7.

                    

Figure 7.7 shows the relay response to the MET SEC CZ1 command of one 
phase in a three-relay application with these terminals connected to Check 
Zone 1.

                    

For zone-specific secondary information, use the MET SEC Zn (n = 1–6) com-
mand. The information includes the CT polarity, as shown in Table 7.8.

=>>MET SEC <Enter>

Relay 1                                    Date: 04/21/2015 Time: 17:05:15.192
Station A                                  Serial Number: 1131840172

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR        Terminal   MAG(A)  ANG(DEG)  CTR        
 FDR_1      3.996     0.00    600        I12        0.000   164.98    600
 FDR_2      4.997     0.00    600        I13        0.001   -44.57    600
 FDR_3      2.996   180.00    600        I14        0.001   -77.58    600
 TRFR_1     5.996   180.00    600        I15        0.001    -2.76    600
 TB_1       8.997   180.00    600        I16        0.002   -35.83    600
 TB_2       8.993     0.00    600        I17        0.000   -42.29    600
 I07        0.002   -71.23    600        I18        0.001  -133.51    600
 I08        0.002  -108.60    600        I19        0.002  -177.14    600
 I09        0.002   -22.11    600        I20        0.001   165.61    600
 I10        0.000    34.53    600        I21        0.002   -21.72    600
 I11        0.000   -58.25    600       

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       63.982     0.00   2000
 V02       64.011  -120.06   2000
 V03       64.021   120.00   2000

=>>

Figure 7.6 Relay Response to the MET SEC Command of One Phase of a Three-
Relay Application

Table 7.7 Information Available With the MET SEC CZq Command

Commanda

a q = 1–3.

Information

MET SEC CZq Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in Check Zone q in amperes. 

Secondary voltage magnitudes and angles from the three voltage inputs 
in volts, and each PT ratio.

=>>MET SEC CZ1 <Enter>

Relay 1                                    Date: 02/06/2015 Time: 23:51:51.027
Station A                                  Serial Number: 1131840172

Current Terminals in Check Zone 1

          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996    0.00     600  P
 FDR_2      4.997    0.00     600  P

          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000

=>>

Figure 7.7 Response to the MET SEC CZ1 Command of One Phase in a Three-
Relay Application
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Figure 7.8 shows the relay response to the MET SEC Zn command of one phase 
in a three-relay application with these terminals connected to Bus-Zone 1.

                    

Differential Metering
View the differential currents of all active zones with the MET DIF command. 
The information includes per unit operating and restraint currents from each 
active zone, as well as the reference current, as shown in Table 7.9. The reference 
current is the product of the SEL-487B nominal current and the maximum CT 
ratio in an active zone as defined in the zone configuration settings.

                    

Figure 7.9 shows the relay response to the MET DIF command of one phase in a 
three-relay application when Bus-Zones 1 and 2 are active.

Table 7.8 Information Available With the MET SEC Zn Command

Commanda

a n = 1–6.

Information

MET SEC Zn Secondary current magnitudes, angles, CT ratios, and polarities from the 
active terminals in the specific zone in amperes.

Secondary voltage magnitudes and angles from the three voltage inputs in 
volts, and each PT ratio.

Bus-Zones in Protection Zone n.

=>>MET SEC Z1 <Enter>

Relay 1                                    Date: 05/14/2015 Time: 15:00:43.237
Station A                                  Serial Number: 1131840172
Current Terminals in Protection Zone 1
          Secondary Currents
Terminal   MAG(A)  ANG(DEG)  CTR  POL
 FDR_1      3.996     0.00    600  P
 FDR_2      4.997     0.00    600  P
 TB_1       8.997   180.00    600  P
          Secondary Voltages
Terminal   MAG(V)  ANG(DEG)  PTR
 V01       66.996     0.00   1000
 V02       66.996  -120.00   2000
 V03       66.996   120.00   2000
Bus-Zones in Protection Zone 1
BUS_1

=>>

Figure 7.8 Relay Response to the MET SEC Z1 Command of One Phase in a 
Three-Relay Application

Table 7.9 Information Available With the MET DIF Command

Command Information

MET DIF Operate current of all active zones and check zones in per unit. 

Restraint current of all active zones and check zones in per unit. 

Product of relay nominal current and highest CT ratio of the connected 
CTs, used as reference current.

NOTE:  A zone is active when any 
IqqBZpV (qq = 01–21, p = 1–6) Relay 
Word bit asserts. For example, Zone 1 
becomes active when Relay Word bit 
I01BZ1V asserts. The check zone is 
active when any IqqCZ1V (qq = 01–21) 
Relay Word bit asserts and 
ECHKZN := Y.
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Station DC Battery System Monitor
The SEL-487B automatically monitors station battery system health by measur-
ing the dc voltage, ac ripple, and voltage between each battery terminal and 
ground. Each relay provides one dc monitor channel, Vdc1. See Section 8: Moni-
toring in the SEL-400 Series Relays Instruction Manual for a complete descrip-
tion of the battery monitor.

                    

=>>MET DIF <Enter>

Relay 1                                    Date: 02/27/2015 Time: 14:28:06.955
Station A                                  Serial Number: 1131840172
       Operate Currents     Restraint Currents
           (Per Unit)            (Per Unit)
ZONE          IOP                   IRT
  1           0.00                  0.25
  2           0.01                  0.44
Current Reference (A)
IREF
800

=>>

Figure 7.9 Relay Response to the MET DIF Command of One Phase in a Three-
Relay Application

                    

Figure 7.10 Typical Station DC Battery System
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –). In a three-relay application, connect the 
125 Vdc supply to the monitoring connections of the first relay, and the 48 Vdc 
supply to the monitoring connections of the second relay. See Section 6: Protec-
tion Application Examples for more information about single- and three-relay 
applications.

Reporting
The SEL-487B Relay features comprehensive power system data analysis capa-
bilities. These are described in Section 9: Reporting in the SEL-400 Series Relays 
Instruction Manual. This section describes reporting characteristics that are 
unique to the SEL-487B.

Data Processing
The SEL-487B processes protection logic at a different rate than other SEL-400 
Series Relays. Table 7.10 summarizes the available analog quantities from pro-
tection elements and the processing rate of each. Notice that the relay processes 
the protection elements at two different rates:

➤ Current Differential Elements, Check Zone Elements, Breaker 
Failure Protection, Under- and Overvoltage Elements = every 1/12 
cycle

➤ Overcurrent Elements (50/51) protection elements = every 1/6 cycle

                    

Table 7.11 summarizes the available digital inputs and the processing rate of 
each.

                    

Duration of Data Captures and Event Reports
The SEL-487B stores high-resolution raw and filtered data. The number of stored 
high-resolution raw data captures and event reports is a function of the quantity 
of data contained in each capture.

Table 7.10 Protection Element Analog Quantities and Processing Rates

Analog Quantity Description Sample Rate (Power System Cycle)

InnFIM, InnFIA(nn = 1–21) Filtered Instantaneous Phase Current Magnitude, Angle 1/12

VmmFM, VmmFA (mm = 01–03) Filtered Instantaneous Phase Voltage Magnitude, Angle 1/12

DC1 DC Monitor Voltage 1/12

PMVnn (nn = 01–64) Protection Math Variable 1/12

51Pmm (mm = 1–21) 51 Element Pickup Setting 1/6

51TDmm (mm = 1–21) 51 Element Time Dial Setting 1/6

Table 7.11 Processing Rates of Digital Inputs

Digitals Sample Rate (Power System Cycle)

100 rows of event reporting digital elements 1/12

Un-debounced digital contact inputs 2 kHz
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Table 7.12 lists the maximum number of data captures/event reports the relay 
stores in nonvolatile memory when ERDIG = S for various report lengths and 
sample rates. The relay automatically overwrites the oldest events with the new-
est events when the nonvolatile storage capacity is exceeded.

NOTE: Consider the total capture 
time when choosing a value for 
setting LER at the SRATE := 8 kHz. At 
LER := 3.0, the relay records at least 11 
data captures when ERDIG = S. These 
and smaller LER settings are sufficient 
for most power system disturbances.

The relay stores high-resolution raw and filtered event data in nonvolatile mem-
ory. Table 7.12 lists the storage capability of the SEL-487B for common event 
reports.

The lower rows of Table 7.12 show the number of event reports the relay stores 
with the maximum data capture lengths (LER) for each SRATE sampling rate 
setting. Table entries are the maximum number of stored events; these can vary 
by 10 percent according to relay memory usage.

                    

When the event report digital setting is set to include all Relay Word bits in the 
event report (ERDIG = A), the maximum number of stored reports is reduced as 
shown in Table 7.13.

                    

Event Reports, Event Summaries, and Event Histories
See Section 9: Reporting in the SEL-400 Series Relays Instruction Manual for an 
overview of event reports, event summaries, and event histories. This section 
describes the characteristics of these that are unique to the SEL-487B.

Table 7.12 Event Report Nonvolatile Storage Capability When ERDIG = S

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 103 128 147 168

0.50 seconds 71 70 85 114

1.0 seconds 37 40 45 55

3.0 seconds 11 14 15 20

6.0 seconds N/A 6 8 10

12.0 seconds N/A N/A 4 5

24.0 seconds N/A N/A N/A 2

Table 7.13 Event Report Nonvolatile Storage Capability When ERDIG = A

Event Report Length
Maximum Number of Stored Reports

8 kHz 4 kHz 2 kHz 1 kHz

0.25 seconds 78 92 102 113

0.50 seconds 43 52 58 65

1.0 seconds N/A 27 31 35

3.0 seconds N/A N/A 10 12

6.0 seconds N/A N/A N/A 5

12.0 seconds N/A N/A N/A N/A

24.0 seconds N/A N/A N/A N/A
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Base Set of Relay Word Bits
The following Relay Word bits are always included in 8 kHz oscillography and 
compressed event reports: ZONE1–ZONE6, CZONE1–CZONE3, 87BTR, 
87BTR01–87BTR21, SBFTR, SBFTR01–SBFTR21, TRIP, TRIP01–TRIP21, 
87Z1–87Z6, BFZ1–BFZ6, ER, RMBnA, TMBnA, RMBnB, TMBnB, ROKA, 
RBADA, CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, TLED_1, 
TLED_2, TLED_3, TLED_4, TLED_5, TLED_6, TLED_7, TLED_8, TLED_9, 
TLED_10, TLED_11, TLED_12, TLED_13, TLED_14, TLED_15, TLED_16, 
TLED_17, TLED_18, TLED_19, TLED_20, TLED_21, TLED_22, TLED_23, 
TLED_24, Z1BZ1, Z1BZ2, Z1BZ3, Z1BZ4, Z1BZ5, Z1BZ6, Z2BZ2, Z2BZ3, 
Z2BZ4, Z2BZ5, Z2BZ6, Z3BZ3, Z3BZ4, Z3BZ5, Z3BZ6, Z4BZ4, Z4BZ5, 
Z4BZ6, Z5BZ5, Z5BZ6, Z6BZ6.

COMTRADE Relay Word Bit Behavior
The ERDG setting specifies Relay Word bits to include in event reporting. In 
COMTRADE files, the relay captures and records the status of all Relay Word 
bits in the same row of a Relay Word bit specified in the ERDG setting list. 
Therefore, additional Relay Word bit statuses is captured in a COMTRADE file 
that are not specified in the ERDG setting list. See Section 11: Relay Word Bits 
for Relay Word bits and their common row with other bits.

Event Reports
Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section. 
See Figure 7.11 for the location of items included in a sample analog section of 
an event report. If you want to view only the analog portion of an event report, 
use the EVE A command.

The report header is the standard SEL-487B header, listing the relay identifiers, 
event number, date, and time. Report headers help you organize report data. Each 
event report begins with information about the relay and the event, such as the 
RID setting (Relay ID), the SID setting (Station ID), and the firmware checksum 
(CID). The FID string identifies the relay model, Flash firmware version, and the 
date code of the firmware. See Appendix A: Firmware, ICD File, and Manual 
Versions for a description of the FID string. To complete the header, the relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event.

The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents in primary 
kilovolts and primary amperes, respectively. These quantities are instantaneous 
values scaled by / 2 (0.707). Although you may not use all 24 channels of the 
SEL-487B in your application, all 24 channels’ samples are always displayed in 
the event report. To display all 24 channels, the event report consists of three 
groups. Current channels I01–I11 are displayed in the first group as shown in 
Figure 7.11. The second group contains I12–I21, and the third group contains 
voltage channels V01–V03.

Figure 7.11 contains selected data from the analog section of a 4-samples/cycle 
event report. The bracketed numbers at the left of the report (for example, [5]) 
indicate the cycle number; Figure 7.11 presents eight cycles of 4-samples/cycle 
data. The trigger row includes a > character to indicate the trigger point. This is 
the dividing point between the pre-fault or PRE time and the fault or remainder of 
the data capture.

2
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The row that the relay uses for the fault analogs in the event summary is the row 
1.25 cycles after the event trigger. The relay marks this row on the event report 
with an asterisk (*) character immediately after the last analog column.

                    

                    

For the event report (different from the raw data oscillography), you can select as 
many as 20 additional analog quantities from the available analog quantities in 
the relay (see Section 12: Analog Quantities). These user-defined analog quanti-
ties follow the 24 fixed channels.

=>>EVE <Enter>

Relay 1                                    Date: 06/06/2015  Time: 16:27:50.514
Station A                                  Serial Number: 1131840172 Header

FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5 Firmware ID

 Currents (Pri. Amps)
  I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
[1]

  -596   -595    596    595   1194  -1191     -1     -2     -1      0      0
   -79    -82     80     79    159   -157     -1      0      2      0      0
   596    595   -595   -594  -1193   1190      1      0      0      0      0
    80     82    -80    -80   -160    158      1     -1     -2      0      0

One Cycle of Data

[2]
  -595   -595    594    594   1194  -1190     -1      0      0      0      0
   -80    -83     80     80    159   -159     -1      1      2      0      0
   595    595   -594   -594  -1193   1190      1      1      0      0      1
    81     84    -80    -81   -160    160      2      0     -2      0      0
[3]
  -596   -596    595    594   1192  -1190     -1     -1      0      0      0
   -81    -82     80     81    161   -160     -1      0      2      0      0
   595    595   -595   -594  -1193   1190      2      1      0      0     -1
    81     83    -81    -81   -162    160      0     -1     -2      0      0
[4]
  -596   -594    595    594   1193  -1190     -2     -1      1      0      1
   -82    -84     81     81    163   -161      0      1      2      0      0
   596    595   -594   -594  -1193   1190      1      0      0      0      0
    82     84    -81    -82   -163    161      1      0     -2      0      0
[5]
  -596   -595    595    595   1192  -1189     -1      0      0      0      0
   -82    -85     81     82    164   -163     -1      0      2      0      0
   595    595   -594   -594  -1193   1190      1      0      0      0      0
    82     85    -81    -82   -165    163      1      0     -2     -1      1
[6]
  -595   -594    595    594   1193  -1190     -1      0      1      0      0
   -83    -86     82     82    166   -162      0      1      3     -1     -1
  1955    595   -595   -594  -1193   1189      1      1     -1      1      0
   479     86    -83    -82   -166    164      0     -1     -2      1      0

[7]

 -4938   -595    594    593   1193  -1189     -1     -1      1     -2      0> Trigger

  -891    -86     83     83    166   -166      0      0      2      1      0
  6552    594   -595   -594  -1192   1190      1      1      0      0      0
   910     86    -83    -83   -167    165      0      0     -2      0      1
[8]
 -6550   -595    594    594   1192  -1190     -1      0      0      0     -1
  -910    -86     84     84    168   -165     -1      0      2     -1      0*
  6551    595   -593   -593  -1191   1189      1      0      0      1      1
   910     86    -84    -84   -169    166      1      1     -1      0      0

.

.

.

=>>

Figure 7.11 Analog Section of the Event Report

Table 7.14 Event Report Metered Analog Quantities

Analog Quantity Description

I01–I21 Filtered current vector

V01–V03 Filtered voltage vector
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Differential Report

The differential report is not a part of the EVE command (without any parame-
ters) response. Use the EVE DIF command to specify that the differential report 
is to be displayed. If so specified, the fixed and user-configurable analog quanti-
ties will no longer be displayed, although the event summary and relay settings 
will be appended following the differential quantities. The analog part of the dif-
ferential report only displays differential current for each active differential zone 
and active check zone, as shown in Figure 7.12.

                    

Digital Section of the Event Report

The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 7.13 for the 
locations of items in a sample event report digital section. If you want to view 
only the digital portion of an event report, use the EVE D command (see 
Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruction 

=>>EVE DIF <Enter>

Relay 1                                    Date: 06/06/2015 Time: 16:27:50.514
Station A                                  Serial Number: 1131840172
FID=SEL-487B-1-R309-V1-Z010005-D20151102   Event Number = 10006     CID=0xA0B5

                  Differential Quantities (Per Unit)
 IOP1  IRT1  IOP2  IRT2

[1]
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
 0.00  0.80  0.00  0.80
.
.
.

[7]
 1.45  2.26  0.00  0.80>
 1.47  2.27  0.00  0.80
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80
[8]
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80*
 2.00  2.81  0.00  0.80
 2.00  2.81  0.00  0.80

Differential Quantities (Per Unit)
 IOPCZ1 IRTCZ1

[1]
 0.00   0.80
 0.00   0.80
 0.00   0.80
 0.00   0.80
.
.
.

[7]
 1.45   2.25 >
 1.47   2.27
 2.00   2.80
 2.01   2.81

[8]
 2.01   2.80
 2.01   2.80 *
 2.01   2.80
 2.01   2.80

[9]
 2.01   2.80
 2.01   2.80
 2.01   2.80
 2.01   2.80

Figure 7.12 Differential Report
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Manual for details). In the digital portion of the event report, the relay indicates 
deasserted elements with a period (.) and asserted elements with an asterisk (*) 
character.

The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used in event summary (1.25 cycles after the trigger 
point) with an asterisk (*) character at the right of the last digital element column.

                    

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 7.14 for 
the location of items included in a sample summary section of an event report. If 
you want to exclude the summary portion from an event report, use the EVE NSUM 
command. See EVENT on page 14.32 in the SEL-400 Series Relays Instruction 
Manual for details.

ZZ        D         FFFTT   N
12     TT I T FFFTT 1231BO  O
__ FFFTBB FBN 1231B _____U  A
TT 123112 FFS _____ TTTTTT TL
RR ______ ___ BBBBB RRRRR1 EA
II BBBBBB EES FFFFF IIIII0 SR
PP FFFFFF NNW IIIII PPPPP6 TM

[1]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[2]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[3]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[4]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[5]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[6]
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*
.. ...... ... ..... ...... .*

[7]
*. ...... ... ..... **..*. .*>
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

[8]
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*
*. ...... ... ..... **..*. .*

Figure 7.13 Digital Section of the Event Report
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The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report. 
See Event Summary on page 7.14 for a description of the items in the summary 
portion of the event report.

                    

Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events. See Figure 7.15 for a sample event summary.

                    

The event summary contains the following information:

➤ Standard report header

=>>SUM <Enter>

Relay 1                               Date: 03/02/2015           Time: 12:33:51.078
                                      Serial Number: 1131840172
Event: 87BTR                                                     Time Source: OTHER
Event Number: 10057                                              Group: 1
Targets: TLED_1 TLED_6 TLED_7 TLED_8

Fault:  I01    I02    I03    I04    I05    I06    I07    I08    I09     I10    I11
MAG(A) 14964  14966  14968  14969  14957  14966  22146  22138  22135   14960  14959
ANG(DEG) 178    59     -61    179    59     -61     0    -120    120    -179     61

        I12    I13    I14    I15    I16    I17   I18     I19    I20     I21
MAG(A) 14973  14967  14964  14968  22140  22134  22136  1167.8 1167.8  1167.8
ANG(DEG) -59   -178    62    -58     2    -117   123       0    -120    121

        V01   V02    V03
MAG(kV) 67.8  67.8   67.8
ANG(DEG) 0   -120    121

Tripped Terminals
I07     I08    I09    I10    I11    I12    I16    I17    I18

Bus-Zones in Protection Zone 4
BZ4
.
.
.
Bus-Zones in Protection Zone 6
BZ6

=>>

Figure 7.14 Summary Section of the Event Report

Relay SEL-487B-1                           Date: 06/18/2014  Time: 19:49:20.975
Station A                                  Serial Number: 2014237527 Report Header

Event: ER                                                     Time Source: HIRIG

Event Number: 10004                                                     Group: 1

Targets:TLED_1 TLED_2 TLED_3

Event Information

Fault:   I01    I02    I03    I04    I05    I06    I07    I08    I09    I10    I11
MAG(A)   15783  12343  15669  15789  12344  15671  15794  12348  15672  11615  512
ANG(DEG)  -32   -140    102    -32   -140    102    -32   -140    102    -45   -161

         I12    I13    I14    I15    I16    I17    I18    I19    I20    I21
MAG(A)    1845  11616    512   1846  11616    512   1846  11625    512   1846
ANG(DEG)   90    -45   -161     90    -45   -161     90    -45   -161     90

         V01     V02     V03
MAG(kV)   26.9    38.6    32.5
ANG(DEG)    0    -104     124

Fault Data

Figure 7.15 Sample Event Summary Report



7.15

Date Code 20230830 Instruction Manual SEL-487B Relay

Metering, Monitoring, and Reporting
Reporting

➢ Relay and terminal identification

➢ Event date and time

➤ Event type

➤ Time source

➤ Event number

➤ Active settings group at trigger time

➤ Targets

➤ Fault currents and voltages

➤ Tripped terminals

➤ Bus-Zone in protection zone

Targets are displayed only if a rising edge of Relay Word bits 87BTR, SBFTR, or 
TRIP asserted before the end of the event report. When a trip occurs, the relay 
displays the aliases of the latched targeting bits asserted on the last row of the 
event. Current and voltage analog quantities in the summary are the values 
1.25 cycles after the event trigger.

Table 7.15 defines the various event types in fault reporting priority. Fault event 
type 87BTR (busbar protection trip) has reporting priority over event type 
SBFTR (breaker failure). If more than one event type asserts, the relay reports 
only the highest priority event type. For example, you can trigger an event when 
there is no fault condition on the power system by using the TRI command. In 
this case, when there is no fault, the relay reports the event type as TRIG.

                    

Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767, the top of 
the numbering range, the relay returns to 10000 for the next event number and 
then continues to increment.) See Figure 7.16 for a sample event history.

The event history contains the following:

➤ Standard report header

➤ Relay and terminal identification

➤ Event date and time

➤ Event type

➤ Time source 

➤ Event number

➤ Active settings group at trigger time

➤ Targets

Table 7.15 Event Types

Event Type Event Trigger

87BTR Rising edge of Relay Word Bit 87BTR, the OR combination of a busbar -
protection trip output to any Terminal.

SBFTR Rising edge of Relay Word Bit SBFTR, the OR combination of a breaker 
failure trip output to any Terminal.

TRIP Rising edge of Relay Word Bit TRIP.

ER The relay generates the event with elements in the SELOGIC control equa-
tion ER.

TRIG The relay generates the event in response to the TRI command.



7.16

SEL-487B Relay Instruction Manual Date Code 20230830

Metering, Monitoring, and Reporting
Reporting

➤ Fault currents and voltages 

➤ Tripped terminals

➤ Bus-Zones in protection zones

Figure 7.16 is a sample event history from a computer terminal.

                    

The event types in the event history are the same as the event types in the event 
summary. See Table 7.15 for event types.

                    

Figure 7.16 Sample Event History

=>>HIS<Enter>
 
Relay 1                                    Date: 06/07/2015  Time: 14:44:27.063
Station A                                  Serial Number: 1131840172

#        DATE        TIME      EVENT  GRP  TARGETS
10006 06/06/2015 16:27:50.514 87BTR   1   87_DIFF ZONE_1
10005 06/06/2015 15:52:39.732 ER      1
10004 06/06/2015 15:52:34.742 87BTR   1   87_DIFF ZONE_1 ZONE_2

10003 05/25/2015 20:37:20.899 87BTR   1   87_DIFF ZONE_1 ZONE_2
10002 05/19/2015 10:53:59.742 87BTR   1   87_DIFF ZONE_1 ZONE_2
10001 05/18/2015 21:15:45.369 87BTR   1   87_DIFF ZONE_1 ZONE_2
10000 05/18/2015 20:46:13.497 87BTR   1   87_DIFF ZONE_1 ZONE_2

Event
Number

Event
Type

Active
Group
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Settings

Section 12: Settings in the SEL-400 Series Relays Instruction Manual describes 
common platform settings. This section contains tables of relay settings for the 
SEL-487B relay.

The relay hides some settings based upon other settings. If you set an Enable set-
ting to OFF, for example, the relay hides all settings associated with that Enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in the applications sections of the instruction manual where appropriate.

The settings prompts in this section are similar to the ASCII terminal and 
ACSELERATOR QuickSet SEL-5030 Software prompts. The prompts in this sec-
tion are unabbreviated and show all possible setting options.

For information on using settings in protection and automation, see the examples 
in Section 6: Protection Application Examples. The section contains information 
on the following settings classes.

➤ Alias Settings on page 8.1

➤ Global Settings on page 8.3

➤ Zone Configuration Settings on page 8.7

➤ Group Settings on page 8.13

➤ Protection Freeform SELOGIC Control Equations on page 8.20

➤ Automation Freeform SELOGIC Control Equations on page 8.21

➤ Notes Settings on page 8.21

➤ Output Settings on page 8.21

➤ Front-Panel Settings on page 8.21

➤ Report Settings on page 8.24

➤ Port Settings on page 8.25

➤ DNP3 Settings—Custom Maps on page 8.25

Alias Settings
See Alias Settings on page 12.25 in the SEL-400 Series Relays Instruction Man-
ual for a complete description of alias settings. The SEL-487B supports aliases 
for terminal names and bus-zone names, in addition to Relay Word bits and ana-
log quantities. Table 8.1 lists the default alias settings for the SEL-487B.

                    

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.

Table 8.1 Default Alias Settings (Sheet 1 of 3)

Label Default Value

I01 FDR_1

I02 FDR_2

I03 FDR_3
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I04 TRFR_1

I05 TB_1

I06 TB_2

BZ1 BUS_1

BZ2 BUS_2

FBF01 F1_BF

FBF02 F2_BF

FBF03 F3_BF

FBF04 T1_BF

FBF05 TB1_BF

FBF06 TB2_BF

87Z1 Z1_TRIP

87Z2 Z2_TRIP

IN101 F1_BFI

IN102 F2_BFI

IN103 F3_BFI

IN104 T1_BFI

IN105 TB_BFI

PLT01 DIFF_EN

PLT02 BF_EN

PLT03 TNS_SW

87ST1 CTZ1_AN

87ST2 CTZ2_AN

SBFTR01 F1_BFT

SBFTR02 F2_BFT

SBFTR03 F3_BFT

SBFTR04 T1_BFT

SBFTR05 TB1_BFT

SBFTR06 TB2_BFT

87BTR01 F1_DPT

87BTR02 F2_ DPT

87BTR03 F3_ DPT

87BTR04 T1_ DPT

87BTR05 TB1_ DPT

87BTR06 TB2_ DPT

OUT101 F1_TRP

OUT102 F2_TRP

OUT103 F3_TRP

OUT104 T1_TRP

OUT105 TB_TRP

OUT107 TEST

Table 8.1 Default Alias Settings (Sheet 2 of 3)

Label Default Value
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Global Settings
                    

OUT108 NOALARM

TLED_1 87_DIFF

TLED_2 BK_FAIL

TLED_3 ZONE_1

TLED_4 ZONE_2

TLED_5 ZONE_3

TLED_6 ZONE_4

TLED_7 ZONE_5

TLED_8 ZONE_6

TLED_9 50_TRIP

TLED_10 51_TRIP

TLED_11 CT_ALRM

TLED_12 87_BLK

TLED_13 TOS

TLED_14 89_OIP

TLED_15 89_ALRM

TLED_16 PT_ALRM

TLED_17 27_LED

TLED_18 59_LED

TLED_19 V01_ON

TLED_20 V02_ON

TLED_21 V03_ON

TLED_22 FLT_LED

TLED_23 52_ALRM

TLED_24 IRIGLED

Table 8.1 Default Alias Settings (Sheet 3 of 3)

Label Default Value

Table 8.2 Global Settings Categories (Sheet 1 of 2)

Settings Reference

General Global Settings Table 8.3

Global Enables Table 8.4

Station DC Monitor Table 8.5

Control Inputs (Global) Table 8.6

Main Board Control Inputs Table 8.7

Interface Board #1 Control Inputs Table 8.8

Interface Board #2 Control Inputs Table 8.9

Interface Board #3 Control Inputs Table 8.10

Interface Board #4 Control Inputs Table 8.11

Settings Group Selection Table 8.12
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Time and Date Management Table 8.13

Data Reset Control Table 8.14

Breaker Inputs Table 8.15

Disconnects Inputs and Timers Table 8.16

DNP Table 8.18

Table 8.3 General Global Settings

Label Prompt Default Value

SID Station Identifier (40 characters) Station A

RID Relay Identifier (40 characters) Relay 1

CONAM Company Name (5 characters) abcde

NUMBK Number of Breakers (N, 1–21) 5

NUMDS Number of Disconnects (N, 1–60) N

NFREQ Nominal System Frequency (50, 60 Hz) 60

Table 8.4 Global Enables

Label Prompt Default Value

EDCMON Station DC Battery Monitor (Y, N) N

EICIS Independent Control Input Settings (Y, N) N

EDRSTC Data Reset Control (Y, N) N

EGADVS Advanced Global Settings (Y, N) N

Table 8.5 Station DC Monitor

Label Prompt Default Value

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) 100

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) 127

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) 137

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) 142

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) 9

DC1GF Ground Detection Factor (1.00–2.00) 1.05

Table 8.6 Control Inputs (Global)

Label Prompt Default Value Increment

GINPU Input Pickup Delay (0.0–30 ms) 2.0 0.5

GINDO Input Dropout Delay (0.0–30 ms) 2.0 0.5

Table 8.2 Global Settings Categories (Sheet 2 of 2)

Settings Reference
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Table 8.7 Main Board Control Inputs

Label Prompt Default Value Increment

IN101PU Input IN101 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN101DO Input IN101 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN107PU Input IN107 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN107DO Input IN107 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.8 Interface Board #1 Control Inputs

Label Prompt Default Value Increment

IN201PU Input IN201 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN201DO Input IN201 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN224PU Input IN224 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN224DO Input IN224 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.9 Interface Board #2 Control Inputs

Label Prompt Default Value Increment

IN301PU Input IN301 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN301DO Input IN301 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN324PU Input IN324 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN324DO Input IN324 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.10 Interface Board #3 Control Inputs

Label Prompt Default Value Increment

IN401PU Input IN401 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN401DO Input IN401 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN424PU Input IN424 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN424DO Input IN424 Dropout Delay (0.0–30 ms) 2.0a 0.5
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Table 8.11 Interface Board #4 Control Inputs

Label Prompt Default Value Increment

IN501PU Input IN501 Pickup Delay (0.0–30 ms) 2.0a

a If EICIS = N, these settings are the same as GINPU and GINDO.

0.5

IN501DO Input IN501 Dropout Delay (0.0–30 ms) 2.0a 0.5

•
•
•

•
•
•

•
•
•

•
•
•

IN524PU Input IN524 Pickup Delay (0.0–30 ms) 2.0a 0.5

IN524DO Input IN524 Dropout Delay (0.0–30 ms) 2.0a 0.5

Table 8.12 Settings Group Selection

Label Prompt Default Value

SS1 Select Setting Group 1 (SELOGIC Equation) NA

SS2 Select Setting Group 2 (SELOGIC Equation) NA

SS3 Select Setting Group 3 (SELOGIC Equation) NA

SS4 Select Setting Group 4 (SELOGIC Equation) NA

SS5 Select Setting Group 5 (SELOGIC Equation) NA

SS6 Select Setting Group 6 (SELOGIC Equation) NA

TGR Group Change Delay (1–54000 cycles) 180

Table 8.13 Time and Date Management

Label Prompt Default Value

DATE_F Date Format (MDY, YMD, DMY) MDY

IRIGC IRIG-B Control Bits Definition (NONE, C37.118) NONE

UTCOFFa

a All data, reports, and commands from the relay are displayed in local time, referenced to an 
internal UTC master clock. Use the UTCOFF setting to specify the time offset from UTC time 
reference with respect to the relay location. (The only data still displayed in UTC time is 
streaming IEC 61850 data.)

Offset From UTC to Local Time (–15.5 to 15.5) –8

BEG_DSTb

b The BEG_DST (and END_DST) daylight-saving time setting consists of four fields or OFF: 
hh = local time hour (0–23); defines when daylight-saving time begins.
n = the week of the month when daylight-saving time begins (1–3, L); occurs in either the 1st, 

2nd, 3rd, or last week of the month.
d = day of week (1–7); Sunday is the first day of the week.
mm = month (1–12).
OFF = hides the daylight-saving time settings.

Begin DST (hh, n, d, mm, or OFF) "2, 2, 1, 3"

END_DST End DST (hh, n, d, or mm) "2, 1, 1, 11"

Table 8.14 Data Reset Control

Label Prompt Default Value

RST_BAT Reset Battery Monitoring (SELOGIC Equation) NA

RSTTRGT Target Reset (SELOGIC Equation) NA

RSTDNPE Reset DNP Fault Summary Data (SELOGIC Equation) TRGTR

RST_HAL Reset Warning Alarm Pulsing (SELOGIC Equation) NA
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Make Table 8.19 settings when advanced Global settings are enabled 
(EGADVS := Y) and only for unique system configurations. Changing the 
OPHDO setting affects the filtered current level that declares an open phase, 
which has effects throughout the protection logic. SEL recommends leaving the 
OPHDO setting at the default value.

                    

Zone Configuration Settings
The following zone configuration settings are the default settings for all six settings 
groups. You can set each of the six zone configuration settings groups independently.

Table 8.15 Breaker Inputs

Label Prompt Default Value

52A01 N/O Contact Input–BK01 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

52A21 N/O Contact Input–BK21 (SELOGIC Equation) NA

Table 8.16 Disconnect Inputs

Label Prompt Default Value Increment

89A01 N/O Contact Inputs–DS01 (SELOGIC Equation) NA

89B01 N/C Contact Inputs–DS01 (SELOGIC Equation) NA

89ALP01 DS01 Alarm Pickup Delay (0–99999 cyc) 300 1

•
•
•

•
•
•

•
•
•

89A60 N/O Contact Inputs–DS60 (SELOGIC Equation) NA

89B60 N/C Contact Inputs–DS60 (SELOGIC Equation) NA

89ALP60 DS60 Alarm Pickup Delay (0–99999 cyc) 300 1

Table 8.17 Access Control

Label Prompt Default Value

EACC Enable ACC access level (SELOGIC Equation) 1

E2AC Enable ACC–2AC access levels (SELOGIC Equation) 1

Table 8.18 DNP

Label Prompt Default Value Increment

EVELOCK Event Summary Lock Period (0–1000 s) 0 1

DNPSRC DNP Session Time Base (LOCAL,UTC) UTC

Table 8.19 Open-Phase Logic

Setting Prompt Default Value

OPHDOa

a Range and default value shown are for a 5 A relay. For a 1 A relay, divide the range and default 
value by 5.

Line Open Phase Threshold (0.01–5 A, sec) 0.2
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Table 8.20 Zone Configuration Settings Categories

Settings Reference

Potential Transformer Ratios Table 8.21

Current Transformer Ratios Table 8.22

Terminal-to-Bus-Zone Connections Table 8.23, Table 8.24

Bus-Zone-to-Bus-Zone Connections Table 8.25, Table 8.26

Zone Supervision Table 8.27

Zone Switching Supervision Table 8.28

Zone Open CT Detection Table 8.29

Check Zone Configuration and Terminal-to-Check-Zone Connections Table 8.30, Table 8.31

Check Zone Supervision Table 8.32

Current Normalization Factor a

a This setting is included here because it appears in the read-back information as TAPnn values 
(nn = 01–21). However, the user cannot set these values; the SEL-487B calculates these internally 
using the nominal current and CT ratios. See Section 5: Protection Functions for more 
information.

Table 8.21 Potential Transformer Ratios

Label Prompt Default Value

PTR1 Potential Transformer Ratio–V01 (1–10000) 2000

PTR2 Potential Transformer Ratio–V02 (1–10000) 2000

PTR3 Potential Transformer Ratio–V03 (1–10000) 2000

Table 8.22 Current Transformer Ratios

Label Prompt Default Value

CTR01 Current Transformer Ratio–I01 (1–50000) 600

CTR02 Current Transformer Ratio–I02 (1–50000) 600

•
•
•

•
•
•

•
•
•

CTR21 Current Transformer Ratio–I21 (1–50000) 600

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

I01BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_1, BUS_1,P

I01BZ1V FDR_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS01

I02BZ1C Terminal, Bus-Zone, Polarity (P, N) FDR_2, BUS_1,P

I02BZ1V FDR_2 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS02

I03BZ2C Terminal, Bus-Zone, Polarity (P, N) FDR_3, BUS_2,P

I03BZ2V FDR_3 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS03

I04BZ2C Terminal, Bus-Zone, Polarity (P, N) TRFR_1, BUS_2,P

I04BZ2V TRFR_1 to BUS_2 Connection (SELOGIC Equa-
tion)

DIFF_EN AND NOT TOS04

I05BZ1C Terminal, Bus-Zone, Polarity (P, N) TB_1, BUS_1,P

I05BZ1V TB_1 to BUS_1 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05
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I06BZ2C Terminal, Bus-Zone, Polarity (P, N) TB_2, BUS_2,P

I06BZ2V TB_2 to BUS_2 Connection (SELOGIC Equation) DIFF_EN AND NOT TOS05

•
•
•

•
•
•

•
•
•

InnBZpCa, b Terminal, Bus-Zone, Polarity (P, N) None

InnBZpV Inn to BZp Connection (SELOGIC Equation) NA

a nn = 1–21.
b p = 1–6.

Table 8.24 Terminal-to-Bus-Zone Connections, QuickSet View

Label Prompt Default Value

CT01BZ1 Connect Terminal 01 to Bus-Zone 1 (Select: Y, N) Y

TBZT1 Terminal I01 FDR_1d

TBZB1 Bus-Zone BZ1 BUS_1d

TBZP1 Polarity I01-BZ1 (Select: P, N) P

I01BZ1V Terminal to Bus Connection Logic (SELOGIC Equation) DIFF_EN AND 
NOT TOS01

CT01BZ2 Connect Terminal 01 to Bus-Zone 2 (Select: Y, N) N

TBZT2 Terminal I01 d

TBZB2 Bus-Zone BZ2 d

TBZP2 Polarity I01-BZ2 (Select: P,N) P

I01BZ2V Terminal to Bus Connection Logic (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

CTnnBZpa,b

a nn = 1–21.
b p = 1–6.

Connect Terminal nn to Bus-Zone p (Select: Y, N) Y

TBZTbc

c b = 1–126. The setting shown in the Terminal Emulation Program, InnBZpC, is equivalent to the 
combination of the three block settings: TBZTb, TBZBb, TBZPb. These settings are separated 
into 126 blocks in the QuickSet view to show configuration options for every terminal to bus-zone 
connection option. (21 terminals • 6 bus zones = 126 blocks). 

Terminal Inn d

d This setting is shown for clarity and not user configurable. It is active when CTnnBZp = Y and 
defaults to the terminal, bus, or alias name. 

TBZBbc Bus-Zone BZp d

TBZPbc Polarity Inn-BZp (Select: P, N) P

InnBZpVa,b Terminal to Bus Connection Logic (SELOGIC Equation) NA

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 1 of 2)

Label Prompt Default Value

BZpBZmCa, b Bus-Zone, Bus-Zone None

BZpBZmVa, b BZp to BZm Connection (SELOGIC Equation) NA

Table 8.23 Terminal-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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BZpBZmRa, b Connection to Remove Terminals when BZp and BZm 
merge (SELOGIC Equation)

NA

BZpBZmMa, b Terminals Removed when BZp and BZm Bus-Zones 
merge (Ter k,. . .,Ter n)c

None

BZpBZmTa, b Trip Terminals Ter k, . . ., Ter n (Y, N) N

a p = 1–6.
b m = 1–6.
c Terminal k, Terminal 1, or Terminal n (maximum of four terminals from 01–21).

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 1 of 2)

Label Prompt Default Value

CBZ1BZ2 Connect Bus-Zone 1 to Bus-Zone 2 (Select: Y, N) N

BZBZ11 Bus-Zone BZ1 BUS_1a

BZBZ21 Bus-Zone BZ2 BUS_2a

BZ1BZ2V Bus to Bus Connection Logic (SELOGIC Equation) NA

BZ1BZ2R Removed Terminal Logic (SELOGIC Equation) NA

CPT11 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT21 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT31 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

CPT41 Terminals to be removed when BZBZ11 and BZBZ21 
merge (Select: <Blank>, FDR_1, FDR_2, FDR_3, 
TRFR_1, TB_1, TB_2)

<Blank>

BZBZT1 Trip Selected Terminal(s) above? (Select: Y, N) N

•
•
•

•
•
•

•
•
•

CBZpBZmb, c Connect Bus-Zone p to Bus-Zone m (Select: Y, N) N

BZBZ1bd Bus-Zone BZp BZpa

BZBZ2b Bus-Zone BZm BZma

BZpBZmV Bus to Bus Connection Logic (SELOGIC Equation) NA

BZpBZmR Removed Terminal Logic (SELOGIC Equation) NA

CPT1be Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT2b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

CPT3b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

Table 8.25 Bus-Zone-to-Bus-Zone Connections, Terminal Emulation Program 
View (Sheet 2 of 2)

Label Prompt Default Value
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CPT4b Terminals to be removed when BZBZ1b and BZBZ2b 
merge (Select: <Blank>)

<Blank>

BZBZTb Trip Selected Terminal(s) above? (Select: Y, N) N

a This setting is shown for clarity and not user configurable. It is active when CBZpBZm =Y and 
defaults to the bus or alias name.

b p = 1–6.
c m = 1–6.
d b = 1–15. These settings are separated into 15 blocks in the QuickSet view to show configuration 

options for every bus-zone-to-bus-zone connection option.
e The setting shown in the Terminal Emulation Program, BZpBZmM, is equivalent to the 

combination of the four QuickSet block settings: CPT1b, CPT2b, CPT3b, CPT4b.

Table 8.27 Zone Supervision 

Label Prompt Default Value

E87ZSUP Differential Element Zone Supervision (Y, N) N

Z1S Zone 1 Supervision (SELOGIC Equation) 1

Z2S Zone 2 Supervision (SELOGIC Equation) 1

Z3S Zone 3 Supervision (SELOGIC Equation) 1

Z4S Zone 4 Supervision (SELOGIC Equation) 1

Z5S Zone 5 Supervision (SELOGIC Equation) 1

Z6S Zone 6 Supervision (SELOGIC Equation) 1

Table 8.28 Zone Switching Supervision

Label Prompt Default Value

EZSWSUP Zone Switching Supervision (Y, N) N

ZSWO Zone Switching Operation (SELOGIC Equation) NA

RZSWOAL Reset Zone Switching Op Alarm (SELOGIC Equation) NA

ZSWOPU Zone Switching Op Pickup Delay (0–99999 cyc) 1800

Table 8.29 Zone Open CT Detection

Label Prompt Default Value

ROCTZ1 Reset Zone 1 Open CT Detector (SELOGIC Equation) RSTOCT1

ROCTZ2 Reset Zone 2 Open CT Detector (SELOGIC Equation) RSTOCT2

ROCTZ3 Reset Zone 3 Open CT Detector (SELOGIC Equation) RSTOCT3

ROCTZ4 Reset Zone 4 Open CT Detector (SELOGIC Equation) RSTOCT4

ROCTZ5 Reset Zone 5 Open CT Detector (SELOGIC Equation) RSTOCT5

ROCTZ6 Reset Zone 6 Open CT Detector (SELOGIC Equation) RSTOCT6

Table 8.26 Bus-Zone-to-Bus-Zone Connections, QuickSet View (Sheet 2 of 2)

Label Prompt Default Value
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Table 8.30 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
Terminal Emulation Program View

Label Prompt Default Value

ECHKZN Enable Check Zones at Station (Y, N) N

InnCZpCa, b

a nn = 1–21.
b p = 1–3.

Terminal, Check-Zone, Polarity (P, N) None

EADVCZ Enable Advance Check Zone Settings (Y, N) N

CZpqRb, c

c q = 1–4.

Include Coupler q in Check Zone p (SELOGIC Equation) NA

CZpqMa, b, c Inn to CZp Connection (SELOGIC Equation)

Table 8.31 Check Zone Configuration and Terminal-to-Check-Zone Connections, 
QuickSet View

Label Prompt Default Value

CT01CZ1 Connect Terminal 1 to Check-Zone 1 (Select: Y, N) N

TCZT1 Terminal I01 FDR_1a

a This setting is shown for clarity and not user configurable. It is active when CTnnCZp = Y and 
defaults to the terminal, check zone or alias name.

TCZC1 Check Zone CZ1 CZ1a

TCZP1 Polarity I01-CZ1 (Select: P, N) P

•
•
•

•
•
•

•
•
•

CTnnCZpb,c

b nn = 1–21.
c p = 1–3.

Connect Terminal Inn to Check-Zone p (Select: Y, N) N

TCZTbd

d b = 1–63. These settings are separated into 63 blocks in the QuickSet view to show configuration 
options for every terminal-to-check-zone connection option (21 terminals • 3 check zones). The 
setting shown in the Terminal Emulation Program, InnCZpC, is equivalent to the combination of 
the three QuickSet block settings: TCZTb, TCZCb, TCZPb.

Terminal Inn Inna

TCZCb Check Zone CZp CZpa

TCZPb Polarity Inn-CZp (Select: P, N) P

Table 8.32 Check Zone Supervision

Label Prompt Default Value

E87CZSP Differential Element Check Zone Supervision (Y, N) N

CZnSa

a n = 1–3.

Check Zone n Supervision (SELOGIC Control Equation)b

b 0 is not a valid value for this setting.

1
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Table 8.33 Group Settings Categories 

Settings Reference

Relay Configuration Table 8.34

Sensitive Differential Elements Table 8.35

Check Zone Sensitive Differential Elements Table 8.36

Restrained Differential Elements Table 8.37

Check Zone Restrained Differential Elements Table 8.38

Phase Directional Element Table 8.39

Coupler Security Logic Table 8.40

Terminal Out of Service Table 8.41

Breaker Failure Logic Table 8.42

Definite-Time Overcurrent Elements Table 8.43

Inverse-Time Overcurrent Elements Table 8.44

Under- and Overvoltage Elements Table 8.45, 
Table 8.46

Trip Logic Table 8.47

Table 8.34 Relay Configuration 

Label Prompt Default Value

E87SSUP Sensitive Differential Element Supervision (Y, N) Y

ECSL Coupler Security Logic (N, 1–4) N

ETOS Terminal Out of Service (N, 1–21) 5

EBFL Breaker Failure Logic (N, 1–21) 6

E50 Definite-Time Overcurrent Elements (N, 1–21) N

E51 Inverse-Time Overcurrent Elements (N, 1–21) N

EADVS Advanced Settings (Y, N) N

E27 Enable Under Voltage Elements (N, 1–6) N

E59 Enable Over Voltage Elements (N, 1–6) N

Table 8.35 Sensitive Differential Elements

Label Prompt Default Value Increment

S87P Sensitive Differential Element Pickup (0.05–1 pu) 0.10 0.01

87STPU 87S Timer Pickup Delay (50–6000 cyc) 300 1

Table 8.36 Check Zone Sensitive Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZS87P Check Zone Sensitive Differential Element 
Pickup (0.05–1 pu)

0.10 0.01

CZ87STP Check Zone 87S Time Pickup Delay 
(50–6000 cyc)

300 1
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Table 8.37 Restrained Differential Elements

Label Prompt Default Value Increment

O87P Restrained Diff Element Pickup (0.10–4 pu) 1.00 0.01

SLP1 Restrained Slope 1 Percentage (15–90%) 60 1

SLP2 Restrained Slope 2 Percentage (50–90%) 80 1

RTDI Incr Restrained Current Threshold (0.10–10 pu) 1.20 0.01

OPDI Incr Operating Current Threshold (0.10–10 pu) 1.20 0.01

Table 8.38 Check Zone Restrained Differential Elementsa

a Available when ECHKZN := Y.

Label Prompt Default Value Increment

CZO87P Check Zone Restrained Diff Element Pickup 
(0.10–4 pu)

1.00 0.01

CZSLP1 Check Zone Restrained Slope 1 Percentage
(5–90%)

60 1

CZSLP2 Check Zone Restrained Slope 2 Percentage
(15–90%)

80 1

CZRTDI Check Zone Incr Restrained Current Threshold 
(0.10–10 pu)

1.20 0.01

CZOPDI Check Zone Incr Operating Current Threshold 
(0.10–10 pu)

1.20 0.01

Table 8.39 Phase Directional Element

Label Prompt Default Value Increment

50DSP Dir Element O/C Supervision Pickup (0.05–3 pu) 0.05 0.01

Table 8.40 Coupler Security Logic (1–4)

Label Prompt Default Value Increment

CB52A1 Coupler 1 Status (SELOGIC Equation) NA

CB52DO1 Coupler 1 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS1 Coupler 1 Close Command (SELOGIC Equation) NA

CBCLDO1 Coupler 1 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP1 Coupler 1 Acc Trip (SELOGIC Equation) NA

ACTPPU1 Coupler 1 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083

•
•
•

•
•
•

•
•
•

•
•
•

CB52A4 Coupler 4 Status (SELOGIC Equation) NA

CB52DO4 Coupler 4 Status Dropout Delay (0.00–1000 cyc) 4 0.083

CBCLS4 Coupler 4 Close Command (SELOGIC Equation) NA

CBCLDO4 Coupler 4 Close Command D/O Delay 
(0.00–1000 cyc)

5 0.083

ACTRP4 Coupler 4 Acc Trip (SELOGIC Equation) NA

ACTPPU4 Coupler 4 Acc Trip Pickup Delay (0.00–1000 cyc) 4 0.083
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Table 8.41 Terminal Out of Service (1–21)

Label Prompt Default Value

TOS01 Terminal 01 Out-of-Service (SELOGIC Equation) LB01 

TOS02 Terminal 02 Out-of-Service (SELOGIC Equation) LB02 

TOS03 Terminal 03 Out-of-Service (SELOGIC Equation) LB03 

TOS04 Terminal 04 Out-of-Service (SELOGIC Equation) LB04 

TOS05 Terminal 05 Out-of-Service (SELOGIC Equation) LB05 

TOS06 Terminal 06 Out-of-Service (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TOS21 Terminal 21 Out-of-Service (SELOGIC Equation) NA

Table 8.42 Breaker Failure Logic (1–21) (Sheet 1 of 4)

Label Prompt Default Value Increment

Breaker 01 Failure Logic

EXBF01 External Breaker Fail–BK01 (Y, N) N

XBF01 External Brkr Fail Init–BK01 (SELOGIC Equation) NA

50FP01 Fault Current Pickup–BK01 (0.50–50 amps, sec) 3.00 0.01

BFPU01 Brkr Fail Init Pickup Delay–BK01 (0.00–6000 cyc) 6.00 0.083

RTPU01 Retrip Delay–BK01 (0.00–6000 cyc) 3.00 0.083

BFI01 Breaker Fail Initiate–BK01 (SELOGIC Equation) F1_BFI AND 
BF_EN

ATBFI01 Alt Breaker Fail Initiate–BK01 (SELOGIC Equa-
tion)

NA

EBFIS01 Breaker Fail Initiate Seal-In–BK01 (Y, N) N

BFISP01 Breaker Fail Init Seal-In Delay–BK01 (0.00–
1000 cyc)

0.50 0.083

BFIDO01 Brkr Fail Init Dropout Delay–BK01 (0.00–
1000 cyc)

1.50 0.083

Breaker 02 Failure Logic

EXBF02 External Breaker Fail–BK02 (Y, N) N

XBF02 External Brkr Fail Init–BK02 (SELOGIC Equation) NA

50FP02 Fault Current Pickup–BK02 (0.50–50 amps, sec) 3.00 0.01

BFPU02 Brkr Fail Init Pickup Delay–BK02 (0.00–6000 cyc) 6.00 0.083

RTPU02 Retrip Delay–BK02 (0.00–6000 cyc) 3.00 0.083

BFI02 Breaker Fail Initiate–BK02 (SELOGIC Equation) F2_BFI AND 
BF_EN

ATBFI02 Alt Breaker Fail Initiate–BK02 (SELOGIC Equa-
tion)

NA

EBFIS02 Breaker Fail Initiate Seal-In–BK02 (Y, N) N

BFISP02 Breaker Fail Init Seal-In Delay–BK02 (0.00–
1000 cyc)

0.50 0.083

BFIDO02 Brkr Fail Init Dropout Delay–BK02 (0.00–
1000 cyc)

1.50 0.083
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Breaker 03 Failure Logic

EXBF03 External Breaker Fail–BK03 (Y, N) N

XBF03 External Brkr Fail Init–BK03 (SELOGIC Equation) NA

50FP03 Fault Current Pickup–BK03 (0.50–50 amps, sec) 3.00 0.01

BFPU03 Brkr Fail Init Pickup Delay–BK03 (0.00–6000 cyc) 6.00 0.083

RTPU03 Retrip Delay–BK03 (0.00–6000 cyc) 3.00 0.083

BFI03 Breaker Fail Initiate–BK03 (SELOGIC Equation) F3_BFI AND 
BF_EN

ATBFI03 Alt Breaker Fail Initiate–BK03 (SELOGIC Equa-
tion)

NA

EBFIS03 Breaker Fail Initiate Seal-In–BK03 (Y, N) N

BFISP03 Breaker Fail Init Seal-In Delay–BK03 (0.00–
1000 cyc)

0.50 0.083

BFIDO03 Brkr Fail Init Dropout Delay–BK03 (0.00–
1000 cyc)

1.50 0.083

Breaker 04 Failure Logic

EXBF04 External Breaker Fail–BK04 (Y, N) N

XBF04 External Brkr Fail Init–BK04 (SELOGIC Equation) NA

50FP04 Fault Current Pickup–BK04 (0.50–50 amps, sec) 3.00 0.01

BFPU04 Brkr Fail Init Pickup Delay–BK04 (0.00–6000 cyc) 6.00 0.083

RTPU04 Retrip Time Delay–BK04 (0.00–6000 cyc) 3.00 0.083

BFI04 Breaker Fail Initiate–BK04 (SELOGIC Equation) T1_BFI AND 
BF_EN

ATBFI04 Alt Breaker Fail Initiate–BK04 (SELOGIC Equa-
tion)

NA

EBFIS04 Breaker Fail Initiate Seal-In–BK04 (Y, N) N

BFISP04 Breaker Fail Init Seal-In Delay–BK04 (0.00–
1000 cyc)

0.50 0.083

BFIDO04 Brkr Fail Init Dropout Delay–BK04 (0.00–
1000 cyc)

1.50 0.083

Breaker 05 Failure Logic

EXBF05 External Breaker Fail–BK05 (Y, N) N

XBF05 External Brkr Fail Init–BK05 (SELOGIC Equation) NA

50FP05 Fault Current Pickup–BK05 (0.50–50 amps, sec) 3.00 0.01

BFPU05 Brkr Fail Init Pickup Delay–BK05 (0.00–
6000 cyc)

6.00 0.083

RTPU05 Retrip Delay–BK05 (0.00–6000 cyc) 3.00 0.083

BFI05 Breaker Fail Initiate–BK05 (SELOGIC Equation) TB_BFI AND 
BF_EN

ATBFI05 Alt Breaker Fail Initiate–BK05 (SELOGIC Equa-
tion)

NA

EBFIS05 Breaker Fail Initiate Seal-In–BK05 (Y, N) N

BFISP05 Breaker Fail Init Seal-In Delay–BK05 (0.00–
1000 cyc)

0.50 0.083

BFIDO05 Brkr Fail Init Dropout Delay–BK05 (0.00–
1000 cyc)

1.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 2 of 4)

Label Prompt Default Value Increment
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Breaker 06 Failure Logic

EXBF06 Enable External Breaker Fail–BK06 (Y, N) N

XBF06 External Brkr Fail Init–BK06 (SELOGIC Equation) NA

50FP06 Fault Current Pickup–BK06 (0.50–50 amps, sec) 3.00 0.01

BFPU06 Brkr Fail Init Pickup Delay–BK06 (0.00–6000 cyc) 6.00 0.083

RTPU06 Retrip Delay–BK06 (0.00–6000 cyc) 3.00 0.083

BFI06 Breaker Fail Initiate–BK06 (SELOGIC Equation) IN106 AND 
BF_EN

ATBFI06 Alt Breaker Fail Initiate–BK06 (SELOGIC Equa-
tion)

NA

EBFIS06 Breaker Fail Initiate Seal-In–BK06 (Y, N) N

BFISP06 Breaker Fail Init Seal-In Delay–BK06 (0.00–
1000 cyc)

0.50 0.083

BFIDO06 Brkr Fail Init Dropout Delay–BK06 (0.00–
1000 cyc)

1.50 0.083

Breaker 07 Failure Logic

EXBF07 External Breaker Fail–BK07 (Y, N) N

XBF07 External Brkr Fail Init–BK07 (SELOGIC Equation) NA

50FP07 Fault Current Pickup–BK07 (0.50–50 amps, sec) 3.00 0.01

BFPU07 Brkr Fail Init Pickup Delay–BK07 (0.00–6000 cyc) 6.00 0.083

RTPU07 Retrip Delay–BK07 (0.00–6000 cyc) 3.00 0.083

BFI07 Breaker Fail Initiate–BK07 (SELOGIC Equation) NA

ATBFI07 Alt Breaker Fail Initiate–BK07 (SELOGIC Equa-
tion)

NA

EBFIS07 Breaker Fail Initiate Seal-In–BK07 (Y, N) N

BFISP07 Breaker Fail Init Seal-In Delay–BK07 (0.00–
1000 cyc)

0.50 0.083

BFIDO07 Brkr Fail Init Dropout Delay–BK07 (0.00–
1000 cyc)

1.50 0.083

Breaker 08 Failure Logic

EXBF08 External Breaker Fail–BK08 (Y, N) Y

XBF08 External Brkr Fail Init–BK08 (SELOGIC Equation) NA

50FP08 Fault Current Pickup–BK08 (0.50–50 amps, sec) 3.00 0.01

BFPU08 Brkr Fail Init Pickup Delay–BK08 (0.00–6000 cyc) 6.00 0.083

RTPU08 Retrip Delay–BK08 (0.00–6000 cyc) 3.00 0.083

BFI08 Breaker Fail Initiate–BK08 (SELOGIC Equation) NA

ATBFI08 Alt Breaker Fail Initiate–BK08 (SELOGIC Equa-
tion)

NA

EBFIS08 Breaker Fail Initiate Seal-In–BK08 (Y, N) N

BFISP08 Breaker Fail Init Seal-In Delay–BK08 (0.00–
1000 cyc)

0.50 0.083

Table 8.42 Breaker Failure Logic (1–21) (Sheet 3 of 4)

Label Prompt Default Value Increment
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BFIDO08 Brkr Fail Init Dropout Delay–BK08 (0.00–
1000 cyc)

1.50 0.083

•
•
•

•
•
•

•
•
•

•
•
•

Breaker 21 Failure Logic

EXBF21 External Breaker Fail–BK21 (Y, N) Y

XBF21 External Brkr Fail Init–BK21 (SELOGIC Equation) NA

50FP21 Fault Current Pickup–BK21 (0.50–50 amps, sec) 3.00 0.01

BFPU21 Brkr Fail Init Pickup Delay–BK21 (0.00–6000 cyc) 6.00 0.083

RTPU21 Retrip Delay–BK21 (0.00–6000 cyc) 3.00 0.083

BFI21 Breaker Fail Initiate–BK21 (SELOGIC Equation) NA

ATBFI21 Alt Breaker Fail Initiate–BK21 (SELOGIC Equa-
tion)

NA

EBFIS21 Breaker Fail Initiate Seal-In–BK21 (Y, N) N

BFISP21 Breaker Fail Init Seal-In Delay–BK21 (0.00–
1000 cyc)

0.50 0.083

BFIDO21 Brkr Fail Init Dropout Delay–BK21 (0.00–
1000 cyc)

1.50 0.083

Table 8.43 Definite-Time Overcurrent Elements 

Label Prompt Default Value Increment

50P01P Terminal 01 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P01D Terminal 01 Pickup Delay (0.00–99999 cyc) 10.00 0.167

•
•
•

•
•
•

•
•
•

•
•
•

50P21P Terminal 21 Pickup (OFF, 0.25–100 amps, sec) OFF 0.01

50P21D Terminal 21 Pickup Delay (0.00–99999 cyc) 10.00 0.167

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 1 of 2)

Label Prompt Default Value

51O01 Inverse Time O/C 01 Operate Quantity I01FIM

51P01a Inverse Time O/C 01 Pickup (SELOGIC Equation)
(0.25–16 A, sec)

0.50

51C01 Inverse Time O/C 01 Curve (U1–U5, C1–C5) U1

51TD01 Inverse Time O/C 01 Time Dial (0.50–15) [U1–U5]

or

Inverse Time O/C 01 Time Dial (0.05–1) [C1–C5]

0.50

51RS01 Inverse Time O/C 01 EM Reset (Y, N) Y

51TC01 Inverse Time O/C 01 Torque Cont (SELOGIC Equation) 1

•
•
•

•
•
•

•
•
•

51O21 Inverse Time O/C 21 Operate Quantity I21FIM

Table 8.42 Breaker Failure Logic (1–21) (Sheet 4 of 4)

Label Prompt Default Value Increment
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51P21a Inverse Time O/C 21 Pickup (SELOGIC Equation)
(0.50–16 A, sec)

0.50

51C21 Inverse Time O/C 21 Curve (U1–U5, C1–C5) U1

51TD21 Inverse Time O/C 21 Time Dial (0.50–15) [U1–U5] 

or

Inverse Time O/C 21 Time Dial (0.05–1) [C1–C5]

0.50

51RS21 Inverse Time O/C 21 EM Reset (Y, N) Y

51TC21 Inverse Time O/C 21 Torque Cont (SELOGIC Equation) 1

a The acceptable range of result of the math equation must be within specific limits depending on 
the nominal current. For 5 A nominal current input, the range is 0.25–16.0 A, sec. For 1 A nominal 
current input, 0.05–3.2 A, sec. See Section 5: Protection Functions for more information.

Table 8.45 Undervoltage Elements 

Label Prompt Default Value Increment

270na

a n = 1–6.

U/V Element n Operating Quantity V1FIM

27PnP1a U/V Element n Level 1 P/U (2.00–300 V, sec) 20.00 0.01

27TCna U/V Element n Torque Control (SELOGIC Eqn) 1

27PnD1a U/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

27PnP2a U/V Element n Level 2 P/U (2.00–300 V, sec) 15.00 0.01

Table 8.46 Overvoltage Elements 

Label Prompt Default Value Increment

590na

a n = 1–6.

O/V Element n Operating Quantity V1FIM

59PnP1a O/V Element n Level 1 P/U (2.00–300 V, sec) 76.00 0.01

59TCna O/V Element n Torque Control (SELOGIC Eqn) 1

59PnD1a O/V Element n Level 1 Delay (0.00–16000 cyc) 10.00 0.167

59PnP2a O/V Element n Level 2 P/U (2.00–300 V, sec) 80.00 0.01

Table 8.47 Trip Logic (Sheet 1 of 2)

Label Prompt Default Value Increment

TR01 Trip 01 (SELOGIC Equation) F1_BFT OR F1_DPT

ULTR01 Unlatch Trip 01 (SELOGIC Equation) NA

TR02 Trip 02 (SELOGIC Equation) F2_BFT OR F2_DPT

ULTR02 Unlatch Trip 02 (SELOGIC Equation) NA

TR03 Trip 03 (SELOGIC Equation) F3_BFT OR F3_DPT

ULTR03 Unlatch Trip 03 (SELOGIC Equation) NA

TR04 Trip 04 (SELOGIC Equation) T1_BFT OR T1_DPT

ULTR04 Unlatch Trip 04 (SELOGIC Equation) NA

TR05 Trip 05 (SELOGIC Equation) TB1_BFT OR TB1_DPT OR 
TB2_BFT OR TB2_DPT

ULTR05 Unlatch Trip 05 (SELOGIC Equation) NA

Table 8.44 Inverse-Time Overcurrent Elements (Sheet 2 of 2)

Label Prompt Default Value
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Protection Freeform SELOGIC Control Equations
The following protection freeform SELOGIC control equation settings are the 
default settings for all six settings groups. You can set each of the six protection 
freeform SELOGIC control equation settings groups independently. See Multiple 
Setting Groups on page 12.4 in the SEL-400 Series Relays Instruction Manual.

                    

TR06 Trip 06 (SELOGIC Equation) NA

ULTR06 Unlatch Trip 06 (SELOGIC Equation) NA

•
•
•

•
•
•

•
•
•

TR21 Trip 21 (SELOGIC Equation) NA

ULTR21 Unlatch Trip 21 (SELOGIC Equation) NA

TDURD Minimum Trip Duration Time Delay
(2.000–8000 cyc)

12.000 0.083

ER Event Report Trigger Equation 
(SELOGIC Equation)

R_TRIG 87ST 

Table 8.47 Trip Logic (Sheet 2 of 2)

Label Prompt Default Value Increment

Table 8.48 Protection Freeform SELOGIC Control Equations

Label Default Value

PLT01S := NOT DIFF_EN AND PLT04 # DIFFERENTIAL ENABLED

PLT01R := PCT02Q AND DIFF_EN AND NOT PLT04

PLT02S := NOT BF_EN AND PLT05 # BREAKER FAILURE ENABLED

PLT02R := PCT03Q AND BF_EN AND NOT PLT05

PLT03S := NOT TNS_SW AND PLT06 # RELAY TEST MODE

PLT03R := PCT04Q AND TNS_SW AND NOT PLT06

PLT04S := PB1_PUL AND NOT DIFF_EN # ONLY ONE OP PER PB1 PRESS

PLT04R := PB1_PUL AND DIFF_EN

PLT05S := PB2_PUL AND NOT BF_EN # ONLY ONE OP PER PB2 PRESS

PLT05R := PB2_PUL AND BF_EN

PLT06S := PB4_PUL AND NOT TNS_SW # ONLY ONE OP PER PB4 PRESS

PLT06R := PB4_PUL AND TNS_SW

PCT01PU := 240

PCT01IN := PCT01IN := 3V2FIM > 20 OR 3V0FIM > 20

PCT02PU := 60 # 1 SEC DELAY DISABLE ON PB1

PCT02IN := PB1

PCT03PU := 60 # 1 SEC DELAY DISABLE ON PB2

PCT03IN := PB2

PCT04PU := 60 # 1 SEC DELAY DISABLE ON PB4

PCT04IN := PB4
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Automation Freeform SELOGIC Control Equations
See Automation Freeform SELOGIC Control Equations on page 12.26 in the 
SEL-400 Series Relays Instruction Manual for a description of automation 
SELOGIC control equations. The SEL-487B supports 10 blocks of 100 lines.

Notes Settings
Use the Notes settings like a text pad to leave notes about the relay. See Notes 
Settings on page 12.29 in the SEL-400 Series Relays Instruction Manual for addi-
tional information on Notes settings.

Output Settings
Output Settings on page 12.26 in the SEL-400 Series Relays Instruction Manual 
contains a description of the relay’s output settings. This subsection describes 
SEL-487B-specific default values.

                    

All interface board default output SELOGIC equations default to NA.

Front-Panel Settings
See Front-Panel Settings on page 12.20 in the SEL-400 Series Relays Instruction 
Manual for a complete description of front-panel settings. This subsection lists 
the SEL-487B-specific default settings values.

                    

Table 8.49 Main Board

Label Default Value

OUT101 TRIP01 AND NOT TNS_SW

OUT102 TRIP02 AND NOT TNS_SW

OUT103 TRIP03 AND NOT TNS_SW

OUT104 TRIP04 AND NOT TNS_SW

OUT105 TRIP05 AND NOT TNS_SW

OUT106 NA

OUT107 TNS_SW #RELAY TEST MODE

OUT108 NOT (SALARM OR HALARM)

Table 8.50 Front-Panel Settings (Sheet 1 of 4)

Label Default Value

FP_TO 15

EN_LEDCa G

TR_LEDCa R

PB1_LED DIFF_EN # Differential Protection Enabled

PB1_COLa AO
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PB2_LED BF_EN # Breaker Failure Enabled

PB2_COLa AO

PB3_LED NA

PB3_COLa AO

PB4_LED TNS_SW # Test Normal Switch Enabled

PB4_COLa AO

PB5_LED NA

PB5_COLa AO

PB6_LED NA

PB6_COLa AO

PB7_LED NA

PB7_COLa AO

PB8_LED NA 

PB8_COLa,b AO

PB9_LEDb NA 

PB9_COLa,b AO

PB10LEDb NA 

PB10COLa,b AO

PB11LEDb NA 

PB11COLa,b AO

PB12LEDb NA 

PB12COLa,b AO

T1_LED 87BTR

T1LEDL Y

T1LEDCa RO

T2_LED SBFTR

T2LEDL Y

T2LEDCa RO

T3_LED Z1_TRIP

T3LEDL Y

T3LEDCa RO

T4_LED Z2_TRIP

T4LEDL Y

T4LEDCa RO

T5_LED 87Z3

T5LEDL Y

T5LEDCa RO

T6_LED 87Z4

T6LEDL Y

T6LEDCa RO 

T7_LED 87Z5

Table 8.50 Front-Panel Settings (Sheet 2 of 4)

Label Default Value
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T7LEDL Y

T7LEDCa RO

T8_LED 87Z6

T8LEDL Y

T8LEDCa RO

T9_LED 50P01T OR 50P02T OR. . .50P21T

T9LEDL Y

T91LEDCa RO

T10_LED 51T01 OR 51T02 OR. . .51T21

T10LEDL Y

T10LEDCa RO

T11_LED 87ST

T11LEDL N

T11LEDCa RO

T12_LED NOT (Z1S AND Z2S AND. . .Z6S)

T12LEDL Y

T12LEDCa RO

T13_LED TOS01 OR TOS02 OR. . .TOS21

T13LEDL N

T13LEDCa RO

T14_LED 89IOP

T14LEDL N

T14LEDCa RO

T15_LED 89AL

T15LEDL N

T15LEDCa RO

T16_LED PCT01Q

T16LEDL Y

T16LEDCa RO

T17_LEDc 271P1 OR 272P1 OR 272P2 OR 273P1 OR 273P2

T17LEDLc N

T17LEDCa,c RO

T18_LEDc 591P1 OR 591P2 OR 292P1 OR 592P2 OR 593P1 OR 593P2

T18LEDLc N

T18LEDCa,c RO

T19_LEDc V01FIM>55

T19LEDLc N

T19LEDCa,c RO

T20_LEDc V02FIM>55

T20LEDLc N

T20LEDCa,c RO

Table 8.50 Front-Panel Settings (Sheet 3 of 4)

Label Default Value
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The SEL-487B supports the SCROLD, STA_BAT, FUND_VI, DIFF, and 
ZONECFG choices for selectable screens, as described in Table 12.38 in the 
SEL-400 Series Relays Instruction Manual.

Report Settings
The SEL-487B contains the Report Settings described in Report Settings on 
page 12.27 in the SEL-400 Series Relays Instruction Manual.

                    

T21_LEDc V03FIM>55

T21LEDLc N

T21LEDCa,c RO

T22_LEDc FAULT

T22LEDLc N

T22LEDCa,c RO

T23_LEDc 52AL

T23LEDLc N

T23LEDCa,c RO

T24_LEDc TIRIG

T24LEDLc N

T24LEDCa,c RO

a LED color settings are only available on HMI2 models.
b PB9–PB12 settings are only available on 12-pushbutton models.
c T17LED–T24LED settings are only available on 12-pushbutton models.

Table 8.50 Front-Panel Settings (Sheet 4 of 4)

Label Default Value

Table 8.51 Default Event Report Settings (Sheet 1 of 2)

Position Primitive Name Alias Name

1 87Z1 Z1_TRIP

2 87Z2 Z2_TRIP

3 #

4 FBF01 F1_BF

5 FBF02 F2_BF

6 FBF03 F3_BF

7 FBF04 T1_BF

8 FBF05 TB1_BF

9 FBF06 TB2_BF

10 #

11 PLT01 DIFF_EN

12 PLT02 BF_EN

13 PLT03 TNS_SW

14 #

15 IN101 F1_BFI
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Port Settings
The SEL-487B Port settings are described in Port Settings on page 12.6 in the 
SEL-400 Series Relays Instruction Manual.

The fast message read data access settings listed in Table 12.8 in the SEL-400 
Series Relays Instruction Manual are included in the SEL-487B, except 
FMRDMND and FMRBRKR.

                    

DNP3 Settings—Custom Maps
The SEL-487B DNP3 custom map settings operate as described in DNP3 Set-
tings—Custom Maps on page 12.19 in the SEL-400 Series Relays Instruction 
Manual. See Section 10: Communications Interfaces for the default map configu-
ration.

16 IN102 F2_BFI

17 IN103 F3_BFI

18 IN104 T1_BFI

19 IN105 TB_BFI

20 #

21 OUT101 F1_TRIP

22 OUT102 F2_TRIP

23 OUT103 F3_TRIP

24 OUT104 T1_TRIP

25 OUT105 TB_TRIP

26 OUT106

27 #

28 OUT107 TEST

29 OUT108 NOALARM

Table 8.51 Default Event Report Settings (Sheet 2 of 2)

Position Primitive Name Alias Name

Table 8.52 MIRRORED BITS Protocol Default Settings

Label Default Value

MBANA1 PMV58

MBANA2 PMV59

MBANA3 PMV60

MBANA4 PMV61

MBANA5 PMV62

MBANA6 PMV63

MBANA7 PMV64
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the SEL-487B relay. This section explains the commands that you send 
to the SEL-487B using SEL ASCII communications protocol. The relay responds 
to commands such as settings, metering, and control operations.

This section lists all the commands supported by the relay, but most are described 
in Section 14: ASCII Command Reference in the SEL-400 Series Relays Instruc-
tion Manual. This section provides information on commands and command 
options that are unique to the SEL-487B.

This section lists American National Standard Code for Information Interchange 
(ASCII) commands alphabetically. Commands, command options, and command 
variables that you enter are shown in bold. Lowercase italic letters and words in a 
command represent command variables that you determine based on the applica-
tion (for example, Zone n = 1–6, remote bit number nn = 01–96, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters (upper- or lowercase); for example, ACCESS 
becomes ACC. Always send a carriage return <CR> character, or a carriage 
return character followed by a line feed character <CR><LF>, to command the 
relay to process the ASCII command. Usually, most terminals and terminal pro-
grams interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the SEL-487B are Access Level 0, Access 
Level 1, Access Level B (breaker), Access Level P (protection), Access Level A 
(automation), Access Level O (output), and Access Level 2. 

Description of Commands
Table 9.1 lists all the commands supported by the relay with the corresponding 
links to the descriptions in Section 14: ASCII Command Reference in the 
SEL-400 Series Relays Instruction Manual.
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Command List
                    

Table 9.1 SEL-487B List of Commands (Sheet 1 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 

2ACCESS 2ACCESS on page 14.1

AACCESS AACCESS on page 14.3

ACCESS ACCESS on page 14.3

BACCESS BACCESS on page 14.3

BNAME BNAME on page 14.4

CAL CAL on page 14.5

CASCII CASCII on page 14.6

CEVENT CEVENT on page 14.7 (In the SEL-487B, CEV L provides a 12-samples/cycle large-resolution event 
report.)

CFG CTNOM i CFG CTNOM on page 14.10 (in the SEL-487B, the nominal current choices are 1 and 5 for 1 A nominal 
and 5 A nominal CT inputs.)

CFG NFREQ f CFG NFREQ on page 14.11

CHISTORY CHISTORY on page 14.11

COMMUNICATIONS c COMMUNICATIONS on page 14.12

CONTROL nn CONTROL nn on page 14.24

COPY COPY on page 14.25 (In addition to the typical classes, the zone (Z) class can also be copied using the 
COPY command.)

CPR CPR on page 14.26

CSER CSER on page 14.26

CSTATUS CSTATUS on page 14.28

CSUMMARY CSUMMARY on page 14.28

DATE DATE on page 14.29

DNAME X DNAME X on page 14.30

DNP DNP on page 14.30

ETHERNET ETHERNET on page 14.30

EVENT EVENT on page 14.32 (The SEL-487B supports large resolution 12-samples/cycle event reports.)

EXIT EXIT on page 14.36

FILE FILE on page 14.36

GOOSE GOOSE on page 14.37

GROUP GROUP on page 14.40

HELP HELP on page 14.40

HISTORY HISTORY on page 14.40

ID ID on page 14.42

LOOPBACK LOOPBACK on page 14.43

MAC MAC on page 14.45

MAP MAP on page 14.45

METER METER on page 14.46 (For all other METER options, see METER on page 9.4 in this section.)

MET AMV MET AMV on page 14.46

MET ANA MET ANA on page 14.47
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MET BAT MET BAT on page 14.47 (The SEL-487B provides battery metering for one battery monitor channel.)

MET CZq See MET CZq on page 9.4 in this section.

MET DIF See MET DIF on page 9.4 in this section.

MET PMV MET PMV on page 14.49

MET SEC See MET SEC on page 9.5 in this section.

MET SEC CZn See MET SEC CZq on page 9.5 in this section.

MET SEC Zn See MET SEC Zn on page 9.5 in this section.

MET Zn See MET Zn on page 9.5 in this section.

OACCESS OACCESS on page 14.50

OPEN n OPEN n on page 14.50 (The SEL-487B supports 21 circuit breakers, designated 1–21.)

PACCESS PACCESS on page 14.51

PASSWORD PASSWORD on page 14.51

PING PING on page 14.52

PORT PORT on page 14.52

PROFILE PROFILE on page 14.53

PULSE PULSE on page 14.54

QUIT QUIT on page 14.54

SER SER on page 14.55

SET SET on page 14.57 (Table 9.9 lists the options available in the SEL-487B.)

SHOW SHOW on page 14.58 (Table 9.10 lists the class and instance options available in the SEL-487B.)

SNS SNS on page 14.59

STATUS STATUS on page 14.59

SUMMARY SUMMARY on page 14.61

TARGET TARGET on page 14.62

TEST DB TEST DB on page 14.64

TEST DB2 TEST DB2 on page 14.65

TEST FM TEST FM on page 14.67

TIME TIME on page 14.70

TRIGGER TRIGGER on page 14.72

VECTOR VECTOR on page 14.72

VERSION VERSION on page 14.72

VIEW VIEW on page 14.74

ZONE See ZONE on page 9.7 in this section.

ZON T See ZON T on page 9.8 in this section.

ZON k See ZON k on page 9.8 in this section.

Table 9.1 SEL-487B List of Commands (Sheet 2 of 2)

Command
Location of Command in Section 14: ASCII Command Reference in the SEL-400 Series Relays 
Instruction Manual 
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METER
The METER command displays reports about quantities the relay measures in 
the power system and internal relay operating quantities. For more information 
on power system measurements, see Section 7: Metering, Monitoring, and 
Reporting.

MET
NOTE: Data obtained with the MET 
command during dynamic zone 
selection may be unreliable.

Use the MET command to view fundamental metering quantities. The relay fil-
ters harmonics to present only measured quantities at the power system funda-
mental operating frequency.

                    

Some situations require that you repeatedly monitor the power system for a brief 
period; specify a number after any MET command to automatically repeat the 
command.

MET CZq
Use the MET CZq (q = 1–3) command to view the current magnitude, angle, and 
polarity of each terminal in Check Zone q and the voltage in primary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET DIF
Use the MET DIF command to view the operate and restraint differential cur-
rents in the active zones in per unit values as well as the reference current (IREF).

                    

Table 9.2 MET Command

Command Description Access Level

MET Display fundamental metering data. 1, B, P, A, O, 2

MET k Display fundamental metering data successively for 
k times.

1, B, P, A, O, 2

Table 9.3 MET CZq Command

Commanda

a q = 1–3.

Description Access Level

MET CZq Display primary metering data for Check Zone q. 1, B, P, A, O, 2

MET CZq k Display primary metering data for Check Zone q suc-
cessively for k times.

1, B, P, A, O, 2

Table 9.4 MET DIF Command

Command Description Access Level

MET DIF Display the operate and restraint differential currents 
and IREF metering data.

1, B, P, A, O, 2

MET DIF k Display the operate and restraint differential currents 
and IREF metering data successively for k times.

1, B, P, A, O, 2



9.5

Date Code 20230830 Instruction Manual SEL-487B Relay

ASCII Command Reference
Description of Commands

MET SEC
Use the MET SEC command to view the current magnitude, angle, and CT ratio 
of each terminal. The view also includes voltage magnitudes in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC CZq
Use the MET SEC CZq (q = 1–3) command to view the current magnitude, 
angle, CT ratio, and polarity of each terminal in Check Zone q and the voltage in 
secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET SEC Zn
Use the MET SEC Zn command to view the current magnitude, angle, CT ratio, 
and polarity of each terminal in a particular protection zone (n = 1–6), the bus-
zones in Protection Zone n, and the voltage in secondary values.

                    

If an alias name for the terminal exists, the relay displays the alias name.

MET Zn
Use the MET Zn command to view the current magnitude, angle, and polarity of 
each terminal in a particular protection zone (n = 1–6), the bus-zones in Protec-
tion Zone n, and the voltage in primary values.

Table 9.5 MET SEC Command

Command Description Access Level

MET SEC Display secondary metering data. 1, B, P, A, O, 2

MET SEC k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.6 MET SEC CZq Command

Commanda

a q = 1–3.

Description Access Level

MET SEC CZq Display secondary metering data for Check Zone q. 1, B, P, A, O, 2

MET SEC CZq k Display secondary metering data for Check Zone q 
successively for k times.

1, B, P, A, O, 2

Table 9.7 MET SEC Zn Command

Commanda

a Parameter n is 1–6 to indicate 6 zones.

Description Access Level

MET SEC Zn Display secondary metering data. 1, B, P, A, O, 2

MET SEC Zn k Display secondary metering data successively for k 
times.

1, B, P, A, O, 2
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If an alias name for the terminal exists, the relay displays the alias name.

SET
Table 9.9 lists the options specifically available in the SEL-487B.

                    

Table 9.8 MET Zn Command

Command Description Access Level

MET Zn Display primary metering data. 1, B, P, A, O, 2

MET Zn k Display primary metering data successively for k 
times.

1, B, P, A, O, 2

Table 9.9 SET Command Overview

Command Description Access Level

SET Set the Group relay settings, beginning at the first set-
ting in the active group.

P, 2

SET na

a Parameter n = 1–6, representing Group 1–Group 6.

Set the Group n relay settings, beginning at the first 
setting in the group.

P, 2

SET A Set the Automation SELOGIC control equation relay 
settings in Block 1.

A, 2

SET A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Set the Automation SELOGIC control equation relay 
settings in Block m.

A, 2

SET D Set the serial port DNP3 remapping settings, begin-
ning at the first setting in this class.

P, A, O, 2

SET F Set the Front Panel relay settings, beginning at the first 
setting in this class.

P, A, O, 2

SET G Set the Global relay settings, beginning at the first set-
ting in this class.

P, A, O, 2

SET L Set the Protection SELOGIC control equation relay set-
tings for the active group.

P, 2

SET L na Set the Protection SELOGIC relay settings for Group n. P, 2

SET O Set the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

O, 2

SET P Set the port presently in use, beginning at the first set-
ting for this port.

P, A, O, 2

SET P pc

c Parameter p = 1–3, F, or 5, corresponding to Port 1–Port 3, Port F, or Port 5.

Set the communications Port relay settings for Port p, 
beginning at the first setting for this port.

P, A, O, 2

SET R Set the Report relay settings, beginning at the first set-
ting for this class.

P, A, O, 2

SET T Set the alias settings. P, A, O, 2

SET Z Set the active group zone configuration settings, 
beginning at the first setting.

P, 2

SET Z na Set the configuration setting for Group n, beginning at 
the first setting.

P, 2
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SHOW
Table 9.10 lists the class and instance options available in the SEL-487B.

                    

ZONE
The ZONE command causes the relay to display the active protection zones and 
the terminal and bus-zone names in each active protection zone, where active 
means a zone with at least one terminal in the zone.

Use the ZON command to display the terminal and bus-names associated with all 
active zones.

                    

Table 9.10 SHO Command Overview

Command Description Access Level

SHO Show the Group relay settings, beginning at the first 
setting in the active group.

1, B, P, A, O, 2

SHO na

a Parameter n = 1–6, representing Group 1–Group 6.

Show Group n settings, beginning at the first setting in 
Group n.

1, B, P, A, O, 2

SHO A Show the Automation SELOGIC control equation relay 
settings in Block 1.

1, B, P, A, O, 2

SHO A mb

b Parameter m = 1–10, representing Block 1–Block 10.

Show the Automation SELOGIC control equation relay 
settings in Block m. 

1, B, P, A, O, 2

SHO D Show the serial DNP3 remapping settings. 1, B, P, A, O, 2

SHO F Show the Front Panel relay settings, beginning at the 
first setting in this class.

1, B, P, A, O, 2

SHO G Show the Global relay settings, beginning at the first 
setting in this class.

1, B, P, A, O, 2

SHO L Show the Protection SELOGIC control equation relay 
settings for the active group.

1, B, P, A, O, 2

SHO L na Show the Protection SELOGIC control equation relay 
settings for Group n.

1, B, P, A, O, 2

SHO O Show the Output SELOGIC control equation relay set-
tings, beginning at OUT101.

1, B, P, A, O, 2

SHO P Show the relay settings for the port presently in use, 
beginning at the first setting.

1, B, P, A, O, 2

SHO P pc

c Parameter p = 1–3, F, and 5 which corresponds to Port 1–Port 3, Port F, and Port 5.

Show the communications Port relay settings for 
Port p, beginning at the first setting for this port.

1, B, P, A, O, 2

SHO R Show the Report relay settings, beginning at the first 
setting for this class.

1, B, P, A, O, 2

SHO T Show the alias settings. 1, B, P, A, O, 2

SHO Z Show the zone configuration settings for the active 
group.

1, B, P, A, O, 2

SHO Z na Show the zone configuration settings for Group n. 1, B, P, A, O, 2

Table 9.11 ZON Command

Command Description Access Level

ZON Display the terminal and bus-zone names associated 
with all active zones.

1, B, P, A, O, 2
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ZON T
Use the ZON T command to display the terminal names in each active zone, 
selected for tripping by differential and breaker failure protection.

                    

When two zones combine, the combined zone includes the terminals from both 
merged zones. Not all terminals in the combined zone may be required to trip for 
a differential element operation. ZON T provides a list of all terminals assigned 
to trip in all the zones at the station, and ZON T k provides a list of the terminals 
to trip in a specific zone.

ZON k
Use the ZON k (k = 1–6) command to display the terminals in Zone k, if Zone k 
is active.

                    

Table 9.12 ZON T Command

Command Description Access Level

ZON T Display the terminals programmed for tripping in all 
zones.

1, B, P, A, O, 2

Table 9.13 ZON k Command

Command Description Access Level

ZON ka

a Parameter k is 1–6.

Display the terminals in Zone k. 1, B, P, A, O, 2



Date Code 20230830 Instruction Manual SEL-487B Relay

Instruction ManualInstruction Manual
S E C T I O N 1 0

Communications Interfaces

Section 15: Communications Interfaces through Section 18: Synchrophasors in 
the SEL-400 Series Relays Instruction Manual describe the various communica-
tions interfaces and protocols used in SEL-400 series relays. This section 
describes aspects of the communications protocols that are unique to the 
SEL-487B relay. The following topics are discussed:

➤ Communications Database on page 10.1

➤ DNP3 Communication on page 10.6

➤ IEC 61850 Communication on page 10.13

Communications Database
The SEL-487B maintains a database to describe itself to external devices via the 
SEL Fast Message Data Access protocol. This database includes a variety of data 
within the relay that are available to devices connected in a serial or Ethernet net-
work. The database includes the regions and data described in Table 10.1. Use the 
MAP and VIEW commands to display maps and contents of the database 
regions. See Section 14: ASCII Command Reference in the SEL-400 Series 
Relays Instruction Manual for more information on the MAP and VIEW com-
mands.

                    

Data within the Ethernet card regions are available for access by external devices 
via the SEL Fast Message protocol.

The LOCAL region contains the device FID, SID, and RID. It will also provide 
appropriate status points. This region is updated on settings changes and when-
ever monitored status points change (see Table 10.2).

Table 10.1 SEL-487B Database Regions

Region Name Contents Update Rate

LOCAL Relay identification data including FID, 
Relay ID, Station ID, and active protection 
settings group

Updated on settings change 
and whenever monitored values 
change

METER Metering and measurement data 0.5 s

TARGET Selected rows of Relay Word bit data 0.5 s

HISTORY Relay event history records for the 10 most 
recent events

Within 15 s of any new event

STATUS Self-test diagnostic status data 5 s

ANALOGS Protection and automation math variables 0.5 s



10.2

SEL-487B Relay Instruction Manual Date Code 20230830

Communications Interfaces
Communications Database

                    

The METER region contains all the basic meter and energy information. This 
region is updated every 0.5 seconds. See Table 10.3 for the map.

                    

Table 10.2 SEL-487B Database Structure—LOCAL Region

Address 
(Hex)

Name Type Description

0000 FID char[48] FID string

0030 BFID char[48] SELBOOT FID string

0060 SER_NUM char[16] Device Serial number, from factory settings

0070 PART_NUM char[24] Device part number, from factory settings

0088 CONFIG char[8] Device configuration string (as reported in ID com-
mand)

0090 SPECIAL char[8] Special device configuration string (as reported in ID 
command)

0098 DEVICE_ID char[40] Relay ID setting, from global settings

00C0 NODE_ID char[40] Station ID from global settings

00E8 GROUP int Active group

00E9 STATUS int Status indication: 0 for okay, 1 for failure

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 1 of 3)

Address 
(Hex)

Name Type Description

1000 _YEAR int 4-digit year when data were sampled

1001 DAY_OF_YEAR int 1–366 day when data were sampled

1002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

1004 FREQ float System frequency (Hertz)

1006 VDC float Battery voltage (Volts)

1008, 100A I01 float[2] I01 current magnitude (amperes primary) and 
phase (degrees)

100C, 100E I02 float[2] I02 current magnitude (amperes primary) and 
phase (degrees)

1010, 1012 I03 float[2] I03 current magnitude (amperes primary) and 
phase (degrees)

1014, 1016 I04 float[2] I04 current magnitude (amperes primary) and 
phase (degrees)

1018. 101A I05 float[2] I05 current magnitude (amperes primary) and 
phase (degrees)

101C, 101E I06 float[2] I06 current magnitude (amperes primary) and 
phase (degrees)

1020, 1022 I07 float[2] I07 current magnitude (amperes primary) and 
phase (degrees)

1024, 1026 I08 float[2] I08 current magnitude (amperes primary) and 
phase (degrees)

1028, 102A I09 float[2] I09 current magnitude (amperes primary) and 
phase (degrees)

102C, 102E I10 float[2] I10 current magnitude (amperes primary) and 
phase (degrees)

1030, 1032 I11 float[2] I11 current magnitude (amperes primary) and 
phase (degrees)
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1034, 1036 I12 float[2] I12 current magnitude (amperes primary) and 
phase (degrees)

1038, 103A I13 float[2] I13 current magnitude (amperes primary) and 
phase (degrees)

103C, 103E I14 float[2] I14 current magnitude (amperes primary) and 
phase (degrees)

1040, 1042 I15 float[2] I15 current magnitude (amperes primary) and 
phase (degrees)

1044, 1046 I16 float[2] I16 current magnitude (amperes primary) and 
phase (degrees)

1048, 104A I17 float[2] I17 current magnitude (amperes primary) and 
phase (degrees)

104C, 104E I18 float[2] I18 current magnitude (amperes primary) and 
phase (degrees)

1050, 1052 I19 float[2] I19 current magnitude (amperes primary) and 
phase (degrees)

1054, 1056 I20 float[2] I20 current magnitude (amperes primary) and 
phase (degrees)

1058, 105A I21 float[2] I21 current magnitude (amperes primary) and 
phase (degrees)

105C RSRVD1 float[6] Reserved for 3 future currents; always report 
as 0

1068, 106A V01 float[2] V01 voltage magnitude (Volts primary) and 
phase (degrees)

106C, 106E V02 float[2] V02 voltage magnitude (Volts primary) and 
phase (degrees)

1070, 1072 V03 float[2] V03 voltage magnitude (Volts primary) and 
phase (degrees)

1074 RSRVD2 float[6] Reserved for 3 future voltages; always report 
as 0

1080 IOP1 float Zone 1 Operating Current (per unit)

1082 IOP2 float Zone 2 Operating Current (per unit)

1084 IOP3 float Zone 3 Operating Current (per unit)

1086 IOP4 float Zone 4 Operating Current (per unit)

1088 IOP5 float Zone 5 Operating Current (per unit)

108A IOP6 float Zone 6 Operating Current (per unit)

108C IRT1 float Zone 1 Restraint Current (per unit)

108E IRT2 float Zone 2 Restraint Current (per unit)

1090 IRT3 float Zone 3 Restraint Current (per unit)

1092 IRT4 float Zone 4 Restraint Current (per unit)

1094 IRT5 float Zone 5 Restraint Current (per unit)

1096 IRT6 float Zone 6 Restraint Current (per unit)

1098 IOPCZ1 float Check Zone 1 Operating Current (per unit)

109A IRTCZ1 float Check Zone 1 Restraint Current (per unit)

109C IOPCZ2 float Check Zone 2 Operating Current (per unit)

109E IRTCZ2 float Check Zone 2 Restraint Current (per unit)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 2 of 3)

Address 
(Hex)

Name Type Description
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The TARGET region contains the entire visible Relay Word plus the rows desig-
nated specifically for the TARGET region. This region is updated every 0.5 sec-
onds. See Table 10.4 for the map. See Section 11: Relay Word Bits for detailed 
information on the Relay Word bits.

                    

The HISTORY region contains all information available in a History report for 
the most recent 10 events. This region is updated within 15 seconds of any new 
events. See Table 10.5 for the map.

                    

10A0 IOPCZ3 float Check Zone 3 Operating Current (per unit)

10A2 IRTCZ3 float Check Zone 3 Restraint Current (per unit)

Table 10.4 SEL-487B Database Structure—TARGET Region

Address 
(Hex)

Name Type Description

3000 _YEAR int 4-digit year when data were sampled

3001 DAY_OF_YEAR int 1–366 day when data were sampled

3002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

3004 TARGET char[~499] Entire Relay Word with bit labels

Table 10.5 SEL-487B Database Structure—HISTORY Region

Address 
(Hex)

Name Type Description

4000 _YEAR int 4-digit year when data were sampled

4001 DAY_OF_YEAR int 1–366 day when data were sampled

4002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

4004 REF_NUM int[10] Event serial number (10000–42767)

400E MONTH int[10] Month of event

4018 DAY int[10] Day of event

4022 YEAR int[10] Year of event

402C HOUR int[10] Hour of event

4036 MIN int[10] Minute of event

4040 SEC int[10] Second of event

404A MSEC int[10] Milliseconds of event

4054 EVENT char[100] Event type string

40B8 GROUP int[10] Active group during fault

40C2 TARGETS char[1000] System targets from event (100 characters per 
event)

Table 10.3 SEL-487B Database Structure—METER Region (Sheet 3 of 3)

Address 
(Hex)

Name Type Description
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The STATUS region contains complete relay status information. This region is 
updated every 5 seconds. See Table 10.6 for the map.

                    

The ANALOGS region contains protection and automation variables. This region 
is updated every 0.5 seconds. See Table 10.7 for the map.

                    

The database is virtual device 1 in the relay. You can display the contents of a 
region using the MAP 1:region command (where region is one of the database 
region names listed in Table 10.1). An example of the MAP command is shown 
in Figure 10.1.

Table 10.6 SEL-487B Database Structure—STATUS Region

Address 
(Hex)

Name Type Description

6000 _YEAR int 4-digit year when data were sampled

6001 DAY_OF_YEAR int 1–366 day when data were sampled

6002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

6004 CH1_24(mV) int[24] Channel offsets, use 0 if not measured

601C MOF(mV) int Master offset

601D MOF2(mV) int Master offset 2

601E OFF_WARN char[8] Offset warning string

6026 OFF_FAIL char[8] Offset failure string

602E PS3(V) float 3.3 Volt power supply voltage

6030 PS5(V) float 5 Volt power supply voltage

6032 PS_N5(V) float –5 Volt regulated voltage

6034 PS15(V) float 15 Volt power supply voltage

6036 PS_N15(V) float –15 Volt power supply voltage

6038 PS_WARN char[8] Power supply warning string

6040 PS_FAIL char[8] Power supply failure string

6048 HW_FAIL char[40] Hardware failure strings

6070 CC_STA char[40] Comm. card status strings

6098 PORT_STA char[160] Serial port status strings

6138 TIME_SRC char[10] Time source

6142 LOG_ERR char[40] SELOGIC error strings

616A TEST_MD char[160] Test mode string

620A WARN char[32] Warning strings for any active warnings

622A FAIL char[64] Failure strings for any active failures

Table 10.7 SEL-487B Database Structure—ANALOGS Region

Address 
(Hex)

Name Type Description

7000 _YEAR int 4-digit year when data were sampled

7001 DAY_OF_YEAR int 1–366 day when data were sampled

7002 TIME(ms) long int Time of day in ms when data were sampled 
(0–86,400,000)

7004 PMV01_64 float[64] PMV01–PMV64

7084 AMV001_256 float[256] AMV001–AMV256
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DNP3 Communication
DNP3 operation is described in Section 16: DNP3 Communication in the 
SEL-400 Series Relay Instruction Manual. This subsection describes aspects of 
DNP3 communications that are unique to the SEL-487B.

Reference Data Map
Table 10.8 shows the SEL-487B DNP3 reference data map. The reference data 
map contains all of the data available to the DNP3 protocol. You can use the 
default map or the custom DNP3 mapping functions of the SEL-487B to include 
only the points required by your application.

=>>MAP 1:METER <Enter>

Virtual Device 1, Data Region METER Map

Data Item    Starting Address   Type

_YEAR        1000h              int
DAY_OF_YEAR  1001h              int
TIME(ms)     1002h              int[2]
FREQ         1004h              float
VDC          1006h              float
I01          1008h              float[2]
I02          100ch              float[2]
I03          1010h              float[2]
I04          1014h              float[2]
I05          1018h              float[2]
I06          101ch              float[2]
I07          1020h              float[2]
I08          1024h              float[2]
I09          1028h              float[2]
I10          102ch              float[2]
I11          1030h              float[2]
I12          1034h              float[2]
I13          1038h              float[2]
I14          103ch              float[2]
I15          1040h              float[2]
I16          1044h              float[2]
I17          1048h              float[2]
I18          104ch              float[2]
I19          1050h              float[2]
I20          1054h              float[2]
I21          1058h              float[2]
RSRVD1       105ch              float[6]
V01          1068h              float[2]
V02          106ch              float[2]
V03          1070h              float[2]
RSRVD2       1074h              float[6]
IOP1         1080h              float
IOP2         1082h              float
IOP3         1084h              float
IOP4         1086h              float
IOP5         1088h              float
IOP6         108ah              float
IRT1         108ch              float
IRT2         108eh              float
IRT3         1090h              float
IRT4         1092h              float
IRT5         1094h              float
IRT6         1096h              float
IOPCZ1       1098h              float
IRTCZ1       109ah              float
IOPCZ2       109ch              float
IRTCZ2       109eh              float
IOPCZ3       10a0h              float
IRTCZ3       10a2h              float

Figure 10.1 MAP 1:METER Command Example
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The entire Relay Word (Table 11.1) is part of the DNP3 reference map. You may 
include any label in the Relay Word as part of a DNP3 custom map. Note that 
Binary Inputs registered as SER points (SET R settings) will maintain SER-qual-
ity time stamps for DNP3 events.

The SEL-487B scales analog values by the indicated settings or fixed scaling. 
Analog inputs for event (fault) summary reporting use a default scale factor of 1 
and deadband of ANADBM. Per-point scaling and deadband settings specified in 
a custom DNP3 map will override defaults.

                    

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 1 of 3)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 Relay Word Relay Word bit label. See Section 11: Relay Word Bits.

Binary Outputs

10, 12 RB01–RB96 Remote bits RB01–RB96

10, 12 RB01:RB02
RB03:RB04
RB05:RB06 
•
•
•
RB93:RB94

RB95:RB96

Remote bit pairs RB01–RB96

10, 12 OCn Pulse Open Circuit Breaker n command, where n = 1–21

10, 12 OCn:NOOP Open/Close pair for Circuit Breaker n, where n = 1–21 (the close portion has 
no action)

10, 12 RST_BAT Reset battery monitor data

10, 12 RSTTRGT Reset front-panel targets

10, 12 RSTDNPE Reset (clear) DNP3 Event Summary AIs

10, 12 NXTEVE Load next fault event into DNP3 Event Summary AIs

Binary Counters 

20, 22 ACTGRP Active settings group

20, 22 ACN01CV–ACN32CV Automation SELOGIC counter value 1–32

20, 22 PCN01CV–PCN32CV Protection SELOGIC counter value 1–32

Analog Inputs 

30, 32 InnFMa 1-cycle average phase current (magnitude), where nn = 01–21

30, 32 InnFAa 1-cycle average phase current (angle), where nn = 01–21

30, 32 VmmFMb 1-cycle average phase voltage (magnitude), where mm = 01–03

30, 32 VmmFAb 1-cycle average phase voltage (angle), where mm = 01–03
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30, 32 DC1c Station battery 1 dc voltage

30, 32 IOPkFd Zone k one-cycle average operating current (k = 1–6)

30, 32 IRTkFd Zone k one-cycle average restraint current (k = 1–6)

30, 32 IOPCZpFd Check Zone p one-cycle average operating current (p = 1–3)

30, 32 IRTCZpFd Check Zone p one-cycle average restraint current (p = 1–3)

30, 32 PMV001–PMV064c Protection SELOGIC math variables

30, 32 AMV001–AMV256c Automation SELOGIC math variables

30, 32 PNC01CV–PNC32CVc Protection SELOGIC counter current value

30, 32 TODMSc UTC time of day in milliseconds (0–86400000) 

30, 32 ANC01CV–ANC32CVc Automation SELOGIC counter current value

30, 32 ACTGRPc Active group setting

30, 32 THRc UTC time, hour (0–23)

30, 32 TMINc UTC time, minute (0–59)

30, 32 TSECc UTC time, seconds (0–59)

30, 32 TMSECc UTC time, milliseconds (0–999)

30, 32 DDOMc UTC date, day of the month (1–31)

30, 32 DMONc UTC date, month (1–12)

30, 32 DYEARc UTC date, year (2000–2200)

30, 32 TLODMSc Local time of day in milliseconds (0–86400000)

30, 32 TLHRc Local time, hour (0–23)

30, 32 TLMINc Local time, minute (0–59)

30, 32 TLSECc Local time, seconds (0–59)

30, 32 TLMSECc Local time, milliseconds (0–999)

30, 32 DLDOMc Local date, day of the month (1–31)

30, 32 DLDOYc Local date, day of the year (1–366)

30, 32 DLMONc Local date, month (1–12)

30, 32 DLYEARc Local date, year (2000–2200)

30, 32 RA001–RA256c Remote analogs from Ethernet card

30, 32 RAO01–RAO64c Remote analog output

30, 32 RLYTEMPc Relay internal temperature (deg. C)

30, 32 MAXGRP Maximum number of protection groups

Event Summary Analog Inputs 

30, 32e FTYPEc, e Fault type

30, 32e FTAR1c, e Fault targets (upper byte is 1st target row, lower byte is 2nd target row)

30, 32e FTAR2c, e Fault targets (upper byte is 3rd target row, lower byte is 0)

30, 32e FGRPc, e Fault settings group

30, 32e FTIMEUH, FTIMEUM, FTIMEULc, e Fault time (UTC) in DNP3 format—high, middle, and low 16 bits

30, 32e FTIMEH, FTIMEM, FTIMELc, e Fault time (local) in DNP3 format—high, middle, and low 16 bits

30, 32e FUNRc, e Number of unread fault summaries

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 2 of 3)

Object Label Description



10.9

Date Code 20230830 Instruction Manual SEL-487B Relay

Communications Interfaces
DNP3 Communication

Binary Outputs
Use the Trip and Close, Latch On/Off, and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table 10.9. Pulse operations provide a pulse with duration of one protection pro-
cessing interval. Cancel an operation in progress by issuing a NUL Trip/Close 
Code with a NUL Operation Type.

                    

Relay Fault Summary Data
When a relay event occurs (TRIP asserts, ER asserts, or TRI asserts), whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs (see 
Table 10.8) will be generated if any of them change beyond their dead-band value 
after scaling (usually whenever a new relay event occurs and is loaded into the 
event summary analog inputs). Events are detected approximately twice a second 
by the scanning process.

Analog Outputs 

40, 41 ACTGRP Active settings group

40, 41 RA001–RA256 Remote Analogs

a Default current scaling DECPLA on magnitudes and scale factor of 100 on angles. Dead band ANADBA on magnitudes and ANADBM on angles.
b Default voltage scaling DECPLV on magnitudes and scale factor of 100 on angles. Dead band ANADBV on magnitudes and ANADBM on angles.
c Default scale factor of 1 and dead band ANADBM.
d Default miscellaneous scaling DECPLM and dead band ANADBM.
e Event data shall be generated for all Event Summary Analog Inputs if any of them change beyond their dead band after scaling.

Table 10.8 SEL-487B DNP3 Reference Data Map (Sheet 3 of 3)

Object Label Description

Table 10.9 SEL-487B Object 12 Control Operations

Label Close/Any Trip/Any NUL/Latch On NUL/Latch Off NUL/Pulse On NUL/Pulse Off

RB01–RB96 Pulse on Remote 
Bit RB01–RB96

Pulse on Remote Bit 
RB01–RB96

Set Remote Bit 
RB01–RB96

Clear Remote Bit 
RB01–RB96

Pulse on Remote 
Bit RB01–RB96

Clear Remote 
Bit RB01–RB96

RBxx: RByy Pulse on RByy 
RB01–RB96

Pulse on RBxx 
RB01–RB96

Pulse RByy Pulse RBxx Pulse RByy Pulse RBxx 

OCx Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Set OCx
x = 01–21

Clear OCx
x = 01–21

Open Circuit Breaker 
x (Pulse on OCx) 
x = 01–21

Clear OCx
x = 01–21

OCx: NOOP No action Open Circuit Breaker 
x (Pulse on OCx)
x = 1–21

No action Pulse On OCx No action Pulse OCx

RST_BAT Reset battery moni-
toring 

Reset breaker moni-
toring 

Reset battery mon-
itoring

No action Reset battery moni-
toring

No action

RSTTRGT Reset front-panel 
targets

Reset front-panel 
targets

Reset front-panel 
targets

No action Reset front-panel 
targets

No action

RSTDNPE Reset DNP3 event 
summary

Reset DNP3 event 
summary

Reset DNP3 event 
summary

No action Reset DNP3 event 
summary

No action

NXTEVE Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest relay 
event (LIFO)

Load oldest unread 
relay event sum-
mary (FIFO)

Load newest 
event summary 
(LIFO)
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See Table 10.10 for the components of the FTYPE analog input point. The bit 
asserted in the upper byte indicates the event cause (Trigger, Trip, ER element, 
etc.). The lower byte of FTYPE is always 0. If no bits are asserted in the upper 
byte, there is no valid fault summary loaded.

                    

Default Data Map
Table 10.11 shows the SEL-487B default DNP3 data map. The default data map 
is an automatically generated subset of the reference map. All data maps are ini-
tialized to the default values. If the default maps are not appropriate, you can also 
use the custom DNP mapping commands SET D n and SHOW D n, where n is 
the map number, to edit or create the map required for your application.

                    

Table 10.10 Object 30, 32, FTYPE Upper Byte-Event Cause

Bit Position
Value Event Cause

7 6 5 4 3 2 1 0

0 No fault summary loaded

X 1 Trigger command

X 4 Trip element

X 8 Event report element

X 16 Breaker failure trip

X 32 Differential trip

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 1 of 4)

Object Index Label Description

Binary Inputs

01, 02 0 RLYDIS Relay disabled

01, 02 1 TRIPLED Trip LED

01, 02 2 STFAIL Relay diagnostic failure

01, 02 3 STWARN Relay diagnostic warning

01, 02 4 STSET Settings have changed or relay restarted

01, 02 5 SALARM Software alarm

01, 02 6 HALARM Hardware alarm

01, 02 7 BADPASS Invalid password attempt alarm

01, 02 8 UNRDEV Unread fault summary available

01, 02 9 OPH01 Terminal 1 open-phase detector

01, 02 10 OPH02 Terminal 2 open-phase detector

01, 02 11 OPH03 Terminal 3 open-phase detector

01, 02 12 OPH04 Terminal 4 open-phase detector

01, 02 13 OPH05 Terminal 5 open-phase detector

01, 02 14 OPH06 Terminal 6 open-phase detector

01, 02 15 52A01 Circuit Breaker 1 open status

01, 02 16 52AL01 Circuit Breaker 1 alarm

01, 02 17 52A02 Circuit Breaker 2 open status

01, 02 18 52AL02 Circuit Breaker 2 alarm

01, 02 19 52A03 Circuit Breaker 3 open status
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01, 02 20 52AL03 Circuit Breaker 3 alarm

01, 02 21 52A04 Circuit Breaker 4 open status

01, 02 22 52AL04 Circuit Breaker 4 alarm

01, 02 23 89A01 Disconnect 1 closed status

01, 02 24 89AL01 Disconnect 1 alarm

01, 02 25 89A02 Disconnect 2 closed status

01, 02 26 89AL02 Disconnect 2 alarm

01, 02 27 89A03 Disconnect 3 closed status

01, 02 28 89AL03 Disconnect 3 alarm

01, 02 29 89A04 Disconnect 4 closed status

01, 02 30 89AL04 Disconnect 4 alarm

01, 02 31 89A05 Disconnect 5 closed status

01, 02 32 89AL05 Disconnect 5 alarm

01, 02 33 89A06 Disconnect 6 closed status

01, 02 34 89AL06 Disconnect 6 alarm

01, 02 35 89A07 Disconnect 7 closed status

01, 02 36 89AL07 Disconnect 7 alarm

01, 02 37 89A08 Disconnect 8 closed status

01, 02 38 89AL08 Disconnect 8 alarm

01, 02 39 TLED_1 Target LED 1 on relay front panel

01, 02 40 TLED_2 Target LED 2 on relay front panel

01, 02 41 TLED_3 Target LED 3 on relay front panel

01, 02 42 TLED_4 Target LED 4 on relay front panel

01, 02 43 TLED_5 Target LED 5 on relay front panel

01, 02 44 TLED_6 Target LED 6 on relay front panel

01, 02 45 TLED_7 Target LED 7 on relay front panel

01, 02 46 TLED_8 Target LED 8 on relay front panel

01, 02 47 TLED_9 Target LED 9 on relay front panel

01, 02 48 TLED_10 Target LED 10 on relay front panel

01, 02 49 TLED_11 Target LED 11 on relay front panel

01, 02 50 TLED_12 Target LED 12 on relay front panel

01, 02 51 TLED_13 Target LED 13 on relay front panel

01, 02 52 TLED_14 Target LED 14 on relay front panel

01, 02 53 TLED_15 Target LED 15 on relay front panel

01, 02 54 TLED_16 Target LED 16 on relay front panel

01, 02 55 IN101 Main Board Input 1

01, 02 56 IN102 Main Board Input 2

01, 02 57 IN103 Main Board Input 3

01, 02 58 IN104 Main Board Input 4

01, 02 59 IN105 Main Board Input 5

01, 02 60 IN106 Main Board Input 6

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 2 of 4)

Object Index Label Description
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01, 02 61 IN107 Main Board Input 7

01, 02 62 PSV01 Protection SELOGIC Variable 1 

01, 02 63 PSV02 Protection SELOGIC Variable 2 

01, 02 64 PSV03 Protection SELOGIC Variable 3 

01, 02 65 PSV04 Protection SELOGIC Variable 4 

01, 02 66 PSV05 Protection SELOGIC Variable 5 

01, 02 67 PSV06 Protection SELOGIC Variable 6 

01, 02 68 PSV07 Protection SELOGIC Variable 7

01, 02 69 PSV08 Protection SELOGIC Variable 8 

01, 02 70 ASV001 Automation SELOGIC Variable 1 

01, 02 71 ASV002 Automation SELOGIC Variable 2

01, 02 72 ASV003 Automation SELOGIC Variable 3 

01, 02 73 ASV004 Automation SELOGIC Variable 4 

01, 02 74 ASV005 Automation SELOGIC Variable 5 

01, 02 75 ASV006 Automation SELOGIC Variable 6 

01, 02 76 ASV007 Automation SELOGIC Variable 7

01, 02 77 ASV008 Automation SELOGIC Variable 8 

01, 02 78 OUT101 Main Board Output 1

01, 02 79 OUT102 Main Board Output 2

01, 02 80 OUT103 Main Board Output 3

01, 02 81 OUT104 Main Board Output 4

01, 02 82 OUT105 Main Board Output 5

01, 02 83 OUT106 Main Board Output 6

01, 02 84 OUT107 Main Board Output 7

Binary Outputs

10, 12 0–31 RB01–RB32 Remote bits RB01–RB32

10, 12 32 OC01 Pulse Open Circuit Breaker 1 command

10, 12 33 OC02 Pulse Open Circuit Breaker 2 command

10, 12 34 OC03 Pulse Open Circuit Breaker 3 command

10, 12 35 OC04 Pulse Open Circuit Breaker 4 command

10, 12 36 RST_BAT Reset battery monitor data

10, 12 37 RSTTRGT Reset front-panel targets

10, 12 38 RSTDNPE Reset (clear) DNP3 Event Summary AIs

Binary Counters 

20, 22 0 ACTGRP Active settings group

Analog Inputs 

30, 32 0 I01FM 1-cycle average Terminal 1 current (magnitude)

30, 32 1 I01FA 1-cycle average Terminal 1 current (angle)

30, 32 2 I02FM 1-cycle average Terminal 2 current (magnitude)

30, 32 3 I02FA 1-cycle average Terminal 2 current (angle)

30, 32 4 I03FM 1-cycle average Terminal 3 current (magnitude)

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 3 of 4)

Object Index Label Description
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IEC 61850 Communication
General IEC 61850 operation is described in Section 17: IEC 61850 Communica-
tion in the SEL-400 Series Relays Instruction Manual. This section describes 
characteristics of IEC 61850 that are specific to the SEL-487B.

Logical Nodes
Table 10.12 and Table 10.13 show the logical nodes (LNs) supported in the 
SEL-487B and the Relay Word bits or Measured Values mapped to those LNs. 
Additionally, the relay supports the CFG Logical Device logical nodes as 
described in Section 17: IEC 61850 Communication in the SEL-400 Series 
Relays Instruction Manual.

Table 10.12 shows the LNs associated with protection elements, defined as Logi-
cal Device PRO.

30, 32 5 I03FA 1-cycle average Terminal 3 current (angle)

30, 32 6 I04FM 1-cycle average Terminal 4 current (magnitude)

30, 32 7 I04FA 1-cycle average Terminal 4 current (angle)

30, 32 8 I05FM 1-cycle average Terminal 5 current (magnitude)

30, 32 9 I05FA 1-cycle average Terminal 5 current (angle)

30, 32 10 I06FM 1-cycle average Terminal 6 current (magnitude)

30, 32 11 I06FA 1-cycle average Terminal 6 current (angle)

30, 32 12 V01FM 1-cycle average Terminal 1 voltage (magnitude)

30, 32 13 V01FA 1-cycle average Terminal 1 voltage (angle)

30, 32 14 V02FM 1-cycle average Terminal 2 voltage (magnitude)

30, 32 15 V02FA 1-cycle average Terminal 2 voltage (angle)

30, 32 16 V03FM 1-cycle average Terminal 3 voltage (magnitude)

30, 32 17 V03FA 1-cycle average Terminal 3 voltage (angle)

30, 32 18 FTYPE Fault type

30, 32 19 FTAR1 Fault targets (Upper byte is 1st target row, lower byte is 
2nd target row)

30, 32 20 FTAR2 Fault targets (Upper byte is 3rd target row, lower byte is 0)

30, 32 21 FGRP Fault settings group

30, 32 22 FTIMEUH Fault time (UTC) in DNP3 format (high 16 bits)

30, 32 23 FTIMEUM Fault time (UTC) in DNP3 format (middle 16 bits)

30, 32 24 FTIMEUL Fault time (UTC) in DNP3 format (low 16 bits)

30, 32 25 FUNR Number of unread fault summaries

30, 32 26 RLYTEMP Internal box temperature in degrees Celsius

Analog Outputs 

40, 41 0 ACTGRP Active settings group

Table 10.11 SEL-487B DNP3 Default Data Map (Sheet 4 of 4)

Object Index Label Description
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Table 10.12 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

BKRCSWI1 Pos.Oper.ctlVal OC01:NOOPa Circuit Breaker 1 open command

BKRCSWI2 Pos.Oper.ctlVal OC02:NOOPa Circuit Breaker 2 open command

BKRCSWI3 Pos.Oper.ctlVal OC03:NOOPa Circuit Breaker 3 open command

BKRCSWI4 Pos.Oper.ctlVal OC04:NOOPa Circuit Breaker 4 open command

BKRCSWI5 Pos.Oper.ctlVal OC05:NOOPa Circuit Breaker 5 open command

BKRCSWI6 Pos.Oper.ctlVal OC06:NOOPa Circuit Breaker 6 open command

BKRCSWI7 Pos.Oper.ctlVal OC07:NOOPa Circuit Breaker 7 open command

BKRCSWI8 Pos.Oper.ctlVal OC08:NOOPa Circuit Breaker 8 open command

BKRCSWI9 Pos.Oper.ctlVal OC09:NOOPa Circuit Breaker 9 open command

BKRCSWI10 Pos.Oper.ctlVal OC10:NOOPa Circuit Breaker 10 open command

BKRCSWI11 Pos.Oper.ctlVal OC11:NOOPa Circuit Breaker 11 open command

BKRCSWI12 Pos.Oper.ctlVal OC12:NOOPa Circuit Breaker 12 open command

BKRCSWI13 Pos.Oper.ctlVal OC13:NOOPa Circuit Breaker 13 open command

BKRCSWI14 Pos.Oper.ctlVal OC14:NOOPa Circuit Breaker 14 open command

BKRCSWI15 Pos.Oper.ctlVal OC15:NOOPa Circuit Breaker 15 open command

BKRCSWI16 Pos.Oper.ctlVal OC16:NOOPa Circuit Breaker 16 open command

BKRCSWI17 Pos.Oper.ctlVal OC17:NOOPa Circuit Breaker 17 open command

BKRCSWI18 Pos.Oper.ctlVal OC18:NOOPa Circuit Breaker 18 open command

BKRCSWI19 Pos.Oper.ctlVal OC19:NOOPa Circuit Breaker 19 open command

BKRCSWI20 Pos.Oper.ctlVal OC20:NOOPa Circuit Breaker 20 open command

BKRCSWI21 Pos.Oper.ctlVal OC21:NOOPa Circuit Breaker 21 open command

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODb IEC 61850 mode/behavior status

BFR1RBRF1 Str.general BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation

BFR1RBRF1 OpEx.general FBF01 Circuit Breaker 1 failure

BFR1RBRF1 OpIn.general RT01 Circuit Breaker 1 retrip

BFR2RBRF2 Str.general BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

BFR2RBRF2 OpEx.general FBF02 Circuit Breaker 2 failure

BFR2RBRF2 OpIn.general RT02 Circuit Breaker 2 retrip

BFR3RBRF3 Str.general BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

BFR3RBRF3 OpEx.general FBF03 Circuit Breaker 3 failure

BFR3RBRF3 OpIn.general RT03 Circuit Breaker 3 retrip

BFR4RBRF4 Str.general BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

BFR4RBRF4 OpEx.general FBF04 Circuit Breaker 4 failure

BFR4RBRF4 OpIn.general RT04 Circuit Breaker 4 retrip

BFR5RBRF5 Str.general BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

BFR5RBRF5 OpEx.general FBF05 Circuit Breaker 5 failure

BFR5RBRF5 OpIn.general RT05 Circuit Breaker 5 retrip
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BFR6RBRF6 Str.general BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

BFR6RBRF6 OpEx.general FBF06 Circuit Breaker 6 failure

BFR6RBRF6 OpIn.general RT06 Circuit Breaker 6 retrip

BFR7RBRF7 Str.general BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

BFR7RBRF7 OpEx.general FBF07 Circuit Breaker 7 failure

BFR7RBRF7 OpIn.general RT07 Circuit Breaker 7 retrip

BFR8RBRF8 Str.general BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

BFR8RBRF8 OpEx.general FBF08 Circuit Breaker 8 failure

BFR8RBRF8 OpIn.general RT08 Circuit Breaker 8 retrip

BFR9RBRF9 Str.general BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

BFR9RBRF9 OpEx.general FBF09 Circuit Breaker 9 failure

BFR9RBRF9 OpIn.general RT09 Circuit Breaker 9 retrip

BFR10RBRF10 Str.general BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

BFR10RBRF10 OpEx.general FBF10 Circuit Breaker 10 failure

BFR10RBRF10 OpIn.general RT10 Circuit Breaker 10 retrip

BFR11RBRF11 Str.general BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

BFR11RBRF11 OpEx.general FBF11 Circuit Breaker 11 failure

BFR11RBRF11 OpIn.general RT11 Circuit Breaker 11 retrip

BFR12RBRF12 Str.general BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

BFR12RBRF12 OpEx.general FBF12 Circuit Breaker 12 failure

BFR12RBRF12 OpIn.general RT12 Circuit Breaker 12 retrip

BFR13RBRF13 Str.general BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

BFR13RBRF13 OpEx.general FBF13 Circuit Breaker 13 failure

BFR13RBRF13 OpIn.general RT13 Circuit Breaker 13 retrip

BFR14RBRF14 Str.general BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

BFR14RBRF14 OpEx.general FBF14 Circuit Breaker 14 failure

BFR14RBRF14 OpIn.general RT14 Circuit Breaker 14 retrip

BFR15RBRF15 Str.general BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

BFR15RBRF15 OpEx.general FBF15 Circuit Breaker 15 failure

BFR15RBRF15 OpIn.general RT15 Circuit Breaker 15 retrip

BFR16RBRF16 Str.general BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

BFR16RBRF16 OpEx.general FBF16 Circuit Breaker 16 failure

BFR16RBRF16 OpIn.general RT16 Circuit Breaker 16 retrip

BFR17RBRF17 Str.general BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

BFR17RBRF17 OpEx.general FBF17 Circuit Breaker 17 failure

BFR17RBRF17 OpIn.general RT17 Circuit Breaker 17 retrip

BFR18RBRF18 Str.general BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

BFR18RBRF18 OpEx.general FBF18 Circuit Breaker 18 failure

BFR18RBRF18 OpIn.general RT18 Circuit Breaker 18 retrip

BFR19RBRF19 Str.general BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

BFR19RBRF19 OpEx.general FBF19 Circuit Breaker 19 failure

Table 10.12 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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BFR19RBRF19 OpIn.general RT19 Circuit Breaker 19 retrip

BFR20RBRF20 Str.general BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

BFR20RBRF20 OpEx.general FBF20 Circuit Breaker 20 failure

BFR20RBRF20 OpIn.general RT20 Circuit Breaker 20 retrip

BFR21RBRF21 Str.general BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

BFR21RBRF21 OpEx.general FBF21 Circuit Breaker 21 failure

BFR21RBRF21 OpIn.general RT21 Circuit Breaker 21 retrip

BKRCSWI1 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI1 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI1 OpOpn.general OC01 Circuit Breaker 1 open command

BKRCSWI1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

BKRCSWI2 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI2 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI2 OpOpn.general OC02 Circuit Breaker 2 open command

BKRCSWI2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

BKRCSWI3 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI3 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI3 OpOpn.general OC03 Circuit Breaker 3 open command

BKRCSWI3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

BKRCSWI4 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI4 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI4 OpOpn.general OC04 Circuit Breaker 4 open command

BKRCSWI4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

BKRCSWI5 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI5 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI5 OpOpn.general OC05 Circuit Breaker 5 open command

BKRCSWI5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

BKRCSWI6 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI6 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI6 OpOpn.general OC06 Circuit Breaker 6 open command

BKRCSWI6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

BKRCSWI7 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI7 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI7 OpOpn.general OC07 Circuit Breaker 7 open command

BKRCSWI7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

BKRCSWI8 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI8 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI8 OpOpn.general OC08 Circuit Breaker 8 open command

BKRCSWI8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

BKRCSWI9 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI9 LocSta.stVal LOCSTA Control authority at station level

Table 10.12 Logical Device: PRO (Protection) (Sheet 3 of 10)

Logical Node Attribute Data Source Comment
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BKRCSWI9 OpOpn.general OC09 Circuit Breaker 9 open command

BKRCSWI9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

BKRCSWI10 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI10 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI10 OpOpn.general OC10 Circuit Breaker 10 open command

BKRCSWI10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

BKRCSWI11 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI11 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI11 OpOpn.general OC11 Circuit Breaker 11 open command

BKRCSWI11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

BKRCSWI12 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI12 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI12 OpOpn.general OC12 Circuit Breaker 12 open command

BKRCSWI12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

BKRCSWI13 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI13 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI13 OpOpn.general OC13 Circuit Breaker 13 open command

BKRCSWI13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

BKRCSWI14 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI14 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI14 OpOpn.general OC14 Circuit Breaker 14 open command

BKRCSWI14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

BKRCSWI15 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI15 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI15 OpOpn.general OC15 Circuit Breaker 15 open command

BKRCSWI15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

BKRCSWI16 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI16 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI16 OpOpn.general OC16 Circuit Breaker 16 open command

BKRCSWI16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

BKRCSWI17 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI17 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI17 OpOpn.general OC17 Circuit Breaker 17 open command

BKRCSWI17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

BKRCSWI18 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI18 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI18 OpOpn.general OC18 Circuit Breaker 18 open command

BKRCSWI18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

BKRCSWI19 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI19 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI19 OpOpn.general OC19 Circuit Breaker 19 open command

Table 10.12 Logical Device: PRO (Protection) (Sheet 4 of 10)

Logical Node Attribute Data Source Comment
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BKRCSWI19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

BKRCSWI20 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI20 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI20 OpOpn.general OC20 Circuit Breaker 20 open command

BKRCSWI20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

BKRCSWI21 Loc.stVal LOC Control authority at local (bay) level

BKRCSWI21 LocSta.stVal LOCSTA Control authority at station level

BKRCSWI21 OpOpn.general OC21 Circuit Breaker 21 open command

BKRCSWI21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

D87RPDIF1 Op.general 87R1 Zone 1 restraint differential element picked

D87RPDIF1 Str.general P87R1 Zone 1 instantaneous differential element picked

D87RPDIF2 Op.general 87R2 Zone 2 restraint differential element picked

D87RPDIF2 Str.general P87R2 Zone 2 instantaneous differential element picked

D87RPDIF3 Op.general 87R3 Zone 3 restraint differential element picked

D87RPDIF3 Str.general P87R3 Zone 3 instantaneous differential element picked

D87RPDIF4 Op.general 87R4 Zone 4 restraint differential element picked

D87RPDIF4 Str.general P87R4 Zone 4 instantaneous differential element picked

D87RPDIF5 Op.general 87R5 Zone 5 restraint differential element picked

D87RPDIF5 Str.general P87R5 Zone 5 instantaneous differential element picked

D87RPDIF6 Op.general 87R6 Zone 6 restraint differential element picked

D87RPDIF6 Str.general P87R6 Zone 6 instantaneous differential element picked

FLTRDRE1 FltTyp.stVal FLTYPEd Affected phases for the latest event

FLTRDRE1 FltCaus.stVal FLTCAUSe Event cause for the latest event

FLTRDRE1 FltNum.stVal FLRNUM Event number

FLTRDRE1 RcdMade.stVal FLREP Event report present

PROLPHD1 PhyHealth.stVal EN?3:1f Relay enabled

T87ZPTRC1 Tr.general 87Z1 Zone 1 differential element trip

T87ZPTRC2 Tr.general 87Z2 Zone 2 differential element trip

T87ZPTRC3 Tr.general 87Z3 Zone 3 differential element trip

T87ZPTRC4 Tr.general 87Z4 Zone 4 differential element trip

T87ZPTRC5 Tr.general 87Z5 Zone 5 differential element trip

T87ZPTRC6 Tr.general 87Z6 Zone 6 differential element trip

TRIPPTRC7 Tr.general TRIP01 Terminal 1 trip output

TRIPPTRC8 Tr.general TRIP02 Terminal 2 trip output

TRIPPTRC9 Tr.general TRIP03 Terminal 3 trip output

TRIPPTRC10 Tr.general TRIP04 Terminal 4 trip output

TRIPPTRC11 Tr.general TRIP05 Terminal 5 trip output

TRIPPTRC12 Tr.general TRIP06 Terminal 6 trip output

TRIPPTRC13 Tr.general TRIP07 Terminal 7 trip output

TRIPPTRC14 Tr.general TRIP08 Terminal 8 trip output

TRIPPTRC15 Tr.general TRIP09 Terminal 9 trip output

Table 10.12 Logical Device: PRO (Protection) (Sheet 5 of 10)
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TRIPPTRC16 Tr.general TRIP10 Terminal 10 trip output

TRIPPTRC17 Tr.general TRIP11 Terminal 11 trip output

TRIPPTRC18 Tr.general TRIP12 Terminal 12 trip output

TRIPPTRC19 Tr.general TRIP13 Terminal 13 trip output

TRIPPTRC20 Tr.general TRIP14 Terminal 14 trip output

TRIPPTRC21 Tr.general TRIP15 Terminal 15 trip output

TRIPPTRC22 Tr.general TRIP16 Terminal 16 trip output

TRIPPTRC23 Tr.general TRIP17 Terminal 17 trip output

TRIPPTRC24 Tr.general TRIP18 Terminal 18 trip output

TRIPPTRC25 Tr.general TRIP19 Terminal 19 trip output

TRIPPTRC26 Tr.general TRIP20 Terminal 20 trip output

TRIPPTRC27 Tr.general TRIP21 Terminal 21 trip output

X52AXCBR1 Loc.stVal LOC IED local status

X52AXCBR1 Pos.stVal 52CL01?1:2c Circuit Breaker 1 closed

X52AXCBR2 Loc.stVal LOC IED local status

X52AXCBR2 Pos.stVal 52CL02?1:2c Circuit Breaker 2 closed

X52AXCBR3 Loc.stVal LOC IED local status

X52AXCBR3 Pos.stVal 52CL03?1:2c Circuit Breaker 3 closed

X52AXCBR4 Loc.stVal LOC IED local status

X52AXCBR4 Pos.stVal 52CL04?1:2c Circuit Breaker 4 closed

X52AXCBR5 Loc.stVal LOC IED local status

X52AXCBR5 Pos.stVal 52CL05?1:2c Circuit Breaker 5 closed

X52AXCBR6 Loc.stVal LOC IED local status

X52AXCBR6 Pos.stVal 52CL06?1:2c Circuit Breaker 6 closed

X52AXCBR7 Loc.stVal LOC IED local status

X52AXCBR7 Pos.stVal 52CL07?1:2c Circuit Breaker 7 closed

X52AXCBR8 Loc.stVal LOC IED local status

X52AXCBR8 Pos.stVal 52CL08?1:2c Circuit Breaker 8 closed

X52AXCBR9 Loc.stVal LOC IED local status

X52AXCBR9 Pos.stVal 52CL09?1:2c Circuit Breaker 9 closed

X52AXCBR10 Loc.stVal LOC IED local status

X52AXCBR10 Pos.stVal 52CL10?1:2c Circuit Breaker 10 closed

X52AXCBR11 Loc.stVal LOC IED local status

X52AXCBR11 Pos.stVal 52CL11?1:2c Circuit Breaker 11 closed

X52AXCBR12 Loc.stVal LOC IED local status

X52AXCBR12 Pos.stVal 52CL12?1:2c Circuit Breaker 12 closed

X52AXCBR13 Loc.stVal LOC IED local status

X52AXCBR13 Pos.stVal 52CL13?1:2c Circuit Breaker 13 closed

X52AXCBR14 Loc.stVal LOC IED local status

X52AXCBR14 Pos.stVal 52CL14?1:2c Circuit Breaker 14 closed

X52AXCBR15 Loc.stVal LOC IED local status

Table 10.12 Logical Device: PRO (Protection) (Sheet 6 of 10)
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X52AXCBR15 Pos.stVal 52CL15?1:2c Circuit Breaker 15 closed

X52AXCBR16 Loc.stVal LOC IED local status

X52AXCBR16 Pos.stVal 52CL16?1:2c Circuit Breaker 16 closed

X52AXCBR17 Loc.stVal LOC IED local status

X52AXCBR17 Pos.stVal 52CL17?1:2c Circuit Breaker 17 closed

X52AXCBR18 Loc.stVal LOC IED local status

X52AXCBR18 Pos.stVal 52CL18?1:2c Circuit Breaker 18 closed

X52AXCBR19 Loc.stVal LOC IED local status

X52AXCBR19 Pos.stVal 52CL19?1:2c Circuit Breaker 19 closed

X52AXCBR20 Loc.stVal LOC IED local status

X52AXCBR20 Pos.stVal 52CL20?1:2c Circuit Breaker 20 closed

X52AXCBR21 Loc.stVal LOC IED local status

X52AXCBR21 Pos.stVal 52CL21?1:2c Circuit Breaker 21 closed

X89CLXSWI1 Loc.stVal LOC IED local status

X89CLXSWI1 Pos.stVal 89CL01?1:2c Disconnect 1 closed

X89CLXSWI2 Loc.stVal LOC IED local status

X89CLXSWI2 Pos.stVal 89CL02?1:2c Disconnect 2 closed

X89CLXSWI3 Loc.stVal LOC IED local status

X89CLXSWI3 Pos.stVal 89CL03?1:2c Disconnect 3 closed

X89CLXSWI4 Loc.stVal LOC IED local status

X89CLXSWI4 Pos.stVal 89CL04?1:2c Disconnect 4 closed

X89CLXSWI5 Loc.stVal LOC IED local status

X89CLXSWI5 Pos.stVal 89CL05?1:2c Disconnect 5 closed

X89CLXSWI6 Loc.stVal LOC IED local status

X89CLXSWI6 Pos.stVal 89CL06?1:2c Disconnect 6 closed

X89CLXSWI7 Loc.stVal LOC IED local status

X89CLXSWI7 Pos.stVal 89CL07?1:2c Disconnect 7 closed

X89CLXSWI8 Loc.stVal LOC IED local status

X89CLXSWI8 Pos.stVal 89CL08?1:2c Disconnect 8 closed

X89CLXSWI9 Loc.stVal LOC IED local status

X89CLXSWI9 Pos.stVal 89CL09?1:2c Disconnect 9 closed

X89CLXSWI10 Loc.stVal LOC IED local status

X89CLXSWI10 Pos.stVal 89CL10?1:2c Disconnect 10 closed

X89CLXSWI11 Loc.stVal LOC IED local status

X89CLXSWI11 Pos.stVal 89CL11?1:2c Disconnect 11 closed

X89CLXSWI12 Loc.stVal LOC IED local status

X89CLXSWI12 Pos.stVal 89CL12?1:2c Disconnect 12 closed

X89CLXSWI13 Loc.stVal LOC IED local status

X89CLXSWI13 Pos.stVal 89CL13?1:2c Disconnect 13 closed

X89CLXSWI14 Loc.stVal LOC IED local status

X89CLXSWI14 Pos.stVal 89CL14?1:2c Disconnect 14 closed
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X89CLXSWI15 Loc.stVal LOC IED local status

X89CLXSWI15 Pos.stVal 89CL15?1:2c Disconnect 15 closed

X89CLXSWI16 Loc.stVal LOC IED local status

X89CLXSWI16 Pos.stVal 89CL16?1:2c Disconnect 16 closed

X89CLXSWI17 Loc.stVal LOC IED local status

X89CLXSWI17 Pos.stVal 89CL17?1:2c Disconnect 17 closed

X89CLXSWI18 Loc.stVal LOC IED local status

X89CLXSWI18 Pos.stVal 89CL18?1:2c Disconnect 18 closed

X89CLXSWI19 Loc.stVal LOC IED local status

X89CLXSWI19 Pos.stVal 89CL19?1:2c Disconnect 19 closed

X89CLXSWI20 Loc.stVal LOC IED local status

X89CLXSWI20 Pos.stVal 89CL20?1:2c Disconnect 20 closed

X89CLXSWI21 Loc.stVal LOC IED local status

X89CLXSWI21 Pos.stVal 89CL21?1:2c Disconnect 21 closed

X89CLXSWI22 Loc.stVal LOC IED local status

X89CLXSWI22 Pos.stVal 89CL22?1:2c Disconnect 22 closed

X89CLXSWI23 Loc.stVal LOC IED local status

X89CLXSWI23 Pos.stVal 89CL23?1:2c Disconnect 23 closed

X89CLXSWI24 Loc.stVal LOC IED local status

X89CLXSWI24 Pos.stVal 89CL24?1:2c Disconnect 24 closed

X89CLXSWI25 Loc.stVal LOC IED local status

X89CLXSWI25 Pos.stVal 89CL25?1:2c Disconnect 25 closed

X89CLXSWI26 Loc.stVal LOC IED local status

X89CLXSWI26 Pos.stVal 89CL26?1:2c Disconnect 26 closed

X89CLXSWI27 Loc.stVal LOC IED local status

X89CLXSWI27 Pos.stVal 89CL27?1:2c Disconnect 27 closed

X89CLXSWI28 Loc.stVal LOC IED local status

X89CLXSWI28 Pos.stVal 89CL28?1:2c Disconnect 28 closed

X89CLXSWI29 Loc.stVal LOC IED local status

X89CLXSWI29 Pos.stVal 89CL29?1:2c Disconnect 29 closed

X89CLXSWI30 Loc.stVal LOC IED local status

X89CLXSWI30 Pos.stVal 89CL30?1:2c Disconnect 30 closed

X89CLXSWI31 Loc.stVal LOC IED local status

X89CLXSWI31 Pos.stVal 89CL31?1:2c Disconnect 31 closed

X89CLXSWI32 Loc.stVal LOC IED local status

X89CLXSWI32 Pos.stVal 89CL32?1:2c Disconnect 32 closed

X89CLXSWI33 Loc.stVal LOC IED local status

X89CLXSWI33 Pos.stVal 89CL33?1:2c Disconnect 33 closed

X89CLXSWI34 Loc.stVal LOC IED local status

X89CLXSWI34 Pos.stVal 89CL34?1:2c Disconnect 34 closed

X89CLXSWI35 Loc.stVal LOC IED local status

Table 10.12 Logical Device: PRO (Protection) (Sheet 8 of 10)

Logical Node Attribute Data Source Comment
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X89CLXSWI35 Pos.stVal 89CL35?1:2c Disconnect 35 closed

X89CLXSWI36 Loc.stVal LOC IED local status

X89CLXSWI36 Pos.stVal 89CL36?1:2c Disconnect 36 closed

X89CLXSWI37 Loc.stVal LOC IED local status

X89CLXSWI37 Pos.stVal 89CL37?1:2c Disconnect 37 closed

X89CLXSWI38 Loc.stVal LOC IED local status

X89CLXSWI38 Pos.stVal 89CL38?1:2c Disconnect 38 closed

X89CLXSWI39 Loc.stVal LOC IED local status

X89CLXSWI39 Pos.stVal 89CL39?1:2c Disconnect 39 closed

X89CLXSWI40 Loc.stVal LOC IED local status

X89CLXSWI40 Pos.stVal 89CL40?1:2c Disconnect 40 closed

X89CLXSWI41 Loc.stVal LOC IED local status

X89CLXSWI41 Pos.stVal 89CL41?1:2c Disconnect 41 closed

X89CLXSWI42 Loc.stVal LOC IED local status

X89CLXSWI42 Pos.stVal 89CL42?1:2c Disconnect 42 closed

X89CLXSWI43 Loc.stVal LOC IED local status

X89CLXSWI43 Pos.stVal 89CL43?1:2c Disconnect 43 closed

X89CLXSWI44 Loc.stVal LOC IED local status

X89CLXSWI44 Pos.stVal 89CL44?1:2c Disconnect 44 closed

X89CLXSWI45 Loc.stVal LOC IED local status

X89CLXSWI45 Pos.stVal 89CL45?1:2c Disconnect 45 closed

X89CLXSWI46 Loc.stVal LOC IED local status

X89CLXSWI46 Pos.stVal 89CL46?1:2c Disconnect 46 closed

X89CLXSWI47 Loc.stVal LOC IED local status

X89CLXSWI47 Pos.stVal 89CL47?1:2c Disconnect 47 closed

X89CLXSWI48 Loc.stVal LOC IED local status

X89CLXSWI48 Pos.stVal 89CL48?1:2c Disconnect 48 closed

X89CLXSWI49 Loc.stVal LOC IED local status

X89CLXSWI49 Pos.stVal 89CL49?1:2c Disconnect 49 closed

X89CLXSWI50 Loc.stVal LOC IED local status

X89CLXSWI50 Pos.stVal 89CL50?1:2c Disconnect 50 closed

X89CLXSWI51 Loc.stVal LOC IED local status

X89CLXSWI51 Pos.stVal 89CL51?1:2c Disconnect 51 closed

X89CLXSWI52 Loc.stVal LOC IED local status

X89CLXSWI52 Pos.stVal 89CL52?1:2c Disconnect 52 closed

X89CLXSWI53 Loc.stVal LOC IED local status

X89CLXSWI53 Pos.stVal 89CL53?1:2c Disconnect 53 closed

X89CLXSWI54 Loc.stVal LOC IED local status

X89CLXSWI54 Pos.stVal 89CL54?1:2c Disconnect 54 closed

X89CLXSWI55 Loc.stVal LOC IED local status

X89CLXSWI55 Pos.stVal 89CL55?1:2c Disconnect 55 closed

Table 10.12 Logical Device: PRO (Protection) (Sheet 9 of 10)

Logical Node Attribute Data Source Comment
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Table 10.13 shows the LNs associated with measuring elements, defined as Logi-
cal Device MET.

                    

X89CLXSWI56 Loc.stVal LOC IED local status

X89CLXSWI56 Pos.stVal 89CL56?1:2c Disconnect 56 closed

X89CLXSWI57 Loc.stVal LOC IED local status

X89CLXSWI57 Pos.stVal 89CL57?1:2c Disconnect 57 closed

X89CLXSWI58 Loc.stVal LOC IED local status

X89CLXSWI58 Pos.stVal 89CL58?1:2c Disconnect 58 closed

X89CLXSWI59 Loc.stVal LOC IED local status

X89CLXSWI59 Pos.stVal 89CL59?1:2c Disconnect 59 closed

X89CLXSWI60 Loc.stVal LOC IED local status

X89CLXSWI60 Pos.stVal 89CL60?1:2c Disconnect 60 closed

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

PROLPHD1 PhyNam.hwRev HWREVg Hardware version of the relay mainboard

PROLPHD1 PhyNam.model PARNUM Relay part number

PROLPHD1 PhyNam.serNum SERNUM Relay serial number

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a Writing a value of 1 pulses the first bit. Writing a value of 0 results in no operation.
b I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
c If closed, value = 2. If open, value = 1.
d FLTYPE is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.14 for more details.
e FLTCAUS is an internal data source derived from the event summary and is not available to the user. Refer to Table 10.15 for more details.
f If enabled, value = 1. If disabled, value = 3.
g HWREV is an internal data source and is not available to the user.

Table 10.12 Logical Device: PRO (Protection) (Sheet 10 of 10)

Logical Node Attribute Data Source Comment

Table 10.13 Logical Device: MET (Metering) (Sheet 1 of 3)

Logical Node Attribute Data Source Comment

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LLN0 Mod.stVal I60MODa IEC 61850 mode/behavior status

DCZBAT1 BatWrn.stVal DC1W DC monitor warning alarm

DCZBAT1 BatFail.stVal DC1F DC monitor fail alarm

DCZBAT1 BatGndFlt.st.Val DC1G DC monitor ground fault alarm

DCZBAT1 BatDvAlm.stVal DC1R DC monitor alarm for ac ripple

METLPHD1 PhyHealth.stVal EN?3:1b Relay enabled

Functional Constraint = MX

DCZBAT1 Vol.instMag.f DC1 Station battery dc voltage

IOPMMXN1 Amp.instMag.f IOP1F 1-cycle average Zone 1 operating current

IOPMMXN2 Amp.instMag.f IOP2F 1-cycle average Zone 2 operating current
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IOPMMXN3 Amp.instMag.f IOP3F 1-cycle average Zone 3 operating current

IOPMMXN4 Amp.instMag.f IOP4F 1-cycle average Zone 4 operating current

IOPMMXN5 Amp.instMag.f IOP5F 1-cycle average Zone 5 operating current

IOPMMXN6 Amp.instMag.f IOP6F 1-cycle average Zone 6 operating current

IRTMMXN1 Amp.instMag.f IRT1F 1-cycle average Zone 1 restraint current

IRTMMXN2 Amp.instMag.f IRT2F 1-cycle average Zone 2 restraint current

IRTMMXN3 Amp.instMag.f IRT3F 1-cycle average Zone 3 restraint current

IRTMMXN4 Amp.instMag.f IRT4F 1-cycle average Zone 4 restraint current

IRTMMXN5 Amp.instMag.f IRT5F 1-cycle average Zone 5 restraint current

IRTMMXN6 Amp.instMag.f IRT6F 1-cycle average Zone 6 restraint current

METMMXN1 Amp.instMag.f I01FM 1-cycle average Phase 01 current (magnitude)

METMMXN2 Amp.instMag.f I02FM 1-cycle average Phase 02 current (magnitude)

METMMXN3 Amp.instMag.f I03FM 1-cycle average Phase 03 current (magnitude)

METMMXN4 Amp.instMag.f I04FM 1-cycle average Phase 04 current (magnitude)

METMMXN5 Amp.instMag.f I05FM 1-cycle average Phase 05 current (magnitude)

METMMXN6 Amp.instMag.f I06FM 1-cycle average Phase 06 current (magnitude)

METMMXN7 Amp.instMag.f I07FM 1-cycle average Phase 07 current (magnitude)

METMMXN8 Amp.instMag.f I08FM 1-cycle average Phase 08 current (magnitude)

METMMXN9 Amp.instMag.f I09FM 1-cycle average Phase 09 current (magnitude)

METMMXN10 Amp.instMag.f I10FM 1-cycle average Phase 10 current (magnitude)

METMMXN11 Amp.instMag.f I11FM 1-cycle average Phase 11 current (magnitude)

METMMXN12 Amp.instMag.f I12FM 1-cycle average Phase 12 current (magnitude)

METMMXN13 Amp.instMag.f I13FM 1-cycle average Phase 13 current (magnitude)

METMMXN14 Amp.instMag.f I14FM 1-cycle average Phase 14 current (magnitude)

METMMXN15 Amp.instMag.f I15FM 1-cycle average Phase 15 current (magnitude)

METMMXN16 Amp.instMag.f I16FM 1-cycle average Phase 16 current (magnitude)

METMMXN17 Amp.instMag.f I17FM 1-cycle average Phase 17 current (magnitude)

METMMXN18 Amp.instMag.f I18FM 1-cycle average Phase 18 current (magnitude)

METMMXN19 Amp.instMag.f I19FM 1-cycle average Phase 19 current (magnitude)

METMMXN20 Amp.instMag.f I20FM 1-cycle average Phase 20 current (magnitude)

METMMXN21 Amp.instMag.f I21FM 1-cycle average Phase 21 current (magnitude)

METVMMXN1 Vol.instMag.f V01FM 1-cycle average Phase 01 voltage (magnitude)

METVMMXN2 Vol.instMag.f V02FM 1-cycle average Phase 02 voltage (magnitude)

METVMMXN3 Vol.instMag.f V03FM 1-cycle average Phase 03 voltage (magnitude)

Functional Constraint = DC

LLN0 NamPlt.swRev VERFID Relay FID string

METLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay mainboard

METLPHD1 PhyNam.model PARNUM Relay part number

METLPHD1 PhyNam.serNum SERNUM Relay serial number

Table 10.13 Logical Device: MET (Metering) (Sheet 2 of 3)

Logical Node Attribute Data Source Comment
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Functional Constraint = DC

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level control authority

a I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
b If enabled, value = 1. If disabled, value = 3
c HWREV is an internal data source and is not available to the user.

Table 10.13 Logical Device: MET (Metering) (Sheet 3 of 3)

Logical Node Attribute Data Source Comment

Table 10.14 FLTYPE—Fault Type

Value Fault Type

0 No fault type identified/present

Table 10.15 FLTCAUS—Fault Cause

Value Fault Cause

0 No fault summary loaded

1 Trigger command

2 Trip element

3 Event report element

4 Differential trip

5 Breaker failure trip
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Relay Word Bits

This section contains tables of the Relay Word bits available in the SEL-487B 
relay. Table 11.1 lists the Relay Word bits in alphabetical order; Table 11.2 lists 
every Relay Word bit row and the bits contained within each row.

Alphabetical List
                    

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 1 of 79)

Name Bit Description Row

271P1 Undervoltage Element 1, Level 1 asserted 221

271P1T Undervoltage Element 1, Level 1 timed out 221

271P2 Undervoltage Element 1, Level 2 asserted 221

272P1 Undervoltage Element 2, Level 1 asserted 221

272P1T Undervoltage Element 2, Level 1 timed out 221

272P2 Undervoltage Element 2, Level 2 asserted 221

273P1 Undervoltage Element 3, Level 1 asserted 222

273P1T Undervoltage Element 3, Level 1 timed out 222

273P2 Undervoltage Element 3, Level 2 asserted 222

274P1 Undervoltage Element 4, Level 1 asserted 222

274P1T Undervoltage Element 4, Level 1 timed out 222

274P2 Undervoltage Element 4, Level 2 asserted 222

275P1 Undervoltage Element 5, Level 1 asserted 223

275P1T Undervoltage Element 5, Level 1 timed out 223

275P2 Undervoltage Element 5, Level 2 asserted 223

276P1 Undervoltage Element 6, Level 1 asserted 223

276P1T Undervoltage Element 6, Level 1 timed out 223

276P2 Undervoltage Element 6, Level 2 asserted 223

27TC1 Undervoltage Element 1, torque control 221

27TC2 Undervoltage Element 2, torque control 221

27TC3 Undervoltage Element 3, torque control 222

27TC4 Undervoltage Element 4, torque control 222

27TC5 Undervoltage Element 5, torque control 223

27TC6 Undervoltage Element 6, torque control 223

50DS01 Terminal 01 directional element current threshold exceeded 173

50DS02 Terminal 02 directional element current threshold exceeded 173

50DS03 Terminal 03 directional element current threshold exceeded 173

50DS04 Terminal 04 directional element current threshold exceeded 173
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50DS05 Terminal 05 directional element current threshold exceeded 173

50DS06 Terminal 06 directional element current threshold exceeded 173

50DS07 Terminal 07 directional element current threshold exceeded 173

50DS08 Terminal 08 directional element current threshold exceeded 173

50DS09 Terminal 09 directional element current threshold exceeded 174

50DS10 Terminal 10 directional element current threshold exceeded 174

50DS11 Terminal 11 directional element current threshold exceeded 174

50DS12 Terminal 12 directional element current threshold exceeded 174

50DS13 Terminal 13 directional element current threshold exceeded 174

50DS14 Terminal 14 directional element current threshold exceeded 174

50DS15 Terminal 15 directional element current threshold exceeded 174

50DS16 Terminal 16 directional element current threshold exceeded 174

50DS17 Terminal 17 directional element current threshold exceeded 175

50DS18 Terminal 18 directional element current threshold exceeded 175

50DS19 Terminal 19 directional element current threshold exceeded 175

50DS20 Terminal 20 directional element current threshold exceeded 175

50DS21 Terminal 21 directional element current threshold exceeded 175

50F01 Circuit Breaker 1 breaker failure current threshold exceeded 183

50F02 Circuit Breaker 2 breaker failure current threshold exceeded 184

50F03 Circuit Breaker 3 breaker failure current threshold exceeded 185

50F04 Circuit Breaker 4 breaker failure current threshold exceeded 186

50F05 Circuit Breaker 5 breaker failure current threshold exceeded 187

50F06 Circuit Breaker 6 breaker failure current threshold exceeded 188

50F07 Circuit Breaker 7 breaker failure current threshold exceeded 189

50F08 Circuit Breaker 8 breaker failure current threshold exceeded 190

50F09 Circuit Breaker 9 breaker failure current threshold exceeded 191

50F10 Circuit Breaker 10 breaker failure current threshold exceeded 192

50F11 Circuit Breaker 11 breaker failure current threshold exceeded 193

50F12 Circuit Breaker 12 breaker failure current threshold exceeded 194

50F13 Circuit Breaker 13 breaker failure current threshold exceeded 195

50F14 Circuit Breaker 14 breaker failure current threshold exceeded 196

50F15 Circuit Breaker 15 breaker failure current threshold exceeded 197

50F16 Circuit Breaker 16 breaker failure current threshold exceeded 198

50F17 Circuit Breaker 17 breaker failure current threshold exceeded 199

50F18 Circuit Breaker 18 breaker failure current threshold exceeded 200

50F19 Circuit Breaker 19 breaker failure current threshold exceeded 201

50F20 Circuit Breaker 20 breaker failure current threshold exceeded 202

50F21 Circuit Breaker 21 breaker failure current threshold exceeded 203

50P01 Terminal 01 instantaneous overcurrent element 207

50P01T Terminal 01 definite-time overcurrent element timed out 207

50P02 Terminal 02 instantaneous overcurrent element 207

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 2 of 79)

Name Bit Description Row
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50P02T Terminal 02 definite-time overcurrent element timed out 207

50P03 Terminal 03 instantaneous overcurrent element 207

50P03T Terminal 03 definite-time overcurrent element timed out 207

50P04 Terminal 04 instantaneous overcurrent element 207

50P04T Terminal 04 definite-time overcurrent element timed out 207

50P05 Terminal 05 instantaneous overcurrent element 208

50P05T Terminal 05 definite-time overcurrent element timed out 208

50P06 Terminal 06 instantaneous overcurrent element 208

50P06T Terminal 06 definite-time overcurrent element timed out 208

50P07 Terminal 07 instantaneous overcurrent element 208

50P07T Terminal 07 definite-time overcurrent element timed out 208

50P08 Terminal 08 instantaneous overcurrent element 208

50P08T Terminal 08 definite-time overcurrent element timed out 208

50P09 Terminal 09 instantaneous overcurrent element 209

50P09T Terminal 09 definite-time overcurrent element timed out 209

50P10 Terminal 10 instantaneous overcurrent element 209

50P10T Terminal 10 definite-time overcurrent element timed out 209

50P11 Terminal 11 instantaneous overcurrent element 209

50P11T Terminal 11 definite-time overcurrent element timed out 209

50P12 Terminal 12 instantaneous overcurrent element 209

50P12T Terminal 12 definite-time overcurrent element timed out 209

50P13 Terminal 13 instantaneous overcurrent element 210

50P13T Terminal 13 definite-time overcurrent element timed out 210

50P14 Terminal 14 instantaneous overcurrent element 210

50P14T Terminal 14 definite-time overcurrent element timed out 210

50P15 Terminal 15 instantaneous overcurrent element 210

50P15T Terminal 15 definite-time overcurrent element timed out 210

50P16 Terminal 16 instantaneous overcurrent element 210

50P16T Terminal 16 definite-time overcurrent element timed out 210

50P17 Terminal 17 instantaneous overcurrent element 211

50P17T Terminal 17 definite-time overcurrent element timed out 211

50P18 Terminal 18 instantaneous overcurrent element 211

50P18T Terminal 18 definite-time overcurrent element timed out 211

50P19 Terminal 19 instantaneous overcurrent element 211

50P19T Terminal 19 definite-time overcurrent element timed out 211

50P20 Terminal 20 instantaneous overcurrent element 211

50P20T Terminal 20 definite-time overcurrent element timed out 211

50P21 Terminal 21 instantaneous overcurrent element 212

50P21T Terminal 21 definite-time overcurrent element timed out 212

51MM01 Inverse-time Element 01 pickup setting outside of specified limits 219

51MM02 Inverse-time Element 02 pickup setting outside of specified limits 219

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 3 of 79)

Name Bit Description Row
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51MM03 Inverse-time Element 03 pickup setting outside of specified limits 219

51MM04 Inverse-time Element 04 pickup setting outside of specified limits 219

51MM05 Inverse-time Element 05 pickup setting outside of specified limits 220

51MM06 Inverse-time Element 06 pickup setting outside of specified limits 220

51MM07 Inverse-time Element 07 pickup setting outside of specified limits 220

51MM08 Inverse-time Element 08 pickup setting outside of specified limits 220

51MM09 Inverse-time Element 09 pickup setting outside of specified limits 232

51MM10 Inverse-time Element 10 pickup setting outside of specified limits 232

51MM11 Inverse-time Element 11 pickup setting outside of specified limits 232

51MM12 Inverse-time Element 12 pickup setting outside of specified limits 232

51MM13 Inverse-time Element 13 pickup setting outside of specified limits 233

51MM14 Inverse-time Element 14 pickup setting outside of specified limits 233

51MM15 Inverse-time Element 15 pickup setting outside of specified limits 233

51MM16 Inverse-time Element 16 pickup setting outside of specified limits 233

51MM17 Inverse-time Element 17 pickup setting outside of specified limits 234

51MM18 Inverse-time Element 18 pickup setting outside of specified limits 234

51MM19 Inverse-time Element 19 pickup setting outside of specified limits 234

51MM20 Inverse-time Element 20 pickup setting outside of specified limits 234

51MM21 Inverse-time Element 21 pickup setting outside of specified limits 252

51R01 Inverse-time Element 01 reset 254

51R02 Inverse-time Element 02 reset 254

51R03 Inverse-time Element 03 reset 254

51R04 Inverse-time Element 04 reset 254

51R05 Inverse-time Element 05 reset 254

51R06 Inverse-time Element 06 reset 254

51R07 Inverse-time Element 07 reset 254

51R08 Inverse-time Element 08 reset 254

51R09 Inverse-time Element 09 reset 253

51R10 Inverse-time Element 10 reset 253

51R11 Inverse-time Element 11 reset 253

51R12 Inverse-time Element 12 reset 253

51R13 Inverse-time Element 13 reset 253

51R14 Inverse-time Element 14 reset 253

51R15 Inverse-time Element 15 reset 253

51R16 Inverse-time Element 16 reset 253

51R17 Inverse-time Element 17 reset 381

51R18 Inverse-time Element 18 reset 381

51R19 Inverse-time Element 19 reset 381

51R20 Inverse-time Element 20 reset 381

51R21 Inverse-time Element 21 reset 381

51S01 Inverse-time Element 01 picked up 213

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 4 of 79)

Name Bit Description Row



11.5

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Alphabetical List

51S02 Inverse-time Element 02 picked up 213

51S03 Inverse-time Element 03 picked up 213

51S04 Inverse-time Element 04 picked up 213

51S05 Inverse-time Element 05 picked up 214

51S06 Inverse-time Element 06 picked up 214

51S07 Inverse-time Element 07 picked up 214

51S08 Inverse-time Element 08 picked up 214

51S09 Inverse-time Element 09 picked up 215

51S10 Inverse-time Element 10 picked up 215

51S11 Inverse-time Element 11 picked up 215

51S12 Inverse-time Element 12 picked up 215

51S13 Inverse-time Element 13 picked up 216

51S14 Inverse-time Element 14 picked up 216

51S15 Inverse-time Element 15 picked up 216

51S16 Inverse-time Element 16 picked up 216

51S17 Inverse-time Element 17 picked up 217

51S18 Inverse-time Element 18 picked up 217

51S19 Inverse-time Element 19 picked up 217

51S20 Inverse-time Element 20 picked up 217

51S21 Inverse-time Element 21 picked up 218

51T01 Inverse-time Element 01 timed out 213

51T02 Inverse-time Element 02 timed out 213

51T03 Inverse-time Element 03 timed out 213

51T04 Inverse-time Element 04 timed out 213

51T05 Inverse-time Element 05 timed out 214

51T06 Inverse-time Element 06 timed out 214

51T07 Inverse-time Element 07 timed out 214

51T08 Inverse-time Element 08 timed out 214

51T09 Inverse-time Element 09 timed out 215

51T10 Inverse-time Element 10 timed out 215

51T11 Inverse-time Element 11 timed out 215

51T12 Inverse-time Element 12 timed out 215

51T13 Inverse-time Element 13 timed out 216

51T14 Inverse-time Element 14 timed out 216

51T15 Inverse-time Element 15 timed out 216

51T16 Inverse-time Element 16 timed out 216

51T17 Inverse-time Element 17 timed out 217

51T18 Inverse-time Element 18 timed out 217

51T19 Inverse-time Element 19 timed out 217

51T20 Inverse-time Element 20 timed out 217

51T21 Inverse-time Element 21 timed out 218

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 5 of 79)

Name Bit Description Row
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51TM01 Inverse-time Element 01 time-dial setting outside of specified limits 219

51TM02 Inverse-time Element 02 time-dial setting outside of specified limits 219

51TM03 Inverse-time Element 03 time-dial setting outside of specified limits 219

51TM04 Inverse-time Element 04 time-dial setting outside of specified limits 219

51TM05 Inverse-time Element 05 time-dial setting outside of specified limits 220

51TM06 Inverse-time Element 06 time-dial setting outside of specified limits 220

51TM07 Inverse-time Element 07 time-dial setting outside of specified limits 220

51TM08 Inverse-time Element 08 time-dial setting outside of specified limits 220

51TM09 Inverse-time Element 09 time-dial setting outside of specified limits 232

51TM10 Inverse-time Element 10 time-dial setting outside of specified limits 232

51TM11 Inverse-time Element 11 time-dial setting outside of specified limits 232

51TM12 Inverse-time Element 12 time-dial setting outside of specified limits 232

51TM13 Inverse-time Element 13 time-dial setting outside of specified limits 233

51TM14 Inverse-time Element 14 time-dial setting outside of specified limits 233

51TM15 Inverse-time Element 15 time-dial setting outside of specified limits 233

51TM16 Inverse-time Element 16 time-dial setting outside of specified limits 233

51TM17 Inverse-time Element 17 time-dial setting outside of specified limits 234

51TM18 Inverse-time Element 18 time-dial setting outside of specified limits 234

51TM19 Inverse-time Element 19 time-dial setting outside of specified limits 234

51TM20 Inverse-time Element 20 time-dial setting outside of specified limits 234

51TM21 Inverse-time Element 21 time-dial setting outside of specified limits 252

52A01 Circuit Breaker 01 status 7

52A02 Circuit Breaker 02 status 7

52A03 Circuit Breaker 03 status 7

52A04 Circuit Breaker 04 status 8

52A05 Circuit Breaker 05 status 8

52A06 Circuit Breaker 06 status 8

52A07 Circuit Breaker 07 status 9

52A08 Circuit Breaker 08 status 9

52A09 Circuit Breaker 09 status 10

52A10 Circuit Breaker 10 status 10

52A11 Circuit Breaker 11 status 10

52A12 Circuit Breaker 12 status 11

52A13 Circuit Breaker 13 status 11

52A14 Circuit Breaker 14 status 11

52A15 Circuit Breaker 15 status 12

52A16 Circuit Breaker 16 status 12

52A17 Circuit Breaker 17 status 13

52A18 Circuit Breaker 18 status 13

52A19 Circuit Breaker 19 status 13

52A20 Circuit Breaker 20 status 14
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52A21 Circuit Breaker 21 status 14

52AL Any circuit breaker alarm 14

52AL01 Circuit Breaker 01 alarm 7

52AL02 Circuit Breaker 02 alarm 7

52AL03 Circuit Breaker 03 alarm 7

52AL04 Circuit Breaker 04 alarm 8

52AL05 Circuit Breaker 05 alarm 8

52AL06 Circuit Breaker 06 alarm 9

52AL07 Circuit Breaker 07 alarm 9

52AL08 Circuit Breaker 08 alarm 9

52AL09 Circuit Breaker 09 alarm 10

52AL10 Circuit Breaker 10 alarm 10

52AL11 Circuit Breaker 11 alarm 10

52AL12 Circuit Breaker 12 alarm 11

52AL13 Circuit Breaker 13 alarm 11

52AL14 Circuit Breaker 14 alarm 12

52AL15 Circuit Breaker 15 alarm 12

52AL16 Circuit Breaker 16 alarm 12

52AL17 Circuit Breaker 17 alarm 13

52AL18 Circuit Breaker 18 alarm 13

52AL19 Circuit Breaker 19 alarm 13

52AL20 Circuit Breaker 20 alarm 14

52AL21 Circuit Breaker 21 alarm 14

52CL01 Circuit Breaker 01 closed 7

52CL02 Circuit Breaker 02 closed 7

52CL03 Circuit Breaker 03 closed 8

52CL04 Circuit Breaker 04 closed 8

52CL05 Circuit Breaker 05 closed 8

52CL06 Circuit Breaker 06 closed 9

52CL07 Circuit Breaker 07 closed 9

52CL08 Circuit Breaker 08 closed 9

52CL09 Circuit Breaker 09 closed 10

52CL10 Circuit Breaker 10 closed 10

52CL11 Circuit Breaker 11 closed 11

52CL12 Circuit Breaker 12 closed 11

52CL13 Circuit Breaker 13 closed 11

52CL14 Circuit Breaker 14 closed 12

52CL15 Circuit Breaker 15 closed 12

52CL16 Circuit Breaker 16 closed 12

52CL17 Circuit Breaker 17 closed 13

52CL18 Circuit Breaker 18 closed 13
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52CL19 Circuit Breaker 19 closed 14

52CL20 Circuit Breaker 20 closed 14

52CL21 Circuit Breaker 21 closed 14

591P1 Overvoltage Element 1, Level 1 asserted   224

591P1T Overvoltage Element 1, Level 1 timed out 224

591P2 Overvoltage Element 1, Level 2 asserted   224

592P1 Overvoltage Element 2, Level 1 asserted   224

592P1T Overvoltage Element 2, Level 1 timed out 224

592P2 Overvoltage Element 2, Level 2 asserted   224

593P1 Overvoltage Element 3, Level 1 asserted   225

593P1T Overvoltage Element 3, Level 1 timed out 225

593P2 Overvoltage Element 3, Level 2 asserted   225

594P1 Overvoltage Element 4, Level 1 asserted   225

594P1T Overvoltage Element 4, Level 1 timed out 225

594P2 Overvoltage Element 4, Level 2 asserted   225

595P1 Overvoltage Element 5, Level 1 asserted   226

595P1T Overvoltage Element 5, Level 1 timed out 226

595P2 Overvoltage Element 5, Level 2 asserted   226

596P1 Overvoltage Element 6, Level 1 asserted   226

596P1T Overvoltage Element 6, Level 1 timed out 226

596P2 Overvoltage Element 6, Level 2 asserted   226

59TC1 Overvoltage Element 1, torque control 224

59TC2 Overvoltage Element 2, torque control 224

59TC3 Overvoltage Element 3, torque control 225

59TC4 Overvoltage Element 4, torque control 225

59TC5 Overvoltage Element 5, torque control 226

59TC6 Overvoltage Element 6, torque control 226

87BTR Any terminal bus-zone differential trip asserted 231

87BTR01 Terminal 01 bus-zone differential trip asserted 228

87BTR02 Terminal 02 bus-zone differential trip asserted 228

87BTR03 Terminal 03 bus-zone differential trip asserted 228

87BTR04 Terminal 04 bus-zone differential trip asserted 228

87BTR05 Terminal 05 bus-zone differential trip asserted 228

87BTR06 Terminal 06 bus-zone differential trip asserted 228

87BTR07 Terminal 07 bus-zone differential trip asserted 228

87BTR08 Terminal 08 bus-zone differential trip asserted 228

87BTR09 Terminal 09 bus-zone differential trip asserted 229

87BTR10 Terminal 10 bus-zone differential trip asserted 229

87BTR11 Terminal 11 bus-zone differential trip asserted 229

87BTR12 Terminal 12 bus-zone differential trip asserted 229

87BTR13 Terminal 13 bus-zone differential trip asserted 229
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87BTR14 Terminal 14 bus-zone differential trip asserted 229

87BTR15 Terminal 15 bus-zone differential trip asserted 229

87BTR16 Terminal 16 bus-zone differential trip asserted 229

87BTR17 Terminal 17 bus-zone differential trip asserted 230

87BTR18 Terminal 18 bus-zone differential trip asserted 230

87BTR19 Terminal 19 bus-zone differential trip asserted 230

87BTR20 Terminal 20 bus-zone differential trip asserted 230

87BTR21 Terminal 21 bus-zone differential trip asserted 230

87CZ1 Check Zone 1 differential element trip 447

87CZ2 Check Zone 2 differential element trip 447

87CZ3 Check Zone 3 differential element trip 447

87O1 Zone 1 restraint differential operating current above O87P 159

87O2 Zone 2 restraint differential operating current above O87P 161

87O3 Zone 3 restraint differential operating current above O87P 163

87O4 Zone 4 restraint differential operating current above O87P 165

87O5 Zone 5 restraint differential operating current above O87P 167

87O6 Zone 6 restraint differential operating current above O87P 169

87OCZ1 Check Zone 1 restraint differential operating current above CZO87P 450

87OCZ2 Check Zone 2 restraint differential operating current above CZO87P 452

87OCZ3 Check Zone 3 restraint differential operating current above CZO87P 454

87R1 Zone 1 restraint differential element picked up 159

87R2 Zone 2 restraint differential element picked up 161

87R3 Zone 3 restraint differential element picked up 163

87R4 Zone 4 restraint differential element picked up 165

87R5 Zone 5 restraint differential element picked up 167

87R6 Zone 6 restraint differential element picked up 169

87RCZ1 Check Zone 1 restraint differential element picked up 450

87RCZ2 Check Zone 2 restraint differential element picked up 452

87RCZ3 Check Zone 3 restraint differential element picked up 454

87S1 Zone 1 sensitive differential element picked up 157

87S2 Zone 2 sensitive differential element picked up 157

87S3 Zone 3 sensitive differential element picked up 157

87S4 Zone 4 sensitive differential element picked up 157

87S5 Zone 5 sensitive differential element picked up 157

87S6 Zone 6 sensitive differential element picked up 157

87SCZ1 Check Zone 1 sensitive differential element picked up 448

87SCZ2 Check Zone 2 sensitive differential element picked up 448

87SCZ3 Check Zone 3 sensitive differential element picked up 448

87ST Any sensitive differential element timer timed out 158

87ST1 Zone 1 sensitive differential element timed out 158

87ST2 Zone 2 sensitive differential element timed out 158
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87ST3 Zone 3 sensitive differential element timed out 158

87ST4 Zone 4 sensitive differential element timed out 158

87ST5 Zone 5 sensitive differential element timed out 158

87ST6 Zone 6 sensitive differential element timed out 158

87STCZ1 Check Zone 1 sensitive differential element timed out 449

87STCZ2 Check Zone 2 sensitive differential element timed out 449

87STCZ3 Check Zone 3 sensitive differential element timed out 449

87Z1 Zone 1 differential element trip 235

87Z2 Zone 2 differential element trip 235

87Z3 Zone 3 differential element trip 235

87Z4 Zone 4 differential element trip 235

87Z5 Zone 5 differential element trip 235

87Z6 Zone 6 differential element trip 235

89A01 Disconnect 01 A auxiliary contact closed 17

89A02 Disconnect 02 A auxiliary contact closed 17

89A03 Disconnect 03 A auxiliary contact closed 18

89A04 Disconnect 04 A auxiliary contact closed 18

89A05 Disconnect 05 A auxiliary contact closed 19

89A06 Disconnect 06 A auxiliary contact closed 20

89A07 Disconnect 07 A auxiliary contact closed 20

89A08 Disconnect 08 A auxiliary contact closed 21

89A09 Disconnect 09 A auxiliary contact closed 22

89A10 Disconnect 10 A auxiliary contact closed 22

89A11 Disconnect 11 A auxiliary contact closed 23

89A12 Disconnect 12 A auxiliary contact closed 23

89A13 Disconnect 13 A auxiliary contact closed 24

89A14 Disconnect 14 A auxiliary contact closed 25

89A15 Disconnect 15 A auxiliary contact closed 25

89A16 Disconnect 16 A auxiliary contact closed 26

89A17 Disconnect 17 A auxiliary contact closed 27

89A18 Disconnect 18 A auxiliary contact closed 27

89A19 Disconnect 19 A auxiliary contact closed 28

89A20 Disconnect 20 A auxiliary contact closed 28

89A21 Disconnect 21 A auxiliary contact closed 29

89A22 Disconnect 22 A auxiliary contact closed 30

89A23 Disconnect 23 A auxiliary contact closed 30

89A24 Disconnect 24 A auxiliary contact closed 31

89A25 Disconnect 25 A auxiliary contact closed 32

89A26 Disconnect 26 A auxiliary contact closed 32

89A27 Disconnect 27 A auxiliary contact closed 33

89A28 Disconnect 28 A auxiliary contact closed 33
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89A29 Disconnect 29 A auxiliary contact closed 34

89A30 Disconnect 30 A auxiliary contact closed 35

89A31 Disconnect 31 A auxiliary contact closed 35

89A32 Disconnect 32 A auxiliary contact closed 36

89A33 Disconnect 33 A auxiliary contact closed 37

89A34 Disconnect 34 A auxiliary contact closed 37

89A35 Disconnect 35 A auxiliary contact closed 38

89A36 Disconnect 36 A auxiliary contact closed 38

89A37 Disconnect 37 A auxiliary contact closed 39

89A38 Disconnect 38 A auxiliary contact closed 40

89A39 Disconnect 39 A auxiliary contact closed 40

89A40 Disconnect 40 A auxiliary contact closed 41

89A41 Disconnect 41 A auxiliary contact closed 42

89A42 Disconnect 42 A auxiliary contact closed 42

89A43 Disconnect 43 A auxiliary contact closed 43

89A44 Disconnect 44 A auxiliary contact closed 43

89A45 Disconnect 45 A auxiliary contact closed 44

89A46 Disconnect 46 A auxiliary contact closed 45

89A47 Disconnect 47 A auxiliary contact closed 45

89A48 Disconnect 48 A auxiliary contact closed 46

89A49 Disconnect 49 A auxiliary contact closed 47

89A50 Disconnect 50 A auxiliary contact closed 47

89A51 Disconnect 51 A auxiliary contact closed 48

89A52 Disconnect 52 A auxiliary contact closed 48

89A53 Disconnect 53 A auxiliary contact closed 49

89A54 Disconnect 54 A auxiliary contact closed 50

89A55 Disconnect 55 A auxiliary contact closed 50

89A56 Disconnect 56 A auxiliary contact closed 51

89A57 Disconnect 57 A auxiliary contact closed 52

89A58 Disconnect 58 A auxiliary contact closed 52

89A59 Disconnect 59 A auxiliary contact closed 53

89A60 Disconnect 60 A auxiliary contact closed 53

89AL Any disconnect auxiliary contact discrepancy alarm 55

89AL01 Disconnect 01 auxiliary contact discrepancy alarm 17

89AL02 Disconnect 02 auxiliary contact discrepancy alarm 18

89AL03 Disconnect 03 auxiliary contact discrepancy alarm 18

89AL04 Disconnect 04 auxiliary contact discrepancy alarm 19

89AL05 Disconnect 05 auxiliary contact discrepancy alarm 20

89AL06 Disconnect 06 auxiliary contact discrepancy alarm 20

89AL07 Disconnect 07 auxiliary contact discrepancy alarm 21

89AL08 Disconnect 08 auxiliary contact discrepancy alarm 21
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89AL09 Disconnect 09 auxiliary contact discrepancy alarm 22

89AL10 Disconnect 10 auxiliary contact discrepancy alarm 23

89AL11 Disconnect 11 auxiliary contact discrepancy alarm 23

89AL12 Disconnect 12 auxiliary contact discrepancy alarm 24

89AL13 Disconnect 13 auxiliary contact discrepancy alarm 25

89AL14 Disconnect 14 auxiliary contact discrepancy alarm 25

89AL15 Disconnect 15 auxiliary contact discrepancy alarm 26

89AL16 Disconnect 16 auxiliary contact discrepancy alarm 26

89AL17 Disconnect 17 auxiliary contact discrepancy alarm 27

89AL18 Disconnect 18 auxiliary contact discrepancy alarm 28

89AL19 Disconnect 19 auxiliary contact discrepancy alarm 28

89AL20 Disconnect 20 auxiliary contact discrepancy alarm 29

89AL21 Disconnect 21 auxiliary contact discrepancy alarm 30

89AL22 Disconnect 22 auxiliary contact discrepancy alarm 30

89AL23 Disconnect 23 auxiliary contact discrepancy alarm 31

89AL24 Disconnect 24 auxiliary contact discrepancy alarm 31

89AL25 Disconnect 25 auxiliary contact discrepancy alarm 32

89AL26 Disconnect 26 auxiliary contact discrepancy alarm 33

89AL27 Disconnect 27 auxiliary contact discrepancy alarm 33

89AL28 Disconnect 28 auxiliary contact discrepancy alarm 34

89AL29 Disconnect 29 auxiliary contact discrepancy alarm 35

89AL30 Disconnect 30 auxiliary contact discrepancy alarm 35

89AL31 Disconnect 31 auxiliary contact discrepancy alarm 36

89AL32 Disconnect 32 auxiliary contact discrepancy alarm 36

89AL33 Disconnect 33 auxiliary contact discrepancy alarm 37

89AL34 Disconnect 34 auxiliary contact discrepancy alarm 38

89AL35 Disconnect 35 auxiliary contact discrepancy alarm 38

89AL36 Disconnect 36 auxiliary contact discrepancy alarm 39

89AL37 Disconnect 37 auxiliary contact discrepancy alarm 40

89AL38 Disconnect 38 auxiliary contact discrepancy alarm 40

89AL39 Disconnect 39 auxiliary contact discrepancy alarm 41

89AL40 Disconnect 40 auxiliary contact discrepancy alarm 41

89AL41 Disconnect 41 auxiliary contact discrepancy alarm 42

89AL42 Disconnect 42 auxiliary contact discrepancy alarm 43

89AL43 Disconnect 43 auxiliary contact discrepancy alarm 43

89AL44 Disconnect 44 auxiliary contact discrepancy alarm 44

89AL45 Disconnect 45 auxiliary contact discrepancy alarm 45

89AL46 Disconnect 46 auxiliary contact discrepancy alarm 45

89AL47 Disconnect 47 auxiliary contact discrepancy alarm 46

89AL48 Disconnect 48 auxiliary contact discrepancy alarm 46

89AL49 Disconnect 49 auxiliary contact discrepancy alarm 47
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89AL50 Disconnect 50 auxiliary contact discrepancy alarm 48

89AL51 Disconnect 51 auxiliary contact discrepancy alarm 48

89AL52 Disconnect 52 auxiliary contact discrepancy alarm 49

89AL53 Disconnect 53 auxiliary contact discrepancy alarm 50

89AL54 Disconnect 54 auxiliary contact discrepancy alarm 50

89AL55 Disconnect 55 auxiliary contact discrepancy alarm 51

89AL56 Disconnect 56 auxiliary contact discrepancy alarm 51

89AL57 Disconnect 57 auxiliary contact discrepancy alarm 52

89AL58 Disconnect 58 auxiliary contact discrepancy alarm 53

89AL59 Disconnect 59 auxiliary contact discrepancy alarm 53

89AL60 Disconnect 60 auxiliary contact discrepancy alarm 54

89B01 Disconnect 01 B auxiliary contact closed 17

89B02 Disconnect 02 B auxiliary contact closed 17

89B03 Disconnect 03 B auxiliary contact closed 18

89B04 Disconnect 04 B auxiliary contact closed 19

89B05 Disconnect 05 B auxiliary contact closed 19

89B06 Disconnect 06 B auxiliary contact closed 20

89B07 Disconnect 07 B auxiliary contact closed 20

89B08 Disconnect 08 B auxiliary contact closed 21

89B09 Disconnect 09 B auxiliary contact closed 22

89B10 Disconnect 10 B auxiliary contact closed 22

89B11 Disconnect 11 B auxiliary contact closed 23

89B12 Disconnect 12 B auxiliary contact closed 24

89B13 Disconnect 13 B auxiliary contact closed 24

89B14 Disconnect 14 B auxiliary contact closed 25

89B15 Disconnect 15 B auxiliary contact closed 25

89B16 Disconnect 16 B auxiliary contact closed 26

89B17 Disconnect 17 B auxiliary contact closed 27

89B18 Disconnect 18 B auxiliary contact closed 27

89B19 Disconnect 19 B auxiliary contact closed 28

89B20 Disconnect 20 B auxiliary contact closed 29

89B21 Disconnect 21 B auxiliary contact closed 29

89B22 Disconnect 22 B auxiliary contact closed 30

89B23 Disconnect 23 B auxiliary contact closed 30

89B24 Disconnect 24 B auxiliary contact closed 31

89B25 Disconnect 25 B auxiliary contact closed 32

89B26 Disconnect 26 B auxiliary contact closed 32

89B27 Disconnect 27 B auxiliary contact closed 33

89B28 Disconnect 28 B auxiliary contact closed 34

89B29 Disconnect 29 B auxiliary contact closed 34

89B30 Disconnect 30 B auxiliary contact closed 35
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89B31 Disconnect 31 B auxiliary contact closed 35

89B32 Disconnect 32 B auxiliary contact closed 36

89B33 Disconnect 33 B auxiliary contact closed 37

89B34 Disconnect 34 B auxiliary contact closed 37

89B35 Disconnect 35 B auxiliary contact closed 38

89B36 Disconnect 36 B auxiliary contact closed 39

89B37 Disconnect 37 B auxiliary contact closed 39

89B38 Disconnect 38 B auxiliary contact closed 40

89B39 Disconnect 39 B auxiliary contact closed 40

89B40 Disconnect 40 B auxiliary contact closed 41

89B41 Disconnect 41 B auxiliary contact closed 42

89B42 Disconnect 42 B auxiliary contact closed 42

89B43 Disconnect 43 B auxiliary contact closed 43

89B44 Disconnect 44 B auxiliary contact closed 44

89B45 Disconnect 45 B auxiliary contact closed 44

89B46 Disconnect 46 B auxiliary contact closed 45

89B47 Disconnect 47 B auxiliary contact closed 45

89B48 Disconnect 48 B auxiliary contact closed 46

89B49 Disconnect 49 B auxiliary contact closed 47

89B50 Disconnect 50 B auxiliary contact closed 47

89B51 Disconnect 51 B auxiliary contact closed 48

89B52 Disconnect 52 B auxiliary contact closed 49

89B53 Disconnect 53 B auxiliary contact closed 49

89B54 Disconnect 54 B auxiliary contact closed 50

89B55 Disconnect 55 B auxiliary contact closed 50

89B56 Disconnect 56 B auxiliary contact closed 51

89B57 Disconnect 57 B auxiliary contact closed 52

89B58 Disconnect 58 B auxiliary contact closed 52

89B59 Disconnect 59 B auxiliary contact closed 53

89B60 Disconnect 60 B auxiliary contact closed 54

89CL01 Disconnect 01 closed 17

89CL02 Disconnect 02 closed 17

89CL03 Disconnect 03 closed 18

89CL04 Disconnect 04 closed 19

89CL05 Disconnect 05 closed 19

89CL06 Disconnect 06 closed 20

89CL07 Disconnect 07 closed 21

89CL08 Disconnect 08 closed 21

89CL09 Disconnect 09 closed 22

89CL10 Disconnect 10 closed 22

89CL11 Disconnect 11 closed 23
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89CL12 Disconnect 12 closed 24

89CL13 Disconnect 13 closed 24

89CL14 Disconnect 14 closed 25

89CL15 Disconnect 15 closed 26

89CL16 Disconnect 16 closed 26

89CL17 Disconnect 17 closed 27

89CL18 Disconnect 18 closed 27

89CL19 Disconnect 19 closed 28

89CL20 Disconnect 20 closed 29

89CL21 Disconnect 21 closed 29

89CL22 Disconnect 22 closed 30

89CL23 Disconnect 23 closed 31

89CL24 Disconnect 24 closed 31

89CL25 Disconnect 25 closed 32

89CL26 Disconnect 26 closed 32

89CL27 Disconnect 27 closed 33

89CL28 Disconnect 28 closed 34

89CL29 Disconnect 29 closed 34

89CL30 Disconnect 30 closed 35

89CL31 Disconnect 31 closed 36

89CL32 Disconnect 32 closed 36

89CL33 Disconnect 33 closed 37

89CL34 Disconnect 34 closed 37

89CL35 Disconnect 35 closed 38

89CL36 Disconnect 36 closed 39

89CL37 Disconnect 37 closed 39

89CL38 Disconnect 38 closed 40

89CL39 Disconnect 39 closed 41

89CL40 Disconnect 40 closed 41

89CL41 Disconnect 41 closed 42

89CL42 Disconnect 42 closed 42

89CL43 Disconnect 43 closed 43

89CL44 Disconnect 44 closed 44

89CL45 Disconnect 45 closed 44

89CL46 Disconnect 46 closed 45

89CL47 Disconnect 47 closed 46

89CL48 Disconnect 48 closed 46

89CL49 Disconnect 49 closed 47

89CL50 Disconnect 50 closed 47

89CL51 Disconnect 51 closed 48

89CL52 Disconnect 52 closed 49
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89CL53 Disconnect 53 closed 49

89CL54 Disconnect 54 closed 50

89CL55 Disconnect 55 closed 51

89CL56 Disconnect 56 closed 51

89CL57 Disconnect 57 closed 52

89CL58 Disconnect 58 closed 52

89CL59 Disconnect 59 closed 53

89CL60 Disconnect 60 closed 54

89OIP Any disconnect operation in progress 55

89OIP01 Disconnect 01 operation in progress 17

89OIP02 Disconnect 02 operation in progress 18

89OIP03 Disconnect 03 operation in progress 18

89OIP04 Disconnect 04 operation in progress 19

89OIP05 Disconnect 05 operation in progress 19

89OIP06 Disconnect 06 operation in progress 20

89OIP07 Disconnect 07 operation in progress 21

89OIP08 Disconnect 08 operation in progress 21

89OIP09 Disconnect 09 operation in progress 22

89OIP10 Disconnect 10 operation in progress 23

89OIP11 Disconnect 11 operation in progress 23

89OIP12 Disconnect 12 operation in progress 24

89OIP13 Disconnect 13 operation in progress 24

89OIP14 Disconnect 14 operation in progress 25

89OIP15 Disconnect 15 operation in progress 26

89OIP16 Disconnect 16 operation in progress 26

89OIP17 Disconnect 17 operation in progress 27

89OIP18 Disconnect 18 operation in progress 28

89OIP19 Disconnect 19 operation in progress 28

89OIP20 Disconnect 20 operation in progress 29

89OIP21 Disconnect 21 operation in progress 29

89OIP22 Disconnect 22 operation in progress 30

89OIP23 Disconnect 23 operation in progress 31

89OIP24 Disconnect 24 operation in progress 31

89OIP25 Disconnect 25 operation in progress 32

89OIP26 Disconnect 26 operation in progress 33

89OIP27 Disconnect 27 operation in progress 33

89OIP28 Disconnect 28 operation in progress 34

89OIP29 Disconnect 29 operation in progress 34

89OIP30 Disconnect 30 operation in progress 35

89OIP31 Disconnect 31 operation in progress 36

89OIP32 Disconnect 32 operation in progress 36
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89OIP33 Disconnect 33 operation in progress 37

89OIP34 Disconnect 34 operation in progress 38

89OIP35 Disconnect 35 operation in progress 38

89OIP36 Disconnect 36 operation in progress 39

89OIP37 Disconnect 37 operation in progress 39

89OIP38 Disconnect 38 operation in progress 40

89OIP39 Disconnect 39 operation in progress 41

89OIP40 Disconnect 40 operation in progress 41

89OIP41 Disconnect 41 operation in progress 42

89OIP42 Disconnect 42 operation in progress 43

89OIP43 Disconnect 43 operation in progress 43

89OIP44 Disconnect 44 operation in progress 44

89OIP45 Disconnect 45 operation in progress 44

89OIP46 Disconnect 46 operation in progress 45

89OIP47 Disconnect 47 operation in progress 46

89OIP48 Disconnect 48 operation in progress 46

89OIP49 Disconnect 49 operation in progress 47

89OIP50 Disconnect 50 operation in progress 48

89OIP51 Disconnect 51 operation in progress 48

89OIP52 Disconnect 52 operation in progress 49

89OIP53 Disconnect 53 operation in progress 49

89OIP54 Disconnect 54 operation in progress 50

89OIP55 Disconnect 55 operation in progress 51

89OIP56 Disconnect 56 operation in progress 51

89OIP57 Disconnect 57 operation in progress 52

89OIP58 Disconnect 58 operation in progress 53

89OIP59 Disconnect 59 operation in progress 53

89OIP60 Disconnect 60 operation in progress 54

ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate 183

ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate 184

ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate 185

ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate 186

ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate 187

ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate 188

ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate 189

ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate 190

ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate 191

ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate 192

ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate 193

ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate 194

ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate 195
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ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate 196

ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate 197

ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate 198

ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate 199

ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate 200

ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate 201

ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate 202

ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate 203

ACCESS A user is connected at Access Level B or higher 377

ACCESSP Pulsed when higher level access achieved 377

ACN01Q Automation counter Output 1 366

ACN01R Automation counter Reset 1 370

ACN02Q Automation counter Output 2 366

ACN02R Automation counter Reset 2 370

ACN03Q Automation counter Output 3 366

ACN03R Automation counter Reset 3 370

ACN04Q Automation counter Output 4 366

ACN04R Automation counter Reset 4 370

ACN05Q Automation counter Output 5 366

ACN05R Automation counter Reset 5 370

ACN06Q Automation counter Output 6 366

ACN06R Automation counter Reset 6 370

ACN07Q Automation counter Output 7 366

ACN07R Automation counter Reset 7 370

ACN08Q Automation counter Output 8 366

ACN08R Automation counter Reset 8 370

ACN09Q Automation counter Output 9 367

ACN09R Automation counter Reset 9 371

ACN10Q Automation counter Output 10 367

ACN10R Automation counter Reset 10 371

ACN11Q Automation counter Output 11 367

ACN11R Automation counter Reset 11 371

ACN12Q Automation counter Output 12 367

ACN12R Automation counter Reset 12 371

ACN13Q Automation counter Output 13 367

ACN13R Automation counter Reset 13 371

ACN14Q Automation counter Output 14 367

ACN14R Automation counter Reset 14 371

ACN15Q Automation counter Output 15 367

ACN15R Automation counter Reset 15 371

ACN16Q Automation counter Output 16 367
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ACN16R Automation counter Reset 16 371

ACN17Q Automation counter Output 17 368

ACN17R Automation counter Reset 17 372

ACN18Q Automation counter Output 18 368

ACN18R Automation counter Reset 18 372

ACN19Q Automation counter Output 19 368

ACN19R Automation counter Reset 19 372

ACN20Q Automation counter Output 20 368

ACN20R Automation counter Reset 20 372

ACN21Q Automation counter Output 21 368

ACN21R Automation counter Reset 21 372

ACN22Q Automation counter Output 22 368

ACN22R Automation counter Reset 22 372

ACN23Q Automation counter Output 23 368

ACN23R Automation counter Reset 23 372

ACN24Q Automation counter Output 24 368

ACN24R Automation counter Reset 24 372

ACN25Q Automation counter Output 25 369

ACN25R Automation counter Reset 25 373

ACN26Q Automation counter Output 26 369

ACN26R Automation counter Reset 26 373

ACN27Q Automation counter Output 27 369

ACN27R Automation counter Reset 27 373

ACN28Q Automation counter Output 28 369

ACN28R Automation counter Reset 28 373

ACN29Q Automation counter Output 29 369

ACN29R Automation counter Reset 29 373

ACN30Q Automation counter Output 30 369

ACN30R Automation counter Reset 30 373

ACN31Q Automation counter Output 31 369

ACN31R Automation counter Reset 31 373

ACN32Q Automation counter Output 32 369

ACN32R Automation counter Reset 32 373

ACT01Q Automation conditioning timer Output 01 484

ACT02Q Automation conditioning timer Output 02 484

ACT03Q Automation conditioning timer Output 03 484

ACT04Q Automation conditioning timer Output 04 484

ACT05Q Automation conditioning timer Output 05 484

ACT06Q Automation conditioning timer Output 06 484

ACT07Q Automation conditioning timer Output 07 484

ACT08Q Automation conditioning timer Output 08 484
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ACT09Q Automation conditioning timer Output 09 485

ACT10Q Automation conditioning timer Output 10 485

ACT11Q Automation conditioning timer Output 11 485

ACT12Q Automation conditioning timer Output 12 485

ACT13Q Automation conditioning timer Output 13 485

ACT14Q Automation conditioning timer Output 14 485

ACT15Q Automation conditioning timer Output 15 485

ACT16Q Automation conditioning timer Output 16 485

ACT17Q Automation conditioning timer Output 17 486

ACT18Q Automation conditioning timer Output 18 486

ACT19Q Automation conditioning timer Output 19 486

ACT20Q Automation conditioning timer Output 20 486

ACT21Q Automation conditioning timer Output 21 486

ACT22Q Automation conditioning timer Output 22 486

ACT23Q Automation conditioning timer Output 23 486

ACT24Q Automation conditioning timer Output 24 486

ACT25Q Automation conditioning timer Output 25 487

ACT26Q Automation conditioning timer Output 26 487

ACT27Q Automation conditioning timer Output 27 487

ACT28Q Automation conditioning timer Output 28 487

ACT29Q Automation conditioning timer Output 29 487

ACT30Q Automation conditioning timer Output 30 487

ACT31Q Automation conditioning timer Output 31 487

ACT32Q Automation conditioning timer Output 32 487

ACTRP1 Coupler 1 accelerated trip SELOGIC control equation 176

ACTRP2 Coupler 2 accelerated trip SELOGIC control equation 177

ACTRP3 Coupler 3 accelerated trip SELOGIC control equation 178

ACTRP4 Coupler 4 accelerated trip SELOGIC control equation 179

ACTRPT1 Coupler 1 accelerated trip timed out 176

ACTRPT2 Coupler 2 accelerated trip timed out 177

ACTRPT3 Coupler 3 accelerated trip timed out 178

ACTRPT4 Coupler 4 accelerated trip timed out 179

AFRTEXA Automation SELOGIC control equation first execution automation 375

AFRTEXP Automation SELOGIC control equation first execution protection 375

ALT01 Automation Latch 1 354

ALT02 Automation Latch 2 354

ALT03 Automation Latch 3 354

ALT04 Automation Latch 4 354

ALT05 Automation Latch 5 354

ALT06 Automation Latch 6 354

ALT07 Automation Latch 7 354

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 20 of 79)
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ALT08 Automation Latch 8 354

ALT09 Automation Latch 9 355

ALT10 Automation Latch 10 355

ALT11 Automation Latch 11 355

ALT12 Automation Latch 12 355

ALT13 Automation Latch 13 355

ALT14 Automation Latch 14 355

ALT15 Automation Latch 15 355

ALT16 Automation Latch 16 355

ALT17 Automation Latch 17 356

ALT18 Automation Latch 18 356

ALT19 Automation Latch 19 356

ALT20 Automation Latch 20 356

ALT21 Automation Latch 21 356

ALT22 Automation Latch 22 356

ALT23 Automation Latch 23 356

ALT24 Automation Latch 24 356

ALT25 Automation Latch 25 357

ALT26 Automation Latch 26 357

ALT27 Automation Latch 27 357

ALT28 Automation Latch 28 357

ALT29 Automation Latch 29 357

ALT30 Automation Latch 30 357

ALT31 Automation Latch 31 357

ALT32 Automation Latch 32 357

ANOKA Channel A MIRRORED BITS analog transfer OK 404

ANOKB Channel B MIRRORED BITS analog transfer OK 405

AST01Q Automation sequencing timer Output 1 358

AST01R Automation sequencing timer Reset 1 362

AST02Q Automation sequencing timer Output 2 358

AST02R Automation sequencing timer Reset 2 362

AST03Q Automation sequencing timer Output 3 358

AST03R Automation sequencing timer Reset 3 362

AST04Q Automation sequencing timer Output 4 358

AST04R Automation sequencing timer Reset 4 362

AST05Q Automation sequencing timer Output 5 358

AST05R Automation sequencing timer Reset 5 362

AST06Q Automation sequencing timer Output 6 358

AST06R Automation sequencing timer Reset 6 362

AST07Q Automation sequencing timer Output 7 358

AST07R Automation sequencing timer Reset 7 362
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AST08Q Automation sequencing timer Output 8 358

AST08R Automation sequencing timer Reset 8 362

AST09Q Automation sequencing timer Output 9 359

AST09R Automation sequencing timer Reset 9 363

AST10Q Automation sequencing timer Output 10 359

AST10R Automation sequencing timer Reset 10 363

AST11Q Automation sequencing timer Output 11 359

AST11R Automation sequencing timer Reset 11 363

AST12Q Automation sequencing timer Output 12 359

AST12R Automation sequencing timer Reset 12 363

AST13Q Automation sequencing timer Output 13 359

AST13R Automation sequencing timer Reset 13 363

AST14Q Automation sequencing timer Output 14 359

AST14R Automation sequencing timer Reset 14 363

AST15Q Automation sequencing timer Output 15 359

AST15R Automation sequencing timer Reset 15 363

AST16Q Automation sequencing timer Output 16 359

AST16R Automation sequencing timer Reset 16 363

AST17Q Automation sequencing timer Output 17 360

AST17R Automation sequencing timer Reset 17 364

AST18Q Automation sequencing timer Output 18 360

AST18R Automation sequencing timer Reset 18 364

AST19Q Automation sequencing timer Output 19 360

AST19R Automation sequencing timer Reset 19 364

AST20Q Automation sequencing timer Output 20 360

AST20R Automation sequencing timer Reset 20 364

AST21Q Automation sequencing timer Output 21 360

AST21R Automation sequencing timer Reset 21 364

AST22Q Automation sequencing timer Output 22 360

AST22R Automation sequencing timer Reset 22 364

AST23Q Automation sequencing timer Output 23 360

AST23R Automation sequencing timer Reset 23 364

AST24Q Automation sequencing timer Output 24 360

AST24R Automation sequencing timer Reset 24 364

AST25Q Automation sequencing timer Output 25 361

AST25R Automation sequencing timer Reset 25 365

AST26Q Automation sequencing timer Output 26 361

AST26R Automation sequencing timer Reset 26 365

AST27Q Automation sequencing timer Output 27 361

AST27R Automation sequencing timer Reset 27 365

AST28Q Automation sequencing timer Output 28 361
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AST28R Automation sequencing timer Reset 28 365

AST29Q Automation sequencing timer Output 29 361

AST29R Automation sequencing timer Reset 29 365

AST30Q Automation sequencing timer Output 30 361

AST30R Automation sequencing timer Reset 30 365

AST31Q Automation sequencing timer Output 31 361

AST31R Automation sequencing timer Reset 31 365

AST32Q Automation sequencing timer Output 32 361

AST32R Automation sequencing timer Reset 32 365

ASV001 Automation SELOGIC control equation Variable 1 322

ASV002 Automation SELOGIC control equation Variable 2 322

ASV003 Automation SELOGIC control equation Variable 3 322

ASV004 Automation SELOGIC control equation Variable 4 322

ASV005 Automation SELOGIC control equation Variable 5 322

ASV006 Automation SELOGIC control equation Variable 6 322

ASV007 Automation SELOGIC control equation Variable 7 322

ASV008 Automation SELOGIC control equation Variable 8 322

ASV009 Automation SELOGIC control equation Variable 9 323

ASV010 Automation SELOGIC control equation Variable 10 323

ASV011 Automation SELOGIC control equation Variable 11 323

ASV012 Automation SELOGIC control equation Variable 12 323

ASV013 Automation SELOGIC control equation Variable 13 323

ASV014 Automation SELOGIC control equation Variable 14 323

ASV015 Automation SELOGIC control equation Variable 15 323

ASV016 Automation SELOGIC control equation Variable 16 323

ASV017 Automation SELOGIC control equation Variable 17 324

ASV018 Automation SELOGIC control equation Variable 18 324

ASV019 Automation SELOGIC control equation Variable 19 324

ASV020 Automation SELOGIC control equation Variable 20 324

ASV021 Automation SELOGIC control equation Variable 21 324

ASV022 Automation SELOGIC control equation Variable 22 324

ASV023 Automation SELOGIC control equation Variable 23 324

ASV024 Automation SELOGIC control equation Variable 24 324

ASV025 Automation SELOGIC control equation Variable 25 325

ASV026 Automation SELOGIC control equation Variable 26 325

ASV027 Automation SELOGIC control equation Variable 27 325

ASV028 Automation SELOGIC control equation Variable 28 325

ASV029 Automation SELOGIC control equation Variable 29 325

ASV030 Automation SELOGIC control equation Variable 30 325

ASV031 Automation SELOGIC control equation Variable 31 325

ASV032 Automation SELOGIC control equation Variable 32 325
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ASV033 Automation SELOGIC control equation Variable 33 326

ASV034 Automation SELOGIC control equation Variable 34 326

ASV035 Automation SELOGIC control equation Variable 35 326

ASV036 Automation SELOGIC control equation Variable 36 326

ASV037 Automation SELOGIC control equation Variable 37 326

ASV038 Automation SELOGIC control equation Variable 38 326

ASV039 Automation SELOGIC control equation Variable 39 326

ASV040 Automation SELOGIC control equation Variable 40 326

ASV041 Automation SELOGIC control equation Variable 41 327

ASV042 Automation SELOGIC control equation Variable 42 327

ASV043 Automation SELOGIC control equation Variable 43 327

ASV044 Automation SELOGIC control equation Variable 44 327

ASV045 Automation SELOGIC control equation Variable 45 327

ASV046 Automation SELOGIC control equation Variable 46 327

ASV047 Automation SELOGIC control equation Variable 47 327

ASV048 Automation SELOGIC control equation Variable 48 327

ASV049 Automation SELOGIC control equation Variable 49 328

ASV050 Automation SELOGIC control equation Variable 50 328

ASV051 Automation SELOGIC control equation Variable 51 328

ASV052 Automation SELOGIC control equation Variable 52 328

ASV053 Automation SELOGIC control equation Variable 53 328

ASV054 Automation SELOGIC control equation Variable 54 328

ASV055 Automation SELOGIC control equation Variable 55 328

ASV056 Automation SELOGIC control equation Variable 56 328

ASV057 Automation SELOGIC control equation Variable 57 329

ASV058 Automation SELOGIC control equation Variable 58 329

ASV059 Automation SELOGIC control equation Variable 59 329

ASV060 Automation SELOGIC control equation Variable 60 329

ASV061 Automation SELOGIC control equation Variable 61 329

ASV062 Automation SELOGIC control equation Variable 62 329

ASV063 Automation SELOGIC control equation Variable 63 329

ASV064 Automation SELOGIC control equation Variable 64 329

ASV065 Automation SELOGIC control equation Variable 65 330

ASV066 Automation SELOGIC control equation Variable 66 330

ASV067 Automation SELOGIC control equation Variable 67 330

ASV068 Automation SELOGIC control equation Variable 68 330

ASV069 Automation SELOGIC control equation Variable 69 330

ASV070 Automation SELOGIC control equation Variable 70 330

ASV071 Automation SELOGIC control equation Variable 71 330

ASV072 Automation SELOGIC control equation Variable 72 330

ASV073 Automation SELOGIC control equation Variable 73 331
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ASV074 Automation SELOGIC control equation Variable 74 331

ASV075 Automation SELOGIC control equation Variable 75 331

ASV076 Automation SELOGIC control equation Variable 76 331

ASV077 Automation SELOGIC control equation Variable 77 331

ASV078 Automation SELOGIC control equation Variable 78 331

ASV079 Automation SELOGIC control equation Variable 79 331

ASV080 Automation SELOGIC control equation Variable 80 331

ASV081 Automation SELOGIC control equation Variable 81 332

ASV082 Automation SELOGIC control equation Variable 82 332

ASV083 Automation SELOGIC control equation Variable 83 332

ASV084 Automation SELOGIC control equation Variable 84 332

ASV085 Automation SELOGIC control equation Variable 85 332

ASV086 Automation SELOGIC control equation Variable 86 332

ASV087 Automation SELOGIC control equation Variable 87 332

ASV088 Automation SELOGIC control equation Variable 88 332

ASV089 Automation SELOGIC control equation Variable 89 333

ASV090 Automation SELOGIC control equation Variable 90 333

ASV091 Automation SELOGIC control equation Variable 91 333

ASV092 Automation SELOGIC control equation Variable 92 333

ASV093 Automation SELOGIC control equation Variable 93 333

ASV094 Automation SELOGIC control equation Variable 94 333

ASV095 Automation SELOGIC control equation Variable 95 333

ASV096 Automation SELOGIC control equation Variable 96 333

ASV097 Automation SELOGIC control equation Variable 097 334

ASV098 Automation SELOGIC control equation Variable 098 334

ASV099 Automation SELOGIC control equation Variable 099 334

ASV100 Automation SELOGIC control equation Variable 100 334

ASV101 Automation SELOGIC control equation Variable 101 334

ASV102 Automation SELOGIC control equation Variable 102 334

ASV103 Automation SELOGIC control equation Variable 103 334

ASV104 Automation SELOGIC control equation Variable 104 334

ASV105 Automation SELOGIC control equation Variable 105 335

ASV106 Automation SELOGIC control equation Variable 106 335

ASV107 Automation SELOGIC control equation Variable 107 335

ASV108 Automation SELOGIC control equation Variable 108 335

ASV109 Automation SELOGIC control equation Variable 109 335

ASV110 Automation SELOGIC control equation Variable 110 335

ASV111 Automation SELOGIC control equation Variable 111 335

ASV112 Automation SELOGIC control equation Variable 112 335

ASV113 Automation SELOGIC control equation Variable 113 336

ASV114 Automation SELOGIC control equation Variable 114 336

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 25 of 79)

Name Bit Description Row



11.26

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

ASV115 Automation SELOGIC control equation Variable 115 336

ASV116 Automation SELOGIC control equation Variable 116 336

ASV117 Automation SELOGIC control equation Variable 117 336

ASV118 Automation SELOGIC control equation Variable 118 336

ASV119 Automation SELOGIC control equation Variable 119 336

ASV120 Automation SELOGIC control equation Variable 120 336

ASV121 Automation SELOGIC control equation Variable 121 337

ASV122 Automation SELOGIC control equation Variable 122 337

ASV123 Automation SELOGIC control equation Variable 123 337

ASV124 Automation SELOGIC control equation Variable 124 337

ASV125 Automation SELOGIC control equation Variable 125 337

ASV126 Automation SELOGIC control equation Variable 126 337

ASV127 Automation SELOGIC control equation Variable 127 337

ASV128 Automation SELOGIC control equation Variable 128 337

ASV129 Automation SELOGIC control equation Variable 129 338

ASV130 Automation SELOGIC control equation Variable 130 338

ASV131 Automation SELOGIC control equation Variable 131 338

ASV132 Automation SELOGIC control equation Variable 132 338

ASV133 Automation SELOGIC control equation Variable 133 338

ASV134 Automation SELOGIC control equation Variable 134 338

ASV135 Automation SELOGIC control equation Variable 135 338

ASV136 Automation SELOGIC control equation Variable 136 338

ASV137 Automation SELOGIC control equation Variable 137 339

ASV138 Automation SELOGIC control equation Variable 138 339

ASV139 Automation SELOGIC control equation Variable 139 339

ASV140 Automation SELOGIC control equation Variable 140 339

ASV141 Automation SELOGIC control equation Variable 141 339

ASV142 Automation SELOGIC control equation Variable 142 339

ASV143 Automation SELOGIC control equation Variable 143 339

ASV144 Automation SELOGIC control equation Variable 144 339

ASV145 Automation SELOGIC control equation Variable 145 340

ASV146 Automation SELOGIC control equation Variable 146 340

ASV147 Automation SELOGIC control equation Variable 147 340

ASV148 Automation SELOGIC control equation Variable 148 340

ASV149 Automation SELOGIC control equation Variable 149 340

ASV150 Automation SELOGIC control equation Variable 150 340

ASV151 Automation SELOGIC control equation Variable 151 340

ASV152 Automation SELOGIC control equation Variable 152 340

ASV153 Automation SELOGIC control equation Variable 153 341

ASV154 Automation SELOGIC control equation Variable 154 341

ASV155 Automation SELOGIC control equation Variable 155 341
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ASV156 Automation SELOGIC control equation Variable 156 341

ASV157 Automation SELOGIC control equation Variable 157 341

ASV158 Automation SELOGIC control equation Variable 158 341

ASV159 Automation SELOGIC control equation Variable 159 341

ASV160 Automation SELOGIC control equation Variable 160 341

ASV161 Automation SELOGIC control equation Variable 161 342

ASV162 Automation SELOGIC control equation Variable 162 342

ASV163 Automation SELOGIC control equation Variable 163 342

ASV164 Automation SELOGIC control equation Variable 164 342

ASV165 Automation SELOGIC control equation Variable 165 342

ASV166 Automation SELOGIC control equation Variable 166 342

ASV167 Automation SELOGIC control equation Variable 167 342

ASV168 Automation SELOGIC control equation Variable 168 342

ASV169 Automation SELOGIC control equation Variable 169 343

ASV170 Automation SELOGIC control equation Variable 170 343

ASV171 Automation SELOGIC control equation Variable 171 343

ASV172 Automation SELOGIC control equation Variable 172 343

ASV173 Automation SELOGIC control equation Variable 173 343

ASV174 Automation SELOGIC control equation Variable 174 343

ASV175 Automation SELOGIC control equation Variable 175 343

ASV176 Automation SELOGIC control equation Variable 176 343

ASV177 Automation SELOGIC control equation Variable 177 344

ASV178 Automation SELOGIC control equation Variable 178 344

ASV179 Automation SELOGIC control equation Variable 179 344

ASV180 Automation SELOGIC control equation Variable 180 344

ASV181 Automation SELOGIC control equation Variable 181 344

ASV182 Automation SELOGIC control equation Variable 182 344

ASV183 Automation SELOGIC control equation Variable 183 344

ASV184 Automation SELOGIC control equation Variable 184 344

ASV185 Automation SELOGIC control equation Variable 185 345

ASV186 Automation SELOGIC control equation Variable 186 345

ASV187 Automation SELOGIC control equation Variable 187 345

ASV188 Automation SELOGIC control equation Variable 188 345

ASV189 Automation SELOGIC control equation Variable 189 345

ASV190 Automation SELOGIC control equation Variable 190 345

ASV191 Automation SELOGIC control equation Variable 191 345

ASV192 Automation SELOGIC control equation Variable 192 345

ASV193 Automation SELOGIC control equation Variable 193 346

ASV194 Automation SELOGIC control equation Variable 194 346

ASV195 Automation SELOGIC control equation Variable 195 346

ASV196 Automation SELOGIC control equation Variable 196 346
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ASV197 Automation SELOGIC control equation Variable 197 346

ASV198 Automation SELOGIC control equation Variable 198 346

ASV199 Automation SELOGIC control equation Variable 199 346

ASV200 Automation SELOGIC control equation Variable 200 346

ASV201 Automation SELOGIC control equation Variable 201 347

ASV202 Automation SELOGIC control equation Variable 202 347

ASV203 Automation SELOGIC control equation Variable 203 347

ASV204 Automation SELOGIC control equation Variable 204 347

ASV205 Automation SELOGIC control equation Variable 205 347

ASV206 Automation SELOGIC control equation Variable 206 347

ASV207 Automation SELOGIC control equation Variable 207 347

ASV208 Automation SELOGIC control equation Variable 208 347

ASV209 Automation SELOGIC control equation Variable 209 348

ASV210 Automation SELOGIC control equation Variable 210 348

ASV211 Automation SELOGIC control equation Variable 211 348

ASV212 Automation SELOGIC control equation Variable 212 348

ASV213 Automation SELOGIC control equation Variable 213 348

ASV214 Automation SELOGIC control equation Variable 214 348

ASV215 Automation SELOGIC control equation Variable 215 348

ASV216 Automation SELOGIC control equation Variable 216 348

ASV217 Automation SELOGIC control equation Variable 217 349

ASV218 Automation SELOGIC control equation Variable 218 349

ASV219 Automation SELOGIC control equation Variable 219 349

ASV220 Automation SELOGIC control equation Variable 220 349

ASV221 Automation SELOGIC control equation Variable 221 349

ASV222 Automation SELOGIC control equation Variable 222 349

ASV223 Automation SELOGIC control equation Variable 223 349

ASV224 Automation SELOGIC control equation Variable 224 349

ASV225 Automation SELOGIC control equation Variable 225 350

ASV226 Automation SELOGIC control equation Variable 226 350

ASV227 Automation SELOGIC control equation Variable 227 350

ASV228 Automation SELOGIC control equation Variable 228 350

ASV229 Automation SELOGIC control equation Variable 229 350

ASV230 Automation SELOGIC control equation Variable 230 350

ASV231 Automation SELOGIC control equation Variable 231 350

ASV232 Automation SELOGIC control equation Variable 232 350

ASV233 Automation SELOGIC control equation Variable 233 351

ASV234 Automation SELOGIC control equation Variable 234 351

ASV235 Automation SELOGIC control equation Variable 235 351

ASV236 Automation SELOGIC control equation Variable 236 351

ASV237 Automation SELOGIC control equation Variable 237 351
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ASV238 Automation SELOGIC control equation Variable 238 351

ASV239 Automation SELOGIC control equation Variable 239 351

ASV240 Automation SELOGIC control equation Variable 240 351

ASV241 Automation SELOGIC control equation Variable 241 352

ASV242 Automation SELOGIC control equation Variable 242 352

ASV243 Automation SELOGIC control equation Variable 243 352

ASV244 Automation SELOGIC control equation Variable 244 352

ASV245 Automation SELOGIC control equation Variable 245 352

ASV246 Automation SELOGIC control equation Variable 246 352

ASV247 Automation SELOGIC control equation Variable 247 352

ASV248 Automation SELOGIC control equation Variable 248 352

ASV249 Automation SELOGIC control equation Variable 249 353

ASV250 Automation SELOGIC control equation Variable 250 353

ASV251 Automation SELOGIC control equation Variable 251 353

ASV252 Automation SELOGIC control equation Variable 252 353

ASV253 Automation SELOGIC control equation Variable 253 353

ASV254 Automation SELOGIC control equation Variable 254 353

ASV255 Automation SELOGIC control equation Variable 255 353

ASV256 Automation SELOGIC control equation Variable 256 353

ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation 183

ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation 184

ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation 185

ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation 186

ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation 187

ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation 188

ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation 189

ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation 190

ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation 191

ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation 192

ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation 193

ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation 194

ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation 195

ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation 196

ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation 197

ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation 198

ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation 199

ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation 200

ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation 201

ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation 202

ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation 203

AUNRLBL Automation SELOGIC control equation unresolved label 375

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 29 of 79)

Name Bit Description Row



11.30

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

BADPASS Pulsed when user enters three successive bad passwords 376

BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation 183

BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation 184

BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation 185

BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation 186

BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation 187

BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation 188

BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation 189

BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation 190

BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation 191

BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation 192

BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation 193

BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation 194

BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation 195

BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation 196

BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation 197

BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation 198

BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation 199

BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation 200

BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation 201

BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation 202

BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation 203

BFIT01 Circuit Breaker 1 breaker failure timed out 183

BFIT02 Circuit Breaker 2 breaker failure timed out 184

BFIT03 Circuit Breaker 3 breaker failure timed out 185

BFIT04 Circuit Breaker 4 breaker failure timed out 186

BFIT05 Circuit Breaker 5 breaker failure timed out 187

BFIT06 Circuit Breaker 6 breaker failure timed out 188

BFIT07 Circuit Breaker 7 breaker failure timed out 189

BFIT08 Circuit Breaker 8 breaker failure timed out 190

BFIT09 Circuit Breaker 9 breaker failure timed out 191

BFIT10 Circuit Breaker 10 breaker failure timed out 192

BFIT11 Circuit Breaker 11 breaker failure timed out 193

BFIT12 Circuit Breaker 12 breaker failure timed out 194

BFIT13 Circuit Breaker 13 breaker failure timed out 195

BFIT14 Circuit Breaker 14 breaker failure timed out 196

BFIT15 Circuit Breaker 15 breaker failure timed out 197

BFIT16 Circuit Breaker 16 breaker failure timed out 198

BFIT17 Circuit Breaker 17 breaker failure timed out 199

BFIT18 Circuit Breaker 18 breaker failure timed out 200

BFIT19 Circuit Breaker 19 breaker failure timed out 201
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BFIT20 Circuit Breaker 20 breaker failure timed out 202

BFIT21 Circuit Breaker 21 breaker failure timed out 203

BFZ1 Zone 1 breaker failure 240

BFZ2 Zone 2 breaker failure 240

BFZ3 Zone 3 breaker failure 240

BFZ4 Zone 4 breaker failure 240

BFZ5 Zone 5 breaker failure 240

BFZ6 Zone 6 breaker failure 240

BLKLPTS Block low-priority source from updating relay time 379

BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards 472

BNC_OK IRIG-B signal from BNC port is available and has sufficient quality 472

BNC_RST Disqualify BNC IRIG-B time source 472

BNC_SET Qualify BNC IRIG-B time source 472

BNC_TIM A valid IRIG-B time source is detected on BNC port 473

BNCSYNC Synchronized to a high-quality BNC IRIG source 474

BRKENAB Asserts to indicate breaker control enable jumper is installed 377

BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed 136

BZ1BZ2V A connection exists between BZ1 and BZ2 128

BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed 136

BZ1BZ3V A connection exists between BZ1 and BZ3 128

BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed 136

BZ1BZ4V A connection exists between BZ1 and BZ4 128

BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed 136

BZ1BZ5V A connection exists between BZ1 and BZ5 128

BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed 136

BZ1BZ6V A connection exists between BZ1 and BZ6 128

BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed 137

BZ2BZ3V A connection exists between BZ2 and BZ3 129

BZ2BZ4R A connection exists between BZ2 and BZ4 and a coupler is removed 137

BZ2BZ4V A connection exists between BZ2 and BZ4 129

BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed 137

BZ2BZ5V A connection exists between BZ2 and BZ5 129

BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed 137

BZ2BZ6V A connection exists between BZ2 and BZ6 129

BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed 138

BZ3BZ4V A connection exists between BZ3 and BZ4 130

BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed 138

BZ3BZ5V A connection exists between BZ3 and BZ5 130

BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed 138

BZ3BZ6V A connection exists between BZ3 and BZ6 130

BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed 139
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BZ4BZ5V A connection exists between BZ4 and BZ5 131

BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed 139

BZ4BZ6V A connection exists between BZ4 and BZ6 131

BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed 140

BZ5BZ6V A connection exists between BZ5 and BZ6 132

CB52A1 Coupler 1 status SELOGIC control equation 176

CB52A2 Coupler 2 status SELOGIC control equation 177

CB52A3 Coupler 3 status SELOGIC control equation 178

CB52A4 Coupler 4 status SELOGIC control equation 179

CB52T1 Coupler 1 status timed out 176

CB52T2 Coupler 2 status timed out 177

CB52T3 Coupler 3 status timed out 178

CB52T4 Coupler 4 status timed out 179

CBADA Channel A MIRRORED BITS unavailability 404

CBADB Channel B MIRRORED BITS unavailability 405

CBCLS1 Coupler 1 close command SELOGIC control equation 176

CBCLS2 Coupler 2 close command SELOGIC control equation 177

CBCLS3 Coupler 3 close command SELOGIC control equation 178

CBCLS4 Coupler 4 close command SELOGIC control equation 179

CBCLST1 Coupler 1 close command timed out 176

CBCLST2 Coupler 2 close command timed out 177

CBCLST3 Coupler 3 close command timed out 178

CBCLST4 Coupler 4 close command timed out 179

CHSG Asserted during settings group change 255

CON1 Zone 1 in high-security mode 159

CON2 Zone 2 in high-security mode 161

CON3 Zone 3 in high-security mode 163

CON4 Zone 4 in high-security mode 165

CON5 Zone 5 in high-security mode 167

CON6 Zone 6 in high-security mode 169

CONCZ1 Check Zone 1 in high-security mode 450

CONCZ2 Check Zone 2 in high-security mode 452

CONCZ3 Check Zone 3 in high-security mode 454

CSL1 Coupler 1 security logic picked up 176

CSL2 Coupler 2 security logic picked up 177

CSL3 Coupler 3 security logic picked up 178

CSL4 Coupler 4 security logic picked up 179

CZ11R Include Bus Coupler 1 in Check Zone 1 407

CZ12R Include Bus Coupler 2 in Check Zone 1 407

CZ13R Include Bus Coupler 3 in Check Zone 1 407

CZ14R Include Bus Coupler 4 in Check Zone 1 407
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CZ1S Check Zone 1 supervision asserted 446

CZ21R Include Bus Coupler 1 in Check Zone 2 407

CZ22R Include Bus Coupler 2 in Check Zone 2 407

CZ23R Include Bus Coupler 3 in Check Zone 2 407

CZ24R Include Bus Coupler 4 in Check Zone 2 407

CZ2S Check Zone 2 supervision asserted 446

CZ31R Include Bus Coupler 1 in Check Zone 3 443

CZ32R Include Bus Coupler 2 in Check Zone 3 443

CZ33R Include Bus Coupler 3 in Check Zone 3 443

CZ34R Include Bus Coupler 4 in Check Zone 3 443

CZ3S Check Zone 3 supervision asserted 446

CZONE1 Check Zone 1 is active 445

CZONE2 Check Zone 2 is active 445

CZONE3 Check Zone 3 is active 445

DC1F DC monitor fail alarm 227

DC1G DC monitor ground fault alarm 227

DC1R DC monitor alarm for ac ripple 227

DC1W DC monitor warning alarm 227

DE1F Zone 1 forward directional element picked up 172

DE2F Zone 2 forward directional element picked up 172

DE3F Zone 3 forward directional element picked up 172

DE4F Zone 4 forward directional element picked up 172

DE5F Zone 5 forward directional element picked up 172

DE6F Zone 6 forward directional element picked up 172

DECZ1F Check Zone 1 forward directional element picked up 456

DECZ2F Check Zone 2 forward directional element picked up 456

DECZ3F Check Zone 3 forward directional element picked up 456

DOKA Channel A MIRRORED BITS communications normal status 404

DOKB Channel B MIRRORED BITS communications normal status 405

DOP1 Zone 1 incremental operating current picked up 159

DOP2 Zone 2 incremental operating current picked up 161

DOP3 Zone 3 incremental operating current picked up 163

DOP4 Zone 4 incremental operating current picked up 165

DOP5 Zone 5 incremental operating current picked up 167

DOP6 Zone 6 incremental operating current picked up 169

DOPCZ1 Check Zone 1 incremental operating current picked up 450

DOPCZ2 Check Zone 2 incremental operating current picked up 452

DOPCZ3 Check Zone 3 incremental operating current picked up 454

DRT1 Zone 1 incremental restraint current picked up 159

DRT2 Zone 2 incremental restraint current picked up 161

DRT3 Zone 3 incremental restraint current picked up 163
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DRT4 Zone 4 incremental restraint current picked up 165

DRT5 Zone 5 incremental restraint current picked up 167

DRT6 Zone 6 incremental restraint current picked up 169

DRTCZ1 Check Zone 1 incremental restraint current picked up 450

DRTCZ2 Check Zone 2 incremental restraint current picked up 452

DRTCZ3 Check Zone 3 incremental restraint current picked up 454

DST Daylight-saving time 470

DSTP IRIG-B daylight-saving time pending 470

DUMMY 0 471

E2AC Enable Levels 1–2 access (SELOGIC control equation) 377

EACC Enable Level 1 access (SELOGIC control equation) 377

EN Relay enabled 0

ER Event report trigger equation (SELOGIC control equation) 241

EVELOCK Event summary lock period 241

EXT1 Zone 1 external fault declaration 159

EXT2 Zone 2 external fault declaration 161

EXT3 Zone 3 external fault declaration 163

EXT4 Zone 4 external fault declaration 165

EXT5 Zone 5 external fault declaration 167

EXT6 Zone 6 external fault declaration 169

EXTCZ1 Check Zone 1 external fault declaration 450

EXTCZ2 Check Zone 2 external fault declaration 452

EXTCZ3 Check Zone 3 external fault declaration 454

FAULT Busbar fault in any zone 171

FAULT1 Zone 1 fault detector picked up 159

FAULT2 Zone 2 fault detector picked up 161

FAULT3 Zone 3 fault detector picked up 163

FAULT4 Zone 4 fault detector picked up 165

FAULT5 Zone 5 fault detector picked up 167

FAULT6 Zone 6 fault detector picked up 169

FBF01 Circuit Breaker 1 failure 183

FBF02 Circuit Breaker 2 failure 184

FBF03 Circuit Breaker 3 failure 185

FBF04 Circuit Breaker 4 failure 186

FBF05 Circuit Breaker 5 failure 187

FBF06 Circuit Breaker 6 failure 188

FBF07 Circuit Breaker 7 failure 189

FBF08 Circuit Breaker 8 failure 190

FBF09 Circuit Breaker 9 failure 191

FBF10 Circuit Breaker 10 failure 192

FBF11 Circuit Breaker 11 failure 193
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FBF12 Circuit Breaker 12 failure 194

FBF13 Circuit Breaker 13 failure 195

FBF14 Circuit Breaker 14 failure 196

FBF15 Circuit Breaker 15 failure 197

FBF16 Circuit Breaker 16 failure 198

FBF17 Circuit Breaker 17 failure 199

FBF18 Circuit Breaker 18 failure 200

FBF19 Circuit Breaker 19 failure 201

FBF20 Circuit Breaker 20 failure 202

FBF21 Circuit Breaker 21 failure 203

FDIF1 Zone 1 filtered restrained differential element picked up 160

FDIF2 Zone 2 filtered restrained differential element picked up 162

FDIF3 Zone 3 filtered restrained differential element picked up 164

FDIF4 Zone 4 filtered restrained differential element picked up 166

FDIF5 Zone 5 filtered restrained differential element picked up 168

FDIF6 Zone 6 filtered restrained differential element picked up 170

FDIFCZ1 Check Zone 1 filtered restrained differential element picked up 451

FDIFCZ2 Check Zone 2 filtered restrained differential element picked up 453

FDIFCZ3 Check Zone 3 filtered restrained differential element picked up 455

FLTCZ1 Check Zone 1 fault detector picked up 450

FLTCZ2 Check Zone 2 fault detector picked up 452

FLTCZ3 Check Zone 3 fault detector picked up 454

FSERP1 Fast SER enabled for Serial Port 1 444

FSERP2 Fast SER enabled for Serial Port 2 444

FSERP3 Fast SER enabled for Serial Port 3 444

FSERP5 Fast SER enabled for Serial Port 5 444

FSERPF Fast SER enabled for Serial Port F 444

GFAULT1 Zone 1 fast fault detection 160

GFAULT2 Zone 2 fast fault detection 162

GFAULT3 Zone 3 fast fault detection 164

GFAULT4 Zone 4 fast fault detection 166

GFAULT5 Zone 5 fast fault detection 168

GFAULT6 Zone 6 fast fault detection 170

GFLTCZ1 Check Zone 1 fast fault detection 451

GFLTCZ2 Check Zone 2 fast fault detection 453

GFLTCZ3 Check Zone 3 fast fault detection 455

GRPSW Pulsed when settings group changes 376

HALARM Relay diagnostic failure or warning 376

HALARMA Relay warning periodic alarm 376

HALARML Latching relay failure alarm 376

HALARMP Relay warning alarm pulse 376
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I01BZ1V Terminal I01 connected to BZ1 56

I01BZ2V Terminal I01 connected to BZ2 60

I01BZ3V Terminal I01 connected to BZ3 64

I01BZ4V Terminal I01 connected to BZ4 68

I01BZ5V Terminal I01 connected to BZ5 72

I01BZ6V Terminal I01 connected to BZ6 76

I02BZ1V Terminal I02 connected to BZ1 56

I02BZ2V Terminal I02 connected to BZ2 60

I02BZ3V Terminal I02 connected to BZ3 64

I02BZ4V Terminal I02 connected to BZ4 68

I02BZ5V Terminal I02 connected to BZ5 72

I02BZ6V Terminal I02 connected to BZ6 76

I03BZ1V Terminal I03 connected to BZ1 56

I03BZ2V Terminal I03 connected to BZ2 60

I03BZ3V Terminal I03 connected to BZ3 64

I03BZ4V Terminal I03 connected to BZ4 68

I03BZ5V Terminal I03 connected to BZ5 72

I03BZ6V Terminal I03 connected to BZ6 76

I04BZ1V Terminal I04 connected to BZ1 56

I04BZ2V Terminal I04 connected to BZ2 60

I04BZ3V Terminal I04 connected to BZ3 64

I04BZ4V Terminal I04 connected to BZ4 68

I04BZ5V Terminal I04 connected to BZ5 72

I04BZ6V Terminal I04 connected to BZ6 76

I05BZ1V Terminal I05 connected to BZ1 56

I05BZ2V Terminal I05 connected to BZ2 60

I05BZ3V Terminal I05 connected to BZ3 64

I05BZ4V Terminal I05 connected to BZ4 68

I05BZ5V Terminal I05 connected to BZ5 72

I05BZ6V Terminal I05 connected to BZ6 76

I06BZ1V Terminal I06 connected to BZ1 56

I06BZ2V Terminal I06 connected to BZ2 60

I06BZ3V Terminal I06 connected to BZ3 64

I06BZ4V Terminal I06 connected to BZ4 68

I06BZ5V Terminal I06 connected to BZ5 72

I06BZ6V Terminal I06 connected to BZ6 76

I07BZ1V Terminal I07 connected to BZ1 56

I07BZ2V Terminal I07 connected to BZ2 60

I07BZ3V Terminal I07 connected to BZ3 64

I07BZ4V Terminal I07 connected to BZ4 68

I07BZ5V Terminal I07 connected to BZ5 72
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I07BZ6V Terminal I07 connected to BZ6 76

I08BZ1V Terminal I08 connected to BZ1 56

I08BZ2V Terminal I08 connected to BZ2 60

I08BZ3V Terminal I08 connected to BZ3 64

I08BZ4V Terminal I08 connected to BZ4 68

I08BZ5V Terminal I08 connected to BZ5 72

I08BZ6V Terminal I08 connected to BZ6 76

I09BZ1V Terminal I09 connected to BZ1 57

I09BZ2V Terminal I09 connected to BZ2 61

I09BZ3V Terminal I09 connected to BZ3 65

I09BZ4V Terminal I09 connected to BZ4 69

I09BZ5V Terminal I09 connected to BZ5 73

I09BZ6V Terminal I09 connected to BZ6 77

I10BZ1V Terminal I10 connected to BZ1 57

I10BZ2V Terminal I10 connected to BZ2 61

I10BZ3V Terminal I10 connected to BZ3 65

I10BZ4V Terminal I10 connected to BZ4 69

I10BZ5V Terminal I10 connected to BZ5 73

I10BZ6V Terminal I10 connected to BZ6 77

I11BZ1V Terminal I11 connected to BZ1 57

I11BZ2V Terminal I11 connected to BZ2 61

I11BZ3V Terminal I11 connected to BZ3 65

I11BZ4V Terminal I11 connected to BZ4 69

I11BZ5V Terminal I11 connected to BZ5 73

I11BZ6V Terminal I11 connected to BZ6 77

I12BZ1V Terminal I12 connected to BZ1 57

I12BZ2V Terminal I12 connected to BZ2 61

I12BZ3V Terminal I12 connected to BZ3 65

I12BZ4V Terminal I12 connected to BZ4 69

I12BZ5V Terminal I12 connected to BZ5 73

I12BZ6V Terminal I12 connected to BZ6 77

I13BZ1V Terminal I13 connected to BZ1 57

I13BZ2V Terminal I13 connected to BZ2 61

I13BZ3V Terminal I13 connected to BZ3 65

I13BZ4V Terminal I13 connected to BZ4 69

I13BZ5V Terminal I13 connected to BZ5 73

I13BZ6V Terminal I13 connected to BZ6 77

I14BZ1V Terminal I14 connected to BZ1 57

I14BZ2V Terminal I14 connected to BZ2 61

I14BZ3V Terminal I14 connected to BZ3 65

I14BZ4V Terminal I14 connected to BZ4 69
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I14BZ5V Terminal I14 connected to BZ5 73

I14BZ6V Terminal I14 connected to BZ6 77

I15BZ1V Terminal I15 connected to BZ1 57

I15BZ2V Terminal I15 connected to BZ2 61

I15BZ3V Terminal I15 connected to BZ3 65

I15BZ4V Terminal I15 connected to BZ4 69

I15BZ5V Terminal I15 connected to BZ5 73

I15BZ6V Terminal I15 connected to BZ6 77

I16BZ1V Terminal I16 connected to BZ1 57

I16BZ2V Terminal I16 connected to BZ2 61

I16BZ3V Terminal I16 connected to BZ3 65

I16BZ4V Terminal I16 connected to BZ4 69

I16BZ5V Terminal I16 connected to BZ5 73

I16BZ6V Terminal I16 connected to BZ6 77

I17BZ1V Terminal I17 connected to BZ1 58

I17BZ2V Terminal I17 connected to BZ2 62

I17BZ3V Terminal I17 connected to BZ3 66

I17BZ4V Terminal I17 connected to BZ4 70

I17BZ5V Terminal I17 connected to BZ5 74

I17BZ6V Terminal I17 connected to BZ6 78

I18BZ1V Terminal I18 connected to BZ1 58

I18BZ2V Terminal I18 connected to BZ2 62

I18BZ3V Terminal I18 connected to BZ3 66

I18BZ4V Terminal I18 connected to BZ4 70

I18BZ5V Terminal I18 connected to BZ5 74

I18BZ6V Terminal I18 connected to BZ6 78

I19BZ1V Terminal I19 connected to BZ1 58

I19BZ2V Terminal I19 connected to BZ2 62

I19BZ3V Terminal I19 connected to BZ3 66

I19BZ4V Terminal I19 connected to BZ4 70

I19BZ5V Terminal I19 connected to BZ5 74

I19BZ6V Terminal I19 connected to BZ6 78

I20BZ1V Terminal I20 connected to BZ1 58

I20BZ2V Terminal I20 connected to BZ2 62

I20BZ3V Terminal I20 connected to BZ3 66

I20BZ4V Terminal I20 connected to BZ4 70

I20BZ5V Terminal I20 connected to BZ5 74

I20BZ6V Terminal I20 connected to BZ6 78

I21BZ1V Terminal I21 connected to BZ1 58

I21BZ2V Terminal I21 connected to BZ2 62

I21BZ3V Terminal I21 connected to BZ3 66
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I21BZ4V Terminal I21 connected to BZ4 70

I21BZ5V Terminal I21 connected to BZ5 74

I21BZ6V Terminal I21 connected to BZ6 78

IFAULT1 Zone 1 fault detection 160

IFAULT2 Zone 2 fault detection 162

IFAULT3 Zone 3 fault detection 164

IFAULT4 Zone 4 fault detection 166

IFAULT5 Zone 5 fault detection 168

IFAULT6 Zone 6 fault detection 170

IFLTCZ1 Check Zone 1 fault detection 451

IFLTCZ2 Check Zone 2 fault detection 453

IFLTCZ3 Check Zone 3 fault detection 455

IN101 Main board Input 01 272

IN102 Main board Input 02 272

IN103 Main board Input 03 272

IN104 Main board Input 04 272

IN105 Main board Input 05 272

IN106 Main board Input 06 272

IN107 Main board Input 07 272

IN201 Optional I/O Board 1 Input 01 276

IN202 Optional I/O Board 1 Input 02 276

IN203 Optional I/O Board 1 Input 03 276

IN204 Optional I/O Board 1 Input 04 276

IN205 Optional I/O Board 1 Input 05 276

IN206 Optional I/O Board 1 Input 06 276

IN207 Optional I/O Board 1 Input 07 276

IN208 Optional I/O Board 1 Input 08 276

IN209 Optional I/O Board 1 Input 09 277

IN210 Optional I/O Board 1 Input 10 277

IN211 Optional I/O Board 1 Input 11 277

IN212 Optional I/O Board 1 Input 12 277

IN213 Optional I/O Board 1 Input 13 277

IN214 Optional I/O Board 1 Input 14 277

IN215 Optional I/O Board 1 Input 15 277

IN216 Optional I/O Board 1 Input 16 277

IN217 Optional I/O Board 1 Input 17 278

IN218 Optional I/O Board 1 Input 18 278

IN219 Optional I/O Board 1 Input 19 278

IN220 Optional I/O Board 1 Input 20 278

IN221 Optional I/O Board 1 Input 21 278

IN222 Optional I/O Board 1 Input 22 278
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IN223 Optional I/O Board 1 Input 23 278

IN224 Optional I/O Board 1 Input 24 278

IN301 Optional I/O Board 2 Input 01 280

IN302 Optional I/O Board 2 Input 02 280

IN303 Optional I/O Board 2 Input 03 280

IN304 Optional I/O Board 2 Input 04 280

IN305 Optional I/O Board 2 Input 05 280

IN306 Optional I/O Board 2 Input 06 280

IN307 Optional I/O Board 2 Input 07 280

IN308 Optional I/O Board 2 Input 08 280

IN309 Optional I/O Board 2 Input 09 281

IN310 Optional I/O Board 2 Input 10 281

IN311 Optional I/O Board 2 Input 11 281

IN312 Optional I/O Board 2 Input 12 281

IN313 Optional I/O Board 2 Input 13 281

IN314 Optional I/O Board 2 Input 14 281

IN315 Optional I/O Board 2 Input 15 281

IN316 Optional I/O Board 2 Input 16 281

IN317 Optional I/O Board 2 Input 17 282

IN318 Optional I/O Board 2 Input 18 282

IN319 Optional I/O Board 2 Input 19 282

IN320 Optional I/O Board 2 Input 20 282

IN321 Optional I/O Board 2 Input 21 282

IN322 Optional I/O Board 2 Input 22 282

IN323 Optional I/O Board 2 Input 23 282

IN324 Optional I/O Board 2 Input 24 282

IN401 Optional I/O Board 3 Input 01 284

IN402 Optional I/O Board 3 Input 02 284

IN403 Optional I/O Board 3 Input 03 284

IN404 Optional I/O Board 3 Input 04 284

IN405 Optional I/O Board 3 Input 05 284

IN406 Optional I/O Board 3 Input 06 284

IN407 Optional I/O Board 3 Input 07 284

IN408 Optional I/O Board 3 Input 08 284

IN409 Optional I/O Board 3 Input 09 285

IN410 Optional I/O Board 3 Input 10 285

IN411 Optional I/O Board 3 Input 11 285

IN412 Optional I/O Board 3 Input 12 285

IN413 Optional I/O Board 3 Input 13 285

IN414 Optional I/O Board 3 Input 14 285

IN415 Optional I/O Board 3 Input 15 285
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IN416 Optional I/O Board 3 Input 16 285

IN417 Optional I/O Board 3 Input 17 286

IN418 Optional I/O Board 3 Input 18 286

IN419 Optional I/O Board 3 Input 19 286

IN420 Optional I/O Board 3 Input 20 286

IN421 Optional I/O Board 3 Input 21 286

IN422 Optional I/O Board 3 Input 22 286

IN423 Optional I/O Board 3 Input 23 286

IN424 Optional I/O Board 3 Input 24 286

IN501 Optional I/O Board 4 Input 01 288

IN502 Optional I/O Board 4 Input 02 288

IN503 Optional I/O Board 4 Input 03 288

IN504 Optional I/O Board 4 Input 04 288

IN505 Optional I/O Board 4 Input 05 288

IN506 Optional I/O Board 4 Input 06 288

IN507 Optional I/O Board 4 Input 07 288

IN508 Optional I/O Board 4 Input 08 288

IN509 Optional I/O Board 4 Input 09 289

IN510 Optional I/O Board 4 Input 10 289

IN511 Optional I/O Board 4 Input 11 289

IN512 Optional I/O Board 4 Input 12 289

IN513 Optional I/O Board 4 Input 13 289

IN514 Optional I/O Board 4 Input 14 289

IN515 Optional I/O Board 4 Input 15 289

IN516 Optional I/O Board 4 Input 16 289

IN517 Optional I/O Board 4 Input 17 290

IN518 Optional I/O Board 4 Input 18 290

IN519 Optional I/O Board 4 Input 19 290

IN520 Optional I/O Board 4 Input 20 290

IN521 Optional I/O Board 4 Input 21 290

IN522 Optional I/O Board 4 Input 22 290

IN523 Optional I/O Board 4 Input 23 290

IN524 Optional I/O Board 4 Input 24 290

IO300OK Communications status of Interface Board 300 when installed or commissioned 475

IO400OK Communications status of Interface Board 400 when installed or commissioned 475

IO500OK Communications status of Interface Board 400 when installed or commissioned 475

LB_DP01 Local Bit 01 status display (SELOGIC control equation) 461

LB_DP02 Local Bit 02 status display (SELOGIC control equation) 461

LB_DP03 Local Bit 03 status display (SELOGIC control equation) 461

LB_DP04 Local Bit 04 status display (SELOGIC control equation) 461

LB_DP05 Local Bit 05 status display (SELOGIC control equation) 461
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LB_DP06 Local Bit 06 status display (SELOGIC control equation) 461

LB_DP07 Local Bit 07 status display (SELOGIC control equation) 461

LB_DP08 Local Bit 08 status display (SELOGIC control equation) 461

LB_DP09 Local Bit 09 status display (SELOGIC control equation) 462

LB_DP10 Local Bit 10 status display (SELOGIC control equation) 462

LB_DP11 Local Bit 11 status display (SELOGIC control equation) 462

LB_DP12 Local Bit 12 status display (SELOGIC control equation) 462

LB_DP13 Local Bit 13 status display (SELOGIC control equation) 462

LB_DP14 Local Bit 14 status display (SELOGIC control equation) 462

LB_DP15 Local Bit 15 status display (SELOGIC control equation) 462

LB_DP16 Local Bit 16 status display (SELOGIC control equation) 462

LB_DP17 Local Bit 17 status display (SELOGIC control equation) 463

LB_DP18 Local Bit 18 status display (SELOGIC control equation) 463

LB_DP19 Local Bit 19 status display (SELOGIC control equation) 463

LB_DP20 Local Bit 20 status display (SELOGIC control equation) 463

LB_DP21 Local Bit 21 status display (SELOGIC control equation) 463

LB_DP22 Local Bit 22 status display (SELOGIC control equation) 463

LB_DP23 Local Bit 23 status display (SELOGIC control equation) 463

LB_DP24 Local Bit 24 status display (SELOGIC control equation) 463

LB_DP25 Local Bit 25 status display (SELOGIC control equation) 464

LB_DP26 Local Bit 26 status display (SELOGIC control equation) 464

LB_DP27 Local Bit 27 status display (SELOGIC control equation) 464

LB_DP28 Local Bit 28 status display (SELOGIC control equation) 464

LB_DP29 Local Bit 29 status display (SELOGIC control equation) 464

LB_DP30 Local Bit 30 status display (SELOGIC control equation) 464

LB_DP31 Local Bit 31 status display (SELOGIC control equation) 464

LB_DP32 Local Bit 32 status display (SELOGIC control equation) 464

LB_DP33 Local Bit 33 status display (SELOGIC control equation) 496

LB_DP34 Local Bit 34 status display (SELOGIC control equation) 496

LB_DP35 Local Bit 35 status display (SELOGIC control equation) 496

LB_DP36 Local Bit 36 status display (SELOGIC control equation) 496

LB_DP37 Local Bit 37 status display (SELOGIC control equation) 496

LB_DP38 Local Bit 38 status display (SELOGIC control equation) 496

LB_DP39 Local Bit 39 status display (SELOGIC control equation) 496

LB_DP40 Local Bit 40 status display (SELOGIC control equation) 496

LB_DP41 Local Bit 41 status display (SELOGIC control equation) 497

LB_DP42 Local Bit 42 status display (SELOGIC control equation) 497

LB_DP43 Local Bit 43 status display (SELOGIC control equation) 497

LB_DP44 Local Bit 44 status display (SELOGIC control equation) 497

LB_DP45 Local Bit 45 status display (SELOGIC control equation) 497

LB_DP46 Local Bit 46 status display (SELOGIC control equation) 497
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LB_DP47 Local Bit 47 status display (SELOGIC control equation) 497

LB_DP48 Local Bit 48 status display (SELOGIC control equation) 497

LB_DP49 Local Bit 49 status display (SELOGIC control equation) 498

LB_DP50 Local Bit 50 status display (SELOGIC control equation) 498

LB_DP51 Local Bit 51 status display (SELOGIC control equation) 498

LB_DP52 Local Bit 52 status display (SELOGIC control equation) 498

LB_DP53 Local Bit 53 status display (SELOGIC control equation) 498

LB_DP54 Local Bit 54 status display (SELOGIC control equation) 498

LB_DP55 Local Bit 55 status display (SELOGIC control equation) 498

LB_DP56 Local Bit 56 status display (SELOGIC control equation) 498

LB_DP57 Local Bit 57 status display (SELOGIC control equation) 498

LB_DP58 Local Bit 58 status display (SELOGIC control equation) 499

LB_DP59 Local Bit 59 status display (SELOGIC control equation) 499

LB_DP60 Local Bit 60 status display (SELOGIC control equation) 499

LB_DP61 Local Bit 61 status display (SELOGIC control equation) 499

LB_DP62 Local Bit 62 status display (SELOGIC control equation) 499

LB_DP63 Local Bit 63 status display (SELOGIC control equation) 499

LB_DP64 Local Bit 64 status display (SELOGIC control equation) 499

LB_SP01 Local Bit 01 supervision (SELOGIC control equation) 457

LB_SP02 Local Bit 02 supervision (SELOGIC control equation) 457

LB_SP03 Local Bit 03 supervision (SELOGIC control equation) 457

LB_SP04 Local Bit 04 supervision (SELOGIC control equation) 457

LB_SP05 Local Bit 05 supervision (SELOGIC control equation) 457

LB_SP06 Local Bit 06 supervision (SELOGIC control equation) 457

LB_SP07 Local Bit 07 supervision (SELOGIC control equation) 457

LB_SP08 Local Bit 08 supervision (SELOGIC control equation) 457

LB_SP09 Local Bit 09 supervision (SELOGIC control equation) 458

LB_SP10 Local Bit 10 supervision (SELOGIC control equation) 458

LB_SP11 Local Bit 11 supervision (SELOGIC control equation) 458

LB_SP12 Local Bit 12 supervision (SELOGIC control equation) 458

LB_SP13 Local Bit 13 supervision (SELOGIC control equation) 458

LB_SP14 Local Bit 14 supervision (SELOGIC control equation) 458

LB_SP15 Local Bit 15 supervision (SELOGIC control equation) 458

LB_SP16 Local Bit 16 supervision (SELOGIC control equation) 458

LB_SP17 Local Bit 17 supervision (SELOGIC control equation) 459

LB_SP18 Local Bit 18 supervision (SELOGIC control equation) 459

LB_SP19 Local Bit 19 supervision (SELOGIC control equation) 459

LB_SP20 Local Bit 20 supervision (SELOGIC control equation) 459

LB_SP21 Local Bit 21 supervision (SELOGIC control equation) 459

LB_SP22 Local Bit 22 supervision (SELOGIC control equation) 459

LB_SP23 Local Bit 23 supervision (SELOGIC control equation) 459
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LB_SP24 Local Bit 24 supervision (SELOGIC control equation) 459

LB_SP25 Local Bit 25 supervision (SELOGIC control equation) 460

LB_SP26 Local Bit 26 supervision (SELOGIC control equation) 460

LB_SP27 Local Bit 27 supervision (SELOGIC control equation) 460

LB_SP28 Local Bit 28 supervision (SELOGIC control equation) 460

LB_SP29 Local Bit 29 supervision (SELOGIC control equation) 460

LB_SP30 Local Bit 30 supervision (SELOGIC control equation) 460

LB_SP31 Local Bit 31 supervision (SELOGIC control equation) 460

LB_SP32 Local Bit 32 supervision (SELOGIC control equation) 460

LB_SP33 Local Bit 33 supervision (SELOGIC control equation) 492

LB_SP34 Local Bit 34 supervision (SELOGIC control equation) 492

LB_SP35 Local Bit 35 supervision (SELOGIC control equation) 492

LB_SP36 Local Bit 36 supervision (SELOGIC control equation) 492

LB_SP37 Local Bit 37 supervision (SELOGIC control equation) 492

LB_SP38 Local Bit 38 supervision (SELOGIC control equation) 492

LB_SP39 Local Bit 39 supervision (SELOGIC control equation) 492

LB_SP40 Local Bit 40 supervision (SELOGIC control equation) 492

LB_SP41 Local Bit 41 supervision (SELOGIC control equation) 493

LB_SP42 Local Bit 42 supervision (SELOGIC control equation) 493

LB_SP43 Local Bit 43 supervision (SELOGIC control equation) 493

LB_SP44 Local Bit 44 supervision (SELOGIC control equation) 493

LB_SP45 Local Bit 45 supervision (SELOGIC control equation) 493

LB_SP46 Local Bit 46 supervision (SELOGIC control equation) 493

LB_SP47 Local Bit 47 supervision (SELOGIC control equation) 493

LB_SP48 Local Bit 48 supervision (SELOGIC control equation) 493

LB_SP49 Local Bit 49 supervision (SELOGIC control equation) 494

LB_SP50 Local Bit 50 supervision (SELOGIC control equation) 494

LB_SP51 Local Bit 51 supervision (SELOGIC control equation) 494

LB_SP52 Local Bit 52 supervision (SELOGIC control equation) 494

LB_SP53 Local Bit 53 supervision (SELOGIC control equation) 494

LB_SP54 Local Bit 54 supervision (SELOGIC control equation) 494

LB_SP55 Local Bit 55 supervision (SELOGIC control equation) 494

LB_SP56 Local Bit 56 supervision (SELOGIC control equation) 494

LB_SP57 Local Bit 57 supervision (SELOGIC control equation) 495

LB_SP58 Local Bit 58 supervision (SELOGIC control equation) 495

LB_SP59 Local Bit 59 supervision (SELOGIC control equation) 495

LB_SP60 Local Bit 60 supervision (SELOGIC control equation) 495

LB_SP61 Local Bit 61 supervision (SELOGIC control equation) 495

LB_SP62 Local Bit 62 supervision (SELOGIC control equation) 495

LB_SP63 Local Bit 63 supervision (SELOGIC control equation) 495

LB_SP64 Local Bit 64 supervision (SELOGIC control equation) 495
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LB01 Local Bit 01 256

LB02 Local Bit 02 256

LB03 Local Bit 03 256

LB04 Local Bit 04 256

LB05 Local Bit 05 256

LB06 Local Bit 06 256

LB07 Local Bit 07 256

LB08 Local Bit 08 256

LB09 Local Bit 09 257

LB10 Local Bit 10 257

LB11 Local Bit 11 257

LB12 Local Bit 12 257

LB13 Local Bit 13 257

LB14 Local Bit 14 257

LB15 Local Bit 15 257

LB16 Local Bit 16 257

LB17 Local Bit 17 258

LB18 Local Bit 18 258

LB19 Local Bit 19 258

LB20 Local Bit 20 258

LB21 Local Bit 21 258

LB22 Local Bit 22 258

LB23 Local Bit 23 258

LB24 Local Bit 24 258

LB25 Local Bit 25 259

LB26 Local Bit 26 259

LB27 Local Bit 27 259

LB28 Local Bit 28 259

LB29 Local Bit 29 259

LB30 Local Bit 30 259

LB31 Local Bit 31 259

LB32 Local Bit 32 259

LB33 Local Bit 33 488

LB34 Local Bit 34 488

LB35 Local Bit 35 488

LB36 Local Bit 36 488

LB37 Local Bit 37 488

LB38 Local Bit 38 488

LB39 Local Bit 39 488

LB40 Local Bit 40 488

LB41 Local Bit 41 489
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LB42 Local Bit 42 489

LB43 Local Bit 43 489

LB44 Local Bit 44 489

LB45 Local Bit 45 489

LB46 Local Bit 46 489

LB47 Local Bit 47 489

LB48 Local Bit 48 489

LB49 Local Bit 49 490

LB50 Local Bit 50 490

LB51 Local Bit 51 490

LB52 Local Bit 52 490

LB53 Local Bit 53 490

LB54 Local Bit 54 490

LB55 Local Bit 55 490

LB56 Local Bit 56 490

LB57 Local Bit 57 491

LB58 Local Bit 58 491

LB59 Local Bit 59 491

LB60 Local Bit 60 491

LB61 Local Bit 61 491

LB62 Local Bit 62 491

LB63 Local Bit 63 491

LB64 Local Bit 64 491

LBOKA Channel A MIRRORED BITS normal status (loopback) 404

LBOKB Channel B MIRRORED BITS normal status (loopback mode) 405

LINK5A Link status of Port 5A connection 441

LINK5B Link status of Port 5B connection 441

LINK5C Link status of Port 5C connection 441

LINK5D Link status of Port 5D connection 441

LNKFAIL Link status of the active port 441

LOC Control authority at local (bay) level 480

LOCSTA Control authority at station level 480

LPHDSIM 61850 Logical Node for Physical Device Simulation 406

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, the 
upcoming leap second is deleted; otherwise, the leap second is added.

470

LPSECP Leap second pending 470

MATHERR SELOGIC control equation math error 374

MLTLEV Multi-level control authority 480

OC01 Circuit Breaker 01 open command 249

OC02 Circuit Breaker 02 open command 249

OC03 Circuit Breaker 03 open command 249
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OC04 Circuit Breaker 04 open command 249

OC05 Circuit Breaker 05 open command 249

OC06 Circuit Breaker 06 open command 249

OC07 Circuit Breaker 07 open command 249

OC08 Circuit Breaker 08 open command 249

OC09 Circuit Breaker 09 open command 250

OC10 Circuit Breaker 10 open command 250

OC11 Circuit Breaker 11 open command 250

OC12 Circuit Breaker 12 open command 250

OC13 Circuit Breaker 13 open command 250

OC14 Circuit Breaker 14 open command 250

OC15 Circuit Breaker 15 open command 250

OC16 Circuit Breaker 16 open command 250

OC17 Circuit Breaker 17 open command 251

OC18 Circuit Breaker 18 open command 251

OC19 Circuit Breaker 19 open command 251

OC20 Circuit Breaker 20 open command 251

OC21 Circuit Breaker 21 open command 251

OCTZ1 Zone 1 open CT detection 155

OCTZ2 Zone 2 open CT detection 155

OCTZ3 Zone 3 open CT detection 155

OCTZ4 Zone 4 open CT detection 155

OCTZ5 Zone 5 open CT detection 155

OCTZ6 Zone 6 open CT detection 155

OPH01 Terminal 01 open phase detected 4

OPH02 Terminal 02 open phase detected 4

OPH03 Terminal 03 open phase detected 4

OPH04 Terminal 04 open phase detected 4

OPH05 Terminal 05 open phase detected 4

OPH06 Terminal 06 open phase detected 4

OPH07 Terminal 07 open phase detected 4

OPH08 Terminal 08 open phase detected 4

OPH09 Terminal 09 open phase detected 5

OPH10 Terminal 10 open phase detected 5

OPH11 Terminal 11 open phase detected 5

OPH12 Terminal 12 open phase detected 5

OPH13 Terminal 13 open phase detected 5

OPH14 Terminal 14 open phase detected 5

OPH15 Terminal 15 open phase detected 5

OPH16 Terminal 16 open phase detected 5

OPH17 Terminal 17 open phase detected 6
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OPH18 Terminal 18 open phase detected 6

OPH19 Terminal 19 open phase detected 6

OPH20 Terminal 20 open phase detected 6

OPH21 Terminal 21 open phase detected 6

OUT101 Main board Output 1 384

OUT102 Main board Output 2 384

OUT103 Main board Output 3 384

OUT104 Main board Output 4 384

OUT105 Main board Output 5 384

OUT106 Main board Output 6 384

OUT107 Main board Output 7 384

OUT108 Main board Output 8 384

OUT201 Optional I/O Board 1 Output 1 388

OUT202 Optional I/O Board 1 Output 2 388

OUT203 Optional I/O Board 1 Output 3 388

OUT204 Optional I/O Board 1 Output 4 388

OUT205 Optional I/O Board 1 Output 5 388

OUT206 Optional I/O Board 1 Output 6 388

OUT207 Optional I/O Board 1 Output 7 388

OUT208 Optional I/O Board 1 Output 8 388

OUT209 Optional I/O Board 1 Output 9 389

OUT210 Optional I/O Board 1 Output 10 389

OUT211 Optional I/O Board 1 Output 11 389

OUT212 Optional I/O Board 1 Output 12 389

OUT213 Optional I/O Board 1 Output 13 389

OUT214 Optional I/O Board 1 Output 14 389

OUT215 Optional I/O Board 1 Output 15 389

OUT216 Optional I/O Board 1 Output 16 389

OUT301 Optional I/O Board 2 Output 1 390

OUT302 Optional I/O Board 2 Output 2 390

OUT303 Optional I/O Board 2 Output 3 390

OUT304 Optional I/O Board 2 Output 4 390

OUT305 Optional I/O Board 2 Output 5 390

OUT306 Optional I/O Board 2 Output 6 390

OUT307 Optional I/O Board 2 Output 7 390

OUT308 Optional I/O Board 2 Output 8 390

OUT309 Optional I/O Board 2 Output 9 391

OUT310 Optional I/O Board 2 Output 10 391

OUT311 Optional I/O Board 2 Output 11 391

OUT312 Optional I/O Board 2 Output 12 391

OUT313 Optional I/O Board 2 Output 13 391
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OUT314 Optional I/O Board 2 Output 14 391

OUT315 Optional I/O Board 2 Output 15 391

OUT316 Optional I/O Board 2 Output 16 391

OUT401 Optional I/O Board 3 Output 1 392

OUT402 Optional I/O Board 3 Output 2 392

OUT403 Optional I/O Board 3 Output 3 392

OUT404 Optional I/O Board 3 Output 4 392

OUT405 Optional I/O Board 3 Output 5 392

OUT406 Optional I/O Board 3 Output 6 392

OUT407 Optional I/O Board 3 Output 7 392

OUT408 Optional I/O Board 3 Output 8 392

OUT409 Optional I/O Board 3 Output 9 393

OUT410 Optional I/O Board 3 Output 10 393

OUT411 Optional I/O Board 3 Output 11 393

OUT412 Optional I/O Board 3 Output 12 393

OUT413 Optional I/O Board 3 Output 13 393

OUT414 Optional I/O Board 3 Output 14 393

OUT415 Optional I/O Board 3 Output 15 393

OUT416 Optional I/O Board 3 Output 16 393

OUT501 Optional I/O Board 4 Output 1 394

OUT502 Optional I/O Board 4 Output 2 394

OUT503 Optional I/O Board 4 Output 3 394

OUT504 Optional I/O Board 4 Output 4 394

OUT505 Optional I/O Board 4 Output 5 394

OUT506 Optional I/O Board 4 Output 6 394

OUT507 Optional I/O Board 4 Output 7 394

OUT508 Optional I/O Board 4 Output 8 394

OUT509 Optional I/O Board 4 Output 9 395

OUT510 Optional I/O Board 4 Output 10 395

OUT511 Optional I/O Board 4 Output 11 395

OUT512 Optional I/O Board 4 Output 12 395

OUT513 Optional I/O Board 4 Output 13 395

OUT514 Optional I/O Board 4 Output 14 395

OUT515 Optional I/O Board 4 Output 15 395

OUT516 Optional I/O Board 4 Output 16 395

P5ABSW Port 5A or 5B has just become active 473

P5ASEL Port 5A active/inactive 442

P5BSEL Port 5B active/inactive 442

P5CSEL Port 5C active/inactive 442

P5DSEL Port 5D active/inactive 442

P87R1 Zone 1 instantaneous differential element picked up 159
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P87R2 Zone 2 instantaneous differential element picked up 161

P87R3 Zone 3 instantaneous differential element picked up 163

P87R4 Zone 4 instantaneous differential element picked up 165

P87R5 Zone 5 instantaneous differential element picked up 167

P87R6 Zone 6 instantaneous differential element picked up 169

P87RCZ1 Check Zone 1 instantaneous differential element picked up 450

P87RCZ2 Check Zone 2 instantaneous differential element picked up 452

P87RCZ3 Check Zone 3 instantaneous differential element picked up 454

PASSDIS Asserts to indicate password disable jumper is installed 377

PB1 Pushbutton 1 382

PB1_LED Pushbutton 1 LED 398

PB1_PUL Pushbutton 1 pulse input 396

PB10 Pushbutton 10 383

PB10LED Pushbutton 10 LED 399

PB10PUL Pushbutton 10 pulse input 397

PB11 Pushbutton 11 383

PB11LED Pushbutton 11 LED 399

PB11PUL Pushbutton 11 pulse input 397

PB12 Pushbutton 12 383

PB12LED Pushbutton 12 LED 399

PB12PUL Pushbutton 12 pulse input 397

PB2 Pushbutton 2 382

PB2_LED Pushbutton 2 LED 398

PB2_PUL Pushbutton 2 pulse input 396

PB3 Pushbutton 3 382

PB3_LED Pushbutton 3 LED 398

PB3_PUL Pushbutton 3 pulse input 396

PB4 Pushbutton 4 382

PB4_LED Pushbutton 4 LED 398

PB4_PUL Pushbutton 4 pulse input 396

PB5 Pushbutton 5 382

PB5_LED Pushbutton 5 LED 398

PB5_PUL Pushbutton 5 pulse input 396

PB6 Pushbutton 6 382

PB6_LED Pushbutton 6 LED 398

PB6_PUL Pushbutton 6 pulse input 396

PB7 Pushbutton 7 382

PB7_LED Pushbutton 7 LED 398

PB7_PUL Pushbutton 7 pulse input 396

PB8 Pushbutton 8 382

PB8_LED Pushbutton 8 LED 398
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PB8_PUL Pushbutton 8 pulse input 396

PB9 Pushbutton 9 383

PB9_LED Pushbutton 9 LED 399

PB9_PUL Pushbutton 9 pulse input 397

PCN01Q Protection counter Output 01 314

PCN01R Protection counter Reset 01 318

PCN02Q Protection counter Output 02 314

PCN02R Protection counter Reset 02 318

PCN03Q Protection counter Output 03 314

PCN03R Protection counter Reset 03 318

PCN04Q Protection counter Output 04 314

PCN04R Protection counter Reset 04 318

PCN05Q Protection counter Output 05 314

PCN05R Protection counter Reset 05 318

PCN06Q Protection counter Output 06 314

PCN06R Protection counter Reset 06 318

PCN07Q Protection counter Output 07 314

PCN07R Protection counter Reset 07 318

PCN08Q Protection counter Output 08 314

PCN08R Protection counter Reset 08 318

PCN09Q Protection counter Output 09 315

PCN09R Protection counter Reset 09 319

PCN10Q Protection counter Output 10 315

PCN10R Protection counter Reset 10 319

PCN11Q Protection counter Output 11 315

PCN11R Protection counter Reset 11 319

PCN12Q Protection counter Output 12 315

PCN12R Protection counter Reset 12 319

PCN13Q Protection counter Output 13 315

PCN13R Protection counter Reset 13 319

PCN14Q Protection counter Output 14 315

PCN14R Protection counter Reset 14 319

PCN15Q Protection counter Output 15 315

PCN15R Protection counter Reset 15 319

PCN16Q Protection counter Output 16 315

PCN16R Protection counter Reset 16 319

PCN17Q Protection counter Output 17 316

PCN17R Protection counter Reset 17 320

PCN18Q Protection counter Output 18 316

PCN18R Protection counter Reset 18 320

PCN19Q Protection counter Output 19 316

Table 11.1 Alphabetic List of Relay Word Bits (Sheet 51 of 79)

Name Bit Description Row



11.52

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Alphabetical List

PCN19R Protection counter Reset 19 320

PCN20Q Protection counter Output 20 316

PCN20R Protection counter Reset 20 320

PCN21Q Protection counter Output 21 316

PCN21R Protection counter Reset 21 320

PCN22Q Protection counter Output 22 316

PCN22R Protection counter Reset 22 320

PCN23Q Protection counter Output 23 316

PCN23R Protection counter Reset 23 320

PCN24Q Protection counter Output 24 316

PCN24R Protection counter Reset 24 320

PCN25Q Protection counter Output 25 317

PCN25R Protection counter Reset 25 321

PCN26Q Protection counter Output 26 317

PCN26R Protection counter Reset 26 321

PCN27Q Protection counter Output 27 317

PCN27R Protection counter Reset 27 321

PCN28Q Protection counter Output 28 317

PCN28R Protection counter Reset 28 321

PCN29Q Protection counter Output 29 317

PCN29R Protection counter Reset 29 321

PCN30Q Protection counter Output 30 317

PCN30R Protection counter Reset 30 321

PCN31Q Protection counter Output 31 317

PCN31R Protection counter Reset 31 321

PCN32Q Protection counter Output 32 317

PCN32R Protection counter Reset 32 321

PCT01Q Protection conditioning timer Output 01 304

PCT02Q Protection conditioning timer Output 02 304

PCT03Q Protection conditioning timer Output 03 304

PCT04Q Protection conditioning timer Output 04 304

PCT05Q Protection conditioning timer Output 05 304

PCT06Q Protection conditioning timer Output 06 304

PCT07Q Protection conditioning timer Output 07 304

PCT08Q Protection conditioning timer Output 08 304

PCT09Q Protection conditioning timer Output 09   305

PCT10Q Protection conditioning timer Output 10 305

PCT11Q Protection conditioning timer Output 11 305

PCT12Q Protection conditioning timer Output 12 305

PCT13Q Protection conditioning timer Output 13 305

PCT14Q Protection conditioning timer Output 14 305
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PCT15Q Protection conditioning timer Output 15 305

PCT16Q Protection conditioning timer Output 16 305

PFRTEX Protection SELOGIC control equation first execution 374

PLT01 Protection Latch 01   300

PLT02 Protection Latch 02 300

PLT03 Protection Latch 03 300

PLT04 Protection Latch 04 300

PLT05 Protection Latch 05 300

PLT06 Protection Latch 06 300

PLT07 Protection Latch 07 300

PLT08 Protection Latch 08 300

PLT09 Protection Latch 09    301

PLT10 Protection Latch 10 301

PLT11 Protection Latch 11 301

PLT12 Protection Latch 12 301

PLT13 Protection Latch 13 301

PLT14 Protection Latch 14 301

PLT15 Protection Latch 15 301

PLT16 Protection Latch 16 301

PLT17 Protection Latch 17 302

PLT18 Protection Latch 18 302

PLT19 Protection Latch 19 302

PLT20 Protection Latch 20 302

PLT21 Protection Latch 21 302

PLT22 Protection Latch 22 302

PLT23 Protection Latch 23 302

PLT24 Protection Latch 24 302

PLT25 Protection Latch 25 303

PLT26 Protection Latch 26 303

PLT27 Protection Latch 27 303

PLT28 Protection Latch 28 303

PLT29 Protection Latch 29 303

PLT30 Protection Latch 30 303

PLT31 Protection Latch 31 303

PLT32 Protection Latch 32 303

PST01Q Protection sequencing timer Output 01 306

PST01R Protection sequencing timer Reset 01 310

PST02Q Protection sequencing timer Output 02 306

PST02R Protection sequencing timer Reset 02 310

PST03Q Protection sequencing timer Output 03 306

PST03R Protection sequencing timer Reset 03 310
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PST04Q Protection sequencing timer Output 04 306

PST04R Protection sequencing timer Reset 04 310

PST05Q Protection sequencing timer Output 05 306

PST05R Protection sequencing timer Reset 05 310

PST06Q Protection sequencing timer Output 06 306

PST06R Protection sequencing timer Reset 06 310

PST07Q Protection sequencing timer Output 07 306

PST07R Protection sequencing timer Reset 07 310

PST08Q Protection sequencing timer Output 08 306

PST08R Protection sequencing timer Reset 08 310

PST09Q Protection sequencing timer Output 09 307

PST09R Protection sequencing timer Reset 09 311

PST10Q Protection sequencing timer Output 10 307

PST10R Protection sequencing timer Reset 10 311

PST11Q Protection sequencing timer Output 11 307

PST11R Protection sequencing timer Reset 11 311

PST12Q Protection sequencing timer Output 12 307

PST12R Protection sequencing timer Reset 12 311

PST13Q Protection sequencing timer Output 13 307

PST13R Protection sequencing timer Reset 13 311

PST14Q Protection sequencing timer Output 14 307

PST14R Protection sequencing timer Reset 14 311

PST15Q Protection sequencing timer Output 15 307

PST15R Protection sequencing timer Reset 15 311

PST16Q Protection sequencing timer Output 16 307

PST16R Protection sequencing timer Reset 16 311

PST17Q Protection sequencing timer Output 17 308

PST17R Protection sequencing timer Reset 17 312

PST18Q Protection sequencing timer Output 18 308

PST18R Protection sequencing timer Reset 18 312

PST19Q Protection sequencing timer Output 19 308

PST19R Protection sequencing timer Reset 19 312

PST20Q Protection sequencing timer Output 20 308

PST20R Protection sequencing timer Reset 20 312

PST21Q Protection sequencing timer Output 21 308

PST21R Protection sequencing timer Reset 21 312

PST22Q Protection sequencing timer Output 22 308

PST22R Protection sequencing timer Reset 22 312

PST23Q Protection sequencing timer Output 23 308

PST23R Protection sequencing timer Reset 23 312

PST24Q Protection sequencing timer Output 24 308
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PST24R Protection sequencing timer Reset 24 312

PST25Q Protection sequencing timer Output 25 309

PST25R Protection sequencing timer Reset 25 313

PST26Q Protection sequencing timer Output 26 309

PST26R Protection sequencing timer Reset 26 313

PST27Q Protection sequencing timer Output 27 309

PST27R Protection sequencing timer Reset 27 313

PST28Q Protection sequencing timer Output 28 309

PST28R Protection sequencing timer Reset 28 313

PST29Q Protection sequencing timer Output 29 309

PST29R Protection sequencing timer Reset 29 313

PST30Q Protection sequencing timer Output 30 309

PST30R Protection sequencing timer Reset 30 313

PST31Q Protection sequencing timer Output 31 309

PST31R Protection sequencing timer Reset 31 313

PST32Q Protection sequencing timer Output 32 309

PST32R Protection sequencing timer Reset 32 313

PSV01 Protection SELOGIC control equation Variable 01 292

PSV02 Protection SELOGIC control equation Variable 02 292

PSV03 Protection SELOGIC control equation Variable 03 292

PSV04 Protection SELOGIC control equation Variable 04 292

PSV05 Protection SELOGIC control equation Variable 05 292

PSV06 Protection SELOGIC control equation Variable 06 292

PSV07 Protection SELOGIC control equation Variable 07 292

PSV08 Protection SELOGIC control equation Variable 08 292

PSV09 Protection SELOGIC control equation Variable 09 293

PSV10 Protection SELOGIC control equation Variable 10 293

PSV11 Protection SELOGIC control equation Variable 11 293

PSV12 Protection SELOGIC control equation Variable 12 293

PSV13 Protection SELOGIC control equation Variable 13 293

PSV14 Protection SELOGIC control equation Variable 14 293

PSV15 Protection SELOGIC control equation Variable 15 293

PSV16 Protection SELOGIC control equation Variable 16 293

PSV17 Protection SELOGIC control equation Variable 17 294

PSV18 Protection SELOGIC control equation Variable 18 294

PSV19 Protection SELOGIC control equation Variable 19 294

PSV20 Protection SELOGIC control equation Variable 20 294

PSV21 Protection SELOGIC control equation Variable 21 294

PSV22 Protection SELOGIC control equation Variable 22 294

PSV23 Protection SELOGIC control equation Variable 23 294

PSV24 Protection SELOGIC control equation Variable 24 294
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PSV25 Protection SELOGIC control equation Variable 25 295

PSV26 Protection SELOGIC control equation Variable 26 295

PSV27 Protection SELOGIC control equation Variable 27 295

PSV28 Protection SELOGIC control equation Variable 28 295

PSV29 Protection SELOGIC control equation Variable 29 295

PSV30 Protection SELOGIC control equation Variable 30 295

PSV31 Protection SELOGIC control equation Variable 31 295

PSV32 Protection SELOGIC control equation Variable 32 295

PSV33 Protection SELOGIC control equation Variable 33 296

PSV34 Protection SELOGIC control equation Variable 34 296

PSV35 Protection SELOGIC control equation Variable 35 296

PSV36 Protection SELOGIC control equation Variable 36 296

PSV37 Protection SELOGIC control equation Variable 37 296

PSV38 Protection SELOGIC control equation Variable 38 296

PSV39 Protection SELOGIC control equation Variable 39 296

PSV40 Protection SELOGIC control equation Variable 40 296

PSV41 Protection SELOGIC control equation Variable 41 297

PSV42 Protection SELOGIC control equation Variable 42 297

PSV43 Protection SELOGIC control equation Variable 43 297

PSV44 Protection SELOGIC control equation Variable 44 297

PSV45 Protection SELOGIC control equation Variable 45 297

PSV46 Protection SELOGIC control equation Variable 46 297

PSV47 Protection SELOGIC control equation Variable 47 297

PSV48 Protection SELOGIC control equation Variable 48 297

PSV49 Protection SELOGIC control equation Variable 49 298

PSV50 Protection SELOGIC control equation Variable 50 298

PSV51 Protection SELOGIC control equation Variable 51 298

PSV52 Protection SELOGIC control equation Variable 52 298

PSV53 Protection SELOGIC control equation Variable 53 298

PSV54 Protection SELOGIC control equation Variable 54 298

PSV55 Protection SELOGIC control equation Variable 55 298

PSV56 Protection SELOGIC control equation Variable 56 298

PSV57 Protection SELOGIC control equation Variable 57 299

PSV58 Protection SELOGIC control equation Variable 58 299

PSV59 Protection SELOGIC control equation Variable 59 299

PSV60 Protection SELOGIC control equation Variable 60 299

PSV61 Protection SELOGIC control equation Variable 61 299

PSV62 Protection SELOGIC control equation Variable 62 299

PSV63 Protection SELOGIC control equation Variable 63 299

PSV64 Protection SELOGIC control equation Variable 64 299

PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards 474
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PTP_OK PTP is available and has sufficient quality 473

PTP_RST Disqualify PTP time source 473

PTP_SET Qualify PTP time source 473

PTP_TIM A valid PTP time source is detected 473

PTPSYNC Synchronized to a high-quality PTP source 474

PUNRLBL Protection SELOGIC control equation unresolved label 374

RB01 Remote Bit 01 271

RB02 Remote Bit 02 271

RB03 Remote Bit 03 271

RB04 Remote Bit 04 271

RB05 Remote Bit 05 271

RB06 Remote Bit 06 271

RB07 Remote Bit 07 271

RB08 Remote Bit 08 271

RB09 Remote Bit 09 270

RB10 Remote Bit 10 270

RB11 Remote Bit 11 270

RB12 Remote Bit 12 270

RB13 Remote Bit 13 270

RB14 Remote Bit 14 270

RB15 Remote Bit 15 270

RB16 Remote Bit 16 270

RB17 Remote Bit 17 269

RB18 Remote Bit 18 269

RB19 Remote Bit 19 269

RB20 Remote Bit 20 269

RB21 Remote Bit 21 269

RB22 Remote Bit 22 269

RB23 Remote Bit 23 269

RB24 Remote Bit 24    269

RB25 Remote Bit 25 268

RB26 Remote Bit 26 268

RB27 Remote Bit 27 268

RB28 Remote Bit 28 268

RB29 Remote Bit 29 268

RB30 Remote Bit 30 268

RB31 Remote Bit 31 268

RB32 Remote Bit 32 268

RB33 Remote Bit 33 267

RB34 Remote Bit 34 267

RB35 Remote Bit 35 267
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RB36 Remote Bit 36 267

RB37 Remote Bit 37 267

RB38 Remote Bit 38 267

RB39 Remote Bit 39 267

RB40 Remote Bit 40 267

RB41 Remote Bit 41 266

RB42 Remote Bit 42 266

RB43 Remote Bit 43 266

RB44 Remote Bit 44 266

RB45 Remote Bit 45 266

RB46 Remote Bit 46 266

RB47 Remote Bit 47 266

RB48 Remote Bit 48 266

RB49 Remote Bit 49 265

RB50 Remote Bit 50 265

RB51 Remote Bit 51 265

RB52 Remote Bit 52 265

RB53 Remote Bit 53 265

RB54 Remote Bit 54 265

RB55 Remote Bit 55 265

RB56 Remote Bit 56 265

RB57 Remote Bit 57 264

RB58 Remote Bit 58 264

RB59 Remote Bit 59 264

RB60 Remote Bit 60 264

RB61 Remote Bit 61 264

RB62 Remote Bit 62 264

RB63 Remote Bit 63 264

RB64 Remote Bit 64 264

RB65 Remote Bit 65 263

RB66 Remote Bit 66 263

RB67 Remote Bit 67 263

RB68 Remote Bit 68 263

RB69 Remote Bit 69 263

RB70 Remote Bit 70 263

RB71 Remote Bit 71 263

RB72 Remote Bit 72 263

RB73 Remote Bit 73 262

RB74 Remote Bit 74 262

RB75 Remote Bit 75 262

RB76 Remote Bit 76 262
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RB77 Remote Bit 77 262

RB78 Remote Bit 78 262

RB79 Remote Bit 79 262

RB80 Remote Bit 80 262

RB81 Remote Bit 81 261

RB82 Remote Bit 82 261

RB83 Remote Bit 83 261

RB84 Remote Bit 84 261

RB85 Remote Bit 85 261

RB86 Remote Bit 86 261

RB87 Remote Bit 87 261

RB88 Remote Bit 88 261

RB89 Remote Bit 89 260

RB90 Remote Bit 90 260

RB91 Remote Bit 91 260

RB92 Remote Bit 92 260

RB93 Remote Bit 93 260

RB94 Remote Bit 94 260

RB95 Remote Bit 95 260

RB96 Remote Bit 96 260

RBADA Channel A MIRRORED BITS outage too long 404

RBADB Channel B MIRRORED BITS outage too long 405

RDIF1 Zone 1 unfiltered restrained differential element picked up 160

RDIF2 Zone 2 unfiltered restrained differential element picked up 162

RDIF3 Zone 3 unfiltered restrained differential element picked up 164

RDIF4 Zone 4 unfiltered restrained differential element picked up 166

RDIF5 Zone 5 unfiltered restrained differential element picked up 168

RDIF6 Zone 6 unfiltered restrained differential element picked up 170

RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up 451

RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up 453

RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up 455

RMB1A Channel A receive MIRRORED BIT 1 400

RMB1B Channel B receive MIRRORED BIT 1 402

RMB2A Channel A receive MIRRORED BIT 2 400

RMB2B Channel B receive MIRRORED BIT 2 402

RMB3A Channel A receive MIRRORED BIT 3 400

RMB3B Channel B receive MIRRORED BIT 3 402

RMB4A Channel A receive MIRRORED BIT 4 400

RMB4B Channel B receive MIRRORED BIT 4 402

RMB5A Channel A receive MIRRORED BIT 5 400

RMB5B Channel B receive MIRRORED BIT 5 402
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RMB6A Channel A receive MIRRORED BIT 6 400

RMB6B Channel B receive MIRRORED BIT 6 402

RMB7A Channel A receive MIRRORED BIT 7 400

RMB7B Channel B receive MIRRORED BIT 7 402

RMB8A Channel A receive MIRRORED BIT 8 400

RMB8B Channel B receive MIRRORED BIT 8 402

ROCTZ1 Zone 1 open CT logic reset 154

ROCTZ2 Zone 2 open CT logic reset 154

ROCTZ3 Zone 3 open CT logic reset 154

ROCTZ4 Zone 4 open CT logic reset 154

ROCTZ5 Zone 5 open CT logic reset 154

ROCTZ6 Zone 6 open CT logic reset 154

ROKA Channel A MIRRORED BITS normal status (non-loopback) 404

ROKB Channel B MIRRORED BITS normal status (non-loopback mode) 405

RST_BAT Reset battery monitoring 440

RST_HAL Reset HALARMA 440

RSTDNPE Reset DNP fault summary data 440

RSTOCT1 Zone 1 open CT detection reset 156

RSTOCT2 Zone 2 open CT detection reset 156

RSTOCT3 Zone 3 open CT detection reset 156

RSTOCT4 Zone 4 open CT detection reset 156

RSTOCT5 Zone 5 open CT detection reset 156

RSTOCT6 Zone 6 open CT detection reset 156

RSTTRGT Target reset (SELOGIC control equation) 440

RT01 Circuit Breaker 1 retrip 183

RT02 Circuit Breaker 2 retrip 184

RT03 Circuit Breaker 3 retrip 185

RT04 Circuit Breaker 4 retrip 186

RT05 Circuit Breaker 5 retrip 187

RT06 Circuit Breaker 6 retrip 188

RT07 Circuit Breaker 7 retrip 189

RT08 Circuit Breaker 8 retrip 190

RT09 Circuit Breaker 9 retrip 191

RT10 Circuit Breaker 10 retrip 192

RT11 Circuit Breaker 11 retrip 193

RT12 Circuit Breaker 12 retrip 194

RT13 Circuit Breaker 13 retrip 195

RT14 Circuit Breaker 14 retrip 196

RT15 Circuit Breaker 15 retrip 197

RT16 Circuit Breaker 16 retrip 198

RT17 Circuit Breaker 17 retrip 199
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RT18 Circuit Breaker 18 retrip 200

RT19 Circuit Breaker 19 retrip 201

RT20 Circuit Breaker 20 retrip 202

RT21 Circuit Breaker 21 retrip 203

RZSWOAL Reset zone switching operation alarm 152

SALARM Non-diagnostic alarm pulse 376

SBFTR Any circuit breaker failure trip 239

SBFTR01 Circuit Breaker 01 breaker failure trip 236

SBFTR02 Circuit Breaker 02 breaker failure trip 236

SBFTR03 Circuit Breaker 03 breaker failure trip 236

SBFTR04 Circuit Breaker 04 breaker failure trip 236

SBFTR05 Circuit Breaker 05 breaker failure trip 236

SBFTR06 Circuit Breaker 06 breaker failure trip 236

SBFTR07 Circuit Breaker 07 breaker failure trip 236

SBFTR08 Circuit Breaker 08 breaker failure trip 236

SBFTR09 Circuit Breaker 09 breaker failure trip 237

SBFTR10 Circuit Breaker 10 breaker failure trip 237

SBFTR11 Circuit Breaker 11 breaker failure trip 237

SBFTR12 Circuit Breaker 12 breaker failure trip 237

SBFTR13 Circuit Breaker 13 breaker failure trip 237

SBFTR14 Circuit Breaker 14 breaker failure trip 237

SBFTR15 Circuit Breaker 15 breaker failure trip 237

SBFTR16 Circuit Breaker 16 breaker failure trip 237

SBFTR17 Circuit Breaker 17 breaker failure trip 238

SBFTR18 Circuit Breaker 18 breaker failure trip 238

SBFTR19 Circuit Breaker 19 breaker failure trip 238

SBFTR20 Circuit Breaker 20 breaker failure trip 238

SBFTR21 Circuit Breaker 21 breaker failure trip 238

SC850BM SELOGIC control for IEC 61850 blocked mode 476

SC850LS SELOGIC control for control authority at station level 480

SC850SM SELOGIC control for IEC 61850 simulation mode 476

SC850TM SELOGIC control for IEC 61850 test mode 476

SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards 473

SER_OK IRIG-B signal from serial port 1 is available and has sufficient quality 472

SER_RST Disqualify serial IRIG-B time source 472

SER_SET Qualify serial IRIG-B time source 472

SER_TIM A valid IRIG-B time source is detected on serial port 473

SERSYNC Synchronized to a high-quality serial IRIG source 474

SETCHG Pulsed when settings change 376

SG1 Settings Group 1 active 255

SG2 Settings Group 2 active 255
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SG3 Settings Group 3 active 255

SG4 Settings Group 4 active 255

SG5 Settings Group 5 active 255

SG6 Settings Group 6 active 255

SPEN Signal Profiling enabled 467

TBNC The active relay time source is BNC IRIG 378

TESTDB Communications card database test bit 406

TESTDB2 DNP test bit 406

TESTFM Fast meter test bit 406

TESTPUL Pulse test bit 406

TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source 379

TIRIG Assert while time is based on IRIG for both mark and value 378

TLED_1 Front-panel target LED 1 1

TLED_10 Front-panel target LED 10 2

TLED_11 Front-panel target LED 11 2

TLED_12 Front-panel target LED 12 2

TLED_13 Front-panel target LED 13 2

TLED_14 Front-panel target LED 14 2

TLED_15 Front-panel target LED 15 2

TLED_16 Front-panel target LED 16 2

TLED_17 Front-panel target LED 17 3

TLED_18 Front-panel target LED 18 3

TLED_19 Front-panel target LED 19 3

TLED_2 Front-panel target LED 2 1

TLED_20 Front-panel target LED 20 3

TLED_21 Front-panel target LED 21 3

TLED_22 Front-panel target LED 22 3

TLED_23 Front-panel target LED 23 3

TLED_24 Front-panel target LED 24 3

TLED_3 Front-panel target LED 3 1

TLED_4 Front-panel target LED 4 1

TLED_5 Front-panel target LED 5 1

TLED_6 Front-panel target LED 6 1

TLED_7 Front-panel target LED 7 1

TLED_8 Front-panel target LED 8 1

TLED_9 Front-panel target LED 9 2

TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source 379

TMB1A Channel A transmit MIRRORED BIT 1 401

TMB1B Channel B transmit MIRRORED BIT 1 403

TMB2A Channel A transmit MIRRORED BIT 2 401

TMB2B Channel B transmit MIRRORED BIT 2 403
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TMB3A Channel A transmit MIRRORED BIT 3 401

TMB3B Channel B transmit MIRRORED BIT 3 403

TMB4A Channel A transmit MIRRORED BIT 4 401

TMB4B Channel B transmit MIRRORED BIT 4 403

TMB5A Channel A transmit MIRRORED BIT 5 401

TMB5B Channel B transmit MIRRORED BIT 5 403

TMB6A Channel A transmit MIRRORED BIT 6 401

TMB6B Channel B transmit MIRRORED BIT 6 403

TMB7A Channel A transmit MIRRORED BIT 7 401

TMB7B Channel B transmit MIRRORED BIT 7 403

TMB8A Channel A transmit MIRRORED BIT 8 401

TMB8B Channel B transmit MIRRORED BIT 8 403

TOS01 Terminal 01 out of service 180

TOS02 Terminal 02 out of service 180

TOS03 Terminal 03 out of service 180

TOS04 Terminal 04 out of service 180

TOS05 Terminal 05 out of service 180

TOS06 Terminal 06 out of service 180

TOS07 Terminal 07 out of service 180

TOS08 Terminal 08 out of service 180

TOS09 Terminal 09 out of service 181

TOS10 Terminal 10 out of service 181

TOS11 Terminal 11 out of service 181

TOS12 Terminal 12 out of service 181

TOS13 Terminal 13 out of service 181

TOS14 Terminal 14 out of service 181

TOS15 Terminal 15 out of service 181

TOS16 Terminal 16 out of service 181

TOS17 Terminal 17 out of service 182

TOS18 Terminal 18 out of service 182

TOS19 Terminal 19 out of service 182

TOS20 Terminal 20 out of service 182

TOS21 Terminal 21 out of service 182

TPLLEXT Update PLL using external signal 379

TPTP The active relay time source is PTP 378

TQUAL1 Time quality, binary, add 1 when asserted 470

TQUAL2 Time quality, binary, add 2 when asserted 470

TQUAL4 Time quality, binary, add 4 when asserted 470

TQUAL8 Time quality, binary, add 8 when asserted 470

TRGTR Reset all active target Relay Words 466

TRIP Any terminal trip output 245
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TRIP01 Terminal 01 trip output 242

TRIP02 Terminal 02 trip output 242

TRIP03 Terminal 03 trip output 242

TRIP04 Terminal 04 trip output 242

TRIP05 Terminal 05 trip output 242

TRIP06 Terminal 06 trip output 242

TRIP07 Terminal 07 trip output 242

TRIP08 Terminal 08 trip output 242

TRIP09 Terminal 09 trip output 243

TRIP10 Terminal 10 trip output 243

TRIP11 Terminal 11 trip output 243

TRIP12 Terminal 12 trip output 243

TRIP13 Terminal 13 trip output 243

TRIP14 Terminal 14 trip output 243

TRIP15 Terminal 15 trip output 243

TRIP16 Terminal 16 trip output 243

TRIP17 Terminal 17 trip output 244

TRIP18 Terminal 18 trip output 244

TRIP19 Terminal 19 trip output 244

TRIP20 Terminal 20 trip output 244

TRIP21 Terminal 21 trip output 244

TRIPLED Trip LED 0

TSER The active relay time source is serial IRIG 378

TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired 379

TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired 379

TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements 378

TSSW High-priority time source switching 379

TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source 379

TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized 378

TUPDH Assert if update source is high-priority time source 378

TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted 469

TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted 469

TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted 469

TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted 469

TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted 469

TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise 469

ULTR01 Terminal 01 unlatch trip 246

ULTR02 Terminal 02 unlatch trip 246

ULTR03 Terminal 03 unlatch trip 246

ULTR04 Terminal 04 unlatch trip 246

ULTR05 Terminal 05 unlatch trip 246
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ULTR06 Terminal 06 unlatch trip 246

ULTR07 Terminal 07 unlatch trip 246

ULTR08 Terminal 08 unlatch trip 246

ULTR09 Terminal 09 unlatch trip 247

ULTR10 Terminal 10 unlatch trip 247

ULTR11 Terminal 11 unlatch trip 247

ULTR12 Terminal 12 unlatch trip 247

ULTR13 Terminal 13 unlatch trip 247

ULTR14 Terminal 14 unlatch trip 247

ULTR15 Terminal 15 unlatch trip 247

ULTR16 Terminal 16 unlatch trip 247

ULTR17 Terminal 17 unlatch trip 248

ULTR18 Terminal 18 unlatch trip 248

ULTR19 Terminal 19 unlatch trip 248

ULTR20 Terminal 20 unlatch trip 248

ULTR21 Terminal 21 unlatch trip 248

UPD_BLK Block updating internal clock period and master time 472

UPD_EN Enable updating internal clock with selected external time source 378

VB001 Virtual Bit 001 439

VB002 Virtual Bit 002 439

VB003 Virtual Bit 003 439

VB004 Virtual Bit 004 439

VB005 Virtual Bit 005 439

VB006 Virtual Bit 006 439

VB007 Virtual Bit 007 439

VB008 Virtual Bit 008 439

VB009 Virtual Bit 009 438

VB010 Virtual Bit 010 438

VB011 Virtual Bit 011 438

VB012 Virtual Bit 012 438

VB013 Virtual Bit 013 438

VB014 Virtual Bit 014 438

VB015 Virtual Bit 015 438

VB016 Virtual Bit 016 438

VB017 Virtual Bit 017 437

VB018 Virtual Bit 018 437

VB019 Virtual Bit 019 437

VB020 Virtual Bit 020 437

VB021 Virtual Bit 021 437

VB022 Virtual Bit 022 437

VB023 Virtual Bit 023 437
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VB024 Virtual Bit 024 437

VB025 Virtual Bit 025 436

VB026 Virtual Bit 026 436

VB027 Virtual Bit 027 436

VB028 Virtual Bit 028 436

VB029 Virtual Bit 029 436

VB030 Virtual Bit 030 436

VB031 Virtual Bit 031 436

VB032 Virtual Bit 032 436

VB033 Virtual Bit 033 435

VB034 Virtual Bit 034 435

VB035 Virtual Bit 035 435

VB036 Virtual Bit 036 435

VB037 Virtual Bit 037 435

VB038 Virtual Bit 038 435

VB039 Virtual Bit 039 435

VB040 Virtual Bit 040 435

VB041 Virtual Bit 041 434

VB042 Virtual Bit 042 434

VB043 Virtual Bit 043 434

VB044 Virtual Bit 044 434

VB045 Virtual Bit 045 434

VB046 Virtual Bit 046 434

VB047 Virtual Bit 047 434

VB048 Virtual Bit 048 434

VB049 Virtual Bit 049 433

VB050 Virtual Bit 050 433

VB051 Virtual Bit 051 433

VB052 Virtual Bit 052 433

VB053 Virtual Bit 053 433

VB054 Virtual Bit 054 433

VB055 Virtual Bit 055 433

VB056 Virtual Bit 056 433

VB057 Virtual Bit 057 432

VB058 Virtual Bit 058 432

VB059 Virtual Bit 059 432

VB060 Virtual Bit 060 432

VB061 Virtual Bit 061 432

VB062 Virtual Bit 062 432

VB063 Virtual Bit 063 432

VB064 Virtual Bit 064 432
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VB065 Virtual Bit 065 431

VB066 Virtual Bit 066 431

VB067 Virtual Bit 067 431

VB068 Virtual Bit 068 431

VB069 Virtual Bit 069 431

VB070 Virtual Bit 070 431

VB071 Virtual Bit 071 431

VB072 Virtual Bit 072 431

VB073 Virtual Bit 073 430

VB074 Virtual Bit 074 430

VB075 Virtual Bit 075 430

VB076 Virtual Bit 076 430

VB077 Virtual Bit 077 430

VB078 Virtual Bit 078 430

VB079 Virtual Bit 079 430

VB080 Virtual Bit 080 430

VB081 Virtual Bit 081 429

VB082 Virtual Bit 082 429

VB083 Virtual Bit 083 429

VB084 Virtual Bit 084 429

VB085 Virtual Bit 085 429

VB086 Virtual Bit 086 429

VB087 Virtual Bit 087 429

VB088 Virtual Bit 088 429

VB089 Virtual Bit 089 428

VB090 Virtual Bit 090 428

VB091 Virtual Bit 091 428

VB092 Virtual Bit 092 428

VB093 Virtual Bit 093 428

VB094 Virtual Bit 094 428

VB095 Virtual Bit 095 428

VB096 Virtual Bit 096 428

VB097 Virtual Bit 097 427

VB098 Virtual Bit 098 427

VB099 Virtual Bit 099 427

VB100 Virtual Bit 100 427

VB101 Virtual Bit 101 427

VB102 Virtual Bit 102 427

VB103 Virtual Bit 103 427

VB104 Virtual Bit 104 427

VB105 Virtual Bit 105 426
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VB106 Virtual Bit 106 426

VB107 Virtual Bit 107 426

VB108 Virtual Bit 108 426

VB109 Virtual Bit 109 426

VB110 Virtual Bit 110 426

VB111 Virtual Bit 111 426

VB112 Virtual Bit 112 426

VB113 Virtual Bit 113 425

VB114 Virtual Bit 114 425

VB115 Virtual Bit 115 425

VB116 Virtual Bit 116 425

VB117 Virtual Bit 117 425

VB118 Virtual Bit 118 425

VB119 Virtual Bit 119 425

VB120 Virtual Bit 120 425

VB121 Virtual Bit 121 424

VB122 Virtual Bit 122 424

VB123 Virtual Bit 123 424

VB124 Virtual Bit 124 424

VB125 Virtual Bit 125 424

VB126 Virtual Bit 126 424

VB127 Virtual Bit 127 424

VB128 Virtual Bit 128 424

VB129 Virtual Bit 129 423

VB130 Virtual Bit 130 423

VB131 Virtual Bit 131 423

VB132 Virtual Bit 132 423

VB133 Virtual Bit 133 423

VB134 Virtual Bit 134 423

VB135 Virtual Bit 135 423

VB136 Virtual Bit 136 423

VB137 Virtual Bit 137 422

VB138 Virtual Bit 138 422

VB139 Virtual Bit 139 422

VB140 Virtual Bit 140 422

VB141 Virtual Bit 141 422

VB142 Virtual Bit 142 422

VB143 Virtual Bit 143 422

VB144 Virtual Bit 144 422

VB145 Virtual Bit 145 421

VB146 Virtual Bit 146 421
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VB147 Virtual Bit 147 421

VB148 Virtual Bit 148 421

VB149 Virtual Bit 149 421

VB150 Virtual Bit 150 421

VB151 Virtual Bit 151 421

VB152 Virtual Bit 152 421

VB153 Virtual Bit 153 420

VB154 Virtual Bit 154 420

VB155 Virtual Bit 155 420

VB156 Virtual Bit 156 420

VB157 Virtual Bit 157 420

VB158 Virtual Bit 158 420

VB159 Virtual Bit 159 420

VB160 Virtual Bit 160 420

VB161 Virtual Bit 161 419

VB162 Virtual Bit 162 419

VB163 Virtual Bit 163 419

VB164 Virtual Bit 164 419

VB165 Virtual Bit 165 419

VB166 Virtual Bit 166 419

VB167 Virtual Bit 167 419

VB168 Virtual Bit 168 419

VB169 Virtual Bit 169 418

VB170 Virtual Bit 170 418

VB171 Virtual Bit 171 418

VB172 Virtual Bit 172 418

VB173 Virtual Bit 173 418

VB174 Virtual Bit 174 418

VB175 Virtual Bit 175 418

VB176 Virtual Bit 176 418

VB177 Virtual Bit 177 417

VB178 Virtual Bit 178 417

VB179 Virtual Bit 179 417

VB180 Virtual Bit 180 417

VB181 Virtual Bit 181 417

VB182 Virtual Bit 182 417

VB183 Virtual Bit 183 417

VB184 Virtual Bit 184 417

VB185 Virtual Bit 185 416

VB186 Virtual Bit 186 416

VB187 Virtual Bit 187 416
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VB188 Virtual Bit 188 416

VB189 Virtual Bit 189 416

VB190 Virtual Bit 190 416

VB191 Virtual Bit 191 416

VB192 Virtual Bit 192 416

VB193 Virtual Bit 193 415

VB194 Virtual Bit 194 415

VB195 Virtual Bit 195 415

VB196 Virtual Bit 196 415

VB197 Virtual Bit 197 415

VB198 Virtual Bit 198 415

VB199 Virtual Bit 199 415

VB200 Virtual Bit 200 415

VB201 Virtual Bit 201 414

VB202 Virtual Bit 202 414

VB203 Virtual Bit 203 414

VB204 Virtual Bit 204 414

VB205 Virtual Bit 205 414

VB206 Virtual Bit 206 414

VB207 Virtual Bit 207 414

VB208 Virtual Bit 208 414

VB209 Virtual Bit 209 413

VB210 Virtual Bit 210 413

VB211 Virtual Bit 211 413

VB212 Virtual Bit 212 413

VB213 Virtual Bit 213 413

VB214 Virtual Bit 214 413

VB215 Virtual Bit 215 413

VB216 Virtual Bit 216 413

VB217 Virtual Bit 217 412

VB218 Virtual Bit 218 412

VB219 Virtual Bit 219 412

VB220 Virtual Bit 220 412

VB221 Virtual Bit 221 412

VB222 Virtual Bit 222 412

VB223 Virtual Bit 223 412

VB224 Virtual Bit 224 412

VB225 Virtual Bit 225 411

VB226 Virtual Bit 226 411

VB227 Virtual Bit 227 411

VB228 Virtual Bit 228 411
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VB229 Virtual Bit 229 411

VB230 Virtual Bit 230 411

VB231 Virtual Bit 231 411

VB232 Virtual Bit 232 411

VB233 Virtual Bit 233 410

VB234 Virtual Bit 234 410

VB235 Virtual Bit 235 410

VB236 Virtual Bit 236 410

VB237 Virtual Bit 237 410

VB238 Virtual Bit 238 410

VB239 Virtual Bit 239 410

VB240 Virtual Bit 240 410

VB241 Virtual Bit 241 409

VB242 Virtual Bit 242 409

VB243 Virtual Bit 243 409

VB244 Virtual Bit 244 409

VB245 Virtual Bit 245 409

VB246 Virtual Bit 246 409

VB247 Virtual Bit 247 409

VB248 Virtual Bit 248 409

VB249 Virtual Bit 249 408

VB250 Virtual Bit 250 408

VB251 Virtual Bit 251 408

VB252 Virtual Bit 252 408

VB253 Virtual Bit 253 408

VB254 Virtual Bit 254 408

VB255 Virtual Bit 255 408

VB256 Virtual Bit 256 408

XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation) 183

XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation) 184

XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation) 185

XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation) 186

XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation) 187

XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation) 188

XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation) 189

XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation) 190

XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation) 191

XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation) 192

XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation) 193

XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation) 194

XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation) 195
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XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation) 196

XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation) 197

XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation) 198

XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation) 199

XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation) 200

XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation) 201

XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation) 202

XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation) 203

YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 468

YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 468

YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 468

YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 468

YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 468

YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 468

YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 468

YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 468

Z1BZ1 Bus-Zone 1 is part of Protective Zone 1 144

Z1BZ2 Bus-Zone 2 is part of Protective Zone 1 144

Z1BZ3 Bus-Zone 3 is part of Protective Zone 1 144

Z1BZ4 Bus-Zone 4 is part of Protective Zone 1 144

Z1BZ5 Bus-Zone 5 is part of Protective Zone 1 144

Z1BZ6 Bus-Zone 6 is part of Protective Zone 1 144

Z1S Zone 1 supervision asserted 153

Z2BZ2 Bus-Zone 2 is part of Protective Zone 2 145

Z2BZ3 Bus-Zone 3 is part of Protective Zone 2 145

Z2BZ4 Bus-Zone 4 is part of Protective Zone 2 145

Z2BZ5 Bus-Zone 5 is part of Protective Zone 2 145

Z2BZ6 Bus-Zone 6 is part of Protective Zone 2 145

Z2S Zone 2 supervision asserted 153

Z3BZ3 Bus-Zone 3 is part of Protective Zone 3 146

Z3BZ4 Bus-Zone 4 is part of Protective Zone 3 146

Z3BZ5 Bus-Zone 5 is part of Protective Zone 3 146

Z3BZ6 Bus-Zone 6 is part of Protective Zone 3 146

Z3S Zone 3 supervision asserted 153

Z4BZ4 Bus-Zone 4 is part of Protective Zone 4 147

Z4BZ5 Bus-Zone 5 is part of Protective Zone 4 147

Z4BZ6 Bus-Zone 6 is part of Protective Zone 4 147

Z4S Zone 4 supervision asserted 153

Z5BZ5 Bus-Zone 5 is part of Protective Zone 5 148

Z5BZ6 Bus-Zone 6 is part of Protective Zone 5 148

Z5S Zone 5 supervision asserted 153
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Z6BZ6 Bus-Zone 6 is part of Protective Zone 6 149

Z6S Zone 6 supervision asserted 153

ZN1I01 Terminal 01 connected to Zone 1 80

ZN1I01T Terminal 01 connected to Zone 1 and will be tripped 104

ZN1I02 Terminal 02 connected to Zone 1 80

ZN1I02T Terminal 02 connected to Zone 1 and will be tripped 104

ZN1I03 Terminal 03 connected to Zone 1 80

ZN1I03T Terminal 03 connected to Zone 1 and will be tripped 104

ZN1I04 Terminal 04 connected to Zone 1 80

ZN1I04T Terminal 04 connected to Zone 1 and will be tripped 104

ZN1I05 Terminal 05 connected to Zone 1 80

ZN1I05T Terminal 05 connected to Zone 1 and will be tripped 104

ZN1I06 Terminal 06 connected to Zone 1 80

ZN1I06T Terminal 06 connected to Zone 1 and will be tripped 104

ZN1I07 Terminal 07 connected to Zone 1 80

ZN1I07T Terminal 07 connected to Zone 1 and will be tripped 104

ZN1I08 Terminal 08 connected to Zone 1 80

ZN1I08T Terminal 08 connected to Zone 1 and will be tripped 104

ZN1I09 Terminal 09 connected to Zone 1 81

ZN1I09T Terminal 09 connected to Zone 1 and will be tripped 105

ZN1I10 Terminal 10 connected to Zone 1 81

ZN1I10T Terminal 10 connected to Zone 1 and will be tripped 105

ZN1I11 Terminal 11 connected to Zone 1 81

ZN1I11T Terminal 11 connected to Zone 1 and will be tripped 105

ZN1I12 Terminal 12 connected to Zone 1 81

ZN1I12T Terminal 12 connected to Zone 1 and will be tripped 105

ZN1I13 Terminal 13 connected to Zone 1 81

ZN1I13T Terminal 13 connected to Zone 1 and will be tripped 105

ZN1I14 Terminal 14 connected to Zone 1 81

ZN1I14T Terminal 14 connected to Zone 1 and will be tripped 105

ZN1I15 Terminal 15 connected to Zone 1 81

ZN1I15T Terminal 15 connected to Zone 1 and will be tripped 105

ZN1I16 Terminal 16 connected to Zone 1 81

ZN1I16T Terminal 16 connected to Zone 1 and will be tripped 105

ZN1I17 Terminal 17 connected to Zone 1 82

ZN1I17T Terminal 17 connected to Zone 1 and will be tripped 106

ZN1I18 Terminal 18 connected to Zone 1 82

ZN1I18T Terminal 18 connected to Zone 1 and will be tripped 106

ZN1I19 Terminal 19 connected to Zone 1 82

ZN1I19T Terminal 19 connected to Zone 1 and will be tripped 106

ZN1I20 Terminal 20 connected to Zone 1 82
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ZN1I20T Terminal 20 connected to Zone 1 and will be tripped 106

ZN1I21 Terminal 21 connected to Zone 1 82

ZN1I21T Terminal 21 connected to Zone 1 and will be tripped 106

ZN2I01 Terminal 01 connected to Zone 2 84

ZN2I01T Terminal 01 connected to Zone 2 and will be tripped 108

ZN2I02 Terminal 02 connected to Zone 2 84

ZN2I02T Terminal 02 connected to Zone 2 and will be tripped 108

ZN2I03 Terminal 03 connected to Zone 2 84

ZN2I03T Terminal 03 connected to Zone 2 and will be tripped 108

ZN2I04 Terminal 04 connected to Zone 2 84

ZN2I04T Terminal 04 connected to Zone 2 and will be tripped 108

ZN2I05 Terminal 05 connected to Zone 2 84

ZN2I05T Terminal 05 connected to Zone 2 and will be tripped 108

ZN2I06 Terminal 06 connected to Zone 2 84

ZN2I06T Terminal 06 connected to Zone 2 and will be tripped 108

ZN2I07 Terminal 07 connected to Zone 2 84

ZN2I07T Terminal 07 connected to Zone 2 and will be tripped 108

ZN2I08 Terminal 08 connected to Zone 2 84

ZN2I08T Terminal 08 connected to Zone 2 and will be tripped 108

ZN2I09 Terminal 09 connected to Zone 2 85

ZN2I09T Terminal 09 connected to Zone 2 and will be tripped 109

ZN2I10 Terminal 10 connected to Zone 2 85

ZN2I10T Terminal 10 connected to Zone 2 and will be tripped 109

ZN2I11 Terminal 11 connected to Zone 2 85

ZN2I11T Terminal 11 connected to Zone 2 and will be tripped 109

ZN2I12 Terminal 12 connected to Zone 2 85

ZN2I12T Terminal 12 connected to Zone 2 and will be tripped 109

ZN2I13 Terminal 13 connected to Zone 2 85

ZN2I13T Terminal 13 connected to Zone 2 and will be tripped 109

ZN2I14 Terminal 14 connected to Zone 2 85

ZN2I14T Terminal 14 connected to Zone 2 and will be tripped 109

ZN2I15 Terminal 15 connected to Zone 2 85

ZN2I15T Terminal 15 connected to Zone 2 and will be tripped 109

ZN2I16 Terminal 16 connected to Zone 2 85

ZN2I16T Terminal 16 connected to Zone 2 and will be tripped 109

ZN2I17 Terminal 17 connected to Zone 2 86

ZN2I17T Terminal 17 connected to Zone 2 and will be tripped 110

ZN2I18 Terminal 18 connected to Zone 2 86

ZN2I18T Terminal 18 connected to Zone 2 and will be tripped 110

ZN2I19 Terminal 19 connected to Zone 2 86

ZN2I19T Terminal 19 connected to Zone 2 and will be tripped 110
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ZN2I20 Terminal 20 connected to Zone 2 86

ZN2I20T Terminal 20 connected to Zone 2 and will be tripped 110

ZN2I21 Terminal 21 connected to Zone 2 86

ZN2I21T Terminal 21 connected to Zone 2 and will be tripped 110

ZN3I01 Terminal 01 connected to Zone 3 88

ZN3I01T Terminal 01 connected to Zone 3 and will be tripped 112

ZN3I02 Terminal 02 connected to Zone 3 88

ZN3I02T Terminal 02 connected to Zone 3 and will be tripped 112

ZN3I03 Terminal 03 connected to Zone 3 88

ZN3I03T Terminal 03 connected to Zone 3 and will be tripped 112

ZN3I04 Terminal 04 connected to Zone 3 88

ZN3I04T Terminal 04 connected to Zone 3 and will be tripped 112

ZN3I05 Terminal 05 connected to Zone 3 88

ZN3I05T Terminal 05 connected to Zone 3 and will be tripped 112

ZN3I06 Terminal 06 connected to Zone 3 88

ZN3I06T Terminal 06 connected to Zone 3 and will be tripped 112

ZN3I07 Terminal 07 connected to Zone 3 88

ZN3I07T Terminal 07 connected to Zone 3 and will be tripped 112

ZN3I08 Terminal 08 connected to Zone 3 88

ZN3I08T Terminal 08 connected to Zone 3 and will be tripped 112

ZN3I09 Terminal 09 connected to Zone 3 89

ZN3I09T Terminal 09 connected to Zone 3 and will be tripped 113

ZN3I10 Terminal 10 connected to Zone 3 89

ZN3I10T Terminal 10 connected to Zone 3 and will be tripped 113

ZN3I11 Terminal 11 connected to Zone 3 89

ZN3I11T Terminal 11 connected to Zone 3 and will be tripped 113

ZN3I12 Terminal 12 connected to Zone 3 89

ZN3I12T Terminal 12 connected to Zone 3 and will be tripped 113

ZN3I13 Terminal 13 connected to Zone 3 89

ZN3I13T Terminal 13 connected to Zone 3 and will be tripped 113

ZN3I14 Terminal 14 connected to Zone 3 89

ZN3I14T Terminal 14 connected to Zone 3 and will be tripped 113

ZN3I15 Terminal 15 connected to Zone 3 89

ZN3I15T Terminal 15 connected to Zone 3 and will be tripped 113

ZN3I16 Terminal 16 connected to Zone 3 89

ZN3I16T Terminal 16 connected to Zone 3 and will be tripped 113

ZN3I17 Terminal 17 connected to Zone 3 90

ZN3I17T Terminal 17 connected to Zone 3 and will be tripped 114

ZN3I18 Terminal 18 connected to Zone 3 90

ZN3I18T Terminal 18 connected to Zone 3 and will be tripped 114

ZN3I19 Terminal 19 connected to Zone 3 90
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ZN3I19T Terminal 19 connected to Zone 3 and will be tripped 114

ZN3I20 Terminal 20 connected to Zone 3 90

ZN3I20T Terminal 20 connected to Zone 3 and will be tripped 114

ZN3I21 Terminal 21 connected to Zone 3 90

ZN3I21T Terminal 21 connected to Zone 3 and will be tripped 114

ZN4I01 Terminal 01 connected to Zone 4 92

ZN4I01T Terminal 01 connected to Zone 4 and will be tripped 116

ZN4I02 Terminal 02 connected to Zone 4 92

ZN4I02T Terminal 02 connected to Zone 4 and will be tripped 116

ZN4I03 Terminal 03 connected to Zone 4 92

ZN4I03T Terminal 03 connected to Zone 4 and will be tripped 116

ZN4I04 Terminal 04 connected to Zone 4 92

ZN4I04T Terminal 04 connected to Zone 4 and will be tripped 116

ZN4I05 Terminal 05 connected to Zone 4 92

ZN4I05T Terminal 05 connected to Zone 4 and will be tripped 116

ZN4I06 Terminal 06 connected to Zone 4 92

ZN4I06T Terminal 06 connected to Zone 4 and will be tripped 116

ZN4I07 Terminal 07 connected to Zone 4 92

ZN4I07T Terminal 07 connected to Zone 4 and will be tripped 116

ZN4I08 Terminal 08 connected to Zone 4 92

ZN4I08T Terminal 08 connected to Zone 4 and will be tripped 116

ZN4I09 Terminal 09 connected to Zone 4 93

ZN4I09T Terminal 09 connected to Zone 4 and will be tripped 117

ZN4I10 Terminal 10 connected to Zone 4 93

ZN4I10T Terminal 10 connected to Zone 4 and will be tripped 117

ZN4I11 Terminal 11 connected to Zone 4 93

ZN4I11T Terminal 11 connected to Zone 4 and will be tripped 117

ZN4I12 Terminal 12 connected to Zone 4 93

ZN4I12T Terminal 12 connected to Zone 4 and will be tripped 117

ZN4I13 Terminal 13 connected to Zone 4 93

ZN4I13T Terminal 13 connected to Zone 4 and will be tripped 117

ZN4I14 Terminal 14 connected to Zone 4 93

ZN4I14T Terminal 14 connected to Zone 4 and will be tripped 117

ZN4I15 Terminal 15 connected to Zone 4 93

ZN4I15T Terminal 15 connected to Zone 4 and will be tripped 117

ZN4I16 Terminal 16 connected to Zone 4 93

ZN4I16T Terminal 16 connected to Zone 4 and will be tripped 117

ZN4I17 Terminal 17 connected to Zone 4 94

ZN4I17T Terminal 17 connected to Zone 4 and will be tripped 118

ZN4I18 Terminal 18 connected to Zone 4 94

ZN4I18T Terminal 18 connected to Zone 4 and will be tripped 118
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ZN4I19 Terminal 19 connected to Zone 4 94

ZN4I19T Terminal 19 connected to Zone 4 and will be tripped 118

ZN4I20 Terminal 20 connected to Zone 4 94

ZN4I20T Terminal 20 connected to Zone 4 and will be tripped 118

ZN4I21 Terminal 21 connected to Zone 4 94

ZN4I21T Terminal 21 connected to Zone 4 and will be tripped 118

ZN5I01 Terminal 01 connected to Zone 5 96

ZN5I01T Terminal 01 connected to Zone 5 and will be tripped 120

ZN5I02 Terminal 02 connected to Zone 5 96

ZN5I02T Terminal 02 connected to Zone 5 and will be tripped 120

ZN5I03 Terminal 03 connected to Zone 5 96

ZN5I03T Terminal 03 connected to Zone 5 and will be tripped 120

ZN5I04 Terminal 04 connected to Zone 5 96

ZN5I04T Terminal 04 connected to Zone 5 and will be tripped 120

ZN5I05 Terminal 05 connected to Zone 5 96

ZN5I05T Terminal 05 connected to Zone 5 and will be tripped 120

ZN5I06 Terminal 06 connected to Zone 5 96

ZN5I06T Terminal 06 connected to Zone 5 and will be tripped 120

ZN5I07 Terminal 07 connected to Zone 5 96

ZN5I07T Terminal 07 connected to Zone 5 and will be tripped 120

ZN5I08 Terminal 08 connected to Zone 5 96

ZN5I08T Terminal 08 connected to Zone 5 and will be tripped 120

ZN5I09 Terminal 09 connected to Zone 5 97

ZN5I09T Terminal 09 connected to Zone 5 and will be tripped 121

ZN5I10 Terminal 10 connected to Zone 5 97

ZN5I10T Terminal 10 connected to Zone 5 and will be tripped 121

ZN5I11 Terminal 11 connected to Zone 5 97

ZN5I11T Terminal 11 connected to Zone 5 and will be tripped 121

ZN5I12 Terminal 12 connected to Zone 5 97

ZN5I12T Terminal 12 connected to Zone 5 and will be tripped 121

ZN5I13 Terminal 13 connected to Zone 5 97

ZN5I13T Terminal 13 connected to Zone 5 and will be tripped 121

ZN5I14 Terminal 14 connected to Zone 5 97

ZN5I14T Terminal 14 connected to Zone 5 and will be tripped 121

ZN5I15 Terminal 15 connected to Zone 5 97

ZN5I15T Terminal 15 connected to Zone 5 and will be tripped 121

ZN5I16 Terminal 16 connected to Zone 5 97

ZN5I16T Terminal 16 connected to Zone 5 and will be tripped 121

ZN5I17 Terminal 17 connected to Zone 5 98

ZN5I17T Terminal 17 connected to Zone 5 and will be tripped 122

ZN5I18 Terminal 18 connected to Zone 5 98
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ZN5I18T Terminal 18 connected to Zone 5 and will be tripped 122

ZN5I19 Terminal 19 connected to Zone 5 98

ZN5I19T Terminal 19 connected to Zone 5 and will be tripped 122

ZN5I20 Terminal 20 connected to Zone 5 98

ZN5I20T Terminal 20 connected to Zone 5 and will be tripped 122

ZN5I21 Terminal 21 connected to Zone 5 98

ZN5I21T Terminal 21 connected to Zone 5 and will be tripped 122

ZN6I01 Terminal 01 connected to Zone 6 100

ZN6I01T Terminal 01 connected to Zone 6 and will be tripped 124

ZN6I02 Terminal 02 connected to Zone 6 100

ZN6I02T Terminal 02 connected to Zone 6 and will be tripped 124

ZN6I03 Terminal 03 connected to Zone 6 100

ZN6I03T Terminal 03 connected to Zone 6 and will be tripped 124

ZN6I04 Terminal 04 connected to Zone 6 100

ZN6I04T Terminal 04 connected to Zone 6 and will be tripped 124

ZN6I05 Terminal 05 connected to Zone 6 100

ZN6I05T Terminal 05 connected to Zone 6 and will be tripped 124

ZN6I06 Terminal 06 connected to Zone 6 100

ZN6I06T Terminal 06 connected to Zone 6 and will be tripped 124

ZN6I07 Terminal 07 connected to Zone 6 100

ZN6I07T Terminal 07 connected to Zone 6 and will be tripped 124

ZN6I08 Terminal 08 connected to Zone 6 100

ZN6I08T Terminal 08 connected to Zone 6 and will be tripped 124

ZN6I09 Terminal 09 connected to Zone 6 101

ZN6I09T Terminal 09 connected to Zone 6 and will be tripped 125

ZN6I10 Terminal 10 connected to Zone 6 101

ZN6I10T Terminal 10 connected to Zone 6 and will be tripped 125

ZN6I11 Terminal 11 connected to Zone 6 101

ZN6I11T Terminal 11 connected to Zone 6 and will be tripped 125

ZN6I12 Terminal 12 connected to Zone 6 101

ZN6I12T Terminal 12 connected to Zone 6 and will be tripped 125

ZN6I13 Terminal 13 connected to Zone 6 101

ZN6I13T Terminal 13 connected to Zone 6 and will be tripped 125

ZN6I14 Terminal 14 connected to Zone 6 101

ZN6I14T Terminal 14 connected to Zone 6 and will be tripped 125

ZN6I15 Terminal 15 connected to Zone 6 101

ZN6I15T Terminal 15 connected to Zone 6 and will be tripped 125

ZN6I16 Terminal 16 connected to Zone 6 101

ZN6I16T Terminal 16 connected to Zone 6 and will be tripped 125

ZN6I17 Terminal 17 connected to Zone 6 102

ZN6I17T Terminal 17 connected to Zone 6 and will be tripped 126
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ZN6I18 Terminal 18 connected to Zone 6 102

ZN6I18T Terminal 18 connected to Zone 6 and will be tripped 126

ZN6I19 Terminal 19 connected to Zone 6 102

ZN6I19T Terminal 19 connected to Zone 6 and will be tripped 126

ZN6I20 Terminal 20 connected to Zone 6 102

ZN6I20T Terminal 20 connected to Zone 6 and will be tripped 126

ZN6I21 Terminal 21 connected to Zone 6 102

ZN6I21T Terminal 21 connected to Zone 6 and will be tripped 126

ZONE1 Differential Zone 1 is active 150

ZONE2 Differential Zone 2 is active 150

ZONE3 Differential Zone 3 is active 150

ZONE4 Differential Zone 4 is active 150

ZONE5 Differential Zone 5 is active 150

ZONE6 Differential Zone 6 is active 150

ZSWO Zone switching operation 152

ZSWOAL Zone switching operation alarm 152

ZSWOIP Zone switching operation in progress 152

ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone 151

ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1 151

ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2 151

ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3 151

ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4 151

ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5 151

ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6 151

Table 11.2 Row List of Relay Word Bits (Sheet 1 of 99)

Row Name Bit Description

Enable and Target LEDs

0 EN Relay enabled

0 TRIPLED Trip LED

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

0 * Reserved

Target LEDs

1 TLED_1 Front-panel target LED 1
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1 TLED_2 Front-panel target LED 2

1 TLED_3 Front-panel target LED 3

1 TLED_4 Front-panel target LED 4

1 TLED_5 Front-panel target LED 5

1 TLED_6 Front-panel target LED 6

1 TLED_7 Front-panel target LED 7

1 TLED_8 Front-panel target LED 8

2 TLED_9 Front-panel target LED 9

2 TLED_10 Front-panel target LED 10

2 TLED_11 Front-panel target LED 11

2 TLED_12 Front-panel target LED 12

2 TLED_13 Front-panel target LED 13

2 TLED_14 Front-panel target LED 14

2 TLED_15 Front-panel target LED 15

2 TLED_16 Front-panel target LED 16

3 TLED_17 Front-panel target LED 17

3 TLED_18 Front-panel target LED 18

3 TLED_19 Front-panel target LED 19

3 TLED_20 Front-panel target LED 20

3 TLED_21 Front-panel target LED 21

3 TLED_22 Front-panel target LED 22

3 TLED_23 Front-panel target LED 23

3 TLED_24 Front-panel target LED 24

Open-Phase Detectors

4 OPH08 Terminal 08 open phase detected

4 OPH07 Terminal 07 open phase detected

4 OPH06 Terminal 06 open phase detected

4 OPH05 Terminal 05 open phase detected

4 OPH04 Terminal 04 open phase detected

4 OPH03 Terminal 03 open phase detected

4 OPH02 Terminal 02 open phase detected

4 OPH01 Terminal 01 open phase detected

5 OPH16 Terminal 16 open phase detected

5 OPH15 Terminal 15 open phase detected

5 OPH14 Terminal 14 open phase detected

5 OPH13 Terminal 13 open phase detected

5 OPH12 Terminal 12 open phase detected

5 OPH11 Terminal 11 open phase detected

5 OPH10 Terminal 10 open phase detected

5 OPH09 Terminal 09 open phase detected

6 * Reserved
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6 * Reserved

6 * Reserved

6 OPH21 Terminal 21 open phase detected

6 OPH20 Terminal 20 open phase detected

6 OPH19 Terminal 19 open phase detected

6 OPH18 Terminal 18 open phase detected

6 OPH17 Terminal 17 open phase detected

52 Status

7 52AL03 Circuit Breaker 03 alarm

7 52A03 Circuit Breaker 03 status

7 52CL02 Circuit Breaker 02 closed

7 52AL02 Circuit Breaker 02 alarm

7 52A02 Circuit Breaker 02 status

7 52CL01 Circuit Breaker 01 closed

7 52AL01 Circuit Breaker 01 alarm

7 52A01 Circuit Breaker 01 status

8 52A06 Circuit Breaker 06 status

8 52CL05 Circuit Breaker 05 closed

8 52AL05 Circuit Breaker 05 alarm

8 52A05 Circuit Breaker 05 status

8 52CL04 Circuit Breaker 04 closed

8 52AL04 Circuit Breaker 04 alarm

8 52A04 Circuit Breaker 04 status

8 52CL03 Circuit Breaker 03 closed

9 52CL08 Circuit Breaker 08 closed

9 52AL08 Circuit Breaker 08 alarm

9 52A08 Circuit Breaker 08 status

9 52CL07 Circuit Breaker 07 closed

9 52AL07 Circuit Breaker 07 alarm

9 52A07 Circuit Breaker 07 status

9 52CL06 Circuit Breaker 06 closed

9 52AL06 Circuit Breaker 06 alarm

10 52AL11 Circuit Breaker 11 alarm

10 52A11 Circuit Breaker 11 status

10 52CL10 Circuit Breaker 10 closed

10 52AL10 Circuit Breaker 10 alarm

10 52A10 Circuit Breaker 10 status

10 52CL09 Circuit Breaker 09 closed

10 52AL09 Circuit Breaker 09 alarm

10 52A09 Circuit Breaker 09 status

11 52A14 Circuit Breaker 14 status
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11 52CL13 Circuit Breaker 13 closed

11 52AL13 Circuit Breaker 13 alarm

11 52A13 Circuit Breaker 13 status

11 52CL12 Circuit Breaker 12 closed

11 52AL12 Circuit Breaker 12 alarm

11 52A12 Circuit Breaker 12 status

11 52CL11 Circuit Breaker 11 closed

12 52CL16 Circuit Breaker 16 closed

12 52AL16 Circuit Breaker 16 alarm

12 52A16 Circuit Breaker 16 status

12 52CL15 Circuit Breaker 15 closed

12 52AL15 Circuit Breaker 15 alarm

12 52A15 Circuit Breaker 15 status

12 52CL14 Circuit Breaker 14 closed

12 52AL14 Circuit Breaker 14 alarm

13 52AL19 Circuit Breaker 19 alarm

13 52A19 Circuit Breaker 19 status

13 52CL18 Circuit Breaker 18 closed

13 52AL18 Circuit Breaker 18 alarm

13 52A18 Circuit Breaker 18 status

13 52CL17 Circuit Breaker 17 closed

13 52AL17 Circuit Breaker 17 alarm

13 52A17 Circuit Breaker 17 status

14 52AL Any circuit breaker alarm

14 52CL21 Circuit Breaker 21 closed

14 52AL21 Circuit Breaker 21 alarm

14 52A21 Circuit Breaker 21 status

14 52CL20 Circuit Breaker 20 closed

14 52AL20 Circuit Breaker 20 alarm

14 52A20 Circuit Breaker 20 status

14 52CL19 Circuit Breaker 19 closed

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

15 * Reserved

16 * Reserved

16 * Reserved
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16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

16 * Reserved

89 Disconnect Status

17 89CL02 Disconnect 02 closed

17 89B02 Disconnect 02 B auxiliary contact closed

17 89A02 Disconnect 02 A auxiliary contact closed

17 89AL01 Disconnect 01 auxiliary contact discrepancy alarm

17 89OIP01 Disconnect 01 operation in progress

17 89CL01 Disconnect 01 closed

17 89B01 Disconnect 01 B auxiliary contact closed

17 89A01 Disconnect 01 A auxiliary contact closed

18 89A04 Disconnect 04 A auxiliary contact closed

18 89AL03 Disconnect 03 auxiliary contact discrepancy alarm

18 89OIP03 Disconnect 03 operation in progress

18 89CL03 Disconnect 03 closed

18 89B03 Disconnect 03 B auxiliary contact closed

18 89A03 Disconnect 03 A auxiliary contact closed

18 89AL02 Disconnect 02 auxiliary contact discrepancy alarm

18 89OIP02 Disconnect 02 operation in progress

19 89OIP05 Disconnect 05 operation in progress

19 89CL05 Disconnect 05 closed

19 89B05 Disconnect 05 B auxiliary contact closed

19 89A05 Disconnect 05 A auxiliary contact closed

19 89AL04 Disconnect 04 auxiliary contact discrepancy alarm

19 89OIP04 Disconnect 04 operation in progress

19 89CL04 Disconnect 04 closed

19 89B04 Disconnect 04 B auxiliary contact closed

20 89B07 Disconnect 07 B auxiliary contact closed

20 89A07 Disconnect 07 A auxiliary contact closed

20 89AL06 Disconnect 06 auxiliary contact discrepancy alarm

20 89OIP06 Disconnect 06 operation in progress

20 89CL06 Disconnect 06 closed

20 89B06 Disconnect 06 B auxiliary contact closed

20 89A06 Disconnect 06 A auxiliary contact closed

20 89AL05 Disconnect 05 auxiliary contact discrepancy alarm

21 89AL08 Disconnect 08 auxiliary contact discrepancy alarm

21 89OIP08 Disconnect 08 operation in progress
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21 89CL08 Disconnect 08 closed

21 89B08 Disconnect 08 B auxiliary contact closed

21 89A08 Disconnect 08 A auxiliary contact closed

21 89AL07 Disconnect 07 auxiliary contact discrepancy alarm

21 89OIP07 Disconnect 07 operation in progress

21 89CL07 Disconnect 07 closed

22 89CL10 Disconnect 10 closed

22 89B10 Disconnect 10 B auxiliary contact closed

22 89A10 Disconnect 10 A auxiliary contact closed

22 89AL09 Disconnect 09 auxiliary contact discrepancy alarm

22 89OIP09 Disconnect 09 operation in progress

22 89CL09 Disconnect 09 closed

22 89B09 Disconnect 09 B auxiliary contact closed

22 89A09 Disconnect 09 A auxiliary contact closed

23 89A12 Disconnect 12 A auxiliary contact closed

23 89AL11 Disconnect 11 auxiliary contact discrepancy alarm

23 89OIP11 Disconnect 11 operation in progress

23 89CL11 Disconnect 11 closed

23 89B11 Disconnect 11 B auxiliary contact closed

23 89A11 Disconnect 11 A auxiliary contact closed

23 89AL10 Disconnect 10 auxiliary contact discrepancy alarm

23 89OIP10 Disconnect 10 operation in progress

24 89OIP13 Disconnect 13 operation in progress

24 89CL13 Disconnect 13 closed

24 89B13 Disconnect 13 B auxiliary contact closed

24 89A13 Disconnect 13 A auxiliary contact closed

24 89AL12 Disconnect 12 auxiliary contact discrepancy alarm

24 89OIP12 Disconnect 12 operation in progress

24 89CL12 Disconnect 12 closed

24 89B12 Disconnect 12 B auxiliary contact closed

25 89B15 Disconnect 15 B auxiliary contact closed

25 89A15 Disconnect 15 A auxiliary contact closed

25 89AL14 Disconnect 14 auxiliary contact discrepancy alarm

25 89OIP14 Disconnect 14 operation in progress

25 89CL14 Disconnect 14 closed

25 89B14 Disconnect 14 B auxiliary contact closed

25 89A14 Disconnect 14 A auxiliary contact closed

25 89AL13 Disconnect 13 auxiliary contact discrepancy alarm

26 89AL16 Disconnect 16 auxiliary contact discrepancy alarm

26 89OIP16 Disconnect 16 operation in progress

26 89CL16 Disconnect 16 closed
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26 89B16 Disconnect 16 B auxiliary contact closed

26 89A16 Disconnect 16 A auxiliary contact closed

26 89AL15 Disconnect 15 auxiliary contact discrepancy alarm

26 89OIP15 Disconnect 15 operation in progress

26 89CL15 Disconnect 15 closed

27 89CL18 Disconnect 18 closed

27 89B18 Disconnect 18 B auxiliary contact closed

27 89A18 Disconnect 18 A auxiliary contact closed

27 89AL17 Disconnect 17 auxiliary contact discrepancy alarm

27 89OIP17 Disconnect 17 operation in progress

27 89CL17 Disconnect 17 closed

27 89B17 Disconnect 17 B auxiliary contact closed

27 89A17 Disconnect 17 A auxiliary contact closed

28 89A20 Disconnect 20 A auxiliary contact closed

28 89AL19 Disconnect 19 auxiliary contact discrepancy alarm

28 89OIP19 Disconnect 19 operation in progress

28 89CL19 Disconnect 19 closed

28 89B19 Disconnect 19 B auxiliary contact closed

28 89A19 Disconnect 19 A auxiliary contact closed

28 89AL18 Disconnect 18 auxiliary contact discrepancy alarm

28 89OIP18 Disconnect 18 operation in progress

29 89OIP21 Disconnect 21 operation in progress

29 89CL21 Disconnect 21 closed

29 89B21 Disconnect 21 B auxiliary contact closed

29 89A21 Disconnect 21 A auxiliary contact closed

29 89AL20 Disconnect 20 auxiliary contact discrepancy alarm

29 89OIP20 Disconnect 20 operation in progress

29 89CL20 Disconnect 20 closed

29 89B20 Disconnect 20 B auxiliary contact closed

30 89B23 Disconnect 23 B auxiliary contact closed

30 89A23 Disconnect 23 A auxiliary contact closed

30 89AL22 Disconnect 22 auxiliary contact discrepancy alarm

30 89OIP22 Disconnect 22 operation in progress

30 89CL22 Disconnect 22 closed

30 89B22 Disconnect 22 B auxiliary contact closed

30 89A22 Disconnect 22 A auxiliary contact closed

30 89AL21 Disconnect 21 auxiliary contact discrepancy alarm

31 89AL24 Disconnect 24 auxiliary contact discrepancy alarm

31 89OIP24 Disconnect 24 operation in progress

31 89CL24 Disconnect 24 closed

31 89B24 Disconnect 24 B auxiliary contact closed
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31 89A24 Disconnect 24 A auxiliary contact closed

31 89AL23 Disconnect 23 auxiliary contact discrepancy alarm

31 89OIP23 Disconnect 23 operation in progress

31 89CL23 Disconnect 23 closed

32 89CL26 Disconnect 26 closed

32 89B26 Disconnect 26 B auxiliary contact closed

32 89A26 Disconnect 26 A auxiliary contact closed

32 89AL25 Disconnect 25 auxiliary contact discrepancy alarm

32 89OIP25 Disconnect 25 operation in progress

32 89CL25 Disconnect 25 closed

32 89B25 Disconnect 25 B auxiliary contact closed

32 89A25 Disconnect 25 A auxiliary contact closed

33 89A28 Disconnect 28 A auxiliary contact closed

33 89AL27 Disconnect 27 auxiliary contact discrepancy alarm

33 89OIP27 Disconnect 27 operation in progress

33 89CL27 Disconnect 27 closed

33 89B27 Disconnect 27 B auxiliary contact closed

33 89A27 Disconnect 27 A auxiliary contact closed

33 89AL26 Disconnect 26 auxiliary contact discrepancy alarm

33 89OIP26 Disconnect 26 operation in progress

34 89OIP29 Disconnect 29 operation in progress

34 89CL29 Disconnect 29 closed

34 89B29 Disconnect 29 B auxiliary contact closed

34 89A29 Disconnect 29 A auxiliary contact closed

34 89AL28 Disconnect 28 auxiliary contact discrepancy alarm

34 89OIP28 Disconnect 28 operation in progress

34 89CL28 Disconnect 28 closed

34 89B28 Disconnect 28 B auxiliary contact closed

35 89B31 Disconnect 31 B auxiliary contact closed

35 89A31 Disconnect 31 A auxiliary contact closed

35 89AL30 Disconnect 30 auxiliary contact discrepancy alarm

35 89OIP30 Disconnect 30 operation in progress

35 89CL30 Disconnect 30 closed

35 89B30 Disconnect 30 B auxiliary contact closed

35 89A30 Disconnect 30 A auxiliary contact closed

35 89AL29 Disconnect 29 auxiliary contact discrepancy alarm

36 89AL32 Disconnect 32 auxiliary contact discrepancy alarm

36 89OIP32 Disconnect 32 operation in progress

36 89CL32 Disconnect 32 closed

36 89B32 Disconnect 32 B auxiliary contact closed

36 89A32 Disconnect 32 A auxiliary contact closed
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36 89AL31 Disconnect 31 auxiliary contact discrepancy alarm

36 89OIP31 Disconnect 31 operation in progress

36 89CL31 Disconnect 31 closed

37 89CL34 Disconnect 34 closed

37 89B34 Disconnect 34 B auxiliary contact closed

37 89A34 Disconnect 34 A auxiliary contact closed

37 89AL33 Disconnect 33 auxiliary contact discrepancy alarm

37 89OIP33 Disconnect 33 operation in progress

37 89CL33 Disconnect 33 closed

37 89B33 Disconnect 33 B auxiliary contact closed

37 89A33 Disconnect 33 A auxiliary contact closed

38 89A36 Disconnect 36 A auxiliary contact closed

38 89AL35 Disconnect 35 auxiliary contact discrepancy alarm

38 89OIP35 Disconnect 35 operation in progress

38 89CL35 Disconnect 35 closed

38 89B35 Disconnect 35 B auxiliary contact closed

38 89A35 Disconnect 35 A auxiliary contact closed

38 89AL34 Disconnect 34 auxiliary contact discrepancy alarm

38 89OIP34 Disconnect 34 operation in progress

39 89OIP37 Disconnect 37 operation in progress

39 89CL37 Disconnect 37 closed

39 89B37 Disconnect 37 B auxiliary contact closed

39 89A37 Disconnect 37 A auxiliary contact closed

39 89AL36 Disconnect 36 auxiliary contact discrepancy alarm

39 89OIP36 Disconnect 36 operation in progress

39 89CL36 Disconnect 36 closed

39 89B36 Disconnect 36 B auxiliary contact closed

40 89B39 Disconnect 39 B auxiliary contact closed

40 89A39 Disconnect 39 A auxiliary contact closed

40 89AL38 Disconnect 38 auxiliary contact discrepancy alarm

40 89OIP38 Disconnect 38 operation in progress

40 89CL38 Disconnect 38 closed

40 89B38 Disconnect 38 B auxiliary contact closed

40 89A38 Disconnect 38 A auxiliary contact closed

40 89AL37 Disconnect 37 auxiliary contact discrepancy alarm

41 89AL40 Disconnect 40 auxiliary contact discrepancy alarm

41 89OIP40 Disconnect 40 operation in progress

41 89CL40 Disconnect 40 closed

41 89B40 Disconnect 40 B auxiliary contact closed

41 89A40 Disconnect 40 A auxiliary contact closed

41 89AL39 Disconnect 39 auxiliary contact discrepancy alarm
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41 89OIP39 Disconnect 39 operation in progress

41 89CL39 Disconnect 39 closed

42 89CL42 Disconnect 42 closed

42 89B42 Disconnect 42 B auxiliary contact closed

42 89A42 Disconnect 42 A auxiliary contact closed

42 89AL41 Disconnect 41 auxiliary contact discrepancy alarm

42 89OIP41 Disconnect 41 operation in progress

42 89CL41 Disconnect 41 closed

42 89B41 Disconnect 41 B auxiliary contact closed

42 89A41 Disconnect 41 A auxiliary contact closed

43 89A44 Disconnect 44 A auxiliary contact closed

43 89AL43 Disconnect 43 auxiliary contact discrepancy alarm

43 89OIP43 Disconnect 43 operation in progress

43 89CL43 Disconnect 43 closed

43 89B43 Disconnect 43 B auxiliary contact closed

43 89A43 Disconnect 43 A auxiliary contact closed

43 89AL42 Disconnect 42 auxiliary contact discrepancy alarm

43 89OIP42 Disconnect 42 operation in progress

44 89OIP45 Disconnect 45 operation in progress

44 89CL45 Disconnect 45 closed

44 89B45 Disconnect 45 B auxiliary contact closed

44 89A45 Disconnect 45 A auxiliary contact closed

44 89AL44 Disconnect 44 auxiliary contact discrepancy alarm

44 89OIP44 Disconnect 44 operation in progress

44 89CL44 Disconnect 44 closed

44 89B44 Disconnect 44 B auxiliary contact closed

45 89B47 Disconnect 47 B auxiliary contact closed

45 89A47 Disconnect 47 A auxiliary contact closed

45 89AL46 Disconnect 46 auxiliary contact discrepancy alarm

45 89OIP46 Disconnect 46 operation in progress

45 89CL46 Disconnect 46 closed

45 89B46 Disconnect 46 B auxiliary contact closed

45 89A46 Disconnect 46 A auxiliary contact closed

45 89AL45 Disconnect 45 auxiliary contact discrepancy alarm

46 89AL48 Disconnect 48 auxiliary contact discrepancy alarm

46 89OIP48 Disconnect 48 operation in progress

46 89CL48 Disconnect 48 closed

46 89B48 Disconnect 48 B auxiliary contact closed

46 89A48 Disconnect 48 A auxiliary contact closed

46 89AL47 Disconnect 47 auxiliary contact discrepancy alarm

46 89OIP47 Disconnect 47 operation in progress
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46 89CL47 Disconnect 47 closed

47 89CL50 Disconnect 50 closed

47 89B50 Disconnect 50 B auxiliary contact closed

47 89A50 Disconnect 50 A auxiliary contact closed

47 89AL49 Disconnect 49 auxiliary contact discrepancy alarm

47 89OIP49 Disconnect 49 operation in progress

47 89CL49 Disconnect 49 closed

47 89B49 Disconnect 49 B auxiliary contact closed

47 89A49 Disconnect 49 A auxiliary contact closed

48 89A52 Disconnect 52 A auxiliary contact closed

48 89AL51 Disconnect 51 auxiliary contact discrepancy alarm

48 89OIP51 Disconnect 51 operation in progress

48 89CL51 Disconnect 51 closed

48 89B51 Disconnect 51 B auxiliary contact closed

48 89A51 Disconnect 51 A auxiliary contact closed

48 89AL50 Disconnect 50 auxiliary contact discrepancy alarm

48 89OIP50 Disconnect 50 operation in progress

49 89OIP53 Disconnect 53 operation in progress

49 89CL53 Disconnect 53 closed

49 89B53 Disconnect 53 B auxiliary contact closed

49 89A53 Disconnect 53 A auxiliary contact closed

49 89AL52 Disconnect 52 auxiliary contact discrepancy alarm

49 89OIP52 Disconnect 52 operation in progress

49 89CL52 Disconnect 52 closed

49 89B52 Disconnect 52 B auxiliary contact closed

50 89B55 Disconnect 55 B auxiliary contact closed

50 89A55 Disconnect 55 A auxiliary contact closed

50 89AL54 Disconnect 54 auxiliary contact discrepancy alarm

50 89OIP54 Disconnect 54 operation in progress

50 89CL54 Disconnect 54 closed

50 89B54 Disconnect 54 B auxiliary contact closed

50 89A54 Disconnect 54 A auxiliary contact closed

50 89AL53 Disconnect 53 auxiliary contact discrepancy alarm

51 89AL56 Disconnect 56 auxiliary contact discrepancy alarm

51 89OIP56 Disconnect 56 operation in progress

51 89CL56 Disconnect 56 closed

51 89B56 Disconnect 56 B auxiliary contact closed

51 89A56 Disconnect 56 A auxiliary contact closed

51 89AL55 Disconnect 55 auxiliary contact discrepancy alarm

51 89OIP55 Disconnect 55 operation in progress

51 89CL55 Disconnect 55 closed
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52 89CL58 Disconnect 58 closed

52 89B58 Disconnect 58 B auxiliary contact closed

52 89A58 Disconnect 58 A auxiliary contact closed

52 89AL57 Disconnect 57 auxiliary contact discrepancy alarm

52 89OIP57 Disconnect 57 operation in progress

52 89CL57 Disconnect 57 closed

52 89B57 Disconnect 57 B auxiliary contact closed

52 89A57 Disconnect 57 A auxiliary contact closed

53 89A60 Disconnect 60 A auxiliary contact closed

53 89AL59 Disconnect 59 auxiliary contact discrepancy alarm

53 89OIP59 Disconnect 59 operation in progress

53 89CL59 Disconnect 59 closed

53 89B59 Disconnect 59 B auxiliary contact closed

53 89A59 Disconnect 59 A auxiliary contact closed

53 89AL58 Disconnect 58 auxiliary contact discrepancy alarm

53 89OIP58 Disconnect 58 operation in progress

54 * Reserved

54 * Reserved

54 * Reserved

54 * Reserved

54 89AL60 Disconnect 60 auxiliary contact discrepancy alarm

54 89OIP60 Disconnect 60 operation in progress

54 89CL60 Disconnect 60 closed

54 89B60 Disconnect 60 B auxiliary contact closed

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 * Reserved

55 89OIP Any Disconnect operation in progress

55 89AL Any Disconnect auxiliary contact discrepancy alarm

Terminal-to-Bus-Zone Connection

56 I08BZ1V Terminal I08 connected to BZ1

56 I07BZ1V Terminal I07 connected to BZ1

56 I06BZ1V Terminal I06 connected to BZ1

56 I05BZ1V Terminal I05 connected to BZ1

56 I04BZ1V Terminal I04 connected to BZ1

56 I03BZ1V Terminal I03 connected to BZ1

56 I02BZ1V Terminal I02 connected to BZ1

56 I01BZ1V Terminal I01 connected to BZ1
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57 I16BZ1V Terminal I16 connected to BZ1

57 I15BZ1V Terminal I15 connected to BZ1

57 I14BZ1V Terminal I14 connected to BZ1

57 I13BZ1V Terminal I13 connected to BZ1

57 I12BZ1V Terminal I12 connected to BZ1

57 I11BZ1V Terminal I11 connected to BZ1

57 I10BZ1V Terminal I10 connected to BZ1

57 I09BZ1V Terminal I09 connected to BZ1

58 * Reserved

58 * Reserved

58 * Reserved

58 I21BZ1V Terminal I21 connected to BZ1

58 I20BZ1V Terminal I20 connected to BZ1

58 I19BZ1V Terminal I19 connected to BZ1

58 I18BZ1V Terminal I18 connected to BZ1

58 I17BZ1V Terminal I17 connected to BZ1

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

59 * Reserved

60 I08BZ2V Terminal I08 connected to BZ2

60 I07BZ2V Terminal I07 connected to BZ2

60 I06BZ2V Terminal I06 connected to BZ2

60 I05BZ2V Terminal I05 connected to BZ2

60 I04BZ2V Terminal I04 connected to BZ2

60 I03BZ2V Terminal I03 connected to BZ2

60 I02BZ2V Terminal I02 connected to BZ2

60 I01BZ2V Terminal I01 connected to BZ2

61 I16BZ2V Terminal I16 connected to BZ2

61 I15BZ2V Terminal I15 connected to BZ2

61 I14BZ2V Terminal I14 connected to BZ2

61 I13BZ2V Terminal I13 connected to BZ2

61 I12BZ2V Terminal I12 connected to BZ2

61 I11BZ2V Terminal I11 connected to BZ2

61 I10BZ2V Terminal I10 connected to BZ2

61 I09BZ2V Terminal I09 connected to BZ2

62 * Reserved
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62 * Reserved

62 * Reserved

62 I21BZ2V Terminal I21 connected to BZ2

62 I20BZ2V Terminal I20 connected to BZ2

62 I19BZ2V Terminal I19 connected to BZ2

62 I18BZ2V Terminal I18 connected to BZ2

62 I17BZ2V Terminal I17 connected to BZ2

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

63 * Reserved

64 I08BZ3V Terminal I08 connected to BZ3

64 I07BZ3V Terminal I07 connected to BZ3

64 I06BZ3V Terminal I06 connected to BZ3

64 I05BZ3V Terminal I05 connected to BZ3

64 I04BZ3V Terminal I04 connected to BZ3

64 I03BZ3V Terminal I03 connected to BZ3

64 I02BZ3V Terminal I02 connected to BZ3

64 I01BZ3V Terminal I01 connected to BZ3

65 I16BZ3V Terminal I16 connected to BZ3

65 I15BZ3V Terminal I15 connected to BZ3

65 I14BZ3V Terminal I14 connected to BZ3

65 I13BZ3V Terminal I13 connected to BZ3

65 I12BZ3V Terminal I12 connected to BZ3

65 I11BZ3V Terminal I11 connected to BZ3

65 I10BZ3V Terminal I10 connected to BZ3

65 I09BZ3V Terminal I09 connected to BZ3

66 * Reserved

66 * Reserved

66 * Reserved

66 I21BZ3V Terminal I21 connected to BZ3

66 I20BZ3V Terminal I20 connected to BZ3

66 I19BZ3V Terminal I19 connected to BZ3

66 I18BZ3V Terminal I18 connected to BZ3

66 I17BZ3V Terminal I17 connected to BZ3

67 * Reserved

67 * Reserved
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67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

67 * Reserved

68 I08BZ4V Terminal I08 connected to BZ4

68 I07BZ4V Terminal I07 connected to BZ4

68 I06BZ4V Terminal I06 connected to BZ4

68 I05BZ4V Terminal I05 connected to BZ4

68 I04BZ4V Terminal I04 connected to BZ4

68 I03BZ4V Terminal I03 connected to BZ4

68 I02BZ4V Terminal I02 connected to BZ4

68 I01BZ4V Terminal I01 connected to BZ4

69 I16BZ4V Terminal I16 connected to BZ4

69 I15BZ4V Terminal I15 connected to BZ4

69 I14BZ4V Terminal I14 connected to BZ4

69 I13BZ4V Terminal I13 connected to BZ4

69 I12BZ4V Terminal I12 connected to BZ4

69 I11BZ4V Terminal I11 connected to BZ4

69 I10BZ4V Terminal I10 connected to BZ4

69 I09BZ4V Terminal I09 connected to BZ4

70 * Reserved

70 * Reserved

70 * Reserved

70 I21BZ4V Terminal I21 connected to BZ4

70 I20BZ4V Terminal I20 connected to BZ4

70 I19BZ4V Terminal I19 connected to BZ4

70 I18BZ4V Terminal I18 connected to BZ4

70 I17BZ4V Terminal I17 connected to BZ4

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

71 * Reserved

72 I08BZ5V Terminal I08 connected to BZ5

72 I07BZ5V Terminal I07 connected to BZ5

72 I06BZ5V Terminal I06 connected to BZ5
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72 I05BZ5V Terminal I05 connected to BZ5

72 I04BZ5V Terminal I04 connected to BZ5

72 I03BZ5V Terminal I03 connected to BZ5

72 I02BZ5V Terminal I02 connected to BZ5

72 I01BZ5V Terminal I01 connected to BZ5

73 I16BZ5V Terminal I16 connected to BZ5

73 I15BZ5V Terminal I15 connected to BZ5

73 I14BZ5V Terminal I14 connected to BZ5

73 I13BZ5V Terminal I13 connected to BZ5

73 I12BZ5V Terminal I12 connected to BZ5

73 I11BZ5V Terminal I11 connected to BZ5

73 I10BZ5V Terminal I10 connected to BZ5

73 I09BZ5V Terminal I09 connected to BZ5

74 * Reserved

74 * Reserved

74 * Reserved

74 I21BZ5V Terminal I21 connected to BZ5

74 I20BZ5V Terminal I20 connected to BZ5

74 I19BZ5V Terminal I19 connected to BZ5

74 I18BZ5V Terminal I18 connected to BZ5

74 I17BZ5V Terminal I17 connected to BZ5

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

75 * Reserved

76 I08BZ6V Terminal I08 connected to BZ6

76 I07BZ6V Terminal I07 connected to BZ6

76 I06BZ6V Terminal I06 connected to BZ6

76 I05BZ6V Terminal I05 connected to BZ6

76 I04BZ6V Terminal I04 connected to BZ6

76 I03BZ6V Terminal I03 connected to BZ6

76 I02BZ6V Terminal I02 connected to BZ6

76 I01BZ6V Terminal I01 connected to BZ6

77 I16BZ6V Terminal I16 connected to BZ6

77 I15BZ6V Terminal I15 connected to BZ6

77 I14BZ6V Terminal I14 connected to BZ6

77 I13BZ6V Terminal I13 connected to BZ6
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77 I12BZ6V Terminal I12 connected to BZ6

77 I11BZ6V Terminal I11 connected to BZ6

77 I10BZ6V Terminal I10 connected to BZ6

77 I09BZ6V Terminal I09 connected to BZ6

78 * Reserved

78 * Reserved

78 * Reserved

78 I21BZ6V Terminal I21 connected to BZ6

78 I20BZ6V Terminal I20 connected to BZ6

78 I19BZ6V Terminal I19 connected to BZ6

78 I18BZ6V Terminal I18 connected to BZ6

78 I17BZ6V Terminal I17 connected to BZ6

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

79 * Reserved

80 ZN1I08 Terminal 08 connected to Zone 1

80 ZN1I07 Terminal 07 connected to Zone 1

80 ZN1I06 Terminal 06 connected to Zone 1

80 ZN1I05 Terminal 05 connected to Zone 1

80 ZN1I04 Terminal 04 connected to Zone 1

80 ZN1I03 Terminal 03 connected to Zone 1

80 ZN1I02 Terminal 02 connected to Zone 1

80 ZN1I01 Terminal 01 connected to Zone 1

81 ZN1I16 Terminal 16 connected to Zone 1

81 ZN1I15 Terminal 15 connected to Zone 1

81 ZN1I14 Terminal 14 connected to Zone 1

81 ZN1I13 Terminal 13 connected to Zone 1

81 ZN1I12 Terminal 12 connected to Zone 1

81 ZN1I11 Terminal 11 connected to Zone 1

81 ZN1I10 Terminal 10 connected to Zone 1

81 ZN1I09 Terminal 09 connected to Zone 1

82 * Reserved

82 * Reserved

82 * Reserved

82 ZN1I21 Terminal 21 connected to Zone 1

82 ZN1I20 Terminal 20 connected to Zone 1
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82 ZN1I19 Terminal 19 connected to Zone 1

82 ZN1I18 Terminal 18 connected to Zone 1

82 ZN1I17 Terminal 17 connected to Zone 1

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

83 * Reserved

84 ZN2I08 Terminal 08 connected to Zone 2

84 ZN2I07 Terminal 07 connected to Zone 2

84 ZN2I06 Terminal 06 connected to Zone 2

84 ZN2I05 Terminal 05 connected to Zone 2

84 ZN2I04 Terminal 04 connected to Zone 2

84 ZN2I03 Terminal 03 connected to Zone 2

84 ZN2I02 Terminal 02 connected to Zone 2

84 ZN2I01 Terminal 01 connected to Zone 2

85 ZN2I16 Terminal 16 connected to Zone 2

85 ZN2I15 Terminal 15 connected to Zone 2

85 ZN2I14 Terminal 14 connected to Zone 2

85 ZN2I13 Terminal 13 connected to Zone 2

85 ZN2I12 Terminal 12 connected to Zone 2

85 ZN2I11 Terminal 11 connected to Zone 2

85 ZN2I10 Terminal 10 connected to Zone 2

85 ZN2I09 Terminal 09 connected to Zone 2

86 * Reserved

86 * Reserved

86 * Reserved

86 ZN2I21 Terminal 21 connected to Zone 2

86 ZN2I20 Terminal 20 connected to Zone 2

86 ZN2I19 Terminal 19 connected to Zone 2

86 ZN2I18 Terminal 18 connected to Zone 2

86 ZN2I17 Terminal 17 connected to Zone 2

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

87 * Reserved

Table 11.2 Row List of Relay Word Bits (Sheet 18 of 99)

Row Name Bit Description



11.97

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

87 * Reserved

87 * Reserved

88 ZN3I08 Terminal 08 connected to Zone 3

88 ZN3I07 Terminal 07 connected to Zone 3

88 ZN3I06 Terminal 06 connected to Zone 3

88 ZN3I05 Terminal 05 connected to Zone 3

88 ZN3I04 Terminal 04 connected to Zone 3

88 ZN3I03 Terminal 03 connected to Zone 3

88 ZN3I02 Terminal 02 connected to Zone 3

88 ZN3I01 Terminal 01 connected to Zone 3

89 ZN3I16 Terminal 16 connected to Zone 3

89 ZN3I15 Terminal 15 connected to Zone 3

89 ZN3I14 Terminal 14 connected to Zone 3

89 ZN3I13 Terminal 13 connected to Zone 3

89 ZN3I12 Terminal 12 connected to Zone 3

89 ZN3I11 Terminal 11 connected to Zone 3

89 ZN3I10 Terminal 10 connected to Zone 3

89 ZN3I09 Terminal 09 connected to Zone 3

90 * Reserved

90 * Reserved

90 * Reserved

90 ZN3I21 Terminal 21 connected to Zone 3

90 ZN3I20 Terminal 20 connected to Zone 3

90 ZN3I19 Terminal 19 connected to Zone 3

90 ZN3I18 Terminal 18 connected to Zone 3

90 ZN3I17 Terminal 17 connected to Zone 3

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

91 * Reserved

92 ZN4I08 Terminal 08 connected to Zone 4

92 ZN4I07 Terminal 07 connected to Zone 4

92 ZN4I06 Terminal 06 connected to Zone 4

92 ZN4I05 Terminal 05 connected to Zone 4

92 ZN4I04 Terminal 04 connected to Zone 4

92 ZN4I03 Terminal 03 connected to Zone 4

92 ZN4I02 Terminal 02 connected to Zone 4
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92 ZN4I01 Terminal 01 connected to Zone 4

93 ZN4I16 Terminal 16 connected to Zone 4

93 ZN4I15 Terminal 15 connected to Zone 4

93 ZN4I14 Terminal 14 connected to Zone 4

93 ZN4I13 Terminal 13 connected to Zone 4

93 ZN4I12 Terminal 12 connected to Zone 4

93 ZN4I11 Terminal 11 connected to Zone 4

93 ZN4I10 Terminal 10 connected to Zone 4

93 ZN4I09 Terminal 09 connected to Zone 4

94 * Reserved

94 * Reserved

94 * Reserved

94 ZN4I21 Terminal 21 connected to Zone 4

94 ZN4I20 Terminal 20 connected to Zone 4

94 ZN4I19 Terminal 19 connected to Zone 4

94 ZN4I18 Terminal 18 connected to Zone 4

94 ZN4I17 Terminal 17 connected to Zone 4

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

95 * Reserved

96 ZN5I08 Terminal 08 connected to Zone 5

96 ZN5I07 Terminal 07 connected to Zone 5

96 ZN5I06 Terminal 06 connected to Zone 5

96 ZN5I05 Terminal 05 connected to Zone 5

96 ZN5I04 Terminal 04 connected to Zone 5

96 ZN5I03 Terminal 03 connected to Zone 5

96 ZN5I02 Terminal 02 connected to Zone 5

96 ZN5I01 Terminal 01 connected to Zone 5

97 ZN5I16 Terminal 16 connected to Zone 5

97 ZN5I15 Terminal 15 connected to Zone 5

97 ZN5I14 Terminal 14 connected to Zone 5

97 ZN5I13 Terminal 13 connected to Zone 5

97 ZN5I12 Terminal 12 connected to Zone 5

97 ZN5I11 Terminal 11 connected to Zone 5

97 ZN5I10 Terminal 10 connected to Zone 5

97 ZN5I09 Terminal 09 connected to Zone 5
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98 * Reserved

98 * Reserved

98 * Reserved

98 ZN5I21 Terminal 21 connected to Zone 5

98 ZN5I20 Terminal 20 connected to Zone 5

98 ZN5I19 Terminal 19 connected to Zone 5

98 ZN5I18 Terminal 18 connected to Zone 5

98 ZN5I17 Terminal 17 connected to Zone 5

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

99 * Reserved

100 ZN6I08 Terminal 08 connected to Zone 6

100 ZN6I07 Terminal 07 connected to Zone 6

100 ZN6I06 Terminal 06 connected to Zone 6

100 ZN6I05 Terminal 05 connected to Zone 6

100 ZN6I04 Terminal 04 connected to Zone 6

100 ZN6I03 Terminal 03 connected to Zone 6

100 ZN6I02 Terminal 02 connected to Zone 6

100 ZN6I01 Terminal 01 connected to Zone 6

101 ZN6I16 Terminal 16 connected to Zone 6

101 ZN6I15 Terminal 15 connected to Zone 6

101 ZN6I14 Terminal 14 connected to Zone 6

101 ZN6I13 Terminal 13 connected to Zone 6

101 ZN6I12 Terminal 12 connected to Zone 6

101 ZN6I11 Terminal 11 connected to Zone 6

101 ZN6I10 Terminal 10 connected to Zone 6

101 ZN6I09 Terminal 09 connected to Zone 6

102 * Reserved

102 * Reserved

102 * Reserved

102 ZN6I21 Terminal 21 connected to Zone 6

102 ZN6I20 Terminal 20 connected to Zone 6

102 ZN6I19 Terminal 19 connected to Zone 6

102 ZN6I18 Terminal 18 connected to Zone 6

102 ZN6I17 Terminal 17 connected to Zone 6

103 * Reserved
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103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

103 * Reserved

104 ZN1I08T Terminal 08 connected to Zone 1 and will be tripped

104 ZN1I07T Terminal 07 connected to Zone 1 and will be tripped

104 ZN1I06T Terminal 06 connected to Zone 1 and will be tripped

104 ZN1I05T Terminal 05 connected to Zone 1 and will be tripped

104 ZN1I04T Terminal 04 connected to Zone 1 and will be tripped

104 ZN1I03T Terminal 03 connected to Zone 1 and will be tripped

104 ZN1I02T Terminal 02 connected to Zone 1 and will be tripped

104 ZN1I01T Terminal 01 connected to Zone 1 and will be tripped

105 ZN1I16T Terminal 16 connected to Zone 1 and will be tripped

105 ZN1I15T Terminal 15 connected to Zone 1 and will be tripped

105 ZN1I14T Terminal 14 connected to Zone 1 and will be tripped

105 ZN1I13T Terminal 13 connected to Zone 1 and will be tripped

105 ZN1I12T Terminal 12 connected to Zone 1 and will be tripped

105 ZN1I11T Terminal 11 connected to Zone 1 and will be tripped

105 ZN1I10T Terminal 10 connected to Zone 1 and will be tripped

105 ZN1I09T Terminal 09 connected to Zone 1 and will be tripped

106 * Reserved

106 * Reserved

106 * Reserved

106 ZN1I21T Terminal 21 connected to Zone 1 and will be tripped

106 ZN1I20T Terminal 20 connected to Zone 1 and will be tripped

106 ZN1I19T Terminal 19 connected to Zone 1 and will be tripped

106 ZN1I18T Terminal 18 connected to Zone 1 and will be tripped

106 ZN1I17T Terminal 17 connected to Zone 1 and will be tripped

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

107 * Reserved

108 ZN2I08T Terminal 08 connected to Zone 2 and will be tripped

108 ZN2I07T Terminal 07 connected to Zone 2 and will be tripped
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108 ZN2I06T Terminal 06 connected to Zone 2 and will be tripped

108 ZN2I05T Terminal 05 connected to Zone 2 and will be tripped

108 ZN2I04T Terminal 04 connected to Zone 2 and will be tripped

108 ZN2I03T Terminal 03 connected to Zone 2 and will be tripped

108 ZN2I02T Terminal 02 connected to Zone 2 and will be tripped

108 ZN2I01T Terminal 01 connected to Zone 2 and will be tripped

109 ZN2I16T Terminal 16 connected to Zone 2 and will be tripped

109 ZN2I15T Terminal 15 connected to Zone 2 and will be tripped

109 ZN2I14T Terminal 14 connected to Zone 2 and will be tripped

109 ZN2I13T Terminal 13 connected to Zone 2 and will be tripped

109 ZN2I12T Terminal 12 connected to Zone 2 and will be tripped

109 ZN2I11T Terminal 11 connected to Zone 2 and will be tripped

109 ZN2I10T Terminal 10 connected to Zone 2 and will be tripped

109 ZN2I09T Terminal 09 connected to Zone 2 and will be tripped

110 * Reserved

110 * Reserved

110 * Reserved

110 ZN2I21T Terminal 21 connected to Zone 2 and will be tripped

110 ZN2I20T Terminal 20 connected to Zone 2 and will be tripped

110 ZN2I19T Terminal 19 connected to Zone 2 and will be tripped

110 ZN2I18T Terminal 18 connected to Zone 2 and will be tripped

110 ZN2I17T Terminal 17 connected to Zone 2 and will be tripped

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

111 * Reserved

112 ZN3I08T Terminal 08 connected to Zone 3 and will be tripped

112 ZN3I07T Terminal 07 connected to Zone 3 and will be tripped

112 ZN3I06T Terminal 06 connected to Zone 3 and will be tripped

112 ZN3I05T Terminal 05 connected to Zone 3 and will be tripped

112 ZN3I04T Terminal 04 connected to Zone 3 and will be tripped

112 ZN3I03T Terminal 03 connected to Zone 3 and will be tripped

112 ZN3I02T Terminal 02 connected to Zone 3 and will be tripped

112 ZN3I01T Terminal 01 connected to Zone 3 and will be tripped

113 ZN3I16T Terminal 16 connected to Zone 3 and will be tripped

113 ZN3I15T Terminal 15 connected to Zone 3 and will be tripped

113 ZN3I14T Terminal 14 connected to Zone 3 and will be tripped
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113 ZN3I13T Terminal 13 connected to Zone 3 and will be tripped

113 ZN3I12T Terminal 12 connected to Zone 3 and will be tripped

113 ZN3I11T Terminal 11 connected to Zone 3 and will be tripped

113 ZN3I10T Terminal 10 connected to Zone 3 and will be tripped

113 ZN3I09T Terminal 09 connected to Zone 3 and will be tripped

114 * Reserved

114 * Reserved

114 * Reserved

114 ZN3I21T Terminal 21 connected to Zone 3 and will be tripped

114 ZN3I20T Terminal 20 connected to Zone 3 and will be tripped

114 ZN3I19T Terminal 19 connected to Zone 3 and will be tripped

114 ZN3I18T Terminal 18 connected to Zone 3 and will be tripped

114 ZN3I17T Terminal 17 connected to Zone 3 and will be tripped

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

115 * Reserved

116 ZN4I08T Terminal 08 connected to Zone 4 and will be tripped

116 ZN4I07T Terminal 07 connected to Zone 4 and will be tripped

116 ZN4I06T Terminal 06 connected to Zone 4 and will be tripped

116 ZN4I05T Terminal 05 connected to Zone 4 and will be tripped

116 ZN4I04T Terminal 04 connected to Zone 4 and will be tripped

116 ZN4I03T Terminal 03 connected to Zone 4 and will be tripped

116 ZN4I02T Terminal 02 connected to Zone 4 and will be tripped

116 ZN4I01T Terminal 01 connected to Zone 4 and will be tripped

117 ZN4I16T Terminal 16 connected to Zone 4 and will be tripped

117 ZN4I15T Terminal 15 connected to Zone 4 and will be tripped

117 ZN4I14T Terminal 14 connected to Zone 4 and will be tripped

117 ZN4I13T Terminal 13 connected to Zone 4 and will be tripped

117 ZN4I12T Terminal 12 connected to Zone 4 and will be tripped

117 ZN4I11T Terminal 11 connected to Zone 4 and will be tripped

117 ZN4I10T Terminal 10 connected to Zone 4 and will be tripped

117 ZN4I09T Terminal 09 connected to Zone 4 and will be tripped

118 * Reserved

118 * Reserved

118 * Reserved

118 ZN4I21T Terminal 21 connected to Zone 4 and will be tripped
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118 ZN4I20T Terminal 20 connected to Zone 4 and will be tripped

118 ZN4I19T Terminal 19 connected to Zone 4 and will be tripped

118 ZN4I18T Terminal 18 connected to Zone 4 and will be tripped

118 ZN4I17T Terminal 17 connected to Zone 4 and will be tripped

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

119 * Reserved

120 ZN5I08T Terminal 08 connected to Zone 5 and will be tripped

120 ZN5I07T Terminal 07 connected to Zone 5 and will be tripped

120 ZN5I06T Terminal 06 connected to Zone 5 and will be tripped

120 ZN5I05T Terminal 05 connected to Zone 5 and will be tripped

120 ZN5I04T Terminal 04 connected to Zone 5 and will be tripped

120 ZN5I03T Terminal 03 connected to Zone 5 and will be tripped

120 ZN5I02T Terminal 02 connected to Zone 5 and will be tripped

120 ZN5I01T Terminal 01 connected to Zone 5 and will be tripped

121 ZN5I16T Terminal 16 connected to Zone 5 and will be tripped

121 ZN5I15T Terminal 15 connected to Zone 5 and will be tripped

121 ZN5I14T Terminal 14 connected to Zone 5 and will be tripped

121 ZN5I13T Terminal 13 connected to Zone 5 and will be tripped

121 ZN5I12T Terminal 12 connected to Zone 5 and will be tripped

121 ZN5I11T Terminal 11 connected to Zone 5 and will be tripped

121 ZN5I10T Terminal 10 connected to Zone 5 and will be tripped

121 ZN5I09T Terminal 09 connected to Zone 5 and will be tripped

122 * Reserved

122 * Reserved

122 * Reserved

122 ZN5I21T Terminal 21 connected to Zone 5 and will be tripped

122 ZN5I20T Terminal 20 connected to Zone 5 and will be tripped

122 ZN5I19T Terminal 19 connected to Zone 5 and will be tripped

122 ZN5I18T Terminal 18 connected to Zone 5 and will be tripped

122 ZN5I17T Terminal 17 connected to Zone 5 and will be tripped

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved

123 * Reserved
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123 * Reserved

123 * Reserved

123 * Reserved

124 ZN6I08T Terminal 08 connected to Zone 6 and will be tripped

124 ZN6I07T Terminal 07 connected to Zone 6 and will be tripped

124 ZN6I06T Terminal 06 connected to Zone 6 and will be tripped

124 ZN6I05T Terminal 05 connected to Zone 6 and will be tripped

124 ZN6I04T Terminal 04 connected to Zone 6 and will be tripped

124 ZN6I03T Terminal 03 connected to Zone 6 and will be tripped

124 ZN6I02T Terminal 02 connected to Zone 6 and will be tripped

124 ZN6I01T Terminal 01 connected to Zone 6 and will be tripped

125 ZN6I16T Terminal 16 connected to Zone 6 and will be tripped

125 ZN6I15T Terminal 15 connected to Zone 6 and will be tripped

125 ZN6I14T Terminal 14 connected to Zone 6 and will be tripped

125 ZN6I13T Terminal 13 connected to Zone 6 and will be tripped

125 ZN6I12T Terminal 12 connected to Zone 6 and will be tripped

125 ZN6I11T Terminal 11 connected to Zone 6 and will be tripped

125 ZN6I10T Terminal 10 connected to Zone 6 and will be tripped

125 ZN6I09T Terminal 09 connected to Zone 6 and will be tripped

126 * Reserved

126 * Reserved

126 * Reserved

126 ZN6I21T Terminal 21 connected to Zone 6 and will be tripped

126 ZN6I20T Terminal 20 connected to Zone 6 and will be tripped

126 ZN6I19T Terminal 19 connected to Zone 6 and will be tripped

126 ZN6I18T Terminal 18 connected to Zone 6 and will be tripped

126 ZN6I17T Terminal 17 connected to Zone 6 and will be tripped

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

127 * Reserved

Bus-Zone-to-Bus-Zone Connection

128 * Reserved

128 * Reserved

128 BZ1BZ6V A connection exists between BZ1 and BZ6

128 BZ1BZ5V A connection exists between BZ1 and BZ5

128 BZ1BZ4V A connection exists between BZ1 and BZ4
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128 BZ1BZ3V A connection exists between BZ1 and BZ3

128 BZ1BZ2V A connection exists between BZ1 and BZ2

128 * Reserved

129 * Reserved

129 * Reserved

129 BZ2BZ6V A connection exists between BZ2 and BZ6

129 BZ2BZ5V A connection exists between BZ2 and BZ5

129 BZ2BZ4V A connection exists between BZ2 and BZ4

129 BZ2BZ3V A connection exists between BZ2 and BZ3

129 * Reserved

129 * Reserved

130 * Reserved

130 * Reserved

130 BZ3BZ6V A connection exists between BZ3 and BZ6

130 BZ3BZ5V A connection exists between BZ3 and BZ5

130 BZ3BZ4V A connection exists between BZ3 and BZ4

130 * Reserved

130 * Reserved

130 * Reserved

131 * Reserved

131 * Reserved

131 BZ4BZ6V A connection exists between BZ4 and BZ6

131 BZ4BZ5V A connection exists between BZ4 and BZ5

131 * Reserved

131 * Reserved

131 * Reserved

131 * Reserved

132 * Reserved

132 * Reserved

132 BZ5BZ6V A connection exists between BZ5 and BZ6

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

132 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved

133 * Reserved
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133 * Reserved

133 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

134 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

135 * Reserved

136 * Reserved

136 * Reserved

136 BZ1BZ6R A connection exists between BZ1 and BZ6 and a coupler is removed

136 BZ1BZ5R A connection exists between BZ1 and BZ5 and a coupler is removed

136 BZ1BZ4R A connection exists between BZ1 and BZ4 and a coupler is removed

136 BZ1BZ3R A connection exists between BZ1 and BZ3 and a coupler is removed

136 BZ1BZ2R A connection exists between BZ1 and BZ2 and a coupler is removed

136 * Reserved

137 * Reserved

137 * Reserved

137 BZ2BZ6R A connection exists between BZ2 and BZ6 and a coupler is removed

137 BZ2BZ5R A connection exists between BZ2 and BZ5 and a coupler is removed

137 BZ2BZ4R A connection exists between BZ2and BZ4 and a coupler is removed

137 BZ2BZ3R A connection exists between BZ2 and BZ3 and a coupler is removed

137 * Reserved

137 * Reserved

138 * Reserved

138 * Reserved

138 BZ3BZ6R A connection exists between BZ3 and BZ6 and a coupler is removed

138 BZ3BZ5R A connection exists between BZ3 and BZ5 and a coupler is removed

138 BZ3BZ4R A connection exists between BZ3 and BZ4 and a coupler is removed

138 * Reserved

138 * Reserved
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138 * Reserved

139 * Reserved

139 * Reserved

139 BZ4BZ6R A connection exists between BZ4 and BZ6 and a coupler is removed

139 BZ4BZ5R A connection exists between BZ4 and BZ5 and a coupler is removed

139 * Reserved

139 * Reserved

139 * Reserved

139 * Reserved

140 * Reserved

140 * Reserved

140 BZ5BZ6R A connection exists between BZ5 and BZ6 and a coupler is removed

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

140 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

141 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

142 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved

143 * Reserved
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144 * Reserved

144 * Reserved

144 Z1BZ6 Bus-Zone 6 is part of Protective Zone 1

144 Z1BZ5 Bus-Zone 5 is part of Protective Zone 1

144 Z1BZ4 Bus-Zone 4 is part of Protective Zone 1

144 Z1BZ3 Bus-Zone 3 is part of Protective Zone 1

144 Z1BZ2 Bus-Zone 2 is part of Protective Zone 1

144 Z1BZ1 Bus-Zone 1 is part of Protective Zone 1

145 * Reserved

145 * Reserved

145 Z2BZ6 Bus-Zone 6 is part of Protective Zone 2

145 Z2BZ5 Bus-Zone 5 is part of Protective Zone 2

145 Z2BZ4 Bus-Zone 4 is part of Protective Zone 2

145 Z2BZ3 Bus-Zone 3 is part of Protective Zone 2

145 Z2BZ2 Bus-Zone 2 is part of Protective Zone 2

145 * Reserved

146 * Reserved

146 * Reserved

146 Z3BZ6 Bus-Zone 6 is part of Protective Zone 3

146 Z3BZ5 Bus-Zone 5 is part of Protective Zone 3

146 Z3BZ4 Bus-Zone 4 is part of Protective Zone 3

146 Z3BZ3 Bus-Zone 3 is part of Protective Zone 3

146 * Reserved

146 * Reserved

147 * Reserved

147 * Reserved

147 Z4BZ6 Bus-Zone 6 is part of Protective Zone 4

147 Z4BZ5 Bus-Zone 5 is part of Protective Zone 4

147 Z4BZ4 Bus-Zone 4 is part of Protective Zone 4

147 * Reserved

147 * Reserved

147 * Reserved

148 * Reserved

148 * Reserved

148 Z5BZ6 Bus-Zone 6 is part of Protective Zone 5

148 Z5BZ5 Bus-Zone 5 is part of Protective Zone 5

148 * Reserved

148 * Reserved

148 * Reserved

148 * Reserved

149 * Reserved
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149 * Reserved

149 Z6BZ6 Bus-Zone 6 is part of Protective Zone 6

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

149 * Reserved

Zone Selection

150 * Reserved

150 * Reserved

150 ZONE6 Differential Zone 6 is active

150 ZONE5 Differential Zone 5 is active

150 ZONE4 Differential Zone 4 is active

150 ZONE3 Differential Zone 3 is active

150 ZONE2 Differential Zone 2 is active

150 ZONE1 Differential Zone 1 is active

151 * Reserved

151 ZSWOP Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in any zone

151 ZSWOP6 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 6

151 ZSWOP5 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 5

151 ZSWOP4 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 4

151 ZSWOP3 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 3

151 ZSWOP2 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 2

151 ZSWOP1 Change to either bus-zone-to-bus-zone or terminal-to-bus-zone conditions in Zone 1

152 * Reserved

152 * Reserved

152 * Reserved

152 * Reserved

152 ZSWOAL Zone switching operation alarm

152 ZSWOIP Zone switching operation in progress

152 ZSWO Zone switching operation

152 RZSWOAL Reset zone switching operation alarm

Zone Supervision

153 * Reserved

153 * Reserved

153 Z6S Zone 6 supervision asserted

153 Z5S Zone 5 supervision asserted

153 Z4S Zone 4 supervision asserted

153 Z3S Zone 3 supervision asserted

153 Z2S Zone 2 supervision asserted

153 Z1S Zone 1 supervision asserted

Table 11.2 Row List of Relay Word Bits (Sheet 31 of 99)

Row Name Bit Description



11.110

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

Open CT Detector

154 * Reserved

154 * Reserved

154 ROCTZ6 Zone 6 open CT logic reset

154 ROCTZ5 Zone 5 open CT logic reset

154 ROCTZ4 Zone 4 open CT logic reset

154 ROCTZ3 Zone 3 open CT logic reset

154 ROCTZ2 Zone 2 open CT logic reset

154 ROCTZ1 Zone 1 open CT logic reset

155 * Reserved

155 * Reserved

155 OCTZ6 Zone 6 open CT detection

155 OCTZ5 Zone 5 open CT detection

155 OCTZ4 Zone 4 open CT detection

155 OCTZ3 Zone 3 open CT detection

155 OCTZ2 Zone 2 open CT detection

155 OCTZ1 Zone 1 open CT detection

156 * Reserved

156 * Reserved

156 RSTOCT6 Zone 6 open CT detection reset

156 RSTOCT5 Zone 5 open CT detection reset

156 RSTOCT4 Zone 4 open CT detection reset

156 RSTOCT3 Zone 3 open CT detection reset

156 RSTOCT2 Zone 2 open CT detection reset

156 RSTOCT1 Zone 1 open CT detection reset

Sensitive Element (87S)

157 * Reserved

157 * Reserved

157 87S6 Zone 6 sensitive differential element picked up

157 87S5 Zone 5 sensitive differential element picked up

157 87S4 Zone 4 sensitive differential element picked up

157 87S3 Zone 3 sensitive differential element picked up

157 87S2 Zone 2 sensitive differential element picked up

157 87S1 Zone 1 sensitive differential element picked up

158 * Reserved

158 87ST Any sensitive differential element timer timed out

158 87ST6 Zone 6 sensitive differential element timed out

158 87ST5 Zone 5 sensitive differential element timed out

158 87ST4 Zone 4 sensitive differential element timed out

158 87ST3 Zone 3 sensitive differential element timed out

158 87ST2 Zone 2 sensitive differential element timed out
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158 87ST1 Zone 1 sensitive differential element timed out

Differential Elements

159 87R1 Zone 1 restraint differential element picked up

159 P87R1 Zone 1 instantaneous differential element picked up

159 87O1 Zone 1 restraint differential operating current above O87P

159 FAULT1 Zone 1 fault detector picked up

159 CON1 Zone 1 in high-security mode

159 EXT1 Zone 1 external fault declaration

159 DOP1 Zone 1 incremental operating current picked up

159 DRT1 Zone 1 incremental restraint current picked up

160 * Reserved

160 * Reserved

160 * Reserved

160 * Reserved

160 FDIF1 Zone 1 filtered restrained differential element picked up

160 RDIF1 Zone 1 unfiltered restrained differential element picked up

160 IFAULT1 Zone 1 fault detection

160 GFAULT1 Zone 1 fast fault detection

161 87R2 Zone 2 restraint differential element picked up

161 P87R2 Zone 2 instantaneous differential element picked up

161 87O2 Zone 2 restraint differential operating current above O87P

161 FAULT2 Zone 2 fault detector picked up

161 CON2 Zone 2 in high-security mode

161 EXT2 Zone 2 external fault declaration

161 DOP2 Zone 2 incremental operating current picked up

161 DRT2 Zone 2 incremental restraint current picked up

162 * Reserved

162 * Reserved

162 * Reserved

162 * Reserved

162 FDIF2 Zone 2 filtered restrained differential element picked up

162 RDIF2 Zone 2 unfiltered restrained differential element picked up

162 IFAULT2 Zone 2 fault detection

162 GFAULT2 Zone 2 fast fault detection

163 87R3 Zone 3 restraint differential element picked up

163 P87R3 Zone 3 instantaneous differential element picked up

163 87O3 Zone 3 restraint differential operating current above O87P

163 FAULT3 Zone 3 fault detector picked up

163 CON3 Zone 3 in high-security mode

163 EXT3 Zone 3 external fault declaration

163 DOP3 Zone 3 incremental operating current picked up
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163 DRT3 Zone 3 incremental restraint current picked up

164 * Reserved

164 * Reserved

164 * Reserved

164 * Reserved

164 FDIF3 Zone 3 filtered restrained differential element picked up

164 RDIF3 Zone 3 unfiltered restrained differential element picked up

164 IFAULT3 Zone 3 fault detection

164 GFAULT3 Zone 3 fast fault detection

165 87R4 Zone 4 restraint differential element picked up

165 P87R4 Zone 4 instantaneous differential element picked up

165 87O4 Zone 4 restraint differential operating current above O87P

165 FAULT4 Zone 4 fault detector picked up

165 CON4 Zone 4 in high-security mode

165 EXT4 Zone 4 external fault declaration

165 DOP4 Zone 4 incremental operating current picked up

165 DRT4 Zone 4 incremental restraint current picked up

166 * Reserved

166 * Reserved

166 * Reserved

166 * Reserved

166 FDIF4 Zone 4 filtered restrained differential element picked up

166 RDIF4 Zone 4 unfiltered restrained differential element picked up

166 IFAULT4 Zone 4 fault detection

166 GFAULT4 Zone 4 fast fault detection

167 87R5 Zone 5 restraint differential element picked up

167 P87R5 Zone 5 instantaneous differential element picked up

167 87O5 Zone 5 restraint differential operating current above O87P

167 FAULT5 Zone 5 fault detector picked up

167 CON5 Zone 5 in high-security mode

167 EXT5 Zone 5 external fault declaration

167 DOP5 Zone 5 incremental operating current picked up

167 DRT5 Zone 5 incremental restraint current picked up

168 * Reserved

168 * Reserved

168 * Reserved

168 * Reserved

168 FDIF5 Zone 5 filtered restrained differential element picked up

168 RDIF5 Zone 5 unfiltered restrained differential element picked up

168 IFAULT5 Zone 5 fault detection

168 GFAULT5 Zone 5 fast fault detection
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169 87R6 Zone 6 restraint differential element picked up

169 P87R6 Zone 6 instantaneous differential element picked up

169 87O6 Zone 6 restraint differential operating current above O87P

169 FAULT6 Zone 6 fault detector picked up

169 CON6 Zone 6 in high-security mode

169 EXT6 Zone 6 external fault declaration

169 DOP6 Zone 6 incremental operating current picked up

169 DRT6 Zone 6 incremental restraint current picked up

170 * Reserved

170 * Reserved

170 * Reserved

170 * Reserved

170 FDIF6 Zone 6 filtered restrained differential element picked up

170 RDIF6 Zone 6 unfiltered restrained differential element picked up

170 IFAULT6 Zone 6 fault detection

170 GFAULT6 Zone 6 fast fault detection

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 * Reserved

171 FAULT Busbar fault in any zone

Directional Element (Diff Zone)

172 * Reserved

172 * Reserved

172 DE6F Zone 6 forward directional element picked up

172 DE5F Zone 5 forward directional element picked up

172 DE4F Zone 4 forward directional element picked up

172 DE3F Zone 3 forward directional element picked up

172 DE2F Zone 2 forward directional element picked up

172 DE1F Zone 1 forward directional element picked up

173 50DS08 Terminal 08 directional element current threshold exceeded

173 50DS07 Terminal 07 directional element current threshold exceeded

173 50DS06 Terminal 06 directional element current threshold exceeded

173 50DS05 Terminal 05 directional element current threshold exceeded

173 50DS04 Terminal 04 directional element current threshold exceeded

173 50DS03 Terminal 03 directional element current threshold exceeded

173 50DS02 Terminal 02 directional element current threshold exceeded

173 50DS01 Terminal 01 directional element current threshold exceeded
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174 50DS16 Terminal 16 directional element current threshold exceeded

174 50DS15 Terminal 15 directional element current threshold exceeded

174 50DS14 Terminal 14 directional element current threshold exceeded

174 50DS13 Terminal 13 directional element current threshold exceeded

174 50DS12 Terminal 12 directional element current threshold exceeded

174 50DS11 Terminal 11 directional element current threshold exceeded

174 50DS10 Terminal 10 directional element current threshold exceeded

174 50DS09 Terminal 09 directional element current threshold exceeded

175 * Reserved

175 * Reserved

175 * Reserved

175 50DS21 Terminal 21 directional element current threshold exceeded

175 50DS20 Terminal 20 directional element current threshold exceeded

175 50DS19 Terminal 19 directional element current threshold exceeded

175 50DS18 Terminal 18 directional element current threshold exceeded

175 50DS17 Terminal 17 directional element current threshold exceeded

Coupler Security Logic

176 * Reserved

176 CSL1 Coupler 1 security logic picked up

176 ACTRPT1 Coupler 1 accelerated trip timed out

176 ACTRP1 Coupler 1 accelerated trip SELOGIC control equation

176 CBCLST1 Coupler 1 close command timed out

176 CBCLS1 Coupler 1 close command SELOGIC control equation

176 CB52T1 Coupler 1 status timed out

176 CB52A1 Coupler 1 status SELOGIC control equation

177 * Reserved

177 CSL2 Coupler 2 security logic picked up

177 ACTRPT2 Coupler 2 accelerated trip timed out

177 ACTRP2 Coupler 2 accelerated trip SELOGIC control equation

177 CBCLST2 Coupler 2 close command timed out

177 CBCLS2 Coupler 2 close command SELOGIC control equation

177 CB52T2 Coupler 2 status timed out

177 CB52A2 Coupler 2 status SELOGIC control equation

178 * Reserved

178 CSL3 Coupler 3 security logic picked up

178 ACTRPT3 Coupler 3 accelerated trip timed out

178 ACTRP3 Coupler 3 accelerated trip SELOGIC control equation

178 CBCLST3 Coupler 3 close command timed out

178 CBCLS3 Coupler 3 close command SELOGIC control equation

178 CB52T3 Coupler 3 status timed out

178 CB52A3 Coupler 3 status SELOGIC control equation
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179 * Reserved

179 CSL4 Coupler 4 security logic picked up

179 ACTRPT4 Coupler 4 accelerated trip timed out

179 ACTRP4 Coupler 4 accelerated trip SELOGIC control equation

179 CBCLST4 Coupler 4 close command timed out

179 CBCLS4 Coupler 4 close command SELOGIC control equation

179 CB52T4 Coupler 4 status timed out

179 CB52A4 Coupler 4 status SELOGIC control equation

Terminal Out of Service

180 TOS08 Terminal 08 out of service

180 TOS07 Terminal 07 out of service

180 TOS06 Terminal 06 out of service

180 TOS05 Terminal 05 out of service

180 TOS04 Terminal 04 out of service

180 TOS03 Terminal 03 out of service

180 TOS02 Terminal 02 out of service

180 TOS01 Terminal 01 out of service

181 TOS16 Terminal 16 out of service

181 TOS15 Terminal 15 out of service

181 TOS14 Terminal 14 out of service

181 TOS13 Terminal 13 out of service

181 TOS12 Terminal 12 out of service

181 TOS11 Terminal 11 out of service

181 TOS10 Terminal 10 out of service

181 TOS09 Terminal 09 out of service

182 * Reserved

182 * Reserved

182 * Reserved

182 TOS21 Terminal 21 out of service

182 TOS20 Terminal 20 out of service

182 TOS19 Terminal 19 out of service

182 TOS18 Terminal 18 out of service

182 TOS17 Terminal 17 out of service

Breaker Failure

183 FBF01 Circuit Breaker 1 failure

183 XBF01 Circuit Breaker 1 external breaker failure input (SELOGIC control equation)

183 RT01 Circuit Breaker 1 retrip

183 ABFIT01 Circuit Breaker 1 alternate circuit breaker failure initiate

183 ATBFI01 Circuit Breaker 1 alternate breaker failure initiate SELOGIC control equation

183 BFIT01 Circuit Breaker 1 breaker failure timed out

183 BFI01 Circuit Breaker 1 breaker failure initiate SELOGIC control equation
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183 50F01 Circuit Breaker 1 breaker failure current threshold exceeded

184 FBF02 Circuit Breaker 2 failure

184 XBF02 Circuit Breaker 2 external breaker failure input (SELOGIC control equation)

184 RT02 Circuit Breaker 2 retrip

184 ABFIT02 Circuit Breaker 2 alternate circuit breaker failure initiate

184 ATBFI02 Circuit Breaker 2 alternate breaker failure initiate SELOGIC control equation

184 BFIT02 Circuit Breaker 2 breaker failure timed out

184 BFI02 Circuit Breaker 2 breaker failure initiate SELOGIC control equation

184 50F02 Circuit Breaker 2 breaker failure current threshold exceeded

185 FBF03 Circuit Breaker 3 failure

185 XBF03 Circuit Breaker 3 external breaker failure input (SELOGIC control equation)

185 RT03 Circuit Breaker 3 retrip

185 ABFIT03 Circuit Breaker 3 alternate circuit breaker failure initiate

185 ATBFI03 Circuit Breaker 3 alternate breaker failure initiate SELOGIC control equation

185 BFIT03 Circuit Breaker 3 breaker failure timed out

185 BFI03 Circuit Breaker 3 breaker failure initiate SELOGIC control equation

185 50F03 Circuit Breaker 3 breaker failure current threshold exceeded

186 FBF04 Circuit Breaker 4 failure

186 XBF04 Circuit Breaker 4 external breaker failure input (SELOGIC control equation)

186 RT04 Circuit Breaker 4 retrip

186 ABFIT04 Circuit Breaker 4 alternate circuit breaker failure initiate

186 ATBFI04 Circuit Breaker 4 alternate breaker failure initiate SELOGIC control equation

186 BFIT04 Circuit Breaker 4 breaker failure timed out

186 BFI04 Circuit Breaker 4 breaker failure initiate SELOGIC control equation

186 50F04 Circuit Breaker 4 breaker failure current threshold exceeded

187 FBF05 Circuit Breaker 5 failure

187 XBF05 Circuit Breaker 5 external breaker failure input (SELOGIC control equation)

187 RT05 Circuit Breaker 5 retrip

187 ABFIT05 Circuit Breaker 5 alternate circuit breaker failure initiate

187 ATBFI05 Circuit Breaker 5 alternate breaker failure initiate SELOGIC control equation

187 BFIT05 Circuit Breaker 5 breaker failure timed out

187 BFI05 Circuit Breaker 5 breaker failure initiate SELOGIC control equation

187 50F05 Circuit Breaker 5 breaker failure current threshold exceeded

188 FBF06 Circuit Breaker 6 failure

188 XBF06 Circuit Breaker 6 external breaker failure input (SELOGIC control equation)

188 RT06 Circuit Breaker 6 retrip

188 ABFIT06 Circuit Breaker 6 alternate circuit breaker failure initiate

188 ATBFI06 Circuit Breaker 6 alternate breaker failure initiate SELOGIC control equation

188 BFIT06 Circuit Breaker 6 breaker failure timed out

188 BFI06 Circuit Breaker 6 breaker failure initiate SELOGIC control equation

188 50F06 Circuit Breaker 6 breaker failure current threshold exceeded
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189 FBF07 Circuit Breaker 7 failure

189 XBF07 Circuit Breaker 7 external breaker failure input (SELOGIC control equation)

189 RT07 Circuit Breaker 7 retrip

189 ABFIT07 Circuit Breaker 7 alternate circuit breaker failure initiate

189 ATBFI07 Circuit Breaker 7 alternate breaker failure initiate SELOGIC control equation

189 BFIT07 Circuit Breaker 7 breaker failure timed out

189 BFI07 Circuit Breaker 7 breaker failure initiate SELOGIC control equation

189 50F07 Circuit Breaker 7 breaker failure current threshold exceeded

190 FBF08 Circuit Breaker 8 failure

190 XBF08 Circuit Breaker 8 external breaker failure input (SELOGIC control equation)

190 RT08 Circuit Breaker 8 retrip

190 ABFIT08 Circuit Breaker 8 alternate circuit breaker failure initiate

190 ATBFI08 Circuit Breaker 8 alternate breaker failure initiate SELOGIC control equation

190 BFIT08 Circuit Breaker 8 breaker failure timed out

190 BFI08 Circuit Breaker 8 breaker failure initiate SELOGIC control equation

190 50F08 Circuit Breaker 8 breaker failure current threshold exceeded

191 FBF09 Circuit Breaker 9 failure

191 XBF09 Circuit Breaker 9 external breaker failure input (SELOGIC control equation)

191 RT09 Circuit Breaker 9 retrip

191 ABFIT09 Circuit Breaker 9 alternate circuit breaker failure initiate

191 ATBFI09 Circuit Breaker 9 alternate breaker failure initiate SELOGIC control equation

191 BFIT09 Circuit Breaker 9 breaker failure timed out

191 BFI09 Circuit Breaker 9 breaker failure initiate SELOGIC control equation

191 50F09 Circuit Breaker 9 breaker failure current threshold exceeded

192 FBF10 Circuit Breaker 10 failure

192 XBF10 Circuit Breaker 10 external breaker failure input (SELOGIC control equation)

192 RT10 Circuit Breaker 10 retrip

192 ABFIT10 Circuit Breaker 10 alternate circuit breaker failure initiate

192 ATBFI10 Circuit Breaker 10 alternate breaker failure initiate SELOGIC control equation

192 BFIT10 Circuit Breaker 10 breaker failure timed out

192 BFI10 Circuit Breaker 10 breaker failure initiate SELOGIC control equation

192 50F10 Circuit Breaker 10 breaker failure current threshold exceeded

193 FBF11 Circuit Breaker 11 failure

193 XBF11 Circuit Breaker 11 external breaker failure input (SELOGIC control equation)

193 RT11 Circuit Breaker 11 retrip

193 ABFIT11 Circuit Breaker 11 alternate circuit breaker failure initiate

193 ATBFI11 Circuit Breaker 11 alternate breaker failure initiate SELOGIC control equation

193 BFIT11 Circuit Breaker 11 breaker failure timed out

193 BFI11 Circuit Breaker 11 breaker failure initiate SELOGIC control equation

193 50F11 Circuit Breaker 11 breaker failure current threshold exceeded

194 FBF12 Circuit Breaker 12 failure
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194 XBF12 Circuit Breaker 12 external breaker failure input (SELOGIC control equation)

194 RT12 Circuit Breaker 12 retrip

194 ABFIT12 Circuit Breaker 12 alternate circuit breaker failure initiate

194 ATBFI12 Circuit Breaker 12 alternate breaker failure initiate SELOGIC control equation

194 BFIT12 Circuit Breaker 12 breaker failure timed out

194 BFI12 Circuit Breaker 12 breaker failure initiate SELOGIC control equation

194 50F12 Circuit Breaker 12 breaker failure current threshold exceeded

195 FBF13 Circuit Breaker 13 failure

195 XBF13 Circuit Breaker 13 external breaker failure input (SELOGIC control equation)

195 RT13 Circuit Breaker 13 retrip

195 ABFIT13 Circuit Breaker 13 alternate circuit breaker failure initiate

195 ATBFI13 Circuit Breaker 13 alternate breaker failure initiate SELOGIC control equation

195 BFIT13 Circuit Breaker 13 breaker failure timed out

195 BFI13 Circuit Breaker 13 breaker failure initiate SELOGIC control equation

195 50F13 Circuit Breaker 13 breaker failure current threshold exceeded

196 FBF14 Circuit Breaker 14 failure

196 XBF14 Circuit Breaker 14 external breaker failure input (SELOGIC control equation)

196 RT14 Circuit Breaker 14 retrip

196 ABFIT14 Circuit Breaker 14 alternate circuit breaker failure initiate

196 ATBFI14 Circuit Breaker 14 alternate breaker failure initiate SELOGIC control equation

196 BFIT14 Circuit Breaker 14 breaker failure timed out

196 BFI14 Circuit Breaker 14 breaker failure initiate SELOGIC control equation

196 50F14 Circuit Breaker 14 breaker failure current threshold exceeded

197 FBF15 Circuit Breaker 15 failure

197 XBF15 Circuit Breaker 15 external breaker failure input (SELOGIC control equation)

197 RT15 Circuit Breaker 15 retrip

197 ABFIT15 Circuit Breaker 15 alternate circuit breaker failure initiate

197 ATBFI15 Circuit Breaker 15 alternate breaker failure initiate SELOGIC control equation

197 BFIT15 Circuit Breaker 15 breaker failure timed out

197 BFI15 Circuit Breaker 15 breaker failure initiate SELOGIC control equation

197 50F15 Circuit Breaker 15 breaker failure current threshold exceeded

198 FBF16 Circuit Breaker 16 failure

198 XBF16 Circuit Breaker 16 external breaker failure input (SELOGIC control equation)

198 RT16 Circuit Breaker 16 retrip

198 ABFIT16 Circuit Breaker 16 alternate circuit breaker failure initiate

198 ATBFI16 Circuit Breaker 16 alternate breaker failure initiate SELOGIC control equation

198 BFIT16 Circuit Breaker 16 breaker failure timed out

198 BFI16 Circuit Breaker 16 breaker failure initiate SELOGIC control equation

198 50F16 Circuit Breaker 16 breaker failure current threshold exceeded

199 FBF17 Circuit Breaker 17 failure

199 XBF17 Circuit Breaker 17 external breaker failure input (SELOGIC control equation)
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199 RT17 Circuit Breaker 17 retrip

199 ABFIT17 Circuit Breaker 17 alternate circuit breaker failure initiate

199 ATBFI17 Circuit Breaker 17 alternate breaker failure initiate SELOGIC control equation

199 BFIT17 Circuit Breaker 17 breaker failure timed out

199 BFI17 Circuit Breaker 17 breaker failure initiate SELOGIC control equation

199 50F17 Circuit Breaker 17 breaker failure current threshold exceeded

200 FBF18 Circuit Breaker 18 failure

200 XBF18 Circuit Breaker 18 external breaker failure input (SELOGIC control equation)

200 RT18 Circuit Breaker 18 retrip

200 ABFIT18 Circuit Breaker 18 alternate circuit breaker failure initiate

200 ATBFI18 Circuit Breaker 18 alternate breaker failure initiate SELOGIC control equation

200 BFIT18 Circuit Breaker 18 breaker failure timed out

200 BFI18 Circuit Breaker 18 breaker failure initiate SELOGIC control equation

200 50F18 Circuit Breaker 18 breaker failure current threshold exceeded

201 FBF19 Circuit Breaker 19 failure

201 XBF19 Circuit Breaker 19 external breaker failure input (SELOGIC control equation)

201 RT19 Circuit Breaker 19 retrip

201 ABFIT19 Circuit Breaker 19 alternate circuit breaker failure initiate

201 ATBFI19 Circuit Breaker 19 alternate breaker failure initiate SELOGIC control equation

201 BFIT19 Circuit Breaker 19 breaker failure timed out

201 BFI19 Circuit Breaker 19 breaker failure initiate SELOGIC control equation

201 50F19 Circuit Breaker 19 breaker failure current threshold exceeded

202 FBF20 Circuit Breaker 20 failure

202 XBF20 Circuit Breaker 20 external breaker failure input (SELOGIC control equation)

202 RT20 Circuit Breaker 20 retrip

202 ABFIT20 Circuit Breaker 20 alternate circuit breaker failure initiate

202 ATBFI20 Circuit Breaker 20 alternate breaker failure initiate SELOGIC control equation

202 BFIT20 Circuit Breaker 20 breaker failure timed out

202 BFI20 Circuit Breaker 20 breaker failure initiate SELOGIC control equation

202 50F20 Circuit Breaker 20 breaker failure current threshold exceeded

203 FBF21 Circuit Breaker 21 failure

203 XBF21 Circuit Breaker 21 external breaker failure input (SELOGIC control equation)

203 RT21 Circuit Breaker 21 retrip

203 ABFIT21 Circuit Breaker 21 alternate circuit breaker failure initiate

203 ATBFI21 Circuit Breaker 21 alternate breaker failure initiate SELOGIC control equation

203 BFIT21 Circuit Breaker 21 breaker failure timed out

203 BFI21 Circuit Breaker 21 breaker failure initiate SELOGIC control equation

203 50F21 Circuit Breaker 21 breaker failure current threshold exceeded

204 * Reserved

204 * Reserved

204 * Reserved
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204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

204 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

205 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

206 * Reserved

Overcurrent Elements

207 50P04T Terminal 04 definite-time overcurrent element timed out

207 50P04 Terminal 04 instantaneous overcurrent element

207 50P03T Terminal 03 definite-time overcurrent element timed out

207 50P03 Terminal 03 instantaneous overcurrent element

207 50P02T Terminal 02 definite-time overcurrent element timed out

207 50P02 Terminal 02 instantaneous overcurrent element

207 50P01T Terminal 01 definite-time overcurrent element timed out

207 50P01 Terminal 01 instantaneous overcurrent element

208 50P08T Terminal 08 definite-time overcurrent element timed out

208 50P08 Terminal 08 instantaneous overcurrent element

208 50P07T Terminal 07 definite-time overcurrent element timed out

208 50P07 Terminal 07 instantaneous overcurrent element

208 50P06T Terminal 06 definite-time overcurrent element timed out

208 50P06 Terminal 06 instantaneous overcurrent element

208 50P05T Terminal 05 definite-time overcurrent element timed out

208 50P05 Terminal 05 instantaneous overcurrent element

209 50P12T Terminal 12 definite-time overcurrent element timed out

209 50P12 Terminal 12 instantaneous overcurrent element

209 50P11T Terminal 11 definite-time overcurrent element timed out
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209 50P11 Terminal 11 instantaneous overcurrent element

209 50P10T Terminal 10 definite-time overcurrent element timed out

209 50P10 Terminal 10 instantaneous overcurrent element

209 50P09T Terminal 09 definite-time overcurrent element timed out

209 50P09 Terminal 09 instantaneous overcurrent element

210 50P16T Terminal 16 definite-time overcurrent element timed out

210 50P16 Terminal 16 instantaneous overcurrent element

210 50P15T Terminal 15 definite-time overcurrent element timed out

210 50P15 Terminal 15 instantaneous overcurrent element

210 50P14T Terminal 14 definite-time overcurrent element timed out

210 50P14 Terminal 14 instantaneous overcurrent element

210 50P13T Terminal 13 definite-time overcurrent element timed out

210 50P13 Terminal 13 instantaneous overcurrent element

211 50P20T Terminal 20 definite-time overcurrent element timed out

211 50P20 Terminal 20 instantaneous overcurrent element

211 50P19T Terminal 19 definite-time overcurrent element timed out

211 50P19 Terminal 19 instantaneous overcurrent element

211 50P18T Terminal 18 definite-time overcurrent element timed out

211 50P18 Terminal 18 instantaneous overcurrent element

211 50P17T Terminal 17 definite-time overcurrent element timed out

211 50P17 Terminal 17 instantaneous overcurrent element

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 * Reserved

212 50P21T Terminal 21 definite-time overcurrent element timed out

212 50P21 Terminal 21 instantaneous overcurrent element

Inverse-Time Overcurrent Elements

213 51S04 Inverse-time Element 04 picked up

213 51T04 Inverse-time Element 04 timed out

213 51S03 Inverse-time Element 03 picked up

213 51T03 Inverse-time Element 03 timed out

213 51S02 Inverse-time Element 02 picked up

213 51T02 Inverse-time Element 02 timed out

213 51S01 Inverse-time Element 01 picked up

213 51T01 Inverse-time Element 01 timed out

214 51S08 Inverse-time Element 08 picked up

214 51T08 Inverse-time Element 08 timed out

214 51S07 Inverse-time Element 07 picked up
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214 51T07 Inverse-time Element 07 timed out

214 51S06 Inverse-time Element 06 picked up

214 51T06 Inverse-time Element 06 timed out

214 51S05 Inverse-time Element 05 picked up

214 51T05 Inverse-time Element 05 timed out

215 51S12 Inverse-time Element 12 picked up

215 51T12 Inverse-time Element 12 timed out

215 51S11 Inverse-time Element 11 picked up

215 51T11 Inverse-time Element 11 timed out

215 51S10 Inverse-time Element 10 picked up

215 51T10 Inverse-time Element 10 timed out

215 51S09 Inverse-time Element 09 picked up

215 51T09 Inverse-time Element 09 timed out

216 51S16 Inverse-time Element 16 picked up

216 51T16 Inverse-time Element 16 timed out

216 51S15 Inverse-time Element 15 picked up

216 51T15 Inverse-time Element 15 timed out

216 51S14 Inverse-time Element 14 picked up

216 51T14 Inverse-time Element 14 timed out

216 51S13 Inverse-time Element 13 picked up

216 51T13 Inverse-time Element 13 timed out

217 51S20 Inverse-time Element 20 picked up

217 51T20 Inverse-time Element 20 timed out

217 51S19 Inverse-time Element 19 picked up

217 51T19 Inverse-time Element 19 timed out

217 51S18 Inverse-time Element 18 picked up

217 51T18 Inverse-time Element 18 timed out

217 51S17 Inverse-time Element 17 picked up

217 51T17 Inverse-time Element 17 timed out

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 * Reserved

218 51S21 Inverse-time Element 21 picked up

218 51T21 Inverse-time Element 21 timed out

219 51MM04 Inverse-time Element 04 pickup setting outside of specified limits

219 51TM04 Inverse-time Element 04 time-dial setting outside of specified limits

219 51MM03 Inverse-time Element 03 pickup setting outside of specified limits

219 51TM03 Inverse-time Element 03 time-dial setting outside of specified limits
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219 51MM02 Inverse-time Element 02 pickup setting outside of specified limits

219 51TM02 Inverse-time Element 02 time-dial setting outside of specified limits

219 51MM01 Inverse-time Element 01 pickup setting outside of specified limits

219 51TM01 Inverse-time Element 01 time-dial setting outside of specified limits

220 51MM08 Inverse-time Element 08 pickup setting outside of specified limits

220 51TM08 Inverse-time Element 08 time-dial setting outside of specified limits

220 51MM07 Inverse-time Element 07 pickup setting outside of specified limits

220 51TM07 Inverse-time Element 07 time-dial setting outside of specified limits

220 51MM06 Inverse-time Element 06 pickup setting outside of specified limits

220 51TM06 Inverse-time Element 06 time-dial setting outside of specified limits

220 51MM05 Inverse-time Element 05 pickup setting outside of specified limits

220 51TM05 Inverse-time Element 05 time-dial setting outside of specified limits

Under- and Overvoltage Elements

221 271P1 Undervoltage Element 1, Level 1 asserted   

221 271P1T Undervoltage Element 1, Level 1 timed out 

221 271P2 Undervoltage Element 1, Level 2 asserted   

221 27TC1 Undervoltage Element 1, torque control 

221 272P1 Undervoltage Element 2, Level 1 asserted   

221 272P1T Undervoltage Element 2, Level 1 timed out 

221 272P2 Undervoltage Element 2, Level 2 asserted   

221 27TC2 Undervoltage Element 2, torque control 

222 273P1 Undervoltage Element 3, Level 1 asserted   

222 273P1T Undervoltage Element 3, Level 1 timed out 

222 273P2 Undervoltage Element 3, Level 2 asserted   

222 27TC3 Undervoltage Element 3, torque control 

222 274P1 Undervoltage Element 4, Level 1 asserted   

222 274P1T Undervoltage Element 4, Level 1 timed out 

222 274P2 Undervoltage Element 4, Level 2 asserted   

222 27TC4 Undervoltage Element 4, torque control 

223 275P1 Undervoltage Element 5, Level 1 asserted   

223 275P1T Undervoltage Element 5, Level 1 timed out 

223 275P2 Undervoltage Element 5, Level 2 asserted   

223 27TC5 Undervoltage Element 5, torque control 

223 276P1 Undervoltage Element 6, Level 1 asserted   

223 276P1T Undervoltage Element 6, Level 1 timed out 

223 276P2 Undervoltage Element 6, Level 2 asserted   

223 27TC6 Undervoltage Element 6, torque control 

224 591P1 Overvoltage Element 1, Level 1 asserted   

224 591P1T Overvoltage Element 1, Level 1 timed out 

224 591P2 Overvoltage Element 1, Level 2 asserted   

224 59TC1 Overvoltage Element 1, torque control 
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224 592P1 Overvoltage Element 2, Level 1 asserted   

224 592P1T Overvoltage Element 2, Level 1 timed out 

224 592P2 Overvoltage Element 2, Level 2 asserted   

224 59TC2 Overvoltage Element 2, torque control 

225 593P1 Overvoltage Element 3, Level 1 asserted   

225 593P1T Overvoltage Element 3, Level 1 timed out 

225 593P2 Overvoltage Element 3, Level 2 asserted   

225 59TC3 Overvoltage Element 3, torque control 

225 594P1 Overvoltage Element 4, Level 1 asserted   

225 594P1T Overvoltage Element 4, Level 1 timed out 

225 594P2 Overvoltage Element 4, Level 2 asserted   

225 59TC4 Overvoltage Element 4, torque control 

226 595P1 Overvoltage Element 5, Level 1 asserted   

226 595P1T Overvoltage Element 5, Level 1 timed out 

226 595P2 Overvoltage Element 5, Level 2 asserted   

226 59TC5 Overvoltage Element 5, torque control 

226 596P1 Overvoltage Element 6, Level 1 asserted   

226 596P1T Overvoltage Element 6, Level 1 timed out 

226 596P2 Overvoltage Element 6, Level 2 asserted   

226 59TC6 Overvoltage Element 6, torque control 

Battery Monitor

227 DC1F DC monitor fail alarm

227 DC1W DC monitor warning alarm

227 DC1G DC monitor ground fault alarm

227 DC1R DC monitor alarm for ac ripple

227 * Reserved

227 * Reserved

227 * Reserved

227 * Reserved

Bus-Zone Trip

228 87BTR08 Terminal 08 bus-zone differential trip asserted

228 87BTR07 Terminal 07 bus-zone differential trip asserted

228 87BTR06 Terminal 06 bus-zone differential trip asserted

228 87BTR05 Terminal 05 bus-zone differential trip asserted

228 87BTR04 Terminal 04 bus-zone differential trip asserted

228 87BTR03 Terminal 03 bus-zone differential trip asserted

228 87BTR02 Terminal 02 bus-zone differential trip asserted

228 87BTR01 Terminal 01 bus-zone differential trip asserted

229 87BTR16 Terminal 16 bus-zone differential trip asserted

229 87BTR15 Terminal 15 bus-zone differential trip asserted

229 87BTR14 Terminal 14 bus-zone differential trip asserted
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229 87BTR13 Terminal 13 bus-zone differential trip asserted

229 87BTR12 Terminal 12 bus-zone differential trip asserted

229 87BTR11 Terminal 11 bus-zone differential trip asserted

229 87BTR10 Terminal 10 bus-zone differential trip asserted

229 87BTR09 Terminal 09 bus-zone differential trip asserted

230 * Reserved

230 * Reserved

230 * Any terminal bus-zone differential trip asserted

230 87BTR21 Terminal 21 bus-zone differential trip asserted

230 87BTR20 Terminal 20 bus-zone differential trip asserted

230 87BTR19 Terminal 19 bus-zone differential trip asserted

230 87BTR18 Terminal 18 bus-zone differential trip asserted

230 87BTR17 Terminal 17 bus-zone differential trip asserted

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 * Reserved

231 87BTR Any terminal bus-zone differential trip asserted

Inverse-Time Overcurrent Elements

232 51MM12 Inverse-time Element 12 pickup setting outside of specified limits

232 51TM12 Inverse-time Element 12 time-dial setting outside of specified limits

232 51MM11 Inverse-time Element 11 pickup setting outside of specified limits

232 51TM11 Inverse-time Element 11 time-dial setting outside of specified limits

232 51MM10 Inverse-time Element 10 pickup setting outside of specified limits

232 51TM10 Inverse-time Element 10 time-dial setting outside of specified limits

232 51MM09 Inverse-time Element 09 pickup setting outside of specified limits

232 51TM09 Inverse-time Element 09 time-dial setting outside of specified limits

233 51MM16 Inverse-time Element 16 pickup setting outside of specified limits

233 51TM16 Inverse-time Element 16 time-dial setting outside of specified limits

233 51MM15 Inverse-time Element 15 pickup setting outside of specified limits

233 51TM15 Inverse-time Element 15 time-dial setting outside of specified limits

233 51MM14 Inverse-time Element 14 pickup setting outside of specified limits

233 51TM14 Inverse-time Element 14 time-dial setting outside of specified limits

233 51MM13 Inverse-time Element 13 pickup setting outside of specified limits

233 51TM13 Inverse-time Element 13 time-dial setting outside of specified limits

234 51MM20 Inverse-time Element 20 pickup setting outside of specified limits

234 51TM20 Inverse-time Element 20 time-dial setting outside of specified limits

234 51MM19 Inverse-time Element 19 pickup setting outside of specified limits
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234 51TM19 Inverse-time Element 19 time-dial setting outside of specified limits

234 51MM18 Inverse-time Element 18 pickup setting outside of specified limits

234 51TM18 Inverse-time Element 18 time-dial setting outside of specified limits

234 51MM17 Inverse-time Element 17 pickup setting outside of specified limits

234 51TM17 Inverse-time Element 17 time-dial setting outside of specified limits

Bus-Zone Trip

235 * Reserved

235 * Reserved

235 87Z6 Zone 6 differential element trip

235 87Z5 Zone 5 differential element trip

235 87Z4 Zone 4 differential element trip

235 87Z3 Zone 3 differential element trip

235 87Z2 Zone 2 differential element trip

235 87Z1 Zone 1 differential element trip

Breaker Failure Trip

236 SBFTR08 Circuit Breaker 08 breaker failure trip

236 SBFTR07 Circuit Breaker 07 breaker failure trip

236 SBFTR06 Circuit Breaker 06 breaker failure trip

236 SBFTR05 Circuit Breaker 05 breaker failure trip

236 SBFTR04 Circuit Breaker 04 breaker failure trip

236 SBFTR03 Circuit Breaker 03 breaker failure trip

236 SBFTR02 Circuit Breaker 02 breaker failure trip

236 SBFTR01 Circuit Breaker 01 breaker failure trip

237 SBFTR16 Circuit Breaker 16 breaker failure trip

237 SBFTR15 Circuit Breaker 15 breaker failure trip

237 SBFTR14 Circuit Breaker 14 breaker failure trip

237 SBFTR13 Circuit Breaker 13 breaker failure trip

237 SBFTR12 Circuit Breaker 12 breaker failure trip

237 SBFTR11 Circuit Breaker 11 breaker failure trip

237 SBFTR10 Circuit Breaker 10 breaker failure trip

237 SBFTR09 Circuit Breaker 09 breaker failure trip

238 * Reserved

238 * Reserved

238 * Reserved

238 SBFTR21 Circuit Breaker 21 breaker failure trip

238 SBFTR20 Circuit Breaker 20 breaker failure trip

238 SBFTR19 Circuit Breaker 19 breaker failure trip

238 SBFTR18 Circuit Breaker 18 breaker failure trip

238 SBFTR17 Circuit Breaker 17 breaker failure trip

239 * Reserved

239 * Reserved
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239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 * Reserved

239 SBFTR Any circuit breaker failure trip

240 * Reserved

240 * Reserved

240 BFZ6 Zone 6 breaker failure

240 BFZ5 Zone 5 breaker failure

240 BFZ4 Zone 4 breaker failure

240 BFZ3 Zone 3 breaker failure

240 BFZ2 Zone 2 breaker failure

240 BFZ1 Zone 1 breaker failure

Miscellaneous Logic Elements

241 ER Event report trigger equation (SELOGIC control equation)

241 EVELOCK Event summary lock period

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

241 * Reserved

Trip and Unlatch

242 TRIP08 Terminal 08 trip output

242 TRIP07 Terminal 07 trip output

242 TRIP06 Terminal 06 trip output

242 TRIP05 Terminal 05 trip output

242 TRIP04 Terminal 04 trip output

242 TRIP03 Terminal 03 trip output

242 TRIP02 Terminal 02 trip output

242 TRIP01 Terminal 01 trip output

243 TRIP16 Terminal 16 trip output

243 TRIP15 Terminal 15 trip output

243 TRIP14 Terminal 14 trip output

243 TRIP13 Terminal 13 trip output

243 TRIP12 Terminal 12 trip output

243 TRIP11 Terminal 11 trip output

243 TRIP10 Terminal 10 trip output

243 TRIP09 Terminal 09 trip output

244 * Reserved
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244 * Reserved

244 * Reserved

244 TRIP21 Terminal 21 trip output

244 TRIP20 Terminal 20 trip output

244 TRIP19 Terminal 19 trip output

244 TRIP18 Terminal 18 trip output

244 TRIP17 Terminal 17 trip output

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 * Reserved

245 TRIP Any terminal trip output

246 ULTR08 Terminal 08 unlatch trip

246 ULTR07 Terminal 07 unlatch trip

246 ULTR06 Terminal 06 unlatch trip

246 ULTR05 Terminal 05 unlatch trip

246 ULTR04 Terminal 04 unlatch trip

246 ULTR03 Terminal 03 unlatch trip

246 ULTR02 Terminal 02 unlatch trip

246 ULTR01 Terminal 01 unlatch trip

247 ULTR16 Terminal 16 unlatch trip

247 ULTR15 Terminal 15 unlatch trip

247 ULTR14 Terminal 14 unlatch trip

247 ULTR13 Terminal 13 unlatch trip

247 ULTR12 Terminal 12 unlatch trip

247 ULTR11 Terminal 11 unlatch trip

247 ULTR10 Terminal 10 unlatch trip

247 ULTR09 Terminal 09 unlatch trip

248 * Reserved

248 * Reserved

248 * Reserved

248 ULTR21 Terminal 21 unlatch trip

248 ULTR20 Terminal 20 unlatch trip

248 ULTR19 Terminal 19 unlatch trip

248 ULTR18 Terminal 18 unlatch trip

248 ULTR17 Terminal 17 unlatch trip

Breaker Open Controls

249 OC08 Circuit Breaker 08 open command

Table 11.2 Row List of Relay Word Bits (Sheet 50 of 99)
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249 OC07 Circuit Breaker 07 open command

249 OC06 Circuit Breaker 06 open command

249 OC05 Circuit Breaker 05 open command

249 OC04 Circuit Breaker 04 open command

249 OC03 Circuit Breaker 03 open command

249 OC02 Circuit Breaker 02 open command

249 OC01 Circuit Breaker 01 open command

250 OC16 Circuit Breaker 16 open command

250 OC15 Circuit Breaker 15 open command

250 OC14 Circuit Breaker 14 open command

250 OC13 Circuit Breaker 13 open command

250 OC12 Circuit Breaker 12 open command

250 OC11 Circuit Breaker 11 open command

250 OC10 Circuit Breaker 10 open command

250 OC09 Circuit Breaker 09 open command

251 * Reserved

251 * Reserved

251 * Reserved

251 OC21 Circuit Breaker 21 open command

251 OC20 Circuit Breaker 20 open command

251 OC19 Circuit Breaker 19 open command

251 OC18 Circuit Breaker 18 open command

251 OC17 Circuit Breaker 17 open command

Inverse-Time Overcurrent Elements

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 * Reserved

252 51MM21 Inverse-time Element 21 pickup setting outside of specified limits

252 51TM21 Inverse-time Element 21 time-dial setting outside of specified limits

253 51R16 Inverse-time Element 16 reset

253 51R15 Inverse-time Element 15 reset

253 51R14 Inverse-time Element 14 reset

253 51R13 Inverse-time Element 13 reset

253 51R12 Inverse-time Element 12 reset

253 51R11 Inverse-time Element 11 reset

253 51R10 Inverse-time Element 10 reset

253 51R09 Inverse-time Element 09 reset

254 51R08 Inverse-time Element 08 reset
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254 51R07 Inverse-time Element 07 reset

254 51R06 Inverse-time Element 06 reset

254 51R05 Inverse-time Element 05 reset

254 51R04 Inverse-time Element 04 reset

254 51R03 Inverse-time Element 03 reset

254 51R02 Inverse-time Element 02 reset

254 51R01 Inverse-time Element 01 reset

Setting Group Bits

255 SG6 Settings Group 6 active

255 SG5 Settings Group 5 active

255 SG4 Settings Group 4 active

255 SG3 Settings Group 3 active

255 SG2 Settings Group 2 active

255 SG1 Settings Group 1 active

255 CHSG Asserted during settings group change

255 * Reserved

Local Bits

256 LB08 Local Bit 08

256 LB07 Local Bit 07

256 LB06 Local Bit 06

256 LB05 Local Bit 05

256 LB04 Local Bit 04

256 LB03 Local Bit 03

256 LB02 Local Bit 02

256 LB01 Local Bit 01

257 LB16 Local Bit 16

257 LB15 Local Bit 15

257 LB14 Local Bit 14

257 LB13 Local Bit 13

257 LB12 Local Bit 12

257 LB11 Local Bit 11

257 LB10 Local Bit 10

257 LB09 Local Bit 09

258 LB24 Local Bit 24

258 LB23 Local Bit 23

258 LB22 Local Bit 22

258 LB21 Local Bit 21

258 LB20 Local Bit 20

258 LB19 Local Bit 19

258 LB18 Local Bit 18

258 LB17 Local Bit 17
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259 LB32 Local Bit 32

259 LB31 Local Bit 31

259 LB30 Local Bit 30

259 LB29 Local Bit 29

259 LB28 Local Bit 28

259 LB27 Local Bit 27

259 LB26 Local Bit 26

259 LB25 Local Bit 25

Remote Bits

260 RB89 Remote Bit 89

260 RB90 Remote Bit 90

260 RB91 Remote Bit 91

260 RB92 Remote Bit 92

260 RB93 Remote Bit 93

260 RB94 Remote Bit 94

260 RB95 Remote Bit 95

260 RB96 Remote Bit 96

261 RB81 Remote Bit 81

261 RB82 Remote Bit 82

261 RB83 Remote Bit 83

261 RB84 Remote Bit 84

261 RB85 Remote Bit 85

261 RB86 Remote Bit 86

261 RB87 Remote Bit 87

261 RB88 Remote Bit 88

262 RB73 Remote Bit 73

262 RB74 Remote Bit 74

262 RB75 Remote Bit 75

262 RB76 Remote Bit 76

262 RB77 Remote Bit 77

262 RB78 Remote Bit 78

262 RB79 Remote Bit 79

262 RB80 Remote Bit 80

263 RB65 Remote Bit 65

263 RB66 Remote Bit 66

263 RB67 Remote Bit 67

263 RB68 Remote Bit 68

263 RB69 Remote Bit 69

263 RB70 Remote Bit 70

263 RB71 Remote Bit 71

263 RB72 Remote Bit 72
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264 RB57 Remote Bit 57

264 RB58 Remote Bit 58

264 RB59 Remote Bit 59

264 RB60 Remote Bit 60

264 RB61 Remote Bit 61

264 RB62 Remote Bit 62

264 RB63 Remote Bit 63

264 RB64 Remote Bit 64

265 RB49 Remote Bit 49

265 RB50 Remote Bit 50

265 RB51 Remote Bit 51

265 RB52 Remote Bit 52

265 RB53 Remote Bit 53

265 RB54 Remote Bit 54

265 RB55 Remote Bit 55

265 RB56 Remote Bit 56

266 RB41 Remote Bit 41

266 RB42 Remote Bit 42

266 RB43 Remote Bit 43

266 RB44 Remote Bit 44

266 RB45 Remote Bit 45

266 RB46 Remote Bit 46

266 RB47 Remote Bit 47

266 RB48 Remote Bit 48

267 RB33 Remote Bit 33

267 RB34 Remote Bit 34

267 RB35 Remote Bit 35

267 RB36 Remote Bit 36

267 RB37 Remote Bit 37

267 RB38 Remote Bit 38

267 RB39 Remote Bit 39

267 RB40 Remote Bit 40

268 RB25 Remote Bit 25 

268 RB26 Remote Bit 26 

268 RB27 Remote Bit 27 

268 RB28 Remote Bit 28 

268 RB29 Remote Bit 29 

268 RB30 Remote Bit 30 

268 RB31 Remote Bit 31 

268 RB32 Remote Bit 32 

269 RB17 Remote Bit 17 
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269 RB18 Remote Bit 18 

269 RB19 Remote Bit 19 

269 RB20 Remote Bit 20 

269 RB21 Remote Bit 21 

269 RB22 Remote Bit 22 

269 RB23 Remote Bit 23 

269 RB24 Remote Bit 24

270 RB09 Remote Bit 09

270 RB10 Remote Bit 10

270 RB11 Remote Bit 11

270 RB12 Remote Bit 12

270 RB13 Remote Bit 13

270 RB14 Remote Bit 14

270 RB15 Remote Bit 15

270 RB16 Remote Bit 16

271 RB01 Remote Bit 01

271 RB02 Remote Bit 02

271 RB03 Remote Bit 03

271 RB04 Remote Bit 04

271 RB05 Remote Bit 05

271 RB06 Remote Bit 06

271 RB07 Remote Bit 07

271 RB08 Remote Bit 08

Contact Inputs

272 * Reserved

272 IN107 Main board Input 07

272 IN106 Main board Input 06

272 IN105 Main board Input 05

272 IN104 Main board Input 04

272 IN103 Main board Input 03

272 IN102 Main board Input 02

272 IN101 Main board Input 01

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

273 * Reserved

274 * Reserved
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274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

274 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

275 * Reserved

276 IN208 Optional I/O Board 1 Input 08

276 IN207 Optional I/O Board 1 Input 07

276 IN206 Optional I/O Board 1 Input 06

276 IN205 Optional I/O Board 1 Input 05

276 IN204 Optional I/O Board 1 Input 04

276 IN203 Optional I/O Board 1 Input 03

276 IN202 Optional I/O Board 1 Input 02

276 IN201 Optional I/O Board 1 Input 01

277 IN216 Optional I/O Board 1 Input 16

277 IN215 Optional I/O Board 1 Input 15

277 IN214 Optional I/O Board 1 Input 14

277 IN213 Optional I/O Board 1 Input 13

277 IN212 Optional I/O Board 1 Input 12

277 IN211 Optional I/O Board 1 Input 11

277 IN210 Optional I/O Board 1 Input 10

277 IN209 Optional I/O Board 1 Input 09

278 IN224 Optional I/O Board 1 Input 24

278 IN223 Optional I/O Board 1 Input 23

278 IN222 Optional I/O Board 1 Input 22

278 IN221 Optional I/O Board 1 Input 21

278 IN220 Optional I/O Board 1 Input 20

278 IN219 Optional I/O Board 1 Input 19

278 IN218 Optional I/O Board 1 Input 18

278 IN217 Optional I/O Board 1 Input 17

279 * Reserved

279 * Reserved
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279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

279 * Reserved

280 IN308 Optional I/O Board 2 input 08 

280 IN307 Optional I/O Board 2 input 07 

280 IN306 Optional I/O Board 2 input 06 

280 IN305 Optional I/O Board 2 input 05 

280 IN304 Optional I/O Board 2 input 04 

280 IN303 Optional I/O Board 2 input 03 

280 IN302 Optional I/O Board 2 input 02 

280 IN301 Optional I/O Board 2 input 01

281 IN316 Optional I/O Board 2 input 16 

281 IN315 Optional I/O Board 2 input 15 

281 IN314 Optional I/O Board 2 input 14 

281 IN313 Optional I/O Board 2 input 13 

281 IN312 Optional I/O Board 2 input 12 

281 IN311 Optional I/O Board 2 input 11 

281 IN310 Optional I/O Board 2 input 10 

281 IN309 Optional I/O Board 2 input 09

282 IN324 Optional I/O Board 2 input 24

282 IN323 Optional I/O Board 2 input 23

282 IN322 Optional I/O Board 2 input 22

282 IN321 Optional I/O Board 2 input 21

282 IN320 Optional I/O Board 2 input 20

282 IN319 Optional I/O Board 2 input 19

282 IN318 Optional I/O Board 2 input 18

282 IN317 Optional I/O Board 2 input 17

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

283 * Reserved

284 IN408 Optional I/O Board 3 input 08

284 IN407 Optional I/O Board 3 input 07

284 IN406 Optional I/O Board 3 input 06
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284 IN405 Optional I/O Board 3 input 05

284 IN404 Optional I/O Board 3 input 04

284 IN403 Optional I/O Board 3 input 03

284 IN402 Optional I/O Board 3 input 02

284 IN401 Optional I/O Board 3 input 01

285 IN416 Optional I/O Board 3 input 16

285 IN415 Optional I/O Board 3 input 15

285 IN414 Optional I/O Board 3 input 14

285 IN413 Optional I/O Board 3 input 13

285 IN412 Optional I/O Board 3 input 12

285 IN411 Optional I/O Board 3 input 11

285 IN410 Optional I/O Board 3 input 10

285 IN409 Optional I/O Board 3 input 09

286 IN424 Optional I/O Board 3 input 24

286 IN423 Optional I/O Board 3 input 23

286 IN422 Optional I/O Board 3 input 22

286 IN421 Optional I/O Board 3 input 21

286 IN420 Optional I/O Board 3 input 20

286 IN419 Optional I/O Board 3 input 19

286 IN418 Optional I/O Board 3 input 18

286 IN417 Optional I/O Board 3 input 17

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

287 * Reserved

288 IN508 Optional I/O Board 4 input 08

288 IN507 Optional I/O Board 4 input 07

288 IN506 Optional I/O Board 4 input 06

288 IN505 Optional I/O Board 4 input 05

288 IN504 Optional I/O Board 4 input 04

288 IN503 Optional I/O Board 4 input 03

288 IN502 Optional I/O Board 4 input 02

288 IN501 Optional I/O Board 4 input 01

289 IN516 Optional I/O Board 4 input 16

289 IN515 Optional I/O Board 4 input 15

289 IN514 Optional I/O Board 4 input 14

289 IN513 Optional I/O Board 4 input 13
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289 IN512 Optional I/O Board 4 input 12

289 IN511 Optional I/O Board 4 input 11

289 IN510 Optional I/O Board 4 input 10

289 IN509 Optional I/O Board 4 input 09

290 IN524 Optional I/O Board 4 input 24

290 IN523 Optional I/O Board 4 input 23

290 IN522 Optional I/O Board 4 input 22

290 IN521 Optional I/O Board 4 input 21

290 IN520 Optional I/O Board 4 input 20

290 IN519 Optional I/O Board 4 input 19

290 IN518 Optional I/O Board 4 input 18

290 IN517 Optional I/O Board 4 input 17

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

291 * Reserved

Protection SELOGIC Variables

292 PSV08 Protection SELOGIC control equation Variable 08 

292 PSV07 Protection SELOGIC control equation Variable 07 

292 PSV06 Protection SELOGIC control equation Variable 06 

292 PSV05 Protection SELOGIC control equation Variable 05 

292 PSV04 Protection SELOGIC control equation Variable 04 

292 PSV03 Protection SELOGIC control equation Variable 03 

292 PSV02 Protection SELOGIC control equation Variable 02 

292 PSV01 Protection SELOGIC control equation Variable 01      

293 PSV16 Protection SELOGIC control equation Variable 16 

293 PSV15 Protection SELOGIC control equation Variable 15 

293 PSV14 Protection SELOGIC control equation Variable 14 

293 PSV13 Protection SELOGIC control equation Variable 13 

293 PSV12 Protection SELOGIC control equation Variable 12 

293 PSV11 Protection SELOGIC control equation Variable 11 

293 PSV10 Protection SELOGIC control equation Variable 10 

293 PSV09 Protection SELOGIC control equation Variable 09      

294 PSV24 Protection SELOGIC control equation Variable 24

294 PSV23 Protection SELOGIC control equation Variable 23

294 PSV22 Protection SELOGIC control equation Variable 22

294 PSV21 Protection SELOGIC control equation Variable 21
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294 PSV20 Protection SELOGIC control equation Variable 20

294 PSV19 Protection SELOGIC control equation Variable 19

294 PSV18 Protection SELOGIC control equation Variable 18

294 PSV17 Protection SELOGIC control equation Variable 17

295 PSV32 Protection SELOGIC control equation Variable 32

295 PSV31 Protection SELOGIC control equation Variable 31

295 PSV30 Protection SELOGIC control equation Variable 30

295 PSV29 Protection SELOGIC control equation Variable 29

295 PSV28 Protection SELOGIC control equation Variable 28

295 PSV27 Protection SELOGIC control equation Variable 27

295 PSV26 Protection SELOGIC control equation Variable 26

295 PSV25 Protection SELOGIC control equation Variable 25

296 PSV40 Protection SELOGIC control equation Variable 40

296 PSV39 Protection SELOGIC control equation Variable 39

296 PSV38 Protection SELOGIC control equation Variable 38

296 PSV37 Protection SELOGIC control equation Variable 37

296 PSV36 Protection SELOGIC control equation Variable 36

296 PSV35 Protection SELOGIC control equation Variable 35

296 PSV34 Protection SELOGIC control equation Variable 34

296 PSV33 Protection SELOGIC control equation Variable 33

297 PSV48 Protection SELOGIC control equation Variable 48

297 PSV47 Protection SELOGIC control equation Variable 47

297 PSV46 Protection SELOGIC control equation Variable 46

297 PSV45 Protection SELOGIC control equation Variable 45

297 PSV44 Protection SELOGIC control equation Variable 44

297 PSV43 Protection SELOGIC control equation Variable 43

297 PSV42 Protection SELOGIC control equation Variable 42

297 PSV41 Protection SELOGIC control equation Variable 41

298 PSV56 Protection SELOGIC control equation Variable 56

298 PSV55 Protection SELOGIC control equation Variable 55

298 PSV54 Protection SELOGIC control equation Variable 54

298 PSV53 Protection SELOGIC control equation Variable 53

298 PSV52 Protection SELOGIC control equation Variable 52

298 PSV51 Protection SELOGIC control equation Variable 51

298 PSV50 Protection SELOGIC control equation Variable 50

298 PSV49 Protection SELOGIC control equation Variable 49

299 PSV64 Protection SELOGIC control equation Variable 64

299 PSV63 Protection SELOGIC control equation Variable 63

299 PSV62 Protection SELOGIC control equation Variable 62

299 PSV61 Protection SELOGIC control equation Variable 61

299 PSV60 Protection SELOGIC control equation Variable 60
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299 PSV59 Protection SELOGIC control equation Variable 59

299 PSV58 Protection SELOGIC control equation Variable 58

299 PSV57 Protection SELOGIC control equation Variable 57

Protection SELOGIC Latches

300 PLT08 Protection Latch 08 

300 PLT07 Protection Latch 07

300 PLT06 Protection Latch 06 

300 PLT05 Protection Latch 05

300 PLT04 Protection Latch 04 

300 PLT03 Protection Latch 03

300 PLT02 Protection Latch 02 

300 PLT01 Protection Latch 01

301 PLT16 Protection Latch 16 

301 PLT15 Protection Latch 15 

301 PLT14 Protection Latch 14 

301 PLT13 Protection Latch 13 

301 PLT12 Protection Latch 12 

301 PLT11 Protection Latch 11 

301 PLT10 Protection Latch 10 

301 PLT09 Protection Latch 09 

302 PLT24 Protection Latch 24

302 PLT23 Protection Latch 23

302 PLT22 Protection Latch 22

302 PLT21 Protection Latch 21

302 PLT20 Protection Latch 20

302 PLT19 Protection Latch 19

302 PLT18 Protection Latch 18

302 PLT17 Protection Latch 17

303 PLT32 Protection Latch 32

303 PLT31 Protection Latch 31

303 PLT30 Protection Latch 30

303 PLT29 Protection Latch 29

303 PLT28 Protection Latch 28

303 PLT27 Protection Latch 27

303 PLT26 Protection Latch 26

303 PLT25 Protection Latch 25

Protection SELOGIC Conditioning Timers

304 PCT08Q Protection conditioning timer Output 08

304 PCT07Q Protection conditioning timer Output 07

304 PCT06Q Protection conditioning timer Output 06

304 PCT05Q Protection conditioning timer Output 05 
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304 PCT04Q Protection conditioning timer Output 04

304 PCT03Q Protection conditioning timer Output 03

304 PCT02Q Protection conditioning timer Output 02

304 PCT01Q Protection conditioning timer Output 01

305 PCT16Q Protection conditioning timer Output 16 

305 PCT15Q Protection conditioning timer Output 15 

305 PCT14Q Protection conditioning timer Output 14 

305 PCT13Q Protection conditioning timer Output 13 

305 PCT12Q Protection conditioning timer Output 12 

305 PCT11Q Protection conditioning timer Output 11 

305 PCT10Q Protection conditioning timer Output 10 

305 PCT09Q Protection conditioning timer Output 09   

Protection SELOGIC Sequencing Timers

306 PST08Q Protection sequencing timer Output 08 

306 PST07Q Protection sequencing timer Output 07 

306 PST06Q Protection sequencing timer Output 06 

306 PST05Q Protection sequencing timer Output 05 

306 PST04Q Protection sequencing timer Output 04 

306 PST03Q Protection sequencing timer Output 03 

306 PST02Q Protection sequencing timer Output 02 

306 PST01Q Protection sequencing timer Output 01 

307 PST16Q Protection sequencing timer Output 16 

307 PST15Q Protection sequencing timer Output 15 

307 PST14Q Protection sequencing timer Output 14 

307 PST13Q Protection sequencing timer Output 13 

307 PST12Q Protection sequencing timer Output 12 

307 PST11Q Protection sequencing timer Output 11 

307 PST10Q Protection sequencing timer Output 10 

307 PST09Q Protection sequencing timer Output 09 

308 PST24Q Protection sequencing timer Output 24

308 PST23Q Protection sequencing timer Output 23

308 PST22Q Protection sequencing timer Output 22

308 PST21Q Protection sequencing timer Output 21

308 PST20Q Protection sequencing timer Output 20

308 PST19Q Protection sequencing timer Output 19

308 PST18Q Protection sequencing timer Output 18

308 PST17Q Protection sequencing timer Output 17

309 PST32Q Protection sequencing timer Output 32

309 PST31Q Protection sequencing timer Output 31

309 PST30Q Protection sequencing timer Output 30

309 PST29Q Protection sequencing timer Output 29
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309 PST28Q Protection sequencing timer Output 28

309 PST27Q Protection sequencing timer Output 27

309 PST26Q Protection sequencing timer Output 26

309 PST25Q Protection sequencing timer Output 25

310 PST08R Protection sequencing timer Reset 08 

310 PST07R Protection sequencing timer Reset 07 

310 PST06R Protection sequencing timer Reset 06 

310 PST05R Protection sequencing timer Reset 05 

310 PST04R Protection sequencing timer Reset 04 

310 PST03R Protection sequencing timer Reset 03 

310 PST02R Protection sequencing timer Reset 02 

310 PST01R Protection sequencing timer Reset 01 

311 PST16R Protection sequencing timer Reset 16 

311 PST15R Protection sequencing timer Reset 15 

311 PST14R Protection sequencing timer Reset 14 

311 PST13R Protection sequencing timer Reset 13 

311 PST12R Protection sequencing timer Reset 12 

311 PST11R Protection sequencing timer Reset 11 

311 PST10R Protection sequencing timer Reset 10 

311 PST09R Protection sequencing timer Reset 09 

312 PST24R Protection sequencing timer Reset 24

312 PST23R Protection sequencing timer Reset 23

312 PST22R Protection sequencing timer Reset 22

312 PST21R Protection sequencing timer Reset 21

312 PST20R Protection sequencing timer Reset 20

312 PST19R Protection sequencing timer Reset 19

312 PST18R Protection sequencing timer Reset 18

312 PST17R Protection sequencing timer Reset 17

313 PST32R Protection sequencing timer Reset 32

313 PST31R Protection sequencing timer Reset 31

313 PST30R Protection sequencing timer Reset 30

313 PST29R Protection sequencing timer Reset 29

313 PST28R Protection sequencing timer Reset 28

313 PST27R Protection sequencing timer Reset 27

313 PST26R Protection sequencing timer Reset 26

313 PST25R Protection sequencing timer Reset 25

Protection SELOGIC Counters

314 PCN08Q Protection counter Output 08

314 PCN07Q Protection counter Output 07

314 PCN06Q Protection counter Output 06

314 PCN05Q Protection counter Output 05
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314 PCN04Q Protection counter Output 04

314 PCN03Q Protection counter Output 03

314 PCN02Q Protection counter Output 02

314 PCN01Q Protection counter Output 01

315 PCN16Q Protection counter Output 16

315 PCN15Q Protection counter Output 15

315 PCN14Q Protection counter Output 14

315 PCN13Q Protection counter Output 13

315 PCN12Q Protection counter Output 12

315 PCN11Q Protection counter Output 11

315 PCN10Q Protection counter Output 10

315 PCN09Q Protection counter Output 09

316 PCN24Q Protection counter Output 24

316 PCN23Q Protection counter Output 23

316 PCN22Q Protection counter Output 22

316 PCN21Q Protection counter Output 21

316 PCN20Q Protection counter Output 20

316 PCN19Q Protection counter Output 19

316 PCN18Q Protection counter Output 18

316 PCN17Q Protection counter Output 17

317 PCN32Q Protection counter Output 32

317 PCN31Q Protection counter Output 31

317 PCN30Q Protection counter Output 30

317 PCN29Q Protection counter Output 29

317 PCN28Q Protection counter Output 28

317 PCN27Q Protection counter Output 27

317 PCN26Q Protection counter Output 26

317 PCN25Q Protection counter Output 25

318 PCN08R Protection counter reset 08

318 PCN07R Protection counter reset 07

318 PCN06R Protection counter reset 06

318 PCN05R Protection counter reset 05

318 PCN04R Protection counter reset 04

318 PCN03R Protection counter reset 03

318 PCN02R Protection counter reset 02

318 PCN01R Protection counter reset 01

319 PCN16R Protection counter reset 16

319 PCN15R Protection counter reset 15

319 PCN14R Protection counter reset 14

319 PCN13R Protection counter reset 13

319 PCN12R Protection counter reset 12
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319 PCN11R Protection counter reset 11

319 PCN10R Protection counter reset 10

319 PCN09R Protection counter reset 09

320 PCN24R Protection counter reset 24

320 PCN23R Protection counter reset 23

320 PCN22R Protection counter reset 22

320 PCN21R Protection counter reset 21

320 PCN20R Protection counter reset 20

320 PCN19R Protection counter reset 19

320 PCN18R Protection counter reset 18

320 PCN17R Protection counter reset 17

321 PCN32R Protection counter reset 32

321 PCN31R Protection counter reset 31

321 PCN30R Protection counter reset 30

321 PCN29R Protection counter reset 29

321 PCN28R Protection counter reset 28

321 PCN27R Protection counter reset 27

321 PCN26R Protection counter reset 26

321 PCN25R Protection counter reset 25

Automation SELOGIC Variables

322 ASV008 Automation SELOGIC control equation Variable 8 

322 ASV007 Automation SELOGIC control equation Variable 7 

322 ASV006 Automation SELOGIC control equation Variable 6 

322 ASV005 Automation SELOGIC control equation Variable 5 

322 ASV004 Automation SELOGIC control equation Variable 4 

322 ASV003 Automation SELOGIC control equation Variable 3 

322 ASV002 Automation SELOGIC control equation Variable 2 

322 ASV001 Automation SELOGIC control equation Variable 1    

323 ASV016 Automation SELOGIC control equation Variable 16 

323 ASV015 Automation SELOGIC control equation Variable 15 

323 ASV014 Automation SELOGIC control equation Variable 14 

323 ASV013 Automation SELOGIC control equation Variable 13 

323 ASV012 Automation SELOGIC control equation Variable 12 

323 ASV011 Automation SELOGIC control equation Variable 11 

323 ASV010 Automation SELOGIC control equation Variable 10 

323 ASV009 Automation SELOGIC control equation Variable 09      

324 ASV024 Automation SELOGIC control equation Variable 24

324 ASV023 Automation SELOGIC control equation Variable 23

324 ASV022 Automation SELOGIC control equation Variable 22

324 ASV021 Automation SELOGIC control equation Variable 21

324 ASV020 Automation SELOGIC control equation Variable 20

Table 11.2 Row List of Relay Word Bits (Sheet 65 of 99)

Row Name Bit Description
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324 ASV019 Automation SELOGIC control equation Variable 19

324 ASV018 Automation SELOGIC control equation Variable 18

324 ASV017 Automation SELOGIC control equation Variable 17

325 ASV032 Automation SELOGIC control equation Variable 32

325 ASV031 Automation SELOGIC control equation Variable 31

325 ASV030 Automation SELOGIC control equation Variable 30

325 ASV029 Automation SELOGIC control equation Variable 29

325 ASV028 Automation SELOGIC control equation Variable 28

325 ASV027 Automation SELOGIC control equation Variable 27

325 ASV026 Automation SELOGIC control equation Variable 26

325 ASV025 Automation SELOGIC control equation Variable 25

326 ASV040 Automation SELOGIC control equation Variable 40

326 ASV039 Automation SELOGIC control equation Variable 39

326 ASV038 Automation SELOGIC control equation Variable 38

326 ASV037 Automation SELOGIC control equation Variable 37

326 ASV036 Automation SELOGIC control equation Variable 36

326 ASV035 Automation SELOGIC control equation Variable 35

326 ASV034 Automation SELOGIC control equation Variable 34

326 ASV033 Automation SELOGIC control equation Variable 33

327 ASV048 Automation SELOGIC control equation Variable 48

327 ASV047 Automation SELOGIC control equation Variable 47

327 ASV046 Automation SELOGIC control equation Variable 46

327 ASV045 Automation SELOGIC control equation Variable 45

327 ASV044 Automation SELOGIC control equation Variable 44

327 ASV043 Automation SELOGIC control equation Variable 43

327 ASV042 Automation SELOGIC control equation Variable 42

327 ASV041 Automation SELOGIC control equation Variable 41

328 ASV056 Automation SELOGIC control equation Variable 56

328 ASV055 Automation SELOGIC control equation Variable 55

328 ASV054 Automation SELOGIC control equation Variable 54

328 ASV053 Automation SELOGIC control equation Variable 53

328 ASV052 Automation SELOGIC control equation Variable 52

328 ASV051 Automation SELOGIC control equation Variable 51

328 ASV050 Automation SELOGIC control equation Variable 50

328 ASV049 Automation SELOGIC control equation Variable 49

329 ASV064 Automation SELOGIC control equation Variable 64

329 ASV063 Automation SELOGIC control equation Variable 63

329 ASV062 Automation SELOGIC control equation Variable 62

329 ASV061 Automation SELOGIC control equation Variable 61

329 ASV060 Automation SELOGIC control equation Variable 60

329 ASV059 Automation SELOGIC control equation Variable 59

Table 11.2 Row List of Relay Word Bits (Sheet 66 of 99)

Row Name Bit Description
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329 ASV058 Automation SELOGIC control equation Variable 58

329 ASV057 Automation SELOGIC control equation Variable 57

330 ASV072 Automation SELOGIC control equation Variable 72

330 ASV071 Automation SELOGIC control equation Variable 71

330 ASV070 Automation SELOGIC control equation Variable 70

330 ASV069 Automation SELOGIC control equation Variable 69

330 ASV068 Automation SELOGIC control equation Variable 68

330 ASV067 Automation SELOGIC control equation Variable 67

330 ASV066 Automation SELOGIC control equation Variable 66

330 ASV065 Automation SELOGIC control equation Variable 65

331 ASV080 Automation SELOGIC control equation Variable 80

331 ASV079 Automation SELOGIC control equation Variable 79

331 ASV078 Automation SELOGIC control equation Variable 78

331 ASV077 Automation SELOGIC control equation Variable 77

331 ASV076 Automation SELOGIC control equation Variable 76

331 ASV075 Automation SELOGIC control equation Variable 75

331 ASV074 Automation SELOGIC control equation Variable 74

331 ASV073 Automation SELOGIC control equation Variable 73

332 ASV088 Automation SELOGIC control equation Variable 88

332 ASV087 Automation SELOGIC control equation Variable 87

332 ASV086 Automation SELOGIC control equation Variable 86

332 ASV085 Automation SELOGIC control equation Variable 85

332 ASV084 Automation SELOGIC control equation Variable 84

332 ASV083 Automation SELOGIC control equation Variable 83

332 ASV082 Automation SELOGIC control equation Variable 82

332 ASV081 Automation SELOGIC control equation Variable 81

333 ASV096 Automation SELOGIC control equation Variable 96

333 ASV095 Automation SELOGIC control equation Variable 95

333 ASV094 Automation SELOGIC control equation Variable 94

333 ASV093 Automation SELOGIC control equation Variable 93

333 ASV092 Automation SELOGIC control equation Variable 92

333 ASV091 Automation SELOGIC control equation Variable 91

333 ASV090 Automation SELOGIC control equation Variable 90

333 ASV089 Automation SELOGIC control equation Variable 89

334 ASV104 Automation SELOGIC control equation Variable 104

334 ASV103 Automation SELOGIC control equation Variable 103

334 ASV102 Automation SELOGIC control equation Variable 102

334 ASV101 Automation SELOGIC control equation Variable 101

334 ASV100 Automation SELOGIC control equation Variable 100

334 ASV099 Automation SELOGIC control equation Variable 099

334 ASV098 Automation SELOGIC control equation Variable 098

Table 11.2 Row List of Relay Word Bits (Sheet 67 of 99)

Row Name Bit Description
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334 ASV097 Automation SELOGIC control equation Variable 097

335 ASV112 Automation SELOGIC control equation Variable 112

335 ASV111 Automation SELOGIC control equation Variable 111

335 ASV110 Automation SELOGIC control equation Variable 110

335 ASV109 Automation SELOGIC control equation Variable 109

335 ASV108 Automation SELOGIC control equation Variable 108

335 ASV107 Automation SELOGIC control equation Variable 107

335 ASV106 Automation SELOGIC control equation Variable 106

335 ASV105 Automation SELOGIC control equation Variable 105

336 ASV120 Automation SELOGIC control equation Variable 120

336 ASV119 Automation SELOGIC control equation Variable 119

336 ASV118 Automation SELOGIC control equation Variable 118

336 ASV117 Automation SELOGIC control equation Variable 117

336 ASV116 Automation SELOGIC control equation Variable 116

336 ASV115 Automation SELOGIC control equation Variable 115

336 ASV114 Automation SELOGIC control equation Variable 114

336 ASV113 Automation SELOGIC control equation Variable 113

337 ASV128 Automation SELOGIC control equation Variable 128

337 ASV127 Automation SELOGIC control equation Variable 127

337 ASV126 Automation SELOGIC control equation Variable 126

337 ASV125 Automation SELOGIC control equation Variable 125

337 ASV124 Automation SELOGIC control equation Variable 124

337 ASV123 Automation SELOGIC control equation Variable 123

337 ASV122 Automation SELOGIC control equation Variable 122

337 ASV121 Automation SELOGIC control equation Variable 121

338 ASV136 Automation SELOGIC control equation Variable 136

338 ASV135 Automation SELOGIC control equation Variable 135

338 ASV134 Automation SELOGIC control equation Variable 134

338 ASV133 Automation SELOGIC control equation Variable 133

338 ASV132 Automation SELOGIC control equation Variable 132

338 ASV131 Automation SELOGIC control equation Variable 131

338 ASV130 Automation SELOGIC control equation Variable 130

338 ASV129 Automation SELOGIC control equation Variable 129

339 ASV144 Automation SELOGIC control equation Variable 144

339 ASV143 Automation SELOGIC control equation Variable 143

339 ASV142 Automation SELOGIC control equation Variable 142

339 ASV141 Automation SELOGIC control equation Variable 141

339 ASV140 Automation SELOGIC control equation Variable 140

339 ASV139 Automation SELOGIC control equation Variable 139

339 ASV138 Automation SELOGIC control equation Variable 138

339 ASV137 Automation SELOGIC control equation Variable 137

Table 11.2 Row List of Relay Word Bits (Sheet 68 of 99)

Row Name Bit Description
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340 ASV152 Automation SELOGIC control equation Variable 152

340 ASV151 Automation SELOGIC control equation Variable 151

340 ASV150 Automation SELOGIC control equation Variable 150

340 ASV149 Automation SELOGIC control equation Variable 149

340 ASV148 Automation SELOGIC control equation Variable 148

340 ASV147 Automation SELOGIC control equation Variable 147

340 ASV146 Automation SELOGIC control equation Variable 146

340 ASV145 Automation SELOGIC control equation Variable 145

341 ASV160 Automation SELOGIC control equation Variable 160

341 ASV159 Automation SELOGIC control equation Variable 159

341 ASV158 Automation SELOGIC control equation Variable 158

341 ASV157 Automation SELOGIC control equation Variable 157

341 ASV156 Automation SELOGIC control equation Variable 156

341 ASV155 Automation SELOGIC control equation Variable 155

341 ASV154 Automation SELOGIC control equation Variable 154

341 ASV153 Automation SELOGIC control equation Variable 153

342 ASV168 Automation SELOGIC control equation Variable 168

342 ASV167 Automation SELOGIC control equation Variable 167

342 ASV166 Automation SELOGIC control equation Variable 166

342 ASV165 Automation SELOGIC control equation Variable 165

342 ASV164 Automation SELOGIC control equation Variable 164

342 ASV163 Automation SELOGIC control equation Variable 163

342 ASV162 Automation SELOGIC control equation Variable 162

342 ASV161 Automation SELOGIC control equation Variable 161

343 ASV176 Automation SELOGIC control equation Variable 176

343 ASV175 Automation SELOGIC control equation Variable 175

343 ASV174 Automation SELOGIC control equation Variable 174

343 ASV173 Automation SELOGIC control equation Variable 173

343 ASV172 Automation SELOGIC control equation Variable 172

343 ASV171 Automation SELOGIC control equation Variable 171

343 ASV170 Automation SELOGIC control equation Variable 170

343 ASV169 Automation SELOGIC control equation Variable 169

344 ASV184 Automation SELOGIC control equation Variable 184

344 ASV183 Automation SELOGIC control equation Variable 183

344 ASV182 Automation SELOGIC control equation Variable 182

344 ASV181 Automation SELOGIC control equation Variable 181

344 ASV180 Automation SELOGIC control equation Variable 180

344 ASV179 Automation SELOGIC control equation Variable 179

344 ASV178 Automation SELOGIC control equation Variable 178

344 ASV177 Automation SELOGIC control equation Variable 177

345 ASV192 Automation SELOGIC control equation Variable 192

Table 11.2 Row List of Relay Word Bits (Sheet 69 of 99)

Row Name Bit Description
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345 ASV191 Automation SELOGIC control equation Variable 191

345 ASV190 Automation SELOGIC control equation Variable 190

345 ASV189 Automation SELOGIC control equation Variable 189

345 ASV188 Automation SELOGIC control equation Variable 188

345 ASV187 Automation SELOGIC control equation Variable 187

345 ASV186 Automation SELOGIC control equation Variable 186

345 ASV185 Automation SELOGIC control equation Variable 185

346 ASV200 Automation SELOGIC control equation Variable 200

346 ASV199 Automation SELOGIC control equation Variable 199

346 ASV198 Automation SELOGIC control equation Variable 198

346 ASV197 Automation SELOGIC control equation Variable 197

346 ASV196 Automation SELOGIC control equation Variable 196

346 ASV195 Automation SELOGIC control equation Variable 195

346 ASV194 Automation SELOGIC control equation Variable 194

346 ASV193 Automation SELOGIC control equation Variable 193

347 ASV208 Automation SELOGIC control equation Variable 208

347 ASV207 Automation SELOGIC control equation Variable 207

347 ASV206 Automation SELOGIC control equation Variable 206

347 ASV205 Automation SELOGIC control equation Variable 205

347 ASV204 Automation SELOGIC control equation Variable 204

347 ASV203 Automation SELOGIC control equation Variable 203

347 ASV202 Automation SELOGIC control equation Variable 202

347 ASV201 Automation SELOGIC control equation Variable 201

348 ASV216 Automation SELOGIC control equation Variable 216

348 ASV215 Automation SELOGIC control equation Variable 215

348 ASV214 Automation SELOGIC control equation Variable 214

348 ASV213 Automation SELOGIC control equation Variable 213

348 ASV212 Automation SELOGIC control equation Variable 212

348 ASV211 Automation SELOGIC control equation Variable 211

348 ASV210 Automation SELOGIC control equation Variable 210

348 ASV209 Automation SELOGIC control equation Variable 209

349 ASV224 Automation SELOGIC control equation Variable 224

349 ASV223 Automation SELOGIC control equation Variable 223

349 ASV222 Automation SELOGIC control equation Variable 222

349 ASV221 Automation SELOGIC control equation Variable 221

349 ASV220 Automation SELOGIC control equation Variable 220

349 ASV219 Automation SELOGIC control equation Variable 219

349 ASV218 Automation SELOGIC control equation Variable 218

349 ASV217 Automation SELOGIC control equation Variable 217

350 ASV232 Automation SELOGIC control equation Variable 232

350 ASV231 Automation SELOGIC control equation Variable 231

Table 11.2 Row List of Relay Word Bits (Sheet 70 of 99)

Row Name Bit Description
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350 ASV230 Automation SELOGIC control equation Variable 230

350 ASV229 Automation SELOGIC control equation Variable 229

350 ASV228 Automation SELOGIC control equation Variable 228

350 ASV227 Automation SELOGIC control equation Variable 227

350 ASV226 Automation SELOGIC control equation Variable 226

350 ASV225 Automation SELOGIC control equation Variable 225

351 ASV240 Automation SELOGIC control equation Variable 240

351 ASV239 Automation SELOGIC control equation Variable 239

351 ASV238 Automation SELOGIC control equation Variable 238

351 ASV237 Automation SELOGIC control equation Variable 237

351 ASV236 Automation SELOGIC control equation Variable 236

351 ASV235 Automation SELOGIC control equation Variable 235

351 ASV234 Automation SELOGIC control equation Variable 234

351 ASV233 Automation SELOGIC control equation Variable 233

352 ASV248 Automation SELOGIC control equation Variable 248

352 ASV247 Automation SELOGIC control equation Variable 247

352 ASV246 Automation SELOGIC control equation Variable 246

352 ASV245 Automation SELOGIC control equation Variable 245

352 ASV244 Automation SELOGIC control equation Variable 244

352 ASV243 Automation SELOGIC control equation Variable 243

352 ASV242 Automation SELOGIC control equation Variable 242

352 ASV241 Automation SELOGIC control equation Variable 241

353 ASV256 Automation SELOGIC control equation Variable 256

353 ASV255 Automation SELOGIC control equation Variable 255

353 ASV254 Automation SELOGIC control equation Variable 254

353 ASV253 Automation SELOGIC control equation Variable 253

353 ASV252 Automation SELOGIC control equation Variable 252

353 ASV251 Automation SELOGIC control equation Variable 251

353 ASV250 Automation SELOGIC control equation Variable 250

353 ASV249 Automation SELOGIC control equation Variable 249

Automation SELOGIC Latches

354 ALT08 Automation Latch 8

354 ALT07 Automation Latch 7

354 ALT06 Automation Latch 6

354 ALT05 Automation Latch 5

354 ALT04 Automation Latch 4

354 ALT03 Automation Latch 3

354 ALT02 Automation Latch 2

354 ALT01 Automation Latch 1

355 ALT16 Automation Latch 16

355 ALT15 Automation Latch 15

Table 11.2 Row List of Relay Word Bits (Sheet 71 of 99)

Row Name Bit Description
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355 ALT14 Automation Latch 14

355 ALT13 Automation Latch 13

355 ALT12 Automation Latch 12

355 ALT11 Automation Latch 11

355 ALT10 Automation Latch 10

355 ALT09 Automation Latch 9

356 ALT24 Automation Latch 24

356 ALT23 Automation Latch 23

356 ALT22 Automation Latch 22

356 ALT21 Automation Latch 21

356 ALT20 Automation Latch 20

356 ALT19 Automation Latch 19

356 ALT18 Automation Latch 18

356 ALT17 Automation Latch 17

357 ALT32 Automation Latch 32

357 ALT31 Automation Latch 31

357 ALT30 Automation Latch 30

357 ALT29 Automation Latch 29

357 ALT28 Automation Latch 28

357 ALT27 Automation Latch 27

357 ALT26 Automation Latch 26

357 ALT25 Automation Latch 25

Automation SELOGIC Sequencing Timers

358 AST08Q Automation sequencing timer Output 8

358 AST07Q Automation sequencing timer Output 7

358 AST06Q Automation sequencing timer Output 6

358 AST05Q Automation sequencing timer Output 5

358 AST04Q Automation sequencing timer Output 4

358 AST03Q Automation sequencing timer Output 3

358 AST02Q Automation sequencing timer Output 2

358 AST01Q Automation sequencing timer Output 1

359 AST16Q Automation sequencing timer Output 16

359 AST15Q Automation sequencing timer Output 15

359 AST14Q Automation sequencing timer Output 14

359 AST13Q Automation sequencing timer Output 13

359 AST12Q Automation sequencing timer Output 12

359 AST11Q Automation sequencing timer Output 11

359 AST10Q Automation sequencing timer Output 10

359 AST09Q Automation sequencing timer Output 9

360 AST24Q Automation sequencing timer Output 24

360 AST23Q Automation sequencing timer Output 23

Table 11.2 Row List of Relay Word Bits (Sheet 72 of 99)

Row Name Bit Description
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360 AST22Q Automation sequencing timer Output 22

360 AST21Q Automation sequencing timer Output 21

360 AST20Q Automation sequencing timer Output 20

360 AST19Q Automation sequencing timer Output 19

360 AST18Q Automation sequencing timer Output 18

360 AST17Q Automation sequencing timer Output 17

361 AST32Q Automation sequencing timer Output 32

361 AST31Q Automation sequencing timer Output 31

361 AST30Q Automation sequencing timer Output 30

361 AST29Q Automation sequencing timer Output 29

361 AST28Q Automation sequencing timer Output 28

361 AST27Q Automation sequencing timer Output 27

361 AST26Q Automation sequencing timer Output 26

361 AST25Q Automation sequencing timer Output 25

362 AST08R Automation sequencing timer Reset 8

362 AST07R Automation sequencing timer Reset 7

362 AST06R Automation sequencing timer Reset 6

362 AST05R Automation sequencing timer Reset 5

362 AST04R Automation sequencing timer Reset 4

362 AST03R Automation sequencing timer Reset 3

362 AST02R Automation sequencing timer Reset 2

362 AST01R Automation sequencing timer Reset 1

363 AST16R Automation sequencing timer Reset 16

363 AST15R Automation sequencing timer Reset 15

363 AST14R Automation sequencing timer Reset 14

363 AST13R Automation sequencing timer Reset 13

363 AST12R Automation sequencing timer Reset 12

363 AST11R Automation sequencing timer Reset 11

363 AST10R Automation sequencing timer Reset 10

363 AST09R Automation sequencing timer Reset 9

364 AST24R Automation sequencing timer Reset 24

364 AST23R Automation sequencing timer Reset 23

364 AST22R Automation sequencing timer Reset 22

364 AST21R Automation sequencing timer Reset 21

364 AST20R Automation sequencing timer Reset 20

364 AST19R Automation sequencing timer Reset 19

364 AST18R Automation sequencing timer Reset 18

364 AST17R Automation sequencing timer Reset 17

365 AST32R Automation sequencing timer Reset 32

365 AST31R Automation sequencing timer Reset 31

365 AST30R Automation sequencing timer Reset 30

Table 11.2 Row List of Relay Word Bits (Sheet 73 of 99)

Row Name Bit Description
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365 AST29R Automation sequencing timer Reset 29

365 AST28R Automation sequencing timer Reset 28

365 AST27R Automation sequencing timer Reset 27

365 AST26R Automation sequencing timer Reset 26

365 AST25R Automation sequencing timer Reset 25

Automation SELOGIC Counters

366 ACN08Q Automation counter Output 8

366 ACN07Q Automation counter Output 7

366 ACN06Q Automation counter Output 6

366 ACN05Q Automation counter Output 5

366 ACN04Q Automation counter Output 4

366 ACN03Q Automation counter Output 3

366 ACN02Q Automation counter Output 2

366 ACN01Q Automation counter Output 1

367 ACN16Q Automation counter Output 16

367 ACN15Q Automation counter Output 15

367 ACN14Q Automation counter Output 14

367 ACN13Q Automation counter Output 13

367 ACN12Q Automation counter Output 12

367 ACN11Q Automation counter Output 11

367 ACN10Q Automation counter Output 10

367 ACN09Q Automation counter Output 9

368 ACN24Q Automation counter Output 24

368 ACN23Q Automation counter Output 23

368 ACN22Q Automation counter Output 22

368 ACN21Q Automation counter Output 21

368 ACN20Q Automation counter Output 20

368 ACN19Q Automation counter Output 19

368 ACN18Q Automation counter Output 18

368 ACN17Q Automation counter Output 17

369 ACN32Q Automation counter Output 32

369 ACN31Q Automation counter Output 31

369 ACN30Q Automation counter Output 30

369 ACN29Q Automation counter Output 29

369 ACN28Q Automation counter Output 28

369 ACN27Q Automation counter Output 27

369 ACN26Q Automation counter Output 26

369 ACN25Q Automation counter Output 25

370 ACN08R Automation counter Reset 8

370 ACN07R Automation counter Reset 7

370 ACN06R Automation counter Reset 6

Table 11.2 Row List of Relay Word Bits (Sheet 74 of 99)

Row Name Bit Description
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370 ACN05R Automation counter Reset 5

370 ACN04R Automation counter Reset 4

370 ACN03R Automation counter Reset 3

370 ACN02R Automation counter Reset 2

370 ACN01R Automation counter Reset 1

371 ACN16R Automation counter Reset 16

371 ACN15R Automation counter Reset 15

371 ACN14R Automation counter Reset 14

371 ACN13R Automation counter Reset 13

371 ACN12R Automation counter Reset 12

371 ACN11R Automation counter Reset 11

371 ACN10R Automation counter Reset 10

371 ACN09R Automation counter Reset 9

372 ACN24R Automation counter Reset 24

372 ACN23R Automation counter Reset 23

372 ACN22R Automation counter Reset 22

372 ACN21R Automation counter Reset 21

372 ACN20R Automation counter Reset 20

372 ACN19R Automation counter Reset 19

372 ACN18R Automation counter Reset 18

372 ACN17R Automation counter Reset 17

373 ACN32R Automation counter Reset 32

373 ACN31R Automation counter Reset 31

373 ACN30R Automation counter Reset 30

373 ACN29R Automation counter Reset 29

373 ACN28R Automation counter Reset 28

373 ACN27R Automation counter Reset 27

373 ACN26R Automation counter Reset 26

373 ACN25R Automation counter Reset 25

SELOGIC Error and Status Reporting

374 PUNRLBL Protection SELOGIC control equation unresolved label

374 PFRTEX Protection SELOGIC control equation first execution

374 MATHERR SELOGIC control equation math error

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

374 * Reserved

375 AUNRLBL Automation SELOGIC control equation unresolved label

375 AFRTEXP Automation SELOGIC control equation first execution protection

375 AFRTEXA Automation SELOGIC control equation first execution automation

Table 11.2 Row List of Relay Word Bits (Sheet 75 of 99)

Row Name Bit Description
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375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

375 * Reserved

Alarms

376 SALARM Non-diagnostic alarm pulse

376 HALARM Relay diagnostic failure or warning

376 BADPASS Pulsed when user enters three successive bad passwords

376 HALARML Latching relay failure alarm

376 HALARMP Relay warning alarm pulse

376 HALARMA Relay warning periodic alarm

376 SETCHG Pulsed when settings change

376 GRPSW Pulsed when settings group changes

377 ACCESS A user is connected at Access Level B or higher

377 ACCESSP Pulsed when higher level access achieved

377 EACC Enable Level 1 access (SELOGIC control equation)

377 E2AC Enable Levels 1–2 access (SELOGIC control equation)

377 *

377 *

377 *

377 *

377 PASSDIS Asserts to indicate password disable jumper is installed

377 BRKENAB Asserts to indicate breaker control enable jumper is installed

Time and Date Management

378 TBNC The active relay time source is BNC IRIG

378 TPTP The active relay time source is PTP

378 TIRIG Assert while time is based on IRIG for both mark and value

378 TUPDH Assert if update source is high-priority time source

378 TSYNCA Assert while the time mark from time source or fixed internal source is not synchronized

378 TSOK Assert if current time-source accuracy is sufficient for synchronized phasor measurements

378 TSER The active relay time source is serial IRIG

378 UPD_EN Enable updating internal clock with selected external time source

379 TSYNC Assert when ADC sampling is synchronized to a valid high-priority time source

379 BLKLPTS Block low priority source from updating relay time

379 TLOCAL Relay calendar clock and ADC sampling synchronized to a high-priority local time source

379 TPLLEXT Update PLL using external signal

379 TSSW High priority time source switching

379 TGLOBAL Relay calendar clock and ADC sampling synchronized to a high-priority Global time source

379 TSNTPP Asserts if time was synchronized with primary NTP server before SNTP time-out period expired

379 TSNTPB Asserts if time was synchronized with backup NTP server before SNTP time-out period expired

Table 11.2 Row List of Relay Word Bits (Sheet 76 of 99)

Row Name Bit Description
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380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

380 * Reserved

Inverse-Time Overcurrent Elements

381 * Reserved

381 * Reserved

381 * Reserved

381 51R21 Inverse-time Element 21 reset

381 51R20 Inverse-time Element 20 reset

381 51R19 Inverse-time Element 19 reset

381 51R18 Inverse-time Element 18 reset

381 51R17 Inverse-time Element 17 reset

Pushbuttons

382 PB1 Pushbutton 1

382 PB2 Pushbutton 2

382 PB3 Pushbutton 3

382 PB4 Pushbutton 4

382 PB5 Pushbutton 5

382 PB6 Pushbutton 6

382 PB7 Pushbutton 7

382 PB8 Pushbutton 8

383 PB9 Pushbutton 9

383 PB10 Pushbutton 10

383 PB11 Pushbutton 11

383 PB12 Pushbutton 12

383 * Reserved

383 * Reserved

383 * Reserved

383 * Reserved

Contact Outputs

384 OUT108 Main board Output 8 

384 OUT107 Main board Output 7 

384 OUT106 Main board Output 6 

384 OUT105 Main board Output 5 

384 OUT104 Main board Output 4 

384 OUT103 Main board Output 3 

Table 11.2 Row List of Relay Word Bits (Sheet 77 of 99)

Row Name Bit Description
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384 OUT102 Main board Output 2 

384 OUT101 Main board Output 1 

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

385 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

386 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

387 * Reserved

388 OUT208 Optional I/O Board 1 Output 8 

388 OUT207 Optional I/O Board 1 Output 7 

388 OUT206 Optional I/O Board 1 Output 6 

388 OUT205 Optional I/O Board 1 Output 5 

388 OUT204 Optional I/O Board 1 Output 4 

388 OUT203 Optional I/O Board 1 Output 3 

388 OUT202 Optional I/O Board 1 Output 2 

388 OUT201 Optional I/O Board 1 Output 1 

389 OUT216 Optional I/O Board 1 Output 16

389 OUT215 Optional I/O Board 1 Output 15

389 OUT214 Optional I/O Board 1 Output 14

389 OUT213 Optional I/O Board 1 Output 13

389 OUT212 Optional I/O Board 1 Output 12

389 OUT211 Optional I/O Board 1 Output 11

389 OUT210 Optional I/O Board 1 Output 10
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389 OUT209 Optional I/O Board 1 Output 9

390 OUT308 Optional I/O Board 2 Output 8 

390 OUT307 Optional I/O Board 2 Output 7 

390 OUT306 Optional I/O Board 2 Output 6 

390 OUT305 Optional I/O Board 2 Output 5 

390 OUT304 Optional I/O Board 2 Output 4 

390 OUT303 Optional I/O Board 2 Output 3 

390 OUT302 Optional I/O Board 2 Output 2 

390 OUT301 Optional I/O Board 2 Output 1 

391 OUT316 Optional I/O Board 2 Output 16

391 OUT315 Optional I/O Board 2 Output 15

391 OUT314 Optional I/O Board 2 Output 14

391 OUT313 Optional I/O Board 2 Output 13

391 OUT312 Optional I/O Board 2 Output 12

391 OUT311 Optional I/O Board 2 Output 11

391 OUT310 Optional I/O Board 2 Output 10

391 OUT309 Optional I/O Board 2 Output 9

392 OUT408 Optional I/O Board 3 Output 8 

392 OUT407 Optional I/O Board 3 Output 7 

392 OUT406 Optional I/O Board 3 Output 6 

392 OUT405 Optional I/O Board 3 Output 5 

392 OUT404 Optional I/O Board 3 Output 4 

392 OUT403 Optional I/O Board 3 Output 3 

392 OUT402 Optional I/O Board 3 Output 2 

392 OUT401 Optional I/O Board 3 Output 1 

393 OUT416 Optional I/O Board 3 Output 16

393 OUT415 Optional I/O Board 3 Output 15

393 OUT414 Optional I/O Board 3 Output 14

393 OUT413 Optional I/O Board 3 Output 13

393 OUT412 Optional I/O Board 3 Output 12

393 OUT411 Optional I/O Board 3 Output 11

393 OUT410 Optional I/O Board 3 Output 10

393 OUT409 Optional I/O Board 3 Output 9

394 OUT508 Optional I/O Board 4 Output 8 

394 OUT507 Optional I/O Board 4 Output 7 

394 OUT506 Optional I/O Board 4 Output 6 

394 OUT505 Optional I/O Board 4 Output 5 

394 OUT504 Optional I/O Board 4 Output 4 

394 OUT503 Optional I/O Board 4 Output 3 

394 OUT502 Optional I/O Board 4 Output 2 

394 OUT501 Optional I/O Board 4 Output 1 

Table 11.2 Row List of Relay Word Bits (Sheet 79 of 99)

Row Name Bit Description



11.158

SEL-487B Relay Instruction Manual Date Code 20230830

Relay Word Bits
Row List

395 OUT516 Optional I/O Board 4 Output 16

395 OUT515 Optional I/O Board 4 Output 15

395 OUT514 Optional I/O Board 4 Output 14

395 OUT513 Optional I/O Board 4 Output 13

395 OUT512 Optional I/O Board 4 Output 12

395 OUT511 Optional I/O Board 4 Output 11

395 OUT510 Optional I/O Board 4 Output 10

395 OUT509 Optional I/O Board 4 Output 9

Pushbuttons Pulse Inputs

396 PB1_PUL Pushbutton 1 pulse input

396 PB2_PUL Pushbutton 2 pulse input

396 PB3_PUL Pushbutton 3 pulse input

396 PB4_PUL Pushbutton 4 pulse input

396 PB5_PUL Pushbutton 5 pulse input

396 PB6_PUL Pushbutton 6 pulse input

396 PB7_PUL Pushbutton 7 pulse input

396 PB8_PUL Pushbutton 8 pulse input

397 PB9_PUL Pushbutton 9 pulse input

397 PB10PUL Pushbutton 10 pulse input

397 PB11PUL Pushbutton 11 pulse input

397 PB12PUL Pushbutton 12 pulse input

397 * Reserved

397 * Reserved

397 * Reserved

397 * Reserved

Pushbutton LED Bits

398 PB1_LED Pushbutton 1 LED

398 PB2_LED Pushbutton 2 LED

398 PB3_LED Pushbutton 3 LED

398 PB4_LED Pushbutton 4 LED

398 PB5_LED Pushbutton 5 LED

398 PB6_LED Pushbutton 6 LED

398 PB7_LED Pushbutton 7 LED

398 PB8_LED Pushbutton 8 LED

399 PB9_LED Pushbutton 9 LED

399 PB10LED Pushbutton 10 LED

399 PB11LED Pushbutton 11 LED

399 PB12LED Pushbutton 12 LED

399 * Reserved

399 * Reserved

399 * Reserved
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399 * Reserved

MIRRORED BITS

400 RMB8A Channel A receive MIRRORED BIT 8 

400 RMB7A Channel A receive MIRRORED BIT 7 

400 RMB6A Channel A receive MIRRORED BIT 6 

400 RMB5A Channel A receive MIRRORED BIT 5 

400 RMB4A Channel A receive MIRRORED BIT 4 

400 RMB3A Channel A receive MIRRORED BIT 3 

400 RMB2A Channel A receive MIRRORED BIT 2 

400 RMB1A Channel A receive MIRRORED BIT 1 

401 TMB8A Channel A transmit MIRRORED BIT 8 

401 TMB7A Channel A transmit MIRRORED BIT 7 

401 TMB6A Channel A transmit MIRRORED BIT 6 

401 TMB5A Channel A transmit MIRRORED BIT 5 

401 TMB4A Channel A transmit MIRRORED BIT 4 

401 TMB3A Channel A transmit MIRRORED BIT 3 

401 TMB2A Channel A transmit MIRRORED BIT 2 

401 TMB1A Channel A transmit MIRRORED BIT 1 

402 RMB8B Channel B receive MIRRORED BIT 8

402 RMB7B Channel B receive MIRRORED BIT 7

402 RMB6B Channel B receive MIRRORED BIT 6

402 RMB5B Channel B receive MIRRORED BIT 5

402 RMB4B Channel B receive MIRRORED BIT 4

402 RMB3B Channel B receive MIRRORED BIT 3

402 RMB2B Channel B receive MIRRORED BIT 2

402 RMB1B Channel B receive MIRRORED BIT 1

403 TMB8B Channel B transmit MIRRORED BIT 8

403 TMB7B Channel B transmit MIRRORED BIT 7

403 TMB6B Channel B transmit MIRRORED BIT 6

403 TMB5B Channel B transmit MIRRORED BIT 5

403 TMB4B Channel B transmit MIRRORED BIT 4

403 TMB3B Channel B transmit MIRRORED BIT 3

403 TMB2B Channel B transmit MIRRORED BIT 2

403 TMB1B Channel B transmit MIRRORED BIT 1

404 ROKA Channel A MIRRORED BITS normal status (non-loopback)

404 RBADA Channel A MIRRORED BITS outage too long

404 CBADA Channel A MIRRORED BITS unavailability

404 LBOKA Channel A MIRRORED BITS normal status (loopback)

404 ANOKA Channel A MIRRORED BITS analog transfer OK

404 DOKA Channel A MIRRORED BITS communications normal status

404 * Reserved
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404 * Reserved

405 ROKB Channel B MIRRORED BITS normal status (non-loopback mode)

405 RBADB Channel B MIRRORED BITS outage too long

405 CBADB Channel B MIRRORED BITS unavailability

405 LBOKB Channel B MIRRORED BITS normal status (loopback mode)

405 ANOKB Channel B MIRRORED BITS analog transfer OK

405 DOKB Channel B MIRRORED BITS communications normal status

405 * Reserved

405 * Reserved

Test Bits

406 TESTDB2 DNP test bit

406 TESTDB Communications card database test bit

406 TESTFM Fast meter test bit

406 TESTPUL Pulse test bit

406 LPHDSIM IEC 61850 Logical Node for physical device simulation

406 * Reserved

406 * Reserved

406 * Reserved

Advanced Check Zone Bits

407 CZ24R Include Bus Coupler 4 in Check Zone 2

407 CZ23R Include Bus Coupler 3 in Check Zone 2

407 CZ22R Include Bus Coupler 2 in Check Zone 2

407 CZ21R Include Bus Coupler 1 in Check Zone 2

407 CZ14R Include Bus Coupler 4 in Check Zone 1

407 CZ13R Include Bus Coupler 3 in Check Zone 1

407 CZ12R Include Bus Coupler 2 in Check Zone 1

407 CZ11R Include Bus Coupler 1 in Check Zone 1

Virtual Bits

408 VB249 Virtual Bit 249

408 VB250 Virtual Bit 250

408 VB251 Virtual Bit 251

408 VB252 Virtual Bit 252

408 VB253 Virtual Bit 253

408 VB254 Virtual Bit 254

408 VB255 Virtual Bit 255

408 VB256 Virtual Bit 256

409 VB241 Virtual Bit 241

409 VB242 Virtual Bit 242

409 VB243 Virtual Bit 243

409 VB244 Virtual Bit 244

409 VB245 Virtual Bit 245

Table 11.2 Row List of Relay Word Bits (Sheet 82 of 99)

Row Name Bit Description



11.161

Date Code 20230830 Instruction Manual SEL-487B Relay

Relay Word Bits
Row List

409 VB246 Virtual Bit 246

409 VB247 Virtual Bit 247

409 VB248 Virtual Bit 248

410 VB233 Virtual Bit 233

410 VB234 Virtual Bit 234

410 VB235 Virtual Bit 235

410 VB236 Virtual Bit 236

410 VB237 Virtual Bit 237

410 VB238 Virtual Bit 238

410 VB239 Virtual Bit 239

410 VB240 Virtual Bit 240

411 VB225 Virtual Bit 225

411 VB226 Virtual Bit 226

411 VB227 Virtual Bit 227

411 VB228 Virtual Bit 228

411 VB229 Virtual Bit 229

411 VB230 Virtual Bit 230

411 VB231 Virtual Bit 231

411 VB232 Virtual Bit 232

412 VB217 Virtual Bit 217

412 VB218 Virtual Bit 218

412 VB219 Virtual Bit 219

412 VB220 Virtual Bit 220

412 VB221 Virtual Bit 221

412 VB222 Virtual Bit 222

412 VB223 Virtual Bit 223

412 VB224 Virtual Bit 224

413 VB209 Virtual Bit 209

413 VB210 Virtual Bit 210

413 VB211 Virtual Bit 211

413 VB212 Virtual Bit 212

413 VB213 Virtual Bit 213

413 VB214 Virtual Bit 214

413 VB215 Virtual Bit 215

413 VB216 Virtual Bit 216

414 VB201 Virtual Bit 201

414 VB202 Virtual Bit 202

414 VB203 Virtual Bit 203

414 VB204 Virtual Bit 204

414 VB205 Virtual Bit 205

414 VB206 Virtual Bit 206
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414 VB207 Virtual Bit 207

414 VB208 Virtual Bit 208

415 VB193 Virtual Bit 193

415 VB194 Virtual Bit 194

415 VB195 Virtual Bit 195

415 VB196 Virtual Bit 196

415 VB197 Virtual Bit 197

415 VB198 Virtual Bit 198

415 VB199 Virtual Bit 199

415 VB200 Virtual Bit 200

416 VB185 Virtual Bit 185

416 VB186 Virtual Bit 186

416 VB187 Virtual Bit 187

416 VB188 Virtual Bit 188

416 VB189 Virtual Bit 189

416 VB190 Virtual Bit 190

416 VB191 Virtual Bit 191

416 VB192 Virtual Bit 192

417 VB177 Virtual Bit 177

417 VB178 Virtual Bit 178

417 VB179 Virtual Bit 179

417 VB180 Virtual Bit 180

417 VB181 Virtual Bit 181

417 VB182 Virtual Bit 182

417 VB183 Virtual Bit 183

417 VB184 Virtual Bit 184

418 VB169 Virtual Bit 169

418 VB170 Virtual Bit 170

418 VB171 Virtual Bit 171

418 VB172 Virtual Bit 172

418 VB173 Virtual Bit 173

418 VB174 Virtual Bit 174

418 VB175 Virtual Bit 175

418 VB176 Virtual Bit 176

419 VB161 Virtual Bit 161

419 VB162 Virtual Bit 162

419 VB163 Virtual Bit 163

419 VB164 Virtual Bit 164

419 VB165 Virtual Bit 165

419 VB166 Virtual Bit 166

419 VB167 Virtual Bit 167
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419 VB168 Virtual Bit 168

420 VB153 Virtual Bit 153

420 VB154 Virtual Bit 154

420 VB155 Virtual Bit 155

420 VB156 Virtual Bit 156

420 VB157 Virtual Bit 157

420 VB158 Virtual Bit 158

420 VB159 Virtual Bit 159

420 VB160 Virtual Bit 160

421 VB145 Virtual Bit 145

421 VB146 Virtual Bit 146

421 VB147 Virtual Bit 147

421 VB148 Virtual Bit 148

421 VB149 Virtual Bit 149

421 VB150 Virtual Bit 150

421 VB151 Virtual Bit 151

421 VB152 Virtual Bit 152

422 VB137 Virtual Bit 137

422 VB138 Virtual Bit 138

422 VB139 Virtual Bit 139

422 VB140 Virtual Bit 140

422 VB141 Virtual Bit 141

422 VB142 Virtual Bit 142

422 VB143 Virtual Bit 143

422 VB144 Virtual Bit 144

423 VB129 Virtual Bit 129

423 VB130 Virtual Bit 130

423 VB131 Virtual Bit 131

423 VB132 Virtual Bit 132

423 VB133 Virtual Bit 133

423 VB134 Virtual Bit 134

423 VB135 Virtual Bit 135

423 VB136 Virtual Bit 136

424 VB121 Virtual Bit 121

424 VB122 Virtual Bit 122

424 VB123 Virtual Bit 123

424 VB124 Virtual Bit 124

424 VB125 Virtual Bit 125

424 VB126 Virtual Bit 126

424 VB127 Virtual Bit 127

424 VB128 Virtual Bit 128
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425 VB113 Virtual Bit 113

425 VB114 Virtual Bit 114

425 VB115 Virtual Bit 115

425 VB116 Virtual Bit 116

425 VB117 Virtual Bit 117

425 VB118 Virtual Bit 118

425 VB119 Virtual Bit 119

425 VB120 Virtual Bit 120

426 VB105 Virtual Bit 105

426 VB106 Virtual Bit 106

426 VB107 Virtual Bit 107

426 VB108 Virtual Bit 108

426 VB109 Virtual Bit 109

426 VB110 Virtual Bit 110

426 VB111 Virtual Bit 111

426 VB112 Virtual Bit 112

427 VB097 Virtual Bit 097

427 VB098 Virtual Bit 098

427 VB099 Virtual Bit 099

427 VB100 Virtual Bit 100

427 VB101 Virtual Bit 101

427 VB102 Virtual Bit 102

427 VB103 Virtual Bit 103

427 VB104 Virtual Bit 104

428 VB089 Virtual Bit 089

428 VB090 Virtual Bit 090

428 VB091 Virtual Bit 091

428 VB092 Virtual Bit 092

428 VB093 Virtual Bit 093

428 VB094 Virtual Bit 094

428 VB095 Virtual Bit 095

428 VB096 Virtual Bit 096

429 VB081 Virtual Bit 081

429 VB082 Virtual Bit 082

429 VB083 Virtual Bit 083

429 VB084 Virtual Bit 084

429 VB085 Virtual Bit 085

429 VB086 Virtual Bit 086

429 VB087 Virtual Bit 087

429 VB088 Virtual Bit 088

430 VB073 Virtual Bit 073
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430 VB074 Virtual Bit 074

430 VB075 Virtual Bit 075

430 VB076 Virtual Bit 076

430 VB077 Virtual Bit 077

430 VB078 Virtual Bit 078

430 VB079 Virtual Bit 079

430 VB080 Virtual Bit 080

431 VB065 Virtual Bit 065

431 VB066 Virtual Bit 066

431 VB067 Virtual Bit 067

431 VB068 Virtual Bit 068

431 VB069 Virtual Bit 069

431 VB070 Virtual Bit 070

431 VB071 Virtual Bit 071

431 VB072 Virtual Bit 072

432 VB057 Virtual Bit 057

432 VB058 Virtual Bit 058

432 VB059 Virtual Bit 059

432 VB060 Virtual Bit 060

432 VB061 Virtual Bit 061

432 VB062 Virtual Bit 062

432 VB063 Virtual Bit 063

432 VB064 Virtual Bit 064

433 VB049 Virtual Bit 049

433 VB050 Virtual Bit 050

433 VB051 Virtual Bit 051

433 VB052 Virtual Bit 052

433 VB053 Virtual Bit 053

433 VB054 Virtual Bit 054

433 VB055 Virtual Bit 055

433 VB056 Virtual Bit 056

434 VB041 Virtual Bit 041

434 VB042 Virtual Bit 042

434 VB043 Virtual Bit 043

434 VB044 Virtual Bit 044

434 VB045 Virtual Bit 045

434 VB046 Virtual Bit 046

434 VB047 Virtual Bit 047

434 VB048 Virtual Bit 048

435 VB033 Virtual Bit 033

435 VB034 Virtual Bit 034
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435 VB035 Virtual Bit 035

435 VB036 Virtual Bit 036

435 VB037 Virtual Bit 037

435 VB038 Virtual Bit 038

435 VB039 Virtual Bit 039

435 VB040 Virtual Bit 040

436 VB025 Virtual Bit 025

436 VB026 Virtual Bit 026

436 VB027 Virtual Bit 027

436 VB028 Virtual Bit 028

436 VB029 Virtual Bit 029

436 VB030 Virtual Bit 030

436 VB031 Virtual Bit 031

436 VB032 Virtual Bit 032

437 VB017 Virtual Bit 017

437 VB018 Virtual Bit 018

437 VB019 Virtual Bit 019

437 VB020 Virtual Bit 020

437 VB021 Virtual Bit 021

437 VB022 Virtual Bit 022

437 VB023 Virtual Bit 023

437 VB024 Virtual Bit 024

438 VB009 Virtual Bit 009

438 VB010 Virtual Bit 010

438 VB011 Virtual Bit 011

438 VB012 Virtual Bit 012

438 VB013 Virtual Bit 013

438 VB014 Virtual Bit 014

438 VB015 Virtual Bit 015

438 VB016 Virtual Bit 016

439 VB001 Virtual Bit 001

439 VB002 Virtual Bit 002

439 VB003 Virtual Bit 003

439 VB004 Virtual Bit 004

439 VB005 Virtual Bit 005

439 VB006 Virtual Bit 006

439 VB007 Virtual Bit 007

439 VB008 Virtual Bit 008

Data Reset Bits

440 RST_BAT Reset battery monitoring 

440 RSTTRGT Target reset (SELOGIC control equation)
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440 RSTDNPE Reset DNP fault summary data 

440 RST_HAL Reset HALARMA

440 * Reserved

440 * Reserved

440 * Reserved

440 * Reserved

Ethernet Switch

441 LINK5A Link status of Port 5A connection

441 LINK5B Link status of Port 5B connection

441 LINK5C Link status of Port 5C connection

441 LINK5D Link status of Port 5D connection

441 LNKFAIL Link status of the active port

441 * Reserved

441 * Reserved

441 * Reserved

442 P5ASEL Port 5A active/inactive

442 P5BSEL Port 5B active/inactive

442 P5CSEL Port 5C active/inactive

442 P5DSEL Port 5D active/inactive

442 * Reserved

442 * Reserved

442 * Reserved

442 * Reserved

Advanced Check Zone Bits

443 * Reserved

443 * Reserved

443 * Reserved

443 * Reserved

443 CZ34R Include Bus Coupler 4 in Check Zone 3

443 CZ33R Include Bus Coupler 3 in Check Zone 3

443 CZ32R Include Bus Coupler 2 in Check Zone 3

443 CZ31R Include Bus Coupler 1 in Check Zone 3

Fast SER Enable Bits

444 FSERP1 Fast SER enabled for Serial Port 1

444 FSERP2 Fast SER enabled for Serial Port 2

444 FSERP3 Fast SER enabled for Serial Port 3

444 FSERPF Fast SER enabled for Serial Port F

444 FSERP5 Fast SER enabled for Serial Port 5

444 * Reserved

444 * Reserved

444 * Reserved
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Check Zone Activation

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 * Reserved

445 CZONE3 Check Zone 3 is active

445 CZONE2 Check Zone 2 is active

445 CZONE1 Check Zone 1 is active

Check Zone Supervision

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 * Reserved

446 CZ3S Check Zone 3 supervision asserted

446 CZ2S Check Zone 2 supervision asserted

446 CZ1S Check Zone 1 supervision asserted

Check Zone Trip

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 * Reserved

447 87CZ3 Check Zone 3 differential element trip

447 87CZ2 Check Zone 2 differential element trip

447 87CZ1 Check Zone 1 differential element trip

Check Zone Elements

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 * Reserved

448 87SCZ3 Check Zone 3 sensitive differential element picked up

448 87SCZ2 Check Zone 2 sensitive differential element picked up

448 87SCZ1 Check Zone 1 sensitive differential element picked up

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved

449 * Reserved
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449 87STCZ3 Check Zone 3 sensitive differential element timed out

449 87STCZ2 Check Zone 2 sensitive differential element timed out

449 87STCZ1 Check Zone 1 sensitive differential element timed out

450 87RCZ1 Check Zone 1 restraint differential element picked up

450 P87RCZ1 Check Zone 1 instantaneous differential element picked up

450 87OCZ1 Check Zone 1 restraint differential operating current above CZO87P

450 FLTCZ1 Check Zone 1 fault detector picked up

450 CONCZ1 Check Zone 1 in high-security mode

450 EXTCZ1 Check Zone 1 external fault declaration

450 DOPCZ1 Check Zone 1 incremental operating current picked up

450 DRTCZ1 Check Zone 1 incremental restraint current picked up

451 * Reserved

451 * Reserved

451 * Reserved

451 * Reserved

451 FDIFCZ1 Check Zone 1 filtered restrained differential element picked up

451 RDIFCZ1 Check Zone 1 unfiltered restrained differential element picked up

451 IFLTCZ1 Check Zone 1 fault detection

451 GFLTCZ1 Check Zone 1 fast fault detection

452 87RCZ2 Check Zone 2 restraint differential element picked up

452 P87RCZ2 Check Zone 2 instantaneous differential element picked up

452 87OCZ2 Check Zone 2 restraint differential operating current above CZO87P

452 FLTCZ2 Check Zone 2 fault detector picked up

452 CONCZ2 Check Zone 2 in high-security mode

452 EXTCZ2 Check Zone 2 external fault declaration

452 DOPCZ2 Check Zone 2 incremental operating current picked up

452 DRTCZ2 Check Zone 2 incremental restraint current picked up

453 * Reserved

453 * Reserved

453 * Reserved

453 * Reserved

453 FDIFCZ2 Check Zone 2 filtered restrained differential element picked up

453 RDIFCZ2 Check Zone 2 unfiltered restrained differential element picked up

453 IFLTCZ2 Check Zone 2 fault detection

453 GFLTCZ2 Check Zone 2 fast fault detection

454 87RCZ3 Check Zone 3 restraint differential element picked up

454 P87RCZ3 Check Zone 3 instantaneous differential element picked up

454 87OCZ3 Check Zone 3 restraint differential operating current above CZO87P

454 FLTCZ3 Check Zone 3 fault detector picked up

454 CONCZ3 Check Zone 3 in high-security mode

454 EXTCZ3 Check Zone 3 external fault declaration
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454 DOPCZ3 Check Zone 3 incremental operating current picked up

454 DRTCZ3 Check Zone 3 incremental restraint current picked up

455 * Reserved

455 * Reserved

455 * Reserved

455 * Reserved

455 FDIFCZ3 Check Zone 3 filtered restrained differential element picked up

455 RDIFCZ3 Check Zone 3 unfiltered restrained differential element picked up

455 IFLTCZ3 Check Zone 3 fault detection

455 GFLTCZ3 Check Zone 3 fast fault detection

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 * Reserved

456 DECZ3F Check Zone 3 forward directional element picked up

456 DECZ2F Check Zone 2 forward directional element picked up

456 DECZ1F Check Zone 1 forward directional element picked up

Local Bit Supervision

457 LB_SP08 Local Bit 08 supervision (SELOGIC control equation)

457 LB_SP07 Local Bit 07 supervision (SELOGIC control equation)

457 LB_SP06 Local Bit 06 supervision (SELOGIC control equation)

457 LB_SP05 Local Bit 05 supervision (SELOGIC control equation)

457 LB_SP04 Local Bit 04 supervision (SELOGIC control equation)

457 LB_SP03 Local Bit 03 supervision (SELOGIC control equation)

457 LB_SP02 Local Bit 02 supervision (SELOGIC control equation)

457 LB_SP01 Local Bit 01 supervision (SELOGIC control equation)

458 LB_SP16 Local Bit 16 supervision (SELOGIC control equation)

458 LB_SP15 Local Bit 15 supervision (SELOGIC control equation)

458 LB_SP14 Local Bit 14 supervision (SELOGIC control equation)

458 LB_SP13 Local Bit 13 supervision (SELOGIC control equation)

458 LB_SP12 Local Bit 12 supervision (SELOGIC control equation)

458 LB_SP11 Local Bit 11 supervision (SELOGIC control equation)

458 LB_SP10 Local Bit 10 supervision (SELOGIC control equation)

458 LB_SP09 Local Bit 09 supervision (SELOGIC control equation)

459 LB_SP24 Local Bit 24 supervision (SELOGIC control equation)

459 LB_SP23 Local Bit 23 supervision (SELOGIC control equation)

459 LB_SP22 Local Bit 22 supervision (SELOGIC control equation)

459 LB_SP21 Local Bit 21 supervision (SELOGIC control equation)

459 LB_SP20 Local Bit 20 supervision (SELOGIC control equation)

459 LB_SP19 Local Bit 19 supervision (SELOGIC control equation)
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459 LB_SP18 Local Bit 18 supervision (SELOGIC control equation)

459 LB_SP17 Local Bit 17 supervision (SELOGIC control equation)

460 LB_SP32 Local Bit 32 supervision (SELOGIC control equation)

460 LB_SP31 Local Bit 31 supervision (SELOGIC control equation)

460 LB_SP30 Local Bit 30 supervision (SELOGIC control equation)

460 LB_SP29 Local Bit 29 supervision (SELOGIC control equation)

460 LB_SP28 Local Bit 28 supervision (SELOGIC control equation)

460 LB_SP27 Local Bit 27 supervision (SELOGIC control equation)

460 LB_SP26 Local Bit 26 supervision (SELOGIC control equation)

460 LB_SP25 Local Bit 25 supervision (SELOGIC control equation)

Local Bit Status

461 LB_DP08 Local Bit 08 status display (SELOGIC control equation)

461 LB_DP07 Local Bit 07 status display (SELOGIC control equation)

461 LB_DP06 Local Bit 06 status display (SELOGIC control equation)

461 LB_DP05 Local Bit 05 status display (SELOGIC control equation)

461 LB_DP04 Local Bit 04 status display (SELOGIC control equation)

461 LB_DP03 Local Bit 03 status display (SELOGIC control equation)

461 LB_DP02 Local Bit 02 status display (SELOGIC control equation)

461 LB_DP01 Local Bit 01 status display (SELOGIC control equation)

462 LB_DP16 Local Bit 16 status display (SELOGIC control equation)

462 LB_DP15 Local Bit 15 status display (SELOGIC control equation)

462 LB_DP14 Local Bit 14 status display (SELOGIC control equation)

462 LB_DP13 Local Bit 13 status display (SELOGIC control equation)

462 LB_DP12 Local Bit 12 status display (SELOGIC control equation)

462 LB_DP11 Local Bit 11 status display (SELOGIC control equation)

462 LB_DP10 Local Bit 10 status display (SELOGIC control equation)

462 LB_DP09 Local Bit 09 status display (SELOGIC control equation)

463 LB_DP24 Local Bit 24 status display (SELOGIC control equation)

463 LB_DP23 Local Bit 23 status display (SELOGIC control equation)

463 LB_DP22 Local Bit 22 status display (SELOGIC control equation)

463 LB_DP21 Local Bit 21 status display (SELOGIC control equation)

463 LB_DP20 Local Bit 20 status display (SELOGIC control equation)

463 LB_DP19 Local Bit 19 status display (SELOGIC control equation)

463 LB_DP18 Local Bit 18 status display (SELOGIC control equation)

463 LB_DP17 Local Bit 17 status display (SELOGIC control equation)

464 LB_DP32 Local Bit 32 status display (SELOGIC control equation)

464 LB_DP31 Local Bit 31 status display (SELOGIC control equation)

464 LB_DP30 Local Bit 30 status display (SELOGIC control equation)

464 LB_DP29 Local Bit 29 status display (SELOGIC control equation)

464 LB_DP28 Local Bit 28 status display (SELOGIC control equation)

464 LB_DP27 Local Bit 27 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 93 of 99)
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464 LB_DP26 Local Bit 26 status display (SELOGIC control equation)

464 LB_DP25 Local Bit 25 status display (SELOGIC control equation)

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

465 * Reserved

Target Logic Bits

466 TRGTR Reset all active target Relay Words

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

466 * Reserved

Signal Profiling

467 SPEN Signal profiling enabled

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

467 * Reserved

IRIG-B Control Bits

468 YEAR80 IRIG-B year information, binary-coded-decimal, add 80 if asserted 

468 YEAR40 IRIG-B year information, binary-coded-decimal, add 40 if asserted 

468 YEAR20 IRIG-B year information, binary-coded-decimal, add 20 if asserted 

468 YEAR10 IRIG-B year information, binary-coded-decimal, add 10 if asserted 

468 YEAR8 IRIG-B year information, binary-coded-decimal, add 8 if asserted 

468 YEAR4 IRIG-B year information, binary-coded-decimal, add 4 if asserted 

468 YEAR2 IRIG-B year information, binary-coded-decimal, add 2 if asserted 

468 YEAR1 IRIG-B year information, binary-coded-decimal, add 1 if asserted 

469 * Reserved

469 * Reserved

469 TUTCH IRIG-B offset half-hour from UTC time, binary, add 0.5 if asserted

469 TUTC8 IRIG-B offset hours from UTC time, binary, add 8 if asserted

Table 11.2 Row List of Relay Word Bits (Sheet 94 of 99)
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469 TUTC4 IRIG-B offset hours from UTC time, binary, add 4 if asserted

469 TUTC2 IRIG-B offset hours from UTC time, binary, add 2 if asserted

469 TUTC1 IRIG-B offset hours from UTC time, binary, add 1 if asserted

469 TUTCS IRIG-B offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted, add otherwise

470 DST Daylight-saving time

470 DSTP IRIG-B daylight-saving time pending

470 LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is asserted, 
the upcoming leap second is deleted; otherwise, the leap second is added.

470 LPSECP Leap second pending

470 TQUAL8 Time quality, binary, add 8 when asserted

470 TQUAL4 Time quality, binary, add 4 when asserted

470 TQUAL2 Time quality, binary, add 2 when asserted

470 TQUAL1 Time quality, binary, add 1 when asserted

471 DUMMY 0

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

471 * Reserved

Time and Date Management

472 SER_SET Qualify serial IRIG-B time source

472 SER_RST Disqualify serial IRIG-B time source

472 BNC_SET Qualify BNC IRIG-B time source

472 BNC_RST Disqualify BNC IRIG-B time source

472 BNC_OK IRIG-B signal from BNC port is available and has sufficient quality

472 SER_OK IRIG-B signal from Serial Port 1 is available and has sufficient quality

472 UPD_BLK Block updating internal clock period and master time

472 BNC_BNP Bad jitter on BNC port and the IRIG-B signal is lost afterwards

473 SER_BNP Bad jitter on serial port and the IRIG-B signal is lost afterwards

473 BNC_TIM A valid IRIG-B time source is detected on BNC port

473 SER_TIM A valid IRIG-B time source is detected on serial port

473 PTP_TIM A valid PTP time source is detected

473 PTP_SET Qualify PTP time source

473 PTP_RST Disqualify PTP time source

473 PTP_OK PTP is available and has sufficient quality

473 P5ABSW Port 5A or 5B has just become active

474 PTPSYNC Synchronized to a high-quality PTP source

474 PTP_BNP Bad jitter on PTP signals and the PTP signal is lost afterwards

474 SERSYNC Synchronized to a high-quality serial IRIG source

Table 11.2 Row List of Relay Word Bits (Sheet 95 of 99)
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474 BNCSYNC Synchronized to a high-quality BNC IRIG source

474 * Reserved

474 * Reserved

474 * Reserved

474 * Reserved

Axion Status

475 IO500OK Communications are good with virtual interface board 500

475 IO400OK Communications are good with virtual interface board 400

475 IO300OK Communications are good with virtual interface board 300

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

475 * Reserved

IEC 61850 Mode Control Bits

476 SC850TM SELOGIC control for IEC 61850 test mode

476 SC850BM SELOGIC control for IEC 61850 blocked mode

476 SC850SM SELOGIC control for IEC 61850 simulation mode

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

476 * Reserved

IED Local Remote Bits

480 LOC Control authority at local (bay) level

480 SC850LS SELOGIC control for control authority at station level

480 MLTLEV Multi-level control authority

480 LOCSTA Control authority at station level

480 * Reserved

480 * Reserved

480 * Reserved

480 * Reserved

Automation SELOGIC Conditioning Timers

484 ACT08Q Automation conditioning timer Output 08

484 ACT07Q Automation conditioning timer Output 07

484 ACT06Q Automation conditioning timer Output 06

484 ACT05Q Automation conditioning timer Output 05

484 ACT04Q Automation conditioning timer Output 04

484 ACT03Q Automation conditioning timer Output 03

484 ACT02Q Automation conditioning timer Output 02

484 ACT01Q Automation conditioning timer Output 01

Table 11.2 Row List of Relay Word Bits (Sheet 96 of 99)
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485 ACT16Q Automation conditioning timer Output 16

485 ACT15Q Automation conditioning timer Output 15

485 ACT14Q Automation conditioning timer Output 14

485 ACT13Q Automation conditioning timer Output 13

485 ACT12Q Automation conditioning timer Output 12

485 ACT11Q Automation conditioning timer Output 11

485 ACT10Q Automation conditioning timer Output 10

485 ACT09Q Automation conditioning timer Output 09

486 ACT24Q Automation conditioning timer Output 24

486 ACT23Q Automation conditioning timer Output 23

486 ACT22Q Automation conditioning timer Output 22

486 ACT21Q Automation conditioning timer Output 21

486 ACT20Q Automation conditioning timer Output 20

486 ACT19Q Automation conditioning timer Output 19

486 ACT18Q Automation conditioning timer Output 18

486 ACT17Q Automation conditioning timer Output 17

487 ACT32Q Automation conditioning timer Output 32

487 ACT31Q Automation conditioning timer Output 31

487 ACT30Q Automation conditioning timer Output 30

487 ACT29Q Automation conditioning timer Output 29

487 ACT28Q Automation conditioning timer Output 28

487 ACT27Q Automation conditioning timer Output 27

487 ACT26Q Automation conditioning timer Output 26

487 ACT25Q Automation conditioning timer Output 25

Local Bits 2

488 LB40 Local Bit 40 

488 LB39 Local Bit 39 

488 LB38 Local Bit 38 

488 LB37 Local Bit 37 

488 LB36 Local Bit 36 

488 LB35 Local Bit 35 

488 LB34 Local Bit 34 

488 LB33 Local Bit 33

489 LB48 Local Bit 48 

489 LB47 Local Bit 47 

489 LB46 Local Bit 46 

489 LB45 Local Bit 45 

489 LB44 Local Bit 44 

489 LB43 Local Bit 43 

489 LB42 Local Bit 42

489 LB41 Local Bit 41 

Table 11.2 Row List of Relay Word Bits (Sheet 97 of 99)
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490 LB56 Local Bit 56 

490 LB55 Local Bit 55 

490 LB54 Local Bit 54 

490 LB53 Local Bit 53 

490 LB52 Local Bit 52 

490 LB51 Local Bit 51 

490 LB50 Local Bit 50 

490 LB49 Local Bit 49 

491 LB64 Local Bit 64 

491 LB63 Local Bit 63 

491 LB62 Local Bit 62 

491 LB61 Local Bit 61 

491 LB60 Local Bit 60 

491 LB59 Local Bit 59 

491 LB58 Local Bit 58 

491 LB57 Local Bit 57 

Local Bit Supervision 2

492 LB_SP40 Local Bit 40 supervision (SELOGIC control equation)

492 LB_SP39 Local Bit 39 supervision (SELOGIC control equation)

492 LB_SP38 Local Bit 38 supervision (SELOGIC control equation)

492 LB_SP37 Local Bit 37 supervision (SELOGIC control equation)

492 LB_SP36 Local Bit 36 supervision (SELOGIC control equation)

492 LB_SP35 Local Bit 35 supervision (SELOGIC control equation)

492 LB_SP34 Local Bit 34 supervision (SELOGIC control equation)

492 LB_SP33 Local Bit 33 supervision (SELOGIC control equation)

493 LB_SP48 Local Bit 48 supervision (SELOGIC control equation)

493 LB_SP46 Local Bit 46 supervision (SELOGIC control equation)

493 LB_SP45 Local Bit 45 supervision (SELOGIC control equation)

493 LB_SP44 Local Bit 44 supervision (SELOGIC control equation)

493 LB_SP43 Local Bit 43 supervision (SELOGIC control equation)

493 LB_SP42 Local Bit 42 supervision (SELOGIC control equation)

493 LB_SP41 Local Bit 41 supervision (SELOGIC control equation)

494 LB_SP56 Local Bit 56 supervision (SELOGIC control equation)

494 LB_SP55 Local Bit 55 supervision (SELOGIC control equation)

494 LB_SP54 Local Bit 54 supervision (SELOGIC control equation)

494 LB_SP53 Local Bit 53 supervision (SELOGIC control equation)

494 LB_SP52 Local Bit 52 supervision (SELOGIC control equation)

494 LB_SP51 Local Bit 51 supervision (SELOGIC control equation)

494 LB_SP50 Local Bit 50 supervision (SELOGIC control equation)

494 LB_SP49 Local Bit 49 supervision (SELOGIC control equation)

495 LB_SP64 Local Bit 64 supervision (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 98 of 99)
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495 LB_SP63 Local Bit 63 supervision (SELOGIC control equation)

495 LB_SP62 Local Bit 62 supervision (SELOGIC control equation)

495 LB_SP61 Local Bit 61 supervision (SELOGIC control equation)

495 LB_SP60 Local Bit 60 supervision (SELOGIC control equation)

495 LB_SP59 Local Bit 59 supervision (SELOGIC control equation)

495 LB_SP58 Local Bit 58 supervision (SELOGIC control equation)

495 LB_SP57 Local Bit 57 supervision (SELOGIC control equation)

Local Bit Status 2

496 LB_DP40 Local Bit 40 status display (SELOGIC control equation)

496 LB_DP39 Local Bit 39 status display (SELOGIC control equation)

496 LB_DP38 Local Bit 38 status display (SELOGIC control equation)

496 LB_DP37 Local Bit 37 status display (SELOGIC control equation)

496 LB_DP36 Local Bit 36 status display (SELOGIC control equation)

496 LB_DP35 Local Bit 35 status display (SELOGIC control equation)

496 LB_DP34 Local Bit 34 status display (SELOGIC control equation)

496 LB_DP33 Local Bit 33 status display (SELOGIC control equation)

497 LB_DP48 Local Bit 48 status display (SELOGIC control equation)

497 LB_DP47 Local Bit 47 status display (SELOGIC control equation)

497 LB_DP46 Local Bit 46 status display (SELOGIC control equation)

497 LB_DP45 Local Bit 45 status display (SELOGIC control equation)

497 LB_DP44 Local Bit 44 status display (SELOGIC control equation)

497 LB_DP43 Local Bit 43 status display (SELOGIC control equation)

497 LB_DP42 Local Bit 42 status display (SELOGIC control equation)

497 LB_DP41 Local Bit 41 status display (SELOGIC control equation)

498 LB_DP57 Local Bit 57 status display (SELOGIC control equation)

498 LB_DP56 Local Bit 56 status display (SELOGIC control equation)

498 LB_DP55 Local Bit 55 status display (SELOGIC control equation)

498 LB_DP54 Local Bit 54 status display (SELOGIC control equation)

498 LB_DP53 Local Bit 53 status display (SELOGIC control equation)

498 LB_DP52 Local Bit 52 status display (SELOGIC control equation)

498 LB_DP51 Local Bit 51 status display (SELOGIC control equation)

498 LB_DP50 Local Bit 50 status display (SELOGIC control equation)

498 LB_DP49 Local Bit 49 status display (SELOGIC control equation)

499 LB_DP64 Local Bit 64 status display (SELOGIC control equation)

499 LB_DP63 Local Bit 63 status display (SELOGIC control equation)

499 LB_DP62 Local Bit 62 status display (SELOGIC control equation)

499 LB_DP61 Local Bit 61 status display (SELOGIC control equation)

499 LB_DP60 Local Bit 60 status display (SELOGIC control equation)

499 LB_DP59 Local Bit 59 status display (SELOGIC control equation)

499 LB_DP58 Local Bit 58 status display (SELOGIC control equation)

Table 11.2 Row List of Relay Word Bits (Sheet 99 of 99)
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Analog Quantities

This section contains tables of the analog quantities available within the 
SEL-487B relay.

Use Table 12.1 and Table 12.2 as a reference for labels in this manual and as a 
resource for quantities you use in SELOGIC control equation relay settings. 
Table 12.1 lists the analog quantities alphabetically, and Table 12.2 groups the 
analog quantities by function.

                    

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 1 of 3)

Label Description Units

3V0FII Filtered instantaneous zero sequence voltage (imaginary) Volts [V] (secondary)

3V0FIM Filtered instantaneous zero sequence voltage (magnitude) Volts [V] (secondary)

3V0FIR Filtered instantaneous zero sequence voltage (real) Volts [V] (secondary)

3V2FII Filtered instantaneous negative sequence voltage (imaginary) Volts [V] (secondary)

3V2FIM Filtered instantaneous negative sequence voltage (magnitude) Volts [V] (secondary)

3V2FIR Filtered instantaneous negative sequence voltage (real) Volts [V] (secondary)

51P01–51P21 51 element 01–21 pickup value Amperes [A] (secondary)

51TD01–51TD21 51 element 01–21 time-dial setting –

ACN01CV–ACN32CV Automation SELOGIC counter current value

ACN01PV–ACN32PV Automation SELOGIC counter preset value

ACT01DO–ACT32DO Automation SELOGIC conditioning timer dropout time seconds

ACT01PU–ACT32PU Automation SELOGIC conditioning timer pickup time seconds

ACTGRP Active group setting

AMV001–AMV256 Automation SELOGIC math variable

AST01ET–AST32ET Automation SELOGIC math sequencing timer elapsed time seconds

AST01PT–AST32PT Automation SELOGIC sequencing timer preset time seconds

BNCDSJI BNC port 100PPS data stream jitter µs

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy µs

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy µs

BNCTBTW Time between BNC 100PPS pulses µs

CUR_SRC Current high-priority time source

DC1 Station Battery 1 dc voltage Volts [V]

DC1MAX Maximum dc 1 voltage Volts [V]

DC1MIN Minimum dc 1 voltage Volts [V]

DC1NE Average negative-to-ground dc 1 voltage Volts [V]

DC1PO Average positive-to-ground dc 1 voltage Volts [V]

DC1RI AC ripple of dc 1 voltage Volts [V]

DDOM UTC Date, day of the month (1–31) day
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DDOW UTC Date, day of the week (1-SU,.., 7-SA)

DDOY UTC Date, day of the year (1–366) day

DLDOM Local date, day of the month (1–31) day

DLDOW Local date, day of the week (1-SU,.., 7-SA)

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

I01FA–I21FA 1-cycle average phase current (angle) Degrees [°] 

I01FIA–I21FIA Filtered instantaneous phase current (angle) Degrees [°] 

I01FII–I21FII Filtered instantaneous phase current (imaginary) Amperes [A] (secondary)

I01FIM–I21FIM Filtered instantaneous phase current (magnitude) Amperes [A] (secondary)

I01FIR–I21FIR Filtered instantaneous phase current (real) Amperes [A] (secondary)

I01FM–I21FM 1-cycle average phase current (magnitude) Amperes [A] (primary)

I850MOD IEC 61850 mode/behavior status N/A

IOPCZ1–IOPCZ3 Check Zone 1–3 operating current per unit [pu]

IOPCZ1F–IOPCZ3F 1-cycle average Check Zone 1–3 operating current per unit [pu]

IOP1–IOP6 Zone 1–6 operating current per unit [pu]

IOP1F–IOP6F 1-cycle average Zone 1–6 operating current per unit [pu]

IRTCZ1–IRTCZ3 Check Zone 1–3 Restraint current per unit [pu]

IRTCZ1F–IRTCZ3F 1-cycle average Check Zone 1–3 restraint current per unit [pu]

IRT1–IRT6 Zone 1–6 restraint current per unit [pu]

IRT1F–IRT6F 1-cycle average Zone 1–6 restraint current per unit [pu]

MB1A–MB7A A Channel received MIRRORED BITS analog values

MB1B–MB7B B Channel received MIRRORED BITS analog values

NEW_SRC Selected high-priority time source

PCN01CV–PCN32CV Protection SELOGIC counter current value

PCN01PV–PCN32PV Protection SELOGIC counter preset value

PCT01DO–PCT16DO Protection SELOGIC conditioning timer dropout time cycles

PCT01PU–PCT16PU Protection SELOGIC conditioning timer pickup time cycles

PMV01–PMV64 Protection SELOGIC math variable

PST01ET–PST32ET Protection SELOGIC sequencing timer elapsed time cycles

PST01PT–PST32PT Protection SELOGIC sequencing timer preset time cycles

PTPDSJI PTP 100PPS data stream jitter in µs µs

PTPMCC PTP master clock class enumerated value N/A

PTPOFST Raw clock offset between PTP master and relay time ns

PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs

PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs

PTPPORT Active PTP port number N/A

PTPSTEN PTP port state enumerated value

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 2 of 3)
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PTPTBTW Time between PTP 100PPS pulses in µs µs

RA001–RA256 Remote analogs

RAO01–RAO64 Remote analog output –

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

SERDSJI Serial port 100PPS data stream jitter µs

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy µs

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy µs

SERTBTW Time between serial 100PPS pulses µs

SQUAL Synchronization accuracy of the selected high-priority time source µs

THR UTC time, hour (0–23) hour

TLHR Local time, hour (0–23) hour

TLMIN Local time, minute (0–59) min

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

TLODMS Local time of day in milliseconds (0–86400000) ms

TLSEC Local time, seconds (0–59) seconds

TMIN UTC time, minute (0–59) minutes

TMSEC UTC time, milliseconds (0–999) ms

TNSEC UTC time, nanoseconds (0–999999) ns

TODMS UTC time of day in milliseconds (0–86400000) ms

TQUAL Worst-case clock time error of the selected high-priority time source seconds

TSEC UTC time, seconds (0–59) seconds

TUTC Offset from local time to UTC time hours

V1FII Filtered instantaneous positive-sequence voltage (imaginary) Volts [V] (secondary)

V1FIM Filtered instantaneous positive-sequence voltage (magnitude) Volts [V] (secondary)

V1FIR Filtered instantaneous positive-sequence voltage (real) Volts [V] (secondary)

V01FA–V03FA 1-cycle average phase voltage (angle) Degrees [°]

V01FIA–V03FIA Filtered instantaneous phase voltage (angle) Degrees [°]

V01FII–F03FII Filtered instantaneous phase voltage (imaginary) Volts [V] (secondary)

V01FIM–V03FIM Filtered instantaneous phase voltage (magnitude) Volts [V] (secondary)

V01FIR–F03FIR Filtered instantaneous phase voltage (real) Volts [V] (secondary)

V01FM–V03FM 1-cycle average phase voltage (magnitude) Kilovolts [kV] (primary)

Table 12.2 Analog Quantities Sorted by Function (Sheet 1 of 4)

Label Description Units

Current

InnFIMa Phase-filtered instantaneous current magnitude A (sec)

InnFIAa Phase-filtered instantaneous current angle degrees

InnFIRa Phase-filtered instantaneous current (real) A (sec)

InnFIIa Phase-filtered instantaneous current (imaginary) A (sec)

InnFMa Phase one-cycle average current magnitude A (pri)

Table 12.1 Analog Quantities Sorted Alphabetically (Sheet 3 of 3)

Label Description Units
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InnFAa Phase one-cycle average current angle degrees

IOPkb Zone k operating current pu

IOPCZpc Check Zone p operating current pu

IRTkb Zone k restraint current pu

IRTCZpc Check Zone p restraint current pu

IOPkFb Zone k one-cycle average operating current pu

IOPCZpFc Check Zone p one-cycle average operating current pu

IRTkFb Zone k one-cycle average restraint current pu

IRTCZpFc Check Zone p one-cycle average restraint current pu

Voltage

VmmFIMd Phase-filtered instantaneous voltage magnitude V (sec)

VmmFIAd Phase-filtered instantaneous voltage angle degrees

VmmFIRd Phase-filtered instantaneous voltage (real) V (sec)

VmmFIId Phase-filtered instantaneous voltage (imaginary) V (sec)

VmmFMd Phase one-cycle average voltage magnitude kV (pri)

VmmFAd Phase one-cycle average voltage angle degrees

V1FIM Positive-sequence filtered instantaneous voltage magnitude, V1 V (sec)

V1FIR Positive-sequence filtered instantaneous voltage (real) V (sec)

V1FII Positive-sequence filtered instantaneous voltage (imaginary) V (sec)

3V2FIM Negative-sequence filtered instantaneous voltage magnitude, 3V2 V (sec)

3V2FIR Negative-sequence filtered instantaneous voltage (real) V (sec)

3V2FII Negative-sequence filtered instantaneous voltage (imaginary) V (sec)

3V0FIM Zero-sequence filtered instantaneous voltage magnitude, 3V0 V (sec)

3V0FIR Zero-sequence filtered instantaneous voltage (real) V (sec)

3V0FII Zero-sequence filtered instantaneous voltage (imaginary) V (sec)

DC1 Filtered dc monitor voltage V

DC1PO Average positive-to-ground dc voltage V

DC1NE Average negative-to-ground dc voltage V

DC1RI AC ripple of dc voltage (peak-to-peak) V

DC1MIN Minimum dc voltage V

DC1MAX Maximum dc voltage V

Database Structure

RA001–RA256 Remote analogs from Ethernet card N/A

Output Settings

RAO001–RAO064 Remote analog output N/A

Date and Time

TODMS UTC time of day in milliseconds (0–86399999) ms

THR UTC time, hour (0–23) hours

TMIN UTC time, minute (0–59) minutes

TSEC UTC time, seconds (0–59) seconds

TMSEC UTC time, milliseconds (0–999) ms

Table 12.2 Analog Quantities Sorted by Function (Sheet 2 of 4)

Label Description Units
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TNSEC UTC time, nanoseconds (0–999999) ns

DDOW UTC date, day of the week (Encoded value: 1 = Sun, 2 = Mon, 3 = Tue, 4 = Wed, 
5 = Thu, 6 = Fri, 7 = Sat)

n/a

DDOM UTC date, day of the month (1–31) day

DDOY UTC date, day of the year (1–366) day

DMON UTC date, month (1–12) month

DYEAR UTC date, year (2000–2200) year

TLODMS Local time of Day in Milliseconds (0–86400000) ms

TLHR Local time, hour (0–23) hr

TLMIN Local time, minute (0–59) min

TLSEC Local time, seconds (0–59) s

TLMSEC Local time, milliseconds (0–999) ms

TLNSEC Local time, nanoseconds (0–999999) ns

DLDOW Local date, day of the week (1-SU,.., 7-SA) n/a

DLDOM Local date, day of the month (1–31) day

DLDOY Local date, day of the year (1–366) day

DLMON Local date, month (1–12) month

DLYEAR Local date, year (2000–2200) year

IRIG-B Control Function

TUTC Offset from local time to UTC time hr

TQUAL Worst-case clock time error of the selected high-priority time source s

NEW_SRC Selected high-priority time source n/a

CUR_SRC Current high-priority time source n/a

SQUAL Synchronization accuracy of the selected high-priority time source s

BNCDSJI BNC port 100PPS data stream jitter s

BNCOTJS Slow converging BNC port ON TIME marker jitter, fine accuracy s

BNCOTJF Fast converging BNC port ON TIME marker jitter, coarse accuracy s

BNCTBTW Time between BNC 100PPS pulses s

SERDSJI Serial port 100PPS data stream jitter s

SEROTJS Slow converging serial port ON TIME marker jitter, fine accuracy s

SEROTJF Fast converging serial port ON TIME marker jitter, coarse accuracy s

SERTBTW Time between serial 100PPS pulses s

MIRRORED BITS Communications

MB1A–MB7A MIRRORED BITS communications Channel A received analog values n/a

MB1B–MB7B MIRRORED BITS communications Channel B received analog values n/a

SELOGIC and Automation Elements

PMV01–PMV64 Protection SELOGIC control equation math variable n/a

PCT01PU–PCT16PU Protection conditioning timer pickup time cycles

PCT01DO–PCT16DO Protection conditioning timer dropout time cycles

PST01ET–PST32ET Protection sequencing timer elapsed time cycles

PST01PT–PST32PT Protection sequencing timer preset time cycles

Table 12.2 Analog Quantities Sorted by Function (Sheet 3 of 4)

Label Description Units
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PCN01CV–PCN32CV Protection counter current value n/a

PCN01PV–PCN32PV Protection counter preset value n/a

AMV001–AMV256 Automation SELOGIC control equation math variable n/a

ACT01PU–ACT32PU Automation conditioning timer pickup time seconds

ACT01DO–ACT32DO Automation conditioning timer dropout time seconds

AST01ET–AST32ET Automation sequencing timer elapsed time seconds

AST01PT–AST32PT Automation sequencing timer preset time seconds

ACN01CV–ACN32CV Automation counter current value n/a

ACN01PV–ACN32PV Automation counter preset value n/a

Setting Group

ACTGRP Active group setting n/a

51 Elements

51Pmmd 51 element mm pickup value A (sec)

51TDmmd 51 element mm time-dial setting n/a

Auxiliary Channels

RLYTEMP Relay temperature (temperature of the box) °C (degrees Celsius)

IEEE 1588 PTP Status

PTPDSJI PTPDSJI PTP 100PPS data stream jitter in µs µs 

PTPMCC PTP master clock class enumerated value N/A

PTPOTJS PTPOTJS Slow converging PTP ON TIME marker jitter in µs, fine accuracy µs 

PTPOTJF PTPOTJF Fast converging PTP ON TIME marker jitter in µs, coarse accuracy µs 

PTPOFST PTPOFST Raw clock offset between PTP master and relay time ns 

PTPPORT Active PTP port number N/A

PTPTBTW PTPTBTW Time between PTP 100PPS pulses in µs µs 

PTPSTEN PTPSTEN PTP Port State enumerated value 

IEC 61850 Mode/Behavior Status

I850MOD IEC 61850 mode/behavior status N/A

a nn = 01–21.
b k = 1–6.
c p = 1–3.
d mm = 01–03.

Table 12.2 Analog Quantities Sorted by Function (Sheet 4 of 4)

Label Description Units
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Firmware, ICD File, and Manual Versions

Firmware
Determining the Firmware Version

To determine the firmware version, view the status report by using the serial port 
STATUS command or the front-panel HMI. The status report displays the Firm-
ware Identification (FID) number.

The firmware version will be either a standard release or a point release. 
A standard release adds new functionality to the firmware beyond the specifica-
tions of the existing version. A point release is reserved for modifying firmware 
functionality to conform to the specifications of the existing version.

NOTE: The SEL-487B-1 relay 
(firmware versions R3xx) is 
incompatible with the SEL-487B-0 and 
SEL-487B-2 relays (firmware versions 
R1xx and R4xx). Do not attempt to 
load firmware on incompatible 
hardware.

A standard release is identified by a change in the R-number of the device FID 
number.

Existing firmware: 

FID=SEL-487B-R302-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-487B-R303-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID num-
ber.

Existing firmware:

FID=SEL-487B-R307-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-487B-R307-V1-Z001001-Dxxxxxxxx

The settings software driver for an associated firmware is identified by the 
Z-number of the device FID number. 

FID=SEL-487B-R307-V0-Z001001-Dxxxxxxxx

The release date is after the D. For example, the following is firmware version 
number R302, release date November 7, 2011.

FID=SEL-487B-R302-V0-Z007005-D20111107

Similarly, the device SELBOOT firmware revision (BFID) will be reported as:

BFID=SLBT-4XX-Rxxx-Vx-Zxxxxxx-Dxxxxxxxx
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Revision History
Table A.1 lists the firmware versions, revision descriptions, and corresponding 
instruction manual date codes.

Starting with revisions published after March 1, 2022, changes that address sec-
urity vulnerabilities are marked with “[Cybersecurity]”. Improvements to cyber-
security functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.

                    

Table A.1 Firmware Revision History (Sheet 1 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-487B-1-R317-V1-Z017007-D20230830 Includes all the functions of SEL-487B-1-R317-V0-Z017007-D20220523 
with the following additions:

➤ [Cybersecurity] Improved web server security against session hijacking.

20230830

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

➤ Improved the performance of protection and automation latch bits 
during diagnostic restart.

➤ Resolved a rare issue that could prevent the relay from restarting after a 
diagnostic failure. 

SEL-487B-1-R317-V0-Z017007-D20220523 ➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic restart.

20220523

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications. 

➤ Added support for new communications Ethernet card.

➤ Added support for PTP Power Utility Automation profile (IEC/
IEEE 61850-9-3).

➤ Modified the firmware to remove the 1 s accuracy requirements to 
assert Relay Word Bit TLOCAL.

➤ Modified the firmware to allow for a seamless transition from 
TGLOBAL to TLOCAL.

➤ Added IEC 61850 and PTP settings to COMTRADE event reports.

➤ Resolved an issue where PTP time synchronization could be lost in 
PRP network applications.

➤ Modified the firmware to address SER time-stamping accuracy and 
IEC 61850 mode control change following a power cycle.

➤ Modified the firmware to address an issue where the Simulation mode 
status SimSt.stVal for the LGOS logical node does not transition from 
TRUE to FALSE for a change in the LPHD logical node Sim.stVal.
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SEL-487B-1-R316-V3-Z016007-D20230830 Includes all the functions of SEL-487B-1-R316-V2-Z016007-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable.

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R316-V2-Z016007-D20220630 Includes all the functions of SEL-487B-1-R316-V1-Z016007-D20211203 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R316-V1-Z016007-D20211203 Includes all the functions of SEL-487B-1-R316-V0-Z016007-D20210514 
with the following additions:

➤ Resolved an issue where an MMS client may report the relay as offline 
when multiple MMS clients are simultaneously accessing reports.

20211203

➤ Resolved an issue where an MMS client may not be able to retrieve file 
attributes associated with IEEE C37.111-2013 COMTRADE event files.

SEL-487B-1-R316-V0-Z016007-D20210514 ➤ Added settings EACC, E2AC, and EPAC to support port access control 
using SELOGIC control equations.

20210514

➤ Added conditioning timers to Automation SELOGIC. 

➤ Improved processing consistency of breaker control bits in Automation 
SELOGIC.

➤ Improved Automation SELOGIC timer accuracy. Automation SELOGIC 
timer accuracy is now within ± 1% or ± 1 s for values up to 1 month.

➤ Enhanced STA A and CST command responses to include high-accu-
racy PTP time status. 

➤ Modified firmware by adding warm start (settings change, group 
switch) ride-through capability for control inputs. In this release, previ-
ously asserted control inputs do not change state during warm start.

➤ Resolved a rare issue where the SELBOOT checksum could be reported 
incorrectly in the VER command response.

➤ Reduced maximum relay automatic diagnostic restart response time.

➤ Enhanced the internal fault detection logic associated with the differen-
tial element.

➤ Increased the number of available display points to 192.

➤ Increased the number of available local bits to 64.

➤ Increased the number of available DNP binary output points to 160.

Table A.1 Firmware Revision History (Sheet 2 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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➤ Improved received GOOSE message processing speed for relay virtual 
bits mapped to GOOSE binary data.

➤ Added support for the IEC 61850 Local/Remote control feature 
defined in the IEC 61850-7-4 standard.

➤ Enhanced IEC 61850 processing to indicate when the invalid quality 
attribute is set in received GOOSE messages.

➤ Added SELOGIC variable SC850SM to change the IEC 61850 simula-
tion mode of the relay.

➤ Corrected an issue where the Mode, Beh, and Health quality.validity = 
good is not maintained when Mode = OFF.

➤ Added IEC 61850 simulation mode indication to the STA and GOO 
commands.

SEL-487B-1-R315-V4-Z015006-D20230830 Includes all the functions of SEL-487B-1-R315-V3-Z015006-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication.

SEL-487B-1-R315-V3-Z015006-D20220630 Includes all the functions of SEL-487B-1-R315-V2-Z015006-D20210428 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R315-V2-Z015006-D20210428 Includes all the functions of SEL-487B-1-R315-V1-Z015006-D20201009 
with the following additions:

➤ Resolved an issue where uncommon and repetitive command line oper-
ations can cause a relay restart when the IEC 61850 GOOSE function 
is enabled.

20210428

➤ Enhanced the relay’s logic to use both the BMCA algorithm and the 
network time inaccuracy check in power profile to choose the best 
Grandmaster clock on a PRP network.

SEL-487B-1-R315-V1-Z015006-D20201009 Includes all the functions of SEL-487B-1-R315-V0-Z015006-D20200229 
with the following additions:

➤ Enhanced output contact behavior following a power cycle while the 
relay is in IEC 61850 “Blocked” or “Test/Blocked” operating mode.

20201009

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

Table A.1 Firmware Revision History (Sheet 3 of 11)
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SEL-487B-1-R315-V0-Z015006-D20200229

NOTE: This firmware release only supports .zds 
digitally signed firmware files. SELBOOT R300 or 
newer is required for this and all new firmware 
versions. See Appendix B: Firmware Upgrade 
Instructions in the SEL-400 Series Relays 
Instruction Manual for more information.

➤ Modified firmware to enable DNP and IEC 61850 breaker control only 
when the circuit breaker jumper is installed.

20200229

➤ Added the ability to remotely upgrade relay firmware over an Ethernet 
network.

➤ Improved relay response to three consecutive failed login attempts 
within a one-minute interval to pulse the BADPASS and SALARM 
Relay Word bits for all communication interfaces.

➤ Enhanced relay self-tests to detect current or voltage magnitudes that 
exceed the maximum analog-to-digital converter output and perform an 
automatic diagnostic restart.

➤ Enhanced FTP Network Security.

➤ Modified firmware to retain stored data after successful reads of 
SER.TXT, CSER.TXT, PRO.TXT, and CPRO.TXT over Ethernet con-
nections.

➤ Modified firmware to support all printable ASCII characters in the 
password entry HMI screen.

➤ Modified firmware to interpret group settings RTDI, OPDI, CZRTDI, 
and CZOPDI as peak values instead of rms.

➤ Modified firmware to increment the state number (stNum) in GOOSE 
messages for all changes in quality.

➤ Modified firmware to support default profile for Precision Time Proto-
col when NETMODE = PRP.

➤ Added support for new IEC 61850 control and settings common data 
classes.

➤ Enhanced wildcard parsing used in the YMODEM file-transfer opera-
tions.

➤ Improved reference angle selection for metering.

SEL-487B-1-R314-V4-Z014006-D20230830 Includes all the functions of SEL-487B-1-R314-V3-Z014006-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R314-V3-Z014006-D20220630 Includes all the functions of SEL-487B-1-R314-V2-Z014006-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

Table A.1 Firmware Revision History (Sheet 4 of 11)
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SEL-487B-1-R314-V2-Z014006-D20201009 Includes all the functions of SEL-487B-1-R314-V1-Z014006-D20191210 
with the following additions:

➤ Enhanced output contact behavior following a power cycle while the 
relay is in IEC 61850 “Blocked” or “Test/Blocked” operating mode.

20201009

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

SEL-487B-1-R314-V1-Z014006-D20191210 Includes all the functions of SEL-487B-1-R314-V0-Z014006-D20181115 
with the following addition:

➤ Modified processing of pulsed Relay Word bits.

20191210

SEL-487B-1-R314-V0-Z014006-D20181115 ➤ Added IEC 61850 standard operating modes, including TEST, TEST-
BLOCKED, ON, ON-BLOCKED, and OFF.

20181115

➤ Modified Ethernet communications to automatically correct a loss of 
synchronization between the communications subsystem and the other 
relay subsystems.

➤ Modified the relay to prevent rare cases of a CID file reverting to the 
previous version of the file during a firmware upgrade.

➤ Improved the processing consistency of remote and local control bits 
with a one-processing interval pulse width.

➤ Improved error handling for the Ethernet interface.

➤ Modified the firmware to verify that Precision Time Protocol (PTP) is 
enabled (EPTP = Y) as an initial validity check for all PTP messages 
being received by the relay.

➤ Modified MMS file reads to allow mixed-case file names.

➤ Improved backward compatibility with certain MMS clients.

➤ Enhanced dc offset processing.

➤ Modified the firmware to prevent settings read/write issues when Port 5 
is disabled and an IEC 61850 configuration file is loaded.

➤ Modified the firmware to address an issue in retransmitted TCP/IP 
frames with PRP trailer, which in previous firmware may have been 
discarded on reception.

➤ Added support for IEEE C37.111-2013 COMTRADE.

➤ Added the company name Global setting (CONAM).

➤ Added the open-phase detection setting (OPHDO) under advanced 
Global settings.

➤ Modified the VECTOR command (VEC) to show all Sequential 
Events Recorder (SER) entries.

SEL-487B-1-R313-V3-Z013005-D20230830 Includes all the functions of SEL-487B-1-R313-V2-Z013005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

Table A.1 Firmware Revision History (Sheet 5 of 11)
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➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R313-V2-Z013005-D20220630 Includes all the functions of SEL-487B-1-R313-V1-Z013005-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R313-V1-Z013005-D20201009 Includes all the functions of SEL-487B-1-R313-V0-Z013005-D20180105 
with the following addition:

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

20201009

SEL-487B-1-R313-V0-Z013005-D20180105 ➤ Updated firmware ID (FID) to support ACSELERATOR QuickSet 
SEL-5030 Software with features added in release R312-V0.

20180105

SEL-487B-1-R312-V3-Z012005-D20230830 Includes all the functions of SEL-487B-1-R312-V2-Z012005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ [Cybersecurity] Resolved a rare issue where continuous event report 
polling requests from a communication processor can cause the relay 
to disable. 

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R312-V2-Z012005-D20220630 Includes all the functions of SEL-487B-1-R312-V1-Z012005-D20201009 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630

SEL-487B-1-R312-V1-Z012005-D20201009 Includes all the functions of SEL-487B-1-R312-V1-Z012005-D20201009 
with the following addition:

➤ Resolved an extremely rare issue that could cause the relay to perform 
a diagnostic restart when configured for Parallel Redundancy Protocol 
(NETMODE = PRP) and the relay received abnormal Ethernet traffic.

20201009

SEL-487B-1-R312-V0-Z012005-D20171008

NOTE: ACSELERATOR QuickSet SEL-5030 
Software does not include some of the added 
features, analog quantities, or Relay Word bits for 
this release. 

➤ Added a new analog quantity, PTPMCC, to indicate the clock class of 
the PTP master.

20171008

➤ Enhanced memory read diagnostics.

➤ DNP3 data are now reported with a LOCAL_FORCED flag when they 
have been overridden through use of the TEST DB2 command.

➤ Updated IEC 61850 protocol implementation to IEC 61850 Edition 2.
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➤ Modified the relay response to an MMS identify request so that it will 
respond with the firmware ID (FID) string.

➤ Improved MMS file services performance with successive file 
transfers.

➤ Enhanced wild card parsing used in MMS file transfer operations.

➤ Modified the ID command to display a string that uniquely identifies 
the IEC 61850 firmware present in the relay.

➤ Modified firmware to replace non-printable characters with question 
marks in settings that are sent to the front panel of the HMI.

➤ Modified firmware to allow SNTPPIP to be set to 0.0.0.0 when 
ESNTP = BROADCAST.

➤ DNP3 data are now reported with an overridden flag when they have 
been overridden using the TEST DB2 command.

➤ Modified firmware to allow all settings changes when the relay is dis-
abled.

➤ The ETH command now shows both MAC addresses

➤ Modified firmware to indicate an enabled or disable transition of the 
IEC 61850 Buffer Report Control Block (BRCB) by sending an over-
flow flag on the next report sent after the transition.

➤ Modified firmware to avoid false GOOSE out of sequence errors while 
in PRP mode.

➤ Modified firmware to allow the relay to synchronize to an external time 
source more responsively.

➤ Modified firmware to display the history region correctly.

➤ IEC 61850 Product ICD File Datasets and Report Names changed to be 
consistent with other products.

➤ Increased the default MMS inactivity timeout from 2 to 15 minutes.

➤ Modified IEEE-1588 PTP power profile to be supported in Parallel 
Redundancy Protocol (PRP) mode.

SEL-487B-1-R311-V4-Z012005-D20230830 Includes all the functions of SEL-487B-1-R311-V3-Z012005-D20220630 
with the following additions:

➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart. 

20230830

➤ [Cybersecurity] Updated a third-party networking software compo-
nent, which removes low-risk security vulnerabilities that could result 
in temporary loss of Ethernet communications.

➤ [Cybersecurity] Improved web server security against session hijacking.

➤ [Cybersecurity] Improved web server security against intentionally 
large files causing denial of service.

➤ [Cybersecurity] Improved web server security against cross-site script-
ing and misuse of session tokens.

➤ Improved the firmware so that access levels defined by the MAXACC 
setting apply correctly for MMS setting file transfers. Previously, 
MMS file transfer access was controlled only by MMS authentication. 

SEL-487B-1-R311-V3-Z012005-D20220630 Includes all the functions of SEL-487B-1-R311-V2-Z012005-D20171021 
with the following addition:

➤ Added support for new Ethernet communications card.

20220630
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SEL-487B-1-R311-V2-Z012005-D20171021 Includes all the functions of SEL-487B-1-R311-V1-Z012005-D20170809 
with the following addition:

➤ Enhanced memory read diagnostics.

20171021

SEL-487B-1-R311-V1-Z012005-D20170809 Includes all the functions of SEL-487B-1-R311-V0-Z012005-D20170329 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170809

SEL-487B-1-R311-V0-Z012005-D20170329 ➤ Added an event report digital setting, ERDIG, which can be set to S 
(some) or A (all) to allow the option for all Relay Word bits to be added 
to COMTRADE event reports.

20170329

➤ Improved Simple Network Time Protocol (SNTP) accuracy to ± 1 ms 
in an ideal network.

➤ Added time-domain link (TiDL) technology.

➤ Modified firmware to prevent delays in periodic MMS reports.

➤ Modified firmware to allow the MMS inactivity time-out to be turned 
off.

SEL-487B-1-R310-V2-Z011005-D20171021 Includes all the functions of SEL-487B-1-R310-V1-Z011005-D20170820 
with the following addition:

➤ Enhanced memory read diagnostics.

20171021

SEL-487B-1-R310-V1-Z011005-D20170820 Includes all the functions of SEL-487B-1-R310-V0-Z011005-D20160718 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820

SEL-487B-1-R310-V0-Z011005-D20160718 ➤ Added support for IEEE 1588-2008 Precision Time Protocol (PTP) 
time synchronization.

20160718

➤ Added ordering option to select Ethernet Ports 5A/5B for PTP.

➤ Added EVEMODn (where n = 1–6 for DNP LAN/WAN, or empty for 
DNP serial) setting to force the relay to start in single- or multiple-
event mode.

➤ Enhanced front-panel operations to show settings warnings, in addition 
to settings errors already displayed, during settings changes.

➤ Modified DNP Object 0, Variation 242 to report the firmware V-num-
ber.

➤ Improved MIRRORED BITS performance under a high level of GOOSE 
traffic.

➤ Improved relay startup time.

➤ Modified Virtual Bits to reset upon a successful CID file download.

➤ Modified GOOSE subscription to update data after the messages tran-
sition from bad to good quality.

➤ Modified the handling of a leap year when the relay setting and clock 
disagree.

➤ Modified the TEST DB2 functionality to override Relay Word bits that 
are in the Sequential Events Recorder (SER).

➤ Modified the TEST DB2 OFF command to disable the overridden 
remote analog output and digital values in IEC 61850 GOOSE mes-
sages.

SEL-487B-1-R309-V3-Z010005-D20170820 Includes all the functions of SEL-487B-1-R309-V2-Z010005-D20160323 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820
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SEL-487B-1-R309-V2-Z010005-D20160323 Includes all the functions of SEL-487B-1-R309-V1-Z010005-D20151102 
with the following addition:

➤ Modified firmware to initialize all instances of Check Zone settings 
when multiple settings groups are sent to the relay or following a group 
switch operation.

20160323

SEL-487B-1-R309-V1-Z010005-D20151102 ➤ Improved firmware upgrade process to correctly initialize Check Zone 
settings within Zone Configuration settings group and the Breaker and 
Disconnect Inputs SELOGIC equations within Global settings group.

20151102

SEL-487B-1-R309-V0-Z010005-D20150421 ➤ Added local time and date analog quantities. 20150421

➤ Added Isolated IP mode (NETMODE = ISOLATEIP) that permits IEC 
61850 GOOSE messages on two ports, but restricts IP traffic to just 
one port.

➤ Added the option to change settings groups with IEC 61850.

➤ Changed Group and Global settings so they are now available via the 
front-panel HMI.

➤ Added pulsed remote bits in Automation SELOGIC.

➤ Added support for the stSeld attribute in IEC 61850 SBO controls.

➤ Added the LPHD.Sim logical node so the relay will accept GOOSE 
messages with the test flag asserted.

➤ Updated the profile and compressed profile commands (PRO and 
CPRO, respectively) to display the available analog signal profiling 
records regardless of the state of the signal profile enable (SPEN) set-
ting.

➤ Enhanced the embedded HTTP server user interface to be consistent 
with other SEL relays.

➤ Enhanced the report time records to save the active UTC offset 
(UTCOFF) value with each report. Now, when the relay collects a 
report, it assigns the time stamp based on the UTC time and the 
UTCOFF value at the time the relay stores the report.

➤ Improved Port 5 functionality to disable auto-messages when the auto-
messages setting is equal to no (AUTO=N).

➤ Changed the IEC 61850 Configured IED Description (CID) file to sup-
port non-Relay Word bit binary elements included in a GOOSE mes-
sage.

➤ Modified the relay to support MMS file transfer service even if the 
relay contains an invalid CID file.

➤ Modified the firmware to prevent IP traffic from becoming unrespon-
sive when the Parallel Redundancy Protocol (PRP) is enabled.

➤ Changed the Station ID label in the COMTRADE configuration (.cfg) 
file to prevent non-alphanumeric characters per the COMTRADE 
IEEE C37.111-1999 standard.

➤ Reset the port timeout on transmitted Telnet messages.

➤ Enhanced performance to ensure that the relay does not become unre-
sponsive when MIRRORED BITS is used on the front port. In previous 
firmware, the relay could become unresponsive on rare occasions if the 
front port is set to MIRRORED BITS protocol.

➤ Modified the embedded HTTP server web access to always require a 
valid relay Access Level 1 (ACC) password.

➤ Clarified the message generated by the relay in response to an invalid 
CID file.

Table A.1 Firmware Revision History (Sheet 9 of 11)
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➤ Closed an outgoing UDP port that was reported as open by a port scan-
ner when IEC 61850 was enabled.

➤ Removed the alias names from the compressed event report (CEV) and 
compressed ASCII summary (CSU) headers to match the compressed 
ASCII (CAS) header labels. Added new labels ILABnn (nn = 01–21) 
and VLABmm (mm = 01–03) to reference to the alias names.

➤ Modified firmware to correctly process the last row of Relay Word bits 
in the four samples per cycle event reports.

➤ Improved relay performance during certain incorrect memory reads.

➤ Modified firmware to correctly process the last row of Relay Word bits 
in the four samples per cycle compressed event reports.

➤ Changed the result of a SELOGIC equation math error from NAN (not a 
number) to the previously stored valid result.

SEL-487B-1-R308-V0-Z010005-D20150421 Note: This firmware did not production release. —

SEL-487B-1-R307-V1-Z009005-D20170820 Includes all the functions of SEL-487B-1-R307-V0-Z009005-D20131014 
with the following addition:

➤ Resolved an issue where certain Ethernet traffic could cause diagnostic 
restarts.

20170820

SEL-487B-1-R307-V0-Z009005-D20131014 ➤ Improved the accuracy of GOOSE message data time stamps. 20131014

➤ Closed an outgoing UDP port that was reported as open by a port scan-
ner when IEC 61850 was enabled.

➤ Added MMS file transfer.

➤ Included the DNP settings labels in DNP Maps 1–5.

➤ Added support for MMS authentication.

➤ Added Parallel Redundancy Protocol (PRP).

➤ Increased the number of binary outputs to 100 for DNP map.

➤ Increased the number of buffered and unbuffered reports to seven for 
MMS reporting.

➤ Increased the number of GOOSE message subscriptions to 128.

➤ Improved ability to select subscribed GOOSE message attributes for 
control of relay rejection or acceptance of incoming GOOSE messages.

➤ Implemented multiple updates to the DNP3 control point operations.

SEL-487B-1-R306-V0-Z007005-D20130606 ➤ Corrected the calculation of SELOGIC Execution Capacity. 20130606

➤ Updated IRIG output to report local time instead of UTC time.

➤ Fixed an issue of rejected IP packets with VLAN ID tags.

SEL-487B-1-R305-V0-Z007005-D20121221 ➤ Corrected an issue that causes Fast Message Meter data to be reported 
incorrectly. These data are made available in communications proces-
sors as METER2 data.

20121221

SEL-487B-1-R304-V0-Z007005-D20120828 Note: This firmware version was not production released. See R305, above, 
which also includes the enhancements in R304.

➤ Added Connectorized option.

20120828

SEL-487B-1-R303-V0-Z007005-D20120508 ➤ Added DNP1-5 to HELP SET command. 20120508

➤ Added DNP to HELP COPY command.

➤ Improved relay diagnostic response.

➤ Fixed problem when maximum LER setting would be rejected upon 
subsequent SET R command to relay.

Table A.1 Firmware Revision History (Sheet 10 of 11)
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SELBOOT

SELBOOT is a firmware package inside the relay that handles hardware initializa-
tion and provides the functions needed to support firmware upgrades. To deter-
mine the SELBOOT version, view the status report by using the serial port 
STATUS command or the front panel. The device will report the SELBOOT firm-
ware identification (BFID) label as:

BFID=SLBT-4XX-Rxxx-Vx-Zxxxxxx-Dxxxxxxxx

Table A.2 lists the SELBOOT releases used with the SEL-487B and revision 
descriptions. The most recent SELBOOT revision is listed first.

                    

ICD File
To find the ICD revision number in your relay, view the configVersion by using 
the serial port ID command. The configVersion is the last item displayed in the 
information returned from the ID command.

configVersion = ICD-487B-1-R201-V0-Z307005-D20130828

The ICD revision number is after the R (e.g., 201) and the release date is after the 
D. This revision number is not related to the relay firmware revision number. The 
configVersion revision displays the ICD file version used to create the CID file 
that is loaded in the relay.

The configVersion contains other useful information. The Z-number consists of 
six digits. The first three digits following the Z represent the minimum IED firm-
ware required to be used with the ICD (e.g., 307). The second three digits repre-
sent the ICD ClassFileVersion (e.g., 005). The ClassFileVersion increments when 
there is a major addition or change to the IEC 61850 implementation of the relay.

Table A.3 list the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

➤ Reduced DNP current cut off from 5.0% to 0.5% of nominal current.

➤ Enhanced performance to ensure the relay does not become unrespon-
sive when connected to another relay through the serial port with 
automessaging enabled on both ports (AUTO=Y).

SEL-487B-1-R302-V0-Z007005-D20111107 ➤ Initial version. 20111107

Table A.1 Firmware Revision History (Sheet 11 of 11)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

NOTE: R2xx SELBOOT versions only 
support serial-port firmware upgrades 
with .s19 or .z19 firmware upgrade 
files. R3xx SELBOOT versions only 
support .zds digitally signed firmware 
upgrade files over a serial or Ethernet 
connection.

Table A.2 SELBOOT Revision History

SELBOOT Firmware Identification (BFID) Summary of Revisions

SLBT-4XX-R300-V0-Z001002-D20200229 ➤ Modified SELBOOT to support digitally signed firmware.

SLBT-4XX-R209-V0-Z001002-D20150130 ➤ Modified the firmware to prevent an issue that could cause the relay to become unre-
sponsive.

SLBT-4XX-R208-V0-Z001002-D20120220 ➤ Added support for a new main board variant.

SLBT-4XX-R207-V0-Z001002-D20110922 ➤ First revision used with SEL-487B-1.

NOTE: The Z-number representation 
is implemented with ClassFileVersion 
002. Previous ClassFileVersions do 
not provide an informative Z-number.
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Table A.3 ICD File Revision History (Sheet 1 of 2)

configVersion Summary of Revisions
Minimum 

Relay 
Firmware

ClassFile
Version

Manual 
Date Code

ICD-487B-R403-V0-Z316006-D20210204 ➤ Added PRBGGIO logical nodes to support 
pulsing remote bits.

R316 006 20210514

➤ Corrected the IEC 61850 Data Object number 
extensions according to the Ed 2 number 
usage.

➤ Added support for the IEC 61850 Functional 
Naming feature.

➤ Added the IEC 61850 LTRK logical node for 
service tracking.

➤ Added new LBGGIO logical nodes for local 
bits 33–64.

➤ Added FltTyp and FltCaus data attributes to 
the FLTRDRE logical node.

➤ Added support for the IEC 61850 Local/
Remote control feature defined in the 
IEC 61850-7-4 standard. Control messages 
need to include the orCat value associated 
with the active control authority. 

ICD-487B-R402-V0-Z315006-D20200229 ➤ Added BFRnR8BRF protection logical nodes 
(where n = 1–21).

R315 006 20200229

➤ Added ALMGGIO, ETHGGIO, and SGGGIO 
annunciator logical nodes.

➤ Added DCZBAT metering logical node.

➤ Moved IEC 61850 mode/behavior control 
from logical node LPHD to LLN0.

➤ Improved consistency in deadband units for 
the ICD file to use voltage in kV and power in 
MW.

➤ Added system logical nodes LGOS, LTIM, 
LTMS, and LCCH.

ICD-487B-R401-V0-Z314006-D20181105 ➤ Added the ability to control mode and behav-
ior through an MMS write to the LPHD local 
node Mod.ctlVal attribute.

R314 006 20181115

➤ Addressed nonfunctional settings link tab 
within ACSELERATOR Architect SEL-5032 
Software by disabling “System setFileSup-
ported” in the ICD file.

ICD-487B-R400-V0-Z312006-D20170731 ➤ IEC 61850 Edition 2 Conformance. R312 006 20171008

➤ Updated ClassFileVersion to 006.

➤ Increased the default MMS inactivity timeout 
value to 900 seconds.

➤ Updated data set and MMS report names.

ICD-487B-R302-V0-Z311005-D20170318 ➤ Added the ability to turn off the MMS inactiv-
ity timeout.

R311-V0 005 20170329

ICD-487B-R300-V0-Z308005-D20150325 ➤ Added support for IEC 61850 group switch, 
Simulated Goose and stSeld.

R308 005 20150421

ICD-487B-R202-V0-Z307005-D20150324 ➤ Conformance Enhancements. R307 005 20150421
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The date code at the bottom of each page of this manual reflects the creation or 
revision date.

Table A.4 lists the instruction manual versions and revision descriptions. The 
most recent instruction manual version is listed first.

                    

ICD-487B-R201-V0-Z307005-D20130828 ➤ Added support for 128 incoming GOOSE sub-
scriptions, MMS authentication, and user-con-
figurable GOOSE filtering.

R307 005 20131014

ICD-487B-R103-V0-Z302004-D20130828 ➤ Modified the dead band for voltages from 
10000 to 10.

R302 004 20150421

ICD-487B-R102-V0-Z002001-D20110810 ➤ SEL-487B-1 initial ICD file release. R302 004 20111107

Table A.3 ICD File Revision History (Sheet 2 of 2)

configVersion Summary of Revisions
Minimum 

Relay 
Firmware

ClassFile
Version

Manual 
Date Code

Table A.4 Instruction Manual Revision History (Sheet 1 of 4)

Date Code Summary of Revisions

20230830 Appendix A

➤ Updated for firmware versions R311-V4, R312-V3, R313-V3, R314-V4, R315-V4, R316-V3, R317-V1.

20220630 Appendix A

➤ Updated for firmware versions R311-V3, R312-V2, R313-V2, R314-V3, R315-V3, and R316-V2.

20220523 Section 1

➤ Updated Figure 1.1: SEL-487B Relay Basic Functions in a Double-Bus Application.

➤ Updated Models and Options, Applications, and Specifications.

Section 2

➤ Updated Relay Sizes, Time-Domain Link, and Secondary Circuits.

➤ Added Hybrid (High-Current Interrupting) Control Outputs.

➤ Updated High-Speed, High-Current Interrupting Control Outputs, TiDL (EtherCAT) Connections, and Commis-
sioning.

Section 5

➤ Clarified notes regarding TiDL (EtherCAT) operating times.

➤ Updated Polarity, Terminal Configurations, and Bus Coupler (Tie Breaker) Configurations.

Section 6

➤ Updated Bus-Zone Configurations.

Section 7

➤ Added COMTRADE Relay Word Bit Behavior.

Section 8

➤ Updated Table 8.5: Station DC Monitor and Table 8.44: Inverse-Time Overcurrent Elements.

Section 11

➤ Updated Table 11.2: Row List of Relay Word Bits.

Appendix A

➤ Updated for firmware version R317-V0.

Command Summary

➤ Updated descriptions for CFG CTNOM i and CFG NFREQ f.
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20211203 Appendix A

➤ Updated for firmware version R316-V1.

➤ Updated Summary of Revisions for ICD file version R403 in Table A.3: ICD File Revision History.

20210708 Section 1

➤ Updated Specifications.

20210514 Section 1

➤ Updated Table 1.2: SEL-487B Relay Characteristics.

➤ Updated Specifications.

Section 2

➤ Updated High-Speed, High-Current Interrupting Control Outputs.

Section 5

➤ Updated Internal Fault Detection Logic, Selectable Time-Overcurrent Elements (51), Coupler Security Logic and 
Circuit Breaker Status Logic.

Section 6

➤ Updated End-Zone Protection, Breaker Status Logic, End-Zone Protection in Application 2: Single Bus and Tie 
Breaker (Single Relay). 

➤ Updated Zone Configuration Group Settings in Application 4: Single Bus and Transfer Bus With Bus Coupler.

➤ Updated Zone Configuration Group Settings and Protection Group Settings in Application 7: Double and Transfer 
Bus (Outboard CTs).

Section 8

➤ Added Table 8.17: Access Controls.

Section 10

➤ Updated Table 10.4: SEL-487B Database Structure—TARGET Region, Table 10.12: Logical Device: PRO (Protec-
tion), and Table 10.13: Logical Device: MET (Metering).

➤ Added Table 10.14: FLTYPE—Fault Type and Table 10.15: FLTCAUS—Fault Cause.

Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits and Table 11.2: Row List of Relay Word Bits.

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion.

Appendix A

➤ Updated for firmware version R316-V0.

➤ Updated for ICD version R403.

20210428 Appendix A

➤ Updated for firmware versions R315-V2.

20201204 Preface

➤ Updated SEL-400 Series Relays Instruction Manual and Safety Marks.

20201009 Appendix A

➤ Updated for firmware versions R312-V1, R313-V1, R314-V2, and R315-V1.

20200617 Section 2

➤ Updated Jumpers for new BREAKER jumper description.

Appendix A

➤ Updated for firmware version R315-V0.

20200229 Section 1

➤ Updated Specifications.

Section 10

➤ Updated Table 10.12: Logical Device: PRO (Protection), Table 10.13: Logical Device: MET (Metering), and 
Table 10.14: Logical Device: CON (Remote Control).

Table A.4 Instruction Manual Revision History (Sheet 2 of 4)

Date Code Summary of Revisions
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Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits and Table 11.2: Row List of Relay Word Bits for SC850TM 
and SC850BM.

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion for I850MOD.

Appendix A

➤ Updated for firmware version R315.

➤ Updated for ICD file version R402.

20191210 Appendix A

➤ Updated for firmware version R314-V1.

20181210 Appendix A

➤ Updated for firmware version R314-V0.

20181115 Section 8

➤ Added Table 8.18: Open-Phase Logic.

Appendix A

➤ Updated for firmware version R314-V0.

➤ Updated for ICD file version R401.

20180105 Appendix A

➤ Updated for firmware version R313.

20171021 Appendix A

➤ Updated for firmware versions R310-V2 and R311-V2.

20171008 Section 10

➤ Updated Table 10.12 Logical Device: PRO (Protection) and Table 10.13 Logical Device: MET (Metering).

Section 12

➤ Updated Table 12.1: Analog Quantities Sorted Alphabetically and Table 12.2: Analog Quantities Sorted by Func-
tion for PRPMCC and PTPPORT.

Appendix A

➤ Updated for firmware version R312.

➤ Updated for ICD file version R400.

20170820 Appendix A

➤ Updated for firmware versions R307-V1, R309-V3, and R310-V1.

20170809 Appendix A

➤ Updated for firmware version R311-V1.

20170428 Cover

➤ Updated copyright information.

Section 1

➤ Updated Specifications.

Section 2

➤ Updated Figure 2.25: SEL-2243 Power Coupler.

20170329 Section 1

➤ Updated Specifications.

Section 2

➤ Removed Figure 2.14: IRIG-B Terminating Resistors and the IRIG-B Jumper section.

➤ Added TiDL Connections.

Section 5

➤ Updated Selectable Time-Overcurrent Element (51).

Table A.4 Instruction Manual Revision History (Sheet 3 of 4)

Date Code Summary of Revisions
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Section 6

➤ Updated Figure 6.15: Polarity Marks Above the Odd-Numbered CT Terminals at the Rear of the Relay.

Section 7

➤ Updated Table 7.12: Event Report Nonvolatile Storage Capability When ERDIG=S.

➤ Added Table 7.13: Event Report Nonvolatile Storage Capability When ERDIG=A.

Section 9

➤ Added CFG CTNOM and CFG NFREQ to Table 9.1: SEL-487E List of Commands.

Section 10

➤ Updated Table 10.15: Logical Device.

Section 11

➤ Updated Table 11.1: Alphabetic List of Relay Word Bits.

➤ Updated Table 11.2: Row List of Relay Word Bits.

Section 12

➤ Updated Table 12.2: Analog Quantities Sorted by Function.

Appendix A

➤ Updated for firmware version R311-V0.

➤ Updated for ICD file version R302.

Command Summary

➤ Added COM PTP, CFG CTNOM, and CFG NFREQ.

20160718 ➤ Initial version.

Table A.4 Instruction Manual Revision History (Sheet 4 of 4)
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Converting Settings From 
SEL-487B-0 to SEL-487B-1

Because of hardware changes and feature enhancements between the 
SEL-487B-0 and the SEL-487B-1 relays, the handling of a number of settings 
has changed. In particular, the replacement of the SEL-2702 Ethernet Processor 
with integrated Ethernet has significantly changed the handling of Ethernet-
related settings. This appendix describes the key differences to aid users who 
need to convert their settings from an SEL-487B-0 to an SEL-487B-1.

Relay Word Bit Changes
Relay Word bits are used in SELOGIC control equations and many other settings. 
Some of these bits have different names or do not exist in the latest relay version. 
Table B.1 lists these differences.

The SEL-487B-1 contains six pairs of under- and overvoltage elements. The 
input voltage for each pair is selectable using the 27On and 59On settings, where 
n = 1–6. Likewise, the input current for the time-overcurrent elements is select-
able in the SEL-487B-1 using the 51Oqq settings, where qq = 1–21.

Selections for these settings are listed in Table B.1 to help match the 27, 59, and 
51 Relay Word bits in the SEL-487B-1 to those in the SEL-487B-0.

                    

Table B.1 Relay Word Bit Differences (Sheet 1 of 2)

SEL-487B-0 Relay 
Word Bit

Corresponding SEL-487B-1 
Relay Word Bit

Comments

27P11 271P1 Assumes 27O1 = V01FIM

27P12 271P2 Assumes 27O1 = V01FIM

27P21 272P1 Assumes 27O2 = V02FIM

27P22 272P2 Assumes 27O2 = V02FIM

27P31 273P1 Assumes 27O3 = V03FIM

27P32 273P2 Assumes 27O3 = V03FIM

59P11 591P1 Assumes 59O1 = V01FIM

59P12 591P2 Assumes 59O1 = V01FIM

59P21 592P1 Assumes 59O2 = V02FIM

59P22 592P2 Assumes 59O2 = V02FIM

59P31 593P1 Assumes 59O3 = V03FIM

59P32 593P2 Assumes 59O3 = V03FIM

59PQ1 594P1 Assumes 59O4 = 3V2FIM

59PQ2 594P2 Assumes 59O4 = 3V2FIM
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Group Settings
The SEL-487B-1 includes settings for selecting the voltage and current inputs for 
the 27, 59, and 51 elements. In Table B.2, these settings are chosen to match the 
fixed input quantities in the SEL-487B-0.

                    

59PN1 595P1 Assumes 59O5 = 3V0FIM

59PN2 595P2 Assumes 59O5 = 3V0FIM

51P01–51P18 51S01–51S18 Assumes 51Oxxa = IxxFIMa

51P01T–5118T 51T01–51T18 Assumes 51Oxxa = IxxFIMa

51P01R–51P18R 51R01–51R18 Assumes 51Oxxa = IxxFIMa

CCALARM -- No longer needed because of SEL-2702 removal.

CCOK -- No longer needed because of SEL-2702 removal.

TESTDNP TESTDB2

CCIN001–CCIN128 VB001–VB128

CCOUT01–CCOUT32 -- Any Relay Word bit may now be used for outgoing GOOSE.

CCSTA01–CCSTA32 -- No longer needed because of SEL-2702 removal. The previous bits provided 
communications card status information. New bits LINK5C, LINK5D, LNK-
FAIL, P5CSEL, and P5DSEL have no direct correspondence to the previous 
bits, but provide status information about Ethernet connectivity.

a xx = 01–18.

Table B.1 Relay Word Bit Differences (Sheet 2 of 2)

SEL-487B-0 Relay 
Word Bit

Corresponding SEL-487B-1 
Relay Word Bit

Comments

Table B.2 Group Settings Differences (Sheet 1 of 2)

SEL-487B-0 Setting SEL-487B-1 Setting Notes

-- 27O1 = V01FIM This setting selects the voltage input for the first undervoltage 
pair. This was fixed at V01FIM in the SEL-487B-0.

27P11P 27P1P1

27P12P 27P1P2

 -- 27O2 = V02FIM This setting selects the voltage input for the second undervoltage 
pair. This was fixed at V02FIM in the SEL-487B-0.

27P21P 27P2P1

27P22P 27P2P2

-- 27O3 = V03FIM This setting selects the voltage input for the third undervoltage 
pair. This was fixed at V03FIM in the SEL-487B-0.

27P31P 27P3P1

27P32P 27P3P2

-- 59O1 = V01FIM This setting selects the voltage input for the first overvoltage 
pair. This was fixed at V01FIM in the SEL-487B-0.

59P11P 59P1P1

59P12P 59P1P2

-- 59O2 = V02FIM This setting selects the voltage input for the second overvoltage 
pair. This was fixed at V02FIM in the SEL-487B-0.

59P21P 59P2P1
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Port Settings Changes
Serial Port Settings

Table B.3 highlights key differences in the serial port settings between the 
SEL-487B-0 and the SEL-487B-1.

                    

59P22P 59P2P2

-- 59O3 = V03FIM This setting selects the voltage input for the third overvoltage 
pair. This was fixed at V03FIM in the SEL-487B-0.

59P31P 59P3P1

59P32P 59P3P2

-- 59O4 = 3V2FIM This setting selects the voltage input for the fourth overvoltage 
pair. This was fixed at 3V2FIM in the SEL-487B-0.

59Q1P 59P4P1

59Q2P 59P4P2

-- 59O5 = 3V0FIM This setting selects the voltage input for the fifth overvoltage 
pair. This was fixed at 3V0FIM in the SEL-487B-0.

59N1P 59P5P1

59N2P 59P5P2

-- 51O01 = I01FIM

51O02 = I02FIM

.

.

.

51O18 = I18FIM These are 18 of the 21 settings used to select the current inputs 
for the time-overcurrent elements in the SEL-487B-1. These 
were fixed to the respective current terminal in the SEL-487B-0 
(i.e., 51P01P used the I01 terminal).

51P01P–51P18P 51P01–51P18

51P01C–51P18C 51C01–51C18

51P01TD–51P18TD 51TD01–51TD18

51P01RS–51P18RS 51RS01–51RS18

51P01TC–51P18TC 51TC01–51TC18

Table B.2 Group Settings Differences (Sheet 2 of 2)

SEL-487B-0 Setting SEL-487B-1 Setting Notes

Table B.3 Serial Port Settings Differences

SEL-487B-0 Settings SEL-487B-1 Setting Notes

-- DNPCL This is a new setting. It needs to be set to Y to enable control operations on a DNP 
port. In the SEL-487B-0, control was always enabled.
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Ethernet Port (Port 5) Settings
In the SEL-487B-0, Ethernet was supplied by the SEL-2702 Ethernet Processor. 
In the SEL-487B-1, Ethernet is native to the relay, with the interfaces provided by 
the E4 daughter card. This has a significant effect on the settings, as described in 
Table B.4.

                    

Table B.4 Ethernet Port Settings Differences (Sheet 1 of 2)

SEL-487B-0 Settings SEL-487B-1 Setting Notes

IPADDR
SUBNETM

IPADDR This setting now operates using CIDR rules, which consolidates the old 
SUBNETM setting into the IPADDR setting.

FAILOVER NETMODE FAILOVER of N is equivalent to a NETMODE of FIXED. FAILOVER of Y is 
equivalent to a NETMODE of FAILOVER. NETMODE also has a SWITCHED 
option, which enables both ports.

NETPORT NETPORT The old setting had choices of A, B, and D, for ports A, B, and to disable. The 
SEL-487B-1 setting has choices of C and D for ports C and D.

NETASPD NETCSPD

NETBSPD NETDSPD

HOSTn -- This setting no longer exists.

IPADRn -- This setting no longer exists.

T1RECV ETELNET

T1CBAN TCBAN

T1INIT -- This setting no longer exists.

T1PNUM TPORT

T2CBAN -- The T2CBAN, T2RECV, and T2PNUM settings have been eliminated. They 
existed for access to the SEL-2702 local interface, which no longer exists.

T2RECV --

T2PNUM --

ENDNP EDNP While ENDNP was a Y, N selection, the EDNP setting in the SEL-487B-1 provides 
a range, from 0 to 6, for the number of DNP sessions you can enable.

DNPPNUM DNPPNUM The range is slightly more restrictive in the SEL-487B-1 implementation. The low-
est assignable port is 1025.

DNPMAP -- This setting has been eliminated. Maps are now always custom.

RPADR01–RPADR06 REPADR1–REPADR6

RPADR07–RPADR10 -- This setting no longer exists; the SEL-487B-1 supports 6 sessions instead of the 
prior 10.

DNIP01–DNPIP06 DNPIP1–DNPIP6

DNPIP07–DNPIP10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

DNPTR01–DNPTR06 DNPTR1–DNPTR6

DNPTR07–DNPTR10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

DNPUP01–DNPUP06 DNPUDP1–DNPUDP6 The range is slightly more restrictive in the SEL-487B-1 implementation. The low-
est assignable port is 1025.

DNPUP07–DNPUP10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

UNSL01–UNSL06 UNSOL1–UNSOL6

UNSL07–UNSL10 -- This setting no longer exists; now supports six sessions instead of the prior 10.

PUNSL01–PUNSL06 PUNSOL1–PUNSOL6

PUNSL07–PUNSL10 -- No longer exist; now support six sessions instead of the prior 10.

DNPMP01–DNPMP06 DNPMAP1–DNPMAP6
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DNP3 Mapping Changes
DNP3 Settings Classes

In the SEL-487B-0 implementations of DNP3, there was one map for serial 
DNP3 (SETTINGS\SET_D1.TXT) and five maps for Ethernet DNP3 (SET-
TINGS\CARD\SET_DNPn.TXT, where n = 1–5). Now in the SEL-487B-1, there 
are simply five maps (SETTINGS\SET_Dn.TXT, where n = 1–5) that can be 
used for serial or Ethernet DNP3.

Serial DNP3 Map Value Changes
The SEL-487B-0 serial DNP3 map was based on numeric references for all data. 
The SEL-487B-1 DNP3 mapping uses labels. The following tables show the rela-
tionships between the old numeric references and the labels.

DNPMP07–DNPMP10 -- No longer exist; now support six sessions instead of the prior 10.

DNPCL01–DNPCL06 DNPCL1–DNPCL6

DNPCL07–DNPCL10 -- No longer exist; now support six sessions instead of the prior 10.

ECLASSA CLASSA1–CLASSA6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

ECLASSB CLASSB1–CLASSB6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

ECLASSC CLASSC1–CLASSC6 Old setting allowed 0–3. SEL-487B-1 setting has OFF, 1–3. Old setting 0 is equiv-
alent to new setting OFF.

DECPL DECPLA1–DECPLA6

DECPLV1–DECPLV6

DECPLM1–DECPLM6

ANADB ANADBA1–
ANADBA6

ANADBV1–
ANADBV6

ANADBM1–
ANADBM6

16BIT AIVAR1–AIVAR6 The old setting allowed the choice between 16-bit and 32-bit variations. The 
SEL-487B-1 settings allow the choice between any of the six valid analog input 
variations. The old setting of 16 is equivalent to 2, and 32 is equivalent to 1.

STIMEO STIMEO1–STIMEO6 The SEL-487B-1 settings accept integers only.

DNPPAIR -- This setting no longer exists. Selection of paired controls is now a function of con-
figuring the map.

DNPINA DNPINA1–DNPINA6

NUMEVE NUMEVE1–
NUMEVE6

ETIMEO ETIMEO1–ETIMEO6

URETRY URETRY1–URETRY6

UTIMEO UTIMEO1–UTIMEO6

Table B.4 Ethernet Port Settings Differences (Sheet 2 of 2)

SEL-487B-0 Settings SEL-487B-1 Setting Notes
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Binary Inputs (MAPSEL = B)
Table B.5 lists the valid numeric references used when MAPSEL = B in the 
SEL-487B-0 with the equivalent label in the SEL-487B-1. Note that the numeric 
reference ranges 0–799 and 800–1599 are equivalent, the only difference being 
whether SER quality time-tags are used. In the SEL-487B-1, SER quality time-
tags are always used, if available. If a bit does not appear in the table, then there 
is no equivalent in the SEL-487B-1. 

                    

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 1 of 17)

Numeric Reference Label Reference

6, 806 TRIPLED

7,  807 EN

8,  808 TLED_8

9,  809 TLED_7

10,  810 TLED_6

11,  811 TLED_5

12,  812 TLED_4

13,  813 TLED_3

14,  814 TLED_2

15,  815 TLED_1

16,  816 TLED_16

17,  817 TLED_15

18,  818 TLED_14

19,  819 TLED_13

20,  820 TLED_12

21, 821 TLED_11

22,  822 TLED_10

23,  823 TLED_9

24, 824 52A01

25, 825 52AL01

26, 826 52CL01

27, 827 52A02

28, 828 52AL02

29, 829 52CL02

30, 830 52A03

31, 831 52AL03

32, 832 52CL03

33, 833 52A04

34, 834 52AL04

35, 835 52CL04

36, 836 52A05

37, 837 52AL05

38, 838 52CL05

39, 839 52A06
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40, 840 ZONE1

41, 841 ZONE2

42, 842 ZONE3

43, 843 ZONE4

44, 844 ZONE5

45, 845 ZONE6

48, 848 RZSWOAL

49, 849 ZSWO

50, 850 ZSWOIP

51, 851 ZSWOAL

56, 856 87ST1

57, 857 87ST2

58, 858 87ST3

59, 859 87ST4

60, 860 87ST5

61, 861 87ST6

62, 862 87ST

64, 864 CB52A1

65, 865 CB52T1

66, 866 CBCLS1

67, 867 CBCLST1

68, 868 ACTRP1

69, 869 ACTRPT1

70, 870 CSL1

72, 872 CB52A2

73, 873 CB52T2

74, 874 CBCLS2

75, 875 CBCLST2

76, 876 ACTRP2

77, 877 ACTRPT2

78, 878 CSL2

80, 880 TOS01

81, 881 TOS02

82, 882 TOS03

83, 883 TOS04

84, 884 TOS05

85, 885 TOS06

86, 886 TOS07

87, 887 TOS08

88, 888 TOS09

89, 889 TOS10

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 2 of 17)

Numeric Reference Label Reference
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90, 890 TOS11

91, 891 TOS12

92, 892 TOS13

93, 893 TOS14

94, 894 TOS15

95, 895 TOS16

96, 896 TOS17

97, 897 TOS18

105, 905 CHSG

106, 906 SG1

107, 907 SG2

108, 908 SG3

109, 909 SG4

110, 910 SG5

111, 911 SG6

112, 912 RB32

113, 913 RB31

114, 914 RB30

115, 915 RB29

116, 916 RB28

117, 917 RB27

118, 918 RB26

119, 919 RB25

120, 920 RB24

121, 921 RB23

122, 922 RB22

123, 923 RB21

124, 924 RB20

125, 925 RB19

126, 926 RB18

127, 927 RB17

128, 928 RB16

129, 929 RB15

130, 930 RB14

131, 931 RB13

132, 932 RB12

133, 933 RB11

134, 934 RB10

135, 935 RB09

136, 936 RB08

137, 937 RB07

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 3 of 17)

Numeric Reference Label Reference



B.9

Date Code 20230830 Instruction Manual SEL-487B Relay

Converting Settings From SEL-487B-0 to SEL-487B-1
DNP3 Mapping Changes

138, 938 RB06

139, 939 RB05

140, 940 RB04

141, 941 RB03

142, 942 RB02

143, 943 RB01

144, 944 IN101

145, 945 IN102

146, 946 IN103

147, 947 IN104

148, 948 IN105

149, 949 1N106

150, 950 IN107

152, 952 IN201

153, 953 IN202

154, 954 IN203

155, 955 IN204

156, 956 IN205

157, 957 IN206

158, 958 IN207

159, 959 IN208

160, 960 IN209

161, 961 IN210

162, 962 IN211

163, 963 IN212

164, 964 IN213

165, 965 IN214

166, 966 IN215

167, 967 IN216

168, 968 IN217

169, 969 IN218

170, 970 IN219

171, 971 IN220

172, 972 IN221

173, 973 IN222

174, 974 IN223

175, 975 IN224

176, 976 IN301

177, 977 IN302

178, 978 IN303

179, 979 IN304

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 4 of 17)

Numeric Reference Label Reference
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180, 980 IN305

181, 981 IN306

182, 982 IN307

183, 983 IN308

184, 984 IN309

185, 985 IN310

186, 986 IN311

187, 987 IN312

188, 988 IN313

189, 989 IN314

190, 990 IN315

191, 991 IN316

192, 992 IN317

193, 993 IN318

194, 994 IN319

195, 995 IN320

196, 996 IN321

197, 997 IN322

198, 998 IN323

199, 999 IN324

200, 1000 IN401

201, 1001 IN402

202, 1002 IN403

203, 1003 IN404

204, 1004 IN405

205, 1005 IN406

206, 1006 IN407

207, 1007 IN408

208, 1008 IN409

209, 1009 IN410

210, 1010 IN411

211, 1011 IN412

212, 1012 IN413

213, 1013 IN414

214, 1014 IN415

215, 1015 IN416

216, 1016 IN417

217, 1017 IN418

218, 1018 IN419

219, 1019 IN420

220, 1020 IN421

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 5 of 17)

Numeric Reference Label Reference
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221, 1021 IN422

222, 1022 IN423

223, 1023 IN424

224, 1024 IN501

225, 1025 IN502

226, 1026 IN503

227, 1027 IN504

228, 1028 IN505

229, 1029 IN506

230, 1030 IN507

231, 1031 IN508

232, 1032 IN509

233, 1033 IN510

234, 1034 IN511

235, 1035 IN512

236, 1036 IN513

237, 1037 IN514

238, 1038 IN515

239, 1039 IN516

240, 1040 IN517

241, 1041 IN518

242, 1042 IN519

243, 1043 IN520

244, 1044 IN521

245, 1045 IN522

246, 1046 IN523

247, 1047 IN524

248, 1048 PSV01

249, 1049 PSV02

250, 1050 PSV03

251, 1051 PSV04

252, 1052 PSV05

253, 1053 PSV06

254, 1054 PSV07

255, 1055 PSV08

256, 1056 PSV09

257, 1057 PSV10

258, 1058 PSV11

259, 1059 PSV12

260, 1060 PSV13

261, 1061 PSV14

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 6 of 17)

Numeric Reference Label Reference
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262, 1062 PSV15

263, 1063 PSV16

264, 1064 PSV17

265, 1065 PSV18

266, 1066 PSV19

267, 1067 PSV20

268, 1068 PSV21

269, 1069 PSV22

270, 1070 PSV23

271, 1071 PSV24

272, 1072 PSV25

273, 1073 PSV26

274, 1074 PSV27

275, 1075 PSV28

276, 1076 PSV29

277, 1077 PSV30

278, 1078 PSV31

279, 1079 PSV32

280, 1080 PSV33

281, 1081 PSV34

282, 1082 PSV35

283, 1083 PSV36

284, 1084 PSV37

285, 1085 PSV38

286, 1086 PSV39

287, 1087 PSV40

288, 1088 PSV41

289, 1089 PSV42

290, 1090 PSV43

291, 1091 PSV44

292, 1092 PSV45

293, 1093 PSV46

294, 1094 PSV47

295, 1095 PSV48

296, 1096 PSV49

297, 1097 PSV50

298, 1098 PSV51

299, 1099 PSV52

300, 1100 PSV53

301, 1101 PSV54

302, 1102 PSV55

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 7 of 17)

Numeric Reference Label Reference
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303, 1103 PSV56

304, 1104 PSV57

305, 1105 PSV58

306, 1106 PSV59

307, 1107 PSV60

308, 1108 PSV61

309, 1109 PSV62

310, 1110 PSV63

311, 1111 PSV64

312, 1112 PLT01

313, 1113 PLT02

314, 1114 PLT03

315, 1115 PLT04

316, 1116 PLT05

317, 1117 PLT06

318, 1118 PLT07

319, 1119 PLT08

320, 1120 PLT09

321, 1121 PLT10

322, 1122 PLT11

323, 1123 PLT12

324, 1124 PLT13

325, 1125 PLT14

326, 1126 PLT15

327, 1127 PLT16

328, 1128 PCT01Q

329, 1129 PCT02Q

330, 1130 PCT03Q

331, 1131 PCT04Q

332, 1132 PCT05Q

333, 1133 PCT06Q

334, 1134 PCT07Q

335, 1135 PCT08Q

336, 1136 PCT09Q

337, 1137 PCT10Q

338, 1138 PCT11Q

339, 1139 PCT12Q

340, 1140 PCT13Q

341, 1141 PCT14Q

342, 1142 PCT15Q

343, 1143 PCT16Q

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 8 of 17)

Numeric Reference Label Reference
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344, 1144 PST01Q

345, 1145 PST02Q

346, 1146 PST03Q

347, 1147 PST04Q

348, 1148 PST05Q

349, 1149 PST06Q

350, 1150 PST07Q

351, 1151 PST08Q

352, 1152 PST09Q

353, 1153 PST10Q

354, 1154 PST11Q

355, 1155 PST12Q

356, 1156 PST13Q

357, 1157 PST14Q

358, 1158 PST15Q

359, 1159 PST16Q

360, 1160 PCN01Q

361, 1161 PCN02Q

362, 1162 PCN03Q

363, 1163 PCN04Q

364, 1164 PCN05Q

365, 1165 PCN06Q

366, 1166 PCN07Q

367, 1167 PCN08Q

368, 1168 PCN09Q

369, 1169 PCN10Q

370, 1170 PCN11Q

371, 1171 PCN12Q

372, 1172 PCN13Q

373, 1173 PCN14Q

374, 1174 PCN15Q

375, 1175 PCN16Q

376, 1176 ASV001

377, 1177 ASV002

378, 1178 ASV003

379, 1179 ASV004

380, 1180 ASV005

381, 1181 ASV006

382, 1182 ASV007

383, 1183 ASV008

384, 1184 ASV009

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 9 of 17)
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385, 1185 ASV010

386, 1186 ASV011

387, 1187 ASV012

388, 1188 ASV013

389, 1189 ASV014

390, 1190 ASV015

391, 1191 ASV016

392, 1192 ASV017

393, 1193 ASV018

394, 1194 ASV019

395, 1195 ASV020

396, 1196 ASV021

397, 1197 ASV022

398, 1198 ASV023

399, 1199 ASV024

400, 1200 ASV025

401, 1201 ASV026

402, 1202 ASV027

403, 1203 ASV028

404, 1204 ASV029

405, 1205 ASV030

406, 1206 ASV031

407, 1207 ASV032

408, 1208 ASV033

409, 1209 ASV034

410, 1210 ASV035

411, 1211 ASV036

412, 1212 ASV037

413, 1213 ASV038

414, 1214 ASV039

415, 1215 ASV040

416, 1216 ASV041

417, 1217 ASV042

418, 1218 ASV043

419, 1219 ASV044

420, 1220 ASV045

421, 1221 ASV046

422, 1222 ASV047

423, 1223 ASV048

424, 1224 ASV049

425, 1225 ASV050

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 10 of 17)
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426, 1226 ASV051

427, 1227 ASV052

428, 1228 ASV053

429, 1229 ASV054

430, 1230 ASV055

431, 1231 ASV056

432, 1232 ASV057

433, 1233 ASV058

434, 1234 ASV059

435, 1235 ASV060

436, 1236 ASV061

437, 1237 ASV062

438, 1238 ASV063

439, 1239 ASV064

440, 1240 ALT01

441, 1241 ALT02

442, 1242 ALT03

443, 1243 ALT04

444, 1244 ALT05

445, 1245 ALT06

446, 1246 ALT07

447, 1247 ALT08

448, 1248 ALT09

449, 1249 ALT10

450, 1250 ALT11

451, 1251 ALT12

452, 1252 ALT13

453, 1253 ALT14

454, 1254 ALT15

455, 1255 ALT16

456, 1256 AST01Q

457, 1257 AST02Q

458, 1258 AST03Q

459, 1259 AST04Q

460, 1260 AST05Q

461, 1261 AST06Q

462, 1262 AST07Q

463, 1263 AST08Q

464, 1264 AST09Q

465, 1265 AST10Q

466, 1266 AST11Q

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 11 of 17)
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467, 1267 AST12Q

468, 1268 AST13Q

469, 1269 AST14Q

470, 1270 AST15Q

471, 1271 AST16Q

472, 1272 ACN01Q

473, 1273 ACN02Q

474, 1274 ACN03Q

475, 1275 ACN04Q

476, 1276 ACN05Q

477, 1277 ACN06Q

478, 1278 ACN07Q

479, 1279 ACN08Q

480, 1280 ACN09Q

481, 1281 ACN10Q

482, 1282 ACN11Q

483, 1283 ACN12Q

484, 1284 ACN13Q

485, 1285 ACN14Q

486, 1286 ACN15Q

487, 1287 ACN16Q

493, 1293 MATHERR

494, 1294 PFRTEX

495, 1295 PUNRLBL

501, 1301 AFRTEXA

502, 1302 AFRTEXP

503, 1303 AUNRLBL

508, 1308 CCALARM

509, 1309 BADPASS

510, 1310 HALARM

511, 1311 SALARM

516, 1316 TUPDH

517, 1317 TIRIG

520, 1320 OUT101

521, 1321 OUT102

522, 1322 OUT103

523, 1323 OUT104

524, 1324 OUT105

525, 1325 OUT106

526, 1326 OUT107

527, 1327 OUT108

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 12 of 17)
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528, 1328 OUT201

529, 1329 OUT202

530, 1330 OUT203

531, 1331 OUT204

532, 1332 OUT205

533, 1333 OUT206

534, 1334 OUT207

535, 1335 OUT208

536, 1336 OUT301

537, 1337 OUT302

538, 1338 OUT303

539, 1339 OUT304

540, 1340 OUT305

541, 1341 OUT306

542, 1342 OUT307

543, 1343 OUT308

544, 1344 OUT401

545, 1345 OUT402

546, 1346 OUT403

547, 1347 OUT404

548, 1348 OUT405

549, 1349 OUT406

550, 1350 OUT407

551, 1351 OUT408

552, 1352 OUT501

553, 1353 OUT502

554, 1354 OUT503

555, 1355 OUT504

556, 1356 OUT505

557, 1357 OUT506

558, 1358 OUT507

559, 1359 OUT508

560, 1360 PB8_LED

561, 1361 PB7_LED

562, 1362 PB6_LED

563, 1363 PB5_LED

564, 1364 PB4_LED

565, 1365 PB3_LED

566, 1366 PB2_LED

567, 1367 PB1_LED

568, 1368 RMB1A

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 13 of 17)
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569, 1369 RMB2A

570, 1370 RMB3A

571, 1371 RMB4A

572, 1372 RMB5A

573, 1373 RMB6A

574, 1374 RMB7A

575, 1375 RMB8A

576, 1376 TMB1A

577, 1377 TMB2A

578, 1378 TMB3A

579, 1379 TMB4A

580, 1380 TMB5A

581, 1381 TMB6A

582, 1382 TMB7A

583, 1383 TMB8A

584, 1384 RMB1B

585, 1385 RMB2B

586, 1386 RMB3B

587, 1387 RMB4B

588, 1388 RMB5B

589, 1389 RMB6B

590, 1390 RMB7B

591, 1391 RMB8B

592, 1392 TMB1B

593, 1393 TMB2B

594, 1394 TMB3B

595, 1395 TMB4B

596, 1396 TMB5B

597, 1397 TMB6B

598, 1398 TMB7B

599, 1399 TMB8B

602, 1402 DOKA

603, 1403 ANOKA

604, 1404 LBOKA

605, 1405 CBADA

606, 1406 RBADA

607, 1407 ROKA

610, 1410 DOKB

611, 1411 ANOKB

612, 1412 LBOKB

613, 1413 CBADB

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 14 of 17)
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614, 1414 RBADB

615, 1415 ROKB

620, 1420 TESTPUL

621, 1421 TESTFM

622, 1422 TESTDB

623, 1423 TESTDB2

624, 1424 VB32

625, 1425 VB31

626, 1426 VB30

627, 1427 VB29

628, 1428 VB28

629, 1429 VB27

630, 1430 VB26

631, 1431 VB25

632, 1432 VB24

633, 1433 VB23

634, 1434 VB22

635, 1435 VB21

636, 1436 VB20

637, 1437 VB19

638, 1438 VB18

639, 1439 VB17

640, 1440 VB16

641, 1441 VB15

642, 1442 VB14

643, 1443 VB13

644, 1444 VB12

645, 1445 VB11

646, 1446 VB10

647, 1447 VB09

648, 1448 VB08

649, 1449 VB07

650, 1450 VB06

651, 1451 VB05

652, 1452 VB04

653, 1453 VB03

654, 1454 VB02

655, 1455 VB01

724, 1524 FSERPF

725, 1525 FSERP3

726, 1526 FSERP2

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 15 of 17)

Numeric Reference Label Reference
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727, 1527 FSERP1

728, 1528 CZONE1

736, 1536 87CZ1

744, 1544 87STCZ1

752, 1552 TLED_24

753, 1553 TLED_23

754, 1554 TLED_22

755, 1555 TLED_21

756, 1556 TLED_20

757, 1557 TLED_19

758, 1558 TLED_18

759, 1559 TLED_17

764, 1564 PB12_LED

765, 1565 PB11_LED

766, 1566 PB10_LED

767, 1567 PB9_LED

1600 TLED_8 

1601 TLED_7 

1602 TLED_6 

1603 TLED_5 

1604 TLED_4 

1605 TLED_3 

1606 TLED_2 

1607 TLED_1 

1608 TLED_16

1609 TLED_15

1610 TLED_14

1611 TLED_13

1612 TLED_12

1613 TLED_11

1614 TLED_10

1615 TLED_9 

1616 RLYDIS

1617 STFAIL

1618 STWARN

1619 UNRDEV

1620 STSET

1624 TLED_24

1625 TLED_23

1626 TLED_22

1627 TLED_21

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 16 of 17)

Numeric Reference Label Reference
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Binary Inputs (MAPSEL = E)
Table B.6 lists the mapping for Binary Input points when MAPSEL = E on the 
SEL-487B-0.

                    

References 16–265 do not have a good equivalent, because they were dependent 
on the SER settings.

References 266–271 are reserved so they have no equivalent mapping.

References 272 and above simply map to the SEL-487B-0 Relay Word, starting 
at bit 0. To find the label equivalent for these points, subtract 272 from the refer-
ence to get the bit number and then find the bit within Section 11: Relay Word 
Bits. You can then use that bit label in the SEL-487B-1 DNP3 map, except as 
noted in Table B.1.

Binary Outputs
                    

1628 TLED_20

1629 TLED_19

1630 TLED_18

1631 TLED_17

Table B.5 Serial DNP Basic Binary Input Reference Mapping (Sheet 17 of 17)

Numeric Reference Label Reference

Table B.6 Serial DNP Extended Map Binary Input Point Mapping

Numeric Reference Label Reference Notes

0 RLYDIS

1 STFAIL

2 STWARN

3 UNRDEV

4 STSET

16–265 See below

272 and above See below

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 1 of 3)

Numeric Reference Label Reference Notes

0 RB01  

1 RB02  

2 RB03  

3 RB04  

4 RB05  

5 RB06  

6 RB07  

7 RB08  

8 RB09  

9 RB10  

10 RB11  
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11 RB12  

12 RB13  

13 RB14  

14 RB15  

15 RB16  

16 OC1  

18 OC2  

20 OC3  

22 OC4  

24 RB01:RB02  

25 RB03:RB04  

26 RB05:RB06  

27 RB07:RB08  

28 RB09:RB10  

29 RB11:RB12  

30 RB13:RB14  

31 RB15:RB16  

32 OC1:0 Open “pair” for Circuit Breaker 1

33 OC2:0 Open “pair” for Circuit Breaker 2

34 OC3:0 Open “pair” for Circuit Breaker 3

35 OC4:0 Open “pair” for Circuit Breaker 4

40 RSTTRGT  

41 NXTEVE  

44 RB17  

45 RB18  

46 RB19  

47 RB20  

48 RB21  

49 RB22  

50 RB23  

51 RB24  

52 RB25  

53 RB26  

54 RB27  

55 RB28  

56 RB29  

57 RB30  

58 RB31  

59 RB32  

60 RB17:RB18  

61 RB19:RB20  

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 2 of 3)

Numeric Reference Label Reference Notes
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Counters
                    

62 RB21:RB22  

63 RB23:RB24  

64 RB25:RB26  

65 RB27:RB28  

66 RB29:RB30  

67 RB31:RB32  

68 OC5  

70 OC6  

72 OC7  

74 OC8  

76 OC9  

78 OC10  

80 OC11  

82 OC12  

84 OC13  

86 OC14  

88 OC15  

90 OC16  

92 OC17  

94 OC18  

108 OC5:0 Open “pair” for Circuit Breaker 5

109 OC6:0 Open “pair” for Circuit Breaker 6

110 OC7:0 Open “pair” for Circuit Breaker 7

111 OC8:0 Open “pair” for Circuit Breaker 8

112 OC9:0 Open “pair” for Circuit Breaker 9

113 OC10:0 Open “pair” for Circuit Breaker 10

114 OC11:0 Open “pair” for Circuit Breaker 11

115 OC12:0 Open “pair” for Circuit Breaker 12

116 OC13:0 Open “pair” for Circuit Breaker 13

117 OC14:0 Open “pair” for Circuit Breaker 14

118 OC15:0 Open “pair” for Circuit Breaker 15

119 OC16:0 Open “pair” for Circuit Breaker 16

120 OC17:0 Open “pair” for Circuit Breaker 17

121 OC18:0 Open “pair” for Circuit Breaker 18

Table B.7 Serial DNP3 Binary Outputs Point Mapping (Sheet 3 of 3)

Numeric Reference Label Reference Notes

Table B.8 Serial DNP3 Counters Point Mapping

Numeric Reference Label Reference

0 ACTGRP
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Analog Inputs
                    

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 1 of 3)

Numeric Reference Label Reference Notes

0 I01FM  

1 I01FA  

2 I02FM  

3 I02FA  

4 I03FM  

5 I03FA  

6 I04FM  

7 I04FA  

8 I05FM  

9 I05FA  

10 I06FM  

11 I06FA  

12 I07FM  

13 I07FA  

14 I08FM  

15 I08FA  

16 I09FM  

17 I09FA  

18 I10FM  

19 I10FA  

20 I11FM  

21 I11FA  

22 I12FM  

23 I12FA  

24 I13FM  

25 I13FA  

26 I14FM  

27 I14FA  

28 I15FM  

29 I15FA  

30 I16FM  

31 I16FA  

32 I17FM  

33 I17FA  

34 I18FM  

35 I18FA  

48 V01FA  

49 V01FM  

50 V02FA  
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51 V02FM  

52 V03FA  

53 V03FM  

60 IOP1  

61 IOP2  

62 IOP3  

63 IOP4  

64 IOP5  

65 IOP6  

68 IRT1  

69 IRT2  

70 IRT3  

71 IRT4  

72 IRT5  

73 IRT6  

76 IOPCZ1  

79 IRTCZ1  

100 VDC1  

176 FTYPE  

177 FTAR1  

178 FTAR2  

181 FGRP  

184 FIMEUH UTC Time high byte

185 FTIMEUM UTC Time middle byte

186 FTIMEUL UTC Time low byte

196 AMV001  

197 AMV002  

198 AMV003  

199 AMV004  

200 AMV005  

201 AMV006  

202 AMV007  

203 AMV008  

204 AMV009  

205 AMV010  

206 AMV011  

207 AMV012  

208 AMV013  

209 AMV014  

210 AMV015  

211 AMV016  

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 2 of 3)

Numeric Reference Label Reference Notes
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Analog Outputs
                    

Ethernet DNP3 Map Value Changes
The SEL-487B-0 Ethernet DNP3 map was based on database references. The 
SEL-487B-1 DNP3 mapping uses direct data labels. The following sections 
describe how to get from this database mapping to the new direct data labels.

Binary Inputs
In the SEL-487B-0 mapping, any bit in the database could be referenced for use 
by DNP3 LAN/WAN. Now, only Relay Word bits and a few other special bits can 
be used. The SEL-487B-0 reference format looked like 1:addr:bit. If addr is 
3004h or greater, but not greater than 4000h, then the bits can be associated with 
the SEL-487B-0 Relay Word. Address 3004h corresponds to Relay Word 0, 
3005h to row 1, etc. The bits are simply references in the range 0–7 and match 
the bits within the Relay Word row. Thus the Relay Word bits can be mapped to 
labels by using the comparing the SEL-487B-0 Relay Word to the SEL-487B-1 
Relay Word.

Table B.11 provides reference addresses and corresponding bit labels for the 
SEL-487B-0 Relay Word. Consult Table B.1 for any Relay Word changes.

212 AMV017  

213 AMV018  

214 AMV019  

215 AMV020  

216 AMV021  

217 AMV022  

218 AMV023  

219 AMV024  

220 AMV025  

221 AMV026  

222 AMV027  

223 AMV028  

224 AMV029  

225 AMV030  

226 AMV031  

227 AMV032  

Table B.9 Serial DNP3 Analog Inputs Point Mapping (Sheet 3 of 3)

Numeric Reference Label Reference Notes

Table B.10 Serial DNP Analog Output Point Mapping

Numeric Reference Label Reference

0 ACTGRP
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Binary Outputs
In the SEL-487B-0, indices 0–127 were used to map the CCIN bits. These were 
general-purpose, high-speed bits, but they are no longer available in the 
SEL-487B-1. The equivalent in the SEL-487B-1 is the VB bits. The end user will 
need to remap these to remote bits.

Table B.11 describes the mapping for the Binary Outputs.

                    

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 1 of 8)

Numeric Reference (CPId) Label Reference

0 VB001

1 VB002

2 VB003

3 VB004

4 VB005

5 VB006

6 VB007

7 VB008

8 VB009

9 VB010

10 VB011

11 VB012

12 VB013

13 VB014

14 VB015

15 VB016

16 VB017

17 VB018

18 VB019

19 VB020

20 VB021

21 VB022

22 VB023

23 VB024

24 VB025

25 VB026

26 VB027

27 VB028

28 VB029

29 VB030

30 VB031

31 VB032

32 VB033

33 VB034
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34 VB035

35 VB036

36 VB037

37 VB038

38 VB039

39 VB040

40 VB041

41 VB042

42 VB043

43 VB044

44 VB045

45 VB046

46 VB047

47 VB048

48 VB049

49 VB050

50 VB051

51 VB052

52 VB053

53 VB054

54 VB055

55 VB056

56 VB057

57 VB058

58 VB059

59 VB060

60 VB061

61 VB062

62 VB063

63 VB064

64 VB065

65 VB066

66 VB067

67 VB068

68 VB069

69 VB070

70 VB071

71 VB072

72 VB073

73 VB074

74 VB075

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 2 of 8)

Numeric Reference (CPId) Label Reference
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75 VB076

76 VB077

77 VB078

78 VB079

79 VB080

80 VB081

81 VB082

82 VB083

83 VB084

84 VB085

85 VB086

86 VB087

87 VB088

88 VB089

89 VB090

90 VB091

91 VB092

92 VB093

93 VB094

94 VB095

95 VB096

96 VB097

97 VB098

98 VB099

99 VB100

100 VB101

101 VB102

102 VB103

103 VB104

104 VB105

105 VB106

106 VB107

107 VB108

108 VB109

109 VB110

110 VB111

111 VB112

112 VB113

113 VB114

114 VB115

115 VB116

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 3 of 8)
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116 VB117

117 VB118

118 VB119

119 VB120

120 VB121

121 VB122

122 VB123

123 VB124

124 VB125

125 VB126

126 VB127

127 VB128

128 RB01

129 RB02

130 RB03

131 RB04

132 RB05

133 RB06

134 RB07

135 RB08

136 RB09

137 RB10

138 RB11

139 RB12

140 RB13

141 RB14

142 RB15

143 RB16

144 RB17

145 RB18

146 RB19

147 RB20

148 RB21

149 RB22

150 RB23

151 RB24

152 RB25

153 RB26

154 RB27

155 RB28

156 RB29

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 4 of 8)
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157 RB30

158 RB31

159 RB32

160 RB33

161 RB34

162 RB35

163 RB36

164 RB37

165 RB38

166 RB39

167 RB40

168 RB41

169 RB42

170 RB43

171 RB44

172 RB45

173 RB46

174 RB47

175 RB48

176 RB49

177 RB50

178 RB51

179 RB52

180 RB53

181 RB54

182 RB55

183 RB56

184 RB57

185 RB58

186 RB59

187 RB60

188 RB61

189 RB62

190 RB63

191 RB64

192 RB65

193 RB66

194 RB67

195 RB68

196 RB69

197 RB70

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 5 of 8)
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198 RB71

199 RB72

200 RB73

201 RB74

202 RB75

203 RB76

204 RB77

205 RB78

206 RB79

207 RB80

208 RB81

209 RB82

210 RB83

211 RB84

212 RB85

213 RB86

214 RB87

215 RB88

216 RB89

217 RB90

218 RB91

219 RB92

220 RB93

221 RB94

222 RB95

223 RB96

224 RB01:RB02

225 RB03:RB04

226 RB05:RB06

227 RB07:RB08

228 RB09:RB10

229 RB11:RB12

230 RB13:RB14

231 RB15:RB16

232 RB17:RB18

233 RB19:RB20

234 RB21:RB22

235 RB23:RB24

236 RB25:RB26

237 RB27:RB28

238 RB29:RB30

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 6 of 8)

Numeric Reference (CPId) Label Reference
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239 RB31:RB32

240 RB33:RB34

241 RB35:RB36

242 RB37:RB38

243 RB39:RB40

244 RB41:RB42

245 RB43:RB44

246 RB45:RB46

247 RB47:RB48

248 RB49:RB50

249 RB51:RB52

250 RB53:RB54

251 RB55:RB56

252 RB57:RB58

253 RB59:RB60

254 RB61:RB62

255 RB63:RB64

256 RB65:RB66

257 RB67:RB68

258 RB69:RB70

259 RB71:RB72

260 RB73:RB74

261 RB75:RB76

262 RB77:RB78

263 RB79:RB80

264 RB81:RB82

265 RB83:RB84

266 RB85:RB86

267 RB87:RB88

268 RB89:RB90

269 RB91:RB92

270 RB93:RB94

271 RB95:RB96

272 OC1

273 OC2

274 OC3

275 OC4

276 OC5

277 OC6

278 OC7

279 OC8

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 7 of 8)

Numeric Reference (CPId) Label Reference
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Counters
In the SEL-487B-0, counters were referenced as points in the database. There is 
no direct equivalent in the SEL-487B-1, so this will need to be analyzed to deter-
mine the appropriate counter mapping.

Analog Inputs
In the SEL-487B-0, analog inputs were referenced as points in the database with 
optional “treat as” qualifiers and with per-point class selection. There is no direct 
equivalent in the SEL-487B-1, so this will need to be analyzed to determine the 
appropriate analog input mapping.

Table B.12 provides reference addresses and corresponding labels for the 
SEL-487B-0 METER database region.

                    

280 OC9

281 OC10

282 OC11

283 OC12

284 OC13

285 OC14

286 OC15

287 OC16

288 OC17

289 OC18

Table B.11 Ethernet DNP Binary Output Point Mapping (Sheet 8 of 8)

Numeric Reference (CPId) Label Reference

Table B.12 Meter Database Labels and Addresses (Sheet 1 of 3)

Address Label Reference

1004h FREQ    

1006h VDC     

1008h I01FIM

100ah I01FIA

100ch I02FIM

100eh I02FIA

1010h I03FIM

1012h I03FIA

1014h I04FIM

1016h I04FIA

1018h I05FIM

101ah I05FIA

101ch I06FIM

101eh I06FIA

1020h I07FIM
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1022h I07FIA

1024h I08FIM

1026h I08FIA

1028h I09FIM

102ah I09FIA

102ch I10FIM

102eh I10FIA

1030h I11FIM

1032h I11FIA

1034h I12FIM

1036h I12FIA

1038h I13FIM

103ah I13FIA

103ch I14FIM

103eh I14FIA

1040h I15FIM

1042h I15FIA

1044h I16FIM

1046h I16FIA

1048h I17FIM

104ah I17FIA

104ch I18FIM

104eh I18FIA

1068h V01FIM

106ah V01FIA

106ch V02FIM

106eh V02FIA

1070h V03FIM

1072h V03FIA

1080h IOP1    

1082h IOP2    

1084h IOP3    

1086h IOP4    

1088h IOP5    

108ah IOP6    

108ch IRT1    

108eh IRT2    

1090h IRT3    

1092h IRT4    

1094h IRT5    

1096h IRT6    

Table B.12 Meter Database Labels and Addresses (Sheet 2 of 3)

Address Label Reference
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Analog Outputs
In the SEL-487B-0, analog outputs were referenced by index (0–255). These 
mapped to remote analogs (RA001–RA256). In the SEL-487B-1, these same 
remote analogs are available. So if Index 0 was referenced in the SEL-487B-0 
DNP3 map, the SEL-487B-1 DNP3 reference is RA001. Similarly index 1 goes 
to RA002, etc.

IEC 61850 Object Changes
The SEL-487B-0 implementation of the IEC 61850 protocol suite differs slightly 
from the SEL-487B-1 implementation. Table B.13 lists the main functional 
changes between the two.

                    

Default datasets may be used for MMS Reports or for GOOSE message transmis-
sion. Table B.14 lists the default dataset changes in the new ICD file version. 
Note that the contents of any data set may be modified via ACSELERATOR Archi-
tect SEL-5032 Software.

                    

Most of the Logical Nodes and Attributes remain the same between the two 
implementations. Table B.15 lists the mapping changes in the new ICD file.

1098h IOPCZ1 

109ah IRTCZ1 

Table B.12 Meter Database Labels and Addresses (Sheet 3 of 3)

Address Label Reference

Table B.13 IEC 61850 Functional Differences

Topic SEL-487B-0 SEL-487B-1

ICD File Version Version 002 Version 004

Incoming GOOSE Mappable to CCIN001–CCIN128 (binary data) VB001–VB256 (binary data) and 
RA001–RA128 (analog data)

Outgoing GOOSE Relay Word Bits mapped to CCOUT001 (binary data) N/A (Relay Word bits can be sent directly without inter-
mediate mapping; Analog outputs RAO01–RAO64 also 
available)

SER Timestamps SER-quality timestamps available only for LNs 
included in the SER dataset (not editable)

Any points in the SER list (SET R) will have SER-qual-
ity time stamps. Otherwise, accuracy is within 500 ms 
of relay time.

Controls Direct operate with normal security only Direct operate with enhanced security and select-before 
operate (SBO) with enhanced security is also available.

Table B.14 Default Dataset Differences

Default Dataset SEL-487B-0 SEL-487B-1

DSet06, DSet12 Includes CCIN001–CCIN016 Includes VB001–VB016 instead

DSet13 CCOUT01–COUT08 Status VB001–VB008 Status

SER1 List of LNs that have SER-quality time stamps (infor-
mational only, not editable)

N/A (Any point in the SER list will have SER-quality 
time stamps)



B.38

SEL-487B Relay Instruction Manual Date Code 20230830

Converting Settings From SEL-487B-0 to SEL-487B-1
IEC 61850 Object Changes

                    

Table B.15 Logical Node and Mapping Differences (Sheet 1 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping

PRO T87CZPTRC25$Tr$general 87CZ1 NA NA

PRO BKRCSWI1$Pos$Oper$ctlVal 1:CONTROL:BR01  OC01:NOOP

PRO BKRCSWI2$Pos$Oper$ctlVal 1:CONTROL:BR02  OC02:NOOP

PRO BKRCSWI3$Pos$Oper$ctlVal 1:CONTROL:BR03  OC03:NOOP

PRO BKRCSWI4$Pos$Oper$ctlVal 1:CONTROL:BR04  OC04:NOOP

PRO BKRCSWI5$Pos$Oper$ctlVal 1:CONTROL:BR05  OC05:NOOP

PRO BKRCSWI6$Pos$Oper$ctlVal 1:CONTROL:BR06  OC06:NOOP

PRO BKRCSWI7$Pos$Oper$ctlVal 1:CONTROL:BR07  OC07:NOOP

PRO BKRCSWI8$Pos$Oper$ctlVal 1:CONTROL:BR08  OC08:NOOP

PRO BKRCSWI9$Pos$Oper$ctlVal 1:CONTROL:BR09  OC09:NOOP

PRO BKRCSWI10$Pos$Oper$ctlVal 1:CONTROL:BR010  OC010:NOOP

PRO BKRCSWI11$Pos$Oper$ctlVal 1:CONTROL:BR11  OC11:NOOP

PRO BKRCSWI12$Pos$Oper$ctlVal 1:CONTROL:BR12  OC12:NOOP

PRO BKRCSWI13$Pos$Oper$ctlVal 1:CONTROL:BR13  OC13:NOOP

PRO BKRCSWI14$Pos$Oper$ctlVal 1:CONTROL:BR14  OC14:NOOP

PRO BKRCSWI15$Pos$Oper$ctlVal 1:CONTROL:BR15  OC15:NOOP

PRO BKRCSWI16$Pos$Oper$ctlVal 1:CONTROL:BR16  OC16:NOOP

PRO BKRCSWI17$Pos$Oper$ctlVal 1:CONTROL:BR17  OC17:NOOP

PRO BKRCSWI18$Pos$Oper$ctlVal 1:CONTROL:BR18  OC18:NOOP

MET METMMXN1$Amp01$Mag$f 1:METER:I01[0]  I01FM

MET METMMXN1$Amp02$Mag$f 1:METER:I02[0]  I02FM

MET METMMXN1$Amp03$Mag$f 1:METER:I03[0]  I03FM

MET METMMXN1$Amp04$Mag$f 1:METER:I04[0]  I04FM

MET METMMXN1$Amp05$Mag$f 1:METER:I05[0]  I05FM

MET METMMXN1$Amp06$Mag$f 1:METER:I06[0]  I06FM

MET METMMXN1$Amp07$Mag$f 1:METER:I07[0]  I07FM

MET METMMXN1$Amp08$Mag$f 1:METER:I08[0]  I08FM

MET METMMXN1$Amp09$Mag$f 1:METER:I09[0]  I09FM

MET METMMXN1$Amp10$Mag$f 1:METER:I10[0]  I10FM

MET METMMXN1$Amp11$Mag$f 1:METER:I11[0]  I11FM

MET METMMXN1$Amp12$Mag$f 1:METER:I12[0]  I12FM

MET METMMXN1$Amp13$Mag$f 1:METER:I13[0]  I13FM

MET METMMXN1$Amp14$Mag$f 1:METER:I14[0]  I14FM

MET METMMXN1$Amp15$Mag$f 1:METER:I15[0]  I15FM

MET METMMXN1$Amp16$Mag$f 1:METER:I16[0]  I16FM

MET METMMXN1$Amp17$Mag$f 1:METER:I17[0]  I17FM

MET METMMXN1$Amp18$Mag$f 1:METER:I18[0]  I18FM

MET METMMXN1$Vol01$Mag$f 1:METER:V01[0]  V01FM

MET METMMXN1$Vol02$Mag$f 1:METER:V02[0]  V01FM

MET METMMXN1$Vol03$Mag$f 1:METER:V03[0]  V01FM
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MET IOPMMXN2$Amp01$Mag$f 1:METER:IOP1  IOP1F

MET IOPMMXN2$Amp02$Mag$f 1:METER:IOP2  IOP2F

MET IOPMMXN2$Amp03$Mag$f 1:METER:IOP3  IOP3F

MET IOPMMXN2$Amp04$Mag$f 1:METER:IOP4  IOP4F

MET IOPMMXN2$Amp05$Mag$f 1:METER:IOP5  IOP5F

MET IOPMMXN2$Amp06$Mag$f 1:METER:IOP6  IOP6F

MET IOPMMXN2$Amp06$Mag$f 1:METER:IOPCZ1 NA NA

MET IRTMMXN3$Amp01$Mag$f 1:METER:IRT1  IRT1F

MET IRTMMXN3$Amp02$Mag$f 1:METER:IRT2  IRT2F

MET IRTMMXN3$Amp03$Mag$f 1:METER:IRT3  IRT3F

MET IRTMMXN3$Amp04$Mag$f 1:METER:IRT4  IRT4F

MET IRTMMXN3$Amp05$Mag$f 1:METER:IRT5  IRT5F

MET IRTMMXN3$Amp06$Mag$f 1:METER:IRT6  IRT6F

MET IRTMMXN3$Amp07$Mag$f 1:METER:IRTCZ1 NA NA

CON RBGGIO1$SPSCO09$Oper$ctlVal 1:CONTROL:RB09 RBGGIO2$SPSCO09$Oper$ctlVal RB09

CON RBGGIO1$SPSCO10$Oper$ctlVal 1:CONTROL:RB10 RBGGIO2$SPSCO10$Oper$ctlVal RB10

CON RBGGIO1$SPSCO11$Oper$ctlVal 1:CONTROL:RB11 RBGGIO2$SPSCO11$Oper$ctlVal RB11

CON RBGGIO1$SPSCO12$Oper$ctlVal 1:CONTROL:RB12 RBGGIO2$SPSCO12$Oper$ctlVal RB12

CON RBGGIO1$SPSCO13$Oper$ctlVal 1:CONTROL:RB13 RBGGIO2$SPSCO13$Oper$ctlVal RB13

CON RBGGIO1$SPSCO14$Oper$ctlVal 1:CONTROL:RB14 RBGGIO2$SPSCO14$Oper$ctlVal RB14

CON RBGGIO1$SPSCO15$Oper$ctlVal 1:CONTROL:RB15 RBGGIO2$SPSCO15$Oper$ctlVal RB15

CON RBGGIO1$SPSCO16$Oper$ctlVal 1:CONTROL:RB16 RBGGIO2$SPSCO16$Oper$ctlVal RB16

CON RBGGIO1$SPSCO17$Oper$ctlVal 1:CONTROL:RB17 RBGGIO3$SPSCO17$Oper$ctlVal RB17

CON RBGGIO1$SPSCO18$Oper$ctlVal 1:CONTROL:RB18 RBGGIO3$SPSCO18$Oper$ctlVal RB18

CON RBGGIO1$SPSCO19$Oper$ctlVal 1:CONTROL:RB19 RBGGIO3$SPSCO19$Oper$ctlVal RB19

CON RBGGIO1$SPSCO20$Oper$ctlVal 1:CONTROL:RB20 RBGGIO3$SPSCO20$Oper$ctlVal RB20

CON RBGGIO1$SPSCO21$Oper$ctlVal 1:CONTROL:RB21 RBGGIO3$SPSCO21$Oper$ctlVal RB21

CON RBGGIO1$SPSCO22$Oper$ctlVal 1:CONTROL:RB22 RBGGIO3$SPSCO22$Oper$ctlVal RB22

CON RBGGIO1$SPSCO23$Oper$ctlVal 1:CONTROL:RB23 RBGGIO3$SPSCO23$Oper$ctlVal RB23

CON RBGGIO1$SPSCO24$Oper$ctlVal 1:CONTROL:RB24 RBGGIO3$SPSCO24$Oper$ctlVal RB24

CON RBGGIO1$SPSCO25$Oper$ctlVal 1:CONTROL:RB25 RBGGIO4$SPSCO25$Oper$ctlVal RB25

CON RBGGIO1$SPSCO26$Oper$ctlVal 1:CONTROL:RB26 RBGGIO4$SPSCO26$Oper$ctlVal RB26

CON RBGGIO1$SPSCO27$Oper$ctlVal 1:CONTROL:RB27 RBGGIO4$SPSCO27$Oper$ctlVal RB27

CON RBGGIO1$SPSCO28$Oper$ctlVal 1:CONTROL:RB28 RBGGIO4$SPSCO28$Oper$ctlVal RB28

CON RBGGIO1$SPSCO29$Oper$ctlVal 1:CONTROL:RB29 RBGGIO4$SPSCO29$Oper$ctlVal RB29

CON RBGGIO1$SPSCO30$Oper$ctlVal 1:CONTROL:RB30 RBGGIO4$SPSCO30$Oper$ctlVal RB30

CON RBGGIO1$SPSCO31$Oper$ctlVal 1:CONTROL:RB31 RBGGIO4$SPSCO31$Oper$ctlVal RB31

CON RBGGIO1$SPSCO32$Oper$ctlVal 1:CONTROL:RB32 RBGGIO4$SPSCO32$Oper$ctlVal RB32

CON RBGGIO1$SPSCO33$Oper$ctlVal 1:CONTROL:RB33 RBGGIO5$SPSCO33$Oper$ctlVal RB33

CON RBGGIO1$SPSCO34$Oper$ctlVal 1:CONTROL:RB34 RBGGIO5$SPSCO34$Oper$ctlVal RB34

Table B.15 Logical Node and Mapping Differences (Sheet 2 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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CON RBGGIO1$SPSCO35$Oper$ctlVal 1:CONTROL:RB35 RBGGIO5$SPSCO35$Oper$ctlVal RB35

CON RBGGIO1$SPSCO36$Oper$ctlVal 1:CONTROL:RB36 RBGGIO5$SPSCO36$Oper$ctlVal RB36

CON RBGGIO1$SPSCO37$Oper$ctlVal 1:CONTROL:RB37 RBGGIO5$SPSCO37$Oper$ctlVal RB37

CON RBGGIO1$SPSCO38$Oper$ctlVal 1:CONTROL:RB38 RBGGIO5$SPSCO38$Oper$ctlVal RB38

CON RBGGIO1$SPSCO39$Oper$ctlVal 1:CONTROL:RB39 RBGGIO5$SPSCO39$Oper$ctlVal RB39

CON RBGGIO1$SPSCO40$Oper$ctlVal 1:CONTROL:RB40 RBGGIO5$SPSCO40$Oper$ctlVal RB40

CON RBGGIO1$SPSCO41$Oper$ctlVal 1:CONTROL:RB41 RBGGIO6$SPSCO41$Oper$ctlVal RB41

CON RBGGIO1$SPSCO42$Oper$ctlVal 1:CONTROL:RB42 RBGGIO6$SPSCO42$Oper$ctlVal RB42

CON RBGGIO1$SPSCO43$Oper$ctlVal 1:CONTROL:RB43 RBGGIO6$SPSCO43$Oper$ctlVal RB43

CON RBGGIO1$SPSCO44$Oper$ctlVal 1:CONTROL:RB44 RBGGIO6$SPSCO44$Oper$ctlVal RB44

CON RBGGIO1$SPSCO45$Oper$ctlVal 1:CONTROL:RB45 RBGGIO6$SPSCO45$Oper$ctlVal RB45

CON RBGGIO1$SPSCO46$Oper$ctlVal 1:CONTROL:RB46 RBGGIO6$SPSCO46$Oper$ctlVal RB46

CON RBGGIO1$SPSCO47$Oper$ctlVal 1:CONTROL:RB47 RBGGIO6$SPSCO47$Oper$ctlVal RB47

CON RBGGIO1$SPSCO48$Oper$ctlVal 1:CONTROL:RB48 RBGGIO6$SPSCO48$Oper$ctlVal RB48

ANN TLEDGGIO7$Ind19$stVal 1:TARGET:TARGET:
TLED_17

NA NA

ANN TLEDGGIO7$Ind20$stVal 1:TARGET:TARGET:
TLED_18

NA NA

ANN TLEDGGIO7$Ind21$stVal 1:TARGET:TARGET:
TLED_19

NA NA

ANN TLEDGGIO7$Ind22$stVal 1:TARGET:TARGET:
TLED_20

NA NA

ANN TLEDGGIO7$Ind23$stVal 1:TARGET:TARGET:
TLED_21

NA NA

ANN TLEDGGIO7$Ind24$stVal 1:TARGET:TARGET:
TLED_22

NA NA

ANN TLEDGGIO7$Ind25$stVal 1:TARGET:TARGET:
TLED_23

NA NA

ANN TLEDGGIO7$Ind26$stVal 1:TARGET:TARGET:
TLED_24

NA NA

ANN PBLEDGGIO8$Ind09$stVal 1:TARGET:TARGET:
PB9_LED

NA NA

ANN PBLEDGGIO8$Ind10$stVal 1:TARGET:TARGET:
PB10LED

NA NA

ANN PBLEDGGIO8$Ind11$stVal 1:TARGET:TARGET:
PB11LED

NA NA

ANN PBLEDGGIO8$Ind12$stVal 1:TARGET:TARGET:
PB12LED

NA NA

ANN CCINGGIO19$Ind001$stVal–
CCINGGIO19$Ind001$stVal

CCIN001–CCIN128 NA NA

ANN CCOUTGGIO20$Ind01$stVal–
CCOUTGGIO20$Ind32$stVal

CCOUT01–CCOUT32 NA NA

ANN RMBAGGIO21$Ind01$stVal–
RMBAGGIO21$Ind08$stVal

RMB1A–RMB8A NA NA

Table B.15 Logical Node and Mapping Differences (Sheet 3 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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ANN TMBAGGIO22$Ind01$stVal–
TMBAGGIO22$Ind08$stVal

TMB1A–TMB8A NA NA

ANN RMBBGGIO23$Ind01$stVal–
RMBBGGIO23$Ind08$stVal

RMB1B–RMB8B NA NA

ANN TMBBGGIO24$Ind01$stVal–
TMBBGGIO24$Ind08$stVal

TMB1B–TMB8B NA NA

ANN MBOKGGIO25$Ind01$stVal 1:TARGET:TARGET:
ROKA

NA NA

ANN MBOKGGIO25$Ind02$stVal 1:TARGET:TARGET:
RBADA

NA NA

ANN MBOKGGIO25$Ind03$stVal 1:TARGET:TARGET:
CBADA

NA NA

ANN MBOKGGIO25$Ind04$stVal 1:TARGET:TARGET:
LBOKA

NA NA

ANN MBOKGGIO25$Ind05$stVal 1:TARGET:TARGET:
ANOKA

NA NA

ANN MBOKGGIO25$Ind06$stVal 1:TARGET:TARGET:
DOKA

NA NA

ANN MBOKGGIO25$Ind07$stVal 1:TARGET:TARGET:
ROKB

NA NA

ANN MBOKGGIO25$Ind08$stVal 1:TARGET:TARGET:
RBADB

NA NA

ANN MBOKGGIO25$Ind09$stVal 1:TARGET:TARGET:
CBADB

NA NA

ANN MBOKGGIO25$Ind10$stVal 1:TARGET:TARGET:
LBOKB

NA NA

ANN MBOKGGIO25$Ind11$stVal 1:TARGET:TARGET:
ANOKB

NA NA

ANN MBOKGGIO25$Ind12$stVal 1:TARGET:TARGET:
DOKB

NA NA

Table B.15 Logical Node and Mapping Differences (Sheet 4 of 4)

LD
487B-0 487B-1

Path Mapping Path (If Different) Mapping
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Commanda, b Description

2ACCESS Go to Access Level 2 (full control)

AACCESS Go to Access Level A (automation configuration)

ACCESS Go to Access Level 1 (monitor relay)

BACCESS Go to Access Level B (monitor relay and control circuit breakers)

BNAME ASCII names of Fast Meter status bits

CASCII Generate the Compressed ASCII response configuration message

CEVENT Display Compressed ASCII event report

CFG CTNOM i For TiDL (EtherCAT) relays, configure the nominal CT input value i to 1 or 5

CFG NFREQ f In TiDL (EtherCAT) relays, set the nominal frequency, f (50 or 60)

CHISTORY Display Compressed ASCII history report

COM c Display relay-to-relay MIRRORED BITS communications data (c = A is Channel A; c = B is Channel B; c = M 
is either enabled single channel)

COM PTP Display a report on PTP data sets and statistics

CONTROL nn Set, clear, or pulse an internal remote bit (nn is the remote bit number from 01–96)

COPY m n Copy settings between instances in the same class (m and n are instance numbers; for example: m = 1 is 
Group 1; n = 2 is Group 2)

CPR Display Compressed ASCII signal profiling report

CSER Display Compressed ASCII sequential events report

CSTATUS Display Compressed ASCII relay status report

CSUMMARY Display Compressed ASCII summary event report

DATE Display and set the date

DNAME X ASCII names of all relay digital points reported via Fast Meter

ETHERNET Display Ethernet port (Port 5) configuration and status

EVENT Display and acknowledge event reports

EXIT Terminates a Telnet session

FILE Transfer files between the relay and external software 

GOOSE Displays transmit and receive GOOSE messaging information

GROUP Display the active group number or select the active group

HELP List and describe available commands at each access level

HISTORY View event summaries/histories; clear event summary data

ID Display the firmware id, user id, device code, part number, and configuration information

LOOPBACK Connect MIRRORED BITS data from transmit to receive on the same port 

MAC Display the MAC addresses

MAP 1 View the relay database organization

METER Display metering data and internal relay operating variables

OACCESS Go to Access Level O (output configuration)

OPEN n Open the circuit breaker (n = 1–21)

PACCESS Go to Access Level P (protection configuration)

PASSWORD n Change relay password for Access Level n
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PING addr Sends an ICMP echo request message to the provided IP address to confirm connectivity

PORT p Connect to a remote relay via MIRRORED BITS virtual terminal for port number p (p = 1–3 and F)

PROFILE Display signal profile records

PULSE OUTnnn Pulse a relay control output (OUTnnn is a control output)

QUIT Reduce access level to Access Level 0 (exit relay control)

SER View Sequential Events Recorder report

SET Set or modify relay settings

SHOW Display relay settings

SNS Display Sequential Events Recorder settings name strings (Fast SER)

STATUS Report or clear relay status and SELOGIC control equation errors

SUMMARY Display a summary event report

TARGET Display relay elements for a row in the Relay Word table

TEST DB Display or place values in the communications card database (useful for Ethernet protocol read tests)

TEST DB2 Test all communications protocols except Fast Message

TEST FM Display or place values in metering database (Fast Meter)

TIME Display and set the internal clock

TRIGGER Initiate a data capture and record an event report

VERSION Display the relay hardware and software configurations

VIEW 1 View data from the Fast Message database

ZONE Display the terminal and bus names associated with all active protective zones

a See Section 9: ASCII Command Reference.
b For help on a specific command, type HELP [command] <Enter> at an ASCII terminal communicating with the relay.

Commanda, b Description
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PING addr Sends an ICMP echo request message to the provided IP address to confirm connectivity

PORT p Connect to a remote relay via MIRRORED BITS virtual terminal for port number p (p = 1–3 and F)

PROFILE Display signal profile records

PULSE OUTnnn Pulse a relay control output (OUTnnn is a control output)
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Instruction Manual Preface

This manual provides information and instructions for operating the SEL-400 
series relays. This manual is for use by power and integration engineers and oth-
ers experienced in protective relaying applications and SCADA integration. This 
manual describes features common to most SEL-400 series relays. Each 
SEL-400 series product includes its own instruction manual that describes the 
protection features and unique characteristics of that specific relay.

Manual Overview
This manual is a comprehensive work covering common aspects of SEL-400 
series relay application and use. Read the sections that pertain to your application 
to gain valuable information about using SEL-400 series relays. An overview of 
each manual section and section topics follows.

Preface. Describes manual organization and conventions used to present 
information, as well as safety information.

Section 1: Introduction. Introduces SEL-400 series relays common features.

Section 2: PC Software. Explains how to use SEL Grid Configurator and 
ACSELERATOR QuickSet SEL-5030 Software.

Section 3: Basic Relay Operations. Describes how to perform fundamental 
operations such as applying power and communicating with the relay, set-
ting and viewing passwords, checking relay status, viewing metering 
data, reading event reports and Sequential Events Recorder (SER) 
records, operating relay control outputs and control inputs, and using 
relay features to make relay commissioning easier.

Section 4: Front-Panel Operations. Describes the LCD messages and menu 
screens. Shows you how to use front-panel pushbuttons and read targets. 
Provides information about local substation control and how to make 
relay settings via the front panel.

Section 5: Control. Describes various control features of the relay, including 
circuit breaker operation, disconnect operation, remote bits, and one-line 
diagrams.

Section 6: Autoreclosing. Explains how to operate the two-circuit breaker 
multishot recloser. Describes how to set the relay for single-pole reclos-
ing, three-pole reclosing, or both. Shows selection of the lead and follow 
circuit breakers.

Section 7: Metering. Provides information on viewing current, voltage, power, 
and energy quantities. Describes how to view other common internal 
operating quantities.

Section 8: Monitoring. Describes how to use the circuit breaker monitors and 
the substation dc battery monitors.

Section 9: Reporting. Explains how to obtain and interpret high-resolution raw 
data oscillograms, filtered event reports, event summaries, history reports, 
and SER reports. Discusses how to enter SER trigger settings.
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Section 10: Testing, Troubleshooting, and Maintenance. Describes techniques 
for testing, troubleshooting, and maintaining the relay. Includes the list of 
status notification messages and a troubleshooting chart.

Section 11: Time and Date Management. Explains timekeeping principles, syn-
chronized phasor measurements, and estimation of power system states 
using the high-accuracy time-stamping capability. Presents real-time load 
flow/power flow application ideas.

Section 12: Settings. Provides a list of all common SEL-400 series relay set-
tings and defaults.

Section 13: SELOGIC Control Equation Programming. Describes multiple setting 
groups and SELOGIC control equations and how to apply these equations. 
Discusses expanded SELOGIC control equation features such as PLC-
style commands, math functions, counters, and conditioning timers. Pro-
vides a tutorial for converting older format SELOGIC control equations to 
new freeform equations.

Section 14: ASCII Command Reference. Provides an alphabetical listing of all 
ASCII commands with examples for each ASCII command option.

Section 15: Communications Interfaces. Explains the physical connection of 
the relay to various communications network topologies. Describes the 
various software protocols and how to apply these protocols to substation 
integration and automation. Includes details about Ethernet IP protocols, 
SEL ASCII, SEL Compressed ASCII, SEL Fast Meter, SEL Fast Operate, 
SEL Fast SER, and enhanced MIRRORED BITS communications.

Section 16: DNP3 Communication. Describes the DNP3 communications proto-
col and how to apply this protocol to substation integration and automa-
tion. Provides a Job Done example for implementing DNP3 in a 
substation.

Section 17: IEC 61850 Communication. Describes the IEC 61850 protocol and 
how to apply this protocol to substation automation and integration. 
Includes IEC 61850 protocol compliance statements.

Section 18: Synchrophasors. Describes the phasor measurement unit (PMU) 
functions of the relay. Provides details on synchrophasor measurement 
and real-time control. Describes the IEEE C37.118 synchrophasor proto-
col settings. Describes the SEL Fast Message synchrophasor protocol set-
tings.

Section 19: Digital Secondary Systems. Describes the basic concepts of digital 
secondary systems (DSS). This includes both the Time-Domain Link 
(TiDL) system and UCA 61850-9-2LE Sampled Values.

Appendix A: Manual Versions. Lists the current manual version and details dif-
ferences between the current and previous versions.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to update 
the firmware stored in Flash memory.

Appendix C: Cybersecurity Features. Describes the various features of the 
relay that impact cybersecurity.

Glossary. Defines various technical terms used in the SEL-400 series instruc-
tion manuals.
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Safety Information
Dangers, Warnings, and Cautions

This manual uses three kinds of hazard statements, defined as follows:

                    

Safety Symbols
The following symbols are often marked on SEL products.

                    

DANGER
Indicates an imminently hazardous situation that, if 
not avoided, will result in death or serious injury.

WARNING
Indicates a potentially hazardous situation that, if 
not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that, if 
not avoided, may result in minor or moderate injury 
or equipment damage.

                    

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

                    

Earth (ground) Terre

                    

Protective earth (ground) Terre de protection

                    

Direct current Courant continu

                    

Alternating current Courant alternatif

                    

Both direct and alternating current Courant continu et alternatif

                    

Instruction manual Manuel d’instructions
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Safety Marks
The following statements apply to this device.

                    

                    

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if mis-
treated. Do not recharge, disassemble, heat above 100°C, or incinerate. 
Dispose of used batteries according to the manufacturer’s instructions. 
Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. Rem-
placez seulement avec un Rayovac no BR2335 ou un produit équivalent 
recommandé par le fabricant. Voir le guide d’utilisateur pour les instruc-
tions de sécurité. La pile utilisée dans cet appareil peut présenter un 
risque d’incendie ou de brûlure chimique si vous en faites mauvais usage. 
Ne pas recharger, démonter, chauffer à plus de 100°C ou incinérer. Élimi-
nez les vieilles piles suivant les instructions du fabricant. Gardez la pile 
hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, installa-
tion instructions, and operating instructions must be checked before 
commissioning or maintenance of the equipment. The integrity of any 
protective conductor connection must be checked before carrying out 
any other actions. It is the responsibility of the user to ensure that the 
equipment is installed, operated, and used for its intended function in the 
manner specified in this manual. If misused, any safety protection pro-
vided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Other Safety Marks (Sheet 1 of 3)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this device 
can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut cau-
ser un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not qual-
ified to service this equipment, you can injure yourself or others, or cause 
equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords should 
be changed to private passwords at installation. Failure to change each 
default password to a private password may allow unauthorized access. 
SEL shall not be responsible for any damage resulting from unauthorized 
access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A l’installa-
tion, les mots de passe par défaut devront être changés pour des mots de 
passe confidentiels. Dans le cas contraire, un accés non-autorisé á l’équi-
pement peut être possible. SEL décline toute responsabilité pour tout 
dommage résultant de cet accés non-autorisé.

WARNING
Do not look into the fiber ports/connectors.

AVERTISSEMENT
Ne pas regarder vers les ports ou connecteurs de fibres optiques.

WARNING
Do not look into the end of an optical cable connected to an optical 
output.

AVERTISSEMENT
Ne pas regarder vers l’extrémité d’un câble optique raccordé à une sortie 
optique.

WARNING
Do not perform any procedures or adjustments that this instruction man-
ual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use only 
test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.
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WARNING
Incorporated components, such as LEDs and transceivers are not user 
serviceable. Return units to SEL for repair or replacement.

AVERTISSEMENT
Les composants internes tels que les leds (diodes électroluminescentes) 
et émetteurs-récepteurs ne peuvent pas être entretenus par l'usager. 
Retourner les unités à SEL pour réparation ou remplacement.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper ESD 
procedures. Ground yourself, your work surface, and this equipment 
before removing any cover from this equipment. If your facility is not 
equipped to work with these components, contact SEL about returning 
this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges élec-
trostatiques (DES). Des dommages permanents non-décelables peuvent 
résulter de l’absence de précautions contre les DES. Raccordez-vous cor-
rectement à la terre, ainsi que la surface de travail et l’appareil avant d’en 
retirer un panneau. Si vous n’êtes pas équipés pour travailler avec ce 
type de composants, contacter SEL afin de retourner l’appareil pour un 
service en usine.

CAUTION
Equipment damage can result from connecting ac circuits to Hybrid 
(high-current interrupting) control outputs. Do not connect ac circuits to 
Hybrid control outputs. Use only dc circuits with Hybrid control outputs.

ATTENTION
Des dommages à l’appareil pourraient survenir si un circuit CA était rac-
cordé aux contacts de sortie à haut pouvoir de coupure de type “Hybrid.” 
Ne pas raccorder de circuit CA aux contacts de sortie de type “Hybrid.” 
Utiliser uniquement du CC avec les contacts de sortie de type “Hybrid.”

CAUTION
Substation battery systems that have either a high resistance to ground 
(greater than 10 k) or are ungrounded when used in conjunction with 
many direct-coupled inputs can reflect a dc voltage offset between bat-
tery rails. Similar conditions can exist for battery monitoring systems 
that have high-resistance balancing circuits or floating grounds. For 
these applications, SEL provides optional ground-isolated (optoisolated) 
contact inputs. In addition, SEL has published an application advisory on 
this issue. Contact the factory for more information.

ATTENTION
Les circuits de batterie de postes qui présentent une haute résistance à 
la terre (plus grande que 10 k) ou sont isolés peuvent présenter un biais 
de tension CC entre les deux polarités de la batterie quand utilisés avec 
plusieurs entrées à couplage direct. Des conditions similaires peuvent 
exister pour des systèmes de surveillance de batterie qui utilisent des 
circuits d’équilibrage à haute résistance ou des masses flottantes. Pour 
ce type d’applications, SEL peut fournir en option des contacts d’entrée 
isolés (par couplage optoélectronique). De surcroît, SEL a publié des 
recommandations relativement à cette application. Contacter l’usine 
pour plus d’informations.

CAUTION
If you are planning to install an INT4 I/O interface board in your relay, 
first check the firmware version of the relay. If the firmware version is 
R111 or lower, you must first upgrade the relay firmware to the newest ver-
sion and verify that the firmware upgrade was successful before install-
ing the new board. Failure to install the new firmware first will cause the 
I/O interface board to fail, and it may require factory service. Complete 
firmware upgrade instructions are provided when new firmware is 
ordered.

ATTENTION
Si vous avez l’intention d’installer une Carte d’Interface INT4 I/O dans 
votre relais, vérifiez en premier la version du logiciel du relais. Si la ver-
sion est R111 ou antérieure, vous devez mettre à jour le logiciel du relais 
avec la version la plus récente et vérifier que la mise à jour a été correc-
tement installée sur la nouvelle carte. Les instructions complètes de mise 
à jour sont fournies quand le nouveau logiciel est commandé.

CAUTION
Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8 with 
INT4 can cause I/O contact failure. The INT4 board has a pickup and 
dropout delay setting range of 0–1 cycle. For all other I/O boards, pickup 
and dropout delay settings (IN201PU–IN224PU, IN201DO–IN224DO, 
IN301PU–IN324PU, and IN301DO–IN324DO) have a range of 0–5 cycles. 
Upon replacing any I/O board with an INT4 board, manually confirm reset 
of pickup and dropout delays to within the expected range of 0–1 cycle.

ATTENTION
Le remplacement en chantier des cartes d’entrées/sorties INT1, INT2, 
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance 
du contact d’entrée/sortie. La carte INT4 présente un intervalle d’ajuste-
ment pour les délais de montée et de retombée de 0 à 1 cycle. Pour 
toutes les autres cartes, l’intervalle de réglage du délai de montée et 
retombée (IN201PU–IN224PU, IN201DO– IN224DO, IN301PU–IN324PU, et 
IN301DO–IN324DO) est de 0 à 5 cycles. Quand une carte d’entrées/sorties 
est remplacée par une carte INT4, vérifier manuellement que les délais 
de montée et retombée sont dans l’intervalle de 0 à 1 cycle.

CAUTION
Do not install a jumper on positions A or D of the main board J21 header. 
Relay misoperation can result if you install jumpers on positions J21A and 
J21D.

ATTENTION
Ne pas installer de cavalier sur les positions A ou D sur le connecteur J21 
de la carte principale. Une opération intempestive du relais pourrait 
résulter suite à l’installation d’un cavalier entre les positions J21A et 
J21D.

CAUTION
Insufficiently rated insulation can deteriorate under abnormal operating 
conditions and cause equipment damage. For external circuits, use wiring 
of sufficiently rated insulation that will not break down under abnormal 
operating conditions.

ATTENTION
Un niveau d’isolation insuffisant peut entraîner une détérioration sous 
des conditions anormales et causer des dommages à l’équipement. Pour 
les circuits externes, utiliser des conducteurs avec une isolation suffi-
sante de façon à éviter les claquages durant les conditions anormales 
d’opération.

CAUTION
Relay misoperation can result from applying other than specified second-
ary voltages and currents. Before making any secondary circuit connec-
tions, check the nominal voltage and nominal current specified on the 
rear-panel nameplate.

ATTENTION
Une opération intempestive du relais peut résulter par le branchement 
de tensions et courants secondaires non conformes aux spécifications. 
Avant de brancher un circuit secondaire, vérifier la tension ou le courant 
nominal sur la plaque signalétique à l’arrière.

Other Safety Marks (Sheet 2 of 3)
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General Information
The SEL-400 Series Relays Instruction Manual uses certain conventions that 
identify particular terms and help you find information. To benefit fully from 
reading this manual, take a moment to familiarize yourself with these conven-
tions.

Typographic Conventions
There are three ways users typically communicate with SEL-400 series relays:

➤ Using a command line interface on a PC terminal emulation window

➤ Using the front-panel menus and pushbuttons

➤ Using SEL Grid Configurator or QuickSet software.

The instructions in this manual indicate these options with specific font and for-
matting attributes. The following table lists these conventions:

                    

CAUTION
Severe power and ground problems can occur on the communications 
ports of this equipment as a result of using non-SEL cables. Never use 
standard null-modem cables with this equipment.

ATTENTION
Des problèmes graves d’alimentation et de terre peuvent survenir sur les 
ports de communication de cet appareil si des câbles d’origine autre que 
SEL sont utilisés. Ne jamais utiliser de câble de modem nul avec cet équi-
pement.

CAUTION
Do not connect power to the relay until you have completed these proce-
dures and receive instruction to apply power. Equipment damage can 
result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces procé-
dures et d’avoir reçu l’instruction de brancher l’alimentation. Des dom-
mages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other than 
those specified herein, may result in hazardous radiation exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 3 of 3)

Example Description

STATUS Commands, command options, and command variables typed at a 
command line interface on a PC.

n
SUM n

Variables determined based on an application (in bold if part of a 
command).

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen. The > character indicates submenus.
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Logic Diagrams
Logic diagrams in this manual follow the conventions and definitions shown below.
                    

Trademarks
All brand or product names appearing in this document are the trademark or reg-
istered trademark of their respective holders. No SEL trademarks may be used 
without written permission. 

SEL trademarks appearing in this manual are shown in the following table.

                    

A
B

C

C

A

B

B

C

C

NAME SYMBOL FUNCTION

Comparator

OR

AND

NAND

Time-Delayed Pick Up 
and/or
Time-Delayed Drop Out

Edge Trigger Timer

Set-Reset/Flip-Flop

Input A is compared to Input B.  Output C 
asserts if Input A is greater than Input B.

If either Input A or Input B asserts, Output C 
asserts.

If Input A and Input B assert, Output C asserts.

If Input A and/or Input B deassert, Output C 
asserts.

X is a time-delay-pickup value; Y is a time- 
delay-dropout value. Output B asserts Time X 
after Input A asserts; Output B does not assert 
if Input A does not remain asserted for Time X. 
If Time X is zero, Output B asserts when 
Input A asserts. If Time Y is zero, Input B 
deasserts when Input A deasserts.

Rising edge of Input A starts timers.  Output B 
asserts Time X after the rising edge of Input A. 
Output B remains asserted for Time Y. If 
Time Y is zero, Output B asserts for a single 
processing interval. Input A is ignored while 
the timers are running.

Input S asserts Output Q until Input R asserts. 
Output Q deasserts or resets when Input R 
asserts.

Exclusive OR
If either Input A or Input B asserts, Output C 
asserts. If Input A and Input B are of the same 
state, Output C deasserts.

C

NOR
If neither Input A nor Input B asserts, Output C 
asserts.C

AND w/ Inverted Input
If Input A asserts and Input B deasserts, 
Output C asserts.  Inverter "O" inverts any 
input or output on any gate.

C

Input Flag Input A comes from other logic.A

Output B asserts at the falling edge of Input A.Falling Edge

Rising Edge Output B asserts at the rising edge of Input A.

A B

A B

A

B

A

B

A

B

A
B

A
B

A
B

X

Y

A
X

Y

S

R

Q

ACSELERATOR Analytic Assistant® SEL-2407®

ACSELERATOR Architect® SELOGIC®

ACSELERATOR QuickSet® SEL Compass®

Best Choice Ground Directional Element® SYNCHROWAVE®

MIRRORED BITS® Time-Domain Link (TiDL®) technology
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EtherCAT is registered trademark and patented technology, licensed by Beckhoff 
Automation GmbH, Germany.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

http://selinc.com/support/
mailto:info@selinc.com
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Introduction

The SEL-400 series family of relays feature high-performance protection for a 
variety of applications. All relays feature extensive metering, monitoring, and 
data recording, including high-resolution data capture and reporting.

Relays feature expanded SELOGIC control equation programming for easy and 
flexible implementation of custom protection and control schemes. The relays 
have separate protection and automation SELOGIC control equation programming 
areas with extensive protection and automation programming capability.

Relays provide extensive communications interfaces from standard SEL ASCII 
and enhanced MIRRORED BITS communications protocols to Ethernet connectiv-
ity with the optional Ethernet card. With the Ethernet card, you can employ com-
mon industry communications tools, including Telnet, File Transfer Protocol 
(FTP), DNP3 (serial and LAN/WAN), and the IEC 61850 Edition 2 standard 
suite of protocols.

Relays interface with SEL Grid Configurator or ACSELERATOR QuickSet 
SEL-5030 Software. SEL Grid Configurator or QuickSet assists you in setting, 
controlling, and acquiring data from the relays, both locally and remotely. 
ACSELERATOR Architect SEL-5032 Software enables you to view and configure 
IEC 61850 settings via a GUI.

Most relays support synchrophasor measurement. Synchrophasor measurements 
are available when a high-accuracy time source is connected to the relay. The 
relay supports the IEEE C37.118 standard for synchrophasors for power systems.

Most relays feature bay control functionality. The mimic display selected is dis-
played on the front-panel screen in one-line diagram format. The number of dis-
connects and breakers that can be controlled by the relay are a function of the 
selected mimic display screen. Control of the breakers and disconnects is avail-
able through front-panel pushbuttons, ASCII interface, Fast Message protocol, or 
SELOGIC control equations.

A simple and robust hardware design features efficient digital signal processing. 
Combined with extensive self-testing, these features provide relay reliability and 
enhance relay availability.

Common Features
Automation. Take advantage of enhanced automation features that include 

programmable elements for local control, remote control, protection 
latching, and automation latching. Local metering on the large-format 
front-panel LCD eliminates the need for separate panel meters. Use serial 
and Ethernet links to efficiently transmit key information, including 
metering data, protection element and control I/O status, Sequential 
Events Recorder (SER) reports, breaker monitor, relay summary event 
reports, and time synchronization. Use expanded SELOGIC control equa-

NOTE: Some SEL-400 series relays 
are compliant with Edition 1 of the 
IEC 61850 standard.

NOTE: Some relays are only 
supported by SEL Grid Configurator. 
See Section 2: PC Software for more 
details.
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tions with math and comparison functions in control applications. Incor-
porate as many as 1000 lines of automation logic to speed and improve 
control actions.

Oscillography and Event Reporting. Record voltages, currents, and internal 
logic points as fast as an 8 kHz sampling rate. Phasor and harmonic anal-
ysis features allow investigation of relay and system performance.

Sequential Events Recorder (SER). Record the last 1000 entries, including set-
ting changes, startups, and selectable logic elements.

High-Accuracy Time Stamping. Time-stamp binary COMTRADE event reports 
with real-time accuracy of better than 10 µs. View system state informa-
tion to an accuracy of better than 1/4 of an electrical degree.

Digital Relay-to-Relay Communication. Use enhanced MIRRORED BITS com-
munications to monitor internal element conditions between relays within 
a station, or between stations, by using SEL fiber-optic transceivers. Send 
digital, analog, and virtual terminal data over the same MIRRORED BITS 
channel.

Ethernet Access. Access all relay functions with the optional Ethernet card. 
Interconnect with automation systems by using IEC 61850 or DNP3 
LAN/WAN protocols directly or through an SEL-3530 RTAC. Use FTP 
for high-speed data collection.

Time-Domain Link (TiDL). Reduce costs with TiDL technology. With this sim-
ple-to-configure solution, the relay ac inputs and most of its digital inputs 
and outputs are distributed using TiDL merging units.

Parallel Redundancy Protocol (PRP). Provide seamless recovery from any sin-
gle Ethernet network failure with this protocol, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are fully duplicated 
with both copies operating in parallel.

Increased Security. Set unique passwords for each access level. The relay 
divides control and settings into seven relay access levels. The relay has 
separate breaker, protection, automation, and output access levels, among 
others.

Rules-Based Settings Editor. Communicate with and set the relay by using an 
ASCII terminal, or use the PC-based SEL Grid Configurator or QuickSet 
software.

Settings Reduction. Show only the settings for the functions and elements you 
have enabled using internal relay programming.

Alias Settings. Use as many as 200 aliases to rename any digital or analog 
quantity in the relay. The aliases are available for use in customized pro-
gramming, making initial programming and maintenance easy.
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PC Software

Refer to Table 2.1 to navigate to the information about the PC software program 
available based on your relay.

                    

SEL Grid Configurator Software
SEL Grid Configurator Software is a tool for engineers and technicians to 
quickly and easily design, deploy, and manage device configurations for power 
system protection, control, metering, and monitoring. Through use of this soft-
ware, you can perform the following:

➤ Configure settings for supported devices.

➤ Organize and manage device settings.

➤ Read and send settings for supported devices.

➤ Read reports from supported devices.

Installation
Overview

To install the software, you must have at least the following.

Table 2.1 SEL Software

Relay Model Available Settings Software

SEL-400G See SEL Grid Configurator Software on page 2.1

SEL-401 See SEL Grid Configurator Software on page 2.1

SEL-411L-0, -1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-411L-2 See SEL Grid Configurator Software on page 2.1

SEL-421-4, -5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-421-7 See SEL Grid Configurator Software on page 2.1

SEL-451-5 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-451-6 See SEL Grid Configurator Software on page 2.1

SEL-487B-1 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487B-2 See SEL Grid Configurator Software on page 2.1

SEL-487E-3, -4 See ACSELERATOR QuickSet SEL-5030 Software on page 2.14

SEL-487E-5 See SEL Grid Configurator Software on page 2.1

SEL-487V See ACSELERATOR QuickSet SEL-5030 Software on page 2.14
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Two different installations of Grid Configurator are offered: an Admin Install and 
a User Install. Both install the same version of the software but support different 
use cases. SEL recommends using the Admin Install in most cases. Table 2.3 
illustrates the differences and the different use cases for the two installation 
types.

                    

Examples of when to use the User Install:

➤ A user must install the software but lacks administrative privileges on 
the computer.

➤ A user wants to try a new version of Grid Configurator before full 
deployment.

➤ A user must use Grid Configurator on the same computer on which 
an incompatible (and unable to be upgraded) version of QuickSet is 
installed.

ACSELERATOR QuickSet Compatibility

If using the Legacy Device Driver, QuickSet version 6.3.0.7 or later is required 
for compatibility with Grid Configurator. If using Device Manager, QuickSet 
version 6.8.2.0 or later is required for compatibility with SEL Grid Configurator.

Table 2.2 Minimum Requirements

Supported Operating Systems:
Microsoft Windows 10 (64-bit)

Microsoft Server 2016 (64-bit)

Processor Speed: 1 GHz (64-bit) or faster

RAM: 2 GB

Disk Space: 1 GB available

Printer: Default printer installed for printer settings

Monitor:

1280 x 800 or higher resolution monitor

Note: For best viewing of the application windows and 
text, you may need to enter your Windows operating sys-
tem settings and adjust the screen resolution settings to 
make text and other items larger or smaller.

Other Peripherals: Mouse or other pointing device

Communications:
Serial or Ethernet connections to allow communication 
with SEL devices

Required Third-Party Software: Microsoft .NET Framework 4.7.2

Table 2.3 Differences Between Admin Install and User Install

Admin Install User Install

Requires administrative privileges to install on the computer. Does NOT require administrative privileges to install 
on the computer.

Accessible by all users on the same computer. Accessible only to the user that installed the software.

Uses the ACSELERATOR Database, the same database used by ACSELERATOR 
QuickSet Device Manager, if installed. This provides a means to view and 
access supported devices from both Grid Configurator and Device Manager.

Uses a separate database from QuickSet Device Man-
ager. The User Install of Grid Configurator cannot con-
nect to an ACSELERATOR Database.

May require an update to QuickSet and Device Manager for compatibility. If 
an update is necessary, the user will be notified during Grid Configurator 
installation. The user will then have the opportunity to cancel installation at 
that time.

Never requires an update to an existing installation of 
QuickSet.
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Installation Instructions
Once you have decided on the best installation, perform the following:

Step 1. Obtain the SEL Grid Configurator installation files from either the 
website (selinc.com/products/5037) or SEL Compass software.

Step 2. Run the installation file.

Step 3. If you agree to the terms of the license agreement, select I accept the 
license agreement.

Step 4. If you are running the User Install, select Install and go to Step 6. If 
you are running the Admin install, select Next and continue to 
Step 5.

NOTE: The following option is only 
available in the Admin Install. Skip 
Step 5 if you are running the User 
Install.

Step 5. Select the desired installation type.

a. Select Typical to use all default installation options, and then 
select Install to install the application.

                    

b. Select Custom to choose where to install the application and the 
ACSELERATOR Database.

c. Select Next.

d. Enter the desired folder location or select Browse to select a 
folder and then select Next.

                    

e. Enter the desired folder locations for the database binaries and 
data or select Browse to select a folder and then select Install.

                    

Figure 2.1 Select Typical to Accept All Default Installation Options or Select 
Custom to View or Modify Them

                    

Figure 2.2 Select the Install Location for SEL Grid Configurator

https://selinc.com/products/5037/
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Step 6. After the installation process has been completed, select Next.

Step 7. Select Finish to close the installation wizard.

                    

Silent Installation

Grid Configurator supports a command-line interface for silent, automated instal-
lations. The following parameters are supported:

➤ /Silent: Requires no end-user interaction and supports automated 
installs via scripting.

➤ /AgreeEULA: Represents an explicit approval of the License 
Agreement (EULA) to prevent showing the License Agreement 
form. This must be included with the /Silent option to perform a 
silent installation of Grid Configurator.

➤ /InstallPath: Specifies the selected folder location when the default 
is not desired.

➤ /DatabaseBinInstallPath: Specifies the selected folder location for 
database binary files.

➤ /DatabaseDataInstallPath: Specifies the selected folder location for 
database data files.

                    

Figure 2.3 Select the Install Location for the ACSELERATOR Database

                    

Figure 2.4 SEL Grid Configuration Installation Completed Successfully
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Examples:

To perform a silent, default installation, execute the following:

                    

To perform a silent installation while specifying the installation paths, exe-
cute the following:

                    

Uninstalling Grid Configurator
Grid Configurator supports uninstallation by the following methods:

➤ Through Windows Apps & features (Admin Install only)

➤ Through Windows Start Menu via an Uninstall SEL Grid 
Configurator shortcut in the SEL Applications folder (User Install 
only)

➤ Through SEL Compass

➤ Silently using the Grid Configurator uninstaller’s command-line 
interface

Grid Configurator Uninstaller

The Grid Configurator uninstaller (uninstall.exe) is located in the Uninstall folder 
in the Grid Configurator install folder. The following parameters are supported:

➤ /Silent: A silent uninstallation shall be performed.

➤ /RemoveDatabaseData: Database data will be removed as part of 
uninstallation (User Install only).

Example:

To perform a silent uninstall, execute the following:

                    

Removing Database Data (User Install Only)

The database data contains device information, settings, and collected device 
reports. By default, the database data will remain on the machine when uninstall-
ing Grid Configurator. An option to remove the database data is available with 
the User Uninstall but not the Admin Uninstall. If you intend to reinstall Grid 
Configurator in the future, it is recommended to not remove this data. To remove 
the database data, select the box in the User Uninstallation Wizard (see 
Figure 2.5).

SEL.Grid.UserInstaller-x.x.x.x.exe /Silent /AgreeEULA

SEL.Grid.AdminInstaller-x.x.x.x.exe /Silent /AgreeEULA /InstallPath=”(Select file 
location)”

/DatabaseBinInstallPath=”(Select database binaries location)” 
/DatabaseDataInstallPath=

”(Select Database data location)” 

uninstall.exe /Silent



2.6

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
SEL Grid Configurator Software

                    

In the case of the Admin Uninstall, the ACSELERATOR Database is not automati-
cally removed. The ACSELERATOR Database requires manual removal via Win-
dows Apps & features or SEL Compass.

Getting Started
This section provides the basic process for creating and deploying settings for a 
new device. More detailed information on each part of the user interface is avail-
able in the SEL Grid Configurator Instruction Manual. When you create a new 
device project, the software will prompt you for a part number. If you have none 
at the present time, start with the default part number; you may change it later.

Step 1. Using a computer on which Windows 10 is installed, open Grid Con-
figurator by selecting the Windows start button (left end of the Task-
bar in Windows 10), scroll down and select SEL Applications, then 
select the Grid Configurator icon. Alternatively, you can pin Grid 
Configurator to the start panel, taskbar, or desktop on your computer.

Step 2. Create a new device by selecting Add Device from the context menu 
at the top of the System Explorer, as Figure 2.6 illustrates.

                    

                    

Figure 2.5 Option to Remove Database Data on Uninstallation (User Install 
Only)

                    

Figure 2.6 Add a New Device Project
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Step 3. Select the type of device.

Step 4. Fill in a project name, setting version, and part number. Select OK. A 
device project includes all of the information (such as settings, 
comments, communications parameters, etc.) that Grid Configurator 
manages for a device, Figure 2.7 shows how a new device project 
looks in the System Explorer.

                    

Step 5. Select Main Features > Protection Elements from the Device 
Explorer, as illustrated in the green highlighted area of Figure 2.8. 
Using the controls next to the Available Protection Elements, enable 
as many protection functions as necessary. Repeat for each setting 
group by using the group selector (highlighted in orange in 
Figure 2.8) in the Device Commands menu. The features and groups 
Grid Configurator shows in this view vary greatly depending upon 
the relay, meter, or distribution controller you are configuring. Refer 
to the device instruction manual for detailed information about the 
features available in your particular device.

                    

                    

Figure 2.7 New Device in the System Explorer

                    

Figure 2.8 Protection Elements View
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The views and editors available in the Device Explorer vary 
depending upon the device. The functionality of the device being 
configured determines the available settings groups. In the Settings 
Grid view, settings are organized hierarchically in a tree format. 
Settings categories have a small triangle to the left. When you select 
this triangle, the settings category expands to show additional 
available settings related to the overarching category, as shown in 
Figure 2.9. Select the triangle again to collapse that portion of the 
tree.

In any device settings view, such as Protection Elements or Settings 
Grid, an indicator displays next to any setting you have changed. The 
change indicator persists as long as you have the device project open.

                    

Some settings will be disabled (grayed out) by default. Grid 
Configurator displays settings as disabled according to such various 
factors as your part number selection, which protections elements 
you have enabled, etc. Refer to your device instruction manual to 
learn details about the specific settings for your device. Grid 
Configurator makes settings available for editing once you change 
the options that caused them to be unavailable.

Step 6. In the Settings Grid view, expand the tree to see all settings and 
groups available in your device. Select an entry in the tree to view the 
settings editor for that element. Edit the setting value either by 
directly editing in the grid or by selecting the ellipsis button in the 
Value cell if available. Figure 2.10 shows an example of each editing 
workflow. For setting 50P1P, which requires a numerical entry, you 
can directly select and edit the necessary value in the Value cell. Set-
ting 67P1TC requires a SELOGIC control equation, which provides a 
window to help the user build their desired torque-control equation. 
Select the ellipsis button in the Value cell to open the SELOGIC con-
trol equation builder. Create the equation and then select OK.

                    

Figure 2.9 Settings Grid View
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If you enter a settings value into a field and that value is invalid or 
outside the acceptable range, as shown in Figure 2.10, Grid 
Configurator displays an error icon in the Value cell for that setting. 
A message explaining the error displays if you hover over the Value 
cell. Correct these errors prior to deploying settings.

Select the alarm icon in the Device Commands menu, as shown in 
Figure 2.11, to see Project Notifications, a report of all settings errors 
in a device project. Select the notification message to immediately 
navigate to the invalid setting.

                    

Step 7. For all remaining settings, navigate the tree or use the search bar to 
find the necessary settings and alter the appropriate values.

Step 8. Select Communications > Connections, as shown in Figure 2.12. 
Enter the connection parameters for your device. Grid Configurator 
can communicate with devices via serial or network connections.

                    

Figure 2.10 Editing Settings and Automatic Validation

                    

Figure 2.11 Viewing Project Notifications
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Step 9. Select Communications > Security, as illustrated in Figure 2.13. By 
default, Grid Configurator has the default passwords for your device 
type. Enter custom passwords if you use them. Refer to your device 
instruction manual to learn about the access levels and password 
options for your device.

                    

                    

                    

Figure 2.12 Configuring Communications Options

                    

Figure 2.13 Configuring Security Options

                    

Figure 2.14 Connecting to a Device
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Step 10. Select Connect in the Device Commands Menu, as shown in 
Figure 2.14. Once the connection is active, you will see a success 
message and a green dot displays in the device tab and next to the 
device name in the System Explorer. As long as Grid Configurator 
has an active connection with the device shown in your workspace, 
device commands appear similar to Figure 2.15.

                    

Step 11. Select the Send button, as shown in Figure 2.15, to deploy settings to 
the device. Select the green Device Operations icon in the Title Bar, 
as shown in Figure 2.16, to view the progress of the operation.

                    

Step 12. To cancel an operation, select Device Operations > Cancel Opera-
tion > OK.

                    

Step 13. Select Disconnect from the Device Commands Menu to terminate 
the connection to the device.

Grid Configurator Interface
Introduction

The user interface of Grid Configurator is divided into a number of viewable 
areas that can generally be categorized as follows:

                    

Figure 2.15 Device Commands Menu for Connected Devices

                    

Figure 2.16 Title Bar During Settings Deployment

                    

Figure 2.17 Opening the Send Report



2.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
SEL Grid Configurator Software

Navigators: One or more navigators can be open and visible in the user interface 
at any time. These generally sit vertically (top to bottom) in the user interface and 
contain content in rows. In some cases, the content will be hierarchical and col-
lapsible so you can focus only on what you need. A scroll bar appears if the con-
tent still extends beyond the viewable space. When the scroll bar appears, Grid 
Configurator offers three navigational options: 

1. Press and drag with your mouse on the scroll bar

2. Hover the mouse over the sidebar and use the mouse scroll wheel

3. Touch the scroll bar and drag your finger in the direction you want 
the view to move

IMPORTANT: Opening multiple 
navigators on a smaller screen can 
make the workspace too confining. 
You can collapse or expand any 
navigator individually.

Title Bar: The blue bar at the top of the user interface. It contains the application 
title and a number of icons for common actions that affect the entire application.

Workspace: The previously mentioned sections of the user interface enable and 
support the core of the application, your workspace. The content (or view) in the 
workspace changes depending on the project type and workflow, but the work-
space generally includes editable content and reports. Enter and edit content as 
necessary. Reports are read-only and provide information about your project. As 
with navigators, Grid Configurator displays scroll bars if the content extends 
beyond the viewable space.

Accessing Contextual Information

The menu system in Grid Configurator primarily displays via context menus. 

Select the ellipsis button, , to display the context menu for the item with 

which you are working. Select  in the title bar to activate application help.

User Interface Sections
1. Title Bar: Includes the software title and such application-level con-

trols as the light and dark theme.

2. System Explorer: A navigator that includes a hierarchical view of 
all devices in your system. Open device projects from the System 
Explorer.

3. Workspace: The display of any open view or project. Commands 
and features differ according to the use case for any particular view.
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Light and Dark Theme
                    

As shown in Figure 2.19, toggle the rocker bar on the right side of the title bar to 
switch between the light and dark theme for the user interface.

                    

Figure 2.18 Grid Configurator User Interface Overview

e

w

q

                    

Figure 2.19 Dark Theme
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SEL Grid Configurator Report Retrieval
Use SEL Grid Configurator to download the Sequence of Events records or relay 
oscillography records, as highlighted in Figure 2.20.

                    

ACSELERATOR QuickSet SEL-5030 Software
This section provides information on the following topics:

➤ QuickSet Setup on page 2.15

➤ Settings Database Management and Drivers on page 2.17

➤ QuickSet Main Menu on page 2.21

➤ Create and Manage Relay Settings on page 2.21

➤ QuickSet HMI on page 2.30

➤ Analyze Events on page 2.33

➤ QuickSet Help on page 2.34

SEL-400 series relays come with ACSELERATOR QuickSet SEL-5030 Software, 
a powerful relay settings, analysis, and measurement tool, to aid you in applying 
and using the relay. QuickSet reduces engineering costs for relay settings, logic 
programming, and system analysis. QuickSet makes it easier for you to do the 
following:

➤ Create and manage relay settings

➢ Create settings for one or more relays

➢ Store and retrieve settings with Windows-based PCs

➢ Upload and download relay settings files to and from relays

➤ Analyze events

➢ Use the integrated waveform (single event reports) analysis tools

                    

Figure 2.20 SEL Grid Configurator Report Retrieval
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➤ Control the relay

➢ Command relay operation through use of a GUI environment

➢ Execute relay serial port commands in terminal mode

➤ Configure the serial port and passwords

SEL provides QuickSet for easier, more efficient configuration of the relay set-
tings. However, you do not have to use QuickSet to configure a relay; you can use 
an ASCII terminal or a computer running terminal emulation software to access 
all relay settings and metering. QuickSet gives you the advantages of rules-based 
settings checks, SELOGIC control equation Expression Builder, and event analysis.

QuickSet Setup
Obtaining QuickSet

QuickSet can be obtained from the Download area of the SEL website. To have 
the software automatically update as new relay drivers are released, download 
and install SEL Compass Software, and then use Compass to download and 
install QuickSet. When you download QuickSet within Compass, you will be 
asked to select which relay drivers you wish to include. Select drivers for all SEL 
relays that you may be required to set. If later you find that additional drivers are 
required, QuickSet provides an easy method to request new drivers and updates 
(see Updating QuickSet on page 2.15).

QuickSet is also available on DVD upon request.

Updating QuickSet
The QuickSet software consists of a core application plus driver files for individ-
ual devices. As new device firmware versions are released, you may need to 
update QuickSet to add new driver files. This may be accomplished several ways:

➤ When the Enable Update Notifications check box is selected in the 
Tools > Options menu of SEL Compass, the Compass software will 
automatically check for updates on a specified schedule and facilitate 
the update process.

➤ The Update icon on the QuickSet startup screen starts SEL Compass 
and checks for updates.

➤ The Install Devices button on the Settings Editor Selection window 
starts SEL Compass and presents a menu of available drivers.

➤ Check for updates in the Help menu starts SEL Compass and 
checks for updates.

An Internet connection is required to add new drivers and to receive update noti-
fications.

Serial Communication Parameters
QuickSet can communicate with a relay via any relay serial port set to SEL proto-
col or via Ethernet. Use the Communication Parameters dialog box to config-
ure relay communications settings.

Step 1. Select the Communication menu on the top QuickSet toolbar.

Step 2. Select Parameters to open this dialog box.

Figure 2.21 shows the QuickSet Communication Parameters dialog 
box.
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You can use serial communication via relay Ports 1, 2, 3, and F (front panel). 
Figure 2.21 shows the default serial port parameters (9600, 8, N, 1).

Step 1. Enter your relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Step 2. If you choose a connection type from the Active Connection Type 
dropdown list that is a telephone modem, enter the dial-up telephone 
number in the Phone Number text box.

Ethernet Card
Use the optional Ethernet card for File Transfer Protocol (FTP) and Telnet net-
work communications.

FTP Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the FTP File Transfer Option button to select FTP as the net-
work communications protocol.

Step 3. Enter the IP address of the relay Ethernet port as the Host IP address.

Step 4. Enter the FTP port number.

Step 5. Enter the relay Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

See Changing the Default Passwords in the Terminal on page 3.11.

                    

Figure 2.21 QuickSet Communication Parameters Dialog Box
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Step 6. Use the Save to Address Book button to save the entered informa-
tion with a Connection Name for later use.

Step 7. Enable the Ethernet port setting FTPSERV.

Telnet Setup
Step 1. Access the Network dialog box from the Active Connection Type 

dropdown list.

Step 2. Select the Telnet File Transfer Option button to select Telnet as the 
network communications protocol.

The Telnet session uses the relay passwords on the Communication Parameters 
dialog box (Figure 2.21). See Telnet on page 15.16 for more information on Telnet.

Terminal Window
The terminal window provides an ASCII interface on which you can communi-
cate with the relay. This is a basic terminal emulation. Many third-party terminal 
emulation programs are available with file transfer encoding schemes.

Step 1. Select the QuickSet Communication menu.

Step 2. Select Terminal to start the terminal window.

Another convenient method to start the terminal is to press <Ctrl+T>.

Terminal Logging 
When you select the Terminal Logging check box in the Communication 
menu, QuickSet records communications events and errors in a log.

Step 1. Select Communication > Logging > Connection Log to view the 
log.

Step 2. Clear the log by selecting Communication > Logging > Clear 
Connection Log.

Settings Database Management and Drivers
Database Manager 

QuickSet uses a relay database to save relay settings. QuickSet contains sets of 
all settings files for each relay that you specify in the Database Manager. 
Choose appropriate storage backup methods and a secure location for storing 
your relay database files. Use the File > Database Manager menu to retrieve a 
relay database from computer memory.

Relay Database

The default relay database file already configured in QuickSet is Relay.rdb. This 
database contains example settings files for the SEL products with which you can 
use QuickSet.

Step 1. Open the Database Manager to access the database.

a. Select File in the QuickSet top toolbar.

b. Select the Database Manager menu item. You will see a dialog 
box similar to Figure 2.22.
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Step 2. If you wish, you can enter descriptions of the database and/or relay in 
the Database Description and/or Settings Description text boxes.

A relay description would consist of special operating characteristics 
that describe the relay settings including the protection scheme 
settings and communications settings.

                    

Step 3. Highlight one of the relays listed in Settings.

Step 4. Select Copy to create a new collection of relay settings.

QuickSet prompts you to provide a new name.

Copy/Move Relays Between Databases

You can create multiple relay databases with the Database Manager; these data-
bases are useful for grouping similar protection schemes or geographic areas.

Step 1. Select the Copy/Move Relays Between Settings Databases tab to 
access the dialog box shown in Figure 2.23.

Step 2. Select the ellipsis next to Settings Database B to open a relay database.

Step 3. Navigate to the desired database location.

Step 4. Select Open.

For example, Relay2.rdb is the B relay database in Figure 2.23.

Step 5. Highlight a relay in the A database.

Step 6. Select Copy or Move.

Step 7. Select the > button to create a new relay in the B database.

Reverse this process to take relays from the B database to the A database.

Copy creates an identical relay that appears in both databases. Move removes the 
relay from one database and places the relay in another database.

Figure 2.22 QuickSet Database Manager Relay Database
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Create a New Database
Step 1. To create and copy an existing database of relays to a new database, 

select the File > Database Manager menu.

Step 2. Select Copy/Move Relays Between Databases on the Database 
Manager dialog box.

QuickSet opens the last active database and assigns it as Database A 
(see Figure 2.23).

Step 3. Select the ellipsis next to Settings Database B.

QuickSet prompts you for a file location.

Step 4. Type a new database name.

Step 5. Select Open.

Step 6. Answer Yes.

The program creates a new empty database.

Step 7. Load relays into the new database as in Copy/Move Relays Between 
Databases on page 2.18.

Drivers 
Relay settings folders in QuickSet are closely associated with the QuickSet relay 
driver that you used to create the settings. The relay settings and the QuickSet 
drivers must match.

Step 1. Use one of the following methods to view the relay FID (firmware 
identification) number to determine the active QuickSet drivers.

➢ Enter Access Level 1 and use the STATUS command from the 
serial port terminal emulation window.

➢ Type ID <Enter> in the computer emulation software window 
(<Ctrl+T> from QuickSet).

Figure 2.23 QuickSet Database Manager Copy/Move
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Step 2. Locate and record the Z-number in the FID string.

The Z-number helps determine the proper QuickSet relay settings 
driver version when creating or editing relay settings files.

Step 3. View the QuickSet settings driver information at the bottom of the 
Settings Editor window.

The first portion of the Z-number is the QuickSet settings driver 
version number (see Figure 2.24).

Step 4. Compare the QuickSet driver number and the relay FID number.

This QuickSet driver Z-number and the corresponding part of the 
relay FID must match.

                    

Use the first portion of the Z-number (Z001XXX, for example) to 
determine the correct Settings Editor version to select.

Step 5. View the top of the Settings Editor window to check the Settings 
Editor driver number (see Figure 2.25).

                    

As SEL develops new drivers, you can update your existing QuickSet with spe-
cific relay drivers for each SEL product that uses QuickSet. Use SEL Compass 
(selinc.com/products/compass/) to download the latest QuickSet drivers.

Figure 2.24 QuickSet Software Driver Information in the FID String

FID = SEL-487B-1-R306-V0-Z007005-D20130606

Relay Settings Driver Version Number

HMI Version Number

                    

Figure 2.25 Relay Settings Driver Version Number

Settings Editor Tree View Driver Version

https://selinc.com/products/compass/
http://selinc.com/products/compass/
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QuickSet Main Menu
The main menu provides the following options and submenu options. Selected 
submenu options are explained in detail in Table 2.4.

                    

Create and Manage Relay Settings
QuickSet enables you to create settings for one or more relays. You can store 
existing relay settings downloaded from relays with QuickSet, creating a library 
of relay settings (see Database Manager on page 2.17). You can then modify and 
upload these settings from your settings library to a relay. QuickSet makes setting 
the relay easy and efficient.

Table 2.4 QuickSet Submenu Options

File

➤ New—Create new settings for a connected device or offline.

➤ Open—Open existing settings stored in a Relay Database (RDB) file.

➤ Close—Close settings instance that is open in the QuickSet window.

➤ Save/Save As—Save settings instance that is open in the QuickSet window to the active Relay Database 
(RDB) file.

➤ Print Device Settings—Print standard or custom settings reports.

➤ Read—Read settings from a connected device and display the settings in the QuickSet window.

➤ Send—Send settings instance that is open in the QuickSet window to a connected device.

➤ Active Database—Change which Relay Database (RDB) file is used for the Open and Save/Save As 
commands.

➤ Database Manager—Open Database Manager to create a new Relay Database (RDB) file, copy settings within 
the active Relay Database (RDB) file, add descriptions to settings within the database, and copy and move 
settings between different databases.

➤ Exit—Quit the QuickSet software.

Edit

➤ Copy—Copy settings from one Settings Group to another.

➤ Search—Search for a text string within the settings instance.

➤ Compare—Compare the settings instance that is open in the QuickSet window to another settings instance in 
the Relay Database file.

➤ Merge—Merge the settings instance that is open in the QuickSet window with another settings instance in the 
Relay Database file.

➤ Part Number—Change the current part number for the settings instance that is open in the QuickSet window.

Communications

➤ Connect—Request QuickSet to attempt to connect to a device by using the current Connection Parameters.

➤ Parameters—Modify the Communications Parameters, including connection type (Serial, Network, or 
Modem), PC port numbers, speed, and settings, device passwords, IP addresses, ports, and file transfer 
options, and modem phone numbers and speeds.

➤ Network Address Book—Select from a list of Ethernet-connected devices. Add or modify devices by 
specifying the Connection Name, IP Address, Telnet Port Number, User ID, and Password.

➤ Terminal—Open terminal window to issue ASCII commands directly to a connected relay.

➤ Logging—Initiate terminal logging to record terminal communications. View and clear the connection log.

Tools

➤ Settings—Convert settings between settings versions. Import and export settings from and to text files.

➤ HMI—Open HMI for connected device and manage custom HMI Device Overviews.

➤ Events—Collect event and view reports from connected devices.

➤ Options—Control QuickSet options, including Setting Comments, Event Viewer, and Terminal Options.

➤ Firmware Loader—Upgrade relay firmware.

Help ➤ Access program and settings help.
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Relay Part Number 
The relay part number determines the settings that QuickSet displays and the func-
tions that the software controls. When configuring QuickSet to control a particular 
relay, you should confirm that the QuickSet part number matches the relay part 
number so that you can access all of the settings you need for your relay.

Configuring the Relay Part Number
Step 1. Select the QuickSet Edit menu.

Step 2. Select Part Number in the dropdown list, as shown in Figure 2.26.

                    

You will see the Device Part Number dialog box, similar to the one 
shown in Figure 2.27 for the SEL-487B.

Step 3. Use the arrows inside the text boxes to match corresponding portions 
of the Device Part Number dialog box to your relay. Alternatively, 
select Edit in the lower left corner of the Device Part Number 
screen and paste in the desired part number.

                     

Figure 2.26 Retrieving the Device Part Number
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Settings Overview
QuickSet arranges relay settings in easy-to-understand categories (for an expla-
nation of settings organization, see Making Simple Settings Changes on 
page 3.15). These categories of collected settings help you quickly set the relay. 
Figure 2.28 is an example of relay settings categories in the Settings Editor tree 
view.

QuickSet shows all of the settings categories in the settings tree view. When you 
enable and disable settings categories, the tree view remains constant, but when 
you select the tree view to access the settings in a disabled category, the disabled 
settings are dimmed. For example try the following steps:

Step 1. Select Global > Station DC Monitoring and observe that the set-
tings are dim.

Step 2. To enable the Station DC Monitor settings, select the Global > Gen-
eral Global Settings/Enables branch of the settings tree view.

Step 3. Change the EDCMON Station DC Battery Monitor setting to Y.

Step 4. Figure 2.28 through Figure 2.30 illustrates this feature of QuickSet.

                    

Figure 2.27 Setting the Relay Part Number in QuickSet
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Figure 2.28 Station DC Settings

                    

Figure 2.29 Enable EDCMON in Global Settings
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Figure 2.30 DC Monitor Settings Enabled
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Settings Editor
Use the Settings Editor to enter relay settings. Figure 2.31 illustrates the import-
ant features of the editor. These features include the QuickSet settings driver ver-
sion number (the first three digits of the Z-number) in the lower left corner of the 
Settings Editor.

                    

Entering Settings
Step 1. Select the arrows to expand the Settings Tree View (see 

Figure 2.31).

Step 2. Select the circle buttons to select the settings class, instance, and cat-
egory that you want to change.

Step 3. Use the <Tab> key to move to the setting text book and from setting 
to setting when entering and editing.

Step 4. The right-click mouse button allows access to two special functions 
when you are editing settings: Previous Value and Default Value. It 
also allows the user to Add a Comment to the selected setting or 
Search for Selected Text.

                    

Figure 2.31 QuickSet Settings Editor

Settings Tree View
Relay Settings 
Driver Version NumberEllipsis Button Settings Dialog Box Text Box

Error Text Region
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Step 5. Use the following methods to edit the settings from QuickSet.

➢ Restore previous values. Right-click the mouse over the setting 
and select Previous Value.

➢ Restore default values. Right-click in the setting dialog box and 
select Default Value.

If you enter a setting that is out of range or has an error, an error 
message appears at the bottom of the Settings Editor window. 
To correct the error, proceed to Step 6.

Step 6. Correct settings errors.

a. Double-click the error listing in the Settings Editor window.

b. Enter a valid input for the setting where the error appears.

Ellipsis Button
QuickSet includes a feature called an ellipsis button (see Figure 2.32).

                    

The ellipsis button is a square button with three dots, as shown in Figure 2.33. 
Use the ellipsis button to build expressions or assist with entering settings in the 
relay. Whether the ellipsis button is an expression builder or a setting assistant 
depends on the selected relay function and is preprogrammed in the relay. For 
example, Figure 2.33 shows the ellipsis button as a setting assistant, entering 
settings for the SER.

Step 1. Enter the SER settings by selecting on the Report > SER Settings in 
the Tree View.

Step 2. Select the SITM1 SER Points and Alias, Point 1 ellipsis button, 
which makes the R1-SITM1 window available.

Step 3. Select the Relay Word bit ellipsis button in the R1-SITM1 window.

The software displays a list of Relay Word bits available in the relay 
that you can select to enter in the SER report.

                    

Figure 2.32 Ellipsis Button
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Expression Builder
The ellipsis button also allows access to an expression builder. SELOGIC control 
equations are a powerful means for customizing relay performance. Creating 
these equations can be difficult because of the large number of relay elements 
(Relay Word bits) and analog quantities in the relay. QuickSet simplifies this pro-
cess with the expression builder, a rules-based editor for programming SELOGIC 
control equations. The expression builder organizes relay elements, analog quan-
tities, and SELOGIC control equation variables and focuses your equation deci-
sion making.

Expression Builder Organization

The Expression Builder dialog box is organized into two main parts represent-
ing the left side (LVALUE) and right side (RVALUE) of the SELOGIC control 
equation. (The LVALUE is fixed for all settings except Protection Free-Form 
SELOGIC and Automation Free-Form SELOGIC control equation settings—see 
Fixed SELOGIC Control Equations on page 13.6.) Figure 2.34 shows the two 
sides of the Expression Builder, with the SELOGIC control equation that you are 
constructing at the top of the dialog box. Note the dark vertical line and the 
equals sign (:=) separating the equation’s left and right sides.

                    

Figure 2.33 Location of Ellipsis Button
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Using the Expression Builder
Step 1. For Protection Free-Form SELOGIC and Automation Free-Form 

SELOGIC control equations, select the type of result (LVALUE) for 
the SELOGIC control equation to use the Expression Builder.

QuickSet shows Relay Word bits available for use in compiling 
expressions. The program shows the relay elements for each type of 
SELOGIC control equation (e.g., Boolean Variables, Math Variables).

On the right side of the equation (RVALUE), you can select broad 
categories of relay elements, analog quantities, counters, timers, 
latches, Boolean variables, and math variables.

Step 2. Select a category in the RVALUE tree view.

The Expression Builder displays all elements for that category in the 
list at the bottom right side. Directly underneath the right side of the 
equation, you can choose operations to include in the RVALUE. 
These operations include basic logic functions, rising and falling-
edge triggers, expression compares, and math functions. For more 
information on programming SELOGIC control equations, see 
Section 13: SELOGIC Control Equation Programming.

                    

Figure 2.34 QuickSet Expression Builder



2.30

SEL-400 Series Relays Instruction Manual Date Code 20230830

PC Software
ACSELERATOR QuickSet SEL-5030 Software

QuickSet HMI
Use the QuickSet HMI feature to view real-time relay information in a graphical 
format. Use the virtual relay front panel to read metering and targets (see 
Figure 2.35) for a representative example.

                    

Open the QuickSet HMI
Select Tools > HMI > HMI in the QuickSet menu bar. QuickSet opens the HMI 
window and downloads the interface data. The HMI can also be accessed by 
using the HMI icon.

QuickSet HMI Features
Table 2.5 lists typical functions in the HMI tree view and a brief explanation of 
each function. The specific options available for any specific relay depend on the 
features available in that relay.

                    

                    

Figure 2.35 Virtual Relay Front Panel

Table 2.5 QuickSet HMI Tree View Functions (Sheet 1 of 2)

Function Description

Device Overview View general metering, selected targets, control input, control 
outputs, and the virtual front panel

Contact I/O View status of contact inputs and contact outputs
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Phasors A graphical and textual representation of phase and sequence 
voltages and currents.

Time and 
Communications

View for Time Quality, MIRRORED BITS Channel A or B, real-
time control (RTC) Channel. Precision Time Protocol (PTP), or 
Sampled Values status.

Fundamental Metering A table of instantaneous voltages, currents, powers, and fre-
quency.

Zone Metering View active Zone meter reports.

Differential Metering View differential currents of all active zones.

Unbalance Metering View the differential and unbalanced metering data.

Synchrophasor A table of synchrophasor data.

Demand/Peak A table showing demand and peak demand values. This display 
also allows demand and peak demand values to be reset.

Min/Max A table showing maximum/minimum metering quantities. This 
display also allows maximum/minimum metering quantities to be 
reset.

Energy A table showing energy import/export. This display also allows 
energy values to be reset.

Temperature View the temperature measurements received from the 
SEL-2600A.

Protection Math Variables View the protection math variable values.

Automation Math Vari-
ables

View the automation math variable values.

MIRRORED BITS Commu-
nications

View the MIRRORED BITS communications analog quantities.

Through Faults View the through-fault data.

Thermal Monitoring View the most recent saved thermal report of the transformer(s) 
monitored by the device.

Breaker n Monitoring 
(n can be S,T,U,W, or X)

View a comprehensive circuit breaker report that includes inter-
rupted currents, number of operations, and mechanical and elec-
trical operating times.

Analog Signal Profile View the Signal Profile data for as many as 20 user-selectable 
analog values.

VSSI Report View the voltage sag, swell, and interruption report.

Targets View Relay Word bits in a row/column format.

Status A list of relay status conditions.

LDP View load profile data.

SER Sequential Events Recorder (SER) data listed oldest to newest, 
top to bottom.

Set the range of SER records with the dialog boxes at the bottom 
of the display.

SSI View voltage Sag, Swell, and Interruption data.

Breaker Monitor Data A table showing the latest circuit breaker monitor data.

Control Window Metering and records reset buttons, trip and close control, output 
pulsing, target reset, time and date set, group switch, and remote 
bit control.

Table 2.5 QuickSet HMI Tree View Functions (Sheet 2 of 2)

Function Description
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The flashing LED representation in the lower left of the QuickSet window indi-
cates an active data update via the communications channel (see Figure 2.35). 
Select the button marked Disable Update to suspend HMI use of the communi-
cations channel.

HMI Device Overview

Select the Device Overview branch to display an overview of the relay operation. 
This view includes a summary of information from many of the other HMI 
branches, including fundamental metering, contact input/output status, and front-
panel LED status.

The Device Overview colors and text can be customized. White LED symbols 
indicate a deasserted condition and LED symbols with any other color indicate an 
asserted condition. Select an LED symbol to change its assert color.

HMI Control Window

Select the Control Window branch to reset metering values, clear event records, 
trip and close reclosers/breakers, pulse output contacts, and set and clear remote 
bits (see Figure 2.36) for a representative example.

                    

Other HMI Branches

The remaining HMI branches display metering, targets, status, reporting, and 
monitoring information.

                    

Figure 2.36 Control Window
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HMI Configurations

Customized Device Overviews can be saved as HMI Configurations. To save the 
current configuration, select Tools > HMI > Save Configuration to save the 
configuration under the current name, or Tools > HMI > Save Configuration As 
to specify a configuration name.

HMI configurations are identified by relay type and a configuration name. To use 
an existing configuration, select Tools > HMI > Select Configuration. To view 
available configurations, select Tools > HMI > Manage Configurations. To 
make an existing configuration the default configuration for a given relay type, 
select the configuration in the Manage Configurations window, select Edit, and 
select the Default check box.

Analyze Events
QuickSet has integrated analysis tools that help you retrieve information about 
protection system operations quickly and easily. Use the protection system event 
information that relays store to evaluate the performance of a protection system.

Event Waveforms
Relays record power system events for all trip situations and for other operating 
conditions programmed with SELOGIC control equations.

The relays provide two types of event data captures:

➤ Event report oscillography that uses filtered sample-per-cycle data

➤ Unfiltered (raw) data

Use QuickSet to view event report oscillograms, phasor diagrams, harmonic 
analysis, and settings.

Read History

You can retrieve event files stored in the relay and transfer these files to a com-
puter. To download event files from the relay, open the QuickSet Tools > Events 
menu on the QuickSet toolbar and select Get Event Files. The Event History 
dialog box will appear (similar to Figure 2.37).
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Get Event

Highlight the event you want to view and select the Get Selected Event button. 
The Event Options dialog box allows selection of Event Type and Event Length. 
When downloading is complete, QuickSet asks for a location to save the file on 
your computer. Select Tools > Events> View Event Files with SynchroWAVe 
Event and select an event file to view events saved on your computer. 

QuickSet Help
Various forms of QuickSet help are available as shown in Table 2.6. Press <F1> 
to open a context-sensitive help file with the appropriate topic as the default. 
Other ways to access help are shown in Table 2.6.

                    

                    

Figure 2.37 Retrieving an Event History

Checks the connected relay for 
new event records and updates 
the event history list.

Sends a trigger command to the 
connected relay and updates the 
event history list.

Downloads selected events from
the relays and saves in the format 
indicated in the Event Type 
dropdown list.

Table 2.6 Accessing QuickSet Help

Help Description

General QuickSet Select Help > Contents from the main menu bar.

HMI Application Select Help > HMI Help from the main menu bar.

Relay Settings Select Help > Settings Help from the from the main menu bar.

Database Manager Select Help from the bottom of the Database Manager window.

Communications Parameters Select Help from the bottom of the Communications Parame-
ters window.
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Basic Relay Operations

The SEL-400 series relays are powerful tools for power system protection and 
control. Understanding basic relay operation principles and methods will help 
you use the relay effectively. This section presents the fundamental knowledge 
you need to operate the relay, organized by task. These tasks help you become 
familiar with the relay and include the following:

➤ Inspecting a New Relay on page 3.1

➤ Establishing Communication on page 3.3

➤ Access Levels and Passwords on page 3.7

➤ Checking Relay Status on page 3.13

➤ Making Simple Settings Changes on page 3.15

➤ Examining Metering Quantities on page 3.34

➤ Examining Relay Elements on page 3.42

➤ Reading Oscillograms, Event Reports, and SER on page 3.46

➤ Operating the Relay Inputs and Outputs on page 3.55

➤ Configuring Timekeeping on page 3.65

➤ Readying the Relay for Field Application on page 3.66

Perform these tasks to gain a good understanding of relay operation, be able to 
confirm that the relay is properly connected, and be more effective when using 
the relay. To work through the examples in this section, you need to install the 
relay either in a final installation or in a laboratory configuration. See Section 2: 
Installation in the product-specific instruction manual for more information.

Inspecting a New Relay
NOTE: Do not connect power to the 
relay until you have completed your 
inspection of the relay. See the 
product-specific Installation section 
for details on applying power. Failure 
to follow these instructions can lead 
to equipment damage.

The following items are included in your shipment from SEL:

➤ Relay

➤ DVD containing the electronic versions of all SEL-400 series 
manuals, data sheets, configurable label kits and instructions, and 
DNP3 files

➤ SEL Grid Configurator Software, ACSELERATOR QuickSet 
SEL-5030 Software, and ACSELERATOR Architect SEL-5032 
Software

➤ Configurable Front-Panel Label Kit

➤ SEL Contact Card

If any item is missing or damaged, please contact your distributor or SEL immediately.
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Initial Inspection
Perform the following initial inspection when the relay arrives:

Step 1. Remove the protective wrapping from the relay.

Step 2. Observe the outside of the front cover and the rear panel.

Step 3. Check that no significant scratches or dents are evident on any outer 
surface.

Step 4. Confirm that all terminal strips on the rear panel are secure.

Perform the following steps and use care when cleaning the relay:

Step 1. Use a mild soap or detergent solution and a damp cloth to clean the 
relay chassis.

Be careful cleaning the front and rear panels because a permanent 
plastic sheet covers each panel; do not use abrasive materials, 
polishing compounds, or harsh chemical solvents (such as xylene or 
acetone) on any relay surface.

Step 2. Allow the relay to air dry, or wipe dry with a soft dry cloth.

Verify Relay Configuration
When you first inspect the relay, confirm that the relay power supply voltage and 
nominal ac signal magnitudes are appropriate for your application. Examine the 
serial number label on the relay rear panel. Figure 3.1 shows a sample rear-panel 
serial number label.

                    

NOTE: Do not use this page for 
ordering a relay. For ordering 
information, refer to the relay Model 
Option Table available at selinc.com, 
or contact your SEL Sales 
Representatives.

Figure 3.1 shows a serial number label for an SEL-451 with additional I/O in a 
4U horizontal chassis. This example serial number label is for a 5 A-per-phase 
secondary CT input relay. For information on CT and PT inputs, Do not use this 
page for ordering a relay. For ordering information, refer to the SEL-451 Model 
Option Table available at selinc.com/products/, or contact your SEL Sales Repre-
sentatives.

The power supply specification in Figure 3.1 indicates that this relay is equipped 
with a power supply that accepts a nominal 48–125 Vdc input. This power supply 
also accepts a 110–120 Vac input. Refer to the serial number label affixed to the 
back of your relay to determine the power supply voltage you should apply to the 
relay power supply input terminals. As this label indicates, the voltage source 
should be capable of providing at least 35 W for dc inputs and 90 VA for ac 
inputs. See Section 1: Introduction and Specifications in the product-specific 
instruction manual for more information on power supply specifications.

                    

Figure 3.1 Sample Relay Serial Number Label

Part Number
Serial Number

Power Supply Input
Specifications

Secondary Current Input

Secondary Voltage Input

I/O Interface Board(s)
Logic Input Rating
(See Logic Input Ratings, below)

https://selinc.com/products/
http://selinc.com/
http://selinc.com/
http://selinc.com/
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The serial number label does not list power system phase rotation and frequency 
ratings, because you can use relay settings to configure these parameters. The 
factory defaults are ABC phase rotation and 60 Hz nominal frequency. See Mak-
ing Settings Changes in Initial Global Settings on page 3.21 for details on setting 
these parameters.

Input Ratings
The serial number label in Figure 3.1 only lists control input voltages for I/O 
Interface Boards that have optoisolated inputs, which is determined at ordering 
time. The other types of control inputs (direct-coupled) have settable pickup volt-
ages, and do not appear on the serial number label. See Control Input Assignment 
on page 3.62 for more information.

Establishing Communication
Once you have applied the correct power input successfully, you are ready to 
operate the relay. Use the relay front panel and the communications ports to com-
municate with the relay.

Front-panel control of relay functions involves use of a menu system that you 
access through the LCD and the six navigational pushbuttons shown in 
Figure 3.2. For complete instructions on using the front-panel menu system, see 
Front-Panel Menus and Screens on page 4.14.

                    

Fast and efficient communication with the relay is available through communica-
tions ports such as PORT F, also shown in Figure 3.2. A design philosophy for all 
SEL relays is that an ASCII or open terminal is all that you need to communicate 
with the relay. Many off-the-shelf computer programs provide terminal emula-
tion. These programs are inexpensive and widely available.

Use the cable connections appropriate for your terminal configuration. See 
Section 15: Communications Interfaces for more information on communica-
tions ports.

All ASCII commands you send to the relay must terminate with a carriage return 
or carriage return/line feed; the terminal emulation program appends the neces-
sary carriage return when you press <Enter>.

                    

Figure 3.2 PORT F, LCD, and Navigation Pushbuttons

Navigation
Pushbuttons

Title
Area

Serial
Communications Port

LCD Main Area

PORT F

Message Area

5  4  3  2  1

9  8  7  6
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You can truncate commands to the first three characters: EVENT 1 becomes EVE 1. 
Use upper- and lowercase characters without distinction, except in passwords, 
which are case-sensitive. For a list of ASCII commands see Section 14: ASCII 
Command Reference.

Help
When you are using a terminal, you can access built-in relay help for each ASCII 
command. Relay help is access-level sensitive; you see only the ASCII com-
mands for the present access level when you type HELP <Enter>. For in-depth 
information on a particular ASCII command, enter the command name after typ-
ing HELP. For example, for help on the EVENT ASCII command, type 
HELP EVE <Enter>.

When you are using QuickSet, press <F1> to get help, or select the Help menu 
from the QuickSet toolbars. The help information in QuickSet gives detailed 
information and sample screens in a GUI format.

Making an EIA-232 Serial Port Connection
The following steps use any popular computer terminal emulation software and 
SEL serial cables to connect to the relay.

Use an SEL-C234A cable to connect a 9-pin computer serial port to the relay. 
Use an SEL-C227A cable to connect a 25-pin computer serial port to the relay. 
For computers with USB ports, use an SEL-C662 USB-to-serial cable to connect 
to the relay. See Section 15: Communications Interfaces for further information 
on serial communications connections. These and other cables are available from 
SEL. Contact the factory or your local distributor for more information.

Step 1. Use the serial cable to connect the computer to the relay via PORT F 
on the relay front panel.

Step 2. Apply power to both the computer and to the relay.

Step 3. Start the computer terminal emulation program.

Step 4. Set your computer terminal emulation program serial communica-
tions parameters. 

The default relay communications port settings are listed in 
Table 3.1.

Also set the terminal program to emulate either VT100 or VT52 
terminals. These terminal emulations work best with SEL relays.

                    

Table 3.1 General Serial Port Settings

Name Description Default

PROTO Protocol (SEL, DNP, MBA, MBB, RTD, PMU) SEL

SPEED Data speed (300 to 57600, SYNC) 9600

DATABIT Data bits (7, 8 bits) 8

PARITY Parity (Odd, Even, None) N

STOPBIT Stop bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N
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Step 5. To check the communications link, press <Enter> to confirm that 
you can communicate with the relay. 

You will see the Access Level 0 = prompt at the left side of your 
computer screen (column 1).

If you do not see the prompt, check the cable connections and 
confirm the settings in your terminal emulation program match the 
default communications parameters shown in Table 3.1.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to that shown in 
Figure 3.3. (Text that you type is emphasized in bold letters.)

If you see jumbled characters, change the terminal emulation type in 
the computer terminal program.

                    

When you communicate with the relay at the Access Level 0 = prompt, you are in 
security Access Level 0. You cannot view or control relay functions at this level. 

Higher access levels are password-protected and allow increased control over 
relay operation. For more information on access levels and password protection, 
see Changing the Default Passwords in the Terminal on page 3.11.

Making an Ethernet Telnet Connection
Factory-default settings for the Ethernet ports disable all Ethernet protocols. 
Enable the Telnet protocol with the SET P 5 command by using any of the serial 
ports. Command SET P 5 accesses settings for all Ethernet ports on the relay.

Make the following settings by using the SET P 5 command:

➤ EPORT = Y

➤ IPADDR = IP Address assigned by network administrator in 
classless inter-domain routing (CIDR) notation

➤ DEFRTR = Default router gateway IP Address assigned by network 
administrator

➤ NETMODE = FAILOVER

➤ ETELNET = Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any non-
process bus Ethernet port on the relay. Verify that the amber LINK LED illumi-
nates on the connected relay port. Many computers and most Ethernet switches 
support autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, 
such as an SEL-C627 cable, will work. When the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. For fiber-optic 
Ethernet ports, use an SEL-C807 cable (62.5/200 m multimode fiber-optic 
cable) or SEL-C808 cable (62.5/125 m multimode fiber-optic cable). Use a Tel-
net client or QuickSet on the host PC to communicate with the relay. During 
Ethernet transmit or receive activity, the green Activity LED blinks on the relay 
Ethernet port. To terminate a Telnet session, use the command EXI <Enter> from 
any access level.

=QUIT <Enter>

Relay 1                                    Date: 04/16/2004  Time: 00:01:05.209
Station A                                  Serial Number: 2001001234

=

Figure 3.3 Report Header

NOTE: For the five-port Ethernet 
card, set EINTF to CD and/or E. Then, 
set ETELNET to CD and/or E.

NOTE: If connecting to a single-
mode SFP, use an SEL-C809 cable 
(9 m single-mode fiber-optic cable).
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Making an Ethernet Web Server (HTTP) Connection
When PORT 5 setting EHTTP is enabled, the relay serves read-only webpages dis-
playing certain settings, metering, and status reports. The relay-embedded HTTP 
server has been optimized and tested to work with the most popular web brows-
ers, but should work with any standard web browser. As many as four users can 
access the embedded HTTP server simultaneously.

To begin using the embedded read-only HTTP server, launch your web browser, 
and browse to http://IPADDR, where IPADDR is the PORT 5 setting IPADDR 
(e.g., http://192.168.1.2). The relay responds with a login screen as shown in 
Figure 3.4.

                    

Choose ACC for the username, type in the relay Access Level 1 password, and 
select Submit. The only username allowed is ACC. The relay responds with the 
homepage shown in Figure 3.5. While you remain logged in to the relay, the web-
page displays the approximate time as determined by the relay time-of-day clock, 
and increments the displayed time once per second based on the clock contained 
in your PC.

Once the user is logged in, the HTTP server displays the Meter webpage. This 
page will refresh within five seconds and includes all metering options available 
and enabled on the relay.

                    

Figure 3.4 HTTP Server Login Screen
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Select any menu selection in the left pane to navigate through the available web-
pages.

Access Levels and Passwords
NOTE: Perform the password change 
steps described in Changing the 
Default Passwords in the Terminal on 
page 3.11.

It is extremely important that you change the factory-default passwords pro-
grammed in the relay. Setting unique passwords for the relay access levels 
increases the security of your substation and the power system.

This section begins with information on the access level/password system in 
SEL-400 series relays and includes an example of changing the default pass-
words.

Access Levels
Access levels control whether you can perform different operations within the 
relay. These security levels are labeled 0, 1, B, P, A, O, 2, and C. Figure 3.6 pres-
ents an overview of the general access level structure in the relay.

                    

Figure 3.5 Example HTTP Server Meter Page
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Access Level 0 is the least secure and most limited access level, and Access 
Level 2 is the most secure level at which you have total relay functionality 
(Level C is reserved for SEL factory operations. Only go to level C to change the 
level C password or under the direction of an SEL employee). For example, from 
Access Level 1, you can view settings, but you cannot change settings unless you 
are at a higher access level.

Table 3.2 lists access levels and operator functions for the relay.

                    

The relay performs command interpretation and execution according to your val-
idated access level. Each access level has a password that the relay must verify 
before you can control the relay at that level. Table 3.3 lists the access level com-
mands with corresponding passwords.

                    

                    

Figure 3.6 Access Level Structure

Table 3.2 SEL-400 Series Relays Access Levels

Access Level Prompt Allowed Operations

0 = Log in to Access Level 1.

1 => View data and status information.

B ==> Access Level 1 functions plus breaker control and data.

P P=> Access Level B functions plus protection settings.

A A=> Access Level B functions plus automation settings.

O O=> Access Level B functions plus output settings.

2 =>> Perform all relay access level functions.

C ==>> SEL factory-specific functions. For a list of commands 
available, contact SEL.

Table 3.3 Access Level Commands and Passwords

Access Level Command Factory-Default Password

0 QUIT (None)

1 ACCESS OTTER

B BACCESS EDITH

P PACCESS AMPERE

A AACCESS VOLTA

O OACCESS WATT

2 2ACCESS TAIL

C CAL Sel-1

Access Level x
(Note: Use xAC to switch

between any of the access
levels x, where x = B, P, A, O, 2)

ACC

QUIT

QUIT

ACC
QUIT

ACC

xAC

xAC

CAL
(from 2AC only)

Access
Level 0

Access
Level 1

Access
Level C
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Communications Ports Access Levels
Entrance to the higher security levels is sequential. You must first enter a correct 
password to move from Access Level 0 to Access Level 1.

To enter Access Levels B, P, A, O, and 2, you must enter a correct password from 
Access Level 1. For example, to go to the O (Output) Access Level from Access 
Level 1, type OAC <Enter>. At the Password: ? prompt, type your Access 
Level O password.

To enter Access Level C, you must enter a correct password from Access Level 2.

Use the relay QUIT command from any access level to return the relay to Access 
Level 0. To reestablish control at a previous access level from Access Level 1, 
you must use the access level commands and passwords to log in to that previous 
access level.

When a connection with the relay times out, the relay reduces the access level to 
Access Level 0 for that communications port connection.

Use the MAXACC port setting  to limit the maximum access level permitted on a 
station bus port. This can be useful to restrict what remote users can do. For the 
five-port Ethernet card, use the MAXACCE port setting to limit the maximum 
access level permitted on the engineering access port (PORT 5E).

Communications Ports Access Control
Port access control provides a flexible way to manage access permissions on des-
ignated ports. For example, a remote administrator (e.g., SCADA) can use this 
feature to grant temporary or limited access to personnel in the field.

Set port setting EPAC = Y to enable access control on a particular port. Use the 
Global SELOGIC equations EACC and E2AC to define the access criteria for all 
EPAC enabled ports. If EACC and E2AC evaluate to 0, all access requests are 
denied. If EACC evaluates to 1, Access Level 1 requests are permitted. If E2AC 
evaluates to 1, all access level requests are permitted (see Figure 3.7). Note that 
passwords are still required to escalate privilege.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Port access control does not apply when the relay is disabled, the password 
jumper is installed (PASSDIS = 1), or when EPAC = N, nor can it be used to 
decrease a user’s current access level or exceed the MAXACC setting level of the 
port.

Front-Panel Access Levels
The lowest access level for the front panel is Access Level 1. To enter Access 
Levels B, P, A, O, and 2, you must enter a correct password from Access Level 1.

The front-panel LCD displays a password prompt when you attempt to control 
the relay at any access level higher than Access Level 1. (For more information 
on entering passwords from the front panel, see PASSWORD on page 14.51.)

The front-panel MAIN MENU item RESET ACCESS LEVEL returns the relay to Access 
Level 1. In addition, when the front-panel inactivity timer times out (indicated by 
the ROTATING DISPLAY on the front-panel LCD), the relay returns the front-panel 
access level to Access Level 1.

ACCESS Command
NOTE: You can shorten relay 
commands to the first three letters of 
the full command. Section 14: ASCII 
Command Reference for more 
information.

Enter the ACCESS (ACC) command to change to Access Level 1. Passwords are 
case-sensitive; you must enter a password exactly as set.

                    

Figure 3.7 Port Access Control Flow Chart

Port n2 Access 
Request

EPAC

Allow1 Access Levels 1–2
1

Y

N

E2AC

0

Allow1 Access Level 1
1

EACC

0

Restrict Port n2 Access

Global 
SELOGIC 
Setting

Global 
SELOGIC 
Setting

Port n2

Setting

1 Requires correct password for the requested access level
2 Where n = 1, 2, 3, F, or 5
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If you enter the password correctly, the relay moves to Access Level 1 and the 
Access Level 1 => prompt appears. If you are at a higher access level (B, P, A, O, 
and 2), you can reduce the access level to Access Level 1 by entering the ACC 
command. The relay performs no password validation to reduce the present 
access level.

Higher Access Level Commands
Enter the commands in Table 3.3 to enter access levels above Access Level 1. For 
example, enter the 2ACCESS (2AC) command to change to Access Level 2.

If you are presently at Access Level 1, B, P, A, or O, typing 2AC <Enter> causes 
the relay to prompt you to type the Access Level 2 password. If the present level 
is Access Level 0, the relay responds with Invalid Access Level. The relay 
pulses alarm Relay Word bit SALARM when entering Access Levels B, P, A, O, 
and 2 from a lower access level.

If an incorrect password is entered three times, the relay asserts the BADPASS 
and SALARM Relay Word bits for one second and displays on a communica-
tions terminal screen the following error message:

WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED

In addition, you cannot make further access level entry attempts for 30 seconds. 
The relay terminates the communications connection after the third failed attempt 
when you use Ethernet via an Ethernet card, DNP3 (Distributed Network Proto-
col version 3.0), or MIRRORED BITS communications virtual terminal mode. For 
more information on these protocols, see Section 15: Communications Interfaces 
and Section 16: DNP3 Communication.

If your connection to the relay has an inactivity time-out (in the SET P port set-
tings), the relay automatically closes the communications connection and 
changes to Access Level 0 when the time-out occurs.

Passwords
Valid passwords are character sequences of as many as 12 characters. Valid pass-
word characters are any printable ASCII character. HMI password entry is lim-
ited to upper- and lowercase letters, numbers, underscore, and period, so you 
must limit your password to these characters if you need to do privileged opera-
tions from the front panel. Passwords are case-sensitive.

It is important that you change all of the passwords from their default values. 
This will protect you from unauthorized access.

Use strong passwords. Strong passwords contain a mix of the valid password 
characters in a combination that does not spell common words in any portion of 
the password.

Changing the Default Passwords in the Terminal
Step 1. Confirm that the relay is operating (see Establishing Communication on 

page 3.3).

Step 2. Establish communication with the relay (see Making an EIA-232 
Serial Port Connection on page 3.4 to learn how to use a terminal to 
communicate with the relay).

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.
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Step 3. Enter Access Level C (Access Level 2 is sufficient except when 
changing the Access Level C password).

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password OTTER and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

NOTE: Passwords are case-sensitive; 
you must enter passwords exactly as 
set. 

d. At the password prompt, type TAIL <Enter>.

e. You will see the Access Level 2 =>> prompt.

f. Type CAL <Enter>.

g. At the password prompt, type Sel-1 <Enter>.

You will see the Access Level C ==>> prompt.

Step 4. To set a new password for Access Level 2, type the following:

PAS 2 <Enter>.

Step 5. Before you can change to a new password, the relay prompts you to 
first confirm the existing password. Enter the existing password and 
press <Enter>.

                    

Step 6. The relay prompts you for the new password, and a confirmation of 
the new password, as follows:

                    

Notice that the new password is not displayed. After the 
confirmation, the new password is in effect. The relay will issue a 
weak password warning if the new password does not include at least 
one special character, number, lowercase letter, and uppercase letter.

Step 7. Set new passwords for each access level.

In a similar manner as the previous step, create new strong passwords 
for each access level.

Step 8. Commit these passwords to memory, permanently record your new 
passwords, and store this permanent record in a secure location.

To eliminate password verification for an access level, enter DISABLE in place 
of the new password. This action will disable the password of that level; there-
fore, the relay does not check for a password upon entering that access level.

If you forget a password or encounter difficulty changing the default passwords, 
you can temporarily disable password verification. See Section 2: Installation in 
the product-specific instruction manual for information on the password disable 
jumper.

Old Password:  ?**** <Enter>

New Password:  ?**** <Enter>

Confirm New Password:  ?**** <Enter>
Password Changed
CAUTION: This password can be strengthened. Strong Pass-
words do not include a name, date, acronym or word. They 
consist of the maximum allowable characters, with at least 
one special character, number, lower-case letter, and 
upper-case letter. A change in password is recommended. 
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Checking Relay Status
With continual self-testing, the relay monitors the internal operation of all cir-
cuits to verify optimal performance of relay functions. If an internal circuit, pro-
tection algorithm, or automation algorithm enters an out-of-tolerance operating 
range, the relay reports a status warning. In the unlikely event that an internal 
failure occurs, the relay reports a status failure. For more information on relay 
status, see Relay Self-Tests on page 10.19.

You can check relay status through a communications port by using a terminal, 
terminal emulation computer program, or QuickSet. In addition, you can use the 
relay front panel to view status information.

Checking Relay Status by Using the Terminal
The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay (see Making an EIA-232 Serial Port Con-
nection on page 3.4). In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

Step 1. Enter Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 2. Type STA <Enter>. The relay returns a status terminal screen simi-
lar to that in Figure 3.8.

                    

Step 3. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on 
page 14.59.

=>STA <Enter> 
Relay 1                                          Date: 03/17/2023 Time:07:02:50.776
Station A                                        Serial Number: 1230769999
FID=SEL-451-5-Rxxx-V0-Zxxxxxx-Dyyyymmdd            CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.8 Relay Status
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Checking Relay Status in SEL Grid Configurator
You can use SEL Grid Configurator to check relay status. 

The following procedure assumes that you are familiar with SEL Grid Configurator. 

Step 1. Configure SEL Grid Configurator communications with the relay. 
See Section 2: PC Software for information on communicating with 
a relay in SEL Grid Configurator.

Step 2. Open a terminal communication session with the relay in SEL Grid 
Configurator.

a. Type STA <Enter>. The relay returns a status terminal similar to 
that in Figure 3.9.

                    

b. Type STA A <Enter> to view all relay status entries.

For more information on relay status report items, see STATUS on page 14.59.

Checking Relay Status in QuickSet
You can use QuickSet to check relay status. Use the HMI > Meter Control 
menu to view status conditions.

The following procedure assumes that you are familiar with QuickSet. 

Step 1. Configure QuickSet communications with the relay. See Section 2: 
PC Software for information on communicating with a relay in 
QuickSet.

Step 2. Select Tools in the top toolbar and select the HMI menu to start the 
QuickSet operator interface.

Step 3. Select the Status button of the HMI tree view (see Figure 3.10).

QuickSet displays the relay status with a display similar to that in 
Figure 3.10.

                    

=>STA <Enter> 
Relay 1                                         Date: 03/17/2023  Time:07:02:50.776
Station A                                       Serial Number: 1230769999
FID=SEL-451-6-Rxxx-V0-Zxxxxxx-Dyyyymmdd           CID=0x9aed

Failures 
  No Failures 
Warnings 
  No Warnings 

SELogic Relay Programming Environment Errors 
  No Errors 
Relay Enabled 
=>

Figure 3.9 Relay Status

                    

Figure 3.10 Retrieving Relay Status in QuickSet
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Checking Relay Status From the Front Panel
Use the front-panel display and navigation pushbuttons to check relay status. See 
Section 4: Front-Panel Operations for information on using the relay front panel.

Step 1. Apply power to the relay, and note that the LCD shows a sequence of 
screens called the ROTATING DISPLAY.

(If you do not operate the front panel for a certain period, the relay 
will enter front-panel time-out mode and you will see the sequential 
screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU as shown in 
Figure 3.11.

                    

Step 3. View the relay status.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the RELAY STATUS action item (see Figure 3.11).

b. Press the ENT pushbutton.

You will see the RELAY STATUS screen (the second screen of 
Figure 3.11).

Step 4. Press the ESC pushbutton to return to the MAIN MENU.

Step 5. Press ESC pushbutton again to return to the ROTATING DISPLAY.

For more information on the front-panel screen presentations and the items in the 
RELAY STATUS screens, see Relay Status on page 4.30.

Making Simple Settings Changes
The relay settings structure makes setting the relay easy and efficient. Settings 
are grouped logically, and relay elements that are not used in your selected pro-
tection scheme are hidden. SEL Grid Configurator or QuickSet uses a similar 
method to focus your attention on the active settings. Unused relay elements and 
inactive settings are dimmed (grayed) in the menus. See Section 2: PC Software 
for more information.

                    

Figure 3.11 Checking Relay Status From the Front-Panel LCD

(a)

(b)

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

RELAY STATUS
SEL-451-5-Rxxx-V0-
 Zxxxxxx-Dyyyymmdd

RELAY ENABLED
NO FAILURES OR
WARNINGS

S/N=1230769999

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Settings Structure
SEL-400 series relays use a settings structure that assigns each relay setting to a 
specific location based on the setting type. A top-down organization allocates 
relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 3.12 to understand the settings structure in a typical relay. The 
top layer of the settings structure contains classes and instances. Class is the pri-
mary sort level; all classes have at least one instance, and some classes have mul-
tiple instances. Settings classes and related instances for the SEL-451, which are 
typical of SEL-400 series relays, are listed in Table 3.4. See Section 8: Settings of 
the product-specific instruction manual for details on the classes and instances 
for a given relay.
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Figure 3.12 Example Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

ESOTFESOTF

ELOADELOAD

E50PE50P

Enables

EDCMON

EICIS

EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Load
Encroachment

Load
Encroachment

ZLFZLF

ZLRZLR

SettingSetting

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global SET G P, A, O, 2

Group Individual scheme settings Group 1

•
•
•

Group 6

Group 1 settings

•
•
•

Group 6 settings

SET 1, SET S 1

•
•
•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of Table 3.4. 
The relay presents the Global settings categories at the SET G command; no 
instance numbers follow SET G. Conversely, the Port settings command has five 
instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To access the PORT 1 set-
tings, type SET P 1 <Enter>. If you do not specify which port to set, the relay 
defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•
•
•

PORT 3

PORT 5

PORT 6 (TiDL 
relays only)

Front-panel port

PORT 1 settings

•
•
•

PORT 3 settings

Communications card settings

TiDL Topology Settings 
(TiDL relays only)

SET P F

SET P 1

•
•
•

SET P 3

SET P 5

(Only available via 
SEL Grid Conifgu-
rator)

P, A, O, 2

Report Report settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection 
SELOGIC 
control equations

Protection-related SELOGIC 
control equations

Group 1

•
•
•

Group 6

Group 1 protection SELOGIC 
control equations

•
•
•

Group 6 protection 
SELOGIC control equations

SET L 1

•
•
•

SET L 6

P, 2

Automation 
SELOGIC control 
equations

Automation-related SELOGIC 
control equations

Block 1

•
•
•

Block 10

Block 1 automation 
SELOGIC control equations

•
•
•

Block 10 automation 
SELOGIC control equations

SET A 1

•
•
•

SET A 10

A, 2

DNP3 Direct Network Protocol data 
remapping

Map 1
•
•
•

Map 5

SET D 1
•
•
•

SET D 5

P, A, O, 2

Output SELOGIC 
control equations

Relay control output settings 
and MIRRORED BITS commu-
nication transmit equations

Output SET O O, 2

Bay Bay control settings Bay SET B P, 2

Alias Set aliases Analog or digi-
tal quantities

SET T P, A, O, 2

Notes Freeform programming to 
leave notes in the relay

Notes 100 lines SET N P, A, O, 2

Table 3.4 SEL-451 Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Alias Settings
Although the relay provides extensive programming facilities and opportunity for 
comments, troubleshooting customized programs is sometimes difficult. Aliases 
provide an opportunity to assign more meaningful names to the generic variable 
names to improve the readability of the program.

Rename, or assign as many as 200 alias names to any Relay Word bit or analog 
quantity in the relay. The maximum length of an alias is seven characters. Valid 
characters are 0–9, A–Z (only uppercase), and _ (underscore), and must contain 
at least one alphabetic character. Ensure that no Relay Word bit or analog quan-
tity appears more than once in the alias settings. Each alias name must be unique, 
i.e., you cannot use the name of an existing Relay Word bit or analog quantity. If 
you remove the alias name, all settings that referenced that alias revert to the 
original name.

Use the SHO T command to view the default settings, as shown in Figure 3.13.

                    

Making Text-Edit Mode Alias Changes
Assign the alias name THETA to math variable PMV01 and the alias TAN to 
math variable PMV02. These variables are then used in calculating the tangent of 
theta, using their alias names in the equation.

Step 1. Prepare to control the relay at Access Level 2.

a. Type ACC <Enter> at a communications terminal.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>. 

d. Type the correct password to go to Access Level 2.

You will see the =>> prompt.

Step 2. Type SET T <Enter> to access the alias settings.

Figure 3.14 shows a representative computer terminal screen.

Step 3. Type > <Enter> for the relay to display the first line that you can 
edit.

Step 4. Type PMV01,THETA <Enter> at the Line 2 ? settings prompt to set 
the alias for PMV01.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 3: followed by the ? settings prompt.

Step 5. Type PMV02,TAN <Enter> at the Line 3 ? settings prompt to set 
the alias for PMV02.

The relay verifies that this is a valid entry, then responds with the 
next line prompt 4: followed by the ? settings prompt.

=>>SHO T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
=>>

Figure 3.13 Default Alias Settings
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Step 6. Type END <Enter> to end the settings session.

The relay scrolls a readback of all the front-panel settings, eventually 
displaying the Save settings (Y, N) ? prompt. At the end of the 
readback information, just before the Save settings (Y, N) ? 
prompt, you can verify the new display point information.

Step 7. Type Y <Enter> to save the new settings.

                    

Use the alias names, instead of the Relay Word bits, in SELOGIC control equation 
programming. Figure 3.15 shows an example of an alias used in protection logic 
programming.

                    

Changing Settings by Using the Terminal
When you change settings (with any SET command) from a terminal, the relay 
shows the setting category, prompt, present value, and action prompt.

Figure 3.16 shows two settings examples: multiple-line settings (SID and RID) 
and an in-line setting (NUMBK) for relay Global settings from Access Level P 
(protection). The relay prompts you for input by presenting an action prompt. 
You have many options for navigating the settings at the ? prompt.

Table 3.5 lists the operations possible from a settings action prompt.

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
?   <Enter>
2:
?  PMV01,THETA <Enter>
3:
?  PMV02,TAN <Enter>

4:
?  END <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: PMV01,"THETA"
3: PMV02,"TAN"

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.14 Using Text-Edit Mode Line Editing to Set Aliases

=>>SET L <Enter>
Protection 1
1: PLT01S := PB1_PUL AND NOT PLT01 #GROUND ENABLED
?  > <Enter>
15:
?  THETA:=I01FA <Enter>

16:
?  TAN:=SIN(THETA)/COS(THETA) <Enter>
17:
?  END <Enter>
Protection 1
.
.
.

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 3.15 Using Text-Edit Mode Line Editing to Set Protection Logic
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When you exit settings entry from the SET commands, the relay responds with 
Save settings (Y,N)?. If you answer Y <Enter>, the relay writes the new set-
tings to nonvolatile storage. If you answer N <Enter>, the relay discards any set-
tings changes you have made.

Making Settings Changes in Initial Global Settings
You must configure SEL-400 series relays for specific conditions found in the 
power system where you are connecting the relay. For example, in most SEL-400 
series relays you must set the nominal frequency and phase rotation.

The procedure in the following steps assumes that you have successfully estab-
lished communication with the relay; see Making an EIA-232 Serial Port Con-
nection on page 3.4 for a step-by-step procedure. In addition, you must be 
familiar with relay access levels and passwords. See Changing the Default Pass-
words in the Terminal on page 3.11 to change the default access level passwords.

This example jumps to a Global setting that is not at the beginning of the Global 
settings list. Thus, you enter SET G, the setting name, and <Enter>. To start at 
the beginning of the Global settings, simply type SET G <Enter> without a set-
tings name.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.16 Components of SET Commands

Table 3.5 Actions at Settings Prompts

Action Relay Response

<Enter> Accept setting and move to the next setting; if at the last setting, exit settings.

[value] <Enter> Enter the given value and move to the next setting if valid; if at the last set-
ting, exit settings.

^ <Enter> Move to the previous setting; if at the top of settings, stay at the present setting.

< <Enter> Move to the top of the previous settings category; if at the top of settings, 
stay at the present setting.

> <Enter> Move to the top of the next settings category; if in the last category, exit settings.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort the editing session without saving changes.

==>SET G <Enter>

Global

General Global Settings

Station Identifier (40 characters)

SID := "Station A"

? <Enter>

Relay Identifier (40 characters)

RID := "Relay 1"

? <Enter>

Number of Breakers in Scheme (1,2)       NUMBK   := 1     ? <Enter>

Category

Prompt
Present Value
Action Prompt

Present
Value

Prompt Action
 Prompt
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c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Type SET G NFREQ <Enter> (this sets the nominal system frequency 
using the NFREQ setting, which has options of 50 Hz and 60 Hz).

The relay responds with a terminal screen display similar to that 
shown in Figure 3.17.

                    

Step 3. Accept the default settings.

a. For a 60 Hz system, press <Enter> to accept the NFREQ exist-
ing value of 60 (Hz).

The relay presents the next setting, which is the PHROT (phase 
rotation) setting.

b. Type <Enter> to accept the ABC phase rotation default. 

Step 4. Set the date format:

The relay can report dates in three formats: MDY, YMD, and DMY 
(where M = month, D = date, and Y = year).

a. For this procedure, type YMD <Enter>.

At each setting in turn, the relay presents the settings prompt, 
name, present value, and action prompt.

Note that SELOGIC control equation settings, such as FAULT in 
Figure 3.17, can appear on multiple lines.

b. If you make a mistake or want to go backward through the 
settings, type the ^ character (on most computer keyboards, this 
is a shifted numeral 6) and <Enter>.

Refer to Table 3.5 for this and other navigational aids. 

Step 5. End the settings session.

a. Type END <Enter> at the FAULT action prompt.

(The Fault SELOGIC control equation remains unchanged.) 

The relay next scrolls a readback of all the Global settings, 
eventually displaying the following prompt:
Save settings (Y,N) ?

(In Figure 3.17, a vertical ellipsis represents the relay 
information during readback.)

b. Examine the settings readback to verify your new settings.

c. Answer Y <Enter> to save your new settings.

=>>SET G NFREQ <Enter>
Global

General Global Settings

Nominal System Frequency (50,60 Hz)                NFREQ   := 60     ? <Enter>
System Phase Rotation (ABC,ACB)                    PHROT   := ABC    ? <Enter>
Date Format (MDY,YMD,DMY)                          DATE_F  := MDY    ? YMD <Enter>
Fault Condition Equation (SELogic Equation)
FAULT := 51S1 OR 51S2 OR 50P1
?  END <Enter>

•
•
•

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.17 Example Global Settings
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The TERSE Option

You can avoid viewing the entire class settings summary the relay displays when 
you type END <Enter> midway through a settings class or instance.

On slow data speed links, waiting for the complete settings readback can clog 
your automation control system or take too much of your time for a few settings 
changes. Eliminate the settings readback by appending TERSE to the SET command.

Text-Edit Mode Line Editing
Some relay settings present multiple input lines to your terminal; you use basic 
line text editing commands to construct the setting. For display, the relay refer-
ences each line of the setting by line number, not by the setting name. See Mak-
ing Text-Edit Mode Settings Changes on page 3.23 for an example of a text-edit 
mode setting.

While in the text-edit mode, you see a prompt consisting of the line number and 
the present setting for that line. You can keep the setting, enter a new setting, or 
delete the setting. Table 3.6 lists the commands for text-edit mode.

                    

Use commas to separate the items in a text-edit mode setting when you are enter-
ing multiple items per line. After you enter each line, the relay checks the validity 
of the setting. If the entered setting is invalid, the relay responds with an error 
message and prompts you again for the setting.

Making Text-Edit Mode Settings Changes
The procedure in the following steps familiarizes you with basic text-edit mode 
line editing.

Table 3.6 Actions at Text-Edit Mode Prompts

Action Relay Response

<Enter> Accept the setting and move to the next line; if at the last line or at a 
blank line, exit settings.

>n <Enter> Move to line n. If this is beyond the end of the list, move to a blank line 
following the last line.

^ <Enter> Move to the previous line; if at the first line, stay at the present line.

< <Enter> Move to the first line.

> <Enter> Move to a blank line following the last line.

LIST <Enter> List all settings and return to the present action prompt.

DELETE [n] 
<Enter>

Delete the present line and subsequent lines for a total of n lines; n = 1 
if not provided. Lines after deletion shift upward by the number of lines 
deleted.

INSERT <Enter> Insert a blank line at the present location; the present line and subse-
quent lines shift downward.

END <Enter> Go to the end of the present settings session. Prepare to exit settings via 
the Save settings (Y,N) ? prompt.

<Ctrl+X> Abort editing session without saving changes.

NOTE: To begin an entry with one of 
these keywords, especially in notes 
settings, put the string in quotes:  e.g., 
"END OF REPORT".
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Example 3.1 Text-Edit Mode Line Editing

Set Display Point 1 through Display Point 3 to show the status of Circuit 
Breaker 1, Circuit Breaker 2, and the operational state (on or off) of the 
transformer cooling fans near the circuit breaker bay where you have 
installed the relay. See Display Points on page 4.10 for information on pro-
gramming display points.

For this example, use inputs IN101, IN102, and IN105. You can use other 
inputs for your particular application.

This procedure assumes that you have successfully established communica-
tion with the relay (see Making an EIA-232 Serial Port Connection on 
page 3.4). In addition, you must be familiar with relay access levels and 
passwords (see Changing the Default Passwords in the Terminal on 
page 3.11) to change the default access level passwords.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the Access Level 2 password and press <Enter>.

You will see the Access Level 2 =>> prompt.

Step 2. Access the display point settings.

a. Type SET F <Enter> to modify the front-panel settings.

b. Advance through the front-panel settings (repeatedly type > and 
then <Enter>) until you reach the Display Points category.

Figure 3.18 shows a representative terminal screen. The 
relay displays the first line that you can edit. For the case of 
display points, the line number is the display point number.

Step 3. At the Line 1 settings ? prompt, type the following to create Dis-
play Point 1:

IN101,CB1,CLOSED,OPEN <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 2: followed by the settings ? prompt (see Figure 3.18).

Step 4. At the Line 2 settings ? prompt, type the following to create Dis-
play Point 2:

IN102,CB2,CLOSED,OPEN <Enter> 

The relay verifies that this is a valid entry, then responds with the next 
line prompt 3: followed by the settings ? prompt (see Figure 3.18).

Step 5. At the Display Points prompt, use the text-edit mode line edit-
ing commands to list the active display points. Type the following:

LIST <Enter>

After showing the active display points, the relay returns to 
Line 3 followed by the settings ? prompt.

Step 6. Type the following to create Display Point 3:

IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>

The relay verifies that this is a valid entry, then responds with the next 
line prompt 4: followed by the settings ? prompt (see Figure 3.18).

NOTE: Use quotation marks when 
entering alias strings that contain spaces 
or punctuation marks, as shown in the 
IN105 sample, Step 6.
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Step 7. Type END <Enter> to end the editing session.

The relay scrolls a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (A 
vertical ellipsis in Figure 3.18 represents the readback.)

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save the new settings.
                    

This procedure proposes connecting the transformer bank fan sensor to relay 
input IN105. In the SET G (GLOBAL) command, verify that the debounce 
time settings IN105PU and IN105DO are correct for your fan-running sen-
sor. To access separate input parameters, you must first enable independent 
control input settings with setting EICIS. To change the input conditioning, 
enter the following settings:

EICIS := Y Enable Independent Control Input Settings (Y, N)

IN105PU := 0.3750 Pickup Delay for Contact Input IN105 (0.0000–5 cyc)

IN105DO := 0.3750 Dropout Delay for Contact Input IN105 (0.0000–5 cyc)

Use the appropriate interface hardware to connect the fan-running sensor to 
IN105. Choose any relay input that conforms to your requirements.

Example 3.1 Text-Edit Mode Line Editing (Continued)

                    

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: 
? IN101,CB1,CLOSED,OPEN <Enter>
2: 
? IN102,CB2,CLOSED,OPEN <Enter>
3:
? LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S

3:
? IN105,“5 MVA XFMR Fans”,ON,OFF <Enter>
4:
? END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.18 Using Text-Edit Mode Line Editing to Set Display Points
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Example 3.2 Leaving a Note in the Relay

For this example, assume you are testing a line, but you will be away for a 
few days. You want to leave your colleague, Marius, a note telling him where 
you left the drawings and settings. Use the Notes function in the relay to 
leave the note, as shown in Figure 3.19. All relevant procedures in this sec-
tion assume that you have successfully established communication with the 
relay. In addition, you must be familiar with relay access levels and pass-
words to change the default access level passwords. Furthermore, Step 1 
applies to all relevant tests, and is not repeated for each test.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the Notes settings.

a. Type SET N <Enter> to access the Notes settings.

b. At the Line 1 settings ? prompt, type the Line 1 text shown 
in Figure 3.19 (as many as 70 characters without wrap), and 
press <Enter>.

The relay verifies that this is a valid entry, then responds 
with the next line prompt 2: followed by the settings ? prompt.

Step 3. At the Line 2 settings ? prompt, type the Line 2 text shown in 
Figure 3.19.

Because there are more than 70 characters, the relay rejects the entry.

Re-enter the text, but keep the number of characters at 70 or 
fewer.

Step 4. After the last entry, type END <Enter>.

This tells the relay that you have completed the setting change.

Step 5. Type Y <Enter> at the prompt Save settings (Y,N) to save 
the settings.
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To read the note, type SHO N <Enter>, as shown in Figure 3.20.

                    

                    

=>>SET N <Enter>
Notes
1:
? Marius, this is the relay for CARR substation <Enter>
2:
? The Sacramento line drawings and setting sheets are in the top drawer in the sub\
station. <Enter>
Note cannot exceed 70 chars

2:
? The Sacramento line drawings and settings are in the <Enter>
3:
? top drawer in the substation. <Enter>
4:
? END <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: The Sacramento line drawings and settings are in the
3: top drawer in the substation.

Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 3.19 Leave a Note in the Relay

=>>SHO N <Enter>
Notes
1: Marius, this is the relay for CARR substation
2: Capacitor Bank 1 drawings and settings are in the
3: top drawer in the substation.
=>>

Figure 3.20 Read a Note in the Relay

Example 3.3 Deleting a Display Point

This example shows you how to delete a previously used display point. In the 
SET F command, at the Display Points and Aliases prompt, use the text-edit 
mode line editing commands to set and delete the display points. This proce-
dure shows two previously programmed display points that indicate on the 
front-panel LCD the status of Circuit Breaker 1 and Circuit Breaker 2. Relay 
control inputs IN101 and IN102 are the Relay Word bits for the Circuit 
Breaker 1 and Circuit Breaker 2 display points, respectively (see Making 
Text-Edit Mode Settings Changes on page 3.23). You can use other inputs for 
your particular application.

The procedure in the following steps assumes that you have successfully 
established communication with the relay (see Making an EIA-232 Serial 
Port Connection on page 3.4). In addition, you must be familiar with relay 
access levels and passwords (see Changing the Default Passwords in the Ter-
minal on page 3.11).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>. 

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.
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Step 2. Access the Display Points and Aliases prompt.

a. Enter the SET F command.

b. Advance through the front-panel settings (repeatedly type > 
and then <Enter>) until you reach the Display Points and 
Aliases category.

Figure 3.21 shows a representative terminal screen. The 
relay displays the first line that you can edit. For display 
points, the line number is the display point number.

                    

Step 3. List the present display points. 

a. Type LIST <Enter> at the Display Points ? prompt.

b. After showing the active display points, the relay returns to 
Line 1 followed by the settings ? prompt.

Step 4. Type <Enter> once to proceed to the Line 2 present value and 
settings ? prompt.

Step 5. Type DELETE <Enter> to delete Display Point 2.

Step 6. Type LIST <Enter> to examine the remaining display points. 

Former Display Point 2 is eliminated, and Display Point 3 moves 
up to Position 2.

The relay returns to Line 2 followed by the settings ? prompt.

Example 3.3 Deleting a Display Point (Continued)

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
?  LIST <Enter>
1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

1: IN101,"CB1","CLOSED","OPEN",S
?  <Enter>
2: IN102,"CB2","CLOSED","OPEN",S
?  DELETE <Enter>
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  END <Enter>
              •
              •
              •

Display Points
(Boolean) : RWB Name, “Label”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”
1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S
              •
              •
              •

Save settings (Y,N)  ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.21 Using Text-Edit Mode Line Editing to Delete a Display Point
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Settings in SEL Grid Configurator
See Getting Started on page 2.6 for steps on creating and deploying settings 
within SEL Grid Configurator.

Settings in QuickSet
See Section 2: PC Software for steps on creating and deploying settings within 
QuickSet.

Settings From the Front Panel
You can use the relay front panel to enter some of the relay settings. The relay 
presents the settings in order from class to instance (if applicable) to category to 
the particular setting, in a manner similar to setting the relay using a terminal.

Use the LCD and the adjacent navigation pushbuttons to enter each character of 
the setting in sequence. This can be a laborious process for some settings (e.g., 
long SELOGIC control equations). However, if you need to make a quick correc-
tion or have no faster means to make settings, settings functions are available at 
the front panel. For more information on making settings changes from the front 
panel, see Set/Show on page 4.26.

Entering DATE and TIME From the Front Panel
The purpose of the procedure in the following steps is to familiarize you with 
entering data from the relay front panel.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the relay front-panel display shows a sequence of LCD 
screens called the ROTATING DISPLAY. (If you do not operate the front 
panel for a certain period, the relay will enter front-panel time-out 
mode and you will see the sequential screens of the ROTATING 
DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU of Figure 3.22.

Step 7. Type END <Enter> to end the settings process.

The relay next scrolls a readback of all the Front-Panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.21, a vertical ellipsis represents this scrolling 
readback.) 

At the end of the readback information, just before the Save 
settings (Y,N) ? prompt, you can verify the new display point 
information.

Step 8. Answer Y <Enter> to save your new settings.

Example 3.3 Deleting a Display Point (Continued)
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Step 3. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item (see Figure 3.22).

b. Press the ENT pushbutton.

You will see the SET/SHOW submenu (the second screen in 
Figure 3.22).

Step 4. View the date/time screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the DATE/TIME action item (Figure 3.22, second 
screen).

b. Press the ENT pushbutton.

The relay next displays the DATE/TIME submenu (the third screen 
of Figure 3.22).

                    
                    

Figure 3.22 DATE and TIME Settings From Front-Panel LCD
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Step 5. Set the date.

a. Press the ENT pushbutton.

The relay shows the last screen of Figure 3.22, the DATE edit 
screen.

b. Use the Up Arrow and Down Arrow navigation pushbuttons to 
increase and decrease the date position numbers.

Step to the next or previous position by using the Left Arrow and 
Right Arrow pushbuttons.

c. When finished adjusting the new date, press ENT.

The relay returns the display to the DATE/TIME submenu. Note 
that the relay reports the TIME SOURCE as FP DATE (front-panel 
date). 

Step 6. Press ESC repeatedly to normalize the front-panel display.

Changing a Relay Setting From the Front Panel
The purpose of the procedure in the following steps is to provide additional prac-
tice at entering relay settings from the front panel. In this example, you change 
the PORT F front-panel communications port settings.

Step 1. View the MAIN MENU.

a. If you have been using the front panel (as in the previous exam-
ple), press the ESC key repeatedly until you see the MAIN MENU.

b. If the relay is displaying the ROTATING DISPLAY, press the ENT 
pushbutton to display the MAIN MENU.

Figure 3.23(a) shows the MAIN MENU at the beginning of the 
front-panel settings process.

Step 2. View the settings screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the SET/SHOW action item, as shown in Figure 3.23(a).

b. Press the ENT pushbutton. You will see the SET/SHOW submenu 
screen, as shown in Figure 3.23(b).

Step 3. Select PORT F.

a. Highlight PORT and press the ENT pushbutton.

The relay displays the PORT instances screen, as shown in 
Figure 3.23(c).

b. Choose the port you want to configure by using the Up Arrow and 
Down Arrow navigation pushbuttons to move the screen arrow.

For this example, select PORT F and press ENT.

Step 4. View the Communications Settings category screen.

a. The relay displays the Port F category screen, as shown in 
Figure 3.23(d). Use the Up Arrow and Down Arrow navigation push-
buttons to select the settings category.

b. For this example, highlight Communications Settings and press 
ENT.

The relay displays the Communications Settings screen, as 
shown in Figure 3.23(e).
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Step 5. Change settings.

a. Highlight the SPEED setting.

b. Press ENT.

(The relay possibly requires a password here; see Passwords on 
page 3.11 and Section 4: Front-Panel Operations.)

The LCD displays the SPEED selection submenu that has all the 
possible choices for serial data speeds.

The highlighted selection in Figure 3.23(f) indicates the default 
setting of 9600 (bps).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to select 
a different speed.

d. Once you have selected a data speed, press the ENT pushbutton.

NOTE: Once you have changed 
communications parameters, you 
must change the corresponding 
parameters in your terminal 
emulation program to communicate 
with the relay via a communications 
port.

Step 6. End the settings session.

a. The relay returns to the previous category settings list screen. 
Press ESC to return to the categories screen where you see the 
Save Settings item at the bottom of the screen.

b. Use the Up Arrow and Down Arrow pushbuttons to highlight Save 
Settings and press ENT.

c. Highlight YES, and then press ENT.

The relay validates the setting and returns to the PORT screen, as 
shown in Figure 3.23(c).

Step 7. Press ESC repeatedly to return to the MAIN MENU.
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Figure 3.23 SET/SHOW Menus
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Examining Metering Quantities
The SEL-400 series relays feature high-accuracy power system metering. You 
can view fundamental and rms quantities by using a communications terminal, 
QuickSet, or the front panel. For more information on relay metering, see 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual.

View Metering by Using the Terminal
The procedure in the following steps shows how to use a terminal or terminal 
emulation computer program to view power system metering. In this example, 
you connect specific voltages and currents for a 5 A, 60 Hz relay. Scale these 
quantities appropriately for your particular relay.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). Step 1 through Step 7 are necessary if you have 
not yet configured the relay and want to test metering by using a test source. If 
the relay is already connected to the system, you may jump to Step 8 to view the 
system metering information.

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Set the relay to a nominal operation mode.

a. Use a terminal to perform the initial Global settings relay setup in 
Making Settings Changes in Initial Global Settings on page 3.21.

b. Set the relay for 60 Hz operation, ABC phase rotation.

Step 3. Some SEL-400 series relays support voltage and current source 
selection. In these relays, configure the source selection appropriate for 
metering testing. The following shows how to do this in an SEL-451 
(see Figure 3.24). Use the terminal to set Global setting ESS := 1.

a. Type SET G ESS TERSE <Enter>.

b. Type 1 <Enter>.

c. Type END <Enter> to finish this settings session.

d. Answer Y <Enter> to the save settings prompt.
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Step 4. Set CT and PT ratios. The specific CT and PT configuration settings 
depends on the relay. The following shows a typical set of configura-
tion choices. Use the terminal to set Group 1 setting CTRW := 200 
(the CT W-input ratio), and PTRY := 2000.0 (the PT Y-input ratio).

a. Type SET CTRW TERSE <Enter>.

b. If the CTRW setting is not 200, type 200 <Enter>.

c. Proceed as shown in Figure 3.25 to PTRY and change PTRY to 
2000.0, if needed.

d. Type END <Enter> to finish this settings session.

e. Answer Y <Enter> to the save settings prompt.

                    

Step 5. Turn the relay off.

Step 6. Connect analog inputs. The specific connections depend on the relay. 
The following illustrates a typical set of voltage and current connec-
tions.

a. If three voltage sources and three current sources are available, 
connect the sources to the relay as shown in Figure 3.26.

If three voltage sources and two current sources are available, use 
the connection diagram of Figure 3.27.

b. Apply 67 V per phase (line-to-neutral) in ABC phase rotation.

c. Apply 2.0 A per phase, in phase with the applied phase voltages.

=>>SET G ESS TERSE <Enter> 
Global

Current and Voltage Source Selection

Current and Voltage Source Selection (Y,N,1,2,3,4)      ESS   := N    ? 1 <Enter>
Line Current Source (IW,COMB)                           LINEI := IW   ? END <Enter>

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.24 Setting ESS in the Terminal

=>>SET CTRW TERSE  <Enter>                                                                                                                                                  
Group 1                                                                                                                                                            
                                                                                                                                                                   
Line Configuration                                                                                                                                                 
                                                                                                                                                                   
Current Transformer Ratio - Input W (1-50000)       CTRW   := 120    ?200 <Enter>
Current Transformer Ratio - Input X (1-50000)       CTRX   := 120    ? <Enter>
Potential Transformer Ratio - Input Y (1.0-10000)   PTRY   := 180.0  ?2000.0 <Enter>
PT Nominal Voltage (L-L) - Input Y (60-300 V,sec)   VNOMY  := 115    ?END <Enter>

                                                                                                                                                                   
Save settings (Y,N)  ? Y <Enter>                                                                                                                                            
Saving Settings, Please Wait...........                                                                                                                            
Settings Saved                                                                                                                                                     
                                                                                                                                                                   
=>>

Figure 3.25 Setting CTRW and PTRY in the Terminal
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Figure 3.26 Test Connections Using Three Voltage Sources/Three Current Sources

                    

Figure 3.27 Test Connections Using Two Current Sources for Three-Phase 
Faults and METER Test
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Step 7. Turn the relay on.

Step 8. View metering.

a. Type ACC <Enter> to log in to the relay at Access Level 1.

b. Type the password and press <Enter>.

c. Type MET <Enter>.

The relay displays the fundamental frequency (50 Hz or 60 Hz) 
metering information in a manner similar to that shown in Figure 3.28.

                    

The metering quantities of View Metering by Using the Terminal on page 3.34 are 
the fundamental line quantities. Other variants of the MET command give differ-
ent relay metering quantities. See Section 8: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for more information on the 
specific metering options available in a specific relay.

View Metering by Using QuickSet
Use the procedures in the following steps to examine the relay metering with the 
QuickSet HMI.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords). You should also be familiar with QuickSet (see 
Checking Relay Status in QuickSet on page 3.14 and Section 2: PC Software).

Step 1. Start QuickSet and establish a connection with the relay. See Step 1 
and Step 2 of Checking Relay Status in QuickSet on page 3.14 for 
details on how to do this.

Step 2. Set the relay to a nominal operation mode, and set it for 60-Hz 
operation, ABC phase rotation.

=>>MET <Enter> 
                                                                                                                                                                   
Relay 1                                    Date: 03/17/2023  Time: 01:35:05.221
Station A                                  Serial Number: 1230769999
                                                                                                                                                                   
                      Phase Currents
                 IA        IB        IC
I MAG (A)       398.882   399.041   398.784
I ANG (DEG)      -1.18   -120.97    119.21

                      Phase Voltages                Phase-Phase Voltages
                 VA        VB        VC           VAB       VBC       VCA
V MAG (kV)      133.994   133.986   133.953      231.903   231.815   232.450
V ANG (DEG)      -0.17   -120.02    120.18        29.91    -89.92    150.01

                    Sequence Currents (A)          Sequence Voltages (kV)
                  I1        3I2       3I0         V1        3V2       3V0
MAG             398.901     2.159     2.588     133.977     0.692     0.713
ANG (DEG)        -0.98    -62.68   -115.80        0.00    -53.25   -120.79

                   A           B           C             3P
P (MW)            53.44       53.46       53.41         160.31
Q (MVAR)           0.95        0.89        0.91           2.75
S (MVA)           53.45       53.47       53.42         160.33
POWER FACTOR       1.00        1.00        1.00           1.00
                    LAG         LAG         LAG            LAG
                                                                                                                                                                   
FREQ (Hz)       60.00       VDC1(V)   125.00   VDC2(V)    48.00
                                                                                                                                                                   
=>>

Figure 3.28 Terminal Screen MET Metering Quantities
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Step 3. Set a basic voltage and current configuration.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Global to expand the Global branch (see Figure 3.29).

b. Select the Current and Voltage Source Selection branch.

You will see the Current and Voltage Source Selection dialog 
box as shown in Figure 3.29.

c. Choose 1 from the dropdown list under ESS Current and 
Voltage Source Selection.

                    

Step 4. Set PT and CT ratios.

a. In the QuickSet Settings tree view, select the dropdown arrow 
next to Group 1 to expand this branch (see Figure 3.30).

b. Select the dropdown arrow next to Set 1.

c. Select Line Configuration.

You will see the Line Configuration window similar to 
Figure 3.30.

d. Enter setting CTRW Current Transformer Ratio - Input W as 
200, and the PTRY Potential Transformer Ratio - Input Y as 
2000.

e. Save the settings and send the Group 1 settings if you change the 
settings (see Step 6 and Step 7).

                    

Figure 3.29 Global Alternate Source Selection Settings in QuickSet 
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Step 5. Start the QuickSet operator interface.

Step 6. In the top toolbar select Tools > HMI > HMI to start the GUI.

Step 7. Select the Phasors button of the HMI tree view (see Figure 3.31) to 
view phasors.

QuickSet displays fundamental line metering quantities with a 
display similar to Figure 3.32. (The test setup is adjusted for an 
approximately 30-degree lagging current.)

                    

Figure 3.30 Group 1 Terminal Configuration Settings in QuickSet
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Figure 3.31 HMI Phasors View in QuickSet
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Step 8. Select the Instantaneous button of the HMI tree view to see meter-
ing information similar to Figure 3.32.

View Metering From the Front Panel
In most SEL-400 series relays, you can use the front-panel display and naviga-
tion pushbuttons to view the metering quantities of the relay (see Meter on 
page 4.16 for more information on viewing metering on the relay front panel). 
The screens in this procedure are for an SEL-451 with one circuit breaker, and 
this example assumes that you have not enabled the demand metering or synchro-
nism-check features.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the LCD shows a sequence of screens called the ROTATING 
DISPLAY. (If you do not operate the front panel for a certain period, 
the relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 2. Press the ENT pushbutton to display the MAIN MENU at the top of 
Figure 3.33.

Step 3. View the metering selection screen.

a. Highlight the METER action item (see the first screen of 
Figure 3.33).

b. Press the ENT pushbutton.

The relay displays the METER submenu (the second screen in 
Figure 3.33).

                    

Figure 3.32 Instantaneous Metering Quantities in QuickSet HMI
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Step 4. View the metering screens.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the FUNDAMENTAL METER action item, as shown in 
Figure 3.33(b).

b. Press the ENT pushbutton.

The relay displays the first FUNDAMENTAL METER screen, shown in 
Figure 3.33(c).

c. Use the Up Arrow and Down Arrow navigation pushbuttons to move 
among the fundamental line quantities metering screens.

Step 5. Press the ESC pushbutton repeatedly to return to the MAIN MENU.

                    

Examining Relay Elements
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements.

                    

Figure 3.33 Front-Panel Screens for METER
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View Relay Elements in the Terminal
The procedure in the following steps shows you how to view a change in state for 
the SEL-451 50P1 Phase-Instantaneous Overcurrent element from a communica-
tions port.

                    

For this procedure, you must have a serial terminal or computer with terminal 
emulation software and a variable current source for relay testing.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords and enter higher relay access levels).

Step 1. Type ACC <Enter> at a communications terminal.

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 3. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 4. Type TAR 50P1 <Enter> to view the initial element status.

The relay returns a target terminal screen similar to that shown in 
Figure 3.34.

                    

Step 5. View the element status change.

a. Type TAR 50P1 1000 <Enter> (this command causes the relay 
to repeat the TAR 50P1 command 1000 times). For more infor-
mation on the TAR command see Section 14: ASCII Command 
Reference.

b. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold. 

c. Type <Ctrl+X> to stop the relay from presenting the target 
display before completion of the 1000 target repeats.

View Relay Elements From the Front-Panel LCD
You can use the front-panel display and navigation pushbuttons to check Relay 
Word bit elements. See Section 4: Front-Panel Operations for more information 
on using the relay front panel.

Table 3.7 Phase-Instantaneous Overcurrent Pickup

Setting Description Default

50P1P Level 1 Pickup (OFF, 0.25–100 A secondary) 15.00

=>TAR 50P1 <Enter>
50P1  50P2  50P3  50P4  67P1  67P2  67P3  67P4
0     0     0     0     0     0     0     0 
=>

Figure 3.34 Sample Targets Display on a Serial Terminal
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This procedure uses the SEL-451 50P1 Phase-Instantaneous Overcurrent element.

Step 1. Display the MAIN MENU.

Step 2. If the relay LCD is in the ROTATING DISPLAY, press the ENT pushbut-
ton to display the MAIN MENU similar to that in Figure 3.35.

Step 3. Press the Down Arrow navigation pushbutton to highlight the RELAY 
ELEMENTS action item, as shown in Figure 3.35(a).

Step 4. Press the ENT pushbutton.

You will see a RELAY ELEMENTS screen, as shown in Figure 3.35(b).

                    

Step 5. Display the 50P1 Relay Word bit on the front-panel LCD screen.

a. Press ENT to go to the ELEMENT SEARCH submenu of Figure 3.35(c).

b. Use the navigation keys to highlight 5 and then press ENT to enter 
the character 5 in the text input field.

                    

Figure 3.35 Viewing Relay Word Bits From the Front-Panel LCD
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PRESS   TO SEARCH

RELAY ELEMENTS

SEARCH

PRESS   TO SEARCH

RELAY ELEMENTS

SEARCH

ROW 22 ROW 23
32GR   =0 67P4   =0
32GF   =0 67P3   =0
R32QG  =0 67P2   =0
F32QG  =0 67P1   =0
R32V   =0 50P4   =0
F32V   =0 50P3   =0
R32I   =0 50P2   =0
F32I   =0 50P1   =0

ROW 0 ROW 1
*      =0 TLED_8 =0
*      =0 TLED_7 =0
*      =0 TLED_6 =0
*      =0 TLED_5 =0
*      =0 TLED_4 =0
*      =0 TLED_3 =0
TRIPLED=0 TLED_2 =0
REL_EN =1 TLED_1 =0

(a)

(b)

(c)

(d)
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c. Enter the 0, P, and 1 characters in the same manner.

d. Highlight ACCEPT and press ENT.

The relay displays the LCD screen containing the 50P1 element, 
as shown Figure 3.35(d).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 7. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the 50P1 target on the front-panel display.

You will see the 50P1 element status change to 1 when the input 
current exceeds the 50P1P setting threshold.

Step 8. Press ESC to return to the MAIN MENU.

View Relay Elements by Using the Front-Panel LED
The procedure in the following steps shows you how to use a front-panel LED to 
view a change in state for the SEL-451 50P1 Phase-Instantaneous Overcurrent 
element.

In this example, use SEL Grid Configurator or QuickSet to configure the relay. 
See Section 2: PC Software for information on creating and deploying settings. 
In addition, you need a variable current source suitable for relay testing.

Step 1. Read the relay settings.

Step 2. Set a pushbutton LED SELOGIC control equation.

a. Expand the Front Panel branch of the Settings tree view and 
select Pushbuttons.

b. Select in the PB6_LED text box and type 50P1.

c. Tab or select to any other text box.

The software checks the validity of the setting.

Step 3. Send the new settings to the SEL-451.

Step 4. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to the 
IAW analog input.

Step 5. View the target status change.

a. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay.

b. Observe the LED next to Pushbutton 6 on the SEL-451 front panel.

You will see the LED illuminate when the input current exceeds 
the 50P1P setting threshold.
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Reading Oscillograms, Event Reports, and SER
SEL-400 series relays have great capabilities for storing and reporting power sys-
tem events. These include high-resolution oscillography with sampling as high as 
8 kHz, event reports that encompass important variables in the power system, and 
the SER that reports changing power system conditions and relay operating 
states.

You can view oscillograms taken from high-resolution raw data or from filtered 
event report data. Each type of presentation gives you a unique view of the power 
system. High-resolution oscillograms are useful for viewing system transients 
and dc artifacts outside the relay filter system; event report oscillograms give you 
a picture of the quantities that the relay used in the protection algorithms.

The examples listed in this section give step-by-step procedures to acquaint you 
with these features. Section 9: Reporting provides a complete discussion of these 
relay features.

Generating an Event
To view high-resolution raw data oscillograms and event reports, you must gener-
ate a relay event. High-resolution oscillography and event reports use the same 
event triggering methods. The relay uses multiple sources to initiate a data cap-
ture, including any of the following: Relay Word bit TRIP asserts, SELOGIC con-
trol equation ER (event report trigger), or the TRI command. (Factory-default 
setup does not include the PUL command as an event report trigger. You can add 
the PUL command by entering the Relay Word bit TESTPUL in the ER 
SELOGIC control equation.)

You can use an event trigger to initiate capturing power system data. The proce-
dure in the following steps shows how to use the TRI command (see TRIGGER 
on page 14.72), which triggers an event capture. In this example, the relay uses 
default parameters to record the event. These parameters are at a sampling rate 
(SRATE) of 2000 samples per second (2 kHz), a pre-trigger or pre-fault record-
ing length (PRE) of 0.1 seconds, and an event report length (LER) of 0.5 seconds. 
See Duration of Data Captures and Event Reports on page 9.9 for complete 
information on changing these default settings to match your application.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Connect voltage and current sources to the relay secondary voltage 
and secondary current inputs (use the connections of View Metering 
by Using the Terminal on page 3.34 and Figure 3.26 or Figure 3.27).

Step 2. Apply power to the relay, and establish a terminal connection with 
the relay.

Step 3. Trigger an Event by typing TRIG <Enter>.

Reading the Event History
The relay has multiple convenient methods for checking whether you success-
fully captured power system data. The following describes how to view the event 
history data through use of the ASCII terminal interface.
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Reading the Event History in the Terminal
The procedure in the following steps shows how to use the relay HIS command 
to confirm that you captured power system data with an event trigger. This exam-
ple assumes that you have successfully established communication with the relay 
(see Making an EIA-232 Serial Port Connection on page 3.4). In addition, you 
must be familiar with relay access levels and passwords (see Changing the 
Default Passwords in the Terminal on page 3.11 to change the default access 
level passwords).

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type HIS <Enter> to examine the event history

You will see a screen display similar to Figure 3.36.

                    

For more information on the event history, see Event History on page 9.27.

Viewing High-Resolution Oscillograms
Once you have successfully generated an event, you can view high-resolution 
oscillograms and event report oscillograms about this event. When gathered from 
a field-installed relay, this information helps you assess power system operating 
conditions. In addition, when you first install the relay, this reporting information 
helps you confirm that you have connected the relay correctly.

The relay provides high-resolution oscillography data in the binary COMTRADE 
file format (IEEE/ANSI standard C37.111-1999 and C37.111-2013 formats are 
supported). File transfer is the only mechanism for retrieving high-resolution 
COMTRADE data from the relay.

The SEL-5601-2 SYNCHROWAVE Event is a program you can use to view COM-
TRADE data. Many third-party software suppliers can provide you with pro-
grams to display and manipulate COMTRADE files.

=>HIS <Enter>                                                                                                                                                              
                                                                                                                                                                   
Relay 1                                    Date: 04/20/2015  Time: 17:27:44.140
Station A                                  Serial Number: 1150019999
                                                                                                                                                                   

#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10024 03/03/2015 08:33:29.201 TRIP  $$$$.$$     0  1
10023 03/02/2015 15:41:35.777 ER    $$$$.$$     0  1
10022 03/02/2015 15:41:35.227 ER    $$$$.$$     0  1
10021 03/02/2015 15:41:34.577 ER    $$$$.$$     0  1
10020 03/02/2015 15:41:34.152 ER    $$$$.$$     0  1
10019 03/02/2015 15:41:32.702 ER    $$$$.$$     0  1
10018 02/24/2015 15:22:19.496 TRIG  $$$$.$$     1  3

10017 02/24/2015 15:22:17.705 TRIG  $$$$.$$     1  3
10016 02/23/2015 17:42:56.581 TRIG  $$$$.$$     1  3
10015 02/20/2015 19:23:41.369 BCG      0.02  3442  3
10014 02/20/2015 17:14:40.056 CA T     7.28  2449  3  TIME A_FAULT C_FAULT

=>

Figure 3.36 Sample HIS Command Output in the Terminal
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Retrieving High-Resolution COMTRADE Data in the Terminal
The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the high-resolution 
raw oscillography data for this event.

Perform the steps listed in Generating an Event on page 3.46 before executing 
the instructions in this example. For this procedure, you must use a communica-
tions terminal emulation computer program capable of file transfers.

If you need help finding a terminal emulation program, contact the SEL factory 
or your local Technical Service Center.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR EVENTS <Enter> to view the contents of the 
events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

The relay shows three high-resolution oscillography files with the 
file name extensions .HDR, .CFG, and .DAT for each event.

This example uses the IEEE C37.111-1999 COMTRADE file 
HR_10000 as the number of the event that you recently triggered; use 
the event number corresponding to your triggered event.

                    

Step 3. Type FILE READ EVENTS HR_10000.* <Enter> to ready the 
relay to transfer the HR_10000.HDR, HR_10000.CFG, and 
HR_10000.DAT files to your computer. 

Step 4. Download the files. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if this transfer type is not 
already enabled).

➢ Select Receive.

==>>file dir events

171101,155138316,OT,SID,RID,CONAM,HR,10000.CFG R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.DAT R 11/01/2017 08:51:38

171101,155138316,OT,SID,RID,CONAM,HR,10000.HDR R 11/01/2017 08:51:38

C4_10000.TXT R 11/01/2017 08:51:38

C8_10000.TXT R 11/01/2017 08:51:38

CHISTORY.TXT R

E4_10000.TXT R 11/01/2017 08:51:38

E8_10000.TXT R 11/01/2017 08:51:38

HISTORY.TXT R

HR_10000.CFG R 11/01/2017 08:51:38

HR_10000.DAT R 11/01/2017 08:51:38

HR_lOOOO .HDR R 11/01/2017 08:51:38

Figure 3.37 EVENTS Folder Files
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You will usually see a confirmation message when the file transfer is 
complete.

When these files have transferred successfully, you have the entire 
COMTRADE file for the high-resolution raw data capture.

Step 5. Use SYNCHROWAVE Event, QuickSet, or other COMTRADE-capa-
ble programs to play back high-resolution raw data oscillograms of 
the high-resolution raw data capture files you just transferred. 

                    

You can also examine a phasors display, an event harmonic analysis display, and 
the event summary from the Event Waveform View menu. See Section 9: 
Reporting for more information.

Viewing Event Report Data
Examine relay event reports to inspect the operating quantities the relay used at 
each triggered event. Unlike the raw data samples/second high-resolution oscil-
lography files, these reports contain the filtered samples/cycle data the relay uses 
to make protection decisions. Event reports are useful for determining why the 
relay operated for a particular set of power system conditions. For more informa-
tion on event reports, see Event Report on page 9.14.

The relay recorded the event triggered in Generating an Event on page 3.46. The 
procedure in the following steps shows you how to retrieve the event report data 
files for this event. Perform the steps listed in Generating an Event on page 3.46 
before executing the instructions in this example. For this procedure, you must 
use a terminal program capable of Ymodem protocol file transfer.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

                    

Figure 3.38 Sample Event Oscillogram
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Step 2. Type FILE DIR EVENTS <Enter> to view the events file directory.

The relay lists file names for recently recorded events in a manner 
similar to that shown in Figure 3.37.

In the figure, the relay shows two event report files: E4_10000.TXT 
and E8_10000.TXT, and two Compressed ASCII event report files: 
C4_10000.TXT and C8_10000.TXT.

Step 3. Type FILE READ EVENTS C8_10000.TXT <Enter> to transfer 
the Compressed ASCII event report file to your computer.

Step 4. Download the file. Perform the steps necessary for your terminal 
emulation program to receive a file.

Typically, these are the file transfer steps:

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When this file has transferred successfully, use SYNCHROWAVE 
Event to play back the event report oscillograms of the 8-samples/
cycle event report file you just transferred.

Viewing SER Records
The relay SER records relay operating changes and relay element states. In 
response to an element change of state, the SER logs the element, the element 
state, and a time stamp. Program the relay elements that the relay stores in the 
SER records, thus capturing significant system events such as an input/output 
change of state, element pickup/dropout, recloser state changes, etc.

The relay stores the latest 1000 entries to a nonvolatile record. Use the relay com-
munications ports or QuickSet to view the SER records. For more information on 
the SER, see Section 9: Reporting.

The latest 200 SER events are viewable from the front panel. For more informa-
tion, see Section 4: Front-Panel Operations.



3.51

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Basic Relay Operations
Reading Oscillograms, Event Reports, and SER

                    

                    

                    

Figure 3.39 Selecting SER Points and Aliases Settings in QuickSet

                    

Figure 3.40 SER Points and Aliases Settings in QuickSet
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Step 6. Enter SER settings.

a. For this example, open the entry form by selecting the  button 
beside the SITM1 SER Points and Aliases, Point 1 entry field. 
We will change this SER point to report the operation of the TAR-
GET RESET pushbutton.

b. Select the  button beside the Relay Word Bit entry field.

c. Select Target Logic Bits, and then double-click TRGTR to copy 
the TRGTR name into the Relay Word Bit field. This also 
copies TRGTR to the Reporting Name (or alias) field.

d. Type Target Reset PB in the Alias Name field.

e. Type TEST in the Set Alias field.

f. Type OFF in the Clear Alias field.

g. Select OK.

Step 7. Select File > Save to save the new settings in QuickSet.

Step 8. Upload the new settings to the relay.

a. Select File > Send.

QuickSet prompts you for the settings class you want to send to 
the relay, as shown in the first dialog box of Figure 3.41.

b. Select the Report check box.

c. Select OK.

QuickSet responds with the second dialog box of Figure 3.41.

If you see no error message, the new settings are loaded in the relay.

                    

Step 9. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 10. View the SER report.

a. Start the QuickSet operator interface.

b. In the top toolbar Tools menu, select HMI > HMI.

c. Select the SER button of the HMI tree view (see Figure 3.42).

QuickSet displays the SER records with a display similar to 
Figure 3.43.

NOTE: SITMn (where n = 1—250) are 
the setting names associated with 
your SER points.

                    

Figure 3.41 Uploading Report Settings to the Relay
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The relay lists the SER records in chronological order from top to bottom as 
shown in Figure 3.43. In addition, the relay numbers each record with the most 
recent record as number 1; new events are usually more important for determin-
ing the effects of recently occurring power system events.

For each application of power to the relay, the SER reports a “Power-up” indica-
tion and the active settings group. A properly operating relay immediately goes to 
the enabled state, an event that causes the SER to report another SER record. The 
SER reports the TARGET RESET button when you press the pushbutton and it 
remains asserted for one processing interval.

Setting the SER and Examining the SER Record in the Terminal
The procedure in the following steps shows how to use a terminal connected to a 
relay communications port to set an element in the SER. Use text-edit mode line 
editing to enter the SER settings (see Text-Edit Mode Line Editing on page 3.23). 
Also included is a procedure for viewing the SER report with a terminal.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.42 Retrieving SER Records With QuickSet 

                    

Figure 3.43 SER Records in the QuickSet HMI
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Enter SER trigger data.

a. Type SET R TERSE <Enter> to access the Report settings (see 
Figure 3.44).

b. Press <Enter> to move past the SER Chatter Criteria setting.

c. At the SER Points ? prompt line, type the following:

TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>.

At the next line, type END <Enter>.

d. The relay prompts you to save the new setting; type Y <Enter>.

                    

Step 3. Press and release the front-panel TARGET RESET pushbutton to generate 
an SER record.

Step 4. Type SER <Enter> (at the Access Level 1 prompt or higher) to view 
the SER report.

The relay presents a screen similar to the SER display of Figure 3.43.

Downloading an SER Report File
The procedure in the following steps shows you how to retrieve the SER report 
stored in the relay as a file. For this procedure, you must use a terminal emulation 
program with file transfer capability.

Step 1. Prepare to monitor the relay at Access Level 1.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

Step 2. Type FILE DIR REPORTS <Enter> to view the events file direc-
tory.

The terminal lists the file names for standard reports as shown in 
Figure 3.45.

=>>SET R TERSE <Enter>
Report
SER Chatter Criteria
Automatic Removal of Chattering SER Points (Y,N)   ESERDEL := N   ? <Enter>

SER Points
(Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm) 
1:
? TRGTR,“TARGET RESET PB”,TEST,OFF,N <Enter>
2:
? END <Enter>  

Save settings (Y,N) ? Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Figure 3.44 Setting an SER Element: Terminal
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Step 3. Prepare the relay to download the SER report.

a. Type FILE READ REPORTS SER.TXT <Enter>.

b. If you want the Compressed ASCII file, type the following:

FILE READ REPORTS CSER.TXT <Enter>
                    

Step 4. Download the SER report. Perform the steps necessary for your ter-
minal emulation program to receive a file.

Typically, these are the file transfer steps:

NOTE: Transferring SER files (or 
CSER files) with the FILE READ REPORTS 
SER.TXT command, performs an SER CV 
command as part of the transfer. SER 
CV clears the SER information from 
the present port. With the SER 
information cleared, there are no data 
available for subsequent SER or CSER 
transfers from the same port.

➢ Specify the destination file location in your computer file 
storage system and file name.

➢ Select the transfer type as YModem (if not already enabled).

➢ Select Receive.

You will usually see a confirmation message when the file transfer is 
complete.

Step 5. When the SER.txt file has transferred successfully, use a word-pro-
cessing program to view the contents of the file.

You will see the SER records in a format similar to Figure 3.43.

Operating the Relay Inputs and Outputs
The SEL-400 series relays give you great ability to perform control actions at bay 
and substation locations via the relay control outputs. The control outputs close 
and open circuit breakers, switch disconnects, and operate auxiliary station 
equipment such as fans and lights. The relay reads data from the power system 
and interfaces with external signals (contact closures and data) through the con-
trol inputs. This section is an introduction to operating the control outputs and 
control inputs. For more information on connecting and applying the control out-
puts and control inputs, see Section 2: Installation in the product-specific instruc-
tion manual.

Control Output
The relay features standard, hybrid (high-current interrupting), and high-speed 
high-current interrupting control outputs that you can use to control circuit break-
ers and other devices in an equipment bay or substation control house.

=>FILE DIR REPORTS <Enter>
BRE_1.TXT                        R                                              
BRE_2.TXT                        R                                              
BRE_S1.TXT                       R                                              
BRE_S2.TXT                       R                                              
CBRE.TXT                         R                                              
CHISTORY.TXT                     R                                              
CPRO.TXT                         R                                              
CSER.TXT                         R                                              
HISTORY.TXT                      R                                              
PRO.TXT                          R                                              
SER.TXT                          R                                              
=>

Figure 3.45 Example Reports File Structure
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Pulsing a Control Output in the Terminal
When first connecting the relay, or at any time that you want to test relay control 
outputs, perform the following procedure. The procedure in the following steps 
shows how to use a communications terminal to pulse the control output contacts. 
Perform the steps in this example to become familiar with relay control and serial 
communication. For more information on the PULSE command, see PULSE on 
page 14.54.

This example assumes that you have successfully established communication 
with the relay; see Making an EIA-232 Serial Port Connection on page 3.4 for a 
step-by-step procedure. In addition, you must be familiar with relay access levels 
and passwords (see Changing the Default Passwords in the Terminal on 
page 3.11 to change the default access level passwords).

NOTE: To pulse an output, the circuit 
breaker control enable jumper must 
be installed on the main board.

Step 1. Prepare to control the relay at Access Level B.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type BAC <Enter>.

d. Type the correct password to go to Access Level B.

You will see the Access Level B ==> prompt.

Step 2. Attach an indicating device (ohmmeter with a beep sounder or a test 
set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

Step 3. Perform the pulse operation.

a. Type PULSE OUT104 <Enter>.

The relay confirms your request to pulse an output with a prompt 
such as that shown in Figure 3.46.

b. Type Y <Enter> at the prompt.

You will see or hear the indicating device turn on for a second 
and then turn off.

                    

You can also pulse an output for longer than the default one-second period. If you 
enter a number after the PULSE command, that number specifies the duration in 
seconds for the pulse. For example, if you enter PULSE OUT104 3 <Enter>, the 
relay pulses OUT104 for three seconds.

 Pulsing a Control Output on the Front Panel
The procedure in the following steps shows you how to use the front-panel dis-
play and navigation pushbuttons to check for proper operation of the relay con-
trol outputs. See Section 4: Front-Panel Operations for information on using the 
relay front panel.

Step 1. Attach an indicating device (an ohmmeter with a beep sounder or a 
test set) to the terminals for control output OUT104.

This output is a standard control output and is not polarity-sensitive.

==>PULSE OUT104 <Enter>
Pulse contact OUT104 for 1 seconds(Y/N)       ? Y <Enter>
==>

Figure 3.46 Terminal Display for PULSE Command
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Step 2. View the front-panel display.

After applying power to the relay, note that the LCD shows a 
sequence of screens called the ROTATING DISPLAY.

(Also, if you do not operate the front panel for a certain period, the 
relay will enter front-panel time-out mode and you will see the 
sequential screens of the ROTATING DISPLAY.)

Step 3. Press the ENT pushbutton to view the MAIN MENU, similar to that in 
Figure 3.47(a).

                    

Step 4. View the LOCAL CONTROL screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the LOCAL CONTROL action item, as shown in 
Figure 3.47(a).

b. Press the ENT pushbutton.

You will see the LOCAL CONTROL submenu as shown in 
Figure 3.47(b).

Step 5. View the OUTPUT TESTING screen.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight the --OUTPUT TESTING-- action item, as shown in 
Figure 3.47(b).

b. Press the ENT pushbutton.

The relay displays the OUTPUT TESTING submenu, as shown in 
Figure 3.47(c).

                    

Figure 3.47 Front-Panel Menus for Pulsing OUT104

OUT101
OUT102
OUT103
OUT104
OUT105
OUT106
OUT107
OUT108
   PULSE OUTPUT?

OUTPUT TESTING

NO  YES 

 

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU

LOCAL CONTROL

--BREAKER CONTROL--
5 MVA XFMR Fans
--OUTPUT  TESTING--

(a)

(b)

(c)
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Step 6. Command the relay to pulse the control output.

a. Press the Up Arrow and Down Arrow navigation pushbuttons to 
highlight OUT104 as shown in Figure 3.47(c).

b. Press the Right Arrow navigation pushbutton to highlight YES 
under PULSE OUTPUT?

c. Press the ENT pushbutton.

The relay detects your request for a function at an access level for 
which you do not yet have authorization. Whenever this 
condition occurs, the relay displays the password access screen 
as shown in Figure 3.48.

                    

Step 7. Input a password and pulse the output.

a. Enter a valid Access Level B, P, A, O, or 2 password. 

(The front panel is always at Access Level 1, so you do not enter 
the Access Level 1 password.)

Enter a valid password by using the navigation pushbuttons to 
select, in sequence, the alphanumeric characters that correspond 
to your password.

b. Press the ENT pushbutton at each password character. 

(If you make a mistake, highlight the BACKSPACE option and press 
ENT to reenter a character or characters.)

c. After entering all password characters, press the Up Arrow or Down 
Arrow pushbuttons to highlight ACCEPT, and press ENT.

The relay pulses the output, and you will see the indicating 
device turn on for a second and then turn off.

Controlling a Relay Control Output With a Local Bit in the Terminal
In this example, you set Local Bit 3 to start the transformer cooling fans near the 
breaker bay where you have installed the SEL-451. Thus, you can use the LCD 
screen and navigation pushbuttons to toggle relay Local Bit 3 to control the state 
of the cooling fans. Relay Word bit LB_SP03 provides supervision for Local Bit 3. 
Relay Word bit LB_SP03 must be asserted for successful Local Bit 3 operations. 
For more information on local bits, see Local Control Bits on page 4.22.

The procedure in the following steps proposes connecting the transformer bank 
fan control to relay output OUT105. You can choose any relay output that conforms 
to your requirements.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

                    

Figure 3.48 Password Entry Screen
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Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Access the local control settings.

a. Type SET F <Enter>.

b. Repeatedly type > and then <Enter> to advance through the 
front-panel settings until you reach the Local Control category.

Figure 3.49 shows a representative terminal screen.

                    

Step 3. Type LIST <Enter> at the Local Control ? prompt to list the active 
control points.

This example assumes that you are using no local bits, so the relay 
returns you to Line 1 followed by the settings ? prompt.

Step 4. Type LB03,“5 MVA XFMR Fans”,ON,OFF,N <Enter> at the Line 
? prompt.

The relay checks that this is a valid entry and responds with the next 
line prompt 2: followed by the settings ? prompt.

Step 5. End the settings session.

a. Type END <Enter>.

The relay displays a readback of all the front-panel settings, 
eventually displaying the Save settings (Y,N) ? prompt. (In 
Figure 3.49 a vertical ellipsis represents the readback.)

At the end of the readback information, just before the Save settings 
(Y,N) ? prompt, you can see the new local bit information.

b. Type Y <Enter> to save your new settings.

Step 6. Set OUT105 to respond to Local Bit 3.

a. Type SET O OUT105 <Enter> (see Figure 3.50).

b. At the ? prompt, type LB03 <Enter>.

c. At the next ? prompt, type END <Enter>.

d. When prompted to save settings, type Y <Enter>.

Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1:
? LIST <Enter>
1:
? LB03,"5 MVA XFMR Fans",ON,OFF,N <Enter>
2:
? END <Enter>

           •
           •
           •
Local Control
(Local Bit, Local Label, Local Set State, Local Clear State, Pulse Enable)

1: LB03,"5 MVA XMFR Fans","ON","OFF",N 
Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
 =>>

Figure 3.49 Using Text-Edit Mode Line Editing to Set Local Bit 3
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Step 7. Test the connection and programming.

a. Use the appropriate interface hardware to connect the fan control 
start circuit to OUT105.

b. At the relay front-panel MAIN MENU, select LOCAL CONTROL and 
press the ENT pushbutton as shown in Figure 3.51(a).

c. Select 5 MVA XFMR Fans on the LOCAL CONTROL screen as shown 
in Figure 3.51(b).

d. Press ENT to see the 5 MVA XFMR Fans as shown in Figure 3.51(c).

e. Highlight 1 ON and press ENT.

The graphical local control handle moves to the 1 position. At 
this time, the transformer fans will begin running.

=>>SET O OUT105 <Enter> 
Output 
Main Board 
OUT105 :== NA 
? LB03 <Enter> 
OUT106 := NA 
? END <Enter> 
Output 

Main Board 
OUT101  := T3P1 #BREAKER 1 TRIP                                                                                                                                    
OUT102  := T3P1 #EXTRA BREAKER 1 TRIP                                                                                                                              
OUT103  := BK1CL #BREAKER 1 CLOSE                                                                                                                                  
OUT104 := NA
OUT105 := LB03
OUT106 := NA
OUT107 := NA
OUT108 := NOT (HALARM OR SALARM)

Save settings (Y,N) ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved 
=>>

Figure 3.50 Setting Control Output OUT105 in the Terminal
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Setting Outputs for Tripping and Closing
To actuate power system circuit breakers, you must configure the control outputs 
to operate the trip bus and close bus. The relay uses internal logic and SELOGIC 
control equations to activate the control outputs.

Trip Output Signals
All SEL-400 series relays are capable of three-pole tripping and some are capable 
of single-pole tripping. There are many Relay Word bits (e.g., T3P1, T3P2, and 
3PT) that you can program to drive control outputs to trip circuit breakers. See 
Section 5: Protection in the product-specific instruction manual for complete 
information on tripping equations and settings. For target illumination at tripping, 
see Section 4: Front-Panel Operations.

Close Output Signals
Some SEL-400 series relays feature an automatic recloser for single-circuit 
breaker and two-circuit breaker applications, with as many as four autoreclose 
shots. See Section 6: Autoreclosing for more information.

                    

Figure 3.51 Front-Panel LOCAL CONTROL Screens
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Assigning Control Outputs for Tripping and Closing
The procedure in the following steps shows a method for setting the relay to 
operate the trip bus and the close bus at a typical substation. This procedure 
assigns a close output at OUT106. This example is specific to the SEL-451 relay, 
but similar configuration changes can be made in all SEL-400 series relays.

This example assumes that are familiar with SEL Grid Configurator or QuickSet 
(see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Main Board output settings.

a. Expand the Outputs branch of the Settings tree view.

b. Select Main Board.

Step 3. Assign a control output for the close bus.

a. In the Main Board Outputs dialog box, select the OUT106 text 
box and type the following:

BK1CL #ADDITIONAL BREAKER 1 CLOSE

(The # indicates that a comment follows.)

b. Select or tab to another text box.

The software checks that your entry is valid.

Step 4. Upload the new settings to the relay.

Control Input Assignment
Most SEL-400 series relays have control inputs on the main board (IN101–IN107), 
and on one or more optional I/O interface boards (IN201–IN2xx, IN301–IN3xx, 
etc.), if so equipped.

There are two types of input circuitry: direct-coupled and optoisolated. Table 3.8 
lists the main differences between the two types of control inputs. Only the 
SEL-421 and SEL-451 are available with interface boards that support direct-
coupled inputs. All SEL-400 series relays support optoisolated inputs.

                    

The default value for Global setting EICIS (Enable Independent Control Input 
Settings) is N, which hides all individual control input settings and only presents 
some overall settings that will apply to all control inputs. Set EICIS := Y to gain 
full access to the individual control input settings.

Table 3.8 Control Input Characteristics

Direct-Coupled Optoisolated

Pickup characteristics: Pickup voltage can be selected via Global settings. 
Can have different pickup voltages on each input.

Pickup voltage is determined by hardware: one of six volt-
age levels determined at time of factory order. All pickup 
voltages are the same on each I/O interface board.

Polarity-sensitive: Yes (will not respond to reverse polarity signals). A + 
polarity mark is printed over the positive terminals.

No (will respond to signals of either polarity). No polarity 
mark. AC signal detection is possible.a

Where found: INT1, INT5, and INT6 I/O Interface Boards 
(available in SEL-421 and SEL-451 relays).

SEL-400 Series Main Board (IN101–IN107).

All other interface boards.

a With appropriate debounce settings (see Section 2: Installation of the product-specific instruction manual).
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) in 
the Terminal

This is a step-by-step procedure to configure a control input that reflects the state 
of the circuit breaker auxiliary (52A) NO (normally open) contact. A common 
relay input is from circuit breaker auxiliary contacts; the relay monitors the 52A 
contacts to detect the closed/open status of the circuit breaker. Perform the fol-
lowing steps to connect three-pole circuit breaker auxiliary contacts to the relay. 
This example was created using an SEL-451. Refer to the product-specific 
instruction manual for the correct Relay Word bit names for each product.

This example assumes that you have successfully established communication 
with the relay (see Making an EIA-232 Serial Port Connection on page 3.4). In 
addition, you must be familiar with relay access levels and passwords (see 
Changing the Default Passwords in the Terminal on page 3.11 to change the 
default access level passwords).

Step 1. Prepare to control the relay at Access Level 2.

a. Using a communications terminal, type ACC <Enter>.

b. Type the Access Level 1 password and press <Enter>.

You will see the => prompt.

c. Type 2AC <Enter>.

d. Type the correct password to go to Access Level 2.

You will see the Access Level 2 =>> prompt.

Step 2. Configure the relay to read the circuit breaker auxiliary contact. 

a. Type SET M <Enter> (see Figure 3.52).

These settings are the breaker monitor settings.

b. Type <Enter> to bypass the Breaker 1 Monitoring enable, and 
<Enter> again to bypass the Breaker 2 Monitoring enable 
(NUMBK := 2 in this example).

The relay displays the 52AA1 SELOGIC control equation action 
prompt.

c. Type IN101 <Enter> at the ? prompt to specify input IN101 as 
the control input that represents the close/open state of Circuit 
Breaker 1.

Press <Enter> until the relay displays the 52AA2 SELOGIC 
control equation action prompt.

d. Type IN102 <Enter> at the ? prompt to specify input IN102 as 
the control input that represents the close/open state of Circuit 
Breaker 2.

Step 3. End the settings process. The relay next scrolls a readback of all the 
Global settings, eventually displaying the Save settings (Y,N) ? 
prompt.

a. In the readback information, just before the Save settings 
(Y,N) ? prompt, confirm the new control input information.

b. Answer Y <Enter> to save your new settings.
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Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A) 
Via Software

The procedure in the following steps shows how to program the relay control 
input IN101 to read the state of circuit breaker auxiliary contacts. This example 
uses a single three-pole tripping breaker. Modify the procedure listed here for 
your application.

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings.

Step 2. Access the Control Inputs settings.

a. Select the arrow next to the Global branch of the Settings tree 
view.

b. Select the arrow next to the Control Inputs branch of the 
Settings tree view.

Step 3. Set EICIS Independent Control Input Settings to Y.

Step 4. Set the control input IN101 debounce time.

For this example, assume that the auxiliary contacts are slow and 
noisy; you must provide a slightly longer debounce time for these 
contacts.

a. Double-click the mouse cursor (or press <Tab>) to highlight 
IN101PU Pickup Delay for Contact Input.

b. Delete the present setting by pressing <Delete>.

c. Type 0.25 <Enter>.

d. Similarly change the IN101DO Input IN101 Dropout Delay 
to 0.25.

The software checks the value.

Step 5. Configure the relay to read the circuit breaker auxiliary contact.

a. Expand the Breaker Monitor branch of the Settings tree view 
by selecting the + button.

b. In the tree view, select Breaker 1 to select circuit breaker 
monitor settings for Circuit Breaker 1.

=>>SET M <Enter> 
Breaker Monitor 
Breaker Configuration 
Breaker 1 Monitoring (Y,N) EB1MON  := N ? <Enter> 
Breaker 2 Monitoring (Y,N) EB2MON  := N ? <Enter> 
Breaker 1 Inputs 

N/O Contact Input -BK1 (SELogic Equation) 
52AA1 := NA 
?  IN101 <Enter> 
Breaker 2 Inputs 
N/O Contact Input -BK2 (SELogic Equation) 
52AA2 := NA 
?  IN102 <Enter> 
Breaker Monitor 

Breaker Configuration 
EB1MON  := N        EB2MON  := N
Breaker 1 Inputs 
52AA1   := IN101 
Breaker 2 Inputs 
52AA2   := IN102 
Save settings (Y,N)  ? Y <Enter> 
Saving Settings, Please Wait........... 
Settings Saved
=>>

Figure 3.52 Setting 52AA1 in the Terminal
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c. Set the 52AA1 SELOGIC control equation by selecting in the text 
box labeled 52AA1 N/O Contact Input.

d. Type IN101, and then select or <Tab> to another field to specify 
input IN101 as the control input that represents the close/open 
state of Circuit Breaker 1.

Step 6. Upload the new settings to the SEL-451.

Special Considerations for TiDL
In Time-Domain Link (TiDL) systems, IN301–IN324, OUT301–OUT316, 
IN401–IN424, OUT401–OUT416, IN501–IN524, and OUT501–OUT516 are 
provided from TiDL merging units. See Section 19: Digital Secondary Systems 
for more information on TiDL I/O.

Configuring Timekeeping
The relay features high-accuracy timekeeping when supplied with an IRIG-B or 
Ethernet Precision Time Protocol (PTP) signal. When the supplied clock signal is 
sufficiently accurate, most SEL-400 series relays can act as a phasor measure-
ment unit (PMU) and transmit synchrophasor data representative of the power 
system at fixed time periods to an external data processor. The relay can also 
record COMTRADE event report data by using the high-accuracy time stamp. 
See Oscillography on page 9.9 and Time-Synchronized Triggers on page 11.10 
for details on these applications.

IRIG-B and PTP
The relay has two input connectors that accept IRIG-B (Inter-Range Instrumenta-
tion Group-B) demodulated time-code format: the IRIG-B pins of aerial PORT 1, 
and the IRIG-B BNC connector. In relays with Ethernet, Precision Time Protocol 
(PTP) can also be used to provide high-accuracy time. See Section 11: Time and 
Date Management for more information on using IRIG-B and PTP.

Monitoring High-Accuracy Time Source Status
The purpose of the procedure in the following steps is to show one method for 
deriving the TIME Q Time Source information from Relay Word bits TSOK and 
TIRIG when using an IRIG Time Source. The TSOK Relay Word bit is at logical 
1 when the relay is in HIRIG time mode. For this application example, use a pro-
tection SELOGIC variable (PSV) to monitor timekeeping status.

PSV02 asserts when the relay is synchronized to the HIRIG source. A departure from 
this condition asserts the relay alarm output (OUT108 for this application example).

This example assumes that you are familiar with SEL Grid Configurator or 
QuickSet (see Section 2: PC Software).

Step 1. Read the relay settings

Step 2. Access the protection free-form SELOGIC settings.

a. Select the arrow next to Group 1 in the Settings tree view.

b. Select the Protection Logic 1 settings.

NOTE: The SEL-487V does not 
support PTP.
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Step 3. Enter the two lines of SELOGIC control equation programming in the 
Protection Free-Form Logic Settings shown in Figure 3.53.

                    

Step 4. Configure a control output to alarm a loss-of-HIRIG mode.

a. In the Settings tree view, select Outputs and then select Main 
Board.

b. In the OUT108 Main Board Outputs text box, enter the OR 
NOT PSV02 condition to the preexisting OUT108 := NOT 
(SALARM OR HALARM) equation.

Step 5. Upload the new settings to the relay.

To confirm that you have prepared an out-of-synchronization/loss-of-HIRIG 
mode alarm, disconnect the IRIG-B input. The relay alarm will activate.

Readying the Relay for Field Application
Before applying the relay in your power system, set the relay for your particular 
field application. Be sure to modify the relay factory-default settings for your 
power system conditions to enable relay features to help you protect and control 
your system.

This procedure is a guide to help you ready the relay for field application. If you 
are unfamiliar with the steps in this procedure, see the many relay usage exam-
ples presented in this section. This is a suggested procedure; modify the proce-
dure as necessary to conform to your standard company practices.

Step 1. Open the appropriate low-voltage breaker(s) and remove fuses to ver-
ify removal of control power and ac signals from the relay.

Step 2. Isolate the relay TRIP control output.

Step 3. Perform point-to-point continuity checks on the circuits associated 
with the relay to verify the accuracy and correctness of the ac and dc 
connections.

Step 4. Apply power to the relay.

The green ENABLED LED on the front panel will illuminate.

Step 5. Use an SEL-C234A cable to connect a serial terminal to the relay.

Step 6. Start the terminal (usually a PC with terminal emulation software).

Step 7. Establish communication with the relay at Access Level 0.

Step 8. Proceed to Access Level 2 (see Changing the Default Passwords in 
the Terminal on page 3.11).

Step 9. Change the default passwords (see Changing the Default Passwords 
in the Terminal on page 3.11).

Step 10. Set the DATE and TIME (see Making Simple Settings Changes on 
page 3.15).

Step 11. Use test sources to verify relay ac connections (see Examining 
Metering Quantities on page 3.34).

Step 12. Verify control input connections.

SET L <Enter>

17: #CHECK THE TIME SYNCHRONIZATION RELAY WORD BIT FOR HIRIG

18: PSV02 := TSOK

Figure 3.53 Programming a PSV to Monitor HIRIG in QuickSet
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Step 13. Verify control output connections.

Step 14. Perform protection element tests.

Step 15. Set the relay (see Making Simple Settings Changes on page 3.15, 
Section 12: Settings, and Section 6: Protection and Protection Appli-
cation Examples in the product-specific instruction manual).

Step 16. Connect the relay for tripping/closing duty.

Step 17. From Access Level 2, use a communications terminal to issue appli-
cable commands (listed in Table 3.9) to clear the relay data buffers.

                    

Step 18. Connect the secondary voltage and current inputs.

Step 19. Use the MET command or the QuickSet HMI to view relay metering 
to confirm secondary connections (see Examining Metering 
Quantities on page 3.34).

Table 3.9 Communications Port Commands That Clear Relay Buffers

Communications Port Command Task Performed

MET RD Reset demand meter data

MET RP Reset peak demand meter data

MET RE Reset energy meter data

MET RM Reset maximum/minimum meter data

HIS CA Reset event report and history buffers

SER CA Reset Sequential Events Recorder data
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Front-Panel Operations

The relay front panel makes power system data collection and system control 
quick and efficient. Using the front panel, you can analyze power system operat-
ing information, view and change relay settings, and perform relay control func-
tions. The relay features a straightforward menu-driven control structure 
presented on the front-panel LCD. Front-panel targets and other LED indicators 
provide a quick look at relay operation status. You can perform often-used con-
trol actions rapidly by using the large direct-action pushbuttons. All of these fea-
tures help you operate the relay from the front panel and include:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

This section describes features found in many, but not necessarily all, SEL-400 
series relays. See the relay-specific instruction manuals to determine which front-
panel features are supported in that relay. This section includes the following:

➤ Front-Panel Layout on page 4.1

➤ Front-Panel Menus and Screens on page 4.14

➤ Front-Panel Automatic Messages on page 4.32

➤ Operation and Target LEDs on page 4.33

➤ Front-Panel Operator Control Pushbuttons on page 4.35

Front-Panel Layout
Some SEL-400 series relays come with a front panel with 16 target LEDs and 8 
operator pushbuttons. Others come with 24 target LEDs and 12 operator pushbut-
tons. Refer to the product-specific instruction manual to see which displays are 
available for any specific relay. Figure 4.1, Figure 4.2, and Figure 4.3 show what 
these front-panel options look like in the SEL-451 and the SEL-487E relays. 
Some relays are also available with direct-action pushbuttons for breaker control, 
which is illustrated in Figure 4.2.



4.2

SEL-400 Series Relays Instruction Manual Date Code 20230830

Front-Panel Operations
Front-Panel Layout

                    

                    

                    

Figure 4.1 SEL-451 Front Panel (8-Pushbutton Model)

                    

Figure 4.2 SEL-451 Front Panel (12-Pushbutton Model) with Optional Auxiliary Trip/Close Buttons
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A 128 x 128 pixel LCD shows relay operating data including event summaries, 
metering, settings, and relay self-test information. 

Six navigation pushbuttons adjacent to the LCD window control the relay menus 
and information screens. Sequentially rotating display screens provide important 
power system metering parameters; you can easily change this ROTATING DIS-
PLAY to suit your particular onsite monitoring needs. Use a simple and efficient 
menu structure to operate the relay from the front panel. With these menus you 
can quickly access relay metering, control, and settings.

Front-panel LEDs indicate the relay operating status. You can confirm that the 
relay is operational by viewing the ENABLED LED. The relay illuminates the TRIP 
LED target to indicate a tripping incident. The relay is factory programmed for 
particular relay elements to illuminate the other target LEDs. You can program 
these target LEDs to show the results of the most recent relay trip event. The 
asserted and deasserted colors for the LEDs are programmable.

Select relay models feature auxiliary TRIP/CLOSE pushbuttons. These pushbuttons 
are electrically isolated from the rest of the relay.

The relay front panel features large operator control pushbuttons with annuncia-
tor LEDs that facilitate local control. Factory-default settings associate specific 
relay functions with these direct-action pushbuttons and LEDs. Using SELOGIC 
control equations or front-panel settings PBn_HMI, you can readily change the 
default direct-action pushbutton functions and LED indications to fit your spe-
cific control and operational needs. Change the pushbutton and pushbutton LED 
labels with the slide-in labels adjacent to the pushbuttons. The asserted and deas-
serted colors for the LEDs are programmable in 12-pushbutton models.

The relay front panel includes an EIA-232 serial port (labeled PORT F) for con-
necting a communications terminal or using the ACSELERATOR QuickSet SEL-5030 
Software program. Use the common EIA-232 open ASCII communications proto-
col to communicate with the relay via front-panel PORT F. Other communications 
protocols available with the front-panel port are MIRRORED BITS communica-
tions, and DNP3. For more information on communications protocols and PORT F, 
see Section 15: Communications Interfaces.

                    

Figure 4.3 SEL-487E Front Panel
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Front-Panel LCD
The LCD is the prominent feature of the relay front panel. Figure 4.4 shows the 
following areas contained in the LCD:

➤ Title area

➤ Main area

➤ Message area

➤ Scroll bars

The scroll bars are present only when a display has multiple screens.

                    

Front-Panel Inactivity Time-Out
An LCD backlight illuminates the screen when you press any front-panel push-
button. This backlight extinguishes after a front-panel inactivity time-out period. 
You can control the duration of the time-out with relay setting FP_TO, listed in 
Table 4.1. 

To set FP_TO, use the SET F (set front panel) settings from any communications 
port or use the Front Panel branch of the QuickSet Settings tree view. The maxi-
mum backlight time is 60 minutes (FP_TO = 60). When the front panel times out, 
the relay displays an automatic ROTATING DISPLAY, described later in this section 
under Screen Scrolling on page 4.5.

                    

Navigating the Menus
The relay front panel presents a menu system for accessing metering, settings, 
and control functions. Use the LCD and the six pushbuttons adjacent to the dis-
play (see Figure 4.4) to navigate these front-panel menus.

The navigation pushbutton names and functions are the following:

➤ ESC—Escape pushbutton

➤ ENT—Enter pushbutton

➤ Left Arrow, Right Arrow, Up Arrow, and Down Arrow—Navigation pushbuttons

                    

Figure 4.4 LCD and Navigation Pushbuttons
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Table 4.1 Front-Panel Inactivity Time-Out Setting

Name Description Range Default

FP_TO Front-panel display time-out OFF, 1–60 minutes 15 minutes
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Menus show lists of items that display information or control the relay. A rectan-
gular box around an action or choice indicates the menu item you have selected. 
This rectangular box is the menu item highlight.

Figure 4.5 shows an example of RELAY ELEMENTS highlighted in an example MAIN 
MENU. When you highlight a menu item, pressing the ENT pushbutton selects the 
highlighted item.

                    

The Up Arrow pushbutton and Down Arrow pushbutton scroll the highlight box to 
the previous or next menu selection, respectively. When there is more than one 
screen of menu items, pressing the Up Arrow while at the first menu item causes 
the display to show the previous set of full-screen menu items, with the last menu 
item highlighted. Pressing the Down Arrow while at the bottom menu item causes 
the display to show the next set of full-screen menu items, with the first menu 
item highlighted.

Pressing the ESC pushbutton reverts the LCD to the previous screen. Pressing ESC 
repeatedly returns you to the MAIN MENU. If a status warning, alarm condition, or 
event condition is active (not acknowledged or reset), the relay displays the full-
screen status warning, alarm screen, or trip event screen in place of the MAIN 
MENU.

Screen Scrolling
SEL-400 series relays have two screen scrolling modes: autoscrolling mode and 
manual-scrolling mode. After front-panel time-out, the LCD presents each of the 
display screens in this sequence:

➤ One-line diagram (if applicable)

➤ Any active (filled) alarm points screens

➤ Any active (filled) display points screens

➤ Other enabled screens

See the product-specific instruction manual for the details of the other screens 
that are supported and how they are enabled.

                    

Figure 4.5 RELAY ELEMENTS Highlighted in Example MAIN MENU

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU
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Figure 4.6 illustrates an example rotating display sequence. The active alarm 
points are the first screens in the ROTATING DISPLAY (see Alarm Points on 
page 4.7). Each alarm points screen shows as many as 11 alarm conditions. The 
relay can present a maximum of six alarm points screens.

The active display points are the next screens in the ROTATING DISPLAY after 
alarm points (see Display Points on page 4.10). Each display points screen shows 
as many as 11 enabled display points (with 192 display points, the relay can pres-
ent a maximum of 18 display points screens). If a display point does not have text 
to display, the screen space for that display point is maintained.

                    

Figure 4.6 Sample ROTATING DISPLAY

Circuit Breaker 1
   --Closed--

ROTATING DISPLAY

Press  for menu

Line Current (A) RMS

IA =   119.6
IB =   119.7
IC =   119.5
FREQ = 60.00 Hz

ROTATING DISPLAY

Press  for menu

Line Quantities FUND
ROTATING DISPLAY

Press  for menu

Voltage (kV)
  VA = 130.4   +  6˚
  VB = 130.3   -114˚
  VC = 130.5   -126˚
Current (A)
  IA =  119.6    35˚
  IB =  119.7   -95˚
  IC =  119.5   155˚
FREQ = 60.00 Hz

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

*Circuit BK1 SF6 Gas

ROTATING DISPLAY

Press  for menu

SF6 ALARM
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Autoscrolling Mode
Autoscrolling mode shows each screen for a user-configurable period of time. 
Front Panel setting SCROLD defines the period of time for which each screen is 
shown. When you first apply power to the relay, the LCD shows the autoscrolling 
ROTATING DISPLAY. With SCROLD := OFF, the screen remains on the first screen 
in the rotating display order; automatic rotation of additional screens is disabled.

The autoscrolling ROTATING DISPLAY also appears after a front-panel inactivity 
time-out (see Front-Panel Inactivity Time-Out on page 4.4). The relay retrieves 
data prior to displaying each new screen. The relay does not update screen infor-
mation during the display interval. At any time during autoscrolling mode, press-
ing ENT takes you to the MAIN MENU. Pressing any of the four navigation 
pushbuttons switches the display to manual-scrolling mode.

Manual-Scrolling Mode
In manual-scrolling mode, you can use the directional navigation arrow pushbut-
tons to select the next or previous screen. Pressing the Down Arrow or Right Arrow 
pushbuttons switches the display to the next screen; pressing the Up Arrow or Left 
Arrow pushbuttons switches the display to the previous screen.

In manual-scrolling mode, the display shows arrows at the top and bottom of the 
vertical scroll bar. The screen arrows indicate that you can navigate between the 
different screens at will. The relay retrieves data prior to displaying each new 
screen. Unlike the autoscrolling mode, the relay continues to update screen infor-
mation while you view it in the manual-scrolling mode. To return to autoscrolling 
mode, press ESC or wait for a front-panel time-out.

Alarm Points
You can display messages on the front-panel LCD that indicate alarm conditions 
in the power system. The relay uses alarm points to place these messages on the 
LCD.

Figure 4.7 shows a sample alarm points screen. The relay is capable of displaying 
as many as 66 alarm points. The relay automatically displays new alarm points 
while in manual-scrolling mode and in autoscrolling mode. While you navigate 
the HMI menu structure, the relay does not automatically display the alarm 
points. Instead, ALARM EVENT displays in the footer. When you escape the HMI 
menu structure, the relay will display the alarm points screen.

                    
                    

Figure 4.7 Sample Alarm Points Screen

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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The alarm point setting is an element of the SER settings. To enable an alarm 
point, enable the HMI alarm parameter of the SER Point Settings listed in 
Table 4.2. The format for entering the SER point data is the following comma-
delimited string:

Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm

Names can contain any valid ASCII character. Enclose the name within quotation 
marks. See Example 4.1 for particular information on the format for entering 
SER point data.

                    

If you enter a Relay Word bit that does not match a valid relay element, the relay 
displays: Unknown relay word reference. If you enter an alias or name that is 
too long, the relay displays: Alias label too long.

The relay displays alarm points in a similar fashion as the SER. As many as 
19 characters of the given alias are displayed, with one character reserved for the 
“*.” The asterisk denotes if the element is asserted. Initially, an alarm point must 
be asserted to be displayed; after the corresponding element deasserts, the aster-
isk is removed, but the alias is not. The relay displays alarm points in reverse 
chronological order, just as in the SER, with the most recently asserted alarm dis-
played on the top. Deasserted alarms may be removed from the display with user 
acknowledgment, as shown in Example 4.1.

                    

Table 4.2 SER Point Settings

Description Range

Relay Word Bit Any valid relay element

Reporting Name 20-character maximum ASCII string

SET State Name (logical 1) 20-character maximum ASCII string

CLR State Name (logical 0) 20-character maximum ASCII string

HMI Alarm Y, N

Example 4.1 Creating an Alarm Point

Alarm points screens provide operator feedback about the status of system 
conditions. An alarm points screen contains 11 alarm points; this example 
demonstrates a method to set the alarm point message that is shown in 
Figure 4.7. This example is based on the Relay Word bit IN101 asserting 
when Circuit Breaker 1 is in an alarm condition.

In the Report settings (SET R), enter the following after the SER Points 
Line 1 prompt:

1: IN101,“Circuit BK1 SF6 Gas”,“Alarm”,“Normal”,“Y”

The circuit breaker alarm condition is indicated by the set state, "Alarm" and 
the circuit breaker normal condition is indicated by the clear state "Normal." 
The HMI Alarm parameter is set to “Y” to enable alarm points screen dis-
play of this element.

While in the scrolling mode, the assertion of IN101 will cause the alarm 
points screen (as shown in Figure 4.7) to be automatically displayed. Upon 
the deassertion of IN101, the asterisk will disappear, as shown in Figure 4.8.
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Pressing the ENT pushbutton will allow the user to acknowledge and clear 
deasserted alarms. Before clearing, you will be prompted to confirm that this 
is the intended action, as shown in Figure 4.9.
                    

In the case that all alarms are deasserted, pressing the ENT pushbutton will 
allow the user to acknowledge and clear all alarms. After clearing, a screen 
showing the results of the action will be shown, as in Figure 4.10.
                    

Alarm points are not updated for a particular element if it has been deleted 
from the SER because of chatter criteria (see Automatic Deletion and Rein-
sertion on page 9.31). Upon reinsertion, the element state will be updated on 
the alarm point display. If the relay enters a period of SER data loss, the sta-
tus of alarm points cannot be determined. The screen shown in Figure 4.11 
will appear until you exit the data loss condition, at which point the alarm 
point elements will be polled and displayed if asserted. Subsequent alarm 
point assertions will be displayed above the data loss message.

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.8 Deasserted Alarm Point

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

                    
                    

Figure 4.9 Clear Alarm Point Confirmation Screen

 Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge

Are you sure you
want to clear
inactive alarms?
Press  to clear 

                    
                    

Figure 4.10 No Alarm Points Screen

NO ALARM POINTS
EXIST.

ALARM POINTS
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Display Points
You can display messages on the relay front-panel LCD that indicate conditions 
in the power system. The relay uses display points to place these messages on the 
LCD.

Figure 4.12 shows a sample display points screen. Display points can show the 
status of Relay Word bits or display the value of analog quantities. The relay has 
192 possible display points; Table 4.3 and Table 4.4 list the display points set-
tings. The relay updates the display points data once per second if you are view-
ing the display points in manual-scrolling mode; in autoscrolling mode the relay 
updates the display points information each time the screen appears in the ROTAT-
ING DISPLAY sequence.

                    

To enable a display point, enter the display point settings listed in Table 4.3 or 
Table 4.4. All display points occupy one, and only one, line on the display at all 
times. The height of the line is determined by the “Text Size” setting parameter. 
Display points of single-line height span one screen in total width. Display points 
of double-line height span two screens in total width. You can use multiple dis-
play points to simulate multiple lines.

Use the following syntax to display the given Relay Word bit exactly as seen in 
the navigational menu (name and value).

DPxx := Name

Use the following syntax to display the given Relay Word bit as seen in the navi-
gational menu, replacing the name of the value with the given alias string. The 
text size determines if the display will be in single font or double font. If the text 
size is empty, the display will be in single font.

DPxx := Name, “Alias”, “Text Size”

                    

Example 4.1 Creating an Alarm Point (Continued)

                    
                    

Figure 4.11 Alarm Points Data Loss Screen

##SER DATA LOSS##

ALARM POINTS

Press   to acknldge

                    

Figure 4.12 Sample Display Points Screen

Circuit Breaker 1
   --Closed--

DISPLAY POINTS

Circuit BK1 SF6 Gas
   --Alarm--

Circuit Breaker 2
   A PH= 119.6 A pri

SF6 ALARM
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Use the following syntax to display the given Relay Word bit with the given alias. 
If the Relay Word bit is asserted (logical 1), the LCD displays the set string in the 
place of the value. If the Relay Word bit is deasserted (logical 0), the LCD dis-
plays the clear string in the place of the value. One or all of Alias, Set String, or 
Clear String can be empty. If Alias is empty, then the LCD displays only the Set 
or Clear Strings. If either Set String or Clear String is empty, then an empty line 
is displayed when the bit matches that state. The text size determines if the dis-
play will be in single font or double font. If the text size is empty, the display will 
be in single font.

DPxx := Name, “Alias”, “Set String”, “Clear String”, “Text Size”

Use the following syntax to display the given analog quantity with the given text 
and formatting. Formatting must be in the form Width.Decimal,Scale with the 
value of Name, scaled by “Scale,” formatted with total width “Width” and “Deci-
mal” decimal places. The width value includes the decimal point and sign charac-
ter, if applicable. The “Scale” value is optional; if omitted, the scale factor is 
processed as 1. If the numeric value is smaller than the field size requested, the 
field is padded with spaces to the left of the number. If the numeric value will not 
fit within the field width given, “$” characters are displayed. The text size deter-
mines if the display will be in single font or double font. If the text size is empty, 
the display will be in single font.

DPxx := Name, “(Text1 Width.Decimal,Scale) Text2”, “Text Size”
                    

                    

                    

Table 4.3 Display Point Settings—Boolean

Description Range

Relay Word Bit Name See the relay-specific instruction manual for a list of Relay 
Word bits available in that relay.

Alias ASCII string

Set String ASCII string

Clear String ASCII string

Text Size S, D

Table 4.4 Display Point Settings—Analog

Description Range

Analog Quantity Name See the relay-specific instruction manual for a list of avail-
able analog quantities

“User Text and Formatting” ASCII string

Text Size S, D

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 1 of 2)

Example Display Point Setting Value Example Display

IN101 IN101=1
IN101=0

MWHAIN,“{7.2}” 1234.56

50P1,Overcurrent,, Overcurrent=1
Overcurrent=0

PSV01,Control,On,Off Control=On
Control=Off

PSV02,Breaker,Tripped, Breaker=Tripped
Empty Line
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If you enter a Relay Word bit or Analog Quantity that does not match a valid 
relay element, the relay displays: Invalid element. If you enter a display point 
that exceeds the allowable length, the relay displays: Too many characters. If 
you enter an invalid scale factor, invalid width, too many parameters, or omit nec-
essary quotation marks or brackets, the relay displays an error message. If a dis-
play point was used previously and you want to remove the display point, you 
can delete the display point. In the Front Panel settings (SET F), at the Display 
Points and Aliases prompt, use the text-edit mode line editing commands to set 
the display points (see Text-Edit Mode Line Editing on page 3.23 for information 
on text-edit mode line editing). To delete Display Point 1, type DELETE 
<Enter> at the Front Panel settings Line 1 prompt.

                    

50P1,,,Overcurrent Empty Line

Overcurrent

MWHAIN,“A Ph Import={7.2}” A Ph Import=1234.56

MWHAIN,“A Ph Import={7.3}” A Ph Import=$$$.$$$

MWHAIN,“A Ph Imp {4}MWh” A Ph Imp 1234MWh

PAD,“{7.2}” 1234.56

PAD,“A Ph Dem Pwr={4.1}” A Ph Dem Pwr=1234.5

ICD,“C Demand={5}” C Demand= 1230

ICD,“C Demand={4.2,0.001} kA” C Demand=1.23 kA

MWHAOUT,“A Phase Out={3, 1000}” A Phase Out=1234

MWHAOUT,“A Phase Out={3, 1000} kWH” A Phase Out=$$$ kWh

1,“Fixed Text” Fixed Text

0,“Fixed Text” Fixed Text

1, Empty Line

0, Empty Line

Display Point is hidden

Example 4.2 Creating a Display Point

Display points screens can be used to provide operator feedback about the 
readiness of equipment connected to the relay. A display points screen con-
tains 11 display points; this example demonstrates a method to set the dis-
play point messages that are shown in Figure 4.12. This example uses an 
SEL-451 with an additional I/O interface board.

This example is based on a three-pole circuit breaker. Relay Word bit 52AA1 
will assert when Circuit Breaker 1 is in the closed position.

IN109 will assert when Circuit Breaker 1 is in an alarm condition. B2IAFIM 
is the filtered instantaneous magnitude for the A-Phase current through 
Circuit Breaker 2.

In the Front Panel settings (SET F), enter the following after the Display 
Points and Aliases Line 1 prompt:

1: 1,“Circuit Breaker 1”

2: 52AA1,,“ --Closed--”,“ --Open--”

Table 4.5 Display Point Settings—Boolean and Analog Examples (Sheet 2 of 2)

Example Display Point Setting Value Example Display
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3: 0

4: 0,“Circuit BK1 SF6 Gas”

5: IN109,,“ --Alarm--”,“ --Normal--”

6: 1

7: 1,“Circuit Breaker 2”

8: B2IAFIM,“ A PH=(6.1,1) A pri”

9: IN109,, “SF6 ALARM”, D

Fixed text is set by assigning an alias to a “1” or “0.” Blank lines are set by 
assigning a blank alias to a “1” or “0.” The circuit breaker closed condition is 
indicated by the set state, “--Closed--” where leading spaces are added to 
center the set state message. Add a clear state named “--Open--” to show that 
the circuit breaker is open. The circuit breaker alarm condition is indicated 
by the set state, “--Alarm--” where leading spaces are added to center the set 
state message. Add a clear state named “--Normal--” to show that the circuit 
breaker is not in alarm. User text “A PH=” and “A pri” allows for customized 
display of the Circuit Breaker 2 A-Phase current, which has been formatted 
to display numerically as XXXX.X. Double font display is used to give 
greater visibility to the SF6 Alarm. A horizontal scroll appears while in man-
ual-scrolling mode regardless of whether or not the display point label width 
requires two full screens to display.

Example 4.3 Monitoring Test Modes With Display Points

This example uses the Relay Word bit TESTFM (Fast Meter test running) to 
activate a front-panel display point that alerts an onsite operator that the 
relay is in Fast Meter test mode.

In the Front Panel settings (SET F), enter the following after the Line 10 
prompt:

10: TESTFM,,“FAST METER TEST!!!!”

The LCD displays the screen shown in Figure 4.13 as a part of the ROTATING 
DISPLAY if the Fast Meter test is running. (Instruct the operator to view the 
relay front panel for messages or warnings as the last item on a “Leaving the 
Substation” checklist.)

Again, this display point application example does not require a clear state, 
so the clear state is blank. If the Fast Meter test is not running and no other 
display points are active, the relay shows a blank screen in the ROTATING 
DISPLAY.
                    

Example 4.2 Creating a Display Point (Continued)

                    
                    

Figure 4.13 Fast Meter Display Points Sample Screen

FAST METER TEST!!!!

ROTATING DISPLAY

Press  for menu
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Front-Panel Menus and Screens
Operate the relay front panel through a sequence of menus that you view on the 
front-panel display. The MAIN MENU is the introductory menu for other front-panel 
menus (see Figure 4.5). These additional menus allow you onsite access to 
metering, control, and settings for configuring the relay to your specific applica-
tion needs. The following menus and screens are representative of what is typi-
cally found in SEL-400 series relays, but each relay has a slightly different list. 
See the relay-specific instruction manual to see what is available in that relay.

➤ Support Screens
➢ Contrast
➢ Password

➤ MAIN MENU 
➢ METER
➢ EVENTS
➢ BREAKER MONITOR
➢ RELAY ELEMENTS
➢ LOCAL CONTROL
➢ SET/SHOW
➢ RELAY STATUS
➢ VIEW CONFIGURATION
➢ DISPLAY TEST
➢ RESET ACCESS LEVEL
➢ ONE LINE DIAGRAM

Support Screens
The relay displays special screens over the top of the menu or screen that you are 
using to control the relay or view data. These screens are the ADJUST CONTRAST 
screen and the PASSWORD REQUIRED screen.

Contrast
You can adjust the LCD screen contrast to suit your viewing angle and lighting 
conditions. To change screen contrast, press and hold the ESC pushbutton for one 
second. The relay displays a contrast adjustment box superimposed over the dis-
play.

Figure 4.14 shows the contrast adjustment box with the MAIN MENU screen in the 
background. Pressing the Right Arrow pushbutton increases the contrast. Pressing 
the Left Arrow pushbutton decreases the screen contrast. When finished adjusting 
the screen contrast, press the ENT pushbutton.

                    
                    

Figure 4.14 Contrast Adjustment

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL 

MAIN MENU

Adjust Contrast

Press   when done
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Password
The relay uses passwords to control access to settings and control menus. The 
relay has six access-level passwords. See Access Levels and Passwords on 
page 3.7 for more information on access levels and setting passwords. The relay 
front panel is at Access Level 1 upon initial power-up and after front-panel time 
out.

Password validation occurs only when you request a menu function that is at a 
higher access level than the presently authorized level. At this point, the relay dis-
plays a password entry screen, shown in Figure 4.15. This screen has a blank 
password field and an area containing alphabetic, numeric, and special password 
characters with a movable highlight box.

                    

Enter the password by pressing the navigation pushbuttons to move the highlight 
box through the alphanumeric field. When at the desired character, press ENT. The 
relay enters the selected character in the password field and moves the dark box 
cursor one space to the right. You can backspace at any time by highlighting the 
BACKSPACE character and then pressing ENT. When finished, enter the password by 
highlighting the ACCEPT option and then pressing ENT.

If you entered a valid password for an access level greater than or equal to the 
required access level, the relay authorizes front-panel access to the combination 
of access levels (new level and all lower levels) for which the password is valid. 
The relay replaces the password screen with the menu screen that was active 
before the password validation routine. When you enter Access Levels B, P, A, 
O, and 2, the Relay Word bit SALARM pulses for one second.

If you did not enter a valid password, the relay displays the error screen shown in 
Figure 4.16. Entering a valid password for an access level below the required 
access level also causes the relay to generate the error screen. In both password 
failure cases, the relay does not change the front-panel access level (it does not 
reset to Access Level 1 if at a higher access level). The relay displays the 
PASSWORD INVALID screen for five seconds. If you do not want to wait for the 
relay to remove the message, press any of the six navigational pushbuttons during 
the five-second error message to return to the previous screen in which you were 
working.

                    

                    

Figure 4.15 Enter Password Screen

                    

Figure 4.16 Invalid Password Screen

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass-
word may allow unauthorized access. 
SEL shall not be responsible for any 
damage resulting from unauthorized 
access.

A B C D E F G H I J K
L M N O P Q R S T U V
W X Y Z a b c d e f g
h i j k l m n o p q r
s t u v w x y z 0 1 2
3 4 5 6 7 8 9 _ . ( )
\ ‘ “ ~ ! ? @ # $ % ^
& * _ + / ; : ’ < > ,
{ } [ ] | =
ACCEPT  BACKSPACE

Password Required Password
Field

The Password Entered
Is Not Sufficient for
The Required Access
Level.

Password Invalid
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If three failed login attempts occur within a 1-minute interval, the relay disables 
login attempts for 30 seconds and pulses the SALARM and BADPASS Relay 
Word bits for 1 second. If the user tries to login within the 30 seconds, the error 
message in Figure 4.17 displays for 4 to 6 seconds. Pressing the navigation but-
tons while this message is displayed removes the error message sooner but the 
password entry remains disabled for the original 30 seconds.

                    

Main Menu
The MAIN MENU is the starting point for all other front-panel menus. A representa-
tive relay MAIN MENU is shown in Figure 4.18. When the front-panel LCD is in the 
ROTATING DISPLAY, press the ENT pushbutton to show the MAIN MENU.

                    

Meter
The relay displays metering screens on the LCD. Highlight METER and press ENT 
on the MAIN MENU screen to select these screens. The metering screens available 
are relay-specific and are described in each relay-specific instruction manuals.

Events
The relay front panel features summary event reporting, which simplifies post-
fault analysis. These summary event reports include all trip events, event and data 
capture triggering (via the ER SELOGIC control equation), and manual triggers. 
The relay displays event reports based on the Relay Word bit elements in the ER 
(event report trigger) SELOGIC control equation. See Event Report on page 9.14 
for more information on event reports.

The front-panel event buffer size is 100 summaries. The relay numbers summary 
events in order from 10000 through 42767 and displays the most recent summa-
ries on the LCD.

                    

Figure 4.17 Password Lockout Screen

Maximum Passord
Attempts Exceeded,
Access Temporarily
Denied

Access Denied

                    

Figure 4.18 MAIN MENU

METER
EVENTS
BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW
RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

MAIN MENU



4.17

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Front-Panel Operations
Front-Panel Menus and Screens

You can view summary event reports from the relay front-panel display by select-
ing EVENTS from the MAIN MENU. The relay presents the Events Menu as shown in 
Figure 4.19. Select Event Summary from the Events Menu to view event sum-
mary data. Figure 4.20 shows sample Event Summary screens for a phase-to-
phase-to-ground fault. Use the Right Arrow and Left Arrow pushbuttons to show 
each of the summary screens for the event. Event reports can also be viewed via a 
front-panel automatic message (see Front-Panel Automatic Messages on 
page 4.32) or programmable front-panel operator control pushbutton (see Front-
Panel Operator Control Pushbuttons on page 4.35).

                    

The horizontal scroll bar indicates that you can view other event 10002 screens. 
Use the Up Arrow and Down Arrow pushbuttons to move among the events in the 
summary buffer. Press ESC to return to the Events Menu and ESC again to return to 
the MAIN MENU.

                    

SER
The Sequential Events Recorder (SER) records state changes of user-program-
mable Relay Word bits. State changes are time-tagged for future analysis of relay 
operations during an event. See Sequential Events Recorder (SER) on page 9.28 
for more information on SER events. To view SER events from the front panel, 
select EVENTS from the MAIN MENU and SER Events from the Events Menu as 
shown in Figure 4.19. SER events are also viewable using programmable front-
panel operator control pushbuttons; see Front-Panel Operator Control Pushbut-
tons on page 4.35.

Figure 4.21 illustrates the SER Events display screen. Data reported in this 
screen for each event are the SER Point Alias Name, Asserted or Deasserted 
state, and the Date and Time of the event. When in the SER Events screen, three 
SER records are displayed on one screen. Using the navigation pushbuttons, the 
most recent 200 SER events are viewable on the front-panel display. The top 
event is the most recent event, and the bottom event is the oldest. The upper right 
of the screen displays the sequential indexes of the SER events currently being 
viewed. If a new event occurs while viewing the SER events, the display does not 
update with the new event automatically. To include the new SER event in the 

                    

Figure 4.19 Events Menu Screen

                    

Figure 4.20 Example EVENT SUMMARY Screens

Event Summary
SER Events      

Events Menu

03/15/2001   GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:           3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002
TARGETS:
COMM 
PHASE B
PHASE C
GROUND
50      

EVENT SUMMARY 10002
FAULT QUANTITIES
(kV/A)
VA =    131     0.7˚
VB =    113  -123.4˚
VC =    113   124.7˚

IA =    200    -0.5˚
IB =   2478   172.3˚
IC =   2480     6.7˚
IG =    212   -11.3˚

EVENT SUMMARY 10002
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display, exit the SER screen by pressing ESC and re-enter the SER Events screen 
by pressing ENT with the SER Events selection highlighted. This rebuilds the SER 
Events display and contains the latest SER events triggered.

                    

If no SER events are available, the message shown in Figure 4.22 is displayed.

                    

While viewing the SER events, front-panel pushbuttons provide navigation and 
control functions as indicated in Table 4.6.

                    

Hold down either the Up Arrow or Down Arrow to achieve accelerated scrolling. 
Holding down the Up Arrow or Down Arrow navigates one screen at a time for the 
first five screens, and then increases to five screens at a time if the button remains 
pressed. Accelerated scrolling stops at the newest or oldest SER event record 
available, depending on the direction of the scrolling.

When the upper limit of the SER events is reached, press the Down Arrow one 
more time and the report will wrap around to display the screen containing the 
first SER event. Similarly, when the lower limit of the SER events is reached, 
press the Up Arrow one more time and the report will wrap around to display the 
screen containing the last SER event.

                    

Figure 4.21 SER Events Screen

                    

Figure 4.22 No SER Events Screen

Table 4.6 Front-Panel Pushbutton Functions While Viewing SER Events

Pushbutton Description

Up Arrow, 
Down Arrow

Navigates one screen at a time up or down. Each screen contains three SER 
events. Accelerated scrolling is obtained when the pushbutton remains 
pressed (see accelerated scrolling behavior below).

Left Arrow, 
Right Arrow

Navigates between SER events to allow adjacent SER events to be displayed 
on one screen. For example, if events 1, 2, and 3 are displayed, press the 
Right Arrow once to display events 2, 3, and 4 in the same screen. No acceler-
ated scrolling is provided with the Left Arrow and Right Arrow pushbuttons.

ESC Returns to the Events Menu

ENT Does nothing

Local 
Disabled
02/16/06 11:11:01.993

Local
Enabled
02/16/06 10:11:19.090

IN101
Asserted
02/16/06 03:22:01.988

SER Events   001-003

No SER Events
Available

SER Events   
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By default, three SER events are shown per screen. You can change this to five 
per screen by setting SER_PP to Y. This will cause the element name and state 
information to be shown on the same line, with the element name truncated to ten 
characters and the state truncated to eight characters.

Breaker Monitor
Some SEL-400 series relays feature an advanced circuit breaker monitor. Select 
BREAKER MONITOR from the MAIN MENU to view circuit breaker monitor alarm data 
on the front-panel display. See the relay-specific instruction manual for the sup-
ported options and example screens.

Relay Elements (Relay Word Bits)
You can view the RELAY ELEMENTS screen to check the state of the Relay Word 
bits in the relay. The relay has two unique manual-scrolling features for viewing 
these elements:

➤ Accelerated navigation

➤ Search

These Relay Word bit scrolling features make selecting elements from among the 
many relay targets easy and efficient. Figure 4.23 shows an example of the RELAY 
ELEMENTS screen. If an alias exists for an element, the alias name is displayed 
instead of the element name. An asterisk character (*—shown in Figure 4.23) 
indicates that this Relay Word bit position is reserved for future use.

                    

When you move item by item through the Relay Word bit table, pressing the Up 
Arrow or Down Arrow pushbuttons shows each previous or next screen in turn.

Accelerated navigation occurs when you press and hold the Up Arrow or Down 
Arrow pushbuttons. Holding the Up Arrow or Down Arrow pushbuttons repeats the 
regular pushbutton action at two rows every second for the first ten rows. Con-
tinue pressing the Up Arrow or Down Arrow pushbutton to cause the relay screen 
scrolling to accelerate to 20 rows per second. When you are scrolling up in accel-
erated scrolling, scrolling will stop at the first relay elements screen. When you 
are scrolling down, scrolling will stop at the last screen.

                    

Figure 4.23 RELAY ELEMENTS Screen

ROW 28     ROW 29
*          *
51S2R  =1  *
51S2T  =0  *
51S2   =0  *
*          *
51S1R  =1  51S3R  =1
51S1T  =0  51S3T  =0
51S1   =0  51S3   =0

SEARCH

RELAY ELEMENTS

Press  to search
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Search mode allows you to find a specific relay target element quickly. 
Figure 4.24 shows the menu screen that the relay displays when you select the 
SEARCH option of the RELAY ELEMENTS initial menu.

When you first enter this search menu, the block cursor is at the beginning of the 
element name field and the highlight box in the alphanumeric field is around the 
letter A. Use the navigation pushbuttons to move through the alphanumeric char-
acters. If the highlight is on one of the characters, pressing ENT enters the charac-
ter at the block cursor location in the element name field. Next, the block cursor 
moves automatically to the character placeholder to the right. If the block cursor 
was already at the first character position on the left, the block cursor remains at 
the end of the name field. To backspace the cursor in the element name field, 
move the highlight to BACKSPACE and press ENT. When you have finished entering 
an element name, move the highlight to ACCEPT and press ENT. At any time, press-
ing ESC returns the display to the RELAY ELEMENTS screen.

If the highlight is on ACCEPT, the relay finds the matching relay element when you 
press ENT. The relay first searches for alias names, seeking an exact match. If the 
relay does not find an exact alias name match, it searches for an exact primitive 
name match. If there is no exact primitive name match, the relay initiates a partial 
alias name string search, followed by a partial primitive name string search. If the 
relay finds no match, the screen displays an error message and stays in the ELE-
MENT SEARCH screen. If the relay finds a match, the screen displays the element 
row containing the matching element.

Local Control
The relay provides great flexibility in power system control through the LOCAL 
CONTROL menus. You can use the front-panel LOCAL CONTROL menus to perform 
these relay functions:

➤ Trip and close circuit breakers (password required)

➤ Assert, deassert, and pulse relay control outputs to command station 
control actions

➤ Test relay outputs (password required)

In the first LOCAL CONTROL submenu of Figure 4.25, you can choose BREAKER 
CONTROL, LOCAL BITS CONTROL, or OUTPUT TESTING. You must install the circuit 
breaker control enable jumper to enable circuit breaker control and output testing 
capability. The submenu will not display the --BREAKER CONTROL-- option and 
the --OUTPUT TESTING-- option if the breaker jumper is not installed. (The relay 
checks the status of the breaker jumper whenever you activate the front-panel set-
tings and at power-up.) If the breaker jumper is not installed, and there are no 
local bits enabled, the relay displays an information message when you attempt 
to enter LOCAL CONTROL and the screen returns to the MAIN MENU after a short delay.

                    

Figure 4.24 ELEMENT SEARCH Screen

A  B  C  D  E  F
G  H  I  J  K  L
M  N  O  P  Q  R
S  T  U  V  W  X
Y  Z  0  1  2  3
4  5  6  7  8  9
_

ACCEPT   BACKSPACE

ELEMENT SEARCH Element
Name
Field
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Local bit names that you have programmed (see Example 4.4) appear in the local 
control bit names field between --BREAKER CONTROL-- and --OUTPUT TESTING--, 
as shown in Figure 4.25. Use the Up Arrow and Down Arrow pushbuttons to high-
light the local control action you want to perform. Pressing ENT takes you to the 
specific LOCAL CONTROL screen.

                    

Breaker Control
The BREAKER CONTROL option presents a circuit breaker selection submenu if the 
relay is configured to control multiple breakers. Use the navigation pushbuttons 
and ENT to select the circuit breaker you want to control.

Figure 4.26 shows the BREAKER CONTROL submenu and sample circuit breaker 
control screens for BREAKER 1. Use the Up Arrow and Down Arrow pushbuttons to 
highlight the TRIP BREAKER 1 or CLOSE BREAKER 1 control actions.

When you highlight the trip option and press ENT, the relay displays the confirma-
tion message OPEN COMMAND ISSUED and trips Circuit Breaker 1 (Relay Word bit 
OC1 pulses). The BREAKER 1 STATUS changes to OPEN.

When you highlight the close option and press ENT, the relay displays the confir-
mation message CLOSE COMMAND ISSUED and closes Circuit Breaker 1 (Relay 
Word bit CC1 pulses). The BREAKER 1 STATUS changes to CLOSED. (Be aware that 
not all SEL-451 relays support breaker close operations.)

                    

Figure 4.25 LOCAL CONTROL Initial Menu

LOCAL CONTROL
--BREAKER CONTROL--

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

--OUTPUT TESTING--
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Local Control Bits
The relay provides 64 local control bits with SELOGIC control equation supervi-
sion. These local bits replace substation control handles to perform switching 
functions such as bus transfer switching. The relay saves the states of the local 
bits in nonvolatile memory and restores the local bit states at relay power-up.

NOTE: The default settings for 
LB_SPnn are “1”. The default settings 
satisfy the local bit supervision logic 
so that local bit operations can take 
place.

Local control bit supervision is available through a SELOGIC control equation 
provided in the Front Panel settings (LB_SPnn). For local bit operations to take 
place, the corresponding LB_SPnn must be asserted. Table 4.8 defines the local 
bit SELOGIC settings available in the Front Panel settings class. Figure 4.28 illus-
trates the logic that supervises all local bit operations (Set, Clear, Pulse).

NOTE: The default settings for 
LB_DPnn are LBnn. The default 
settings cause the local bit switch to 
move to the corresponding state of 
the local bit (asserted = 1, 
deasserted = 0).

The SELOGIC control equation local bit status (LB_DPnn) is provided to return 
the status of a device that is being controlled by the local bit. The LB_DPnn 
Relay Word bit drives the state of the graphical switch on the display (i.e., with 
LB_DPnn deasserted, the switch points to 0).

Any unused local control bits default to the clear (logical 0) state. Also, any 
reconfigured local bit retains the existing bit state after you change the bit setting. 
Deleting a local bit sets that bit to the clear (logical 0) state.

                    

Figure 4.26 Example BREAKER CONTROL Screens

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

BREAKER 1
BREAKER 2

SELECT A BREAKER

BREAKER CONTROL

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

CLOSED

BREAKER 1 STATUS

TRIP BREAKER 1
CLOSE BREAKER 1

BREAKER 1

OPEN

BREAKER 1 STATUS

PRESS  TO ACTIVATE

PRESS  TO ACTIVATE
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In the top part of Figure 4.27, the following custom-labeled functions are those 
controlled by local control bit operation.

➤ Enable Bus Switching

➤ North Bus MOD

➤ South bus MOD

➤ Bus Tie Interlock

➤ Alternate Settings 3

In addition, Figure 4.27 gives an example of a custom labeled function, Bus Tie 
Interlock. The LCD shows a graphic representation of a substation control han-
dle. The LB_DPnn SELOGIC control equation determines the state of the switch 
position on the LCD. If the LB_DPnn Relay Word bit is deasserted, the graphic 
control handle points to 0; if the LB_DPnn Relay Word bit is asserted, the switch 
points to 1.

You can program names or aliases for the local bit clear and set states—these 
appear next to logical 0 and logical 1, respectively, in the lower portion of the 
sample Bus Tie Interlock screens of Figure 4.27. Use the Up Arrow and Down Arrow 
pushbuttons to highlight the set (1) or clear (0) control actions. Highlighting the 
set option (shown in Figure 4.27 as Closed (OK to TIE)) and pressing ENT 
changes the local control bit and performs the required control action. If the 
LB_DPnn Relay Word bit asserts, the graphical switch moves to 1 to indicate the 
asserted local bit status.

                    

To enable a local bit, enter the local bit settings in Table 4.7. The format for 
entering the local bit data is the comma-delimited string:

local bit,control function name,alias for the set state,alias for the clear 
state,pulse enable

                    

Figure 4.27 LOCAL CONTROL Example Menus

--BREAKER CONTROL--

--OUTPUT TESTING--

LOCAL CONTROL

Enable Bus Switching

North Bus MOD

South Bus MOD

Bus Tie Interlock

Alternate Settings 3

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

PRESS   TO ACTIVATE

1

0

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0
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Names or aliases can contain any printable ASCII character except double quota-
tion marks. Use double quotation marks to enclose the name or alias. See 
Example 4.4 for particular information on enabling a local control bit.

                    

The pulse state enable setting at the end of the setting string is optional. If your 
application requires a pulsed or momentary output, you can activate an output 
pulse by setting the option at the end of the local bit command string to Y (for 
Yes). The default for the pulse state is N (for No); if you do not specify Y, the 
local bit defaults at N and gives a continuous set or clear switch level.

If you enter an invalid setting, the relay displays an error message prompting you 
to correct your input. If you do not enter a valid local bit number, the relay dis-
plays A local bit element must be entered. If you enter a local bit number and that 
local bit is already in use, the relay displays the local bit element is already in 
use. Likewise, if you do not enter valid local bit name, set alias, and clear alias, 
the relay returns an error message. If an alias is too long, the relay displays the 
message Too many characters.

                    

The Local Bit Supervision SELOGIC control equation provides supervision of 
Local Bit Set, Clear, and Pulse operations.

The Local Bit Status Display SELOGIC control equation returns the status of the 
local bit switch state.

                    

Table 4.7 Local Bit Control Settingsa

a n = 1–64.

Description Range Default

Local Bit n 1–64 1

Local Bit n Name 20-character maximum ASCII string (blank)

Local Bit n Set Alias (1 state) 20-character maximum ASCII string (blank)

Local Bit n Clear Alias (0 state) 20-character maximum ASCII string (blank)

Pulse Local Bit n Y, N N

Table 4.8 Local Bit SELOGICa

a n = 1–64, and only available if the corresponding local bit is defined.

Description Range Default

Local Bit Supervision n SELOGIC Control Equation, NA 1

Local Bit Status Display n SELOGIC Control Equation, NA LBn

                    

Figure 4.28 Local Bit Supervision Logic

Logic to Set,
Clear, or

Pulse LBn

LBn

Set

Clear

Pulse

LB_SPn*

*SELOGIC Control Equation
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Output Testing
NOTE: The circuit breaker control 
enable jumper BREAKER must be 
installed to perform output testing.

You can check for proper operation of the relay control outputs by using the OUT-
PUT TESTING submenu of the LOCAL CONTROL menu. A menu screen similar to 
Figure 4.29 displays a list of the control outputs available in your relay configuration.

                    

Example 4.4 Enabling Local Bit Control

This application example demonstrates a method to create one of the control 
points in the LOCAL CONTROL screens of Figure 4.27 to control the interlock 
on a power bus tie circuit breaker. Perform the following actions to create a 
local control bit:

➤ Eliminate previous usage of the local bit and condition the state 
of the local bit

➤ Set the local bit

➤ Assign the local bit to a relay output

If you are using a previously used local bit, delete all references to the local 
bit from the SELOGIC control equations already programmed in the relay. A 
good safety practice would be to disconnect any relay output that was pro-
grammed to that local bit.

To change the local bit state, select the bit and set it to the state you want. In 
addition, you can delete the local bit, which changes the state of this local bit 
to logical 0 when you save the settings. To delete, use the front-panel set-
tings. When using a communications port and terminal, use the text-edit 
mode line setting editing commands at the Local Bits and Aliases prompt to 
go to the line that lists Local Bit 9. (See Text-Edit Mode Line Editing on 
page 3.23 for information on text-edit mode line editing.) To delete Local 
Bit 9, type DELETE <Enter> after the line that displays Local Bit 9 infor-
mation. For example, if a previously programmed Local Bit 9 appears in the 
SET F line numbered listings on Line 1, then typing DELETE <Enter> at 
Line 1 deletes Local Bit 9.

Next, set the local bit. In the Front Panel settings (SET F), enter the following:

1: LB09,“Bus Tie Interlock”,“Closed (OK to TIE)”,“Open (No TIE)”,N

This sets Local Bit 9 to “Bus Tie Interlock” with the set state as “Closed (OK 
to TIE)” and the clear state as “Open (No TIE).”

Assign the local bit to a relay output. In the Output settings (SET O), set the 
SELOGIC control equation, OUT201, to respond to Local Bit 9.

OUT201 := LB09

Use the appropriate interface hardware to connect the circuit breaker inter-
lock to OUT201.

                    

Figure 4.29 OUTPUT TESTING Screen

OUTPUT TESTING

 

OUT201 
OUT202 
OUT203 
OUT204 
OUT205 
OUT206 
OUT207 
OUT208 

NO  YES
PULSE OUTPUT?

PRESS   TO PULSE
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Set/Show
You can use the SET/SHOW menus to examine or modify relay port settings, 
Global settings, active group settings, and date/time. See Table 4.9 for a list of 
settings classes and settings that you can change from the front panel.

                    

Figure 4.30 shows an example of entering the SEL-451 setting CTRW (Terminal 
W CT ratio) from the front panel. At the MAIN MENU, select the SET/SHOW item and 
press ENT. The LCD screen displays the SET/SHOW screen as shown in 
Figure 4.30. You can use the navigation pushbuttons to select the relay settings 
class (PORT, GROUP, and GLOBAL) or to change the ACTIVE GROUP or the DATE/
TIME. For this example, select the GROUP class.

Next, select the particular instance of the settings class. For the PORT settings 
class, the instances are PORT 1, PORT 2, PORT 3, PORT F, and PORT 5. For the 
GROUP class, the instances are the numbered groups from 1 through 6 and M, the 
breaker monitor (see the GROUP screen in Figure 4.30). The class GLOBAL, the set-
ting ACTIVE GROUP = n (where n is a number from 1 to 6), and the settings for 
DATE/TIME have no settings instance screens. In the GROUP screen, move the high-
light box to 3 and press ENT.

Proceed to selecting the settings category. The GROUP submenu in Figure 4.30 is 
an example of settings Group 3 categories. Once you have highlighted the set-
tings category, pressing ENT causes the relay to display the particular settings in 
that category. The LINE CONFIGURATION screen in Figure 4.30 shows the settings 
that you can set in the line configuration settings category.

To edit or examine a setting, use the Up Arrow and Down Arrow pushbuttons to 
highlight that setting, then press ENT. The relay displays a settings entry screen 
with the existing setting value (see the SET CTRW screen in Figure 4.30). If the 
prompt for the selected setting does not fit on the line, the relay scrolls the setting 
prompt across the screen.

Enter the setting name by using a method similar to the method described in 
Relay Elements (Relay Word Bits) on page 4.19. Place characters in the element 
name field (with the block cursor) by using the navigation pushbuttons.

For the SEL-411L, SEL-421, SEL-451, and SEL-487E, if you are setting an ele-
ment that supports combinations, and the number of possible combinations is 
small, the relay displays the possible combinations allowed for the setting that 
you can select. If there is a high number of possible combinations for a setting, a 
window of selectable ASCII characters displays (see the Character or String or 
SELOGIC control equations display in Figure 4.31), and you will need to input 
the necessary combination by using the ASCII character display.

If the data you entered are valid (within settings range checks), the front-panel 
display returns to the settings category screen that shows each setting and corre-
sponding present value (see the LINE CONFIGURATION screen of Figure 4.30). If 

Table 4.9 Settings Available From the Front Panel

Class/Setting Description

PORT Relay communications port settings

GLOBAL Global relay settings

GROUP Relay group settings

ACTIVE GROUP Active settings group number 1–6

DATE/TIME Date and time settings
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the data you entered are invalid, the relay displays an error message screen, then 
returns to the particular settings entry screen so you can attempt a valid settings 
entry (see the CTRW screen of Figure 4.30).

When finished entering the new settings data, press ESC. The relay prompts you 
with a Save Settings screen. Using the navigation pushbuttons, answer YES to 
make the settings change(s), or NO to abort the settings change(s).

                    
                    

Figure 4.30 Example SET/SHOW Screens

SET/SHOW

 

PORT
GLOBAL
GROUP
ACTIVE GROUP = 3
DATE/TIME

GROUP

SELECT AN INSTANCE
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PTRY := 2000
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ACCEPT  BACKSPACE 
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The relay displays different settings entry screens depending on the settings type. 
For the CTRW setting in Figure 4.30, the relay requires basic alphanumeric input. 
Other settings can have other data input requirements. The front-panel settings 
input data types are the following:

➤ Basic alphanumeric

➤ Character or string or SELOGIC control equations

➤ Setting options

For alphanumeric settings, the relay presents the character or string input screen. 
Some settings have specific options; use the setting options screens to select 
these options. Figure 4.31 shows examples of the settings input screens.

                    

Active Group
Perform the following steps to change the active setting group:

Step 1. Select the ACTIVE GROUP option of the SET/SHOW submenu screen 
(shown in Figure 4.30) to change the settings group.

The relay performs a password validation test at this point to confirm 
that you have Breaker Access Level authorization or above.

Step 2. If access is allowed, and all the results of SELOGIC control equations 
SS1–SS6 are not logical 1 (asserted), then the relay displays the EDIT 
ACTIVE GROUP screen in Figure 4.32.

The relay shows the active group and underlines the group number 
after NEW GROUP =.

Step 3. Use the Up Arrow and Down Arrow pushbuttons to increase or decrease 
the NEW GROUP number.

Step 4. Once you have selected the new active group, press ENT to change the 
relay settings to this new settings group.

                    

Figure 4.31 Sample Settings Input Screens

Character or String or 
SELOGIC Control Equations
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Date/Time
Another submenu item of the SET/SHOW first screen (Figure 4.30) is the DATE/
TIME screen shown in Figure 4.33. By default, the relay generates date and time 
information internally; you can also use external high-accuracy time modes with 
time sources such as a GPS receiver.

Figure 4.33 shows the relay date/time screen when a high-accuracy source is in 
use. Possible time sources, qqqqq, are listed in Table 11.5. If you use a high-accu-
racy time source, edits are disabled, the DATE/TIME display does not show the 
highlight, and the screen does not show the help message on the bottom line.

                    

When no external time source is connected, you can use the front-panel DATE and 
TIME entry screens to set the date and time.

Figure 4.34 shows an example of these edit screens. Use the Left Arrow and Right 
Arrow navigation pushbuttons to move the underscore cursor; use the Up Arrow and 
Down Arrow navigation pushbuttons to increment or decrement each date and time 
digit as appropriate to set the date and time. For a description of the LAST UPDATE 
SOURCE field, see Configuring Timekeeping on page 3.65.

                    

Figure 4.32 Changing the ACTIVE GROUP

EDIT ACTIVE GROUP

ACTIVE GROUP = 3
NEW GROUP = 3

SET/SHOW
PORT
GLOBAL
GROUP
ACTIVE GROUP = 3
DATE/TIME

                    

Figure 4.33 DATE/TIME Screen

DATE/TIME

DATE  03/15/2001

PRESS  TO EDIT DATE

(MM/DD/YYYY)

TIME  00:00:00
LAST UPDATE
SOURCE: qqqqq

CANNOT EDIT DATE OR
TIME DUE TO A HIGH
PRIORITY TIME SOURCE
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To enable a high-accuracy external time source, connect an IRIG-B or Precision 
Time Protocol (PTP) clock to the relay. For a discussion of the timing modes in 
the relay see Section 11: Time and Date Management.

Relay Status
The relay performs continuous hardware and software self-checking. If any vital 
system in the relay approaches a failure condition, the relay issues a status warn-
ing. If the relay detects a failure, the relay displays the status failure RELAY STA-
TUS screen immediately on the LCD.

For both warning and failure conditions, the relay shows the error message for 
the system or function that caused the warning or failure condition. You can 
access the RELAY STATUS screen via the MAIN MENU. The RELAY STATUS screen 
shows the firmware identification number (FID), serial number, whether the relay 
is enabled, and any status warnings.

Figure 4.35 shows examples of a normal RELAY STATUS screen, a status warning 
RELAY STATUS screen, and a status failure RELAY STATUS screen. For more infor-
mation on status warning and status failure messages, see Relay Self-Tests on 
page 10.19.

                    

View Configuration
You can use the front panel to view detailed information about the configuration 
of the firmware and hardware components in the relay. In the MAIN MENU, high-
light the VIEW CONFIGURATION option by using the navigation pushbuttons. A 
series of screens will be presented describing the relay configuration. See the 
relay-specific instruction manual to see the specific information provided in that 
relay.

                    

Figure 4.34 Edit DATE and Edit TIME Screens

DATE  (MM/DD/YYYY)

03/15/2001

TIME

00:00:00

                    

Figure 4.35 Relay STATUS Screens

RELAY STATUS RELAY STATUS RELAY STATUS
SEL-421-R101-V0-
Z001001-D20010315

Normal Status Warning Status Failure

S/N=2001001234

RELAY ENABLED
NO FAILURES OR
WARNINGS

SEL-421-R101-V0-
Z001001-D20010315

S/N=2001001234

RELAY ENABLED
TEMPERATURE WARNING

SEL-421-R101-V0-
Z001001-D20010315

S/N=2001001234

RELAY DISABLED
MASTER OFFSET FAILED



4.31

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Front-Panel Operations
Front-Panel Menus and Screens

Display Test
You can use the DISPLAY TEST option of the MAIN MENU to confirm operation of 
all of the LCD pixels. The LCD screen alternates the on/off state of the display 
pixels once every time you press ENT. Figure 4.36 shows the resulting two 
screens. The DISPLAY TEST option also illuminates all of the front-panel LEDs. 
To exit the test mode, press ESC.

NOTE: The LCD DISPLAY TEST does 
NOT reset the front-panel LED targets.

                    

Reset Access Level
The relay uses various passwords to control access to front-panel functions. As 
you progress through these menus, the relay detects the existing password level 
and prompts you for valid passwords before allowing you access to levels greater 
than Access Level 1 (see Password on page 4.15). When you want to return the 
front-panel to the lowest access level (Access Level 1), highlight RESET ACCESS 
LEVEL item on the MAIN MENU. Pressing ENT momentarily displays the screen of 
Figure 4.37 and places the front panel at Access Level 1.

The relay automatically resets the access level to Access Level 1 upon front-
panel time-out (setting FP_TO is not set to OFF). Use this feature to reduce the 
front-panel access level before the time-out occurs.

                    

One-Line Diagram
Most SEL-400 series relays support one-line diagrams on the front-panel LCD. 
The ONE-LINE DIAGRAM option from the front-panel MAIN MENU displays the one-
line diagram that has been selected in the Bay settings class. From this screen, 
disconnect switch open and close operations, as well as breaker open and close 
operations can be performed. This screen also displays labels for the different 
apparatus in the bay configuration and Analog Quantity metering values. The 
one-line diagram, display labels, and Analog Quantities are settable in the Bay 
class settings. See Figure 4.38 for an illustration of the one-line diagram.

For navigation and control operations in the one-line diagram screen, see Bay 
Control Front-Panel Operations on page 5.12.

                    

Figure 4.36 DISPLAY TEST Screens

DISPLAY TEST

All LEDs should
be lit.

DISPLAY TEST

All LEDs should
be lit.

                    

                    

Figure 4.37 RESET ACCESS LEVEL Screen

RESET ACCESS LEVEL

Front panel access
level reset.
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Front-Panel Automatic Messages
The relay automatically displays alert messages. Any message generated because 
of an alert condition takes precedence over the normal ROTATING DISPLAY and 
the MAIN MENU. Alert conditions include these significant events:

➤ Alarm Point asserts

➤ Event reports and trips (user-defined)

➤ Status warnings

➤ Status failures

To display event reports automatically from the ROTATING DISPLAY, you must set 
front-panel setting DISP_ER to Y. Front-panel setting TYPE_ER allows the user 
to define which types of event reports will be automatically displayed from the 
normal ROTATING DISPLAY; ALL will display all event types defined in the relay, 
and TRIP will display only the event types that include the assertion of the TRIP 
Relay Word bit.

For alarm point assertions, qualified event reports (including trip events) and sta-
tus warnings, the relay displays the corresponding full-screen automatic message, 
only if the front-panel display is in the time-out or standby condition (the relay is 
scrolling through the default display points/enabled metering screens of the 
ROTATING DISPLAY or is displaying the MAIN MENU). When a status warning, 
alarm, or event is triggered, the relay full-screen presentation is similar to the 
screens of Figure 4.39.

                    

If you are on site using the relay front panel in menus and screens other than the 
MAIN MENU and a status warning occurs, an alarm point asserts, or an event report 
triggers, the relay shows automatic messages at the bottom of the active screen in 
the message area.

                    

Figure 4.38 One-Line Diagram Screen

BAYNAME

ESCNAVIG

ANALOGS
I:9999A
V:999kV
F:99.9Hz
P:999MV
Q:999MVR

BUS 1

Dis 4

Dis 5

Bkr 1
Dis 3

Dis 1 Dis 2
BUS 2

BUS T

                    

Figure 4.39 Sample Status Warning and Trip EVENT SUMMARY Screens

03/15/01     GROUP 1
00:00:05.387

EVENT:         BCG T
LOCATION:      48.47
FREQ:          60.00
SHOT:      1P=0 3P=1
BK1   OPEN
BK2 CLOSED

EVENT SUMMARY 10002RELAY STATUS
SEL-421-R101-V0-
 Z001001-D20010315

S/N=2001001234

RELAY ENABLED
TEMPERATURE WARNING

*Circuit BK1 SF6 Gas

ALARM POINTS

Press  to acknldge
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For example, the message area shows RELAY STATUS WARNING for a status warn-
ing. Figure 4.40 is an example of a status warning notification that appears in the 
message area of a LOCAL CONTROL (local bit) screen. If an alarm point asserts 
while you are using a front-panel screen, the message area notification reads: 
ALARM EVENT. If a trip event occurs while you are using a front-panel screen, the 
message area notification reads RELAY EVENT. When you repeatedly press ESC (as 
if returning to the MAIN MENU) during this warning or trip alert situation, the relay 
displays the corresponding full-screen automatic message concerning the warn-
ing or trip in place of the MAIN MENU. If the front-panel display is at the MAIN 
MENU and a status warning occurs, the full-screen warning replaces the MAIN 
MENU. After you view the warning, alarm, or trip screen, pressing ESC returns the 
LCD to the MAIN MENU.

                    

For a status failure, the relay immediately displays the full-screen status alert 
regardless of the present front-panel operating state. The relay displays no further 
LCD screens until the status failure clears. Should an unlikely status failure event 
occur, contact your local Technical Service Center or an SEL factory representa-
tive (see Technical Support on page 10.35).

Operation and Target LEDs
The relay gives you at-a-glance confirmation of relay conditions via operation 
and target LEDs. These LEDs are located in the middle of the relay front panel. 
SEL-400 series relays provide either 16 or 24 LEDs depending on ordering 
option.

You can reprogram all of these indicators except the ENABLED and TRIP LEDs to 
reflect other operating conditions than the factory-default programming 
described in this section. Settings Tn_LED are SELOGIC control equations that, 
when asserted during a relay trip event, light the corresponding LED (n = 1–24). LED 
positions are described in parentheses next to each LED in Figure 4.41.

Set TnLEDL := Y to latch the LEDs during trip events; when you set 
TnLEDL := N, the trip latch supervision has no effect and the LED follows the 
state of the Tn_LED SELOGIC control equation. The relay reports these targets in 
event reports; set the alias name listed in the report (as many as seven characters) 
by aliasing the Tn_LED bits with the SET T command or with QuickSet. In 12-
pushbutton models, the asserted and deasserted colors for the LED are deter-
mined with settings TnLEDC. Options include red, green, amber, or off. In some 
SEL-400 series relays, if TnLEDL = Y, the relay latches the target on the rising 
edge of the target bit. In these relays, to cause the bits to latch with trip, modify 
the equation to include AND R_TRIG TRIP. Refer to the Target LEDs section in 
the relay-specific Front-Panel Operations section to determine if the LED latches 
with the rising edge of TRIP or on the rising edge of Tn_LED.

                    

Figure 4.40 Sample Status Warning in the LCD Message Area

1 Closed (OK to TIE)
0 Open (No TIE)

BUS TIE INTERLOCK

1

0

RELAY STATUS WARNING
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After setting the target LEDs, issue the TAR R command to reset the target 
LEDs. For a description of the default LED behavior for a specific relay, see the 
Front Panel Operations section in the relay-specific instruction manual.

Use the slide-in labels to mark the LEDs with custom names. Configurable label 
templates included on the SEL-400 Series Product Literature DVD allow you to 
customize the front-panel labels.

                    

Operational
The ENABLED LED indicates that the relay is active. Trip events illuminate the TRIP 
LED. The prominent location of the TRIP LED in the top target area helps you 
recognize a trip event quickly. Program settings EN_LEDC and TR_LEDC to 
determine the color of the respective LED. Options include red or green.

TARGET RESET and Lamp Test
For a trip event, the relay latches the trip-involved target LEDs. Press the TARGET 
RESET pushbutton to reset the latched target LEDs. When a new trip event occurs 
and you have not reset the previously latched trip targets, the relay clears the 
latched targets and displays the new trip targets.

Pressing the TARGET RESET pushbutton illuminates all the LEDs. Upon releasing 
the TARGET RESET pushbutton, two possible trip situations can exist: the conditions 
that caused the relay to trip have cleared, or the trip conditions remain present at 
the relay inputs. If the trip conditions have cleared, the latched target LEDs turn 
off. If the trip event conditions remain, the relay re-illuminates the corresponding 
target LEDs. The TARGET RESET pushbutton also removes the trip automatic mes-
sage displayed on the LCD menu screens if the trip conditions have cleared.

Lamp Test Function With TARGET RESET

The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing TAR-
GET RESET illuminates all the front-panel LEDs, and these LEDs remain illumi-
nated for as long as you press TARGET RESET. The target LEDs return to a normal 
operational state after you release the TARGET RESET pushbutton.

                    

Figure 4.41 SEL-451 Factory-Default Front-Panel Target Areas (16 or 24 LEDs)
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Other Target Reset Options

You can reset the target LEDs with the ASCII command TAR R; see TARGET on 
page 14.62 for more information.

The TAR R command and the TARGET RESET pushbutton also control the TRGTR 
Relay Word bit, which can be used for other functions. TRGTR is the factory-
default setting for the unlatch trip SELOGIC control equation, ULTR, in group 
settings.

You can reset the targets from the QuickSet Control branch of the HMI tree 
view. Programming specific conditions in the SELOGIC control equation RST-
TRGT is another method to reset the relay targets. Access RSTTRGT in the relay 
Global settings (Data Reset Control); to use RSTTRGT, you must enable data 
reset control with Global setting EDRSTC := Y.

Front-Panel Operator Control Pushbuttons
The relay front panel features large operator control pushbuttons coupled with 
amber annunciator LEDs for local control. Figure 4.42 shows this region of the 
relay front panel with example factory-default configurable front-panel label text. 
SEL-400 series relays provide either 8 or 12 pushbuttons depending on the prod-
uct and ordering option.

                    

See Section 4: Front-Panel Operations of the product-specific instruction manual 
for a description of the default configuration of operator control pushbuttons and 
LEDs.

                    

Figure 4.42 SEL-451 Default Operator Control Pushbuttons and LEDs (8 or 12 
Pushbuttons)

Operator
Control Pushbutton Annunciator LED
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Control

The SEL-400 series relays provide many control features, including circuit 
breaker controls, disconnect controls, remote bit controls, and bay control. This 
section describes these control capabilities.

➤ Circuit Breaker Status and Control on page 5.1

➤ Disconnect Logic on page 5.2

➤ Remote Bits on page 5.12

➤ Bay Control Front-Panel Operations on page 5.12

➤ Bay Control Screens on page 5.29

➤ Customizable Screens on page 5.36

➤ Bay Control Example Application on page 5.37

See the specific relay instruction manuals to see how many breakers, disconnects, 
and remote bits are available and to determine whether or not bay control is sup-
ported.

To provide reliable detection of pulsed control bits that assert for one protection 
logic processing interval within automation logic, conditioning is applied to the 
control bit to extend the momentary assertion through the automation processing 
interval. This conditioning ensures the reliable detection of control bit (OCn, 
CCn, 89OCm, 89CCm, 89OCMm, 89CCMm, and RB01–RB64) assertion in 
automation logic (where n and m are product-specific designations). Control bits 
that assert and deassert multiple times within the same automation logic process-
ing interval will be processed as asserting continuously for the entire automation 
logic processing interval.

Circuit Breaker Status and Control
SEL-400 series relays include circuit breaker status logic for all supported circuit 
breakers. The circuit breaker status logic uses the 52A_k setting (SELOGIC con-
trol equation) and open-phase detection logic to determine the state of Circuit 
Breaker k, and declare Circuit Breaker k alarm conditions. See Section 5: Protec-
tion Functions of the product-specific instruction manual for a description of cir-
cuit breaker status logic Relay Word bits and circuit breaker status logic 
diagrams.

SEL-400 series relays support opening and closing breakers. These operations 
can be controlled via the terminal commands OPEN and CLOSE, the binary ter-
minal Fast Operate messages, various supported communications protocols, the 
front-panel menus, and through the bay control one-line screens. These controls 
operate the open control (OCk) and close control (CCk) bits. These bits are used 
in the relay trip and close logic to integrate these external controls with the relay 
automatic trip and close behavior. See Section 6: Protection Application Exam-
ples in the product-specific instruction manual for more information on the trip 
and close logic.
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Disconnect Logic
Disconnect Switch Close and Open Control Logic

Figure 5.1 and Figure 5.2 shows the Disconnect Logic that generates open and 
close output signals necessary to perform the open and close disconnect opera-
tions. Use the seal-in timers (89CSTm and 89OSTm) to monitor and control dis-
connect operations. All disconnect control methods (HMI, ASCII, SELOGIC 
control equations, and Fast Operate) drive the Close and Open Control Logic in 
the relay.

                    

                    

NOTE: Disconnect logic is processed 
four times per power cycle for all 
products except the SEL-400G. The 
SEL-400G processes disconnect logic 
at a rate of 5 ms. 

                    

Figure 5.1 Disconnect Switch Close Logic

                    

Figure 5.2 Disconnect Switch Open Logic
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Disconnect Switch Close and Open Control Logic Status Inputs
89CLSm, 89OPEm

Disconnect Switch Close Logic (Figure 5.1) and Open Logic (Figure 5.2) gener-
ate Relay Word bits 89CLSm and 89OPEm, which drive the open and close oper-
ations. To ensure that an open and close disconnect signal cannot occur at the 
same time, 89CLSm and 89OPEm also block operation of the opposing logic. 
Therefore, Relay Word bit 89CLSm is an input to the Disconnect Open Logic, 
and Relay Word bit 89OPEm is an input to the Disconnect Close Logic.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CRSm, 89ORSm 

The 89CRSm and 89ORSm SELOGIC control equations provide the flexibility to 
select the signals that reset the close (89CLSm) or open (89OPEm) outputs. 
89CRSm defaults to (89CLm OR 89CSIm), and 89ORSm defaults to (89OPNm 
OR 89OSIm).

89CSIm, 89OSIm

Set 89CSTm and 89OSTm to seal in the open and close signals for each individ-
ual installation. Relay Word bits 89CSIm and 89OSIm are the outputs of the close 
and open seal-in timers, and assert after the appropriate timers expire. By default, 
89CSIm and 89OSIm are used in the 89CRSm and 89ORSm SELOGIC control 
equations to reset the close and open signals, 89CLSm and 89OPEm, that drive 
the disconnect switch motor.

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. With the default settings, when Relay 
Word bit 89CLm asserts, the close seal-in circuit is blocked, causing 89CLSm to 
deassert. Likewise, with the default settings, when Relay Word bit 89OPNm 
asserts, the open seal-in circuit is blocked, causing 89OPEm to deassert.

89ALm

The disconnect switch status and alarm logic in Figure 5.3 generates the 89ALm 
Relay Word bit. When Relay Word bit 89ALm asserts, it resets the seal-in cir-
cuits, deasserting the 89CLSm/89OPEm signals.

LOCAL

The LOCAL Relay Word bit asserts when LOCAL SELOGIC control equation 
asserts to a logical 1. When the LOCAL Relay Word bit asserts, only the HMI 
commands (89CCMm and 89OCMm), can initiate close and open operations. 
When the LOCAL Relay Word bit is deasserted, the 89CLOSE, 89OPEN, 
SELOGIC disconnect close/open, and Fast Operate disconnect close/open com-
mands can perform disconnect close and open operations. The default value for 
this setting is NA.
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Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the close or open SELOGIC equations to initiate a disconnect 
switch operation. Use care when using SELOGIC control equations for disconnect 
switch operations; this disconnect operate method is not supervised by the 
breaker jumper or appropriate relay access levels as is the case with other discon-
nect operation methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are initiated from the one-line diagram on the 
front-panel screen. If the LOCAL Relay Word bit is not asserted, then Relay 
Word bits 89CCMm or 89OCMm cannot assert.

89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Seal-In Timer Settings
89CSTm, 89OSTm

89CSTm and 89OSTm settings are for defining the time required for the discon-
nect switch to complete a close or open operation.

Disconnect Switch Close and Open Control Logic Output
89CLSm, 89OPEm

The 89CLSm and 89OPEm Relay Word bits are used in SELOGIC output equa-
tions to perform close and open disconnect switch operations.

Disconnect Switch Close and Open Control Logic Processing
Figure 5.1 shows the Disconnect Switch Close Logic and Figure 5.2 shows the 
Disconnect Switch Open Logic.
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Some motor-operated disconnect switches have their own seal-in circuits to seal 
the closing and opening signals in. Other motor-operated disconnect switches, 
however, require external sealed-in circuits to maintain the closing and opening 
signals for the duration of the disconnect operation.

With SELOGIC control equations 89CRSm and 89ORSm set to the default set-
tings (include Relay Word bits 89CSIm and 89OSIm), the open and close signals 
remain asserted for the time settings of the Close and Open Seal-In Timers, 
89CSTm and 89OSTm. 

If the 89OBLm SELOGIC control equation and the 89OPEm and the LOCAL 
Relay Word bits are deasserted, then any of the relay close disconnect operate 
methods can assert Relay Word bit 89CLSm, and initiate the Close Seal-In Timer, 
89CSTm. Enter Relay Word bit 89CLSm into a SELOGIC output equation to drive 
the motor of the disconnect.

Set the Close Seal-In Timer, 89CSTm, long enough to keep Relay Word bit 
89CLSm asserted long enough to complete the disconnect operation. 

To account for slow operate times because of cold weather or low battery voltage, 
set the 89CSTm time 10 to 15 percent longer than the expected operate time. This 
guarantees that the disconnect switch has fully operated before the 89CLSm sig-
nal is removed. When the 89CSTm seal-in timer expires, 89CSIm asserts, or the 
disconnect switch normally open contact closes (89CLm asserted), the 89CLSm 
output deasserts. This completes an open-to-close cycle of the Disconnect Close 
Logic; the Disconnect Open Logic in Figure 5.2 behaves in the same manner.

Disconnect switch status and alarm logic in Figure 5.3 generates Relay Word bit 
89ALm. When Relay Word bit 89ALm asserts, a disconnect alarm condition 
exists. The 89ALm Relay Word bit ensures that the close or open signal does not 
remain asserted when a disconnect switch alarm condition exists. When Relay 
Word bit 89ALm asserts or the seal-in timer expires, the 89CLSm or 89OPEm 
signals deassert.

When a close operation is inadvertently initiated with the disconnect switch 
already closed, and the 89CRSm SELOGIC control equation is set as defaulted 
(89CLm OR 89CSIm), the asserted 89CLm Relay Word bit (close status) will 
block the seal-in circuit before the timer expires. This will deassert the 89CLSm 
Relay Word bit, which drives the disconnect switch motor. In this way, 89CLSm 
asserts for only one processing interval.

If an open command was sent within the 89CSIm time, an open and close signal 
could be sent to the disconnect switch at the same time. The 89CLSm Relay 
Word bit input to the Disconnect Switch Open Logic guarantees that open and 
close commands are not transmitted to the disconnect switch simultaneously. 
When the 89CLSm Relay Word bit deasserts, an open command can be per-
formed. The 89OBLm SELOGIC control equation provides an additional custom-
izable method for blocking the initiation of a close command. The Relay Word 
bit 89OPEm, and 89CBLm inputs to the Disconnect Switch Close Logic serves 
the same purpose.

Disconnect Switch Status and Alarm Logic
The disconnect switch auxiliary contacts are inputs to the Disconnect Switch Sta-
tus and Alarm Logic as shown in Figure 5.3. SELOGIC control equation 89AMm 
is the input for the normally open an auxiliary contact, and SELOGIC control 
equation 89BMm is the input for the normally closed Form B auxiliary contact. 
For the Status and Alarm Logic to function correctly, wire the Form A and 
Form B contacts each to separate inputs on the relay. When ordering a relay, con-

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current inter-
rupting capacity must clear the coil 
current in the disconnect motor 
before the output on the relay opens. 
Failure to observe this safeguard 
could result in damage to the relay 
output contacts.
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sider the number of inputs required for the disconnects being controlled. The 
number of auxiliary contacts for some systems may require that the relay be con-
figured with additional I/O boards.

Disconnect operations are possible with only one auxiliary contact input, but 
with this implementation the Status and Alarm Logic will not provide accurate 
Alarm, Operation in Progress, or Bus-zone protection reporting. When only one 
auxiliary contact is available for input, set one SELOGIC control equation to the 
available auxiliary contact input and invert the other SELOGIC control equation:

89AMm := IN102 

89BMm := NOT IN102
                    

Disconnect Switch Status and Alarm Logic Inputs 
89AMm, 89BMm

The 89AMm and 89BMm SELOGIC control equations represent the normally 
open and normally closed disconnect switch auxiliary contacts. Typically, these 
are set to relay inputs that are wired to the auxiliary contacts.

89CIMm, 89OIMm

Input 89CIMm asserts for expiration of the close immobility timer, while input 
89OIMm asserts for expiration of the open immobility timer. Timer expiration 
indicates one of two conditions. The first is that an open-to-close operation of the 
disconnect switch failed to move the switch enough to open the normally closed 
auxiliary contact 89BMm. The second is that a close-to-open operation of the dis-
connect switch failed to move the switch sufficiently to open the normally open 
auxiliary contact 89AMm.

Disconnect Switch Status and Alarm Logic Settings
89ALPm

This setting in the Bay settings class defines the disconnect switch alarm time. 

                    

Figure 5.3 Disconnect Switch Status and Alarm Logic
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Disconnect Switch Status and Alarm Logic Outputs
89ALm

If a disconnect switch operation initiated from the front panel does not complete, 
the 89ALPm timer expires and the 89ALm Relay Word bit asserts. Expiration of 
the 89ALPm timer indicates that an initiated disconnect operation failed to com-
plete and the disconnect switch is in an undetermined state. In addition, the 
89CSTm or 89OSTm timer also expires to deassert the output signal (89CLSm or 
89OPEm), thus ensuring that there is not a constant signal applied to the disconnect.

89OIPm

When Relay Word bit 89OIPm asserts, a disconnect switch operation is in prog-
ress. Relay Word bit 89OIP asserts when the states of the 89BMm and 89AMm 
Relay Word bits are the same, i.e., both asserted or both deasserted.

89CLBm

This Relay Word bit is used for bus-zone protection and asserts when the discon-
nect is no longer open (89BMm deasserted).

89CLm

When Relay Word bit 89CLm asserts, the disconnect switch is closed.

89OPNm

When Relay Word bit 89OPNm asserts, the disconnect switch is open.

Disconnect Switch Status and Alarm Logic Processing
Figure 5.3 shows the Disconnect Switch Status and Alarm Logic. Inputs to this 
logic are the normally open (89AMm) and normally closed (89BMm) disconnect 
switch auxiliary contacts.

To understand the logic in Figure 5.3, consider an open-to-close operation. The 
first disconnect operation scenario looks at a successful open-to-close disconnect 
switch operation; a successful close-to-open operation is similar. In the open 
state, 89AMm is deasserted and 89BMm is asserted. Once a close command is 
initiated in the relay, the disconnect switch starts to move and 89BMm deasserts. 
When 89BMm deasserts, the 89ALPm pickup timer starts to time. With 89BMm 
deasserted, the state of the disconnect switch cannot be determined, because both 
disconnect switch auxiliary contacts are deasserted. Set the 89ALPm timer longer 
than the expected undetermined disconnect state time, but less than the 89CSTm 
or 89OSTm seal-in timers. If the 89ALPm timer expires, the 89ALm Relay Word 
bit asserts. Relay Word bit 89ALm asserts when the disconnect operation does 
not complete successfully. When the 89ALPm timer begins timing, the operation 
in progress, Relay Word bit 89OIPm, and Relay Word bit 89CLBm assert. The 
89CLBm Relay Word bit is for bus-zone protection, this bit asserts when the 
89BMm input deasserts.

During the disconnect switch operation-in-progress condition, Relay Word bits 
89CLm and 89OPNm are both deasserted because the state of the disconnect 
switch is undetermined. Once the disconnect switch auxiliary contact Relay 
Word bit 89AMm asserts, the condition has been met to declare the disconnect 
switch closed. When 89AMm asserts, the 89CLm Relay Word bit asserts, 
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89ALPm stops timing, Relay Word bit 89OIPm deasserts, and Relay Word bit 
89CLBm remains asserted. This sequence completes a successful open-to-close 
disconnect switch operation.

The second disconnect operation scenario is for an unsuccessful open-to-close 
operation, which, until 89ALPm starts timing, is identical to the successful oper-
ation in the previously discussed first scenario.

During operation of the 89ALPm timer, the disconnect switch begins moving. 
The close disconnect switch output signal 89CLSm clears upon expiration of the 
89CSTm seal-in timer. The logic then provides the disconnect switch additional 
time to complete the close operation, in case some inertia from the motor rotor 
keeps the disconnect motor in motion. By setting the 89ALPm timer longer than 
the 89CSTm seal-in timer, you can ensure retention of the close signal until the 
disconnect switch closes completely. If there is no complete disconnect switch 
operation during the time 89ALPm defines, the relay asserts Relay Word bit 
89ALm and reports that the disconnect switch is in an undetermined state.

The scenario in which both 89AMm and 89BMm are asserted simultaneously 
would occur on a rare disconnect switch failure or a short-circuited auxiliary con-
tact wire connection. When this condition occurs for 89ALPm seconds, the 
89ALm alarm status output will assert.

Disconnect Switch Close and Open Immobility Timer Logic
The Close and Open Immobility Timer Logic detects when a disconnect opera-
tion failed to initiate.

                    

                    

                    

Figure 5.4 Close Immobility Timer Logic
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Figure 5.5 Open Immobility Timer Logic
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Close and Open Immobility Timer Logic Inputs 
LOCAL

The LOCAL Relay Word bit supervises local disconnect control and is based on 
the LOCAL SELOGIC control equation in the Bay settings class. Disconnect 
switch operations from the front panel are possible when the LOCAL Relay 
Word bit is asserted, in other words, the LOCAL Relay Word bit prevents control 
from the HMI without proper supervision.

89CBLm, 89OBLm

The 89CBLm and 89OBLm SELOGIC control equations provide an alternative 
customizable method for blocking the initiation of a disconnect switch open or 
close command, respectively.

89CIRm, 89OIRm

The 89CIRm and 89OIRm SELOGIC control equations provide the flexibility to 
customize resetting the Close and Open Immobility Timers. By default, 89CIRm 
is set to NOT 89OPNm, and 89OIRm is set to NOT 89CLm. 

89CLm, 89OPNm

The 89CLm and 89OPNm Relay Word bits report the state of the disconnect 
switches. If the disconnect switch is closed, Relay Word bit 89CLm is asserted; if 
the disconnect switch is open, Relay Word bit 89OPNm is asserted. See 
Figure 5.3 for a description of these inputs. 

Disconnect Switch Close and Open Control Logic Action Inputs
89CCNm, 89OCNm

89CCNm and 89OCNm SELOGIC control equations are for programmable close 
and open disconnect switch operations. The LOCAL Relay Word bit must be 
deasserted for the SELOGIC close or open to initiate a disconnect switch opera-
tion. Use care when using SELOGIC control equations for disconnect switch oper-
ations; this disconnect operate method is not supervised by the breaker jumper or 
appropriate relay access levels as is the case with other disconnect operation 
methods.

89CTLm

This SELOGIC control equation identifies Disconnect m as controllable 
(89CTLm := 1) or status-only (89CTLm := 0). When controllable, all control 
functionality is available for Disconnect m. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLm setting for each discon-
nect position.

89CCMm, 89OCMm

89CCMm and 89OCMm Relay Word bits pulse for one-quarter cycle when close 
or open disconnect operations are executed from the one-line diagram on the 
front-panel screen. The LOCAL Relay Word bit must be asserted, for Relay 
Word bits 89CCMm or 89OCMm to assert.
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89CCm, 89OCm

The 89CLOSE command or Fast Operate disconnect close message, pulses 
Relay Word bit 89CCm for one-quarter cycle. The 89OPEN command or Fast 
Operate disconnect open message, pulses Relay Word bit 89OCm for one-quarter 
cycle. The LOCAL Relay Word bit must be deasserted for a disconnect switch 
operation to be initiated by a Fast Operate message or 89CLOSE and 89OPEN 
commands.

Disconnect Switch Close and Open Immobility Timer Logic Settings 
89CITm, 89OITm

89CITm and 89OITm timer settings in the Bay settings class define the close and 
open immobility timers.

Disconnect Switch Close and Open Immobility Timer Logic Outputs 
89CIMm, 89OIMm

When 89CIMm or 89OIMm asserts, the close or open immobility timer has 
expired.

Disconnect Switch Close and Open Immobility Timer Logic Processing
The Close and the Open Immobility Timer Logic detect when one of the close or 
open disconnect switch methods does not initiate successfully. In other words, it 
reports when the disconnect switch failed to start moving. The open and close 
immobility timer logic circuits are similar. When a close operation is initiated, 
the rising-edge-triggered Close Immobility Timer starts timing. Once the discon-
nect switch starts to move away from its open position, Relay Word bit 89OPNm 
deasserts (see Figure 5.3). If the 89OPNm Relay Word bit deasserts, the close 
immobility timer resets and 89CIMm remains deasserted. On the other hand, if 
the 89OPNm Relay Word bit stays asserted, the close immobility timer does not 
reset. After the close immobility timer expires, 89CIMm asserts for one second. 
When 89CIMm asserts, the close operation is considered to have failed to initiate. 
89CIMm is an input to the disconnect switch status and alarm logic for alarm 
condition indications. 

This logic also uses the LOCAL Relay Word bit to supervise front-panel opera-
tions. With the LOCAL Relay Word bit deasserted, no disconnect operations can 
be initiated from the one-line diagram. With the LOCAL Relay Word bit asserted, 
Relay Word bit 89CCMm asserts for one-quarter cycle when the ENT pushbutton 
is pressed and a disconnect switch is highlighted in the one-line diagram.

Close, Open, and Undetermined State Indications
This section discusses the way the close and open immobility timers work in con-
junction with the disconnect alarm timer to provide disconnect control and alarm 
indications. When the disconnect switch main contact is stationary (closed or 
open) the state of the disconnect switch is easily determined.

If the disconnect switch main contact is open:

➤ Normally closed Form B auxiliary contact (89BMm asserted) is closed

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open
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If the disconnect switch main contact is closed:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm asserted) is closed

If an operation of the disconnect switch is in progress, the state of the disconnect 
switch main contact is undetermined:

➤ Normally closed Form B auxiliary contact (89BMm deasserted) is open

➤ Normally open Form A auxiliary contact (89AMm deasserted) is open

Any undetermined state of the disconnect switch main contact should be moni-
tored. The relay can be configured to wait for the disconnect switch operation to 
complete, and issue an alarm if the disconnect switch remains in the undeter-
mined state longer than the 89ALPm time. Figure 5.6 illustrates how the state of 
the auxiliary contacts change for an open-to-close operation in progress and how 
the 89CSTm, 89CITm, and 89ALPm timers are configured to manage the unde-
termined time. The close-to-open scenario would be similar.

With the disconnect switch in the open state, the normally closed Form B auxil-
iary contact is closed (89BMm asserted) and the normally open Form A auxiliary 
contact is open (89AMm deasserted). The 89CSTm seal-in timer starts timing 
when a disconnect switch close command is issued. The output of the 89CSTm 
seal-in timer keeps the close signal asserted for the duration of the expected dis-
connect switch operate time. Set the seal-in timer 10 to 15 percent longer than the 
expected disconnect operate time, to allow for slow disconnect operation times 
caused by cold temperatures or low battery voltages.

                    

When the normally closed auxiliary contact (SELOGIC input 89BMm) deasserts, 
the disconnect switch is in an undetermined state. No proper position indication 
from either of the disconnect switch auxiliary contacts (89BMm or 89AMm) is 
available. Once the auxiliary normally closed contact (SELOGIC input 89BMm) 
deasserts, the 89ALPm timer starts timing. The 89ALPm timer monitors the 
undetermined state of the disconnect switch. For the 89ALPm timer to initialize, 
the disconnect switch has to move a minimum distance to open the normally 
closed auxiliary contact (open-to-close operation). Set the 89ALPm timer longer 

                    

Figure 5.6 Disconnect in Transition
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than the expected undetermined state time, but less than the 89CSTm seal-in 
timer. If the normally open auxiliary contact fails to close within the undeter-
mined state time, the 89ALPm timer expires and an alarm condition is declared.

The Close Immobility Logic starts the Close Immobility Timer for an operation 
where the disconnect switch does not move the minimum distance to open the 
normally closed auxiliary contact (open-to-close operation). When the close 
immobility timer expires, an alarm condition is declared and Relay Word bit 
89ALm asserts. If the disconnect moves enough to open the normally closed aux-
iliary contact, the Close Immobility timer resets and no alarm condition is 
declared (see Figure 5.4).

Remote Bits 
Remote bits provide a means for sending remote control commands to relay 
logic. As indicated in Table 14.46, remote bits have three operating states: clear, 
set, and pulse. It is important to understand the differences between the use of 
pulsed remote bits in automation and protection SELOGIC control equations. 
Remote bits can be operated from multiple communications interfaces, including 
the CON command from a terminal (serial or Telnet), Fast Operate messages, 
and DNP3.

A pulsed remote bit will assert the respective remote bit Relay Word bit (RBnn, 
nn = 01–64) for one processing interval (1/8 of a power system cycle). When 
used in Protection SELOGIC, which also executes at one processing interval, 
pulsed remote bits provide a momentary means for operating a variety of logic 
functions, including Protection Latches, Boolean logic expressions, and Protec-
tion Logic Counters. Because the pulsed remote bit and Protection processing 
both operate within the same processing interval, the use of pulsed remote bits is 
reliable and deterministic.

Bay Control Front-Panel Operations
Each relay has a default one-line diagram. Sometimes these diagrams fit on a sin-
gle screen and sometimes they require more than one screen that you can pan 
across. For example, Figure 5.7 shows the default one-line diagram for the 
SEL-487E. You can display either of two parts of the diagram by using the 
Up Arrow and Down Arrow pushbuttons to pan between an upper screen and a lower 
screen. The upper screen shows the HV equipment and transformer, while the 
lower screen shows the transformer and LV equipment. The relay displays the 
upper screen by default.

NOTE: The SEL-487B supports 96 
remote bits and has a processing 
interval of 1/12 of a power system 
cycle.
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One-Line Diagram and Labels
Figure 5.8 is an example of a default one-line diagram. The Bay settings class has 
settings for defining labels and analog quantities. One-line diagrams are com-
prised of the following:

➤ Bay Names and Bay Labels

➤ Busbars and Busbar Labels

➤ Breakers and Breaker Labels

➤ Disconnect Switches and Disconnect Switch Labels

➤ Equipment and Equipment Labels

➤ Analog Display Points

                    

                    

Figure 5.7 SEL-487E Default One-Line Diagram
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Figure 5.8 Bay Control One-Line Diagram
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Front-Panel Pushbutton Navigation Operations in the One-Line Diagram
Navigation within the one-line diagram requires that the front-panel access level 
be at Breaker Access Level or higher and the Breaker Jumper be installed. If nav-
igation is attempted when:

➤ The front panel is not at the Breaker Access Level or higher and passwords 
are enabled, the relay prompts you to enter the appropriate passwords.

➤ The Breaker Jumper is not installed, the Breaker Control Disabled 
Please Install the Breaker Jumper message briefly appears on the 
screen.

Use the arrow pushbuttons on the front panel to navigate within the one-line dia-
gram. When you first select the one-line diagram, none of the apparatus on the 
one-line diagram are highlighted. Press the Left Arrow or Right Arrow pushbutton to 
enter the one-line diagram and highlight the apparatus. Once you enter the one-
line diagram, navigation between the disconnect switch and circuit breaker sym-
bols as follows:

➤ Pressing the Right Arrow pushbutton highlights the elements from left-
to-right and top-to-bottom. 

➤ When reaching the right-most bottom element, the following Right Arrow 
keystroke “rolls over” and again highlights the left-most top element.

➤ The Left Arrow pushbutton operates in reverse, i.e., from right-to-left, 
and bottom-to-top.

➤ Pressing the ENT pushbutton selects the highlighted symbol.

➤ Pressing the ESC pushbutton returns you to the previous screen.

Additionally, if the one-line diagram spans multiple screens, you can pan 
between the portions of the diagram by using the up and down arrows:

➤ Pressing the Down Arrow pushbutton while displaying the top bay 
control screen, displays the bottom bay control screen. 

➤ Pressing the Down Arrow pushbutton while displaying the bottom bay 
control screen or the Up Arrow pushbutton while displaying the top 
bay control screen, does nothing.

➤ Pressing the Up Arrow pushbutton while displaying the bottom bay 
control screen displays the top bay control screen.

Circuit Breaker and Disconnect Definitions and State Representations
Table 5.1 shows the apparatus definitions and symbols displayed on the one-line 
diagram.

                    

Each apparatus (circuit breaker or disconnect switch) can be in one of the follow-
ing six states:

➤ Open, not highlighted

➤ Open, highlighted

Table 5.1 Circuit Breaker and Disconnect Switch Definitions

Circuit Breaker 
Open

Circuit Breaker 
Closed

Disconnect Open Disconnect Closed

                                                                                

NOTE: The intermediate states only 
apply to disconnect switches because 
circuit breaker operations have a 
short duration.
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➤ Closed, not highlighted

➤ Closed, highlighted

➤ Intermediate, not highlighted (intermediate = transition between 
open and closed states)

➤ Intermediate, highlighted

Table 5.2 describes how the one-line diagram represents the different states of the 
breakers, and how highlighting the breaker affects the display of the symbol.

                    

Table 5.3 describes how the one-line diagram represents the different states of the 
disconnect switches, and how highlighting the disconnect switch affects the dis-
play of the symbol. Unlike the fast operation time of the circuit breaker, the dis-
connect switch operation-in-progress time is longer than the breaker operation 
time. Table 5.3 describes how apparatus appear in the one-line diagram when a 
disconnect operation is in progress.

                    

Table 5.2 Circuit Breaker State Representations

Apparatus Position Symbol
Asserted Relay 

Word Bit

Circuit breaker open, not highlighted                     NOT 52CLSMm

Circuit breaker open, highlighteda

a When the circuit breaker is highlighted, the two symbols shown alternate in the display.

                    NOT 52CLSMm

Circuit breaker closed, not highlighted                     52CLSMm

Circuit breaker closed, highlighted                     52CLSMm

Table 5.3 Disconnect Switch State Representations (Sheet 1 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit

Disconnect open, not highlighted                     89OPNm

Disconnect closed, not highlighted                     89CLm

Disconnect open, highlighteda                     89OPNm
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The one-line diagram indicates highlighted text with a box around the current 
selection.

Rack-Type Breaker Mosaics
The SEL-400 series relays support the display of three-position rack-type break-
ers (also referred to as truck-type breakers) in the bay mimic screens on the front-
panel LCD. The three positions, (racked out, test, and racked in) are determined 
by the combination of the 52nRACK and 52nTEST bay settings (breaker n desig-
nation depends on the relay model). Navigate to the Mimic Busbar Layout 
Screen Number setting under Bay Control in the ACSELERATOR QuickSet 
SEL-5030 Software to identify mimic screens that contain a rack-type breaker.

Figure 5.9 shows the displayed mosaics based on the combination of the 
52nRACK and 52nTEST settings. For non-rack type breakers, the 52nRACK and 
52nTEST settings do not impact any display and control of the non-rack type 
breakers.

Disconnect closed, highlighteda                     89CLm

Disconnect Operation In Progress, 
not highlightedb

                    89OIPm

Disconnect Operation In Progress, 
highlightedc

                    89OIPm

a When the disconnect switch is highlighted and no operation is in progress, a square box 
alternately frames the switch symbol.

b For a disconnect switch operation in progress where the disconnect switch is not highlighted, the 
symbol displayed is the present state symbol and then the opposite state symbol. This sequence 
repeats until the disconnect switch operation completes.

c For a disconnect switch operation in progress where the disconnect is highlighted, the symbol 
displayed is the present state symbol, then the present state symbol highlighted, then the 
opposite state symbol, and finally the opposite state symbol highlighted. This sequence repeats 
until the disconnect switch operation completes.

Table 5.3 Disconnect Switch State Representations (Sheet 2 of 2)

Apparatus Position Symbol
Asserted Relay 

Word Bit



5.17

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Control
Bay Control Front-Panel Operations

                    

When 52nRACK = 52nTEST = 0, as shown in Figure 5.9(a), the racked-out 
breaker mosaic appears. Because the breaker is racked out, the 52nCLSM setting 
is irrelevant for the purposes of the display. When 52nTEST = 1 and 
52nRACK = 0, as shown in Figure 5.9(b), the breaker is in the test position. In 
this position, the breaker can either be open or closed, depending on the 
52nCLSM setting. When 52nRACK = 1 and 52nTEST = 0, as shown in 
Figure 5.9(c), the breaker is in the racked-in position. While in the racked-in 
position, the breaker can be open or closed depending on the 52nCLSM setting. 
When 52nRACK = 52nTEST = 1, as shown in Figure 5.9(d), the display alter-
nates between the mosaics shown to indicate an indeterminate state for the 
breaker position because the breaker cannot physically be in both the test and 
racked-in position at the same time.

For relays that support and are set for single-pole breakers (BKnTYP := 1), the 
rack-type breaker mosaics follow functionality similar to non-rack type breaker 
mosaics, depending on pole status and the EPOLDIS setting. The breaker must 
also be in the test or racked-in position; if the breaker is in the racked out posi-
tion, only Figure 5.9(a) appears. If the logic declares a pole discrepancy and 
EPOLDIS := 1, the one-line diagram follows the same alternating pattern as 
shown in Figure 5.9(d). When you select the breaker on the front-panel HMI, a 
pole discrepancy screen appears, showing the state (OPENED or CLOSED) for 
each pole. If EPOLDIS := 0, the one-line diagram still has the alternating pattern 
shown in Figure 5.9(d), but the pole discrepancy screen does not appear and only 
shows STATUS UNKNOWN for the status field in Figure 5.9(b).

When in the test or racked-in position, the breaker alarm setting, 52n_ALM, is 
checked. If 52n_ALM := 1, the displayed breaker alternates between a closed and 
open breaker in either the test (Figure 5.9[b]) or racked-in (Figure 5.9[c]) posi-
tion regardless of breaker contact state. However, for single-pole breakers, if the 
logic declares a pole discrepancy, the pole discrepancy screen displays when you 
select the breaker on the front-panel HMI.

You can access breaker control of available breakers regardless of rack position 
(racked-in, test, racked-out) and breaker state (open, closed). Some breakers in 
the one-line diagrams are status-only and are not controllable. See One-Line Dia-
grams in Section 4: Front-Panel Operations of the product-specific instruction 
manuals for information on breakers that have control or status-display-only 
functionality.

                    

Figure 5.9 Rack-Type Breaker Mosaics
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Status-Only Disconnects
The SEL-400 series relays can display status-only disconnects. The Disconnect 
Front Panel Control Enable setting, 89CTLn, (see Section 11: Relay Word Bits in 
the product-specific instruction manuals for the number of supported discon-
nects) applies to both two- and three-position disconnects in the HMI one-line 
diagram, and it determines whether a selected disconnect can be controlled from 
the front-panel HMI (89CTLn := 1) or cannot (89CTLn := 0 or NA). The 
89CTLn setting differs from the LOCAL setting in that the LOCAL setting is a 
global local control enable setting and 89CTLn is a control enable setting on a 
per-disconnect level. The LOCAL setting has priority over the 89CTLn setting.

The default setting of 89CTLn := 1 allows for disconnect control and maintains 
disconnect front-panel control functionality after a relay firmware upgrade (even 
when upgrading from a firmware that does not support status-only disconnects). 
When 89CTLn := 1, the relay follows the control functionality outlined in this 
section. When 89CTLn := 0 or NA, you cannot select the specified disconnect 
when you are navigating the one-line diagram from the relay front-panel HMI, 
preventing you from selecting the disconnect for a control function.

Three-position disconnects have a 89CTLn disconnect control enable setting for 
each disconnect position (in-line or ground). The disconnect is selectable for con-
trol from the one-line diagram when either 89CTLn := 1 and the switch is open, 
or when either 89CTLn := 1 and the switch is closed in the corresponding posi-
tion to the 89CTLn := 1 setting. When in the control window, only control 
options available based on the 89CTLn settings display. For example, if the dis-
connect is open, and the ground 89CTLn := 0 and the in-line 89CTLn := 1, the 
only control option displayed will be to close the in-line disconnect. If the switch 
is closed to a position whose 89CTLn := 0, the switch is not selectable when nav-
igating the one-line diagram. However, should the 89ALn Relay Word bit assert 
for either disconnect position, the disconnect is selectable from the front panel 
regardless of the 89CTLn setting, and a view-only window for the disconnect 
appears that has no control functions available for the disconnect.

If the corresponding 89CTLn disconnect control enable setting transitions from 
an asserted to a deasserted state while in the control window, the front panel dis-
plays NOT ALLOWED when you have selected an open or close function.

Circuit Breaker and Disconnect Switch Operations From the Front Panel
Circuit Breaker Open/Close

Figure 5.10 shows the Breaker Control Screens available after pressing the ENT 
pushbutton (ONELINE bay control screen), with the circuit breaker highlighted 
(Only highlighted breakers on the one-line diagram can initiate breaker open or 
close operations). Pressing the ENT pushbutton with the breaker highlighted and 
the LOCAL Relay Word bit asserted displays the Breaker Control Screen in 
Figure 5.10(b). If the LOCAL Relay Word bit is not asserted when the ENT push-
button is pressed, the relay displays the screen in Figure 5.10(c) for three seconds 
and then returns to the screen in Figure 5.10(a).
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Single-Pole Tripping
With a single-pole breaker, the individual poles operate independently, and nor-
mal operation is for one pole to be open for a short period, while the other two 
poles are closed. However, it is possible that one (or more) poles may fail to com-
plete a particular operation, resulting in a pole-discrepancy condition. For exam-
ple, if the breaker is issued a CLOSE command, two poles may close but one 
pole may remain open. If this condition lasts for longer than 1.5 seconds, the 
HMI displays the pole discrepancy screen shown in Figure 5.11(c) so that the 
operator can immediately identify the offending pole. You can operate the 
breaker from the pole discrepancy screen after the discrepancy has been rectified. 
All other screens are the same as when you set the relay to three-pole operations.

                    

Figure 5.10 Screens for Circuit Breaker Selection
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Disconnect Switch Open/Close
Figure 5.12(a) shows the Disconnect Control Screens available when you press 
the ENT pushbutton, in ONELINE bay control screen, with the disconnect switch 
highlighted. If the LOCAL Relay Word bit is asserted and the disconnect switch 
is highlighted when you press the ENT pushbutton, the Disconnect Control Screen 
in Figure 5.12(b) appears. Use the Up Arrow and Down Arrow pushbuttons to navi-
gate between the disconnect control functions in Figure 5.12(b). If the LOCAL 
Relay Word bit is not asserted when the ENT pushbutton is pressed, the relay dis-
plays screen in Figure 5.12(c) for three seconds and then returns to the screen in 
Figure 5.12(a).

                    

Figure 5.11 Screens During a Pole-Discrepancy Condition
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Figure 5.13, Figure 5.14, and Figure 5.15 show all the possible screens during an 
open-to-close operation of Disconnect 1. Operation of the remaining disconnects 
is identical. Close-to-open operations are similar, the only difference being that 
the open Relay Word bits apply instead of the close Relay Word bits. The screen 
in Figure 5.13(a) is displayed after you press the ENT pushbutton with Disconnect 
1 open and highlighted in the one-line diagram.

When you enter the disconnect screen in Figure 5.13(a), the state that the discon-
nect switch is in is highlighted, in other words, if Relay Word bit 89OPN1 is 
asserted, the OPEN DISCONNECT text has a box drawn around it.

To close the disconnect switch, use the Up Arrow or Down Arrow pushbutton to 
highlight the CLOSE DISCONNECT text.

If Relay Word bit 89CCM1 asserts after you press the ENT key, the relay displays 
the screen with the caption CLOSE COMMAND ISSUED in Figure 5.13(c) for three 
seconds. While the disconnect operation is in progress, the relay displays the 
screen with the caption IN PROGRESS in Figure 5.14(a) and the disconnect sym-
bol alternately displays the present state symbol and the opposite state symbol. If 
another disconnect operation attempt is made while a disconnect operation is in 

                    

Figure 5.12 Screens for Disconnect Switch Selection
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progress, the relay displays the screen with the caption *NOT ALLOWED* in 
Figure 5.14(b) for three seconds and then the relay returns to the screen in 
Figure 5.14(a).

If Relay Word bit 89CCM1 does not assert, the relay displays the *NOT ALLOWED* 
error message shown in Figure 5.13(d) for three seconds and then displays again 
the screen in Figure 5.13(b).

When Relay Word bit 89CCMD1 asserts, the Close Immobility Timer starts. If 
Relay Word bit 89CCMD1 asserts, two scenarios are possible: the disconnect 
fails to close, or the disconnect closes successfully. In the case of a successful 
close operation, the relay displays the screen in Figure 5.15(b).

Failing to close also has two possible scenarios: the disconnect starts to move, but 
does not complete the operation, or the disconnect switch operation does not initiate.

When Relay Word bit 89OPN1 deasserts, the Close Immobility timer resets, indi-
cating that the disconnect switch has started to move. If Relay Word bit 89CL1 
fails to assert in the expected operation time, the disconnect switch has failed to 
complete the close operation in the expected time. Failure of the 89CL1 Relay 
Word bit to assert in the expected disconnect switch operation time causes the 
89AL1 Relay Word bit to assert. When Relay Word bit 89AL1 asserts, the relay 
displays the screen Figure 5.15(a) (see Disconnect Switch Status and Alarm 
Logic on page 5.5).

If Relay Word bit 89OPN1 fails to deassert before the Close Immobility Timer 
expires, Relay Word bit 89ICM1 asserts and the relay displays the screen with the 
caption STATUS UNKNOWN in Figure 5.15(a). See Disconnect Switch Close and 
Open Immobility Timer Logic on page 5.8 for more information regarding the 
close and open immobility timer logic.

When the disconnect operation completes successfully, the relay displays the 
screen in Figure 5.15(b) until the front-panel timer times out or the ESC pushbut-
ton is pressed.
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Figure 5.13 HMI Disconnect Operation Initiation
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When you initially enter the Disconnect Control Screen, the disconnect switch is 
in one of four states: disconnect open (89OPNm), disconnect closed (89CLm), 
disconnect undetermined without alarm (89OIPm), or disconnect undetermined 
with alarm (89ALm). If Relay Word bit 89OIPm is asserted, the relay displays the 
screen in Figure 5.14(a); if Relay Word bit 89ALm is asserted, the relay displays 
the screen in Figure 5.15(a). If both Relay Word bits 89OIPm and 89ALm are 
asserted, Relay Word bit 89ALm takes priority. If Relay Word bit 89OPNm is 
asserted, the relay displays the screen in Figure 5.13(a). This is the initial screen 
for an open-to-close operation. If Relay Word bit 89CLm is asserted, the relay 
displays the screen in Figure 5.15(b). This is the initial screen for a close-to-open 
operation. 

                    

Figure 5.14 HMI Disconnect Operation in Progress
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Three-Position Disconnect State Representation and Operations From 
the Front Panel

A three-position disconnect switch consists of two standard disconnects that 
operate together to form a three-position disconnect. All logic diagrams of the 
standard disconnect apply to the three-position disconnect, including all settings 
and Relay Word bits associated with the two individual disconnects. The three-
position disconnect has two labels, one for the in-line branch and one for the 
ground (perpendicular) branch. In the example shown in Figure 5.16, the three-
position disconnect is made up of Disconnect SW3 and Disconnect SW4. As 
with the standard disconnect, be sure to correlate the disconnect wiring and set-
tings with the disconnects assigned to the three-position disconnect image on the 
one-line diagram.

                    

Table 5.4 displays how the bay screen one-line diagram represents the different 
states of the three-position disconnect switch.

                    

Figure 5.15 HMI Disconnect Operation Completed
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Figure 5.16 Bay Control One-Line Diagram With Three-Position Disconnect Open
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Similar to the standard disconnect, if a three-position disconnect is highlighted 
on the one-line diagram and the ENT pushbutton is pressed, a control screen is dis-
played. The control screen shows the present status of the disconnect based on 
the disconnect status bits (89CLm, 89OPNm, 89OIPm, and 89ALm) from both 
disconnects that make up the three-position disconnect. The status is shown via 
the disconnect symbol and the status labels as shown in Figure 5.17(a).

Figure 5.17(a) shows the control screen of a three-position disconnect with both 
disconnects in the open state. Figure 5.17(b) shows the control screen of a three-
position disconnect with the in-line disconnect closed and the ground disconnect 
open. Likewise, Figure 5.17(c) shows the control screen of a three-position dis-
connect with the in-line disconnect open and the ground disconnect closed.

Table 5.4 Three-Position Disconnect Switch State Representations

Apparatus Position Symbol Asserted Relay Word Bits

Both disconnects open                     89OPN3 and 89OPN4

Disconnect 3 (in-line) closed

Disconnect 4 (ground) opened

                    89CL3 and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) closed

                    89OPN3 and 89CL4

Disconnect 3 (in-line) intermediatea

Disconnect 4 (ground) opened

b (89OIP3 or 89AL3) and 89OPN4

Disconnect 3 (in-line) opened

Disconnect 4 (ground) intermediatea

b 89OPN3 and (89OIP4 or 89AL4)

All other status combinations

Disconnect 3 closed, Disconnect 4 closed

Disconnect 3 closed, Disconnect 4 intermediatea

Disconnect 3 intermediatea, Disconnect 4 closed

Disconnect 3 intermediatea, Disconnect 4 intermediatea

b

89CL3 and 89CL4

89CL3 and (89OIP4 or 89AL4)

(89OIP3 or 89AL3) and 89CL4

(89OIP3 or 89AL3) and (89OIP4 or 89AL4)

a Intermediate = transition between open and closed states.
b The image alternates between the two symbols shown.
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The three-position disconnect logic is identical to two standard disconnects, but 
control actions are limited as shown in Table 5.5. A control action is only avail-
able if the disconnect name is listed next to the action as indicated in the Control 
Options Displayed column. For example, in the second set of control actions, 
where Disconnect SW3 is closed and Disconnect SW4 is open, the only control 
actions available are to open or close Disconnect SW3. Figure 5.17(b) shows the 
control screen for this condition.

                    

                    

Figure 5.17 Three-Position Disconnect Control Screens
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Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 1 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

Disconnect SW3: Open

Disconnect SW4: Open

OPENED

OPENED

SW3

SW4

CLOSE SW3

OPENa

CLOSE SW4

CLOSE SW3

NO OPEN CONTROL

CLOSE SW4

Disconnect SW3: Closed

Disconnect SW4: Open

CLOSED

OPENED

SW3

SW4

CLOSE SW3b

OPEN SW3

CLOSE 

CLOSE SW3

OPEN SW3

NO CONTROL for SW4

Disconnect SW3: Open

Disconnect SW4: Closed

OPENED

CLOSED

SW3

SW4

CLOSE

OPEN SW4

CLOSE SW4c

NO CONTROL for SW3

OPEN SW4

CLOSE SW4

Disconnect SW3: Open

Disconnect SW4: Alarm

OPENED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect
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The following example shows the process of changing a three-position discon-
nect from closed in-line to closed to ground. This process requires that you first 
open the in-line disconnect before you can close the ground disconnect.

Starting with the one-line diagram in Figure 5.18, highlight the three-position 
disconnect and press the ENT pushbutton. If the LOCAL Relay Word bit is 
asserted, the control screen shown in Figure 5.17(b) is displayed on the screen. 
Note that the only options at this point are to open or close Disconnect SW3. 
Therefore, use the Up Arrow or Down Arrow pushbutton to move the highlight box 
to the OPEN SW3 position. Then press the ENT pushbutton to open Disconnect 
SW3. If Disconnect SW3 successfully opens, the control screen will change as 
shown in Figure 5.17(a). Note that the control actions changed so that Discon-
nect SW4 can now be closed. At this point, use the Up Arrow or Down Arrow push-
button to move the highlight box to the CLOSE SW4 position and press the ENT 
pushbutton to close Disconnect SW4. If Disconnect SW4 is successfully closed, 
the control screen will change as show in Figure 5.17(c).

                    

Disconnect SW3: Alarm

Disconnect SW4: Open

UNKNOWN

OPENED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Alarm

CLOSED

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Closed

UNKNOWN

CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Closed

Disconnect SW4: Closed

CLOSED 
CLOSED

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

Disconnect SW3: Alarm

Disconnect SW4: Alarm

UNKNOWN

UNKNOWN

SW3

SW4

CLOSE

OPEN

CLOSE

NO CONTROL for either disconnect

a See Figure 5.17(a).
b See Figure 5.17(b).
c See Figure 5.17(c).

Table 5.5 Three-Position Disconnect Switch Control Screen Status and Control Options (Sheet 2 of 2)

State of Disconnects Status Displayed Control Options Displayed Control Actions Available

                    

Figure 5.18 Bay Control One-Line Diagram With Three-Position Disconnect 
Closed In-Line
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The relay does not include any default bay mimic screens with three-position dis-
connects. Should your application require different bay mimic screens with three-
position disconnects, contact SEL.

Bay Control Screens
QuickSet and SEL Grid Configurator Software provide an easy and intuitive way 
to configure and set the bay control function. The following screenshots show the 
bay control screens in SEL Grid Configurator; the functionality shown is similar 
in Quickset but it does not include the bay screen search tool.

Select the Bay Control button from the tree to see the first interactive bay forms 
in SEL Grid Configurator, as shown in Figure 5.19.

                    

Use the bay screen mimic diagram lookup tool to find the mimic diagrams appli-
cable to your application by filtering by the number of displayed breakers and 
disconnections, as shown in Figure 5.20.

                    

Figure 5.19 Interactive Bay Control Setting Form
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MIMIC
In most SEL-400 series relays, a single one-line diagram needs to be selected. 
However, in some relays, such as the SEL-487E, multiple screens need to be 
selected to build up the total composite one-line diagram.

Bay Name
There are 20 characters available for the bay name. This name appears on all the 
bay control screens.

Local
The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the input contact IN107 can 
accommodate existing bay controls that use a key to manually change from 
remote to local control. The key switch is made to actuate a contact when the key 
is turned, as shown in Figure 5.21. With the contact of the switch wired to the 
input, the key switch provides local and remote control. Make the following set-
ting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107

                    

Figure 5.20 Mimic Diagrams
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Bus Names
Figure 5.22 shows the bay screen settings filter automatically to only display set-
tings associated with the item you selected in your mimic diagram. Enter the 
name of the busbar (e.g., 132 Bus No 1), and select OK.

                    

Disconnect Assignments
To configure disconnects, select the disconnect switch. The settings filter auto-
matically to only show the selected disconnect settings, as shown in Figure 5.23.

                    

                    

Figure 5.21 Local and Remote Control Logic With Key Control
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Figure 5.22 Setting Busbar Names in SEL Grid Configurator

                    

Figure 5.23 Disconnect Assignment Dialog Box, SW1
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D01HMIN

Enter a Disconnect 1 label on the HMI (Figure 5.23). The number of characters is 
limited to a maximum string width of 18 pixels (approximately four characters).

D01CTLN

Enter a Disconnect 1 label on the control screen. Enter a descriptive name (there 
are 15 characters available) that clearly identifies the disconnect.

89AM01, 89BM01

These SELOGIC control equations report the state of Disconnect 1 auxiliary con-
tacts. Both equations must be programmed for the Disconnect Switch Status and 
Alarm Logic to function correctly.

89ALP01

This timer counts down when both 89AM01 and 89BM01 are in the same state 
(both asserted or both deasserted). When this disconnect alarm timer expires, an 
alarm condition exists and the 89AL01 Relay Word bit asserts.

Set the 89ALP01 timer longer than the expected operation (undetermined state) 
time, but less than the 89CST01 or 89OST01 seal-in timers.

89CCN01, 89OCN01

These SELOGIC control equations close or open Disconnect 1. Take care when 
programming these equations, because there is no breaker jumper supervision or 
access level safeguard in place for this disconnect operate method. These settings 
only work when the LOCAL Relay Word bit is deasserted.

89CTL01

This SELOGIC control equation identifies Disconnect 1 as controllable 
(89CTL01 := 1) or status-only (89CTL01 := 0). When controllable, all control 
functionality is available for Disconnect 1. When status-only, the disconnect is 
not selectable when navigating the one-line diagram from the relay front-panel 
HMI. For three-position disconnects, there is a 89CTLn setting for each discon-
nect position.

89CST01, 89OST01

These seal-in timers are intended to keep the close or open signal asserted long 
enough to allow the Disconnect 1 operation to complete. Set the seal-in timers 10 
to 15 percent longer than the expected disconnect operate time to give the discon-
nect switch time to complete the operation.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the seal-in timers.

89CIT01, 89OIT01

The close/open Disconnect 1 immobility timers are triggered at the same time as 
the seal-in timers. Expiration of these immobility timers indicates that the Dis-
connect 1 auxiliary contact status failed to change state within the expected time 
frame.
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Set the immobility timers longer than the expected time for the disconnect to 
leave the initial state (as reported by the 89AM01 and 89BM01 Relay Word bits), 
but less than the seal-in timer.

Cold weather and low battery voltages can impact disconnect switch operation 
times. Be sure to consider these conditions when setting the immobility timers.

89CRS01, 89ORS01

These settings reset the seal-in circuit when either the seal-in timer expires or the 
intended open/close status signal asserts. This is intended to stop driving the Dis-
connect 1 motor to close or open when the desired state has been reached.

89CBL01, 89OBL01

These SELOGIC control equations provide an optional custom method for block-
ing all means of close/open control for Disconnect 1.

89CIR01, 89OIR01

These SELOGIC control equations reset the Disconnect 1 close/open immobility 
timers.

Breaker Assignments
Configure the breaker by selecting the box next to the breakers. The settings filter 
automatically, as shown in Figure 5.24.

                    

BKq

In some relays, each numbered breaker (q = 1, 2, 3, 4, or 5) can be assigned to 
NA or one of the terminals. No terminal can be assigned twice. Unused breaker 
numbers are forced to NA.

BmHMINM

Enter a Breaker m label on the HMI (one-line diagram). The number of charac-
ters is limited to a maximum string width of 17 pixels (approximately four char-
acters).

BmCTLNM

Enter a Breaker m label on the control screen. Enter a descriptive breaker name 
(as many as 15 characters).

                    

Figure 5.24 Breaker Settings, Breaker S
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52mCLSM, 52m_ALM

These SELOGIC control equations report breaker close status and breaker alarm 
status. Any bit in the Relay Word, as well as logical operators, can be pro-
grammed into these SELOGIC control equations.

52mRACK, 52mTEST

These SELOGIC control equations modify the display of rack-type breaker mosa-
ics. The settings are shown for both rack-type and non-rack type breakers, but 
only impact the display of rack-type breakers. The settings do not have any con-
trol functionality impact on any breaker. See Figure 5.9 for settings impact on the 
rack-type breaker mosaic display.

Analog Display
If analog display points are not required, leave the setting(s) blank, because the 
relay displays only the defined display points.

Select analog display label MDELE1 in the interactive one-line diagram to display 
the form shown in Figure 5.25. Select the Expression Builder button to display 
the form shown in Figure 5.26. The Expression Builder helps build the analog 
quantity setting string. Press the Expression Builder button on the form shown in 
Figure 5.26 to find the Analog or Fixed Element to be displayed.

                    

To display fixed text instead of analog quantities, enter the number 1 in the Ana-
log or Fixed Element field.

                    

Figure 5.25 Analog Quantity Setting Form
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Select the FREQ System Frequency (see Figure 5.27). Enter a Pre-Text, for 
example 'Frq=', as shown in Figure 5.27. Set the numerical display format to 5.2; 
this displays frequency up to two decimal places. You can scale the numerical 
value of FREQ to display a scaled value of the analog quantity. For example, a 
scaling value of 0.5 displays only half the value of FREQ, while a scaling value 
of 2 displays twice the value of FREQ. Enter text, such as the units of the analog 
quantity in the Post-Text field. Test the entries by typing a value of 60.51 in the 
preview analog display field. Select the Preview button, and verify that all entries 
are correct and will fit on the screen.

                    

                    

Figure 5.26 Analog Quantity Setting Form

                    

Figure 5.27 Example of an Analog Quantity Expression
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SEL recommends that you use the MDELEn expression builder within QuickSet 
or SEL Grid Configurator when creating these settings. However, if you enter the 
expression from the ASCII command line, the format of the user input is as fol-
lows:

Analog Quantity Label,"Pre-Text = {x.y,z} Post-Text"

where:

                    

For example, if you wanted to display the VAZFM analog quantity with 3 total 
digits with 1 digit following a decimal point and no scaling, enter the following 
on the command line:

VAZFM,"VAZ = {3.1,1} V"

The setting value reported in QuickSet or SEL Grid Configurator is expected to 
be reported differently than what is accepted on the ASCII command line. 

Customizable Screens
SEL-400 series relays support custom mimic display screens. Custom mimic dis-
play screens are developed by the SEL factory by using your requirements, and 
then added to the QuickSet relay driver. The following images show the breaker 
and power system variants supported in custom mimic display screens. For a 
complete list of mimic display screens available in SEL-400 series relays, see 
selinc.com/app/mimic-diagram/.

Available Circuit Breakers
Figure 5.28 shows the different types of circuit breakers and disconnects available. 

x = total number of digits of the number to display (includes number of dig-
its following a decimal point)

y = total number of digits to display following a decimal point

z = scaling factor

https://selinc.com/app/mimic-diagram/
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Available Power System Components
Figure 5.29 shows the different types of power system components available.

                    

Bay Control Example Application
This example demonstrates configuring a bay control screen for an SEL-451. 
Similar configurations can be done with other SEL-400 series relays.

                    

Figure 5.28 Different Types of Circuit Breakers and Disconnects

Circuit breaker,
ANSI type, 
Closed, vertical

Circuit breaker,
ANSI type, 
Open, vertical

Circuit breaker,
ANSI type, 
Closed, horizontal

Circuit breaker,
ANSI type, 
Open, horizontal

Circuit breaker,
IEC type, 
Closed, vertical

Circuit breaker,
IEC type, 
Open, vertical

Circuit breaker,
IEC type, 
Closed, horizontal

Circuit breaker,
IEC type, 
Open, horizontal

Circuit breaker,
Rack type, 
Closed, vertical

Circuit breaker,
Rack type, 
Open, vertical

Standard Disconnect, open

Standard Disconnect, closed

3-Position Disconnect, open

3-Position Disconnect, 
Closed to Ground

3-Position Disconnect, 
Closed In-Line

Circuit breaker,
Rack type, 
Closed, horizontal

Circuit breaker,
Rack type, 
Open, horizontal

                    

Figure 5.29 Power System Components
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Bus 1, Bus 2, and Transfer BUS Bay With Ground Switch (MIMIC := 4)
Figure 5.30 illustrates the Bus 1, Bus 2, and Transfer Bus Bay with Ground 
Switch (MIMIC := 4). The Bay configuration used in this example provides five 
disconnect switches, one breaker, and the ability to display as many as six Analog 
Quantities. The labels and Analog Quantities shown in Figure 5.30 are all a result 
of the settings entered in this example. See Table 5.6 for a complete list of Bay 
settings for this application.

                    

Bay Control Settings
General One-Line Settings

One-Line Diagram

This setting selects the one-line diagram that defines the bay configuration, and it 
must exactly match the bay configuration being controlled. Failure to select the 
exact one-line diagram that describes the bay configuration being controlled 
could result in misapplications.

MIMIC := 4

Bay Name

Enter a bay name (as many as 20 characters) that defines the bay being controlled.

BAYNAME := BAY CONTROL

Bay Label

As many as two bay labels are available in one-line diagrams 14, 17, 18, and 23. 
BAYLAB1 and BAYLAB2 settings can accept as many as eight characters, 
depending on the pixel width of the string.

BAYLAB1 or BAYLAB2 are not required because the MIMIC setting selected in 
this example does not include bay labels. If MIMIC 14, 17, 18, or 23 had been 
selected, the relay would have prompted for BAYLAB1 and BAYLAB2 settings.

Busbar Information
Bus-Name Labels

Based on the MIMIC setting, the relay provides as many as nine bus-name labels 
in the one-line diagram. With MIMIC set to 4, the relay requires three bus-name 
labels, one for the transfer bus, one for Bus 2, and one for Bus 1. The top-most 

                    

Figure 5.30 Illustration of One-Line Diagram After Entering Example Settings

BAY CONTROL

ESCNAVIG

ANALOGS
IA:1000A
V:416kV
F:60.0Hz
P:623MV
Q:–360MVR

BUS 2

Dis 4

Dis 5

Bkr 1
Dis 3

Dis 1 Dis2
BUS 1

BUS T
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bus in the one-line diagram is BUSNAM1 and the bottom-most bus in the one-line 
diagram is the highest number bus available for the selected MIMIC setting, three 
in this case.

Enter bus-name labels (as many as ten characters) that describe each bus in the 
one-line diagram.

The actual number of characters accepted depends on the pixel width of the string.

BUSNAM1 := Bus T

BUSNAM2 := Bus 2

BUSNAM3 := Bus 1

Breaker Information

The relay displays breaker information for as many as three breakers. For the bay 
configuration in this example, the relay displays one. If more breakers were sup-
ported, based on the MIMIC setting selected, the settings associated with addi-
tional breakers would follow Breaker 1 settings.

Breaker Name Label

Enter a breaker name (as many as six characters) that describes each circuit 
breaker in the one-line diagram.

The actual number of characters accepted depends on pixel width of the string.

B1HMINM := Bkr 1

Breaker Status

This SELOGIC control equation reports breaker close status and breaker alarm 
status. Any bit in the Relay Word can be programmed into this SELOGIC control 
equation, as well as logical operators. The equations below return the state of the 
Bkr 1 status and any Bkr 1 alarm conditions.

521CLSM := 52ACL1

521_ALM := 52AAL1

Disconnect Information

The relay provides disconnect switch information for as many as ten disconnect 
switches. For the bay configuration selected in this example, the relay supports 
five disconnect switches.

Disconnect Name Label

Enter disconnect labels of as many as six characters in length that describe each 
disconnect switch in the one-line diagram. The actual number of characters 
accepted depends on pixel width of the string.

D01HMIN := Dis 1
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Disconnect Status

Wire the normally open and normally closed auxiliary contacts from the discon-
nect switch to relay inputs, and program the relay inputs into 89AM01 and 
89BM01 SELOGIC control equations. These equations report the state of the dis-
connect switch auxiliary contacts. Both equations must be programmed for the 
Disconnect Switch Status and Alarm Logic to function correctly.

89AM01 := IN103

89BM01 := IN104

Disconnect Alarm Pickup Delay

This setting monitors disconnect open/close operations (the undetermined time) 
of the disconnect switch. When the disconnect alarm timer expires, an alarm con-
dition exists and the 89AL1 Relay Word bit asserts. Set the 89ALPm timer longer 
than the expected operation (undetermined state) time, but less than the 89CSITm 
or 89OSITm seal-in timers. The expected disconnect operation time in this exam-
ple is 250 cycles. 89ALPm is entered in cycles and has a range of 1–99999.

89ALP01 := 260

Disconnect Close/Open Control

Program SELOGIC control equations 89CCNn and 89OCNn to close or open dis-
connect switch n, respectively. Great care needs to be used when programming 
these equations because there are no breaker jumper supervision or access level 
safeguards in place for this disconnect operate method. The settings in this exam-
ple close the disconnect switch when Remote Bit 1 is set and open the disconnect 
switch when Remote Bit 1 is cleared. The 89CCN01 SELOGIC example below 
also includes additional supervision logic where the close operation only operates 
if Breaker 1 is open (NOT 52CLS1) and the disconnect switch is in the opposite 
state (89OPN1). When these conditions are met, a close disconnect operation will 
initiate. Relay Word bit 89CLS1 is the output of the seal-in timer and asserts 
when Relay Word bit 89CCN01 asserts. Relay Word bit 89OPN1 deasserts as 
soon as the disconnect switch starts to move. The OR combination of Relay Word 
bit 89CLS1 and 89OPN1 keeps the close disconnect signal asserted until the dis-
connect operation has completed. The SELOGIC control equations below demon-
strate disconnect lockout control in the relay. The 89OCN01 SELOGIC control 
equation illustrates the same type of supervision for the disconnect switch open 
logic.

89CCN01 := RB01 AND (89OPN1 OR 89CLS1) AND NOT 52CLSM1

89OCN01 := NOT RB01 AND (89CL1 OR 89OPEN1) AND NOT 52CLSM1

Disconnect Front-Panel Control Enable

Program SELOGIC control equation 89CTLn to identify a disconnect as control-
lable (89CTLn := 1) or status-only (89CTLn := 0). When a disconnect is identi-
fied as controllable, the disconnect can be selected when navigating the relay 
front-panel HMI. When a disconnect is identified as status-only, the disconnect 
cannot be selected when navigating the relay front-panel HMI. Three-position 
disconnects have a control equation for each disconnect position. The SELOGIC 
control equation below identifies the disconnect as controllable.

89CTL01 := 1
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Disconnect Close/Open Seal-in Timers

The seal-in timers assert the close or open signal long enough to allow the dis-
connect operation to complete. Set the seal-in timer 10 to 15 percent longer than 
the expected disconnect operate time to give the disconnect switch time to com-
plete the operation. 89CSTm and 89OSTm are entered in cycles and have a range 
of 1–99999. The example shown anticipates a disconnect switch operate time of 
approximately 250 cycles.

Cold weather and low battery voltages can impact operation times. Be sure to 
consider these conditions when setting the seal-in timers.

The output contacts must not be used to break the motor coil current. An auxil-
iary contact with adequate current interrupting capacity must first interrupt cur-
rent supply to the motor before the relay contact opens. Include the auxiliary 
contact clearing time when setting the disconnect seal-in timer.

89CST01 := 280

89OST01 := 280

Disconnect 2–5

Disconnect switch settings 2–5 are similar to the Disconnect Switch 1 examples 
above. See Table 5.6 for a complete list of Bay Class settings for this application.

One-Line Analog Display

One-line diagrams in the relay can contain as many as six Analog Quantity dis-
play points. The MIMIC setting selected in this example displays six Analog Dis-
play points. See Display Points on page 4.10 for Display Point programming. 
The settings below illustrate how to display text and Analog Quantities available 
in the mimic display. If analog display points are not required to appear in the 
one-line diagram, leave the setting(s) blank, and the relay will only display the 
defined display points.

1. 1, “Analogs”

2. IAWM, “IA:(4.0,1)A”

3. VABFM, “V:(3.0,1)kV”

4. FREQ, “F:(4.1,1)Hz”

5. 3P, “P:(3.0,1)MW”

6. 3Q_F, “Q:(3.0,1)MVR”

Control Selection

The LOCAL SELOGIC control equation enables local and remote control of the 
disconnect switch. This example illustrates how the SEL-451 input contact 
IN107 can accommodate existing bay controls that use a key to manually change 
from remote to local control. The key switch is made to actuate a contact when 
the key is turned, as shown in Figure 5.31. With the contact of the switch wired to 
the SEL-451 input, the key switch provides local and remote control. Make the 
following setting to enable LOCAL control when IN107 is asserted.

LOCAL := IN107
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Front Panel Settings
The one-line diagram is one of the screens that are available for display in the 
rotating display. To display RMS_V, RMS_I, and ONELINE screens on the rotat-
ing display every five seconds, make the following Front Panel settings.

SCROLD := 5

RMS_V := Y

RMS_I := Y

RMS_VPP := N

RMS_W := N

FUNDVAR := N

RMS_VA := N

RMS_PF := N

RMS_BK1 := N

RMS_BK2 := N

STA_BAT := N

FUND_VI := N

FUNDSEQ := N

FUND_BK := N

ONELINE := Y

The following settings in the Front Panel settings provide immediate display of 
the one-line diagram screen when Pushbutton 2 is pressed.

PB2_HMI := BC

Output Settings
Output Logic Settings

This illustrates the ability to program disconnect lockout protection for the 
selected one-line diagram. To eliminate the danger of closing or opening the 
ground switch on an energized line, the disconnect switch cannot operate unless 
Breaker 1 is open. When the Disconnect 1 close command is executed (89CLS1), 

                    

Figure 5.31 Local and Remote Control Logic With Key Control

–

+

Rated SEL-451
DC Input Voltage

Contact closed = Local control
Contact open = Remote control

SEL-451
IN107
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OUT103 only asserts if the state of Breaker 1 is open (NOT 52CLS1). This illus-
trates disconnect switch lockout protection through SELOGIC control equations. 
The SELOGIC control equation for OUT104 below illustrates similar lockout pro-
tection for the disconnect switch open operation. Wire OUT103 to the disconnect 
switch closing circuit and OUT104 to the disconnect switch opening circuit.

OUT103 := 89CLS1 AND NOT 52CLSM1

OUT104 := 89OPEN1 AND NOT 52CLSM1

Another example of disconnect lockout would be to ensure that Dis 3 never 
closes when the ground disconnect switch Dis 5 is closed. Enter the SELOGIC 
control equation below for Dis 3 switch lockout protection. 89CLS3 is the close 
disconnect switch Relay Word bit for Disconnect 3 and the 89OPN5 Relay Word 
bit is the status of Disconnect 5. The SELOGIC control equation below will not 
assert OUT201 unless both conditions are true.

OUT201 := 89CLS3 AND 89OPN5

These are just a few examples of disconnect lockout control. Use Relay Word bits 
and SELOGIC programming to design lockout control scenarios required for the 
configuration being controlled.

The SELOGIC Output settings listed in Table 5.6 are example close and open dis-
connect equations with disconnect lockout control for Switches 1–5.

                    

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 1 of 3)

Setting Description Entry

General One-Line Settings

MIMIC One-line Screen Number (1–999) 4

BAYNAME Bay Name (20 characters) BAY CONTROL

Busbar Information

BUSNAM1 Busbar 1 Name (40 pixels, 6–10 characters) Bus T

BUSNAM2 Busbar 2 Name (40 pixels, 6–10 characters) Bus 2

BUSNAM3 Busbar 3 Name (40 pixels, 6–10 characters) Bus 1

Breaker Information

B1HMINM Breaker 1 HMI Name (max 3–17 characters) Bkr 1

B1CTLNM Breaker 1 HMI Cntl Scr. Name (max. 15 characters) Bkr 1

521CLSM Breaker 1 Close Status (SELOGIC Equation) 52ACL1

521_ALM Breaker 1 Alarm Status (SELOGIC Equation) 52AAL1

Disconnect Information

D1HMIN Disconnect 1 HMI Name (max 3–17 characters) D1

D1CTLN Disconnect 1 Name (25 pixels, max. 15 characters) Dis 1

89AM1 Disconnect 1 N/O Contact (SELOGIC Equation) IN103

89BM1 Disconnect 1 N/C Contact (SELOGIC Equation) IN104

89ALP1 Disconnect 1 Alarm Pickup Delay (1–99999 cyc) 260

89CCN1 Disconnect 1 Close Control (SELOGIC Equation) 89CC01

89OCN1 Disconnect 1 Open Control (SELOGIC Equation) 89OC01

89CST1 Disconnect 1 Close Seal-in Time (1–99999 cyc) 280

89OST1 Disconnect 1 Open Seal-in Time (1–99999 cyc) 280

D2HMIN Disconnect 2 HMI Name (max. 3–17 characters) D2

CAUTION
The outputs in the relay are not 
designed to break the coil current in 
the disconnect motor. An auxiliary 
contact with adequate current-
interrupting capacity must clear the 
coil current in the disconnect motor 
before the output opens. Failure to 
observe this safeguard could result in 
damage to the output contacts.
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D2CTLN Disconnect 2 Name (25 pixels, 4–6 characters) Dis 2

89AM2 Disconnect 2 N/O Contact (SELOGIC Equation) 1

89BM2 Disconnect 2 N/C Contact (SELOGIC Equation) 0

89ALP2 Disconnect 2 Alarm Pickup Delay (1–99999 cyc) 260

89CCN2 Disconnect 2 Close Control (SELOGIC Equation) 89CC02

89OCN2 Disconnect 2 Open Control (SELOGIC Equation) 89OC02

89CST2 Disconnect 2 Close Seal-in Time (1–99999 cyc) 280

89OST2 Disconnect 2 Open Seal-in Time (1–99999 cyc) 280

D3HMIN Disconnect 3 HMI Name (max. 3–17 characters) D3

D3CTLN Disconnect 3 Name (25 pixels, 4–6 characters) Dis 3

89AM3 Disconnect 3 N/O Contact (SELOGIC Equation) 1

89BM3 Disconnect 3 N/C Contact (SELOGIC Equation) 0

89ALP3 Disconnect 3 Alarm Pickup Delay (1–99999 cyc) 260

89CCN3 Disconnect 3 Close Control (SELOGIC Equation) 89CC03

89OCN3 Disconnect 3 Open Control (SELOGIC Equation) 89OC03

89CST3 Disconnect 3 Close Seal-in Time (1–99999 cyc) 280

89OST3 Disconnect 3 Open Seal-in Time (1–99999 cyc) 280

D4HMIN Disconnect 4 HMI Name (1–99999 cyc) D4

D4CTLN Disconnect 4 Name (25 pixels, 4–6 characters) Dis 4

89AM4 Disconnect 4 N/O Contact (SELOGIC Equation) 1

89BM4 Disconnect 4 N/C Contact (SELOGIC Equation) 0

89ALP4 Disconnect 4 Alarm Pickup Delay (1–99999 cyc) 260

89CCN4 Disconnect 4 Close Control (SELOGIC Equation) 89CC04

89OCN4 Disconnect 4 Open Control (SELOGIC Equation) 89OC04

89CST4 Disconnect 4 Close Seal-in Time (1–99999 cyc) 280

89OST4 Disconnect 4 Open Seal-in Time (1–99999 cyc) 280

D5HMIN Disconnect 5 HMI Name (1–9999) D5

89AM5 Disconnect 5 N/O Contact (SELOGIC Equation) 0

89BM5 Disconnect 5 N/C Contact (SELOGIC Equation) 0

89ALP5 Disconnect 5 Alarm Pickup Delay (1–99999 cyc) 260

89CCN5 Disconnect 5 Close Control (SELOGIC Equation) 89CC05

89OCN5 Disconnect 5 Open Control (SELOGIC Equation) 89OC05

89CST5 Disconnect 5 Close Seal-in Time (1–99999 cyc) 280

89OST5 Disconnect 5 Open Seal-in Time (1–99999 cyc) 280

One-Line Analog Display

1 1, “Analogs”

2 IAWM, “IA:(4.0,1)A”

3 VABFM, “V:(3.0,1)kV”

4 FREQ, “F:(4.1,1)Hz”

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 2 of 3)

Setting Description Entry
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5 3P, “P:(3.0,1)MW”

6 3Q_F, “Q:(3.0,1)MVR”

Control Selection

LOCAL Local Control (SELOGIC control equation) IN107

Table 5.7 Application Example Front Panel Settings

Setting Description Entry

Selectable Screens for the Front Panel

SCROLD Front Panel Display Update Rate (OFF, 1–15 secs) 5

RMS_V RMS Line Voltage Screen (Y, N) Y

RMS_I RMS Line-Current Screen (Y, N) Y

RMS_VPP RMS Line Voltage Phase-to-Phase Screen N

RMS_W RMS Active Power Screen N

FUNDVAR Fundamental Reactive Power Screen N

RMS_VA RMS Apparent Power Screen N

RMS_PF RMS Power Factor Screen N

RMS_BK1 RMS Breaker 1 Currents Screen N

RMS_BK2 RMS Breaker 2 Currents Screen N

STA_BAT Station Battery Screen N

FUND_VI Fundamental Voltage and Current Screen N

FUNDSEQ Fundamental Sequence Quantities Screen N

FUND_BK Fundamental Breaker Currents Screen N

ONELINE One-Line Bay Control Diagram Y

Selectable Operator Pushbuttons

PB2_HMI Pushbutton 2 HMI Screen BC

Table 5.8 Application Example Output Settings, Output SELOGIC Control Equations

Setting Description Entry

OUT103 OUT103 SELOGIC control equation 89CLS1 AND NOT 52CLSM1

OUT104 OUT104 SELOGIC control equation 89OPEN1 AND NOT 52CLSM1

OUT105 OUT105 SELOGIC control equation 89CLS2 AND NOT 52CLSM1

OUT106 OUT106 SELOGIC control equation 89OPEN2 AND NOT 52CLSM1

OUT201 OUT201 SELOGIC control equation 89CLS3 AND 89OPN5

OUT202 OUT202 SELOGIC control equation 89OPEN3 AND 52CLSM1

OUT203 OUT203 SELOGIC control equation 89CLS4 AND NOT 52CLSM1

OUT204 OUT204 SELOGIC control equation 89OPEN4 AND NOT 52CLSM1

OUT205 OUT205 SELOGIC control equation 89CLS5 AND NOT 52CLSM1

OUT206 OUT206 SELOGIC control equation 89OPEN5 AND NOT 52CLSM1

Table 5.6 Application Example Bay Control Settings for Bus 1, Bus 2, and 
Transfer Bus Bay With Ground Switch Application (Sheet 3 of 3)

Setting Description Entry
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Autoreclosing

This section describes the operation of autoreclose logic in SEL-400 series relays 
that include an autorecloser. This section covers the following topics:

➤ Autoreclosing States on page 6.2

➤ One-Circuit-Breaker Autoreclosing on page 6.4

➤ Two-Circuit-Breaker Autoreclosing on page 6.10

➤ Autoreclose Logic Diagrams on page 6.26

➤ Manual Closing on page 6.40

➤ Voltage Checks for Autoreclosing and Manual Closing on page 6.43

➤ Settings and Relay Word Bits for Autoreclosing and Manual Closing 
on page 6.46

The relay autoreclose function provides complete control for single circuit 
breaker and two circuit breaker reclosing schemes. The autoreclose function 
accommodates both single-pole and three-pole reclosing. Some SEL-400 series 
relays only support three-pole operations. See the Features section in Section 1: 
Introduction and Specifications in the product-specific instruction manual to 
determine the reclosing capability of each relay. Relays that support single-pole 
breaker operations can be set for a total of two single-pole reclose shots. Three-
pole breaker operations can be set for as many as four three-pole reclose shots.

You can designate the leader and follower circuit breakers in a two-circuit 
breaker configuration. The relay recloser can dynamically change leader and fol-
lower designations based on settings and operating conditions.

You can program the autoreclose logic to perform one shot of high-speed three-
pole reclose. This high-speed three-pole shot replaces one of the four delayed 
time three-pole shots. There is no difference between a shot of high-speed three-
pole reclose and a shot of delayed three-pole autoreclose; simply select the open 
interval time accordingly.

Two autoreclose modes are available when using the relay to control two circuit 
breakers:

➤ Combined two-breaker mode (setting E79 := Y)—both circuit 
breakers must trip before any reclosing can occur. 

➤ Independent two-breaker mode (setting E79 := Y1)—the follower 
circuit breaker can trip and reclose even when the lead breaker has 
not operated. This is useful on both ring bus and breaker-and-a-half 
schemes, where the follower breaker is a tie breaker that can be 
tripped by protection on either side.

For single circuit breaker applications, use setting E79 := Y.

NOTE: The relay voltage check 
elements (for bus and line voltages) 
may be used without the synchronism-
check feature, however, for certain 
voltage connections, some of the 
synchronism-check settings need to 
be entered to ensure that the correct 
voltages are used.
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Autoreclosing States
The autoreclose logic for either circuit breaker can be in one of the following five 
states (see Figure 6.1):

➤ Start (common to both circuit breakers) (79STRT)

➤ Reset per circuit breaker (BK1RS, BK2RS)

➤ Single-pole autoreclose cycle (common to both circuit breakers) (79CY1)

➤ Three-pole autoreclose cycle (common to both circuit breakers) (79CY3)

➤ Lockout, per circuit breaker (BK1LO, BK2LO)

Start (79STRT)
The autoreclose logic is in the Start state for both circuit breakers during the fol-
lowing conditions:

➤ Startup

➤ Restart

➤ Any relay settings change

The relay stores the previous reclosing state for Relay Word bits 79CY1, 79CY3, 
BK1LO, BK2LO, BK1RS, and BK2RS when a restart or any relay settings 
change occurs.

At startup, the recloser logic goes from the start state to the lockout state. For a 
restart or a settings change, the recloser logic enters the start state, then goes to 
lockout if the circuit breakers were open before the restart or settings change. If 
the circuit breakers were previously closed, then the recloser logic proceeds 
through the 3PMRCD (Manual Close Reclaim Time Delay) time and then goes to 
the ready state.

Reset (BK1RS, BK2RS)
The autoreclose logic is in the reset or ready state for either circuit breaker when 
the circuit breaker is ready to begin an autoreclose cycle. There are three reset 
state timers. After a successful reclose cycle, the relay goes to the reset state after 
reclaim times SPRCD (Single-Pole Reclaim Time Delay) for single-pole auto-
matic and 3PRCD (Three-Pole Reclaim Time Delay) for three-pole automatic 
reclosing. If the recloser has been in a lockout condition, the Ready or Reset state 
cannot occur until the 3PMRCD (Manual Close Reclaim Time Delay) timer has 
expired. You can only block the reclaim time after a successful reclose cycle. Set-
ting 79BRCT (Block Reclaim Timer) prevents timing of reclaim timers SPRCD, 
3PRCD, and 3PMRCD.

Single-Pole Autoreclose (79CY1)
This state does not apply to relays that only support three-pole reclosing. The 
autoreclose logic is in a single-pole autoreclose cycle for either circuit breaker if 
all of the following conditions are satisfied:

➤ Single-pole trip occurs

➤ Condition(s) to initiate a single-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a single-pole 
autoreclose cycle (that is, reset)
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Three-Pole Autoreclose (79CY3)
The autoreclose logic is in a three-pole autoreclose cycle for either circuit breaker 
if all of the following conditions are satisfied:

➤ Three-pole trip occurs

➤ Condition(s) to initiate a three-pole autoreclose cycle are satisfied

➤ Circuit breaker(s) is in service and ready to begin a three-pole 
autoreclose cycle (that is, reset)

Lockout (BK1LO, BK2LO)
The lockout state is the default state of any circuit breaker after startup. Other 
conditions place the recloser in the LO state. The relay recloser has a drive-to-
lockout function that you can program for any external or internal condition—use 
setting 79DTL. A circuit breaker can go to lockout by two methods. The circuit 
breaker enters the lockout state if either of the following occur:

➤ Supervisory Relay Word bits SPnCLS or 3PnCLS do not assert 
within the BKnCLSD time

➤ The circuit breaker does not close within the BKCFD time

The timer for both supervisory Relay Word bits SPnCLS and 3PnCLS is setting 
BKnCLSD. Setting BKnCLSD = OFF disables the BKnCLSD delay timer, 
requiring either SPnCLS or 3PnCLS to assert before transitioning to the next 
state.

In applications using two circuit breakers, you can designate one circuit breaker 
as the leader and the other circuit breaker as the follower. The relay freezes the 
leader/follower decision during an autoreclose cycle unless the autoreclose logic 
receives another initiation.

If the recloser receives another initiation, the logic reevaluates the leader and fol-
lower circuit breakers to determine the number of circuit breakers in a scheme 
(NBKn), the leader circuit breaker (LEADBKn), and the follower circuit breaker 
(FOLBKn). This determination is based on the service status of the circuit break-
ers. The logic considers a circuit breaker out of service if the circuit breaker goes 
to lockout. The logic considers a circuit breaker to be in service as soon as the 
circuit breaker closes and is no longer in lockout.

State Diagram
Figure 6.1 illustrates how the autoreclose logic moves from one state to another 
with respect to Circuit Breaker 1. (This diagram is identical for Circuit Breaker 2; 
replace the 1 in the Relay Word bits with 2.) The Relay Word bits that correspond 
to each state are shown (see Table 6.1). A solid path between two states indicates 
that the logic can move in only one direction. Two broken paths between two 
states indicate the logic can move in either direction between the two states. The 
dashed vertical line that runs through the center of the figure indicates the states 
common to both circuit breakers.

Table 6.1 describes each of the five states with respect to Circuit Breaker 1, along 
with the corresponding Relay Word bits.

NOTE: The autoreclose function runs 
once per power-system cycle. To 
ensure that the logic detects transient 
element state changes that initiate 
closing, you should extend the 
assertion time of transient element 
states to 1 cycle.
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One-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay autoreclose capabilities: 

➤ Single-pole mode (SPAR) 

➤ Three-pole mode (3PAR) 

➤ Single- and three-pole mode (SPAR/3PAR) 

Relay settings ESPR1 (Single-Pole Reclose Enable—BK1) and E3PR1 (Three-
Pole Reclose Enable—BK1) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.8 and Figure 6.9. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPR1, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.8). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PR1, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.9). 

                    

Figure 6.1 Autoreclose State Diagram for Circuit Breaker 1

Table 6.1 Autoreclose Logical States for Circuit Breaker 1

State Description Relay Word Bit

Start Startup, or relay settings change 79STRT

Reset Circuit Breaker 1 reset BK1RS

Single-pole autoreclose cyclea

a 79CY1 is only available in relays that support single-pole breaker operations.

Single-pole autoreclose 79CY1

Three-pole autoreclose cycle Three-pole autoreclose cycle 79CY3

Lockout Lockout BK1LO

79CY1

79CY3

79STRT

BK1LO

Breaker 1 
Reset or 
Ready

Breaker 1 
Lockout

1-Pole 
Auto-Reclose

Start

3-Pole 
Auto-Reclose

BK1RS
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Other recloser settings include the initial recloser settings (see Enable Autore-
close Logic for Two Circuit Breakers on page 6.22) and the trip logic enable set-
tings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.9).

Single-Pole Mode
Figure 6.11 shows the one circuit breaker single-pole autoreclose cycle 79CY1. 
The cycle starts when Relay Word bit SPARC asserts. The recloser waits as long 
as 10 cycles for the circuit breaker to open (indicated by Relay Word bit SPO) 
and then begins timing SPOID (Single-Pole Open Interval Delay) when the cir-
cuit breaker opens. After single-pole open interval time SPOID expires, the relay 
recloses the circuit breaker if supervisory condition SP1CLS (Single-Pole BK1 
Reclose Supervision) is satisfied within the duration of timer BK1CLSD (BK1 
Reclose Supervision Delay).

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires.

SPRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer SPRCD (Single-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit SPLSHT (Single-
Pole Reclose Last Shot). When SPLSHT is asserted, the recloser forces all subse-
quent relay trips to three-pole only mode.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via one of the following three methods while 
SPLSHT is asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer SPRCD expires. 

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 
79CY3. 

➤ If a fault occurs during the SPRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example) 
the recloser exits the 79CY1 cycle state and goes to the lockout state 
BK1LO.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer SPRCD expires.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, the recloser asserts SPARC for single-pole initiate conditions 
and returns to the beginning of the 79CY1 cycle state; the recloser 
increments the shot counter and begins the next open interval timer. 

NOTE: Single-pole mode is only 
supported in relays that provide 
single-pole breaker control.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PR1 is logical 1, for example) and 
proceeds to the autoreclose three-pole cycle state 79CY3. 

➤ If a multiphase fault occurs during the SPRCD reclaim time, and the 
three-pole reclose conditions are not satisfied (E3PR1 is logical 0, for 
example), the recloser exits the 79CY1 cycle state and goes to the 
lockout state BK1LO. 

Lockout State From 79CY1

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(NSPSHOT).

➤ Supervision condition SP1CLS fails to assert in BK1CLSD time.

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening).

➤ The circuit breaker fails to close within BKCFD time.

➤ Any time Relay Word bit 79DTL asserts.

Three-Pole Mode 
Figure 6.12 shows the one circuit breaker autoreclose cycle 79CY3. The cycle 
starts when Relay Word bit 3PARC asserts. The recloser checks SELOGIC control 
equation 79SKP at this point to determine whether to increment the shot counter. 
The recloser waits indefinitely for the circuit breaker to open, as indicated by 
Relay Word bit 3POLINE. The recloser begins timing 3POID1 (Three-Pole Open 
Interval 1 Delay) when the circuit breaker opens. After the open interval time 
3POID1 expires, the relay asserts Relay Word bit BK1CL to reclose the circuit 
breaker if supervisory condition 3P1CLS (Three-Pole BK1 Reclose Supervision) 
is satisfied within the duration of timer BK1CLSD (BK1 Reclose Supervision 
Delay). 

At the reclose command, the recloser starts timer BKCFD (Breaker Close Failure 
Delay). If the circuit breaker fails to close, the recloser goes to lockout (BK1LO) 
after timer BKCFD expires. 

3PRCD Reclaim Timing

If the circuit breaker closes, the recloser starts timer 3PRCD (Three-Pole 
Reclaim Time Delay). The recloser determines subsequent state transitions 
during reclaim timing according to the status of Relay Word bit 3PLSHT (Three-
Pole Reclose Last Shot). 

3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via one of the following two methods while 
3PLSHT is asserted:

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after reclaim timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
exits the 79CY3 cycle state and goes to the lockout state BK1LO. 
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3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits three possible state transitions when 3PLSHT is not asserted: 

➤ If no further trip conditions occur, the recloser goes to the reset state 
BK1RS after timer 3PRCD expires. 

➤ If a fault occurs during the 3PRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied (E3PR1 is logical 1, for example) and returns to the 
beginning of the 79CY3 cycle state; the recloser increments the shot 
counter and begins the next open interval timer. 

➤ If a fault occurs during the 3PRCD reclaim time, and the three-pole 
reclose conditions are not satisfied (E3PR1 is logical 0, for example), 
the recloser exits the 79CY3 cycle state and goes to the lockout state 
BK1LO.

Lockout State From 79CY3

The recloser goes to lockout (BK1LO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots 
(N3PSHOT)

➤ Supervision condition 3P1CLS fails to assert in BK1CLSD time

➤ Relay Word bit 3POLINE asserts (for a circuit breaker manual 
opening)

➤ The circuit breaker fails to close within BK1CFD time

➤ Relay Word bit 79DTL asserts

Single- and Three-Pole Mode
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.5. The recloser closes the circuit breaker and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.6.

Three-Pole Priority 
If a single-pole autoreclose cycle 79CY1 is in progress and the relay receives an 
initiation for three-pole reclosing 3PRI, the recloser immediately starts a three-
pole autoreclose cycle 79CY3.

Active Circuit Breakers
Two Relay Word bits describe when Circuit Breaker 1 is active for the autore-
close logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

NOTE: Single- and three-pole mode 
is only supported in breakers that 
provide single-pole breaker control.
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NBK1 equals logical 1 when Circuit Breaker 1 is closed and the autoreclose logic 
is reset, or if the autoreclose logic is in an autoreclose cycle (79CY1 or 79CY3). 
NBK0 equals logical 1 when Circuit Breaker 1 is open and not in an autoreclose 
cycle (79CY1 or 79CY3), or if the autoreclose logic is locked out (BK1LO).

Enable Autoreclose Logic for One Circuit Breaker
Three-Pole Trip Circuit Breaker

The initial settings necessary to enable autoreclose for a single three-pole trip cir-
cuit breaker are shown in Table 6.2.

                    

Single-Pole Trip Circuit Breaker
The initial settings necessary to enable autoreclose for one single-pole trip circuit 
breaker are shown in Table 6.3.

                    

Recloser Mode Enables
The SELOGIC control equations E3PR1 and ESPR1 are used to set the relay auto-
reclose modes. Table 6.4 illustrates how to enable the autoreclose modes for Cir-
cuit Breaker 1.

Table 6.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applies to relays that support single-pole breaker operations.

Breaker 1 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC control equation) IN101

Relay Configuration (Group)

E79 Reclosing Y

Table 6.3 One-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

General Global Settings (Global)

NUMBK Number of Breakers in Scheme 1

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Relay Configuration (Group)

E79 Reclosing Y
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When E3PR1 
equals logical 1, the relay can attempt a three-pole autoreclose cycle for Circuit 
Breaker 1. If E3PR1 equals logical 0, the relay goes to lockout following a three-
pole trip for Circuit Breaker 1.

ESPR1 is the SELOGIC control equation that enables single-pole autoreclose for 
Circuit Breaker 1. You can assign this setting to a control input. When ESPR1 
equals logical 1, the relay can attempt a single-pole autoreclose cycle for Circuit 
Breaker 1. If ESPR1 equals logical 0, the relay cannot initiate a single-pole auto-
reclose cycle.

Set either or both E3PR1 and ESPR1 according to your reclosing requirements 
and relay reclosing capabilities. For single-pole reclosing, set ESPR1 to evaluate 
to logical 1 and set NSPSHOT to the desired number of single-pole reclose shots. 
For three-pole reclosing, set E3PR1 to evaluate to logical 1 and set N3PSHOT for 
the desired number of three-pole shots. For both single-pole and three-pole 
reclosing, set ESPR1 to evaluate to logical 1, set E3PR1 to evaluate to logical 1, 
and configure settings NSPSHOT and N3PSHOT for the desired number of 
reclose shots of each type (see Recloser Mode Enables on page 6.8).

Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(recloser three-pole trip enable) and R3PTE1 (recloser three-pole trip enable Cir-
cuit Breaker 1) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := R3PTE1 Breaker 1 3PT (SELOGIC equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing. Enter enable settings ESPR1 and E3PR1 as appropriate for 
your application.

Relay Word bits R3PTE and R3PTE1 are logical 1 for either of the following 
conditions when the setting NUMBK (number of breakers in scheme) is logical 1 
and SPLSHT (single-pole last shot) is asserted (see Figure 6.9):

➤ BK1TYP := 3 (Breaker 1 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Table 6.4 One Circuit Breaker Modes of Operation

E3PR1 ESPR1a

a ESPR1 only applies to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT and E3PT1 via a control input (for example):

E3PT := NOT IN104 Three-Pole Trip Enable (SELOGIC equation)

E3PT1 := NOT IN104 Breaker 1 3PT (SELOGIC equation)

Connect the external recloser single-pole trip output signal to IN104. Other exter-
nal recloser signals are required; consult the external recloser documentation for 
interconnection with the relay.

Two-Circuit-Breaker Autoreclosing
Modes

The autoreclose logic can operate in one of three modes, depending upon the 
relay reclose capabilities:

➤ Single-pole mode (SPAR)

➤ Three-pole mode (3PAR)

➤ Single- and three-pole mode (SPAR/3PAR)

Relay settings ESPRn (Single-Pole Reclose Enable—BKn) and E3PRn (Three-
Pole Reclose Enable—BKn) determine the autoreclose mode (see Recloser Mode 
Enables on page 6.8). These settings are inputs to the recloser initiation Relay 
Word bits SPARC (Single-Pole Reclose Initiate Qualified) and 3PARC (Three-
Pole Reclose Initiate Qualified); see Figure 6.9 and Figure 6.10. SPARC asserts 
when all necessary conditions to begin a single-pole autoreclose cycle are satis-
fied (ESPRn, for example) and the recloser receives a single-pole reclose initia-
tion SPRI (see Figure 6.9). Relay Word bit 3PARC asserts when all necessary 
conditions to begin a three-pole autoreclose cycle are satisfied (E3PRn, for exam-
ple) and the recloser receives a three-pole reclose initiation 3PRI (see 
Figure 6.10).

Single-pole recloser settings also include the initial recloser settings (see Enable 
Autoreclose Logic for One Circuit Breaker on page 6.8) and the trip logic enable 
settings E3PT, E3PT1, and E3PT2. When SELOGIC control equations E3PT, 
E3PT1, and E3PT2 are deasserted, a single-pole reclose follows a single-pole 
trip; when these SELOGIC control equations are asserted, only three-pole tripping 
and reclosing result (see Trip Logic and Reclose Sources for Single-Pole Breaker 
Applications on page 6.25).

Single-Pole Mode
Figure 6.13 and Figure 6.14 show the two circuit breaker single-pole autoreclose 
cycle 79CY1 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit SPARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2.

The recloser checks for an SPO (Single-Pole Open) condition for either the 
leader or follower, and waits as long as 10 cycles for the circuit breakers to open. 
If the leader or follower shows a single-pole open inside the 10-cycle window, the 

NOTE: In the following discussion, 
n = 1 or 2 for Circuit Breaker BK1 or 
BK2.
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recloser proceeds to timing SPOID (Single-Pole Open Interval Delay). The 
recloser goes to lockout if the circuit breakers fail to open (no close attempts fol-
low). If an evolving fault results in a three-pole trip condition that asserts 3PARC, 
then the recloser exits the 79CY1 cycle and goes to the three-pole cycle 79CY3. 
When E79 := Y1, a Single-Pole Open Interval Supervision Condition (SPOISC) 
must be satisfied before the recloser can proceed to timing SPOID. If the supervi-
sory condition is not met within the duration of timer SPOISD (Single-Pole Open 
Interval Supervision Delay), the recloser goes to lockout.

After single-pole open interval time SPOID expires, the recloser closes the leader 
if the single-pole open condition is still in effect and supervisory condition 
SPnCLS (Single-Pole BKn Reclose Supervision) is satisfied within the duration 
of timer BKnCLSD (BKn Reclose Supervision Delay). If the leader circuit 
breaker has more than one pole open at the end of the SPOID time, the recloser 
sends the leader to lockout BKnLO. 

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
after timer BKCFD expires. If the leader closes within the BKCFD time, the 
recloser goes to SPRCD (Single-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted. 

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a single-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). If multiple poles of the follower circuit breaker are open, the recloser 
sends the follower to lockout BKnLO. When TBBKD expires, the recloser closes 
the follower breaker if FBKCEN (Follower Breaker Closing Enable) is asserted 
and supervisory condition SPnCLS is satisfied within the duration of timer 
BKnCLSD. At the follower close command, the recloser starts timer BKCFD 
(Breaker Close Failure Delay). If the follower fails to close, the recloser sends the 
follower to lockout after timer BKCFD expires. If the leader circuit breaker is not 
in lockout, the recloser begins timing SPRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the SPRCD (Single-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted. 

SPRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit SPLSHT (Single-Pole Reclose Last 
Shot). When SPLSHT is asserted, the recloser forces all subsequent relay trips to 
three-pole only mode.

SPLSHT Deasserted (Single-Pole Shot Remains)

The recloser exhibits four possible state transitions when SPLSHT is not asserted: 

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a single-phase fault occurs while the SPRCD reclaim timer is 
timing, then the recloser asserts SPARC if all single-pole initiate 
conditions are satisfied and goes to the beginning of the 79CY1 
cycle. The recloser then recalculates and freezes the calculation for 
the number of active circuit breakers, the leader, and the follower. 
The recloser then increments the shot counter and begins the next 
open interval timer.
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➤ If a multiphase fault occurs during the SPRCD reclaim time, then the 
recloser asserts Relay Word bit 3PARC if all three-pole reclose 
conditions are satisfied (E3PRn is logical 1, for example) and recalculates 
the number of active circuit breakers, the leader, and the follower before 
proceeding to the autoreclose three-pole cycle state 79CY3.

➤ If a multiphase fault occurs during the SPRCD reclaim time, 
SPLSHT is not asserted, and the three-pole reclose conditions are not 
satisfied (E3PRn is logical 0, for example) and the recloser exits the 
79CY1 cycle state and goes to the lockout state BKnLO.

SPLSHT Asserted (Last Shot)

The recloser exits the 79CY1 state via three methods while SPLSHT is asserted:

➤ If no further trip conditions occur and timer SPRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs during the SPRCD reclaim time, then the recloser 
asserts Relay Word bit 3PARC if all three-pole reclose conditions are 
satisfied and proceeds to the autoreclose three-pole cycle state 79CY3.

➤ If a fault occurs during the SPRCD reclaim time and the three-pole 
reclose conditions are not satisfied (E3PRn is logical 0, for example), 
then the recloser exits the 79CY1 cycle state and goes to the lockout 
state BknLO.

Lockout State From 79CY1

The recloser goes to lockout (BKnLO) when the number of trips exceeds the 
maximum number of shots (NSPSHOT), supervision condition SPnCLS fails to 
assert in BKnCLSD time, Relay Word bit 3POLINE asserts (for a circuit breaker 
manual opening), the circuit breaker fails to close within BKCFD time, or any 
time Relay Word bit 79DTL asserts.

Three-Pole Mode
Figure 6.15 and Figure 6.16 show the two circuit breaker three-pole autoreclose 
cycle 79CY3 when E79 := Y and E79 := Y1, respectively. The cycle starts when 
Relay Word bit 3PARC asserts. The recloser freezes calculation of the number of 
breakers, the leader circuit breaker, and the follower circuit breaker. Depending 
on the calculation, the recloser asserts the appropriate Relay Word bits NBK0, 
NBK1, NBK2, LEADBK0, LEADBK1, LEADBK2, FOLBK0, FOLBK1, and 
FOLBK2. The recloser checks SELOGIC control equation 79SKP at this point to 
determine whether to increment the shot counter.

The recloser waits for 3POLINE to assert:

➤ if E79 := Y, 3POLINE asserts when both breakers (leader and 
follower) open (see Figure 6.15)

➤ if E79 := Y1, 3POLINE asserts when at least one breaker (leader or 
follower) opens (see Figure 6.16) 

If 3POLINE asserts within the 3PRIH time delay, the recloser proceeds to timing 
3POID1 (Three-Pole Open Interval 1 Delay). If 3POLINE fails to assert within 
the 3PRIH time-delay setting, the recloser goes to lockout. If the 3PRIH 
setting = OFF, the recloser will wait indefinitely for 3POLINE to assert before 
proceeding to timing 3POID1. If SELOGIC control equation 3PFARC (Three-
Pole Fast ARC Enable) is asserted, the recloser times the open interval time from 
setting 3PFOID (Three-Pole Fast Open Interval Delay). When E79 := Y1, a 
Three-Pole Open Interval Supervision Condition (3POISC) must be satisfied 

NOTE: The recloser logic is only 
processed every 1 cycle. To ensure 
proper timing and to avoid going to 
lockout unnecessarily, add an 
additional 1 cycle to the 3PRIH setting 
to properly account for processing 
delays.
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before the recloser can proceed to timing 3POID1. If the supervisory condition is 
not met within the duration of timer 3POISD (Three-Pole Open Interval Supervi-
sion Delay), the recloser goes to lockout.

After three-pole open interval time 3POID or 3PFOID expires.

➤ and E79 := Y, the recloser attempts to close the leader breaker, as 
discussed below (first checking the supervisory condition 3PnCLS).

➤ and E79 := Y1, the recloser checks if the leader breaker is open. If 
open, it attempts to close the leader breaker, as discussed below (first 
checking the supervisory condition 3PnCLS). If the leader breaker is 
closed (it never opened at the outset), the recloser skips the leader 
breaker close logic and attempts to close the follower breaker, as 
discussed further below (first checking for two active breakers and an 
open follower breaker, before starting timer TBBKD [Time Between 
Breakers for ARC]).

The recloser closes the leader if supervisory condition 3PnCLS (Three-Pole BKn 
Reclose Supervision) is satisfied within the duration of timer BKnCLSD (BKn 
Reclose Supervision Delay).

At the leader close command, the recloser starts timer BKCFD (Breaker Close 
Failure Delay). If the leader fails to close, the recloser sends the leader to lockout 
BKnLO after timer BKCFD expires. If the leader closes within the BKCFD time, 
the recloser goes to 3PRCD (Three-Pole Reclaim Time Delay) reclaim timing if 
NBK1 is asserted, or prepares to close the follower circuit breaker if NBK2 is 
asserted.

To close the follower circuit breaker, the recloser checks for two active circuit 
breakers in the scheme. If NBK2 is asserted, the recloser checks for a three-pole 
open on the follower and starts timer TBBKD (Time Between Breakers For 
ARC). When TBBKD expires, the recloser closes the follower breaker if FBK-
CEN (Follower Breaker Closing Enable) is asserted and supervisory condition 
3PnCLS is satisfied within the duration of timer BKnCLSD. At the follower 
close command, the recloser starts timer BKCFD (Breaker Close Failure Delay). 
If the follower fails to close, the recloser sends the follower to lockout after timer 
BKCFD expires. If the leader circuit breaker is not in lockout, the recloser begins 
timing 3PRCD reclaim time for the leader.

If the follower breaker closes successfully, the recloser starts the 3PRCD (Three-
Pole Reclaim Time Delay) timer if 79BRCT (Block Reclaim Timer) is not asserted.

3PRCD Reclaim Timing

The recloser determines subsequent state transitions during reclaim timing 
according to the status of Relay Word bit 3PLSHT (Three-Pole Reclose Last Shot).

3PLSHT Deasserted (Three-Pole Shot Remains)

The recloser exhibits two possible state transitions when 3PLSHT is not asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS.

➤ If a fault occurs while the 3PRCD reclaim timer is timing, then the 
recloser asserts 3PARC if all three-pole initiate conditions are 
satisfied and goes to the beginning of the 79CY3 cycle. The recloser 
then recalculates and freezes the number of active circuit breakers, 
the leader, and the follower. The recloser then increments the shot 
counter and begins the next open interval timer.
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3PLSHT Asserted (Last Shot)

The recloser exits the 79CY3 state via two methods while 3PLSHT is asserted:

➤ If no further trip conditions occur and timer 3PRCD expires, the 
recloser returns to the reset states BKnRS. 

➤ If a fault occurs during the 3PRCD reclaim time and 3PLSHT is 
asserted, then the recloser goes to lockout BKnLO.

Lockout State From 79CY3

The recloser goes to lockout (BKnLO) when any of the following occur:

➤ The number of trips exceeds the maximum number of shots (N3PSHOT)

➤ Supervision condition 3PnCLS fails to assert in BKnCLSD time

➤ Relay Word bit 3POLINE asserts for a circuit breaker manual 
opening (no qualified autoreclose initiation 3PARC)

➤ The circuit breaker fails to close within BKCFD time

➤ SELOGIC equation 79DTL asserts

Single- and Three-Pole Mode 
The single- and three-pole mode (SPAR/3PAR) uses elements of both the single-
pole mode (SPAR) and the three-pole mode (3PAR). Reclosing begins after a sin-
gle-pole trip in the single-pole cycle 79CY1 with a valid SPARC as described in 
Single-Pole Mode on page 6.10. The recloser closes the circuit breakers and pro-
ceeds to the reclaim timer SPRCD. If a fault occurs during the SPRCD reclaim 
time and SPLSHT is asserted, then the recloser asserts Relay Word bit 3PARC if 
all three-pole reclose conditions are satisfied. Upon asserting 3PARC, the 
recloser exits the 79CY1 cycle state and goes to the beginning of the three-pole 
autoreclose cycle state 79CY3. The recloser proceeds through the 79CY3 state 
and exits this state as described in Three-Pole Mode on page 6.12.

Three-Pole Priority
If a single-pole autoreclose cycle is in progress (79CY1) and the relay receives an 
initiation for three-pole reclosing (3PRI), the recloser immediately starts a three-
pole autoreclose cycle (79CY3).

Active Circuit Breakers
The following three Relay Word bits describe when Circuit Breaker BK1 and 
Circuit Breaker BK2 are active for the autoreclose logic:

➤ NBK0, No Breaker Active in Reclose Scheme

➤ NBK1, One Breaker Active in Reclose Scheme

➤ NBK2, Two Breakers Active in Reclose Scheme

Leader and Follower Circuit Breakers
One circuit breaker is the leader and the other is the follower for circuit breaker-
and-a-half and ring-bus arrangements. Figure 6.2 illustrates a multiple circuit 
breaker arrangement. The leader recloses first. If the leader recloses successfully, 
the follower also typically recloses. 
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Choose Circuit Breaker BK1 as the leader and Circuit Breaker BK2 as the fol-
lower. If Circuit Breaker BK1 is out of service (for maintenance, for example), 
the relay can automatically make Circuit Breaker BK2 the leader.

The relay freezes the leader, follower, and number of active circuit breaker desig-
nations during an autoreclose cycle. If the logic receives another reclose initia-
tion, the relay reevaluates the leader, follower, and number of active circuit 
breaker designations. The logic considers a circuit breaker out of service if the 
circuit breaker goes to lockout, and declares a circuit breaker to be in service as 
soon as the circuit breaker closes and is no longer in lockout.

Leader Logic
Relay settings SLBK1 (Leader Breaker = Breaker 1) and SLBK2 (Leader 
Breaker = Breaker 2) SELOGIC control equations determine the criteria for relay 
selection of the active leader. Set SLBK1 := 1 to select Circuit Breaker BK1 as 
the leader; set SLBK2 := 1 to select Circuit Breaker BK2 as the leader. SLBK1 
has priority over SLBK2; if you set both settings to 1 or both to 0, Circuit 
Breaker BK1 is the leader.

Circuit Breaker BK1 is the leader for the following conditions:

➤ BK1 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK1 is selected as the leader 
(SLBK1 := 1)

➤ BK1 and BK2 are in service and the setting combination SLBK1 := 0 
and SLBK2 := 1 is not in effect

Circuit Breaker BK2 is the leader for the following conditions:

➤ BK2 is the only circuit breaker in service

➤ BK1 and BK2 are in service and BK2 is selected as the leader 
(SLKBK1 := 0 and SLBK2 := 1)

➤ If neither circuit breaker is in service, there is no leader

The following three Relay Word bits describe which circuit breaker is the leader:

➤ LEADBK0, No Breaker In Service

➤ LEADBK1, Leader Breaker = Breaker 1

➤ LEADBK2, Leader Breaker = Breaker 2

The relay loads the corresponding circuit breaker settings into the leader Relay 
Word bits (LEADBK0, LEADBK1, and LEADBK2). If there is no leader (no cir-
cuit breaker is active), the relay loads a logical 0 into LEADBK1 and LEADBK2, 
and a logical 1 into LEADBK0.

                    

Figure 6.2 Multiple Circuit Breaker Arrangement

Bus 1

(Leader) (Follower)

Line

Bus 2

BK2BK1
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Follower Logic
The FBKCEN SELOGIC control equation, Follower Breaker Closing Enable, 
defines the conditions necessary for the follower breaker to reclose.

The relay selects the follower as follows:

➤ If Circuit Breaker BK1 is the leader and Circuit Breaker BK2 is not 
locked out, then Circuit Breaker BK2 is the follower.

➤ If Circuit Breaker BK2 is the leader and Circuit Breaker BK1 is not 
locked out, then Circuit Breaker BK1 is the follower.

➤ If fewer than two circuit breakers are in service (NBK0 or NBK1 is 
asserted), then there is no follower.

The following three Relay Word bits describe which circuit breaker is the follower:

➤ FOLBK0, No Follower Breaker

➤ FOLBK1, Follower Breaker = Breaker 1

➤ FOLBK2, Follower Breaker = Breaker 2

If there is no follower (in the case of only one circuit breaker, for example), the 
relay loads a logical 0 into the follower SELOGIC control equation FBKCEN.

Dynamic Selection of Leader and Follower Circuit Breakers
The relay dynamically selects the leader and follower circuit breakers during the 
reclose cycle. The relay calculates the leader in the ready (reset) state. At the start 
of the reclose cycle, the relay freezes this calculation and sets circuit breaker des-
ignations. The leader/follower designation can dynamically change in the cycle if 
the leader circuit breaker goes to lockout and FBKCEN is asserted.

Set the initial leader/follower designation and follower close conditions with set-
tings SLBK1 (Lead Breaker = Breaker 1), SLBK2 (Lead Breaker = Breaker 2), 
and FBKCEN (Follower Breaker Closing Enable). Table 6.5 shows the permuta-
tions of these settings.

                    

Table 6.5 Dynamic Leader/Follower Settings (Sheet 1 of 2)

SLBK1 SLBK2 FBKCEN Comments

0 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.

0 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1.

0 1 0 BK2 is the leader; BK1 is the leader only if BK2 LO and 
BK1 is closed. BK1 will not close as the follower upon 
successful close of leader BK2.

0 1 1 BK2 is the leader; BK1 is the leader only if BK2 LO. 
BK1 will close if BK2 LO after BKCFD. BK1 will close 
as the follower after TBBKD upon successful close of the 
leader BK1. 

1 0 0 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will not close as the follower upon 
successful close of leader BK1.
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Circuit Breaker BK1 is always the leader if SLBK1 is asserted and BK1 is not 
locked out. Circuit Breaker BK2 is the leader if SLBK2 is asserted, BK2 is not 
locked out, and SLBK1 is not asserted. The second circuit breaker can become 
the leader when the leader is locked out.

Setting FBKCEN does not pick the follower, but decides when the second circuit 
breaker can reclose. If the leader goes to lockout, then the follower goes to lock-
out if FBKCEN := 0. If, however, the leader is manually opened, the follower 
breaker can become the leader (after being manually closed) and can close via a 
reclose cycle if FBKCEN := 1. If you want the follower breaker to close only for 
specific conditions, use the enable settings to force this close requirement. For 
example, Circuit Breaker BK2 can dynamically become the leader if BK1 is 
locked out and BK2 is closed. If you do not want BK2 to become the leader, set 
FBKCEN := 52AA1. Also see Example One: No Follower on page 6.17 for 
another method to prevent BK2 from becoming the leader.

The following examples help illustrate how the relay autoreclose logic dynami-
cally determines the leader and follower circuit breakers. These examples 
describe a two circuit breaker scheme (such as used in a circuit breaker-and-a-
half arrangement) as shown in Figure 6.3.

Example One: No Follower
This example describes recloser states when Circuit Breaker BK1 fails to reclose 
following the first three-pole open interval delay. Set the FBKCEN SELOGIC 
control equation to prevent Circuit Breaker BK2 from closing as the follower. 
The leader and follower selection settings are shown in Table 6.6. 

                    

1 0 1 BK1 is the leader; BK2 is the leader only if BK1 LO and 
BK2 is closed. BK2 will close as the follower if BK1 LO 
after BKCFD. BK2 will close as the follower upon suc-
cessful close of the leader BK1. 

1 1 0 Same as 1/0/0.

1 1 1 Same as 1/0/1.

1 0 52AA1 BK1 is the leader; BK2 to LO is the leader if BK1 LO. 
BK2 will close as the follower after TBBKD upon success-
ful close of the leader BK1.

Table 6.5 Dynamic Leader/Follower Settings (Sheet 2 of 2)

SLBK1 SLBK2 FBKCEN Comments

                    

Figure 6.3 Multiple Circuit Breaker Arrangement

Bus 1

(Leader) (Follower)

Line

Three-phase fault

Bus 2

BK2BK1
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Reset State and 79CY3 Cycle State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.7 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Lockout State

Circuit Breaker BK1 fails to close when the first three-pole open interval expires 
and goes to lockout. Circuit Breaker BK2 goes to lockout. Table 6.8 defines the 
logical state of the autoreclose logic at this point.

                    

Reset State After Reclaim Time

Circuit Breaker BK2 is manually closed and now becomes active as the leader 
after 3PMRCD (Manual Close Reclaim Time Delay). Subsequent reclosing 
occurs with BK2. Table 6.9 defines the logical state of the autoreclose logic at 
this point.

Table 6.6 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 0

Table 6.7 Example One: Reset and 79CY3 States

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.8 Example One: Lockout State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0
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Block Reclosing With Enable Settings

To block BK2 as leader use the enable settings; set ESPR2 := NBK2 and 
E3PR2 := NBK2. With these enable settings BK2 never becomes the leader cir-
cuit breaker.

Example Two: BK2 as Successful Follower and Dynamic Leader
Another example is similar to the first with SLBK1/SLBK2/FBKCEN at 1/0/1 
(see Table 6.10).

                    

Reset State 
Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. At the start of the reclose cycle, Relay Word bits 
LEADBK1, FOLBK2, and NBK2 are asserted (see Table 6.11). 

                    

Table 6.9 Example One: Reset State After Reclaim Time

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.10 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 1

Table 6.11 Example Two: Initial Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1
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When BK1 successfully recloses, BK2 closes as the follower after timer TBBKD 
(Time Between Breakers for ARC). 

If BK1 goes to lockout during a reclose cycle (after BKCFD time), then BK2 will 
close as the follower. After timer 3PRCD (Three-Pole Reclaim Time Delay) 
expires, the recloser enters the reset state for BK2 (BK2RS). The recloser dynam-
ically recalculates the leader and follower circuit breakers. BK2 becomes the 
leader with Relay Word bits LEADBK2, FOLBK0, and NBK1 asserted (see 
Table 6.12). When BK2 becomes the leader, the recloser immediately issues the 
close command to BK2 and does not add any additional SPOID or 3POID inter-
val time.

                    

Example Three: BK2 as Conditional Follower
One method to program BK2 for closing only after a successful BK1 close is to 
set SLBK1/SLBK2/FBKCEN as in Table 6.13.

                    

Reset State

Prior to receiving initiation for a three-phase fault, the autoreclose logic resets for 
both circuit breakers. Table 6.14 defines the logical state of the autoreclose logic 
for this example prior to the initiation of an autoreclose cycle.

                    

Table 6.12 Example Two: Final Reset State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Table 6.13 Leader/Follower Selection

Setting Label Value

SLBK1 1

SLBK2 0

FBKCEN 52AA1

Table 6.14 Example Three: Reset State (Sheet 1 of 2)

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0
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79CY3 Cycle State

The autoreclose logic receives a three-pole initiation. Table 6.15 defines the logi-
cal state of the autoreclose logic for this example during the three-pole autore-
close cycle.

                    

BK2 closes as the follower when BK1 successfully closes (after timer TBBKD).

Lockout State

Circuit Breaker BK1 must close before Circuit Breaker BK2. If Circuit Breaker 
BK1 fails to close and goes to lockout, then Circuit Breaker BK2 goes to lockout 
as well because BK2 cannot close as the follower and cannot dynamically 
become the leader. Table 6.16 defines the logical state of the autoreclose logic for 
this example following the unsuccessful reclose attempt.

                    

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.14 Example Three: Reset State (Sheet 2 of 2)

Relay Word Bit Description Logical State

Table 6.15 Example Three: Three-Pole Cycle State

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 1

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 1

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 0

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 1

Table 6.16 Example Three: Lockout State, BK

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 1

NBK1 One Breaker Active in Reclose Scheme 0

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 1

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 0

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0



6.22

SEL-400 Series Relays Instruction Manual Date Code 20230830

Autoreclosing
Two-Circuit-Breaker Autoreclosing

Example Four: Input Selection of Leader
Figure 6.4 illustrates a circuit breaker-and-a half configuration for this particular 
example. The leader and follower selection settings are shown in Table 6.17. Cir-
cuit Breaker BK1 is out of service for maintenance and Disconnect Switch 1 is 
open.

                    

                    

Table 6.18 defines the logical state of the autoreclose logic for this example prior 
to the initiation of an autoreclose cycle. These conditions are frozen during an 
autoreclose cycle. The relay autoreclose logic can unfreeze these conditions if the 
relay receives another initiation.

                    

Enable Autoreclose Logic for Two Circuit Breakers
Three-Pole Trip Circuit Breakers

The initial settings necessary to enable autoreclose for two three-pole trip circuit 
breakers are shown in Table 6.19.

Table 6.17 Leader/Follower Selection

Setting Label Setting

SLBK1 IN106 (Disconnect 1 a contacts)

SLBK2 IN107 (Disconnect 2 a contacts)

FBKCEN 0

                    

Figure 6.4 Leader/Follower Selection by Relay Input

Table 6.18 Two Circuit Breakers: Circuit Breaker BK1 Out of Service

Relay Word Bit Description Logical State

NBK0 No Active Breakers in Reclose Scheme 0

NBK1 One Breaker Active in Reclose Scheme 1

NBK2 Two Active Breakers in Reclose Scheme 0

LEADBK0 No Leader Breaker 0

LEADBK1 Leader Breaker = Breaker 1 0

LEADBK2 Leader Breaker = Breaker 2 1

FOLBK0 No Follower Breaker 1

FOLBK1 Follower Breaker = Breaker 1 0

FOLBK2 Follower Breaker = Breaker 2 0

Bus 1

(Leader)

Line

to
IN106

to
IN107

Out of Service 
(maintenance)

Bus 2

BK2BK1
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Single-Pole Trip Circuit Breakers
The initial settings necessary to enable autoreclose for two single-pole trip circuit 
breakers are shown in Table 6.20. 

                    

Recloser Mode Enables
The SELOGIC control equations E3PRn and ESPRn set the relay for the three 
autoreclose modes. Table 6.21 and Table 6.22 illustrate how to enable the autore-
close modes per circuit breaker.

                    

Table 6.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYPa

a Only applicable to products that support single-pole tripping and reclosing.

Breaker 1 Trip Type 3

BK2TYPa Breaker 2 Trip Type 3

Breaker 1 Inputs (Breaker Monitor)

52AA1 N/O Contact Input—BK1 (SELOGIC Equation) IN101

Breaker 2 Inputs (Breaker Monitor)

52AA2 N/O Contact Input—BK2 (SELOGIC Equation) IN102

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.20 Two-Circuit-Breaker Single-Pole Reclose Initial Settings

Setting Description Entry

NUMBK Number of Breakers in Scheme 2

Breaker Configuration (Breaker Monitor)

BK1TYP Breaker 1 Trip Type 1

BK2TYP Breaker 2 Trip Type 1

Breaker 1 Inputs (Breaker Monitor)

52AA1 A-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN101

52AB1 B-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN102

52AC1 C-Phase N/O Contact Input—BK1 (SELOGIC Equation) IN103

Breaker 2 Inputs (Breaker Monitor)

52AA2 A-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN104

52AB2 B-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN105

52AC2 C-Phase N/O Contact Input—BK2 (SELOGIC Equation) IN106

Relay Configuration (Group)

E79 Reclosing Y or Y1

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 1 of 2)

E3PR1 ESPR1a Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled
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E3PR1 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK1. You can assign this setting to a control input. ESPR1 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK1. You can assign this setting to a control input.

When ESPR1 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK1. If ESPR1 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK1.

When E3PR1 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK1. If E3PR1 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK1 and the corresponding 
leader logic transfers automatically to Circuit Breaker BK2.

                    

E3PR2 is the SELOGIC control equation that enables three-pole autoreclose for 
Circuit Breaker BK2. You can assign this setting to a control input. ESPR2 is the 
SELOGIC control equation that enables single-pole autoreclose for Circuit 
Breaker BK2. You can assign this setting to a control input.

When ESPR2 equals logical 1, the relay can attempt a single-pole autoreclose 
cycle for Circuit Breaker BK2. If ESPR2 equals logical 0, the relay cannot initi-
ate a single-pole autoreclose cycle for Circuit Breaker BK2.

When E3PR2 equals logical 1, the relay can attempt a three-pole autoreclose 
cycle for Circuit Breaker BK2. If E3PR2 equals logical 0, the relay goes to lock-
out following a three-pole trip for Circuit Breaker BK2.

Assert one or all SELOGIC control equations E3PR1, E3PR2, ESPR1, and ESPR2 
according to your reclosing requirements.

For single-pole reclosing, set ESPR1 := 1 and set NSPSHOT to the desired num-
ber of single-pole reclose shots. For three-pole reclosing, set E3PR1 := 1 and set 
N3PSHOT for the desired number of three-pole shots. For both single-pole and 
three-pole reclosing, set ESPR1 := 1, E3PR1 := 1, and configure settings NSP-
SHOT and N3PSHOT for the desired number of reclose shots of each type (see 
Recloser Mode Enables on page 6.8).

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

a Only applicable to relays that support single-pole reclosing.

Table 6.22 Circuit Breaker BK2 Modes of Operation

E3PR2 ESPR2a

a Only applicable to relays that support single-pole reclosing.

Result

0 0 Autoreclose disabled

0 1 Single-pole autoreclose only enabled

1 0 Three-pole autoreclose only enabled

1 1 Single- and three-pole autoreclose enabled

Table 6.21 Circuit Breaker BK1 Modes of Operation (Sheet 2 of 2)

E3PR1 ESPR1a Result
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Trip Logic and Reclose Sources for Single-Pole Breaker Applications
Internal Recloser

Program the recloser function to drive the trip logic with Relay Word bits R3PTE 
(Recloser Three-Pole Trip Enable), R3PTE1 (Circuit Breaker BK1 Recloser 
Three-Pole Trip Enable) and R3PTE2 (Circuit Breaker BK2 Recloser Three-Pole 
Trip Enable) as follows:

E3PT := R3PTE Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := R3PTE1 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := R3PTE2 Breaker 2 Three-Pole Trip (SELOGIC Equation)

These settings connect the internal recloser for both three-pole reclosing and sin-
gle-pole reclosing.

Enter enable settings ESPR1 and E3PR1 as appropriate for your application. By 
default, the relay is a single-pole tripping relay; that is, if E3PT is logical 0 and 
E3PT1 equals logical 0, the relay can single-pole trip Circuit Breaker BK1. If 
E3PT1 equals logical 1, the relay can only three-pole trip Circuit Breaker BK1. 
The same conditions apply to setting E3PT2 and Circuit Breaker BK2.

Table 6.23 summarizes the relay trip logic enable options.

                    

Relay Word bits R3PTE1 and R3PTE2 both equal logical 1 for any of the follow-
ing conditions when Global setting NUMBK (Number of Breakers in Scheme) is 
2 and SPLSHT (Single-Pole Last Shot) is asserted (see Figure 6.9):

➤ BK1TYP and BK2TYP equal 3 (Circuit Breaker 1 and Circuit 
Breaker 2 Trip Type)

➤ NSPSHOT := N (Number of Single-Pole Reclosures)

Example 6.1 Conditional Three-Pole Tripping for Circuit Breaker BK2

Your system reclosing requirement is that Circuit Breaker BK2 always three-
pole trips, unless Circuit Breaker BK2 is the leader. (This occurs when Cir-
cuit Breaker BK1 is out of service.) Program SELOGIC control equation 
ESPR2 as follows:

ESPR2 := LEADBK2 AND BK1LO Single-Pole Reclose Enable—BK2 
(SELOGIC Equation)

Table 6.23 Trip Logic Enable Options

Enable Condition Circuit Breaker BK1 Circuit Breaker BK2

E3PT E3PT1 E3PT2
Single-

Pole Trip
Three-

Pole Trip
Single-

Pole Trip
Three-Pole 

Trip

0 0 0 x x

0 0 1 x x

0 1 0 x x

0 1 1 x x

1 0 0 x x

1 0 1 x x

1 1 0 x x

1 1 1 x x
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External Recloser
If reclosing is performed by an external relay, assert SELOGIC control equations 
E3PT, E3PT1, and E3PT2 via control inputs (for example):

E3PT := IN104 Three-Pole Trip Enable (SELOGIC Equation)

E3PT1 := IN105 Breaker 1 Three-Pole Trip (SELOGIC Equation)

E3PT2 := IN106 Breaker 2 Three-Pole Trip (SELOGIC Equation)

Connect the external recloser single-pole trip output signal to IN104, the Circuit 
Breaker BK1 trip type signal to IN105, and the Circuit Breaker BK2 trip type sig-
nal to IN106. Other external recloser signals are required; consult the external 
recloser documentation for interconnection with the relay.

In installations where the external reclosing relay does not provide three-phase 
trip control signals, the TOP (Trip during Open-Pole) Relay Word bit can be used 
in the E3PT setting. This Relay Word bit will assert just after a single- or two-
pole trip, and remain asserted until the TOPD timer expires. If a new trip occurs 
during this time, the E3PT := TOP setting would then cause a three-pole trip. 

Autoreclose Logic Diagrams
                    
                    

Figure 6.5 Circuit Breaker Pole-Open Logic Diagram—Single-Pole Relays
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Figure 6.6 Circuit Breaker Pole-Open Logic Diagrams—Three-Pole Relays

                    

Figure 6.7 Line-Open Logic Diagram When E79 := Y

                    

Figure 6.8 Line-Open Logic Diagram When E79 := Y1
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Figure 6.9 Single-Pole Reclose Enable
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Figure 6.10 Three-Pole Reclose Enable
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Figure 6.11 One Circuit Breaker Single-Pole Cycle State (79CY1)
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Figure 6.12 One Circuit Breaker Three-Pole Cycle State (79CY3)
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y
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Figure 6.13 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y (Continued)
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1
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Figure 6.14 Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1 (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.15 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y (Continued)
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1
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Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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Manual Closing
Manual closing is available via the relay to issue a close to the circuit breaker(s) 
via the same close logic outputs used in autoreclosing (Relay Word bits BK1CL 
and BK2CL for as many as two circuit breakers). The manual close logic can be 
user-configured in most any manner with SELOGIC settings BK1MCL and 
BK2MCL. Figure 6.17 is a flowchart of the manual close logic. This logic is 
enabled with Manual Closing enable setting EMANCL := Y.

Figure 6.17 only details the manual close logic for one circuit breaker (breaker 
BK1). The manual close logic for a second circuit breaker (breaker BK2), if 
enabled (Global setting NUMBK := 2), is similar. The only difference between 
the breaker BK1 and breaker BK2 manual close logic in Figure 6.17 is the substi-
tution of settings and logic outputs (BK2MCL for BK1MCL, ULCL2 for 
ULCL1, etc.). A manual close is issued for breaker BK1 if all of the following are true:

➤ A new manual close signal for breaker BK1 is detected (rising-edge 
assertion of SELOGIC setting BK1MCL)

➤ No unlatch close conditions are present (SELOGIC setting ULCL1 
deasserted)

➤ No close is presently in progress for breaker BK1 (Relay Word bit 
output BK1CL is deasserted)

If a manual close is successfully issued for breaker BK1, then:

➤ Close logic output BK1CL asserts

➤ The close failure timer starts timing

                    

Figure 6.16 Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y1 (Continued)
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If breaker BK1 closes successfully, then:

➤ The unlatch close condition asserts (indicating breaker closure)

➤ Close logic output BK1CL deasserts

If breaker BK1 does not close successfully, then:

➤ The close failure timer times out (Relay Word bit BK1CFT asserts 
momentarily)

➤ Close logic output BK1CL deasserts

Note in Figure 6.17 that if breaker BK1 manual close logic is actively operating 
(as described in the preceding steps), then breaker BK2 manual close logic can-
not be actively operating. Breaker BK2 manual close logic only has a chance to 
operate if breaker BK1 manual close logic is not actively operating and two 
breakers are enabled for the scheme (Global setting NUMBK := 2). Thus, manual 
closing can only be attempted for one breaker at a time.
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Figure 6.17 Manual Close Logic
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Voltage Checks for Autoreclosing and Manual Closing
Voltage elements are available for a final check of line and bus voltages before an 
autoreclose or manual close is issued. These voltage elements and corresponding 
pickup settings are enabled with Reclosing Voltage Check enable setting 
EVCK := Y. Figure 6.18 shows the application of these voltage elements and 
Figure 6.19 and Figure 6.20 show their implementation. Check voltages for 
arrangements of as many as two circuit breakers (Global setting NUMBK := 2), 
as shown in Figure 6.18. If the relay is only connected to a single breaker (Global 
setting NUMBK := 1), then settings 27BK2P and 59BK2P and their associated 
elements (LLDB2, DLDB2, and DLLB2) are not available.

Voltages VS1 and VS2 in Figure 6.18, Figure 6.19, and Figure 6.20 are popu-
lated by the synchronism-check settings. For VS1 and VS2, the voltages are 
determined by the corresponding SYNCS1, ASYNCS1, and ALTS1 settings for 
VS1, and the SYNCS2, ASYNCS2, and ALTS2 settings for VS2. When 
EISYNC := N, Figure 6.19 logic is active and VP is determined by the SYNCP 
setting. When EISYNC := Y, Figure 6.20 logic is active and VP1 is the Breaker 1 
synchronism-check polarizing voltage determined by the SYNCP1, ASYNP11, 
ASYNP12, ALTP11, and ALTP12 settings, and VP2 is the Breaker 2 synchro-
nism-check polarizing voltage determined by the SYNCP2, ASYNP21, 
ASYNP22, ALTP21, and ALTP22 settings. Review details of synchronism 
checking in the Protection section of the desired product-specific instruction 
manual. 

When EISYNC := N, the pickup settings in Figure 6.19 are made on the VP volt-
age base. VP is the voltage reference for voltage angle and magnitude. Only volt-
age magnitude is of concern for the settings in Figure 6.19, not voltage angle.

When EISYNC := Y, pickup settings 27LP and 59LP in Figure 6.20 are not 
breaker-independent and must be made to take into account both the VP1 
(Breaker 1) and VP2 (Breaker 2) voltage bases. Take into account any compen-
sating factors by using the synchronism-check logic; review details of synchro-
nism checking in Section 5: Protection Functions in the product-specific 
instruction manual for the impact of compensating factors and active, alternative 
polarizing voltages.

Figure 6.18 implies that three-phase voltage is available from the line PTs. But, 
resultant voltage VP corresponds to only one phase of this three-phase voltage 
(e.g., setting SYNCP = VAY; VP is the normalized voltage from voltage input 
VAY). All the voltage elements in Figure 6.19 are single-phase voltage elements, 
detecting live or dead voltage on the bus side with a single-phase voltage ele-
ment, and likewise on the line side.

Whether or not synchronism-check logic is used, it still has to be enabled for the 
respective breaker (E25BK1 := Y, Y1, or Y2 and E25BK2 := Y, Y1, or Y2) to 
allow the corresponding voltage source selection settings to be made.

Live Line/Live Bus
Note in Figure 6.18 that live line/live bus is not available for either circuit 
breaker. Voltage elements 59VP, 59VS1, and 59VS2, described in the 
Section 5: Protection Functions of the desired product-specific instruction man-
ual, are available for such a function (e.g., 59VP AND 59VS1 for live line/live bus 1).

NOTE: For SV subscriber and TiDL 
relays, logic that includes the LLDB1, 
DLLB1, DLDB1, LLDB2, DLLB2, DLDB2 
Relay Word bits must be supervised 
with logic that ensures that the line 
and bus voltages are OK. For example, 
LLDB1 AND (NOT(VYBK OR VZBK)).
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Supervising Circuit Breaker Closing with Voltage Checks
Supervising Autoreclosing

For a fault on the line in Figure 6.18, both breakers trip open and the lead breaker 
recloses first. For example, presume the lead breaker closes only if its respective 
bus is live and the line is dead (dead line/live bus; see Figure 6.18). Then, after 
successful reclose of the lead breaker, the follower breaker closes on synchro-
nism check. Such reclose supervision logic is realized as follows for respective 
breakers BK1 and BK2:

3P1CLS := LEADBK1 AND DLLB1 OR FOLBK1 AND 25A1BK1 OR …

3P2CLS := LEADBK2 AND DLLB2 OR FOLBK2 AND 25A1BK2 OR …

Note that the lead breaker and follower breaker supervision (Relay Word bits 
LEADBKn and FOLBKn, respectively) provides dynamic control for reclose 
supervision. One, but not both, of the breakers can reclose for a dead line/live bus 
condition (lead breaker), while the other then closes for a synchronism-check 
condition (follower breaker).

Supervising Manual Closing

Voltage checks can also be used to supervise manual closing. For example, pre-
sume that manual closing of breaker BK1 (Figure 6.18) should not be allowed if 
the respective bus is dead (dead line/dead bus or live line/dead bus condition):

BK1MCL := NOT(DLDB1 OR AND LLDB1) AND (…)
                    
                    

Figure 6.18 Voltage Check Element Applications
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with EISYNC := N.

Bus 2

VS1

(Bus 1 Potential)

VS2

(Bus 2 Potential)

BK1 BK2

1 1

3
VP

(Line Potential)

Dead Line/
Live Bus 2
(DLLB2)

Dead Line/
Dead Bus 2

(DLDB2)

Live Line/
Dead Bus 2

(LLDB2)

Dead Line/
Live Bus 1
(DLLB1)

Dead Line/
Dead Bus 1

(DLDB1)

Live Line/
Dead Bus 1

(LLDB1)Bus 1

Line



6.45

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Autoreclosing
Voltage Checks for Autoreclosing and Manual Closing

                    

                    

                    

Figure 6.19 Voltage Check Element Logic (EISYNC := N)

                    

Figure 6.20 Voltage Check Element Logic (EISYNC := Y)
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Settings and Relay Word Bits for Autoreclosing and Manual 
Closing

See the product-specific instruction manual Group Settings tables related to 
Reclose under the Settings section for a complete list of all autoreclose related 
settings. Table 6.24 provides all of the Relay Word bits for autoreclosing.

                    

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 1 of 2)

Name Description

BK1RS Breaker 1 in Reset State

BK2RS Breaker 2 in Reset State

79CY1a Relay in Single-Pole Reclose Cycle State

79CY3 Relay in Three-Pole Reclose Cycle State

BK1LO Breaker 1 in Lockout State

BK2LO Breaker 2 in Lockout State

SPARCa Single-Pole Reclose Initiate Qualified

SPOISCa Single-Pole Open Interval Supervision Condition

SPOIa Single-Pole Open Interval Timing

SPSHOT0a Single-Pole Shot Counter = 0

SPSHOT1a Single-Pole Shot Counter = 1

SPSHOT2a Single-Pole Shot Counter = 2

SPLSHTa Single-Pole Reclose Last Shot

SPRCIPa Single-Pole Reclaim In-Progress

3PARC Three-Pole Reclose Initiate Qualified

3POISC Three-Pole Open Interval Supervision Condition

3POI Three-Pole Open Interval Timing

3PSHOT0 Three-Pole Shot Counter = 0

3PSHOT1 Three-Pole Shot Counter = 1

3PSHOT2 Three-Pole Shot Counter = 2

3PSHOT3 Three-Pole Shot Counter = 3

3PSHOT4 Three-Pole Shot Counter = 4

3PLSHT Three-Pole Reclose Last Shot

3PRCIP Three-Pole Reclaim In-Progress

SPOBK1a Single-Pole Open Breaker 1

2POBK1a Two Poles Open Breaker 1

3POBK1 Three-Pole Open Breaker 1

SPOBK2a Single-Pole Open Breaker 2

2POBK2a Two Poles Open Breaker 2

3POBK2 Three-Pole Open Breaker 2

3POBK1 Three-Pole Open Breaker 1

3POLINE Three-Pole Open Line

R3PTE Three-Pole Tripping and Reclosing Only

R3PTE1 Recloser Three-Pole Trip Enable -BK1
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R3PTE2 Recloser Three-Pole Trip Enable -BK2

BK1CL Breaker 1 Close Command

BK2CL Breaker 2 Close Command

BK1CLST Breaker 1 Close Supervision Delay Timed Out

BK2CLST Breaker 2 Close Supervision Delay Timed Out

BK1CFT Breaker 1 Close Failure Delay Timed Out

BK2CFT Breaker 2 Close Failure Delay Timed Out

BK1CLSS Breaker 1 in Close Supervision State

BK2CLSS Breaker 2 in Close Supervision State

BK1EXT Breaker 1 Closed Externally

BK2EXT Breaker 2 Closed Externally

BK1RCIP BK1 Reclaim in Progress

BK2RCIP BK2 Reclaim in Progress

79STRT Relay in Start State

TBBK Time Between Breakers Timing

LEADBK0 No Leader Breaker

LEADBK1 Leader Breaker = Breaker 1

LEADBK2 Leader Breaker = Breaker 2

FOLBK0 No Follower Breaker

FOLBK1 Follower Breaker = Breaker 1

FOLBK2 Follower Breaker = Breaker 2

NBK0 No Breaker Active in Reclose Scheme

NBK1 One Breaker Active in Reclose Scheme

NBK2 Two Breakers Active in Reclose Scheme

LLDB1 Live Line—Dead Bus 1 (59L AND 27BK1)

DLLB1 Dead Line—Live Bus 1 (27L AND 59BK1)

DLDB1 Dead Line—Dead Bus 1 (27L AND 27BK1)

LLDB2 Live Line—Dead Bus 2 (59L AND 27BK2)

DLLB2 Dead Line—Live Bus 2 (27L AND 59BK2)

DLDB2 Dead Line—Dead Bus 2 (27L AND 27BK2)

a Only applicable to products that support single-pole reclosing.

Table 6.24 Autoreclose Logic Relay Word Bits (Sheet 2 of 2)

Name Description
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Metering

The relay provides extensive capabilities for metering important power system 
parameters.

This section provides basic information about metering capabilities in typical 
SEL-400 series relays. Not all SEL-400 series relays support every metering fea-
ture described in this section. See Section 7: Metering, Monitoring, and Report-
ing of the product-specific instruction manual for information on the specific 
metering capabilities of a specific relay.

The SEL-400 series relays typically provide the following metering modes for mea-
suring power system operations:

➤ Instantaneous Metering on page 7.2

➤ Maximum/Minimum Metering on page 7.5

➤ Demand Metering on page 7.6

➤ Energy Metering on page 7.10

➤ Synchrophasor Metering on page 7.10

➤ Battery Metering on page 7.11

➤ RTD Metering on page 7.12

➤ Protection Math Variable Metering on page 7.12

➤ Automation Math Variable Metering on page 7.13

➤ MIRRORED BITS Remote Analog Metering on page 7.13

Monitor present power system operating conditions with instantaneous metering. 
Maximum/Minimum metering displays the largest and smallest system devia-
tions since the last reset. Demand metering includes either thermal or rolling 
analysis of the power system and peak demand metering. Energy metering dis-
plays the megawatt-hours imported, megawatt-hours exported, and total mega-
watt-hours. Time-synchronized metering displays the line voltage and current 
synchrophasors.

The relay processes various sets of currents and voltages, depending on the spe-
cific relay.

Use the MET command to access the metering functions. Issuing the MET com-
mand with no options returns fundamental measurement quantities. The MET 
command followed by a number, MET k, specifies the number of times the com-
mand will repeat (k can range from 1–32767). This is useful for troubleshooting 
or investigating uncharacteristic power system conditions.

Table 7.1 lists some common MET command variants.

                    

Table 7.1 MET Command (Sheet 1 of 2)

Name Description

MET Display fundamental line metering information

MET RMS Display rms line metering information
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Instantaneous Metering
Use instantaneous metering to monitor power system parameters in real time. 
The relay typically provides these fundamental frequency readings:

➤ Fundamental frequency phase voltages and currents

➤ Phase-to-phase voltages

➤ Sequence voltages and currents

➤ Fundamental real, reactive, and apparent power

➤ Displacement power factor

You can also typically monitor these real-time rms quantities (with harmonics 
included):

➤ RMS phase voltages and currents

➤ Real and apparent rms power

➤ True power factor

Power
The instantaneous power measurements are derived from 10-cycle averages that 
the relay reports by using the generator condition of the positive power flow con-
vention; for example, real and reactive power flowing out (export) is positive, and 
real and reactive power flowing in (import) is negative (see Figure 7.1).

For power factor, LAG and LEAD refer to whether the current lags or leads the 
applied voltage. The reactive power Q is positive when the voltage angle is 
greater than the current angle (V > I), which is the case for inductive loads 
where the current lags the applied voltage. Conversely, Q is negative when the 
voltage angle is less than the current angle V < I); this is when the current 
leads the voltage, as in the case of capacitive loads.

MET M Display line maximum/minimum metering information

MET RM Reset line maximum/minimum metering information

MET D Display demand line metering information

MET RD Reset demand line metering information

MET RP Reset peak demand line metering information

MET E Display energy line metering information

MET RE Reset energy line metering information

MET BAT Display dc battery monitor information

MET RBM Reset battery monitor min/max measurements

MET PM Display phasor measurement (synchrophasor) metering information

MET RTD Display SEL-2600 temperature quantities

MET PMV Display protection math variable values

MET AMV Display automation math variable values

MET ANA Display remote analogs received from MIRRORED BITS

Table 7.1 MET Command (Sheet 2 of 2)

Name Description

NOTE: After startup, automatic 
restart, or a warm start, including 
settings change and group switch, in 
the beginning period of 20 cycles, the 
10-cycle average values are initialized 
with the latest calculated 1-cycle 
average values.

NOTE: The SEL-487B does not 
include power and power factor in its 
metering reports.
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Some products include Relay Word bits to indicate the leading or lagging power 
factor (see Section 11: Relay Word Bits in the product-specific instruction man-
ual). In the case of a unity power factor or loss of phase or potential condition, the 
resulting power factor angle would be on this axis of the complex power (P/Q) 
plane shown in Figure 7.1. This would cause the power factor Relay Word bits to 
rapidly change state (chatter). Be aware of expected system conditions when 
monitoring the power factor Relay Word bits. It is not recommended to use chat-
tering Relay Word bits in the SER or anything that will trigger an event.

High-Accuracy Instantaneous Metering
The relay is a high-accuracy metering instrument. Table 7.2 and Table 7.3 show 
the metering accuracy for the relay instantaneous metering quantities at nominal 
power system frequency and at 20°C. Use a method similar to that in Example 7.1 
to compute exact error coefficients.

                    

                    

Figure 7.1 Complex Power (P/Q) Plane
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Table 7.2 Instantaneous Metering Accuracy—Voltages, Currents, and Frequency

Quantity
Magnitude Accuracy

Phase Accuracy
Range Specification

V, V 33.5 – 200 VL–N ± 0.1% ±0.5°

3V0, V1, 3V2 33.5 – 200 VL–N ± 0.15% ±0.1°

I (0.5 – 3)• INOM ±0.2% ± (0.8 mA) • INOM ±0.2°

3I0, I1, 3I2 (0.5 – 3)• INOM ± 0.3% ± (1.0 mA) • INOM ±0.3°

FREQ 40–65 Hz ±0.01 Hz

NOTE: The SEL-487B does not 
provide frequency metering because 
it does not support frequency 
tracking.
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Table 7.3 Instantaneous Metering Accuracy—Power

Quantity Description Power Factor Accuracy (%)a

a Power accuracy is valid for applied currents in the range (0.1–1.2) • INOM, and applied voltages 
from 33.5–75 V.

At 0.1 • INOM

3P Three-phase rms real power Unity ±0.40

–0.5 or +0.5 ±0.70

3Q1 Reactive power –0.5 or +0.5 ±0.50

At 1.0 • INOM

3P Three-phase fundamental real power Unity ±0.40

–0.5 or +0.5 ±0.40

3Q1 Reactive power –0.5 or +0.5 ±0.40

Example 7.1 Calculating Exact Error Coefficients

Consider the case of a 5 A relay during normal operating conditions. The 
secondary current in the CT is 1.0 A for nominal system operation. Noting 
that this current is greater than 10 percent of INOM (1 A > 0.5 A), calculate 
the error coefficient:

 error  = ±(0.2% • 1.0 A) ± (0.8 mA • INOM)

 = ±(0.002 • 1.0 A) ± (0.0008 A • 5)
 = ±(0.002A ± 0.004A)
 = +0.002 A to +0.006 A
     and
 = –0.006 A to –0.002 A

Equation 7.1

Figure 7.2 represents the calculated accuracy range. The error is very small, 
indicating that the relay measures normal operating currents accurately.
                    

                    

                    

Figure 7.2 Typical Current Measuring Accuracy
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Maximum/Minimum Metering
The relay measures and retains the deviations of the power system since the last 
maximum/minimum reset. Knowing these maximum and minimum quantities 
can help you operate your power system more effectively in a variety of ways. 
For example, you can benefit from maximum/minimum metering information by 
using it to track power flow for troubleshooting, planning future expansion, and 
scheduling maintenance.

The relay provides maximum/minimum metering for a variety of line and breaker 
quantities, as well as for dc battery voltage. The relay also records the maximum 
values of the sequence voltages and sequence currents.

View or Reset Maximum/Minimum Metering Information
The relay shows time-stamped maximum/minimum quantities when you use a 
communications port or ACSELERATOR QuickSet SEL-5030 Software to view 
these quantities. In addition, you can read the maximum/minimum quantities on 
the relay front-panel LCD screen.

To reset the maximum/minimum values, use the MET RM command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Maximum/Minimum window, or answer Y and press ENT at the 
Maximum/Minimum submenu reset prompt on the front-panel LCD screen. You can 
also reset maximum/minimum metering with Global settings (typically RST-
MML, RSTMMB1, and RSTMMB2).

Maximum/Minimum Metering Updating and Storage
The relay updates maximum/minimum values once per power system cycle. The 
relay stores maximum/minimum values and the corresponding dates and times to 
nonvolatile storage once per day. If greater than a previously stored maximum or 
less than a previously stored minimum, the new value overwrites the previous 
value. Should the relay lose control power, it will restore the maximum/minimum 
information saved at 23:50 hours on the previous day.

The relay updates maximum/minimum values under the following conditions:

➤  DFAULT is deasserted (equals logical 0)

➤ The metering value is greater than the previous maximum, or less 
than the previous minimum, for 2 cycles

➤ Voltage input is greater than 13 V secondary

➤ Current input is greater than 0.05 • INOM (in secondary amperes)

Megawatt and megavar maximum/minimum values are subject to the above volt-
age thresholds, current thresholds, and conditions. 

When you use Equation 7.1, you add an error amount related to the nominal 
current rating of the relay, INOM. Use just the numeric portion of INOM, 
either “5” for a 5 A relay or “1” for a 1 A relay; do not use the unit (A). The 
errors in Equation 7.1 are very small and qualify the relay as a high-accuracy 
meter.

Example 7.1 Calculating Exact Error Coefficients (Continued)

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.
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FAULT SELOGIC Control Equation
The relay suspends updating maximum/minimum metering when SELOGIC con-
trol equation FAULT asserts to logical 1. If there is a fault, the elements pro-
grammed in FAULT pick up and assert Relay Word bit DFAULT (Delayed 
FAULT Suspend). This Relay Word bit remains asserted for one minute after 
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the 
relay does not record maximum/minimum data.

In addition, the relay also suspends demand metering during the time that Relay 
Word bit DFAULT is asserted.

Demand Metering
Economic operation of the power system involves the proper allocation of the 
load demand among the available generating units. By knowing the demand 
requirements at different points in the system and at different times of the day 
you can optimize your system generation resources or your consumption of elec-
tric power. The relay provides you this demand information and enables you to 
operate your power system with an effective economic strategy.

The relay uses longer-term accumulations of the metering quantities for reliable 
demand data.

Thermal Demand and Rolling Demand
Two methods exist for measuring power system current and power demand. 
These methods are thermal demand metering and rolling demand metering. 
Figure 7.3 and Figure 7.4 illustrate the step input response of the two demand 
measuring methods with setting DMTC (demand meter time constant) at 15 minutes.

Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing accumu-
lation of metered quantities. Thermal demand measurement is similar to parallel 
RC network integration. Thermal demand metering response is at 90 percent 
(0.9 per unit) of the full applied value after a period equal to the DMTC setting 
(15 minutes in Figure 7.3).

NOTE: Not all SEL-400 series relays 
support demand metering.
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Rolling Demand
Rolling demand is a sliding time-window arithmetic average. Rolling demand 
measurement is similar to a step-sampled A/D conversion system. Figure 7.4 
shows the rolling demand response for a step input for a demand meter time con-
stant of 15 minutes (DMTC := 15). The relay divides the DMTC period into three 
5-minute intervals and averages the three DMTC subinterval samples every 
DMTC period. Table 7.4 lists the rolling demand response for four DMTC peri-
ods shown in Figure 7.4. Rolling demand metering response is at 100 percent 
(1.0 per unit) of the full applied value after a time equal to the fourth DMTC 
period (see (d) in Figure 7.4).

                    

                    

Figure 7.3 Thermal Demand Metering
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Table 7.4 Rolling Demand Calculations

DMTC Period 
(see Figure 9.18)

1/3 DMTC 
Interval 

(minutes)

Interval 
Sample 

(per unit)

Rolling 
Demand 

Total

Rolling 
Demand 

Calculation

Rolling 
Demand 

Response 
(per unit)

(a) –5 to 0 0 0 0 / 3 0

(b) 0 to 5 1 1 1 / 3 0.33

(c) 5 to 10 1 2 2 / 3 0.67

(d) 10 to 15 1 3 3 / 3 1.00
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Demand Metering Settings
Use the demand metering enable setting EDEM to select the demand metering 
type (thermal or rolling) appropriate to your needs. Use demand pickup settings 
(typically PDEMP, QDEMP, and GDEMP) to set alarm thresholds to notify you 
when demand currents exceed preset operational points.

                    

Figure 7.4 Rolling Demand Metering
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Figure 7.5 shows how the relay applies the demand current pickup settings over 
time. When residual-ground demand current IG(DEM) exceeds the correspond-
ing demand pickup setting GDEMP, Relay Word bit GDEM asserts to logical 1. 
Use these demand current logic outputs (PDEM, GDEM, and QDEM) for control 
or alarm for high loading or unbalance conditions.

                    

View or Reset Demand Metering Information
The relay shows demand metering quantities and time-stamped peak demand 
quantities when you use a communications port or QuickSet to view these quanti-
ties. In addition, you can read the demand and peak demand quantities on the 
relay front-panel LCD screen.

To reset the demand metering values use the MET RD command from a commu-
nications terminal, or use the RESET button in the QuickSet HMI > Meter and 
Control > Demand/Peak window, or answer Y and press ENT at the Demand Sub-
menu reset demand prompt on the front-panel LCD screen. The relay begins the 
demand meter sampling period from the time of the demand meter reset.

To reset the peak demand metering values, enter the MET RP command from a 
communications terminal, or use the RESET button in the QuickSet HMI > Meter 
and Control > Demand/Peak window, or answer Y and press ENT at the Demand 
Submenu reset peak demand prompt on the front-panel LCD screen. You can also 
reset demand metering with Global settings RST_DEM and RST_PDM (for 
demand and peak demand) when EDRSTC (Data Reset Control) is Y.

                    

Figure 7.5 Demand Current Logic Outputs

NOTE: Changing EDEM or DMTC 
resets the demand meter values to 
zero. This also applies to changing the 
active settings group where either 
setting EDEM or DMTC is different in 
the new active settings group. 
(Changing demand current pickup 
settings PDEMP, GDEMP, and QDEMP 
will not affect the demand meters.)
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Demand Metering Updating and Storage
The relay updates demand and peak demand values once per second. The relay 
also stores peak demand values and the date and time these occurred to nonvola-
tile storage once per day (it overwrites the previous stored value if it is exceeded). 
Should the relay lose control power, it will restore the peak demand information 
saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time that 
SELOGIC control equation FAULT asserts Relay Word bit DFAULT (Delayed 
FAULT Suspend). 

Energy Metering
Energy is the power consumed or developed in the electric power system mea-
sured over time. You can use accurate accounting of power system energy flow to 
manage billing revenues, whether your system is a net energy producer or con-
sumer. Time-synchronized demand and energy measurements make demand and 
energy metering information even more useful for power system status applications.

The relay integrates energy imported and exported on a per-phase basis every 
second. As in demand metering, the relay uses the longer-term accumulations of 
rms or true real power for reliable energy data.

View or Reset Energy Metering Information
You can read the energy metering quantities by using a communications port, 
QuickSet, or the relay front-panel LCD screen. 

To reset the energy values, use the MET RE command from a communications 
terminal, or use the RESET button in the QuickSet HMI > Meter and Control > 
Energy window, or answer Y and press ENT at the Energy Meter submenu reset 
prompt on the front-panel LCD screen. You can also reset energy metering with 
Global setting RST_ENE when EDRSTC (Data Reset Control) is Y.

Energy Metering Updating and Storage
The relay updates energy values once per second. The relay also stores energy 
values to nonvolatile storage once every four hours, referenced from 23:50 hours 
(it overwrites the previously stored value if it is exceeded). Should the relay lose 
control power, it restores the energy values saved at the end of the last four-hour 
period.

Synchrophasor Metering
The relay provides synchrophasor measurement with an angle reference accord-
ing to IEEE C37.118. The relay calculates the phasor measurement quantities 50 
or 60 times per second, depending on the nominal system frequency contained in 
Global setting NFREQ.

NOTE: Not all SEL-400 series relays 
support energy metering.
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When you issue the MET PM time command, the relay captures the time-syn-
chronized data for the given trigger time (specify time in 24-hour format). The 
relay displays the synchrophasor data immediately after the time trigger.

The synchrophasor measurements are only valid when a suitable high-accuracy 
IRIG-B or Precision Time Protocol (PTP) time source is connected to the relay, 
as indicated by Relay Word bit TSOK = logical 1.

The MET PM command is only available when the relay is configured for phasor 
measurement functions (Global settings) and the relay is in high-accuracy time-
keeping mode.

Battery Metering
The relay monitors battery system voltages and records time stamps for voltage 
excursions. In addition, the relay records maximum and minimum battery volt-
ages. Figure 7.6 shows a sample dc battery monitor meter report. Use the MET 
BAT command from a communications terminal to obtain this report.

                    

Any battery voltage between setting DCLWP and the dc battery monitor low 
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages 
higher than the DCHWP setting.

Use the MET RBM command from a communications terminal to reset the dc 
battery monitor. You can program a SELOGIC control equation RST_BAT (in 
Monitor settings) to control dc battery monitor reset.

NOTE: Not all SEL-400 series relays 
support synchrophasor measurements.

=>>MET BAT <Enter>
                                                                               
Relay 1                                    Date: 06/07/2008  Time: 22:51:47.067 
Station A                                  Serial Number: 2008030645            
                                                                                
Station Battery        VDC      VDCPO     VDCNE      VAC                        
   VDC1 (V)            115.86    57.32    -58.54     0.01                      
                                                                                
             VDC1(V)    Date       Time                                         
Minimum       105.86 04/07/2008  22:43:04.022
Enter L-Zone         04/07/2008  22:40:14.162
Exit L-Zone          04/07/2008  22:44:09.223

Maximum       125.86 04/09/2008  12:34:14.321                                   
Enter H-Zone         04/09/2008  12:31:32.543                   
Exit H-Zone          04/09/2008  12:35:12.657        
                                                                                
LAST DC RESET:  01/15/2008  20:10:31.427                                        
                                                                                
=>>

Figure 7.6 Battery Metering: Terminal
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RTD Metering
Use the MET RTD command to display the resistance temperature detector 
(RTD) values, as shown in Figure 7.7. 

                    

Protection Math Variable Metering
Use the MET PMV command to display all 64 PMV values, as shown in Figure 7.8.

                    

=>>MET RTD <Enter>                                                                      
                                                                                
Relay 1                                    Date: 04/12/2008  Time: 06:06:31.366 
Station A                                  Serial Number: 2008030645            
                                                                                
                                                                             
RTD Input Temperature Data (deg. C)
RTD  1 = -50
RTD  2 = 250

RTD  3 = 0
RTD  4 = 45
RTD  5 = 34
RTD  6 = 65
RTD  7 = -23
RTD  8 = 39
RTD  9 = 23
RTD 10 = 11
RTD 11 = 54
RTD 12 = 78 
                                                                                
=>>

Figure 7.7 RTD Report

=>>MET PMV <Enter>                                                                     
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:03:40.451 
Station A                                  Serial Number: 2008030645            
                                                                                
Protection Analog Quantities                                                    
  PMV01 =      0.000        PMV02 =      0.000        PMV03 =      0.000        
  PMV04 =      0.000        PMV05 =      0.000        PMV06 =      0.000        
  PMV07 =      0.000        PMV08 =      0.000        PMV09 =      0.000        
  PMV10 =      0.000        PMV11 =      0.000        PMV12 =      0.000        
  PMV13 =      0.000        PMV14 =      0.000        PMV15 =      0.000        
  PMV16 =      0.000        PMV17 =      0.000        PMV18 =      0.000 

  PMV19 =      0.000        PMV20 =      0.000        PMV21 =      0.000        
  PMV22 =      0.000        PMV23 =      0.000        PMV24 =      0.000        
  PMV25 =      0.000        PMV26 =      0.000        PMV27 =      0.000        
  PMV28 =      0.000        PMV29 =      0.000        PMV30 =      0.000        
  PMV31 =      0.000        PMV32 =      0.000        PMV33 =      0.000        
  PMV34 =      0.000        PMV35 =      0.000        PMV36 =      0.000        
  PMV37 =      0.000        PMV38 =      0.000        PMV39 =      0.000        
  PMV40 =      0.000        PMV41 =      0.000        PMV42 =      0.000 

  PMV43 =      0.000        PMV44 =      0.000        PMV45 =      0.000        
  PMV46 =      0.000        PMV47 =      0.000        PMV48 =      0.000        
  PMV49 =      0.000        PMV50 =      0.000        PMV51 =      0.000        
  PMV52 =      0.000        PMV53 =      0.000        PMV54 =      0.000        
  PMV55 =      0.000        PMV56 =      0.000        PMV57 =      0.000        
  PMV58 =      0.000        PMV59 =      0.000        PMV60 =      0.000        
  PMV61 =      0.000        PMV62 =      0.000        PMV63 =      0.000        
  PMV64 =      0.000                                                            
=>> 

Figure 7.8 PMV Report
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Automation Math Variable Metering
Use the MET AMV command to display all 256 AMV values, as shown in Figure 7.9.

                    

MIRRORED BITS Remote Analog Metering
Use the MET ANA command to display the analog values used with MIRRORED 
BITS communications, as shown in Table 7.5.

                    

=>>MET AMV <Enter>                                                              
                                                                                
Relay 1                                    Date: 04/07/2008  Time: 21:04:33.579 
Station A                                  Serial Number: 2008030645            
                                                                                
Automation Analog Quantities                                                    
 AMV001 =      0.000       AMV002 =      0.000       AMV003 =      0.000        
 AMV004 =      0.000       AMV005 =      0.000       AMV006 =      0.000        
 AMV007 =      0.000       AMV008 =      0.000       AMV009 =      0.000        
 AMV010 =      0.000       AMV011 =      0.000       AMV012 =      0.000 

 AMV013 =      0.000       AMV014 =      0.000       AMV015 =      0.000        
 .
 .
 .

 AMV238 =      0.000       AMV239 =      0.000       AMV240 =      0.000        
 AMV241 =      0.000       AMV242 =      0.000       AMV243 =      0.000        
 AMV244 =      0.000       AMV245 =      0.000       AMV246 =      0.000        
 AMV247 =      0.000       AMV248 =      0.000       AMV249 =      0.000 

 AMV250 =      0.000       AMV251 =      0.000       AMV252 =      0.000        
 AMV253 =      0.000       AMV254 =      0.000       AMV255 =      0.000        
 AMV256 =      0.000                                                            
=>>

Figure 7.9 AMV Report

Table 7.5 Information Available With the MET ANA Command

Command Information

MET ANA Analog value in channel A

Analog value in channel B
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Monitoring

The relay provides extensive capabilities for monitoring substation components. 
Most SEL-400 series relays provide the following useful features:

➤ Circuit Breaker Monitor on page 8.1

➤ Station DC Battery System Monitor on page 8.21

This section describes monitoring capabilities that are common to many SEL-400 
series relays. Some relays include additional monitoring capabilities that are not 
common to other SEL-400 series relays. See the relay-specific instruction manu-
als to determine the specific monitoring features available in each relay.

Circuit Breaker Monitor
The relay features advanced circuit breaker monitoring. Figure 8.1 shows that the 
relay processes phase currents, circuit breaker auxiliary contacts, and the substa-
tion dc battery voltages to detect out-of-tolerance and maximum life circuit 
breaker parameters. These parameters include current interrupted, operating 
times, and contact wear. By using relay monitoring, maintenance personnel can 
determine the extent of a developing circuit breaker problem and select an appro-
priate response to correct the problem. These monitoring features are available 
online in real-time; you can detect impending problems immediately. The result 
is better power system reliability and improved circuit breaker life expectancy.

One of the many circuit breaker monitor features is the circuit breaker contact 
wear monitor. The relay tracks the number of circuit breaker close-open opera-
tions and respective fault interrupting levels for each of two circuit breakers. The 
relay uses data from the circuit breaker manufacturer to compare the recorded 
operational data with the manufacturer’s recommended maintenance require-
ments. The relay notifies you when each set of circuit breaker pole contacts 
exceeds preset wear thresholds. Using this information, you can operate your 
substation more economically by accurately scheduling circuit breaker maintenance.

You can also collect the following data on these circuit breaker parameters:

➤ Circuit breaker wear

➤ Electrical operating time

➤ Mechanical operating time

➤ Circuit breaker inactivity time

➤ Interrupted current 

➤ Pole scatter (for single-pole breakers only)

➤ Pole discrepancy (for single-pole breakers only)

➤ Motor run time

NOTE: This section lists settings for 
Circuit Breaker 1. The number of 
circuit breakers and the circuit 
breaker references vary between 
relays. See the product-specific 
instruction manual for the specific 
breakers available for circuit breaker 
monitoring.
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You can program the relay to alarm when any of the above quantities exceed a 
preset threshold. In addition, the relay stores a 128-event circuit breaker history 
in nonvolatile memory. The circuit breaker history report includes circuit breaker 
mechanical operation times, electrical operation times, interrupted currents, and 
other important parameters. The alarm and reporting features help you operate 
your substation safely and reliably.

Enabling the Circuit Breaker Monitor
Enable and configure the relay circuit breaker monitor by using the settings listed 
in Table 8.1 for each of two possible circuit breakers. Power system circuit break-
ers are either single-pole tripping or three-pole tripping circuit breakers; set the 
relay for the circuit breaker type that the relay controls. For a single-pole tripping 
circuit breaker, set BK1TYP := 1, and for a three-pole tripping circuit breaker, set 
BK1TYP := 3. The factory-default setting is BK1TYP := 1. Be sure to configure 
the relay with the settings that match your circuit breakers.

                    

Circuit Breaker Contact Wear Monitor
The circuit breaker contact wear monitor in the relay provides information that 
helps you schedule circuit breaker maintenance. This monitoring function accu-
mulates the number of close-open operations and integrates the per-phase current 
during each opening operation. The relay compares this information to a pre-
defined circuit breaker maintenance curve to calculate the percent contact wear 
on a per-pole basis.

                    

Figure 8.1 Intelligent Circuit Breaker Monitor
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Table 8.1 Circuit Breaker Monitor Configuration

Name Description Range

EB1MON Enable Circuit Breaker 1 monitoring Y, N

BK1TYP Circuit Breaker 1 type 1, 3

EB2MON Enable Circuit Breaker 2 monitoring Y, N

BK2TYP Circuit Breaker 2 type 1, 3

NOTE: Some SEL-400 series relays 
do not support single-pole tripping 
breakers. In these cases, the 
corresponding BKnTYP setting is not 
available and only information related 
to three-pole breakers will be 
available.

NOTE: Some SEL-400 series relays 
use a BK_SEL setting to list enabled 
breakers, rather than the EBnMON 
settings shown here.
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The circuit breaker maintenance curve also incorporates the accumulated fault 
current arcing time (I2t), assuming an identical arcing time for each trip. You 
can obtain the one-cycle arcing time from circuit breaker manufacturer data.

The relay updates and stores the contact wear information and the number of trip 
operations in nonvolatile memory. You can view this information through any 
communications port. 

Any phase wear percentage that exceeds the threshold setting B1BCWAT asserts 
the alarm Relay Word bit, B1BCWAL, for Circuit Breaker 1. You can use this 
Relay Word bit in a SELOGIC control equation to alert operations personnel, or 
you can control other functions such as blocking reclosing. The relay limits the 
maximum reported circuit breaker wear percentage to 150 percent.

The relay integrates currents and increments the trip counters for the contact wear 
monitor each time the SELOGIC control equation BM1TRP asserts. Set the logic 
for this function from a communications port with the SET M ASCII command, 
with the ACSELERATOR QuickSet SEL-5030 software program Breaker Moni-
tor Settings tree view, or by using the front-panel SET/SHOW menu. (See Making 
Simple Settings Changes on page 3.15 for information on setting the relay by 
using these methods.) The default settings cause the contact wear monitor to inte-
grate and increment each time the relay trip logic asserts.

Perform the following specific steps to use the circuit breaker contact wear monitor:

Step 1. Enable the circuit breaker monitor.

Step 2. Load the manufacturer’s circuit breaker maintenance data.

Step 3. Preload any existing circuit breaker wear (if setting up the contact 
wear monitor on a circuit breaker with preexisting service time).

Step 4. Program the SELOGIC control equations for trip and close conditions.

Enable the Circuit Breaker Monitor
You must enable the circuit breaker monitor before you load the manufacturer’s 
data, preload any existing circuit breaker wear, and set the trip initiate and close 
initiate SELOGIC control equations. Set the circuit breaker monitor enable setting 
EBxMON to Y (for Yes) for Breaker x.

Load Manufacturer Circuit Breaker Maintenance Data
Load the maintenance data supplied by the circuit breaker manufacturer. Circuit 
breaker maintenance information lists the number of permissible operating cycles 
(close/open operations) for a given current interruption level. Table 8.2 shows 
typical circuit breaker maintenance information from an actual SF6 circuit 
breaker. The Figure 8.2 log/log plot is the circuit breaker maintenance curve, pro-
duced from the Table 8.2 data.

                    

NOTE: In the following discussion, 
three elements are specified, one for 
each phase:  = A, B, and C.

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 1 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations

0.00–1.2 10000

2.00 3700

3.00 1500

5.00 400

8.00 150
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The three set points necessary to reproduce this circuit breaker maintenance 
curve in the relay are listed in Table 8.3 for Circuit Breaker 1. Figure 8.3 shows how 
to determine these three set points from the maintenance curve shown in Figure 8.2.

                    

10.00 85

20.00 12

                    

Figure 8.2 Circuit Breaker Maintenance Curve (Manufacturer’s Data)

Table 8.3 Contact Wear Monitor Settings—Circuit Breaker 1

Setting Definition Range

B1COSP1 Close/open set point 1—max 0–65000 close/open operations

B1COSP2 Close/open set point 2—mid 0–65000 close/open operations

B1COSP3 Close/open set point 3—min 0–65000 close/open operations

B1KASP1a

a The ratio of settings B1KASP3/B1KASP1 must be in the range: 5  B1KASP3/B1KASP1  100.

kA interrupted set point 1—min 1.0–999 kA in 0.1-kA steps

B1KASP2 kA interrupted set point 2—mid 1.0–999 kA in 0.1-kA steps

B1KASP3a kA interrupted set point 3—max 1.0–999 kA in 0.1-kA steps

Table 8.2 Circuit Breaker Maintenance Information—Example (Sheet 2 of 2)

Current Interruption Level (kA) Permissible Close/Open Operations
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Circuit Breaker Contact Wear Curve Details
Circuit breaker maintenance information from the two end values of Table 8.2 or 
Figure 8.2 determine set point (B1KASP1, B1COSP1) and set point (B1KASP3, 
B1COSP3) for the contact wear curve of Figure 8.3. Set point (B1KASP2, 
B1COSP2) is the middle maintenance point in these data. There are two philoso-
phies for selecting the middle set point. One method places the middle set point 
to provide the best “curve-fit” for your plot of the manufacturer’s circuit breaker 
maintenance data (shown in Figure 8.2). Another philosophy is to set the middle 
point based on actual experience or fault studies of the typical system faults.

                    

There are two other notable portions of the circuit breaker contact wear curve in 
Figure 8.3. The curve is horizontal below the left set point (B1KASP1, B1CO-
SP1). This is the close/open operation limit regardless of interrupted current 
value (for the Example 8.1 circuit breaker, this is at B1COSP1 := 10000). Some 
manufacturers call this point the mechanical circuit breaker service life. 

                    

Figure 8.3 Circuit Breaker Contact Wear Curve With Relay Settings
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Example 8.1 Creating the Circuit Breaker Contact Wear Curve

Acquire the manufacturer’s maintenance information (this example uses the 
data of Table 8.2 for Circuit Breaker 1). If you receive the data in tabular 
form, plot the manufacturer’s maintenance information on log/log paper in a 
manner similar to Figure 8.2.

Choose the left and right set points from the extremes of the curve you just 
plotted. Select the left set point on the contact wear curve corresponding to 
(B1KASP1, B1COSP1) by setting B1KASP1 := 1.2 and B1COSP1 := 10000. 
Plot the right set point (B1KASP3, B1COSP3) by setting B1KASP3 := 20.0 
and B1COSP3 := 12.

Choose the midpoint of the contact wear curve based on your experience and 
system fault studies. The majority of operations for a typical circuit breaker 
are to interrupt single-line-to-ground faults. Therefore, plot the midpoint 
(B1KASP2, B1COSP2) by setting B1KASP2 at or slightly greater than the 
expected single-line-to-ground fault current: B1KASP2 := 8.0 and 
B1COSP2 := 150.
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Another part of the circuit breaker maintenance curve falls vertically at the right 
set point (B1KASP3, B1COSP3). This is the maximum interrupted current limit 
(for the Example 8.1 circuit breaker, this is at B1KASP3 := 20.0). If the inter-
rupted current exceeds setting B1KASP3, the relay sets contact wear at 105 percent.

                    

Preloading Contact Wear Data
Upon the first commissioning of the relay, the associated circuit breakers can 
already have some wear. You can preload a separate amount of wear for each pole 
of each circuit to preload existing contact wear data. The relay accepts integer 
values of percentage wear as great as 100 percent. The relay adds the incremental 
contact wear at the next circuit breaker monitor initiation (and at all subsequent 
initiations) to the preloaded value to obtain a total wear value. The limit for 
reporting circuit breaker contact wear is 150 percent for each pole.

Example 8.2 I2t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker mainte-
nance curve, but specify the accumulated fault current arcing time (I2t) for 
circuit breaker maintenance. For example, manufacturer’s data specify I2t 
per phase at 750 kA2 seconds for a particular circuit breaker, at a rated arcing 
duration for each trip of 1 cycle. The circuit breaker maximum interrupting 
current rating is 40 kA, and the continuous load current rating is 2 kA.

You can construct the contact wear curve for this circuit breaker from the 
specified I2t. Choose B1KASP1 := 2.0 (the continuous current rating) and 
B1KASP3 := 40.0 (the maximum interrupting current rating). Choose the 
middle of the contact wear curve based on experience and system fault stud-
ies. The majority of faults a typical circuit breaker interrupts are single-line-
to-ground faults. Therefore, set BnKASP2 at or slightly greater than the 
expected single-line-to-ground fault current (B1KASP2 := 10.0 kA in this 
example). Using the following equations, calculate these settings points to 
obtain the number of close/open operations:
                    

Equation 8.1

                    

Equation 8.2

                    

Equation 8.3

In these equations, tarc is the arcing time in seconds; tarc = (1/fNOM)• (arc 
duration in cycles); fNOM is the nominal power system frequency (50 Hz or 
60 Hz). These calculations show the number of close/open operations 
rounded to the nearest unit.

B1COSP1 = 
I2t

(B1KASP1)2 • tarc

---------------------------------------------- 750
22• (0.01667 • 1)
-----------------------------------------  := 11250=

B1COSP2 = 
I2t

(B1KASP2)2• tarc

-------------------------------------------- 750
102• (0.01667 • 1)
--------------------------------------------  := 450=

B1COSP3 = 
I2t

(B1KASP3)2• tarc

-------------------------------------------- 750
402• (0.01667 • 1)
--------------------------------------------  := 28=



8.7

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Monitoring
Circuit Breaker Monitor

Program the SELOGIC Control Equations for Trip and Close Conditions
Circuit Breaker Monitor Trip Initiation Settings: BM1TRP

The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor. For Circuit Breaker 1, this setting is BM1TRP. These SELOGIC control 
equations use Relay Word bits to determine when the circuit breaker monitor 
accumulates circuit breaker operating parameters from phases A, B, and C. When 
detecting a rising edge (a transition from logical 0 to logical 1) of the initiation 
settings, the relay accumulates the interrupted rms currents and advances the trip 
counter by one count. There are separate current accumulators and trip counters 
for each circuit breaker pole. Table 8.4 shows the factory-default settings for cir-
cuit breaker monitor initiation.

                    

Initiation settings can include both internal and external tripping conditions. To 
capture trip information initiated by devices other than the relay, you must pro-
gram the SELOGIC control equation BM1TRP to sense these trips.

                    

Table 8.4 Circuit Breaker Monitor Initiate SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1TRPA BK1 monitor initiate equation If BK1TYP := 3

BM1TRPA A-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPB B-Phase BK1 monitor initiate equation If BK1TYP := 1

BM1TRPC C-Phase BK1 monitor initiate equation If BK1TYP := 1

Example 8.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signals to the relay control inputs. This example uses 
input IN201; you can use any control inputs that are appropriate for your 
installation. Control Input IN201, an optoisolated input, is located on the 
relay I/O Interface Board #1.

If you want Circuit Breaker Monitor 1 to initiate for the trip elements TPA1, 
TPB1, and TPC1, or for external trips, set these SELOGIC control equations 
from the SET M ASCII command or the QuickSet Breaker Monitor Set-
tings tree view:

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase 
Trip Initiate—BK1

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase 
Trip Initiate—BK1

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase 
Trip Initiate—BK1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase: = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole 
relays include A in the names and 
others disregard it.

NOTE: Factory defaults differ for 
single-pole tripping and three-pole 
tripping. Three-pole tripping uses the 
single setting BM1TRPA for all three 
poles.
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Example 8.4 Using a Control Input to Capture External and Internal Trip 
Commands

You can also capture all trip information for circuit breaker trips by using a 
relay control input to monitor the trip bus for the given circuit breaker. 
Figure 8.4 shows an illustration of this method in which IN206 connects to 
the Circuit Breaker 1 A-Phase trip bus (via a parallel connection across the 
trip bus), and asserts for any trip from any source. This example uses inputs 
IN206; you can use any control inputs that are appropriate for your installa-
tion. Vdc for this example is 125 Vdc.
                    

Many U.S. substation trip bus configurations have an incandescent trip indi-
cator lamp from the battery + terminal to the trip bus. This lamp presents an 
impedance that can provide sufficient “pull-up” on the trip bus to falsely 
assert the control input. The worst case for this condition occurs when the 
circuit breaker is open (auxiliary circuit breaker (52A) contact in Figure 8.4 
is open). You can change the input debounce time IN206PU for slow or 
noisy mechanical switches; the default debounce time of 1/8 cycle should be 
sufficient for most trip bus arrangements.

Use the SET G (GLOBAL) command or the QuickSet Global > Control 
Inputs Settings tree view to confirm that the debounce time (settings 
IN206PU and IN206DO) are correct for your trip bus control voltage. You 
must enable independent control input conditioning by using Global setting 
EICIS. Enter these settings:

EICIS := Y Independent Control Input Settings (Y, N)

IN206PU := 0.1250 Input IN206 Pickup Delay (0.0000–5 cyc)

IN206DO := 0.1250 Input IN206 Dropout Delay (0.0000–5 cyc)

BM1TRPA := IN206 Breaker Monitor Trip—BK1 (SELOGIC Equation)

Use this procedure to cause the circuit breaker monitor to initiate for either 
external or internal Circuit Breaker 1 A-Phase trips.

                    
                    

Figure 8.4 Trip Bus Sensing With Relay Input IN206
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Circuit Breaker Monitor Close Initiation Settings: BM1CLS
The relay employs SELOGIC control equations to initiate the circuit breaker mon-
itor duration timers for close functions. For Circuit Breaker 1, this setting is 
BM1CLS. These SELOGIC control equations use Relay Word bits to determine 
when the circuit breaker monitor times mechanical closing, electrical closing, 
and pole scatter. Table 8.5 shows the factory-default settings for circuit breaker 
monitor close initiation.

                    

As in Example 8.4 (connection of the trip bus to a control input), you can also 
capture the circuit breaker close information by using a relay input to monitor the 
close bus for the given circuit breaker.

Other Circuit Breaker Monitor Functions
kA Interrupt Monitoring

The relay monitors the amount of phase current that each pole of the circuit 
breaker interrupts at each trip operation. The relay records the interrupted current 
as a percentage of the circuit breaker maximum interrupting rating specified by 
the manufacturer. Set the maximum interruption current with setting B1MKAI 
(Maximum kA Interrupt Rating—BK1). If the percent of current interrupt that 
the relay records exceeds threshold setting B1KAIAT (kA Interrupt Capacity 
Alarm Threshold—BK1), the relay asserts breaker monitor alarm Relay Word bit 
B1KAIAL.

Mechanical Operating Time
The mechanical operating time is the time between trip initiation or close initia-
tion and the associated phase circuit breaker 52A normally open contact status 
change. (Assertion of 52A1 indicates that a particular circuit breaker phase has 
closed). The relay measures the tripping times for each phase from the assertion 
of the respective BM1TRPRelay Word bit to the dropout of the respective 
52A1 Relay Word bit. Similarly, for mechanical closing time, the relay mea-
sures the closing times for each phase from the assertion of the BM1CLS Relay 
Word bit to the pickup of the 52A1 Relay Word bit. The relay compares these 
tripping or closing times to the mechanical slow operation time thresholds for 
tripping and closing, B1MSTRT and B1MSCLT, respectively. The relay issues a 
mechanical slow operation alarm, B1MSOAL, for 5 seconds when trip or close 
times exceed these thresholds. See Figure 8.5 for a Circuit Breaker 1 A-Phase 
timing diagram.

Table 8.5 Circuit Breaker Monitor Close SELOGIC Control Equations

Name Description Commenta

a See Table 8.1.

BM1CLSA Breaker Monitor 1 close equation If BK1TYP := 3

BM1CLSA Breaker Monitor 1 A-Phase close equation If BK1TYP := 1

BM1CLSB Breaker Monitor 1 B-Phase close equation If BK1TYP := 1

BM1CLSC Breaker Monitor 1 C-Phase close equation If BK1TYP := 1

NOTE: In the following discussion, 
three elements are specified. There is 
one element for each phase:  = A, B, 
and C. With three-pole breakers, only 
phase A is used to represent the 
entire breaker. Some three-pole relays 
include A in the names and others 
drop it.
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Figure 8.5 Mechanical Operating Time for Circuit Breaker 1 A-Phase

Example 8.5 Mechanical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect the circuit breaker normally open 52A contacts through station 
battery power to IN201, IN202, and IN203. This example uses inputs IN201, 
IN202, and IN203 for A-, B-, and C-Phases, respectively; you can use any 
control inputs that are appropriate for your installation. The control voltage 
for this example is 125 Vdc.

Control Inputs IN201–IN203 are direct-coupled inputs.

Set the Relay Word bits to respond to these inputs.

52AA1 := IN201 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AB1 := IN202 B-Phase N/O Control Input—BK1 (SELOGIC Equation)

52AC1 := IN203 A-Phase N/O Control Input—BK1 (SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. Use the default settings for input conditioning (debounce time and 
assertion level), as with inputs IN201 to IN203 above.

Set the mechanical operating time threshold for the slow trip alarm 
(B1MSTRT) to 30 ms, and the slow close alarm threshold (B1MSCLT) to 
70 ms. Use your company standard practices to determine these settings for 
your application. For this example, enter the following settings:

B1MSTRT := 30 Mechanical Slow Trip Alarm Threshold—BK1
(1–999 ms)

B1MSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN301 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN302 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN303 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPA
(A-Phase Trip)

52AA1

Mechanical Tripping Time

BM1CLSA
(A-Phase Close)

52AA1
Mechanical Closing Time
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The relay makes a further check on the auxiliary circuit breaker (52A) contacts 
by testing whether these circuit breaker contacts have changed state within 
approximately 100 ms after the end of the trip or close threshold times. Thus, this 
additional check serves as the trip time-out and close time-out condition. This 
check verifies that the circuit breaker actually closed or opened, and it alerts you 
if maintenance is required on the circuit breaker mechanical linkages or auxiliary 
(52) contacts.

Electrical Operating Time
The electrical operating time is the time between trip or close initiation and an 
open-phase status change. For both circuit breakers, the relay measures the trip-
ping time for each phase from the assertion of the BM1TRP Relay Word bit to 
the time the relay detects an open-phase condition. Similarly, the relay measures 
electrical operating time for closing each phase from the assertion of BM1CLS 
to the restoration of phase quantities. The relay compares these tripping or clos-
ing times to the electrical slow operation time thresholds for tripping and closing, 
B1ESTRT and B1ESCLT, respectively. The relay issues an electrical slow opera-
tion alarm, B1ESOAL, for 5 seconds when trip or close times exceed these thresh-
olds. Figure 8.6 shows the timing diagram for the A-Phase pole of Circuit Breaker 1.

BM1CLSA := BK1CL OR IN304 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN305 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN306 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)

Assertion of the Relay Word bit B1MSOAL indicates any one of the follow-
ing four conditions:

➤ The mechanical operating time for a trip operation exceeds 
30 ms (the slow trip alarm setting)

➤ The mechanical operating time for a close operation exceeds 
70 ms (the slow close setting)

➤ No 52A1 status change occurred during the time B1MSTRT 
plus approximately 100 ms after trip initiation (a trip time-out 
condition)

➤ No 52A1 status change occurred during the time B1MSCLT 
plus approximately 100 ms after close initiation (a close time-
out condition)

Example 8.5 Mechanical Operating Time Settings (Continued)
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Primary load/fault current can indicate contact closing, contact opening, and arc 
extinction, depending upon the actual circuit breaker monitor setup. You can 
detect problems within the circuit breaker arcing chamber by timing the interval 
from trip/close initiation to electric arc extinction.

                    

                    

Figure 8.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Example 8.6 Electrical Operating Time Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. Connect external trip signals to IN201, IN202, and IN203, and external 
close signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, 
respectively. This example uses control inputs IN201–IN206; you can use 
any control inputs that are appropriate for your installation. The control volt-
age for this example is 125 Vdc.

Control Inputs IN201–IN206 are located on the relay I/O Interface board #1.

Set the electrical operating time threshold for the slow trip alarm (B1ESTRT) 
at 25 ms, and the slow close alarm threshold (B1ESCLT) at 65 ms. Use your 
company standard practices to determine these settings for your application. 
For this example, enter the following settings.

B1ESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1–999 ms)

B1ESCLT := 65 Electrical Slow Close Alarm Threshold—BK1 (1–999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—BK1 
(SELOGIC Equation)

BM1TRPA

(A-Phase A Close)

A-Phase Open

A-Phase Open

Electrical Closing Time

BM1CLSA

(A-Phase A Trip)

Electrical Tripping Time
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The relay further checks the circuit breaker by testing whether the circuit breaker 
has interrupted or restored current within 100 ms after the end of the trip or close 
threshold times. Thus, this additional check serves as the trip time-out and close 
time-out condition. This verifies that the circuit breaker actually closed or 
opened, and alerts you if maintenance is required on circuit breaker mechanical 
linkages.

Pole Scatter
The relay records and compares the operation time of each circuit breaker pole to 
detect time deviations between pairs of circuit breaker poles when tripping and 
closing all three poles simultaneously on single-pole-capable circuit breakers. 
The relay measures the differences in operating times resulting from auxiliary 
circuit breaker (52A) contact status changes. The logic compares the operation 
time of each individual circuit breaker pole against the time for each of the other 
poles. The relay triggers an alarm, B1PSAL, for any time deviation greater than 
the preset time threshold settings B1PSTRT and B1PSCLT for Circuit Breaker 1.

NOTE: Pole scatter applies only to 
single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact for each phase.

Figure 8.7 shows the operating time for each pole (A, B, and C) of Circuit 
Breaker 1. TAB represents the operating time deviation between poles A and B. 
TBC is the time between B and C, and TCA is the time between C and A. Once 
activated, the pole scatter alarm remains asserted for five seconds.

                    

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—BK1 
(SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—BK1 
(SELOGIC Equation)

Assertion of the Relay Word bit B1ESOAL indicates any one of the follow-
ing four conditions:

➤ The electrical operating time for a trip operation exceeds 25 ms 
(the slow trip alarm setting)

➤ The electrical operating time for a close operation exceeds 65 ms 
(the slow close setting)

➤ No pole-open logic status change occurred during the time 
B1ESTRT plus approximately 100 ms after trip initiation (a trip 
time-out condition)

➤ No pole-open logic status change occurred during the time 
B1ESCLT plus approximately 100 ms after close initiation (a 
close time-out condition)

Example 8.6 Electrical Operating Time Settings (Continued)

                    

Figure 8.7 Timing Illustration for Pole Scatter at Trip

All Poles Closed All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

TBC
TCA

TAB
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Example 8.7 Pole Scatter Settings

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #3. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303.

Set the relay to respond to these inputs by using the QuickSet Breaker Mon-
itor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN201, IN202, and IN203, and external close 
signals to IN204, IN205, and IN206 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN201–IN206; you can use any con-
trol inputs that are appropriate for your installation. 

Set the pole scatter trip alarm time threshold (B1PSTRT) at 4 ms, the pole 
scatter close alarm time threshold (B1PSCLT) at 6 ms, and the pole discrep-
ancy time delay (B1PDD) at 1400 ms. Use your company standard practices 
to determine these settings for your application. For this example, enter the 
following settings:

B1PSTRT := 4 Pole Scatter Trip Alarm Threshold—BK1 (1–999 ms)

B1PSCLT := 6 Pole Scatter Close Alarm Threshold—BK1 (1–999 ms)

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

BM1TRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1 
(SELOGIC Equation)

BM1TRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1 
(SELOGIC Equation)

BM1CLSA := BK1CL OR IN204 Breaker Monitor A-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—
BK1 (SELOGIC Equation)

BM1CLSC := BK1CL OR IN206 Breaker Monitor C-Phase Close—
BK1 (SELOGIC Equation)
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Note that the relay provides a time out of approximately 200 ms after the trip or 
300 ms after the close threshold to end detection of pole scatter alarms.

Pole Discrepancy
The relay continuously monitors the status of each circuit breaker pole to detect 
open or close deviations among the three poles. In addition, at tripping and clos-
ing, the relay measures the differences in operating times during the auxiliary cir-
cuit breaker (52A) contact status changes or open-phase logic operation. The 
relay triggers an alarm Relay Word bit, B1PDAL, if the status of any pole com-
pared to another pole exceeds the time window setting B1PDD for the circuit 
breaker.

NOTE: Pole discrepancy applies only 
to single-pole mechanism circuit 
breakers (BK1TYP := 1). These circuit 
breakers have an auxiliary circuit 
breaker (52A) contact output for each 
phase.

You can set the relay to use the current flowing through the circuit breaker to 
supervise pole discrepancy timing of the auxiliary circuit breaker (52A) contacts. 
Enable this supervision by setting E1PDCS to Y for Circuit Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole reclosing 
dead time.

B1PDD := (SPOID + circuit breaker pole operating time + contact latency) • 1.2

Equation 8.4

where:

SPOID is the single-pole open interval time and the factor 1.2 is a safety factor.

Round this time to the next higher hundreds of milliseconds value to give the pole 
discrepancy setting.

Figure 8.8 shows a Circuit Breaker 1 operation where Pole B closes first, fol-
lowed by Pole C; Pole A closes slowly. If the time from a change in 52AB1 to the 
change in 52AA1 exceeds the pole discrepancy time threshold setting B1PDD, 
then the relay asserts the B1PDAL alarm. Once activated, the relay asserts the 
pole discrepancy alarm for five seconds.

If any of the pole-open times (TAB, TBC, and TCA in Figure 8.7) exceed 
4 ms, or if any of the pole close times exceed 6 ms, the relay asserts the 
Relay Word bit B1PSAL. Assertion of B1PSAL indicates any one of the fol-
lowing four conditions:

➤ The pole scatter time for trip operation exceeds the alarm setting 
time (4 ms)

➤ The pole scatter time for close operation exceeds the alarm 
setting time (6 ms)

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSTRT plus approximately 5 ms after the trip 
initiation

➤ One phase auxiliary circuit breaker (52A) contact status change 
exceeds B1PSCLT plus approximately 5 ms after the close 
initiation

Example 8.7 Pole Scatter Settings (Continued)



8.16

SEL-400 Series Relays Instruction Manual Date Code 20230830

Monitoring
Circuit Breaker Monitor

                    

                    

                    

Figure 8.8 Pole Discrepancy Measurement

Example 8.8 Pole Discrepancy Alarm for Circuit Breaker 1—No Other Circuit 
Breaker Monitor Functions

Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this exam-
ple. This example uses control inputs IN301, IN302, and IN303 for the A-, 
B-, and C-Phases, respectively; you can use any control inputs that are 
appropriate for your installation. 

The control voltage for this example is 125 Vdc. Control Inputs IN301–
IN303 are located on I/O Board #2. Connect the circuit breaker normally 
open auxiliary circuit breaker (52A) contacts through station battery power 
to IN301, IN302, and IN303. 

Set the relay internal Relay Word bits to respond to these inputs by using the 
QuickSet Breaker Monitor (SET M) settings:

52AA1 := IN301 A-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AB1 := IN302 B-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

52AC1 := IN303 C-Phase Normally Open Control Input—BK1 
(SELOGIC Equation)

Connect external trip signals to IN301, IN302, and IN303, and external close 
signals to IN304, IN305, and IN306 for the A-, B-, and C-Phases, respec-
tively. This example uses control inputs IN301–IN306; you can use any con-
trol inputs that are appropriate for your installation.

Set the pole discrepancy time delay (B1PDD) at 1400 ms. This time delay 
assumes a dead time of 1000 ms plus a pole closing time of 100 ms (includ-
ing contact latency), plus 20 percent (for security), rounded to the next 
higher hundreds of milliseconds value. This pole discrepancy time is longer 
than the single-pole open interval time default of 900 ms; confirm that this is 
the case for your application settings. 

Enter the following settings:

B1PDD := 1400 Pole Discrepancy Time Delay—BK1 (1–9999 ms)

EB1MON := Y Breaker 1 Monitoring (Y, N)

BK1TYP := 1 Breaker 1 Trip Type (Single Pole = 1, Three Pole = 3)

The pole discrepancy timing window is B1PDD := 1400 (ms). Assertion of 
the Relay Word bit B1PDAL indicates that the status of the three Circuit 
Breaker 1 poles disagrees for 1400 ms or longer.

All Poles Open

Pole B: 52AB1

Pole C: 52AC1

Pole A: 52AA1

Pole
Discrepancy
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Circuit Breaker Inactivity Time Elapsed
The relay circuit breaker inactivity time monitor detects the elapsed time (mea-
sured in days) since the last trip or close operation of a circuit breaker. Use set-
ting B1ITAT to set the circuit breaker inactivity time. An alarm Relay Word bit, 
B1BITAL, asserts if the elapsed time exceeds a predefined setting. This alarm is 
useful to detect circuit breakers that are not operated on a regular basis. These 
circuit breakers can fail to operate when needed to perform a protection trip.

                    

When testing the inactivity timer, you must measure actual relay clock transitions 
across time 00:00:00.000 (to increment the day counter). If you set the relay to a 
specific date, enable the circuit breaker monitor (EB1MON := Y), then advance 
the date setting to a new date, the inactivity timer shows only one day of elapsed time.

Motor Running Time
The relay circuit breaker monitor measures circuit breaker motor running time. 
Depending on your circuit breaker, you can use the motor running time to moni-
tor the charge time of the circuit breaker springs or the running time of the com-
pressed air motor. An alarm asserts if the elapsed motor running time exceeds the 
predefined threshold setting B1MRTAT.

Setting B1MRTIN is a SELOGIC control equation to activate the motor running 
timer. The rising edge of B1MRTIN indicates the motor starting time; a falling 
edge indicates the motor stop time. The motor running time logic asserts the 
alarm Relay Word bit, B1MRTAL, for 5 seconds when the motor running time 
exceeds the predefined threshold. Setting B1MRTIN to logical 0 disables the 
motor running time feature of the circuit breaker monitor.

                    

Example 8.9 Inactivity Time Settings

Use Circuit Breaker 1 for this example. To assert an alarm if Circuit Breaker 
1 has not operated within the last 365 days, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1ITAT := 365 Inactivity Time Alarm Threshold—BK1 (N, 1–9999 days)

Assertion of the Relay Word bit B1BITAL indicates that it has been more 
than 365 days since the last Circuit Breaker 1 operation.

Example 8.10 Motor Running Time Settings

Use Circuit Breaker 1 for this example. 

Connect the motor control contact to IN207. This example uses control input 
IN207; you can use any control inputs that are appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of service 
by using your company standard circuit breaker maintenance policy. Issue a 
trip and close command while you measure the time that the circuit breaker 
motor requires for recharging the spring or reestablishing the return air pres-
sure to normal. Add 20 percent to this time measurement to avoid false 
alarms. Use the resulting time value for the motor running time alarm setting 
B1MRTAL.
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BREAKER Command
Use the BRE command to access vital information about the condition of substa-
tion circuit breakers and preset or reset circuit breaker monitor data. The relay 
monitors two separate circuit breakers; you must specify Circuit Breaker 1 and 
Circuit Breaker 2 for most BRE commands. Table 8.6 shows the BRE com-
mands. For more information on the BRE command, see BREAKER on page 14.4.

                    

The BRE n C command resets the accumulated circuit breaker monitor data for 
Circuit Breaker n. The clear command BRE C A clears all data for both circuit 
breakers.

The BRE n command displays the circuit breaker report for the most recent Cir-
cuit Breaker n operation.

You can also reset the circuit breaker report with Global SELOGIC setting 
RST_BKn for the Circuit Breaker n report. You must first set EDRSTC (Data 
Reset Control) to Y to access these Global settings.

The relay also displays the operation summary and the circuit breaker alarms. 
When the circuit breaker maintenance curve reaches 150 percent for a particular 
pole, the percentage wear for this pole remains at 150 percent (even if additional 
current is interrupted) until reset. However, the relay continues to advance the 
operation counter to as many as 9999999 operations per pole until reset. Accu-
mulated circuit breaker wear/operations data are retained if the relay loses power 
or if the circuit breaker monitor is disabled (EBnMON := N).

The control voltage for this example is 125 Vdc. Control Input IN207 is 
located on the relay I/O Interface board #1.

The recharge time measurement for this circuit breaker was 20 seconds; add 
20 percent (4 seconds) to give an alarm time of 24 seconds. To set the motor 
running time alarm threshold at 24 seconds, enter the following settings:

EB1MON := Y Breaker 1 Monitoring (Y, N)

B1MRTIN := IN207 Motor Run Time Control Input—BK1 (SELOGIC 
Equation)

B1MRTAT := 24 Motor Run Time Alarm Threshold—BK1 (1–9999 
seconds)

Assertion of the Relay Word bit B1MRTAL indicates the following condi-
tion: motor running time exceeds 24 seconds because IN207 was asserted for 
more than 24 seconds.

Example 8.10 Motor Running Time Settings (Continued)

Table 8.6 BRE Command

Command Description Access Level

BRE C A Clear all circuit breaker monitor data to zero. B, P, A, O, 2

BRE n Ca

a n is the breaker reference.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE na Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

BRE n Ha Display history data for the last 128 Circuit Breaker n operations. 1, B, P, A, O, 2

BRE n Pa Preload previously accumulated Circuit Breaker n data. B, P, A, O, 2
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Circuit Breaker Report
Figure 8.9 shows a sample breaker report (with typical data). The relay reports dc 
battery monitor voltages for the minimum dc voltage during a 20-cycle period at 
circuit breaker monitor trip initiation (BM1TRP) and for a 30-cycle window at 
circuit breaker monitor close initiation (BM1CLS). The circuit breaker report 
contains data only for options that you have enabled.

                    

Breaker History
The relay displays the circuit breaker history report when you issue the BRE n H 
command. The report consists of as many as 128 circuit breaker monitor events 
stored in nonvolatile memory. These events are determined by settings BMnTRP 
and BMnCLS. The breaker history report is similar to that shown in Figure 8.10 
(shown with typical data).

                    

=>BRE 1 <Enter>

Relay 1                                    Date: 03/20/2001  Time: 17:21:42.577
Station A                                  Serial Number: 2001001234
Breaker 1
Breaker 1 Report

                                 Trip A  Trip B  Trip C   Cls A   Cls B   Cls C
Avg Elect Op Time (ms)                                    5.8     7.5     8.4
Last Elect Op Time (ms)          18.2    20.0    17.9     8.4    10.4     8.4
Avg Mech Op Time (ms)
Last Mech Op Time (ms)           25.8    24.4    26.5    30.1    26.3    34.2
Inactivity Time (days)              1       1       1       1       1       1

                                      3 Pole Trip             3 Pole Close
                                   AB      BC      CA      AB      BC      CA
Max Pole Scatter (ms)             5.1     3.1     5.0     6.3     4.1     2.1
Last Pole Scatter (ms)            2.1     1.0     3.1     4.1     2.1     2.1

                               Pole A  Pole B  Pole C
Accum Pri Current (kA)        3.13657 0.43533 0.41785
Accum Contact Wear (%)            0.5     0.5     0.5
Max Interrupted Current (%)       1.6     0.2     0.2
Last Interrupted Current(%)       1.6     0.2     0.2
Number of Operations                5       5       5

                               Alarm   Total Count
Mechanical Operating Time      MSOAL       4
Electrical Operating Time      ESOAL       3
Breaker Inactivity Time        BITAL       0
Pole Scatter                    PSAL       2
Pole Discrepancy                PDAL       1
Current (kA) Interrupted       KAIAL       0
LAST BREAKER MONITOR RESET   03/15/2001   07:21:31.067

=>

Figure 8.9 SEL-411L Breaker Report (for the Most Recent Operation)

=>BRE 1 H <Enter>
Breaker 1 History Report 
Relay 1                                    Date: 03/15/2001  Time: 07:19:27.156 
Station A                                  Serial Number: 2001001234

No.     Date         Time        Bkr.Op Op Time(ms)   Pri I   VDC1   VDC2
                                        Elect Mech     (A)    (V)    (V)
1    06/01/2000  12:24:36.216    Trp A   26  28        5460   119    118
2    06/01/2000  12:24:36.216    Trp B   26  28        5260   119    118
3    06/01/2000  12:24:36.216    Trp C   26  28        5160   119    119
4    09/26/1999  16:24:36.214    Cls A   39  35        1020   118    118
5    09/26/1999  16:24:36.214    Cls B   39  35        990    118    118
6    09/26/1999  16:24:36.214    Cls C   39  35        1010   118    118
7    03/26/1999  11:24:36.218    Cls C   39  35        1100   117    115
8    03/26/1999  11:24:31.218    Trp C   26  28        3460   116    112
128
=>

Figure 8.10 Breaker History Report

NOTE: If the breaker electrical or 
mechanical operating time exceeds a 
closing or tripping setting, the relay 
flags the data as overflowed by 
appending the + symbol to the 
corresponding operating time.
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Preload Breaker Wear
You can preload a separate contact wear value for each pole of each circuit 
breaker by using the command BRE n P for Circuit Breaker n. The relay adds the 
incremental contact wear at all subsequent circuit breaker monitor initiations to 
your preloaded value to obtain a total wear value. You can enter integer values of 
percentage wear from 1 to 100 percent. In addition to preloading contact wear 
data, you can enter values for previous operations and accumulated currents. The 
maximum number of operations or accumulated primary current (in kA) you can 
enter is 9999999. The circuit breaker preload terminal screen is similar to 
Figure 8.11 for both the terminal and QuickSet.

                    

When performing circuit breaker testing, capture the BRE n P information (write 
the date or use a terminal screen capture) before testing. Test the circuit breaker, 
then enter the previously recorded preload data with the BRE n P command. 
Using this method, you can eliminate testing operations from actual usage data in 
the circuit breaker monitor.

SEL Compressed ASCII Circuit Breaker Report
You can retrieve a Compressed ASCII circuit breaker report by using the CBR 
command from any communications port.

The relay arranges items in the Compressed ASCII circuit breaker report in a spe-
cial order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order. 

The information presented below explains the message and serves as a guide to 
the items in a Compressed ASCII configuration circuit breaker report.

The format of the Compressed ASCII CBR message is the following.

                    

=>BRE 1 P <Enter>
Accum Contact Wear (%)             A-phase % :=  5 ? 12 <Enter>
                                   B-phase % := 10 ? 15 <Enter>
                                   C-phase % :=  7 ? 10 <Enter>
Accum Num of Operations:           A-phase := 25 ? 11 <Enter>
                                   B-phase := 25 ? 11 <Enter>
                                   C-phase := 25 ? 11 <Enter>

Accum Pri Current (kA)             Trip A := 99.0 ? 299 <Enter>
                                   Trip B := 98.0 ? 254 <Enter>
                                   Trip C := 98.0 ? 257 <Enter>
                                     Pole A      Pole B      Pole C
Accum Contact Wear (%)                 12          15          10
Accum Num of Operations                11          11          11
Accum Pri Current (kA)                299         254         257

Figure 8.11 Circuit Breaker Preload Data

“RID”,“SID”,“FID”,“yyyy”
relayid,station,fidstring,"yyyy"
"BID","yyyy"
breakerid,"yyyy"
"AVG_TR_ELE","LST_TR_ELE","AVG_TR_MEC","LST_TR_MEC","LST_TRmDC1", 

"LST_TRmDC2","TR_INAC(d)","MAX_TR_SCA","LST_TR_SCA", "AVG_CL_ELE", 
"LST_CL_ELE","AVG_CL_MEC","LST_CL_MEC","LST_CLmDC1", 
"LST_CLmDC2","CL_INAC(d)","MAX_CL_SCA","LST_CL_SCA", "ACC_I(kA)", 
"ACC_WEAR(%)","MAX_INT_I(%)","LAST_INT_I(%)","NUM_OPS","yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

fff,fff,fff,fff,fff,fff,iii,fff,fff,fff,fff,fff,fff,fff,fff,iii,fff,fff, 
fff,fff,fff,fff,iii,"yyyy"

"AVG_MOT_RT","LST_MOT_RT","RST_MONTH","RST_DAY","RST_YEAR","RST_HOUR","RST_MIN",
  "RST_SEC","yyyy"
iii,iii,iii,iii,iii,iii,iii,iii,"yyyy"
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Definitions for the items and fields in the Compressed ASCII configuration are 
the following:

➤ yyyy is the checksum

➤ iii is an integer value

➤ fff is a floating-point value

The relay reports the data as A-Phase in the first line, B-Phase in the second line, 
and C-Phase in the third line. Pole scatter data are slightly different: TAB is in the 
first line, TBC is in the second line, and TCA is in the third line.

Station DC Battery System Monitor
The relay automatically monitors station battery system health by measuring the 
dc voltage, ac ripple, and voltage between each battery terminal and ground. 
SEL-400 series relays provide either one or two dc monitor channels. See the 
product-specific instruction manual to see how many breaker monitor channels 
the relay supports. Four voltage thresholds give you the ability to create five sens-
ing zones (low failure, low warning, normal, high warning, and high failure) for 
the dc voltage.

The ac ripple quantity indicates battery charger health. When configuring the ac 
ripple setting DC1RP, we can define the ripple content of a dc supply as the peak-
to-peak ac component of the output supply waveform.

The relay also makes measurements between the battery terminal voltages and 
station ground to detect positive and negative dc ground faults. Figure 8.12 shows 
a typical dual-battery dc system.

                    
                    

Figure 8.12 Typical Station DC Battery System

NOTE: This section lists settings for 
Station DC Battery Monitor 1; settings 
for Station DC Battery Monitor 2 are 
similar; replace 1 in the setting with 2.

Station 
Service

Chassis
Ground

Power

Battery 
Charger

125 Vdc

Relay

Comm.
Equipment

+

–

Vdc 1
–

+

Vdc 2
–

+
Battery 
Charger

48 Vdc

Power
+

–
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The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and –) and Vdc2 (+ and –). Monitoring dc volt-
age during circuit breaker operation gives a quick test of the battery system, 
which includes wiring and junctions from the batteries to the circuit breaker. In 
the breaker report and in the breaker history report, the relay displays the mini-
mum value of station battery voltage during circuit breaker operation on a per-
pole basis.

NOTE: First enable Station DC 
Monitoring (with the Global setting 
EDCMON) to access station dc battery 
monitor settings.

Table 8.7 lists the station dc battery monitor settings and the corresponding Relay 
Word bits that assert when battery quantities exceed these settings thresholds. 
Use the SET G ASCII command from a terminal or use the QuickSet Global > 
Station DC Monitoring branch of the Settings tree view to access the DC Moni-
tor settings.

                    

Station DC Battery System Monitor Application
In addition to providing a view of how much the station dc battery voltage dips 
when tripping, closing, and when other dc control functions occur, the dc monitor 
also alarms for under- or overvoltage dc battery conditions in five sensing 
regions. The following describes how to apply the dc battery monitor to a typical 
125 Vdc protection battery system with a 48 Vdc communications equipment 
battery system. Adjust the values used here to meet the specifications of your 
company.

Battery Voltage
When setting the station dc battery monitor, you must determine the minimum 
and maximum dc levels in the battery system. In addition, you must also establish 
the threshold levels for different battery system states or conditions. The follow-
ing voltage levels describe these battery system conditions:

➤ Trip/Close—the lowest dc voltage point at which circuit breaker trip 
and close operations occur

➤ Open-circuit—the dc battery voltage when all cells are fully charged 
and not connected to the battery charger

➤ Float low—the lowest charging voltage supplied by the battery 
charger

➤ Float high—the highest charging voltage supplied by the battery 
charger

➤ Equalize mode—a procedure during which the batteries are 
overcharged intentionally for a preselected time to bring all cells to a 
uniform output

Table 8.7 DC Monitor Settings and Relay Word Bit Alarms

Settinga

a For DC2 Monitor Settings and Relay Word bit alarms, substitute 2 for 1 in the setting names and 
Relay Word bit names.

Definition Relay Word Bita

DC1LFP Low Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1LWP Low Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HWP High Level Warn Pickup (OFF, 15–300 Vdc) DC1W

DC1HFP High Level Fail Pickup (OFF, 15–300 Vdc) DC1F

DC1RP Peak-to-Peak AC Ripple Pickup (1–300 Vac) DC1R

DC1GF Ground Detection Factor (1.00–2.00) (advanced setting) DC1G
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Set the low end of the allowable dc battery system voltage according to the rec-
ommendations of C37.90–1989 (R1994) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power. Section 6.4 in this standard is titled 
Allowable Variation from Rated Voltage for Voltage Operated Auxiliary Relays. 
This section calls for an 80 percent low-end voltage and 28, 56, 140, or 280 Vdc 
high-end voltages for the popular nominal station battery voltages. Table 8.8 lists 
expected battery voltages under various conditions that use commonly accepted 
per-cell voltages.

                    

Use the expected battery voltages of Table 8.9 to determine the relay station dc 
battery monitor threshold settings. Table 8.9 shows these threshold settings for a 
nominal 125-Vdc battery system (the Vdc1 input) and a nominal 48-Vdc battery 
system (the Vdc2 input).

                    

AC Ripple
Another method for determining whether the substation battery charger has failed 
is to monitor the amount of ac ripple on the station dc battery system. The IEEE 
C37.90-1989 standard also identifies an “Allowable AC Component in DC Con-

Table 8.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)

Trip/Close 80% • 125 Vdc 100.0 

Open-Circuit 60 (cells) • 2.06 (volts/cell) 123.6 

Float Low 60 (cells) • 2.15 (volts/cell) 129.0

Float High 60 (cells) • 2.23 (volts/cell) 133.8

Equalize Mode 60 (cells) • 2.33 (volts/cell) 139.8 

Trip/Close 80% • 48 Vdc 38.4

Open-Circuit 24 (cells) • 2.06 (volts/cell) 49.4

Float Low 24 (cells) • 2.15 (volts/cell) 51.6

Float High 24 (cells) • 2.23 (volts/cell) 53.5

Equalize Mode 24 (cells) • 2.33 (volts/cell) 55.9

Trip/Close 80% • 24 Vdc 19.2

Open-Circuit 12 (cells) • 2.06 (volts/cell) 24.7

Float Low 12 (cells) • 2.15 (volts/cell) 25.8

Float High 12 (cells) • 2.23 (volts/cell) 26.8

Equalize Mode 12 (cells) • 2.33 (volts/cell) 28.0

Table 8.9 Example DC Battery Monitor Settings—125 Vdc for Vdc1 and 48 Vdc 
for Vdc2

Setting Description Indication Value (Vdc)

DC1LFP Low-fail threshold, Mon. 1 Poor battery performance 100

DC1LWP Low-warning threshold, Mon. 1 Charger malfunction 127

DC1HWP High-warning threshold, Mon. 1 Equalization 137

DC1HFP High-fail threshold, Mon. 1 Charger malfunction 142

DC2LFP Low-fail threshold, Mon. 2 Poor battery performance 38

DC2LWP Low-warning threshold, Mon. 2 Charger malfunction 50

DC2HWP High-warning threshold, Mon. 2 Equalization 55

DC2HFP High-fail threshold, Mon. 2 Charger malfunction 57
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trol Voltage Supply” (Section 6.5) as an alternating component (ripple) of 5 per-
cent peak or less. (This definition is valid if the minimum instantaneous voltage 
is not less than 80 percent of the rated voltage.) The relay measures ac ripple as a 
peak-to-peak waveform, consequently, DC1RP and DC2RP should be set at or 
greater than 10 percent (2 • 5% peak) of the equalizing voltage. Table 8.10 shows 
the ac ripple threshold settings for this example.

                    

DC Ground
If a battery system is centered around chassis ground, then the magnitude of the 
voltage measured from the positive terminal-to-ground and from the negative ter-
minal of the battery to ground should be approximately one-half of the nominal 
battery system voltage. The ratio of the positive-to-ground battery voltage to the 
negative-to-ground battery voltage is 1 to 1, or 1.00. Equation 8.5 is the balanced 
(no grounding) ratio for a 125-Vdc battery system.

                    

Equation 8.5

If either terminal is partially or completely shorted to chassis ground, then the 
terminal voltage will be less than the nominal terminal-to-ground voltage. This 
causes the ratio of positive voltage to negative voltage to differ from 1.00. 
Equation 8.6 is an example of the unbalanced (grounding) ratio for a partial short 
circuit to ground on the negative side of a 125-Vdc battery system.

                    

Equation 8.6

The relay uses this voltage ratio to calculate a ground detection factor. 
Figure 8.13 shows a graphical representation of the ground detection factor set-
ting and battery system performance. 

Table 8.10 Example DC Battery Monitor Settings—AC Ripple Voltages

Setting Description Indication Value (Vac)

DC1RP AC ripple threshold, Mon. 1 Charger malfunction 14

DC2RP AC ripple threshold, Mon. 2 Charger malfunction 6

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

62.50 V
-------------------  1.00===

k
Vdc1pos
Vdc1neg
---------------------  62.50 V

59.10 V
-------------------  1.06===
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NOTE: Only the upper ground 
detection factor in Figure 8.12 is 
entered as a setting. The relay 
calculates the lower factor by taking 
the reciprocal of the upper factor:
1/1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay asserts 
the DCIG Relay Word bit. To set the ground detection factor threshold, enable the 
advanced Global settings (set EGADVS := Y), and set the DC1GF and the 
DC2GF thresholds at a value close to 1.05 (the factory-default setting) to allow 
for some slight battery system unbalance of around 5 percent. Table 8.11 lists the 
ground detection factor threshold settings for this example.

                    

DC Battery Monitor Alarm
You can use the battery monitor Relay Word bits to alert operators for out-of-tol-
erance conditions in the battery systems. Add the appropriate Relay Word bit to 
the SELOGIC control equation that drives the relay control output you have 
selected for alarms. For example, use the Form B contact of control output 
OUT214. Set the SELOGIC control equation to include the battery monitor 
thresholds.

OUT214 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR 
DC1R OR DC1G) (Output SELOGIC Equation)

This is one method; you can implement many other methods as well.

                    

Figure 8.13 Ground Detection Factor Areas

|Vdc positive| 
(volts)

|Vdc negative| 
(volts)

Relay Word bit 
DC1G alarm area

Relay Word bit
DC1G alarm area

Normal operating area

k = 1.05
k = 1.00

k = 0.95

DC1GF := 1.05

Table 8.11 Example DC Battery Monitor Settings—Ground Detection Factor 
(EGADVS := Y)

Setting Description Indication Value

DC1GF Ground detection factor, Mon. 1 Battery wiring ground(s) 1.05

DC2GF Ground detection factor, Mon. 2 Battery wiring ground(s) 1.05
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Reporting

The relay features comprehensive power system data analysis capabilities. The 
relay provides these useful analysis tools:

➤ Data Processing on page 9.1

➤ Triggering Data Captures and Event Reports on page 9.7

➤ Duration of Data Captures and Event Reports on page 9.9

➤ Oscillography on page 9.9

➤ Event Reports, Event Summaries, and Event Histories on page 9.13

➤ Sequential Events Recorder (SER) on page 9.28

➤ Signal Profiling on page 9.31

An event is a representation of the operating conditions of the power system at a 
specific time. Events include instances such as a relay trip, an abnormal situation 
in the power system that triggers a relay element, or an event capture command.

Information from oscillograms, relay event reports, SER, and signal profiling 
data are very valuable if you are responsible for outage analysis, outage manage-
ment, or relay settings coordination.

The relay accepts high-accuracy timing, such as IRIG-B. When a suitable exter-
nal clock is used (such as the SEL-2407 Satellite-Synchronized Clock), the relay 
synchronizes the data acquisition system to the received signal. Knowledge of the 
precise time of sampling allows comparisons of data across the power system. 
Use a coordinated network of time-synchronized relays to create moment-in-time 
“snapshots” of the power system. These data are useful for determining power 
system dynamic voltage and current phasors, impedances, load flow, and system 
states.

Data Processing
SEL-400 series relays are numeric, or microprocessor-based, relays that sample 
power system conditions. The relay converts analog inputs received via CT and 
PT inputs to digital information for processing to determine relaying quantities 
for protection and automation. Figure 9.1 shows a general overview of the input 
processing diagram for the relay. Figure 9.2 shows a general overview of the 
input processing for a relay with Sampled Values (SV).

The relay outputs two types of analytical data: high-resolution raw data and fil-
tered data. Figure 9.1 shows the path a power system VT and CT signals take 
through relay input processing. A CT or PT analog input begins at hardware 
acquisition and sampling, continues through software filtering, and progresses to 
protection and automation processing. The initial hardware low-pass filter half-
power or –3 dB point is 3.0 kHz. Next, the relay samples the power system volt-
age or current with an 8000 samples/second A/D (analog to digital) converter. 
This is the tap point for high-resolution raw data captures. You can select 8000 
samples/second, 4000 samples/second, 2000 samples/second, and 1000 samples/
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second effective sampling rates for presentation and storage of the high-resolu-
tion raw data COMTRADE format (see Oscillography on page 9.9). From the 
same 8 kHz downsampled data, a dashed lined showing SV data packet creation 
is provided and only occurs on SEL-400 series SV publisher devices.

Figure 9.2 shows the path a power system signal received via DSS technology 
takes through relay processing. The received data streams are first filtered, 
decoded, scaled, and resampled. The resampled data then continues through soft-
ware filtering and progresses to protection and automation processing. The relay 
resamples incoming data to 8 kHz analog samples. This is the tap point for high-
resolution raw data captures.
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The software portion of input signal processing receives the high-resolution raw 
data sampled quantities and passes these to the Anti-Aliasing Digital Filter. The 
half-power or –3 dB point of the anti-aliasing filter is 640 Hz. Subsequent pro-
cessing decimates the sampled data to the processing interval by using additional 
digital filtering. This information is the filtered data for event reports and other 
relay functions. The relay downsamples the filtered data to present 4-samples/
cycle event reports.

                    

Figure 9.1 Input Processing
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The relay samples the control inputs at a rate of 2 kHz. The raw input digital sta-
tus is available in high-resolution (COMTRADE) data files. Contact bounce may 
be visible when the raw data are viewed.

The relay filters both types of control inputs with settable debounce timers, and 
updates the resulting Relay Word bits every processing interval. Event reports 
can include the filtered control input Relay Word bits.

Control input state changes will appear to occur faster in COMTRADE oscillog-
raphy files than in event reports (EVE command) or Sequential Events Recorder 
reports (SER command) because of the control input debounce time delays.
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Effect of Full-Cycle Cosine Filtering on Protection Speed
Most of the protection elements within an SEL-400 series relay use data that have 
been processed through a full-cycle cosine filter (see Figure 9.1). This digital fil-
ter removes harmonic content and removes the decaying dc component that is 
present during a fault. To accomplish this, the relay maintains a data buffer for 

                    

Figure 9.2 Input Processing of SEL-400 Series Relays Supporting DSS Technology
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each of the input analog channels (e.g., VAY, IAW), containing a full-power sys-
tem cycle of data. The oldest data sample in the buffer is from one power system 
cycle in the past, and the newest data sample is from the present. The output of 
the filter is a weighted sum of these buffered data samples, with the weights 
being points from a cosine function (hence the name cosine filter).

When a fault occurs, the cosine filter is initially full of pre-fault data. It takes a 
full-power system cycle for the filter buffer to completely fill up with fault data. 
It takes an additional quarter cycle for the phasor magnitudes to fully stabilize at 
their new values because the relay calculates phasor magnitudes by using two 
samples separated by a quarter cycle. Consequently, the full-cycle cosine filtered 
protection quantities take as long as 1.25 power system cycles to reach a new 
steady state after the onset of a fault.

Figure 9.3 illustrates this behavior. At time t = 0, the relay sees a step change in 
secondary current from 5 A to 15 A rms secondary. The full-cycle filtered current 
magnitude reaches the new steady-state value of 15 A after approximately 
1.25 power system cycles. To illustrate the effect on protection speed, consider 
three hypothetical overcurrent elements within the relay, each with a different 
pickup value. The pickup values are PU1 = 6 A, PU2 = 10 A, and PU3 = 14 A, 
respectively, and these are plotted on the graph alongside the filtered current 
magnitude. It is evident from the graph that the overcurrent elements with the 
smaller pickup values operate more quickly. Element 1 operates in 0.125 cycles, 
Element 2 operates in 0.625 cycles, and Element 3 operates in 1.125 cycles. The 
smaller the pickup threshold is relative to the applied current, the faster the ele-
ment operates. This is a direct consequence of the fact that it takes approximately 
a cycle for the cosine filter to fully charge. 

                    

The processing rate of the protection logic combines with the cosine filter delay 
to influence protection speed. Most SEL-400 series protection elements run at 
either 8 samples/cycle or 4 samples/cycle. When the applied current is very large 
relative to the pickup threshold (e.g., PU1 for Element 1), the processing rate is 
very influential in determining the protection speed. This is because the effective 
cosine filter delay is only around one processing interval in that case. When the 

                    

Figure 9.3 Filtered Current Magnitude With Overcurrent Pickups
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applied current is barely over the pickup (e.g., PU3 for Element 3), the protection 
speed is mostly determined by the cosine filter delay because a full cycle is a con-
siderably longer time than one processing interval. 

Triggering Data Captures and Event Reports
Oscillograms and event reports are triggered both internally and externally 
depending on the event trigger that you program in the relay.

Use an event trigger to initiate capturing power system data. High-resolution raw 
data oscillography and event reports use the same triggering methods. The trigger 
for data captures comes from four possible sources:

➤ Relay Word bit TRIP assertions

➤ SELOGIC control equation ER (Event Report Trigger)

➤ TRI command

➤ SEL Grid Configurator (see Section 2: PC Software)

In some SEL relays, the PUL command initiated event recording. If you want the 
PUL command to initiate data capture, add the Relay Word bit TESTPUL to the 
SELOGIC control equation ER.

Relay Word Bit TRIP
If Relay Word bit TRIP asserts, the relay automatically generates a data capture 
event trigger on the rising edge of the TRIP Relay Word bit state change. In every 
instance, TRIP causes the relay to begin recording data. You therefore do not 
have to enter any condition that causes a trip in the ER SELOGIC control equa-
tion.

SELOGIC Control Equation ER
Program the SELOGIC control equation ER to trigger high-resolution raw data 
oscillography, traveling-wave data oscillography, and standard event reports for 
conditions other than TRIP conditions. When ER asserts, the relay begins record-
ing data if the relay is not already capturing data initiated by another trigger.

                    

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation

This example shows how the elements in the ER SELOGIC control equation 
initiate relay data capture. 

An example of a factory-default setting for Group setting SELOGIC control 
equation ER in the SEL-411L is:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G Event Report Trigger Equation 
(SELOGIC Equation)
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TRI (Trigger Event Report) Command
Use the TRI command from any communications port to trigger the relay to 
begin recording high-resolution raw data, traveling-wave data, and event report 
data. When testing with the TRI command, you can gain information on power 
system operating conditions that occur immediately after you issue the TRI com-
mand.

The element transitions in this setting are from the following Relay Word 
bits:

➤ Z2P, Z3P: Zone 2 phase distance element, Zone 3 phase distance 
element

➤ Z2G, Z3G: Zone 2 ground distance element, Zone 3 ground 
distance element

➤ 51S01: Instantaneous output of Inverse-Time Overcurrent 
Element 1

The rising-edge operator, R_TRIG, occurs in front of each of the elements in 
the factory-default ER equation. Rising-edge operators are especially useful 
for generating an event report at fault inception. The triggering element 
causes ER to assert, then clears the way for other elements to assert ER 
because the relay uses only the beginning of a long element assertion. The 
starting element in a continuously occurring fault does not mask other possi-
ble element triggers. This allows another rising-edge sensitive element to 
generate another event report later in that same continuously occurring fault 
(such as an overcurrent situation with the R_TRIG 51S01 element).

In the example factory-default ER SELOGIC control equation, if the Z3G ele-
ment remains asserted for the duration of the ground fault, the rising-edge 
operator, R_TRIG, in front of Z3G causes ER to assert for only one process-
ing interval (a 1/8-cycle pulse). Other elements in the ER SELOGIC control 
equation can trigger event reports while the Z3G element remains asserted 
throughout the fault duration.

You can also use the falling-edge operator, F_TRIG, to initiate data captures. 

Example 9.2 Including PUL Command Triggering in the ER SELOGIC Control Equation

This example shows you how to add the effect of the PUL command to emu-
late previous SEL relays. The relay asserts Relay Word bit, TESTPUL, when 
any output is pulsed via the PUL command.

Program the Group settings SELOGIC control equation ER as follows:

ER := R_TRIG Z2P OR R_TRIG Z2G OR R_TRIG 51S01 OR 
R_TRIG Z3P OR R_TRIG Z3G OR TESTPUL Event Report Trig-
ger Equation (SELOGIC Equation)

Example 9.1 Triggering Event Report/Data Capture by Using the ER SELOGIC 
Control Equation (Continued)
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Duration of Data Captures and Event Reports
The relay stores unfiltered, high-resolution raw data (sampled at either 8 kHz, 
4 kHz, 2 kHz, or 1 kHz) and filtered event reports. The number of stored high-
resolution raw data captures and event reports is a function of the amount of data 
contained in each capture. You can configure the relay to record long data cap-
tures at high sampling rates, although this reduces the total number of stored 
events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate and data cap-
ture times. Relay setting SRATE determines the number of data points the relay 
records per second. You can set SRATE to 8 kHz, 4 kHz, 2 kHz, and 1 kHz. 

The length of the data capture/event report (setting LER) and the pre-trigger or 
pre-fault time (setting PRE) are related, as shown in Figure 9.4. The LER setting 
is the overall length of the event report data capture; the PRE setting determines 
the time reserved in the LER period when the relay records pre-trigger (pre-fault) 
data. Typically, you set the PRE time to 20 percent of the total LER period. 
Traveling-wave records have a fixed sampling rate of 1.5625 MHz and a fixed 
event length of 7.5 ms.

NOTE: PRE has a dynamic range 
based on the current value of LER.   
The upper range of PRE =  LER – 0.05.

                    

The relay stores all data captures to volatile RAM and then moves these data to 
nonvolatile memory storage. There is enough volatile RAM to store one maxi-
mum length capture (maximum LER time) for a given SRATE. No data captures 
can be triggered while the volatile RAM is full; the relay must move at least one 
data capture to nonvolatile storage to re-enable data capture triggering. Thus, to 
record sequential events, you must set LER to half or less of the maximum LER 
setting. The relay stores more sequential data captures as you set LER smaller.

See Section 7: Metering, Monitoring, and Reports in the product-specific instruc-
tion manual, to determine the event storage capacity for any specific relay. The 
relay automatically overwrites the oldest events with the newest events when the 
nonvolatile storage capacity is exceeded.

Oscillography
The relay features the following types of oscillography:

➤ Raw data oscillography—effective sampling rate as fast as 
8000 samples/second

➤ Event report oscillography from filtered data

Use high-resolution raw data oscillography to view transient conditions in the 
power system. You can set the relay to report these high-resolution oscillograms 
at 8000 samples/second, 4000 samples/second, 2000 samples/second, and 1000 
samples/second effective sampling rates. The high-resolution raw data and 

                    

Figure 9.4 Data Capture/Event Report Times

PRE

LER

Event Trigger

NOTE: Relays with DSS technology 
adjust COMTRADE files automatically 
by the channel delay associated with 
the DSS technology used. This allows 
for comparison with COMTRADE files 
gathered from traditional, non-DSS 
relays. CEV files, however, retain the 
channel delay because those files 
show how the relay operated based on 
the received signals. 
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traveling-wave data oscillograms are available as files through the use of Ymo-
dem file transfer and File Transfer Protocol (FTP) in the binary COMTRADE file 
format output (IEEE Std C37.111-1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems).

NOTE: The SEL-400G provides both 
filtered and raw high-resolution 
oscillograms by using the 
IEEE C37.111-2013 COMTRADE file 
format.

The filtered data oscillograms give you accurate information on the relay protec-
tion and automation processing quantities. The relay outputs filtered event 
reports through a terminal or as files in ASCII format and Compressed ASCII 
format, through FTP and Ymodem file transfers. Figure 9.5 shows a sample 
filtered-data oscillogram.

                    

Raw Data Oscillography
Raw data oscillography produces oscillograms that track power system anoma-
lies that occur outside relay digital filtering.

COMTRADE files always include all eight Relay Word bits from each row of the 
Relay Word used as the base set for the relay (see Section 7: Metering, Monitor-
ing, and Reporting in the product-specific instruction manual for a list of these 
bits). Additionally, it includes the rows containing those Relay Word bits config-
ured for inclusion by the ERDG setting.

The relay stores high-resolution raw data oscillography in binary format and uses 
COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII format. 
The .CFG file is an ASCII configuration file that describes the layout of the .DAT 
file. The .DAT file is in binary format and contains the values for each input 

                    

Figure 9.5 Sample Oscillogram
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channel for each sample in the record. These data conform either to the IEEE 
C37.111-1999 or C37.111-2013 COMTRADE standard, depending on the relay 
report settings.

.HDR File
The .HDR file contains the summary and relay settings information that appears in the 
event report for the data capture (see Event Summary Section of the Event Report on 
page 9.23 and Settings Section of the Event Report on page 9.24). The settings portion 
is as illustrated in Figure 9.6.

                    

.CFG File
The .CFG file contains data such as sample rates, number of channels, line fre-
quency, channel information, and transformer ratios (see Figure 9.7). A 
<CR><LF> follows each line. If control inputs or control outputs are not avail-
able because of board loading and configuration, the relay does not report these 
inputs and outputs in the analog and digital sections of the .CFG file. Figure 9.7 
shows a typical C37.111-1999 COMTRADE file format. C37.111-2013 COM-
TRADE file formats are also provided.

Relay 1                                    Date: 02/02/2011  Time: 14:11:21.000
Station A                                  Serial Number: 2010265004

Event: ABG T   Location: 59.61 (mi)   From: LOCAL   FLM: TW   Time Source: HIRIG
Event Number: 10121      Shot 1P: 0   Shot 3P: 0        Freq: 59.99     Group: 1
Targets: 
Breaker 1: CLOSED
Breaker 2: OPEN  
PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem
MAG(A/kV)    200    200    200      1      1  133.946  133.938  133.941  133.935
ANG(DEG)    -0.7 -120.5  119.4  -51.7  -88.7      0.0   -119.9    120.2      0.1

Fault:
MAG(A/kV)   2200   2200   2200      7    376  133.937  133.926  133.957  133.933
ANG(DEG)    -0.7 -120.6  119.5 -102.0  -83.5      0.0   -119.9    120.2      0.1

                 87 Differential Currents
PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00 
ANG(DEG)     0.0    0.0    0.0    0.0    0.0 

Summary Event 
Information

SET_G1.TXT
[INFO]
RELAYTYPE=SEL-411L
FID=SEL-411L-X136-V0-Z001001-D20110114
BFID=SLBT-4XX-R205-V0-Z001002-D20100128
PARTNO=0411L0X6X1B6BCXH5C4E4XX
[IOBOARDS]
INT4_E, , , 24, 8, 0, 0, 1
CFSINT8, , , 8, 8, 0, 0, 2
[G1]
"SID","Station A"
"RID","Relay 1"
"NUMBK",2
"BID1","Breaker 1"
"BID2","Breaker 2"
"NFREQ",60
.
.
.
"AR197",
"AR198",
"AR199",
"AR200",

Relay Settings

Figure 9.6 Sample COMTRADE .HDR Header File
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The configuration file has the following format:

➤ Station name, device identification, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Line frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

Station A,FID=SEL-411L-1-R100-V0-Z001001-D20110311,1999 Relay Information (1999 = COMTRADE Standard)

398,14A,384D 398 = sum of analogs and digitals
14A = total number of analog channels
384D = total number of digital pointsa

a If ERDIG is set to S, the digital points are all the Relay Word bits set in ERDG as well as the Relay Word bits that are always included in the 
event report. If ERDIG is set to A, the digital points are all the Relay Word bits in the device.

1,IAW,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
2,IBW,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
3,ICW,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
4,IAX,A,,A,0.324059,0,0,-32767,32767,200.0,1,P
5,IBX,B,,A,0.324059,0,0,-32767,32767,200.0,1,P
6,ICX,C,,A,0.324059,0,0,-32767,32767,200.0,1,P
7,VAY,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
8,VBY,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
9,VCY,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
10,VAZ,A,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
11,VBZ,B,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
12,VCZ,C,,kV,0.032406,0,0,-32767,32767,2000.0,1,P
13,VDC1,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P
14,VDC2,,,V,0.011178,-0.000000,0,-32767,32767,1,1,P

14 Analog Channels

1,87USAFE,,,0
2,UNUSED2,,,0
3,UNUSED3,,,0
4,UNUSED4,,,0
5,OC1,,,0
6,CC1,,,0
7,OC2,,,0
8,CC2,,,0
9,87LA,,,0
10,87LB,,,0
11,87LC,,,0
12,87LQ,,,0
13,87LG,,,0
14,87FLSOK,,,0
15,87DTTRX,,,0
.
.
.
382,PCT06Q,,,0
383,PCT07Q,,,0
384,PCT08Q,,,0

384 Digital Points

60 Nominal System Frequency (INFREQ Setting)

1

2000,1000 2000 = Sample Rate (SRATE setting)
1000 = Length of the Report x Sample Rate (LER x SRATE)

17/03/2011,08:36:38.697687 Time Stamp of the First Data Point

17/03/2011,08:36:38.799850 Time Stamp of the Trigger Point

BINARY

1

Figure 9.7 COMTRADE .CFG Configuration File Data
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.DAT File
NOTE: The analog data are time-
aligned to when the data changed on 
the input terminals. Similarly, the 
contact inputs are time-aligned to 
when the data changed on the input 
terminals. All other digital data are 
time-aligned to when the value 
changed in the relay.

The .DAT file follows the COMTRADE binary standard. The format of the binary 
data files is sample number, time stamp, data value for each analog channel, and 
grouped status channel data for each sample in the file. There are no data separa-
tors in the binary file, and the file contains no carriage return/line feed characters. 
The sequential position of the data in the binary file determines the data transla-
tion. Refer to the IEEE Std C37.111-1999 or C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems for more information.

Generating Raw Data Oscillograms
To use high-resolution raw data oscillography, select the type of triggering event 
and use a trigger event method described in Triggering Data Captures and Event 
Reports on page 9.7. Use the settings SRATE, LER, and PRE to set the relay for 
the appropriate data sampling rate and data capture time (see Duration of Data 
Captures and Event Reports on page 9.9).

Retrieving Raw Data Oscillograms
Use a computer terminal emulation program and the FILE commands at any 
communications port to retrieve the stored high-resolution raw data capture from 
the relay file structure. If the relay has an Ethernet port, you can also use FTP to 
retrieve these files. You can also use QuickSet.

Event Report Oscillography
Use a terminal or SEL-supplied PC software to retrieve filtered event report files 
stored in the relay and transfer these files to your computer. SYNCHROWAVE 
Event can be used to view the compressed event files that the relay generates for 
an event.

Event Reports, Event Summaries, and Event Histories
Event reports simplify post-fault analysis and help you improve your understand-
ing of protection scheme operations. Event reports also aid in testing and trouble-
shooting relay settings and protection schemes because these reports contain 
detailed data on voltage, current, and relay element status. For further analysis 
assistance, the relay appends the active relay settings to each event report. The 
relay stores event reports in nonvolatile memory, and you can clear the event 
report memory on a port-by-port basis.

You decide the amount of information and length in an event report (see Duration 
of Data Captures and Event Reports on page 9.9).

The relay records the filtered power system data that the relay uses in protection 
and automation processing. You can view filtered information about an event in 
one or more of the following forms.

➤ Event report

➤ Event summary

➤ Event history
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Alias Names
NOTE: If Alias names were changed 
after an event was recorded, the relay 
uses the present alias names in 
subsequent event reports.

To customize your event report, rename any Relay Word bit or analog quantity 
with more meaningful names to improve the readability of fault analysis and cus-
tomized programming. After renaming the primitive quantities, the alias names 
rather than the primitive names appear in the event reports for the user-selectable 
analog and digital channels. The primitive names of the analog channels still 
appear in the event reports.

Event Report
The relay generates event reports to display analog data, digital data (control 
inputs, control outputs, and the state of Relay Word bits), and relay settings. The 
event report is a complete description of the data that the relay recorded in 
response to an event trigger. Each event report includes these components:

➤ Report header and analog section—Currents and voltages, 
sometimes including calculated quantities such as differential 
currents

➤ Digital section—Relay Word bit elements, control outputs, control 
inputs

➤ Event summary

➤ Settings

➢ Group settings

➢ Global settings

➢ Output settings

➢ PORT 5 settings1

➢ SELOGIC control equations protection logic

Viewing the Event Report
Access event reports from the communications ports and communications cards 
at Access Level 1 and higher. (You cannot view event reports at the front panel, 
although you can view event summary information at the front-panel display.) 
You can independently acknowledge the oldest event report at each communica-
tions port (EVE ACK command) so that you and users at other ports (SCADA, 
Engineering, etc.) can retrieve complete sets of event reports. To acknowledge 
the oldest event report, you must first view that event report at a particular port by 
using the EVE N(EXT) command.

You can use the EVE command and a terminal to retrieve event reports by event 
order or by event serial number. (The relay labels each new event with a unique 
serial number as reported in the HIS command history report [see Event History on 
page 9.27].) 

Events are referenced two ways: by relative reference or by event serial number. 
Relative references are in the range 1–9999, where 1 refers to the most recent 
event, 2 to the next most recent, and so on. Event serial numbers are in the range 
10000–42767. You can find the event serial number in the event history report. 
With the EVE and CEV commands, you can retrieve events by using either type 
of reference. Event files are names based on the event serial number.

1 The following PORT 5 settings are available in COMTRADE .HDR files: EPORT, E61850, EGSE, EMMSFS, 
E850MBC, SVRXEN (SV subscribers), SVTXEN (SV publishers), CH_DLY, EPTP, PTPPRO, PTPTR, DOMNUM, 
PTHDLY, PDINT, BUSMODE, NETMODE, and NETPORT.
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By applying modifiers to the EVE command, you can retrieve only analog or 
digital information, and you can exclude the summary or settings portions of the 
report. The default EVE command event report data resolution is 4 samples/cycle 
and the default report length is 0.5 seconds (30 cycles at 60 Hz or 25 cycles at 
50 Hz) with the factory-default setting for LER.

See the EVE command description in Section 9: ASCII Command Reference in 
the product-specific instruction manual for a complete list of options.

You can retrieve event reports with the QuickSet Tools > Events > View Event Files 
menu. The Analysis > View Event Files menu gives you oscillogram/element 
displays, phasor displays, harmonic analysis, and an event summary for each 
event you select in the Event History dialog box.

You can also download event report files from the relay by using a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher, type FILE READ EVENTS E8_nnnnn.TXT <Enter> for the 8-sam-
ples/cycle event report and type FILE READ EVENTS E4_nnnnn.TXT 
<Enter> for the 4-samples/cycle event report (nnnnn is the event serial number). 
Start the terminal download routine to store the file on your computer. If you 
want the Compressed ASCII file, use the C8_nnnnn.TXT and C4_nnnnn.TXT 
file names for the 8-samples/cycle and 4-samples/cycle Compressed ASCII event 
reports, respectively.

The following discussion shows sample portions of an event report that you 
download from the relay by using a terminal and the EVE command. An event 
report contains analog, digital, summary, and settings sections without breaks.

Inverse Polarity in Event Reports
In COMTRADE event reports, terminals that have EINVPOL enabled do not 
show the polarity as inverted. The COMTRADE must display the values as they 
are applied to the CT and PT inputs of the measuring device. This also ensures 
that when you use an event playback, the setting applies to the signals coming in 
the back of the relay and recreates the event properly.

Compressed event reports (CEV), show the polarity as inverted. The CEV dis-
plays the analogs as the relay uses them in processed logic; therefore, the relay 
displays the inverted polarity. See Section 5: Protection Functions in the product-
specific instruction manual for information on inverting polarity on current and 
voltage inputs.

Report Header and Analog Section of the Event Report
The first portion of an event report is the report header and the analog section. 
Some relays have more than one analog section. See Section 7: Metering, Moni-
toring, and Reports in the product-specific instruction manual for details on what 
the event reports look like in each relay. See Figure 9.8 for an example of a 
SEL-421 event report.

The report header is the standard relay header listing the relay identifiers, date, 
and time. Report headers help you organize report data. Each event report begins 
with information about the relay and the event. The report lists the RID setting 
(Relay ID) and the SID setting (Station ID). The FID string identifies the relay 
model, flash firmware version, and the date code of the firmware. The relay 
reports a date and time stamp to indicate the internal clock time when the relay 
triggered the event. The relay reports the firmware checksum as Configured IED 
Description (CID).
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The event report column labels follow the header. The data underneath the analog 
column labels contain samples of power system voltages and currents.

                    

Within an event report, there are bracketed numbers at the left of the report (for 
example, [11]) that indicate the cycle number.

The trigger row is indicated by a > character following immediately after the last 
analog data column. This is the dividing point between the pre-fault or PRE time 
and the fault or remainder of the data capture.

The relay indicates which row has the largest current magnitudes, which are 
reported in the event summary, with an asterisk (*) character immediately after 
the last analog data column. The (*) takes precedence over the > if both occur on 
the same row in the analog section of the event report.

ERAQc (Analog Quantities)

To supplement the fixed analog quantities in the event report, select as many as 
20 additional analog quantities in the event report. For example, say you pro-
grammed a function in the relay by using Protection Math Variables PMV01–
PMV06, and you want to include these six PMVs in the event report. Enter the 
six PMVs in the Event Reporting Analog Quantities as shown below.

Relay 1                                    Date: 03/15/2001  Time: 23:30:49.026
Station A                                  Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315      Event Number = 10007      CID=0x3425

Header
Firmware ID in bold

Currents (Amps Pri)            Voltages (kV Pri)
    IA     IB     IC     IG     VA     VB     VC    VS1    VS2  V1mem

[1]
  -267    167     44    -56 -288.0  337.7  -47.8  215.3  144.9 -287.9
   -76   -203    241    -37 -223.7 -138.4  361.3 -290.5  331.3 -223.7
   266   -166    -45     55  288.2 -337.5   47.5 -215.2 -145.0  288.1
    76    202   -242     36  223.4  138.7 -361.4  290.5 -331.2  223.5

1 Cycle of Data
See Figure 9.9 and Figure 9.10 to calculate phasors 
for the data in bold.

•

•

•

[6]
  -269    167     46    -56 -289.3  336.9  -45.8  215.5  144.7 -289.4
   -74   -202    240    -35 -222.2 -140.2  361.5 -290.2  331.4 -221.8
   268   -165    -45     57  289.4 -336.7   45.6 -215.4 -144.6  289.5
    93    151   -888   -643  221.1  133.5 -335.0  290.2 -331.4  220.8

[7]
  -208   2701  -3760  -1267 -288.7  293.7  -24.1  215.5  144.5 -286.3
  -146   2941    173   2968 -219.6  -87.6  261.6 -290.1  331.4 -214.0>
   134  -5748   8310   2696  286.9 -232.4    3.5 -215.6 -144.4  273.3
   179  -6677   1811  -4688  219.8   47.4 -214.2  290.0 -331.5  202.8

Trigger

[8]
  -125   5661  -8506  -2971 -286.1  213.6   -3.8  215.8  144.2 -256.5
  -177   6857  -1950   4730 -220.8  -46.9  214.2 -289.9  331.6 -193.2*
   129  -5508   8382   3003  286.9 -213.8    3.6 -216.0 -144.0  243.9
   174  -6726   1839  -4712  220.4   47.2 -214.2  289.8 -331.6  185.9

Largest Current (to Event Summary)

[9]
  -128   5623  -8479  -2984 -287.1  213.9   -3.5  216.1  143.8 -234.5
  -173   6821  -1924   4724 -219.8  -47.3  214.0 -289.7  331.7 -180.4
   126  -5540   8404   2990  286.6 -213.7    3.5 -216.3 -143.7  227.3
   177  -6749   1860  -4713  220.0   47.4 -212.9  289.6 -331.8  176.2

[10]
  -126   4616  -6204  -1714 -282.9  178.6   41.9  216.4  143.5 -222.1
  -106   4288  -1047   3135 -231.6  -64.5   95.3 -289.4  331.9 -162.6
    65  -1722   1878    221  140.2  -72.1  -43.6 -216.6 -143.3  194.6
    16   -807      4   -786  105.1   41.3   10.5  289.2 -332.0  130.7

Circuit Breaker Open

[11]
    -1     -1     -2     -5   13.8    1.1    0.3  216.8  143.1 -147.1
     2      3      4      9   54.8   -0.7   -0.3 -289.1  332.1  -93.5
     1      1      2      5   -8.1   -1.6   -1.1 -217.0 -142.8  109.8
    -2     -2     -3     -8  -58.2    0.2    0.2  289.0 -332.2   65.3

Figure 9.8 Fixed Analog Section of an Example SEL-421 Event Report
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The relay correlates the freeform line number chronologically with the ERAQc 
quantities. In this example, ERAQ01 = PMV01, ERAQ02 = PMV02, etc.

In the event report, the ERAQ quantities follow the fixed analog quantities.

                    

Obtaining RMS Phasors From 4-Samples/Cycle Event Reports

Use the column data in an event report to calculate rms values. You can use a cal-
culator to convert rectangular data to phasor data, or use hand-calculations to sep-
arately determine the magnitude and angle of the rms phasor.

Hand Calculation Method

The procedure in the following steps explains a method for obtaining a current 
phasor from the IA channel data in the event report of Figure 9.8. You can pro-
cess voltage data columns similarly. The drawings in Figure 9.9 and Figure 9.10 
show 1 cycle of A-Phase current in detail. Figure 9.9 shows how to relate the 
event report ac current column data to the sampled waveform and rms values. 
Figure 9.10 shows how to find the phasor angle. If you use the larger 8-samples/
cycle event report, take every other sample and apply those values in this procedure.

This examples assumes you have captured an event report and are prepared to 
calculate phasors from it.

Step 1. Calculate the phasor magnitude:

a. Select a cycle of data from the IA column of the event report.

Figure 9.8 Cycle [1] data for this example are shown in Figure 9.9. 

There are three pairs of scaled instantaneous current samples 
from Cycle [1].

Compute phasor magnitude by using the following expression:

                     

Equation 9.1

b. In Equation 9.1, Y is the first row of IA column current of a data 
pair, and the next row is X, the present value of the pair.

For this example, the computation shown in Figure 9.9 yields 277.0 A.

c. Compute phasor magnitudes from the remaining data pairs for 
Cycle [1].

d. Confirm that all values are similar.

Event Reporting Analog Quantities
(Maximum 20 Analog Quantities)
1: PMV01
2: PMV02
3: PMV03
4: PMV04
5: PMV05
6: PMV06

PMV01      PMV02      PMV03      PMV04      PMV05      PMV06          
[1]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
[2]
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      
    20.000     25.000    102.000     34.000     67.000     54.000      

X2 Y2
+ Phasor=
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Figure 9.9 Event Report Current Column Data and RMS Current Magnitude
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Step 2. Calculate the immediate phase angle.

a. Select the same cycle of data from the IA column of the event 
report as you did when finding the magnitude (Cycle [1] data for 
this example).

b. Compute phasor angle by using the following expression:

                     

Equation 9.2

In Equation 9.2, Y is the first (or previous value) IA column 
current of a data pair, and X is the present value of the pair.

For this example, the computation shown in Figure 9.10 yields
–105.9 degrees.

c. Compute phasor angles from the remaining data pairs for Cycle [1].

 arctan Y
X
---- 
  Phasor==
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Figure 9.10 Event Report Current Column Data and RMS Current Angle

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when 
X is negative). When in doubt, graph 
the X and Y quantities to confirm that 
the angle that your calculator reports 
is correct.
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Step 3. Calculate the reference phase angle. Usually, you compare power 
system angles to a reference phasor (positive-sequence A-Phase volt-
age, for example):

Repeat Step 2 for the row data in the VA column that correspond 
to the IA column data values you used in Step 2.

The angle calculation for the VA data is the following:

                     

Equation 9.3

(This is an example of an arctan calculation that yields the 
incorrect answer from some calculators and math programs.)

Step 4. Calculate the absolute phase angle:

Subtract the IA angle from the VA angle to obtain the A-Phase-
referenced phasor angle for IA.

                     

Equation 9.4

IA leads VA; thus, the rms phasor for current IA at the present 
sample is 277.0 A 21.9°, referenced to VA.

In the procedure above, you use two rows of current data from the event report to 
calculate an rms phasor current. At the first sample pair of Cycle [1], the rms pha-
sor is IA = 277.0 A –105.9°.

The present sample of the sample pair (X = –76) is a scaled instantaneous current 
value (not an rms quantity) that relates to the rms phasor current value by the 
expression.

                     

Equation 9.5

Polar Calculator Method

A method for finding the phasor magnitude and angle from event report quarter-
cycle data pairs is to use a polar-capable calculator or computer program. Many 
calculators and computer programs convert Cartesian (X and Y) coordinate data 
to polar data. Key or enter the X value (present value or lower value of a column 
pair) and the Y value (later value or upper value in a column pair) as Cartesian 
(rectangular) coordinates. Perform the keystrokes necessary for your calculator 
or computing program to convert to polar coordinates. This is the phasor value 
for the data pair.

Digital Section of the Event Report
The second portion of an event report is the digital section. Inspect the digital 
data to evaluate relay element response during an event. See Figure 9.11 for an 
example from the SEL-411L. If you want to view only the digital portion of an 
event report, use the EVE D command. In the digital portion of the event report, 
the relay indicates deasserted elements with a period (.) and asserted elements 
with an asterisk (*) character.

 VA=

arctan Y
X
---- 
 =

arctan 288.0–
223.7–

---------------- 
 =

127.8–=

VA IA 127.8– 105.9–  21.9– =–=–

X 76– 277.0 105.9– cos= =
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The element and digital information labels are single character columns. Read 
these columns from top to bottom. The trigger row includes a > character follow-
ing immediately after the last digital element column to indicate the trigger point. 
The relay marks the row used to report the maximum fault current with an aster-
isk (*) character at the right of the last digital element column. Event reports that 
are 4-samples/cycle reports show the OR combination of digital elements in the 
two 8-samples/cycle rows to make the quarter-cycle entry.

The digital report arranges the event report digital settings into 79 column pages. 
For every 79 columns, the relay generates a new report that follows the previous 
report.

The report displays the digital label header for each column in a vertical fashion, 
aligned on the last character. For example, if the first digital section elements are 
IN201, #, RMBA5, Z2P, LBOKA, #, OUT203, OUT204, and HALARM, the 
header appears as in Figure 9.12. If the Relay Word bits included in the header 
were assigned aliases, the alias names appear in the report.

                    

                                                                    22 B B
                                                             C        55 F F
                      VZ             S      66     66  55    O BBBBBB AA T T
         MMM      ZZZ PL        3333 O5 666 77 666 77 511  Z M KKKKKK 11 RFRF
TTT MMMM 234 ZZZZ 234 OOL OO 3S 2222 T0 777 GG 777 QQ 1SS  3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT OO FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

Digital Column Labels

[1]

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

1 Cycle of Data

•

•

•

[6]
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
... .... ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....
[7]
*** **.. ... .... ... *.. .. .. .... .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....> Trigger

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[8]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....* Values used in the Event Summary

*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[9]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
[10]
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** **.. ... .... ... *.. .. .. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. .* .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

[11] Circuit Breaker Open

*** .... ... .... ... *.. .. *. *.*. .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....
*** .... ... .... ... *.. .. *. .... .. ... .. ... .. ... .... ...... .. ....

Figure 9.11 Digital Section of the SEL-411L Event Report
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Selecting Event Digital Elements
NOTE: The compressed event 
reports and COMTRADE files from the 
relay may contain additional digital 
elements as compared to standard 
(ASCII) event reports (see CEVENT on 
page 9.25).

Specify the digital elements in the digital section of the event report by using the 
Event Reporting Digital Elements settings found in the Report settings (the 
SET R command from a terminal or the Report branch of the Settings tree view 
of SEL Grid Configurator or QuickSet). You can enter as many as 800 Relay 
Word bits from a maximum of 100 target rows. The # symbol places a blank col-
umn in the digital report. Use the # symbol to organize the digital section of the 
event report.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these ele-
ments have the same name in both high-resolution raw data reports and in the fil-
tered event reports. When you enter an input (INnnn) in the event digitals list, the 
relay displays the filtered input with time latency in the event report and the 
Compressed ASCII event report. However, in the binary COMTRADE file event 
report, the relay reports the actual high-sample rate capture time for relay inputs.

Event Summary Section of the Event Report
The third portion of an event report is the summary section. See Figure 9.13 for 
the locations of items included in an example summary section of an event report. 
The specific values available depend on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual to see 
what specific data are reported in the summary of a relay. If you want to exclude 
the summary portion from an event report, use the EVE NSUM command.

The information in the summary portion of the event report is the same informa-
tion in the event summary, except that the report header does not appear immedi-
ately before the event information when you view a summary in the event report.

                    

Figure 9.12 Sample Digital Portion of the Event Report

00H
I R   UUA
N M L TTL
2 BM0 22A
0 A2K 00R
1 5PA 34M

. ... ...
 .. ...

* ..* ...
* ..* ...

IN201
#
RMBA5
Z2P
LBOKA
#
OUT203
OUT204
HALARM
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Settings Section of the Event Report
The final portion of an event report is the settings section. See Figure 9.14 for the 
locations of items included in a sample settings section of an event report. If you 
want to exclude the settings portion from an event report, use the EVE NSET 
command.

The settings portion of the event report lists important relay settings at the time 
the relay event triggered. The event report shows group, global, output, protec-
tion SELOGIC control equation settings, alias settings, and some Port 5 settings. 
For the group settings and the protection SELOGIC settings, the relay reports only 
the active group. The settings order in the event report is the same order as when 
you issue a SHOW command from a terminal.

                    

Event: TRIP   Location: $$$$.$$      From: LOCAL     FLM: SE  Time Source: OTHER
Event Number: 10030      Shot 1P: 0   Shot 3P: 0        Freq: 60.00     Group: 1
Targets: INST COMM 87L
Breaker 1: CLOSED        Trip Time: 11:18:49.016
Breaker 2: NA

Event Information

PreFault:     IA     IB     IC     IG    3I2       VA       VB       VC    V1mem

MAG(A/kV)    426    426    427      1      0  286.420  286.638  286.302  286.453 Prefault Data

ANG(DEG)     1.3 -118.7  121.3  130.6  -99.2      0.0   -120.0    120.0      0.0

Fault:

MAG(A/kV)    426    426    427      1      1  286.397  286.632  286.298  286.450 Fault Data

ANG(DEG)     1.3 -118.7  121.3  106.1  -92.6      0.0   -120.0    120.0      0.0

                 87 Differential Currents

PreFault:     IA     IB     IC     IQ     IG
MAG(pu)     0.36   0.35   0.36   0.00   0.00
ANG(DEG)     1.4 -118.9  120.9   92.9   59.5

Fault:
MAG(pu)     0.00   0.00   0.00   0.00   0.00
ANG(DEG)   -20.6  -20.6  -20.6  -20.6  -20.6

Line-Current Differential Status

Figure 9.13 Example Summary Section of the SEL-411L Event Report

Group 1
Line Configuration
CTRW    := 400      CTRX    := 400      PTRY    := 3636     VNOMY   := 115
PTRZ    := 3636     VNOMZ   := 115      Z1MAG   := 4.72     Z1ANG   := 82.60
Z0MAG   := 14.50    Z0ANG   := 75.70    EFLOC   := Y 

•

•

•

Active Group Settings

Global
General Global Settings
SID     := "Station A"
RID     := "Relay 1"
NUMBK   := 2
BID1    := "Breaker 1"
BID2    := "Breaker 2"
NFREQ   := 60       PHROT   := ABC      DATE_F  := MDY
FAULT   := NA

•

•

•

Global Settings

Figure 9.14 Settings Section of the Event Report
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CEVENT 
The relay provides a Compressed ASCII event report for SCADA and other auto-
mation applications. QuickSet uses Compressed ASCII commands to gather 
event report data. If you want to view the Compressed ASCII event report data, 
use a terminal to issue ASCII command CEV. This is a comma-delimited ASCII 
file. The relay appends a four-digit hex checksum at the end of the lines in the 
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (like 
COMTRADE files) include all eight Relay Word bits from each row of the Relay 
Word used as the base set for the relay (see Section 7: Metering, Monitoring, and 
Reporting in the product-specific instruction manual for a list of these bits). 
Additionally, it includes the rows containing those Relay Word bits configured 
for inclusion by the ERDG setting. For the purpose of improving products and 
services, SEL sometimes changes the items and item order.

Output
Interface Board #1
OUT201  := 3PT
OUT202  := BK1CL
OUT203  := BK2CL
OUT204  := NA
OUT205  := NA
OUT206  := NA
OUT207  := NA
OUT208  := NA

•

•

•

Output Settings

Remote Analog Outputs

RAO01   := NA
RAO02   := NA

•

•

•
RAO61   := NA
RAO62   := NA
RAO63   := NA
RAO64   := NA

Remote Analog Settings

Mirrored Bits Transmit Equations

TMB1A   := NA

•

•

•
TMB8B   := NA

MIRRORED BITS Settings

Protection 1
Freeform Protection SELOGIC
1:  ###    PROTECTION FREEFORM AUTOMATION EXAMPLE
2:  ###
3:  ### SET CONTROL VARIABLE 1
4:  ### ASSERTS WHEN PRIMARY POSITIVE SEQUENCE IS
5:  ### GREATER THAN 90% OF 230 KV DIVIDED BY SQRT 3
6:  PSV01 := V1M >= 119.5 #90% OF 230 KV DIVIDED BY SQRT 3

Active Protection Logic 
Settings

Alias

Relay Aliases
(Relay Word Bit or Analog Quantity name, 7 Character Alias [0-9 A-Z _])

1: EN,"REL_EN"

Alias Settings

Figure 9.14 Settings Section of the Event Report (Continued)
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Event Summary
You can retrieve a summary version of stored event reports as event summaries. 
These short-form reports present vital information about a triggered event. The 
relay generates an event in response to power system faults and other trigger 
events (see Triggering Data Captures and Event Reports on page 9.7). The sum-
mary information available depends on the specific relay. See Section 7: Meter-
ing, Monitoring, and Reports in the product-specific instruction manual for the 
details of the summary event report for a specific relay.

The relay can be configured to automatically send an event summary on serial 
ports (see Automatic Messages on page 15.32).

Viewing the Event Summary
Access the event summary from the communications ports and communications 
cards. View and download event summaries from Access Level 1 and higher. You 
can independently acknowledge a summary (with the SUM ACK command) at 
each communications port so that you and users at other ports (SCADA, Engi-
neering, etc.) can retrieve a complete set of summary reports. To acknowledge 
and remove a summary, you must first use the SUM N(EXT) command to view 
that summary.

You can use the SUM command to retrieve event summaries by date or date 
range, and by event number. (The relay labels each new event with a unique num-
ber as reported in the HIS command history report; see Event History on 
page 9.27.)

Table 9.1 lists the SUM commands. See SUMMARY on page 14.61 for complete 
information on the SUM command.

                    

You can also view event summaries by using SYNCHROWAVE Event.

CSUMMARY
The relay outputs a Compressed ASCII summary report for SCADA and other 
automation applications. Issue ASCII command CSU to view the Compressed 
ASCII summary report. This is a comma-delimited ASCII file. The relay appends 
a four-digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those 
included in the summary report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

Table 9.1 SUM Command

Command Description

SUM Return the most recent event summary (with header).

SUM n Return a particular na event summary (with header).

a The parameter n indicates event order or serial number.

SUM ACK Acknowledge the event summary on the present communications port.

SUM N View the oldest unacknowledged event summary (N = next).
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Event History
The event history gives you a quick look at recent relay activity. The relay labels 
each new event with a unique number from 10000 to 42767. (At 42767 the relay 
returns to 10000 for the next event number and then continues to increment.) See 
Figure 9.15 for a sample event history.

The event history typically contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ Event number

➤ Event date and time

➤ Event type

➤ Location of fault (if applicable)

➤ Maximum phase current from summary fault data

➤ Active group at the trigger instant

➤ Targets

Figure 9.15 is a sample event history from a terminal.

                    

The event types in the event history are the same as the event types in the event 
summary.

The event history report indicates events stored in relay nonvolatile memory. The 
relay places a blank row in the history report output; items that are above the 
blank row are available for viewing (use the EVE and CEV commands). Items 
that are below the blank row are no longer in relay memory; these events appear 
in the history report to indicate past power system performance. The relay does 
not ordinarily modify the numerical or time order in the history report. However, 
if an event report is corrupted (power was lost during storage, for example), the 
relay lists the history report line for this event after the blank row.

Viewing the Event History
Access the history report from the communications ports and communications 
cards. View and download history reports from Access Level 1 and higher. You 
can also clear or reset history data from Access Levels 1 and higher. You can 
independently clear/reset history data at each communications port so that you 
and users at other ports (SCADA, Engineering, etc.) can retrieve complete history 
reports. You can also clear all history data from all ports (with the HIS CA command).

Use the HIS command from a terminal to obtain the event history. You can view 
event histories by date or by date range, or you can specify the number of the 
most recent events that the relay returns. See HISTORY on page 14.40 for infor-
mation on the HIS command. Table 9.2 lists the HIS commands.

                    

Figure 9.15 Sample SEL-411L Event History

Event
Number

Event
Type

Fault
Location

Active
Group

Relay 1                                    Date: 03/16/2001  Time: 11:57:27.803
Station A                                  Serial Number: 2001001234
#        DATE        TIME     EVENT  LOCAT   CURR GRP TARGETS
10007 03/15/2001 23:30:49.026 BCG T   48.17  8892  1  INST TIME ZONE_1 B_PHASE 
10006 03/15/2001 07:15:00.635 ABC T   22.82  8203  1  INST ZONE_1 A_PHASE bk1rs 
10005 03/15/2001 06:43:53.428  TRIG  $$$$.$$    0  1  
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You can use QuickSet to retrieve the relay event history. Use the Tools > 
Events > Get Event Files menu to view the Event History dialog box. See Ana-
lyze Events on page 2.33 for information and examples.

CHISTORY
The relay outputs a Compressed ASCII history report for SCADA and other 
automation applications. Issue the CHI command to view the Compressed ASCII 
history report. This is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of each history in the Compressed ASCII history 
report.

Items included in the Compressed ASCII history report are similar to those 
included in the history report, although the relay reports the items in a special 
order. For the purpose of improving products and services, SEL sometimes 
changes the items and item order.

History File Download
You can also download the history report file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the termi-
nal download routine to store the file on your computer. If you want the Com-
pressed ASCII file, type FILE READ REPORTS CHISTORY.TXT <Enter>. 
In addition, you can use QuickSet to download history files.

Sequential Events Recorder (SER)
The Sequential Events Recorder (SER) gives you detailed information on relay 
states and relay element operation. The SER captures and time-tags state changes 
of Relay Word bit elements and relay conditions. These conditions include 
power-up, relay enable and disable, group changes, settings changes, memory 
overflow, diagnostic restarts, SER autoremoval/reinsertion, and Ethernet firm-
ware upgrade attempts. The relay stores the latest 1000 SER entries to nonvola-
tile memory. Figure 9.16 is a sample SER report.

Table 9.2 HIS Command

Command Description

HIS Return event histories with the oldest at the bottom of the list and the 
most recent at the top of the list.

HIS k Return the k most recent event summaries with the oldest at the bottom 
of the list and the most recent at the top of the list.

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

HIS date1 date2 Return the event summaries from date1 to date2, with date1 at the bot-
tom of the list and date2 at the top of the list.

HIS C Clear all event data on the present port.

HIS R Clear all event data on the present port.

HIS CA Clear event data for all ports.

HIS RA Clear event data for all ports.
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The SER report contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➤ SER number

➤ SER date and time

➤ Relay element or condition

➤ Element state

➤ TiDL commissioning statuses. (Applies only to TiDL [T-Protocol] 
relays.)

                    

In the SER report, the oldest information has the highest number. The newest 
information is always #1. When using a terminal, you can order the positions of 
the SER records in the SER report.

Viewing the SER Report
The relay displays the SER records in ASCII and binary formats.

Access the SER report from the communications ports and communications 
cards in Access Level 1 and higher. You can independently clear/reset already 
viewed SER data at each communications port (with the SER CV or SER RV 
command) so that users at other ports (SCADA, Engineering, for example) can 
retrieve complete SER reports. The SER CV or SER RV command will not clear 
any SER data that has been recorded, but not viewed, on a particular serial port. 
To clear all SER data on a serial port, use the SER C or SER R command.

To clear all SER data from all serial ports, use the SER CA or SER RA com-
mand, available only from Access Levels P, A, O, and 2. This procedure would 
normally be used after relay commissioning or testing.

Use an ASCII terminal, SEL Grid Configurator, or QuickSet to examine SER 
records. You can use the SER command to view the SER report by date, date 
range, SER number, or SER number range. The relay labels each new SER 
record with a unique number.

                    

Figure 9.16 Sample SER Report

Relay 1                                    Date: 03/16/2001  Time: 13:09:29.341
Station A                                  Serial Number: 2001001234
FID=SEL-411L-R101-V0-Z001001-D20010315
#      DATE        TIME           ELEMENT              STATE
6    03/15/2001  00:00:00.004   Power-up             Group 1
5    03/15/2001  00:00:00.022   Relay                Enabled
4    03/15/2001  00:30:00.021   GROUND O/C 1 LINE 1  51S1 PICKED UP
3    03/15/2001  00:30:03.221   GROUND O/C 1 LINE 1  51S1 TIMEOUT
2    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 RESET
1    03/15/2001  00:32:00.114   GROUND O/C 1 LINE 1  51S1 DROPOUT

# 
6 
5 
4 
3 
2 
1 

  ELEMENT           
Power-up            
Relay               
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 
GROUND O/C 1 LINE 1 

SER
Number

Relay Element
or Condition
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You can retrieve SER records with QuickSet. The HMI > Meter and Control 
menu item gives you the SER report. The latest 200 SER events are viewable on 
the front-panel display through the front-panel EVENTS MENU.

CSER
The relay outputs a Compressed ASCII SER report for SCADA and other auto-
mation applications. Issue the CSE command to view the Compressed ASCII 
SER report. A sample of the SER report appears in Figure 9.17; this is a comma-
delimited ASCII file. The relay appends a four-digit hex checksum at the end of 
the lines in the Compressed ASCII report.

Items included in the Compressed ASCII SER report are similar to the SER 
report, although the relay reports the items in a special order. For the purpose of 
improving products and services, SEL sometimes changes the items and item 
order.

                    

Table 9.3 SER Commands

Command Description

SER Return the 20 most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER k Return the k most recent records from the SER, with the oldest 
(highest number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

SER m na

a The parameters m and n indicate SER numbers that the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest (highest 
number) at the top of the list and the most recent (lowest 
number) at the bottom of the list.

If m is less than n, records appear with the most recent (lowest 
number) at the top of the list and the oldest (highest num-
ber) at the bottom of the list.

SER date1b

b Use the same date format as Global setting DATE_F.

Return the SER records on date date1.

SER date1 date2 Return the SER records from date1 at the top of the list to date2 
at the bottom of the list.

SER C or SER R Clear SER records on the present port.

SER CA or SER RA Clear SER data for all ports.

SER CV or SER RV Clear viewed SER records on the present port.

SER D List chattering SER elements that the relay is removing from the 
SER records.

"RID","SID","FID","03e2"
"Relay 1","Station A","SEL-411L-R101-V0-Z001001-D20010315","0dfc" Report Header

"#","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"
1,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_DROPOUT","09D2"
2,3,15,2001,00,32,00,114,"GROUND_O/C_1_LINE_1","51S1_RESET","08E7"
3,3,15,2001,00,30,03,221,"GROUND_O/C_1_LINE_1","51S1_TIMEOUT","09B0"
4,3,15,2001,00,30,00,021,"GROUND_O/C_1_LINE_1","51S1_PICK_UP","097B"
5,3,15,2001,00,00,00,222,"Relay","Enabled","09BA"
6,3,15,2001,00,00,00,004,"Power-up","Group 1","0A0A"

SER Data (six records)

Figure 9.17 Sample Compressed ASCII SER Report
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SER File Download
You can also download the SER data as a file from the relay. Use a terminal emu-
lation program with file transfer capability. At an Access Level 1 prompt or 
higher type FILE READ REPORTS SER.TXT <Enter>. Start the terminal 
download routine to store the file on your computer. If you want the Compressed 
ASCII file, type FILE READ REPORTS CSER.TXT <Enter>.

Setting SER Points
NOTE: The relay is limited to storing 
SER points at a rate of approximately 
6000 per hour. Be careful to select 
points that will not lead to this rate 
being exceeded.

You program the relay elements that trigger an SER record. You can select as 
many as 250 elements. These triggers, or points, can include control input and 
control output state changes, element pickups and dropouts, recloser state 
changes, and so on. Use the SET R command from a terminal, or use the SEL 
Grid Configurator or QuickSet Report branch of the Settings tree view to enter 
SER Points.

Use the text-edit line mode settings method to enter or delete SER elements. To 
set an SER element, enter the five items of this comma-delimited string (all but 
the first parameter are optional): Relay Word Bit, Reporting Name, Set State 
Name, Clear State Name, HMI Alarm.

The relay defaults to the element name when you do not provide a reporting 
name. The default names for the set and clear states are Asserted and Deasserted, 
respectively. By default, SER Points are not configured for HMI alarm display. 
The relay always creates an SER record for power-up, relay enable and relay dis-
able, any group change and settings change, diagnostic restart, and memory over-
flow.

Automatic Deletion and Reinsertion
The SER also includes an automatic deletion and reinsertion function. The relay 
automatically deletes oscillating SER items from SER recording. This function 
prevents overfilling the SER buffer with “chattering” information. Set Report set-
ting ESERDEL (Enable SER Delete) to Y to enable this function, and select val-
ues for the setting SRDLCNT (SER Delete Count) and the setting SRDLTIM 
(SER Delete Time) that mask the chattering SER element. The relay removes an 
item from all SER recordings once a point has changed state more than 
SRDLCNT times in an SRDLTIM period. Once deleted from SER recording, the 
relay ignores the item for a 10 • SRDLTIM period. At the end of this period, the 
relay checks the chatter criteria and, if the point does not exceed the criteria, the 
relay automatically reinserts the item into SER recording. To see a list of deleted 
SER points, use the SER D command. 

Signal Profiling
Use the analog signal profiling function to record and track values of as many as 
20 analog quantities. This function provides data in CASCII that is compatible to 
import directly into applications like spreadsheets. Specify the specific analog 
quantities for profiling with the SPAQ Report settings. At the data acquisition 
rate of 5 minutes, the relay stores at least 10 days of all analog signals selected 
for profiling in nonvolatile memory. The report includes the time of acquisitions 
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and the magnitude of each selected analog quantity. By defining conditions in the 
signal profiling enable SELOGIC variable setting (SPEN), you can record analog 
values at particular periods or conditions of interest.

SPAQgg (Analog Quantities for Signal Profiling)
Enter any analog quantity available in the relay from the Analog Quantity list in 
this freeform setting.

SPAR (Signal Profile Acquisition Rate)
Although you can select as many as 20 analog quantities, the signal acquisition 
rate is the same for all analog quantities. Select an acquisition rate of 1, 5, 15, 30, 
or 60 minutes.

SPEN (Signal Profile Enable)
Use this SELOGIC control equation to specify conditions under which the profil-
ing must take place. If there are no conditions, be sure to set SPEN = 1, or else no 
data are recorded (default value of NA disables the function).
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Testing, Troubleshooting, and Maintenance

This section address the philosophy of relay testing, general approaches to testing 
and troubleshooting, troubleshooting common problems, and a few maintenance 
items. This section begins with guidelines for determining and establishing test 
routines for SEL-400 series relays. Follow the standard practices of your com-
pany in choosing testing philosophies, methods, and tools. The relay incorporates 
self-tests to help you diagnose potential difficulties should they occur. The sec-
tion Relay Troubleshooting contains a quick-reference table for common relay 
operation problems.

Topics presented in this section include the following:

➤ Testing Philosophy on page 10.1

➤ Testing Features and Tools on page 10.4

➤ Test Methods on page 10.7

➤ Relay Self-Tests on page 10.19

➤ Relay Troubleshooting on page 10.23

➤ Maintenance on page 10.27

➤ Technical Support on page 10.35

All SEL-400 series relays are factory-calibrated; this section contains no calibra-
tion information. If you suspect that the relay is out of calibration, contact your 
Technical Service Center or the SEL factory.

Testing Philosophy
Protective relay testing generally consists of three categories: acceptance testing, 
commissioning testing, and maintenance testing. The categories differ in testing 
complexity and according to when these activities take place in the life of the 
relay.

Each testing category includes particular details as to when to perform the test, 
the testing goals at that time, and the relay functions that you need to test. This 
information is a guide to testing SEL-400 series relays; be sure to follow the 
practices of your company for relay testing.

Acceptance Testing
SEL performs detailed acceptance testing on all new relay models and versions. 
We are certain that your relay meets published specifications. Even so, you can 
perform acceptance testing on a new relay model to become familiar with the 
relay operating theory and settings; this familiarity helps you apply the relay 
accurately and correctly. A summary of acceptance testing guidelines is pre-
sented in Table 10.1.
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Commissioning Testing
SEL performs a complete functional check and calibration of each SEL-400 
series relay before shipment so that your relay operates correctly and accurately. 
You should perform commissioning tests to verify proper connection of the relay 
to the power system and all auxiliary equipment. Check control signal inputs and 
outputs. Check breaker auxiliary inputs, SCADA control inputs, and monitoring 
outputs. Use an ac connection test to verify that the relay current and voltage 
inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are 
correct. You do not need to test every relay element, timer, and function in these 
tests.

At commissioning, use the relay METER command to verify the ac current and 
voltage magnitude and phase rotation (see Examining Metering Quantities on 
page 3.34).

Use the PUL command to pulse relay control output operation. Use the TAR 
command to view relay targets and verify that control inputs are operational. Use 
TEST DB, TEST DB2, and TEST FM to check SCADA interfaces. (See TEST 
DB on page 14.64, TEST DB2 on page 14.65, and TEST FM on page 14.67 for 
information on these relay commands.)

Table 10.2 lists guidelines for commissioning testing. For further discussion of 
these tests, see Checking Relay Operation in Section 3: Testing of the product-
specific instruction manual.

                    

TiDL System Commissioning
See Section 19: Digital Secondary Systems for information on commissioning a 
TiDL system.

Table 10.1 Acceptance Testing

Details Description

Time Test when qualifying a relay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications 
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.

c) Gain familiarity with relay settings and capabilities.

Test Test all protection elements and logic functions critical to your intended application.

Table 10.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.

c) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase rota-
tion of ac connections. Make simple checks of protection elements. Test commu-
nications interfaces.
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Maintenance Testing
All SEL-400 series relays use extensive self-testing routines and feature detailed 
metering and event reporting functions. These features reduce your dependence 
on routine maintenance testing. When you want to perform maintenance testing, 
follow the recommendations in Table 10.3.

                    

You can use the relay reporting features as maintenance tools. Periodically com-
pare the relay METER command output to other meter readings on a line to ver-
ify that the relay measures currents and voltages correctly and accurately. Use the 
circuit breaker monitor, for example, to detect slow breaker auxiliary contact 
operations and increasing or varying breaker pole operating times. For details on 
these features, see Circuit Breaker Monitor on page 8.1.

Each occurrence of a fault tests the protection system and relay application. 
Review relay event reports in detail after each fault to determine the areas need-
ing your attention. Use the event report current, voltage, and relay element data to 
determine that the relay protection elements and communications channels oper-
ate properly. Inspect event report input and output data to determine whether the 
relay asserts outputs at the correct times and whether auxiliary equipment oper-
ates properly.

At each maintenance interval, the only items to be tested are those that have not 
operated (via fault conditions and otherwise) during the maintenance interval. 
The basis for this testing philosophy is simple: you do not need to perform fur-
ther maintenance testing for a correctly set and connected relay that measures the 
power system properly and for which no relay self-test has failed.

SEL-400 series relays are based on microprocessor technology; the relay internal 
processing characteristics do not change over time. For example, if time-overcur-
rent element operating times change, these changes occur because of alterations 
to relay settings and/or differences in the signals applied to the relay. You do not 
need to verify relay element operating characteristics as a part of maintenance 
checks.

SEL recommends that you limit maintenance tests on SEL relays according to 
the guidelines listed in Table 10.3. You will spend less time checking relay oper-
ations that function correctly. You can use the time you save to analyze event data 
and thoroughly test systems needing more attention.

Table 10.3 Maintenance Testing

Details Description

Time Test at scheduled intervals or when there is an indication of a problem with the 
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.

b) Check that scheme logic and protection elements function correctly.

c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during an 
actual fault within the past maintenance interval.
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Testing Features and Tools
All SEL-400 series relays provide the following features that can assist you 
during relay testing:

➤ Metering

➤ High-resolution oscillography

➤ Event reports

➤ Event summary reports

➤ Sequential Events Recorder (SER) reports

➤ IEC 61850 Mode/Behavior*

➤ IEC 61850 Simulation Mode*

*Only available on IEC 61850-enabled relays.

Certain relay commands are useful in confirming relay operation. The following 
commands, for example, aid you in testing the relay:

➤ TAR

➤ PUL

➤ TEST DB

➤ TEST DB2

➤ TEST FM

➤ TEST SV

In addition, the relay incorporates a low-level test interface where you can inter-
rupt the connection between the relay input transformers and the input processing 
module. Use the low-level test interface to apply reduced-scale test quantities 
from the SEL-4000 Relay Test System; you do not need to use large power 
amplifiers to perform relay testing.

You can use the TEST SV and COM SV commands to verify Sampled Values 
(SV) communications

Metering
NOTE: Some relays support a single 
dc battery monitor. See the relay-
specific instruction manual to 
determine whether one or two dc 
battery monitors are supported.

The specific metering data available depends on the relay model. See Section 7: 
Metering, Monitoring, and Reporting in the product-specific instruction manual 
for detailed information. In general, the metering data show the ac currents and 
voltages (magnitude and phase angle) connected to the relay in primary values. In 
addition, metering shows many other quantities including the power system fre-
quency (FREQ) and the voltage input to the station dc battery monitors (Vdc1 
and Vdc2). Compare these quantities against quantities from other devices of 
known accuracy. The metering data are available at the serial ports, from the 
ACSELERATOR QuickSet SEL-5030 Software HMI, and at the front-panel LCD 
METER menu. See METER on page 14.46, Meter on page 4.16, QuickSet HMI on 
page 2.30, and Examining Metering Quantities on page 3.34 for more information.
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High-Resolution Oscillography
NOTE: Control Inputs are sampled at 
2 kHz, and the raw binary data (prior 
to debounce timer conditioning) is 
available in high-resolution oscillography. 
The COMTRADE data labels for raw 
control input data are IN101–IN107, 
IN201–IN2nn, IN301–IN3nn,IN401–
IN4nn, IN501–IN5nn, based on 
installed hardware, where nn = 01–08 
or 01–24.

The relay takes an unfiltered data snapshot of the power system at each event 
trigger or trip. The relay samples power system data at high sample rates from 
1 kHz to 8 kHz. You can use SEL-5601-2 SYNCHROWAVE Event Software or 
other COMTRADE viewing program to export and view these raw data in a 
binary COMTRADE file format. Use high-resolution oscillography to capture 
fast power system transients or to examine low-frequency anomalies in the power 
system. See Raw Data Oscillography on page 9.10 for more information.

Event Reports
NOTE: Control Inputs are sampled at 
2 kHz, and then conditioned by a 
debounce timer. The resulting Relay 
Word bits are updated 8 times/cycle 
and are available in standard event 
report files.

The relay also generates a filtered-quantities event report in response to faults or 
disturbances. Each event report contains information on current and voltage, 
relay element states, control inputs, and control outputs. If you are unsure of the 
relay response or your test method, the event report provides you with informa-
tion on the operating quantities that the relay used at the event trigger. The relay 
provides oscillographic displays of the filtered event report data, which give you 
a visual tool for testing relay operating quantities. You can use the serial ports 
and QuickSet to view event reports. See Event Reports, Event Summaries, and 
Event Histories on page 9.13 for a complete discussion of event reports.

Event Summary Reports
The relay generates an event summary for each event report; use these event sum-
maries to quickly verify proper relay operation. With event summaries, you can 
quickly compare the reported fault current and voltage magnitudes and angles 
against the reported fault location and fault type. If you question the relay 
response or your test method, you can obtain the full event report and the high-
resolution oscillographic report for a more detailed analysis. See Event Summary 
on page 9.26 for more information on the event summary.

SER Reports
The relay provides an SER report that time tags changes in relay elements, con-
trol inputs, and control outputs. Use the SER for convenient verification of the 
pickup and dropout of any relay element. For a complete discussion of the SER, 
see Sequential Events Recorder (SER) on page 9.28.

IEC 61850 Mode/Behavior and Simulation Mode
An IEC 61850 technology-based substation differs from traditional substations in 
that analog and binary signals are exchanged between process-level, bay-level, 
and substation-level IEDs via Ethernet messaging. The IEC 61850 standard sup-
ports various types of testing via IEC 61850 Mode/Behavior and Simulation 
mode. Refer to IEC 61850 Testing on page 10.10.
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Test Commands

TAR Command
Use the TAR command to view the state of relay control inputs, relay outputs, 
and relay elements individually during a test. You can see relay targets at the 
serial ports, and from the front-panel LCD (see TARGET on page 14.62 and 
Operation and Target LEDs on page 4.33).

PUL Command
Use the PUL command to test the control output circuits. The specified output 
closes if open, or opens if closed. You can use the PUL command at the serial 
ports, in the QuickSet HMI, and from the front-panel LCD (see PULSE on 
page 14.54, QuickSet HMI on page 2.30, and Operation and Target LEDs on 
page 4.33).

TEST DB Command
Use the TEST DB command for testing the relay database, which is used for Fast 
Message Data Access. The TEST DB command can be used to override any 
value in the relay database. Use the MAP 1 command and the VIEW 1 command 
to inspect the relay database (see MAP on page 14.45). You must be familiar with 
the relay database structure to use the TEST DB command effectively; see 
Section 10: Communications Interfaces in the product-specific instruction man-
ual for more information.

TEST DB2 Command
Use the TEST DB2 command to test the DNP3 and IEC 61850 interfaces. Values 
you enter are “override values.” For more information on DNP3, see Section 16: 
DNP3 Communication. For more information on IEC 61850, see Section 17: 
IEC 61850 Communication.

TEST FM Command
Use the TEST FM command to override normal Fast Meter quantities for testing 
purposes. You can only override “reported” Fast Meter values (per-phase volt-
ages and currents). You cannot directly test Fast Meter values that the relay 
derives from the reported values (power, sequence components, etc.). For more 
information on Fast Meter, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST SV Command
Use the TEST SV command on SEL merging unit, e.g., SEL-401 to enter SEL 
TEST SV mode. While in this mode, the merging unit publishes fixed secondary 
quantities scaled by the CTR and PTR ratios.

When you use the TEST SV command on the SEL SV subscriber relay, the SV 
relay enters the SEL TEST SV mode. The relay accepts SV messages from a 
merging unit that is also in TEST SV mode. Refer to TEST SV on page 14.68 for 
more details.
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Test Methods
Use the following methods to conveniently test the pickup and dropout of relay 
elements and other relay functions:

➤ Target indications (element pickup/dropout)

➤ Control output closures

➤ SER reports

The tests and procedures in the following sections are for 5 A relays. Scale values 
appropriately for 1 A relays.

Once you have completed a test, return the relay settings that you modified for 
the test to default or operational values.

Testing With Relay Word Bits
Use the communications port TAR command or the front panel to display the 
state of relay elements, control inputs, and control outputs. Viewing a change in 
relay element (Relay Word bit) status is a good way to verify the pickup settings 
you have entered for protection elements. See Examining Relay Elements on 
page 3.42 for more information on examining relay elements by using a terminal 
and from the front panel.

Testing With Control Outputs
You can set the relay to operate a control output to test a single element. Set the 
SELOGIC control equation for a particular output (OUT101–OUT108, for exam-
ple) to respond to the Relay Word bit for the element under test. See Operating 
the Relay Inputs and Outputs on page 3.55 for configuring control inputs and 
control outputs. Section 11: Relay Word Bits in the product-specific instruction 
manual lists the names of the relay element logic outputs.
                    

Example 10.1 Testing the 50P1 Element With a Control Output

This procedure shows how to set control output OUT105 to test the SEL-451 
50P1 Phase Instantaneous Overcurrent element.

For this test, you must have a variable current source for relay testing and a 
control output closure indicating device such as a test set or a digital multi-
meter (DMM).

In this example, use SEL Grid Configuator or QuickSet to configure the 
relay (see Section 2: PC Software).

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Navigate to Main Board Outputs contact settings in the settings 
tree structure.
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Testing With SER
You can set the relay to generate a report from the SER to test relay elements; 
include the element that you want to test in the SER Points and Aliases list. Set 
aliases for the element name, set state, and clear state in the relay SER to simplify 
reading the SER report. See Sequential Events Recorder (SER) on page 9.28 for 
complete information on the SER.
                    

Step 3. Set OUT105 to respond to the 50P1 element pickup.

The software checks the validity of the setting you entered. 

An invalid setting (you could have mistyped the element name) 
results in an error.

Step 4. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the 
relay.

Step 5. Connect an indicating device to OUT105 on the relay rear panel.

A DMM measuring resistance can show an open circuit (open 
contact) or a low-resistance short (closed contact).

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Increase the current source to produce a current magnitude 
greater than 15.00 A secondary in the relay (to test the element).

When the 50P1 element picks up, the relay changes the 50P1 
Relay Word bit to logical 1 and closes the output contacts of 
control output OUT105.

The indicating device operates.

Example 10.1 Testing the 50P1 Element With a Control Output (Continued)

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER

The SER gives exact time data for testing time-overcurrent element time-
outs. Subtract the 51S1T assertion time from the 51S1 assertion time to 
check the operation time for this element. Use the factory defaults for the 
operating quantity, pickup level, curve, time dial, electromechanical reset, 
and torque control (Table 10.4).

The procedure in the following steps shows how to set the SER trigger lists 
to capture the selectable operating quantity time-overcurrent element 51S1 
operating times. The procedure also shows how to set the torque control 
supervision for the 51S1 element.
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The relay uses Equation 10.1 and Equation 10.2 to determine the operating 
time for the 51S1 element. For a current input 50 percent greater than the 
default pickup, the test value, ITEST, is:
                    

Equation 10.1

where M is the pickup multiple and 51S1P is the element pickup value (see 
Table 10.4).

The operating time (tp) for a time dial (TD) equal to 1 for the U3 (Very 
Inverse) Curve is:

                    

Equation 10.2

In this example, use SEL Grid Configurator or QuickSet to configure the 
relay. You must have a computer that is communicating with the SEL-451 
and running SEL Grid Configurator or QuickSet (see Section 2: PC Soft-
ware). You also need a variable current source for relay testing.

Step 1. Establish communication with the relay through either SEL Grid 
Configurator or QuickSet, then read settings.

Step 2. Set the selectable operating quantity time-overcurrent element 
for test operation.

a. From Protection Elements View in SEL Grid Configurator, 
select the first 51 element available or open the Group 1 > 
Set 1> Relay Configuration > Time Overcurrent branch 
of the Settings tree view.

b. Verify that enable setting E51S (Selectable Inverse-Time 
Overcurrent Element) is set to 1.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)

                    

Table 10.4 Selectable Operating Quantity Time-Overcurrent Element (51S1) 
Test Settings

Setting Description 5A

51S1O 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, IAnR, IBnR, ICnR, 
IMAXnR, I1L, 3I2L, 3I0n)a

a n = L, 1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively. R suffix selects rms 
quantities. For more information on rms, refer to RMS in the Glossary.

3I0L

51S1P 51S1 Overcurrent Pickup (0.25–16 A, secondary) 0.75

51S1C 51S1 Inverse-Time Overcurrent Curve (U1–U5, C1–C5) U3

51S1TD 51S1 Inverse-Time Overcurrent Time Dial (0.50–15.00) 1.00

51S1RS 51S1 Inverse-Time Overcurrent EM Reset (Y, N) N

51S1TC 51S1 Torque Control (SELOGIC control equation) 1

ITEST M •  (51S1P)=

1.5 • (0.75 A) =

1.125 A=

tp TD • 0.0963 3.88 

M2 1–
----------------+

 
 
 

=

1 • 0.0963 3.88
1.52 1–
-------------------+=

3.2 seconds=
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IEC 61850 Testing
Commissioning and maintenance testing of a relay typically involves applying an 
alternative source of secondary voltages and currents as well as isolating relay 
output contacts used to trip circuit breakers. Traditionally, physical panel 
switches have facilitated these testing operations. More recently, the IEC 61850 
standard has introduced mechanisms for emulating these switching and isolation 
functions within the communications protocol itself. This gives testing personnel 

c. Change setting 51S1O Operating Quantity to 3I0L.

d. Change the remaining element configurations to match 
Table 10.4.

Step 3. View the SER settings.

a. Navigate to Report in the Settings tree view structure.

b. Select the SER Points and Aliases branch.

Step 4. Enter SER element names and aliases.

a. Assign an available SER Points and Aliases setting (SITM1 
for example) to 51S1T.

b. Type GROUND O/C 1 LINE 1 in the Reporting Name 
field.

c. Type 51S1 TIMEOUT in the Set State Name field.

d. Type 51S1 DROPOUT in the Clear State Name field.

e. Repeat Step a–Step d for a second SER Points and Aliases 
setting (SITM2 for example), with setting values 51S1, 
GROUND O/C 1 LINE 1, 51S1 PICKED UP, 51S1 
RESET. 

You can enter as many as 250 relay elements in the SER Points 
and Aliases list (see Sequential Events Recorder (SER) on 
page 9.28).

Step 5. Upload the new settings to the SEL-451.

If you see no error message, the new settings are loaded in the relay.

Step 6. Connect a test source to the relay.

a. Set the current output of a test source to zero output level.

b. Connect a single-phase current output of the test source to 
the IAW analog input.

Step 7. Test the element.

a. Increase the current source to produce a current magnitude 
of 1.125 A secondary in the relay.

b. Keep the current source at this level past the expected 
element time-out (longer than 3.2 seconds).

c. Return the current source to zero after the element times out.

Step 8. Navigate to the SER report on the relay front panel and verify 
the 51S1 PICKED UP and 51S1 TIMEOUT entries are shown.

The time difference between SER entries 51S1 PICKED UP 
and 51S1 TIMEOUT is approximately 3.2 seconds.

Example 10.2 Testing the SEL-451 51S1 Element by Using the SER (Continued)
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additional flexibility in designing test procedures. This section discusses three 
testing mechanisms: IEC 61850 Mode/Behavior, IEC 61850 Simulation mode, 
and the SEL TEST SV command.

NOTE: The example in this section is 
meant to illustrate the use of 
IEC 61850 standard operating modes. 
Always follow the testing practices 
and philosophy of your company.

IEC 61850 describes different protection and automation functions according to 
standardized language (IEC 61850-7-4). It describes substation protection and 
automation functions in abstract models and organizes components in hierarchi-
cal structures. A CID file describes components of an IED that is composed of 
logical devices and logical nodes (protection and automation functions, such as 
the distance protection element PDIS). An IED can host multiple logical devices, 
and, in turn, logical devices may host a group of logical nodes. Additionally, log-
ical nodes inside a logical device can serve as supervision signals to logical nodes 
of other logical devices.

IEC 61850 Mode/Behavior are tools to isolate specific IEDs and logical nodes 
for testing, analogous to how test switches are used to physically isolate specific 
devices in a testing procedure. IEC 61850 Simulation mode is used to inject test 
signals into the network that will be used by subscribing IEDs being tested.

When in IEC 61850 Simulation mode, and the normal messages and simulated 
messages are both present, the IED processes the simulated messages and ignores 
the normal ones. For example, if an SV subscriber relay in IEC 61850 Simulation 
mode sees an SV message and a similar SV message with the simulated flag set 
in the header, the subscriber relay processes the simulated SV messages and 
ignores the normal SV messages until the relay is no longer in Simulation mode. 
IEC 61850 Simulation mode has no effect on the Manufacturing Message Speci-
fication (MMS) communications service.

IEC 61850 Simulation mode is applied at the IED level. Additionally, messages 
produced by the IED in response to simulated data do not have their own simula-
tion flag set. The simulation flag does not propagate automatically. For these rea-
sons, IEC 61850 Simulation mode is insufficient to handle many testing scenarios, 
especially when device isolation in an energized substation is necessary.

IEC 61850 Mode/Behavior is a mechanism that enables isolation of one IED or a 
set of IEDs in a system. While the IED or a logical node is placed in different 
modes, the IED reports its status by setting or clearing the quality attribute valid-
ity and test. While other IEDs or logical nodes do not participate in the testing, 
they remain in the On mode and discard messages with test quality set. 
Example 10.3 describes an example of applying IEC 61850 Mode/Behavior and 
Simulation mode.

See IEC 61850 Simulation Mode on page 17.30 and IEC 61850 Mode/Behavior 
on page 17.30 for operation details.
                    

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection

Figure 10.1 describes a partial logical diagram for a breaker-and-a-half bus 
protection. In this application, SEL-401 #1 and SEL-401 #3 provide current 
measurements to the SEL-487B SV Subscriber Relay for bus differential 
protection. If the SEL-487B detects an internal fault, it sends a trip signal to 
SEL-401 #1 and SEL-401 #3 to operate Circuit Breaker 1 and Circuit 
Breaker 3, respectively. The logical models for current and voltage measure-
ment are logical nodes TCTR and TVTR. The logical model for circuit 
breakers is represented by logical node XCBR. The logical node PDIS rep-
resents distance protection. Logical node IHMI represents the human-
machine interface. Figure 10.1 describes the logical model of the applica-
tion. Table 10.5 describes the data GOOSE and SV messages transmit.
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Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.1 IEC 61850 Logical Modeling
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Table 10.5 Data Transmitted in GOOSE and SV Messages

Messages Information Transmitted

GOOSE 1 PTRC1.Op.general

PTRC1.q

GOOSE 2 PTRC.Op.general
PTRC2.q

SV1 TCTR2

SV2 TCTR5

SV3 TCTR1, TVTR

SV4 TCTR3
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NOTE: The procedures specified in this 
section are for initial relay testing only. 
Follow your company policy for 
connecting the relay to the power 
system.

To test a device in an energized substation, perform the following general 
steps:

Step 1. Isolate the device(s) under test.

Step 2. Connect a test set to those device(s) under test.

Step 3. Apply test signals and execute test.

Step 4. Disconnect the test equipment and place the device(s) back in 
normal operation.

Figure 10.2 illustrates use of IEC 61850 Mode/Behavior and IEC 61850 
Simulation mode in the process of testing PDIF of the SEL-487B in 
Figure 10.1.

Step 1. Isolate the SEL-487B by placing the device into Test/Blocked 
mode and then Simulation mode.

Change SEL-487B IEC 61850 Mode/Behavior and Simulation 
mode so that Mod.stVal = Test/Blocked and Sim.stVal = True. 
The IED is isolated, so SV messages from SEL-401 #1 and 
SEL-401 #3 are not processed. The outgoing GOOSE messages 
from the SEL-487B sent to control CB1 and CB3 are not 
processed because they are flagged with q.test = True and the 
SEL-401 #1 and SEL-401 #3 are in the On mode. The MMS 
communication between the PDIF and logical node IHMI is also 
flagged with q.test = True. The SEL-487B is logically isolated 
and its contact outputs are physically blocked as Figure 10.2 
shows. If the device is placed into Test mode (as opposed to Test/
Blocked mode), the physical contact outputs operate if the 
device detects a bus fault based on received testing SV 
messages.

SEL-400 series relays support other communications protocols 
such as MIRRORED BITS and IEEE C37.118 Synchrophasor 
Protocols. If the device under test communicates with other 
IEDs over protocols that IEC 61850 does not define, it is 
necessary to consider the impact of IEC 61850 Simulation mode 
and Mode/Behavior. For example, consider the impact on block 
signals exchanged via MIRRORED BITS protocol when testing 
requires that there be no misoperation on IEDs that receive MB 
messages.

To support such situations, you may need to build logic to 
provide supervisory information that is transmitted via MB.

For example, if we want to block MB from transmitting a status 
change of PLT01 while the relay is in Blocked or Test/Blocked 
mode, we can supply the following custom logic example to the 
protection logic.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)
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PSV01 can thus supervise transmitted MIRRORED BITS.

For example, TMB1A := PLT01 AND NOT PSV01.

If using IEEE C37.238 Synchrophasor Protocol, engineers can 
use SELOGIC control equation PMTEST to associate IEC 61850 
Mode/Behavior with Synchrophasor data quality. PMTEST is 
the SELOGIC control equation that indicates PMU is in a test 
mode.

PSV01 := (I850MOD = 2) OR (I850MOD = 4)

PMTEST := PSV01
                    

Step 2. Connect test equipment and start injecting testing signals. In this 
example, the test set transmits SV messages SV1_Test and 
SV2_Test with q.test = True and the simulation flag = True.

Step 3. Use the testing equipment to vary testing signals, and execute 
required test cases to verify the PDIF function. Table 10.6 lists 
the quality test and simulation flag for the normal and simulated 
GOOSE and SV messages.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.2 Isolate an IED Through Use of IEC 61850 Mode/Behavior and Simulation Mode
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NOTE: The IEC 61850 Mode/Behavior 
and IEC 61850 Simulation mode are 
implemented at the physical device level 
on SEL-400 series relays.

                    

Step 4. Return the device to normal operation by first taking the device 
under test out of Simulation mode (Sim.stVal = False). The relay 
stops processing test signals from the test equipment to avoid 
any possible misoperation resulting from the presence of simu-
lated messages. Then change the relay IEC 61850 mode to On 
mode (Mod.stVal = On) to cause the IED to resume normal oper-
ation.

Example 10.3 Maintenance Testing SEL-487B Bus Differential Protection (Continued)

                    
                    

Figure 10.3 Inject Simulated Test Signals Through Use of Test Equipment
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Table 10.6 Message Quality Test and Simulation Flag

Message q.test Simulation Flag

SV1_Test True True

SV2_Test True True

GOOSE1 True False

SV1 False False

SV2 False False
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Example 10.4 Checking Data Acquisition With the TEST SV Command

SV subscriber relays do not support copper connections to instrument trans-
formers. Because of this, it is necessary to check the validity of the digital 
samples. To provide assistance with this validity check, the SEL subscriber 
relay supports the SEL TEST SV mode.

This example uses the TEST SV command and the COM SV command. 
Refer to Section 9: ASCII Command Reference in the product-specific 
instruction manual for descriptions of the TEST SV and COM SV commands.

SEL created the TEST SV mode as a commissioning tool to help users per-
form easy validation of the process bus communication and the SV samples. 
While in TEST SV mode, the SEL merging unit generates test signals on all 
configured SV streams. The test bit in the quality attribute asserts for all pub-
lished SV messages. The published signals are scaled from secondary 
(Table 10.7) to primary, in accordance with the CT and PT ratio setting as 
follows:

➤ CTRW is used for both IW and IX scaling

➤ PTRY is used for both VY and VZ scaling
                    

The neutral channel is the sum of the waveforms for A-, B-, and C-Phase. 
The published SV message rate is determined by the NFREQ setting.

Whenever the TEST SV command is entered, the relay starts or restarts a 
15-minute timer to run in TEST SV mode before terminating TEST SV 
mode.

See the following procedure for verifying SV process bus communications 
between configured merging units and SV relays.

NOTE: Users can also see TEST SV 
mode indications from the ASCII 
commands COM SV, STA A, and CST.

On a merging unit that is configured to publish the desired current and volt-
age channels, enter TEST SV mode by issuing the TEST SV command.

Step 1. Issue the COM SV command to view the publication status 
(shown in Figure 10.4).

Step 2. Issue the TAR SVPTST command to view the TEST SV mode 
indicator, as shown in Figure 10.5. If SVPTST asserts, the 
merging unit is operating in TEST SV mode.

                    

Table 10.7 Secondary Quantities for the SEL-401 and SEL-421-7 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase.

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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On the SV subscriber relay, enter TEST SV mode by issuing the TEST SV 
command.

Step 1. Issue the COM SV command to view the subscription status, as 
shown in Figure 10.6. Figure 10.6 also shows that before 
entering the TEST SV mode, the relay indicates INVALID 
QUAL for the incoming SV stream. After the relay enters the 
TEST SV mode, the relay recognizes the quality and indicates 
that the quality attribute test bit asserts by displaying the 
QUALITY (TEST) code.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>TEST SV
WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:42:33:331
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr Ptag:Vlan AppID  smpSynch
_________________________________________________________________________________

A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
 01–0C–CD–04–00–66  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
 01–0C–CD–04–00–67  4:1    4000      1
 SV ID: 4000
 Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

                    

=>>TAR SVPTST

* SVPTST * * * * * *
0 1 0 0 0 0 0 0

=>>

Figure 10.5 TEST SV Mode Indicator
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Step 2. Issue the TAR SVTST command to view the TEST SV mode 
indicator, as shown in Figure 10.7. 

                                        

Step 3. Issue the MET command to verify that the relay current and 
voltage inputs are the proper magnitude and phase rotation (see 
Examining Metering Quantities on page 3.34). Figure 10.8 
shows the output of the MET command in this example.

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 INVALID QUAL NA
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>TEST SV

WARNING: Test mode is not a regular operation.
Actual values will be overridden by test values.

Are you sure (Y/N)?Y

Relay 1  Date: 03/17/2023 Time: 10:49:39:552
Station A Serial Number: 1230769999

Test mode active. Use TEST SV OFF to exit test mode.
Test mode will automatically terminate after 15 minutes.

=>>COM SV

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: On

IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch Code Network Delay(ms)
_________________________________________________________________________________
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB01
01–0C–CD–04–00–66 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1
A0421_7P_006_ICD_1CFG/LLN0$MS$MSVCB02
01–0C–CD–04–00–67 4:1 4000 1 QUALITY (TEST) 0.63
SV ID: 4000
Data Set: A0421_7P_006_ICD_1CFG/LLNO$PhsMeas1

=>>

Figure 10.6 Enter TEST SV Mode in the Relay

                    

=>>TAR SVSTST

SVSALM SVSTST SVCC * * * * *
0 1 1 0 0 0 0 0

=>>

Figure 10.7 TEST SV Mode Indicator
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Commissioning tests help you verify that you have properly connected the relay 
to the power system and all auxiliary equipment. These tests confirm proper con-
nection of control inputs and control outputs as well (see Operating the Relay 
Inputs and Outputs on page 3.55).

Relay Self-Tests
The relay continuously runs many self-tests to detect out-of-tolerance conditions. 
These tests run at the same time as relay protection and automation logic, but do 
not degrade relay performance.

The relay provides a number of alarms to indicate different conditions, as shown 
in Table 10.8.

                    

                                        

Example 10.4 Checking Data Acquisition With the TEST SV Command (Continued)

                    

=>>MET <Enter>                                                                         
                                                                                
Relay 1                                    Date: 03/17/2023 Time: 02:08:46.920 
Station A                                  Serial Number: 1230769999 
                                                                                

Fundamental Meter: Winding S                                                    
                                                                                
               Phase Currents                  Sequence Currents                
           IA        IB        IC           I1        3I2       3I0             
MAG(A,pri) 999.293 999.319  999.317  999.310  0.008  0.059 
ANG(deg) -0.00 -120.00 120.00 -0.00 1.46 -177.41 
                                                                                
            Phase Voltages - PT -              Sequence Voltages                
           VA        VB        VC           V1        3V2       3V0             
MAG (kV) 133.903 133.903 133.903 133.903 0.00 0.00 
ANG(deg) -0.00 -120.00 120.00 0.00 137.62 173.77 
                                                                                
Power Quantities                                                                
Active Power P (MW,pri)                                                         

PA PB PC 3P                                     
133.81 133.81 133.81 401.43 
                                                                                
Reactive Power Q (MVAr,pri)                                                     

QA QB QC 3Q                                     
0.00 0.00 -0.00 0.00 

                                                                                
Apparent Power  S (MVA,pri)                                                     

SA SB SC 3S                                     
133.81 133.81 133.81 401.43 
                                                                                
Power factor                                                                    
Phase A Phase B Phase C 3-Phase                                    
1.00 1.00 1.00 1.00 
                                                                                
Line-to-Line Voltage                                                            
                   PT - V                            PT - Z                     
           VAB       VBC       VCA          VAB       VBC       VCA             
MAG (kV) 231.925 231.930 231.923 0.005 0.007 0.005         
ANG(deg) 30.00 -90.00 150.00 -166.32 61.99 -75.31          
                                                                                
FREQ (Hz) 60.00 Frequency Tracking = Y                                
VDC (V)   115.82          V/Hz      -----%                                      
                                                                                
=>>

Figure 10.8 MET Command Response

Table 10.8 Alarm Relay Word Bits (Sheet 1 of 2)

Alarm Relay 
Word Bit

Description

HALARML Latches for any relay failures.

HALARMP Asserts for approximately five seconds when a warning condition occurs.
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The relay reports out-of-tolerance conditions as a status warning or status failure. 
For conditions that do not compromise relay protection, yet are beyond expected 
limits, the relay issues a status warning and continues to operate. A severe out-of-
tolerance condition causes the relay to declare a status failure and enter a protec-
tion-disabled state. During a protection-disabled state, the relay suspends protec-
tion element processing and trip logic processing and de-energizes all control 
outputs. When disabled, the ENABLED front-panel LED is not illuminated.

The relay signals a status warning by pulsing the HALARMP, HALARMA, and 
HALARM Relay Word bits (hardware alarm) to logical 1 for five seconds. For a 
status failure, the relay latches the HALARML and HALARM Relay Word bits 
at logical 1. Some hardware failures prevent the relay from operating. In such 
cases, Relay Word bits HALARML and HALARM do not assert.

Once HALARMP pulses, Relay Word bit HALARMA continues to assert for 
approximately five seconds once per minute to indicate that a hardware warning 
has occurred. HALARMA continues to pulse until it is reset by pulsing SELOGIC 
control equation RST_HAL. Restarting the relay also resets HALARMA. 
HALARMP does not assert again for the same alarm condition, unless the condi-
tion is cleared and returns.

The relay will automatically restart as many as two times on certain diagnostic 
failures. In many instances, this will correct the failure. When this occurs, the 
relay will log a Diagnostic Restart in the SER.

To provide remote status indication, connect the b contact of OUT108 to your 
control system remote alarm input and program the output SELOGIC control 
equation to respond to NOT (SALARM OR HALARM).

If you repeatedly receive status warnings, check relay operating conditions as 
soon as possible. Take preventive action early during the development of poten-
tial problems to avoid system failures. For any status failure, contact your Techni-
cal Service Center or the SEL factory immediately (see Technical Support on 
page 10.35).

The relay generates an automatic status report at the serial ports for a self-test sta-
tus failure if you set Port setting AUTO := Y. The relay issues a status message 
with a format identical to the STATUS command output, but includes the power 
supply information from the STA A response. The relay also displays status 
warning and status failure automatic messages on the front-panel LCD. Use the 
serial port STATUS and CSTATUS commands and the front-panel RELAY STA-

HALARMA Starts pulsing for five seconds every minute whenever a new warning condi-
tion occurs and continues to pulse until the RST_HAL logic reset is asserted.

RST_HAL Resets the HALARMA operation (similar to the other logic resets in the relay).

HALARM Equivalent to HALARML OR HALARMP.

SETCHG Pulses for at least one second whenever settings are changed.

GRPSW Pulses for at least one second whenever groups are switched.

ACCESS This bit is set when a user is logged in at Access Level B or higher.

BADPASS Pulses for at least one second whenever a user enters three successive bad pass-
words.

SALARM BADPASS OR SETCHG OR GRPSW OR Ethernet FW upgrade attempt.

Table 10.8 Alarm Relay Word Bits (Sheet 2 of 2)

Alarm Relay 
Word Bit

Description
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TUS menu to display status warnings and status failures. See STATUS on 
page 14.59, Checking Relay Status on page 3.13, and Relay Status on page 4.30 
for more information on automatic status notifications and on viewing relay status.

The relay includes self-diagnostics that monitor settings, hardware, and commu-
nication. The settings diagnostic checks if an internal error may have caused the 
calibration settings to be lost or corrupted, which would introduce errors in the 
magnitude and angles of the voltages and currents measured. The hardware diag-
nostics monitor any component change that does not match the part number, as 
well as hardware failures in the power supply, processors, and digital samplers. 
For relays that support DSS, the relay will monitor the connection to the DSS 
data or the communication board in the relay that receives the DSS data. Finally, 
the diagnostics monitor communications such as Ethernet, serial, and 87L con-
nections. The STATUS command notifies the user if any of the diagnostics trig-
ger a warning or a failure. In cases where the issue is a failure the relay will 
become disabled and protection will be inhibited.

Status
Figure 10.9 is a sample STATUS screen from the Status option of the QuickSet 
HMI > Meter and Control tree view (the terminal STATUS report is similar). 
Figure 10.10 is a sample STATUS A report that shows all status information 
from an SEL-411L-2 with the five-port Ethernet card installed.

                    

                    

                    

Figure 10.9 Relay Status: QuickSet HMI

=>STA A <Enter>

Relay 1                                     Date: 03/17/2023  Time: 04:48:49.938
Station A                                   Serial Number: 1230769999

FID=SEL-411L-2-Rxxx-V0-Zxxxxxx-Dyyyymmdd        CID=0xxxxx

Failures
  No Failures

Warnings
  No Warnings

Channel Offsets (mV)   W=Warn    F=Fail
  MOF
    3

Figure 10.10 Relay Status From a STATUS A Command on a Terminal
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CSTATUS
The relay also reports status information in the Compressed ASCII format when 
you issue the CST command. An example Compressed ASCII status message is 
shown in Figure 10.11.

                    

Definitions for the items and fields in the Compressed ASCII configuration are 
listed below:

➤ yyyy is the checksum

➤ x is text in the FID (Firmware ID) string

➤ (description) is text that the relay supplies

➤ (Ok or W or F) is normal, warning, or failure, respectively

Firmware Version Number
At the top of each status report the relay displays the present firmware version 
number that identifies the software program that controls relay functions. The 
firmware version is the four-place designator immediately following the relay 

Mainboard Power Supply Voltages (V)   W=Warn    F=Fail
  3.3V_PS  5V_PS  N5V_PS  15V_PS   N15V_PS
     3.30   5.01   -5.00   15.00    -14.99

Five-Port Ethernet Card Power Supply Voltages (V)
  0.85V_PS  1.20V_PS  1.35V_PS  1.80V_PS  3.30V_PS  15.00V_PS
      0.84      1.19      1.35      1.78      3.27      14.96

Temperature (C)
  Mainboard    5-Port Eth SoC
       37.3              55.5

Communication Interfaces

Active High Accuracy Time Synchronization Source: PTP
  IRIG-B Source ABSENT
  PTP Source PRESENT

SELogic Relay Programming Environment Errors
  No Errors

IEC 61850 Mode/Behavior
   On

IEC 61850 Simulation Mode
   Off

Relay Enabled

=>

Figure 10.10 Relay Status From a STATUS A Command on a Terminal (Continued)

"RID","SID","FID","yyyy",
"relay_name","station_name","SEL-451-x-Rxx-Vx-Zxxxxxx-Dxxxxxxxx","yyyy"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"
(Month),(Day),(Year),(Hour),(Min),(Sec),(MSec),"yyyy"

"CPU_RAM","CPU_PROG","SELBOOT","CPU_SET","DSP_RAM","DSP","DSP_CSUM","DSP_T_OUT","CPUDSP_RAM","FRNT_PNL","CAL_BOARDA","CCRD_
CHG","COMM_CARD","ANA_CONV","IO_1","IO_2","yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or 
F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","yyyy"

"ATOD_OFFST","MSTR_OFFST","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","TEMP_STA","TEMP","PRT_O_LOAD","LCD_ERROR","FPGA","
yyyy"

"(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)","(Ok or F)",(Temp value),"(Ok or 
F)","(Ok or F)","(Ok or F)","yyyy"

"MBA","MBB","ACTTIM_SRC","SELOG_MATH","FM_TEST","DB_TEST","DB2_TEST","RLY_STA","PRT_F_TP","PRT_1_TP","PRT_2_TP","PRT_3_TP",
"PRT_5_TP", "87L_TEST", "SV_TEST", "I850_MOD", "SIM_MOD","yyyy"

(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or HPTP or " "),(Enabled or Disabled), (Enabled or Disabled), (Enabled 
or Disabled), (Enabled or Disabled),(F,0-5), (F,0-5), (F,0-5), (F,0-5), (F,0-5),(Enabled or Disabled), (Enabled or 
Disabled), (Enabled or Disabled), (Enabled or Disabled)"yyyy"

Figure 10.11 Example Compressed ASCII Status Message



10.23

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Testing, Troubleshooting, and Maintenance
Relay Troubleshooting

model number (the first characters in the firmware identification or FID string). 
The first character in the four-place firmware version number is R (representing 
Release).

Figure 10.9 and Figure 10.10 show the location of the FID sting, with a blank or 
generic response. To see the actual FID string for the firmware version described 
in this manual, see Appendix A: Firmware, ICD File, and Manual Versions in the 
product-specific instruction manual for firmware version information.

Relay Troubleshooting

Inspection Procedure
Complete the following inspection procedure before disturbing the system. After 
you finish the inspection, proceed to Troubleshooting Procedures on page 10.23.

Step 1. Confirm that the power is on. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay POWER ter-
minals marked + and – on the rear-panel terminal strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that a 
communications device is connected to at least one communications 
port.

Troubleshooting Procedures
Troubleshooting procedures for common problems are listed in Table 10.9 and 
Table 10.10. The table lists each symptom, possible causes, and corresponding 
diagnoses/solutions. Related ASCII commands are listed in bold capitals. See 
Section 14: ASCII Command Reference for details on SEL-400 series commands 
and Section 12: Settings for details on relay settings.

                    

Table 10.9 Troubleshooting Proceduresa (Sheet 1 of 3)

Symptom/Cause Diagnosis/Solution

Dark Front Panel 

Power is off. Verify that substation battery power is operational.

Input power is not present. Verify that power is present at the rear-panel terminal strip.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Poor HMI contrast. Press and hold ESC for two seconds. Press Up Arrow and Down Arrow pushbuttons to adjust contrast.

Status Failure Notice on Front Panel

Self-test failure. See Table 10.10 for guidance on the specific failure type.

The OUT108 relay control output b contacts will be closed if you programmed NOT HALARM 
to OUT108.

Alarm Output Asserts

Power is off. Restore power.

Blown power supply fuse. Replace the fuse (see Power Supply Fuse Replacement on page 10.28).

Power supply failure. LCD displays STATUS FAILURE screen. See Table 10.10.
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Main board or interface board failure. LCD displays STATUS FAILURE screen. See Table 10.10.

Other self-test failure. LCD displays STATUS FAILURE screen. See Table 10.10.

System Does Not Respond to Commands

NOTE: If Port setting PROTO := PMU, that serial port will not respond to ASCII commands. Additionally, a PROTO := PMU port will not respond to any 
messages when Global setting EPMU := N.

No communication. Confirm cable connections and types. If correct, type <Ctrl+X> <Enter>. This resets the termi-
nal program.

Communications device is not con-
nected to the system.

Connect a communications device.

Incorrect data speed (baud rate) or 
other communications parameters.

Configure your terminal port parameters to the particular relay port settings. Use the front panel 
to check port settings (see Set/Show on page 4.26).

Incorrect communications cables. Use SEL communications cables, or cables you build according to SEL specifications (see 
Serial Communication on page 15.2).

Communications cabling error. Check cable connections.

Handshake line conflict; system is 
attempting to transmit information, but 
cannot do so.

Check communications cabling. Use SEL communications cables, or cables you build accord-
ing to SEL specifications (see Serial Communication on page 15.2).

System is in the XOFF state, halting 
communications. 

Type <Ctrl+Q> to put the system in the XON state.

Terminal Displays Meaningless Characters

Data speed (baud rate) is set incorrectly. Check the terminal parameters configuration (see Serial Communication on page 15.2).

Terminal emulation is not optimal. Try other terminal types, including VT-100 and VT-52 terminal emulations.

System Does Not Respond to Faults

Relay is set improperly. Review the relay settings.

Improper test settings. Restore operating settings.

PT or CT connection wiring error. Confirm PT and CT wiring.

Input voltages and currents phasing, 
and rotation errors.

Use relay metering. Use the TRI event trigger command and examine the generated event 
report (see Examining Metering Quantities on page 3.34).

The analog input (flat multipin ribbon) 
cable between the input module board 
and the main board is loose or defective.

Reseat both ends of the analog input cable, observing proper ESD precautions (see Installing 
Optional I/O Interface Boards on page 10.30).

Check the relay self-test status. Take preventive action as directed by relay Status Warning and Status Failure information (see 
Checking Relay Status on page 3.13).

Sequence of Events Recorder

SER DATA LOSS Reported This is caused by an internal buffer overrun, which can occur if SER points are being triggered 
faster than they can be processed. It will recover as soon as the SER processing can catch up. 
SER data loss can also be caused by excessive SER triggering (>6000 points per hour), causing 
the relay to temporarily suspend storing points. In this case, it will normally recover within an 
hour, but the SER DATA LOSS END message will not be reported until the first SER point is 
triggered after the suspension ends.

Tripping Output Relay Remains Closed Following a Fault

Auxiliary contact control inputs are 
improperly wired.

Check circuit breaker auxiliary contacts wiring.

Control output relay contacts have 
burned closed.

Remove relay power. Remove the control output connection. Check continuity—Form A con-
tacts should be open and Form B contacts should be closed. Contact the SEL factory or your 
Technical Service Center if continuity checks fail.

I/O interface board failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 2 of 3)

Symptom/Cause Diagnosis/Solution
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Time/Date Errors

External IRIG time source error. Check IRIG-B time source or cables. Check TIME Q command or HMI SET/SHOW | Date/
Time screen.

A low-priority time source error. Check last update source (TIME Q command or HMI SET/SHOW | Date/Time screen) (see 
Table 11.5 on page 11.8).

Lithium clock battery failure. Verify that the battery has failed before replacing the battery–it should last for 10 years if the 
relay is energized (see Replacing the Lithium Battery on page 10.27).

TiDL (T-Protocol)

TiDL system will not successfully 
commission.

Check all fiber connections and verify link budget and received/transmit power of both the 
TiDL relay and SEL-TMU.

Loss of communications with an 
SEL-TMU.

Check the SEL-TMU front panel. If disabled (see SEL-TMU instruction manual), see VECTOR 
on page 14.72. If the SEL-TMU is enabled, check fiber connections and verify the link budget 
and received/transmit power of both the TiDL relay and the SEL-TMU.

TiDL (EtherCAT) Applications

Relay will not successfully commis-
sion.

Check the configuration of axion CT/PT modules and verify that they match a supported topol-
ogy (see Section 2: Installation in the product-specific instruction manual).

Relay disabled. Check the CT/PT modules for failure. If a module is identified as failed, replace the CT/PT 
module and then press the commissioning button on the back of the relay (see TiDL System 
Commissioning on page 10.2).

Firmware Upgrade

Model mismatch. Firmware file does not match relay model (see Resolving Model Mismatch on page B.24).

SELBOOT flash mismatch. SELBOOT checksum has failed. Try to reload the SELBOOT firmware with the REC BOOT 
command. If reload fails, return to SEL (see E Upload New SELBOOT Firmware to the Relay on 
page B.13).

CID File

Out of memory error when sending a 
CID file to the relay

This can be caused by a large number of data attributes in the configured datasets and/or by a 
large number of supervised subscriptions (LGOS and/or LSV logical nodes). Reduce either the 
number of supervised subscriptions or the number of data attributes in the configured Datasets, 
or remove any default datasets not required in the application. By default, all GOOSE/SV sub-
scriptions are supervised. Supervised GOOSE/SV subscriptions can be removed in Architect by 
right-clicking in the data field in GOOSE/SV Subscriptions and selecting Disable supervision.

a For SV applications, refer to Table 14.44.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 1 of 3)

Diagnostic Message Diagnosis/Solution

Memory Failures

RAM Errorb This indicates a processor memory device detected an error. Contact your Technical Service 
Center for analysis of the error.

Memory Failures

RAM Failureb This indicates a failure of a memory device. Contact the SEL factory or your Technical Service 
Center.

Flash Failure

EEPROM Failure

Settings Failed

Default Settings Failure

Default Cal Settings This indicates that something has occurred that has caused the relay to lose its calibration. Con-
tact the SEL factory or your Technical Service Center.

Table 10.9 Troubleshooting Proceduresa (Sheet 3 of 3)

Symptom/Cause Diagnosis/Solution
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MAC Address Warning

MAC Address Conflict Not all MAC Addresses are unique. Contact the SEL factory or your Technical Service Center.

Missing MAC Address Not all MAC Addresses are valid. Contact the SEL factory or your Technical Service Center.

Five-Port Ethernet Card

Comm Card Error or Failure Contact the SEL factory or your Technical Service Center.

Comm Card Firmware Mismatch The five-port Ethernet card is installed, but the relay firmware does not match or is not compat-
ible with the Ethernet card. To resolve the error, load any relay firmware that supports the five-
port Ethernet card (see Appendix A: Firmware, ICD File, and Manual Versions in the product-
specific manuals). If supported firmware is already loaded, reload the firmware. If the error per-
sists, contact SEL for assistance.

Port na SFP Not Compliant An SFP transceiver is connected to an enabled PORT n but could not be authenticated because it 
is not compatible. See Table 15.7 or selinc.com/products/sfp for a list of compatible SFP trans-
ceivers.

Port na SFP Speed Not Compliant An SFP transceiver is connected to an enabled PORT n but has a speed that is not compatible with 
that port. Replace the transceiver with one with the correct speed.

SFP Speed Mismatch Port 5A, 5B 
Disabled

The SFP transceivers in PORT 5A and PORT 5B have mismatching speeds. Replace one of the 
transceivers so that they have matching speeds.

Port na SFP Not Installed PORT n is enabled but has no SFP transceiver installed. Install a compatible transceiver in that port.

Port na SFP Error An SFP transceiver is connected to an enabled PORT n but has a hardware failure. Replace the 
failed transceiver and report the error to the SEL factory or your Technical Service Center.

Port na SFP TX Fault The relay logs this warning when the transmit voltage of an SFP transceiver goes out of range 
on enabled PORT n. The relay attempts to resolve the condition by disabling and re-enabling the 
affected port. If the condition occurs three times in one week, the relay permanently disables the 
affected port until the SFP is replaced.

Line-Current Differential Warnings

87L Watchdog Alarm This alarm indicates that the relay has received more than three unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ALARM and does not inhibit 87L protection. This alarm can be reset at Access Level 2 by 
issuing a COM 87L WD C command.

87L Watchdog Error 1 This error indicates that the relay has received more than five unwarranted 87L pickup opera-
tions associated with 87L communication channel impairments. This logic asserts Relay Word 
bit 87ERR1 and inhibits 87L protection. This alarm can be reset at Access Level 2 by issuing a 
COM 87L WD C command.

87L Watchdog Error 2 This error indicates that the relay has received more than ten unwarranted 87L pickup opera-
tions associated with 87L communications channel impairments and non-channel related issues. 
This logic asserts Relay Word bit 87ERR2 and inhibits 87L protection. This alarm can be reset 
at Access Level 2 by issuing a COM 87L WD C command.

NOTE: In firmware R105 and older, this alarm can only be reset at Access Level C.

87L Watchdog Reset This warning occurs when the COM 87L WD C command is issued.

Hardware Changes

Card or Board Change This indicates that the installed hardware does not match the part number. If the hardware was 
intentionally changed, use the STA command from Access Level 2 to accept the new hardware 
configuration. If the hardware was not changed, make sure all connections are fully seated and 
then restart the relay. If the error persists, contact the SEL factory or your Technical Service 
Center.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-
tolerance.

Log the Status Warning. If repeated warnings occur, take preventive action.

A/D converter failure. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 2 of 3)

Diagnostic Message Diagnosis/Solution

https://selinc.com/products/sfp/
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Maintenance
Instructions for Cleaning

Use care when cleaning the relay. Use a mild soap or detergent solution and a 
damp cloth to clean the chassis. Do not use abrasive materials, polishing com-
pounds, or harsh chemical solvents (such as xylene or acetone) on any surface.

Replacing the Lithium Battery
You can replace the lithium battery in the relay. Perform the following steps to 
replace the lithium battery.

Step 1. Remove the relay from service.

a. Follow your company standard procedure for removing a relay 
from service.

b. Disconnect power from the relay.

c. Remove the relay from the rack or panel.

d. Retain the GND connection, if possible, and ground the equipment 
to an ESD mat.

Step 2. Remove the front panel from the relay.

Step 3. Disconnect the front-panel cable from the front panel.

Power Supply Voltage Status Failure

Power supply voltage(s) are out-of-
tolerance.

LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

A/D OFFSET WARN Status Warning

Loose ribbon cable between the input 
module board and the main board.

Reseat both ends of the analog input cable.

A/D converter drift. Log the Status Warning. If repeated warnings occur, contact the SEL factory or your Technical 
Service Center.

Master offset drift. LCD displays STATUS FAILURE screen. Contact the SEL factory or your Technical Service 
Center.

FPGA Error

FPGA diagnostics identified an out-
of-tolerance condition.b

In this rare event, the relay will automatically restart to clear the error and resume protection. If 
the failure occurs three times in seven days, the LCD displays the FPGA FAIL screen and the 
relay safely disables. Contact the SEL factory or your Technical Service Center.

NOTE: In older firmware versions, the relay did not automatically restart. Contact the SEL factory or 
your Technical Service Center.

Serial Port Power Overload

+5V EIA-232 Overload The relay rear serial ports are capable of providing +5 V power to an external transceiver, but 
have a limited power output. This warning indicates that the power limit has been exceeded and 
the current has been limited. Check what is connected to the serial ports to ensure that there is 
no unintentional load on the +5 V outputs.

All Other Warnings and Failures

Contact the SEL factory or your Technical Service Center.

a Where n = 5A, 5B, 5C, 5D, or 5E
b The relay will automatically restart for some of these failures. Contact the factory if the failure reoccurs.

Table 10.10 Troubleshooting for Relay Self-Test Warnings and Failures (Sheet 3 of 3)

Diagnostic Message Diagnosis/Solution

CAUTION
There is danger of explosion if the bat-
tery is incorrectly replaced. Replace 
only with Rayovac no. BR2335 or 
equivalent recommended by manufac-
turer. See Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the manufac-
turer’s instructions. Keep battery out 
of reach of children.
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Step 4. Disconnect the power cable, interface board cable(s), and input board 
analog cable from the main board.

Step 5. Pull out the drawout tray containing the main board. In some 
SEL-400 series relays, the main board is not in a drawout tray. In 
these cases, you will need to remove the top cover to access the battery.

Step 6. Locate the lithium battery.

The lithium battery is at the front of the main board.

Step 7. Remove the spent battery from beneath the clip of the battery holder.

Step 8. Replace the battery with an exact replacement.

Use a 3 V lithium coin cell, Rayovac No. BR2335 or equivalent. The 
positive side (+) of the battery faces up.

Step 9. Reinstall the relay main board drawout tray.

Step 10. Reattach the power cable, interface board cable(s), and input board 
analog cable.

Step 11. Reconnect the front-panel cable to the front panel.

Step 12. Reattach the front panel.

Step 13. Set the relay date and time via the communications ports or front 
panel (see Making Simple Settings Changes on page 3.15).

Step 14. Follow your company’s standard procedure to return the relay to service.

Power Supply Fuse Replacement
You can replace a bad fuse in a relay power supply, or you can return the relay to 
SEL for fuse replacement. If you decide to replace the fuse, perform the follow-
ing steps:

Step 1. Follow your company standard to remove the relay from service.

Step 2. Disconnect power from the relay.

Step 3. Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the equipment to 
an ESD mat.

Step 5. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 6. Remove the rear-panel EIA-232 PORT mating connectors. 

Unscrew the keeper screws and disconnect any serial cables 
connected to the PORT 1, PORT 2, and PORT 3 rear-panel receptacles.

Step 7. Loosen the four front-panel screws (they remain attached to the front 
panel), and remove the relay front panel.

Step 8. Remove the 34-pin ribbon cable from the front panel by pushing the 
extraction ears away from the connector.

Step 9. Disconnect the power, the interface board, and the analog input board 
cables from the main board.

Step 10. Remove the screw-terminal connectors.

a. Loosen the attachment screws at each end of the 100-addresses, 
200-addresses, and 300-addresses screw-terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from the 
chassis.

Step 12. Pull out the drawout tray containing the main board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equipment 
for service.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous volt-
ages and currents inside this device 
can cause electrical shock resulting in 
injury or death.

WARNING
Have only qualified personnel service 
this equipment. If you are not quali-
fied to service this equipment, you 
can injure yourself or others, or cause 
equipment damage.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these compo-
nents, contact SEL about returning 
this device and related SEL equip-
ment for service.
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Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power supply 
circuit board (see Figure 10.12).

Step 15. Examine the power supply for blackened parts or other damage. If 
you can see obvious damage, reinstall all boards and contact SEL to 
arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Section 2: Installa-
tion in the product-specific instruction manual for the proper fuse for 
your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the main board, and reconnect the power, the interface 
board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven screws.

Step 21. Reconnect the cable removed in Step 8 and reinstall the relay front-
panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw-terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses locations on the rear 
panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232 PORTS 
in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to service.

NOTE: Some versions of this relay 
will have the PS50 power supply. The 
fuse is located in the same location as 
the PS30, but it is rotated 90 degrees.

                    
                    

Figure 10.12 PS30 Power Supply Fuse Location

J1

F1

J2
J3

Fuse
F1
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Installing Optional I/O Interface Boards
Perform the following steps to install SEL-400 series relay I/O interface boards.

Step 1. Follow your company standard to remove the relay from service. It 
will be necessary to remove power from the relay as part of this pro-
cess.

Step 2. Disconnect power from the relay. Isolate any contact inputs or out-
puts that will be affected by the installation of the I/O interface 
board.

Step 3. Retain the GND connection, located to the right of the power supply 
terminals to the relay, and ground the equipment to an ESD mat, or 
other grounding point.

Step 4. Remove the communications cable connected to the front-panel 
serial port, if applicable.

Step 5. Remove the rear-terminal block connectors for the I/O board that is 
being installed. Two screws are used to retain each connector. Once 
these screws are loosened, pull the connector firmly to remove it 
from the rear of the relay. Note that these connectors are keyed to 
their mating connectors in the relay.

                    

Step 6. Remove the front panel.

a. Unscrew the front cover of the relay.

b. Slowly pull the front cover off of the relay.

There will be a short ribbon cable between the front panel of the 
relay and the main board of the relay that will prevent the relay 
front panel from being pulled more than five inches from the 
relay. Do not let the relay front panel hang from this ribbon cable.

c. Remove the ribbon cable at the front panel by pushing the cable 
retention levers toward the back of the front panel, as shown in 
Figure 10.14.

If your front panel is equipped with auxiliary trip and close 
pushbuttons, remove the connectors to the pushbuttons connected 
at the front panel and the expansion I/O board.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). Per-
manent damage can result if you do 
not use proper ESD procedures. 
Ground yourself, your work surface, 
and this equipment before removing 
any cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL about 
returning this device and related SEL 
equipment for service.

                    

Figure 10.13 SEL-400 Series Relay Rear Panel

Terminal
Block
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Step 7. Remove the power supply, expansion I/O and calibration board rib-
bon cables from their connectors on the main board (see 
Figure 10.15).

                    

Step 8. Remove the main board power cable (white connector) from the 
main board by lifting up the retaining tabs on top of the header and 
sliding the connector out. 

Do not bend the retaining tabs any higher than is necessary to remove 
the connector as this could damage the tabs.

Step 9. Use the Jumper Configuration table shown in Figure 10.16 to con-
firm that the jumper arrangement on the I/O board matches the cor-
rect jumper configuration for the interface board being installed. For 
example, the jumper configuration in Figure 10.16(a) is for an inter-
face board being installed at the 300 level (i.e., the jumpers are set to 
ON, OFF, ON, OFF).

                    

Figure 10.14 Front-Panel Ribbon Cable Connector With Clasps Open

                    

Figure 10.15 Main Board Cable Connections

Ribbon
Cables

Main Board
Power Cable
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Step 10. Install the drawout tray with the I/O interface board.

a. Position the drawout tray edges into the left-side and right-side 
internally mounted slots.

b. Slide the I/O interface board into the relay by pushing the front 
edge of the board drawout tray.

c. Apply firm pressure to fully seat the I/O interface board.

If you encounter resistance, STOP and withdraw the board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions outlined above 
and try again to insert the board.

Step 11. Confirm screw-terminal connector keying.

a. Inspect the screw-terminal connector receptacles on the rear of 
the I/O interface board.

Figure 10.17 shows the I/O board section without terminal 
blocks. The yellow dividers are the connector keying for each 
terminal block.

b. Refer to Figure 10.18 for the corresponding key positions inside 
the receptacle.

                    

                    

Figure 10.16 I/O Board Jumper Configuration

JMP49A = ON
JMP49B = OFF

JMP50A = ON
JMP50B = OFF

Jumper Configuration Table Jumper Configuration Table

JMP2A = ON
JMP2B = OFF

JMP1B = OFF
JMP1A = ON

(a) (b)

                    

Figure 10.17 Screw-Terminal Connector Receptacles

Key
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c. If the keys inside the I/O interface board receptacles are not in the 
positions indicated in Figure 10.18, grasp the key edge with 
long-nosed pliers to remove the key and reinsert the key in the 
correct position.

d. Break the webs of the screw-terminal connectors in the position 
that matches the receptacle key, as shown in Figure 10.19.

                    

Step 12. Attach the screw-terminal connector.

a. Mount the screw-terminal connectors to the rear panel of the 
relay.

b. Tighten the screw-terminal connector mounting screws to 
between 7 in-lb and 12 in-lb (0.8 Nm to 1.4 Nm).

Step 13. Reconnect the power, the interface board, and the analog input board 
cables to the relay main board.

Step 14. Reconnect the cables removed in Step 6–Step 8 and reinstall the relay 
front-panel cover.

                    

Figure 10.18 Screw-Terminal Connector Keying

A B C 21 3 CA B B21 3 A C 1 2 3

200-Addresses
Row B

A B C 1 2 3 A B C 1 2 3

100-Addresses
Row A

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

500-Addresses
Row E

D E F 1 2 3 D E F 1 2 3 ED F 1 2 3

400-Addresses
Row D

Insert Key
P/N 090-2915

(One Pair for Each 
Screw-Terminal Connector)

A B C 21 3 CA B B1 2 3 A C 1 2 3

300-Addresses
 Row C

                    

Figure 10.19 Screw-Terminal Connector With Webs

Webbing
Webbing
Removed
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Step 15. Apply power.

Step 16. Reconnect any serial cables that you removed from the communica-
tions ports in the disassembly process.

Step 17. Establish a terminal emulation session with the relay by using 
QuickSet or another terminal emulation program.

Step 18. Using the terminal emulation program, enter Access Level 2.

Step 19. From Access Level 2, issue the STA command, and answer Y 
<Enter> if prompted to accept the new hardware configuration. 
(Note: If the I/O board was replaced with exactly the same board, 
you will not be prompted to accept new hardware.)

Step 20. Inspect the relay targets to confirm that the relay reads the I/O inter-
face board(s).

a. Verify the I/O interface board control inputs and outputs in the 
target listings by using a terminal or the QuickSet software.

b. Use a communications terminal to issue the following 
commands. 

TAR INn01 <Enter>

TAR OUTn01 <Enter>

n = 1–5 for boards in the 100–500 address slots

Step 21. Follow your company’s standard procedure to return the relay to service.

Troubleshooting
Step 1. If the I/O board jumpers were not correctly configured in Step 9 and 

Step 10, the front panel will display the error RELAY DISABLED SET-
TINGS FAILED. You will also receive a SETTINGS FAILED failure in 
the terminal emulation window following an STA command, as 
shown in Figure 10.20.

                    

Step 2. Disconnect power to the relay and return to Step 8 to verify you have 
correctly configured the jumpers (Step 9). If the jumpers are not cor-
rect, repeat the I/O board installation instructions, beginning with 
Step 9.

Step 3. If the jumpers are correct, enter Access Level C (CAL).

a. Enter the VEC D command.

b. If you see the error SETTINGS FAILURE in C n

(n = 1–4), enter the SET C n command.

Level 2
=>>STA

Relay 1                                Date: 01/10/2000   Time: 18:13:10.769
Station A                              Serial Number: 1130320464

FID=SEL-487B-1-R305-V0-Z007005-D20121221    CID=0XF3A0

Failures
  SETTINGS FAILED

Warnings
  No Warnings

SELogic Relay Programming Environment Errors
  No Errors

Relay Disabled

Figure 10.20 I/O Board Installation Error Message in the Terminal Window
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c. When prompted to do so, save the settings.

d. Return to Access Level 2, and enter the STA command to verify 
that the status is free of warnings.

If the problem persists, please contact your SEL representative.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Time and Date Management

The SEL-400 series relays can determine the time from a variety of sources, 
including IRIG-B, Precision Time Protocol (PTP) (IEEE 1588), SNTP, DNP3, 
MIRRORED BITS, terminal TIME and DATE commands, and HMI settings. 
(Refer to the appropriate sections in the product-specific instruction manual to 
learn about using these various time sources.) Most of these sources provide only 
an approximate measure of time. For high-accuracy time synchronization, which 
is needed to support synchrophasors and to ease comparison of system-wide 
events, a high-accuracy time source must be provided, such as IRIG-B with 
C37.118 extensions or PTP with power system profile. This section focuses on 
issues related to high-accuracy timekeeping. The relay records power system 
events with very high accuracy when you provide high-accuracy clock input sig-
nals. Relays placed at key substations can give you information on power system 
operating conditions in real time.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

Based on the high-accuracy time input, the relay calculates synchrophasors for 
currents and line voltages (for each phase and for positive-sequence), as specified 
in IEEE C37.118, Standard for Synchrophasor Measurements for Power Sys-
tems. You can then perform detailed analysis and calculate load flow from the 
synchrophasors. See Section 18: Synchrophasors for more information about 
phasor measurement functions in the relay.

This section presents details on these measurements as well as suggestions for 
further application areas. The topics of this section are the following:

➤ IRIG-B Timekeeping on page 11.1

➤ PTP Timekeeping on page 11.2

➤ Time Source Selection on page 11.5

➤ Time Quality Indications on page 11.5

➤ Time-Synchronized Events on page 11.10

IRIG-B Timekeeping
The relay is capable of high-accuracy timekeeping when supplied with an 
IRIG-B signal. When the supplied clock signal is sufficiently accurate, the relay 
can act as a phasor measurement unit (PMU) and transmit synchrophasor data 
representative of the power system at fixed time periods to an external data pro-
cessor. The relay can also record COMTRADE event report data by using the 
high-accuracy time stamp.

The relay has two input connectors that accept IRIG-B demodulated time-code 
format: the IRIG-B pins of serial PORT 1, and the IRIG-B BNC connector. See 
Section 2: Installation in the product-specific instruction manual for more infor-
mation on connecting these inputs.
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The IRIG-B inputs can be used for high-accuracy timekeeping purposes with as 
high as 1 s accuracy with an appropriate time source. See Table 11.1 for relay 
timekeeping mode details.

                    

Only one IRIG-B time source can be used by the relay, and the signal connected 
to the IRIG-B BNC connector takes priority over the serial PORT 1 IRIG-B pins. If 
a signal is detected on the IRIG-B BNC input, the IRIG-B pins of serial PORT 1 
will be ignored, unless the serial PORT 1 IRIG-B has better quality than the BNC input.

The relay determines the suitability of the IRIG-B signal connected to the BNC 
connector for high-accuracy timekeeping by applying two tests:

➤ Measuring whether the jitter between positive-transitions (rising 
edges) of the clock signal is less than 500 ns.

➤ Decoding the time-error information contained in the IRIG-B control 
field and determining that analog quantity TQUAL is less than 10–6 
seconds (1 s).

If a valid source is detected on the BNC or serial port IRIG inputs, BNC_TIM 
and BNC_OK or SER_TIM and SER_OK will be set, respectively.

PTP Timekeeping
In addition to IRIG-B, Precision Time Protocol (PTP), as specified in IEEE 
1588-2008, can be used for high-accuracy timekeeping. The relay can only be 
synchronized by a grandmaster on the PTP timescale, not an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative proce-
dure and can change at any time during normal operation. The PTP timescale 
uses the PTP epoch of January 1 1970 00:00:00 TAI (International Atomic 
Time), which corresponds to December 31 1969 23:59:51.999918 UTC (Coordi-
nated Universal Time). Its unit of time is the SI second and accounts for leap sec-
onds. 

The offset between TAI and UTC time is included in the PTP announce message, 
along with a flag that indicates whether or not the offset is valid. The relay will 
use the offset sent by the Grand Master (GM) clock to determine UTC time 

NOTE: The SEL-2407 Satellite-
Synchronized Clock meets both the 
relay accuracy and IEEE C37.118 
requirements for a high-accuracy time 
source.

Table 11.1 Relay Timekeeping Modes

Item Internal Clock IRIG HIRIG (or High-Accuracy IRIG) PTP HPTP

Best accuracy 
(condition)

Depends on 
last method of 
setting, or syn-
chronizationa

500 µs (when time-
source jitter is less 
than 3 ms)

1 µs (when time-source jitter is 
less than 500 ns, and time-error 
is less than 1 µs)b

Determined by PTP 
master (Master clock 
sync and announce 
interval <= 4 s) 

1 µs (Master clock 
sync and announce 
interval <= 4 s, and 
TQUAL <1 µs)

IRIG-B connec-
tion required

None BNC connector (pre-
ferred), or serial PORT 1

BNC connector (preferred), or 
serial PORT 1

PTP time source 
connected

PTP time source 
connected

Relay Word bits TIRIG = 0
TSOK = 0
BNC_TIM = 0
SER _TIM = 0
BNC_OK = 0
SER_OK = 0
TLOCAL = 0
TGLOBAL = 0

TIRIG = 1
TSOK = 0
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 1
TGLOBAL = 0

TIRIG = 1
TSOK = 1
BNC_TIM = 1 or 
SER_TIM = 1
BNC_OK = 1 or
SER_OK = 1
TLOCAL = 0
TGLOBAL = 1

TPTP = 1
TSOK = 0
TLOCAL = 1
TGLOBAL = 0
PTP_OK = 1

TPTP = 1
TSOK = 1
TLOCAL = 0
TGLOBAL = 1
PTP_OK = 1

a The internal clock in the relay can be synchronized via SNTP, DNP3, SEL-2030 Communications Processor, or MIRRORED BITS communications.
b The time source must include the IEEE C37.118 IRIG-B control bit assignments and the Global setting IRIGC must be set to C37.118 to provide 

the time-error estimate for the clock. In products that support line-current differential protection, the jitter requirement for HIRIG is 50 ns.

NOTE: If the time-code signal 
connected to the BNC connector 
degrades in quality, the relay will not 
switchover to the IRIG-B pins of serial 
PORT 1. The relay will only switch to 
serial PORT 1 if the signal on the BNC 
connector completely fails or the 
accuracy is better on serial PORT 1 than 
on the BNC input (e.g., the cable is 
unplugged).

NOTE: The SEL-487V does not 
support PTP.
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regardless of validity. Because of this, all SEL devices (and other slave devices 
that share this behavior) synchronized with the GM will retain relational accuracy 
with each other even if, in certain cases, the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the C37.238 profile). In accordance with IEEE 1588-2008 16.3.3.4, 
this value must include the TAI to UTC offset to reflect local time at the node, or 
slave device. If the relay receives a TAI to Local offset value that does not include 
the TAI to UTC offset, it may incorrectly calculate UTC and Local time. Also, if 
the announce message does not include the TAI to Local offset value, the relay 
will use its configured Time and Date settings (UTCOFF, BEG_DST, and 
END_DST) to calculate local time. This is one reason that the relay Time and 
Date settings must match the settings in the GM clock, or devices that are syn-
chronized may have issues with time-alignment.

To use PTP, the relay part number must include the Ethernet card option that sup-
ports PTP and PTP must be enabled in PORT 5 settings and properly configured. 
The relay must be connected to a network containing an appropriate PTP master, 
and all intervening switches must be IEEE 1588 aware. For SEL-400 series 
relays with a two- or four-port Ethernet card, PTP is only available on Ethernet 
PORT 5A and PORT 5B. For SEL-400 series relays with the five-port Ethernet card, 
PTP is available on either Ethernet PORT 5A and PORT 5B or PORT 5C and PORT 5D. 
PTPPORT is an analog quantity that can be used to identify the active port. 
PTPPORT = 1 if PORT A is the active port, PTPPORT = 2 if PORT B is the active 
port, PTPPORT = 3 if PORT C is the active port, PTPPORT = 4 if PORT D is the 
active port, and PTPPORT = 0 if PTP is not synchronized. See Precision Time 
Protocol (PTP) on page 15.17 for more information on configuring the relay and 
the Ethernet network for PTP.

To achieve basic synchronization to PTP, the master clock sync and announce 
interval must not exceed four seconds. The Relay Word bit PTP_TIM indicates 
that this basic level of synchronization has been achieved. If the network is not 
introducing excessive jitter in the time-synchronized messages, PTP_OK will be 
set indicating the presence of time synchronization. The analog quantity PTPSTEN 
can be used to indicate the state of the PTP port as follows: 1 = Initializing, 
2 = Faulty, 3 = Disabled, 4 = Listening, 8 = Uncalibrated, 9 = Slave.

PTP Over PRP Networks
SEL-400 series relays support PTP time synchronization over a PRP network. 
When the relay operates in this network mode, the default, C37.238, and 
61850-9-3 PTP profiles are available. When using PTP time synchronization over 
a PRP network, you must use the LAYER2 option for the PTP transport mecha-
nism setting PTPTR.

The SEL-400 series relays support PTP time synchronization over Parallel 
Redundancy Protocol (PRP) networks. In a PRP network, a dual attached node 
(DAN) receives a pair of duplicated packets.

PTP messages that transverse through two distinct networks suffer a different 
amount of delays. Figure 11.1 shows that path delays via LAN A and LAN B are 
different. These delays include link delays and residence time. PTP-capable 
Ethernet switches in these LANs should update PTP messages with the actual 
residence time and request/reply to path delay messages. It should not alter PTP 
messages by appending RCTs. The dual attached slave clock receives two differ-
ent sets of PTP messages, as shown in Figure 11.1. The two ports independently 
determine its port state.

NOTE: The relay processes PTP 
messages with or without RCTs.
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The relay can only synchronize to one PTP grandmaster clock. If two PTP mas-
ters are available, the SEL-400 series relays use the Best Master Clock Algorithm 
(BMCA) to select the best PTP master on LAN A and selects the best PTP master 
on LAN B. It further selects the best master between LAN A and LAN B based 
on each PTP master's BMCA characteristics and the locally derived offsets 
between the relay and the BMCA-selected master. If the BMCA-selected master 
is less than or equal to 1 s, the relay synchronizes itself with the BMCA-
selected master time information. Otherwise, the relay uses the time information 
from the LAN A master if the LAN B master has locally derived offsets less than 
or equal to 1 ms. If not, the relay continues using the BMCA-selected master. The 
SEL-400 series relays use the analog quantity PTPPORT to indicate the port to 
which the relay is synchronized. If PTPPORT = 1, the relay is synchronized to 
the best PTP master on Ethernet PORT 5A. If PTPPORT = 2, the relay is synchro-
nized to the best PTP master on Ethernet PORT 5B. If PTPPORT = 3, the relay is 
synchronized to the best PTP master on Ethernet PORT 5C. If PTPPORT = 4, the 
relay is synchronized to the best PTP master on Ethernet PORT 5D. The ASCII 
command COM PTP also displays the port status in COM PTP on page 14.14. If 
a port is selected to synchronize the relay, the port status is ACTIVE; otherwise, 
it is PASSIVE.

                    

Figure 11.1 PTP Time Synchronization Over a PRP Network

LAN A LAN B

Master Clock A Master Clock B

Port A Port B

Residence Time Residence Time

Ordinary Clock

Transparent Clock Transparent Clock

SEL-400 Series Relay

Delay_Req_A Delay_Req_B

Link Delay Link Delay

Announce_A Announce_B

Sync_A

Follow_up_BFollow_up_A

Sync_B

Delay_Resp_BDelay_Resp_A

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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Time Source Selection
IRIG-B via BNC connection, IRIG-B via serial PORT 1 , and PTP can all be con-
nected to the relay. Each of these can provide a high-quality time value. The relay 
selects between these sources by using the following priority scheme:

1. IRIG-B BNC high quality (BNC_OK = 1)

2. IRIG-B serial port high quality (SER_OK = 1)

3. PTP high quality (PTP_OK = 1)

4. PTP nominal quality (PTP_TIM = 1)

5. IRIG-B BNC nominal quality (BNC_TIM = 1)

6. IRIG-B serial port nominal quality (SER_TIM = 1)

The TIME command indicates what source is being used. This is also available 
in the analog quantity CUR_SRC as shown in Table 11.2.

                    

If IRIG-B and PTP are not available, then the time can be set via any low-priority 
time source: SNTP, DNP3, TIME and DATE commands, front-panel set date/
time, and extended MIRRORED BITS.

Time Quality Indications
Analog Quantities and Relay Word Bits

You can check the status of timekeeping by checking the relevant analog quanti-
ties or Relay Word bits. Once a time source is connected, wait at least 20 seconds 
to allow for a solid synchronization to take place.

If you are using a time source that provides time-quality information (IRIG-B 
with C37.118 or PTP), then the presently reported time quality is available via 
the TQUAL analog quantity and the TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits. Table 11.3 and Table 11.4 show how these are 
encoded for IRIG and the three supported PTP Profiles.

                    

Table 11.2 CUR_SRC Encoding

Source  CUR_SRC value

BNC IRIG-B 1

Serial Port IRIG-B 2

PTP 4

None of the above 8

Table 11.3 Time Quality Encoding (IRIG) (Sheet 1 of 2)

IRIG

Master Clock Accuracy (ns) TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Clock failure, time not reliable 1 1 1 1 Unknowna

10 seconds 1 0 1 1 10

1 second 1 0 1 0 1

100 milliseconds 1 0 0 1 0.1

10 milliseconds 1 0 0 0 0.01
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PTP supports Default profile, C37.238 Power Profile, and IEC/IEEE 61850-9-3 
Power Utility Automation Profile, which is set by the PORT 5 setting PTPPRO. 
PTP reports the time quality through TQUAL1, TQUAL2, TQUAL4, and 
TQUAL8 Relay Word bits, which are the same bits used if IRIG-B is the time 
source. If PTPPRO = DEFAULT or 61850-9-3, the time quality is reported based 
only on the accuracy of the master clock. If PTPPRO = C37.238, the time quality 
is reported based on the accuracy of the master clock (Grandmaster timeinaccu-
racy) plus the inaccuracy of the network (Network timeinaccuracy). For this pro-
file, if either Grandmaster timeinaccuracy or Network time-inaccuracy is the 
maximum value, the relay will set all TQUAL bits to 1.

NOTE: If the Global setting IRIGC is 
changed from NONE to C37.118, the 
relay asserts TGLOBAL before 
completely assessing the time-
synchronization state. The 
assessment completes and TGLOBAL 
has the correct value approximately 5 
seconds after you make such a 
settings change.

If the relay is synchronized to an IRIG-B or PTP time source, the TSYNC bit will 
be set. If the quality of this synchronization is 1 s or better, then TSOK is set, 
indicating this bit has sufficient accuracy for synchrophasors. TGLOBAL will 
assert if a high-accuracy source is being used and the source indicates it is pro-
viding 1 s or better accuracy, and the Global setting IRIGC = C37.118 for BNC 
IRIG applications. Refer to Figure 11.3 for TLOCAL qualifying criteria.

1 millisecond 0 1 1 1 0.001

100 microseconds 0 1 1 0 0.0001

10 microseconds 0 1 0 1 0.00001

1 microsecond 0 1 0 0 0.000001

100 nanoseconds 0 0 1 1 0.0000001

10 nanoseconds 0 0 1 0 0.00000001

1 nanosecond 0 0 0 1 0.000000001

a The relay reports the 32-bit float limit (i.e., 3.40282347E+38).

Table 11.4 Time Quality Encoding (PTP)

PTP Profile (PTPPRO = DEFAULT, C37.238, 61850-9-3)

Time_inaccuracy = Grandmaster timeinaccuracy + Network 
timeinaccuracy (ns)a

a This only applies to C37.238.

TQUAL8 TQUAL4 TQUAL2 TQUAL1 TQUAL (seconds)

Grandmaster timeinaccuracy  4294967295 or Network
timeinaccuracy  4294967295a

1 1 1 1 Grandmaster 
timeinaccuracy

+

Network 
timeinaccuracya

1,000,000,000  time_inaccuracy < 10,000,000,000 1 0 1 1

100,000,000  time_inaccuracy < 1,000,000,000 1 0 1 0

10,000,000  time_inaccuracy < 100,000,000 1 0 0 1

1,000,000  time_inaccuracy < 10,000,000 1 0 0 0

100,000  time_inaccuracy < 1,000,000 0 1 1 1

10,000  time_inaccuracy < 100,000 0 1 1 0

1,000  time_inaccuracy < 10,000 0 1 0 1

100  time_inaccuracy < 1,000 0 1 0 0

10  time_inaccuracy < 100 0 0 1 1

1  time_inaccuracy < 10a 0 0 1 0

time_inaccuracy = 0a 0 0 0 0

Table 11.3 Time Quality Encoding (IRIG) (Sheet 2 of 2)

IRIG
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As an example of checking IRIG status, use the command TAR TIRIG to view 
the relevant Relay Word bits, as shown in Figure 11.2. Only the state of the 
TIRIG and TSOK Relay Word bits are discussed in the troubleshooting steps 
below. The other Relay Word bits of interest to this discussion are TUPDH, 
which indicates that the relay internal clock is presently being updated by the 
HIRIG source, TSYNCA, which acts as an alarm bit that asserts when the relay is 
not synchronized to either an internal or an external source. TSYNCA will only 
assert briefly when the HIRIG time source is connected or disconnected.
                    

The TIRIG and TSOK Relay Word bits should be asserted (logical 1), indicating 
that the relay is in the high-accuracy IRIG timekeeping mode (HIRIG).

If TSOK is not asserted, but TIRIG is asserted, the relay is in regular IRIG time-
keeping mode. Following is a list of possible reasons for not entering HIRIG mode:

➤ The IRIG-B clock does not use the IEEE C37.118 control bit 
assignments, or the IRIG-B signal is not of sufficient accuracy.

➤ The termination resistor, required by some IRIG clocks, is not installed.

➤ The time-source clock is reporting that its time error is greater than 1 s.

If neither TSOK nor TIRIG is asserted, the relay is not in an IRIG time-source 
mode. Following is a list of possible reasons for not entering IRIG mode:

➤ The IRIG-B clock signal is improperly configured.

➤ The termination resistor, required by some IRIG clocks, is not installed.

NOTE: At startup, TPTP can assert 
as fast as 1.5 seconds after PTP_TIM 
asserts.

TBNC asserts when BNC IRIG is used to update the relay master time. Likewise, 
TSER asserts when serial IRIG is selected and TPTP asserts when PTP is the 
active source updating the relay master time. At any given time, only one of these 
three bits can equal logical 1.

Global Time Source vs Local Time Source
An SEL-400 series relay indicates that it is synchronized with either a global or 
local time source according to the logic as shown in Figure 11.3. When 
CUR_SRC is IRIG or PTP and TSOK is asserted, the relay determines the status 
of TGLOBAL or TLOCAL following the logic diagram in Figure 11.3. 

=>TAR TIRIG <Enter>

*       *       TIRIG   TUPDH   TSYNCA  TSOK    PMDOK   FREQOK
0       0       1       1       0       1       1       0
=>

Figure 11.2 Confirming the High-Accuracy Timekeeping Relay Word Bits
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TIME Q Command
The TIM Q command provides details about relay timekeeping (see Table 11.3 
and Table 11.4). The internal clock of the relay is initially calibrated at the SEL 
factory. An external IRIG or PTP source is required to eliminate clock drift. The 
Time Source field provides the present high-accuracy timing input source; 
entries for this line are HIRIG, IRIG, HPTP, PTP, or OTHER. The Last Update 
Source reports the source from which the relay referenced the last time value 
measurement. Entries for this line can be high-priority or low-priority sources. 
Table 11.5 lists the possible Last Update Source values for the relay.
                    

                    

                    

Figure 11.3 TLOCAL and TGLOBAL Logic

5 S

CUR_SRC = IRIG
TSYNC

IRIGC = C37.118

Holdover Timer TLOCAL

TGLOBAL

TQUAL  1 �s

5 S

CUR_SRC = PTP
TSYNC Holdover Timer

TQUAL  1 �s

master_clock_class = 6

master_clock_class = 7

=>>TIM Q <Enter>

Relay 1                                    Date: 03/17/2023 Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP
Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

=>>

Figure 11.4 Sample TIM Q Command Response

Table 11.5 Date/Time Last Update Sources (Sheet 1 of 2)

Time Input Source Mode Priority Time Source

HIRIG High Time/date from the high-accuracy IRIG-B input

SNTP Low Simple Network Time Protocol

IRIG High Time/date from the IRIG-B format time base signal

HPTP High Time/date from a high-accuracy PTP source

PTP High Time/date from a PTP source

DNP Low Time/date from the DNP3 communications port

MIRRORED BITS Low Time/date from the Mirrored Bit port

SNTP Low Time/date from SNTP server
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The Time Mark Period value indicates the instantaneous period in which the 
relay measures the time-source inputs. The relay displays the time mark periods 
showing the present time precision derived from the applied time-source signals.

The TIME Q command is also helpful for troubleshooting IRIG and PTP prob-
lems. If the Time Mark Period value changes significantly between successive 
TIME Q commands, there may be too much noise in the time signal for the relay 
timekeeping function.

Adaptive Internal Clock Period Adjustment
The Internal Clock Period, as shown in the TIME Q command response in 
Figure 11.4, is the internal relay timekeeping period. The relay adjusts this mas-
ter internal clock when you apply HIRIG or HPTP mode timekeeping, adapting 
the internal relay clock for your installation temperature conditions. If you lose 
the timing lock, the relay internal clock operates at this precisely adapted clock 
period until HIRIG or HPTP mode is restored. Time tags for event reports during 
a loss of high-accuracy timekeeping remain very accurate. Lower-accuracy time 
sources do not adaptively adjust the internal relay clock period.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained by 
the device as well as statistics for the measured time offsets with the parent (mas-
ter) clock. The PTP data sets contain information about the state, identity, and 
configuration of the local, parent, and grandmaster clocks in addition to proper-
ties of the time being distributed by the grandmaster clock. See COM PTP on 
page 14.14 for more information on this command.

Daylight-Saving Time (DST)
The status of DST time can be determined by one of three possible high-priority 
sources (BNC, SER, or PTP). The daylight-saving time pending Relay Word bit 
(DSTP) is valid only when IRIG is the active source. When PTP is selected, it 
sets the DSTP bit to zero at all times. If no high-priority source with daylight-
saving time information is available, the DST bit is determined based on the 
BEG_DST and END_DST Global settings.

When using PTP as the Time Synchronization source, the PTP master may not 
provide valid DST information as the relay powers up. To ensure the relay pow-
ers up with the correct time when synced to a PTP source, you must ensure that 
the relay Time and Date Management settings and the PTP master configuration 
are in agreement.

ASCII TIME Low Time from the relay serial ports

ASCII DATE Low Date from the relay serial ports

NONV CLK Low Time/date from the nonvolatile memory clock

FRONT PANEL TIME Low Time from the front-panel TIME entry screen

FRONT PANEL DATE Low Time from the front-panel DATE entry screen

Table 11.5 Date/Time Last Update Sources (Sheet 2 of 2)

Time Input Source Mode Priority Time Source
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Time-Synchronized Events
Time-Synchronized Triggers

You can program the relay to perform data captures at specific times. Relays that 
are time-locked by using HIRIG mode provide high-accuracy time-synchronized 
data captures. When you use this method on multiple relays, the actual trigger 
times can differ by as much as 5 ms, but the information in the binary COM-
TRADE file outputs from each relay is time-stamped at very high accuracy. Do 
not assume that the relay triggers are locked with high accuracy; rather, compare 
corresponding time-stamped data points from each COMTRADE file.

Time Triggering the Relay
Perform the following steps to trigger an event data capture in the relay at a spe-
cific time. These settings cause the relay to initiate a data capture at 12:00:30 p.m. 
Use other SELOGIC control equations in a similar manner to trigger relay event 
recordings.

Step 1. Start SEL Grid Configurator Software and establish communications 
with the relay.

Step 2. Select Read to read the present configuration in the relay.

The relay sends all configuration and settings data to SEL Grid 
Configurator.

Step 3. Select the Settings Grid > Protection > Protection Logic. Leave 
the Protection Group dropdown menu set at 1.

Step 4. Enter time trigger settings:

a. Select in the first available line of protection logic.

b. In the Edit Pane for the line, enter or search for PMV64, then 
enter := to continue building the equation.

c. On the right side of the equation, search for and select THR 
(which is the Time in Hours analog quantity) or enter THR after 
the equation equal sign.

d. Double-click THR (Time in Hours).

e. Use the # character to add a comment to the line.

                    

NOTE: The MET PM time command can 
be used to capture synchrophasor data 
at a specific time if synchrophasors are 
enabled with Global setting EPMU := Y.

                    

Figure 11.5 Setting PMV64 With the Expression Builder Dialog Box
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Step 5. In a similar manner, build a freeform SELOGIC control equation pro-
gram in Protection Logic that causes protection freeform SELOGIC 
control equation variable PSV02 to assert to logical 1 at 
12:00:30.005 p.m. Use the following expressions:

PMV64 := THR # Clock hours

PMV63 := TMIN # Clock minutes

PMV62 := TSEC # Clock seconds

PSV02 := (PMV64=12) AND (PMV63=00) AND (PMV62=30) # 
Set PSV02 at 12:00:30

Step 6. Navigate to the ER setting in your Settings Grid view under Group 1 
settings.

Step 7. Select in the ER Event Report Trigger Equation (SELOGIC) text 
box and add OR R_TRIG PSV02 to the end of elements already in 
this SELOGIC control equation.

COMTRADE File Information
Retrieve the COMTRADE files for the time-triggered data captures from each 
relay with the FILE READ command.

Parse the binary COMTRADE data for the power system currents and voltages 
you need to calculate system quantities.

Fault Analysis
Use the relay measurement and communications capabilities to obtain precise 
simultaneous measurements from the power system at different locations. Com-
bining system measurements from a number of key substations gives you a snap-
shot picture of the phasor relationships in the power system at a particular time. 
You can perform extensive fault analysis by evaluating the simultaneous mea-
surements gathered at a central computer or data server.

Install at least two relays in the power system to implement dynamic phasor 
determination. Figure 11.6 shows an example of a 230 kV overhead transmission 
line with a relay at each terminal. Connect GPS clocks (such as the SEL-2407) at 
each substation to provide high-accuracy time-signal inputs for each relay.

                    

With synchronized and time-stamped binary COMTRADE data, you can develop 
automated computer algorithms for comparing these data from different locations 
in the power system.

In particular, you can use fault data extracted from two relays. Use third-party 
software to filter the binary COMTRADE data so that the signals are composed 
of fundamental quantities only (50 Hz or 60 Hz). You can also use third-party 

NOTE: In this example, the event 
report trigger will occur between 
12:30:00.002 and 12:30:00.005 
because of the method of relay 
protection logic processing.

NOTE: You should be careful to 
remove this event report trigger once 
you have completed your testing. 
Otherwise, the relay will continue to 
trigger new events every day at the 
programmed time.

                    

Figure 11.6 230 kV Transmission Line System

Z1L, Z0LZ1S, Z0S
BK1

GPS Rx

S (Harvard) R (Princeton)

BK2
Z1R, Z0R

GPS Rx

RelayRelay
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software to convert the binary COMTRADE data to ASCII COMTRADE files. 
Use the Phasor Diagram in the SEL-5601 SYNCHROWAVE Event to select the 
appropriate pre-fault and post-fault quantities. 

Power Flow Analysis
Use SEL-400 series relays to develop instantaneous power flow data. Obtain the 
voltage and current phasors from different power system buses at the same 
instant and use these measurements to determine power flow at that instant. Use 
the synchronized phasor measurement capabilities of the relay and the METER 
PM command or a Synchrophasor Protocol to collect synchronized voltage and 
current data. Use this information to confirm your power flow models.

For example, consider four SEL-421 Relays installed in the power system as shown in 
Figure 11.7. Substations S and R provide generation for the load at Substation T.

                    

Table 11.6 lists the voltage and current measured by the four SEL-421 Relays at 
one particular time.

                    

                    

Figure 11.7 500 kV Three-Bus Power System

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 1 of 2)

Voltage Current

SEL-421 at Substation S

VAS 288.675 kV 0° IAS 238.995 A 41.9°

VBS 288.675 kV 240° IBS 238.995 A –78.1°

VCS 288.675 kV 120° ICS 238.995 A 161.9°

SEL-421 at Substation R

VAR 303.109 kV –0.2° IAR 234.036 A –44.2°

VBR 303.109 kV 239.8° IBR 234.036 A 195.8°

VCR 303.109 kV 119.8° ICR 234.036 A 75.8°

SEL-421 at Substation T Looking Toward Substation S

VAT–S  295.603 kV –1.6° IAT–S 238.995 A –138.1°

VBT–S 295.603 kV 238.4° IBT–S 238.995 A 101.9°

VCT–S 295.603 kV 118.4° ICT–S 238.995 A –18.1°

S

R

T

SEL-421

SEL-421

SEL-421

SEL-421

GPS Rx

GPS Rx

GPS Rx

GPS Rx
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Use Equation 11.1 to calculate the generation supplied from Substation S and 
Substation R, plus the load at Substation T.
                    

Equation 11.1

                    

The complex power generation supplied by Substation S is:
                    

The complex power generation supplied by Substation R is:
                    

The load at Substation T supplied by Substation S is:
                    

The load at Substation T supplied by Substation R is:
                    

The total load at Substation T is:
                    

SEL-421 at Substation T Looking Toward Substation R

VAT–R 295.603 kV –1.6° IAT–R 234.036 A 135.8°

VBT–R 295.603 kV 238.4° IBT–R 234.036 A 15.8°

VCT–R 295.603 kV 118.4° ICT–R 234.036 A –104.2°

where:
S3 = Three-phase complex power (MVA)
P3 = Three-phase real power (MW)
Q3 = Three-phase imaginary power (MVAR)
Vpp = Phase-to-phase voltage
Vp = Phase-to-neutral voltage
I*L = Complex conjugate of the line current

Table 11.6 SEL-421 Voltage and Current Measurement (Sheet 2 of 2)

Voltage Current

S3ø P3ø jQ3ø +=

3 Vpp IL• • =

3 Vp IL• • =

SS 3 288.675 kV 0•   238.995 A 41.9– • =

154.1  MW j138.2  MVAR–=

SR 3 303.109 kV 0.2– •   234.036 A 44.2 • =

152.6  MW j148.3  MVAR+=

ST S– 3 295.603 kV 1.6– •   238.995 A 138.1 • =

153.7–   MW j145.9  MVAR+=

ST R– 3 295.603 kV 1.6– •   234.036 A 135.8–  • =

152.8–   MW j140.5  MVAR–=

ST ST S– ST R–+=

306.5–   MW  j5.4  MVAR+=
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Use the power flow solution to verify the instantaneous positive-sequence imped-
ances of your system transmission lines.

State Estimation Verification
Electric utility control centers have used state estimation to monitor the state of 
the power system for the past 20 years. The state estimator calculates the state of 
the power system by using measurements such as complex power, voltage magni-
tudes, and current magnitudes received from different substations. State estima-
tion uses an iterative, nonlinear estimation technique. The state of the power 
system is the set of all positive-sequence voltage phasors in the network. Typi-
cally, several seconds or minutes elapse from the time of the first measurement to 
the time of the first estimation. Therefore, state estimation is a steady-state repre-
sentation of the power system.

Consider using precise simultaneous positive-sequence voltage measurements 
from the power system to verify your state estimation model. Take time-synchro-
nized high-resolution positive-sequence voltage measurements at all substations. 
Send the relay synchrophasor messages to a central database to determine the 
power system state.

Power system contingency analysis models rely on state-estimation techniques, 
and may have inaccuracies caused by incorrect present-state information, or 
errors in system characteristics, such as incorrect line and source impedance esti-
mates. The simultaneous event-report triggering technique described earlier in 
this section can be used to verify present models.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

With SEL-400 series relays acting as phasor measurement units (PMUs) installed 
in several substations, synchrophasor measurements can be transmitted to a cen-
tral processor in near-real time, providing very accurate snapshots of the power 
system. This type of data processing system provides system-state measurements 
that are a few seconds old, rather than state estimates that may be several minutes 
old. In addition, the synchrophasor results are real measurements, rather than 
estimates. 

See Section 18: Synchrophasors for information on the PMU settings and the 
communications protocols available for synchrophasor data collection.

                    

Figure 11.8 Power Flow Solution

P = 154.1 MW

Q = 138.2 MVAR

P = 153.1 MW

Q = 147.8 MVAR

P = 153.7 MW

Q = 145.9 MVAR
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P = 306.5 MW

Q = 5.4 MVAR

Line Loss
P = 0.4 MW
Q = 7.7 MVAR

Line Loss
P = 0.3 MW
Q = 7.3 MVAR
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This section contains tables of relay settings that are common to most SEL-400 
series relays. See the product-specific instruction manuals for details of all set-
tings available in the relay.

The relay hides some settings based upon other settings. If you set an enable set-
ting to OFF, for example, the relay hides all settings associated with that enable 
setting. This section does not explain rules for hiding settings; these rules are dis-
cussed in Section 6: Protection Application Examples in the product-specific 
instruction manuals, where appropriate.

The settings prompts in this section are similar to the ASCII terminal and SEL 
Grid Configurator software prompts. The prompts in this section are unabbrevi-
ated and show all possible setting options.

This section describes how settings are organized, explains the concept of set-
tings groups, and then describes some common relay settings:

➤ Settings Structure on page 12.1

➤ Multiple Setting Groups on page 12.4

➤ Port Settings on page 12.6

➤ DNP3 Settings—Custom Maps on page 12.19

➤ Front-Panel Settings on page 12.20

➤ Alias Settings on page 12.25

➤ Protection Freeform SELOGIC Control Equations on page 12.26

➤ Automation Freeform SELOGIC Control Equations on page 12.26

➤ Output Settings on page 12.26

➤ Report Settings on page 12.27

➤ Notes Settings on page 12.29

Settings Structure
The settings structure assigns each relay setting to a specific location based on 
the setting type. A top-down organization allocates relay settings into these layers:

➤ Class

➤ Instance

➤ Category

➤ Setting

Examine Figure 12.1 to understand the settings structure in a typical SEL-400 
series relay. The top layer of the settings structure contains classes and instances. 
Class is the primary sort level; all classes have at least one instance, and some 
classes have multiple instances. Typical settings classes and related instances are 
listed in Table 12.1.

WARNING
Isolate the relay trip circuits while 
changing settings. When changing set-
tings for multiple classes, it is possible 
to be in an intermediate state that will 
cause an unexpected trip.
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Figure 12.1 Typical Relay Settings Structure Overview

Class

Instance

Category

Category

Category

Setting

Setting

Setting

Global
Settings

General

Group
Settings

Group 1

Line Config.

Group 2

CTRWCTRW

CTRXCTRX

PTRY

Line Config.

Relay Config. Relay Config.

PTRY

SID

RID

NUMBK

E21PE21P

E21MGE21MG

E21XGE21XG

Enables

EDCMON

EICIS

EDRSTC

DC1 Mon

DC1LFP

DC1LWP

Setting

Mho Phase
 Dist.

Mho Phase
 Dist.

Z1MPZ1MP

Z2MPZ2MP

SettingSetting

Table 12.1 Typical Settings Classes and Instances (Sheet 1 of 2)

Class Description Instance Description ASCII Command Access Level

Global Relay-wide applications settings Global Global settings SET G P, A, O, 2

Group Individual scheme settings Group 1

•

•

•

Group 6

Group 1 settings

•

•

•

Group 6 settings

SET 1, SET S 1

•

•

•

SET 6, SET S 6

P, 2

Breaker Monitor Circuit breaker monitoring set-
tings

Breaker 
Monitor

SET M P, 2

Bay Control Bay Control Settings Bay Control SET B 1 P, A, O, 2
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Note that some settings classes have only one instance and you do not specify the 
instance designator when accessing these classes. An example is the Global set-
tings class. You can view or modify Global settings with a communications ter-
minal by entering SET G as shown in the ASCII Command column of 
Table 12.1. The relay presents the Global settings categories at the SET G com-
mand; no instance numbers follow SET G. Conversely, the Port settings com-
mand has five instances (PORT F, PORT 1, PORT 2, PORT 3, and PORT 5). To 
access the PORT 1 settings, type SET P 1 <Enter>. If you do not specify which 
port to set, the relay defaults to the active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the 
command; you can enter SET 1 or SET S 1 for Group 1 settings, SET 2 or 
SET S 2 for Group 2 settings, etc. If you do not specify which group to set, the 

Port Communications port settings PORT F

PORT 1

•

•

•

PORT 3

PORT 5

PORT 6 (TiDL 
[T-Protocol] 
relays only)

Front-panel port

PORT 1 settings

•

•

•

PORT 3 settings

Ethernet card settings

TiDL topology settings 
(TiDL [T-Protocol] relays 
only)

SET P F

SET P 1

•

•

•

SET P 3

SET P 5

(Only available 
via SEL Grid 
Configurator)

P, A, O, 2

Report Event report and SER settings Report SET R P, A, O, 2

Front Panel Front-panel HMI settings Front Panel SET F P, A, O, 2

Protection Protection-related SELOGIC con-
trol equations

Protection 1

•

•

•

Protection 6

Group 1 protection 
SELOGIC control equations
•

•

•

Group 6 protection 
SELOGIC control equations

SET L 1

•

•

•

SET L 6

P, 2

Automation Automation-related SELOGIC 
control equations

Automation 1

•

•

•

Automation 10

Block 1 automation 
SELOGIC control equations

•

•

•

Block 10 automation 
SELOGIC control equations

SET A 1

•

•

•

SET A 10

A, 2

DNP Distributed Network Protocol 
data remapping

DNP 1

•

•

•

DNP 5

SET D 1

•

•

•

SET D 5

P, A, O, 2

Output Relay control output settings and 
MIRRORED BITS communications 
transmit equations

Output SET O O, 2

Alias Alias settings Alias SET T P, A, O, 2

Notes Freeform programming to 
include notes

Notes 100 lines SET N P, A, O, 2

Table 12.1 Typical Settings Classes and Instances (Sheet 2 of 2)

Class Description Instance Description ASCII Command Access Level
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relay defaults to the present active group. If Group 6 is the active group, and you 
type SET <Enter>, for example, you will see the settings prompts for the 
Group 6 settings.

Multiple Setting Groups
The SEL-400 series relays have six independent setting groups. Each setting 
group has complete relay settings and protection SELOGIC settings. The active 
setting group can be:

➤ Shown or selected with the SEL ASCII serial port GROUP 
command—see GROUP on page 14.40.

➤ Shown or selected from the front-panel LCD with the MAIN menu 
Set/Show menu item and the Active Group submenu item as 
described in Figure 4.32.

➤ Selected with SELOGIC control equation settings SS1 through SS6. 
Settings SS1 through SS6 have priority over all other selection 
methods. Use remote bits in these equations to select setting groups 
with Fast Operate commands as described in SEL Fast Meter, Fast 
Operate, Fast SER Messages, and Fast Message Data Access on 
page 15.33.

➤ Shown with DNP3 Objects 20 and 22 and selected with Objects 40 
and 41.

Setting Groups: Application Ideas
Setting groups can be used for such applications as:

➤ Environmental conditions such as winter storms, periods of high 
summer heat, etc.

➤ Hot-line tag that disables closing and sensitizes protection

➤ Commissioning and operation

Active Setting Group Indication
Only one setting group can be active at a time. Relay Word bits SG1 through SG6 
indicate the active setting group, as shown in Table 12.2.

                    

Table 12.2 Definitions for Active Setting Group Indication Relay Word Bits SG1 
Through SG6

Relay Word Bit Definition

CHSG Indication that a group switch timer is operating or a group switch change 
is underway

SG1 Indication that setting Group 1 is the active setting group

SG2 Indication that setting Group 2 is the active setting group

SG3 Indication that setting Group 3 is the active setting group

SG4 Indication that setting Group 4 is the active setting group

SG5 Indication that setting Group 5 is the active setting group

SG6 Indication that setting Group 6 is the active setting group
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For example, if setting Group 4 is the active setting group, Relay Word bit SG4 
asserts to logical 1, and the other Relay Word bits SG1, SG2, SG3, SG5, and SG6 
are all deasserted to logical 0.

Active Setting Group Selection
The Global settings class contains the SELOGIC control equation settings SS1 
through SS6, as shown in Table 12.3.

NOTE: The settings group switching 
settings are checked once per cycle. 
When setting TGR := 0, in order for a 
transient assertion to be recognized, 
it should be conditioned to remain 
asserted for at least 1 cycle.

                    

The operation of these settings is explained with the following example.

Assume the active setting group starts out as setting Group 3. Corresponding 
Relay Word bit SG3 is asserted to logical 1 as an indication that setting Group 3 
is the active setting group.

With setting Group 3 as the active setting group, setting SS3 has priority. If set-
ting SS3 is asserted to logical 1, setting Group 3 remains the active setting group, 
regardless of the activity of settings SS1, SS2, SS4, SS5, and SS6. With settings 
SS1 through SS6 all deasserted to logical 0, setting Group 3 still remains the 
active setting group.

With setting Group 3 as the active setting group, if setting SS3 is deasserted to 
logical 0 and one of the other settings (e.g., setting SS5) asserts to logical 1, the 
relay switches from setting Group 3 as the active setting group to another setting 
group (e.g., setting Group 5) as the active setting group, after qualifying time set-
ting TGR (Global settings):

                    

NOTE: The CHSG Relay Word bit 
does not operate for settings changes 
initiated by the serial port or front 
panel methods.

In this example, TGR qualifies the assertion of setting SS5 before it can change 
the active setting group. Relay Word bit CHSG asserts when the TGR timer is 
picked up and timing, and also when a setting group change has been initiated.

Active Setting Group Changes
The relay is disabled for less than one second while in the process of changing 
active setting groups. Relay elements, timers, and logic are reset, unless indicated 
otherwise in the specific logic description. For example, local bit (LB01 through 
LB64), remote bit (RB01 through RB64), and latch bit (PLT01 through PLT32) 
states are retained during an active setting group change. The output contacts do 
not change state until the relay enables in the new settings group and the 
SELOGIC control equations are processed to determine the output contact status 
for the new group. 

Table 12.3 Definitions for Active Setting Group Switching SELOGIC Control 
Equation Settings SS1 Through SS6

Setting Definition

SS1 Go to (or remain in) setting Group 1

SS2 Go to (or remain in) setting Group 2

SS3 Go to (or remain in) setting Group 3

SS4 Go to (or remain in) setting Group 4

SS5 Go to (or remain in) setting Group 5

SS6 Go to (or remain in) setting Group 6

TGR Group Change 
Delay Setting

(settable from 0 to 54000 cycles)

NOTE: The SEL-487B supports 96 
remote bits and all 96 are retained.
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After a group change, an automatic message will be sent to any serial port that 
has setting AUTO := Y (see Table 12.7).

Active Setting: Nonvolatile State
Power Loss

The active setting group is retained if power to the relay is lost and then restored. 
If a particular setting group is active (e.g., setting Group 5) when power is lost, 
the same setting group is active when power is restored.

Settings Change
If individual settings are changed for the active setting group or one of the other 
setting groups, the active setting group is retained, much like in the preceding 
explanation.

If individual settings are changed for a setting group other than the active setting 
group, there is no interruption of the active setting group, so the relay is not 
momentarily disabled.

If the individual settings change causes a change in one or more SELOGIC control 
equation settings SS1 through SS6, the active setting group can be changed, sub-
ject to the newly enabled SS1 through SS6 settings.

Port Settings
                    

Table 12.4 Port Settings Categories (Sheet 1 of 2)

Settings Reference

Serial Settings

Protocol Section (Serial) Table 12.5

Communications Settings Table 12.6

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

DNP Configuration (Serial) Table 12.9

MIRRORED BITS Protocol Settings Table 12.10

RTD Protocol Settings Table 12.11

PMU Protocol Settings Table 12.12

Ethernet Settings (Two- or Four-Port Ethernet Card)

Protocol Selection (Ethernet) Table 12.13

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP Configuration Table 12.14

FTP Configuration Table 12.15

HTTP Server Configuration Table 12.16

Telnet Configuration Table 12.17

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19
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Serial Settings
                    

Table 12.6 settings are available for serial ports if the preceding setting 
PROTO  RTD.

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration (Ethernet) Table 12.23

Phasor Measurement Configuration Table 12.24

SNTP Selection Table 12.25

PTP Settings Table 12.26

Ethernet Settings (Five-Port Ethernet Card)

Protocol Selection (Five-Port Ethernet Card) Table 12.27

SEL Protocol Settings Table 12.7

Fast Message Read Data Access Table 12.8

IP/Network Configuration Table 12.28

FTP Configuration (Five-Port Ethernet Card) Table 12.29

HTTP Server Configuration (Five-Port Ethernet Card) Table 12.30

Telnet Configuration (Five-Port Ethernet Card) Table 12.31

IEC 61850 Configuration Table 12.18

IEC 61850 Mode/Behavior Configuration Table 12.19

SV Transmit Configuration Table 12.20

SV Receive Configuration Table 12.21

IEC SV Channel Settings Table 12.22

DNP Configuration Table 12.23

Phasor Measurement Configuration (Five-Port Ethernet Card) Table 12.32

SNTP Selection Table 12.25

PTP Settings (Five-Port Ethernet Card) Table 12.33

TiDL Settings

TiDL Channel Map (Port 6) See TiDL (T-Protocol) on 
page 19.1

Table 12.4 Port Settings Categories (Sheet 2 of 2)

Settings Reference

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: TiDL Channel Map is only 
available in SEL Grid Configurator and 
only for TiDL (T-Protocol) relays.

Table 12.5 Protocol Selection (Serial)

Setting Prompt Default

EPORTa

a Setting EPORT to N on PORT 1 has no effect on the operation of IRIG-B on PORT 1.

Enable Port (Y, N) Y

EPAC Enable Port Access Control (Y, N) N

MAXACC Maximum Access Level (1, B, P, A, O, 2, C) C

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) SEL
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Table 12.7 settings are available if Port setting PROTO := SEL, DNP, or PMU.

                    

                    

Table 12.6 Communications Settings

Setting Prompt Default

MBTa

a Only applicable if PROTO := MBA, MBB, MBGA, or MBGB.

Using Pulsar 9600 modem? (Y, N) N

SPEEDb

b For PROTO := MBA, MBB, MBGA, or MBGB, 57600 is not available.

Data Speed (300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 
SYNCc)

c SYNC option only available for PROTO := MBA, MBB, MBGA, or MBGB on rear-panel serial ports.

9600

DATABITd

d For PROTO := SEL only.

Data Bits (7, 8 bits) 8

PARITYc Parity (Odd, Even, None) N

STOPBITe

e For PROTO := SEL, DNP, MBA, MBB, MBGA, MBGB, or PMU only.

Stop Bits (1, 2 bits) 1

RTSCTSf

f For PROTO := SEL or PMU only.

Enable Hardware Handshaking (Y, N) N

Table 12.7 SEL Protocol Settings

Setting Prompt Default

TIMEOUTa

a Hidden for PROTO := PMU. For Ethernet ports, TIMEOUT := TIDLE.

Port Time-Out (OFF, 1–60 minutes) 5

AUTOb

b Hidden for PROTO := DNP or PMU.

Send Auto-Messages to Port (Y, N) Y

FASTOPc

c Hidden for PROTO := DNP.

Enable Fast Operate Messages (Y, N) N

TERTIM1d

d Hidden for PROTO := PMU.

Initial Delay-Disconnect Sequence (0–600 seconds) 1

TERSTRNd Termination String-Disconnect Sequence (9 characters maximum)e

e TERSTRN set at /005 is <Ctrl+E>.

"\005"

TERTIM2d Final Delay-Disconnect Sequence (0–600 seconds) 0

Table 12.8 Fast Message Read Data Access

Setting Prompt Default

FMRENAB Enable Fast Message Read Data Access (Y/N) Y

FMRLCL Enable Local Region for Fast Message Access (Y/N) N

FMRMTR Enable Meter Region for Fast Message Access (Y/N) Y

FMRDMND Enable Demand Region for Fast Message Access (Y/N) Y

FMRTAR Enable Target Region for Fast Message Access (Y/N) Y

FMRHIS Enable History Region for Fast Message Access (Y/N) N

FMRBRKR Enable Breaker Region for Fast Message Access (Y/N) N

FMRSTAT Enable Status Region for Fast Message Access (Y/N) N

FMRANA Enable Analog Region for Fast Message Access (Y/N) Y

NOTE: Not all of these settings are 
available in every SEL-400 series 
relay. Just those that apply to 
features in the relay are available.
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Table 12.9 settings are available if Port setting PROTO := DNP.

                    

Table 12.9 DNP Configuration (Serial) (Sheet 1 of 2)

Setting Prompt Default

DNPADR DNP Address (0–65519) 0

DNPID DNP ID for Object 0, Var 246 (20 characters) "Relay1-DNP"

DNPMAP DNP Session Map (1–5) 1

ECLASSB Class for Binary Event Data (OFF, 1–3) 1

ECLASSC Class for Counter Event Data (OFF, 1–3) OFF

ECLASSA Class for Analog Event Data (OFF, 1–3) 2

ECLASSV Class for Virtual Terminal Data (OFF, 1–3) OFF

TIMERQ Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLA Currents Scaling (0–3 decimal places) 1

DECPLV Voltages Scaling (0–3 decimal places) 1

DECPLM Misc Data Scaling (0–3 decimal places) 1

STIMEO Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DRETRY Data Link Retries (OFF, 1–15) OFF

DTIMEO Data Link Time-Out (0.0–30.0 seconds) 1.0

MINDLY Minimum Delay from DCD to TX (0.00–1.00 seconds) 0.05

MAXDLY Maximum Delay from DCD to TX (0.00–1.00 seconds) 0.10

PREDLY Settle Time -RTS On to TX (OFF, 0.00–30.00 seconds) 0.00

PSTDLY Settle Time -TX to RTS Off (0.00–30.00 seconds) 0.00

DNPCL Enable Control Operations (Y, N) N

AIVAR Default Variation for Analog Inputs (1–6) 2

ANADBA Analog Reporting Deadband for Currents (0–32767) 100

ANADBV Analog Reporting Deadband for Voltages (0–32767) 100

ANADBM Analog Reporting Deadband (0–32767) 100

ETIMEO Event Message Confirm Time-Out (1–50 seconds) 2

UNSOL Enable Unsolicited Reporting (Y, N) N

PUNSOL Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADR DNP Address to Report to (0–65519) 1

NUMEVE Number of Events to Transmit On (1–200) 10

AGEEVE Age of Oldest Event to Transmit On (0–99999) 2

URETRY Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEO Unsolicited Message Offline Time-Out (OFF, 1–5000 sec) 60

EVEMOD Event Mode (SINGLE, MULTI) SINGLE

MODEM Modem Connected to Port (Y, N) N

MSTR Modem Startup String (30 chars max) "E0X0&D0S0=4"

PH_NUM1 Phone Number for Dial-Out (30 chars max) ""

PH_NUM2 Backup Phone Number for Dial-Out (30 chars max) ""

RETRY1 Retry Attempts for Phone 1 Dial-Out (1–20) 5

RETRY2 Retry Attempts for Phone 2 Dial-Out (1–20) 5
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Table 12.10 settings are available if Port setting PROTO := MBA, MBB, MBGA, 
or MBGB.

                    

MDTIME Time to Attempt Dial (5–300 seconds) 60

MDRET Time Between Dial-Out Attempts (5–3600 seconds) 120

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting Prompt Default

TX_ID MIRRORED BITS ID of This Device (1–4) 2

RX_ID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (0–10000 seconds) 10

CBADPU Channel Unavailability to Set CBAD (1–100000 ppm) 20000

TXMODE Transmission Mode (N-Normal, P-Paced) N

MBNUM Number of MIRRORED BITS Channels (0–8) 8

RMB1FL RMB1 Channel Fail State (0, 1, P) P

RMB1PU RMB1 Pickup Time (1–8 messages) 1

RMB1DO RMB1 Dropout Time (1–8 messages) 1

RMB2FL RMB2 Channel Fail State (0, 1, P) P

RMB2PU RMB2 Pickup Time (1–8 messages) 1

RMB2DO RMB2 Dropout Time (1–8 messages) 1

RMB3FL RMB3 Channel Fail State (0, 1, P) P

RMB3PU RMB3 Pickup Time (1–8 messages) 1

RMB3DO RMB3 Dropout Time (1–8 messages) 1

RMB4FL RMB4 Channel Fail State (0, 1, P) P

RMB4PU RMB4 Pickup Time (1–8 messages) 1

RMB4DO RMB4 Dropout Time (1–8 messages) 1

RMB5FL RMB5 Channel Fail State (0, 1, P) P

RMB5PU RMB5 Pickup Time (1–8 messages) 1

RMB5DO RMB5 Dropout Time (1–8 messages) 1

RMB6FL RMB6 Channel Fail State (0, 1, P) P

RMB6PU RMB6 Pickup Time (1–8 messages) 1

RMB6DO RMB6 Dropout Time (1–8 messages) 1

RMB7FL RMB7 Channel Fail State (0, 1, P) P

RMB7PU RMB7 Pickup Time (1–8 messages) 1

RMB7DO RMB7 Dropout Time (1–8 messages) 1

RMB8FL RMB8 Channel Fail State (0, 1, P) P

RMB8PU RMB8 Pickup Time (1–8 messages) 1

RMB8DO RMB8 Dropout Time (1–8 messages) 1

MBTIME Accept Mirrored Bits Time Synchronization (Y, N) N

MBNUMAN Number of Analog Channels (0–7) 0

MBANA1 Selection for Analog Channel 1 (analog label) a

MBANA2 Selection for Analog Channel 2 (analog label) a

Table 12.9 DNP Configuration (Serial) (Sheet 2 of 2)

Setting Prompt Default
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Table 12.11 settings are available if Port setting PROTO := RTD.

                    

Table 12.12 settings are available if Port setting PROTO := PMU.

                    

Ethernet Settings
Two- or Four-Port Ethernet Card

                    

See Table 12.7 for SEL protocol settings. 

See Table 12.8 for Fast Message read data access settings.

MBANA3 Selection for Analog Channel 3 (analog label) a

MBANA4 Selection for Analog Channel 4 (analog label) a

MBANA5 Selection for Analog Channel 5 (analog label) a

MBANA6 Selection for Analog Channel 6 (analog label) a

MBANA7 Selection for Analog Channel 7 (analog label) a

MBNUMVT Number of Virtual Terminal Channels (OFF, 0-7) OFF

a The default of the MBANAn settings is relay-specific. See the product-specific instruction manual 
to find these defaults.

Table 12.11 RTD Protocol Settings

Setting Prompt Default

RTDNUM RTD Number of Inputs (0–12) 12

RTDnTYa

a Where n is the number of RTD inputs enabled in the RTDNUM setting.

RTD n Type (NA, PT100, NI100, NI120, CU10)b

b NA designates an input that is not connected to an RTD device.

PT100

Table 12.12 PMU Protocol Settings

Setting Prompt Default

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDa

a Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCb

b Setting hidden when PMUMODE := CLIENTA or CLIENTB.

PMU Output Data Configuration (1–5) 1

Table 12.10 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting Prompt Default

Table 12.13 Protocol Selection (Ethernet)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

EPACa

a Does not apply to TiDL Channel Map (PORT 6).

Enable Port Access Control (Y, N) N

MAXACCa Maximum Access Level (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N
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Table 12.14 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default router (w.x.y.z) 192.168.1.1

BUSMODEa

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.

Bus Operating Mode (INDEPEND, MERGED) INDEPEND

NETMODE Operating Mode (FIXED, FAILOVER, SWITCHED, PRP...) FAILOVER

NETPORT Primary Network Port (A, B, C, D)b

b The specific options available depend on the physical ports installed in the hardware.

A

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

PRPINTV PRP Supervision TX Interval (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB (0–255)c

c LSB stands for least significant bit.

0

FTIME Failover Time-Out (0–65535 milliseconds) 1

NETASPDd

d This setting applies only if the port is installed and it is a twisted-pair port (10/100BASE-T).

Port 5A Speed (Auto, 10, 100) AUTO

NETBSPDd Port 5B Speed (Auto, 10, 100) AUTO

NETCSPDd Port 5C Speed (Auto, 10, 100) AUTO

NETDSPDd Port 5D Speed (Auto, 10, 100) AUTO

Table 12.15 FTP Configuration

Setting Prompt Default

FTPSERV Enable FTP Server (Y, N) N

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.16 HTTP Server Configuration

Setting Prompt Default

EHTTP Enable HTTP Server (Y, N) N

HTTPPOR HTTP Server TCP/IP Port Number (1–65534) 80

HIDLE HTTP Session Inactivity Timeout (1–30 minutes) 5

Table 12.17 Telnet Configuration

Setting Prompt Default

ETELNET Enable Telnet (Y, N) N

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.
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Table 12.20 settings are available in relays that support IEC 61850-9-2 SV publi-
cations.

                    

Table 12.21 settings are available in relays that support IEC 61850-9-2 SV sub-
scriptions.

                    

Table 12.18 IEC 61850 Configuration

Setting Prompt Default

E61850 Enable IEC 61850 Protocol (Y, N) N

EGSEa

a Hidden if E61850 := N.

Enable IEC 61850 GSE (Y, N) N

EMMSFSa Enable MMS File Services (Y, N) N

Table 12.19 IEC 61850 Mode/Behavior Configuration

Setting Prompt Default

E850MBC Enable 61850 Mode/Behavior Control (Y, N) N

EOFFMTX Enable GOOSE and SV Tx in Off Mode (Y, N) N

Table 12.20 SV Transmit Configuration

Settinga

a Available for SV publishers only. Hidden and disabled if E61850 := N.

Prompt Default

SVTXEN Enable SV Transmission (Number of streams 0–7) 0

SVTADRpb

b p represents the publication number. Only settings for publications enabled by SVTXEN will be 
visible.

SVT p Destination MAC Addressc

c Layer 2 multicast address only. Broadcast address is not allowed.

01-0C-CD-04-00-0p

TAPPIDpb SV Stream p Tx APPID (0x4000–0x7FFF)d

d The 0x prefix is used to indicate that this setting is in hexadecimal.

0x4000

TSVIDpb SVID p (String of 63 characters a–z, A–Z, _, 0–9)e

e The 9-2LE guideline supports as many as 34 characters in SVID strings. Consider this limit when 
configuring interoperable SV systems.

"4000"

TVLANpb SV p Transmit VLAN ID (1–4094) 1

TPRIOpb SV p Transmit VLAN Priority (0–7) 4

SVTpICHb SVTXp Channel Current Terminal (W, X) W

SVTpVCHb SVTXp Channel Voltage Terminal (Y, Z) Y

Table 12.21 SV Receive Configuration (Sheet 1 of 2)

Settinga Prompt Default

SVRXEN Enable SV Reception (Number of streams 0–7)b 0

SVRADRsc SV Stream s Subscribed MAC Addressd 01-0C-CD-04-00-0s

RAPPIDsc SV Stream s Rx APPID (0x4000–0x7FFF)e 0x4000

NOTE: SV configuration settings are 
only available in SV relays.

NOTE: The destination MAC 
addresses of all published multicast 
messages (SV, GOOSE) must be 
unique. Otherwise, messages may be 
incorrectly routed. The relay issues a 
diagnostic warning if any SVT 
destination MAC address (SVTADRp) 
is the same as a GOOSE destination 
MAC address.

NOTE: SV configuration settings are 
only available in SV relays.
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Table 12.23 settings are available if Port setting PROTO := DNP.

                    

SVRsICHc, f SVRXs Channel Current Terminal (OFF, W, X) W

SVRsVCHc, g SVRXs Channel Voltage Terminal (OFF, Y, Z) Y

a Available for SV subscribers only. Hidden and disabled if E61850 := N.
b The SEL-411L, SEL-421, and SEL-451 support 0—4 streams.
c s represents the subscription number. Only settings for subscriptions enabled by SVRXEN will be 

visible.
d Layer 2 multicast address only. Broadcast address is not allowed.
e The 0x prefix is used to indicate that this setting is in hexadecimal.
f The SEL-487E supports current Terminals S, T, U, W, X, and Y with Terminal S serving as default. 

The SEL-487B supports current Terminals I01—I19 with Terminal I01 serving as default. Each 
terminal option listed refers to three terminals grouped together. For example, I01 refers to I01—
I03, I04 refers to I04—I06, etc.

g The SEL-487E supports voltage Terminals V and Z with Terminal V serving as default. The 
SEL-487B only supports the voltage Terminal V01, which serves as default. The setting V01 
includes voltage terminals V01, V02, and V03.

Table 12.22 IEC SV Channel Settings

Setting Prompt Default

CH_DLY Sampled Value Channel Delay (1.00–3.00 milliseconds) 1.50

Table 12.23 DNP Configuration (Ethernet) (Sheet 1 of 2)

Setting Prompt Default

EDNP Enable DNP Sessions (0–6) 0

DNPADRa DNP Address (0–65519) 0

DNPPNUMa DNP TCP and UDP Port (1025–65534) 20000

DNPIDa DNP ID for Object 0, Var 246 (20 characters) "RELAY1-DNP"

Ethernet DNP3 Master n Configuration, n = 1 to value of EDNP, max 6a

DNPIPn IP Address (w.x.y.z) 192.168.1.[100+n]

DNPTRn Transport Protocol (UDP, TCP) TCP

DNPUDPnb UDP Response Port (REQ, 1025–65534) 20000

DNPMAPn DNP Session Map (1–5) 1

CLASSBn Class for Binary Event Data (OFF, 1–3) 1

CLASSCn Class for Counter Event Data (OFF, 1–3) OFF

CLASSAn Class for Analog Event Data (OFF, 1–3) 2

TIMERQn Time-Set Request Interval (I, M, 1–32767 minutes) I

DECPLAn Currents Scaling (0–3 decimal places) 1

DECPLVn Voltages Scaling (0–3 decimal places) 1

DECPLMn Misc Data Scaling (0–3 decimal places) 1

STIMEOn Select/Operate Time-Out (0.0–60.0 seconds) 1.0

DNPINAnc Seconds to Send Data Link Heartbeat (0–7200) 120

DNPCLn Enable Control Operations (Y, N) N

AIVARn Default Variation for Analog Inputs (1–6) 2

ANADBAnd Analog Reporting Deadband for Currents (0–32767) 100

ANADBVnd Analog Reporting Deadband for Voltages (0–32767) 100

ANADBMnd Analog Reporting Deadband (0–32767) 100

Table 12.21 SV Receive Configuration (Sheet 2 of 2)

Settinga Prompt Default

NOTE: SV channel delay settings are 
only available in SV relays.
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ETIMEOn Event Message Confirm Time-Out (1–50 seconds) 2

UNSOLne Enable Unsolicited Reporting (Y, N) N

PUNSOLnf Enable Unsolicited Reporting at Power-Up (Y, N) N

REPADRnf DNP Address to Report to (0–65519) 1

NUMEVEnf Number of Events to Transmit On (1–200) 10

AGEEVEnf Age of Oldest Event to Transmit On (0–99999) 2

URETRYnf Unsolicited Message Max Retry Attempts (2–10) 3

UTIMEOnf Unsolicited Message Offline Time-Out (1–5000 seconds) 60

EVEMODn Event Mode (SINGLE, MULTI) SINGLE

a Hidden if EDNP := 0.
b Hidden if DNPTRn := TCP.
c Hidden if DNPTRn := UDP.
d Hidden if CLASSAn := OFF.
e Hidden if CLASSAn := CLASSBn := CLASSCn := OFF.
f Hidden if UNSOLn := N.

Table 12.24 Phasor Measurement Configuration

Setting Prompt Default

EPMIPa

a Set EPMIP := Y to access remaining settings.

Enable C37.118 Communications (Y, N) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

Table 12.25 SNTP Selection (Sheet 1 of 2)

Setting Prompt Default

ESNTP SNTP Enable (OFF, UNICAST, MANYCAST, BROADCAST) OFF

SNTPRAT SNTP Request Update Rate (15–3600 seconds) 60

SNTPTOa SNTP Timeout (5–20 seconds) 5

SNTPPIP SNTP Primary Server IP Address (w.x.y.z)b 192.168.1.110

Table 12.23 DNP Configuration (Ethernet) (Sheet 2 of 2)

Setting Prompt Default
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Five-Port Ethernet Card
                    

SNTPBIPc SNTP Backup Server IP Address (w.x.y.z)b 192.168.1.111

SNTPPOR SNTP IP Local Port Number (1–65534) 123

a Setting hidden and forced to 5 if ESNTP := BROADCAST.
b Where w: 0—126, 128—239, x: 0—255, y: 0—255, z: 0—255 if ESNTP := MANYCAST or where 

w: 0—126, 128-223, x: 0—255, y: 0—255, z: 0—255 if ESNTP := UNICAST or BROADCAST.
c This setting is hidden if ESNTP  UNICAST.

Table 12.26 PTP Settings

Setting Prompt Default

EPTPa

a This setting is not available if the hardware does not support PORT 5A and PORT 5B or if the 
ports are used in SWITCHED mode.

Enable PTP (Y, N) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRb

b Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if NETMODE := PRP and NETPORT := A or B. Also hidden and forced to LAYER2 if NETPORT := C 
or D.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)c

c If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTd

d Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPne

e Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACnf

f Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRIng

g Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANh

h Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRh PTP VLAN Priority (0–7) 4

Table 12.25 SNTP Selection (Sheet 2 of 2)

Setting Prompt Default

NOTE: PTP is only supported on 
Ethernet PORT 5A and PORT 5B. Most 
SEL-400 series relays only support 
two ports at a time and must have 
PORT 5A and PORT 5B selected by the 
MOT option in these relays. Relays 
that support four ports will have PTP 
on PORT 5A and PORT 5B but will not 
require selection of a different MOT 
option to have PTP available.

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 1 of 2)

Setting Prompt Default

EPORT Enable Port (Y, N) Y

BUSMODEa Bus Operating Mode (INDEPEND, MERGED) INDEPEND

EINTF Enable Interface (combo of AB, CD, E) AB, CD, E

EPACb Enable Port Access Control (Y, N) N

MAXACCb, c Max Acc Level for Stn Bus (1, B, P, A, O, 2, C) C
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See Table 12.7 for SEL protocol settings. See Table 12.8 for Fast Message read 
data access settings. Table 12.28 settings are available on the five-port Ethernet 
card (PORT 5).

                    

                    

MAXACCEb, d Max Acc Level for Eng Acc (1, B, P, A, O, 2, C) C

EETHFWU Enable Ethernet Firmware Upgrade (Y, N) N

a Available on devices with IEC 61850 Sampled Values (SV) publication or subscription capability.
b Does not apply to TiDL Channel Map (PORT 6).
c Hidden if EINTF does not contain CD and BUSMODE := INDEPEND. If BUSMODE := MERGED, the 

prompt is “Max ACC Level for Prc Bus (1, B, P, A, O, 2, C).”
d Hidden if EINTF does not contain E.

Table 12.28 IP/Network Configuration

Setting Prompt Default

ETCPKA Enable TCP Keep-Alive (Y, N) Y

KAIDLE TCP Keep-Alive Idle Range (1–20 seconds) 10

KAINTV TCP Keep-Alive Interval Range (1–20 seconds) 1

KACNT TCP Keep-Alive Count Range (1–20) 6

NETMODP Operating Mode for 5A, 5B (FIXED, FAILOVER, PRP) FAILOVER

NETPORP Primary Network Port for 5A, 5B (A, B) A

PRPINTP PRP Supervision TX Interval for 5A, 5B (1–10 seconds) 2

PRPADDP PRP Destination Addr LSB for 5A, 5B (0–255)a

a LSB stands for least significant bit.

0

IPADDR Device IP Address / CIDR Prefix (w.x.y.z/t) 192.168.1.2/24

DEFRTR Default Router (w.x.y.z) 192.168.1.1

NETMODE Operating Mode for 5C, 5D (FIXED, FAILOVER, PRP) FAILOVER

NETPORT Primary Network Port for 5C, 5D (C, D) C

PRPINTV PRP Supervision TX Interval for 5C, 5D (1–10 seconds) 2

PRPADDR PRP Destination Addr LSB for 5C, 5D (0–255)a 0

FTIMEb

b If BUSMODE := MERGED, the prompt is “Failover Time-Out for 5A, 5B (0-65535 milliseconds).”

Failover Time-Out for 5C, 5D (0–65535 milliseconds) 1

PRPTOUT PRP Entry Time-Out (100–10000 milliseconds) 500

IPADDRE Device IP Address / CIDR Prefix for 5E (w.x.y.z/t) 192.168.2.2/24

DEFRTRE Default Router for 5E (w.x.y.z) 192.168.2.1

Table 12.29 FTP Configuration (Five-Port Ethernet Card)

Setting Prompt Default

FTPSERVa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable FTP Server (OFF or combo of CD, E) OFF

FTPCBAN FTP Connect Banner FTP SERVER:

FTPIDLE FTP Idle Time-Out (5-255 minutes) 5

FTPANMS Enable Anonymous FTP Login (Y, N) N

FTPAUSR Anonymous User Access Level 0

Table 12.27 Protocol Selection (Five-Port Ethernet Card) (Sheet 2 of 2)

Setting Prompt Default

NOTE: SEL advises against enabling 
anonymous File Transfer Protocol 
(FTP) logins (FTPANMS = Y) except 
under test conditions. The Ethernet 
card does not require a password for 
the special FTP username 
“anonymous”. If you enable 
anonymous FTP logins, you are 
allowing unrestricted access to the 
SEL-400 series relay and host files.
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See Table 12.18 for IEC 61850 configuration settings.

See Table 12.19 for IEC 61850 mode/behavior configuration settings.

See Table 12.20 for SV transmit configuration settings.

See Table 12.21 for SV receive configuration settings. 

See Table 12.22 for IEC SV channel settings.

See Table 12.23 for DNP configuration settings.

                    

See Table 12.25 for SNTP selection settings.

Table 12.30 HTTP Server Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EHTTPa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable HTTP Server (OFF or combo of CD, E) OFF

HTTPPOR HTTP Server TCP/IP Port Number (1-65534) 80

HIDLE HTTP Session Inactivity Timeout (1-30 minutes) 5

Table 12.31 Telnet Configuration (Five-Port Ethernet Card)

Setting Prompt Default

ETELNETa

a If BUSMODE := MERGED, the range is (OFF or combo of AB, E).

Enable Telnet Server (OFF or combo of CD, E) OFF

TCBAN Telnet Connect Banner TERMINAL SERVER:

TPORT Telnet Port (23, 1025–65534) 23

TIDLE Telnet Port Time-Out (1–30 minutes) 15

Table 12.32 Phasor Measurement Configuration (Five-Port Ethernet Card)

Setting Prompt Default

EPMIPa

a If BUSMODE := MERGED, the range is (N, AB, E). Set EPMIP := AB, CD, or E to access remaining 
settings.

Enable C37.118 Comms (N, CD, E) N

PMOTS1 PMU Output 1 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC1 PMU Output 1 Data Configuration (1–5) 1

PMOIPA1b

b Setting hidden when PMOTS1 := OFF.

PMU Output 1 Client IP Address (w.x.y.z) 192.168.1.3

PMOTCP1b, c

c Setting hidden when PMOTSI := UDP_S.

PMU Output 1TCP/IP Port Number (1–65534)d

d Port number must be unique compared to TPORT and DNPPNUM.

4712

PMOUDP1b, e

e Setting hidden when PMOTS1 := TCP.

PMU Output 1 UDP/IP Data Port Number (1–65534) 4713

PMOTS2 PMU Output 2 Scheme (OFF, TCP, UDP_S, UDP_T, UDP_U) OFF

PMODC2 PMU Output 2 Data Configuration (1–5) 1

PMOIPA2f

f Setting hidden when PMOTS2 := OFF.

PMU Output 2 Client IP Address (w.x.y.z) 192.168.1.4

PMOTCP2f, g

g Setting hidden when PMOTS2 := UDP_S.

PMU Output 2 TCP/IP Port Number (1–65534)d 4722

PMOUDP2f, h

h Setting hidden when PMOTS2 := TCP.

PMU Output 2 UDP/IP Data Port Number (1–65534) 4714

NOTE: Ethernet setting changes 
result in a restart of the Ethernet card. 
This closes active network connections 
and briefly pauses network operation.

NOTE: If BUSMODE := INDEPEND 
and EINTF contains CD and E, enabling 
SEL protocol, MMS, or DNP allows the 
protocol to be processed on both the 
station bus and engineering access 
interfaces. Similarly, if BUSMODE := 
MERGED and EINTF contains E, 
enabling these protocols allows them 
to be processed on both the process 
bus and engineering access interfaces.
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DNP3 Settings—Custom Maps
                    

The fault location minimum and maximum settings determine what fault data are 
sent to a DNP3 master. This affects all DNP3 sessions that use the current DNP3 
map.

NOTE: MINDIST and MAXDIST only 
apply to relays that provide a fault 
location.

                    

Table 12.33 PTP Settings (Five-Port Ethernet Card)

Setting Prompt Default

EPTP Enable PTP (N, AB, CD) N

PTPPRO PTP Profile (DEFAULT, C37.238, 61850-9-3) DEFAULT

PTPTRa

a Hidden and forced to LAYER2 if PTPPRO := C37.238 or 61850-9-3. Hidden and forced to LAYER2 
if EPTP := AB and BUSMODE := INDEPEND. Hidden and forced to LAYER2 if EPTP := AB and 
BUSMODE := MERGED and NETMODP := PRP. Also hidden and forced to LAYER2 if EPTP := CD 
and NETMODE := PRP.

PTP Transport Mechanism (UDP, LAYER2) UDP

DOMNUM PTP Domain Number (0–255) 0

PTHDLY PTP Path Delay Mechanism (P2P, E2E, OFF)b

b If PTPPRO := C37.238 or 61850-9-3, E2E is removed from the setting range.

E2E

PDINTc

c Hidden if PTHDLY := E2E or OFF.

Peer Delay Request Interval (1, 2, 4, ...64 seconds) 1

AMNUM PTP Number of Acceptable Masters (OFF, 1–5) OFF

AMIPnd

d Hidden if AMNUM := OFF or if PTPTR := LAYER2.

PTP Acceptable Master n IP (w.x.y.z) 192.168.1.12n

AMMACne

e Hidden if AMNUM := OFF or if PTPTR := UDP.

PTP Acceptable Master n MAC (xx:xx:xx:xx:xx:xx) 00.30.A7:00:00:0[p]

ALTPRInf

f Hidden if AMNUM := OFF.

PTP Alternate Priority1 for Master n (0–255) 0

PVLANg

g Hidden if PTPPRO := DEFAULT or 61850-9-3.

PTP VLAN Identifier (1–4094) 1

PVLANPRg PTP VLAN Priority (0–7) 4

Table 12.34 DNP3 Settings Categories

Settings Reference

DNP3 Fault Location Min and Max Table 12.35

Binary Input Map Table 12.36

Binary Output Map Table 12.36

Counter Map Table 12.36

Analog Input Map Table 12.36

Analog Output Map Table 12.36

Table 12.35 Minimum and Maximum Fault Location

Setting Prompt Default

MINDIST Min Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF

MAXDIST Max Fault Location to Capture (OFF, –1000.0 to 1000.0) OFF
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The remainder of this settings class consists of a set of freeform categories for 
configuring the map for the various DNP3 data types. The category headers indi-
cate the syntax of the entries. Table 12.36 shows these headers. All entries require 
a data label. The deadband and scale-factor parameters are optional. The defaults 
are relay-specific, so refer to the product-specific instruction manual to see the 
defaults for these settings.

                    

Front-Panel Settings
                    

The defaults for the pushbuttons and targets in the Front-Panel Settings category 
are relay-specific. See the product-specific instruction manual to find these defaults.

                    

Table 12.36 DNP3 Map Category Headers

Binary Input Map (Binary Input Label)

Binary Output Map (Binary Output Label)

Counter Map (Counter Label, Deadband)

Analog Input Map (Analog Input Label, Scale Factor, Deadband)

Analog Output Map (Analog Output Label)

Table 12.37 Front-Panel Settings Categories

Settings Reference

Front-Panel Settings Table 12.38

Selectable Screens for the Front Panel Table 12.39

Selectable Operator Pushbuttons Table 12.40

Front-Panel Event Display Table 12.41

Display Points

Local Control

Local Bit SELOGIC Table 12.42

SER Parameters Table 12.43

Table 12.38 Front-Panel Settings (Sheet 1 of 4)

Setting Prompt

FP_TO Front Panel Display Time-Out (OFF,1–60 min)

EN_LEDC Enable LED Asserted Color (R,G)

TR_LEDC Trip LED Asserted Color (R,G) 

PB1_LED Pushbutton LED 1 (SELOGIC Equation)

PB1_COL PB1_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB2_LED Pushbutton LED 2 (SELOGIC Equation)

PB2_COL PB2_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB3_LED Pushbutton LED 3 (SELOGIC Equation)

PB3_COL PB3_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB4_LED Pushbutton LED 4 (SELOGIC Equation)

PB4_COL PB4_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB5_LED Pushbutton LED 5 (SELOGIC Equation)

PB5_COL PB5_LED Assert and Deassert Color (Enter 2: R,G,A,O)
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PB6_LED Pushbutton LED 6 (SELOGIC Equation)

PB6_COL PB6_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB7_LED Pushbutton LED 7 (SELOGIC Equation)

PB7_COL PB7_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB8_LED Pushbutton LED 8 (SELOGIC Equation)

PB8_COL PB8_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB9_LEDa Pushbutton LED 9 (SELOGIC Equation)

PB9_COLa PB9_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB10LEDa Pushbutton LED 10 (SELOGIC Equation)

PB10COLa PB10_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB11LEDa Pushbutton LED 11 (SELOGIC Equation)

PB11COLa PB11_LED Assert and Deassert Color (Enter 2: R,G,A,O)

PB12LEDa Pushbutton LED 12 (SELOGIC Equation)

PB12COLa PB_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T1_LED Target LED 1 (SELOGIC Equation)

T1LEDL Target LED 1 Latch (Y, N)

T1LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T2_LED Target LED 2 (SELOGIC Equation)

T2LEDL Target LED 2 Latch (Y, N)

T2LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T3_LED Target LED 3 (SELOGIC Equation)

T3LEDL Target LED 3 Latch (Y, N)

T3LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T4_LED Target LED 4 (SELOGIC Equation)

T4LEDL Target LED 4 Latch (Y, N)

T4LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T5_LED Target LED 5 (SELOGIC Equation)

T5LEDL Target LED 5 Latch (Y, N)

T5LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T6_LED Target LED 6 (SELOGIC Equation)

T6LEDL Target LED 6 Latch (Y, N)

T6LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T7_LED Target LED 7 (SELOGIC Equation)

T7LEDL Target LED 7 Latch (Y, N)

T7LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T8_LED Target LED 8 (SELOGIC Equation)

T8LEDL Target LED 8 Latch (Y, N)

T8LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T9_LED Target LED 9 (SELOGIC Equation)

T9LEDL Target LED 9 Latch (Y, N)

T9LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

Table 12.38 Front-Panel Settings (Sheet 2 of 4)

Setting Prompt
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T10_LED Target LED 10 (SELOGIC Equation)

T10LEDL Target LED 10 Latch (Y, N)

T10LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T11_LED Target LED 11 (SELOGIC Equation)

T11LEDL Target LED 11 Latch (Y, N)

T11LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T12_LED Target LED 12 (SELOGIC Equation)

T12LEDL Target LED 12 Latch (Y, N)

T12LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T13_LED Target LED 13 (SELOGIC Equation)

T13LEDL Target LED 13 Latch (Y, N)

T13LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T14_LED Target LED 14 (SELOGIC Equation)

T14LEDL Target LED 14 Latch (Y, N)

T14LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T15_LED Target LED 15 (SELOGIC Equation)

T15LEDL Target LED 15 Latch (Y, N)

T15LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T16_LED Target LED 16 (SELOGIC Equation)

T16LEDL Target LED 16 Latch (Y, N)

T16LEDC T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T17_LEDb Target LED 17 (SELOGIC Equation)

T17LEDLb Target LED 17 Latch (Y, N)

T17LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T18_LEDb Target LED 18 (SELOGIC Equation)

T18LEDLb Target LED 18 Latch (Y, N)

T18LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T19_LEDb Target LED 19 (SELOGIC Equation)

T19LEDLb Target LED 19 Latch (Y, N)

T19LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T20_LEDb Target LED 20 (SELOGIC Equation)

T20LEDLb Target LED 20 Latch (Y, N)

T20LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T21_LEDb Target LED 21 (SELOGIC Equation)

T21LEDLb Target LED 21 Latch (Y, N)

T21LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T22_LEDb Target LED 22 (SELOGIC Equation)

T22LEDLb Target LED 22 Latch (Y, N)

T22LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T23_LEDb Target LED 23 (SELOGIC Equation)

T23LEDLb Target LED 23 Latch (Y, N)

Table 12.38 Front-Panel Settings (Sheet 3 of 4)

Setting Prompt
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T23LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

T24_LEDb Target LED 24 (SELOGIC Equation)

T24LEDLb Target LED 24 Latch (Y, N)

T24LEDCb T_LED Assert and Deassert Color (Enter 2: R,G,A,O)

a PB9–PB12 settings are only available on 12 pushbutton models.
b T17–T24 settings are only available on 12 pushbutton models.

Table 12.39 Selectable Screens for the Front Panel

Setting Prompt Default

SCROLD Front-Panel Display Update Rate (OFF, 1–15 sec) 5

ONELINE One-Line Bay Control Diagram (Y,N) Y

RMS_V RMS Line Voltage Screen (Y,N) N

RMS_I RMS Line Current Screen (Y,N) Y

RMS_VPP RMS Line Voltage Phase to Phase Screen (Y,N) N

RMS_W RMS Active Power Screen (Y,N) N

FUNDVAR Fundamental Reactive Power Screen (Y,N) N

RMS_VA RMS Apparent Power Screen (Y,N) N

RMS_PF RMS Power Factor Screen (Y,N) N

RMS_BK1 RMS Breaker 1 Currents Screen (Y,N) N

RMS_BK2 RMS Breaker 2 Currents Screen (Y,N) N

STA_BAT Station Battery Screen (Y,N) N

FUND_VI Fundamental Voltage and Current Screen (Y,N) Y

FUNDSEQ Fundamental Sequence Quantities Screen (Y,N) N

FUND_BK Fundamental Breaker Currents Screen (Y,N) N

DIFF_L Differential Metering Local Currents Screen (Y,N) Y

DIFF_T Differential Metering Total Currents Screen (Y,N) Y

DIFF Differential Metering (Y,N) Y

ZONECFG Terminals Associated with Zones (Y,N) Y

Table 12.40 Selectable Operator Pushbuttons (Sheet 1 of 2)

Setting Prompt Default

PB1_HMI Pushbutton 1 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB2_HMI Pushbutton 2 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB3_HMI Pushbutton 3 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB4_HMI Pushbutton 4 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB5_HMI Pushbutton 5 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB6_HMI Pushbutton 6 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB7_HMI Pushbutton 7 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB8_HMI Pushbutton 8 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB9_HMIc Pushbutton 9 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB10HMIc Pushbutton 10 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

Table 12.38 Front-Panel Settings (Sheet 4 of 4)

Setting Prompt

NOTE: The specific settings available 
in this category for a relay depends on 
the features of that relay.

NOTE: In some relays, rather than 
picking from a list of screens, as 
shown here, there is a freeform 
settings block in which you can list the 
screens you want in the order you 
want them displayed.
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Boolean display points are selected by using freeform settings fields. Two types 
of display points can be entered: Boolean and analog. For Boolean display points, 
the entry syntax is:

Bit name, "Label", "Set String", "Clear String", Text Size"

For an analog display point, the syntax is:

Analog name, "User Text and Formatting", "Text Size"

See the Front-Panel Operations section for more information on configuring dis-
play points.

Local control bits are configured by using the Local Control category. This is a 
freeform category. Each entry has the following syntax:

Local bit name, "Label", "Set State", "Clear State", Pulse enable

See Local Control on page 4.20 for more information on configuring local con-
trol bits.

                    

                    

PB11HMIc Pushbutton 11 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

PB12HMIc Pushbutton 12 HMI Screen (OFF,AP,DP,EVE,SER)a, b OFF

a PBn_HMI can only be set to DP if a valid display point has been set.
b Each instance (AP, DP, EVE, SER) can only be set to a single operator pushbutton.

OFF = No HMI Pushbutton Operation
AP = Alarm Points
DP = Display Points
EVE = Event Summaries
SER = SER HMI Display

c PB9–PB12 settings are only available on 12-pushbutton models.

Table 12.41 Front-Panel Event Display

Setting Prompt Default

DISP_ER Enable HMI Auto Display of Events Summaries (Y,N) Y

TYPE_ER Types of Events for HMI Auto Display (ALL,TRIP)a

a Setting is only available if DISP_ER := Y.

ALL

NUM_ER Operator Pushbutton Events to Display (1–100)b

b Setting is only available if an operator pushbutton has been set to EVE.

10c

c Some relays default NUM_ER to 3.

Table 12.42 Local Bit SELOGICa

a Settings in Table Table 12.42 appear if the associated local bit is defined. If no local bits are 
defined, the whole category is hidden.

Setting Prompt Default

LB_SPmm Local Bit Supervision (SELOGIC Equation, NA) 1

LB_DPmm Local Bit Status Display (SELOGIC Equation, NA) LBmm

Table 12.43 SER Parameters

Setting Prompt Default

SER_PP  Five Events per SER Events page? (Y for 5, N for 3) N

Table 12.40 Selectable Operator Pushbuttons (Sheet 2 of 2)

Setting Prompt Default
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Alias Settings
Although SEL-400 series relays provide extensive programming facilities and 
opportunity for comments, troubleshooting customized programs is sometimes 
difficult. Aliases provide an opportunity to assign more meaningful names to the 
generic variable names to improve the readability of the program. These aliases 
can be used in settings and SELOGIC equations and are used in most relay reports. 
Assign a valid seven-character alias name to any Relay Word bit or any Analog 
Quantity. (Some SEL-400 series relays support aliasing additional types of data.)

Invalid alias names include the following keywords used by settings and 
SELOGIC control equations:

➤ END

➤ INSERT

➤ DELETE

➤ LIST

➤ NA

➤ OFF

SELOGIC control equation operators (e.g., NOT, AND, OR, COS) cannot be used 
as alias names. A quantity may only be assigned one alias. An alias cannot match 
an existing Relay Word or analog quantity name.

Alias names are valid when the following are true:

➤ They consist of a maximum of seven characters.

➤ They are constructed using characters 0–9, uppercase A–Z, or the 
underscore (_).

For example, the default name for contact output OUT101 is OUT101. You could 
change the default name to an alias, BK1_TR, for example.

Alias settings consists of a single freeform settings category. As many as 200 
aliases may be assigned. The default alias configuration is relay-specific. See the 
relay instruction manual for the default aliases. Figure 12.2 shows an example 
that uses the SET T command to set two aliases.

                    

=>>SET T <Enter>
Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])

1: EN,"RLY_EN"
? <Enter>
2: 
?  OUT101, BK1_TR
3:
? END <Enter>

Alias
Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _])
1: EN,"RLY_EN"
2: OUT101,"BK1_TR"
.
.
.
Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 12.2 Changing a Default Name to an Alias
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Protection Freeform SELOGIC Control Equations
Protection freeform SELOGIC control equations are in Classes 1 through 6 corre-
sponding to settings Groups 1 through Group 6 (see Multiple Setting Groups on 
page 12.4).

As many as 250 lines of freeform equations may be entered in each of six settings 
groups, although the actual maximum capacity may be less. See SELOGIC Con-
trol Equation Capacity on page 13.5 for more information. The default configu-
ration of the protection SELOGIC control equations is relay-specific. See the 
product-specific instruction manual to see the defaults.

Automation Freeform SELOGIC Control Equations
Automation freeform SELOGIC control equations are in Blocks 1 through 10.

The SEL-400 series relays do not contain any automation freeform SELOGIC set-
tings in the factory-default settings.

The relay has a capacity of 100 lines of automation freeform SELOGIC control 
equations in each of 10 automation setting blocks. See SELOGIC Control Equa-
tion Capacity on page 13.5 for more information.

Output Settings
                    

The Main Board output settings consists of SELOGIC control equations 
OUT101–OUT108. The defaults are relay-specific; see the relay-specific instruc-
tion manual to see the defaults. Some SEL-400 series relays do not have any 
main board outputs, in which case this category is not available.

The Interface Board output settings consists of SELOGIC control equations 
OUTx01–OUTx16 where x = 2–5, corresponding to Interface Boards 1 to 4. The 
category for any interface board is only available if the interface board is 
installed. The defaults are relay-specific; see the relay-specific instruction man-
ual to see the defaults.

Table 12.45 settings are available if an Ethernet card is present and IEC 61850 is 
ordered.

NOTE: Some versions of some 
SEL-400 series relays have only one 
automation setting block with a 
capacity of 100 lines of automation 
freeform SELOGIC control equations.

Table 12.44 Output Settings Categories

Settings Reference

Main Board

Interface Board #1

Interface Board #2

Interface Board #3

Interface Board #4

Remote Analog Outputs Table 12.45

MIRRORED BITS Transmit Equations Table 12.46

87L Communications Bitsa

a Only available in products that support 87L communication.

Table 12.47

NOTE: In TiDL (EtherCAT) relays, 
Interface Boards 2—4 are always 
considered to be available. Depending 
on the Axion modules connected, 
these outputs may or may not be 
physically present. In TiDL (T-Protocol) 
relays, Interface Boards 1—4 are 
always considered to be available. 
Depending on the SEL-TMU modules 
connected, Outputs 2—4 may or may 
not be physically present.
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NOTE: This category is only available 
in relays that support 87L 
communications.

                    

Report Settings
                    

Table 12.45 Remote Analog Outputs

Setting Prompt Default

RAO01

•
•
•

RAO64

Remote Analog Output 01 (SELOGIC)

•
•
•

Remote Analog Output 64 (SELOGIC)

NA

•
•
•

NA

Table 12.46 MIRRORED BITS Transmit Equations

Setting Prompt Default

TMB1A
•
•
•

TMB8A

Mirrored Bit 1 Channel A Equation (SELOGIC)
•
•
•

Mirrored Bit 8 Channel A Equation (SELOGIC)

NA
•
•
•
NA

TMB1B
•
•
•
TMB8B

Mirrored Bit 1 Channel B Equation (SELOGIC)

•
•
•

Mirrored Bit 8 Channel B Equation (SELOGIC)

NA
•
•
•
NA

Table 12.47 87L Communications Bits

Settinga, b

a x = 1–8. These settings are hidden when E87CH = N or 2E or 3E or 4E. Also hidden if there is no 
serial communications card installed.

b nn = 01–32. These settings are visible when E87CH = 2E, 3E, or 4E, and are hidden in all other cases.

Prompt Default

87TxP1 Serial Comm. Transmit Bit x Port 1 (SELOGIC) NA

87TxP2 Serial Comm. Transmit Bit x Port 2 (SELOGIC) NA

87TnnE Ethernet Comm. Transmit Bit nn (SELOGIC) NA

Table 12.48 Report Settings Categories

Settings Reference

SER Chatter Criteria Table 12.49

SER Points

Signal Profile Table 12.50

Event Reporting Table 12.51

Event Reporting Analog Quantities

Event Reporting Digital Elements
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The SER Points category is a freeform category for listing points to record in the 
SER. Each point can be given a reporting name, a set state name, and a clear state 
name. You can also indicate whether or not to make this point visible as an alarm 
point on the front-panel LCD. The syntax for entry is:

Relay Word Bit Label, "Reporting Name", "Set State Name", "Clear State 
Name", HMI Alarm Indication

Each of the names may consist of any printable ASCII character. The HMI alarm 
condition is a Y/N choice. By default, there are no SER points configured.

The signal profile settings category consists of a freeform block for selecting ana-
log quantities to include in the signal profile followed by the settings described in 
Table 12.50. Any of the analog quantities listed in Section 12:Analog Quantities 
in the product-specific instruction manual may be selected. As many as 20 analog 
quantities can be included in the signal profile.

                    

                    

The Event Report Analog Quantities category is a freeform category in which 
you can select as many as 20 analog quantities to report in the relay event reports. 
By default, no analog quantities are configured.

Table 12.49 SER Chatter Criteria

Setting Prompt Default

ESERDEL Automatic Removal of Chattering SER Points (Y, N) N

SRDLCNTa

a Setting is only available if ESERDEL := Y.

Number of Counts Before Auto-Removal (2–20) 5

SRDLTIMa Time for Auto-Removal (0.1–30 seconds) 1.0

Table 12.50 Signal Profile

Setting Prompt Default

SPAR Signal Profile Acq. Rate (1,5,15,30,60 min) 5

SPEN Signal Profile Enable (SELOGIC Eqn.) 0

Table 12.51 Event Reporting

Setting Prompt Default

ERDIG Store Selected (S) or All (A) Relay Word Bits S

SRATE Sample Rate of Event Report (1, 2, 4, 8 kHz) 2

LERa

a The upper end of the range is reduced by a factor of 4 if ERDIG is set to A.

Length of Event Report (0.25–3.00 seconds); SRATE := 8 0.50

PREb

b The upper limit for PRE is the set LER minus 0.05 s.

Length of Pre-Fault (0.05–0.25 seconds); SRATE := 8 0.10

LERa Length of Event Report (0.25–6.00 seconds); SRATE := 4 0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 4 0.10

LERa Length of Event Report (0.25–12.00c seconds); SRATE := 2

c In the SEL-411L, the upper bound is 9.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 2 0.10

LERa Length of Event Report (0.25–24.00d seconds); SRATE := 1 

d In the SEL-411L, the upper bound is 12.00 s.

0.50

PREb Length of Pre-Fault (0.05–0.25 seconds); SRATE := 1 0.10
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The Event Reporting Digital Elements category is a freeform settings area in 
which as many as 800 Relay Words from as many as 100 Relay Word bit rows 
may be selected. See the product-specific instruction manual for the default con-
figuration. The 100 row limit includes the base set of Relay Word bits always 
included in oscillography and event reports as described in Section 7: Metering, 
Monitoring, and Reporting in the product-specific instruction manual.

Notes Settings
Avoid losing important information about the relay. Use the Notes settings like a 
text pad to leave notes about the relay in the Notes area of the relay. Notes entries 
are in a single block of 100 lines. By default, there is no text stored in the Notes set-
tings.
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SELOGIC Control Equation Programming

This section describes use of SELOGIC control equations and programming to 
customize relay operation and automate substations. This section covers the fol-
lowing topics:

➤ Separation of Protection and Automation Areas on page 13.1

➤ SELOGIC Control Equation Setting Structure on page 13.2

➤ SELOGIC Control Equation Capacity on page 13.5

➤ SELOGIC Control Equation Programming on page 13.6

➤ SELOGIC Control Equation Elements on page 13.9

➤ SELOGIC Control Equation Operators on page 13.24

➤ Effective Programming on page 13.34

➤ SEL-311 and SEL-351 Series Users on page 13.36

Separation of Protection and Automation Areas
SEL-400 series relays act as protective relays and as smart nodes in distributed 
substation automation. The relay collects data, coordinates inputs from many 
interfaces, and automatically controls substation equipment. The relay performs 
protection and automation functions but keeps programming of these functions 
separate. For example, someone modifying or testing a capacitor bank control 
system or station restoration system created in automation programming should 
not be able to corrupt programming for protection tasks. Similarly, extended pro-
tection algorithms must operate at protection speeds unaffected by the volume of 
automation programming.

SEL-400 series relays contain several separate programming areas discussed in 
SELOGIC Control Equation Setting Structure. Separate access levels and pass-
words control access to each programming area and help eliminate accidental 
programming changes. For example, use Access Level P to modify protection 
configuration and protection freeform SELOGIC control equation programming 
and Access Level A to access automation programming. If you want unlimited 
access to both automation and protection configuration and programming, use 
Access Level 2.

NOTE: If you want unlimited access 
to both automation and protection 
configuration and programming, log in 
to Access Level 2.

Protection and automation areas must interact and exchange information. Protec-
tion and automation interact and exchange information through separate storage 
areas (variables) for results of automation and protection programming. The relay 
combines the results in the output settings that drive relay outputs to control sub-
station equipment. Separation of protection and automation storage areas is illus-
trated in Figure 13.1.
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Figure 13.1 illustrates how the SEL-400 series relays keep protection and auto-
mation programming separate while still exchanging information. The arrows 
indicate data flow between components. The Relay Word Bits and Analog Quan-
tities are visible to protection, automation, and output programming. Protection 
programming uses the Relay Word Bits, Analog Quantities, Protection Variables, 
and Automation Variables as inputs, but only writes and stores information to the 
Protection Variables. Similarly, automation programming uses data from all parts 
of the relay, but only stores data in the Automation Variables.

The Output SELOGIC control equation settings use the Relay Word Bits, Analog 
Quantities, Protection Variables, and Automation Variables to control outputs and 
other information leaving the relay. Use the output settings to create a custom 
combination of the results of protection and automation operations. For example, 
an OR operation will activate an output when protection or automation program-
ming results necessitate activating the output. You can use more complicated 
logic to supervise control of the output with other external and internal informa-
tion. For example, use a command from the SCADA master to supervise auto-
mated control of a motor-operated disconnect in the substation.

SELOGIC Control Equation Setting Structure
SEL-400 series relays use SELOGIC control equations in three major areas. First, 
you can customize protection operations with SELOGIC control equation settings 
and freeform programming. Second, there is a freeform programming area for 
more sophisticated automation SELOGIC control equation programming. Third, 
there is a fixed area for relay output programming. The SELOGIC control equa-
tion programming areas are shown in Figure 13.2. There are also a small number 
of fixed SELOGIC control equations in other settings areas including front-panel 
settings that allow you to customize relay features not directly related to protec-
tion or automation.

                    

Figure 13.1 Protection and Automation Separation
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Protection
Protection SELOGIC control equation programming includes a fixed area and a 
freeform area. You can configure many protection settings within the relay (for 
example TR) with fixed SELOGIC control equation programming. Use these set-
tings to control protection operation and customize relay operation. The pro-
gramming and operation of fixed SELOGIC control equations in this area is very 
similar to programming in SEL-300 series relays.

There is a freeform SELOGIC control equation programming area associated with 
protection. Because this area operates at the protection processing interval along 
with protection algorithms and outputs, use this area to extend and customize 
protection operation. Protection freeform SELOGIC control equation program-
ming includes a complete set of timers, counters, and variables.

For all protection settings, including protection SELOGIC control equation pro-
gramming, there are six groups of settings that you activate with the protection 
settings group selection. Only one group is active at a time. When you switch 
groups, for example, you can activate completely different programming that cor-
responds to the conditions indicated by the active group. See Multiple Setting 
Groups on page 12.4 for more information.

If you want the programming to operate identically in all groups, develop the set-
tings in one group and copy these to all groups. You can copy settings by using 
the COPY command documented in COPY on page 14.25. You can also perform 
cut-and-paste operations in the ACSELERATOR QuickSet SEL-5030 software. 

                    

Figure 13.2 SELOGIC Control Equation Programming Areas
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NOTE: Perform operations that are 
not time critical in automation 
SELOGIC control equation 
programming. You can use this 
automation to reduce the demand and 
complexity of protection SELOGIC 
control equation programming.

All of the SELOGIC control equation programming in the protection area executes 
at the same deterministic interval as the protection algorithms. Because of this 
type of programming execution, you can use protection freeform and fixed pro-
gramming to extend and customize protection operation.

Automation
Automation SELOGIC control equation programming is a large freeform pro-
gramming area that provides as many as ten blocks. The relay executes each 
block sequentially from the first block to the last. You do not need to fill a block 
completely or enter any equations in a block before starting to write SELOGIC 
control equations in the following blocks.

SEL-400 series relays dedicate a minimum processing time when executing auto-
mation SELOGIC control equations. If the processing load is light, the relay uses 
more processing time for executing automation programming. This means that 
the overall execution time fluctuates. You can display the average and peak exe-
cution time with the STATUS S ASCII command. Use the STATUS SC com-
mand to reset the peak execution time.

NOTE: Organize automation SELOGIC 
control equation programming into 
blocks based on function. It is easier 
to edit and troubleshoot small 
partially filled blocks that contain 
related programming.

Use automation SELOGIC control equation programming to automate tasks that 
do not require time-critical, deterministic execution. For example, if you are 
coordinating control inputs from a substation HMI and SCADA master, use auto-
mation freeform SELOGIC control equations and set the output contact setting to 
the automation SELOGIC control equation variable that contains the result.

Perform time-critical tasks with protection freeform SELOGIC control equations. 
For example, if you require a SELOGIC control equation for TR (trip) that con-
tains more than 15 elements, you must perform that calculation in several steps. 
Because detection of a TR condition is a time-critical activity, perform the calcu-
lation with protection freeform SELOGIC control equations and set TR to the pro-
tection SELOGIC control equation variable that contains the result.

Because automation runs at a slower rate than protection, you must be careful 
when using protection bits within automation equations. Protection bits can 
assert and deassert again too fast for automation equations to consistently see 
them. Therefore, you may need to hold protection bits asserted for a second, by 
using conditioning timers, before using them in SELOGIC equations.

Outputs
To provide protection and automation area separation, the output settings are in a 
fixed SELOGIC control equation area separate from protection and automation 
programming. You can take advantage of this separation to combine protection 
and automation in a manner that best fits your application. Outputs include the 
relay control outputs, outgoing MIRRORED BITS points, and remote analog out-
puts. The relay executes output logic and processes outputs at the protection pro-
cessing interval.
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SELOGIC Control Equation Capacity
SELOGIC control equation capacity is a measure of how much remaining space 
you have available for programming. In both protection and automation, 
SELOGIC control equation capacity includes execution capacity and settings stor-
age capacity.

The relay will reject any setting that exceeds the available settings storage capac-
ity and execution capacity. You can then accept the previous settings you have 
entered and examine your settings.

Protection
SEL-400 series relays typically provide storage space for as many as 250 lines of 
protection freeform programming. See the product-specific instruction manual 
for the number of lines limit for any specific product. Because the relay executes 
protection fixed and freeform logic at a deterministic interval, there is a limit to 
the amount of SELOGIC control equation programming that the relay can execute. 
The relay calculates total capacity in terms of settings capacity and execution 
capacity.

NOTE: The SEL-487B supports 100 
lines of protection freeform 
programming.

Rather than limit parameters to guarantee that your application not exceed the 
maximum processing requirements, the relay measures and calculates the avail-
able capacity when you enter SELOGIC control equations. The relay will not 
allow you to enter programming that will cause the relay to be unable to complete 
all protection SELOGIC control equations each protection processing interval.

There are six protection settings groups. Only one protection settings group can 
be active. When a protection settings group is active, the relay executes SELOGIC 
control equations in the Global Settings, Protection Group Settings, Protection 
Freeform Settings, Output Settings, and several other settings areas. The relay 
calculates protection capacities based on the total amount of SELOGIC control 
equation programming executed when the protection settings group is active. Use 
the STATUS S command to display the remaining settings capacity and execu-
tion capacity for protection fixed and freeform logic.

Automation
SEL-400 series relays provide storage space for as many as 10 blocks of as many 
as 100 lines of automation freeform programming each. Use the STATUS S com-
mand to display the remaining settings capacity and execution capacity for auto-
mation freeform logic.

There is a maximum execution capacity and settings storage capacity. If you 
enter a setting that exceeds maximum capacity, the relay will reject the setting. 
You will have the opportunity to reenter the setting or save any other settings you 
entered during that session.
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SELOGIC Control Equation Programming
There are two major areas where SEL-400 series relays use SELOGIC control 
equations. First, fixed SELOGIC control equations define the operation of fixed 
protection elements or outputs. As with SEL-300 series relay programming, pro-
tection programming and outputs use fixed SELOGIC control equations. Second, 
you can use freeform SELOGIC control equations for freeform programming that 
includes mathematical operations, custom logic execution order, extended relay 
customization, and automated operation.

Fixed SELOGIC Control Equations
Fixed result SELOGIC control equations are equations in which the left side 
(result storage location), or LVALUE, is fixed. Programming in SEL-300 series 
relays consists of all fixed SELOGIC control equations. Fixed equations include 
protection and output settings that you set with SELOGIC control equations.

Fixed SELOGIC control equations are Boolean equations. Fixed result control 
equations can be as simple as a single element reference (for example PSV01) or 
can include a complex equation. An example of fixed programming is shown in 
Example 13.1.

                    

Freeform SELOGIC Control Equations
Freeform SELOGIC control equations provide advanced relay customization and 
automation programming. There are freeform SELOGIC control equation pro-
gramming areas used for protection and automation. You can use freeform 
SELOGIC control equation programming to enter program steps sequentially so 
that the relay will perform steps in the order that you specify. You can refer to 
storage locations multiple times and build up intermediate results in successive 

Example 13.1 Fixed SELOGIC Control Equations

The following equations are examples of fixed SELOGIC control equations 
for relay Output OUT101. The text after the # character is a comment 
included in the equation and stored in the relay for future reference and doc-
umentation.

OUT101 := 1 # Turn on OUT101

OUT101 := NA # Do not evaluate an equation for OUT101

OUT101 := OUT102 AND RB02 # Turn on OUT101 if OUT102 and 
RB02 are on

Fixed SELOGIC control equations include expressions that evaluate to a 
Boolean value, True or False, represented by a logical 1 or logical 0.

OUT101 := PSV04 # Turn on OUT101 if protection PSV04 is on

More complex programming in the freeform area controls OUT101. The 
result of the freeform programming is available as an element in a fixed 
equation.

OUT101 := AMV003 > 5 # Turn on OUT101 if AMV003 is greater than 5

While you cannot perform mathematical operations in fixed programming, 
you can perform comparisons on the results of mathematical operations per-
formed elsewhere.
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equations. You can also enter entire line comments to help document program-
ming. Mathematical operations are available only in freeform SELOGIC control 
equation programming areas. An example of freeform SELOGIC control equation 
programming is shown in Example 13.2.

                    

Assignment Statements
Both fixed and freeform SELOGIC control equations are a basic type of computer 
programming statement called an assignment statement. Assignment statements 
have a basic structure similar to that shown below:

LVALUE := Expression

Starting at the left, the LVALUE is the location where the result of an evaluation 
of the expression on the right will be stored. The := symbol marks the statement 
as an assignment statement and provides a delimiter or separator between the 
LVALUE and the expression. Type the := symbol as a colon and equal sign. The 
assignment symbol is different than a single equal sign (=) to avoid confusion 
with a logical comparison between two values. The type of LVALUE must match 
the result of evaluating the expression on the right.

There are two basic types of assignment statements that form SELOGIC control 
equations. In the first type, Boolean SELOGIC control equations, the relay evalu-
ates the expression on the right to a result that is a logical 1 or a logical 0. The 
LVALUE must be some type of Boolean storage location or setting that requires a 
Boolean value. For example, the setting for the Protection Conditioning Timer 7 
Input, PCT07IN, requires a value of 0 or 1, which you set with a Boolean 
SELOGIC control equation.

The second type is a math SELOGIC control equation. Use the math SELOGIC 
control equation to perform numerical calculations on data in the relay. For 
example, in protection freeform programming in an SEL-451, enter 
AMV034 := 5 * BK1IAFM to store the product of 5 and the Circuit Breaker 1 
A-Phase current in automation math variable 34. Example 13.3 lists several 
examples of Boolean and math SELOGIC control equations.

Example 13.2 Freeform SELOGIC Control Equations

The following equations are examples of freeform SELOGIC control equa-
tions. The text after the # character is a comment included in the equation 
and stored in the relay for future reference and documentation.

# Freeform equation example programming

#

# Is 80% of A-Phase fundamental voltage greater than 12kV?

PMV01 := VAFM * 0.8 # 80% of A-Phase fundamental voltage

PSV04 := PMV01 >= 12000 # True if A-Phase fundamental voltage 
is greater than or equal to 12000

Use comments to group settings in the freeform SELOGIC control equations 
by task and to document individual equations. In this example, an intermedi-
ate calculation generates the value we want to test to determine if PSV04 
will be turned on.
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Comments
Include comment statements in SELOGIC control equations to help document 
SELOGIC control equation programming. The relay provides the following two 
type of comments:

➤ in-line comments: (*comment*)

➤ end-of-line comments: #xxx

Example of in-line comment:

PCT01IN := (*this is an in-line comment*) PMV04 (*this is an in-line 
comment *)

Example of end-of-line comment:

PCT01IN := 10 # this is an end-of-line comment

If you begin a SELOGIC control equation with an end-of-line comment character, 
then the entire line is a comment.

NOTE: During troubleshooting or 
testing, reenter a line and insert the 
comment character to disable it. Enter 
the line without the comment 
character to enable the line later 
when you want it to be executed.

Comments are a powerful documentation tool for helping both you and others 
understand the intent of programming and configuration of the settings. You can 
use comments liberally; comments do not reduce SELOGIC control equation exe-
cution capacity.

Example 13.3 Boolean and Math SELOGIC Control Equations

The equations below are examples of Boolean SELOGIC control equations.

# Example Boolean SELOGIC control equations

PSV01 := IN101 # Store the value of IN101 in PSV01

PSV02 := IN101 AND RB03 # Store result of logical AND in 
PSV02

PST01IN := IN104 # Use IN104 as the input value for PST01

PSV03 := PMV33 >= 7 # Set PSV03 when PMV33 greater than or 
equal to 7

The lines below are examples of math SELOGIC control equations.

# Example math SELOGIC control equations

PMV01 := 5 # Store the constant 5 in PMV01

PMV02 := 0.5 * VAFM # Store the product of A-Phase voltage and 
0.5 in PMV02
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SELOGIC Control Equation Elements
SELOGIC control equation elements are a collection of storage locations, timers, 
and counters that you can use to customize the operation of your relay and to 
automate substation operation. The elements that you can use in SELOGIC control 
equations are summarized in Table 13.1. The specific number of the various types 
of elements varies between SEL-400 series relays. See the product-specific 
instruction manual to determine the number of each type of element in that relay.

                    

Relay Word Bits and Analog Quantities
Data within the relay are available for use in SELOGIC control equations. Relay 
Word bits are binary data that include protection elements, input status, and out-
put status. See Section 11: Relay Word Bits in each product-specific instruction 
manual to view a list of Relay Word bits available within that relay. Analog quan-
tities are analog values within the relay including measured and calculated val-
ues. Section 12: Analog Quantities in each product-specific instruction manual 
contains a list of analog quantities available within the relay.

Special Condition Bits
Several Relay Word bits are available for special conditions related to SELOGIC 
control equation programming in the relay. You can use these bits in SELOGIC 
control equation programming to react to these conditions. You can also send 
these bits to other devices through relay interfaces including MIRRORED BITS 
communications and DNP3. The special condition bits are shown in Table 13.2.

The relay sets the first execution bits AFRTEXA, AFRTEXP, and PFRTEX 
momentarily to allow you to detect changes in the relay operation. The relay sets 
these bits and clears them as described in Table 13.2, Table 13.3, and Table 13.4. 
You can use these bits to force logic and calculations to reset or take a known 
state on power-up or settings change operations.

Table 13.1 Summary of SELOGIC Control Equation Elements

Element Description

Relay Word bits Boolean value data

Analog quantities Received, measured, and calculated values

Special condition bits Bits that indicate special SELOGIC control equation execution 
conditions

SELOGIC control equation 
variables

Storage locations for the results of Boolean SELOGIC control 
equations

SELOGIC control equation 
math variables

Storage locations for the results of math SELOGIC control equations

Latch bits Nonvolatile storage for the results of Boolean SELOGIC control 
equations

Conditioning timers Pickup and dropout style timers similar to those used in SEL-300 
series relays

Sequencing timers On-delay timers similar to those used in programmable logic con-
trollers

Counters Counters that count rising edges of Boolean value inputs
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SELOGIC Control Equation Variables
There are two types of SELOGIC control equation variables: Boolean and math.

SELOGIC Control Equation Boolean Variables
SELOGIC control equation Boolean variables are binary storage locations. Each 
variable equals either logical 1 or logical 0. This manual refers to these variables 
and the relay displays these as 1 and 0, respectively. Think also of the states 1 and 
0 as True and False, respectively, when you evaluate Boolean logic statements. 
The quantities of SELOGIC control equation Boolean variables available in the 
different programming areas are listed in Table 13.5.

                    

Use the SELOGIC control equation Boolean variables in freeform logic state-
ments in any order you want. Use a SELOGIC control equation Boolean variable 
more than once in freeform logic programming, and use SELOGIC control equa-
tion Boolean variables as arguments in SELOGIC control equations. Example 13.4 
illustrates SELOGIC control equation variable usage. You can view the status of 
individual control equation Boolean bits in the Relay Word using the TARGET 

Table 13.2 First Execution Bit Operation on Power-Up

Name Description

AFRTEXA Relay sets on power-up and clears after each automation programming block 
has been executed once.

AFRTEXP Relay sets on power-up. Relay clears after it enables protection and all auto-
mation programming blocks have been executed once.

PFRTEX Relay sets on startup. Relay clears after protection runs for 1 cycle.

Table 13.3 First Execution Bit Operation on Automation Settings Change

Name Description

AFRTEXA Relay sets on settings change and clears after each automation programming 
block has been executed once.

AFRTEXP Relay sets on settings change. Relay clears after it enables protection and all 
automation programming blocks have been executed once.

PFRTEX Relay sets on settings change. Relay clears after protection runs for 1 cycle.

Table 13.4 First Execution Bit Operation on Protection Settings Change, Group 
Switch, and Source Selection

Name Description

AFRTEXA Relay does not set.

AFRTEXP Relay sets when listed event occurs. Relay clears after it enables protection 
and all automation programming blocks have been executed once.

PFRTEX Relay sets when listed event occurs. Relay clears after protection runs for 1 
cycle.

Table 13.5 SELOGIC Control Equation Boolean Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
Boolean variables

64 PSV01–PSV64

Automation SELOGIC control equation 
Boolean variables

256 ASV001–ASV256
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command. Use the TAR PSVnn command or the TAR ASVnnn command to 
view the Relay Word row containing the protection or automation Boolean bit 
specified by the number nn. You can also view the status of Boolean bits through 
the relay LCD front-panel display by selecting RELAY ELEMENTS from the Main 
Menu and scrolling through the rows of Relay Word bits.

                    

SELOGIC Control Equation Math Variables
SELOGIC control equation math variables are math calculation storage results. As 
with protection and automation SELOGIC control equation Boolean variables, 
there are separate storage areas for protection and automation math calculations. 
The quantities of SELOGIC control equation math variables available in the 
SEL-400 series relays are shown in Table 13.6.

                    

Use math variables in freeform programming to store the results of math calcula-
tions as arguments in math calculations and comparisons. Example 13.5 illus-
trates SELOGIC control equation math variable usage. You can view the results of 
protection and automation math variables by using the METER command. Use 
the MET PMV command to see all protection math variable results (PMV01–
PMV64). Similarly, use the MET AMV command to see all automation math 
variable results (AMV001–AMV256).

Example 13.4 SELOGIC Control Equation Boolean Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation Boolean variables. Each 
line has a comment after the # that provides additional detail.

PSV01 := 1 # Set PSV01 to 1 always

PSV09 := PSV54 AND ASV005 # Set to result of Boolean AND

PSV02 := PMV05 > 5 # Set if PMV05 is greater than 5

You can use SELOGIC control equation variables more than once in freeform 
programming. The SELOGIC control equations below use ASV100 and 
ASV101 to calculate intermediate results.

# Remote control 1

ASV100 := RB14 AND ALT01 # Supervise remote control with ALT01

ASV101 := RB15 AND PLT07 # Supervise remote control with PLT07

ASV201 := ASV100 OR ASV101 # Store desired control in ASV201

# Remote control 2

ASV100 := RB18 AND ALT09 # Supervise remote control with ALT09

ASV101 := RB19 AND PLT13 # Supervise remote control with PLT13

ASV202 := ASV100 OR ASV101 # Store desired control in ASV202

Table 13.6 SELOGIC Control Equation Math Variable Quantities

Type Typical Quantity Name Range

Protection SELOGIC control equation 
math variables

64 PMV01–PMV64

Automation SELOGIC control equa-
tion math variables

256 AMV001–AMV256
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Latch Bits
Latch bits are nonvolatile storage locations for Boolean information. Latch bits 
are in several settings areas of the relay, as shown in Table 13.7. Latch bits have 
two input parameters, Reset and Set, and one Latched Value, as shown in 
Table 13.8.

                    

Example 13.5 SELOGIC Control Equation Math Variables

The equations below show freeform SELOGIC control equation program-
ming examples that use SELOGIC control equation math variables by using 
analog quantities available in the SEL-421. Each line has a comment after 
the # that provides additional description.

PMV01 := 378.62 # Store 387.62 in PMV01

PMV09 := 5 + VAFM # Store sum of 5 and A-Phase voltage in kV in 
PMV09

You can use SELOGIC control equation math variables more than once in 
freeform programming. Use AMV010 in the following SELOGIC control 
equations to calculate intermediate results.

# Determine if any phase voltage is greater than 13 kV

# A-Phase

AMV010 := VAFIM/1000 # VA in kV

ASV010 := AMV010 > 13 # Set if greater than 13 kV

# B-Phase

AMV010 := VBFIM/1000 # VB in kV

ASV011 := AMV010 > 13 # Set if greater than 13 kV

# C-Phase

AMV010 := VCFIM/1000 # VC in kV

ASV012 := AMV010 > 13 # Set if greater than 13 kV

# Combine phase results

ASV013 := ASV010 OR ASV011 OR ASV012

Table 13.7 Latch Bit Quantities

Type
Typical 
Quantity

Name Range

Protection freeform latch bits 32 PLT01–PLT32

Automation latch bits 32 ALT01–ALT32



13.13

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Elements

                    

Latch bits provide nonvolatile storage of binary information. A latch can have the 
value of logical 0 or logical 1. Latch bits also retain their state through changes in 
the active protection settings group. Because storage of latch bits is in nonvolatile 
memory, the state of latch bits remains unchanged indefinitely, even when power 
is lost to the relay.

As with logic latches used in digital electronics, each latch bit has a Set input and 
a Reset input. The relay evaluates the latch bit value at the end of each logic pro-
cessing interval by using the values for Set and Reset calculated during the pro-
cessing interval. Latch bits are reset dominant. If the Set and Reset inputs are 
both asserted, the relay will reset the latch.

Latch bits are available in two different programming areas of the relay. First, 
there are 32 latch bits, PLT01–PLT32, that are associated with protection set-
tings. Second, there are 32 latch bits, ALT01–ALT32, available in automation 
freeform programming. You can view the status of individual latch bits in the 
Relay Word using the TARGET command. Use the TAR PLTnn command or 
the TAR ALTnn command to view the Relay Word row containing the protec-
tion or automation latch bit specified by the two-digit number, nn. You can also 
view the status of latch bits through the relay LCD front-panel display by select-
ing RELAY ELEMENTS from the Main Menu and scrolling through the rows of 
Relay Word bits.

Protection Latch Bits
Program the 32 latch bits, PLT01–PLT32, in the protection freeform SELOGIC 
control equation programming area. There is a separate protection freeform 
SELOGIC control equation programming area associated with each protection set-
tings group. The latches in protection can have separate programming for Set and 
Reset in each protection settings group. While each protection latch value 
remains unchanged for a change in the active protection settings group, you can 
enter different Set and Reset programming for each protection settings group.

There are Set and Reset settings for each latch bit available in each group. For 
example, PLT01R and PLT01S are available in all six freeform settings groups 
and all control the same Latch Bit, PLT01. This structure allows you to either 
program each latch to operate in the same way for each group or behave differ-
ently based on the active protection settings group. For example, you could pro-
gram the protection latch to set on IN107 when Protection Settings Group 1 is 
active and program the latch to set on IN106 when Protection Settings Group 2 is 
active. If you do not enter a setting for the Reset and Set in a protection settings 
group, the latch bit will remain unchanged when that protection settings group is 
active. Example 13.6 illustrates protection latch bit usage.

Table 13.8 Latch Bit Parameters

Type Item Description Setting
Name 
Examples

Input Reset Reset latch when on Boolean SELOGIC control equation PLT01R

ALT01R

Input Set Set latch when on Boolean SELOGIC control equation PLT01S

ALT01S

Output Latched 
Value

Latched Value of 0 or 1 Value for use in Boolean SELOGIC 
control equations

PLT01

ALT24
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Example 13.6 Protection Latch Bits

This example studies the factory settings for the HOT LINE TAG operator 
control logic in the SEL-451. Protection Latch Bit 4 (PLT04) is used as a 
close enable signal, which is deasserted during Hot Line Tag conditions. 
When the HOT LINE TAG operator control is pressed, Relay Word bit 
PB5_PUL pulses for one processing interval, and one of two actions will 
occur, depending on the previous state of PLT04:

➤ If PLT04 was previously asserted, the PB5_PUL is ANDed with 
PLT04 in the PLT04R SELOGIC equation, causing PLT04 to 
deassert. In this state, closing is blocked.

➤ If PLT04 was previously deasserted, the PB5_PUL is ANDed 
with NOT PLT04 in the PLT04S SELOGIC equation, causing 
PLT04 to assert. In this state, closing is permitted.

The settings below are duplicated in the Protection SELOGIC control equation 
freeform programming areas corresponding to each of six setting groups:

# Store HOT LINE TAG state in PLT04, controlled by front-panel pushbutton

# 

PLT04S := PB5_PUL AND NOT PLT04

PLT04R := PB5_PUL AND PLT04 # HOT LINE TAG (WHEN PLT04 
DEASSERTED)

#

# PLT04 defeats the RECLOSE ENABLED operator control function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT LINE TAG 
DISABLES RECLOSE

In the factory settings for PLT04S and PLT04R, rising-edge operators are not 
required because Relay Word bit PB5_PUL only asserts for one processing 
interval. If the application required control input IN103 to set or clear the 
Hot Line Tag function in addition to the operator control pushbutton, the set-
tings would look like this:

PLT04S := (PB5_PUL OR R_TRIG IN103) AND NOT PLT04

PLT04R := (PB5_PUL OR R_TRIG IN103) AND PLT04 # HOT LINE 
TAG (WHEN PLT04 DEASSERTED)

If the R_TRIG operators were not present, Protection Latch Bit 4 (PLT04) 
would oscillate whenever IN103 was asserted, and the final state after IN103 
deasserts would be indeterminate. To prevent contact bounce sensed by Con-
trol Input IN103 from triggering multiple rising edges, make appropriate 
debounce time settings.

Protection Latch Bit 4 (PLT04) appears in the factory settings for several 
SELOGIC control equations in the SEL-451:

➤ In the Protection SELOGIC control equation freeform programming 
area, PLT04 defeats the RECLOSE ENABLED operator control 
function

PLT02R := PB2_PUL AND PLT02 OR NOT PLT04 # HOT 
LINE TAG DISABLES RECLOSE

➤ In the front-panel settings, PB5_LED follows the inverted state 
of PLT04:

PB5_LED := NOT PLT04 #HOT LINE TAG
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Evaluation of the latch bit value occurs at the end of the protection SELOGIC con-
trol equation execution cycle. The values evaluated for Reset (PLTnnR) and Set 
(PLTnnS) during SELOGIC control equation execution remain unchanged until 
after the evaluation of all SELOGIC control equations, when the relay evaluates 
the latch bit value (PLTnn). For example, if you have multiple SELOGIC control 
equations for set, the last equation in the protection freeform area dominates, and 
the relay uses this equation to evaluate the latch.

Automation Latch Bits
The automation latch bits, ALT01–ALT32, are available in automation freeform 
settings. Write freeform SELOGIC control equations to set and reset these bits. As 
with protection latch bits, the relay stores automation latch bits in nonvolatile 
memory and preserves these through a relay power cycle and group change oper-
ations. With protection latch bits, you can implement Set and Reset programming 
for each protection settings group. Automation SELOGIC control equation pro-
gramming, however, has only one programming area active for all protection set-
tings groups.

The relay evaluates the latch bit value at the end of the automation freeform 
SELOGIC control equation execution cycle. The values for Reset (ALTnnR) and 
Set (ALTnnS) remain unchanged until evaluation of all SELOGIC control equa-
tions, when the relay evaluates the latch (ALTnn). For example, if you have mul-
tiple SELOGIC control equations for set, the last equation in the automation 
freeform area dominates, and the relay uses this equation to evaluate the latch.

Conditioning Timers
Use conditioning timers to condition Boolean values. Conditioning timers either 
stretch incoming pulses or allow you to require that an input take a state for a cer-
tain period before reacting to the new state. Conditioning timers are available in 
the protection freeform area and automation freeform area, as shown in 
Table 13.9. Conditioning timers have the three input parameters and one output 
shown in Table 13.10.

➤ In group settings, PLT04 supervises close and reclose 
conditions:

➢ Autoreclose enable

E3PR1 := PLT02 AND PLT04

➢ Autoreclose drive-to-lockout

79DTL := NOT (PLT02 AND PLT04) AND (3PT OR NOT 
52AA1)

➢ Manual close

BK1MCL := (CC1 OR PB7_PUL) AND PLT04

The above settings allow the HOT LINE TAG operator control pushbutton to 
enable or disable close operations in the SEL-451. Any changes to these fac-
tory settings should be carefully designed and tested to ensure proper operation.

Example 13.6 Protection Latch Bits (Continued)
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A conditioning timer output turns on and becomes logical 1, after the input turns 
on and the Pickup Time expires. An example timing diagram for a conditioning 
timer, PCT01, with a Pickup Time setting greater than zero and a Dropout Time 
setting of zero is shown in Figure 13.3. In the example timing diagram, the Input, 
PCT01IN, turns on and the timer Output, PCT01Q, turns on after the Pickup 
Time, PCT01PU, expires. Because the Dropout Time setting is zero, the Output 
turns off when the Input turns off.

                    

If the Pickup Time is not satisfied, the timer Output never turns on, as illustrated 
in Figure 13.4. If the input reasserts again, one or more processing intervals later, 
the conditioning timer pickup timer begins timing again from zero.

Table 13.9 Conditioning Timer Quantities

Type Quantity Name Range

Automation freeform conditioning timers 32 ACT01–ACT32

Protection freeform conditioning timers 32 PCT01–PCT32

Table 13.10 Conditioning Timer Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay times Boolean SELOGIC control 
equation setting

PCT01IN

ACT01IN

Input Pickup 
Time

Time that the input must be 
on before the output turns on

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01PU

ACT01PU

Input Dropout 
Time

Time that the output stays on 
after the input turns off

Time value. Protection 
uses the relay protection 
logic processing interval, 
and automation uses sec-
onds.

PCT01DO

ACT01DO

Output Output Timer output Value for Boolean 
SELOGIC control equations

PCT01Q

ACT01Q

                    

Figure 13.3 Conditioning Timer With Pickup and No Dropout Timing Diagram

NOTE: Times for protection timers 
must not exceed 2,000,000 cycles for 
proper operation.

NOTE: The SEL-487B provides 16 
protection conditioning timers.

PCT01IN

PCT01Q

Input Changes 
from 0 to 1

Input Changes 
from 1 to 0

Pickup
Time

PCT01PU

Pickup Time 
Expires
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A conditioning timer output turns off when the input turns off and the Dropout 
Time expires. An example timing diagram for a conditioning timer, PCT02, with 
a Pickup Time setting of zero and a Dropout Time setting greater than zero is 
shown in Figure 13.5. Because the Pickup Time, PCT02PU, setting is zero, the 
Output, PCT02Q, turns on when the Input, PCT02IN, turns on. The Output turns 
off after the Input turns off and the Dropout Time, PCT02DO, expires. If the 
input reasserts before the dropout time expires, the dropout timer resets so it 
begins timing again from zero when the input drops out again.

                    

Combining the features shown above, Figure 13.6 illustrates conditioning timer 
operation for use of both the pickup and dropout characteristics. The Output, 
PCT03Q, turns on after the Input, PCT03IN, turns on and the Pickup Time, 
PCT03PU, expires. The Output turns off after the Input turns off and the Dropout 
Time, PCT03DO, expires.

                    

Figure 13.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram

                    

Figure 13.5 Conditioning Timer With Dropout and No Pickup Timing Diagram

PCT01IN

PCT01Q

Input Changes 
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For protection conditioning timers, set the Pickup Time and Dropout Time in 
cycles and fractions of a cycle (represented in decimal form). The relay processes 
protection conditioning timers once for each protection processing interval. The 
relay asserts the timer output on the first processing interval when the elapsed 
time exceeds the setting. In most SEL-400 series relays, the protection processing 
interval is 1/8 cycle (or 0.125 cycles). See the product-specific instruction manual to 
determine the specific processing interval. Actual settings, programming, and opera-
tion are illustrated in Example 13.7.

For automation conditioning timers, set the Pickup Time and Dropout Time in 
seconds. The relay processes automation conditioning timers once for each auto-
mation processing interval. The execution interval depends on the amount of 
automation programming. Determine the average automation execution interval 
with the STATUS S command.

NOTE: This example shows timer 
pickup and dropout settings in cycles. 
The SEL-400G relay uses seconds for 
these settings.

                    

                    

Figure 13.6 Conditioning Timer With Pickup and Dropout Timing Diagram
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Example 13.7 Conditioning Timer Programming and Operation

This example uses protection freeform conditioning timer seven, PCT07. 
The freeform settings are as shown here:

PCT07PU := 5.3 # Pickup set to 5.3 cycles

PCT07D0 := 6.0 # Dropout set to 6.0 cycles

PCT07IN := IN101 # Operate on the first input on the main board

PSV29 := PCT07Q # Protection SELOGIC control equation variable fol-
lows the timer output

The operation of the timer when IN101 turns on for 7 cycles is shown in the 
timing diagram in Figure 13.7. Because the pickup setting is an uneven num-
ber of protection processing intervals (1/8 cycle), the pickup occurs on the 
first 1/8th cycle after the Pickup Time of 5.3 cycles expires.
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In freeform programming, the relay evaluates the timer at execution of the timer 
Input SELOGIC control equation (PCTnnIN or ACTnnIN). The relay loads the 
Pickup Time (PCTnnPU or ACTnnPU) and Dropout Time (PCTnnDO or ACTn-
nDO) into the timer when the relay observes the appropriate edge in the input. If 
you enter a math expression for Pickup Time or Dropout Time, the relay uses the 
value calculated before the Input SELOGIC control equation. If your Pickup Time 
or Dropout Time equation is below the Input equation (has a higher expression 
line number), the relay will use the value calculated on the previous SELOGIC 
control equation execution interval. Because the relay calculates the last value for 
pickup or dropout in this manner, we recommend for most applications that you 
enter the Pickup Time, Dropout Time, and Input statements together in the order 
shown in Example 13.7. You can view the status of the conditioning timer output 
Relay Word bits by using the TAR PCTnnQ or TAR ACTnnQ command, where 
nn is the number of the conditioning timer. You can also view the status of these 
timer elements through the relay front-panel LCD by selecting RELAY ELEMENTS 
from the Main Menu and scrolling through the rows of Relay Word bits.

Sequencing Timers
NOTE: Times for protection timers 
with timer settings based on power 
system cycles must not exceed 
2,000,000 cycles for proper 
operation.

Sequencing timers are useful for sequencing operation. There are two main dif-
ferences between sequencing timers and conditioning timers. First, sequencing 
timers integrate pulses of the input to count up a total time. Second, the elapsed 
time a sequencing timer counts is visible; you can use this time in other SELOGIC 
control equation programming or make this time visible through one of the relay 
communications protocol interfaces. Sequencing timers are available in the pro-
tection freeform area and automation freeform area as shown in Table 13.11. 
Sequencing timers have three input parameters and two outputs listed in Table 13.12.

                    

                    

Example 13.7 Conditioning Timer Programming and Operation (Continued)

                    
                    

Figure 13.7 Conditioning Timer Timing Diagram for Example 13.7

IN101

PSV29

DropoutPickup

Dropout Time
6.0 Cycles

Pickup
Time

5.375 Cycles

Table 13.11 Sequencing Timer Quantities

Type Typical Quantity Name Range

Protection freeform sequencing timers 32 PST01–PST32

Automation freeform sequencing timers 32 AST01–AST32
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A sequencing timer counts time by incrementing the Elapsed Time when 
SELOGIC control equation execution reaches the Input equation if the Reset is off 
and the Input is on. The Output turns on when the Elapsed Time reaches or 
exceeds the Preset Time. Whenever the Reset is on, the relay sets the Output to 
zero, then clears the Elapsed Time, and stops accumulating time (even if Input is on).

Figure 13.8 is a timing diagram for typical sequencing timer operation.

                    

Timers in protection programming operate in the relay protection logic process-
ing interval, while timers in automation programming operate in seconds. As 
with protection conditioning timers, operation depends on the logic processing 
interval. For example, in most SEL-451 series relays the logic processing interval 
is 1/8 cycle, so the relay effectively rounds up all operation to the nearest 0.125 
cycles. With automation programming, the execution interval depends on the 
amount of automation programming. Determine the average automation execu-
tion interval with the STATUS S command.

The automation timers operate using a real-time clock. Each time the relay evalu-
ates the Input (ASTnnIN) the relay adds the elapsed time since the last execution 
to the Elapsed Time (ASTnnET). The accuracy of the timer in stopping and start-
ing when the input of the timer turns on averages half an automation execution 

Table 13.12 Sequencing Timer Parameters

Type Item Description Setting Name Examples

Input Input Value that the relay times Boolean SELOGIC control equation setting PST01IN

AST07IN

Input Preset 
Time

Time the input must be on 
before the output turns on

Time value. Protection uses the relay protection logic processing 
interval, while automation uses seconds.

PST01PT

AST07PT

Input Reset Timer reset Boolean SELOGIC control equation setting PST01R

AST07R

Output Elapsed 
Time

Time accumulated since 
the last reset

Value for math SELOGIC control equations. Protection uses the relay 
protection logic processing interval, while automation uses seconds.

PST01ET

AST07ET

Output Output Timer output Value for Boolean SELOGIC control equations PST01Q

AST07Q

                    

Figure 13.8 Sequencing Timer Timing Diagram

Elapsed Time
Increases While

Input Is On
Elapsed Time 

Does Not Reset 
When Input Is Off

Elapsed Time Reaches 
Preset Value

Elapsed Time 
PST01ET

Input
PST01IN

Reset 
PST01R

Output 
PST01Q

Preset Value
PST01PT



13.21

Date Code 20230830 Instruction Manual SEL-400 Series Relays

SELOGIC Control Equation Programming
SELOGIC Control Equation Elements

cycle. If you change automation freeform programming, you must also check the 
new automation average execution cycle to verify that you will obtain satisfac-
tory accuracy for your application. Example 13.8 describes typical timer pro-
gramming and describes the resulting operation.

                    

In freeform programming, the relay evaluates the timer at the timer Input 
SELOGIC control equation (PSTnnIN or ASTnnIN). If you enter an expression 
for the timer Reset (PSTnnR or ASTnnR) or Preset Time (PSTnnPT or ASTnnPT), 
the values for Reset and Preset Time that the relay uses are the last values that the 
relay calculates before the input SELOGIC control equation calculation. Because 
the relay uses the last values for Reset and Preset Time value in this manner, we 
recommend for most applications that you enter the Preset Time, Reset, and Input 
statements together in the order shown in Example 13.8. You can view the current 
state of the timer by assigning the elapsed time output of the sequencing timer to 
a math variable. Example 13.8 shows how you would assign the elapsed time out-
put for automation sequence timer AST01 to automation math variable AMV256. 
To see the elapsed time value, issue the MET AMV command to display the val-
ues of the automation math variables. Likewise, you can assign the elapsed time 
output of a protection sequence timer to a protection math variable.

The elapsed time output is stored in volatile memory. Elapsed time resets to zero 
for both protection and automation sequential timers when relay power cycles, 
you change settings or settings groups, or you perform any function that restarts 
the relay.

Example 13.8 Automation Sequencing Timer Programming

The equations below are an example of programming for an automation 
sequencing timer, AST01. Each timer input is programmed as a separate 
statement in automation SELOGIC control equation programming.

# Example programming of sequencing timer to time Input IN101 and IN102

AST01PT := 7.5 # Timer Preset Time of 7.5 seconds

AST01R := RB03 # Reset timer when RB03 turns on

AST01IN := IN101 AND IN102 # Timing time when IN101 and IN102 
are on

ASV001 := AST01Q # ASV001 tracks output of timer

AMV256 := AST01ET # AMV256 tracks timing progress

In this example, timer AST01 times the quantity IN101 AND IN102 and 
turns on when the total time reaches 7.5 seconds. If the Input, AST01IN, is 
on for approximately 1 second every minute, the Output, AST01Q, will turn 
on during the eighth minute, when the accumulated elapsed time exceeds 7.5 
seconds.
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Counters
NOTE: Preset values for counters 
must not exceed 8,000,000 for 
proper operation. 

Use counters to count changes or edges in Boolean values. Each time the value 
changes from logical 0 to logical 1 (a rising edge), the counter Current Value 
increments. Counters are available in the protection freeform area and automa-
tion freeform area, as shown in Table 13.13. Counters have three input parame-
ters, Input, Preset Value, and Reset; and two outputs, Current Value and Output, 
as listed in Table 13.14.

                    

                    

In freeform programming, the relay evaluates the counter at execution of the 
counter Input SELOGIC control equation (PCNnnIN or ACNnnIN). If you enter 
an expression for the counter Reset (PCNnnR) or the counter Preset (PCNnnPV), 
the values for Reset and Preset that the relay uses are the last values the relay cal-
culates before the input SELOGIC control equation calculation. Because the relay 
uses the last values for Reset and Preset in this manner, we recommend for most 
applications that you enter the Preset, Reset, and Input statements together in the 
order shown in Example 13.9. You can view the current value of the counter by 
assigning the protection counter current value, PCNnnCV, to a protection math 
variable or by assigning the automation counter current value, ACNnnCV, to an 
automation math variable. View the math variable values by issuing the appropri-
ate MET PMV or MET AMV commands.

The current value count is stored in volatile memory. The count resets to zero for 
both protection and automation sequential timers when relay power cycles, you 
change settings or settings groups, or you perform any function that restarts the 
relay.

                    

Table 13.13 Counter Quantities

Type Typical Quantity Name Range

Protection counters 32 PCN01–PCN32

Automation counters 32 ACN01–ACN32

Table 13.14 Counter Parameters

Type Item Description Setting
Name 
Examples

Input Input Value that the relay 
counts

Boolean SELOGIC control 
equation setting

PCN01IN

ACN09IN

Input Preset Value Number of counts 
before the output turns 
on

Constant or expression for 
the number of counts

PCN01PV

ACN09PV

Input Reset Counter reset Boolean SELOGIC control 
equation setting

PCN01R

ACN09R

Output Current 
Value

Current accumulated 
count

Value for math SELOGIC 
control equations

PCN01CV

ACN09CV

Output Output Counter output Value for Boolean 
SELOGIC control equations

PCN01Q

ACN09Q

Example 13.9 Counter Programming

The freeform programming equations that follow demonstrate how to enter 
settings to control a protection counter in protection freeform SELOGIC con-
trol equation programming. Programming for an automation counter is similar.
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Protection Counter 1 counts close operations of the circuit breaker associ-
ated with the 52AA1 element. Initially, the current value, PCN01CV, is zero. 
The relay increments the current value each time the circuit breaker closes. 
The relay increases the count value, PCN01CV, each time the circuit breaker 
closes and the element 52AA1 value changes from 0 to 1 (a rising edge). 
When the count reaches 1000, the timer automatically resets and begins 
counting again.

# Example protection counter programming

#

# This example counts how many times a circuit breaker closes

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := 52AA1

The SELOGIC control equations below provide multiple-change detection 
counting both close and open operations of the circuit breaker. The interme-
diate value PSV01 turns on for one processing interval each time the circuit 
breaker closes. The intermediate value PSV02 turns on for one processing 
interval each time the circuit breaker opens. The OR combination of PSV01 
and PSV02 contains a rising edge for each circuit breaker operation, open or 
closed, that Protection Counter 1 counts.

# Example protection counter programming

#

# This example counts how many times a circuit breaker operates either 
open or closed

#

# Detect OPEN and CLOSE and combine

PSV01 := R_TRIG 52AA1 # Pulse for each close

PSV02 := F_TRIG 52AA1 # Pulse for each open

PSV03 := PSV01 OR PSV02 # Pulse for each open or close

#

# The counter automatically resets every 1,000 operations

PCN01PV := 1000

PCN01R := PCN01Q

PCN01IN := PSV03 # Count open and close operations

PSV04 := PCN01CV >900 # PSV04 signals impending reset

Example 13.9 Counter Programming (Continued)
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SELOGIC Control Equation Operators
There are two types of SELOGIC control equations. Boolean SELOGIC control 
equations comprise the first type. These equations are expressions that evaluate to 
a Boolean value of 0 or 1. Math SELOGIC control equations constitute the second 
type. The relay evaluates these equations to yield a result having a numerical 
value (for example, 6.25 or 1055).

Left value, LVALUE, determines the type of SELOGIC control equation you need 
for a setting or for writing freeform programming. If the LVALUE is a Boolean 
type (ER, ASV001, etc.) then the type of expression you need is a Boolean 
SELOGIC control equation. If the LVALUE is a numerical (non-Boolean) value 
(PMV12, PCT01PV, etc.), the type of expression you need is a math SELOGIC 
control equation.

Writing SELOGIC control equations requires that you use the appropriate opera-
tors and correct SELOGIC control equation syntax to combine relay elements 
including analog values, Relay Word bits, incoming control points, and SELOGIC 
control equation elements within the relay. The operators are grouped into two 
types, according to the type of SELOGIC control equation in which you can apply 
these operators.

Operator Precedence
When you combine several operators and operations within a single expression, 
the relay evaluates the operations from left to right, starting with the highest pre-
cedence operators working down to the lowest precedence. This means that if 
you write an equation with three AND operators, for example PSV01 AND 
PSV02 AND PSV03, each AND will be evaluated from the left to the right. If 
you substitute NOT PSV04 for PSV03 to make PSV01 AND PSV02 AND NOT 
PSV04, the relay evaluates the NOT operation of PSV04 first and uses the result 
in subsequent evaluation of the expression. While you cannot use all operators in 
any single equation, the overall operator precedence follows that shown in 
Table 13.15.

                    

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 1 of 2)

Operator Description

(Expression) Parenthesis

Identifier (argument list) Function evaluation

– Negation

NOT Complement

R_TRIG

F_TRIG Edge Trigger

SQRT, LN, EXP, LOG, COS, SIN, ACOS, 
ASIN, ABS, CEIL, FLOOR

Math Functions

* Multiply

/ Divide

+ Add

– Subtract

<, >, <=, >= Comparison

= Equality

<> Inequality
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Boolean Operators
Use Boolean operators to combine values with a resulting Boolean value. The 
arguments of the operator may be either numbers or Boolean values, but the 
result of the operation must be a Boolean value. Combine the operators to form 
statements that evaluate complex Boolean logic. Table 13.16 contains a summary 
of Boolean operators available in SEL-400 series relays.

                    

Parentheses
Use paired parentheses to control the execution order of operations in a SELOGIC 
control equation. Use as many as 14 nested sets of parentheses in each SELOGIC 
control equation. The relay calculates the result of the operation on the innermost 
pair of parentheses first and then uses this result with the remaining operations. 
Table 13.17 is a truth table for an example operation that illustrates how paren-
theses can affect equation evaluation.

                    

AND Boolean AND

OR Boolean OR

Table 13.15 Operator Precedence From Highest to Lowest (Sheet 2 of 2)

Operator Description

Table 13.16 Boolean Operator Summary

Operator Description

( ) Parentheses

NOT Logical inverse

AND Logical AND

OR Logical OR

R_TRIG Rising-edge trigger

F_TRIG Falling-edge trigger

>, <, =, <=, >=, <> Comparison of values

Table 13.17 Parentheses Operation in Boolean Equation

A B C A AND B OR C A AND (B OR C)

0 0 0 0 0

0 0 1 1 0

0 1 0 0 0

0 1 1 1 0

1 0 0 0 0

1 0 1 1 1

1 1 0 1 1

1 1 1 1 1
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NOT
Use NOT to calculate the inverse of a Boolean value according to the truth table 
shown in Table 13.18.

                    

AND
Use AND to combine two Boolean values according to the truth table shown in 
Table 13.19.

                    

OR
Use OR to combine two Boolean values according to the truth table shown in 
Table 13.20.

                    

R_TRIG
R_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Figure 13.9. Use R_TRIG to sense when a value changes 
from logical 0 to logical 1 and take action only once when the value changes. The 
R_TRIG output is a pulse of one protection processing interval duration (typi-
cally 1/8th cycle). This rising-edge pulse output asserts one processing interval 
after the monitored element asserts.

Table 13.18 NOT Operator Truth Table

Value A NOT A

0 1

1 0

Table 13.19 AND Operator Truth Table

Value A Value B A AND B

0 0 0

0 1 0

1 0 0

1 1 1

Table 13.20 OR Operator Truth Table

Value A Value B A OR B

0 0 0

0 1 1

1 0 1

1 1 1
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The argument of an R_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a rising edge of a calculated quantity is shown in 
Example 13.10.

                    

F_TRIG
F_TRIG is a time-based function that creates a pulse when another value 
changes, as shown in Example 13.10. Use F_TRIG to sense when a value 
changes from logical 1 to logical 0 and take action only after the value changes 
state. The F_TRIG output is a pulse of one protection processing interval dura-
tion (typically 1/8th cycle). This pulse output asserts one processing interval after 
the monitored element deasserts.

                    

Figure 13.9 R_TRIG Timing Diagram

Example 13.10 R_TRIG Operation

The SELOGIC control equation below is invalid.

PSV15 := R_TRIG (PSV01 AND PSV23) # Invalid statement, do not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the R_TRIG operation on the result, as shown below.

PSV14 := PSV01 AND PSV23 # Calculate quantity in an intermediate 
result variable

PSV15 := R_TRIG PSV14 # Perform an R_TRIG on the quantity

Relay Word Bit  A

R_TRIG A

R_TRIG A
Deasserts

R_TRIG A
Asserts

Relay Word Bit A Changes
From 0 to 1

1 
Processing 

Interval

1 
Processing 

Interval
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The argument of an F_TRIG statement must be a single bit within the relay. An 
example of the relay detecting a falling edge of a calculated quantity is shown in 
Example 13.11.

                    

Comparison
Comparison is a mathematical operation that compares two numerical values 
with a result of logical 0 or logical 1. AND and OR operators compare Boolean 
values; comparison functions compare floating-point values such as currents and 
other quantities. Comparisons and truth tables for operation of comparison func-
tions are shown in Table 13.21.

NOTE: Be careful how you use the 
equal (=) and the inequality (<>) 
operators. Because the relay uses a 
floating-point format to calculate 
analog values, only integer numbers 
will match exactly. Allow a small 
hysteresis of the following form: 
PSV01 := I01FM < 10.002 AND 
I01FM > 9.988.

                    

                    

Figure 13.10 F_TRIG Timing Diagram

Example 13.11 F_TRIG Operation

The SELOGIC control equation below shows an invalid use of the F_TRIG 
operation.

ASV015 := F_TRIG (ASV001 AND ALT11) # Invalid statement, do 
not use

Use a SELOGIC control equation variable to calculate the quantity and then 
use the F_TRIG operation on the result, as shown below.

ASV014 := ASV001 AND ALT11 # Calculate quantity in an intermedi-
ate result variable

ASV015 := F_TRIG ASV14 # Perform an F_TRIG on the quantity

Relay Word Bit A

F_TRIG A

F_TRIG A
Deasserts

F_TRIG A
Asserts

Relay Word Bit A Changes
From 1 to 0

1 
Processing 

Interval

1 
Processing 

Interval

Table 13.21 Comparison Operations

A B A > B A B A = B A <> B A  B A < B

6.35 7.00 0 0 0 1 1 1

5.10 5.10 0 1 1 0 1 0

4.25 4.00 1 1 0 1 0 0
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Math Operators
Use math operators when writing math SELOGIC control equations. Math 
SELOGIC control equations manipulate numerical values and provide a numerical 
base 10 result. Table 13.22 summarizes the operators available for math SELOGIC 
control equations.

                    

Parentheses
Use parentheses to control the order in which the relay evaluates math operations 
within a math SELOGIC control equation. Also use parentheses to group expres-
sions that you use as arguments to function operators such as SIN and COS. 
Include as many as 14 levels of nested parentheses in your math SELOGIC control 
equation. Example 13.12 shows how parentheses affect the operation and evalua-
tion of math operations.

                    

Math Error Detection
If a math operation results in an error, the relay turns on the math error bit, 
MATHERR, in the Relay Word. A settings change or the STATUS SC command 
resets this bit. For example, if you attempt to take the square root of a negative 
number (SQRT –5), the math error bit will be asserted until you clear the bit with 
a STATUS SC command or change settings.

Table 13.22 Math Operator Summary

Operator Description

( ) Parentheses

+, –, *, / Arithmetic

SQRT Square root

LN, EXP, LOG Natural logarithm, exponentiation of e, base 10 loga-
rithm

COS, SIN, ACOS, ASIN Cosine, sine, arc cosine, arc sine

ABS Absolute value

CEIL Rounds to the nearest integer toward infinity

FLOOR Rounds to the nearest integer toward minus infinity

– Negation

Example 13.12 Using Parentheses in Math Equations

The freeform math SELOGIC control equations below show examples of 
parentheses usage.

# Examples of parenthesis usage

AMV001 := AMV005 * (AMV004 + AMV003) # Calculate sum first, 
then product

AMV002 := AMV010 * (AMV009 + (AMV016 / AMV015)) # Nest 
parentheses

AMV003 := SIN (AMV037 + PMV42) # Group terms for a function
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Arithmetic
Use arithmetic operators to perform basic mathematical operations on numerical 
values. Arguments of an arithmetic operation can be either Boolean or numerical 
values. In a numerical operation, the relay converts logical 0 or logical 1 to the 
numerical value of 0 or 1. For example, multiply numerical values by Boolean 
values to perform a selection operation. Use parentheses to group terms in math 
SELOGIC control equations and control the evaluation order and sequence of 
arithmetic operations.

NOTE: IEEE 32-bit floating-point 
numbers have a precision of 
approximately seven significant digits. 
This means that numbers bigger than 
10,000,000 will lose precision in the 
least significant digit. Do not 
implement counters expecting them 
to get bigger than 10,000,000. Do not 
expect precise accuracy in analog 
quantities when they get bigger than 
10,000,000.

The relay uses IEEE 32-bit floating-point numbers to perform SELOGIC control 
equation mathematical operations. If an operation results in a quantity that is not 
a numerical value, the SELOGIC control equation status bit that signals a math 
error, MATHERR, asserts. The value that the relay stored previously in the speci-
fied result location is not replaced. The relay clears the corresponding math error 
bits if you change SELOGIC control equation settings (protection or automation), 
or if you issue a STATUS SC command. Example 13.13 contains examples of 
arithmetic operations in use.

                    

Table 13.23 Math Error Examples

Example Value in PMV01 Type MATHERR

PMV01 := PMV02 / 0 0a

a Evaluation of expression results in an error and prevents storage of new result. In the example, 
PMV01 remains 0. If the argument were a variable, PMV01 would contain the result of the last 
evaluation when the argument is valid.

Divide by zero Yes

PMV01 := LN ( 0 ) 0a LN of 0 Yes

PMV01 := LN ( -1) 0a LN of negative number Yes

PMV01 := SQRT ( -1) 0a Square root of a negative number Yes

Example 13.13 Using Arithmetic Operations

The freeform math SELOGIC control equations below show examples of 
arithmetic operator usage.

# Arithmetic examples

AMV001 := AMV005 + AMV034 # Calculate sum 

AMV002 := AMV005 – AMV034 # Calculate difference

AMV003 := AMV005 * AMV034 # Calculate product

AMV004 := AMV005 / AMV034 # Calculate quotient

The lines below demonstrate the use of Boolean values with the multiplica-
tion operation.

# Use of multiplication to select numerical values based on active set-
tings group

# Use 7 if protection settings group 1 active

# Use 5 if protection settings group 2 active

AMV005 := 7 * SG1 + 5 * SG2
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SQRT
Use the SQRT operation to calculate the square root of the argument. Use paren-
theses to delimit the argument of a SQRT operation. A negative argument for the 
SQRT operation results in a math error and assertion of the corresponding math 
error bit described in Arithmetic. Example 13.14 shows examples of the SQRT 
operator in use.

                    

LN, EXP, and LOG
LN and EXP are complementary functions for operating with natural logarithms 
or logarithms calculated to the natural base e. LN calculates the natural logarithm 
of the argument. LOG calculates the base 10 logarithm of the argument. A nega-
tive or zero argument for the LN and LOG operation results in a math error and 
assertion of the corresponding math error bit described in Arithmetic. EXP calcu-
lates the value of e raised to the power of the argument. Example 13.15 shows 
examples of expressions that use the LN, EXP, and LOG operators. Use parenthe-
ses to delimit the argument of a LN, EXP, or LOG operation.

                    

The lines below demonstrate math calculation error detection.

# The line below results in a math error if AMV029 becomes 0

AMV006 := 732 / AMV029

In the second line, if AMV029 is 6 on the first pass through the automation 
programming, the relay stores the result 122 in AMV006. If on the next pass 
AMV029 is 0, the MATHERR bit asserts and the value in AMV006 does not 
update.

Example 13.13 Using Arithmetic Operations (Continued)

Example 13.14 Using the SQRT Operator

The freeform math SELOGIC control equations below show examples of 
SQRT operator usage.

# SQRT examples

AMV001 := SQRT (AMV005) # Single argument version of SQRT

AMV002 := SQRT (AMV005 + AMV034) # Calculates the square root 
of the sum

AMV003 := SQRT (AMV007) # Produces a math error if AMV007 is 
negative

Example 13.15 Using the LN, EXP, and LOG Operators

The freeform math SELOGIC control equations below are examples of LN, 
EXP, and LOG operator usage.

# LN examples

AMV001 := LN (AMV009) # Natural logarithm of AMV009

AMV002 := LN (AMV009 + AMV034) # Natural logarithm of the sum

AMV003 := LN (AMV010) # Produces error if AMV010 is 0 or negative
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SIN and COS
Use the SIN or COS operators to calculate the sine or cosine of the argument. 
SIN and COS operate in degrees, the unit of angular measure the SEL-451 uses 
to express metering quantities. Example 13.16 shows examples of SIN and COS. 
Use parentheses to delimit the argument of a SIN or COS operation.

                    

ASIN and ACOS
Use the ASIN or ACOS operators to calculate the angle resulting from the trigo-
nometric function equivalent to a given number (the argument), where the func-
tion is sine or cosine. ASIN and ACOS operate in degrees. An argument less than 
–1 or larger than 1 results in a math error and assertion of the corresponding math 
bit described in Arithmetic on page 13.30. Example 13.17 shows examples of 
ASIN and ACOS. Use parentheses to delimit the argument of an ASIN or ACOS 
operation.

# EXP examples

AMV004 := EXP (2) # Calculates e squared

AMV005 := EXP (AMV003) # Calculates e to the power AMV003

AMV006 := EXP (AMV046 + AMV047) # e raised to the power of the sum

# LOG examples

AMV007 := LOG (AMV012) # Base 10 logarithm of AMV012

AMV008 := LOG (AMV012 + AMV022) # Base 10 logarithm of the sum

AMV009 := LOG (AMV100) # Produces an error if AMV100 is 0 or 
negative

Example 13.15 Using the LN, EXP, and LOG Operators (Continued)

Example 13.16 Using the SIN and COS Operators

The freeform math SELOGIC control equations below are examples of SIN 
and COS.

# SIN examples

AMV001 := SIN (AMV005) # Sine of AMV005

AMV002 := SIN (AMV005 + AMV034) # Sine of the sum

# COS examples

AMV003 := COS (AMV005) # Cosine of AMV005

AMV004 := COS (AMV005 + AMV006) # Cosine of the sum
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ABS
Use the ABS operation to calculate absolute value of the argument. Use parenthe-
ses to group a math expression as the argument of an ABS operation. If the argu-
ment of the ABS operation is negative, the result is the value multiplied by –1. If 
the argument of the ABS operation is positive, the result is the same quantity as 
the argument. Example 13.18 contains examples of the ABS operator in use.

                    

CEIL
Use the CEIL operator to round the argument to the nearest integer toward posi-
tive infinity. Use parentheses to group a math expression as the argument of a 
CEIL operation. Example 13.19 contains examples of the CEIL operator.

                    

Example 13.17 Using the ASIN and ACOS Operators

The freeform math SELOGIC control equations below are examples of ASIN 
and ACOS.

# ASIN examples

AMV001 := ASIN (AMV010) # Arc sine of AMV010

AMV002 := ASIN (AMV010 + AMV011) # Arc sine of the sum

AMV003 := ASIN (AMV012) # Produces an error if |AMV012| > 1

# ACOS examples

AMV004 := ACOS (AMV010) # Arc cosine of AMV010

AMV005 := ACOS (AMV010 + AMV011) # Arc cosine of the sum

AMV006 := ACOS (AMV012) # Produces an error if |AMV012| > 1

Example 13.18 Using the ABS Operator

The freeform math SELOGIC control equations below show examples of the 
ABS operator usage.

# ABS examples

AMV001 := ABS (-6) # Stores 6 in AMV001

AMV002 := ABS (6) # Stores 6 in AMV002

AMV003 := ABS (AMV009) # Absolute value of AM009

AMV004 := ABS (AMV005 + AMV034) # Absolute value of the sum

Example 13.19 Using the CEIL Operator

The freeform math SELOGIC control equations below show examples of the 
CEIL operator usage.

# CEIL examples

AMV001 := CEIL (5.99) # Stores 6 in AMV001

AMV002 := CEIL (–4.01) # Stores –4 in AMV002
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FLOOR
Use the FLOOR operator to round the argument to the nearest integer toward 
minus infinity. Use parentheses to group a math expression as the argument of a 
FLOOR operation. Example 13.20 contains examples of the FLOOR operator.

                    

Negation
Use the negation (–) operation to change the sign of the argument. The argument 
of the negation operation is multiplied by –1. Negation of a positive value results 
in a negative value, while negation of a negative value results in a positive value. 
Example 13.21 contains examples of expressions that use the negation operator.

                    

Effective Programming
This section contains several ideas useful for creating, maintaining, and trouble-
shooting programming in SEL-451 series relays protection and automation 
SELOGIC control equation programming environments.

Planning and Documentation
When you begin to configure the relay to perform a new automation task or cus-
tomize protection operation, take time to design, document, and implement your 
project. Scale the planning effort to match the overall size of the project, but 
spend sufficient time planning to do the following:

➤ Document the inputs and outputs of your programming. This may 
include protection elements, physical inputs and outputs, metering 
quantities, user inputs, and other information within the relay.

➤ Document the processing or outcome of the programming. List the 
major tasks you want the relay to perform and provide detail about 
the algorithm you will use for each task. For example, if you need a 
timer or a counter, make a note of the requirements and how you will 
use these elements.

Example 13.20 Using the FLOOR Operator

The freeform math SELOGIC control equations below show examples of the 
FLOOR operator usage.

# FLOOR examples

AMV001 := FLOOR (5.99) # Stores 5 in AMV001

AMV002 := FLOOR (–4.01) # Stores –5 in AMV002

Example 13.21 Using the Negation Operator

The freeform math SELOGIC control equations below show examples of 
negation operator usage.

# Negation examples

AMV001 := -AMV009 # If AMV009 is 5, stores –5 in AMV001

AMV002 := -AMV009 # If AMV009 is –5, stores 5 in AMV002
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➤ Work in a top-down method, specifying and moving to more detailed 
levels, until you have sufficient information to create the settings. For 
simple tasks, one level may be sufficient. For complex tasks, such as 
automated station restoration, you may need several levels to move 
from idea to implementation.

Comments
SELOGIC control equation comments are very powerful tools for dividing, docu-
menting, and clarifying your programming. Even if you completely understand 
your programming during installation and commissioning, comments will be 
very helpful if you need to modify operation a year later.

Create these comments in the fixed and freeform SELOGIC control equations, and 
store these comments in the relay. Obtain comments to assist you in using the 
ASCII interface or SEL configuration software, regardless of whether you have 
the original files downloaded to the relay.

Comments add structure to freeform programming environments such as Visual 
Basic, C, and freeform SELOGIC control equations. Example 13.22 shows how to 
use comments to divide and structure freeform SELOGIC control equation pro-
gramming.

                    

Example 13.22 Comments in Freeform SELOGIC Control Equation Programming

Use comments to divide and direct your eye through freeform programming.

#

# This is a header comment that divides sections of freeform programming

#

AMV003 := 15 * AMV003 # Explain this line here

#

# This comment is a header for the next section.

# Inputs: provide more detail for more complex tasks

# Outputs: describe how the programming affects the relay operation

# Processing: discuss how the programming itself operates

#

ASV004 := ACN01Q AND RB03 # First line of next section

Many texts on programming in various computer programming languages 
suggest that you cannot include too many comments. The main reason to 
include comments is that something you find obvious may not be obvious to 
your coworker who will have to work with your programming in the future. 
Adding comments also gives you the opportunity to think about whether the 
program performs the function you intended.
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Aliases
SEL-400 series relays provide the ability to alias Relay Word bit and analog 
quantity names. To make SELOGIC programming more understandable, alias the 
names of variables being used to something meaningful. For example, you could 
assign PMV01 an alias of THETA and PMV02 an alias of TAN and then write a 
SELOGIC equation of:

TAN := SIN(THETA)/COS(THETA)

See Alias Settings on page 12.25 for more information on creating aliases.

Testing
After documentation and comments, the next essential element of an effective 
approach to programming is testing. Two types of testing are critical for deter-
mining if programming for complex tasks operates properly. First, test and 
observe whether the program performs the function you want under the condi-
tions you anticipated. Second, look for opportunities to create conditions that are 
abnormal and determine how your program reacts to unusual conditions.

For example, test your system in unanticipated, but possible conditions such as 
loss of power, loss of critical field inputs, unexpected operator inputs, and condi-
tions that result from likely failure scenarios of the equipment in your system. It 
is unlikely that you will find every possible weakness, but careful consideration 
and testing for abnormal conditions will help you avoid a failure and may reveal 
deficiencies in the normal operation of your system. Alternatively, you can sub-
stitute a remote bit or local bit that you can manually control to help exercise 
your logic.

Modify your SELOGIC control equations to simulate the process. While you may 
be unable to change the state of a discrete input easily, such as IN101, you can 
substitute a logical 1 or logical 0 in your logic to simulate the operation of IN101 
and observe the results. Alternatively, you can substitute a remote bit or local bit 
that you can manually control to help exercise your logic.

Use the SER capabilities of the relay to monitor and record inputs, internal calcu-
lations, and outputs. For operations that occur very quickly, use the SER during 
testing to reconstruct the operation of your logic.

Use the MET PMV and MET AMV commands to display the contents of the 
protection or automation math variables.

SEL-311 and SEL-351 Series Users
You can convert logic that you have used in SEL-311 and SEL-351 series relays 
to logic for an SEL-400 series relay. In the SEL-351 series relays, SELOGIC con-
trol equation programming is restricted to equations where the left-side value, 
LVALUE, is fixed. SEL-400 series relays use a combination of fixed and 
freeform programming. Table 13.24 shows comparable features between the 
fixed logic settings of the SEL-351-5, -6, -7 series relays and the corresponding 
logic elements that can be programmed in an SEL-400 series relay by using 
freeform logic programming.
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Table 13.25 is a summary that compares SELOGIC control equation programming 
in SEL-351 series relays and SEL-311 series relays with typical SEL-400 series 
relays.

                    

Table 13.26 shows the SEL-400 series Boolean operators compared to the opera-
tors used in the SEL-351 series relays.

                    

In the SEL-351 series relays, SELOGIC control equation variables and timers are 
connected. Each SELOGIC control equation variable is the input to a timer. In 
SEL-400 series relays, timers and SELOGIC control equation variables are independent.

Table 13.24 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Programming Equivalent Functions

Feature SEL-351 Series 
SEL-400 Series Protection 
Freeform Style

SELOGIC control equation variables SV1–SV16 PSV01–PSV64

Timer Input SV1–SV16 PCT01–PCT32

Timer Pickup settings SV1PU–SV16PU PCT01PU–PCT32PU

Timer Dropout settings SV1DO–SV16DO PCT01DO–PCT32DO

Timer Outputs SV1T–SV16T PCT01Q–PCT32Q

Latch Bit Set Control SET1–SET16 PLT01S–PLT16S 

Latch Bit Reset Control RST1–RST16 PLT01R–PLT16R 

Latch Bit LT1–LT16 PLT01–PLT16

Table 13.25 SEL-400 Series SELOGIC Control Equation Programming Summary

Element
SEL-351 Series/
SEL-311 Series

Typical SEL-400 Series

Protection 
Free Form

Automation 
Free Form

SELOGIC control equation variables 16 64 256

SELOGIC math variables 0 64 256

Conditioning timersa

a Similar to SEL-300 series relay SELOGIC control equation programming.

16 32b

b The SEL-487B provides 16 protection conditioning timers.

32

Sequencing timers 0 32 32

Counters 0 32 32

Latch bits 16 32 32

Table 13.26 SEL-351 Series Relays and SEL-400 Series SELOGIC Control 
Equation Boolean Operators

Feature SEL-351 Series SEL-400 Series

Logical AND operator * AND

Logical OR operator + OR

Logical NOT operator ! NOT

Parentheses ( ) ( )

Rising, falling-edge operators /, \ R_TRIG, F_TRIG
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The SELOGIC control equation Boolean operators in SEL-400 series relays are 
different from those used in SEL-300 series relays. For example, if you wish to 
convert programming from an SEL-311 or SEL-351 series relay to an SEL-400 
series relay, you must convert the operators. Example 13.23 and Example 13.24 
demonstrate conversion of several settings to the SEL-451 setting.

                    

NOTE: Not all SEL-400 series relay 
SELOGIC timers are set in cycles. See 
the product-specific instruction 
manual for the applicable timer 
settings.

                    

                    

Example 13.23 Converting SEL-351 Series Relay SELOGIC Control Equation 
Variables

If you have the following SELOGIC control equation in an SEL-351 series 
relay, convert it as shown below.
                    

In an SEL-400 series relay, use the line shown below.

PSV01 := IN101 OR RB03 AND PLT04 # Freeform example

In the example above, first convert the + and * operators in the expression to 
the OR and AND operators. In the freeform example, use a protection 
SELOGIC control equation variable for the result. In the protection group set-
tings example, use the input of a timer, as shown in Table 13.21.

                    

SV1 = IN101 + RB3 * LT4

Example 13.24 Converting SEL-351 Series Relay SELOGIC Control Equation 
Timers

If you have the following SELOGIC control equation timer in an SEL-351 
series relay, convert it as shown below.
                    

In an SEL-400 series relay, use the format shown below.

#

# Freeform programming conversion of timer

#

PCT01PU := 5.25 # Pickup of 5.25 cycles

PCT01DO := 3.5 # Dropout of 3.5 cycles

PCT01IN := IN101 # Use the timer to monitor IN101

In the output settings, set OUT101 as shown below:

OUT101 := PCT01Q

Example 13.25 Converting SEL-351 Series Relay Latch Bits

If you have the following SELOGIC control equation latch programming in 
an SEL-351 series relay, convert it as shown below.
                    

                    

SV1 = IN101
SV1PU = 5.25
SV1DO = 3.50
OUT101 = SV1T

                    

SET1 = RB4
RST1 = RB5
OUT101 = LT1
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In an SEL-400 series relay, use the format shown below.

Protection freeform style settings:

#

# Freeform programming conversion of latch bit

#

PLT01S := RB04 # Set if RB04

PLT01R := RB05 # Reset if RB05

In the output settings, set OUT101 as shown below:

OUT101 := PLT01

Example 13.25 Converting SEL-351 Series Relay Latch Bits (Continued)
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ASCII Command Reference

You can use a communications terminal or terminal emulation program to set and 
operate the relay. This section explains common SEL-400 series relay commands 
that you send to the relay by using SEL ASCII communications protocol. The 
relay responds to commands such as settings, metering, and control operations.

Not every command listed in this section is supported by every SEL-400 series 
relay. Additionally, some SEL-400 series relays support additional commands. 
See the product-specific instruction manual to see what specific commands are 
supported in that relay.

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables that you enter are shown in bold. Lowercase 
italic letters and words in a command represent command variables that you 
determine based on the application (for example, circuit breaker number n = 1 or 2, 
remote bit number nn = 01–32, and level).

Command options appear with brief explanations about the command function. 
Refer to the references listed with the commands for more information on the 
relay function corresponding to the command or examples of the relay response 
to the command.

You can simplify the task of entering commands by shortening any ASCII com-
mand to the first three characters; for example, ACCESS becomes ACC. Always 
send a carriage return <CR> character, or a carriage return character followed by 
a line feed character <CR><LF> to command the relay to process the ASCII 
command. Usually, most terminals and terminal programs interpret the <Enter> 
key as a <CR>. For example, to send the ACCESS command, type ACC 
<Enter>. For more information on SEL ASCII protocol, including handshaking, 
see Section 15: Communications Interfaces.

Tables in this section show the access level(s) where the command or command 
option is active. Access levels in the relay are Access Level 0, Access Level 1, 
Access Level B (breaker), Access Level P (protection), Access Level A (automa-
tion), Access Level O (output), and Access Level 2. For information on access 
levels see Changing the Default Passwords in the Terminal on page 3.11.

Command Description
2ACCESS

Use the 2AC command to gain access to Access Level 2 (full relay control). See 
Access Levels and Passwords on page 3.7 for more information.

                    

Table 14.1 2AC Command

Command Description Access Level

2AC Go to Access Level 2 (full relay control). 1, B, P, A, O, 2
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89CLOSE n
Use the 89CLOSE n command to close disconnect switches. (The number of 
disconnects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is open and Relay Word bit LOCAL is deasserted, the 
89CLOSE n command asserts Relay Word bit 89CLSn for the 89CSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to close, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89CLOSE command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 
within 30 seconds, the relay exits the 89CLOSE command and reads the status 
of the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use the 
89CLSn Relay Word bit as part of a SELOGIC Output control equation to close 
the appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89CLOSE n command, the relay 
responds with Command aborted because the relay is disabled. If the cir-
cuit breaker control enable jumper J18C (BREAKER) is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed.

When the 89CLOSE n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds, CLOSE DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds with Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

89OPEN n
Use the 89OPEN n command to open disconnect switches. (The number of dis-
connects supported, n, depends on the relay.) The main board circuit breaker 
jumper (on jumper BREAKER) must be in place.

NOTE: The SEL-487B does not 
support disconnect control 
operations.

If the disconnect switch is closed and Relay Word bit LOCAL is deasserted, the 
89OPEN n command asserts Relay Word bit 89OPENn for the 89OSITn time. 
See Disconnect Switch Close and Open Control Logic on page 5.2. If the Relay 
Word bit 89OIPn asserts, indicating that the disconnect has started to open, the 
relay displays Operation in Progress... With Relay Word bit 89OIPn asserted 
and Relay Word bit 89ALPn deasserted, a dot (.) is appended to the above mes-
sage every half second to show progress. While the operation is in progress, com-
munications are unavailable on the port where the 89OPEN command was 
executed. Assertion of Relay Word bit 89OIPn starts the 89ALPn alarm timer. 
The relay waits for the 89ALPn timer to expire and then checks the status of the 
89AMn and 89BMn disconnect inputs. If the 89ALPn timer does not expire 

Table 14.2 89CLOSE n Command

Command Description Access Level

89CLOSE n Set Relay Word bit 89CLSn B, P, A, O, 2
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within 30 seconds, the relay exits the 89OPEN command and reads the status of 
the disconnect inputs. The state of Relay Word bits 89AMn and 89BMn deter-
mine which disconnect status message the relay displays (Disconnect OPEN, 
Disconnect CLOSED, or Status Undetermined - check wiring). Use Relay 
Word bit 89OPENn as part of a SELOGIC Output control equation to open the 
appropriate disconnect switch.

                    

If the relay is disabled and you attempt an 89OPEN n command, the relay 
responds with Command Aborted because the relay is disabled. If the circuit 
breaker control enable jumper J18C (BREAKER) is not in place, the relay aborts 
the command and responds Aborted: the breaker jumper is not installed.

When the 89OPEN n command is issued and the circuit breaker control enable 
jumper is in place, the relay responds with Open DISNAMn (Y/N)?. If you answer 
Y <Enter>, the relay responds Are you sure (Y/N)?. If you answer Y 
<Enter>, the command is executed. If the response to either prompt is not y or Y, 
the relay responds with Command Aborted.

AACCESS
Use the AAC command to gain access to Access Level A (automation). See 
Access Levels and Passwords on page 3.7 for more information.

                    

ACCESS
Use the ACC command to gain access to Access Level 1 (monitor). See Access 
Levels and Passwords on page 3.7 for more information.

                    

BACCESS
Use the BAC command to gain access to Access Level B (breaker). See Access 
Levels and Passwords on page 3.7 for more information.

                    

Table 14.3 89OPEN n Command

Command Description Access Level

89OPEN n Set Relay Word bit 89OPENn B, P, A, O, 2

Table 14.4 AAC Command

Command Description Access Level

AAC Go to Access Level A (automation). 1, B, P, A, O, 2

Table 14.5 ACC Command

Command Description Access Level

ACC Go to Access Level 1 (monitoring). 0, 1, B, P, A, O, 2

Table 14.6 BAC Command

Command Description Access Level

BAC Go to Access Level B (breaker). 1, B, P, A, O, 2
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BNAME
The BNA command produces ASCII names of all relay Fast Meter status bits in a 
Compressed ASCII format. See SEL Protocol on page 15.28 for more informa-
tion on Fast Meter and the Compressed ASCII command set.

                    

BREAKER
Use the BREAKER command to display circuit breaker reports and the circuit 
breaker history reports. You can also preload accumulated breaker monitor data. 
The BRE command also resets the circuit breaker monitor data. To use the BRE 
command, you must enable the circuit breaker monitors for the circuit breakers 
of interest. See Circuit Breaker Monitor on page 8.1 for more information.

BRE n
The BRE n command displays the comprehensive circuit breaker report that 
includes interrupted currents, number of operations, and mechanical and electri-
cal operating times, among many parameters. The relay displays a listing of 
breaker monitor alarms with the breaker report.

                    

BRE n C and BRE n R
The BRE n C and BRE n R commands clear/reset the circuit breaker monitor 
data. Options C and R are identical.

                    

Table 14.7 BNA Command

Command Description Access Level

BNA Display ASCII names of all relay status bits. 0, 1, B, P, A, O, 2

NOTE: Not all SEL-400 series relays 
support breaker monitoring.

Table 14.8 BRE n Command

Command Description Access Level

BRE na

a Parameter n = breaker identification character.

Display the breaker report for the most recent Circuit 
Breaker n operation.

1, B, P, A, O, 2

Table 14.9 BRE n C and BRE n R Commands

Command Description Access Level

BRE na C

a Parameter n = breaker identification character.

Clear Circuit Breaker n data to zero. B, P, A, O, 2

BRE n R Clear Circuit Breaker n data to zero. B, P, A, O, 2
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BRE C A and BRE R A
The BRE C A and BRE R A commands clear all circuit breaker monitor data for 
all circuit breakers from memory. Options C A and R A are identical.

                    

BRE n H
Display the circuit breaker monitor history report with the BRE n H command. 
The breaker history report is a summary of recent circuit breaker operations.

                    

BRE n P
Use the BRE n P command to preload existing circuit breaker contact wear, 
operation counts, and accumulated currents to the circuit breaker monitor.

                    

CAL
Use the CAL command to gain access to Access Level C. See Access Levels and 
Passwords on page 3.7 for more information. Only go to Level C to modify the 
default password or under the direction of an SEL employee. The additional com-
mands available at Level C are not intended for normal operational purposes.

                    

Table 14.10 BRE C A and BRE R A Commands

Command Description Access Level

BRE C A Clear all circuit breaker data. B, P, A, O, 2

BRE R A Clear all circuit breaker data. B, P, A, O, 2

Table 14.11 BRE n H Command

Command Description Access Level

BRE na H

a Parameter n = breaker identification character.

Display history data for the last 128 Circuit 
Breaker n operations.

1, B, P, A, O, 2

Table 14.12 BRE n P Command

Command Description Access Level

BRE na P
a Parameter n = breaker identification character.

Preload previously accumulated Breaker n data. B, P, A, O, 2

Table 14.13 CAL Command

Command Description Access Level

CAL Go to Access Level C. 2, C
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CASCII
The CAS command produces the Compressed ASCII configuration message. 
This configuration instructs an external computer on the method for extracting 
data from other Compressed ASCII commands. See SEL Compressed ASCII 
Commands on page 15.29 for an example of the CAS command configuration 
message and for further information on the Compressed ASCII command set.

                    

CBREAKER
NOTE: Not all SEL-400 series relays 
support breaker monitoring

The CBREAKER command provides a Compressed ASCII response circuit 
breaker report that is similar to the BREAKER command. You must enable the 
Breaker Monitor function for at least one breaker to generate the Compressed 
ASCII report. You can specify a specific circuit breaker to retrieve a report for 
one circuit breaker only. See SEL Compressed ASCII Commands on page 15.29 
for information on the Compressed ASCII command set.

CBR
Use the CBR command to gather the comprehensive circuit breaker report in 
Compressed ASCII format.

                    

CBR TERSE
The CBR TERSE command omits the breaker report labels.

                    

Table 14.14 CAS Command

Command Description Access Level

CAS Return the Compressed ASCII configuration message. 0, 1, B, P, A, O, 2

Table 14.15 CBR Command

Command Description Access Level

CBR Return the most recent circuit breaker reports for all circuit 
breakers in Compressed ASCII format.

1, B, P, A, O, 2

CBR na

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.16 CBR TERSE Command

Command Description Access Level

CBR TERSE Return the most recent circuit breaker report for all cir-
cuit breakers in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2

CBR na 
TERSE

a Parameter n = breaker identification character.

Return the most recent circuit breaker report for Circuit 
Breaker n in Compressed ASCII format; suppress the 
labels; transmit only the data lines.

1, B, P, A, O, 2
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CEVENT
NOTE: The SEL-400G relay does not 
support Compressed ASCII events.

The CEVENT command provides a Compressed ASCII response similar to the 
EVENT command. See SEL Compressed ASCII Commands on page 15.29 for 
information on the Compressed ASCII command set.

CEV
Use the CEV command to gather relay event reports. When parameter n is 1–9999, 
n indicates the order of the event report. The most recent event report is 1, the 
next most recent report is 2, and so on. When parameter n is 10000–42767, n 
indicates the absolute serial number of the event report.

                    

CEV ACK
Use CEV ACK to acknowledge viewing the oldest unacknowledged event on the 
present communications port. View this event with the CEV NEXT or EVE 
NEXT commands.

                    

CEV C
Use CEV C to return a 15-cycle length event report with analog and digital infor-
mation in Compressed ASCII format. The Lyyy option overrides the C option 
(see CEV Lyyy).

                    

Table 14.17 CEV Command

Command Description Access Level

CEV Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

CEV na

a Parameter n indicates event order or serial number.

Return particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.18 CEV ACK Command

Command Description Access Level

CEV ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.19 CEV C Command

Command Description Access Level

CEV C Return the most recent event report at a 15-cycle length 
with 8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV C n Return particular n event report at a 15-cycle length with 
8-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV L
Use CEV L to return a large resolution event report in Compressed ASCII for-
mat. The Sx option overrides the L option (see CEV Sx).

NOTE: Not all SEL-400 series relays 
support the CEV L option.

                    

CEV Lyyy
Command CEV Lyyy returns a specified length event report in Compressed 
ASCII format, where Lyyy indicates a length of yyy cycles. You can specify yyy 
from 1 cycle to a value including and beyond the event report total cycle length. 
If yyy is longer than the total length, the relay returns the full event report. The 
Lyyy option overrides the C option.

                    

CEV NEXT
CEV NEXT returns the oldest unacknowledged event report on the present com-
munications port in Compressed ASCII format.

                    

CEV NSET
The CEV NSET command returns the Compressed ASCII event report with no 
relay settings.

                    

Table 14.20 CEV L Command

Commanda

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Description Access Level

CEV L Return the most recent event report at full length with large 
resolution data in Compressed ASCII format.

1, B, P, A, O, 2

CEV n L Return particular n event report at full length with large res-
olution data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.21 CEV Lyyy Command

Command Description Access Level

CEV Lyyy Return yyy cycles of the most recent event report (includ-
ing settings) with 4-samples/cycle data in Compressed 
ASCII format.

1, B, P, A, O, 2

CEV na Lyyy

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return yyy cycles of a particular n event report with 
4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.22 CEV N Command

Command Description Access Level

CEV N Return the oldest unacknowledged event report with 4-sam-
ples/cycle sampling in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.23 CEV NSET Command

Command Description Access Level

CEV NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSET

a Parameter n indicates event order or serial number.

Return a particular n event report without settings at full 
length with 4-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2
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CEV NSUM
The CEV NSUM returns the Compressed ASCII event report with no event summary.

                    

CEV Sx
Use the CEV Sx command to specify the sample data resolution of the Com-
pressed ASCII event report. The sample data resolution x can be 4, 8, or 12, depend-
ing on the relay; the default value is 4-samples/cycle if you do not specify Sx. The 
Sx option overrides the L option.

                    

CEV TERSE
The CEV TERSE command returns a Compressed ASCII event report without 
the event report labels.

                    

Use the TERSE option with any of the CEV commands except CEV ACK.

Table 14.24 CEV NSUM Command

Command Description Access Level

CEV NSUM Return the most recent event report without the event 
summary at full length with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na NSUM

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2

Table 14.25 CEV Sx Command

Command Description Access Level

CEV Sx Return the most recent event report at full length with 
x-samples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

CEV na Sx

a Parameter n indicates event order or serial number; see CEV on page 14.7.

Return a particular n event report at full length with x-sam-
ples/cycle data in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.26 CEV TERSE Command

Command Description Access Level

CEV TERSE Return the most recent event report at full length with-
out the report labels with 4-samples/cycle data in 
Compressed ASCII format.

1, B, P, A, O, 2

CEV na TERSE

a Parameter n indicates event order or serial number.

Return a particular n event report at full length without 
the report labels with 4-samples/cycle data in Com-
pressed ASCII format.

1, B, P, A, O, 2
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CEV Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, Sx, and TERSE in one 
command. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option

➤ The Sx option overrides the L option

➤ Enter the options in any order

Table 14.27 lists the choices you can make in the CEV command. Combine 
options on each row, selecting one option from each column, to create a CEV 
command.

                    

The following examples illustrate some possible option combinations.

                    

CFG
In TiDL and IEC Sampled Values (SV) subscriber relays, certain aspects of the 
relay must be configured before the relay can be set. This command is used to 
perform this configuration.

CFG CTNOM
In TiDL and IEC SV subscriber relays, use the CFG CTNOM command to 
inform the relay which CT inputs are 1 A nominal and which are 5 A nominal. 
(By default, the relay assumes all CT inputs are 5 A nominal.) This is necessary 
so the relay scales the information correctly. See Section 2: Installation of the 
product-specific instruction manual for more information on using this command 
as part of configuring the relay. On a secondary current configuration change, the 
relay defaults the global and protection group settings and then performs a 
restart, so make this command before sending Global or Group settings.

                    

Table 14.27 CEV Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C Lyyy, C NSET, NSUM, TERSE

Example Description

CEV L10 S8 Return 10 cycles of an 8-samples/cycle Compressed ASCII event report 
for the most recent event.

CEV L10 L Return 10 cycles of an large resolution Compressed ASCII event report 
for the most recent event (same as above).

CEV 2 C NSUM 
TERSE

For the second most recent event, return 15 cycles of the event in Com-
pressed ASCII format with no event summary and no report label lines 
with large resolution data.

Table 14.28 CFG CTNOM Command

Command Description Access Level

CFG CTNOM na

a The parameter n (or parameters) is relay-specific.

Change nominal CT configuration to selected value 2

NOTE: The SEL-487E-5 includes 
additional user inputs. See the 
SEL-487E-5 instruction manual for the 
additional user inputs.

NOTE: See the firmware entries in 
product-specific Appendix A tables for 
the following entry:

Modified CFG CTNOM command to 
only default global and group 
settings on a nominal secondary 
current configuration change.

The firmware versions prior to this 
change default all settings.
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CFG NFREQ
In TiDL (EtherCAT) relays that support SEL-2240 Axion nodes only, use the 
CFG NFREQ command to set the nominal frequency of the relay (which is 
60 Hz by default). In relays that do not support TiDL (EtherCAT), the nominal 
frequency is controlled by the NFREQ Global setting. This should be configured 
after the nominal currents are configured (through the use of the CFG CTNOM 
command) and before settings are loaded into the relay. This will restart the relay.

                    

CHISTORY
The CHISTORY command provides a HISTORY report in the Compressed 
ASCII format.

CHI
Use the CHI command to gather one-line descriptions of event reports.

                    

CHI TERSE
The CHI TERSE command returns a Compressed ASCII event report without 
the event report label lines.

                    

CLOSE n
Use the CLOSE n command to close a circuit breaker. The main board circuit 
breaker jumper (on jumper BREAKER) must be in place. Further, you must 
enable breaker control for any breakers you want to control.

Table 14.29 CFG NFREQ Command

Command Description Access Level

CFG NFREQ f Change nominal frequency to f (50 or 60) 2

Table 14.30 CHI Command

Command Description Access Level

CHI Return the data as contained in the History report (short 
form descriptions) for the most recent 100 event reports in 
Compressed ASCII format (for SEL-2030 compatibility).

1, B, P, A, O, 2

CHI A Return one-line descriptions of the most recent 100 event 
reports in Compressed ASCII format.

1, B, P, A, O, 2

CHI k Return one-line descriptions of the most recent k number 
of event reports in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.31 CHI TERSE Command

Command Description Access Level

CHI TERSE Return one-line descriptions for the most recent 100 
event reports without the label lines in Compressed 
ASCII format.

1, B, P, A, O, 2

CHI k TERSE Return one-line descriptions for the most recent k num-
ber of event reports without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2
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The CLOSE n command asserts Relay Word bit CCn. The CCn bit must be 
included in the close SELOGIC equation for breaker n (BKnMCL) for this com-
mand to effect a close operation. The relay uses these equations and additional 
relay logic to assert a control output (for example, OUT103 := BK1CL) to close a 
circuit breaker.

                    

If the circuit breaker control enable jumper BREAKER is in place, the relay 
responds with Close breaker (Y/N)?. When you answer Y <Enter> (for yes), 
the relay prompts, Are you sure (Y/N)?. If you again answer Y <Enter>, the 
relay asserts the Relay Word bit for one processing interval.

If you have assigned a circuit breaker auxiliary contact (52A) to a relay control 
input (based on the 52AAn, 52ABn, 52ACn settings), the relay waits 0.5 second, 
checks the state of the circuit breaker, and issues either a Breaker OPEN or 
Breaker CLOSED message.

If circuit breaker control enable jumper BREAKER is not in place, the relay 
aborts the command and responds, Aborted: the breaker jumper is not 
installed. If the relay is disabled, the relay responds with Command aborted 
because relay is disabled. If Breaker n is not enabled and you issue the 
CLOSE n command, the relay responds with Breaker n is not available.

COMMUNICATIONS
The COMMUNICATIONS command displays communications statistics for 
the MIRRORED BITS communications channels and for synchrophasor client 
channels. Some relays support additional options to the COM command besides 
those described here.

COM c
Use the COM c command to view records of the MIRRORED BITS communica-
tions buffers for specific relay communications channels.
                    

The c option in the COM command is A for MIRRORED BITS communications 
Channel A, B for MIRRORED BITS communications Channel B, and Channel M 
for the MIRRORED BITS communications channels in general. If both MIRRORED 
BITS communications channels are in use, then the M option does not function 
and you must specify A or B.

Table 14.32 CLOSE n Command

Command Description Access Level

CLOSE n Command the relay to close Circuit Breaker n. B, P, A, O, 2

NOTE: The SEL-487B does not 
support the CLOSE command.

NOTE: CCn Relay Word bits are 
pulsed for two processing intervals in 
the SEL-487E.

Table 14.33 COM c Commanda

a Parameter c is A, B, or M for Channel A, Channel B, and MIRRORED BITS communications channels, 
respectively.

Command Description Access Level

COM A Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel A.

1, B, P, A, O, 2

COM B Return a summary report of the last 255 records in the commu-
nications buffer for MIRRORED BITS communications Channel B.

1, B, P, A, O, 2

COM M Return a summary report of the last 255 records in the commu-
nications buffer for either MIRRORED BITS communications 
Channel A or Channel B when only one channel is enabled.

1, B, P, A, O, 2
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COM c C and COM c R
The COM c C and COM c R commands clear/reset the communications buffer 
data for the specified Channel c. Options C and R are identical.

                    

COM c L m n and COM c L date1 date2
Use COM c L to list the records in the communications buffer in a specified 
manner. The relay returns the list of records in rows. You can specify a range of 
buffer records in forward or reverse chronological order or in forward or reverse 
date order. Date parameter entries depend on the setting DATE_F format you 
chose in the relay Global settings.

The relay organizes the records in rows in a 256-entry buffer in newest to oldest 
time order. The relay puts the newest record in the buffer and discards the oldest 
record if the buffer is full.

Table 14.35 is a representative list of options for listing records in the communi-
cations buffer.

                    

Table 14.34 COM c C and COM c R Command

Command Description Access Level

COM A C Clear/reset communications buffer data for MIRRORED BITS 
communications Channel A.

P, A, O, 2

COM B R Clear/reset communications buffer data for MIRRORED BITS 
communications Channel B.

P, A, O, 2

COM M C Clear/reset communications buffer data for either MIRRORED 
BITS communications Channel A or Channel B when only 
one channel is enabled.

P, A, O, 2

Table 14.35 COM c L Command

Command Description Access Level

COM A L Display all available records from MIRRORED BITS com-
munications Channel A; the most recent record is Row 1 
(at the top of the report) and the oldest record is at the 
bottom of the report.

1, B, P, A, O, 2

COM B L ka

a Parameter k indicates a specific number of communications buffer records.

Display the first k records for MIRRORED BITS commu-
nications Channel B; the most recent record is Row 1 (at 
the top of the report) and the oldest record is at the bot-
tom of the report.

1, B, P, A, O, 2

COM M L m nb

b Parameters m and n are communications buffer row numbers.

Display the records for either MIRRORED BITS commu-
nications Channel A or Channel B when only one chan-
nel is enabled; show the records with Record m at the top 
of the report through Record n at the bottom of the 
report.

1, B, P, A, O, 2

COM A L date1c

c Enter date1 and date2 in the same format as Global setting DATE_F.

Display the records from MIRRORED BITS communica-
tions Channel A on the date date1.

1, B, P, A, O, 2

COM B L date1 
date2c

Display the records from MIRRORED BITS communica-
tions Channel B between the dates date1 and date2. The 
date listed first, date1, is at the top of the report; the date 
listed second, date2, is at the bottom of the report.

1, B, P, A, O, 2
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COM PRP 
The COM PRP command is only available when using the five-port Ethernet 
card. The command displays the health of your PRP network for GOOSE and SV. 
The logic is processed once per second and is designed to detect persistent net-
work errors. The logic is not intended to detect intermittent packet loss. If a port 
receives PRP messages on LAN A that match those received on LAN B, the relay 
asserts the applicable PRP supervision Relay Word bits PRPAGOK, PRPBGOK, 
PRPCGOK, PRPDGOK, PRPASOK, and PRPBSOK and reports OK in the COM 
PRP response. If a port does not receive PRP messages on one LAN within 
6 seconds of receiving them on the other LAN, the relay deasserts the applicable 
PRP supervision bits and reports WARNING in the COM PRP response. If a port 
does not receive any expected PRP duplicates on one of the LANs, the relay 
reports FAIL for that port. If the station bus or process bus is not configured for 
PRP, the command reports PRP DISABLED for that bus. Note that a loss of link 
deasserts associated PRP supervision bits immediately. Also, these bits only 
supervise the PRP network and not the quality status of the SV and GOOSE pro-
tocols themselves. 

Additionally, the command provides statistics for the process and station bus 
ports including the number of GOOSE and SV messages received on one LAN 
but not the other, the number of link-down incidents, and the accumulated link 
downtime since the last reset. 

                    

Figure 14.1 shows an example response to the COM PRP command for an SV 
Subscriber.

                    

COM PTP
The COM PTP command provides a report of the Precision Time Protocol 
(PTP) data sets maintained by the device as well as statistics for the measured 
time offsets with the parent (master) clock. The PTP data sets contain informa-

Table 14.36 COM PRP Command

Command Description Access Level

COM PRP Display PRP information and statistics for the five-port 
Ethernet card.

1, B, P, A, O, 2

COM PRP C Clear PRP statistics. 1, B, P, A, O, 2

=>>COM PRP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:43:22.620
Station A                                  Serial Number: 1230769999

PROCESS BUS
PRP PORT 5A GOOSE Status: OK
PRP PORT 5A SV Status:    OK
PRP PORT 5B GOOSE Status: WARNING
PRP PORT 5B SV Status:    FAIL

STATION BUS
PRP PORT 5C GOOSE Status: OK
PRP PORT 5D GOOSE Status: FAIL

PRP Statistics Information
                                     PORT 5A    PORT 5B    PORT 5C    PORT 5D
-------------------------------------------------------------------------------
Duplicate SV PRP Pkts Not RCVD             0      99999          0         20
Duplicate GOOSE PRP Pkts Not RCVD          0          0          0         20
Link Down Counter                          0          1          0          1
Link Downtime (s)                          0          2          0         60

Date and Time from the last reset: 01/23/2023 - 13:11:09

=>>

Figure 14.1 Sample COM PRP Command Response

NOTE: The COM PRP command is only 
relevant when the relay is receiving 
PRP traffic from the network. The PRP 
supervision bits are time-delayed. SEL 
recommends using them for 
monitoring purposes only.
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tion about the state, identity, and configuration of the local, parent, and grand-
master clocks in addition to properties of the time being distributed by the 
grandmaster clock.

                    

If PTP is disabled or the relay hardware does not support PTP, then the COM 
PTP command will respond with PTP Not Enabled. If a settings change is in 
progress or if the hardware is not yet initialized, then the COM PTP command 
will respond with Data unavailable, please try again later. 

                    

Table 14.37 COM PTP Command

Command Description Access Level

COM PTP Display PTP data sets and offset statistics 2

COM PTP C Clears PTP offset statistics 2

=>>COM PTP <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:43.516
Station A                                  Serial Number: 1230769999

PTP offset statistics previously cleared on 02/24/2016 14:08:36.303 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : Layer2
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 44 55 66
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 1
  Slave Only : true

Current Data Set
  Steps Removed : 1
  Offset from Master : -5 ns
  Mean Path Delay : 0 ns

Parent Data Set
  Parent Port Identity 
    Clock Identity : 00 30 A7 FF FE 04 7C 22
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 04 7C 22
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale (6)
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0
  Grandmaster Priority1 : 0
  Grandmaster Priority2 : 0

Time Properties Data Set
  Current UTC Offset : 0 
  Current UTC Offset Valid : true 
  Leap59 : false 
  Leap61 : false 
  Time Traceable : true 
  Frequency Traceable : true 
  PTP Timescale : true 
  Time Source : PTP 
  Local Time Offset 
    Offset Valid : true 
    Name : PST
    Current Offset : 3600
    Jump Seconds : 3600
    Time of Next Jump : 1456797635 

Figure 14.2 Sample COM PTP Command Response
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COM RTC
Use the COM RTC to get a report on the status of the configured synchrophasor 
client channels.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 44 55 66
    Port Number: 1 
  Port State : SLAVE 
  Log Pdelay Request Interval : 0 
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 2 intervals
  Path Delay Mechanism : Peer-to-Peer 
  Failed to Receive Response : true 
  Received Multiple Pdelay Responses : false 
  Reason for Non-synchronization :  
  Port status : A, ACTIVE

Time Offset Statistics
  Mean : -0.013393 ns
  Standard Deviation : 5.291062 ns
  Latest Time Offsets with respect to Reference Time (in ns)
    #1 :                       -5 
    #2 :                       -1 
    #3 :                        0 
    #4 :                        1 
    #5 :                       -1 
    #6 :                        2 
    #7 :                        8 
    #8 :                        3 
    #9 :                        1 

    #10 :                       -9 
    #11 :                        2 
    #12 :                        0 
    #13 :                        3 
    #14 :                       -4 
    #15 :                       -9 
    #16 :                        5 
    #17 :                       -1 
    #18 :                       -4 
    #19 :                       -4 
    #20 :                        1 
    #21 :                        5 
    #22 :                        7 
    #23 :                       -7 
    #24 :                       -1 
    #25 :                        6 
    #26 :                       -2 
    #27 :                       -2 
    #28 :                        8 
    #29 :                       -5 
    #30 :                        2 
    #31 :                        0 
    #32 :                       -2 

=>>

Figure 14.2 Sample COM PTP Command Response (Continued)

Table 14.38 COM RTC Command

Commanda

a Parameter c is A, B, or absent for Channel A, Channel B, or all enabled channels, respectively.

Description Access Level

COM RTC Return a report describing the communications on all 
enabled synchrophasor client channels.

1, B, P, A, O, 2

COM RTC A Return a report describing the communications on syn-
chrophasor client Channel A.

1, B, P, A, O, 2

COM RTC B Return a report describing the communications on syn-
chrophasor client Channel B.

1, B, P, A, O, 2
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COM RTC c C and COM RTC c R
The COM RTC C and COM RTC R commands clear/reset the maximum 
packet delay. The C and R options are identical.

                    

COM SV
COM SV (SEL SV Publisher Relays)

NOTE: Not all SEL-400 series relays 
support the COM SV command

The COM SV command displays information and statistics for the SV publica-
tions that can be used for troubleshooting purposes.

                    

The information displayed for each SV publication is described in Table 14.41.

                    

Table 14.39 COM RTC c C and COM RTC c R Command

Command Description Access Level

COM RTC C Clear/reset the maximum packet delay on all enabled 
synchrophasor client channels.

P, A, O, 2

COM RTC A R Clear/reset the maximum packet delay on synchrophasor 
client Channel A.

P, A, O, 2

COM RTC B C Clear/reset the maximum packet delay on synchrophasor 
client Channel B.

P, A, O, 2

Table 14.40 COM SV Command (SEL SV Publisher Relays)

Command Description Access Level

COM SV Displays information for the SV publications 1, B, P, A, O, 2

COM SV k Displays information for the SV publications successively 
for k times

1, B, P, A, O, 2

Table 14.41 Accessible Information for Each SV Publication (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode When SEL TEST SV Mode = Off, the SEL SV publisher relay is 
publishing normal SV messages. When SEL TEST SV Mode = On, the 
SEL SV publisher relay is publishing TEST SV messages.

When SEL TEST SV Mode = On, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise. See TEST SV on 
page 14.68 in this section for more information.

SV Control Reference This field represents the control reference for the SV publication.

When the SEL SV publisher relay is configured via Configured IED 
Description (CID) file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) 
and the SampledValueControl name (SV Control Block Name). e.g., 
SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

Multicast Address
(MultiCastAddr)

This field is the multicast destination address for the SV publication 
and is expressed as six sets of hexadecimal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the pri-
ority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the SV publication. Spaces 
are used if the VLAN is unavailable or unknown.

AppID This hexadecimal field is the value of the Application Identifier for 
the SV publication.
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Figure 14.3 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via CID file.

                    

Figure 14.4 shows an example response to the COM SV command with the SEL 
SV publisher relay configured via PORT 5 Settings.

Sampled Value Identi-
fier (SV ID)

This field is the identifier string value for the SV publication (as 
many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source of the SEL SV 
publisher relay at the time of the most recent SV published message. 

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accu-
racy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID 
(PTP power profile only).

Data Set Reference This field contains the DataSetReference (Data Set Reference) for 
the SV publication.

When the SEL SV publisher relay is configured via CID file, this 
field includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class) and SampledValueC-
ontrol datSet (Data Set Name), e.g., SEL_421CFG/
LLN0$PhsMeas1.

When the SEL SV publisher relay is configured via the PORT 5 SV 
settings, this field is blank.

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

SEL_421CFG/LLN0$MS$MSVCB01
 01-0C-CD-04-00-01  4:1    4001      2  
 SV ID: 4001
 Data Set: SEL_421CFG/LLN0$PhsMeas1

SEL_421CFG/LLN0$MS$MSVCB02
 01-0C-CD-04-00-02  4:1    4002      2  
 SV ID: 4002
 Data Set: SEL_421CFG/LLN0$PhsMeas2

SEL_421CFG/LLN0$MS$MSVCB03
 01-0C-CD-04-00-03  4:1    4003      2  
 SV ID: 4003
 Data Set: SEL_421CFG/LLN0$PhsMeas3

Figure 14.3 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Publisher Relay

Table 14.41 Accessible Information for Each SV Publication (Sheet 2 of 2)

Data Field Description
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If the COM SV command is issued during CID file processing or right after SV 
settings change in PORT 5, the relay responds with IEC 61850 configuration is 
in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV publications or subscriptions 
are configured in the CID file when the COM SV command is issued, the relay 
responds with No SV publications configured.

COM SV (SV Subscriber Relays)

The COM SV command displays information and statistics for the SV subscrip-
tions that can be used for troubleshooting purposes.

                    

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Publication Information

 MultiCastAddr   Ptag:Vlan AppID  smpSynch
--------------------------------------------------------------------------------

 01-0C-CD-04-00-01  4:1    4101      2  
 SV ID: 4101
 Data Set: 

 01-0C-CD-04-00-02  4:1    4102      2  
 SV ID: 4102
 Data Set: 

 01-0C-CD-04-00-03  4:1    4103      2  
 SV ID: 4103
 Data Set: 

Figure 14.4 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Publisher Relay

Table 14.42 COM SV Command (SEL SV Subscriber Relays)

Command Description Access Level

COM SV Displays information for the SV subscriptions. 1, B, P, A, O, 2

COM SV k Displays information for the SV subscriptions succes-
sively for k times.

1, B, P, A, O, 2

COM SV S Displays a list with the SubsID, AppID, and Control-
BlockReference identifier for each of the SV subscriptions 
configured.

1, B, P, A, O, 2

COM SV S 
[id|ALL]

Displays statistics information and downtime timers for 
all [ALL] or a specific SV subscription [id] based on the 
parameters entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] [L]

Displays an extended report containing statistics informa-
tion, downtime timers and occurred failures for all [ALL] 
or a specific SV subscription [id] based on the parameters 
entered.

1, B, P, A, O, 2

COM SV S 
[id|ALL] C

Clears the statistics for a particular SV subscription if the 
identifier [id] is entered. Otherwise clears the statistics for 
all the configured SV subscriptions whether or not the 
[ALL] parameter is entered.

1, B, P, A, O, 2
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Table 14.43 describes the available information for each SV subscription when 
commands in Table 14.42 are entered.

                    

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 1 of 2)

Data Field Description

SEL TEST SV Mode This field indicates whether or not the SEL SV subscriber relay is in SEL TEST SV Mode. If On, then the 
SEL SV subscriber relay accepts SV publications that have the TEST bit of the quality attribute set. While in 
Test mode, the SEL SV subscriber relay continues to accept SV publications that do not have the TEST bit 
of the quality attribute set.

When SEL TEST SV Mode = On, Relay Word bit SVSTST is asserted; SVSTST is deasserted otherwise. 
See TEST SV on page 14.68 for more information.

SIMULATED Mode This field indicates whether or not the SEL SV subscriber relay is currently accepting simulated SV publica-
tions. If On, then the SEL SV subscriber relay accepts all the SV publications that have the LPHDSIM mode 
set.

See the Section 17: IEC 61850 Communication for more information about the Simulated Mode.

SV Control Reference This field represents the control reference for the SV subscriptions.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and the SampledValueControl name 
(SV Control Block Name). e.g., SEL_421CFG/LLN0$MS$MSVCB01

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

AppID This hexadecimal field represents the value of the Application Identifier for the SV subscription.

Accumulated downtime 
duration (since last reset)

Displays the accumulated downtime duration attributed to errors since the last time the statistics were 
cleared.

Maximum downtime 
duration

Displays the maximum duration of continuous downtime attributed to errors, accumulated over the previous 
30-second maximum rolling window to the issue of the COM SV command.

Code (SV Subscriptions 
Failure Report)

Displays one of the values under Table 14.44 either for warning or error code.

This code indicates a warning or error code for each SV subscription in effect at the time the command was 
executed. If multiple warnings or errors are present for an SV subscription, only the code with the highest 
priority is displayed.

If the COM SV S [id|ALL] L is executed, a listed report containing the last eight most recent failures with 
the highest priority error code will be displayed for one or all the SV subscriptions based in the parameters 
entered.

Multicast Address 
(MultiCastAddr)

This field is the multicast destination address for the received SV message expressed as six sets of hexadec-
imal values.

Priority Tag (Ptag) This decimal field is the priority tag value. Spaces are used if the priority tag is unavailable or unknown.

VLAN (Vlan) This decimal field is the virtual LAN of the received SV message. Spaces are used if the VLAN is unavail-
able or unknown.

Sampled Value Identifier 
(SV ID)

This field is the identifier string value for the received SV message (as many as 63 characters).

Synchronization State 
(smpSynch)

This field represents the time-synchronization source for the most recent received SV message.

0: Not synchronized.

1: Synchronized by an unspecified local area clock signal (low-accuracy).

2: Synchronized by a global area clock signal (high-accuracy).

3, 4: Reserved.

5–254: Synchronized by a grandmaster clock identified with this ID (PTP power profile only).
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Data Set Reference This field contains the DataSetReference (Data Set Reference) for the received SV message.

When the SEL SV subscriber relay is configured via CID file, this field includes the iedName (IED name), 
ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and SampledValueControl datSet (Data 
Set Name), e.g., SEL_421CFG/LLN0$PhsMeas1.

When the SEL SV subscriber relay is configured via the PORT 5 SV settings, this field is blank.

Network Delay This field contains the calculated real-time network delay SVNDmma for an SV subscription.

When the SEL SV subscriber relay is in coupled clock mode (SVCC = 1) and subscribed to an SV publica-
tion (SVSmmOK = 1), this field contains the value of the network delay (SVNDmm) for this particular SV 
subscription. If SVNDmm > 9.99 ms, this field is $$$.

When the SEL SV subscriber relay is not in coupled clock mode (SVCC = 0) or not subscribed to an SV 
publication (SVSmmOK = 0), this field is NA.

a Parameter mm = 1—7, representing the SV identifier for that SV subscription.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

– 1 The subscribing device is disabled or becomes unresponsive. Error

MSG CORRUPTED 2 Displayed when a received SV message does not meet the proper format 
or is corrupted.

Error

ASDU ERROR 3 Displayed when the noASDU (Number of Application Service Data Units 
[ASDUs]) is greater than one. The SEL SV subscriber relay only supports 
a maximum of one ASDU per stream.

Error

SVID RANGE ERR 4 Displayed when the SVID of the received SV message is less than 1 char-
acter or greater than 63 characters long.

Error

SMPCNT RANGE ERR 5 Displayed when the out-of-range (OOR) error occurs. 

This error is present when the smpCnt exceeds the expected range (0–
3999 for 4 kHz or 0–4799 for 4.8 kHz).

Error

CONF REV MISMA 6 Displayed when the value of the configuration revision number in the 
received SV message does not match with the value of the configuration 
revision number present in the CID file.

Error

SMPSYNC MISMA 7 Displayed when the SmpSynch of the received SV message does not 
match with the SmpSynch value of the first configured SV subscription.

This message is also displayed if a received SV message is rejected 
because its SmpSynch value is zero.

Error

PDU LENGTH ERR 8 Displayed when the length of received SV message does not match with 
the length reported in the header of the SV message structure.

Error

INVALID QUAL 9 Displayed when any of the quality bits in Table 14.45 are non-zero for any 
of the subscribed current or voltage channels (excluding the neutral chan-
nels) in a received SV message and the SEL SV subscriber relay is not in 
TEST Mode (SVSTST = 0).

After three consecutive invalid SV messages are interpolated, subsequent 
received packets are discarded.

Error

SV STREAM LOST 10 Displayed after the SEL SV subscriber relay has not received four or more 
consecutive SV messages.

Error

CH DLY EXCEEDED 11 Displayed when the measured network delay (SVNDmmb) of any sub-
scribed SV messages exceeds the configured CH_DLY setting when in 
coupled clock mode (SVCC = 1).

Warning

INTERPOLATED 12 Displayed after the loss of 1–3 consecutive SV messages when the SEL 
SV subscriber relay starts to interpolate the lost SV message.

Warning

Table 14.43 Accessible Information for Each IEC 61850 SV Subscription (Sheet 2 of 2)

Data Field Description
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Table 14.45 details the quality bits defined by the IEC 61850-7-3:2010 standard 
(Section 6.2.1, Table 2) as well as the derived extension from the IEC 61850 
9-2LE_R2-1 standard. If any of the quality bits (shown in italics) in Table 14.45 
is non-zero for any of the subscribed current or voltage channels excluding the 
neutral channels and unmapped channels in a received SV message, the corre-
sponding incoming SV message is discarded.

                    

Figure 14.5 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via CID file.

                    

OUT OF SEQUENC 13 Displayed when the out-of-sequence (OOS) error occurs.

This error is present when the smpCnt value between the received SV 
messages is not sequential.

Warning

QUALITY (TEST) 14 Displayed when the TEST bit of the quality attribute in a received SV 
message is set and the SEL SV subscriber relay is in TEST mode 
(SVSTST = 1).

Warning

SIMULATED –c Displayed when the LPHDSIM mode in the received SV message is set. Warning

a Enumerations are used to communicate SV error codes in the LSVS logical node.
b Parameter mm = 1–7, representing the SV identifier for that SV subscription.
c Simulation mode is indicated in the LSVS logical node by SimSt.stVal and is not part of the ErrSt.stVal enumeration list.

Table 14.44 Warning and Error Codes for SV Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

Table 14.45 Quality Bits in an IEC SV Message

Attribute Default Value

validity Good

detailQual

Overflow FALSE

outOfRange FALSE

badReference FALSE

oscillatory FALSE

Failure FALSE

oldData FALSE

inconsistent FALSE

inaccurate FALSE

Source process

Test FALSE

operatorBlocked FALSE

Deriveda

a All values of the derived quality attribute are accepted.

FALSE

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay
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Figure 14.6 gives an example response to the COM SV command with the SEL 
SV subscriber relay configured via PORT 5 settings.

                    

Figure 14.7 gives an example response to the COM SV S ALL L command with 
the SEL SV subscriber relay configured via CID file.

                    

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 01-0C-CD-04-00-A1  4:5    41A1      2                            0.83
 SV ID: 41A1
 Data Set: SEL_4217_MU01CFG/LLN0$PhsMeas1

SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 01-0C-CD-04-00-A2  4:5    41A2      1        SIMULATED           0.83
 SV ID: 41A2
 Data Set: SEL_4217_MU02CFG/LLN0$PhsMeas1

SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 01-0C-CD-04-00-A3  4:5    41A3      2                            NA
 SV ID: 41A3
 Data Set: SEL_4217_MU03CFG/LLN0$PhsMeas1

SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 01-0C-CD-04-00-A4  4:5    41A4      1        INTERPOLATED        1.83
 SV ID: 41A4
 Data Set: SEL_4217_MU04CFG/LLN0$PhsMeas1

=>>COM SV <Enter>

IEC 61850 Mode /Behavior: On
SEL TEST SV Mode: Off
IEC 61850 Simulation Mode: Off

SV Subscription Status

 MultiCastAddr   Ptag:Vlan AppID  smpSynch    Code          Network Delay(ms)
--------------------------------------------------------------------------------
 
 01-0C-CD-04-00-A1   :     41A1      2       QUALITY (TEST)       0.63
 SV ID:  
 Data Set: 

 01-0C-CD-04-00-A2   :     41A2      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A3   :      41A3      2                            0.63
 SV ID:  
 Data Set:  

01-0C-CD-04-00-A4   :      41A4      2       INTERPOLATED         0.63
 SV ID:  
 Data Set:  

Figure 14.6 COM SV Command Response When PORT 5 Settings Are Used by 
the SEL SV Subscriber Relay

=>>COM SV S ALL L <Enter>

TEST SV Mode: Off

IEC 61850 Simulation Mode: Off

SV Subscription Status

 SV SubsID 1
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU01CFG/LLN0$MS$MU01_MSVCB01
 AppID   : 41A1
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.002
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure
 1    05/13/2017    00:30:19    SV STREAM LOST
 2    05/13/2017    00:29:05    SMPSYNC MISMA

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay

Figure 14.5 COM SV Command Response When CID Configuration Is Used by 
the SEL SV Subscriber Relay (Continued)
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If the COM SV command is issued during CID file processing or right after an 
SV settings change in PORT 5, the relay responds with IEC 61850 configuration 
is in progress. No SV statistics available.

If the PORT 5 settings for SV are not in use (SVTXEN = 0), and the CID file is not 
present or is invalid when the COM SV command is issued, the relay responds 
with Error detected in parsing the CID file. All SV processing dis-
abled.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the COM SV command is issued, the relay responds with No 
SV Subscriptions configured.

CONTROL nn
Use the CONTROL nn command to set, clear, or pulse internal Relay Word bits. 
Remote bits in SELOGIC control equations are similar to hardwired control 
inputs, in that you use these bits to affect relay operation from outside sources. 
For control inputs, external input to the relay comes through the rear panel; in the 
case of the CON nn command, external control signals come through the com-
munications ports. See Remote Bits on page 5.12 for information on remote bits.

                    

 SV SubsID 2
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU02CFG/LLN0$MS$MU02_MSVCB01
 AppID   : 41A2
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:00:00.000
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 3
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU03CFG/LLN0$MS$MU03_MSVCB01
 AppID   : 41A3
 Last Update : 05/12/2017 17:42:00

 Accumulated downtime duration (since last reset)   : 0000:01:00.000
 Maximum downtime duration                          : 50.000

 #    Date          Time        Failure
 1    05/13/2017    23:10:19    SVID RANGE ERR

*Note - Only the highest priority error code for each stream is displayed

 SV SubsID 4
--------------------------------------------------------------------------------
 Ctrl Ref: SEL_4217_MU04CFG/LLN0$MS$MU04_MSVCB01
 AppID   : 41A4
 Last Update : 05/12/2017 17:42:01

 Accumulated downtime duration (since last reset)   : 0000:00:10.006
 Maximum downtime duration                          : 00.000

 #    Date          Time        Failure

*Note - Only the highest priority error code for each stream is displayed

Figure 14.7 COM SV S ALL L Command Response When CID Configuration Is 
Used by the SEL SV Subscriber Relay (Continued)

Table 14.46 CON nn Command

Command Description Access Level

CON nna C

a Parameter nn is the remote bit reference for RBnn.

Clear Remote Bit nn. P, A, O, 2

CON nn P Pulse Remote Bit nn for one processing cycle. P, A, O, 2

CON nn S Set Remote Bit nn. P, A, O, 2
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If you enter CON nn with no set, clear, or pulse option specified, the relay 
responds, Control RBnn:. You must then provide the control action (set, clear, or 
pulse) that you want to perform. (The relay checks only the first character; you 
can type Set and Clear.) When you issue a valid CON command, the relay per-
forms the control action immediately and displays Remote Bit Operated.

COPY
The COPY command copies the settings from one class instance to another 
instance in the same class. For example, you can copy Group settings from one 
group to another. You cannot copy Group settings to Port settings.

This command is limited to the same access level as the SET command for the 
class of settings you are copying.

                    

The parameters m and n must be valid and distinct (not the same) instance num-
bers. You can typically choose from classes of group (S), port (P), and protection 
SELOGIC control equations (L). Some SEL-400 series relays support copying 
additional classes. The COPY command is not available within the Automation 
class and is not available for the Breaker Monitor settings.

In addition, port settings instances must be compatible; you cannot copy from/to 
PORT 5 and the other communications ports settings. You cannot copy to a port 
that is presently in transparent communication. If you attempt such a copy, the 
relay responds with Cannot copy to a port involved in transparent com-
munication. In addition, you cannot copy to the present port (the port you are 
using to communicate with the relay). If you attempt such a copy, the relay 
responds with Cannot copy port settings to present port.

When you enter the COPY command with valid parameters, the relay responds 
with Are you sure (Y/N)?. Answer Y <Enter> (for yes) to complete copying.

If the destination instance is the active group, the relay changes to the new set-
tings and pulses the SALARM Relay Word bit.

Table 14.47 COPY Command

Command Description Access Level

COPY m na

a Parameters m and n are 1 to 6 for the Group class and 1, 2, 3, and F for the Port class.

Copy settings from instance m of the Group settings to 
instance n of the Group settings.

P, A, O, 2

COPY class m nb

b Parameter class is S, P, and L for group settings, port settings, and protection SELOGIC control 
equations, respectively.

Copy settings from instance m of Class class to instance 
n of Class class.

P, A, O, 2
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CPR
Use the CPR command to access the Signal Profile data for as many as 20 user-
selectable analog values in Compressed ASCII format. Notice that the CPR 
records are in reverse chronological progression as compared to the PRO reports.

                    

CSER
The CSER command provides an SER report in Compressed ASCII format. The 
default order of the CSER command (chronologically newest to oldest from list 
top to list bottom) is the reverse of the SER command (oldest to newest from list 
top to list bottom).

CSE
Use the CSE command to gather Sequential Events Recorder (SER) records. You 
can sort these records in numerical or date order.

                    

Table 14.48 CPR Command

Command Description Access Level

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m Displays the first m rows of the profile report, with the 
oldest row at the bottom and the latest row at the top.

1, B, P, A, O, 2

CPR m n (m > n) Displays the row between m and n, (including m and n). 1, B, P, A, O, 2

CPR date1 Displays all the rows that were recorded on that date, with 
the latest row at the bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chrono-
logically precedes date2), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chrono-
logically precedes date1), with the latest row at the 
bottom and the oldest row at the top.

1, B, P, A, O, 2

CPR TERSE The CPR TERSE command omits the report labels. 1, B, P, A, O, 2

Table 14.49 CSE Command (Sheet 1 of 2)

Command Description Access Level

CSE Return all records from the SER in Compressed ASCII 
format, with the most recent (lowest number) at the 
beginning of the list and the oldest (highest number) at 
the end of the list.

1, B, P, A, O, 2

CSE ka Return the k most recent records from the SER in Com-
pressed ASCII format, with the most recent (lowest 
number) at the beginning of the list and the oldest (high-
est number) at the end of the list.

1, B, P, A, O, 2



14.27

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

CSE TERSE
The CSE TERSE command returns a SER report in Compressed ASCII format 
without labels; the relay sends only the data (including header data). You can 
apply the TERSE option with any of the CSE commands.

                    

CSE m nb Return the SER records in Compressed ASCII format 
from m to n.

If m is greater than n, then records appear with the oldest 
(highest number) at the beginning of the list and the 
most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list and 
the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1c Return the SER records in Compressed ASCII format on 
date date1.

1, B, P, A, O, 2

CSE date1 date2c Return the SER records in Compressed ASCII format 
from date date1 to date date2.

1, B, P, A, O, 2

a Parameter k indicates a specific number of SER records.
b Parameters m and n indicate an SER record number.
c Enter date1 and date2 in the same format as Global setting DATE_F.

Table 14.49 CSE Command (Sheet 2 of 2)

Command Description Access Level

Table 14.50 CSE TERSE Command

Command Description Access Level

CSE TERSE Return all SER records without the label lines in 
Compressed ASCII format.

1, B, P, A, O, 2

CSE k TERSEa

a Parameter k indicates a specific number of SER records.

Return the k most recent SER records without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSE m n TERSEb

b Parameters m and n indicate an SER record number.

Return the SER records in Compressed ASCII for-
mat from m to n without the label lines in Com-
pressed ASCII format.

If m is greater than n, then records appear with the 
oldest (highest number) at the beginning of the list 
and the most recent (lowest number) at the end of the list.

If m is less than n, then records appear with the most 
recent (lowest number) at the beginning of the list 
and the oldest (highest number) at the end of the list.

1, B, P, A, O, 2

CSE date1 
TERSEc

c Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records in Compressed ASCII for-
mat on date date1 without the label lines in Com-
pressed ASCII format.

1, B, P, A, O, 2

CSE date1 date2 
TERSEc

Return the SER records in Compressed ASCII for-
mat from date date1 to date date2 without the label 
lines in Compressed ASCII format.

1, B, P, A, O, 2
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CSTATUS
The CSTATUS command provides a STATUS report in the Compressed ASCII 
format. The TERSE option eliminates the report label lines.

                    

CSUMMARY
The CSUMMARY provides the same information as the SUMMARY command 
but in Compressed ASCII format. You can combine the n, ACK, MB, and 
TERSE options.

CSU
Use the CSU command to gather event report summaries.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

CSU ACK
Use the CSU ACK command to acknowledge an event summary that you recently 
retrieved with the CSU NEXT command on the present communications port.

                    

CSU MB
The CSU MB command causes the relay to output the labels for the MIRRORED 
BITS communications channel data in Compressed ASCII format.

                    

Table 14.51 CST Command

Command Description Access Level

CST Return the relay status in Compressed ASCII. 1, B, P, A, O, 2

CST TERSE Return the relay status in Compressed ASCII; suppress the 
label lines and transmit only the data lines.

1, B, P, A, O, 2

Table 14.52 CSU Command

Command Description Access Level

CSU Return the most recent event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

CSU na

a Parameter n indicates event order or serial number.

Return a particular n event summary (with label lines) in 
Compressed ASCII format.

1, B, P, A, O, 2

Table 14.53 CEV ACK Command

Command Description Access Level

CSU ACK Acknowledge the oldest unacknowledged event summary at 
the present communications port for Compressed ASCII format.

1, B, P, A, O, 2

Table 14.54 CSU MB Command

Command Description Access Level

CSU MB Return the MIRRORED BITS communications channel labels. 1, B, P, A, O, 2
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CSU NEXT
Use the CSU NEXT command to view the oldest unacknowledged event sum-
mary in Compressed ASCII format.

                    

CSU TERSE
The TERSE command option returns an event summary report in Compressed 
ASCII format without labels; the relay sends only the data (including header data).

                    

You can apply the TERSE option with any of the CSU commands except CSU 
ACK and CSU MB.

DATE
Use the DATE command to view and set the relay date. The relay can overwrite 
the date that you enter by using other time sources, such as IRIG and DNP3. 
Enter the DATE command with a date to set the internal clock date. You can sep-
arate the month, day, and year parameters with spaces, commas, slashes, colons, 
and semicolons.

Set the year in two-digit form (for dates 2000–2099) or four-digit form. If you 
enter the year as 12, the relay date is 2012. You must enter the data in the format 
specified in the Global setting DATE_F.

If an IRIG-B time synchronization signal is connected to the relay, the DAT com-
mand cannot alter the month or day portion of the date. If the IRIG-B time SNTP 
time source is connected, the DAT command cannot alter any time setting.

                    

Table 14.55 CSU N Command

Command Description Access Level

CSU N View the oldest unacknowledged event summary. 1, B, P, A, O, 2

Table 14.56 CSU TERSE Command

Command Description Access Level

CSU TERSE Return the event summary report without the label lines 
in Compressed ASCII format.

1, B, P, A, O, 2

CSU na TERSE

a Parameter n indicates event number or serial order.

Return a particular n event summary report without the 
label lines in Compressed ASCII format.

1, B, P, A, O, 2

CSU N TERSE View the oldest unacknowledged event summary without 
the label lines in Compressed ASCII format.

1, B, P, A, O, 2

Table 14.57 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1, B, P, A, O, 2

DATE datea

a Enter date parameters in the same order as Global setting DATE_F.

Set the internal clock date. 1, B, P, A, O, 2
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DNAME X
The DNA X command produces the ASCII names of all relay digital I/O (input/
output) quantities reported in a Fast Meter message in Compressed ASCII format.

                    

DNP
The DNP command accesses the serial port DNP3 settings and is similar to the 
SHOW D command. Use the DNP or DNP VIEW command to show the relay 
serial port DNP3 settings beginning at the first setting label just like SHOW D. 
Issue the DNP command with any parameter param to set the serial port DNP3 
settings; the relay begins at the first DNP3 setting just like SET D.

                    

ETHERNET
The ETH command displays the current Ethernet port (PORT 5) configuration and 
status. Communications statistics, such as the number of packets, bytes, and 
errors received and sent, are displayed for the ports that carry standard Ethernet, 
DNP3 or optional IEC 61850 communications. Other commands are available to 
display similar statistics for ports that exclusively carry other types of traffic, for 
example, COM 87L for 87L traffic.

ETH
Use the ETH command when troubleshooting Ethernet connections.

                    

Table 14.58 DNA Command

Command Description Access Level

DNA X Display ASCII names of all relay digital I/O. 0, 1, B, P, A, O, 2

Table 14.59 DNP Command

Command Description Access Level

DNP Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP VIEW Show the serial port DNP3 settings (same as SHOW D). 1, B, P, A, P, O, 2

DNP param Set the serial port DNP3 settings (same as SET D); begin 
at the first DNP3 setting.

P, A, O, 2

Table 14.60 ETH Command

Command Description Access Level

ETH Displays information about Ethernet port(s) 1, B, P, A, O, 2
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Figure 14.8 shows a sample ETH command response for a relay with four cop-
per Ethernet ports and PORT 5 setting NETMODE = FAILOVER. Different Ether-
net configurations and different NETMODE settings result in slightly different 
information being displayed. 

                    

Figure 14.9 shows a sample ETH command response for a relay with the five-
port Ethernet card, BUSMODE set to INDEPEND, NETMODE and NETMODP 
set to PRP, and all interfaces enabled.

                    

==>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 16:07:59.368
Station A                                  Serial Number: 1230769999

MAC 1: 00-30-A7-06-21-EE
MAC 2: 00-30-A7-06-21-EF
IP ADDRESS: 192.168.1.89/20
DEFAULT GATEWAY: 192.168.1.1

NETMODE: FAILOVER

PRIMARY PORT:      5C
ACTIVE PORT:       5D

             LINK   SPEED  DUPLEX  MEDIA
PORT 5C      Down   ---    ---     FX
PORT 5D      Up     100M   Full    TX

        PACKETS                 BYTES               ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
    318292   326702     40080159   22834008         0       4

Figure 14.8 Sample ETH Command Response for the Two-Port Ethernet Card

=>>ETH <Enter>

Relay 1                                    Date: 03/17/2023  Time: 14:41:24.123
Station A                                  Serial Number: 1230769999

BUSMODE: INDEPENDENT

PROCESS BUS
MODE: PRP
PORTS 5A/5B MAC: 00-30-A7-00-00-03

STATION BUS
MODE: PRP
PORTS 5C/5D MAC: 00-30-A7-00-00-04
IP ADDRESS: 192.168.1.31/24
DEFAULT GATEWAY: 192.168.1.1

ENGINEERING ACCESS
PORT 5E MAC: 00-30-A7-00-00-05
IP ADDRESS: 192.168.2.31/24
DEFAULT GATEWAY: 192.168.2.1

ETHERNET PORT STATUS
             LINK  SPEED  DUPLEX  MEDIA
--------------------------------------------------------------------
PORT 5A      Up    1000M  Full    SX
PORT 5B      Up    1000M  Full    SX
PORT 5C      Up    100M   Full    FX
PORT 5D      Up    100M   Full    FX
PORT 5E      Up    100M   Full    FX

PACKET COUNT
             SENT     RCVD     DISC     ERROR
--------------------------------------------------------------------
PORT 5A    284003  4238102        0        0
PORT 5B    283878  4238078        0        0
PORT 5C    137629   418243   355859        0
PORT 5D    137609   961288   960074        0
PORT 5E     12020    14880      640        0

SFP TRANSCEIVER INFO
             RX Power(dBm)  TX Power(dBm)  Temp(C)
--------------------------------------------------------------------
PORT 5A       -15.90        -17.06          41.1
PORT 5B       -33.98        -17.14          41.0
PORT 5C       -18.73        -17.06          40.2
PORT 5D       -18.01        -17.14          39.6
PORT 5E       -18.12        -17.08          49.2

=>>

Figure 14.9 Sample ETH Command Response for the Five-Port Ethernet Card 
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ETH C and ETH R
The ETH C and ETH R commands clear the Ethernet connection statistics. 
Option C and R are identical.

                    

When you issue the ETH C and ETH R command, the relay sends the following 
prompt: Are you sure (Y/N)?. If you answer Y <Enter>, the relay clears the 
Ethernet statistics and response: Ethernet Statistics Cleared.

EVENT
NOTE: The SEL-400G relay does not 
support 4-sample/cycle events. 
Filtered and unfiltered events are 
presented in the COMTRADE format.

Use the EVENT command to view the relay filtered event reports (see Event 
Report on page 9.14 for information on event reports).

EVE
The EVE command displays the full-length event reports stored in relay memory. 
When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

                    

EVE A
The EVE A command returns only the analog information in the event report.

                    

Table 14.61 ETH C and ETH R Command

Command Description Access Level

ETH C Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

ETH R Clears the statistics on PORT 5 Ethernet connection 1, B, P, A, O, 2

Table 14.62 EVE Command

Command Description Access Level

EVE Return the most recent event report (including settings and 
summary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na

a Parameter n indicates event order or serial number.

Return a particular n event report (including settings and sum-
mary) at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.63 EVE A Command

Command Description Access Level

EVE A Return only the analog information for the most recent 
event report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE A na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the analog information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE ACK
Use EVE ACK to acknowledge the oldest unacknowledged event that you 
recently viewed with the EVE NEXT or the CEV NEXT commands on the pres-
ent communications port.

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the EVE NEXT command, the relay responds with Event sum-
mary number n has not been viewed with the NEXT option.

EVE C
Use EVE C to return a 15-cycle length event report with both analog and digital 
data. You cannot mix the A and D options with the EVE C command. The Lyyy 
option overrides the C option (see EVE Lyyy on page 14.34).

                    

EVE D
Use EVE D to return only the digital information in the event report.

                    

Table 14.64 EVE ACK Command

Command Description Access Level

EVE ACK Acknowledge the oldest unacknowledged event at the 
present communications port.

1, B, P, A, O, 2

Table 14.65 EVE C Command

Command Description Access Level

EVE C Return the most recent event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

EVE C na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report at a 15-cycle length with 
large resolution data.

1, B, P, A, O, 2

Table 14.66 EVE D Command

Command Description Access Level

EVE D Return only the digital information for the most recent event 
report with 4-samples/cycle data.

1, B, P, A, O, 2

EVE D na

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return only the digital information for a particular n event 
report with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE L
Use EVE L to return a large resolution event report. The Sx option overrides the 
L option (see EVE Sx on page 14.35).

                    

EVE Lyyy
Command EVE Lyyy returns a specified length event report, where Lyyy indi-
cates a length of yyy cycles. You can specify yyy from 1 cycle up to a value 
including and exceeding the event report total cycle length. If yyy is longer than 
the total length, the relay returns the full duration event report. The Lyyy option 
overrides the C option.

                    

EVE NEXT
EVE NEXT returns the oldest unacknowledged event report on the present com-
munications port.

                    

EVE NSET
The EVE NSET command returns the event report with no relay settings.

                    

Table 14.67 EVE L Command

Command Description Access Level

EVE L Return the most recent event report at full length with large 
resolution data.

1, B, P, A, O, 2

EVE na L

a Parameter n indicates event order or serial number.

Return a particular n event report at full length with large 
resolution data.

1, B, P, A, O, 2

Table 14.68 EVE Lyyy Command

Commanda

a Parameter n indicates event order or serial number; see EVE on page 14.32.

Description Access Level

EVE Lyyy Return yyy cycles of the most recent event report (including 
settings) with 4-samples/cycle data.

1, B, P, A, O, 2

EVE n Lyyy Return yyy cycles of a particular n event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.69 EVE N Command

Command Description Access Level

EVE N Return the oldest unacknowledged event report with 4-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.70 EVE NSET Command

Command Description Access Level

EVE NSET Return the most recent event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSET
a Parameter n indicates event order or serial number; see EVE on page 14.32.

Return a particular n event report without settings at full 
length with 4-samples/cycle data.

1, B, P, A, O, 2
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EVE NSUM
The EVE NSUM returns the event report with no event summary.

                    

EVE Sx
Use the EVE Sx command to specify the sample data resolution of the event 
report. The sample data resolution x is either 4-samples/cycle or large resolution; 
the default value is 4-samples/cycle if you do not specify Sx. The Sx option over-
rides the L option.

                    

EVE Command Option Combinations
You can combine options C, L, Lyyy, n, NSET, NSUM, and Sx, in one com-
mand. Enter the options according to the following guidelines:

➤ The Lyyy option overrides the C option.

➤ The Sx option overrides the L option.

➤ When choosing option A or option D as a report type, you cannot use 
option C to specify the report length at 15 cycles. Use option Lyyy at 
L015 to specify a 15-cycle report.

➤ Enter the options in any order.

Table 14.73 lists the choices you can make in the EVE command. Combine 
options on each row, selecting one option from each column, to create an EVE 
command.

                    

Table 14.71 EVE NSUM Command

Command Description Access Level

EVE NSUM Return the most recent event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

EVE na 
NSUM
a Parameter n indicates event order or serial number.

Return a particular n event report without the event sum-
mary at full length with 4-samples/cycle data.

1, B, P, A, O, 2

Table 14.72 EVE Sx Command

Command Description Access Level

EVE Sx Return the most recent event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

EVE na Sx

a Parameter n indicates event order or serial number; x is 4, 8, or 12 to represent data at 
4 samples/cycle, 8 samples/cycle, or 12 samples/cycle respectively. See the product-specific 
instruction manual to see whether 8 or 12 samples/cycle are supported for larger resolution reports.

Return a particular n event report at full length with x-sam-
ples/cycle data.

1, B, P, A, O, 2

Table 14.73 EVE Command Option Groups

Acknowledge
Event 
Number

Data 
Resolution

Report 
Type

Report 
Length

Omit

ACK n, NEXT Sx, L C, A, D Lyyy, C NSET, NSUM
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The following examples illustrate some possible option combinations.

                    

EXIT
Use the EXIT command to terminate a Telnet session and revert to Access Level 0 
(exit relay control).

                    

FILE
The FILE command provides a safe and efficient means of transferring files 
between IEDs and external support software (ESS) by providing Ymodem file 
transfer. The FILE commands are especially useful for retrieving high-resolution 
sampled data in binary COMTRADE format from the relay.

                    

All text enclosed in [brackets] indicates optional command line parameters. The 
specific directories available in the relay depends on the relay model, but typi-
cally includes EVENTS, REPORTS, SETTINGS, and SYNCHROPHASOR 
directories. For FILE READ operations, specify the directory parameters as 
needed. The FILE WRITE command is available only for the SETTINGS directory.

Table 14.74 EVE Command Examples

Example Description

EVE L010 S8 Return 10 cycles of an 8-samples/cycle event report for the most recent event.

EVE L10 A Return 10 cycles of the analog portion only of the most recent event report 
at 4-samples/cycle resolution.

EVE 2 C NSUM For the second most recent event, return the event with 8-samples/cycle 
data, and omit the event summary.

Table 14.75 EXIT Command

Command Description Access Level

EXIT Terminate the Ethernet port Telnet sessions and go to 
Access Level 0 (exit relay control)

0, 1, B, P, A, O, 2

Table 14.76 FILE Command

Command Description Access Level

FILE DIR
directory

Returns a list of filenames in specified directory (direc-
tory). If not specified, then the list of files and directories in 
the root directory is returned.

1, B, P, A, O, 2

FILE READ 
directory
filename

Initiates a file transfer of the file filename (in the folder 
directory) from the relay to ESS. The filename parameter is 
required.

1, B, P, A, O, 2

FILE 
WRITE 
SETTINGS
filename

Initiates a file transfer of the file filename from ESS to the 
relay. If the filename parameter is not specified, the file 
name must be given in the Ymodem header.

P, A, O, 2
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GOOSE
Use the GOOSE command to display transmit and receive GOOSE messaging 
information, which can be used for troubleshooting.

                    

The information displayed for each GOOSE IED is described in Table 14.78.

                    

                    

Table 14.77 GOOSE Command

Command Description Access Level

GOOSE Displays GOOSE information 1, B, P, A, O, 2

GOOSE k Displays GOOSE information successively for k times 1, B, P, A, O, 2

Table 14.78 Accessible GOOSE IED Information

IED Description

Transmit GOOSE 
Control Reference

This field represents the GOOSE control reference information that includes the IED name, ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class), and GSEControl name (GSE Control Block Name) (e.g., 
SEL_411L_OtterCFG/LLN0$DSet13).

Receive GOOSE 
Control Reference

This field shall contain the goCbRef (GOOSE Control Block Reference) information that includes the iedName 
(IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class) and cbName (GSE Control 
Block Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Multicast Address 
(MultiCastAddr)

This hexadecimal field represents the GOOSE multicast address.

Priority Tag (Ptag) This three-bit decimal field represents the priority tag value, where spaces are used if the priority tag is unknown.

VLAN (Vlan) This 12-bit decimal field represents the virtual LAN setting, where spaces are used if the virtual LAN is unknown.

State Number 
(StNum)

This hexadecimal field represents the state number that increments with each state change.

Sequence Number 
(SqNum)

This hexadecimal field represents the sequence number that increments with each GOOSE message sent.

Time to Live (TTL) This field contains the time (in ms) before the next message is expected.

Transmit Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the IED name, LN0 lnClass (Logical Node 
Class), and GSEControl datSet (Data Set Name) (e.g., SEL_411L_1CFG/LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that includes the iedName (IED name), ldInst (Logical 
Device Instance), LN0 lnClass (Logical Node Class) and datSet (Data Set Name) (e.g., SEL_411L_1CFG/
LLN0$DSet13).

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 1 of 2)

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or becomes 
unresponsive after the GOOSE command has been issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the con-
figuration revision number in the received GOOSE message does not 
match with the value of the configuration revision number present in the 
CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE message 
has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message does 
not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error
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An example response to the GOOSE command is shown in Figure 14.10.
                    

If the GOOSE command is issued during CID file processing, the relay responds 
with CID file is currently being processed. No GOOSE statistics 
available. When GOOSE is disabled by settings (EGSE = N), the relay sends 
Command is not available in responding to a GOOSE command. If an error is 
detected during the processing of the IEC 61850 file, the relay responds with 
Error detected in parsing the CID file. All GOOSE processing dis-
abled to a GOOSE command.

GOO S
The GOO S command provides statistics for GOOSE subscriptions.

                    

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the StNum or 
SqNum value between received GOOSE messages is not sequential.

Warning

INVALID QUAL 7 Invalid data quality received Warning

a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

Table 14.79 Warning and Error Codes for GOOSE Subscriptions (Sheet 2 of 2)

Code Enumerationa Definition Error/Warning

=>>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_OtterCFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10  4:1     1          166        457
   Data Set: SEL_411L_OtterCFG/LLN0$DSet13

GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------

SEL_411L_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487B_1CFG/LLN0$DSet13

SEL_2440_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-0A   :      0          0          0      TTL EXPIRED
   Data Set: SEL_2440_1CFG/LLN0$DSet13

SEL_487E_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-10   :      0          0          0      TTL EXPIRED
   Data Set: SEL_487E_1CFG/LLN0$DSet13

SEL_710_1CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-08   :      0          0          0      TTL EXPIRED
   Data Set: SEL_710_1CFG/LLN0$DSet13

IEC 61850 Mode/Behavior: Blocked
IEC 61850 Simulation Mode: On

Figure 14.10 GOOSE Command Response for the Two- or Four-Port Ethernet 
Card

Table 14.80 GOO S Command (Sheet 1 of 2)

Command Description Access Level

GOO S Display a list of GOOSE subscriptions with their ID. 1,B,P,A,O,2

GOO S n Display GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL Display GOOSE statistics for all subscriptions. 1,B,P,A,O,2

GOO S n L Display GOOSE statistics for subscription ID n including 
error history. 

1,B,P,A,O,2
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When reporting a list of subscriptions with the GOO S command, the response 
includes the subscription ID, the application identifier, and the GOOSE control 
block reference. The other variants of GOO S provide statistics on the selected 
subscriptions. Figure 14.11 and Figure 14.12 illustrates this.

                    

                    

GOO S ALL L Display GOOSE statistics for all subscriptions including 
error history. 

1,B,P,A,O,2

GOO S n C Clear GOOSE statistics for subscription ID n. 1,B,P,A,O,2

GOO S ALL C Clear GOOSE statistics for all subscriptions. 1,B,P,A,O,2

==>GOO S 2 <Enter>

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 06/30/2014 10:59:29.760  To: 06/30/2014 11:10:32.817

 Accumulated downtime duration                      : 0000:10:59.325
 Maximum downtime duration                          : 0000:10:59.325
 Date & time maximum downtime began                 : 06/30/2014 10:59:33.492
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 1 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 654 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

Figure 14.11 Example GOO S Command Response

=>>GOO S ALL L <Enter>

 SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet01
 AppID   : 4113 
 From    : 07/01/2014 11:23:13.851  To: 07/01/2014 11:37:54.790

 Accumulated downtime duration                      : 0000:00:34.002
 Maximum downtime duration                          : 0000:00:13.000
 Date & time maximum downtime began                 : 07/01/2014 11:35:36.048
 Number of messages received out-of-sequence(OOS)   : 4 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 12 
 Calculated number of messages lost due to OOS      : 30 

 #    Date        Time          Duration        Failure
 1    07/01/2014  11:37:02.051  0000:00:01.000  OUT OF SEQUENCE
 2    07/01/2014  11:36:59.051  0000:00:03.000  CONF. REV. MISMATCH
 3    07/01/2014  11:36:38.050  0000:00:00.999  OUT OF SEQUENCE
 4    07/01/2014  11:36:29.049  0000:00:09.000  NEEDS COMMISSIONING
 5    07/01/2014  11:36:09.049  0000:00:00.999  OUT OF SEQUENCE
 6    07/01/2014  11:36:03.049  0000:00:06.000  CONF. REV. MISMATCH
 7    07/01/2014  11:35:48.048  0000:00:00.999  OUT OF SEQUENCE

 SubsID 2
-----------------------------------------------------------------------------
 Ctrl Ref: GOOSE_SIM_CFG/LLN0$GO$GooseDSet02
 AppID   : 4114 
 From    : 07/01/2014 11:37:45.158  To: 07/01/2014 11:37:54.796

Figure 14.12 Example GOO S ALL L Command Response

Table 14.80 GOO S Command (Sheet 2 of 2)

Command Description Access Level



14.40

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

GROUP
Use the GROUP command to view the present group number or to change the 
active group.

                    

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)?. Answer Y <Enter> to change the active group. 
The relay asserts the Relay Word bit SALARM for at least one second when you 
change the active group.

If any of the SELOGIC control equations SS1–SS6 are set when you issue the 
GROUP n command, the group change will fail. The relay responds with No 
group change: SELogic equations SS1-SS6 have priority over GROUP 
command.

HELP
The HELP command gives a list of commands available at the present access 
level. You can also get a description of any particular command; type HELP fol-
lowed by the name of the command for help on each command.

                    

HISTORY
The HISTORY command displays a quick synopsis of the last 100 events that 
the relay has captured. The rows in the HISTORY report typically contains the 
event serial number, date, time, location, maximum current, active group, and tar-
gets. (The specific content depends on the relay.) See Section 9: Reporting and 
Section 7: Metering, Monitoring, and Reporting in the product-specific instruc-
tion manual for more information on history reports.

 Accumulated downtime duration                      : 0000:00:09.638
 Maximum downtime duration                          : 0000:00:09.638
 Date & time maximum downtime began                 : 07/01/2014 11:37:45.158
 Number of messages received out-of-sequence(OOS)   : 0 
 Number of time-to-live(TTL) violations detected    : 0 
 Number of messages received with invalid quality : 1
 Number of messages incorrectly encoded or corrupted: 0 
 Number of messages lost due to receive overflow    : 0 
 Calculated max. sequential messages lost due to OOS: 0 
 Calculated number of messages lost due to OOS      : 0 

 #    Date        Time          Duration        Failure

Figure 14.12 Example GOO S ALL L Command Response (Continued)

Table 14.81 GROUP Command

Command Description Access Level

GROUP Display the presently active group. 1, B, P, A, O, 2

GROUP na

a Parameter n indicates group numbers 1–6.

Change the active group to Group n. B, P, A, O, 2

Table 14.82 HELP Command

Command Description Access Level

HELP Display a list of each command available at the present 
access level with a one-line description.

1, B, P, A, O, 2

HELP command Display information on the command command. 1, B, P, A, O, 2
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HIS
Use the HIS command to list one-line descriptions of relay events. You can list 
event histories by number or by date.

                    

HIS C and HIS R
The HIS C and HIS R commands clear/reset the history data and corresponding 
high-resolution/event report data on the present port. Options C and R are identical.

                    

The relay prompts you with Are you sure (Y/N)? when you issue the HIS C 
and HIS R commands. If you answer Y <Enter>, the relay clears the present port 
history data.

HIS CA and HIS RA
The HIS CA and HIS RA commands clear all history data and event reports 
from memory. Use these commands to completely delete high-resolution/event 
report data captures.

                    

If you issue the HIS CA and HIS RA commands, the relay prompts you with Are 
you sure (Y/N)?. If you answer Y <Enter>, the relay clears all history data and 
event reports. The relay resets the event report number to 10000.

Table 14.83 HIS Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom of 
the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS ka

a Parameter k indicates an event number.

Return the k most recent event histories with the oldest at the 
bottom of the list and the most recent at the top of the list.

1, B, P, A, O, 2

HIS date1b

b Enter date1 and date2 in the order selected by the Global setting DATE_F.

Return the event histories on date date1. 1, B, P, A, O, 2

HIS date1 date2b Return the event histories from date1 to date2, with 
date1 at the bottom of the list and date2 at the top of the list.

1, B, P, A, O, 2

Table 14.84 HIS C and HIS R Commands

Command Description Access Level

HIS C Clear/reset event data on the present port only. 1, B, P, A, O, 2

HIS R Clear/reset event data on the present port only. 1, B, P, A, O, 2

Table 14.85 HIS CA and HIS RA Commands

Command Description Access Level

HIS CA Clear all event data for all ports. P, A, O, 2

HIS RA Clear all event data for all ports. P, A, O, 2
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ID
Use the ID command to extract relay identification codes.

                    

Each line of the ID command report contains an identification code and a line 
checksum. The relay presents these codes in the following order:

FID: the Firmware Identification string

BFID: the Boot Firmware Identification string

CID: the checksum of the firmware

DEVID: the RID string as stored in the relay settings of the IED

DEVCODE: a unique Device Code (for Modbus identification purposes)

PARTNO: the Part Number

SERIALNO: the serial number of the relay

CONFIG: abcdef

The designator positions indicate a specific relay configuration:

“a” represents the nominal frequency, where 0 = N/A, 1 = 60 Hz, and 
2 = 50 Hz.

“b” represents the phase rotation, where 0 = N/A, 1 = ABC, and 2 = ACB.

“c” represents the phase input current scaling, where 0 = N/A, 1 = 5 A, 
and 2 = 1 A.

“d” represents the neutral input current scaling, where 0 = N/A, 1 = 5 A, 
2 = 1 A.

“e” represents the voltage input connection, where 0 = N/A, 1 = Delta, 
and 2 = Wye.

“f” represents the current input connection, where 0 = N/A, 1 = Delta, and 
2 = Wye.

SPECIAL: the Special Configuration Designators—a mechanism for antici-
pating future product enhancements

If the device supports IEC 61850 and the IEC 61850 protocol is enabled, the ID 
command will display the following additional information.

➤ iedName: the IED name (e.g., SEL-411L_OtterTail)

➤ type: the IED type (e.g., SEL-411L)

➤ configVersion: the CID file configuration version (e.g., 
ICD-411L-R100-V0-Z001001-20060512)

➤ LIB61850ID: an eight-character code indicating the IEC 61850 
library version within the product

A sample ID command response from the relay (with IEC 61850 enabled) is 
shown in Figure 14.13.

Table 14.86 ID Command

Command Description Access Level

ID Return a list of relay identification codes. 0, 1, B, P, A, O, 2
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IRIG
The IRIG command directs the relay to use the next available demodulated 
IRIG-B time code to update the relay internal clock. For information on the IRIG 
time mode, see IRIG-B Timekeeping on page 11.1.

                    

NOTE: Not all SEL-400 series relays  
support the IRIG command.

The IRIG command was originally provided in the relay as a testing aid. The 
IRIG command was used to update the relay internal clock with the IRIG-B time 
value without waiting for the 30-second confirmation time delay.

There is no longer a 30-second confirmation time delay—the relay uses the IRIG 
time source as soon as it determines that the signal is valid, a process that may 
take several seconds. Once the IRIG signal is verified, the relay clock is updated 
once per second. The IRIG command is still available, but is no longer neces-
sary. To check IRIG status, use the TIME Q command instead—see TIME Q 
Command on page 11.8.

If the relay has no valid IRIG-B time code at the rear panel, or if the TIME Q 
command reports a relay time source other than IRIG or HIRIG, the relay 
responds to the IRIG command with the following error message, IRIG-B DATA 
ERROR. See the TIME command for more information.

LOOPBACK
Use the LOOPBACK command to instruct the relay to receive the transmitted 
MIRRORED BITS communications data on the same serial port. See SEL MIR-
RORED BITS Communication on page 15.36 for more information on MIRRORED 
BITS communications.

LOOP
The LOOP command puts the relay serial port in loopback if you have previ-
ously configured the port for MIRRORED BITS communications. If you have 
enabled both of the MIRRORED BITS communications channels (A and B), then 
you must specify the channel parameter. If you have only one of the channels 

=ID <ENTER>
"FID=SEL-451-5-R319-V0-Z024013-D20170608","0916"
"BFID=SLBT-4XX-R209-V0-Z001002-D20150130","097C"
"CID=85F4","0264"
"DEVID=Relay 1","0467"
"DEVCODE=40","030B"
"PARTNO=04515415XC4X4H60X0XXX","07B3"
"SERIALNO=1230769999","0517"
"CONFIG=11102200","03EA"
"SPECIAL=000000","03CE"
"iedName=SEL_451_1","05CD"
"type=SEL_451","044C"
"configVersion=ICD-451-R301-V0-Z316006-D20170130","0D1C"
"LIB61850ID=9048BE8A","04EA"

=

Figure 14.13 Sample ID Command Response From Ethernet Card

Table 14.87 IRIG Command

Command Description Access Level

IRIG Lock the relay internal clock to the IRIG-B time-code input. 1, B, P, A, O, 2
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enabled, then the relay assumes that channel if you do not specify that channel in 
the command. If you do not specify a time-out period, the relay provides a 5-min-
ute time-out.

                    

You can enter the options in any order. If you operate the relay by using both 
MIRRORED BITS communications channels (A and B), then you must specify the 
channel parameter by using the LOOP A command and the LOOP B command.

When you issue the LOOP command, the relay responds with statements about 
the loopback time, status of the RMB (Receive MIRRORED BITS), and Are you 
sure (Y/N)?. If you answer Y <Enter>, the relay responds with Loopback Mode 
Started.

In the loopback mode, ROK drops out and the relay uses LBOK to indicate 
whether the data transmissions are satisfactory. The relay collects COM data as 
usual. Time synchronization and virtual terminal modes are not available during 
loopback. The relay continues passing analog quantities.

LOOP DATA
The LOOP DATA command tells the relay to pass input MIRRORED BITS com-
munications data through to the receive (RMB) bits, as in the nonloopback mode.

                    

The relay ignores received values if you do not specify the DATA option. You 
can enter the options in any order.

Table 14.88 LOOP Command

Command Description Access Level

LOOP Begin loopback of a single enabled MIRRORED BITS commu-
nications channel (either Channel A or Channel B) for 5 minutes; 
ignore input data and force receive bits (RMB) to defaults.

P, A, O, 2

LOOP ca

a Parameter c is A or B, representing Channel A or Channel B.

Begin loopback of MIRRORED BITS communications 
Channel c for 5 minutes; ignore input data and force receive 
bits (RMB) to defaults.

P, A, O, 2

LOOP t Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

LOOP t c Begin loopback of a single MIRRORED BITS communications 
channel (either Channel A or Channel B) and end the loop-
back after time-out t minutes; ignore input data and force 
receive bits (RMB) to defaults; t range is 1–5000 minutes.

P, A, O, 2

Table 14.89 LOOP DATA Command

Command Description Access Level

LOOP DATA Begin loopback of a single MIRRORED BITS communica-
tions channel (either Channel A or Channel B) for 5 min-
utes: pass input data to receive data as in nonloopback mode.

P, A, O, 2

LOOP c DATA Begin loopback of MIRRORED BITS communications 
Channel c only for 5 minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2

LOOP c DATA t Begin loopback of MIRRORED BITS communications 
Channel c only for t minutes: pass input data to receive 
data as in nonloopback mode.

P, A, O, 2
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LOOP R
The LOOP R command terminates the loopback condition on MIRRORED BITS 
communications channels in loopback. If you do not specify a Channel c, then 
the relay disables loopback on both channels. If you specify a channel, you can 
enter the options in any order.

                    

MAC
The MAC command returns the Media Access Control (MAC) addresses of the 
Ethernet ports.

                    

A sample MAC command response for a relay with the four-port Ethernet card is 
shown in Figure 14.14.

                    

A sample MAC command response for a relay with the five-port Ethernet card is 
shown in Figure 14.15. The first MAC address is associated with the station bus, 
the second with the process bus, and the third with the engineering access net-
work.

                    

MAP
Use the MAP command to view the organization of the relay database. The MAP 
command in the relay is very similar to the MAP command in the SEL-2020 and 
SEL-2030 Communications Processors.

Table 14.90 LOOP R Command

Command Description Access Level

LOOP R Cease loopback on all MIRRORED BITS communications 
channels. (Reset the channels to normal use.)

P, A, O, 2

LOOP c R Cease loopback on MIRRORED BITS communications 
Channel c. (Reset Channel c to normal use.)

P, A, O, 2

Table 14.91 MAC Command

Command Description Access Level

MAC Display all Ethernet ports MAC addresses 1, B, P, A, O, 2

=>>MAC <Enter>
Port 5-1 MAC Address:  01-30-A7-00-00-01
Port 5-2 MAC Address:  01-30-A7-00-00-02

Figure 14.14 Sample MAC Command Response for the Two- or Four-Port 
Ethernet Card

=>MAC <Enter>
Port 5-1 MAC Address:  00-30-A7-00-00-03
Port 5-2 MAC Address:  00-30-A7-00-00-04
Port 5-3 MAC Address:  00-30-A7-00-00-05
=>

Figure 14.15 Sample MAC Command Response for the Five-Port Ethernet Card
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MAP 1
The MAP 1 command lists the relay database regions. Typical database region 
names are LOCAL, METER, DEMAND, TARGET, HISTORY, BREAKER, 
STATUS, and ANALOGS.

                    

MAP 1 region and MAP 1 region BL
Use the MAP 1 command with the region option to view the layout of a specific 
region.

                    

The region option is the database region name shown in the simple MAP 1 com-
mand response. The region map consists of columns for data item labels, data-
base address, and data type.

If you specify the BL option and the region contains items with bit labels, the 
relay lists these bit labels in MSB (most significant bit) to LSB (least significant 
bit) order. The TARGET region is usually the only region containing bit labels.

METER
The METER command displays reports about quantities the relay measures in 
the power system (voltages, currents, frequency, remote analogs, and so on) and 
internal relay operating quantities (math variables and synchronism-check values).

All SEL-400 series relays support a METER command, but the options and 
responses are device specific. See the product-specific instruction manual for 
details of the METER command. Included below are the variants of the 
METER command that are common.

MET AMV
The MET AMV command lists automation math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

Table 14.92 MAP 1 Command

Command Description Access Level

MAP 1 List the database regions in the relay. 1, B, P, A, O, 2

Table 14.93 MAP 1 region Command

Command Description Access Level

MAP 1 region List the data labels, database address, and data type. 1, B, P, A, O, 2

MAP 1 region BL List the data labels, database address, and data type; 
list the bit labels, if assigned.

1, B, P, A, O, 2

Table 14.94 MET AMV Command

Command Description Access Level

MET AMV Display all automation math variables. 1, B, P, A, O, 2

MET AMV k Display all automation math variables successively for k times. 1, B, P, A, O, 2
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MET ANA
Use the MET ANA command to view the analog quantities from the MIRRORED 
BITS communications channels.

                    

If you have not enabled the MIRRORED BITS communications channels and the 
remote analog data, the relay response to this command will not include any val-
ues. If MIRRORED BITS communications is enabled but not communicating, the 
relay will display ERROR under the RMBA or RMBB entries, depending on settings.

MET BAT
Use the MET BAT command to view the station dc monitor quantities for the 
battery voltages.

NOTE: Some relays provide one 
battery monitor channel and some 
support two.

                    

If you have not enabled the Station DC Battery Monitor, the relay responds with 
DC Monitor Is Not Enabled. (Enable the dc monitor with the Global setting 
EDCMON.)

The reset command, MET RBM, resets the dc monitor maximum/minimum 
metering quantities. When you issue the MET RBM command, the relay 
responds with Reset Max/Min Battery Metering (Y/N)?. If you answer Y 
<Enter>, the relay responds, Max/Min Battery Reset.

MET D
Use the MET D command to view the demand and peak demand quantities.

NOTE: Not all SEL-400 series relays 
support demand metering.

                    

The reset command (MET RD) resets the demand metering quantities. When 
you issue the MET RD command, the relay responds, Reset Demands (Y/N)?. 
If you answer Y <Enter>, the relay responds, Demands Reset.

Table 14.95 MET ANA Command

Command Description Access Level

MET ANA Display the MIRRORED BITS communications analog quanti-
ties.

1, B, P, A, O, 2

MET ANA k Display the MIRRORED BITS communications analog quan-
tities successively for k times.

1, B, P, A, O, 2

Table 14.96 MET BAT Command

Command Description Access Level

MET BAT Display station battery measurements. 1, B, P, A, O, 2

MET BAT k Display station battery measurements successively for k times. 1, B, P, A, O, 2

MET RBM Reset station battery measurements. P, A, O, 2

Table 14.97 MET D Command

Command Description Access Level

MET D Display demand metering data. 1, B, P, A, O, 2

MET D k Display demand metering data successively for k times 1, B, P, A, O, 2

MET RD Reset demand metering data. P, A, O, 2

MET RP Reset peak demand metering data. P, A, O, 2
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The reset command, MET RP, resets the peak demand metering quantities. 
When you issue the MET RP command, the relay responds, Reset Peak Demands 
(Y/N)?. If you answer Y <Enter>, the relay responds, Peak Demands Reset.

MET M
Use the MET M command to view power system maximum and minimum quantities.

NOTE: Not all SEL-400 series relays 
support maximum/minimum 
metering.

                    

The reset command, MET RM, resets the maximum/minimum metering quanti-
ties. When you issue the MET RM command, the relay responds, Reset Max/
Min Metering (Y/N)? If you answer Y <Enter>, the relay responds, Max/Min Reset.

MET PM
Use the MET PM command to view the time-synchronized quantities. The relay 
must be in the high-accuracy timekeeping HIRIG or HPTP mode. For more infor-
mation on high-accuracy timekeeping, see Section 11: Time and Date Manage-
ment.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

If the relay is not in the high-accuracy IRIG (HIRIG) timekeeping mode, it will 
respond to the MET PM command with the following message:

Aborted: A High Accuracy Time Source is Required

If Global enable setting EPMU := N, the relay will respond to the MET PM 
command with:

Synchronized phasor measurement is not enabled

To request a report of the synchrophasor data at a specific time, enter the optional 
time parameter as a time of day. For example, the relay will respond to the MET 
PM 16:40:10 command with:

Synchronized Phasor Measurement Data Will Be Displayed at 
16:40:10.000

Table 14.98 MET M Command

Command Description Access Level

MET M Display maximum/minimum metering data. 1, B, P, A, O, 2

MET M k Display maximum/minimum metering data successively 
for k times.

1, B, P, A, O, 2

MET BKna M

a Parameter n is the breaker indication.

Display Breaker n maximum/minimum metering data. 1, B, P, A, O, 2

MET BKn M k Display Breaker n maximum/minimum metering data 
successively for k times.

1, B, P, A, O, 2

MET RM Reset maximum/minimum metering data. P, A, O, 2

Table 14.99 MET PM Command

Command Description Access Level

MET PM Display time-synchronized values. 1, B, P, A, O, 2

MET PM k Display time-synchronized values successively for k times. 1, B, P, A, O, 2

MET PM time Display time-synchronized values captured at trigger time. 1, B, P, A, O, 2

MET PM HIS Display time-synchronized values captured for the previ-
ous MET PM command.

1, B, P, A, O, 2
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In this example, when the internal clock reaches 16:40:10.000, the relay will dis-
play the synchrophasor data from that exact time. If the relay is not in HIRIG 
mode at that time, it will display the following message:

Aborted: A High Accuracy Time Source is Required

After the MET PM time command is issued, other MET PM commands may be 
entered without affecting the timed request, even if the stated time has not 
arrived. However, issuing a second MET PM time command while the first com-
mand is still pending will cancel the first command request in favor of the newer 
request.

If you are not connected to the relay when the MET PM time command issues its 
timed response, you can use the MET PM HIS command to view this response. 
This permits you to issue MET PM time to multiple relays by using a common 
time and then go back later to see the results from all the relays at this common 
instant in time.

See Section 18: Synchrophasors for more information on phasor measurement 
functions, and View Synchrophasors by Using the MET PM Command on 
page 18.21 for sample MET PM responses.

MET PMV
Use the MET PMV command to view the protection math variables.

                    

The relay displays three places after the decimal point for these numerals. The 
relay shows variables with absolute value greater than 99999.999 or less than 
0.100 as scientific notation (for example, –1.002E+22).

MET RTC
Use the MET RTC command to view the data received on all active synchropha-
sor client channels.

                    

MET T
Use the MET T command to view the temperature data from the SEL-2600A 
RTD Module. This command requires setting PROTO = RTD for the serial port 
connected to the SEL-2600A RTD Module.

Table 14.100 MET PMV Command

Command Description Access Level

MET PMV Display all protection math variables. 1, B, P, A, O, 2

MET PMV k Display all protection math variables. 1, B, P, A, O, 2

Table 14.101 MET RTC Command

Command Description Access Level

MET RTC Display received synchrophasor client data 1, B, P, A, O, 2

MET RTC k Display received synchrophasor client data k times 1, B, P, A, O, 2
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The relay displays the number of resistance temperature detector (RTD) channels 
specified by the RTDNUM Port Setting. If the RTD protocol is not enabled on 
any of the relay ports, the relay displays the following:

No data available

If there is a communications failure between the relay and the SEL-2600A, as 
indicated by the RTDCOMF Relay Word bit, the relay displays the following:

Communication Failure

If the RTDFL Relay Word bit is set to indicate a SEL-2600A failure, the relay 
displays the following:

SEL-2600 Failure

If any of the RTDxTY Port Settings are set to NA, the relay displays the follow-
ing for that channel:

Channel Not Used

If the RTDxxST Relay Word bit is set for any of the RTDNUM channels being 
reported, the relay displays the following:

Channel Failure

OACCESS
Use the OACCESS command to gain access to Access Level O (output). See 
Access Levels and Passwords on page 3.7 for more information.

                    

OPEN n
Use the OPEN n command to open a circuit breaker(s). The OPEN n command 
pulses Relay Word bit OCn. Usually, you configure these Relay Word bits as part 
of the SELOGIC control equations that trip the appropriate circuit breaker. See 
Trip Logic in Section 5: Protection Functions of the product-specific instruction 
manual for information on trip SELOGIC control equations.

                    

If you have disabled the relay and attempt an OPEN n command, the relay 
responds, Command aborted because the relay is disabled. If the circuit 
breaker control enable jumper BREAKER is not in place, the relay aborts the 
command and responds, Aborted: the breaker jumper is not installed.

Table 14.102 MET T Command

Command Description Access Level

MET T Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module.

1, B, P, A, O, 2

MET T k Display as many as 12 temperature analog values from 
the SEL-2600A RTD Module successively for k times.

1, B, P, A, O, 2

NOTE: Some SEL-400 series relays 
use the option MET RTD to get this 
same information.

NOTE: The SEL-487B does not 
support RTD inputs.

Table 14.103 OAC Command

Command Description Access Level

OAC Go to Access Level O (output). 1, B, P, A, O, 2

Table 14.104 OPEN n Command

Command Description Access Level

OPEN n Pulse Relay Word bit OCn. B, P, A, O, 2
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When you issue the OPEN n command, and the circuit breaker control enable 
jumper is in place, the relay responds, Open breaker (Y/N)?. If you answer 
Y <Enter>, the relay responds, Are you sure (Y/N)?. If you answer Y 
<Enter>, the relay asserts OCn for one processing interval.

If you have assigned auxiliary contact 52A inputs for this circuit breaker, the 
relay waits 0.5 seconds, checks the state of the breaker auxiliary contacts, and 
responds Breaker OPEN or Breaker CLOSED, as appropriate.

If Breaker n is not enabled, the relay responds, Breaker n is not available.

PACCESS
Use the PACCESS command to gain access to Access Level P (protection). See 
Access Levels and Passwords on page 3.7 for more information.

                    

PASSWORD
Use the PASSWORD command to control password protection for relay access levels.

PAS n
The relay changes the existing password for the specified access level that you 
specify when you issue the PAS n command. To change a password at any level, 
you must be Access Level 2.

                    

Relay access levels that have passwords are 1, B, P, A, O, 2, and C. Valid pass-
words are character sequences of as many as 12 characters. Valid characters are 
any printable ASCII character.

All passwords are case-sensitive. When you successfully enter a new password, 
the relay pulses the Relay Word bit SALARM for at least one second, and 
responds, Set.

Passwords for each access level can be disabled by setting the new password to 
DISABLE. When the password for a certain access level is set to DISABLE, no 
password is required for entering that access level in the ACC command, and the 
relay does not prompt for an old password when changing the password. The 
relay issues a Password Disabled message instead of Password Changed after 
disabling the password.

Entering PAS n and entering a new password re-enables the password require-
ment for that access level. SEL does not recommend disabling passwords.

Table 14.105 PAC Command

Command Description Access Level

PAC Go to Access Level P (protection). 1, B, P, A, O, 2

Table 14.106 PAS level New_Password Command

Command Description Access Levels

PAS na

a Parameter n represents the relay Access Levels 1, B, P, A, O, or 2.

Set a new password for Access Level n. 2

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private pass word 
may allow unauthorized access. SEL 
shall not be responsible for any damage 
resulting from unauthorized access.
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PING
Use the PING command to determine whether the network is connected properly 
and other network devices are reachable.

                    

When the IP address parameter is not of a valid format, the relay responds with 
Invalid IP address. After a valid PING command is issued, the relay sends out 
an Internet Control Message Protocol (ICMP) echo request messages at one sec-
ond intervals until receiving a carriage return <CR> or five minutes elapses. A 
sample PING command response is shown in Figure 14.16.

                    

PORT
The PORT command can be used to connect to a remote relay.

PORT p
The PORT p command connects a relay serial port to another device through a 
virtual terminal session.

NOTE: The BAY1 and BAY2 options 
only apply to relays that support 87L 
communications and have the 
corresponding bay card installed.

In the relay, serial port virtual terminal capability is available in MIRRORED BITS 
communications. You must have previously configured the serial port for MIR-
RORED BITS communications operation, set port setting MBNUM less than 8, and 
have at least one virtual terminal session available (set MBNUMVT to 0 or 
greater). Choosing MBNUMVT to 0 uses virtual terminal within the synchroni-
zation channel only. See SEL MIRRORED BITS Communication on page 15.36 for 
information on the MIRRORED BITS communications protocol.

                    

Table 14.107 PING Command

Command Description Access Level

PING addra

a IP address of device to ping in the format of four decimal numbers (0–255) separated by periods.

Send ICMP echo request messages to remote device at addr. 1, B, P, A, O, 2

=>>PING 192.9.201.1 <Enter>

Pinging 192.9.201.1
Press <Enter> to Terminate Ping Test.

Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.
Ping Echo Message Received.

Ping Results:

   Number of Ping Messages:
      Transmitted:   4
      Received:      4

   Elapsed Time:    11 seconds

=>>

Figure 14.16 Sample PING Command Response

NOTE: The relay uses one router to 
route PING commands outside the 
local network. If default routers 
associated with station bus (DEFRTR) 
and engineering access (DEFRTRE) 
are configured, the relay sends ping 
requests to the router specified by the 
DEFRTR setting.

Table 14.108 PORT p Command

Command Description Access Level

PORT pa

a Parameter p is 1, 2, 3, and F to indicate Communications PORT 1 — PORT 3 and PORT F, or BAY1 or 
BAY2 for 87L ports.

Connect to a remote device through PORT p (over MIRRORED 
BITS communications virtual terminal mode).

1, B, P, A, O, 2
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When the relay establishes a connection, the relay responds, Transparent ses-
sion to Port p established. To quit the transparent connection, type the con-
trol string that you specify in port setting TERSTRN; the default is <Ctrl+E>. 
Only one transparent port connection to each MIRRORED BITS communications 
port is possible at one time. If you issue a PORT p command when the selected 
session is already active, the relay responds, Transparent session already in use.

If you issue the PORT p command to PORT 1, PORT 2, PORT 3, PORT F, BAY 1, or BAY 2 
(87L ports) and you have not properly configured the MIRRORED BITS communica-
tions port, the MBNUMVT is not set to 1 or larger, Invalid destination port.

PORT KILL n
It is possible to forcefully disconnect a transparent session from another port (a 
port not involved in the present transparent connection) by using the PORT 
KILL n command (shown in Table 14.109).

                    

The port parameter n can refer to either of the ports involved in the session you 
want to kill. When you issue the PORT KILL n command, the relay responds, 
Kill connection between ports m and n (Y/N)? Answer Y <Enter> to ter-
minate the connection. The relay sends a character sequence to the remote relay 
(to make sure the remote device is left in a known state) and responds, Connec-
tion between ports m and n disconnected.

PROFILE
Use the PROFILE command (PRO) to access the Signal Profile data for as 
many as 20 user selectable analog values.

                    

Table 14.109 PORT KILL n Command

Command Description Access Level

PORT KILL na 

a Parameter n is 1, 2, 3, F, BAY1, or BAY2 (for 87L ports) to indicate Communications Ports 1, 2, 3, or 
F, BAY1, or BAY2; n is not the present port.

Terminate the virtual terminal connection with a remote 
device through port n by using a port not involved in the 
connection.

P, A, O, 2

Table 14.110 PRO Command (Sheet 1 of 2)

Command Description Access Level

PRO Displays the first 20 rows of the profile report, with the 
oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m Displays the first m rows of the report, with the oldest 
row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO m n (m > n) Displays the row between m and n, (including m and n) with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 Displays all the rows that were recorded on that date, with 
the oldest row at the top and the latest row at the bottom.

1, B, P, A, O, 2

PRO date1 date2 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date1 chronolog-
ically precedes date2, with the oldest row (date1) at the 
top and the latest row (date2) at the bottom.

1, B, P, A, O, 2

PRO date2 date1 Displays all the rows that were recorded on and 
between (including) date1 and date2 (date2 chronolog-
ically precedes date1, with the oldest row (date2) at the 
top and the latest row (date1) at the bottom.

1, B, P, A, O, 2
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PULSE
Use the PULSE OUTnnn command to pulse any of the relay control outputs for 
a specified time. This function aids you in relay testing and commissioning. If the 
output is open, the PUL command momentarily closes the output; if the output is 
closed, the PUL command momentarily opens the output. The control outputs 
are OUTnnn, where nnn represents the 100-series, 200-series, 300-series, 
400-series, and 500-series addresses.

                    

If the circuit breaker control enable jumper BREAKER is not in place, the relay aborts 
the command and responds, Aborted: the breaker jumper is not installed.

NOTE: The PULSE command does not 
update the OUTnnn Relay Word bit 
when it is used in other SELOGIC 
control equations. If the output Relay 
Word bit is assigned to another 
SELOGIC setting, the SER will report 
that OUTnnn asserted, but the 
corresponding SELOGIC setting will not 
be updated.

When you issue the PUL command and the breaker jumper is in place, the relay 
responds, Pulse contact OUTnnn for s seconds (Y/N)?. If you answer 
Y <Enter>, the relay asserts OUTnnn for the time you specify.

During the PUL operation, the Relay Word bit corresponding to the control out-
put you specified (OUTnnn) asserts; Relay Word bit TESTPUL also asserts 
during any PUL command, so you can monitor pulse operation by programming 
TESTPUL into event triggers and alarm outputs.

QUIT
Use the QUIT command to revert to Access Level 0 (exit relay control).

                    

Access Level 0 is the lowest access level; the relay performs no password check 
to descend to this level (or remain at this level).

In a Telnet session, QUIT terminates the connection.

PRO D Displays, for each port, the maximum number of days 
data may be acquired with the present settings before 
data overwrite occurs.

1, B, P, A, O, 2

PRO C or R Clears the signal profile data from nonvolatile memory 
on a per-port basis. The data are still visible to other 
ports and to file transfer accesses and is cleared inde-
pendently for those points-of-view.

B, P, A, O, 2

PRO CA or RA Completely clears all signal profile data from nonvola-
tile memory. 

P, A, O, 2

Table 14.110 PRO Command (Sheet 2 of 2)

Command Description Access Level

Table 14.111 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. B, P, A, O, 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. B, P, A, O, 2

Table 14.112 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0 (exit relay control). 0, 1, B, P, A, O, 2
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RTC
Use the RTC command to display a description of all data being received on syn-
chrophasor client channels. This report will list the analog quantity and Relay 
Word bits the data gets stored in locally, matched up with a label provided by the 
sending PMU. Use this information as aid to understanding the local values.

NOTE: Not all SEL-400 series relays 
support synchrophasors.

                    

SER
The SER command retrieves SER records. The relay SER captures state changes 
of Relay Word bit elements and relay conditions. Relay conditions include 
startup, relay enable/disable, group changes, settings changes, memory queue 
overflow, and SER autoremoval/reinsertion. For more information on the SER, 
see Sequential Events Recorder (SER) on page 9.28.

SER
The default order of the SER command is oldest to newest from list top to list 
bottom. You can view the SER records in numerical or date order.

                    

Table 14.113 RTC Command

Command Description Access Level

RTC Display report of all configured synchrophasor client 
data labels.

1, B, P, A, O, 2

Table 14.114 SER Command

Command Description Access Level

SER Return the 20 most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER k Return the k most recent records from the SER, with 
the oldest (highest number) at the top of the list and 
the most recent (lowest number) at the bottom of the list.

1, B, P, A, O, 2

SER m na

a Parameters m and n indicate an SER number, which the relay assigns at each SER trigger.

Return the SER records from m to n.

If m is greater than n, records appear with the oldest 
(highest number) at the top of the list and the most 
recent (lowest number) at the bottom of the list.

If m is less than n, records appear with the most 
recent (lowest number) at the top of the list and the 
oldest (highest number) at the bottom of the list.

1, B, P, A, O, 2

SER date1b

b Enter date1 and date2 in the same format as Global setting DATE_F.

Return the SER records on date date1. 1, B, P, A, O, 2

SER date1 date2b Return the SER records from date1 at the top of the 
list, to date2 at the bottom of the list.

1, B, P, A, O, 2
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SER C and SER R
The SER C and SER R commands clear/reset the SER records for the present 
port. Options C and R are identical.

                    

The relay prompts you with Clear the sequential events recorder for 
this port. Are you sure (Y/N)? when you issue the SER C or SER R com-
mand. If you answer Y <Enter>, the relay clears the particular port SER records.

SER CA and SER RA
The SER CA and SER RA commands clear all SER records from memory. 

                    

If you issue the SER CA or SER RA command, the relay prompts you with 
Clear the sequential events recorder for all ports. Are you sure (Y/
N)? commands. If you answer Y <Enter>, the relay clears all SER records in 
nonvolatile memory.

SER CV and SER RV
The SER CV and SER RV commands clear any SER data records that have been 
viewed from the present port. The two commands are equivalent.

                    

If you issue the SER CV or SER RV command, the relay prompts you with 
Clear viewed SER records for this port. Are you sure (Y/N)?. If you 
answer Y <Enter>, the relay clears all SER records viewed from this port. The 
data are still visible to other ports and to file transfer accesses, and they must be 
cleared independently for those ports. Data not yet viewed remain available.

Table 14.115 SER C and SER R Commands

Command Description Access Level

SER C Clear/reset SER records on the present port. 1, B, P, A, O, 2

SER R Clear/reset SER records on the present port. 1, B, P, A, O, 2

Table 14.116 SER CA and SER RA Commands

Command Description Access Level

SER CA Clear SER data for all ports. P, A, O, 2

SER RA Clear SER data for all ports. P, A, O, 2

Table 14.117 SER CV or SER RV Commands

Command Description Access Level

SER CV Clear viewed SER data for this port. 1, B, P, A, O, 2

SER RV Clear viewed SER data for this port. 1, B, P, A, O, 2
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SER D
The SER D command shows a list of SER items that the relay has automatically 
removed. These are “chattering” elements. You can automatically remove chat-
tering SER elements in the SER Chatter Criteria category of the Report settings; 
the enable setting is ESERDEL.

                    

If you issue the SER D command and you have not enabled automatic removal of 
chattering SER elements (Report setting ESERDEL), the relay responds, Auto-
matic removal of chattering SER elements not enabled.

SET
Use the SET command to change relay settings. The relay settings structure is 
ordered and contains these items (in structure order): classes, instances, catego-
ries, and settings. An outline of the relay settings structure is as follows:

Classes (Global, Group, Breaker Monitor, Protection, Automation, Outputs, 
Front Panel, Report, DNP3, and Ports)

Instances (some classes have instances: Group = 1–6; Protection = 1–6; 
Automation = 1–10; PORTs = 1–3, F, 5)

Categories (collections of similar settings)

Settings (specific relay settings with values)

The SET and SHOW commands contain these settings structure items, which 
you must specify in order from class to instance (if applicable) to setting. The 
order that specific settings appear in the relay settings structure is factory pro-
grammed.

SET
The SET command with no options or parameters accesses the relay settings 
Group class and the instance corresponding to the active group. To set a different 
instance, specify the instance number (1–6).

                    

Table 14.118 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is remov-
ing from the SER records.

1, B, P, A, O, 2

Table 14.119 SET Command Overview (Sheet 1 of 2)

Commanda Description Access Level

SET Set the Group relay settings, beginning at the first setting in 
the active group.

P, 2

SET n Set the Group n relay settings, beginning at the first setting 
n each instance.

P, 2

SET label Set the Group relay settings, beginning at the active group 
setting label label.

P, 2

SET n label Set the Group n relay settings, beginning at setting label 
label.

P, 2

SET c Set class c, using the default instance beginning at the first 
setting.

P,A,O,2
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The specific classes and instances available depends on the relay. See the relay-
specific instruction manual for the specific options that are available. The relay 
validates your settings entries as you enter each setting. At the end of a settings 
instance session, the relay responds with a readback of all the settings in the set-
tings instance, then prompts you with Save settings (Y,N)?. If you answer Y 
<Enter>, the relay pulses the Relay Word bit SALARM, and responds, Saving 
Settings, Please Wait........... The relay saves the new settings, then 
responds, Settings Saved. If you answer N <Enter> to the save settings 
prompt, the relay responds, Settings aborted.

SET TERSE
Use the TERSE option to inhibit the relay from sending the settings class or 
instance readback when you end a settings session. SEL recommends that you 
use the TERSE option sparingly; you should review the readback information to 
confirm that you have entered the settings that you intended.

                    

You can use the TERSE option in any SET command at any position after typing 
SET. When you end the settings edit session, the relay responds, Save settings 
(Y,N)?. If you answer Y <Enter>, the relay pulses the Relay Word bit SAL-
ARM, and responds, Saving Settings, Please Wait............ The relay 
saves the new settings, then responds, Settings Saved. If you answer N 
<Enter> to the save settings prompt, the relay responds, Settings aborted.

SHOW
The SHOW command shows the relay settings. When showing settings, the relay 
displays the settings label and the present value from nonvolatile memory.

The relay organizes settings in classes, instances, categories, and specific set-
tings; see SET on page 14.57 for information on settings organization. The relay 
displays each setting in the order specified in the settings tables. When you are 

SET c i Set class c, instance i, beginning at the first setting. P,A,O,2

SET c i label Set class c, instance i, beginning at setting label. P,A,O,2

a Parameter n = 1–6, representing Group 1–6. 
c = settings class (relay specific).
i = class instance (choices depends on the class).

Table 14.119 SET Command Overview (Sheet 2 of 2)

Commanda Description Access Level

Table 14.120 SET TERSE Command Examples

Command Description Access Level

SET TERSE SET Group relay settings for the active group, 
beginning at the first setting in this instance; omit 
settings readback.

P, 2

SET 3 TEa label

a TERSE may be entered as TE, as shown in this example.

SET Group 3 settings, beginning at the settings 
label label; omit settings readback.

P, 2

SET P p label TERSE Set the communications port relay settings for 
PORT p, beginning at the settings label label; omit 
readback.

P, A, O, 2
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using a terminal and you specify a setting in the middle of a settings category, the 
relay displays the category title, then proceeds with the class or instance settings 
from the setting that you specified.

                    

SNS
In response to the SNS command, the relay sends the names of the SER ele-
ments. This is a comma-delimited string used to support the SEL Fast SER 
report.

                    

STATUS
The STATUS command reports relay status information that the relay derives 
from internal diagnostic routines and self-tests. See Relay Self-Tests on 
page 10.19 for information on relay diagnostics.

STA
The STA command with no options displays a short-form relay status report. 
Items in the STA report are the header, failures, warnings, SELOGIC control equa-
tion programming environment errors, and relay operational status. See Checking 
Relay Status on page 3.13 for information on relay status reports.

                    

Table 14.121 SHO Command Overview

Commanda

a Parameter n = 1–6, representing Group 1–6.
c = settings class (relay specific).
i = class instance (choices depends on the class).

Description Access Level

SHO Show the Group relay settings, beginning at the first setting 
in the active group.

1, B, P, A, O, 2

SHO n Show the Group n relay settings, beginning at the first set-
ting in each instance.

1, B, P, A, O, 2

SHO label Show the Group relay settings, beginning at the active 
group settings label label.

1, B, P, A, O, 2

SHO n label Show the Group n relay settings, beginning at the settings 
label label.

1, B, P, A, O, 2

SHO c Show class c using the default instance beginning at the first 
setting.

P, A, O, 2

SHO c i Show class c, instance i beginning at the first setting. P, A, O, 2

SHO c i label Show class c, instance i, beginning at setting label. P, A, O, 2

Table 14.122 SNS Command

Command Description Access Level

SNS Send the names of SER elements. 0, 1, B, P, A, O, 2

Table 14.123 STA Command

Command Description Access Level

STA Return the relay status. 1, B, P, A, O

STA Return the relay status and show a new hardware configura-
tion prompt.

2
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If you change an I/O interface board, the relay detects the new configuration and 
initiates a status warning. When you issue the STA command at Access Level 2, 
the relay responds to this situation with Accept new hardware configuration 
(Y/N)?. If you answer Y <Enter>, the relay responds, New configuration 
accepted. If you answer N <Enter>, the relay responds, Command aborted.

STA A
Use the STA A command to view the entire relay status report. Items in the full 
status report include the short-form status report items plus data on A/D (analog/
digital) channel offsets, power supply voltages, temperature, communications 
interfaces, time-source synchronization, IEC 61850 Mode/Behavior, and 
IEC 61850 Simulation Mode.

                    

STA C and STA R
The STA C and STA R commands restart the relay. Thus, these commands clear 
a transient failure should this unlikely event occur. Options C and R are identical. 
Contact your Technical Service Center or the SEL Factory before using this command.

                    

STA S
Use the STA S command to view all SELOGIC control equation storage and exe-
cution capacity and operating errors.

                    

STA SC and STA SR
The STA SC and STA SR commands clear/reset the SELOGIC control equation 
operating errors from the status report if the errors are no longer present. In addi-
tion, these commands reset the Automation SELOGIC Peak and Average Execu-
tion Cycle Time statistics.

                    

Table 14.124 STA A Command

Command Description Access Level

STA A Display all items of the status report. 1, B, P, A, O, 2

Table 14.125 STA C and STA R Command

Command Description Access Level

STA C Reset the relay. 2

STA R Reset the relay. 2

Table 14.126 STA S Command

Command Description Access Level

STA S Display detailed SELOGIC control equation error information. 1, B, P, A, O, 2

Table 14.127 STA SC and STA SR Command

Command Description Access Level

STA SC Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2

STA SR Clear SELOGIC control equation errors and reset SELOGIC 
cycle time statistics.

P, A, O, 2
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STA T
Use the STA T command to view the status of the TiDL ports of your relay and 
connected SEL-TMUs.

                    

Table 14.129 shows the error messages that could be displayed and the appropri-
ate action.

                    

SUMMARY
The SUMMARY command displays a summary event report. See Event Sum-
mary on page 9.26 for information on summary event reports.

SUM
Use the SUM command to view the event summary reports in the relay memory.

                    

When parameter n is 1–9999, n indicates the order of the event report. The most 
recent event report is 1, the next most recent report is 2, and so on. When param-
eter n is 10000–42767, n indicates the absolute serial number of the event report.

Table 14.128 STA T Command

Command Description Access Level

STA T Display TiDL system status 1, B, P, A, 0, 2

NOTE: The STA T command is only 
available in TiDL relays that support 
T-Protocol.

In the STA T command, SEL-TMU type (1 
or 2) is indicated. SEL-TMU type 
indicates the following:

1: 4CT/4PT SEL-TMU

2: 8CT SEL-TMU

Table 14.129 STA T SEL-TMU Error Messages and User Action

Error Message User Action

TMU STREAM LOSS Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

WRONG TMU CONNECTED The SEL-TMU connected to the port does not match what is expected according to the current commis-
sioned system. Reconnect the appropriate SEL-TMU to this port.

TMU ERROR Issue the VEC command, and contact SEL technical support.

BAD TMU DATA Issue the VEC command, and contact SEL technical support.

CHANNEL DELAY EXCEEDED Issue the VEC command, and contact SEL technical support. 

TMU RX ERROR Check the SEL-TMU and fiber connections. If the issue persists, issue the VEC command and contact 
SEL technical support.

Table 14.130 SUM Command

Command Description Access Level

SUM Return the most recent event summary. 1, B, P, A, O, 2

SUM na

a Parameter n indicates event order or serial number; see the event history report (HIS on 
page 14.41 command).

Return an event summary for event n. 1, B, P, A, O, 2
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SUM ACK
Use SUM ACK to acknowledge an event summary that you recently viewed with 
the SUM NEXT command on the present communications port. Acknowledge 
the oldest summary (specify no event number).

                    

If you attempt to acknowledge an event summary that you have not viewed on the 
present port with the SUM NEXT command, the relay responds, Event summary 
number n has not been viewed with the NEXT option.

SUM NEXT
Use the SUM N command to view the oldest (next) unacknowledged event summary.

                    

TARGET
The TARGET command displays the elements for a selected row in the Relay 
Word bit table.

TAR
Use the TAR command to view a row of Relay Word bit elements or aliases. 
When using the TAR command, you can specify the row number or element name.

                    

The relay memorizes the latest target row input conditioned by your present 
access level. The relay displays Row 0 if you have not specified a row since the 
relay was turned on, the access level has timed out, or you have issued the QUIT 
command.

Table 14.131 SUM ACK Command

Command Description Access Level

SUM ACK Acknowledge the oldest unacknowledged event sum-
mary at the present communications port.

1, B, P, A, O, 2

Table 14.132 SUM N Command

Command Description Access Level

SUM N View the oldest unacknowledged event summary at the 
present communications port.

1, B, P, A, O, 2

Table 14.133 TAR Command

Command Description Access Level

TAR Display target Row 0 or display the most recently viewed 
target row.

1, B, P, A, O, 2

TAR n Display target Row n. 1, B, P, A, O, 2

TAR n ka

a Parameter k is the repeat count from 1–32767.

Display target Row n and repeat for k times; the repeat 
count k must follow the row number.

1, B, P, A, O, 2

TAR name Display the target row with the element name name. 1, B, P, A, O, 2

TAR name k Display the target row with the element name name and 
repeat for k times; the repeat count k can be before or 
after the name option.

1, B, P, A, O, 2
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If you specify the repeat count k at a number greater than 8, the relay displays the 
repeated target rows on the terminal screen in groups of eight, with the target row 
elements listed above each grouping.

TAR ALL
Use the TAR ALL command to display all of the relay targets.

                    

TAR R
The TAR R command has two functions. Use this command to reset any latched 
relay targets resulting from a tripping event. Also employ the TAR R command 
to reset to Row 0 the memorized target row that the relay reports when you issue 
a simple TAR command.

                    

TAR X
Use the TAR X command to view a different target row in the Relay Word bit 
table than the target row in the target row repeat memory. This function is useful 
for relay testing. See Testing With Relay Word Bits on page 10.7 for more infor-
mation.

                    

You can place the X option at any position in the TAR command.

Table 14.134 TAR ALL Command

Command Description Access Level

TAR ALL Display all target rows. 1, B, P, A, O, 2

Table 14.135 TAR R Command

Command Description Access Level

TAR R Reset latched targets and return memorized row to Row 0. 1, B, P, A, O, 2

Table 14.136 TAR X Command

Commanda

a Parameter k is the repeat count from 1–32767.

Description Access Level

TAR n X Display target Row n, but do not memorize Row n. 1, B, P, A, O, 2

TAR X n k Display target Row n and repeat for k times, but do not 
memorize Row n. The repeat count k must follow the 
row number.

1, B, P, A, O, 2

TAR name X Display the target row with the element name name, but 
do not memorize the row number.

1, B, P, A, O, 2

TAR name X k Display the target row with the element name name and 
repeat for k times, but do not memorize the row number. 
The repeat count k can be at any position in the com-
mand after TAR.

1, B, P, A, O, 2
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TEC
Enter the TEC (time-error calculation) command to display the present time-
error estimate and the status of the time-error control equations, and to modify 
the time-error correction value.

NOTE: Not all SEL-400 series relays 
support the TEC command.

                    

Use the TEC n command to preload the time-error correction value, TECORR. If 
the value n is within range, the relay will prompt you with Are you sure (Y/
N)?. If the prompt is acknowledged, the relay sets analog quantity TECORR = n, 
and asserts Relay Word bit PLDTE for approximately 1.5 cycles. The relay then 
displays the new TECORR value, along with the remaining TEC command data.

The TECORR value does not affect the TE (time-error) estimate until the 
LOADTE SELOGIC equation asserts.

TEST DB
The TEST DB command is used for testing access of the virtual device database 
used for Fast Message Data Access.

TEST DB
Use the TEST DB command to write temporary values to the virtual device data-
base to verify the database values. The relay contains a database that describes 
the relay to external devices. When other devices access the relay via the Fast 
Message protocol, the relay appears as a virtual device described by the database. 
The relay is Virtual Device 1.

The virtual database is accessible to master stations of supported Fast Message 
protocol connected to the relay through serial communication or Ethernet net-
work. You can therefore test the read functionality of the Fast Message protocol 
in the serial port or Ethernet interface with this command.

Use the TEST DB 1 command to override any value in the relay database. You 
must understand the relay database structure to effectively use the TEST DB 
command. Use the MAP and VIEW commands to see the organization and con-
tents of the database.

Table 14.137 TEC Command

Command Description Access Level

TEC Display time-error data. 1, B, P, A, O, 2

TEC n Preload time-error correction value n, 
where –30.000 <= n <= 30.000.

B, P, A, O, 2
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Values you enter in the relay database are override values. Use the TEST DB 
command to write override values in the database accessed through the Fast Mes-
sage Data Access operations.

                    

The database address addr can be any legitimate decimal or hexadecimal address. 
(A hexadecimal address is a numeral with an “h” suffix or a “0x” prefix.)

You can enter the override value value1 as an integer, a floating-point number 
(which overrides two registers), a character (which must be in single quotes), or a 
string (which must be in double quotes and overrides the number of registers cor-
responding to the length of the string).

If a date/time stamp is also provided (M D Y h m s), the relay will change the 
static state given and, for any bits being changed by this operation, queued entries 
will be pushed with the provided date/time stamp. If no queue is associated with 
the database region (determined by addr), the date/time stamp will be ignored.

The order that the date should be entered on the command line depends upon the 
DATE_F (Global) setting. For example, if DATE_F := DMY, you would enter 
TEST DB 1 addr value D M Y h m s.

While there are active test data, the relay asserts Relay Word bit TESTDB.

TEST DB OFF
Use the TEST DB OFF command to end the testing session and remove the 
override values. The relay returns the database registers to the pretest values.

                    

TEST DB2
The TEST DB2 command is used to test DNP3 and IEC 61850 communications 
protocols.

Table 14.138 TEST DB Command

Command Description Access Level

TEST DB Display present override values by virtual device 
number and address.

1, B, P, A, O, 2

TEST DB 1 addr 
value1

Write new data value1 to the database at an address 
addr.

B, P, A, O, 2

TEST DB 1 addr 
value1 M D Y h m s

Write new data value1 to the database at an address 
addr and include the provided date/time stamp 
M D Y h m s.

B, P, A, O, 2

Table 14.139 TEST DB OFF Command

Command Description Access Level

TEST DB OFF Clear all override testing values from all virtual devices. B, P, A, O, 2

TEST DB OFF 1 Clear all override testing values from Virtual Device 1 
(the relay).

B, P, A, O, 2

TEST DB OFF 1 
region

Clear all override testing values from the region region in 
Virtual Device 1 (the relay).

B, P, A, O, 2
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TEST DB2
In addition to Fast Message Protocol, the communications protocols supported 
by the relay include DNP3, IEC 61850 MMS, and GOOSE. These data include 
both digital quantities and analog quantities.

Use the TEST DB2 command to override any DNP3 or IEC 61850 value. The 
data that can be overridden include both digital and analog quantities.

                    

The override value value1 can be logical 0 or logical 1 for digital and status ele-
ments. The analog value2 can be an integer or a floating-point number.

The Relay Word bit TESTDB2 will be asserted while there are points in this test 
mode.

If IEC 61850 Mode/Behavior is not On, the relay will not process the TEST DB2 
command.

TEST DB2 OFF
Use the TEST DB2 OFF command to end the testing session and remove the 
override values. The relay returns the modified registers to the pretest values.

                    

When removing all existing digital override values, the relay responds, Digital 
Overrides Removed. If no digital override is ever configured, the Overrides Not 
Found message will be displayed. The analog override removal acknowledgment 
messages are similar.

If IEC 61850 Test Mode/Behavior changes from On, the TEST DB2 command 
deactivates. All overrides clear and the TESTDB2 Relay Word bit deasserts.

Table 14.140 TEST DB2 Command

Command Description Access Level

TEST DB2 Display present analog and digital override names and 
values.

1, B, P, A, O, 2

TEST DB2 D 
name1a value1

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Write the specified override value value1 into the digital 
quantity name1.

B, P, A, O, 2

TEST DB2 A 
name2b value2

b The analog name2 is any analog available in the DNP3 reference map and any analog listed as a 
data source for IEC 61850 logical devices. This excludes the event summary analog inputs.

Write the specified override value value2 into the analog 
quantity name2.

B, P, A, O, 2

Table 14.141 TEST DB2 OFF Command

Command Description Access Level

TEST DB2 D 
OFF

Clear all digital override testing values. B, P, A, O, 2

TEST DB2 D 
name1a OFF

a Digital name1 can be any Relay Word bits or additional binary input points in DNP3 map.

Clear digital override testing value specified by name 
name1.

B, P, A, O, 2

TEST DB2 A 
OFF

Clear all analog override testing values. B, P, A, O, 2

TEST DB2 A 
name2b OFF

b See Section 12: Analog Quantities in the product-specific instruction manual for available analog 
name2.

Clear analog override testing value specified by name 
name2.

B, P, A, O, 2



14.67

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

TEST FM
The TEST FM command overrides normal Fast Meter quantities for testing pur-
poses. You can override only “reported” Fast Meter values. For more information 
on Fast Meter and the relay, see SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on page 15.33.

TEST FM
Values you enter in Fast Meter storage are “override values.” Use the TEST FM 
command to display override values and write override values in the Fast Meter 
report.

                    

When you display Fast Meter data overrides with the TEST FM command, the 
relay shows the item label, and override values.

To force a value, use the TEST FM label value1 value2 command. The item 
label label is any analog channel label in the Fast Meter configuration (if avail-
able), any digital element label (from the DNA command), and any status ele-
ment label (from the BNA command) except the TEST and FMTEST items.

The value value1 can be logical 0 or logical 1 for digital and status elements, or a 
floating-point value for all meter quantities. For meter items that report a pair of 
values in the Fast Meter message, value1 is the magnitude and value2, if pro-
vided, is the angle. If you do not specify value2, the relay uses an angle of 0.

When you have successfully added a new Fast Meter test value (for example, 
TEST FM IA1 3.7 0.0), the relay responds, Override Added.

The relay asserts Relay Word bit TESTFM while any Fast Meter override data 
are present in the relay.

Fast Meter Status Byte

Bits labeled TEST and FMTEST reside in the Fast Meter status byte. If any item 
within the Fast Meter message is in test mode, the relay sets the TEST bit. Simi-
larly, if any item in any Fast Meter message is in test mode, the FMTEST is set in 
all three Fast Meter responses.

TEST FM DEM
Use the TEST FM DEM command to insert override values in Fast Meter 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM DEM 
command.

                    

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

Table 14.142 TEST FM Command

Command Description Access Level

TEST FM Display present override values. 1, B, P, A, O, 2

TEST FM label 
value1 value2

Write new data value1 and value2 to the Fast Meter 
report at the item label label. Parameter value2 is optional.

B, P, A, O, 2

Table 14.143 TEST FM DEM Command

Command Description Access Level

TEST FM DEM 
label value1

Write new data value1 to the Fast Meter demand meter 
report at the item label label.

B, P, A, O, 2
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TEST FM OFF
Use the TEST FM OFF command to remove override values. The relay returns 
the Fast Meter registers to the pretest values.

                    

When you have successfully removed a Fast Meter test value (for example, 
TEST FM IA1 OFF), the relay responds, Override Removed. When an attempt 
to remove an FM test value fails, the relay responds, Override Not Found. When 
removing all FM test values (for example, TEST FM OFF), the relay responds, 
All Overrides Removed.

TEST FM PEAK
Use the TEST FM PEAK command to insert override values in Fast Meter peak 
demand metering.

NOTE: Not all SEL-400 series relays 
support demand metering. These 
relays will not support the TEST FM 
PEAK command.

                    

TEST SV
TEST SV (SEL SV Publisher Relay)

NOTE: Not all SEL-400 series relays 
support the TEST SV command.

The TEST SV command is a SEL SV testing command. Do not confuse this with 
IEC 61850 Test Mode, which is enabled by PORT 5 setting E850MBC. The 
TEST SV command allows the SEL SV publisher relay to generate and publish 
test signals on all the configured SV publications. The TEST SV command pro-
vides a facility to test SV publishing functionality without the need for current 
and/or voltage sources present in the terminals of the SEL SV publisher relay.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV publisher relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered. With the TEST SV 
mode enabled, the test bit in the quality attribute asserts in all outgoing SV publi-
cations. The mode of the device (LLN0.Mod) is not changed and it remains in 
normal operation mode. PubSim and Sim bits are also not modified.

Table 14.144 TEST FM OFF Command

Command Description Access Level

TEST FM label OFF Clear the override values for the Fast Meter item label. B, P, A, O, 2

TEST FM OFF Clear all override testing values from Fast Meter. B, P, A, O, 2

Table 14.145 TEST FM PEAK Command

Command Description Access Level

TEST FM PEAK 
label value1

Write new data value1 to the Fast Meter peak demand 
meter report at the item label label. 

B, P, A, O, 2

Table 14.146 TEST SV Command in an SEL SV Publisher Relay

Command Description Access Level

TEST SVa

a The test mode does not influence GOOSE or MMS functionality.

Initiates the SV publication of test signals.

When TEST SV Mode = ON, Relay Word bit SVPTST is 
asserted; SVPTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Ends the SV publication of test signals. Relay Word bit 
SVPTST is cleared.

B, P, A, O, 2
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Table 14.147 shows a detailed description of how the output values for the SEL 
SV publisher relay are calculated while in TEST SV mode.

                    

Table 14.148 shows the secondary values used while the SEL SV publisher relay 
is in TEST SV mode.

                    

When you enable or disable the SEL TEST SV mode, the SV publications are 
disabled momentarily, causing a brief interruption in the outgoing SV publica-
tions.

If the PORT 5 SV settings are not in use and no SV publications are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV publications configured.

You cannot use the TEST SV command if IEC 61850 Test Mode is enabled and 
active mode is not on.

Table 14.147 SV Output Values During TEST SV Mode

Physical 
Measurement

Description Setting Source

CURRENT The value for each Channel IA, IB, and IC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the CTRW setting from the presently 
active group settings. The CTRW is used for both IW and IX scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel IN in each winding is the sum of IA, IB, and IC values.

CTRW, ACTGRP, 
PHROT

VOLTAGE The value for each Channel VA, VB, and VC is scaled from secondary values (Magnitude in 
Table 14.148) to primary values, in accordance with the PTRY setting from the presently 
active group settings. The PTRY is used for both VY and VZ scaling.

A-Phase starts at 0 degrees; the other phase angles are relative to the PHROT setting from 
the presently active group settings.

The value for Channel VN in each winding is the sum of VA, VB, and VC values.

PTRY, ACTGRP, 
PHROT

FREQUENCY The value for the frequency corresponds to the NFREQ setting. NFREQ

PHASE ROTATION The phase sequence corresponds to the PHROT setting. PHROT

Table 14.148 Secondary Values Used During TEST SV Mode

IEC Notation SEL Notation
Magnitude (RMS) Angle (degrees)

5A 1A ABC ROT ACB ROT

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0 0 0 0

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0 0 0 0
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TEST SV (SEL SV Subscriber Relay)

The TEST SV command provides a facility to test SV functionality. The TEST 
SV command allows the SEL SV subscriber relay to accept SV test messages on 
all the configured SV subscriptions.

                    

When you enable the TEST SV mode, a 15-minute timer starts. After 15 minutes, 
the SEL SV subscriber relay automatically disables the TEST SV mode. This 
timer restarts each time the TEST SV command is entered.

If the PORT 5 SV settings are not in use and no SV subscriptions are configured in 
the CID file when the TEST SV command is issued, the relay responds with 
Cannot enter test mode. No SV subscriptions configured.

Considerations for an SEL SV Subscriber Relay During TEST SV Mode

The SEL SV subscriber relay will process and execute all the associated protec-
tion logic, operating in the same way as if the SEL SV subscriber relay were 
receiving valid SV messages.

The SEL SV subscriber relay will continue to accept incoming SV messages that 
do not have the TEST bit of the quality attribute asserted.

For TEST SV mode to function, the IEC 61850 Mode/Behavior must be On.

TIME
Use the TIME command to view and set the relay time clock. The ASCII inter-
face is just one source by which you can set the internal clock. Other sources can 
override the ASCII TIME command; overriding occurs in HIRIG time mode, 
IRIG time mode, and when using DNP3. See Section 11: Time and Date Man-
agement for more information on configuring time functions.

TIME
The TIME command returns information about the internal relay clock. You can 
also set the clock to local time if you specify hours and minutes (seconds data are 
optional). Separate the hours, minutes, and seconds with colons, semicolons, 
spaces, commas, or slashes.

                    

If a valid IRIG-B, PTP, or SNTP signal is connected to the relay, the TIM com-
mand cannot be used to set the relay time.

Table 14.149 TEST SV Command in an SEL SV Subscriber Relay

Command Description Access Level

TEST SVa

a The Test mode does not influence GOOSE or MMS functionality.

Instructs the SEL SV subscriber relay to accept SV test 
messages.

When TEST SV Mode = ON, Relay Word bit SVSTST is 
asserted; SVSTST is deasserted otherwise.

B, P, A, O, 2

TEST SV OFF Instructs the SEL SV subscriber relay to reject the 
received SV messages with the test bit of the quality attri-
bute asserted. Relay Word bit SVSTST is cleared.

B, P, A, O, 2

=>>TIME <Enter>
local: 16:48:33     UTC: 23:48:33     UTC Offset: -07.0 hrs



14.71

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

                    

Use the TIME hh:mm and TIME hh:mm:ss commands to set the relay internal 
clock time. The value hh is for hours from 0–23, the value mm is for minutes 
from 0–59, and the value ss is for seconds from 0–59. If you enter a valid time, 
the relay updates and saves the time in the nonvolatile clock, and displays the 
time you just entered. If you enter an invalid time, the relay responds, Invalid 
Time.

TIME Q
The TIME Q command returns detailed information on the relay internal clock. 
Use this command to query the status of high-accuracy time source inputs and the 
present clock time mode.

                    

When you issue the TIME Q command, the relay reports statistics on the relay 
time sources. These statistics include the present time source and the last time 
value update source (see TIME Q Command on page 11.8).

                    

                    

Table 14.150 TIME Command

Command Description Access Level

TIME Display the present relay internal clock time, in three 
formats: local, UTC, and UTC offset.

1, B, P, A, O, 2

TIME hh:mm Set the relay internal clock to hh:mm. 1, B, P, A, O, 2

TIME hh:mm:ss Set the relay internal clock to hh:mm:ss. 1, B, P, A, O, 2

Table 14.151 TIME Q Command

Command Description Access Level

TIME Q Display detailed information about the internal relay clock; 
query relay time.

1, B, P, A, O, 2

=>TIME Q <Enter>

Station A                                  Date: 03/17/2023  Time: 23:04:16.336
Relay 1                                    Serial Number: 1230769999

Time Source: HIRIG
Last Update Source: HIRIG

IRIG Time Quality:   0.000 ms

Time Mark Period:   999.990539 ms

Internal Clock Period:  20.000006 ns

Figure 14.17 Sample TIME Q Command Response With IRIG

=>>TIME Q <Enter>

Relay 1                                    Date: 03/17/2023  Time: 15:08:41.468
Station A                                  Serial Number: 1230769999

Time Source: HPTP
Last Update Source: HPTP

Grandmaster Clock Quality 
    Clock Class : Synchronized with PTP timescale (6)
    Time Traceable : TRUE
    Clock Accuracy : Within 25 ns
    Offset Log Variance : 0

Time Mark Period:  1000.000061 ms

Internal Clock Period:  19.999935 ns

Figure 14.18 Sample Time Q Command Response With PTP
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TIME DST
In response to the TIME DST command, the relay displays local time, UTC time 
and UTC Offset, followed by daylight-saving time rules and information.

                    

                    

TRIGGER
The TRIGGER command initiates data captures for high-resolution oscillogra-
phy and event reports. For information on high-resolution oscillography and 
event reports see Triggering Data Captures and Event Reports on page 9.7.

Use the TRI command to trigger the relay to record data for high-resolution 
oscillography and event reports.

                    

When you issue the TRI command, the relay responds, Triggered. If the event 
did not trigger within 1 second, the relay responds, Did not trigger.

VECTOR
The VECTOR command displays information useful to the factory for trouble-
shooting purposes.

Use the VEC command to view diagnostic information recorded by the relay. In TiDL 
relays, you can also view the diagnostic information of connected SEL-TMUs.

                    

VERSION
The VERSION command displays the relay hardware and software configuration.

=>>TIME DST <Enter>
local: 11:28:19     UTC: 18:28:19     UTC Offset: -07.0 hrs

Daylight Savings Time Begin Rule: 2nd Sunday of March at 02:00
Daylight Savings Time End Rule: 1st Sunday of November at 02:00

Daylight Savings Time Presently Active

Next Daylight Savings Time Beginning: 03/11/2012 02:00
Next Daylight Savings Time Ending: 11/06/2011 02:00
=>>

Table 14.152 TIME DST Command

Command Description Access Level

TIME DST Daylight-saving time rules and information 1, B, P, A, O

Table 14.153 TRI Command

Command Description Access Level

TRI Trigger relay data capture. 1, B, P, A, O, 2

Table 14.154 VEC Command

Command Description Access Level

VEC Report relay internal diagnostics information. 2



14.73

Date Code 20230830 Instruction Manual SEL-400 Series Relays

ASCII Command Reference
Command Description

Use the VER command to list the part numbers, serial numbers, checksums, soft-
ware release numbers, and other important relay configuration information. 

                    

When you issue the VER command, the relay displays the latest release numbers 
for various items, typically including:

➤ FID

➤ CID

➤ Part number

➤ Serial number

➤ SELBOOT BFID

➤ Main board memory types and sizes

➤ Front-panel hardware

➤ Analog inputs ratings

➤ Interface board inputs and outputs

➤ Bay cards

➤ Extended relay features list

A sample VER command response is shown in Figure 14.19.

                    

Table 14.155 VER Command

Command Description Access Level

VER Display the hardware and software configurations. 1, B, P, A, O, 2

=>VER <Enter>
FID=SEL-451-6-R404-V0-Z104102-D20230317
CID=XXXX
Part Number:  04516XX0X600XE9H4C4XXXXXX
Serial Number:  1230769999
SELboot:
    BFID= SLBT-4XX-R302-V0-Z001002-D20230317
    Checksum:  XXXX

Mainboard:
    Code FLASH Size:   12 MB
    Data FLASH Size:   52 MB
    RAM Size:          64 MB
    EEPROM Size:      128 kB

Front Panel: installed
Analog Inputs:
    W:  Currents:  5 Amp
    X:  Currents:  5 Amp
    Y:  Voltage:   67 Volts
    Z:  Voltage:   67 Volts

Interface Boards:
    Board 1:  24 inputs   8 outputs
    Board 2: not installed
    Board 3: not installed
    Board 4: not installed

Bay Cards:
    Bay 1:  not installed
    Bay 2:  not installed
    Bay 3:  Ethernet Configuration 9
             Port 5A: 1000BASE-SX (8131-01)
             Port 5B: 1000BASE-SX (8131-01)
             Port 5C: 100BASE-FX (8103-01)
             Port 5D: 100BASE-FX (8103-01)
             Port 5E: 100BASE-FX (8103-01)
    Bay 4:  RS-232 and IRIG-B

Extended Relay Features:
    IEC 61850

If the above information is not as expected, contact SEL for assistance.

=>>

Figure 14.19 Sample VER Command Response



14.74

SEL-400 Series Relays Instruction Manual Date Code 20230830

ASCII Command Reference
Command Description

If an item is not installed, the VER report indicates Not installed at the appro-
priate line. If a detected hardware configuration does not match the component 
part number, the relay adds the statement Warning - hardware does not match 
part number on the corresponding line.

VIEW
Use the VIEW command to examine data within the relay database. You can 
view these data in three ways:

➤ Region

➤ Register item

➤ Bit

The VIEW command in the relay is very similar to the VIEW command in SEL 
Communications Processors. See Section 10: Communications Interfaces in the 
product-specific instruction manual for more information on the relay database 
regions and data types.

Typical relay regions are LOCAL, METER, DEMAND, TARGET, HISTORY, 
BREAKER, STATUS, and ANALOGS; view this list with the MAP 1 command.

The relay is Virtual Device 1; all commands begin with VIEW 1. In all database 
views, if a data item is in test mode (controlled by TEST DB command), the 
relay displays an asterisk (*) mark following the data value.

VIEW 1 Commands—Region
Use the commands in Table 14.156 to view the contents of the database regions.

                    

VIEW 1 Commands—Register Item
Use the commands in Table 14.157 to view register items in the relay database. 
Typical examples of register items in the METER region are IA1, I0_1, VB, and 
PF. Examples of register items in the LOCAL region are FID, SER_NUM, and 
PART_NUM.

                    

Table 14.156 VIEW 1 Commands—Region

Command Description Access Level

VIEW 1 region Display the data in the relay database in the region region. 1, B, P, A, O, 2

VIEW 1 region BL Display the data in the region region and include bit labels. 1, B, P, A, O, 2

Table 14.157 VIEW 1 Commands—Register Item (Sheet 1 of 2)

Command Description Access Level

VIEW 1 addr Display the data in the relay database at register 
address addr.

1, B, P, A, O, 2

VIEW 1 addr 
NR ma

Display the data beginning at register address addr 
and continue for m registers.

1, B, P, A, O, 2

VIEW 1 region 
item_label

Display the data for the addresses in the region 
item_label area of the database.

1, B, P, A, O, 2

VIEW 1 region 
item_label NR m

Display the data for addresses in the region item_label 
area of the database; begin at the start of item_label 
and proceed for m registers.

1, B, P, A, O, 2
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In the VIEW 1 addr commands, option addr is the register address. Use the 
MAP 1 region command to find the register address. You can specify register 
addresses as a decimal or hexadecimal number. (A hexadecimal address is a 
numeral with an “h” suffix or a “0x” prefix.) If you specify the data by address or 
by offset with the addr and offset options, the relay returns the data in hexadeci-
mal number format. The NR option specifies the number of registers m that the 
relay includes in the data listing.

VIEW 1 Commands—Bit
Use commands in Table 14.158 to inspect a specific bit in the relay database. The 
relay displays bit data as the bit label or number and the value logical 1 or logical 
0. An example of a relay response for bit commands is 1:TARGET:ALTI = 0, 
where ALTI is the bit label and 0 is the bit value.

                    

The command option bit is the bit number. If you access bit data, the relay dis-
plays the bit label or number and the value (logical 0 or logical 1). If you refer-
ence the data by label with the BL and bit_label options, the relay returns the 
data according to the data type.

Use the VIEW 1 bit_label command as a shorthand method to inspect a specific 
data bit in the relay database. The relay searches the entire relay database struc-
ture for the bit label you specified; this process takes more time and processing 
than narrowing the search by using the VIEW 1 region command and the 
VIEW 1 addr command with the bit label option bit_label.

VIEW 1 region 
offset

Display the data for the address in the database region 
region at the offset offset from the beginning of the region.

1, B, P, A, O, 2

VIEW 1 region 
offset NR m

Display the data for the addresses in the database 
region region; begin at the offset offset from the begin-
ning of the region and proceed for m registers.

1, B, P, A, O, 2

a Parameter m is an integer value representing the number of registers.

Table 14.157 VIEW 1 Commands—Register Item (Sheet 2 of 2)

Command Description Access Level

Table 14.158 VIEW 1 Commands—Bita

a Parameter bit is a number from 0–15, with 0 as the LSB (least significant bit).

Command Description Access Level

VIEW 1 addr bit Display the value at register address addr for the bit 
number bit.

1, B, P, A, O, 2

VIEW 1 bit_label Display the value for the bit with the bit label bit_label. 1, B, P, A, O, 2

VIEW 1 region 
bit_label

Display the value for the particular bit with the bit 
label bit_label in the region region.

1, B, P, A, O, 2

VIEW 1 region 
offset bitb

b Parameter offset is a decimal or hexadecimal number to indicate the offset.

Display the value for the bit bit in the region region 
that is offset from the beginning of the region by offset 
offset.

1, B, P, A, O, 2
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Communications Interfaces

This section provides information on communications interface options for 
SEL-400 series relays. The following topics are discussed:

➤ Serial Communication on page 15.2

➤ Serial Port Hardware Protocol on page 15.4

➤ Ethernet Communications on page 15.6

➤ Virtual File Interface on page 15.20

➤ Software Protocol Selections on page 15.27

➤ SEL Protocol on page 15.28

➤ SEL MIRRORED BITS Communication on page 15.36

➤ SEL Distributed Port Switch Protocol (LMD) on page 15.43

➤ SEL-2600A RTD Module Operation on page 15.43

➤ Direct Networking Example on page 15.45

The relay collects, stores, and calculates a variety of data. These include electri-
cal power system measurements, calculated quantities, diagnostic data, equip-
ment monitoring data, fault oscillography, and sequential event reports. A 
communications interface is the physical connection on the relay that you can use 
to collect data from the relay, set the relay, and perform relay test and diagnostic 
functions.

The relay has three rear-panel serial ports and one front-panel serial port. These 
serial ports conform to the EIA-232 standard (often called RS-232). Several 
optional SEL devices are available to provide alternative physical interfaces, 
including EIA-485 and fiber-optic cable. The relay also has an Ethernet card to 
support a variety of communication protocols. TiDL relays also have a TiDL 
communications board that replaces the local CT/PT inputs.

Once you have established a physical connection, you must use a communica-
tions protocol to interact with the relay. A communications protocol is a language 
that you can use to perform relay operations and collect data. For information on 
protocols that you can use with the relay, see the instruction manual sections 
listed in Table 15.1.

                    

Table 15.1 Relay Communications Protocols (Sheet 1 of 2)

Communications Protocol Communications Interface For More Information See

ASCII Commands EIA-232a or Telnet using Ethernet Section 14: ASCII Command Reference

Distributed Port Switch (LMD) SEL-2885 EIA-232 to EIA-485 transceiver on 
an EIA-232 port

SEL Distributed Port Switch Protocol (LMD) 
on page 15.43

DNP3 EIA-232a or Ethernet Section 16: DNP3 Communication

File Transfer Protocol (FTP) Ethernet FTP on page 15.15

HTTP Ethernet HTTP (Hypertext Transfer Protocol) Server on 
page 15.20

IEC 61850 Ethernet Section 17: IEC 61850 Communication
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Serial Communication
Each relay has four serial ports that you can use for serial communication with 
other devices. 

EIA-232 Interfaces
The relay has four EIA-232 communications interfaces. The serial port locations 
for the 4U chassis are shown in Figure 15.1 and Figure 15.2; other chassis sizes 
are similar. The port on the front panel is PORT F and the three rear-panel ports are 
PORT 1, PORT 2, and PORT 3.

                    

MIRRORED BITS Communications EIA-232a SEL MIRRORED BITS Communication on 
page 15.36

Phasor Measurement Protocols 
(IEEE C37.118 and SEL Fast Message)

EIA-232a

Ethernetb
Section 18: Synchrophasors

Precision Time Protocol (PTP) Ethernet Precision Time Protocol (PTP) on page 15.17

Parallel Redundancy Protocol (PRP) Ethernet Network Connection by Using PRP Operating 
Mode on page 15.12 and Network Connection 
by Using PRP Operating Mode on page 15.14

SEL Binary Protocols (Fast Meter, Fast 
Operate, Fast SER)

EIA-232a or Telnet using Ethernet SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SEL Fast Message RTD Protocol EIA-232a SEL Fast Meter, Fast Operate, Fast SER Mes-
sages, and Fast Message Data Access on 
page 15.33

SNTP Ethernet SNTP on page 15.16

Telnet Ethernet Telnet on page 15.16

T-Protocol TiDL Communications TiDL (T-Protocol) on page 19.1

a You can add converters to transform EIA-232 to other physical interfaces.
b Phasor Measurement over the Ethernet card is only available via IEEE C37.118 protocol.

Table 15.1 Relay Communications Protocols (Sheet 2 of 2)

Communications Protocol Communications Interface For More Information See

                    

Figure 15.1 Relay 4U Chassis Front-Panel Layout
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The EIA-232 ports are standard female 9-pin connectors with the pin numbering 
shown in Figure 15.3. The pin functions are listed in Table 15.2. Pin 1 can pro-
vide power to an external device.

                    

                    

The +5 V serial port supply that is common to all three rear serial ports is moni-
tored by the relay. If the +5 V supply is overloaded, the relay issues an 
HALARM warning (pulses HALARM bit for 5 seconds) and displays a port 
overload message in the relay status report. The serial port keeps working, 
regardless of this condition.

EIA-232 Communications Cables
For most installations, you can obtain information on the proper EIA-232 cable 
configuration from the SEL-5801 Cable Selector Program. Using the SEL-5801 
software, you can choose a cable by application. The software provides the SEL 

                    

Figure 15.2 Example 4U Rear-Panel Layout in Relay With Bay Cards

                    

Figure 15.3 EIA-232 Connector Pin Numbers

Table 15.2 EIA-232 Pin Assignments

Pin Signal Name Description Comments

1 5 Vdc Modem power Jumper selectable on PORT 1–
PORT 3. No connection on PORT F.

2 RXD Receive data

3 TXD Transmit data
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5 GND Signal ground Also connected to chassis ground.
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cable number with wiring and construction information, so you can order the 
appropriate cable from SEL or construct one. If you do not see information for 
your application, please contact SEL and we will assist you. You can obtain a 
copy of the SEL-5801 software by contacting SEL or from selinc.com.

Severe power and ground problems can occur on the communications ports of 
this equipment as a result of using non-SEL cables. Never use standard null-
modem cables with this equipment.

You can connect to a standard 9-pin computer port with an SEL-C234A cable for 
relay configuration and programming with a terminal program or with the 
ACSELERATOR QuickSet SEL-5030 software.

Fiber-Optic Interface
You can add transceivers to the EIA-232 ports to use fiber-optic cables to connect 
devices. We strongly recommend that you use fiber-optic cables to connect 
devices within a substation. Power equipment and control circuit switching can 
cause substantial interference with communications circuits. You can also experi-
ence significant ground potential differences during fault conditions that can 
interfere with communications and damage equipment. Fiber-optic cables pro-
vide electrical isolation that increases safety and equipment protection.

Use the SEL-2800 product family transceivers for multimode or single-mode 
fiber-optic communications. All of these transceivers are port powered, require 
no settings, and operate automatically over a broad range of data rates. SEL-2800 
series transceivers operate over the same wide temperature ranges as SEL relays, 
providing reliable operations in extreme conditions.

EIA-485
There is no EIA-485 port integral to the relay. You can install an SEL-2885 or 
SEL-2886 transceiver to convert one of the rear-panel EIA-232 ports (PORT 1–
PORT 3) on the relay to an EIA-485 port. The SEL-2885 and SEL-2886 are pow-
ered by the +5 Vdc output on Pin 1. These transceivers offer transformer isolation 
not found on most EIA-232-to-EIA-485 transceivers. See the transceiver product 
fliers for more information.

The SEL-2885 offers the SEL Distributed Port Switch Protocol (LMD). With this 
protocol you can selectively communicate with multiple devices on an EIA-485 
network. You can communicate with other network nodes including EIA-232 
devices with an SEL-2885 and SEL devices having integral EIA-485 ports. You 
can find more information about using SEL LMD in SEL Distributed Port Switch 
Protocol (LMD) on page 15.43.

Serial Port Hardware Protocol
The serial ports comply with the EIA-232 Standard (formerly known as RS-232). 
The serial ports support RTS/CTS hardware flow control. See also Software Flow 
Control on page 15.32.

http://selinc.com
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Hardware Flow Control
Hardware handshaking is one form of flow control that two serial devices use to 
prevent input buffer information overflow and loss of characters. To support 
hardware handshaking, connect the RTS output pin of each device to the CTS 
input pin of the other device. To enable hardware handshaking, use the SET P 
command (or front-panel SET pushbutton sequence) to set RTSCTS := Y. Disable 
hardware handshaking by setting RTSCTS := N. Table 15.3 shows actions the 
relay takes for the RTSCTS setting values and the conditions relevant to hard-
ware flow control.

                    

Note that the relay must assert the RTS pin to provide power for some modems, 
fiber-optic transceivers, and hardware protocol converters that are port powered. 
Check the documentation for any port-powered device to determine if the device 
supports hardware handshaking or if you must always assert RTS (RTSCTS := N) 
for proper operation.

Data Frame
The relay ports use asynchronous data frames to represent each character of data. 
Four port settings influence the framing: SPEED, DATABIT, PARITY, and 
STOPBIT. The time allocated for one bit is the reciprocal of the SPEED. For 
example, at 9600 bits per second, one bit-time is 0.104 milliseconds (ms).

The default port framing uses one start bit, eight data bits, no parity bit, and one 
stop bit. The transmitter asserts the TXD line for one data frame, as described in 
the following steps:

The TXD pin is normally in a deasserted state.

➤ To send a character, the transmitter first asserts the TXD pin for one 
bit time (start bit).

➤ For each data bit, if the bit is set, the transmitter asserts TXD for one 
bit time. If the bit is not set, it deasserts the pin for one bit time (data 
bits).

➤ If the PARITY setting is E, the transmitter asserts or deasserts the 
parity bit so that the number of asserted data bits plus the parity bit is 
an even number. If the PARITY setting is O, the transmitter asserts or 
deasserts the parity bit so that the number of asserted data bits plus 
the parity bit is an odd number. If the PARITY setting is N, the data 
frame does not include a parity bit.

Table 15.3 Hardware Handshaking

Setting 
RTSCTS Value

Condition Relay Action

N All Assert RTS output pin and ignore CTS 
input pin.

Y Normal input reception Assert RTS output pin.

Y Local input buffer is close to full Deassert RTS pin to signal remote device 
to stop transmitting.

Y Normal transmission Sense CTS input is asserted, transmit 
normally.

Y Remote device buffer is close to full, 
so remote device deasserts RTS

Sense CTS input is deasserted, stop 
transmitting.
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➤ At the completion of the data bits and parity bit (if any), the 
transmitter deasserts the line for one bit time (stop bit). If STOPBIT 
is set to 2, the transmitter deasserts the line for one more bit time 
(stop bit).

➤ Until the relay transmits another character, the TXD pin will remain 
in the unasserted state.

Ethernet Communications
Ethernet Card

The SEL-400 series relays support an Ethernet card. In some SEL-400 series 
devices, this is a daughter card to the main board, as shown in Figure 15.4. In 
others, it goes into BAY 3, as shown in Figure 15.5 and Figure 15.6. The Ethernet 
card is optional except in relays configured for SV and TiDL. You can either field 
install the card or order the relay with the card installed at the factory. As with 
other SEL products, SEL has designed and tested SEL Ethernet cards for opera-
tion in harsh environments.

                    

                    

                    

In some relay models, the Ethernet card has two or four ports and is available 
with standard twisted-pair and fiber-optic physical interfaces. Other models sup-
port a five-port Ethernet card with small form-factor pluggable (SFP) ports, as 
shown in Figure 15.6. The Ethernet card includes redundant physical interfaces 
with the capability to automatically transfer communications to the backup inter-
face in the event that the primary network fails. For information on substation 
integration architectures, see Section 16: DNP3 Communication and Section 17: 
IEC 61850 Communication.

                    

Figure 15.4 Example Two-Port Ethernet Card

                    

Figure 15.5 Example Four-Port Ethernet Card

                    

Figure 15.6 Five-Port Ethernet Card
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Once installed in a relay, the settings needed for network operation and data 
exchange protocols, including DNP3 and IEC 61850, are available in the Port 5 
settings.

Ethernet Network Operation
You should carefully design your Ethernet network to maximize reliability, mini-
mize system administration effort, and provide adequate security. SEL recom-
mends that you work with a networking professional to design your substation 
Ethernet network.

Use the network configuration settings shown in Table 12.14 and Table 12.28 to 
configure the relay for operation on an IP network and to set other parameters 
affecting the physical Ethernet network interface operation. Depending on the 
model and ordering selection, the relay is equipped with either two, four, or five 
Ethernet ports. See Table 15.4 for information on what protocols are available on 
which ports for various Ethernet cards and configurations.

                    

The relay IP address setting uses Classless Inter-Domain Routing (CIDR) notation 
and a variable-length subnet mask (VLSM) to define its local network and host address.

An IP address consists of two parts: a prefix that identifies the network followed 
by a host address within that network. Early network devices used a subnet mask 
to define the network prefix of an associated host address. Within the mask, sub-
net boundaries were defined by the 8-bit segments of the 32-bit IP address. These 
boundaries constrained network prefixes to 8, 16, or 24 bits, defining Class A, B, 
and C networks, respectively.

This classful networking often created subnetworks that were not sized effi-
ciently for actual requirements. CIDR allows more effective usage of a given 
range of IP addresses. In CIDR notation, you enter the IP address setting in the 
form a.b.c.d/p, where a.b.c.d is the host address in standard dotted decimal form 
and p is the network prefix expressed as the number of “1” bits in the mask. For 
example, if IPADDR := 192.168.1.2/24, the host address is 192.168.1.2 and the 
network prefix is the first 24 bits of the address, or 192.168.1. The network 
address is derived by applying the network prefix to the IP address and filling the 
remaining bits with zeros (in our example, it is 192.168.1.0). The broadcast 

Table 15.4 Ethernet Protocol Options

Ethernet Card Typea, b, c

a IP refers to FTP, HTTP, Telnet, SNTP, MMS, DNP, and IEEE C37.118.
b The SEL-487B does not support IEEE C37.118.
c Some relay models do not support SV.

PORT 5A and PORT 5B PORT 5C and PORT 5D PORT 5E

Two-Port

5A, 5B PRP, PTP, GOOSE, IP — —

5C, 5D — PRP, GOOSE, IP —

Four-Port

Independent Bus Mode, Station Bus = (5A, 5B) PRP, PTP, GOOSE, IP GOOSE, SV —

Independent Bus Mode, Station Bus = (5C, 5D) PTP, GOOSE, SV PRP, GOOSE, IP —

Merged Bus Mode PTP, GOOSE, SV, IP — —

Five-Port

Independent Bus Mode PRP, PTP, GOOSE, SV PRP, PTP, GOOSE, IP IPd

d PORT E does not support SNTP.

Merged Bus Mode PRP, PTP, GOOSE, SV, IP — IPd
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address is derived similarly, but the remaining bits are filled with ones 
(192.168.1.255 for the example above). Neither the network (base) address nor the 
broadcast address can be used for any host or router addresses on the network.

                    

The relay uses the default router address setting to determine how to communi-
cate with nodes on other local networks. The relay communicates with the 
default router to send data to nodes on other local networks. The default router 
must be on the same local network as the relay or the relay will reject the default 
router setting. You must also coordinate the default router with your general net-

Table 15.5 CIDR Notation

CIDR Value Subnet Mask

/32 255.255.255.255

/31 255.255.255.254

/30 255.255.255.252

/29 255.255.255.248

/28 255.255.255.240

/27 255.255.255.224

/26 255.255.255.192

/25 255.255.255.128

/24 255.255.255.000

/23 255.255.254.000

/22 255.255.252.000

/21 255.255.248.000

/20 255.255.240.000

/19 255.255.224.000

/18 255.255.192.000

/17 255.255.128.000

/16 255.255.000.000

/15 255.254.000.000

/14 255.252.000.000

/13 255.248.000.000

/12 255.240.000.000

/11 255.224.000.000

/10 255.192.000.000

/9 255.128.000.000

/8 255.000.000.000

/7 254.000.000.000

/6 252.000.000.000

/5 248.000.000.000

/4 240.000.000.000

/3 224.000.000.000

/2 192.000.000.000

/1 128.000.000.000

/0 000.000.000.000
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work implementation and administration plan. See Table 15.6 for examples of 
how the IP address and subnet mask define the network and node and how these 
settings affect the default router setting.

If there is no router on the network, enter a null string (“”).

                    

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, DNP3, IEC 61850 
MMS, and IEEE C37.118.

The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT settings, 
can be used to verify that the computer at the remote end of a TCP connection is 
still available. If ETCPKA is enabled and the relay does not transmit any TCP 
data within the interval specified by the KAIDLE setting, the relay sends a keep-
alive packet to the remote computer. If the relay does not receive a response from 
the remote computer within the time specified by KAINTV, the keep-alive packet 
is retransmitted as many as KACNT times. After this count is reached, the relay 
considers the remote device no longer available, so the relay can terminate the 
connection without waiting for the idle timer (TIDLE or FTPIDLE) to expire.

The relay monitors Manufacturing Message Specification (MMS) inactivity to 
identify and disconnect MMS clients that have stopped communicating with it. 
You can set it from 0 to 42000000 seconds via the IED Properties MMS Settings 
in ACSELERATOR Architect SEL-5032 Software. The MMS Inactivity default 
value is either 120 seconds or 900 seconds, depending on the relay. Setting this 
value to 0 disables the MMS Inactivity timer. If enabled, the relay starts a timer 
for an MMS session after it receives an MMS request from the client on that ses-
sion. It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it avail-
able for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to specifi-
cally handle MMS clients that do not disconnect properly. As there are a limited 
number of MMS sessions available, this ensures that misbehaving MMS clients 
do not take up multiple MMS sessions. Note that the MMS inactivity time-out 
can still disconnect an MMS session even if the relay receives TCP keep-alive 
messages from that MMS client.

The two-port and four-port Ethernet cards operate over either twisted-pair or 
fiber-optic media. Each Ethernet card is equipped with two or four network ports. 
You can select the medium for each port (10/100 Mbps twisted-pair or 100 Mbps 
fiber-optic). 

The five-port Ethernet card uses SFP ports with compatible SFP transceivers. The 
transceivers are not included with the card and must be ordered separately. See 
Table 15.7 or selinc.com/products/sfp/ for a list of compatible SFP transceivers.

Table 15.6 Default Router Address Setting Examples

IP Address (CIDR) Network Address Broadcast Address Default Router Rangea

a The Default Router cannot be the same as the IP Address, Network Address, or Broadcast 
Address.

192.168.1.2/28 192.168.1.0 192.168.1.15 192.168.1.0–192.168.1.15

192.168.1.2/24 192.168.1.0 192.168.1.255 192.168.1.ab

b Value in the range 0—255.

192.168.1.2/20 192.168.0.0 192.168.15.255 192.168.0.ab–192.168.15.ab

192.168.1.2/16 192.168.0.0 192.168.255.255 192.168.ab.bb

192.168.1.2/12 192.160.0.0 192.175.255.255 192.160.ab.bb–192.175.ab.bb

192.168.1.2/8 192.0.0.0 192.255.255.255 192.ab.bb.cb

192.168.1.2/4 192.0.0.0 207.255.255.255 192.ab.bb.cb–207.ab.bb.cb

https://selinc.com/products/sfp/
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The five-port Ethernet card is only supported in certain products with a compati-
ble firmware version. See Appendix A: Firmware, ICD File, and Manual Versions 
in the product-specific instruction manual for firmware that supports the five-port 
Ethernet card. Upgrading to this firmware while retaining an existing card will 
not impact your settings or functionality. Converting an existing card to the five-
port Ethernet card will default the Port 5 settings.

Redundant Ethernet Ports (Two- or Four-Port Ethernet Card)
PORT 5A, PORT 5B and PORT 5C, PORT 5D are Ethernet port pairs. One port pair is for 
TCP/IP or UDP/IP Ethernet communications, including FTP, Telnet, DNP3 
LAN/WAN, etc., and IEC 61850 GOOSE. You can configure these ports for redun-
dant network architectures, or force the relay to use a single Ethernet port for 
these protocols. If the relay has four ports, the second port pair can be used for 
relay-specific functionality. PTP is only available on PORT 5A and PORT 5B when 
using the two- or four-port Ethernet card.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure the relay for FAILOVER mode.

➤ NETMODE := FAILOVER

➤ NETPORT := the preferred primary network port

➤ FTIME := desired time-out for the active port before failover to the 
backup port

Connect the relay to redundant networks as shown in Figure 15.7.

Table 15.7 SFP Transceivers for the Five-Port Ethernet Card

Transceiver 
Part Number

Interface Modea, b Type Max. Distance Wavelength
TX Power
(dBm)

RX Sens. 
Max. (dBm)

RX Sens. 
Min. (dBm)

8131-01 1000BASE-SX MM Dual-fiber 300 m (62.5/125 m)
550 m (50/125 m)

850 nm –2.5 to –9 0 –18

8103-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8109-01 100BASE-FX MM Dual-fiber 2 km 1310 nm –14 to –24 –12 –31

8130-01 1000BASE-LX SM Dual-fiber 10 km 1310 nm –3 to –9.5 –3 –21

8130-02 1000BASE-LX SM Dual-fiber 20 km 1310 nm –1 to –6 –3 –22

8130-03 1000BASE-LX SM Dual-fiber 30 km 1310 nm 0 to –5 –3 –24

8130-04 1000BASE-LX SM Dual-fiber 40 km 1310 nm 3 to –2 –3 –24

8130-05 1000BASE-XD SM Dual-fiber 50 km 1550 nm 0 to –5 –3 –24

8130-06 1000BASE-ZX SM Dual-fiber 80 km 1550 nm 5 to 0 –3 –24

8130-08 1000BASE-ZX SM Dual-fiber 160 km 1550 nm 5 to 1 –10 –36

8130-10 1000BASE-ZX SM Dual-fiber 200 km 1550 nm 8 to 5 –10 –36

a MM = multimode.
b SM = single-mode.

NOTE: The process bus on the four-
port Ethernet card uses FAILOVER 
operating mode with no time-out 
delay.
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On startup, the relay communicates using the primary network port selected by 
the NETPORT setting. If the relay detects a link failure on the primary port, it 
asserts the LNKFAIL Relay Word bit. If the standby port’s link is up, the relay 
activates the standby network port after time FTIME. If the link status on the pri-
mary port returns to normal before time FTIME, the failover timer resets and 
operation continues on the primary network port. Similarly, if the relay detects a 
link failure on the standby port and the primary port’s link is up, the relay acti-
vates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

Network Connection by Using Isolated IP Operating Mode
The Isolated IP mode (NETMODE = ISOLATEIP) permits IEC 61850 GOOSE 
messages on two ports, but restricts IP traffic to just one port. This mode is useful 
for cases where it is desired to connect one port to a secured network (the IP port) 
but have the other port leave the security perimeter.

NOTE: If NETMODE = ISOLATEIP, 
Precision Time Protocol (PTP) is only 
supported on the port designated as 
the IP port.

The NETPORT setting selects which port will be the IP port. The other port will 
only support GOOSE traffic. IP transmissions will only go out the IP port. IP 
receptions will only be processed from the IP port. GOOSE publications will go 
out both ports. GOOSE subscriptions will be accepted from either port. Any non-
GOOSE traffic received on the non-IP port will be ignored. No traffic will go 
from one external port to the other.

Network Connection by Using SWITCHED Operating Mode
Make Port 5 setting NETMODE = SWITCHED to activate the internal Ethernet 
switch. The internal switch connects a single Ethernet stack inside the relay to 
two external Ethernet ports. The combination of relay and internal switch operate 
the same as if a single Ethernet port on a relay were connected to an external 
unmanaged Ethernet switch. Use the internal switch to add devices to a network, 
as shown in Figure 15.8.

                    

Figure 15.7 Failover Network Topology
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NOTE: The TiDL relay Ethernet ports 
operate with a BUSMODE setting of 
INDEPEND. This allows for process bus 
GOOSE messages to be received by 
the relay on the non-IP ports. The 
non-IP ports operate in a fixed 
FAILOVER mode. 

NOTE:  For very small values of 
FTIME, or for a failover event on the 
process bus, the assertion or 
deassertion of LNKFAIL and LNKFL2 
can be too short for a state change to 
register in the SER.
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Using this topology, the internal network switch of the relay supports connecting 
Ethernet devices in series. Each relay in the chain acts as a network hub. Network 
traffic originating from a relay is forwarded to the adjacent relay, and so on, until 
the traffic reaches its destination. In this SWITCHED mode, each relay is forced 
to process and filter traffic not intended for it, which results in a reduced overall 
network performance. This configuration is only recommended for temporary 
use. Note that PTP functionality is not available in SWITCHED operating mode.

When using this switched mode, do not to connect the last device back to the 
Managed Ethernet Switch, thereby creating a loop or ring. 

In switched mode, the internal Ethernet switch of the relay is an unmanaged 
Ethernet switch and does not provide RSTP functionality. You will experience 
very large RSTP healing times in such a network.

Network Connection by Using Fixed Operating Mode
Force the relay to use a single station bus Ethernet port by making setting 
NETMODE := FIXED. When NETMODE := FIXED, only the port selected by 
NETPORT is active. The other port is disabled.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks (IEC 
62439-3). The purpose of the protocol is to provide seamless recovery from any 
single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel.

Make the following settings in Port 5 to configure the relay for PRP mode.

➤ NETMODE := PRP

➤ PRPTOUT := desired time-out for PRP frame entry

➤ PRPINTV := desired supervision frame transmit interval

➤ PRPADDR := PRP destination MAC address least significant bit

When NETMODE is not set to PRP, the PRP settings are hidden.

                    

Figure 15.8 Using Internal Ethernet Switch to Add Networked Devices
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Enabling PRP doubles the number of Ethernet packets received on the station 
bus. You may need to reduce the number of incoming GOOSE subscriptions so 
that you do not exceed the relay’s incoming GOOSE buffers, which are sized to 
accommodate a maximum of 128 GOOSE messages.

Redundant Ethernet Ports (Five-Port Ethernet Card)
The five-port Ethernet card includes many of the same capabilities and settings as 
the two- and four-port Ethernet cards. It also provides new and enhanced capabil-
ities such as PRP and fast failover on both the station bus and process bus. 
PORT 5A and PORT 5B are reserved for process bus network. PORT 5C and PORT 5D 
are reserved for the station bus network. PORT 5E operates on an isolated network 
with a unique IP address making it ideal for engineering and data access. PORT 5E 
supports IP protocols including FTP, HTTP, Telnet, MMS, DNP, and IEEE C37.118. 
PTP is available on either port pair PORT 5A, PORT 5B or PORT 5C, PORT 5D. All 
ports support 100 Mbps speeds. PORT 5A and PORT 5B also support 1 Gbps speeds 
to satisfy potentially large traffic requirements on the process bus. Use the enable 
interface setting, EINTF, to enable the network interfaces required for your appli-
cation. If a network interface is not included in EINTF setting, the relay hides the 
settings associated with that interface.

Redundant Ethernet Network by Using FAILOVER Operating Mode
Make the following Port 5 settings to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FAILOVER mode.

➤ NETMODP := FAILOVER (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FAILOVER (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

➤ FTIME := desired time-out for the active port before failover to the 
backup port for the station bus

Connect the relay to a redundant network like the one shown in Figure 15.7. On 
startup, the relay communicates using the primary network ports selected by the 
NETPORT and NETPORP settings. If the relay detects a link failure on the pri-
mary port and the standby port’s link is up, the relay activates the standby net-
work port. The failover time on the process bus is immediate (less than 
100 microseconds) and will drop no more than one SV sample. The failover time 
on the station bus occurs after time FTIME. If the link status on the primary port 
on the station bus returns to normal before time FTIME, the failover timer resets 
and operation continues on the primary network port. Similarly, if the relay detects 
a link failure on the standby port on the station bus and the primary port’s link is 
up, the relay activates the primary network port after time FTIME.

The relay asserts the LNKFAIL Relay Word bit when it detects a link failure on 
the station bus. The relay asserts LNKFL2 when it detects a link failure on the 
process bus. LNKFAIL deasserts when at least one station bus port is active. 
LNKFL2 deasserts when at least one process bus port is active.

NOTE: For a 1000BASE-X 
connection, the active port will not 
failover to the standby port if only the 
transmit path fails.

NOTE: For very small values of FTIME, 
or for a failover event on the process 
bus, the assertion or deassertion of 
LNKFAIL and LNKFL2 can be too short 
for a state change to register in the 
SER. 
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Network Connection by Using Fixed Operating Mode
Make the following settings in Port 5 to configure ports PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for FIXED mode.

➤ NETMODP := FIXED (for the process bus)

➤ NETPORP := the preferred primary network port for the process bus

➤ NETMODE := FIXED (for the station bus)

➤ NETPORT := the preferred primary network port for the station bus

Only the ports selected by NETPORT and NETPORP are active. PORT 5E is not 
affected by these settings.

Network Connection by Using PRP Operating Mode
PRP is part of an IEC standard for high availability automation networks 
(IEC 62439-3). The purpose of the protocol is to provide seamless recovery from 
any single Ethernet network failure. 

The basic concept is that the Ethernet network and all traffic are fully duplicated 
with the two copies operating in parallel. 

Make the following settings in Port 5 to configure port pairs PORT 5A, PORT 5B and 
PORT 5C, PORT 5D for PRP mode.

➤ NETMODP := PRP (for the process bus)

➤ PRPINTP := desired supervision frame transmit interval for the 
process bus

➤ PRPADDP := PRP destination MAC address least significant bit for 
the process bus

➤ NETMODE := PRP (for the station bus)

➤ PRPINTV := desired supervision frame transmit interval for the 
station bus

➤ PRPADDR := PRP destination MAC address least significant bit for 
the station bus

➤ PRPTOUT := desired time-out for PRP frame entry

Enabling PRP on a port pair doubles the number of Ethernet packets received on 
that interface. You may need to reduce the number of incoming GOOSE sub-
scriptions on the port pairs so that you do not exceed the relay’s incoming 
GOOSE buffers which are sized to accommodate a maximum of 128 GOOSE 
messages.

Configure the PTHDLY setting to P2P to cause the relay to synchronize both the 
primary and standby ports. This allows the relay to seamlessly maintain PTP syn-
chronization during a failover operation. This does not apply when PTHDLY is 
set to E2E.

The relay provides PRP supervision bits for GOOSE and SV. See COM PRP on 
page 14.14 for more information. 

Figure 15.9 shows an example PRP network with an SEL-421-7 and SEL-401. 
The five-port Ethernet cards in the relays allow for PRP on both the station bus 
and process bus, as well as a separate network for engineering access.
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Ethernet Protocols
NOTE: The relay prioritizes 
processing IEC 61850 GOOSE data 
over the data access protocols listed 
above. With GOOSE enabled, high 
GOOSE traffic to and from the relay 
sustained over long periods may 
cause slowed responsiveness to data 
transfer requests via TCP/IP protocols.

Access data by using either the standard TCP/IP Telnet and FTP interfaces or, 
optionally, through the (Web) HTTP Server, DNP3 LAN/WAN or IEC 61850 
interface. You cannot access all data through all interfaces. See the appropriate 
interface section below for details on data access.

FTP
FTP is a standard application-level protocol for exchanging files between com-
puters over a TCP/IP network. The relay Ethernet card operates as an FTP server, 
presenting files to FTP clients. The relay Ethernet card supports one FTP connec-
tion at a time. Subsequent requests to establish FTP sessions will be denied. If your 
FTP client does not work properly, be sure to set your client to use a single session.

Table 12.15 and Table 12.29 list lists the settings that affect FTP server operation.

File Structure

The basic file structure is organized as a directory and subdirectory tree similar to 
that used by Unix, DOS, Windows, and other common operating systems. See 
Virtual File Interface on page 15.20 for information on the basic file structure.

Access Control

The standard FTP logins consist of the three-character access level command 
(e.g., ACC, BAC) with their respective passwords. For example, with default 
passwords, if you use the username of 2AC and password of TAIL, you will con-
nect with Access Level 2 privileges. 

                    

Figure 15.9 Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards
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The relay validates FTP clients and controls access by limiting failed password 
attempts. If a user attempts to log into the relay with three consecutive invalid 
login attempts within a 1-minute period, the relay disables login requests for 
30 seconds and pulses the SALARM and BADPASS Relay Word bits.

FTP settings control anonymous file access features. The special FTP username 
“anonymous” does not require a password. It has the access rights of the access 
level selected by the FTPAUSR setting. For example, if FTPAUSR is set to 1 (for 
Access Level 1), the FTP anonymous user has Access Level 1 rights.

SEL advises against enabling anonymous FTP logins (FTPANMS = Y) except 
under test conditions. The Ethernet card does not require a password for the spe-
cial FTP username “anonymous”. If you enable anonymous FTP logins, you are 
allowing unrestricted access to the relay and host files.

Telnet
Telnet is part of the TCP/IP protocol suite. A Telnet connection provides access 
to the relay user interface. The relay supports as many as three Telnet connections 
at a time. When you connect with Telnet and log in to the relay, you can use all of 
the ASCII and Compressed ASCII commands described in Section 14: ASCII 
Command Reference to configure and interact with the relay. You can also use the 
SEL binary Fast Meter and Fast Operate commands described in SEL Fast Meter, 
Fast Operate, Fast SER Messages, and Fast Message Data Access on page 15.33.

Use a Telnet client or QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the EXI command from any access level.

Table 12.17 and Table 12.31 list the settings that affect Telnet operation.

SNTP
When SNTP is enabled (Port 5 setting ESNTP is not OFF), the relay internal 
clock conditionally synchronizes to the time of day served by a Network Time 
Protocol (NTP) server. The relay uses a simplified version of NTP called the 
SNTP. SNTP is not as accurate as IRIG-B or PTP. The relay can use SNTP as a 
less accurate primary time source, or as a backup to the higher accuracy IRIG-B 
or PTP time sources.

If an IRIG-B time source is connected and either Relay Word bits TSOK or 
TIRIG assert, then the relay synchronizes the internal time-of-day clock to the 
incoming IRIG-B time-code signal, even if SNTP is configured in the relay and 
an NTP server is available. If the IRIG-B source is disconnected (TIRIG deas-
sert) then the relay synchronizes the internal time-of-day clock to the NTP server 
if available. In this way an NTP server acts as either the primary time source, or 
as a backup time source to the more accurate IRIG-B time source. The above is 
also true if the relay is connected to an accurate PTP time source, but TPTP (not 
TIRIG) will deassert when the PTP time source is disconnected.

Three SEL application notes available from the SEL website describe how to cre-
ate an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve 
NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create 
a Stratum 1 Linux NTP Server
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Configuring SNTP Client in the Relay

To enable SNTP in the relay, set Port 5 setting ESNTP to UNICAST, MANY-
CAST, or BROADCAST. Table 12.25 lists the settings associated with SNTP.

SNTP Operation Modes

The following sections explain the setting associated with each SNTP operation 
mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST

In unicast mode of operation the SNTP client in the relay requests time updates 
from the primary (IP address setting SNTPPIP) or backup (IP address setting 
SNTPBIP) NTP server at a rate defined by setting SNTPRAT. If the NTP server 
does not respond with the period defined by the sum of setting SNTPTO and 
SNTPRAT then the relay tries the other SNTP server. When the relay success-
fully synchronizes to the primary NTP time server, Relay Word bit TSNTPP 
asserts. When the relay successfully synchronizes to the backup NTP time server, 
Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST

In manycast mode of operation the relay initially sends an NTP request to the 
broadcast address contained in setting SNTPPIP. The relay continues to broad-
cast requests at a rate defined by setting SNTPRAT. When a server replies, the 
relay considers that server to be the primary NTP server, and switches to UNI-
CAST mode, asserts Relay Word bit TSNTPP, and thereafter requests updates 
from the primary server. If the NTP server stops responding for time SNTPTO, 
the relay deasserts TSNTPP and begins to request time from the broadcast 
address again until a server responds.

ESNTP = BROADCAST

Setting SNTPPIP = 0.0.0.0 while ESNTP = BROADCAST, the relay will listen 
for and synchronize to any broadcasting NTP server. If setting SNTPPIP is set to 
a specific IP address while setting ESNTP = BROADCAST, then the relay will 
listen for and synchronize to only NTP server broadcasts from that address. 
When synchronized the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within the 
SNTPT0 setting value after the period defined by setting SNTPRAT.

SNTP Accuracy Considerations

SNTP time synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and rout-
ers between the SNTP Server and the relay.

When installed on a network with low burden configured with one Ethernet 
switch between the relay and the SNTP Server, and when using 
ESNTP = UNICAST or MANYCAST, the relay time synchronization error to 
the SNTP server is typically less than ±1 millisecond.

Precision Time Protocol (PTP)
The two-port and four-port Ethernet cards support PTP on port pair PORT 5A, 
PORT 5B. The five-port Ethernet card supports PTP on either port pair PORT 5A, 
PORT 5B or PORT 5C, PORT 5D. The relay supports Precision Time Protocol 
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version 2 (PTPv2) as a slave-only clock as defined by IEEE-1588-2008. PTP pro-
vides high accuracy timing over an Ethernet network, eliminating the need for a 
separate IRIG-B cable and connection. To achieve the best accuracy (<1 µs), it is 
necessary to have one or more PTP master clocks and that all intervening equip-
ment (e.g., Ethernet switches) need to be 1588-aware (i.e., all intervening net-
work devices need to be transparent or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS input, 
is a master clock. The intervening switches are transparent clocks. It is also possi-
ble to connect networks together and pass time from one network to another by 
using boundary clocks. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not 1588-aware would not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP clocks 
implement algorithms to select the best available clock. The one selected for use 
by an end device is the grandmaster clock. A complete description of possible 
PTP networking configurations is beyond the scope of this manual. You can learn 
more about configuring a PTP network in these application guides:

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality in a Redundant Network Topology” (AN2015-07)

“Using the SEL-2488 to Provide IEEE 1588 Version 2 Grandmaster Func-
tionality to Isolated Ethernet Networks” (AN2015-06)

To configure PTP, update the Port 5 PTP settings as described in Table 12.26 and 
Table 12.33. By default, PTP is disabled in the relay. Enable PTP to make the 
other PTP settings available.

Within PTP, there are multiple clock profiles available. A profile defines the set 
of PTP features available in a specific application domain. SEL-400 series relays 
support three profiles: Default, Power System profile (C37.238-2011), and Power 
Utility Automation profile (IEC/IEEE 61850-9-3-2016).

The Power profile provides predictable performance and the highest accuracy 
with compensation for network inaccuracies. This Power profile also allows for 
unique identification of grandmaster clocks, providing better security when oper-
ating in local clock mode.

The Power profile is only supported on Layer 2 networks and exclusively uses 
the peer-to-peer Delay Mechanism. All messages must be sent at 1-second inter-
vals, must have 802.1Q VLAN tags, and Announce messages must include 
grandmaster ID and (maximum) inaccuracy fields. Transparent clocks are man-
datory in a power profile network; boundary clocks are not allowed. For a net-
work with less than 16 hops between Grandmaster and IED, the Power profile 
can deliver time with better accuracy than 1 s. Select the profile by using the 
PTPPRO setting.

The Default profile has many optional features. It was intended to address com-
mon applications, so has been implemented by most PTP-capable devices. The 
Default profile supports both UDP or Layer 2 (802.3) Ethernet transport, and can 
use either end-to-end (E2E) or peer-to-peer (P2P) Delay Mechanism. Grandmas-
ter clocks can send Announce, Sync, and Delay request messages over a wide 
range of intervals. A Default profile network can consist of boundary clocks or 
transparent clocks anywhere between the grandmaster and the end devices. A 
well-designed Default profile network with an accurate grandmaster can achieve 
better than 1 s accuracy

The 61850-9-3 Power Utility Automation profile is only supported on Layer 2 
networks and exclusively uses the peer-to-peer delay mechanism. Grandmaster 
clocks can send Announce and Sync messages over a wide range of intervals. A 

NOTE: The SEL-2488 with the PTP 
option is a PTP grandmaster clock 
capable GPS receiver.

NOTE: See Appendix A: Firmware, 
ICD File, and Manual Versions in the 
product-specific instruction manual 
for firmware that supports PTP over 
PRP.
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61850-9-3 profile network can consist of boundary clocks or transparent clocks 
anywhere between the grandmaster and the end devices. The performance 
requirements for this profile are listed in the IEC 61850 standard part 9-3 docu-
mentation. This profile does not account for network time inaccuracy calcula-
tions, but a well-designed network can achieve better than 1 s accuracy.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation between clocks that participate in different application 
domains to coexist on the same network. Domains are identified by domain num-
bers. The domain number for the relay is selected by the DOMNUM setting. Set 
DOMNUM to match the domain number configured in the master clocks the 
relay should synchronize with.

The relay supports transport of PTP messages over UDP or layer 2 (Ethernet). 
Use the PTPTR setting to select the PTP transport mechanism. This needs to 
match the transport mechanism used in the master clocks. Layer 2 Ethernet trans-
port is available with both the Default and Power System profiles. If operating in 
a UDP network, PTP will operate on port 320. Except for peer delay messages, 
the relay sets the time allowed to live (TTL) value in the UDP/IP header of PTP 
messages to 64. This allows the possibility of synchronizing relay time through 
routers across a WAN to a PTP master. High-accuracy synchronization may not 
be achievable across the WAN, so it is left to the user to determine if the accuracy 
meets the needs of their application.

When using the Power System profile, use the VLAN number and priority set-
tings PVLAN and PVLANPR to set the VLAN ID and priority, respectively, of 
the Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the relay.

PTP defines two methods for calculating and correcting for the communications 
path delay between the relay and the master clock: end-to-end (Delay Request-
Response) and peer-to-peer (Peer Delay Request-Response). The end-to-end 
mechanism calculates the total path delay between the relay and the master clock. 
The peer-to-peer mechanism calculates the total path delay in a piecemeal fash-
ion between each device in the path. Peer-to-peer is the more accurate method 
and is recommended for use in SEL relays. The relay periodically initiates path 
delay calculations. Use the PTHDLY and PDINT settings to configure the path 
delay method and the path delay request rate. If PTHDLY is set to OFF, then the 
relay will not calculate and correct for path delay. Only the peer-to-peer mecha-
nism is available for Power System profile and 61850-9-3.

By default, the relay will synchronize to any clock on the network that it evalu-
ates to be the best clock based on the Best Master Clock Algorithm (BMCA). 
Use the Acceptable Master Table settings to specify a list of master (grandmaster 
or boundary) clocks to which the relay may synchronize. The relay will not syn-
chronize to any master clock that is not in the list. It is recommended to use this 
feature for additional security. The AMNUM setting selects the number of master 
clocks you will list in this table. The default value is OFF, which means the relay 
will synchronize to any master clock on the network. If AMNUM is set to a value 
other than OFF, that number of allowable masters must be identified in accor-
dance with the PTP transport chosen, i.e., MAC address for 802.3 or IP address 
for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify the 
IP addresses of the clocks the relay is permitted to synchronize to. If PTP trans-
port is set to layer 2, use the AMMACn settings to specify the MAC addresses of 
the clocks the relay is permitted to synchronize to.

NOTE: For the five-port Ethernet 
card, configure the PTHDLY setting to 
P2P to cause the relay to synchronize 
both the primary and standby ports. 
This allows the relay to seamlessly 
maintain PTP synchronization during 
a failover operation. This does not 
apply when PTHDLY is set to E2E or 
when using the two- or four-port 
Ethernet card.
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If the ALTPRIn (alternate priority 1 for master n) setting is set to a positive value, 
the priority1 value in received Announce messages from the corresponding mas-
ter clock will be replaced by the ALTPRIn value before applying the BMCA. The 
ALTPRIn values reprioritize the master clocks locally. A discussion of reasons to 
apply alternative priorities is beyond the scope of this manual. If you are not 
familiar with the Best Master Clock Algorithm, leave the setting set to 0.

HTTP (Hypertext Transfer Protocol) Server
The relay provides an HTTP (Web) server to provide read-only access to selected 
settings, metering, and reports. The HTTP server supports as many as four ses-
sions at a time. Table 12.16 and Table 12.30 list the settings that affect HTTP 
server operation.

When enabled, the HTTP server opens TCP/IP Port 80 by default. Set HTTPPOR 
to configure any other port as needed.

The relay validates HTTP server access by limiting failed password attempts. If a 
user attempts to log into the relay with three consecutive invalid login attempts 
within a 1-minute period, the relay disables login requests for 30 seconds and 
pulses the SALARM and BADPASS Relay Word bits.

Virtual File Interface
You can retrieve and send data as files through the virtual file interface of the 
relay. Devices with embedded computers can also use the virtual file interface. 
When using serial ports or virtual terminal links, use the FILE DIR command. 
When you use an Ethernet card, the FTP protocol supported by Ethernet presents 
the file structure and sends and receives files.

The relay has a two-level file structure. There are a few files at the root level and 
three or more subdirectories or folders. Some SEL-400 series relays support 
directories in addition to those listed here. Table 15.8 shows the directories and 
the contents of each directory.

                    

NOTE: The Acceptable Master Table 
feature may not work for transport 
over Layer 2 if the intervening 
Ethernet switch(es) modify the source 
MAC address of Announce messages 
passing through them. With transport 
over Layer 2, the relay uses the 
source MAC address to identify if an 
Announce message is coming from a 
master clock in the table.

Table 15.8 Virtual File Structure

Directory Usage Access Level

Root CFG.TXT file, CFG.XMLa file, SWCFG.ZIP file 
and the following directories

a Present only if the Ethernet card is installed.

1

SETTINGS Relay Settings 1

REPORTS SER, circuit breaker, protection and history reports 1

EVENTS EVE, CEV, COMTRADE, and history reports 1

SYNCHROPHASORSb

b Only present in SEL-400 series relays that support synchrophasors.

Synchrophasor recording files 1

UPGRADEc

c Only present in SEL-400 series relays running SELBOOT R300 or newer and relay firmware that 
supports firmware upgrades over Ethernet. Directory is not available if Port 5 settings 
EETHFWU := N.

Digitally signed firmware upgrades 2
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System Data Format
Settings files and the CFG.TXT file use the system data format (SDF) unless oth-
erwise specified. The files may contain keywords to aid external support software 
(ESS) parsing. A keyword is defined as a string surrounded by the open and close 
bracket characters, followed by a carriage return and line feed. Only one keyword 
is allowed per line in the file. For example, the keyword INFO would look like 
this in the file: [INFO]<CR><LF>.

Records are defined as comma-delimited text followed by a carriage return and 
line feed. One line in a text file equals one record. Fields are defined as comma-
delimited text strings.

Comma-Delimited Text Rules
Field strings are separated by commas or spaces and may be enclosed in optional 
double quotation marks. Double quotes within the field string are repeated to dis-
tinguish these double quotes from the quotes that surround the field string. 
Delimiters are spaces and commas that are not contained within double quotes. 
Two adjacent commas indicate an empty string, but spaces that appear next to 
another delimiter are ignored. Consider the following examples for converting a 
list of fields to comma-delimited text. Consider the following list of fields.

Stri,ng 1

Stri"ng 2

String 3

String4

The translation to comma-delimited text is as follows:

"Stri,ng 1","Stri""ng 2","String 3","String4"

Root Directory
The root directory contains three or more subdirectories and two or three files 
(CFG.TXT, CFG.XML, and SWCFG.ZIP). CFG.XML is only present if an 
Ethernet card is installed. SWCFG.ZIP is for internal use.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each setting class. ESS retrieves the CFG.TXT file to interact automatically 
with the connected relay.

CFG.XML File (Read-Only)
Present only in units with an Ethernet card installed, the CFG.XML file is supple-
mentary to the CFG.TXT file. The CFG.XML file describes the IED configura-
tion and includes firmware identification, settings class names, and configuration 
file information.

SWCFG.ZIP File (Read/Write)
The SWCFG.ZIP file is a compressed file used to store ESS settings. It is read-
able at Access Level 1 and above, and writable at Access Level 2 and above.
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Settings Directory 
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather than 
directly accessing them via other means. External settings support software reads 
settings from all of these files to perform its functions. The relay only allows you 
to write to the individual SET_cn files, where c is the settings class code and n is 
the settings instance. Except for the SET_61850 CID file, changing settings with 
ESS involves the following steps:

Step 1. The PC software reads the CFG.TXT and SET_ALL.TXT files from 
the relay.

Step 2. You modify the settings at the PC. For each settings class that you 
modify, the software sends a SET_cn.TXT file to the relay.

Step 3. The PC software reads the ERR.TXT file. If it is not empty, the relay 
detects errors in the SET_cn.TXT file.

Step 4. For any detected errors, modify the settings and send the settings 
until the relay accepts your settings.

Step 5. Repeat Step 2–Step 4 for each settings class that you want to modify.

Step 6. Test and commission the relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in the relay.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 15.9 summarizes the 
typical settings files. The exact list of settings files depends on the specific set-
tings classes available in each relay model. The settings class is designated by c, 
and the settings instance number is n.

BAY_SCREEN.TXT
NOTE: Not all SEL-400 series relays 
support bay mimic screens.

The BAY_SCREEN.TXT file describes the content of the custom bay mimic 
screen that can be selected for display on the HMI. This file is generated by 
QuickSet and may be downloaded to the relay when Bay Control settings are 
changed.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT or 
SET_61850.CID file written to the relay. If there were no errors, the file is empty. 
If errors occurred, the relay logs these errors in the ERR.TXT file.

SET_61850.CID
Present if ordered with the IEC 61850 protocol option, the SET_61850.CID file 
contains the IEC 61850 Configured IED Description (CID) in XML. This file is 
generated by Architect and downloaded to the relay. See Section 17: IEC 61850 
Communication for more information on the SET_61850.CID file.
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Reports Directory
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 15.10. Note that the relay provides a report file that contains the latest 
information each time you request the file.

NOTE: Not all SEL-400 series relays 
support breaker monitoring and 
corresponding breaker files.

                    

Table 15.9 Typical Settings Directory Files

Settings Class Filename Settings Description Read Access Level Write Access Level

A SET_An.TXT Automation; n in range 1–10
For relay-0, n = 1

1, B, P, A, O, 2 A, 2

B SET_B1.TXT Bay Control 1, B, P, A, O, 2 P, A, O, 2

D SET_Dn.TXT DNP3 remapping; n in range 1–5 1, B, P, A, O, 2 P, A, O, 2

F SET_F1.TXT Front panel 1, B, P, A, O, 2 P, A, O, 2

G SET_G1.TXT Global 1, B, P, A, O, 2 P, A, O, 2

L SET_Ln.TXT Protection logic; n in range 1–6 1, B, P, A, O, 2 P, 2

M SET_SM.TXT Breaker monitor settings 1, B, P, A, O, 2 P, 2

N SET_N1.TXT Notes 1, B, P, A, O, 2 P, A, O, 2

O SET_O1.TXT Contact outputs 1, B, P, A, O, 2 O, 2

P SET_Pn.TXT Port; n in range 1, 2, 3, 5, F 1, B, P, A, O, 2 P, A, O, 2

R SET_R1.TXT Report 1, B, P, A, O, 2 P, A, O, 2

S SET_Sn.TXT Group n; n in range 1–6 1, B, P, A, O, 2 P, 2

T SET_T1.TXT Alias settings 1, B, P, A, O, 2 P, A, O, 2

All SET_ALL.TXT All instances of all setting classes 1, B, P, A, O, 2 N/A

All ERR.TXT Error log for most recently written settings file 1, B, P, A, O, 2 N/A

NA SET_61850.CID IEC 61850 configured IED description file 1, B, P, A, O, 2 2

NA BAY_SCREEN.TXT Custom bay mimic screen content 1, B, P, A, O, 2 P, A, O, 2

Table 15.10 REPORTS Directory Files (Sheet 1 of 2)

Filea Usage: All Are Read-Only Files

SER.TXTb SER report

CSER.TXTb Compressed ASCII SER report

BRE_n.TXT BRE n H report, n is the breaker reference

BRE_Sn.TXT BRE Sn report, n is the breaker reference

CBRE.TXT Compressed ASCII breaker monitor report

HISTORY.TXT History file

CHISTORY.TXT Compressed ASCII History file

PRO.TXTb Profiling report

CPRO.TXTb Compressed ASCII profiling report

TFE.TXTb, c Through-fault event report

THE.TXTb, c Thermal report

THE_D.TXTb, c Daily thermal report
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Events Directory
NOTE: Most SEL-400 Series Relays 
provide large resolution event reports 
of 8 samples/cycle. The SEL-487B 
provides large resolution event 
reports of 12 samples/cycle. The 
SEL-400G provides all event reports in 
IEEE C37.111-2013 COMTRADE format. 
Filtered event reports use a 
2.5 millisecond sample rate.

The relay provides history, event reports, and oscillography files in the EVENTS 
directory. Event reports are available in a variety of formats. Depending on the 
relay, these may include SEL ASCII 4- or 8-samples/cycle reports and Com-
pressed ASCII 4- or 8-samples/cycle reports. The size of each event report file is 
determined by the LER setting in effect at the time the event is triggered. Higher 
resolution oscillography is available in binary COMTRADE (IEEE C37.111-
1999 and C37.111-2013) format at the sample rate (SRATE) and length (LER) 
settings in effect at the time the event is triggered. 

The 4- and 8-samples/cycle report files (files with names that begin with E or C) 
are text files with the same format as the EVENT and CEVENT command 
responses. Event file names start with the prefix E4_, E8_, E12, C4_, C8_, C12, 
or HR_, followed by a unique event serial number. For example, if one event is 
triggered, with serial number of “10001”, the EVENTS directory contains the 
files shown in Table 15.13. Event oscillography in COMTRADE format consists 
of three files (.CFG, .DAT, and .HDR).

The file names for the C37.111-1999 COMTRADE event files have the following 
format:

pq_nnnnn.rrr

                    

The file names for the C37.111-2013 COMTRADE event files have the following 
format:

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.rrr

                    

THE_H.TXTb, c Hourly thermal report

VSS.TXTb, c Voltage sag swell report

a Report files are read-only
b Report clears/resets when retrieved though use of a serial port.
c Not available on all SEL-400 series relays. See the product-specific instruction manual for 

availability.

Table 15.10 REPORTS Directory Files (Sheet 2 of 2)

Filea Usage: All Are Read-Only Files

Table 15.11 C37.111-1999 COMTRADE Event File Names

Variable Description

pq One of the following:

HR (indicating high-resolution event file)

HF (indicating high-impedance fault event reports, if supported by the 
relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 1 of 2)

Variable Description

yy Last two digits of year

mm The month (01 to 12)

dd The day (01 to 31)
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the yymmdd and hhMMss values are based on the SOC (second of century) of the 
first triggered data point as specified in the COMTRADE C37.111 standard.

Spaces and characters ? " / \ < > * | : ; [ ] $ % { } are not supported in the RID or 
SID used in the C37.111-2013 filenames, and the relay will automatically 
remove them.

                    

hh The hour (00 to 23)

MM The minute (00 to 59)

ss The second (00 to 59)

mmm The millisecond (000 to 999)

aaaaa The last five characters of the SID setting (after removing spaces)

bbbbb The last five characters of the RID setting (after removing spaces)

ccccc The CONAM setting

pq One of the following:

HR (indicating high-resolution event file)

LR (indicating low-resolution event file, if supported by the relay)

DR (indicating disturbance recording event files, if supported by the relay)

HF (indicating high-impedance fault event reports, if supported by the relay)

TW (indicating traveling-wave event reports, if supported by the relay)

nnnnn The unique serial number associated with the event file

rrr CFG (indicating configuration file) or DAT (indicating data file) or HDR 
(indicating header file)

Table 15.12 C37.111-2013 COMTRADE Event File Names (Sheet 2 of 2)

Variable Description

Table 15.13 EVENTS Directory Files (for Event 10001)

File Usage

HISTORY.TXT History file; read-only

CHISTORY.TXT Compressed ASCII history file; read-only

C4_10001.TXT 4-samples/cycle Compressed ASCII event report; read-only

C8_10001.TXTa 8-samples/cycle Compressed ASCII event report; read-only

E4_10001.TXT 4-samples/cycle event report; read-only

E8_10001.TXTb 8-samples/cycle event report; read-only

HR_10001.CFG Sample/second C37.111-1999 COMTRADE configuration file; read-only

HR_10001.DAT Sample/second C37.111-1999 COMTRADE binary data file; read-only

HR_10001.HDR Sample/second C37.111-1999 COMTRADE header file; read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.CFGc Sample/Second C37.111-2013 COMTRADE configuration file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.DAT Sample/Second C37.111-2013 data file, read-only

yymmdd,hhMMssmmm,0T,aaaaa,bbbbb,ccccc,pq,nnnnn.HDR Sample/Second C37.111-2013 COMTRADE header file, read-only

a In the SEL-487B, this is replaced with C1210001.TXT, which provides a 12-samples/cycle Compressed ASCII event report.
b In the SEL-487B, this is replaced with E1210001.TXT, which provides a 12-samples/cycle event report.
c See the filename descriptions in Figure 15.12 for an explanation of the variable names used in the C37.111-2013 COMTRADE format.
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Synchrophasors Directory 
Table 15.14 shows an example SYNCHROPHASORS directory. Synchrophasor 
data recording is enabled when synchrophasors are enabled and EPMDR := Y. 
The filename includes a time stamp based on the first data frame in the file. The 
data in the file conforms to the IEEE C37.118 data format.

                    

Upgrade Directory
Table 15.15 shows the file contents of the UPGRADE directory. The UPGRADE 
directory is only available via FTP at Access Level 2 and above on relays that 
support Ethernet firmware upgrades. The directory is not available if the Port 5 
setting EETHFWU := N. The RELAY.ZDS and SELBOOT.ZDS are write-only 
files, whereas the ERR.TXT is a read-only file.

NOTE: The UPGRADE directory is 
not available via FTP if FTPANM := Y.

                    

Batch File Access
You can access files as a batch by using the supported wildcard characters * or ?. 
Use * to match any sequence of characters and ? to match any single character.

FTP and MMS Wildcard Usage
Table 15.16 shows examples using supported wildcards. Note that these wild-
cards may be appended to a directory path (e.g., /specified_directory/*.txt).

                    

Table 15.14 SYNCHROPHASORS Directory File Sample

File Description

080528,160910,0,ONA,1,ABC.PMU 080528 = date

160910 = time

0 = GMT (no time offset)

ONA = Last three letter (spaces removed) of the 
PMSTN setting

1 = PMID setting

ABC = CONAM setting (company name)

PMU = file name extension indicating synchrophasor 
recording file

Table 15.15 UPGRADE Directory File Sample

File Description

ERR.TXT Digitally signed firmware upgrade error file, read-
only

RELAY.ZDS Digitally signed firmware upgrade file, write-only

SELBOOT.ZDS SELBOOT firmware digitally signed upgrade file, 
write-only

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 1 of 2)

Usage Description Example Note

*xyz Lists all files and/or subdirectories, within a specified direc-
tory, whose names (including extension) end with xyz.

/*.TXT List all files with the .TXT 
extension

abc* Lists all files and/or subdirectories, within a specified 
directory, whose names begin with abc.

/SETTINGS/SET* List all settings files that start 
with SET
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Ymodem Wildcard Usage
Event, report, synchrophasor, and settings files can be accessed as a batch by 
using wildcards.

                    

Software Protocol Selections
The relay supports the protocols and command sets shown in Table 15.18.

                    

*mno* Lists all files and/or subdirectories, within a specified 
directory, whose names contain mno.

/EVENTS/*_100* List all events that contain _100 
in the ID number

abc?.xyza Lists all files, within a specified directory, whose names 
begin with abc and whose names (including extension) end 
with xyz and have any one single character following the 
letter c.

/EVENTS/C?_10007.CEV Retrieves both the filtered and 
raw compressed event reports 
pertaining to the unique event 
number 10007

a Only available for FTP.

Table 15.16 FTP and MMS Wildcard Usage Examples (Sheet 2 of 2)

Usage Description Example Note

NOTE: Ymodem protocol only 
supports wildcard file retrieval 
operations for event files. 

NOTE: Wildcards cannot be used in 
the last five digits of the file name 
when retrieving event reports.

Table 15.17 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Selects all files whose names (including 
extension) end with xyz.

FILE DIR EVENTS *.CFG Lists all COMTRADE.CFG files

abc* Selects all files whose names begin with 
abc.

FILE READ EVENTS 
HR_10007*

Retrieves all of the three files for the COM-
TRADE event 10007 (HR_10007.CFG, 
HR_10007.DAT, and HR_10007.HDR)

*mno* Selects all files whose names contain 
mno.

FILE READ EVENTS 
*10007*

Retrieves all event files pertaining to the 
unique event number 10007 (including both the 
filtered and raw compressed event reports and 
all three comtrade files)

abc?.xyz Selects all files whose names begin with 
abc and whose names (including exten-
sion) end with xyz and have any one sin-
gle character following the letter c.

FILE DIR SETTINGS 
SET_D?.TXT

Lists all of the DNP settings files 
(SET_D1.TXT–SET_D5.TXT)

Table 15.18 Supported Serial Command Sets (Sheet 1 of 2)

PROTO Setting 
Value

Command Set Description

SEL SEL ASCII Commands and responses

SEL SEL Compressed ASCII Commands and comma-delimited responses

SEL SEL Fast Meter Binary meter and digital element commands 
and responses

SEL SEL Fast Operate Binary operation commands

SEL SEL Fast Message Fast Message database access, binary SER 
commands and responses

MBA, MBB, 
MBGA, or MBGB

SEL MIRRORED BITS 
communications

Binary high-speed control commandsNOTE:  Not all SEL-400 series relays 
support MBGA and MBGB protocol.
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Virtual Serial Ports
Actual serial ports are described in Serial Port Hardware Protocol on page 15.4. 
In addition to actual serial ports, the relay supports several virtual serial ports. A 
virtual serial port does the following:

➤ Transmits and receives characters through a different mechanism 
than the physical serial port

➤ “Encapsulates” characters in virtual terminal messages of a different 
protocol

➤ Simulates an actual serial port with setting PROTO := SEL

➤ May have restrictions imposed by the protocol that encapsulates the 
virtual serial data

You can set the relay to use virtual serial ports encapsulated in SEL MIRRORED 
BITS communications links, DNP3 links, and through Telnet over Ethernet.

SEL Protocol
This section describes the command sets that are active when the port setting 
PROTO := SEL. You can also access these protocols through virtual serial ports 
that simulate ports with PROTO := SEL.

SEL ASCII Commands
SEL originally designed the SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing terminal. 
A computer with a serial port can also use the SEL ASCII protocol to communi-
cate with the relay, collect data, and issue commands.

The ASCII character set specifies numeric codes that represent printing charac-
ters and control characters. The complete ASCII command set is shown in 
Section 14: ASCII Command Reference. Table 15.19 shows the subset of the 
ASCII control characters used in this section.

                    

PMU Phasor Measurement Unit Binary Synchrophasor Protocol, as selected 
by Port Setting PMUMODE and Global Setting 
MFRMT (see Section 18: Synchrophasors).

RTD SEL Fast Message protocol 
for resistance temperature 
detector (RTD) data

As many as 12 analog temperature readings 
from the SEL-2600A.

DNP DNP3 Level 2 Outstation Binary commands and responses (see 
Section 16: DNP3 Communication).

Table 15.18 Supported Serial Command Sets (Sheet 2 of 2)

PROTO Setting 
Value

Command Set Description

NOTE:  Not all SEL-400 series relays 
support synchrophasors (the PMU 
protocol choice).

NOTE: Not all SEL-400 series relays 
support RTD communications with 
the SEL-2600A.

Table 15.19 Selected ASCII Control Characters (Sheet 1 of 2)

Decimal Code Name Usage Keystroke(s)

13 CR Carriage return <Enter> or <RETURN> or <Ctrl+M>

10 LF Line feed <Ctrl+J>
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The <Enter> key on standard keyboards sends the ASCII character CR for a car-
riage return. This manual instructs you to press the <Enter> key after commands 
to send the proper ASCII code to the relay. A correctly formatted command 
transmitted to the relay consists of the command, including optional parameters, 
followed by either a CR character (carriage return) or CR and LF characters (car-
riage return and line feed). The following line contains this information in the 
format this manual uses to describe user input:

<command> <Enter> or <command> <Enter> <CR>

You may truncate commands to the first three characters. For example, 
EVENT 1 <Enter> is equivalent to EVE 1 <Enter>. You may use upper- and 
lowercase characters without distinction, except in passwords.

In response to a command, the relay may respond with an additional dialog line 
or message. The relay transmits dialog lines in the following format:

<DIALOG LINE ><CR><LF>

The relay transmits messages in the following format:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

…

<LAST MESSAGE LINE><CR><LF>< ETX>

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX. Each line of the message ends with 
a carriage return, CR, and line feed, LF.

Send the CAN character to the relay to abort a transmission in progress. For 
example, if you request a long report and want to terminate transmission of this 
report, depress the <Ctrl> and <X> keys (<Ctrl+X>) to terminate the report.

SEL Compressed ASCII Commands
The relay supports a subset of SEL ASCII commands identified as Compressed 
ASCII commands. Each of these commands results in a comma-delimited mes-
sage that includes a checksum field. Most spreadsheet and database programs can 
directly import comma-delimited files. Devices with embedded processors con-
nected to the relay can execute software to parse and interpret comma-delimited 
messages without expending the customization and maintenance labor needed to 
interpret nondelimited messages. The relay calculates a checksum for each line 
by numerically summing all of the bytes that precede the checksum field in the 
message. The program that uses the data can detect transmission errors in the 
message by summing the characters of the received message and comparing this 
sum to the received checksum.

02 STX Start of transmission <Ctrl+B>

03 ETX End of transmission <Ctrl+C>

24 CAN Cancel <Ctrl+X>

17 XON Flow control on <Ctrl+Q>

19 XOFF Flow control off <Ctrl+S>

Table 15.19 Selected ASCII Control Characters (Sheet 2 of 2)

Decimal Code Name Usage Keystroke(s)
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Most commands are available only in SEL ASCII format. Selected commands 
have versions in both standard SEL ASCII and Compressed ASCII formats. 
Compressed ASCII reports generally have fewer characters than conventional 
SEL ASCII reports, because the compressed reports reduce blanks, tabs, and 
other white space between data fields to a single comma.

Compressed ASCII Message Format

Each message begins with the start-of-transmission character, STX, and ends 
with the end-of-transmission character, ETX:

<STX><MESSAGE LINE 1><CR><LF>

<MESSAGE LINE 2><CR><LF>

...

<LAST MESSAGE LINE><CR><LF><ETX>

Each line in the message consists of one or more data fields, a checksum field, 
and a CRLF. Commas separate adjacent fields. Each field is either a number or a 
string. Number fields contain base-10 numbers that use the ASCII characters 0–
9, plus (+), minus (-), and period (.). String fields begin and end with quote marks 
and contain standard ASCII characters. Hexadecimal numbers are contained in 
string fields.

The checksum consists of four ASCII characters that are the hexadecimal repre-
sentation of the two-byte binary checksum. The checksum value is the sum of the 
first byte on a line (first byte following <STX>, <CR>, or <CR><LF>) through the 
comma preceding the checksum.

If you request data with a Compressed ASCII command and these data are not 
available, (in the case of an empty history buffer or invalid event request), the 
relay responds with the following Compressed ASCII format message:

<STX>“No Data Available”,“0668”<CR><ETX>
                    
                    

Table 15.20 lists the typical Compressed ASCII commands and contents of the 
command responses. The Compressed ASCII commands are described in 
Section 14: ASCII Command Reference.

                    

where:
No Data Available is a text string field.

0668 is the checksum field, which is a hexadecimal 
number represented by a character string.

Table 15.20 Typical Compressed ASCII Commands (Sheet 1 of 2)

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII commands 
available at access levels > 0

0

CBREAKER Circuit breaker data 1

CEVENT Event report 1

CHISTORY List of events 1

CPR Displays the first 20 rows of the profile report, with the 
oldest row at the bottom and the latest row at the top

CSER Sequential Events Recorder report 1

CSTATUS Self-diagnostic status 1

CSUMMARY Summary of an event report 1
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CASCII Configuration Message for Compressed ASCII Commands

The CASCII message provides a block of data for each of the Compressed ASCII 
commands supported by an SEL device. The block of data for each command 
provides message description information to allow automatic data extraction. The 
relay arranges items in the Compressed ASCII configuration message in a pre-
defined order. For the purpose of improving products and services, SEL some-
times changes the items and item order. The information presented below 
explains the message and serves as a guide to the items in Compressed ASCII 
configuration messages.

A Compressed ASCII command can require multiple header and data configura-
tion lines. The general format of a Compressed ASCII configuration message is 
the following:

                    

Definitions for the items and fields in a Compressed ASCII configuration mes-
sage are the following:

➤ n is the number of Compressed ASCII command descriptions to follow.

➤ COMMAND is the ASCII name for the Compressed ASCII command 
that the requesting device (terminal or external software) sends. The 
naming convention for the Compressed ASCII commands is a C 
character preceding the typical command. For example, CSTATUS, 
abbreviated to CST, is the Compressed ASCII STATUS command.

➤ #H identifies a header line to precede one or more data lines; the # 
character represents the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII labels.

➤ xxxxx is an ASCII name for corresponding data on following data 
lines. Maximum ASCII name width is ten characters.

➤ #D identifies a data format line; the # character represents the 
maximum number of data lines in command response.

➤ ddd identifies a format field containing one of the following type 
designators:

➢ I—Integer data

➢ F—Floating-point data

➢ zS—String of maximum z characters (for example, enter 10S for 
a 10-character string)

➤ yyyy is the 4-byte hex ASCII representation of the checksum. Every 
checksum is followed by a new line indication (<CR><LF>).

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0

Table 15.20 Typical Compressed ASCII Commands (Sheet 2 of 2)

Command Response Access Level

<STX>"CAS",n,"yyyy"<CR><LF>
"COMMAND 1",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>

"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF>
•
•
•

"COMMAND n",ll,"yyyy"<CR><LF>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR><LF>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><LF><ETX>

NOTE: Compressed ASCII is self-
describing and may vary with the 
firmware version of your relay. Before 
you program a master device to send 
and parse Compressed ASCII 
commands and responses, you should 
perform a CASCII command on your 
relay or contact SEL for more detailed 
information.
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Software Flow Control
Software handshaking is a form of flow control that two serial devices use to pre-
vent input buffer overflow and loss of characters. The relay uses XON and XOFF 
control characters to implement software flow control for ASCII commands.

The relay transmits the XOFF character when the input buffer is more than 75 
percent full. The connected device should monitor the data it receives for the 
XOFF character to prevent relay input buffer overflow. The external device 
should suspend transmission at the end of a message in progress when it receives 
the XOFF character. When the relay has processed the input buffer so that the 
buffer is less than 25 percent full, the relay transmits an XON character. The 
external device should resume normal transmission after receiving the XON 
character.

The relay also uses XON/XOFF flow control to delay data transmission to avoid 
overflow of the input buffer in a connected device. When the relay receives an 
XOFF character during transmission, it pauses transmission at the end of the 
message in progress. If there is no message in progress when the relay receives 
the XOFF character, it blocks transmission of any subsequent message. Normal 
transmission resumes after the relay receives an XON character.

Automatic Messages
If you enable automatic messages, AUTO = Y, the relay issues a message any 
time the relay turns on, asserts a self-test, changes to another settings group, or 
triggers an event. For virtual ports, the relay issues automatic messages only if 
the connection is active. Automatic messages contain the following information:

➤ Power-up: When you turn on the relay, the message provides the 
terminal ID and the present date and time.

➤ Self-test failure: When the relay detects an internal failure, the 
automatic message is the same as the relay response to the STATUS 
command.

➤ Group switch: Whenever a settings group change occurs, the 
message contains the relay ID, terminal ID, present date and time, 
and the selected settings group.

➤ Events: When the relay triggers an event, the automatic message is 
the same as the relay response to the SUMMARY command.

Time-Out
Use the TIMEOUT setting to set the idle time for each port. Idle time is the 
period when no ASCII characters are transmitted and received (interleaved Fast 
Messages do not affect the idle time). When the idle time exceeds the TIMEOUT 
setting, the following takes place: 

➤ The access level changes to Access Level 0.

➤ The front-panel targets reset to TAR 0 if the port had previously 
remapped the targets.

➤ Virtual connections are disconnected.

➤ The software flow control state changes to XON.

When set to OFF, the port never times out.
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Interleaved ASCII and Binary Messages
SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view using a terminal or terminal emulation 
package. The binary data streams can interrupt the ASCII data stream to obtain 
information; the ASCII data stream continues after the interruption. This mecha-
nism uses a single communications channel for ASCII communication (transmis-
sion of an event report, for example) interleaved with short bursts of binary data 
to support fast acquisition of metering data. The device connected to the other 
end of the link requires software that uses the separate data streams to exploit this 
feature. However, you do not need a device to interleave data streams to use the 
binary or ASCII commands. Note that XON, XOFF, and CAN operations operate 
on only the ASCII data stream.

An example of using these interleaved data streams is when the relay communi-
cates with an SEL communications processor. The communications processor 
performs autoconfiguration by using a single data stream and SEL Compressed 
ASCII and binary messages. In subsequent operations, the communications pro-
cessor uses the binary data stream for Fast Meter, Fast Operate, and Fast SER 
messages to populate a local database and to perform SCADA operations. At the 
same time, you can use the ASCII data stream for commands and responses.

SEL Fast Meter, Fast Operate, Fast SER Messages, and Fast Message 
Data Access

SEL Fast Meter is a binary message that you solicit with binary commands. Fast 
Operate is a binary message for control. The relay can also send unsolicited Fast 
SER messages and unsolicited synchrophasor messages automatically. If the 
relay is connected to an SEL communications processor, these messages provide 
the mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction. 

This section summarizes the binary commands and messages and includes our 
recommendation for using Fast Commands and Compressed ASCII configura-
tion information to communicate with the relay. You need this information to 
develop or specify the software an external device uses to communicate using 
Fast Messages with the relay. To support this type of development, you will also 
need to contact SEL for Fast Message protocol details.

Table 15.21 lists the two-byte Fast Commands and the actions the relay takes in 
response to each command.

                    

Table 15.21 Fast Commands and Response Descriptions (Sheet 1 of 2)

Command 
(Hex)

Name Response Description

A5B9h Status acknowledge message Clears Fast Meter status byte and sends cur-
rent status.

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and 
general relay configuration information.

A5C1h Fast Meter configuration block Defines contents of Fast Meter data message.

A5C2h Demand Fast Meter configuration 
block

Defines contents of demand Fast Meter data 
message.

A5C3h Peak demand Fast Meter config-
uration block

Defines contents of peak demand Fast Meter 
data message.

NOTE: For the list of available bits to 
Fast Meter, see DNAME X on 
page 14.30.

NOTE:  Not all SEL-400 series relays 
support demand metering and the 
corresponding fast commands.
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Fast Operate commands use one of the two-byte command types shown in 
Table 15.22. Each Fast Operate command also includes additional bytes that 
specify a remote bit or circuit breaker bit.

                    

The Fast Operate messages transfer control commands through the binary data 
stream. You must enable Fast Operate messages for a port before the relay 
accepts these messages on that port. In the port settings, when the protocol is set 
to SEL, the FASTOP setting is visible. Set FASTOP :=Y to enable Fast Operate 
commands or to N to disable Fast Operate commands.

General Fast Messages have a two-byte identifier (A546h) and a function code. 
Fast SER messages are general Fast Messages that transport Sequential Event 
Recorder report information. The Fast SER messages include function codes to 
accomplish different tasks. Table 15.23 lists the Fast SER function codes and the 
actions the relay takes in response to each command.

                    

A5CEh Fast Operate configuration block Defines available circuit breaker, remote bits, 
and associated commands.

A5D1h Fast Meter data message Defines present values of analog and digital 
data.

A5D2h Demand Fast Meter data message Defines values of most recently completed 
demand period.

A5D3h Peak demand Fast Meter data 
message

Defines values for peak demands as of end of 
most recently completed demand periods.

Table 15.22 Fast Operate Command Types

Command 
(Hex)

Name Description

A5E0h Fast Operate command for 
remote bits

Sends command code that will change the 
state of a remote bit, if setting FASTOP :=Y 
for this port.

A5E3h Fast Operate command for cir-
cuit breaker bits

Sends command code that will change the 
state of a circuit breaker control bit, if setting 
FASTOP :=Y for this port.

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 1 of 2)

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition block 
request

Relay transmits Fast Message definition 
request acknowledge (Function Code 80).

01h Enable unsolicited transfers Relay transmits Fast SER command acknowl-
edged message (Function Code 81) and sets 
relay element bit FSERx. Relay will transmit 
subsequent SER events (Unsolicited SER 
broadcast, Function Code 18).

02h Disable unsolicited transfers Relay sends Fast SER command acknowl-
edged message (Function Code 82) and clears 
relay element bit FSERx. Relay will not 
transmit subsequent SER messages.

05h Ping—determine channel is 
operable

Relay aborts unsolicited message in progress 
and transmits ping acknowledge message 
(Function Code 85).

Table 15.21 Fast Commands and Response Descriptions (Sheet 2 of 2)

Command 
(Hex)

Name Response Description
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The SEL Fast Message Synchrophasor Protocol is described in Section 18: Syn-
chrophasors.

Recommended Use of Relay Self-Description Messages for Automatic 
Configuration

Compressed ASCII and Fast Message commands provide information to allow an 
external computer-based device to adapt to the special messages for each relay. 
The SEL communications processors use the self-description messages to config-
ure a database and name the elements in the database.

Table 15.24 lists commands and command usage in the recommended order of 
execution for automatic configuration.

                    

98h Fast SER Message acknowl-
edge

Relay completes dialog processing for unso-
licited message sequence.

30h Device description request Relay sends summary of data blocks avail-
able (Function Code B0h).

31h Data format request Relay sends description of requested data 
block, including data labels and types (Func-
tion Code B1h).

33h Bit label request Relay sends set of bit labels for specific data 
item (Function Code B3h).

10h Data request Relay responds with set of requested data 
(Function Code 90h).

Table 15.23 Fast Message Command Function Codes Used With Fast Messages 
(A546 Message) and Relay Response Descriptions (Sheet 2 of 2)

Function 
Code (Hex)

Function Relay Action

Table 15.24 Commands in Recommended Sequence for Automatic Configuration

Command ASCII or 
hexadecimal (h suffix)

Response Usage

ID Relay identification ID and FID 

A5C0h Relay Fast Meter definition block Defines available Fast Meter messages and general relay configuration infor-
mation

A5C1h, A5C2h,
A5C3h

Fast Meter configuration blocks Defines contents of Fast Meter data messages

BNAME Binary names ASCII names of status bits

DNAME Digital I/O name ASCII names of digital I/O points

SNS SER names ASCII names for SER data points

CASCII Compressed ASCII configuration block Configuration data for Compressed ASCII commands with access 
levels > 0

A5CEh Fast Operate configuration block Defines available circuit breaker and remote bits, and associated com-
mands, if setting FASTOP :=Y for this port
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SEL MIRRORED BITS Communication
With SEL-patented MIRRORED BITS communications protocol, protective relays 
and other devices can directly exchange information quickly, securely, and with 
minimal cost. Use MIRRORED BITS communications for remote control, remote 
sensing, or communications-assisted protection schemes such as permissive over-
reaching transfer trip (POTT) and directional comparison blocking (DCB).

SEL products support several variations of MIRRORED BITS communications pro-
tocols. Through port settings, you can set the relay for compatible operation with 
SEL-300 series relays, the SEL-2505 or SEL-2506 Remote I/O Modules, and the 
SEL-2100 Protection Logic Processors. These devices use MIRRORED BITS com-
munications to exchange the states of eight logic bits. You can also use settings to 
select extensions of the MIRRORED BITS communications protocols, available 
only in SEL-400 series relays, to exchange analog values, synchronize clocks, 
and engage in virtual terminal dialogs. Table 15.25 summarizes MIRRORED BITS 
communications features.

                    

Communications Channels and Logical Data Channels
The relay supports two MIRRORED BITS communications channels, designated A 
and B. Use the port setting PROTO to assign one of the MIRRORED BITS commu-
nications channels to a serial port: PROTO := MBA or MBGA for MIRRORED 
BITS communications Channel A or PROTO := MBB or MBGB for MIRRORED 
BITS communications Channel B.

Transmitted bits include TMB1A–TMB8A and TMB1B–TMB8B. The last letter 
(A or B) designates with which channel the bits are associated. These bits are 
controlled by SELOGIC control equations. Received bits include RMB1A–
RMB8A and RMB1B–RMB8B. You can use received bits as arguments in 
SELOGIC control equations. The channel status bits are ROKA, RBADA, 
CBADA, LBOKA, ROKB, RBADB, CBADB, LBOKB, DOKA, ANOKA, 
DOKB, and ANOKB. You can also use these bits as arguments in SELOGIC con-
trol equations. Use the COM command for additional channel status information.

Within each MIRRORED BITS communications message for a given channel (A or 
B), there are eight logical data channels (1–8). In operation compatible with other 
SEL products, you can use the eight logical data channels for TMB1–TMB8. If 

Table 15.25 MIRRORED BITS Communications Features

Feature Compatibility

Transmit and receive logic bits SEL-300 series relays, SEL-2505, SEL-2506, 
SEL-2100, SEL-400 series relays

Transmit and receive analog values SEL-400 series relays

Synchronize time SEL-400 series relays

Send and receive virtual serial port characters SEL-400 series relays

Support synchronous communications channel SEL-400 series relays
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you use fewer than eight transmit bits, Data Channel 8 is reserved to support data 
framing and time synchronization features. You can assign the eight logical data 
channels as follows:

➤ Logic bits: Setting MBNUM controls the number of channels used 
for logic bits, TMB1–TMB8, inclusive.

➢ If you set MBNUM to 8, then you cannot use channels for any of 
the following features.

➢ If you set MBNUM to less than 8, you can use the remaining 
channels (as many as eight total) for the features listed below.

➤ Message and time synchronization: If MBNUM is less than 8, the 
relay dedicates a logical data channel to message framing and time 
synchronization. This feature is enabled by the MBTIME setting.

➤ Analog channels: Setting MBNUMAN controls the number of 
analog channels. It is not guaranteed that multiple analog quantities 
will come from the same relay sampling interval.

➢ If MBNUM := 8, all channels are used for logic bits and 
MBNUMAN is forced to 0.

➢ If MBNUM := 7, seven channels are used for logic bits and one 
channel is used for message and time synchronization.

➢ If MBNUM is less than 7, you can use the remaining channels 
for analog channels by setting the desired number of channels in 
MBNUMAN (1 to 7 – MBNUM).

Note: Analog quantities are converted to Integer values for 
transmission via MIRRORED BITS. Because of this, they will lose any 
fractional value they may have had. To maintain a fixed resolution, 
multiply the analog quantity by a set value before transmission, and 
divide by the same quantity upon reception. To maintain accuracy, 
add 0.5 to the analog quantity after any scaling.

➤ Virtual terminal sessions: Setting MBNUMVT controls the number 
of additional channels available for the virtual terminal session.

➢ If MBNUMVT := OFF, the relay does not dedicate any 
additional channels to the virtual terminal session.

➢ If there are spare channels (7 – MBNUM – MBNUMAN > 0), 
you can use MBNUMVT to dedicate these additional channels 
to the virtual terminal session.

➢ With MBNUM = 7 or less and MBNUMVT = 0, virtual terminal 
is still possible because the relay uses the eighth element for 
time synchronization and virtual terminal.

The virtual terminal session uses channels differently than other data 
exchange mechanisms. There can be only one active virtual terminal 
session across a MIRRORED BITS link. One channel, included in the 
synchronization data, is always dedicated to this virtual terminal 
session. If you assign additional channels to the virtual terminal 
session (set MBNUMVT > 0), you will improve the performance of 
the virtual terminal session. The relay uses the additional channels to 
exchange data more quickly.
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Operation
MBG Protocol

The MBG protocol selection allows the user to move the MIRRORED BITS Trans-
mit equations to the Group settings for more flexibility in bus transfer schemes. 
Using MBG will allow the MIRRORED BITS settings to transfer with a Group 
Switch when it occurs.

NOTE: The MBG protocol option is 
only available in some SEL-400 series 
relays.

To enable the MBG protocol, set the Port setting PROTO := MBGA to enable 
Channel A MIRRORED BITS, or PROTO := MBGB for Channel B MIRRORED 
BITS. Next, the protocol will need to be enabled in the Group settings.

Under Group settings, enable the MBG protocol for Channel A by setting 
EMBA := Y. When this setting is enabled, the transmit equation settings 
TX_IDA, RX_IDA, and TMBnA will be available in the Group settings and will 
be hidden from the Port settings.

The MBG protocol can also be enabled for Channel B by setting EMBB := Y. 
When this setting is enabled, the transmit equation settings TX_IDB, RX_IDB, 
and TMBnB will be available in the Group settings and will be hidden from the 
Port settings.

MB8
While the relay does not have a setting for the MB8 protocol implemented in 
some SEL products, you can configure the relay to communicate with devices set 
to MB8A or MB8B (such as the SEL-351S or SEL-2505). Set the protocol set-
ting PROTO to MBA or MBB. Set the STOPBIT setting to 2. Set all other set-
tings to match those in the other device.

Message Transmission
The relay transmits a MIRRORED BITS communications message as fast as it can 
for the configured data rate. At 9600 bps, this is approximately one message 
every 1/4-cycle. At 19200 bps, it is approximately every 1/8-cycle. At 38400 bps, 
it is approximately two every 1/8-cycle. However, if pacing is enabled, it slows to 
one message every 3 ms at 19200 and 38400 bps (see Table 15.28). Each mes-
sage contains the most recent values of the transmit bits. If you enabled any of the 
extended features through the settings, note that the relay transmits a portion of 
the extended data in each message.

If you have specified virtual terminal data channels for this port, the designated 
data channels are normally idle. If you use the PORT command to open a virtual 
terminal session for this port and type characters, the relay transmits these char-
acters through the virtual terminal logical data channels.
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Message Reception Overview
When the devices are synchronized and the MIRRORED BITS communications 
channel is in a normal state, the relay decodes and checks each received message. 
If the message is valid, the relay performs the following operations:

➤ Sends each received logic bit (RMBn) to the corresponding pickup 
and dropout security counters, that in turn set or clear the RMBnc 
relay element bits.

➤ Accumulates the analog data, and every 18th message, updates the 
received analog quantities.

➤ Accumulates the virtual terminal information, and every 18th 
message, makes the received character or characters available to the 
virtual terminal.

Message Decoding and Integrity Checks
The relay provides indication of the status of each MIRRORED BITS communica-
tions channel, with element bits ROKA and ROKB. During normal operation, the 
relay sets the ROKc bit. The relay clears the bit upon detecting any of the follow-
ing conditions:

➤ Parity, framing, or overrun errors

➤ Receive data redundancy error

➤ Receive message identification error

➤ No message received in the time three messages have been sent

The relay will assert ROKc only after successful synchronization as described 
below and two consecutive messages pass all of the data checks described above. 
After ROKc is reasserted, received data may be delayed while passing through 
the security counters described below.

While ROKc is not set, the relay does not transfer new RMB data to the pickup-
dropout security counters described below. Instead, the relay sends one of the 
user-definable default values to the security counter inputs. For each RMBn, 
specify the default value with setting RMBnFL, as follows:

➤ 1

➤ 0

➤ P (to use last valid value)

Individual pickup and dropout security counters supervise the movement of each 
received data bit into the corresponding RMBn element. You can set each pickup/
dropout security counter from 1 to 8. A setting of 1 causes a security counter to 
pass every occurrence, while a setting of 8 causes a counter to wait for eight con-
secutive occurrences in the received data before updating the data bits. The 
pickup and dropout security count settings are separate. Control the security 
count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout timer, 
except that the counter uses units of counted received messages instead of time. 
An SEL relay communicating with another SEL relay typically sends and 
receives MIRRORED BITS communications messages eight times per power sys-
tem cycle. Therefore, a security counter set to two counts will delay a bit by 
approximately 1/4 of a power system cycle. Reference Table 15.28 for the mes-
sage rates based on the settings. You must consider the impact of the security 
counter settings in the receiving device to determine the channel timing performance.

NOTE: c represents the MIRRORED 
BITS channel (A or B), n represents the 
MIRRORED BITS data channel data 
number (1—8).
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Channel Synchronization
When an SEL relay detects a communications error, it deasserts ROKA or 
ROKB. The relay transmits an attention message until it receives an attention 
message that includes a match to the TX_ID setting value. If the attention mes-
sage is successful, the relay has properly synchronized and data transmission will 
resume. If the attention message is not successful, the relay will repeat the atten-
tion message until it is successful.

Loopback Testing
Use the LOOP command to verify the communications channel. In this mode, 
the relay expects the transmitted data to be looped back to the relay to test the 
data transmissions, including communications data. At the remote end, jumper 
the send and receive communications channels to complete the path for the test. 
While in loopback mode, ROKc is deasserted, and LBOKc asserts and deasserts 
based on the received data checks.

Channel Monitoring
Based on the results of data checks (described above), the relay collects informa-
tion regarding the 255 most recent communications errors. Each record contains 
at least the following fields:

➤ Dropout Time/Date

➤ Pickup Time/Date

➤ Time elapsed during dropout

➤ Reason for dropout

Use the COM command to generate a long or summary report of the communi-
cations errors.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions by 
using SELOGIC control equations. You 
can use these alarm conditions to 
monitor and report a communications 
channel failure.

There is a single record for each outage, but an outage can evolve. For example, 
the initial cause could be a data disagreement, but framing errors can extend the 
outage. If the channel is presently down, the COMM record will only show the 
initial cause, but the COMM summary will display the present cause of failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay will assert a user-accessible flag, RBADA or RBADB. When 
channel unavailability exceeds a user-definable threshold for Channel A or B, the 
relay asserts a user-accessible flag, CBADA or CBADB.

MIRRORED BITS Communications Protocol for the Pulsar 9600-BPS Modem
To use a Pulsar MBT modem, set setting MBT := Y. Setting MBT := Y hides set-
ting SPEED and forces it to 9600, and hides setting RTSCTS and forces it to a 
value of N. The relay also injects a delay (idle time) of 3 ms between messages.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify that 
MIRRORED BITS communications matches this specification. 

NOTE: The MBT9600 modem 
requires +5 Vdc from pin 1 of the DB 9 
connector. A rear serial port can 
supply this voltage if its jumper is set. 
See Serial Port Jumpers in the 
product-specific instruction manual 
for more information.

NOTE: You must consider the idle 
time in the calculations of data 
transfer latency through a Pulsar MBT 
modem system.
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Settings
The port settings associated with MIRRORED BITS communications are shown in 
Table 15.26 and Table 15.27.

Set PROTO := MBA or MBGA to enable the MIRRORED BITS communications 
protocol Channel A on this port. Set PROTO := MBB or MBGB to enable the 
MIRRORED BITS communications protocol Channel B on this port.

                    

Setting SPEED := SYNC (available only on the rear-panel serial ports for which 
PROTO := MBA, MBB, MBGA, or MBGB) places the serial port in synchronous 
(or externally clocked) mode. The serial port hardware will synchronize transmit 
and receive data (TX/RX) to a clock signal applied to the Pin 8 input at any effec-
tive data rate as high as 64000. This setting choice will suit certain synchronous 
communications networks.

The relay uses the RBADPU setting to determine how long a channel error must 
persist before the relay asserts RBADA or RBADB. The relay deasserts RBADA 
and RBADB when it no longer detects a channel error. RBADA and RBADB 
update immediately in the MIRRORED BITS protocol but may take several milli-
seconds to update for SELOGIC control equations. It is recommended to use 
RBADA and RBADB in SELOGIC control equations for monitoring purposes 
only.

The relay uses the CBADPU setting to determine when to assert CBADA and 
CBADB. If the short-term channel downtime ratio exceeds CBADPU, the relay 
asserts the appropriate CBAD bit.

The TXMODE setting provides compatibility with SEL devices that are not 
SEL-400 series relays. The relay can send messages more quickly than the 
SEL-300 series relays and other SEL devices can process these messages. This 
could lead to loss of data and a failure to communicate properly. When you set 
TXMODE to P, the relay sends new MIRRORED BITS messages every 3 ms even if 
the selected data speed (SPEED setting) would allow more frequent messages.

As a function of the settings for SPEED, TXMODE, and MBT, the message 
transmission periods are shown in Table 15.28.

                    

Table 15.26 General Port Settings Used With MIRRORED BITS Communications

Name Description Range Default

PROTO Protocol None, SEL, DNP, MBA, 
MBB, MBGA, MBGB, 
RTD, PMU

SEL

MBT Enable Pulsar 9600 modem Y, N N

SPEED Data speed. Hidden and set to 9600 if 
MBT := Y

300, 600, 1200, 2400, 4800, 
9600, 19200, 38400, SYNC

9600

STOPBIT Stop bits. Hidden and set to 1 if MBT := Y 1, 2 1

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 1 of 2)

Name Description Range

TX_ID MIRRORED BITS communications ID of this 
device

1–4

RX_ID MIRRORED BITS communications ID of 
device connected to this port

1–4 (must be different than 
TX_ID)

RBADPU Outage duration to set RBAD 1–10000 seconds

CBADPU Channel unavailability to set CBAD 1–100000 parts per million
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Set the RX_ID of the local relay to match the TX_ID of the remote relay. In a 
three-terminal case, Relay X transmits to Relay Y, Relay Y transmits to Relay Z, 
and Relay Z transmits to Relay X. Table 15.29 lists the MIRRORED BITS commu-
nications ID settings for Relays X, Y, and Z.

TXMODE Transmission modea N (normal), P (paced)

MBNUM Number of MIRRORED BITS communications 
data channels used for logic bits

0–8

RMB1FLb RMB1 channel fail state 0, 1, P

RMB1PUb RMB1 pickup message count 1–8

RMB1DOb RMB1 dropout message count 1–8

•

•

•

•

•

•

RMB8FLb RMB8 channel fail state 0, 1, P

RMB8PUb RMB8 pickup message count 1–8

RMB8DOb RMB8 dropout message count 1–8

MBTIME MIRRORED BITS time synchronize enable Y, N

MBNUMAN Number of analog data channels

(hidden and set to 0 if MBNUM := 7 or 8)

0–n, 
n = 7–MBNUM

MBANA1c Selection for analog Channel 1 Analog quantity label

MBANA2c Selection for analog Channel 2 Analog quantity label

MBANA3c Selection for analog Channel 3 Analog quantity label

MBANA4c Selection for analog Channel 4 Analog quantity label

MBANA5c Selection for analog Channel 5 Analog quantity label

MBANA6c Selection for analog Channel 6 Analog quantity label

MBANA7c Selection for analog Channel 7 Analog quantity label

MBNUMVT Number of virtual terminal channels OFF, 0–n,
n = 7–MBNUM–MBNUMAN

a Must be P for connections to devices that are not SEL-400 series relays.
b Hidden based on MBNUM setting.
c Hidden based on MBNUMAN setting.

Table 15.28 MIRRORED BITS Communications Message Transmission Period

Speed in Bits 
per Second

TXMODE := NORMAL 
MBT := N

TXMODE := PACED 
MBT := N

MBT :=Y

38400 1.0 ms 3.0 ms N/A

19200 2.0 ms 3.0 ms N/A

9600 4.0 ms 4.0 ms 7.0 ms

4800 8.0 ms 8.0 ms N/A

Table 15.27 MIRRORED BITS Communications Protocol Settings (Sheet 2 of 2)

Name Description Range
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SEL Distributed Port Switch Protocol (LMD) 
The relay does not have built-in LMD protocol, but you can connect the relay to 
an SEL-2885 EIA-232 to EIA-485 Transciever and connect the SEL-2885 to an 
EIA-485 multidrop network. See the SEL-2885 EIA-232 to EIA-485 Transceiver 
product flyer for more information on the settings, configuration, and application 
of the SEL-2885. Application Guide AG94-03 provides additional details for 
applying this protocol and is available at selinc.com.

SEL-2600A RTD Module Operation
The SEL-2600A RTD Module Protocol (RTD) enables communication with an 
SEL-2600A via an SEL-2800 (EIA-232 to Fiber-Optic) Transceiver.

NOTE: Not all SEL-400 series relays 
support communication with 
SEL-2600A RTD Modules.

                    

This protocol supports data acquisition of as many as 12 temperature channels 
and places the results directly into predefined analog quantities (RTD01–RTD12) 
inside the relay for use in freeform SELOGIC applications. For more information 
on the SEL-2600A or SEL-2800, contact your local technical service center, the 
SEL factory, or visit the SEL website at selinc.com for a copy of the SEL-2600A 
and SEL-2800 product fliers.

Initialization
Perform the following steps to prepare the relay for communicating with an 
SEL-2600A RTD module:

Step 1. Set the desired port to RTD protocol.

Step 2. Set the port setting RTDNUM to the number of RTDs attached to the 
SEL-2600A.

Step 3. Set the RTD type settings (RTDnnTY) to the appropriate RTD type.

Step 4. Connect the SEL-2600A RTD Module to the port via the SEL-2800 
(EIA-232 to Fiber-Optic) Transceiver.

Table 15.29 MIRRORED BITS Communications ID Settings for Three-Terminal 
Application

Relay TX_ID RX_ID

X 1 3

Y 2 1

Z 3 2

                    

Figure 15.10 SEL-2600A RTD Module and the Relay

RTD

RTD

SEL-2600A
RTD Module

SEL-2800 Relay

https://selinc.com/
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Operation
The SEL-2600A RTD module sends all temperature measurements to the relay 
every 0.5 seconds. The relay places the received temperature measurements into 
analog quantities RTD01–RTD12 for use in freeform SELOGIC applications. The 
data range is from –50 to +250 °C.

NOTE: When a channel status bit is 
not asserted, the data in the 
respective analog quantity is the last 
valid temperature, not the current 
temperature.

If the relay stops receiving valid analog quantities from a certain channel, the 
temperature stored in the relay freezes at the last received value. Fifteen status 
bits help supervise decisions based on temperature measurements. Table 15.30 
describes how to interpret the status bits.

                    

To view the temperature measurements received from the SEL-2600A, issue the 
MET T command, as depicted in Figure 15.11.

                    

The MET T command displays the following messages:

➤ Channel Failure: This message is displayed for each channel whose 
channel status bit is not asserted.

➤ Channel Not Used: This message is displayed for each channel 
whose channel type is set to NA.

When there is a status problem with the SEL-2600A RTD module, the MET T 
command will respond with an informational message, as shown in Figure 15.12.

                    

The four possible messages for status problems, with their interpretation, are 
indicated in Table 15.31.

Table 15.30 RTD Status Bits

RTD Status Bit Description

RTDFL Asserts if the SEL-2600A experiences an internal problem.

RTDCOMF Asserts if the relay does not receive a valid measurement from the 
SEL-2600A for 1.25 seconds.

RTD01ST–RTD12ST Assert when an RTD is attached to a channel and the SEL-2600A is 
able to read RTD.

RTDIN SEL-2600 input status bit. Asserts when the SEL-2600 is healthy and 
the received data indicates the assertion of the input.

=>>MET T <Enter>
Relay 1                                    Date: 03/17/2023  Time: 13:42:13.220
Station A                                  Serial Number: 1230769999
RTD Input Temperature Data (deg. C)
RTD  1 = -48

RTD  2 = Channel Failure
RTD  3 =   0
RTD  4 =  24
RTD  5 = Channel Not Used
RTD  6 =  72
RTD  7 = Channel Failure
RTD  8 = 120

RTD  9 = Channel Not Used
RTD 10 = 168
RTD 11 = 192
RTD 12 = 216

Figure 15.11 MET T Command Response

=>>MET T
SEL-2600 Failure

Figure 15.12 MET T Command Response for Status Problem

NOTE: In some SEL-400 series 
relays, you must use MET RTD instead 
of MET T.
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Direct Networking Example
This example demonstrates direct networking to the relay through use of the 
Ethernet card. Figure 15.13 shows the Ethernet network topology. This examples 
uses an SEL-421, but the same concepts apply to any SEL-400 series relay.

                    

Application
The Ethernet network is used primarily for an engineering connection to the 
devices in the substation either across the WAN or from the local computer. The 
engineer can use FTP to collect settings, oscillography, and other file data directly 
from the SEL-421 Relays. The engineer can also use Telnet to establish a termi-
nal connection to the SEL-421 Relays or through the SEL-3530 to one of the 
serial IEDs to configure these devices or obtain diagnostic information. The 
SEL-3530 provides IRIG-B time synchronization to all the IEDs via a serial con-
nection.

Table 15.31 MET T Command Status Messages

Message Interpretation

SEL-2600 Failure RTDFL status bit asserted

Communication Failure RTDCOMF status bit asserted

No data available Port Protocol not set to RTD

Channel Failure RTDxxST status bit deasserted

                    

Figure 15.13 Example Direct Networking Topology
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Settings
This example focuses on the relay labeled Line 1 shown in Figure 15.13. Port 5 
settings for the SEL-421 configure the Ethernet card. Port 5 settings for this 
example are shown in Table 15.32.

                    

FTP Session
Figure 15.14 is a screen capture of an FTP session with the relay. The FTP client 
used for this example is included with the Windows operating system and acces-
sible through a command prompt window. The operator connects to the relay, 
moves to the SETTINGS directory, and collects the Port 5 settings. Figure 15.14 
shows a portion of the Port 5 settings in the SET_P5.TXT file.

Table 15.32 SEL-421 Port 5 Direct Networking Settings

Setting Name Setting Description

BUSMODEa INDEPEND Bus operating mode

EINTFa CD Enable interface

IPADDR 10.201.0.112/16 IP network address

DEFRTR 10.201.0.1 Default router

ETCPKA N Disable TCP keep-alive functionality

KAIDLE 10 Length of time to wait with no detected activity before sending a keep-alive packet 
(must be greater than or equal to KAINTV)

KAINTV 1 Length of time to wait between sending keep-alive packets after receiving no response 
for the prior keep-alive packet (must be less than or equal to KAIDLE)

KACNT 6 Maximum number of keep-alive packets to send

NETPORT C Primary network port selected to PORT 5C

NETCSPDb A Automatically detect network speed on PORT C

FTPSERV Yc Enabled FTP server

FTPCBAN FTP SERVER: FTP connect banner

FTPIDLE 5 FTP connection time-out in minutes

FTPANMS N Anonymous login disabled so that passwords are required for all FTP users

FTPAUSR “” Host user from which anonymous FTP client inherits access rights—not used in this 
application

ETELNET Yc Enable Telnet server

TCBAN HOST TERMINAL SERVER: Host Telnet connect banner

TPORT 23 Host Telnet TCP/IP port

TIDLE 5 Telnet connection time-out in minutes

a Five-port Ethernet card only.
b Not applicable for fiber ports.
c Set to CD when using the five-port Ethernet card.
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C:\>ftp 10.201.0.112 <Enter>
Connected to 10.201.0.112.
220 FTP SERVER:
User (10.201.0.112:(none)): 2AC
331 User name okay, need password.
Password:
230 User logged in, proceed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
CFG.TXT
CFG.XML
EVENTS
REPORTS
SETTINGS
SWCFG.ZIP

SYNCHROPHASORS
226 Closing data connection.
ftp: 72 bytes received in 0.00Seconds 72.00Kbytes/sec.
ftp> cd SETTINGS
250 CWD  requested file action okay, completed.
ftp> ls
200 PORT Command okay.
150 File status okay; about to open data connection.
BAY_SCREEN.TXT
ERR.TXT

SET_A1.TXT
SET_A10.TXT
SET_A2.TXT
SET_A3.TXT
SET_A4.TXT
SET_A5.TXT
SET_A6.TXT
SET_A7.TXT
SET_A8.TXT
SET_A9.TXT
SET_ALL.TXT

SET_B1.TXT
SET_D1.TXT
SET_D2.TXT
SET_D3.TXT
SET_D4.TXT
SET_D5.TXT
SET_F1.TXT
SET_G1.TXT
SET_L1.TXT
SET_L2.TXT
SET_L3.TXT
SET_L4.TXT
SET_L5.TXT
SET_L6.TXT

SET_N1.TXT
SET_O1.TXT
SET_P1.TXT
SET_P2.TXT
SET_P3.TXT
SET_P5.TXT
SET_PF.TXT
SET_R1.TXT
SET_S1.TXT
SET_S2.TXT
SET_S3.TXT
SET_S4.TXT
SET_S5.TXT
SET_S6.TXT
SET_SM.TXT
SET_T1.TXT

UPGRADE_RPT.TXT
226 Closing data connection.
ftp: 536 bytes received in 0.01Seconds 53.60Kbytes/sec.
ftp> get SET_P5.TXT
200 PORT Command okay.
150 File status okay; about to open data connection.
226 Closing data connection.
ftp: 3853 bytes received in 0.01Seconds 428.11Kbytes/sec.
ftp> quit
221 Goodbye.

C:\>

Figure 15.14 Example FTP Session
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Telnet Session
This section contains screen captures of a Telnet session with the Line 1 
SEL-421. The Telnet application is included with the Windows operating system. 
Figure 15.16 shows the login dialog box and the entries required to connect to the 
SEL-421.
                    

Figure 15.17 is a screen capture of a Telnet session with the relay. The operator 
connects to the relay, and displays the Port 5 settings. Only a portion of the Port 5 
settings are shown.

[INFO]
RELAYTYPE=SEL
FID=SEL-421-X045-V0-Z001001-D20010106
BFID=SLBT-CFS-X000
PARTNO=SEL-400H1234
[IOBOARDS]
[COMCARDS]
, SEL-2701-X061-V0-Z000000-D20010117, SLBT-2701-X021-V0-Z000000-D20010109, 1
[P5]

"TIMEOUT",5
"AUTO",Y
"FASTOP",N
"TERTIM1",1
"TERSTRN","\005"
"TERTIM2",0

"IPADDR","10.201.0.112"
"SUBNETM","255.255.0.0"
"DEFRTR","10.201.0.1"
"NETPORT","C"
"FAILOVR","N"

"FTIME",5
"NETCSPD","A"
"NETDSPD","A"
"FTPSERV","Y"

"FTPCBAN","FTP SERVER:"
"FTPIDLE",5
"FTPANMS","N"
"FTPAUSR","ACC"

"T1CBAN","HOST TERMINAL SERVER:"
"T1INIT","N"
"T1RECV","Y"
"T1PNUM",23

"T2CBAN","CARD TERMINAL SERVER:"
"T2RECV","Y"
"T2PNUM",1024
"TIDLE",5
Remaining settings not shown

Figure 15.15 Partial Contents of SET_P5.TXT

                    

Figure 15.16 Telnet Connection Dialog Box
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TERMINAL SERVER:
=ACC <Enter>

Password: ?OTTER <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:08.142
Station A                                  Serial Number: 1230769999

Level 1

=>2AC <Enter>

Password: ?TAIL <Enter>

Relay 1                                    Date: 03/17/2023  Time: 01:17:23.082
Station A                                  Serial Number: 1230769999

Level 2

=>>SHO P 5 <Enter>
Port 5

Protocol Selection

EPORT   := Y        EPAC    := N        MAXACC  := C

SEL Protocol Settings

AUTO    := Y        FASTOP  := N        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Fast Message Read Data Access

FMRENAB := Y        FMRLCL  := N        FMRMTR  := Y        FMRDMND := Y
FMRTAR  := Y        FMRHIS  := N        FMRBRKR := N        FMRSTAT := N
FMRANA  := Y

IP Configuration

IPADDR  := 10.201.0.112/16
DEFRTR  := "10.201.0.1"
ETCPKA  := Y        KAIDLE  := 10       KAINTV  := 1        KACNT   := 6
NETMODE := FIXED    NETPORT := C        NETASPD := AUTO     NETBSPD := AUTO
NETCSPD := AUTO     NETDSPD := AUTO

FTP Configuration

FTPSERV := N

HTTP Server Configuration

EHTTP   := N

Telnet Configuration

ETELNET := Y
TCBAN   := "TERMINAL SERVER:"
TPORT   := 23       TIDLE   := 15

DNP Configuration

EDNP    := 0

Phasor Measurement Configuration

EPMIP   := N

SNTP Protocol Selection

ESNTP   := OFF

PTP Settings

EPTP    := N
=>>QUI <Enter>

Figure 15.17 Example Telnet Session
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DNP3 Communication

The relay provides a DNP3-2009 Level 2 outstation interface for direct network 
connections to the relay. This section covers the following topics:

➤ Introduction to DNP3 on page 16.1

➤ DNP3 in the Relay on page 16.7

➤ DNP3 Documentation on page 16.12

➤ DNP3 Serial Application Example on page 16.26

➤ DNP3 LAN/WAN Application Example on page 16.31

Introduction to DNP3
A SCADA manufacturer-developed DNP3 from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, version 3 of the protocol 
has also become popular for local substation data collection. DNP3 has been 
standardized as IEEE 1815.

Rather than wiring individual input and output points from the station RTU to the 
station IEDs, many stations use DNP3 to convey measurement and control data 
over a single serial or Ethernet cable to the RTU. The RTU then forwards data to 
the offsite master station. By using a data communications protocol rather than 
hard wiring, designers have reduced installation, commissioning, and mainte-
nance costs while increasing remote control and monitoring flexibility.

The DNP User’s Group maintains and publishes DNP3 standards in cooperation 
with IEEE. See the DNP User’s Group website (www.dnp.org) for more informa-
tion on DNP3 standards, implementers of DNP3, and tools for working with 
DNP3.

DNP3 Specifications
DNP3 is a feature-rich protocol with many ways to accomplish tasks. The 
Interoperability section of IEEE 1815 defines four levels of subsets to help 
improve interoperability. The levels are listed in Table 16.1.

                    

Table 16.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communications requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data 

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communications requirements

Large RTUs, SCADA masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA masters
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Each level is a proper superset of the next lower-numbered level. A higher level 
device can act as a master to a lower level device, but can only use the data types 
and functions implemented in the lower level device. For example, a typical 
SCADA master is a Level 3 device and can use Level 2 (or lower) functions to 
poll a Level 2 (or lower) device by using only the data types and functions that 
the lower-level device uses. A lower-level device can also poll a higher-level 
device, but the lower level device can only access the features and data available 
to its level.

Data Handling
Objects

DNP3 uses a system of data references called object types, commonly referred to 
as objects. Each subset level specification requires a minimum implementation of 
objects and also recommends several optional objects. DNP3 objects are specifi-
cations for the type of data the object carries. An object can include a single value 
or more complex data. Some objects serve as shorthand references for collections 
of data or even all data within the DNP3 device.

Each instance of the object includes an index that makes it unique. For example, 
each binary status point (Object 1) has an index. If there are 16 binary status 
points, these points are Object 1, Index 0 through Object 1, Index 15. Note that 
index numbers are 0-based.

Each object also includes multiple versions called variations. For example, 
Object 1 has three variations: 0, 1, and 2. Variation 0 is used to request Object 1 
data from a DNP3 device by using its default variation. Variation 1 is used to 
specify binary input values only and Variation 2 is used to specify binary input 
values with status information.

Each DNP3 device has both a list of objects and a map of object indices. The list 
of objects defines the available objects, variations, and qualifier codes. The map 
defines the indices for objects that have multiple instances and what data or con-
trol points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. DNP3 
terminology describes all points from the perspective of the master. Binary points 
for control that move from the master to the outstation are called binary outputs, 
while binary status points within the outstation are called binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object listing 
for the device shows the permitted function codes for each type of object. The 
most common DNP3 function codes are listed in Table 16.2.

                    

Table 16.2 Selected DNP3 Function Codes

Function Code Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a select-before-execute operate

4 Execute Second part of a select-before-execute operate

5 Direct operate One-step operation with acknowledgment

6 Direct operate, no ack. One-step operation with no acknowledgment
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range speci-
fies the indices of the objects of interest. DNP3 masters use qualifier codes to 
compose the shortest, most concise message possible when requesting points 
from a DNP3 remote device.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses two 
bytes. An example request using qualifier code 01 might have the four-hexadeci-
mal byte range field, 00h 04h 00h 10h, that specifies points in the range 4–16.

Access Methods
DNP3 has many features that help it obtain maximum possible message effi-
ciency. DNP3 Masters send requests with the least number of bytes by using spe-
cial objects, variations, and qualifiers that reduce the message size. Other features 
eliminate the continual exchange of static (unchanging) data values. These fea-
tures optimize use of bandwidth and maximize performance over a connection of 
any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit val-
ues that have not changed. Event data are time-stamped records that show when 
observed measurements changed. For binary points, the outstation device logs 
changes from logical 1 to logical 0 and from logical 0 to logical 1. For analog 
points, the remote device logs changes that exceed a deadband. DNP3 outstation 
devices collect event data in a buffer that either the master can request or the 
device can send to the master without a request message. Data sent from the out-
station to the master without a polling request are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved for 
reading the present value (static data). Classes 1, 2, and 3 are event data classes. 
The meaning of Classes 1 to 3 is arbitrary and defined by the application at hand. 
With remotes that contain great amounts of data or in large systems, the three 
event classes provide a framework for prioritizing different types of data. For 
example, you can poll once a minute for Class 1 data, once an hour for Class 2 
data, and once a day for Class 3 data.

Class 0 polling is also known as static polling, or simple polling of the present 
value of data points within the outstation. By combining event data polls, unsolic-
ited messaging, and static polling, you can operate your system in one of the four 
access methods shown in Table 16.3.

The access methods listed in Table 16.3 are in order of increasing communica-
tions efficiency. With various tradeoffs, each method is less demanding of com-
munications bandwidth than the previous one. For example, unsolicited report-
by-exception consumes less communications bandwidth because of the elimina-
tion of polling messages from the master required by polled report-by-exception. 
You must also consider overall system size and the volume of data communica-
tion expected to properly evaluate which access method provides optimum per-
formance for your application.
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Binary Control Operations
DNP3 masters use the Object 12 control relay output block to perform binary 
control operations. The control relay output block has both a trip/close selection 
and a code selection. The trip/close selection allows a single index to operate two 
related control points, such as trip and close or raise and lower. Trip/close pair 
operation is not recommended for new DNP3 devices, but is often included for 
interoperability with older DNP3 master implementations.

The control relay output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited sub-
set of the possible combinations of the code field. Sometimes, DNP3 outstations 
assign special operation characteristics to the latch and pulse selections.

Conformance Testing
In addition to the protocol specifications, the DNP User’s Group has approved 
conformance testing requirements for all levels of outstation devices. Some 
implementers perform their own conformance specification testing, while some 
contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and remote will be 
fully interoperable (work together properly for all implemented features). Con-
formance testing does help to standardize the testing procedure and move the 
DNP3 implementers toward a higher level of interoperability. 

DNP3 Serial Network Issues
You can build a DNP3 network by using either a multidrop or star topology. Each 
DNP3 network has one or more DNP3 masters and DNP3 outstations. 
Figure 16.1 shows the DNP3 multidrop network topology. 

                    

Table 16.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only.

Polled report-by-
exception

Master polls frequently for event data and occasionally for Class 0 
data.

Unsolicited report-by-
exception

Remote devices send unsolicited event data to the master, and the 
master occasionally polls for Class 0 data.

Quiescent Master never polls and relies on unsolicited reports only.

                    

Figure 16.1 DNP3 Multidrop Network Topology

Master

Remote 2Remote 1 Remote n
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Figure 16.2 shows the DNP3 star network topology.

                    

DNP3 multidrop networks that are used within substations often use an EIA-485 
physical layer. The multidrop network is vulnerable to the failure of a single 
transmitter. If any one transmitter fails in a state that disrupts signals on the net-
work, the network will fail. The DNP3 star network topology eliminates the net-
work transmitters and other single points of failure related to the physical 
medium.

If you are planning either a DNP3 star or multidrop network topology, you 
should consider the benefits of including an SEL communications processor such 
as the SEL-2032 or SEL-3530 RTAC in your design. A network with a communi-
cations processor is shown in Figure 16.3. A DNP3 network that includes a com-
munications processor has a lower data latency and shorter scan time than 
comparable networks through two primary mechanisms. First, the communica-
tions processor collects data from all remotes in parallel rather than one-by-one. 
Second, the master can collect all data with one message and response, drasti-
cally reducing message overhead.

                    

In the communications processor DNP3 network, you can also collect data from 
devices that do not support the DNP3 protocol. SEL communications processors 
can collect data and present it to the master as DNP3 data regardless of the proto-
col between the SEL communications processor and the remote device.

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (open systems inter-
connect) model called the enhanced performance architecture. The layer defini-
tion helps to categorize functions and duties of various software components that 
make up the protocol. The middle layer, the data link layer, includes several func-
tions for error checking and media access control.

                    

Figure 16.2 DNP3 Star Network Topology

                    

Figure 16.3 DNP3 Network With Communications Processor
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A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this fea-
ture helps you recognize a failed device or failed communications link quickly, it 
also adds significant overhead to the DNP3 conversation. Consider for your indi-
vidual application whether you require this link integrity function at the expense 
of overall system speed and performance.

The DNP3 specification recommends against using data link confirmations 
because these processes can add to traffic in situations where communications 
are marginal. The increased traffic will reduce connection throughput further, 
possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single network medium, you 
must provide a mechanism to resolve the resulting network medium contention. 
For example, unsolicited reporting results in network medium contention if you 
do not design your network as a star topology of point-to-point connections or 
use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a col-
lision avoidance feature. Before sending a message, a DNP3 device listens for a 
carrier signal to verify that no other node is transmitting data. The device trans-
mits if there is no carrier or waits for a random time before rechecking for a car-
rier signal. However, if two nodes both detect a lack of carrier at the same instant, 
these two nodes could begin simultaneous transmission of data and cause a data 
collision. If your network allows for spontaneous data transmission including 
unsolicited event data transmissions, you also must use application confirmation 
to provide a retry mechanism for messages lost as a result of data collisions.

DNP3 LAN/WAN Considerations
The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the transport 
layer frames of the IP suite. This allows the IP stack to deliver the DNP3 data link 
layer frames to the destination in place of the original DNP3 physical layer. The 
DNP User’s Group Technical Committee has recommended the following guide-
lines for carrying DNP3 over a network:

➤ DNP3 shall use the IP suite to transport messages over a LAN/WAN

➤ Ethernet is the recommended physical link, though others may be 
used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP may be used for highly reliable single segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is used 
for either TCP or UDP.

The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table 16.4.
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DNP3 in the Relay
The relay is a DNP3-2009 Level 2 outstation device. The relay DNP3 interface 
has the capabilities summarized in Table 16.5.

                    

Data Access
You can use any of the data access methods listed in Table 16.6. Table 16.6 also 
lists the relay DNP3 settings. You must configure the DNP3 master for the data 
access method you select.

Table 16.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data (CDPD) X

Low-priority data, for example, data monitor or configuration information X

Table 16.5 Relay DNP3 Feature Summary

Feature Application

DNP3 event data reporting More efficient polling through event collection or unsolic-
ited data

Time-tagged events Time-stamped SER data

Control output relay blocks Operator-initiated control

Write analog set point Change the active protection settings group

Time synchronization Set the relay time from the master station or automatically 
request time synchronization from the master

Custom mapping Increase communications efficiency by organizing data and 
reducing available data to what you need for your applica-
tion

Modem support Reduce the cost of the communications channel by either 
master dialing to relay or relay dialing to master

Analog deadband settings per 
session

Deadbands may be set to different values per session 
depending on desired application

Virtual Terminal Provides engineering access for configuration, diagnostics, 
and other tasks over the existing DNP3 connection

TEST DB2 command Test DNP3 protocol interface without disturbing protection

Support for Object 0 Device 
Attributes

Provides Device Attributes (Device ID, Number of binary, 
analog and counter points, Manufacturer information, etc.) 
for the device specific to the current connected DNP3 ses-
sion in use

XML DNP3 Device Profile 
Document

The DNP3 Device Profile document contains the complete 
information on DNP3 Protocol support in the relay. This 
information is available in XML format.
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In both the unsolicited report-by-exception and quiescent polling methods shown 
in Table 16.6, you must make a selection for the PUNSOL setting. This setting 
enables or disables unsolicited data reporting when you turn the relay on. If your 
master can send the DNP3 message to enable unsolicited reporting from the 
relay, you should set PUNSOL to No.

NOTE: The DNP3 LAN/WAN settings 
have names similar to the serial port 
settings above, but include the session 
number n as a suffix ranging from 1 to 
6 (for example, CLASSB1, UNSOL1, 
PUNSOL1). All settings with the same 
numerical suffix comprise the 
complete DNP3 LAN/WAN session 
configuration.

While automatic unsolicited data transmission on power-up is convenient, prob-
lems can result if your master is not prepared to start receiving data immediately 
when you turn on the relay. If the master does not acknowledge the unsolicited 
data with an application confirm, the relay will resend the data until it is acknowl-
edged. On a large system, or in systems where the processing power of the master 
is limited, you may have problems when several outstations simultaneously begin 
sending data and waiting for acknowledgment messages.

Collision Avoidance
If your application requires unsolicited reporting from multiple devices on a sin-
gle (serial) network medium, you must select a half-duplex medium or a medium 
that supports carrier detection to avoid data collisions. EIA-485 two-wire net-
works are half-duplex. EIA-485 four-wire networks do not provide carrier detection.

The relay uses application confirmation messages to guarantee delivery of unso-
licited event data before erasing the local event data buffer. Data collisions are 
typically resolved when messages are repeated until confirmed.

The relay pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. If you use the settings of 0.10 seconds for MAXDLY and 0.05 seconds for 
MINDLY, the relay will insert a random delay of 50 to 100 ms (milliseconds) 
between the end of carrier detection and the start of data transmission.

Transmission Control
If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio sys-
tem for your serial DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay between 
RTS signal control and data transmission. For example, an EIA-485 transceiver 
typically requires 10–20 ms to change from receive to transmit. If you set the pre-
delay to 30 ms, you will avoid data loss resulting from data transmission begin-
ning at the same time as RTS signal assertion.

Table 16.6 DNP3 Access Methods

Access Method Master Polling Relay Settings

Polled static Class 0 Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to OFF, UNSOL to N.

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, UNSOL to N.

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently, 
mainly relies on unsolicited 
messages

Set ECLASSB, ECLASSC, 
ECLASSA, ECLASSV to the desired 
event class, set UNSOL to Y and PUN-
SOL to Y or N.

Quiescent Class 0, 1, 2, 3 never, relies 
completely on unsolicited 
messages

Set ECLASSB, ECLASSC, ECLASSA, 
ECLASSV to the desired event class, set 
UNSOL and PUNSOL to Y.

NOTE: Because unsolicited 
messaging only operates properly in 
some situations, for maximum 
performance and minimum risk of 
configuration problems, SEL 
recommends the polled report-by-
exception access method.
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Event Data
DNP3 event data objects contain change-of-state and time-stamp information 
that the relay collects and stores in a buffer. You can configure the relay to either 
report the data without a polling request from the master (unsolicited data) or 
hold the data until the master requests it with an event poll message.

With the event class settings ECLASSB, ECLASSC, ECLASSA, and ECLASSV 
you can set the event class for binary, counter, analog, and virtual terminal infor-
mation. You can use the classes as a simple priority system for collecting event 
data. The relay does not treat data of different classes differently with respect to 
unsolicited messages, but the relay does allow the master to perform independent 
class polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. Confirm 
that the polling configuration of your 
master allows independent polling for 
each class before implementing 
separate classes in the relay.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in DNP3 Settings—
Custom Maps on page 12.19. You can either set and use default deadband and 
scaling according to data type or use a custom data map to select deadbands on a 
point-by-point basis. See Configurable Data Mapping on page 16.23 for a dis-
cussion of how to set scaling and deadband operation on a point-by-point basis.

The serial port settings ANADBA, ANADBV, and ANADBM (ANADBAn, 
ANADBVn, and ANADBMn for Ethernet port settings on session n) control 
default deadband operation for the specified data type. Because DNP3 Objects 30 
and 32 use integer data by default, you can use scaling to send digits after the 
decimal point and avoid truncating to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling setting 
of 1, the value transmitted is 126. With a scaling setting of 3, the value transmit-
ted is 12632. You must make certain that the maximum value does not exceed 
32767 if you are polling the default 16-bit variations for Objects 30 and 32, but 
you can send some decimal values by using this technique. You must also config-
ure the master to perform the appropriate division on the incoming value to dis-
play it properly.

Set the default analog value scaling with the DECPLA, DECPLV, and DECPLM 
settings (DECPLAn, DECPLVn, and DECPLMn for Ethernet port settings on 
session n). Application of event reporting deadbands occurs after scaling in the 
DECPLA, DECPLV, and DECPLM. For example, if you set DECPLA to 2 and 
ANADBA to 10, a measured current of 10.14 amperes would be scaled to the 
value 1014 and would have to increase to more than 1024 or decrease to less than 
1004 (a deadband of 0.2 amperes) for the relay to report a new event value.

The relay uses the NUMEVE and AGEEVE settings (NUMEVEn and AGEEVEn 
Ethernet port settings for session n) to decide when to send unsolicited data to the 
master. The relay sends an unsolicited report when the total number of events 
accumulated in the event buffer reaches NUMEVE. The relay also sends an unso-
licited report if the age of the oldest event in the buffer exceeds AGEEVE. The 
relay has the buffer capacities listed in Table 16.7.

                    

Table 16.7 Relay Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog One event per analog input in the DNP3 Map

Counters One event per counter input in the DNP3 Map

Virtual Terminal Objects 5
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Binary Controls
The relay provides more than one way to control individual points within the 
relay. The relay maps incoming control points either to remote bits within the 
relay or to internal command bits that cause circuit breaker operations.

NOTE: The port setting DNPCL (or 
DNPCLn for DNP3 LAN/WAN session 
n) must be set to Y to enable binary 
controls for the DNP3 session. Binary 
Output Status requests (Object 10, 
Variation 2) and Class 0 requests will 
have no Binary Outputs in the 
response unless DNPCL := Y.

A DNP3 technical bulletin (Control Relay Output Block Minimum Implementa-
tion 9701-002) recommends that you use one point per Object 12, control block 
output relay. You can use this method to perform pulse on, latch on, and latch off 
operations on selected remote bits.

If your master does not support the single-point-per-index messages or single-
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page 16.20.

Time Synchronization
The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time syn-
chronization in the event the relay loses primary synchronization through the 
IRIG-B TIME input or some other high-accuracy source. 

Enable time synchronization with the TIMERQ setting (TIMERQn for DNP3 
LAN/WAN Session n) and use Object 50, Variation 1, and Object 52, Variation 2 
(Object 50, Variation 3 for DNP3 LAN/WAN), to set the time via a DNP3 master.

TIMERQ can be set in one of three ways:

➤ A numeric setting of 1–32767 minutes specifies the rate at which the 
relay shall request a time synchronization.

➤ A setting of M disables the relay from requesting a time 
synchronization, but still allows the relay to accept and apply time 
synchronization messages from the master.

➤ A setting of I disables the relay from requesting a time 
synchronization, and sets the relay to ignore time synchronization 
messages from the master.

Effective January 1, 2008, the DNP3 standard requires that DNP3 time corre-
spond to Coordinated Universal Time (UTC). To help ease into the transition to 
this standard, you can use the DNPSRC Global setting to determine whether the 
relay will use local or UTC time for DNP3.

When requesting time synchronization with DNPSRC := UTC, the relay will 
treat incoming DNP3 time-set messages as UTC time. All DNP3 event time-
stamps (binary input changes with time, analog input changes with time, etc.) 
will be in UTC time.

When requesting time synchronization with DNPSRC := LOCAL, the relay will 
treat incoming time set by the DNP3 master as local time. All DNP3 event time-
stamps will be in local time.

When setting the time with local time, there is an ambiguity during the last hour 
of daylight-saving time (DST) and to resolve this ambiguity, if the relay accepts a 
Time Set request in this hour, it will assume the time is in DST.
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Modem Support
The relay DNP3 implementation includes modem support. Your DNP3 master 
can dial-in to the relay and establish a DNP3 connection. The relay can automati-
cally dial out and deliver unsolicited DNP3 event data. When the relay dials out, 
it waits for the CONNECT message from the local modem and for assertion of 
the relay CTS line before continuing the DNP3 transaction. This requires a con-
nection from the modem DCD to the relay CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
relay to other devices.

Either connect the modem to a computer and configure it before connecting it to 
the relay, or program the appropriate modem setup string in the modem startup 
string setting MSTR. Use the PH_NUM1 setting to set the phone number that 
you want the relay to dial. The relay will automatically send the ATDT modem 
dial command and then the contents of the PH_NUM1 setting when dialing the 
modem. PH_NUM1 is a text setting that must conform to the AT modem com-
mand set dialing string standard. Use a comma (,) for a pause of four seconds. 
You may need to include a nine to reach an outside line or a one if the number 
requires long distance access. You can also insert other special codes your tele-
phone service provider designates for block call waiting and other telephone line 
features.

The relay supports backup dial-out to a second phone number. If PH_NUM2 is 
set, the RETRY1 setting is used to configure the number of times the relay tries 
to dial PH_NUM1 before dialing PH_NUM2. Similarly, the RETRY2 setting 
configures the number of times the relay tries to dial PH_NUM2 before trying 
PH_NUM1. MDTIME sets the length of time from initiating the call to declaring 
it failed because of no connection, and MDRET sets the time between dial-out 
attempts.

DNP3 Settings
DNP3 configuration involves both Global (SET G) and Port (SET P) settings. 
The Global settings govern behavior for all DNP3 sessions, serial or LAN/WAN. 
The Port settings apply to specific DNP3 sessions only.

There are two Global settings that directly configure DNP3. These settings, EVE-
LOCK and DNPSRC, define the behavior of Fault Summary event retrieval and 
the DNP3 session time base. See Reading Relay Event Data on page 16.21 for 
more information on EVELOCK. The DNPSRC setting can be either LOCAL or 
UTC (default). See Time Synchronization on page 16.10 for more information on 
the DNPSRC setting.

The DNP3 protocol settings are shown in Table 12.9 and Table 12.23. The DNP3 
protocol settings are in the port settings for the port that you select for the DNP3 
protocol. You can use DNP3 on any of the serial ports (PORT F and PORT 1–
PORT 3) or Ethernet port (PORT 5), but you can only enable DNP3 on one 
serial port at a time. You may enable as many as six DNP3 sessions over Ether-
net, independent of the number of serial DNP3 sessions enabled.

Warm Start and Cold Start
The DNP3 function codes for warm start and cold start reset the relay serial port 
or DNP3 Ethernet session. These function codes do not interrupt protection pro-
cesses within the relay.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must set the 
port data speed slower than the 
effective data rate of the modem.



16.12

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 Documentation

Testing
Use the TEST DB2 command to test the data mapping from the relay to your 
DNP3 master. You can use the TEST DB2 command to force DNP3 values by 
object type and label. Although the relay reports forced values to the DNP3 host, 
these values do not affect protection processing within the relay. The TEST DB2 
command operates by object type and label, so it works equally well with custom 
mapping and the default DNP3 maps. See TEST DB2 on page 14.65 for more 
information.

When you are using the TEST DB2 command to test DNP3 operation, the Relay 
Word bit TESTDB2 will be asserted to indicate that test mode is active. The 
DNP3 status bit will also show forced status for any object variations that include 
status.

DNP3 Documentation
Object List

Table 16.8 lists the objects and variations with supported function codes and 
qualifier codes available in the relay. The list of supported objects conforms to 
the format laid out in the DNP3 specifications and includes both supported and 
unsupported objects. Those that are supported include the function and qualifier 
codes. The objects that are not supported are shown without any corresponding 
function and qualifier codes.

                    

NOTE: The TEST DB2 command will 
override the state of all instances of 
the forced bit or value for all active 
protocols. This includes DNP3 serial 
and LAN/WAN and IEC 61850 GOOSE 
and Manufacturing Message 
Specification (MMS). Before using the 
command, take precautions to ensure 
against unintended operations from 
inadvertent messages sent as the 
result of a TEST DB2 override, for 
example, a bit used to trip a breaker 
on a remote relay via IEC 61850 
GOOSE.

Table 16.8 Relay DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes

0 211 Device attributes—User-specific sets of attributes 1 0 129 0, 17

0 212 Device attributes—Master data set prototypes 1 0 129 0, 17

0 213 Device attributes—Outstation data set prototypes 1 0 129 0, 17

0 214 Device attributes—Master data sets 1 0 129 0, 17

0 215 Device attributes—Outstation data sets 1 0 129 0, 17

0 216 Device attributes—Max. binary outputs per request 1 0 129 0, 17

0 219 Device attributes—Support for analog output events 1 0 129 0, 17

0 220 Device attributes—Max. analog output index 1 0 129 0, 17

0 221 Device attributes—Number of analog outputs 1 0 129 0, 17

0 222 Device attributes—Support for binary output events 1 0 129 0, 17

0 223 Device attributes—Max. binary output index 1 0 129 0, 17

0 224 Device attributes—Number of binary outputs 1 0 129 0, 17

0 225 Device attributes—Support for frozen counter events 1 0 129 0, 17

0 226 Device attributes—Support for frozen counters 1 0 129 0, 17

0 227 Device attributes—support for counter events 1 0 129 0, 17

0 228 Device attributes—Max. counter index 1 0 129 0, 17

0 229 Device attributes—Number of counters 1 0 129 0, 17

0 230 Device attributes—Support for frozen analog inputs 1 0 129 0, 17

0 231 Device attributes—Support for analog input events 1 0 129 0, 17
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0 232 Device attributes—Max. analog input index 1 0 129 0, 17

0 233 Device attributes—Number of analog inputs 1 0 129 0, 17

0 234 Device attributes—Support for double-bit events 1 0 129 0, 17

0 235 Device attributes—Max. double-bit binary index 1 0 129 0, 17

0 236 Device attributes—Number of double-bit binaries 1 0 129 0, 17

0 237 Device attributes—Support for binary input events 1 0 129 0, 17

0 238 Device attributes—Max. binary input index 1 0 129 0, 17

0 239 Device Attributes—Number of binary inputs 1 0 129 0, 17

0 240 Device attributes—Max. transmit fragment size 1 0 129 0, 17

0 241 Device attributes—Max. receive fragment size 1 0 129 0, 17

0 242 Device attributes—Device manufacturer’s software version 1 0 129 0, 17

0 243 Device attributes—Device manufacturer’s hardware version 1 0 129 0, 17

0 245 Device attributes—User-assigned location name 1 0 129 0, 17

0 246 Device attributes—User-assigned ID code/number 1 0 129 0, 17

0 247 Device attributes—User-assigned device name 1 0 129 0, 17

0 248 Device attributes—Device serial number 1 0 129 0, 17

0 249 Device attributes—DNP3 subset and conformance 1 0 129 0, 17

0 250 Device attributes—Device manufacturer’s product name 
and model

1 0 129 0, 17

0 252 Device attributes—Device manufacturer’s name 1 0 129 0, 17

0 254 Device attributes—Non-specific all attributes request 1 0, 6 129 0, 17

0 255 Device attributes—List of attribute variations 1 0, 6 129 0, 17

1 0 Binary input—All variations 1 0, 1, 6, 7, 8, 
17, 28

1 1 Binary input 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

1 2a Binary input with status 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

2 0 Binary input change—All variations 1 6, 7, 8

2 1 Binary input change without time 1 6, 7, 8 129 17, 28

2 2 Binary input change with time 1 6, 7, 8 129, 130 17, 28

2 3 Binary input change with relative time 1 6, 7, 8 129 17, 28

10 0 Binary output—All variations 1 0, 1, 6, 7, 8

10 1 Binary output

10 2a Binary output status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control block—All variations

12 1 Control relay output block 3, 4, 5, 6 17, 28 129 echo of 
request

12 2 Pattern control block 3, 4, 5, 6 7 129 echo of 
request

12 3 Pattern mask 3, 4, 5, 6 0, 1 129 echo of 
request

Table 16.8 Relay DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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20 0 Binary counter—All variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 1 32-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 2 16-Bit binary counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

20 3 32-Bit delta counter

20 4 16-Bit delta counter

20 5 32-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 6a 16-Bit binary counter without flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

20 7 32-Bit delta counter without flag

20 8 16-Bit delta counter without flag

21 0 Frozen counter—All variations

21 1 32-Bit frozen counter

21 2 16-Bit frozen counter

21 3 32-Bit frozen delta counter

21 4 16-Bit frozen delta counter

21 5 32-Bit frozen counter with time of freeze

21 6 16-Bit frozen counter with time of freeze

21 7 32-Bit frozen delta counter with time of freeze

21 8 16-Bit frozen delta counter with time of freeze

21 9 32-Bit frozen counter without flag

21 10 16-Bit frozen counter without flag

21 11 32-Bit frozen delta counter without flag

21 12 16-Bit frozen delta counter without flag

22 0 Counter change event—All variations 1 6, 7, 8

22 1 32-Bit counter change event without time 1 6, 7, 8 129 17, 28

22 2a 16-Bit counter change event without time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit delta counter change event without time

22 4 16-Bit delta counter change event without time

22 5 32-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 6 16-Bit counter change event with time 1 6, 7, 8 129 17, 28

22 7 32-Bit delta counter change event with time

22 8 16-Bit delta counter change event with time

23 0 Frozen counter event—All variations

23 1 32-Bit frozen counter event without time

23 2 16-Bit frozen counter event without time

23 3 32-Bit frozen delta counter event without time

23 4 16-Bit frozen delta counter event without time

Table 16.8 Relay DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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23 5 32-Bit frozen counter event with time

23 6 16-Bit frozen counter event with time

23 7 32-Bit frozen delta counter event with time

23 8 16-Bit frozen delta counter event with time

30 0 Analog input—All variations 1 0, 1, 6, 7, 8, 
17, 28

30 1b 32-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 2b 16-Bit analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129, 130 0, 1, 17, 28

30 3b 32-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 4b 16-Bit analog input without flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 5b Single-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

30 6b Double-precision floating-point analog input with flag 1 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

31 0 Frozen analog input—All variations

31 1 32-Bit frozen analog input

31 2 16-Bit frozen analog input

31 3 32-Bit frozen analog input with time of freeze

31 4 16-Bit frozen analog input with time of freeze

31 5 32-Bit frozen analog input without flag

31 6 16-Bit frozen analog input without flag

32 0 Analog change event—All variations 1 6, 7, 8

32 1b 32-Bit analog change event without time 1 6, 7, 8 129 17, 28

32 2b 16-Bit analog change event without time 1 6, 7, 8 129, 130 17, 28

32 3 32-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 4 16-Bit analog change event with time 1 6, 7, 8 129 17, 28

32 5b Single-precision floating-point analog change event with-
out time

1 6, 7, 8 129 17, 18

32 6b Double-precision floating-point analog change event 
without time

1 6, 7, 8 129 17, 18

32 7b Single-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

32 8b Double-precision floating-point analog change event with 
time

1 6, 7, 8 129 17, 28

33 0 Frozen analog event—All variations

33 1 32-Bit frozen analog event without time

33 2 16-Bit frozen analog event without time

33 3 32-Bit frozen analog event with time

33 4 16-Bit frozen analog event with time

Table 16.8 Relay DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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34 0 Analog input deadband—All variations 1 0, 1, 6, 7, 8, 
17, 28

34 1 16-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 2a 32-Bit analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

34 3 Single-precision floating-point analog input deadband 1, 2 0, 1, 6, 7, 8, 
17, 28

129 0, 1, 17, 28

40 0 Analog output status—All variations 1 0, 1, 6, 7, 8

40 1 32-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2a 16-Bit analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Single-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Double-precision floating-point analog output status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog output block—All variations

41 1 32-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 2 16-Bit analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 3 Single-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

41 4 Double-precision floating-point analog output block 3, 4, 5, 6 17, 28 129 echo of 
request

50 0 Time and date—All variations

50 1 Time and date 1, 2 7, 8 
index = 0

129 07, 
quantity = 1

50 2 Time and date with interval

50 3 Time and date at last recorded time 2 7
quantity = 1

129

51 0 Time and date CTO—All variations

51 1 Time and date CTO 129 07, 
quantity = 1

51 2 Unsynchronized time and date CTO 129 07, 
quantity = 1

52 0 Time delay—All variations

52 1 Time delay, coarse  

52 2 Time delay, fine 129 07, 
quantity = 1

60 0 All classes of data 1, 20, 21, 22 6, 7, 8

60 1 Class 0 data 1, 22 6, 7, 8

60 2 Class 1 data 1, 20, 21, 22 6, 7, 8

60 3 Class 2 data 1, 20, 21, 22 6, 7, 8

60 4 Class 3 data 1, 20, 21, 22 6, 7, 8

70 1 File identifier

80 1 Internal indications 2 0, 1 
index = 4, 7

Table 16.8 Relay DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes
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Device Profile
The DNP3 Device Profile document, available on the supplied DVD or as a 
download from the SEL website, contains the standard device profile information 
for the relay. This information is also available in XML format. Please refer to 
this document for complete information on DNP3 Protocol support in the relay.

Reference Data Map
Table 16.9 shows the common portions of the relay DNP3 reference data map. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete DNP3 reference map for that relay. You can use the 
default map or the custom DNP3 mapping functions of the relay to include only 
the points required by your application.

The entire Relay Word bit table (see Section 11: Relay Word Bits in the product-
specific instruction manual) is part of the DNP3 reference map. You may include 
any label in the Relay Word bit table as part of a DNP3 custom map.

The relay scales analog values by the indicated settings or fixed scaling. Analog 
inputs for event (fault) summary reporting use a default scale factor of 1 and 
deadband of ANADBM. Per-point scaling and deadband settings specified in a 
custom DNP3 map will override defaults.

81 1 Storage object

82 1 Device profile

83 1 Private registration object

83 2 Private registration object descriptor

90 1 Application identifier

100 1 Short floating point

100 2 Long floating point

100 3 Extended floating point

101 1 Small packed binary—Coded decimal

101 2 Medium packed binary—Coded decimal

101 3 Large packed binary—Coded decimal

112 All Virtual terminal output block 2 6

113 All Virtual terminal event data 1 6 129, 130 17, 28

N/A No object required for the following function codes: 

13 cold start 

14 warm start 

23 delay measurement

13, 14, 23

a Default variation.
b Setting AIVAR determines default variation.

Table 16.8 Relay DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description
Requesta Responsea

Funct. Codes Qual. Codes Funct. Codes Qual. Codes



16.18

SEL-400 Series Relays Instruction Manual Date Code 20230830

DNP3 Communication
DNP3 Documentation

                    

Table 16.9 Relay DNP3 Reference Data Map (Sheet 1 of 2)

Object Label Description

Binary Inputs

01, 02 RLYDIS Relay disabled

01, 02 STFAIL Relay diagnostic failure

01, 02 STWARN Relay diagnostic warning

01, 02 STSET Settings change or relay restart

01, 02 UNRDEV New relay event available

01, 02 NUNREV An unread event exists, newer than the event in the event summary AIs

01, 02 LDATPFW Leading true power factor A-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDBTPFW Leading true power factor B-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LDCTPFW Leading true power factor C-Phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 LD3TPFW Leading true power factor three-phase, Terminal W (1 if leading, 0 if lagging or zero)

01, 02 Relay Word Relay Word bit label

Binary Outputs

10, 12 RB01–RBnn Remote bits RB01–RBnna

10, 12 RB01:RB02

RB03:RB04

RB05:RB06 

•

•

•

RBmm:RBnn

Remote bit pairs RB01–RBnna

10, 12 OCm Pulse open Circuit Breaker m commandb

10, 12 CCm Pulse close Circuit Breaker m commandb

10, 12 OCm:CCm Open/close pair for Circuit Breaker mb

10, 12 89OC01–89OCdd Open Disconnect Switch Control 1–ddc

10, 12 89CC01–89CCdd Close Disconnect Switch Control 1–ddc

10, 12 89OC01:89CC01 
89OC02:89CC02 
89OC03:89CC03

•

•

•

89OCdd:89CCdd

Open/close Disconnect Switch Control Pair 1–ddc

10, 12 RST_DEM Reset demandsd

10, 12 RST_PDM Reset demand peaksd

10, 12 RST_ENE Reset energiesd

10, 12 RSTMML Reset min/max metering data for the lined

10, 12 RSTMMBm Reset min/max metering data for Circuit Breaker md

10, 12 RST_BKm Reset Breaker m monitor datad

10, 12 RST_BAT Reset battery monitor datad

10, 12 RST_79C Reset recloser shot counterd

10, 12 RSTFLOC Reset fault location datad

10, 12 RSTTRGT Reset front-panel targetsd
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Device Attributes (Object 0)
Table 16.8 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the relay will send attributes that apply to that par-
ticular DNP3 session. Because the relay supports custom DNP3 maps, these val-
ues will likely be different for each session.

The relay uses its internal settings for the following variations:

➤ Variation 245—SID Global setting

➤ Variation 246—DNPID port setting

➤ Variation 247—RID Global setting

Binary Inputs
Binary inputs (Objects 1 and 2) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. The relay will respond to an Object 2, 
Variation 3 request, but the response will contain no data.

The relay scans binary inputs approximately twice per second to generate DNP3 
change events. When time is reported with these event objects, it is the time at 
which the scanner observed the bit change. This may be significantly delayed 
from when the original source changed and should not be used for sequence-of-
events determination. Binary inputs registered with SER are derived from the 
SER process and carry the time stamp of actual occurrence. Some additional 
binary inputs are available to DNP3, most without SER time stamps. For exam-
ple, RLYDIS is derived from the relay status variable, STWARN and STFAIL are 
derived from the diagnostic task data, and UNRDEV and NUNREV are derived 
from the event queue. Another binary input, STSET, is derived from the SER and 
carries the time stamp of actual occurrence.

10, 12 RSTDNPE Reset (clear) DNP3 event summary AIsd

10, 12 NXTEVE Load next fault event into DNP3 event summary AIs

Binary Counters

20, 22 ACTGRP Active settings group

NOTE: Additional binary counters are relay-specific. See the relay instruction manual to see what counter objects are available.

Analog Inputs

NOTE: The analog inputs available is relay dependent. See the relay instruction manual to determine what analog inputs are available.

Analog Outputs 

40, 41 ACTGRP0 Active settings group

40, 41 TECORRe Time-error preload value

40, 41 RA001–RA256 Remote analogs

a The number of remote bits available, nn, depends on the specific relay. See the relay instruction manual to see how many are available.
b The number of breakers to control and their designations, m, depends on the specific relay. See the relay instruction manual to determine 

which breakers are available.
c The number of disconnect controls, dd, available depends on the relay. See the relay instruction manual to determine how many disconnects 

are supported. Not all SEL-400 series relays support disconnect controls.
d Not all SEL-400 series relays support all of these resets. See the relay instruction manual to see which specific controls are available.
e In milliseconds, –30000  time  30000. When writing to this value, the Relay Word bit PLDTE asserts for approximately 1.5 cycles.

Table 16.9 Relay DNP3 Reference Data Map (Sheet 2 of 2)

Object Label Description
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Binary Outputs
Binary output status (Object 10, Variation 2) is supported as defined by 
Table 16.8. Static reads of points RB01–RBnn, OCm, CCm, 89OC01–89OCdd, 
and 89CC01–89CCdd respond with the online bit set and the state of the 
requested bit. Reads from control-only binary output points (such as the data 
reset controls RSTTRGT and RSTDNPE) respond with the online bit set and a 
state of 0. 

The relay supports control relay output block objects (Object 12, Variation 1). 
The control relays correspond to the remote bits and other functions as shown 
above. Each DNP3 control message contains a trip/close code (TRIP, CLOSE, or 
NUL) and an operation type (PULSE ON, LATCH ON, LATCH OFF, or NUL). 
The trip/close code works with the operation type to produce set, clear, and pulse 
operations.

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, and 
single-point controls follow the complementary latch or activation model. In the 
complementary two-output model, paired points only support close or trip opera-
tions, which, when issued, will pulse on the first or second point in the pair, 
respectively. Latch commands and pulse operations without a trip code are not 
supported. An operation in progress may be canceled by issuing a NUL trip/close 
code with a NUL operation type. Single output points support both pulse and 
latch operations. See Control Point Operation on page 16.20 for details on con-
trol operations.

The status field is used exactly as defined. All other fields are ignored. A pulse 
operation is asserted for a single processing interval. You should exercise caution 
if sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this may result in some of the pulse commands being ignored and the 
return of an already active status message. The relay will only honor the first ten 
points in an Object 12, Variation 1 request. Any additional points in the request 
will return the DNP3 status code TOO_MANY_OBJS.

The relay also supports pattern control blocks (Object 12, Variations 2 and 3) to 
control multiple binary output points. Variation 2 defines the control type (trip/
close, set/clear, or pulse) and the range of points to operate. Variation 3 provides 
a pattern mask that indicates which points in that range should be operated. 
Object 12, Variations 2 and 3 define the entire control command: the DNP3 mas-
ter must send both for a successful control. For example, the DNP3 master sends 
an Object 12, Variation 2 message to request a trip of the range of indices 0–7. 
The DNP3 master then sends an Object 12, Variation 3 message with a hexadeci-
mal value of “BB” as the pattern mask (converted to binary notation: 10111011). 
Read right to left in increasing bit order, the pattern block control command will 
result in a TRIP of indexes 0, 1, 3 to 5, and 7.

Control Point Operation
Use the trip and close, latch on/off and pulse on operations with Object 12 con-
trol relay output block command messages to operate the binary output points. 
See Section 10: Communications Interfaces in the product-specific instruction 
manual for a complete table of object 12 controls available in that relay. Pulse 
operations provide a pulse with duration of one protection processing interval. 
Cancel an operation in progress by issuing a NUL trip/close code with a NUL 
operation type.
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Analog Inputs
Analog inputs (Objects 30 and 32) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is defined by the AIVAR 
(AIVARn for DNP3 LAN/WAN session n) setting. Only the Read function code 
(1) is allowed with these objects.

NOTE: Sequence current quantities 
are forced to 0 if the value is below 
0.5 percent of INOM.

Unless otherwise indicated, analog values are reported in primary units. Voltage 
magnitudes below 0.10 volts secondary and current magnitudes below 
0.5 percent of INOM are forced to 0, as are their corresponding angles. Default 
scaling is indicated in the product-specific instruction manual, but default scaling 
can be overridden by per-point scaling in a custom DNP3 map. The DECPLA, 
DECPLV, and DECPLM settings are the default scaling factors (in powers of 10) 
for current magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. See Configurable Data Mapping on page 16.23 for more information.

Default deadbands are also indicated in the product-specific instruction manual 
and may be overridden by per-point deadband configuration. In general, the 
ANADBA, ANADBV, and ANADBM settings are the default deadbands for cur-
rent magnitudes, voltage magnitudes, and miscellaneous magnitudes, respec-
tively. Deadbands are applied after any custom or default scaling factors. Events 
are generated when values exceed deadbands.

Reading Relay Event Data
The relay provides protective relay event history information in one of two 
modes: single-event or multiple-event access. Each DNP3 session begins in the 
mode specified by Port setting EVEMODn (where n = 1–6 for Ethernet sessions 
and not present for serial sessions). The selected mode is entered when the relay 
is first enabled, when there is a DNP3 settings change, a DNP3 map change, or 
an SER settings change. When EVEMODn = SINGLE, the relay powers up in 
single-event mode. When EVEMODn = MULTI, the relay powers up in multiple-
event mode. A DNP3 session will switch to multiple-event mode if the session 
DNP3 master sends a control to the NXTEVE binary output control point. The 
DNP3 session will revert to the default mode after a power cycle or relay restart.

When a relay event occurs, (TRIP asserts, ER asserts, or TRI asserts) whose fault 
location is in the range of MINDIST to MAXDIST, the data shall be made avail-
able to DNP3. If MINDIST is set to OFF, then there is no minimum. Similarly, if 
MAXDIST is set to OFF, there is no maximum.

In either mode, DNP3 events for all event summary analog inputs will be gener-
ated if any of them change beyond their deadband value after scaling (usually 
whenever a new relay event occurs and is loaded into the event summary analog 
inputs). Events are detected approximately twice a second by the scanning process.

The specific fault data available and its encoding is relay-specific. See Section 
10: Communications Interfaces in the product-specific instruction manual for 
information on the relay reports fault data.

Single-Event Mode
Single-event mode provides the most recent tripping event. When a relay event 
occurs and FLOC is in range of MINDIST and MAXDIST, these data regions are 
copied to the DNP3 fault summary analog inputs, generating appropriate DNP3 
events. The relay shall then ignore any subsequent events for EVELOCK (Global 
setting) time. When the EVELOCK setting is zero, single-event mode effectively 
acts as a zero-buffer FIFO queue. In this mode, relay events are presented to gen-
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erate DNP3 events for the fault summary analog inputs as they occur. Fault sum-
mary analog inputs shall be reset to 0 on a rising edge of RSTDNPE (Global 
SELOGIC equation result). The relay element EVELOCK shall be set when a 
relay event is triggered and reset when EVELOCK time expires.

Multiple-Event Mode
Relay multiple-event summary data can be read in two ways: first in, first out 
(FIFO); or last in, first out (LIFO).

See FIFO on page 16.22 and LIFO on page 16.22 below for procedures to 
retrieve relay events that occur when FLOC is in range of MINDIST and MAX-
DIST. Event retrieval as shown below is a manual monitor, control, and poll pro-
cess. A DNP3 master can collect relay event summaries by using event data 
rather than the static data polling described below. For best results, the master 
must control the NXTEVE binary output no faster than once every two seconds 
to load a new event into the event summary analog inputs. If the NXTEVE binary 
output is controlled at a faster rate, some DNP3 events may not be recognized 
and processed by the DNP3 event scanner.

FIFO
Multiple-event FIFO mode shall be initiated if the DNP3 session master operates 
the NXTEVE (next event) control. The master should monitor the UNRDEV 
binary input point, which will be asserted when there is an unread relay event 
summary. The NUNREV bit will also be asserted as long as there remain any 
unread events newer than the currently loaded event summary. To read the oldest 
unread relay event summary, the master should send a close, latch on, or pulse on 
control to the NXTEVE binary output point. This will load the relay event sum-
mary analogs with information from the oldest relay event summary, discarding 
the values from the previous load.

After reading the analogs, the master should again check the UNRDEV binary 
input point, which will be on if there is another unread relay event summary. The 
master should continue this process until the UNRDEV binary input point deas-
serts. If the master attempts to load values by controlling the NXTEVE output 
point when the UNRDEV binary input point is deasserted, the relay event type 
analog (FTYPE) will be loaded with zero. With the FIFO method, the relay event 
summaries will always be collected in chronological order.

LIFO
Multiple-event LIFO mode event summary retrieval is similar to FIFO retrieval, 
with the following difference: to read the newest unread relay event summary, the 
master should send a latch off control to the NXTEVE binary output point. As 
with FIFO retrieval, the master should monitor the UNRDEV binary input to 
determine if there are any unread events. Users must be aware of one caveat with 
LIFO retrieval: if an event occurs while in the process of reading the newest 
event(s) event collection will no longer continue in reverse chronological order. 
The next event read will be the newest event, and will proceed with the next new-
est, but any events that have already been read shall be skipped. The NUNREV 
bit will be asserted if this happens, signifying that the currently loaded event 
summary is no longer the newest event.
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Analog Outputs
Analog outputs (Objects 40 and 41) are supported as defined by Table 16.8. The 
default variation for both static and event inputs is Variation 2. If an invalid value 
is written, the relay will ignore the value without generating an error.

The relay will only honor the first ten points in a request. Any additional points in 
the request will be ignored without generating an error.

Counters
Counters (Object 20 and 22) are supported as defined by Table 16.8. The default 
variation for Object 20 is Variation 6, and Variation 2 is the default for Object 22. 
Counters shall only support the Read function code (1). A Read of Object 21 will 
receive a Null response. The default deadband is 0, which may be overridden by a 
per-point deadband in a custom map. Scaling for counters is always 1.

Default Data Map
See Section 10: Communications Interfaces in the product-specific instruction 
manual to see the relay default map. If the default maps are not appropriate, you 
can also use the custom DNP3 mapping commands SET D n and SHOW D n, 
where n is the map number, to edit or create the map required for your application.

Configurable Data Mapping
One of the most powerful features of the relay DNP3 implementation is the abil-
ity to remap DNP3 data and, for analog and counter inputs, specify per-point 
scaling and deadbands. Remapping is the process of selecting data from the 
default or reference map and organizing it into a data set optimized for your 
application. The relay uses point labels rather than point indexes in a reference 
map to streamline the remapping process. This enables you to quickly create a 
custom map without having to search for point indexes in a large reference map.

You may use any of the five available DNP3 maps to exchange data with any 
DNP3 master. Each map is initially populated with default data points, as 
described in the Default DNP3 Map. You may remap the points in a default map 
to create a custom map with as many as:

➤ 400 binary inputs

➤ 160 binary outputs

➤ 20 counters

➤ 200 analog inputs

➤ 100 analog outputs

Use the settings Class D to access the relay DNP3 map settings shown in DNP3 
Settings—Custom Maps on page 12.19. There are five DNP3 maps available to 
customize, or leave as default.

The mapping settings are entered in a line-based freeform format. An example of 
these settings is shown in Figure 16.4. You can program a custom scaling and 
deadband for each point where indicated. If you do not specify a custom scaling 
or deadband, the relay will use the default for the type of value you are mapping. 
For example, if you enter the label 3P_F in Row 1 of the custom analog map with 
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no other parameters, the power in MW will be available as Objects 30 and 32, 
Index 0 and the relay will use the default scaling DECPLM and default deadband 
of ANADBM.

You can use the SHOW D x command to view the DNP3 data map settings, 
where x is the DNP3 map number from 1 to 5. See Figure 16.4 for an example 
display of Map 1.

                    

You can use the SET D x command (where x is the map number), to edit or create 
custom DNP3 data maps. You can also use QuickSet, which is recommended for 
this purpose.

See the Reference Map to determine the available choices for each object type.

For binary inputs, a value of 0 or 1 may be used instead of a label; this will cause 
the relay to report that value for that point. Similarly, for counters and analog 
inputs, a value of 0 may be used instead of a label, which will cause the relay to 
report 0 for that point. A NOOP can be used as a placeholder for binary or analog 
outputs-control of a point with this label does not change any relay values nor 
respond with an error message. Duplicate point labels are not allowed within a 
map, except for the values 0 or 1 or NOOP.

=>>SHO D 1 <Enter>
DNP 1

DNP Object Default Map Enables

MINDIST := OFF MAXDIST := OFF

Binary Input Map
(Binary Input Label)

1: EN_RLY
2: TRIPLED
•
•
•
13: RB04
14: RB05
15: RB06

Binary Output Map
(Binary Output Label)

1: RB01
2: RB02
•
•
•
5: RB05
6: RB06

Counter Map
(Counter Label, Deadband)

1: ACTGRP

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: IAWFMC
2: IAWFAC
•
•
•
15: 3SWFC
16: VDC1

Analog Output Map
(Analog Output Label)

1: ACTGRP

Figure 16.4 Sample Response to SHO D Command
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You can customize the DNP3 analog input map with per-point scaling and dead-
band settings. Class scaling (DECPLAn, DECPLVn, and DECPLMn) and dead-
band settings (ANADBAn, ANADBVn, and ANADBMn) are applied to indices 
that do not have per-point entries. Per-point scaling overrides any class scaling 
and deadband settings. Unlike per-point scaling, class-level scaling is specified 
by an integer in the range 0–3 (inclusive), which indicates the number of decimal 
place shifts. In other words, you should select 0 to multiply by 1, 1 for 10, 2 for 
100, or 3 for 1000.

NOTE: The settings above contain 
the DNP3 LAN/WAN session suffix n. 
This suffix is not present in serial port 
DNP3 settings.

Scaling factors allow you to overcome the limitations imposed, by default, of the 
integer nature of Objects 30 and 32. For example, DNP3, by default, truncates a 
value of 11.4 A to 11 A. You may use scaling to include decimal point values by 
multiplying by a power of 10. For example, if you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master 
to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer value 
of 32767. For example, if you have a value that can reach 157834, you cannot 
send it using DNP3 16-bit analog object variations. You could use a scaling factor 
of 0.1 so that the maximum value reported is 15783. You can then multiply the 
value by 10 in the master to see a value of 157830. You will lose some precision 
as the last digit is dropped in the scaling process, but you can transmit the scaled 
value by using the default variations for DNP3 Objects 30 and 32.

If your DNP3 master has the capability to request floating-point analog input 
variations, the relay will support them. These floating-point variations, 5 and 6 
for Object 30 and 5–8 for Object 32, allow the transmission of 16- or 32-bit 
floating-point values to DNP3 masters. When used, these variations eliminate the 
need for scaling and maintain the resolution of the relay analog values. Note that 
this support is greater than DNP3 Level 4 functionality, so you must confirm that 
your DNP3 master can work with these variations before you consider using 
floating-point analog variations.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SET D command for analog inputs. Alterna-
tively, you can use the QuickSet software to simplify custom data map creation. 
The example uses quantities available in the SEL-411L, but similar operations 
can be performed on any SEL-400 series relay.

Consider a case where you want to set the analog input points in a map as shown 
in Table 16.10.

                    

To set these points as part of custom map 1, you can use the SET D 1 TERSE 
command as shown in Figure 16.5.

Table 16.10 Sample Custom DNP3 Analog Input Map

Point Index Description Label Scaling Deadband

0 Fundamental IA magnitude LIAFM Default Default

1 Fundamental IB magnitude LIBFM Default Default

2 Fundamental IC magnitude LICFM Default Default

3 Fundamental IC magnitude LIAFM Default Default

4 Fundamental three-phase power 3P_F 5 Default

5 Fundamental A-Phase magnitude VAFM Default Default

6 Fundamental A-Phase angle VAFA 1 15

7 Frequency FREQ 0.01 1
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DNP3 Serial Application Example
Application

This example uses an SEL-421 connected to an RTU over an EIA-485 network. 
The RTU collects basic metering information from the relay and other devices. 
The network for this example is shown in Figure 16.6.

                    

The metering and status data that the RTU collects from the relay are listed in 
Table 16.11.

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ?
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ?

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)
1:
? LIBFM <Enter>
2:
? LICFM <Enter>
3:
? LIAFM <Enter>
4:
? 3P_F,5 <Enter>

5:
? VAFM <Enter>
6:
? VAFA,1,15 <Enter>
7:
? FREQ,.01,1 <Enter>
8:
? END
Save settings (Y,N) ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved

Figure 16.5 Sample Custom DNP3 Analog Input Map Settings

                    

Figure 16.6 DNP3 Application Network Diagram

To SCADA Control Center
RTU

SEL-2030

SEL-421 DNP3 IED

Non-DNP3 IED Non-DNP3 IED
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Table 16.11 DNP3 Application Example Data Map

Label Object
Custom 

Map Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OC1:CC1 10, 12 6 Circuit Breaker 1 trip/close pair

LIAFM 30, 32 0 IA magnitude

LIAFA 30, 32 1 IA angle

LIBFMa

a Assume the largest expected current is 2000 A and scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

30, 32 2 IB magnitude

LIBFAb

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.

30, 32 3 IB angle

LICFMa 30, 32 4 IC magnitude

LICFAb 30, 32 5 IC angle

VAFMc

c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 
of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.

30, 32 6 VAY magnitude

VAFAb 30, 32 7 VAY angle

VBFMc 30, 32 8 VBY magnitude

VBFAb 30, 32 9 VBY angle

VCFMc 30, 32 10 VCY magnitude

VCFAb 30, 32 11 VCY angle

3P_Fd

d For a maximum load of 800 MW (or 800 mVar), scale the power by a factor of 40 to provide a 
resolution of 0.025 MW and a maximum value of 819.175 MW. Report 1 MW for change event 
reporting.

30, 32 12 Three-phase real power in MW

3Q_Fd 30, 32 13 Three-phase reactive power in MVAR

DC1e

e VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

30, 32 14 DC1 voltage multiplied by 100

ACTGRP 40 0 Active settings group
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Settings
Figure 16.7 shows how to enter the new map into the relay. Use the SET D com-
mand and enter N at the prompts shown in Figure 16.7 to allow changes to the 
existing maps. Press <Enter> at the empty line prompt to advance to the next 
map. For example, press <Enter> at line 10 of the Binary Input Map to advance 
to the Binary Output Map. If the prompt contains an entry, you can enter the 
greater-than symbol (>) and press <Enter> to advance to the next step.

                    

=>>SET D 1 TERSE <Enter>
DNP 1

DNP Object Default Map Enables

Min Fault Location to Capture (OFF,-10000 - 10000)   MINDIST := OFF    ? <Enter>
Max Fault Location to Capture (OFF,-10000 - 10000)   MAXDIST := OFF    ? <Enter>

Binary Input Map
(Binary Input Label)

1: RLYDIS
?  DELETE 100 <Enter>
1:
?  EN <Enter>
2:
?  TRIPLED <Enter>
3:
?  IN101 <Enter>
4:
?  IN102 <Enter>
5:
?  IN103 <Enter>

6:
?  IN104 <Enter>
7:
?  SALARM <Enter>
8:
?  HALARM <Enter>
9:
?  TESTDB2 <Enter>
10:
? <Enter>

Binary Output Map
(Binary Output Label)

1: RB01
?  DELETE 100 <Enter>
1:
?  RB01 <Enter>
2:
?  RB02 <Enter>
3:
?  RB03 <Enter>
4:
?  RB04 <Enter>
5:
?  RB05 <Enter>
6:
?  RB06 <Enter>
7:
?  OC1:CC1 <Enter>
8:
? <Enter>

Counter Map
(Counter Label, Deadband)

1: ACTGRP
?
2: BKR1OPA
? DELETE 100 <Enter>
2: 
? <Enter>

Figure 16.7 SEL-421 Example DNP Map Settings



16.29

Date Code 20230830 Instruction Manual SEL-400 Series Relays

DNP3 Communication
DNP3 Serial Application Example

Table 16.12 lists the settings for PORT 3 for this example. The physical connection 
between the relay and the DNP3 master is an EIA-485 network. An SEL-2884 
interface converter on the relay PORT 3 provides conversion from EIA-232 to 
EIA-485. Unsolicited reporting has been disabled because the network is wired 
as a four-wire connection and does not provide carrier detection or the opportu-
nity to monitor for data traffic on the network.

                    

Analog Input Map
(Analog Input Label, Scale Factor, Deadband)

1: LIAFM
?  <Enter>
2: LIAFA
?  LIAFA,1,200 <Enter>
3: LIBFM
? <Enter>
4: LIBFA
?  LIBFA,1,200 <Enter>
5: LICFM
? <Enter>
6: LICFA
?  LICFA,1,200 <Enter>
7: B1IAFM
?  VAFM <Enter>
8: B1IAFA
?  VAFA,1,200 <Enter>

9: B1IBFM
?  VBFM <Enter>
10: B1IBFA
?  VBFA,1,200 <Enter>
11: B1ICFM
?  VCFM <Enter>
12: B1ICFA
?  VCFA,1,200 <Enter>
13: B2IAFM
?  3P_F,40,40 <Enter>
14: B2IAFA
?  3Q_F,40,40 <Enter>
15: B2IBFM
?  DC1,,200 <Enter>
16: B2IBFA
?  DELETE 200 <Enter>
16:
? <Enter>

Analog Output Map
(Analog Output Label)

1: ACTGRP
? <Enter>
2:
? <Enter>

Save settings (Y,N)  ?Y <Enter>
Saving Settings, Please Wait...........
Settings Saved
=>>

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable port

EPAC N Enable port access control

MAXACC 2 Maximum access level for virtual terminal sessions

PROTO DNP DNP3 protocol

SPEED 9600 Data speed

PARITY N No parity bit

STOPBIT 1 1 stop bit

TIMEOUT 5 Time out virtual terminal session after 5 minutes

TERTIM1 1 Check for termination after 1 second idle time

Figure 16.7 SEL-421 Example DNP Map Settings (Continued)
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In this example, the polling method employed by the RTU DNP3 master is polled 
report-by-exception. The master device normally polls for events only. Once 
every 25 event polls, the master polls for Class 0 data (status of all points). This 
polling method allows the master to collect data efficiently from the IEDs by not 
continuously polling and receiving data that are not changing.

TERSTRN “\005” Virtual terminal termination string

TERTIM2 0 No delay before accepting termination string

DNPADR 101 DNP3 address = 101

DNPID “RELAY1-DNP” DNP ID for Object 0 self-description

DNPMAP 1 Use DNP3 Map 1

ECLASSB 1 Event Class 1 for binary event data

ECLASSC 1 Event Class 1 for counter event data

ECLASSA 1 Event Class 1 for analog event data

ECLASSV OFF Disable virtual terminal event data (this feature is not 
supported by the DNP3 master)

TIMERQ I Ignore time-set request because IRIG-B is used for 
time synchronization

DECPLA 1 Scale current, multiplying by 10 to send amperes and 
tenths of an ampere. The relay would report a value of 
10.4 as 104, which would remain unscaled at the mas-
ter. 

DECPLV 2 Scale voltage, multiplying by 100 to send kilovolts, 
tenths, and hundredths of a kilovolt

DECPLM 2 Scale miscellaneous analog data, multiplying by 100 
to send whole numbers and hundredths. The relay 
would report a value of 5.25 as 525, which would 
remain unscaled at the master.

STIMEO 10.0 10 second select before operate time-out

DRETRY OFF Turn off data link retries

MINDLY 0.05 Minimum delay from DCD to TX

MAXDLY 0.10 Maximum delay from DCD to TX

PREDLY 0.025 Settle time from RTS on to TX to allow EIA-485 
transceiver to switch to transmit mode

PSTDLY 0.00 Settle time from TX to RTS off—not required in this 
application

DNPCL Y Enable controls for DNP3

AIVAR 2 Default AI variation

ANADBA 50 Analog reporting deadband for currents, 5 A based on 
DECPLA scaling factor

ANADBV 100 Analog reporting deadband for voltages, 1 kV based 
on DECPLV scaling factor

ANADBM 100 Miscellaneous analog value deadband, based on 
DECPLM scaling factor

ETIMEO 10 Event Message Confirm Time-Out, 10 seconds

UNSOL N Unsolicited reporting disabled (data retrieval method 
is polled report-by-exception)

MODEM N No modem connected to port

Table 16.12 SEL-421 PORT 3 Example Settings (Sheet 2 of 2)

Setting Name Setting Description
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DNP3 LAN/WAN Application Example
Application

This example uses an SEL-487E connected to an RTU over an Ethernet (TCP) 
network. The RTU collects basic metering information from the relay. The net-
work for this example is shown in Figure 16.8.

                    

The polling method employed by the RTU DNP3 master is polled report-by-
exception, so it normally only does event polls. Once every 25 event polls, the 
master polls for Class 0 data (status of all points). This polling method allows the 
master to collect data efficiently from the IEDs by only polling and receiving data 
that has changed.

The RTU, which will act as the DNP3 master to the SEL-487E outstation, has an 
IP address of 192.9.0.3 and a DNP3 address of 12. The SEL-487E should be 
assigned an IP address of 192.9.0.2, default router of 192.9.0.1, and DNP3 
address of 101.

All event data (analog, binary, counter) should be assigned to CLASS 1. All 
Binary Inputs should have SOE-quality time stamps.

The desired DNP3 data map is shown in Table 16.13.

                    

                    

Figure 16.8 DNP3 LAN/WAN Application Example Ethernet Network

Table 16.13 DNP3 Application Example Data Map (Sheet 1 of 2)

Label Object
Custom Map 

Index
Description

EN 1, 2 0 Relay enabled

TRIPLED 1, 2 1 Circuit Breaker tripped

IN101 1, 2 2 Relay Discrete Input 1

IN102 1, 2 3 Relay Discrete Input 2

IN103 1, 2 4 Relay Discrete Input 3

IN104 1, 2 5 Relay Discrete Input 4

SALARM 1, 2 6 Relay software alarm

HALARM 1, 2 7 Relay hardware alarm

TESTDB2 1, 2 8 Test mode enabled

RB01 10, 12 0 Remote Bit 1

RB02 10, 12 1 Remote Bit 2

RB03 10, 12 2 Remote Bit 3

RB04 10, 12 3 Remote Bit 4

RTUTo SCADA Network  Switch

SEL-2030SEL-487E

Non-DNP3 IED Non-DNP3 IED
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Settings
Use SEL Grid Configurator to enter the DNP3 protocol settings and new data map into 
the relay.

                    

RB05 10, 12 4 Remote Bit 5

RB06 10, 12 5 Remote Bit 6

OCS:CCS 10, 12 6 Circuit Breaker S trip/close pair

IASFMC 30, 32 0 A-Phase Current magnitude

IASFAC 30, 32 1 A-Phase Current angle

IBSFMCa 30, 32 2 B-Phase Current magnitude

IBSFACb 30, 32 3 B-Phase Current angle

ICSFMCa 30, 32 4 C-Phase Current magnitude

ICSFACb 30, 32 5 C-Phase Current angle

VAVFMC 30, 32 6 VA Phase Voltage magnitude, Terminal V

VAVFACb 30, 32 7 VA Phase Voltage angle, Terminal V

VBVFMCc 30, 32 8 VB Phase Voltage magnitude, Terminal V

VBVFACb 30, 32 9 VB Phase Voltage angle, Terminal V

VCVFMCc 30, 32 10 VC Phase Voltage magnitude, Terminal V

VCVFACb 30, 32 11 VC Phase Voltage angle, Terminal V

VDCd 30, 32 12 VDC voltage multiplied by 100

ACTGRP 40 0 Active settings group

a Assume the largest expected current is 2000 A, scale the analog value by a factor of 10 to 
provide a resolution of 0.1 A and a maximum current of 3276.7 A. Report change events on a 
change of 5 A.

b Angles are scaled to 1/100 of a degree. Report change events on a change of 2 degrees.
c For a nominal voltage of 230 kV, scale the analog value by a factor of 100 to provide a resolution 

of 10 V and a maximum value of 327.67 kV. Report 1 kV for change event reporting.
d VDC1 is scaled by a factor of 1/100 of a volt. Report change events on a change of 2 V.

Table 16.13 DNP3 Application Example Data Map (Sheet 2 of 2)

Label Object
Custom Map 

Index
Description

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 1 of 2)

Setting Name Setting Description

EPORT Y Enable Ethernet port

IPADDR 192.9.0.2/16 Relay IP address and network in classless inter-domain routing (CIDR) notation

DEFRTR 192.9.0.1 Default router

EDNP 1 Enable DNP3 LAN/WAN Session 1 

DNPADR 101 DNP3 address for relay is 101

DNPPNUM 20000a DNP3 port number for TCP 

DNPID RELAY1DNP DNP3 ID for Object 0 self-description

DNPIP1 192.9.0.3 DNP3 Master (RTU) IP address

DNPTR1 TCP Use TCP transport

DNPMAP1 1 Use DNP3 Map 1 for DNP3 LAN/WAN Session 1 

CLASSB1 1 Binary event data = Class 1

CLASSC1 1 Counter event data = Class 1
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To meet the requirement for SOE-quality time stamps, enter all binary inputs into 
the SER report. See Figure 16.9 for a screenshot of the process.

CLASSA1 1 Analog event data = Class 1

TIMERQ1 1 Ignore time synchronization requests from DNP3 Master

DECPLA1 2 Scale analog current data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLV1 2 Scale analog voltage data, multiplying by 10 to send whole numbers and tenths. The relay would 
report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

DECPLM1 2 Scale analog miscellaneous data, multiplying by 10 to send whole numbers and tenths. The relay 
would report a value of 5.25 as 525, which would remain unscaled at the master. (102 = 100)

STIMEO1 1.0a 1.0 second to select before operate time-out

DNPINA1 120a Wait 120 seconds to send inactive heartbeat

DNPCL1 Y Allow DNP3 controls for this session

AIVAR1 2 Default AI variation 

ANADBA1 200 Analog deadband counts, set to 2 engineering units, based on DECPLA scaling factor

ANADBV1 200 Analog deadband counts, set to 2 engineering units, based on DECPLV scaling factor

ANADBM1 200 Analog deadband counts, set to 2 engineering units, based on DECPLM scaling factor

ETIMEO1 2a Event message confirm time-out (2 s)

UNSOL1 N Disable unsolicited reporting for Master 1

a Default value.

Table 16.14 DNP3 LAN/WAN Application Example Protocol Settings (Sheet 2 of 2)

Setting Name Setting Description

                    

Figure 16.9 Add Binary Inputs to SER Point List
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IEC 61850 Communication

The relay supports the following features using Ethernet and IEC 61850.

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. The 
relay also supports as many as seven buffered and seven unbuffered 
report control blocks. See Table 17.32 for logical node mapping that 
enables SCADA control (including Setting Group Switch) via a 
MMS browser. Controls support the Direct Normal Security and 
Enhanced Security (Direct or Select Before Operate) control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with as 
many as 128 incoming (receive) and 8 outgoing (transmit) messages. 
Virtual Bits (VB001–VB256) and remote analogs (RA001–RA256) 
can be mapped from incoming GOOSE messages. Remote analog 
outputs (RAO01–RAO64) provide peer-to-peer real-time analog data 
transmission.

➤ Sampled Values—Use Sampled Values (SV) to replace the 
traditional copper wiring between instrument transformers and the 
relay. Connect an SEL SV publisher to CTs and VTs to publish SV. 
Use SV subscriber relays to subscribe to these SV messages. 
SEL-400 series SV products are compliant to the UCA 61850 9-2LE 
guidelines. In accordance with the guideline, each publication 
includes one application service data unit (ASDU), with four current 
and four voltage channels. Supported publication rates are 4.8 kHz 
for a 60 Hz power system and 4 kHz for a 50 Hz power system. SEL 
SV publishers support as many as seven SV streams. SEL SV 
subscriber relays support subscribing to as many as seven streams.

NOTE: The relay ships with a default 
CID file installed, which supports basic 
IEC 61850 functionality. A new CID file 
should be loaded if a change in the 
relay configuration is required. If an 
invalid CID file is transferred, the relay 
will reject the file and revert to the 
previous valid CID file.

➤ Configuration—Use File Transfer Protocol (FTP) client software or 
ACSELERATOR Architect SEL-5032 Software to transfer the 
Substation Configuration Language (SCL) Configured IED 
Description (CID) file to the relay. SEL-400 series SV products also 
support SV configuration via PORT 5 settings.

➤ Commissioning and Troubleshooting—Use software such as MMS 
Object Explorer and AX-S4 MMS from Sisco, Inc., to browse the 
relay logical nodes and verify functionality.

This section presents the information you need to use the IEC 61850 features of 
the relay.

➤ Introduction to IEC 61850 on page 17.2

➤ IEC 61850 Operation on page 17.3

➤ IEC 61850 Configuration on page 17.38

➤ Logical Nodes on page 17.45

➤ Protocol Implementation Conformance Statement on page 17.79

➤ ACSI Conformance Statements on page 17.85

NOTE: The CID file contains only the 
necessary data for the required 
datasets, reports, GOOSE/SV 
publications, subscriptions, and 
supervisions. This helps prevent a CID 
file from exceeding its allocated 
memory. Refer to Section 10: Testing, 
Troubleshooting, and Maintenance for 
more information

NOTE: Not all SEL-400 series relays 
support SV publication or 
subscription.
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Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the Institute 
of Electrical and Electronics Engineers, Inc. (IEEE) began to define a Utility 
Communications Architecture (UCA). They initially focused on inter-control 
center and substation-to-control center communications and produced the Inter-
Control Center Communications Protocol (ICCP) specification. This specifica-
tion, later adopted by the IEC as 60870-6 TASE.2, became the standard protocol 
for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical Committee 
57 of the IEC to create a common international standard. Their joint efforts cre-
ated the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 speci-
fication, plus additional functionality. The standard describes client/server and 
peer-to-peer communications, substation design and configuration, testing, and 
project standards.

The IEC 61850 standard consists of the parts listed in Table 17.1. These parts 
were first published between 2001 and 2004, and they are often referred to as 
IEC 61850 Edition 1 (Ed1). Selected parts of these standards were released in 
2011 and tagged as Edition 2 (Ed2). Some SEL-400 series devices are compliant 
with Ed2. Please refer to the product-specific manual to identify such devices.

It is possible and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backward compatibil-
ity, i.e., Ed2 devices can send and receive messages to and from Ed1 devices. 
However, there are important considerations to be made when adding Ed2 
devices to an existing Ed1 system. Please refer to Potential Client and Automa-
tion Application Issues With Edition 2 Upgrades on page 17.90 for more infor-
mation.

                    

Table 17.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equipment—
Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equipment—
Abstract communication service interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equipment—
Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equipment—
Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM—Mapping to Manufacturing

Messaging Specification (MMS) 

(ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 8802-3)

IEC 61850-9-1 SCSM—Sampled values over serial multidrop point-to-point link
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The IEC 61850 document set, available directly from the IEC at www.iec.ch, 
contains information necessary for successful implementation of this protocol. 
SEL strongly recommends that anyone involved with the design, installation, 
configuration, or maintenance of IEC 61850 systems be familiar with the appro-
priate sections of this standard.

IEC 61850 Operation
IEC 61850 and Ethernet networking model options are available when ordering a 
new relay and may also be available as field upgrades to relays equipped with the 
Ethernet card. In addition to IEC 61850, the Ethernet card provides support pro-
tocols and data exchange, including FTP and Telnet, to SEL devices. Access the 
relay PORT 5 settings to configure all of the Ethernet settings, including IEC 
61850 network settings.

The relay supports IEC 61850 services, including transport of logical node 
objects, over TCP/IP. The relay can coordinate a maximum of seven concurrent 
IEC 61850 MMS sessions.

Object Models
The IEC 61850 standard relies heavily on the Abstract Communication Service 
Interface (ACSI) models to define a set of services and the responses to those ser-
vices. In terms of network behavior, abstract modeling enables all IEDs to act 
identically. These abstract models are used to create objects (data items) and ser-
vices that exist independently of any underlying protocols. These objects are in 
conformance with the common data class (CDC) specification IEC 61850-7-3, 
which describes the type and structure of each element within a logical node. 
CDCs for status, measurements, controllable analogs and statuses, and settings 
all have unique CDC attributes. Each CDC attribute belongs to a set of functional 
constraints that groups the attributes into specific categories such as status (ST) 
and description (DC). Functional constraints, CDCs, and CDC attributes are used 
as building blocks for defining logical nodes. Table 17.2 shows the CDCs sup-
ported in SEL-400 series relays.

                    

IEC 61850-9-2 SCSM—Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table 17.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

Table 17.2 Relay Common Data Classes (Sheet 1 of 2)

CDC Name Description

Status Information

SPS Single point status

DPS Double point status

INS Integer status

ENS Enumerated status

ACT Protection activation information

ACD Directional protection activation information

http://www.iec.ch
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UCA2 used GOMSFE (Generic Object Models for Substation and Feeder Equip-
ment) to present data from station IEDs as a series of objects called models or 
bricks. The IEC working group has incorporated GOMSFE concepts into the 
standard, with some modifications to terminology; one change was the renaming 
of bricks to logical nodes. Each logical node represents a group of data (controls, 
status, measurements, etc.) associated with a particular function. For example, 
the MMXU logical node (polyphase measurement unit) contains measurement 
data and other points associated with three-phase metering including voltages 

BCR Binary counter reading

VSS Visible string status

Measurand Information

MV Measured value

CMV Complex measured value

SAV Sampled value

WYE Phase-to-ground/neutral-related measured 
values of a three-phase system.

DEL Phase-to-phase-related measured values of a 
three-phase system

SEQ Sequence

Status Settings

SPG Single point setting

ING Integer status setting

ENG Enumerated status setting

ORG Object reference setting

TSG Time setting group

CUG Currency setting group

VSG Visible string setting

Analog Settings

ASG Analog setting

CURVE Setting curve

Description Information

DPL Device name plate

LPL Logical node name plate

Controls

SPC Controllable single point

DPC Controllable double point

ENC Controllable enumerated status

INC Controllable integer status

BSC Binary controlled step position information

ISC Integer controlled step position information

APC Controllable analog process value

BAC Binary controlled analog process value

Table 17.2 Relay Common Data Classes (Sheet 2 of 2)

CDC Name Description
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and currents. Each IED may contain many functions such as protection, meter-
ing, and control. Multiple logical nodes represent the functions in multifunction 
devices.

Logical nodes can be organized into logical devices that are similar to directories 
on a computer disk. As represented in the IEC 61850 network, each physical 
device can contain many logical devices and each logical device can contain 
many logical nodes. Many relays, meters, and other IEC 61850 devices contain 
one primary logical device where all models are organized.

IEC 61850 devices are capable of self-description. You do not need to refer to the 
specifications for the logical nodes, measurements, and other components to 
request data from another IEC 61850 device. IEC 61850 clients can request and 
display a list and description of the data available in an IEC 61850 server device. 
Simply run an MMS browser to query devices on an IEC 61850 network and dis-
cover what data are available. Self-description also permits extensions to both 
standard and custom data models. Instead of having to look up data in a profile 
stored in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available data.

Unlike other SCADA that present data as a list of addresses or indices, IEC 
61850 presents data with descriptors in a composite notation made up of compo-
nents. Table 17.3 shows how the A-Phase current expressed as 
MMXU$A$phsA$cVal is broken down into its component parts.

                    

Functional Naming
Substation design typically starts with a one-line diagram and progresses down to 
the assignment of functions to IEDs. In this top-down approach, the functions are 
identified and named independently from the IEDs to which they are assigned. 
Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a logical 
device based on the function it provides independent of the name of the IED to 
which the function is assigned. The alternative is product naming, which pre-
pends the IED name to the logical device instance to create the logical device 
name. The functional name is used on the communications interface for all refer-
ences to data in the logical device.

SEL-400 series relays support functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable functional 
name editing on Server Model tab of supporting IEDs check box, as shown in 
Figure 17.1.

Table 17.3 Example IEC 61850 Descriptor Components

Component Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Subdata Object A-Phase

cVal Data Attribute Complex value

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support for 
this feature before configuring 
functional names in a publishing IED. 
Earlier SEL-400 series relays firmware 
that does not support functional 
naming can subscribe to GOOSE and 
SV publications from IEDs that use 
functional naming.
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To provide functional names to the logical devices, navigate to the Server Model 
tab for the IED. Because datasets and control blocks are in the CFG logical 
device, any functional name given to the CFG logical device instance is used in 
dataset references, control block references, and in published GOOSE messages, 
as shown in Figure 17.2. The IED Server Model also allows the user to change 
the default logical node prefix and instance values.

                    

Data Mapping
Device data are mapped to IEC 61850 LN according to rules defined by SEL. 
Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) for the mandatory 
content and usage of these LNs. The relay logical nodes are grouped under Logi-
cal Devices for organization based on function. See Table 17.4 for descriptions of 
the logical devices in a relay. See Logical Nodes on page 17.45 for a description 
of the LNs that make up these logical devices.

                    

Figure 17.1 Enabling Functional Naming in Architect

                    

Figure 17.2 Server Model View in Architect
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MMS
MMS provides services for the application-layer transfer of real-time data within 
a substation LAN. MMS was developed as a network-independent data exchange 
protocol for industrial networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can become 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. MMS 
supports complex named objects and flexible services that enable mapping to 
IEC 61850 in a straightforward manner. This was why the UCA users group used 
MMS for UCA from the start, and why the IEC chose to keep it for IEC 61850. 
MMS associations are discussed within IEC61850-8-1, clause 10 of the edition 1 
standard.

If MMS authentication is enabled, the device will authenticate each MMS associ-
ation by requiring the client to provide the password authentication parameter 
with a value that is equal to the 2AC password of the relay.

➤ If the correct password authentication parameter value is not 
received, the device will return a not authenticated error code. If a 
user attempts to log into the relay with three consecutive invalid login 
attempts within a 1-minute period, the relay will disable login 
requests for 30 seconds and pulse the SALARM and BADPASS 
Relay Word bits.

➤ If the correct password authentication parameter value is received, 
the device will provide a successful association response. The device 
will allow access to all supported MMS services for that association.

Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its outputs, 
external devices, or internal functions. This is accomplished by the IEC 61850 
control model, which provides services to execute control commands. The con-
trol models are defined in IEC 61850-7-2 and the mapping to the MMS applica-
tion protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

Table 17.4 Relay Logical Devices

Logical Device Description

CFG Configuration elements—data sets and report control blocks

PRO Protection elements—protection functions and breaker control

MET Metering or Measurement elements—currents, voltages, power, etc.

CON Control elements—remote bits

ANN Annunciator elements—alarms, status values

MUa

a This only applies to merging units.

Merging unit elements—voltage and current channels
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The SEL-400 series relays support four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-400 series relays support the previous control models for SPC, DPC, 
and ENC controllable CDCs as defined in IEC 61850-8-1:2004. Other controlla-
ble CDCs defined in the standard are either unsupported or must be configured 
with the status-only control model. Supported CDCs include remote bits RBG-
GIOn in the CON Logical Device (LD), and breaker and disconnect switch con-
trols xxXCBRnn and xxXSWInn in the PRO LD. ENC is used to control the 
IEC 61850 Mode/Behavior. One control model must be selected during initial 
IED configuration in Architect and is applied throughout the CID file. This con-
trol model will apply to all controls in the IED.

Direct Control Models

The “Direct” control models provide the simplest means to initiate actions on the 
server. In these models, the client issues a control request via MMS, the server 
validates the request. Once validated, the server attempts to act upon the request. 
Note that if multiple clients are trying to perform control actions, the server will 
do nothing to prevent this. 

SBO Control Model

The SBO control model supports the SelectWithValue Service and can be used to 
prevent multiple clients from performing simultaneous control actions. In this 
mode, a client has to “reserve” the control object by sending a “select” control 
command. Once an object is selected, only the client that made the selection is 
allowed to perform control actions on it. If that client does not send a valid oper-
ate request for the object by the time the select time-out runs out, the object 
becomes available for selection again. The relay will support as many as ten 
pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, an 
error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute with 
trigger option.

Security in Control Models

“Security” in the control model context refers to additional supervision of the sta-
tus value by the control object. The “enhanced security” models report additional 
error information on failed operations to the requesting client unlike the models 
with “normal security”. Enhanced security control models provide a command 
termination report indicating if the control actually reached the new state as com-
manded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

NOTE: When an IED is configured 
with the SBO with Enhanced Security 
control model, the sboTimeout 
attribute of the controllable CDCs in 
the CID file is set to ten seconds. This 
time-out is not configurable via 
Architect.

NOTE: The maximum time required 
for a control operation to be 
completed should be less than the 
configured time-out period to avoid 
erroneous command termination 
reports indicating failure.



17.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
IEC 61850 Operation

Optional Control Configurations

The SEL-400 series relays do not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects may 
be configured to be pulsed by direct modification of the CID file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking

The IEC 61850 standards make provision for control object interlocking, and the 
IEC 61850-7-4 standard explains how this is performed using the CILO logical 
node. The CILO logical node has two data objects, namely Enable Open (EnaOpn) 
and Enable Close (EnaCls), for each breaker or disconnect control object.

The SEL-400 series relays use control interlocking to supervise the open and 
close controls from MMS Clients. The relay accomplishes this by checking each 
CSWI logical node control object against an associated CILO logical node data 
object. When the associated CILO logical node EnaCls and EnaOpn data objects 
are not asserted, the relay blocks the control operation and sends the AddCause 
“Blocked-by-interlocking” to the MMS Client.

Table 17.5 defines how control interlocking is implemented in the CILO logical node.

                    

SCBKnBO and SCBKnBC are SELOGIC control equations. Program these equa-
tions in the Protection SELOGIC setting (SET L) to block breaker operation. Pro-
gram the 89CBLmm and 89OBLmm SELOGIC control equations in the Bay 
settings (SET B) to block disconnect operation.

                    

Table 17.5 CILO Logical Node EnaOpn and EnaCls Equations

CILO LN Data Object Data Source Data Source Equation

EnaCls BKENCna

a n = Breaker terminal.

NOT SCBKnBCa

EnaOpn BKENOna NOT SCBKnBOa

EnaCls 89ENCmmb

b mm = Disconnect switch number.

NOT (89CBLmm OR 89OPEmm)b

EnaOpn 89ENOmmb NOT (89OBLmm OR 89CLSmm)b

NOTE: Not all SEL-400 series relays 
support control interlocking.

NOTE: The IEC 61850 CILO 
interlocking function does not affect 
controls sent by any other protocols 
or local front-panel operations.

                    

Figure 17.3  CSWI Logical Node Direct Operate Command Request 

Receive a CSWI 
command request 
from MMS Client

Command request 
rejected

Assert related
OC/CC Relay Word bit

Command response
to MMS Client:

Successful

Command response
to MMS Client: 

Blocked-by-interlocking

Check if CILO EnaCls/
EnaOpn is asserted

NO

YES
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Figure 17.3 shows how the relay responds to CSWI logical node command 
requests from MMS Clients when IEC 61850 control interlocking is applied. The 
SBO control model performs the same check when the select control command is 
received and again when the operate control is received.

Local/Remote Control Authority

Control commands at a substation originate from one of three levels: remote (net-
work control center) level, station level, or bay level. Under certain operational 
conditions (e.g., during maintenance), it may be necessary to block control com-
mands from one or more of these levels. The local/remote control feature allows 
users to enable or disable control authority at any of the three levels. The level at 
which a control command originates is determined by the value of the ori-
gin.orCat (originator category) attribute in the command. 

SEL-400 series relays support the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and con-
figurable attributes in the LLN0 logical node in each logical device. Table 17.6 
describes the attributes and their data sources.

                    

Using these three attributes, you can enable or disable control authority at any of 
the three switching levels, as shown in Table 17.7.

                    

By default, all three attributes are set to False, so only remote commands are allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC control 
equation SC850LS asserts and set to False when SC850LS deasserts. LOCSTA 
may also be controlled through MMS, but if it is set to True through SELOGIC 
control equations, it cannot be set to False through MMS.

Table 17.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multi-level control authority

Table 17.7 Control Authority Settings

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 5) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA

T X X AAa

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (True or False)
AA = Command is allowed
NA = Command is not allowed

NA NA

F T T AA AA NA
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In SEL-400 series relays that support local/remote control authority, the assertion 
of the LOCAL Relay Word bit will change the XCBR and XSWI logical nodes to 
local mode. This blocks all control commands to the associated CSWI logical 
nodes.

Control Requests
IEC 61850 control services are implemented by reading and writing to pseudo-
variables in the relay in response to MMS requests. Similar to how client requests 
are generated and mapped to MMS read or write service requests, server actions 
are also mapped to internal commands, read and write actions and MMS infor-
mation report messages. In the case of an unsuccessful control request, the relay 
will send the appropriate response PDU indicating that there was a problem and 
an MMS information report that contains more detailed information about the 
problem that occurred.

When writing controls, the client must select and write the entire Oper, SBOw or 
Cancel structure to the relay. See Figure 17.4 for the attributes of the CON Logi-
cal Device and ST and CO functional constraints (FC) of LN RBGGIO1 used for 
controls of RB01 through RB08.

                    

Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of 
IEC 61850-7-2 for additional information on the AddCause values.

The SEL-400 series relays support the AddCause values in Table 17.8 as part of 
the LastApplError information report.

                    

                    

Figure 17.4 MMS Client View of the CON Logical Device

Table 17.8 AddCause Descriptions (Sheet 1 of 2)

AddCause 
Enumeration

AddCause Description Error Condition

0 Unknown No other AddCause value defined within this section applies

2 Blocked-by-switching-hierarchy Logical node is set to local mode, i.e., Loc.stVal = true

3 Select-failed Originator category not allowed to issue control commands or SelectWithValue operation fails
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Any AddCause value not specified above is not supported. Control CDC data 
attributes, which are associated with unsupported AddCause values and are not 
part of a control structure, will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal, which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper, or Cancel structure, will be ignored. 

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 client 
without having to revert to the command line or some other tool. However, this 
has great potential for integration with IEC 61850 SCADA systems, which would 
be able to control setting groups through IEC 61850 MMS.

The IEC 61850 specification outlines a method for switching the current settings 
group to another preconfigured settings group. The setting group control block, 
or SGCB, contains the SettingControl element that enables settings group con-
trol. The SEL-400 series relays require the minimum versions of the firmware 
and ICD files to enable the SGCB. Refer to Appendix A in the product-specific 
manuals for supported firmware and ICD versions. In the IEC 61850 standard, 
SGCB class includes an attribute for the active settings group, or ActSG, as a 
read/write attribute. The ActSG is a read-only attribute in SEL-400 series relays. 
Adding the ActSG attribute with a value to the SettingControl element of the ICD 
file results in the relay ignoring the value and continuing to use the existing active 
settings group when the ICD file is downloaded.

When the IEC 61850 functions of the relay are enabled, the selectActiveSG ser-
vice allows an MMS client to request that the relay change the active setting 
group. The MMS client can request a group switch by writing a valid setting 
group number to ActSG. The relay updates the ActSG value under the following 
conditions:

➤ The value written to ActSG is valid and not the current active group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

4 Invalid-position For controls with enhanced security, an AddCause of “Invalid-position” (4) will be sent 
if the control status changes to an unexpected value. If no control status change is detected 
after the operate time-out period, an AddCause of “Time-limit-over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-in-execution Control object is already selected by the client, and

1. Logical node is set to local mode i.e., Loc.stVal = true, or

2. Originator category not allowed to issue control commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Block-by-interlocking Selection of switch device failed due to interlock check

12 Command-already-in-execution Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. (The control failed to reach its intended 
state prior to time-out.)

18 Object-not-selected Cancel operation fails

Table 17.8 AddCause Descriptions (Sheet 2 of 2)

AddCause 
Enumeration

AddCause Description Error Condition
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Note that if the value written to ActSG is the same as the current group, the relay 
will not attempt to switch settings groups. Please refer to Multiple Setting Groups 
on page 12.4 for more information on group settings.

Service Tracking
The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging ser-
vices, and group switch control services. IEC 61850 Edition 2 defines the service 
tracking feature to allow these services to be reported or logged, whether they 
succeed or fail.

SEL-400 series relays support the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these ser-
vices.

Tracking of these services is enabled by data objects in the service tracking logi-
cal node LTRK. Table 17.9 lists the service tracking data objects. Their data attri-
butes mirror those in the service request or in the control block that was the target 
of the service request.

                    

Refer to Table 17.26 for information regarding the available attributes in each 
tracking data object.

Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute ser-
viceType provides an enumerated value for the specific service requested or exe-
cuted. Table 17.10 defines the service type enumerations.

                    

Table 17.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a controllable double-point object

EncTrk CTS Tracks control service requests targeted at a controllable enumerated 
status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection

Table 17.10 IEC 61850 Service Type Enumeration

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the following buffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, PurgeBuf, EntryID, or GI

26 SetURCBValues Write request on one or more of the following unbuffered report control block attributes: RptID, 
RptEna, OptFlds, BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control object configured with enhanced security control model

54 InternalChange Report control block has been automatically disabled, i.e., RptEna is set to False after a loss of 
association with the client
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The attribute errorCode provides the error code that indicates whether the service 
was successful or unsuccessful. The codes are listed in Table 17.11 together with 
the corresponding ACSI errors.

                    

When creating datasets to track the services through information reporting, it is 
important to include the tracking data objects as a whole object (FCD—function-
ally constrained data), and not as individual data attributes (FCDA—functional 
constrained data attribute). Only the objRef attribute has a trigger option (dupd—
data update) and can trigger a report. The dupd trigger option must also be enabled 
in the report control block that is reporting changes in the tracking data objects.

File Services
The Ethernet file system allows reading or writing data as files. The file system 
supports FTP and MMS file transfer. The file system provides:

➤ A means for the device to transfer data as files.

➤ A hierarchal file structure for the device data.

The relay supports MMS file transfer with or without authentication. Note that 
the MMS File Transfer service will still be supported even if the relay contains an 
invalid CID file. The service is intended to support:

➤ Settings file download and upload

➤ CID file download and upload

➤ Event report retrieval

MMS File Services are enabled or disabled via PORT 5 settings, EMMSFS. Per-
missions for the Access Level 2 apply to MMS File Services requests. All files 
and directories that are available at the Access Level 2 via any supported file 
transfer mechanism (FTP, file read/write, etc.) are also available for transfer via 
MMS File Services.

Table 17.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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SCL Files
Substation Configuration Language (SCL) is an XML-based configuration lan-
guage used to support the exchange of database configuration data between dif-
ferent tools, which may come from different manufacturers. There are four types 
of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file describes the capabilities of an IED, including information on LN 
and GOOSE support. The SSD file describes the single-line diagram of the sub-
station and the required LNs. The SCD file contains information on all IEDs, 
communications configuration data, and a substation description. The CID file, 
of which there may be several, describes a single instantiated IED within the 
project, and includes address information.

Reports
The relay supports buffered and unbuffered report control blocks in the report 
model as defined in IEC 61850-8-1:2011. The predefined reports shown in 
Figure 17.5 are available by default via IEC 61850.

                    

There are 14 report control blocks (7 each of buffered and unbuffered reports). 
For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can reallocate 
data within each report data set to present different data attributes for each report 
beyond the predefined data sets.

                    

Figure 17.5 Relay Predefined Reports
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For buffered reports, connected clients may edit the report parameters shown in 
Table 17.12.

                    

Similarly, for unbuffered reports, connected clients may edit the report parame-
ters shown in Table 17.13.

                    

Table 17.12 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

entryID

BufTm YES 500

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa, b

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. Buffered reports begin buffering at startup.

YESa 0

PurgeBuf YESa FALSE

EntryId YES 0

Table 17.13 Unbuffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptID YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

BufTm YES 250

TrgOps YES dchg

qchg

period

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

FALSE
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For buffered reports, only one client can enable the RptEna attribute of the BRCB 
at a time resulting in a client association for that BRCB. Once enabled, the asso-
ciated client has exclusive access to the BRCB until the connection is closed or 
the client disables the RptEna attribute. Once enabled, all unassociated clients 
have read-only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna attribute 
of an URCB at a time resulting in multiple client associations for that URCB. 
Once enabled, each client has independent access to a copy of that URCB.

The Resv attribute is writable, however, the relay does not support reservations. 
Writing any field of the URCB causes the client to obtain their own copy of the 
URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value with 
a resolution of 1 ms. However, the integrity report is only sent when the period 
has been detected as having expired. The report service rate of 2 Hz results in a 
report being sent within 500 ms of expiration of the IntgPd. The new IntgPd will 
begin at the time that the current report is serviced.

When configuring buffered and unbuffered reports that contain only analog val-
ues, a data change report only is triggered when there is a change in the magni-
tude value in excess of the deadband setting. When configuring buffered and 
unbuffered reports that contain a combination of digital and analog values, any 
digital value change triggers a data change report, which contains the current 
value of the analogs contained in the report at the time of the trigger.

Data Sets
IEC 61850 data sets are lists of references to DataObject attributes for the pur-
pose of efficient observation and transmission of data. Architect ICD files come 
with predefined data sets that can be used to transfer data via GOOSE messages, 
SV messages, or MMS reports.

➤ GOOSE: You can use predefined or edited data sets, or create new 
data sets for outgoing GOOSE transmission.

➤ SV: Four predefined data sets are provided. Each data set includes 
three phase currents and the neutral current as well as three phase 
voltages and the neutral voltage.

➤ Reports: Fourteen predefined data sets (BRDSet01–BRDSet07 and 
URDSet01–URDSet07) correspond to the default seven buffered and 
seven unbuffered reports. Note that you cannot change the number 
(14) of each type of report (buffered or unbuffered) within Architect. 
However, you can alter the data attributes that a data set contains or 
even create new data sets, and so define what data an IEC 61850 
client receives with a report. 

Supplemental Software Support
Examine the data structure and values of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, Inc.

The settings needed to browse the relay with an MMS browser are shown below.

                    

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and Quality
In addition to the various data values, the two attributes quality and t (time stamp) 
are available at any time. The time stamp is determined when data or quality 
change is detected. A change in the quality attribute can also be used to issue an 
internal event.

The time stamp is applied to all data and quality attributes (Boolean, Bstrings, 
Analogs, etc.) in the same fashion when a data or quality change is detected. 
However, there is a difference in how the change is detected between the different 
attribute types. For points in a data set that are also listed in the SER, the change 
is detected by the SER process. For all other Booleans or Bstrings, the change is 
detected via the scanner, which compares the last state against the previous state 
to detect the change. For analogs, the scanner looks at the amount of change rela-
tive to the deadband configured for the point to indicate a change and apply the 
time stamp. In all cases, these timestamps are used for the reporting model.

LN data attributes listed in the SER will have SER timestamps of 1 ms accuracy 
for data change events. All other LN data attributes are scanned on a 1/2-second 
interval for data change and have 1/2-second time stamp accuracy.

The relay uses GOOSE quality attributes to indicate the quality of the data in its 
transmitted GOOSE messages. Under normal conditions, all attributes are zero, 
indicating good quality data. Figure 17.6 shows the GOOSE quality attributes 
available to devices that subscribe to GOOSE messages from relay data sets that 
contain them. Internal status indicators provide the information necessary for the 
device to set these attributes. For example, if the device becomes disabled, as 
shown via status indications (e.g., an internal self-test failure), the relay will set 
the Validity attribute to INVALID and the Failure attribute to TRUE. Note that 
the relay does not set any of the other quality attributes. These attributes will 
always indicate FALSE (0). See the Architect help for additional information on 
GOOSE Quality attributes.

                    
                    

Figure 17.6 GOOSE Quality Attributes
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GOOSE
The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the message several 
times, increasing the likelihood that other devices receive the messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, con-
trols, and measured values between peers on an IEC 61850 network. Configure 
SEL devices to respond to GOOSE messages from other network devices with 
Architect. Also, configure outgoing GOOSE messages for SEL devices in Archi-
tect. See the Architect help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text identification 
and multicast group to identify and filter incoming GOOSE messages.

Virtual bits (VB001–VB256) are control inputs that you can map to values from 
incoming GOOSE messages by using the Architect software. See the VBnnn bits 
in Table 17.26, Table 17.27, and Table 17.28 for details on which logical nodes 
and names are used for these bits. This information can be useful when searching 
through device data with MMS browsers. If you intend to use any relay Virtual 
bits for controls, you must create SELOGIC equations to define these operations. 
The relay is capable of receiving and sending analog values via peer-to-peer 
GOOSE messages. Remote analogs (RA001–RA256) are analog inputs that you 
can map to values from incoming GOOSE messages. Remote analog outputs 
(RAO01–RAO64) can be used to transmit analog values via GOOSE messages. 
You must create SELOGIC control equations to assign internal relay values to 
RAO points to transmit them via GOOSE.

GOOSE Processing
SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the installed Ethernet port. 

Outgoing GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can define as many as eight data sets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. A single DA can be mapped to one or more outgoing GOOSE 
data sets, or one or more times within the same outgoing GOOSE 
data set. A user can also map a single GOOSE data set to multiple 
GOOSE control blocks. The number of unique Boolean variables is 
limited to a combined total of 512 digital bits across all eight 
outgoing messages.

➤ High-speed GOOSE messaging (as defined under GOOSE 
Performance) is available for GOOSE messages that contain either 
all Boolean data or a combination of Boolean data and remote analog 
output (RAO01–RAO64) data.

➤ The relay will transmit all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not retriggered, then 
following the initial transmission, the relay shall retransmit that 
GOOSE based on the Min. Time and Max. Time configured for that 
GOOSE message. The first transmission shall occur immediately 
upon triggering of an element within the GOOSE data set. The 
second transmission shall occur Min. Time later. The third shall 
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occur Min. Time after the second. The fourth shall occur twice Min. 
Time after the third. All subsequent transmissions shall occur at the 
Max Time interval. For example, a message with a Min. Time of 4 
ms and Max. Time of 1000 ms, will be transmitted upon triggering, 
then retransmitted at intervals of 4 ms, 4 ms, 8 ms, and then at 1000 
ms indefinitely or until another change triggers a new GOOSE 
message (See IEC 61850-8-1, Sec. 18.1).

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted entirely 
in a single network frame.

➤ The relay will maintain the configuration of outgoing GOOSE 
through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following con-
straints.

➤ The user can configure the relay to subscribe to as many as 128 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE messages 
which are mapped to Virtual Bits (VBnnn). Virtual bits are volatile 
and are reset to zero when a new CID file is loaded, the device is 
restarted, or they are overwritten by data from a subscribed GOOSE 
message.

➤ The relay recognizes incoming GOOSE messages as valid based on 
the following content:

➢ Source broadcast MAC address

➢ Data Set Reference*

➢ Application ID*

➢ GOOSE Control Reference*

➢ Configuration Revision*

➢ Needs Commissioning*

➢ Quality Test*

➤ Every received and validated GOOSE message that indicates a data 
change, by an incremented status number, is evaluated as follows:

➢ Data within the received GOOSE data set that are mapped to 
host data bits are identified.

➢ Mapped bits are compared against a local version of the 
available host data bits.

➢ If the state of the received bits is different than the local version:

➣ Update the local version with the new state for that bit.

➣ Pass the new state for the bit to the relay.

➤ Reject all DA contained in an incoming GOOSE based on the 
presence of the following error indications created by inspection of 
the received GOOSE:

➢ Configuration Mismatch: The configuration number of the 
incoming GOOSE changes.

➢ Needs Commissioning: This Boolean parameter of the incoming 
GOOSE is true.

NOTE: Options marked with * are 
configurable via tools such as 
Architect. The relay, by default, checks 
against this parameter. 

Any GOOSE message that fails these 
checks shall be rejected. You can find 
the default quality check in the quality 
mask in Architect. See Figure 17.16 for 
an example.
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➢ Test Mode: This Boolean parameter of the incoming GOOSE is 
true.

➢ Decode Error: The format of the incoming GOOSE is not as 
configured.

➤ The relay will discard incoming GOOSE under the following 
conditions:

➢ After a permanent (latching) self-test failure

➢ When EGSE is set to No

Link-layer priority tagging and virtual LAN is supported as described in Annex C 
of IEC 61850-8-1:2011.

GOOSE Performance
For outgoing high-speed data (as identified under GOOSE Processing), transmis-
sion of GOOSE begins within 2 ms of transition of digital data within the relay. 
Note that you can include RAO points in outgoing GOOSE for high-speed trans-
mission. Only the transition of a digital point will trigger the transmission within 
2 ms. For all other data contained in outgoing GOOSE, transmission of GOOSE 
begins within 500 ms of transition of data within the relay. For incoming GOOSE 
data with an included change of state, the corresponding mapped virtual bit states 
update within two processing intervals.

Sampled Values
NOTE: Not all SEL-400 series 
products support SV.

IEC 61850 9-2, also known as Sampled Values (SV), describes a service that 
brings digital samples of analog signals from the substation yard to the control 
house. Multiple components are essential to successful implementation of such a 
service. SV publishers, also known as merging units, locally sample and convert 
analog signals to digital time-stamped samples. They then publish these samples 
with minimum delays via an Ethernet connection. Ethernet connections are 
established between SV publishers and SV subscribers for transmitting SV sam-
ples and GOOSE messages. This network is also called the process bus network. 
The information exchange between the SV publisher and the SV-
subscribing relays is based on a publisher/subscriber mechanism that is similar to 
GOOSE messaging. The SV subscribing relay receives the time-stamped SV 
messages and checks the timeliness of the samples. Messages are buffered and 
then used by the relays.

To promote interoperability and fast deployment of SV, UCA International Users 
Group released “Implementation Guideline for Digital Interface to Instrument 
Transformers Using IEC 61850-9-2” and described a subset of IEC 61850-9-2, 
also known as UCA 61850 9-2LE or simply 9-2LE. The SEL-400 series SV 
products are compliant with the 9-2LE guideline, also known as the 9-2LE pro-
file in this manual.

You can configure the SEL-400 series SV products via Architect or by using 
PORT 5 settings. See IEC 61850 Configuration on page 17.38 for more informa-
tion on SV product configuration.
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SV Processing
SV Publication

An SV publisher is an interface to the non-conventional instrument transformers 
(NCIT) and traditional instrument transformers. When an SV publisher is con-
nected to a traditional instrument transformer, it is also called a standalone merg-
ing unit. The SV publisher samples the analog data at 8 kHz and downsamples to 
4.8 kHz/4.0 kHz when the nominal frequency is 60 Hz/50 Hz. A time stamp rep-
resentation, known as smpCnt, is encoded with each published SV message. 
Given the sampling rate and the need to maintain the time coherence of samples 
from multiple merging units, merging units must be time-synchronized to high-
accuracy time source. See Section 11: Time and Date Management for time-syn-
chronization methods. The difference between the time encoded by the smpCnt 
in an SV message and the time that the message is published at the Ethernet inter-
face is the merging unit processing delay. This delay and the transmitting delay 
over a process bus network is the total network delay. See SV Network Delays on 
page 17.25 for more about network delay.

SV Data Set

SEL SV publishers can transmit multiple SV data streams. Each SV message 
includes four currents and four voltages. For example, the SEL-401 Protection, 
Automation, and Control Merging Unit has inputs for 12 analog measurements (6 
currents and 6 voltages). This means that the merging unit function requires at 
least two streams to send all available voltage/current inputs. Merging units sup-
port as many as seven output streams, allowing unmatched flexibility with mea-
surement channel assignment and precise routing of duplicate streams.

Primary/Secondary Scale Factor

The analog measurements inside SV messages represent the primary side of the 
instrument transformer. When connecting a standalone merging unit to a conven-
tional transformer, a scale factor should be applied such that the measured sec-
ondary quantity is scaled to primary values. For example, if the SEL-401 IW 
terminal is connected to an ANSI C600 1200/5 CT, the merging unit CT ratio 
CTRW should be set as 1200/5 = 240. Once CTRW is set, the measured second-
ary quantity on IW is scaled by CTRW before it is transmitted.

Time Synchronization

SmpCnt is a representation of the time stamp, which is encoded in each SV mes-
sage. If SV messages from multiple merging units are used for an application, the 
smpCnt from these merging units must represent the same time instance to cor-
rectly align the data. High-accuracy time synchronization is critical. SEL-400 
series relays can be synchronized with high-quality IRIG-B or high-quality Preci-
sion Time Protocol (PTP). The quality of smpCnt at the time the sample was 
taken is indicated by the SmpSynch value included in each SV message. When a 
merging unit is not time synchronized to any time source, its sample time error is 
unknown. Without time synchronization, the relay sets the smpSynch to 0. When 
the merging unit is synchronized to a high-quality local time source (TLOCAL = 
1), the smpSynch is set to 1. When the merging unit is synchronized to a high-
quality global time source (TGLOBAL = 1), the smpSynch is set to 2. TLOCAL 
and TGLOBAL are indicators of the time-synchronization source. See 
Section 11: Time and Date Management for information about TLOCAL and 
TGLOBAL.
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SEL merging units use the information in Table 17.14 and Table 17.15 to deter-
mine the quality of sample timing and the smpSynch values. See Table 17.14 and 
Table 17.15 for smpSynch values.

When high-quality IRIG-B is the current time source (CUR_SRC = BNC_IRIG 
or CUR_SRC = SER_IRIG):

                    

When high-quality PTP is the current time source (CUR_SRC = PTP):

                    

SV Subscription
An SEL SV relay can receive one or more SV streams from one or more merging 
units. SEL SV relays only support receiving 9-2LE-compliant SV messages. 
Once messages are received, samples are buffered to ensure that samples used to 
calculate protection elements are from the same time. The SV message attribute, 
smpCnt, is used to check and align samples. SV messages can be published at 
different frequencies based on the nominal frequency. The SEL SV relay nominal 
frequency setting must match the merging unit nominal frequency.

Primary/Secondary Scale Factor

SV messages provide current and voltage measurements in terms of the primary 
side of the instrument transformers. SEL SV relay protection calculations are 
based on traditional secondary quantities. Thus, the received digital samples must 
be scaled to the secondary properly. For example, if the SV stream comes from a 
merging unit that is connected to a 1200/5 CT, the SEL SV relay CT ratio settings 
should be 240.

Current Summation 

To provide a similar function to sum currents by connecting copper wires 
together, SEL-400 series relays provide current summation via SV subscriptions. 
You can map as many as three SV current channels (UCA 9-2LE-compliant) to 
the same SV subscriber relay analog channel. You can enable this function by 
clearing Hide current summation rows in Architect in the SV Receive tab.

Table 17.14 Mechanism of Determining smpSynch Values With an IRIG-B Time 
Source

Time Synchronization Status smpSynch Value

TGLOBAL =  1 2

TLOCAL =  1 1

TGLOBAL =  0

TLOCAL =  0

0

Table 17.15 Mechanism of Determining smpSynch Values With a PTP Time Source

Profile MU Sync State smpSynch Value

Power System or Default Profile TGLOBAL =  1 2

Power System Profile TLOCAL =  1 GMIDa

a Grand Master ID

Default Profile TLOCAL =  1 1

Power System or Default Profile TGLOBAL =  0

TLOCAL =  0

0

NOTE: Use caution when externally 
summing CT currents for differential 
protection. Because the resulting 
restraint current can be lower than 
expected, this can have implications 
for protection security.
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Example 17.1 Current Summation Via SV Subscription

In this example, a transmission line connects to a line reactor. The line cur-
rent is the sum of the two breaker currents minus the reactor current. Merg-
ing unit Bay1MU #1 current transformer logical nodes TCTR1 and TCTR2 
are both mapped to Terminal W on the SEL-421-7 Protection, Automation, 
and Control System With Sampled Values. SEL-421-7 Current Channel IAW 
has current measurements summed from Bay1MU #1...TCTR1.Amp.instMag.i 
and Bay1MU #1...TCTR2.Amp.instMag.i. The reactor current published 
from Bay1MU #2 is mapped to Terminal X on the SEL-421-7. The Terminal 
W and Terminal X currents are then combined by setting LINEI := COMB in 
Global settings.

                                        
                    
                    

Figure 17.7 Example Current Summation
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SV Network Delays

The SV merging unit and process bus network act as the data acquisition system 
for an SV relay. There are time delays introduced by DSS. The delays of an SV 
stream include the merging unit processing delay and the process bus network 
delay. The sum of these is called the network delay. SEL SV relays measure and 
report this network delay. The measured network delay for each SV subscription 
is stored as an analog quantity and reported via the COM SV ASCII command. 
See Section 9: ASCII Command Reference in the product-specific instruction 
manual for more detailed information.

SEL SV relays account for a network delay by buffering SV samples. The buffer 
length is controlled by the CH_DLY setting. Set the CH_DLY setting to the fol-
lowing value:

                    

Equation 17.1

                    

N = 3 is a good choice for typical applications because it allows the relay to ride 
through a loss of three packets. The allowable range for N is 1–3. The CH_DLY 
setting is specified in milliseconds (ms), and the SVNDmm value is reported in 
milliseconds (ms), both in the COM SV command response and as a user-acces-

The corresponding configuration is shown in Figure 17.8.
                    

Example 17.1 Current Summation Via SV Subscription (Continued)

                    
                    

Figure 17.8 Example Current-Summation Configuration

where:

MAX(SVNDmm) is the maximum network delay out of all received streams

N is the number of lost packets you want the relay to ride 
through by interpolating data

CH_DLY MAX SVNDmm  N 1+  Sample Period • +=
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sible analog quantity. Convert the last part of the channel delay equation to milli-
seconds by treating a sample period as 0.2083 ms for a 60 Hz system, or 0.25 ms 
for a 50 Hz system.

SEL SV relays wait to start resampling until samples arrive for the configured 
CH_DLY. This design also provides a consistent delay (CH_DLY) to protection 
and control operations, which overcomes the non-deterministic delays caused by 
the Ethernet process bus network.

If SV messages of the first SV subscription, which is listed first in the COM SV 
command response, are delayed by more than CH_DLY, they are considered lost. 
If less than three consecutive messages are delayed or missing, the SEL SV relay 
interpolates for these delayed or lost messages. If more than three samples are 
delayed or missing, the SEL relay ASCII command COM SV reports SV STREAM 
LOST for this scenario.

The protection and control operation times are delayed by the configured 
CH_DLY. Use caution when setting the relay coordination times to account for 
this added delay.

Coupled Clocks Mode
SEL recommends configuring a high-quality time source for the SV relays. 
Depending on the time-synchronization status, an SEL SV relay operates in one 
of two modes: the freewheeling mode and the coupled clock mode. SEL SV sub-
scribers use the same logic as SEL SV publishers to determine a local smpSynch 
based on its time-synchronization status. When the incoming smpSynch of the 
first SV subscription is non-zero and matches the local smpSynch, the relay oper-
ates in coupled clocks mode and SVCC asserts. When operating in coupled 
clocks mode, the relay can calculate the network delay for incoming SV streams. 
These delays are stored in analog quantities SVNDmm where mm is the subscrip-
tion number. The delays are also reported in the COM SV command response. 
When operating in the freewheeling mode, the SV relay will not provide the net-
work delay statistics.

Subscription Reference Stream
SEL SV relays store the smpSynch of each subscribed SV stream in analog quan-
tities SVmmSNC, where mm is the subscription number. If a CID file is used, the 
first subscription stream in the CID file is used as the smpSynch reference. If the 
PORT 5 SV setting is used, the subscription with the subscribed MAC address set 
by SVRADR1 is the first subscription and is used as the smpSynch reference. In 
coupled clock mode, any subsequent streams that do not have the same 
smpSynch as the time reference are discarded. If the relay stops receiving data 
for the first subscription stream, the last smpSynch value received from the first 
subscription stream continues to remain as the time reference. If the smpSynch 
value of the first subscription stream is zero, only the first subscription stream is 
accepted. If the relay operates in freewheeling mode, only the first subscription 
stream is accepted.

Station Bus and Process Bus (Four-Port Ethernet Card)
The SEL SV publishers and subscribers allow flexible station bus and process 
bus configurations when using the four-port Ethernet card. If BUSMODE := 
INDEPEND, station bus traffic (typically MMS and GOOSE) will only be trans-
mitted out on the station bus ports, and process bus traffic (typically SV and 
GOOSE) will only be transmitted on process bus ports. If BUSMODE := 
MERGED, all communications use PORT 5A and PORT 5B, with process bus and 

NOTE: The MERGED BUSMODE is 
not recommended for long-term 
operations, as the large amount of 
process bus traffic can adversely 
affect station bus functions when the 
buses are combined.
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station bus traffic merged on the same physical network, and the process bus 
ports are disabled. The designation of station bus and process bus is controlled by 
NETPORT settings. The station bus port is the same as the primary port, as spec-
ified by NETPORT settings. If NETPORT := A or NETPORT := B, then PORT 5A 
and PORT 5B are used for station bus communication and PORT 5C and PORT 5D are 
used for process bus communication. If NETPORT := C or NETPORT := D, then 
PORT 5C and PORT 5D are used for station bus communication and PORT 5A and 
PORT 5B are used for process bus communication. IEEE 1588-based time syn-
chronization is only available on PORT 5A and PORT 5B when using the four-port 
Ethernet card. If you want PTP time synchronization on the process bus, use 
PORT 5A and PORT 5B for process-bus communications. Figure 17.9 shows some 
common network configurations, including the NETPORT and BUSMODE set-
tings used.

Figure 17.9 shows an independent bus mode network schematic with PTP time 
synchronization on the process bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := C.

                    

Figure 17.10 shows an independent bus mode network schematic with PTP time 
synchronization on the station bus. In this schematic, the merging unit has set-
tings BUSMODE := INDEPEND and NETPORT := A.

                    

Figure 17.11 shows an independent bus mode network schematic with local IRIG 
time source. In this schematic, the merging unit has settings BUSMODE := 
INDEPEND and NETPORT := A.

                    

Figure 17.9 Independent Bus Mode With PTP Time Synchronization on the 
Process Bus

                    

Figure 17.10 Independent Bus Mode With PTP Time Synchronization on the 
Station Bus
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Figure 17.12 shows a merged bus mode network schematic with PTP time syn-
chronization. Process bus and station bus traffic are all processed in PORT A. In 
this schematic, the merging unit has settings BUSMODE := MERGED and 
NETPORT := A.

                    

Station Bus and Process Bus (Five-Port Ethernet Card)
When using the five-port Ethernet card, the station bus and process bus designa-
tions are fixed. If BUSMODE := INDEPEND, the process bus is assigned to 
PORT 5A and PORT 5B, and the station bus is assigned to PORT 5C and PORT 5D. If 
BUSMODE := MERGED, traffic is processed on PORT 5A and PORT 5B, and 
PORT 5C and PORT 5D are disabled. The engineering access port (PORT 5E) is not 
associated with the BUSMODE setting; therefore, its designation and functional-
ity remain the same. The card uses three source MAC addresses. The first MAC 
address is applied to the process bus. The second MAC address is applied to the 
station bus. The third MAC address is applied to the engineering access port. 
IEEE 1588-based time synchronization is available on either the process bus or 
station bus when using the five-port Ethernet card.

IEC 61850 Messaging (Four-Port Ethernet Card)
The SEL-400 series relays publish and subscribe GOOSE messages on both the 
station bus and the process bus ports when using the four-port Ethernet card. 
GOOSE subscription error out of sequence may be reported if GOOSE messages 
from station bus and process bus are not isolated properly via network manage-
ment. For example, Figure 17.13 shows an SEL merging unit publishing two 
GOOSE messages from the station bus and process bus. Without proper GOOSE 

                    

Figure 17.11 Independent Bus Mode With IRIG Time Synchronization

                    

Figure 17.12 Merged Bus Mode With PTP Time Synchronization
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messages routing on the Ethernet switch, the SV relay receives GOOSE mes-
sages #1 and #2 from the process bus and the station bus, and out-of-sequence 
error is reported for GOOSE messages #1 and #2 subscriptions. Proper manage-
ment and segregation of GOOSE messages from the station bus and the process 
resolves this. For example, if GOOSE message #1 is designed for the process bus 
only, engineers can configure the station bus Ethernet switch to only forward 
GOOSE message #2 and the process bus Ethernet switch to only forward 
GOOSE message #1 via VLAN management.

SEL recommends using an SEL software-defined network (SDN) Ethernet 
switch to engineer each Ethernet traffic flow. Engineers can plan the network 
path for process bus GOOSE messages to flow through the process bus SDN 
switch only and discard the station bus GOOSE messages.

                    

IEC 61850 Messaging (Five-Port Ethernet Card)
To configure IEC 61850 messaging in the five-port Ethernet card, download a 
ClassFileVersion 007 CID file to the relay. This file provides multiple access 
points to differentiate between the process bus, station bus, and engineering 
access networks, as well as to define which services are available on those net-
works. Use Architect to configure communications for each network. For exam-
ple, to publish a GOOSE message on process bus PORT 5A and PORT 5B, select 
interface P1 in the address dropdown menu in the GOOSE transmit editor, as 
shown in Figure 17.14.

                    

The five-port Ethernet card supports two levels of GOOSE message VLAN prior-
itization: high and low. GOOSE messages with VLAN tags priorities from 0–3 
are processed as low priority. GOOSE messages with VLAN priorities tags from 
4–7 are processed as high priority. GOOSE messages without VLAN tags are 
processed as low priority.

                    

Figure 17.13 Use Ethernet Switch to Engineer Network Path for GOOSE Messages
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Figure 17.14 GOOSE Transmit Interface Selection (Five-Port Ethernet Card)
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IEC 61850 Simulation Mode
NOTE: SV simulation is only 
applicable in IEDs with SV subscription 
capability.

The SEL-400 series relays (including the SEL-401) can be configured to operate 
in simulation mode. In this mode, the SEL-400 series relays continue to process 
normal SV or GOOSE messages until a simulated SV or GOOSE message is 
received for a subscription. Once a simulated SV or GOOSE message is received, 
only simulated SV or GOOSE messages are processed for that subscription. The 
simulated mode only terminates when LPHDSIM is returned to FALSE. When 
the relay is not in the simulation mode, only normal SV or GOOSE messages are 
processed for all subscriptions.

A user can place the SEL-400 series relays in IEC 61850 simulation mode by set-
ting LPHDSIM (CFG.DevIDLPHD1.Sim.stVal) to true via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the relay 
rejects MMS attempts to enter or exit simulation mode until SC850SM deasserts.

IEC 61850 Mode/Behavior
NOTE: IEC 61850 Mode/Behavior is 
only available in IEDs with IEC 61850 
Edition 2 support.

The IEC 61850-7-4:2010 standard defines behaviors of different modes to facili-
tate testing. SEL-400 series relays support the following modes:

➤ On

➤ Blocked 

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is jointly determined by the logical device mode and its log-
ical node mode according to the IEC 61850 standard. For SEL-400 series relays, 
the selected IEC 61850 Mode/Behavior applies to the entire IED, including all its 
logical devices and all logical nodes. The behavior of the IED is always the same 
as the selected mode.

Table 17.16 describes the available services based on the mode/behavior of the IED.

                    

Table 17.16 IEC 61850 Services Available Based on Mode/Behavior

Mode MMS
GOOSE
Publication and Subscription

SV
Publication and Subscription

On Available Available Available

Blocked Available Available Available

Test Available Available Available

Test/Blocked Available Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE and SV publication in mode Off are disabled if EOFFMTX = N.

Publicationb



17.31

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
IEC 61850 Mode/Behavior

The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior, as shown in Table 17.17.

                    

Mode/Behavior Control
Enable Mode/Behavior Control

IEC 61850 Mode/Behavior, by default, is disabled on SEL-400 series relays. To 
enable IEC 61850 Mode/Behavior, you must set PORT 5 setting E61850 to Y. To 
enable IEC 61850 Mode/Behavior control, you must set port setting E850MBC 
to Y and the CID file setting controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of IEC 61850 
Mode/Behavior when adding an IED into an Architect project, as shown in 
Figure 17.15. 

                    

Enhanced Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported pro-
vide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED testing, a 
technician can disable unplanned switching of IEC 61850 Mode/Behavior by set-
ting E850MBC to N after switching the relay back to On mode.

Table 17.17 Analog Quantity I850MOD Status Based on the Selected IEC 61850 
Mode/Behavior

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported

                    

Figure 17.15 Set controllableModeSupported = True
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Change Mode Via MMS or SELOGIC 
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode data 
object (Mod.Oper.ctlVal) in logical device CFG. Note that Mod.Oper.ctlVal in 
other logical devices does not accept MMS writes.

                    

You can also control IEC 61850 Mode/Behavior through use of the SET L com-
mand with protection SELOGIC variables SC850TM and SC850BM on the left 
side of protection logic equations. These variables are the SELOGIC controls for 
the Test mode and the Blocked mode, respectively.

                    

                    

Write Values to Mod.Oper.ctlVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

SC850TM SC850BM Selected IEC 61850 Mode/Behavior

0 0 See Notea

a Note: The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 (true), 
SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See Noteb

b Note: You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are not 
evaluated.

See Noteb Off

Example 17.2 Change Mode Via SELOGIC

In this example, pushbuttons PB1 and PB2 control SC850TM. Pushbuttons 
PB3 and PB4 control SC850BM. If you press PB1, the relay enters Test mode. 
If you press PB3, the relay transitions from Test mode into Test/Blocked 
mode. Press PB2 and PB4 to reset Test mode and Blocked mode, respectively.
                    

You can read the current IEC 61850 Mode/Behavior through an MMS client 
or by using the STA A commands.

NOTE: The variables SC850TM and 
SC850BM are not protection settings.

                    

=>>SHO L 

Protection 1

1: PLT01S := PB1

2: PLT01R := PB2

3: SC850TM := PLT01

4: PLT02S := PB3

5: PLT02R := PB4

6: SC850BM := PLT02
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Mode Indications on HMI
If the Mode/Behavior is Test, Blocked, or Test/Blocked, the relay toggles the 
Enabled LED on the front panel approximately every half a second to alarm users 
that the relay is not in On mode. When the relay is placed in Off mode, the relay 
is disabled and the relay Enabled LED is solid red.

Incoming Messages Processing
IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-400 series relays, by default, check if the quality 
operatorBlocked = False; if not, the relays treat the messages as invalid. You can 
disable the default check by changing the quality mask of GOOSE subscriptions. 
Figure 17.16 illustrates the default quality check for GOOSE subscription on 
SEL-400 series relays.

                    

Relay Operation for Different IEC 61850 Modes/Behaviors
Refer to Section 10: Testing, Troubleshooting, and Maintenance for information 
on how to use the various modes in testing.

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/Behavior 
status as On and processes all inputs and outputs as normal. If the quality of the 
subscribed SV messages satisfies Table 14.45, the relay processes the received 
SV messages as valid. If the quality of the subscribed GOOSE messages satisfies 
the GOOSE processing (see GOOSE Processing on page 17.19), the relay pro-
cesses the received GOOSE messages as valid.

                    

Figure 17.16 Default Quality Check on GOOSE Subscription if Quality Is Present
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Figure 17.17 illustrates the mode/behavior.

                    

Mode: Blocked
The relay operates in Blocked mode similarly to how it operates in On mode, 
except that it does not operate any physical contact outputs in this mode. It does 
continue to operate control bits such as remote bits and output contact bits.

                    

Table 17.18 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid

SVa

a IEC SV subscribers only.

Processed Processed as invalid

Table 17.19 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

SVa

a IEC SV publishers only.

False

                    

Figure 17.17 Relay Operations in On Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the 
IEC 61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 

Processed

Processed

Processed

IED
GOOSE

(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = On

Physical contacts 
operate as normal

GOOSE
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(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

                    

Figure 17.18 Relay Operations in Blocked Mode

Processed

Processed

Processed

IED
GOOSE

(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = Blocked

Physical contacts
are BLOCKED

GOOSE
(q.test = False)

SV
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

NOTE: In Blocked mode, the physical 
output contacts are frozen in the state 
they were in prior to entering Blocked 
mode.
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Mode: Test
In Test mode, the relay processes valid incoming test signals or normal messages 
and operates physical contact outputs if triggered. In this mode/behavior, outgo-
ing MMS, GOOSE, and SV messages have the quality test bit set to True if the 
quality test bit is present. If the quality of the subscribed SV messages satisfies 
Table 14.45 (regardless of whether the quality test bit is set to True or False), the 
relay processes the received SV messages as valid. If the quality of the sub-
scribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False—see GOOSE 
Processing on page 17.19), the relay processes the received GOOSE messages as 
valid.

                    

                    

Figure 17.19 illustrates the mode/behavior.

                    

Mode: Test/Blocked
In Test/Blocked mode (see Section 10: Testing, Troubleshooting, and Mainte-
nance) for more information), the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In this 
mode/behavior, outgoing MMS, GOOSE, and SV messages have the quality test 
bit set to True if the quality test bit is present. If the quality of the subscribed SV 
messages satisfies Table 14.45 (regardless of whether the quality test bit is set to 
True or False), the relay processes the received SV messages as valid. If the qual-

Table 17.20 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed

SVa

a IEC SV subscribers only.

Processed Processed

Table 17.21 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

SVa

a IEC SV publishers only.

True

                    

Figure 17.19 Relay Operations in Test Mode 

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 
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IED
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ity of the subscribed GOOSE messages satisfies the user-defined quality type 
definition (regardless of whether the quality test bit is set to True or False—see 
GOOSE Processing on page 17.19), the relay processes the received GOOSE 
messages as valid.

Figure 17.20 illustrates the mode/behavior.

                    

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE and SV messages. 
The relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. The relay is in a disabled state, and 
it no longer trips any physical contact outputs.

In this mode, the relay is in a disabled state. Relay Word bit EN is set to False. 
The device processes MMS control requests to change the active mode of 
IEC 61850 Mode/Behavior if the quality Test bit of the control is set to False.

If EOFFMTX is set to True, the relay continues to transmit SV messages and 
GOOSE messages with the quality test bit set to False (0) and the validity set to 
Invalid (01) if the quality is present in the messages. If EOFFMTX is set to False, 
the relay does not transmit GOOSE or SV messages in this mode. The relay also 
does not process any incoming GOOSE and SV messages.

                    

                    

                    

Figure 17.20 Relay Operations in Test/Blocked Mode

NOTE: An IEC 61850 IED determines 
the processing of GOOSE messages 
based on the received quality of the 
GOOSE data and its current mode. If a 
GOOSE message does not contain 
quality information, the relay always 
processes it as valid. To use the IEC 
61850 Mode/Behavior, SEL 
recommends including quality 
attributes in GOOSE messages. 
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Table 17.22 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With Quality 
Test Bit Set to False (0)

Incoming Message With 
Quality Test Bit Set to True (1)

MMS Relay Only Processes Messages 
to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

SV Not Processed Not Processed

Table 17.23 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

SV Invalid
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Figure 17.21 illustrates the IEC 61850 Mode/Behavior.

                    

Relay Output Contact Behavior Following a Power Cycle
The behavior of the relay output contacts vary based on the IEC 61850 mode in 
which the relay existed prior to the power cycle. The behavior for all contact out-
puts at relay loss of power is to de-energize the contact outputs (open for nor-
mally open and close for normally closed). Upon restoring power, the relay re-
establishes the IEC 61850 mode prior to loss of power, and if the IEC 61850 
mode was Blocked or Test/Blocked, the relay will not operate the output contacts 
based on the SELOGIC control equations, even if the outputs were energized prior 
to the power cycle. Table 17.24 describes all scenarios.

                    

SEL TEST SV Mode
The SEL SV subscriber relay and the SEL SV publisher relay both support TEST 
SV mode. This mode is designed to validate SV communications during testing.

SEL SV Subscriber Relay
When the TEST SV command is executed on an SEL SV subscriber relay, it sets 
the Relay Word bit SVSTST to TRUE. In this mode, the relay accepts either 
TEST SV data (test bit of the quality attribute is TRUE) or normal SV data (test 

                    

Figure 17.21 Relay Operations in Off Mode

Not Processed

Not Processed

Not Processed

IED
GOOSE

(q.test = True/False)

SV
(q.test = True/False)

MMS Controls
(q.test = True/False)

Mode/Behavior = Off

If EOFFMTX = Y, GOOSE is transmitted 
with q.validity = Invalid
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with q.validity = Invalid

Physical contacts 
are BLOCKED

Logical Connections

Table 17.24 Output Contact Behavior for IEC 61850 Modes Following a Power 
Cycle

IEC 61850 Mode 
Prior to Power Cycle

Output Contact 
State Prior to 
Power Cycle

Output Contact 
State During Power 
Off

Output Contact 
State Following the 
Power Cycle

ON 0 0 0

BLOCKED 0 0 0

TEST 0 0 0

TEST/BLOCKED 0 0 0

OFF 0 0 0

ON 1 0 1

BLOCKED 1 0 0

TEST 1 0 1

TEST/BLOCKED 1 0 0

OFF 1 0 0
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bit of the quality attribute is FALSE). If the relay receives TEST SV data, the 
warning code QUALITY(TEST) is used to indicate the subscription status. While in 
TEST SV mode, the relay processes the SV stream and exercises all associated 
protection logic.

If the SEL SV subscriber relay is not in TEST SV mode, SVSTST is set to 
FALSE and the relay only accepts SV data with a valid quality. If TEST SV data 
are received, messages are discarded and error code INVALID QUAL is used to 
indicate the subscription status.

SEL SV Publisher Relay
When the TEST SV command is executed on the SEL-421 or SEL-401 SV pub-
lisher relays, it sets the Relay Word bit SVPTST to TRUE. In this mode, the relay 
generates test signals on all configured SV streams. The test bit in the quality 
attribute is TRUE for all published SV messages. The published signals are 
scaled from secondary values (Magnitude in Table 17.25) to primary values in 
accordance with the CT and PT ratio setting as follows:

➤ CTRW is used for both IW and IX scaling.

➤ PTRY is used for both VY and VZ scaling.

                    

Refer to Section 14: ASCII Command Reference for more information about the 
TEST SV command.

IEC 61850 Configuration
Settings

Table 12.18 lists the IEC 61850 settings. Table 12.19 lists the Mode/Behavior set-
tings. These settings are only available if your device includes the optional 
IEC 61850 protocol.

Architect
The Architect software enables protection and integration engineers to design 
and commission IEC 61850 substations containing SEL IEDs.

Table 17.25 Secondary Quantities for the SEL-400 SV Publisher

IEC SEL
Magnitude (RMS) Angle (Degrees)

5 Aa

a 1 A or 5 A nominal current. 

1 Aa ABC Rotation ACB Rotation

I1 IA 5 1 0 0

I2 IB 5 1 –120 120

I3 IC 5 1 120 –120

I4 IN 0b

b The neutral channel is the sum of the waveforms for A-, B-, and C-Phase

0b 0b 0b

V1 VA 67 67 0 0

V2 VB 67 67 –120 120

V3 VC 67 67 120 –120

V4 VN 0b 0b 0b 0b
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Engineers can use Architect to perform the following configuration tasks.

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Configure SV publication and subscription, if supported.

➤ Edit and create GOOSE and SV data sets.

➤ Read non-SEL IED Capability Description (ICD) and CID files and 
determine the available IEC 61850 messaging options.

➤ Use or edit preconfigured data sets for reports.

➤ Load device settings as part of IEC 61850 CID files into SEL IEDs.

➤ Generate ICD files that will provide SEL IED descriptions to other 
manufacturers’ tools so they can use SEL GOOSE messages and 
reporting features.

Architect provides a GUI for engineers to select, edit, and create IEC 61850 
GOOSE messages important for substation protection, coordination, and control 
schemes. Typically, the engineer first places icons representing IEDs in a substa-
tion container, then edits the outgoing GOOSE messages or creates new ones for 
each IED. The engineer may also select incoming GOOSE messages for each 
IED to receive from any other IEDs in the domain. Architect has the capability to 
read other manufacturers’ ICD and CID files, enabling the engineer to map the 
data seamlessly into SEL IED logic. See the Architect help for more information.

Architect also provides a GUI for engineers to configure SV publications and SV 
subscriptions when the IED supports SV. The process is similar to that described 
for GOOSE, except that SEL SV devices can either publish or subscribe to SV, 
but not both. The engineer edits or creates SV publication data sets to configure 
the SEL SV publisher(s). Architect then displays the available SV publications in 
the project, using any SV publications defined in the project, including those 
from imported CID files from other manufacturers' SV publishers. The engineer 
then configures subscriptions by mapping the published data to the available ana-
log channels in the SEL SV subscriber.

The following example includes configurations via the Architect software. The 
software supports IEC 61850 MMS, GOOSE, and SV configurations. This exam-
ple shows how to use the software to configure two SV publications on an 
SEL-401 and an SEL-421.

NOTE: Not all SEL-400 series relays 
support SV.

NOTE: Other manufacturers’ ICD and 
CID files must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet this 
criteria, the relay will reject the CID 
file upon download. Edit other 
manufacturers’ ICD and CID files prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

NOTE: Use unique VLAN tags when 
publishing 87L, GOOSE, and SV 
messages to avoid mixing process bus 
traffic with station bus traffic. 
However, the VLAN IDs of subscribed 
GOOSE messages can be the same as 
outgoing 87L or SV VLAN IDs.
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Example 17.3 SV Application

Step 1. Open Architect.

Step 2. Insert the SEL-401 ICD and the SEL-421-7 SV Subscriber 
Relay ICD in the project tree.

                    
                    
                    

Figure 17.22 Add ICD to Project Tree
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Step 3. Create an SV Publication for the SEL-401. Configure SVID, 
MAC address, APP ID, and VLAN information as desired. 
Select an SV data set to associate it with the SV publication.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.23 Configure an SV Publication
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Step 4. To view the content of the data set, select the … icon next to the 
data set.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.24 Example SV Publication Data Set
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Step 5. Select the SEL-421 and select the SV Receive tab to configure 
the SV subscriptions as shown in Figure 17.25.

                    

Step 6. Right-click the IED, and choose to send the CID file. Ensure that 
the FTP function is enabled on the IEDs before sending CID 
files.

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.25 Configure SV Subscription

                    
                    

Figure 17.26 Send SEL-401 CID File
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SV Configuration
The SEL-400 series relays support SV configuration via Architect or PORT 5 set-
tings via ACSELERATOR QuickSet SEL-5030 Software, terminal window, or 
front-panel HMI. PORT 5 SV settings take precedence over any SV configuration 
via CID files. If SVTXEN > 0 or SVRXEN > 0, PORT 5 SV configuration is used.

                    

Step 7. Issue the COM SV command on the merging unit and the relay 
to verify successful publication and subscription.

                    

                    

Example 17.3 SV Application (Continued)

                    
                    

Figure 17.27 Send SEL-421-7 CID File

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SV Publication Information

MultiCastAddr Ptag:Vlan AppID smpSynch
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 0
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.28 SEL-401 Publication Status

                    

=>>COM SV <Enter>

IEC 61850 Mode/Behavior: On

SEL TEST SV Mode: Off

SIMULATED Mode: Off

SV Subscription Status

MultiCastAddr Ptag:Vlan AppID smpSynch Code Network Delay (ms)
_________________________________________________________________________________
A0401_006_ICD_ExampleCFG/LLNO$MS$MSVCB01
01-0C-CD-04-00-11 4:1 4001 1
SV ID: 4001
Data Set: A0401_006_ICD_ExampleCFG/LLNO$PhsMeas1

Figure 17.29 SEL-421-7 SV Subscription Status
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SV Communication Status
SEL SV publisher relays, including the SEL-421-7 SV Publisher and the 
SEL-401, support as many as seven SV publications. The SEL-421 or SEL-401 
indicates the publication status by using Relay Word bits SVPnnOK (nn= 01 to 
07). If a publication is configured, the corresponding SVPnnOK Relay Word bit 
asserts. The COM SV command provides a detailed report on the configured SV 
publications.

The SEL SV publisher relay supports as many as seven SV subscriptions. The 
SEL SV publisher relay monitors each incoming SV stream and, when queried 
with the COM SV command, reports errors or warnings if detected. For example, 
if the relay has not received four or more consecutive SV messages, COM SV 
reports the error code SV STREAM LOST. If the received SV messages include more 
than one application service data unit (ASDU), the error code ASDU ERROR is 
reported to indicate that the SEL-400 only supports one ASDU. Warning codes 
include CH DLY EXCEEDED, INTERPOLATED, SIMULATED, etc. For example, if the 
measured network delay of any subscribed SV stream exceeded the CH_DLY 
when the relay is in coupled clock mode. If SV subscriptions experience an error, 
the corresponding subscription status, SVSnnOK (nn = 01–07), deasserts.

Refer to Section 14: ASCII Command Reference for more information about the 
COM SV command.

SEL ICD File Versions
Architect version 1.1.69.0 and higher supports multiple ICD file versions for 
each IED in a project. Because relays with different firmware may require differ-
ent CID file versions, this allows users to manage the CID files of all IEDs within 
a single project.

Ensure that you work with the appropriate version of Architect relative to your 
current configuration, existing project files, and ultimate goals. If you desire the 
best available IEC 61850 functionality for your SEL relay, obtain the latest ver-
sion of Architect and select the appropriate ICD version(s) for your needs. Archi-
tect generates CID files from ICD files so the ICD file version Architect uses also 
determines the CID file version generated.

As of this writing, Architect comes with several versions of relay ICD files. ICD 
file descriptions in Architect indicate the minimum firmware versions required to 
use that particular file. Unless otherwise indicated, ICD files will work with firm-
ware higher than the firmware in the description. but not with lower firmware 
versions.

See Appendix A: Firmware, ICD File, and Manual Versions in the product-spe-
cific instruction manual for a list of ICD versions and corresponding firmware 
versions.

Logical Nodes
Each logical device (LD) has a set of common data objects at the top-level LN0. 
These represent the current state of the device, as well as some informational 
data. These data objects are: Mod (Mode), Beh (Behavior), Health, and NamPlt. 
See below for a brief description of each object.
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Mode
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Mod stVal:
                    

The top-level logical node of each LD also includes the following Mod attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in your 
CFG logical device.

Behavior
SEL-400 series relay LNs include the following enumerations for Beh stVal:
                    

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health
The SEL-400 series relay includes at the top-level LN0 within each LD the fol-
lowing enumerations for Health stVal:
                    

The top-level logical node of each LD also includes the following Health attri-
butes: 

Health q and Health t per the Time Stamps and Quality section.

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior disabled

Health stVal Enumeration Health stVal Value Description

1 Ok EN Relay Word bit = 1

3 Alarm EN Relay Word bit = 0
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NamPlt
The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value.

➤ NamPlt d, which is the LD description.

Common Logical Nodes
Table 17.26–Table 17.29 show the logical nodes (LNs) supported in all SEL-400 
series relays. See the respective product-specific instruction manuals to see 
which additional logical nodes are available in that relay.

Table 17.26 shows the LNs associated with the Logical Node CFG.

                    

Table 17.26 Logical Device: CFG (Configuration) (Sheet 1 of 7)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

EALCCH1 RsStat.Oper.ctlVal EARSTa, b Reset engineering access statistics

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE, SV, and 87L traffic).

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValc I60MODd IEC 61850 mode/behavior control

LGOSne RsStat.Oper.ctlVal GRSTnf Reset GOOSE statistics for Message n

LSVSng RsStat.Oper.ctlVal SRSTnf Reset SV statistics for SV Stream n

PBLCCH1 RsStat.Oper.ctlVal PBRSTa, b Reset process bus statistics

SBLCCH1 RsStat.Oper.ctlVal SBRSTa, b Reset station bus statistics

Functional Constraint = DC

DevIDLPHD1 PhyNam.hwRev HWREVh Hardware version of the relay main board

DevIDLPHD1 PhyNam.model PARNUM Relay part number string

DevIDLPHD1 PhyNam.serNum SERNUM Relay serial number string

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal EN?3:1i Relay enabled

EALCCH1 ChLiv.stVal EACHa, b Status of engineering access channel

EALCCH1 RxCnt.actVal EARXa, b Number of non-SV, non-GOOSE frames received on the engineering access 
channel

EALCCH1 TxCnt.actVal EATXa, b Number of frames transmitted on the engineering access channel

EALCCH1 RsStat.stVal EARSTa, b Status of engineering access statistics reset

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant GOOSE channels
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GOLCCH2 FerCh.stValj GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stValj GORFERa Frame error rate on the redundant GOOSE channel

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP channels

IPLCCH1 FerCh.stValj IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stValj IPRFERa Frame error rate on the redundant IP channel

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE, SV, and 87L 
traffic)

LLN0 Mod.stVal I60MODd IEC 61850 mode/behavior status

LLN0 Health.stVal EN?3:1i Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSne NdsCom.stVal GNCMnf Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSne St.stVal GSTnf Status of the subscription (True = active, False = not active) for GOOSE 
Message n

LGOSne SimSt.stVal GSIMnf Status showing that simulation messages are received and accepted for 
GOOSE Message n

LGOSne LastStNum.stVal GLSTnf Last state number received (StNum) for GOOSE Message n

LGOSne LastSqNum.stVal GLSQnf Last sequence number received (SqNum) for GOOSE Message n

LGOSne LastTal.stVal GTALnf Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSne ConfRevNum.stVal –k Expected configuration revision number for GOOSE Message n

LGOSne RxConfRevNum.stVal GCNFnf Received configuration revision number for GOOSE Message n

LGOSne ErrSt.stVall GERRnf Error status of the subscription for GOOSE Message n

LGOSne OosCnt.stVal GOOSnf Number of out-of-sequence (OOS) errors for GOOSE Message n

LGOSne TalCnt.stVal GTLCnf Number of time-allowed-to-live violations for GOOSE Message n

LGOSne DecErrCnt.stVal GDERnf Number of messages that failed decoding for GOOSE Message n

LGOSne BufOvflCnt.stVal GBFOnf Number of messages lost because of buffer overflow for GOOSE Message n

LGOSne MsgLosCnt.stVal GMSLnf Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSne MaxMsgLos.stVal GMXMnf Maximum number of sequential messages lost because of OOS error (esti-
mated) for GOOSE Message n

LGOSne InvQualCnt.stVal GIDQnf Number of mapped incoming GOOSE data with invalid quality for GOOSE 
Message n

LGOSne RsStat.stVal GRSTnf Status of statistics reset for GOOSE messages

LSVSng NdsCom.stVal SNCMnf Subscription needs commissioning for SV Stream n. True if ConfRevNum does 
not match RxConfRevNum

LSVSng St.stVal SSTnf Status of the subscription (True = active, False = not active) for SV Stream n

LSVSng SimSt.stVal SSIMnf Status showing that simulation messages are received and accepted for SV 
Stream n
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LSVSng ConfRevNum.stVal –k Expected configuration revision number for SV Stream n

LSVSng RxConfRevNum.stVal SCNFnf Received configuration revision number for SV Stream n

LSVSng SmpSynch.stValm, n SSMPnf Synchronization state for SV Stream n

LSVSng ErrSt.stValo SERRnf Error status of the subscription for SV Stream n

LSVSng OosCnt.stVal SOOSnf Number of OOS errors for SV Stream n

LSVSng DscdCnt.stVal SDISnf Number of messages that were discarded for SV Stream n

LSVSng IntpCnt.stVal SINTnf Number of messages interpolated for SV Stream n

LSVSng RsStat.stVal SRSTnf Status of statistics reset for SV Stream n

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of TimeStamp)

20: 1 s accuracy (2–20)

10: 1 ms accuracy (2–10)

7: 10 ms accuracy (2–7)

31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity

If TmSrcTyp is PTP, TmSrc indicates the timeSource as defined by 
IEEE 1588-2008

If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP server

For all other values of TmSrcTyp, TmSrc is set to “NA”

LTMS TmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits TSNTP, TPTP, and 
TIRIG

1: Unknown

2: SNTP

3: PTP

4: IRIG-B

LTMS TmSyn.stVal TSSYNa, p Traceability of the reference time to which the IED is synchronized

2: GlobalAreaClock—Time synchronized to a clock that is traceable to a 
global reference, or TmSrcTyp is SNTP

1: LocalAreaClock—Time synchronized to a local area clock that is not 
traceable to a global reference

0: InternalClock—Not synchronized to an external clock source

LTMS TmSynLkd.stVal TSSYNLKa Status of clock synchronization:

1: Locked

2: Unlocked for 0–10 seconds

3: Unlocked for 10–100 seconds

4: Unlocked for 100–1000 seconds

5: Unlocked for more than 1000 seconds

PBLCCH1 ChLiv.stVal PBCHa, b Status of process bus primary channel

PBLCCH1 RedChLiv.stVal PBRCHa, b Status of process bus redundant channel

PBLCCH1 RxCnt.actVal PBRXa, b Number of non-SV, non-GOOSE frames received on the process bus primary 
channel

PBLCCH1 RedRxCnt.actVal PBRRXa, b Number of non-SV, non-GOOSE frames received on the process bus redun-
dant channel

PBLCCH1 RxCntGo.actVal PBRXGOa, b Number of GOOSE frames received on the process bus primary channel

PBLCCH1 RedRxCntGo.actVal PBRRXGOa, b Number of GOOSE frames received on the process bus redundant channel

PBLCCH1 RxCntSv.actVal PBRXSVa, b Number of SV frames received on the process bus primary channel

PBLCCH1 RedRxCntSv.actVal PBRRXSVa, b Number of SV frames received on the process bus redundant channel
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PBLCCH1 TxCnt.actVal PBTXa, b Number of frames transmitted on both process bus channels

PBLCCH1 FerCh.stVal PBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus pri-
mary channel over the last 1000 processed PRP frames

PBLCCH1 RedFerCh.stVal PBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the process bus 
redundant channel over the last 1000 processed PRP frames

PBLCCH1 FerChGo.stVal PBFRGOa, b Number of GOOSE PRP frames missed on the process bus primary channel 
over the last 1000 processed PRP frames

PBLCCH1 RedFerChGo.stVal PBRFRGOa, b Number of GOOSE PRP frames missed on the process bus redundant channel 
over the last 1000 processed PRP frames

PBLCCH1 FerChSv.stVal PBFRSVa, b Number of SV PRP frames missed on the process bus primary channel over 
the last second

PBLCCH1 RedFerChSv.stVal PBRFRSVa, b Number of SV PRP frames missed on the process bus redundant channel over 
the last second

PBLCCH1 RsStat.stVal PBRSTa, b Status of process bus statistics reset

SBLCCH1 ChLiv.stVal SBCHa, b Status of station bus primary channel

SBLCCH1 RedChLiv.stVal SBRCHa, b Status of station bus redundant channel

SBLCCH1 RxCnt.actVal SBRXa, b Number of non-SV, non-GOOSE frames received on the station bus primary 
channel

SBLCCH1 RedRxCnt.actVal SBRRXa, b Number of non-SV, non-GOOSE frames received on the station bus redundant 
channel

SBLCCH1 RxCntGo.actVal SBRXGOa, b Number of GOOSE frames received on the station bus primary channel

SBLCCH1 RedRxCntGo.actVal SBRRXGOa, b Number of GOOSE frames received on the station bus redundant channel

SBLCCH1 TxCnt.actVal SBTXa, b Number of frames transmitted on both station bus channels

SBLCCH1 FerCh.stVal SBFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus pri-
mary channel over the last 1000 processed PRP frames

SBLCCH1 RedFerCh.stVal SBRFERa, b Number of non-SV, non-GOOSE PRP frames missed on the station bus redun-
dant channel over the last 1000 processed PRP frames

SBLCCH1 FerChGo.stVal SBFRGOa, b Number of GOOSE PRP frames missed on the station bus primary channel 
over the last 1000 processed PRP frames

SBLCCH1 RedFerChGo.stVal SBRFRGOa, b Number of GOOSE PRP frames missed on the station bus redundant channel 
over the last 1000 processed PRP frames

SBLCCH1 RsStat.stVal SBRSTa, b Status of station bus statistics reset

Functional Constraint = MX

LGOSne TotDwnTm.instMag.f GDWTnf Total downtime in seconds for GOOSE Message n

LGOSne MaxDwnTm.instMag.f GMXDnf Maximum continuous downtime in seconds for GOOSE Message n

LSVSng NetwDly.instMag.fq SNETnf Network delay in milliseconds for SV Stream n

LSVSng TotDwnTm.instMag.f SDWTnf Total downtime in seconds for SV Stream n

LSVSng MaxDwnTm.instMag.f SMXDnf Maximum continuous downtime in seconds for SV Stream n

LTMS TmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second points on the 
synchronized time; TmTosPer is set to 0 for time sources other than high-
accuracy PTP or IRIG-B

Functional Constraint = SP

EALCCH1 ApNam.setVal –b, k Access point name for the engineering access channel

GOLCCH2 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 4: 
PRP, 5: IsolatedIP)

IPLCCH1 NetMod.setVal NETMODE PORT 5 network operating mode setting (1: Fixed, 2: Failover, 3: Switched, 
4: PRP, 5: IsolatedIP). 
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LGOSne GoCBRef.setSrcRef –k Configured GOOSE control block reference for GOOSE Message n

LGOSne DatSet.setSrcRef –k Configured data set reference for GOOSE Message n

LGOSne GoID.setVal –k Configured ID for GOOSE Message n

LGOSne Addr.setVal –k Configured multicast MAC address for GOOSE Message n

LGOSne VlanID.setVal –k Configured VLAN ID for GOOSE Message n

LGOSne VlanPri.setVal –k Configured VLAN priority for GOOSE Message n

LGOSne AppID.setVal –k Configured APPID for GOOSE Message n

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

LSVSng SvCBRef.setSrcRef –k Configured SV control block reference for SV Stream n

LSVSng DatSet.setSrcRef –k Configured data set reference for SV Stream n

LSVSng SvID.setVal –k Configured SV ID for SV Stream n

LSVSng Addr.setVal –k Configured multicast MAC address for SV Stream n

LSVSng VlanID.setVal –k Configured VLAN ID for SV Stream n

LSVSng VlanPri.setVal –k Configured VLAN priority for SV Stream n

LSVSng AppID.setVal –k Configured APPID for SV Stream n

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

PBLCCH1 ApNam.setVal –b, k Access point name for the process bus

PBLCCH1 NetModP.setVal NETMODPb PORT 5 network operating mode setting for the process bus (1: Fixed, 2: 
Failover, 3: PRP)

PBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

PBLCCH1 NetPorP.setVal NETPORPb PORT 5 primary network port setting for the process bus (1: A, 2: B)

SBLCCH1 ApNam.setVal –b, k Access point name for the station bus

SBLCCH1 NetMode.setVal NETMODEb PORT 5 network operating mode setting for the station bus (1: Fixed, 2: 
Failover, 3: PRP)

SBLCCH1 BusMode.setVal BUSMODEb PORT 5 bus operating mode setting (1: Independent, 2: Merged)

SBLCCH1 NetPort.setVal NETPORTb PORT 5 primary network port setting for the station bus (1: C, 2: D)

Functional Constraint = SR

LTRK1 SpcTrk.objRef _r ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 SpcTrk.errorCode _r, t ACSI service error status

LTRK1 SpcTrk.ctlVal _r Control value in the request

LTRK1 SpcTrk.ctlNum _r Control number in the request

LTRK1 SpcTrk.origin.orCat _r Originator category value in the request

LTRK1 SpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 SpcTrk.T _r Time-stamp value in the request

LTRK1 SpcTrk.Test _r Test value in the request

LTRK1 SpcTrk.Check _r Check condition value in the request

LTRK1 SpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 DpcTrk.objRef _r ACSI reference of the DPC object targeted in the request
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LTRK1 DpcTrk.serviceType _r, s Type of service requested or executed

LTRK1 DpcTrk.errorCode _r, t ACSI service error status

LTRK1 DpcTrk.ctlVal _r Control value in the request

LTRK1 DpcTrk.ctlNum _r Control number in the request

LTRK1 DpcTrk.origin.orCat _r Originator category value in the request

LTRK1 DpcTrk.origin.orIdent _r Originator identity value in the request

LTRK1 DpcTrk.T _r Time-stamp value in the request

LTRK1 DpcTrk.Test _r Test value in the request

LTRK1 DpcTrk.Check _r Check condition value in the request

LTRK1 DpcTrk.respAddCause _r AddCause value returned in the response

LTRK1 EncTrk.objRef _r ACSI reference of the ENC object targeted in the request

LTRK1 EncTrk.serviceType _r, s Type of service requested or executed

LTRK1 EncTrk.errorCode _r, t ACSI service error status

LTRK1 EncTrk.ctlVal _r Control value in the request

LTRK1 EncTrk.ctlNum _r Control number in the request

LTRK1 EncTrk.origin.orCat _r Originator category value in the request

LTRK1 EncTrk.origin.orIdent _r Originator identity value in the request

LTRK1 EncTrk.T _r Time-stamp value in the request

LTRK1 EncTrk.Test _r Test value in the request

LTRK1 EncTrk.Check _r Check condition value in the request

LTRK1 EncTrk.respAddCause _r AddCause value returned in the response

LTRK1 BrcbTrk.objRef _r ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 BrcbTrk.errorCode _r, t ACSI service error status

LTRK1 BrcbTrk.rptID _r RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna _r RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet _r DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev _r ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds _r OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm _r BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum _r SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps _r TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd _r IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi _r GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf _r PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID _r EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry _r TimeOfEntry attribute value in the target BRCB object

LTRK1 UrcbTrk.objRef _r ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType _r, s Type of service requested or executed

LTRK1 UrcbTrk.errorCode _r, t ACSI service error status

LTRK1 UrcbTrk.rptID _r RptID attribute value in the request or target URCB object
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Table 17.27 shows the LNs associated with control elements, defined as Logical 
Device CON.

                    

LTRK1 UrcbTrk.rptEna _r RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv _r Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet _r DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev _r ConfRev attribute value in the target URCB object

LTRK1 UrcbTrk.optFlds _r OptFlds attribute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm _r BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum _r SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps _r TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd _r IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi _r GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef _r ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType _r, s Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode _r, t ACSI service error status

LTRK1 SgcbTrk.numOfSG _r NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG _r ActSG attribute value in the request

LTRK1 SgcbTrk.editSG _r EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit _r CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm _r LActTm attribute value in the target SGCB object after activation of the set-
tings group

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on page 17.31 

for more details.
d I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
e Where n = 1–64, corresponding to the first 64 GOOSE message subscriptions.
f Internal data source not available to the user. See COM SV on page 14.17 and GOOSE on page 14.37 for more information.
g Where n = 1–7, corresponding to each of the seven possible SV subscriptions.
h HWREV is an internal data source and is not available to the user.
i If enabled, value = 1. If disabled, value = 3.
j When NETMODE = PRP the value indicates the number of duplicate frames not received for every 1000 PRP tagged frames received.
k Data source defined in the IEC 61850 Configured IED Description (CID) file.
l See Table 14.79 for a description of each enumeration.
m See Table 14.43 for a description of each enumeration.
n The value is the 16-bit integer limit (i.e., 32768) if SmpSynch is NA in the COM SV response.
o See Table 14.44 for a description of each enumeration.
p If (TGLOBAL = 1 OR TmSrcTyp = SNTP), the value is set to 2. If TLOCAL = 1, the value is set to 1. Otherwise, the value is set to 0.
q The value is the 32-bit float limit (i.e., 3.40282347E+38) if NetwDly is NA in the COM SV response.
r The value depends on the ACSI service type requested, the target object, and the error status.
s Refer toTable 17.10 IEC 61850 service type enumeration.
t Refer to Table 17.11 IEC 61850 ACSI service error.
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Logical Node Attribute Data Source Comment

Functional Constraint = CO

PRBGGIO1a SPCSO01.Oper.ctlVal RB01:RB01 Pulse Remote Bit 1

PRBGGIO1a SPCSO02.Oper.ctlVal RB02:RB02 Pulse Remote Bit 2

NOTE: For logical node PRBGGIO, 
writing TRUE to either operSet or 
operClear pulses the remote bit.
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PRBGGIO1a SPCSO03.Oper.ctlVal RB03:RB03 Pulse Remote Bit 3

PRBGGIO1a SPCSO04.Oper.ctlVal RB04:RB04 Pulse Remote Bit 4

PRBGGIO1a SPCSO05.Oper.ctlVal RB05:RB05 Pulse Remote Bit 5

PRBGGIO1a SPCSO06.Oper.ctlVal RB06:RB06 Pulse Remote Bit 6

PRBGGIO1a SPCSO07.Oper.ctlVal RB07:RB07 Pulse Remote Bit 7

PRBGGIO1a SPCSO08.Oper.ctlVal RB08:RB08 Pulse Remote Bit 8

PRBGGIO2a SPCSO09.Oper.ctlVal RB09:RB09 Pulse Remote Bit 9

PRBGGIO2a SPCSO10.Oper.ctlVal RB10:RB10 Pulse Remote Bit 10

PRBGGIO2a SPCSO11.Oper.ctlVal RB11:RB11 Pulse Remote Bit 11

PRBGGIO2a SPCSO12.Oper.ctlVal RB12:RB12 Pulse Remote Bit 12

PRBGGIO2a SPCSO13.Oper.ctlVal RB13:RB13 Pulse Remote Bit 13

PRBGGIO2a SPCSO14.Oper.ctlVal RB14:RB14 Pulse Remote Bit 14

PRBGGIO2a SPCSO15.Oper.ctlVal RB15:RB15 Pulse Remote Bit 15

PRBGGIO2a SPCSO16.Oper.ctlVal RB16:RB16 Pulse Remote Bit 16

PRBGGIO3a SPCSO17.Oper.ctlVal RB17:RB17 Pulse Remote Bit 17

PRBGGIO3a SPCSO18.Oper.ctlVal RB18:RB18 Pulse Remote Bit 18

PRBGGIO3a SPCSO19.Oper.ctlVal RB19:RB19 Pulse Remote Bit 19

PRBGGIO3a SPCSO20.Oper.ctlVal RB20:RB20 Pulse Remote Bit 20

PRBGGIO3a SPCSO21.Oper.ctlVal RB21:RB21 Pulse Remote Bit 21

PRBGGIO3a SPCSO22.Oper.ctlVal RB22:RB22 Pulse Remote Bit 22

PRBGGIO3a SPCSO23.Oper.ctlVal RB23:RB23 Pulse Remote Bit 23

PRBGGIO3a SPCSO24.Oper.ctlVal RB24:RB24 Pulse Remote Bit 24

PRBGGIO4a SPCSO25.Oper.ctlVal RB25:RB25 Pulse Remote Bit 25

PRBGGIO4a SPCSO26.Oper.ctlVal RB26:RB26 Pulse Remote Bit 26

PRBGGIO4a SPCSO27.Oper.ctlVal RB27:RB27 Pulse Remote Bit 27

PRBGGIO4a SPCSO28.Oper.ctlVal RB28:RB28 Pulse Remote Bit 28

PRBGGIO4a SPCSO29.Oper.ctlVal RB29:RB29 Pulse Remote Bit 29

PRBGGIO4a SPCSO30.Oper.ctlVal RB30:RB30 Pulse Remote Bit 30

PRBGGIO4a SPCSO31.Oper.ctlVal RB31:RB31 Pulse Remote Bit 31

PRBGGIO4a SPCSO32.Oper.ctlVal RB32:RB32 Pulse Remote Bit 32

PRBGGIO5 SPCSO33.Oper.ctlVal RB33:RB33 Pulse Remote Bit 33

PRBGGIO5 SPCSO34.Oper.ctlVal RB34:RB34 Pulse Remote Bit 34

PRBGGIO5 SPCSO35.Oper.ctlVal RB35:RB35 Pulse Remote Bit 35

PRBGGIO5 SPCSO36.Oper.ctlVal RB36:RB36 Pulse Remote Bit 36

PRBGGIO5 SPCSO37.Oper.ctlVal RB37:RB37 Pulse Remote Bit 37

PRBGGIO5 SPCSO38.Oper.ctlVal RB38:RB38 Pulse Remote Bit 38

PRBGGIO5 SPCSO39.Oper.ctlVal RB39:RB39 Pulse Remote Bit 39

PRBGGIO5 SPCSO40.Oper.ctlVal RB40:RB40 Pulse Remote Bit 40

PRBGGIO6 SPCSO41.Oper.ctlVal RB41:RB41 Pulse Remote Bit 41

PRBGGIO6 SPCSO42.Oper.ctlVal RB42:RB42 Pulse Remote Bit 42

PRBGGIO6 SPCSO43.Oper.ctlVal RB43:RB43 Pulse Remote Bit 43

Table 17.27 Logical Device: CON (Remote Control) (Sheet 2 of 11)

Logical Node Attribute Data Source Comment



17.55

Date Code 20230830 Instruction Manual SEL-400 Series Relays

IEC 61850 Communication
Logical Nodes

PRBGGIO6 SPCSO44.Oper.ctlVal RB44:RB44 Pulse Remote Bit 44

PRBGGIO6 SPCSO45.Oper.ctlVal RB45:RB45 Pulse Remote Bit 45

PRBGGIO6 SPCSO46.Oper.ctlVal RB46:RB46 Pulse Remote Bit 46

PRBGGIO6 SPCSO47.Oper.ctlVal RB47:RB47 Pulse Remote Bit 47

PRBGGIO6 SPCSO48.Oper.ctlVal RB48:RB48 Pulse Remote Bit 48

PRBGGIO7 SPCSO49.Oper.ctlVal RB49:RB49 Pulse Remote Bit 49

PRBGGIO7 SPCSO50.Oper.ctlVal RB50:RB50 Pulse Remote Bit 50

PRBGGIO7 SPCSO51.Oper.ctlVal RB51:RB51 Pulse Remote Bit 51

PRBGGIO7 SPCSO52.Oper.ctlVal RB52:RB52 Pulse Remote Bit 52

PRBGGIO7 SPCSO53.Oper.ctlVal RB53:RB53 Pulse Remote Bit 53

PRBGGIO7 SPCSO54.Oper.ctlVal RB54:RB54 Pulse Remote Bit 54

PRBGGIO7 SPCSO55.Oper.ctlVal RB50:RB55 Pulse Remote Bit 55

PRBGGIO7 SPCSO56.Oper.ctlVal RB56:RB56 Pulse Remote Bit 56

PRBGGIO8 SPCSO57.Oper.ctlVal RB57:RB57 Pulse Remote Bit 57

PRBGGIO8 SPCSO58.Oper.ctlVal RB58:RB58 Pulse Remote Bit 58

PRBGGIO8 SPCSO59.Oper.ctlVal RB59:RB59 Pulse Remote Bit 59

PRBGGIO8 SPCSO60.Oper.ctlVal RB60:RB60 Pulse Remote Bit 60

PRBGGIO8 SPCSO61.Oper.ctlVal RB61:RB61 Pulse Remote Bit 61

PRBGGIO8 SPCSO62.Oper.ctlVal RB62:RB62 Pulse Remote Bit 62

PRBGGIO8 SPCSO63.Oper.ctlVal RB63:RB63 Pulse Remote Bit 63

PRBGGIO8 SPCSO64.Oper.ctlVal RB64:RB64 Pulse Remote Bit 64

PRBGGIO9b SPCSO65.Oper.ctlVal RB65:RB65 Pulse Remote Bit 65

PRBGGIO9b SPCSO66.Oper.ctlVal RB66:RB66 Pulse Remote Bit 66

PRBGGIO9b SPCSO67.Oper.ctlVal RB67:RB67 Pulse Remote Bit 67

PRBGGIO9b SPCSO68.Oper.ctlVal RB68:RB68 Pulse Remote Bit 68

PRBGGIO9b SPCSO69.Oper.ctlVal RB69:RB69 Pulse Remote Bit 69

PRBGGIO9b SPCSO70.Oper.ctlVal RB70:RB70 Pulse Remote Bit 70

PRBGGIO9b SPCSO71.Oper.ctlVal RB71:RB71 Pulse Remote Bit 71

PRBGGIO9b SPCSO72.Oper.ctlVal RB72:RB72 Pulse Remote Bit 72

PRBGGIO10b SPCSO73.Oper.ctlVal RB73:RB73 Pulse Remote Bit 73

PRBGGIO10b SPCSO74.Oper.ctlVal RB74:RB74 Pulse Remote Bit 74

PRBGGIO10b SPCSO75.Oper.ctlVal RB75:RB75 Pulse Remote Bit 75

PRBGGIO10b SPCSO76.Oper.ctlVal RB76:RB76 Pulse Remote Bit 76

PRBGGIO10b SPCSO77.Oper.ctlVal RB77:RB77 Pulse Remote Bit 77

PRBGGIO10b SPCSO78.Oper.ctlVal RB78:RB78 Pulse Remote Bit 78

PRBGGIO10b SPCSO79.Oper.ctlVal RB79:RB79 Pulse Remote Bit 79

PRBGGIO10b SPCSO80.Oper.ctlVal RB80:RB80 Pulse Remote Bit 80

PRBGGIO11b SPCSO81.Oper.ctlVal RB81:RB81 Pulse Remote Bit 81

PRBGGIO11b SPCSO82.Oper.ctlVal RB82:RB82 Pulse Remote Bit 82
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PRBGGIO11b SPCSO83.Oper.ctlVal RB83:RB83 Pulse Remote Bit 83

PRBGGIO11b SPCSO84.Oper.ctlVal RB84:RB84 Pulse Remote Bit 84

PRBGGIO11b SPCSO85.Oper.ctlVal RB85:RB85 Pulse Remote Bit 85

PRBGGIO11b SPCSO86.Oper.ctlVal RB86:RB86 Pulse Remote Bit 86

PRBGGIO11b SPCSO87.Oper.ctlVal RB87:RB87 Pulse Remote Bit 87

PRBGGIO11b SPCSO88.Oper.ctlVal RB88:RB88 Pulse Remote Bit 88

PRBGGIO12b SPCSO89.Oper.ctlVal RB89:RB89 Pulse Remote Bit 89

PRBGGIO12b SPCSO90.Oper.ctlVal RB90:RB90 Pulse Remote Bit 90

PRBGGIO12b SPCSO91.Oper.ctlVal RB91:RB91 Pulse Remote Bit 91

PRBGGIO12b SPCSO92.Oper.ctlVal RB92:RB92 Pulse Remote Bit 92

PRBGGIO12b SPCSO93.Oper.ctlVal RB93:RB93 Pulse Remote Bit 93

PRBGGIO12b SPCSO94.Oper.ctlVal RB94:RB94 Pulse Remote Bit 94

PRBGGIO12b SPCSO95.Oper.ctlVal RB95:RB95 Pulse Remote Bit 95

PRBGGIO12b SPCSO96.Oper.ctlVal RB96:RB96 Pulse Remote Bit 96

RBGGIO1a SPCSO01.Oper.ctlVal RB01 Remote Bit 1

RBGGIO1a SPCSO02.Oper.ctlVal RB02 Remote Bit 2

RBGGIO1a SPCSO03.Oper.ctlVal RB03 Remote Bit 3

RBGGIO1a SPCSO04.Oper.ctlVal RB04 Remote Bit 4

RBGGIO1a SPCSO05.Oper.ctlVal RB05 Remote Bit 5

RBGGIO1a SPCSO06.Oper.ctlVal RB06 Remote Bit 6

RBGGIO1a SPCSO07.Oper.ctlVal RB07 Remote Bit 7

RBGGIO1a SPCSO08.Oper.ctlVal RB08 Remote Bit 8

RBGGIO2a SPCSO09.Oper.ctlVal RB09 Remote Bit 9

RBGGIO2a SPCSO10.Oper.ctlVal RB10 Remote Bit 10

RBGGIO2a SPCSO11.Oper.ctlVal RB11 Remote Bit 11

RBGGIO2a SPCSO12.Oper.ctlVal RB12 Remote Bit 12

RBGGIO2a SPCSO13.Oper.ctlVal RB13 Remote Bit 13

RBGGIO2a SPCSO14.Oper.ctlVal RB14 Remote Bit 14

RBGGIO2a SPCSO15.Oper.ctlVal RB15 Remote Bit 15

RBGGIO2a SPCSO16.Oper.ctlVal RB16 Remote Bit 16

RBGGIO3a SPCSO17.Oper.ctlVal RB17 Remote Bit 17

RBGGIO3a SPCSO18.Oper.ctlVal RB18 Remote Bit 18

RBGGIO3a SPCSO19.Oper.ctlVal RB19 Remote Bit 19

RBGGIO3a SPCSO20.Oper.ctlVal RB20 Remote Bit 20

RBGGIO3a SPCSO21.Oper.ctlVal RB21 Remote Bit 21

RBGGIO3a SPCSO22.Oper.ctlVal RB22 Remote Bit 22

RBGGIO3a SPCSO23.Oper.ctlVal RB23 Remote Bit 23

RBGGIO3a SPCSO24.Oper.ctlVal RB24 Remote Bit 24

RBGGIO4a SPCSO25.Oper.ctlVal RB25 Remote Bit 25

RBGGIO4a SPCSO26.Oper.ctlVal RB26 Remote Bit 26
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RBGGIO4a SPCSO27.Oper.ctlVal RB27 Remote Bit 27

RBGGIO4a SPCSO28.Oper.ctlVal RB28 Remote Bit 28

RBGGIO4a SPCSO29.Oper.ctlVal RB29 Remote Bit 29

RBGGIO4a SPCSO30.Oper.ctlVal RB30 Remote Bit 30

RBGGIO4a SPCSO31.Oper.ctlVal RB31 Remote Bit 31

RBGGIO4a SPCSO32.Oper.ctlVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.Oper.ctlVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.Oper.ctlVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.Oper.ctlVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.Oper.ctlVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.Oper.ctlVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.Oper.ctlVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.Oper.ctlVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.Oper.ctlVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.Oper.ctlVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.Oper.ctlVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.Oper.ctlVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.Oper.ctlVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.Oper.ctlVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.Oper.ctlVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.Oper.ctlVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.Oper.ctlVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.Oper.ctlVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.Oper.ctlVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.Oper.ctlVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.Oper.ctlVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.Oper.ctlVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.Oper.ctlVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.Oper.ctlVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.Oper.ctlVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.Oper.ctlVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.Oper.ctlVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.Oper.ctlVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.Oper.ctlVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.Oper.ctlVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.Oper.ctlVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.Oper.ctlVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.Oper.ctlVal RB64 Remote Bit 64

RBGGIO9 SPCSO65.Oper.ctlVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.Oper.ctlVal RB66 Remote Bit 66

RBGGIO9b SPCSO67.Oper.ctlVal RB67 Remote Bit 67

Table 17.27 Logical Device: CON (Remote Control) (Sheet 5 of 11)

Logical Node Attribute Data Source Comment



17.58

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
Logical Nodes

RBGGIO9b SPCSO68.Oper.ctlVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.Oper.ctlVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.Oper.ctlVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.Oper.ctlVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.Oper.ctlVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.Oper.ctlVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.Oper.ctlVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.Oper.ctlVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.Oper.ctlVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.Oper.ctlVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.Oper.ctlVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.Oper.ctlVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.Oper.ctlVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.Oper.ctlVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.Oper.ctlVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.Oper.ctlVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.Oper.ctlVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.Oper.ctlVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.Oper.ctlVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.Oper.ctlVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.Oper.ctlVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.Oper.ctlVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.Oper.ctlVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.Oper.ctlVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.Oper.ctlVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.Oper.ctlVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.Oper.ctlVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.Oper.ctlVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.Oper.ctlVal RB96 Remote Bit 96

Functional Constraint = DC

CTRLLPHD1 PhyNam.model PARNUM Relay part number string

CTRLLPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

CTRLLPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = ST

CTRLLPHD1 PhyHealth.stVal EN?3:1d Relay enabled

LLN0 Mod.stVal I60MODe IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

PRBGGIO1a SPCSO01.stVal RB01 Remote Bit 1
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PRBGGIO1a SPCSO02.stVal RB02 Remote Bit 2

PRBGGIO1a SPCSO03.stVal RB03 Remote Bit 3

PRBGGIO1a SPCSO04.stVal RB04 Remote Bit 4

PRBGGIO1a SPCSO05.stVal RB05 Remote Bit 5

PRBGGIO1a SPCSO06.stVal RB06 Remote Bit 6

PRBGGIO1a SPCSO07.stVal RB07 Remote Bit 7

PRBGGIO1a SPCSO08.stVal RB08 Remote Bit 8

PRBGGIO2a SPCSO09.stVal RB09 Remote Bit 9

PRBGGIO2a SPCSO10.stVal RB10 Remote Bit 10

PRBGGIO2a SPCSO11.stVal RB11 Remote Bit 11

PRBGGIO2a SPCSO12.stVal RB12 Remote Bit 12

PRBGGIO2a SPCSO13.stVal RB13 Remote Bit 13

PRBGGIO2a SPCSO14.stVal RB14 Remote Bit 14

PRBGGIO2a SPCSO15.stVal RB15 Remote Bit 15

PRBGGIO2a SPCSO16.stVal RB16 Remote Bit 16

PRBGGIO3a SPCSO17.stVal RB17 Remote Bit 17

PRBGGIO3a SPCSO18.stVal RB18 Remote Bit 18

PRBGGIO3a SPCSO19.stVal RB19 Remote Bit 19

PRBGGIO3a SPCSO20.stVal RB20 Remote Bit 20

PRBGGIO3a SPCSO21.stVal RB21 Remote Bit 21

PRBGGIO3a SPCSO22.stVal RB22 Remote Bit 22

PRBGGIO3a SPCSO23.stVal RB23 Remote Bit 23

PRBGGIO3a SPCSO24.stVal RB24 Remote Bit 24

PRBGGIO4a SPCSO25.stVal RB25 Remote Bit 25

PRBGGIO4a SPCSO26.stVal RB26 Remote Bit 26

PRBGGIO4a SPCSO27.stVal RB27 Remote Bit 27

PRBGGIO4a SPCSO28.stVal RB28 Remote Bit 28

PRBGGIO4a SPCSO29.stVal RB29 Remote Bit 29

PRBGGIO4a SPCSO30.stVal RB30 Remote Bit 30

PRBGGIO4a SPCSO31.stVal RB31 Remote Bit 31

PRBGGIO4a SPCSO32.stVal RB32 Remote Bit 32

PRBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

PRBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

PRBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

PRBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

PRBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

PRBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

PRBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

PRBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

PRBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

PRBGGIO6 SPCSO42.stVal RB42 Remote Bit 42
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PRBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

PRBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

PRBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

PRBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

PRBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

PRBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

PRBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

PRBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

PRBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

PRBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

PRBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

PRBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

PRBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

PRBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

PRBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

PRBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

PRBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

PRBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

PRBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

PRBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

PRBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

PRBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

PRBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

PRBGGIO9b SPCSO66.stVal RB66 Remote Bit 66

PRBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

PRBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

PRBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

PRBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

PRBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

PRBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

PRBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

PRBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

PRBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

PRBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

PRBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

PRBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

PRBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

PRBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

PRBGGIO11b SPCSO81.stVal RB81 Remote Bit 81
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PRBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

PRBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

PRBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

PRBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

PRBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

PRBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

PRBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

PRBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

PRBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

PRBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

PRBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

PRBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

PRBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

PRBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

PRBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

RBGGIO1 SPCSO01.stVal RB01 Remote Bit 1

RBGGIO1 SPCSO02.stVal RB02 Remote Bit 2

RBGGIO1 SPCSO03.stVal RB03 Remote Bit 3

RBGGIO1 SPCSO04.stVal RB04 Remote Bit 4

RBGGIO1 SPCSO05.stVal RB05 Remote Bit 5

RBGGIO1 SPCSO06.stVal RB06 Remote Bit 6

RBGGIO1 SPCSO07.stVal RB07 Remote Bit 7

RBGGIO1 SPCSO08.stVal RB08 Remote Bit 8

RBGGIO2 SPCSO09.stVal RB09 Remote Bit 9

RBGGIO2 SPCSO10.stVal RB10 Remote Bit 10

RBGGIO2 SPCSO11.stVal RB11 Remote Bit 11

RBGGIO2 SPCSO12.stVal RB12 Remote Bit 12

RBGGIO2 SPCSO13.stVal RB13 Remote Bit 13

RBGGIO2 SPCSO14.stVal RB14 Remote Bit 14

RBGGIO2 SPCSO15.stVal RB15 Remote Bit 15

RBGGIO2 SPCSO16.stVal RB16 Remote Bit 16

RBGGIO3 SPCSO17.stVal RB17 Remote Bit 17

RBGGIO3 SPCSO18.stVal RB18 Remote Bit 18

RBGGIO3 SPCSO19.stVal RB19 Remote Bit 19

RBGGIO3 SPCSO20.stVal RB20 Remote Bit 20

RBGGIO3 SPCSO21.stVal RB21 Remote Bit 21

RBGGIO3 SPCSO22.stVal RB22 Remote Bit 22

RBGGIO3 SPCSO23.stVal RB23 Remote Bit 23

RBGGIO3 SPCSO24.stVal RB24 Remote Bit 24

RBGGIO4 SPCSO25.stVal RB25 Remote Bit 25
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RBGGIO4 SPCSO26.stVal RB26 Remote Bit 26

RBGGIO4 SPCSO27.stVal RB27 Remote Bit 27

RBGGIO4 SPCSO28.stVal RB28 Remote Bit 28

RBGGIO4 SPCSO29.stVal RB29 Remote Bit 29

RBGGIO4 SPCSO30.stVal RB30 Remote Bit 30

RBGGIO4 SPCSO31.stVal RB31 Remote Bit 31

RBGGIO4 SPCSO32.stVal RB32 Remote Bit 32

RBGGIO5 SPCSO33.stVal RB33 Remote Bit 33

RBGGIO5 SPCSO34.stVal RB34 Remote Bit 34

RBGGIO5 SPCSO35.stVal RB35 Remote Bit 35

RBGGIO5 SPCSO36.stVal RB36 Remote Bit 36

RBGGIO5 SPCSO37.stVal RB37 Remote Bit 37

RBGGIO5 SPCSO38.stVal RB38 Remote Bit 38

RBGGIO5 SPCSO39.stVal RB39 Remote Bit 39

RBGGIO5 SPCSO40.stVal RB40 Remote Bit 40

RBGGIO6 SPCSO41.stVal RB41 Remote Bit 41

RBGGIO6 SPCSO42.stVal RB42 Remote Bit 42

RBGGIO6 SPCSO43.stVal RB43 Remote Bit 43

RBGGIO6 SPCSO44.stVal RB44 Remote Bit 44

RBGGIO6 SPCSO45.stVal RB45 Remote Bit 45

RBGGIO6 SPCSO46.stVal RB46 Remote Bit 46

RBGGIO6 SPCSO47.stVal RB47 Remote Bit 47

RBGGIO6 SPCSO48.stVal RB48 Remote Bit 48

RBGGIO7 SPCSO49.stVal RB49 Remote Bit 49

RBGGIO7 SPCSO50.stVal RB50 Remote Bit 50

RBGGIO7 SPCSO51.stVal RB51 Remote Bit 51

RBGGIO7 SPCSO52.stVal RB52 Remote Bit 52

RBGGIO7 SPCSO53.stVal RB53 Remote Bit 53

RBGGIO7 SPCSO54.stVal RB54 Remote Bit 54

RBGGIO7 SPCSO55.stVal RB55 Remote Bit 55

RBGGIO7 SPCSO56.stVal RB56 Remote Bit 56

RBGGIO8 SPCSO57.stVal RB57 Remote Bit 57

RBGGIO8 SPCSO58.stVal RB58 Remote Bit 58

RBGGIO8 SPCSO59.stVal RB59 Remote Bit 59

RBGGIO8 SPCSO60.stVal RB60 Remote Bit 60

RBGGIO8 SPCSO61.stVal RB61 Remote Bit 61

RBGGIO8 SPCSO62.stVal RB62 Remote Bit 62

RBGGIO8 SPCSO63.stVal RB63 Remote Bit 63

RBGGIO8 SPCSO64.stVal RB64 Remote Bit 64

RBGGIO9b SPCSO65.stVal RB65 Remote Bit 65

RBGGIO9b SPCSO66.stVal RB66 Remote Bit 66
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RBGGIO9b SPCSO67.stVal RB67 Remote Bit 67

RBGGIO9b SPCSO68.stVal RB68 Remote Bit 68

RBGGIO9b SPCSO69.stVal RB69 Remote Bit 69

RBGGIO9b SPCSO70.stVal RB70 Remote Bit 70

RBGGIO9b SPCSO71.stVal RB71 Remote Bit 71

RBGGIO9b SPCSO72.stVal RB72 Remote Bit 72

RBGGIO10b SPCSO73.stVal RB73 Remote Bit 73

RBGGIO10b SPCSO74.stVal RB74 Remote Bit 74

RBGGIO10b SPCSO75.stVal RB75 Remote Bit 75

RBGGIO10b SPCSO76.stVal RB76 Remote Bit 76

RBGGIO10b SPCSO77.stVal RB77 Remote Bit 77

RBGGIO10b SPCSO78.stVal RB78 Remote Bit 78

RBGGIO10b SPCSO79.stVal RB79 Remote Bit 79

RBGGIO10b SPCSO80.stVal RB80 Remote Bit 80

RBGGIO11b SPCSO81.stVal RB81 Remote Bit 81

RBGGIO11b SPCSO82.stVal RB82 Remote Bit 82

RBGGIO11b SPCSO83.stVal RB83 Remote Bit 83

RBGGIO11b SPCSO84.stVal RB84 Remote Bit 84

RBGGIO11b SPCSO85.stVal RB85 Remote Bit 85

RBGGIO11b SPCSO86.stVal RB86 Remote Bit 86

RBGGIO11b SPCSO87.stVal RB87 Remote Bit 87

RBGGIO11b SPCSO88.stVal RB88 Remote Bit 88

RBGGIO12b SPCSO89.stVal RB89 Remote Bit 89

RBGGIO12b SPCSO90.stVal RB90 Remote Bit 90

RBGGIO12b SPCSO91.stVal RB91 Remote Bit 91

RBGGIO12b SPCSO92.stVal RB92 Remote Bit 92

RBGGIO12b SPCSO93.stVal RB93 Remote Bit 93

RBGGIO12b SPCSO94.stVal RB94 Remote Bit 94

RBGGIO12b SPCSO95.stVal RB95 Remote Bit 95

RBGGIO12b SPCSO96.stVal RB96 Remote Bit 96

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a The SEL-487V supports only RBGGIO1–RBGGIO4 and PRBGGIO1–PRBGGIO4.
b Only the SEL-487B supports RBGGIO9–RBGGIO12 and PRBGGIO9–PRBGGIO12.
c HWREV is an internal data source and is not available to the user.
d If enabled, value = 1. If disabled, value = 3.
e I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
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Table 17.28 shows the LNs associated with the annunciation element, defined as 
Logical Device ANN.

                    

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 1 of 16)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

ETHGGIO2 SPCSO01.Oper.ctlVal ETHRSTa, b Reset Ethernet card statisitcs

Functional Constraint = DC

STALPHD1 PhyNam.model PARNUM Relay part number string

STALPHD1 PhyNam.hwRev HWREVc Hardware version of the relay main 
board

STALPHD1 PhyNam.serNum SERNUM Relay serial number

LLN0 NamPlt.swRev VERFID Relay FID string

Functional Constraint = MX

ACNGGIO2 AnIn001.instMag.f ACN01CV Automation SELOGIC Counter 01 
current value

ACNGGIO2 AnIn002.instMag.f ACN02CV Automation SELOGIC Counter 02 
current value

ACNGGIO2 AnIn003.instMag.f ACN03CV Automation SELOGIC Counter 03 
current value

•
•
•

ACNGGIO2 AnIn014.instMag.f ACN14CV Automation SELOGIC Counter 14 
current value

ACNGGIO2 AnIn015.instMag.f ACN15CV Automation SELOGIC Counter 15 
current value

ACNGGIO2 AnIn016.instMag.f ACN16CV Automation SELOGIC Counter 16 
current value

AMVGGIO1 AnIn001.instMag.f AMV001 Automation SELOGIC Math 
Variable 001

AMVGGIO1 AnIn002.instMag.f AMV002 Automation SELOGIC Math 
Variable 002

AMVGGIO1 AnIn003.instMag.f AMV003 Automation SELOGIC Math 
Variable 003

•
•
•

AMVGGIO1 AnIn062.instMag.f AMV062 Automation SELOGIC Math 
Variable 062

AMVGGIO1 AnIn063.instMag.f AMV063 Automation SELOGIC Math 
Variable 063

AMVGGIO1 AnIn064.instMag.f AMV064 Automation SELOGIC Math 
Variable 064

AMVGGIO2 AnIn065.instMag.f AMV065 Automation SELOGIC Math 
Variable 065

AMVGGIO2 AnIn066.instMag.f AMV066 Automation SELOGIC Math 
Variable 066

AMVGGIO2 AnIn067.instMag.f AMV067 Automation SELOGIC Math 
Variable 067

NOTE: Some products support only 
64 AMVs in their ANN Logical Device.
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•
•
•

AMVGGIO2 AnIn126.instMag.f AMV126 Automation SELOGIC Math 
Variable 126

AMVGGIO2 AnIn127.instMag.f AMV127 Automation SELOGIC Math 
Variable 127

AMVGGIO2 AnIn128.instMag.f AMV128 Automation SELOGIC Math 
Variable 128

AMVGGIO8d AnIn129.instMag.f AMV129 Automation SELOGIC Math 
Variable 129

AMVGGIO8d AnIn130.instMag.f AMV130 Automation SELOGIC Math 
Variable 130

AMVGGIO8d AnIn131.instMag.f AMV131 Automation SELOGIC Math 
Variable 131

•
•
•

AMVGGIO8d AnIn190.instMag.f AMV190 Automation SELOGIC Math 
Variable 190

AMVGGIO8d AnIn191.instMag.f AMV191 Automation SELOGIC Math 
Variable 191

AMVGGIO8d AnIn192.instMag.f AMV192 Automation SELOGIC Math 
Variable 192

AMVGGIO9d AnIn193.instMag.f AMV193 Automation SELOGIC Math 
Variable 193

AMVGGIO9d AnIn194.instMag.f AMV194 Automation SELOGIC Math 
Variable 194

AMVGGIO9d AnIn195.instMag.f AMV195 Automation SELOGIC Math 
Variable 195

•
•
•

AMVGGIO9d AnIn254.instMag.f AMV254 Automation SELOGIC Math 
Variable 254

AMVGGIO9d AnIn255.instMag.f AMV255 Automation SELOGIC Math 
Variable 255

AMVGGIO9d AnIn256.instMag.f AMV256 Automation SELOGIC Math 
Variable 256

ETHGGIO2 AnIn01.instMag.f P5ARXPa, b SFP transceiver receive power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn02.instMag.f P5BRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn03.instMag.f P5CRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn04.instMag.f P5DRXPa, b SFP transceiver receive power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn05.instMag.f P5ERXPa, b SFP transceiver receive power info 
(dBm) on PORT 5E

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 2 of 16)

Logical Node Attribute Data Source Comment
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ETHGGIO2 AnIn06.instMag.f P5ATXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5A

ETHGGIO2 AnIn07.instMag.f P5BTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5B

ETHGGIO2 AnIn08.instMag.f P5CTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5C

ETHGGIO2 AnIn09.instMag.f P5DTXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5D

ETHGGIO2 AnIn10.instMag.f P5ETXPa, b SFP transceiver transmit power info 
(dBm) on PORT 5E

ETHGGIO2 AnIn11.instMag.f P5ATMPa, b SFP transceiver temperature info 
(°C) on PORT 5A

ETHGGIO2 AnIn12.instMag.f P5BTMPa, b SFP transceiver temperature info 
(°C) on PORT 5B

ETHGGIO2 AnIn13.instMag.f P5CTMPa, b SFP transceiver temperature info 
(°C) on PORT 5C

ETHGGIO2 AnIn14.instMag.f P5DTMPa, b SFP transceiver temperature info 
(°C) on PORT 5D

ETHGGIO2 AnIn15.instMag.f P5ETMPa, b SFP transceiver temperature info 
(°C) on PORT 5E

PCNGGIO1 AnIn001.instMag.f PCN01CV Protection SELOGIC Counter 01 cur-
rent value

PCNGGIO1 AnIn002.instMag.f PCN02CV Protection SELOGIC Counter 02 cur-
rent value

PCNGGIO1 AnIn003.instMag.f PCN03CV Protection SELOGIC Counter 03 cur-
rent value

•
•
•

PCNGGIO1 AnIn014.instMag.f PCN14CV Protection SELOGIC Counter 14 cur-
rent value

PCNGGIO1 AnIn015.instMag.f PCN15CV Protection SELOGIC Counter 15 cur-
rent value

PCNGGIO1 AnIn016.instMag.f PCN16CV Protection SELOGIC Counter 16 cur-
rent value

PMVGGIO3 AnIn01.instMag.f PMV01 Protection SELOGIC Math Variable 01

PMVGGIO3 AnIn02.instMag.f PMV02 Protection SELOGIC Math Variable 02

PMVGGIO3 AnIn03.instMag.f PMV03 Protection SELOGIC Math Variable 03

•
•
•

PMVGGIO3 AnIn62.instMag.f PMV62 Protection SELOGIC Math Variable 62

PMVGGIO3 AnIn63.instMag.f PMV63 Protection SELOGIC Math Variable 63

PMVGGIO3 AnIn64.instMag.f PMV64 Protection SELOGIC Math Variable 64

RAGGIO1 Ra001.instMag.f RA001 Remote Analog Input 001

RAGGIO1 Ra002.instMag.f RA002 Remote Analog Input 002

RAGGIO1 Ra003.instMag.f RA003 Remote Analog Input 003

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 3 of 16)

Logical Node Attribute Data Source Comment
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•
•
•

RAGGIO1 Ra030.instMag.f RA030 Remote Analog Input 030

RAGGIO1 Ra031.instMag.f RA031 Remote Analog Input 031

RAGGIO1 Ra032.instMag.f RA032 Remote Analog Input 032

RAGGIO2 Ra033.instMag.f RA033 Remote Analog Input 033

RAGGIO2 Ra034.instMag.f RA034 Remote Analog Input 034

RAGGIO2 Ra035.instMag.f RA035 Remote Analog Input 035

•
•
•

RAGGIO2 Ra062.instMag.f RA062 Remote Analog Input 062

RAGGIO2 Ra063.instMag.f RA063 Remote Analog Input 063

RAGGIO2 Ra064.instMag.f RA064 Remote Analog Input 064

RAGGIO3 Ra065.instMag.f RA065 Remote Analog Input 065

RAGGIO3 Ra066.instMag.f RA066 Remote Analog Input 066

RAGGIO3 Ra067.instMag.f RA067 Remote Analog Input 067

•
•
•

RAGGIO3 Ra094.instMag.f RA094 Remote Analog Input 094

RAGGIO3 Ra095.instMag.f RA095 Remote Analog Input 095

RAGGIO3 Ra096.instMag.f RA096 Remote Analog Input 096

RAGGIO4 Ra097.instMag.f RA097 Remote Analog Input 097

RAGGIO4 Ra098.instMag.f RA098 Remote Analog Input 098

RAGGIO4 Ra099.instMag.f RA099 Remote Analog Input 099

•
•
•

RAGGIO4 Ra126.instMag.f RA126 Remote Analog Input 126

RAGGIO4 Ra127.instMag.f RA127 Remote Analog Input 127

RAGGIO4 Ra128.instMag.f RA128 Remote Analog Input 128

RAGGIO5 Ra129.instMag.f RA129 Remote Analog Input 129

RAGGIO5 Ra130.instMag.f RA130 Remote Analog Input 130

RAGGIO5 Ra131.instMag.f RA131 Remote Analog Input 131

•
•
•

RAGGIO5 Ra158.instMag.f RA158 Remote Analog Input 158

RAGGIO5 Ra159.instMag.f RA159 Remote Analog Input 159

RAGGIO5 Ra160.instMag.f RA160 Remote Analog Input 160

RAGGIO6 Ra161.instMag.f RA161 Remote Analog Input 161

RAGGIO6 Ra162.instMag.f RA162 Remote Analog Input 162

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 4 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some products support only 
128 Remote Analogs in their ANN 
Logical Device.
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RAGGIO6 Ra163.instMag.f RA163 Remote Analog Input 163

•
•
•

RAGGIO6 Ra190.instMag.f RA190 Remote Analog Input 190

RAGGIO6 Ra191.instMag.f RA191 Remote Analog Input 191

RAGGIO6 Ra192.instMag.f RA192 Remote Analog Input 192

RAGGIO7 Ra193.instMag.f RA193 Remote Analog Input 193

RAGGIO7 Ra194.instMag.f RA194 Remote Analog Input 194

RAGGIO7 Ra195.instMag.f RA195 Remote Analog Input 195

•
•
•

RAGGIO7 Ra222.instMag.f RA222 Remote Analog Input 222

RAGGIO7 Ra223.instMag.f RA223 Remote Analog Input 223

RAGGIO7 Ra224.instMag.f RA224 Remote Analog Input 224

RAGGIO8 Ra225.instMag.f RA225 Remote Analog Input 225

RAGGIO8 Ra226.instMag.f RA226 Remote Analog Input 226

RAGGIO8 Ra227.instMag.f RA227 Remote Analog Input 227

•
•
•

RAGGIO8 Ra254.instMag.f RA254 Remote Analog Input 254

RAGGIO8 Ra255.instMag.f RA255 Remote Analog Input 255

RAGGIO8 Ra256.instMag.f RA256 Remote Analog Input 256

RAOGGIO1 Rao01.instMag.f RAO01 Remote Analog Output 01

RAOGGIO1 Rao02.instMag.f RAO02 Remote Analog Output 02

RAOGGIO1 Rao03.instMag.f RAO03 Remote Analog Output 03

•
•
•

RAOGGIO1 Rao30.instMag.f RAO30 Remote Analog Output 30

RAOGGIO1 Rao31.instMag.f RAO31 Remote Analog Output 31

RAOGGIO1 Rao32.instMag.f RAO32 Remote Analog Output 32

RAOGGIO2 Rao33.instMag.f RAO33 Remote Analog Output 33

RAOGGIO2 Rao34.instMag.f RAO34 Remote Analog Output 34

RAOGGIO2 Rao35.instMag.f RAO35 Remote Analog Output 35

•
•
•

RAOGGIO2 Rao62.instMag.f RAO62 Remote Analog Output 62

RAOGGIO2 Rao63.instMag.f RAO63 Remote Analog Output 63

RAOGGIO2 Rao64.instMag.f RAO64 Remote Analog Output 64

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 5 of 16)

Logical Node Attribute Data Source Comment
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Functional Constraint = ST

STALPHD1 PhyHealth.stVal EN?3:1e Relay enabled

LLN0 Mod.stVal I60MODf IEC 61850 mode/behavior status

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

ALMGGIO1 Ind01.stVal SALARM Software alarm

ALMGGIO1 Ind02.stVal HALARM Hardware alarm

ALMGGIO1 Ind03.stVal BADPASS Invalid password attempt alarm

ALMGGIO1 Ind04.stVal SETCHG Pulsed alarm for settings changes

ALMGGIO1 Ind05.stVal GRPSW Pulsed alarm for group switches

ALMGGIO1 Ind06.stVal ACCESS A user is logged in at Access 
Level B or higher

ALMGGIO1 Ind07.stVal PASSDIS Asserts to indicate password disable 
jumper is installed

ALMGGIO1 Ind08.stVal BRKENAB Asserts to indicate breaker control 
enable jumper is installed

ALTGGIO5 Ind01.stVal ALT01 Automation Latch 1

ALTGGIO5 Ind02.stVal ALT02 Automation Latch 2

ALTGGIO5 Ind03.stVal ALT03 Automation Latch 3

•
•
•

ALTGGIO5 Ind30.stVal ALT30 Automation Latch 30

ALTGGIO5 Ind31.stVal ALT31 Automation Latch 31

ALTGGIO5 Ind32.stVal ALT32 Automation Latch 32

ASVGGIO4 Ind001.stVal ASV001 Automation SELOGIC Variable 1

ASVGGIO4 Ind002.stVal ASV002 Automation SELOGIC Variable 2

ASVGGIO4 Ind003.stVal ASV003 Automation SELOGIC Variable 3

•
•
•

ASVGGIO4 Ind126.stVal ASV126 Automation SELOGIC Variable 126

ASVGGIO4 Ind127.stVal ASV127 Automation SELOGIC Variable 127

ASVGGIO4 Ind128.stVal ASV128 Automation SELOGIC Variable 128

ETHGGIO1 Ind01.stVal P5ASEL PORT 5A active/inactive

ETHGGIO1 Ind02.stVal LINK5A Link status of PORT 5A connection

ETHGGIO1 Ind03.stVal P5BSEL PORT 5B active/inactive

ETHGGIO1 Ind04.stVal LINK5B Link status of PORT 5B connection

ETHGGIO1 Ind05.stVal P5CSEL PORT 5C active/inactive

ETHGGIO1 Ind06.stVal LINK5C Link status of PORT 5C connection

ETHGGIO1 Ind07.stVal P5DSEL PORT 5D active/inactive

ETHGGIO1 Ind08.stVal LINK5D Link status of PORT 5D connection

ETHGGIO1 Ind09.stVal LNKFAIL Link status of the active station bus port

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 6 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some relays support only 64 
Automation SELOGIC Variables.

NOTE: Some relays do not support 
the ETHGGIO1 logical node.
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ETHGGIO1 Ind10.stVal LNKFL2g Link status of the active process bus 
port

ETHGGIO1 Ind11.stVal P5ESELb PORT 5E active/inactive

ETHGGIO1 Ind12.stVal LINK5Eb Link status of the PORT 5E connec-
tion

ETHGGIO2 CntVal01.actVal P5ATPTXa, b Total number of packets transmitted 
on PORT 5A

ETHGGIO2 CntVal02.actVal P5BTPTXa, b Total number of packets transmitted 
on PORT 5B

ETHGGIO2 CntVal03.actVal P5CTPTXa, b Total number of packets transmitted 
on PORT 5C

ETHGGIO2 CntVal04.actVal P5DTPTXa, b Total number of packets transmitted 
on PORT 5D

ETHGGIO2 CntVal05.actVal P5ETPTXa, b Total number of packets transmitted 
on PORT 5E

ETHGGIO2 CntVal06.actVal P5ATPRXa, b Total number of packets received on 
PORT 5A

ETHGGIO2 CntVal07.actVal P5BTPRXa, b Total number of packets received on 
PORT 5B

ETHGGIO2 CntVal08.actVal P5CTPRXa, b Total number of packets received on 
PORT 5C

ETHGGIO2 CntVal09.actVal P5DTPRXa, b Total number of packets received on 
PORT 5D

ETHGGIO2 CntVal10.actVal P5ETPRXa, b Total number of packets received on 
PORT 5E

ETHGGIO2 CntVal11.actVal P5ATPDIa, b Total number of packets discarded 
on PORT 5A

ETHGGIO2 CntVal12.actVal P5BTPDIa, b Total number of packets discarded 
on PORT 5B

ETHGGIO2 CntVal13.actVal P5CTPDIa, b Total number of packets discarded 
on PORT 5C

ETHGGIO2 CntVal14.actVal P5DTPDIa, b Total number of packets discarded 
on PORT 5D

ETHGGIO2 CntVal15.actVal P5ETPDIa, b Total number of packets discarded 
on PORT 5E

ETHGGIO2 CntVal16.actVal P5ATEPRa, b Total number of erroneous packets 
received on PORT 5A

ETHGGIO2 CntVal17.actVal P5BTEPRa, b Total number of erroneous packets 
received on PORT 5B

ETHGGIO2 CntVal18.actVal P5CTEPRa, b Total number of erroneous packets 
received on PORT 5C

ETHGGIO2 CntVal19.actVal P5DTEPRa, b Total number of erroneous packets 
received on PORT 5D

ETHGGIO2 CntVal20.actVal P5ETEPRa, b Total number of erroneous packets 
received on PORT 5E

ETHGGIO2 SPCSO1.stVal ETHRSTa, b Status of Ethernet card statistics 
reset

IN1GGIO14h Ind01.stVal IN101 Main Board Input 1

IN1GGIO14h Ind02.stVal IN102 Main Board Input 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 7 of 16)

Logical Node Attribute Data Source Comment
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IN1GGIO14h Ind03.stVal IN103 Main Board Input 3

IN1GGIO14h Ind04.stVal IN104 Main Board Input 4

IN1GGIO14h Ind05.stVal IN105 Main Board Input 5

IN1GGIO14h Ind06.stVal IN106 Main Board Input 6

IN1GGIO14h Ind07.stVal IN107 Main Board Input 7

IN2GGIO15 Ind01.stVal IN201 First Optional I/O Board Input 1 (if 
installed)

IN2GGIO15 Ind02.stVal IN202 First Optional I/O Board Input 2 (if 
installed)

IN2GGIO15 Ind03.stVal IN203 First Optional I/O Board Input 3 (if 
installed)

•
•
•

IN2GGIO15 Ind22.stVal IN222 First Optional I/O Board Input 22 (if 
installed)

IN2GGIO15 Ind23.stVal IN223 First Optional I/O Board Input 23 (if 
installed)

IN2GGIO15 Ind24.stVal IN224 First Optional I/O Board Input 24 (if 
installed)

IN3GGIO16 Ind01.stVal IN301 Second Optional I/O Board Input 1 (if 
installed)

IN3GGIO16 Ind02.stVal IN302 Second Optional I/O Board Input 2 (if 
installed)

IN3GGIO16 Ind03.stVal IN303 Second Optional I/O Board Input 3 (if 
installed)

•
•
•

IN3GGIO16 Ind22.stVal IN322 Second Optional I/O Board Input 22 (if 
installed)

IN3GGIO16 Ind23.stVal IN323 Second Optional I/O Board Input 23 (if 
installed)

IN3GGIO16 Ind24.stVal IN324 Second Optional I/O Board Input 24 (if 
installed)

IN4GGIO18i Ind01.stVal IN401 Third Optional I/O Board Input 1 (if 
installed)

IN4GGIO18i Ind02.stVal IN402 Third Optional I/O Board Input 2 (if 
installed)

IN4GGIO18i Ind03.stVal IN403 Third Optional I/O Board Input 3 (if 
installed)

•
•
•

IN4GGIO18i Ind22.stVal IN422 Third Optional I/O Board Input 22 (if 
installed)

IN4GGIO18i Ind23.stVal IN423 Third Optional I/O Board Input 23 (if 
installed)

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 8 of 16)

Logical Node Attribute Data Source Comment
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IN4GGIO18i Ind24.stVal IN424 Third Optional I/O Board Input 24 (if 
installed)

IN5GGIO13j Ind01.stVal IN501 Fourth Optional I/O Board Input 01 
(if installed)

IN5GGIO13j Ind02.stVal IN502 Fourth Optional I/O Board Input 02 
(if installed)

IN5GGIO13j Ind03.stVal IN503 Fourth Optional I/O Board Input 03 
(if installed)

•

•

•

IN5GGIO13j Ind22.stVal IN522 Fourth Optional I/O Board Input 22 
(if installed)

IN5GGIO13j Ind23.stVal IN523 Fourth Optional I/O Board Input 23 
(if installed)

IN5GGIO13j Ind24.stVal IN524 Fourth Optional I/O Board Input 24 
(if installed)

LBGGIO1k Ind01.stVal LB01 Local Bit 1

LBGGIO1k Ind02.stVal LB02 Local Bit 2

LBGGIO1k Ind03.stVal LB03 Local Bit 3

•
•
•

LBGGIO1k Ind62.stVal LB62 Local Bit 62

LBGGIO1k Ind63.stVal LB63 Local Bit 63

LBGGIO1k Ind64.stVal LB64 Local Bit 64

MBOKGGIO13 Ind01.stVal ROKA Normal MIRRORED BITS communica-
tions Channel A status while not in 
loopback mode

MBOKGGIO13 Ind02.stVal RBADA Outage too long on MIRRORED BITS 
communications Channel A

MBOKGGIO13 Ind03.stVal CBADA Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel A

MBOKGGIO13 Ind04.stVal LBOKA Normal MIRRORED BITS communica-
tions Channel A status while in loop-
back mode

MBOKGGIO13 Ind05.stVal ANOKA Analog transfer OK on MIRRORED 
BITS communications Channel A

MBOKGGIO13 Ind06.stVal DOKA Normal MIRRORED BITS communica-
tions Channel A status

MBOKGGIO13 Ind07.stVal ROKB Normal MIRRORED BITS communica-
tions Channel B status while not in 
loopback mode

MBOKGGIO13 Ind08.stVal RBADB Outage too long on MIRRORED BITS 
communications Channel B

MBOKGGIO13 Ind09.stVal CBADB Unavailability threshold exceeded for 
MIRRORED BITS communications 
Channel B

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 9 of 16)

Logical Node Attribute Data Source Comment

NOTE: Some relays do not support 
the LBGGIO1 logical node.

NOTE: Some relays do not support 
the MBOKGGIO13 logical node.
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MBOKGGIO13 Ind10.stVal LBOKB Normal MIRRORED BITS communica-
tions Channel B status while in loop-
back mode

MBOKGGIO13 Ind11.stVal ANOKB Analog transfer OK on MIRRORED 
BITS communications Channel B

MBOKGGIO13 Ind12.stVal DOKB Normal MIRRORED BITS communica-
tions Channel B status

OUT1GGIO17l Ind01.stVal OUT101 Main Board Output 1

OUT1GGIO17l Ind02.stVal OUT102 Main Board Output 2

OUT1GGIO17l Ind03.stVal OUT103 Main Board Output 3

OUT1GGIO17l Ind04.stVal OUT104 Main Board Output 4

OUT1GGIO17l Ind05.stVal OUT105 Main Board Output 5

OUT1GGIO17l Ind06.stVal OUT106 Main Board Output 6

OUT1GGIO17l Ind07.stVal OUT107 Main Board Output 7

OUT1GGIO17l Ind08.stVal OUT108 Main Board Output 8

OUT2GGIO16 Ind01.stVal OUT201 First Optional I/O Board Output 1

OUT2GGIO16 Ind02.stVal OUT202 First Optional I/O Board Output 2

OUT2GGIO16 Ind03.stVal OUT203 First Optional I/O Board Output 3

•
•
•

OUT2GGIO16 Ind14.stVal OUT214 First Optional I/O Board Output 14

OUT2GGIO16 Ind15.stVal OUT215 First Optional I/O Board Output 15

OUT2GGIO16 Ind16.stVal OUT216 First Optional I/O Board Output 16

OUT3GGIO17 Ind01.stVal OUT301 Second Optional I/O Board Output 1

OUT3GGIO17 Ind02.stVal OUT302 Second Optional I/O Board Output 2

OUT3GGIO17 Ind03.stVal OUT303 Second Optional I/O Board Output 3

•
•
•

OUT3GGIO17 Ind14.stVal OUT314 Second Optional I/O Board Output 14

OUT3GGIO17 Ind15.stVal OUT315 Second Optional I/O Board Output 15

OUT3GGIO17 Ind16.stVal OUT316 Second Optional I/O Board Output 16

OUT4GGIO19i Ind01.stVal OUT401 Third Optional I/O Board Output 1

OUT4GGIO19i Ind02.stVal OUT402 Third Optional I/O Board Output 2

OUT4GGIO19i Ind03.stVal OUT403 Third Optional I/O Board Output 3

•
•
•

OUT4GGIO19i Ind14.stVal OUT414 Third Optional I/O Board Output 14

OUT4GGIO19i Ind15.stVal OUT415 Third Optional I/O Board Output 15

OUT4GGIO19i Ind16.stVal OUT416 Third Optional I/O Board Output 16

OUT5GGIO18j Ind01.stVal OUT501 Fourth Optional I/O Board Output 1 

OUT5GGIO18j Ind02.stVal OUT502 Fourth Optional I/O Board Output 2 

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 10 of 16)

Logical Node Attribute Data Source Comment
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the I/O Board logical nodes (INxGGIOn 
and OUTxGGIOn) may vary between 
relays and ClassFileVersions.



17.74

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
Logical Nodes

OUT5GGIO18j Ind03.stVal OUT503 Fourth Optional I/O Board Output 3 

•
•
•

OUT5GGIO18j Ind14.stVal OUT514 Fourth Optional I/O Board 
Output 14

OUT5GGIO18j Ind15.stVal OUT515 Fourth Optional I/O Board 
Output 15

OUT5GGIO18j Ind16.stVal OUT516 Fourth Optional I/O Board 
Output 16

OUT3SGGIO1 Ind01.stVal OUT301S TiDL mapped OUT301 contact status

OUT3SGGIO1 Ind02.stVal OUT302S TiDL mapped OUT302 contact status

OUT3SGGIO1 Ind03.stVal OUT303S TiDL mapped OUT303 contact status

•
•
•

OUT3SGGIO1 Ind14.stVal OUT314S TiDL mapped OUT314 contact status

OUT3SGGIO1 Ind15.stVal OUT315S TiDL mapped OUT315 contact status

OUT3SGGIO1 Ind16stVal OUT316S TiDL mapped OUT316 contact status

OUT4SGGIO2 Ind01stVal OUT401S TiDL mapped OUT401 contact status

OUT4SGGIO2 Ind02.stVal OUT402S TiDL mapped OUT402 contact status

OUT4SGGIO2 Ind03.stVal OUT403S TiDL mapped OUT403 contact status

•
•
•

OUT4SGGIO2 Ind14.stVal OUT414S TiDL mapped OUT414 contact status

OUT4SGGIO2 Ind15.stVal OUT415S TiDL mapped OUT415 contact status

OUT4SGGIO2 Ind16stVal OUT416S TiDL mapped OUT416 contact status

OUT5SGGIO3 Ind01stVal OUT501S TiDL mapped OUT501 contact status

OUT5SGGIO3 Ind02.stVal OUT502S TiDL mapped OUT502 contact status

OUT5SGGIO3 Ind03.stVal OUT503S TiDL mapped OUT503 contact status

•
•
•

OUT5SGGIO3 Ind14.stVal OUT514S TiDL mapped OUT514 contact status

OUT5SGGIO3 Ind15.stVal OUT515S TiDL mapped OUT515 contact status

OUT5SGGIO3 Ind16stVal OUT516S TiDL mapped OUT516 contact status

PBLEDGGIO8 Ind01.stVal PB1_LED Pushbutton 1 LED

PBLEDGGIO8 Ind02.stVal PB2_LED Pushbutton 2 LED

PBLEDGGIO8 Ind03.stVal PB3_LED Pushbutton 3 LED

PBLEDGGIO8 Ind04.stVal PB4_LED Pushbutton 4 LED

PBLEDGGIO8 Ind05.stVal PB5_LED Pushbutton 5 LED

PBLEDGGIO8 Ind06.stVal PB6_LED Pushbutton 6 LED

PBLEDGGIO8 Ind07.stVal PB7_LED Pushbutton 7 LED

PBLEDGGIO8 Ind08.stVal PB8_LED Pushbutton 8 LED

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 11 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node OUTxSGGIOn (where: x = 3, 4, 5 
and n = 1, 2, 3).

NOTE: The PBLEDGGIO8 logical 
node always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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PBLEDGGIO8 Ind09.stVal PB9_LED Pushbutton 9 LED

PBLEDGGIO8 Ind10.stVal PB10LED Pushbutton 10 LED

PBLEDGGIO8 Ind11.stVal PB11LED Pushbutton 11 LED

PBLEDGGIO8 Ind12.stVal PB12LED Pushbutton 12 LED

PLTGGIO2 Ind01.stVal PLT01 Protection Latch 1

PLTGGIO2 Ind02.stVal PLT02 Protection Latch 2

PLTGGIO2 Ind03.stVal PLT03 Protection Latch 3

•
•
•

PLTGGIO2 Ind30.stVal PLT30 Protection Latch 30

PLTGGIO2 Ind31.stVal PLT31 Protection Latch 31

PLTGGIO2 Ind32.stVal PLT32 Protection Latch 32

PRPGGIO1 Ind01.stVal PRPAGOKb PRP PORT 5A GOOSE status

PRPGGIO1 Ind02.stVal PRPBGOKb PRP PORT 5B GOOSE status

PRPGGIO1 Ind03.stVal PRPCGOKb PRP PORT 5C GOOSE status

PRPGGIO1 Ind04.stVal PRPDGOKb PRP PORT 5D GOOSE status

PRPGGIO1 Ind05.stVal PRPASOKb PRP PORT 5A SV status

PRPGGIO1 Ind06.stVal PRPBSOKb PRP PORT 5B SV status

PSVGGIO1 Ind01.stVal PSV01 Protection SELOGIC Variable 1

PSVGGIO1 Ind02.stVal PSV02 Protection SELOGIC Variable 2

PSVGGIO1 Ind03.stVal PSV03 Protection SELOGIC Variable 3

•
•
•

PSVGGIO1 Ind62.stVal PSV62 Protection SELOGIC Variable 62

PSVGGIO1 Ind63.stVal PSV63 Protection SELOGIC Variable 63

PSVGGIO1 Ind64.stVal PSV64 Protection SELOGIC Variable 64

RMBAGGIO9 Ind01.stVal RMB1A Channel A Receive Mirrored Bit 1

RMBAGGIO9 Ind02.stVal RMB2A Channel A Receive Mirrored Bit 2

RMBAGGIO9 Ind03.stVal RMB3A Channel A Receive Mirrored Bit 3

RMBAGGIO9 Ind04.stVal RMB4A Channel A Receive Mirrored Bit 4

RMBAGGIO9 Ind05.stVal RMB5A Channel A Receive Mirrored Bit 5

RMBAGGIO9 Ind06.stVal RMB6A Channel A Receive Mirrored Bit 6

RMBAGGIO9 Ind07.stVal RMB7A Channel A Receive Mirrored Bit 7

RMBAGGIO9 Ind08.stVal RMB8A Channel A Receive Mirrored Bit 8

RMBBGGIO11 Ind01.stVal RMB1B Channel B Receive Mirrored Bit 1

RMBBGGIO11 Ind02.stVal RMB2B Channel B Receive Mirrored Bit 2

RMBBGGIO11 Ind03.stVal RMB3B Channel B Receive Mirrored Bit 3

RMBBGGIO11 Ind04.stVal RMB4B Channel B Receive Mirrored Bit 4

RMBBGGIO11 Ind05.stVal RMB5B Channel B Receive Mirrored Bit 5

RMBBGGIO11 Ind06.stVal RMB6B Channel B Receive Mirrored Bit 6

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 12 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support the 
RMBAGGIO9 and RMBBGGIO11 logical 
nodes.
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RMBBGGIO11 Ind07.stVal RMB7B Channel B Receive Mirrored Bit 7

RMBBGGIO11 Ind08.stVal RMB8B Channel B Receive Mirrored Bit 8

RTCAGGIO1 Ind01.stVal RTCAD01 RTC Remote Data Bits, Channel A, 
Bit 1

RTCAGGIO1 Ind02.stVal RTCAD02 RTC Remote Data Bits, Channel A, 
Bit 2

RTCAGGIO1 Ind03.stVal RTCAD03 RTC Remote Data Bits, Channel A, 
Bit 3

•
•
•

RTCAGGIO1 Ind14.stVal RTCAD14 RTC Remote Data Bits, Channel A, 
Bit 14

RTCAGGIO1 Ind15.stVal RTCAD15 RTC Remote Data Bits, Channel A, 
Bit 15

RTCAGGIO1 Ind16.stVal RTCAD16 RTC Remote Data Bits, Channel A, 
Bit 16

RTCBGGIO2 Ind01.stVal RTCBD01 RTC Remote Data Bits, Channel B, 
Bit 1

RTCBGGIO2 Ind02.stVal RTCBD02 RTC Remote Data Bits, Channel B, 
Bit 2

RTCBGGIO2 Ind03.stVal RTCBD03 RTC Remote Data Bits, Channel B, 
Bit 3

•
•
•

RTCBGGIO2 Ind14.stVal RTCBD14 RTC Remote Data Bits, Channel B, 
Bit 14

RTCBGGIO2 Ind15.stVal RTCBD15 RTC Remote Data Bits, Channel B, 
Bit 15

RTCBGGIO2 Ind16.stVal RTCBD16 RTC Remote Data Bits, Channel B, 
Bit 16

RTDHGGIO1 Ind01.stVal RTD01ST RTD Status for Channel 1

RTDHGGIO1 Ind02.stVal RTD02ST RTD Status for Channel 2

RTDHGGIO1 Ind03.stVal RTD03ST RTD Status for Channel 3

RTDHGGIO1 Ind04.stVal RTD04ST RTD Status for Channel 4

RTDHGGIO1 Ind05.stVal RTD05ST RTD Status for Channel 5

RTDHGGIO1 Ind06.stVal RTD06ST RTD Status for Channel 6

RTDHGGIO1 Ind07.stVal RTD07ST RTD Status for Channel 7

RTDHGGIO1 Ind08.stVal RTD08ST RTD Status for Channel 8

RTDHGGIO1 Ind09.stVal RTD09ST RTD Status for Channel 9

RTDHGGIO1 Ind10.stVal RTD10ST RTD Status for Channel 10

RTDHGGIO1 Ind11.stVal RTD11ST RTD Status for Channel 11

RTDHGGIO1 Ind12.stVal RTD12ST RTD Status for Channel 12

SGGGIO1 Ind01.stVal SG1 Settings Group 1 active

SGGGIO1 Ind02.stVal SG2 Settings Group 2 active

SGGGIO1 Ind03.stVal SG3 Settings Group 3 active

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 13 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support 
synchrophasor real-time control (RTC) 
logical nodes.

NOTE: Not all relays support logical 
node RTDHGGIO1 for RTD inputs.
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SGGGIO1 Ind04.stVal SG4 Settings Group 4 active

SGGGIO1 Ind05.stVal SG5 Settings Group 5 active

SGGGIO1 Ind06.stVal SG6 Settings Group 6 active

SGGGIO1 Ind07.stVal CHSG Settings group change

SGGGIO1 Ind08.stVal GRPSW Pulsed alarm for group switches

TLEDGGIO7 Ind01.stVal EN Relay enabled

TLEDGGIO7 Ind02.stVal TRIPLED Trip LED

TLEDGGIO7 Ind03.stVal TLED_1 Target LED 1

TLEDGGIO7 Ind04.stVal TLED_2 Target LED 2

TLEDGGIO7 Ind05.stVal TLED_3 Target LED 3

TLEDGGIO7 Ind06.stVal TLED_4 Target LED 4

TLEDGGIO7 Ind07.stVal TLED_5 Target LED 5

TLEDGGIO7 Ind08.stVal TLED_6 Target LED 6

TLEDGGIO7 Ind09.stVal TLED_7 Target LED 7

TLEDGGIO7 Ind10.stVal TLED_8 Target LED 8

TLEDGGIO7 Ind11.stVal TLED_9 Target LED 9

TLEDGGIO7 Ind12.stVal TLED_10 Target LED 10

TLEDGGIO7 Ind13.stVal TLED_11 Target LED 11

TLEDGGIO7 Ind14.stVal TLED_12 Target LED 12

TLEDGGIO7 Ind15.stVal TLED_13 Target LED 13

TLEDGGIO7 Ind16.stVal TLED_14 Target LED 14

TLEDGGIO7 Ind17.stVal TLED_15 Target LED 15

TLEDGGIO7 Ind18.stVal TLED_16 Target LED 16

TLEDGGIO7 Ind19.stVal TLED_17 Target LED 17

TLEDGGIO7 Ind20.stVal TLED_18 Target LED 18

TLEDGGIO7 Ind21.stVal TLED_19 Target LED 19

TLEDGGIO7 Ind22.stVal TLED_20 Target LED 20

TLEDGGIO7 Ind23.stVal TLED_21 Target LED 21

TLEDGGIO7 Ind24.stVal TLED_22 Target LED 22

TLEDGGIO7 Ind25.stVal TLED_23 Target LED 23

TLEDGGIO7 Ind26.stVal TLED_24 Target LED 24

TMBAGGIO10 Ind01.stVal TMB1A Channel A Transmit Mirrored Bit 1

TMBAGGIO10 Ind02.stVal TMB2A Channel A Transmit Mirrored Bit 2

TMBAGGIO10 Ind03.stVal TMB3A Channel A Transmit Mirrored Bit 3

TMBAGGIO10 Ind04.stVal TMB4A Channel A Transmit Mirrored Bit 4

TMBAGGIO10 Ind05.stVal TMB5A Channel A Transmit Mirrored Bit 5

TMBAGGIO10 Ind06.stVal TMB6A Channel A Transmit Mirrored Bit 6

TMBAGGIO10 Ind07.stVal TMB7A Channel A Transmit Mirrored Bit 7

TMBAGGIO10 Ind08.stVal TMB8A Channel A Transmit Mirrored Bit 8

TMBBGGIO12 Ind01.stVal TMB1B Channel B Transmit Mirrored Bit 1

TMBBGGIO12 Ind02.stVal TMB2B Channel B Transmit Mirrored Bit 2

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 14 of 16)

Logical Node Attribute Data Source Comment

NOTE: The TLEDGGIO7 logical node 
always contains Ind1—Ind12 
irrespective of the relay front-panel 
option. 
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TMBBGGIO12 Ind03.stVal TMB3B Channel B Transmit Mirrored Bit 3

TMBBGGIO12 Ind04.stVal TMB4B Channel B Transmit Mirrored Bit 4

TMBBGGIO12 Ind05.stVal TMB5B Channel B Transmit Mirrored Bit 5

TMBBGGIO12 Ind06.stVal TMB6B Channel B Transmit Mirrored Bit 6

TMBBGGIO12 Ind07.stVal TMB7B Channel B Transmit Mirrored Bit 7

TMBBGGIO12 Ind08.stVal TMB8B Channel B Transmit Mirrored Bit 8

TPortGGIO1 Ind01.stVal TDLCMSD TiDL active topology commissioned

TPortGGIO1 Ind02.stVal TIDLALM TiDL alarm

TPortGGIO1 Ind03.stVal P6AMAP PORT 6A mapped

TPortGGIO1 Ind04.stVal P6AOK PORT 6A OK

TPortGGIO1 Ind05.stVal P6BMAP PORT 6B mapped

TPortGGIO1 Ind06.stVal P6BOK PORT 6BOK

TPortGGIO1 Ind07.stVal P6CMAP PORT 6C mapped

TPortGGIO1 Ind08.stVal P6COK PORT 6C OK

TPortGGIO1 Ind09.stVal P6DMAP PORT 6D mapped

TPortGGIO1 Ind10.stVal P6DOK PORT 6D OK

TPortGGIO1 Ind11.stVal P6EMAP PORT 6E mapped

TPortGGIO1 Ind12.stVal P6EOK PORT 6E OK

TPortGGIO1 Ind13.stVal P6FMAP PORT 6F mapped

TPortGGIO1 Ind14.stVal P6FOK PORT 6F OK

TPortGGIO1 Ind15.stVal P6GMAP PORT 6G mapped

TPortGGIO1 Ind16.stVal P6GOK PORT 6G OK

TPortGGIO1 Ind17.stVal P6HMAP PORT 6H mapped

TPortGGIO1 Ind18.stVal P6HOK PORT 6H OK

VBGGIO1 Ind001.stVal VB001 Virtual Bit 001

VBGGIO1 Ind002.stVal VB002 Virtual Bit 002

VBGGIO1 Ind003.stVal VB003 Virtual Bit 003

•
•
•

VBGGIO1 Ind126.stVal VB126 Virtual Bit 126

VBGGIO1 Ind127.stVal VB127 Virtual Bit 127

VBGGIO1 Ind128.stVal VB128 Virtual Bit 128

VBGGIO2k Ind129.stVal VB129 Virtual Bit 129

VBGGIO2k Ind130.stVal VB130 Virtual Bit 130

VBGGIO2k Ind131.stVal VB131 Virtual Bit 131

•
•
•

VBGGIO2k Ind254.stVal VB254 Virtual Bit 254

VBGGIO2k Ind255.stVal VB255 Virtual Bit 255

VBGGIO2k Ind256.stVal VB256 Virtual Bit 256

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 15 of 16)

Logical Node Attribute Data Source Comment

NOTE: Not all relays support logical 
node TPortGGIO1.
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SEL Nameplate Data
The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical device 
contains the Nameplate DOI (instantiated data object) with the following data.

                    

Protocol Implementation Conformance Statement
Table 17.30 and Table 17.31 are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, only the optional ser-
vices and functions are listed.

                    

Functional Constraint = SP

LLN0 GrReg.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multi-level mode of control authority

a Internal data source and not available to the user.
b Only applicable when using the five-port Ethernet card.
c HWREV is an internal data source and is not available to the user.
d Only the SEL-487B supports AMVGGIO8 and AMVGGIO9.
e If enabled, value = 1. If disabled, value = 3.
f I60MOD is an internal data source derived from the I850MOD analog quantity and is not available 

to the user.
g Only applicable to SEL-400 series relays with SV support and the SEL-411L with 87L over 

Ethernet.
h Not all SEL-400 series relays support main board inputs.
i Not all SEL-400 series relays support a third interface board.
j Not all SEL-400 series relays support four interface boards.
k Not supported in the SEL-487V.
l Not all SEL-400 series relays support main board outputs.

Table 17.28 Logical Device: ANN (Annunciation) (Sheet 16 of 16)

Logical Node Attribute Data Source Comment

Table 17.29 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

d Description of LD

configRev Always 0

1dNs IEC 61850-7-4:2007A

Table 17.30 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
management

A3 GSSE N N

A4 Time Sync N N
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Refer to the ACSI Conformance Statements on page 17.85 for information on the 
supported services.

MMS Conformance
The manufacturing message specification (MMS) stack provides the basis for 
many IEC 61850 protocol services. Table 17.32 defines the service support 
requirement and restrictions of the MMS services in the SEL-400 series devices. 
Generally, only those services whose implementation is not mandatory are 
shown. Refer to the IEC 61850 standard Part 8-1 for more information.

                    

Table 17.31 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, not GSSE

T4 GSSE N N

T5 Time Sync N N

Table 17.32 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore
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reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

Table 17.32 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table 17.33 lists specific settings for the MMS parameter conformance building 
block (CBB).

                    

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete Y

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table 17.33 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table 17.32 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following variable access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 stan-
dard Part 8-1 for more information.

                    

                    

                    

                    

Table 17.34 AlternateAccessSelection Conformance Statement

AlternateAccessSelection
Client-CR Server-CR

Supported Supported

accessSelection Y

component Y

index

indexRange

allElements

alternateAccess Y

selectAccess Y

component Y

index

indexRange

allElements

Table 17.35 VariableAccessSpecification Conformance Statement

VariableAccessSpecification
Client-CR Server-CR

Supported Supported

listOfVariable Y

variableSpecification Y

alternateAccess Y

variableListName Y

Table 17.36 VariableSpecification Conformance Statement

VariableSpecification
Client-CR Server-CR

Supported Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table 17.37 Read Conformance Statement (Sheet 1 of 2)

Read
Client-CR Server-CR

Supported Supported

Request

specificationWithResult

variableAccessSpecification
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Response

variableAccessSpecification Y

listOfAccessResult Y

Table 17.38 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

name

address

Response

mmsDeletable

address

typeSpecification

Table 17.39 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes
Client-CR Server-CR

Supported Supported

Request

variableListName

listOfVariable

variableSpecification

alternateAccess

Response

Table 17.40 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes
Client-CR Server-CR

Supported Supported

Request

ObjectName

Response

mmsDeletable Y

listOfVariable Y

variableSpecification Y

alternateAccess Y

Table 17.37 Read Conformance Statement (Sheet 2 of 2)

Read
Client-CR Server-CR

Supported Supported
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GOOSE Services Conformance Statement
                    

ACSI Conformance Statements
                    

Table 17.41 DeleteNamedVariableList Conformance Statement

DeleteNamedVariableList
Client-CR Server-CR

Supported Supported

Request

Scope

listOfVariableListName

domainName

Response

numberMatched

numberDeleted

DeleteNamedVariableList-Error

Table 17.42 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y

Table 17.43 Basic Conformance Statement (Sheet 1 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa

Client-Server Roles

B11 Server side (of TWO-PARTY-APPLICATION-ASSOCIATION) Y

B12 Client side (of TWO-PARTY-APPLICATION-ASSOCIATION)  

SCSMs Supported

B21 SCSM: IEC 6185-8-1 used Y

B22 SCSM: IEC 6185-9-1 used Deprecated in 
Edition 2

B23 SCSM: IEC 6185-9-2 used

B24 SCSM: other

Generic Substation Event (GSE) Model

B31 Publisher side Y

B32 Subscriber side Y  
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Transmission of Sampled Value Model (SVC)

B41 Publisher side Y

B42 Subscriber side Y

a Y = supported
N or blank = not supported

Table 17.44 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscribera Server/Publishera Value/Comments

If Server Side (B11) and/or Client Side (B12) Supported

M1 Logical device Y

M2 Logical node Y

M3 Data Y

M4 Data set Y

M5 Substitution

M6 Setting group control Y

Reporting

M7 Buffered report control Y

M7–1 sequence-number Y

M7–2 report-time-stamp Y

M7–3 reason-for-inclusion Y

M7–4 data-set-name Y

M7–5 data-reference Y

M7–6 buffer-overflow Y

M7–7 entryID Y

M7–8 BufTim Y

M7–9 IntgPd Y

M7–10 GI Y

M7–11 conf-revision Y

M8 Unbuffered report control Y

M8–1 sequence-number Y

M8–2 report-time-stamp Y

M8–3 reason-for-inclusion Y

M8–4 data-set-name Y

M8–5 data-reference Y

M8–6 BufTim Y

M8–7 IntgPd Y

M8–8 GI Y

M8–9 conf-revision Y

Logging

M9 Log control

M9–1 IntgPd

Table 17.43 Basic Conformance Statement (Sheet 2 of 2)

Services
Client/

Subscribera
Server/

Publishera
Value/

Commentsa
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M10 Log

M11 Control Y

M17 File transfer Y

M18 Application association Y

M19 GOOSE control block Y

M20 Sampled Value control block Yb

If GSE (B31/32) Is Supported

M12 GOOSE Y

M13 GSSE Deprecated in Edition 2

If SVC (B41/42) Is Supported

M14 Multicast SVC Yb

M15 Unicast SVC Yb

For All IEDs

M16 Time Y Time source with required accuracy shall be available.

Only the time master is an SNTP (Mode 4 response) 
time server.

All other client/server devices require SNTP (Mode 
3 request) clients.

a Y = supported
N or blank = not supported

b SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC Client (C) Server (S) Comments

Server

S1 1, 2 GetServerDirectory

(LOGICAL-DEVICE)

TP Y

Application Association

S2 1, 2 Associate Y

S3 1, 2 Abort Y

S4 1, 2 Release Y

Logical Device

S5 1, 2 GetLogicalDeviceDirectory TP Y

Logical Node 

S6 1, 2 GetLogicalNodeDirectory TP Y

S7 1, 2 GetAllDataValues TP Y

Data

S8 1, 2 GetDataValues TP Y

S9 1, 2 SetDataValues TP

S10 1, 2 GetDataDirectory TP Y

S11 1, 2 GetDataDefinition TP Y

Table 17.44 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscribera Server/Publishera Value/Comments
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Data Set

S12 1, 2 GetDataSetValues TP Y

S13 1, 2 SetDataSetValues TP

S14 1, 2 CreateDataSet TP

S15 1, 2 DeleteDataSet TP

S16 1, 2 GetDataSetDirectory TP Y

Substitution

S17 1 SetDataValues TP

Setting Group Control

S18 1, 2 SelectActiveSG TP Y

S19 1, 2 SelectEditSG TP

S20 1, 2 SetEditSGValues TP

S21 1, 2 ConfirmEditSGValues TP

S22 1, 2 GetEditSGValues TP

S23 1, 2 GetSGCBValues TP Y

Reporting

Buffered Report Control Block (BRCB)

S24 1, 2 Report TP Y

S24–1 1, 2 data-change (dchg) Y

S24–2 1, 2 quality-change (qchg) Y

S24–3 1, 2 data-update (dupd)

S25 1, 2 GetBRCBValues TP Y

S26 1, 2 SetBRCBValues TP Y

Unbuffered Report Control Block (URCB)

S27 1, 2 Report TP Y

S27–1 1, 2 data-change (dchg) Y

S27–2 1, 2 quality-change (qchg) Y

S27–3 1, 2 data-update (dup)

S28 1, 2 GetURCBValues TP Y

S29 1, 2 SetURCBValues TP Y

Logging

Log Control Block

S30 1, 2 GetLCBValues TP

S31 1, 2 SetLCBValues TP

Log

S32 1, 2 QueryLogByTime TP

S33 1, 2 QueryLogAfter TP

S34 1, 2 GetLogStatusValues TP

Generic Substation Event Model (GSE)

GOOSE

S35 1, 2 SendGOOSEMessage MC Y

Table 17.45 ACSI Service Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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GOOSE-CONTROL-BLOCK

S36 1, 2 GetGoReference TP

S37 1, 2 GetGOOSEElementNumber TP

S38 1, 2 GetGoCBValues TP Y

S39 1, 2 SetGoCBValues TP

GSSE

S40 1 SendGSSEMessage MC Deprecated in Edition 2

GSSE-CONTROL-BLOCK

S41 1 GetReference TP Deprecated in Edition 2

S42 1 GetGSSEElementNumber TP Deprecated in Edition 2

S43 1 GetGsCBValues TP Deprecated in Edition 2

S44 1 SetGsCBValues TP Deprecated in Edition 2

Transmission of Sampled Value Model (SVC)

Multicast SV

S45 1, 2 SendMSVMessage MC Ya

Multicast Sampled Value Control Block

S46 1, 2 GetMSVCBValues TP Ya

S47 1, 2 SetMSVCBValues TP

Unicast SV

S48 1, 2 SendUSVMessage TP

Unicast Sampled Value Control Block

S49 1, 2 GetUSVCBValues TP

S50 1, 2 SetUSVCBValues TP

Control

S51 1, 2 Select

S52 1, 2 SelectWithValue TP Y

S53 1, 2 Cancel TP Y

S54 1, 2 Operate TP Y

S55 1, 2 CommandTermination TP Y

S56 1, 2 TimeActivatedOperate TP

File Transfer

S57 1, 2 GetFile TP Y

S58 1, 2 SetFile TP

S59 1, 2 DeleteFile TP

S60 1, 2 GetFileAttributeValues TP Y

S61 1, 2 GetServerDirectory

(FILE SYSTEM)

TP Y

Table 17.45 ACSI Service Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC Client (C) Server (S) Comments



17.90

SEL-400 Series Relays Instruction Manual Date Code 20230830

IEC 61850 Communication
Potential Client and Automation Application Issues With Edition 2 Upgrades

Potential Client and Automation Application Issues With 
Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or automa-
tion applications may experience with IEC 61850 Edition 2 (Ed2) ICD and firm-
ware changes. However, such issues may be resolved by reconfiguring the client 
or automation application or worked around by restoring the Ed1 (CID) configu-
ration. None of these should prevent a client application from dynamically dis-
covering the data in the IED as long as the application adheres to the 
specification of the standard. Note that upgrading to Ed2 firmware will not break 
existing Ed1 configurations (CID files) in the field, nor require loading an Ed2 
version of the CID file.

Unexpected Error Messages
Some MMS and control errors have been changed in Ed2. Hence, the firmware 
now issues only the Ed2-compliant errors. Clients or automation applications that 
rely on the Ed1-compliant errors will not function correctly. You can resolve this 
by reconfiguring the client or automation application to accept Ed2-compliant 
errors.

Missing or Unknown Data Objects and Attributes
Ed2 has changed some data object and attribute names, as well as the data types 
of some attributes. Ed2 also prohibits the use of proprietary CDCs. See Common 
Logical Nodes on page 17.47 and the logical nodes tables in each product-spe-
cific manual to determine the Ed2 names. This may cause the failure of clients or 

Time

T1 1, 2 Time resolution of internal clock 20 Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

T2 1, 2 Time accuracy of internal clock IRIG-B

T4

PTP

T4

SNTP

T1

TL (ms) (low-accuracy), T3 < 7) (only Ed. 2)

T0 (ms) ( 10 ms), 7  T3 < 10

T1 (µs) ( 1 ms), 10  T3 < 13

T2 (µs) ( 100 µS), 13  T3 < 15

T3 (µs) ( 25 µS), 15  T3 < 18

T4 (µs) ( 25 µS), 15  T3 < 18

T5 (µs) ( 1 µS), T3  20

T3 1, 2 Supported TimeStamp resolution IRIGB

18

PTP

18

SNTP

7

Nearest negative power of 2–n in seconds 
(number 0 . . . 24)

a SV publisher only

Table 17.45 ACSI Service Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC Client (C) Server (S) Comments
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automation applications that rely on the Ed1 names. A workaround is to use the 
Ed1 version of the CID file, if available, to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 names.

Unable to Find Operate Time-Out
A proprietary method was used to specify the operate time-out of control objects 
in the CID files. A client or automation application that relies on this proprietary 
method will fail to find the operate time-out in the CID file. A workaround is to 
use the Ed1 CID file to configure the IED. You can also resolve this by reconfig-
uring the client or automation application to accept the Ed2 control object operate 
time-outs.

Unexpected Control Block Data Attribute Type
The string type data attributes in control blocks (RptID, DatSet, etc.) have been 
changed from a maximum length of 65 to 129 characters, i.e., VisString65 to Vis-
String129. Some clients and automation applications might see this as an error 
when the type is reported in the MMS GetVariableAccessAttributes response. 
You can resolve this by reconfiguring the client or automation application.

Unexpected Reports
Ed2 requires report buffering to start when the device is turned on, unlike in the 
Ed1 implementation where report buffering started after the first report enable. If 
a client or automation application relies on the Ed1 behavior, it might fail or indi-
cate an error if the IED sends buffered reports immediately after the first enable. 
You can resolve this by reconfiguring the client or automation application.

Failure to Reselect a Control Object Before the Time-Out
In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-out 
to restart. According to Ed2, this reselection is supposed to fail. Ed1-based cli-
ents or automation applications that rely on successful reselection might operate 
incorrectly. You can resolve this by reconfiguring the client or automation appli-
cation.

Test Control Commands Fail Immediately
In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate time-
out error after the operate time-out expired. However, in Ed2, any such test com-
mands will fail immediately with an error indicating that the command is blocked 
because the IED is not in the appropriate mode. Clients or automation applica-
tions that depend on the Ed1 behavior might fail. You can resolve this by recon-
figuring the client or automation application.
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No Reports
Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Synchrophasors

Most SEL-400 series relays can be configured to function as a phasor measure-
ment unit (PMU).

This section covers: 

➤ Synchrophasor Measurement on page 18.3

➤ Settings for Synchrophasors on page 18.6

➤ Synchrophasor Quantities on page 18.18

➤ View Synchrophasors by Using the MET PM Command on page 18.21

➤ IEEE C37.118 Synchrophasor Protocol on page 18.23

➤ SEL Fast Message Synchrophasor Protocol on page 18.29

➤ Control Capabilities on page 18.33

➤ PMU Recording Capabilities on page 18.42

Introduction 
The word synchrophasor is derived from two words: synchronized phasor. Syn-
chrophasor measurement refers to the concept of providing measurements taken 
on a synchronized schedule in multiple locations. A high-accuracy clock, com-
monly a Global Positioning System (GPS) receiver such as the SEL-2407 Satel-
lite-Synchronized Clock, makes synchrophasor measurement possible.

The availability of an accurate time reference over a large geographic area allows 
multiple devices, such as a number of relays, to synchronize the gathering of 
power system data. The accurate clock allows precise event report triggering and 
other offline analysis functions.

The Global settings class contains the synchrophasor settings, including the 
choice of Synchrophasor Protocol and the synchrophasor data set the relay will 
transmit. The Port settings class selects which port(s) are configured for Synchro-
phasor Protocol use.

The high-accuracy timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement.

When synchrophasor measurement is enabled, the relay creates the synchropha-
sor data set at a rate of either 50 or 60 times per second, depending on the nomi-
nal system frequency (Global setting NFREQ). This data set, including time-of-
sample, is available in analog quantities in the relay (see Synchrophasor Analog 
Quantities). You can view synchrophasor data over the relay ASCII terminal inter-
face (see View Synchrophasors by Using the MET PM Command on page 18.21).
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The value of synchrophasor data increases greatly when the data can be shared 
over a communications network in real time. Two Synchrophasor Protocols are 
available in the relay that allow for a centralized device to collect data efficiently 
from several PMUs. Some possible uses of a system-wide synchrophasor system 
include the following:

➤ Power system state measurement 

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power system disturbance analysis

The SEL-5078-2 SYNCHROWAVE Central Software quickly translates power sys-
tem data into visual information. It is a powerful yet easy-to-use solution for dis-
playing and analyzing real-time streaming data, archived data, and relay event 
data, and provides a time-synchronized, wide-area view of your system. SYN-
CHROWAVE Central includes Event Viewer, providing engineers and operators 
the ability to view PMU data and perform event analysis by viewing relay event 
reports directly from SYNCHROWAVE Central.

NOTE: The SEL-3555 RTAC with the 
SVP library has replaced the SEL-3378, 
which is no longer in production, but 
you can still use the SEL-3378 in the 
examples in this section.

The SEL-3555 Real-Time Automation Controller (RTAC) is a real-time synchro-
phasor programmable logic controller. Use the SEL-3555 to collect synchropha-
sor messages from relays and PMUs. The SEL-3555 time-aligns incoming 
messages and processes these messages with an internal logic engine. Addition-
ally, the SEL-3555 can send calculated or derived data to devices such as other 
synchrophasor vector processors (SVPs), phasor data concentrators (PDCs), and 
monitoring systems.

In any installation, the relay can use only one of the synchrophasor message for-
mats, SEL Fast Message Synchrophasor, or IEEE C37.118, as selected by Global 
setting MFRMT. The chosen format is available on multiple serial ports when 
port setting(s) PROTO :=  PMU. IEEE C37.118 is available over Ethernet when 
the PORT 5 setting EPMIP is enabled.

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchophasor protocol.

With either the SEL Fast Message or IEEE C37.118 synchrophasor format, the 
relay can receive control operation commands over the same channel used for 
synchrophasor data transmission. These commands are SEL Fast Operate mes-
sages, which are described in SEL Fast Meter, Fast Operate, Fast SER Messages, 
and Fast Message Data Access on page 15.33.

After enabling the data recording function with the Global EPMDR settings, 
record synchrophasor data using the PMTRIG setting. When PMTRIG asserts, 
the relay records IEEE synchrophasor data in binary format for the duration spec-
ified with the PMLER setting. The relay stores these files in the synchrophasor 
subdirectory in the relay. 

You can configure the relay to receive IEEE C37.118 protocol synchrophasor 
data. The relay receives the data over a serial connection and stores these data in 
Analog Quantities. Time-alignment is automatic. Use the local phasor data and as 
many as two remote sets of phasor data in SELOGIC equations.

Functionality in IEEE C37.118.1-2011-Compliant Synchrophasors
When compared to IEEE C37.118-2005, IEEE C37.118.1 has several differ-
ences, some of which are described below.

NOTE: All references to IEEE C37.118.1 
in this document are references to 
IEEE C37.118.1-2011, as amended by 
IEEE C37.118.1a-2014.

Performance Classes. IEEE C37.118.1 introduced two performance classes: 
P class and M class. P class (protection) is for applications that require a faster 
response and less filtering. M class (measurement) is for applications that require 
more accuracy and do not require minimal reporting delay. 
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Specified Latency. IEEE C37.118.1 introduced message latency requirements. 
In this context, message latency is defined as the time interval between when an 
event occurs on the power system to the time that it is reported in data. 

Dynamic Performance. IEEE C37.118.1 introduced dynamic performance 
requirements, whereas the 2005 standard only specified performance when the 
power system was in steady state.

Rate-of-Change of Frequency (ROCOF). IEEE C37.118.1 introduced require-
ments on the responsiveness of ROCOF beyond that of the 2005 standard. One 
effect of these changes is to make ROCOF more sensitive to noise, so care should 
be taken before applying the ROCOF value to a control scheme.

Synchrophasor Measurement
The PMU uses the signal processing shown in Figure 18.1 to measure the syn-
chrophasors. The input signal passes through a traditional anti-aliasing low-pass 
filter (LPF). This filter has a cutoff frequency of 250 Hz. The PMU decimates 
this 8 kHz filtered data by eight and then processes the resulting data at 1 kHz.

NOTE: This section describes 
IEEE C37.118-2005-compliant devices. 

The PMU then modulates the 1 kHz data with two sinusoids, each 90 degrees 
apart to produce real and imaginary components of the synchrophasor. The mod-
ulating sinusoids are synchronized to absolute time to provide an absolute time 
reference for the synchrophasor. Also an angular compensation factor compen-
sates for the phase shift introduced by the PMU hardware and software.

The modulated data are filtered using low-pass filters. The filter coefficients are 
based on NFREQ, PMAPP, and MRATE. The filtered data provides good attenu-
ation for harmonics and interharmonics. For PMAPP = F and N the attenuation is 
20 dB. For PMAPP = 1 the attenuation is 40 dB.

Relays with DSS technology adjust synchrophasors automatically by the channel 
delay associated with the DSS technology used. This allows for comparing syn-
chrophasor measurements gathered from traditional, non-DSS relays.

                    

Figure 18.2 shows the magnitude frequency response of the synchronized phasor 
measurement for PMAPP = F, N, and 1 for MRATE = 60.

                    

Figure 18.1 Synchrophasor Processing Block Diagram
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After low-pass filtering, the data are decimated to the nominal power system 
frequency (NFREQ).

If frequency-based phasor compensation is enabled (PHCOMP = Y), the relay 
calculates a compensation factor based on the measured synchrophasor fre-
quency (FREQPM) and filter configuration (based on NFREQ, MRATE, and 
PMAPP). The PMU then corrects the measured synchrophasors by this factor.

Using the VmCOMP and InCOMP settings, the PMU compensates the voltage and 
current synchrophasors for any externally introduced phase angle errors. The PMU 
adds the user-entered phase angle to the phase angle of the measured synchrophasor.

The PMU converts the synchrophasor data to primary units by multiplying them 
with the respective PT or CT ratios. Note that the resulting data VkmSF and 
IknSF is in complex form (A + jB). The PMU calculates the positive-sequence 
synchrophasor with the three-phase synchrophasors.

The PMU then converts all synchrophasor data to polar and rectangular quantities. The 
data are available as analog quantities as well as for the synchrophasor data frames. 
The synchrophasor data are updated at the nominal power system frequency.

Accuracy
For devices that comply to IEEE C37.118.1, refer to the IEEE standard.

For synchrophasors that comply to the 2005 standard, the following phasor mea-
surement accuracy is valid when frequency-based phasor compensation is 
enabled (Global setting PHCOMP := Y), and when the phasor measurement 
application setting is in the narrow bandwidth mode (Global setting PMAPP := N).

NOTE: When the PMU is in the fast 
response mode (Global setting 
PMAPP := F), the TVE is within 
specified limits only when the out of 
band interfering signals influence 
quantity is not included.

TVE (total vector error) 1% for one or more of the following influence quantities.

➤ For PMAPP = N Signal Frequency Range: ±5 Hz of nominal 
(50 or 60 Hz)

➤ For PMAPP = 1 Signal Frequency Range: ±2 Hz of 60 Hz

➤ Voltage Magnitude Range: 30 V–150 V

➤ Current Magnitude Range: (0.1–2) • INOM, (INOM = 1 A or 5 A)

➤ Phase Angle Range: –179.99° to 180°

➤ Harmonic distortion 10 percent (any harmonic) 

➤ Out of band interfering signals 10 percent

                    

Figure 18.2 Magnitude Frequency Response



18.5

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Synchrophasors
Synchrophasor Measurement

The out-of-band interfering signal frequency (fi) must satisfy:

| fi – NFREQ | > MRATE/2, 

where NFREQ is nominal system frequency and MRATE is the message rate, as 
defined in IEEE C37.118.

It is important to note that the synchrophasors can only be correlated when the 
PMU is in HIRIG or HPTP timekeeping mode, which can be verified by monitor-
ing the TSOK Relay Word bit. When TSOK = logical 1, the PMU timekeeping is 
synchronized to the high-accuracy IRIG-B signal or Precision Time Protocol 
(PTP) time source, and the synchrophasor data are precisely time-stamped. See 
Section 11: Time and Date Management for details.

PMU Data Block Status 
In a PMU data frame, each data block is headed by a two-byte STAT field. This 
field indicates the status of the PMU data block. Bit 15 of the STAT field indi-
cates the validity of data. SEL-400 series relays assert bit 15 of the STAT when 
synchrophasor test mode indicator PMTEST asserts or SVBK_EX asserts in 
SEL-400 series Sampled Values (SV)-subscriber relays.

For SV-subscribing relays, configure Global setting SVBLK to assert on errors 
encountered in SV data acquisition. For example, set SVBLK := IAWBK OR 
IBWBK OR ICWBK. In this example, if SV data for any Terminal W current is 
lost, SVBK_EX asserts, which then asserts bit 15 in the STAT field, indicating 
current data have errors and, therefore, synchrophasor data are invalid.

For an explanation of other bits in the STAT field, refer to the IEEE C37.118 standard.

Synchrophasor Frequency
The PMU calculates frequency deviation and rate-of-change of frequency from 
the synchrophasor positive-sequence voltage angle (V1nPMA, where 
n = PMFRQST) as follows.

First, the PMU calculates the frequency deviation from nominal using the 
following formula.

                    

Equation 18.1

Where k is the V1nPMA and k-1 is V1nPMA calculated 1 cycle previously.  
t is the time difference between the angle calculations (k increments once a 
nominal power system cycle).

Next, the PMU averages the frequency deviation as shown in Equation 18.2 and 
Equation 18.3.

If the frequency application is smooth (PMFRQA = S)

                    

Equation 18.2

NOTE: Applies to IEEE C37.118-2005-
compliant devices.

fk
k k 1–– 

t 360
-----------------------------=

favgk

fk n–

n 0=

9


 
 
 
 

fmax1– fmax2– fmin1– fmin2–

6
---------------------------------------------------------------------------------------------------------=



18.6

SEL-400 Series Relays Instruction Manual Date Code 20230830

Synchrophasors
Settings for Synchrophasors

If the frequency application is fast (PMFRQA = F)

                    

Equation 18.3

The PMU then calculates rate-of-change of frequency, dƒ/dt from the averaged 
frequencies deviations (Equation 18.4).

                    

Equation 18.4

If the frequency value is equal to or within ±20 Hz and V1nMPM/PTRn 
(secondary) is larger than 0.1 • VNOMn then:

                    

If the frequency value exceeds ±20 Hz or the V1nMPM/PTRn (secondary) is 
below 0.1 • VNOMn then:

                    

The frequency and rate-of-change of frequency are available as analog quantities 
as well as for the synchrophasor data frames. The data are updated at the nominal 
power system frequency.

                    

Settings for Synchrophasors
Each SEL-400 series relay supports a variety of current and voltage terminals. 
See the product-specific instruction manuals for specific settings based on the 
synchrophasor standard supported and to see which terminals are available to 
synchrophasors. Synchrophasors are primarily configured through the Global set-
tings. There are also a few port settings necessary to enable synchrophasor com-
munications.

Global Settings
The Global enable setting EPMU must be set to Y before the remaining synchro-
phasor settings are available. The PMU is disabled when EPMU := N.

FREQPMk = favgk + NFREQ <analog>

DFDTPMk = df/dtk <analog>

After six consecutive cycles

FROKPMk = 1 <digital>

FREQPMk = FREQPMk-1 <analog>

DFDTPMk = 0 <analog>

FROKPMk = 0 <digital>

Table 18.1 Synchrophasor Analog Quantities Frequency

Name Description Units

FREQPM Measured system frequency Hz

DFDTPM Rate-of-change of frequency Hz/s

favgk

fk n–

n 0=

3


 
 
 
 

fmax– fmin–

2
--------------------------------------------------------------=

df/dtk
favgk favgk 1–– 

t
---------------------------------------------=



18.7

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Synchrophasors
Settings for Synchrophasors

                    

Descriptions for some of the settings in Table 18.2 are as follows.

MFRMT

Selects the message format for synchrophasor data.

SEL recommends the use of MFRMT := C37.118 for any new PMU applications 
because of increased setting flexibility and the expected availability of software 
for synchrophasor processors. The PMU still includes the MFRMT := FM setting 
choice to maintain compatibility in any systems presently using SEL Fast Mes-
sage synchrophasors. 

MRATE

Selects the message rate in messages per second for synchrophasor data.

Table 18.2 Global Settings for Configuring the PMU

Setting Setting Prompt

EPMU Synchronized Phasor Measurement (Y, N)

MFRMTa

a Not used in IEEE C37.118-2011-compliant devices.

Message Format (C37.118, FM)

MRATEa Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

b If NFREQ = 50 then the range is 1, 2, 5, 10, 25, 50.

PMAPPa PMU Application (F, N, 1)

MRATEnc

c Only used in IEEE C37.118-2011-compliant devices.

Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60)b

PMAPPnc PMU Application (P, M)

PMLEGCYa Synchrophasor Legacy Settings (Y, N, N1d)

d PMLEGCY option of N1 only applies to the SEL-487E.

NUMPHDC Number of Data Configurations (1–5)

PMSTNqe

e q = 1–NUMPHDC.

Station Name (16 characters)

PMIDqe PMU Hardware ID (1–65534)

PHDVqe Phasor Data Set, Voltages (V1, PH, ALL)

PHDIqe Phasor Data Set, Currents (I1, PH, ALL)

PHNRqe Phasor Num. Representation (I = Integer, F = Float)

PHFMTqe Phasor Format (R = Rectangular, P = Polar)

FNRqe Freq. Num. Representation (I = Integer, F = Float)

TREA[1–4] Trigger Reason Bit [1–4] (SELOGIC Equation)

PMTRIG Trigger (SELOGIC Equation)

PMTEST PMU in Test Mode (SELOGIC Equation)

VkCOMPf

f k = voltage terminal.

Comp. Angle Terminal k (–179.99° to 180°)

InCOMPg

g n = current terminal.

Comp. Angle Terminal n (–179.99° to 180°)

PMFRQST PMU Primary Frequency Source Terminal

PMFRQAa PMU Frequency Application (F, S)

PHCOMPa Freq. Based Phasor Compensation (Y, N)
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Choose the MRATE setting that suits the needs of your PMU application. The 
PMU supports as many as 60 messages per second if NFREQ = 60 and as many 
as 50 messages per second if NFREQ = 50.

MRATEn

Selects the message rate in messages per second for synchrophasor data per data 
configuration 1–5. MRATEn must be set to the same value across all data config-
urations that share the same filter type. The filter type is determined by the 
PMAPPn setting.

PMAPP

Selects the type of digital filters used in the synchrophasor measurement.

➤ The Narrow Bandwidth setting (N) represents filters with a cutoff 
frequency approximately 1/4 of MRATE. The response in the 
frequency domain is narrower, and response in the time domain is 
slower. This method results in synchrophasor data that are free of 
aliasing signals and well suited for post-disturbance analysis. 

➤ The Fast Response setting (F) represents filters with a higher cutoff 
frequency. The response in the frequency domain is wider and the 
response in the time domain is faster. This method results in 
synchrophasor data that can be used in synchrophasor applications 
requiring more speed in tracing system parameters.

➤ The Filter One setting (1) represents filters that have a response much 
narrower than the narrow bandwidth filters. This method has a better 
step response with overshoot within 7.5 percent. This filter is 
available only for MRATE = 60.

PMAPPn

Selects the type of digital filters used in the synchrophasor measurement per data 
configuration 1–5. The filter that you select is applied to all configured data streams.

IEEE C37.118.1-2011 defines two performance classes: P (protection) and 
M (meter). P class measurements has faster response times and lower message 
latency. M class measurements are more accurate but have a slower response time 
and higher message latency.

For more information on the filtering classes, refer to the IEEE C37.118 standard.

PMLEGCY

This setting is provided for supporting legacy synchrophasor settings. Set this to 
N to access the latest features. See Legacy Settings on page 18.15 to see a 
description of the legacy settings. The remainder of this section describes the 
non-legacy settings. Relays that support IEEE C37.118.1-2011 do not contain 
this setting.

NUMPHDC

Enables as many as five unique synchrophasor data configurations.

The four serial ports (PORT 1, PORT 2, PORT 3, and PORT F) and two Ethernet ses-
sions (TCP/UDP Sessions 1 and 2) can be mapped to any of these five data con-
figurations. In other words each port can be configured to send unique 
synchrophasor data streams.
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PMSTNq and PMIDq

Defines the station name and number of the PMU for data configuration q.

The PMSTNq setting is an ASCII string with as many as 16 characters. The 
PMIDq setting is a numeric value. Use your utility or synchrophasor data con-
centrator naming convention to determine these settings. PMSTNq allows all 
printable characters.

Phasors Included in the Data q
Terminal Name, Relay Word Bit, Alternative Terminal Name

Specify the terminal for Synchrophasor measurement and transmission in the 
synchrophasor data stream q.

This is a freeform setting category for enabling the terminals for synchrophasor 
measurement and transmission. This freeform setting has three arguments. Spec-
ify the terminal name (any one of the valid terminals for the relay) for the first 
argument. Specify any Relay Word bit for the second argument. Specify the alter-
native terminal name (any one of the valid terminals for the relay) for the third 
argument.

The second and third arguments are optional unless switching between terminals 
is required. Whenever the Relay Word bit in the second argument is asserted the 
terminal synchrophasor data are replaced by the alternative terminal data.

PHDVq

Selects the type of voltages to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDVq := V1, sends only positive-sequence voltage synchrophasors 
of selected terminals.

➤ PHDVq := PH, sends only phase voltage synchrophasors of selected 
terminals.

➤ PHDVq := ALL, sends phase and positive-sequence voltage 
synchrophasors of selected terminals.

PHDIq

Selects the type of currents to be included in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ PHDIq := I1, sends only positive-sequence current synchrophasors of 
selected terminals. 

➤ PHDIq := PH, sends only phase current synchrophasors of selected 
terminals.

➤ PHDIq := ALL, sends phase and positive-sequence current 
synchrophasors of selected terminals.

PHNRq

Selects the numeric representation, integer (I) or floating-point (F), of voltage 
and current phasor data in the synchrophasor data stream q. This setting affects 
the synchrophasor data packet size.
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➤ PHNRq := I sends each voltage and/or current synchrophasor as 2 
two-byte integer values. The PMU uses ((7 • INOM • CT Ratio) / 
32768) • 100000)) for the current phasor scaling factor and uses 
((150 • PTR) / 32768) • 100000)) for the voltage phasor scaling 
factor. INOM is 1 A or 5 A.

➤ PHNRq := F sends each voltage and/or current synchrophasor as 2 
four-byte floating-point values.

PHFMTq

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream q.

➤ PHFMTq := R (rectangular) sends each voltage and/or current 
synchrophasor as a pair of signed real and imaginary values. 

➤ PHFMTq := P (polar) sends each voltage and/or current 
synchrophasor as a magnitude and angle pair. The angle is in radians 
when PHNRq := F, and in radians • 104 when PHNRq := I. The range 
is – < angle  .

In both the rectangular and polar representations, the values are scaled in root 
mean square (rms) units. For example, a synchrophasor with a magnitude of 1.0 
at an angle of –30 degrees will have a real component of 0.866, and an imaginary 
component of –0.500.

FNRq

Selects the numeric representation, integer (I) or floating-point (F), of the two 
frequency values in the synchrophasor data stream q.

This setting affects the synchrophasor data packet size.

➤ FNRq := I sends the frequency data as a difference from nominal 
frequency, NFREQ, with the following formula.

(FREQPM – NFREQ) • 1000, 

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := I also sends the rate-of-change-of-frequency data with 
scaling. 

DFDTPM • 100,

represented as a signed, two-byte value. See Synchrophasor 
Frequency on page 18.5 for details.

➤ FNRq := F sends the measured frequency data and rate-of-change of 
frequency as two four-byte, floating-point values.

Phasor Aliases in Data Configuration q
Phasor Name, Alias Name

This is a freeform setting category with two arguments. Specify the phasor name 
and a 16 character descriptive name to be included in the synchrophasor data 
stream q. If a phasor is not assigned a descriptive name, it will be described using 
the phasor name.
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Analog Quantities in Data Configuration q
Analog Quantity Name, Alias Name 

This is a freeform setting category with two arguments. Specify the analog quan-
tity name and an optional 16 character descriptive name to be included in the syn-
chrophasor data stream q. See Section 12: Analog Quantities in the product-
specific instruction manual for a list of analog quantities that the PMU supports. 
The PMU can be configured for as many as 16 unique analog quantities for each 
data configuration q. The analog quantities are floating-point values, so each ana-
log quantity the PMU includes will take four bytes.

Digitals in Data Configuration q 
Relay Word Bit Name, Alias Name

This is a freeform setting category with two arguments. Specify the Relay Word 
bit name and an optional 16 character descriptive name that you need to include 
in the synchrophasor data stream q. See the Relay Word Bits section of the relay-
specific instruction manual for a list of Relay Word bits that the PMU supports. 
You can configure the PMU for as many as 64 unique digitals for each data con-
figuration.

TREA1, TREA2, TREA3, TREA4, and PMTRIG

Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU Trigger 
setting, PMTRIG, are SELOGIC control equations. The PMU evaluates these 
equations and places the results in Relay Word bits with the same names: 
TREA1–TREA4 and PMTRIG.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG no more 
frequently than once every four hours 
if EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The Trigger Reason equations represent the Trigger Reason bits in the STAT field 
of the data packet. After the Trigger Reason bits are set to convey a message, the 
PMTRIG Equation should be asserted long enough to allow the synchrophasor 
processor to read the TREA1–TREA4 fields. To calculate how long PMTRIG 
should remain asserted (in seconds), divide 1 by the MRATE Global settings 
value. For example, if MRATE = 60, PMTRIG should be asserted at least 17 ms. 
If MRATE = 1, PMTRIG should be asserted at least 1 second.

The IEEE C37.118 standard defines the first 8 of 16 binary combinations of these 
trigger reason bits (Bits 0–3).

The remaining eight binary combinations are available for user definition.

The PMU does not automatically set the TREA1–TREA4 or PMTRIG Relay 
Word bits—these bits must be programmed.

These bits may be used to send various messages at a low bandwidth via the syn-
chrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the trigger 
reason messages in SELOGIC.

Use these Trigger Reason bits if your synchrophasor system design requires these 
bits. The PMU synchrophasor processing and protocol transmission are not 
affected by the status of these bits.
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PMTEST

Program this SELOGIC setting to force the PMU to test mode. The SELOGIC eval-
uation of this setting, PMTEST is mapped to the data valid bit (i.e., bit 15) in the 
STAT field.

VkCOMP

The VkCOMP (k = voltage terminals) setting allows correction for any steady-
state voltage phase errors (from the PTs or wiring characteristics). See Synchro-
phasor Measurement on page 18.3 for details on this setting.

InCOMP

The InCOMP (n = current terminals) settings allow correction for any steady-
state phase errors (from the CTs or wiring characteristics). See Synchrophasor 
Measurement on page 18.3 for details on these settings.

PMFRQST

Selects the voltage terminal that will be the primary source of the system fre-
quency for the PMU calculations. For example, if PMFRQST = Z, then the Z PT 
terminal is the source for frequency estimation.

PMFRQA

Selects the PMU frequency application. A setting of S sets a smooth frequency 
application. A setting of F selects a fast frequency application.

NOTE: Does not apply to newer 
synchrophasors.

The frequency application is used in the calculation of the rate-of-change of fre-
quency for a given analog signal. A smooth frequency application setting 
(PMFRQA = S) uses 9 cycles of data for the rate-of-change calculation. A fast 
frequency application setting (PMFRQA = F) uses 3 cycles of data for the rate-
of-change calculation.

The fast frequency application will detect rapid changes in frequency faster, but 
will also contain more low-level oscillations. The slow frequency application will 
provide a rate-of-change profile that is smoother, but slower to respond to rapid 
frequency fluctuations.

PHCOMP

Enables or disables frequency-based compensation for synchrophasors.

NOTE: Does not apply to newer 
synchrophasors.

For most applications, set PHCOMP := Y to activate the algorithm that compen-
sates for the magnitude and angle errors of synchrophasors for frequencies that 
are off nominal.

For PMAPP = F or N, the PMU only compensates if the estimated frequency is 
±5 Hz of nominal frequency. For PMAPP = 1 the PMU compensates if the fre-
quency is ±2 Hz of nominal frequency.

Serial Port Settings
The port settings found in Table 18.3 are used for configuring synchrophasor data 
transmission over a serial port.
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Descriptions for some of the settings in Table 18.3 are as follows.

PROTO

Setting this to PMU enables synchrophasor data transmission on the specific 
serial port. Once set to PMU that specific serial port cannot be used for accessing 
settings or issuing any ASCII commands.

If PROTO := PMU and MFRMT := C37.118, then the serial port will only 
respond to IEEE C37.118 commands.

➤ Stop synchrophasor data 

➤ Start synchrophasor data

➤ Send header data

➤ Send Configuration 1 data

➤ Send Configuration 2 data

➤ Process extended frame data

NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

If PROTO := PMU or SEL and MFRMT := FM, then the serial port will only 
respond to SEL Fast Message synchrophasor commands.

SPEED

Select the data rate (300–57600) for synchrophasor data transmission on the spe-
cific serial port. This setting affects the synchrophasor data packet size. See Com-
munications Bandwidth on page 18.24 for detailed information.

PMUMODE

Set PMUMODE := SERVER if the serial port is intended to send synchrophasor 
data. Client applications are described in Real-Time Control on page 18.36.

PMODC
NOTE: If PMODC is set to a number 
that exceeds the setting for 
NUMPHDC, the port sends the data for 
the first PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific serial port. This setting affects the synchrophasor data packet 
size. See Communications Bandwidth on page 18.24 for detailed information. 
Through the use of this setting each serial port can be configured to stream 
unique synchrophasor data.

Table 18.3 Serial PORT 1, PORT 2, PORT 3, PORT F Settings for 
Synchrophasors

Setting Description

PROTO Protocol (SEL, DNP, MBA, MBB, PMUa)

a The specific protocol choices available depends on the relay.

SPEED Data Speed (300–57600)

STOPBIT Stop Bits (1, 2)

RTSCTS Enable Hardware Handshaking (Y, N)

FASTOP Enable Fast Operate Messages (Y, N)

PMUMODE PMU Mode (CLIENTA, CLIENTB, SERVER)

PMODC PMU Output Data Configuration (1–5)
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EPMU := N Supersedes Synchrophasor Port Settings

The PROTO := PMU settings choice can be made even when Global setting 
EPMU := N. However, in this situation, the serial port will not respond to any 
commands or requests. Either enable synchrophasors by setting EPMU to Y, or 
change the port PROTO setting to SEL.

If you use a computer terminal session or ACSELERATOR QuickSet SEL-5030 
Software connected to a serial port, and then set that same serial port PROTO set-
ting to PMU, you will lose the ability to communicate with the relay through 
ASCII commands or virtual file interface commands. If this happens, either con-
nect via another serial port (that has PROTO := SEL) or use the front-panel HMI 
SET/SHOW screen to change the disabled port PROTO setting back to SEL.

Ethernet Port Settings
The settings found in Table 12.24 and Table 12.32 are used for configuring syn-
chrophasor data transmission over an Ethernet port. Descriptions for some of the 
settings are as follows.

EPMIP

This setting enables synchrophasor data transmission over Ethernet. Enabling 
EPMIP when Global setting EPMU := N results in the relay ignoring any incom-
ing synchrophasor requests regardless of whether the Ethernet port settings are 
correct or not.

PMOTS[2]

Selects the PMU Output transport scheme for session 1 and 2, respectively.

➤ PMOTS[2] := TCP establishes a single, persistent TCP socket for 
transmitting and receiving synchrophasor messages (both commands 
and data), as illustrated in Figure 18.3.

                    

➤ PMOTS[2] := UDP_T establishes two socket connections. A 
nonpersistent TCP connection is used for receiving synchrophasor 
command messages as well as synchrophasor configuration and 
header response messages. A persistent UDP connection is used to 
transmit synchrophasor data messages. Figure 18.4 depicts the 
UDP_T connection.

➤ PMOTS[2] := UDP_U uses the same connection scheme as the 
UDP_T except the synchrophasor configuration and header response 
messages are sent over the UDP connection, as shown in Figure 18.4.

                    

Figure 18.3 TCP Connection

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 1
   - Synchrophasor Configuration Response 2
   - Synchrophasor Header Frame

TCP Socket

(Persistent)

SEL-400
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➤ PMOTS[2] := UDP_S establishes a single persistent UDP socket to 
transmit synchrophasor messages. Synchrophasor data are 
transmitted whenever new data are read. With this communications 
scheme, the relay sends a “Synchrophasor Configuration 
Response 2” once every minute, as shown in Figure 18.5.

                    

PMODC[2]
NOTE: If PMODC is set to a number 
that exceeds the setting for NUMPHDC, 
the port sends the data for the first 
PMU configuration.

Select the data configuration (1-NUMPHDC) for synchrophasor data transmis-
sion on the specific session 1 and 2. Using this setting, each Ethernet session can 
be configured to stream unique synchrophasor data.

PMOIPA[2]

Defines the PMU Output Client IP address for session 1 and 2, respectively.

PMOTCP[2]

Defines the TCP/IP (Local) port number for session 1 and 2, respectively. These 
port numbers must all be unique.

PMOUDP[2]

Defines the UDP/IP (Remote) port number for session 1 and 2, respectively.

Legacy Settings
The PMU provides the following legacy synchrophasor settings that can be 
enabled by setting PMLEGCY = Y.

                    

Figure 18.4 UDP_T and UDP_U Connections

C37.118
   - Synchrophasor Command Start Request 
   - Synchrophasor Command Stop Request 
   - Synchrophasor Command Configuration Request 1
   - Synchrophasor Command Configuration Request 2
   - Synchrophasor Command Header Frame Request
   - Synchrophasor Command Extended Frame
   If PMOTS[2] is UDP_T
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

C37.118
   - Synchrophasor Measurement
   If PMOTS[2] is UDP_U
      - Synchrophasor Configuration Response 1
      - Synchrophasor Configuration Response 2
      - Synchrophasor Header Frame Response

TCP Socket

(Nonpersistent)

UDP Socket

(Persistent)

SEL-400

                    

Figure 18.5 UDP_S Connection

C37.118
   - Synchrophasor Measurement
   - Synchrophasor Configuration Response 2 
    (Sent once per minute)

UDP Socket

(Persistent)

SEL-400
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PMSTN and PMID

Defines the name and number of the PMU. The PMSTN setting is an ASCII string 
with as many as 16 characters. The PMID setting is a numeric value (1–65534). Use 
your utility or synchrophasor data concentrator naming convention to determine 
these settings.

PHVOLT and PHDATAV

PHDATAV and PHVOLT select which voltage synchrophasors to include in the 
data packet. If MFRMT = FM, the only options available are V1 and ALL.

➤ PHDATAV := V1 will transmit only positive-sequence voltage,V1

➤ PHDATAV = PH will transmit phase voltages only (VA, VB, VC)

➤ PHDATAV := ALL will transmit V1, VA, VB, and VC

➤ PHDATAV := NA will not transmit any voltages

PHVOLT selects the voltage sources for the synchrophasor data selected by PHDATAV.

Use the PHVOLT setting to select any combination of available voltage terminals.

PHCURR and PHDATAI

PHDATAI and PHCURR select which current synchrophasors to include in the 
data packet.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1

➤ PHDATAI := PH transmits phase currents (IA, IB, IC)

➤ PHDATAI := ALL will transmit I1, IA, IB, and IC

➤ PHDATAI := NA will not transmit any currents

PHCURR selects the source current(s) for the synchrophasor data selected by 
PHDATAI.

Use the PHCURR setting to select any combination of available current termi-
nals. If MFRMT = FM, only a single terminal can be selected.

PHNR

Selects the numerical representation of voltage and current phasor data in the 
synchrophasor data stream. If MFRMT = FM, this setting is forced to F, a 
floating-point value. 

PHFMT

Selects the phasor representation of voltage and current phasor data in the syn-
chrophasor data stream. If MFRMT = FM, this setting is forced to P, for polar 
phasor format. This setting is hidden if PHDATAV and PHDATAI = NA. 

FNR

Selects the numeric representation of the two frequency values in the synchro-
phasor data stream. If MFRMT = FM, this setting is forced to F, a floating-point value. 
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NUMANA

Selects the number of user-definable analog values to be included in the synchro-
phasor data stream.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–16 sends the user-definable analog values, as 
listed in Table 18.4.

The format of the user-defined analog data is always floating point, and each 
value occupies four bytes. If MFRMT = FM, this setting is forced to 0 and the 
relay does not send any user-definable analog values.

                    

NUMDSW

Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

Setting NUMDSW := 0 sends no user-definable binary status words.

Setting NUMDSW := 1, 2, 3, or 4 sends the user-definable binary status words, 
as listed in Table 18.5. If MFRMT = FM, this is forced to 1.

                    

Table 18.4 User-Defined Analog Values Selected by NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 PMV64 4

2 Above, plus PMV63 8

3 Above, plus PMV62 12

4 Above, plus PMV61 16

5 Above, plus PMV60 20

6 Above, plus PMV59 24

7 Above, plus PMV58 28

8 Above, plus PMV57 32

9 Above, plus PMV56 36

10 Above, plus PMV55 40

11 Above, plus PMV54 44

12 Above, plus PMV53 48

13 Above, plus PMV52 52

14 Above, plus PMV51 56

15 Above, plus PMV50 60

16 Above, plus PMV49 64

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 1 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [PSV64, PSV63 … PSV49] 2
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Synchrophasor Quantities
Relay Word Bits

This section describes the Relay Word bits that are related to synchrophasor mea-
surement.

The Synchrophasor Trigger Relay Word bits in Table 18.6 follow the state of the 
SELOGIC control equations of the same name. These Relay Word bits are 
included in the IEEE C37.118 synchrophasor data frame STAT field. See 
Table 18.6 for standard definitions for these settings.

                    

The Time-Synchronization Relay Word bits in Table 18.7 indicate the present sta-
tus of the high-accuracy timekeeping function of the relay.

                    

2 [PSV64, PSV63 … PSV49]

[PSV48, PSV47 … PSV33]

4

3 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

6

4 [PSV64,PSV63 … PSV49] 

[PSV48,PSV47 … PSV33]

[PSV32,PSV31 … PSV17]

[PSV16,PSV15 … PSV01]

8

Table 18.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting (Sheet 2 of 2)

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

Table 18.6 Synchrophasor Trigger Relay Word Bits

Name Description

PMTRIG Trigger (SELOGIC control equation)

TREA4 Trigger Reason Bit 4 (SELOGIC control equation)

TREA3 Trigger Reason Bit 3 (SELOGIC control equation)

TREA2 Trigger Reason Bit 2 (SELOGIC control equation)

TREA1 Trigger Reason Bit 1 (SELOGIC control equation)

Table 18.7 Time-Synchronization Relay Word Bits

Name Description

TIRIG Asserts while relay time is based on IRIG-B time source.

PTP Synchronized to a PTP source.

TPTP The active relay time source is PTP.

TSOK Time synchronization OK. Asserts while time is based on high-accuracy 
IRIG-B or PTP time source (HIRIG or HPTP mode) of sufficient accuracy 
for synchrophasor measurement.

PTPSYNC Asserts while the relay is synchronized to a high-quality PTP time source.

PMDOK Phasor measurement data OK. Asserts when the relay is enabled and syn-
chrophasors are enabled (Global setting EPMU := Y).
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When using the relay as a synchrophasor client, the Relay Word bits in Table 18.8 
indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Table 18.9.

                    

Analog Quantities
The synchrophasor measurements in Table 18.10 are available whenever Global 
setting EPMU := Y. When EPMU := N, these analog quantities are set to 0.0000. 

It is important to note that the synchrophasors are only valid when the relay is in 
HIRIG or HPTP timekeeping mode, which can be verified by monitoring the 
TSOK Relay Word bit. When TSOK = logical 1, the relay timekeeping is syn-
chronized to the high-accuracy IRIG-B signal or PTP time source, and the syn-
chrophasor data are precisely time-stamped.

Table 18.8 Synchrophasor Client Status Bits for Real-Time Control

Name Description

RTCENA Asserts for one processing interval when a valid message is received on Channel A.

RTCENB Asserts for one processing interval when a valid message is received on Channel B.

RTCROKA Asserts for one processing interval when data are aligned for Channel A. Use 
this bit to condition usage of the Channel A data.

RTCROKB Asserts for one processing interval when data are aligned for Channel B. Use 
this bit to condition usage of the Channel B data.

RTCROK Asserts for one processing interval when data for all enabled channels are 
aligned. Use this bit to condition general usage of the aligned synchrophasor data.

RTCDLYA This bit is asserted when the last received valid message on Channel A is older 
than MRTCDLY.

RTCDLYB This bit is asserted when the last received valid message on Channel B is older 
than MRTCDLY.

RTCSEQA This bit is asserted when the processed received message on Channel A is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel A data in applications where sequential data are required.

RTCSEQB This bit is asserted when the processed received message on Channel B is the 
expected next-in-sequence. It is deasserted if it is not. The deassertion implies 
that one or more packets of information were lost. Use this bit to condition 
usage of channel B data in applications where sequential data are required.

RTCCFGA Indicates Channel A is successfully configured.

RTCCFGB Indicates Channel B is successfully configured.

Table 18.9 Remote Synchrophasor Data Bits for Real-Time Control

Name Description

RTCAD01–RTCAD16 First 16 digitals received in synchrophasor message on Channel A. 
Only valid when RTCROKA is asserted.

RTCBD01–RTCBD16 First 16 digitals received in synchrophasor message on Channel B. 
Only valid when RTCROKB is asserted.

NOTE: Sampled Values-subscribing 
relays experience a communication 
delay in their analog data. Time-
stamping of synchrophasor data is 
adjusted by the PORT 5 channel delay 
setting CH_DLY.
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When using the relay for synchrophasor acquisition, the delayed and aligned analog 
quantities listed in Table 18.11 are available. Be aware that these quantities are only 
valid when RTCROK is asserted and only for the enabled channels. The specific chan-
nel quantities are also valid whenever their respective RTCROKc Relay Word bit is set.

                    

Table 18.10 Synchrophasor Analog Quantities

Name Description Units

Frequency

FREQPM Measured system frequencya

a Measured value if the voltages are valid and EMPU = Y, otherwise FREQPM = nominal frequency 
setting NFREQ, and DFDT is zero.

Hz

DFDTPM Rate-of-change of frequency, df/dta Hz/s

Synchrophasor Measurements

VkmPMM, 
VkmPMA, 
VkmPMR, 
VkmPMIb, c

b k = A, B, or C.
c m = voltage terminal.

Phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

V1mPMM, 
V1mPMA, 
V1mPMR, 
V1mPMI

Positive-sequence synchrophasor voltage (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal m

kV Primary, 
degrees, 
kV Primary, 
kV Primary

IknPMM, 
IknPMA, 
IknPMR, 
IknPMId

d n = current terminal.

Phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n 

A Primary, 
degrees, 
A Primary, 
A Primary

I1nPMM, 
I1nPMA, 
I1nPMR, 
I1nPMI

Positive-sequence synchrophasor current (M-magnitude, 
A-Angle, R-Real, I-Imaginary) Terminal n

A Primary, 
degrees, 
A Primary, 
A Primary

SODPM Second of the day of the PM data s

FOSPM Fraction of the second of the PM data s

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 1 of 2)

Name Description Units

RTCAP01–RTCAP32 Remote phasor pairs for Channel A. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBP01–RTCBP32 Remote phasor pairs for Channel B. Only those channels provided by the remote 
are valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCAA01–RTCAA08 Remote analogs for Channel A. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCBA01–RTCBA08 Remote analogs for Channel B. Only those channels provided by the remote are 
valid to use. Use the RTC command to confirm interpretation of these quantities.

RTCFA Remote frequency for Channel A. Hz

RTCFB Remote frequency for Channel B. Hz

RTCDFA Remote frequency rate-of-change for Channel A. Hz/s

RTCDFB Remote frequency rate-of-change for Channel B. Hz/s

VkmPMMD, VkmPMAD,
VkmPMRD, VkmPMIDa, b

Aligned phase k synchrophasor voltage (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal m.

kV Primary, degrees, 
kV Primary, kV Primary
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View Synchrophasors by Using the MET PM Command
The MET PM serial port ASCII command may be used to view the PMU syn-
chrophasor measurements. See METER on page 14.46 for general information on 
the MET command.

The MET PM command can be used as follows:

➤ As a test tool, to verify connections, phase rotation, and scaling.

➤ As an analytical tool, to capture synchrophasor data at an exact time, 
to compare it with similar data captured in other phasor measurement 
unit(s) at the same time.

➤ As a method of periodically gathering synchrophasor data through a 
communications processor.

Figure 18.6 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Synchrophasor Metering menu in Quick-
Set, and has a similar format to Figure 18.6.

The MET PM command can work even when no serial or Ethernet ports are con-
figured for sending synchrophasor data.

The MET PM command will only operate when the relay is in the HIRIG time-
keeping mode, as indicated by Relay Word bit TSOK = logical 1.

The MET PM command shows if there is a serial port configuration error. If any 
of the SPCERp bits assert, then the command displays Y. Otherwise, it displays N.

The MET PM command checks for assertion of the PMTEST bit to show 
whether the PMU is in a test mode. If the bit is asserted then the command dis-
plays Y. Otherwise, it displays N.

V1mPMMD, V1mPMAD, 
V1mPMRD, V1mPMIDb

Aligned positive-sequence synchrophasor voltage (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal m.

kV Primary,

degrees,

kV Primary,

kV Primary

IknPMMD, IknPMAD,
IknPMRD, IknPMIDa, c

Aligned phase k synchrophasor current (M-magnitude, A-Angle, R-Real, 
I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

I1nPMMD, I1nPMAD, 

I1nPMRD, I1nPMIDc
Aligned positive-sequence synchrophasor current (M-magnitude, A-Angle, 
R-Real, I-Imaginary) Terminal n.

A Primary,

degrees,

A Primary,

A Primary

SODPMD Second-of-day for all aligned data. Seconds

FOSPMD Fraction-of-second for all aligned data. Seconds

FREQPMD Aligned local system frequency. Hz

DFDTPMD Aligned local rate-of-change of frequency. Hz/s

a k = A, B, or C.
b m = voltage terminal.
c n = current terminal.

Table 18.11 Synchrophasor Aligned Analog Quantities for Real-Time Control (Sheet 2 of 2)

Name Description Units
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The MET PM time command can be used to direct the PMU to display the syn-
chrophasor for an exact specified time, in 24-hour format. For example, entering 
the command MET PM 14:14:12 will result in a response similar to Figure 18.6 
occurring just after 14:14:12, with the time stamp 14:14:12.000000. 

If you are not connected to the PMU when the MET PM time command issues 
its timed response, you can use the MET PM HIS command to view this 
response. This permits you to issue MET PM time to multiple PMUs at a certain 
point in time and then go back later to see the results from all the PMUs at that 
point in time.

See MET PM on page 14.48 for complete command options, and error messages.

                    

=>>MET PM <Enter>                                                                      
Relay 1                                    Date: 04/20/2015 Time: 22:02:12.000 
Station A                                  Serial Number: 1152490016 

Time Quality   Maximum time synchronization error:  0.000 (ms)  TSOK = 1
Serial Port Configuration Error: N                     PMU in TEST MODE = N

Synchrophasors                                                                  
                     VV Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)        127.266   126.972   127.148            127.128                  
ANG (DEG)        73.542   -46.400  -166.103             73.677                  

                     VZ Phase Voltages             Pos. Sequence Voltage        
                 VA        VB        VC                 V1                      
MAG (kV)         76.383    76.103    76.277             76.254                  
ANG (DEG)        73.623   -46.319  -166.175             73.707                  

                     IS Phase Currents          IS Pos. Sequence Current        
                 IA        IB        IC                  I1S                    
MAG (A)         221.707   221.851   221.661            221.740                  
ANG (DEG)        57.667   -62.223   177.875             57.767                  

                     T Phase Currents          IT Pos. Sequence Current        
                 IA        IB        IC                  I1T                    
MAG (A)         440.487   441.507   440.698            440.897                  
ANG (DEG)      -122.055   118.057    -1.933           -121.983                  

                     I IU Phase Currents          IU Pos. Sequence Current        
                 IA        IB        IC                  I1U                    
 I1U                                                                            
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IW Phase Currents          IW Pos. Sequence Current        
                 IA        IB        IC                  I1W                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IX Phase Currents          IX Pos. Sequence Current        
                 IA        IB        IC                  I1X                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

                     IY Phase Currents          IY Pos. Sequence Current        
                 IA        IB        IC                  I1Y                    
MAG (A)           0.000     0.000     0.000              0.000                  
ANG (DEG)         0.000     0.000     0.000              0.000                  

Figure 18.6 Sample SEL-487E MET PM Command Response
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IEEE C37.118 Synchrophasor Protocol
The relay complies with IEEE C37.118, Standard for Synchrophasor Measure-
ments for Power Systems, when Global setting MFRMT := C37.118. The proto-
col is available on Serial Ports 1, 2, 3, and F by setting the corresponding Port 
setting PROTO := PMU. The protocol is available over Ethernet when EPMIP is 
enabled.

This section does not cover the details of the protocol, but highlights some of the 
important features and options that are available.

Settings Affect Message Contents
The relay allows several options for transmitting synchrophasor data. These are 
controlled by Global settings described in Settings for Synchrophasors. You can 
select how often to transmit the synchrophasor messages (MRATE), which syn-
chrophasors to transmit, which numeric representation to use, and which coordi-
nate system to use.

The relay automatically includes the frequency and rate-of-change of frequency 
in the synchrophasor messages. Global setting FNRq selects the numeric format 
to use for these two quantities.

The relay can include as many as sixteen user-programmable analog values in the 
synchrophasor message and 0, 16, 32, 48, or 64 digital status values.

The relay always includes the results of four synchrophasor trigger reason 
SELOGIC equations TREA1, TREA2, TREA3, and TREA4, and the trigger 
SELOGIC control equation result PMTRIG, in the synchrophasor message.

FREQ (Hz) 59.990          Frequency Tracking = Y                                
Rate-of-change of FREQ (Hz/s)    0.00                                           

Digitals                                                                        
PSV08  PSV07  PSV06  PSV05  PSV04  PSV03  PSV02  PSV01                          
  0      0      0      0      0      0      0      0                            
PSV16  PSV15  PSV14  PSV13  PSV12  PSV11  PSV10  PSV09                          
  0      0      0      0      0      0      0      0                            
PSV24  PSV23  PSV22  PSV21  PSV20  PSV19  PSV18  PSV17                          
  0      0      0      0      0      0      0      0                            
PSV32  PSV31  PSV30  PSV29  PSV28  PSV27  PSV26  PSV25                          
  0      0      0      0      0      0      0      0                            
PSV40  PSV39  PSV38  PSV37  PSV36  PSV35  PSV34  PSV33                          
  0      0      0      0      0      0      0      0                            
PSV48  PSV47  PSV46  PSV45  PSV44  PSV43  PSV42  PSV41                          
  0      0      0      0      0      0      0      0                            
PSV56  PSV55  PSV54  PSV53  PSV52  PSV51  PSV50  PSV49                          
  0      0      0      0      0      0      0      0                            
PSV64  PSV63  PSV62  PSV61  PSV60  PSV59  PSV58  PSV57                          
  0      0      0      0      0      0      0      0                            

Analogs                                                                         
PMV49      0.000  PMV50      0.000  PMV51      0.000  PMV52      0.000          
PMV53      0.000  PMV54      0.000  PMV55      0.000  PMV56      0.000          
PMV57      0.000  PMV58      0.000  PMV59      0.000  PMV60      0.000          
PMV61      0.000  PMV62      0.000  PMV63      0.000  PMV64      0.000          
=>>

Figure 18.6 Sample SEL-487E MET PM Command Response (Continued)
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Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message rate of once per second places little burden on 
the communications channel. As more synchrophasors, analog values, or digital 
status words are added, or if the message rate is increased, some communications 
channel restrictions come into play.

If the SPEED setting on any serial port set with PROTO := PMU is insufficient 
for the PMU Global settings, the relay or QuickSet will display an error message 
and fail to save settings until the error is corrected.

The IEEE C37.118 synchrophasor message format always includes 16 bytes for 
the message header and terminal ID, time information, and status bits. The selec-
tion of synchrophasor data, numeric format, programmable analog, and program-
mable digital data will add to the byte requirements. Table 18.12 can be used to 
calculate the number of bytes in a synchrophasor message.

                    

Table 18.13 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 20 bytes.

                    

Table 18.12 Size of a IEEE C37.118 Synchrophasor Message

Item
Possible 
number of 
quantities 

Bytes per 
quantity

Minimum 
number of 
bytes

Maximum 
number of 
bytes

Fixed 18 18

Synchrophasorsa

a Some SEL relays have a smaller number of possible synchrophasors.

0, 1, 2…32 4 (PHNR := I)

8 (PHNR := F)

0 256

Frequency 2 (fixed) 2 (FNR := I)

4 (FNR := F)

4 8

Analog Values 0 – 16 4 0 64

Digital Status Words 0 – 4 2 0 8

Total (Minimum and Maximum) 22 354

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 1 of 2)

Global Setting 
MRATE

Maximum Message Size

300 600 1200 2400 4800 9600 19200 38400 57600

1 21 42 85 170 340 680 1360 2720 4080

2 21 42 85 170 340 680 1360 2040

4 (60 Hz only) 21 42 85 170 340 680 1020

5 34 68 136 272 544 816

10 34 68 136 272 408

12 (60 Hz only) 28 56 113 226 340

15 (60 Hz only) 21 45 90 181 272

20 (60 Hz only) 34 68 136 204

25 (50 Hz only) 27 54 108 163
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Referring to Table 18.12 and Table 18.13, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one syn-
chrophasor and one digital status word, and this message would consume 
between 26 and 34 bytes, depending on the numeric format settings. This type of 
message could be sent at any message rate (MRATE) when SPEED := 38400 or 
57600, as fast as MRATE := 50 or 30 when SPEED := 19200, and as fast as 
MRATE := 25 or 20 when SPEED := 9600.

Another example application has messages comprised of eight synchrophasors, 
one digital status word, and two analog values. This type of message would con-
sume between 62 and 98 bytes, depending on the numeric format settings. The 
62-byte version, using integer numeric representation, could be sent at any mes-
sage rate (MRATE) when SPEED := 57600. The 98-byte version, using floating-
point numeric representation, could be sent at as fast as MRATE := 30 when 
SPEED := 57600, as fast as MRATE := 25 when SPEED := 38400, and as fast as 
MRATE := 12 when SPEED := 19200.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with IEEE C37.118 commands, including commands to start and stop synchro-
phasor data transmission, and commands to request a configuration block from 
the relay, so the synchrophasor processor can automatically build a database 
structure.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission when the appropriate command is received from the synchrophasor 
processor. The relay can also indicate when a configuration change occurs, so the 
synchrophasor processor can request a new configuration block and keep its data-
base up-to-date.

The relay will only respond to configuration block request messages when it is in 
the nontransmitting mode.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 

30 (60 Hz only) 22 45 90 136

50 (50 Hz only) 27 54 81

60 (60 Hz only) 22 45 68

Table 18.13 Serial Port Bandwidth for Synchrophasors (in Bytes) (Sheet 2 of 2)

Global Setting 
MRATE

Maximum Message Size
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required to have the same SPEED setting, although the slowest SPEED setting on 
a PROTO := PMU port will affect the maximum Global MRATE setting that can 
be used.

Ethernet Operation
IEEE C37.118 Synchrophasors may be used over Ethernet if an Ethernet card is 
installed in the relay. Four transport methods are supported: UDP_U, UDP_S, 
UDP_T, and TCP.

UDP_U, UDP_S, UDP_T
UDP stands for User Datagram Protocol and is a network protocol used for the 
Internet. UDP uses a simple transmission model without implicit handshaking 
interchanges for guaranteeing reliability, ordering, or data integrity. As such, 
UDP minimizes additional overhead needed to send messages. Time-sensitive 
applications often use UDP because dropping packets is preferable to waiting for 
delayed packets, which may not be an option in a real-time system. UDP_S is a 
version of UDP that only sends data; no reverse messaging is used, thus provid-
ing streaming data in one direction only. UDP_T uses a TCP socket to command 
and configure PMU measurements, and then uses a UDP socket for sending data 
out. UDP_U is the same as UDP_T except that the synchrophasor configuration 
and header response messages are sent over UDP instead of TCP. A user may 
choose to use UDP to minimize the additional overhead bits added and thus min-
imize the communications bandwidth needed to send PMU information out of a 
substation. UDP_S uses the least amount of overhead (and provides some addi-
tional security as the PMU or PDC using this method is only sending data and 
ignores any messages coming in). 

TCP
TCP stands for Transmission Control Protocol and is a connection-oriented pro-
tocol, which means that it requires handshaking to set up end-to-end communica-
tions. Once a connection is set up, user data may be sent bi-directionally over the 
connection. TCP manages message acknowledgment, retransmission, and time-
outs. With TCP, there are no lost data; the server will request the lost portion to 
be resent. Additionally, TCP ensures that the messages are received in the order 
sent. TCP provides the most robust connection, but it also adds additional over-
head bits to any message data.

PMU Setting Example
A power utility is upgrading the line protection on its 230 kV system to use the 
SEL-421 relay as main protection. The grid operator also wants the utility to 
install PMUs in each 230 kV substation to collect data for a new remedial action 
scheme, and to eventually replace their present state estimation system.

The PMU data collection requirements call for the following data, collected at 10 
messages per second:

➤ Frequency

➤ Positive-sequence voltage from the bus in each substation

➤ Three-phase and positive-sequence current for each line terminal

➤ Indication when the line breaker is open

➤ Indication when the voltage or frequency information is unusable
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➤ Ambient temperature (one reading per station) 

➤ Station battery voltage

➤ No relay control from the PMU communications port, for the initial 
stage of the project

The utility is able to meet the grid operator requirements with the relay, an 
SEL-2600A RTD Module, an SEL-2407 Satellite-Synchronized Clock, and an 
SEL-3555 in each substation.

This example will cover the PMU settings in one of the relays.

Some system details:

➤ The nominal frequency is 60 Hz.

➤ The line is protected by a breaker-and-a-half scheme.

➤ The station ambient temperature is collected by an SEL-2600A, 
Channel RTD01.

➤ The line PTs and wiring have a phase error of 4.20 degrees (lagging) 
at 60 Hz.

➤ The Breaker 1 CTs and wiring have a phase error of 3.50 degrees 
(lagging) at 60 Hz.

➤ The Breaker 2 CTs and wiring have a phase error of 5.50 degrees 
(lagging) at 60 Hz.

➤ The synchrophasor data will be using PORT 3, and the maximum bps 
allowed is 19200.

➤ The system designer specified floating-point numeric representation 
for the synchrophasor data, and rectangular coordinates.

➤ The system designer specified integer numeric representation for the 
frequency data.

➤ The system designer specified fast synchrophasor response, because 
the data are being used for system monitoring.

The protection settings and resistance temperature detector (RTD) serial port set-
tings will not be shown.

Determining Settings
The protection engineer performs a bandwidth check, using Table 18.12, and 
determines the required message size. The system requirements, in order of 
appearance in Table 18.12, are as follows.

➤ 5 Synchrophasors, in floating-point representation

➤ Integer representation for the frequency data

➤ 2 analog values

➤ 3 digital status bits, which require one status word

The message size is 16 + 5 • 8 + 2 • 2 + 2 • 4 + 1 • 2 = 70 bytes. Using 
Table 18.13, the engineer verifies that the port bps of 19200 is adequate for the 
message, at 10 messages per second.

Protection Math Variables PMV64 and PMV63 will be used to transmit the 
RTD01 ambient temperature data and the station battery voltage DC1, respectively.
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The Protection SELOGIC Variables PSV64, PSV63, and PSV62 will be used to 
transmit the breaker status, loss-of-potential alarm, and frequency measurement 
status, respectively.

The PORT 3 FASTOP setting will be set to N, to disable any control attempts from 
the PMU port.

Make the Global settings as shown in Table 18.14.

                    

Table 18.14 Example Synchrophasor Global Settings (Sheet 1 of 2)

Setting Description Value

NFREQ Nominal System Frequency (50, 60 Hz) 60

NUMBK Number of Breakers in Scheme (1, 2) 2

EPMU Enable Synchronized Phasor Measurement (Y, N) Y

MFRMT Message Format (IEEE C37.118, FM) C37.118

MRATE Messages per Second (1, 2, 4, 5, 10, 12, 15, 20, 30, 60) 10

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 
1 = Extra Narrowa)

F

PMLEGCY Synchrophasor Legacy Settings N

NUMPHDC Number of Phasor Data Configurations 1

PMFRQA PMU Frequency Application (F = Fast, S = Slow) S

PHCOMP Frequency-Based Phasor Compensation (Y, N) Y

PMSTN Station Name (16 characters) SAMPLE1

PMID PMU Hardware ID (1–65534) 14

PHVI111 Phasor 1 (S, W, X, Y, Z) Y

PHVT112 Phasor 2 (S, W, X, Y, Z) W

PHVI113 Phasor 3 (S, W, X, Y, Z) X

PHDV1 Phasor Data Set, Voltages (I1, PH, ALL) V1

VYCOMP Voltage Angle Compensation Factor (–179.99 to 180 degrees) 4.20

PHDI1 Phasor Data Set, Currents (I1, PH, ALL) ALL

IWCOMP IW Angle Compensation Factor (–179.99 to 180 degrees) 3.50

IXCOMP IX Angle Compensation Factor (–179.99 to 180 degrees) 5.50

PHNR1 Phasor Numeric Representation (I = Integer, F = Floating point) F

PHFMT1 Phasor Format (R = Rectangular coordinates, P = Polar coordinates) R

FNR1 Frequency Numeric Representation (I = Integer, F = Float) I

PMAQ11 Any Analog Quantity or alias RTD01

PMAA11 Alias Name for the analog quantity AmbientTemp

PMAQ12 Any Analog Quantity or alias DC1

PMAA12 Alias Name for the analog quantity StationBattery

PMDG11 Any Relay Word bit or alias PSV64

PMDA11 Alias Name of Relay Word bit LineBKStatus

PMDG12 Any Relay Word bit or alias LOP

TREA1 Trigger Reason Bit 1 (SELOGIC Equation) NA

TREA2 Trigger Reason Bit 2 (SELOGIC Equation) NA

TREA3 Trigger Reason Bit 3 (SELOGIC Equation) NA

TREA4 Trigger Reason Bit 4 (SELOGIC Equation) NA
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The line breaker status must be created with protection SELOGIC variables. Make 
the Protection Freeform logic settings in Table 18.15 in all six settings groups.

                    

Make the Table 18.16 settings for serial PORT 3, using the SET P 3 command. 

                    

SEL Fast Message Synchrophasor Protocol
NOTE: Relays that support IEEE 
C37.118.1-2011 do not support SEL Fast 
Message Synchrophasor protocol.

SEL Fast Message Unsolicited Write (synchrophasor) messages are general Fast 
Messages (A546h) that transport measured synchrophasor information. The relay 
can send unsolicited write messages as fast as every 50 ms on a 60 Hz system, 
and 100 ms on a 50 Hz system. When MFRMT = FM, set PMLEGCY = Y to use 
Global settings PHDATAV, PHDATAI, PHVOLT, and PHCURR to select the 
voltage and current data to include in the Fast Message. Not all messages are sup-
ported at all data speeds. If the selected data rate is not sufficient for the given 
message length, the relay responds with an error message.

Table 18.17 lists the Synchrophasor Fast Message Write function codes and the 
actions the relay takes in response to each command.

PMTRIG Trigger (SELOGIC Equation) NA

EPMDR Enable PMU Data Recording N

PMTEST PMU Test Mode Equation (SELOGIC Equation) NA

a Option 1 is available only if MRATE = 60.

Table 18.15 Example Synchrophasor Protection Freeform Logic Settings

Setting Value

PSV64 NOT (3PO OR SPO) # Line breaker status

Table 18.16 Example Synchrophasor Port Settings

Setting Description Value

PROTO Protocol (SEL, DNP, MBA, MBB, MBGA, MBGB, RTD, PMU) PMU

SPEED Data Speed (300 to 57600) 19200

STOPBIT Stop Bits (1, 2 bits) 1

RTSCTS Enable Hardware Handshaking (Y, N) N

FASTOP Enable Fast Operate Messages (Y, N) N

PMU MODE PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

PMODC PMU Output Data Configuration 1

Table 18.14 Example Synchrophasor Global Settings (Sheet 2 of 2)

Setting Description Value
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See the SEL application guide “Using SEL-421 Relay Synchrophasors in Basic 
Applications” (AG2002-08) for more information on the SEL Fast Message Syn-
chrophasor Protocol.

Fast Message Synchrophasor Settings
The settings for SEL Fast Message synchrophasors are listed in Table 18.18. 
Many of these settings are identical to the settings for the IEEE C37.118 format 
(see Settings for Synchrophasors on page 18.6).

                    

Certain settings in Table 18.18 are hidden, depending on the status of other set-
tings. For example, if PHDATAI := NA, the PHCURR setting is hidden to limit 
the number of settings for your synchrophasor application.

Table 18.17 Fast Message Command Function Codes for Synchrophasor Fast Write

Function 
Code (Hex)

Function Relay Action

00h Fast Message definition 
block request

Relay transmits Fast Message definition request acknowledge (Function Code 80)

01h Enable unsolicited 
transfer

Relay transmits Fast Message command acknowledged message (Function Code 81). Relay trans-
mits Synchrophasor Measured Quantities (function to enable: Unsolicited Write broadcast, Func-
tion Code 20)

02h Disable unsolicited 
transfer

Relay sends Fast Message command acknowledge message (Function Code 82) and discontinues 
transferring unsolicited synchrophasor messages (function to disable: Unsolicited Write broadcast, 
Function Code 20)

05h Ping: determine if 
channel is operable

Relay aborts unsolicited message in progress and transmits ping acknowledge message (Function 
Code 85)

Table 18.18 PMU Settings in the Relay for SEL Fast Message Protocol (in Global 
Settings)

Setting Description

EPMU Enable Synchronized Phasor Measurement (Y, N)

MFRMT Message Format (C37.118, FM)a

a C37.118 = IEEE Std C37.118. FM := SEL Fast Message. Set MFRMT := FM to enter the Fast Message 
settings.

PMAPP PMU Application (F = Fast Response, N = Narrow Bandwidth, 1 = Extra Narrowb)

b Option 1 is not available when MFRMT = FM.

PMLEGCYc

c PMLEGCY must be set to Y to access the data configuration settings shown in this table.

Synchrophasor Legacy Settings (Y, N)

PHCOMP Frequency-Based Phasor Compensation (Y, N)

PMID PMU Hardware ID (0–4294967295)

PHVOLT Include Voltage Terminal

PHDATAV Phasor Data Set, Voltages (V1, ALL)

VkCOMPd

d k = voltage terminal.

Vk Voltage Angle Compensation Factor (–179.99 to +180 degrees)

PHCURRe

e Setting hidden when PHDATAI := NA.

Current Source

PHDATAIf

f When PHDATAV:= V1, this setting is forced to NA and cannot be changed.

Phasor Data Set, Currents (ALL, NA)

InCOMPg

g n = current terminal.

In Angle Compensation Factor (–179.99 to +180 degrees)
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The SEL Fast Message Synchrophasor Protocol always includes the frequency 
information in floating-point representation, and 14 user-programmable 
SELOGIC variables PSV49–PSV64. There are no user-programmable analog 
quantities in the SEL Fast Message Synchrophasor Protocol.

Communications Bandwidth
A PMU that is configured to transmit a single synchrophasor (positive-sequence 
voltage, for example) at a message period of one second places little burden on 
the communications channel. As more synchrophasors are added, or if the mes-
sage rate is increased, some communications channel restrictions come into play.

In the SEL Fast Message Synchrophasor Protocol, the master device determines 
the message period (the time among successive synchrophasor message time-
stamps) in the enable request. If the relay can support the requested message 
period on that serial port, the relay acknowledges the request (if an acknowledge 
was requested) and commences synchrophasor data transmission. If the relay 
cannot support the requested message period, the relay responds with a response 
code indicating bad data (if an acknowledge was requested).

The SPEED setting on any serial port set with PROTO := PMU should be set as 
high as possible, to allow for the largest number of possible message period 
requests to be successful.

The relay Fast Message synchrophasor format always includes 32 bytes for the 
message header and terminal ID, time information, frequency, and status bits. 
The selection of synchrophasor data will add to the byte requirements. 
Table 18.19 can be used to calculate the number of bytes in a synchrophasor message.

                    

Table 18.20 lists the bps settings available on any relay serial port (setting 
SPEED), and the maximum message size that can fit within the port bandwidth. 
Blank entries indicate bandwidths of less than 40 bytes.

                    

Referring to Table 18.19 and Table 18.20, it is clear that the lower SPEED set-
tings are very restrictive.

Table 18.19 Size of an SEL Fast Message Synchrophasor Message

Item
Possible 
Number of 
Quantities

Bytes per 
Quantity

Minimum 
Number of 
Bytes

Median 
Number of 
Bytes

Maximum 
Number of 
Bytes

Fixed 32 32 32

Synchrophasors 1, 4, or 8 8 8 32 64

Total (Minimum, Median, and Maximum) 40 64 96

Table 18.20 Serial Port Bandwidth for Synchrophasors (in Bytes)

Requested Message 
Period (ms)

Equivalent Message 
Rate (messages per 
second)

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400 57600

1000 1 41 83 166 333 666 1332 2665 3998

500 2 41 83 166 333 666 1332 1999

250 (60 Hz only) 4 41 83 166 333 666 999

200 5 66 133 266 533 799

100 10 66 133 266 399

50 (60 Hz only) 20 66 133 199
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Some observations from Table 18.20 follow.

➤ A serial port set with SPEED := 38400 or 57600 can handle any size 
message at any data rate.

➤ A serial port set with SPEED := 19200 can handle a single-
synchrophasor or four-synchrophasor message at any data rate, and 
any size message as fast as 10 messages per second.

➤ A serial port set with SPEED := 9600 can handle a single-
synchrophasor message at any data rate, a four-synchrophasor 
message at as fast as 10 messages per second, and any size message 
at as fast as 5 messages per second.

➤ A serial port set with SPEED := 300 cannot be used for Fast Message 
synchrophasors.

Protocol Operation
The relay will only transmit synchrophasor messages over serial ports that have 
setting PROTO := PMU. The connected device will typically be a synchrophasor 
processor. The synchrophasor processor controls the PMU functions of the relay, 
with SEL Fast Message commands, including commands to start and stop syn-
chrophasor data transmission, and commands to request a configuration block 
from the relay, so the synchrophasor processor determine the correct configura-
tion for storing the synchrophasor data.

Transmit Mode Control
The relay will not begin transmitting synchrophasors until an enable message is 
received from the synchrophasor processor. The relay will stop synchrophasor 
transmission on a particular serial port when the disable command is received 
from the synchrophasor processor, or when the relay settings for that port are 
changed. The relay will stop synchrophasor transmission on all serial ports when 
any Global or Group settings change is made.

The relay will respond to configuration block request messages regardless of the 
present transmit status, waiting only as long as it takes for any partially sent mes-
sages to be completely transmitted.

The relay will respond to a ping request immediately upon receipt, terminating 
any partially sent messages.

Independent Ports
Each serial port with the PROTO := PMU setting is independently configured 
and enabled for synchrophasor and Fast Operate commands. For example, if 
there are two serial ports set to PROTO := PMU, the status of one port has no 
effect on the other port. One port might be commanded to start transmitting syn-
chrophasor messages, while the other port is idle, responding to a configuration 
block or Fast Operate request, or transmitting synchrophasors. The ports are not 
required to have the same SPEED setting, although the SPEED setting on each 
PROTO := PMU port will affect the minimum synchrophasor message data 
period that can be used on that port.
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Control Capabilities
Serial Port Fast Operate Operation

The PMU can be configured to process SEL Fast Operate commands received on 
serial ports that have the Port setting PROTO := PMU, when the Port setting 
FASTOP := Y, and Global Settings EPMU := Y and PMAPP := F.

This functionality can allow a remote device (client) to initiate control actions in 
a serially connected PMU without the need for a separate communications inter-
face. The client should enable Fast Operate Transmit on the serial port connected 
to the PMU. This can be accomplished with Global Setting EPMU := Y, Port Set-
tings PROTO := PMU, FASTOP := Y, and PMUMODE set to either CLIENTA or 
CLIENTB.

The client can request a Fast Operate Configuration Block when the relay is in 
the nontransmitting mode, and the relay will respond with a message, which 
includes codes that define the circuit breaker and remote bit control points that 
are available via Fast Operate commands. 

Once the control points are identified, the Fast Operate Output (FOP) Control 
Bits can be assigned to SELOGIC equations in the client’s SELOGIC freeform pro-
tection logic settings. FOP Control Bits take the form FOPp_n, where p is the 
serial port (F, 1, 2, or 3) and n is the bit number from 01–32. The bit number can 
correspond to a circuit breaker or remote bit control in the local relay, identified 
in the Fast Operate Configuration Block.

A change to any FOPp_n value will cause the client to transmit a Fast Operate 
remote bit control message on PORT p. If the FOP control bit asserts, the message 
will contain the opcode to set the corresponding control bit in the PMU. If it 
deasserts, the message will contain the opcode to clear the control bit. The 
remote device will send a Fast Operate message no later than 20 ms after it 
detects a change in the FOP bit.

The PMU will process Fast Operate requests regardless of whether synchropha-
sors are being transmitted, as long as serial port setting FASTOP := Y and PMU-
MODE is set to SERVER. When FASTOP := N, the relay will ignore Fast 
Operate commands. Use the FASTOP := N option to lock out any control actions 
from that serial port if required by your company operating practices.

SEL Fast Operate commands are discussed in SEL Fast Meter, Fast Operate, Fast 
SER Messages, and Fast Message Data Access on page 15.33.

The PMU can also process the Fast Operate commands embedded in the 
extended frame of the IEEE C37.118 command frame. This way you can accom-
plish both synchrophasor measurement and control by using the same 
IEEE C37.118 protocol on both serial and Ethernet interfaces. This way is also 
independent of the FASTOP setting.

Ethernet Fast Operate Operation
Fast Operate commands can be issued from a host device to control the function 
of remote bits and breaker operation in the relay. When coupled with synchrophasor 
measurements, Fast Operate commands can provide control to system events.

The implementation using the extended frame in the IEEE C37.118 synchropha-
sor packet makes it possible to send Fast Operate commands and synchrophasor 
data over the same Ethernet session. The Fast Operate command is embedded in 
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the extended frame of the IEEE C37.118 command frame. See the following 
example for configuration and setup of the IEEE C37.118 extended frame imple-
mentation.

                    

Should you need to change the relay protection scheme because of system con-
figuration or to shed bus load to maintain voltage quality, you can program your 
SVP to send control commands to the relay according to an algorithm. You can 
set a remote bit in the relay to change the group settings for an alternative protec-
tion scheme or send a PULSE command to the circuit breaker to disconnect load 
from the system.

To set the relay for such a control scenario, first configure synchrophasors for the 
IEEE C37.118 protocol. Figure 18.8 depicts one way to configure synchropha-
sors for transport. In this SEL-487E example, all of the S- and T-terminal phase 
currents and Z-terminal voltages, along with the positive-sequence values, are 
transmitted in polar floating-point format at a message rate of 60 messages per 
second. The filter settings are configured for a fast response with phase compensation.

Example 18.1 Synchrophasor Control Application

Refer to Table 18.14 for an example of a PMU communications network 
with an SVP collecting and analyzing synchrophasor data in the network, 
based on a programmed power flow and voltage regulation scheme. Each of 
the depicted PMU/IEDs are connected to a load, feeder line, or generation 
facility streaming synchrophasors to the SVP.
                    

                    

                    

Figure 18.7 Synchrophasor Control Application
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Next, configure the Ethernet port to transmit synchrophasor data and accept Fast 
Operate commands. To enable an Ethernet port to accept Fast Operate com-
mands, simply set FASTOP := Y.

                    

Using the C37.118 extended frame option to transport Fast Operate commands it 
is necessary to setup only one TCP/UDP session (see Figure 18.10).

                    

Synchronized Phasor Configuration Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := 1        PMLEGCY := N
NUMPHDC := 1

Synchrophasor Data Configuration 1

PMSTN1  := "PMU Control"
PMID1   := 1

Phasors Included in the Data 1

Terminal Name, Relay Word Bit, Alternate Terminal Name

1: Z
2: S
3: T

PHDV1   := ALL      PHDI1   := ALL      PHNR1   := F        PHFMT1  := P
FNR1    := F

Phasor Aliases in Data Configuration 1
 (Phasor Name, Alias Name)

Synchrophasor Analog Quantities in Data Configuration 1
 (Analog Quantity Name, Alias Name)

Synchrophasor Digitals in Data Configuration 1
 (Digital Name, Alias Name)

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
PMTEST  := NA
VZCOMP  := 0.00     ISCOMP  := 0.00     ITCOMP  := 0.00     PMFRQA  := S
PHCOMP  := Y

Synchronized Phasor Recorder Settings

EPMDR   := N

Synchronized Phasor Real Time Control Settings

RTCRATE := 2        MRTCDLY := 500

Figure 18.8 PMU Global Settings

SEL Protocol Settings

AUTO    := Y        FASTOP  := Y        TERTIM1 := 1
TERSTRN := "\005"
TERTIM2 := 0

Figure 18.9 Enabling Fast Operate Messages on PORT 5

Phasor Measurement Configuration

EPMIP   := Y        PMOTS1  := UDP_T
PMOIPA1 := "192.168.1.3"
PMOTCP1 := 4712     PMOUDP1 := 4713     PMOTS2  := OFF

Figure 18.10 Ethernet PORT 5 Settings for Communications Using C37.118 
Extended Fame
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The relay is now ready to start transmitting synchrophasors and receive Fast 
Operate commands from the SVP.

Real-Time Control
The PMU can be configured to process IEEE C37.118 synchrophasor data 
received from two remote PMUs over serial ports. The PMU processes the 
remote PMU data, time-aligns them with the local data, and makes them avail-
able as analogs and digitals. Use the local synchrophasor analogs and as many as 
two remote sets of synchrophasor analogs in SELOGIC equations to do real-time 
control (RTC) applications.

Table 18.21 shows the serial port settings that need to be configured for RTC 
applications.

                    

Descriptions for the settings in Table 18.21 are as follows.

PMUMODE

Selects whether the port is operating as a synchrophasor server (source of data) or 
a client (consumer of data). When the port is intended to be a source of synchro-
phasor data, set this setting to SERVER. The Global setting MFRMT determines 
the format of the transmitted data. When using the port to receive synchrophasor 
data from another device, set this setting to either CLIENTA or CLIENTB. Only 
two ports may be configured as client ports and they must be uniquely configured 
for Channel A or Channel B. When a port is configured to receive synchrophasor 
data, the port will only receive data that uses the IEEE C37.118 format, regard-
less of the MFRMT setting.

RTCID

Expected synchrophasor ID from remote relay.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), it will only accept incoming messages that contain this ID. 
Make sure this ID matches the ID configured in the remote relay.

PMODC

Select the data configuration set to be sent out from that port. This setting is only 
available when the PMUMODE=SERVER.

Table 18.22 shows the Global settings that need to be configured for RTC applications.

Table 18.21 Serial Port Settings for RTC

Setting Description Default

PMUMODEa

a Set PROTO := PMU to enable (on this port) the Synchrophasor Protocol selected by Global setting 
MFRMT.

PMU Mode (CLIENTA, CLIENTB, SERVER) SERVER

RTCIDb

b Setting hidden when PMUMODE := SERVER.

Remote PMU Hardware ID (1–65534) 1

PMODCc

c Only available when PMUMODE := SERVER.

PMU Output Data Configuration (1–5) 1
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Descriptions for the settings in Table 18.22 are as follows.

RTCRATE

Rate at which to expect messages from the remote synchrophasor device.

When the PMU is operating as a synchrophasor client (PMUMODE set to 
CLIENTA or CLIENTB), the relay will only accept incoming messages at this 
rate. Make sure the remote synchrophasor source(s) is configured to send mes-
sages at this same rate.

MRTCDLY

Selects the maximum acceptable delay for received synchrophasor messages.

When the PMU is operating as a synchrophasor client (PMUMODE set to CLI-
ENTA or CLIENTB), the relay only accepts incoming messages that are not 
older than allowed by this setting. When determining an appropriate value for 
this setting, consider the channel delay, the transfer time at the selected baud rate, 
plus add some margin for internal delays in both the remote and local relay.

When you use the PMU for synchrophasor acquisition, the delayed and aligned 
analog quantities specific to that relay are available. Be aware that these quanti-
ties are only valid when RTCROK is asserted and only for the enabled channels. 
The specific channel quantities are also valid whenever their respective 
RTCROKp Relay Word bit is set (see Table 18.10).

When using the relay as a synchrophasor client, the Relay Word bits in 
Table 18.23 indicate the state of the synchronization.

                    

When received, synchrophasor messages contain digital data. These data are 
stored in the Remote Synchrophasor Relay Word bits in Figure 18.24.

Table 18.22 Global Settings for RTC

Setting Description Default

RTCRATE Remote Messages per Second

(1, 2, 5, 10, or 50 when NFREQ := 50)

(1, 2, 4, 5, 10, 12, 15, 20, 30, or 60 when NFREQ := 60)

2

MRTCDLY Maximum RTC Synchrophasor Packet Delay (20–1000 ms) 500

NOTE: The maximum channel delay 
is available in the COM RTC command.

Table 18.23 Synchrophasor Client Status Bits

Name Description

RTCENpa Asserts for one processing interval when a valid message is received on Channel p.

RTCROKpa Asserts for one processing interval when data are aligned for Channel p. Use this bit to condition usage of the Channel p 
data.

RTCROK Asserts for one processing interval when data for all enabled channels are aligned. Use this bit to condition general 
usage of the aligned synchrophasor data.

RTCDLYpa This bit is asserted when the last received valid message on Channel p is older than MRTCDLY.

RTCSEQpa This bit is asserted when the processed received message on Channel p is the expected next-in-sequence. It is deasserted 
if it is not. The deassertion implies that one or more packets of information were lost. Use this bit to condition usage of 
Channel p data in applications where sequential data are required.

RTCCFGpa Indicates Channel p is successfully configured.

a p = A or B.
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Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYp 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 
maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

Several Relay Word bits are useful for monitoring system status. Add RTCCFGp 
and RTCDLYp to the SER.

The RTCCFGp Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGp deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

If the RTCCFGp Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the SELOGIC 
equation is the correct value to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received on 
Channel A within the window you set with the local MRTCDLY setting (100 ms 
in this example). If the RTCDLYA asserts, consider three options. First, the 
MRTCDLY setting can be increased. However, the MRTCDLY setting is your 
way of guaranteeing operation within a certain time. Increasing MRTCDLY 
allows for communications channels with longer transmission delay, but at the 
cost of increasing the maximum time of operation. A second option is to improve 
the communications channel so that it operates within the required MRTCDLY 
setting time. A final option is available if the assertion of MRTCDLY results 
from a temporary communications channel disruption. In this case, putting RTC-
DLYA in the SER provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.11 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

Table 18.24 Remote Synchrophasor Data Bits

Name Description

RTCpD[16]a First 16 digitals received in synchrophasor message on Channel p. Only valid when RTCROKp is asserted.

a p = A or B.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.11 Example COM RTC Command Response
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Real-Time Control Example
Figure 18.12 shows an application example using SEL-411L Relays. In this 
example, Area 2 supplies power to Area 1 and Area 3. An important contingency 
is loss of both Link 1 and Link 2. In such a case, the generators in Area 2 acceler-
ate. Alternative paths between Area 2 and Area 1 can also become stressed 
beyond their design limits. A simple solution is to measure the phase angle 
between Area 1 and Area 2. When the angle exceeds a predetermined limit, con-
trol the generation to avoid exceeding system limits.

                    

Figure 18.13 shows the SELOGIC for the relay controlling the generator (called 
the local relay in this example). Lines 1 and 2 store phasor data into PMV53 and 
PMV54 so they can be viewed through use of the MET PMV command. Line 3 
computes the angle difference between the local and remote relays. RTCAP02 is 
the remote V1Y angle. Lines 4–10 unwrap the phase angle when the difference 
exceeds ±180 degrees.

RTCROKA pulses true whenever a good synchrophasor message is received. For 
purposes of this example, we need it to hold true until the next message is 
received. To achieve this, lines 11-13 implement a timer to extend this bit by 1.75 
cycles. A message is expected every 1 cycle; the additional 0.75 cycles covers 
any jitter that may occur in the rate or message receipt. Line 14 calculates a qual-
ification signal consisting of the local and remote quality indicators. RTCROKA 
is the local indicator that has been extended as PCT01. RTCAD16 is the remote 
quality indicator. Figure 18.14 shows its construction at the remote relay.

Line 15 computes absolute value of the angle. Line 16 checks the angle against 
the reference value. In this case, the reference value is 10 degrees.

The final result, PSV03, asserts when the relay receives a synchrophasor message 
with an angle difference exceeding 10 degrees.

                    

Figure 18.12 Real-Time Control Application
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Figure 18.14 shows the SELOGIC settings for the remote relay. Set PSV64 to 
indicate that the sending data are correct. These data are sent with the synchro-
phasor data in the IEEE C37.118 data packet and are received by the local relay 
as RTCAD16. The RTCAD16 qualification on line 11 of the local relay (see 
Figure 18.13) contains this remote data quality indicator. A local relay quality 
indicator also qualifies line 11.

                    

Set the remote relay Global settings according to Figure 18.15. Set the number of 
digitals (NUMDSW) to one. In this case, the relay sends SELOGIC values 
PSV49–PSV64 in the IEEE C37.118 data packet. This is how the remote TSOK 
AND PMDOK qualification maps to the local RTCAD16 Relay Word bit. Set the 
PMU application (PMAPP) to fast, because this is a protection application. 
Therefore, you must choose a filter for faster response. Also set the synchropha-
sor enable Global setting to yes (EPMU = Y). The MRTCDLY and RTCRATE 
settings are set but not used by the remote relay.

                    

Set the local relay Global settings according to Figure 18.16. It is important for 
synchrophasors to be enabled (EPMU = Y), the application to be fast (PMAPP = F), 
the compensation settings to be set correctly (VYCOMP, VZCOMP, IWCOMP, 
and IXCOMP), and for IRIGC = C37.118.

Set MRTCDLY for the maximum expected communications channel delay in 
milliseconds. Any data arriving later than this time are rejected. The RTCDLYA 
Relay Word bit indicates this condition. Use the MRTCDLY to constrain the 

Protection 1
1: PMV53 := V1YPMAD
2: PMV54 := RTCAP02
3: PMV55 := V1YPMAD - RTCAP02
4: PSV01 := PMV55 >= 180.000000
5: PMV01 := -180.000000
6: PSV02 := PMV55 <= PMV01
7: PMV01 := PMV55 + 360.000000

8: PMV02 := PMV55 - 360.000000
9: PMV55 :=NOT PSV01*PMV55+PSV01*PMV02
10: PMV55 :=NOT PSV02*PMV55+PSV02*PMV01
11: PCT01PU := 0.000000
12: PCT01DO := 1.750000
13: PCT01N := R_TRIG RTCROKA
14: PSV01 := PCT01Q AND RTCAD16
15: PMV56 := ABS(PMV55)
16: PSV03 :=(PMV56 > 10.000000) AND PSV01

Figure 18.13 Local Relay SELOGIC Settings

1: PSV64 := TSOK AND PMDOK

Figure 18.14 Remote Relay SELOGIC Settings

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "REMOTE RTC"
PMID    := 8
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 1

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.15 Remote Relay Global Settings
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maximum longest operating time of the system. Set the RTCRATE to the rate of 
synchrophasor data being sent by remote relay. This is the MRATE setting on the 
remote relay.

The other Global settings are not relevant to this application.

                    

Set the port settings for the port that sends the synchrophasor data on the remote 
relay, according to Figure 18.17.

                    

Set the port settings for the port that receives the synchrophasor data on the local 
relay, according to Figure 18.18. Notice that the RTCID setting must match the 
PMID setting of the remote relay.

                    

Several Relay Word bits are useful for monitoring system status. Add RTCCFGA 
and RTCDLYA to the SER.

The RTCCFGA Relay Word bit is asserted after the two relays have communi-
cated configuration data successfully. RTCCFGA deassertion indicates that the 
system has changed, perhaps because of a setting change in one of the relays.

Synchronized Phasor Measurement Settings

MFRMT   := C37.118  MRATE   := 60       PMAPP   := F        PHCOMP  := Y
PMSTN   := "LOCAL RTC"
PMID    := 4
PHDATAV := V1       VCOMP   := 0.00     PHDATAI := NA       IWCOMP  := 0.00
IXCOMP  := 0.00     PHNR    := F        PHFMT   := P        FNR     := F
NUMANA  := 0        NUMDSW  := 0

TREA1   := NA
TREA2   := NA
TREA3   := NA
TREA4   := NA
PMTRIG  := NA 
MRTCDLY := 100
RTCRATE := 60

Time and Date Management

IRIGC   := C37.118

Figure 18.16 Local Relay Global Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := SERVER

Figure 18.17 Remote Relay Port Settings

Protocol Selection

PROTO   := PMU

Communications Settings

SPEED   := 57600    STOPBIT := 1        RTSCTS  := N

SEL Protocol Settings

FASTOP  := N

PMUMODE := CLIENTA
RTCID   := 8

Figure 18.18 Local Relay Port Settings
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If the RTCCFGA Relay Word bit indicates a new configuration, you can issue the 
RTC command to ensure that the data being received have not changed. The 
RTC command displays a description of the synchrophasor data being received. 
Use this command to ensure that the remote value that you chose for the 
SELOGIC equation (for example, RTCAP02 in Figure 18.13) is the correct value 
to compare with the local synchrophasor value.

The RTCDLYA bit asserts when synchrophasor data have not been received 
within the window you set with the local MRTCDLY setting (100 ms in this 
example). If the RTCDLYA asserts, consider three options. First, the MRTCDLY 
setting can be increased. However, the MRTCDLY setting is your way of guaran-
teeing operation within a certain time. Increasing MRTCDLY allows for commu-
nications channels with longer transmission delay, but at the cost of increasing 
the maximum time of operation. A second option is to improve the communica-
tions channel so that it operates within the required MRTCDLY setting time. A 
final option is available if the assertion of RTCDLY results from a temporary 
communications channel disruption. In this case, putting RTCDLYA in the SER 
provides warning.

The COM RTC command also provides information for monitoring system sta-
tus. Figure 18.19 shows a COM RTC command response. Use the maximum 
packet delay field to monitor the communications channel delay. This informa-
tion can help you choose an appropriate value for the MRTCDLY setting.

                    

PMU Recording Capabilities
The PMU can be configured to record synchrophasor data by setting EPMDR := Y. 
Select one of the data configuration q you want to record using SPMDR setting 
where q = 1–NUMPHDC. Create a recording trigger using PMTRIG SELOGIC 
setting. On the rising edge of PMTRIG, the PMU starts recording synchrophasor 
data. The duration and the pretrigger duration of the recording are user-settable.

NOTE: Select PMTRIG trigger 
conditions to assert PMTRIG only once 
during a four-hour period if 
EPMDR = Y (i.e., synchrophasor 
recording is enabled).

The PMU stores these files in the SYNCHROPHASOR subdirectory with .PMU 
extension. Use FILE READ or File Transfer Protocol (FTP) to retrieve these 
stored data files. The file is in binary format and IEEE C37.118 data format compliant.

The file starts with a Configuration 2 frame followed by the data frames as shown 
below.

<Configuration 2 Frame>

<Data Frame 1>

<Data Frame 2>

.

Summary for RTC channel A
Port:              2
ID:                8
Present Status:    Receiving
Max Packet Delay:  50 msec
Message Rate:      60 msgs/sec

Summary for RTC channel B
Port:              1
ID:                9
Present Status:    Receiving
Max Packet Delay:  40 msec
Message Rate:      60 msgs/sec

Figure 18.19 Example COM RTC Command Response
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.

.

<Data Frame t>

<Data Frame t+1>

.

.

.

<Data Frame n>

where:

t = the number of pretrigger data frames, and is equal to PMPRE • MRATE.

n = the total number of data frames, and is equal to PMLER • MRATE.

<Data Frame t+1> is the first data frames with Bit 11 in the STAT field 
(PMTRIG) asserted.

The recorded file has the following file naming convention.

yymmdd,hhmmss,0,aaa,bbb,ccc.PMU

where,

yymmdd, hhmmss = the UTC time stamp of the first data frame in the file 
with bit 11 (PMTRIG) asserted

aaa = the last three characters of the PMSTNq setting (after removing char-
acters “ / \ < > * | : ; [ ] $ % { } and the spaces)

bbb = the last three characters of the PMIDq

ccc = the last three characters of the CONAM setting (after removing the 
spaces)

Additional PMTRIG assertions are ignored during recording. 

Table 18.25 shows the setting name, description, and default value to help config-
ure the data recording.

                    

Descriptions for the settings in Table 18.25 are as follows.

EPMDR

Use the EPMDR setting to enable synchrophasor data recording. This setting is 
hidden when EPMU := N. When EPMDR = Y, phasor measurement data record-
ing will begin on the rising edge of PMTRIG. Any subsequent PMTRIG assertions 

Table 18.25 PMU Recording Settings

Setting Description

EPMDRa

a This setting is forced to N if MFRMT = FM.

Enable PMU Data Recording (Y, N) 

SPMDRb

b This setting is hidden if EPMRD = N.

Select Data Configuration for PMU Recording (1–NUMPHDC)

CONAMc

c Global Setting.

Company Name (1–5 characters)

PMLERb Length of PMU Triggered Data (2–120 s)

PMPREb Length of PMU Pretriggered Data (1–20 s)
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during the allotted recording period (PMLER) will not result in another PMU data 
recording being started. The relay will store synchrophasor measurement data as a 
IEEE C37.118 binary format file that can be retrieved from the relay by using 
FTP. Synchrophasor data are recorded into a file with extension *.PMU.

SPMDR

The SPMDR setting provides a means for selecting any one of the enabled data 
configuration 1–NUMPHDC for synchrophasor data recording.

PMLER

PMLER sets the total length of the synchrophasor data recording, in seconds. 
The PMLER time includes the PMPRE time. For example, if PMLER is set for 
30 seconds of PMU recorded data, and PMPRE is set for 10 seconds of pretrigger 
data, the final recording will contain 10 seconds of pretrigger data and 20 seconds 
of triggered data for a total report time of 30 seconds.

PMPRE

The PMPRE setting sets the length of the pretrigger data within the synchropha-
sor data recording. The PMPRE data begins at the PMTRIG point of the record-
ing, and extends back in time (previous time to the trigger event) for the 
designated amount of time.
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Digital Secondary Systems

Some SEL-400 series relays can receive analog and binary inputs from a digital 
secondary system (DSS). DSS technology uses merging units to measure cur-
rents and voltages and perform substation control operations. This technology 
provides flexible solutions, reduces the cost of copper, and improves overall 
safety in the substation.

Refer to Table 19.1 to select your DSS of interest.

                    

Time-Domain Link (TiDL)
TiDL (T-Protocol)

The TiDL (T-Protocol) relays identified in Table 19.1 receive analog and binary 
input data from connected SEL-TMUs. A TiDL system communicates over 
direct fiber-optic connections between relays and SEL-TMUs.

Designing and implementing a TiDL system uses the following the general process.

➤ Design a TiDL system from one-line diagram

➤ Configure a TiDL system in SEL Grid Configurator

➤ Connect and commission the TiDL system

➤ Operate the TiDL system

Table 19.1 SEL DSS Technologies

DSS Technology
Supported 
Relays

SEL Supported 
Merging Units

Supported Features

Page LinkSelective 
Protection 
Disabling

Multiple 
Point-to-
Point Direct 
Connections

Custom 
Topologies

TiDL
(T-Protocol)

SEL-411L-2
SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-TMU Yes Yes Yes TiDL (T-Protocol) 
on page 19.1

TiDLa

(EtherCAT)

a TiDL (EtherCAT) technology is no longer offered.

SEL-421-4, -5
SEL-451-5
SEL-487B-1
SEL-487E-3, -4

SEL-2240 Axion Nodes No No No TiDL (EtherCAT) 
on page 19.17

Sampled Values
(IEC 61850-9-2LE)

SEL-421-7
SEL-451-6
SEL-487B-2
SEL-487E-5

SEL-401
SEL-421-7
Other IEC 61850-9-2LE-
Compliant Publishers

Yes No Yes IEC 61850-9-2 
Sampled Values 
(SV) on page 19.23
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For an example configured TiDL substation and a guide for setting up your first 
TiDL system, see the SEL-400 Series TiDL QuickStart Guide available on 
selinc.com. For detailed information on the SEL-TMU, refer to the SEL TiDL 
Merging Unit Instruction Manual.

Figure 19.1 highlights a high-level SEL TiDL substation.

                    

Some of the benefits of a TiDL system include:

➤ No external time source required for relay and merging unit 
synchronization

➤ SEL TiDL relays and SEL-TMUs communicate via a  nonroutable 
protocol that does not offer interactive remote user access. These 
features minimize security complexity and the associated compliance 
costs in a DSS.

➤ Simplified system configuration through SEL Grid Configurator 
software:

➢ Custom topology configuration

➢ Commissioning through SEL Grid Configurator

➢ Commissioning report providing the present system level 
overview.

SEL TiDL relays can communicate with as many as eight SEL-TMUs. An 
SEL-TMU can then communicate with as many as four SEL TiDL relays.

A SEL TiDL system has a fixed channel delay of 1 millisecond. See Section 1: 
Specifications in the product-specific manual to see the link budget specifications 
of the TiDL (T-Protocol) communications ports.

                    

Figure 19.1 TiDL High-Level Substation Overview

Line #1

Line #2

Feeder #1

Bus #1

XFMR #1

1

SEL-451-6

1

52
3

SEL-TMU

SEL-TMU

52
4

SEL-TMU

52
2

SEL-TMU

SEL-TMU
SEL-TMU

52
1

SEL-TMU

SEL-421-7

Secondary Connection or 
Power Line/Bus/Transformer
SEL TiDL Connection

Breaker I/O
SEL-411L-2

SEL-487E-5

SEL-487B-2

https://selinc.com/
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When configuring a TiDL system in SEL Grid Configurator (see TiDL Mapping 
on page 19.4), create the SEL-TMUs by SEL-TMU type (either 4CT/4PT or 
8CT), then map to the appropriate relay TiDL ports according to your TiDL sub-
station requirements. When a commissioning attempt occurs (see Commissioning 
TiDL Systems on page 19.14), the relay checks that the SEL-TMU type physi-
cally connected to each relay TiDL port matches your configuration. If all con-
nected SEL-TMUs match the expected SEL-TMU type, the relay successfully 
commissions that system and creates a correlation lock between each commis-
sioned relay TiDL port and its unique SEL-TMU that was connected during the 
commissioning process. Once commissioned, each relay TiDL port will only 
accept incoming data from the unique SEL-TMU it commissioned. This provides 
additional security to a DSS. Should an SEL-TMU need to be replaced, see 
Replacing SEL-TMUs on page 19.17.

Selective Protection Disabling
See Section 5: Protection Functions of the product-specific instruction manual 
for channel status bits and the role they play in providing selective protection dis-
abling in cases where analog data are lost.

Important Selective Protection Disabling Considerations

When an SEL-TMU is connected to multiple TiDL relays, the following situa-
tions can result in a momentary communication loss with the shared relays:

➤ Modifying the TiDL I/O map

➤ Decommissioning a connected relay on an active SEL-TMU port

➤ Initiating a relay firmware upgrade to a connected relay

Implement selective protection disabling in the other connected relays to avoid an 
adverse impact on relay protection functions.

TiDL Binary Input and Output Behavior
When a relay is commissioned, 300-, 400-, and 500-level I/O are mapped from 
SEL-TMUs.

Binary inputs are user-settable with default settings that make the binary inputs 
behave as level-sensitive inputs. The default settings for input and dropout 
thresholds are modified by the nominal voltage of the I/O board local to the relay. 
See TiDL Binary Input Settings on page 19.10 for additional information on 
binary input settings.

Because binary outputs on an SEL-TMU can be shared among the connected 
TiDL relays, each TiDL relay maps the status of the SEL-TMU binary outputs to 
local output status bits local to each relay (OUTxxxS). For example, if a relay has 
the SEL-TMU binary output OUT01 mapped to OUT301 locally, the OUT301S 
Relay Word bit indicates the state of OUT01 to the local relay.

Binary inputs and outputs do not have to map to the same I/O in each connected 
relay. For example, OUT01 on the SEL-TMU could map to OUT301 of the SEL 
TiDL relay connected to SEL-TMU PORT 1, OUT307 of the SEL TiDL relay con-
nected to SEL-TMU PORT 2, OUT405 of the SEL TiDL relay connected to 
SEL-TMU PORT 3, and OUT503 of the SEL TiDL relay connected to SEL-TMU 
PORT 4. In such a case, the output control equation for OUT01 can be considered 
as OUT01TMU := OUT301Relay 1 + OUT307Relay 2 + OUT405Relay 3 + 
OUT503Relay 4.
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Decommissioned Relay I/O Statuses

When a TiDL relay is decommissioned, all I/O Relay Word bit statuses revert to 
their default deasserted state.

TiDL Mapping
When configuring your TiDL I/O mapping, first add devices to your SEL Grid 
Configurator workspace according to your TiDL substation requirements. 
Figure 19.2 shows the process for adding a device to a folder or just to the overall 
workspace. All TiDL devices added to an SEL Grid Configurator workspace are 
available for mapping purposes, not just those co-located within the same folder.
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Repeat the steps in Figure 19.2 to add all remaining devices in your TiDL substa-
tion. Next, enable the TiDL I/O Map (Port 6) of the relay you are currently con-
figuring in SEL Grid Configurator, as shown in Figure 19.3.

                    

Figure 19.2 Adding a Device to the SEL Grid Configurator Workspace

c. Select the device 
to be added.

d. Enter a device name.

e. Configure the device 
part number (or select 
the SEL-TMU variant)
by using the drop-down 
list or entering the 
part number manually.

g. Select Okay.

a. Select the ellipses button 
associated with the new folder. 

b. Select
Add Device.

Note: If you did not create a folder and are just adding 
devices to the SEL Grid workspace, select the Add 
Device icon to add a new device to the overall SEL 
Configurator Grid workspace.

f. Select the desired relay 
nominal secondary current.
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Next, configure your TiDL relay and SEL-TMU port mapping by following the 
process shown in Figure 19.4.

                    

Figure 19.3 Navigating to the TiDL I/O Map Workspace

c. Select TiDL I/O Map.

a. Select the relay 
to be configured.

TiDL I/O Map workspace 
cells become active.

d. Select the Enable 
Port 6 check box.

b. Select 
Communications.
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Proceed to configuring your I/O mapping. You can only use I/O from the 
SEL-TMUs configured as mapped to your relay from Figure 19.4 when configur-
ing your relay I/O mapping. Figure 19.5 shows the process for configuring I/O 
mapping.

                    

NOTE:  You can use all SEL-TMUs in the SEL Grid Configurator workspace to create a topology mapping.

Figure 19.4 Configure Port Mapping

a. Select the ellipses button 
associated with the relay 
TiDL port being mapped.

d. Select OK to complete mapping.

f. Repeat Steps a–e for additional ports.

e. Verify proper mapping for first port.

c. Select the SEL-TMU TiDL port that 
completes the connection.
Note: The selected SEL-TMU port is only 
for bookkeeping purposes and does not 
impact the TiDL system functionality. The 
port selected here does not have to match 
the actual SEL-TMU port used.

b. Select the SEL-TMU 
that will be connected 
to this port.

Note: Use the x button to clear 
a port mapping, if desired.
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SEL TiDL Relay Nominal Secondary Current
The SEL-400 devices accept 1A or 5A CTs. Configure an SEL TiDL relay via 
SEL Grid Configurator (see Figure 19.11) or the CFG CTNOM command to set 
the nominal secondary current for its mapped CT inputs. The SEL TiDL relays 
follow the same makeup of nominal CT inputs as their corresponding traditional 
relay version. This means that for SEL TiDL relays, with the exception of the 
SEL-487E-5, all CT terminals share the same nominal secondary. The 
SEL-487E-5 provides options for modifying the nominal secondary on a per-ter-
minal basis.

By default, the relay assumes 5A nominal secondaries.

When the CFG CTNOM command is issued by either SEL Grid Configurator or 
through an ASCII terminal and only if the nominal secondary is changed (i.e., 
changing from 5A nominal to 1A nominal, or 1A nominal to 5A nominal), 
Global and Group settings are forced to default, then the relay restarts.

When you are adding a device to the SEL Grid Configurator System Explorer, 
select the applicable secondary current options for the device. Figure 19.6(a) 
shows options for an SEL-451-6 and Figure 19.6(b) shows options for a 
SEL-487E-5. From the selected secondary current options, SEL Grid Configura-
tor creates a device with defaults and settings ranges based on the nominal sec-
ondary currents.

                    

q See Figure 19.4.

Figure 19.5 Configure I/O Mapping

a. Select the ellipsis button 
associated with I/O to be mapped.

f. Verify the proper mapping 
for the local relay I/O.

d. For current terminal mapping, use the + symbol to 
add additional SEL-TMU current inputs to the local current 
mapping equation. Select the + symbol only if performing 
digital current summation.

c. Select the SEL-TMU I/O to map 
to the local I/O mapping equation.

e. Select Okay.

b. From the TMU 
Device list, select 
the SEL-TMU from 
which the I/O is 
mapped.

Note: Only SEL-TMU devices that have been mapped to a relay port 
(see q) appear in the list of SEL-TMU devices from which you can map I/O.

g. Repeat Steps a–f for all
remaining I/O mapping.

Note: Use the Clear 
I/O Mappings to 
erase all current I/O 
mapping configura-
tions of the relay.

NOTE: In the SEL-451-6 R401 
firmware, the CFG CTNOM command 
defaults all relay settings, which will 
also decommission the relay’s TiDL 
mapping. SEL Grid Configurator can 
only configure the nominal secondary 
current of the SEL-451-6 in firmware 
versions R402 and newer.
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To see the configured nominal secondary current of a device in SEL Grid Config-
urator, see the SEL Grid Configurator settings of SECINC (in relays other than 
the SEL-487E-5) or CURSTU and CURXYZ (in the SEL-487E-5).

Reading Settings in SEL Grid Configurator

When reading settings from a device in SEL Grid Configurator, you can do one 
of the following:

➤ Read settings to a device that already exists in the SEL Grid 
Configurator workspace

➤ Add a device to the SEL Grid Configurator workspace by using the 
retrieved settings

For the first case, if you read settings for a device that already exists in the SEL 
Grid Configurator workspace, the following can occur:

➤ The configuration in SEL Grid Configurator matches the relay 
configuration and settings are automatically loaded.

➤ A discrepancy exists between SEL Grid Configurator and the relay. 
In this case, SEL Grid Configurator alerts and asks the user what the 
nominal secondary current configuration should be.

For the second case, if you add a device to SEL Grid Configurator by using the 
retrieved settings, SEL Grid Configurator creates a device with a nominal sec-
ondary current configuration that matches the relay configuration in your project.

Modifying Previously Configured Nominal Secondary Current

If a device in SEL Grid Configurator requires updating the nominal secondary 
current, follow the process outlined in Figure 19.7.

                    

Figure 19.6 Configure Device Nominal Secondary Current Configuration

(a) (b)
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TiDL Binary Input Settings
The SEL TiDL relay binary inputs that are mapped from SEL-TMUs behave as 
user-settable inputs. Pickup and dropout levels are also set independently per 
relay. This means that an SEL-TMU binary input that is shared among multiple 
relays does not require the same pickup and dropout thresholds configured in 
each relay; they can be set differently. Although you can set shared inputs inde-
pendently, SEL typically recommends to set settings for shared inputs consis-
tently among the connected relays.

                    

Figure 19.7 Modifying Nominal Secondary Current Configuration

a. Select Edit Nameplate.

b. Select desired nominal 
secondary current.

c. Select OK.

d. Select what you want SEL Grid 
Configurator to do. 
Note: S1 through S6 settings are 
Protection Group settings only. They 
do not include protection freeform logic.

e. Select OK.
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By default, all binary inputs have settings determined by the additional I/O board 
in slot Position B of the local relay. All virtual I/O default to the threshold levels 
similar to the level-sensitive board through the GINP setting. If the mapped 
binary inputs all share the same pickup, dropout, etc. settings but are different 
from the default, change the GINP, GINDF, etc. settings and leave EICIS := N. 
However, if the mapped binary inputs require different settings on a per input 
basis, follow the process outlined in Figure 19.4.

You can send binary input settings to a relay prior to, during, or any time follow-
ing a TiDL relay commissioning without needing to re-commission your TiDL 
relay.
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Figure 19.8 Binary Input Settings Flow Diagram

a. Select the relay for which 
you want to set binary inputs.

b. Select Settings Grid
for the relay.

c. Select Control Inputs to 
expand the workspaces.

d. Select General 
(Control Inputs)

e. Change the EICIS setting by 
doing one of the following:

i. Select the 
ellipses button 
associated with 
the current value 
to which EICIS is 
set (default is N).

i. Double-click the 
entry in the Value 
field for the EICIS 
setting name to 
highlight it. 

Enter Y to overwrite, 
then press Enter.

ii. Select Y.

iii. Select OK.

f. Verify EICIS = Y. The 
setting name has a 
yellow bar next to it to 
indicate a recent 
change to the setting.g. Select the interface 

board of the input you 
are setting.

h. Double-click the entry 
in the Value field for the 
setting to highlight it, 
enter your desired 
setting, and press Enter.

i. Repeat Steps g and h for 
the remaining input 
settings.
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SEL Grid Configurator Aliasing
SEL Grid Configurator provides an option of aliasing the SEL-TMU I/O. 
Through aliasing the SEL-TMU I/O, you can make the mapping configuration 
more intuitive. Figure 19.9 shows the steps for aliasing SEL-TMU I/O.

                    

Once the alias is created, it appears in the TMU I/O Selection dialog box. The 
original I/O name appears in parentheses following the alias name.

                    

Figure 19.9 Creating Aliases for SEL-TMU I/O

a. Select the 
SEL-TMU to 
alias I/O. b. Select I/O Interface.

This opens the I/O
INTERFACE workspace for 
the selected SEL-TMU.

e. Enter your alias.

d. Select the alias cell for 
the I/O for which you want 
to create an alias to activate 
the cell.

f. Repeat Steps d and e 
for the remaining 
inputs you want to alias.

c. Select Inputs.
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Commissioning TiDL Systems
Figure 19.11 shows the process for commissioning a TiDL system. Each TiDL 
system (a TiDL relay and the connected SEL-TMU TiDL ports) is commissioned 
independently with no impact to other relays and SEL-TMUs already in service 
(outside of shared SEL-TMU outputs that you can now control through the newly 
commissioned relay).

                    

Figure 19.10 Aliases Shown in TMU I/O Selection Dialog Box

NOTE: To decommission a TiDL 
system use the R_S command, send a 
TiDL channel map without selecting 
Commission, or send an empty TiDL 
channel map.
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q See Figure 19.6; w See Figure 19.7

Figure 19.11 SEL TiDL Relay Commissioning

SEL TiDL Relay
SEL-TMU

a. Connect the TiDL relay and 
all SEL-TMU devices according 

your configured mapping.
b. In SEL Grid Configurator, select the 
relay you are commissioning.

c. Select Device to 
expand the list of 
objects under it.

d. Select 
Connections.

f. Enter connection 
details for your desired 
connection type.

g. Select Connect.

h. Verify the dot on 
the device tab is 
green, indicating an 
active connection.  

i. Select Send.

e. Select your desired Connection 
Type from the drop-down box.

SEL Grid Configurator displays a warning message that it will configure the relay 
according to the selected secondary configuration if there is a mismatch between 
the relay’s active nominal secondary configuration and the configuration selected 
in q. See w if you want to modify how the relay is configured.

By default, the All check box is selected. When commissioning a TiDL system, you 
can send settings prior to, during, or after a commissioning.  However, this 
example only sends the channel map.
If SEL Grid displays the nominal secondary mismatch message, consider sending 
SET_G1.TXT and SET_S1.TXT–SET_S6.TXT because they are defaulted on the relay 
following SEL Grid Configurator configuring the relay.

j. Select the TiDL I/O Map (Port 6) and Commission check boxes.
If you only select the TiDL I/O Map (Port 6) check box when sending settings, the 
TiDL relay will decommission.

SEL Grid Configurator now configures the relay current nominal secondaries 
(if needed), sends selected settings, and commissions the TiDL system.

k. Select Ok.
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Following a commissioning attempt, the result is provided, as shown in 
Figure 19.12. For successful attempts, you can generate a commissioning report 
that includes a record of the relay and SEL-TMUs commissioned. For failed 
attempts, SEL Grid Configurator displays error messages that indicate the reason 
why the commissioning attempt failed. In addition to the provided commission-
ing report, following any commissioning attempt, a SER entry is recorded to 
indicate a commissioning attempt and the result (successful, unsuccessful, etc.). 

                    
                    

Figure 19.12 TiDL Commissioning Report

a. Select Commissioning Report to download 
a report in a provided format of your choice.

b. Select the report format 
of your choosing.

c. Select Download.
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TiDL System Troubleshooting

Use the STA T command (see STA T on page 14.61) to view the current opera-
tional status of your TiDL system.

For commissioned SEL-TMUs, the STA T command indicates OK for an 
SEL-TMU device that is communicating and properly commissioned or an error 
if the corresponding SEL-TMU is not communicating with the relay. Check the 
fiber connection between the relay and SEL-TMU. Use the VEC command (see 
VECTOR on page 14.72) to obtain relevant SEL-TMU diagnostics, then contact 
SEL technical support.

Ports that are not mapped according to the configured topology are indicated as 
Not Mapped in the STA T command response.

Replacing SEL-TMUs

Anytime a commissioned SEL-TMU is replaced, each TiDL system that uses the 
SEL-TMU in mapping must be recommissioned by following the process out-
lined in Figure 19.11.

TiDL (EtherCAT)
NOTE: TiDL (EtherCAT) technology is 
no longer offered. It is recommended 
to use TiDL (T-Protocol).

The TiDL (EtherCAT) relays identified in Table 19.1 can receive analog and 
binary inputs from the SEL-2240 Axion. The Axion provides the analog and 
binary data over an IEC 61158 EtherCAT, TiDL network. This technology pro-
vides very low and deterministic latency over point-to-point architecture. Point-
to-point architecture eliminates the need for time synchronization between the 
Axion nodes and the relay. In addition, it eliminates the complex communica-
tions network often associated with DSS and simplifies the programming and 
installation process.

SEL-400 series relays with TiDL can receive as many as eight fiber links from as 
many as eight Axion nodes. Not all nodes have to supply analog data—some can 
supply digital input and output (I/O) only. The firmware will recognize and vali-
date the connected Axion modules and determine if they match a predefined sup-
ported topology. The supported topologies are balanced between copper 
reduction and the number of required Axion nodes. Refer to Section 2: Installa-
tion in the product-specific instruction manuals to review the supported TiDL 
topologies.
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SEL-400 series relays that support TiDL are only available in a 4U chassis. These 
relays support an I/O board on the relay, and, when applicable, main board I/O. 
These I/Os will be mapped to the 100- and 200-level inputs and outputs. Axion 
modules provide additional I/O by using the internal digital Relay Word bits for 
the 300, 400, and 500 levels of the relays. Note that when the relay part number 
supports TiDL, all output settings for I/O are available. Correctly set these out-
puts for what is installed because all output settings will be available but all may 
not be physically installed in your system.

Relay Word bits IO300OK, IO400OK, and IO500OK indicate the status of 
installed I/O boards in standard relays or whether an Axion module is commis-
sioned. These bits can also identify whether a board is installed or when an Axion 
I/O module fails.

                    

                    

Figure 19.13 Sample TiDL System Topology
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Figure 19.14 Rear Panel of Relays With TiDL
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TiDL applications use the SEL-2240 Axion, which is a fully integrated analog 
and digital I/O control solution suitable for DSS. An Axion node consists of a 10-
slot, 4-slot, or dual 4-slot chassis that is configurable to contain a power module 
and combinations of CT/PT, digital input (DI), or digital output (DO) modules.

                    

Each chassis requires a SEL-2243 Power Coupler (see Figure 19.16). This mod-
ule supplies power to the rest of the node and transmits the data to the relay 
through fiber-optic communication. See the SEL-2240 Axion Instruction Manual 
for more information.

                    

The SEL-2244-2 Digital Input Module (see Figure 19.17) consists of 24 optoiso-
lated inputs that are not polarity-dependent. These inputs can be configured to 
respond to ac or dc control signals. The TiDL system maps as many as 72 DI 
points to the relay. For more information on DI mapping, refer to Section 2: 
Installation in the product-specific instruction manuals.

                    

Figure 19.15 Axion Chassis

                    

Figure 19.16 SEL-2243 Power Coupler



19.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

Digital Secondary Systems
Time-Domain Link (TiDL)

                    

The SEL-2244-5 Fast High-Current Digital Output Module (see Figure 19.18) 
consists of ten fast, high-current output contacts. The TiDL system can map as 
many as 48 DO points to the relay. For more information on DO mapping, refer 
to Section 2: PC Software.

                    

The SEL-2245-42 AC Analog Input Module (see Figure 19.19) provides protec-
tion-class ac analog input (CT/PT) and can accept three voltage and three current 
inputs. The module samples at 24 kHz and is 1 A or 5 A software-selectable. 
Depending on the supported fixed topology, multiple CT/PT input modules can 
function in each node. Some topologies only support one CT/PT module per 
node. See the supported topologies in Section 2: Installation in the product-spe-
cific instruction manual for more information.

                    

Figure 19.17 SEL-2244-2 Digital Input Module

                    

Figure 19.18 SEL-2244-5 Fast High-Current Digital Output Module
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A simple commissioning process identifies the connected TiDL system and veri-
fies it matches one of the supported relay topologies. Once the commissioning 
process is complete, the topology is stored in memory. At each additional relay 
startup, the firmware validates that the connected modules match those of the 
stored configuration. It recognizes if any CT/PT modules within the node have 
changed.

Secondary injection testing takes place at each Axion node. Test sources are 
required to inject voltages and current to the Axion node to verify correct instal-
lation and mapping. Monitoring of the voltages and currents will remain in the 
control house at the relay location.

TiDL (EtherCAT) Settings
In TiDL (EtherCAT) relays, there are configurable settings that are specific to 
those applications in QuickSet. These settings are needed to help configure 
QuickSet and control attributes such as setting ranges, defaults, and functionality. 
These settings are not part of the actual relay firmware, and therefore are not sent 
to the relay at the time the settings transfer. SECINC is one of these configurable 
settings. SECINC determines the nominal current input for the connected Axion 
units. In the relay, the user issues an ASCII command, CFG CTNOM n, to set 
the relay firmware to the correct nominal current being received from the TiDL 
Axion units. Once the command has been used to set the nominal current value 
from the Axion units, use QuickSet to set SECINC (see Figure 19.20) to that 
same nominal value to adjust all QuickSet setting ranges to the appropriate 
scales.

                    

Figure 19.19 SEL-2245-42 AC Analog Input Module

NOTE: The relay must be configured 
using the CFG CTNOM n command 
before the settings are transferred to 
the relay to avoid erasing the 
transferred settings. The commands 
used to set the nominal current in the 
relay will default all settings after the 
commands are issued. Changing the 
SECINC, CURSTU, or CURWXY 
settings in QuickSet will not change 
the rest of the settings in QuickSet 
back to default but will provide an 
error if any of the current settings are 
now out of range. In addition, when 
the relay is connected to QuickSet, 
the software reads the configuration 
of the relay and appropriately 
updates this setting automatically; 
however, this setting must work 
offline and develop settings when not 
connected to the relay.
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Some relays, such as the SEL-487E, have multiple setting combinations. The 
QuickSet settings for the SEL-487E, CURSTU and CURWXY, are shown in 
Figure 19.21. and are used instead of SECINC. For more information on the set-
tings options, review the CFG CTNOM command operation in Section 2: Instal-
lation of the product-specific instruction manual.

                    

If at the time the relay settings are transferred, the QuickSet settings SECINC, 
CURSTU, or CURWXY do not match the nominal current set in the relay by the 
CFG CTNOM command, the settings transfer is rejected and an error message is 
displayed.

For relays that do not support DSS, the SECINC setting is grayed out in QuickSet 
(see Figure 19.22). Settings CURSTU and CURWXY are also grayed out in the 
SEL-487E.

                    

Figure 19.20 SECINC Setting

                    

Figure 19.21 SEL-487E Nominal Current Selection
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IEC 61850-9-2 Sampled Values (SV)
Some SEL-400 series relays are available with the capability to either publish or 
subscribe to analogs in accordance with the UCA International Users Group’s 
“Implementation Guideline for Digital Interface to Instrument Transformers 
Using IEC 61850-9-2,” The 9-2LE guideline is a subset of IEC 61850-9-2 and 
specifies, among other things, logical devices, data set contents, sampling rates, 
the time-synchronization method, and the message format. The 9-2LE guideline 
clarified ambiguities in the 9-2 standard, improving interoperability between SV 
devices from different manufacturers.

Architecture
9-2LE uses OSI Layer 2 multicast messages on standard Ethernet network archi-
tecture. Merging units such as the SEL-421-7 SV Publisher enabled or the 
SEL-401 Merging Unit sample analog values, convert them to digital signals, and 
then publish them over the Ethernet network. Two key components of SV mes-
sages (besides the current and voltage data) are the destination MAC address and 
the application ID, or APPID. Relays, meters, DFRs, and other devices on the 
network can selectively subscribe to the SV streams they need for their applica-
tion based on these attributes. Because SV streams only carry current and voltage 
measurements, to accommodate digital input and output data or controls, 
IEC 61850 GOOSE must also be configured on the network. This network, 
which carries data essential for the first level of basic substation processes, is 
known as the process bus. Another network commonly associated with IEC 
61850 is known as the station bus, which carries station-level communications 
such as SCADA.

The process bus allows a single merging unit to share its data with multiple 
devices and for a single device to receive data from multiple merging units. To 
align these data, 9-2LE requires time synchronization for all devices. This can 
also be accomplished over either the process bus or the station bus network via 
IEEE 1588 or Precision Time Protocol (PTP). Alternatively, SEL SV devices can 
be synchronized via IRIG-B. Because of the bandwidth requirements and mes-
sage types that can be present on the process bus, optimal SV performance 
requires a well-engineered process bus and station bus network.

                    

Figure 19.22 SECINC Disabled
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Refer to Section 17: IEC 61850 Communication for information on process bus 
and station bus designations for the four-port and five-port Ethernet cards.

Benefits of a 9-2LE SV System
Some of the benefits of a 9-2LE SV system include:

➤ Set the relay as you would conventional SEL-400 series relays 
through use of QuickSet or SEL Grid Configurator and 
ACSELERATOR Architect SEL-5032 Software.

➤ Decrease costs through copper reduction and data sharing.

➤ Increase safety in the substation by removing high-energy cables 
from the control house. This also eliminates the concern of an open 
circuited CT when a relay is removed from service.

SV Publication 
SV Publication Capability

Some SEL-400 series relays are available with the capability for SV publication. 
Enabling SV publication through settings—PORT 5 setting SVTXEN > 0 or via 
Configured IED Description (CID) file—enables the merging unit functionality 
of the device. The SV publication capability of each SEL SV publishing devices 
is identical, so throughout this section, SEL devices with SV publication enabled 
are referred to as SV publishers.

The SV publisher digitizes the data from its voltage and current inputs, records 
its current state of time synchronization, scales these values to primary units by 
using the CT and PT ratio settings, and then transmits these values in accordance 
with the 9-2LE guideline. SEL SV publishers support the “MSVCB01” model of 
the multicast SV control block described in the guideline, which includes a single 
application service data unit (ASDU). The transmission rate is 80 samples per 

                    

Figure 19.23 Example SV Network
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nominal frequency cycle. If the nominal frequency setting of the SV publisher 
NFREQ = 50 Hz or 60 Hz, the SV transmission rate is 4000 or 4800 samples per 
second, respectively.

The SV publisher can publish as many as seven SV streams simultaneously. SV 
publication is independent of the protection elements, so protection functionality 
remains secure even when the SV publisher is publishing the maximum number 
of SV streams.

Because multiple SV streams may be received by a single subscriber, all streams 
usually require time-alignment to a time source with an accuracy of <1 µs. SV 
messages indicate the synchronization state of the SV publisher at the time the 
sample was taken. This value, smpSynch in the SV message, will be 0, 1, or 2, to 
indicate whether the merging unit was synchronized with a global time source 
(2), a local time source (1), or an internal clock (0). If the SV publisher is syn-
chronized with an IEEE 1588 PTP time source that uses the PTP Power Profile 
(C37.238), the smpSynch value is equal to the ID of the grandmaster clock, usu-
ally a value between 5 and 254. The subscriber can also operate in the local time 
mode with a single time source accuracy of >1 s.

Though SV messages do not contain an actual time stamp, they do include a 
value, smpcnt (sample count), that the publisher increments for each message 
that it transmits, which represents the time at which the sample was taken. For 
every SV message that the SV publisher transmits, smpcnt increments until it 
reaches a value of 4799 on a 60 Hz system, or 3999 on a 50 Hz system. At the top 
of the second, smpcnt resets to 0. Smpcnt can be used to calculate the time stamp 
of the message in relation to the most recent top of a second by multiplying it by 
the transmission interval (208.33 µs for a 60 Hz system or 250 µs for a 50 Hz sys-
tem). For example, a message with smpcnt=699 on a 50 Hz system was taken 
699 • 250 µs = 174.75 ms after the top of the second.

SV Publisher Configuration
Architect provides support for the configuration of the SEL SV publisher via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more information, see 
IEC 61850 Configuration on page 17.38.
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Architect includes an ICD file for the SEL-401 and an ICD file for the 
SEL-421-7 SV Publisher. ICD files of both SV publishers contain default SV 
data sets, which contain combinations of the current and voltage terminals avail-
able on the publisher, i.e., W and Y, W and Z, X and Y, or X and Z. You can 
choose to publish any of these preconfigured data sets or create and publish a 
custom data set that conforms to the 9-2LE guideline. This feature is useful if you 
need the SV publisher to send anything other than all phases (A, B, C, and neu-
tral) of a current or voltage terminal in an SV stream.

SV publications may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. You can use PORT 5 settings to quickly configure SV 
streams that do not require much customization. All phases (A, B, C, and neutral) 
of a current or voltage terminal must be mapped to an SV stream, and each 
stream must contain at least one set of voltage or current terminal phase quantities.

SV Publisher Startup 
When initially turned on, the SV publisher ENABLED LED illuminates as soon as 
protection functionality is enabled, typically within 10 seconds, but there can be 
an additional delay of approximately 6 seconds before the initial SV publication 
is transmitted. Once the SV publisher has begun transmitting SV streams, they 
can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV publications stop if the SV publisher is disabled (EN Relay Word bit = False), 
the PORT 5 setting EPORT is set to “N”, or the processor fails. SV publications 
will not resume unless the disabling condition is addressed.

                    

Figure 19.24 Example Architect SV Publication Configuration
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SV Publisher Diagnostics and Testing
Once SV publication is configured and enabled, new commands are available to 
verify configuration, diagnose and troubleshoot SV communications, and aid in 
commissioning and testing: COM SV and TEST SV.

The COM SV command displays information about the SV streams that the unit 
is configured to publish. The data includes the SV destination MAC address, 
Application ID, message name, data set name, VLAN ID, and priority if the SV 
publisher is configured via CID file. If the publisher is configured via PORT 5 set-
tings, the data set name remains blank because it is not used in PORT 5 settings, 
and therefore unavailable. For more information on the COM SV command, see 
Section 9: ASCII Command Reference in the product-specific manual.

The TEST SV command places the SV publisher into TEST SV mode. In this 
mode, it replaces the current and voltage data of all SV configured streams with 
predefined signals for a period of 15 minutes. Also, the SV publisher asserts the 
test bit in the quality attribute of each current and voltage to identify it as test 
data. Note that the SV publisher remains in normal mode, and does not enter 
IEC 61850 Test mode. This does not affect metering or protection functions on 
the SV publisher. The COM SV command indicates whether the SV publisher is 
in TEST SV mode by displaying the information at the top of the response. Refer 
to the TEST SV command description in Section 9: ASCII Command Reference 
in the product-specific manual for more information.

SV Subscriber
SV Subscriber Functionality

SEL SV subscriber relays do not have current or voltage input terminals like con-
ventional relays. SV subscriber relays also do not have internal instrument trans-
formers. Conventional relays are typically ordered from the factory with either 1 A 
or 5 A nominal CTs, which provide the full range of measured values for the cur-
rent input terminals. Before or during installation, SEL SV subscriber relays must 
be configured with the same nominal current value of the merging unit for proper 
operation. The ASCII command CFG CTNOM n, where n is 1 or 5, must be used 
to configure the SV subscriber with the nominal current value of the subscribed 
merging unit. Refer to the Section 9: ASCII Command Reference in the SEL-421-7 
Instruction Manual for more information on the CFG CTNOM command.

                    
                    

Figure 19.25 SEL-421-7 SV Subscriber Relay, 4U Rear Panel

Five-port Ethernet card ordering option depicted.
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SV Subscribers, such as the SEL-421-7 SV Subscriber Relay, must be configured 
to subscribe to 9-2LE-compliant SV streams to enable any protection functions. 
When configured via PORT 5 settings, all phases (A, B, and C) of a current or volt-
age terminal must come from an SV stream, and terminals cannot be mapped 
more than once. When configured using Architect, as many as three streams can 
be summed and mapped to a single terminal. The SEL-421-7 SV Subscriber 
Relay and SEL-451 SV Subscriber Relay can receive as many as four streams 
when configured through PORT 5 settings, and the SEL-487E SV Subscriber 
Relay and SEL-487B SV Subscriber Relay can receive as many as seven streams 
when configured through PORT 5 settings. All SV subscriber relays can receive as 
many as seven streams when configured through use of a CID file. 

Once SV subscriptions are configured and are being received, the SV subscriber 
relay provides a suite of protection functionality. Please refer to the specific prod-
uct instruction manual for a list of available protection functions.

Note that IEC 61850-9-2LE only covers the publication and subscription of ana-
log data. To communicate digital input and output data or controls, IEC 61850 
GOOSE must be configured and optimized on either the process bus or the sta-
tion bus.

SV Subscriber Configuration 
Architect provides support for the configuration of the SEL SV subscriber via a 
GUI. This interface provides the most flexible configuration of SV publications, 
including the creation of customized SV data sets. This mechanism is very simi-
lar to the configuration of GOOSE publications. For more detailed information, 
see IEC 61850 Configuration on page 17.38.

                    

When configuring the SV subscriber, SV subscriptions are accomplished in the 
same manner as GOOSE subscriptions. Simply drag a published current into an 
appropriate current slot, or a published voltage into a voltage slot in the SV sub-
scriber SV Receive tab. Note that even though a publisher may have a neutral 
current or voltage value in its publication, the SEL subscriber does not have a 
neutral current or voltage slot to map it into. Finally, configure the time reference 
of the subscriber (which selects the device whose smpSynch value all other sub-
scribed messages must match) by selecting the device name from the dropdown 
list labeled Time Reference. See Subscription Reference Stream on page 17.26 

                    

Figure 19.26 Example Architect SV Subscription Configuration
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for more information about the reference stream. Architect also allows as many 
as three received current streams to be summed and mapped to a single relay cur-
rent terminal.

SV subscriptions may also be configured via PORT 5 settings through QuickSet or 
an ASCII terminal window. PORT 5 settings can be used to quickly configure SV 
subscriptions that do not require much customization. All phases (A, B, C) of a 
current or voltage terminal must be mapped to an SV subscription. Please note 
that regardless of the configuration method, you cannot map a current or voltage 
phase value into more than one subscriber slot.

SV Subscriber Startup 
When initially turned on, the SV subscriber ENABLED LED illuminates as soon as 
protection functionality is enabled, which can take as long as 17 seconds but will 
typically be within 10 seconds. Once the SV subscriber has begun accepting SV 
streams, SV processing can be temporarily disabled for the following conditions:

➤ PORT 5 settings are modified

➤ A new CID file configuration is enabled

➤ Power is cycled

SV subscriptions are disabled if the SV subscriber is disabled (EN Relay Word 
bit = False), the PORT 5 setting EPORT is set to “N”, or the processor fails. SV 
subscriptions do not resume unless the disabling condition is addressed. When 
SV subscriptions are disabled, so is the primary means of data acquisition for the 
relay. Take care to recognize when such a condition occurs, generate appropriate 
warnings or alarms, and resolve any issues.

SV Subscriber Diagnostics and Testing
Once SV subscriptions are configured and enabled, new commands are available 
to verify configuration, diagnose and troubleshoot SV communications, and aid 
in commissioning and testing: COM SV and TEST SV. 

The COM SV command displays information about the SV streams to which the 
unit has been configured to subscribe. The data includes the SV destination MAC 
address, Application ID, message name, data set name, VLAN ID, and priority if 
the information is available. If information is not available, the field remains 
blank. The COM SV command also provides statistics for individual subscribed 
SV streams and any error conditions that are currently present or were present 
during the previous 30 seconds. For more information on the COM SV com-
mand, see Section 9: ASCII Command Reference in the product-specific manual.

See Table 14.44 for detailed explanations of the information provided in the 
COM SV command.

If any subscribed SV streams are lost, the SV subscriber can still be able to pro-
vide some subset of metering and protection functionality, depending on what 
data are in the missing stream(s). For example, consider an SV subscriber that 
has two active subscriptions with the first one providing one set of terminal cur-
rents and voltages, and the other providing another set of currents. If the second 
subscription is lost, the SV subscriber can still provide metering data and some 
degree of overcurrent and LOP protection with the data available from the first 
stream. Refer to the product-specific instruction manual for available protection 
features.
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The TEST SV command places the SV subscriber into SEL’s TEST SV mode. In 
this mode, it accepts any subscribed messages with or without the test bit of the 
quality attribute set. The data that the SV subscriber receives while in TEST SV 
mode are processed as valid data, so take care to ensure that outputs are blocked 
to prevent any undesired operations. The MET command reflects the received 
data as actual data, even with the test bit asserted. The COM SV command indi-
cates whether the SV subscriber is in TEST SV mode by displaying the informa-
tion at the top of the response. Refer to the TEST SV command description in 
Section 9: ASCII Command Reference of the product-specific manual for more 
information.

The health of the incoming SV subscription data channels can be monitored with 
the SV subscription Relay Word bits SVSALM, SVSmmOK, and SVCC, and the 
SVNDmm (where mm is the SV stream number 01–07) analog quantities. The 
SVSmmOK Relay Word bits are asserted when subscription mm is configured 
and data conforming with the 9-2LE guideline is being actively received from it. 
The SVCC (SV coupled clocks mode) Relay Word bit is asserted when the SV 
subscriber is synchronized with the same smpSynch value as the subscription ref-
erence stream. The SVNDmm analog quantities indicate the measured channel 
delay of each subscription and are compared with the PORT 5 CH_DLY setting to 
generate an alarm condition as described in the following.

The SVSALM Relay Word bit is a general purpose alarm that will assert for the 
following conditions:

➤ The SV subscriber has lost sync with the device providing its 
reference stream

➤ One or more subscribed SV streams network delays exceed the 
CH_DLY setting

➤ One or more subscribed SV streams are no longer being received 
(lost)

➤ One or more subscribed SV streams have a subscription status 
SVSmmOK bit that is not set. 

The SV subscriber also provides analog channel status Relay Word bits, which 
are useful for supervising protection based on the state of SV communications for 
each current and voltage channel. These bits include nnnOK and nnnBK bits, 
where nnn is the product-specific current or voltage channel that can potentially 
be mapped to data from an incoming SV stream, for example, IAW, IBW, ICW, 
VAY, VBY, VCY, etc. in the SEL-421-7 SV Subscriber Relay. The nnnOK bits 
asserts for all data channels that are mapped to a subscribed SV stream and have 
data actively being received from it. The nnnBK bits are the inverse of the 
nnnOK bits.

See Section 5: Protection Functions of the product-specific manual for more 
information on SV status logic.

NOTE: TEST SV is an SEL proprietary 
mode. For the IEC 61850-compliant 
modes, see IEC 61850 Simulation 
Mode on page 17.30 and IEC 61850 
Mode/Behavior on page 17.30.
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Date Code Summary of Revisions

20230830 Section 3

➤ Updated Figure 3.8: Relay Status, Figure 3.9: Relay Status, Figure 3.28: Terminal Screen MET Metering Quanti-
ties, and Figure 3.36: Sample HIS Command Output in the Terminal.

Section 10

➤ Updated Figure 10.6: Enter TEST SV Mode in the Relay, Figure 10.8: MET Command Response, and Figure 
10.10: Relay Status From a STATUS A Command on a Terminal.

Section 11

➤ Updated Figure 11.4: Sample TIM Q Command Response.

Section 14

➤ Updated Figure 14.1: Sample COM PRP Command Response, Figure 14.2: Sample COM PTP Command 
Response, Figure 14.8: Sample ETH Command Response for the Two-Port Ethernet Card, Figure 14.9: Sample 
ETH Command Response for the Five-Port Ethernet Card, Figure 14.17: Sample TIME Q Command Response 
With IRIG, and Figure 14.18: Sample Time Q Command Response With PTP.

Section 15

➤ Updated Figure 15.11: MET T Command Response and Figure 15.17: Example Telnet Session.

20230317 Section 1

➤ Updated Parallel Redundancy Protocol (PRP) in Common Features.

Section 3

➤ Updated Making an Ethernet Telnet Connection, Making an Ethernet Web Server (HTTP) Connection, Commu-
nications Ports Access Levels, and Viewing SER Records.

➤ Updated Figure 3.8: Relay Status, Figure 3.9: Relay Status, Figure 3.11: Checking Relay Status From the Front-
Panel LCD, Figure 3.28: Terminal Screen MET Metering Quantities, and Figure 3.36: Sample HIS Command 
Output in the Terminal.

Section 4

➤ Updated Figure 4.39: Sample Status Warning and Trip EVENT SUMMARY Screens.

Section 6

➤ Added note to Autoreclose Logic Diagrams.

Section 8

➤ Added note to Breaker History.

➤ Updated Figure 8.10: Breaker History Report.

Section 9

➤ Updated Settings Section of the Event Report.

Section 10

➤ Updated Figure 10.6: Enter TEST SV Mode in the Relay and Figure 10.8: MET Command Response.

➤ Updated Status.

➤ Updated Figure 10.11: Example Compressed ASCII Status Message.

➤ Updated Table 10.10: Troubleshooting for Relay Self-Test Warnings and Failures.
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Section 11

➤ Updated PTP Timekeeping and Time Quality Indications.

Section 14

➤ Added COM PRP.

➤ Updated Figure 14.1: Sample COM PRP Command Response, Figure 14.2: Sample COM PTP Command 
Response, and Figure 14.8: Sample ETH Command Response for the Two-Port Ethernet Card.

➤ Added Figure 14.9: Sample ETH Command Response for the Five-Port Ethernet Card.

➤ Updated Figure 14.13: Sample ID Command Response From Ethernet Card, Figure 14.17: Sample TIME Q 
Command Response With IRIG, Figure 14.18: Sample Time Q Command Response With PTP, and Figure 14.19: 
Sample VER Command Response.

Section 15

➤ Updated Figure 15.9: Example PRP Network Using SEL-400 Series Relays With Five-Port Ethernet Cards, 
Figure 15.11: MET T Command Response, and Figure 15.17: Example Telnet Session.

Section 17

➤ Updated Figure 17.6 GOOSE Quality Attributes.

➤ Updated Station Bus and Process Bus (Four-Port Ethernet Card).

➤ Added Station Bus and Process Bus (Five-Port Ethernet Card).

➤ Updated IEC 61850 Messaging (Four-Port Ethernet Card).

➤ Added IEC 61850 Messaging (Five-Port Ethernet Card).

➤ Updated IEC 61850 Configuration.

➤ Updated Table 17.26: Logical Device: CFG (Configuration) and Table 17.28: Logical Device: ANN (Annunciation).

Section 19

➤ Updated IEC 61850-9-2 Sampled Values (SV).

Appendix B

➤ Added Important Considerations for the Five-Port Ethernet Card and Resolving Communications Card Firm-
ware Mismatch.

20230112 Section 2

➤ Updated Table 2.1: SEL Software.

Section 17

➤ Updated Table 17.27: Logical Device: CFG (Configuration), Table 17.28: Logical Device: CON (Remote Con-
trol), Table 17.29: Logical Device: ANN (Annunciation), Table 17.45: ACSI Models Conformance Statement, and 
Table 17.46: ACSI Service Conformance Statement.

Appendix B

➤ Updated Important Considerations, Ethernet Firmware Upgrades, Relay Firmware Upgrade Procedure, and Ver-
ify IEC 61850 Operation (Optional).

➤ Added Return Relay to Service.

➤ Removed TiDL Firmware Upgrade (For TiDL [EtherCAT] Relays Only).

20220928 Section 7

➤ Updated Table 7.2: Instantaneous Metering Accuracy—Voltages, Currents, and Frequency.

Section 14

➤ Added note for the PULSE command.

Section 18

➤ Updated to IEC/IEEE 60255-118-1:2018 (IEEE Std C37.118 2011, 2014a).

20220523 Section 7

➤ Updated Table 7.2: Instantaneous Metering Accuracy—Voltages, Currents, and Frequency.

Section 9

➤ Updated Data Processing.

Table A.1 Instruction Manual Revision History (Sheet 2 of 9)
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Section 10

➤ Updated Example 10.4: Checking Data Acquisition With the TEST SV Command.

➤ Updated Relay Self-Tests.

➤ Updated Table 10.9: Troubleshooting Procedures.

Section 11

➤ Updated IRIG-B Timekeeping, PTP Timekeeping, and Time Quality Indications.

Section 12

➤ Updated Table 12.10: FTP Configuration, Table 12.12: Telnet Configuration, and Table 12.25: PTP Settings.

Section 13

➤ Updated Table 13.9: Conditioning Timer Quantities and Table 13.25: SEL-400 Series SELOGIC Control Equa-
tion Programming Summary.

Section 14

➤ Updated Table 14.40: Accessible Information for Each SV Publication.

Section 15

➤ Updated Table 15.4: Ethernet Card Network Configuration Settings and Table 15.7: FTP Settings.

➤ Updated Precision Time Protocol (PTP), Channel Monitoring, and Settings.

Section 17

➤ Updated Local/Remote Control Authority, Reports, SV Network Delays, and Change Mode Via MMS or 
SELOGIC.

➤ Updated Table 17.27: Logical Device: CFG (Configuration).

Section 19

➤ Updated Table 19.1: SEL DSS Technologies.

➤ Updated Time-Domain Link (TiDL) and IEC 61850-9-2 Sampled Values (SV).

Appendix B

➤ Updated Upgrade and Resolving Model Mismatch.

Appendix C

➤ Updated Physical Ports and T-Protocol Ports.

Glossary

➤ Updated definitions for Axion, Digital Secondary System (DSS), SEL-TMU, Selective Protection Disabling, and 
Time-Domain Link (TiDL).

20210817 Section 17

➤ Added Control Interlocking under IEC 61850 Operation.

20210701 Section 2

➤ Updated Table 2.1: SEL Software.

➤ Updated SEL Grid Configurator Software.

Section 5

➤ Updated Bay Control Screens.

Section 9

➤ Updated Triggering Data Captures and Event Reports.

Section 11

➤ Updated Time Triggering the Relay.

Section 16

➤ Updated Figure 16.9 Add Binary Inputs to SER Point List.

Section 19

➤ Updated Table 19.1: SEL DSS Technologies.

➤ Updated Time-Domain Link (TiDL).

Appendix B

➤ Updated Table B.1: SEL-400 Series Relays Supporting Ethernet Firmware Upgrades.
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20210514 Section 2

➤ Updated Table 2.1: SEL Software.

Section 3

➤ Added Communications Ports Access Control.

Section 12

➤ Updated Table 12.5: Protocol Selection.

Section 15

➤ Updated Figure 15.14: Example Telnet Session.

Section 16

➤ Updated Table 16.12: SEL-421 Port 3 Example Settings.

Section 17

➤ Updated Table 17.27: Logical Device: CON (Remote Control).

Section 19

➤ Updated Table 19.1: SEL DSS Technologies.

Appendix B

➤ Updated Table B.1: SEL-400 Series Relays Supporting Ethernet Firmware Upgrades.

➤ Updated Set Port 5 Settings MAXACC, EETHFWU, and EPAC and Set Port 5 Settings MAXACC, EETHFWU, and EPAC.

Appendix C

➤ Updated Local Accounts.

20210326 Section 6

➤ Updated Figure 6.11: One Circuit Breaker Single-Pole Cycle State (79CY1), Figure 6.12: One Circuit Breaker 
Three-Pole Cycle State (79CY3), Figure 6.13: Two Circuit Breakers Single-Pole Cycle State (79CY1) When 
E79 := Y, Figure 6.14: Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79 := Y1, Figure 6.15: Two 
Circuit Breakers Three-Pole Cycle State (79CY3) When E79 := Y, and Figure 6.16: Two Circuit Breakers Three-
Pole Cycle State (79CY3) When E79 := Y1.

Section 19

➤ Updated Table 19.1: SEL DSS Technologies.

Appendix B

➤ Updated Table B.1: SEL-400 Series Relays Supporting Ethernet Firmware Upgrades.

20210209 Section 2

➤ Updated Table 2.1: SEL Software.

Section 14

➤ Updated CFG CTNOM.

Section 19

➤ Updated Time-Domain Link (TiDL).

➤ Updated Table 19.1: SEL DSS Technologies.

Appendix B

➤ Updated Table B.1: SEL-400 Series Relays Supporting Ethernet Firmware Upgrades and Table B.3: Firmware 
Upgrade Scenarios and Available Methods.

20201204 Preface

➤ Updated Manual Overview.

➤ Updated Safety Marks.

Section 2

➤ Added Table 2.1: SEL Software.

Section 3

➤ Updated Figure 3.37: Sample Event Oscillogram.
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Section 5

➤ Updated Remote Bits.

➤ Updated Analog Display.

Section 6

➤ Updated Figure 6.19 Voltage Check Element Logic (EISYNC := N) and Figure 6.20 Voltage Check Element 
Logic (EISYNC := Y).

Section 10

➤ Updated Table 10.9: Troubleshooting Procedures.

Section 11

➤ Added note to CFG CTNOM.

➤ Updated CFG NFREQ and STA T.

➤ Added note to TEST FM.

Section 12

➤ Added TiDL (Port 6).

Section 14

➤ Added STA T and added information to VEC.

Section 15

➤ Added note to SEL Fast Meter, Fast Operate, Fast SER Messages, and Fast Message Data Access.

Section 17

➤ Added IEC 61850 Simulation Mode.

➤ Updated GOOSE Performance.

➤ Updated Table 17.27 Logical Device: ANN (Annunciation).

Section 18

➤ Updated section to include the impact of DSS channel delay.

Section 19

➤ Added Table 19.1: SEL DSS Technologies.

➤ Added TiDL (T-Protocol).

Appendix B

➤ Added TiDL Centrally Controlled Firmware Upgrade.

➤ Updated Table B.3 Firmware Upgrade Scenarios and Available Methods.

➤ Updated Time-Domain Link (TiDL) Centrally Controlled Firmware Upgrade (For Relays Supporting T-Protocol) 
and TiDL Firmware Upgrade (For TiDL [EtherCAT] Relays Only).

Appendix C

➤ Added T-Protocol Ports.

➤ Updated to include references for in-service relay firmware verification.

Glossary

➤ Updated for DSS and TiDL.

20201009 Section 17

➤ Added Relay Output Contact Behavior Following a Power Cycle.

20200520 Section 13

➤ Updated text to include Automation SELOGIC conditioning timers.

20200424 Section 18

➤ Updated Control Capabilities.

20200401 Section 2

➤ Added SEL Grid Configurator Software.

Section 4

➤ Updated Figure 4.15: Enter Password Screen.
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Section 5

➤ Updated for SEL-400G.

Section 9

➤ Updated for SEL-400G.

➤ Removed Table 9.1: Report Settings.

Section 14

➤ Updated for SEL-400G.

Section 18

➤ Updated for SEL-400G.

20200229 Section 4

➤ Updated Figure 4.15: Enter Password Screen.

➤ Added Figure 4.16: Invalid Password Screen.

Section 5

➤ Updated Figure 5.1: Disconnect Switch Close Logic and Figure 5.2: Disconnect Switch OPEN Logic.

Section 6

➤ Updated text and figures to include new EISYNC setting.

Section 10

➤ Updated Table 10.9: Troubleshooting Procedures.

Section 11

➤ Updated text in PTP Over PRP Networks.

Section 12

➤ Updated notes for Table 12.25: PTP Settings.

Section 14

➤ Updated Figure 14.7: Sample ETH Command Response.

➤ Updated Table 14.43: Warning and Error Codes for SV Subscriptions and Table 14.77: Accessible GOOSE IED 
Information.

➤ Added Table 14.78: Warning and Error Codes for GOOSE Subscriptions.

Section 15

➤ Added text regarding wildcard usage

➤ Added Table 15.19: FTP and MMS Wildcard Usage Examples and Table 15.20: Ymodem Wildcard Usage Examples.

Section 16

➤ Updated Figure 16.4: Sample Response to SHO D Command, Figure 16.5: Sample Custom DNP3 Analog Input 
Map Settings, Figure 16.6: DNP3 Application Network Diagram, and Figure 16.8: DNP3 LAN/WAN Application 
Example Ethernet Network.

Section 17

➤ Updated text and figures in IEC 61850 Configuration.

➤ Updated Table 17.20: Logical Device: CFG (Configuration) and Table 17.21: Logical Device: ANN (Annunciation).

Section 18

➤ Updated Equation 18.4.

Appendix B

➤ Added text and tables for Upgrading With Digitally Signed Firmware Upgrade Files.

20191210 Section 14

➤ Added margin note regarding the SEL-487E in CLOSE n.

20181115 Section 15

➤ Updated margin note in Precision Time Protocol (PTP).
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20180910 Section 10

➤ Added IEC 61850 Mode/Behavior and Simulation Mode in Testing Features and Tools.

➤ Added IEC 61850 Testing in Test Methods.

➤ Updated Table 10.7: Alarm Relay Word Bits.

Section 12

➤ Updated Table 12.9: IP Configuration, Table 12.11: HTTP Server Configuration, and Table 12.12: Telnet Configuration.

➤ Added Table 12.14: IEC 61850 Mode/Behavior Configuration.

➤ Updated Table 12.15: Sampled Value Receiver Configuration and Table 12.16: Sampled Value Transmitter Configuration.

➤ Added Table 12.17: Sampled Value Channel Delay Settings.

Section 14

➤ Updated COM SV in Command Description.

➤ Updated Figure 14.3: GOOSE Command Response.

➤ Updated STA A, TEST DB2, and TEST DB2 OFF in Command Description.

➤ Updated TEST SV in Command Description.

Section 17

➤ Updated GOOSE Processing in IEC 61850.

➤ Updated Primary/Secondary Scale Factor in Sampled Values.

➤ Added Current Summation in Sampled Values.

➤ Updated Figure 17.6: Independent Bus Mode With PTP Time Synchronization on the Process Bus, Figure 17.7: 
Independent Bus Mode With PTP Time Synchronization on the Station Bus, and Figure 17.8: Merged Bus Mode 
With PTP Time Synchronization.

➤ Updated GOOSE and SV Messaging in Sampled Values.

➤ Updated IEC 61850 Simulation Mode.

➤ Added IEC 61850 Mode/Behavior.

➤ Updated Table 17.17: IEC 61850 Settings.

➤ Updated Figure 17.18: Add ICD to Project Tree.

➤ Updated Mode, Behavior, and Health under Logical Nodes.

➤ Updated Table 17.18: Logical Device: CFG (Configuration).

➤ Updated Table 17.35: Basic Conformance Statement and Table 17.37: ACSI Service Conformance Statement.

Section 18

➤ Updated Table 18.26: PMU Recording Settings.

➤ Updated CONAM in PMU Recording Capabilities.

20180630 Section 5

➤ Added Rack Type Breaker Mosaics and Status-Only Disconnects to Bay Control Front-Panel Operations.

➤ Added 89CTLm to Disconnect Logic.

➤ Added 89CTL01 and 52mRACK, 52mTEST to Disconnect Assignments.

➤ Added Disconnect Front-Panel Control Enable to Disconnect Information.

20180329 Section 3

➤ Updated Reading Oscillograms, Event Reports, and SER.

Section 4

➤ Added information on setting combinations to Front-Panel Menus and Screens.

Section 9

➤ Updated Oscillography and Event Reports, Event Summaries, and Event Histories.

Section 11

➤ Added information to Events Directory in Virtual File Interface.

20171006 Section 16

➤ Updated Table 16.8: Relay DNP3 Object List.

Section 17

➤ Updated for IEC 61850 configuration.
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Appendix B

➤ Updated to help preserve IEC 61850 configuration during a firmware upgrade.

20170714 Section 2

➤ Updated Table 2.2: QuickSet HMI Tree View Functions.

➤ Updated Figure 2.20: Retrieving an Event History and Figure 2.22: Sample Event Oscillogram.

Section 9

➤ Updated Figure 9.1: Input Processing to include Sampled Values data acquisition.

➤ Added Figure 9.2: Input Processing of SEL-400 Series Relays With SV Remote Data Acquisition.

➤ Updated Generating Raw Data Oscillograms, and added Figure 9.7: An Overcurrent Application Via Remote 
Data Acquisition through Figure 9.9: Filtered Event Reports From SEL-401 and SEL-421.

Section 10

➤ Added Sequence of Events Recorder to Table 10.6: Troubleshooting Procedures. 

➤ Added Table 10.7: Troubleshooting for Relay Self-Test Warnings and Failures.

Section 11

➤ Added PTP Over PRP Networks.

➤ Added Global Time Source vs Local Time Source.

Section 12

➤ Added a footnote to Table 12.5: Protocol Selection for the EPORT setting.

➤ Added Table 12.14: SV Receiver Configuration and Table 12.15: SV Transmitter Configuration.

➤ Added a footnote to Table 12.23: PTP Settings for setting PTPPRO.

➤ Removed note that PTP is not supported in PRP mode.

Section 14

➤ Added references to IEC Sampled Values.

➤ Added a note that the CFG NFREQ command is not available in IEC Sampled Values relays.

➤ Updated Figure 14.2: Sample ETH Command Response.

➤ Updated Figure 14.11: Sample VER Command Response.

Section 15

➤ Updated Figure 15.6: Using Internal Ethernet Switch to Add Networked Devices.

Section 16

➤ Updated Table 16.8: Relay DNP Object List.

Section 17

➤ Added text for IEC Sampled Values.

➤ Updated Table 17.3: Relay Logical Devices.

➤ Added Sampled Values.

➤ Added Simulation Mode.

➤ Added Example 17.1: SV Application.

➤ Updated Table 17.27: Basic Conformance Statement.

➤ Updated Table 17.28: ACSI Models Conformance Statement.

➤ Updated Table 17.29: ACSI Service Conformance Statement.

Section 18

➤ Added a note regarding Sampled Values-subscribing relays.

Section 19

➤ Added IEC 61850-9-2 Sampled Values (SV).

Appendix C

➤ Updated text for LNKFAIL and LNKFL2.

Glossary

➤ Added terms for IEC Sampled Values, Parallel Redundancy Protocol, and real-time control.

20170428 Section 19

➤ Updated Figure 19.4: SEL-2243 Power Coupler.
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20170326 Section 15

➤ Updated Ethernet Communications for information on MMS inactivity.

Appendix B

➤ Updated TiDL Firmware Upgrade.

20161215 Preface

➤ Updated to describe the new section, Section19: Remote Data Acquisition.

Section 1

➤ Updated to introduce TiDL technology.

Section 3

➤ Added information on TiDL system input and output handling.

Section 7

➤ Added information about leading and lagging power factor Relay Word bits.

Section 9

➤ Described the impact of the ERDIG setting on event report handling.

➤ Added a note about SER storage limitations.

Section 10

➤ Added information on TiDL system commissioning.

➤ Described additional diagnostics.

➤ Described module replacement in Axion nodes for the TiDL system.

Section 11

➤ Improved the description of the TSOK Relay Word bit.

Section 12

➤ Added the ERDIG report setting.

Section 14

➤ Added CFG CTNOM and CFG NFREQ commands.

➤ Clarified the TEST DB2 A operation.

Section 15

➤ Updated SNTP accuracy.

Section 18

➤ Updated typographical information in Figure 18.5: UDP_S Connection.

Section 19

➤ Added as a new section.

Appendix B

➤ Updated to describe firmware upgrades to the TiDL system.

Appendix C

➤ Updated to describe cybersecurity aspects of EtherCAT ports.

Glossary

➤ Added terms related to TiDL systems.

20160518 ➤ Initial version.
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Firmware Upgrade Instructions

These instructions guide you through the process of upgrading the firmware in 
the device. Note that these instructions are only intended for upgrading firmware 
from an older revision to a newer revision. Downgrading firmware—going from 
a newer to an older revision—should not be attempted. It will result in the loss of 
relay calibration, MAC addresses, and other device configuration information. 
Contact SEL if you need to downgrade the firmware in a relay.

The firmware upgrade will be either a standard release or a point release. A stan-
dard release adds new functionality to the firmware beyond the specifications of 
the existing version. A point release is reserved for modifying firmware function-
ality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device firm-
ware identification (FID) string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-411L-R101-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID string.

Existing firmware:

FID=SEL-411L-R100-V0-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-411L-R100-V1-Z001001-Dxxxxxxxx, or

FID=SEL-411L-1-R100-V1-Z001001-Dxxxxxxxx
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Firmware Upgrade Instructions

Required Equipment
You will need the following items before beginning the firmware upgrade process:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
Ymodem protocol (if upgrading over a serial port connection)

➤ SEL-C234A cable, SEL-C662 USB to EIA-232, or equivalent (if 
upgrading over a serial port connection).

➤ A relay with Telnet-enabled Ethernet ports, a Telnet connection, and 
a Telnet user interface that supports Ymodem file transfer (if 
performing an upgrade over Ethernet).

➤ A relay with HTTP-enabled Ethernet ports and an HTTP Ethernet 
connection (if upgrading via a web browser). This is the most user-
friendly method to complete an upgrade.

➤ A relay with FTP-enabled Ethernet ports and an FTP Ethernet 
connection (if upgrading over FTP) and an FTP user interface that 
supports FTP file transfer.

➤ Disc containing the firmware upgrade file(s)

➢ .z19, .s19, or .zds firmware upgrade file (.z19 requires SELBOOT 
R205 or a newer R2xx SELBOOT version; .zds requires 
SELBOOT R300 or newer)

➢ SELBOOT firmware upgrade file (if necessary; based on the existing 
SELBOOT revision of the relay)

➤ Relay Firmware Upgrade Instructions

Optional Equipment
These items help you manage relay settings and understand procedures in the 
relay upgrade process:

➤ ACSELERATOR QuickSet SEL-5030 Software (also contains a 
firmware upload tool that helps to automate this process over a serial-
port connection)

➤ ACSELERATOR Architect SEL-5032 Software (manages IEC 61850 
GOOSE, Manufacturing Message Specification [MMS], and SV 
Configured IED Description [CID] files)

➤ SEL-5037 SEL Grid Configurator Software (for relays supported by 
SEL Grid Configurator)

➤ Appropriate SEL-400 series relay manual

Important Considerations
If upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firmware revi-
sion R309 or earlier to firmware revision R312 and later or if upgrading an 
SEL-487V-0 or SEL-487V-1 relay from firmware revision R107 or earlier to 
firmware revision R109 and later, make sure you save all relay settings (including 
IEC 61850 CID configurations, if applicable) prior to the firmware upgrade, as 
indicated in Save Settings and Other Data on page B.12. Upon completion of the 
upgrade process, the relay settings will reset to default values and the IEC 61850 
CID file may be removed. These files will need to be reloaded.
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Firmware Upgrade Instructions
Upgrading With Digitally Signed Firmware Upgrade Files

If you are upgrading an SEL-451-5, SEL-421-4, or SEL-421-5 relay from firm-
ware revision R309 or earlier to firmware revision R311, you must first upgrade 
the relay firmware to R310 before upgrading to R311. This requirement is only 
needed if upgrading specifically to R311. Failure to do so will result in the reset 
of relay settings back to factory defaults.

In some unusual cases, such as loss of relay power during the firmware file trans-
fer process, it is possible for data, including relay settings and the IEC 61850 
CID file to be lost. Before beginning the firmware upgrade process, save relay 
settings and, if applicable, the IEC 61850 CID file that has been configured for 
the relay.

Important Considerations for the Five-Port Ethernet Card 
If installing a five-port Ethernet card for the first time, perform the conversion in 
this order: 

Step 1. Install the required boot firmware (SELBOOT). Refer to Appendix A 
of the relay-specific instruction manual for compatible SELBOOT 
versions. 

Step 2. Install the required relay firmware. Refer to Appendix A of the relay-
specific instruction manual for compatible firmware versions. 

Step 3. Follow the Removing and Installing SEL-400 Series Relay Ethernet 
Cards instruction sheet included with your conversion kit.

Upgrading With Digitally Signed Firmware Upgrade Files
NOTE: R2xx SELBOOT versions only 
support serial-port firmware upgrades 
with .s19 or .z19 firmware upgrade 
files. R3xx SELBOOT versions only 
support .zds digitally signed firmware 
upgrade files over a serial or Ethernet 
connection.

The firmware versions identified in Table B.1 support .zds firmware upgrade 
files, which can be used to upgrade the relay over a serial or Ethernet connection. 
The .zds firmware upgrade files can only be sent to relays running SELBOOT 
R300 or newer.

To prepare relays to accept digitally signed Ethernet firmware upgrades, perform 
the following:

1. Upgrade SELBOOT to R300 or newer over a serial connection with a 
.s19 SELBOOT upgrade file.

2. Upgrade relay firmware to a relay version identified in Table B.1 over 
a serial connection with a .zds firmware upgrade file.

Once the relay has a firmware version identified in Table B.1 installed, you can 
upgrade the relay over an Ethernet connection to any new firmware version above 
the initial firmware version outlined in the table.

                    

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 1 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades

SEL-400G All released firmware versions

SEL-401 R407 and newer

SEL-411L-0, -1 R126 and newer

SEL-411L-2 All released firmware versions

SEL-421-4, -5 R327 and newer

SEL-421-7 R407 and newer

NOTE: Relay firmware versions 
identified in Table B.1 require SELBOOT 
R300 or newer because only .zds 
firmware upgrade files are provided. 
Firmware .s19 and .z19 upgrade files 
are not created for these firmware 
versions.
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Digitally signed firmware-upgrade files are compressed to reduce file-transfer 
times and are digitally signed by SEL through use of a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that the con-
tents have not been altered. Once uploaded to the relay, the signature of the firm-
ware file is verified with a public key that is stored on the relay. If the relay 
cannot verify the signature, the file is rejected.

The name of the digitally signed firmware file is of the form rnnn-vy4xx.zds or 
snnn-vy4xx, where rnnn is the standard-release relay firmware identifier, snnn is 
the standard-release SELBOOT firmware identifier, vy is the point-release identi-
fier, and 4xx identifies the SEL-400 series relay. Differentiation between relay 
model variants is handled by the standard-release firmware identifier. See the list 
(at the beginning of this section) of firmware versions that support digitally 
signed firmware upgrades to find the standard-release firmware variants of the 
same relay model.

Ethernet Firmware Upgrades
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

For relays that support firmware upgrades over Ethernet, you can send the .zds 
firmware upgrade files via FTP or HTTP protocols to a relay running SELBOOT 
version R300 or newer and a relay firmware version identified in Table B.1. FTP 
and HTTP are plaintext protocols and do not inherently support message encryp-
tion (of relay passwords, etc.). Because of this, SEL strongly recommends using 
between the relay and your network a security gateway that provides encrypted 
communications along with SEL SDN technology to harden your network cyber-
security.

Relay Firmware Upgrade Procedure
The upgrade kit you received contains the firmware needed to upgrade the 
SEL-400 series relays. The kit may also contain firmware needed to upgrade the 
SELBOOT program. See Table B.2 to identify which firmware files you received 
in the upgrade kit.

SEL-451-5 R324 and newer

SEL-451-6 R401 and newer

SEL-487B-1 R315 and newer

SEL-487B-2 R401 and newer

SEL-487E-3, -4 R318 and newer

SEL-487E-5 R401 and newer

Table B.1 SEL-400 Series Relays Supporting Ethernet Firmware 
Upgrades (Sheet 2 of 2)

SEL Relay Firmware Versions Supporting Ethernet Firmware Upgrades
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The firmware upgrade can be performed in one of four ways. Methods 1 and 2 
are provided for upgrading over a serial connection. Methods 3 and 4 are pro-
vided for upgrading over an Ethernet connection. When upgrading over a serial 
connection, you can upgrade using .s19, .z19, or .zds files depending on the 
SELBOOT firmware the relay is running. When upgrading over an Ethernet con-
nection, you can only upgrade using a .zds file and the relay must currently be 
running a SELBOOT firmware version that supports digitally signed upgrade files 
and a relay firmware version that supports Ethernet firmware upgrades (see 
Table B.1).

➤ Method 1: Use the Firmware Loader provided within QuickSet. The 
Firmware Loader automates the firmware upgrade process and is the 
preferred method. The Firmware Loader can be used to upgrade only 
relay firmware (rnnn4xx files or rnnn-vy4xx). If upgrading SELBOOT 
(snnn4xx or snnn-vy4xx) firmware is required, use Method 2.

➤ Method 2: Connect to the relay in a terminal session and upgrade the 
firmware by using the steps documented in Method 2: Using a 
Terminal Emulator on page B.11.

➤ Method 3: Connect to the relay over an Ethernet web browser and 
use the steps documented in Method 3: Using a Web Browser on 
page B.17.

➤ Method 4: Connect to the relay over an Ethernet FTP connection and 
use the steps documented in Method 4: Using FTP on page B.20.

Determine Which Upgrade Method to Use
Table B.3 helps you determine which firmware upgrade method you would like 
to use based on your upgrade scenario. From the links provided in Table B.3, you 
can use the link to easily move ahead to the method of your choosing. For help in 
identifying which scenario you fall under, see Identify Firmware Versions on the 
Relay on page B.6.

Table B.2 Firmware Upgrade Files

Product File Namea

a nnn in the file name will always represent the device firmware revision number.
y represents that point release version number.
4xx represents the product name.

File Type

SEL-400 series relays SELBOOT snnn4xx.s19, snnn-
vy4xx.s19, or
s3nn-vy4xx.zds

SEL-400 series SELBOOT firmware

SEL-400 series relays (prior to 
firmware releases identified in 
Table B.1)

rnnn4xx.s19 or 
rnnn4xx.z19

SEL-400 series relay firmware

SEL-400 series relays after SEL 
started offering point releases 
(prior to firmware releases iden-
tified in Table B.1)

rnnn-vy4xx.s19 or 
rnnn-vy4xx.z19

SEL-400 series relay firmware

SEL-400 series relays with 
SELBOOT versions supporting 
.zds upgrade files

rnnn-vy4xx.zds SEL-400 series relay firmware digi-
tally signed upgrade file

NOTE: The .z19 files are compressed 
versions of the .s19 files. These will 
load into the relay much faster than 
the .s19 files, but you must have relay 
SELBOOT version R205 or a newer 
R2xx SELBOOT version to use these 
files. Both the .z19 and .s19 files can 
only be used to upgrade relay 
firmware over a serial-port connection 
and can only be sent to a relay with 
SELBOOT that does not support 
digitally signed firmware upgrades.

NOTE: The .zds files are digitally 
signed upgrade files. These upgrade 
files provide the fastest way to 
upgrade firmware on a relay, but the 
relay must be running SELBOOT 
version R300 or newer to use these 
files.

NOTE: When you are upgrading 
relay firmware over a serial 
connection, SEL strongly 
recommends that you upgrade 
firmware at the location of the relay 
and with a direct connection from the 
PC to one of the relay serial ports. Do 
not load firmware from a remote 
location; problems can arise that you 
will not be able to address from a 
distance. When upgrading at the 
substation, do not attempt to load the 
firmware into the relay through an 
SEL communications processor.

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.
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Identify Firmware Versions on the Relay
To determine the SELBOOT and relay firmware versions the relay is currently 
running, do the following:

Step 1. Establish a serial or Telnet terminal session between the relay and a 
personal computer.

Step 2. In the relay terminal line, type ID <Enter>.

The relay responds with the following:

                    

Table B.3 Firmware Upgrade Scenarios and Available Methods

Upgrade Scenario Available Methods

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to a 
newer R2xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R2xx SELBOOT version to an 
R3xx SELBOOT version

Upgrade with a .s19 SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running a relay firmware version 
prior to one identified in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via 
Method 2: Using a Terminal Emulator on page B.11

Upgrading SELBOOT firmware from 
an R3xx SELBOOT version to a 
newer R3xx SELBOOT version on a 
relay running relay firmware identi-
fied in Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly 
option)

Method 4: Using FTP on page B.20

Upgrading relay firmware on a relay 
running any R2xx SELBOOT version

Upgrade with a .s19 or .z19 relay firmware upgrade 
file via one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
prior to a version identified in 
Table B.1.

Upgrade with a .zds SELBOOT upgrade file via one of 
the following: 

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Upgrading relay firmware on a relay 
currently running an R3xx SELBOOT 
version and a relay firmware version 
identified in Table B.1.

Upgrade with a .zds relay firmware upgrade file via 
one of the following:

Method 1: Using QuickSet Firmware Loader on 
page B.7

Method 2: Using a Terminal Emulator on page B.11

Method 3: Using a Web Browser on page B.17

(Using a web browser is the most user-friendly option)

Method 4: Using FTP on page B.20

NOTE: Relays supported only by SEL 
Grid Configurator (e.g., TiDL relays, 
etc.) should only use Methods 2–4.

"FID=SEL-4xx-x-Rxxx-V0-Zxxxxxx-Dxxxxxxxx","xxxx"
"BFID=SLBT-4XX-Rxxx-V0-Zxxxxxx-Dxxxxxxx","xxxxx"
"CID=xxx","xxxx"
"DEVID=xxxxxxx","xxxx"
"DEVCODE=xx","xxxx"
"PARTNO=xxxxxxxxxxxxxxx","xxxx"
"SERIALNO=xxxxxxxxxx","xxxx"
"CONFIG=xxxxxxxx","xxxx"
"SPECIAL=xxxxx","xxxx"



B.7

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Firmware Upgrade Instructions
Relay Firmware Upgrade Procedure

Step 3. Locate the relay firmware identification (FID) string and the Boot 
firmware identification (BFID) string.

Step 4. See Table B.3 for upgrade methods available based on the firmware 
versions currently operating on the relay.

Method 1: Using QuickSet Firmware Loader
To use the QuickSet Firmware Loader, you must have QuickSet. See Section 2: 
PC Software for instructions on how to obtain and install the software. Once the 
software is installed, perform the firmware upgrade as follows.

A Obtain Firmware File
NOTE: The Firmware Loader can be 
used to load only relay firmware 
(rnnn4xx or rnnn-vy4xx) on relays 
supported by QuickSet. This method 
cannot be used to upgrade firmware 
on relays only supported by SEL Grid 
Configurator.

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. The file name is of the form rnnn4xx or rnnn-vy4xx, where rnnn is the 
firmware revision number, vy indicates the point release number, and 4xx indi-
cates the relay type. The firmware file name extensions are .s19, .z19, and .zds. 
Copy the firmware file to an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

B Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these practices include disabling input 
and output control functions.

Step 2. Apply power to the relay.

Step 3. Connect a communications cable and determine the port speed.

If using the EIA-232 front port to upgrade firmware, determine the 
port speed as follows:

a. From the relay front panel, press the ENT pushbutton.

b. Use the arrow pushbuttons to navigate to SET/SHOW.

c. Press the ENT pushbutton.

d. Use the arrow pushbuttons to navigate to PORT.

e. Press the ENT pushbutton.

f. Use the arrow pushbuttons to navigate to the relay serial port you 
plan to use (usually the front port, PORT F).

g. Press the ENT pushbutton.

h. Use the arrow pushbuttons to navigate to Communication 
Settings.

i. Press the ENT pushbutton to view the selected port 
communications settings. Write down the value for each setting.

j. Once the port settings have been recorded, press the ESC 
pushbutton four times to return to the MAIN MENU.

k. Connect an SEL-C234A EIA-232 serial cable, SEL-C662 USB 
to EIA-232 converter, or equivalent communications cable to the 
relay serial port and to the PC.
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C Establish Communications With the Relay
NOTE: Once serial port 
communication is established, it is 
recommended to set the SELBOOT Max 
Baud setting to the highest possible 
port speed available (typically 115200 
bps). This will reduce the time needed 
to read settings and events from the 
relay.

Use the Communications > Parameters menu of QuickSet to establish a con-
nection using the communications settings determined in Step 3 under B Remove 
Relay From Service on page B.7. See Section 2: PC Software for additional infor-
mation.

D Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Step 1. For SEL-400 series relays with optional IEC 61850 protocol config-
ured, follow the steps in section Verify IEC 61850 Operation 
(Optional) on page B.22 to save the CID file and send it back to the 
relay after the firmware upgrade.

Step 2. Select Tools > Firmware Loader and follow the onscreen prompts.

Step 3. In the Step 1 of 4 window of the Firmware Loader (as shown in 
Figure B.1), select the ellipsis button and browse to the location of 
the firmware file. Select the file and select Open.

                    

Step 4. Select the Save calibration settings check box in the Step 1 of 4 
window of the Firmware Loader. These factory settings are required 
for proper operation of the relay and must be reentered in the 
unlikely event they are erased during the firmware upgrade process. 
The Firmware Loader saves the settings in a text file on the PC.

Step 5. Select the Save device settings check box if you do not have a copy 
of the relay settings. It is possible for relay settings to be lost during 
the upgrade process.

Step 6. Select the Save events check box if there are any event reports that 
have not been previously saved. The event history is cleared during 
the upgrade process.

                    

Figure B.1 Prepare the Device (Step 1 of 4)



B.9

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Firmware Upgrade Instructions
Relay Firmware Upgrade Procedure

Step 7. Select Next.

The Firmware Loader reads the calibration settings and saves them in 
a text file on the PC. Make note of the file name and the location.

If Save device settings was selected, the Firmware Loader reads all 
of the settings from the relay. The software may ask if you want to 
merge the settings read from the relay with existing design templates 
on the PC. Select No, do not merge settings with Design Template. 
The Firmware Loader will suggest a name for the settings, but the 
suggested name can be modified as desired.

If Save events was selected, the Event History window will open to 
allow the events to be saved. See Section 2: PC Software for more 
information.

Step 8. If you use the Breaker Wear Monitor, select the Terminal button in 
the lower left portion of the Firmware Loader to open the terminal 
window. From the Access Level 1 prompt, issue the BRE command 
and record the internal and external trip counters, internal and exter-
nal trip currents for each phase, and breaker wear percentages for 
each phase.

Step 9. Enable Terminal Logging capture (see Section 2: PC Software) and 
issue the following commands to save stored data. It is possible for 
these data to be lost during the firmware upgrade process.

a. MET E—accumulated energy metering

b. MET D—demand and peak demand

c. MET M—maximum/minimum metering

d. COMM A and COMM B—MIRRORED BITS communications logs

e. PROFILE—Load Profile

f. SER—Sequential Events Records

E Start SELBOOT

In the Step 2 of 4 window of the Firmware Loader, select Next to disable the 
relay and enter SELBOOT (see Figure B.2).

                    
                    

Figure B.2 Load Firmware (Step 2 of 4)
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F Maximize Port Data Rate

This step is performed automatically by the software.

G Upload New Relay Firmware

This step is performed automatically by the software. The software will erase the 
existing firmware and start the file transfer to upload the new firmware. Upload 
progress will be shown in the Transfer Status window. The entire firmware 
upload process can take longer than 10 minutes to complete.

When the firmware upload is complete, the relay will restart. The Firmware 
Loader automatically reestablishes communications and issues an STA command 
to the relay.

In cases where the relay does not restart within two minutes of the firmware 
upload completion (as indicated by the PC application), and no error messages 
appear on the relay HMI, turn the relay off and back on again. The firmware 
loader application should then resume. Answer Yes if the Firmware Loader 
prompts you to continue.

H Verify Relay Self-Tests

The Step 3 of 4 window of the Firmware Loader will indicate that it is checking 
the device status and when the check is complete (see Figure B.3).

The software will notify you if any problems are detected. You can view the relay 
status by opening the terminal using the Terminal button in the lower left portion 
of the Firmware Loader. If status failures are shown, open the terminal and see 
Troubleshooting on page B.24.

Select Next to go to the completion step.

                    
                    

Figure B.3 Load Firmware (Step 3 of 4)
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I Verify Relay Settings

If there are no failures, the relay will enable. In the Step 4 of 4 window (see 
Figure B.4), the Firmware Loader will give you the option to compare the device 
settings. If any differences are found, the software will provide the opportunity to 
restore the settings.

                    

Method 2: Using a Terminal Emulator
These instructions assume you have a working knowledge of your PC terminal 
emulation software. In particular, you must be able to modify the serial commu-
nications parameters (data speed, data bits, parity, and similar parameters), dis-
able any hardware or software flow control in the computer terminal emulation 
software, select a transfer protocol (1K Xmodem, for example), and transfer files 
(send and receive binary files).

The programs (firmware) that run in the SEL-400 series relays reside in Flash 
memory. To load new firmware versions, follow these instructions. The SEL-400 
series relays have two programs that you may need to upgrade: the regular, or 
“executable” program and the SELBOOT program.

A Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn is the firmware revision number, vy indicates the point release num-
ber, and 4xx indicates the relay type. For SELBOOT firmware, the file name is of 
the form snnn4xx or snnn-vy4xx, where snnn is the SELBOOT revision number 
and 4xx indicates that the SELBOOT version is for SEL-400 series relays. The 
firmware file name extensions are .s19, .z19, and .zds. Copy the firmware file to 
an easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

                    

Figure B.4 Verify Device Settings (Step 4 of 4)
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B Prepare the Relay

If the relay is in service, follow your company practices for removing a relay 
from service. Typically, these practices include disabling input and output control 
functions.

C Save Settings and Other Data

It is possible for data to be lost during the firmware upgrade process. Follow the 
steps in this section carefully to ensure that important data are saved.

Enter Access Level 2

NOTE: Once serial port 
communication is established, it is 
recommended to set the port SPEED 
setting to the highest possible port 
speed available (typically 57600 bps 
in Access Level 2). This will reduce the 
time needed to read settings and 
events from the relay.

Step 1. Using the communications terminal, at Access Level 0, type 
ACC <Enter>. 

Step 2. Type the Access Level 1 password and press <Enter>.

You will see the Access Level 1 => prompt. 

Step 3. Type 2AC <Enter>, and then type the correct password to go to 
Access Level 2. 

You will see the Access Level 2 =>> prompt. 

For more information, see Making an EIA-232 Serial Port 
Connection on page 3.4.

Backup Relay Settings

The relay preserves the settings and passwords during the firmware upgrade pro-
cess. However, if relay power is interrupted during the firmware upgrade process, 
the relay can lose the settings. Make a copy of the original relay settings in case 
you need to reenter settings.

Use one of the following methods to backup relay settings.

➤ If you have not already saved copies of the relay settings, use 
QuickSet to read and save the relay settings.

See Create and Manage Relay Settings on page 2.21.

➤ Alternatively, you can use the terminal to download all the relay 
settings.

See the FILE READ command under FILE on page 14.36.

For file retrieval procedures see Reading Oscillograms, Event 
Reports, and SER on page 3.46.

➤ If you have IEC 61850 configurations and you have not already 
saved copies of the CID file, use Architect to read and save the CID 
file. See Verify IEC 61850 Operation (Optional) on page B.22 for 
details.

D Start SELBOOT
Step 1. Establish/confirm binary transfer terminal communication.

Use a terminal program that supports 1K Xmodem transfer protocol 
to communicate with the relay.

Step 2. Prepare to control the relay at Access Level 2. If the relay is not 
already at Access Level 2, use the procedure in Enter Access Level 2 
on page B.12.

NOTE: In addition to all of the 
normal settings classes, log in to 
Access Level C and save the 
SET_CM.TXT file.
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Step 3. Start the relay SELBOOT program.

a. Type L_D <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
following message:
Disable relay to send or receive firmware (Y/N)?

If running a R3xx SELBOOT version, the relay responds with the 
following message:
Disable relay and transition to SELBoot (Y/N)?

b. Type Y <Enter>.

The relay responds with the following message:
Are you sure (Y/N)?

c. Type Y <Enter>.

The relay responds with the following message:
Relay Disabled

Step 4. Wait for the SELBOOT program to load.

The front-panel LCD screen displays the SELBOOT Ryyy firmware 
number (e.g., SELBOOT R209). Ryyy is the SELBOOT revision number 
and is a different revision number from the relay firmware revision 
number. The LCD also displays the present relay firmware (e.g., 
SEL-451-5-R324), and INITIALIZING.

When finished loading the SELBOOT program, the relay responds to 
the terminal with the SELBOOT !> prompt; the LCD shows the 
SELBOOT and relay firmware revision numbers.

Step 5. Press <Enter> to confirm that the relay is in SELBOOT; you will see 
another SELBOOT !> prompt.

Establish a High-Speed Serial Connection 
Step 1. At the SELBOOT prompt, type BAU 115200 <Enter> (see 

Figure B.7).

Step 2. Set your terminal program for a data speed of 115200 bps.

Step 3. Press <Enter> to check for the SELBOOT !> prompt indicating that 
serial communication at 115200 bps is successful.

E Upload New SELBOOT Firmware to the Relay
NOTE: Loading the incorrect 
SELBOOT firmware to the relay may 
cause the relay to malfunction, 
requiring factory repair.

Upgrading SELBOOT firmware in SEL-400 series relays is typically not required 
as part of a normal relay firmware upgrade process. However, core functions of 
the relay are occasionally enhanced, and the SELBOOT firmware must be 
upgraded to enable the enhanced functions. If a SELBOOT upgrade for the relay is 
not indicated in your upgrade kit, skip this step and continue on to F Upload New 
Relay Firmware on page B.14. See Table B.2 for file names.

NOTE: Do not cycle power to the 
relay during the SELBOOT firmware 
upgrade process. Doing so may cause 
the relay to malfunction, requiring 
factory repair.

To begin the relay SELBOOT upgrade, start at the SELBOOT !> prompt.

Step 1. Type REC BOOT command at the SELBOOT prompt, and answer Y 
when prompted to erase the existing SELBOOT firmware.

If the relay is running a R2xx SELBOOT version, the relay responds with:

                    

!>REC BOOT <Enter>
Caution! -  This command erases the SELboot firmware.
Are you sure you want to erase the existing firmware? (Y/N)
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If the relay is running a R3xx SELBOOT version, the relay responds 
with:

                    

Step 2. The relay will prompt you to begin the file transfer. Press any key to 
begin the file transfer to the relay.

Step 3. Select Xmodem as your file transfer method, then point the sending 
software tool to the relay SELBOOT file (snnn4xx.s19, snnn-
vy4xx.s19 or s3nn-vy4xx.zds) that is to be uploaded to the relay.

Upon successful negotiation of the new SELBOOT firmware file, the 
old SELBOOT software will be erased, and the new SELBOOT 
firmware will be written to the Flash memory of the relay. The relay 
will then automatically restart using the new SELBOOT firmware.

                    

Step 4. Once the relay has restarted, revert back to Table B.3 and determine 
your relay firmware upgrade method.

F Upload New Relay Firmware

If you are only upgrading SELBOOT, you can skip this step and continue to 
G Return Serial Data Speed to Nominal Operating Speed and Exit SELBOOT on 
page B.15.

Step 1. From the SELBOOT !> prompt, type REC <Enter>.

If running a R2xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.5.

                    

If running a R3xx SELBOOT version, the relay responds with the 
prompt shown in Figure B.6.

!>REC BOOT <Enter>
Caution! This command erases the SELBoot firmware.
Do not interrupt power during SELboot upload
or the device may require factory reprogramming.

Are you sure you want to erase the existing firmware (Y/N)?

Erasing old SELboot

Writing new SELboot to flash

Press any key to begin transfer, then start transfer at the PCC
Restarting SELboot

!>BAU 115200 <Enter>
!><Enter>

!>REC <Enter>
Caution! - This command erases the device firmware.
If you erase the firmware, new firmware must be loaded into the device
before it can be put back into service.
Are you sure you want to erase the existing firmware? (Y/N) Y <Enter>
Erasing

Erase successful
Press any key to begin transfer, then start transfer at the PCCC <Enter>

Figure B.5 Transferring New Firmware
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Step 2. When prompted with Are you sure you want to erase the 
existing firmware? (Y/N), type Y <Enter>.

The relay responds, Erasing, and erases the existing firmware. The 
front-panel LCD shows ERASING MEMORY.

When finished erasing, the relay responds, Erase successful, and 
prompts you to press any key to begin transferring the new firmware. 
The front-panel LCD shows only the SELBOOT program revision number.

Step 3. Press <Enter> to begin uploading the new firmware.

Step 4. Start the Transfer or Send process in your terminal emulation pro-
gram.

Use 1K Xmodem for fast transfer of the new firmware to the relay.

Step 5. Point the terminal program to the location of the new firmware file 
(the file that ends in .s19, .z19, and .zds).

NOTE: The relay displays one or 
more “C” characters while waiting for 
your PC terminal emulation program 
to send the new firmware. If you do 
not start the transfer quickly (within 
about 18 seconds), the relay times out 
and responds Remote system is 
not responding. If this happens, 
begin again at F Upload New Relay 
Firmware on page B.14.

Step 6. Begin the file transfer.

The typical transfer time at 115200 bps with 1K Xmodem is 10 to 20 
minutes. The LCD screen shows SELBOOT Ryyy LOADING CODE while 
the relay loads the new firmware.

Step 7. Wait for firmware load completion.

If the relay responds with the message Transfer failed — Model 
mismatch, please refer to Troubleshooting on page B.24.

When finished loading the new firmware, the relay responds, 
Transfer completed successfully and displays the SELBOOT !> 
prompt. The LCD screen displays SELBOOT Ryyy SEL-4xx-Rnnn, 
where yyy is the SELBOOT revision number, 4xx is the particular 
model of the SEL-400 series relay being upgraded, and nnn is the 
firmware revision number of the relay, e.g., R100 SEL-421-R105.

G Return Serial Data Speed to Nominal Operating Speed and Exit 
SELBOOT

Step 1. Type <Enter> to confirm relay communication.

The terminal displays the SELBOOT !> prompt.

Step 2. Type BAU 9600 <Enter> to reduce the data speed to your nominal 
serial communications speed (9600 bps in this example).

Step 3. Set your terminal emulation program to match the nominal data speed.

Step 4. Type <Enter> to confirm that you have reestablished communication 
with the relay.

The relay responds with the SELBOOT !> prompt.

!>REC <Enter>
Caution! This command erases the firmware.
If you erase the firmware then new firmware
must be loaded before returning the IED to service.

Are you sure you want to erase the existing firmware (Y/N)?
Press any key to begin transfer and then start transfer at the terminal.

Figure B.6 Transferring New Firmware
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Step 5. Type EXI <Enter> to exit the SELBOOT program.

After a slight delay, the relay responds with the following message:
CAUTION: Initial relay restart. DO NOT cycle power during 
this time. Please wait 3 minutes for restart completion.

Step 6. Following the expected relay restart time from Step 5, proceed to 
H Verify Relay Self-Tests on page B.16.

H Verify Relay Self-Tests
Step 1. Press <Enter> and confirm that the Access Level 0 = prompt appears 

on your terminal screen.

Step 2. Remove input power to the relay.

a. Allow at least 10 seconds during the removal of relay power to 
ensure that the power supply has shut down.

b. Reapply input power to the relay.

c. Wait 10 minutes after startup of the relay to allow the relay to 
detect any hardware changes made during the upgrade process.

Step 3. Enter Access Level 1 using the ACC command and Access Level 1 
password.

Step 4. Enter Access Level 2 using the 2AC command and Access Level 2 
password.

Step 5. Type VER <Enter> to confirm the new firmware.

Step 6. Match the firmware revision number with the FID number on the 
screen.

Step 7. Type STA <Enter> to check the relay status and accept new hard-
ware changes if needed.

Step 8. Verify that all relay self-test parameters are within tolerance. (The 
relay compares the settings before and after the upgrade process and 
displays an upgrade warning if settings are dissimilar. You can find 
details in the upgrade report file.)

Step 9. View the front-panel ENABLED LED and confirm that the LED is illu-
minated.

Unless there is a serious problem, the ENABLED LED illuminates 
without any intervention, and the relay retains all settings.

If the relay does not enable within five minutes of the Initial relay restart 
message, contact your Technical Service Center or the SEL factory for assistance 
(see Technical Support on page B.26).

I Verify Relay Settings
Step 1. Prepare to control the relay at Access Level 2; use the procedure in 

Enter Access Level 2 on page B.12.

Step 2. Type VER <Enter> to confirm the new firmware.

Step 3. Match the firmware revision number with the FID number on the 
screen.
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Step 4. Use one of the following methods to review your settings.

➢ Use the QuickSet Read menu.

If the settings do not match the settings that you recorded in 
Backup Relay Settings on page B.12, use QuickSet to restore 
relay settings. 

➢ Type SHOW <Enter>.

You can reissue the settings with the SET commands (see 
Section 9: ASCII Command Reference of the product-specific 
instruction manual for information on the SHOW and SET 
commands).

Step 5. Type STA <Enter> to check relay status.

Step 6. Verify that all relay self-test parameters are within tolerance.

Method 3: Using a Web Browser
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of the web browser, the HTTP server must be 
enabled for the Ethernet ports. SEL recommends enabling Telnet in case you 
need to perform any ASCII terminal commands (inputting settings, etc.).

Never use the web browser to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade relay firmware by using the web browser, the PORT 5 settings MAX-
ACC and EETHFWU must be set to 2 or C, and Y, respectively. In the web 
browser login page, Access Level 2 is provided as a user-selectable login access 
level. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled. If EPAC = Y, ensure Relay Word bit E2AC is asserted to allow 
Level 2 access.

B Obtain Firmware File

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn4xx or rnnn-vy4xx, 
where rnnn indicates the firmware revision number, vy indicates the point-release 
number, and 4xx indicates the relay type. For SELBOOT firmware, the file name is 
of the form snnn-vy4xx, where snnn is the SELBOOT revision number, and 4xx 
indicates that the SELBOOT version is for SEL-400 series relays. The firmware 
file name extensions are .s19, .z19, and .zds. Only the .zds file can be used when 
using the web browser. Copy the .zds digitally signed firmware upgrade file to an 
easily accessible location on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing a 

relay from service. Typically, these include changing settings, or dis-
connecting external voltage sources or output contact wiring, to dis-
able relay control functions.

Step 2. Apply power to the relay.
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D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay.

E Prepare the Relay (Save Relay Settings and Other Data)

Create a Telnet connection in QuickSet or SEL Grid Configurator (for relays sup-
ported by SEL Grid) and read both settings and event reports stored on the relay. 
If you prefer using FTP to pull settings and reports, and FTP is enabled on the 
Ethernet ports, see E Establish Communications With the Relay and Read Set-
tings on page B.21 for pulling events and reports over FTP.

F Establish a Web Browser Connection With the Relay
Step 1. Establish communication between your personal computer and the 

relay through a web browser (HTTP) connection. See HTTP (Hyper-
text Transfer Protocol) Server on page 15.20 for more information.

G Upload New Firmware
Step 1. To upload new firmware, log in to Access Level 2 of the web server. 

Select 2AC from the Access Level dropdown box. Enter the respec-
tive Access Level 1 and 2 passwords and select the Login button.

Step 2. Once logged in verify communication with the correct relay by 
checking the Relay Identifier (RID setting) and Substation Identifier 
(SID setting) next to the SEL icon in the upper left corner of the web 
browser page. Choose System > Firmware Upgrade from the left 
pane, which brings up the page shown in Figure B.7. This page also 
displays feedback from the previous firmware upgrades. If the prior 
firmware upgrade was successful, the page displays Previous 
firmware upgrade successful. Date:  mm/dd/yy  Time:  hh:mm:ss. 
If the prior firmware upgrade failed, the page displays Previous 
firmware upgrade failed. Date: mm/dd/yy Time: hh:mm:ss, with 
an error message below. If no prior firmware upgrade has occurred 
(which is the case for a new unit from the factory), the page displays, 
Previous firmware upgrade information is unavailable.

                    

NOTE: Access level passwords are 
not encrypted in any way by the Web 
Server when logging in.

                    

Figure B.7 Firmware Upload File Selection Page
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Step 3. To search for your firmware file, select the Browse button. The 
format of this file must be .zds. If upgrading relay firmware, the 
name of the file sent can be either rnnn-vy4xx.zds or RELAY.ZDS. If 
upgrading SELBOOT firmware, the name of the file can be s3nn-
vy4xx.zds or SELBOOT.ZDS.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Step 4. To submit, select Upload File. Once the upload has started, it cannot 
be canceled. During the upload process the relay remains enabled 
and continues normal operation.

Step 5. Once the firmware file is transferred to the device, the relay disables 
and attempts to restart using the new firmware.

Step 6. When the firmware upload process is complete, the message shown 
in Figure B.8 is displayed by the web server. The HTTP session 
closes after the upload is complete and the firmware upgrade takes 
place. The message displayed indicates how long the firmware 
upgrade process will take. The relay automatically enables after a 
successful firmware upgrade.

                     

H Verify Firmware
Step 1. Re-establish an HTTP connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then re-establish a connection when the relay reports as online.

Step 2. Select System > Device Features from the left pane and verify the 
relay FID or BFID matches the firmware to which you expected to 
upgrade.

I Check Web Browser Upgrade Messages

After the firmware upgrade is completed and once you have logged back into 
Access Level 1 of the web server, you can check the relay self-tests by selecting 
Relay Status > Self Tests in the left pane. The following table provides messages 
displayed in the web browser and the message meaning.

                    

                    

Figure B.8 Firmware Upgrade Confirmation

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 1 of 2)

User Message Relay Condition

Previous upgrade information is not available. No previous firmware upgrade using a .zds 
file has occurred

Previous upgrade successful. The previous firmware upgrade with a .zds 
file was successful.



B.20

SEL-400 Series Relays Instruction Manual Date Code 20230830

Firmware Upgrade Instructions
Relay Firmware Upgrade Procedure

J Verify Relay Settings

To verify the settings are correct for your relay, choose Show Settings in the left 
pane. Verify that these match the settings saved earlier (see G Upload New Firm-
ware on page B.18). Note that calibration settings are not viewable via the web 
server, a terminal connection is needed to verify these settings. If the settings do 
not match, reenter the settings saved earlier.

Method 4: Using FTP
NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware upgrade 
is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

To upgrade firmware through use of FTP, FTP must be enabled for the Ethernet 
ports. SEL recommends enabling Telnet in case you need to perform any ASCII 
terminal commands (inputting settings, etc.). SEL recommends a software inter-
face on your PC because it can help you visualize and simplify the file-transfer 
process. Become familiar with the FTP interface of your choosing prior to 
attempting a firmware upgrade over FTP. 

Never use FTP to downgrade firmware on a relay.

A Set PORT 5 Settings MAXACC, EETHFWU, and EPAC

To upgrade firmware by using FTP, the PORT 5 settings MAXACC and 
EETHFWU must be set to 2 or C, and Y, respectively. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled. If EPAC = Y, ensure 
Relay Word bit E2AC is asserted to allow Level 2 access. Also, if FTP anony-
mous logins are enabled (FTPANM := Y), the UPGRADE directory is hidden 
from FTP and Ethernet upgrades over FTP are not allowed.

B Obtain Firmware File and Rename File for FTP File Transfer

The firmware file is usually provided on a CD-ROM. Locate the firmware file on 
the disc. For relay firmware, the file name is of the form rnnn-vy4xx, where rnnn 
indicates the firmware revision number, vy indicates the point-release number, 
and 4xx indicates the relay type. For SELBOOT firmware, the file name is of the 
form snnn4xx, where snnn is the SELBOOT revision number and 4xx indicates 
that the SELBOOT version is for SEL-400 series relays. The firmware file name 

Previous upgrade failed. A previous attempt to upgrade firmware 
failed. Contact SEL Support if this occurs.

The file upload was successful. The device is 
restarting and the connection with the web 
server is closing to complete the firmware 
upgrade process. You should be able to log 
back into the web server within about 5 
minutes.

The relay successfully received and validated 
the .zds file and will now load the firmware 
and automatically restart and enable the new 
firmware.

Invalid upgrade file. The .zds file was not successfully received or 
validated by the relay.

Model mismatch. The .zds file is for firmware for a different 
SEL-400 series relays model.

Settings modification in progress on another 
interface.

Settings within the relay are currently being 
modified through another connection.

Upgrade in progress on another interface. A firmware upgrade is currently being per-
formed through another connection.

Table B.4 Ethernet Firmware Upgrade User Messages (Sheet 2 of 2)

User Message Relay Condition
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extensions are .s19, .z19, and .zds. Only the .zds file can be used when using FTP. 
Copy the .zds digitally signed firmware upgrade file to an easily accessible loca-
tion on the PC.

Firmware is designed to be used with specific relays. A list of relay serial num-
bers is provided as part of the firmware upgrade package. The firmware provided 
is for use with the listed relays only. Attempts to upgrade relays not listed might 
not be successful and can result in relay failure.

If upgrading relay firmware, rename the provided rnnn-vy4xx.zds firmware 
upgrade file to RELAY.ZDS by right-clicking the file on your PC and selecting 
Rename. Based on FTP file transfer and relay directories, the relay must receive 
the file as the name RELAY.ZDS.

If upgrading SELBOOT firmware, rename the provided s3nn-vy4xx.zds SELBOOT 
upgrade file to SELBOOT.ZDS by right-clicking the file on your PC and select-
ing Rename. Because of the FTP file transfer and relay directories, the relay 
must receive the SELBOOT upgrade file as the name SELBOOT.ZDS.

C Remove Relay From Service
Step 1. If the relay is in use, follow your company practices for removing 

relays from service. Typically, these include changing settings or dis-
connecting external voltage sources or output contact wiring to dis-
able relay functions.

Step 2. Apply power to the relay.

D Read IEC 61850 CID File Through Architect
Step 1. Establish an FTP connection between the relay and your computer in 

Architect.

Step 2. Download the CID file by using the IP address of the relay. 

E Establish Communications With the Relay and Read Settings
Step 1. Establish an FTP connection between your personal computer and 

relay in the FTP software interface of your choosing. The username 
is 2AC and the password is your Access Level 2 password. FTP is 
used on Port 21 of the relay, so ensure in the connections window the 
IP address of your relay you are upgrading is correct and the FTP 
port is assigned to 21.

Step 2. In the FTP user interface, in the relay file list, navigate to the 
SETTINGS folder.

Step 3. Download all .TXT files stored in this folder from the relay. Note that 
the SEL_ALL.TXT file is a read-only file and cannot be sent back to 
the relay.

Step 4. In the relay file list menu, navigate back to the main root folder, then 
navigate to the REPORTS folder. Download all .TXT files stored in 
this folder from the relay.

Step 5. In the relay file list menu, navigate back to the main root folder, then 
navigate to the EVENTS folder. Download all events of interest.
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F Send Firmware
Step 1. With the FTP connection established in E Establish Communications 

With the Relay and Read Settings on page B.21, in your FTP software 
interface, point to the renamed relay RELAY.ZDS file if upgrading 
relay firmware, or the renamed SELBOOT SELBOOT.ZDS upgrade 
file if upgrading SELBOOT firmware on your PC. On the relay side, 
navigate to the UPGRADE folder and open it.

Step 2. Send the renamed RELAY.ZDS or SELBOOT.ZDS file to the 
UPGRADE file directory folder of the relay. Select Yes to the over-
write question, if prompted.

NOTE: The relay automatically 
disables during the firmware upgrade 
process then enables following a 
successful upgrade.

Once the file is loaded to the relay, the relay verifies the file and then 
accepts the file if the file is verified by the keying algorithm. If the 
relay accepts the file, the previous firmware is removed and the new 
firmware is installed. It is important to note that once the relay 
successfully loads the new firmware, it automatically restarts and 
enables the firmware. During this process, you will lose the FTP 
connection, and you must re-establish the FTP connection if required 
to perform Step 3 after approximately five minutes. The relay 
automatically enables after a successful firmware upgrade.

Step 3. During this upgrade process, you will lose the FTP connection, and 
you must re-establish the FTP connection after approximately five 
minutes or when the link status with the relay shows the relay online. 
Re-establish the FTP connection, then navigate to the relay 
UPGRADE directory and read the error file ERR.TXT. Open the .txt 
file on your PC and review for any error messages. If the firmware 
upgraded properly, no errors occurred during the upgrade process 
and the file is empty. If messages are contained within the file, see 
Table B.4 for the error message and what the error means.

G Verify Firmware
Step 1. Establish a Telnet connection with the relay after the displayed 

expected upgrade time or monitor the link status with the relay and 
then establish a connection when the relay reports as online.

Step 2. Issue the ID command and verify the relay FID or BFID matches the 
firmware to which you expected to upgrade.

H Verify Relay Settings
Step 1. Establish the same FTP connection as identified in E Establish Com-

munications With the Relay and Read Settings on page B.21. 

Step 2. Navigate to the relay root directory, then the relay SETTINGS directory.

Step 3. Read the UPGRADE_RPT.TXT file from the relay. Open the .TXT 
file on your PC and see if there are any unexpected settings changes. 
Contact SEL Support (selinc.com/support/) at any time for further 
assistance.

Verify IEC 61850 Operation (Optional)
The SEL-400 series relays with optional IEC 61850 protocol require the presence 
of one valid CID file to enable the protocol. You should only transfer a CID file 
to the relay if you want to implement a change in the IEC 61850 configuration or 
restore the relay CID file after a firmware upgrade in which the CID file is 

http://selinc.com/support/
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removed. If you transfer an invalid CID file, the relay will disable the IEC 61850 
protocol because it no longer has a valid configuration. To restart IEC 61850 pro-
tocol operation, you must transfer a valid CID file to the relay.

Perform the following steps to verify that the IEC 61850 protocol is still opera-
tional and if not, re-enable it. This procedure assumes that IEC 61850 was opera-
tional with a valid CID file immediately before initiating the firmware upgrade. If 
the IEC 61850 protocol was not configured prior to the upgrade, skip to Return 
Relay to Service on page B.24. Refer to the Section 17: IEC 61850 Communica-
tion for help with IEC 61850 configuration.

Step 1. Issue the STA, ID, and GOO commands.

Step 2. Verify that there are no error messages regarding IEC 61850 or CID 
file parsing.

If the responses to the STA, ID, or GOO commands contain 
IEC 61850 or CID error messages, continue with the following steps 
to re-enable the IEC 61850 protocol. Otherwise, skip to Method 2: 
Using a Terminal Emulator on page B.11.

If the IEC 61850 protocol has been disabled because of an upgrade-
induced CID file incompatibility, you can use Architect to create and 
send a compatible CID file to the relay.

Step 3. In the Telnet session, issue the STA, ID, and GOO commands.

Step 4. Verify that no IEC 61850 error messages are in the STA or ID com-
mand responses.

Step 5. Verify the GOOSE transmitted and received messages are as 
expected.

Relays being upgraded from firmware that did not support a local-time UTC off-
set setting (UTCOFF) to firmware that does support the UTCOFF setting may 
show incorrect time stamps in Demand Metering and Breaker Monitor report 
data that was recorded by the relay prior to the firmware upgrade.

The time stamps shown for the Demand Metering and Breaker Monitor data 
recorded prior to the firmware upgrade will show UTC time plus an eight-hour 
local time offset, along with any applicable daylight-saving time adjustment.

This only affects time stamps recorded and stored by the relay prior to the firm-
ware upgrade. All time stamps in Demand Metering and Breaker Monitoring fol-
lowing the firmware upgrade will be UTC time with the local time offset setting 
(UTCOFF) and daylight-saving time applied.

No other reports (Event History, Event Summary, SER, etc.) are affected.

Time-Domain Link (TiDL) Centrally Controlled Firmware 
Upgrade (For Relays Supporting T-Protocol)

The SEL-TMUs will be selectively upgraded through connected relays. 

Relays that share common SEL-TMUs can be upgraded independently without 
affecting other devices (relays and SEL-TMUs) in the TiDL system. 

NOTE: The five-port Ethernet card 
uses a ClassFileVersion 007 or higher 
CID file for IEC 61850 configuration. 
Use Architect to create a CID file for 
the five-port Ethernet card.



B.24

SEL-400 Series Relays Instruction Manual Date Code 20230830

Firmware Upgrade Instructions
Return Relay to Service

Return Relay to Service
Step 1. Open a terminal window.

Step 2. Use the ACC command with the associated password to enter Access 
Level 1.

Step 3. Issue the ID command and compare the firmware revision (Rnnn or 
Rnnn-Vy) displayed in the FID string against the number from the 
firmware envelope label. If the numbers match, proceed to Step 5.

Step 4. For a mismatch between a displayed FID and the firmware envelope 
label, re-attempt the upgrade or contact SEL for assistance.

Step 5. If you use the Breaker Wear Monitor, type BRE <Enter> to check 
the data to see if the relay retained breaker wear data through the 
upgrade procedure. If the relay did not retain these data, use the 
BRE W command to reload the percent contact wear values recorded 
in D Save Settings and Other Data on page B.8.

Step 6. Apply current and voltage signals to the relay.

Step 7. Type MET <Enter> or use the QuickSet HMI to verify that the cur-
rent and voltage signals are correct.

Step 8. Use the TRI and EVE/CEV commands or Tools > Events > Get 
Events menu in QuickSet to verify that the magnitudes of the current 
and voltage signals you applied to the relay match those displayed in 
the event report. If these values do not match, check the relay settings 
and wiring.

Step 9. Autoconfigure the SEL communications processor port if you have 
an SEL communications processor connected to the relay. This step 
re-establishes automatic data collection between the SEL communi-
cations processor and the relay. Failure to perform this step can result 
in automatic data collection failure when cycling communications 
processor power.

Follow your company procedures for returning a relay to service.

Troubleshooting
Resolving Model Mismatch

When uploading a new firmware file to the relay, SELBOOT checks the relay 
model number (for example, 451, 421, 487) to ensure that the firmware being 
loaded into the relay is correct for the relay model. If the relay responds with 
Transfer failed — Model mismatch when a firmware upload is attempted, it is 
because the relay model number does not match. This may be because the firm-
ware file is not correct, or the relay model number stored in the relay memory 
was corrupted by an interruption of the file upload.

To remedy this problem, first ensure you are sending the correct file to the relay. 
Table B.2 shows the file names used for the firmware files. Verify that the model 
number in the firmware file matches the model of the relay and then reattempt the 
upload. If the upload fails again or if SELBOOT is inaccessible, contact SEL for 
assistance. 

NOTE: Converting to the five-port 
Ethernet card introduces a third MAC 
address. Follow your company 
networking guidelines to update your 
Ethernet switch configurations to 
integrate the five-port Ethernet card 
into your network.
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Resolving Communications Card Firmware Mismatch
The COMM CARD FIRMWARE MISMATCH error indicates that the five-port Ethernet 
card is installed, but the relay firmware does not match or is not compatible with 
the Ethernet card. To resolve the error, load any relay firmware that supports the 
five-port Ethernet card. Refer to Appendix A of the relay-specific instruction 
manual for compatible firmware versions. If supported firmware is already 
loaded, reload the firmware. If the error persists, contact SEL for assistance.

Resolving Status Failure Message Response to STA Command
If a status failure message is returned in response to the STA command, perform 
the following steps.

Step 1. Use the ACC and 2AC commands with the associated passwords to 
enter Access Level 2.

Step 2. Type STA C <Enter>. Answer Y <Enter> to the Reboot the relay 
and clear status prompt. The relay will respond with Rebooting 
the relay. Wait for about 30 seconds, then press <Enter> until you 
see the Access Level 0 = prompt.

Step 3. Use the ACC command with the associated password to enter Access 
Level 1.

Step 4. Type STA <Enter>.

If there are no fail messages and you are using Method 1, select Next 
in Step 3 of 4 of the Firmware Loader and go to I Verify Relay 
Settings on page B.16.

If there are no fail messages and you are using Method 2, go to 
I Verify Relay Settings on page B.16.

If there are fail messages, continue with Step 5.

Step 5. Use the 2AC command with the associated password to enter Access 
Level 2.

Step 6. Use the CAL command and type the corresponding password to 
enter Access Level C.

Step 7. Type R_S <Enter> to restore factory-default settings in the relay.

The relay asks whether to restore default settings. If the relay does 
not accept the R_S command, contact SEL for assistance.

Step 8. Type Y <Enter>.

The relay can take as long as two minutes to restore default settings. 
The relay then reinitializes, and the ENABLED LED illuminates. This 
LED is labeled either EN or ENABLED, depending on the relay model.

Step 9. Press <Enter> to check for the Access Level 0 = prompt indicating 
that serial communication is successful.

Step 10. Use the ACC and 2AC commands and type the corresponding pass-
words to reenter Access Level 2.

Step 11. Use the CAL command and type the corresponding password to 
enter the relay Calibration settings level.

NOTE: Step 7 causes the loss of 
settings and other important data. Be 
sure to retain relay settings and other 
data downloaded from the relay at the 
start of the firmware upgrade process. 
Relay calibration level settings will not 
be lost.
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Step 12. Type SHO C <Enter> to verify the relay calibration settings.

If using Method 1 and the settings do not match the settings 
contained in the text file you recorded in C Save Settings and Other 
Data on page B.12, contact SEL for assistance.

If using Method 2 and the settings do not match the settings 
contained in the text file you recorded in B Prepare the Relay on 
page B.12, contact SEL for assistance.

Step 13. Use the PAS n (n = 0, 1, 2, B, P, A, O, C) command to set the relay 
passwords.

Step 14. Restore the relay settings:

a. If you have SEL-5010 Relay Assistant software or QuickSet, 
restore the original settings by following the instructions for the 
respective software.

b. If you do not have the SEL-5010 Relay Assistant software or 
QuickSet, restore the original settings by issuing the necessary 
SET n commands.

Step 15. If any failure status messages still appear on the relay display, see the 
Testing and Troubleshooting section in your relay instruction manual 
or contact SEL for assistance.

Technical Support
We appreciate your interest in SEL products and services. If you have questions 
or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

mailto:info@selinc.com
http://selinc.com/support/
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Cybersecurity Features

The SEL-400 series relays have a number of security features to assist users with 
meeting their cybersecurity design requirements.

Ports and Services
Physical Ports

The SEL-400 series relays include four serial ports and an Ethernet communica-
tions card with as many as five ports. Each physical serial port and Ethernet port 
can be individually disabled using the EPORT setting. By default, all of the ports 
are enabled. 

SEL recommends that unused communications ports be disabled.

SEL-400 series relays with a TiDL configuration also have eight ports. These are 
always enabled, but they have a very limited functionality, as described below.

IP Ports
When using Ethernet, there are a number of possible IP ports available within the 
relay. Many of these IP port numbers are configurable. All IP ports can be dis-
abled and are disabled by default. Table C.1 describes each of these.

                    

Note that IP traffic is only supported on station bus ports, so process bus ports 
have no open IP ports. See Ethernet Communications on page 15.6 for more infor-
mation on these settings.

Table C.1 IP Port Numbers

IP Port 
Default

Port 
Selection 
Setting

Network 
Protocol

Default Port 
State

Port Enable 
Setting

Purpose

21 -- TCP Disabled FTPSERV FTP protocol access for file transfer of settings and reports

23 TPORT TCP Disabled ETELNET Telnet access for general engineering terminal access

80 HTTPPOR TCP Disabled EHTTP Web server access to read various relay information

102 -- TCP Disabled E61850 IEC 61850 Manufacturing Message Specification (MMS) 
for SCADA functionality

123 SNTPPOR UDP Disabled ESNTP SNTP time synchronization

319/320 -- UDP Disabled EPTP Precision Time Protocol (PTP) time synchronization

4712/ 4713 PMOTCP1/ 
PMOUDP1

TCP/UDP Disabled PMOTS1 Synchrophasor data output, session 1

4712/ 4713 PMOTCP2/ 
PMOUDP2

TCP/UDP Disabled PMOTS2 Synchrophasor data output, session 2

20000 DNPPNUM TCP/UDP Disabled EDNP DNP3 for SCADA functionality
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Cybersecurity Features
Authentication and Authorization Controls

Segregating Ethernet Ports
In some operating modes, the enabled Ethernet ports support both IP traffic and 
layer 2 protocols (i.e., IEC 61850 GOOSE). If NETMODE = ISOLATEIP, then one 
port only permits GOOSE traffic. This allows this port to be routed outside of a 
security perimeter while retaining the ability to perform basic monitoring and 
control. See Redundant Ethernet Ports (Two- or Four-Port Ethernet Card) on 
page 15.10 for more information on this mode.

T-Protocol Ports
SEL-400 series relays with a TiDL configuration that supports T-Protocol have 
eight TiDL communications ports. These ports communicate with SEL-TMUs. 
The ports are used exclusively for exchanging analog and digital data with 
SEL-TMUs; they will not recognize any other types of communications.

Once the system is configured and commissioned, the relay only communicates 
with the associated SEL-TMUs that were commissioned during the relay com-
missioning process. Any other traffic on these ports is ignored.

EtherCAT Ports
SEL-400 series relays with a TiDL configuration that supports EtherCAT have 
eight EtherCAT ports. These communicate with Axion nodes. The ports are used 
exclusively for exchanging analog and digital data with Axions; they will not rec-
ognize any other types of communication.

Once the system is configured and commissioned, the relay will only communi-
cate with recognized Axions. Any other traffic on these ports will be ignored. 
After commissioning, the loss of communications to any configured Axion or 
Axion module will cause the relay to disable.

Authentication and Authorization Controls
Local Accounts

SEL-400 series relays support eight levels of access, as described in the Access 
Levels and Passwords on page 3.7. Refer to this section to learn how each level is 
accessed and what the default passwords are. It is good security practice to 
change the default passwords of each access level and to use a unique password for 
each level.

Relays have the capability to limit the level of access on a port basis. The maxi-
mum access level setting may be used on each port to restrict these authorization 
levels. This permits you to operate under the principle of “least privilege,” 
restricting ports to the levels needed for the functions performed on those ports. 
In addition, you can use the EPAC setting on each port to restrict read or write 
access as defined by the Global SELOGIC equations EACC and E2AC. 

Each relay supports strong passwords of as many as 12 characters including any 
printable character, allowing users to select complex passwords if they so choose. 
SEL recommends that passwords contain a minimum of eight characters contain-
ing at least one of each of the following: lowercase letter, uppercase letter, num-
ber, and special character.

NOTE: Isolated IP mode is not available 
when using the five-port Ethernet 
card. Configure a ClassFileVersion 
007 or higher CID file for the five-port 
Ethernet card to define which ports 
publish GOOSE traffic.



C.3

Date Code 20230830 Instruction Manual SEL-400 Series Relays

Cybersecurity Features
Malware Protection Features

Authentication Failures
When three successive login attempts fail as a result of an incorrect password 
entry, the relay locks out login attempts on that port for 30 seconds. It also pulses 
the BADPASS Relay Word bit.

Malware Protection Features
Firmware Hash Verification

SEL provides firmware hashes as an additional tool to verify the integrity of SEL 
firmware upgrade files. This helps ensure that the firmware received from the 
factory is complete and unaltered prior to sending the firmware to the SEL 
device. Verify that the firmware file in your possession is a known good SEL 
firmware release by comparing the calculated hash value of the firmware in your 
possession with the hash value provided at selinc.com/products/firmware/.

Operating System/Firmware
SEL-400 series relays are embedded devices that do not allow additional soft-
ware to be installed. SEL-400 series relays include a self-test that continually 
checks running code against the known good baseline version of code in nonvol-
atile memory. This process is outlined in more detail in the document titled The 
SEL Process for Mitigating Malware Risk to Embedded Devices located at 
selinc.com/mitigating_malware/.

SEL-400 series relays run in an embedded environment for which there is no 
commercial anti-virus software available.

Software/Firmware Verification
SEL-400 series relays have the ability to install firmware updates in the field. 
Authenticity and integrity of firmware updates can be verified by using the Firm-
ware Hash page at selinc.com/products/firmware/.

See Firmware Verification available at selinc.com/products/firmware for infor-
mation that can help verify that currently installed firmware on an SEL relay is 
complete and unaltered.

Logging Features
Internal Log Storage

The Sequential Event Recorder (SER) log is a useful tool for capturing a variety 
of relay events. In addition to capturing state changes of user selected Relay 
Word bits, it captures all startups, settings changes, and group switches. See 
Sequential Events Recorder (SER) on page 9.28 for more information about SER.

http://selinc.com/products/firmware/
https://selinc.com/products/firmware/
https://selinc.com/mitigating_malware/
https://selinc.com/products/firmware/
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Cybersecurity Features
Physical Access Security

Alarm Reporting
The relay provides the following Relay Word bits that are useful for monitoring 
relay access:

➤ BADPASS—Pulses for one second if a user enters three successive 
bad passwords.

➤ ACCESS—Set while any user is logged into Access Level B or higher.

➤ ACCESSP—Pulses for one second whenever a user gains access to 
an Access Level of B or higher.

➤ PASSDIS—Set if the password disable jumper is installed.

➤ BRKENAB—Set if the breaker control enable jumper is installed.

➤ LINK5A, LINK5B, LINK5C, LINK5D, LINK5E—Set while the 
link is active on the respective Ethernet port. Loss-of-link can be an 
indication that an Ethernet cable has been disconnected.

NOTE: The relay can take as long as 
6 ms to detect and report the loss of 
link on an active port (assert LNKFAIL 
or LNKFL2).

➤ LNKFAIL—Set if link is lost on any active station bus port. For 
relays with only two Ethernet ports, LNKFAIL asserts if link is lost 
on either port.

➤ LNKFL2—Set if link is lost on the active process bus port (Ethernet 
87L ports or Sampled Values (SV) ports in devices with those 
capabilities). Once detected, the loss of the active port on the process 
bus causes immediate failover if the backup port has a good data link. 
If this is the case, failover may occur too quickly for the SER scanner 
to register the assertion and deassertion of LNKFL2.

These bits can be mapped for SCADA monitoring via DNP3, IEC 61850, or SEL 
Fast Message. They can also be added to the SER log for later analysis and 
assigned to output contacts for alarm purposes.

Physical Access Security
Physical security of cybersecurity assets is a common concern. Typically, relays 
are installed within a control enclosure that provides physical security. Other 
times, they are installed in boxes within the switch yard. The relay provides some 
tools that may be useful to help manage physical security, especially when the 
unit is installed in the switch yard.

You can monitor physical ingress by wiring a door sensor to one of the relay con-
tact inputs. This input can then be mapped for SCADA monitoring or added to 
the SER log so that you can detect when physical access to the relay occurs.

It is also possible to wire an electronic latch to a relay contact output. You could 
then map this input for SCADA control.

Configuration Control Support
Product Version Information

The SEL-400 series relay firmware revision number (FID) provides the current 
firmware version/patch level. The FID can be obtained using the STATUS command.
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Cybersecurity Features
Backup and Restore

Settings Version Information
All settings changes are logged to the SER log. Analysis of this log will let you 
determine if any unauthorized settings changes occurred.

The relay also stores a hash code for each settings class in the CFG.txt file. After 
configuring the device, you can read the CFG.txt file and store it for future refer-
ence. You can then periodically read this file from the relay and compare it to the 
stored reference. If any of the hash codes have changed, then you know that a set-
tings class has been modified.

Backup and Restore
SEL-400 series relays support the export and import of settings and configuration 
by using ACSELERATOR QuickSet SEL-5030 Software and ACSELERATOR 
Architect SEL-5032 Software. Settings can also be imported and exported as files 
by using any file transfer mechanism.

Decommissioning
NOTE: Do not do this when sending 
in the relay for service at the factory. 
SEL needs to be able to see how the 
relay was configured to properly 
diagnose any problems.

It is often desirable to erase the settings from the relay when it is removed from 
service. You can completely erase all the configuration settings from the relay by 
using the following procedure.

Step 1. Go to Access Level C.

Step 2. Execute the R_S command to restore the device to factory-default 
settings.

Step 3. Allow the relay to restart.

Step 4. Go to Access Level C.

Step 5. Execute the R_S command again to set the backup copy of settings to 
factory default.

Step 6. Allow the relay to restart.

Once this procedure is complete, all internal instances of all user settings and 
passwords will be erased.

Vulnerability Notification Process
Security Vulnerability Process

SEL provides security disclosure alerts to customers, and SEL instruction manu-
als document all releases. SEL security vulnerability disclosures are described in 
The SEL Process for Disclosing Security Vulnerabilities located at selinc.com.

Emailed Security Notification
You can sign up to receive email notifications when SEL releases security vulner-
ability notices and service bulletins at selinc.com/support/security-notifications/.

http://selinc.com/
https://selinc.com/solutions/security-for-critical-infrastructure/
http://selinc.com/support/security-notifications/
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a Contact A breaker auxiliary contact (ANSI Standard Device Number 52A) that closes 
when the breaker is closed and opens when the breaker is open.

a Output A relay control output that closes when the output relay asserts.

b Contact A breaker auxiliary contact (ANSI Standard Device Number 52B) that opens 
when the breaker is closed and closes when the breaker is open.

b Output A relay control output that opens when the output relay asserts.

c Contact A breaker auxiliary contact that can be set to serve either as an a contact or as a b 
contact.

c Output An output with both an a output and b output sharing a common post.

3U, 4U, 5U, 6U, 7U, 9U The designation of the vertical height of a device in rack units. One rack unit, U, 
is approximately 1.75 inches or 44.45 mm.

A Abbreviation for amps or amperes—a unit of electrical current flow.

ABS Operator An operator in math SELOGIC control equations that provides absolute value.

AC Ripple The peak-to-peak ac component of a signal or waveform. In the station dc battery 
system, monitoring ac ripple provides an indication of whether the substation 
battery charger has failed.

Acceptance Testing Testing that confirms that the relay meets published critical performance 
specifications and requirements of the intended application. Such testing involves 
testing protection elements and logic functions when qualifying a relay model for 
use on the utility system.

Access Level A relay command level with a specified set of relay information and commands. 
Except for Access Level 0, you must have the correct password to enter an access 
level.

Access Level 0 The least secure and most limited access level. No password protects this level. 
From this level, you must enter a password to go to a higher level.

Access Level 1 A relay command level you use to monitor (view) relay information. The default 
access level for the relay front panel.

Access Level 2 The most secure access level where you have total relay functionality and control 
of all settings types.

Access Level A A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Automation, Alias, Global, Front Panel, Report, Port, 
and DNP3 settings.

Access Level B A relay command level you use for Access Level 1 functions plus circuit breaker 
control and data.

Access Level O A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Output, Alias, Global, Front Panel, Report, Port, and 
DNP3 settings.
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Glossary
Access Level P—ANSI Standard Device Numbers

Access Level P A relay command level you use to access all Access Level 1 and Access Level B 
(Breaker) functions plus Protection, SELOGIC, Alias, Global, Group, Breaker 
Monitor, Front Panel, Report, Port, and DNP3 settings.

ACSELERATOR Architect
SEL-5032 Software

Architect is an add-on to the QuickSet Suite that uses the IEC 61850 Substation 
Configuration Language to configure SEL IEDs.

ACSELERATOR QuickSet
SEL-5030 Software

A Windows-based program that simplifies settings and provides analysis support.

ACSI Abstract Communications Service Interface for the IEC 61850 protocol. Defines 
a set of objects, a set of services to manipulate and access those objects, and a 
base set of data types for describing objects.

Active Settings Group The settings group that the relay is presently using from among six settings 
groups available in the relay.

ADC Analog to Digital Converter. A device that converts analog signals into digital 
signals.

Admittance The reciprocal of impedance, I/V.

Advanced Settings Settings for customizing protection functions; these settings are hidden unless 
you set EADVS := Y and EGADVS := Y.

Alias An alternative name assigned to Relay Word bits, analog quantities, default 
terminals, and bus-zone names.

Analog Quantities Variables represented by such fluctuating measurable quantities as temperature, 
frequency, current, and voltage.

AND Operator Logical AND. An operator in Boolean SELOGIC control equations that requires 
fulfillment of conditions on both sides of the operator before the equation is true.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control relays. The 
standard device numbers used in this instruction manual include the following:

21 Distance element

24 Volts/Hertz Element

25 Synchronism-check element

27 Undervoltage Element

32 Directional Elements

49 Thermal Element

50 Overcurrent Element

51 Inverse-Time Overcurrent Element

52 AC Circuit Breaker

59 Overvoltage Element

67 Definite-Time Overcurrent

79 Recloser

86 Breaker Failure Lockout

89 Disconnect
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Glossary
Anti-Aliasing Filter—AX-S4 MMS

These numbers are frequently used within a suffix letter to further designate their 
application. The suffix letters used in this instruction manual include the following:

P Phase Element

G Residual/Ground Element

N Neutral/Ground Element

Q Negative-Sequence (3I2) Element

Anti-Aliasing Filter A low-pass filter that blocks frequencies too high for the given sampling rate to 
accurately reproduce.

Apparent Power, S Complex power expressed in units of volt-amperes (VA), kilovolt-amperes 
(kVA), or megavolt-amperes (MVA). Accounts for both real (P) and reactive (Q) 
power dissipated in a circuit: S = P + jQ. This is power at the fundamental 
frequency only; no harmonics are included in this quantity.

Arcing Resistance The resistance in the arc resulting from a power line fault.

ASCII Abbreviation for American Standard Code for Information Interchange. Defines 
a standard set of text characters. The relay uses ASCII text characters to 
communicate using front-panel and rear-panel EIA-232 serial ports on the relay 
and through virtual serial ports.

ASCII Terminal A terminal without built-in logic or local processing capability that can only send 
and receive information.

Assert To activate. To fulfill the logic or electrical requirements needed to operate a 
device. To set a logic condition to the true state (logical 1) of that condition. To 
apply a closed contact to a relay input. To close a normally open output contact. 
To open a normally closed output contact.

AT Modem Command Set
Dialing String Standard

The command language standard that Hayes Microcomputer Products, Inc. 
developed to control autodial modems from an ASCII terminal (usually EIA-232 
connected) or a PC containing software allowing emulation of such a terminal.

Autoconfiguration The ability to determine relay type, model number, metering capability, port ID, 
data rate, passwords, relay elements, and other information that an IED (an 
SEL-2020/2030 communications processor) needs to automatically communicate 
with relays.

Automatic Messages Messages including status failure and status warning messages that the relay 
generates at the serial ports and displays automatically on the front-panel LCD.

Automatic Reclose Automatic closing of a circuit breaker after a breaker trip by a protective relay.

Automation Variables Variables that you include in automation SELOGIC control equations.

Autoreclose-
Drive-to-Lockout

A logical condition that drives the autoreclose function out of service with 
respect to a specific circuit breaker.

Autotransformer A transformer with at least two common windings.

AX-S4 MMS “Access for MMS” is an IEC 61850, UCA2, and MMS client application 
produced by SISCO, Inc., for real-time data integration in Microsoft Windows-
based systems supporting OPC and DDE. Included with AX-S4 MMS is the 
interactive MMS Object Explorer for browser-like access to IEC 61850/UCA2 
and MMS device objects.
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Axion—Busbar

Axion Another term for the SEL-2240. The Axion is an integrated, modular input/
output and control solution suited for utility and industrial applications. In TiDL 
(EtherCAT) systems, it is used for data acquisition and control.

Bandpass Filter A filter that passes frequencies within a certain range and blocks all frequencies 
outside this range.

Bay Primary plant including disconnects, circuit breaker, CTs, PTs, power 
transformer, etc.

Bay Control Front-panel control (open and close) of the transformer circuit breakers and 
disconnects (isolators).

Best Choice Ground
Directional Element Logic

An SEL logic that determines the directional element that the relay uses for 
ground faults.

Bit Label The identifier for a particular bit.

Bit Value Logical 0 or logical 1.

Block Trip Extension Continuing the blocking signal at the receiving relay by delaying the dropout of 
Relay Word bit BT.

Blocking Signal Extension The blocking signal for the DCB (directional comparison blocking) trip scheme 
is extended by a time delay on dropout timer to prevent unwanted tripping 
following current reversals.

Bolted Fault A fault with essentially zero impedance or resistance between the shorted 
conductors.

Boolean Logic Statements Statements consisting of variables that behave according to Boolean logic 
operators such as AND, NOT, and OR.

Breaker Auxiliary Contact An electrical contact associated with a circuit breaker that opens or closes to 
indicate the breaker position. A Form A breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed and opens when 
the breaker is open. A Form B breaker auxiliary contact (ANSI Standard Device 
Number 52B) opens when the breaker is closed and closes when the breaker is 
open.

Breaker-and-a-half
Configuration

A switching station arrangement of three circuit breakers per two circuits; the 
two circuits share one of the circuit breakers.

Breaker Differential Differential zone of protection configured exclusively across the tie breaker; the 
breaker differential protects only the area between the two tie-breaker CTs.

Buffered Report IEC 61850 IEDs can issue buffered reports of internal events (caused by trigger 
options data-change, quality-change, and data-update). These event reports can 
be sent immediately or buffered (to some practical limit) for transmission, such 
that values of data are not lost because of transport flow control constraints or 
loss of connection. Buffered reporting provides Sequence-of-Events (SOE) 
functionality.

Busbar Electrical junction of two or more primary circuits. For a single busbar, there 
could be multiple bus-zones; there can be more bus-zones than busbars, but not 
more busbars than bus-zones.
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Bus Coupler (see also Tie Breaker)—Circuit Breaker Report

Bus Coupler
(see also Tie Breaker)

Equipment with at least a CT and circuit breaker, connecting two busbars when 
the circuit breaker is closed. Disconnects of other terminals at the station 
(feeders, lines, etc.) are normally arranged in parallel with the bus coupler. 
Closing two or more disconnects of the other terminals bypasses the bus coupler, 
forming a connection without a circuit breaker between two or more busbars.

Busbar
Protection Element

Each busbar protection elements comprise a differential element, a directional 
element, and a fault detection logic.

Bus Sectionalizer
(see also Buscoupler)

Equipment with at least a CT and circuit breaker, connecting two busbars when 
the circuit breaker is closed.

Bus-Zone-to-Bus-Zone
Connection Variable

SELOGIC variable stating the conditions when the relay merges two zones to 
form a single protection zone.

Bus-Zone
(see also Protection Zone)

Area of protection formed by a minimum of two terminals.

C37.118 IEEE C37.118, Standard for Synchrophasor Measurements for Power Systems.

C37.238 IEEE C37.238, Standard Profile for Use of IEEE 1588 Precision Time Protocol 
in Power System Applications.

Capacitor Bank Assembly of a number of capacitor units.

Capacitor Element Device consisting of two electrodes separated by a dielectric.

Capacitor Unit Assembly of a number of capacitor elements.

Category A collection of similar relay settings.

CCVT Capacitively coupled voltage transformer that uses a capacitive voltage divider to 
reduce transmission voltage to a level safe for metering and relaying devices. See 
CVT.

Checksum A method for checking the accuracy of data transmission involving summation of 
a group of digits and comparison of this sum to a previously calculated value.

Check Zone Protection zone formed by two or more terminals where the differential 
calculation is independent of the status of the disconnect auxiliary contacts.

CID Checksum identification of the firmware.

CID File IEC 61850 Configured IED Description file. XML file that contains the 
configuration for a specific IED.

Circuit Breaker
Failure Logic

This logic within the relay detects and warns of failure or incomplete operation of 
a circuit breaker in clearing a fault or in performing a trip or close sequence.

Circuit Breaker
History Report

A concise circuit breaker event history that contains as many as 128 events. This 
breaker history report includes circuit breaker mechanical operation times, 
electrical operation times, interrupted currents, and dc battery monitor voltages.

Circuit Breaker Report A full report of breaker parameters for the most recent operation. These 
parameters include interrupted currents, number of operations, and mechanical 
and electrical operating times among many parameters.
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Class—Contact Output

Class The first level of the relay settings structure including Global, Group, Breaker 
Monitor, Port, Report, Front Panel, DNP3 settings, Protection SELOGIC control 
equations, Automation SELOGIC control equations, and Output SELOGIC control 
equations.

Cold Start Turning a system on without carryover of previous system activities.

Combined Winding Mathematical combination (in the SEL-451) of currents from two separate sets of 
CT on the same voltage level, typical of breaker-and-a-half busbar 
configurations.

Commissioning Assistant Software used during transformer commissioning that checks for typical (single-
contingency) wiring errors; The software uses load current to calculate the 
correct matrix combinations for as many as five windings. 

Commissioning Testing Testing that serves to validate all system ac and dc connections and confirm that 
the relay, auxiliary equipment, and SCADA interface all function as intended 
with your settings. Perform such testing when installing a new protection system.

Common
Class Components

Composite data objects that contain instances of UCA standard data types.

Common Data Class IEC 61850 grouping of data objects that model substation functions. Common 
Data Classes include Status information, Measured information, Controllable 
status, Controllable analog, Status settings, Analog settings, and Description 
information.

Common Inputs Relay control inputs that share a common terminal.

Common Time Delay Both ground- and phase distance protection follow a common time delay on 
pickup.

Common Zone Timing Both ground- and phase distance protection follow a common time delay on 
pickup.

Communications Protocol A language for communication between devices.

Communications-Assisted
Tripping

Circuit breaker tripping resulting from the transmission of a control signal over a 
communications medium.

Comparison Boolean SELOGIC control equation operation that compares two numerical 
values. Compares floating-point values such as currents, total counts, and other 
measured and calculated quantities.

Computer Terminal
Emulation Software

Software such as Microsoft HyperTerminal or ProComm Plus that can be used to 
send and receive ASCII text messages and files via a computer serial port.

COMTRADE Abbreviation for Common Format for Transient Data Exchange. The relay 
supports the IEEE Std C37.111–1999 and C37.111-2013, Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems.

Conditioning Timers Timers for conditioning Boolean values. Conditioning timers either stretch 
incoming pulses or allow you to require that an input take a state for a certain 
period before reacting to the new state.

Contact Input See Control Input.

Contact Output See Control Output.
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Glossary
Control Input—Data Object

Control Input Relay inputs for monitoring the state of external circuits. Connect auxiliary relay 
and circuit breaker contacts to the control inputs.

Control Output Relay outputs that affect the state of other equipment. Connect control outputs to 
circuit breaker trip and close coils, breaker failure auxiliary relays, 
communications-assisted tripping circuits, and SCADA systems.

Coordination Timer A timer that delays an overreaching element so that a downstream device has 
time to operate.

COS Operator Operator in math SELOGIC control equations that provides the cosine function.

Counter Variable or device such as a register or storage location that either records or 
represents the number of times an event occurs.

Cross-Country Fault A cross-country fault consists of simultaneous separate single phase-to-ground 
faults on parallel lines.

CT Current transformer.

CT Subsidence Current Subsidence current appears as a small exponentially decaying dc current with a 
long time constant. This current results from the energy trapped in the CT 
magnetizing branch after the circuit breaker opens to clear a fault or interrupt 
load.

CTR Current transformer ratio.

Current Compensation Adjustment of the current signals to nullify any standing unbalance current.

Current
Reversal Guard Logic

Under this logic, the relay does not key the transmitter and ignores reception of a 
permissive signal from the remote terminal when a reverse-looking element 
detects an external fault.

Current
Transformer Saturation

The point of maximum current input to a CT; any change of input beyond the 
saturation point fails to produce any appreciable change in output.

CVT Capacitive voltage transformer that uses a capacitive voltage divider to reduce 
transmission voltage to a level safe for metering and relaying devices. See CCVT.

CVT Transient Blocking Logic that prevents transient errors on capacitive voltage transformers from 
causing false operation of Zone 1 mho elements.

CVT Transient
Detection Logic

Logic that detects transient errors on capacitive voltage transformers.

Data Attribute In the IEC 61850 protocol, the name, format, range of possible values, and 
representation of values being communicated.

Data Bit A single unit of information that can assume a value of either logical 0 or 
logical 1 and can convey control, address, information, or frame check sequence 
data.

Data Class In the IEC 61850 protocol, an aggregation of classes or data attributes.

Data Label The identifier for a particular data item.

Data Object In the IEC 61850 protocol, part of a logical node representing specific 
information (status or measurement, for example). From an object-oriented point 
of view, a data object is an instance of a data class.
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DC Offset—Disabling Time Delay

DC Offset A dc component of fault current that results from the physical phenomenon 
preventing an instantaneous change of current in an inductive circuit.

DCB (Directional
Comparison Blocking)

A communications-assisted protection scheme. A fault occurring behind a 
sending relay causes the sending relay to transmit a blocking signal to a remote 
relay; the blocking signal interrupts the tripping circuit of the remote relay and 
prevents tripping of the protected line.

DCE Devices Data communications equipment devices (modems).

DCUB (Directional
Comparison Unblocking)

A communications-assisted tripping scheme with logic added to a POTT scheme 
that allows high-speed tripping of overreaching elements for a brief time during a 
loss of channel. The logic then blocks trip permission until the communications 
channel guard returns for a set time.

Deadband The range of variation an analog quantity can traverse before causing a response.

Deassert To deactivate. To remove the logic or electrical requirements needed to operate a 
device. To clear a logic condition to its false state (logical 0). To open the circuit 
or open the contacts across a relay input. To open a normally open output contact. 
To close a normally closed output contact.

Debounce Time The time that masks the period when relay contacts continue to move after 
closing; debounce time covers this indeterminate state.

Default Data Map The default map of objects and indices that the relay uses in DNP3 protocol.

Delta A phase-to-phase series connection of circuit elements, particularly voltage 
transformers or loads.

Demand Meter A measuring function that calculates a rolling average or thermal average of 
instantaneous measurements over time.

Differential Element The differential element calculates current differences across a zone of 
protection.

Digital Secondary System
(DSS)

A protection system that uses merging units to perform signal gathering and 
control.

Direct Tripping Local or remote protection elements provide tripping without any additional 
supervision.

Directional Element The directional element determines the direction of power flow at a point in the 
power system.

Directional Start A blocking signal provided by reverse reaching elements to a remote terminal 
used in DCB communications-assisted tripping schemes. If the fault is internal 
(on the protected line), the directional start elements do not see the fault and do 
not send a blocking signal. If the fault is external (not on the protected line), the 
directional start elements start sending the block signal.

Directional Supervision The relay uses directional elements to determine whether protective elements 
operate based on the direction of a fault relative to the relay.

Disabling Time Delay A DCUB scheme timer (UBDURD) that prevents high-speed tripping following 
a loss-of-channel condition.
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Disconnect (Isolator)—EHV

Disconnect (Isolator) Mechanical switch that isolates primary equipment such as circuit breakers from 
the electrical system.

Distance
Calculation Smoothness

A relay algorithm that determines whether the distance-to-fault calculation varies 
significantly or is constant.

Distance Protection Zone The area of a power system where a fault or other application-specific abnormal 
condition should cause operation of a protective relay.

DMTC Period The time of the demand meter time constant in demand metering.

DNP (Distributed
Network Protocol)

Manufacturer-developed, hardware-independent communications protocol.

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. You can set the time, in the case of a logic variable timer, or the 
dropout time can be a result of the characteristics of an element algorithm, as in 
the case of an overcurrent element dropout time.

DTE Devices Data terminal equipment (computers, terminals, printers, relays, etc.).

DTT (Direct Transfer
Trip)

A communications-assisted tripping scheme. A relay at one end of a line sends a 
tripping signal to the relay at the opposite end of the line.

Dumb Terminal See ASCII terminal.

DUTT
(Direct Underreaching

Transfer Trip)

A communications-assisted tripping scheme. Detection of a Zone 1 fault at either 
end of a line causes tripping of the local circuit breaker as well as simultaneous 
transmission of a tripping signal to the relay at the opposite end of the line. The 
scheme is said to be underreaching because the Zone 1 relays at both ends of the 
line reach only 80 percent (typically) of the entire line length.

Dynamic Zone Selection The process by which the currents from the CTs are assigned to or removed from 
the differential calculations as a function of the Boolean value (logical 0 or 
logical 1) of a particular SELOGIC equation.

ECB
(EtherCAT

Communications Board)

A circuit board mounted within the relay that has eight EtherCAT fiber 
connections for creating a TiDL (EtherCAT) system.

Echo The action of a local relay returning (echoing) the remote terminal permissive 
signal to the remote terminal when the local breaker is open or a weak infeed 
condition exists.

Echo Block Time Delay A time delay that blocks the echo logic after dropout of local permissive 
elements.

Echo Duration Time Delay A time delay that limits the duration of the echoed permissive signal.

ECTT
(Echo Conversion to Trip)

An element that allows a weak terminal, after satisfaction of specific conditions, 
to trip by converting an echoed permissive signal to a trip signal.

EEPROM Electrically Erasable Programmable Read-Only Memory. Nonvolatile memory 
where relay settings, event reports, SER records, and other nonvolatile data are 
stored.

EHV Extra high voltage. Voltages greater than 230 kV.
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EIA-232—Falling Edge

EIA-232 Electrical definition for point-to-point serial data communications interfaces, 
based on the standard EIA/TIA-232. Formerly known as RS-232.

EIA-485 Electrical standard for multidrop serial data communications interfaces, based on 
the standard EIA/TIA-485. Formerly known as RS-485.

Electrical Operating Time Time between trip or close initiation and an open-phase status change.

Electromechanical Reset Setting of the relay to match the reset characteristics of an electromechanical 
overcurrent relay.

End-Zone Fault A fault at the farthest end of a zone that a relay is required to protect.

Energy Metering Energy metering provides a look at imported power, exported power, and net 
usage over time; measured in MWh (megawatt-hours).

Equalize Mode A procedure where substation batteries are overcharged intentionally for a 
preselected time to bring all cells to a uniform output.

ESD
(Electrostatic Discharge)

The sudden transfer of charge between objects at different potentials caused by 
direct contact or induced by an electrostatic field.

EtherCAT
(Ethernet for Control

Automation Technology)

An Ethernet-based network protocol for high-speed control networks that require 
real-time performance and ease of network configuration.

Ethernet A network physical and data link layer defined by IEEE 802.2 and IEEE 802.3.

Event History A quick look at recent relay activity that includes a standard report header; event 
number, date, time, and type; fault location; maximum fault phase current; active 
group at the trigger instant; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or ASCII TRI command. The data show relay 
measurements before and after the trigger, in addition to the states of protection 
elements, relay inputs, and relay outputs each processing interval. After an 
electrical system fault, use event reports to analyze relay and system 
performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault location, time source, recloser shot 
counter, prefault and fault voltages, currents, and sequence current, and 
MIRRORED BITS communications channel status (if enabled).

The relay sends an event report summary (if automessaging is enabled) to the 
relay serial port a few seconds after an event.

External Fuse Fuse external to a capacitor unit (usually mounted on the unit).

EXP Operator Math SELOGIC control equation operator that provides exponentiation.

F_TRIG Falling-edge trigger. Boolean SELOGIC control equation operator that triggers an 
operation upon logic detection of a falling edge.

Fail-Safe Refers to an output that is open during normal relay operation and closed when 
relay power is removed or if the relay fails. Configure alarm outputs for fail-safe 
operation.

Falling Edge Transition from logical 1 to logical 0.
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Fast Hybrid Control
Output

A control output similar to, but faster than, the hybrid control output. The fast 
hybrid output uses an insulated-gate bipolar junction transistor (IGBT) to 
interrupt (break) high inductive dc currents and to very rapidly make and hold the 
current until a metallic contact operates, at which time the IGBT turns off and the 
metallic contact holds the current. Unlike the hybrid control output, this output is 
not polarity-sensitive—reversed polarity causes no misoperations.

Fast Meter SEL binary serial port command used to collect metering data with SEL relays.

Fast Operate SEL binary serial port command used to perform control with SEL relays.

Fast Message SEL binary serial port protocol used for Fast SER, Fast Message 
Synchrophasors, and resistance temperature detector (RTD) communications.

Fault Detection Logic Logic that distinguishes between internal and external faults.

Fault-Type
Identification Selection

Logic the relay uses to identify balanced and unbalanced faults (FIDS).

FID Relay firmware identification string. Lists the relay model, firmware version and 
date code, and other information that uniquely identifies the firmware installed in 
a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash Memory A type of nonvolatile relay memory used for storing large blocks of nonvolatile 
data.

Flashover A disruptive discharge over the surface of a solid dielectric in a gas or liquid.

Float High The highest charging voltage supplied by a battery charger.

Float Low The lowest charging voltage supplied by a battery charger.

Free-Form Logic Custom logic creation and execution order.

Free-Form SELOGIC
Control Equations

Free-form relay programming that includes mathematical operations, custom 
logic execution order, extended relay customization, and automated operation.

FTP File Transfer Protocol.

Function In IEC 61850, task(s) performed by the substation automation system, i.e., by 
application functions. Generally, functions exchange data with other functions. 
Details are dependent on the functions involved.

Functions are performed by IEDs (physical devices). A function may be split into 
parts residing in different IEDs but communicating with each other (distributed 
function) and with parts of other functions. These communicating parts are called 
logical nodes.

Function Code A code that defines how you manipulate an object in DNP3 protocol.

Functional Component Portion of a UCA GOMSFE brick dedicated to a particular function including 
status, control, and descriptive tags.

Fundamental Frequency The component of the measured electrical signal with a frequency equal to the 
normal electrical system frequency, usually 50 Hz or 60 Hz. Generally used to 
differentiate between the normal system frequency and any harmonic frequencies 
present.
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Fundamental Power—GUI

Fundamental Power Power calculated with components of the measured electrical signal with a 
frequency equal to the normal electrical system frequency, usually 50 Hz or 
60 Hz.

Fuse Device that opens the circuit in which it is connected to provide overcurrent 
protection.

Fuseless Capacitor Bank A capacitor bank without internal or external fuses.

Global Settings General settings including those for relay and station identifiers, number of 
breakers, date format, phase rotation, nominal system frequency, enables, station 
dc monitoring, control inputs, settings group selection, data reset controls, 
frequency tracking, time and date management, and current and voltage source 
selection.

GOMSFE Generic Object Model for Substation and Feeder Equipment; a system for 
presenting and exchanging IED data.

GOOSE IEC 61850 Generic Object Oriented Substation Event. GOOSE objects can 
quickly and conveniently transfer status, controls, and measured values among 
peers on an IEC 61850 network.

GPS Global Positioning System. Source of position and high-accuracy time 
information.

Ground Directional
Element Priority

The order the relay uses to select directional elements to provide ground 
directional decisions (relay setting ORDER).

Ground Distance Element A mho or quadrilateral distance element the relay uses to detect faults involving 
ground along a transmission line.

Ground Fault
Loop Impedance

The impedance in a fault-caused electric circuit connecting two or more points 
through ground conduction paths.

Ground
Overcurrent Elements

Elements that operate by comparing a residual-ground calculation of the three-
phase inputs with the residual overcurrent threshold setting. The relay asserts 
ground overcurrent elements when a relay residual current calculation exceeds 
ground current setting thresholds.

Ground Quadrilateral
Distance Protection

Ground distance protection consisting of a four-sided characteristic on an R-X 
diagram.

Ground Return Resistance Fault resistance that can consist of ground path resistance typically in tower 
footing resistance and tree resistance.

Grounded Capacitor Bank Capacitor bank with a solid connection to ground.

Guard-Present Delay A timer that determines the minimum time before the relay reinstates permissive 
tripping following a loss-of-channel condition in the DCUB communications-
assisted tripping scheme (relay setting GARD1D).

GUI Graphical user interface.

Harmonics Frequencies that are multiples of the frequency of the power system; 100 Hz is 
the second harmonic of a 50 Hz power system.

Harmonic Restraint Method by which harmonics are used to desensitize differential elements, thereby 
avoiding misoperations during inrush conditions.
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Harmonic Blocking Method by which harmonics are used to block differential elements thereby 
avoiding misoperations during inrush conditions.

Hexadecimal Address A register address consisting of a numeral with an “h” suffix or a “0x” prefix.

High-Resolution
Data Capture

Reporting of 3 kHz low-pass analog filtered data from the power system at each 
event trigger or trip at high-sample rates of 8000 samples/second, 4000 samples/
second, 2000 samples/second, and 1000 samples/second.

High-Speed,
High-Current

Interrupting
Control Output

A control output similar to, but faster than, the hybrid control output. The high-
speed, high-current interrupting output uses an insulated-gate bipolar junction 
transistor (IGBT) to interrupt (break) high inductive dc currents and to very 
rapidly make and hold the current until a metallic contact operates, at which time 
the IGBT turns off and the metallic contact holds the current. Unlike the hybrid 
control output, this output is not polarity-sensitive—reversed polarity causes no 
misoperations.

HMI Human-machine interface.

Homogeneous System A power system with nearly the same angle (less than 5° difference) for the 
impedance angles of the local source, the protected line, and the remote source.

HV High voltage. System voltage greater than or equal to 100 kV and less than 
230 kV.

Hybrid Control Output Contacts that use an insulated-gate bipolar junction transistor (IGBT) in parallel 
with a mechanical contact to interrupt (break) high inductive dc currents. The 
contacts can carry continuous current, while eliminating the need for heat sinking 
and providing security against voltage transients. These contacts are polarity-
dependent and cannot be used to switch ac control signals.

IA, IB, IC Measured A-Phase, B-Phase, and C-Phase currents.

ICD File IEC 61850 IED Capability Description file. XML file that describes IED 
capabilities, including information on logical node and GOOSE support.

IEC 61850 Internationally standardized method of communications and integration 
conceived with the goal of supporting systems of multivendor IEDs networked 
together to perform protection, monitoring, automation, metering, and control.

IEC 61850-9-2 IEC 61850 standard that defines mapping of Sampled Values data onto 
ISO 8802-3.

IED Intelligent electronic device.

IEEE Institute of Electrical and Electronics Engineers, Inc.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero.

IGBT Insulated-gate bipolar junction transistor.

Inboard CT (bushing CT) Current transformer physically positioned in such a way that the CT is bypassed 
when the feeder is on transfer.

Independent Zone Timing The provision of separate zone timers for phase and ground distance elements.

Infinite Bus A constant-voltage bus.
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Input Conditioning The establishment of debounce time and assertion level.

Instance A subdivision of a relay settings class. Group settings have several subdivisions 
(Group 1–Group 6), while the Global settings class has one instance.

Instantaneous Meter Type of meter data presented by the relay that includes the present values 
measured at the relay ac inputs. The word “Instantaneous” is used to differentiate 
these values from the measurements presented by the demand, thermal, energy, 
and other meter types.

Internal Fuse Fuse inside a capacitor unit.

IP Address An identifier for a computer or device on a TCP/IP network. Networks using the 
TCP/IP protocol route messages based on the IP address of the destination. The 
format of an IP address is a 32-bit numeric address written as four numbers 
separated by periods. Each number can be zero to 255. For example, 
1.160.10.240 could be an IP address.

IRIG-B A time-code input that the relay can use to set the internal relay clock.

ISO 8802-3 Defines Ethernet for local area and metropolitan area networks.

Jitter Time, amplitude, frequency, or phase-related abrupt, spurious variations in 
duration, magnitude, or frequency.

L/R Circuit inductive/resistive ratio.

LAN Local Area Network. A network of IEDs interconnected in a relatively small 
area, such as a room, building, or group of buildings.

Latch Bits Nonvolatile storage locations for binary information.

LED Light-emitting diode. Used as indicators on the relay front panel.

Left-Side Value LVALUE. Result storage location of a SELOGIC control equation.

Line Impedance The phasor sum of resistance and reactance in the form of positive-sequence, 
negative-sequence, and zero-sequence impedances of the protected line.

LMD SEL distributed port switch protocol.

LN Operator Math SELOGIC control equation operator that provides natural logarithm.

Load Encroachment The load-encroachment feature allows setting of phase overcurrent elements and 
phase distance elements independent of load levels.

Local Bits The Relay Word bit outputs of local control switches that you access through the 
front panel of the relay. Local control switches replace traditional panel-mounted 
control switches.

Lockout Relay An auxiliary relay that prevents operation of associated devices until it is reset 
either electrically or by hand.

Logical 0 A false logic condition, dropped out element, or deasserted control input or 
control output.

Logical 1 A true logic condition, picked up element, or asserted control input or control 
output.
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Logical Node In IEC 61850, the smallest part of a function that exchanges data. A logical node 
(LN) is an object defined by its data and methods. Each logical node represents a 
group of data (controls, status, measurements, etc.) associated with a particular 
function.

Loss of Channel Loss of guard and no permissive signal from communications gear in a DCUB 
(directional comparison unblocking scheme) for either two or three terminal 
lines.

Loss of Guard No guard signal from communications gear.

Loss of Potential Loss of one or more phase voltage inputs to the relay secondary inputs.

Low-Level Test Interface An interface that provides a means for interrupting the connection between the 
relay input transformers and the input processing module and allows inserting 
reduced-scale test quantities for relay testing.

MAC Address The Media Access Control (hardware) address of a device connected to a shared 
network medium, most often used with Ethernet networks.

Maintenance Testing Testing that confirms that the relay is measuring ac quantities accurately and 
verifies correct functioning of auxiliary equipment, scheme logic, and protection 
elements.

Math Operations Calculations for automation or extended protection functions.

Math Operators Operators that you use in the construction of math SELOGIC control equations to 
manipulate numerical values and provide a numerical base-10 result.

Maximum Dropout Time The maximum time interval following a change of input conditions between the 
deassertion of the input and the deassertion of the output.

Maximum/Minimum
Meter

Type of meter data presented by the relay that includes a record of the maximum 
and minimum of each value, along with the date and time that each maximum 
and minimum occurred.

Mechanical Operating
Time

Time between trip initiation or close initiation and the change in status of an 
associated circuit breaker auxiliary 52A normally open contacts.

Merging Unit A device that converts analog signals to digital signals and transmits them as 
IEC 61850-9-2 data.

Mho Characteristic A directional distance relay characteristic that plots a circle for the basic relay 
operation characteristic on an R-X diagram.

MIRRORED BITS
Communications

Patented relay-to-relay communications technique that sends internal logic 
status, encoded in a digital message, from one relay to the other. Eliminates the 
need for some communications hardware.

MMS Manufacturing messaging specification, a data exchange protocol used by UCA.

MOD Motor-operated disconnect.

Model Model of device (or component of a device) including the data, control access, 
and other features in UCA protocol.
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Motor Running Time The circuit breaker motor running time. Depending on your particular circuit 
breaker, you can use the motor running time to monitor the charge time of the 
circuit breaker springs or the running time of the compressor motor.

MOV Metal-oxide varistor.

MVA Mega Volt-Ampere. Typical unit for expressing the capacity of a power 
transformer, e.g., 100MVA.

Negation Operator A SELOGIC control equation math operator that changes the sign of the 
argument. The argument of the negation operation is multiplied by –1.

Negative-Sequence A configuration of three-phase currents and voltages. The currents and voltages 
have equal magnitude and a phase displacement of 120°, and have clockwise 
phase rotation with current and voltage maxima that occur differently from that 
for positive-sequence configuration. If positive-sequence maxima occur as ABC, 
negative-sequence maxima occur as ACB.

Negative-Sequence
Current Supervision

Pickup

An element allowed to operate only when a negative-sequence current exceeds a 
threshold.

Negative-Sequence
Directional Element

An element that provides directivity by the sign, plus or minus, of the measured 
negative-sequence impedance.

Negative-Sequence
Impedance

Impedance of a device or circuit that results in current flow with a balanced 
negative-sequence set of voltage sources.

Negative-Sequence
Overcurrent Elements

Elements that operate by comparing a negative-sequence calculation of the three-
phase secondary inputs with negative-sequence overcurrent setting thresholds. 
The relay asserts these elements when a relay negative-sequence calculation 
exceeds negative-sequence current setting thresholds.

Negative-Sequence
Voltage-Polarized

Directional Element

These directional elements are 32QG and 32Q. 32QG supervises the ground 
distance elements and residual directional-overcurrent elements; 32Q supervises 
the phase distance elements.

NEMA National Electrical Manufacturers’ Association.

Neutral Impedance An impedance from neutral to ground on a device such as a generator or 
transformer.

No Current/Residual
Current Circuit Breaker
Failure Protection Logic

Logic for detecting and initiating circuit breaker failure protection with a logic 
transition, or when a weak source drives the fault or a high-resistance ground 
fault occurs.

Nondirectional Start A blocking signal provided by nondirectional-overcurrent elements to a remote 
terminal used in DCB communications-assisted tripping schemes. The 
nondirectional start elements start sending the block signal.

Nonhomogeneous System A power system with a large angle difference (>5° difference) for the impedance 
angles of the local source, the protected line, and the remote source.

Nonvolatile Memory Relay memory that persists over time to maintain the contained data even when 
the relay is de-energized.

NOT Operator A logical operator that produces the inverse value.
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Operate Current Differential current (vector sum) between current(s) that enter a point, and 
current(s) that leave that point. 

OR Operator Logical OR. A Boolean SELOGIC control equation operator that compares two 
Boolean values and yields either a logical 1 if either compared Boolean value is 
logical 1 or a logical 0 if both compared Boolean values are logical 0.

OSI Open Systems Interconnect. A model for describing communications protocols. 
Also an ISO suite of protocols designed to this model.

Out-of-Step Blocking Blocks the operation of phase distance elements during power swings.

Out-of-Step Tripping Trips the circuit breaker(s) during power swings.

Outboard CT Current transformer physically positioned in such a way that the CT remains in 
circuit when the feeder is on transfer.

Over/Underpower
Elements

Elements that calculate the forward and reverse power flow and compare the 
result against settable thresholds.

Over/Undervoltage
Elements

Elements that calculate the system voltage and compare the result against settable 
thresholds.

Over/Underfrequency
Elements

Elements that calculate the power system frequency and compare the result 
against settable thresholds.

Overlap Configuration Configuration of the tie-breaker protection whereby the area between the tie-
breaker CTs are part of two bus-zones, i.e., a fault between the tie-breaker CTs is 
common to two bus-zones.

Override Values Test values you enter in Fast Meter, DNP3, and communications card database 
storage.

Parentheses Operator Math operator. Use paired parentheses to control the execution of operations in a 
SELOGIC control equation.

PC Personal computer.

Peak Demand Metering Maximum demand and a time stamp for phase currents, negative-sequence and 
zero-sequence currents, and powers. The relay stores peak demand values and the 
date and time these occurred to nonvolatile storage once per day, overwriting the 
previously stored value if the new value is larger. Should the relay lose control 
power, the relay restores the peak demand information saved at 23:50 hours on 
the previous day.

Phase Distance Element A mho distance element the relay uses to detect phase-to-phase and three-phase 
faults at a set reach along a transmission line.

Phase Overcurrent
Element

Elements that operate by comparing the phase current applied to the secondary 
current inputs with the phase overcurrent setting. The relay asserts these elements 
when any combination of the phase currents exceeds phase current setting 
thresholds.

Phase Rotation The sequence of voltage or current phasors in a multiphase electrical system. In 
an ABC phase rotation system, the B-Phase voltage lags the A-Phase voltage by 
120°, and the C-Phase voltage lags B-Phase voltage by 120°. In an ACB phase 
rotation system, the C-Phase voltage lags the A-Phase voltage by 120°, and the 
B-Phase voltage lags the C-Phase voltage by 120°.
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Phase Selection Ability of the relay to determine the faulted phase or phases.

Pickup Time The time measured from the application of an input signal until the output signal 
asserts. You can set the time, as in the case of a logic variable timer, or the pickup 
time can be a result of the characteristics of an element algorithm, as in the case 
of an overcurrent element pickup time.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper.

PMU Phasor measurement unit. A device that measures and publishes synchrophasor 
data.

Polarizing Memory A circuit that provides a polarizing source for a period after the polarizing 
quantity has changed or gone to zero.

Pole Discrepancy A difference in the open/closed status of circuit breaker poles. The relay 
continuously monitors the status of each circuit breaker pole to detect open or 
close conditions among the three poles.

Pole-Open Logic Logic that determines the conditions that the relay uses to indicate an open circuit 
breaker pole.

Pole Scatter Deviation in operating time between pairs of circuit breaker poles.

Port Settings Communications port settings such as Data Bits, Speed, and Stop Bits.

Positive-Sequence A configuration of three-phase currents and voltages. The currents and voltages 
have equal magnitude and a phase displacement of 120°. With conventional 
rotation in the counter-clockwise direction, the positive-sequence current and 
voltage maxima occur in ABC order.

Positive-Sequence
Current Restraint

Factor, a2

This factor compensates for highly unbalanced systems with many untransposed 
lines and helps prevent misoperation during CT saturation. The a2 factor is the 
ratio of the magnitude of negative-sequence current to the magnitude of positive-
sequence current (I2/I1).

Positive-Sequence
Current Supervision

Pickup

An element that operates only when a positive-sequence current exceeds a 
threshold.

Positive-Sequence
Impedance

Impedance of a device or circuit that results in current flow with a balanced 
positive-sequence set of voltage sources.

POTT (Permissive
Overreaching

Transfer Trip)

A communications-assisted line protection scheme. At least two overreaching 
protective relays must receive a permissive signal from the other terminal(s) 
before all relays trip and isolate the protected line.

Power Factor The cosine of the angle by which phase current lags or leads phase voltage in an 
ac electrical circuit. Power factor equals 1.0 for power flowing to a pure resistive 
load.

PPS Pulse per second from a GPS receiver. Previous relays had a TIME 1k PPS input.

Primitive Name The predefined name of a quantity within the relay.

Process Bus Network bus for IED communication at the bay level.
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Protection and
Automation Separation

Segregation of protection and automation processing and settings.

Protection Settings Group Individual scheme settings for as many as six different schemes (or instances).

Protection-Disabled State Suspension of relay protection element and trip/close logic processing and de-
energization of all control outputs.

Protection Zone
(also see Bus-Zone)

Area of protection formed by a minimum of one bus-zone. A protection zone can 
include more than one bus-zone. For example, merging two bus-zones results in a 
single protection zone. When no bus-zones are merged, a protection zone and a 
bus-zone have the same meanings.

PRP Parallel Redundancy Protocol, as defined in IEC 62439-3 for network 
redundancy and seamless failover.

PT Potential transformer. Also referred to as a voltage transformer or VT.

PTP Precision Time Protocol, as defined in IEEE 1588 for high-accuracy clock 
synchronization.

PTR Potential transformer ratio.

Quadrilateral
Characteristic

A distance relay characteristic on an R-X diagram consisting of a directional 
measurement, reactance measurement, and two resistive measurements.

Qualifier Code Specifies type of range for DNP3 objects. With the help of qualifier codes, DNP3 
master devices can compose the shortest, most concise messages.

R_TRIG Rising-edge trigger. Boolean SELOGIC control equation operator that triggers an 
operation upon logic detection of a rising edge.

RAM Random Access Memory. Volatile memory where the relay stores intermediate 
calculation results, Relay Word bits, and other data.

Reactance Reach The reach of a distance element in the reactive (X) direction in the R-X plane.

Real Power Power that produces actual work. The portion of apparent power that is real, not 
imaginary.

Reclose The act of automatically closing breaker contacts after a protective relay trip has 
opened the circuit breaker contacts and interrupted current through the breaker.

Relay Word Bit A single relay element or logic result. A Relay Word bit can equal either logical 1 
or logical 0. Logical 1 represents a true logic condition, picked up element, or 
asserted control input or control output. Logical 0 represents a false logic 
condition, dropped out element, or deasserted control input or control output. Use 
Relay Word bits in SELOGIC control equations.

Remapping The process of selecting data from the default map and configuring new indices 
to form a smaller data set optimized to your application.

Remote Bit A Relay Word bit with a state that is controlled by serial port commands, 
including the CONTROL command, a binary Fast Operate command, DNP3 
binary output operation, or a UCA control operation.

Report Settings Event report and Sequential Events Recorder (SER) settings.
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Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero.

Residual Directional
Overcurrent Element

A residual overcurrent element allowed to operate in only the forward or reverse 
direction.

Residual
Overcurrent Protection

Overcurrent protection that operates at conditions exceeding a threshold of 
system unbalance (3I0 = IA + IB + IC).

Resistance Blinder An operate boundary in the resistive direction of a ground quadrilateral distance 
element.

Resistive Reach The reach of a distance element in the resistive (R) direction in the R-X plane.

Restraint Current Sum of the absolute values of current(s) entering a point, and leaving that point. 
Used as basis to calculate the reference (setting) value for differential elements.

Restricted Earth Fault Differential element that augments the phase differential element by providing 
sensitive protection against ground faults close to the neutral of a grounded-wye 
transformer. The element compares the phase angle of zero-sequence quantities 
from the transformer neutral with zero-sequence quantities from as many as five 
line CTs.

Retrip A subsequent act of attempting to open the contacts of a circuit breaker after the 
failure of an initial attempt to open these contacts.

Reverse Fault A fault operation behind a relay terminal.

Rising Edge Transition from logical 0 to logical 1, or the beginning of an operation.

RMS Root-mean-square. This is the effective value of the current and voltage 
measured by the relay, accounting for the fundamental frequency and higher-
order harmonics in the signal.

Rolling Demand A sliding time-window arithmetic average in demand metering.

RTC Real-Time Control. A method for exchanging synchrophasor control data.

RTD Resistance Temperature Detector.

RTU Remote Terminal Unit.

RXD Received data.

SCADA Supervisory control and data acquisition.

SCD File IEC 61850 Substation Configuration Description file. XML file that contains 
information on all IEDs within a substation, communications configuration data, 
and a substation description.

SCL IEC 61850 Substation Configuration Language. An XML-based configuration 
language that supports the exchange of database configuration data among 
different software tools that can be from different manufacturers. There are four 
types of SCL files used within IEC 61850: CID, ICD, SCD, and SSD.

SDN Software-defined networking.

SEL-TMU A merging unit used in TiDL (T-Protocol) systems.
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Selective Protection
Disabling

A feature that allows for selectively disabling protection elements that are 
impacted by a loss of DSS data and allow non-impacted protection functions to 
remain operational.

Self-Description A feature of GOMSFE in the UCA2 protocol. A master device can request a 
description of all of the GOMSFE models and data within the IED.

Self-Test A function that verifies the correct operation of a critical device subsystem and 
indicates detection of an out-of-tolerance condition. The relay has self-tests that 
validate the relay power supply, microprocessor, memory, and other critical sys-
tems.

SELOGIC
Control Equation

A relay setting that allows you to control a relay function (such as a control 
output) using a logical combination of relay element outputs and fixed logic 
outputs.

SELOGIC
Expression Builder

A rules-based editor within the QuickSet software program for programming 
SELOGIC control equations.

SELOGIC Math Variables Math calculation result storage locations.

Sequencing Timers Timers designed for sequencing automated operations.

Sequential Events
Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a list that you set in the relay. A Sequential 
Events Recorder (SER) provides a useful way to determine the order and timing 
of events of a relay operation.

SER Sequential Events Recorder or the relay serial port command to request a report 
of the latest 1000 sequential events.

Series-Compensated Line A power line on which the addition of series capacitance compensates for 
excessive inductive line impedance.

Settle/Settling Time Time required for an input signal to result in an unvarying output signal within a 
specified range.

SFP Small form-factor pluggable transceiver module.

Shot Counter A counter that records the number of times a recloser attempts to close a circuit 
breaker.

Shunt Admittance The admittance resulting from the presence of a device in parallel across other 
devices or apparatus that diverts some current away from these devices or 
apparatus.

Shunt Capacitance The capacitance between a network connection and any existing ground.

Shunt Current The current that a parallel-connected high-resistance or high-impedance device 
diverts away from devices or apparatus.

SIN Operator Operator in math SELOGIC control equations that provides the sine function.

Single-CT Application Tie breaker with only one CT available for busbar protection.

Single-Pole Trip A circuit breaker trip operation that occurs when one pole of the three poles of a 
circuit breaker opens independently of the other poles.



GL.22

SEL-400 Series Relays Instruction Manual Date Code 20230830

Glossary
Single Relay Application (Bus Protection)—Synchronism-Check

Single Relay Application
(Bus Protection)

Stations with as many as 21 per-phase CTs require only one SEL-487B. Stations 
with more than 21 and as many as 54 per-phase CTs require three SEL-487B 
relays.

SIR Source-to-line impedance ratio.

SNTP Simple Network Time Protocol. A network protocol for time synchronization.

SOTF
(Switch-Onto-Fault

Protection Logic)

Logic that provides tripping if a circuit breaker closes into a zero-voltage bolted 
fault, such as would happen if protective grounds remained on the line following 
maintenance.

Source Impedance The impedance of an energy source at the input terminals of a device or network.

SQRT Operator Math SELOGIC control equation operator that provides square root.

SSD File IEC 61850 System Specification Description file. XML file that describes the 
single-line diagram of the substation and the required logical nodes.

Stable Power Swing A change in the electrical angle between power systems. A control action can 
return the angular separation between systems to less than the critical angle.

Station Bus Network bus for IED communication between the bay and station levels.

Status Failure A severe out-of-tolerance internal operating condition. The relay issues a status 
failure message and enters a protection-disabled state.

Status Warning Out-of-tolerance internal operating conditions that do not compromise relay 
protection, yet are beyond expected limits. The relay issues a status warning 
message and continues to operate.

Strong Password A mix of valid password characters in a six-character combination that does not 
spell common words in any portion of the password. Valid password characters 
are numbers, upper- and lowercase alphabetic characters, “.” (period), and “-” 
(hyphen).

Subnet Mask The subnet mask divides the local node IP address into two parts, a network 
number and a node address on that network. A subnet mask is four bytes of 
information and is expressed in the same format as an IP address.

Subsidence Current See CT subsidence current.

SV Sampled Values, as defined in Part 9-2 of IEC 61850.

SV Channel A single-phase voltage or current transmitted as an integer value containing its 
magnitude and phase angle.

SV Stream Multicast packets containing a fixed data set transmitted periodically. In the case 
of 9-2LE, SV streams contain four currents and four voltages and are transmitted 
at a rate of 80 samples per cycle.

Synch Reference A phasor the relay uses as a polarizing quantity for synchronism-check 
calculations.

Synchronism-Check Verification by the relay that system components operate within a preset 
frequency difference and within a preset phase angle displacement between 
voltages.
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Synchronized Phasor A phasor calculated from data samples using an absolute time signal as the 
reference for the sampling process. The phasors from remote sites have a defined 
common phase relationship. Also known as Synchrophasor.

TAP Full-load secondary current that the relay uses to convert ampere values to 
dimensionless per-unit values.

TAP Tappings on some power transformer windings, used for voltage/reactive power 
flow control.

TAP (Point) Point in each phase that divides the capacitor bank into two parts.

TCB A circuit board mounted within the relay that has eight T-Protocol fiber-optic 
connections for creating a TiDL system.

Telnet An IP for exchanging terminal data that connects a computer to a network server 
and allows control of that server and communication with other servers on the 
network.

Terminal-to-Bus-Zone
Connection Variable

SELOGIC variable stating the conditions when the relay considers the current 
input from a particular terminal in the differential calculations of a particular bus-
zone.

Terminal
Emulation Software

Software that can be used to send and receive ASCII text messages and files via a 
computer serial port.

Thermal Demand Thermal demand is a continuous exponentially increasing or decreasing 
accumulation of metered quantities (used in demand metering).

Thermal
Withstand Capability

The capability of equipment to withstand a predetermined temperature value for 
a specified time.

Three-Phase Fault A fault involving all three phases of a three-phase power system.

Three-Pole Trip A circuit breaker operation that occurs when the circuit breaker opens all three 
poles at the same time.

Three-Relay Application Stations with more than 21 and as many as 54 per-phase CTs require three 
SEL-487B relays. Stations with as many as 21 per-phase CTs require only one 
SEL-487B.

Tie Breaker See Bus Coupler and Bus Sectionalizer.

Time Delay on Pickup The time interval between initiation of a signal at one point and detection of the 
same signal at another point.

Time Dial A control that governs the time scale of the time-overcurrent characteristic of a 
relay. Use the time-dial setting to vary relay operating time.

Time-Delayed Tripping Tripping that occurs after expiration of a predetermined time.

Time-Domain Link (TiDL) A technology that uses TiDL merging units to provide CT and PT inputs that are 
communicated to the relay by using direct fiber-optic connections.

Time Error A measurement of how much time an ac powered clock would be ahead or 
behind a reference clock, as determined from system frequency measurements.

Time-Overcurrent
Element

An element that operates according to an inverse relationship between input 
current and time, with higher current causing faster relay operation.
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Time Quality An indication from a GPS clock receiver that specifies the maximum error in the 
time information. Defined in IEEE C37.118.

Torque Control A method of using one relay element to supervise the operation of another.

Total Clearing Time The time interval from the beginning of a fault condition to final interruption of 
the circuit.

Tower Footing Resistance The resistance between true ground and the grounding system of a tower.

Transformer Impedance The resistive and reactive parameters of a transformer looking in to the 
transformer primary or secondary windings. Use industry accepted open-circuit 
and short-circuit tests to determine these transformer equivalent circuit 
parameters.

Tree Resistance Resistance resulting from a tree in contact with a power line.

TVE Total Vector Error. A measurement of accuracy for phasor quantities that 
combines magnitude and angle errors into one quantity. Defined in 
IEEE C37.118.

TXD Transmitted data.

UCA2 Utility Communications Architecture. A network-independent protocol suite that 
serves as an interface for individual IEDs.

UCA 61850-9-2LE Guideline for implementation of IEC 61850-9-2 created by the UCAIug to 
facilitate interoperability. The guideline can be considered a subset, or profile, of 
the IEC 61850-9-2 standard, which defines requirements for certain parts of the 
standard, including data mode implementation, data set descriptions, time 
synchronization, transfer rates, and sampling rates. Also referred to as 9-2LE.

UCAIug Utility Communications Architecture International Users Group.

Unbalanced Current
Element

Element that calculates the percentage difference between the three phase 
currents.

Unbalanced Fault All faults that do not include all three phases of a system.

Unbuffered Report IEC 61850 IEDs can issue immediate unbuffered reports of internal events 
(caused by trigger options data-change, quality-change, and data-update) on a 
“best efforts” basis. If no association exists, or if the transport data flow is not fast 
enough to support it, events may be lost.

Unconditional Tripping Protection element tripping that occurs apart from conditions such as those 
involving communication, switch-onto-fault logic, etc.

Ungrounded Capacitor
Bank

Capacitor bank with no intentional connection to ground. (A bank with a PT 
connected between the bank’s neutral point and ground is considered 
ungrounded.)

Unstable Power Swing A change in the electrical angle between power systems for which a control 
action cannot return the angular separation between systems to an angle less than 
the critical angle.

Untransposed Line A transmission line with phase conductors that are not regularly transposed. The 
result is an unbalance in the mutual impedances between phases.
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User ST Region in GOOSE for user-specified applications.

VA, VB, VC Measured A-Phase-to-neutral, B-Phase-to-neutral, and C-Phase-to-neutral 
voltages.

VAB, VBC, VCA Measured or calculated phase-to-phase voltages.

VG Residual voltage calculated from the sum of the three phase-to-neutral voltages, 
if connected.

Virtual
Terminal Connection

A mechanism that uses a virtual serial port to provide the equivalent functions of 
a dedicated serial port and a terminal.

Volatile Storage A storage device that cannot retain data following removal of relay power.

Voltage Compensation Adjustment of the voltage signals to nullify any standing unbalance voltage.

VT Voltage transformer. Also referred to as a potential transformer or PT.

Warm Start The reset of a running system without removing and restoring power.

Weak Infeed Logic Logic that permits rapid tripping for internal faults when a line terminal has 
insufficient fault current to operate protective elements.

Winding Transformer winding, synonymous with “terminal.”

Wye A phase-to-neutral connection of circuit elements, particularly voltage 
transformers or loads. To form a wye connection using transformers, connect the 
nonpolarity side of each of three voltage transformer secondaries in common (the 
neutral), and take phase-to-neutral voltages from each of the remaining three 
leads. When properly phased, these leads represent the A-Phase-, B-Phase-, and 
C-Phase-to-neutral voltages. This connection is frequently called ‘four-wire 
wye,’ alluding to the three phase leads plus the neutral lead.

XML Extensible Markup Language. This specification developed by the W3C (World 
Wide Web Consortium) is a pared-down version of SGML designed especially 
for web documents. It allows designers to create their own customized tags, 
enabling the definition, transmission, validation, and interpretation of data among 
applications and organizations.

Zero-Sequence A configuration of three-phase currents and voltages with currents and voltages 
that occur simultaneously, are always in phase, and have equal magnitude 
(3I0 = IA + IB + IC).

Zero-Sequence
Compensation Factor

A factor based on the zero-sequence and positive-sequence impedance of a line 
that modifies a ground distance element to have the same reach as a phase 
distance element.

Zero-Sequence Impedance Impedance of a device or circuit resulting in current flow when a single voltage 
source is applied to all phases.

Zero-Sequence
Mutual Coupling

Zero-sequence current in an unbalanced circuit in close proximity to a second 
circuit induces voltage into the second circuit. When not controlled by protection 
system design and relay settings, this situation can cause improper operation of 
relays in both systems.

Zero-Sequence
Overcurrent Element

Overcurrent protection that operates at conditions exceeding a threshold of 
system unbalance.
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Zero-Sequence
Voltage-Polarized

Directional Element

An element that provides directionality by the sign, plus or minus, of the 
measured zero-sequence impedance.

Z-Number That portion of the relay FID string that identifies the proper QuickSet software 
relay driver version and HMI driver version when creating or editing relay 
settings files.

Zone Time Delay Time delay associated with the forward or reverse step distance and zone protection.
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Preface

Manual Overview
The SEL-710-5 Motor Protection Relay Instruction Manual describes 
common aspects of motor relay application and use. It includes the necessary 
information to install, set, test, and operate the relay.

An overview of each manual section and topics follows:

Preface. Describes the manual organization, safety information, and 
conventions used to present information.

Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-710-5; lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-710-5; 
illustrates wiring connections for various applications.

Section 3: PC Interface. Describes the built-in web server and its features, 
including settings, meter and monitoring, reports, and firmware 
upgrading. Also describes the features, installation methods, and types 
of help available with the ACSELERATOR QuickSet® SEL-5030 
Software.

Section 4: Protection and Logic Functions. Describes the operating 
characteristic of each protection element, using logic diagrams and 
text, and explains how to calculate element settings; describes contact 
output logic, automation, and report settings.

Section 5: Metering and Monitoring. Describes the operation of each 
metering function; describes the monitoring functions.

Section 6: Settings. Describes how to view, enter, and record settings for 
protection, control, communications, logic, and monitoring.

Section 7: Communications. Describes how to connect the SEL-710-5 to a 
PC for communication; shows serial port pinouts; lists and defines 
serial port commands. Describes the communications port interfaces 
and protocols supported by the relay for serial and Ethernet ports.

Section 8: Front-Panel Operations. Explains the features and use of the 
front panel, including front-panel command menu, default displays, 
and automatic messages. Describes in detail the two-line display 
(2 x 16 characters) and the touchscreen display (5-inch, color, 
800 x 480 pixels).

Section 9: Bay Control. Describes how to configure and design the bay 
control screens for SEL-710-5 relays with the touchscreen display 
(5-inch, color, 800 x 480 pixels).

Section 10: Analyzing Events. Describes event type, messages, event 
summary data, standard event reports, and Sequential Events Recorder 
(SER) report.

Section 11: Testing and Troubleshooting. Describes protection element 
test procedures, relay self-test, and relay troubleshooting.
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Appendix A: Firmware, ICD, and Manual Versions. Lists the current relay 
firmware version and details differences between the current and 
previous versions. Provides a record of changes made to the manual 
since the initial release.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to 
update the firmware stored in flash memory.

Appendix C: SEL Communications Processors. Provides examples of how 
to use the SEL-710-5 with SEL Communications Processors for total 
substation automation solutions.

Appendix D: DNP3 Communications. Describes the DNP3 protocol support 
provided by the SEL-710-5.

Appendix E: Modbus Communications. Describes the Modbus protocol 
support provided by the SEL-710-5.

Appendix F: EtherNet/IP Communications. Describes the EtherNet/IP 
protocol support provided by the SEL-710-5.

Appendix G: IEC 61850 Communications. Describes IEC 61850 
implementation in the SEL-710-5.

Appendix H: IEC 60870-5-103 Communications. Describes the IEC 60870-
5-103 protocol support provided by the SEL-710-5.

Appendix I: DeviceNet Communications. Describes the use of DeviceNet 
(data-link and application protocol) over the Controller Area Network 
(CAN) hardware protocol.

Appendix J: MIRRORED BITS Communications. Describes how SEL 
protective relays and other devices can directly exchange information 
quickly, securely, and with minimum cost.

Appendix K: Motor Thermal Element. Contains a fundamental description 
of the SEL-710-5 thermal element. Describes interpretation of percent 
thermal capacity and thermal capacity used to start quantities.

Appendix L: Relay Word Bits. Lists and describes the Relay Word bits 
(outputs of protection and control elements).

Appendix M: Analog Quantities. Lists and describes the Analog Quantities 
(outputs of analog elements).

Appendix N: Cybersecurity Features. Describes a number of features to 
help meet cybersecurity design requirements.

SEL-710-5 Relay Command Summary. Briefly describes the serial port 
commands that are fully described in Section 7: Communications.
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Safety Information

Safety Information
Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, can result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Compliance Approvals
SEL-710-5 Relay (Hazardous Locations Approved)

The SEL-710-5 is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. 

General Safety Marks

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A or equivalent 
recommended by manufacturer. See Owner's Manual for safety 
instructions. The battery used in this device can present a fire or 
chemical burn hazard if mistreated. Do not recharge, disassemble, 
heat above 100°C or incinerate. Dispose of used batteries according 
to the manufacturer’s instructions. Keep battery out of reach of 
children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2330A ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur pour 
les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C ou 
incinérer. Éliminez les vieilles piles suivant les instructions du fabricant. 
Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be 
checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be 
checked before carrying out any other actions. It is the responsibil-
ity of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this 
manual. If misused, any safety protection provided by the equipment 
may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les clas-
sements d’équipement ainsi que les instructions d’installation et d’opéra-
tion avant la mise en service ou l’entretien de l’équipement. Il faut 
vérifier l’intégrité de toute connexion de conducteur de protection avant 
de réaliser d’autres actions. L’utilisateur est responsable d’assurer l’ins-
tallation, l’opération et l’utilisation de l’équipement pour la fonction pré-
vue et de la manière indiquée dans ce manuel. Une mauvaise utilisation 
pourrait diminuer toute protection de sécurité fournie par l'équipement.

Motor Overload: Class 10, 20, and 30. Surcharge du Moteur: Classe 10, 20 et 30.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l'air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Specifications des bornes

Type de filage

Utiliser seulement conducteurs en cuivre spécifiés à 75°C 
(167°F).

Tightening Torque

Terminal Block: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 0.18–0.25 Nm 
(1.6–2.2 in-lb)

Couple de serrage

Bornes : 0,9 à 1,4 Nm (8 à 12 livres-pouce)

Fiche à compression : 0,5 à 1,0 Nm (4,4 à 8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18 à 0,25 Nm (1,6 à 2,2 livres-pouce)

Hazardous Locations Safety Marks

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à Classe I, 
Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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The SEL-710-5 shall be installed in an indoor or outdoor (extended) locked 
enclosure that provides a degree of protection to personnel against access to 
hazardous parts. In either environment, the relay shall be protected from direct 
sunlight, precipitation, and full wind pressure.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-7. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements, 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.”

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening 
this device. Contact with hazardous voltages and currents inside 
this device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet appareil. 
Tout contact avec des tensions ou courants internes à l’appareil peut 
causer un choc électrique pouvant entraîner des blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that 
can result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc électrique 
pouvant entraîner des blessures ou la mort.

DANGER
Synchronous Motor Voltage Divider Module terminals carry high ac/
dc voltage signals. Disconnect the device from the synchronous 
motor before working on the device. Contact with live wires can 
cause electrical shock resulting in injury or death.

DANGER
Les bornes de raccordement du circuit diviseur de tension du motor 
synchrone sont alimentées par une haute tension ca/cc. Débrancher le 
module du moteur synchrone avant de le manipuler. Tout contact avec les 
fils sous tension peut être la cause d’ un choc électrique pouvant 
entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this 
manual can impair operator safety safeguards provided by this 
equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de celles 
indiquées dans ce manuel peut désarmer les dispositifs de protection 
d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or 
others, or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser avec 
d’autres personnes ou endommager l’équipement.

WARNING
Always isolate the relay control circuits before performing any 
modifications to the relay.

AVERTISSEMENT
Il faut toujours isoler les circuits de commande du relais avant d'apporter 
des modifications au relais.

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, utilisez 
exclusivement des équipements de test homologués comme produits de 
type laser de Classe 1.

WARNING
Overtightening the mounting nuts may permanently damage the 
relay chassis.

AVERTISSEMENT
Une pression excessive sur les écroux de montage peut endommager de 
façon permanente le chassis du relais
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“

General Information
Typographic 
Conventions

There are three ways to communicate with the SEL-710-5:

➤ Using a command line interface on a PC terminal emulation 
window.

➤ Using the front-panel menus and pushbuttons.

➤ Using QuickSet.

WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour des 
mots de passe confidentiels. Dans le cas contraire, un accès non-autorisé 
á l’équipement peut être possible. SEL décline toute responsabilité pour 
tout dommage résultant de cet accès non-autorisé.

WARNING
To install an option card, the relay must be de-energized and then 
re-energized. When re-energized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option 
card to prevent damage to the motor.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut éteindre 
l’équipement protégé avant d’installer la carte à option pour empêcher 
des dégats au moteur.

WARNING
Do not attempt to synchronize the brush-type synchronous motor 
without the external voltage divider board. Severe damage to the 
relay can result if the external voltage divider board is improperly 
connected.

AVERTISSEMENT
Ne pas essayer de synchroniser le moteur synchrone à balai sans le 
circuit de diviseur de tension externe. Des dégâts importants pourraient 
survenir au relais si le diviseur de tension externe était mal connecté.

CAUTION
Equipment components are sensitive to electrostatic discharge 
(ESD). Undetectable permanent damage can result if you do not use 
proper ESD procedures. Ground yourself, your work surface, and 
this equipment before removing any cover from this equipment. If 
your facility is not equipped to work with these components, 
contact SEL about returning this device and related SEL equipment 
for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. Raccordez-
vous correctement à la terre, ainsi que la surface de travail et l’appareil 
avant d’en retirer un panneau. Si vous n’êtes pas équipés pour travailler 
avec ce type de composants, contacter SEL afin de retourner l’appareil 
pour un service en usine.

CAUTION
Looking into optical connections, fiber ends, or bulkhead 
connections can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres oules 
connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment 
damage can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

Other Safety Marks (Sheet 2 of 2)
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The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions.

Trademarks All brand or product names appearing in this document are the trademark or 
registered trademark of their respective holders. No SEL trademarks may be 
used without written permission. 

SEL trademarks appearing in this manual are shown in the following table.

                    

Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-710-5. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the current version of your SEL-710-5.

LED Emitter The following table shows LED information specific to the SEL-710-5. See 
Figure 2.9 for the location of the ports using these LEDs on the relay.

Example Description

STATUS
Commands, command options, and command variables typed at 
a command line interface on a PC.

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings
PC dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

Main > Meters
Relay front-panel LCD menus and relay responses visible on the 
PC screen. The > character indicates submenus.

SEL Trademarks

ACSELERATOR Architect® SYNCHROWAVE®

ACSELERATOR QuickSet® MIRRORED BITS®

time-overlight® SELOGIC®

SEL-2407®

SEL-710-5 LED Information

Item
Fiber-Optic Ethernet Port 1 

(1A, 1B)
Port 2

Arc-Flash
Channel 1—8

Mode Multimode Multimode Multimode

Wavelength 1300 nm 820 nm 640 nm

Source LED LED LED

Connector type LC ST V-pin

Typical output power –15.7 dBm –16 dBm –12 dBm

CAUTION
Looking into optical connections, fiber 
ends, or bulkhead connections can 
result in hazardous radiation 
exposure.
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The following figure shows the LED location specific to the SEL-710-5. See 
Figure 2.9 for the complete rear-panel drawing.

SEL-710-5 LED Locations

Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

LED Safety Warnings and Precautions 

➤ Do not look into the end of an optical cable connected to an 
optical output.

➤ Do not look into the fiber ports/connectors.

➤ Do not perform any procedures or adjustments that are not 
described in this manual.

➤ During installation, maintenance, or testing of the optical 
ports, only use equipment classified as Class 1 laser products.

➤ Incorporated components such as transceivers and LED 
emitters are not user serviceable. Units must be returned to 
SEL for repair or replacement.

CAUTION
Use of controls, adjustments, or 
performance of procedures other 
than those specified herein may 
result in hazardous radiation 
exposure.

Fiber-Optic 
Serial Port LED

Arc-Flash Detection 
LEDs for Self-Test

Fiber-Optic 
Ethernet
Port LEDs

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea To 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40 to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations ±10% of nominal voltage
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Wire Sizes and 
Insulation

For standard wiring connections, use 105°C-rated wiring. Wire sizes for 
grounding (earthing), current, voltage, and contact connections are dictated by 
the terminal blocks and expected load currents. You can use the following 
table as a guide in selecting wire sizes. See the SEL application note Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices (AN2014-08) for wiring 
and termination guidance. Strip the wires 8 mm (0.31 in) for installation and 
termination.

Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-710-5 chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.

Copyrighted Software The product includes copyrighted software licensed under the TI BSD End 
User Agreement, reproduced as follows:

Software License Agreement

Copyright © 2010 Texas Instruments Incorporated - http://www.ti.com/

Redistribution and use in source and binary forms, with or without 
modification, are permitted provided that the following conditions are met:

Redistributions of source code must retain the original copyright notice, 
this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright 
notice, this list of conditions and the following disclaimer in the 
documentation and/or other materials provided with the distribution.

Neither the name of Texas Instruments Incorporated nor the names of its 
contributors may be used to endorse or promote products derived from 
this software without specific prior written permission.

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

a Consult with the factory for derating specifications for higher altitude applications.

Condition Range/Description

Connection Type
Wire Size Insulation 

VoltageMinimum Maximum

Grounding (Earthing) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Current 16 AWG (1.3 mm2) 12 AWG (3.3 mm2) 300 V min

Potential (Voltage) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Contact I/O 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

RTDa

a See Table 2.19: Typical Maximum RTD Lead Length.

28 AWG (0.08 mm2) 16 AWG (1.30 mm2) 300 V min

PTCb

b See Table 2.18: PTC Cable Requirements.

20 AWG (0.5 mm2) 14 AWG (2.1 mm2) 300 V min

Other 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

NOTE: Terminal blocks are best 
suited to accept 10 AWG wire size. 
Make sure to select the appropriate 
lug size that is compatible with the 
SEL relay terminal block. All SEL 
qualification testing of terminal 
blocks is performed with ring or fork 
terminals for wire size as high as 
12 AWG.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND 
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED 
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL 
THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY 
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR 
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF 
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER 
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN 
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING 
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE 
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGE.

Technical Support We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/
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Section 1
Introduction and Specifications

Overview
The SEL-710-5 Motor Protection Relay is designed to protect three-phase 
motors. The basic relay provides locked rotor, overload, unbalance, and short 
circuit protection. Voltage-based and RTD-based protection are available as 
options. All relay models provide monitoring functions.

This manual contains the information needed to install, set, test, operate, and 
maintain any SEL-710-5. You need not review the entire manual to perform 
specific tasks. 

Features
The SEL-710-5 protection and control features depend on the model selected. 
The models are configured with current/voltage input cards on Slot Z and 
specific option cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with the number 8 in the 
SEL-710-5 Model Options Table (MOT, see Models on page 1.4). For 
example, 81 in the MOT for Slot Z indicates a SELECT 4 ACI/3 AVI card with 
three-phase ac current inputs (1 A nominal), neutral ac current input (1 A 
nominal), and three-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with the number 7 in the 
SEL-710-5 Model Options Table (MOT). For example, 74 in the MOT for 
Slot E indicates a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash detection 
channels and 3 differential current channels.

Table 1.1 shows the different applications for which the SEL 710-5 can be 
used. Current inputs are 1 A, 5 A, or 2.5 mA (neutral only) nominal rating and 
voltage inputs are 300 V continuous rating.

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 1 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs

07105xxxxxxx Induction Motor Protection All Models All Models None (0X) NA

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels 
and Differential Protection

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

IA, IB, IC, IN, 
VA, VB, VC, N

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, 
AF4, IA87, IB87, 
IC87, COM
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Standard Protection 
Features

➤ Thermal Overload (Thermal Model) (49)

➤ Undercurrent (Load Loss) (37)

➤ Current Balance and Phase Loss (46)

➤ Overcurrent (Load Jam)

➤ Short Circuit (50P)

➤ Ground Fault—Residual Overcurrent (50G)

➤ Ground Fault—Neutral Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Incipient Cable Fault (50INC)

➤ Loss of Field (40)

➤ Out of Step (78)

➤ Phase Reversal (47) (current based)

➤ Induction Motor Starting/Running

➢ Start Motor Timer

➢ Notching or Jogging Device (66)

➢ TCU (Thermal Capacity Utilization) Start Inhibit

➢ Anti-Backspin Timer

➢ Emergency Start

➢ Two-Speed Protection

➢ Reduced Voltage Starting (19)

➢ Stall–Speed Switch (14)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Underpower (37)

➢ Reactive Power

➢ Phase Reversal (47)

➢ Power Factor (55)

➤ Frequency (81)

➤ Breaker/Contactor Failure Protection

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, 
AF4, AF5, AF6, 
AF7, AF8

07105xxx75xx Synchronous Motor 
Protection With 
Differential Protection

SYNCH/3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, 
IEX+, IEX–, IA87, 
IB87, IC87, COM

Table 1.1 Current (ACI) and Voltage (AVI) Card Selection for SEL-710-5 (Sheet 2 of 2)

Model Application
Slot Z Card

(MOT Digits) Slot Z Inputs
Slot E Card

(MOT Digits) Slot E Inputs
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➤ VFD Motor Protection

➤ Broken Rotor Bar Detection Element (BBDE)

➤ Vibration Monitoring

Optional Protection 
and Control Features

➤ Synchronous Motor Protection and Control 

➢ Starting Control

➢ Power Factor/Reactive Power Regulator

➢ Loss of Synchronism (pull-out)

➢ Field Resistance, Voltage, and Current Elements

➤ Arc-Flash Protection 

➢ 4 Arc-Flash Detection Inputs

➢ 8 Arc-Flash Detection Inputs

➤ Differential Overcurrent (87M)

➤ PTC Overtemperature (Positive Temperature Coefficient 
Switching Thermistor) (49) 

➤ RTD-Based Protection: As many as ten (10) RTDs can be 
monitored when an internal RTD card is used, or as many as 
twelve (12) when an external SEL-2600 RTD Module with the 
ST option is used. There are separate Trip and Warn settings for 
each RTD.

Front-Panel Options The SEL-710-5 offers two front-panel HMI layouts that are model and option 
dependent. Table 1.2 lists the HMI options for the SEL-710-5 front panel. For 
ordering options, refer to the SEL-710-5 MOT.

 

Monitoring Features ➤ Event Summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event Reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Motor operating statistics since the last reset:

➢ Running and stopped times

➢ Number of starts and emergency starts

➢ Average and peak metering values during start and run 
periods

Table 1.2 SEL-710-5 Front-Panel Options

Model/Display Description
Front-Panel Option 
(MOT String Digit 

Number 18)

Number of 
Pushbuttons

LED Type
IRIG or PTC 

Option

SEL-710-5 With Two-Line Display
(2 x 16 characters)

0 8 Tricolor IRIG

SEL-710-5 With Two-Line Display
(2 x 16 characters)

1 8 Tricolor PTC

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

A 8 Tricolor IRIG

SEL-710-5 With Touchscreen Display
(5-inch, color, 800 x 480 pixels)

B 8 Tricolor PTC
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➢ Load profiling

➢ Number of various alarms and trips

➤ Motor Start Reports, for as long as 240 seconds, for each of the 
last 30 starts

➤ Motor Start Trend data for the past eighteen 30-day intervals

➤ A complete suite of accurate metering functions

➤ Broken rotor bar detection reports

➤ Breaker Health

➤ Vibration Monitoring

➤ 97FM elements for frequency components detection

➤ Motor monitoring using Fourier Transform and Compressed 
Meter commands.

Communications and 
Control Features

➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet port(s), and fiber-optic rear-panel EIA-232 port

➤ Built-in web server

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, Simple Network Time 
Protocol (SNTP), IEEE-1588-2008 firmware-based Precision 
Time Protocol (PTP), MIRRORED BITS, IEC 61850 Edition 2, 
IEC 60870-5-103, EtherNet/IP, DeviceNet, Parallel 
Redundancy Protocol (PRP), and Rapid Spanning Tree 
Protocol (RSTP)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare

Language Support ➤ The standard relay front-panel overlay is in English; a Spanish 
overlay is available as an ordering option. Text displayed on the 
HMI display will correspond to the ENGLISH or SPANISH 
ordering option.

➤ All of the ASCII command responses can be displayed in 
English or Spanish. When you set the port setting LANG to 
either ENGLISH or SPANISH (see Table 4.93), the SEL-710-5 
ASCII commands display in the corresponding language.

➤ Web server reports can be displayed in English or Spanish by 
setting the Ethernet Port 1 setting LANG to either ENGLISH or 
SPANISH. 

Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. See 

the latest Model Option Table for the SEL-710-5 with the two-line display and 
the SEL-710-5 with the touchscreen display at selinc.com on the SEL-710-5 

https://selinc.com/products/?configurable.yes
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product page under Documentation > Ordering Information. Options and 
accessories are as follows:

SEL-710-5 Base Unit ➤ Front panel with two-line display or with touchscreen display

➢ Eight programmable pushbuttons, each with two 
tricolor LEDs

➢ Eight target tricolor LEDs (six programmable)

➢ Operator control interface

➢ Front EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)—EIA-232 serial 
port, Multimode (ST) fiber-optic serial port, and IRIG-B time 
code input or PTC Input

➤ Three expansion slots for optional cards (Slots C, D, and E)

➤ Current/Voltage Inputs Card (Slots Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII, SEL Fast Meter, 
Fast Operate, Fast SER

➢ SEL Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS Communications

➤ Breaker Wear Monitoring

➤ Broken Rotor Bar Detection Element (BBDE)

Options ➤ Slot E Options: 

➢ 4 Arc Flash/Differential Inputs 

➢ Synchronous Motor/Differential Inputs

➢ 8 Arc Flash Inputs 

➤ Input/Output (I/O) Options: 

➢ Additional digital I/O (4 DI/4 DO, 4 DI/3 DO, 8 DI, 
8 DO, 3 DI/4 DO/1 AO, 14 DI)

➢ Additional analog I/O (4 AI/4 AO, 8 AI)

➢ 10 RTD inputs

➤ Front-panel HMI options (see Table 1.2)

➤ Communications Options (Protocols/Ports):

➢ EIA-485/EIA-232/Ethernet ports

➢ Multimode (ST) fiber-optic serial port

➢ Modbus RTU, Modbus TCP/IP protocol

➢ DNP3 serial and LAN/WAN

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)
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➢ IEC 61850 Edition 2

➢ IEC 60870-5-103

➢ SNTP

➢ PTP (firmware-based)

➢ EtherNet/IP

➢ PRP

➢ RSTP

➤ Choice of IRIG-B time-code input or PTC (thermistor) input

➤ Language Options

➢ The relay supports English or Spanish language as an 
ordering option

➤ Conformal coating for chemically harsh and/or high-moisture 
environments

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ Synchronous Motor Voltage Divider Module 
(P/N  915900294)

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ External RTD protection:

➢ SEL-2600 RTD Modules (ST option only)

➢ A simplex 62.5/200 µm fiber-optic cable with an ST 
connector for connecting the external RTD module to 
the SEL-710-5

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible 
ST fiber-optic port) for connection to relay fiber-optic serial 
Port 2, or use SEL-2505 with EIA-232 (DB-9) serial port to 
connect to EIA-232 Port 3 on the relay

➤ SEL-710-5 Configurable Labels

➤ Rack-Mounting Kits:

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Euro Connector Kit

➤ Ring Terminal Kit for all connections to the relay

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-710-5 mounting accessories for competitor products, including 
adapter plates, visit selinc.com/app/mounting-selector/.

https://selinc.com/applications/mountingselector/
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Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ With or without zero-sequence core-balance current 
transformer

➤ With or without external RTD module

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motors

➤ VFD motor application

➤ Synchronous motor application

➤ With or without arc-flash protection

Figure 1.1 shows across-the-line starting ac connections. Refer to Section 2: 
Installation for additional applications and the related connection diagrams.

Figure 1.1 AC Connections—Across-the-Line Starting

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 
chassis must be grounded in the relay cabinet.

SEL-710-5

CBT

ABC

IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01
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Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-710-5 effectively. This section presents the fundamental knowledge 
you need to operate the SEL-710-5, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-710-5 with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.22.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

Establishing 
Communication

The SEL-710-5 has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL-C234A cable (or 
equivalent) to connect the SEL-710-5 to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC to the SEL-710-5 with the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.3. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You see the = prompt at the left side of the computer screen. 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.3.
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Step 6. Type QUIT <Enter> to view the relay report header.

The relay should respond as shown in Figure 1.2. If you see 
jumbled characters, change the terminal emulation type in the 
PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.16 for factory-default passwords) to go to Access 
Level 1.

Checking the 
Relay Status

Use the STA command to view the SEL-710-5 operational status. The status 
report includes the analog channel dc offset and monitored component status, 
as shown in Figure 1.3.

If a communications card with Modbus RTU protocol is present, the status 
report depicted in Figure 1.3 applies. If a communications card with the 
DeviceNet protocol is present, the DeviceNet status will be included, as 
shown in Figure 1.4. 

Table 1.3 SEL-710-5 Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
SEL-710-5              Date: 05/17/2013  Time: 10:22:14.348
MOTOR RELAY Time Source: Internal
=

Figure 1.2 Response Header

=>>STA <Enter>

SEL-710-5                                Date: 07/08/2016   Time: 18:12:11.105
SYNCHRONOUS MTR                          Time Source: External

Serial Num = 1120340538     FID = SEL-710-5-X143-V0-Z002001-D20160630
CID = 3FA3                  PART NUM = 071050E1B6X9X7586063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.80   2.49   3.32   3.76    4.95   -1.25   -5.05   3.04

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  12    10    10    10    -9    -8    -7    -5    -4    -4    -3

  Relay Enabled 

=>>

Figure 1.3 STA Command Response—No Communications Card or EIA-232/
EIA-485 Communications Card
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Table 7.57 provides the definition of each status report designator and 
Table 11.8 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification string (FID), and checksum string (CID). These strings 
uniquely identify the relay and the version of the operating firmware.

Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-710-5. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay replies:

5/29/2013 

If the DATE_F setting is YMD, the relay replies:

2013/5/29

If the DATE_F setting is DMY, the relay replies:

29/5/2013

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2013 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/13

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

=>>STA <Enter>

SEL-710-5                                Date: 05/14/2000   Time: 14:35:45.595
MOTOR RELAY                              Time Source: Internal

Serial Num = 000000000000000
FID = SEL-710-5-X051-V0-Z001001-D20130506               CID = 1368
PART NUM = 071050E1BA30X7585063X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.21

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.50   1.81   2.50   3.36   3.75    4.99   -1.24   -4.96   3.00

Option Cards
  CARD_C  CARD_D  CARD_E  CARD_Z
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA      DN_RATE   DN_STATUS
  1          1a25 df42h  125kbps   0000 0001

Offsets
   IA    IB    IC    IN    VA    VB    VC   IA87  IB87  IC87  VDR
  11    14    13    13    -1    -1    0     -8    -10   -7    $$$

  Relay Enabled

=>>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-710-5. The relay 
replies with the stored time in 24-hour format. For example:

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, or semicolons.
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Specifications
U.Instruction Manual

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)
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Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms

Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)
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Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km

Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)



1.16

SEL-710-5 Relay Instruction Manual Date Code 20220826

Introduction and Specifications
Specifications

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13
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EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle
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Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: Off, 0.01–650.00 A primary; 
0.01 A rms increment

2.5 mA models: Off, 0.01–25.00 A primary; 
0.01 A rms increment

Accuracy:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)

Time Delay: 0.0–5.0 s, 0.01 s increment

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup
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Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C
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RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM

IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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Overview
The first steps in applying the SEL-710-5 Motor Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. Carefully plan relay placement, 
cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-710-5. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-710-5 product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Physical Location The SEL-710-5 is EN 61010-1 certified at Installation/Overvoltage 

Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-710-5 is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.15.) 
For EN 61010-1 certification, the SEL-710-5 rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-710-5 shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations Class I, 
Division 2, Groups A, B, C, and D, and temperature class T3C with a maximum 
surrounding air temperature of 50°C.
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Relay Mounting To flush mount the SEL-710-5 in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel. The relay is rated 
IP65 when the two-line display model is enclosed in a panel and rated IP54 
when the touchscreen display model is enclosed in a panel. 

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Models, Options, and Accessories on page 1.4 for information on 
mounting accessories.

I/O Configuration
Your SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, arc-flash 
detectors, and voltage/current cards are available for the SEL-710-5. 
Figure 2.2 shows the slot allocations for the cards.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply and C, D, or E slots with 24–48 Vdc/
Vac digital input options. Relays manufactured after May 18, 2022 will be 
provided with orange Euro connector for low-voltage power supply and digital 
inputs. Refer Figure 2.13 and Figure 2.15 for orange Euro connector 
examples.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

5.47
(139.0)

7.36
(187.0)

5.80
(147.4)

5.67
(144.0)

7.56
(192.0)

1.12
(28.5)

i9089b
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Figure 2.2 Slot Allocations for Different Cards

Rear-Panel Slot

A B C D E Z

Software Reference
1 3 4 5

(e.g., OUT101) (e.g., IN301) (e.g., OUT401) (e.g., AI501)

Description
Power supply 
and I/O carda 

CPU/comm. 
cardb 

Comm. or input/
outputc card

Input/outputc 
or RTD card

Input/outputc or 
current/voltage card

Current/voltage 
card

Card Type

SELECT EIA-232/485 

SELECT DeviceNet 

SELECT 3 DI/4 DO/1 AO (one card per relay)   

SELECT 4 DI/4 DO   

SELECT 4 DI/3 DO (2 Form C, 1 Form B)   

SELECT 8 DO   

SELECT 8 DI   

SELECT 8 AI   

SELECT 14 DId   

SELECT 4 AI/4 AO (one card per relay)   

SELECT 10 RTD 

SELECT 4 AFDI/3 DIFF ACI (MOT…x74…) 

SELECT SYNCH/3 DIFF ACI (MOT…x75…) 

SELECT 8 AFDI (MOT…x76…) 

SELECT 4 ACI/3 AVI (MOT.…x81/82/83/85/86/87x…) 

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports. The IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1). IRIG-B is also supported via fiber-optic serial port 
(Port 2) and rear-panel EIA-232 serial port (Port 3). You can use only one input at a time.

c Digital or analog.
d Requires R200 or higher firmware revision.

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O or Arc Flash or ACI/AVI 
Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot Z)
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Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-710-5 relay. It has two digital 
inputs and three digital outputs (two normally open Form-A contact outputs 
and one Form-C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the base-
unit options shown in Table 2.2.

Port F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

Table 2.1 Power Supply Inputs (PSIO/2 DI/3 DO) Card Terminal Designations

Side-Panel
Connections Label

Terminal 
Number Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T 
Ethernet copper port or 100BASE-FX 
Ethernet fiber-optic port

2 Rear Panel Standard Isolated multimode fiber-optic port with 
ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or EIA-485 
serial port
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Port 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ Simple Network Time Protocol (SNTP)

➤ Parallel Redundancy Protocol (PRP)

➤ EtherNet/IP

➤ Precision Time Protocol (PTP)

➤ IEC 61850

➤ FTP

➤ Telnet

Port 2 and Port 3 support the following protocols:

➤ Modbus RTU Slave

➤ DNP3 Level 2 Outstation

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ IEC 60870-5-103

Communications Card 
(Slot C)

Either the DeviceNet (see Appendix I: DeviceNet Communications) or the 
EIA-232/EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ Port 4A, an isolated EIA-485 serial port interface

➤ Port 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Select either EIA-232 or EIA-485 functionality using the Port 4 Setting 
COMM Interface. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

NOTE: After any change, be sure to 
thoroughly test the settings.
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➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ DNP3 Level 2 Outstation

➤ IEC 60870-5-103

Current/Voltage Card 
(4 ACI/3 AVI)

MOT…x81x… (1 A phase, 1 A neutral CTs); …x85x… (5 A phase, 5 A neutral 
CTs); …x82x… (1 A phase, 5 A neutral CTs); …x86x… (5 A phase, 
1 A neutral CTs); …x83x… (1 A phase, 2.5 mA neutral CTs); or …x87x… 
(5 A phase, 2.5 mA neutral CTs). Supported in Slot Z of the SEL-710-5 relay, 
this card has current inputs for three-phase CTs, neutral current CTs, and 
voltage inputs for three-phase (wye or delta) PTs. You can order one of three 
neutral CT ratings, 1 A, 5 A, or 2.5 mA (high sensitivity).

Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number Description

Z01

Z02

IA, A-phase current input

Z03

Z04

IB, B-phase current input

Z05

Z06

IC, C-phase current input

Z07

Z08

IN, Neutral current input

Z09

Z10

Z11

Z12

VA, A-phase voltage input

VB, B-phase voltage input

VC, C-phase voltage input

N, common connection for VA, VB, VC

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

WARNING
Voltage measurement circuits have 
high input impedance and will 
respond to stray signals when left 
open (disconnected). Always isolate 
the relay control circuit before 
opening the voltage input test 
switches or performing work on the 
voltage circuit. Z03

Z04
IB

Z05

Z06
IC

Z07

Z08
IN

Z02
IA

Z01

ACI

AVI

Z09

Z 1 1

WYE

VA VA

VB VB
(COM)

VC VC

Z12 N COM

OPEN
DELTA

Z10
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Four Arc-Flash 
Detection Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(4 AFDI/3 DIFF ACI)

MOT…x74x… Supported only in Slot E of the SEL-710-5, this card has four 
arc-flash fiber-optic transmit and receive inputs (AF1–AF4) and three 
differential current inputs (IA87, IB87, and IC87). Table 2.5 shows the 
terminal designation.

Three Synchronous 
Motor Inputs and 
Three AC Current 
Inputs (Motor 
Differential) 
(SYNCH/3 DIFF ACI) 

MOT…x75x… Supported only in Slot E of the SEL-710-5, this card has three 
synchronous motor inputs (VDR, VEX, and IEX) and three differential 
current inputs (IA87, IB87, and IC87). IEX can use either (0–10 V) voltage or 
(4–20 mA) current input based on the position of the DCCT switch. Table 2.6 
shows the terminal designation.

Table 2.5 Four Arc-Flash Detection Inputs and Three AC Current Inputs 
(4 AFDI/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 IA87, A-phase differential current input

E06 IB87, B-phase differential current input

E07 IC87, C-phase differential current input

E08 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

05

06

I A87

COM

I C87

I B87

07

08

0 1

TX RX

02

03

04

AF 1

AF2

AF3

AF4

Table 2.6 Three Synchronous Motor Inputs and Three AC Current Inputs 
(SYNCH/3 DIFF ACI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

E01 VDR+, Field Discharge Resistor Voltage 
(Positive)

E02 VDR-,Field Discharge Resistor Voltage 
(Negative)

E03 VEX+, Exciter Voltage (Positive)

E04 VEX-, Exciter Voltage (Negative)

E05 IEX+, Exciter Current (Positive)

E06 IEX-, Exciter Current (Negative)

IEX DCCT Type Selection Switch

E07 IA87, A-phase differential current input

E08 IB87, B-phase differential current input

E09 IC87, C-phase differential current input

E10 Common for IA87, IB87, IC87

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

C O M

07

08

09

1 0

VDR +

VDR –

VEX +

VEX –

01

02

03

04

05

06

EX +

EX  –

A 8 7

B 8 7

C 8 7

EX DCCT  TYPE

0-10V 4-20mA

AV

AC
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Eight Arc-Flash 
Detection Inputs 
(8 AFDI)

MOT…x76x… Supported only in Slot E of the SEL-710-5, this card has eight 
arc-flash fiber-optic transmit and receive inputs (AF1–AF8). Table 2.7 shows 
the terminal designations.

Analog Inputs Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.8 shows the terminal designation.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal 
Designations

Side-Panel
Connections Label

Terminal 
Number Description

E01 AF1 Channel TX and RX Inputs

E02 AF2 Channel TX and RX Inputs

E03 AF3 Channel TX and RX Inputs

E04 AF4 Channel TX and RX Inputs

E05 AF5 Channel TX and RX Inputs

E06 AF6 Channel TX and RX Inputs

E07 AF7 Channel TX and RX Inputs

E08 AF8 Channel TX and RX Inputs

TX RX

0 1

02

03

04

AF 1

AF2

AF3

AF4

05 AF5

06 AF6

07 AF7

08 AF8

Table 2.8 Eight Analog Inputs (8 AI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

NOTE: Connection lengths less than 
10 meters for analog inputs and 
outputs meet the requirements of IEC 
60255-26 and IEC 60255-27.
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I/O Card (4 AI/4 AO) Supported in only one of the nonbase unit slots (Slot C through Slot E), this 
card has four analog inputs and four analog outputs. Table 2.9 shows the 
terminal designation.

I/O Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs (normally open contact outputs), and one analog 
output. Table 2.10 shows the terminal designation.

NOTE: The analog output is self-
powered and has an isolated power 
supply.

Table 2.9 Four Analog Inputs/Four Analog Outputs (4 AI/4 AO) Card 
Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

NOTE: Analog outputs (4 AI/4 AO, 
3 DI/4 DO/1 AO) are isolated (dielectric 
level up to 1.0 kVac) from each other 
and from the chassis ground.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

Table 2.10 Three Digital Inputs/Four Digital Outputs/One Analog Output 
(3 DI/4 DO/1 AO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

NOTE: Analog inputs and outputs 
with connection lengths less than 
10 meters meet requirements of 
IEC 60255-26 and IEC 60255-27.

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self-
powered and has an isolated power 
supply.

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

+

—
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 3-wire RTD inputs. Table 2.11 
shows the terminal designation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form B digital output (normally closed), and two Form C 
digital output contacts. Table 2.12 shows the terminal designation.

Table 2.11 RTD Inputs (10 RTD) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

•

•

•

•

•

•

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: Use passive resistors to 
simulate temperatures. Note that 
using RTD simulators to test RTD 
inputs can damage the relay.

08

05
06

04

09

20
2 1
22
23
24
25
26
27
28
29
30

10
1 1
12
1 3
14
15

16
17
18
19

07

02
03

0 1
RTD 1

COMP/ SHLD

+

—

RTD2

COMP/ SHLD

+

—

RTD3

COMP/ SHLD

+

—

RTD4

COMP/ SHLD

+

—

RTD5

COMP/ SHLD

+

—

RTD6

COMP/ SHLD

+

—

RTD7

COMP/ SHLD

+

—

RTD8

COMP/ SHLD

+

—

RTD9

COMP/ SHLD

+

—

RTD 10

COMP/ SHLD

+

—

NOTE: All Comp/Shield terminals are 
internally connected to the relay 
chassis and ground. 

Table 2.12 Four Digital Inputs/Three Digital Outputs (4 DI/3 DO) 
Card Terminal Designation 

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1
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I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are normally open contact 
outputs or all fast hybrid outputs (high-speed, high-current interrupting). 
Table 2.13 shows the terminal designation.

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.14 shows the terminal designation.

Table 2.13 Four Digital Input/Four Digital Output (4 DI/4 DO) 
Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC equation

03, 04 OUTx02, driven by OUTx02 SELOGIC equation

05, 06 OUTx03, driven by OUTx03 SELOGIC equation

07, 08 OUTx04, driven by OUTx04 SELOGIC equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital input and digital 
output (including high-current, high- 
speed, hybrid) connections are 
polarity neutral.

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

OUT_03

OUT_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

Table 2.14 Eight Digital Input (8 DI) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element

INPUTS:

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1
IN_0 1

IN_02

IN_03

IN_04

IN_05

IN_06

IN_07

IN_08
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I/O Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital outputs. Table 2.15 shows the terminal designation.

The 8 DO card, shown in Table 2.15, has all 8 Form A contacts. Refer to the 
SEL-710-5 Model Option Table for all the variants available (8A, 8B, 4A/4B, 
2A/6B, 6A/2B).

I/O Card (14 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.15 Eight Digital Output (8 DO) Card Terminal Designation

Side-Panel
Connections Label

Terminal 
Number Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC 
control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC 
control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC 
control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC 
control equation

09, 10 OUTx05, driven by OUTx05 SELOGIC 
control equation

11, 12 OUTx06, driven by OUTx06 SELOGIC 
control equation

13, 14 OUTx07, driven by OUTx07 SELOGIC 
control equation

15, 16 OUTx08, driven by OUTx08 SELOGIC 
control equation

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel 
Connections Label

Terminal 
Number

Descriptiona

a x=3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01 

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

INx01, drives INx01 element

INx02, drives INx02 element

INx03, drives INx03 element

INx04, drives INx04 element

INx05, drives INx05 element

INx06, drives INx06 element

INx07, drives INx07 element

COM

INx08, drives INx08 element

INx09, drives INx09 element

INx10, drives INx10 element

INx11, drives INx11 element

INx12, drives INx12 element

INx13, drives INx13 element

INx14, drives INx14 element

COM



2.13

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Installation
I/O Configuration

Card Configuration 
Procedure

Changing card positions, or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to use the SET command to program the 
I/O settings).

The SEL-710-5 offers flexibility in tailoring I/O to your specific application. 
The SEL-710-5 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-710-5 in Slots C, D, 
and E. Optional communications cards are available only for Slot C; an RTD 
card is available only for Slot D; and synchronous motor inputs, current, and 
arc flash cards are available only on Slot E. Figure 2.2 shows the slot 
allocations for the cards.

Because installations differ substantially, the SEL-710-5 offers a variety of 
card configurations that provide options for an array of applications. Choose 
the combination of option cards most suited for your application.

Swapping Optional I/O Cards
When an I/O card is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 
OUT401–OUT404 are available. If OUT401 = IN101 AND 50P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-710-5 can be upgraded by adding as many as three cards.

Installation
Perform the following procedure to install or replace any one of the cards into 
Slots C, D, E, or Z of the base unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and A02–
and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material the may remain inside the SEL-710-5 case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

DANGER
Disconnect or de-energize all 
external connections before 
opening this device. Contact with 
hazardous voltages and currents 
inside this device can cause 
electrical shock resulting in injury 
or death.

NOTE: To replace the 
communications card in Slot C with 
a standard I/O card, remove the 
white, stick-on label on the back 
plate to see the correct slots for 
the selected I/O card.
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If you have a two-line display front panel, perform Step 11 
through Step 19; if you have a touchscreen display front panel, 
proceed to Step 20. 

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted in the wrong slot. Begin again at 
Step 2.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:

STATUS

Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:

Serial Num

000000000000000000000000

Step 16. Press the ENT pushbutton.

The front panel displays the following:

Confirm Hardware

Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:

Accept New Config?

No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:

Config Accepted.

Enter to Reboot

Step 19. Press ENT and proceed to Step 22.
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Step 20. Wait for the Device Status screen to appear, and then verify the 
new part number and tap Yes to confirm the new configuration.

Step 21. Tap OK on the notification screen to reboot the relay.

Step 22. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED is turned on to indicate the card was installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the digits shown below. These digits remain unchanged, 
i.e., these digits retain the same character as before the 
reconfiguration. A communications card (DeviceNet or 
EIA-232/485) installed in Slot C will be reflected as an empty 
slot in the part number. A regular 4 DI/4 DO card and a hybrid 
4 DI/4 DO card have the same device ID. When interchanging 
these two cards, the part number for the respective slots should 
be updated manually. Use the STATUS command to view the 
part number.

Step 23. Update the side-panel drawing with the drawing sticker 
provided in the option card kit. If necessary, replace the rear 
panel with the one applicable for the card and attach the 
terminal marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial number 
label with the updated part number.

Step 24. Reconnect all connection plugs and add any additional wiring/
connectors required by the new option card.

Slot B CPU Card Replacement
Before replacing the Slot B card, do the following:

 1. Ensure that the card has the latest firmware from the factory.

 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

 3. Save all the settings and event reports before replacing the card.

 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option on page B.19.

071050E1B5X1X7586000X

NOTE: If adding a SELECT 
SYNCH/3 DIFF card, perform R_S 
from Access Level C after accepting 
the configuration and rebooting the 
relay.
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Perform the following steps to replace the existing CPU card with a new card:

Step 1. Turn off the power to the relay.

Step 2. Use ground strap between yourself and relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the card from its slot and insert the new card.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via the terminal emulation 
software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the relay serial number and part number to the 
appropriate values, type END, and then save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial and part 
numbers of your relay are correct.

Slot A Power Supply Card
If you are replacing a power supply card, change the part number accordingly, 
using the PARTNO command from Access Level C. Install new side stickers 
on the relay.

Analog Input (AI) 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in Position 1–2; for a voltage channel, insert Jumper x in Position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Voltage/Current 
Jumper Selection

Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and 
10. For a voltage analog output selection, insert a jumper between Pins 3 and 
4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: There is no jumper between 
pins 5 and 6 for a voltage analog 
output selection.

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self-powered and has an 
isolated power supply.

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
(Start/Stop Control), 
and SELBOOT Jumper 
Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password Jumper, Breaker Jumper (Start/Stop Control), 
and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-710-5 experiences 
an internal failure, communication with the relay can be compromised. 
Forcing the relay to SELBOOT provides you with a way to download new 
firmware. To force the relay to SELBOOT, place the jumper in Position C, as 
shown in Figure 2.7 (SELBOOT forced). After the relay is forced to SELBOOT, 
you can only communicate with it via the front-panel port.

To gain access to Level, Level 2, and Level C command levels without 
passwords, place the jumper in Position A, as shown in Figure 2.7 (Password 
Bypassed). Note that you can only access command levels without passwords 
to the access level set for the MAXACC setting for the port through which you 
are communicating. Although you gain access to Level 2 and Level C without 
a password, the alarm contact still closes momentarily when accessing Level 2 
and Level C. See Table 2.17 for the functions of the three sets of pins and their 
jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B On (start/stop enabled) Enable breaker (start/stop 
control)a

a Enable/disable serial port, front panel, and Fast Operate commands for breaker control.
The jumper position affects the breaker control by using the STR or STO commands and 
output contact control by using the PULSE command via the serial port, the front-panel 
menu-driven user interface, or the communications protocols. The jumper position does not 
affect the operation of the local bits, the remote bits, or the front-panel programmable 
pushbuttons.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT

Forced

Remote Breaker Control
(Start/Stop)
Allowed

JMP1

A B C

JMP1

A B C
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Relay Connections
Side-Panel and 
Rear-Panel Diagrams

The physical layout of the connectors on the side-panel and rear-panel 
diagrams of three sample configurations of the SEL-710-5 are shown in 
Figure 2.8 through Figure 2.12.

Figure 2.8 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO and Synchronous 
Motor/Differential Option (Relay MOT: 071050E1AA3CA75850830)

Figure 2.9 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, 
Fast Hybrid 4 DI/4 DO and 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A6XCA74851300)

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.10 No Ethernet, Fiber-Optic Serial, EIA-232 Communications, IRIG-B, 8 DO, Fast Hybrid 4 DI/4 DO, 
8 Arc-Flash Option (Relay MOT: 071050E1A2ACA73850000)

Figure 2.11 Copper Ethernet, Fiber-Optic Serial, EIA-485 Serial Communications, IRIG-B, 8 DI, Fast Hybrid 4 DI/
4 DO, 4 Arc-Flash/Differential Option (Relay MOT: 071050E1A3ACA74850300)

i6300a

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations
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Figure 2.12 Dual Copper Ethernet, Fiber-Optic Serial, EIA-232 Serial Communications, IRIG-B, 14 DI, 10 RTD and 
Synchronous Motor Differential Option (Relay MOT: 071050S1A4A9X7585A670)

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.13 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

The SEL-710-5 comes with an orange Euro connector on the Slot A card for 
24–48 Vdc low-voltage power supply options. Figure 2.13 shows the orange 
Euro connector with 24–48 Vdc power supply rating.

Figure 2.13 Slot A Euro Connector

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-710-5; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V maximum.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.49 for details. Be sure to use fuses that comply with 
IEC 60127-2.

(B) Rear-Panel Layout(A) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can 
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage 
can result if you do not use proper 
ESD procedures. Ground yourself, 
your work surface, and this 
equipment before removing any 
cover from this equipment. If your 
facility is not equipped to work with 
these components, contact SEL 
about returning this device and 
related SEL equipment for service.



2.22

SEL-710-5 Relay Instruction Manual Date Code 20220826

Installation
Relay Connections

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1  mm2) to 18 AWG (0.8  mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

The relay IN input can be connected to the ground CT, as shown in 
Figure 2.24. Connecting the IN input residually requires you to select a 
relatively high overcurrent element pickup setting to avoid tripping due to 
false residual current caused by CT saturation during high starting current. 
The IN connection shown in Figure 2.24 is preferred and provides for a lower 
ratio flux-balance CT that avoids saturation and provides greater ground fault 
sensitivity.

When you use a ground CT, its placement is critical and depends on the type 
of cable used to connect the motor to the source. As Figure 2.14 shows, using 
unshielded cable requires that the CT be placed between the neutral 
connection to ground and the motor, with the neutral lead included in the CT 
window. With shielded cable, the shield connection to ground must pass 
through the CT window.

Figure 2.14 Ground CT Placement

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial Port 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the Port 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size 26 AWG through 
14 AWG. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

Load

A

B

C

N

Source

Load

A

B

C

Source

Shielded Cable

Shields Connected

to Ground on Load Side 

Unshielded Cable
x:1 or x:5 Window CT

Neutral Connected to 

Ground on Source Side Only

x:1 or x:5 Window CT

Stress

Cone Shields
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-710-5 accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but you should use only one at a time. You can use IRIG-B (B01 and 
B02) inputs, an SEL communications processor via EIA-232 serial Port 3, or 
fiber-optic serial Port 2. The available communications processors are the 
SEL-2032, SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. You 
can also use the SEL-3530 Real-Time Automation Controller (RTAC) to 
provide IRIG-B input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have 
the terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or 
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a 
fiber-optic cable pair with ST connectors (C805, C807, C808) to connect to 
Port 2 on the SEL-710-5. Refer to Section 7: Communications for details on 
IRIG-B connections examples and on SEL-2401/2407/2404 for time source.

Ethernet Port
The SEL-710-5 can be ordered with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to Port 1 of the device using a standard 
RJ45 connector for the copper port and an LC connector for the fiber-optic port.

Fiber-Optic Serial Port
The fiber-optic serial port is compatible with the SEL-2812 (with IRIG-B), the 
SEL-2814 Fiber-Optic Transceivers, or SEL-2600 RTD Modules.

I/O Connections Digital inputs, when selected with 24 Vdc/Vac or 48 Vdc/Vac input voltage 
option, come with an orange Euro connector on the slot. Figure 2.15 shows 
the orange Euro connector for the 3 DI/4 DO/1 AO digital input option on 
Slot C.

Figure 2.15 Slot C Euro Connector

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.16 and Figure 2.17.
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Figure 2.16 Control I/O Connections—4 AI/4 AO Option in Slot D

Figure 2.17 Control I/O Connections—Internal RTD Option
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Notes:

• The chassis ground connector located on the rear-panel card in Slot A must always be connected to the 

local ground mat.

• Power supply rating (110–240 Vac, 110-250 Vdc or 24–48 Vdc) depends on the relay part number.

• Optoisolated Inputs IN101 and IN102 are standard and located on the card in Slot A.

• All optoisolated inputs are single-rated: 24, 48, 110, 125, 220, or 250 Vac/Vdc. Standard Inputs IN101/102 

can have a different rating than the optional IN401/402/403/404 (not shown).

• Output Contacts OUT101, OUT102, and OUT103 are standard and located on the card in Slot A.

• The analog (transducer) outputs shown are located on the optional I/O expansion card in Slot D.

• The fiber-optic serial port is located on the card in Slot B. A Simplex 62.5/200 µm fiber-optic cable is 

required to connect the SEL-710-5 with an SEL-2600 Series RTD Module. This fiber-optic cable should be 

1000 meters or shorter.

NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
ground.

NOTE: The B01–B02 
input located on the 
card in Slot B is either a 
PTC (thermistor) input 
or an IRIG-B Time-Code 
input depending on the 
SEL-710-5 model 
number. As many as six 
thermistors can be 
connected in series. 
Refer to Table 2.18 for 
PTC external cable 
length restrictions. 
Note that B01–B02 
based IRIG or PTC input 
is not available in 
SEL-710 models with 
fiber-optic or dual 
copper Ethernet port. 
Also, note that relays 
with PTC do not 
support IRIG-B. 
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PTC Wiring Table 2.18 shows the maximum cable lengths for the PTC connections.

RTD Wiring Table 2.19 shows the maximum cable lengths for the RTD connections that 
satisfy the 25-ohm limit required for connecting to SEL devices.

Refer to SEL application guide Applying Various Types of RTDs with SEL 
Devices (AG2017-09). This application guide specifies the correct connection 
of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note Wiring SEL-2400, 
SEL-2200, and SEL-700 Series Devices (AN2014-08)—and avoid fitting 
multiple wires into a single terminal, the bird-caging effect of stranded wires, 
and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.18. Also 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Table 2.18 PTC Cable Requirements

Wire Size, Twisted Pair 
AWG No.

Maximum Length (meters) 
Shielded Cable

Maximum Length (meters) 
Unshielded Cable

20 200  100

18 300  100

17 400  100

16 600  100

14 1000  100

Table 2.19 Typical Maximum RTD Lead Length 

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m

NOTE: RTD inputs are not 
internally protected for 
electrical surges. External 
protection is recommended if 
surge protection is desired.

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.
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Figure 2.18 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams for the following 
applications:

➤ Across-the-line starting

➤ Star-delta starting

➤ Two-speed motor

➤ Full-Voltage Reversing Starter

➤ VFD Motor 

➤ Synchronous Motor 

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.19 shows the output OUT103 relay coil and Form C contact. When the 
relay coil de-energizes, the contact between A07 and A08 opens while the 
contact between A07 and A09 closes.

Figure 2.19 Output OUT103 Relay Output Contact Configuration

The SEL-710-5 provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occur in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-710-5 is 
powered and operational.

➤ When the SEL-710-5 generates a trip signal, the relay coil is 
de-energized.

➤ The relay coil is also de-energized if the SEL-710-5 power 
supply voltage is removed or if the SEL-710-5 fails (self-test 
status is FAIL).

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time 
to open the contacts) for fast-hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).
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Figure 2.20 shows fail-safe and nonfail-safe wiring methods to control 
breakers and contactors.

Figure 2.20 Breaker Trip Coil and Contactor Connections with OUT103FS := Y and OUT103FS := N

Figure 2.21 shows a typical contactor application using the factory-default 
settings for output OUT102 and output OUT103. Note that the START Relay 
Word bit is used to start the motor in addition to the manual start pushbutton. 
This allows internal relay logic to start the motor. See Figure 4.30 for the logic 
the relay uses to initiate motor starts.

Figure 2.21 Contactor Application Using Factory-Default Settings
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A09

A08

A07

Fail-Safe
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Note: Contacts shown with OUT103 relay coil de-energized

Contactor

CR
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Fail-Safe
(electrically held)

A06

A05

A08

A07
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High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity–
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, the ac voltages can be directly connected, wye-
wye VT connected, open-delta VT connected, or a single-phase VT can be 
used. Figure 2.22 and Figure 2.23 show the methods of connecting single-
phase and three-phase voltages.

Figure 2.22 Single Phase Voltage Connections

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short 
circuit arc flash incident energy.

A B C

Single Phase-to-Neutral VT Connection

Single Phase-to-Phase VT Connection

F1

A B C
Z09

Z10

Z11

Z12

Z09

Z10

Z11

Z12

SEL-710-5

SEL-710-5

F1
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The VT secondary circuit should be grounded in the relay cabinet.

For open-delta VT connections, the figure shows grounding B-phase (Z10). You can 
choose to ground A-phase or C-phase instead of B-phase, but keep the jumper 
between terminals Z10 and Z12 as is.

Figure 2.23 Voltage Connections
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SEL-710-5
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Across-the-Line 
Starting

Figure 2.24 AC Connections With Core-Balance Neutral CT

Figure 2.25 and Figure 2.26 show current circuit connections for the 
differential elements.

Figure 2.25 AC Connections With Core-Balance Differential CTs

SEL-710-5

CBT
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IN

IC

IB

IA

M
3 ~

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

CBT is core-balance current transformer.
The current transformers and the SEL-710-5 chassis should be grounded in the relay cabinet.

SEL-710-5 with 4 AFDI/3 DIFF ACI Card in Slot E

A
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C

IA87 IB87 IC87

E05 E06 E07 E08
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Figure 2.26 AC Connections With Source- and Neutral-Side CTs

The implementation in Figure 2.27 requires the following settings:

Figure 2.27 Control Connections for Fail-Safe Tripping
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Star-Delta Starting The implementation in Figure 2.28 and Figure 2.29 requires the following 
settings.

Figure 2.28 AC Connections for Star-Delta Starting

Figure 2.29 Control Connections for Star-Delta Starting

NOTE: A single winding motor rated 
for Star-Delta starting is required. 
The current transformers must be 
located as shown, outside the delta.

OUT101 := SALARM OR HALARM OUT401 := DELTA

OUT103 := TRIP OR PB04 OUT402 := STAR

OUT103FS := Y
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Two-Speed Motor In Figure 2.30, contactors C1 and C2 are interlocked so that only one is 
energized to select either Speed1 or Speed2. The following setting is required.

SPEED2 := IN101

Figure 2.30 AC Connections for Two-Speed Motor—Paralleled CTs
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Full-Voltage 
Reversing Starter

Set FVR Phasing (FVR-PH) to identify the phase that is not affected by the 
Reverse contactor. For example, the FVR starter shown in Figure 2.31 
requires the following settings.

When phase CTs are located on the bus side of the contactor, set 
FVR_PH := NONE or set.

Figure 2.31 AC Connections for Full-Voltage Reversing (FVR) Starter

E2SPEED := Y FVR_PH := A SPEED2 := IN101

E2SPEED := N SPEED2 := 0
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VFD Motor 
Application

The implementation in Figure 2.32 requires the following group settings. 

VFDAPP := Y

LOAD_ZS must be set ≤ FLA1. This represents load at zero speed. 

Similarly, set FREQ_FL between 10 and 70 Hz. This represents the frequency 
below which the full load current is derated. Refer to Configuration Settings 
on page 4.4 for details.

In a VFD application, the SEL-710-5 uses rms currents (that include 
harmonics) instead of fundamental frequency currents for the overcurrent and 
thermal protection (50, 51, and 49 including Motor State Logic) elements. The 
SEL-710-5 with VFD tracks frequency of the phase current inputs only. When 
voltage inputs are used, they should be from the same side of the VFD as the 
current inputs (e.g., the motor side for connections shown in Figure 2.31). 
SEL strongly discourages the use of voltage-based protection, including 
under- and overvoltage, power factor, underpower, reactive power (27/59, 
55, 37, and VAR) elements unless the voltage inputs are substantially 
sinusoidal.

Figure 2.32 AC Connections for a VFD Motor Application
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Synchronous Motor 
Application 

The ac/dc connection diagram showing a brush type synchronous motor in 
Figure 2.33 requires the group setting, SYNTYPE := BRUSH. Refer to 
Synchronous Motor Settings on page 4.71 for more details on synchronous 
motor applications, including setting of loss-of-field, field resistance, current 
and voltage elements, out-of-step element, power factor, and reactive power 
elements.

Figure 2.33 AC/DC Connections for a Brush-Type Synchronous Motor Application
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Figure 2.34 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 2.35 DC Control Connection Diagram for the Synchronous Motor Application
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Synchronous Motor Voltage Divider Module
The voltage divider module (VDM) provides attenuation to the VDR and 
VEX voltages when connected to the relay.

➤ VDR Divider DC Ratio: 5.4

➤ VEX Divider DC Ratio: 2.1

Note that the cable length has a negligible impact on signal accuracy, but can 
impact noise pickup. To minimize noise coupling, SEL recommends that you 
place the module near the synchronous motor field winding and use a 
14–18 AWG shielded, twisted-pair cable with the shield grounded at the relay 
cabinet to connect the VDM to the relay.

Charging capacitance on the wiring between the VDM and the relay 
attenuates the VDR voltage magnitude measurement during the first part of 
the motor start sequence. The start sequence logic is not affected by this 
voltage magnitude attenuation.

Figure 2.36 Synchronous Motor Voltage Divider Module (SEL P/N 915900294)

Figure 2.37 DIN-Rail Mounting Dimensions for the Module

DANGER
Synchronous Motor Voltage Divider 
Module terminals carry high ac/dc 
voltage signals. Disconnect the device 
from the synchronous motor before 
working on the device. Contact with 
live wires can cause electrical shock 
resulting in injury or death.

NOTE: Connection of any test meter 
should be limited to the input side of 
the divider module. This is to avoid 
inaccuracy in voltage measurements 
due to high input impedance of the 
module.

Relay Connector 

Pin  Relay Side Connections
1 VDR+, Field Discharge Resistor Voltage 

(Positive) to E01
3 VDR—, Field Discharge Resistor Voltage 

(Negative) to E02
6 VEX+, Exciter Voltage (Positive) to E03
8 VEX—, Exciter Voltage (Negative) to E04

Motor Connector

Pin  Motor Side Connections
1 VDRM+, Field Discharge Resistor 

Voltage (Positive)
6 VDRM—, Field Discharge Resistor 

Voltage (Negative)
11 VEXM+, Exciter Voltage (Positive)
16 VEXM—, Exciter Voltage (Negative)

Use Twisted Pairs on This Side

LEGEND

in
(mm) i9313a

SIDEFRONT
5.30

(134.6)

4.75

(120.7)

1.87

(47.5)
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Arc-Flash Protection
System Installation This section describes an arc-flash system installation, the sensor 

characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 11: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also refer to SEL application 
guide Using the SEL-751 and SEL-751A for Arc-Flash Detection 
(AG2011-01) available on the SEL website, for more details.

Figure 2.38 shows main system components comprising: current input card, 
the arc-flash/differential input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.11 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 4 AFDI/3 DIFF 
ACI card for arc-flash protection. Figure 2.10 shows the rear-panel layout and 
the side-panel I/0 designations for the relay model with the 8 AFDI card. 
Installation instructions for 8 AFDI are similar to the 4 AFDI/3 DIFF ACI card.

Figure 2.38 SEL-710-5 With an Arc-Flash Option Card and Fiber-Optic-Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location varies depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 

With 4 AFDI/3 DIFF ACI Card in Slot EWith 8 AFDI Card in Slot E
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clearance and creepage requirements. Sensors should be permanently affixed 
using supplied mounting grommets or permanent cable ties. Figure 2.39 
shows an example of a typical jacketed-fiber installation. 

Figure 2.39 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept above 50 mm (2 in). Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is required to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-710-5 relay as 
shown in Figure 2.38.

Point-Sensor 
Installation 

The point sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.40 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.40 Point-Sensor Assembly

There is a standard point sensor or a window point sensor available for the 
point-sensor assembly.

The standard point sensor is optimized for mounting inside the switchgear 
compartment. Figure 2.41 shows the standard point-sensor dimensions.

Dual V-Pin
Latch

V-Pin
Terminators

Black-Jacketed Fiber Zipcord Duplex

01-35 Meters

Sensor
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Figure 2.41 Standard Point-Senor Dimensions

The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.42.

Figure 2.42 Standard Point-Sensor Installation

The window point sensor is optimized for mounting outside switchgear, 
motor control centers, or breaker cabinets to detect an arc flash inside the 
enclosure. Figure 2.43 shows the window point-sensor dimensions.

Figure 2.43 Window Point-Sensor Dimensions

1. Mounting Grommet Insertion
(1/4” diameter hole)

2. Sensor Insertion
(1/4” diameter hole)

0.519 in
(13.17 mm)

1.199 in
(30.46 mm)

0.087 in
(2.2 mm)

0.140 in
(3.56 mm)

0.547 in
(13.9 mm)

0.400 in
(10.16 mm)

0.250 in
(6.35 mm)

0.169 in
(4.3 mm)

1/4” diameter hole

1/4” diameter hole

0.144 in

(3.67 mm)

0.479 in

(12.16 mm)

0.153 in

(3.89 mm) 1.402 in

(35.61 mm)

0.169 in

(4.3 mm)

0.087 in

(2.2 mm)0.389 in

(9.89 mm)

0.664 in

(16.86 mm)
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The window point sensor requires two holes to be drilled on the enclosure, as 
shown in Figure 2.44. The sensor must be mounted from the outside and 
secured in the correct position to the switchgear by using the self-tapping 
screws provided.

Figure 2.44 Window Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.45, Figure 2.46, and Figure 2.47 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts that are most likely to cause an arc-flash event. 

Figure 2.45 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.46 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.47 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)
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Fiber Sensor 
Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.48 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.49 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.48 Clear-Jacketed Fiber Sensor Assembly

Figure 2.49 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.50. Two connector options (V-pin and ST) are available to transition 
from the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.51. 
The ST connector option is generally superior because of positive locking.

Figure 2.50 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. 
The maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both, clear-jacketed fiber and black-jacketed fiber sections (the 

i8004c

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber 
Transition Connectors 

(V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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black-jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.51.

Figure 2.51 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section

The clear-jacketed fiber loop should be returned through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains below 35 m, irrespective of the 
SEL-710-5 dual V-pin connector orientation. 

Application Example Figure 2.52 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. Breaker 1 is protected by an 
SEL-751 relay and Breakers 2 and 3 are protected by SEL-710-5 relays. 
Radial feeder breakers 2 and 3 must be tripped for downstream faults, 
normally located in the outgoing cable termination compartment. To obtain 
better coverage, multiple sensors can be installed in the same compartment, as 
shown in the lower right corner of the figure with sensors marked LS1 and 
LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right-hand corner 
of Figure 2.52). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When desired radial feeder relays sensors (such as LS3 connected to the lower 
right-hand relay) can be used to transfer trip the upstream breaker. Logic 
equations required for this function are shown in Output Logic Programming 
in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the arc-flash 
protection system in service, first 
make sure all the sensors are 
correctly installed, and then execute 
the AFT command to initiate a self-
test.
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Figure 2.52 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 Arc-Flash 
Detection (AFD) Fiber Cables and Accessories MOT. The losses and budget 
values shown in Table 2.20 are typical values. See Table 2.21 for SEL-C804 
and SEL-C814 arc-flash detection cable specifications.

SEL-710SEL-710

SEL-751

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs with point or clear-jacketed fiber sensors.

Table 2.20 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.53.

Figure 2.53 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.54. 

Table 2.21 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40 to +85°C –55 to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

Core Diameter 980 μm 980 μm

Cladding Diameter 1000 μm 1000 μm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm 
(0.087 in x 0.17 in)

2.20 mm (0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull 
Tension

140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull 
Tension

43.8 N (3 lb/ft) 43.8 N (3 lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) .175 dB/m .175 dB/m

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.54 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for 
transportation. For multimode fiber-optic arc-flash detection sensors with 
additional splice connectors, refer to the SEL-C814 Arc-Flash Detection 
(AFD) Fiber Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.55, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.55 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.56, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

01-35 Meters

“A” Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 meters

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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Figure 2.56 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-710-5 firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you know if the analog front-end 
(not monitored by relay self-test) is functional. Refer to Section 11: Testing 
and Troubleshooting for detailed testing and troubleshooting information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac BR2330A or equivalent. At room temperature 
(25°C), the battery operates nominally for 10 years at rated load. When the 
relay is powered from an external source, the battery experiences a low self-
discharge rate. Thus, battery life can extend well beyond 10 years. The battery 
cannot be recharged.

Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 meters

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac no. BR2330A 
or equivalent recommended by 
manufacturer. See Owner's Manual 
for safety instructions. The battery 
used in this device can present a fire 
or chemical burn hazard if 
mistreated. Do not recharge, 
disassemble, heat above 100°C or 
incinerate. Dispose of used batteries 
according to the manufacturer’s 
instructions. Keep battery out of 
reach of children.
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Section 3
PC Interface

Overview
The SEL-710-5 Relay is able to communicate with your computer in three 
different ways.

➤ The web server requires a web browser (Microsoft Internet 
Explorer, Mozilla FireFox, Google Chrome, etc.) and an 
Ethernet cable. The relay must have the Ethernet port option. 
See Web Server for functional details and capabilities.

➤ The SEL software solution requires downloading QuickSet (via 
Compass) to your computer. Communication to the relay is 
accomplished through a serial or Ethernet port. Refer to 
QuickSet Software for functional details and capabilities.

➤ The ASCII command line requires PC-based terminal 
emulation software (HyperTerminal, Tera Term, etc.), a serial 
or Ethernet port, and a serial or Ethernet cable to connect to the 
relay. Refer to Section 7: Communications for details on ASCII 
commands and functions supported.

Web Server

Connection and Login 
to Web Server

The web server provides a graphical user interface for the relay without 
loading any software on your PC. The user interface is contained in the relay 
firmware. To connect to the web server of the SEL-710-5, the relay and your 
PC must be connected to the same Ethernet network. The network can be of 
any size, from a company-wide network to a direct-connect from your PC to 
the relay. The connection from the relay is through the Ethernet port of the 
relay (Port 1). To start communicating with the relay, you must enter a valid IP 
address (SET P 1 IPADDR) and valid default router (SET P 1 DEFRTR) via 
the serial port of the relay. Be sure to obtain the IP address and default router 
from your IT resource to avoid network conflicts with duplicate IP addresses.

The SEL-710-5 comes pre-loaded with settings that enable you to 
communicate with the relay over a simple network. The network consists of 
connecting the SEL-710-5 (via Port 1) directly to the Ethernet port of your 
computer. Connect to Ethernet Port 1 of the relay by using a standard RJ45 
connector for the copper port and an LC connector for the fiber-optic port. 
This connection requires that the computer not be connected to any other 
network (see Figure 3.1).

NOTE: We have tested the web 
server for correct operation and 
formatting with the following 
browsers: Internet Explorer 8, 
Firefox 14, and Chrome 5.

There are a wide variety of browsers 
available. While most browsers have 
the same functionality, we cannot 
guarantee the correct operation and 
formatting for all of them.
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Figure 3.1 Direct Connection of SEL-710-5 to a Computer

The default IP address is 192.168.1.2 and the default router is 192.168.1.1. 
Once the network is configured, as shown in Figure 3.1, you can connect to 
the web server in the relay by entering 192.168.1.2 in the address bar of your 
web browser (as shown in Figure 3.2).

Figure 3.2 Login Page of Web Server for SEL-710-5

Cat-5e Cable 
(SEL-C627M or Equivalent)

SEL-710-5

NOTE: For relays with the fiber-
optic Ethernet ports, use a 
commercially available 100BASE-FX 
to 100BASE-TX media converter to 
interface with a PC RJ45 port. Use 
SEL-C808 62.5/125 μm Multimode 
Fiber-Optic Cable to connect to 
Port 1 on the relay. 
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The Login page of the web server allows you to access either the ACC or 2AC 
level. The menu item you select under Access Level determines the access 
level at which you enter the web server (see Figure 3.3). For factory-default 
passwords, refer to Table 7.44: Factory-Default Passwords for Access Levels 
1, 2, and C. Meter, Reports, Communications, Relay Status, and Settings 
(Show Only) require Access Level 1 or 2. Systems/File Management 
requires Access Level 2.

 

Figure 3.3 Selecting Access Level 2 From Web Server Login

Meter The web server offers a convenient method for displaying all metering reports 
stored in the relay. Located on the navigation pane, the Meter menu contains 
categories for each of the meter reports. When you select a category from the 
Meter menu, its corresponding meter report is displayed (see Figure 3.4).

NOTE: All meter reports will 
automatically update. To disable 
updates, select the Disable Page Refresh 
button at the bottom of the display 
window.
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Figure 3.4 Fundamental Meter Report

Reports In addition to metering data, the SEL-710-5 collects and stores a variety of 
data and statistics from the power system. These data are stored and reported 
through a series of reports. Located on the navigation pane, the Report menu 
contains categories for each of the reports stored in the relay (Event Reports, 
Sequential Events Recorder, Load Profile, etc.). When you select a category 
from the Reports menu, its corresponding report is displayed.

Event Reports
Event reports stored in the SEL-710-5 can be exported in three different 
formats (Binary COMTRADE, Raw CEV, or Filtered CEV format). When 
you select Event Reports, a list of all the event reports presently stored in the 
relay is shown (see Figure 3.5).

After selecting the event format to be used, select the event report to export by 
clicking on the event you need. When prompted, you can then open or save the 
event.
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In addition to allowing you to retrieve events, the Event Reports page allows 
you to clear all events stored in the relay or to trigger events. Clear Event 
Report History erases the events from the nonvolatile memory of the relay. 
Trigger Event Report commands the relay to do an event capture of the present 
voltages and currents detected by the relay (see Figure 3.5).

Figure 3.5 Event Report Webpage

Sequential Events Recorder
In addition to event reports, the SEL-710-5 collects and stores time-stamped 
data for assertion and deassertion of Relay Word bits. These data are captured 
in the Sequential Events Recorder (SER) and can be exported through the web 
server. 

When you select Sequential Events Recorder, a list of all SER reports 
presently stored in the relay displays (see Figure 3.6). SER reports stored in 
the SEL-710-5 can be downloaded or cleared by clicking the appropriate 
button at the bottom of the webpage. 
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Figure 3.6 Sequential Events Recorder Report

Load Profile 
The SEL-710-5 collects and stores time-stamped data of analog quantities. 
These data are reported in the load profile report.

When you select the Load Profile menu item, a list of all the load profile 
reports presently stored in the relay displays (see Figure 3.7). You can use the 
two buttons at the bottom of the display window to export or clear the load 
profile reports stored in the SEL-710-5. 

 

Figure 3.7 Load Profile Webpage
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Motor Statistics 
The SEL-710-5 collects and stores statistics of the motor service. These data 
are reported in the Motor Statistics report.

When you select Motor Statistics, all the motor operating statistics reports 
presently stored in the relay display (see Figure 3.8). Motor operating 
statistics reports stored in the SEL-710-5 can be cleared using the Clear 
Motor Operating Statistics button at the bottom of the screen. This webpage 
is updated automatically. The automatic update can be disabled by clicking 
Disable Page Refresh at the bottom of the screen.

Figure 3.8 Motor Operating Statistics Webpage

Motor Start 
The SEL-710-5 collects and stores statistics about each start of the motor. 
These data are reported in separate Motor Start reports.

When you select Motor Start, the Motor Start reports presently stored in the 
relay display (see Figure 3.9). Click on the report to download it to your 
computer and open the report with the Motor Start report viewer in QuickSet.
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Figure 3.9 Motor Start Report Webpage

Motor Start Trend
The SEL-710-5 collects and stores statistics of each start over an 18-month 
period. These data are reported in the Motor Start Trend report.

When you select Motor Start Trend, the Motor Start Trend report presently 
stored in the relay displays (see Figure 3.10). The Motor Start Trend report 
stored in the SEL-710-5 can be either cleared or downloaded with the buttons 
at the bottom of the screen.

 

Figure 3.10 Motor Start Trend 

Breaker Monitor Report
The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance (see Breaker Monitoring on page 5.23). When you select 
Breaker Monitor Report, the breaker monitor report presently stored in the 
relay displays (see Figure 3.11). The breaker monitor report stored in the 
SEL-710-5 can be downloaded with the Download Breaker Monitor Report 
button.



3.9

Date Code 20220826 Instruction Manual SEL-710-5 Relay

PC Interface
Web Server

Figure 3.11 Breaker Monitor Report

Communications You can view the Ethernet port configuration details including the MAC 
address of the relay by clicking Communications > Ethernet (see 
Figure 3.12). Use the Clear Ethernet Statistics button to clear PACKETS, 
BYTES, and ERRORS data. Refer to Section 7: Communications for further 
details on the Ethernet command. 

 

Figure 3.12 MAC Address

Relay Status
The Relay Status menu lists the status report pages available through the web 
server (Self-Tests, Relay Word Bits, and SELOGIC Counters). When you select 
a status report from the Relay Status menu, the corresponding status report 
displays.
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Self-Tests
The SEL-710-5 has continual diagnostics that verify the status of the relay 
hardware. The results of these diagnostics can be viewed by selecting Relay 
Status > Self-Tests in the navigation pane. Relay Status contains categories 
for each of the status pages in the web server (Self-Tests, Relay Word Bits, 
and SELOGIC Counters).

When you select Relay Status > Self-Tests, the status of the relay, including 
the serial number, part number, and self-tests results, is displayed (see 
Figure 3.13).

 

Figure 3.13 Self-Tests Webpage

Relay Word Bits
The web server can display the present state of the Relay Word bits of the 
relay.

Selecting Relay Word Bits displays the state of all the Relay Word bits (see 
Figure 3.14). Note that Relay Word bits shown in yellow are asserted. This 
webpage is updated automatically; you can disable the automatic updates by 
clicking Disable Page Refresh. Scroll up or down to view the remaining Relay 
Word bits not visible on the screen.
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Figure 3.14 Relay Word Bits Webpage

SELOGIC Counters
When you select Relay Status > SELOGIC Counters, the count of each of the 
enabled SELOGIC counters displays (see Figure 3.15). A counter is only 
displayed when it is enabled.

 

Figure 3.15 SELOGIC Counters Webpage
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Settings When you select Settings on the navigation pane, a list of all the available 
settings classes in the SEL-710-5 displays. Select a class of settings to view 
each of the settings in that class (Group, Logic, Global, Report, etc.). 
Figure 3.16 shows the Group 1 settings category.

 

Figure 3.16 Group 1 Settings Webpage

System
File Management (Firmware Upgrade)

The web server offers a convenient method for upgrading relay firmware. 
Select System > File Management (on the navigation pane) to upgrade your 
relay firmware (see Figure 3.17).

 

Figure 3.17 Upgrade Relay Firmware From the File Management Webpage
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When preparing to upgrade relay firmware, you must first have the new relay 
firmware. The firmware is designated with a .zds extension. Use the Browse 
button to select the firmware you want sent to the relay, then click Upgrade 
Firmware to start the upgrade process (see Figure 3.17). See Appendix B: 
Firmware Upgrade Instructions for complete details on the firmware upgrade 
procedure.

Language Support The web server reports can be displayed in English or Spanish by setting the 
Ethernet Port 1 setting LANG to ENGLISH or SPANISH.

QuickSet Software
This section describes how to get started with the SEL-710-5 Relay and 
ACSELERATOR QuickSet SEL-5030 Software. SEL provides many PC 
software solutions (applications) to support the SEL-710-5 and other SEL 
devices. Table 3.1 lists SEL-710-5 software solutions.

 

QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-710-5. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-710-5.

Table 3.1 SEL Software Solutions 

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and settings of multiple relays

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5036 ACSELERATOR Bay Screen 
Builder SEL-5036 Software

Designs and manages bay screens in conjunction with SEL-5030 for the SEL-710-5 
with the color touchscreen display

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and summarizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII format event report oscillography; performs 
custom calculations on analog, digital, and complex quantities; and analyzes the 
Impedance Plane for distance element (mho) operation, the Alpha Plane for 
differential element (78L) operation, and the Bewley Lattice for traveling wave data

SEL-5801 SEL-5801 Cable Selector Selects the proper SEL cables for your application
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Setup Follow the steps outlined in Section 2: Installation to prepare the SEL-710-5 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-710-5 and your PC.

Step 2. Apply power to the SEL-710-5.

Step 3. Start QuickSet.

Communications
QuickSet uses relay communications Port 1 through Port 4, or Port F (front 
panel), to communicate with the SEL-710-5. Perform the following steps to 
configure QuickSet to communicate with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.18.

Figure 3.18 Communications Parameter Menu Selection

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.19.

Table 3.2 QuickSet Applications 

Application Description

Rules-Based 
Settings Editor

Provides online or offline device settings that include 
interdependency checks. Use this feature to create and manage 
settings for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature to 
simplify commissioning testing.

Design Templatesa

a Available only in licensed versions of QuickSet.

Allows you to customize relay settings to particular applications 
and to store those settings in design templates. You can lock settings 
to match your standards or lock and hide settings that are not used.

Event Analysis Provides oscillography and other event analysis tools.

Bay Control Allows you to design new bay screens and edit existing bay screens 
by launching the Bay Screen Builder software for SEL-710-5 
Relays with the color touchscreen display.

Settings Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature to 
ensure proper communications and to directly interface with the 
device.

Help Provides general QuickSet and device-specific QuickSet context.
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Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-710-5 default settings by 
entering the Access Level 1 and Access Level 2 passwords in 
the respective text boxes.

Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.20. 

For the SEL-710-5, always select FTP as the file transfer 
option.

Step 6. Exit the menu by clicking OK when finished.

Terminal

Terminal Window
Select Communications > Terminal on the main menu bar (see Figure 3.21) 
to open the terminal window.

NOTE: Factory-default 
passwords for Access 
Level 1 and 2 are OTTER 
and TAIL, respectively.

Figure 3.19 Serial Port Communication 
Parameters Dialog Box

Figure 3.20 Network Communication 
Parameters Dialog Box
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Figure 3.21 Communications Terminal Menu Selection

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulator. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or pressing <Ctrl+T>. Verify 
proper communications with the relay by opening a terminal window, pressing 
<Enter> a few times, and verifying that a prompt is received. If a prompt is 
not received, verify proper setup.

Terminal Logging
To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Driver and Part Number
After clicking Communications > Terminal, access the relay at Access 
Level 1. Issue the ID command to receive an identification report, as shown in 
Figure 3.22.

Locate and record the Z-number (Z003002) in the FID string. The first portion 
of the Z-number (Z003…) determines the settings driver version when you are 
creating or editing relay settings files in QuickSet. The use of the driver 
version is discussed in more detail in Settings Editor on page 3.21. Compare 
the part number (PARTNO=7105XXXXXXXXXXXXXX) with the Model Option Table 
(MOT) to ensure the correct relay configuration. The SEL display package 
version can be found in Table A.5. The customer display package (CDP) 

=ID <Enter>
"FID=SEL-710-5-X219-V0-Z003002-D20180416","0912"
"BFID=BOOTLDR-R501-V0-Z000000-D20140224","0947"
"CID=DA16","0269"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X7583A21X","074A"
"CONFIG=112512000","041F"
"SEL DISPLAY PACKAGE=1.0.40710.2170","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_1","0664"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X202-V0-Z200006-D20180403","0D7E"
"LIB61850ID=3DB89FD6","04FF"
= 

Figure 3.22 Relay Response to the ID Command

NOTE: The SEL display package and 
customer display package versions 
are only displayed in the touchscreen 
display model.
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version has a unique ID code based on the total number of seconds from 
1/1/2000 to the time stamp when the CDP was created and downloaded to the 
relay via QuickSet.

Settings Database 
Management and 
Driver

QuickSet uses a database to save the relay settings. QuickSet contains sets of 
all settings files for each relay specified in the database manager. Choose 
appropriate backup storage methods and a secure location for storing the 
database files.

Database Manager
Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the database manager to access the database. Click File > 
Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter a description for the database in the Database 
Description text box. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description text box. These can 
include the protection scheme settings and communications 
settings. 

Step 4. Highlight a relay or settings file listed in Settings and click the 
Copy button to create a new set of settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases
Copy creates an identical device or settings file that appears in both databases. 
Move removes the device or settings file from one database and places the 
device or settings file in another database. To copy/move settings between 
settings databases, perform the following steps:

Step 1. Select the Copy/Move Settings Between Settings Databases 
tab to create multiple databases with the database manager; 
these databases are useful for grouping similar protection 
schemes or geographic areas. 

Step 2. Click the Settings Database B  button to open a relay 
database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or settings file in Settings 
Database A.

b. Click Copy or Move, and click the > button to create a 
new device or settings file in Settings Database B.

Step 4. Reverse this process to copy or move a device or settings file 
from Settings Database B to Settings Database A. 
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Create a New Database/Copy an Existing Database
To create a new database: 

Step 1. Click File > Database Manager, and click New. QuickSet 
prompts you for a file name. 

Step 2. Type the new database name (and select a new location if the 
new location differs from the existing one), and click Save. 
QuickSet displays the message Settings [path and 
filename] was successfully created. 

Step 3. Click OK.

To copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Settings Databases tab.

QuickSet opens the last active database and assigns it as 
Settings Database A. 

Step 2. Click the Settings Database B  button; QuickSet prompts 
you for a file location. 

Step 3. Type a new database name and click Open. Click Yes; the 
program creates a new empty database. Load devices or 
settings files into the new database as in Copy/Move Settings 
Between Databases on page 3.17.

Settings QuickSet has the capability of creating settings for one or more SEL-710-5 
Relays. Store existing relay settings downloaded from SEL-710-5 Relays with 
QuickSet. Create a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-710-5. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-710-5; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor
The settings editor shows the relay settings in easy-to-understand categories. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menu. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled.

Settings Menu
QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own settings records. Use the File menu to open (Open) an 
existing record, create and open a new (New) record, or read (Read) relay 
settings from a connected SEL-710-5 and then create and open a new record. 
Click Tools > Settings > Convert to convert and open an existing record in 
the settings editor.
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File > New
To configure SEL-710-5 settings with the settings editor, click File > New on 
the main menu bar and select the SEL-710-5 and the latest driver version 
(00X) on the Settings Editor Selection screen, as shown in Figure 3.23.

QuickSet creates the new settings file using the driver that you specify in the 
Settings Editor Selection screen. QuickSet uses the Z-number in the FID 
string to create a particular settings file.

Figure 3.23 Driver Selection

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the settings 
editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.24. Click OK when finished.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Create and open a new record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.24 Update Part Number

Figure 3.25 shows the Settings Editor screen. Check the driver version 
number in the title bar of the Settings Editor screen. Compare the QuickSet 
settings driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct settings editor 
to display.

Figure 3.25 New Settings Editor Screen

File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the settings editor.

File > Read
When the Read menu item is selected, QuickSet uses serial protocols to read 
the device settings from the connected device. As QuickSet reads the device, a 
Transfer Status dialog box appears.

Device Version 
Number
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Tools > Settings > Convert
Use the Convert menu item (Tools > Settings) to convert from one settings 
version to another. Typically, this utility is used to upgrade an existing settings 
file to a newer version because devices are using a newer version number. 
QuickSet provides a Convert Settings report that shows missed, changed, and 
invalid settings created as a result of the conversion. Review this report to 
determine whether changes are necessary.

Settings Editor
Use the settings editor to enter settings. The settings editor includes the 
settings driver version (the first three digits of the Z-number) in the Settings 
Editor screen title bar.

Enter Settings

NOTE: Settings changes made 
during the edit session are not read by 
the relay unless they are transferred 
to the relay with the Send menu item.

Step 1. Click the  drop-downs and the buttons in the settings tree 
view to expand and select the settings you want to change. 

Step 2. Press <Tab> to navigate through the settings, or click a setting 
text box. 

Step 3. To restore the previous value for a setting, right-click on the 
setting text box and select Previous Value.

Step 4. To restore the factory-default settings value, right-click on the 
setting text box and select Default Value.

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the settings editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder
SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with Expression Builder, a 
rules-based editor for programming SELOGIC control equations. Expression 
Builder organizes device elements, analog quantities, and SELOGIC control 
equation variables.

Access Expression Builder. Use the ellipsis button  that follows the 
settings text boxes in the settings editor to create an expression, as shown in 
Figure 3.26.

NOTE: Be sure to enable the 
functions you need (Logic 
Settings > SELOGIC Enable) before 
using Expression Builder.
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Figure 3.26 Expression Created With Expression Builder

Using Expression Builder. The expression builder screen is organized into 
three main parts: the expression builder text box, the left side column, which 
contains broad categories of device elements, analog quantities, counters, 
timers, latches, and logic variables, and the right side column, which displays 
category operands for use in the expression. Directly underneath the 
expression builder text box is a row of operators that you can include in your 
expression. The operators include basic logic, rising- and falling-edge 
triggers, expression compares, and comments.

Touchscreen Settings and Bay Screen Builder
The touchscreen settings are available when the touchscreen display option is 
selected as part of the front-panel options. This option provides you with the 
ability to design bay screen one-line diagrams with the help of the Bay Screen 
Builder. For more information, refer to Bay Screens Design Using QuickSet 
and Bay Screen Builder on page 9.10.

File > Save
Select the Save menu item from the File menu once settings are entered into 
QuickSet to ensure that the settings are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section(s) that you want to transfer to the relay by 
selecting the appropriate check box and clicking OK.

Edit > Part Number
Use the Part Number menu item to change the part number.

Text Files
Select Tools > Settings > Import or Tools > Settings > Export on the main 
menu bar to import or export settings from or to a text file. Use this feature to 
create a small file that can be easily stored or sent electronically.

Ellipsis Button

Created Expression
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Event Analysis QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-710-5 stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.27 shows the event retrieval screen.

Figure 3.27 Retrieve Events Screen

You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 10: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.27.

View Event History
The SEL-710-5 is capable of capturing two types of events (4 samples/cycle 
filtered and 32 samples/cycle raw). These two types of events can be captured 
in either the compressed ASCII (.cev) or COMTRADE format. Quickset 
allows for downloading both .cev and COMTRADE events. Use the Event 
Type drop-down menu shown in Figure 3.27 to select the 32 samples/cycle 
unfiltered (raw) or COMTRADE format event data (default is 4 samples/cycle 
filtered data). For information on other methods of retrieving COMTRADE 
events from the relay, see Retrieving COMTRADE Event Files on page 10.30.

Get Event
Highlight the event you want to view (e.g., Event 1 in Figure 3.27), select the 
event type from the Event Type drop-down menu (4 samples or 32 samples), 
and click Get Selected Events. QuickSet then queries where to save the file 
on your computer, as shown in Figure 3.28.
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Figure 3.28 Save the Retrieved Event

When saving an event report, select a save location and a file name for your 
report. Select either Default Naming or Custom Naming. Default naming 
has predefined tags and organization, which appears in the Format text box 
when default naming is selected. You can use custom naming to create file 
names specific to your application by selecting and organizing your own tags 
(listed in Available Tags).

View Event Files
Click Tools > Events to view an event with SYNCHROWAVE Event. You can 
view multiple events by clicking on Load Event > Add New Event in 
SYNCHROWAVE Event.

Meter and Control Click on Tools > HMI > HMI to display a screen similar to the one shown in 
Figure 3.29. The HMI tree view shows all the functions available in the HMI 
function. Unlike the self-configuration of the device settings tree, the HMI 
tree remains the same regardless of the type of cards installed. For example, if 
no analog input card is installed, the analog input function is still available, but 
the relay responds as follows:

No Analog Input Card Present.

Device Overview
The Device Overview screen provides an overview of the device. The contact 
I/O portion of the screen displays the status of the two inputs and three outputs 
of the main board. You cannot change these assignments.
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Figure 3.29 Device Overview Screen

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit and click Update to assign the Relay Word bit to the LED. To 
change the color of the LED, click in the square and make your selection from 
the color palette.

The front-panel LEDs display the status of the 24 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignments. The 
Fundamental, Min/Max, Energy, etc., screens display the corresponding 
values.

Click Targets in the tree view to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (RB02 = 1), the Relay Word bit is 
asserted. When a Relay Word bit has a value of 0 (RB02 = 0), the Relay Word 
bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Click on the Motor Start Report > Data button to display the compressed 
(*.cmsr) motor start report data or on the Graph button to display the report 
graphically as shown in Figure 3.30.
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Figure 3.30 Graphical Display of Motor Start Report

Figure 3.31 shows the control screen. From here you can reset metering data; 
clear the event history, SER, MIRRORED BITS report, or LDP; or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If supported, you can run arc-flash sensor diagnostic tests.

Figure 3.31 Control Screen
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To control the remote bits, click on the appropriate square (RB01–RB32), then 
select the operation from the box shown in Figure 3.32.

Figure 3.32 Remote Bit Operation Selection

Language Support
QuickSet has multi-language support. Click on the Language menu to choose 
from English, Spanish, French, Portuguese, Russian, Turkish, or Chinese, as 
seen in Figure 3.33. Selecting any of these choices converts the menu items in 
QuickSet to the selected language.

Figure 3.33 Language Support Options

Additionally, if Spanish or English is selected from the Language menu, the 
relay settings displayed by QuickSet are converted into the corresponding 
language as shown in Figure 3.34.

NOTE: If the SEL-710-5 is connected 
to any SEL communications 
processor (SEL-203x or RTAC), the 
corresponding LANG port setting 
must be set to ENGLISH.
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Figure 3.34 Spanish Settings QuickSet Display

Each communications port (serial or Ethernet) on the SEL-710-5 can be 
independently set to display either English or Spanish. Changing the port 
setting LANG to SPANISH or ENGLISH results in the QuickSet HMI and all 
of its available functions displaying in the corresponding language. For 
example, if the Control Window is selected in the HMI while the setting 
LANG := SPANISH, QuickSet displays the Control Window (Ventana de 
Control) in Figure 3.35.

NOTE: Once the HMI screen is 
displayed in QuickSet, the LANG 
setting does not affect the displayed 
HMI. To change the language of the 
HMI, close the HMI, change the LANG 
setting, and then reopen the HMI.
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Figure 3.35 Spanish Control Window (Ventana de Control) Display

QuickSet Help Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-710-5 Settings Select Settings Help from the Help menu bar 
while the settings editor is open.
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Protection and Logic Functions

Overview
This section describes the SEL-710-5 Motor Protection Relay settings, includ-
ing the motor protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and the front-panel 
display.

This section includes the following subsections:

Application Data. Lists information that you need to know about the 
protected motor before calculating the relay settings.

Group Settings (SET Command).

ID Settings and Configuration Settings. Lists the ID settings and the 
settings that configure the relay inputs to accurately measure and 
interpret the ac current and voltage input signals.

Protection Elements. Lists settings and logic associated with the 
protection elements, including the thermal element, overcurrent 
elements, load-loss functions, and load-jam functions.

➤ Thermal Overload Element

➤ Slip-Dependent Thermal Model for Synchronous Motors

➤ Overcurrent Elements and Time-Overcurrent Elements

➤ Differential Element s

➤ Load-Jam Elements

➤ Undercurrent (Load Loss) Elements

➤ Current Unbalance Elements

➤ Start Monitoring/Incomplete Start Sequence

➤ Star-Delta (Wye-Delta) Starting

➤ Start Inhibit Function

➤ Phase Reversal Protection

➤ Speed Switch (Stalling During Start) Function

➤ Virtual Speed Switch

➤ PTC/RTD-Based Protection

➤ Undervoltage Function and Overvoltage Function

➤ Inverse-Time Undervoltage Protection and Inverse-Time 
Overvoltage Protection

Synchronous Motor Settings. Lists settings associated with synchronous 
motor protection and control. 

➤ Loss-of-Field Element

➤ Out-of-Step Element

NOTE: Factory-default settings for 
the SEL-710-5 are not selected for 
any particular application. You must 
compute, document, and send the 
appropriate settings to the relay for 
your application.
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➤ Field Resistance Element

➤ Field Current Element

➤ Field (Exciter) Voltage Element

➤ Power Factor Correction

➤ PID Controller

➤ Synchronous Motor Synchronization

Trip Logic. Lists settings associated with Trip Inhibit, Trip/Close logic and 
Motor Control logic.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to configure 
the relay to your power system, date format, analog inputs/outputs, and 
logic equations.

General Settings. Lists the global system settings like phase rotation, 
nominal frequency, date format, etc.

Broken Rotor Bar Protection. Lists the settings to configure Broken Rotor 
Bar protection. Describes the element operation and commands 
associated with the element.

Multiple Settings Groups. Lists settings for active group selection and 
describes configuration of active group selection via SELOGIC control 
equations.

Time and Date Management Settings. Lists settings for time and date 
management and describes configuration of these settings. Covers 
supported time protocols.

Breaker Failure Settings. Lists the settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists the settings for the arc-flash elements 
including arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists the settings and 
gives an example.

Analog Outputs. Describes analog output functionality, lists the settings 
and gives an example. Data Reset
Lists the data reset SELOGIC control equation settings for resetting 
targets, energy metering, max/min metering, demand metering and 
peak demand metering.

Breaker Monitor. Lists the settings and describes the breaker monitor 
function that you can use for scheduling circuit breaker maintenance.

Data Reset. Lists the data reset SELOGIC control equation settings for 
resetting targets, energy metering, max/min metering, demand 
metering and peak demand metering.

Access Control. Describes the SELOGIC control equation setting you 
would use for disabling settings changes from the relay front panel.

Time-Synchronization Source. Describes the setting you would use for 
choosing IRIG1 or IRIG2 as the time-synchronization source.

Disconnect Control Settings. Lists settings that configure the relay front- 
and rear-panel communications ports.

Local/Remote Control. Describes the local/remote motor control function.

Port Settings (SET P Command). Lists the settings that configure the relay 
front- and rear-panel serial ports.
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Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
recorder, event, motor start, and load profile reports.

DNP Map Settings (Set D Command). Shows the DNP user map register 
settings.

Modbus Map Settings (SET M Command). Lists Modbus user map register 
settings.

EtherNet/IP Assembly Map Settings (SET E Command). Shows EtherNet/IP 
assembly map settings.

Touchscreen Settings. The touchscreen settings apply to relays that support 
the color touchscreen display. (The settings are supported in 
ACSELERATOR QuickSet SEL-5030 Software only.)

When you calculate the protection element settings to protect your motor, pro-
ceed through the subsections listed earlier. See Section 6: Settings for the list 
of all settings (SEL-710-5 Settings Sheets) and various methods of accessing 
them.

You can enter the settings by using the front-panel SET RELAY function (see 
Section 8: Front-Panel Operations), the serial port (see Section 7: Communi-
cations), the EIA-485 port (see Appendix E: Modbus Communications), the 
DeviceNet port (see Appendix I: DeviceNet Communications), or the Ethernet 
port (see Section 7: Communications).

Application Data
It is faster and easier for you to calculate settings for the SEL-710-5 if you col-
lect the following information before you begin (collect the information for 
each speed for a two-speed motor application).

➤ Specifications of the protected motor, including the following 
details:

➢ Rated full-load current

➢ Service factor

➢ Locked rotor current

➢ Maximum locked rotor time with the motor at ambient 
and/or operating temperature

➢ Maximum motor starts per hour, if known

➢ Minimum time between motor starts, if known

➢ Full-load slip, per unit (for induction motor only)

➢ Locked rotor torque, per unit (for induction motor only)

➤ Additional data regarding the motor application, including the 
following information:

➢ Minimum no load current or power

➢ Motor accelerating time. This is the normal time 
required for the motor to reach full speed.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure I.1).
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➢ Maximum time to reach motor full load

This time can be significantly longer than the motor 
accelerating time, particularly in pump motor applica-
tions where the motor runs at full speed for some time 
before the pump reaches full head and full load.

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature detectors (RTDs), 
if used

➤ Expected fault current magnitudes for motor or cable ground and 
three-phase faults

Group Settings (SET Command)
ID Settings All models of the SEL-710-5 have the identifier settings described in 

Table 4.1.

The SEL-710-5 prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location, process, circuit, size, or equipment number of the protected 
motor.

Configuration 
Settings

Table 4.1 Identifier Settings

Setting Prompt Setting Range Setting Name := Factory Default

UNIT ID LINE 1 16 Characters RID := SEL-710-5

UNIT ID LINE 2 16 Characters TID := MOTOR RELAY

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYN MOTOR TYPE BRUSH, BRUSHLESS, NONE SYNTYPE := BRUSHLESS

PHASE CT RATIO 1–5000 CTR1 := 100

MOTOR FLA 0.2–5000 A pri FLA1 := 250a

VFD APPLICATION Y, N VFDAPP := N

LOAD @ ZEROSPEED 0.2–5000.0 A pri LOAD_ZS := 50.0

MNFREQ @ FULLOAD 10.00–70.00 Hz FREQ_FL := 60.00

TWO SPEED ENABLE Y, N E2SPEED := N

CT RATIO–2nd 1–5000 CTR2 := 100

MOTOR FLA–2nd 0.2–5000 A pri FLA2 := 250a

FVR PHASING NONE, A, B, C FVR_PH := NONE
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The CT ratio and full-load current settings configure the relay to accurately 
scale measured values and report the primary quantities. Calculate the phase 
and neutral CT ratios by dividing the primary rating by the secondary rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR1 or CTR2 := 100/5 := 20.

The FLA settings are in primary amperes, see Example 4.3 for sample calcula-
tions of Motor FLA. See the full-voltage reversing starter in Full-Voltage 
Reversing Starter on page 2.34 for a description of the setting FVR_PH. 
Table 4.3 shows the voltage settings. In applications in which only a single 
current is available, set SINGLEI equal to the measured phase. When 
SINGLEI is not equal to N, the relay performance changes in the following 
ways:

➤ Power and Current Elements. When you use one current, the 
relay assumes that the system currents are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced currents.

➤ Thermal Model and Protection Elements. When you use one 
current, the thermal model will operate assuming balanced 
currents. Since negative-sequence currents cannot be measured 
and cause significant additional heating during motor starting, 
the thermal model would underestimate the heating in the motor, 
under-protecting it. Protection elements that utilize zero- and 
negative-sequence elements are not disabled when using one 
current, but do not provide adequate protection.

➤ Metering. When you use one current, the relay displays that 
phase’s magnitude and angle. The relay displays a zero for the 
magnitudes of the unmeasured currents. Balanced currents are 
assumed for power, power factor, IG, and 3I2 metering.

➤ Event Reports. When you use one current, the unmeasured 
currents are reported as 0. 

NOTE: A minimum time delay 
greater than 100 ms is recommended 
for phase overcurrent elements when 
using the relay for a VFD application.

For the motors connected to a variable frequency drive (VFD), use 
VFDAPP := Y. The relay uses rms current magnitudes (that include harmon-
ics) instead of fundamental for the phase overcurrent elements (50P, 51P, 
51A, 51B, 51C) and the motor thermal model (49T) when VFDAPP := Y. The 
rest of the relay settings do not use rms magnitude for a VFD application. 
Exercise caution when setting protection elements using fundamental magni-
tude for VFD applications because rich harmonic content can distort the fun-
damental magnitude. SEL  strongly discourages the use of voltage-based 
protection, including under- and overvoltage, power factor, underpower, 
reactive power (27/59, 55, 37, and VAR) elements unless the voltage inputs 
are substantially sinusoidal.

A sustained low-speed operation in the variable frequency drive application 
can cause motor damage unless overload protection accounts for the poor 
cooling resulting from the low speed. Set the rated load at zero speed 

NEUTRAL CT RATIO 1–2000 CTRN := 100

SINGLE I INPUT N, IA, IB, IC SINGLEI := N

a FLAn default settings are 50 A for secondary phase input current of 1 A.

Table 4.2 CT Configuration and Full-Load Current Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NOTE: The SEL-710-5 normally uses 
settings CTR1 and FLA1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2 
and FLA2 (see Table 4.67).

NOTE: FLA setting is limited to 
20%–160% of CT primary rating. 
Refer to Table 6.6 for the allowable 
FLA/CTR ranges.

NOTE: Single current measurement 
is intended for control and power 
factor correction applications. It is not 
adequate for protection.
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(LOAD_ZS) to continuous current allowed at zero speed and minimum fre-
quency at full load (FREQ_FL) to the lowest frequency at which the cooling is 
near normal. The relay automatically adapts the trip threshold of the stator and 
rotor thermal protection elements by a factor of KVF using their respective 
thermal time constant. Figure 4.1 shows the typical characteristics of the KVF 
for specific example settings. To disable this feature, set the rated load at zero 
speed (LOAD_ZS) equal to the motor full load current (FLA1); this results in 
KVF = 1.0 at all operating frequencies irrespective of the FREQ_FL setting.

Figure 4.1 KVF Factor Versus VFD Output Frequency

These settings configure the relay voltage inputs to correctly measure and 
scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the VT 
ratio.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 4000 V motor application where 4200:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 4200/120 := 35 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE PT RATIO 1.00–250.00 PTR := 35.00

LINE VOLTAGEa

a The line voltage setting is in primary volts.

100–30000 V pri VNOM := 4160

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

SINGLE V INPUT Y, N SINGLEV := N
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Example Settings:
VFDAPP := Y  LOAD_ZS := 8 A (typically set 40% of FLA)
FLA1 := 20 A  FREQ_FL := 20 Hz (typically set < 50% of FNOM)
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In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.22, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA 
for an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the fol-
lowing ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced voltages.

➤ Metering. When you use one voltage, the relay displays that 
magnitude and phase angle. The relay displays zero for the 
magnitudes of the unmeasured voltages. Balanced voltages are 
assumed for power, power factor, VG, and 3V2 metering.

➤ Event Reports. When you use one voltage, the unmeasured 
voltages are reported as 0.

VNOM/PTR Range 
Check

The relay performs a range check for the PTR and VNOM settings that 
depends upon the voltage-input delta or wye configuration. When setting 
DELTA_Y is DELTA, then the allowed range of the quotient VNOM/PTR is 
100–250 V (l-l). When setting DELTA_Y is WYE, then the allowed range of 
VNOM/PTR is 100–440 V (l-l). 

Note that the VNOM is always set in line-to-line voltage, irrespective of the 
DELTA or WYE configuration. The expanded range of VNOM/PTR for the 
WYE configuration is intended only for the solidly grounded power systems. 
Do not use VNOM/PTR > 250 V if the system is either ungrounded or high 
impedance grounded. This is because a line-to-ground fault in such a system 
can raise line-to-ground voltage on ungrounded phases by a factor of 1.732.

Protection Elements
Thermal Overload Element

The SEL-710-5 motor thermal element provides integrated protection for all 
of the following motor operating conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Unbalance Current/Negative-Sequence Current Heating

➤ Repeated or Frequent Starting

The Thermal Method setting (SETMETH) selects the thermal element algo-
rithm that is used in the SEL-710-5. The Thermal Method setting essentially 
offers the two options described below.

Rating Thermal Method (SETMETH := Rating or Rating_1). When this 
method is selected, the relay configures a thermal curve based on the 
motor full-load amperes, service factor, run state time constant, locked 
rotor amperes, hot locked rotor time, and acceleration factor (locked 
rotor trip time dial) settings. When the optional settings, full-load slip 
and locked rotor torque are set, the relay uses a slip-dependent thermal 
model during the motor start.

Curve Thermal Method (SETMETH := Curve). When selected, the relay 
offers 45 standard motor thermal limit curves, or you can construct a 
custom curve.

NOTE: When you set Run State Time 
Constant (RTC1 or RTC2) to Auto, the 
relay automatically configures the 
overload curves so that the hot stator 
and cold rotor limits are the same at 
locked rotor current, which is typical 
for a rotor limited motor. For a stator 
limited motor, see the discussions 
later in this section.
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Both thermal element setting methods provide outstanding motor protection. 
In each case, the relay operates a thermal model with a trip value defined by 
the relay settings and a present heat estimate that varies with time and chang-
ing motor current. The relay expresses the present motor thermal estimate as 
the % Thermal Capacity Used for stator and for rotor. When either % Thermal 
Capacity reaches 100 percent, the relay trips. You can see the present % Ther-
mal Capacity values by using the relay front-panel Meter > Thermal function 
or the serial port METER T command. See Appendix K: Motor Thermal Ele-
ment for more detail on the thermal model.

The SEL-710-5 uses setting SF as the overload pickup threshold. For IEC and 
NEMA motors with service factor 1.0, consider an SF setting of 1.05 or higher. 

If the thermal model is turned off (E49MOTOR := N), the thermal model is 
disabled, the output of the thermal model is blocked, and the relay reports the 
% Thermal Capacities as 0, as noted in Section 5: Metering and Monitoring.

When you enable overload protection, the relay requires information about the 
protected motor capabilities. Obtain the required information (except the 
acceleration factor) from the motor specifications. Full load slip (FLS) and 
locked rotor torque (LRQ) are optional. The relay automatically enhances the 
thermal model by using slip-dependent rotor resistance when FLS and LRQ 
are known (see Appendix K: Motor Thermal Element for details). 

Table 4.4 Overload (Thermal Model) Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OVERLOAD ENABLE Y, N E49MOTOR := Y

FULL LOAD SLIP OFF, 0.0010–0.1000 pu FLS := OFF

LOCKD RTR TORQUE 0.30–2.00 pu LRQ := 0.80

SLIP SOURCEa

a The setting SLIPSRC is not applicable to induction motor applications. For induction motor 
applications, the relay uses R1 by default when the setting FLS is not set to OFF. SLIPSRC can 
be set for synchronous motor applications. For more information, refer to Settings Guidelines 
under Slip-Dependent Thermal Model for Synchronous Motors.

VDR, STAT, R1 SLIPSRC := STAT

THERMAL METHODb

b The Rating and Curve Methods are available for the SETMETH setting only when the FLS 
setting is OFF.

RATING, RATING_1, 
CURVE

SETMETH := RATING_1

OL RESET LEVEL 10%–99% TCU 49RSTP := 75

SERVICE FACTOR 1.01–1.50 SF := 1.15

MOTOR LRA 2.5–12.0 xFLA LRA1 := 6.0

LOCKD RTR TIME 1 1.0–600.0 s LRTHOT1 := 10.0

ACCEL FACTOR 0.10–1.50 TD1 :=1.00

STATOR TC AUTO, 1–2000 min RTC1 := AUTO

MOTOR LRA–2nd 2.5–12.0 xFLA2 LRA2 := 6.0

LOCKD RTR TIME 2 1.0–600.0 s LRTHOT2 := 10.0

ACCEL FACT–2nd 0.10–1.50 TD2 :=1.00

STATOR TC–2nd AUTO, 1–2000 min RTC2 := AUTO

THERM OL CURVE1 1–46 CURVE1 := 5

THERM OL CURVE2 1–45 CURVE2 := 7
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For high-inertia motor applications, consider the slip-dependent thermal 
model when the FLS and LRQ data are available from the motor manufac-
turer. The speed switch element (see Table 4.28) with the virtual speed switch incor-
porated provides additional locked rotor protection that is particularly useful in high-
inertia motor applications and when the FLS/LRQ data are not readily available.

Rating Thermal Method
The SEL-710-5 runs rotor and stator models simultaneously. The rotor ther-
mal model trips in locked rotor time at locked rotor current. Set 
SETMETH := RATING if you want the rotor model to trip in hot locked rotor 
time even when the rotor is at lower than normal operating temperatures. This 
is a conservative approach suitable for most applications where motor acceler-
ation time is significantly less than hot locked rotor time. Set SETMETH := 
RATING_1 if the acceleration time is close to hot locked rotor time or if the 
number of starts allowed from cold is important. The relay automatically uses 
SETMETH := RATING_1 when the FLS setting previously described is enabled.

The stator model provides overload protection by limiting the stator heat 
energy estimate to a value represented by the overload settings.

Note that the locked rotor time setting is for a hot-rotor condition. If only one 
locked rotor time is specified for a particular motor, unless the specification 
states otherwise, assume the time is the cold locked rotor time. Multiply the 
cold locked rotor time by 0.833 to determine a hot locked rotor time that is 
acceptable for most motors.

The Relay Word bit 50S asserts when the motor current is greater than 2.5 
times FLA and deasserts when the current drops below 2.4 times FLA.

EXAMPLE 4.3 Thermal Element Setting

A 4000 V, 600 HP motor is protected by the SEL-710-5 Thermal Overload 
Element. The motor data sheet includes the following information.

Rated Horsepower = 600 HP
Rated Voltage = 4000 V
Rated Full-Load Current = 80 A
Rated Locked Rotor Amps = 480 A
Safe Stall Time at 100% Volts:

Cold = 18 seconds
Hot = 15 seconds

Service Factor = 1.2

Phase current transformers with 100:5 A rating are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below:

Current Transformer Ratio: CTR1 := 100/5 := 20 (see Group 
Settings (SET Command))
Full-Load Amps (FLA): FLA1 := 80 A primary (see Group Settings 
(SET Command))
Service Factor: SF := 1.2
Locked Rotor Amps: LRA1 := 480.0/80.0 := 6.0 xFLA
Hot Locked Rotor Time: LRTHOT1 := 15.0 seconds
Run State Time Constant: RTC1 := AUTO

The acceleration factor (TD1) setting reduces or extends the allowed 
accelerating time under locked rotor conditions. You can always safely 
set this value equal to 1.00.

If you know that the driven load always accelerates in less than the 
rated locked rotor time, you can use a TD1 setting less than 1.00 to 
provide a faster trip in locked rotor conditions. Do not, however, set 
the TD1 setting greater than 1.00, except to allow a start with a longer 
than normal accelerating time (e.g., high inertia motor application, 
emergency condition). When TD1 is set greater than 1.00, use the 

NOTE: When SETMETH := RATING, 
the relay automatically raises the 
initial heat estimate in the rotor 
model at Starting (motor current > 
2.5 per unit of FLA) to a full-load 
operating level. You may observe a 
sudden rise in % Thermal Capacity 
value when you start the motor. This 
is normal operation for the 
SEL-710-5.

NOTE: The SEL-710-5 normally uses 
settings CTR1, FLA1, LRA1, LRTHOT1, 
TD1, RTC1, and CURVE1. When setting 
E2SPEED is Y and SPEED2 control 
input is asserted, the relay uses CTR2, 
FLA2, LRA2, LRTHOT2, TD2, RTC2, 
and CURVE2 (see Table 4.68) instead.
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speed switch (see Table 4.28) to provide locked rotor protection. See 
Figure 4.2 for the thermal overload limits for selected settings. 
Thermal Element Trip-Time Equations on page K.9 shows the 
equations for these and additional curves as well as definitions for 
hot stator and hot rotor.

In a particular application, a motor with a 10-second hot locked rotor 
time always starts in 5 seconds.

Setting the TD1 equal to 0.75 causes the relay to trip in 7.5 seconds 
under locked rotor conditions. This setting allows ample time for the 
motor to start, but does not subject the motor to the full 10 seconds 
of locked rotor current if a locked rotor start attempt takes place.

We recommend that you set RTC1 (and RTC2 if E2SPEED = Y and 
SPEED2 control input is asserted) to the specific values supplied by 
the motor manufacturer for optimum overload protection. For this 
example, assume that the actual RTC data are not available and the 
motor is rotor limited. When set to AUTO, the relay uses the following 
rotor limited motor equation to calculate the RTC.

If the RTC data are not available for a stator limited motor, use the 
following equation to calculate the RTC.

Figure 4.2 Thermal Overload Limits (Rating Method)

NOTE: When set to AUTO, the relay 
rounds down the calculated value of 
RTC if the decimal value is less than 
5. Relay rounds up the RTC value if 
the decimal is equal to 5 or greater 
value. RTC TD 0.2+( ) LRTHOT•

60 ln LRA2 0.9 SF•( )
2

–

LRA2 SF2
–

--------------------------------------------------•

-------------------------------------------------------------------------- minutes=

RTC1 38 minutes=

COOLTIME 3> RTC1• 3 38 1+• 115 minutes= =

RTC LRTHOT

60 ln LRA2 0.42
–

LRA2 SF2
–

--------------------------------•

-------------------------------------------------------- minutes=
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(B) Service Factor = 1.15

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)

1. Trip times are for Hot rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Rating
 Acceleration Factor, TD := 1.00
 Run Time Constant, RTC := Auto
 Locked Rotor Amps, LRA := 6.0
 Locked Rotor Time, LRTHOT (see the curves)
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Curve Thermal Method
The Curve method is similar to the Rating method, except in the following 
ways:

➤ You select one of the 45 available standard motor overload/ 
locked rotor curves, or set Curve := 46 to configure a custom 
curve, then, set the motor-rated Full-Load Amps and Service 
Factor. Based on the curve number, the relay automatically 
determines and hides LRA, LRTHOT, TD, and RTC settings. 

➤ The relay does not raise the initial heat estimate at starting 
(motor current > 2.5 per unit of FLA). The locked rotor trip time, 
for a motor at ambient temperature, is 120 percent of the time for 
the same motor at operating temperature (similar to the Rating_1 
method). The Relay Word bit 50S asserts when the motor current 
is greater than 2.5 times FLA and deasserts when the current 
drops below 2.4 times FLA.

Figure 4.3 shows several of the available curves. Thermal Element Trip-Time 
Equations on page K.9 shows the equations for these and additional curves. 
Be sure that the standard curve you select trips in a time less than or equal to 
the motor-rated locked rotor time at locked rotor current. Each increase in the 
curve number yields a 2.5-second increase in the curve thermal limit time at 
six times the full-load current. For a cold rotor, the curve 10 trip time at six 
times the full-load current is 25 seconds. Table 4.5 shows the thermal limit 
time versus current for several curves.

Figure 4.3 Thermal Overload Limits (Curve Method)

For a hot rotor, each increase in the curve number yields a 2.08-second 
increase in the hot rotor thermal limit time at six times the full-load current.
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1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)

1. Trip times are for Cold rotor and Hot stator
2. Relay Settings:
 FLS := Off
 Thermal Method := Curve
 Curve  (see the curves)
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EXAMPLE 4.4 Thermal Element Curve Method Setting

A 4160 V, 800 HP motor is to be protected through use of the 
SEL-710-5 Thermal Element Curve Method. The motor data sheet 
includes the following information.

Rated Horsepower (HP) = 800 HP
Rated Voltage (V) = 4160 V
Rated Full-Load Current (A) = 101.0 A
Rated Locked Rotor Amps (A) = 620.4 A
Safe Stall Time, Hot = 30 seconds
Service Factor = 1.15

Each increase in generic curve number increases the hot rotor 
thermal limit time by 2.08 seconds at six times the full-load current. 
Therefore, we can select the maximum curve number by using the 
following equation:

Phase current transformers having 150:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are shown 
below.

Current Transformer Ratio (CTR) = 150/5 = 30
Full-Load Amps (FLA) = 101 A primary
Service Factor (SF) = 1.15
Curve Number (CURVE) = 14

See Example 4.3 for the equation to calculate the RTC; use TD=1, 
LRA=6, and LRTHOT=Curve# • 2.08.

Table 4.5 Thermal Limit Tripping Times in Seconds vs. Multiples of Full-Load Amps (Service Factor = 1.01)a

Multiples of FLA Curve 1 Curve 2 Curve 3 Curve 5 Curve 10 Curve 15 Curve 30 Curve 45 Remarks

1.10 318.3 636.5 954.8 1,591 3,183 4,774 9,548 14,321 Stator Model 
Limitsb

1.20 171.7 343.4 515.1 858.6 1,717 2,576 5,151 7,727

1.30 115.0 229.9 344.9 574.9 1,150 1,725 3,449 5,174

1.40 84.83 169.7 254.5 424.1 848.3 1,272 2,545 3,817

1.50 66.21 132.4 198.6 331.1 662.1 993.2 1,986 2,979

2.00 28.51 57.02 85.53 142.6 285.1 427.7 855.3 1,283

2.45 17.27 34.53 51.80 86.33 172.7 259.0 518.0 777.0

2.50 14.40 28.80 43.20 72.00 144 216 432 648.0 Rotor Model 
Limitsc

3.00 10.00 20.00 30.00 50.00 100 150 300 450.0

4.00 5.63 11.25 16.88 28.13 56.25 84.38 169 253.1

5.00 3.60 7.20 10.80 18.00 36.00 54.00 108 162.0

6.00 2.50 5.00 7.50 12.50 25.00 37.50 75.00 112.5

7.00 1.84 3.67 5.51 9.18 18.37 27.55 55.10 82.65

8.00 1.41 2.81 4.22 7.03 14.06 21.09 42.19 63.28

9.00 1.11 2.22 3.33 5.56 11.11 16.67 33.33 50.00

10.0 0.90 1.80 2.70 4.50 9.00 13.50 27.00 40.50

11.0 0.74 1.49 2.23 3.72 7.44 11.16 22.31 33.47

12.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13

14.0 0.63 1.25 1.88 3.13 6.25 9.38 18.75 28.13
a (Trip time for Curve n) = (Trip time for Curve 45)*n/45 at same multiple of FLA.
b Tripping times are for the stator initially at operating temperature (hot).
c Tripping times are for the rotor initially at ambient temperature (cold).

Curve Number Locked Rotor Amps FLA⁄( )2 Safe Stall Time, Hot in seconds( )•
36 2.08•

---------------------------------------------------------------------------------------------------------------------------------------------------------------<

Curve 15.12  select curve 15 or less;<
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RTC = 81 minutes
COOLTIME = 3 • 81 + 1 = 244 minutes

When the thermal element setting method is set to CURVE1 := 46, the relay 
allows you to construct a custom motor protection curve using as few as 5 or 
as many as 28 thermal limit points. The relay requires:

➤ The Full-Load Amps and Service Factor ratings for the motor.

➤ Time to Trip settings at 2.00 and 2.50 times Full-Load Amps for 
overload protection (hot stator trip-times).

➤ Time to Trip settings at 5.50, 6.00, and 6.50 times Full-Load 
Amps for locked rotor protection (cold rotor trip-times). 

If you wish to emulate a manufacturer’s specified thermal limit curve, you 
must enter additional hot stator and cold rotor time points along the curve. If 
you do not enter a time for a point, enter AUTO. The relay automatically uses 
a calculated thermal limit time between the entered time points.

You can use this method if the motor thermal limit curve includes a disconti-
nuity between the stator limit curve and the locked rotor limit curve, as shown 
in Figure 4.4. See Table 4.6 for the available settings to construct a custom 
curve.

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Trip Time @ 1.05 FL 1.0–6000.0 s, Auto TTT105 := AUTO

Trip Time @ 1.10 FL 1.0–6000.0 s, Auto TTT110 := AUTO

Trip Time @ 1.20 FL 1.0–6000.0 s, Auto TTT120 := AUTO

Trip Time @ 1.30 FL 1.0–6000.0 s, Auto TTT130 := AUTO

Trip Time @ 1.40 FL 1.0–6000.0 s, Auto TTT140 := AUTO

Trip Time @ 1.50 FL 1.0–6000.0 s, Auto TTT150 := AUTO

Trip Time @ 1.75 FL 1.0–6000.0 s, Auto TTT175 := 625.0

Trip Time @ 2.00 FL 1.0–6000.0 s TTT200 := 400.0

Trip Time @ 2.25 FL 1.0–6000.0 s, Auto TTT225 := AUTO

Trip Time @ 2.50 FL 1.0–6000.0 s TTT250 := 225.0

Trip Time @ 2.75 FL 1.0–6000.0 s, Auto TTT275 := AUTO

Trip Time @ 3.00 FL 1.0–6000.0 s, Auto TTT300 := AUTO

Trip Time @ 3.50 FL 1.0–6000.0 s, Auto TTT350 := AUTO

Trip Time @ 4.00 FL 1.0–6000.0 s, Auto TTT400 := 72.0

Trip Time @ 4.50 FL 1.0–6000.0 s, Auto TTT450 := 58.0

Trip Time @ 5.00 FL 1.0–600.0 s, Auto TTT500 := 30.0

Trip Time @ 5.50 FL 1.0–600.0 s TTT550 := 25.0

Trip Time @ 6.00 FL 1.0–600.0 s TTT600 := 18.1

Trip Time @ 6.50 FL 1.0–600.0 s TTT650 := 15.2

Trip Time @ 7.00 FL 1.0–600.0 s, Auto TTT700 := 13.2

Trip Time @ 7.50 FL 1.0–600.0 s, Auto TTT750 := AUTO

NOTE: Refer to AG2018-23: 
Testing Curve 46 in SEL Motor 
Protection Relays for more details 
on testing user-defined thermal 
curve 46 in SEL motor protection 
relays.

NOTE: Trip times for FL values as 
high as 2.5 FL are Hot Stator trip 
times. Trip times for FL values greater 
than 2.5 FL are Cold Rotor trip times.
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EXAMPLE 4.5 Thermal Element Curve Method, Curve := 46

A 4000 V, 3000 HP motor is to be protected using the SEL-710-5 
Relay Thermal Element Curve Method. The motor data sheet includes 
the following information:

Rated Horsepower (HP) = 3000 HP
Rated Voltage (V) = 4000 V
Rated Full-Load Current (A) = 366 A
Rated Locked Rotor Amps (A) = 2380 A
Safe Stall Time at 100% Volts

Cold = 16 seconds
Hot = 12 seconds

Service Factor = 1.25

The motor data sheet also includes the Thermal Limit Curve shown in 
Figure 4.4.

Figure 4.4 3000 HP Example Motor Thermal Limit Curve

Trip Time @ 8.00 FL 1.0–600.0 s, Auto TTT800 := AUTO

Trip Time @ 8.50 FL 1.0–600.0 s, Auto TTT850 := AUTO

Trip Time @ 9.00 FL 1.0–600.0 s, Auto TTT900 := AUTO

Trip Time @ 9.50 FL 1.0–600.0 s, Auto TTT950 := AUTO

Trip Time @10.0 FL 1.0–600.0 s, Auto TTT1000 := AUTO

Trip Time @ 11.0 FL 1.0–600.0 s, Auto TTT1100 := AUTO

Trip Time @ 12.0 FL 1.0–600.0 s, Auto TTT1200 := AUTO

Table 4.6 Thermal Element Configuration Settings, Setting Method Curve 
and Curve1 := 46 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name = Example Setting

Acceleration

Overload

Locked Rotor

1 2 3 4 5 6 7 8 9 10 20

Multiples of Full-Load Amps
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The discontinuities in the thermal limit curve between the Overload, 
Acceleration, and Locked Rotor curve sections make this motor 
become ideal for protection by using a purpose-built thermal limit 
curve. The Curve setting method provides the facility to protect this 
motor.

By examining the curve, we can find the thermal limit times at various 
multiples of Full-Load Current, as listed in Table 4.7. These times map 
directly to the relay settings shown.

Phase current transformers having 500:5 ratios are selected for the 
application. The SEL-710-5 settings for the application are calculated 
as shown below.

Current Transformer Ratio (CTR) = 500/5 = 100
Full-Load Amps (FLA) = 366 A primary
Service Factor (SF) = 1.25
Time to Trip at 1.30 x FLA (TTT130) = AUTO
Time to Trip at 1.40 x FLA (TTT140) = AUTO
Time to Trip at 1.50 x FLA (TTT150) = AUTO
Time to Trip at 1.75 x FLA (TTT175) = 625.0 seconds
Time to Trip at 2.00 x FLA (TTT200) = 400.0 seconds
Time to Trip at 2.25 x FLA (TTT225) = AUTO
Time to Trip at 2.50 x FLA (TTT250) = 225.0 seconds
Time to Trip at 2.75 x FLA (TTT275) = AUTO
Time to Trip at 3.00 x FLA (TTT300) = AUTO
Time to Trip at 3.50 x FLA (TTT350) = AUTO
Time to Trip at 4.00 x FLA (TTT400) = 72.0 seconds
Time to Trip at 4.50 x FLA (TTT450) = 58.0 seconds
Time to Trip at 5.00 x FLA (TTT500) = 30.0 seconds
Time to Trip at 5.50 x FLA (TTT550) = 25.0 seconds
Time to Trip at 6.00 x FLA (TTT600) = 18.1 seconds
Time to Trip at 6.50 x FLA (TTT650) = 15.2 seconds
Time to Trip at 7.00 x FLA (TTT700) = 13.2 seconds
Time to Trip at 7.50 x FLA (TTT750) = AUTO
Time to Trip at 8.00 x FLA (TTT800) = AUTO
Time to Trip at 8.50 x FLA (TTT850) = AUTO
Time to Trip at 9.00 x FLA (TTT900) = AUTO
Time to Trip at 9.50 x FLA (TTT950) = AUTO
Time to Trip at 10.0 x FLA (TTT1000) = AUTO
Time to Trip at 11.0 x FLA (TTT1100) = AUTO
Time to Trip at 12.0 x FLA (TTT1200) = AUTO

Table 4.7 3000 HP Motor Thermal Limit Times

Multiples of Full-Load Current Thermal Limit Time (Seconds)

1.75 625

2.00 400

2.50 225

4.00 72

4.50 58

5.00 30

5.50 25

6.00 18.1

6.50 15.2

7.00 13.2
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The relay neither requests settings for thermal limit times less than the service 
factor nor does it require that all settings have a time entered. You can enter 
AUTO for some points and the relay automatically builds the thermal limit 
curve between the nearest two specified points. For instance, a relay thermal 
limit characteristic between 2.5 and 4.0 times Full-load Amps forms a contin-
uous curve between 225 seconds and 72 seconds.

When SETMETH := CURVE and CURVE := 46, then the relay uses the fol-
lowing equation to calculate TD and RTC1 values:

Equation 4.1

Continue calculating the balance of thermal element settings with the overload 
settings in Table 4.8.

Additional Thermal Overload Settings

When the motor thermal capacity used exceeds the overload warning level 
setting (TCAPU), the relay issues a warning and asserts Relay Word bit 49A. 
The early warning allows you to correct the load problem before a thermal trip 
occurs. Note that the warning and Relay Word bit 49A deassert when the ther-
mal capacity used goes below 90% of the pickup level.

Set TCAPU using the following criterion to avoid nuisance overload warnings 
when running the motor at full load.

Equation 4.2

The motor tripping and starting functions include supervision to help prevent a 
thermal trip on a normal start. The relay prevents motor starting until the 
thermal element has enough available rotor thermal capacity to allow a motor 
start without tripping. Set the start inhibit level TCSTART greater than the 

TD TTT600
Ta

---------------------  where Ta TTT550 TTT600 TTT650+ +( )
3

--------------------------------------------------------------------------------==

and

RTC1 LRTHOT1 TD 0.2+( )•

60 ln 36 0.9 SF•( )2
–

36 SF( )2
–

---------------------------------------
 
 
 

•

--------------------------------------------------------------  minutes=

Table 4.8 Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias)

Setting Prompt Setting Range Setting Name := Factory Default

OL WARN LEVEL OFF, 50–99 %TCU TCAPU := 85

START INH. LEVEL OFF, 1–99 %TCU TCSTART := OFF

LEARN TCSTART? Y, N TCLRNEN := Y

STOP COOL TIME 1–6000 min COOLTIME := 84

STOP COAST TIME 1–3600 sec COASTIME := 5

LEARN COOLTIME? Y, N COOLEN := N

OL RTD BIASING Y, N ETHMBIAS := N

NOTE: The Overload Alarm function 
(Relay Word bit 49A) has a built-in 
hysteresis of 10% of the pickup level 
(setting TCAPU). The hysteresis 
prevents the alarm from chattering. 
The alarm drops out when the TCU 
drops below 90% of the pickup level.

TCAPU 100
SF2
--------->
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rotor thermal capacity required to start (Start TCU) the motor. Refer to 
Figure 4.75, which shows the TCSTART usage for the thermal lockout logic. 
This feature can be disabled by setting TCSTART equal to OFF.

Equation 4.3

NOTE: A 5%—10% margin is 
suggested for Equation 4.2, 
Equation 4.3, and Equation 4.4.

The function of setting 49RSTP is similar to that of TCSTART, except that 
49RSTP determines the stator thermal capacity above which the relay does 
not allow reset.

Equation 4.4

When you use the Use Learned Starting Thermal Capacity function 
(TCLRNEN := Y and TCSTART≠ Off), the relay records the rotor thermal 
capacity used during the past five starts and uses it in the thermal model in 
place of the TCSTART setting. The learned TCSTART is 115 percent of the 
largest of the last five starting thermal capacities. The relay records the ther-
mal capacity and uses it in the thermal model in place of the TCSTART set-
ting. The relay requires that the rotor thermal model cool enough to permit 
that start. 

EXAMPLE 4.6 Learned Starting Thermal Capacity Calculation

Over the past five starts, a motor has used 24%, 27%, 22%, 25%, and 
26% of thermal capacity. The largest thermal capacity to start is 
27%. The relay requires that the present TCURTR drop below 69% 
(100%–31%) before a new start is allowed. 

You can view the present learned thermal capacity to start (Start TC) using the 
serial port MOTOR command or the front-panel Monitor\Display Mot 
Data\Learn Parameters (see Figure 8.7).

The relay uses the COOLTIME setting to determine the thermal model time 
constant when the motor is stopped. A stopped motor can take longer to cool 
than a running motor because of reduced airflow or loss of forced coolant. 
Based on the setting names, the stopped cooling time equation is shown in 
Equation 4.5. The relay prompts you with the minimum allowable COOL-
TIME when you attempt to save a value shorter than the minimum. This is 
useful when RTC is set to AUTO.

Equation 4.5

The factory-default settings assume that the motor stopped cooling time is the 
same as the motor running cooling time.

Motor manufacturers sometimes provide cooling parameters for a stopped 
motor in the form of either a cooling time constant or a cooling time. If a time 
constant is provided, multiply this value by three to calculate the motor 
stopped cooling time setting (COOLTIME). If a time is provided, use this 
time directly for COOLTIME. 

TCSTART Start TCU( )>

where:
RTC = RTC1 or RTC2 (whichever is higher)

49RSTP 100
SF2
---------<

NOTE: Reset the learned 
parameters prior to putting the relay 
in service (e.g., use the RLP 
Command) to erase any unintentional 
data learned during testing.

COOLTIME 3 RTC•  minutes>
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Set COASTIME to 90%–95% of the time the motor coasts before the rotor 
stops on a normal stop. The relay automatically delays the use of the slower 
cooling rate (based on COOLTIME) by this setting, which can significantly 
reduce the wait time before the next start may be allowed by thermal lock out. 
Figure 4.5 shows the coast-stop logic diagram. If the normal motor coast time 
is not available or if it is not necessary to minimize the wait time before the 
next start, you can safely leave the COASTIME setting at the default value of 
5 seconds.

Figure 4.5 Coast-Stop Logic Diagram

When the relay monitors one or more RTDs in the motor windings and an 
ambient temperature RTD, the relay learns the stator cooling time by 
monitoring the winding temperature when the motor is stopped. If you set 
Use Learned Cooling Time (COOLEN) equal to Y, the relay learns the 
cooling time over five stops and uses it in the thermal model in place of the 
Motor Stopped Cooling Time setting. However, when no ambient RTD is 
selected in the settings or if the ambient RTD/winding RTD has failed open or 
short, and COOLEN is set to Y, the relay does not learn the stator cooling time 
over five stops and continues to use the COOLTIME setting. Figure 4.6 shows 
the MOT command response for this case.

NOTE: Normal motor starts are 
inhibited until the COASTOP Relay 
Word bit asserts; however, the 
emergency start is not. See Start 
Inhibit Function on page 4.41.

SET

CLR

COASTOP

Relay
Word
BitsPOWERUP*

49T_RTR
SPDSTR

JAMTRIP

0

0.5 s
Latch 1

S

R

Q

Timer 1

Q

0

COASTIME

STOPPED

STOPPED
Timer 2

OR1

AND1

AND2

NOT2

NOT3

SPEEDSW

AND4

AND3

NO

NOT1

T1
SPEEDSW

Relay
Word
Bits

OR2

* POWERUP is an internal bit; it asserts for 1/4 cycle every time the relay turns on.
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The Learned Cooling Time function can revise the Cool Time only if the 
learned value is greater than the COOLTIME setting.

When you apply the user-defined curve Thermal Element Setting Method 
Curve1 := 46, the rotor and stator cooling time constants for the motor can 
differ significantly. Therefore, in this case, disable Use Learned Cooling Time 
(COOLEN = N) unless the motor manufacturer recommends a cooling time or 
time constant.

You can bias the thermal model by ambient temperature when ETHMBIAS is 
set equal to Y. Use the ambient temperature above 40°C and the winding RTD 
trip temperature setting to calculate the overload RTD bias.

When the ambient RTD temperature is greater than 40°C, and the minimum 
stator winding trip threshold is greater than 40°C, then the stator RTD trip 
temperatures are lowered (if ERTDBIAS := Y) as follows:

Calculate the RTD thermal capacity used (TCRTD) from the stator winding 
RTD closest to its corresponding trip threshold and the ambient temperature 
RTD. If ETHMBIAS := Y, then compare this value against the thermal model 
thermal capacity for the RTD bias alarm.

=>>MOT <Enter>

SEL-710-5                                Date: 03/22/2017   Time: 11:02:25.671
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    06/28/2016
Last Reset Time      14:44:47
Running Time          0:01:01
Stopped Time       >  245:10:13
Time Running (%)          0.0
Total MWhr (MWhr)         0.0
Number of Starts          443
Emergency Starts           18

Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       1.2    116.0
Max Start I (A)     97.7   1344.0
Min Start V (V)    527.9      0.0
Start %TCU          23.2   1322.2
Running %TCU         6.4    689.8
RTD %TCU            61.4    100.0
Running Cur (A)    117.7    591.8
Running kW         126.8   3862.0
Running kVARin     252.1   2299.1
Running kVARout     39.7   2306.0
Running kVA        368.1   4048.6
Max WDG RTD (C)      104      249
Max BRG RTD (C)  NA       NA
Ambient RTD (C)      219      220
Max OTH RTD (C)  NA       NA

Learn Parameters
CoolTime (s)  Insufficient Data
Start TC (%)  Insufficient Data

=>>

Figure 4.6 MOTOR Command Response

KRTD = TAMB – 40 Limit: 0 < KRTD < 45

TVRTDn = TRTMPn – KRTD Limit: TVRTDn > MIN (85, TRTMPn)

where
TAMB = measured ambient temperature

TVRTDn = biased stator winding temperature trip threshold for the 
nth winding RTD

TRTMPn = the nth winding trip threshold setting

NOTE: In addition to setting 
ETHMBIAS := Y, you must set one 
RTD location equal to ambient, at 
least one RTD location equal to 
winding, and set the winding trip level 
(see Table 4.30 for details).
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Calculate the ambient bias factor KTH using the following equations. Use the 
factor KTH in the thermal model to calculate start and run state trip values.

Slip-Dependent Thermal Model for Synchronous Motors
Slip-dependent thermal models enable longer motor start times, which are 
often needed on high inertia applications. The SEL-710-5 slip-dependent ther-
mal model uses the locked rotor torque (LRQ) in per unit of the full load 
torque of the motor, the locked rotor current (LRA) in per unit of FLA, and the 
full load slip of the motor (FLS). These numbers are readily available for most 
induction motors. 

For synchronous motors, however, these numbers are generally unavailable. 
To compute the LRQ setting, both the locked rotor torque and the full load 
torque of the machine operating as an induction motor must be available; but, 
the full load torque of synchronous motors operating as induction machines is 
seldom available. 

Similarly, to compute the LRA setting, the locked rotor current, and the full 
load current of the machine operating as induction in primary amps must be 
available; but again, the full load current of synchronous motors operating as 
induction machines is unavailable. Finally, the full load slip of synchronous 
motors operating as induction machines is unavailable to set the FLS setting.

In this section, we detail a procedure to set the SEL-710-5 thermal model to 
adequately protect synchronous motors connected to high inertia loads.

Rotor Thermal Model
The slip-independent rotor thermal model integrates the motor starting current 
over time to estimate the rotor temperature. On each processing interval the 
relay computes the rotor TCU using

where
TRTDn = the winding RTD temperature that is closest to its trip 

temperature
TVRTDn = the corresponding biased stator winding trip 

temperature
TAMB = measured ambient temperature

where
0 = <= KTH <=1

min{TRTMPn} = the stator RTD trip threshold temperature 
corresponding to the winding temperature TRTDn

TCRTD 1
TVRTDn TRTDn–

TVRTDn TAMB–
-------------------------------------------–=

KTH 1{ }   TAMB 40°C or min TRTMPn{ } 60°C≤ ≤=

KTH 1  
KRTD

min TRTMPn{ }
-----------------------------------------–

 
 
 

=    TAMB 40°C and min TRTMPn{ } 60°C> >

TCU k[ ] 100
tΣ0

kI2 k[ ]Δ

LRA2 LRT•
---------------------------------•=
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Note that if the current remains at the locked rotor value (LRA) for the locked 
rotor time (LRT) the TCU reaches 100% as defined by the locked rotor time 
and current.

Multiplying and dividing the TCU equation by the rotor resistance, we obtain:

where (LRA2 • LRT • Rr) is the energy that the rotor absorbs before reaching a 
damaging temperature. The numerator is the amount of energy added to the 
rotor by time k. The slip-dependent thermal model recognizes that the rotor 
resistance is a function of the slip. To include the rotor resistance dependence 
on the slip, we rewrite the TCU equation as follows:

where the rotor resistance as a function of the slip Rr(S) is given by:
Rr(S) = R1S + R0(1–S) with . Using Rr 
into the latest TCU expression:

The ratio of R1S[k] + R0(1–S[k]) to R1is between 1, when the slip is one and 
0 < R0/R1 < 1 when the slip is zero, making the TCU increments smaller than 
in the slip-independent thermal model. The smaller TCU increments lead to 
longer start times. Figure 4.7 shows a comparison of the slip-independent 
thermal model to the slip-dependent thermal model where R0/R1 = 2/3. Note 
that as the slip approaches zero the slope of the slip-dependent TCU goes 
down allowing for two additional seconds of start time.

Figure 4.7 Slip-Dependent and Slip-Independent Thermal Models

TCU k[ ] 100
tΣ0
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For induction motors, the R0/R1 ratio is generally between 1/3 and 1/6. For 
synchronous motors, the ratio is generally between 1/3 and 1/6. The following 
guidelines lead to R0/R1 = 1/3.

Settings Guidelines
These settings guidelines pertain specifically to synchronous motors that are 
connected to high-inertia loads, which require start times longer than the 
locked rotor time. To enable the slip-dependent thermal model, set FLS and 
LRQ to:

 

where LRA is the locked rotor current in per unit FLA. Internally, the relay 
sets R0 = FLS and R1 = LRQ/LRA2.

The SLIPSRC setting specifies the source for the motor slip used in the 
thermal model. Three options are available: STAT, VDR, and R1. Select the 
SLIPSRC setting based on the following guidelines.

STAT: The relay computes the motor slip based on the stator 
measurements as described in U.S. Patent Application Publication 
No. 2015/0088444, "Monitoring Synchronization of a Motor Using Stator 
Current Measurements." Use this method for brushless synchronous 
motors or when the field measurements are unavailable to the relay.

VDR: The relay computes the motor slip based on the field voltage 
measurement (VDR). Use this method when field voltage measurements 
are available. When the VDR option is selected, make sure that 
STSEQEN asserts with the STARTING Relay Word bit.

R1: The relay computes the motor slip based on the positive-sequence 
resistance measured during motor start up. This method is not 
recommended for synchronous motors. If this method is necessary for 
your application, contact SEL.

For an extensive comparison of STAT VDR and R1 methods, refer to 
“Synchronous rotor thermal model based on stator current modulation,” The 
Journal of Engineering, vol. 2018, no. 15, pp. 866–870, Oct. 2018. 

Overcurrent Elements
If the SEL-710-5 is connected to a motor protected by a fused contactor, 
disable the phase overcurrent element by setting its trip level to OFF. If the 
relay is connected to a device capable of interrupting fault current, use the 
element to detect and trip for phase overcurrent faults. Set the phase overcur-
rent trip level (50P1P) equal to 2.0 times the motor locked rotor current with a 
0.0 second time delay. Set the phase overcurrent warn level (50P2P) to the 
value you want with an appropriate time delay.

FLS 1
3 LRA2

• 
------------------------:= 

LRQ 1.0:= 

Table 4.9 Phase Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

PH OC TRIP LVL OFF, 0.10–20.00 xFLA  50P1P := 10.00

PH OC TRIP DLAY OFF, 0.00–5.00 s  50P1D := 0.00

PH OC WARN LVL OFF, 0.10–20.00 xFLA  50P2P := OFF

PH OC WARN DLAY OFF, 0.00–5.00 s  50P2D := 0.50
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The phase overcurrent elements (50P1 and 50P2; see Figure 4.8) normally 
operate using the output of the cosine filter. However, when the harmonic dis-
tortion index exceeds a fixed threshold, which indicates severe CT saturation, 
the phase overcurrent elements operate on the output of the peak detector. 

The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two methods provides an elegant 
solution for ensuring dependable short circuit overcurrent element operation.

The relay offers two types of ground fault detecting overcurrent elements. The 
neutral overcurrent elements (50N1T and 50N2T) operate with current mea-
sured by the IN input. The residual (RES) overcurrent elements (50G1T and 
50G2T) operate with the current derived from the phase currents (see 
Figure 4.8).

Table 4.10 Neutral Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NEUT OC TRIP LVL OFF, 0.01–650.00 A pri 50N1P := OFF

NEU OC TRIP DLAY OFF, 0.00–5.00 s 50N1D := 0.50

NEUT OC WARN LVL OFF, 0.01–650.00 A pri 50N2P := OFF

NEU OC WARN DLAY OFF, 0.0–120.0 s 50N2D := 10.0

NOTE: The phase overcurrent 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK50P := Y (see Table 4.64 for 
details).

NOTE: Neutral OC trip level settings 
are in primary amperes.

NOTE: The 50N1P and 50N2P 
settings ranges are dependent on the 
neutral CT ratio CTRN. Refer to 
Table 6.6 for the settings 
interdependency.

NOTE: The neutral and residual 
overcurrent elements are disabled by 
the Relay Word bit BLKPROT if the 
setting BLK50EF := Y (see Table 4.64 
for details).

NOTE: For the 2.5 mA models, the 
50NxP element includes a security 
timer of 100 ms.
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Figure 4.8 Overcurrent Element Logic

When a core-balance CT is connected to the relay IN input, as in Figure 2.24, 
use the neutral overcurrent element to detect motor ground faults. Calculate 
the trip and warn level settings based on the available ground fault current and 
the core-balance CT ratio.

EXAMPLE 4.7 Ground Fault Core-Balance CT Application

A resistance-grounded transformer limits the current for motor or 
cable ground faults. The resistor is sized to limit the current to 10 A 
primary. The three motor leads are passed through the window of a 
10:1 core-balance CT. The CT secondary is connected to the SEL-710-5 
IN current input (terminals Z07, Z08), as shown in Figure 4.9. Setting 
the Neutral OC CT Ratio (CTRN—see Group Settings (SET Command) 
on page 4.4) equal to 10 and Neutral Trip Lvl (50N1P) equal to 5 A 
with a 0.10-second time delay ensures that the element quickly 
detects and trips for motor ground faults, but prevents misoperation 
resulting from unequal breaker or contactor pole closing times.
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Figure 4.9 Ground Fault Protection Using Core-Balance CT

When a core-balance CT is not available, use the 50G residual overcurrent 
elements. Set the residual overcurrent trip level (50G1P) between one-half and 
one-fifth of the full-load phase current, and set the residual overcurrent trip 
delay (50G1D) equal to 0.2 seconds. Set the warn level more sensitively, but 
with a longer time delay. The long time delay allows the sensitive warn ele-
ment to ride through the false residual current that can be caused by phase CT 
saturation during motor starting.

The relay offers a negative-sequence overcurrent element to be used in addi-
tion to or instead of the 46 Current Unbalance element to detect phase-to-
phase faults, phase reversal, single phasing, and heavy motor unbalance.

Incipient Cable Fault
The incipient cable fault element is used to detect self-clearing half- to one-
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled.

Table 4.11 Residual Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

RES OC TRIP LVL OFF, 0.10–20.00 xFLA  50G1P := OFF

RES OC TRIP DLAY OFF, 0.00–5.00 s  50G1D := 0.50

RES OC WARN LVL OFF, 0.10–20.00 xFLA  50G2P := OFF

RES OC WARN DLAY OFF, 0.0–120.0 s  50G2D := 10.0

Table 4.12 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range Setting Name := Factory Default

NSEQ OC TRIP LVL OFF, 0.10–20.00 xFLA 50Q1P := 3.00

NSEQ OC TRIP DLY OFF, 0.1–120.0 s 50Q1D := 0.1

NSEQ OC WARN LVL OFF, 0.10–20.00 xFLA 50Q2P := 0.30

NSEQ OC WARN DLY OFF, 0.1–120.0 s 50Q2D := 0.2

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Motor

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to motor ground faults is 
less when the residual overcurrent 
element is used instead of the CB 
element. A separate ground fault 
detection method should be used if a 
CB CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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The logic, as detailed in Figure 4.11, detects when two consecutive raw sam-
ples of phase current are higher than the user-defined threshold and asserts the 
respective phase 50INCx (x = A, B, or C) Relay Word bit. If the overcurrent 
clears within three half cycles, then an event is recorded in a history report and 
the counter is incremented. The phase of the cable, total number of events on 
each phase, and the timestamps of the most recent 32 events are kept in the 
report (see Figure 4.10), which is displayed by using the HIS 50INC com-
mand (see Table 7.31). 

To reset the counter and the event report, issue the HIS 50INC C command.

Figure 4.11 Incipient Cable Fault Logic

The logic provides a threshold for alarm via 50IALC and a threshold for trip-
ping 50ITRC, depending on the number of detected events. These have corre-
sponding Relay Word bits, 50IALCx and 50ITRCx, for each phase when the 
count on that phase is higher than the respective threshold.

=>>HIS 50IN <Enter>

SEL-710-5                                Date: 08/29/2019   Time: 11:09:24.098
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X269-V0-Z004003-D20190828

#     DATE        TIME        CNTA   CNTB   CNTC   INCF PHASE
1     08/29/2019 11:09:15.497  1      0      0       A      
2     08/29/2019 11:09:15.747  2      0      0       A      
3     08/29/2019 11:09:15.998  3      0      0       A      
4     08/29/2019 11:09:16.248  4      0      0       A      
5     08/29/2019 11:09:16.498  5      0      0       A      

LAST RESET =  08/29/2019 11:09:09.024

=>>

Figure 4.10 HIS 50INC Report Response

50IALCA

50ITRCA

50IALC

50ITRC

Reset

Counter
8

Samples

2

16
Samples

46
Samples 50INCTA

50INCA

16

1
Samples

E50INC

|IA RAW|

Settings

Relay
Word
Bit

Relay
Word
Bits

Relay
Word
Bit

Settings

Table 4.13 Incipient Cable Fault Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

50INC PU LVL OFF, 5–50.00 Aa

1–10.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

E50INC := 15

E50INC := 3

50INC WARN COUNT 1–100 50IALC := 1

50INC TRIP COUNT 1–100 50ITRC := 10
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Time-Overcurrent Elements
One level of inverse-time element is available for A-, B-, and C-phase, and 
negative-sequence overcurrent. Also, two levels of inverse-time elements are 
available for maximum phase and residual overcurrent. See Table 4.14 
through Table 4.17 for available settings.

NOTE: Time-overcurrent elements 
trip level settings are in secondary 
amperes.

You can select from five U.S. and five IEC inverse characteristics. Table 4.18 
and Table 4.19 show equations for the curves and Figure 4.16 through 
Figure 4.25 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use 51_CT if you want to 
raise the curves by a constant time. Also, you can use 51_MR if you want to 
ensure the curve times no faster than a minimum response time.

Each element can be torque controlled using appropriate SELOGIC control 
equations (e.g., when 51P1TC := IN401, the 51P1 element is operational only 
if IN401 is asserted).

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51AP := OFF
51AP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 s 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51BP := OFF
51BP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 s 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec,
0.10–2.00 Ab sec

51CP := OFF
51CP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c,
0.05–1.00d

51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 s 51CCT := 0.00
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.12.

Figure 4.12 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P1P := OFF

51P1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c,

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 s 51P1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec

0.10–2.00 Ab sec

51P2P := OFF

51P2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

Table 4.14 A-, B-, and C-Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

51ATC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.4)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.

SELOGIC
Setting

Setting
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.13.

Figure 4.13 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 s 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.16 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

a For INOM = 5 A.
b For INOM = 1 A.

51QP := OFF
51QP := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 s 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

Table 4.15 Maximum Phase Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P
|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC
Torque Control

51P1P Pickup

51P1R Reset

51P1T Curve
 Timeout

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

Y Electromechanical
N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings
  51P1P Pickup
  51P1C Curve Type
  51P1TD Time Dial
  51P1RS Electromechanical
    Reset? (Y/N)
  51P1CT Const. Time Add.
  51P1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown Figure 4.14.

Figure 4.14 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G1P := OFF

51G1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 s 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–10.00 Aa sec
0.10–2.00 Ab sec

51G2P := OFF

51G2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5, 
C1, C2, C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c,
0.05–1.00d

51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 s 51G2CT := 0.00

51QTC

SELOGIC
Torque Control

SELOGIC
Setting

(From Figure 4.4)

51QP

|3I2|

Setting

Torque Control Switch

Pickup

Curve
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to resid-
ual current IG as shown Figure 4.15.

Figure 4.15 Residual Time-Overcurrent Elements 51G1T and 51G2T

Relay Word Bit ORED51T
Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 
51BT, 51CT, 51PIT, 51P2T, 51G1T, 51G2T, or 51QT are asserted.

Time-Overcurrent Curves
The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.12 through 
Figure 4.15). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.20 through Figure 4.25. Curves U1, U2, and U3 (Figure 4.16 through 
Figure 4.19) conform to IEEE C37.112-1996, Standard Inverse-Time Charac-
teristic Equations for Overcurrent Relays.

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.17 Residual Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

710-5_IM_0175_ResidentialTimeOvercurrent_a.eps

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.4)

Controls the Torque Control Switch
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Table 4.18 Equations Associated With U.S. Curves 

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.16

U2 (Inverse) Figure 4.17

U3 (Very Inverse) Figure 4.18

U4 (Extremely Inverse) Figure 4.19

U5 (Short-Time Inverse) Figure 4.20

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

Table 4.19 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.21

C2 (Very Inverse) Figure 4.22

C3 (Extremely Inverse) Figure 4.23

C4 (Long-Time Inverse) Figure 4.24

C5 (Short-Time Inverse) Figure 4.25

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M2
–

---------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.16 U.S. Moderately Inverse Curve: U1 Figure 4.17 U.S. Inverse Curve: U2

Figure 4.18 U.S. Very Inverse Curve: U3 Figure 4.19 U.S. Extremely Inverse Curve: U4
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Figure 4.20 U.S. Short-Time Inverse Curve: U5 Figure 4.21 IEC Class A Curve (Standard Inverse): C1

Figure 4.22 IEC Class B Curve (Very Inverse): C2 Figure 4.23 IEC Class C Curve (Extremely Inverse): C3
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Differential Elements
The SEL-710-5 optionally provides two definite-time delayed differential 
overcurrent elements. See Figure 4.26 for the element logic diagrams. Use the 
relay with either core-balance differential CTs (see Figure 2.25) or with sepa-
rate CTs on the source and neutral sides of the motor (see Figure 2.26).

A dedicated CT ratio setting (CTR87M) is provided for the differential ele-
ments. This is particularly useful when core-balance differential CTs are used 
because CBCT reads zero if balanced; therefore, you can detect small currents 
with high CT ratios.

Figure 4.24 IEC Long-Time Inverse Curve: C4 Figure 4.25 IEC Short-Time Inverse Curve: C5
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Table 4.20 Motor Differential Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DIFF ENABLE Y, N E87M := N

DIFF CT RATIO 1–5000 CTR87M := 100

DIFF 1 TRIP LVL OFF, 0.05–8.00 A sec 87M1P := OFF

DIFF 1 TRIP DLY 0.00–60.00 s 87M1TD := 0.10

DIFF 1 TRQ CON SELOGIC 87M1TC := 50S

DIFF 2 TRIP LVL OFF, 0.05–8.00 A sec 87M2P := OFF

DIFF 2 TRIP DLY 0.00–60.00 s 87M2TD := 0.10

DIFF 2 TRQ CON SELOGIC 87M2TC := NOT 50S

NOTE: If the SEL-710-5 is connected 
to a motor protected by a fused 
contactor, disable the differential 
elements by setting the trip level to 
OFF. If the relay is connected to a 
device capable of interrupting fault 
current, use the element to detect and 
trip for differential faults.
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Each differential element can be set independently with operate level 
(pickup), delay, and torque control equations to provide flexibility. For 
example, the factory-default torque control equations allow you to set higher 
level 1 pickup during motor starting for better security and lower level 2 
pickup during the rest of the times for more sensitive protection. Note that 
false differential current is more likely during motor starting because of large 
inrush currents.

Figure 4.26 Differential Element Logic

Load-Jam Elements
Load-jam protection is available only when the relay detects that the motor is 
in the RUNNING state. During a load-jam condition, the motor stalls and the 
phase current rises to near the locked rotor value. When load-jam tripping is 
enabled and the phase current exceeds the jam trip level setting (LJTPU) for 
longer than the time delay setting (LJTDLY), the relay trips (see Figure 4.27). 
Set the jam trip level greater than the expected normal load current but less 
than the rated locked rotor current. This setting is entered in per unit of the 
Full-Load Amps (FLA) setting.

I87max

87M1TC

I87max

87M2TC

Relay
Word
Bits

87M1

87M1T

87M2

87M2T

87M1TD

87M2TD

0

Torque Control Switch

Torque Control Switch

87M1P

87M2P

I87max = max (|IA87|, |IB87|, |IC87|)
If 87MxTC = 1, the associated torque control switch is closed

Settings Inputs_________ _______

0

Table 4.21 Load-Jam Settings 

Setting Prompt Setting Range Setting Name := Factory Default

JAM TRIP LEVEL OFF, 1.00–6.00 xFLA  LJTPU := OFF

JAM TRIP DELAY 0.0–120.0 s  LJTDLY := 0.5

JAM WARN LEVEL OFF, 1.00–6.00 xFLA  LJAPU := OFF

JAM WARN DELAY 0.0–120.0 s  LJADLY := 5.0

NOTE: The load-jam elements are 
disabled by the Relay Word bit 
BLKPROT if the setting BLK48 := Y 
(see Table 4.64 for details).
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Figure 4.27 Load-Jam Element Logic

Undercurrent (Load Loss) Elements
The relay arms the load-loss detection logic a settable time after the motor 
starts, as defined by the undercurrent start delay time setting (LLSDLY) and 
shown in Figure 4.28. Set this delay to allow pumps or compressors to reach 
normal load. Once armed, this function issues a warning or trip if phase cur-
rent drops below warn or trip level for the specified time delay. You can block 
these elements using SELOGIC (see Table 4.64).

Set the undercurrent trip and warn levels greater than the expected motor 
no-load current, but less than the minimum current expected when the motor 
is operating normally. These settings are entered in per unit of the Full-Load 
Amps (FLA) setting.

If you expect the motor to normally operate at no load, disable the trip and 
warn elements by setting LLTPU and LLAPU equal to OFF. The relay auto-
matically hides the associated time delay settings.

 LJAPU, LJTPU = Load-Jam Alarm and Trip Pickup
 I1 =  Positive-Sequence Current Magnitude
 RUNNING = Motor is Running
 LJADLY, LJTDLY = Load-Jam Alarm and Trip Delay
 JAMALRM, JAMTRIP = Load-Jam Alarm and Trip
 FLA = Full-Load Amps Setting

| I1 |

LJAPU = Off

LJTPU = Off

(LJAPU) (FLA)

(LJTPU) (FLA)

RUNNING

JAMALRM

JAMTRIPSettings

Settings

LJTDLY

0

LJADLY

0

Relay 
Word 
Bits

Relay 
Word 
Bits

Note: When LJAPU or LJTPU = OFF is satisfied, a logical 1 input is generated.

Table 4.22 Undercurrent Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UC TRIP LEVEL OFF, 0.10–1.00 xFLA  LLTPU := OFF

UC TRIP DELAY 0.4–120.0 s  LLTDLY := 5.0

UC WARN LEVEL OFF, 0.10–1.00 xFLA  LLAPU := OFF

UC WARN DELAY 0.4–120.0 s  LLADLY := 10.0

UC START DELAY 0–5000 s  LLSDLY := 0

NOTE: The undercurrent elements 
are disabled by the Relay Word bit 
BLKPROT if the setting BLK37 := Y 
(see Table 4.64 for details).
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Figure 4.28 Undercurrent (Load-Loss) Logic

Current Unbalance Elements
Unbalanced motor terminal voltages cause unbalanced stator currents to flow 
in the motor. The negative-sequence current component of the unbalanced 
current causes significant rotor heating. While the SEL-710-5 motor thermal 
element models the heating effect of the negative-sequence current, you may 
want the additional unbalanced and single-phasing protection offered by the 
current unbalance element.

The SEL-710-5 calculates percent unbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current, 
Iav, is greater than the motor-rated full-load current, the relay calculates the 
percent unbalance: 

Equation 4.6

 LLTPU = Load-Loss Trip Pickup Setting
 LLAPU = Load-Loss Alarm Pickup Setting
 STARTING = Motor Is Starting
 RUNNING = Motor Is Running
 LOSSTRIP = Load-Loss Trip
 LOSSALRM = Load-Loss Alarm

 I1 = Positive-Sequence Current Magnitude
 FLA = Full-Load Amps Setting
 LLTDLY = Load-Loss Trip Delay Setting
 LLSDLY = Load-Loss Start Delay Setting
 LLADLY = Load-Loss Alarm Delay Setting

| I1 |

| I1 |

LLTPU = OFF

LLAPU = OFF

LLTPU (FLA)

RUNNING
37LLTC

37LLTC

STARTING

RUNNING

Load-Loss Start
Delay Timer

Rising
Edge Detect

Load-Loss Trip
Delay Timer

Load-Loss Alarm
Delay Timer

LLAPU (FLA)

LOSSTRIP
LLTDLY

0

LLSDLY

0

LOSSALRM
LLADLY

0

Relay
Word
  Bits  

Relay
Word
  Bits  

Setting

Setting

Settings

Note: When LLTPU or LLAPU = OFF is satisfied, a logical 1 input is generated.

Table 4.23 Current Unbalance Settings 

Setting Prompt Setting Range Setting Name := Factory Default

CI TRIP LEVEL OFF, 5%–80%  46UBT := 20

CI TRIP DELAY 0–240 s  46UBTD := 5

CI WARN LEVEL OFF, 5%–80%  46UBA := 10

CI WARN DELAY 0–240 s  46UBAD := 10

NOTE: The current unbalance 
elements are disabled by the Relay 
Word bit BLKPROT if the setting 
BLK46 := Y (see Table 4.64 for 
details).

UB% 100 Im
Iav
-------• =
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When the average current is less than the motor-rated full-load current, the 
relay calculates the percent unbalance:

Equation 4.7

In either case, the function is disabled if the average phase current magnitude 
is less than 25 percent of the Full-Load Amps setting (see Figure 4.29).

Figure 4.29 Current Unbalance Element Logic

A one percent voltage unbalance typically causes an approximate 6 percent 
current unbalance in induction motors. If a 2 percent voltage unbalance can 
occur in your location, set the current unbalance warn level greater than 
12 percent to prevent nuisance alarms. A 15 percent current unbalance warn 
level setting corresponds to an approximate 2.5 percent voltage unbalance, 
and a 20 percent current unbalance trip setting corresponds to an approximate 
3.3 percent voltage unbalance. A 10-second alarm delay and 5-second trip 
delay should provide adequate performance in most applications.

Start Monitoring/Incomplete Start Sequence
If motor starting has not finished by the START_T time, the relay produces a 
trip if the SMTRIP Relay Word bit (start motor time-out) asserts and is 
included in the TR equation. Use Start Monitoring to backup other protection 
and control elements, for example, the thermal model and the synchronous 
motor start sequence. 

UB% 100 Im
FLA
-----------• =

where
UB% Current unbalance percentage=

Im max Imax Iav– Imin Iav–,{ }=

where
Imax max Ia Ib Ic, ,{ }=

Imin min Ia Ib Ic, ,{ }=

Iav Ia Ib Ic+ +( ) 3⁄=

FLA Motor-rated full-load current=

46UBAD

0
46UBA

46UBTD

0
46UBT

Enable

Enable

Im

Iav
|IA|

|IC|

FLA

46UBA

46UBT

|IB|

Relay
Word
Bits

%UB = (Im/Iav) • 100%

Avg.

• 0.25

Max.
Dev.

Settings

Inputs %UB = (Im/FLA) • 100%

 IA = Phase Current
 IB = Phase Current
 IC = Phase Current
 FLA = Full-Load Amps
 46UBA = Phase Current Unbalance Warn Setting
 46UBT = Phase Current Unbalance Trip Setting

 Avg. = Average
 Iav = Average Phase Current Magnitude
 Im = Highest Unbalance Current Magnitude
 46UBAD = Phase Current Unbalance Alarm Delay
 46UBTD = Phase Current Unbalance Trip Delay

NOTE: With star-delta (wye-delta) 
starting, the total starting time (star 
and delta) is monitored. If immediate 
tripping is required in the event of 
stalling, monitoring must be provided 
by a speed switch function.



4.40

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.30 shows the typical current during motor start and the START_T 
time setting. For a synchronous motor application (SYNTYPE := BRUSH OR 
BRUSHLESS), if the motor has not synchronized (SRUNNING := 0) by the 
START_T time, the relay produces a trip if the SMTRIP Relay Word bit (start 
motor time-out) asserts and is included in the TR equation.

Figure 4.30 Monitoring Motor Starting Time 

Figure 4.31 Synchronous Motor Incomplete Sequence Monitoring

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star to delta (wye to delta) 
as soon as the starting current drops to the near-rated value in star (wye). The 
relay makes the change to delta within the STAR_MAX setting (if used), 
regardless of the magnitude of the starting current. This feature is not avail-
able when VFDAPP := Y.

You can switch the maximum permissible time for the star (wye) operation on 
or off, as necessary. If it is off, the change to delta is made solely based on the 
motor current. If the motor has to be switched off when the total start time 
(star and delta) exceeds a set time, start monitoring must also be used.

Table 4.24 Start Monitor Settings

Setting Prompt Setting Range Setting Name := Factory Default

START MOTOR TIME OFF, 1–240 s  START_T := OFF

≤ 1.1  FLA 

1

2

3

t

tv

≥ 1.2  FLA 

IRelay
Word
Bits

STARTING = 1

RUNNING = 1

 1 = Motor starting current ≥ 1.2 FLA
 2= Rated conditions
 tv = START_T time
 3 = Tripping if starting lasts too long

STARTING
SRUNNING OR TRIP

SYNTYPE = NONE
START_T

0
SMTRIP

Table 4.25 Star-Delta Settings

Setting Prompt Setting Range Setting Name := Factory Default

STAR-DELTA ENABL Y, N  ESTAR_D := N

MAX STAR TIME OFF, 1–600 s  STAR_MAX := OFF

NOTE: In addition to enabling the 
star-delta, you must assign star and 
delta to auxiliary output relays (one 
each); see Figure 2.28 for a typical 
connection diagram.
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Figure 4.32 Star-Delta Starting

Start Inhibit Function
When the protected motor is rated for a specific maximum number of starts 
per hour or minimum time between starts, set the MAXSTART and TBSDLY 
settings accordingly. If the relay detects MAXSTART starts within 60 min-
utes and the motor stops or is tripped, the relay asserts the TRIP output contact 
to prevent an additional start until 60 minutes after the oldest start. If the 
motor stops or is tripped within TBSDLY minutes of the last start, the relay 
asserts the TRIP output contact to prevent a new start until TBSDLY minutes 
after the most recent start.

In certain pump applications, fluid flowing backward through the pump can 
spin the pump motor for a short time after the motor is stopped. Any attempt 
to start the motor during this time can be damaging. To prevent motor starts 
during the backspin period, enter a time in minutes in the RESTART BLK 
TIME setting. If the relay trips or the motor is stopped, the relay generates a 
trip signal and maintain it for at least this amount of time. The relay does not 
issue a start during the restart block period.

The relay maintains the trip signal until enough time passes for the motor to be 
safely restarted. During the lockout period, the relay displays a countdown 
time in minutes to the next allowed start. 

The emergency restart function overrides all three limits (in addition to the 
motor coasting; see Figure 4.5), allowing the motor to be placed back in ser-
vice in an emergency.

STOPPED

DELTA

STARTING
I1 < 0.635*FLA

STAR

STOPPED
TRIP

S

R

STAR

DELTA

S

R

A

0

20 ms

0

50 ms

0

Relay
Word
Bits

Relay
Word
Bits

A := STAR_MAX (user setting)
FLA = Full Load Amps

Table 4.26 Start Inhibit Settings

Setting Prompt Setting Range Setting Name := Factory Default

STARTS/HR. OFF, 1–15  MAXSTART := OFF

MIN. OFF TIME OFF, 1–150 min  TBSDLY := OFF

RESTART BLK TIME OFF, 1–1500 min  ABSDLY := OFF

NOTE: See Figure 4.74 and 
Figure 4.78 for the stop/trip and start 
logic diagrams.

NOTE: The starts/hour element is 
disabled by the Relay Word bit 
BLKPROT if the setting BLK66 := Y 
(see Table 4.64 for details).
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Phase Reversal Protection
The SEL-710-5 uses phase currents or phase voltages (if available) to deter-
mine that the phase rotation of signals applied to the relay matches the phase 
rotation setting, PHROT. When you set E47T equal to Y, the relay trips 
0.5 seconds after incorrect phase rotation signals are applied to the relay. 
Incorrect phase rotation is determined using currents as voltages (see 
Figure 4.33).

To ensure that phase reversal protection is enabled in case PHROT is set 
wrong, make sure the setting E47T is equal to Y and Relay Word bit 47T is in 
the TRIP equation.

Figure 4.33 Phase Reversal Element Logic

Table 4.27 Phase Reversal Setting

Setting Prompt Setting Range Setting Name := Factory Default

PH REV. ENABLE Y, N  E47T := Y

0.5 s

0

47T

E47T = Y
Voltage Option = Y

DELTA_Y = Wye

|VA|

|VB|

|VC|

|VAB|

|VBC|

60 V

0.5 • |V2|

0.25 • FLA
min

|V1|

|IA|

|IB|

|IC|

0.5 • |I2|
|I1|

35 V

Relay
Word
Bits

Relay
Inputs

I1, V1 and I2, V2 indicate positive-sequence 
and negative-sequence quantities.
FLAmin = Lowest Full-Load Current Setting Allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary

Relay
Inputs
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Speed Switch (Stalling During Start) Function
Use the physical speed switch to supplement the locked rotor (LR) protection 
normally provided by other elements, for example, the motor thermal model. 
Typically the speed switch provides faster LR protection than the other ele-
ments and is desirable in any motor application to minimize thermal and 
mechanical stresses caused by motor locked rotor currents. The SEL-710-5 
relay offers a virtual speed switch (VSS) logic that can be used when the phys-
ical speed switch is not available. The logic also includes monitoring of the 
physical speed switch, if present, to enhance its reliability. 

When the SPDSDLYT setting is set, the relay trips if motor speed is not 
detected either by the physical or virtual speed switch SPDSDLYT seconds 
after the motor start begins. A separate delay, SPDSDLYA, can also be set to 
provide a warning before the speed switch trip.

Figure 4.34 shows typical currents during motor start (normal and stall during 
start) and the SPDSDLYT time setting. 

Figure 4.34 Stalling During Starting

Virtual Speed Switch
The virtual speed switch (VSS) provides the following major features when 
enabled by setting VSSEN := Y. See Figure 4.35 for additional detail.

➤ Across-The-Line (ATL) Starting: The VSS is intended for ATL 
motor starting with acceleration times greater than 5 seconds.

➤ Subtransient Current Override: An inherent delay of 0.5 seconds 
overrides the subtransient inrush current typically present during 
ATL starts.

Table 4.28 Speed Switch Settings

Setting Prompt Setting Range Setting Name := Factory Default

SS TRIP DELAY OFF, 1–240 s  SPDSDLYT := OFF

SS WARN DELAY OFF, 1–240 s  SPDSDLYA := OFF

VIR SS ENABLE Y, N VSSEN := N

VIR SS CONSTANT 0.80–0.98 VSSCONST := 0.95

SS FAIL OPEN DLY OFF, 0.5–2.0 s FAILOPND := OFF

SS FAIL CLOS DLY 0.1–120 min FAILCLSD := 5.0

SS FAIL RESET SELOGIC SSFLRST := PB05

NOTE: In addition to setting the 
SS DELAY, connect the speed switch 
contact (if used) to an input assigned 
to the speed switch (see Table 4.68 
and Figure 2.16 for connection 
diagrams).

I

1
2

t
v

t

I
FLA 

FLA 

 1 = Normal start without hindrance by high overload or stalling
 2 = Stalling during starting
 t

v
 = SS TRIP DELAY time
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➤ Starting Current Profile Monitoring: The VSS algorithm 
requires both of the following occurrences to validate the rotor 
movement.

➢ Detection of a decreasing current trend after the sub-
transient delay.

➢ A minimum drop in starting current by a user setting 
VSSCONST.

The Relay Word bit VIRSPDSW asserts if the above criteria are 
met. VIRSPDSW, intended for LR protection, remains asserted 
until the motor stops, indicated by the assertion of Relay Word 
bit STOPPED. The VSS logic disregards the stop coast time 
previously described (see Table 4.8).

➤ The following data for each motor start are stored and available 
as long as the motor is running. They automatically reset when 
the motor stops.

➢ VSSCNTR: Shows the VSS logic time for the latest 
motor start in counts, 0.5 seconds per count from the 
motor start.

➢ VSSCURRn and VSSCNTn (n = 1–3): Three current 
levels (in per unit of FLA) show the trend of the 
magnitudes and associated counts for the latest motor 
start.

➢ VIRSPDSW: Relay Word bit that detects the rotor 
speed by VSS logic.

Use the VSSCONST default setting of 0.95 for most applications; however, 
change it to suit your specific application, as needed.
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Figure 4.35 Virtual Speed Switch Flow Chart

Figure 4.36 shows the physical speed switch monitoring logic. Essentially, the 
logic compares the operations of the physical and virtual speed switches to 
detect a failure of the physical switch. There are two timer settings, one each, 
to detect a Failed Open and a Failed Close condition. Set the FAILOPND set-
ting equal to the typical closing time of the physical switch to detect the rotor 
speed. Set the FAILCLSD setting to the longest expected rotor coasting-to-
stop time plus at least a 5 percent margin. Either Relay Word bit FAILOPN or 
FAILCLS will assert and latch-in when detecting a Failed Open or a Failed 
Close condition. By default, the front-panel pushbutton PB05 and its associ-
ated LED are programmed for this feature. Change the SSFLRST SELOGIC 
control equation and the PB5A_LED/PB5B_LED settings if the default set-
tings are unacceptable.

NO

YES

1

STOPPED RUNNING STARTING

Motor State?

Reset:
VIRSPDSW = 0
PULSEGEN = 0
VSSCNTR = 0
VSSCNTn = 0
VSSCURRn = 0
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VSSCNTR < 1 ?

MLOAD > 2.4 ?

Set VSSCNT1 = VSSCNTR

Set VSSCURR1 = MLOAD

VSSCURR3 = 0 ?VSSCURR2 = 0 ?
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Set VSSCNT3 = VSSCNTR

Set VSSCURR3 = MLOAD
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MLOAD < 0.995 * VSSCURR3 ?

MLOAD < 0.995 * VSSCURR2 ?MLOAD < 0.995 * VSSCURR1 ?
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0
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YESYES
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NONO

Advance the 
VSSCNTR

END
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Figure 4.36 Speed Switch Monitoring Logic

Figure 4.37 shows the speed switch element logic that provides the additional 
LR protection with VSS and/or physical speed switch inputs. Set SPDSDLYT 
longer than the assert time of the physical and virtual speed switch but shorter 
than the locked rotor withstand time. If VSSEN := Y, set SPDSDLYT ≥ 3 sec-
onds to coordinate with the VIRSPDSW operate time. 

Figure 4.37 Speed Switch Element Alarm/Trip Logic

PTC/RTD-Based Protection
Thermistor (PTC) Input Function

You can connect as many as six thermistor detectors (PTC) to the SEL-710-5 
with PTC option. The detectors are typically embedded in the stator winding 
of the motor, and they monitor the actual temperature of the winding. This 
function is independent of the thermal model and accounts for conditions such 
as ambient temperature, obstructed cooling, etc. 

The sensors have a low resistance below the rated response temperature and 
increase their resistance (exponentially) in the range of the rated response 
temperature. The rated response temperature is defined by the PTC sensor. 
Motors with different thermal insulation classes (Class F or H) are equipped 
with different PTC sensors, each of which has its own response temperature, 
such as 120°, 130°, and 140°C.

AND1

AND2

Relay
Word
Bits

Relay
Word
Bit

SPDSFAILNOT2

NOT1

Relay
Word
Bits

STOPPED

VIRSPDSW

SSFLRST

SPEEDSW

FAILOPND

0

Timer1

OR1

FAILCLSD

0

Timer2

SET

CLR

L1

S

R

Q

Q

(Non Volatile)

SET

CLR

L2

S

R

Q

Q

(Non Volatile)

FAILOPN

FAILCLS

SPDSDLYA

0

SPDSDLYT

0

Relay
Word
Bits

Relay
Word
Bits

SPDSAL

SPDSTR

ENHSPDSW

Timer2

Timer1

NOT2

NOT1

STARTING

VIRSPDSW

SPDSFAIL

SPEEDSW

AND1

OR1
AND2

Table 4.29 PTC Setting

Setting Prompt Setting Range Setting Name := Factory Default

PTC ENABLE Y, N  EPTC := N

NOTE: In addition to enabling the 
PTC function, you must also connect 
at least one thermistor to the relay 
(see Figure 2.17 for a connection 
diagram).

NOTE: The PTC element is disabled 
by the Relay Word bit BLKPROT if the 
setting BLK49PTC := Y (see Table 4.64 
for details).
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The detectors and their leads are monitored for short circuits. Figure 4.38 
shows the characteristics of the PTC.

Figure 4.38 Characteristic of PTC Sensors From IEC 34-11-2

RTD Input Function
When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 
the internal RTD card (set E49RTD := INT) option, the SEL-710-5 offers sev-
eral protection and monitoring functions, settings for which are described in 
Table 4.30. See Figure 2.16 for the RTD module fiber-optic cable connec-
tions. If the relay does not have internal or external RTD inputs, set 
E49RTD := NONE.

4000

1330

550

250

100

20

10
—20°C

0°C
TNF

 TNF = Nominal pickup temperature (°C)
 R (Ω) = Resistance in sensor circuits (ohms)

TNF — 20 K
TNF —   5 K

TNF + 15 K
TNF +  5 K

R 
(W

)

Table 4.30 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250°C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250°C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

RTD12 LOCATION OFF, AMB, OTH RTD12LOC := OFF

RTD12 IDENTIFIER 10 characters RTD12NAM :=

RTD12 TYPE PT100, NI100, NI120, CU10 RTD12TY := PT100

RTD12 TRIP LEVEL OFF, 1–250°C TRTMP12 := OFF

RTD12 WARN LEVEL OFF, 1–250°C ALTMP12 := OFF

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

TMP RTD BIASING? Y, N ERTDBIAS := N

NOTE: The SEL-710-5 monitors as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.30 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.

NOTE: The RTD elements are 
disabled by the Relay Word bit 
BLKPROT if the setting 
BLK49RTD := Y (see Table 4.64 for 
details).
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RTD Location. The relay allows you to independently define the location 
of each monitored RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type. The four available RTD types are the following:

➤ 100 Ω platinum (PT100)

➤ 100 Ω nickel (NI100)

➤ 120 Ω nickel (NI120)

➤ 10 Ω copper (CU10)

RTD Trip/Warning Levels. The SEL-710-5 provides temperature warn-
ings and trips through use of the RTD temperature measurements and the 
warning and trip temperature settings in Table 4.30.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding tem-
perature trip if one or two of the healthy winding RTDs indicate a temperature 
greater than their RTD trip temperature settings. Two winding RTDs must 
indicate excessive temperature when the winding trip voting setting equals Y. 
Only one excessive temperature indication is required if winding trip voting is 
not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for ambi-
ent and other RTDs.

To disable any of the temperature warning or trip functions, set the appropri-
ate temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip func-
tions. The relay includes specific logic to indicate if RTD leads are shorted or 
open. Refer to SEL Application Guide AG2016-10: How to Identify a Faulty 
RTD Connected to an SEL-700 Series Relay to determine if the RTD con-
nected to an SEL-700 series relay is faulty.

RTD Biasing. When you have connected an ambient temperature sensing 
RTD and set trip temperatures for one or more winding RTDs, the relay gives 
you the option to enable RTD trip temperature biasing by setting ERTDBIAS 
equal to Y. The thermal model can also be biased by setting ETHMBIAS 
equal to Y (see Table 4.8). 

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP indicators 
are delayed by approximately 12 
seconds.
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When you enable either biasing, the relay does the following:

➤ Calculates RTD % Thermal Capacity and adds the value to the 
Thermal Meter values.

➤ Automatically reduces the winding RTD trip temperatures if 
ambient temperature rises above 40°C and ERTDBIAS is set 
equal to Y.

➤ Automatically reduces the thermal model element trip threshold 
if ambient temperature rises above 40°C and ETHMBIAS is set 
equal to Y.

➤ Provides an RTD bias alarm if the winding temperature exceeds 
a 60°C rise above ambient and the RTD % Thermal Capacity 
exceeds the thermal element % Thermal Capacity by more than 
10 percent.

The relay uses Equation 4.8 to calculate RTD % Thermal Capacity.

Equation 4.8

As ambient temperature rises, the ability of a motor to shed heat to the sur-
roundings is reduced and internal temperatures rise. 

When you enable RTD biasing, the SEL-710-5 automatically reduces the 
RTD trip temperatures for all winding RTDs when the ambient temperature is 
above 40°C. The relay reduces the trip temperatures by 1°C for each degree 
rise in ambient temperature above 40°C.

Finally, when you enable thermal model biasing, the relay provides an RTD 
bias alarm when the RTD % Thermal Capacity exceeds the thermal element 
% Thermal Capacity by more than 10 percentage points while the winding 
temperature rise is higher than 60°C above ambient. This alarm indicates that 
the motor lost coolant flow or that the winding RTD trip temperature is con-
servatively low.

For all the RTD thermal capacity and bias calculations previously described, 
the relay uses the winding RTD with the measured temperature closest to the 
winding trip value. 

Table 4.31 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.31 RTD Resistance Versus Temperature (Sheet 1 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

RTD%
Thermal Capacity

Winding RTD
Temperature 

  Ambient
Temperature 
 –

Winding RTD Trip
Temperature 

  Ambient
Temperature 
 –

---------------------------------------------------------------------------------------------- 100%•=

NOTE: An open condition for an 
RTD is detected if the temperature 
is greater than 250°C and a short 
condition is detected if the 
temperature is less than —50°C.
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Undervoltage Function

Overvoltage Function

When you connect the SEL-710-5 voltage inputs to phase-to-phase connected 
VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of phase-
to-phase overvoltage and undervoltage elements.

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73

Table 4.31 RTD Resistance Versus Temperature (Sheet 2 of 2)

Temp (°F) Temp (°C)
100 

Platinum
120 Nickel 100 Nickel 10 Copper

Table 4.32 Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

UV TRIP LEVEL OFF, 0.02–1.00 xVnm  27P1P := OFF

UV TRIP DELAY 0.0–120.0 s  27P1D := 0.5

UV WARN LEVEL OFF, 0.02–1.00 xVnm  27P2P := OFF

UV WARN DELAY 0.0–120.0 s  27P2D := 5.0

Table 4.33 Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

OV TRIP LEVEL OFF, 0.02–1.20 xVnm  59P1P := 1.10

OV TRIP DELAY 0.0–120.0 s  59P1D := 0.5

OV WARN LEVEL OFF, 0.02–1.20 xVnm  59P2P := OFF

OV WARN DELAY 0.0–120.0 s  59P2D := 5.0

NOTE: The under- and overvoltage 
level settings are in per unit nominal 
voltage, Vnm. The relay automatically 
calculates Vnm using the settings 
VNOM and DELTA_Y as follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if 
DELTA_Y := WYE.
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When you connect the SEL-710-5 voltage inputs to phase-to-neutral con-
nected VTs, as in Figure 2.22 or Figure 2.23, the relay provides two levels of 
phase-to-neutral overvoltage and undervoltage elements.

Each of the elements has an associated time delay. You can use these elements 
as you choose for tripping and warning. Figure 4.39 and Figure 4.40 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.39 Undervoltage Element Logic

27P1P • Vnm

|VP|

27P1D

0
27P1T

When DELTA_Y := WYE

When DELTA_Y := DELTA

27P2P • Vnm 27P2D

0
27P2T

27P1D

0
27P1T

27P2D

0
27P2T

Relay
Word
Bits

27P1P • Vnm

|VPP|

27P2P • Vnm

Relay
Word
Bits

VAB or VA

VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Minimum Phase Voltage Magnitude)

(Minimum Phase-to-Phase Voltage Magnitude)

 27P1P, 27P2P = Settings 
 Vnm = Effective Nominal Voltage

27P1

27P2

27P1

27P2



4.52

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.40 Overvoltage Element Logic

Inverse-Time Undervoltage Protection
The SEL-710-5 provides two inverse-time undervoltage protection elements 
(27I1 and 27I2). Based on relay hardware options and settings, the 27I ele-
ment offers the flexibility of using various analog quantities as operating 
quantities. The availability of these analog quantities is contingent on the set-
tings DELTA_Y and SINGLEV, as indicated in Table 4.34.

 59P1P, 59P2P = Settings
 Vnm = Effective Nominal Voltage

VAB or VA

VBC or VB

VCA or VC

Voltage
Magnitude
Calculation

|VP|

|VPP|

(Maximum Phase Voltage Magnitude)

(Maximum Phase-to-Phase Voltage Magnitude)

59P1P • Vnm

|VP|

59P1D

0
59P1T

59P2P • Vnm

0

59P2D
59P2T

59P1D

0
59P1T

0

59P2D
59P2T

Relay
Word
Bits

When DELTA_Y := WYE

When DELTA_Y := DELTA

59P1P • Vnm

|VPP|

59P2P • Vnm

59P1

59P2

59P1

59P2

NOTE: VAR Trip and Warning Level 
settings are in primary kVAR.

Table 4.34 Operating Quantities for the 27I Element

Settings Operating Quantities Available in 27InOQ Rangea

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 27InP (n = 1 or 2).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B-phase voltage VC: Magnitude of C-phase voltage
VBC: Magnitude of B-to-C-phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A-phase voltage MINLL: Magnitude of the minimum phase-to-phase voltage
VA: Magnitude of A-phase voltage MINLN: Magnitude of the minimum phase-to-neutral voltage
VB: Magnitude of B-phase voltage
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Figure 4.41 shows the inputs, settings, and outputs of the inverse-time under-
voltage element.

n = 1 or 2. q Refer to Table 4.34.

Figure 4.41 Logic Diagram of the Inverse-Time Undervoltage Element

When the fundamental frequency component of the operating quantity falls 
below the pickup setting (27InP), Relay Word bit 27In asserts. The timer does 
not start to integrate unless the operating quantity falls below 0.975 • 27InP. 
The inverse-time undervoltage protection element has the characteristic 
defined by Equation 4.9.

Equation 4.9

The settings used are listed in Table 4.35.

The SEL-710-5 provides three curve options for each of the 27I elements, set-
table via the 27InCRV setting—CURVEA, CURVEB, and COEF (user pro-
grammable curve). CURVEA is compliant with IEC 60255-127 and is the 

Table 4.35 Inverse-Time Undervoltage Settings 

Setting Prompt Setting Range Setting Name := Factory Default

27I ENABLE Y, N E27In := N

OPERATING QTY Refer to Table 4.34 27InOQ := VAB

PICKUP LVL Refer to Table 4.34 27InP := 120.00

CURVE CURVEA, CURVEB, COEF 27InCRV := CURVEA

COEFF A 0.00–3.00 27InCFA := 1

COEFF B 0.00–3.00 27InCFB := 0

COEFF C 0.01–3.00 27InCFC := 1

TIME DIAL 0.00–16.00 27InTD := 1.00

RESET TIME 0.00–1.00 sec 27InTTR := 0.01

TRQ CONTROL SELOGIC 27InTC := 1

Settings

Relay
Word
Bits

27I Inverse-Time
Undervoltage Element

Settings

 27InP Pick up value    
 27InCRV Curve selection    
 27InCFA Coefficient A   
  27InCFB Coefficient B    
 27InCFC Coefficient C    
 27InTD Time dial    
 27InTTR Time to reset    
 27InTC Torque control

27In

27InT

27InRS

27InP

27InOQ

27InTC

1

TTTn 27InTD 27InCFB 27InCFA

1 27InOQ
27InP

---------------------– 
  27InCFC
-------------------------------------------------------+

 
 
 
 
 

•=
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IEC standard curve as shown in Figure 4.42. CURVEB is a non-standard 
curve as shown in Figure 4.42. The curve option COEF is the user program-
mable curve. Set the coefficient related settings 27InCFA, 27InCFB and 
27InCFC to realize the curve that meets your application needs. Table 4.36 
shows the parameters of the three curves. Note that when 27InCRV is set to 
CURVEA or CURVEB the coefficient related settings 27InCFA, 27InCFB 
and 27InCFC are forced to the values shown in Table 4.36 and hidden.

When the operating quantity exceeds the pickup level, 27InP, then the output 
remains deasserted. If the operating quantity exceeds the pickup level for the 
reset time setting, 27InTTR, then the time integrator resets to 0.

 

Figure 4.42 Inverse Time-Undervoltage Element Curves 

Inverse-Time Overvoltage Protection
There are four inverse-time overvoltage elements (59I) available. Based on 
relay hardware options and settings, the 59I element offers the flexibility of 
using various analog quantities as operating quantities. The availability of 
these analog quantities is contingent on the settings DELTA_Y and 
SINGLEV, as indicated in Table 4.37.

Table 4.36 Specification of Inverse-Time Undervoltage Protection Element

Curve Description

Curve Defining Constants

27InCFA 27InCFB 27InCFC

Curve A 1 0 1

Curve B 0.98 1.28 2.171

Programmable Curve 0.00–3.00 0.00–3.00 0.01–3.00

n = 1 or 2.

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Time Dial = 1

Time Dial = 2

Time Dial = 5

Time Dial = 10

Curve A Curve B

Multiples of Pickup Multiples of Pickup
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Figure 4.43 shows the inputs, settings and outputs of the inverse-time over-
voltage element.

 

n = 1, 2, 3, or 4. q Refer to Table 4.37.

Figure 4.43 Logic Diagram of the Inverse-Time Overvoltage Element

When the fundamental frequency component of the operating quantity 
exceeds the pickup setting, 59InP, Relay Word bit 59In asserts. The timer 
won't start to integrate unless the operating quantity exceeds 1.025 • 59InP. 
The inverse-time overvoltage protection element has the characteristic defined 
by Equation 4.10.

Equation 4.10

Table 4.37 Operating Quantities for the 59I Element

Settings Operating Quantities Available in 59InOQ Setting Rangea

DELTA_
Y

SINGLE
V

VAB VBC VCA VA VB VC VG V1 3V2 MAXLL MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 59InP (n = 1, 2, 3, or 4).

a The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B phase voltage VG: Magnitude of zero-sequence voltage
VBC: Magnitude of B-to-C phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A phase voltage 3V2: Magnitude of negative-sequence voltage
VA: Magnitude of A-phase voltage MAXLL: Magnitude of the maximum phase-to-phase voltage
VB: Magnitude of B-phase voltage MAXLN: Magnitude of the maximum phase-to-neutral voltage
VC: Magnitude of C-phase voltage

Settings

Relay
Word
Bits

59I Inverse-Time
Overvoltage Element

Settings

 59InP Pick up value    
 59InCRV Curve selection    
 59InCFA Coefficient A   
  59InCFB Coefficient B    
 59InCFC Coefficient C    
 59InTD Time dial    
 59InTTR Time to reset    
 59InTC Torque control

59In

59InT

59InRS

59InP

59InOQ

59InTC

1

TTTn 59InTD 59InCFB 59InCFA
59InOQ
59InP

--------------------- 
  59InCFC

1–

-------------------------------------------------------+

 
 
 
 
 

•=
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The settings used are listed in Table 4.38.

The SEL-710-5 provides four curve options for each of the 59I elements, set-
table via the 59InCRV setting—CURVEA, CURVEB, CURVEC, and COEF 
(user-programmable curve). The characteristics of Curve A, Curve B, and 
Curve C are shown in Figure 4.44.

The curve option COEF is the user-programmable curve. Set the coefficient 
related settings 59InCFA, 59InCFB, and 59InCFC to realize the curve that 
meets your application needs. Table 4.39 shows the parameters of the three 
curves. Note that when 59InCRV is set to CURVEA, CURVEB, or CURVEC 
the coefficient related settings 59InCFA, 59InCFB, and 59InCFC are forced 
to the values shown in Table 4.39 and hidden.

When the operating quantity remains lower than the pickup level, 59InP, then 
the output remains deasserted. If the operating quantity gets lower than the 
pickup level for the reset time setting, 59InTTR, then the time integrator resets 
to 0.

Table 4.38 Inverse-Time Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default

59I ENABLE Y, N E59In := N

OPERATING QTY Refer to Table 4.37 59InOQ := VAB

PICKUP LVL Refer to Table 4.37 59InP := 120.00

CURVE CURVEA, CURVEB, 
CURVEC, COEF

59InCRV := CURVEA

COEFF A 0.00–6.00 59InCFA := 3.88

COEFF B 0.00–3.00 59InCFB := 0.96

COEFF C 0.01–3.00 59InCFC := 2.00

TIME DIAL 0.00–16.00 59InTD := 1.00

RESET TIME 0.00–1.00 sec 59InTTR := 0.01

TRQ CONTROL SELOGIC 59InTC := 1

Table 4.39 Specification of Inverse-Time Overvoltage Protection Element

Curve Description

Curve Defining Constants

59InCFA 59InCFB 59InCFC

Curve A 3.88 0.96 2

Curve B 5.64 0.24 2

Curve C 0.14 0 0.02

Programmable Curve 0.00–6.00 0.00–3.00 0.01–3.00

n = 1, 2, 3, or 4.
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Figure 4.44 Inverse-Time Overvoltage Element Curves

VAR Function
If the positive or negative reactive power exceeds the appropriate level for 
longer than the time-delay setting, the relay issues a warning or trip signal. 
The reactive power elements are disabled when the motor is stopped or 
starting.

Figure 4.45 shows the logic diagram for the VAR elements. These elements 
detect synchronous motor out-of-step or loss-of-field conditions. In the case of 
synchronous motor applications, SYNTYPE := BRUSH or BRUSHLESS, 
program the VARDLY setting to a value that ensures that the currents and 
voltages are stabilized after the motor is synchronized. This prevents any nui-
sance trips immediately after the synchronization process.
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Table 4.40 VAR Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEG VAR TRIP LEV OFF, 1–25000 kVAR pri NVARTP := OFF

POS VAR TRIP LEV OFF, 1–25000 kVAR pri PVARTP := OFF

VAR TRIP DELAY 0–240 s VARTD := 1

NEG VAR WARN LEV OFF, 1–25000 kVAR pri NVARAP := OFF

POS VAR WARN LEV OFF, 1–25000 kVAR pri PVARAP := OFF

VAR WARN DELAY 0–240 s VARAD := 1

VAR ARMING DELAY 0–5000 s VARDLY := 0
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Figure 4.45 Reactive Power (VAR) Element Logic

Refer to Figure 5.12 for the relay power measurement convention. For relay 
application on an induction motor, disable the elements by setting both the 
negative VAR warn level (NVARAP) and negative VAR trip level 
(NVARTP) settings to OFF.

Underpower Function
If the real three-phase power falls below the warning or trip level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
underpower elements are disabled when the motor is stopped or starting. 

Figure 4.46 shows the logic diagram for the underpower elements. These ele-
ments operate in addition to the load-loss function, and you can use them to 
detect motor load loss and other underpower conditions.

You can disable the elements by setting the underpower warning level 
(37PAP) and underpower trip level (37PTP) settings to OFF.

In the case of synchronous motor applications, SYNTYPE := BRUSH or 
BRUSHLESS, program the 37DLY setting to a value that ensures that the cur-
rents and voltages are stabilized after the motor is synchronized. This prevents 
any nuisance trips immediately after the synchronization process.

RUNNING

PVARTP

–(NVARTP)

Measured
Reactive Power

PVARAP

–(NVARAP)

VARA
VARAD

0

VART
VARTD

0

+Q

–Q

–P +P

PVARTP
PVARAP

NVARAP
NVARTPALARM

TRIP

Relay
Word
Bits

Relay
Word
Bits

Settings

VARDLY

0

Table 4.41 Underpower Settings

Setting Prompt Setting Range Setting Name := Factory Default

UP TRIP LEVEL OFF, 1–25000 kW pri  37PTP := OFF

UP TRIP DELAY 1–240 s  37PTD := 1

UP WARN LEVEL OFF, 1–25000 kW pri  37PAP := OFF

UP WARN DELAY 1–240 s  37PAD := 1

UP ARMING DELAY 0–5000 s 37DLY := 0

NOTE: Underpower Trip and Warning 
Level settings are in primary kW.
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Figure 4.46 Underpower Element Logic

Power Factor Elements
If the measured power factor falls below the leading or lagging level for lon-
ger than the time-delay setting, the relay can issue a warning or trip signal. 
The power factor elements are disabled when the motor is stopped or starting. 

Figure 4.47 shows the logic diagram for power factor elements. These ele-
ments can be used to detect synchronous motor out-of-step or loss-of-field 
conditions. In the case of synchronous motor applications, SYNTYPE := 
BRUSH or BRUSHLESS, program the 55DLY setting to a value that ensures 
that the currents and voltages are stabilized after the motor is synchronized. 
This prevents any nuisance trips immediately after the synchronization pro-
cess. Refer to Figure 5.12 for the relay power measurement convention.

Disable the elements by setting all four power factor level settings to OFF.

37PAD

0
37PA

RUNNING

Measured
Real Power

37PAP

37PTP

37PTD

0
37PT

Relay
Word
Bits

Relay
Word
Bit

Settings

37DLY

0

Table 4.42 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99  55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99  55LDTP := OFF 

PF TRIP DELAY 1–240 s  55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99  55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99  55LDAP := OFF

PF WARN DELAY 1–240 s  55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0

PF CURRENT SUP OFF, 0.05–2.00 • INOM A sec 55I1SUP := OFF

PF TRQ CTRL SELOGIC 55TC := SRUNNING
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Figure 4.47 Power Factor Elements Logic

Power Factor Loss-of-Synchronism Detection
The SEL-710-5 includes a loss-of-synchronism (pull-out) detection logic that 
operates when the motor power factor falls below the relay setting POPFSP. 
As shown in Figure 4.48, the loss-of-synchronism logic is available for the 
synchronous motor only (SYNTYPE := NONE) and it is supervised by a min-
imum positive-sequence current and the relay RUNNING state. To accelerate 
operation, the logic also determines a pull-out condition when the positive-
sequence current is greater than 3.5 times the full-load current. At these cur-
rent levels, the pull-out condition is practically unavoidable; see the technical 
paper, “Performance of Synchronous Motors Loss-of-Synchronism Protec-
tion,” by M. Donolo, P. Donolo, S. Patel, and V. Yedidi, presented at the 2017 
Petroleum and Chemical Industry Technical Conference (PCIC). This logic is 
evaluated every quarter cycle. Use PORSFL for time-qualified tripping due to 
a detected pull-out condition for which the motor is no longer expected to 
resynchronize.

|Measured Power Factor|

RUNNING

PF Leading

55LDAP

55LGAP

55A
0

55AD

Relay
Word
Bits

Relay
Word
Bit

Settings

55LDTP

55LGTP

55T
0

55TD

0

55DLY

55TC

I1 > 55I1SUP

55I1SUP = OFF 1

2

S1

Switch S1 is in position 1 when SYNTYPE := NONE; 
otherwise, it is in position 2
OFF = Logic 1 
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Figure 4.48 Loss-of-Synchronism Detection Logic

Loss-of-Potential (LOP) Protection
The SEL-710-5 sets Relay Word bit LOP (loss-of-potential) upon detecting a 
loss of relay ac voltage input such as that caused by blown potential fuses or 
by the operation of molded-case circuit breakers. Because accurate relaying 
potentials are required by certain protection elements (for example, undervolt-
age 27 elements), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 20 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (above a predetermined threshold) in positive-sequence (I1), 
negative-sequence (I2), or zero-sequence currents (I0). If this condition per-
sists for 1 second, then the relay latches the LOP Relay Word bit at logical 1. 
The relay resets the LOP Relay Word bit when the conditions to the RESET 
input of the latch are met as shown in Figure 4.49.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation (see Table 4.44 for the LOPBLK setting and 
Figure 4.49 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 20 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.8). 

Relay
Word
  Bits  

PORSRTD

| IP |

3.5 * FLA1

PFANG

POPFSP

| I1 |

Pull Out Resync,

Ride-Thru Delay

0.2 * FLA1

RUNNING

SYNTYPE ! = NONE

PODTCT

Pull Out Detected

PORSFL

Pull Out Resync FAIL

ACOS

Setting

Setting

Setting

Setting

Relay
Word
  Bits  

Table 4.43 Loss-of-Synchronism Detection Settings

Setting Prompt Setting Range Setting Name := Factory Default

PO PF SET POINT 0.10–0.99 POPFSP := 0.70

PO PU DELAY 0.1–60.0 sec PORSRTD := 1.0

Table 4.44 Loss-of-Potential (LOP) Setting

Setting Prompt Setting Range Setting Name := Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying poten-
tials for correct operation. It is critical that the relay detects an LOP condition 
and prevents operation of these elements. For example, if a wrench drops on 
the phase-voltage input fuse holders, the relay LOP logic accurately deter-
mines that this loss of input voltages is an LOP condition and does not trip (if 
the LOP Relay Word bit supervises selected tripping elements, see 
Example 4.8). If you are using voltage-determined relay elements for tripping 
decisions, then blocking these elements is crucial when the voltage compo-
nent is no longer valid.

EXAMPLE 4.8 Supervising Voltage-Element Tripping With LOP

Use the LOP function to supervise undervoltage tripping. If you use 
the undervoltage trip element 27P1, then change a portion of the 
SV01 equation to the following:

SV01 := …OR (NOT LOP AND 27P1T) OR…

Similarly, if you want the remaining voltage-affected elements to act 
only when there are correct relaying potentials voltage, use the 
following in the equation:

…OR (NOT LOP AND (LOADLOW OR 37PT OR 55T OR VART)) OR…

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

LOP Monitoring and Alarms
Take steps to immediately correct an LOP problem so that normal protection 
is rapidly re-established. Include the LOP Relay Word bit in an output contact 
alarm to notify operation personnel of abnormal voltage input conditions and 
failures that can be detrimental to the protection system performance if not 
quickly corrected. 

Figure 4.49 Loss-of-Potential (LOP) Logic

60

S

R

Q

Q

0

0

60

1

0

LOP
| V1 | > 10.5 V

Δ| V1 | > 20%

Δ | I1 | > 0.1 • INOM

Δ | I2 | > 0.1 • INOM

Δ | I0 | > 0.1 • INOM

| V2 | < 5 V

| V0 | < 5 V

| V1 | > 0.75 • VNOM / [√(3) • PTR]

(RESET has priority)

Timer PU and DO 

times are in cycles. 

Relay

Word

   Bit   

Δ ∠ I1 > 10°

Δ ∠ I2 > 10°

Δ ∠ I0 > 10°
Note: 

INOM is 1 A or 5 A, depending on the part number.

INOM is the phase secondary input rating.

VNOM (in primary volts) and PTR are norminal 

line-line voltage and PT ratio settings.

LOPBLK

SELOGIC

Setting
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Frequency Elements
The SEL-710-5 provides four trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an underfre-
quency element. When the level setting is greater than the nominal frequency 
setting, the element operates as an overfrequency element. 

Figure 4.50 shows the logic diagram for the frequency elements.

Figure 4.50 Over- and Underfrequency Element Logic

Detecting Frequency Components With the 97FM Element
The 97FM elements monitor the magnitude of a user-selected frequency com-
ponent in different analog signals (see Table 4.46) by evaluating an individual 
term of the discrete Fourier transform (DFT). The SEL-710-5 Relay provides 
five of these elements. 

Table 4.45 Frequency Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 15.00–70.00 Hz 81D1TP := OFF

FREQ1 TRIP DELAYa

a Frequency element time delays are best set at least three cycles at the lowest 81U pickup 
setting.

0.00–400.00 s 81D1TD := 1.0

81D1 TRQCTRL SELOGIC 81D1TC := 1

FREQ2 TRIP LEVEL OFF, 15.00–70.00 Hz 81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 s 81D2TD := 1.0

81D2 TRQCTRL SELOGIC 81D2TC := 1

FREQ3 TRIP LEVEL OFF, 15.00–70.00 Hz 81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 s 81D3TD := 1.0

81D3 TRQCTRL SELOGIC 81D3TC := 1

FREQ4 TRIP LEVEL OFF, 15.00–70.00 Hz 81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 s 81D4TD := 1.0

81D4 TRQCTRL SELOGIC 81D4TC := 1

NOTE:  The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 0.1 • 
(nominal CT rating). The measured 
frequency is set to nominal frequency 
setting (FNOM) if the signal is below 
the minimum level.

FREQ

81DnTP

81D1T
81D2T
81D3T
81D4T

81DnTP ≤ FNOM
81DnTP ≥ FNOM

FREQTRK

81DnTD

0

81DnTC

 n = Frequency Elements 1–4
 FREQ = Measured Frequency
 81DnTP = Frequency Pickup Setting
 FNOM = Nominal Frequency Setting
 81DnTD = Over- and Underfrequency Element Pickup Time Delay
 81DnT = Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
 FREQTRK = Relay Is Tracking Frequency
 81DnTC = SELOGIC Setting for Torque Control  of the Frequency Element
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The 97FM element may be configured in three different operating modes: 
SU_EU (secondary or engineering units) mode, seen in Figure 4.51, in which 
the magnitude of the selected quantity at the selected frequency is compared 
to a threshold in the corresponding secondary or engineering units; dB_DC 
mode, seen in Figure 4.52, in which the magnitude of the selected component 
is obtained in dB of the dc component of the same signal; and finally, dB_FN 
mode, also seen in Figure 4.52, in which the magnitude of the selected com-
ponent is obtained in dB of the fundamental component. The 97xPT setting is 
used to choose the operating mode.

Figure 4.51 SU_EU Operating Mode (97FMxPT = SU_EU)

Table 4.46 Operating Quantities and Associated Sampling Rates 

97FMxOQ Operating Quantity

FNOM = 60 FNOM = 50

Delta T
Max 97FMxFS 

Setting
Delta T

Max 97FMxFS 
Setting

VA Raw VA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VB Raw VB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VC Raw VC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VAB Raw VAB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VBC Raw VBC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

VCA Raw VCA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IA Raw IA 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IB Raw IB 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

IC Raw IC 1/(32 FNOM) = 1/1920 960 Hz 1/(32 FNOM) = 1/1600 800 Hz

P Three-phase active 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

Q Three-phase reactive 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

S Three-phase apparent 
power

1/FNOM = 1/60 60 Hz 1/FNOM = 1/50 50 Hz

97FMxTD

0

97Fx

97FxT
Goertzel 

Filter

fnot

97FMxP

97FMxOQ

97FMxFS

Relay
Word
BitsSettings
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Figure 4.52 dB_DC (97FMxPT = dB_BC) and dB_FN (97FMxPT = dB_FN) 
Operating Modes

When the 97FMx analog quantity exceeds the corresponding threshold 
97FMxP, the element asserts the 97Fx Relay Word bit and the time-delayed 
97FxT Relay Word bit. These Relay Word bits may be directly monitored in 
the SER report. In some applications, these Relay Word bits may repeatedly 
assert and de-assert, cluttering the SER report. To avoid this, use the 
97FMxER timer. While 97FMxERT is deasserted, the 97FMx element gener-
ates a report every time that 97FxT asserts, as shown in Figure 4.53.

Figure 4.53 97FMxER Timer Logic

You can use the HIS FMR command to access these reports. Figure 4.54 
details the data included in the reports.

Frequency Resolution
The 97xFM element uses a windowed Goertzel filter to isolate the desired fre-
quency component. The capacity of this filter to reject off frequencies is 
shown in Figure 4.55.

=>>HIS FMR 10

SEL-710-5                                Date: 04/16/2019   Time: 16:47:59.217
SYNCHRONOUS MTR                          Time Source: External

 #     DATE        TIME          97FMx       97FMxOQ  97FMxFS  97FMxFR  97FMxPT
1    04/16/2019  16:47:54.211    0.17        Q        1.00     0.5      DB_DC 
2    04/16/2019  16:47:48.200    15.85       Q        1.00     0.5      DB_DC 
3    04/16/2019  16:47:36.205    6.53        Q        1.00     0.5      DB_DC 
4    04/16/2019  16:47:20.200    4.01        Q        1.00     0.5      DB_DC 
5    04/16/2019  16:46:58.184    43.34       Q        1.00     0.5      DB_DC 
6    04/16/2019  16:46:54.174    4.89        Q        1.00     0.5      DB_DC 
7    04/16/2019  16:46:46.183    21.89       Q        1.00     0.5      DB_DC 
8    04/16/2019  16:46:42.178    21.31       Q        1.00     0.5      DB_DC 
9    04/16/2019  16:46:38.168    1.04        Q        1.00     0.5      DB_DC 
10   04/16/2019  16:46:28.178    5.62        Q        1.00     0.5      DB_DC

Figure 4.54 HIS FMR Command Response 

dB Calculation
20log10(a/b)

Goertzel 
Filter

fnot

97FMxOQ a

Goertzel 
Filter

fnot

b

97FMxTD

0

97Fx

97FxT

97FMxP

97FMxFS

97FMxPT

97FMxPT has two modes in this diagram: dB_DC and dB_FN.

Settings

Relay
Word
Bits

97FMxERDO

97FmxERPU

Save Data 
to Flash

97FxT

97FMxER 97FMxERT
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Figure 4.55 Filter Frequency Response

Frequency Tracking
The relay tracks the fundamental frequency by adjusting the sampling rate by 
a factor equal to FREQ / FNOM. As the sampling rate changes, the effective 
pickup frequency of the 97FM element also moves by the same factor. Use the 
following equation to find the effective pickup frequency of the 97FM ele-
ment:

Table 4.47 Frequency Magnitude Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

97FM ENABLE (Y N) E97FMx := N

OPERATING QTTY IA, IB, IC, VAB, VBC, VCA, VA, VB, VC, 
P, Q, S

97FMxOQ := P

FREQ SETPOINT 0.00–960.00 Hz (for analogs and FNOM = 60)

0.00–800.00 Hz (for analogs and FNOM = 50)

0.00–60.00 Hz (for P, Q, S, and FNOM = 60)

0.00–50.00 Hz (for P, Q, S, and FNOM = 50)

97FMxFS := 20

PICKUP TYPE SU_EU, DB_FN (for currents and voltages)

SU_EU, DB_DC (for P, Q, and S)

97FMxPT := 
SU_EU

FREQ 
RESOLUTION

0.1, 0.5, 1, 5, 10, 20 Hz 97FMxFR := 1

PICKUP LEVEL 0.00–11250000.00 kVar (for Q)

0.00–11250000.00 kVA (for S)

0.00–11250000.00 kW (for P)

0.00–2 • INOM A sec (for I)

2.00–300.00 V sec (for V)

-60.00–0.00 (for DBs)

97FMxP := 0.00

TIME DELAY 0.0–6000.0 sec 97FMxTD := 0.0

Effective Pickup Frequency FREQ 97FMxFS•
FNOM

----------------------------------------------=
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Monitoring Sub-Synchronous Resonance and Load Variations
To detect low-frequency power oscillation resulting from sub-synchronous 
resonance or motor load oscillations, set a 97FM element as follows. If the 
frequency of the oscillation is known to be 1 Hz and the magnitude is 10 kW, 
set the 97FM element according to Table 4.48.

With these settings, the element will save, at most, one event per hour.

Monitoring High-Frequency Current Oscillations
Current signature analysis is widely used to diagnose conditions such as bro-
ken rotor bars, load misalignment, bearing damage, etc. The frequency 
F = FREQ • (7 – 6 • SLIP) is associated with broken bar conditions and may 
be useful in identifying cases where the main side bands are too close to the 
fundamental frequency. For FREQ = 60 Hz and a SLIP of one percent, this 
frequency is 416.4 Hz. For this component, first use the CMET S or 
MET FFT commands to determine a baseline value in dB of the fundamental. 
Then set the 97FM element pickup value to alert you when the component 
exceeds this baseline. If the baseline value is –45 dB, set the element as fol-
lows:

TRQ CONTROL SELOGIC 97FMxTC := 1

EVENT TIMER SELOGIC 97FMxER := 0

PICKUP TIMER 0–30000 min 97FmxPU := 0

DROPOUT TIMER 0–30000 min 97FmxDO := 600

Table 4.47 Frequency Magnitude Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Default Value

Table 4.48 97FM Element Settings for an Oscillation With 1 Hz Frequency 
and 10 kW Magnitude 

Setting Name Value

E97FM1 Y

97FM1OQ P

97FM1FS 1 Hz

97FM1PT SU_EU

97FM1FR 1 Hz

97FM1P 5 kW

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min
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Vibration Monitoring
The SEL-710-5 provides five vibration monitoring elements, and each ele-
ment can monitor a connected vibration transducer via analog inputs or math 
variables. For this application, these transducers are expected to measure a 
broadband frequency spectrum of vibration velocity at different strategically 
placed locations and output a 4–20 mA or 0–10 V signal that is proportional to 
the rms of the vibration velocity. The ISO 20816 standards describe the place-
ment, frequency ranges, and type of vibration measurement to use for differ-
ent machines and footings.

Each vibration measurement is compared against a set of thresholds that 
define the four evaluation zones:

➤ Zone A: Recently Commissioned

➤ Zone B: Acceptable

➤ Zone C: Warn

➤ Zone D: Damaging

Typical machine thresholds for rms velocity measurements, based on the class 
of motor, are included in Table 4.50. The class of motor and units of measure-
ment are selectable with the VIBCLASS and VIBUN settings, respectively. 
The analog inputs or math variables used to monitor the vibration need to be 
scaled to match the units used in the VIBUN setting.

The SEL-710-5 also allows for custom thresholds when VIBCLASS is set to 
MANUAL. This is useful for different machine types, orientations, and foot-
ings based on ISO 20816 tables or on-site test results.

Table 4.49 97FM Element Settings for Baseline Frequency Value of –45 dB

Setting Name Value

E97FM1 Y

97FM1OQ IA

97FM1FS 416 Hz

97FM1PT dB_FN

97FM1FR 1 Hz

97FM1P –40 dB

97FM1TD 10 s

97FM1TC 1

97FM1ER 97F1T

97FM1PU 0 min

97FM1DO 60 min

Table 4.50 Machine Class Thresholds

VIBUN == mm/sec VIBUN == in/sec

VIBCLASS Class I Class II Class III Class IV Class I Class II Class III Class IV

VIBABP 1.12 1.8 2.8 4.5 0.04 0.07 0.11 0.18

VIBBCP 2.8 4.5 7.1 11.2 0.11 0.18 0.28 0.44

VIBCDP 7.1 11.2 18 28 0.28 0.44 0.70 1.10
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Figure 4.56 details the threshold logic for each element, as well as the pro-
vided Relay Word bits associated with each zone condition for use in alarm or 
trip conditions.

Figure 4.56 Vibration Monitoring Threshold Logic

Vibration Monitoring Example
This example uses a 10 kW motor with three vibration velocity-measuring 
transducers (P/N LP202-0R3-2E). Due to its size, the motor would fall under 
Class I of the ISO 20816-1 standard. Use a 20816-N (n > 1) standard for the 
type of machine in your application, if available, as a reference for setting the 
thresholds. 

The vibration transducers in this example output a 4–20 mA signal that is pro-
portional to the rms velocity of vibration in mm/sec. The signals are con-
nected to an analog card in Slot 4 of the relay. To configure the analog inputs 
on an analog card, see Analog Inputs. Following configuration, we ensure that 
the JMPn (n = 1, 2, or 3) jumpers on the board are in Position 1-2 for current 
measurement. The measurement range of these transducers is 0 to 
12.7 mm/sec, as defined in the transducer specifications, so we start with set-
ting AI40nEL set to 0 and AI40nEH set to 12.7. After calibrating for the dc 
offset, we set our analog inputs as shown in Table 4.52 for this application.

Table 4.51 Vibration Monitoring Settings 

Setting Prompt Setting Range Setting Name := Factory Default

ANALOG SELECTION OFF, MV01–MV32, AIx0y VIBAQx := OFF

PICKUP TIMER 0.00–400.00 s VIBPUT := 10.00

TRQ CONTROL SELOGIC VIBTC := 1

MACHINE CLASS CI, CII, CIII, CIV, MANUAL VIBCLASS := CI

VELOCITY UNITS mm/sec, in/sec VIBUN := mm/sec

A–B THRESHOLD 0.00–100.00 VIBABP := 1.12

B–C THRESHOLD 0.00–100.00 VIBBCP := 2.80

C–D THRESHOLD 0.00–100.00 VIBCDP := 7.10

Relay
Word
Bits

SELOGIC
Setting

VIBPUT

VIBPUT

VIBPUT

VIBPUT

VIBAQxAP

VIBAQxAT

VIBAQxBT

VIBAQxBP

VIBAQxCP

VIBAQxCT

VIBAQxDT

VIBAQxDP

VIBAQx

VIBABP

VIBBCP

VIBCDP
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With the analog inputs configured, we can set the vibration monitoring set-
tings. Given the class of the motor and the unit of measurement of the trans-
ducers, we would apply the settings listed in Table 4.53.

The touchscreen display option for the SEL-710-5 provides a screen to moni-
tor the measured vibration values in a bar graph, as seen in Figure 4.57. You 
can navigate to this screen from the Home screen by selecting Monitor > 
Vibration.

Table 4.52 Vibration Example Analog Input Settings

Setting Value

AI401TYP I

AI401L 4.000

AI401H 20.000

AI401EL –0.002

AI401EH 12.698

AI402TYP I

AI402L 4.000

AI402H 20.000

AI402EL –0.001

AI402EH 12.699

AI403TYP I

AI403L 4.000

AI403H 20.000

AI403EL –0.003

AI403EH 12.697

Table 4.53 Vibration Example Settings

Setting Value

VIBAQ1 AI401

VIBAQ2 AI402

VIBAQ3 AI403

VIBCLASS CI

VIBUN MM/SEC



4.71

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.57 Vibration Monitoring Screen

Load Control Function
The SEL-710-5 has the capability to control external devices based on the 
parameter load control selection. You can select current, power, or stator ther-
mal capacity utilized to operate auxiliary outputs. Load control is active only 
when the motor is in the running state.

When the selected parameter exceeds the load control upper-level setting for 
one second, the auxiliary relay assigned to LOADUP operates. The auxiliary 
relay resets when the parameter drops below the upper-level setting for 
one second.

When the selected parameter drops below the load control lower-level setting 
for one second, the auxiliary relay assigned to LOADLOW operates. The 
auxiliary relay resets when the parameter is above the lower-level setting for 
one second. You can use this feature to control the motor load within set 
limits.

Synchronous Motor 
Settings

Some synchronous motor settings are available when a card with three syn-
chronous motor inputs and three ac current inputs is installed and the setting 
SYNTYPE := BRUSH/BRUSHLESS. Synchronous Motor Running State 
Relay Word bit, SRUNNING, can be used in the torque-control equation to 
enable brush/brushless protection functions. See Figure 4.76 for the synchro-
nous motor running state logic.

Loss-of-Field Element
Loss-of-field causes the synchronous motor to act as an induction motor. The 
SEL-710-5 uses a pair of offset mho circles to detect loss-of-field. Because 

Table 4.54 Load Control Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOAD CONTROL SEL OFF, Current, Power, TCU LOAD := OFF

LD CTL CUR UPPER OFF, 0.20–2.00 xFLA LOADUPP := OFF

LD CTL CUR LOWER OFF, 0.20–2.00 xFLA LOADLOWP := OFF

LD CTL PWR UPPER OFF, 1–25000 kW pri LOADUPP := OFF

LD CTL PWR LOWER OFF, 1–25000 kW pri LOADLOWP := OFF

LD CTL TCU UPPER OFF, 1–99 %TCU LOADUPP := OFF

LD CTL TCU LOWER OFF, 1–99 %TCU LOADLOWP := OFF

NOTE: Prompts of the settings 
LOADUPP and LOADLOWP are 
dependent on the LOAD setting. All 
possible prompts are shown in 
Table 4.54. The relay shows only the 
appropriate prompts based on the 
LOAD setting.

NOTE: In addition to setting the load 
control levels, you must assign the 
LOADUP and LOADLOW settings to 
auxiliary output relays (one each); see 
Table 4.77, and Figure 2.10 for the 
connection diagrams.
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loss-of-field affects all three phases, the condition is balanced. The SEL-710-5 
uses measured positive-sequence impedance to form the mho circles.

Typically, Zone 1 and Zone 2 are offset from the origin of the impedance 
plane by a value equal to half of the machine transient reactance, as shown in 
Figure 4.59. Zone 1 is intended to operate with little time delay in the event of 
a loss-of-field under full load conditions. Zone 2 reaches farther and operates 
with a longer time delay. Zone 2 is intended to trip for loss-of-field conditions 
that occur under light load conditions. The loss-of-field elements are super-
vised by the 40ZTC torque-control setting.

Figure 4.58 Loss-of-Field Logic Diagram

Set E40 := Y to enable loss-of-field protection elements. If loss-of-field pro-
tection is not necessary, set E40 := N.

The Zone 1 element typically is applied as a tripping function. Zone 1 diame-
ter and offset setting guidelines are described below. Set the Zone 1 offset 
equal to half the motor transient reactance, X'd, in secondary ohms. Zone 1 
loss-of-field tripping is typically performed with short or zero time delay. Use 
the 40Z1D setting to add any necessary delay.

Table 4.55 Loss-of-Field Protection Settings

Setting Prompt  Setting Range
 Setting Name := 
Factory Default

LOSS OF FIELD EN Y, N E40 := N

Z1 MHO DIAMETER OFF, 0.1–100 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

40Z1P := 13.4a

Z1 OFFSET 0.0–50.0 ohm seca 40XD1 := 2.5a 

Z1 TIME DELAY 0.00–400.00 s 40Z1D := 0.00

Z2 MHO DIAMETER OFF, 0.1–100 ohm seca 40Z2P := 13.4a 

Z2 OFFSET 0.0–50.0 ohm seca 40XD2 := 2.5a

Z2 TIME DELAY 0.00–400.00 s 40Z2D := 0.50

40Z TRQCTRL SELOGIC 40ZTC := NOT LOP AND 
SRUNNING

Impedance
Calculation

40Z1D

0

40Z2D

0

Relay
Word
Bits

Zone 1 
Calculation

Zone 2 
Calculation

SELOGIC
Setting

Setting

Z1Ω

40Z1T

40Z2T

40Z2

40Z1

40ZTC

40Z2P

40XD2

40Z1P

40ZTC

V1

I1

40XD1
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The 40Z1 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 1 mho circle defined by the 
offset and diameter settings.

The 40Z1T Relay Word bit asserts 40Z1D seconds after 40Z1 asserts.

The Zone 2 element typically is applied as a time-delayed tripping function. 
Zone 2 diameter and offset setting guidelines are described below.

Zone 2 loss-of-field tripping typically is performed with a time delay of 0.5 to 
0.6 seconds. Set 40Z2D equal to the necessary delay.

The 40Z2 Relay Word bit asserts without time delay when the measured posi-
tive-sequence impedance falls within the Zone 2 mho circle defined by the 
offset and diameter settings. The 40Z2T Relay Word bit asserts 40Z2D sec-
onds after 40Z2 asserts. 

The loss-of-field elements are disabled when the 40ZTC SELOGIC control 
equation equals logical 0. The relay allows these elements to operate when the 
40ZTC SELOGIC control equation equals logical 1. With the default setting, 
the loss-of-field elements operate when the relay detects that the motor is syn-
chronized and no loss-of-potential condition exists. To prevent any nuisance 
trips immediately after the synchronization process, an additional pickup 
delay can stabilize the currents and voltages. Use the SELOGIC variables to 
program this delay, and add it to torque control. See the following example.

Setting Calculation
Collect the following information to set loss-of-field.

➤ Synchronous motor direct axis reactance, Xd, in secondary ohms

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Synchronous motor-rated line-to-line voltage, in secondary volts 
(VNOM)

➤ Synchronous motor-rated phase current, in secondary amperes 
(INOM = Full load current, secondary)

Loss-of-Field Protection Using Offset Zone 2
When setting Zone 2 with an offset, set the Zone 1 diameter equal to 1.0 per 
unit impedance.

Set the Zone 1 offset equal to half the synchronous motor transient reactance, 
X'd, in secondary ohms. Typically, the Xd is greater than 1 per unit impedance. 
However, if Xd is less than or equal to 1 per unit impedance, set the 40Z1P 
shorter so that the worst-case stable power system swing does not enter the 
Zone 1 characteristic.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
40ZTC := SV10T

NOTE: The loss-of-field elements 
require at least 0.25 volts of positive-
sequence voltage and 0.25 amperes 
of positive-sequence current to 
operate.

40Z1P
VNOM

1.73 INOM•
------------------------------  Ω=

40XD1
X′d
2

--------  Ω=
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Zone 1 loss-of-field tripping is typically performed with short or zero time 
delay.

Set the Zone 2 diameter equal to the machine direct axis reactance, Xd, in 
secondary ohms.

Set the Zone 2 offset equal to the Zone 1 offset.

Set the Zone 2 time delay long enough to avoid an incorrect operation during a 
worst-case stable power system swing condition, typically 0.5 to 0.6 seconds 
or according to the recommendations of the synchronous motor manufacturer.

The Relay Word bits 40Z1T and 40Z2T are configured to trip the synchronous 
motor breaker in the factory-default logic (see Trip/Close Logic for details). 
You must change the setting if your application requires a different action.

Figure 4.59 Loss-of-Field Element Operating Characteristic, Zone 2 Offset

Out-of-Step Element
The SEL-710-5 contains an out-of-step element to detect out-of-step condi-
tions between two interconnected systems. Two interconnected systems expe-
rience an out-of-step condition for several reasons. A synchronous motor out-
of-step condition (also referred to as pole-slipping) usually occurs because of 
an under-excited motor condition, an excessively reduced supply voltage, or 
an excessively loaded shaft. 

Detecting and isolating an out-of-step condition as early as possible is impera-
tive because the resulting high peak currents, winding stresses, and high shaft 
torques are very damaging to the synchronous motor.

40Z1D 0.0 seconds=

40Z2P XdΩ=

40XD2
X′d
2

--------  Ω=

 40Z2D 0.5 seconds=

40Z2P = Xd

Zone 2

40Z1P = 1.0 pu Zone 1

R

X’d
2

X
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The SEL-710-5 implements two out-of-step tripping schemes: single blinder 
and double blinder. Select whichever scheme suits your application, or you 
can disable out-of-step protection. Set E78 := 1B or 2B to enable out-of-step 
protection elements. If out-of-step protection is not necessary, set E78 := N.

Single-Blinder Scheme
The single-blinder scheme, shown in Figure 4.60, consists of mho element 
78Z1, right blinder 78R1, and left blinder 78R2.

Figure 4.60 Single-Blinder Scheme Operating Characteristics

Table 4.56 Out-of-Step Protection Settings

Setting Prompt  Setting Range
Setting Name := 
Factory Default

OUT-OF-STEP PROT N, 1B, 2B E78 := 1B

FORWARD REACH 0.1–100.0 ohm seca

a Ranges and default settings shown are for 5 A CT. Multiply by 5 for 1 A rated CTs.

78FWD := 8a

REVERSE REACH 0.1–100.0 ohm seca 78REV := 8a

RIGHT BLINDERb

b Right/Left Blinder settings apply to single-blinder scheme (1B) only.

0.1–50.0 ohm seca 78R1 := 6a

LEFT BLINDERb 0.1–50.0 ohm seca 78R2 := 6a

OUTER BLINDERc 

c Outer/Inner Blinder and OOS Delay settings apply to double-blinder scheme (2B) only.

0.2–100.0 ohm seca 78R1 := 6a

INNER BLINDERc 0.1–50.0 ohm seca 78R2 := 6a

OOS DELAYc 0.00–1.00 s 78D := 0.05

OOS TRIP DELAY 0.00–1.00 s 78TD := 0

OOS TRIP DUR 0.00–5.00 s 78TDURD := 0

POS-SEQ CURRENT 0.25-30.00 A secd

d Range and default setting shown are for 5 A CT. Divide by 5 for 1 A rated CTs.

50ABC := 0.25d

OOS TRQCTRL SELOGIC OOSTC := NOT LOP AND 
SRUNNING

Diameter of 78Z1 = (78REV + 78FWD)

78R2
Pickup

78R1
Pickup

78R1
Right Blinder

R

78R2
Left Blinder

78REV

78FWD

C B A

78R2 78R1
78Z1
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This scheme detects an out-of-step condition by tracking the path of positive-
sequence impedance trajectories that pass through the protection zone. If the relay 
detects an out-of-step condition, the following Relay Word bits assert:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance moves from the load region into Area A (left blinder 
78R2 and mho element 78Z1 assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances to Area B between the two blinders (right blinder 
78R1, left blinder 78R2, and mho element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle via 
Area C, the rising-edge triggered timer with 78TD pickup delay 
and 78TDURD dropout-delay starts timing. Relay Word bit 
OOST remains picked up for 78TDURD seconds after the 
pickup delay time 78TD expires.

➤ The previous description is only for trajectories traveling from 
right to left. Out-of-step trajectories traveling from left to right 
traverse the protection zone in the reverse sequence (that is, from 
Area C to B to A). The Relay Word bits assert in the same way, 
whether trajectories travel from right to left or from left to right.

The single-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by tracking the path of the impedance trajectory. During 
short-circuit faults, the impedance moves from the load region to inside the 
mho element and between the two blinders almost instantaneously, preventing 
the out-of-step function from picking up.

Figure 4.61 shows the logic diagram for the single-blinder scheme. In the fig-
ure, the states of 78R1 and 78R2 are latched on the rising edge of SWING to 
determine if the swing has entered the 78Z1 mho circle from the right or the 
left. (For OOST to occur, the swing must exit the 78Z1 mho circle in the 
opposite direction from which it entered.) The latched states of 78R1 and 
78R2 are retained until the next time SWING asserts, which is the next time a 
power system swing occurs.

The sum of the forward and reverse reaches (the diameter of the mho circle) 
has to be 100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

The blinder settings must be greater than or equal to five percent of either the 
forward or the reverse reach, whichever is greater.

The relay allows the element to operate when the OOSTC SELOGIC control 
equation equals logical 1. With the default setting, the 78 element operates 
when the relay detects that the motor is synchronized and no loss-of-potential 
condition exists. To prevent any nuisance trips immediately after the synchro-
nization process, an additional pickup delay can stabilize the currents and 
voltages. Use the SELOGIC variables to program this delay, and add it to 
torque control. See the following example. 

Block the operation of the 78 element for certain conditions, such as the pres-
ence of excessive negative-sequence currents, by setting OOSTC to NOT 
50Q1P. Refer to Logic Settings (SET L Command) on page 4.101 for a 
detailed discussion of SELOGIC control equations.

SV10PU := 5.00
SV10DO := 0.00
SV10 := NOT LOP AND SRUNNING
OOSTC := SV10T
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The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for 78TDURD is zero because the Relay Word bit OOST is configured to trip 
the synchronous motor breaker with default trip logic TR (which includes an 
identical timer TDURD). You must change the settings (trip logic and/or 
78TDURD) if your application requires a different action.

The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications; however, a higher setting can be applied based on minimum 
expected swing currents. Note that the positive-sequence current levels below 
the 50ABC setting block the out-of-step function.

Both 78R1 and 78R2 must be within the mho circle.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd, in secondary ohms

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study

Convert all impedances to synchronous motor base kV.



4.78

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.61 Single-Blinder Scheme Logic Diagram

Recommendations. Figure 4.62 shows the elements set according to the 
following recommendations.

A transient stability study normally provides adequate data for setting the ele-
ments and timers properly. The out-of-step protection zone, which is limited 
by mho element 78Z1, includes the synchronous motor. Normally, set reverse 
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reach 78REV at 2–3 times the synchronous motor transient reactance, and set 
forward reach 78FWD at 0.05–0.15 times the synchronous motor transient 
reactance, X'd, to provide adequate coverage with a margin of error.

Set the left and right blinders to detect all out-of-step conditions. To do this, 
the right and left blinders are set so that the equivalent machine angles  and 
β are approximately 120 degrees, as shown in Figure 4.62. Separation angles 
of 120 degrees or greater between the two sources usually results in loss of 
synchronism.

Make sure that the mho element and the blinders do not include the maximum 
possible synchronous motor load, to avoid assertion of 78Z1, 78R1, and 78R2 
under normal system operation. 

Figure 4.62 Single-Blinder Typical Settings

Double-Blinder Scheme
The double-blinder scheme, shown in Figure 4.63, consists of mho element 
78Z1 and two blinder pairs: outer resistance blinder 78R1 and inner resistance 
blinder 78R2. This scheme uses timer 78D as part of its logic to detect out-of-
step conditions. The scheme declares an out-of-step condition if the positive-
sequence impedance stays between the two blinders for more than 78D sec-
onds and advances farther inside the inner blinder. The logic issues an out-of-
step trip once an out-of-step condition is established and the positive-sequence 
impedance exits the mho circle.

α

78Z1

78FWD

78FWD: Forward Reach
78REV: Reverse Reach
X’d: Synchronous Motor  Transient 

Reactance
Zs: System Impedance

M-N: Total Impedance Between 
Synchronous Motor and System

S-S’: Perpendicular Bisector of M-N
α and β: Angle of Separation Between 

Synchronous Motor and System

78REV
78R2 78R1

Zs

X’d

A

B

C

S’

N

R

S

M
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Figure 4.63 Double-Blinder Scheme Operating Characteristics

If the relay detects an out-of-step condition, it asserts the following Relay 
Word bits:

➤ Relay Word bit SWING picks up when the positive-sequence 
impedance stays between the outer and inner blinders for more 
than 78D seconds (78R1 asserts, mho element 78Z1 may or may 
not assert).

➤ Relay Word bit OOS picks up when the impedance trajectory 
advances farther inside the inner blinder (78R1, 78R2, and mho 
element 78Z1 assert).

➤ At the time the impedance trajectory exits the mho circle, the 
rising-edge triggered timer with 78TD pickup delay and 
78TDURD dropout delay starts timing. Relay Word bit OOST 
remains picked up for 78TDURD seconds after pickup delay 
time 78TD expires.

The double-blinder scheme distinguishes between short-circuit faults and out-
of-step conditions by monitoring the length of time that the impedance trajec-
tory stays between the two blinders. During short-circuit faults, the impedance 
either moves inside the inner blinder or goes through the two blinders almost 
instantaneously so that the 78D does not time out. Either case prevents the 
out-of-step element from picking up. Figure 4.65 shows the logic diagram for 
the double-blinder scheme.

The sum of the forward and reverse reaches (the diameter of the mho circle) is 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.

Set the inner blinder (78R2) so that its setting is greater than or equal to five 
percent of either the forward or the reverse reach, whichever is greater.

The 78 element torque control SELOGIC control equation OOSTC has a 
default setting of one. If this value is left at one, the out-of-step element is not 
controlled by any other conditions external to the element. Block operation of 
the 78 element for certain conditions, such as the presence of excessive nega-
tive-sequence currents, by setting OOSTC to NOT 50Q1P. Refer to Logic Set-
tings (SET L Command) for a detailed discussion of SELOGIC control 
equations.

78R2
Pickup

78R1
Pickup

78R2 78R1

78R2
Pickup

78R1
Pickup

—78R2—78R1

R

78Z1

78R2

78R1

78REV

78FWD
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The scheme includes positive-sequence current supervision setting 50ABC, 
which has a setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 
1 A relays. Normally, a setting of 0.25 A for 5 A relays is adequate for most 
applications. Apply a higher setting based on minimum expected swing cur-
rents. Note that the positive-sequence current levels below the 50ABC setting 
block the out-of-step function.

The trip delay timer also has an adjustable dropout delay 78TDURD (Trip 
Duration). The 78TDURD should be set appropriately if the Relay Word bit 
OOST is configured to operate an output contact directly. The default setting 
for the 78TDURD is zero because the Relay Word bit OOST is configured to 
trip the synchronous motor breaker with default trip logic TR (which includes 
an identical timer TDURD). Change the settings (trip logic and/or 78TDURD) 
if your application requires a different action.

The inner resistance blinder must be inside the mho circle while the outer 
resistance blinder should be outside the mho circle for the logic to operate cor-
rectly.

Settings Calculation. Collect the following information to calculate the 
out-of-step protection settings.

➤ Synchronous motor transient reactance, X'd in secondary ohms.

➤ Worst case swing locus (that passes through the motor) from a 
transient stability study.

Convert all impedances to synchronous motor base kV.

Recommendations. Figure 4.64 shows the elements set according to the 
following recommendations.

The out-of-step protection zone, which is limited by mho element 78Z1, 
includes the synchronous motor. Normally, set reverse reach 78REV at 2–3 
times the synchronous motor transient reactance, and set forward reach 
78FWD at 0.05–0.15 times the synchronous motor transient reactance, X'd, to 
provide adequate coverage with a margin of error.

Set the inner blinder 78R2 to detect all out-of-step conditions. To do this, set 
the inner blinder so that the equivalent machine angle, shown in Figure 4.64, 
is approximately 120 degrees. A separation angle of 120 degrees or greater 
between two sources generally results in loss of synchronism.

Set the outer blinder 78R1 and out-of-step timer 78D to satisfy the following:

➤ The outer blinder should not assert on maximum load.

➤ The outer blinder should lie outside the mho circle, to satisfy the 
relay logic.

➤ The outer blinder should separate from the inner blinder far 
enough to ensure that the 78D timer accurately times the out-of-
step slip cycle.

The SEL-710-5 processes the out-of-step logic every half cycle of the system 
frequency. To ensure that the relay times the out-of-step slip frequency accu-
rately, separate the outer and inner blinders appropriately. For example, 
assume that the highest out-of-step frequency encountered is five slip cycles 
per second, which translates to 30 degrees per cycle (60 Hz). Set the blinders 
with a 70-degree separation. This separation translates to a positive-sequence 
impedance travel time of 2.3 cycles between the two blinders, which should 
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provide adequate timing accuracy. Set the 78D timer at approximately 0.034 
seconds (two cycles), which ensures that 78D will pick up for swings travel-
ing at 30 degrees per cycle or less.

The out-of-step slip frequency is a system-specific value. A transient stability 
study normally determines this variable and, therefore, the double-blinder set-
tings.

Figure 4.64 Double-Blinder Typical Settings

78FWD: Forward Reach
78REV: Reverse Reach
X’

d
: Synchronous Motor Transient Reactance

ZS: System Impedance
M-N: Total Impedance Between Synchronous 

Motor and System

S-S1: Perpendicular Bisector of M-N
α: Angle of Separation Between Synchronous Motor 

and System Measured at 78R2
γ: Angle of Separation Between Synchronous Motor 

and System Measured at 78R1
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Figure 4.65 Double-Blinder Scheme Logic Diagram
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Field Resistance Element
This feature is available only if an external dc transducer is used separately to 
convert the primary field dc current to a low level signal (4 to 20 mA dc or 
0 to +10 Vdc) for the relay field current input, IEX, and an SEL external volt-
age divider board is connected to convert the primary field (exciter) dc voltage 
to a reduced voltage signal for the relay field voltage input, VEX. FDCURIN, 
FD_20 mA/ FD_5 V settings must be set to detect the primary field current. 
See Section 2: Installation for the board switch positions.

Primary field resistance is the ratio of the primary field voltage to the primary 
field current. If the primary field resistance goes above the field resistance 
warning or trip level for longer than a 10-second time delay, the relay issues a 
warning signal. 

The field resistance elements operate only when the field resistance torque 
control, FDRESTC, asserts. You can also disable the elements by setting the 
field resistance warning level settings to OFF.

An increase in field resistance indicates an increase in field temperature. This 
function is an estimation of the field resistance as the exciter voltage measure-
ment excludes the compensation for brush and cable voltage drop.

Field Current Element
The field current feature is available only if an external dc transducer is 
installed separately to convert primary field/exciter dc current to low level sig-
nal (4 to 20 mA dc or 0 to +10 Vdc) for relay field current input, IEX. See 
Section 2: Installation for the board switch positions.

Set the FD_20 mA setting to a primary field current value corresponding to a 
dc transducer output of 20 mA or set the FD_5 V setting to a primary field 
current value corresponding to a dc transducer output of 5 V. 

If the primary field current, IEX, falls below the field undercurrent warning or 
trip level for longer than the time-delay setting, the relay issues a warning or 
trip signal. If the primary field current, IEX, goes above the field overcurrent 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. 

The field current is operational only when the field current torque control, 
FDCTC, is asserted. You can also disable the elements by setting the field cur-
rent warning level and trip level settings to OFF. For a brushless application, 
use DCCT to measure the auxiliary exciter dc field current, IEX.

Table 4.57 Field Resistance Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD RES WARN 1 OFF, 0.10–500.00 ohm pri FDRES1P := OFF

FLD RES WARN 2 OFF, 0.10–500.00 ohm pri FDRES2P := OFF

FLDR TRQ CTRL SV FDRESTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD CURRENT IN I, V FDCURIN := I

FLD CUR @ 20 mA 1.0–2000.0 A dc pri FD_20mA := 400.0
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Field (Exciter) Voltage Element
The field voltage feature is available only when an SEL external voltage 
divider board is installed to convert the primary field (exciter) dc voltage to 
reduced voltage signal for relay field voltage input, VEX. 

If the primary field (exciter) voltage, VEX, falls below the field undervoltage 
warning or trip level for longer than the time-delay setting, the relay issues a 
warning or trip signal. If the primary field (exciter) voltage, VEX, goes above 
the field overvoltage warning or trip level for longer than the time-delay set-
ting, the relay issues a warning or trip signal. 

The field voltage elements operate only when the field voltage torque control, 
FDVTC, asserts. You can also disable the elements by setting the field voltage 
warning level and field voltage trip level settings to OFF. For a brushless 
application, use the auxiliary exciter dc voltage for VEX input.

FLD CUR @ 5V 1.0–2000.0 A dc pri FD_5V := 400.0

FLD UC TRIP LEVEL OFF, 1.0–2000.0 A dc pri FDUC1P := OFF

FLD UC TRIP DLY 0.3–100.0 sec FDUC1D := 0.5

FLD UC WARN LVL OFF, 1.0–2000.0 A dc pri FDUC2P := OFF

FLD UC WARN DLY 0.3–100.0 sec FDUC2D := 5.0

FLD OC TRIP LVL OFF, 1.0–2000.0 A dc pri FDOC1P := OFF

FLD OC TRIP DLY 0.3–100.0 sec FDOC1D := 0.5

FLD OC WARN LVL OFF, 1.0–2000.0 A dc pri FDOC2P := OFF

FLD OC WARN DLY 0.3–100.0 sec FDOC2D := 5.0

FLDC TRQ CTRL SV FDCTC := SRUNNING

Table 4.58 Field Current Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.59 Field Voltage Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

FLD UV TRIP LVL OFF, 1.0–350.0 Vdc pri FDUV1P := OFF

FLD UV TRIP DLY 0.3–100.0 sec FDUV1D := 0.5

FLD UV WARN LVL OFF, 1.0–350.0 Vdc pri FDUV2P := OFF

FLD UV WARN DLY 0.3–100.0 sec FDUV2D := 5.0

FLD OV TRIP LVL OFF, 1.0–350.0 Vdc pri FDOV1P := OFF

FLD OV TRIP DLY 0.3–100.0 sec FDOV1D := 0.5

FLD OV WARN LVL OFF, 1.0–350.0 Vdc pri FDOV2P := OFF

FLD OV WARN DLY 0.3–100.0 sec FDOV2D := 5.0

FLDV TRQ CTRL SV FDVTC := NOT STOPPED
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Power Factor Correction 
The SEL-710-5 includes a power factor correction logic that compares the 
reactive power consumed by the motor with a required calculated reactive 
power set point and generates a command to raise or lower the excitation. 
Note that a positive required reactive power set point makes the motor behave 
as an inductive load and that a negative required reactive power set point 
makes the motor behave as a capacitive load.

With EPFC set to QSPMV, the reactive power set point is determined by a 
SELOGIC math variable. The SELOGIC math variable is selected using the 
PFQSP relay setting. For example, to select MV11, set PFQSP to 11, then the 
dynamically evaluated value in MV11 is used as the reactive power set point. 
With EPFC set to PFSP, the reactive power set point is computed using the 
measured active power of the motor, and power factor set point specified by 
PFSPAN and PFLDLG settings. Figure 4.66 shows the reactive power set 
point logic.

Figure 4.66 Reactive Power Set Point Calculation

Every five seconds, the difference between the measured reactive power and 
the reactive power set point (ΔQ) is compared to two reactive power thresh-
olds in a double deadband logic. When ΔQ is greater than the short step reac-
tive power threshold (PFSTH), the logic asserts the field voltage short raise 
Relay Word bit (FVSRT) for FVSDO seconds. Similarly, when ΔQ is greater 
than the long step reactive power threshold (PFLTH), the logic asserts the 
field voltage long raise Relay Word bit (FVLRT) for FVLDO seconds. The 
same thresholds and drop out timers are used to assert the field voltage short 
and long lower Relay Word bits (FVSLT and FVLLT) when ΔQ turns out to 
be negative. Figure 4.67 details the double deadband logic. 

Figure 4.67 Double Deadband Logic

NOTE: The time constants for the 
active power filter and reactive 
power filter are 30 seconds and 1 
second, respectively.
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The SEL-710-5 uses the FVLR, FVSR, FVLL, FVSL pulses to obtain the 
analog quantity OUTVAL, which is used to connect to a field controller that 
accepts an analog input. OUTVAL is computed as follows:

IF (PFCNTRL == 0) THEN: OUTVAL = PFCOVL

ELSE: OUTVAL[k] = OUTVAL[k – 1] + (FVLR • n) + (FVSR • m) 
– (FVLL • n) – (FVSL • m)

where:
m = PFSTH • 1000 • 100 / (3 • FLA1 • VNOM / SQRT(3))
n = m • ((PFLTH / PFSTH) – 1)

The range of OUTVAL (0 to 100) is meant to cover the operational range of 
the field voltage. Ensure that the analog output range provides the field con-
troller with the appropriate minimum and maximum operable field voltage for 
the machine. During a relay restart, OUTVAL is set to PFCOVL regardless of 
the value of PFCNTRL. 

The PFINBN Relay Word bit indicates that the reactive power is within the 
given band. The PFGUT Relay Word bit asserts when the reactive power is 
outside the given band for more than 10 minutes indicating that the system did 
not correct the power factor. 

PID Controller
The SEL-710-5 includes a Type B PID controller with two modes of opera-
tion: as a generic controller utilizing math variables, or for power factor cor-
rection through an analog field controller. The controller assumes that the 
units of the set point (SP) and the process variable (PV) are in percentages and 
that the control action is PV-SP. The PID controller is processed with the 
math variables and analog quantities at an interval of 25 ms. Figure 4.68 pres-
ents the PID internal structure. Note that the derivative is computed using the 
process variable rather than the error (Type B PID configuration).

Table 4.60 Power Factor Correction Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PF CPMP OFF, PFSP, QSPMV EPFC := OFF

PF SET POINT OFF, 0.50–1.00 PFSPAN := OFF

LEADLAG LEAD, LAG PFLDLG := LEAD

Q SP MATH VAR 1–32 PFQSP := 32

DEADBAND L TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFLTH := 0.05 • YYYY

DEADBAND S TH 0.0 to +YYYY.0 kVAR 

(YYYY = 1.732 • FLA1 
• VNOM in kVAR) 

PFSTH := 0.01 • YYYY

LONG STEP LENGTH 0.0–3.0 sec FVLDO := 1.0

SHRT STEP LENGTH 0.0–3.0 sec FVSDO := 0.5

SYNCVOLTAGE 0%–100% PFCOVL := 100

SYNC VLTG CNTRL SELOGIC PFCNTRL := SRUNNING

NOTE: For power factor correction, 
SEL strongly recommends using the 
double deadband algorithm 
described in Power Factor Correction 
over the PID methods because of 
instabilities that may arise from 
system conditions and parameters.
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Figure 4.68 PID Controller

When EPID is set to PIDMV, the PID controller will use the values of the 
math variables corresponding to PISPMV and PIPVMV as the set point and 
the process variable, respectively (e.g., PISPMV = 1 and PIPVMV = 2 will 
use MV01 and MV02). Since the PID controller assumes a PV–SP control 
action, you can achieve an SP–PV control action by setting the math variables 
you use to multiply by –1.

When EPID is set to PFSP, the PID controller will calculate a reactive power 
set point using the measured real power with the PISP and PILDLG settings, 
while the process variable will use the measured reactive power These values 
are converted to per unit through the use of the FLA1 and VNOM settings.

Set Point
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Table 4.61 PID Controller Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PID N, PFSP, PIDMV EPID := N

PF SET POINT 0.10–1.00 PISP := 1.00

LEADLAG LEAD, LAG PILDLG := LEAD

MV SET POINT 1–32 PISPMV := 1

MV PROCESS VAR 1–32 PIPVMV := 1

INTEGRAL INIT VAL 0.0–100.0 PISTART := 50.0

GAIN CONSTANT 0.000 to 15.000 PIKC := 1.000

INT TIME CONST 0.01 to 600.00 sec PITI := 0.01

DERIV TIME CONST 0.000 to 5.000 sec PITD := 0.000

OUTPUT FLOOR 0.0–99.9 PIMIN := 0.0

OUTPUT CEILING 0.1–100.0 PIMAX := 100.0

INTEGRAL FREEZE SELOGIC PIFRE := 0

PID LOGIC CNTRL SELOGIC PIRUN := 1
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The analog quantity output of the PID controller, PIDOUT, is given as a per-
centage and is bounded by the floor setting, PIMIN, and the ceiling setting, 
PIMAX. An anti-integral windup scheme is implemented by freezing the inte-
gral term when either of two scenarios occurs: the calculated PIDOUT is 
above the PIMAX setting and the error is positive, or the calculated PIDOUT 
is below the PIMIN setting and the error is negative. The integral term can 
also be frozen when the SELOGIC equation PIFRE evaluates to a logical 1. In 
either case, the Relay Word bit PIAW will assert when the integral term is frozen.

Synchronous Motor Synchronization
The SEL-710-5 provides three different methods for synchronous motor syn-
chronization: 

➤ Time-delayed start for brushless synchronous motors

➤ Slip-dependent synchronization based on field voltage 
measurements

➤ Slip-dependent synchronization based on stator current 
measurements

Time-Delayed Starting for Brushless Synchronous Motors
Time-delayed starting is applicable to brushless type machines when setting 
SYNTYPE := BRUSHLESS. The brushless motor is started by first applying 
ac power to the stator windings. Once the relay detects the machine is in the 
STARTING or RUNNING state, the relay asserts the 41CLOSE Relay Word 
bit after a fixed time-delay setting, 41DELAY. Use the 41CLOSE bit to oper-
ate an output contact directly. This output contact can be wired to close the 
field contactor or breaker circuit to apply dc excitation to the motor field 
winding.

Figure 4.69 Starting Brushless Synchronous Motor

Brush-Type Synchronous Motor Synchronization
The SEL 710-5 has the capability to synchronize a brush-type synchronous 
motor. Use an SEL external voltage divider board to convert the voltage 
across the field voltage discharge resistor (VDR) to a level suitable to the 
relay. Refer to Figure 2.33 for a connection diagram of the external voltage 
divider board. Proper polarity, as shown in Figure 2.33, is essential when con-
necting the VDR input to the relay. 

The following steps are part of the synchronization process:

1. Closing of the field circuit via the field discharge resistor

2. Application of three-phase power to stator

Table 4.62 Brushless Synchronous Motor Start-Sequence Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

41 CLOSE DELAY 0.0–100.0 sec 41DELAY := 3.0

41DELAY

0

SYNTYPE := BRUSHLESS

TRIP

STOPPED

41CLOSERelay
Word
  Bits  

Relay
Word
  Bit  

Setting

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).
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3. Application of field excitation when desired slip and angle are reached

4. Tripping of the motor in case of incomplete sequence

The motor is started with the discharge resistor connected across the motor 
field winding via the 41b auxiliary contact. The brush-type motor is started by 
applying ac power to the stator windings. This results in a rotating magnetic 
field in the air gap at synchronous speed. The rotating magnetic field, in 
effect, induces EMF in the amortisseur windings (also referred to as damper 
windings) and the field winding. The torque produced by the induced currents 
in the amortisseur windings causes the motor to operate as an induction motor 
and to accelerate to near synchronous speed. On the other hand, the induced 
current in the field circuit circulates through the VDR. The relay uses the 
voltage across the VDR to determine the exact moment to energize the field 
winding as explained in the following text. 

The relay uses the settings in Table 4.63 as part of the start sequence. 

Figure 4.70 shows the synchronous motor start sequence enable logic. Pro-
gram the SELOGIC setting STSEQEN to initiate the synchronization process. 
If the field excitation voltage, VEX, is wired to the relay, a field undervoltage 
element is set and programmed as part of STSEQEN, ensuring that appropri-
ate field voltage is present before the start sequence is initialized.

Program the percentage of the synchronization slip setting, SYNSLIP, as rec-
ommended in the synchronous motor data sheet. The relay calculates the slip 
frequency in percent from the VDR signal, FREQR, at every zero crossing, 
i.e., SMSLIP = (FREQR / FNOM) • 100, and compares it to the SYNSLIP set-
ting. If the calculated rotor slip frequency is less than or equal to the SYN-
SLIP setting, the relay declares that the required slip is reached and sets the 
SLIPRECH Relay Word bit. The relay simultaneously keeps track of the posi-
tive-to-negative zero crossing (PNZC) of the VDR signal rotor angle to allow 
for the effective pull-in of the rotor when the field is applied to synchronize 
the motor.

Figure 4.70 Synchronous Motor Start Sequence Enable Logic

Figure 4.71 shows the 41CLOSE logic for a brush-type synchronous motor. 
The DRVECLS (drive-to-close for an effective pull-in) or RELUCLS (reluc-
tance torque synchronizing) Relay Word bits set the 41CLOSE.

Table 4.63 Synchronous Motor Start Sequence Settings

Setting Prompt Setting Range Setting Name := Factory Default

STRT SEQ ENABLE  SELOGIC STSEQEN := R_TRIG STARTING 
AND NOT 47T AND NOT SMTRIP 
AND NOT (FDUV1T OR FDUV2T)

SYNCHRONIZE SLIP  1.0%–10.0% SYNSLIP := 2.0

UNLATCH 41CLOSE  SELOGIC UL41CL := TRIP OR STOPPED

MIN CLOSE DELAYa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

 0.1–99.0 sec 41MNDLY := 0.1

WARNING
Do not attempt to synchronize the 
brush-type synchronous motor 
without the external voltage divider 
board. Severe damage to the relay can 
result if the external voltage divider 
board is improperly connected.

NOTE: The input to VDRM should be 
greater than 54 V for the synchronous 
motor start logic to work.

SYNTYPE := BRUSH

STSEQEN

STOPPED OR TRIP

SYNENAND1
OR1

AND2SELOGIC
Setting

Setting Relay
Word
Bit
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The FREQDECAY input supervises both of these bits. This input qualifies a 
proper start sequence by ensuring that the VDR observed is favorable (e.g., 
negative and decreasing signal) after assertion of the SYNEN bit. The relay 
computes the speed of the rotor using consecutive zero crossings in the VDR 
signal. The relay computes two quantities to show the rotor speed: 
1) SMSLIP, in percentage, where 100 means stand-still and 0 means synchro-
nous speed; and 2) FREQR, in hertz.

Once the required slip frequency is reached, the relay issues a 41CLOSE via 
DRVECLS on the immediate or subsequent PNZC transition of the VDR sig-
nal for an effective pull-in of the rotor. 

If the SLIPRECH asserts while the signal is unfavorable (e.g., VDR negative 
but increasing), the PNZC may not be dependable. In this case, the relay 
issues a 41CLOSE via RELUCLS for a reluctance close. For the RELUCLS 
Relay Word bit to assert, the VDR voltage has to be unfavorable for a period 
greater than the SYNSLIP setting expressed in seconds. For example, if 
SYNSLP = 10% and FNOM = 60 Hz, then the SYNSLP setting expressed in 
seconds is 1/6 Hz = 0.167 seconds. Use the 41CLOSE bit to operate an output 
contact directly. Wire this output contact to close the field contactor or 
breaker circuit, to apply dc excitation to the motor field winding, and to open 
the field discharge resistance circuit. 

Figure 4.71 41CLOSE Logic for Brush-Type Synchronous Motor

Use the UL41CL SELOGIC setting to unlatch the 41CLOSE Relay Word bit in 
the event of a TRIP or when the motor has stopped. In applications that 
require line current supervision, i.e., for a line current less than 1.1 • FLA1, 
the ADV_RUNN Relay Word bit can be programmed into UL41CL 
(UL41CL := TRIP OR STOPPED OR NOT ADV_RUNN) to supervise the 
41CLOSE bit. Refer to Figure 4.77 for the ADV_RUNN Relay Word bit.

Monitor the synchronous motor starting sequence with the START_T setting 
(see Figure 4.30 and Figure 4.31) to trip the motor in case of an incomplete 
start sequence, i.e., the 41CLOSE does not assert within START_T time. The 
SEL-710-5 decides the state of the synchronous motor based on the 
synchronous motor running state logic shown in Figure 4.76. Program the 
FDCMIN and 41A settings accordingly to indicate to the relay that the 
synchronous motor field contactor or breaker is closed.

41CLOSE

Relay
Word
Bit

DRVECLS

RELUCLS

SLIPRECH

UL41CL

FreqDecay

FreqDecay

VDR PNZC

0.0 V

VDR SYNSLIPa S

R

a Period corresponding to SYNSLIP setting in seconds.

SELOGIC
Setting

Relay
Word
  Bits  

Relay
Word
  Bits  

0.0 V
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See Figure 4.72 for an event capture of synchronous motor starting. Along 
with the line currents and voltages, the CEV report in SEL-710-5 also 
captures the VDR voltage and rotor frequency, FREQR, measured at each 
zero-crossing. In Figure 4.72, the capture uses the following event report 
settings: PRE = 10 cyc, LER = 180 cyc, and ER = R_TRIG STARTING. For 
motors with a starting time longer than three seconds, program ER = R_TRIG 
STARTING OR R_TRIG 41CLOSE, as needed.

Figure 4.72 SEL-710-5 Event Capture Of Synchronous Motor Starting 

Synchronization Based on Stator Measurements
This method is intended for synchronization of motors with salient poles and 
start times of at least three seconds. The SEL-710-5 Relay calculates the slip, 
SMSLIP2, based on the stator measurements and compares it with SYNSLIP 
(in percentage), as seen in Figure 4.73 (refer to Table 4.63 for settings). When 
the calculated slip, SMSLIP2, is less than the SYNSLIP setting, the relay 
declares that the required slip for synchronization is reached and the SLIPBT 
Relay Word bit asserts. The SLIPOK Relay Word bit supervises the SLIPBT 
Relay Word bit. The SLIPOK Relay Word Bit asserts when the slip calculated 
based on the stator measurements is reliable. The motor slip computation 
logic is enabled by Field Close Enable or the motor state logic declaring that 
the motor is in the STARTING state.

The 41CLOSE2 Relay Word bit is set by the 41CLS2 Relay Word bit. Use the 
41CLOSE2 Relay Word bit to close the field breaker. A timer supervises this 
logic. The timer guarantees that synchronization does not happen before the 
minimum timer expires (Ta) or after the maximum timer expires (Tb). Pro-
gram the 41MNDLY setting to 30 to 40 percent of the minimum start time. 
Use the UL41CL SELOGIC setting to unlatch the 41CLOSE2 Relay Word bit 
in the event of a TRIP or when the motor has come to a STOP.

NOTE: VDR in the CEV report is in 
volts primary, equivalent to VDRM 
shown in Figure 2.33.

NOTE: 41DELAY must be set higher 
than the motor acceleration time 
when SYNTYPE := BRUSH or 
BRUSHLESS for Relay Word bit 
41CLOSE2 to work properly (see 
Figure 4.73 for more detail).



4.93

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Group Settings (SET Command)

Figure 4.73 Slip-Computation Using Stator Measurements for Slip-Dependent Thermal Model and Synchronous 
Motor Synchronization

While this synchronization method is adequate to synchronize both brush and 
brushless motors, synchronization based on the VDR measurements is the 
preferred method for brush motors. Synchronization based on the VDR mea-
surements allows for the closing of the field on a positive-to-negative zero 
crossing of the VDR signal for an effective pull-in of the rotor. Refer to 
Table 4.63 for the settings related to this method.

Trip Logic
Trip Inhibit (Block) Function

You can assign any control input to the SELOGIC control equation 
BLKPROT. The relay uses the BLKPROT Relay Word bit to disable one or 
more protective functions listed in Table 4.64 when the BLKPROT control 
input asserts. 

Relay
Word
  Bit  

UL41CL

41CLS2

STARTING

Reset has Priority

41CLOSE2

Ta = max(0.2, 41MNDLY minimum sync time)
Tb = max(41DELAY, Ta + 0.1)
Ts = Tb + 2 cycles

S

R

Q

Ta

TbTs

SYNSLIP

SLIPOK

SMSLIP2

SLIPBT

Ia, Ib, Ic

Relay
Word
  Bits  

Relay
Word
  Bit  

Relay
Word
  Bit  

Relay
Word
  Bit  

Setting

SELOGIC
Setting

Va, Vb, Vc
Vab, Vbc, Vca

ENABLE

Outputs updated 
every 8 cycles

Motor Slip Computation

Field Close Enable

0

Relay
Word
  Bits  

STSEQEN

TRIP
STOPPED

SELOGIC
Setting

Table 4.64 Trip Inhibit Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

BLOCK PROTECT SELOGIC Variable BLKPROT := 0

CURRENT IMBALANC Y, N BLK46 := N

JAM Y, N BLK48 := N

GROUND FAULT Y, N BLK50EF := N

SHORT CIRCUIT Y, N BLK50P := N

UNDERCURRENT Y, N BLK37 := N

START INHIBIT Y, N BLK66 := N
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During certain operational phases when the level (e.g., motor current) differs 
from normal values, selected functions are completely disabled as long as the 
control input is asserted. For operational phases such as those listed below, 
you could have no warning, no trip or reset, and tripping delays that begin to 
run only after the function is reenabled:

➤ During starting (earth fault and short-circuit protection) 

➤ At no-load (protection against asymmetry and underload) 

➤ During brief overload phases (high overload/jam) 

➤ During commissioning and fault location (localizing the source 
of the trouble)

Trip/Close Logic
The SEL-710-5 tripping logic is designed to trip or stop motors energized 
through circuit breakers or contactors. The relay logic lets you define the con-
ditions that cause a trip, the conditions that unlatch the trip, and the perfor-
mance of the relay output contact motor contactor or breaker. Figure 4.74 
illustrates the tripping logic.

PTC Y, N BLK49PTC := N

RTD Y, N BLK49RTD := N

Table 4.64 Trip Inhibit Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.65 Trip and Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 s TDURD := 0.5

TRIP EQUATION SV TR := 49T OR LOSSTRIP OR JAMTRIP 
OR 46UBT OR 50P1T OR 50G1T OR 
59P1T OR 47T OR SPDSTR OR 50N1T 
OR SMTRIP OR (27P1T AND NOT LOP) 
OR SV01T OR SV03T

REMOTE TRIP EQN SV REMTRIP := 0

TRIP ON LOCKOUT Y, N TRIPONLO := Y

UNLATCH TRIP EQN SV ULTRIP := 0

CONTACTOR STATUS SV 52A := 0

FLD BRKR STATUS SV 41A := 0

NOTE:  The factory-default 
assignment of the Relay Word bit 
TRIP is the output OUT103. See 
Table 4.77 for the output contacts 
settings.
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Figure 4.74 Stop/Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following text.

TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the STOP Relay Word bit (asserted at the front panel or by 
the STOP command) are maintained for at least the duration of the minimum 
trip duration time (TDURD) setting.

0

TDURDSTOP

TRIP

Trigger Events

Reset TRIP LED

STOPPED

THERMLO
NOSLO
TBSLO
ABSLO

TRIPONLO = Y

TRGTR

TR

 STOPPED = Motor Stopped Relay Word Bit
 THERMLO = Thermal Element Lockout
 NOSLO = Starts-Per-Hour Lockout
 TBSLO = Minimum Time Between Starts Lockout
 ABSLO = Antibackspin Lockout
 TRIPONLO = Trip on Lockout
 ULTRIP = Unlatch Trip SELOGIC Control Equation
 RSTTRGT = Target Reset SELOGIC Control Equation

 TRGTR = Target Reset Command, Front Panel or 
Serial Ports

 EMRSTR = Emergency Start Command, Front 
Panel or Modbus/DeviceNet Command

 TR = Trip SELOGIC Control Equation
 STOP = Motor Stop Command, Front Panel or 

Serial Ports
 TDURD = Minimum Trip Time Setting

 EMRSTR

52A
RSTLED = Y

Relay
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RSTTRGT

SELOGIC
Settings

Relay
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  Bit  

Relay
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  Bit  

SELOGIC
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SELOGIC
Setting
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TARGET RESET
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TAR R
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TR Trip Conditions SELOGIC Control Equation
The SEL-710-5 Trip Logic offers two ways to stop the protected motor:

➤ Conditions mapped to TR

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

Either of the two conditions will trigger an event report. The relay controls the 
tripping output contact(s) when the Relay Word bit TRIP appears in an output 
contact SELOGIC control equation. Default relay settings have output OUT103 
set to TRIP and fail-safe setting OUT103FS at Y (see Fail-Safe/Nonfail-Safe 
Tripping on page 2.26).

Set the TR SELOGIC control equation to include an OR-combination of all the 
enabled protection element Relay Word bits that you want to cause the relay 
to trip. Use the factory-default setting as a guideline.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. 

For example, the following settings trip the breaker by input IN303 via REM-
TRIP.

    REMTRIP := IN303

    TR :=...OR REMTRIP

The HMI displays Remote Trip to indicate the trip by remote trip logic.

ULTRIP Unlatch Trip Conditions SELOGIC Control Equation
Following a fault, the trip signal is maintained until all of the following condi-
tions are true:

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ All the motor lockout functions, described below, deassert to 
logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

➢ An emergency restart command is executed or the 
EMRSTR SELOGIC control equation setting asserts to 
logical 1.

NOTE: The outputs in the 
SEL-710-5 are not designed to 
interrupt the trip coil current. An 
auxiliary contact with adequate 
current interrupting capacity must 
clear the trip coil current before the 
output of the SEL-710-5 opens. 
Failure to observe this safeguard 
could result in damage to the 
SEL-710-5 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
Bit TRIP, which stays asserted for the 
duration of the TDURD setting or 
until TRIP is unlatched, whichever is 
longer.

NOTE: You can use an indirect 
mapping (e.g., SV01T) as in the 
factory-default setting. See 
Table 4.65 for the SV01 settings.

NOTE: The factory-default setting of 
the ULTRIP provides a manual reset 
of the protection trips. Set the 
ULTRIP := 1 if you want an automatic 
reset. You can make the automatic 
reset by a selected element; for 
example, set ULTRIP := F_TRIG 49T in 
a two-wire motor control circuit.
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Lockout After Stop
When TRIPONLO := Y, the relay automatically locks out the motor by assert-
ing the trip signal under any of the following conditions:

➤ Antibackspin Lockout. The ABSDLY timer has not expired 
since the motor trip occurred. The trip signal is maintained until 
the ABSDLY timer expires.

➤ Minimum Time Between Starts Lockout. A new start is not 
permitted until after the minimum time between starts has 
passed. The trip signal is maintained until a start is permitted.

➤ Starts-Per-Hour Limit Lockout. If the starts-per-hour limit has 
been met, a new start is not permitted until 60 minutes after the 
oldest start. The trip signal is maintained until a start is 
permitted.

➤ Thermal Element Lockout. The motor thermal element 
% Thermal Capacity Used value is too high to permit a normal 
motor start without tripping. The trip signal is maintained until 
the % Thermal Capacity decreases to a level where a start can 
safely take place, as shown in Figure 4.75.

Figure 4.75 Thermal Element Lockout Logic

If any of the previous protection functions is not enabled by the relay settings, 
that function does not affect trip unlatch.

Also note that the relay automatically asserts the trip signal if the motor stops 
and a lockout condition is in effect. The trip signal is cleared once all the 
enabled lockout conditions are cleared.

52A and 52B Contactor/Breaker Status SELOGIC Control Equations
Use the SELOGIC settings 52A and 52B to map the respective breaker or con-
tactor auxiliary contacts to the relay. Because the 52b contact is not always 
available and to reduce the number of I/O required, the breaker status logic 
does not include the 52B contact. The relay uses the 52A Relay Word bit as 
the status of the breaker/contactor in conjunction with the protection elements, 
motor state, trip, and close logic. The default 52B setting is NOT 52A. The 
factory-default setting assumes no auxiliary contact connection (52A := 0).

NOTE: For the disconnect settings 
and logic, refer to Disconnect Control 
Settings on page 9.2. For the 
touchscreen relay option, refer to 
Table 9.5 for typical disconnect 
symbols. For the settings related to 
bay control disconnect symbols, refer 
to Table 9.7 and the corresponding 
descriptions.

If you connect the breaker auxiliary contacts to digital inputs, you must 
change the factory-default logic equations for 52A and 52B. For example, set 
52A := IN101 and 52B := IN102 if you connect the 52a and 52b contacts to 
inputs IN101 and IN102, respectively.

100—TCSTART

TCURTR

49RSTP
TCUSTR

THERMLO

Relay
Word
Bit

Note: TCSTART is the setting, unless a learned value is available.

NOTE: When the 52A setting is 
used with an appropriate control 
input, it enhances the motor state 
logic (see Figure 4.77). This is 
particularly important if the motor 
has low operational idling current 
(less than 10 percent FLA).
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NOTE: For the settings related to the 
local/remote breaker control function, 
refer to Local/Remote Control on 
page 9.7. For breaker control via the 
front-panel pushbuttons, refer to 
Front-Panel Operator Control 
Pushbuttons on page 8.18. For breaker 
control via the two-line display, refer 
to Control Menu on page 8.10. For 
breaker control via the touchscreen, 
refer to Motor/Disconnect Control Via 
the Touchscreen on page 9.8.

The SEL-710-5 relay with the touchscreen display option additionally pro-
vides the ability to design detailed single-line diagrams and display the 
breaker and disconnect status. Refer to Table 9.1 for typical circuit breaker 
symbols available for display on the bay screens. For settings related to bay 
control breaker symbols, refer to Table 9.7 and the corresponding description

41A Field Contactor/Breaker Status Conditions for the SELOGIC Control 
Equation

You can connect an auxiliary contact of the 41 contactor or breaker to the 
relay. The SELOGIC control equation 41A allows you to configure the relay 
for either the 41b or 41a contact input. The factory-default setting assumes no 
auxiliary contact connection (41A := 0). 

If you connect the breaker auxiliary contact to a digital input, you must 
change the factory-default logic equation for 41A. For example, set 
41A := IN101 if you connect the 41a contact to input IN101.

Synchronous motor is latched to be in synchronized running state, SRUN-
NING, either when the relay detects the 41A field breaker status as closed or 
when the relay detects a field current greater than minimum field current set-
ting, FDCMIN, while the machine is in the RUNNING state. The FDCURIN, 
FD_20 mA/ FD_5 V (see Section 2: Installation for the board switch position) 
settings must be set to detect primary field current. The SRUNNING state is 
unlatched by the motor STOPPED state.

Figure 4.76 Synchronous Motor Running State Logic

Motor Control
The motor control settings interface the SEL-710-5 for external start control 
and motor speed control. Table 4.67 lists these SELOGIC control equation 
settings.

Table 4.66 Start Sequence Setting

Setting Prompt Setting Range Setting Name := Factory Default

MN FDC TO SYNCa

a This setting is related to Synchronization Based on Stator Measurements and Figure 4.73.

0.5–2000.0 A dc pri FDCMIN := 400.0

NOTE: When used with an 
appropriate control input, the 41A 
setting enhances the synchronous 
motor running state logic 
(see Figure 4.76).

SRUNNING

Relay
Word
Bit

IEX > FDCMIN

41A

Relay
Word
Bits

S

R

RUNNING

STOPPED

300 ms

0
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In VFD applications, connect the auxiliary contact of the bypass switch to the 
input assigned to the setting VFD Bypass (VFDBYPAS) only if the optional 
voltage inputs are connected. The relay automatically switches from rms to 
fundamental magnitudes for protection elements when the VFD is bypassed 
(VFDBYPAS is asserted).

Figure 4.77 Motor State Logic

Table 4.67 Motor Control Settings 

Setting Prompt Setting Range Setting Name := Factory Default

START EQUATION SELOGIC STREQ := PB03

BLK START SELOGIC BLKSTSR := STOPPED AND (THERMLO 
OR NOSLO OR TBSLO OR ABSLO)

EMERGENCY START SELOGIC EMRSTR := 0

SPEED2 SELOGIC SPEED2 := 0

SPEED SWITCH SELOGIC SPEEDSW := 0

VFDBYPASS SELOGIC VFDBYPAS := 0

 FLAn = Effective full-load current. (n is 1 or 2 for Speed 1 or Speed 2)

 FLAmin = Lowest full-load current setting allowed;

         FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.

 I1, I2 = Positive-/negative-sequence motor current; except (I1 + I2) = average phase current for a VFD application.

T1 and T2 are Timers.

L1, L2, L3, and L4 are Latches.

/ indicates reset on rising 

   edge of the Reset input.

50S, 52A are Relay Word bits.

300 ms

0

/

STOPPED

(I1+I2) < 0.1 • FLAmin

52A

T1

STARTING

RUNNING

L1

S

R

Relay
Word
Bits

50 ms

0

/

RUNNING

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A
300 ms

0

T2

STARTING

STOPPED

L3

S

R

/

ADV_RUNN

(I1+I2) > 0.1 • FLAmin

(I1+I2) < 1.1 •  FLAn

52A

STARTING

STOPPED

L4

S

R

/

STARTING

(I1+I2) > 0.25 • FLAmin

50S = 1

STOPPED

RUNNING

L2

S

R
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Start Controls
Figure 4.78 shows the logic the relay uses to initiate motor starts.

Figure 4.78 Start Logic

If the TRIP Relay Word bit is not asserted, the relay asserts the START Relay 
Word bit in response to any of the following conditions:

➤ Start motor signal is received from SELOGIC control equation 
STREQ

➤ Emergency restart signal is received from SELOGIC control 
equation EMRSTR, front panel, or Modbus/DeviceNet 
command

➤ Start motor signal is received from the front panel or serial ports

The START Relay Word bit remains asserted for 0.5 seconds unless the relay 
trips or the BLKSTR bit asserts. If the relay trips or the BLKSTR bit asserts 
before the 0.5 second timer expires, the relay resets the timer, clearing the 
START Relay Word bit.

In an emergency, it can be necessary to quickly start the motor even though a 
protection lockout condition exists and is holding the TRIP output asserted. The 
lockout might be a result of the thermal element or another protection function 
(see Figure 4.74). You can override all of the lockout conditions. Use the 
emergency restart function.

The relay asserts the emergency restart bit (EMRSTR) in response to any of 
the following conditions:

➤ The control input assigned to EMRSTR asserts

➤ The relay receives an emergency restart control command from 
the front panel or Modbus/DeviceNet command

When the emergency restart bit asserts, the relay does the following:

➤ Resets the motor thermal element capacity used to 0 percent.

➤ Manipulates the starts-per-hour, minimum time between starts, 
and antibackspin functions to permit an immediate start.

➤ Deasserts the TRIP output if no fault detecting element is picked up.

➤ Initiates a motor start through the logic shown in Figure 4.78.

Speed Controls
You can assign any control input to the SELOGIC control equations SPEED2 
and SPEEDSW. When the SPEED2 control input is asserted and the two-
speed enable setting E2SPEED is Y, the SEL-710-5 selects second values for 
the settings shown in Table 4.68. See Table 4.2 and Table 4.4 for a full 
description of various settings. Use the SPEED2 input for two-speed motor 
applications. You can also use this input to change the settings in applications 
where ambient temperature varies appreciably (e.g., exposed water pumps 
with different capacities during daytime and at night). This feature is not 
available when VFDAPP := Y.

TRIP OR BLKSTR
Reset

START
STREQ

EMRSTR
STR

0

0.5 s

Relay
Word
Bits

Relay
Word
Bits
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The SPEEDSW control input provides an indication of the rotor speed to the 
speed switch logic. Refer to Table 4.28 for more detail.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed below.

SELOGIC Enables Table 4.69 shows the enable settings for latch bits (ELAT), SELOGIC control 
equations (including timers; ESV), Counters (ESC), and math variable equa-
tions (EMV). This helps limit the number of settings that you need to make. 
For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output con-
tact state. The SEL-710-5 latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output con-
tact goes back to the state of the latch control switch after device initialization. 
Traditional latching device output contact states are changed by pulsing the 
latching device inputs (see Figure 4.79). Pulse the set input to close (set) the 
latching device output contact. Pulse the reset input to open (reset) the latch-
ing device output contact. The external contacts wired to the latching device 
inputs are often from remote control equipment (e.g., SCADA, RTU).

Table 4.68 Settings Selected by SPEED2 Input 

Setting Description
Normal Setting Prompt
(Normal Setting Name)

Second Setting Prompt 
(Second Setting Name)

Phase CT Ratio PHASE CT RATIO (CTR1) CT RATIO–2nd (CTR2)

Full-Load Current MOTOR FLA (FLA1) MOTOR FLA–2nd (FLA2)

Locked Rotor Current MOTOR LRA (LRA1) MOTOR LRA–2nd (LRA2)

Hot-Locked Rotor Time LOCKD RTR TIME 1 
(LRTHOT1)

LOCKD RTR TIME 2
(LRTHOT2)

Acceleration Factor ACCEL FACTOR (TD1) ACCEL FACT–2nd (TD2)

Run State Time Constant STATOR TC (RTC1) STATOR TC–2nd (RTC2)

Overload Curve Number THERM OL CURVE1 
(CURVE1)

THERM OL CURVE2
(CURVE2)

Table 4.69 Enable Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

SELOGIC Latches N, 1–32 ELAT := N

SV/Timers N, 1–32 ESV := 3

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional settings change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(approximately 5–10 seconds after 
turn on).



4.102

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Logic Settings (SET L Command)

Figure 4.79 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-710-5 provide latching device 
functionality. Figure 4.80 shows the logic diagram of a latch switch. The out-
put of the latch control switch is a Relay Word bit LTn (n = 01–32), called a 
latch bit.

Figure 4.80 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit 
LTn deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-710-5 includes 32 latches. Table 4.70 shows the SET and RESET 
default settings for Latch 1. The remaining latches have the same settings.

Latch Bits: Nonvolatile State
Power Loss

The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is deas-
serted (LT03 := logical 0) when power is restored.

Table 4.70 Latch Bits Equation Settings 

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset)
(n = 01 through 32)

Device
Word
Bits

SELOGIC
Setting
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Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on 
page 4.102 explanation. If the individual settings change causes a change in 
SELOGIC control equation settings SETn or RSTn (n = 1 through 32), the 
retained states of the latch bits can be changed, subject to the newly enabled 
settings SETn or RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a fixed pickup and dropout debounce delay that can help in providing the 
necessary time qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your applica-
tion. Only the enabled SELOGIC control equations appear for settings. Each 
SELOGIC control equation variable/timer has a SELOGIC control equation set-
ting input and variable/timer outputs as shown in Figure 4.81. Timers SV01T 
through SV32T in Figure 4.81 have a setting range of 0.00–3000.00 seconds. 
This timer setting range applies to both pickup and dropout times (SVnPU and 
SVnDO, n = 1 through 32).

NOTE: Any SELOGIC equation that 
contains a RWB/analog quantity that 
gets hidden because of a setting 
change or a configuration change 
would show up as a BAD SELOGIC 
EQUATION.

Figure 4.81 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC equation, including a total 
of 14 elements in parentheses (see Table 4.72 for more information).

SELOGIC Control Equation Operators
Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 
already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an assignment operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean alge-
bra logic, combining Relay Word bits together with one or more of the Bool-
ean operators listed in Table 4.72. Math SELOGIC control equation settings 
operate on numerical values, using one or more of the Mathematical operators 
listed in Table 4.72. These numerical values can be mathematical variables or 
actual real numbers.

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

SVnPU

SVnDO

Relay
Word
Bits
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The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.9 for an explanation 
on improving the accuracy of the math operations by managing the processing 
order.

EXAMPLE 4.9 Improving the Accuracy of Math Operations

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 
calculation and scales it by 128, then rounds this up to a 2. The relay 
then multiplies the result by 100,000 and stores it as 200,000. When 
the number is reported, the relay divides out the scale factor (128) 
and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This 
result is then rounded and stored as 184,615. The relay then divides 
184,615 by 128 and reports 1442.3.

Example 4.9 illustrates how important it is to avoid calculations where a small 
number is divided by a large number followed by multiplication. It will 
amplify the error significantly.

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.71, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. Use scaling factors where possible to 
avoid the error introduced by the fixed point processor when multiplying and 
dividing fractional numbers.

You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.73 for this and other 
Boolean and math operators and values.

Table 4.71 Math Variable Fractional Multiplication Results

MV01 := 0.01*10 Result = 0.08 Error = 20%

MV01 := 0.05*10 Result = 0.47 Error = 6%

MV01 := 0.1*10 Result = 1.02 Error = 2.0%

MV01 := 0.5*10 Result = 5.00 Error = 0%

MV01 := 0.99*10 Result = 9.92 Error = 0.2%

NOTE: Math variables are reset to 
zero if the relay loses power because 
the math variables are stored in 
volatile memory.
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Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-710-5 evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for exam-
ple SV01 AND SV02 AND SV03, each AND is evaluated from the left to the 
right. If you substitute NOT SV04 for SV03 to make SV01 AND SV02 AND 
NOT SV04, the device evaluates the NOT operation of SV04 first and uses 
the result in subsequent evaluation of the expression.

Parentheses Operator ( ). You can use more than one set of parentheses 
in a SELOGIC control equation setting. For example, the following Boolean 
SELOGIC control equation setting has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

The logic within the parentheses is processed first and then the two parenthe-
ses resultants are ANDed together. Use as many as 14 sets of parentheses in a 
single SELOGIC control equation setting. The parentheses can be nested 
(parentheses within parentheses).

Math Negation Operator (–). The negation operator – changes the sign 
of a numerical value. For example:

MV01 := RB01

When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Table 4.72 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean 
and/or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply

divide

Mathematical

+
-

add

subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality

inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest 
precedence)
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Boolean NOT Operator (NOT). Apply the NOT operator to a single 
Relay Word bit and to multiple elements (within parentheses).

An example of a single Relay Word bit is as follows:

SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as fol-
lows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the follow-
ing example. 

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

This equation sets MV01 to 12 whenever IN101 asserts, otherwise it incre-
ments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG). Apply the rising-edge opera-
tor, R_TRIG, to individual Relay Word bits only; you cannot apply R_TRIG 
to groups of elements within parentheses. When any Relay Word bit asserts 
(going from logical 0 to logical 1), R_TRIG interprets this logical 0 to 
logical 1 transition as a “rising edge” and asserts to logical 1 for one process-
ing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing inter-
val when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG). Apply the falling-edge oper-
ator, F_TRIG, to individual Relay Word bits only; you cannot apply F_TRIG 
to groups of elements within parentheses. The falling-edge operator, F_TRIG, 
operates similarly to the rising-edge operator, but operates on Relay Word bit 
deassertion (elements going from logical 1 to logical 0) instead of Relay Word 
bit assertion. When the Relay Word bit deasserts, F_TRIG interprets this 
logical 1 to logical 0 transition as a “falling edge” and asserts to logical 1 for 
one processing interval, as shown in Figure 4.82.
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Figure 4.82 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators. If Relay Word bits (which are effectively 
Boolean resultants, equal to logical 1 or logical 0) are used in mathematical 
operations (*, /, +, and –), they are treated as numerical values 0 and 1, 
depending on if the Relay Word bit is equal to logical 0 or logical 1, respec-
tively.

Boolean Comparison Operators. Comparisons (<, >, <=, and >=) are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true) or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison ends up as a 
Boolean resultant. 

For example, if the output of a math variable is above a certain value, an out-
put contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8 in value, output contact OUT103 
asserts (OUT103 = logical 1). If the math variable (MV01) is less than or 
equal to 8 in value, output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality and Inequality Operators. Equality (=) and inequal-
ity (<>) operators operate similar to the comparison operators. These are 
mathematical operations that compare two numerical values, with the result 
being a logical 0 (if the comparison is not true), or logical 1 (if the comparison 
is true). Thus, what starts out as a mathematical comparison, ends up as a 
Boolean resultant. For example, if the output of a math variable is not equal to 
a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45 in value, output contact 
OUT102 asserts (effectively OUT102 := logical 1). If the math variable 
(MV01) is equal to 45 in value, output contact OUT102 deasserts (effectively 
OUT102 := logical 0). The following table shows other operators and values 
that you can use in writing SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When Power Lost or Settings Changed
If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.83 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.83 Example Use of SELOGIC Variables/Timers

SV/Timers Settings
The SEL-710-5 includes 32 SELOGIC variables. Table 4.74 shows the pick-up, 
drop-out, and equation settings for SV01, SV02, and SV03. The remaining 
SELOGIC variables have the same default settings as SV02.

Table 4.73 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.74 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

SV TIMER PICKUP 0.00–3000.00 sec SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR BRGTRIP OR 
OTHTRIP OR AMBTRIP OR REMTRIP 
OR 37PT OR VART OR PTCTRIP OR 
81D1T OR 81D2T OR 81D3T OR 81D4T 
OR 50Q1T OR 87M1T OR 87M2T
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Counter Variables SELOGIC counters are up- or down-counting elements, updated every process-
ing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.84 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.84 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and Digi-
tal output SC01QU asserts when the counter reaches the programmable count 
value. Use the reset input (SC01R) to force the count to zero, and the analog 
output (SCnn) with analog comparison operators. Table 4.75 describes the 
counter inputs and outputs, and Table 4.76 shows the order of precedence of 
the control inputs.

SV TIMER PICKUP 0.00–3000.00 sec SV02PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV02DO := 0.000

SV INPUT SELOGIC SV02 := NA

SV TIMER PICKUP 0.00–3000.00 sec SV03PU := 0.000

SV TIMER DROPOUT 0.00–3000.00 sec SV03DO := 0.000

SV INPUT SELOGIC SV03 := 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR FDOV1T 
OR FDRES1T OR SV01T OR OOST OR 
55T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 sec SV32 := 0.00

SV TIMER DROPOUT 0.00–3000.00 sec SV05 := 0.00

SV INPUT SELOGIC SV05 := NA

Table 4.74 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.75 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the 
output (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: For device configurations that 
include either current or voltage 
cards, the SEL-710-5 tracks the 
frequency. When tracking the 
frequency, the processing interval 
varies with the frequency.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled).

NOTE: If setting SCnnCU is set to NA, 
the counter counts downward only.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output

NOTE: SELOGIC counters are reset 
to zero if the relay loses power 
because the counters are stored in 
volatile memory.
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Figure 4.85 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This indi-
cates that there is no intentional lag between the control input asserting and 
the count value changing. Most of the pulses in the diagram are on every sec-
ond processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.85 Example of the Effects of the Input Precedence

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a SELOGIC 
control equation and viewed using the COU 
command.

Table 4.76 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.75 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

SC01R

SC01LD

SC01CU

SC01CD

SC01PV = 7

SC01

= Sample

One Processing Interval

Two Processing Intervals6
5
4
3
2
1
0

Relay
Word
Bits

SELOGIC
Setting

Setting

Analog
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears in 
Figure 4.85, just before the “one processing interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters.

Output Contacts You can use SELOGIC control equations to map protection (trip and warning) 
and general-purpose control elements to the outputs with the SEL-710-5. In 
addition, you can enable fail-safe output contact operation for relay contacts 
on an individual basis.

Table 4.77 Control Output Equations and Contact Behavior Settings 

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := START

OUT103 FAIL-SAFE Y, N OUT103FS := Y

OUT103 SELOGIC OUT103 := TRIP or PB04

•
•
•

•
•
•

•
•
•

OUT401 FAIL-SAFE Y, N OUT401FS := N

OUT401 SELOGIC OUT401 := 0

OUT402 FAIL-SAFE Y, N OUT402FS := N

OUT402 SELOGIC OUT402 := 0

OUT403 FAIL-SAFE Y, N OUT403FS := N

OUT403 SELOGIC OUT403 := 0

OUT404 FAIL-SAFE Y, N OUT404FS := N

OUT404 SELOGIC OUT404 := 0

•
•
•

•
•
•

•
•
•

OUT408 FAIL-SAFE Y, N OUT408FS := N

OUT408 SELOGIC OUT408 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs in Slot D 
are shown. The outputs in Slots C and 
E have similar settings. 
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If the contact fail-safe is enabled, the relay output is held in its energized posi-
tion when relay control power is applied. The output falls to its de-energized 
position when control power is removed. Contact positions with de-energized 
output relays are indicated on the relay chassis and in Figure 2.16 and 
Figure 2.17.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected to the motor breaker or contactor, the motor is automatically 
tripped when relay control power fails. This setting/connection philosophy is 
appropriate if the protected motor is more valuable than the process that the 
motor supports. 

In critical applications where the protected motor is not more valuable than 
the process, you may want the motor to run even if the relay is out of service. 
In this case, disable TRIP output fail-safe by selecting N. In addition, you can 
select any of the auxiliary outputs to be fail-safe or nonfail-safe, according to 
what you need for your application. 

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix J: MIRRORED BITS Communications and SEL-710-5 Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings Set the FNOM setting equal to your system nominal frequency. The DATE_F 

setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Section 5: Meter-
ing and Monitoring for more details.

Set the SELOGIC control equation FAULT to temporarily block Maximum and 
Minimum Metering on page 5.6.

Table 4.78 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DMY DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := STARTING OR 50S
OR 50G1P OR 50N1P OR TRIP
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Figure 4.86 Phase Rotation Setting

Broken Rotor Bar 
Protection

The SEL-710-5 helps detect broken rotor bars when the broken rotor bar pro-
tection is enabled. This feature is not available when setting SYNTYPE := 
BRUSH/BRUSHLESS. Broken rotor bars cause reduced accelerating torque, 
increased motor heating, and increased vibrations, which can lead to further 
mechanical motor damage. The SEL-710-5 detects current signatures that are 
generated by broken rotor bars, and alerts about the problem. 

When the broken bar detection element is in automatic mode (EBBD := 
AUTO_SET), the SEL-710-5 periodically looks in the stator current spectrum 
for frequency components associated with broken bars. The SEL-710-5 uses 
the relative magnitude of these frequency components to estimate the damage 
to the bars in the rotor. Table 4.79 shows the status for the associated Relay 
Word bits under different operating conditions.

Relay Word bits BBD1T, BBD2T, and BBD3T show the condition of the 
rotor bars. When no damage is detected, all three Relay Word bits are de-
asserted. Relay Word bit BBD3T asserts when the stator currents show signa-
tures consistent with at least one broken bar. Relay Word bit BBD2T asserts 
when the stator currents show signatures consistent with multiple broken bars. 
Finally, Relay Word bit BBD1T asserts when the stator currents show signa-
tures consistent with severe rotor bar damage.

HIS BBD Command
Every time the SEL-710-5 detects a broken bar condition, the relay stores a 
broken bar event report that can be viewed with the HIS BBD command. The 
HIS BBD command shows the frequency of the detected broken bar component 
and its magnitude. Figure 4.87 shows the HIS BBD command output.

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B

Table 4.79 Broken Rotor Bar Relay Word Bits

Relay Word Bit

Condition BBD1T BBD2T BBD3T

No damage to rotor bars detected 0 0 0

Current signatures consistent with one broken bar 0 0 1

Current signatures consistent with multiple broken bars 0 1 1

Current signatures consistent with severe rotor bars damage 1 1 1

IMPORTANT: Oscillating motor 
loads and ripples in the motor supply 
voltage can produce stator current 
signatures like those produced by 
broken bars, causing the detection 
element to assert the associated 
Relay Word bits. Refer to the SEL 
technical paper, “Detecting Broken 
Rotor Bars With Zero-Setting 
Protection,” by Carlos Pezzani, Pablo 
Donolo, Guillermo Bossio, Marcos 
Donolo, Armando Guzman, and 
Stanley Zocholl (see selinc.com/
literature/technical-papers/) for 
methods to deal with these. 

https://selinc.com/literature/technical-papers/
https://selinc.com/literature/technical-papers/
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Set the broken bar detection element to manual, EBBD := MANUAL_SET, to 
display the internal settings of the broken bar detection algorithm shown in 
Table 4.80.

The broken bar detection algorithm run rate setting (BBDTD) specifies how 
often the broken bar detection algorithm runs. The lower and upper frequency 
bound settings (BBDLB and BBDUB) determine the range of frequencies, 
measured from the system operating frequency, that are scanned for broken 
bar components. 

When the operating slip of the protected motor is known, the BBDE security 
can be improved by narrowing the distance between the lower and upper fre-
quency bound settings. For example, if the operating slip of a 50 Hz motor is 
2 percent, the broken bar frequency components are expected to be 2 Hz 
(2 • 50 Hz • 2% = 2 Hz) away from the system frequency and the lower and 
upper frequency bound settings can be moved to 1 Hz and 2.5 Hz, respec-
tively. 

=>HIS BBD <Enter>

SEL-710-5                                Date: 02/15/2013   Time: 14:22:39.986
MOTOR RELAY                              Time Source: External

 #     DATE      TIME           FREQ_SB(Hz)  MAG(db)  BBD1T BBD2T BBD3T
1    02/06/2013  11:16:29.761   1.50         -36.51    0     1     1
2    02/06/2013  11:06:29.772   1.50         -36.46    0     1     1
3    02/06/2013  10:56:29.780   1.50         -36.64    0     1     1
4    02/06/2013  10:46:29.713   1.50         -36.76    0     1     1
.
.
.
1021 02/04/2013  09:56:48.807   1.50         -36.30    0     1     1
1022 02/04/2013  09:46:48.842   1.50         -35.98    0     1     1
1023 02/04/2013  09:36:48.819   1.50         -36.15    0     1     1
1024 02/04/2013  09:26:48.804   1.50         -36.25    0     1     1

Figure 4.87 HIS BBD Command Output

Table 4.80 Broken Bar Detection Settings 

Setting prompt Setting Range Setting Name := Factory Default

EN BRKN BAR DET AUTO_SET, 
MANUAL_SET, N

EBBD := N

BBD RUN RATE 1–180 min BBDTD := 10 

FREQ LOWER 
BOUND 

0.0–1.0 Hz BBDLB := 0.3 

FREQ UPPER BOUND 2.0–10.0 Hz BBDUB := 3.0 

BBD LEVEL1 PU  –80 to –1 dB BBDTH1 := –35 

BBD LEVEL2 PU  –80 to –1 dB BBDTH2 := –39 

BBD LEVEL3 PU  –80 to –1 dB BBDTH3 := –44 

BBD LEVEL4 PU  –80 to –1 dB BBDTH4 := –49 

BBD MIN MARGIN 1–80 dB MAR_AVG := 15 

DF FROM FNOM 0.10–3.00 Hz FNOM_TH := 0.50 

DF FROM INI FREQ 0.01–10.00 Hz F0_TH := 0.35 

DI FROM INI CURR  0.01–1.00 xFLA I0_TH := 0.10 

BLK BELOW CUR LV  0.20–2.00 xFLA I_TH := 0.50 
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Depending on the application, different methods may be available to deter-
mine the operating slip of the protected motor. Handheld tachometer measure-
ments are often adequate. If the PTs are mounted on the motor side of the 
contactors, the operating slip may be obtained by using the MMR command. 
The SEL-710-5 tracks the residual voltage frequency of the motor as it spins 
down. Additionally, the SEL-710-5 records the loading on the motor immedi-
ately before disconnection. The relay then uses this frequency and load to 
compute the full-load rotor resistance, R0, which is presented by the MMR 
command (see MMR Command on page 7.57). Using the values in the MMR 
report, you can calculate the slip/speed in pu of the motor before de-energiza-
tion as follows: Slip/speed = R0 • POSTOP. From there, you can calculate the 
slip frequency in hertz as follows: Slip frequency = Slip/speed • FNOM. 

Alternatively, the operating speed of the protected motor may be obtained by 
identifying the rotational speed sidebands in the current spectrum by using the 
CMET S command. The rotational speed of the sidebands (FRSB) appears at 
FRSB = FREQ ± FREQM, where FREQM is the rotational speed of the 
machine in hertz. To find FRSB, first compute the synchronous speed of the 
motor (FRS) in hertz using FRS = FREQ – (FREQ / NPP) where NPP is the 
number of pole pairs of the motor. Then use the CMET S command to obtain 
the current spectrum of the motor while operating under load. The lower 
FRSB sideband appears to the right of FREQ – FRS and the upper FRSB 
appears to the left of FREQ – FRS. Figure 4.88 identifies each quantity in the 
current spectrum of a 50 Hz two pole pair motor.

Figure 4.88 Spectrum Analysis of 50 Hz Two Pole Pair Motor

FREQM is equal to FREQ – FRSB. Using the values from Figure 4.88, 
FREQM = 50 – 25.5 = 24.5 Hz. In this case, the SLIP = (25 – 24.5) / 25 = 0.02. In 
turn, the broken bar sidebands should land at (1 – 2 • SLIP) • FREQ = 48 Hz 
and at (1 + 2 • SLIP) • FREQ = 52 Hz, as seen in Figure 4.88. 

Thresholds BBDTH1, BBDTH2, and BBDTH3, are associated with Relay 
Word bits BBD1T, BBD2T, and BBD3T, respectively. When the magnitude 
of the broken bar frequency component in dB exceeds the BBDTHx threshold, 

FRSB = 25.5 Hz

FRS = 25 Hz

FREQ = 50 Hz
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the associated BBDxT Relay Word bit asserts. The relay uses the BBDTH4 
setting as a healthy motor threshold and the MAR_AVG setting to block the 
element under noisy operating conditions.

When the systems frequency (FREQ) is more than FNOM_TH from FNOM, 
the SEL-710-5 blocks the operation of the broken bar detection element to 
avoid running under abnormal system conditions. The default value of 
FNOM_TH may need to be adjusted in systems with large frequency excursions.

The broken bar detection element does not operate if the frequency measured 
anywhere inside the observation window goes beyond F0_TH Hz from the 
frequency measured at the beginning of the observation window. Similarly, 
the broken bar detection elements do not operate if the current measured any-
where inside the observation window goes beyond I0_TH xFLA A from the 
current measured at the beginning of the observation window. Additionally, 
the broken bar detection element does not operate when the current on the 
motor is below the I_TH xFLA A setting.

The SEL technical paper, Detecting Broken Rotor Bars With Zero-Setting Pro-
tection, by Carlos Pezzani, et al., (see selinc.com/literature/technical-papers/) 
details additional information about this broken rotor bar detection method.

The SEL-710-5 includes two Fourier Transform commands; the MET FFT 
command and the CMET S command for monitoring the motor. Refer to 
Motor Monitoring Using Fourier Analysis in Section 5: Metering and Moni-
toring.

Multiple Settings 
Groups

SEL-710-5 Relays have four independent settings groups. Each settings group 
has complete relay settings and protection SELOGIC settings. The active 
settings group can be:

➤ Viewed on the front-panel two-line LCD using the MAIN > 
Set/Show > Active Group menus.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.29.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.29.

➤ Selected using SELOGIC control equation settings SS1 through 
SS4, as shown in Table 4.81.

If SELOGIC control equations SS1–SS4 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If SELOGIC control equations are defined but evaluate to logical 0, or if 
they are not defined, the GROUP n command can be used to select the active 
settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1, SG2, and SG4 are deasserted to logical 0.

https://selinc.com/api/download/98367/
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS4, as shown in Table 4.81.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1, SS2, or SS4. If 
settings SS1 through SS4 all deassert to logical 0, settings Group 3 remains 
the active settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 4.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 

Table 4.81 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 s TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0

SELECT GROUP4 SELOGIC SS4 := 0
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other than the active settings group, there is no interruption of the active 
settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS4, the active settings group can be changed, subject to the 
newly enabled SS1–SS4 settings.

Time and Date 
Management Settings

The SEL-710-5 supports several methods of updating the relay time and date. 
For SNTP applications, refer to Simple Network Time Protocol (SNTP) on 
page 7.16. For PTP applications, refer to Precision Time Protocol (PTP) on 
page 7.19. See Table 4.82 for the time and date management settings that are 
available in the Global settings.

IRIGC
IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC, 
Daylight Saving Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay adjusts the synchrophasor time 
stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated Universal Time (UTC) Offset Setting
The SEL-710-5 has a Global setting UTC_OFF, settable from –24.00 to 
24.00 hours, in 0.25 hour increments. The relay uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not con-
sidered because the other time sources are defined as local time.

Table 4.82 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B CONTROL BITS 
DEFINITION

NONE, C37.118 IRIGC := NONE

OFFSET FROM UTC –24.00 to 24.00 hours, 
rounds up to the nearest 
0.25 hour

UTC_OFF := 0.00

MONTH TO BEGIN DST OFF, 1–12 DST_BEGM := OFF

WEEK OF THE MONTH TO 
BEGIN DST

1–3, L DST_BEGW := 2

DAY OF THE WEEK TO BEGIN 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_BEGD := SUN

LOCAL HOUR TO BEGIN DST 0–23 DST_BEGH := 2

MONTH TO END DST 1–12 DST_ENDM := 11

WEEK OF THE MONTH TO END 
DST

1–3, L DST_ENDW := 1

DAY OF THE WEEK TO END 
DST

SUN, MON, TUE, WED, 
THU, FRI, SAT

DST_ENDD := SUN

LOCAL HOUR TO END DST 0–23 DST_ENDH := 2
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Automatic Daylight-Saving Time Settings
The SEL-710-5 can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-710-5 will change to and from daylight-saving time 
every year at the specified time. Device Word bit DST asserts when daylight-
saving time is active.

The SEL-710-5 interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting of the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a month.

As an example, consider the following settings:

DST_BEGM = 3

DST_BEGW = L

DST_BEGD = SUN

DST_BEGH = 2

DST_ENDM = 10

DST_ENDW = 3

DST_ENDD = WED

DST_ENDH = 3

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word 
bit, regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time set-
tings are properly configured.
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Simple Network Time Protocol (SNTP)
The SEL-710-5 Port 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.16 for a description and Table 7.7 for the settings.

Precision Time Protocol (PTP)
The SEL-710-5 Port 1 (Ethernet Port) supports PTP. See Precision Time Pro-
tocol (PTP) on page 7.19 and Table 7.9 for the settings.

PTP Timekeeping
When you use PTP, the SEL-710-5 can only be synchronized by a 
grandmaster (GM) clock on the PTP timescale, not one on an arbitrary (ARB) 
timescale. With the ARB timescale, the epoch is set by an administrative 
procedure and can change at any time during normal operation. The PTP 
timescale uses the PTP epoch of January 1, 1970 00:00:00 International 
Atomic Time (TAI), which corresponds to December 31, 1969 
23:59:51.999918 UTC. The unit of time for the PTP timescale is the SI second 
and accounts for leap seconds. As of June 2016, TAI is 37 seconds ahead of 
UTC.

When the SEL-710-5 is synchronized to a PTP master and the UTC offset 
information from the PTP master is valid, the PTP master instructs the 
SEL-710-5 when to go into daylight-saving time (DST) and when to exit 
DST. The PTP master also provides the UTC offset at this time. Otherwise, 
the SEL-710-5 uses the internal values for DST and UTC offset.

The offset between TAI and UTC is included in the PTP announce message, 
along with a flag that indicates whether the offset is valid. The SEL-710-5 
uses the offset it receives from the GM clock to determine UTC regardless of 
validity. Because of this, all SEL devices and other slave devices that share 
this behavior and are synchronized with the GM retain relational accuracy 
with each other even if the GM may be incorrect in relation to UTC.

The announce message may also include the current TAI to Local offset value 
(required in the Power, C37.238 profile). In accordance with 
IEEE 1588-2008 16.3.3.4, this value must include the TAI to UTC offset to 
reflect local time at the node, or slave device. If the SEL-710-5 receives a TAI 
to Local offset value that does not include the TAI to UTC offset, it may 
incorrectly calculate UTC and local time. Also, if the announce message does 
not include the TAI to Local offset value, the SEL-710-5 uses its configured 
Time and Date Management Settings (UTC_OFF and DST_BEGM) to 
calculate local time. This is one reason that the SEL-710-5 Time and Date 
Management Settings must match the settings in the GM clock, or 
synchronized devices may have issues with time alignment.

SEL-710-5 relays only synchronize to clocks that serve TAI and do not 
support PTP in SWITCHED NETMODE. Additionally, the maximum 
synchronization interval that SEL-710-5 relays can support is 16 seconds.

If you want to use PTP, the SEL-710-5 part number must include the option 
for PTP and PTP must be enabled in the Port 1 settings (EPTP := Y). The 
SEL-710-5 must be connected to a network containing an appropriate PTP 
master, and all intervening switches must be IEEE 1588-aware. For 
SEL-710-5 relays, PTP is only available on Ethernet Ports 1A and 1B. See 
Precision Time Protocol (PTP) on page 7.19 for more information on 
configuring the relay and the Ethernet network for PTP.
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PTP Over PRP Networks
In SEL-710-5 relays, PTP over PRP is based on a first-come, first-served 
method. While the SEL-710-5 Relay monitors incoming traffic on both Port 
1A and Port 1B, it will synchronize to the first port on which it receives its 
first PTP message. If incoming PTP messages stop on that synchronized port, 
the relay waits 70 seconds and if no PTP messages appear within those 70 
seconds, it switches to the other port.

Breaker Failure 
Settings

The SEL-710-5 provides flexible breaker failure logic (see Figure 4.89). In 
the default breaker failure logic, assertion of Relay Word bit TRIP starts the 
BFD timer if the average motor current is above 0.1 • FLAmin. If the current 
remains above the threshold for BFD delay setting, Relay Word bit BFT 
asserts. Use the BFT to operate an output relay to trip appropriate backup 
breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is not wanted 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.89 Breaker Failure Logic

Arc-Flash Protection The SEL-710-5 offers advanced arc-flash protection capability aimed at mini-
mizing the hazards associated with high energy arc (faults) in metal-enclosed 
and metal-clad switchgear. The system supports as many as eight fiber-optic 
light sensors capable of detecting the high energy arc-flash events and tripping 
the breaker within milliseconds of the fault. Light sensors are supervised with 
an instantaneous overcurrent element offering enhanced security against false 

Table 4.83 Breaker Failure Setting

Setting Prompt Setting Range Setting Name := Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 s BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.1 • FLA
min

|IAV|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit

FLAmin = Lowest full-load current setting allowed;
FLAmin = 0.2 • CTRn for 1 A INOM CT secondary or 
FLAmin = 1.0 • CTRn for 5 A INOM CT secondary.
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trips. Each of these sensors can be routed to multiple tripping outputs (using 
SELOGIC equations) offering ultimate flexibility in creating multiple protec-
tion zones (breaker truck cabinet, bus, PT cubicle, etc.).

SEL-710-5 arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time is typically longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in individ-
ual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. Both types of sensors are supervised by using a 
loopback-based attenuation measurement method, and can be used inter-
changeably on each of the eight light inputs. Refer to AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for details.

Arc-Flash Overcurrent Elements (50PAF, 50NAF)
Table 4.84 shows the settings for the arc-flash instantaneous overcurrent ele-
ments. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

NOTE: The 50NAFP setting is not 
available with the 2.5 mA neutral 
channel option.

The arc-flash overcurrent elements use raw A/D converter samples, and pro-
cess them 16 times per cycle. Individual samples are compared with the set-
ting threshold as shown in Figure 4.90, followed by a security counter 
requiring that two samples in a row be above the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to overreach under high harmonic load conditions. To avoid unin-
tended element pickup, arc-flash trip level 50PAFP should be set at least 2 
times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush/load pickup conditions is expected and is 
normally taken into account by the arc-flash light-based supervision.

Table 4.84 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 A seca

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 A secb

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.05–10.00 A seca 50NAFP := OFF

 0.01–2.00 A secb
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Figure 4.90 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-Overlight Elements (TOL1 through TOL8)
The SEL-710-5 relay offers eight fiber-optic light sensor inputs. Each input is 
associated with one inverse time-overlight element offering enhanced security 
coupled with fast operation. Shape of the inverse time characteristic is fixed 
offering robust rejection of unrelated light events without adding unnecessary 
settings. Table 4.85 shows the arc-flash time-overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) that represents the type of sensor installed. Keyword POINT rep-
resents a point sensor, while the keyword FIBER represents a clear-jacketed 
fiber loop sensor.

TOL pickup parameter makes it possible to set the individual light threshold 
levels for each of the eight sensors. Pickup level is expressed in the percent of 
full scale, which is directly related to the light intensity level measured by the 
sensor.

When required, channel sensitivity can be compared to a light intensity level 
expressed in lux as shown in Table 4.86. However, because of the association 
of light sensitivity with fiber length (which is installation dependent), TOL 
element settings are expressed as a percentage of the available A/D converter 
range.

2

16

50PAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample
Setting 50AFP

Scaled to
Equivalent Sample

50PAF element is shown, 50NAF element is similar, responds to current measured by the IN input.

Table 4.85 Arc-Flash Time-Overlight Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL2P := 3.0

•

•

•

•

•

•

•

•

•

SENSOR 8 TYPE NONE, POINT, FIBER AFSENS8 := NONE

TOL 8 PICKUP 3.0%–80.0%a

0.6%–80.0%b
TOL8P := 3.0

AFD OUTPUT SLOT 101_3, 301_4, 401_4 AOUTSLOT := 101_3
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The default processing interval in the SEL-710-5 is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as four outputs that are processed every 1/16 of a power system cycle. Use the 
setting AOUTSLOT to select these outputs. For instance, if Slot 3 (Slot C) is 
selected (AOUTSLOT := 301_4) the SELOGIC control equations OUT301, 
OUT302, OUT303, and OUT304 are processed at 1/16 of the cycle rate. To 
get the fastest possible operate time, use the contacts selected by the AOUT-
SLOT setting for tripping. For fastest output response times, use the high-cur-
rent, high-speed, hybrid outputs. The Relay Word bits corresponding to these 
OUTxxx control equations, along with all of the TOL, 50PAF, and 50NAF 
bits are processed at 1/16 of a power system cycle. for the SER.

Figure 4.91 shows the TOL element logic diagram. 

Figure 4.91 Inverse Time-Overlight Element Logic

Figure 4.92 shows the inverse time-overlight element curve shape. The ele-
ment uses 32 samples per cycle data, processed 16 times per cycle. TOL ele-
ment algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system 
cycle.

a Setting range with point sensor.
b Setting range with fiber sensor.
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Figure 4.92 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, SEL recom-
mends that the element be set based on the ambient light level. This approach 
guarantees maximum sensitivity coupled with the fastest tripping time.

Typical ambient light levels are shown in Table 4.86. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as the MET L command. Set the 
TOL pickup to the lowest possible light intensity level but above the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (noncritical loads), it may be neces-
sary to operate without overcurrent element supervision (OUTxxx := TOLn), 
relying only on the light detection element instead of having the overcurrent 
element (50PAF) supervise the light element (TOLn) in the output logic 
(OUTxxx := 50PAF AND TOLn). This approach offers fastest tripping times, 
but is less secure (can be tripped with the light input only).

Ti
m

e 
[1/

16
 c

yc
le

]
Multiples of TOL Pickup

10-1 100 101

4.5

4

3.5

3

2.5

2

1.5

1

0.5

5

0

Table 4.86 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

> 20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, “Electric Arc Burn Hazards,” IEEE Transactions on Industry 
Applications, Vol. 42, No. 1. January/February 2006.

NOTE: The high-speed outputs 
selected by the AOUTSLOT setting, 
being Form A, cannot be used in fail-
safe mode and should be disabled 
(set OUTxxxFS := N).
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Output Logic Programming
Arc-flash protection involves detecting an overcurrent as well as light (arc). 
Location of the light sensors and source(s) of the arc energy must also be con-
sidered in developing the trip output logic. If the relay detects both signals 
simultaneously, it is desirable to trip the source breaker(s).

The Relay Word bits for arc-flash protection (see Figure 4.90 and 
Figure 4.91) are: 50PAF, 50NAF, TOL1, TOL2, TOL3, TOL4, TOL5, TOL6, 
TOL7, and TOL8.

Select two output contacts for high-speed processing by setting AOUTSLOT 
appropriately. The high-speed contact should be used for arc-flash tripping 
instead of the default OUT103 shown in Table 4.77. Also to ensure all the 
advantages of the trip logic (trip seal-in, event report trigger, etc.) the arc-flash 
trip should be included in the trip equation TR (see Table 4.84 and 6 for 
detail).

To get additional speed, select the fast hybrid output option card (4 DI/4 DO). 
This card contains trip duty rated solid-state output contacts, which operate 
within 50 µs (as much as 8 ms faster than the standard electromechanical out-
puts).

EXAMPLE 4.10 Output Logic Programming Example 1

SEL-710-5 applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of 
the source breaker and output contacts in Slot 3 are selected for high-
speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR 
TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2 OR TOL3)

EXAMPLE 4.11 Output Logic Programming Example 2

SEL-710-5 applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is 
located upstream of the feeder breaker, and output contacts in Slot 3 
are selected for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR 
TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) 
AND (TOL1 OR TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 
does not include overcurrent element supervision. When desired, this 
supervision should be added by upstream relay(s). For instance, you 
can do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
desired. 
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Analog Inputs The SEL-710-5 tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.93. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.93 Analog Input Card Adaptive Name

Analog Input Calibration Process
In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a compen-
sation factor. These compensation factors correct the signal offset errors to 
within ±1 µA or ±1 mV.

Calculate the signal offset compensation factor through the following proce-
dure:

1. Turn the SEL-710-5 on and allow it to warm up for a few 
minutes.

2. Set the analog inputs for each analog channel to the desired 
range using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (for example, ±1 mA).

3. Short each analog input in turn at the device terminals using 
short, low resistance leads with solid connections.

4. Enter the MET AI 10 command to obtain 10 measurements for 
each channel.

5. Record these 10 measurements, then calculate the average of 
the 10 measurements. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting Example
Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures tem-
perature on a transformer load tap changer mechanism. For this temperature 
transducer, 4 mA corresponds to –50°C, and 20 mA corresponds to 150°C. 
You have already installed the correct hardware jumper (see Figure 2.3 for 
more information) for Input 1 to operate as a current input. At turn on, allow 
approximately five seconds for the SEL-710-5 to start up, perform self-diag-
nostics, and detect installed cards.

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Table 4.87 summarizes the steps and describes the settings we carry out in this 
example.

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts alphanu-
meric characters, the name AIx0yNAM setting must begin with an alpha char-
acter (A through Z) and not a number. The device displays the following 
prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC control equations, Signal Pro-
files, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag names char-
acters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, type I <Enter> (for a current-driven 
device) at AI301TYP, which is the next prompt (enter V if this is a voltage-
driven device). The next two settings define the lower level (AI301L) and the 
upper level (AI301H) of the transducer. In this example, the low level is 4 mA 
and the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign descrip-
tive names for engineering units. Because we measure temperature in this 
example, enter degrees C as engineering units. Type –50 <Enter> for the 
lower level and 150 <Enter> for the upper level.

Table 4.87 Summary of Steps

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 1 value

14 105 Enter HIGH ALARM value

NOTE: The AIx0yNAM setting 
cannot accept analog quantities, 
duplicate names, or other AI names. 
If any of these are entered, the relay 
will issue the Invalid Element 
message.

NOTE: Because the SEL-710-5 
accepts current values ranging from 
–20.48 to 20.48 mA, be sure to enter 
the correct range values.
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With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in engi-
neering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm func-
tions: low warnings and alarm functions assert when the measured value falls 
below the setting; high warnings and alarm functions assert when the mea-
sured values rise above the setting. 

In this example, we measure the oil temperature of a power transformer, and 
we want the following three actions to take place at three different tempera-
ture values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower val-
ues (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher values 
as shown in Figure 4.94. Set inputs connected to voltage driven transducers in 
a similar way.

Analog (DC Transducer) Input Board
Table 4.88 shows the setting prompt, setting range, and factory-default set-
tings for an analog input card in Slot 3. For the name setting (AI301NAM, for 
example), enter only alphanumeric and underscore characters. Characters are 
not case sensitive, but the device converts all lowercase characters to upper-
case. Although the device accepts alphanumeric characters, the name 
AI30-NAM setting must begin with an alpha character (A–Z) and not a num-
ber.

=>>SET G AI301NAM TERSE <Enter>

Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>

Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.94 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C
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Analog Outputs If an SEL-710-5 configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1–4. Figure 4.95 shows the x and y variable allocation for the analog output 
card.

Figure 4.95 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the ana-
log quantity we assign to Analog Output 1 (when set to OFF, the device hides 
all associated AOx0y settings and no value appears on the output). You can 
assign any of the analog quantities listed in Appendix M: Analog Quantities. 
Table 4.89 shows the setting prompt, setting range, and factory-default set-
tings for an analog card in Slot 3.

Table 4.88 Analog Input Card in Slot 3 

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters (0–9, A–Z, _) AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V.

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

AO301 ANALOG QTY Off, one analog 
quantity

AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-710-5 hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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In this example, assume you want to display, in the control room, the analog 
quantity (refer to Appendix M: Analog Quantities) IA_MAG, and the A-phase 
current magnitude in primary amperes (0 to 3000 A) using a –20 to +20 mA 
analog output channel. Install an analog input/output card in Slot C (SELECT 
4 AI/4 AO) and set the card channel AO301 as shown in Figure 4.96. Note 
that the AO301 channel has to be configured as a “current analog output” 
channel (refer to Figure 2.4 to Figure 2.6).

The display instrument expects –20 mA when the IA_MAG current is 
0 amperes primary and +20 mA when it is 3000 amperes primary.

Breaker Monitor The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitoring on page 5.23 for a detailed descrip-
tion and Table 5.7 for the settings.

Data Reset The RSTTRGT setting resets the trip output and front-panel TRIP LED, pro-
vided there is no trip condition present (including start inhibit lockouts). See 
Figure 4.74 for more details. The RSTENRGY and RSTMXMN settings reset 
the Energy and Max/Min Metering values, respectively. Use the RSTMOT 
setting to reset the motor statistics and the motor start reports. You can assign 
a contact input (for example, RSTTRGT := IN401) to each of these settings if 
you want remote reset.

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V.

=>>SET G AO301AQ TERSE <Enter>

Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? –20 <Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20 <Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>> 

Figure 4.96 Analog Output Settings

Table 4.89 Output Setting for a Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.90 Data Reset Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0
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Access Control The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings with serial port commands. Table 4.91 shows the settings 
prompt, setting range, and factory-default settings.

Time-Synchronization 
Source

The SEL-710-5 accepts a demodulated IRIG-B time signal. Table 4.92 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial Port 3 for the time signal 
input. When you use fiber-optic Port 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.23 and 
IRIG-B on page 7.8 for additional information.

Disconnect Control 
Settings

The SEL-710-5 supports as many as eight two-position and two three-position 
disconnects. For the disconnect settings and logic, refer to Disconnect Control 
Settings on page 9.2. The SEL-710-5 relay with the touchscreen display 
option additionally provides the ability to design detailed single-line diagrams 
and display the breaker and disconnect status. Refer to Table 9.5 for typical 
disconnect symbols available for display on the bay screens. For the settings 
related to bay control disconnect symbols, refer to Table 9.7 and the corre-
sponding description.

Local/Remote Control The SEL-710-5 supports local/remote control of the motor breaker/contactor 
and disconnect. For the settings related to the local/remote control function, 
refer to Local/Remote Control on page 9.7. For motor control via front-panel 
pushbuttons, refer to Front-Panel Operator Control Pushbuttons on page 8.18. 
For motor control via the two-line display, refer to Control Menu on 
page 8.10. The touchscreen allows you to control the motor through the fol-
lowing applications: Bay Screen, Start Motor, and Stop Motor. For motor 
control via the touchscreen display, refer to Motor/Disconnect Control Via the 
Touchscreen on page 9.8.

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET MOT REPORT SELOGIC RSTMOT := 0

Table 4.90 Data Reset Settings (Sheet 2 of 2)

Setting Prompt Setting Range Setting Name := Factory Default

Table 4.91 Settings Change Disable Setting

Setting Prompt Setting Range Setting Name := Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

NOTE: DSABLSET does not disable 
setting changes from the serial or 
Ethernet ports.

NOTE: Do not set maximum access 
level setting MAXACC := ACC on all 
ports at the same time when using 
the DSABLSET setting. This will lock 
you out from editing settings.

Table 4.92 Time-Synchronization Source Setting

Setting Prompt Setting Range Setting Name := Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-710-5 provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: Port F (front panel) is an 
EIA-232 port; Port 1 is an optional Ethernet port(s); Port 2 is a fiber-optic serial 
port; and Port 3 (rear) is optionally an EIA-232 or EIA-485 port. On the 
optional communications card, you can select Port 4 as either EIA-485 or 
EIA-232 (not both) with the COMMINF setting. See Table 4.93 through 
Table 4.98 for the port settings. See the appropriate appendix for additional 
information on communications protocols (DNP3, Modbus, EtherNet/IP, 
IEC 61850, IEC 60870-5-103, DeviceNet, and MIRRORED BITS) of interest.

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Setting EPORT to N disables the port and hides the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

PORT F

PORT 1

Table 4.93 Front-Panel Serial Port Settings 

Setting Prompt Setting Range
Setting Name :=
Factory Default

ENABLE PORT Y, N EPORT := Y

ENABLE ETHERNET FIRMWARE 
UPGRADE

Y, N EETHFWU := N

PROTOCOL SEL, MOD PROTO := SEL

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE (ENGLISH, SPANISH) ENGLISH, SPANISH LANG := ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.94 Ethernet Port Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 
255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

ENABLE TCP KEEP-ALIVE Y, N ETCPKA := Y

TCP KEEP-ALIVE IDLE RANGE 1–20 sec KAIDLE := 10
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TCP KEEP-ALIVE INTERVAL 
RANGE

1–20 sec KAINTV := 1

TCP KEEP-ALIVE COUNT 
RANGE

1–20 KACNT := 6

OPERATING MODE FIXED, FAILOVER, 
SWITCHED, PRP

NETMODE := 
FAILOVER

FAILOVER TIMEOUT OFF, 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

PRP ENTRY TIMEOUT 400–10000 msec PRPTOUT := 500

PRP DESTINATION ADDR LSB 0–255 PRPADDR := 0

PRP SUPERVISION TX 
INTERVAL

1–10 sec PRPINTV := 2

NETWRK PORTA SPD AUTO; 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO; 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

MAXIMUM ACCESS LEVEL 1, 2, C MAXACC := 2

LANGUAGE ENGLISH, SPANISH LANG := ENGLISH

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET CONNECT BANNER 254 characters TCBAN := TERMINAL 
SERVER

TELNET TIME OUT 1–30 min TIDLE := 15

FAST OP MESSAGES Y, N FASTOP := N

ENABLE FTP Y, N EFTPSERV := Y

FTP MAXIMUM ACCESS LEVEL 1, 2, C FTPACC := 2

FTP USER NAME 20 characters FTPUSER := FTPUSER

FTP CONNECT BANNER 254 characters FTPBAN := FTP

FTP IDLE TIME-OUT 5–255 min FTPIDLE := 5

ENABLE IEC 61850 PROTOCOL Y, N E61850 := N

ENABLE IEC 61850 GSE Y, N EGSE := N

ENABLE MMS FILE SERVICES Y, N EMMSFS := N

ENABLE 61850 MODE/
BEHAVIOR CONTROL

Y, N E850MBC := N

ENABLE GOOSE TX IN OFF 
MODE

Y, N EOFFMTX := N

ENABLE MODBUS SESSIONS 0–2 EMOD := 0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP1 := 0.0.0.0

MODBUS MASTER IP ADDRESS zzz.yyy.xxx.wwwa MODIP2 := 0.0.0.0

MODBUS TCP PORT 1 1–65534 MODNUM1 := 502

MODBUS TCP PORT 2 1–65534 MODNUM2 := 502

MODBUS TIMEOUT 1 15–900 sec MTIMEO1 := 15

MODBUS TIMEOUT 2 15–900 sec MTIMEO2 := 15

Table 4.94 Ethernet Port Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

IMPORTANT: Upon relay initial 
turn on, Port 1 setting changes, or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is functional 
with protection enabled as soon as 
the ENABLED LED comes ON (about 
5—10 seconds from turn on).

NOTE: The Telnet LANG setting also 
applies to the web server interface.

NOTE: The FASTOP setting only 
functions when using SEL Fast 
Operate protocol to operate/set/pulse 
breaker bits and remote bits. This 
setting has no effect on other 
protocols.
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2, C HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

ENABLE RSTP Y, N ERSTP := N

BRIDGE PRIORITYb 0–61440 BRDGPRI := 49152

PORTA PRIORITYb 0–240 PORTAPRI := 128

PORTB PRIORITYb 0–240 PORTBPRI := 128

ENABLE DNP SESSIONc 0–5 EDNP := 0

ENABLE SNTP CLIENTd OFF, UNICAST, 
MANYCAST, 
BROADCAST

ESNTP := OFF

ENABLE PTPe Y, N EPTP := N

ENABLE ETHERNET/IPf Y, N EEIP := N

a MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, 
which effectively disables security and allows any master to communicate).

b The bridge priority and port priority settings should be in increments of 4096 and 16, 
respectively.

c See Table D.7 for a complete list of the DNP3 session settings.
d See Table 7.7 for a complete list of SNTP settings and their descriptions.
e See Table 7.9 for a complete list of PTP settings and their descriptions.
f See Table F.1 for a complete list of EtherNet/IP settings and their descriptions.

Table 4.94 Ethernet Port Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.95 Port Number Settings That Must Be Unique 

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO = DEFAULT and PTPTR = UDP 
(Ports 319 and 320 are reserved)

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are 
reserved)
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PORT 2

PORT 3

Table 4.96 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.

Table 4.97 Rear-Panel Serial Port (EIA-232) Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB, 103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.



4.137

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Protection and Logic Functions
Port Settings (SET P Command)

PORT 4

Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After T_OUT minutes of inactivity on a serial port at Access Level 2, the port 
automatically returns to Access Level 0. This security feature helps prevent 
unauthorized access to the relay settings if the relay is accidentally left in 
Access Level 2. If you do not want the port to time out, set T_OUT equal to 0 
minutes.

For detailed information on communications protocols, refer to Appendix C: 
SEL Communications Processors, Appendix D: DNP3 Communications, 
Appendix E: Modbus Communications, Appendix F: EtherNet/IP Communi-
cations, Appendix G: IEC 61850 Communications, Appendix H: IEC 60870-
5-103 Communications, Appendix I: DeviceNet Communications, and 
Appendix J: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix J: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. 
To enable support for hardware (RTS/CTS) flow control, set the RTSCTS set-
ting equal to Y.

Table 4.98 Rear-Panel Serial Port (EIA-232/EIA-485) Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB, 
103

PROTO := SEL

MAXIMUM ACCESS 
LEVEL

1, 2, C MAXACC := 2

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

HDWR HANDSHAKING Y, N RTSCTS := N

LANGUAGE ENGLISH, SPANISH LANG := 
ENGLISH

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table J.5. 

For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings. 

Refer to Appendix H: IEC 60870-5-103 
Communications for more information 
on IEC 60870-5-103.



4.138

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Front-Panel Settings (SET F Command)

On Ports F, 2, 3, and 4, when PROTO := SEL, use the LANG setting to com-
municate with the relay in English or Spanish. On Port 1 with the ENABLE 
TELNET := Y use the LANG setting to communicate with the relay in 
English or Spanish, Refer to the SEL-710-5 Relay Command Summary.

Set the AUTO := Y to allow automatic messages at a serial port.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-710-5 Fast Operate commands.

Set PROTO := DNET to establish communications when the DeviceNet card 
is used. Table 4.99 shows the additional settings, which can be set only at the 
rear on the DeviceNet card. Once the relay detects the DeviceNet card, all 
Port 4 settings are hidden. Refer to Appendix I: DeviceNet Communications 
for details on DeviceNet.

Front-Panel Settings (SET F Command)
The SEL-710-5 supports various front-panel options (see Table 1.2). This sec-
tion covers all of the front-panel related settings, except the touchscreen dis-
play settings. Refer to Table 9.7 for the touchscreen display settings. The 
touchscreen display settings are not settable via the SET F command.

General Settings Local bits provide control from the front panel (local bits), and display points 
display selected information on the LCD. However, you need to first enable 
the appropriate number of local bits and display points necessary for your 
application. When your SEL-710-5 arrives, four display points are already 
enabled, but no local bits are enabled. If more display points are necessary for 
your application, use the EDP setting to enable as many as 32 display points. 
Use the ELB setting to enable as many as 32 local bits. 

The EDP setting and the corresponding display point settings are not available 
for the touchscreen display model. The touchscreen display model provides 
you with the ability to configure bay screens with analog and digital labels, 
similar to the display point functionality in the two-line display model. Refer 
to Section 9: Bay Control for the procedure to create configurable bay screens.

Table 4.99 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.100 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABLa

a The setting EDP is not supported in the touchscreen display model.

N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N
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To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the dis-
play is within an Access Level 2 function when a time-out occurs, such as the 
device setting entry, the function is automatically terminated (without saving 
changes) after inactivity for this length of time. After terminating the function, 
the front-panel display returns to the default display. The FP_TO setting is not 
available in the touchscreen display model. Refer to Section 9: Bay Control 
for the touchscreen display settings.If you prefer to disable the front-panel 
time-out function during device testing, set the LCD time-out (FP_TO) equal 
to OFF. 

Use the front-panel LCD contrast setting FP_CONT to adjust the contrast of 
the LCD. The FP_CONT setting is not available in the touchscreen display 
model. 

Use the front-panel automessage setting FP_AUTO to define the display of 
Trip/Warning messages. Set FP_AUTO either to OVERRIDE or ROTATING 
for when the relay triggers a Trip/Warning message. Choosing OVERRIDE 
triggers the Trip/Warning message to override the rotating display, while 
choosing ROTATING will add the Trip/Warning message to the rotating dis-
play. Refer to Table 9.7 for the equivalent touchscreen display settings. Note 
that the FP_AUTO setting is not available in the touchscreen display model. 
The touchscreen display provides settings that allow you to choose from a 
wide range of screens, including custom screens, that can be displayed as part 
of the rotating display. The touchscreen automatically flashes a screen that 
overrides the rotating display in the case of trip or diagnostic failures. Refer to 
Section 8: Front-Panel Operations for more information on trip and diagnostic 
messages. 

Set RSTLED := Y to automatically reset the latched LEDs when the breaker 
or contactor closes.

The MAXACC setting (under Front-Panel Settings) selects the highest access 
level for the front panel. If MAXACC is set to 1, the front panel only allows 
metering and read access to the settings. If MAXACC is set to 2, the front 
panel allows breaker control and read/write access to the settings.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD. Although the LCD displays a 
maximum of 16 characters at a time, you can enter as many as 60 characters. 
For text exceeding 16 characters, the LCD displays the first 16 characters, 
then scrolls through the remaining text not initially displayed on the screen.

Table 4.101 LCD Settings

Setting Prompt Range
Setting Name := 
Factory Default

LCD TIMEOUTa 

a These settings are not supported in the touchscreen display model.

OFF, 1–30; min FP_TO :=15

LCD CONTRASTa 1–16 FP_CONT := 10

FP AUTOMESSAGESa OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

MAXIMUM ACCESS 
LEVELa

1, 2, C MAXACC := 2

NOTE: All Target LED settings can 
be found in Table 4.109.

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix L: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

“Name”, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see below). Commas are significant in identi-
fying and separating the four strings. Use quotation marks only if the text you 
enter for Alias, Set String, or Clear String contains commas or spaces. For 
example, DP01 = Name, Text is valid, but Name, Alias 3 is not valid (contains 
a space). Correct the Alias name by using the quotation marks: Name, “Text 
3”. You can customize the data display format by entering data in selected 
strings only. Table 4.103 shows the various display appearances resulting 
from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.103 shows examples of settings that always, never, or condi-
tionally hide a display point.

Table 4.102 Front-Panel Display Point Settings

Setting Prompt Setting Range
Setting Name := Factory 
Default

DISPLAY POINT DP01 60 characters DP01 := RID,”{16}”

DISPLAY POINT DP02 60 characters DP02 := TID,”{16}”

DISPLAY POINT DP03 60 characters DP03 :=

•
•
•

•
•
•

•
•
•

DISPLAY POINT DP32 60 characters DP32 := 

where:

Name = Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)
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Examples of selected display point settings, showing the resulting front-panel dis-
plays are discussed in the following text. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When the 
HV circuit breaker is open, we want the LCD to show: TRFR 1 HV BRKR: OPEN, 
and when the HV circuit breaker is closed, we want the display to show: TRFR 1 HV 
BRKR: CLOSED. We also want similar displays for the LV breaker. 

After connecting a Form A (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-710-5, we are ready to program the display points 
using the following information for the HV breaker (the LV breaker is 
similar):

➤ Name—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED 
The Form A (normally open) contact asserts or sets Relay Word 
bit IN101 when the circuit breaker is closed.

➤ Clear String—OPEN 
The Form A (normally open) contact deasserts or clears Relay 
Word bit IN101 when the circuit breaker is open.

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Table 4.103 Settings That Always, Never, or Conditionally Hide a Display Point 

Programmable Automation 
Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101, TRFR1, CLOSED, OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101, TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101, TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101, TRFR1, CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is deasserted

DP01 := IN101, “TRFR 1”, OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is asserted

DP01 := 1, {} 1 {} — — Displays empty line

DP01 := 1, “Fixed text” 1 Fixed Text — — Displays the fixed text

DP01 := 0 0 — — — Hides the display point

Table 4.104 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN
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Figure 4.97 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.98 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.99 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.98 Front-Panel Display—Both HV and LV Breakers Open

Figure 4.99 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV break-
ers, and the relay displays the information as shown in Figure 4.100. When 
the HV breaker opens (LV breaker is still closed), the relay removes the line 
containing the HV breaker information because the Clear String information 
was omitted. Because the line containing the HV breaker information is 
removed, the relay now displays the LV breaker information on the top line, 
as shown in Figure 4.101.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.97 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>
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Figure 4.100 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.101 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.102.

Figure 4.102 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.105 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

Figure 4.103 shows the front-panel display for the entry in Table 4.105. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.103 Front-Panel Display for a Binary Entry in the Name String Only

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>

Table 4.105 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0



4.144

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Front-Panel Settings (SET F Command)

Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

“Name”, “User Text and Formatting”.

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.106 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.104 shows the front-panel display for the entry in Table 4.106, using 
the SET F command as follows:

Figure 4.104 Front-Panel Display for an Analog Entry in the 
Name String Only

Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.107 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting strings (DP02), using the 
SET F command as follows:

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display (all 
binary quantities occupy one line on the display).

User Text and
Formatting

= Display the user text, replacing the numerical formatting 
{width.dec,scale} with the value of Name, scaled by 
“scale”, formatted with total width “width” and “dec” 
decimal places. Name can be either an analog quantity or 
a Relay Word bit. The width value includes the decimal 
point and sign character, if applicable. The “scale” value
 is optional; if omitted, the scale factor is 1. If the numeric 
value is smaller than the string size requested, the string is 
padded with spaces to the left of the number. If the 
numeric value does not fit within the string width given, 
the string grows (to the left of the decimal point) to 
accommodate the number.

Table 4.106 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>
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Figure 4.105 shows the front-panel display for the entry in Table 4.107. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.105 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the engi-
neering units. For example, in the Group setting example, we set AI301EU to 
degrees C. With this setting, the front-panel display looks as shown in 
Figure 4.106.

Figure 4.106 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on 
two different lines, use a display point for each word, i.e., DP01 = 1, 
“DEFAULT” and DP02 = 1,“SETTINGS”. Table 4.108 shows other options 
and front-panel displays for the User Text and Formatting settings.

The following is an example of an application of analog settings. Assume we 
also want to know the hot-spot temperature, oil temperature, and winding tem-
perature of the transformer at a certain installation. To measure these tempera-

Table 4.107 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

Table 4.108 Example Settings and Displays 

Example Display Point Setting Value Example Display

AI301,"TEMP {4} deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP = {4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1 = {4,1000}" TEMP HV HS1 =1234

1,{} Empty line

1,"Fixed Text" Fixed Text

0 Hides the display point

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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tures, install an analog card in relay Slot C and connect 4–20 mA transducers 
inputs to analog inputs AI301 (hot-spot temperature), AI302 (oil temperature), 
and AI303 (winding temperature).

First, enable enough display points for the analog measurements (e.g., 
EDP = 5). Figure 4.107 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category.)

Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.108.

Figure 4.108 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the desired units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits go back to 

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.107 Adding Temperature Measurement Display Points

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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their states after the device initialization. Each local bit requires 3 of the 
following 4 settings, using a maximum of 14 characters for the NLBnn 
setting, and a maximum 7 characters for the remainder.

➤ NLBnn: Names the switch (normally the function that the switch 
performs, such as SUPERV SW) that appears on the LCD.

➤ CLBnn: Clears the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Sets the local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulses the local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before deasserting 
again. Enter the text that describes the intended operation when 
LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 
Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.109 shows the set-
tings to program the two local bits.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>
Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SUPERV SW <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>
LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>
CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>
SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>
PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.109 Adding Two Local Bits
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Target LED Settings The SEL-710-5 offers the following types of LEDs. See Figure 8.2 and 
Figure 8.31 for the programmable LED locations:

➤ One ENABLED and one TRIP tricolored LED

➤ Six tricolored programmable target LEDs

➤ Sixteen tricolored programmable pushbutton LEDs

You can program all 22 LEDs using SELOGIC control equations, the only dif-
ference being that the target LEDs also include a latch function.

Target LEDs
The ENABLED and TRIP LEDs are not programmable. Except for choosing the 
LED illuminated color (LEDENAC or LEDTRPC), they are fixed-function 
LEDs. The ENABLED LED illuminates when the SEL-710-5 is powered cor-
rectly, is functional, and has no self-test failures. The TRIP LED illuminates 
and latches in at the rising-edge of any trip that comes from the trip logic. The 
LEDENAC setting is not supported in the touchscreen display models. For 
touchscreen display relays, the illuminated color of the ENABLED LED is fixed 
at green.

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) con-
trol the six front-panel LEDs. If the Tn_LEDL is set to Y, the LED will assert 
if a trip condition occurs and the T0n_LED equation asserts within 1.5 cycles 
of the trip assertion. At this point, the LED is latched. To reset these latched 
LEDs, the TRIP condition should no longer exist, and one of the following 
must occur:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the TAR R command.

➤ The assertion of the SELOGIC equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.109 shows the target LED settings. The factory-default settings shown 
match the as-shipped front-panel overlay (see Figure 8.2). You can change the 
settings to suit your application. See Section 8: Front-Panel Operations for 
slide-in labels for custom LED designations. 

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by pressing the TARGET RESET 
pushbutton if the target conditions 
are absent.

NOTE: Relay Word bits TLED_01 
through TLED_06 are not accessible 
to the user in the SYNCHROWAVE Event 
file.

Table 4.109 Target LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

ENA_LED COLORb R, G, A LEDENAC := G

TRIP_LED COLOR R, G, A LEDTRPC :=R

TRIP LATCH T_LED Y, N T01LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T01LEDC := R

LED1 EQUATION SELOGIC T01_LED := 49T OR AMBTRIP OR BRGTRIP OR OTHTRIP 
OR WDGTRIP

TRIP LATCH T_LED Y, N T02LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T02LEDC := R

LED2 EQUATION SELOGIC T02_LED := 50P1T OR 50N1T OR 50G1T
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . ., 8A, 8B) SELOGIC control equa-
tion settings. When these Relay Word bits assert, the corresponding LED also 
asserts.
Table 4.110 shows the setting prompts, settings ranges, and default settings for 
the LEDs. The factory-default settings shown match the shipped front-panel 
overlay (see Figure 8.2). You can change the settings to suit your application. 
See Section 8: Front-Panel Operations for slide-in labels for custom LED des-
ignations. 

TRIP LATCH T_LED Y, N T03LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T03LEDC := R

LED3 EQUATION SELOGIC T03_LED := 46UBT OR 47T

TRIP LATCH T_LED Y, N T04LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T04LEDC := R

LED4 EQUATION SELOGIC T04_LED := LOSSTRIP OR 37PT

TRIP LATCH T_LED Y, N T05LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T05LEDC := R

LED5 EQUATION SELOGIC T05_LED := (NOT STOPPED AND 27P1T) OR 59P1T

TRIP LATCH T_LED Y, N T06LEDL := Y

TARGET T_LED ASSERTED COLOR R, G, A T06LEDC := R

LED6 EQUATION SELOGIC T06_LED := 87M1T OR 87M2T

a R = Red, G = Green, and A = Amber.
b The setting LEDENAC is not supported in the touchscreen display model.

Table 4.109 Target LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

Table 4.110 Pushbutton LED Settings (Sheet 1 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1ALEDC := AO

PB1A_LED EQUATION SELOGIC PB1A_LED := PB01

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB1BLEDC := AO

PB1B_LED EQUATION SELOGIC PB1B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2ALEDC := AO

PB2A_LED EQUATION SELOGIC PB2A_LED := PB02

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB2BLEDC := AO

PB2B_LED EQUATION SELOGIC PB2B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3ALEDC := AO

PB3A_LED EQUATION SELOGIC PB3A_LED := PB03
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PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB3BLEDC := AO

PB3B_LED EQUATION SELOGIC PB3B_LED := STARTING OR RUNNING

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4ALEDC := AO

PB4A_LED EQUATION SELOGIC PB4A_LED := PB04

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB4BLEDC := AO

PB4B_LED EQUATION SELOGIC PB4B_LED := STOPPED

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5ALEDC := AO

PB5A_LED EQUATION SELOGIC PB5A_LED := FAILOPN

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB5BLEDC := AO

PB5B_LED EQUATION SELOGIC PB5B_LED := FAILCLS

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6ALEDC := AO

PB6A_LED EQUATION SELOGIC PB6A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB6BLEDC := AO

PB6B_LED EQUATION SELOGIC PB6B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7ALEDC := AO

PB7A_LED EQUATION SELOGIC PB7A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB7BLEDC := AO

PB7B_LED EQUATION SELOGIC PB7B_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8ALEDC := AO

PB8A_LED EQUATION SELOGIC PB8A_LED := 0

PB_LED ASSERTED/DEASSRTED COLORS AG, AO, AR, GA, GO, GR, 
OA, OG, OR, RA, RG, RO

PB8BLEDC := AO

PB8B_LED EQUATION SELOGIC PB8B_LED := 0

a Setting is a two-letter combination of the letters R, G, A, O, where the asserted/deasserted color choices are: R = Red, G = Green, 
A = Amber, O = Off. Asserted and deasserted colors must be different.

Table 4.110 Pushbutton LED Settings (Sheet 2 of 2)

Setting Prompt Setting Rangea Setting Name := Factory Default
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Report Settings (SET R Command)
The report settings use Relay Word bits for the SER and event report trigger 
as shown in Table 4.111 and Table 4.112. See Appendix L: Relay Word Bits for 
details. Refer to Section 10: Analyzing Events for additional information about 
SER and event reports.

SER Trigger Lists

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way the relay elements listed in the previous SER settings are dis-
played in the SER report. 

In addition, the Alias settings allow you to change the text displayed when a 
particular element is asserted and deasserted. The relay permits as many as 32 
unique aliases, as defined by the Enable Alias Settings (EALIAS) setting. The 
factory-default alias settings are shown in Table 4.113.

Define the enabled alias settings by entering the Relay Word bit name, a 
space, the desired alias, a space, the text to display when the condition asserts, 
a space, and the text to display when the condition deasserts. 

See Table L.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay interprets a space as the break between two strings. If you wish to clear a 
string, simply type NA.

Table 4.111 SERa Trigger Settings

a Use as many as 24 Relay Word bits separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 ABSLO TBSLO NOSLO THERMLO 
PB01 PB02 PB03 PB04

SER2 SER2 := 49T 49T_STR 49T_RTR LOSSTRIP JAMTRIP 46UBT 
50P1T RTDT PTCTRIP 50G1T VART 37PT 27P1T 59P1T 47T 
55T SPDSTR 50N1T SMTRIP 81D1T 81D2T OTHTRIP 87M1T 
87M2T

SER3 SER3 := AMBTRIP PTCFLT RTDFLT COMMIDLE 
COMMLOSS REMTRIP RSTTRGT 49A LOSSALRM 
JAMALRM 46UBA RTDA 55A 50N2T 50G2T VARA 37PA 
27P2T 59P2T 50P2T 50Q1T 50Q2T

SER4 SER4 := SPDSAL 81D3T 81D4T OTHALRM AMBALRM 
SALARM WARNING LOADUP LOADLOW 50P2T STOPPED 
RUNNING STARTING STAR DELTA START SPEED2

Table 4.112 Enable Alias Settings

Setting Prompt Setting Range Setting Name := Factory Default

Enable ALIAS Settings N, 1–32 EALIAS = 15

ALIAS1 = STARTING MOTOR_STARTING BEGINS ENDS



4.152

SEL-710-5 Relay Instruction Manual Date Code 20220826

Protection and Logic Functions
Report Settings (SET R Command)

Event Report Settings Event reports are 15, 64, or 180 cycles in length as determined by the LER set-
ting. For an LER of 15, the prefault length, PRE, is in the range of 1–10. For 
an LER of 64, the prefault length, PRE, is in the range of 1–59. For an LER of 
180, the prefault length, PRE, is in the range of 1–175. The relay typically 
holds at least forty-nine 15-cycle event reports, twenty-three 64-cycle event 
reports, or nine 180-cycle event reports.

Trigger CMET S R Event Reports
The SEL-710-5 captures a 19200-sample raw event report on rising edges of 
CMETSRTG. For example, you can set CMETSRTG = STARTING to cap-
ture the start of the motor. By providing this lengthy, high-resolution report, 
the relay enables external data processing while saving standard event reports 
for protection functions. 

Table 4.113 SET R SER Alias Settings

Setting 
Prompt

Relay Word 
Bit Alias

Asserted 
Text

Deasserted 
Text

ALIAS1 := STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2 := RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3 := STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4 := JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5 := LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6 := LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7 := 46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8 := 46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9 := 49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 := 49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 := 47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 := PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 := PB03 fp_start PICKUP DROPOUT

ALIAS15 := PB04 fp_stop PICKUP DROPOUT

ALIAS16 := NA — — —

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

ALIAS32 := NA — — —

Table 4.114 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG LOSSALRM OR 
R_TRIG 46UBA OR R_TRIG 49A OR 
R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA

EVENT LENGTH 15, 64, 180 cyc LER := 15

PREFAULT LENGTH 1–175 cyc PRE := 5

NOTE: Event report data stored in 
the relay are lost when you change 
the LER setting. Save the data before 
changing the setting.
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Start Report Settings The setting MSRR defines the resolution of the motor start report. The report 
is always triggered by each motor start; to trigger for additional conditions, 
use the SELOGIC control equation MSRTRG. For more information on the 
motor start report, go to Section 5: Metering and Monitoring.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix M: Analog Quantities 
for a list of the available analog quantities. Also set the LDAR to the acquisi-
tion rate for the report that you want.

DNP Map Settings (Set D Command)
Table 4.118 shows the available settings. See Appendix D: DNP3 Communi-
cations for additional details.

Table 4.115 Meter Report Settings

Setting Prompt Setting Range Setting Name := Factory 

CMET S R TRIGGER SELOGIC CMETSRTG := 0

Table 4.116 Motor Start Report Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

MSR RESOLUTION 0.25, 0.5, 1, 2, 5, 20 cyc MSRR := 5

MSR TRIGGERa

a Do not use SELOGIC control equation MSRTRG to capture starting conditions. Starting 
conditions are automatically captured for each start. Using SELOGIC control equations for the 
starting conditions may result in incorrect data in the MST and MOT records.

SELOGIC MSRTRG := 0

Table 4.117 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST 0, as many as 17 analog quantities LDLIST := 0

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15

IMPORTANT: All stored load data 
are lost when changing the LDLIST.

Table 4.118 DNP Map Settingsa (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

·
·
·

·
·
·

·
·
·

DNP Binary Input Label Name 10 characters BI_99 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.119 shows the available settings. See Appendix E: Modbus Communi-

cations for additional details.

42

DNP Binary Output Label Name 10 characters BO_00 := RB01

·
·
·

·
·
·

·
·
·

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

·
·
·

·
·
·

·
·
·

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

·
·
·

·
·
·

·
·
·

DNP Counter Label Name 11 characters CO_31 := NA

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Table 4.118 DNP Map Settingsa (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.119 User Map Register Settingsa

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range Setting Name := Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

•
•
•

•
•
•

•
•
•

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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EtherNet/IP Assembly Map Settings (SET E Command)
Table 4.120 shows the available assembly map settings. See Appendix F: 
EtherNet/IP Communications for additional details.

Touchscreen Settings
The touchscreen settings apply to relays that support the color touchscreen 
display and are discussed in Section 9: Bay Control (see Table 9.7).

Table 4.120 EtherNet/IP Assembly Map 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Input Assembly (IA) Binary

EIP Input Assembly Binary Label 
Name

10 characters IAB _00 := NA

• • •

• • •

• • •

EIP Input Assembly Binary Label 
Name

10 characters IAB _99 := NA

Input Assembly (IA) Analog

EIP Input Assembly Analog Label 
Name

10 characters IAA_00 := NOOP

IAA_01 := NA

• • •

• • •

• • •

EIP Input Assembly Analog Label 
Name

10 characters IAA_99 := NA

Output Assembly (OA) Binary

EIP Output Assembly Binary Label 
Name

10 characters OAB _00 := NA

• • •

• • •

• • •

EIP Output Assembly Binary Label 
Name

10 characters OAB _31 := NA

Output Assembly (OA) Analog

EIP Output Assembly Analog 
Label Name

10 characters OAA_00 := NOOP

OAA_01 := NA

• • •

• • •

• • •

EIP Output Assembly Analog 
Label Name

10 characters OAA _31 := NA
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Metering and Monitoring

Overview

Metering The SEL-710-5 Motor Protection Relay includes metering functions to 
display the present values of current, voltage, analog inputs (if included), and 
RTD measurements (with the external SEL-2600 RTD Module or an internal 
RTD card). The relay provides the following methods to read the present 
meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ Web server via Ethernet port

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-232 port or EIA-485 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 Edition 2 via Ethernet port

➤ IEC 60870-5-103 via EIA-232 or EIA-485 port

➤ EtherNet/IP via Ethernet port

Asset Monitoring Track the operating characteristics of your motor and accompanying devices 
with built-in asset monitoring capabilities. The SEL-710-5 can monitor items, 
such as vibration, motor start current, motor start times, motor stop times, 
broken rotor bars, incipient cable faults, and excessive wear on molded case 
circuit breakers, and provide useful information to the user via ASCII reports 
or the touchscreen display. The Fourier Transform commands provide detailed 
data about the behavior of the motor. Using the 97FM elements, you can 
detect selectable frequency components in current, voltage, and power 
quantities.

For monitoring and preventive maintenance purposes, the SEL-710-5 also 
provides motor operating statistics reports, motor start reports for the 30 latest 
motor starts, and motor start reports that store motor start averages for the last 
eighteen 30-day periods. Motor load monitoring and trending are possible 
using the Load Profile function. 
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With these asset monitoring capabilities, you can reduce production losses 
from unexpected equipment failures and lower maintenance costs by 
switching to condition-based maintenance schedules. See Asset Monitoring 
for application details.

Metering
The SEL-710-5 meter data fall into the following categories:

➤ Fundamental Metering

➤ Thermal Metering

➢ Thermal model metering

➢ RTD metering (with the external SEL-2600 RTD 
Module or an internal RTD option)

➤ Energy Metering

➤ Maximum and Minimum Metering

➤ Math Variable Metering

➤ RMS Metering

➤ Analog Input Metering

➤ Arc-Flash Light Intensity Metering

➤ Remote Analog Metering

Fundamental 
Metering

See Table 5.1 for each of the fundamental meter data types in the SEL-710-5. 
Refer to Section 8: Front-Panel Operations and Section 7: Communications 
for how to access the various types of meter data with the relay front panel and 
the communications ports.

NOTE: See Figure 5.12 for power 
measurement conventions.
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All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.1 shows an example of the METER 
command report.

Refer to Current Unbalance Elements on page 4.38 for equations to calculate 
the current unbalance percentage. Voltage unbalance percentage is calculated 
in a similar manner.

The relay applies a threshold to the fundamental frequency voltage and current 
magnitude metering quantities to force a reading to zero when the 
measurement is near zero. The threshold for current values is 
0.01 • INOM • CTR A (primary) and for voltage values is 0.1 • PTR V 
(primary). When the excitation voltage VEX is less than 0.63 V (primary), the 
relay forces the meter reading to zero. When the dc field current (IEX) DCCT 
output in volts (0–10 V range) is less than 0.1 V or the output in mA (4–20 
mA range) is less than 0.2 mA, the meter value reading is forced to zero. 
When the dc field current IEX is less than 0.5 A (primary), the calculated 
value for the field resistance is forced to show OPEN in the MET report.

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground 
Fault Current) magnitudes (A) and phase angles (deg)

IG (Residual Ground Fault Current) magnitude (A) and 
phase angle (deg)

IAV (Average Current Magnitude

Average Motor Load (xFLA)

Negative-Sequence Current (3I2)

Current Unbalance %a

VAB, VBC, VCA (DELTA-connected PTs) or VAN, VBN, 
VCN, VG (wye-connected PTs) magnitudes (V) and 
phase angles (deg)

Average Voltage (L-L or L-N)

Negative-Sequence (3V2)

Voltage Unbalance %

Real Power (kW)

Reactive Power (kVAR)

Apparent Power (kVA)

Power Factor

System Frequency (Hz)

a Current unbalance % = 0 when IAV ≤ 0.25 • INOM; Voltage unbalance = 0 when 
VAV ≤ 0.25 • Vnm, where Vnm = VNOM/1.732 when Wye; VNOM when Delta.

With Synchronous Motor/
Differential Option

Field Voltage, Field Current, Field Resistance

Differential Currents IA87, IB87, IC87

With Four Arc-Flash/
Differential Option

Differential Currents IA87, IB87, IC87

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix M: Analog Quantities.

NOTE: VEX and IEX are calculated 
every quarter cycle as a true rms 
value using 32-sample data over a 
sliding 1-cycle window. This 
calculation allows the rectifier 
harmonics to be factored in for the 
calculation of the true average.
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Thermal Metering The thermal metering function reports the present values of the RTD input 
temperatures and several quantities related to the motor thermal protection 
function. Table 5.2 shows the thermal meter values.

The thermal meter function also reports the state of connected RTDs if any 
have failed. Table 5.3 shows failure messages and their meanings.

 

=>>MET <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 08:19:46.286
SYNCHRONOUS MTR                          Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)    101.2    100.8    100.3     0.00      2.0
Current Angle (deg)            -2.7   -122.0    118.4   -24.1     -88.8

Ave Curr Mag    (A pri.)      100.8
Mot Load (xFLA1)                0.40

Neg-Seq Curr 3I2 (A pri.)        1.6
Current Imb (%)                  0.2

                               IA87     IB87     IC87
Diff Phase Curr     (A pri.)      0.1      0.1      0.1

                               VAB        VBC        VCA
Voltage Magnitude (V pri.)     2340       2341       2340
Voltage Angle (deg)               0.0      -120.0      120.0

Avg Phase (V pri.)            2918
Neg-Seq Volt 3V2 (V pri.)     2374.9
Voltage Imb (%)                 27.8

Real Power (kW)               472
Reactive Power (kVAR)          21
Apparent Power (kVA)          473
Power Factor (LAG)              1.00

Frequency (Hz)  59.99

Field Voltage (V dc)        0.0
Field Current (A dc)        0.0
Field Resistance (Ohm)   open

=>>

Figure 5.1 METER Command Report With Synchronous Motor and 
Differential Option

Table 5.2 Thermal Meter Values

Relay Option Thermal Values

All Models Motor Load (xFLA)

Stator Thermal Capacity Used % 

Rotor Thermal Capacity Used %

Time to Trip (s)

Time to Reset (min)

Starts Available

With External SEL-2600 RTD 
Module or Internal RTD Option

All RTD Temperatures

RTD % Thermal Capacity

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure

NOTE: If the overload protection is 
disabled by setting E49MOTOR := N, 
the relay always reports % Thermal 
Capacity = 0 and Calculated Time to 
Thermal Trip (s) = 9999.

NOTE: The time to thermal trip 
calculation is only performed when 
the motor is running and the current 
in per unit satisfies SF < I < 2.5. When 
time to thermal trip is not calculated, 
it is displayed as 9999.
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Figure 5.2 provides an example of the METER T command report.

Energy Metering The SEL-710-5 with the voltage option includes energy metering. Use this 
form of metering to quantify how much real, reactive, and apparent energy 
your motor is using. You can also determine if your motor is giving reactive 
power back to the power system. Below are the energy meter values.

➤ MWh3P—Real three-phase energy (out of bus)

➤ NEGATIVE MVARh3P_IN—Reactive three-phase energy 
(into bus)

➤ POSITIVE MVARh3P_OUT—Reactive three-phase energy 
(out of bus)

➤ MVAh3P—Apparent three-phase energy (out of bus)

➤ Last date and time of energy meter quantities being reset
Figure 5.3 shows the device response to the METER E command.

To reset energy meter values, issue the MET RE command as shown in 
Figure 5.4.

=>>MET T <Enter>                                                                        

SEL-710-5                                Date: 05/16/2013   Time: 12:49:23.891
MOTOR RELAY                              Time Source: Internal

Max Winding RTD     4 C
Max Bearing RTD  NA
Ambient RTD      NA
Max Other RTD    NA

 RTD 1 WDG     -1 C
 RTD 2 WDG      4 C

Motor Load (xFLA1)        0.0
Stator TCU (%)            0.0
Rotor TCU (%)             0.0
RTD TCU (%)               0
Thermal Trip In (sec)  9999

Time to Reset (min)       0

=>> 

Figure 5.2 METER T Command Report With RTDs

=>MET E <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 12:58:04.426
MOTOR RELAY                              Time Source: Internal

Energy
MWh3P (MWh)                   1.302
NEG MVARh3P-IN (MVArh)        0.000
POS MVARh3P-OUT (MVArh)       0.817
MVAh3P (MVAh)                 1.538

LAST RESET = 05/14/2013 11:06:38

=>>

Figure 5.3 Device Response to the METER E Command

=>>MET RE <Enter>

Reset Metering Quantities (Y,N)? Y
Reset Complete

=>>

Figure 5.4 Device Response to the METER RE Command

NOTE: Energy values roll over after 
999,999.999 MVAh and reset to 0. 
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Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities of the motor such as currents, voltages, power, 
analog input quantities, RTD quantities and frequency. Table 5.4 lists the max/
min metering quantities.

All maximum and minimum metering values have the date and time that they 
occurred. The analog quantities from Table 5.4 are checked approximately 
every 0.5 seconds and, if a new maximum or minimum value occurs, this 
value is saved along with the date and time that the maximum or minimum 
value occurred. Maximum and minimum values are only checked if relay 
element FAULT is deasserted (no fault condition exists) and the motor is in the 
running state (relay element RUNNING asserted).

Figure 5.5 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the MET RM command as 
shown in Figure 5.6. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

VAB, VBC, and VCA or VAN, VBN, and VCN magnitudes 
(V)

Maximum and minimum real, reactive and apparent 3-phase 
power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input 
option

Maximum and minimum analog input values 
(engineering units)

=>MET M <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:00:51.459
MOTOR RELAY                              Time Source: Internal

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)             119.2  05/16/2013  12:56:32       20.1  05/14/2013  13:09:01
IB (A)              36.2  05/16/2013  12:56:33       35.7  05/16/2013  12:56:40
IC (A)              29.0  05/16/2013  12:56:33       28.5  05/16/2013  12:56:40
IN (A)           RESET                            RESET
IG (A)             184.4  05/16/2013  12:56:32      179.3  05/16/2013  12:56:40
VAB (V)          RESET                            RESET
VBC (V)          RESET                            RESET
VCA (V)          RESET                            RESET
KW3P (kW)        RESET                            RESET
KVAR3P (kVAR)    RESET                            RESET
KVA3P (kVA)      RESET                            RESET
FREQ (Hz)           60.0  05/16/2013  12:56:43       60.0  05/16/2013  12:56:39
RTD1 (C)            77    05/16/2013  12:57:53       -1    05/16/2013  12:58:38

LAST RESET = 05/14/2013 11:06:38

=>

Figure 5.5 Device Response to the METER M Command
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All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-710-5 includes 32 math variables. When you receive your 
SEL-710-5, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.7 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

RMS Metering The SEL-710-5 includes root-mean-square (rms) metering. Use rms metering 
to measure the entire signal (including harmonics) at which the motor is 
running. You can measure the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This differs 
from the fundamental meter (METER command) in that the fundamental meter 
quantities only contain the fundamental frequency (60 Hz for a 60 Hz system).

Figure 5.8 shows the METER RMS command.

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.6 Device Response to the METER RM Command

=>>MET MV <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:29:39.896
MOTOR RELAY                              Time Source: Internal

MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.7 Device Response to the MET MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

RMS voltage VAB, VBC, and VCA or VAN, VBN, and VCN 
magnitudes (V)
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The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for rms metering current values is 0.03 • INOM • CTR A (primary) 
and for voltage values is 0.3 • PTR V (primary).

Analog Input Metering The SEL-710-5 can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.9 shows an example of analog input metering.

Arc-Flash Light 
Intensity Metering

When the SEL-710-5 is ordered with the arc-flash detection (AFD) option 
(order the 4 AFDI/3 DIFF ACI or 8 AFDI card for Slot E), the relay provides 
light metering data with the METER LIGHT (METER L command) report. 
The light inputs LS1–LS4 for the 4 AFDI/3 DIFF ACI card or LS1–LS8 for 
the 8 AFDI card are given in percent of full scale. Figure 5.10 is an example 
of the METER L (Light) command report using a 4 AFDI/3 DIFF ACI card.

=>>MET RMS <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:32:13.958
MOTOR RELAY                              Time Source: Internal

                IA       IB       IC       IN
RMS (A pri.)     99.3    102.8    102.0     0.2

                VAB      VBC      VCA
RMS (V pri.)     2463     4246     4289

=>>

Figure 5.8 Device Response to the METER RMS Command

=>MET AI <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:35:13.958
MOTOR RELAY                              Time Source: Internal

AI401 (psi)  99.97
AI402 (mA)   2.013
AI403 (Volts)  -0.0027
AI404 (ft-lbs)  993
AI405 (HP) 1423
AI406 (mA)    9.013
AI407 (mA)   -3.014
AI408 (mA)        -0.013

Figure 5.9 Device Response to the METER AI Command
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Remote Analog 
Metering

Use remote analog metering to verify the values received from an external 
device. The SEL-710-5 includes 128 remote analog variables. In Appendix C: 
SEL Communications Processors, we show how to enter remote analog 
settings in an SEL communications processor and the SEL-710-5. Figure 5.11 
shows the device response to the METER RA command for the settings in 
Appendix C.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values is 
0.3 V (secondary).

Global setting METHRES (Table 4.78) controls how these metering functions 
work when the metered value is smaller than the previously stated thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
current and voltage to zero when the corresponding applied signals falls below 
the above stated thresholds.

=>>MET L <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:36:59.886
MOTOR RELAY                              Time Source: Internal

Light Intensity
LS1 (%)    0.1
LS2 (%)    0.1
LS3 (%)    0.0
LS4 (%)    0.2

=>>

Figure 5.10 Device Response to the METER L Command

=>>MET RA <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:37:56.871
MOTOR RELAY                              Time Source: Internal

RA01 1.00
RA02 -32767.00
RA03 -1.00
RA04 0.00
RA05 1000.59
RA06 -1000.61
RA07 2411.01
RA08 2410.99
RA09 98303.00
RA10 -98303.00
RA11 -38400.00
RA12 -65536.00
RA13 0.00
RA14 0.00
RA15 0.00
• •
• •
• •
RA126 0.00
RA127 0.00
RA128 0.00

=>>

Figure 5.11 Device Response to the METER RA Command
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METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Power Measurement 
Conventions

The SEL-710-5 uses the IEEE convention for power measurement assuming 
motor action. The implications of this convention are depicted in Figure 5.12. 
In the SEL-710-5, reported positive real power is always into the motor.

Figure 5.12 Complex Power Measurement Conventions

Asset Monitoring
To monitor the health of your motor asset and accompanying devices, and 
perform maintenance routines as necessary, the SEL-710-5 supports the 
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

Vibration Monitoring The SEL-710-5 provides five vibration monitoring elements and each element 
can monitor a connected vibration transducer via analog inputs or math 
variables. Each vibration measurement is compared against a set of thresholds 
that define the four evaluation zones: Recently Commissioned, Acceptable, 
Warn, or Damaging. In SEL-710-5 models with the touchscreen display 
option, you can also view in a bar graph the measured values of vibration 
transducers connected to a motor. See Vibration Monitoring on page 4.68 for 
setting and application details.

Power Into MotorQ+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

M

SEL-710-5
Relay

Source
Bus

Direction of
Positive Real Power

Motor
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Motor Monitoring 
Using Fourier 
Analysis

The Fourier Transform commands provide protection engineers with detailed 
data about the behavior of the motor. These commands can be used to 
periodically collect motor status reports. Differences among historic reports 
point to developing problems in the motor or the load driven by it. Comparing 
reports taken from a number of motors performing the same task helps to 
identify motor, load, and voltage supply problems. 

Detect Frequency Components Using 97FM
The 97FM elements monitor the magnitude of a user-selected frequency 
component in different analog signals by evaluating an individual term of the 
discrete Fourier transform (DFT). The SEL-710-5 provides five of these 
elements. These elements can be used to detect conditions such as sub-
synchronous resonance, bearing failure, load oscillations, etc. See Detecting 
Frequency Components With the 97FM Element on page 4.63 for more details.

CMET S Command
The data processing phase of the CMET S command is the same as the one in 
the MET FFT command, but the CMET S command collects data from all 
Ia, Ib, Ic, Va, Vb, and Vc simultaneously, and the output contains frequencies 
and associated magnitudes. Figure 5.13 shows the CMET S command output.

CMET S R Command
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Table 4.115. The report captures 10 seconds, 19200 samples, of raw current 
and voltage data. All rising edges of CMETSRTG will be ignored during the 
data capture. The Fourier transformer is not processed in the report. Only one 
report is stored in the RAM of the relay at a time. The report is lost upon 
removing and restoring power to the relay.

When there is no report stored in the relay, the relay responds with the 
following:

=>>CMET S <Enter>

Recording data ............

"FREQ","IA","IB","IC","VA","VB","VC","07A7" 0.00,-27.75,-22.47,-23.46,-100.00,-
100.00,-100.00,"095A" 0.08,-35.31,-29.74,-30.94,-15.52,-23.66,-17.56,"08FF" 
0.17,-68.16,-59.54,-53.91,-40.48,-44.32,-40.52,"0902" 0.25,-65.81,-57.10,-
56.34,-47.40,-59.71,-47.38,"0909" 0.33,-64.14,-58.75,-52.68,-40.72,-51.58,-
44.99,"0911"

.

.

.
799.58,-69.48,-66.06,-70.11,-47.30,-46.94,-47.73,"098A"
799.67,-65.73,-68.36,-59.91,-42.87,-48.37,-50.37,"0998"
799.75,-66.18,-63.51,-59.68,-41.69,-52.70,-57.42,"098D"
799.83,-74.40,-72.52,-61.98,-40.65,-48.27,-57.05,"0984"
799.92,-67.21,-72.89,-64.05,-44.57,-49.42,-51.30,"0981"

Figure 5.13 CMET S Command Output

=>>CMET S R <Enter>

No data available. Set CMETSRTG to collect data.

=>>
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When the relay is recording the report, the relay responds with the following:

In the report, the analog samples are captured in counts, and the conversions to 
secondary scales (COUNTS2ASEC and COUNTS2VSEC) are included in the 
header. The sample time is also captured in counts, and the conversion to 
seconds (COUNTS2S) is included in the header. In addition, the report header 
also captures relay settings CTR1, FLA1, E2SPEED, CTR2, FLA2, PTR, 
VNOM, and DELTA_Y. Figure 5.14 shows the CMET S R command output.

MET FFT Command
Figure 5.15 shows a block diagram for the MET FFT command. Any of the 
phase voltages or currents can be analyzed. The command syntax is: 

=>>MET FFT [ch] 

where [ch] is the channel data source selected from [Ia, Ib, Ic, Va, Vb, Vc]. 
The data are multiplied by a Hamming window of the same length, and the 
Fourier Transform is computed. The relay compensates the magnitudes for the 
attenuation of the low-pass filter and corrects the frequency according to the 
actual sampling rate that is a multiple of the system frequency.

 

Figure 5.15 Block Diagram for the MET FFT Command

Finally, the relay displays the raw data collected and the frequencies and their 
associated magnitudes and phase angles on its console port. Figure 5.16 
shows the MET FFT command output.

=>>CMET S R <Enter>

Collecting Data. Try again in 10 seconds.

=>>

=>>CMET S R <Enter>

"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
10,22,2019,18,16,40,293,"0497"
"CTR1","FLA1","E2SPEED","CTR2","FLA2","PTR","VNOM","DELTA_Y","COUNTS2ASEC","COUNTS2

VSEC","COUNTS2S","1818"
100,500,"NO",100,500,3500,11885,"DELTA",200,100,50000000,"0B36"
"TIME","IA","IB","IC","VAB","VBC","VCA","086E"
0,-591,909,-240,-2232,3251,-983,"0627"
.
.
.
500029750,-301,925,-537,-1156,3283,-2092,"07F1"
500055800,-458,931,-393,-1742,3329,-1549,"07FE"
500081850,-594,908,-229,-2259,3246,-945,"07D6"
500107900,-709,850,-56,-2688,3036,-308,"0795"
500133950,-795,764,121,-3013,2710,341,"075B"

=>>

Figure 5.14 CMET S R Command Output

Source Selection Data Collection Windowing FFT

Display Results
Fix Magnitudes for Low-Pass 
Filter Gain and Frequencies 

for Sampling Rate
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Use QuickSet to retrieve, save and study the Fourier Transform reports. To 
access the QuickSet Fourier Transform interface, click HMI > HMI from the 
Tools menu, then select Spectrum (FFT) from the navigation pane on the left 
side of the window. Because the spectrum report contains detailed information 
about the status of the motor, we recommend that an Ethernet connection be 
used to reduce the download time.

Figure 5.17 QuickSet Fourier Transform Interface

=>>MET FFT <Enter>
 Recording data ............

SEL-710-5                                Date: 02/20/2013   Time: 17:59:46.722
MOTOR RELAY                              Time Source: Internal

Selected Channel:IA
CTR:1
 #     Signal(A)
1      -0.01     
2      0.01      
.
.
.
19199  -0.07
19200  -0.04

Processing data ......
Frequency(Hz)       Magnitude(dB)       Angle(deg)
0.00                -100.00             0.00
0.083               -49.44              -75.84              
.
.
.
49.853              -31.74              -34.33              
49.936              -7.25               87.01               
50.020              0.00                -95.69              
50.103              -7.53               87.07               
50.186              -32.24              19.98    
.
.
.
800.148             -61.59              -39.60              
800.232             -65.82              140.37 

Figure 5.16 MET FFT Command Output
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Click New From Device to connect to the SEL-710-5, download the spectrum 
information, and generate a gain frequency plot, as shown in Figure 5.18. 

Figure 5.18 Spectrum of a Running Motor

Zoom and Pan on the taskpane allows you to highlight areas of interest on the 
spectrum, while Channels shows and hides individual channels and handles 
color selection. Figure 5.19 compares A-phase current and voltage and 
highlights sidebands associated with a motor running with three broken bars. 
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Figure 5.19 Spectrum of a Running Motor With Three Broken Bars

Clicking Save Data saves the spectral information to a file for later reference. 
Clicking Add From File allows you to compare the newly downloaded 
spectrum with a previously saved one. Figure 5.20 shows that the size of the 
sideband grew 22.81 dBs between the first and the second report. 
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Figure 5.20 Comparison of the Spectrum of a Running Motor With One and Three Broken Bars

Broken Rotor Bar 
Detection

The SEL-710-5 detects broken rotor bars in induction motors by analyzing the 
current signatures under sufficient motor load conditions. Broken rotor bar 
detection determines broken bars using the relative magnitudes of the signals 
at the sideband frequencies caused by the broken bars, with respect to the 
signal magnitudes at the system frequency. This normalization allows the 
algorithm to identify rotor failures independent of the motor characteristics. 
See Broken Rotor Bar Protection on page 4.113 for more details.

Motor Start Report The SEL-710-5 records motor start data for each motor start. The relay stores 
30 of the latest motor start reports in nonvolatile memory. To view any of the 
30 latest motor start reports, use the serial port MSR n command, where 
n = 1–30 or 10000–42767 (MSR_REF number), and n = 1 is the most recent 
report. The MSR_REF is a unique number assigned to each report. The data in 
the Motor Start Reports, except the MSR_REF numbers, are automatically 
reset when the Motor Statistics Data are reset (see Motor Operating Statistics 
on page 5.20). Each report consists of two parts:

➤ a summary

➤ the start data
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Summary Data
The summary shows the following information:

➤ Date and time of the motor start

➤ Number of starts since last reset

➤ Motor start time

➤ Start % Rotor Thermal Capacity Used (%RotorTCU)

➤ Maximum Start Current

➤ Minimum Start Voltage, if voltage inputs card option installed

➤ Motor Start Report Reference Number

The relay calculates motor start time from the time the starting current is 
detected until the running state is declared (see Figure 5.25). The %RotorTCU 
value is the rotor thermal element capacity used at the end of the start, 
expressed in percent of the trip value.

Start Data
The motor start data are taken periodically after the starting current is 
detected. The relay stores 720 sets of the data with the period determined by 
the setting MSRR (motor start report resolution). 

The following data are stored:

➤ Magnitude of A-, B-, and C-phase currents

➤ Magnitude of neutral current, IN

➤ % Rotor Thermal Capacity Used (%RotorTCU)

➤ Magnitude of AB, BC, and CA phase-to-phase voltages, if 
included

➤ Calculated % Slip for the motor, if FLS is not set to OFF

Figure 5.21 shows data from an example motor start report.

NOTE: The relay reports %TCU 
values during starting based upon the 
starting model trip value, thus 
providing the appropriate %TCU 
magnitude scaling.

=>>MSR <Enter>

710-5   Date: 06/27/2013   Time: 15:12:02.495
SYNCHRONOUS MTR                          Time Source: External

FID  SEL-710-5-X061-V0-Z001001-D20130621

Start Date  06/26/2013
Start Time  16:40:32.835

# Starts                  52
Start Time (s)           3.1
Start TCU  (%)            84
MaxCurrent (A)            50
MinVoltage (V)           193
MSR–REF Number 10000

 CYCLE     IA     IB     IC     IN     VAB    VBC    VCA   TCURTR
           (A)    (A)    (A)    (A)    (V)    (V)    (V)    (%)
    5.00     50     43     35      0    193    199    201   66.8
   10.00     46     44     35      0    195    197    200   68.0
   15.00     45     37     42      0    197    201    197   69.0
   20.00     36     40     37      0    199    198    200   70.0
   25.00     35     37     37      0    200    199    200   70.8
   30.00     34     35     35      0    200    200    200   71.7
   35.00     32     32     33      0    201    201    201   72.4
   40.00     32     31     31      0    202    203    202   73.1
   45.00     32     31     30      0    202    203    203   73.7
   50.00     32     32     31      0    203    203    203   74.3
   55.00     32     32     31      0    203    203    203   75.0
   60.00     30     32     31      0    204    204    204   75.5
   65.00     35     34     33      0    202    203    203   76.2

Figure 5.21 Motor Start Report Example 
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You can view motor start report data via QuickSet or retrieve it as a file using 
any of the file transfer protocols. Refer to Meter and Control on page 3.24 for 
details. Motor start report data is also available in COMTRADE format as 
read-only files that can be retrieved using Ethernet File Transfer Protocol 
(FTP) or Manufacturing Message Specification (MMS). MMS is only 
available in models that support IEC 61850 and only when IEC 61850 and 
MMS File Transfer are enabled (E61850 := Y, EMMSFS := Y). See File 
Transfer Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File 
Interface on page 7.74, and MMS on page G.5 for additional information. 

Motor Maintenance 
Report

The SEL-710-5 computes and stores motor parameters and compares them to 
values obtained during a baseline run. If any of the values measured during a 
given run deviate significantly from the values measured during the baseline 
run, the SEL-710-5 asserts the Relay Word bit that corresponds to those 
values, as detailed below. The MMR command displays the values recorded 
during the baseline run and each of the subsequent runs, as shown in 
Figure 5.22.

 70.00     30     31     32      0    205    204    204   76.9
   75.00     29     32     30      0    204    202    203   77.5
   80.00     32     34     30      0    202    201    203   78.2
   85.00     32     34     31      0    202    201    203   78.9
   90.00     26     30     30      0    204    202    203   79.5
   95.00     31     29     33      0    206    207    205   80.2
  100.00     35     37     33      0    200    199    201   80.8
  105.00     36     32     35      0    204    206    205   81.5
  110.00     29     27     31      0    207    208    206   82.2
  115.00     37     33     34      0    204    206    206   82.8
  120.00     26     29     29      0    202    199    201   83.3
  125.00     32     33     31      0    201    199    201   83.8
  130.00     20     21     21      0    204    203    203   84.1
  135.00     17     17     17      0    209    209    209   84.4
  140.00      6      6      6      0    211    212    211   84.5
  145.00     10     10     10      0    208    207    207   84.5
  150.00      6      6      6      0    210    210    210   84.5
  155.00      5      4      4      0    214    214    214   84.5
  160.00      1      2      2      0    212    212    212   84.5
  165.00      6      6      7      0    209    209    209   84.5
  170.00      4      4      4      0    210    210    210   84.6
  175.00      3      3      3      0    213    213    213   84.6
  180.00      1      1      1      0    212    212    212   84.6
  185.00      5      5      5      0    210    209    209   84.6
  190.00      3      3      3      0    211    211    211   84.6
  195.00      2      2      2      0    213    213    213   84.2
  200.00      1      1      1      0    212    212    212   84.2
  205.00      4      4      4      0    210    210    210   84.2
  210.00      3      3      3      0    211    211    211   84.2
  215.00      2      2      1      0    212    212    212   84.2
  220.00      1      1      1      0    212    212    212   84.2
  225.00      3      3      3      0    210    210    210   84.2
  230.00      2      3      2      0    211    211    211   84.2
  235.00      1      1      1      0    212    212    212   84.2
  240.00      1      1      1      0    212    212    212   84.2
  245.00      3      3      3      0    210    210    210   83.9
250.00      2      2      2      0    211    211    211   83.9

  255.00      1      1      1      0    212    212    212   83.9
  260.00      1      1      1      0    212    211    211   83.9
  265.00      3      3      3      0    210    210    210   83.9
  270.00      2      2      2      0    211    211    211   83.9
  275.00      1      1      1      0    212    212    212   83.9
  280.00      1      1      1      0    211    211    211   83.9
  285.00      2      2      2      0    211    210    210   83.9
  290.00      2      2      2      0    211    211    211   83.9
  295.00      1      1      1      0    212    212    211   83.9
  300.00      1      1      1      0    211    211    211   83.6
  305.00      2      2      2      0    211    211    210   83.6
  310.00      2      2      2      0    211    211    211   83.6
  315.00      1      1      1      0    212    212    211   83.6
  320.00      1      1      1      0    211    211    211   83.6
  325.00      2      2      2      0    211    211    211   83.6
  330.00      2      2      2      0    211    211    211   83.6

Figure 5.21 Motor Start Report Example  (Continued)
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The MMR C command clears all of the stored motor parameters computed by 
this function and readies the relay to compute a new set of baseline run 
parameters in the following start/stop cycle.

The SEL-710-5 records the maximum start current in pu of FLA and asserts 
the IMAX_A Relay Word bit in any start in which the maximum current is 
more than double the value recorded in the baseline run. In Figure 5.23, 
IMAX_0 represents the maximum current measured during the baseline run, 
and IMAX represents the latest IMAX measured.

Figure 5.23 Max Starting Current Alarm

Similarly, the relay asserts the VMIN_A Relay Word bit when the minimum 
voltage during a start deviates by more then 0.1 pu from the value recorded in 
the baseline run, and the POSTRT_A Relay Word bit when the active power 
measured one minute after Relay Word bit RUNNING asserts deviates by 
more than 0.2 pu from the value recorded during the baseline run. 
Additionally, the SEL-710-5 records the active power immediately before a 
STOP command and asserts the POSTOP_A Relay Word bit when the active 
power deviates by more than 0.2 pu from the baseline run.

The SEL-710-5 tracks the time to start in seconds and asserts the TTST_A 
Relay Word bit when the start time deviates by more than 20 percent from the 
time measured in the baseline run. In Figure 5.24, TTST_0 represents the time 
to start measured during the baseline run, and TTST represents the latest 
TTST measured.

Figure 5.24 Time to Start Alarm

When connected to measure the voltages on the motor side of the contactor/
breaker (residual voltages), the SEL-710-5 tracks the coast time of the relay. 
The spinning of the motor forces air around the motor, enhancing cooling. The 
thermal model accounts for this enhanced cooling while the motor is 
energized. To account for the extra cooling achieved while the motor is 
deenergized but still spinning, the relay also includes the setting COASTIME, 
which tells the relay that the motor takes COASTIME seconds to stop 
spinning after a TRIP/CLOSE command. The SEL-710-5 uses the frequency 
decay of the residual voltage for as long as two seconds after a STOP 
command to extrapolate the coast time of the motor.

=>>MMR <Enter>

SEL-710-5                                Date: 04/02/2020   Time: 17:10:26.726
MOTOR RELAY                              Time Source: External

#         DATE_STR   TIME_STR    MAX_I  MIN_V  STR_R  TTST  POSTR   DATE_STP    TIME_STP   POSTOP  R0   COASTTIME
BASELINE 04/02/2020 15:53:22.185  3.5   0.60   0.047  22.4  0.00   04/02/2020 15:54:54.803   0.10  -----    52
1        04/02/2020 17:08:37.556  3.9   0.59   0.047  26.2  0.20   04/02/2020 17:10:10.176   0.60  0.005    18
2        04/02/2020 16:06:22.311  3.7   0.59   0.047  24.2  0.10   04/02/2020 16:07:54.929   0.30  0.011    18
3        04/02/2020 16:02:09.935  3.4   0.60   0.047  22.3  0.00   04/02/2020 16:03:42.553   0.20  -----    26
=>>

Figure 5.22 MMR Report
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Bit0

TDURD

0.2
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The SEL-710-5 computes the locked rotor positive sequence motor resistance 
in pu, STR_R, and full-load rotor resistance (R0). The full-load rotor 
resistance is only computed when the residual voltages are available and the 
power before stop exceeds 0.2 pu.

Motor Operating 
Statistics

The SEL-710-5 retains useful machine operating statistics information for the 
protected motor. Use the MOTOR command and the front-panel MONITOR 
menu to view motor operating statistics. The data also appear in the Modbus 
memory map and are available at the optional DeviceNet port. You can reset 
the data using either a communications port (e.g., MOTOR R command), 
SELOGIC setting RSTMOT, or the front-panel MONITOR menu. The Motor Start 
Reports are also reset when the Motor Statistics Data are reset. Items included 
in the report are shown in Figure 5.25.

MOT data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

=>>MOT <Enter>

SEL-710-5                                Date: 05/16/2013   Time: 13:59:27.753
MOTOR RELAY                              Time Source: Internal

Operating History (elapsed time in ddd:hh:mm)
Last Reset Date    04/25/2013
Last Reset Time      11:18:22
Running Time      >  10:10:27
Stopped Time          9:16:25
Time Running (%)         51.9
Total MWhr (MWhr)         0.0
Number of Starts           28
Emergency Starts            0
Avg/Peak Data
                 AVERAGE     PEAK
Start Time (s)       0.2      1.0
Max Start I (A)     63.4    137.0
Min Start V (V)      0.0      0.0
Start %TCU           0.1      0.7
Running %TCU         0.3      5.1
RTD %TCU             0.0      0.0
Running Cur (A)     25.5     82.5
Running kW           0.0      0.3
Running kVARin       0.0      0.0
Running kVARout      0.0      3.8
Running kVA          0.0      6.4
Max WDG RTD (C)        6      240
Max BRG RTD (C)       NA       NA
Ambient RTD (C)       NA       NA
Max OTH RTD (C)       NA       NA

Figure 5.25 MOTOR Command Example 

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Motor Start Trending For each motor start, the relay stores a motor start report and adds these data 
(described in Summary Data on page 5.17) to the motor start trending buffer. 
Motor start trending tracks motor start data for the past eighteen 30-day 
periods. For each 30-day interval, the relay records the following information:

➤ the date the interval began

➤ the total number of starts in the interval

➤ the averages of the following quantities:

➢ Motor Start Time

➢ Start % Rotor Thermal Capacity Used

➢ Maximum Start Current

➢ Minimum Start Voltage

View the motor start trending data using the serial port MST command. 
Figure 5.26 shows data from an example Motor Start Trend Report.

MST data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Learn Parameters
Start TC (%)  Insufficient Data

Trip/Alarm Data
                  ALARMS  TRIPS
Overload               0      0
Locked Rotor           2      1
Undercurrent           0      0
Jam                    0      0
Current Imbal        195      7
Overcurrent            0      0
Ground Fault           0      0
Speed Switch           0      0
Undervoltage           0      0
Overvoltage            0      0
Underpower             0      0
Power Factor           0      0
Reactive Power         0      0
RTD                    4      4
Phase Reversal                0
Arc Flash Trip                0
Broken Rotor Bar       0
87M Phase Diff                0
Underfrequency                0
Overfrequency                 0
Start Timer                   0
Remote Trip                   0
Other Trips                 358
Total                201    370

=>>

Figure 5.25 MOTOR Command Example  (Continued)

NOTE: The relay records motor 
operating statistics to nonvolatile 
memory every six hours. If the power 
is removed from the relay, the relay 
loses the information collected 
between the last save and the time 
of the power removal.

NOTE: Trip data in the motor 
operating statistics are supervised 
by the TR equation.

NOTE: All the trend data collected 
each day are added to nonvolatile 
memory at midnight. If the relay 
power is removed, the information 
collected between midnight and 
power removal is lost.

NOTE: While the relay power is off, 
the elapsed timers do not advance. If 
relay power is off for a significant 
amount of time, the elapsed calendar 
time will not match the elapsed time 
recorded by the relay.
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Load Profiling The SEL-710-5 includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.153). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix M: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 6500 time-stamped entries. For example, 
if you chose to monitor 10 values at a rate of every 15 minutes, you could 
store 66 days worth of data.

Download the load rate profile data using the LDP command described in 
LDP Command (Load Profile Report) on page 7.55. Figure 5.27 shows an 
example LDP command response. LDP data is also available as read-only 
files that can be retrieved using Ethernet File Transfer Protocol (FTP) or 
Manufacturing Message Specification (MMS). MMS is only available in 
models that support IEC 61850 and only when IEC 61850 and MMS File 
Transfer are enabled (E61850 := Y, EMMSFS := Y). See File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, Virtual File Interface on 
page 7.74, and MMS on page G.5 for additional information. 

=>MST <Enter>

SEL-710-5                                Date: 07/17/2013   Time: 09:31:49.029
MOTOR RELAY                              Time Source: Internal

           Began     Number    Start     Start       Max       Min  
Record      on         of      Time      %TCU      Start I   Start V
Number     Date      Starts     (s)                  (A)       (V)    
   1     06/30/2013       0     ---       ---        ---       ---
   2     05/31/2013       4     14.3      216          48       103
   3     05/01/2013       3     12.3       96          38       116
   4        ---        ---      ---       ---        ---       ---
   5        ---        ---      ---       ---        ---       ---
   6        ---        ---      ---       ---        ---       ---
   7        ---        ---      ---       ---        ---       ---
   8        ---        ---      ---       ---        ---       ---
   9        ---        ---      ---       ---        ---       ---
  10        ---        ---      ---       ---        ---       ---
  11        ---        ---      ---       ---        ---       ---
  12        ---        ---      ---       ---        ---       ---
  13        ---        ---      ---       ---        ---       ---
  14        ---        ---      ---       ---        ---       ---
  15        ---        ---      ---       ---        ---       ---
  16        ---        ---      ---       ---        ---       ---
  17        ---        ---      ---       ---        ---       ---
  18        ---        ---      ---       ---        ---       ---
=>

Figure 5.26 Motor Start Trending Report Example

=>>LDP <Enter>

SEL-710-5                                Date: 05/29/2013   Time: 10:33:35.893
SYNCHRONOUS MTR                          Time Source: Internal

#     DATE         TIME        FREQ        IAV
8  05/29/2013  09:58:09.262     60.000      0.000
7  05/29/2013  10:03:09.230     60.000      0.000
6  05/29/2013  10:08:09.203     60.000      0.000
5  05/29/2013  10:13:09.191     59.987    100.691
4  05/29/2013  10:18:09.225     59.990    100.650
3  05/29/2013  10:23:09.183     59.989    100.714
2  05/29/2013  10:28:09.214     59.988    100.620
1  05/29/2013  10:33:09.209     59.992    100.699

=>>

Figure 5.27 LDP Command Response
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Incipient Cable Fault 
Detection

The incipient cable fault element is used to detect self-clearing half- to one 
cycle overcurrent events. This type of event is most common in cable splices 
and is indicative of an impending fault. As the frequency of the events 
increases, the likelihood of a permanent fault increases, and preventative 
maintenance should be scheduled. See Incipient Cable Fault on page 4.25 for 
more details.

Molded Case Circuit 
Breaker Health

On detecting severe CT saturation (through the distortion indices DI_n, where 
n = A, B, or C) or if the maximum measured phase current (raw samples) 
exceeds the A-D saturation limit (measuring limit) of the relay, along with 
opening the breaker to clear that high current, Relay Word bit IBRK asserts 
and flags the operator to inspect the molded case circuit breaker for damage. 
Because IBRK asserts momentarily, you may program this bit in a latch 
control switch (SETn) and use the latch bit to assert a continuous alarm until it 
is reset by the user. Figure 5.28 provides the logic for IBRK assertion.

Figure 5.28 IBRK Assertion Logic

Breaker Monitoring The breaker monitor in the SEL-710-5 helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.7 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.36 and BRE W or R Command (Preload/Reset Breaker Wear) 
on page 7.36.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.6 is plotted in Figure 5.29.

IBRK

Relay
Word
  Bit 

0

1 s

0

1 s

DI_A*
DI_B*
DI_C*

52A

.042 • INOM

42.42 • INOM

Max[abs (raw phase 
current samples) in a 

16-sample buffer]

* Distortion indices to detect CT Saturation, from the Peak Detector logic.

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 1 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150
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Connect the plotted points in Figure 5.29 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-710-5 breaker monitor, 
three set points are entered:

These three points are entered with the settings in Table 5.7.

The following settings are made from the breaker maintenance information in 
Table 5.6 and Figure 5.29. Figure 5.30 shows the resultant breaker 
maintenance curve.

10.00 85

20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond 
to some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond 
to the maximum current interruption level.

Table 5.7 Breaker Monitor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor Y, N EBMON := Y

CL/OPN OPS SETPT 1 0–65000 COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 0–65000 COSP2 := 150b, c

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 0–65000 COSP2 := 12

kA PRI INTERRPTD 1 0.10–999.00 kA KASP1 := 1.20d

d KASP1 must be set less than KASP2.

kA PRI INTERRPTD 2 0.10–999.00 kA KASP2 := 8.00e

e KASP2 must be set less than or equal to KASP3.

kA PRI INTERRPTD 3 0.10–999.00 kA KASP3 := 20.00f

f KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP

COSP1 = 10000
COSP2 = 150
COSP3 = 12

KASP1 = 1.20
KASP2 = 8.00
KASP3 = 20.00

Table 5.6 Breaker Maintenance Information for a 25 kV Circuit Breaker 
(Sheet 2 of 2) 

Current Interruption Level (kA) Permissible Number of Close/Open Operationsa
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Figure 5.29 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.30, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.6 
and Figure 5.29.

Figure 5.30 SEL-710-5 Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.6 and Figure 5.29, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.29.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.30), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.30, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting KASP3, 
the interrupted current is accumulated as a current value equal to setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation 
Setting BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.7 determines when the breaker monitor reads in current values (Phases 
A, B, and C) for the breaker maintenance curve (see Figure 5.30) and the 
breaker monitor accumulated currents/trips (see BRE Command (Breaker 
Monitor Data) on page 7.36).

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).
In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.39)

Refer to Figure 5.31. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies them to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.31, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current may still be 
increasing to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.31 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.36 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor Operation Example
As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.32–Figure 5.35. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMONn 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.32–Figure 5.35) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.33, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.32. The 7.0 kA value is interrupted 20 times (20 close/open 
operations = 20–0), pushing the breaker maintenance curve from the 0 percent 
wear level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.32 Breaker Monitor Accumulates 10 Percent Wear

10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.33. The current value changes from 7.0 kA to 2.5 kA. The 
2.5 kA value is interrupted 290 times (290 close/open operations = 480–190), 
pushing the breaker maintenance curve from the 10 percent wear level to the 
25 percent wear level.
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Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.33 Breaker Monitor Accumulates 25 Percent Wear

25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.34. The current value changes from 2.5 kA to 12.0 kA. 
The12.0 kA value is interrupted 11 times (11 close/open operations = 24–13), 
pushing the breaker maintenance curve from the 25 percent wear level to the 
50 percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

10,000
100%

10%
1000

2

3

4

5

6
7
8
9

100

2

3

4

5

6
7
8
9

10

2

3

4

5

6
7
8
9

1 2 3 4 5 6 7 8 9 5040302010.5

Nu
m

be
r o

f C
lo

se
/O

pe
n 

Op
er

at
io

ns

kA Interrupted per Operation

25%



5.30

SEL-710-5 Relay Instruction Manual Date Code 20220826

Metering and Monitoring
Asset Monitoring

Figure 5.34 Breaker Monitor Accumulates 50 Percent Wear

50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.35. The current value changes from 12.0 kA to 1.5 kA. The 
1.5 kA value is interrupted 3000 times (3000 close/open operations = 
6000–3000), pushing the breaker maintenance curve from the 50 percent wear 
level to the 100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.32). But the current and trip counts continue to 
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.
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Figure 5.35 Breaker Monitor Accumulates 100 Percent Wear

Breaker Monitor Output
When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.35), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.
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Relay Word Bits Definition

BCWA A-phase breaker contact wear has reached the 100 percent wear level 

BCWB B-phase breaker contact wear has reached the 100 percent wear level 

BCWC C-phase breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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EXAMPLE 5.1 Example Applications

These logic outputs can be used to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset Breaker Monitor Information
Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the 
BRE R command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Breaker wear data is also available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Determination of Relay-Initiated Trips and Externally Initiated Trips
See Section 7: Communications. Note in the BRE n command response that 
the accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: those generated by relay-initiated trips (Rly 
Trips), and those generated by externally initiated trips (Ext Trips). The 
categorization of these data is determined by the status of the TRIPn Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMONn operates. 
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Refer to Figure 5.31 and accompanying explanation. If BKMONn newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now, the relay must determine whether to accumulate 
this current and trip count information under relay-initiated trips or externally 
initiated trips.

To make this determination, the relay checks the status of the TRIPn Relay 
Word bit at the instant BKMONn newly asserts (TRIPn is the logic output of 
Figure 4.39). If TRIPn is asserted (TRIPn = logical 1), the current and trip 
count information is accumulated under relay-initiated trips (Rly Trips). If 
TRIPn is deasserted (TRIPn = logical 0), the current and trip count 
information is accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.31–Figure 5.35).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated trips 
(Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON is deemed to be a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.36. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.36 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
Trips

OUT103 
= TRIP

TRIP
COIL

52A

INxxx

Trip Bus

SEL-710

(+)

(—)
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-710-5 breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor deems it a relay-initiated trip. This is because when BKMON 
is newly asserted (input INxxx energized), the TRIP Relay Word bit is 
asserted. Thus, the current and trip count information is accumulated 
under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor deems it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Overview
The SEL-710-5 Motor Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following 11 settings 
classes:

1. Group n (n = 1, 2, 3, or 4)

2. Logic Group n (n = 1, 2, 3, or 4)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. EtherNet/IP

7. Report

8. Modbus

9. DNP3

10. IEC 60870-5-103

11. Touchscreen (this setting class is only available for models with 
the color touchscreen display)

Some settings classes have multiple instances. In the previous list, there are 
five port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

IMPORTANT: Upon relay initial 
turn on or Port 1 setting changes or 
Logic setting changes, you may have 
to wait as long as two minutes before 
an additional setting change can 
occur. Note that the relay is 
functional with protection enabled as 
soon as the ENABLED LED comes on 
(about 5–10 seconds from turn on).

Table 6.1 Methods of Accessing Settingsa

Web Serverb Serial Port Commandsc Front-Panel HMI Set/Show 
Menud

ACSELERATOR QuickSet 
SEL-5030 Softwareb

Display 
Settings

All settings All settings 
(SHO command)

Global, Group, and Port 
settings

All settings

Change 
Settings

Not available All settings
(SET command)

Global, Group, and Port 
settings

All settings

a These settings access methods do not apply to the touchscreen settings.
b Refer to Section 3: PC Interface for detailed information.
c Refer to Section 7: Communications for detailed information on set up and use of the serial communications port and Ethernet port.
d Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, menus and screens, and operator control 

pushbuttons.
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The SEL-710-5 Settings Sheets at the end of this section list all SEL-710-5 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Touchscreen settings are only available through QuickSet for models with the 
color touchscreen display. These settings are not available via the ASCII 
terminal, unlike the other relay settings. Refer to Section 9: Bay Control for 
detailed information on individual settings.

View/Change Settings With the Two-Line Front Panel
You can use the pushbuttons on the front panel to view/change settings. See 
Section 8: Front-Panel Operations for the details on front-panel operation.

Enter the front-panel menu by pushing the ESC pushbutton. The following 
message appears:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pressing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
presents you with the RELAY settings as listed in the SEL-710-5 Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pressing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the MOTOR FLA, FLA1 setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-710-5 is shipped 

with factory-default settings. 
Calculate the settings for your motor 
to ensure secure and dependable 
protection. Document the settings on 
the SEL-710-5 Settings Sheets at the 
end of this section before entering 
new settings in the relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

Press to move 
within the list.

Press to 
return to the 
previous list.

Press to select an 
underlined menu item.

GROUP
1
2
3
4

Set/Show Menu

Global
Group
Port
Active Group
Date
Time
Password

1 Menu

ID Settings
Config Settings
Thermal Overload
  •
  •
Trip/Close Logic
Motor Control

FLA1 Setting

MOTOR FLA
FLA1 = 0250.0 A 

Config Menu

CTR1
               100
FLA1
           250.0 A 
  •
  •
  •
SINGLEV
                 N
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View/Change Settings With the Touchscreen Front Panel
You can view or change Port, Global, Group, Date and Time, and Touchscreen 
settings by using the touchscreen display. Tapping the Settings folder on the 
Home screen navigates you to the Settings screen through which you can 
view or change settings. Refer to Touchscreen Display Front Panel on page 
8.20 for detailed information on how to view or change settings by using the 
touchscreen display.

View/Change Settings Over Communications Port 
Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port via a personal computer and how to use 
ASCII commands to communicate with the relay.

View Settings Use the SHO command to view relay settings. The SHO command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHO 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHO command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

Table 6.2 SHO Command Options

Command  Description

SHO n Shows relay group settings: n specifies the settings group (1, 2, 3, 
or 4); n defaults to active settings group if not listed.

SHO L n Shows logic settings: n specifies the settings group (1, 2, 3, or 4); 
n defaults to active settings group if not listed.

SHO G Shows global configuration settings

SHO P n Shows serial port settings for Port n (n = F, 1, 2, 3, or 4)

SHO F Shows front-panel display and LED settings

SHO E Show EtherNet/IP assembly map settings

SHO R Shows Sequential Event Report (SER) and event report settings

SHO M Shows Modbus map settings

SHO D Shows DNP3 map settings

SHO I Shows IEC 60870-5-103 map settings

Table 6.3 SET Command Options (Sheet 1 of 2)

Command Settings Type  Description

SET n Group Protection elements, timers, etc., for settings 
Group n (1, 2, 3, or 4)

SET L n Logic SELOGIC control equations for settings 
Group n (1, 2, 3, or 4)

SET G Global Global configuration settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a settings 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and in the 
two-line display model, the ENABLED LED extinguishes while the relay is 
disabled. In the touchscreen display model, the ENABLED LED stays 
illuminated while the relay saves the setting.

To change a specific setting, enter the command shown in Table 6.5.

SET P n Port Serial port settings for serial Port n (1, 2, 3, 4, or 
F)

SET F Front Panel Front-panel display and LED settings

SET E EtherNet/IP EtherNet/IP assembly map settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP3 DNP3 map settings

SET I IEC 60870-5-103 IEC 60870-5-103 user map settings

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format (Sheet 1 of 2)

SET n m s TERSE

where:

n is left blank or is G, L, F, R, M, or P to identify the class of settings.

m is 1, 2, 3, or 4 when n = G or L for group settings; m defaults to 1 if the 
parameter is left blank.

is F, 1, 2, 3, or 4 when n = P for port settings; m defaults to the active port if 
the parameter is left blank.

Table 6.3 SET Command Options (Sheet 2 of 2)

Command Settings Type  Description
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Setting Entry Error Messages
As you enter relay settings, the relay checks the setting entered against the 
range for the setting as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues one 
of the error messages shown in Table 6.6, and returns you to the settings list 
for a correction.

s is the name of the specific setting you wish to jump to and begin setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you wish to review the settings before saving, do not use the TERSE 
option.

Table 6.5 SET Command Format (Sheet 2 of 2)

SET n m s TERSE

Table 6.6 Setting Interdependency Error Messages (Sheet 1 of 2)

Error Message Setting/Function Correct the Condition

50PmP • FLAn/CTRn must be greater 
than or equal to 0.50 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.5

50PmP • FLAn/CTRn must be greater 
than or equal to 0.10 Amp
(m = 1 or 2, n = 1 or 2)

Phase Overcurrent 
and Main Settings

Modify the 50PmP (or FLAn/CTRn) to satisfy:

50PmP • (FLAn/CTRn) ≥ 0.1

50NnP must be within (0.050 • CTRN) 
xx.xx and (10.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

50NnP must be within (0.010 • CTRN) 
xx.xx and (2.0 • CTRN) yy.yy
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

Choose PRE from 1–10 cycles Event Report 
Settings

Modify the PRE setting to satisfy the requirement 
shown in the error message.

50NnP must be within (0.000125 • 
CTRN) xx.xx and (0.0125 • CTRN) 
yy.yy 
(n = 1 or 2)

Neutral Overcurrent Modify the 50NnP (or CTRn) setting to satisfy the 
requirement shown in the error message.

CTRn,FLAn Setting Combination Out 
of Range
(n = 1 or 2)

Main Settings Modify the CTRn or FLAn setting to satisfy:

1.0 ≤ (FLAn/CTRn), ≤ 8 for phase input current 
rating of 5 A

0.2 ≤ (FLAn/CTRn), ≤ 1.6 for phase input current 
rating of 1 A
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View Settings Using the Web Server
Refer to Section 3: PC Interface for information on how to set up 
communication and how to access the relay on an Ethernet port with a 
personal computer.

View Settings Once communication with the relay is established through the web server, the 
home page screen appears in your browser window. Click on Settings from 
the navigation pane to view all the available settings classes, as shown in 
Figure 6.2. Access Level 1 and Access Level 2 are both view only. At this 
level, settings are dimmed and you cannot modify them. Click on a settings 
class to view its settings. 

Figure 6.2 Web Server Settings Screen

Minimum STOP COOL TIME: xxxx min Thermal Overload Modify the COOLTIME setting to satisfy the 
requirement shown in the error message.

Only one ambient RTD allowed
(n = 1–12)

RTD Modify the RTD location setting (RTDnLOC) to satisfy 
the requirement shown in the error message.

Output contacts cannot be set to 
NA.

Output Contact 
Logic Setting

Use 0, 1, or SELOGIC control equation for the logic 
setting.

PTR Setting Out of Range Main Settings Modify VNOM or PTR setting to satisfy:
100 ≤ (VNOM/PTR) ≤ 250 for DELTA_Y := DELTA
100 ≤ (VNOM/PTR) ≤ 440 for DELTA_Y := WYE

Table 6.6 Setting Interdependency Error Messages (Sheet 2 of 2)

Error Message Setting/Function Correct the Condition
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These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the communications ports. See Section 4: Protection and Logic Functions 
in the instruction manual for detailed descriptions of the settings.

➤ Some settings require an optional module. Refer to the SEL-710-5 Model Option Table and the notes 
with the following settings for details on which settings are available in a specific model. 
ACSELERATOR QuickSet SEL-5030 Software, which shows and hides settings depending on the MOT 
part number selected, is the best way to view the settings available in a specific model. Some of the set-
tings ranges can be more restrictive than shown because of settings interdependency checks performed 
when new settings are saved.

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

Configuration

UNIT ID LINE 1 (16 Characters)  RID :=

UNIT ID LINE 2 (16 Characters)  TID :=

SYN MOTOR TYPE (BRUSH, BRUSHLESS, NONE)
(SYNTYPE forced to NONE and hidden when Slot E ≠ 75)

SYNTYPE :=

PHASE CT RATIO (1–5000) CTR1 :=

MOTOR FLA (0.2–5000.0 A) FLA1 :=

VFD APPLICATION (Y, N) VFDAPP :=

LOAD @ ZEROSPEED (0.2–5000.0 A)
(Shown when VFDAPP:= Y)

LOAD_ZS :=

MNFREQ @ FULLOAD (10.00–70.00 Hz)
(Shown when VFDAPP:= Y)

FREQ_FL :=

TWO SPEED ENABLE (Y, N)
(E2SPEED forced to N and hidden when VFDAPP:= Y)

E2SPEED :=

CT RATIO–2ND (1–5000)
(Hidden when E2SPEED := N)

CTR2 :=

MOTOR FLA–2ND (0.2–5000.0 A)
(Hidden when E2SPEED := N)

FLA2 :=

FVR PHASING (NONE, A, B, C)
(Hidden when E2SPEED := N)

FVR_PH :=

NEUTRAL CT RATIO (1–2000) CTRN :=

PHASE PT RATIO (1.00–250.00) PTR :=

LINE VOLTAGE (100–30000 V) VNOM :=

XFMR CONNECTION (DELTA, WYE) DELTA_Y :=

SINGLE I INPUT (N, IA, IB, IC) SINGLEI :=

SINGLE V INPUT (Y, N) SINGLEV :=
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Thermal Overload
OVERLOAD ENABLE (Y, N) E49MOTOR :=

(All of the following thermal overload settings are hidden when E49MOTOR := N)

FULL LOAD SLIP (OFF, 0.0010–0.1000 pu)
(Forced to OFF and hidden when any of the following apply: E2SPEED := Y; 

ESTAR_D := Y; or VFDAPP := Y)

FLS :=

SLIP SOURCE (VDR, STAT, R1)
(Forced to R1 and hidden when E2SPEED := Y, ESTAR_D := Y, or VFDAPP := Y; 

Hidden when no synchronous motor card is available; Hidden when FLS := OFF; 
VDR hidden from range when SYNTYPE := BRUSHLESS)

SLIPSRC :=

LOCKD RTR TORQUE (0.30–2.00 pu)
(Hidden when FLS := OFF)

LRQ :=

THERMAL METHOD (RATING, RATING_1, CURVE)
(CURVE and RATING hidden when 0.001 ≤ FLS ≤ 0.10)

SETMETH :=

OL RESET LEVEL (10–99% TCU) 49RSTP :=

SERVICE FACTOR (1.01–1.50) SF :=

MOTOR LRA (2.5–12.0 xFLA)
(Forced to 6 and hidden when SETMETH := CURVE)

LRA1 :=

LOCKD RTR TIME 1 (1.0–600.0 sec)
(Hidden when SETMETH := CURVE)

LRTHOT1 :=

ACCEL FACTOR (0.10–1.50)
(Hidden when SETMETH := CURVE or when 0.001 ≤ FLS ≤ 0.10; forced to 1.00 

when 1 ≤ CURVE1 ≤ 45 or when 0.001 ≤ FLS ≤ 0.10)

TD1 :=

STATOR TC (AUTO, 1–2000 min)
(Hidden when SETMETH := CURVE)

RTC1 :=

MOTOR LRA–2ND (2.5–12.0 xFLA)
(Hidden when E2SPEED := N; forced to 6 and hidden when SETMETH := CURVE)

LRA2 :=

LOCKD RTR TIME 2 (1.0–600.0 sec)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

LRTHOT2 :=

ACCEL FACT–2ND (0.10–1.50)
(Hidden when E2SPEED := N; hidden and forced to 1.00 when 

SETMETH := CURVE)

TD2 :=

STATOR TC–2ND (AUTO, 1–2000 min)
(Hidden when E2SPEED := N; hidden when SETMETH := CURVE)

RTC2 :=

THERM OL CURVE1 (1–46)
(Hidden when SETMETH := RATING or RATING_1)

CURVE1 :=

TRIP TIME @ 1.05FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.05)

TTT105 :=

TRIP TIME @ 1.10FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.10)

TTT110 :=

TRIP TIME @ 1.20FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.20)

TTT120 :=

TRIP TIME @ 1.30FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.30)

TTT130 :=

TRIP TIME @ 1.40FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF ≥ 1.40)

TTT140 :=

TRIP TIME @ 1.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1; hidden 

and not used when SF := 1.50)

TTT150 :=
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TRIP TIME @ 1.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT175 :=

TRIP TIME @ 2.00FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT200 :=

TRIP TIME @ 2.25FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT225 :=

TRIP TIME @ 2.50FL (1.0–6000.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT250 :=

TRIP TIME @ 2.75FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT275 :=

TRIP TIME @ 3.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT300 :=

TRIP TIME @ 3.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT350 :=

TRIP TIME @ 4.00FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT400 :=

TRIP TIME @ 4.50FL (1.0–6000.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT450 :=

TRIP TIME @ 5.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT500 :=

TRIP TIME @ 5.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT550 :=

TRIP TIME @ 6.00FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT600 :=

TRIP TIME @ 6.50FL (1.0–600.0 sec)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT650 :=

TRIP TIME @ 7.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT700 :=

TRIP TIME @ 7.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT750 :=

TRIP TIME @ 8.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT800 :=

TRIP TIME @ 8.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT850 :=

TRIP TIME @ 9.00FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT900 :=

TRIP TIME @ 9.50FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT950 :=

TRIP TIME @ 10.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1000 :=

TRIP TIME @ 11.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1100 :=

TRIP TIME @ 12.0FL (1.0–600.0 sec, AUTO)
(Hidden when CURVE1 := 1–45 or SETMETH := RATING or RATING_1)

TTT1200 :=

THERM OL CURVE2 (1–45)
(Hidden when SETMETH := RATING or RATING_1 or when E2SPEED := N)

CURVE2 :=

OL WARN LEVEL (OFF, 50–99% TCU) TCAPU :=

START INH. LEVEL (OFF, 1–99% TCU) TCSTART :=

LEARN TCSTART? (Y, N)
(Hidden when TCSTART := OFF)

TCLRNEN :=

STOP COOL TIME (1–6000 min) COOLTIME :=

STOP COAST TIME (1–3600 sec) COASTIME :=
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Phase Overcurrent

Neutral Overcurrent
(Refer to Table 6.6 for setting interdependency checks. The following pickup settings are in primary amperes.)

Residual Overcurrent

Negative-Sequence Overcurrent

Incipient Cable Fault

LEARN COOLTIME? (Y, N)
(Hidden when E49RTD := NONE)

COOLEN :=

OL RTD BIASING? (Y, N)
(Hidden when E49RTD := NONE)

ETHMBIAS :=

PH OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50P1P :=

PH OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P1D :=

PH OC WARN LVL (OFF, 0.10–20.00 xFLA) 50P2P :=

PH OC WARN DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50P2D :=

NEUT OC TRIP LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC TRIP LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N1P :=

NEU OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50N1D :=

NEUT OC WARN LVL (OFF, 0.01–25.00 A) 
(Hidden when a 1 A or 5 A neutral input is detected.)

NEUT OC WARN LVL (OFF, 0.01–650.00 A) 
(Hidden when a high-sensitive neutral input is detected.)

50N2P :=

NEU OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50N2D :=

RES OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50G1P :=

RES OC TRIP DLAY (OFF, 0.00–5.00 sec)
(Hidden when associated pickup is OFF)

50G1D :=

RES OC WARN LVL (OFF, 0.10–20.00 xFLA) 50G2P :=

RES OC WARN DLAY (OFF, 0.0–120.0 sec)
(Hidden when associated pickup is OFF)

50G2D :=

NSEQ OC TRIP LVL (OFF, 0.10–20.00 xFLA) 50Q1P :=

NSEQ OC TRIP DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q1D :=

NSEQ OC WARN LVL (OFF, 0.10–20.00 xFLA) 50Q2P :=

NSEQ OC WARN DLAY (OFF, 0.1–120.0 sec)
(Hidden when associated pickup is OFF)

50Q2D :=

50INC PU LVL (OFF, (1.00–10.00) • INOM A) E50INC :=

50INC WARN COUNT (1, 2, . . . 100) 50IALC :=

50INC TRIP COUNT (1, 2, . . . 100) 50ITRC :=
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Phase Time Overcurrent

Maximum Phase Time Overcurrent

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51AP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51AC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51ATD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51ARS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51ACT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51AMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51ATC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51BP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51BTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51BRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden is associated pickup is OFF)

51BMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51BTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51CP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51CTD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51CRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51CMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51CTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1CT :=
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Negative-Sequence Time-Overcurrent

Residual Ground Time-Overcurrent

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51P2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51P2C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5) 51P2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51P2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51P2TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A)
(INOM 5 or 1 for 5 A or 1 A phase CTs)

51QP :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 for U1–U5 or 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51QTD :=

EM RESET DELAY (Y, N) 
(Hidden when associated pickup is OFF)

51QRS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51QMR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51QTC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G1P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G1TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G1RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G1TC :=

TOC TRIP LVL (OFF, (0.10–2.00) • INOM A) 51G2P :=

TOC CURVE SEL (U1–U5, C1–C5)
(Hidden when associated pickup is OFF)

51G2C :=
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Motor Differential Overcurrent

Jam

Undercurrent

TOC TIME DIAL (0.50–15.00 for U1–U5 OR 0.05–1.00 for C1–C5)
(Hidden when associated pickup is OFF)

51G2TD :=

EM RESET DELAY (Y, N)
(Hidden when associated pickup is OFF)

51G2RS :=

CONST TIME ADDER (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec)
(Hidden when associated pickup is OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC)
(Hidden when associated pickup is OFF)

51G2TC :=

DIFF ENABLE (Y, N) E87M :=

DIFF CT RATIO (1–5000)
(Hidden when E87M := N)

CTR87M :=

DIFF 1 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M1P :=

DIFF 1 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M1P := OFF)

87M1TD :=

DIFF 1 TRQ CON (SELOGIC)
(Hidden when 87M1P := OFF)

87M1TC :=

DIFF 2 TRIP LVL (OFF, 0.05–8.00 A)
(Hidden when E87M := N)

87M2P :=

DIFF 2 TRIP DLY (0.00–60.00 sec)
(Hidden when 87M2P := OFF)

87M2TD :=

DIFF 2 TRQ CON (SELOGIC)
(Hidden when 87M2P := OFF)

87M2TC :=

JAM TRIP LEVEL (OFF, 1.00–6.00 xFLA) LJTPU :=

JAM TRIP DELAY (0.0–120.0 sec)
(When LJTPU := OFF, LJTDLY is hidden and JAMTRIP is deasserted all the time)

LJTDLY :=

JAM WARN LEVEL (OFF, 1.00–6.00 xFLA) LJAPU :=

JAM WARN DELAY (0.0–120.0 sec)
(When LJAPU := OFF, LJADLY is hidden and JAMALRM is deasserted all the 

time)

LJADLY :=

UC TRIP LEVEL (OFF, 0.10–1.00 xFLA) LLTPU :=

UC TRIP DELAY (0.4–120.0 sec)
(Hidden when associated pickup is OFF)

LLTDLY :=

UC WARN LEVEL (OFF, 0.10–1.00 xFLA) LLAPU :=

UC WARN DELAY (0.40–120.0 sec)
(Hidden when associated pickup is OFF)

LLADLY :=

UC START DELAY (0–5000 sec)
(Hidden when LLTPU and LLAPU are OFF)

LLSDLY :=
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Current Unbalance

Start Monitoring

Star-Delta
(Forced to N and hidden when VFDAPP := Y)

Start Inhibit

Phase Reversal

Speed Switch

PTC

CI TRIP LEVEL (OFF, 5–80%) 46UBT :=

CI TRIP DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBTD :=

CI WARN LEVEL (OFF, 5–80%) 46UBA :=

CI WARN DELAY (0–240 sec)
(Hidden when the associated pickup is OFF)

46UBAD :=

START MOTOR TIME (OFF, 1–240 sec) START_T :=

STAR-DELTA ENABL (Y, N) ESTAR_D :=

MAX STAR TIME (OFF, 1–600 sec)
(Hidden when ESTAR_D := N)

STAR_MAX :=

STARTS/HR. (OFF, 1–15) MAXSTART :=

MIN. OFF TIME (OFF, 1–150 min) TBSDLY :=

RESTART BLK TIME (OFF, 1–1500 min) ABSDLY :=

PH REV. ENABLE (Y, N) E47T :=

SS TRIP DELAY (OFF, 1–240 sec) SPDSDLYT :=

SS WARN DELAY (OFF, 1–240 sec) SPDSDLYA :=

VIR SS ENABLE (Y, N) 
(Forced to N and hidden when VFDAPP := Y)

VSSEN :=

VIR SS CONSTANT (0.80–0.98) 
(Hidden when VSSEN := N)

VSSCONST :=

SS FAIL OPEN DLY (OFF, 0.5–2.0 sec) 
(Forced to OFF and hidden when VSSEN := N)

FAILOPND :=

SS FAIL CLOS DLY (0.1–120.0 min) 
(Hidden when VSSEN := N or FAILOPND := OFF)

FAILCLSD :=

SS FAIL RESET (SELOGIC) 
(Hidden when VSSEN := N or FAILOPND := OFF) 

SSFLRST :=

PTC ENABLE (Y, N)
(Hidden when the PTC option is not selected)

EPTC :=
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RTD
RTD ENABLE (INT, EXT, NONE)

(The INT option is hidden from the range when there is no internal RTD card 
installed; all the following RTD settings are hidden when E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD1TY, TRTMP1, and ALTMP1 settings are hidden when RTD1LOC := OFF)

RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250°C) TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250°C) ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD2TY, TRTMP2, and ALTMP2 settings are hidden when RTD2LOC := OFF)

RTD2LOC :=

RTD2 TYPE (PT100, NI100, NI120, CU10) RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250°C) TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250°C) ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD3TY, TRTMP3, and ALTMP3 settings are hidden when RTD3LOC := OFF)

RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250°C) TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250°C) ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD4TY, TRTMP4, and ALTMP4 settings are hidden when RTD4LOC := OFF)

RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250°C) TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250°C) ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD5TY, TRTMP5, and ALTMP5 settings are hidden when RTD5LOC := OFF)

RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250°C) TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250°C) ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD6TY, TRTMP6, and ALTMP6 settings are hidden when RTD6LOC := OFF)

RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250°C) TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250°C) ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD7TY, TRTMP7, and ALTMP7 settings are hidden when RTD7LOC := OFF)

RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250°C) TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250°C) ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD8TY, TRTMP8, and ALTMP8 settings are hidden when RTD8LOC := OFF)

RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) RTD8TY :=

RTD8 TRIP LEVEL (OFF, 1–250°C) TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250°C) ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD9TY, TRTMP9, and ALTMP9 settings are hidden when RTD9LOC := OFF)

RTD9LOC :=
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Loss of Potential

Undervoltage

Overvoltage

RTD9 TYPE (PT100, NI100, NI120, CU10) RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250°C) TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250°C) ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD10TY, TRTMP10, and ALTMP10 settings are hidden when RTD10LOC := OFF)

RTD10LOC :=

RTD10 TYPE (PT100, NI100, NI120, CU10) RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250°C) TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250°C) ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD11TY, TRTMP11, and ALTMP11 settings are hidden when 

RTD11LOC := OFF); RTD11LOC is hidden and forced to OFF when 
E49RTD := INT)

RTD11LOC :=

RTD11 TYPE (PT100, NI100, NI120, CU10) RTD11TY :=

RTD11 TRIP LEVEL (OFF, 1–250°C) TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250°C) ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH)
(RTD12TY, TRTMP12, and ALTMP12 settings are hidden when 

RTD12LOC := OFF); RTD12LOC hidden and forced to OFF when 
E49RTD := INT)

RTD12LOC :=

RTD12 TYPE (PT100, NI100, NI120, CU10) RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250°C) TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250°C) ALTMP12 :=

WIND TRIP VOTING (Y, N)
(When less than two locations are WDG, the associated trip voting settings are 

hidden)

EWDGV :=

BEAR TRIP VOTING (Y, N)
(When less than two locations are BRG, the associated trip voting settings are hidden)

EBRGV :=

TMP RTD BIASING? (Y, N)
(Shown only when one RTD location is set to AMB and at least one RTD location is 

set to WDG)

ERTDBIAS :=

LOP BLOCK (SELOGIC) LOPBLK :=

UV TRIP LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P1D :=

UV WARN LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=

UV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

27P2D :=

OV TRIP LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P1D :=
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27 Inverse-Time Undervoltage

OV WARN LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV WARN DELAY (0.0–120.0 sec)
(Hidden when associated pickup is OFF)

59P2D :=

27I ENABLE (Y, N) E27I1 :=

(The following 27I1 inverse-time undervoltage settings are hidden if E27I1 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I1P :=

CURVE (CURVEA, CURVEB, COEF) 27I1CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I1CFC :=

TIME DIAL (0.00–16.00) 27I1TD :=

RESET TIME (0.00–1.00 s) 27I1TTR :=

TRQ CONTROL (SELOGIC) 27I1TC :=

27I ENABLE (Y, N) E27I2 :=

(The following 27I2 settings are hidden if E27I2 := N)

OPERATING QTY
See Table SET.1 for range dependencies. 27I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.1) 27I2P :=

CURVE (CURVEA, CURVEB, COEF) 27I2CRV :=

COEFF A (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFB :=

COEFF C (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 27I2CFC :=

TIME DIAL (0.00–16.00) 27I2TD :=

RESET TIME (0.00–1.00 s) 27I2TTR :=

TRQ CONTROL (SELOGIC) 27I2TC :=

Table SET.1 Range Dependencies for 27I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC V1 MINLL MINLN

DELTA N # # # — — — # # —

DELTA Y # — — — — — — — —

WYE N $ $ $ # # # # $ #

WYE Y — — — # — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V
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59 Inverse-Time Overvoltage
59I ENABLE (Y, N) E59I1 :=

(The following 59I1 inverse-time overvoltage settings are hidden if E59I1 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I1OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I1P :=

CURVE (CURVEA, CURVEB, COEF) 59I1CR :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I1CFC :=

TIME DIAL (0.00–16.00) 59I1TD :=

RESET TIME (0.00–1.00 s) 59I1TTR :=

TRQ CONTROL (SELOGIC) 59I1TC :=

59I ENABLE (Y, N) E59I2 :=

(The following 59I2 settings are hidden if E59I2 := N)

OPERATING QTY
See Table SET.2 for range dependencies. 59I2OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I2P :=

CURVE (CURVEA, CURVEB, COEF) 59I2CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I2CFC :=

TIME DIAL (0.00–16.00) 59I2TD :=

RESET TIME (0.00–1.00 s) 59I2TTR :=

TRQ CONTROL (SELOGIC) 59I2TC :=

59I ENABLE (Y, N) E59I3 :=

(The following 59I3 settings are hidden if E59I3 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I3OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I3P :=

CURVE (CURVEA, CURVEB, COEF) 59I3CRV :=

Table SET.2 Range Dependencies for 59I Operating Quantities

Settings Operating Quantities

DELTA_Y SINGLEV VAB VBC VCA VA VB VC VG V1 3V2 MAXLN MAXLN

DELTA N # # # — — — — # # # —

DELTA Y # — — — — — — — — — —

WYE N $ $ $ # # # # # # $ #

WYE Y — — — # — — — — — — —

# = 2.00–300.00 V $ = 2.00–520.00 V



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.13
of 90

Date _______________ SEL-710-5 Settings Sheets
Var Group Settings (SET Command)

Var

Loss of Field
(Hidden when SYNTYPE := NONE and E40 forced to default, N)

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I3CFC :=

TIME DIAL (0.00–16.00) 59I3TD :=

RESET TIME (0.00–1.00 s) 59I3TTR :=

TRQ CONTROL 59I3TC :=

59I ENABLE (Y, N) E59I4 :=

(The following 59I4 settings are hidden if E59I4 := N)

OPERATING QTY (VS option is hidden if Slot E ≠ 70 or L0)
See Table SET.2 for range dependencies. 59I4OQ :=

PICKUP LVL (2.00–300.00 V or 2.00–520.00 V from Table SET.2) 59I4P :=

CURVE (CURVEA, CURVEB, COEF) 59I4CRV :=

COEFF A (0.00–6.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFA :=

COEFF B (0.00–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFB :=

COEFF C (0.01–3.00) (Hidden if CURVE is set to CURVEA or CURVEB) 59I4CFC :=

TIME DIAL (0.00–16.00) 59I4TD :=

RESET TIME (0.00–1.00 s) 59I4TTR :=

TRQ CONTROL (SELOGIC) 59I4TC :=

NEG VAR TRIP LEV (OFF, 1–25000 kVAR) NVARTP :=

POS VAR TRIP LEV (OFF, 1–25000 kVAR) PVARTP :=

VAR TRIP DELAY (1–240 sec)
(Hidden when NVARTP and PVARTP are OFF)

VARTD :=

NEG VAR WARN LEV (OFF, 1–25000 kVAR) NVARAP :=

POS VAR WARN LEV (OFF, 1–25000 kVAR) PVARAP :=

VAR WARN DELAY (1–240 sec)
(Hidden when NVARAP and PVARAP are OFF)

VARAD :=

VAR ARMING DELAY (0–5000 sec)
(Hidden when NVARTP, PVARTP, NVARAP, and PVARAP are OFF)

VARDLY :=

LOSS OF FIELD EN (Y, N)
(All the following settings are hidden when E40 := N)

E40 :=

Z1 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM = 5 A or 1 A)

40Z1P :=

Z1 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z1P := OFF)

40XD1 :=

Z1 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z1P := OFF)

40Z1D :=

Z2 MHO DIAMETER (OFF, (0.5–500.0)/INOM ohm sec)
(INOM := 5 or 1)

40Z2P :=

Z2 OFFSET ((0.0–250.0)/INOM ohm sec)
(Hidden when 40Z2P := OFF)

40XD2 :=
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Out of Step

Field Resistance

Field Current
(Hidden when SYNTYPE := NONE; FDUC1P, FDUC2P, FDOC1P, and FDOC2P forced to default, OFF)

Z2 TIME DELAY (0.00–400.00 sec)
(Hidden when 40Z2P := OFF)

40Z2D :=

40Z TRQ CTRL (SELOGIC) 40ZTC :=

OUT-OF-STEP PROT (N, 1B, 2B)
(The following settings are hidden when E78 := N)

E78 :=

FORWARD REACH ((0.5–500.0)/INOM ohm sec) 78FWD :=

REVERSE REACH ((0.5–500.0)/INOM ohm sec) 78REV :=

RIGHT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R1 :=

LEFT BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 2B)

78R2 :=

OUTER BLINDER ((1.0–500.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R1 :=

INNER BLINDER ((0.5–250.0)/INOM ohm sec)
(Hidden when E78 := 1B)

78R2 :=

OOS DELAY (0.00–1.00 sec)
(Hidden when E78 := 1B)

78D :=

OOS TRIP DELAY (0.00–1.00 sec) 78TD :=

OOS TRIP DUR (0.00–5.00 sec) 78TDURD :=

POS-SEQ CURRENT ((0.05–6.00) • INOM A) 50ABC :=

OOS TRQ CTRL (SELOGIC) OOSTC :=

(Hidden when SYNTYPE := NONE; FDRES1P and FDRES2P forced to default, OFF)

FLD RES WARN 1 (OFF, 0.10–500.00 ohm) FDRES1P :=

FLD RES WARN 2 (OFF, 0.10–500.00 ohm) FDRES2P :=

FLDR TRQ CTRL (SELOGIC) FDRESTC :=

FLD CURRENT IN (I, V) FDCURIN :=

FLD CUR @ 20 mA (1.0–2000.0 A)
(Shown when FDCURIN := I)

FD_20mA :=

FLD CUR @ 5V (1.0–2000.0 A)
(Shown when FDCURIN := V)

FD_5V :=

FLD UC TRIP LEVEL (OFF, 1.0–2000.0 A) FDUC1P :=

FLD UC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC1D :=

FLD UC WARN LVL (OFF, 1.0–2000.0 A) FDUC2P :=

FLD UC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUC2D :=

FLD OC TRIP LVL (OFF, 1.0–2000.0 A) FDOC1P :=

FLD OC TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC1D :=
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Field Voltage
(Hidden when SYNTYPE := NONE; FDUV1P, FDUV2P, FDOV1P, FDOV2P forced to default, OFF)

Start Sequence
(Hidden when SYNTYPE := NONE; hidden and not processed when VFDAPP := Y)

Underpower

Power Factor

FLD OC WARN LVL (OFF, 1.0–2000.0 A) FDOC2P :=

FLD OC WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOC2D :=

FLDC TRQ CTRL (SELOGIC) FDCTC :=

FLD UV TRIP LVL (OFF, 1.0–350.0 V) FDUV1P :=

FLD UV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV1D :=

FLD UV WRN LVL (OFF, 1.0–350.0 V) FDUV2P :=

FLD UV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDUV2D :=

FLD OV TRIP LVL (OFF, 1.0–350.0 V) FDOV1P :=

FLD OV TRIP DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV1D :=

FLD OV WARN LVL (OFF, 1.0–350.0 V) FDOV2P :=

FLD OV WARN DLY (0.3–100.0 sec)
(Hidden when associated pickup is OFF)

FDOV2D :=

FLD TRQ CTRL (SELOGIC) FDVTC :=

STRT SEQ ENABLE (SELOGIC) STSEQEN :=

SYNCHRONIZE SLIP (1.0–10.0%) SYNSLIP :=

UNLATCH 41CLOSE (SELOGIC) UL41CL :=

41 CLOSE DELAY (0.0–100.0 sec) 41DELAY :=

MN FDC TO SYNC (0.5–2000.0 A) FDCMIN :=

MIN CLOSE DELAY (0.1–99.0 sec) 41MNDLY :=

UP TRIP LEVEL (OFF, 1–25000 kW) 37PTP :=

UP TRIP DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PTD :=

UP WARN LEVEL (OFF, 1–25000 kW) 37PAP :=

UP WARN DELAY (1–240 sec)
(Hidden when associated pickup is OFF)

37PAD :=

UP ARMING DELAY (0–5000 sec) 37DLY :=

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec)
(Hidden when 55LDTP and 55LG TP are OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=



SET.16
 of 90

SEL-710-5 Settings Sheets Date________________
Group Settings (SET Command) Power Factor Correction

SEL-710-5 Relay Instruction Manual Date Code 20220826

Power Factor Correction

Frequency

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec)
(Hidden when 55LDAP and 55LGAP are OFF)

55AD :=

PF ARMING DELAY (0–5000 sec)
(Hidden when 55LGTP, 55LDTP, 55LGAP, and 55LDAP are OFF)

55DLY :=

PF CURRENT SUP (OFF, 0.05–2.00 • INOM A)
(Hidden when SYNTYPE := NONE; INOM := 5 or 1)

55I1SUP :=

PF TRQ CTRL (SELOGIC)
(Hidden when SYNTYPE := NONE)

55TC :=

PO PF SET POINT (0.10-0.99) (Hidden when SYNTYPE := NONE) POPFSP :=

PO PU DELAY (0.1-60.0 sec) (Hidden when SYNTYPE := NONE) PORSRTD :=

ENABLE PF CPMP (OFF, PFSP, QSPMV) EPFC :=

(The following power factor correction settings are hidden when EPFC := OFF)

PF SET POINT (OFF, 0.50–1.00) (Hidden when EPFC := QSPMV) PFSPAN :=

LEADLAG (LEAD, LAG) (Hidden when EPFC := QSPMV) PFLDLG :=

Q SP MATH VAR (1–32) (Hidden when EPFC := PFSP) PFQSP :=

DEADBAND L TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFLTH > PFSTH)

PFLTH :=

DEADBAND S TH (0.0 to +YYYY.0 kVAR) (YYYY = 1.732 • FLA1 • VNOM in 
kVAR) (PFSTH < PFLTH)

PFSTH :=

LONG STEP LENGTH (0.0–3.0 sec) (FVLDO > FVSDO) FVLDO :=

SHRT STEP LENGTH (0.0–3.0 sec) (FVSDO < FVLDO) FVSDO :=

SYNCVOLTAGE (0–100%) PFCOVL :=

SYNC VLTG CNTRL (SELOGIC) PFCNTRL :=

FREQ1 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D1TD :=

81D1 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D1TC :=

FREQ2 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D2TD :=

81D2 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D2TC :=

FREQ3 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D3TD :=

81D3 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D3TC :=

FREQ4 TRIP LEVEL (OFF, 15.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec)
(Hidden when associated pickup is OFF)

81D4TD :=

81D4 TRQCTRL (SELOGIC)
(Hidden when associated pickup is OFF)

81D4TC :=
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Load Control

Vibration Monitoring

Trip Inhibit

LOAD CONTROL SEL (OFF, CURRENT, POWER, TCU)
(When LOAD := OFF, the rest of the load control settings are hidden)

LOAD :=

LD CTL CUR UPPER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := CURRENT)

LOADUPP :=

LD CTL CUR LOWER (OFF, 0.20–2.00 xFLA)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL PWR UPPER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADUPP :=

LD CTL PWR LOWER (OFF, 1–25000 kW)
(Shown when LOAD := POWER)

LOADLOWP :=

LD CTL TCU UPPER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADUPP :=

LD CTL TCU LOWER (OFF, 1–99% TCU)
(Shown when LOAD := TCU)

LOADLOWP :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ1 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ2 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ3 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ4 :=

ANALOG SELECTION (OFF, MV01, . . . MV32, AIx0y) VIBAQ5 :=

PICKUP TIMER (0.00–400.00) VIBPUT :=

TRQ CONTROL (SELOGIC) VIBTC :=

MACHINE CLASS (CI, CII, CIII, CIV, MANUAL) VIBCLASS :=

VELOCITY UNITS (mm/sec, in/sec) VIBUN :=

A–B THRESHOLD (0.00–100.00) VIBABP :=

B–C THRESHOLD (0.00–100.00) VIBBCP :=

C–D THRESHOLD (0.00–100.00) VIBCDP :=

BLOCK PROTECTION (SELOGIC) BLKPROT :=

CURRENT IMBALANC (Y, N) BLK46 :=

JAM (Y, N) BLK48 :=

GROUND FAULT (Y, N) BLK50EF :=

SHORT CIRCUIT (Y, N) BLK50P :=

UNDERCURRENT (Y, N) BLK37 :=

START INHIBIT (Y, N) BLK66 :=

PTC (Y, N) (Hidden when the PTC option is not selected) BLK49PTC :=

RTD (Y, N) BLK49RTD :=



SET.18
 of 90

SEL-710-5 Settings Sheets Date________________
Logic Settings (SET L Command) Trip/Close

SEL-710-5 Relay Instruction Manual Date Code 20220826

Trip/Close

Motor Control

Logic Settings (SET L Command)

SELOGIC Enables

Latch Bits Equations

MIN TRIP TIME (0.0–400.0 sec) TDURD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

TRIP ON LOCKOUT (Y, N) TRIPONLO :=

UNLATCH TRIP EQN (SELOGIC) ULTRIP :=

CONTACTOR STATUS (SELOGIC) 52A :=

CONTACTOR STATUS (SELOGIC) 52B :=

FLD BRKR STATUS (SELOGIC)
(Hidden when SYNTYPE := NONE)

41A :=

START EQUATION (SELOGIC) STREQ :=

BLK START (SELOGIC) BLKSTR :=

EMERGENCY START (SELOGIC) EMRSTR :=

SPEED 2 (SELOGIC)
(Hidden and not processed when E2SPEED := NONE)

SPEED2 :=

SPEED SWITCH (SELOGIC) SPEEDSW :=

VFD BYPASS (SELOGIC)
(Hidden and not processed when VFDAPP := N)

VFDBYPAS :=

SELOGIC LATCHES (N, 1–32) ELAT :=

SV/TIMERS (N, 1–32) ESV :=

SELOGIC COUNTERS (N, 1–32) ESC :=

MATH VARIABLES (N, 1–32) EMV :=

SET01 :=

RST01 :=

SET02 :=

RST02 :=

SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=
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SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 :=

RST09 :=

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 :=

RST17 :=

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=

SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 :=

RST25 :=

SET26 :=
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SELOGIC Variable Timers

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=
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SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=

SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=
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Counters Equations

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPUT (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=
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SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=

SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=

SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=
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SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=

SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=
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Math Variables

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=

SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=
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Base Output

Slot C Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=

MV29 :=

MV30 :=

MV31 :=

MV32 :=

OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT304 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

OUT305 FAIL-SAFE (Y, N) OUT305FS :=

OUT305 :=
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Slot D Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

Slot E Output 
(Hidden when an output option is not included. The number of outputs depends on the I/O card option.)

OUT306 FAIL-SAFE (Y, N) OUT306FS :=

OUT306 :=

OUT307 FAIL-SAFE (Y, N) OUT307FS :=

OUT307 :=

OUT308 FAIL-SAFE (Y, N) OUT308FS :=

OUT308 :=

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=

OUT405 FAIL-SAFE (Y, N) OUT405FS :=

OUT405 :=

OUT406 FAIL-SAFE (Y, N) OUT406FS :=

OUT406 :=

OUT407 FAIL-SAFE (Y, N) OUT407FS :=

OUT407 :=

OUT408 FAIL-SAFE (Y, N) OUT408FS :=

OUT408 :=

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT504 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

OUT505 FAIL-SAFE (Y, N) OUT505FS :=

OUT505 :=

OUT506 FAIL-SAFE (Y, N) OUT506FS :=

OUT506 :=
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MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

Global Settings

General

Broken Bar Detection

OUT507 FAIL-SAFE (Y, N) OUT507FS :=

OUT507 :=

OUT508 FAIL-SAFE (Y, N) OUT508FS :=

OUT508 :=

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

(Shown when SYNTYPE := NONE)

EN BRKN BAR DET (AUTO_SET, MANUAL_SET, N)
(The following broken bar detection settings are hidden and set to default values 

when EBBD :=  AUTO_SET; they are shown when EBBD := MANUAL_SET; and 
they are hidden when EBBD := N)

EBBD :=

BBD RUN RATE (1–180 min) BBDTD :=

FREQ LOWER BOUND (0.0–1.0 Hz) BBDLB :=

FREQ UPPER BOUND (2.0–10.0 Hz) BBDUB :=
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Group Selection

Time and Date Management

Breaker Failure

BBD LEVEL1 PU (–80 to –1 dB) BBDTH1 :=

BBD LEVEL2 PU (–80 to –1 dB) BBDTH2 :=

BBD LEVEL3 PU (–80 to –1 dB) BBDTH3 :=

BBD LEVEL4 PU (–80 to –1 dB) BBDTH4 :=

BBD MIN MARGIN (1–80 dB) MAR_AVG :=

DF FROM FNOM (0.10–3.00 Hz) FNOM_TH :=

DF FROM INI FREQ (0.01–10.00 Hz) F0_TH :=

DI FROM INI CURR (0.01–1.00 xFLA) I0_TH :=

BLK BELOW CUR LV (0.20–2.00 xFLA) I_TH :=

GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

SELECT GROUP4 (SELOGIC) SS4 :=

CTRL BITS DEFN (NONE, C37.118) (Hidden when the PTC option is selected) IRIGC :=

OFFSET FROM UTC (–24.00 to 24.00 hours)
(Automatically rounds up to the nearest quarter)

UTC_OFF :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_BEGW :=

DAY OF THE WEEK TO BEGIN DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_BEGH :=

MONTH TO END DST (1–12)
(Hidden when DST_BEGM is OFF)

DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L)
(Hidden when DST_BEGM is OFF; L is the last week of the month)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN–SAT)
(Hidden when DST_BEGM is OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23)
(Hidden when DST_BEGM is OFF)

DST_ENDH :=

52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=
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Arc-Flash Protection

AIx01

(The following arc-flash settings are hidden until an arc-flash card (74 or 76) is inserted in Slot E)

AF PH OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom phase}, 
0.10–20.00 A {1 A nom phase})

50PAFP :=

AF N OC TRP LVL (OFF, 0.01-2.00 A for 1 A nominal neutral; OFF, 0.05-10.00 A for 5 A 
nominal neutral) (Hidden if 2.5 mA neutral) (Hidden if 50AFP := OFF)

50NAFP :=

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 :=

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) TOL1P :=

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 :=

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) TOL2P :=

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 :=

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE) TOL3P :=

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 :=

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE) TOL4P :=

SENSOR 5 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS5 :=

TOL 5 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL5P :=

SENSOR 6 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS6 :=

TOL 6 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL6P :=

SENSOR 7 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS7 :=

TOL 7 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL7P :=

SENSOR 8 TYPE (None, Point, Fiber) (Shown if Slot E = 77) AFSENS8 :=

TOL 8 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) (Shown if Slot E = 77) TOL8P :=

AFD OUTPUT SLOT (101_3, 301_4, 401_4)
(301_4 and 401_4 are not available when the slots do not have an output card.)

AOUTSLOT :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx01 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx01NAM :=

AIx01 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx01TYP :=

AIx01 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01L :=

AIx01 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx01TYP := V)

AIx01H :=

AIx01 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01L :=

AIx01 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx01TYP := I)

AIx01H :=

AIx01 ENG UNITS (16 characters) AIx01EU :=
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AIx02

AIx03

AIx01 EU LOW (–99999.000 to 99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx01EL setting)

AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx01LW1 :=

AIx01 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to 99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to 99999.000) AIx01HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx02 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx02NAM :=

AIx02 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx02TYP :=

AIx02 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02L :=

AIx02 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx02TYP := V)

AIx02H :=

AIx02 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02L :=

AIx02 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx02TYP := I)

AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to 99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx02EL setting)

AIx02EH :=

AIx02 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx02LW1 :=

AIx02 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to 99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to 99999.000) AIx02HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx03 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx03NAM :=

AIx03 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx03TYP :=
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AIx04

AIx03 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03L :=

AIx03 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx03TYP := V)

AIx03H :=

AIx03 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03L :=

AIx03 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx03TYP := I)

AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to 99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx03EL setting)

AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx03LW1 :=

AIx03 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to 99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to 99999.000) AIx03HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx04 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx04NAM :=

AIx04 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx04TYP :=

AIx04 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04L :=

AIx04 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx04TYP := V)

AIx04H :=

AIx04 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04L :=

AIx04 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx04TYP := I)

AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=

AIx04 EU LOW (–99999.000 to 99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx04EL setting)

AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx04LW1 :=

AIx04 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to 99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to 99999.000) AIx04HAL :=
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AIx05

AIx06

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx05 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx05NAM :=

AIx05 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx05TYP :=

AIx05 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05L :=

AIx05 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx05TYP := V)

AIx05H :=

AIx05 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05L :=

AIx05 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx05TYP := I)

AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to 99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx05EL setting)

AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx05LW1 :=

AIx05 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to 99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to 99999.000) AIx05HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx06 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx06NAM :=

AIx06 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx06TYP :=

AIx06 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06L :=

AIx06 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx06TYP := V)

AIx06H :=

AIx06 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06L :=

AIx06 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx06TYP := I)

AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to 99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx06EL setting)

AIx06EH :=
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AIx07

AIx08

AIx06 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx06LW1 :=

AIx06 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to 99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to 99999.000) AIx06HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx07 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx07NAM :=

AIx07 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx07TYP :=

AIx07 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07L :=

AIx07 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx07TYP := V)

AIx07H :=

AIx07 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07L :=

AIx07 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx07TYP := I)

AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to 99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx07EL setting)

AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx07LW1 :=

AIx07 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to 99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to 99999.000) AIx07HAL :=

For the following settings, x indicates 3, 4, or 5 for Slot C, D, or E, respectively.
(The heading and all of the associated AI card settings for Slot x appear only when an AI card is installed in the 

corresponding slot)

AIx08 TAG NAME (8 characters)
(Only alphanumeric and underscore characters are permitted, any lowercase entry 

shall be converted to uppercase; setting must begin with an alpha character A–Z; 
this setting cannot accept analog quantities or other AI names)

AIx08NAM :=

AIx08 TYPE (I, V)
(The type selection must match the hardware jumper selection on the card)

AIx08TYP :=

AIx08 LOW IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08L :=
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AOx01

AIx08 HI IN VAL (–20.480 to 20.480 mA)
(Hidden when AIx08TYP := V)

AIx08H :=

AIx08 LOW IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08L :=

AIx08 HI IN VAL (–10.240 to 10.240 V)
(Hidden when AIx08TYP := I)

AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to 99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to 99999.000)
(Must be greater than AIx08EL setting)

AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to 99999.000) AIx08LW1 :=

AIx08 LO WARN 2 (OFF, –99999.000 to 99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to 99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to 99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to 99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to 99999.000) AIx08HAL :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx01 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx01AQ :=

AOx01 TYPE (I, V)
(Hidden when AOx01AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx01TYP :=

AOx01 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF)

AOx01AQL :=

AOx01 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx01AQ := OFF; must be greater than AOx01AQL setting)

AOx01AQH :=

AOx01 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx01AQ := OFF or AOx01TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=

AOx01 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01L :=

AOx01 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx01AQ := OFF or AOx01TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx01H :=
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AOx02

AOx03

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx02 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx02AQ :=

AOx02 TYPE (I, V)
(Hidden when AOx02AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden for 4 DO/3 DI/1 AO 
card)

AOx02TYP :=

AOx02 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF)

AOx02AQL :=

AOx02 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx02AQ := OFF; must be greater than AOx02AQL setting)

AOx02AQH :=

AOx02 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx02AQ := OFF or AOx02TYP := V; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

AOx02 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02L :=

AOx02 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx02AQ := OFF or AOx02TYP := I; always hidden for 

4 DO/3 DI/1 AO card)

AOx02H :=

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx03 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx03AQ :=

AOx03 TYPE (I, V)
(Hidden when AOx03AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx03TYP :=

AOx03 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF)

AOx03AQL :=

AOx03 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx03AQ := OFF; must be greater than AOx03AQL setting)

AOx03AQH :=

AOx03 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx03AQ := OFF or AOx03TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=

AOx03 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03L :=

AOx03 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx03AQ := OFF or AOx03TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx03H :=
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AOx04

Breaker Monitor

Data Reset

For the following settings, x indicates numbers 3, 4, or 5 for slots C, D, or E, respectively.
(The heading and all of the associated AO card settings for Slot x appear only when an AO card is installed in the 

corresponding slot)

AOx04 ANALOG QTY (OFF, 1 analog quantity)
(Analog quantity to assign to this analog output)

AOx04AQ :=

AOx04 TYPE (I, V)
(Hidden when AOx04AQ := OFF; the type selection must match the hardware 

jumper selection on the card; the setting is always hidden when a 4 DO/3 DI/1 AO 
card is installed)

AOx04TYP :=

AOx04 AQTY LO (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF)

AOx04AQL :=

AOx04 AQTY HI (–2147483647.000 to 2147483647.000)
(Hidden when AOx04AQ := OFF; must be greater than AOx04AQL setting)

AOx04AQH :=

AOx04 LO OUT VAL (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VALUE (–20.480 to 20.480 mA)
(Hidden when AOx04AQ := OFF or AOx04TYP := V; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

AOx04 LO OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04L :=

AOx04 HI OUT VAL (–10.240 to 10.240 V)
(Hidden when AOx04AQ := OFF or AOx04TYP := I; always hidden when a 

4 DO/3 DI/1 AO card is installed)

AOx04H :=

BREAKER MONITOR (Y, N)
(Hidden if EBMON := N)

EBMON :=

CL/OPN OPS SETPT 1 (0–65000)
(COSP1 must be > COSP2)

COSP1 :=

CL/OPN OPS SETPT 2 (0–65000)
(COSP2 must be > COSP3)

COSP2 :=

CL/OPN OPS SETPT 3 (0–65000) COSP3 :=

kA PRI INTERRPTD 1 (0.10–999.00)
(KASP1 must be < KASP2)

KASP1 :=

kA PRI INTERRPTD 2 (0.10–999.00)
(KASP2 must be < KASP3)

KASP2 :=

kA PRI INTERRPTD 3 (0.10–999.00)
(KASP3 must be at least 5 times but no more than 100 times the KASP1 value)

KASP3 :=

BRKR MON CONTROL (SELOGIC) BKMON :=

RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY :=
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Access Control
(DSABLSET applies only to the front panel, DSABLSET := 1 does not prevent settings change via the SET serial port 

command)

Time-Synchronization Source
(Category is hidden when PTC is available)

Two-Position Disconnect

RESET MAX/MIN (SELOGIC) RSTMXMN :=

RESET MOT REPORT (SELOGIC) RSTMOT :=

DISABLE SETTINGS (SELOGIC) DSABLSET :=

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

EN 2P DISC (N, 1–8) 89EN2P :=

2P DISC 1 NAME (16 characters) 89NM2P1 :=

2P DISC 1 MODE (Control, Monitor) 89MD2P1 :=

DISC 1 N/O CONT (SELOGIC) 89A2P1 :=

DISC 1 N/C CONT (SELOGIC) 89B2P1 :=

DISC 1 ALM PU (0.00–300.00 sec) 89A2P1D :=

DISC 1 SEALIN (0.00–300.00 sec) 89S2P1D :=

DISC 1 IMMOBI (0.00–300.00 sec) 89I2P1D :=

DISC 1 CL CONT (SELOGIC) 89RC2P1 :=

DISC 1 CL BLK (SELOGIC) 89CB2P1 :=

DISC 1 CL RST (SELOGIC) 89CR2P1 :=

DISC 1 CL IM RS (SELOGIC) 89CT2P1 :=

DISC 1 OP CONT (SELOGIC) 89RO2P1 :=

DISC 1 OP BLK (SELOGIC) 89OB2P1 :=

DISC 1 OP RST (SELOGIC) 89OR2P1 :=

DISC 1 OP IM RS (SELOGIC) 89OT2P1 :=

2P DISC 2 NAME (16 characters) 89NM2P2 :=

2P DISC 2 MODE (Control, Monitor) 89MD2P2 :=

DISC 2 N/O CONT (SELOGIC) 89A2P2 :=

DISC 2 N/C CONT (SELOGIC) 89B2P2 :=

DISC 2 ALM PU (0.00–300.00 sec) 89A2P2D :=

DISC 2 SEALIN (0.00–300.00 sec) 89S2P2D :=

DISC 2 IMMOBI (0.00–300.00 sec) 89I2P2D :=

DISC 2 CL CONT (SELOGIC) 89RC2P2 :=

DISC 2 CL BLK (SELOGIC) 89CB2P2 :=

DISC 2 CL RST (SELOGIC) 89CR2P2 :=
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DISC 2 CL IM RS (SELOGIC) 89CT2P2 :=

DISC 2 OP CONT (SELOGIC) 89RO2P2 :=

DISC 2 OP BLK (SELOGIC) 89OB2P2 :=

DISC 2 OP RST (SELOGIC) 89OR2P2 :=

DISC 2 OP IM RS (SELOGIC) 89OT2P2 :=

2P DISC 3 NAME (16 characters) 89NM2P3 :=

2P DISC 3 MODE (Control, Monitor) 89MD2P3 :=

DISC 3 N/O CONT (SELOGIC) 89A2P3 :=

DISC 3 N/C CONT (SELOGIC) 89B2P3 :=

DISC 3 ALM PU (0.00–300.00 sec) 89A2P3D :=

DISC 3 SEALIN (0.00–300.00 sec) 89S2P3D :=

DISC 3 IMMOBI (0.00–300.00 sec) 89I2P3D :=

DISC 3 CL CONT (SELOGIC) 89RC2P3 :=

DISC 3 CL BLK (SELOGIC) 89CB2P3 :=

DISC 3 CL RST (SELOGIC) 89CR2P3 :=

DISC 3 CL IM RS (SELOGIC) 89CT2P3 :=

DISC 3 OP CONT (SELOGIC) 89RO2P3 :=

DISC 3 OP BLK (SELOGIC) 89OB2P3 :=

DISC 3 OP RST (SELOGIC) 89OR2P3 :=

DISC 3 OP IM RS (SELOGIC) 89OT2P3 :=

2P DISC 4 NAME (16 characters) 89NM2P4 :=

2P DISC 4 MODE (Control, Monitor) 89MD2P4 :=

DISC 4 N/O CONT (SELOGIC) 89A2P4 :=

DISC 4 N/C CONT (SELOGIC) 89B2P4 :=

DISC 4 ALM PU (0.00–300.00 sec) 89A2P4D :=

DISC 4 SEALIN (0.00–300.00 sec) 89S2P4D :=

DISC 4 IMMOBI (0.00–300.00 sec) 89I2P4D :=

DISC 4 CL CONT (SELOGIC) 89RC2P4 :=

DISC 4 CL BLK (SELOGIC) 89CB2P4 :=

DISC 4 CL RST (SELOGIC) 89CR2P4 :=

DISC 4 CL IM RS (SELOGIC) 89CT2P4 :=

DISC 4 OP CONT (SELOGIC) 89RO2P4 :=

DISC 4 OP BLK (SELOGIC) 89OB2P4 :=

DISC 4 OP RST (SELOGIC) 89OR2P4 :=

DISC 4 OP IM RS (SELOGIC) 89OT2P4 :=

2P DISC 5 NAME (16 characters) 89NM2P5 :=

2P DISC 5 MODE (Control, Monitor) 89MD2P5 :=

DISC 5 N/O CONT (SELOGIC) 89A2P5 :=

DISC 5 N/C CONT (SELOGIC) 89B2P5 :=

DISC 5 ALM PU (0.00–300.00 sec) 89A2P5D :=

DISC 5 SEALIN (0.00–300.00 sec) 89S2P5D :=
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DISC 5 IMMOBI (0.00–300.00 sec) 89I2P5D :=

DISC 5 CL CONT (SELOGIC) 89RC2P5 :=

DISC 5 CL BLK (SELOGIC) 89CB2P5 :=

DISC 5 CL RST (SELOGIC) 89CR2P5 :=

DISC 5 CL IM RS (SELOGIC) 89CT2P5 :=

DISC 5 OP CONT (SELOGIC) 89RO2P5 :=

DISC 5 OP BLK (SELOGIC) 89OB2P5 :=

DISC 5 OP RST (SELOGIC) 89OR2P5 :=

DISC 5 OP IM RS (SELOGIC) 89OT2P5 :=

2P DISC 6 NAME (16 characters) 89NM2P6 :=

2P DISC 6 MODE (Control, Monitor) 89MD2P6 :=

DISC 6 N/O CONT (SELOGIC) 89A2P6 :=

DISC 6 N/C CONT (SELOGIC) 89B2P6 :=

DISC 6 ALM PU (0.00–300.00 sec) 89A2P6D :=

DISC 6 SEALIN (0.00–300.00 sec) 89S2P6D :=

DISC 6 IMMOBI (0.00–300.00 sec) 89I2P6D :=

DISC 6 CL CONT (SELOGIC) 89RC2P6 :=

DISC 6 CL BLK (SELOGIC) 89CB2P6 :=

DISC 6 CL RST (SELOGIC) 89CR2P6 :=

DISC 6 CL IM RS (SELOGIC) 89CT2P6 :=

DISC 6 OP CONT (SELOGIC) 89RO2P6 :=

DISC 6 OP BLK (SELOGIC) 89OB2P6 :=

DISC 6 OP RST (SELOGIC) 89OR2P6 :=

DISC 6 OP IM RS (SELOGIC) 89OT2P6 :=

2P DISC 7 NAME (16 characters) 89NM2P7 :=

2P DISC 7 MODE (Control, Monitor) 89MD2P7 :=

DISC 7 N/O CONT (SELOGIC) 89A2P7 :=

DISC 7 N/C CONT (SELOGIC) 89B2P7 :=

DISC 7 ALM PU (0.00–300.00 sec) 89A2P7D :=

DISC 7 SEALIN (0.00–300.00 sec) 89S2P7D :=

DISC 7 IMMOBI (0.00–300.00 sec) 89I2P7D :=

DISC 7 CL CONT (SELOGIC) 89RC2P7 :=

DISC 7 CL BLK (SELOGIC) 89CB2P7 :=

DISC 7 CL RST (SELOGIC) 89CR2P7 :=

DISC 7 CL IM RS (SELOGIC) 89CT2P7 :=

DISC 7 OP CONT (SELOGIC) 89RO2P7 :=

DISC 7 OP BLK (SELOGIC) 89OB2P7 :=

DISC 7 OP RST (SELOGIC) 89OR2P7 :=

DISC 7 OP IM RS (SELOGIC) 89OT2P7 :=

2P DISC 8 NAME (16 characters) 89NM2P8 :=

2P DISC 8 MODE (Control, Monitor) 89MD2P8 :=
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Three-Position Disconnect

DISC 8 N/O CONT (SELOGIC) 89A2P8 :=

DISC 8 N/C CONT (SELOGIC) 89B2P58 :=

DISC 8 ALM PU (0.00–300.00 sec) 89A2P8D :=

DISC 8 SEALIN (0.00–300.00 sec) 89S2P8D :=

DISC 8 IMMOBI (0.00–300.00 sec) 89I2P8D :=

DISC 8 CL CONT (SELOGIC) 89RC2P8 :=

DISC 8 CL BLK (SELOGIC) 89CB2P8 :=

DISC 8 CL RST (SELOGIC) 89CR2P8 :=

DISC 8 CL IM RS (SELOGIC) 89CT2P8 :=

DISC 8 OP CONT (SELOGIC) 89RO2P8 :=

DISC 8 OP BLK (SELOGIC) 89OB2P8 :=

DISC 8 OP RST (SELOGIC) 89OR2P8 :=

DISC 8 OP IM RS (SELOGIC) 89OT2P8 :=

EN 3P DISC (N, 1–2) 89EN3P :=

3P DISC 1 NAME (16 characters) 89NM3P1 :=

3P DISC 1 MODE (Control, Monitor) 89MD3P1 :=

LDISC 1 N/O CONT (SELOGIC) 89A3PL1 :=

LDISC 1 N/C CONT (SELOGIC) 89B3PL1 :=

LDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PL1D :=

LDISC 1 SEALIN (0.00–300.00 sec) 89S3PL1D :=

LDISC 1 IMMOBI (0.00–300.00 sec) 89I3PL1D :=

LDISC 1 CL CONT (SELOGIC) 89RC3PL1 :=

LDISC 1 CL BLK (SELOGIC) 89CB3PL1 :=

LDISC 1 CL RST (SELOGIC) 89CR3PL1 :=

LDISC 1 CL IM RS (SELOGIC) 89CT3PL1 :=

LDISC 1 OP CONT (SELOGIC) 89RO3PL1 :=

LDISC 1 OP BLK (SELOGIC) 89OB3PL1 :=

LDISC 1 OP RST (SELOGIC) 89OR3PL1 :=

LDISC 1 OP IM RS (SELOGIC) 89OT3PL1 :=

EDISC 1 N/O CONT (SELOGIC) 89A3PE1 :=

EDISC 1 N/C CONT (SELOGIC) 89B3PE1 :=

EDISC 1 ALM PU CONT (0.00–300.00 sec) 89A3PE1D :=

EDISC 1 SEALIN (0.00–300.00 sec) 89S3PE1D :=

EDISC 1 IMMOBI (0.00–300.00 sec) 89I3PE1D :=

EDISC 1 CL CONT (SELOGIC) 89RC3PE1 :=

EDISC 1 CL BLK (SELOGIC) 89CB3PE1 :=

EDISC 1 CL RST (SELOGIC) 89CR3PE1 :=

EDISC 1 CL IM RS (SELOGIC) 89CT3PE1 :=

EDISC 1 OP CONT (SELOGIC) 89RO3PE1 :=
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Control Configuration

61850 Mode Control
(Hidden when IEC 61850 is not supported)

EDISC 1 OP BLK (SELOGIC) 89OB3PE1 :=

EDISC 1 OP RST (SELOGIC) 89OR3PE1 :=

EDISC 1 OP IM RS (SELOGIC) 89OT3PE1 :=

3P DISC 2 NAME (16 characters) 89NM3P2 :=

3P DISC 2 MODE (Control, Monitor) 89MD3P2 :=

LDISC 2 N/O CONT (SELOGIC) 89A3PL2 :=

LDISC 2 N/C CONT (SELOGIC) 89B3PL2 :=

LDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PL2D :=

LDISC 2 SEALIN (0.00–300.00 sec) 89S3PL2D :=

LDISC 2 IMMOBI (0.00–300.00 sec) 89I3PL2D :=

LDISC 2 CL CONT (SELOGIC) 89RC3PL2 :=

LDISC 2 CL BLK (SELOGIC) 89CB3PL2 :=

LDISC 2 CL RST (SELOGIC) 89CR3PL2 :=

LDISC 2 CL IM RS (SELOGIC) 89CT3PL2 :=

LDISC 2 OP CONT (SELOGIC) 89RO3PL2 :=

LDISC 2 OP BLK (SELOGIC) 89OB3PL2 :=

LDISC 2 OP RST (SELOGIC) 89OR3PL2 :=

LDISC 2 OP IM RS (SELOGIC) 89OT3PL2 :=

EDISC 2 N/O CONT (SELOGIC) 89A3PE2 :=

EDISC 2 N/C CONT (SELOGIC) 89B3PE2 :=

EDISC 2 ALM PU CONT (0.00–300.00 sec) 89A3PE2D :=

EDISC 2 SEALIN (0.00–300.00 sec) 89S3PE2D :=

EDISC 2 IMMOBI (0.00–300.00 sec) 89I3PE2D :=

EDISC 2 CL CONT (SELOGIC) 89RC3PE2 :=

EDISC 2 CL BLK (SELOGIC) 89CB3PE2 :=

EDISC 2 CL RST (SELOGIC) 89CR3PE2 :=

EDISC 2 CL IM RS (SELOGIC) 89CT3PE2 :=

EDISC 2 OP CONT (SELOGIC) 89RO3PE2 :=

EDISC 2 OP BLK (SELOGIC) 89OB3PE2 :=

EDISC 2 OP RST (SELOGIC) 89OR3PE2 :=

EDISC 2 OP IM RS (SELOGIC) 89OT3PE2 :=

ENABLE LOC REM CON (Y, N) EN_LRC :=

LOCAL CONTROL (SELOGIC) LOCAL :=

CONTROL FOR IEC 61850 BLOCKED MODE (SELOGIC) SC850BM :=

CONTROL FOR IEC 61850 TEST MODE (SELOGIC) SC850TM :=
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61850 Simulation Mode
(Hidden when IEC 61850 is not supported)

61850 Local Remote
(Hidden when IEC 61850 is not supported)

SET PORT p (p = F, 1, 2, 3, or 4) Command

PORT F

Communications

Modbus

PORT 1
Ethernet Port in Slot B.
(Hidden when Ethernet option is not included) (IP addresses are entered using zzz = 1–126, 128–223; yyy = 0–255; 

xxx = 0–255; www = 0–255)

SELOGIC CONTROL FOR IEC 61850 SIMULATION MODE (SELOGIC) SC850SM :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT STATION LEVEL 
(SELOGIC) SC850LS :=

SELOGIC CONTROL FOR CONTROL AUTHORITY AT LOCAL/BAY LEVEL 
(SELOGIC) LOC :=

SELOGIC CONTROL FOR MULTILEVEL MODE OF CONTROL AUTHORITY 
(SELOGIC) MLTLEV :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD)

BITS :=

PARITY (O, E, N) PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD)

AUTO :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL)

SLAVEID :=

ENABLE PORT (Y, N) EPORT :=

ENABLE ETHERNET FIRMWARE UPGRADE (Y, N) EETHFWU :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=
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DEFAULT ROUTER (zzz.yyy.xxx.www)
Note: Setting DEFRTR := 0.0.0.0 disables the default router.

DEFRTR :=

ENABLE TCP KEEP-ALIVE (Y, N) ETCPKA :=

TCP Keep-Alive Idle Range (1–20 sec)
(Hidden when ETCPKA := N)

KAIDLE :=

TCP Keep-Alive Interval Range (1–20 sec)
(Hidden when ETCPKA := N)

KAINTV :=

TCP Keep-Alive Count Range (1–20)
(Hidden when ETCPKA := N)

KACNT :=

OPERATING MODE (FIXED, FAILOVER, SWITCHED, PRP)
(Hidden when dual redundant Ethernet Port option is not included)

NETMODE :=

FAILOVER TIMEOUT (OFF, 0.10–65.00 sec)
(Hidden when dual redundant Ethernet Port option is not included or when 

NETMODE is not set to FAILOVER)

FTIME :=

PRIMARY NETPORT (A, B)
(Hidden when dual redundant Ethernet Port option is not included)

NETPORT :=

PRP ENTRY TIMEOUT (400–10000 ms)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPTOUT :=

PRP DESTINATION ADDR LSB (0–255)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPADDR :=

PRP SUPERVISION TX INTERVAL (1–10 s)
(Hidden when dual redundant Ethernet Port option is not included or if NETMODE 
is not equal to PRP)

PRPINTV :=

NETWRK PORTA SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETASPD :=

NETWRK PORTB SPD (AUTO, 10, 100 Mbps)
(Hidden when dual redundant Ethernet Port option is not included)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

TELNET PORT (23, 1025–65534)
Note: See Table SET.1 and the note at the end of PORT 1 settings.

TPORT :=

TELNET CONNECT BANNER (254 characters) TCBAN :=

TELNET TIME-OUT (1–30 min) TIDLE :=

FAST OP MESSAGES (Y, N)
Note: The FAST OP MESSAGES setting only functions when using SEL Fast 

Operate protocol to operate/set/pulse breaker bits and remote bits. This setting has 
no effect on Modbus, DNP, EtherNet/IP, or IEC 61850 protocols.

FASTOP :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP MAXIMUM ACCESS (LEVEL 1, 2, C) FTPACC :=

FTP USER NAME (20 characters) FTPUSER :=

FTP CONNECT BANNER (254 characters) FTPCBAN :=

FTP IDLE TIME-OUT (5–255 min) FTPIDLE :=

ENABLE IEC 61850 PROTOCOL (Y, N)
(Hidden and forced to N when IEC 61850  is not supported)

E61850 :=

ENABLE IEC 61850 GSE (Y, N)
(Hidden and forced to N when E61850 := N)

EGSE :=

ENABLE MMS FILE SERVICES (Y, N) EMMSFS :=
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DNP3 Protocol
(All of the following DNP3 settings are hidden when DNP3 is not an option)

Session 1

ENABLE 61850 MODE/BEHAVIOR CONTROL (Y, N) E850MBC :=

ENABLE GOOSE Tx IN OFF MODE (Y, N) EOFFMTX :=

ENABLE MODBUS SESSIONS (0–2) EMOD :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0)

MODIP1 :=

MODBUS MASTER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if EMOD := 0 or 1)

MODIP2 :=

Note: MODIP1 and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, which effectively disables 
security and allows any master to communicate).

MODBUS TCP PORT1 (1–65534)
(Hidden when EMOD := 0) 
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM1 :=

MODBUS TCP PORT2 (1–65534)
(Hidden when EMOD := 0 or 1)
See Table SET.3 and the note at the end of PORT 1 settings.

MODNUM2 :=

MODBUS TIMEOUT 1 (15–900 sec)
(Hidden when EMOD := 0)

MTIMEO1 :=

MODBUS TIMEOUT 2 (15–900 sec)
(Hidden when EMOD := 0 or 1)

MTIMEO2 :=

ENABLE HTTP SERVER (Y, N) EHTTP :=

HTTP MAXIMUM ACCESS LEVEL (1, 2, C)
(Hidden when EHTTP := N)

HTTPACC :=

HTTP SERVER TCP/IP PORT NUMBER (1–65534)
(Hidden when EHTTP := N)
(NOTE: See Table SET.3 and the note at the end of PORT 1settings)

HTTPPORT :=

HTTP CONNECT BANNER (254 ASCII printable characters
(Hidden when EHTTP := N)

HTTPBAN :=

HTTP WEB SERVER TIMEOUT (1–60 min)
(Hidden when EHTTP := N)

HTTPIDLE :=

ENABLE RSTP (Y, N)
(Hidden when the dual redundant Ethernet port option is not included or if 

NETMODE ≠ SWITCHED)

ERSTP :=

BRIDGE PRIORITY (0–61440)
(Hidden if ERSTP := N; input must be set in increments of 4096)

BRDGPRI :=

PORTA PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTAPRI :=

PORTB PRIORITY (0–240)
(Hidden if ERSTP := N; input must be set in increments of 16)

PORTBPRI :=

ENABLE DNP SESSIONS (0–5)
(The following DNP3 settings are hidden when EDNP := 0)

EDNP :=

DNP TCP AND UDP PORT (1–65534)
See Table SET.3 and the note at the end of PORT 1 settings.

DNPNUM :=

DNP ADDRESS (0–65519) DNPADR :=

(The DNP IP address of each session (DNPIP1, DNPIP2, etc.) must be unique)

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP1 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR1 :=
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Session 2
(All Session 2 settings are hidden when EDNP < 2)

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP1 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6)
(Only applies to objects 30 and 32)

DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 :=  0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR1 := UDP)

DNPINA1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT ON TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP2 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR2 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP2 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR2 :=

DNP MAP (1–3) DNPMAP2 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI2 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB2 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC2 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA2 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA2 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV2 :=
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Session 3
(All Session 3 settings are hidden when EDNP < 3)

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM2 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBA2 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0)

ANADBV2 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

MINUTES FOR REQUEST INTERAL (I, M, 1–32767) TIMERQ2 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO2 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR2 := UDP)

DNPINA2 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO2 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA2 := 0, ECLASSB2 := 0, and 

ECLASSC2 := 0)
(All subsequent settings are hidden and forced to N if UNSOL2 := N)

UNSOL2 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL2 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE2 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE2 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY2 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO2 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP3 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR3 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP3 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR3 :=

DNP MAP (1–3) DNPMAP3 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI3 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB3 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC3 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA3 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA3 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV3 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM3 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBA3 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0)

ANADBV3 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ3 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO3 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR3 := UDP)

DNPINA3 :=
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Session 4
(All Session 4 settings are hidden when EDNP < 4)

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO3 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA3 := 0, ECLASSB3 := 0, and 

ECLASSC3 := 0)
(All subsequent settings are hidden and forced to N if UNSOL3 := N)

UNSOL3 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL3 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE3 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE3 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY3 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO3 :=

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP4 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR4 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP4 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR4 :=

DNP MAP (1–3) DNPMAP4 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI4 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB4 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC4 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA4 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA4 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV4 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM4 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBA4 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0)

ANADBV4 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA4 := 0 and ECLASSC4 := 0)

ANADBM4 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ4 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO4 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR4 := UDP)

DNPINA4 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO4 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA4 := 0, ECLASSB4 := 0, and 

ECLASSC4 := 0)
(All subsequent settings are hidden and forced to N if UNSOL4 := N)

UNSOL4 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N)
(Hidden when UNSOL3 := N)

PUNSOL4 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE4 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE4 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY4 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO4 :=
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Session 5
(All Session 5 settings are hidden when EDNP < 5)

SNTP Client Protocol Settings

DNP MASTER IP ADDRESS (zzz.yyy.xxx.www; 15 characters) DNPIP5 :=

TRANSPORT PROTOCOL (UDP, TCP) DNPTR5 :=

UDP RESPONSE PORT (REQ, 1–65534) DNPUDP5 :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR5 :=

DNP MAP (1–3) DNPMAP5 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI5 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB5 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC5 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA5 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA5 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV5 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM5 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBA5 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0)

ANADBV5 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA5 := 0 and ECLASSC5 := 0)

ANADBM5 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ5 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO5 :=

SECONDS TO SEND DATA LINK HEARTBEAT (0–7200)
(Hidden when DNPTR5 := UDP)

DNPINA5 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO5 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA5 := 0, ECLASSB5 := 0, and 

ECLASSC5 := 0)
(All subsequent settings are hidden and forced to N if UNSOL5 := N)

UNSOL5 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL5 :=

NUMBER OF EVENT TO TRANSMIT ON (1–200) NUMEVE5 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE5 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY5 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO5 :=

ENABLE SNTP CLIENT (OFF, UNICAST, MANYCAST, BROADCAST)
(All subsequent category settings are hidden if ESNTP := OFF)

ESNTP :=

PRIMARY SERVER IP ADDRESS (zzz.yyy.xxx.www)
(To accept updates from any server when ESNTP := BROADCAST, set SNTPPSIP 

to 0.0.0.0; only IP addresses in the range 224.0.0.1 through 239.255.255.255 are 
valid when ESNTP := MANYCAST)

SNTPPSIP :=

Make the following setting when ESNTP := UNICAST

BACKUP SERVER IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if ESNTP is not equal to UNICAST)

SNTPBSIP :=

SNTP IP (LOCAL) PORT NUMBER (1–65534)
See Port Number Settings Must be Unique and Table SET.3

SNTPPORT :=
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PTP Settings

EtherNet/IP Settings

SNTP UPDATE RATE (15–3600 sec) SNTPRATE :=

Make the following setting when ESNTP := UNICAST or MANYCAST

SNTP TIMEOUT (5–20 sec)
(Hidden and forced to 5 if ESNTP := BROADCAST)
(SNTPTO must be less than setting SNTPRATE)

SNTPTO :=

ENABLE PTP (Y, N)
(All subsequent category settings are hidden if EPTP := N)
(Hidden and forced to N if NETMODE := SWITCHED)

EPTP :=

PTP PROFILE (DEFAULT, C37.238)
(Hidden and forced to C37.238 if NETMODE := PRP)

PTPPRO :=

PTP TRANSPORT MECHANISM (UDP, LAYER2)
(Hidden and forced to LAYER2 if PTPPRO := C37.238 or if NETMODE := PRP)

PTPTR :=

PTP DOMAIN NUMBER (0–255) DOMNUM :=

PTP PATH DELAY MECHANISM (P2P, E2E, OFF)
(Hidden and forced to P2P if PTPPRO := C37.238 or if NETMODE := PRP)

PTHDLY :=

PEER DELAY REQUEST INTERVAL (1, 2, 4, 8, 16, 32, 64 seconds)
(Hidden if PTHDLY ≠ P2P and if PTPPRO ≠ C37.238 and if NETMODE ≠ PRP)

PDINT :=

PTP NUMBER OF ACCEPTABLE MASTERS, (OFF, 1–5) AMNUM :=

PTP ACCEPTABLE MASTER n IP (zzz.yyy.xxx.www)
(Hidden if n > AMNUM or if AMNUM := OFF or if PTPTR := LAYER2 or if 

NETMODE := PRP or if PTPPRO := C37.238)

AMIPn :=

PTP ACCEPTABLE MASTER n MAC (xx:xx:xx:xx:xx:xx)
(Hidden if AMNUM := OFF or if NETMODE ≠ PRP and if PTPTR ≠ LAYER2 and 

if PTPPRO ≠ C37.238)

AMMACn :=

PTP ALTERNATIVE PRIORITY1 FOR MASTER n (0–255)
(Hidden if n > AMNUM or if AMNUM := OFF)

ALTPRIn :=

PTP VLAN IDENTIFIER (1–4094)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLAN :=

PTP VLAN PRIORITY (0–7)
(Hidden if NETMODE ≠ PRP and PTPPRO ≠ C37.238)

PVLANPR :=

ENABLE ETHERNET IP (Y, N) EEIP :=

CONFIGURATION ID (0–255) CONFIGID :=

MAJOR EDS REVISION (1–255) MAJORED
S

:=

MINOR EDS REVISION (1–255) MINOREDS :=

NUMBER OF IP ADDRESSES FOR EIP SCANNER (OFF, 1–8)
(OFF allows anonymous clients)

NUMIP :=

IP ADDRESS (zzz.yyy.xxx.www)
(Hidden if NUMIP := OFF, or if n > NUMIP
NOTE: EIPIPn settings shall not be equal to the value of the IPADDR setting. EIPIP1 

through EIPIP8 must be unique)

EIPIPn :=

NUMBER OF IO CONNECTIONS (1–6) NUMCONN :=

APLLICATION TYPE (EXCLUSIVE_OWNER, INPUT_ONLY)
(NOTE: At most, three EXCLUSIVE_OWNER types are allowed)

APPTYPn :=

INPUT ASSEMBLY (IA1, IA2, IA3, OA1, OA2, OA3) INASSMn :=

OUTPUT ASSEMBLY (OA1, OA2, OA3)
(Hidden if APPTYPn := INPUT_ONLY)

OUTASSMn :=
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Port Number Settings Must be Unique
When making the SEL-710-5 Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.3 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

PORT 2
(Fiber-Optic Serial Port in Slot B; the following settings are autoset and hidden if E49RTD := EXT)

P

Communications

Modbus

Table SET.3 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF

EPTP Enable PTP PTPPRO := DEFAULT and PTPTR := UDP, 
Ports 319 and 320 are reserved

EEIP Enable EtherNet/IP EEIP ≠ N (Ports 2222/44818 are reserved)

a. MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 
numbers of other protocols.

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := MOD, DNP, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when E49RTD := EXT or PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, SEL, or MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=



Date Code 20220826 Instruction Manual SEL-710-5 Relay

SET.53
of 90

Date _______________ SEL-710-5 Settings Sheets
PORT 2 SET PORT p (p = F, 1, 2, 3, or 4) Command

DNP3 Protocol
(Hidden when PROTO := SEL, MB_, 103,or MOD)

MIRRORED BITS Protocol
(Hidden when PROTO:= SEL, 103, DNP, or MOD)

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=

CLASS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC := 0)
(All subsequent settings are hidden and forced to N if UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PIKCUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=



SET.54
 of 90

SEL-710-5 Settings Sheets Date________________
SET PORT p (p = F, 1, 2, 3, or 4) Command PORT 3

SEL-710-5 Relay Instruction Manual Date Code 20220826

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

PORT 3
EIA-232/485 Port in Slot B.

Communications

RMB3 PIKCUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103) PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD or MB_)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden and forced to 0 when PROTO := MOD, MB_, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, or 

MB_)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := MOD, DNP, MB_, or 103)

FASTOP :=
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Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, 103, MB_, or MOD)

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, DNP, or MB_)

SLAVEID :=

DNP Address (0–65519) DNPADR :=

DNP Address to Report to (0–65519) REPADR1 :=

DNP Map (1–3) DNPMAP1 :=

Analog Input Default Variation (1–6) DVARAI1 :=

Class for Binary Event Data (0–3) ECLASSB1 :=

Class for Counter Event Data (0–3) ECLASSC1 :=

Class for Analog Event Data (0–3) ECLASSA1 :=

Currents Scaling Decimal Places (0–3) DECPLA1 :=

Voltages Scaling Decimal Places (0–3) DECPLV1 :=

Misc Data Scaling Decimal Places (0–3) DECPLM1 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden when ECLASSA1 := 0  and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N) PUNSOL1 :=

Number of Events to Transmit On (1–200) NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec) AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10) URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec) UTIMEO1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, 103, or MOD)

IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR :=

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 sec) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 s) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 s) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=
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PORT 4
EIA-232/485 Port or DeviceNet Port in Slot C.

Interface Select
(Hidden when PROTO := DNET)

Communications

Modbus

DNP3 Protocol
(Hidden when PROTO := SEL, MB_, DNET, 103, or MOD)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL 
(SEL, DNP, MOD, DNET, MBA, MBB, MB8A, MB8B, MBTA, MBTB, 103)

PROTO :=

MAXIMUM ACCESS LEVEL (1, 2, C) MAXACC :=

COMM INTERFACE (232, 485) COMMINF :=

SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps)
(Hidden when PROTO := DNET)

SPEED :=

DATA BITS (7, 8 bits)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

BITS :=

PARITY (O, E, N)
(Hidden when PROTO := DNET or MB_)

PARITY :=

STOP BITS (1, 2 bits)
(Hidden when PROTO := MOD, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min)
(Hidden when PROTO := MOD, MB_, DNET, or 103)

T_OUT :=

HDWR HANDSHAKING (Y, N)
(Hidden and forced to N when COMMINF := 485 or PROTO := MOD, DNP, 103, 

MB_, or DNET)

RTSCTS :=

LANGUAGE (ENGLISH, SPANISH) LANG :=

SEND AUTOMESSAGE (Y, N)
(Hidden when PROTO := DNP, MOD, MB_, DNET, or 103)

AUTO :=

FAST OP MESSAGES (Y, N)
(Hidden and forced to N when PROTO := DNP, MOD, MB_, DNET, or 103)

FASTOP :=

MINIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MINDLY :=

MAXIMUM SECONDS FROM DCD TO TX (0.00–1.00 sec)
(Hidden if PROTO is not equal to DNP)

MAXDLY :=

SETTLE TIME FROM RTS ON TO TX (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PREDLY :=

SETTLE TIME FROM TX TO RTS (OFF, 0.00–30.00 sec)
(Hidden if PROTO is not equal to DNP or 103)

PSTDLY :=

MODBUS SLAVE ID (1–247)
(Hidden when PROTO := SEL, 103, MB_, or DNET)

SLAVEID :=

DNP ADDRESS (0–65519) DNPADR :=

DNP ADDRESS TO REPORT TO (0–65519) REPADR1 :=

DNP MAP (1–3) DNPMAP1 :=

ANALOG INPUT DEFAULT VARIATION (1–6) DVARAI1 :=

CLASS FOR BINARY EVENT DATA (0–3) ECLASSB1 :=
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Modem Protocol
For DNP3 session and EIA-232 Port only.

MIRRORED BITS Protocol
(Hidden when PROTO := SEL, DNP, DNET, 103, or MOD)

CLAS FOR COUNTER EVENT DATA (0–3) ECLASSC1 :=

CLASS FOR ANALOG EVENT DATA (0–3) ECLASSA1 :=

CURRENTS SCALING DECIMAL PLACES (0–3) DECPLA1 :=

VOLTAGES SCALING DECIMAL PLACES (0–3) DECPLV1 :=

MISC DATA SCALING DECIMAL PLACES (0–3) DECPLM1 :=

AMPS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBA1 :=

VOLTS REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0)

ANADBV1 :=

MISC DATA REPORTING DEADBAND COUNTS (0–32767)
(Hidden when ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

MINUTES FOR REQUEST INTERVAL (I, M, 1–32767) TIMERQ1 :=

SECONDS TO SELECT/OPERATE TIME-OUT (0.0–30.0 sec) STIMEO1 :=

DATA LINK RETRIES (0–15) DRETRY1 :=

SECONDS TO DATA LINK TIME-OUT (0–5 sec)
(Hidden when DRETRY1 := 0)

DTIMEO1 :=

EVENT MESSAGE CONFIRM TIME-OUT (1–50 sec) ETIMEO1 :=

ENABLE UNSOLICITED REPORTING (Y, N)
(Hidden and forced to N when ECLASSA1 := 0, ECLASSB1 := 0, and 

ECLASSC1 := 0)
(All subsequent settings are hidden and forced to N when UNSOL1 := N)

UNSOL1 :=

ENABLE UNSOLICITED REPORTING AT POWER-UP (Y, N) PUNSOL1 :=

NUMBER OF EVENTS TO TRANSMIT ON (1–200) NUMEVE1 :=

OLDEST EVENT TO TX ON (0.0–99999.0 sec) AGEEVE1 :=

UNSOLICITED MESSAGE MAX RETRY ATTEMPTS (2–10) URETRY1 :=

UNSOLICITED MESSAGE OFFLINE TIME-OUT (1–5000 sec) UTIMEO1 :=

MODEM CONNECTED TO PORT (Y, N) MODEM :=

MODEM STARTUP STRING (30 characters) MSTR :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM1 :=

PHONE NUMBER FOR DIAL-OUT (30 characters) PH_NUM2 :=

RETRY ATTEMPTS FOR PHONE 1 DIAL-OUT (1–20) RETRY1 :=

RETRY ATTEMPTS FOR PHONE 2 DIAL-OUT (1–20) RETRY2 :=

TIME TO ATTEMPT DIAL (5–300 sec) MDTIME :=

TIME BETWEEN DIAL-OUT ATTEMPTS (5–3600 sec) MDRET :=

MB TRANSMIT IDENTIFIER (1–4) TXID :=

MB RECEIVE IDENTIFIER (1–4) RXID :=

MB RX BAD PICKUP TIME (0–10000 sec) RBADPU :=

MB CHANNEL BAD PICKUP (1–10000 ppm) CBADPU :=

MB RECEIVE DEFAULT STATE (8 characters) RXDFLT :=
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IEC 60870-5-103 Protocol
(Hidden unless serial port with PROTO:= 103)

Front-Panel Settings (Set F Command)

General

RMB1 PICKUP DEBOUNCE MESSAGES (1–8) RMB1PU :=

RMB1 DROPOUT DEBOUNCE MESSAGES (1–8) RMB1DO :=

RMB2 PICKUP DEBOUNCE MESSAGES (1–8) RMB2PU :=

RMB2 DROPOUT DEBOUNCE MESSAGES (1–8) RMB2DO :=

RMB3 PICKUP DEBOUNCE MESSAGES (1–8) RMB3PU :=

RMB3 DROPOUT DEBOUNCE MESSAGES (1–8) RMB3DO :=

RMB4 PICKUP DEBOUNCE MESSAGES (1–8) RMB4PU :=

RMB4 DROPOUT DEBOUNCE MESSAGES (1–8) RMB4DO :=

RMB5 PICKUP DEBOUNCE MESSAGES (1–8) RMB5PU :=

RMB5 DROPOUT DEBOUNCE MESSAGES (1–8) RMB5DO :=

RMB6 PICKUP DEBOUNCE MESSAGES (1–8) RMB6PU :=

RMB6 DROPOUT DEBOUNCE MESSAGES (1–8) RMB6DO :=

RMB7 PICKUP DEBOUNCE MESSAGES (1–8) RMB7PU :=

RMB7 DROPOUT DEBOUNCE MESSAGES (1–8) RMB7DO :=

RMB8 PICKUP DEBOUNCE MESSAGES (1–8) RMB8PU :=

RMB8 DROPOUT DEBOUNCE MESSAGES (1–8) RMB8DO :=

103 DEVICE ADDRESS (0–254) 103ADDR :=

CYCLIC DATA REPORTING PERIOD (1–3600 sec) 103CYC :=

ACCUMULATOR REPORTING PERIOD (OFF, 1–3600 sec) 103ACYC :=

ACCUMULATOR REPORTING TRIGGER (1 Relay Word Bit) 103ATRI :=

ENABLE TIME SYNCHRONIZATION (Y, N) 103TIME :=

DISPLY PTS ENABL (N, 1–32)
(Hidden and forced to N if the front-panel MOT option is A/B)

EDP :=

LOCAL BITS ENABL (N, 1–32) ELB :=

LCD TIMEOUT (OFF, 1–30 min)
(Hidden and forced to OFF if the front-panel MOT option is A/B)

FP_TO :=

LCD CONTRAST (1–8)
(Hidden if the front-panel MOT option is A/B)

FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING)
(Hidden and forced to N if the front-panel MOT option is A/B)

FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

ENA_LED COLOR (R = Red, G = Green, A = Amber)
(Hidden and forced to N if the front-panel MOT option is A/B)

LEDENAC :=

TRIP_LED COLOR (R = Red, G = Green, A = Amber) LEDTRPC :=

MAXIMUM ACCESS LEVEL (1, 2)
(Hidden if the front-panel MOT option is A/B)

MAXACC :=
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Target LED
(R = Red, G = Green, A= Amber)

Operator Control LED
Asserted/deasserted color choices: R = Red, G = Green, A = Amber, O = Off. Asserted and deasserted colors must be 

different.

TRIP LATCH T_LED (Y, N) T01LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T01LEDC :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T02LEDC :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T03LEDC :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T04LEDC :=

LED4 EQUATION (SELOGIC) T04_LED :=

TRIP LATCH T_LED (Y, N) T05LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T05LEDC :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

TARGET_LED ASSERTED COLOR (R, G, A) T06LEDC :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1ALEDC :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB1BLEDC :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2ALEDC :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB2BLEDC :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3ALEDC :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB3BLEDC :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4ALEDC :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=
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Display Point
(The following display point settings are hidden if the front-panel MOT option is A/B)
Display point settings (maximum 60 characters):

Boolean: Relay Word Bit Name, “Alias”, “Set String”, “Clear String”
Analog: Analog Quantity Name, “User Text and Formatting”

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB4BLEDC :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5ALEDC :=

PB5A_LED EQUATION (SELOGIC) PB5A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB5BLEDC :=

PB5B_LED EQUATION (SELOGIC) PB5B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6ALEDC :=

PB6A_LED EQUATION (SELOGIC) PB6A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB6BLEDC :=

PB6B_LED EQUATION (SELOGIC) PB6B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7ALEDC :=

PB7A_LED EQUATION (SELOGIC) PB7A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB7BLEDC :=

PB7B_LED EQUATION (SELOGIC) PB7B_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8ALEDC :=

PB8A_LED EQUATION (SELOGIC) PB8A_LED :=

PB_LED ASSERTED/DEASSERTED COLORS 
(AG, AO, AR, GA, GO, GR, OA, OG, OR, RA, RG, RO)

PB8BLEDC :=

PB8B_LED EQUATION (SELOGIC) PB8B_LED :=

DISPLAY POINT DP01 DP01 :=

DISPLAY POINT DP02 DP02 :=

DISPLAY POINT DP03 DP03 :=

DISPLAY POINT DP04 DP04 :=

DISPLAY POINT DP05 DP05 :=

DISPLAY POINT DP06 DP06 :=

DISPLAY POINT DP07 DP07 :=

DISPLAY POINT DP08 DP08 :=

DISPLAY POINT DP09 DP09 :=

DISPLAY POINT DP10 DP10 :=

DISPLAY POINT DP11 DP11 :=

DISPLAY POINT DP12 DP12 :=

DISPLAY POINT DP13 DP13 :=

DISPLAY POINT DP14 DP14 :=
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Local Bits Labels
LB_NAME (14 characters); CLEAR LB_ LABEL, SET LB_ LABEL, and PULSE LB_ LABEL (7 characters)

DISPLAY POINT DP15 DP15 :=

DISPLAY POINT DP16 DP16 :=

DISPLAY POINT DP17 DP17 :=

DISPLAY POINT DP18 DP18 :=

DISPLAY POINT DP19 DP19 :=

DISPLAY POINT DP20 DP20 :=

DISPLAY POINT DP21 DP21 :=

DISPLAY POINT DP22 DP22 :=

DISPLAY POINT DP23 DP23 :=

DISPLAY POINT DP24 DP24 :=

DISPLAY POINT DP25 DP25 :=

DISPLAY POINT DP26 DP26 :=

DISPLAY POINT DP27 DP27 :=

DISPLAY POINT DP28 DP28 :=

DISPLAY POINT DP29 DP29 :=

DISPLAY POINT DP30 DP30 :=

DISPLAY POINT DP31 DP31 :=

DISPLAY POINT DP32 DP32 :=

LB_NAME NLB01 :=

CLEAR LB_ LABEL CLB01 :=

SET LB_ LABEL SLB01 :=

PULSE LB_ LABEL PLB01 :=

LB_NAME NLB02 :=

CLEAR LB_ LABEL CLB02 :=

SET LB_ LABEL SLB02 :=

PULSE LB_ LABEL PLB02 :=

LB_NAME NLB03 :=

CLEAR LB_ LABEL CLB03 :=

SET LB_ LABEL SLB03 :=

PULSE LB_ LABEL PLB03 :=

LB_NAME NLB04 :=

CLEAR LB_ LABEL CLB04 :=

SET LB_ LABEL SLB04 :=

PULSE LB_ LABEL PLB04 :=

LB_NAME NLB05 :=

CLEAR LB_ LABEL CLB05 :=

SET LB_ LABEL SLB05 :=

PULSE LB_ LABEL PLB05 :=

LB_NAME NLB06 :=

CLEAR LB_ LABEL CLB06 :=

SET LB_ LABEL SLB06 :=

PULSE LB_ LABEL PLB06 :=

LB_NAME NLB07 :=

CLEAR LB_ LABEL CLB07 :=

SET LB_ LABEL SLB07 :=

PULSE LB_ LABEL PLB07 :=

LB_NAME NLB08 :=

CLEAR LB_ LABEL CLB08 :=

SET LB_ LABEL SLB08 :=

PULSE LB_ LABEL PLB08 :=

LB_NAME NLB09 :=

CLEAR LB_ LABEL CLB09 :=

SET LB_ LABEL SLB09 :=

PULSE LB_ LABEL PLB09 :=

LB_NAME NLB10 :=

CLEAR LB_ LABEL CLB10 :=

SET LB_ LABEL SLB10 :=

PULSE LB_ LABEL PLB10 :=
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LB_NAME NLB11 :=

CLEAR LB_ LABEL CLB11 :=

SET LB_ LABEL SLB11 :=

PULSE LB_ LABEL PLB11 :=

LB_NAME NLB12 :=

CLEAR LB_ LABEL CLB12 :=

SET LB_ LABEL SLB12 :=

PULSE LB_ LABEL PLB12 :=

LB_NAME NLB13 :=

CLEAR LB_ LABEL CLB13 :=

SET LB_ LABEL SLB13 :=

PULSE LB_ LABEL PLB13 :=

LB_NAME NLB14 :=

CLEAR LB_ LABEL CLB14 :=

SET LB_ LABEL SLB14 :=

PULSE LB_ LABEL PLB14 :=

LB_NAME NLB15 :=

CLEAR LB_ LABEL CLB15 :=

SET LB_ LABEL SLB15 :=

PULSE LB_ LABEL PLB15 :=

LB_NAME NLB16 :=

CLEAR LB_ LABEL CLB16 :=

SET LB_ LABEL SLB16 :=

PULSE LB_ LABEL PLB16 :=

LB_NAME NLB17 :=

CLEAR LB_ LABEL CLB17 :=

SET LB_ LABEL SLB17 :=

PULSE LB_ LABEL PLB17 :=

LB_NAME NLB18 :=

CLEAR LB_ LABEL CLB18 :=

SET LB_ LABEL SLB18 :=

PULSE LB_ LABEL PLB18 :=

LB_NAME NLB19 :=

CLEAR LB_ LABEL CLB19 :=

SET LB_ LABEL SLB19 :=

PULSE LB_ LABEL PLB19 :=

LB_NAME NLB20 :=

CLEAR LB_ LABEL CLB20 :=

SET LB_ LABEL SLB20 :=

PULSE LB_ LABEL PLB20 :=

LB_NAME NLB21 :=

CLEAR LB_ LABEL CLB21 :=

SET LB_ LABEL SLB21 :=

PULSE LB_ LABEL PLB21 :=

LB_NAME NLB22 :=

CLEAR LB_ LABEL CLB22 :=

SET LB_ LABEL SLB22 :=

PULSE LB_ LABEL PLB22 :=

LB_NAME NLB23 :=

CLEAR LB_ LABEL CLB23 :=

SET LB_ LABEL SLB23 :=

PULSE LB_ LABEL PLB23 :=

LB_NAME NLB24 :=

CLEAR LB_ LABEL CLB24 :=

SET LB_ LABEL SLB24 :=

PULSE LB_ LABEL PLB24 :=

LB_NAME NLB25 :=

CLEAR LB_ LABEL CLB25 :=

SET LB_ LABEL SLB25 :=

PULSE LB_ LABEL PLB25 :=

LB_NAME NLB26 :=

CLEAR LB_ LABEL CLB26 :=

SET LB_ LABEL SLB26 :=

PULSE LB_ LABEL PLB26 :=

LB_NAME NLB27 :=

CLEAR LB_ LABEL CLB27 :=

SET LB_ LABEL SLB27 :=

PULSE LB_ LABEL PLB27 :=

LB_NAME NLB28 :=

CLEAR LB_ LABEL CLB28 :=

SET LB_ LABEL SLB28 :=

PULSE LB_ LABEL PLB28 :=

LB_NAME NLB29 :=

CLEAR LB_ LABEL CLB29 :=

SET LB_ LABEL SLB29 :=

PULSE LB_ LABEL PLB29 :=

LB_NAME NLB30 :=

CLEAR LB_ LABEL CLB30 :=

SET LB_ LABEL SLB30 :=

PULSE LB_ LABEL PLB30 :=

LB_NAME NLB31 :=

CLEAR LB_ LABEL CLB31 :=
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Touchscreen Settings
(Shown if the front-panel and IRIG-B/PTC MOT option is A or B)
(Note: The Touchscreen settings category is only available in QuickSet, with the exception of the settings FPTO, FPDUR, 

and FPBAB, which are also available to set via the touchscreen display.)

Touchscreen Configuration

Rotating Display
(Refer to Table 8.7 for the setting range)

Pushbuttons
(OFF, refer to Table 8.17 for the setting range)

SET LB_ LABEL SLB31 :=

PULSE LB_ LABEL PLB31 :=

LB_NAME NLB32 :=

CLEAR LB_ LABEL CLB32 :=

SET LB_ LABEL SLB32 :=

PULSE LB_ LABEL PLB32 :=

DISPLAY HOME SCREEN (Refer to Table 8.17 for setting range) FPHOME :=

DISPLAY TIME-OUT (1–30 min) FPTO :=

ROTATING DISPLAY TRANSITION TIME (3–15 sec) FPDUR :=

BACKLIGHT ACTIVE BRIGHTNESS (1–10) FPBAB :=

ROTATING DISPLAY 01 FPRD01 :=

ROTATING DISPLAY 02 FPRD02 :=

ROTATING DISPLAY 03 FPRD03 :=

ROTATING DISPLAY 04 FPRD04 :=

ROTATING DISPLAY 05 FPRD05 :=

ROTATING DISPLAY 06 FPRD06 :=

ROTATING DISPLAY 07 FPRD07 :=

ROTATING DISPLAY 08 FPRD08 :=

ROTATING DISPLAY 09 FPRD09 :=

ROTATING DISPLAY 10 FPRD10 :=

ROTATING DISPLAY 11 FPRD11 :=

ROTATING DISPLAY 12 FPRD12 :=

ROTATING DISPLAY 13 FPRD13 :=

ROTATING DISPLAY 14 FPRD14 :=

ROTATING DISPLAY 15 FPRD15 :=

ROTATING DISPLAY 16 FPRD16 :=

PUSHBUTTON 01 HMI SCREEN FPPB01 :=

PUSHBUTTON 02 HMI SCREEN FPPB02 :=

PUSHBUTTON 03 HMI SCREEN FPPB03 :=

PUSHBUTTON 04 HMI SCREEN FPPB04 :=
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Bay Control Breaker

Bay Control Two-Position Disconnect

PUSHBUTTON 05 HMI SCREEN FPPB05 :=

PUSHBUTTON 06 HMI SCREEN FPPB06 :=

PUSHBUTTON 07 HMI SCREEN FPPB07 :=

PUSHBUTTON 08 HMI SCREEN FPPB08 :=

BREAKER TRIP TYPE (3) BK01TTY :=

BREAKER MODE (CONTROL, MONITOR) BK01MOD :=

BREAKER CLOSE STATUS (Relay Word bit) BK01CS :=

BREAKER OPEN STATUS (Relay Word bit) BK01OS :=

BREAKER ALARM STATUS (Relay Word bit) BK01AS :=

BREAKER HMI CLOSE COMMAND (Relay Word bit) BK01CLC :=

BREAKER HMI OPEN COMMAND (Relay Word bit) BK01OPC :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D01MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS01CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS01OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS01IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS01AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS01CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS01OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D02MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS02CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS02OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS02IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS02AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS02CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS02OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D03MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS03CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS03OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS03IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS03AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS03CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS03OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D04MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS04CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS04OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS04IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS04AS :=
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Bay Control Three-Position Disconnect

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS04CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS04OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D05MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS05CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS05OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS05IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS05AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS05CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS05OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D06MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS06CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS06OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS06IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS06AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS06CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS06OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D07MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS07CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS07OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS07IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS07AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS07CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS07OP :=

TWO-POSITION DISCONNECT MODE (CONTROL, MONITOR) 2D08MOD :=

TWO-POSITION DISCONNECT CLOSE STATUS (Relay Word bit) 2DS08CS :=

TWO-POSITION DISCONNECT OPEN STATUS (Relay Word bit) 2DS08OS :=

TWO-POSITION DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 2DS08IS :=

TWO-POSITION DISCONNECT ALARM STATUS (Relay Word bit) 2DS08AS :=

TWO-POSITION DISCONNECT HMI CLOSE COMMAND (Relay Word bit) 2DS08CL :=

TWO-POSITION DISCONNECT HMI OPEN COMMAND (Relay Word bit) 2DS08OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D01MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID01CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID01OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID01IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID01AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID01CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID01OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED01CS :=
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Analog Label

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED01OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED01IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED01AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED01CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED01OP :=

THREE-POSITION DISCONNECT MODE (CONTROL, MONITOR) 3D02MOD :=

THREE-POSITION IN-LINE DISCONNECT CLOSE STATUS (Relay Word bit) 3ID02CS :=

THREE-POSITION IN-LINE DISCONNECT OPEN STATUS (Relay Word bit) 3ID02OS :=

THREE-POSITION IN-LINE DISCONNECT IN-PROGRESS STATUS (Relay Word bit) 3ID02IS :=

THREE-POSITION IN-LINE DISCONNECT ALARM STATUS (Relay Word bit) 3ID02AS :=

THREE-POSITION IN-LINE DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ID02CL :=

THREE-POSITION IN-LINE DISCONNECT HMI OPEN COMMAND (Relay Word bit) 3ID02OP :=

THREE-POSITION EARTHING DISCONNECT CLOSE STATUS (Relay Word bit) 3ED02CS :=

THREE-POSITION EARTHING DISCONNECT OPEN STATUS (Relay Word bit) 3ED02OS :=

THREE-POSITION EARTHING DISCONNECT IN-PROGRESS STATUS 
(Relay Word bit) 3ED02IS :=

THREE-POSITION EARTHING DISCONNECT ALARM STATUS (Relay Word bit) 3ED02AS :=

THREE-POSITION EARTHING DISCONNECT HMI CLOSE COMMAND 
(Relay Word bit) 3ED02CL :=

THREE-POSITION EARTHING DISCONNECT HMI OPEN COMMAND 
(Relay Word bit) 3ED02OP :=

ANALOG QUANTITY ALAB01 :=

ANALOG QUANTITY ALAB02 :=

ANALOG QUANTITY ALAB03 :=

ANALOG QUANTITY ALAB04 :=

ANALOG QUANTITY ALAB05 :=

ANALOG QUANTITY ALAB06 :=

ANALOG QUANTITY ALAB07 :=

ANALOG QUANTITY ALAB08 :=

ANALOG QUANTITY ALAB09 :=

ANALOG QUANTITY ALAB10 :=

ANALOG QUANTITY ALAB11 :=

ANALOG QUANTITY ALAB12 :=

ANALOG QUANTITY ALAB13 :=

ANALOG QUANTITY ALAB14 :=

ANALOG QUANTITY ALAB15 :=

ANALOG QUANTITY ALAB16 :=

ANALOG QUANTITY ALAB17 :=
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Digital Label

ANALOG QUANTITY ALAB18 :=

ANALOG QUANTITY ALAB19 :=

ANALOG QUANTITY ALAB20 :=

ANALOG QUANTITY ALAB21 :=

ANALOG QUANTITY ALAB22 :=

ANALOG QUANTITY ALAB23 :=

ANALOG QUANTITY ALAB24 :=

ANALOG QUANTITY ALAB25 :=

ANALOG QUANTITY ALAB26 :=

ANALOG QUANTITY ALAB27 :=

ANALOG QUANTITY ALAB28 :=

ANALOG QUANTITY ALAB29 :=

ANALOG QUANTITY ALAB30 :=

ANALOG QUANTITY ALAB31 :=

ANALOG QUANTITY ALAB32 :=

RELAY WORD BIT DLAB01 :=

RELAY WORD BIT DLAB02 :=

RELAY WORD BIT DLAB03 :=

RELAY WORD BIT DLAB04 :=

RELAY WORD BIT DLAB05 :=

RELAY WORD BIT DLAB06 :=

RELAY WORD BIT DLAB07 :=

RELAY WORD BIT DLAB08 :=

RELAY WORD BIT DLAB09 :=

RELAY WORD BIT DLAB10 :=

RELAY WORD BIT DLAB11 :=

RELAY WORD BIT DLAB12 :=

RELAY WORD BIT DLAB13 :=

RELAY WORD BIT DLAB14 :=

RELAY WORD BIT DLAB15 :=

RELAY WORD BIT DLAB16 :=

RELAY WORD BIT DLAB17 :=

RELAY WORD BIT DLAB18 :=

RELAY WORD BIT DLAB19 :=

RELAY WORD BIT DLAB20 :=

RELAY WORD BIT DLAB21 :=

RELAY WORD BIT DLAB22 :=

RELAY WORD BIT DLAB23 :=

RELAY WORD BIT DLAB24 :=
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Report Settings (SET R Command)
SER Trigger Lists

Relay Word Bit Aliases
ALIASn := 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'
Alias, asserted, and deasserted text strings can be as many as 15 characters in length. Use NA to disable the setting.

RELAY WORD BIT DLAB25 :=

RELAY WORD BIT DLAB26 :=

RELAY WORD BIT DLAB27 :=

RELAY WORD BIT DLAB28 :=

RELAY WORD BIT DLAB29 :=

RELAY WORD BIT DLAB30 :=

RELAY WORD BIT DLAB31 :=

RELAY WORD BIT DLAB32 :=

SERn := as many as 24 Relay Word elements, separated by spaces or commas. Use NA to disable the setting.

SER1 :=

SER2 :=  

SER3 :=

SER4 :=

ENABLE ALIAS (N, 1–32) EALIAS :=

(All subsequent ALIAS settings are hidden and forced to NA if EALIAS := N)
ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=

ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=
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Event Report

Start Report

Fast Message Read Settings
FMRnNAM := any valid string (no spaces allowed; should be different from other FMRxNAM).
FMRn := as many as 24 analog quantities separated by spaces or commas (analog quantities listed here are included in the 

Fast Message read request).
Use NA to disable the setting.

ALIAS20 ALIAS20 :=

ALIAS21 ALIAS21 :=

ALIAS22 ALIAS22 :=

ALIAS23 ALIAS23 :=

ALIAS24 ALIAS24 :=

ALIAS25 ALIAS25 :=

ALIAS26 ALIAS26 :=

ALIAS27 ALIAS27 :=

ALIAS28 ALIAS28 :=

ALIAS29 ALIAS29 :=

ALIAS30 ALIAS30 :=

ALIAS31 ALIAS31 :=

ALIAS32 ALIAS32 :=

EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15, 64, 180 cycles) LER :=

PREFAULT LENGTH (1–10 cycles {if LER := 15}, 1–59 cycles {if LER := 64}, 
1–175 cycles {if LER := 180})

PRE :=

MSR RESOLUTION (0.25, 0.5, 1, 2, 5, 20 cycles) MSRR :=

MSR TRIGGER (SELOGIC) MSRTRG :=

FMR1 NAME (9 characters) FMR1NAM :=

FAST MESSAGE READ FMR1 (24 analog quantities) FMR1 :=

FMR2 NAME (9 characters) FMR2NAM :=

FAST MESSAGE READ FMR2 (24 analog quantities) FMR2 :=

FMR3 NAME (9 characters) FMR3NAM :=

FAST MESSAGE READ FMR3 (24 analog quantities) FMR3 :=

FMR4 NAME (9 characters) FMR4NAM :=

FAST MESSAGE READ FMR4 (24 analog quantities) FMR4 :=
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Fast Message Remote Analog Settings
Remote Analog Value Type (I, F, L), I = Integer, F = Float, L = Long

Load Profile

Modbus Map Settings (SET M Command)

Modbus User Map
User Map Register Label Name (8 characters); see Appendix E: Modbus Communications for additional details.

RA01TYPE :=

RA02TYPE :=

RA03TYPE :=

RA04TYPE :=

RA05TYPE :=

RA06TYPE :=

RA07TYPE :=

RA08TYPE :=

RA09TYPE :=

RA10TYPE :=

RA11TYPE :=

RA12TYPE :=

RA13TYPE :=

RA14TYPE :=

RA15TYPE :=

RA16TYPE :=

RA17TYPE :=

RA18TYPE :=

RA19TYPE :=

RA20TYPE :=

RA21TYPE :=

RA22TYPE :=

RA23TYPE :=

RA24TYPE :=

RA25TYPE :=

RA26TYPE :=

RA27TYPE :=

RA28TYPE :=

RA29TYPE :=

RA30TYPE :=

RA31TYPE :=

RA32TYPE :=

LDP LIST (NA, as many as 17 analog quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min) LDAR :=

MOD_001 :=

MOD_002 :=

MOD_003 :=

MOD_004 :=

MOD_005 :=

MOD_006 :=

MOD_007 :=

MOD_008 :=

MOD_009 :=

MOD_010 :=

MOD_011 :=

MOD_012 :=

MOD_013 :=

MOD_014 :=

MOD_015 :=

MOD_016 :=

MOD_017 :=

MOD_018 :=

MOD_019 :=

MOD_020 :=

MOD_021 :=

MOD_022 :=

MOD_023 :=

MOD_024 :=

MOD_025 :=

MOD_026 :=
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MOD_027 :=

MOD_028 :=

MOD_029 :=

MOD_030 :=

MOD_031 :=

MOD_032 :=

MOD_033 :=

MOD_034 :=

MOD_035 :=

MOD_036 :=

MOD_037 :=

MOD_038 :=

MOD_039 :=

MOD_040 :=

MOD_041 :=

MOD_042 :=

MOD_043 :=

MOD_044 :=

MOD_045 :=

MOD_046 :=

MOD_047 :=

MOD_048 :=

MOD_049 :=

MOD_050 :=

MOD_051 :=

MOD_052 :=

MOD_053 :=

MOD_054 :=

MOD_055 :=

MOD_056 :=

MOD_057 :=

MOD_058 :=

MOD_059 :=

MOD_060 :=

MOD_061 :=

MOD_062 :=

MOD_063 :=

MOD_064 :=

MOD_065 :=

MOD_066 :=

MOD_067 :=

MOD_068 :=

MOD_069 :=

MOD_070 :=

MOD_071 :=

MOD_072 :=

MOD_073 :=

MOD_074 :=

MOD_075 :=

MOD_076 :=

MOD_077 :=

MOD_078 :=

MOD_079 :=

MOD_080 :=

MOD_081 :=

MOD_082 :=

MOD_083 :=

MOD_084 :=

MOD_085 :=

MOD_086 :=

MOD_087 :=

MOD_088 :=

MOD_089 :=

MOD_090 :=

MOD_091 :=

MOD_092 :=

MOD_093 :=

MOD_094 :=

MOD_095 :=

MOD_096 :=

MOD_097 :=

MOD_098 :=

MOD_099 :=

MOD_100 :=

MOD_101 :=

MOD_102 :=

MOD_103 :=

MOD_104 :=

MOD_105 :=

MOD_106 :=

MOD_107 :=

MOD_108 :=
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DNP3 Map Settings (Set DNP n Command)
(Hidden when the DNP option is not included)
Use the SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: DNP3 

Communications for details. DNP Map1 is shown below (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 
1 table).

Binary Input Map
DNP Binary Input Label Name (10 characters)

MOD_109 :=

MOD_110 :=

MOD_111 :=

MOD_112 :=

MOD_113 :=

MOD_114 :=

MOD_115 :=

MOD_116 :=

MOD_117 :=

MOD_118 :=

MOD_119 :=

MOD_120 :=

MOD_121 :=

MOD_122 :=

MOD_123 :=

MOD_124 :=

MOD_125 :=

BI_00 :=

BI_01 :=

BI_02 :=

BI_03 :=

BI_04 :=

BI_05 :=

BI_06 :=

BI_07 :=

BI_08 :=

BI_09 :=

BI_10 :=

BI_11 :=

BI_12 :=

BI_13 :=

BI_14 :=

BI_15 :=

BI_16 :=

BI_17 :=

BI_18 :=

BI_19 :=

BI_20 :=

BI_21 :=

BI_22 :=

BI_23 :=

BI_24 :=

BI_25 :=

BI_26 :=

BI_27 :=

BI_28 :=

BI_29 :=

BI_30 :=

BI_31 :=

BI_32 :=

BI_33 :=

BI_34 :=

BI_35 :=

BI_36 :=

BI_37 :=

BI_38 :=

BI_39 :=

BI_40 :=

BI_41 :=

BI_42 :=

BI_43 :=

BI_44 :=

BI_45 :=
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Binary Output Map
DNP Binary Output Label Name (10 characters)

BI_46 :=

BI_47 :=

BI_48 :=

BI_49 :=

BI_50 :=

BI_51 :=

BI_52 :=

BI_53 :=

BI_54 :=

BI_55 :=

BI_56 :=

BI_57 :=

BI_58 :=

BI_59 :=

BI_60 :=

BI_61 :=

BI_62 :=

BI_63 :=

BI_64 :=

BI_65 :=

BI_66 :=

BI_67 :=

BI_68 :=

BI_69 :=

BI_70 :=

BI_71 :=

BI_72 :=

BI_73 :=

BI_74 :=

BI_75 :=

BI_76 :=

BI_77 :=

BI_78 :=

BI_79 :=

BI_80 :=

BI_81 :=

BI_82 :=

BI_83 :=

BI_84 :=

BI_85 :=

BI_86 :=

BI_87 :=

BI_88 :=

BI_89 :=

BI_90 :=

BI_91 :=

BI_92 :=

BI_93 :=

BI_94 :=

BI_95 :=

BI_96 :=

BI_97 :=

BI_98 :=

BI_99 :=

BO_00 :=

BO_01 :=

BO_02 :=

BO_03 :=

BO_04 :=

BO_05 :=

BO_06 :=

BO_07 :=

BO_08 :=

BO_09 :=

BO_10 :=

BO_11 :=

BO_12 :=

BO_13 :=

BO_14 :=

BO_15 :=

BO_16 :=

BO_17 :=

BO_18 :=

BO_19 :=
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Analog Input Map
DNP Analog Input Label Name (24 characters)

BO_20 :=

BO_21 :=

BO_22 :=

BO_23 :=

BO_24 :=

BO_25 :=

BO_26 :=

BO_27 :=

BO_28 :=

BO_29 :=

BO_30 :=

BO_31 :=

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=

AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=

AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=
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Analog Output Map
DNP Analog Output Label Name (10 characters)

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=

AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

AO_00 :=

AO_01 :=

AO_02 :=

AO_03 :=

AO_04 :=

AO_05 :=

AO_06 :=

AO_07 :=

AO_08 :=

AO_09 :=

AO_10 :=

AO_11 :=

AO_12 :=

AO_13 :=

AO_14 :=

AO_15 :=

AO_16 :=

AO_17 :=

AO_18 :=

AO_19 :=

AO_20 :=

AO_21 :=

AO_22 :=

AO_23 :=

AO_24 :=

AO_25 :=

AO_26 :=

AO_27 :=

AO_28 :=

AO_29 :=

AO_30 :=

AO_31 :=
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Counter Map
DNP Counter Label Name (11 characters)

IEC 60870-5-103 Map Settings (SET I Command)
(Hidden if the IEC 60870-5-103 option is not included)
Use the SET I command to input the map required for the IEC 60870-5-103 protocol.

Binary Input Map

CO_00 :=

CO_01 :=

CO_02 :=

CO_03 :=

CO_04 :=

CO_05 :=

CO_06 :=

CO_07 :=

CO_08 :=

CO_09 :=

CO_10 :=

CO_11 :=

CO_12 :=

CO_13 :=

CO_14 :=

CO_15 :=

CO_16 :=

CO_17 :=

CO_18 :=

CO_19 :=

CO_20 :=

CO_21 :=

CO_22 :=

CO_23 :=

CO_24 :=

CO_25 :=

CO_26 :=

CO_27 :=

CO_28 :=

CO_29 :=

CO_30 :=

CO_31 :=

103BI00 :=

103BI01 :=

103BI02 :=

103BI03 :=

103BI04 :=

103BI05 :=

103BI06 :=

103BI07 :=

103BI08 :=

103BI09 :=

103BI10 :=

103BI11 :=

103BI12 :=

103BI13 :=

103BI14 :=

103BI15 :=

103BI16 :=

103BI17 :=

103BI18 :=

103BI19 :=

103BI20 :=

103BI21 :=

103BI22 :=

103BI23 :=

103BI24 :=

103BI25 :=

103BI26 :=

103BI27 :=

103BI28 :=

103BI29 :=

103BI30 :=

103BI31 :=
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Binary Target Map

103BI32 :=

103BI33 :=

103BI34 :=

103BI35 :=

103BI36 :=

103BI37 :=

103BI38 :=

103BI39 :=

103BI40 :=

103BI41 :=

103BI42 :=

103BI43 :=

103BI44 :=

103BI45 :=

103BI46 :=

103BI47 :=

103BI48 :=

103BI49 :=

103BI50 :=

103BI51 :=

103BI52 :=

103BI53 :=

103BI54 :=

103BI55 :=

103BI56 :=

103BI57 :=

103BI58 :=

103BI59 :=

103BI60 :=

103BI61 :=

103BI62 :=

103BI63 :=

103BI64 :=

103BI65 :=

103BI66 :=

103BI67 :=

103BI68 :=

103BI69 :=

103BI70 :=

103BI71 :=

103BI72 :=

103BI73 :=

103BI74 :=

103BI75 :=

103BI76 :=

103BI77 :=

103BI78 :=

103BI79 :=

103BI80 :=

103BI81 :=

103BI82 :=

103BI83 :=

103BI84 :=

103BI85 :=

103BI86 :=

103BI87 :=

103BI88 :=

103BI89 :=

103BI90 :=

103BI91 :=

103BI92 :=

103BI93 :=

103BI94 :=

103BI95 :=

103BI96 :=

103BI97 :=

103BI98 :=

103BI99 :=

103BT00 :=

103BT01 :=

103BT02 :=

103BT03 :=

103BT04 :=

103BT05 :=

103BT06 :=

103BT07 :=
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Fault Analog Map

Binary Control Map

Measurand Map

103FA00 :=

103FA01 :=

103FA02 :=

103FA03 :=

103FA04 :=

103FA05 :=

103FA06 :=

103FA07 :=

103FA08 :=

103FA09 :=

103FA10 :=

103FA11 :=

103FA12 :=

103FA13 :=

103FA14 :=

103FA15 :=

103FA16 :=

103FA17 :=

103FA18 :=

103FA19 :=

103FA20 :=

103FA21 :=

103FA22 :=

103FA23 :=

103FA24 :=

103FA25 :=

103FA26 :=

103FA27 :=

103FA28 :=

103FA29 :=

103FA30 :=

103FA31 :=

103BO00 :=

103BO01 :=

103BO02 :=

103BO03 :=

103BO04 :=

103BO05 :=

103BO06 :=

103BO07 :=

103BO08 :=

103BO09 :=

103BO10 :=

103BO11 :=

103BO12 :=

103BO13 :=

103BO14 :=

103BO15 :=

103BO16 :=

103BO17 :=

103BO18 :=

103BO19 :=

103BO20 :=

103BO21 :=

103BO22 :=

103BO23 :=

103BO24 :=

103BO25 :=

103BO26 :=

103BO27 :=

103BO28 :=

103BO29 :=

103BO30 :=

103BO31 :=

3MLB000 :=

3MLB001 :=

3MLB002 :=

3MLB003 :=
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3MLB004 :=

3MLB005 :=

3MLB006 :=

3MLB007 :=

3MLB008 :=

3MLB009 :=

3MLB010 :=

3MLB011 :=

3MLB012 :=

3MLB013 :=

3MLB014 :=

3MLB015 :=

3MLB016 :=

3MLB017 :=

3MLB018 :=

3MLB019 :=

3MLB020 :=

3MLB021 :=

3MLB022 :=

3MLB023 :=

3MLB024 :=

3MLB025 :=

3MLB026 :=

3MLB027 :=

3MLB028 :=

3MLB029 :=

3MLB030 :=

3MLB031 :=

3MLB032 :=

3MLB033 :=

3MLB034 :=

3MLB035 :=

3MLB036 :=

3MLB037 :=

3MLB038 :=

3MLB039 :=

3MLB040 :=

3MLB041 :=

3MLB042 :=

3MLB043 :=

3MLB044 :=

3MLB045 :=

3MLB046 :=

3MLB047 :=

3MLB048 :=

3MLB049 :=

3MLB050 :=

EtherNet/IP Assembly Map Settings (SET E Command)

EtherNet/IP Assembly Map
(See Appendix F: EtherNet/IP Communications for additional details)
(EtherNet/IP Assembly Map settings are hidden if EtherNet/IP is not included)
(Use SET E n command where n = 1, 2, or 3 to create as many as three EtherNet/IP Assembly Maps)
(This is EtherNet/IP Assembly Map 1 (EtherNet/IP Assembly Map 2 and EtherNet/IP Assembly Map 3 are identical to 

EtherNet/IP Assembly Map 1))

Input Assembly (IA) Binary

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_00:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_01:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_02:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_03:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_04:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_05:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_06:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_07:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_08:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_09:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_10:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_11:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_12:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_13:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_14:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_15:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_16:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_17:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_18:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_19:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_20:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_21:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_22:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_23:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_24:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_25:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_26:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_27:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_28:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_29:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_30:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_31:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_32:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_33:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_34:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_35:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_36:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_37:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_38:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_39:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_40:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_41:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_42:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_43:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_44:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_45:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_46:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_47:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_48:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_49:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_50:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_51:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_52:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_53:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_54:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_55:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_56:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_57:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_58:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_59:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_60:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_61:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_62:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_63:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_64:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_65:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_66:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_67:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_68:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_69:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_70:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_71:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_72:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_73:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_74:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_75:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_76:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_77:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_78:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_79:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_80:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_81:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_82:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_83:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_84:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_85:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_86:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_87:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_88:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_89:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_90:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_91:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_92:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_93:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_94:=
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EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_95:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_96:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_97:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_98:=

EIP INPUT ASSEMBLY BINARY LABEL NAME (10 characters) IAB_99:=

Input Assembly (IA) Analog

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_00:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_01:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_02:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_03:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_04:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_05:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_06:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_07:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_08:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_09:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_10:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_11:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_12:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_13:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_14:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_15:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_16:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_17:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_18:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_19:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_20:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_21:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_22:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_23:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_24:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_25:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_26:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_27:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_28:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_29:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_30:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_31:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_32:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_33:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_34:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_35:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_36:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_37:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_38:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_39:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_40:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_41:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_42:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_43:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_44:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_45:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_46:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_47:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_48:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_49:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_50:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_51:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_52:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_53:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_54:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_55:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_56:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_57:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_58:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_59:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_60:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_61:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_62:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_63:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_64:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_65:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_66:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_67:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_68:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_69:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_70:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_71:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_72:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_73:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_74:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_75:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_76:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_77:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_78:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_79:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_80:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_81:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_82:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_83:=
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EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_84:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_85:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_86:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_87:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_88:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_89:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_90:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_91:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_92:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_93:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_94:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_95:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_96:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_97:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_98:=

EIP INPUT ASSEMBLY ANALOG LABEL NAME (10 characters) IAA_99:=

Output Assembly (OA) Binary

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_00:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_01:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_02:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_03:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_04:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_05:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_06:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_07:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_08:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_09:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_10:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_11:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_12:=
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EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_13:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_14:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_15:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_16:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_17:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_18:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_19:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_20:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_21:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_22:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_23:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_24:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_25:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_26:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_27:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_28:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_29:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_30:=

EIP OUTPUT ASSEMBLY BINARY LABEL NAME (10 characters) OAB_31:=

Output Assembly (OA) Analog

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_00:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_01:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_02:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_03:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_04:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_05:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_06:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_07:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_08:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_09:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_10:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_11:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_12:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_13:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_14:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_15:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_16:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_17:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_18:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_19:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_20:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_21:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_22:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_23:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_24:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_25:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_26:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_27:=
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EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_28:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_29:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_30:=

EIP OUTPUT ASSEMBLY ANALOG LABEL NAME 
(10 characters)

OAA_31:=
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Communications

Overview
A communications interface and protocol are required for communicating 
with the SEL-710-5 Motor Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay.

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-710-5 physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber-optic Ethernet port, 
single- or dual-redundant.

Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-710-5. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Table 7.1 SEL-710-5 Communications Port Interfaces

Port Communications Port Interface Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Standard

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the SEL-2600 RTD 
Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix I: DeviceNet Communications for information on the DeviceNet communications card.
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Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances as long as 15 m (49 ft) in 
low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-710-5 Relay

Some of the SEL devices available for integration or communications system 
robustness are included in the following list:

➤ SEL communications processors 

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to relay fiber-optic serial Port 2, 
or SEL-2505 with EIA-232 (DB-9) serial port to connect to 
EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.

Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS := Y. Disable hardware 
handshaking by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1



7.3

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
Communications Interfaces

Fiber-Optic Serial Port Use the optional fiber-optic port (Port 2) for safety and communications 
distances as far as 1 km. For communications distances as far as 4 km, use an 
SEL-2812 transceiver on Port 3. Although Port 2 and the SEL-2812 are 
compatible, Port 2 is less sensitive than the SEL-2812, which limits the 
distance to 1 km. Port 2 can receive the RTD measurement information from 
the optional external SEL-2600 RTD Module.

Telnet or the Web 
Server

Factory-default settings for the Ethernet ports disable all Ethernet protocols 
except for Telnet, HTTP, and PING. Command SET P 1 accesses settings for 
both Ethernet ports on the SEL-710-5: Port 1A and Port 1B. See the Ethernet 
port settings in Table 4.94 for a sample of the SET P 1 command with factory-
default settings.

Set the listed settings to the following using the SET P 1 command:

➤ IPADDR := IP address assigned by the network administrator

➤ DEFRTR := Default router IP address assigned by the network 
administrator

➤ NETMODE := SWITCHED (available with dual Ethernet 
ports)

➤ ETELNET := Y

➤ EHTTP := Y

Leave all other settings at their default values.

Connect an Ethernet cable between your PC or a network switch and any 
Ethernet port on the relay. Verify that the amber Link LED illuminates on the 
connected relay port. Many computers and most Ethernet switches support 
autocrossover, so nearly any Cat 5 Ethernet cable with RJ45 connectors, such 
as an SEL-C627 cable, will work. If the computer does not support 
autocrossover, use a crossover cable, such as an SEL-C628 cable. If your relay 
is equipped with dual Ethernet ports, connect to either port. Use a Telnet 
application of QuickSet on the host PC to communicate with the relay. To 
terminate a Telnet session, use the command EXI from any access level.

In addition, you can communicate with the relay through your web browser. 
Launch a web browser and go to http://IPADDR, where IPADDR is the Port 1 
IPADDR setting.

To terminate the session, close the web browser (see Section 3: PC Interface 
for more details).

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-710-5 Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if a failure in the primary network is detected. The 
basic concept in the Parallel Redundancy Protocol (PRP) mode of operation is 
that the Ethernet network and all traffic are fully duplicated, with the two 
copies operating in parallel. The purpose of the protocol is to provide seamless 
recovery from any single Ethernet network failure. In addition to failover and 
PRP modes, the unit can operate in a “fixed connection (to netport) mode” or 
in a “switched mode” (as an unmanaged switch).

Carefully design your Ethernet network to maximize reliability, minimize 
system administrator efforts, and provide adequate security. SEL recommends 
that you work with a networking professional to design your substation 
Ethernet network.

NOTE: Telnet and the web server 
work with other NETMODE settings 
as well, but NETMODE = SWITCHED is 
the easiest to begin communication. 
The relay hides setting NETMODE 
when it is equipped with a single 
Ethernet port.
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Several settings control how the relay with the optional Ethernet card operates 
on an Ethernet network. These settings include IP addressing information, 
network port failover options, and network speed.

Use the network configuration settings shown in Table 4.94 to configure the 
relay for operation on an IP network and to set other parameters affecting the 
physical Ethernet network interface operation.

Figure 7.1 shows an example of a simple Ethernet network configuration, 
Figure 7.2 shows an example of an Ethernet network configuration with dual 
redundant connections, and Figure 7.3 shows an example of an Ethernet 
network configuration with ring structure.

Figure 7.1 Simple Ethernet Network Configuration

Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Cat 5 shielded, twisted-pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports
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Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched Mode)

Dual Network Port Operation
The SEL-710-5 dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the desired network port failover time. (OFF, 
0.10–65.00 seconds).

Step 3. Set NETPORT to the preferred network interface.

On startup, the relay communicates via the NETPORT (primary port) 
selected. If the SEL-710-5 detects a link failure on the primary port, it 
activates the standby port after the failover time, FTIME, elapses. If the link 
status on the primary link returns to normal before the failover time expires, 
the failover timer resets and uninterrupted operation continues on the primary 
network port. 

Setting FTIME := OFF allows fast port switching (with no intentional delay). 
Fast port switching occurs within one processing interval (typically 4 to 5 ms) 
and helps with IEC 61850 GOOSE performance.

After failover, while communicating via standby port, the SEL-710-5 checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The port of choice for communications is 
reevaluated on change of settings or failure of the standby port or on reboot. 
The relay returns to operation on the primary link under those conditions if it 
detects a normal link status. When the active and backup links both fail, the 
relay alternates checking for the link status of the primary and standby ports.

Switched Mode
If you have a network configuration where you want to use the relay as an 
unmanaged or managed switch, set NETMODE to SWITCHED. Set 
ERSTP := Y to use it as a managed switch. In SWITCHED mode, both links 

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded, twisted-pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) for 

copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NETWORK

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.
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are enabled. The relay responds to the messages it receives on either port. All 
the messages received on one network port that are not addressed to the relay 
are transmitted out of the other port without any modifications. In this mode, 
the relay ignores the NETPORT setting.

SWITCHED mode is often used to connect several relays to each other, 
creating a network of relays, then connecting at least two relays to a managed 
switch for redundancy. This configuration is popular because it reduces cost 
and reduces the number of devices in a network without sacrificing 
redundancy. Basically, each relay has a redundant path to the network. Refer 
to Figure 7.3.

There are compromises to be made in this configuration, however. When 
connecting cables between multiple switches in an Ethernet network, physical 
loops (rings) may occur that cause traffic storms, total bandwidth 
consumption, and other improper functioning. As a result, a subset of the 
relays in this configuration can seem unresponsive for extended periods of 
time.

For example, in Figure 7.3, imagine that a DNP master is receiving DNP UDP 
unsolicited messages from the relays. When a link is broken, it can sometimes 
take as long as 5 minutes for communications to be restored. For a similar 
network involving IEC 61850 GOOSE and a broken link, the restoration time 
can be greater than 5 seconds. The relay offers Rapid Spanning Tree Protocol 
(RSTP) mode to improve restoration times in such configurations. With RSTP 
enabled, the expected restoration time of the before-mentioned GOOSE 
network is around 100 ms.

RSTP protocol controls active paths in an Ethernet network to avoid loops and 
enable a level of redundancy. All Port 1 protocols are supported when RSTP is 
enabled. Refer to Rapid Spanning Tree Protocol (RSTP) on page 7.22 for 
additional details. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

PRP Connection Mode
Parallel Redundancy Protocol (PRP) is part of an IEC standard for high-
availability automation networks (IEC 62439-3). The purpose of the protocol 
is to provide seamless recovery from any single Ethernet network failure.

The basic concept is that the Ethernet network and all traffic are fully 
duplicated with the two copies operating in parallel.

Make the following settings for Port 1 to configure the relay for PRP mode.

➤ NETMODE = PRP

➤ PRPTOUT = desired timeout for PRP frame entry

➤ PRPADDR = PRP destination MAC address LSB (least 
significant byte of “01-15-4E-00-01-XX,” converted to decimal 
and entered as 0–255)

➤ PRPINTV = desired supervision frame transmit interval
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When NETMODE is not set to PRP, the settings shown in Table 7.2 are 
hidden.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports are capable of autonegotiating to 
determine the link speed and duplex mode. Accomplish this by setting the 
NETASPD and NETBSPD (network speed) to AUTO. Set single or dual 
copper ports to a specific speed to be able to apply them in networks with 
older switch devices. However, the speed setting is ignored for fiber Ethernet 
ports. The single and dual fiber Ethernet ports are fixed by the hardware to 
work at 100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option of selecting the primary port of 
communication in failover or fixed communication modes. 

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE or FTPIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. You can set it from 0 to 4,200,000 seconds 
via the IED Properties MMS Settings in ACSELERATOR Architect SEL-5032 
Software. The MMS inactivity default value is either 120 seconds or 
900 seconds, depending on the relay firmware version. Setting this value to 0 
disables the MMS inactivity timer. If enabled, the relay starts a timer for an 
MMS session after it receives an MMS request from the client on that session. 
It resets the timer whenever it receives a new MMS request from that client. 
When the timer runs out, the relay disconnects the MMS session, making it 
available for other MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 

Table 7.2 PRP Settings

Setting Prompt Setting Description
Setting 
Range 

Setting Name := 
Factory Default

PRP ENTRY 
TIMEOUT

PRP Entry Timeout 400–10000 ms PRPTOUT := 500

PRP 
DESTINATION 
ADDR LSB

The multicast MAC address of 
PRP supervision frames is 
01-15-4E-00-01-XX where XX 
is specified by this setting in 
decimal notation as 0–255

 0–255 PRPADDR := 0 

PRP 
SUSPERVISION 
TX INTERVAL

PRP Supervision TX Interval  1–10 second PRPINTV := 2 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.



7.8

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
Communications Interfaces

MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-710-5 has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, only one 
input can be used at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with a dual Ethernet port, 
a fiber-optic Ethernet port, or a PTC option. Refer to Figure 7.4 for a 
connection diagram.

B01–B02 IRIG-B input is available on all models except those with the fiber-optic 
Ethernet, dual-copper Ethernet, or PTC options.
You cannot bring IRIG-B via Port 2 or 3 if B01–B02 input is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: Port 3 (EIA-232 Option Only)
This input is available on all models except those with the PTC option. 
Connect to an SEL communications processor with an SEL-C273A cable to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect an SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B input to Port 3.

You cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 Port 3 (SEL Communications 
Processor as Source)

NOTE: Relays with the PTC option 
do not have IRIG-B capability.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5
+ IRIG

– IRIGSEL-C962
Cable

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB-9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL-C273A
Cable

SEL-710-5

DB-9
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Cannot use B01–B02 input or Port 2 if Port 3 is used.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input Via EIA-232 Port 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: Port 2 (Fiber-Optic Serial Port)
This input is available on all models except those with the PTC option. Fiber-
Optic Serial Port 2 can be used to bring IRIG-B input to the relay as shown in 
Figure 7.7 and Figure 7.8.

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 (SEL-2030/2032 
Time Source)

Cannot use B01–B02 input or Port 3 input if Port 2 is used for IRIG-B input.
Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input Via Fiber-Optic EIA-232 Port 2 
(SEL-2401/2404/2407 Time Source)

Time Quality of the 
IRIG Source

The time-synchronization Relay Word bits in Table 7.3 indicate the present 
status of the timekeeping function of the SEL-710-5.

SEL-2401
or

SEL-2407
SEL-2404

SEL-710-5

DB-9

BNC

IED

(Any EIA-232
serial application)

SEL-C292A
Cable

SEL C953
Cable

BNC-T Connector (3-way)
SEL P/N 240-1802

DB-9

IRIG-B

Port 3

SEL-2812MT

SEL-2030
SEL-2032

EIA-232 Port
with IRIG

DB-9 Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

Port 2

Set switch to 232 for IRIG-B 
from SEL-2030 or SEL-2032

ST Connectors

SEL-710-5

SEL-2812MT

SEL-2401
or

SEL-2407
SEL-2404

IED
DB-9

Mono-Plug 
Jack

Use Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-808

SEL-C654
Cable

Port 2

Set switch to J1 for IRIG input 
from SEL-2401, etc.

STST

BNC

SEL-710-5
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The Relay Word bit TSOK indicates that the time synchronization is OK. The 
SEL-710-5 determines the suitability of the IRIG-B signal for normal 
accuracy by applying several tests:

➤ Seconds, minutes, and day fields are in range.

➤ Time from two consecutive messages differs by one second, 
except for leap second or daylight-saving time transitions.

➤ When IRIGC := C37.118, the signal contains the correct parity 
bit.

The SEL-710-5 determines the suitability of the IRIG-B signal for high-
accuracy timekeeping by applying two additional tests:

➤ The jitter between positive transitions (rising edges) of the 
clock signal is less than 500 ns.

➤ The time-error information contained in the IRIG-B control 
field indicates a time error of less than 10–6 seconds (1 µs).

When IRIGC := NONE, the relay asserts TSOK only when the first test is met. 
When IRIGC := C37.118 and an appropriate IRIG-B signal is connected, the 
Relay Word bit TSOK asserts only when these two tests are met. The time 
error information in the IRIG-B control field is mapped to the TQUAL bits in 
the relay. Table 7.4 lists the TQUAL bits and how they translate to time 
quality. The values 0 (Locked) and 4 (1 µs) indicate that the relay is receiving 
high-accuracy IRIG.

When the IRIG signal is lost, IRIGOK deasserts. However, TSOK remains 
asserted for a holdover period of as long as 15 seconds. If the IRIG signal is 
not restored within 15 seconds, TSOK also deasserts.

Table 7.3 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy.

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 1 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

0 0 0 0 0 Locked

0 0 0 1 1 1 nanosecond

0 0 1 0 2 10 nanoseconds

0 0 1 1 3 100 nanoseconds

0 1 0 0 4 1 microsecond

0 1 0 1 5 10 microseconds

0 1 1 0 6 100 microseconds

0 1 1 1 7 1 millisecond

1 0 0 0 8 10 milliseconds

1 0 0 1 9 100 milliseconds

1 0 1 0 10 1 second

1 0 1 1 11 10 seconds

1 1 0 0 12 100 seconds

NOTE: The jitter measurement for 
the IRIG signal could take as long as 
15 seconds to determine. During this 
time, TSOK is not asserted.
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc power is available on Pin 1 only on EIA-232 Port 3 and EIA-232 
Port 4.

Connect Your 
PC to the Relay

The front port of the SEL-710-5 is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.5. You can connect to a standard 9-pin computer port with an 
SEL-C234A cable; wiring for this cable is shown in Figure 7.10. The 
SEL-C234A cable and other cables are available from SEL. Use the 
SEL-5801 Cable Selector software to select an appropriate cable for another 
application. This software is available for free download from the SEL 
website at selinc.com.

For the best performance, use an SEL-C234A cable not more than 15 m (49 ft) 
long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-710-5. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers
Table 7.5 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-710-5 to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

1 1 0 1 13 1000 seconds

1 1 1 0 14 10000 seconds

1 1 1 1 15 Fault

Table 7.4 TQUAL Bits Translation to Time Quality (Sheet 2 of 2)

TQUAL8 TQUAL4 TQUAL2 TQUAL1 Value Time Quality

Table 7.5 EIA-232/EIA-485 Serial Port Pin Functions

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232b

b For relays with the PTC option, this port does not support IRIG-B.

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

5  4  3  2  1

9  8  7  6

NOTE: Serial communications 
cables that are used in the 710-5 
relays for the MIRRORED BITS protocol 
should have the R designation at the 
end of the SEL cable number instead 
of an A. For example, use SEL-C234R 
instead of SEL-C234A. The SEL-C234R 
cable is double shielded and provides 
better data integrity compared to the 
SEL-C234A.

https://selinc.com/
https://selinc.com/
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Figure 7.10 SEL-C234A Cable—SEL-710-5 to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-710-5 to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-710-5 to Modem

Figure 7.13 SEL-C272A Cable—SEL-710-5 to SEL Communications 
Processor (Without IRIG-B Signal)
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Func.Pin # Pin #
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*DTE = Data Terminal Equipment (Computer, Terminal, etc.)
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Figure 7.14 SEL-C273A Cable—SEL-710-5 to SEL Communications 
Processor (With IRIG-B Signal)

Communications Protocols
Protocols Although the SEL-710-5 supports a wide range of protocols, not all protocols 

are available on all ports. In addition, not all hardware options support all 
protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for Port 1. Table 7.6 shows the ports and the protocols 
available on each port.

SEL Communications 
Protocols

SEL ASCII.
This protocol is described in SEL ASCII Protocol and Commands on 
page 7.25.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-710-5 Relay

Table 7.6 Protocols Supported on the Various Ports

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer 
Protocol, and Modbus RTU Slave

PORT 1a

a PORT 1 concurrently supports two Modbus, two FTP, two Telnet, five DNP3 LAN/WAN, one 
SNTP, one PTP, and seven IEC 61850 sessions, as well as two EIP I/O connections and six EIP 
message connections.

Modbus TCP/IP, FTP, IEC 61850, DNP3 LAN/WAN, EtherNet/IP, SNTP, 
PTP, and Telnet (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL 
Fast Operate, SEL Fast SER, SEL Fast Message, web server (HTTP), 
PRP, and RSTP) 

PORT 2 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, 
SEL Fast Operate, SEL Fast SER, SEL Fast Message, SEL Settings File 
Transfer, SEL MIRRORED BITS, DNP3, IEC 60870-5-103, and Modbus 
RTU Slave

PORT 3 All the protocols supported by PORT 2

PORT 4 All the protocols supported by PORT 2 or DeviceNet

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Compressed ASCII
This protocol provides compressed versions of some of the ASCII commands. 
The compressed commands are described in SEL ASCII Protocol 
and Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Meter
This protocol supports binary messages to transfer metering and digital 
element messages. Compressed ASCII commands that support Fast Meter are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Operate
This protocol supports binary messages to transfer operation messages. The 
protocol is described in Appendix C: SEL Communications Processors.

SEL Fast Message.
 This protocol uses binary messages to receive and transmit data from or to an 
SEL Communications Processor. The protocol is described in Appendix C: 
SEL Communications Processors.

SEL Fast SER.
 This protocol is used to receive binary Sequential Events Record unsolicited 
responses. The protocol is described in Appendix C: SEL Communications 
Processors.

Other Supported 
Protocols

MIRRORED BITS Protocol
The SEL-710-5 supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on Port 3 of the base unit and MBB on Port 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry. The MIRRORED BITS protocol 
is described in Appendix J: MIRRORED BITS Communications.

Modbus RTU Protocol
The SEL-710-5 provides Modbus RTU support. Modbus is a standard protocol 
described in Appendix E: Modbus Communications.

Distributed Network Protocol (DNP3)
The SEL-710-5 provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-710-5 provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix I: DeviceNet Communications.
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IEC 60870-5-103 Protocol
The SEL-710-5 provides IEC 60870-5-103 protocol support if the option is 
selected. The protocol is available on Ports 2, 3, and 4. All ports operate using 
the same map settings. The IEC 60870-3-105 protocol is described in 
Appendix H: IEC 60870-5-103 Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus TCP, HTTP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

Carefully design your Ethernet network to maximize reliability, minimize 
system administration effort, and provide adequate security. Work with a 
networking professional to design your substation Ethernet network.

File Transfer Protocol (FTP) and MMS File Transfer
FTP is a standard protocol for exchanging files between computers over a 
TCP/IP network. The SEL-710-5 operates as an FTP server, presenting files to 
FTP clients. To create an FTP session, you need the FTP username and 
password. The default username and password are FTPUSER and TAIL, 
respectively. The SEL-710-5 supports two FTP sessions at a time. Requests to 
establish additional FTP sessions are denied.

Manufacturing Message Specification (MMS) is used in IEC 61850 
applications and provides services for the transfer of real-time data, including 
files, within a substation LAN.

File Structure
The file structure is organized as a directory and subdirectory tree similar to 
that used by Windows and other common operating systems. See Virtual File 
Interface on page 7.74 for information on available files.

File dates within the last 12 months are displayed with month, day, hour, and 
minutes. Dates older than twelve months have the year, month, and day. The 
times are UTC.

Access Control
To log in to the FTP server, enter the value of the Port 1 setting FTPUSER as 
the username in your FTP application. Enter the Port 1 setting FTPACC level 
password as the password in your FTP application. Note that FTP does not 
encrypt passwords before sending them to the server.

MMS is enabled when the Port 1 setting E61850 is set to Y. No authentication 
is required. MMS File Transfer is enabled when setting EMMSFS is set to Y. 
If MMS Authentication is enabled via the CID file, then an authenticated 
connection must be established via MMS for MMS file transfer to take place.

Using FTP and MMS
A free FTP application is included with most web browsers and PC operating 
systems. You can also obtain free or inexpensive FTP applications from the 
Internet. Once you have retrieved the necessary files, be sure to close the FTP 
connection by using the disconnect function of your FTP application or 
completely closing the application. Failure to do so can cause the FTP 
connection to remain open, which blocks subsequent connection attempts 
until FTPIDLE time expires. See Appendix G: IEC 61850 Communications 
for information about using MMS.
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Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ Fast SER

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

Ping Server
Ping is an application based on ICMP over an IP network. A free Ping 
application is included with most computer operating systems. Use a Ping 
client with the relay Ping server to verify that your network configuration is 
correct.

IEC 61850
Use as many as seven sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
64 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix G: IEC 61850 Communications.

Simple Network Time Protocol (SNTP)
When Port 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less-accurate primary time source, or as 
a backup to the higher-accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise the relay remains at an 
elevated access level until TIDLE 
expires.
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Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

➤ AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Serve NTP Via the SEL-3530 RTAC

➤ AN2009-38: Using SEL Satellite-Synchronized Clocks With the 
SEL-3332 or SEL-3354 to Output NTP

➤ AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to 
Create a Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make Port 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.7 shows each setting associated with 
SNTP.

SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST. In unicast mode of operation, the SNTP client in the 
relay requests time updates from the primary (IP address setting SNTPPSIP) 
or backup (IP address setting SNTPBSIP) NTP server at a rate defined by 
setting SNTPRATE. If the NTP server does not respond with the period 
defined by setting SNTPTO, then the relay tries the other SNTP server. When 
the relay successfully synchronizes to the primary NTP time server, Relay 
Word bit TSNTPP asserts. When the relay successfully synchronizes to the 
backup NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST. In the manycast mode of operation, the relay 
initially sends an NTP request to the broadcast address contained in setting 
SNTPPSIP. The relay continues to broadcast requests at a rate defined by 
setting SNTPRATE. When a server replies, the relay considers that server to 
be the primary NTP server, and switches to UNICAST mode, asserts Relay 
Word bit TSNTPP, and thereafter requests updates from the primary server. If 

Table 7.7 Settings Associated With SNTP 

Setting Setting Description Setting Range
Factory Default 
Setting

ESNTP Selects the mode of operation of SNTP. See descriptions in 
SNTP Operation Modes on page 7.17. 

UNICAST, MANY-
CAST, BROADCAST

OFF

SNTPPSIP Selects primary NTP server when ESNTP = UNICAST, or 
broadcast address when ESNTP = MANYCAST or 
BROADCAST.

Valid IP Address 192.168.1.1

SNTPPSIB Selects backup NTP server when ESNTP = UNICAST. Valid IP Address 192.168.1.1

SNTPPORT Ethernet port used by SNTP. Leave at default value unless 
otherwise required.

1–65534 123

SNTPRATE Determines the rate at which the relay asks for the updated 
time from the NTP server when ESNTP = UNICAST or 
MANYCAST. Determines the amount of time the relay 
waits for an NTP broadcast when ESNTP = BROADCAST.

15–3600 seconds 60

SNTPTO Determines the amount of time the relay waits for the NTP 
master to respond when ESNTP = UNICAST or MANY-
CAST.

5–20 seconds 5
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the NTP server stops responding for time SNTPTO, the relay deasserts 
TSNTPP and begins to broadcast requests again until the original or another 
server responds.

ESNTP = BROADCAST. If setting SNTPPSIP = 0.0.0.0 while setting 
ESNTP = BROADCAST, the relay listens for and synchronizes to any 
broadcasting NTP server. If setting SNTPPSIP is set to a specific IP address 
while setting ESNTP = BROADCAST, then the relay listens for and 
synchronizes to only NTP server broadcasts from that address. When 
synchronized, the relay asserts Relay Word bit TSNTPP. Relay Word bit 
TNSTPP deasserts if the relay does not receive a valid broadcast within five 
seconds after the period defined by setting SNTPRATE.

SNTP Accuracy Considerations
SNTP time-synchronization accuracy is limited by the accuracy of the SNTP 
Server and by the networking environment. The highest degree of SNTP time 
synchronization can be achieved by minimizing the number of switches and 
routers between the SNTP Server and the SEL-710-5. Network monitoring 
software can also be used to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-710-5 and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time-synchronization error with the SNTP server is 
typically less than ±1 millisecond.

Embedded Web Server (HTTP)
When Port 1 setting EHTTP := Y, the relay serves webpages displaying 
settings, metering, status reports, event files, etc. The relay-embedded web 
server has been optimized and tested to work with the most popular web 
browsers, but should work with any standard web browser. As many as three 
users can access the embedded web server simultaneously. To begin using the 
embedded read-only web server, launch your web browser and browse to 
http://IPADDR, where IPADDR is the Port 1 setting IPADDR 
(e.g., http://192.168.1.2).

Login using your username and password to view or export various reports, 
view settings, monitor communications or relay status, or upgrade firmware 
(Access Level 2 only).

To log out of the web server, either close the web browser window or click on 
Logout in the banner bar near the top of the webpage.For more information on 
the web server, see Section 3: PC Interface.
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Table 7.8 lists the HTTP settings that are available for configuring the web 
server.

Precision Time Protocol (PTP)
Configuring PTP in the Relay

PTP implementation in the SEL-710-5 is firmware-based only. If the EPTP 
setting is available and set to Y, the SEL-710-5 supports PTP Version 2 
(PTPv2) as a slave-only clock as defined by IEEE 1588-2008 on Port 1A and 
Port 1B. Table 7.9 shows the settings associated with PTP.

Table 7.8 HTTP Server Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE HTTP SERVER Y, N EHTTP := Y

HTTP MAXIMUM ACCESS LEVEL 1, 2 HTTPACC := 2

TCP/IP PORT 1–65535 HTTPPORT := 80

HTTP CONNECT BANNER 254 ASCII printable 
characters

HTTPBAN := This 
system is for the use of 
authorized personnel only.

HTTP WEB SERVER TIMEOUT 1–60 min HTTPIDLE := 10

Table 7.9 Settings Associated With PTP 

Setting Range Description
Factory Default 
Setting

EPTP Y, N When set to Y, the device becomes a slave PTP clock N

PTPPRO DEFAULT, C37.238 Sets the PTP profile DEFAULT

PTPTR UDP, LAYER2 Transport mechanism for PTP messages UDP

DOMNUM 0–255 PTP domain number of the clock 0

PTHDLY P2P, E2E, OFF Path delay measurement method to be used on the PTP 
network

E2E

PDINT 1, 2, 4, 8, 16, 32, 64 sec Duration of time between transmissions of peer delay 
request messages

1

AMNUM 1–5, OFF Number of acceptable PTP masters OFF

AMIP[n]a zzz.yyy.xxx.www

zzz: 1–126, 128–223

yyy: 0–255

xxx: 0–255

www: 0–255

Acceptable master IP addresses 192.168.1.12na

AMMAC[n]a Acceptable master MAC addresses 00-30-A7-00-00-0mb

ALTPRI[n]a 0–255 If the acceptable table master option is enabled and this 
setting value is not zero, the Priority 1 value received in 
the announce message from the specified master will 
be replaced by this value and used in the Best Master 
Clock Algorithm (BMCA)

0

PVLAN 1–4094 VLAN ID for a C37.238 Ethernet frame 1

PVLANPR 0–7 VLAN priority for a C37.238 Ethernet frame 4

a n = 1–5.
b m = A–E.
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To achieve the best accuracy (< 1 ms), it is necessary to have one or more PTP 
master clocks and for all intervening equipment (e.g., Ethernet switches) to be 
IEEE 1588-aware (i.e., all intervening network devices need to be transparent 
or boundary clocks).

In PTP, a clock that provides time to other devices, typically based on GPS 
input, is a master clock. The intervening switches are transparent clocks. You 
can use boundary clocks to connect networks together and pass time from one 
network to another. Transparent and boundary clocks are important because 
they provide time correction in the PTP messages that pass through them, 
whereas devices that are not IEEE 1588-aware do not provide this correction. 
Because it is possible for a network to have multiple master clocks, PTP 
clocks implement algorithms to select the best available clock. The one 
selected for use by an end device is the grandmaster clock. You can learn more 
about configuring a PTP network in the following application notes:

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality in a Redundant Network 
Topology,” SEL Application Note (AN2015-07), 2015. 
Available: selinc.com.

➤ L. Thoma, “Using the SEL-2488 to Provide IEEE 1588 Version 
2 Grandmaster Functionality to Isolated Ethernet Networks,” 
SEL Application Note (AN2015-06), 2015. Available: 
selinc.com.

To configure PTP, update the Port 1 PTP settings as described in Table 7.9. By 
default, PTP is disabled in the SEL-710-5. Set EPTP to Y to enable PTP and 
to make the other PTP settings available.

PTP implementation in the SEL-710-5 supports both one-step and two-step 
clocks. A one-step clock uses a single event message to provide time 
information. A two-step clock uses the combination of an event message and a 
subsequent general message to provide time information.

Within PTP, there are multiple clock profiles available. A profile defines the 
set of PTP features available in a specific application domain. SEL-710-5 
relays support two profiles: Default and Power (C37.238-2011). 

The Default profile has many optional features and is intended to address 
common applications. The Default profile supports both UDP and Layer 2 
(802.3) Ethernet transport, and it can use either the end-to-end (E2E) or the 
peer-to-peer (P2P) delay mechanism. Grandmaster clocks can send Announce, 
Sync, and Delay request messages over a wide range of intervals. A Default 
profile network can consist of boundary clocks or transparent clocks anywhere 
between the grandmaster and the end devices. The only performance 
requirement for the Default profile is that a master clock must maintain 
frequency accuracy to within 0.01 percent.

The Power profile has minimal optional features in order to facilitate 
interoperability and performance predictability. The Power profile is only 
supported on Layer 2 networks and exclusively uses the peer-to-peer delay 
mechanism. All messages must be sent at 1-second intervals, have 802.1Q 
VLAN tags, and include grandmaster ID and (maximum) inaccuracy fields in 
the announce message. Transparent clocks are mandatory in a Power profile 
network while boundary clocks are not allowed. Select the profile by using the 
PTPPRO setting.

PTP defines a logical grouping of clocks in a network as a clock domain. This 
allows a logical separation among clocks that participate in different 
application domains to coexist on the same network. Domains are identified 
by domain numbers. The DOMNUM setting determines the domain number 

https://selinc.com/
https://selinc.com/
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for the SEL-710-5. Set DOMNUM to match the domain number configured in 
the master clocks to which the SEL-710-5 should synchronize.

The SEL-710-5 supports transport of PTP messages over UDP or Layer 2 
(Ethernet). Use the PTPTR setting to select the PTP transport mechanism. 
This needs to match the transport mechanism used in the master clocks. Only 
Layer 2 is available with the Power profile. If operating in a UDP network, 
PTP operates on Ports 319 or 320. Except for peer delay messages, the 
SEL-710-5 sets the time allowed to live (TTL) value in the UDP/IP header of 
PTP messages to 64. This allows you to use routers across a WAN to 
synchronize the SEL-710-5 PTP master. High-accuracy synchronization may 
not be achievable across the WAN, so it is left to you to determine if the 
accuracy meets the needs of your application.

When using the Power profile, use the VLAN identifier and priority settings, 
PVLAN and PVLANPR, to set the VLAN ID and priority, respectively, of the 
Ethernet frames. Be sure to set PVLAN unique from other VLANs used 
within the SEL-710-5 Relay.

PTP defines two methods for calculating and correcting the communications 
path delay between the SEL-710-5 and the master clock: end-to-end (Delay 
Request-Response) and peer-to-peer (Peer Delay Request Response). The 
end-to-end mechanism calculates the total path delay between the SEL-710-5 
and the master clock.

The peer-to-peer mechanism calculates the total path delay in a piecemeal 
fashion between each device in the path. Peer-to-peer is the more accurate 
method and is recommended for use in the SEL-710-5. Only the peer-to-peer 
mechanism is available for the Power profile. The SEL-710-5 periodically 
initiates path delay calculations. Use the PTHDLY and PDINT settings to 
configure the path delay method and the path delay request rate. If PTHDLY is 
set to OFF, the SEL-710-5 will not calculate and correct for path delay.

By default, the SEL-710-5 synchronizes to any clock on the network that it 
evaluates to be the best clock based on the Best Master Clock Algorithm 
(BMCA). Use the settings to specify a list of master (grandmaster or 
boundary) clocks to which the SEL-710-5 may synchronize. The SEL-710-5 
will not synchronize to any master clock that is not in the list. Use this feature 
for additional security. The AMNUM setting selects the number of master 
clocks you list. The default value is OFF, which results in the SEL-710-5 
synchronizing to any master clock on the network. If you set AMNUM to a 
value other than OFF, you must identify the number of allowable masters in 
accordance with the PTP transport you have chosen, i.e., MAC address for 
802.3 or IP address for UDP transport.

If the PTP transport (PTPTR) is set to UDP, use the AMIPn settings to specify 
the IP addresses of the clocks to which the SEL-710-5 is permitted to 
synchronize. If PTP transport is set to Layer 2, use the AMMACn settings to 
specify the MAC addresses of the clocks to which the SEL-710-5 is permitted 
to synchronize.

If the ALTPRIn (Alternate Priority1 for Master n) setting is set to a positive 
value, the ALTPRIn value replaces the Priority1 value in received Announce 
messages from the corresponding master clock before the application of the 
BMCA. The ALTPRIn values reprioritize the master clocks locally.

EtherNet/Industrial Protocol (IP)
EtherNet/IP is an industrial protocol that uses standard Ethernet and TCP/IP 
technology to transport Common Industrial Protocol (CIP) packets. You can 
enable EtherNet/IP on Port 1 for a maximum of eight simultaneous CIP 
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connections. Of these eight simultaneous connections, you can have as many 
as two Class 1 (I/O) connections and as many as six combined Class 3 
messages and Unconnected Message Manager (UCMM) messages.

When configuring EIP on Port 1, you can create as many as six Class 1 (I/O) 
connection configurations. Of these six, only two can be used simultaneously. 
Of the remaining six available connection configurations, as many as three can 
be Exclusive Owner connection configurations. The remaining number of 
connection configurations must be Input Only connection configurations. 
EtherNet/IP is described in detail in Appendix F: EtherNet/IP 
Communications.

Rapid Spanning Tree Protocol (RSTP)
RSTP is a protocol and is a distributed algorithm that is defined in the 
IEEE 802.1Q-2014 standard. Devices communicate RSTP through packets 
called Bridge Protocol Data Units (BPDUs) that travel between adjacent 
RSTP-enabled devices. These frames allow the devices to determine the root 
bridge in the network, as well as defines the state and role of each port of 
devices connected in the RSTP network.

Table 7.10 and Table 7.11 provide the various roles and states supported by 
the SEL-710-5. Use the RSTP command to view the assigned state and role of 
a port. The relay keeps a log of the states and roles in the Sequential Events 
Recorder (SER) report.

There are three RSTP settings available to set on Port 1 after RSTP is enabled. 
They include the bridge priority (BRDGPRI), which is used to help determine 
the root bridge in the network, and the port priorities (PORTAPRI and 

Table 7.10 RSTP Roles Supported in the SEL-710-5

Roles Definition

Root Port A port with the shortest patha to the root bridge. All STP and 
RSTP capable bridges must have exactly one except the root 
bridge, which cannot have any.

a This is not always the shortest path. The settings in the network define the path costs, so the 
root port is the one with the smallest path costs to the root switch. There may be a physically 
shorter path, but because of the path costs of the other devices, a longer path to the root 
may be used.

Designated Port The port that connects a LAN to its designated bridge.

Alternate Port Represents the best alternate path to the root bridge. This path is 
different than using the root port. The alternate port moves to the 
forwarding state if there is a failure on the designated port for the 
segment.

Backup Port Represents a redundant path to a segment where another port on 
the bridge already connects.

Disabled The port is disabled during the role initialization or it is disabled 
due to a link or hardware failure.

Table 7.11 RSTP States Supported in the SEL-710-5

States Definition

Forwarding A port receiving and transmitting message frames and BPDUs.

Learning A port receiving and transmitting BPDUs; this port does not 
receive or transmit message frames.

Discarding A port receiving BPDUs; this port does not receive or transmit 
message frames.

NOTE: Exercise caution when 
disabling RSTP (ERSTP := N) in a 
relay connected in a switched 
network because doing so could 
introduce network loops.
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PORTBPRI) for Ports 1A and 1B, which are used to help determine the root 
port of the device. See Table 7.50 for more information regarding these 
settings.

Example of a Simple Topology
The simplest example of a loop is a network of devices connected in a ring 
(Figure 7.15). Devices connected in a ring topology allow traffic to go from 
one port on one device to another port on another device in either direction 
around the ring, as the two green lines show in Figure 7.15 between Devices 1 
and 6.

Figure 7.15 Physical Ring Without Loop Mitigation

Disabling the link between Devices 3 and 4 forces traffic to follow a single 
path across the network (as the green line in Figure 7.16 shows). The process 
of disabling links to logically remove loops from the network is called 
convergence because the devices use RSTP to converge the network into a 
stable configuration without any loops.

Figure 7.16 Network Convergence With Logically Disabled Link

The logically disabled connections remain physically present and can be 
quickly enabled by RSTP to provide an alternative path for the network traffic 
in the event of a physical network failure. For example, if the link between 
Devices 2 and 3 were to fail, traffic would be disrupted on the network, as 
indicated by the dashed green line in Figure 7.17. Devices 2 and 3 would 
respond by using RSTP and BPDUs to inform the other devices in the network 
that an event occurred. The rapid spanning tree algorithm (RSTA) in each 
network device would then use BPDUs over RSTP to communicate with their 
respective connected devices, in turn, and eventually the logically disabled 
link between Devices 3 and 4 would be re-enabled, as shown in Figure 7.18.

2

3

4

5

1

6

2

3

4

5

1

6

Root

Logically disabled



7.24

SEL-710-5 Relay Instruction Manual Date Code 20220826

Communications
Communications Protocols

Figure 7.17 Physical Link Failure Between Devices

Figure 7.18 Network Convergence

As the green line in Figure 7.18 shows, traffic can still flow between 
Devices 3 and 5 but now it is through a different path. The process of 
re-enabling disabled links to allow traffic to flow and heal the network is 
called reconvergence. During this change in the network, traffic is temporarily 
disrupted. Figure 7.3 shows a typical network diagram that uses SEL-710-5 in 
a switched network with ERSTP := Y. Refer to SEL application guide 
“Understanding RSTP and Choosing the Best Network Topology” 
(AG2017-21) at selinc.com for additional information on RSTP.

RSTP Performance Measurement
Figure 7.19 shows a convergence example involving a ring network where 
both SEL-2730M switches and all seven SEL-700 series relays are configured 
with default RSTP settings. In this example, there is a transmitting device 
connected to the North SEL-2730M switch and a receiving device connected 
to the South SEL-2730M switch.

As a result of the devices being configured with default RSTP settings, the 
network converges to break the loop at Relay 14. This configuration results in 
the port for Relay 14 to be in discarding state (indicated by “D”). In this state, 
traffic flows from the North SEL-2730M switch to the South SEL-2730M 
switch by passing through Link L1.

For this example, consider a link-down event occurring at Link L1. A link-
down event is when the cable that connects two devices is physically broken 
(indicated by the slash). After this link-down event, the network takes 
approximately 150 ms to reconverge such that the discarding port on Relay 14 
transitions into a forwarding state. This allows traffic to flow from the 
North SEL-2730M switch to the South SEL-2730M switch by passing 
through all seven relays.
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Figure 7.19 Link-Down Event at Link L1

If additional relays are added to this example network, the reconvergence time 
increases by approximately 20 ms per additional relay.

SEL-700 series relays are configured with a Max Age value of 40. This means 
that a network with SEL-700 series RSTP devices should be created with the 
understanding that the maximum number of hops from the root in the network 
should not exceed 40.

To understand the importance of enabling RSTP in an SEL-700 series relay 
ring network in comparison to leaving it disabled, refer to the SEL application 
guide “Maintaining Switched-Mode Relay Responsiveness in an RSTP 
Network” (AG2019-15).

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

Software Flow 
Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
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D

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-710-5.
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there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages are  
accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when XOFF is received and can resume when the relay 
sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.12 lists these messages.

Access Levels You can issue commands to the SEL-710-5 via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-710-5 Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-710-5 Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level; should be used under 
direction of SEL only)

The EPORT and MAXACC settings provide you with access controls for the 
corresponding port. Set EPORT to N to disable the port and hide the 
remaining port settings. The MAXACC setting selects the highest access level 
for the port.

Table 7.12 Serial Port Automatic Messages

Condition Description

Start Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 10: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-710-5 sends a status report each time a self-test 
warning or failure condition is detected. See STATUS Com-
mand (Relay Self-Test Status) on page 7.67.
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Access Level 0
Once serial port communication is established with the SEL-710-5, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-710-5 Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-710-5 to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.31 for more detail.

Access Level 1
When the SEL-710-5 is in Access Level 1, the relay sends the following 
prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-710-5 sends the prompt:

See the SEL-710-5 Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

All of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is used exclusively by the SEL factory and SEL field service 
personnel to diagnose troublesome installations. A list of commands available 
at Access Level C is available from SEL upon request. Do not enter Access 
Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C. Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-710-5 Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands required by SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C is a restricted access level, and should only be 
used under direction of SEL

The SEL-710-5 responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the 
beginning:

Table 7.13 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting]                              Date: mm/dd/yyyy  Time: hh:mm:ss.sss
[TID Setting]                          Time Source: external

Table 7.13 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 710-5; see ID Settings on page 4.4.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = MOTOR RELAY; see ID Settings on 
page 4.4.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and external if an 
input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

89CLOSE Command (Close Disconnect)
The 89C command (see Table 7.14 for the command description and the 
format) is used to close a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89C m command 
asserts Relay Word Bit 89CC2Pm for a quarter-cycle when executed, while 
the 89C n m command asserts Relay Word bit 89CC3Pnm for a quarter-cycle 
when executed. See Table 9.2 for how these Relay Word bits are used in the 
disconnect close control logic.

 

To issue the 89C 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Table 7.14 89CLOSE Command

Command Description Access Level

89C m Closes Two-position Disconnect m 2

89C n m Closes Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to close.

n L or E, to signal an in-line or earthing disconnect, respectively.

=>>89C 1 <Enter>

Close 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Closed

=>>
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Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89C 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89C command. Following the in-progress state, 
the Relay Word bit that asserts determines the subsequent status message 
displayed in the terminal: Disconnect Open if 89OP2Pm or 89OP3Pnm is 
asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is asserted, or 
Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm is asserted. 
See Disconnect Control Settings on page 9.2.

The 89C command is supervised by the main board breaker control jumper 
(see Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89C command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89C command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89C command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

89OPEN Command (Open Disconnect)
The 89O command (see Table 7.15 for the command description and the 
format) is used to open a two-position disconnect, or the respective in-line or 
earthing disconnect for a three-position disconnect. The 89O m command 
asserts Relay Word Bit 89OC2Pm for a quarter-cycle when executed, while 
the 89O n m command asserts Relay Word bit 89OC3Pnm for a quarter-cycle 
when executed. See Figure 9.3 for how these Relay Word bits are used in the 
disconnect close control logic.

 

=>>89C L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89C L 1 <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.15 89OPEN Command

Command Description Access Level

89O m Opens Two-position Disconnect m 2

89O n m Opens Three-position Disconnect m, where n 
signals for an in-line or earthing disconnect

2

Parameters

m Specifies which two-position disconnect (m = 1–8) or three-position 
disconnect (m = 1–2) to open.

n L or E, to signal an in-line or earthing disconnect, respectively.
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To issue the 89O 1 command, enter the following:

Typing N <Enter> after either of the prompts aborts the command.

Following successful issue of the command, the relay displays Operation In 
Progress.... While 89IP2Pm or 89IP3Pnm is asserted and the respective 
Relay Word bits 89OP2Pm/89OP3Pnm, 89CL2Pm/89CL3Pnm, and 
89AL2Pm/89AL3Pnm are deasserted, a dot (.) is appended to the previous 
message every half-second to show progress. While the operation is in 
progress, communications are unavailable on the port where the 89O 
command was executed. If none of the Relay Word bits asserts within 
60 seconds, the relay exits the 89O Command. Following the in-progress 
state, the Relay Word bit that asserts determines the subsequent status 
message displayed in the terminal: Disconnect Open if 89OP2Pm or 
89OP3Pnm is asserted, Disconnect Closed if 89CL2Pm or 89CL3Pnm is 
asserted, or Status Undetermined—Check Wiring if 89AL2Pm or 89AL3Pnm 
is asserted. See Disconnect Control Settings on page 9.2.

The 89O command is supervised by the main board breaker control (see 
Table 2.17). If the breaker control jumper is not in place (breaker control 
jumper = OFF), the relay does not execute the 89O command and responds 
with the following:

When setting EN_LRC := Y (see Table 9.6), the Relay Word bit LOCAL 
supervises the 89O command. If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the 89O command and responds with the following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6). 

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.16) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-710-5 Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.26 for a discussion of placing 
the relay in an access level.

=>>89O 1 <Enter>

Open 2P1 (Y,N)? Y <Enter>

Are you sure (Y,N)? Y <Enter>

Operation In Progress...

Disconnect Open

=>>

=>>89O L 1 <Enter>

Command Aborted: No Breaker Jumper

=>>

=>>89O L 1 <Enter>

Command Aborted: Device in Local Control

=>>
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Password Requirements
Passwords are required unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.58 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.58. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

Table 7.16 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>



7.33

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
Access Level C can be accessed from Access Level 2 with the CAL 
command. The relay pulses the SALARM Relay Word bit for one second after 
a successful Level 2 or Level C access, or if access is denied.

AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (from Access Level 2) to initiate a self-test of the arc-
flash detection channels 1 to 4. This test requires that the relay has the 
SELECT 4 AFDI/3 DIFF ACI or the SELECT 8 AFDI card in Slot E and that 
the external fiber-optic connections are complete. The test checks the integrity 
of the arc-flash detection system. Figure 7.20 shows an example of the AFT 
command response. Refer to Section 11: Testing and Troubleshooting for 
details on the arc-flash self-tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 8. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word bits stay asserted continuously for 10 
seconds.

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: 
hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-710-5                                 Date: 6/09/2013  Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.20 AFT Command Response
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ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.17 for the command 
description and for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before reaching the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale over the time specified

When parameter p is a percentage, the relay displays the following message 
during the test:

When parameter p is a ramp function, the device displays the following 
message during the test:

Table 7.17 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output channel. 2

Parameters

c The analog channel (either the channel name, e.g., A0301, or the channel 
number, e.g., 301).

p A percentage of full scale, or either the letter “R” or “r” to indicate ramp 
mode.

t The duration (in decimal minutes) of the test.

Outputting xx.xx [units] to Analog Output Port for y.y minutes. Press any key 
to end test

where:
xx.xx is the calculation of percent of full scale
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

Ramping Analog Output at xx.xx [units]/min; full scale in y.y minutes. Press 
any key to end test

where:
xx.xx is the calculation based upon range/time t
[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

NOTE: 0% = low span, 100% = high 
span. For a scaled output from 4–
20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.
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For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume the analog output signal 
type is 4–20 mA, and we want to test the analog output at 75 percent of rating 
for 5.5 minutes. 

To check the device output, calculate the expected mA output as follows:

To start the test, enter ANA AO301 75 5.5 at the Access Level 2 prompt:

Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

Analog Output Port Test Complete

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =
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BRE Command (Breaker Monitor Data)
Use the BRE command (Access Level 1) to view the breaker monitor report. 
See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor.

 

BRE W or R Command (Preload/Reset Breaker Wear)
The BRE W command (Access Level 2) only saves new settings after the 
Save Changes (Y/N)? message. If a data entry error is made using the 
BRE W command, the values echoed after the Invalid format, changes 
not saved message are the previous BRE values, unchanged by the aborted 
BRE W attempt.

Use the BRE R command (Access Level 2) to reset the breaker monitor:

=>BRE <Enter>

SEL-710-5                               Date: 12/04/2009   Time: 14:26:57
MOTOR PROTECTION RELAY                  Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2009 11:16:21

=>

=>>BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>
                                      IB      = 0.0      ? 18.6  <Enter>
                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>
                                      IB      = 0.0      ? 0.6  <Enter>
                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>
                                      B-phase =   0       ? 28  <Enter>
                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2009 ? 12/04/2009  <Enter>
                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? Y <Enter>

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? Y <Enter>
Clearing Complete

=>>LAST RESET 02/03/10 05:41:07
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See Breaker Monitoring on page 5.23 for further details on the breaker 
monitor. 

CEV Command
The SEL-710-5 provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SYNCHROWAVE Event SEL-5601-2 Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT n 
(CEV n) command to display Compressed ASCII event reports. Parameter n 
indicates the event number. The events can be accessed by the event record 
number or by their unique reference number. The most recent event report is 
record number one (1), the next most recent report is record number two (2), 
and so on. Reference numbers start at 10000 and increment by 1 with each 
event. When the event report list is cleared, the reference number resets to 
10000. See Table C.2 for further information. Compressed ASCII Event 
Reports contain all of the Relay Word bits. The CEV n R command gives the 
raw Compressed ASCII event report. Additionally, the compressed event 
report has the arc-flash detector light measurements.

CMET S and CMET S R Commands
The CMET S command collects data simultaneously from all Ia, Ib, Ic, Va, 
Vb, and Vc and the output contains frequencies and associated magnitudes. 
The CMET S R command displays the raw compressed meter report in 
CASCII format. The report triggers on the rising edge of CMETSRTG. Refer 
to Motor Monitoring Using Fourier Analysis on page 5.11 for further details.

COM PTP Command
The COM PTP command provides a report of the PTP data sets maintained 
by the device as well as statistics for the measured time offsets with the parent 
(master) clock. The PTP data sets contain information about the state, identity, 
and configuration of the local, parent, and grandmaster clocks, in addition to 
properties of the time being distributed by the grandmaster clock.

If the EPTP setting is set to NO, and the COM PTP command (with or 
without any parameters) is sent to the relay, the relay responds with:

If a temporary resource shortage exists, a settings change is in progress, or the 
PTP component is not yet initialized, and the COM PTP command is sent to 
the relay, the relay responds with:

Table 7.18 COM PTP Command

Command Description Access Level

COM PTP Displays the PTP data sets and offset statistics for 
the active PTP slave port of the last active PTP slave 
port before all PTP slave ports went down.

1

COM PTP C or R Clears or resets the PTP offset statistics for all 
ports.

1

=>COM PTP <Enter>

PTP not enabled
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If EPTP is enabled and the COM PTP C or R command is sent to the 
SEL-710-5, the SEL-710-5 responds with: 

If you select Y, the relay responds with: Clearing Complete. If you select N, 
the relay responds with: Command Canceled. If you select anything else, the 
relay responds with: Command Canceled. 

If a COM PTP C or R command is sent to the SEL-710-5 and the PTP 
component is enabled but not yet initialized, the SEL-710-5 responds with:

The SEL-710-5 Relay saves the date and time when the PTP offset statistics 
are cleared. The format of the offset clearing data matches the DATE_F 
Global Setting. The statistic clearing date and time is the time of the last user 
reset through an ASCII command, the last Port 1 settings change, or the last 
power up. The time stamp of the most recent event is displayed.

An example response to the COM PTP command when PTP is available is 
shown in Figure 7.21.

=>COM PTP <Enter>

Command is not available

=>COM PTP C <Enter>

Clear PTP offset statistics?
Are you sure? Y N

=>COM PTP R <Enter>

Command is not available

=>>COM PTP <Enter>

SEL-710-5                                   Date: 05/13/2019   Time: 10:01:41.976
MOTOR RELAY                                 Time Source: External

PTP offset statistics previously cleared on 05/09/2019 09:32:18 (UTC)

Settings Data Set
  PTP Profile : Default
  Transport Mechanism : UDP
  Path Delay : P2P

Default Data Set
  Two Step : true
  Clock Identity : 00 30 A7 FF FE 12 32 22
  Number of Ports : 1
  Clock Quality 
    Clock Class : 255
    Clock Accuracy : 254
    Offset Log Variance : 0
  Priority1 : 255
  Priority2 : 255
  Domain Number : 0
  Slave Only : true

Figure 7.21 COM PTP Command Response 
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A description of each PTP data set displayed in Figure 7.21 is given in 
Table 7.19.

Current Data Set
  Steps Removed : 1

Parent Data Set
  Parent Port Identity
  Clock Identity : 00 30 A7 FF FE 0B 29 91
    Port Number : 1
  Grandmaster Clock Identity : 00 30 A7 FF FE 0B 29 91
  Grandmaster Clock Quality
    Clock Class : Synchronized with PTP timescale 6
    Clock Accuracy : Within 100 ns
    Offset Log Variance : 18887
  Grandmaster Priority1 : 128
  Grandmaster Priority2 : 128

Time Properties Data Set
  Current UTC Offset : 37
  Current UTC Offset Valid : true
  Leap59 : false
  Leap61 : false
  Time Traceable : true
  Frequency Traceable : true
  PTP Timescale : true
  Time Source : GPS
  Local Time Offset 
    Offset Valid : true
    Name : UTC-07:00
    Current Offset : -25237 s
    Jump Seconds : -3600 s
    Time of Next Jump : 1572771637 s

Port Data Set
  Port Identity 
    Clock Identity : 00 30 A7 FF FE 12 32 22
    Port Number : 1
  Port State : SLAVE
  Log Pdelay Request Interval : 0
  Peer Mean Path Delay : 0 ns
  Announce Receipt Timeout : 4 intervals
  Path Delay Mechanism : P2P
  Failed to Receive Response : true
  Received Multiple Pdelay Responses : false
  Reason for Non-synchronization : 
  Port status : A, ACTIVE

=>>

Figure 7.21 COM PTP Command Response  (Continued)

Table 7.19 PTP Data Set Descriptions (Sheet 1 of 5)

Type of Data Set Information Field Description

Settings PTP Profile This value is the same as PTPPRO.

Transport 
Mechanism

This value is the same as PTPTR.

Path Delay This value is the same as PTHDLY.

Default Two Step For the default data set, this is set to TRUE. A two-step clock uses the combination of 
an event message and a subsequent general message to provide time information. A 
one-step clock uses a single event message to provide time information.

Clock Identity This is an 8-octet number that uniquely identifies the clock on the network. It is 
derived from the Ethernet MAC address.

Number of Ports This is the number of Ethernet ports used to communicate PTP messages. It is 
always 1 for SEL-710-5 relays.

Clock Quantity This contains information about clock class, accuracy, and variance of the 
SEL-710-5.
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Priority1 This is the first priority for the SEL-710-5 used in the default BMCA. It is always set 
to 255.

Priority2 This is the second priority for the SEL-710-5 used in the default BMCA. It is always 
set to 255.

Domain Number This value is the same as DOMNUM. It is the PTP domain number to which the clock 
belongs.

Slave Only This value is always TRUE for SEL-710-5 relays.

Current Steps Removed This is the number of communication paths between the SEL-710-5 Relay and the 
grandmaster clock. A communication path is the link between a master and a slave 
port. Hence, links to transparent clocks do not count as separate paths. The values 
range from 1 to 65535.

Parent Parent Port Identity This contains the clock identity and port number of the adjacent clock to which the 
SEL-710-5 clock is synchronized. The port number identifies the specific port on the 
adjacent clock from which the SEL-710-5 clock is receiving PTP messages. 

Grandmaster Clock 
Identity

This is the clock identity of the grandmaster clock to which the SEL-710-5 is 
synchronized. 

Grandmaster Clock 
Quality

This contains the class, accuracy, and variance of the grandmaster clock.

Grandmaster Clock 
Class

This field displays an ASCII message based on the received clock class code as 
described in the following table.

Table 7.19 PTP Data Set Descriptions (Sheet 2 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

68–122, 133–170, 216–232 Profile specific value

6 Synchronized with PTP timescale

13 Holdover with PTP timescale

14 Synchronized with ARB timescale

52 Holdover degrade A with PTP timescale

58 Holdover degrade A with ARB timescale

187 Holdover degrade B with PTP timescale

193 Holdover degrade B with ARB timescale

248 Default

255 Slave only

All other codes Reserved with decimal code value (xxx)
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Grandmaster Clock 
Accuracy

This field displays an ASCII message based on the received clock accuracy 
enumeration value as described in the following table.

Grandmaster 
Priority1

This is the priority1 value set in the grandmaster clock. If the setting ALTPRIn > 0, 
its value is used as the reported priority1 value for grandmaster n. The expected value 
is between 0 to 255.

Grandmaster 
Priority 2

This is the priority2 value set in the grandmaster clock. The expected value is 
between 0 to 255.

C37.238 TLV 
Information

This is the C37.238 TLV information received. It is valid only in the Power profile. In 
the case of Default profile, this section is hidden.

Time Properties Current UTC Offset This is the current number of leap seconds between TAI and UTC. 

Current UTC Offset 
Valid

This attribute is TRUE if the Current UTC Offset is valid and should be used. It is 
FALSE otherwise.

Leap59 This is set to TRUE if there is an impending leap second removal, i.e., the last minute 
of the current day contains 59 seconds. 

Leap61 This is set to TRUE if there is an impending leap second insertion, i.e., the last minute 
of the current day contains 61 seconds. 

Time Traceable This indicates if the time being served is traceable to UTC reference time. 

Frequency Traceable This indicates if the frequency being distributed is traceable to a primary source. 

Table 7.19 PTP Data Set Descriptions (Sheet 3 of 5)

Type of Data Set Information Field Description

Value (Hex) Message

20 Within 25 ns

21 Within 100 ns

22 Within 250 ns

23 Within 1 μs

24 Within 2.5 μs

25 Within 10 μs

26 Within 25 μs

27 Within 100 μs

28 Within 250 μs

29 Within 1 ms

2A Within 2.5 ms

2B Within 10 ms

2C Within 25 ms

2D Within 100 ms

2E Within 1 s

2F Within 10 s

30 Within 10 s

31 Greater than 10 s

80–FD Profile specific value (0xyy)

FE Unknown

All other values Reserved (0xyy)
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PTP Timescale This is TRUE if the time being served uses the PTP/UTC timescale. Otherwise, it is 
FALSE.

Time Sources This shows the source of the time being distributed based on the value of the time 
source enumeration as shown in the following table.

Local Time Offset This is the offset of local time from UTC and information about impending change in 
the offset.

Port Port Identity This contains the clock ID and port number of the SEL-710-5 Relay on the PTP 
network. 

Port State This is the synchronization state of the SEL-710-5: LISTENING, SLAVE, 
UNCALIBRATED, or FAULTY. The relay is synchronized if the state is SLAVE.

Log Delay Request 
Interval

If the end-to-end delay mechanism is enabled, this is the logarithm to base 2 of the 
delay request intervals (in seconds) received from the master clock. If the peer-to-
peer (P2P) delay mechanism is enabled, these data are hidden. Also, these data are 
hidden when delay mechanism is set to OFF.

Log Pdelay Request 
Interval

If the peer-to-peer (P2P) delay mechanism is enabled, this is the logarithm to base 2 
of the configured peer delay request intervals (PDINT). If the end-to-end delay 
mechanism is enabled, these data are hidden. Also, these data are hidden when the 
delay mechanism is set to OFF.

Peer Mean Path 
Delay

If the peer-to-peer (P2P) delay mechanism is enabled, this is the measured mean peer 
delay on the SEL-710-5. If the peer-to-peer (P2P) delay mechanism is not selected 
(PTHDLY := P2P), these data are hidden.

Announce Receipt 
Timeout

This value is always four announce intervals. 

Path Delay 
Mechanism

This is the same value as PTHDLY.

Failed to Receive 
Response

The value is TRUE if no response is received after five consecutive Delay or Pdelay 
Requests from the port. Otherwise, the value is FALSE. These data are hidden if 
PTHDLY := OFF.

Received Multiple 
Pdelay Responses

This is set to TRUE if a response is received from more than one clock to a Pdelay 
request from the SEL-710-5. The port state will transition to faulty when this 
happens. The value is reset to FALSE when only one clock responds to Pdelay 
requests from the SEL-710-5. These data are hidden if PTHDLY := P2P.

Table 7.19 PTP Data Set Descriptions (Sheet 4 of 5)

Type of Data Set Information Field Description

Code (decimal) Message

10 ATOMIC_CLOCK

20 GPS

30 TERRESTRIAL_RADIO

40 PTP

50 NTP

60 HAND_SET

90 OTHER

A0 INTERNAL_OSCILLATOR

F0–FE PROFILE SPECIFIC VALUE (0xyy)

All other values RESERVED (0xyy)
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COMMUNICATIONS Command
The COM x command (see Table 7.20) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix J: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
Relay Word bits ROKA or ROKB. The Last Error field displays the reason for 
the most recent channel error, even if the channel was already failed. We 
define failure reasons as one of the following error types:

Reason for Non-
synchronization

If the SEL-710-5 fails to synchronize, this field provides one of the following reasons 
for the failure: incorrect domain number, clock not in the acceptable master table, or 
missing TLV in Announce messages. Otherwise, the string is empty. See the 
following table.

Port Status This displays the Port 1A or 1B time-synchronization status. If the port is not 
synchronized to a PTP master, NA is displayed. If a port is in the SLAVE state and it 
is chosen as master, ACTIVE is displayed.

Additional port status indications are available via Relay Word bits PTPA, PTPB, 
PASEL, and PBSEL. When Ethernet Port 1A is active, PASEL asserts. Similarly, 
when Ethernet Port 1B is active, PBSEL asserts. If the operating mode on Port 1 of 
the relay is PRP, PTP is enabled. If the relay is receiving PTP messages on Port 1A, 
PTPA asserts. Similarly, in PTP mode, if PTP is enabled and the relay is receiving 
PTP messages on Port 1B, PTPB asserts. 

Table 7.19 PTP Data Set Descriptions (Sheet 5 of 5)

Type of Data Set Information Field Description

Number Reason for Non-synchronization Display Strings

1 Received Announce message for a different domain: 
<domain number>

2 Received Announce message from an unacceptable master: 
<MAC or IP address>

3 Required TLV is missing or incorrectly formatted by clock:

<clock ID>

➤ Device disabled ➤ Re-sync
➤ Framing error ➤ Data error
➤ Parity error ➤ Loopback
➤ Overrun ➤ Underrun

Table 7.20 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 

COM S B 

Returns a summary report of the last 255 records in the 
communications buffer for either MIRRORED BITS com-
munications Channel A or Channel B when only one 
channel is enabled. 

1 

 

COM A Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel A. 

1 

COM B Returns a summary report of the last 255 records in the 
communications buffer for MIRRORED BITS communi-
cations Channel B. 

1 

COM L A Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel A. 

1 
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.21) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.21.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.22) to copy the settings of Group j 
to the settings of Group k. The settings of Group j effectively overwrite the 
settings of Group k. Parameters j and k can be any available settings group 
number 1 through 4.

COM L B Appends a long report to the summary report of the last 
255 records in the communications buffer for MIR-
RORED BITS communications Channel B. 

1 

COM C Clears all communications records. If both MIRRORED 
BITS channels are enabled, omitting the channel speci-
fier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.20 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.21 CONTROL Command

Command Description Access Level

CON RBnn k Sets a Remote Bit to set, clear, or pulse. 2

Subcommand

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

Parameters

nn A number from 01 to 32, representing RB01 through RB32.

k S, C, or P.

=>>CON RB05 S <Enter>

Table 7.22 COPY Command

Command Description Access Level 

COP j k Copies settings in Group j to settings in Group k. 2 

Parameters

j 1, 2, 3, or 4.

k 1, 2, 3, or 4.
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For example when you enter the COP 1 3 command, the relay responds, Are 
you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.23).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.24) to view and set the relay date.

The relay can overwrite the date entered by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(Port 1) status, as shown in Figure 7.22, for the redundant fiber-optic (FX) 
Ethernet Port 1A and Port 1B configuration. The copper Ethernet port is labeled 
as TX. The response is similar for relays with the single Ethernet port option. 

Different Ethernet configurations and different NETMODE settings result in 
slightly different information being displayed, as shown in Figure 7.22 
through Figure 7.26.

Table 7.23 COUNTER Command

Command Description Access Level

COU n Displays current state of device counters n times, with a 
1/2-second delay between each display.

1

Table 7.24 Date Command

Command Description Access Level

DATE Displays the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Sets the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1
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=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:16:05.914
MOTOR RELAY                                Time Source: External

NETMODE: PRP

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
      5098     1000       645526      88876         0       0

=>

Figure 7.22 Ethernet Port (PORT 1) Status Report When NETMODE := PRP

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:18:11.791
MOTOR RELAY                                Time Source: External

NETMODE: FIXED

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
       143      107        14652       7861         0       0

=>

Figure 7.23 Ethernet Port (PORT 1) Status Report When 
NETMODE := FIXED
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=>ETH <Enter>

SEL-710-5                                  Date: 10/25/2016   Time: 10:59:25.558
MOTOR RELAY                                Time Source: Internal

NETMODE: FAILOVER

PRIMARY PORT:  1A
ACTIVE PORT:   1A

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Down   --     --     TX

IP Port:

MAC: 00-30-A7-67-32-10
IP ADDRESS: 10.10.52.244
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        36       72         2660       5081         0       0

GOOSE Port:

MAC: 00-30-A7-78-10-20

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
         0        0            0          0         0       0

=>

Figure 7.24 Ethernet Port (PORT 1) Status Report When 
NETMODE := FAILOVER, E61850 := Y, and EGSE := Y

=>ETH <Enter>

SEL-710-5                                  Date: 07/10/2015   Time: 20:21:34.698
MOTOR RELAY                                Time Source: External

NETMODE: SWITCHED

             LINK   SPEED  DUPLEX MEDIA
PORT 1A      Up     100M   Full   TX
PORT 1B      Up     100M   Full   TX

IP Port:

MAC: 00-30-A7-01-02-04
IP ADDRESS: 10.10.52.221
SUBNET MASK: 255.255.255.0
DEFAULT GATEWAY: 10.10.52.1

         PACKETS                 BYTES              ERRORS
      SENT     RCVD         SENT       RCVD      SENT    RCVD
        93       74         8537       5096         0       0

=>

Figure 7.25 Ethernet Port (PORT 1) Status Report When 
NETMODE := SWITCHED

NOTE: Relays with older CPU cards 
can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).
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The command response for the single Ethernet port option is as shown in 
Figure 7.26.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.25) to view event reports. See Section 10: 
Analyzing Events for further details on retrieving and analyzing event reports. 
See the HISTORY Command on page 7.53 for details on clearing event 
reports.

FILE Command
The FIL command (see Table 7.26) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FIL command is supported if you connect over the serial or 
Ethernet ports.

=>ETH <Enter>

SEL-710-5                                 Date: 06/05/2010 Time: 10:41:44
MOTOR RELAY                               Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 
 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>

Figure 7.26 Ethernet Port (PORT 1) Status Report for the Single Ethernet 
Port Option

Table 7.25 EVENT Command (Event Reports)

Command Description Access Level

EVE Return the most recent event report (including set-
tings and summary) at full length with 4 samples per 
cycle data

1

EVE [DIF] n Returns the n event report (standard or differential) 
with 4 samples/cycle data.

1

EVE [DIF] n R Returns the n event report (standard or differential) 
with raw (unfiltered) 32 samples/cycle analog data 
and 4 samples/cycle digital data.

1

Parameters

DIF Specifies a differential event report. If DIF is not specified, the relay 
displays a standard event report.

n Indicates a record or event reference number. The most recent event has 
a record number of 1 and increments by 1 with each event, whereas the 
event reference number is a unique number that starts at 10000 and 
increments by 1 with each event (see Event Reference Number on 
page 10.4 for details). If n is not specified, the relay displays the latest 
event report by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which can be used for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.27.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.26 FILE Command

Command Description Access Level

FIL DIR Returns a list of files. 1

FIL READ 
filename

Transfers settings file filename from the relay to 
the PC.

1

FIL WRITE 
filename

Transfers settings file filename from the PC to the 
relay.

2

FIL SHOW 
filename

Displays contents of the file filename. 1

Table 7.27 GOOSE Command Variants 

Command Variant Description
Access 
Level

GOOSE Displays GOOSE information. 1

GOOSE k Displays GOOSE information k times. 1

GOOSE S Displays a list of GOOSE subscriptions with their 
ID.

1

GOOSE S n Displays GOOSE statistics for all subscription ID n. 1

GOOSE S ALL Displays GOOSE statistics for all subscriptions. 1

GOOSE S n L Displays GOOSE statistics for subscription ID n 
including error history.

1

GOOSE S ALL L Displays GOOSE statistics for all subscriptions 
including error history.

1

GOOSE S n C Clears GOOSE statistics for subscription ID n. 1

GOOSE S ALL C Clears GOOSE statistics for all subscriptions. 1

Information Field Description

Transmit
GOOSE Control Reference

This field represents the GOOSE control reference information that includes the IED 
name, ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and GSECon-
trol name (GSE Control Block Name) (e.g., SEL_351S_1CFG/LLN0$GO$GooseD-
Set13).

Receive
GOOSE Control Reference

This field represents the goCbRef (GOOSE Control Block Reference) information that 
includes the iedName (IED name), ldInst (Logical Device Instance), LN0 lnClass (Logical 
Node Class), and cbName (GSE Control Block Name) 
(e.g., SEL_351S_1CFG/LLN0$GO$GooseDSet13).

MultiCastAddr (Multicast Address) This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where spaces are used if the 
priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area Network) value, where 
spaces are used if the virtual LAN is unknown.

StNum (State Number) This hexadecimal field represents the state number that increments with each state change.
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SqNum (Sequence Number) This hexadecimal field represents the sequence number that increments with each retrans-
mitted GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is expected.

Code When appropriate, this text field contains warning or error condition text that is abbrevi-
ated as follows:

Transmit Data Set Reference This field represents the DataSetReference (Data Set Reference) that includes the IED 
name, LN0 lnClass (Logical Node Class), and GSEControl datSet (Data Set Name) 
(e.g., SEL_351S_1CFG/LLN0$DSet13).

Receive Data Set Reference This field represents the datSetRef (Data Set Reference) that includes the iedName (IED 
name), ldInst (Logical Device Instance), LN0 lnClass (Logical Node Class), and datSet 
(Data Set Name) (e.g., SEL_351S_1CFG/LLN0$DSet13).

Ctrl Ref/
ControlBlockReference

This is the GOOSE control block reference. It is a concatenation of the logical device 
name, LLN0 (logical node containing the control block), GO (functional constraint), and 
the GSEControl name. (e.g. SEL_351S_1CFG/LLN0$GO$GooseDSet13) 

AppID This is the application identifier as a decimal number. 

From This is the date and time the current statistics collection started. 

To This is the date and time the GOOSE statistics command was executed. 

Accumulated downtime dura-
tion

This represents the total amount of time a subscription was in an error state. The duration 
is displayed in the format: hhhh:mm:ss.zzz.

Maximum downtime duration This represents the maximum amount of time a subscription was continuously in error 
state. The duration is displayed in the format: hhhh:mm:ss.zzz.

Date & time maximum downtime 
began

This is the date and time the recorded maximum downtime started. 

Number of messages received 
out-of-sequence (OOS)

This represents the total number of messages received with either the state number and/or 
sequence number out-of-sequence. This includes cases where more than one instance of a 
message is received within a single relay processing interval. In this case, the most recent 
message is processed and the others are discarded.

Number of time-to-live (TTL) 
violations detected 

This represents the total number of times a message was not received within the expected 
period/interval. 

Number of messages incor-
rectly encoded or corrupted

This represents the total number of messages that were identified with this subscription 
but were either incorrectly encoded or encoded with a wrong dataset. 

Number of messages lost due 
to receive overflow

This represents the total number of messages that were not processed because memory 
resources were exhausted. This includes cases where more than one instance of a message 
is received within a single relay processing interval. In this case, the most recent message 
is processed and the others are discarded.

Calculated max. sequential 
messages lost due to OOS

This represents the maximum estimated number of messages that were missed after 
receiving a message with a higher state or sequence number than expected.

Calculated number of mes-
sages lost due to OOS

This represents the total of all estimated number of messages lost due to state or sequence 
number skip in received messages. 

Information Field Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired
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Figure 7.27 shows an example response to the GOOSE command.

Table 7.28 Warning and Error Codes for GOOSE Subscriptions

Code Enumerationa Definition Error/Warning

– 0 No errors present. –

HOST DISABLED 1 Optional code for when the subscribing device is disabled or 
becomes unresponsive after the GOOSE command has been 
issued.

Error

CONF REV MISMA 2 Configuration revision mismatch. Displayed when the value of the 
configuration revision number in the received GOOSE message 
does not match with the value of the configuration revision 
number present in the CID file.

Error

NEED COMMISSIO 3 Needs commissioning. Displayed when the received GOOSE 
message has NdsCom = true.

Error

MSG CORRUPTED 4 Message corrupted. Displayed when a received GOOSE message 
does not meet the proper format or is corrupted.

Error

TTL EXPIRED 5 Time-to-live expired. Error

OUT OF SEQUENC 6 Out-of-sequence (OOS) error. This error is present when the 
StNum or SqNum value between received GOOSE messages is 
not sequential.

Warning

INVALID QUAL 7 Invalid date quality received. Warning
a Enumerations are used to communicate GOOSE error codes in the LGOS logical node.

=>GOOSE

GOOSE Transmit Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_710d5_1CFG/LLN0$GO$GPub01
 01-0C-CD-01-00-18 4:1     4120   1          5580       362   
 Data Set: SEL_710d5_1CFG/LLN0$GPDSet01

SEL_710d5_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-04 4:3     4      11119      3          944   
 Data Set: SEL_710d5_1CFG/LLN0$NewDataset

GOOSE Receive Status

 MultiCastAddr   Ptag:Vlan AppID  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-05 4:3     5      1          5563       2000    
 Data Set: SEL_700G_1CFG/LLN0$NewDataset

SEL_787d4_1CFG/LLN0$GO$NewGOOSEMessage
 01-0C-CD-01-00-03 4:3     3      1          5522       2000    
 Data Set: SEL_787d4_1CFG/LLN0$NewDataset

=>GOO S 1 L

Figure 7.27 GOOSE Command Response
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GROUP Command
Use the GROUP command (see Table 7.29) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change fails. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.30) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

SubsID 1
-----------------------------------------------------------------------------
 Ctrl Ref: SEL_700G_1CFG/LLN0$GO$NewGOOSEMessage
 AppID   : 5    
 From    : 04/20/2018 12:38:30.275  To: 04/20/2018 14:13:43.289

 Accumulated downtime duration                      : 0000:00:09.891
 Maximum downtime duration                          : 0000:00:09.891
 Date & time maximum downtime began                 : 04/20/2018 12:40:21.460
 Number of messages received out-of-sequence(OOS)   : 0
 Number of time-to-live(TTL) violations detected    : 1
 Number of messages incorrectly encoded or corrupted: 0
 Number of messages lost due to receive overflow    : 0
 Calculated max. sequential messages lost due to OOS: 0
 Calculated number of messages lost due to OOS      : 0

 #    Date        Time          Duration        Failure
 1    04/20/2018  12:40:21.460  0000:00:09.891  TTL EXPIRED

Figure 7.27 GOOSE Command Response (Continued)

Table 7.29 GROUP Command

Command Description Access Level

GROUP Displays the active group. 1

GROUP n Modifies the active Group n. 2

Parameter

n Indicates group numbers 1–4.

Table 7.30 HELP Command

Command Description Access Level

HELP Displays a list of each command available at the 
present access level with a one-line description.

1

HELP command Displays information on the command command. 1
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HISTORY Command
Use the HIS command (see Table 7.31) to view a list of one-line descriptions of 
relay events or clear the list (and corresponding event reports) from nonvolatile 
memory. For more information on event reports, see Section 10: Analyzing Events.

ID Command
Use the ID command (see Table 7.32) to extract device identification codes, as 
shown in Figure 7.28. You can use the information in the SPECIAL field in 
the ID command response to determine the hardware and firmware 
compatibility of the relay. Contact SEL technical support before you 
downgrade the relay firmware.

Table 7.31 HISTORY Command 

Command Description Access Level

HIS Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list.

1

HIS [50INC or 
BBD] n

Returns event histories with the oldest at the bot-
tom of the list and the most recent at the top of 
the list, beginning at event n.

1

HIS [50INC or 
BBD] C or R

Clears/resets the event history and all corre-
sponding event reports from nonvolatile mem-
ory.

1

HIS date1 Return the event summaries on date date1a.

a Use the same date format as Global setting DATE_F.

1

HIS date1 date 2 Return the event summaries from date1 to date2, 
with date1 at the bottom of the list and date2 at 
the top of the list.

1

HIS CA or RA Clears/resets the event history and all corre-
sponding event reports from nonvolatile memory 
and resets the unique reference number to 
10000.

1

Parameter

BBD Returns event histories for the broken bar detection element. If 
BBD is not specified, the relay displays histories for the standard 
event report.

50INC Returns event histories for the incipient cable fault detection ele-
ment. If 50INC is not specified, the relay displays histories for the 
standard event report. 

n Indicates an event reference number. The event reference number 
is a unique number that starts at 10000 and increments by 1 with 
each event (see Event Reference Number on page 10.4 for 
details).

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display 
a chronological progression through the report. Enter the newest 
date first to display a reverse chronological progression. Date 
entries are dependent on the date format setting DATE_F.

Table 7.32 ID Command

Command Description Access Level

ID Returns a list of device identification codes. 0
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IRIG Command
Use the IRIG command to direct the relay to read the demodulated IRIG-B 
time code at the serial port or IRIG-B input (see Table 7.33).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRIG command to synchronize the 
relay clock with IRIG-B. Use the IRIG command to determine if the relay is 
properly reading the IRIG-B signal.

L_D Command (Load Firmware)
Use the L_D command (see Table 7.34) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: Firmware Upgrade 
Instructions for further details on downloading firmware. Only download 
firmware to the front port.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

Figure 7.28 ID Command Response

Table 7.33 IRIG Command

Command Description Access Level

IRIG Forces synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRIG <Enter>

SEL-710-5                  Date: 12/10/2003 Time: 08:56:03.190
MOTOR RELAY                Time Source: external
=>

Table 7.34 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads firmware to the relay. 2
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LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.35) to view and manage the Load Profile 
report (see Figure 5.27). If there are no stored data and an LDP command is 
issued, the relay responds with No data available.

LOOPBACK Command
The LOO command (see Table 7.36) is used for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix J: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing is wrong and ROK is deasserted. The 
LOO command tells the MIRRORED BITS software to temporarily expect to 
see its own data looped back as its input. In this mode, LBOK asserts if error-
free data are received. The LOO command with just the channel specifier, 
enables looped back mode on that channel for five minutes, while the inputs 
are forced to the default values.

Table 7.35 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Displays a numeric progression of all load pro-
file report rows. Use the LDP command with 
parameters to display a numeric or reverse 
numeric subset of the load profile rows.

1

LDP C Clears the load profile report from nonvolatile 
memory.

1

Parameters

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric pro-
gression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with date1 
and ending with date2. Enter the oldest date first to display a chrono-
logical progression through the report. Enter the newest date first to 
display a reverse chronological progression. Date entries are depen-
dent on the date format setting DATE_F.

Table 7.36 LOO Command

Command Description Access Level 

LOO Enables loopback testing of MIRRORED BITS channels. 2 

LOO A Enables loopback on MIRRORED BITS Channel A for 
the next 5 minutes. 

2 

LOO B Enables loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

LOO R Cancels the loopbackl test. 2

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>
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If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the desired number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command causes both channels to be disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as shown 
below.

MET Command (Metering Data)
The MET command (see Table 7.37 and Table 7.38) provides access to the 
relay metering data.

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>>MAC <Enter>

Port 1 (IP) MAC Address:      00-30-A7-67-32-10
Port 1 (GOOSE) MAC Address:   00-30-A7-78-10-20

=>>

NOTE: Relays with older CPU 
cards can be upgraded to firmware 
versions R200 or higher, but the 
relay will not have the GOOSE 
performance improvements (i.e., a 
GOOSE port with a dedicated MAC 
address).

Table 7.37 Meter Command

Command Description Access Level

MET c n Displays metering data. 1

MET c R Resets metering data. 2

Parameters

c Identifies meter class. If c is not specified, the relay displays the funda-
mental meter report.

n Specifies the number of times (1–32767) to repeat the meter response.

Table 7.38 Meter Class (Sheet 1 of 2)

c Meter Class

F Fundamental Metering

Ea Energy Metering 

Ma Maximum/Minimum Metering

RMS RMS Metering



7.57

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Communications
SEL ASCII Protocol and Commands

For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Confirm by 
selecting Y and pressing ENT. The metering quantities are reset and the relay 
responds with Reset Complete.

MMR Command
Use the MMR (motor maintenance report) command to review for each start/
stop cycle motor parameters, such as:

➤ Time to start/stop

➤ Power on start/stop

➤ Maximum starting current

➤ Minimum starting voltage

➤ Slip on stop

The MMR command displays the values recorded during a baseline run and 
each subsequent run. The MMR report includes data for the latest 360 start/
stop cycles, along with the data captured in the baseline run.

See Motor Maintenance Report on page 5.18 for information on the contents 
of the motor maintenance report.

MOTOR Command
The MOT command (see Table 7.40) displays motor operating statistics 
including the following:

➤ Motor running time, stopped time, and percent time running.

➤ Total number of motor starts.

➤ Number of emergency starts.

FFT Fast Fourier Transform Data Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

L Light Metering for arc-flash detection (AFD)

MV SELOGIC Math Variable Metering

RA Remote Analog Metering

a Reset command available.

Table 7.38 Meter Class (Sheet 2 of 2)

c Meter Class

Table 7.39 MMR Command

Command Description Access Level

MMR Displays stored motor parameters for each start/stop 
cycle along with the baseline run.

1

MMR C Clears stored motor parameters for each start/stop 
cycle and readies the relay to compute a new set of 
baseline run parameters in the following start/stop 
cycle.

2
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Section 5: Metering and Monitoring includes additional details on the motor 
operating statistics report. Issuing the MOT R or MOT C command from 
Access Level 2 clears both motor statistics and motor start reports.

MSR or CMSR Command
Use the MSR (Motor Start Report) command (see Table 7.41) to view motor 
start reports. The relay records a 720-data point report each time the motor 
starts. Use the CMSR n command for compressed motor start reports.  
QuickSet supports viewing of the compressed motor start reports (*.cmsr).

See Section 5: Metering and Monitoring for information on the contents of 
motor start reports. Issuing the MOT R or MOT C command from Access 
Level 2 clears both motor statistics and motor start reports.

MST Command
Use the MST (Motor Start Trend) command (see Table 7.42) to review the 
motor start trend data. The relay records the number of starts and average 
information for each of the past eighteen 30-day periods. See Section 5: 
Metering and Monitoring for information on the contents of the motor start 
trend data.

PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.43) to change existing passwords.

Table 7.40 MOTOR Command 

Command Description Access Level

MOT Displays machine operating statistical monitoring of 
the protected device.

1

MOT C or R Use this command to clear/reset the motor statistic and 
motor start report records.

2

Table 7.41 MSR (Motor Start Report) Command

Command Description Access Level

MSR n Returns the n motor start report where n is event record or 
reference number. The n defaults to 1, where 1 is the most 
recent event.

1

CMSR n Shows compressed motor start record data, where n is the 
event record or reference number.

1

Table 7.42 MST (Motor Start Trend) Command

Command Description Access Level

MST Returns the motor start trend data 1

MST R or C Resets or clears the data stored in the motor start trend 
buffers.

2

Table 7.43 PASSWORD Command

Command Description Access Level

PAS level Changes password for Access Level level. 2, C

Parameter

level Parameter level represents the relay Access Levels 1, 2, or C.

WARNING
This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.
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The factory-default passwords are as shown in Table 7.44.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change the Access Level 2 password and PAS C to 
change the Access Level C password.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are shown below:

➤ #0t3579!ijd7

➤ $A24.68&,mvj

➤ (Ih2dcs)36dn

➤ *4u-Iwg+?lf-

PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 1) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (Port 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.29. 

The command structure is:

PING x.x.x.x t 

where: 

x.x.x.x is the Host IP address and 

Table 7.44 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Passwords

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1  <Enter>
New PW: ?#Ot3579!ijd7 <Enter>
Confirm PW: ?#Ot3579!ijd7 <Enter>
Password Changed
=>>

Table 7.45 Valid Password Characters

Alpha
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric
0 1 2 3 4 5 6 7 8 9

Special
! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~
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t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing Q.

PULSE Command
Use the PULSE command (see Table 7.46) to pulse any of the relay outputs 
for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact closes 
or opens depending on the output contact type (a or b). The PUL command 
energizes the coil and does not have any effect if the coil is already energized. 
The outputs are OUTnnn, where nnn represents 101–103 (standard), 301–308 
(optional), 401–408 (optional), or 501–508 (optional). For example, 
OUTPUT 301 refers to Output 01 in Slot C. 

QUIT Command
Use the QUIT command (see Table 7.47) to revert to Access Level 0.

Access Level 0 is the lowest access level; the SEL-710-5 performs no 
password check to descend to this level (or to remain at this level).

=>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

=>

Figure 7.29 PING Command Response

Table 7.46 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnn Pulses output OUTnnn for 1 second. 2

PUL OUTnnn s Pulses output OUTnnn for s seconds. 2

Parameters

nnn Output number.

s Time in seconds, with a range of 1–30.

NOTE: The PULSE command is 
available when the breaker control 
jumper on the main board is in the 
ENABLED position.

Table 7.47 QUIT Command

Command Description Access Level

QUIT Goes to Access Level 0. 0
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R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.48) to restore factory-default settings.

RSTP Command
Use the RSTP command (see Figure 7.49) to display the RSTP statistics and 
the present RSTP configuration when RSTP is enabled.

Table 7.50 describes the information displayed in the output of the RSTP 
command.

Table 7.48 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restores the factory-default settings and passwords and 
reboots the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.49 RSTP Command

Command Description Access Level

RSTP Displays the RSTP statistics and the present RSTP 
configuration.

1

Table 7.50 RSTP Command Definitions (Sheet 1 of 2)

Information Field Description

ROOT BRIDGE Reveals the role of the relay in the RSTP configuration. It will either display YES or 
NO.

BRIDGE ID Displays the Bridge ID of the relay, which consists of the bridge priority (in decimal 
format) and the MAC address of the relay.

ROOT BRIDGE ID Displays the Bridge ID of the root bridge, which consists of the bridge priority (in 
decimal format) and the MAC address of the root bridge.

ROOT PORT Displays the port number (i.e., Port 1A or Port 1B) that is forwarding towards the root 
bridge when the relay is a designated bridge. If the relay is the root bridge, this dis-
plays NA.

TIME SINCE TOPOLOGY CHANGE Displays the number of seconds since the last topology change occurred.

BRIDGE PRIORITY Determines the root bridge. The bridge with the lowest value becomes the root bridge. 
It can be set under the Port 1 settings.

HELLO TIME Interval in which the relay sends BPDUs. It is fixed at 2 seconds.

MAX AGE Maximum number of hops before a BPDU is discarded. It is fixed at 40.

FORWARD DELAY The time that the relay must spend in the listening and learning states before transi-
tioning to forwarding. It is fixed at 21 seconds. This is only used when the relay is in 
STP compatibility mode.

PORT 1A PROTOCOL Displays either STP or RSTP.

PORT 1B PROTOCOL Displays either STP or RSTP.

PORT 1A STATE The state of Port 1A.

PORT 1B STATE The state of Port 1B.

PORT 1A ROLE The role of Port 1A.

PORT 1B ROLE The role of Port 1B.

PORT 1A PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.
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Figure 7.30 shows an example response to the RSTP command.

RLP Command
Use the RLP command (see Table 7.51) to reset learned motor parameters.

In response to the RLP command, the device responds with the following 
prompt: Reset Cooltime (Y/N)? If you confirm the prompt, the device 
resets the learned cooling time and responds: Learned Cooling Time 
Reset. Otherwise, the device aborts the request and responds: Command 
Canceled. The device then responds: Reset Start TC (Y/N)? If you 
confirm the prompt, the device resets the Learned Starting Thermal Capacity 
and responds: Learned Starting TC Reset. Otherwise, the device aborts 
the request and responds with Command Canceled.

PORT 1B PRIORITY Determines which port the device selects as a root port when there is a tie between 
two ports. The port with the lower value will become the root port. It can be set under 
the Port 1 settings.

PORT 1A PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1B PATH COST Helps determine which path the device selects to a root bridge. The device selects 
paths with the lowest overall cost first. It is fixed at 200000.

PORT 1A EDGE PORT If YES, Port 1A is an edge port. If NO, it is not.

PORT 1B EDGE PORT If YES, Port 1B is an edge port. If NO, it is not.

PORT 1A BPDU COUNT Displays the number of BPDUs received on Port 1A.

PORT 1B BPDU COUNT Displays the number of BPDUs received on Port 1B.

Table 7.50 RSTP Command Definitions (Sheet 2 of 2)

Information Field Description

=>RSTP <Enter>

SEL-710-5                                 Date: 08/26/2022   Time: 10:37:34.788
MOTOR RELAY                          Time Source: External

RSTP Communication Statistics: 

Root Bridge: NO
Bridge Id: 36864-0030A7169000
Root Bridge Id: 12288-0030A70B64F9
Root Port: 1A
Time Since Topology Change: 76601 sec
Bridge Priority: 36864;   Hello Time:  2 sec
Max Age: 40;   Forward Delay:  21 sec

PORT PROTOCOL  STATE       ROLE    PRIORITY  PATHCOST EDGE #BPDU-RCVD 
 1A   RSTP   Forwarding   Rootport    128    200000   False     39608 
 1B   RSTP   Discarding   Disabled    128    200000   False      1077 

=>

Figure 7.30 RSTP Command Response

Table 7.51 RLP Command

Command Description Access Level

RLP Resets learned motor parameters 2
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SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.52) to view and manage the Sequential 
Events Recorder report. See Section 10: Analyzing Events for further details 
on SER reports. If there is no SER report row stored, the relay responds with 
No Data Available.

SET Command (Change Settings)
Use the SET command to view or change the relay settings (see Table 7.53).

Table 7.52 SER Command (Sequential Events Recorder Report) 

Command Description Access Level

SER Displays a chronological progression of all available 
SER rows (as many as 1024 rows). Row 1 is the most 
recently triggered row and row 1024 is the oldest.

1

SER C or R Clears/resets the SER records. 1

Parameters

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the report. 
Enter the larger number first to display a reverse numeric progression of 
rows. For example, use SER 1 10 to return the first 10 rows in numeric 
order or SER 10 1 to return these same items in reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use SER 1/1/
2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date begin-
ning with date1 and ending with date2. Enter the oldest date first to dis-
play a chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F. For example, use SER 1/5/
2003 1/7/2003 to return all records for January 5, 6, and 7, 2003.

Table 7.53 SET Command (Change Settings) (Sheet 1 of 2)

Command Description Access Level

SET n s TERSE Sets the relay settings, beginning at the first 
setting for Group n.

2

SET E TERSE Sets the EtherNet/IP settings. 2

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.54.

The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SET L n s TERSE Sets the general logic settings for Group n. 2

SET G s TERSE Sets the global settings. 2

SET P k s TERSE Sets the serial port settings. k specifies the 
port; k defaults to the active port if not listed.

2

SET R s TERSE Sets the report settings such as Sequential 
Events Recorder (SER) and Event Report (ER) 
settings.

2

SET F s TERSE Sets the front-panel settings. 2

SET I TERSE Sets the IEC 60870-5-103 settings. 2

SET M s TERSE Sets the Modbus User Map settings. 2

SET DNP m s TERSE Sets the DNP Map m settings. 2

Table 7.54 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.53 SET Command (Change Settings) (Sheet 2 of 2)

Command Description Access Level

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s Append s, the name of the specific setting you want to view, and 
jump to this setting.  If s is not entered, the relay starts at the 
first setting.

TERSE Append TERSE or TE to skip the settings display after the last 
setting. Use this parameter to speed up the SET command. If 
you want to review the settings before saving, do not use the 
TERSE option.
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SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.55 for the 
SHOW command settings and format.

Table 7.55 SHOW Command (Show/View Settings)

Command Description Access Level

SHO n s Shows the relay settings for Group n. 1

SHO E Shows the EtherNet/IP assembly map settings. 1

SHO L n s Shows the general logic settings for Group n. 1

SHO G s Shows the Global settings. 1

SHO P k s Shows the serial port settings. k specifies the port 
(1, 2, 3, 4, or F); k defaults to the active port if not 
listed.

1

SHO R s Shows the report settings, such as Sequential 
Events Recorder (SER) and Event Report (ER) set-
tings.

1

SHO F s Shows the front-panel settings. 1

SHO I Shows the IEC 60870-5-103 settings. 1

SHO M s Shows the Modbus User Map settings. 1

SHO DNP m s Shows the DNP Map m settings. 1

Parameters

k Parameter k indicates the port number 1, 2, 3, 4, or F.

m Parameter m indicates the DNP map number 1, 2, or 3.

n Parameter n indicates the group number 1, 2, 3, or 4.

s The name of the specific setting you want to view. Jumps to this set-
ting. If s is not entered, the relay starts at the first setting.

=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-710-5
TID      := SYNCHRONOUS MTR

Config Settings
SYNTYPE  := BRUSHLESS     CTR1     := 100           FLA1     := 250.0
VFDAPP   := N             CTRN     := 100           PTR      := 35.00
VNOM     := 4160          DELTA_Y  := DELTA         SINGLEV  := N

Thermal Overload
E49MOTOR := Y             SETMETH  := RATING        49RSTP   := 75
SF       := 1.15          LRA1     := 6.0           LRTHOT1  := 10.0
TD1      := 1.00          RTC1     := AUTO          TCAPU    := 85
TCSTART  := OFF           COOLTIME := 84

Phase Overcurr
50P1P    := 10.00         50P1D    := 0.00          50P2P    := OFF

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF

Residual Overcur
50G1P    := OFF           50G2P    := OFF

Neq Seq Overcur
50Q1P    := 3.00          50Q1D    := 0.10          50Q2P    := 0.30
50Q2D    := 0.2

Figure 7.31 SHOW Command Example
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Phase TOC
51AP     := OFF           51BP     := OFF           51CP     := OFF

Maximum Ph TOC
51P1P    := OFF           51P2P    := OFF

Negative Seq TOC
51QP     := OFF

Residual TOC
51G1P    := OFF           51G2P    := OFF

Motor Diff OC
E87M     := N

Jam Settings
LJTPU    := OFF           LJAPU    := OFF

Undercurrent Set
LLTPU    := OFF           LLAPU    := OFF

Current Imb Set
46UBT    := 20            46UBTD   := 5             46UBA    := 10
46UBAD   := 10

Start Monitoring
START_T  := OFF

Star-Delta Set
ESTAR_D  := N

Start Inhibt Set
MAXSTART := OFF           TBSDLY   := OFF           ABSDLY   := OFF

Phase Rev Set
E47T     := Y

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF

27 Inverse Time
E27I1    := N             E27I2    := N

59 Inverse Time
E59I1    := N             E59I2    := N             E59I3    := N
E59I4    := N

VAR Settings
NVARTP   := OFF           PVARTP   := OFF           NVARAP   := OFF
PVARAP   := OFF

Loss of Field Set
E40      := N

Out of Step
E78      := N

Field Res Set
FDRES1P  := OFF           FDRES2P  := OFF
FDRESTC  := SRUNNING

Field Current Set
FDCURIN  := I             FD_20mA  := 400.0         FDUC1P   := OFF
FDUC2P   := OFF           FDOC1P   := OFF           FDOC2P   := OFF
FDCTC    := SRUNNING

Field Voltage Set
FDUV1P   := OFF           FDUV2P   := OFF           FDOV1P   := OFF
FDOV2P   := OFF
FDVTC    := NOT STOPPED

Start Seq Set
41DELAY  := 3.0           FDCMIN   := 400.0

Figure 7.31 SHOW Command Example (Continued)
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.56) displays the status report. See 
Figure 7.32 for an example of a status report.

Refer to Section 11: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.57 shows the status report definitions and message formats for each 
test. Refer to Figure 1.3 and Figure 1.4 for examples of the STATUS 
command response.

Underpower Set
37PTP    := OFF           37PAP    := OFF

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF           55I1SUP  := OFF
55TC     := SRUNNING

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF

Load Control Set
LOAD     := OFF

Trip Inhibit
BLKPROT  := 0
BLK46    := N             BLK48    := N             BLK50EF  := N

BLK50P   := N             BLK37    := N             BLK66    := N
BLK49RTD := N

Trip/Close Logic
TDURD    := 0.5

TR       := 49T OR LOSSTRIP OR JAMTRIP OR 46UBT OR 50P1T OR 50G1T OR 59P1T OR
            47T OR SPDSTR OR 50N1T OR SMTRIP OR ( 27P1T AND NOT LOP ) OR SV01T
            OR SV03T
REMTRIP  := 0
TRIPONLO := Y
ULTRIP   := 0

52A      := 0
41A      := 0

Motor Control
STREQ    := PB03
BLKSTR   := STOPPED AND ( THERMLO OR NOSLO OR TBSLO OR ABSLO )
EMRSTR   := 0
SPEEDSW  := 0

=>

Figure 7.31 SHOW Command Example (Continued)

Table 7.56 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Displays the relay self-test information n times (n = 1–
32767). Defaults to 1 if n is not specified.

1

STA S Displays the memory and execution utilization for the 
SELOGIC control equations.

1

STA C or R Reboots the relay and clears self-test warning and fail-
ure status results.

2
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Figure 7.32 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

Table 7.57 STATUS Command Report and Definitions 

STATUS Report 
Designator

Definition Message Format

Serial Num Serial number Text Data

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

Current Offset
(IA, IB, IC, IN, 
IA87, IB87, IC87)

Measurement of dc offset in hardware cir-
cuits of current channels

Measurement of 
dc Offset/WARN

Voltage Offset
(VA, VB, VC, 
VDR)

Measurement of dc offset in hardware cir-
cuits of voltage channels

Measurement of 
dc Offset/WARN

x.x V Power supply status Voltage/FAIL

FPGA FPGA programming unsuccessful, or 
FPGA failed

OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL

HMI Front-panel FPGA programming unsuc-
cessful, or front-panel FPGA failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that 
runs in RAM

OK/FAIL

NON_VOL Integrity of data stored in nonvolatile 
memory

OK/FAIL

BATT Clock battery voltage Voltage/WARN

CLOCK Clock functionality OK/WARN

PTC Integrity of PTC OK/FAIL

RTD Integrity of RTD module/communications OK/FAIL

CARD_Z Integrity of Card Z OK/FAIL

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications 
data rate ___kbps

Text Data

DN_Status DeviceNet connection and fault status 
000b bbbb

Text Data

CID_FILE Configured IED description file OK/FAIL
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STOP Command
The STOP command (see Table 7.58) causes the relay to trip, opening the 
motor contactor or circuit breaker and stopping the motor. For further details 
refer to Figure 4.74.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the 
STOP command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), 
the relay does not execute the STOP command, and it responds with the 
following:

The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

STR Command
The STR command (see Table 7.59) uses internal relay logic to initiate a 
motor start. For further details refer to Section 4: Protection and Logic 
Functions.

When setting EN_LRC := Y, the Relay Word bit LOCAL supervises the STR 
command (see Table 9.6). If the LOCAL bit is asserted (LOCAL = 1), the 
relay does not execute the STR command from the ASCII terminal, and it 
responds with the following:

=>STA S <Enter>
SEL-710-5                                Date: 05/09/2006   Time: 15:44:46
MOTOR RELAY                              Time Source: Internal
Part Number  071050E1B0X0X7286023X
Global (%)    76
FP (%)        77
Report (%)    62
               GROUP 1  GROUP 2  GROUP 3  GROUP 4
Execution (%)   90       95       95       95
Group (%)       67       70       70       70
Logic (%)       89       90       90       90

=>

Figure 7.32 Typical Relay Output for STATUS S Command

NOTE: The STA S report shows the 
available SELOGIC capacity of the 
relay. For example, execution 90% 
means that 90% of the execution 
capacity is still available. 

Table 7.58 STOP Command

Command Description Access Level

STOP Initiates user operation of an output to stop the motor. 2

=>>STO <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.59 STR Command

Command Description Access Level

STR Initiates user operation of an output to start and run the 
motor.

2
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The Relay Word bit LOCAL is determined by the LOCAL SELOGIC control 
equation (see Table 9.6).

SUMMARY Command
The SUM command (see Table 7.60) displays an event summary in human 
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., OVERLOAD TRIP).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.61) displays the status of front-panel target 
LEDs or Relay Word bits, whether these LEDs or Relay Word bits are asserted 
or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.62. All Relay Word 
rows are described in Table L.1 and Table L.2. Relay Word bits are used in 
SELOGIC control equations. See Appendix L: Relay Word Bits.

=>>STR <Enter>

Command Aborted: Device in Local Control

=>>

Table 7.60 SUMMARY Command

Command Description Access Level

SUM n Displays event summary n (where n is either the event 
record or the reference number).

1

SUM R or C Clears the archive. 1

Table 7.61 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

 TAR Displays Relay Word Row 0 or the last dis-
played target row.

1

TAR name k Displays the target row with target name in the 
row. Repeat display of this row for repeat count k.

1

TAR n Displays target row n. 1

TAR n k Displays target row n. Repeat display of row n 
for repeat count k.

1

TAR R Clears front-panel tripping targets. Unlatches 
the trip logic for testing purposes (see 
Figure 8.2). Shows Relay Word Row 0.

1

Parameters

name Displays the Relay Word row with Relay Word bit name.

n Shows Relay Word row number n.

k Repeats k times (1–32767).

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

TEST DB Command
Use the TEST DB command to temporarily force the relay to send fixed 
analog and/or digital values over communications interfaces for protocol 
testing.

If the relay is enabled to control IEC 61850 mode/behavior, then the TEST 
DB command can only be used when the relay is in On mode. The TEST DB 
command cannot be used in any other mode.

If the TEST DB command is active while the relay is in On mode, a change of 
mode will deactivate the TEST DB command.

The TEST DB command provides a method to override Relay Word bits or 
analog values to aid testing and commissioning of communications interfaces 
only and should not be used on an energized system. The command overrides 
values in the communications interfaces (ASCII, SEL Fast Message, DNP, 
Modbus, EtherNet/IP, IEC 60870-5-103, and IEC 61850) only. The actual 
values used by the relay for protection and control are not changed. However, 
remote devices may use these analog and digital signals to make control 
decisions. Ensure that remote devices are properly configured to receive the 
overridden data before using the TEST DB command.

R1xx firmware versions use a previous version of the TEST DB command 
that aids testing and commissioning of IEC 61850 protocol only. Note that the 
TEST DB command supported by R1xx firmware versions provides a method 
to override Relay Word bits only and should not be used on an energized 
system. If used on an energized system, the command can lead to undesired 
operations including a potential trip. 

Table 7.62 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

Table 7.63 TEST DB Commands 

Command Description Access Level

TEST DB Displays the present status of digital and 
analog overrides.

2

TEST DB A name value Forces the protocol analog element name to 
override value.

2

TEST DB D name value Forces the protocol digital element name to 
override value.

2

TEST DB name OFF Clears (analog or digital) override for ele-
ment name.

2

TEST DB A OFF Clears all analog overrides. 2

TEST DB D OFF Clears all digital overrides 2

TEST DB OFF Clears all analog and digital overrides. 2

WARNING
To reduce the chance of a false 
operating decision when using the 
TEST DB command, ensure that 
protocol master device(s) flag the data 
as “forced or test data”. One possible 
method is to monitor the TESTDB 
Relay Word bit.

NOTE: The TEST DB command does 
not support digital points in the case 
of SEL Fast Message protocol.
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To override analog data in a communications interface, enter the following 
from Access Level 2 or higher:

where value is a numerical value and name is an analog label from Table M.1, 
Analog Quantities, with an “x” in the DNP, Modbus, EtherNet/IP, Fast Meter, 
IEC 60870 5-103, or IEC 61850 column. For example, the TEST DB 
command can be used to force the value of the A-phase current magnitude 
transmitted to a remote device to 100 amperes:

To override digital data in an SEL ASCII, Modbus, EtherNet/IP, DNP, IEC 
60870-5-103, or IEC 61850 communications interface, enter the following 
from Access Level 2 or higher:

where name is a Relay Word bit (see Table L.1) and value is 1 or 0. For 
example, if Relay Word bit 51P1T := logical 0, the TEST DB command can 
be used effectively to test the communications interface by forcing the 
communicated status of this Relay Word bit to logical 1:

Values listed in the SER triggers SER1, SER2, SER3, and SER4 cannot be 
overridden.

When the relay is not in Test Mode, the relay responds to either the digital or 
analog override request with the following message:

The relay responds:

Relay Word bit TESTDB will also assert to indicate that Test Mode is active. If the 
relay is already in the test mode (overrides are already active), the relay responds:

=>>TEST DB A name value <Enter>

=>>TEST DB A IA_MAG 100 <Enter>

=>>TEST DB D name value <Enter>

=>>TEST DB D 51P1T 1 <Enter>

WARNING:  TEST MODE is not a regular operation.
Communication outputs of the device will be overridden by simulated values.

Are you sure (Y/N)? Y <Enter>

Test Mode Active.  Use Test DB OFF command to exit Test Mode.
Override Added

Override Added

NOTE: When using the TEST DB 
command to generate values for Fast 
Meter testing, you may need to 
override all current and voltage 
angles (IA_ANG, VA_ANG, etc.) to 
ensure the expected phase 
relationship.

NOTE: When using the TEST DB 
command, specifying a negative value 
may yield an unexpected display in 
some instances.
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The TEST DB command alone displays the present status of digital and 
analog overrides. An example TEST DB response after two analogs follows:

Individual overrides are cleared using the TEST DB command with the OFF 
parameter:

Entering TEST DB A OFF clears all analog overrides and TEST DB D OFF 
clears all digital overrides. Entering TEST DB OFF without any parameters 
clears all overrides. When there are no overrides, the relay automatically exits 
the Test Mode and clears all overrides if no TEST DB commands are entered 
for 30 minutes.

TIME Command (View/Change Time)
The TIME command (see Table 7.64) returns information about the 
SEL-710-5 internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-710-5 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.65) to trigger the SEL-710-5 to record 
data for high-resolution oscillographs and event reports.

=>>TEST DB <Enter>

SEL-710-5                          Date: 02/02/09    Time: 16:24:38.764
FEEDER RELAY                     Time Source: Internal

NAME          OVERRIDE VALUE
IA_MAG             100.0000
FREQ                60.0000

=>>

=>>TEST DB D or A name OFF <Enter> 

Table 7.64 TIME Command (View/Change Time)

Command Description Access Level

TIME Displays the present internal clock time. 1

TIME hh Sets the internal clock to hh. 1

TIME hh:mm Sets the internal clock to hh:mm. 1

TIME hh:mm:ss Sets the internal clock to hh:mm:ss. 1

Table 7.65 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Triggers an event report data capture. 1
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When you issue the TRI command, the SEL-710-5 responds with Triggered. 
If the event does not trigger within one second, the relay responds with Did 
not trigger. See Section 10: Analyzing Events for further details on event 
reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command under the direction of SEL. The information 
contained in a vector report is formatted for SEL in-house use only. Your SEL 
application engineer or the factory may request a VEC command capture to 
help diagnose a relay or system problem.

Language Support
All of the ASCII commands can be displayed in multiple languages (English 
or Spanish). When you set the port setting LANG (see Table 4.96) to either 
ENGLISH or SPANISH, the SEL-710-5 displays the ASCII commands in the 
corresponding language. See the SEL-710-5 Relay Command Summary for a 
list of commands.

Virtual File Interface
You can retrieve and send data as files through the relay virtual file interface. 
Devices with embedded computers can also use the virtual file interface. 
When using serial ports with SEL ASCII protocol or an Ethernet port with 
Telnet, use the FILE DIR command to access the file interface. When using 
the Ethernet port, the FTP and MMS protocols supported by the Ethernet port 
present the file structure and send and receive files.

Send and receive files using the following three protocols:

FTP and MMS File 
Structure

The Ethernet FTP and the IEC 61850 MMS have a two-level file structure. 
Files are available at the root level and subdirectories. Table 7.67 shows the 
directories and their contents.

Table 7.66 VEC Command

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2

Protocol Port Availability

File Transfer Protocol (FTP) Ethernet Only

Manufacturing Message Specification (MMS) Ethernet Only

Ymodem Serial and Ethernet

Table 7.67 FTP and MMS Virtual File Structure (Sheet 1 of 2)

Directory Contents

/ (Root) CFG.TXT file, CFG.XML file, ERR.TXT file and SET_61850.CID 
and the SETTINGS, REPORTS, EVENTS, COMTRADEa, and 
HMIb directories

/SETTINGS Relay settings

/REPORTS SER, LDP, MOT, MST, MSR, BRE, and HIS reports
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Root Directory
The root directory (/) contains files and subdirectories as shown in Table 7.67.

CFG.TXT File (Read-Only)
The CFG.TXT file contains general configuration information about the relay 
and each settings class. External support software retrieves the CFG.TXT file 
to interact automatically with the relay. Calibration settings are included only 
when the file is read at Access Level C.

CFG.XML File (Read-Only)
Present only in units with the Ethernet option, the CFG.XML file is 
supplementary to the CFG.TXT file. The CFG.XML file describes the IED 
configuration and any options such as the Ethernet port, and includes firmware 
identification, settings class names, and configuration file information.

ERR.TXT (Read-Only) and SET_61850.CID File
Present if ordered with the IEC 61850 protocol option. The ERR.TXT file 
contents is based on the most recent SET_61850.CID file written to the relay. 
If there were no errors, the file is empty. If errors occurred, the relay logs these 
errors in the ERR.TXT file. The SET_61850.CID file contains the IEC 61850 

/EVENTS CEV, COMTRADE, and HIS reports

/COMTRADEa COMTRADE events

/HMIb Touchscreen settings (SET_HMI.zds and CDP.zds) and diagnostics 
(HMI_ALL.zip)

a The COMTRADE directory is only available in MMS file structure.
b Available only in the SEL-710-5 touchscreen display model. HMI_ALL.zip is not available in the 

MMS file structure.

Table 7.67 FTP and MMS Virtual File Structure (Sheet 2 of 2)

Directory Contents

[INFO]
RELAYTYPE=SEL-710-5
FID=SEL-710-5-X209-V0-Z003002-D20180124
BFID=BOOTLDR-R500-V0-Z000000-D20090925
PARTNO=071050E1BA3BX7486A270
[FRONTPANEL]
BDP=1.0.40710.2081
[CLASSES]
PF,"Port F"
P4,"Port 4"
P2,"Port 2"
P3,"Port 3"
P1,"Port 1"
G,"Global"
1,"Group 1"
2,"Group 2"
3,"Group 3"
4,"Group 4"
L1,"Logic 1"
L2,"Logic 2"
L3,"Logic 3"
L4,"Logic 4"

M,"Modbus User Map"
R,"Report"
F,"Front Panel"
D1,"DNP Map 1 Settings"
D2,"DNP Map 2 Settings"
D3,"DNP Map 3 Settings"
I,"IEC 60870-5-103 Map"
E1,"EtherNet/IP Assembly Map 1 Settings"
E2,"EtherNet/IP Assembly Map 2 Settings"
E3,"EtherNet/IP Assembly Map 3 Settings"

Figure 7.33 CFG.TXT File
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configured IED description in XML. ACSELERATOR Architect SEL-5032 
Software generates and then downloads this file to the relay. See Appendix G: 
IEC 61850 Communications for more information.

Settings Directory (Available for FTP and MMS)
You can access the relay settings through files in the SETTINGS directory. We 
recommend that you use support software to access the settings files, rather 
than directly accessing them via other means. External settings support 
software reads settings from all of these files to perform its functions. The 
relay only allows you to write to the individual SET_cn files, where c is the 
settings class code and n is the settings instance. Except for the SET_61850 
CID file, changing settings with external support software involves the 
following steps:

Step 1. Read the CFG.TXT and the SET_ALL.TXT files from the 
relay using a support software.

Step 2. Modify the settings for each settings class and send the 
corresponding SET_cn.TXT file to the relay using the support 
software.

Step 3. Read the ERR.TXT file from the relay. If the ERR.TXT file is 
empty, the relay detected no errors in the SET_Cn.TXT file and 
it is accepted. 

Step 4. For any detected errors, fix the SET_cn.TXT file as indicated 
by the ERR.TXT file and send the SET_cn.TXT file to the 
relay.

Step 5. Repeat Step 2 to Step 4 for each setting class that you want to 
modify.

Step 6. After all setting changes are complete, test and commission the 
relay.

SET_ALL.TXT File (Read-Only)
The SET_ALL.TXT file contains the settings for all of the settings classes in 
the relay. Calibration settings are included only when the file is read at Access 
Level C.

SET_cn.TXT Files (Read and Write)
There is a file for each instance of each setting class. Table 7.68 summarizes 
the settings files. The settings class is designated by c, and the settings 
instance number is designated by n.

ERR.TXT (Read-Only)
The ERR.TXT file contents are based on the most recent SET_cn.TXT file 
written to the relay. If there were no errors, the file is empty. If errors occurred, 
the relay logs these errors in the ERR.TXT file.

Table 7.68 Settings Directory Files (Sheet 1 of 2)

File Name Settings Description

SET_n.TXT Group; n in range 1-4

SET_Dn.TXT DNP3 Map; n in range 1-4

SET_En.TXT EtherNet/IP Assembly Map; n in range 1–3

SET_F.TXT Front panel
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Reports Directory (Read-Only) (Available for FTP and MMS)
Use the REPORTS directory to retrieve files that contain the reports shown in 
Table 7.69. Note that the relay provides a report file that contains the latest 
information each time you request the file. Each time you request a report, the 
relay stores its corresponding command response in the designated text file.

SET_G.TXT Global

SET_I.TXT 60870 Map

SET_Ln.TXT Logic; n in range 1-4

SET_M.TXT Modbus Map

SET_Pn.TXT Port; n in range 1, 2, 3, 4, F

SET_R.TXT Report

SET_ALL.TXT All instances of all settings classes

ERR.TXT Error log for most recently written settings file

Table 7.68 Settings Directory Files (Sheet 2 of 2)

File Name Settings Description

Table 7.69 Reports Directory Files

File Name Description
Equivalent 
Command 
Response

BRE.TXT Breaker Report BRE

CHISTORY.TXT Compressed ASCII History Report CHI

HISTORY.TXT History Report HIS

CLDP.TXT Compressed Load Profile Data CLDP

LDP.TXT Load Profile Data LDP

CSER.TXT Compressed Sequence of Events CSER

SER.TXT Sequence of Events SER

MOT.TXT Motor Statistics Report MOT

MST.TXT Motor Start Trend Report MST

HIS_BBD.TXT Broken Bar Detection History Report HIS BBD

CM_nnnnn.CEV Compressed Motor Start Report; event ID 
number = nnnnn

CMSR nnnnn

MSR_nnnnn.CFGa Motor Start Report COMTRADE config-
uration file; event ID number = nnnnn

N/A

MSR_nnnnn.DATa Motor Start Report COMTRADE binary 
data file; event ID number = nnnnn

N/A

MSR_nnnnn.HDRa

a Also available in the COMTRADE directory for MMS only.

Motor Start Report COMTRADE header 
file; event ID number = nnnnn

N/A
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Events Directory (Read-Only)
The relay provides history, event reports, and oscillography files in the 
EVENTS directory as shown in Table 7.70.

Event reports are available in the following formats:

➤ SEL Compressed ASCII

➤ Binary COMTRADE format (IEEE C37.111-1999)

The size of each event report file is determined by the LER setting in effect at 
the time the event is triggered.

Compressed SEL ASCII event report files are generated, when requested, by 
storing the appropriate command response shown in Table 7.70.

Oscillography files are generated at the time the event is triggered (see Event 
Reporting on page 10.2). Higher resolution oscillography is available with 
SEL Compressed ASCII 32 sample/cycle raw event reports and binary 
COMTRADE files.

COMTRADE event files are available to read as a batch. See Batch File 
Access on page 7.80.

HR_nnnnn.* (Read-Only)
The three files HR_nnnnn.CFG, HR_nnnnn.DAT, and HR_nnnnn.HDR shown 
in Table 7.70 are used to create an event report that conforms to the 
COMTRADE standard. The event is an unfiltered (raw) 32 samples/cycle 
event. The field, nnnnn, corresponds to the unique event identification number 
displayed by the HIS command. For details on event reports see Section 10: 
Analyzing Events.

COMTRADE Directory (Available Only for MMS)
When using MMS file transfer, conveniently retrieve all of the COMTRADE 
files from the COMTRADE directory. Note that the COMTRADE files are 
also available in the Events directory. Refer to Table 7.70 for all the files 
available in the COMTRADE directory.

Table 7.70 Event Directory Files 

File Name Description
Equivalent Command 
Response

CHISTORY.TXTa Compressed ASCII History Report CHI

HISTORY.TXTa History Report HIS

C4_nnnnn.CEV Compressed 4-samples/cycle ASCII filtered event report; event ID 
number = nnnnn

CEV nnnnn

CR_nnnnn.CEV Compressed 32-samples/cycle ASCII raw event report; event ID 
number = nnnnn

CEV R nnnnn

HR_nnnnn.CFGb COMTRADE configuration file; event ID number = nnnnn N/A

HR_nnnnn.DATb COMTRADE binary data file; event ID number = nnnnn N/A

HR_nnnnn.HDRb COMTRADE header file; event ID number = nnnnn N/A

a Also available in the Reports directory for convenience.
b Also available in the COMTRADE directory for MMS only.
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HMI Directory (Read and Write)
Use the HMI directory to retrieve the diagnostic information and the setting 
files that apply to the touchscreen. Refer to Table 7.67 for all the files available 
in the HMI directory.

Ymodem File 
Structure

All the files available (see Table 7.71) for Ymodem protocol are in the root 
directory. See FILE Command on page 7.48 for a response to the FIL DIR 
command.

Table 7.71 Files Available for Ymodem Protocol (Sheet 1 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

CFG.TXT See Root Directory on page 7.75 1, 2, C N/A

ERR.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_ALL.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C N/A

SET_n.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_C.TXTa See Settings Directory (Available for FTP and MMS) on page 7.76 C C

SET_Dn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_F.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_G.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_I.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Ln.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_M.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_Pn.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

SET_R.TXT See Settings Directory (Available for FTP and MMS) on page 7.76 1, 2, C 2, C

C4_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CM_nnnnn.CMSR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

CR_nnnnn.CEV See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.CFG See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.DAT See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

HR_nnnnn.HDR See Events Directory (Read-Only) on page 7.78 1, 2, C N/A

BRE.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CHISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HISTORY.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CLDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

LDP.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

CSER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SER.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MOT.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A
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Batch File Access Files can be accessed as a batch by using the supported wildcard character, *.

FTP and MMS Wildcard Usage
Table 7.72 shows examples using supported wildcards. Note that these 
wildcards may be appended to a directory path (e.g., /specified_directory/
*.txt).

MST.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

HIS_BBD.TXT See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.CFGb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.DATb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

MSR_nnnnn.HDRb See Reports Directory (Read-Only) (Available for FTP and MMS) 
on page 7.77

1, 2, C N/A

SET_HMI.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

CDP.zds See HMI Directory (Read and Write) on page 7.79 1, 2, C 2, C

HMI_ALL.zip See HMI Directory (Read and Write) on page 7.79 1, 2, C N/A

a Calibration settings are included only when accessed at Access Level C.
b Also available in the COMTRADE directory for MMS only.

Table 7.71 Files Available for Ymodem Protocol (Sheet 2 of 2)

File Name Description
Read 

Access 
Level

Write 
Access 
Level

Table 7.72 FTP and MMS Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files and/or subdirectories 
in a specified directory whose 
name (including extension) ends 
with xyz.

/*.TXT List all files with the 
.TXT extension.

abc* Lists all files and/or subdirectories 
in a specified directory whose 
name begins with abc.

/SETTINGS/SET* List all settings files 
that start with SET.

*mno* Lists all files and/or subdirectories 
in a specified directory whose 
name contains mno.

/EVENTS/*_100* List all events that 
contain _100 in the 
ID number.
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Ymodem Wildcard Usage
Event, report, and diagnostic files can also be accessed as a batch using 
wildcards.

Table 7.73 Ymodem Wildcard Usage Examples

Usage Description Example Note

*xyz Lists all files that end 
with xyz.

FILE DIR 
HIS*.TXT

Lists all of the metering files 
(HISTORY.TXT)

abc* Lists all files whose 
name begins with abc.

FILE READ 
HR_10007*

Retrieves all of the three files for 
the COMTRADE event 10007 
(HR_10007.CFG, HR_10007.DAT, 
and HR_10007.HDR)

NOTE: Ymodem protocol does not 
support wildcards for settings files.
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Front-Panel Operations

Overview
The front panel of the SEL-710-5 Motor Protection Relay makes data 
collection and control quick and efficient. You can order the SEL-710-5 with 
either the two-line LCD, or the 5-inch, color, 800 x 480-pixel touchscreen 
display, as shown in Table 1.2 and Figure 8.1. Each display option comes with 
eight control pushbuttons. Use either front panel to analyze operating 
information, view and change relay settings, and perform control functions. 
You can use the front-panel to accomplish the following activities:

➤ Read metering

➤ Inspect targets

➤ Access settings

➤ Control relay operations

➤ View diagnostics

The two-line display and the touchscreen display front-panel models are 
similar in all aspects except the display and navigation scheme. The 
touchscreen display model offers additional features with respect to 
monitoring, control, and device status that are discussed in Touchscreen 
Display Front Panel. The function of operation and target LEDs and the 
TARGET RESET and control pushbuttons are similar in both front-panel 
variations.

Figure 8.1 SEL-710-5 Front-Panel Options
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This section includes the following:

➤ Two-Line Display Front Panel on page 8.2. Discusses the 
navigation scheme in the two-line display models, the 
operation of target LEDs, and programming of the control 
pushbuttons.

➤ Touchscreen Display Front Panel on page 8.20. Discusses the 
navigation scheme and the display screens in the touchscreen 
display model.

Two-Line Display Front Panel
Front-Panel Layout Figure 8.2 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 serial port (PORT F). See Section 7: Communications 
for details on the serial port.

You can customize the versatile front panel of the SEL-710-5 by using the 
following features:

➤ Rotating display on the HMI

➤ Programmable tricolor target LEDs

➤ Programmable tricolor pushbutton LEDs

➤ Slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

NOTE: Refer to Figure 8.31 for the 
pushbutton and LED numbering 
conventions.

NOTE: If the relay part number 
specifies the Spanish language 
option, all of the front-panel 
pushbuttons and LED labels will be in 
Spanish.
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Figure 8.2 Front-Panel Overview
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Two-Line Display HMI
Contrast

You can adjust the LCD screen contrast to suit your viewing angle and 
lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-710-5 displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

Front-Panel Automatic Messages
The relay displays automatic messages, overriding the rotating display, under 
the conditions described in Table 8.1, with the relay failure having the highest 
priority, followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure still overrides the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-710-5 front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.

NOTE: The two-line display updates 
every second.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detects any self-test failure Displays the type of latest failure (see Section 11: Testing and Troubleshooting).

Relay trip occurs without any lockouts Displays the latest trip reason until the targets are unlatched.

Relay trip occurs along with a lockout Displays the type or cause of the trip and when the TARGET RESET pushbutton is 
pressed, displays the time to reset and lockout type. Refer to Table 10.1 for a list 
of trip display messages.

When the relay has lockout because of the num-
ber of starts or time between starts or antiback-
spin or thermal lockout

Displays the type of lockout condition, lockout time remaining, and TRIP* at the 
end of the lockout if TRIPONLO := Y. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, the relay displays the type of lockout condition and the 
lockout time remaining, but no TRIP* message is displayed and the TRIP bit is 
not latched.

If a start is attempted on a lockout, the type of lockout condition and the lockout 
time remaining are displayed.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition has occurred Displays the type of alarm. The TRIP LED is also flashing during an alarm con-
dition. See Table 8.3 for a list of alarm conditions.

During emergency start Displays Emergency Start.
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In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.3 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 passwords. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.4 for you to enter the password.

Figure 8.4 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel time-out, setting FP_TO. A timer is reset 
every time a front-panel pushbutton is pressed. Once the time-out period has 
expired, the access level is reset to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.
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Front-Panel Menus and Screens
Navigating the Menus

The SEL-710-5 front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD. Use the keypad (shown in Figure 8.5) to maneuver within 
the front-panel menu structure, described in detail throughout the remainder of 
this section. Table 8.2 describes the function of each front-panel pushbutton.

Figure 8.5 Front-Panel Pushbuttons

The SEL-710-5 automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu
Figure 8.6 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC Escape from the current menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

ESC
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Figure 8.6 Main Menu

Meter Menu. Select the Meter menu item from the MAIN menu as shown in 
Figure 8.7 to view metering data. The Meter menu has menu items for 
viewing different types of metering data like Fundamental, rms, Thermal, etc. 
Select the type of metering and view the data using the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Figure 8.7 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy or Max/
Min menu item from the METER menu and select the Display menu item as 
shown in Figure 8.8.

Figure 8.8 METER Menu and ENERGY Submenu

Energy or Max/Min metering data can be reset from the front-panel HMI by 
selecting the Reset menu item in the Energy or Max/Min menu. After selecting 
Reset and confirming the reset, the relay displays as shown in Figure 8.9.
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Figure 8.9 Relay Response When Energy or Max/Min Metering Is Reset

Assume the relay configuration contains no analog input cards. In response to 
a request for analog data (selecting Analog Inputs), the device displays the 
message as shown in Figure 8.10.

Figure 8.10 Relay Response When No Analog Cards Are Installed

Assume the math variables are not enabled. In response to a request for math 
variable data (selecting Math Variables), the device displays the message as 
shown in Figure 8.11.

Figure 8.11 Relay Response When No Math Variables Enabled

Events Menu. Select the Events menu item from the MAIN menu as shown in 
Figure 8.12. EVENTS menu has Display and Clear as menu items. Select 
Display to view events and Clear to delete all the events data.

Figure 8.12 MAIN Menu and EVENTS Submenu

Figure 8.13 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.13 EVENTS Menu and DISPLAY Submenu
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When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.14.

Figure 8.14 Relay Response When No Event Data Available

When Clear is selected from the EVENTS menu and confirming the selection, 
the relay displays as shown in Figure 8.15 after clearing the events data.

Figure 8.15 Relay Response When Events Are Cleared

Monitor Menu. Select the Monitor menu item on the MAIN menu as shown in 
Figure 8.16. The Monitor menu has Display Mot Data, Clear Motor Data and 
Reset Learn Data as menu items. 

Figure 8.16 MAIN Menu and MONITOR Submenu

Select Display Mot Data from the MONITOR menu as shown in Figure 8.17 to 
view motor operating statistics. See Motor Operating Statistics on page 5.20 
for a description of the data available.

Figure 8.17 MONITOR Menu and DISPLAY MOT DATA Submenu

Motor operating statistics can be cleared from the front-panel HMI by 
selecting Clear Mot Data menu item in the MONITOR menu. You need a Level 2 
access to clear motor operating statistics.
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Reset Learn Data

(Monitor Selected)

NOTE: Learn Parameters is available 
only when TCLRNEN = Y or 
COOLEN = Y.

DISPLAY MOT DATA
Motor Use Data
Avg/Peak Data
Learn Parameters
Trip/Alarm Data

MONITOR
Display Mot Data
Clear Motor Data
Reset Learn Data

(Display Mot Data Selected)
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Select Reset Learn Data from MONITOR menu as shown in Figure 8.18 to reset 
learn data. You need a Level 2 access to reset learn data.

Figure 8.18 MONITOR Menu and RESET LEARN DATA Submenu

Targets Menu. Select the Targets menu item on the MAIN menu as shown in 
Figure 8.19 to view the binary state of the target rows. Each target row has 
eight Relay Word bits as shown in Table L.1. 

Figure 8.19 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.20.

Figure 8.20 TARGETS Menu Navigation

Control Menu. Select the Control menu item on the MAIN menu as shown in 
Figure 8.21 to go to the CONTROL menu. 

RESET LEARN DATA
Reset Cooltime
Reset Start TC

MONITOR
Display Mot Data
Clear Motor Data
Reset Learn Data

(Reset Learn Data  Selected)

NOTE: Reset Cooltime is available 
only when COOLEN = Y. Reset Start 
TC is available only when 
TCLRNEN = Y.

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

(Targets Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

ENABLED=1
TRIP_LED=0
TLED_01=0
TLED_02=0
.
.
.

(Row 0 Selected)
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Figure 8.21 MAIN Menu and CONTROL Submenu

The CONTROL menu has Stop Motor, Emergency Restrt, Start Motor, 
Outputs, Local Bits, and Reset TCU as menu items. 

Select the Stop Motor menu item to assert Relay Word bit STOP that stops the 
motor (see Figure 4.74).

Select the Start Motor menu item to assert Relay Word bit STR that initiates 
a motor start (see Figure 4.78). 

Stop Motor and Start Motor control actions via the front panel are supervised 
by the position of the breaker jumper (refer to Table 2.17), the status of the 
LOCAL bit when EN_LRC := Y, and the access level (requires Access 
Level 2). Start Motor is additionally supervised by any lockouts that are 
configured. For a list of lockouts, refer to Lockout After Stop on page 4.97. For 
more details on local/remote control function, refer to Local/Remote Control 
on page 9.7. 

Select the Emergency Restrt menu item to assert Relay Word bit EMRSTR 
that initiates an emergency start (see Figure 4.78). Note that the Emergency 
Restart control action via the front panel is supervised by the position of the 
breaker jumper (refer to Table 2.17) and the access level (requires Access 
Level 2). 

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.22 to test (pulse) SEL-710-5 output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.22 CONTROL Menu and OUTPUTS Submenu

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

(Control Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status

NOTE: The Emergency Restart 
feature is available only through 
front-panel HMI.

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

OUTPUTS
OUT101
OUT102
OUT103
.
.
.

(Outputs Selected)
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Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches, and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.146 
for more information), local bit 1 replaces a supervisory switch. Figure 8.23 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN), and changes to asserted (SUPER 
SW = CLOSE) as shown in the final screen of Figure 8.23.

Figure 8.23 CONTROL Menu and LOCAL BITS Submenu

Select the Reset TCU menu item to reset the thermal capacity used (see 
Thermal Overload Element on page 4.7 for description). Note that resetting 
TCU requires Level 2 access.

Set/Show Menu. Select the Set/Show menu item on the MAIN menu. The Set/
Show menu is used to view or modify the settings (Global, Group, and Port), 
Active Group, Date, and Time. Note that modifying the settings requires 
Level 2 access.

Figure 8.24 MAIN Menu and SET/SHOW Submenu

LOCAL BITS
SUPERV SW = OPEN

SUPERV SW = OPEN
CLOSE

CLOSE
YES No

SUPERV SW = CLOSE
OPEN

CONTROL
Stop Motor
Emergency Restrt
Start Motor
Outputs
Local Bits
Reset TCU

(Local Bits Selected)

(SUPERV SW Selected)

(CLOSE Selected)

(Yes Selected)

MAIN
Meter
Events
Monitor
Targets
Control
Set/Show
Status
Breaker
Quit

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

(Set/Show Selected)
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Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made using ACSELERATOR QuickSet SEL-5030 
Software or ASCII SET commands via a communications port.

Figure 8.25 SET/SHOW Menu

Status Menu. Select the Status menu item on the MAIN menu as shown in 
Figure 8.26 to access Relay Status data and Reboot Relay. See STATUS 
Command (Relay Self-Test Status) on page 7.67 for the STATUS data field 
description.

PORT 
F
2
3
4

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

GLOBAL
General Settings
Group Selection
•••
Control Configuration

GROUP
1
2
3
4

1
ID Settings
Config Settings
. . .
Motor Control

F
Protocol Select
Comm Settings

Active Group
 1

Date
 03/29/2006

Time
 14:04:36

(F Selected)

(1 Selected)

(Time Selected)

Password
1

(Password Selected)

(Date Selected)

(Active Selected)

(Port Selected)

(Group Selected)

(Global Selected)
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Figure 8.26 MAIN Menu and Status Submenu

Breaker Menu. Select the Breaker menu item on the MAIN menu as shown in 
Figure 8.27 to access Breaker Monitor data or Reset the data. See Breaker 
Monitoring on page 5.23, in Section 5: Metering and Monitoring for a 
detailed description.

Figure 8.27 MAIN Menu and Breaker Submenu

Quit. Use the Quit menu item to exit Access Level 2 and go to Access 
Level 1.

Figure 8.28 Quit Menu Item

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. The HMI 
can display either ENGLISH or SPANISH. See the SEL-710-5 Relay 
Command Summary for a list of commands.

(Status Selected)

STATUS
Relay Status
Arc Flash Status
Reboot Relay

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit

(Breaker Selected)

BREAKER
Display
Reset

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
Quit
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Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Figure 8.29 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.148 for 
the SELOGIC control equations and the tricolor LED color selection settings.

Figure 8.29 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.29. Use settings T0nLEDC to select the LED color (R–red, G–green, 
A–amber). Parameter n is a number from 1 through 6 that indicates each LED. 
If the latch setting (T0nLEDL) for a certain LED is set to N, then the LED 
follows the status of the corresponding control equation (T0n_LED). When 
the equation asserts, the LED illuminates, and when the equation deasserts, 
the LED extinguishes. If the latch setting is set to Y, the LED will assert if a 
trip condition occurs and the T0n_LED equation is asserted within 1.5 cycles 
of the trip assertion. At this point, the LED latches in and can be reset using 
the TARGET RESET pushbutton or the TAR R command as long as the target 
conditions are absent. For a concise listing of the default programming on the 
front-panel LEDs, see Table 4.109.

The SEL-710-5 comes with slide-in labels for custom LED designations that 
match custom LED logic. The Configurable Label kit (includes blank labels, 
word processor templates, and instructions) is provided when the SEL-710-5 
is ordered.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. Note that 

T01_LED

T06_LED

ENABLED

TRIP

THERMAL OL

INST OC

FIELD LOSS

LOW PF

INCOMP SEQ

DIFFRNTIAL

Factory-Default Label for Models 
With Synchronous Motor Protection

•

•

•

•

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay. 
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the TRIP LED can indicate a warning condition only if the LED is not latched 
due to any active TRIP condition. For Relay Word bit definitions see 
Appendix L: Relay Word Bits.

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Overload Warning 49A AND RUNNING

Locked Rotor Warning 49A AND STARTING

Undercurrent Warning LOSSALRM

Jam Warning JAMALRM

Current Imbal. Warning 46UBA OR 50Q2T

Ground Fault Warning 50N2T OR 50G2T

Overcurrent Warning 50P2T

Speed Switch Warning SPDSAL

Undervoltage Warning 27P2T

Overvoltage Warning 59P2T

Underpower Warning 37PA

Power Factor Warning 55A

Reactive Power Warning VARA

RTD Warning WDGALRM OR BRGALRM ORAMBALRM OR OTH-
ALRM

RTD Failure RTDFLT

PTC Failure PTCFLT

Field Undercurrent Warning FDUC2T

Field Overcurrent Warning FDOC2T

Field Undervoltage Warning FDUV2T

Field Overvoltage Warning FDOV2T

Field Resistance Warning FDRES2T

Broken Bar Warning BBD1T OR BBD2T OR BBD3T

Comm. Loss Warning COMMLOSS

Comm. Idle Warning COMMIDLE

Comm. Fault Warning COMMFLT
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TARGET RESET Pushbutton
Target Reset

For a trip event, the SEL-710-5 latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.30 TARGET RESET Pushbutton

Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the Target LEDs; see Table 7.61 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting Target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.131 
for further information.
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Front-Panel Operator Control Pushbuttons 
The SEL-710-5 features eight operator-controlled pushbuttons, each with two 
programmable tricolor pushbutton LEDs, for local control as shown in 
Figure 8.31.

Figure 8.31 Operator Control Pushbuttons and LEDs

Pressing any one of these eight pushbuttons asserts the corresponding PBn 
(n = 01 through 08) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 

Factory-Default 
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PB2A_LED
PB02

 PB2B_LED

PB3A_LED
PB03

PB3B_LED

PB4A_LED
PB04
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AUX5
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 PB6B_LED
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Slide-In Labels

PB2A_LED
PB02

 PB2B_LED

PB3A_LED
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 PB1A_LED
 PB01

 PB1B_LED

AUX5

AUX4

SSRST

AUX3
PB6A_LED

PB06
 PB6B_LED

PB7A_LED
PB07

PB7B_LED

PB8A_LED
PB08

PB8B_LED

 PB5A_LED
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 PB5B_LED

Pushbutton LED
Operator Control Pushbutton

Pushbutton LED
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pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable using front-panel settings PBnm_LED 
(where n = 1 through 8 and m = A or B). PBnm _LED settings are SELOGIC 
control equations that, when asserted, illuminate the corresponding LED for 
as long as the input is asserted. When the input deasserts, the LED also 
deasserts without latching. Use PBnmLEDC settings to select the LED color 
(R–red, G–green, A–amber) for both the asserted and deasserted state of the 
LED.

Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the slide-in label to mark the pushbuttons and 
pushbutton LEDs with custom names to reflect any programming changes that 
you make. Included on the SEL-710-5 Product Literature CD are word 
processor templates for printing slide-in labels. See the instructions included 
in the Configurable Label kit for more information on changing the slide-in 
labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-710-5 Front-Panel Operator Control Functions 

Control Functions Labels

Press the AUXn operator control pushbutton to enable/disable user-programmed auxiliary 
control. The corresponding LED can be programmed to illuminate during the enabled state.

NOTE: The AUXn operator control does not perform any function with the factory settings. Also, 
AUX1 to AUX6 pushbuttons do not perform any function in the factory-default settings. These 
pushbuttons are available to configure any application you may select.

For Models With Synchronous Motor Protection:

The AUX2 pushbutton is not used in the factory settings but can be easily programmed to 
perform a user control function.

The top LED is programmed to indicate FLD BRKR CLOSED (Relay Word bit 41A—
field breaker is closed) in the factory settings. The bottom LED is programmed to indicate 
FLD BRKR OPEN (Relay Word bit NOT 41A—field breaker is open).

For All Models:

Press the START operator control pushbutton to close the breaker and start the motor. The 
pushbutton corresponds to Relay Word bit PB03. The PB03 Relay Word bit is used in the 
default SELOGIC control equation for STREQ (Start Equation, see Figure 4.78). The corre-
sponding MOTOR RUNNING LED (Relay Word bit STARTING or RUNNING asserts) illumi-
nates, indicating that the breaker is closed and the motor is running.

Press the STOP operator control pushbutton to trip the breaker and stop the motor. The push-
button corresponds to Relay Word bit PB04. The PB04 Relay Word bit is used in the 
default SELOGIC control equation for OUT103 (see Figure 4.74). The corresponding 
MOTOR STOPPED LED (Relay Word bit STOPPED asserts) illuminates, indicating that the 
breaker is open and the motor is stopped.

Press the SS RST operator control pushbutton to reset the FAILOPN or FAILCLS Relay 
Word bits that assert and latch-in when detecting a Failed Open or a Failed Close condition 
of the physical speed switch. See Figure 4.36 for more details. 

AUX1

AUX 2
FLD BRKR OPEN

FLD BRKR CLOSED

START
MOTOR RUNNING

STOP
MOTOR STOPPED

SS RST
FAILED CLOSED

FAILED OPEN
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Touchscreen Display Front Panel
The SEL-710-5 Feeder Protection Relay can be ordered with an optional 
touchscreen display (5-inch, color, 800 x 480 pixels). The touchscreen display 
makes relay data metering, monitoring, and control quick and efficient. The 
touchscreen display option in the SEL-710-5 features a straightforward 
application-driven control structure and includes intuitive and graphical screen 
designs.

Front-Panel Layout The touchscreen front panel is the same as the two-line display in regards to 
the target LEDs, operator control pushbuttons, and the TARGET RESET 
pushbutton. Refer to Operation and Target LEDs on page 8.15 for a detailed 
description of these features. In addition, the touchscreen front panel features 
a HOME  pushbutton.

Touchscreen Display 
HMI

This section explains the navigation of the front-panel touchscreen and all the 
features it supports.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, and SER information

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings 

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a specific screen

Figure 8.32 shows the relay touchscreen display components and indicators.

Figure 8.32 Touchscreen Display Components and Indicators

NOTE: The touchscreen display 
updates every 250 ms.

Sidebar

Notification
Bar

Screen Title

Diagnostics Icon

Access Level
Indication

Local/Remote
Indication
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Home Pushbutton
Use the HOME  pushbutton to wake up the touchscreen after the inactivity 
timer expires and the screen goes dark. While the default mapping of the HOME 
pushbutton is the Home screen (see Figure 8.33), you can program the HOME 
pushbutton to jump to any screen. Refer to Table 8.17 for a list of screens 
available for the HOME pushbutton. Use the FPHOME setting in the 
Touchscreen settings of QuickSet to program a specific screen.

Touchscreen Backlight
Adjustment

Touchscreen displays have an LED backlight. You can adjust the touchscreen 
backlight to suit your viewing angle and lighting conditions. To change the 
backlight settings, tap the Settings folder and then tap the Touchscreen 
application. Use the FPBAB setting to adjust the brightness of the display. The 
backlight of the display goes dark 60 minutes after the inactivity timer (1–
30 min) expires.

Table 8.5 Touchscreen Display Component and Indicator Descriptions

Display 
Components and 

Indicators
Function or Indication

Screen Title Shows the display name of a screen (see Figure 8.32).

Sidebar Shows the navigation icons (see Figure 8.32).

Notification Bar Shows the notification messages and help text for screens 
(see Figure 8.32).

Diagnostics Icon ON if there are any warning/diagnostic failures on the unit.

Normal (no warnings or diagnostic failures present). Icon is OFF.

Warning. Icon asserts in amber.

Diagnostic failure. Icon asserts in red.

Local/Remote 
Indication

Indicates the status of the local/remote control. Refer to Local/
Remote Control on page 9.7 for more details.

When EN_LRC := Y and LOCAL := 1, relay control is in local 
mode, i.e., STR and STOP bits can be processed via the front 
panel only.

When EN_LRC := Y and LOCAL := 0, relay control is in remote 
mode, i.e., STR and STOP bits can be processed via remote 
sources/protocols only.

When EN_LRC := N, relay control is in local/remote control, 
i.e., STR and STOP bits can be processed from both the front 
panel and the remote sources/protocols.

Access Level 
Indication

Indicates the access level that the device is on at the time. 
Shows ACC if the device is on access level 1 and 2AC if on 
access level is 2.
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Front-Panel Automatic Messages
The relay displays automatic messages that override the present display under 
the conditions described in Table 8.6. When the relay has a failure, trip, 
lockout, or alarm condition, the trip and diagnostic messages screen will 
appear on the display. These messages can also be accessed by tapping the 
Trip & Diag. Messages application in the Device Info folder.

Front-Panel Security
Use the Access Level folder on the Home screen for login/logout operations.

The SEL-710-5 front panel typically operates at Access Level 1 and allows 
you to view relay measurements and settings. Particular activities, such as 
editing settings and controlling output contacts, are restricted to those 
operators who know the Access Level 2 password.

When an activity requires Access Level 2, an authentication screen appears on 
the display, which requires you to enter the Level 2 password to proceed 
further. After you have correctly entered the password, you can perform other 
Access Level 2 operations without re-entering the password. You will have to 
re-enter the password if the front-panel inactivity timer, FPTO, expires.

See PASSWORD Command (Change Passwords) on page 7.58 for the list of 
default passwords and for more information on changing the passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO, in the Touchscreen 
application in the Settings folder. The timeout resets each time you press a 
front-panel pushbutton or tap the display. Once the timeout expires, the access 
level resets to the ACC access level. You can manually reset the access level 
by tapping Logout in the Access Level folder.

Table 8.6 Front-Panel Automatic Messages

Condition Front-Panel Message

Relay detects any failure Displays the latest failure type (refer to Section 11: Testing and Troubleshooting).

Relay trip occurs Displays the type or cause of the trip (refer to Table 10.1 for a list of trip display mes-
sages).

When the relay has a lockout because of 
the number of starts, time between starts, 
antibackspin, or thermal lockout

Displays the type of lockout condition and time remaining of the lockout with the great-
est time remaining.

If TRIPONLO := Y, then at the end of the lockout TRIP* will be displayed as a trip 
message if no other trip condition is present. Use TARGET RESET to clear TRIP*.

If TRIPONLO := N, then no TRIP* message is displayed and the TRIP bit is not 
latched.

Motor running overload Displays the predicted time to thermal element trip in seconds.

Relay alarm condition occurs Displays the type of alarm. The TRIP LED also flashes during an alarm condition (refer 
to Table 8.3 for a list of the warning conditions).
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Touchscreen
Navigating the Touchscreen Folders and Applications

Use the front-panel touchscreen and pushbuttons to access data measured and 
stored by the relay and to perform relay operations. All relay information and 
operations are available through the touchscreen via folders, applications, and 
the buttons in the sidebar. Table 8.7 describes the functions of the sidebar 
buttons.

The relay wakes up to the screen set in the FPHOME setting, unless the 
rotating display is enabled. If the rotating display is enabled and the inactivity 
time has expired, the relay wakes up to the rotating display. Pressing the HOME 
pushbutton a second time returns you to the screen set in the FPHOME 
setting.

You can navigate the touchscreen by tapping the folders and applications. Tap 
a folder or an application to view available applications or access an 
application, respectively. Folders and applications are labeled according to 
functionality.

Table 8.7 Sidebar Buttons 

Button
Button 
Name

Function Button
Button 
Name

Function

Up
Pages up in applications with multiple 
screens; when on the first screen, this 
button is disabled.

Back
Returns to the preceding screen, 
e.g., from applications to folders.

Down
Pages down in applications with 
multiple screens; when on the last 
screen, this button is disabled.

Pause Stops updating the phasors.

Left

Pages left on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the left.

Play
Updates the phasor values from the 
relay as the screen refreshes.

Right

Pages right on the home screen and in 
folders with multiple screens; this 
button is hidden if there is no screen 
to the right.

Refresh
Reloads the data when new data are 
available.

Reset
Resets the accumulating quantities, 
such as energy, to zero.

Trigger 
Event

Triggers an event

Save Saves the edited settings to the relay. Search
Search tool (e.g., search for the status 
of a Relay Word bit).

Cancel 
Save

Cancels the setting edits. Trash Deletes the records from the report.
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Table 8.8 shows a list of folders and applications available on the Home 
screen.

The applications shown in the folders are based on the part number. For 
example, if the relay does not support arc flash, the Light Intensity and Arc-
Flash Diagnostics applications are not shown in the Meter and Device Info 
folders, respectively.

Descriptions of the folders and applications on the Home screen follow.

Bay Screens
Tap this application to navigate to as many as five customer-designed screens 
(Bay Screen 1 through Bay Screen 5, see Table 8.17). You can design these 
screens using ACSELERATOR Bay Screen Builder SEL-5036 Software. Refer 
to Section 9: Bay Control for the procedure to create custom screens.

Figure 8.33 Home (Default FPHOME Setting)

Table 8.8 Home Folders and Applications

Screen Name Folder or Application Name Comments

Home

Bay Screens Always available

Meter Always available

Monitor Always available

Reports Always available

Control Always available

Settings Always available

Device Info Always available

Access Level Always available

Rotating Display Always available

NOTE: Five bay screens are always 
rendered on the touchscreen. Any 
unused screens are blank.
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Figure 8.34 Bay Screens Application

Meter
Tapping this folder navigates you to the Meter screen, as shown in 
Figure 8.35. This screen lists all of the available metering applications. The 
applications on the Meter screen are part number dependent. Only those 
metering applications specific to your part number appear on the Meter 
screen. Tapping an application on the Meter screen shows you the report for 
that particular application.

Figure 8.35 Meter Applications
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Table 8.9 identifies all the applications available in the Meter folder.

Figure 8.36 and Figure 8.37 show typical screens for phasor and fundamental 
metering.

A reset feature is provided for the Energy, Max/Min, and Thermal 
applications. Tap the Reset button to navigate to the reset confirmation screen. 
Once you confirm the reset, the data are reset to zero. Figure 8.38 and 
Figure 8.39 show typical screens for energy metering and reset confirmation.

Table 8.9 Meter Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Meter

Phasors Always available

Fundamental Always available

RMS Always available

Energy Available if the relay supports 
voltages

Max/Min Always available

Analog Inputs Shown when (Slot C = 5x or 6x) or 
(Slot D = 5x or 6x) or (Slot E = 5x 
or 6x)

Thermal Always available

Math Variables Always available

Remote Analogs Always available

Light Intensity Shown when Slot E = 74 or 76

Figure 8.36 Meter Phasors Figure 8.37 Meter Fundamental
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Monitor
Tapping this folder navigates you to the Monitor screen, as shown in 
Figure 8.40. Monitor the status of the Relay Word bits (targets), digital 
outputs, digital inputs, SELogic counters, and breaker wear data using the 
respective applications (Relay Word Bits, Digital Outputs, Digital Inputs, 
SELogic Counters, Breaker Wear, and Vibration).

Figure 8.40 Monitor Applications

Table 8.10 identifies all the applications available in the Monitor folder.

Tap the Breaker Wear application to view accumulated breaker wear/
operations. You can reset the accumulated data by tapping the Reset button 
provided in the sidebar of the Breaker Wear application. Typical screens for 
the Breaker Wear application follow.

Figure 8.38 Meter Energy Figure 8.39 Meter Energy Reset

Table 8.10 Monitor Application Availability

Folder Name Application Name Comments

Monitor

Relay Word Bits Always available

Digital Outputs Always available

Digital Inputs Always available

SELOGIC Counters Always available

Breaker Wear Always available

Vibration Always available
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Monitor the status of the Relay Word bits using the Relay Word Bits screen. 
Note that asserted Relay Word bits are highlighted in blue. You can use the 
Search button in the Relay Word Bits application to view the status of a Relay 
Word bit. To search for a Relay Word bit, you must enter the full name of the 
Relay Word bit in the screen Search Relay Word Bit SEARCH field. 
Figure 8.43 and Figure 8.44 show typical Relay Word bits monitoring screens.

The Vibration application dynamically displays the measured values of 
vibration in a bar graph, as shown in Figure 8.45. See Vibration Monitoring on 
page 4.68 for additional information.

Figure 8.45 Vibration

Figure 8.41 Breaker Wear Trips Figure 8.42 Breaker Wear A, B, C, and Last Reset

Figure 8.43 Monitor Relay Word Bits Figure 8.44 Search Relay Word Bits
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Reports
Tapping this folder navigates you to the Reports screen where you can access 
the Events, SER, Motor Start Trend, and Motor Statistics applications. Use 
these applications to view events, SERs, MSTs, and MOTs.

Figure 8.46 Reports Applications

Table 8.11 identifies all the applications available in the Reports folder.

To view the summary of a particular event record, tap the event record on the 
Event History screen. You can also trigger an event from the Event History 
screen using the Trigger Event Button. When new records become available 
while viewing Events or SER, the up and down buttons are disabled and the 
footer displays a message to refresh the screen. You can use the Refresh 
button to update the screen. Tap the Trash button on the Event History, 
Sequential Event Report, Motor Start Trend, and Motor Statistics screens and 
confirm the delete action to remove the records from the relay. Figure 8.47 
through Figure 8.49 show typical Event History, Sequential Event Report, and 
Motor Statistics screens.

Table 8.11 Reports Application Availability

Folder Name Application Name Comments

Reports

Events Always available

SER Always available

Motor Start Trend Always available

Motor Statistics Always available

Figure 8.47 Event History Figure 8.48 Event Summary
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Control
Tapping this folder navigates you to the Control screen, as shown in 
Figure 8.51. Use the Control folder applications Start Motor, Stop Motor, 
Output Pulsing, Local Bits, Emergency Restart, and Reset TCU to perform a 
motor start command, perform a motor stop command, pulse output contacts, 
control local bits, perform an emergency restart command, or to reset the 
thermal model.

Start Motor, Stop Motor, and Output Pulsing applications require that the 
breaker jumper be installed on the slot B board. Refer to Password, Breaker 
(Start/Stop Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

Figure 8.51 Control Applications

Table 8.12 identifies all the applications available in the Control folder.

Figure 8.49 Sequential Events Recorder Figure 8.50 Motor Statistics

Table 8.12 Control Application Availability

Folder Name Application Name Comments

Control

Start Motor Always available

Stop Motor Always available

Output Pulsing Always available

Local Bits Always available

Emergency Restart Always available

Reset TCU Always available
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To perform motor control, tap the Start Motor or Stop Motor application and 
then tap and confirm the control action. Motor control through the touchscreen 
is supervised by (1) the status of the LOCAL bit when EN_LRC := Y, (2) the 
position of the breaker jumper, and (3) the access level (requires 2AC). 
Start Motor is additionally supervised by any lockouts that are configured. For 
a list of lockouts, refer to Lockout After Stop on page 4.97. If there is an active 
lockout, the relay displays a notification screen as shown in Figure 8.52. 
When EN_LRC := N, supervision through the LOCAL bit is ignored, while 
supervision through the breaker jumper and access level are maintained.

Figure 8.52 Active Lockout Notification

When local/remote supervision setting EN_LRC := Y and LOCAL := 0, the 
Start Motor and Stop Motor applications block the control action with an 
associated footer notification. Figure 8.53 shows a Motor Stop confirmation 
screen with a remote supervision block notification. For the settings related to 
the local/remote control function, refer to Local/Remote Control on page 9.7.

Figure 8.53 Stop Motor Confirmation Screen

Tap the Emergency Restart application and confirm the control action 
allowing the motor to be placed back in service in an emergency. Note that the 
Emergency Restart control action via the touchscreen is supervised by the 
position of the breaker jumper (refer to Table 2.17) and the access level 
(requires Access Level 2). 

To pulse a digital output contact, tap the Output Pulsing application. Navigate 
to the desired output contact screen, tap the desired output, and confirm the 
control action. The output tile will be highlighted in blue on assertion, as 
shown in Figure 8.54. An output contact cannot be pulsed if it is already 
asserted. Pulsing the output contact requires that the breaker jumper be 
installed and that you have Level 2 access.
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To control the local bits, tap the Local Bits application. You can control the 
desired local bit by tapping on the corresponding row. Depending on the state, 
tap and confirm the type of action you would like to perform. Figure 8.56 
through Figure 8.58 show typical local bits control screens.

Device Info
Tapping this folder navigates you to the Device Info screen where you can 
access specific device information applications (Status, Configuration, 
Arc-Flash Diagnostics, and Trip & Diag. Messages) and the Reboot 
application.

Figure 8.54 Digital Output Pulsing—Slot A Figure 8.55 Digital Output Pulsing Confirmation

Figure 8.56 Local Bits Figure 8.57 Local Bits Notification

Figure 8.58 Local Bits Confirmation
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Figure 8.59 Device Info Applications

Table 8.13 identifies all the applications available in the Device Info folder.

Tap the Status application to view the relay status, firmware version, part 
number, etc., as shown in Figure 8.60. Use the Configuration application to 
view port information, the jumper positions for the breaker, etc., as shown in 
Figure 8.61. If the relay detects any new card in one of the slots, it disables 
and directs you to accept the change in configuration, as shown in Figure 8.62. 
Figure 8.60 through Figure 8.62 show typical screens for device 
configuration, device status, and trip and diagnostic messages.

Table 8.13 Device Info Application Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Device Info

Status Always available

Configuration Always available

Reboot Always available

Arc-Flash Diagnostics Shown when Slot E = 74 or 76

Trip & Diag. Messages Always available

Figure 8.60 Device Status Figure 8.61 Device Configuration
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Figure 8.62 Model Number Confirmation

When a diagnostic failure, trip, lockout, or warning occurs, the relay displays 
the diagnostic message on the screen until it is either overridden by the restart 
of the rotating display or the inactivity timer expires. To view the trip and 
diagnostic messages, tap the Trip & Diag. Messages application in the Device 
Info folder.

Figure 8.63 Trip and Diagnostic Messages

Tap on the Arc-Flash Diagnostics application to run a diagnostic check on the 
arc-flash sensors. Figure 8.64 and Figure 8.65 show typical arc-flash 
diagnostics screens.

Figure 8.64 Arc-Flash Diagnostics Figure 8.65 Arc-Flash Diagnostics Confirmation
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Access Level
Tapping this folder navigates you to the Access Level screen where you can 
either log in to or log out of Access Level 2.

Figure 8.66 Access Level Applications

Table 8.14 identifies all of the applications available in the Access Level 
folder.

Note that when an application requires Access Level 2 and the relay is at 
Access Level 1, the relay automatically displays the authentication screen 
requiring you to enter the password before performing a control operation, 
editing setting, etc.

Settings
Tapping this folder navigates you to the Settings screen where you can access 
settings applications (Global, Touchscreen) or settings folders (Port, Group, 
Date and Time) through which you can set or show settings.

Table 8.14 Access Level Application Availability

Folder Name Application Name Comments

Access Level
Login Always available

Logout Always available

Figure 8.67 Authentication Figure 8.68 Login Confirmation
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Figure 8.69 Settings Folders and Applications

Table 8.15 identifies all of the folders and applications available in the 
Settings folder.

Table 8.16 identifies all the applications available in each folder (Port, Group, 
Date and Time) in the Settings folder.

Table 8.15 Settings Folder and Application Availability

Folder Name Folder or Application Name Comments

Settings

Port Always available

Global Always available

Group Always available

Date and Time Always available

Touchscreen Always available

Table 8.16 Settings Folders Port, Group, and Date and Time Application 
Availability

Folder Name Application Name Commentsa

a Refer to the relay part number.

Port

Port F Always available

Port 1 Shown when Slot B ≠ x0x or x1x

Port 2 Shown when E49RTD ≠ EXT

Port 3 Always available

Port 4 Shown when Slot C = Ax or 0x, 
i.e., Slot C has a comms card or is 
empty

Group

Set 1 Always available

Logic 1 Always available

Set 2 Always available

Logic 2 Always available

Set 3 Always available

Logic 3 Always available

Set 4 Always available

Logic 4 Always available

Date and Time
Date Always available

Time Always available
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Figure 8.70 and Figure 8.71 show typical port and group settings screens.

To edit a setting, tap on a setting row and enter the Access Level 2 password. 
If the relay is already at Level 2, the relay does not prompt for password 
authentication. After entering the value, tap the Save button to save your edit, 
or click the Cancel Save button to cancel the edit (see Table 8.7). If the 
Save/Cancel Save buttons are not visible, tap the Back button until they 
appear. When editing a settings class (e.g., Set 1 in Group Settings), you 
cannot navigate to another class (e.g., Logic 1) without saving or discarding 
the settings change made in Set 1.

Figure 8.70 Port Settings Figure 8.71 Group Settings

Figure 8.72 Set 1 Settings Figure 8.73 Thermal Overload Settings

Figure 8.74 Set/Show Settings Edit
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You can control the screen brightness, the screen inactivity timer settings, etc., 
through the Touchscreen application.

Rotating Display
Tapping this application allows you to start the rotating display. You can pick 
as many as 16 screens through which the display can rotate after the inactivity 
timer expires. Refer to Table 9.7 for the equivalent touchscreen display 
settings.

Tapping any screen while the display is rotating takes you to that particular 
screen. You can perform the needed operation and use the Back button to 
return to the Home screen.

Figure 8.77 Rotating Display

Language Support
All of the HMI messages can be displayed in English or Spanish. The relay 
part number determines which language is displayed on the HMI. See the 
SEL-710-5 Relay Command Summary for a list of the commands.

Operation and Target 
LEDs

Programmable LEDs
The SEL-710-5 provides quick confirmation of relay conditions via operation 
and target LEDs. Refer to Operation and Target LEDs on page 8.15 for details 
on the ENABLED, TRIP, and other programmable LEDs and their operation, and 
possible warning conditions on the relay.

Figure 8.75 Touchscreen Settings Figure 8.76 Touchscreen Settings Edit



8.39

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Front-Panel Operations
Touchscreen Display Front Panel

TARGET RESET Pushbutton
Refer to TARGET RESET Pushbutton on page 8.17 for the operation of the 
TARGET RESET pushbutton, the lamp test, and other target reset options.

Front-Panel Operator Control Pushbuttons
The SEL-710-5 touchscreen display features eight operator-controlled 
pushbuttons, each with two programmable tricolor pushbutton LEDs, for local 
control, as shown in Table 8.4. Refer to Front-Panel Operator Control 
Pushbuttons on page 8.18 for details on operator control pushbuttons and 
LEDs and their programming.

You can use the front-panel operator control pushbuttons to jump to a specific 
screen while using them for START/STOP operations, etc. You can program 
the selectable operator pushbutton screen settings under the Touchscreen 
settings category in QuickSet and map the button to a specific screen. For 
example, PB03, which is used to start a motor by default, can be programmed 
to jump to a bay screen by mapping the pushbutton touchscreen setting 
FPPB03 to Bay Screen 1. When you press PB03, the display jumps to Bay 
Screen 1, where you can see a visual confirmation of the START action.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 1 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments

Bay Screens

Bay Screen 1 Displays Bay Screen 1

Bay Screen 2 Displays Bay Screen 2

Bay Screen 3 Displays Bay Screen 3

Bay Screen 4 Displays Bay Screen 4

Bay Screen 5 Displays Bay Screen 5

Meter

Phasors

Phasor Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Phasor Screen 2 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental

Fundamental Screen 1 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG

Shown when 
DELTA_Y = DELTA

Fundamental Screen 2 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, MLOAD, 3V2, VAVE, 
UBV

Shown when 
DELTA_Y = DELTA
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Fundamental Screen 3 IA_MAG, IA_ANG, IB_MAG, 
IB_ANG, IC_MAG, IC_ANG, 
IN_MAG, IN_ANG, FREQ, 
VAB_MAG, VAB_ANG, 
VBC_MAG, VBC_ANG, 
VCA_MAG, VCA_ANG, 
VA_MAG, VA_ANG, 
VB_MAG, VB_ANG, 
VC_MAG, VC_ANG

Shown when DELTA_Y = WYE

Fundamental Screen 4 IG_MAG, IG_ANG, 3I2, IAV, 
UBI, VG_MAG, VG_ANG, 
MLOAD, 3V2, VAVE, UBV

Shown when DELTA_Y = WYE

Fundamental Screen 5 P, Q, S, PF Always available

Fundamental Screen 6 IA87, IB87, IC87, VEX, 
IEX, Rf

Shown when Slot E = 74 or 75

RMS

RMS Screen 1 IARMS, IBRMS, ICRMS, 
INRMS, VABRMS, 
VBCRMS, VCARMS

Shown when 
DELTA_Y = DELTA

RMS Screen 2 IARMS, IBRMS, ICRMS, 
INRMS, VARMS, VBRMS, 
VCRMS

Shown when DELTA_Y = WYE

Energy

Energy Screen 1 MWH3P, MVARH3PI, 
MVARH3PO, MVAH3P

Always available

Energy Reset Screen Reset Energy data Always available

Max/Min

Max/Min Screen 1 IAMX, IAMN, IBMX, IBMN, 
ICMX, ICMN, INMX, INMN, 
IGMX, IGMN, VABMX, 
VABMN, VAMX, VAMN, 
VBCMX, VBCMN, VBMX, 
VBMN, VCAMX, VCAMN, 
VCMX, VCMN, VSMX, 
VSMN, kW3MX, kW3MN, 
kVAR3MX, kVAR3MN, 
kVA3MX, kVA3MN, 
FREQMX, FREQMN, 
RTD1MX–RTD12MX, 
RTD1MN–RTD12MN, 
AI301MX–AI308MX, 
AI301MN–AI308MN, 
AI401MX–AI408MX, 
AI401MN–AI408MN, 
AI501MX–AI508MX, 
AI501MN–AI508MN, 
MM_LRD

Always available

Max/Min Reset Screen Reset Max/Min data Always available

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 2 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Analog 
Inputs

Analog Inputs Screen 1 AI301–AI308, AI401–AI408, 
AI501–AI508

Available if the relay supports 
analog inputs

Thermal

Thermal Screen 1 RTDWDGMX, RTDBRGMX, 
RTDAMB, RTDOTHMX

Shown when E49RTD ≠ NONE

Thermal Screen 2 RTD1– RTD12 Shown when E49RTD ≠ NONE

Thermal Screen 3 MLOAD, TCUSTR, TCURTR, 
THRMTP, TRST, STRTAV

Always available

Math
Variables

Math Variables Screen 1 MV01–MV32 Shown when EMV ≠ N; shows 12 
math variables per page

Remote
Analogs

Remote Analogs Screen 1 RA001–RA012 Always available

Remote Analogs Screen 2 RA013–RA024 Always available

Remote Analogs Screen 3 RA025–RA036 Always available

Remote Analogs Screen 4 RA037–RA048 Always available

Remote Analogs Screen 5 RA049–RA060 Always available

Remote Analogs Screen 6 RA061–RA072 Always available

Remote Analogs Screen 7 RA073–RA084 Always available

Remote Analogs Screen 8 RA085–RA096 Always available

Remote Analogs Screen 9 RA097–RA108 Always available

Remote Analogs Screen 10 RA109–RA120 Always available

Remote Analogs Screen 11 RA121–RA128 Always available

Light
Intensity

Light Screen 1 LSENS1, LSENS2, LSENS3, 
LSENS4

Shown when Slot E = 74

Light Screen 2 LSENS1, LSENS2, LSENS3, 
LSENS4, LSENS5, LSENS6, 
LSENS7, LSENS8

Shown when Slot E = 76

Monitor

Relay Word
Bits

Relay Word Bits Screen 1 Shows status of all the relay 
word bits

Shows 32 RWBs per page

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 3 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital
Inputs

Digital Inputs Screen 1 IN101, IN102 Always available

Digital Inputs Screen 2 IN301, IN302, IN303, IN304 Shown when Slot C= Dx or 
1x or Cx

Digital Inputs Screen 3 IN301, IN302, IN303 Shown when Slot C = Bx

Digital Inputs Screen 4 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308

Shown when Slot C = 3x 

Digital Inputs Screen 5 IN301, IN302, IN303, IN304, 
IN305, IN306, IN307, IN308, 
IN309, IN310, IN311, IN312, 
IN313, IN314

Shown when Slot C = 4x

Digital Inputs Screen 6 IN401, IN402, IN403, IN404 Shown when Slot D = Dx or 
1x or Cx

Digital Inputs Screen 7 IN401, IN402, IN403 Shown when Slot D = Bx

Digital Inputs Screen 8 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408

Shown when Slot D = 3x

Digital Inputs Screen 9 IN401, IN402, IN403, IN404, 
IN405, IN406, IN407, IN408, 
IN409, IN410, IN411, IN412, 
IN413, IN414

Shown when Slot D = 4x

Digital Inputs Screen 10 IN501, IN502, IN503, IN504 Shown when Slot E = Dx or 
1x or Cx

Digital Inputs Screen 11 IN501, IN502, IN503 Shown when Slot E = Bx

Digital Inputs Screen 12 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508

Shown when Slot E = 3x

Digital Inputs Screen 13 IN501, IN502, IN503, IN504, 
IN505, IN506, IN507, IN508, 
IN509, IN510, IN511, IN512, 
IN513, IN514

Shown when Slot E = 4x

Digital
Outputs

Digital Outputs Screen 1 OUT101, OUT102, OUT103 Always available

Digital Outputs Screen 2 OUT301, OUT302, OUT303, 
OUT304

Shown when Slot C = Bx or 
1x or Cx

Digital Outputs Screen 3 OUT301, OUT302, OUT303 Shown when Slot C = Dx

Digital Outputs Screen 4 OUT301, OUT302, OUT303, 
OUT304, OUT305, OUT306, 
OUT307, OUT308

Shown when Slot C = 2x

Digital Outputs Screen 5 OUT401, OUT402, OUT403, 
OUT404

Shown when Slot D = Bx or 
1x or Cx

Digital Outputs Screen 6 OUT401, OUT402, OUT403 Shown when Slot D = Dx

Digital Outputs Screen 7 OUT401, OUT402, OUT403, 
OUT404, OUT405, OUT406, 
OUT407, OUT408

Shown when Slot D = 2x

Digital Outputs Screen 8 OUT501, OUT502, OUT503, 
OUT504

Shown when Slot E = Bx or 
1x or Cx

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 4 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Digital Outputs Screen 9 OUT501, OUT502, OUT503 Shown when Slot E = Dx

Digital Outputs Screen 10 OUT501, OUT502, OUT503, 
OUT504, OUT505, OUT506, 
OUT507, OUT508

Shown when Slot E = 2x

SELOGIC

Counters

SELOGIC Counters Screen 1 SC01–SC32 Shown when ESC ≠ N; shows 12 
SELOGIC counters per page

Breaker 
Wear

Breaker Wear Screen 1 INTT, EXTT, INTIA, INTIB, 
INTIC, EXTIA, EXTIB, 
EXTIC

Shown when EBMON = Y

Breaker Wear Screen 2 WEARA, WEARB, WEARC Shown when EBMON = Y

Vibration

Vibration Screen 1 VIBAQ1, VIBAQ2, VIBAQ3, 
VIBAQ4, VIBAQ5

Always available

Reports

Events

Event History Screen 1 Shows the event records in the 
relay

SER

SER Screen 1 Shows the Sequential Event 
Records (SERs) in the relay

MST

MST Screen 1 Shows the Motor Start Trend data 
in the relay

MOT

MOT Screen 1 Shows the Motor Operating Sta-
tistics in the relay

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 5 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Device Info

Status

Status Screen 1 Status, serial number, 
FID string, part number, SEL 
display, customer display, 
IEC 61850 CID

Always available

Status Screen 2 Diagnostic status for the relay 
cards and power supply rails. 
CARD_C, CARD_D, 
CARD_E, CARD_Z, FPGA, 
GPSB, HMI, RAM, ROM, 
CR_RAM, NON_VOL, 
CLOCK, RTD, CID_FILE, 
+0.9V CHK (V), 
+1.2V CHK (V), 
+1.5V CHK (V), 
+1.8V CHK (V), 
+2.5V CHK (V), 
+3.3V CHK (V), 
+3.75V CHK (V), 
+5.0V CHK (V), 
–1.25V CHK (V), 
–5.0V CHK (V), 
BATT CHK (V)

Always available

Status Screen 3 DN_MAC_ID, ASA, 
DN_RATE, DN_STATUS

Shown if the DeviceNet option is 
available

Status Screen 4 OFFSETS: IA, IB, IC, IN, VA, 
VB, VC, IA87, IB87, IC87, 
VDR

Always available

Configuration

Configuration Screen 1 Part number, Port F protocol, 
Port F baud rate, Port 1 IP 
address, Port 1 default router, 
MAC address (IP), MAC 
address (GOOSE), breaker 
control jumper, password 
bypass jumper, rated frequency, 
phase rotation, nominal phase 
CT rating, nominal/neutral CT 
rating, PT connection, date 
format

Some of the quantities are part-
number dependent and will be 
hidden if the part number does not 
support them

Trip and 
Diagnostics

Trip and Diagnostic Screen 1 Diagnostic failures, trip event 
types, lockouts, and warnings

Always available

a In addition to the listed screens, the Home screen is available for the HOME pushbutton. By default, the HOME pushbutton is programmed to 
the Home screen.

Table 8.17 Screens Available for the Rotating Display, HOME Pushbuttona, and Programmable Pushbuttons 
(Sheet 6 of 6)

Home Screen 
Folders and 
Applications

Folder and 
Application 
Names

Display Name Quantities Comments
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Section 9
Bay Control

Overview
The SEL-710-5 Relay with the touchscreen display option provides you with 
the ability to design bay configuration screens to meet your system needs. The 
bay configuration can be displayed as a single-line diagram (SLD) on the 
touchscreen. You can create as many as five bay screens with one controllable 
breaker, as many as eight two-position disconnects, and as many as two three-
position disconnects. ANSI and IEC symbols, along with analog and digital 
labels, are available for you to create detailed single-line diagrams of the bay 
to indicate the status of the breaker and disconnects, bus voltages, and power 
flow through the breaker. In addition to single-line diagrams, you can design 
the screens to show the status of various relay elements via Relay Word bits or 
to show analog quantities for commissioning or day-to-day operations. These 
screens can be designed with the help of ACSELERATOR Bay Screen Builder 
SEL-5036 Software in conjunction with ACSELERATOR QuickSet SEL-5030 
Software. Note that the bay screen related settings can only be set via 
QuickSet (setting via an ASCII terminal is not supported).

This section covers all aspects of the SEL-710-5 Relay bay control.

➤ Circuit Breaker Symbol Settings and Status Logic on page 9.1

➤ Disconnect Control Settings on page 9.2

➤ Local/Remote Control on page 9.7

➤ Motor/Disconnect Control Via the Touchscreen on page 9.8

➤ Bay Screens Design Using QuickSet and Bay Screen Builder on 
page 9.10

➤ Bay Control Application Example on page 9.19

Circuit Breaker 
Symbol Settings and 
Status Logic

The SEL-710-5 supports one breaker that can be controlled and monitored via 
the bay screen. Use the SELOGIC settings 52A and 52B to map the respective 
breaker auxiliary contacts to the relay. Because the 52B contact is not always 
available in all applications, the breaker status logic does not include the 52B 
contact. The relay uses the 52A Relay Word bit as the status of the breaker in 
conjunction with the protection elements and trip and close logic. The default 
setting for 52B is NOT 52A. Map 52A and 52B Relay Word bits to the 
settings associated with the breaker symbol under the Bay Control settings in 
QuickSet to display the status of the breaker on the bay screen.

Use SELOGIC to create dual-point status of the breaker with breaker alarm 
indication. Refer to Table 9.7 for the Bay Control breaker settings. Refer to 
Bay Control Application Example on page 9.19 for example settings. Refer to 
Table 4.65 and 52A and 52B Contactor/Breaker Status SELOGIC Control 
Equations on page 4.97 for 52A and 52B settings and descriptions. Refer to 
Trip/Close Logic on page 4.94 for more information on the breaker trip and 
close logic.
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Table 9.1 provides typical ANSI and IEC breaker symbols that are supported 
by Bay Screen Builder. Column 1 identifies the standard (ANSI/IEC) and the 
type of breaker. Columns 3, 4, and 5 identify closed, open, and alarm states of 
the breaker image, respectively. Bay Screen Builder allows you to set the 
breaker color sequence property (identified in Column 2) for each of these 
states. Select the breaker color sequence based on your system convention. 
For a complete list of ANSI and IEC circuit breaker symbols available to use 
with the bay screens, refer to the ACSELERATOR Bay Screen Builder SEL-5036 
Software Instruction Manual, available in the Help > Contents menu of Bay 
Screen Builder. 

Disconnect Control 
Settings

The SEL-710-5 supports control of as many as eight two-position and two 
three-position disconnects. Refer to Table 9.2 and Table 9.3 for the two- and 
three-position switch settings. The following description applies to both the 
two- and three-position switches enabled by the 89EN2P and 89EN3P 
settings. Generic setting names are used in the following description for 
simplicity. For example, the label setting for two-position Switch 1 
(89NM2P1) is represented by 89NMkm, where k is the switch type (2P, 3PL, 
or 3PE) and m is the switch number (m = 1–8 if k = 2P and m = 1–2 if k = 3PL 
or 3PE).

Use the 89NMkm setting to name the disconnect using a maximum of sixteen 
characters. The 89Akm and 89Bkm SELOGIC control equation settings 
represent the normally open and normally close disconnect auxiliary contacts. 
Typically, these SELOGIC control equation settings are set to SEL-710-5 
inputs that are wired to the corresponding auxiliary contacts. Figure 9.1 shows 
the dual-point disconnect status logic. The Relay Word bits 89CLkm and 
89OPkm indicate whether the disconnect is in a fully close or fully open state, 
respectively. 89ALkm indicates the alarm status of the disconnect and asserts 
when the disconnect is in an undetermined state for longer than the 89AkmD 
time setting. The 89ALkm alarm bit also asserts if the switch fails to start 
close or open operation after a successful command is issued. Set the 89AkmD 
timer longer than the highest expected operation time (undetermined state).

Table 9.1 Circuit Breaker Symbols

Type
Breaker Color 

Sequence
State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI Breaker Red, Green, Amber

ANSI Truck Operated Breaker Black, White, Grey

IEC Breaker Green, Red, Amber

IEC Truck Operated Breaker Transparent
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Table 9.2 Two-Position Disconnect Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 2P DISC N, 1–8 89EN2P := 8

Disconnect ma

a  The value of m can be set to any number between 1 and the value of setting 89EN2P.

2P DISC m NAME 16 characters 89NM2Pm := 2Pm

DIS m N/O CONT SELOGIC 89A2Pm := 0

DIS m N/C CONT SELOGIC 89B2Pm := NOT 89A2Pm

DIS m ALM PU 0.00–300.00 sec 89A2PmD := 5.00

DIS m SEALIN OFF, 0.00–300.00 sec 89S2PmD := 4.67

DIS m IMMOBI OFF, 0.00–300.00 sec 89I2PmD := 0.33

DIS m CL CONT SELOGIC 89RC2Pm := 89CC2Pm

DIS m CL BLK SELOGIC 89CB2Pm := 89AL2Pm

DIS m CL RST SELOGIC 89CR2Pm := 89CL2Pm OR 
89CS2Pm OR 89 ALP2m

DIS m CL IM RS SELOGIC 89CT2Pm := NOT 89OP2Pm

DIS m OP CONT SELOGIC 89RO2Pm := 89OCPm

DIS m OP BLK SELOGIC 89OB2Pm := 89AL2Pm

DIS m OP RST SELOGIC 89OR2Pm := 89OP2Pm OR 
89OS2Pm OR 89AL2Pm

DIS m OP IM RS SELOGIC 89OT2Pm := NOT 89CL2Pm

Table 9.3 Three-Position Disconnect Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

EN 3P DISC N, 1–2 89EN3P := N

Disconnect ma

3P DISC m NAME 16 characters 89NM3Pm := 3Pm

In-Line Disconnect

LDIS m N/O CONT SELOGIC 89A3PLm := 0

LDIS m N/C CONT SELOGIC 89B3PLm := NOT 89A3PLm

LDIS m ALM PU 0.00–300.00 sec 89A3PLmD := 5.00

LDIS m SEALIN OFF, 0.00–300.00 sec 89S3PLmD := 4.67

LDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PLmD := 0.33

LDIS m CL CONT SELOGIC 89RC3PLm := 89CC3PLm

LDIS m CL BLK SELOGIC 89CB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89 AL3PEm

LDIS m CL RST SELOGIC 89CR3PLm := 
89CL3PLm OR 89CS3PLm 
OR 89AL3PLm

LDIS m CL IM RS SELOGIC 89CT3PLm := 
NOT 89OP3PLm

LDIS m OP CONT SELOGIC 89RO3PLm := 89OC3PLm
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LDIS m OP BLK SELOGIC 89OB3PLm := 
89CL3PEm OR 89AL3PLm 
OR 89AL3PEm

LDIS m OP RST SELOGIC 89OR3PLm := 
89OP3PLm OR 89OS3PLm 
OR 89AL3PLm

LDIS m OP IM RS SELOGIC 89OT3PLm := 
NOT 89CL3PLm

Earthing Disconnect

EDIS m N/O CONT SELOGIC 89A3Pm := 0

EDIS m N/C CONT SELOGIC 89B3Pm := NOT 89A3PEm

EDIS m ALM PU 0.00–300.00 sec 89A3PEmD := 5.00

EDIS m SEALIN OFF, 0.00–300.00 sec 89S3PEmD := 4.67

EDIS m IMMOBI OFF, 0.00–300.00 sec 89I3PEmD := 0.33

EDIS m CL CONT SELOGIC 89RC3PEm := 89CC3PEm

EDIS m CL BLK SELOGIC 89CB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m CL RST SELOGIC 89CR3PEm := 
89CL3PEm OR 89CS3PEm 
OR 89AL3PEm

EDIS m CL IM RS SELOGIC 89CT3PEm := 
NOT 89OP3PEm

EDIS m OP CONT SELOGIC 89RO3PEm := 89OC3PEm

EDIS m OP BLK SELOGIC 89OB3PEm := 
89CL3PLm OR 89AL3PLm 
OR 89AL3PEm

EDIS m OP RST SELOGIC 89OR3PEm := 
89OP3PEm OR 89OS3PEm 
OR 89AL3PEm

EDIS m OP IM RS SELOGIC 89OT3PEm := 
NOT 89CE3PLm

a  The value of m can be set to any number between 1 and the value of setting 89EN3P.

Table 9.3 Three-Position Disconnect Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 9.1 Dual-Point Disconnect Status Logic

The close and open logic shown in Figure 9.2 and Figure 9.3 are primarily for 
control of motor operated disconnects. The settings and control described 
below are not intended for manually operated disconnects and can be ignored. 
The description of close and open control logic applies to all two- and three-
position motor operate disconnects that are enabled.

Figure 9.2 Disconnect Close Logic

Close control action of a disconnect can be initiated via the front-panel HMI 
Bay Screen application (Relay Word bit 89CMkm) or remotely (i.e., via 
communications protocols [Relay Word bit 89CCkm] or the SELOGIC control 
equation setting [89RCkm]). Close control from the HMI requires that local 
control be enabled (Relay Word bit LOCAL asserted). When Relay Word bit 
LOCAL is asserted, remote close control is blocked. Use the 89CBkm 
SELOGIC control equation setting to block both local and remote control, if 
required. The logic automatically seals-in a successful close signal (Relay 
Word bit 89Ckm) until the user-defined reset Relay Word bit 89CRkm asserts. 
By default, the relay uses the seal-in timer output to avoid a premature reset of 

Alarm Timer
Setting Relay

Word
Bits

Relay
Settings

1

2

89IPkm

89CLkm

89OPkm

1
5 sec

89AkmD

89Akm

89Bkm

k = 2P, 3PL, or 3PE
m = 1–16 (if k = 2P) or 1–2 (if k = 3PL or 3PE)

2

89ALkm

3
89OIkm

89CIkm

Relay
Word
Bits

Relay
Word
Bits

89CMkm (HMI)
(supervised by LOCAL)

89CCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89CRkm

89RCkm

Close Immobility Timer

Close Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89CIkm

89CSkm

2
4

3
3

1
1

2
89CBkm

89Okm

89Ckm

Relay
Word
Bits

(Reset 89IkmD)

89CEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89CTkm

Settings
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the close signal. An immobility timer detects if the disconnect remains in the 
fully open position for longer than the 89IkmD time setting after the close 
signal is issued (89Ckm asserts) by the assertion of Relay Word bit 89CIkm.

Figure 9.3 Disconnect Open Logic

Similarly, open control action of a disconnect can be initiated via the front-
panel HMI (Relay Word bit 89OMkm) or remotely (i.e., communications 
protocols [Relay Word bit 89OCkm] or the SELOGIC control equation setting 
[89ROkm]). Open control from the HMI requires that local control be enabled 
(Relay Word bit LOCAL asserted). When Relay Word bit LOCAL is asserted, 
remote close is blocked. Use the 89OBkm SELOGIC control equation setting to 
block both local and remote control, if required. The logic automatically seals-
in a successful open signal (Relay Word bit 89Okm) until the user-defined 
reset Relay Word bit 89ORkm asserts. By default, the relay uses the seal-in 
timer output to avoid premature reset of the open signal. An immobility timer 
detects if the disconnect remains in the fully close position for longer than the 
89IkmD time setting after the open signal is issued (89Okm asserts) by the 
assertion of Relay Word bit 89OIkm.

The factory-default values of all the other settings should be suitable for most 
applications, however, they must be reviewed and edited for specific 
requirements.

Refer to Table 9.5 for the Bay Control disconnect settings. Refer to Bay 
Control Application Example on page 9.19 for example settings. Table 9.5 
provides typical ANSI and IEC disconnect symbols that are available to use in 

Relay
Word
Bits

89OMkm (HMI)
(supervised by LOCAL)

89OCkm
(ASCII, Fast Operate, and

communications protocols)

LOCAL

89ORkm

89ROkm

Open Immobility Timer

Open Seal-In Timer

89IkmD
sec

5 sec

89SkmD
sec

0 sec

89OIkm

89OSkm

2
4

3
3

1
1

2
89OBkm

89Ckm

89Okm

Relay
Word
Bits

(Reset 89IkmD)

89OEkm

Notes:
k = 2P, 3PL, or 3PE
m = switch number (1–8 if k = 2P; 1–2 if k = 3PL or 3PE)
Each three-position disconnect (3P) is a combination of one in-line and one earthing disconnect 
(e.g., 3PL1 and 3PE1).

89OTkm

Settings

Table 9.4 Disconnect Control Setting Guidelines

Setting Remarks

89ENk Enable required number of 2- and 3-position switches

89NMkm Label each switch with a unique name

89Akm SELOGIC control equation for normally open auxiliary contact of the switch

89Bkm SELOGIC control equation for normally close auxiliary contact of the switch

89AkmD Operate alarm delay; set longer than the highest expected operate time of 
the switch

89SkmD Seal-in delay; set longer than the highest expected operate time of the motor 
operated switch
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bay screen design. Column 1 identifies the standard (ANSI/IEC) and the type 
of disconnect. Column 2 identifies the interior color property of the 
disconnect. Columns 3, 4, and 5 identify closed, open, and alarm states of the 
disconnect. For a complete list of ANSI and IEC disconnect symbols available 
to use with the bay screens, refer to the ACSELERATOR Bay Screen Builder 
SEL-5036 Software Instruction Manual.

Local/Remote Control The SEL-710-5 supports local/remote motor control functionality through 
supervision of the STR and STOP motor control Relay Word bits and local/
remote disconnect control functionality through supervision in the disconnect 
open and close control logic (See Figure 9.2 and Figure 9.3). The supervision 
can be enabled or disabled with the global setting EN_LRC (see Table 9.6). To 
enable local/remote supervision of the breaker and disconnect control, set 
EN_LRC := Y. When EN_LC := Y, the LOCAL SELOGIC control equation is 
available. 

The relay controls the status of the LOCAL Relay Word bit based on the 
EN_LRC setting and the selection applies to both the breaker and the 
disconnect control.

Table 9.5 Disconnect Symbols

Type Interior Color State 1 (Closed) State 2 (Open) State 3 (Alarm)

ANSI and IEC Disconnect

(Two-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect

(Two-Position)

Transparent

ANSI and IEC Disconnect 
(Three-Position)

Gray

ANSI and IEC Motor- 
Operated Disconnect 

(Three-Position)

Transparent

Table 9.6 Local/Remote Motor Control Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE LOC REM CON Y, N EN_LRC := N

LOCAL CONTROLa

a This setting is hidden when EN_LRC := N.

SELOGIC LOCAL := 0
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➤ When EN_LRC := Y and LOCAL := 1, the relay processes the 
STR and STOP commands from the front panel (two-line 
display or touchscreen). The STR and STOP commands from 
remote sources/protocols (ASCII terminal, SEL Fast Operate, 
DNP, Modbus, EtherNet/IP, IEC 61850, etc.) are blocked.

➤ When EN_LRC := Y and LOCAL := 0, the relay processes the 
STR and STOP commands from remote sources/protocols 
(ASCII terminal, SEL Fast Operate, DNP, Modbus, 
EtherNet/IP, IEC 61850, etc.). The commands from the front 
panel are blocked (two-line display or touchscreen).

➤ When EN_LRC := N, the relay processes the STR and STOP 
commands from both the front panel (two-line display or 
touchscreen) and remote sources/protocols (ASCII terminal, 
SEL Fast Operate, DNP, Modbus, EtherNet/IP, IEC 61850, 
etc.).

Enable the local/remote control for proper supervision of motor control and 
operator safety. Map the LOCAL SELOGIC control equation to the status of 
the local/remote switch on the panel, if available. Alternatively, program one 
of the front-panel pushbuttons and an LED in conjunction with a SELOGIC 
latch to mimic the local/remote switch and map it to the LOCAL SELOGIC 
control equation.

When EN_LRC := Y, the status of the local/remote control is indicated on the 
footer of the touchscreen as “L” for local (LOCAL = 1) and “R” for remote 
(LOCAL = 0). If you do not intend to use the built-in local/remote function, 
and prefer to create your own control function using SELOGIC and remote bits, 
then set EN_LRC := N. In which case, the footer indicates “LR,” as shown in 
Figure 9.4, indicating that STR and STOP bits are processed from both the 
touchscreen and the remote sources/protocols. Local/remote indication is only 
available on the SEL-710-5 touchscreen display model. Refer to Bay Control 
Application Example on page 9.19 for example settings.

Figure 9.4 Local/Remote Control Mode Indication

Motor/Disconnect 
Control Via the 
Touchscreen

The SEL-710-5 enables you to control the motor from the touchscreen or the 
two-line LCD and the disconnect from the touchscreen. Motors and 
disconnects can also be controlled through the front-panel operator control 
pushbuttons. Refer to Front-Panel Operator Control Pushbuttons on 
page 8.39 for a discussion on motor control via the control pushbuttons. Refer 
to Control Menu on page 8.10 for instructions on motor control via the two-
line LCD. This section discusses motor and disconnect control via 
touchscreen.
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The touchscreen allows you to control the motor via two applications: Bay 
Screens and Motor Start/Stop Control; however, only the Bay Screens 
application allows control of the disconnects. The Bay Screens application is 
available on the Home screen. Breaker and disconnect control via the Bay 
Screens application requires you to design a bay control single-line diagram. 
Figure 9.5 shows a sample single-line diagram with a controllable breaker, 
disconnect, and analog quantities. For more details on how to design this 
screen, refer to Bay Control Application Example.

You can also control the motor via Motor Start and Motor Stop applications, 
which are available in the Control folder. These application are built-in and 
are always available for you to perform motor control. Figure 9.6 shows the 
Start Motor application display and Figure 9.7 shows the Stop Motor 
application display.

Figure 9.5 Bay Screens Application Display With a Single-Line Diagram

Figure 9.6 Start Motor Application

Figure 9.7 Stop Motor Application
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The Bay Screens, Motor Start, and Motor Stop applications use the STR and 
STOP bits and require you use their respective START and TRIP bits to 
perform motor control. For more details on how to program these bits, refer to 
Bay Control Application Example. The Bay Screens and Breaker Control 
applications use the 89OMkm and 89CMkm bits to perform disconnect control 
(see Figure 9.2 and Figure 9.3 for details). The relay checks for the following 
conditions, in the order shown. Only when the conditions are satisfied can you 
perform breaker or disconnect control.

1. EN_LRC := Y and Relay Word bit LOCAL is asserted. If 
EN_LRC := N, then this check is ignored.

2. The breaker control jumper on the slot B board is installed. The 
Relay Word bit BKJMP stays asserted when the breaker control 
jumper is installed. Refer to Password, Breaker (Start/Stop 
Control), and SELBOOT Jumper Selection on page 2.18 for 
information on the breaker jumper.

3. You are at Access Level 2. The relay prompts for the Access 
Level 2 password if you are not at Access Level 2.

4. There are no active lockouts. If there is one or more active 
lockout, the relay displays those which are active and the 
greatest time remaining. This condition is only checked when 
issuing a START via Motor Start or CLOSE via Bay Screen 
application.

When the conditions are satisfied, the application pulses the STR or STOP bit, 
respectively, depending on your selection for motor start or stop.

Bay Screens Design 
Using QuickSet and 
Bay Screen Builder

QuickSet and Bay Screen Builder provide user-friendly interfaces to set the 
touchscreen settings. The touchscreen settings are not available for setting via 
ASCII terminal, unlike the other relay settings. The touchscreen settings are 
only available if the relay part number is configured with the touchscreen 
display under Front-Panel Options drop down as shown in Figure 9.8. 
Figure 9.9 shows the Touchscreen settings in QuickSet.

Figure 9.8 QuickSet Front-Panel Options
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Figure 9.9 QuickSet Touchscreen Settings

Table 9.7 Touchscreen Settings (Sheet 1 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Display Settings

Display Home Screen See Table 8.17 FPHOME := HOME

Display Time-Out 1–30 min FPTO := 15

Rotating Display Transition Time 3–15 sec FPDUR := 5

Backlight Active Brightness 1–10 FPBAB := 6

Rotating Display Screen Settings

Rotating Display 01 See Table 8.17 FPRD01 := Bay Screen 1

Rotating Display 02 See Table 8.17 FPRD02 :=

•

•

•

•

•

•

•

•

•

Rotating Display 15 See Table 8.17 FPRD15 :=

Rotating Display 16 See Table 8.17 FPRD16 :=

Pushbutton Settings (nn = 01–08)

Pushbutton nn HMI Screen OFF, See Table 8.17 FPPBnn := OFF

Bay Control Breaker Settings

Breaker Trip Type 3 BK01TTY := 3

Breaker Mode CONTROL, 
MONITOR

BK01MOD := MONITOR

Breaker 1 Close Status Relay Word Bit BK01CS := 52A1

Breaker 1 Open Status Relay Word Bit BK01OS := 52B1

NOTE: The settings in Table 9.7 shall 
be populated under each of the 
custom screens (sld1–sld5) based on 
the dynamic symbols chosen by the 
user.
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Breaker 1 Alarm Status Relay Word Bit BK01AS := NA

Breaker 1 HMI Close Command Relay Word Bit BK01CLC := NA

Breaker 1 HMI Open Command Relay Word Bit BK01OPC := NA

Breaker 2 Close Status Relay Word Bit BK02CS := 52A2

Breaker 2 Open Status Relay Word Bit BK02OS := 52B2

Breaker 2 Alarm Status Relay Word Bit BK02AS := NA

Breaker 2 HMI Close Command Relay Word Bit BK02CLC := NA

Breaker 2 HMI Open Command Relay Word Bit BK02OPC := NA

Breaker 3 Close Status Relay Word Bit BK03CS := 52A3

Breaker 3 Open Status Relay Word Bit BK03OS := 52B3

Breaker 3 Alarm Status Relay Word Bit BK03AS := NA

Breaker 3 HMI Close Command Relay Word Bit BK03CLC := NA

Breaker 3 HMI Open Command Relay Word Bit BK03OPC := NA

Breaker 4 Close Status Relay Word Bit BK04CS := 52A4

Breaker 4 Open Status Relay Word Bit BK04OS := 52B4

Breaker 4 Alarm Status Relay Word Bit BK04AS := NA

Breaker 4 HMI Close Command Relay Word Bit BK04CLC := NA

Breaker 4 HMI Open Command Relay Word Bit BK04OPC := NA

Bay Control Disconnect Settings
Two-Position Disconnects (m = 1–8)

Two-Position Disconnect Close 
Status

Relay Word bit 2DSmCS :=

Two-Position Disconnect 
Open Status

Relay Word Bit 2DSmOS :=

Two-Position Disconnect 
In-Progress Status

Relay Word Bit 2DSmIS := NA

Two-Position Disconnect 
Alarm Status

Relay Word Bit 2DSmAS := NA

Two-Position Disconnect HMI 
Close Command

89CM2P1–89CM2P8 2DSmCL := NA

Two-Position Disconnect HMI 
Open Command

89OM2P1–89OM2P8 2DSmOP := NA

Bay Control Disconnect Settings
Three-Position Disconnects (m = 1–2)

Three-Position In-Line 
Disconnect Close Status

Relay Word bit 3IDmCS :=

Three-Position In-Line 
Disconnect Open Status

Relay Word Bit 3IDmOS :=

Table 9.7 Touchscreen Settings (Sheet 2 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Display Settings
Use these settings to configure the touchscreen. Pressing the HOME pushbutton 
on the front panel takes you to the screen configured as part of the FPHOME 
setting. By default, FPHOME is set to the Home screen, which displays the 
Home screen folders and applications. You can set FPHOME to any screen 
that you like to view when the HOME pushbutton is pressed (see Table 8.17 for 
the list of available screens).

Three-Position In-Line 
Disconnect In-Progress Status

Relay Word Bit 3IDmIS := NA

Three-Position In-Line 
Disconnect Alarm Status

Relay Word Bit 3IDmAS := NA

Three-Position In-Line 
Disconnect HMI Close Command

89CM3PL1–
89CM3PL2

3IDmCL := NA

Three-Position In-Line 
Disconnect HMI Open Command

89OM3PL1–
89OM3PL2

3IDmOP := NA

Three-Position Earthing 
Disconnect Close Status

Relay Word Bit 3EDmCS :=

Three-Position Earthing 
Disconnect Open Status

Relay Word Bit 3EDmOS :=

Three-Position Earthing 
Disconnect In-Progress Status

Relay Word Bit 3EDmIS := NA

Three-Position Earthing 
Disconnect Alarm Status

Relay Word Bit 3EDmAS := NA

Three-Position Earthing 
Disconnect HMI Close Command

89CM3PE1–
89CM3PE2

3EDmCL := NA

Three-Position Earthing 
Disconnect HMI Open Command

89OM3PE1–
89OM3PE2

3EDmOP := NA

Bay Control Analog Label Settings (qq = 01–32)

Analog Quantity Analog Quantity ALAB01 := STRING_RID

Analog Quantity Analog Quantity ALAB02 := STRING_TID

Analog Quantity Analog Quantity ALAB03 := IAW1_MAG

Analog Quantity Analog Quantity ALAB04 := IBW1_MAG

Analog Quantity Analog Quantity ALAB05 := ICW1_MAG

Analog Quantity Analog Quantity ALAB06 := IAW2_MAG

Analog Quantity Analog Quantity ALAB07 := IBW2_MAG

Analog Quantity Analog Quantity ALAB08 := ICW2_MAG

Analog Quantity Analog Quantity ALABqq :=

Bay Control Digital Label Settings (qq = 01–32)

Relay Word Bit Relay Word Bit Name DLABqq :=

Table 9.7 Touchscreen Settings (Sheet 3 of 3)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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To help prevent unauthorized access to password-protected functions, the 
SEL-710-5 provides a front-panel timeout setting, FPTO. The timeout resets 
each time you press a front-panel pushbutton or the screen detects a touch. 
When the timeout expires, the access level resets to Access Level 1 and 
switches to the rotating display if at least one screen is configured as part of 
the rotating display settings, FPRDkk (kk = 01–16), if not, the display 
switches to the Home screen. The rotating display transition time setting 
FPDUR defines the duration that each screen is displayed on the rotating 
display. Set FPDUR to a transition time most suitable to your application.

Use the FPBAB setting to control the backlight active brightness.

Rotating Display Settings
The SEL-710-5 allows you to configure as many as 16 screens for the rotating 
display. Configure the settings FPRDkk (kk = 01–16) to the screens most 
suitable to your application. Refer to Table 8.17 for the list of screens 
available as part of the FPRDkk settings.

Pushbutton Settings
The pushbutton settings FPPBnn (nn = 01–08) allow you to quickly navigate 
to a specific screen by pressing the programmed pushbutton. Refer to 
Table 8.17 for the list of screens available for the FPPBnn settings. Note that a 
given pushbutton can be configured to navigate to a specific screen while 
being used in SELOGIC (e.g., PB04 Relay Word bit). The relay does not 
prevent you from configuring a pushbutton for two purposes. Make sure to set 
dual-purpose pushbuttons with care to ensure safe operation.

Bay Control Breaker Settings
Bay control breaker settings are only available if the designed single-line 
diagram has a breaker symbol. When QuickSet detects a breaker symbol as 
part of the single-line diagram, it populates the corresponding settings. The 
SEL-710-5 supports one three-pole breaker. The setting BK01TTY is forced 
to 3 by default and is not settable. The breaker on the single-line can be 
configured as monitor-only or as a controllable breaker. Set 
BK01MOD = MONITOR if you do not want to allow breaker control via the 
touchscreen. Set BK01MOD = CONTROL if you want to allow breaker 
control via the touchscreen. Set BK01CS and BK01OS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
breaker. The relay does not support breaker alarm logic, but it can be 
programmed using SELOGIC. To display breaker alarm status, set the breaker 
alarm status setting BK01AS to the corresponding SELOGIC bit. When 
BK01MOD := CONTROL, both BK01CLC and BK01OPC settings are 
forced to STR and STOP, respectively, and are not settable. Refer to Bay 
Control Application Example on page 9.19 for sample breaker settings.

Bay Control Disconnect Settings
The bay control disconnect settings are only available if the designed single-
line diagram has at least one disconnect symbol. When QuickSet detects one 
or more disconnect symbols as part of the single-line diagram, it populates the 
corresponding settings. The SEL-710-5 supports eight two-position and two 
three-position disconnects. Set the DSnCS and DSnOS settings to the 
corresponding Relay Word bits that indicate the close and open status of the 
disconnect. Map the output of the disconnect alarm logic, 89ALkm (see 
Figure 9.1), to the corresponding DSnAS setting. A successful close or open 
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command from the HMI asserts the corresponding 89CMkm or 89OMkm 
Relay Word bit used in Figure 9.2 or Figure 9.3, respectively. Refer to Bay 
Control Application Example on page 9.19 for sample disconnect settings. 

Bay Control Analog Label Settings
The analog label settings are only available if the designed bay screen has at 
least one analog label. When QuickSet detects one or more analog labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 analog labels. Set ALABqq (qq = 01–32) to display 
the desired analog quantity on the bay screen. Refer to the display points 
column of Table M.1 for the list of analog quantities available to program into 
analog labels.

Bay Control Digital Label Settings
The digital label settings are only available if the designed bay screen has at 
least one digital label. When QuickSet detects one or more digital labels as 
part of the bay screen, it populates the corresponding settings. The SEL-710-5 
supports as many as 32 digital labels. Set DLABqq (qq = 01–32) to display 
the desired Relay Word bits on the bay screen. Refer to Table L.1 for the list of 
Relay Word bits available to program into digital labels.

Bay Screen Builder Software
The Bay Screen Builder Software provides an intuitive and powerful interface 
to design bay screens to meet your application needs. This instruction manual 
provides only a brief overview of the Bay Screen Builder Software. For more 
details, refer to the ACSELERATOR Bay Screen Builder SEL-5036 Software 
Instruction Manual available from the Help > Contents menu in Bay Screen 
Builder or at selinc.com.

Several of the settings identified in Table 9.7 are available for you to set 
depending on the symbols chosen for your single-line diagram. Figure 9.10 
shows the layout of Bay Screen Builder and identifies different menus, panes, 
and information.

NOTE: Refer to the Product 
Literature CD for a list of UTF-8 
characters that can be rendered on 
the bay screen in Bay Screen Builder.

https://selinc.com
https://selinc.com
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Figure 9.10 Layout of Bay Screen Builder

Descriptions of the different menus, panes, and information in Bay Screen 
Builder are as follows:

q

w

e

r

t y u i

o

q Project Screens Pane: Displays the names of the screens (as many 
as 5) present in a project. Click a screen name to open the screen, and 
double-click or right-click a screen name to access additional options 
for that screen.

w Screen Area: Displays the selected project screen and its symbols. 
Create a single-line diagram or a metering or status screen by dragging 
and dropping symbols from the Symbols pane.
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e Symbols Pane: Displays the symbols available for selection. Bay 
Screen Builder supports several static and a limited number of 
dynamic ANSI and IEC symbols. Note that for a given project, you can 
only use either ANSI or IEC symbols, not both. While there are no 
constraints on the number of static symbols, Bay Screen Builder limits 
the number of dynamic symbols. The following table provides the 
number of breakers, disconnects, analog labels, and digital labels 
supported in a given project.

r Properties Pane: Displays the properties of a selected symbol. Edit 
the symbol properties as needed for your application. For instance, the 
breaker color sequence property identified in Table 9.1 can be set via 
the appearance property of the breaker symbol (refer to Edit Symbol 
Properties on page 9.22). Bay Screen Builder supports UTF-8 
character encoding. Refer to the Product Literature CD for a complete 
list of UTF-8 characters that can be rendered on the touchscreen 
display.

t Product Type: Displays the name of the QuickSet driver version of 
the product associated with the selected project (e.g., SEL-710-5 003, 
as shown in Figure 9.10). Select the product type in Bay Screen 
Builder when you create a new project independent of QuickSet. View 
Product Type though Settings > Project Settings. If a project is 
edited via QuickSet, Bay Screen Builder inherits the product type from 
the QuickSet settings file.

y Project Symbol Type: Displays the symbol type (IEC or ANSI) 
associated with the selected project as shown in Figure 9.10. Select the 
symbol type when you create a new project. If a project is edited via 
QuickSet, the ANSI symbol type is selected by default.

u Auto Save: Provides a shortcut for changing the auto save setting for 
the application. Enable Auto Save to allow Bay Screen Builder to 
automatically save your project periodically. Your auto save setting 
preference is saved when you exit the application and is applied the 
next time you launch Bay Screen Builder. You can also set Auto Save 
through Settings > Application Settings > File Handling.

Symbols
Number of Supported 
Symbols per Project

Breakers 1

Two-Position Disconnects 8

Three-Position Disconnects 2

Analog Labels 32

Digital Labels 32
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Figure 9.11 Project Analysis Pane: Analysis Results Tab

Figure 9.12 Project Analysis Pane: Constraints Summary Tab

You can adjust the size of the panes in the application. If you reconfigure the 
size of any of these panes, the new size is saved when you exit the application 
and applies the next time you launch Bay Screen Builder.

i Bay Screen Outline: Displays the drop-down list of symbols on the 
presently open screen. Click a symbol from the list to make it active. 
The bay screen outline provides an alternate way to select the symbols 
and is most useful in cases where symbols are crowded or stacked.

o Project Analysis Pane: Displays troubleshooting information/
messages about the project (Errors, Info, Warning, Unknown). The 
project analysis pane supports two tabs: Analysis Results and 
Constraints Summary, as shown in Figure 9.9 and Figure 9.10, 
respectively.

The Analysis Results tab displays details about the error, 
information, warning, and unknown messages for the project. You 
can use these messages for troubleshooting. Select a message type 
button to view the messages for that category. For example, click 
the Errors button to view the error messages for the project. Click 
a column header to sort by the information in that column (see 
Figure 9.11).

The Constraints Summary tab provides information about the 
rules that apply to the present project. All conditions listed under 
Symbol Constraints must be satisfied for a project to be valid. 
You can only publish a valid project, but you can save a project 
with errors (see Figure 9.12).

733 px
66 px

396 px

NOTE: The Constraints Summary tab 
shows the usage and limits of 
dynamic symbols for an entire 
project (all screens). Although not 
constrained, it is recommended that 
you limit the dynamic symbols to 32 
symbols per screen for faster screen 
updates.
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Bay Control Application Example
Specific components of bay screens are covered in Bay Screens Design Using 
QuickSet and Bay Screen Builder. This section provides a summarized 
application example tying all the components together. Refer to the 
ACSELERATOR Bay Screen Builder SEL-5036 Software Instruction Manual, 
available from the Help > Contents menu in Bay Screen Builder or at 
selinc.com, for more specific details regarding bay screen creation and symbol 
properties.

The SEL-710-5 supports as many as five custom screens. You can edit the 
predefined bay screen (Bay Screen 1) and the blank screens (Bay Screen 2, 
Bay Screen 3, Bay Screen 4, Bay Screen 5) (see Figure 9.15). You can also 
import one of the six predefined bay control single-line diagrams from the 
SEL-710-5 Product Literature CD. Refer to Predefined Bay Control Single-
Line Diagrams on page 9.28 for more details.

Consider if you were to create the single-line diagram shown in Figure 9.13 as 
part of your application. Use the following step-by-step approach to design the 
single-line diagram beginning with the predefined bay screen (Bay Screen 1).

Before creating your own diagram, ensure that the number of dynamic 
symbols in your schematic does not exceed the number allowed by the 
SEL-710-5 (see Figure 9.10 and the symbols pane description).

Figure 9.13 Bay Control Single-Line Diagram Schematic

Configure QuickSet 
for Bay Screen 
Builder

To use QuickSet and Bay Screen Builder to create bay screens for the 
SEL-710-5, your relay must have the touchscreen MOT configuration (an “A” 
or “B” in the 18th place of the part number). When your relay is configured 
for the touchscreen option, perform the following steps to configure QuickSet 
to work with Bay Screen Builder.

Step 1. Create an SEL-710-5 settings file configured for the 
touchscreen display. Use the Front-Panel Options drop down 
to select the touchscreen option (see Figure 9.14).

NOTE: The touchscreen display 
option is only available for 
SEL-710-5 QuickSet drivers 003 
and higher.

https://selinc.com
https://selinc.com
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Figure 9.14 Device Part Number Touchscreen Configuration Option

Step 2. Click OK.

Step 3. Expand the Touchscreen settings class.

Step 4. Click Bay Control.

QuickSet displays project management buttons and a project 
preview that includes a small-scale view of five project screens 
(one screen with a predefined single-line diagram and four 
blank screens) and an enlarged view of the predefined single-
line diagram, which is selected by default (see Figure 9.15). 

Figure 9.15 QuickSet Bay Control Project Management and Project Preview 
Display
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Build Single-Line 
Diagrams in Bay 
Screen Builder

Use Bay Screen Builder to create single-line diagrams to load onto the 
SEL-710-5 Relay through QuickSet. To create the single-line diagram shown 
in Figure 9.13, perform the following steps. 

Step 1. Select the screen with the predefined single-line diagram 
shown in Figure 9.16 as a starting point for your single-line 
diagram.

Step 2. Click the Edit button (Figure 9.16) to open the screen with the 
predefined single-line diagram in Bay Screen Builder.

Figure 9.16 Open Single-Line Diagram in Bay Screen Builder

Step 3. Drag-and-drop the additional symbols required for your single-
line diagram onto the screen area from the Symbols pane (see 
Figure 9.17). Remove the unused labels (RID/TID).

Figure 9.17 Drag-and-Drop Symbols
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Table 9.8 lists the number of each symbol required to draw the single-line 
diagram shown in Figure 9.13.

Edit Symbol Properties
All of the symbols in Bay Screen Builder include editable properties. These 
properties allow you to customize the symbols to your specific application. 
These properties appear in the right Properties pane of Bay Screen Builder 
either when you drag a symbol from the left Symbols pane and drop it in the 
screen area or when a symbol in the screen area is selected.

For example, you can use the Close/Open/Alarm Color property in the 
Appearance tab of the breaker properties to select a color scheme for your 
single-line diagram breaker.

Step 1. Select the existing breaker symbol in the predefined single-line 
diagram to display the breaker symbol properties in the 
Properties pane, as shown in Figure 9.18.

Table 9.8 Symbols Required for the Single-Line Diagram Schematic in 
Figure 9.13

Symbols Required
Number of Symbols 

Required
Symbol

Breaker 1

Disconnect 1

Motor 1

Analog labels
(display voltages, currents, 
and power)

8

Digital label
(display thermal lockout 
ON or OFF)

1

Text boxes
(identify the relay, motor 
name)

2

Line
(draw the bus 
and connections)

As Needed
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Figure 9.18 Selected Breaker Symbol Settings Displayed in the Properties 
Pane

Step 2. Select a color option from the drop down menu to edit the 
Close/Open/Alarm Color property in the Appearance tab 
(see Figure 9.19).

Table 9.1 lists the available options and breaker appearance in 
each state based on the selected property.

Figure 9.19 Close/Open/Alarm Color Property Drop Down Menu

Step 3. Use the State Preview tab to view your breaker close, open, 
and alarm state color selections.

Step 4. Edit the additional properties as needed for your application.

Select and edit the disconnect, dynamic labels (analog and digital labels), and 
static symbols, similar to the breaker symbol. Note that some of the symbols 
have the Text tab that can be edited for custom labeling.

In this example, only Bay Screen 1 has been modified in the project. You can 
also modify the other screens to add analog/digital labels to monitor the status 
of the quantities, if necessary. Publish the project using the following process 
after saving your edits.

NOTE: If sufficient width is not 
provided for the value field of the 
analog label it will be rendered as 
‘$$$$$’.

NOTE: The assignment of breaker 
Relay Word bits (e.g., 52A, 52B) to 
breaker symbols, or analog 
quantities (e.g., VA_MAG) to analog 
labels, cannot be made in Bay Screen 
Builder. These assignments can only 
be made in QuickSet.
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Publish Bay Screen 
Builder Project

When you have completed your single-line diagram in Bay Screen Builder, 
you are ready to publish your project to QuickSet.

Step 1. Click Save Project in the File menu to save your project.

Step 2. Click Publish Package in the File menu to publish your 
project (see Figure 9.20). Bay Screen Builder exports the 
project into QuickSet.

Figure 9.20 Publish Bay Screen Builder Project to QuickSet

Step 3. Allow a few seconds for Bay Screen Builder to publish the 
project to QuickSet. Respond to the QuickSet prompt, if 
presented. QuickSet then populates the settings of the updated 
single-line diagram (see Figure 9.21).

Figure 9.21 QuickSet Updated Single-Line Diagram and Corresponding Settings

Enter QuickSet 
Settings

The breaker, disconnect, analog and digital label, local/remote, and trip and 
close settings that follow are the settings applicable to the single-line diagram 
shown in Figure 9.13.
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Breaker Settings
For Figure 9.13, assume the breaker auxiliary contacts 52A and 52B are wired 
to digital inputs IN101 and IN102, respectively. SELOGIC settings 
SV01–SV03 are programmed to create dual-point breaker status with alarm to 
mimic the logic shown in Figure 9.1. Breaker settings are included in more 
than one settings class in QuickSet (Set 1 and Logic 1 in Group, Bay 
Control). Enter the following settings:

Disconnect Settings
For this example, the relay has an 8 DI card in Slot C. Also, the disconnect 
auxiliary contacts 89A and 89B for the disconnect are wired to digital inputs 
IN301 and disconnect settings are included in more than one settings class in 
QuickSet (Global, Bay Control). Enter the following settings:

Setting Example Setting Comment

Group 1 > Set 1 > Trip and Close Logic

52A IN101

52B IN102

Group 1 > Logic 1 > SELOGIC Variables and Timers

SV01 (52A AND 52B) OR 
(NOT 52A AND NOT 52B)

(XNOR gate)

SV01PU 0.5 Set pickup time to indi-
cate alarm for undeter-
mined breaker state

SV01DO 0.0

SV02 NOT SV01 AND 52A Indicates breaker close 
status when asserted

SV02PU 0.0

SV02DO 0.0

SV03 NOT SV01 AND 52B Indicates breaker open 
status when asserted

SV03PU 0.0

SV03DO 0.0

Touchscreen > Bay Control > Bay Screen 1

Breaker Mode CONTROL Controllable breaker

Breaker Close Status SV02T

Breaker Open Status SV03T

Breaker Alarm Status SV01T

Breaker HMI Close Commanda

a Settings are forced to STR and STOP, respectively, and are not available to be set.

STR

Breaker HMI Open Commanda STOP

NOTE: The relay does not support 
dual-point breaker status (see Bay 
Control Breaker Settings) and uses 
the 52A Relay Word bit as the state 
of the breaker in several of the 
protection elements, including trip 
and close logic. If you intend to 
indicate dual-point status on the bay 
control single-line diagram, make use 
of SELOGIC to program this logic 
similar to the one shown in Figure 9.1.

Setting Example Setting Comment

Global > Two-Position Disconnect Settings

89A2P1 IN301 Disconnect 1, A contact

89B2P1 IN302 Disconnect 1, B contact
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Analog Label Settings
Enter the following Bay Control, Bay Screen 1 settings:

Digital Label Settings
As shown in Figure 9.13, monitor the thermal lockout status of the motor by 
entering the following Bay Control, Bay Screen 1 setting:

Local/Remote Control Setting
The schematic shown in Figure 9.13 is programmed with the local/remote 
functionality.

Enter the following Global, Control Configuration setting:

Application With Handheld Local Remote Breaker Control Switch
Assume that the handheld local remote breaker control switch status is wired 
to IN304 of the relay. In this particular application, when IN304 is asserted, it 
implies that the motor control is in LOCAL mode (or SCADA is cut off).

Touchscreen > Bay Control > Bay Screen 1

Two-position disconnect close status 89CL2P1 Switch MCCB

Two-position disconnect open status 89OP2P1

Two-position disconnect in-progress 
status

89IP2P1

Two-position disconnect alarm status 89AL2P1

Two-position disconnect HMI close 
command

89CM2P1

Two-position disconnect HMI open 
command

89OM2P1

Setting Example Setting Comment

Setting Example Setting

VA VA_MAG

VB VB_MAG

VC VC_MAG

IA IA_MAG

IB IB_MAG

IC IC_MAG

3P P

3Q Q

Setting Example Setting Comment

THERMLO THERMLO Thermal lockout active/deactive

Setting Example Setting Comment

EN_LRC Y Enable local/remote control
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Enter the following Global, Control Configuration setting:

Application Without Handheld Local Remote Motor Control Switch
Assume that no handheld local remote motor control switch is available. In 
such case you can program one of the programmable pushbuttons (e.g., PB05) 
in conjunction with SELOGIC to switch the motor control between local and 
remote. Enter the following settings:

Send all active settings to the relay.

To view the designed bay control single-line diagram on the touchscreen 
display, perform the following steps:

Step 1. Navigate to the Home screen.

Step 2. Select the Bay Screens application.

Step 3. Use the Up and Down arrows to view your screens.

With all the previous settings applied to the relay, you have a bay control 
single-line diagram that provides the status of the breaker and disconnect and 
provides you with the ability to perform motor control via the touchscreen, as 
shown in Figure 9.22. In addition, you have the ability to monitor the voltages 
at the bus, the flow of currents and power through the breaker, and the status 
of the motor thermal lockout.

Setting Example Setting Comment

LOCAL IN304 Local/remote control selection

Setting Example Setting Comment

Group 1 > Logic 1 > SELOGIC Variables and Timers

ELAT 1

SET01 PB05_PUL AND NOT LT01 Local when LT01 is asserted

RST01 PB05_PUL AND LT01 Remote when LT01 is deasserted

Front Panela

a Use configurable labels to assign PB5A LED to LOCAL and PB5B LED to REMOTE.

PB5ALEDC GO

PB5A_LED LT01

PB5BLEDC GO

PB5B_LED NOT LT01

Global > Control Configuration

LOCAL LT01
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Figure 9.22 Final Bay Screen Builder Rendering

Export/Import Bay 
Screen Builder 
Project File

If you plan to use the same Bay Screen Builder project file (*.ldme) across 
multiple relays, export the file as shown in Figure 9.23 and save the file to 
import it to another relay. The *.ldme file does not save the settings associated 
with the bay control symbols.

Alternately, QuickSet allows you to save the Bay Screen as well as all of the 
corresponding analog and digital quantities settings (Tools > Settings > 
Export > Touchscreen).

Figure 9.23 Import/Export of the Bay Control Screen in QuickSet

Reset to Defaults Click Reset to Defaults in the QuickSet Project Management section to 
restore the default project in QuickSet.

Predefined Bay 
Control Single-Line 
Diagrams

Bay Screen Builder provides the ability to design bay control single-line 
diagrams. The following predefined single-line diagrams are available on the 
instruction manual CD. You can use them as is or edit them to fit your specific 
application. Any one of the following single-line diagrams can be imported 
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into Bay Screen Builder in place of the existing predefined single-line 
diagram. Use the Import button in the Project Management area of 
QuickSet to import one of the screens provided on the instruction manual CD.

Figure 9.24 ANSI Synchronous Motor Single-Line Diagram

Figure 9.25 ANSI Synchronous Motor with Disconnects Single-Line Diagram

Figure 9.26 IEC Induction Motor with Disconnects Single-Line Diagram
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Figure 9.27 IEC Synchronous Motor Single-Line Diagram

Figure 9.28 IEC Synchronous Motor with Disconnects Single-Line Diagram
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Analyzing Events

Overview
The SEL-710-5 Motor Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected motor to 
service.

➤ Event Reporting
➢ Event Summary Reports
➢ Event History Reports
➢ Event Reports

➤ Sequential Events Recorder Report
➢ Resolution: 1 ms
➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-710-5 does not result in lost data. The SEL-710-5 offers four types of 
event reports: Standard ASCII (EVE) reports, Compressed ASCII (CEV) 
reports, Binary Comtrade reports, and Sequential Event Recorder (SER) 
reports.

Event Reporting Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table L.1)

➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

NOTE: Arc-flash sensor light values 
and frequency are available only in 
Compressed ASCII event reports 
(CEV or CEV R commands).
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➤ Group, Logic, Global, and Report settings (that were in service 
when the event was triggered)

➤ Relay part number and serial number to identify the relay model 
type

Compressed Event 
Reports

The SEL-710-5 provides Compressed ASCII and COMTRADE event reports 
to facilitate event report storage and display. SEL communications processors 
and the SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII and COMTRADE formats. Use the CHIS command to 
display Compressed ASCII event history information. Use the CSUM 
command to display Compressed ASCII event summary information. Use the 
CEVENT command to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 

Additionally, the SEL-710-5 Compressed Event (CEV command) report 
includes analog channels for the % arc-flash sensor light values and frequency 
measurements that are not available in the regular ASCII Event (EVE 
command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and the 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-710-5 provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15, 64, or 180 cycles. Prefault 
length is 1–10 cycles for LER = 15, 1–59 cycles for LER = 64, and 1–175 
cycles for LER = 180. Prefault length is the first part of the total event report 
length and precedes the event report triggering point. Changing the PRE 
setting has no effect on the stored reports. The relay stores as many as nine of 
the most recent 180-cycle, twenty-three of the most recent 64-cycle, or as 
many as forty-nine of the most recent 15-cycle event reports in nonvolatile 
memory. Refer to the SET R command in SET Command (Change Settings) 
on page 7.63 and Report Settings (SET R Command) on page SET.69.

Triggering The SEL-710-5 triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TR asserts

➤ Programmable SELOGIC control equation setting ER asserts (in 
Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

➤ Front panel or serial port (including Modbus and DeviceNet) 
STOP command

IMPORTANT: Changing the LER 
setting clears all events in memory. 
Be sure to save critical event data 
prior to changing the LER setting.
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Relay Word Bit TR
Refer to Figure 4.74. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.63). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-710-5 is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.152.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.73 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 49 of the most recent event summaries (if event 
report length setting LER := 15), as many as 22 (if LER := 64), or as many as 
9 (if LER := 180) event summaries. When the relay stores a new event 
summary, it discards the oldest event and event summary if the event memory 
is full. Event summaries contain the following information:

➤ Relay and Terminal Identification (RID and TID) 

NOTE: The HIS CA command resets 
the unique event reference number to 
10000.

➤ Event number, unique event reference number, date, time, event 
type (see Table 10.1), and frequency

➤ Primary magnitudes of line, neutral and residual currents

➤ Primary magnitudes of the line-to-neutral voltage and residual 
voltage (if DELTA_Y := WYE) or phase-to-phase voltages (if 
DELTA_Y := DELTA)

➤ Primary magnitudes of differential currents (if Differential 
Input card is available)

➤ Hottest RTD temperatures (if SEL-2600 RTD Module or 
internal RTD card is available)

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end, as shown in Figure 10.3. The example event 
summary in Figure 10.1 corresponds to the standard 15-cycle event report in 
Figure 10.3.

IMPORTANT: Clearing the history 
report with the HIS C or HIS CA 
command clears all event data within 
the SEL-710-5 event memory.

NOTE: Figure 10.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Logs
The Event Logs field shows the number of events presently stored in the Flash 
memory of the relay

Event Reference Number
The Event Reference Number is a unique event identification number 
assigned to the event. The unique event identification number of any event can 
be found by issuing the HIS command (see Viewing the Event History on 
page 10.7 for details). The Event Reference Number starts at 10000 and 
increments with each new event to a maximum of 42767. The Event 
Reference Number rolls over to 10000 after reaching the next event after event 
42767. The Event Reference Number can be reset to 10000 by using the 
HIS CA command.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 10.1.

=>>SUM <Enter>

SEL-710-5                                Date: 04/30/2002   Time: 22:01:01.592
MOTOR RELAY

Serial No = 000000000000000
FID = SEL-710-5-X211-V0-Z003002-D20180221               CID = 88C2
EVENT LOGS =  6             REF_NUM = 32838

Event:     Trigger
Targets    11010000
Freq (Hz)  60.00

Current Mag
        IA            IB            IC            IN       IG
(A)       0.0           0.0           0.0          0.02     0.06

Voltage Mag
       VAN    VBN    VCN    VG
(V)       0      0      0      0

Differential Current Mag
       IA87     IB87     IC87
(A)      0.00     0.00     0.00

=>>

Figure 10.1 Example Event Summary

Table 10.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF + 50NAF) • (TOL1 + TOL2 + TOL3 + TOL4 + TOL5 + 
TOL6 + TOL7 + TOL8) •  TRIP

Overload Trip (49T • RUNNING) • TRIP

Lockd Rotor Trip (49T • STARTING) • TRIP

Undercurr Trip LOSSTRIP • TRIP

Jam Trip JAMTRIP • TRIP

Curr Imbal Trip (46UBT + 50Q1T) • TRIP

Overcurrent Trip 50P1T • TRIP
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Ground Flt Trip (50N1T + 50G1T) • TRIP

Phase A 51 Trip 51AT • TRIP

Phase B 51 Trip 51BT • TRIP

Phase C 51 Trip 51CT • TRIP

Phase 51 Trip (51P1T + 51P2T) • TRIP

GND 51 Trip (51G1T + 51G2T) • TRIP

NEG SEQ 51 Trip (51QT) • TRIP

Speed Sw Trip SPDSTR • TRIP

Loss of Fld Trip (40Z1T + 40Z2T) • TRIP

Start Time Trip SMTRIP • TRIP

87M Diff Trip (87M1T + 87M2T) • TRIP

Underpower Trip 37PT • TRIP

Pwr Factor Trip 55T • TRIP

React Pwr Trip VART • TRIP

Phase Rev Trip 47T • TRIP

Underfreq Trip (81DnT • TRIP) when 81DnTP < FNOM setting, n = 1, 2, 3, or 4

Overfreq Trip (81DnT • TRIP) when 81DnTP > FNOM setting, n = 1, 2, 3, or 4

RTD Trip (WDGTRIP + BRGTRIP + AMBTRIP + OTHTRIP) • TRIP

PTC Trip PTCTRIP • TRIP

Undervolt Trip (27P1T + 27P2T + 27I1T + 27I2T) • !LOP • TRIP

Overvolt Trip (59P1T + 59P2T + 59I1T + 59I2T + 59I3T + 59I4T) • TRIP

BRK Failure Trip BFT • TRIP

Out of Step Trip OOST • TRIP

Fld UnderC Trip (FDUC1T) • TRIP

Fld OverC Trip (FDOC1T) • TRIP

Fld UnderV Trip (FDUV1T) • TRIP

Fld OverV Trip (FDOV1T) • TRIP

FldResistnce Trip (FDRES1T) • TRIP

RTD Fail Trip RTDFLT • TRIP

PTC Fail Trip PTCFLT • TRIP

Trigger Trigger Command

CommIdleLoss Trip (COMMIDLE + COMMLOSS) • TRIP

Remote Trip REMTRIP • TRIP

Stop Command Commanded Stop from serial port or front panel

ER Trigger ER equation assertion

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no 
active TRIP exists, or upon expiration of lockout timer display 
with TRIPONLO := Y.

Table 10.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic
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Currents, Voltages, and RTD Temperatures
The relay determines the maximum cosine-filtered phase current during an 
event. The instant the maximum cosine-filtered phase current occurs is 
marked by an asterisk (*) in the event report (see Figure 10.3). This row of 
data corresponds to the analogs shown in the summary report for the event. 
Further, the relay looks at DI_A, DI_B, DI_C Relay Word bits to determine if 
the peak detector is active at the trigger point (>) of the event. If active, it 
shows the peak detector output current in the summary report appended with 
the “pk” string for the corresponding phase current instead of the maximum 
cosine-filtered phase current identified by the asterisk (*). 

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum phase current was measured. The currents displayed are 
listed below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

➤ Differential Currents (IA87, IB87, IC87)

The Voltage Mag fields display the primary voltage magnitudes at the instant 
when the maximum phase current was measured. The voltages displayed are 
listed below:

➤ DELTA_Y := WYE
➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)
➢ Residual Voltage VG, calculated from VA, VB, VC

➤ DELTA_Y := DELTA
➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 10.2 for a sample event history. Use this report to 
view the events that are presently stored in the SEL-710-5.

The event history contains the following:

➤ Standard report header
➢ Relay and terminal identification
➢ Date and time of report
➢ Time source (if IRIG-B model)

➤ E vent number, unique event reference number, date, time, 
event type (see Table 10.1)

➤ Maximum motor current

➤ Frequency

➤ Target LED status
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Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within ACSELERATOR QuickSet SEL-5030 
Software. View and download history reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.53 for information on the HIS command.

Use the front-panel MAIN > Events > Display Events menu to display event 
history data on the SEL-710-5 front-panel display.

Use QuickSet to retrieve the relay event history. View the Relay Event 
History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This clears all 
event summaries, history records, and reports. The HIS C command does not 
reset the unique event reference number. This number continues to increment 
from the present value with each subsequent event. Use the HIS CA command 
to clear all event data and reset the unique event reference number to 10000.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event summary (includes relay model number and serial 
number in Compressed ASCII event reports)

➤ Settings in service at the time of event triggering, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. See EVENT Command (Event Reports) on 
page 7.48 for information on the EVE command. 

=>>HIS <Enter>

SEL-710-5                                Date: 05/02/2002   Time: 21:43:48.656
MOTOR RELAY                              Time Source: Internal

FID=SEL-710-5-X211-V0-Z003002-D20180221

#
1
2
3
4
5
6

REF
32838
32837
32836
32835
32834
32833

DATE
04/30/2002
04/25/2002
04/25/2002
04/25/2002
04/18/2002
04/18/2002

TIME
22:01:01.592
20:43:37.185
20:36:26.188
20:25:01.146
04:09:02.737
04:05:49.034

EVENT
Trigger
ER Trigger
ER Trigger
ER Trigger
Trigger
Trigger

CURRENT
0.0
0.0
0.0
20.1
0.0
0.0

FREQ
60.00
60.00
60.00
60.00
60.00
60.00

TARGETS
11010000
11010000
11010000
11010000
11010000
11010000

Event 
Number

Reference 
Number

Event Type Maximum 
Current

Frequency User-Defined 
Target LEDs

Figure 10.2 Sample Event History
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The SEL-710-5 supports two separate event report types (model dependent):

➤ Standard Event Report (EVE command)

➤ Differential Event Report (EVE DIF command)

Filtered and Unfiltered Event Reports
The SEL-710-5 samples the power system measurands (ac voltage and ac 
current) 32 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, select the unfiltered event report using the 
EVE R command. Use the unfiltered event reports to observe power system 
conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the 
report.

Standard Event Report (EVE Command)
The standard event report includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and voltages 
VA (VAB), VB (VBC), VC (VCA), VAY (VABY), VBY 
(VBCY), VCY (VCAY)

➤ Digital states of the protection and control elements, including 
overcurrent and voltage elements, plus status of digital output 
and input states

➤ Event summary

➤ Relay settings

Standard Event Report Column Definitions
Refer to the example event report in Figure 10.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the SUM command (see SUMMARY 
Command on page 7.70) to retrieve event summary reports. 

Table 10.2 gives the standard event report column definitions for the analog 
quantities. Table 10.3 gives the standard event report column definitions for 
digital elements, including the protection and control elements, and the base 
model inputs and outputs.
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Table 10.2 Standard Event Report Column Definitions for Analogs

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

Motor S
R
.

STARTING asserted

RUNNING asserted

STOPPED asserted

Load J
I
L

JAMTRIP asserted

LOSSALARM AND NOT LOSSTRIP

LOSSTRIP

46 A
T

46UBA AND NOT 46UBT 

46UBT

47 T 47T

49 A
T

49A AND NOT 49T

49T

O/C 50P 1
2
b

50P1T AND NOT 50P2T

NOT 50P1T AND 50P2T

50P1T AND 50P2T

O/C 50G 1
2
b

50G1T AND NOT 50G2T 

NOT 50G1T AND 50G2T 

50G1T AND 50G2T

O/C 50N 1
2
b

50N1T AND NOT 50N2T

NOT 50N1T AND 50N2T 

50N1T AND 50N2T

RTD Wdg (SEL-2600 
RTD Module or RTD 
card required)

w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brg (SEL-2600 
RTD Module or RTD 
card required)

b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth (SEL-2600 
RTD Module or RTD 
card required)

o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb (SEL-2600 
RTD Module or RTD 
card required)

a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD In 1 RTDIN
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Note that the ac values change from plus to minus (–) values in Figure 10.3, 
indicating the sinusoidal nature of the waveforms.

Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 10.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 10.5 shows how event report current column data can be 
converted to phasor rms current values.

Standard Event Report Example (15-Cycle)

The following example of a standard 15-cycle event report in Figure 10.3 also 
corresponds to the example SER report in Figure 10.11. 

In Figure 10.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the VCA column identifies the row 
with the maximum phase current. The maximum phase current is calculated 
from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 10.4 and Figure 10.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

Table 10.3 Standard Even Report Column Definitions for Protection, Control, 
and I/O Elements (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description

=>>EVE <Enter>

SEL-710-5                              Date: 03/28/2018   Time: 10:01:04.045 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X215-V0-Z003002-D20180319   CID=88C2 Firmware Identifier and Firmware Checksum Identifier

                                                      M L    O/C   O
                                                      o o        I u
                                                      t a444 555 n t
       Currents (A Pri)              Voltages (V Pri) o d679 000 1 13
    IA     IB     IC     IN     IG   VAB   VBC   VCA  r      PGN 2 2
[1]

 126.7   71.3 -194.7    0.0    3.3   683  3225 -3908 R .... ... . ..

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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 -153.3  184.0  -30.3   -0.0    0.3 -4100  2647  1452 R .... ... . ..
 -128.0  -72.3  193.3   -0.0   -7.0  -679 -3227  3906 R .... ... . ..
  153.0 -183.3   29.0    0.0   -1.3  4100 -2644 -1456 R .... ... . ..

[2]
  125.7   72.0 -196.7    0.0    1.0   672  3231 -3904 R .... ... . ..
 -156.0  183.0  -29.3    0.0   -2.3 -4101  2642  1460 R .... ... . ..
 -126.0  -74.3  195.3    0.0   -5.0  -668 -3232  3900 R .... ... . ..
  154.0 -185.0   28.0   -0.0   -3.0  4101 -2636 -1465 R .... ... . ..

One Cycle of Data

[3]
125.7   74.0 -196.7   -0.0    3.0   663  3237 -3900 R .... ... . ..

 -156.0  184.0  -30.3   -0.0   -2.3 -4103  2633  1470 R .... ... . ..
 -127.0  -75.3  195.3    0.0   -7.0  -660 -3240  3899 R .... ... . ..
  157.7 -186.0   30.0    0.0    1.7  4104 -2627 -1476 R .... ... . ..
[4]
  124.7   74.0 -197.3    0.0    1.3   654  3244 -3898 R .... ... . ..
 -158.0  184.7  -30.3   -0.0   -3.7 -4106  2624  1482 R .... ... . ..
 -126.0  -75.3  195.3   -0.0   -6.0  -650 -3247  3897 R .... ... . ..
  262.0 -396.3  129.3    0.0   -5.0  3668 -2195 -1474 R .... ... . ..
[5]
  375.3   92.0 -468.0    0.0   -0.7   328  2844 -3172 R .... ... . ..
 -654.7  865.7 -210.7   -0.0    0.3 -2481  1436  1045 R .... ... . ..
 -689.3 -275.3  963.7   -0.0   -1.0  -138 -1907  2045 R .... ... . ..
  937.0-1125.0  186.0    0.0   -2.0  1729 -1099  -630>R .... 1.. . ..
[6]
  754.0  435.3-1190.3    0.0   -1.0   265  1374 -1639 R .... 1.. . .3
 -940.3 1122.7 -185.3   -0.0   -3.0 -1730  1099   631 R .... 1.. . .3
 -755.3 -440.7 1187.3   -0.0   -8.7  -265 -1374  1639 R .... 1.. . .3
  940.0-1122.3  182.0    0.0   -0.3  1729 -1096  -633 R .... 1.. . .3
[7]
  752.0  441.0-1188.7    0.0    4.3   261  1376 -1638 R .... 1.. . .3
 -941.0 1119.0 -181.3   -0.0   -3.3 -1730  1094   636 R .... 1.. . .3
 -750.3 -440.7 1189.3   -0.1   -1.7  -260 -1375  1635 R .... 1.. . .3
  940.7-1121.3  178.3   -0.0   -2.3  1730 -1093  -636 R .... 1.. . .3

[8]
  748.3  440.3-1191.3    0.0   -2.7   258  1379 -1637 R .... 1.. . .3
 -942.0 1119.0 -177.7   -0.0   -0.7 -1733  1094   638 R .... 1.. . .3
 -749.7 -444.3 1189.3    0.0   -4.7  -256 -1380  1636 R .... 1.. . .3
  942.7-1120.3  176.3    0.0   -1.3  1733 -1091  -642 R .... 1.. . .3
[9]
  746.3  444.0-1190.3    0.0    0.0   253  1381 -1635 R .... 1.. . .3
 -945.0 1119.0 -176.0   -0.0   -2.0 -1734  1089   645 R .... 1.. . .3
 -746.7 -446.0 1189.3   -0.1   -3.3  -252 -1380  1633 R .... 1.. . .3
  943.7-1121.3  172.7    0.0   -5.0  1732 -1085  -646 R .... 1.. . .3

[10]
  747.3  447.7-1191.3    0.0    3.7   249  1384 -1633 R .... 1.. . .3
 -947.7 1119.0 -174.0   -0.0   -2.7 -1732  1085   647 R .... 1.. . .3
 -746.7 -451.0 1190.0   -0.0   -7.7  -250 -1383  1633 R .... 1.. . .3
  946.3-1118.3  170.7    0.0   -1.3  1733 -1083  -649 R .... 1.. . .3
[11]
  742.7  449.7-1191.3    0.0    1.0   247  1386 -1633 R .... 1.. . .3
 -948.7 1116.3 -169.3    0.0   -1.7 -1733  1083   650 R .... 1.. . .3
 -743.0 -452.7 1188.3   -0.0   -7.3  -245 -1386  1631 R .... 1.. . .3
  947.3-1115.7  168.0    0.0   -0.3  1733 -1079  -653 R .... 1.. . .3
[12]
  741.7  453.3-1189.7    0.0    5.3   243  1387 -1630 R .... 1.. . .3
 -948.7 1113.3 -169.3   -0.1   -4.7 -1736  1080   656 R .... 1.. . .3
 -740.3 -457.3 1191.0   -0.0   -6.7  -241 -1387  1628 R .... 1.. . .3
  948.3-1116.7  165.3    0.0   -3.0  1735 -1077  -659 R .... 1.. . .3

[13]
  738.0  457.0-1191.3    0.0    3.7   237  1391 -1628 R .... 1.. . .3
 -950.7 1117.0 -163.7   -0.0    2.7 -1736  1076   660 R .... 1.. . .3
 -738.3 -458.3 1189.3   -0.0   -7.3  -236 -1391  1627 R .... 1.. . .3
  950.3-1117.3  161.3    0.0   -5.7  1735 -1072  -663*R .... 1.. . .3

See Figure 10.4 and Figure 10.5

[14]
  735.0  457.0-1192.3    0.0   -0.3   233  1393 -1626 R .... 1.. . .3
 -951.3 1115.3 -161.7   -0.0    2.3 -1736  1071   665 R .... 1.. . .3
 -735.3 -459.3 1191.0   -0.0   -3.7  -231 -1393  1624 R .... 1.. . .3
  953.0-1114.7  159.7    0.0   -2.0  1735 -1069  -666 R .... 1.. . .3
[15]
  732.3  459.0-1190.3    0.0    1.0   227  1397 -1624 R .... 1.. . .3
 -955.3 1113.3 -159.0   -0.0   -1.0 -1736  1069   667 R .... 1.. . .3
 -732.7 -462.0 1190.0   -0.1   -4.7  -226 -1398  1624 R .... 1.. . .3
  953.0-1114.7  155.7    0.0   -6.0  1736 -1066  -670 R .... 1.. . .3

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Serial No = 123456789047
FID = SEL-710-5-X215-V0-Z003002-D20180319               CID = 88C2

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 13             REF_NUM = 32845

Event:     ER Trigger
Targets    11010000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)    1203.4       1207.7         1200.2         0.05     9.27

Voltage Mag
       VAB    VBC    VCA
(V)    1751   1756   1757

Differential Current Mag
       IA87     IB87     IC87
(A)      0.08     0.00     0.11

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     
LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       
MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     
E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       
EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0
27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     
E27I1   := N       E27I2   := N       
E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     
LOAD    := OFF     
BLKPROT := 0
BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       
TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := RB01
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      
ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS
ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS
ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS
ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT
ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT
ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT
ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT
ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT
ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT
ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT
ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT
ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT
ALIAS14 :=PB03 FP_START PICKUP DROPOUT
ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 
55A OR R_TRIG VARA

LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4      
FMR4    :=NA
RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I       
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 10.4 and Figure 10.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 10.3. Figure 10.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 10.5 shows how the event report current column data can be converted 
to phasor rms values. Voltages are processed similarly.

Logic Settings
ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR 
VART OR PTCTRIP OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 
87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR 
FDRES1T OR SV01T OR OOST OR 55T

Math Variables
MV01    := PF
MV02    := NA
MV03    := NA
MV04    := NA
MV05    := NA
MV06    := NA
MV07    := NA

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 10.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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In Figure 10.4, note that any two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate rms current values.

Figure 10.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 10.5, note that two rows of current data from the event report in 
Figure 10.3, 1/4 cycle apart, can be used to calculate phasor rms current 
values. In Figure 10.5, at the present sample, the phasor rms current value is:

Equation 10.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 10.2

(738.0)2 + (–950.7)2 = 1204

(–738.3)2 + (950.3)2 = 1204

(–950.7)2 + (–738.3)2 = 1204

Event Report Column

738.0
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1703 Apeak
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IA 1204 A 37.8°–∠=

1204 A  cos 37.8°–( )• 950.7 A=
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Figure 10.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values

Differential Event Report (EVE DIF Command)
Use the EVE DIF command to retrieve a differential event report, which 
includes:

➤ Analog values of currents IA, IB, IC, IN, and IG, and 
differential currents IA87, IB87, and IC87

➤ Digital states of the differential elements, plus status of the base 
model digital inputs and outputs

➤ Event summary

➤ Relay Settings

Use the EVE DIF n command to view the normal differential report with 
4 samples/cycle for report n (if not listed, n is assumed to be 1). This 
command is only available in models with the differential element.

IA (RMS)

t

IA

Event Report Column

Magnitude =

X = 950.3

Y 
= 

—7
38

.3

Angle   = Arctan

 = Arctan

Y
X
—738.3
950.3

 = –37.8°

Real Axis
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is

Im
ag

in
ar

y

1/4 cyc.

(—738.3)2 + (950.3)2 = 1204

Y = Previous 
1/4 Cycle

•••
 738.0
—950.7

 —738.3
 950.3

•••

X = Present Sample

NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Differential Event Reports Column Definitions
Refer to the example event report in Table 10.6 to view the differential event 
report columns. This example differential event report displays rows of 
information each 1/4 cycle. Retrieve this report with the EVE DIF command.

Table 10.4 gives the differential event report column definitions for the analog 
quantities. Table 10.5 gives the differential event report column definitions for 
digital elements, including the differential elements and the base model inputs 
and outputs.

Differential Event Report Example (15-Cycle)

Table 10.4 Differential Event Report Column Definitions for the Analog Quantities

Column Heading Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IN Current measured by channel IN (primary A)

IG Residual current (IA + IB + IC, primary A)

IA87 Differential current measured by channel IA87 (primary A)

IB87 Differential current measured by channel IB87 (primary A)

IC87 Differential current measured by channel IC87 (primary A)

Table 10.5 Differential Event Report Digital Column Definitions for 
Differential and I/O Elements

Column Heading Column Symbols Description

87MTC 1 87M1TC AND NOT 87M2TC

2 87M2TC AND NOT 87M1TC

b 87M1TC AND 87M2TC

87M 1 87M1T AND NOT 87M2T

2 87M2T AND NOT 87M1T

b 87M1T AND 87M2T

In 12 1 IN101 AND NOT IN102

2 NOT IN101 AND IN102

b IN101 AND IN102

OUT 12 1 OUT101 AND NOT 0UT102

2 NOT OUT101 AND OUT102

b OUT101 AND OUT102

OUT 3 3 OUT103

=>>eve dif

SEL-710-5                              Date: 04/10/2018   Time: 13:16:30.081 Date and Time of Event

MOTOR RELAY
Serial Number=123456789047

FID=SEL-710-5-X218-V0-Z003002-D20180406   CID=812D Firmware Identifier and Firmware Checksum Identifier

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution
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                                                             8     O
                                                             7   I u
                                                             M 8 n t
       Currents (A Pri)               Differential (A Pri)   T 7 1 13
    IA     IB     IC     IN     IG    IA87   IB87   IC87     C M 2 2
[1]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.5    0.0     1 . . ..
  -21.4   16.9    7.2    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.4  -16.9   -7.2   -0.0   -2.8    0.0    0.5    0.0     1 . . ..

[2]
   -5.4  -17.2   27.2   -0.0    4.6   -0.0    0.2   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0   -0.7   -0.0     1 . . ..
    5.4   17.2  -27.2    0.0   -4.6   -0.0    0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8   -0.0    0.0   -0.1     1 . . ..

One Cycle of Data

[3]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.1    0.0     1 . . ..
   21.4  -16.9   -7.2    0.0   -2.8    0.0   -0.5   -0.1     1 . . ..
[4]
   -5.5  -17.1   27.2   -0.0    4.6    0.0    0.4    0.0     1 . . ..
  -21.4   16.9    7.2   -0.0    2.7   -0.0    0.3    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0   -0.5   -0.0*    1 . . ..
   21.4  -17.0   -7.2    0.0   -2.7    0.0   -0.1   -0.0     1 . . ..
[5]
   -5.5  -17.1   27.2   -0.0    4.6   -0.1    0.4    0.0     1 . . ..
  -21.4   17.0    7.1    0.0    2.7   -0.0   -0.4   -0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6    0.0    0.0    0.0     1 . . ..
   21.3  -17.0   -7.1   -0.0   -2.7    0.0    0.3    0.0>    1 . . ..
[6]
   -5.5  -17.1   27.2   -0.0    4.6   -0.0   -0.6   -0.1     1 . . ..
  -21.3   17.0    7.1    0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0    0.6    0.0     1 . . ..
   21.3  -17.0   -7.1    0.0   -2.7   -0.0   -0.4   -0.0     1 . . ..
[7]
   -5.5  -17.1   27.2   -0.0    4.6    0.0   -0.2   -0.0     1 . . ..
  -21.4   17.0    7.0   -0.0    2.7   -0.0    0.0    0.0     1 . . ..
    5.5   17.1  -27.2    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.0   -7.0    0.0   -2.7    0.0    0.1    0.0     1 . . ..

[8]
   -5.6  -17.1   27.2   -0.0    4.6   -0.0    0.8    0.0     1 . . ..
  -21.3   17.0    7.0   -0.0    2.7    0.0    0.1   -0.0     1 . . ..
    5.6   17.0  -27.2    0.0   -4.6    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.0   -7.0   -0.0   -2.7   -0.0    0.2    0.0     1 . . ..
[9]
   -5.6  -17.0   27.2   -0.0    4.6   -0.0   -0.1   -0.0     1 . . ..
  -21.3   17.0    7.0    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.4    0.0     1 . . ..
   21.3  -17.1   -7.0    0.0   -2.7   -0.0   -0.3   -0.0     1 . . ..

[10]
   -5.6  -17.0   27.2   -0.0    4.6    0.0   -0.3   -0.0     1 . . ..
  -21.3   17.1    7.0    0.0    2.7    0.0    0.6    0.0     1 . . ..
    5.6   17.0  -27.3    0.0   -4.6   -0.0    0.0   -0.0     1 . . ..
   21.3  -17.1   -7.0   -0.0   -2.7    0.0   -0.7   -0.0     1 . . ..
[11]
   -5.7  -17.0   27.3   -0.0    4.6    0.0    0.2    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.3   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9    0.0   -2.7    0.0    0.2    0.0     1 . . ..
[12]
   -5.7  -17.0   27.3   -0.0    4.6   -0.0   -0.2   -0.0     1 . . ..
  -21.3   17.1    6.9    0.0    2.7    0.0   -0.5   -0.0     1 . . ..
    5.7   17.0  -27.3    0.0   -4.6    0.0    0.7    0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7   -0.0   -0.1   -0.0     1 . . ..

[13]
   -5.7  -17.0   27.3    0.0    4.6    0.0   -0.4    0.0     1 . . ..
  -21.3   17.1    6.9   -0.0    2.7   -0.0    0.5    0.0     1 . . ..
    5.7   16.9  -27.3    0.0   -4.6   -0.0   -0.4   -0.0     1 . . ..
   21.3  -17.1   -6.9   -0.0   -2.7    0.0   -0.4   -0.0     1 . . ..

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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[14]
   -5.7  -16.9   27.3   -0.0    4.6    0.0    0.7    0.0     1 . . ..
  -21.3   17.1    6.8    0.0    2.7   -0.0   -0.1   -0.0     1 . . ..
    5.7   16.9  -27.3   -0.0   -4.7    0.0   -0.6   -0.0     1 . . ..
   21.3  -17.2   -6.8   -0.0   -2.7   -0.0    0.3    0.0     1 . . ..
[15]
   -5.8  -16.9   27.3    0.0    4.6   -0.0    0.0   -0.0     1 . . ..
  -21.3   17.2    6.8   -0.0    2.7    0.0   -0.5   -0.1     1 . . ..
    5.8   16.9  -27.3    0.0   -4.6    0.0    0.4    0.0     1 . . ..
   21.3  -17.2   -6.8    0.0   -2.7   -0.0    0.0    0.0     1 . . ..

Serial No = 123456789047
FID = SEL-710-5-X218-V0-Z003002-D20180406               CID = 812D

Firmware Identifier and Firmware Checksum Identifier

EVENT LOGS = 70             REF_NUM = 32976

Event:     ER Trigger
Targets    11000000
Freq (Hz)  59.99

Current Mag
        IA            IB            IC            IN       IG
(A)      22.1          24.1          28.1          0.02     5.37

Voltage Mag
       VAB    VBC    VCA
(V)    2344   1994   3746

Differential Current Mag
       IA87     IB87     IC87
(A)      0.03     0.59     0.03

Hottest RTD
      WINDING  BEARING  AMBIENT  OTHER
(C)   Fail     Fail     Fail     Fail

SETTINGS CHANGED SINCE EVENT

Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

. . . . . .

Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
. . . . . .

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := TR TRIP 
SER3    := OUT301 OUT302 OUT303 OUT304 
SER4    := OUT101 OUT102 OUT103 OUT401 OUT402 OUT403 OUT404 

. . . . . .

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       

. . . . . .

=>>

Figure 10.6 Example Differential 15-Cycle Event Report 1/4-Cycle Resolution (Continued)



10.21

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Analyzing Events
Event Reporting

Retrieving Event 
Reports Via Ethernet 
File Transfer

Selected event reports are available as read-only files that can be retrieved 
using Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

The Ethernet file server EVENTS folder contains two types of files for each 
event stored in the relay:

➤ Compressed, 4 sample/cycle, filtered event, equivalent to 
issuing a CEV command. These files are named C4.nnnnn.cev, 
where nnnnn is the unique event identifier.

➤ Compressed, 32 sample/cycle, unfiltered event, equivalent to 
issuing a CEV R command. These files are named 
CR.nnnnn.cev, where nnnnn is the unique event identifier.

The date and time displayed for events are from the time of event trigger. The 
times are UTC.

The EVENTS folder also contains the event history with unique event 
identification number (equivalent to the HIS command) and the compressed 
event history (equivalent to the CHIS command). See HISTORY Command on 
page 7.53. The Event files can also be retrieved with the FIL command. See 
FILE Command on page 7.48 and the information on CHIS Command under 
Compressed Event Reports on page 10.2 for additional information.

CEVENT The relay provides a Compressed ASCII event report for SCADA and other 
automation applications. QuickSet uses Compressed ASCII commands to 
gather event report data. If you want to view the Compressed ASCII event 
report data, use a terminal to issue ASCII command CEV. A sample of the 
report appears in Figure 10.7; this is a comma-delimited ASCII file. The relay 
appends a four-digit hex checksum at the end of the line in the Compressed 
ASCII report.

Items included in the Compressed ASCII event report are similar to the event 
report, although the relay reports the items in a special order. CEV files (and 
COMTRADE files) include all Relay Word bits (see Appendix L: Relay Word 
Bits). See SEL Compressed ASCII Commands on page C.1 for more 
information on the Compressed ASCII command set.

=>CEV <Enter>

"FID","CEV_VER","PART_NUM","SER_NUM","097C"
"FID=SEL-710-5-X215-V0-Z003002-D20180319","2.0.1","071050E1B0X1X7486167X","123456789047","128C"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,28,2018,10,1,4,45,"03CB"

Report Header

"REC_NUM","REF_NUM","NUM_CH_A","NUM_CH_D","FREQ","NFREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","PR
IM_VAL","CTR_IA","CTR_IB","CTR_IC","CTR_IN","CTR_IG","PTR_VAB","PTR_VBC","PTR_VCA","CTR_IA87","CTR_
IB87","CTR_IC87","EVENT","GROUP","IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)"
,"IA87(A)","IB87(A)","IC87(A)","WDG(C)","BRG(C)","AMB(C)","OTH(C)","5576"

Summary Labels

1,32845,29,1216,60.0,60,4,4,15,"YES",2.00,2.00,2.00,100.00,2.00,35.00,35.00,35.00,100.00,100.00,100.
00,"ER Trigger",1,22.1,24.1,28.1,0.00,5.36,2344.494,1994.284,3746.482,0.05,0.08,0.05,"NA","NA","NA"
,"NA","28D1"

Summary Data

Figure 10.7 Sample Compressed ASCII Event Report
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"IA(A)","IB(A)","IC(A)","IN(A)","IG(A)","VAB(V)","VBC(V)","VCA(V)","IA87(A)","IB87(A)","IC87(A)","*"
,"*","*","LSENS1(%)","LSENS2(%)","LSENS3(%)","LSENS4(%)","*","*","*","*","IARMS(A)","IBRMS(A)","ICR
MS(A)","FREQ","*","SMSLIP","SMSLIP2","TRIG","49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP 
VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP * * BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI COMMIDLE 
COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF 
49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T 
AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S STOPPED RUNNING STARTING STAR DELTA START 
COASTOP FAULT 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 
50Q2P 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T OUT101 OUT102 OUT103 * * * * * * * * * * * * * 
OUT401 OUT402 OUT403 OUT404 * * * * * * * * * * * * IN101 IN102 * * * * * * * * * * * * * * IN401 
IN402 IN403 IN404 * * * * * * * * * * * * WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO 
RTDIN TRGTR * RTDBIAS 52A SPEED2 52B VFDBYPAS RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T RTD5A 
RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T 
46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT 
LOP RSTMOT * SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A STR STOP EMRSTR ER ULTRIP TR FREQTRK STREQ DNAUX1 
DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T 
ZCFREQ PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL 
PB07_PUL PB08_PUL PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED PB5A_LED 
PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED * * T01_LED T02_LED T03_LED T04_LED 
T05_LED T06_LED LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16 LB17 
LB18 LB19 LB20 LB21 LB22 LB23 LB24 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32 RB01 RB02 RB03 RB04 RB05 
RB06 RB07 RB08 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24 RB25 
RB26 RB27 RB28 RB29 RB30 RB31 RB32 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08 SV01T SV02T SV03T SV04T 
SV05T SV06T SV07T SV08T SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16 SV09T SV10T SV11T SV12T SV13T SV14T 
SV15T SV16T SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T 
SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T LT01 LT02 
LT03 LT04 LT05 LT06 LT07 LT08 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16 LT17 LT18 LT19 LT20 LT21 LT22 
LT23 LT24 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU 
SC08QU SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD SC09QU SC10QU SC11QU SC12QU SC13QU 
SC14QU SC15QU SC16QU SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD SC17QU SC18QU SC19QU 
SC20QU SC21QU SC22QU SC23QU SC24QU SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD SC25QU 
SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD 
SC32QD * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A 
RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B 
LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA LINKA LINKB LINKFAIL PASEL PBSEL * * * VB001 VB002 
VB003 VB004 VB005 VB006 VB007 VB008 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016 VB017 VB018 
VB019 VB020 VB021 VB022 VB023 VB024 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032 VB033 VB034 
VB035 VB036 VB037 VB038 VB039 VB040 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048 VB049 VB050 
VB051 VB052 VB053 VB054 VB055 VB056 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064 VB065 VB066 
VB067 VB068 VB069 VB070 VB071 VB072 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080 VB081 VB082 
VB083 VB084 VB085 VB086 VB087 VB088 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096 VB097 VB098 
VB099 VB100 VB101 VB102 VB103 VB104 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112 VB113 VB114 
VB115 VB116 VB117 VB118 VB119 VB120 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128 51AP 51BP 51CP 
51P1P 51P2P 51QP 51G1P 51G2P 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T 51AR 51BR 51CR 51P1R 51P2R 
51QR 51G1R 51G2R BKMON BCW BCWA BCWB BCWC * IRIGOK TSOK TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC 
LPSECP TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG 
AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8 AFS1EL AFS2EL AFS3EL 
AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL FDVTC FDCTC 40ZTC * 40Z1 40Z1T 40Z2 40Z2T FDUV1 FDUV1T FDUV2 
FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T FDRES1T FDRES2T 
FDRESTC 41CLOSE UL41CL STSEQEN * * 78R1 78R2 78Z1 SWING OOS OOST * OOSTC 51ATC 51BTC 51CTC 51P1TC 
51P2TC 51QTC 51G1TC 51G2TC MATHERR TESTDB * SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN * VIRSPDSW 
SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN * * RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 
SLIPBT FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT FVR FVL PFINBND PFGUT * * PORSFL PODTCT * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 27I1 27I1T 
27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC 59I3 59I3T 
59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 * * * 89A2P2 89B2P2 
89CL2P2 89OP2P2 89AL2P2 * * * 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 * * * 89A2P4 89B2P4 89CL2P4 
89OP2P4 89AL2P4 * * * 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 * * * ENLRC LOCAL BKJMP * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *","8ACA"

Column Labels

-3.2,-18.8,26.3,-0.0,4.3,-446,-1894,2340,-0.0,-0.1,-0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.
00,0.00,22.04,24.07,28.12,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000
000FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000
00000FF0000000000000000000000111111505050505020000000000000","569D"
-21.8,15.0,10.0,-0.0,3.2,-2301,-622,2924,0.0,-0.6,-0.0,0.0,0.0,0.0,0.03,0.05,0.02,0.02,0.00,0.00,0.0
0,0.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","565E"
3.2,18.8,-26.3,0.0,-4.3,447,1895,-2342,-0.0,0.4,0.0,0.0,0.0,0.0,0.01,0.06,0.00,0.03,0.00,0.00,0.00,0
.00,22.04,24.07,28.11,59.98,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55F1"
21.8,-15.1,-10.0,0.0,-3.2,2301,622,-2923,-0.1,0.0,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.05,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.98,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5629"

Event Data (Cycle 1)
The block shown 
represents four 
quarter cycles of 
data.

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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•
•
•

21.8,-15.1,-9.9,-0.0,-3.2,2300,618,-2917,0.0,0.2,-0.0,0.0,0.0,0.0,0.00,0.03,0.01,0.00,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563A"
-3.3,-18.8,26.3,-0.0,4.3,-455,-1896,2351,0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.01,0.00,0.00,0.00
,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5648"
-21.8,15.1,9.9,0.0,3.2,-2300,-616,2916,-0.1,0.1,0.0,0.0,0.0,0.0,0.01,0.08,0.00,0.05,0.00,0.00,0.00,0
.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000080000092100030300000000000000000002000000F
F008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000000
0FF0000000000000000000000111111505050505020000000000000","55E7"

3.3,18.7,-26.3,0.0,-4.3,455,1897,-2352,0.0,0.0,-0.1,0.0,0.0,0.0,0.01,0.04,0.00,0.01,0.00,0.00,0.00,0
.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00,"*","0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","563B"

Event Data
The quarter cycle 
with the “*” symbol 
represents the row 
with the largest 
measured current 
for the event. This is 
the row used for the 
summary data.

-21.8,-15.1,-9.9,0.0,-3.2,2299,615,-2914,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.02,0.02,0.00,0.00,0.00
,0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","561C"
-3.3,-18.7,26.3,-0.0,4.3,-457,-1896,2353,-0.0,-0.4,0.0,0.0,0.0,0.0,0.00,0.06,0.00,0.02,0.00,0.00,0.0
0,0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"002000000800000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","5679"
-21.8,15.1,9.9,-0.0,3.2,-2299,-614,2913,-0.0,0.4,-0.1,0.0,0.0,0.0,0.00,0.04,0.00,0.04,0.00,0.00,0.00
,0.00,22.04,24.06,28.10,59.99,0.00,0.00,100.00, ,"0020000008000009210003030000000000000000000200000
0FF008002001100000400080000000000000000A0A000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000048000000000000000000000000000000000000FF0000000000008000000
000FF0000000000000000000000111111505050505020000000000000","5649"
3.3,18.7,-26.3,-0.0,-4.3,458,1897,-2356,0.0,0.4,-0.0,0.0,0.0,0.0,0.03,0.04,0.02,0.02,0.00,0.00,0.00,
0.00,22.03,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5628"

21.8,-15.1,-9.9,0.0,-3.2,2299,613,-2912,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.04,0.00,0.02,0.00,0.00,0.00,
0.00,22.04,24.06,28.11,59.99,0.00,0.00,100.00,">","002000000810000921000303000000000000000000020000
00FF008012001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567A"

Event Data
The quarter cycle 
with the “>” symbol 
represents the 
trigger row for the 
event.-3.3,-18.7,26.3,-0.0,4.3,-460,-1897,2357,-0.0,-0.1,0.0,0.0,0.0,0.0,0.00,0.07,0.00,0.05,0.00,0.00,0.0

0,0.00,22.04,24.06,28.12,59.99,0.00,0.00,100.00, ,"002000000810000921000303000000000000000000020000
00FF008002001100000400080000000000000000A0A00000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000048000000000000000000000000000000000000FF000000000000800000
0000FF0000000000000000000000111111505050505020000000000000","567C"

•
•
•

21.8,-15.4,-9.5,0.0,-3.1,2293,591,-2884,0.0,-0.2,0.0,0.0,0.0,0.0,0.00,0.05,0.02,0.02,0.00,0.00,0.00,
0.00,22.05,24.06,28.11,59.99,0.00,0.00,100.00, ,"00200000081000092100030300000000000000000002000000
FF008002001100000400080000000000000000A0A0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000048000000000000000000000000000000000000FF00000000000080000000
00FF0000000000000000000000111111505050505020000000000000","5620"

"SETTINGS","02E1"

"

Global Settings

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP
EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

.

.

.

Global Settings

Figure 10.7 Sample Compressed ASCII Event Report (Continued)
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The order of the labels in the digital portion of the Column Labels field 
matches the order of the HEX-ASCII Relay Word. Each numeral in the HEX-
ASCII Relay Word reflects the status of four Relay Word bits from the Digital 
Column Labels field of the Compressed ASCII event report. The HEX-ASCII 
Relay Word from the trigger cycle from Figure 10.7, follows.

In this HEX-ASCII Relay Word, the third numeral in the HEX-ASCII Relay 
Word is a 2. In binary, this is 0010. Mapping the labels to the digital Column 
Labels yields the following:

The 50A1P element picked up at the first sample of the trigger cycle row (see 
Figure 10.7)

Viewing Compressed 
Event (CEV) Reports

The CEV is viewed in the following ways:

➤ SYNCHROWAVE Event (SEL-5601-2)

➤ ACSELERATOR QuickSet SEL-5030 Software via 
SYNCHROWAVE Event (SEL-5601-2)

Using the SEL-5030 software, navigate to the Options menu under Tools and 
select SYNCHROWAVE Event (SEL-5601-2) as the event viewer.

Group Settings

RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := DELTA   
SINGLEV := N       
E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       
50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
.
.
.

Group Settings

Report Settings

SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 
EALIAS  := 15      
.
.
.

Report Settings

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 7       
.
.
.

Logic Settings

=>

Figure 10.7 Sample Compressed ASCII Event Report (Continued)

00200000081000092100030300000000000000000002000000FF0080020011000004000800000
00000000000A0A00000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000048000000000000000000000000000000000000FF0
000000000008000000000FF0000000000000000000000111111505050505020000000000000

VART                    37PT                47T                     55T
  0                      0                   1                       0
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To view the saved events using the SEL-5030 software, click Tools > Events 
to view an event with SYNCHROWAVE Event and select the event you want to 
view (QuickSet remembers the location where you stored the previous event 
record). You can view multiple events by clicking on Local Event > Add 
New Event in SYNCHROWAVE Event.

As shown in Figure 10.8, all the analog and digital data can be viewed with 
SYNCHROWAVE Event (SEL-5601-2) or QuickSet via SYNCHROWAVE Event 
(SEL-5601-2). Using the Export Event feature, you can export the CEV report 
in COMTRADE format. Using the Export Data feature, you can also export 
the CEV report in comma-separated values (CSV) format.

Figure 10.8 Sample CEV Report Viewed With SYNCHROWAVE Event

With SYNCHROWAVE Event you have six options for converting CEV reports 
to COMTRADE:

➤ COMTRADE 1999 ASCII

➤ COMTRADE 1999 Binary

➤ COMTRADE 2013 ASCII

➤ COMTRADE 2013 Binary

➤ COMTRADE 2013 Binary32

➤ COMTRADE 2013 Float32

COMTRADE File 
Format Event Reports

The SEL-710-5 stores high-resolution raw data oscillography in binary format 
and uses COMTRADE file types to output these data:

➤ .HDR—header file

➤ .CFG—configuration file

➤ .DAT—high-resolution raw data file

NOTE: COMTRADE event reports are 
sampled at 32 samples per cycle, 
which are equivalent to CEV R event 
reports..
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The .HDR file contains summary information about the event in ASCII 
format. The .CFG file is an ASCII configuration file that describes the layout 
of the .DAT file. The .DAT file is in binary format and contains the values for 
each input channel for each sample in the record. These data conform to the 
IEEE C37.111-1999 COMTRADE standard.

.HDR File
The .HDR file contains the event summary and relay settings information that 
appears in the event report for the data capture. The settings portion is in a 
comma-delimited format as illustrated in Figure 10.9.

NOTE: COMTRADE events can be 
extracted using the FILE command (see 
Section 7: Communications), Ethernet 
File Transfer Protocol (FTP), or the IEC 
61850 Manufacturing Message 
Specification (MMS). To transfer files 
using MMS, set EMMSFS to Y

FID,"SEL-710-5-X211-V0-Z003002-D20180221"
Event_Report_Type,"UVR"
Part_Number,"071050E1B0X1X7486167X"
Serial_Number,"000000000000000"

[Summary]
Date,"30/04/2002"
Time,"22:01:01.591900"
Time_Source,"Internal"
Event_Logs,"6"
Event_Number,"32838"
Event,"Trigger"
Targets,"11010000"
Freq,"60.00"
IA (A),"0.0100"
IB (A),"0.0200"
IC (A),"0.0316"
IN (A),"0.0160"
IG (A),"0.0608"
VAN (V),"0"
VBN (V),"0"
VCN (V),"0"
VG (V),"0"
IA87 (A),"0.0000"
IB87 (A),"0.0000"
IC87 (A),"0.0000"

Event Summary Information

[Settings]
Global Settings
PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     METHRES := Y       
FAULT   := STARTING OR 50S OR 50G1P OR 50N1P OR TRIP

EBBD    := N       TGR     := 3       SS1     := 1
SS2     := 0
SS3     := 0
SS4     := 0

UTC_OFF := 0.00    DST_BEGM:= OFF     
52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

50PAFP  := OFF     
50NAFP  := OFF     
AFSENS1 := NONE    AFSENS2 := NONE    
AFSENS3 := NONE    AFSENS4 := NONE    AOUTSLOT:= 101_3   
EBMON   := Y       COSP1   := 10000   COSP2   := 150     COSP3   := 12      
KASP1   := 1.20    KASP2   := 8.00    KASP3   := 20.00   BKMON   := TRIP

RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0
RSTMOT  := 0

DSABLSET:= 0

89A2P1  := 0
89B2P1  := NOT 89A2P1
89A2P1D := 5.00    89A2P2  := 0
89B2P2  := NOT 89A2P2
89A2P2D := 5.00    89A2P3  := 0
89B2P3  := NOT 89A2P3
89A2P3D := 5.00    89A2P4  := 0
89B2P4  := NOT 89A2P4
89A2P4D := 5.00    89A2P5  := 0
89B2P5  := NOT 89A2P5
89A2P5D := 5.00    
EN_LRC  := N       EN_LRC  := N 

Global Settings

Figure 10.9 Sample COMTRADE .HDR Header File
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Group Settings
RID     := SEL-710-5        
TID     := MOTOR RELAY      
CTR1    := 2       FLA1    := 5.0     VFDAPP  := N       E2SPEED := N       
CTRN    := 100     PTR     := 35.00   VNOM    := 4160    DELTA_Y := WYE     
SINGLEV := N 

E49MOTOR:= Y       FLS     := OFF     SETMETH := RATING_1 49RSTP  := 75      
SF      := 1.15    LRA1    := 6.0     LRTHOT1 := 10.0    TD1     := 1.00    
RTC1    := AUTO    TCAPU   := 85      TCSTART := OFF     COOLTIME:= 84      
COASTIME:= 5       

50P1P   := 8.50    50P1D   := 0.01    50P2P   := 8.50    50P2D   := 0.01    
50N1P   := OFF     50N2P   := OFF     50G1P   := OFF     50G2P   := OFF     
50Q1P   := 3.00    50Q1D   := 0.1     50Q2P   := 0.30    50Q2D   := 0.2     

51AP    := OFF     
51BP    := OFF     
51CP    := OFF     51P1P   := OFF     51P2P   := OFF     51QP    := OFF     
51G1P   := OFF     
51G2P   := OFF     
E87M    := N       
LJTPU   := OFF     LJAPU   := OFF     

LLTPU   := OFF     LLAPU   := OFF     

46UBT   := 20      46UBTD  := 5       46UBA   := 10      46UBAD  := 10      
START_T := OFF     

ESTAR_D := N       

MAXSTART:= OFF     TBSDLY  := OFF     ABSDLY  := OFF     

E47T    := Y       
SPDSDLYT:= OFF     SPDSDLYA:= OFF     VSSEN   := N       

EPTC    := N       
E49RTD  := NONE    
LOPBLK  := 0

27P1P   := OFF     27P2P   := OFF     
59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     

E27I1   := N       E27I2   := N       

E59I1   := N       E59I2   := N       E59I3   := N       E59I4   := N       
NVARTP  := OFF     PVARTP  := OFF     NVARAP  := OFF     PVARAP  := OFF     
E40     := N       E78     := N       
37PTP   := OFF     37PAP   := OFF     
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
EPFC    := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

LOAD    := OFF     

BLKPROT := 0

BLK46   := N       BLK48   := N       BLK50EF := N       BLK50P  := N       
BLK37   := N       BLK66   := N       BLK49PTC:= N       BLK49RTD:= N       

TDURD   := 0.5     
TR      := 50P1T OR 50P2T
REMTRIP := 0
TRIPONLO:= Y       ULTRIP  := 0
52A     := 0
52B     := NOT 52A

STREQ   := PB03
BLKSTR  := STOPPED AND (THERMLO OR NOSLO OR TBSLO OR ABSLO)
EMRSTR  := 0
SPEEDSW := 0

Group Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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Report Settings
SER1    := RB01 RB02 RB03 RB04 RB04 RB06 RB07 RB08 
SER2    := STOP STR 
SER3    := STOPPED START 
SER4    := NA 

EALIAS  := 15      

ALIAS1  :=STARTING MOTOR_STARTING BEGINS ENDS

ALIAS2  :=RUNNING MOTOR_RUNNING BEGINS ENDS

ALIAS3  :=STOPPED MOTOR_STOPPED BEGINS ENDS

ALIAS4  :=JAMTRIP LOAD_JAM_TRIP PICKUP DROPOUT

ALIAS5  :=LOSSTRIP LOAD_LOSS_TRIP PICKUP DROPOUT

ALIAS6  :=LOSSALRM LOAD_LOSS_ALARM PICKUP DROPOUT

ALIAS7  :=46UBA UNBALNC_I_ALARM PICKUP DROPOUT

ALIAS8  :=46UBT UNBALNC_I_TRIP PICKUP DROPOUT

ALIAS9  :=49A THERMAL_ALARM PICKUP DROPOUT

ALIAS10 :=49T THERMAL_TRIP PICKUP DROPOUT

ALIAS11 :=47T PHS_REVRSL_TRIP PICKUP DROPOUT

ALIAS12 :=PB01 FP_AUX1 PICKUP DROPOUT

ALIAS13 :=PB02 FP_AUX2 PICKUP DROPOUT

ALIAS14 :=PB03 FP_START PICKUP DROPOUT

ALIAS15 :=PB04 FP_STOP PICKUP DROPOUT

ER      := R_TRIG LOSSALRM OR R_TRIG 46UBA OR R_TRIG 49A OR R_TRIG 37PA OR R_TRIG 55A OR 
R_TRIG VARA
LER     := 15      PRE     := 5       
MSRR    := 5       MSRTRG  := 0

FMR1NAM := FMR1      
FMR1    :=NA
FMR2NAM := FMR2      
FMR2    :=NA
FMR3NAM := FMR3      
FMR3    :=NA
FMR4NAM := FMR4 
FMR4    :=NA

RA01TYPE:= I       
RA02TYPE:= I       
RA03TYPE:= I       
RA04TYPE:= I    
RA05TYPE:= I       
RA06TYPE:= I       
RA07TYPE:= I       
RA08TYPE:= I       
RA09TYPE:= I       
RA10TYPE:= I       
RA11TYPE:= I       
RA12TYPE:= I       
RA13TYPE:= I       
RA14TYPE:= I       
RA15TYPE:= I       
RA16TYPE:= I       
RA17TYPE:= I       
RA18TYPE:= I       
RA19TYPE:= I       
RA20TYPE:= I       
RA21TYPE:= I       
RA22TYPE:= I       
RA23TYPE:= I       
RA24TYPE:= I       
RA25TYPE:= I       
RA26TYPE:= I       
RA27TYPE:= I       
RA28TYPE:= I       
RA29TYPE:= I       
RA30TYPE:= I       
RA31TYPE:= I       
RA32TYPE:= I       
LDLIST  := NA LDAR    := 15      LDAR    := 15 

Report Settings

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)
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.CFG File
The .CFG file contains data that is used to reconstruct the input signals to the 
relay and the status of Relay Word bits during the event report (see 
Figure 10.10). A <CR><LF> follows each line. If control inputs or control 
outputs are unavailable because of board loading and configuration, the relay 
does not report these inputs and outputs in the analog and digital sections of 
the .CFG file.

Logic Settings

ELAT    := N       ESV     := 3       ESC     := N       EMV     := 4       

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR REMTRIP OR 37PT OR VART OR PTCTRIP 
OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 50Q1T OR 87M1T OR 87M2T
SV02PU  := 0.00    SV02DO  := 0.00    
SV02    := NA
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := 40Z1T OR 40Z2T OR FDUC1T OR FDOC1T OR FDUV1T OR FDOV1T OR FDRES1T OR SV01T OR 
OOST OR 55T

Math Variables
MV01    := FIA
MV02    := FIB
MV03    := FIC
MV04    := FIN

OUT101FS:= Y       OUT101  := HALARM OR SALARM OR AFALARM
OUT102FS:= N       OUT102  := START
OUT103FS:= Y       OUT103  := TRIP OR PB04
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

Logic Settings

SAM/CYC_A = 32
SAM/CYC_D = 4

Analog, Digital, and Input Samples 
per Cycle Data

Figure 10.9 Sample COMTRADE .HDR Header File (Continued)

SEL-710-5,FID=SEL-710-5-X211-V0-Z003002-D20180221,1999 COMTRADE Standard

1232,16A,1216D Total Channels, Analog, Digital

1,IA,A,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
2,IB,B,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
3,IC,C,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
4,IN,,,A,0.010102,0.0,0,-32767,32767,100.0,1.0,P
5,IG,,,A,0.014142,0.0,0,-32767,32767,2.0,1.0,P
6,VA,A,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
7,VB,B,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
8,VC,C,,V,0.494975,0.0,0,-32767,32767,35.0,1.0,P
9,IA87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
10,IB87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
11,IC87,,,A,0.038222,0.0,0,-32767,32767,100.0,1.0,P
12,LSENS1,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
13,LSENS2,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
14,LSENS3,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
15,LSENS4,,,%,1.000000,0.0,0,0,100,1.0,1.0,P
16,FREQ,,,Hz,0.01,0.0,0,0,12000,1.0,1.0,P

Analog Channel Data
aScale_factor is the value used to convert the equivalent channel analog 
data in the DAT file to primary units (A or kV peak-to-peak)

1,rwb_labelb,c,,,0
2,rwb_labelb,c,,,0
•
•
•
nnnnd,rwb_labelb,c,,,0

Digital (Status) Channel Data
brwb_label is replaced with Relay Word bit labels as seen in Table L.1
cPlace holders denoted by asterisk (*), are labeled as UNUSEDxxx (where 
xxx is the number of the associated label)
dnnnn = number of the last Relay Word bit

<NFREQ>
0
0,<# of samples>

dd/mm/yyyy,hh:mm:ss.ssssss First Data Point

Figure 10.10 Sample COMTRADE .CFG Configuration File Data
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The configuration file has the following format:

➤ Relay ID, firmware ID, COMTRADE standard year

➤ Number and type of channels

➤ Channel name units and conversion factors

➤ Digital Relay Word bit names

➤ System frequency

➤ Sample rate and number of samples

➤ Date and time of first data point

➤ Date and time of trigger point

➤ Data file type

➤ Time stamp multiplication factor

.DAT File
The .DAT file follows the COMTRADE binary standard. The format of the 
binary data files is sample number, time stamp, data value for each analog 
channel, and digital channel status data for each sample in the file. There are 
no data separators in the binary file, and the file contains no carriage return/ 
line feed characters. The sequential position of the data in the binary file 
determines the data translation. Refer to the IEEE Standard Common Format 
for Transient Data Exchange (COMTRADE) for Power Systems, IEEE 
C37.111–1999 for more information. Many software applications can read 
binary COMTRADE files, including SYNCHROWAVE Event and QuickSet.

Retrieving COMTRADE Event Files
COMTRADE files are available as read-only files that can be retrieved using 
the FILE command and Ymodem file transfer, Ethernet File Transfer Protocol 
(FTP), web server (EHTTP := Y), or Manufacturing Message Specification 
(MMS). MMS file transfer is only available in models that support IEC 61850 
and only when IEC 61850 is enabled (E61850 := Y) and MMS file services is 
enabled (EMMSFS := Y). See FILE Command on page 7.48, File Transfer 
Protocol (FTP) and MMS File Transfer on page 7.15, and MMS on page G.5 
for additional information. You can also retrieve COMTRADE files via 
QuickSet. Refer to View Event History on page 3.23 for details.

Sequential Events 
Recorder (SER) 
Report

The SER report captures relay element state changes over an extended period. 
SER report data are useful in commissioning tests and root-cause analysis 
studies. SER information is stored when state changes occur. The report 
records the most recent 1024 state changes if a relay element is listed in the 
SER trigger equations. 

dd/mm/yyyy,hh:mm:ss.ssssss Trigger Point

BINARY
<time stamp multiplication factor>

Figure 10.10 Sample COMTRADE .CFG Configuration File Data (Continued)
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SER Triggering

Settings SER1 through SER4 are used to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements.

NOTE: A file containing an SER 
report can be extracted using the FILE 
command (see Section 7: 
Communications), the Ethernet File 
Transfer Protocol (FTP), or the 
IEC 61850 Manufacturing Message 
Specifications (MMS). To transfer files 
using MMS, set EMMSFS to Y.

The relay adds a message to the SER to indicate power up or settings change 
conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases

You can rename as many as 32 of the SER trigger conditions using the ALIAS 
settings. For instance, the factory-default alias setting 1 renames Relay Word 
bit STARTING for reporting in the SER:

ALIAS1:= STARTING MOTOR_STARTING BEGINS ENDS

When Relay Word bit STARTING is asserted, the SER report shows the date 
and time of MOTOR_STARTING BEGINS. When Relay Word bit 
STARTING is deasserted, the SER report shows the date and time of 
MOTOR_STARTING ENDS. With this and other alias assignments, the SER 
record is easier for the operator to review. See Relay Word Bit Aliases on 
page 4.151 for additional details.

Retrieving and Clearing SER Reports

See SER Command (Sequential Events Recorder Report) on page 7.63 for 
details on retrieving and clearing SER reports with the SER command.

SER data is also available as read-only files that can be retrieved using 
Ethernet File Transfer Protocol (FTP) or Manufacturing Message 
Specification (MMS). MMS is only available in models that support 
IEC 61850 and only when IEC 61850 and MMS File Transfer are enabled 
(E61850 := Y, EMMSFS := Y). See File Transfer Protocol (FTP) and MMS 
File Transfer on page 7.15, Virtual File Interface on page 7.74, and MMS on 
page G.5 for additional information. 

Relay Powered Up
.
.
.
Relay Settings Changed
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Example SER Report
The example SER report in Figure 10.11 includes records of events that 
occurred before the beginning of the event summary report in Figure 10.3. 

=>>SER <Enter>

SEL-710-5                                Date: 04/19/2013   Time: 11:09:33.952
SYNCHRONOUS MTR                          Time Source: Internal

Serial No = 000000000000000
FID = SEL-710-5-X047-V0-Z001001-D20130415               CID = 6495

#      DATE         TIME               ELEMENT              STATE
9   04/19/2013  10:24:00.014   Relay Settings Changed
8   04/19/2013  10:24:00.014   SALARM                    Asserted
7   04/19/2013  10:24:01.010   SALARM                    Deasserted
6   04/19/2013  10:24:07.504   50P1T                     Asserted
5   04/19/2013  10:24:07.550   WARNING                   Asserted
4   04/19/2013  10:24:07.550   MOTOR_STARTING            BEGINS
3   04/19/2013  10:24:07.550   MOTOR_STOPPED             ENDS
2   04/19/2013  10:24:07.800   MOTOR_STARTING            ENDS
1   04/19/2013  10:24:07.800   MOTOR_RUNNING             BEGINS

=>>

Figure 10.11 Example Sequential Events Recorder (SER) Event Report
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Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

This section provides information on both types of testing for the SEL-710-5 
Motor Protection Relay. Because the SEL-710-5 is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 11.17 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15, 64, or 180-cycle event report in response to faults or 
disturbances. Each report contains current, voltage, and other pertinent analog 
information, relay element states, and input/output contact information. If you 
question the relay response or your test method, use the event report for more 
information. The EVENT command is available at the serial ports. See 
Section 10: Analyzing Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 10: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations. Similar results can 
be achieved using the web server. See Section 3: PC Interface. 
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Low-Level Test 
Interface

The SEL-710-5 has a low-level test interface on the current and voltage input 
printed circuit boards. You can test the relay in one of two ways: 
conventionally by applying ac signals to the relay inputs or by applying low 
magnitude ac voltage signals to the test interface on the printed circuit boards.

The SEL-RTS Low-Level Relay Test System can be used to provide signals to 
test the relay. Figure 11.1 shows the test interface connectors. 

Figure 11.1 Low-Level Test Interface (J2 and J4)

Table 11.1 shows the signal scale factor information used by the SEL-5401 
program for the calibrated inputs. SEL-5401 scale factors must be greater than 
one. For the IN channel with a nominal input of 2.5 mA, the scale factor of 
43.27 is in units of mA/V. This requires that the magnitude of the current 
applied to the IN channel be 1000 times the desired value. To simulate 
1.0 mA, set the SEL-5401 IN current magnitude to 1.0 A.

Table 11.1 Resultant Scale Factors for Inputs

Channel 
Label

Circuit Board and 
Connector

SEL-5401 
Channel No.

Nominal Input
Scale Factor

(A/V, V/V, mA/V)

IA J2 on Slot Z card 1 5 A/1 A 106.14/21.23

IB J2 on Slot Z card 2 5 A/1 A 106.14/21.23

IC J2 on Slot Z card 3 5 A/1 A 106.14/21.23

VA J2 on Slot Z card 4 250 V 218.4

VB J2 on Slot Z card 5 250 V 218.4

VC J2 on Slot Z card 6 250 V 218.4

IN J2 on Slot Z card 7 5 A/1 A/2.5 mA 11.09/2.26/43.27

IA87 J2 or J4 on Slot E card 8 1–5 A 14.48

IB87 J2 or J4 on Slot E card 9 1–5 A 14.48

IC87 J2 or J4 on Slot E card 10 1–5 A 14.48

VDR J2 on Slot E card 11 250 V 218.4

NOTE: The SEL-RTS Relay Test 
System consists of the SEL-AMS 
Adaptive Multichannel Source and 
SEL-5401 Test System Software.

4 ACI/3 AVI Card

4 AFDI/3 DIFF ACI Card

Connector J2 on Slot Z Card

Connector J4 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA IB IC VA VB VC IN

SYNCH/3 DIFF ACI Card

Connector J2 on Slot E Card

 GND GND GND GND GND GND GND
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 VDR

 GND 
 • 2 • 4 • 6 • 8 • 10 • 12 • 14
 • 1 • 3 • 5 • 7 • 9 • 11 • 13
 IA87 IB87 IC87 
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Access the low-level test interface connectors by using the following procedure. 
Make sure to turn off the relay at the start of Step 1. Turn on the relay after 
Step 9. Refer to the SEL-RTS Instruction Manual for additional detail.

Step 1. Remove the control voltage and ac signals from the SEL-710-5 
by opening the appropriate breaker(s) or removing fuses.

Step 2. Remove the eight rear-panel screws and the ground screw on 
the back and remove the back cover.

Step 3. Remove the 4 ACI/3 AVI board from Slot Z.

Step 4. Locate connector J3 and change it from Pin CT (normal 
position) to Pin AMS (low-level test position).

Step 5. Locate connector J2 and connect the low-level signal connector 
(Slot Z label on C709 SEL-RTS Test cable).

Step 6. Insert the 4 ACI/3 AVI board back into Slot Z.

Step 7. If Slot E has either a SYNCH/3 DIFF ACI or 4 AFDI/3 DIFF 
ACI card, remove it.

Step 8. Locate connector J2 (SYNCH/3 DIFF ACI) or J4 
(4 AFDI/3 DIFF ACI) and connect the low-level signal 
connector (Slot E label on C709 SEL-RTS Test cable).

Step 9. Insert the board back into Slot E. Refer to the SEL-RTS 
Instruction Manual for additional detail.

Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-710-5 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected to the motor and all auxiliary equipment, and the tests 
verify control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-710-5 and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-710-5, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-710-5 Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.

NOTE: The 14-pin connectors of 
the SEL-RTS ribbon cable C709 
can be used. The connectors are 
not keyed; make sure Pin 1 is 
connected to the IA/IA87 channel 
on the 4 ACI/3 AVI and 
SYNCH/3 DIFF ACI or 
4 AFDI/3 DIFF ACI boards, 
respectively.
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➤ A continuity tester

➤ A protective relay ac test source; Three-phase voltage and 
current with phase angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-710-5 by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL-C234A cable or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.

Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise, continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input.

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 11.2.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 11.3.

CAUTION
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.
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Step 12. Apply rated current (1 A or 5 A).

Step 13. Apply rated voltage for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR1 settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Figure 11.2 Three-Phase Wye AC Connections

Figure 11.3 Three-Phase Open-Delta AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in 
Row 17 corresponding to that input should change from 
zero (0) to one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

Step 19. Perform any desired protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 11.2 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, start the motor.

Table 11.2 Serial Port Commands That Clear Data Buffers

Serial Port 
Command

Task Performed

LDP C Clears Load Profile Data

MMR C Clears Motor Maintenance Data

MOT R Clears Motor Statistics buffers

MST R Resets Start Trend Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command 
buffers
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Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or the METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. For voltage inputs, check the following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-710-5 is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4. (For differential current accuracy tests, use the 
appropriate relay terminals for IA87, IB87, and IC87, per 
Figure 2.8 and Figure 2.10, Slot E.)

Step 2. Using the front-panel SET/SHOW or the SHO command, record 
the CTR1 and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 11.3. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR1 setting.

Figure 11.4 Current Source Connections

SEL-710-5
Current

Test
Source

IA

IB

IC

IC

IB

IA

N

Z01

Z02

Z03

Z04

Z05

Z06
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Current Unbalance Element Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Using the front-panel SET/SHOW function or the SHO 
command, record the CTR1, PHROT, and FLA1 setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 11.2.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 11.4.

Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.5. Make sure that DELTA_Y := WYE.

Table 11.3 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading

CTR1 x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.2 x INOM  

0.9 x INOM

1.6 x INOM

Table 11.4 Current Unbalance Measuring Accuracy 

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • FLA1/CTR1 7%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = 0.75 • FLA1/CTR1 17%

|IB| = FLA1/CTR1

|IC| = FLA1/CTR1

|IA| = FLA1/CTR1 12%

|IB| = 1.2 • FLA1/CTR1

|IC| = 1.2 • FLA1/CTR1

|IA| = 0.9 • FLA1/CTR1 13%

|IB| = 1.1 • FLA1/CTR1

|IC| = 1.1 • FLA1/CTR1
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the MET command to 
verify the results.

Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 11.4.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 11.6. Make sure that DELTA_Y := DELTA.

Figure 11.5 Wye Voltage Source Connections

SEL-710-5

Va

Vb

Vc

N

Voltage
Test

Source

VA

VB

VC

N

Table 11.5 Power Quantity Accuracy—Wye Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR1 • PTR

Expected:
Q = 0.2211 • CTR1 • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:
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Step 3. Using the front-panel SET/SHOW or the SHOW command, 
record the CTR1, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 11.6.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the MET command to verify the 
results.

Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the arc-flash detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This ensures 
that the ambient light as measured by the sensors is indicative of the normal 
operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described below. The relay must have the application 
settings as required, be energized, and be in the ENABLED state. Refer to 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details. The SEL-4520 Arc-Flash Test module provides a convenient 
way to test the operation of arc-flash detection relays installed in metal-clad 

Figure 11.6 Delta Voltage Source Connections

SEL-710-5

Z09

Z10

Z11

Z12

Voltage
Test

Source

VA

VB

VC

N

Va

Vb

Vc

N

Table 11.6 Power Quantity Accuracy—Delta Voltages

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4677 • CTR1 • PTR

Expected:
Q = 0.2286 • CTR1 • PTR

Expected:
pf = 0.90 lag

VA (Vab) = 120 ∠−30

VC (Vcb) = 120 ∠−90

Measured: Measured: Measured:
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and metal-enclosed switchgear. The SEL-4520 is used to test the SEL-710-5 
Motor Protection Relays and other arc-flash detection relays that use light and 
overcurrent to sense an arc-flash event.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-710-5 relay continuously tests (periodic) and monitors all eight arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The light measurement by the detector is used to determine the 
integrity of the point-sensor AFD loop and report PASS/FAIL 
status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The fiber-sensor 
diagnostics signal can cause a 1 ms 
delay if the arc-flash event occurs at 
the same time as the diagnostics test. 
The fiber-sensor diagnostic test 
injects a 1 ms pulse through the fiber 
once every 10 minutes.

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The light 
measurement by the detector is used to determine the integrity 
of the clear-jacketed fiber sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.10.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the background or 
the ambient light in the switchgear areas being monitored for arc-flash. This 
measurement is used in determining the time-overlight TOL1–TOL4 (or 
TOL1–TOL8) settings for arc-flash protection (refer to Section 4: Protection 
and Logic Functions for details). If there is excessive background light (any of 
the Relay Word bits AFSnEL picks up) or if there is a diagnostic failure (any 
of the Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit 
picks up and gives a warning on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash Test)
The relay performs the arc-flash self-test periodically as previously discussed. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in the 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.20 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 
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Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL8
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. The 
TOL1 to TOL8 Relay Word bits should be added to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (either point or 
fiber) in the switchgear cabinet and note that the appropriate TOL element 
Relay Word bit picks up and drops out as expected.

Capture the arc-flash test as a CEV event report by triggering the event report 
with the TOLn Relay Word bit. You can view the CEV R (raw data) event 
report using SEL-5601-2 SYNCHROWAVE Event Software. View the % light 
intensity analog quantity together with the TOLn Relay Word bit to verify the 
correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except that 
they use raw current input samples and act instantaneously to achieve fast 
response. These elements can be tested just like the 50P and 50N elements. 
Use the CEV R report as previously discussed to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem, even though the 
relay is tested at the factory before shipping, as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, it can be used to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). The total event can be 
captured with appropriate event report trigger settings and the CEV R (raw 
data) report can be viewed and analyzed using SYNCHROWAVE Event. The 
CEV R report shows the analog currents and light channels together with the 
Relay Word bits so that the response can be analyzed and qualified. 
Figure 11.7 shows an example event report for a simulated arc-flash incident.

Figure 11.7 CEV R Light Event Capture Example
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Periodic Tests (Routine Maintenance)
Because the SEL-710-5 is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-710-5 does not require specific routine tests, but your operation 
standards can require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Self-Test
The SEL-710-5 runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 11.8): 

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as firmware upgrade 
attempts via Ethernet, settings changes, access level changes, 
unsuccessful password entry attempts, active group change, 
copy command, and password change. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm can be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 

Table 11.7 Periodic Relay Checks

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to 
verify that the relay self-tests have not detected any WARN or FAIL 
conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external 
meters.

Control Input Using the front-panel MAIN > Targets > Row 17 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 17 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on page R.7.31 
for more information on when SALARM is 
pulsed for access level changes and 
unsuccessful password entry attempts.
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Table 11.8, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD for 
failures.

➤ For certain failures, the relay automatically restarts as many as 
three times. In many instances, this corrects the failure. The 
failure message might not be fully displayed before automatic 
restart occurs. Indication that the relay restarted is recorded in 
the Sequential Events Recorder (SER). 

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the 
problem.

NOTE: “W” in the STA response 
indicates a warning for the 
corresponding quantity.

Table 11.8 Relay Self-Tests (Sheet 1 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting
(1/32 cycle)

Yes De-

energized

No No

Main board FPGA (turn on)
Fail if main board Field Programmable Gate 
Array does not accept program or the version 
number is incorrect

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

Main board FPGA (run time)
Fail on lack of data acquisition interrupts or on 
detection of a CRC error in the FPGA code

Yes Latched Yes Status Fail

FPGA Failure

Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications
Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure

Automatic restart.
Contact SEL if 
failure returns.

Front-Panel HMI (turn on)
Two-line display: Fail if ID registers do not 
match or if FPGA programming is unsuccessful
Touchscreen display: Automatic diagnostics 
identify an issue

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External RAM (turn on)
Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)
Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (turn on)
Performs a read/write test on system CPU RAM

Yes Latched No No

Internal RAM (run time)
Performs a read/write test on system CPU RAM

Yes Latched Yes Status Fail

RAM Failure

Automatic restart.
Contact SEL if 
failure returns.

Code Flash (turn on)
SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (turn on)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure
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Data Flash (run time)
Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)
Performs a checksum test on the active copy of 
settings

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)
Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Fail-
ure

Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure
Check if ID register matches part number

Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure
DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

Card Z (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail
Card Z Fail

Card Z A/D Offset Warn
Measure dc offset at each input channel

–50 mV 
to

+50 mV

No Not

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot Z)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card Z Fail

Automatic restart. 
Contact SEL, if 
failure returns.

Card E (turn on)
Fail if ID register does not match part number

Yes Latched Yes Status Fail

Card E Fail

Card E A/D Offset Warn
Measure dc offset at each input channel

–50 to

+50 mV

No Not 

Latched

No NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

ADCCHK (Slot E)
A/D reference channel check

<2.375 V
or

>2.625 V

Yes Latched Yes Status Fail
Card E Fail

Automatic restart. 
Contact SEL, if 
failure returns.

+0.9 V Fail
Monitor +0.9 V power supply

0.855 to

0.945 V

Yes Latched Yes Status Fail

+0.9 V Failure

+1.2 V Fail
Monitor +1.2 V power supply

1.152 to

1.248 V

Yes Latched Yes Status Fail

+1.2 V Failure

+1.5 V Fail
Monitor +1.5 V power supply

1.35 to

1.65 V

Yes Latched Yes Status Fail

+1.5 V Failure

+1.8 V Fail
Monitor +1.8 V power supply

1.71 to

1.89 V

Yes Latched Yes Status Fail

+1.8 V Failure

Table 11.8 Relay Self-Tests (Sheet 2 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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+3.3 V Fail
Monitor +3.3 V power supply

3.07 to

3.53 V

Yes Latched Yes Status Fail

+3.3 V Failure

+5 V Fail
Monitor +5 V power supply

4.65 to

5.35 V

Yes Latched Yes Status Fail

+5 V Failure

+2.5 V Fail
Monitor +2.5 V power supply

2.32 to

2.68 V

Yes Latched Yes Status Fail

+2.5 V Failure

+3.75 V Fail
Monitor +3.75 V power supply

3.48 to

4.02 V

Yes Latched Yes Status Fail

+3.75 V Failure

–1.25 V Fail
Monitor -1.25 V power supply

–1.16 to

–1.34 V

Yes Latched Yes Status Fail

–1.25 V Failure

–5 V Fail
Monitor -5 V power supply

–4.65 to

–5.35 V

Yes Latched Yes Status Fail

–5 V Failure

Clock Battery
Monitor Clock Battery

2.3 to 

3.5 V

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip
Unable to communicate with clock or fails time 
keeping test

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

Clock Chip RAM
Clock chip static RAM fails

No Not 

Latched

Yes NA STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

External/Internal RTD
Fails if the internal RTD card or the external 
RTD module reports that at least one enabled 
RTD input is open or shorted, if there is no 
comm, or if there is a power supply failure for 
the external RTD module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report. 
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)
Failure to Access/Read CID File

No NA No Status Fail

CID File Failure

Exception Vector
CPU Error

Yes Latched NA Vector nn

Relay Disabled

Automatic restart.
Contact SEL if 
failure returns.

Table 11.8 Relay Self-Tests (Sheet 3 of 3)

Self-Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

Troubleshooting

Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

Table 11.9 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front panel has timed out. Press the ESC/Home pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR1, CTRN, or PTR setting Verify instrument transformer ratios, connections, and 
associated settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect data rate or has another 
parameter mismatch.

Verify device software setup.

The relay serial port has received an XOFF, halting 
communications.

Type <Ctrl+Q> to send the relay XON and restart 
communications.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.

https://selinc.com/support
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Appendix A
Instruction Manual

Firmware, ICD, and Manual Versions

Firmware
Determining the 
Firmware Version

To determine the firmware version, view the status report by using the serial 
port STATUS command or the front-panel. The status report displays the 
firmware identification (FID) string.

The firmware version will be either a standard release or a point release. A 
standard release adds new functionality to the firmware beyond the specifica-
tions of the existing version. A point release is reserved for modifying firm-
ware functionality to conform to the specifications of the existing version.

A standard release is identified by a change in the R-number of the device 
FID string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

The date code is after the D. For example, the following is firmware version 
number R100, date code July 25, 2013.

FID=SEL-710-5-R100-V0-Z001001-D20130725

Table A.1, Table A.2, and Table A.3 list the firmware versions, a description of 
modifications, and the instruction manual date code that corresponds to the 
firmware versions of each series of firmware. The most recent firmware ver-
sion is listed first.

Starting with revisions published after March 1, 2022, changes that address 
security vulnerabilities are marked with “[Cybersecurity]”. Improvements to 
cybersecurity functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.

NOTE: R1xx series firmware can be 
upgraded to any of the latest 
firmware versions.
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Table A.1 R300 Series Firmware Revision History (Sheet 1 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

SEL-710-5-R302-V0-Z005003-D20220826 ➤ [Cybersecurity] Resolved a rare, low-risk issue where deliberately 
crafted Ethernet traffic could cause the relay to perform a diagnostic 
restart.

20220826

➤ [Cybersecurity] Updated a third-party networking software 
component, which removes low-risk security vulnerabilities that could 
result in temporary loss of Ethernet communications.

➤ Added firmware support for new hardware component suppliers.

➤ Added support for IEEE 802.1Q-2014 Rapid Spanning Tree Protocol 
(RSTP) for models with the dual Ethernet port option.

➤ Added support for the IEC 61850 Local/Remote control feature 
defined in the IEC 61850-7-4 standard.

➤ Added support for the IEC 61850 functional naming feature.

➤ Added SELOGIC variable SC850SM for IEC 61850 simulation mode.

➤ Increased the number of Relay Word bit aliases to 32.

➤ Improved performance to allow touchscreen operation after a 
firmware downgrade.

➤ Enhanced the relay firmware to retain configuration settings for the IP 
address, subnet mask, and default router for Port 1 during a firmware 
upgrade from any previous 3xx firmware version.

➤ Resolved an issue where the relay failed to evaluate analog quantity 
I850MOD when mapped to a SELOGIC control equation.

➤ Resolved an issue where the relay always remained in IEC 61850 ON 
mode after issuing an R_S command independent of the selected 
IEC 61850 mode/behavior.

➤ Resolved an issue that caused the touchscreen to incorrectly display 
“Resend the Touchscreen settings.”

SEL-710-5-R301-V0 Note: SEL-710-5 R301-V0 was not production released. R302-V0 follows 
R300-V6.

—

SEL-710-5-R300-V6-Z004003-D20220826 Includes all the functions of SEL-710-5-R300-V5-Z004003-D20220225 with 
the following additions:
➤ Added firmware support for new hardware component suppliers.

20220826

➤ Improved performance to allow touchscreen operation after a 
firmware downgrade.

➤ Resolved an issue where the relay always remained in IEC 61850 ON 
mode after issuing an R_S command independent of the selected 
IEC 61850 mode/behavior.

SEL-710-5-R300-V5-Z004003-D20220225 Includes all the functions of SEL-710-5-R300-V4-Z004003-D20211213 with 
the following additions:
➤ [Cybersecurity] Resolved an issue where GOOSE receive messages 

would no longer be processed during or after a GOOSE data storm on 
the network.

20220225

➤ Resolved an issue with the 14 digital input card where the digital 
inputs incorrectly processed an ac control signal input.

SEL-710-5-R300-V4-Z004003-D20211213 Includes all the functions of SEL-710-5-R300-V3-Z004003-D20210917 
with the following addition:
➤ Revised the firmware to allow replacement of the field-programmable 

gate array (FPGA) part.

20211213

SEL-710-5-R300-V3-Z004003-D20210917 Includes all the functions of SEL-710-5-R300-V2-Z004003-D20210104 with 
the following additions:
➤ Added the IEC 61850 blocked-by-interlocking control error response.

20210917

➤ Resolved an issue where a large number of file read operations could 
lead to a data retrieval error.
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➤ Resolved an issue where EtherNet/IP communication stopped after 
approximately 25 days.

➤ Resolved an issue where the power factor lead/lag label, shown on the 
fundamental metering screen for touchscreen models, did not update 
when any of the applied secondary phase currents were less than 
0.5 A.

➤ Resolved an issue in which the power factor label PFL, used in DNP, 
IEC 61850, and EtherNet/IP protocols, did not update when any of the 
applied secondary phase currents were less than 0.5 A.

SEL-710-5-R300-V2-Z004003-D20210104 Includes all the functions of SEL-710-5-R300-V1-Z004003-D20200921 with 
the following additions:
➤ Resolved a rare issue where Telnet traffic could cause a diagnostic 

restart of the relay.

20210104

➤ Resolved an issue in touchscreen relay models where repeated 
triggering of the TRIP/WARN messages resulted in the relay 
becoming disabled.

➤ Resolved an issue in which the MOT command response reported the 
total number of trips incorrectly.

➤ Resolved an issue with MIRRORED BITS communications over 
channels using an eight data bit format.

SEL-710-5-R300-V1-Z004003-D20200921 Includes all the functions of SEL-710-5-R300-V0-Z004003-D20200331 with 
the following additions:
➤ Resolved an issue with the EPORT setting for the Ethernet port.

20200921

➤ Resolved an issue where the HIS 50INC C command did not reset the 
alarm and trip Relay Word bits for the incipient cable fault logic.

➤ Resolved an issue in the relay where Modbus Register addresses did 
not match the Modbus Register Map.

SEL-710-5-R300-V0-Z004003-D20200331 ➤ Added support for zipped and digitally signed (.zds) firmware files. 
These .zds firmware files require the SELBOOT firmware version to 
be upgraded to R600 first. Firmware files with the .s19 and .z19 
extensions cannot be sent to relays with SELBOOT firmware R600.  

20200331

➤ Added the ability to upgrade relay firmware remotely over an Ethernet 
network.

➤ Added web server capability to relays equipped with Ethernet.

➤ Increased the number of two-position disconnects to eight and added 
control support to the two-position disconnects.

➤ Added two three-position disconnects with control support.

➤ Added support for IEEE 1588-2008 firmware-based Precision Time 
Protocol (PTP) for time synchronization.

➤ Added IEC 61850 Test Mode with standard operating modes, 
including On, Blocked, Test, Test/Blocked, and Off.

➤ Added the EtherNet/IP communications option for relays equipped 
with Ethernet.

➤ Added a Type B PID controller that can be used for generic control 
applications or power factor regulation for synchronous motor 
applications. 

➤ Added the ability to monitor vibrations based on the ISO 20816 
standard. In touchscreen models, you can also view in a bar graph the 
measured values of vibration transducers connected to a motor. 

➤ Added the Motor Maintenance Record (MMR), which tracks motor 
parameters, such as time to start/stop, power on start/stop, maximum 
starting current, minimum starting voltage, and slip on stop for offline 
analysis to monitor the health of the motor. 

Table A.1 R300 Series Firmware Revision History (Sheet 2 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code
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➤ Added 97FM elements to monitor the magnitude of user-selected 
frequency components in different analog signals.

➤ Added the CMET S R command, which displays the raw compressed 
meter report in CASCII format. 

➤ Added the incipient cable fault detection (50INC) element.

➤ Added the ability to detect CT saturation or A/D saturation during 
breaker opening to monitor molded case circuit breaker health.

➤ Added the SINGLEI setting to allow motor applications in which only 
single-phase current is available.

➤ Improved Sequential Events Recorder (SER) time-stamp accuracy for 
digital inputs and arc flash elements (50PAF, 50NAF, TOL, and digital 
outputs) to 1 ms.

➤ Improved event reports to include settings at the time of the event.

➤ Added the ability to trigger event reports from the Event History 
application on the touchscreen display.

➤ Improved the security of the resistance temperature detector (RTD) 
FAULT, ALARM, and TRIP indicators by adding an approximately 
12-second delay to filter RTD measurements distorted by electrical 
noise.

➤ Updated the TCP keep-alive settings so they can be turned off or 
configured as desired. This update applies to all TCP protocols, 
including Telnet, File Transfer Protocol (FTP), MMS, and C37.118 
phasor measurement unit (PMU). 

➤ Increased the upper limit of the frequency trip delay setting 81DnTD 
(n = 1 to 4) from 240.00 to 400.00 seconds. 

➤ Resolved an issue in which the power factor element did not operate 
correctly when real power was negative.

➤ Resolved an issue where the state of Target LED (TLED) data points 
was not correctly reported in GOOSE messages.

➤ Resolved an issue where the Global access control setting 
DSABLSET did not disable settings edits via the touchscreen 
interface when DSABLSET := Y.

➤ Resolved an issue in the touchscreen models where editing the DNP3 
setting, TIMERQ, resulted in an unresponsive screen until the HOME 
pushbutton was pressed.

➤ Resolved an issue where the COMTRADE events included event data 
four times. Firmware versions R200-V0 and higher are affected by 
this issue.

➤ Modified firmware to increment the state number (stNum) in GOOSE 
messages for any change of the quality attribute.

Table A.1 R300 Series Firmware Revision History (Sheet 3 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

Table A.2 R200 Series Firmware Revision History (Sheet 1 of 4)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

SEL-710-5-R201-V5-Z003002-D20220826 Includes all the functions of SEL-710-5-R201-V4-Z003002-D20220225 
with the following addition:
➤ Added firmware support for new hardware component suppliers.

20220826

SEL-710-5-R201-V4-Z003002-D20220225 Includes all the functions of SEL-710-5-R201-V3-Z003002-D20211213 
with the following addition:
➤ [Cybersecurity] Resolved an issue where GOOSE receive messages 

would no longer be processed during or after a GOOSE data storm on 
the network.

20220225
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SEL-710-5-R201-V3-Z003002-D20211213 Includes all the functions of SEL-710-5-R201-V2-Z003002-D20210917 
with the following addition:
➤ Revised the firmware to allow replacement of the field-programmable 

gate array (FPGA) part.

20211213

SEL-710-5-R201-V2-Z003002-D20210917 Includes all the functions of SEL-710-5-R201-V1-Z003002-D20210104 
with the following additions:
➤ Resolved an issue where a large number of file read operations could 

lead to a data retrieval error.

20210917

➤ Resolved an issue where the power factor lead/lag label, shown on the 
fundamental metering screen for touchscreen models, did not update 
when any of the applied secondary phase currents were less than 
0.5 A.

➤ Resolved an issue in which the power factor label PFL, used in DNP, 
IEC 61850, and EtherNet/IP protocols, did not update when any of the 
applied secondary phase currents were less than 0.5 A.

SEL-710-5-R201-V1-Z003002-D20210104 Includes all the functions of SEL-710-5-R201-V0-Z003002-D20200331 
with the following additions:

➤ Resolved a rare issue where Telnet traffic could cause a diagnostic 
restart of the relay.

20210104

➤ Resolved an issue in touchscreen relay models where repeated trigger-
ing of the TRIP/WARN messages resulted in the relay becoming dis-
abled.

➤ Resolved an issue in which the MOT command response reported the 
total number of trips incorrectly.

SEL-710-5-R201-V0-Z003002-D20200331 ➤ Resolved an issue in which the power factor element did not operate 
correctly when real power was negative.

20200331

➤ Resolved an issue where the state of Target LED (TLED) data points 
was not correctly reported in GOOSE messages.

➤ Resolved an issue in the touchscreen models where editing the DNP3 
setting, TIMERQ, resulted in an unresponsive screen until the HOME 
pushbutton was pressed.

➤ Resolved an issue where the relay enabled 1/2 cycle before the front-
end analogs settled down, leading to nuisance events on relay turn on. 
This issue affects firmware versions R200-V0 and R200-V1 only.

SEL-710-5-R200-V1-Z003002-D20181228 Includes all the functions of SEL-710-5-R200-V0-Z003002-D20180629 with 
the following additions:
➤ Resolved an issue in which RTD measurements were not updated 

when setting BLK49RTD := Y and the Relay Word bit BLKPROT 
was asserted.

20181228

➤ Addressed a mismatch between the event type strings for CHI and 
CEV commands. Due to the mismatch, SEL RTACs were not able to 
collect events with event type strings longer than 14 characters from 
the relay.

➤ Resolved an issue in which the relay continued to send Fast SER data 
to the RTAC even after the relay acknowledged an RTAC disable 
command.

➤ Resolved an issue in which the power factor label PFL, used in the 
DNP reference map, was not updating when SINGLEV := Y.

➤ Resolved an issue in which the power factor lead/lag label shown in 
the fundamental metering screen for touchscreen models was not 
updating when setting SINGLEV := Y.

Table A.2 R200 Series Firmware Revision History (Sheet 2 of 4)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code
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SEL-710-5-R200-V0-Z003002-D20180629 ➤ Added the touchscreen display front-panel option. 20180629

➤ Added Spanish language support on all communications ports. Also 
added an ordering option for a relay with the Spanish overlay and 
Spanish front-panel HMI.

➤ Enhanced the CPU card design, including the addition of a GOOSE 
port with a dedicated MAC address to improve GOOSE performance. 
Note that relays with older CPU cards can be upgraded to firmware 
version R200 or higher, but the relay will not have the GOOSE 
performance improvements.

➤ Updated IEC 61850 protocol implementation to IEC 61850 Edition 2.

➤ Added file transfer support in IEC 61850 for CEV events; 
COMTRADE events; MST, MOT, CMSR, LDP, HIS, SER, and BRE 
reports; CID files; and settings files.

➤ Increased the maximum number of GOOSE subscriptions to 64.

➤ Added password authentication and session timeout for MMS 
services.

➤ Added IEC 62439 Parallel Redundancy Protocol (PRP) for models 
with the dual Ethernet port option.

➤ Added IEC-60870-5-103 protocol.

➤ Increased the number of DNP sessions from 3 to 5.

➤ Added Modbus Master IP settings.

➤ Added the enable port setting EPORT to all the communications ports 
to enhance port security.

➤ Added the MAXACC setting to all communications ports, including 
the front panel, to control limited or full access. Note that the front-
panel MAXACC setting is not supported for relays with the 
touchscreen option.

➤ Added Telnet access setting ETELNET and FTP access setting 
EFTPSERV to Ethernet Port 1.

➤ Added an ordering option for a 14 digital input card in Slots C, D, 
and E.

➤ Added COMTRADE support for Events and compressed Motor Start 
Reports in the relay.

➤ Added a unique reference numbering system for HIS, CHIS, SUM, 
CSUM, EVE, CEV, MSR, and CMSR reports.

➤ Increased the number of settings groups from 3 to 4.

➤ Added OFF to all the 50 elements delay settings ranges.

➤ Added the inverse-time over- and undervoltage elements.

➤ Added a setting, METHRES, in the Global settings category that 
allows for turning off the squelching of currents and voltages below a 
certain level.

➤ Added disconnect status logic with double point indication to monitor 
the status of as many as five disconnects.

➤ Increased the TOL pickup setting to 80% for both the point- and bare-
fiber sensors.

➤ Added torque-control settings for the frequency (81) elements with 
the default value set to 1.

➤ Enhanced SELOGIC processing capacity in the relay.

➤ Resolved an issue with the analog quantity for frequency getting reset 
to 0 after a settings change.

Table A.2 R200 Series Firmware Revision History (Sheet 3 of 4)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code
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➤ Modified GPSB diagnostics logic to show failure only if the GPSB 
diagnostics fail three consecutive times within 24 hours.

➤ Addressed an issue with 41 close logic in the presence of high 
frequency noise. 

➤ Resolved an issue with the load loss element, which did not operate 
when LLSDLY := 0.

➤ Resolved an issue with output contact OUTxxx chattering 
continuously when selected for arc flash, i.e., 
AOUTSLOT := OUTxxx setting, and mapped to TRIP equation, 
i.e., OUTxxx := TRIP.

➤ Resolved an issue with the NOSLO Relay Word bit asserting for a 
second when BLKPROT := STARTING and BLK66 := Y. 

➤ Resolved an issue with the PULSE/CON PULSE/TEST DO 
command on any output blocking the processing of all the remaining 
outputs for the duration of the pulse. 

➤ Addressed an issue where the relay could assert Thermal overload 
Trip incorrectly when there is a rapid drop in VFD frequency and the 
LOAD_ZS setting is being applied (not equal to motor full load 
current).

➤ Addressed an issue with breaker wear data not getting saved upon 
cycling power to the relay.

➤ Added TEST DB command to support relay testing. 

Table A.2 R200 Series Firmware Revision History (Sheet 4 of 4)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

Table A.3 R100 Series Firmware Revision History (Sheet 1 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

SEL-710-5-R102-V0-Z002001-D20170330 ➤ Improved the 41CLOSE logic to avoid closing the field breaker 
while the VDR signal is positive.

20170330

➤ Revolved an issue where the analog quantities for the light metering 
were reading incorrect values when more than 50% light was 
applied to the relay.

➤ Revised the firmware to allow power factor current supervision 
setting 55I1SUP for relays with MOT x81 for the Slot Z 
4 ACI/3 AVI card.

➤ Revised the firmware to allow AFD output slot setting, 
AOUTSLOT, to accept the 401_4 option when a DO card is 
installed in Slot D.

➤ Resolved an issue with the 41DELAY setting that caused the relay 
to disable when set to less than 0.4 seconds.

➤ Enhanced the MSR and CMSR reports to show the slip calculated 
from the stator quantities or the VDR signal when the slip source 
setting SLIPSRC is set to STAT or VDR, respectively.

➤ Improved the accuracy of the slip calculation in the slip dependent 
thermal model for brushless synchronous motor applications with 
the slip source setting, SLIPSRC := STAT. The revised firmware 
allows for longer start times.

➤ Revised the R101-V0 firmware version for the slip dependent 
thermal model in induction motor applications, which under 
reported the rotor TCU. The issue is present in only the R101-V0 
firmware version and it affects induction motor applications in 
which the full-load slip setting, FLS, is not set to OFF.

➤ Fixed Telnet and Modbus/TCP multiple session availability issue 
present in firmware revision R101 only.
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SEL-710-5-R101-V0-Z002001-D20160729 ➤ Added a power factor loss-of-synchronism (pull-out) detection logic 
that operates when the motor power factor falls below the relay 
setting POPFSP. 

20160729

➤ Added a power factor regulation logic that compares the reactive 
power consumed by the motor with a reactive power set point (QSP) 
and generates a raise or lower excitation command.

➤ Enhanced the firmware to allow synchronous motor start sequence 
for motor applications where field measurements are not available. 

➤ Enhanced the motor thermal model by allowing for faster cooling 
rate during coasting to stop. Based on the new COASTIME setting, 
the relay automatically delays the use of the slower cooling rate 
(based on COOLTIME), which significantly reduces the wait time 
before the next start is allowed by thermal lockout.

➤ Enhanced the slip-dependent thermal model to use slip derived from 
VDR (SMSLIP) for brush-type synchronous motors or slip derived 
from stator measurements (SMSLIP2) primarily for brushless 
synchronous motors.

➤ Added to the CEV report slip derived from VDR (SMSLIP) for 
brush-type synchronous motors and slip derived from stator 
measurements (SMSLIP2).

➤ Enhanced the Motor State Logic to use average rms instead of 
sequence currents for VFD application.

➤ Added OFF to the setting range of the failover time setting, FTIME, 
to support fast failover switching in dual Ethernet models.

➤ Revised to allow loss-of-field (40) and out-of-step (78) functions for 
the base model relay and to not require synchronous motor card in 
Slot E.

➤ Enhanced the firmware to include synchronous motor applications 
for Full-Voltage Reversing Starter.

➤ Added the LOPBLK SELOGIC control equation setting with the 
default value set to 0 to allow for blocking of the LOP logic under 
user-defined conditions. Also, raised the minimum threshold for 
positive-sequence voltage V1 from 5 V to 10.5 V.

➤ Revised the firmware to allow an anonymous TCP connection from 
DNP masters when DNPIPn is set to 0.0.0.0.

➤ Modified the prompt for the DNP Master IP Address DNPIPn to 
distinguish it from the device IP Address.

➤ Resolved an issue with the DNP binary outputs so that they are no 
longer reported as OFFLINE when the binary output is also present 
in the binary input map and the SER (Sequential Events Recorder).

➤ Added a 2.5 mA high-sensitivity neutral current input channel to the 
slot Z 4 ACI/3 AVI cards. 

➤  Revised the firmware to address an issue where the oldest 
180-cycle event disappeared from the event history after the relay 
power cycled or restarted with STA C.

➤ Added the RSTMOT SELOGIC control equation setting to reset 
MOT data.

➤  Added virtual speed switch functionality based on current profile 
during across-the-line motor starting with subtransient current 
override.

➤ Removed option D from the NETPORT setting.

➤ Resolved an issue that caused small jumps in the angle calculations 
for analog quantities.

Table A.3 R100 Series Firmware Revision History (Sheet 2 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code
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SELBOOT Firmware 
Version and Relay 
Firmware Compatibility

The SELBOOT revision and the compatible relay firmware versions are listed 
in Table A.6. The new SELBOOT firmware R600 ensures that the relay firm-
ware upgrade file is digitally signed by SEL using a secure hash algorithm that 
ensures that the file has been provided by SEL and that its contents have not 
been altered. R300-V0 firmware requires that the SELBOOT firmware be 
upgraded to R600.

SEL Display Package 
Versions

The SEL-710-5 with the touchscreen display option has display packages for 
the SEL display and default custom display. Table A.5 lists the display 
package version, a description of the modifications, and the instruction 
manual date code that corresponds to the display package versions. The most 
recent firmware version is listed first. The version number of this firmware is 
accessible through the Device Info folder.

➤ Resolved an issue with settings change (STSET) being reported as 
OFFLINE via DNP.

➤ Resolved an issue with the reset command for Max/Min and Energy 
metering functions.

➤ Resolved an issue with the TRIPONLO setting.

➤ Resolved an issue with RTD biasing that, in certain cases, caused 
the relay to TRIP on 49T even when currents were not applied.

SEL-710-5-R100-V0-Z001001-D20130725 ➤ Initial version. 20130725

Table A.3 R100 Series Firmware Revision History (Sheet 3 of 3)

Firmware Identification (FID) String Summary of Revisions
Manual 

Date Code

Table A.4 SELBOOT Firmware Revision History

Boot Firmware Identification Number Summary of Revisions
Firmware Revision 

Supported
Release 

Date

SLBT7XX-R602-V0-Z000000-D20220826 ➤ Improved the restart performance of the 
SELBOOT firmware.

R300 and higher 20220826

SLBT7XX-R601-V0-Z000000-D20211116 ➤ Revised the SELBOOT firmware to allow 
replacement of the field-programmable 
gate array (FPGA) part.

R300 and higher 20211116

SLBT7XX-R600-V0-Z000000-D20200331 ➤ The new SELBOOT supports zipped and 
digitally signed (.zds) firmware files.

R300 and higher 20200331

BOOTLDR-R502-V0-Z000000-D20211116 ➤ Revised the SELBOOT firmware to allow 
replacement of the field-programmable 
gate array (FPGA) part.

R1xx, R2xx 20211116

BOOTLDR-R501-V0-Z000000-D20160729 ➤ Changed RAM integrated circuit. R101 to R2xx 20160729

BOOTLDR-R500-V0-Z000000-D20130725 ➤ Initial version. R100 20130725

Table A.5 SEL Display Package Revision History (Sheet 1 of 2)

SEL Display Package Version Revisions Release Date

3.0.50710.3006 ➤ Added support for new hardware component suppliers. 20220826

➤ Improved performance to allow touchscreen operation during a 
firmware downgrade.

3.0.50710.3004 ➤ Added support for new hardware component suppliers. 20211213

➤ Modified the color touchscreen backlight brightness for more 
consistent dimming while in standby mode.
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SEL Display Package 
and Relay Firmware 
Compatibility

The display package and the compatible relay firmware versions are listed in 
Table A.6. The version number of the display package is accessible through 
the Device Info folder. Display packages may be compatible with more than 
one relay firmware version.

DeviceNet and 
Firmware Versions

The firmware on the DeviceNet interface has two versions (major and minor) 
as listed in Table A.7. The version number of this firmware is accessible via 
the DeviceNet interface. The SEL-710-5 needs DeviceNet firmware version 
1.005.

The Electronic Data Sheet (EDS) file is not updated every time a firmware 
release is made. A new EDS file is released only when there is a change in the 
Modbus/DeviceNet parameters. The EDS file and an ICON file for the 
SEL-710-5 are zipped together on the SEL-710-5 Product Literature CD 
(SEL-710-5Rxxx.zip). The file can also be downloaded from the SEL website 
at selinc.com. Table A.8 lists the compatibility among the EDS files and the 
various firmware versions of the relay.

➤ Improved the performance of the touchscreen display in rotating 
display mode.

➤ Resolved an issue where the backlight could flicker during 
power up.

3.0.50710.3000 ➤ Added the Vibration Monitor application. 20200331

➤ Updated the keyboard layout on the touchscreen display for ease of 
data entry.

➤ Added pick list feature for settings that have a fixed list in the 
setting range.

➤ Added the ability to keep the backlight of the touchscreen display 
always on after the inactivity timer expires. Relays shipped after 
May 21, 2020 support this feature.

1.0.50710.2013 ➤ Added support for new hardware component suppliers. 20211213

1.0.50710.2000 ➤ Initial release. 20180629

Table A.5 SEL Display Package Revision History (Sheet 2 of 2)

SEL Display Package Version Revisions Release Date

Table A.6 SEL Display Package Compatibility With Relay Firmware

SEL Display Package Version  Relay Firmware Versions Supported  Release Date

3.0.50710.3006 R300-V6 or higher 20220826

3.0.50710.3004 R300-V4 or higher 20211213

3.0.50710.3000 R300 20200331

1.0.50710.2013 R201-V3 or higher 20211213

1.0.50710.2000 R200, R201 20180629

Table A.7 DeviceNet Card Versions 

DeviceNet Card Software Revision Revisions Release Date

Major Rev: 1, Minor Rev: 5 (Rev 1.005) Reads product code, DeviceNet card parameter 
descriptions, etc., from the relay.

20080407

https://selinc.com/
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ICD File
Determining the ICD 
File Version

To find the ICD revision number in your relay, view the configVersion using 
the serial port ID command. The configVersion is the last item displayed in 
the information returned from the ID command.

configVersion=ICD-710-5-R200-V0-Z200006-D20180629

The ICD revision number is after the R (e.g., 200) and the release date is after 
the D. This revision number is not related to the relay firmware revision num-
ber. The configVersion revision displays the ICD file version used to create the 
CID file that is loaded in the relay.

The configVersion contains other useful information. The Z number consists 
of six digits. The first three digits following the Z represent the minimum IED 
firmware required to be used with the ICD (e.g., 200). The second three digits 
represent the ICD ClassFileVersion (e.g., 006). The ClassFileVersion incre-
ments when there is a major addition or change to the IEC 61850 implementa-
tion of the relay.

Table A.9 lists the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

Table A.8 EDS File Compatibility

EDS File Firmware Revisions Supported Release Date

SEL-710-5R300.EDS R300 20200331

SEL-710-5R200.EDS R200, R201 20180629

SEL-710-5R100.EDS R100, R101, R102 20130514

NOTE: The Z number representation 
is implemented with ICD File Revision 
R101. Previous ICD File Revisions do 
not provide an informative Z number.

Table A.9 SEL-710-5 ICD File Revision History (Sheet 1 of 4)

configVersion Summary of Revisions
Relay 

Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect
Manual 

Date CodeFile 
Description

Software 
Version

ICD-710-5-R203-V0-
Z302006-D20220826

➤ Added system logical 
nodes LGOS, LTIM, 
LTMS, and LCCH.

R302-V0 and 
higher

006 SEL-710-5 
Edition 2, 

R302-V0 or 
higher

20220826

➤ Added the IEC 61850 
LTRK logical node 
for service tracking.

➤ Added the IEC 61850 
feature for simulation 
mode.

➤ Added support for the 
IEC 61850 Local/ 
Remote control 
feature defined in the 
IEC 61850-7-4 
standard. Control 
messages need to 
include the orCat 
value associated with 
the active control 
authority.
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➤ Added support for the 
IEC 61850 Functional 
naming feature.

➤ Added PRBGGIO 
logical nodes to 
support pulsing 
remote bits.

ICD-710-5-R202-V0-
Z300006-D20210917

➤ Added the blocked-
by-interlocking 
AddCause to the 
control error response 
when an operation 
fails due to a control 
interlocking (CILO) 
check.

R300-V3 and 
higher

006 SEL-710-5 
Edition 2, 

R300-V3 or 
higher

20210917

➤ Added the new 
MCCILO1logical 
node and attribute to 
the PRO logical 
device for breaker 
control and status.

ICD-710-5-R201-V0-
Z300006-D20200331

➤ Added the ability to 
control mode and 
behavior through an 
MMS write to the 
LPHD logical node 
mode data object 
(Mod.ctlVal) in 
logical device CFG.

R300 and 
higher

006 SEL-710-5 
Edition 2, R300 

or higher

20200331

➤ Added new 
DC1CSWI1–
DC12CSWI12, 
DC1CILO1–
DC12CILO12, and 
DC1XSWI1–
DC12XSWI12 logical 
nodes and attributed 
to PRO LDevice for 
Disconnect Control 
and Status.

ICD-710-5-R200-V0-
Z200006-D20180629

➤ Initial ICD file release 
with Edition 2 support 
and compatibility.

R200 and 
higher

006 SEL-710-5 
Edition 2, R200 

or higher

20180629

➤ Updated 
ClassFileVersion to 
006.

➤ Increased maximum 
GOOSE subscriptions 
to 64.

➤ Added MMS 
authentication 
support.

➤ Made MMS Inactivity 
Timeout user-
configurable with a 
default value of 900 
seconds.

Table A.9 SEL-710-5 ICD File Revision History (Sheet 2 of 4)

configVersion Summary of Revisions
Relay 

Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect
Manual 

Date CodeFile 
Description

Software 
Version
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➤ Added filehandling 
service.

➤ Added support for 
IEC 61850 group 
switch, Simulated 
Goose and stSeld.

➤ Increased number of 
MMS reports to 14.

➤ Increased number of 
default datasets to 15.

➤ Removed maxEntries 
and 
maxMappedItems.

➤ Added new I1PTUV6, 
I2PTUV7, I1PTOV6, 
I2PTOV7, I3PTOV8, 
I4PTOV9, and 
FLTRDRE1 Logical 
Nodes and attributes 
to PRO LDevice.

➤ Modified Loc 
attribute of 
BK1XCBR1 Logical 
Node to report 
LOCAL/Remote 
Control status.

➤ Added new attributes 
Loc to MCCSWI1 
Logical Node to 
report Local/Remote 
Control status.

➤ Added new attributes 
NumStrt and 
NumEmrst to 
MOTORMMOT1 
Logical Node.

➤ Added new 
FLTGGIO37, 
DCST1GGIO35, and 
SCGGIO36 Logical 
Nodes and attributes 
to ANN LDevice.

➤ Added new attributes 
Ind09–Ind14 to 
INCGGIO13, 
INDGGIO15, and 
INEGGIO17 Logical 
Nodes.

➤ Added new attributes 
Ind05–Ind08 to 
OUTCGGIO14, 
OUTDGGIO16, and 
OUTEGGIO18 
Logical Nodes.

Table A.9 SEL-710-5 ICD File Revision History (Sheet 3 of 4)

configVersion Summary of Revisions
Relay 

Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect
Manual 

Date CodeFile 
Description

Software 
Version
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➤ Added new attributes 
Ind09–Ind16 to 
PBLEDGGIO7 
Logical Node.

➤ Modified Ind01–
Ind15 attributes of 
MISCGGIO31 
Logical Node.

➤ Modified Ind16–
Ind17 attributes of 
PROGGIO26 Logical 
Node.

ICD-710-5-R101-V0-
Z100004-D20131125

➤ Modified default 
MMS Report and 
Dataset names.

R100 and 
higher

004 710-5 Standard 20130802

➤ Updated all Report 
Control attributes.

➤ Corrected Report 
Control rptID 
attributes to display 
report name instead of 
dataset name.

➤ Updated 
configVersion for new 
format.

➤ Added new 
P1TPTOC3, 
P2TPTOC4, 
G1TPTOC5, 
G2TPTOC6, 
QTPTOC7, 
ATPTOC8, 
BTPTOC9, and 
CTPTOC10 Logical 
Nodes and attributes 
to PRO LDevice.

➤ Corrected dataNs 
attribute of 
RAGGIO29, 
RAGGIO30, 
RAGGIO31, and 
RAGGIO32 Logical 
Nodes.

ICD-710-5-R100-V0-
Z000000-D20130725

➤ Initial ICD File 
Release.

R100 and 
higher

004 710-5 with R100 
F/W

20130725

Table A.9 SEL-710-5 ICD File Revision History (Sheet 4 of 4)

configVersion Summary of Revisions
Relay 

Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect
Manual 

Date CodeFile 
Description

Software 
Version
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Instruction Manual
The date code at the bottom of each page of this manual reflects the creation 
or revision date. Table A.10 lists the instruction manual versions and revision 
descriptions. The most recent instruction manual version is listed first.

Table A.10 Instruction Manual Revision History (Sheet 1 of 12)

Revision Date Summary of Revisions

20220826 Preface

➤ Updated Wire Sizes and Insulation.

Section 1

➤ Updated Specifications, including Compliance, Communications Protocols, Dielectric Strength and Impulse 
Tests, and Frequency.

Section 2

➤ Updated I/O Configuration, Power Connections, and Grounding (Earthing) Connections.
➤ Added I/O Connections.
➤ Updated Point-Sensor Installation.

Section 4

➤ Updated Example 4.3: Thermal Element Setting.
➤ Updated Power Factor Loss-of-Synchronism Detection, including Figure 4.48: Loss-of-Synchronism 

Detection Logic.
➤ Updated Figure 4.49: Loss-of-Potential (LOP) Logic and Table 4.45: Frequency Settings.
➤ Updated Time and Date Management Settings and Relay Word Bit Aliases.
➤ Updated Table 4.94: Ethernet Port Settings.

Settings Sheets

➤ Added 61850 Simulation Mode and 61850 Local Remote.
➤ Updated Port 1 for the RSTP settings.
➤ Updated Relay Word Bit Aliases.

Section 7

➤ Updated Table 7.6: Protocols Supported on the Various Ports.
➤ Added Switched Mode and Rapid Spanning Tree Protocol (RSTP).
➤ Added Table 7.28: Warning and Error Codes for GOOSE Subscriptions.
➤ Updated ID Command and added RSTP Command.

Section 10

➤ Updated Standard Event Report (EVE Command).

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revisions R201-V5, R300-V6, 
R302-V0.

➤ Updated Table A.4: SELBOOT Firmware Revision History for R602-V0.
➤ Updated Table A.5: SEL Display Package Revision History and Table A.6: SEL Display Package 

Compatibility With Relay Firmware for 3.0.50710.3006.
➤ Updated Table A.9: SEL-710-5 ICD File Revision History for firmware revision R203-V0.

Appendix B

➤ Updated Table B.1: Firmware Upgrade Methods.
➤ Added Upgrade the SELBOOT Firmware Loader Using a Terminal Emulator.

Appendix G

➤ Added Functional Naming, Local/Remote Control Authority, and Service Tracking.
➤ Updated Simulation Mode.
➤ Updated Table G.23: New Logical Node Extensions and added Table G.27: LCCH Physical Communication 

Channel Supervision, Table G.28: LGOS GOOSE Subscription, and Table G.29: LTMS Time Master 
Supervision.

➤ Updated Table G.37: Logical Device: PRO (Protection), Table G.38: Logical Device: MET (Metering), 
Table G.39: Logical Device: CON (Remote Control), Table G.40: Logical Device: ANN (Annunciation), and 
Table G.41: Logical Device: CFG (Configuration).

Appendix L

➤ Updated Table L.1: SEL-710-5 Relay Word Bits and Table L.2: Relay Word Bit Definitions for the SEL-710-5.



A.16

SEL-710-5 Relay Instruction Manual Date Code 20220826

Firmware, ICD, and Manual Versions
Instruction Manual

Appendix N

➤ Updated Table N.1: IP Port Numbers.

Glossary

➤ Updated for RSTP.

Command Summary

➤ Added the RSTP command.

20220225 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V5.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V4.

20211213 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V4.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V3.
➤ Updated Table A.4: SELBOOT Firmware Revision History for firmware revisions R502-V0 and R601-V0.
➤ Updated Table A.5: SEL Display Package Revision History and Table A.6: SEL Display Package 

Compatibility With Relay Firmware.

20210917 Section 1

➤ Updated RFI and Interference Tests conducted and radiated emissions.

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V3.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V2.
➤ Updated Table A.9: SEL-710-5 ICD File Revision History.

Appendix G

➤ Added Control Interlocking, including Figure G.4: CSWI Logical Node Direct Operate Command Request.
➤ Updated Table G.6: AddCause Descriptions.
➤ Updated Table G.29: Logical Device: PRO (Protection).

20210104 Section 1

➤ Updated Models.

Section 2

➤ Updated Application Example.

Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V2.
➤ Updated Table A.2: R200 Series Firmware Revision History for firmware revision R201-V1.

Appendix D

➤ Updated Transmission Control.

Appendix K

➤ Updated Figure K.7: Stator Thermal Element.

20200921 Appendix A

➤ Updated Table A.1: R300 Series Firmware Revision History for firmware revision R300-V1.

20200331 Preface

➤ Updated compliance and product labels.

Section 1

➤ Updated Specifications.

Section 2

➤ Added footnote to Figure 2.2: Slot Allocations for Different Cards.
➤ Added note to RTD Card (10 RTD).
➤ Added note to Analog Inputs Card (8 AI). 
➤ Added note to Figure 2.33: Synchronous Motor Voltage Divider Module (SEL P/N 915900294).
➤ Added caution text to Application Example.
➤ Updated Point-Sensor Installation.
➤ Updated Ordering Arc-Flash Fiber Sensors.

Table A.10 Instruction Manual Revision History (Sheet 2 of 12)

Revision Date Summary of Revisions
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Section 3

➤ Updated Overview for web server information.
➤ Added Web Server.

Section 4

➤ Updated Overview.
➤ Updated Table 4.2: CT Configuration and Full-Load Current Settings to include single I input.
➤ Added Incipient Cable Fault.
➤ Updated Configuration Settings.
➤ Added note to Table 4.30: RTD Resistance Versus Temperature.
➤ Updated setting ranges for trip delays in Table 4.44: Frequency Settings.
➤ Added Vibration Monitoring.
➤ Added Detecting Frequency Components with the 97FM Element.
➤ Added note to TR Trip Conditions SELOGIC Control Equation.
➤ Added PID Controller.
➤ Updated HIS BBD Command.
➤ Added Precision Time Protocol (PTP).
➤ Updated the existing note and added a new note to Access Control.
➤ Removed note on TCP Keep Alive settings from beside and added PTP settings to Table 4.84: Ethernet Port 

Settings.
➤ Added PTP settings to Table 4.85: Port Number Settings That Must Be Unique.
➤ Updated Table 4.92: Ethernet Port Settings.
➤ Updated Disconnect Control Settings.
➤ Updated Local/Remote Control.
➤ Updated Event Report Settings.

Section 5

➤ Added Breaker Health.
➤ Added Asset Monitoring.
➤ Added CMET S R Command.

Section 6

➤ Updated Table 6.1: Methods of Accessing Settings.
➤ Added View Settings Using the Web Server.

Settings Sheets

➤ Updated Frequency under Group Settings (SET Command).
➤ Added PTP Settings.
➤ Updated Two-Position Disconnect and added Three-Position Disconnect to account for new disconnect 

settings.
➤ Added 61850 Mode Control.
➤ Updated Port 1 under SET PORTp (p = F, 1, 2, 3, or 4) Command.
➤ Added PTP settings to Table SET.3: Port Number Settings That Must Be Unique.
➤ Updated Bay Control Two-Position Disconnect and added Bay Control Three-Position Disconnect to account 

for new disconnect settings.

Section 7

➤ Added Telnet or the Web Server.
➤ Updated Ethernet Port.
➤ Added TCP Keep Alive.
➤ Added Embedded Web Server (HTTP).
➤ Added Precision Time Protocol (PTP).
➤ Added 89CLOSE Command (Close Disconnect) and 89OPEN Command (Open Disconnect).
➤ Added COM PTP Command.
➤ Updated HISTORY Command.
➤ Added MMR Command.
➤ Updated TEST DB Command.

Section 8

➤ Updated Table 8.7: Sidebar Buttons.
➤ Updated Reports for use of trigger event button.

Table A.10 Instruction Manual Revision History (Sheet 3 of 12)

Revision Date Summary of Revisions



A.18

SEL-710-5 Relay Instruction Manual Date Code 20220826

Firmware, ICD, and Manual Versions
Instruction Manual

Section 9

➤ Updated Disconnect Control Settings.
➤ Updated Table 9.5: Disconnect Symbols.
➤ Updated Local/Remote Control.
➤ Updated Motor/Disconnect Control Via the Touchscreen.
➤ Updated Table 9.7: Touchscreen Settings.
➤ Updated Bay Control Disconnect Settings.

Section 10

➤ Updated Viewing Compressed Event (CEV) Reports.

Appendix B

➤ Added Upgrade the Relay Firmware to R300 Series Firmware.
➤ Added Upgrade the Relay SELBOOT Firmware Loader Using a Terminal Emulator.
➤ Added Digitally signed Firmware Files.
➤ Added Upgrade Relay Firmware Using the Web Server.
➤ Added a note to and updated Step 3 of Upgrade Firmware Using QuickSet.
➤ Updated Step 9 and added a note to Upgrade Firmware Using a Terminal Emulator.

Appendix D

➤ Updated Time Synchronization for priority information.
➤ Added note to Modem Support.
➤ Updated footnotes for Table. D.7: Port DNP3 Protocol Settings.
➤ Added new values to the binary outputs in Table D.10: DNP3 Reference Data Map.
➤ Updated Table D.12: SEL-710-5 Object 12 Control Operations.

Appendix E

➤ Updated description for Trip/Warn Data in Table E.34: Modbus Register Map.
➤ Updated Table E.33: Modbus Register Labels for Use With SET M Command.
➤ Updated Table E.34: Modbus Register Map.
➤ Added Table E.35: Corresponding Relay Word Bits for Trip/Warn Registers.

Appendix G

➤ Added IEC 61850 Mode/Behavior.
➤ Updated Mode, Behavior, and Health under Logical Nodes.
➤ Updated Table G.29: Logical Device: PRO (Protection), Table G.30: Logical Device: MET (Metering), Table 

G.32: Logical Device: ANN (Annunciation), Table G.33: Logical Device: CFG Configuration.

Appendix L

➤ Updated Table L.1: SEL-710-5 Relay Word Bits and Table L.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix M

➤ Updated Table M.1: Analog Quantities.

Appendix N

➤ Added PTP and HTTP information to Table N.1: IP Port Numbers.

Command Summary

➤ Added 89C m, 89O m, 89C n m, and 89O n m commands to Access Level 2 Commands.

20181228 Preface

➤ Removed caution statement from beginning of Safety Information and added it to General Safety Marks.
➤ Updated temperature class to T3C in Compliance Approvals.

Section 1

➤ Updated AC Current Inputs (IA, IB, IC, IN) and Differential Currents (IA87, IB87, IC87) in Specifications.

Section 2

➤ Updated temperature class to T3C in Physical Location.
➤ Removed note from Fail-Safe/Nonfail-Safe Tripping.
➤ Updated Figure 2.22: AC Connections With Core-Balance Differential CTs, Figure 2.23: AC Connections 

With Source- and Neutral-Side CTs, Figure 2.27: AC Connections for Two-Speed Motor-Paralleled CTs, 
Figure 2.28: AC Connections for Full-Voltage Reversing (FVR) Starter, and Figure 2.29: AC Connections for 
a VFD Motor Application.
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Section 4

➤ Added note to Curve Thermal Method.
➤ Updated Figure 4.64: Stop/Trip Logic.
➤ Replaced Group Selection with Multiple Settings Groups.

Appendix E

➤ Added footnote to Table E.33: Modbus Register Labels for Use With SET M Command.

Appendix L

➤ Updated Note 3 in Table L.1: Analog Quantities..

20180629 Preface

➤ Updated Compliance Approvals, including the relay compliance label.
➤ Updated Safety Marks.
➤ Updated Trademarks.
➤ Updated Product Labels for the high- and low-voltage supply models.
➤ Updated LED Emitter.
➤ Updated Wire Sizes and Insulation.
➤ Added Copyrighted Software.

Section 1

➤ Added Table 1.2: SEL-710-5 Front-Panel Options.
➤ Updated Communications and Control Features and Options for IEC 61850 Edition 2 and IEC 60870-5-103.
➤ Updated Options for conformal coating.
➤ Added Language Support.
➤ Updated SEL-710-5 Base Unit and Accessories.
➤ Updated Specifications, Compliance for the hazardous locations and ATEX; General for power consumption 

and supply, Fuse Ratings, Standard Contacts, and Optoisolated Control Inputs; Type Tests; Relay Elements; 
Communications Protocols for IEC 61850 Edition 2, IEC 60870-5-103, and PRP; and Oscillography for 
Binary COMTRADE.

Section 2

➤ Updated Relay Placement, I/O Configuration, and AC/DC Control Connection Diagrams.
➤ Added note to de-energize all external connections before opening the device to Installation under Card 

Configuration Procedure.
➤ Updated Card Configuration Procedure for the touchscreen display relay.
➤ Updated Table 2.18: Typical Maximum RTD Lead Length.
➤ Updated Figure 2.7: Pins for Password Jumper, Breaker Jumper (Start/Stop Control), and SELBOOT Jumper 

for default jumper positions.
➤ Updated Figure 2.15: Output OUT103 Relay Output Contact Configuration.
➤ Updated Figure 2.16: Breaker Trip Coil and Contactor Connections with OUT103FS := Y and 

OUT103FS := N.

Section 3

➤ Updated Table 3.1: SEL Software Solutions for ACSELERATOR Bay Screen Builder SEL-5036 Software, 
SEL-5601-2 SYNCHROWAVE Event Software, and SEL-5806 Curve Designer Software.

➤ Updated driver and part number for the SEL display package and updated Figure 3.5: Relay Response to the 
ID Command for the SEL and customer display packages.

➤ Updated Figure 3.6: Driver Selection and Figure 3.7: Updated Part Number.
➤ Added Touchscreen Settings and Bay Screen Builder.
➤ Updated View Event History for capturing events in Compressed ASCII or COMTRADE file formats.
➤ Updated the section to match the software interface.
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Section 4

➤ Updated example settings in Figure 4.1: KVF Factor Versus VFD Output Frequency.
➤ Updated Example 4.3: Thermal Element Setting.
➤ Added Inverse-Time Undervoltage Protection and Inverse-Time Overvoltage Protection.
➤ Updated Settings under Loss-of-Potential (LOP) Protection.
➤ Updated Phase Reversal Protection under Group Settings (SET Command) to specify how incorrect phase 

rotation is determined.
➤ Updated Table 4.44: Frequency Settings and Figure 4.48: Over- and Underfrequency Element Logic to include 

torque control of the frequency element.
➤ Updated 52A and 52B Contactor/Breaker Status SELOGIC Control Equations.
➤ Updated Table 4.59: Enable Settings.
➤ Added note to Counter Variables addressing relay power loss during storage of SELOGIC counters. 
➤ Updated SELOGIC Control Equation Variables/Timers under Logic Settings (SET L Command) to clarify how 

the results of multiplication and division are calculated.
➤ Updated Global Settings (SET G Command) to include the METHRES setting.
➤ Added note about the availability of the 50NAFP setting to Arc-Flash Overcurrent Elements (50PAF, 50NAF).
➤ Updated Table 4.75: Arc-Flash Time-Overlight Settings.
➤ Added 89A and 89B Disconnect Status SELOGIC Control Equations.
➤ Added Local/Remote Breaker Control.
➤ Updated Port Settings (SET P Command), including Table 4.82: Time-Synchronization Source Settings, 

Table 4.83: Front-Panel Serial Port Settings, Table 4.84: Ethernet Port Settings, Table 4.85: Port Number 
Settings That Must Be Unique, and Table 4.86: Fiber-Optic Serial Port Settings.

➤ Updated Port 2, Port 3, and Port 4.
➤ Updated General Settings under Front-Panel Settings (SET F Command) for the touchscreen display.
➤ Added Table 4.91: LCD Point Settings
➤ Updated Table 4.98: Target LED Settings.
➤ Added DNP Map Settings and Touchscreen Settings.

Section 5

➤ Updated Overview.
➤ Added Remote Analog Metering.
➤ Updated Small Signal Cutoff for Metering for METHRES := Y and METHRES := N.
➤ Updated Motor Start Report for the MSR_REF number.

Section 6

➤ Updated Overview for setting Group 4, IEC 60870-5-103, and touchscreen settings classes, and added a note 
on relay initial power up and settings changes.

➤ Added View/Change Settings With the Touchscreen Front Panel.
➤ Updated Table 6.2: SHO Command Options and Table 6.3: SET Command Options for IEC 60870-5-103 map 

settings.

Settings Sheets

➤ Updated for PRP, Telnet, FTP, MMS, Modbus, and touchscreen settings.
➤ Updated Frequency for torque-control settings.
➤ Updated General, Group Selection, and Arc-Flash Protection under Global Settings.
➤ Added 27 Inverse-Time Undervoltage and 59 Inverse-Time Overvoltage.
➤ Updated Trip/Close.
➤ Updated Breaker Monitor.
➤ Added Two-Position Disconnect and Control Configuration Settings Categories.
➤ Updated Port F, Port 1, Port 2, Port 3, and Port 4.
➤ Added Touchscreen Settings.
➤ Updated Event Report under Report Settings (SET R Command) to specify the prefault length for different LER.
➤ Added IEC 60870-5-102 Map Settings (SET I Command).
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Section 7

➤ Updated Communications Interfaces.
➤ Updated Communications Protocols for IEC 60870-5-103.
➤ Updated Access Levels for EPORT and MAXACC settings.
➤ Updated File Transport Protocol (FTP) and MMS File Transfer and IEC 61850.
➤ Updated Ethernet Port for PRP mode and added PRP Connection Mode.
➤ Updated ANALOG Command, CEV Command, Copy Command, ETH Command, MAC Command, PING 

Command, STOP Command, and STR Command.
➤ Removed Figure 7.16: Raw Compressed ASCII Event Report.
➤ Updated Table 7.17: EVENT Command (Event Reports) for the definition of parameter n.
➤ Updated Table 7.19: GOOSE Command Variants.
➤ Updated Table 7.22: HISTORY Command to include HIS CA or RA command.
➤ Updated Table 7.31: MSR (Motor Start Report) Command.
➤ Updated Table 7.41: SET Command (Change Settings) for setting Group 4 and SET I TERSE command.
➤ Updated Table 7.42: SHOW Command (Show/View Settings) for SHO I command and setting Group 4.
➤ Added TEST DB Command.
➤ Added Language Support.
➤ Added Virtual File Interface.
➤ Updated Table 7.58: Report Directory Files.
➤ Updated Table 7.60: Files Available for Ymodem Protocol.

Section 8

➤ Updated Overview; added Figure 8.1: SEL 710-5 Front-Panel Options.
➤ Updated Two-Line Display Front Panel.
➤ Updated Figure 8.24: SET/SHOW Menu.
➤ Added Language Support.
➤ Added Touchscreen Display Front Panel.

Section 9

➤ Added Section 9: Bay Control.

Section 10

➤ Updated Overview for the types of event reports.
➤ Updated Event Reporting.
➤ Updated Event Summaries for the unique reference number, added a note for the reset of the unique reference 

number to 100000 using the HIS CA command, and added Event Logs and Event Reference Number.
➤ Updated Clearing.
➤ Added Retrieving Event Reports Via Ethernet File Transfer.
➤ Added COMTRADE File Format Event Reports.
➤ Updated SER Triggering with a note on extracting an SER report.

Section 11

➤ Updated Table 11.7: Periodic Relay Checks to include Arc-Flash Detection Status.
➤ Updated Self-Test, including Table 11.8: Relay Self-Tests and added a note for SALARM and access level 

changes.

Appendix A

➤ Updated for standard and point releases.
➤ Updated Table A.1: R200 Series Firmware Revision History for firmware revision R200.
➤ Added SEL Display Package Versions, including Table A.3: SEL Display Package Revision History, and SEL 

Display Package and Relay Firmware Compatibility, including Table A.4: SEL Display Package Compatibility 
with Relay Firmware.

➤ Updated Table A.6: EDS File Compatibility for firmware revision R200.
➤ Updated Table A.7: SEL-710-5 ICD File Revision History.

Appendix B

➤ Updated Overview.
➤ Updated Upgrade Firmware Using a Terminal Emulator with a note about saving the touchscreen settings 

before upgrading the firmware and a note to change the relay serial port data rate before issuing the L_D 
command.
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Appendix D

➤ Updated Table D.7: Port DNP3 Protocol Settings.
➤ Updated Table D.10: DNP3 Reference Data Map.
➤ Updated Control Point Operation and Configurable Data Mapping.
➤ Updated Table E.34: Modbus Register Map.

Appendix E

➤ Updated Table E.7: 02H SEL-710-5 Inputs.
➤ Added note to Table E.16: 06h Preset Single Register Command to address the function of Relay Word bit 

LOCAL.
➤ Updated Table E.33: Modbus Register Labels for Use With SET M Command.
➤ Added note to Modbus Register Map on how to calculate the Modbus register.

Appendix F

➤ Updated Features for the number of SCADA client sessions and GOOSE messages.
➤ Updated Introduction to IEC 61850.
➤ Updated IEC 61850 Operation.
➤ Updated IEC 61850 Configuration.
➤ Updated Logical Nodes.
➤ Updated Table F.22: Logical Devices: ANN (Annunciation) for setting Group 4 and comments on broken bar 

detection.
➤ Updated Protocol Implementation Conformance Statement.
➤ Added Potential Client and Automation Application Issues With Edition 2 Upgrades.

Appendix G

➤ Added Appendix G: IEC 60870-5-103 Communications.

Appendix K

➤ Updated Table K.1: SEL-710-5 Relay Word Bits.
➤ Updated Table K.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix L

➤ Updated for IEC 61850 and IEC 60870-5-103.
➤ Updated Table L.1: Analog Quantities.

Appendix M

➤ Added Appendix M: Cybersecurity Features.

Command Summary

➤ Updated for new commands.
➤ Updated for Spanish commands.

20170508 Preface

➤ Updated Compliance Approvals and Product Labels.

Section 1

➤ Updated PTC Overtemperature and Ground Fault (50N) in Specifications.

Section 4

➤ Added a note for the 2.5 mA models with the 100 ms delay for the pickup of the 50N element.

Section 7

➤ Updated Serial (EIA-232 and EIA-485) Port.

Section 10

➤ Updated Low-Level Test Interface and Table 10.1: Resultant Scale Factors for Inputs for the IN channel with a 
nominal input of 2.5 mA.

Appendix C

➤ Updated Setting the SEL-710-5.

Appendix F

➤ Updated Features.
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20170330 Preface

➤ Updated Technical Assistance.

Section 1

➤ Updated Accessories.
➤ Added Differential Currents (IA87, IB87, IC87) and updated Synchronous Motor Inputs, Fuse Ratings, and 

Environmental Tests in Specifications.

Section 4

➤ Updated Additional Thermal Overload Settings and added Figure 4.6: MOTOR Command Response.
➤ Updated Settings Guidelines for setting LRQ and the R1 source for motor slip.
➤ Updated Figure 4.28: Monitoring Starting Time, Figure 4.41: Power Factor Elements Logic, and Figure 4.45: 

Loss-of-Field Logic Diagram.
➤ Updated Power Factor Correction and also added a note for the time constants of active and reactive power 

filters and updated Figure 4.53: Reactive Power Set Point Calculation and Figure 4.54: Double Deadband 
Logic.

➤ Updated Time-Delayed Starting for Brushless Synchronous Motors and added a note for the 41DELAY 
setting.

➤ Updated Brush-Type Synchronous Motor Synchronization, including Table 4.46: Synchronous Motor Start 
Sequence Settings.

➤ Updated Figure 4.57: 41CLOSE Logic for Brush-Type Synchronous Motor.
➤ Updated Synchronization Based on Stator Measurements, including Figure 4.59: Slip Computation Using 

Stator Measurements for Slip-Dependent Thermal Model and Synchronous Motor Synchronization.
➤ Updated Port Number Settings Must Be Unique.
➤ Added a note for SELOGIC control equation MSRTRG to Start Report Settings.

Section 5

➤ Added a note for VEX and IEX calculations.
➤ Updated Start Data.

Settings Sheets

➤ Updated Configuration and Motor Control settings and Port Number Settings Must Be Unique.

Section 9

➤ Updated Triggering.

Section 10

➤ Updated Figure 10.6: Delta Voltage Source Connections.
➤ Updated Factory Assistance.

Appendix A

➤ Updated Determining the Firmware Version for standard and point release firmware.
➤ Updated for firmware revision R102.

Appendix B

➤ Updated Overview for standard and point release firmware.
➤ Updated Factory Assistance.

Appendix J

➤ Updated the SLIPOK definition in Table J.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix K

➤ Updated the SMSLIP2 description in Table K.1: Analog Quantities.

20160729 Preface

➤ Added hazard statement to Safety Information.
➤ Updated Wire Sizes and Insulation information.

Section 1

➤ Updated Figure 1.3: STA Command Response—No Communications Card or EIA-232/EIA-485 
Communications Card. 
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Specifications

➤ Added Fuse Ratings specifications.
➤ Updated Phase and Neutral Currents Continuous Ratings.
➤ Added Arc-Flash Detectors specifications.
➤ Updated Phase Currents for Metering. 
➤ Updated Output Contacts.

Section 2

➤ Updated Table 2.16: OUT103 Contact Fail-Safe and Nonfail-Safe Options; Table 2.18: Typical Maximum 
RTD Lead Length; and Figure 2.32 Synchronous Motor Voltage Divider Module (SEL P/N 915900294).

➤ Updated Figure 2.27: AC Connections for Full-Voltage Reversing (FVR) Starter.

Section 3

➤ Updated Figure 3.6 Selection of Drivers.
➤ Updated Figure 3.12 Device Overview Screen.

Section 4

➤ Updated Overview section.
➤ Updated Figure 4.24: Undercurrent (Load Loss) Logic.
➤ Added Slip Dependent Thermal Model for Synchronous Motors subhead with Figure 4.6: Slip-Dependent and 

Slip-Independent Thermal Models.
➤ Added Virtual Speed Switch section with Figure 4.32 Virtual Speed Switch Flow Chart; Figure 4.33 Speed 

Switch Monitoring Logic; and Figure 4.34: Speed Switch Element Alarm/Trip Logic.
➤ Added Power Factor Correction with Figure 4.52: Reactive Power Set Point Calculation; Figure 4.53; Double 

Deadband Logic and Table 4.44 Power Factor Correction Settings.
➤ Added Slip-Dependent Synchronization Based on Stator Current Measurements section and Figure 4.58: Slip-

Dependent Synchronization Using Stator Current Measurements.
➤ Expanded explanation of COASTIME setting; added Figure 4.5: Coast-Stop Logic Diagram.
➤ Revised Curve Thermal Method. 
➤ Added Example 4.10: Improving the Accuracy of Math Operations.
➤ Updated Figure 4.1: KVF Factor Versus VFD Output Frequency; Table 4.4: Overload (Thermal Model) 

Settings; Table 4.8: Overload Settings (Alarm, Start Inhibit, Cooling, and RTD Bias); Table 4.27: Speed 
Switch Settings; Table 4.87: Pushbutton LED Settings; Figure 4.54: Motor State Logic; and Table 4.73: Data 
Reset Settings.

➤ Added Figure 4.41: Loss-of-Synchronism Detection Logic to Power Factor Loss-of-Synchronism Detection.

Section 5

➤ Updated Motor Operating Statistics and Motor Start Report sections.

Section 6

➤ Updated Table 6.6: Setting Interdependency Error Messages.

Settings Sheets

➤ Added COASTIME setting.
➤ Updated Neutral Overcurrent settings.
➤ Updated Negative-Sequence Overcurrent settings.
➤ Updated Negative-Sequence Time Overcurrent settings.
➤ Updated Speed Switch settings.
➤ Updated RTD settings.
➤ Updated Out of Step settings.
➤ Updated Field Resistance settings.
➤ Updated Start Sequence settings.
➤ Updated Power Factor settings.
➤ Added Power Factor Correction settings.
➤ Updated Load Control settings.
➤ Updated Arc-Flash Protection settings.
➤ Updated Data Reset settings.
➤ Updated DNP Sessions IP address.

Section 7

➤ Updated Table 7.3: TQUAL Bits Translation to Time Quality.
➤ Updated Table 7.27: MOTOR Command. 

Table A.10 Instruction Manual Revision History (Sheet 10 of 12)

Revision Date Summary of Revisions



A.25

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Firmware, ICD, and Manual Versions
Instruction Manual

Section 8

➤ Updated Figure 8.29 Operator Control Pushbuttons and LEDs. 
➤ Added Note regarding target LEDs.

Section 9

➤ Inserted Viewing Compressed Event (CEV) Reports section with Figure 9.7: Sample CEV Report Viewed With 
Analytic Assistant or QuickSet Via SEL-5601 and Figure 9.8: Options for Converting CEV Reports to 
COMTRADE in Analytic Assistant.

Section 10

➤ Updated Table 10.8: Relay Self-Tests.

Appendix A

➤ Updated Table A.1: R100 Series Firmware Revision History and Table A.3: Instruction Manual Revision 
History.

Appendix D

➤ Added paragraph regarding TCP connection to DNP3in the SEL-710-5.

Appendix E

➤ Updated scale factors in Table E.34: Modbus Register Map.

Appendix J

➤ Updated Table J.1: SEL-710-5 Relay Word Bits.
➤ Updated definitions in Table J.2: Relay Word Bit Definitions for the SEL-710-5.

Appendix K

➤ Updated Table K.1: Analog Quantities.

Command Summary

➤ Updated Access Level 1 Commands and Access Level 2 Commands.

20150130 Preface

➤ Added Safety Information and General Information.
➤ Updated the product labels and compliance label.

Section 1

➤ Changed the Certifications section title to Compliance and relocated the section to the beginning of 
Specifications.

➤ Added the applied current at which the burden is measured for INOM = 1 A or 5 A in Specifications.
➤ Updated Type Test compliance specifications in Specifications.
➤ Updated the setting range for Ground Fault (50N) and the field voltage for Metering in Specifications.

Section 2

➤ Updated Card Configuration Procedure.
➤ Added a warning on CT circuits to applicable current card descriptions.
➤ Added Analog Output Wiring, including Figure 2.14: Analog Output Wiring Example.
➤ Added a note stating that the fail-safe option should not be used for fast hybrid output contacts in fail-safe/

nonfail-safe tripping.
➤ Added Figure 2.30: AC/DC Connections for a Brushless-Type Synchronous Motor Application.
➤ Added a cable length impact note for Figure 2.32: Synchronous Motor Voltage Divider Module 

(SEL P/N 915900294).

Section 3

➤ Updated Settings Database Management and Drivers.

Section 4

➤ Updated Rating Thermal Method and Curve Thermal Method.
➤ Updated Figure 4.22: Load-Jam Element Logic note.
➤ Added a note to Figure 4.23: Undercurrent (Load-Loss) Logic.
➤ Added Figure 4.27: Star-Delta Starting.
➤ Updated Brush-Type Synchronous Motor Synchronization.
➤ Updated Arc-Flash Time-Overlight Elements (TOL1 through TOL8) as well as the setting range and factory 

default for setting prompt AFD OUTPUT SLOT in Table 4.65: Arc-Flash Time-Overlight Settings.
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Section 5

➤ Updated the number of time-stamp entries that the relay memory can hold for load profiling.
➤ Added time to thermal trip calculation note to Thermal Metering.

Section 7

➤ Updated PULSE Command.
➤ Updated AFT Command (Arc-Flash Detection Channels Self-Test).
Added VEC Command (Show Diagnostic Information).

Section 10

➤ Added a warning on CT circuits.
➤ Updated Table 10.8: Relay Self-Tests.

Appendix A

➤ Added ICD File, including Table A.2: SEL-710-5 ICD File Revision History.

Appendix B

➤ Added a note to save the calibration settings before the upgrade in Upgrade Firmware Using a Terminal 
Emulator.

Appendix E

➤ Updated the scale factor for Power Data, Modbus Register Address 364 (R).

Appendix F

➤ Added a note in GOOSE regarding GOOSE subscriptions when loading a new CID file.
Updated ACSELERATOR Architect and SEL ICD File Versions.

Appendix H

➤ Updated the RBADPU setting prompt description in Table H.5: MIRRORED BITS Protocol Settings.

Appendix I

➤ Updated Figure I.4: Rotor Thermal Element During Motor Start and Figure I.5: Stator Thermal Element With 
Resistance and Trip Level Undefined.

➤ Added rating and curve method equations for cold stator.

Appendix J

➤ Updated the definitions for Relay Word bits 49T and AFS1EL–AFS8EL in Table J.2: Relay Word Bit 
Definitions for the SEL-710-5.

Appendix K

➤ Added a note to Table K.1: Analog Quantities for RTDWDGMX, RTDBRGMX, RTDAMB, and 
RTDOTHMX analog quantities.

20131220 Preface

➤ Updated the product compliance label.
➤ Added the voltage divider module compliance label.

Section 1

➤ Updated the Specifications for cUL and UL approvals, ac current input, and power supply.

20130725 ➤ Initial version.
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Appendix B
Firmware Upgrade Instructions

Overview
These instructions guide you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-710-5-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-710-5-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-710-5-R100-V1-Z001001-Dxxxxxxxx

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because SEL-710-5 relays store firmware in flash memory, 
changing physical components is unnecessary. Upgrade the relay firmware by 
downloading a file from a personal computer to the relay via the Ethernet port 
through the use of the web server, FTP, or Telnet. You can also use the front-
panel serial port through the use of ACSELERATOR QuickSet SEL-5030 
Software or a terminal emulator, as outlined in the following sections. For 
relays with the IEC 61850 option, verify the IEC 61850 protocol after the 
upgrade (see Protocol Verification for Relays With IEC 61850 Option).

Table B.1 details the available firmware upgrade methods. Available methods 
depend on your existing firmware and the firmware version to which you are 
upgrading.
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Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ PC

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A or equivalent, or a 
null-modem cable) or Ethernet cable

➤ Disk containing the firmware upgrade file 
(e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or rxxx-vx7105.zds)

➤ QuickSet software

Digitally Signed 
Firmware Files

The SEL-710-5 supports digitally signed firmware files for firmware versions 
R300-V0 and higher. These firmware files are compressed to reduce file 
transfer times and are digitally signed by SEL using a secure hash algorithm. 
The signature ensures that the file has been provided by SEL and that its 
contents have not been altered. Once the firmware is uploaded to the relay, the 
signature of the firmware is verified with a public key number that is stored on 
the relay from the factory. If the relay cannot verify the signature, it rejects the 
file.

The name of the digitally signed firmware file is of the form rxxx-vx7105.zds, 
where rxxx-vx is the firmware revision number, 7105 indicates the relay type, 
and .zds is the file extension reserved for digitally signed files. Firmware files 
with the .s19 extension are not available for firmware versions R300-V0 and 
higher.

Ethernet Firmware 
Upgrades

You can upgrade firmware over an Ethernet connection by sending the .zds 
firmware upgrade files via FTP, HTTP, or Telnet protocols to a relay running 
SELBOOT version R600 or newer and a relay firmware version identified in 
Table B.1. FTP, HTTP, and Telnet are plain text protocols and do not 
inherently support message encryption (of relay passwords, etc.). Because of 
this, SEL strongly recommends you use between the relay and your network a 
security gateway that provides encrypted communications along with SEL 
SDN technology to harden your network cybersecurity.

Table B.1 Firmware Upgrade Methods

Existing 
Firmware

Upgrade 
Version

SELBOOT Upgrade 
Required?

Firmware Upgrade Methods Supported

Serial Ethernet

R1xx R2xx NA Terminal emulator
QuickSet

—

R1xx or R2xx R3xx Yes 
(R600 or higher)

Terminal emulatora —

R3xx R3xxb No Terminal emulator
QuickSet

Web server
FTP

FILE command
Terminal emulator

a When upgrading from R1xx or R2xx to R3xx, you must first perform the Special Instructions for Upgrading to R300 Series Firmware and 
then follow the Protocol Verification for Relays With IEC 61850 Option instructions to upgrade your relay firmware.

b In firmware versions R302-V0 and higher, the relay firmware retains the Port 1 IP address, subnet mask, and default router settings during 
a firmware upgrade from any previous R3xx firmware version.

NOTE:  The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Special Instructions for Upgrading to R300 Series 
Firmware

The SELBOOT firmware in relays shipped with firmware versions earlier than 
R300 must be upgraded before you can use digitally signed firmware files. 
The SELBOOT firmware can be upgraded from version R500, R501, or R502 
to version R601 by uploading a special SELBOOT Loader firmware to the 
relay.

The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible reentry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 5. Download the SELBOOT Loader firmware to the relay.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing SELBOOT and relay 
firmwares can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Use the Xmodem protocol to send the special SELBOOT Loader 
firmware (e.g., slbtldr_r6017xx.s19) to the relay. The special 
SELBOOT Loader firmware erases the existing SELBOOT and 
relay firmwares and loads SELBOOT firmware version 
SLBT7XX-R601-V0-Z000000-D20211116.

The file transfer typically takes less than 5 minutes at 9600 bps, 
depending on the product. After the transfer is complete, the 
relay reboots and displays the SELBOOT !> prompt. After the 
SELBOOT upgrade is complete, upgrade your relay firmware 
using a terminal emulator. You do not need to save the relay 

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: Change the data rate of the 
relay serial port to 9600 bps before 
issuing the L_D command to start the 
upgrade process.
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settings and other data again during the firmware upgrade 
process if you saved them before upgrading SELBOOT. Proceed 
to Step 5 in Upgrade the Firmware Using a Terminal Emulator.

Figure B.1 shows the entire special SELBOOT upgrade process.

Upgrade the SELBOOT Firmware Loader Using a 
Terminal Emulator

The process for upgrading SELBOOT is similar to Upgrade the Firmware 
Using a Terminal Emulator on page B.6. To determine if SELBOOT must be 
updated, do the following:

Step 1. Establish communication between the relay and a personal 
computer.

Step 2. From the computer, type ID <Enter>.

=>>L_D <Enter>
Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R501-V0-Z000000-D20140224
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Upgrading SELBoot

 Preparing S Record...

 Validating S Record...

* * * * * * * * * W A R N I N G * * * * * * * * *

 Do not turn off or cycle power to the relay or it may
 become inoperative and require factory repair !!!

  Performing this operation will require firmware
      to be downloaded to relay after reboot.

 * * * * * * * * * * * * * * * * * * * * * * * * *

 Removing Old SELBoot...

 Writing New SELBoot...

 Removing SELBoot Loader

 SELBoot Loader cleared... Resetting Relay!!!

BFID=SLBT7XX-R601-V0-Z000000-D20211116
!>

Figure B.1 Special SELBOOT Upgrade Process

NOTE: Make sure the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.
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The relay responds with the following:

Step 3. Locate the Boot Firmware Identifier String (BFID).

Step 4. Find the SELBOOT revision number in the BFID (Rxxx). If the 
revision number is lower than the one you see on the firmware 
CD, follow the process mentioned below. Otherwise, upgrade 
the relay firmware using one of the methods mentioned later in 
the section.

Step 5. To upgrade SELBOOT, locate the new SELBOOT file 
(rxxx7xx.zds) on the desk provided with the firmware upgrade 
materials. Follow the instructions under Upgrade the Firmware 
Using a Terminal Emulator on page B.6. In Step 6, replace the 
REC command with REC BOOT and follow the prompts.

Step 6. When the relay prompts: Press any key to begin transfer 
and then start transfer at the terminal, press <Enter> 
and select the SELBOOT file.

Step 7. When the SELBOOT upgrade is successful, the relay prompts:

Erasing SELboot. Writing SELboot.

SELBOOT upload completed successfully. Restarting 
SELBOOT.

Change the data rate of the communications software to 
9600 bps and press <Enter>.

Step 8. Type EXI <Enter> at the SELBOOT !> prompt to exit 
SELBOOT. The relay should display the = prompt.

If the relay does not return the SELBOOT !> prompt within two 
minutes after displaying Restarting SELboot, cycle the relay 
power. The relay should restart and display the = prompt.

Once the SELBOOT upgrade is complete, select a firmware upgrade method as 
discussed later in the section. It is not necessary to save the relay settings and 
other data again if you did this before upgrading SELBOOT.

=ID <Enter>

"FID=SEL-710-5-X323-V0-Z005003-D20220415","090B"
"BFID=SLBT7XX-R600-V0-Z000000-D20200331","0949"
"CID=43D5","025D"
"DEVID=SEL-710-5","0424"
"DEVCODE=80","030F"
"PARTNO=071050E1B1X0X758506FX","0754"
"CONFIG=111112010","041B"
"SPECIAL=0","02DE"
"SEL DISPLAY PACKAGE=3.0.50710.3004","0884"
"CUSTOMER DISPLAY PACKAGE=1.575370232","0992"
"iedName=SEL_710d5_default","0918"
"type=SEL_710d5","04E3"
"configVersion=ICD-710-5-X204-V0-Z302006-D20220401","0D7C"
"LIB61850ID=DF8157E4","04ED"

NOTE: When you are upgrading 
an SEL-710-5 with a touchscreen 
front-panel display, save all of the 
relay settings, including the 
touchscreen settings, using 
QuickSet.

NOTE: Change the data rate of 
the relay serial port to 9600 bps 
before issuing the L_D command to 
start the upgrade process.

NOTE: The web server can be 
used to upgrade the relay firmware 
versions after R300-V0.

NOTE: In instances where the 
SELBOOT needs to be upgraded 
first, the web server cannot be 
used to upgrade the relay 
firmware. Use a terminal emulator 
to upgrade the SELBOOT first, 
followed by the relay firmware.
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Upgrade the Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your PC 
terminal emulation software.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial or Ethernet port and 
enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Start upgrading the firmware.

a. Issue the L_D command.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay sends the !> prompt.

If you are using an Ethernet port, proceed to Step 6.

Step 5. Change the data rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200 bps. 

b. Change the data rate of the PC to 115200 bps to match 
the relay.

Step 6. Issue the REC command to receive the new firmware.

Step 7. Type Y to confirm that the existing firmware can be erased.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

Step 9. Start the file transfer.

Use the Xmodem protocol to send the file that contains the new 
firmware (e.g., rxxx-vx7105.s19, rxxx-vx7105.z19, or 
rxxx-vx7105.zds).

Firmware files for firmware versions R1xx and R2xx have a 
.s19 or .z19 extension. Firmware files for firmware versions 
R300 and higher have a. zds extension. Firmware files with the 
.s19 or .z19 extension are not available for firmware versions 
R300 and higher.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (e.g., 38400 bps or 
57600 bps). Be sure to match the 
relay and PC data rates.
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The file transfer typically takes less than 15 minutes at 
115200 bps, depending on the product. After the transfer is 
complete, the relay reboots and returns to Access Level 0.

Figure B.2 shows the entire upgrade process.

Step 10. The relay front-panel ENABLED LED illuminates if the relay 
settings are retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then reboots with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is enabled, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This saves the relay calibration settings.

The relay responds:

Config Accepted

The relay reboots and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 6, and enter Access Level 2.

Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=SLBT7XX-R600-V0-Z000000-D20200331
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal. <Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.2 Firmware File Transfer Process
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Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Upgrade the Firmware Using QuickSet 

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Interface for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

NOTE: In instances where SELBOOT needs to 
be upgraded, QuickSet cannot be used to 
upgrade the relay firmware. Use a terminal 
emulator to upgrade SELBOOT and then 
upgrade the relay firmware.

Firmware Loader does not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.
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Step 1. If the relay is in service, 
open the relay control 
circuits.

Step 2. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Select 
Next to continue the 
wizard. 

b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file.

After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown..
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d. Click Return to 
Firmware Loader if 
this device does not have 
any event reports. 

If there are any event 
reports to be saved, 
select the events and 
click Get Selected 
Events. After saving 
them, click Return to 
Firmware Loader.

Step 3. Transfer firmware.

Click Next to begin the 
firmware transfer. 
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Step 4. Load firmware.

During this step, the device 
is put in SELBOOT mode. 
The transfer speed is 
maximized and the 
firmware transfer begins.

Step 5. Click Next to complete the 
firmware upgrade..
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as a result of a settings mismatch between a 
previous firmware version and a new firmware version, check the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL 
Non_Vol Failure on the two-line display model, or a settings 
mismatch notification screen on the touchscreen model, use the 
following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 bps, 8 data 
bits, and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the default settings due to the R_S command.

If the relay is still disabled, use the following procedure:

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config Accepted

The relay reboots and comes up enabled.
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Upgrade the Firmware Using the Web Server
The web server offers a convenient method for upgrading the relay firmware. 
Located on the left navigation pane of the screen, the System menu contains 
the File Management category that allows you to upgrade firmware in the 
relay. To upgrade the firmware using the web server, the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension. Refer to Section 3: PC Interface for connecting and logging in to 
the SEL-710-5 web server using the Ethernet port. 

To upgrade relay firmware by using the web server, set the Port 1 settings 
HTTPACC := 2 and EETHFWU := Y. The web server login page provides 
Access Level 2 as a user-selectable login access level. If EETHFWU is set 
to N, you cannot upgrade the firmware over Ethernet regardless of the 
HTTPACC setting.

Step 6. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
reinitializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings that are 
saved in the database to the 
device. Settings are 
converted automatically, if 
necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 2: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted 
over Ethernet. Monitoring this bit 
and reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.
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Step 1. In QuickSet, save the current 
relay settings and other data.

Step 2. Proceed with the firmware 
upgrade process by 
performing the following 
steps: 

a. Click System > File 
Management from the 
left navigation pane of the 
webpage. 

b. Click Browse to select 
the firmware you want to 
send to the relay.

c. Click Upgrade 
Firmware to start the 
upgrade process.

Step 3. Click Yes - Upgrade if you 
want to upgrade using the 
file selected.

Once the upgrade process is 
in progress, the relay 
acknowledges the transfer 
with the message, 
Transferring firmware. 
Please wait.
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After the relay finishes the 
firmware transfer, an 
acknowledgment message 
appears and the relay 
reboots.

NOTE: After the relay reboots, if the ENABLED LED is not illuminated or if the front panel displays 
STATUS FAIL Non_Vol Failure on the two-line display model, or a settings mismatch notification 
screen on the touchscreen model, then open a terminal emulator using the serial port and use the 
following procedure to restore the factory-default settings. Refer to Protocol Verification for Relays 
With IEC 61850 Option for terminal emulator setup and connections. 

a. Set the communications software settings to 9600 bps, 8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory default.

The relay reboots and comes up enabled.

Note that the port settings will be restored to the factory-default settings due to the R_S 
command.

If the relay is still disabled, use the following procedure:

d. Enter Access Level 2.

e. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y.

This saves the relay calibration settings. The relay responds:

Config accepted

The relay reboots and comes up enabled.
Step 4. After the relay reboots, the 

Login screen appears on the 
web server. Log in to the 
relay to verify completion of 
the firmware upgrade 
process.
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Table B.2 provides messages displayed in the web browser and the relay 
condition associated with those messages.

An acknowledgment 
message appears that verifies 
a successful firmware 
upgrade.

Step 5. Check that the relay 
firmware version matches 
the version that was used for 
the upgrade and that the 
relay is enabled.

Click on Relay Status > 
Self-Tests to view the status 
report.

Table B.2 Messages Displayed in the Web Browser

User Message Relay Condition

Firmware upgrade succeeded. The previous firmware upgrade with a .zds file was suc-
cessful.

Invalid upgrade file. The .zds file was not successfully received or validated 
by the relay.

Upgrade in progress on 
another interface.

A firmware upgrade is currently being performed 
through another connection.

Errors during Upgrade File 
Transfer.

Upgrade failed due to errors during file transfer.
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Upgrade the Firmware Using File Transfer Protocol
To upgrade firmware using File Transfer Protocol (FTP), the firmware in your 
relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using FTP, the Port 1 setting FTPACC must be 
set to 2 or C and EETHFWU must be set to Y. If EETHFWU is set to N, 
upgrading firmware over an Ethernet connection is disabled regardless of the 
FTPACC setting.

The following instructions assume you have a working knowledge of the 
Windows command prompt.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Create an FTP session to connect to the relay using the relay IP 
address.

Step 6. Enter your FTP username and password.

Step 7. Issue the CD UPGRADE command to switch the present relay 
directory to the UPGRADE directory. 

Step 8. Issue the PUT RELAY.ZDS command to place the 
RELAY.zds file in the UPGRADE directory and to send the file 
to the relay.

When the download is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the FTP connection, and you must 
re-establish the FTP connection after the upgrade is complete. Then, navigate 
to the relay UPGRADE directory, read the error file ERR.TXT and review for 
any error messages. If the firmware upgraded properly, no errors occurred 
during the upgrade process and the file is empty. If messages are contained 
within the file, see Table B.2 for the error message and what the error means.

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the SALARM 
bit and writes an entry to the relay 
SER log whenever a firmware 
upgrade is attempted over Ethernet. 
Monitoring this bit and reviewing the 
SER log can help identify possible 
unauthorized firmware upgrade 
attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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Figure B.3 shows the entire upgrade process via Windows command prompt.

Upgrade the Firmware Via Terminal Emulator Using 
the FILE Command Over Telnet

To upgrade firmware using the FILE command over Telnet, the firmware in 
your relay must be R300-V0 or higher. The firmware is designated with a .zds 
extension.

To upgrade relay firmware by using the FILE Command over Ethernet, the 
Port 1 setting MAXACC must be set to 2 or C and EETHFWU must be set to 
Y. If EETHFWU is set to N, upgrading firmware over an Ethernet connection 
is disabled regardless of the MAXACC setting.

The following procedure assumes that you have a working knowledge of the 
software being used to upgrade the firmware via FILE command.

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the Ethernet port and enter Access Level 2.

Step 3. Save the present relay settings.

You can use the PC software (see Section 3: PC Interface) to 
save and restore settings, or you can use the following steps:

a. Issue the following commands at the ASCII prompt:
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

We recommend that you save all stored data in the relay, 
including events, before the upgrade.

Step 4. Rename the rxxx-vx7105.zds file as RELAY.zds.

Step 5. Save the RELAY.zds file to a directory.

Step 6. Update the active directory to be the directory where the 
RELAY.zds file is saved.

Step 7. Issue the FILE WRITE RELAY.ZDS command to the relay.

Step 8. Send the RELAY.zds file to the relay via Ymodem transfer.

Microsoft Windows [Version 10.0.17763.805]
(c) 2018 Microsoft Corporation. All rights reserved.

Y:\>FTP 10.39.94.180 <Enter>
Connected to 10.39.94.180.
220 FTP SERVER
550 NOOP requested action not taken.
User (10.39.94.180:(none)): xxxxxx <Enter>
331 User name okay, need password.
Password: xxxxxx <Enter>
230 User logged in, proceed.
ftp> CD UPGRADE <Enter>
250 CWD  requested file action okay, completed.
ftp> PUT RELAY.ZDS <Enter>
200 PORT Command okay.
150 File status okay; about to open data connection.
Connection closed by remote host.
ftp>

Figure B.3 Firmware Upgrade Via FTP

NOTE: Make sure that the relay and 
SELBOOT firmware revisions are 
compatible. Refer to Appendix A: 
Firmware, ICD, and Manual Versions 
in this manual. If needed, upgrade 
the SELBOOT firmware prior to 
upgrading the relay firmware.

NOTE: The relay pulses the 
SALARM bit and writes an entry to 
the relay SER log whenever a 
firmware upgrade is attempted over 
Ethernet. Monitoring this bit and 
reviewing the SER log can help 
identify possible unauthorized 
firmware upgrade attempts.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging into Access 
Level C using the Access Level C 
password. The factory-default 
password for Access Level C is 
CLARKE. 

NOTE: When you are upgrading an 
SEL-710-5 with a touchscreen front-
panel display, save all of the relay 
settings, including the touchscreen 
settings, using QuickSet.

NOTE: File name RELAY.zds is not 
case sensitive.
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When the upgrade is complete, the relay reboots and comes up enabled. 
During this upgrade process, you will lose the Telnet connection, and you 
must re-establish the Telnet connection after the upgrade is complete. Then, 
navigate to the relay UPGRADE directory, read the error file ERR.TXT and 
review for any error messages. If the firmware upgraded properly, no errors 
occurred during the upgrade process and the file is empty. If messages are 
contained within the file, see Table B.2 for the error message and what the 
error means.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and, if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect detects the upgraded 
relay firmware and prompts you to allow it to convert the 
existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. Only transfer a 
CID file to the relay if you want to 
implement a change in the IEC 61850 
configuration or if new relay firmware 
does not support the current CID file 
version. If you transfer an invalid CID 
file, the relay disables the IEC 61850 
protocol, because it no longer has a 
valid configuration. To restart 
IEC 61850 protocol operation, you 
must transfer a valid CID file to the 
relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
https://selinc.com/support
https://selinc.com/support
mailto:info@selinc.com
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SEL Communications Protocols
The SEL-710-5 Motor Protection Relay supports SEL protocols and 
command sets shown in Table C.1.

SEL ASCII Commands We originally designed SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing 
terminal. A computer with a serial port can also use the SEL ASCII protocol 
to communicate with the relay, collect data, and issue commands.

SEL Compressed 
ASCII Commands

The relay supports a subset of SEL ASCII commands identified as 
Compressed ASCII commands. Each of these commands results in a comma-
delimited message that includes a checksum field. Most spreadsheet and 
database programs can directly import comma-delimited files. Devices with 
embedded processors connected to the relay can execute software to parse and 
interpret comma-delimited messages without expending the customization 
and maintenance labor needed to interpret nondelimited messages. The relay 
calculates a checksum for each line by numerically summing all of the bytes 
that precede the checksum field in the message. The program that uses the 
data can detect transmission errors in the message by summing the characters 
of the received message and comparing this sum to the received checksum.

Most commands are available only in SEL ASCII or Compressed ASCII 
format. Selected commands have versions in both standard SEL ASCII and 
Compressed ASCII formats. Compressed ASCII reports generally have fewer 

Table C.1 Supported Serial Command Sets

Command Set Description

SEL ASCII Use this protocol to send ASCII commands and receive 
ASCII responses that are human readable with an appropriate 
terminal emulation program.

SEL Compressed ASCII Use this protocol to send ASCII commands and receive 
Compressed ASCII responses that are comma-delimited for 
use with spreadsheet and database programs or for use by 
intelligent electronic devices.

SEL Fast Meter Use this protocol to send binary commands and receive 
binary meter and target responses.

SEL Fast Operate Use this protocol to receive binary control commands.

SEL Fast SER Use this protocol to receive binary Sequential Events 
Recorder unsolicited responses.

SEL Fast Message Use this protocol to write Remote Analog Data via 
unsolicited writes.
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characters than conventional SEL ASCII reports because the compressed 
reports reduce blanks, tabs, and other white space between data fields to a 
single comma.

Table C.2 lists the Compressed ASCII commands and contents of the 
command responses.

Interleaved ASCII and 
Binary Messages

SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view through use of a terminal or terminal 
emulation package. The binary data streams can interrupt the ASCII data 
stream to obtain information; the ASCII data stream continues after the 
interruption. This mechanism uses a single communications channel for 
ASCII communication (transmission of an event report, for example) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. However, 
you do not need a device to interleave data streams to use the binary or ASCII 
commands. Note that XON, XOFF, and CAN operations operate on only the 
ASCII data stream.

An example of using these interleaved data streams is when the SEL-710-5 
communicates with an SEL communications processor. These SEL 
communications processors perform autoconfiguration by using a single data 
stream and SEL Compressed ASCII and binary messages. In subsequent 
operations, the SEL communications processor uses the binary data stream for 
Fast Meter and Fast Operate messages to populate a local database and to 

Table C.2 Compressed ASCII Commands

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII 
commands available at access levels > 0

0

CBRE Breaker monitor 1

CEVENT Event report 1

CHISTORY List of events 1

CLDP Load Profile Data 1

CMETER Metering data, including fundamental, thermal, 
energy, max/min, rms, analog inputs, remote 
analogs, light and math variables 

1

CMSR Motor Start Data 1

CSE Sequence Of Events Data 1

CSTATUS Relay status 1

CSUMMARY Summary of an event report 1

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0
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perform SCADA operations. At the same time, you can use the binary data 
stream to connect transparently to the SEL-710-5 and use the ASCII data 
stream for commands and responses.

SEL Fast Meter, Fast 
Operate, Fast SER, 
and Unsolicited Write

SEL Fast Meter is a binary message that you solicit with binary commands. 
Fast Operate is a binary message for control. The relay can also send 
unsolicited Fast SER messages automatically and receive unsolicited SEL 
Fast Messages (used in the SEL-710-5 for Remote Analogs). If the relay is 
connected to an SEL communications processor, these messages provide the 
mechanism that the communications processor uses for SCADA or DCS 
functions that occur simultaneously with ASCII interaction.

SEL Communications Processor
SEL offers SEL communications processors, powerful tools for system 
integration and automation. The SEL-2030 series and the SEL-2020 
communications processors are similar, except that the SEL-2030 series has 
two slots for network protocol cards. These devices provide a single point of 
contact for integration networks with a star topology, as shown in Figure C.1.

Figure C.1 SEL Communications Processor Star Integration Network

In the star topology network in Figure C.1 the SEL communications processor 
offers the following substation integration functions:

➤ Collection of real-time data from SEL and non-SEL IEDs

➤ Calculation, concentration, and aggregation of real-time IED 
data into databases for SCADA, HMI, and other data 
consumers

➤ Access to the IEDs for engineering functions including 
configuration, report data retrieval, and control through local 
serial, remote dial-in, and Ethernet network connections

➤ Distribution of IRIG-B time-synchronization signal to IEDs 
based on external IRIG-B input, internal clock, or protocol 
interface

➤ Simultaneous collection of SCADA data and engineering 
connection to SEL IEDs over a single cable

➤ Automated dial-out on alarms

SEL Communications
Processor

To Engineering

Modem

To SCADA

Local HMI

SEL IED SEL IED SEL IED Non-SEL IED
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The SEL communications processors have 16 serial ports plus a front port. 
This port configuration does not limit the size of a substation integration 
project, because you can create a multitiered solution as shown in Figure C.2. 
In this multitiered system, the lower-tier SEL communications processors 
forward data to the upper-tier SEL communications processor that serves as 
the central point of access to substation data and substation IEDs.

Figure C.2 Multitiered SEL Communications Processor Architecture

You can add additional communications processors to provide redundancy and 
eliminate possible single points of failure. SEL communications processors 
provide an integration solution with a reliability comparable to that of SEL 
relays. In terms of MTBF (mean time between failures), SEL communications 
processors are 100 to 1000 times more reliable than computer-based and 
industrial technology-based solutions.

Configuration of an SEL communications processor is different from other 
general-purpose integration platforms. You can configure SEL 
communications processors with a system of communication-specific 
keywords and data movement commands rather than programming in C or 
another general-purpose computer language. SEL communications processors 
offer the protocol interfaces listed in Table C.3.

Table C.3 SEL Communications Processors Protocol Interfaces (Sheet 1 of 2)

Protocol Connect to

DNP3 Level 2 Outstation DNP3 masters

Modbus RTU Protocol Modbus masters

SEL ASCII/Fast Message Slave SEL protocol masters

SEL ASCII/Fast Message Master SEL protocol slaves including other 
communications processors and SEL relays

ASCII and Binary auto messaging SEL and non-SEL IED master and slave devices

Modbus Plusa Modbus Plus peers with global data and Modbus 
Plus masters

FTP (File Transfer Protocol)b FTP clients

SEL Communications
Processor

To Engineering

Modem
To SCADA

Local HMI

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL Communications
Processor

SEL Communications
Processor
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SEL Communications Processor and Relay Architecture
You can apply SEL communications processors and SEL relays in a limitless 
variety of applications that integrate, automate, and improve station operation. 
Most system integration architectures using SEL communications processors 
involve either developing a star network or enhancing a multidrop network.

Developing 
Star Networks

The simplest architecture using both the SEL-710-5 and an SEL 
communications processor is shown in Figure C.1. In this architecture, the 
SEL communications processor collects data from the SEL-710-5 and other 
station IEDs. The SEL communications processor acts as a single point of 
access for local and remote data consumers (local HMI, SCADA, engineers). 
The communications processor also provides a single point of access for 
engineering operations including configuration and the collection of report-
based information.

By configuring a data set optimized to each data consumer, you can 
significantly increase the utilization efficiency on each link. A system that 
uses an SEL communications processor to provide a protocol interface to an 
RTU has a shorter lag time (data latency); communication overhead is much 
less for a single data exchange conversation to collect all substation data (from 
a communications processor) than for many conversations required to collect 
data directly from each individual IED. You can further reduce data latency by 
connecting any SEL communications processor directly to the SCADA master 
and eliminating redundant communications processing in the RTU.

The SEL communications processor is responsible for the protocol interface, 
so you can install, test, and even upgrade the system in the future without 
disturbing protective relays and other station IEDs. This insulation of the 
protective devices from the communications interface assists greatly in 
situations where different departments are responsible for SCADA operation, 
communication, and protection.

SEL communications processors equipped with an SEL-2701 Ethernet 
Processor provide a UCA2 interface to SEL-710-5 relays and other serial 
IEDs. The SEL-710-5 data appear in models in a virtual device domain. The 
combination of the SEL-2701 with an SEL communications processor offers a 
significant cost savings because you can use existing IEDs or purchase less 
expensive IEDs. For full details on applying the SEL-2701 with an SEL 
communications processor, see the SEL-2701 Ethernet Processor Instruction 
Manual.

The engineering connection uses either an Ethernet network connection 
through the SEL-2701 or a serial port connection. This versatility 
accommodates the channel that is available between the station and the 
engineering center. SEL software uses either a serial port connection or an 
Ethernet network connection from an engineering workstation to the relays in 
the field.

Telnetb Telnet servers and clients

UCA2 GOMSFEb UCA2 protocol masters

UCA2 GOOSEb UCA2 protocol and peers
a Requires SEL-2711 Modbus Plus protocol card.
b Requires SEL-2701 Ethernet Processor.

Table C.3 SEL Communications Processors Protocol Interfaces (Sheet 2 of 2)

Protocol Connect to
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Enhancing Multidrop 
Networks

You can also use an SEL communications processor to enhance a multidrop 
architecture similar to the one shown in Figure C.3. In this example, the SEL 
communications processor enhances a system that uses the SEL-2701 with an 
Ethernet HMI multidrop network. In the example, there are two Ethernet 
networks, the SCADA LAN and the Engineering LAN. The SCADA LAN 
provides real-time data directly to the SCADA Control Center via a protocol 
gateway and to the HMI.

Figure C.3 Enhancing Multidrop Networks With SEL Communications 
Processors

In this example, the SEL communications processor provides the following 
enhancements when compared to a system that employs only the multidrop 
network:

➤ Ethernet access for IEDs with serial ports

➤ Backup engineering access through the dial-in modem

➤ IRIG-B time signal distribution to all station IEDs

➤ Integration of IEDs without Ethernet

➤ Single point of access for real-time data for SCADA, 
HMI, and other uses

➤ Significant cost savings by use of existing IEDs 
with serial ports

SEL Communications
Processor

Modem

To SCADA Control Center,
RTU, or Protocol Gateway To Engineering

HMI/Local
Engineering

Access

SEL-421 Relay

Hub Hub

Ethernet IED

SCADA
 Ethernet LAN

EIA-232

Engineering
Ethernet LAN

SEL-710-5 Relay SEL Relay Non-SEL IED
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SEL Communications Processor Example
This example demonstrates the data and control points available in the SEL 
communications processor when you connect an SEL-710-5. The physical 
configuration used in this example is shown in Figure C.4. In this example, the 
communications processor is an RTAC that is connected to the SEL-710-5 by 
using SEL Protocol via ACSELERATOR RTAC software. For more information 
regarding the RTAC and ACSELERATOR RTAC software, refer to selinc.com.

Figure C.4 Example of SEL Relay and SEL Communications Processor 
Configuration

Table C.4 shows the Port 1 settings for the RTAC.

Table C.4 RTAC Port 1 Settings (Sheet 1 of 2)

Setting Range Value

Communications

SERIAL 
COMMUNICATIONS PORT

The number of ports depends on 
the RTAC MOT

Com_01

SERIAL 
COMMUNICATIONS 
PORT TYPE

EIA-232, EIA-485/EIA-422 EIA232

BAUD RATE Auto-Baud, 300, 1200, 2400, 
4800, 9600, 19200, 38400, 
57600, 115200

115200

DATA BITS 8 8

PARITY BIT None None

STOP BIT 1 1

RTS_CTS True, False False

XON/XOFF True, False True

LEVEL 1 PASSWORD 0–32 characters **********

LEVEL 2 PASSWORD 0–32 characters **********

ENABLE PASSWORD 
MONITOR

True, False False

POLL CASCII RETRIES 0–255 3

POLL CASCII INACTIVITY 
TIMEOUT

100–65535 ms 8000

POLL BINARY RETRIES 0–255 3

POLL BINARY 
INACTIVITY TIMEOUT

<min>–65535 ms 2500

SLOW POLL MODE 
MULTIPLIER

1–65535 5

SEL Communications 

Processor

Port F

Port 3

Personal ComputerSEL-710-5 Relay

SEL-C273A Cable

SEL-C285T Cable

https://www.selinc.com
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After these settings are configured to align with the Port 1 settings of the 
SEL-710-5, the RTAC will auto-configure the connection. Refer to Figure C.5 
to see what a healthy connection looks like after auto-configuration is 
complete. Note that ENO and EN are TRUE and that Offline is FALSE.

Figure C.5 Healthy Communications Between an RTAC and an SEL Relay

Data Collection In this example, the RTAC is configured to collect data from the SEL-710-5 
via SEL Protocol, using the list in Table C.5.

You have the ability to set the poll period for each of the commands in 
Table C.5.

TRANSMIT FAST 
UNSOLICITED WRITE 
MESSAGING ON 
STARTUP

True, False False

Date-Time

UTC OFFSET –720 to 840 minutes 0

DST ENABLED True, False True

Event

ENABLE EVENT 
COLLECTION

True, False False

ENABLE COMTRADE 
COLLECTION

True, False False

LIST OF EVENT TYPES TO 
BE COLLECTED

HR

SEL

VIRTUAL PORT NUMBER 1–254 1

Table C.4 RTAC Port 1 Settings (Sheet 2 of 2)

Setting Range Value

Table C.5 RTAC Data Collection Automessages

Message Name Message Type Command Poll Period

History Compressed ASCII CHI 0

Load Data Compressed ASCII CLDP 0

SER Compressed ASCII CSE 0

Status Compressed ASCII CST 0

Demand Meter Fast Meter D2 0

Meter Fast Meter D1 1000

Peak Meter Fast Meter D3 0
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Control Points The RTAC can pass control messages, called Fast Operate messages, to the 
SEL-710-5 automatically. You must enable Fast Operate messages by using 
the FASTOP setting in the SEL-710-5 port settings for the port connected to 
the SEL communications processor.

When you enable Fast Operate functions, the SEL communications processor 
automatically sends messages to the relay for changes in remote bits 
RB01–RB32 on the corresponding SEL communications processor port.

SEL Communications 
Processor to 
SEL-710-5 Unsolicited 
Write Remote Analog 
Example

There are two settings that must be configured in the RTAC if you need to 
write to remote analogs in the SEL-710-5. In this example, the required 
settings needed to write to RA_001.Val and RA_002.Val are provided. The 
first set of settings is under the Tx UW Messages tab. See Figure C.6.

Figure C.6 Unsolicited Write Remote Analogs Tx UW Messages Settings

In the settings, note the unsolicited write Tx starting addresses. After these 
two settings are properly configured, Tx UW Message 1 must be configured. 
See Figure C.7. Note the Tag Types being MV and the Datatype being REAL. 
Use a similar setup to write to all of the remote analogs.

Figure C.7 Tag Type and Datatype for RA_001.Val–RA_032.Val

NOTE:  To use the Fast Operate 
function, the FASTOP setting must be 
set to Y (see Section 6: Settings).
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DNP3 Communications

Overview
The SEL-710-5 Motor Protection Relay provides a Distributed Network 
Protocol Version 3.0 (DNP3) Level 2 Outstation interface for direct serial and 
LAN/WAN network connections to the device.

This section covers the following topics:

➤ Introduction to DNP3 on page D.1

➤ DNP3 in the SEL-710-5 on page D.6

➤ DNP3 Documentation on page D.14

Introduction to DNP3
A supervisory control and data acquisition (SCADA) manufacturer developed 
the first versions of DNP from the lower layers of IEC 60870-5. Originally 
designed for use in telecontrol applications, Version 3.0 of the protocol has 
also become popular for local substation data collection. DNP3 is one of the 
protocols included in the IEEE Recommended Practice for Data 
Communications Between Remote Terminal Units and Intelligent Electronic 
Devices in a Substation.

The DNP Users Group maintains and publishes DNP3 standards. See the DNP 
Users Group website, www.dnp.org, for more information on standards, 
implementers, and tools for working with DNP3.

DNP3 Specifications DNP3 is a feature-rich protocol with many ways to accomplish tasks, defined 
in an eight-volume series of specifications. Volume 8 of the specification, 
called the Interoperability Specification, simplifies DNP3 implementation by 
providing four standard interoperable implementation levels. The levels are 
listed in Table D.1.

Table D.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communication requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communication requirements

Large RTUs, SCADA 
masters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA 
masters

http://www.dnp.org
http://www.dnp.org
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Each level is a proper superset of the previous lower-numbered level. A 
higher-level device can act as a master to a lower-level device, but can only 
use the data types and functions implemented in the lower level device. For 
example, a typical SCADA master is a Level 3 device and can use Level 2 (or 
lower) functions to poll a Level 2 (or lower) device for Level 2 (or lower) data. 
Similarly, a lower-level device can poll a higher-level device, but the lower 
level device can only access the features and data available to its level.

In addition to the eight-volume DNP3 specification, the protocol is further 
refined by conformance requirements, optional features, and a series of 
technical bulletins. The technical bulletins supplement the specifications with 
discussions and examples of specific features of DNP3.

Data Handling
Objects

DNP3 uses a system of data references called objects, defined by the Basic 4 
standard object library. Each subset level specification requires a minimum 
implementation of object types and recommends several optional object types. 
DNP3 object types, commonly referred to as objects, are specifications for the 
type of data the object carries. An object can include a single value or more 
complex data. Some objects serve as shorthand references for special 
operations, including collections of data, time synchronization, or even all 
data within the DNP3 device.

If there can be more than one instance of a type of object, then each instance 
of the object includes an index that makes it unique. For example, each binary 
status point (Object 1) has an index. If there are 16 binary status points, these 
points are Object 1, Index 0 through Object 1, Index 15.

Each object also includes multiple versions called variations. For example, 
Object 1 (binary inputs) has three variations: 0, 1, and 2. You can use 
Variation 0 to request all variations, Variation 1 to specify binary input values 
only, and Variation 2 to specify binary input values with status information. 

Each DNP3 device has both a list of objects and a map of object indices. The 
list of objects defines the available objects, variations, and qualifier codes. The 
map defines the indices for objects that have multiple instances and defines 
what data or control points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. 
DNP3 terminology describes all points from the perspective of the master. 
Binary points for control that move from the master to the outstation are called 
binary outputs, while binary status points within the outstation are called 
binary inputs.

Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master can use to manipulate the object. The object 
listing for the device shows the permitted function codes for each type of 
object. The most common DNP3 function codes are listed in Table D.2.
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Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range 
specifies the indices of the objects of interest. DNP3 masters use qualifier 
codes to compose the shortest, most concise message possible when 
requesting points from a DNP3 outstation.

For example, the qualifier code 01 specifies that the request for points includes 
a start address and a stop address. Each of these two addresses uses two bytes. 
An example request using qualifier code 01 might have the four hexadecimal 
byte range field, 00h 04h 00h 10h, which specifies points in the range 4 to 16.

Access Methods DNP3 has many features that help obtain maximum possible message 
efficiency. DNP3 masters send requests with the least number of bytes using 
special objects, variations, and qualifiers that reduce the message size. Other 
features eliminate the continual exchange of static (unchanging) data values. 
These features optimize use of bandwidth and maximize performance over a 
connection of any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit 
values that have not changed. Event data are time-stamped records that show 
when observed measurements changed. For binary points, the remote device 
(DNP3 outstation) logs changes from logical 1 to logical 0 and from logical 0 
to logical 1. For analog points, the outstation device logs changes that exceed 
a deadband. DNP3 outstation devices collect event data in a buffer that either 
the master can request or the device can send to the master without a request 
message. Data sent from the outstation to the master without a polling request 
are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved 
for reading the present value data (static data). Classes 1, 2, and 3 are event 
data classes. The meaning of Classes 1 to 3 is arbitrary and defined by the 
application at hand. With outstations that contain great amounts of data or in 
large systems, the three event classes provide a framework for prioritizing 
different types of data. For example, you can poll once a minute for Class 1 
data, once an hour for Class 2 data, and once a day for Class 3 data.

DNP3 also supports static polling: simple polling of the present value of data 
points within the outstation. By combining event data, unsolicited polling, and 
static polling, you can operate your system in one of the four access methods 
shown in Table D.3.

The access methods listed in Table D.3 are listed in order of increasing 
communication efficiency. With various trade-offs, each method is less 
demanding of communication bandwidth than the previous one. For example, 

Table D.2 Selected DNP3 Function Codes

Function 
Code

Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a Select-Before-Operate operation

4 Operate Second part of a Select-Before-Operate operation

5 Direct operate One-step operation with reply

6 Direct operate, no reply One-step operation with no reply
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unsolicited report-by-exception consumes less communication bandwidth 
than polled report-by-exception because that method does not require polling 
messages from the master. To properly evaluate which access method provides 
optimum performance for your application, you must also consider overall 
system size and the volume of data communication expected.

Binary Control 
Operations

DNP3 masters use Object 12, control device output block, to perform DNP3 
binary control operations. The control device output block has both a trip/
close selection and a code selection. The trip/close selection allows a single 
DNP3 index to operate two related control points such as trip and close or 
raise and lower. Trip/close pair operation is not recommended for new DNP3 
devices, but is often included for interoperability with older DNP3 master 
implementations.

The control device output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited 
subset of the possible combinations of the code field. Sometimes, DNP3 
outstations assign special operation characteristics to the latch and pulse 
selections. Table D.12 describes control point operation for the SEL-710-5.

Conformance Testing In addition to the protocol specifications, the DNP Users Group has approved 
conformance-testing requirements for Level 1 and Level 2 devices. Some 
implementers perform their own conformance specification testing, while 
some contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and outstation 
are fully interoperable (that is, work together properly for all implemented 
features). Conformance testing does help to standardize the testing procedure 
and move the DNP3 implementers toward a higher level of interoperability.

DNP3 Serial 
Network Issues

Data Link Layer Operation
DNP3 employs a three-layer version of the seven-layer OSI (Open System 
Interconnection) model called the enhanced performance architecture. The 
layer definition helps to categorize functions and duties of various software 
components that make up the protocol. The middle layer, the Data Link Layer, 
includes several functions for error checking and media access control.

A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this 
feature helps you recognize a failed device or failed communications link 
quickly, it also adds significant overhead to the DNP3 conversation. Consider 
whether you require this link integrity function in your application at the 
expense of overall system speed and performance.

Table D.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only

Polled report-by-exception Master polls frequently for event data and occasionally 
for Class 0 data

Unsolicited report-by-exception Outstation devices send unsolicited event data to the 
master, and the master occasionally polls for Class 0 data

Quiescent Master never polls and relies on unsolicited reports only
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The DNP3 technical bulletin (DNP Confirmation and Retry Guidelines 9804-
002) on confirmation processes recommends against using data link 
confirmations because these processes can add to traffic in situations where 
communications are marginal. The increased traffic reduces connection 
throughput further, possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single (serial) network 
medium, you must provide a mechanism to resolve the resulting network 
medium contention. For example, unsolicited reporting results in network 
medium contention if you do not design your serial network as a star topology 
of point-to-point connections or use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a 
collision avoidance feature. Before sending a message, a DNP3 device listens 
for a carrier signal to verify that no other node is transmitting data. The device 
transmits if there is no carrier or waits for a random time before transmitting. 
However, if two nodes both detect a lack of carrier at the same instant, these 
two nodes could begin simultaneous transmission of data and cause a data 
collision. If your serial network allows for spontaneous data transmission 
including unsolicited event data transmissions, you also must use application 
confirmation to provide a retry mechanism for messages lost in data 
collisions.

DNP3 LAN/WAN 
Overview

The main process for carrying DNP3 over an Ethernet network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the 
transport layer frames of the IP suite. This allows the IP stack to deliver the 
DNP3 data link layer frames to the destination in place of the original DNP3 
physical layer.

The DNP User Group Technical Committee has recommended the following 
guidelines for carrying DNP3 over a network:

NOTE: Link layer confirmations are 
explicitly disabled for DNP3 LAN/
WAN. The IP suite provides a reliable 
delivery mechanism, which is backed 
up at the application layer by 
confirmations when required.

➤ DNP3 shall use the IP suite to transport messages over a LAN/
WAN

➤ Ethernet is the recommended physical link, though you can use 
others

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs

➤ UDP can be used for highly reliable single-segment LANs

➤ UDP is necessary if broadcast messages are required

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The technical committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). This port is 
used for either TCP or UDP.



D.6

SEL-710-5 Relay Instruction Manual Date Code 20220826

DNP3 Communications
DNP3 in the SEL-710-5

TCP/UDP Selection
The committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table D.4.

DNP3 in the SEL-710-5
The SEL-710-5 is a DNP3 Level 2 remote (outstation) device, without dual 
end point. 

Data Access Table D.5 lists DNP3 data access methods along with their corresponding 
SEL-710-5 settings. You must select a data access method and configure each 
DNP3 master for polling as specified.

The SEL-710-5 is an outstation device without dual end point. For a TCP 
connection, the relay sends out unsolicited messages only if a DNP3 master 
has already established a session and enabled unsolicited messaging for that 
session. However, for a Serial/Modem/UDP connection, the relay 
automatically dials out and sends unsolicited messages as defined by the 
settings.

Table D.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data 
(CDPD)

X

Low priority data, for example, data monitor or configuration information X

Table D.5 Configuring DNP3 Access Methods

Access Method Master Polling SEL-710-5 Settings

Polled static Class 0 Set ECLASSBn, ECLASSCn, 
ECLASSAn to 0; UNSOLn to No

Polled report-by-
exception

Class 0 occasionally, Class 1, 
2, 3 frequently

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; UNSOLn to No

Unsolicited report-
by-exception

Class 0 occasionally, optional 
Class 1, 2, 3 less frequently; 
mainly relies on unsolicited 
messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; set UNSOLn to Yes and 
PUNSOLn to Yes or No

Quiescent Class 0, 1, 2, 3 never; relies 
completely on unsolicited 
messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the desired event 
class; set UNSOLn and PUNSOLn 
to Yes.

NOTE: Because unsolicited 
messaging is problematic in most 
circumstances, SEL recommends 
using the polled report-by-exception 
access method to maximize 
performance and minimize risk of 
configuration problems. 

NOTE: In the settings in Table D.5, 
the suffix n represents the DNP3 
session number from 1 to 5. All 
settings with the same numerical 
suffix comprise the complete DNP3 
session configuration.
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In both the unsolicited report-by-exception and quiescent polling methods 
shown in Table D.5, you must make a selection for the PUNSOLn setting. 
This setting enables or disables unsolicited data reporting when the device is 
turned on. If your DNP3 master can send a message to enable unsolicited 
reporting on the SEL-710-5, set PUNSOLn to No.

While automatic unsolicited data transmission on power up is convenient, this 
can cause problems if your DNP3 master is not prepared to start receiving data 
immediately on power up. If the master does not acknowledge the unsolicited 
data with an Application Confirm, the device resends the data until it is 
acknowledged. On a large system, or in systems where the processing power 
of the master is limited, you can have problems when several devices 
simultaneously begin sending data and waiting for acknowledgment 
messages.

The SEL-710-5 allows you to set the conditions for transmitting unsolicited 
event data on a class-by-class basis. It also allows you to assign points to event 
classes on a point-by-point basis (see DNP3 Documentation on page D.14). 
You can prioritize data transmission with these event class features. For 
example, you might place high-priority points in event Class 1 and set it with 
low thresholds (NUMEVEn and AGEEVEn settings) so that changes to these 
points are sent to the master quickly. You can then place low priority data in 
event Class 2 with higher thresholds.

If the SEL-710-5 does not receive an Application Confirm in response to 
unsolicited data, it waits for ETIMEOn seconds and then repeats the 
unsolicited message. To prevent clogging of the network with unsolicited data 
retries, the SEL-710-5 uses the URETRYn and UTIMEOn settings to increase 
retry time when the number of retries set in URETRYn is exceeded. After 
URETRYn has been exceeded, the SEL-710-5 pauses UTIMEOn seconds and 
then transmits the unsolicited data again. Figure D.1 provides an example with 
URETRYn = 2.

Figure D.1 Application Confirmation Timing With URETRYn = 2

Collision Avoidance If your application uses unsolicited reporting on a serial network, you must 
select a half-duplex medium or a medium that includes carrier detection to 
avoid data collisions. EIA-485 two-wire networks are half-duplex. EIA-485 
four-wire networks do not provide carrier detection, while EIA-232 systems 
can support carrier detection. DNP3 LAN/WAN uses features of the IP suite 
for collision avoidance, so does not require these settings.

The SEL-710-5 uses Application Confirmation messages to guarantee 
delivery of unsolicited event data before erasing the local event data buffer. 
Data collisions are typically resolved when messages are repeated until 
confirmed.

The SEL-710-5 pauses for a random delay between the settings MAXDLY 
and MINDLY when it detects a carrier through data on the receive line or the 
CTS pin. For example, if you use the settings of 0.10 seconds for MAXDLY 
and 0.05 seconds for MINDLY, the SEL-710-5 inserts a random delay of 50 to 

RX DATA
(Event Data Confirmation)

TX DATA

ETIMEOn

Retry RetryRetry

Confirmation

UTIMEOn

UTIMEOnETIMEOn
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100 ms between the end of carrier detection and the start of data transmission 
(see Figure D.2).

Figure D.2 Message Transmission Timing

Transmission Control If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio 
system for your DNP network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay 
between RTS signal control and data transmission (see Figure D.2). For 
example, an EIA-485 transceiver typically requires 10 to 20 ms to change 
from receive to transmit. If you set the pre-delay to 30 ms, you avoid data loss 
resulting from the data transmission beginning at the same time as the RTS 
signal assertion.

Event Data DNP3 event data objects contain change-of-state and time-stamp information 
that the SEL-710-5 collects and stores in a buffer. Points assigned in the 
Binary Input Map that are also assigned in the Sequential Events Recorder 
(SER) settings carry the time stamp of actual occurrence. Binary input points 
not assigned in the SER settings carry a time stamp based on the DNP map 
scan time. This may be significantly delayed from when the original source 
changed and should not be used for sequence-of-events determination. The 
DNP map is scanned approximately twice per second to generate events. You 
can configure the SEL-710-5 to either report the data without a polling request 
from the master (unsolicited data) or hold the data until the master requests it 
with an event poll message.

With the event class settings ECLASSBn, ECLASSCn, and ECLASSAn, you 
can set the event class for binary, counter, and analog inputs for Session n. You 
can use the classes as a simple priority system for collecting event data. The 
SEL-710-5 does not treat data of different classes differently with respect to 
message scanning, but it does allow the master to perform independent class 
polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. You must 
confirm that the polling configuration 
of your master allows independent 
polling for each class before 
implementing separate classes in the 
SEL-710-5.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in Table D.7. You 
can either:

➤ set and use default deadband and scaling according to data 
type, or 

➤ use a custom data map to select deadbands on a point-by-point 
basis.

See DNP3 Documentation on page D.14 for a discussion of how to set scaling 
and deadband operation on a point-by-point basis. You can modify deadbands 
for analog inputs at run-time by writing to Object 34..

The settings ANADBAn, ANADBVn, and ANADBMn control default 
dead-band operation for each type of analog data. Because DNP3 Objects 30 

Receipt of RX 
DATA or CTS

Random Delay
MINDLY to MAXDLY

RTS

TX DATA
PREDLY PSTDLY

NOTE: PREDLY and POSTDLY 
settings are only available for EIA-232 
and EIA-485 serial port sessions.
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and 32 use integer data, you must use scaling to send digits after the decimal 
point and avoid rounding to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling 
setting of 1, the value transmitted is 126. With a scaling setting of 3, the value 
transmitted is 12632. You must make certain that the maximum value does not 
exceed 32767 if you are polling the default 16-bit variations for Objects 30 
and 32, but you can send some decimal values using this technique. You must 
also configure the master to perform the appropriate division on the incoming 
value to display it properly.

You can set the default analog value scaling with the DECPLAn, DECPLVn, 
and DECPLMn settings. Application of event reporting deadbands occurs 
after scaling. For example, if you set DECPLAn to 2 and ANADBAn to 10, a 
measured current of 10.14 Amps would be scaled to the value 1014 and would 
have to increase to more than 1024 or decrease to less than 1004 (a change in 
magnitude of ± 0.1 Amps) for the device to report a new event value.

The SEL-710-5 uses the NUMEVEn and AGEEVEn settings to decide when 
to send unsolicited data to the master. The device sends an unsolicited report 
when the total number of events accumulated in the event buffer for Master n 
reaches NUMEVEn. The device also sends an unsolicited report if the age of 
the oldest event in the master n buffer exceeds AGEEVEn. The SEL-710-5 has 
the buffer capacities listed in Table D.6.

Binary Controls The SEL-710-5 provides more than one way to control individual points. The 
SEL-710-5 maps incoming control points either to remote bits or to internal 
command bits that cause circuit breaker operations. Table D.12 lists control 
points and control methods available in the SEL-710-5.

A DNP3 technical bulletin (Control Relay Output Block Minimum 
Implementation 9701-002) recommends that you use one point per Object 12, 
control block output device. You can use this method to perform Pulse On, 
Pulse Off, Latch On, and Latch Off operations on selected remote bits.

If your master does not support the single-point-per-index messages or single 
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page D.24.

Time Synchronization The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time 
synchronization in the event the device loses primary synchronization through 
the IRIG-B input. You can enable time synchronization with the TIMERQn 
setting and then use Object 50, Variation 1, and Object 52, Variation 2, to set 
the time via the Session n DNP3 master (Object 50, Variation 3 for DNP3 
LAN/WAN).

By default, the SEL-710-5 accepts and ignores time set requests 
(TIMERQn = I for “ignore”). (This mode allows the SEL-710-5 to use a high 
accuracy, IRIG time source, but still interoperate with DNP3 masters that send 

Table D.6 SEL-710-5 Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog 100

Counters 32
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time-synchronization messages.) You can set the SEL-710-5 to request time 
synchronization periodically by setting the TIMERQn setting to the desired 
period. You can also set it to not request, but accept, time synchronization 
(TIMERQn = M for “master”).

The SEL-710-5 prioritizes its time-synchronization sources. These time 
sources fall under one of two categories: primary time sources and secondary 
time sources. IRIG-B (BNC and Serial), PTP, and SNTP are primary time 
sources. All other time sources such as DNP, IEC 60870-5-103, Modbus, and 
serial port time and date commands are secondary time sources.

If an IRIG-B BNC time source is available, the SEL-710-5 synchronizes its 
time with that time source regardless of what other time sources are available. 
If an IRIG-B BNC time source is not available and an IRIG-B Serial time 
source is, the SEL-710-5 synchronizes its time with that IRIG-B Serial time 
source even if other time sources are available. If an IRIG-B Serial time 
source is not available and PTP is, the SEL-710-5 synchronizes its time with 
that PTP time source even if other time sources are available. If IRIG-B (BNC 
and Serial) and PTP are not available, but SNTP is, the SEL-710-5 
synchronizes its time with that SNTP time source even if other time sources 
are available. And finally, if IRIG-B (BNC and Serial), PTP, and SNTP are not 
available, the SEL-710-5 synchronizes with the remaining time sources that 
could be available. These include DNP, IEC 60870-5-103, Modbus, or serial 
port time and date commands. These four time sources take on the same 
priority. At any given time, the relay synchronizes with the one that most 
recently established synchronization with the relay. In summary, time-
synchronization prioritization starts with IRIG-B BNC, followed by IRIG-B 
Serial, followed by PTP, followed by SNTP, followed by DNP, 
IEC 60870-5-103, Modbus, or serial port time and date commands.

Note that when IRIG-B BNC or IRIG-B Serial time sources are available, any 
remaining time source that could be available can only be used to update the 
year.

Modem Support The SEL-710-5 DNP implementation includes modem support for serial ports. 
Your DNP3 master can dial-in to the SEL-710-5 and establish a DNP3 
connection. The SEL-710-5 can automatically dial out and deliver unsolicited 
DNP3 event data.

When the device dials out, it waits for the “CONNECT” message from the 
local modem and for assertion of the device CTS line before continuing the 
DNP transaction. This requires a connection from the modem DCD to the 
device CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
SEL-710-5 to other devices.

You can either connect the modem to a computer and configure it before 
connecting it to the SEL-710-5, or program the appropriate modem setup 
string in the modem startup string setting MSTR. Use the PH_NUM1 and 
(optional) PH_NUM2 settings to set the phone numbers that you want the 
SEL-710-5 to call. The SEL-710-5 automatically sends the ATDT modem dial 
command and then the contents of the PH_NUM1 setting when dialing the 
modem. If PH_NUM2 is set, use the RETRY1 setting to configure the number 
of times the SEL-710-5 tries to dial PH_NUM1 before dialing PH_NUM2. 
Similarly, the RETRY2 setting is the number of attempts the SEL-710-5 tries 
to dial PH_NUM2 before trying PH_NUM1. MDTIME sets the length of time 
from initiating the call to declaring it failed because of no connection, and 
MDRET sets the time between dial-out attempts.

NOTE: To enable hardware 
handshaking, set the modem settings 
to Y if you are using a Null modem 
cable for DOP protocol 
implementation.
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NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must use 
either X-ON/X-OFF software flow 
control or set the port data speed 
slower than the effective data rate of 
the modem.

The settings PH_NUM1 and PH_NUM2 must conform to the AT modem 
command set dialing string standard, including:

➤ A comma (,) inserts a four second pause

➤ If necessary, use a 9 to reach an outside line

➤ Include a 1 and the area code if the number requires long 
distance access

➤ Add any special codes your telephone service provider 
designates to block call waiting and other telephone line 
features.

DNP3 Settings The DNP3 port configuration settings available on the SEL-710-5 are shown 
in Table D.7. You can enable DNP3 on Ethernet Port 1 or on any of the serial 
Ports 2 through 4, to a maximum of five concurrent DNP3 sessions. Each 
session defines the characteristics of the connected DNP3 Master, to which 
you assign one of the three available custom maps. Some settings only apply 
to DNP3 LAN/WAN, and are visible only when configuring the Ethernet port. 
For example, you only have the ability to define multiple sessions on Port 1, 
the Ethernet port. Likewise, settings applicable to serial DNP3 are visible only 
when configuring a serial port.

Table D.7 Port DNP3 Protocol Settings (Sheet 1 of 3)

Name Description Range Default

EDNPa Enable DNP3 Sessions 0–5 0

DNPNUMa DNP3 TCP and UDP Port 1–65534 20000

DNPADR Device DNP3 address 0–65519 0

Session 1 Settings

DNPIP1a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR1a Transport protocol UDP, TCP TCP

DNPUDP1a UDP response port REQ, 1–65534 20000

REPADR1 DNP3 address of the Master to send messages to 0–65519 1

DNPMAP1 DNP3 Session Custom Map 1–3 1

DVARAI1 Analog Input Default Variation 1–6 4

ECLASSB1 Class for binary event data, 0 disables 0–3 1

ECLASSC1 Class for counter event data, 0 disables 0–3 0

ECLASSA1 Class for analog event data, 0 disables 0–3 2

DECPLA1 Decimal places scaling for Current data 0–3 1

DECPLV1 Decimal places scaling for Voltage data 0–3 1

DECPLM1 Decimal places scaling for Miscellaneous data 0–3 1

ANADBA1 Analog reporting deadband for current; hidden if ECLASSA1 set to 0 0–32767 100

ANADBV1 Analog reporting deadband for voltages; hidden if ECLASSA1 set to 0 0–32767 100

ANADBM1 Analog reporting deadband for miscellaneous analogs; hidden if ECLASSA and 
ECLASSC set to 0

0–32767 100

TIMERQ1 Time-set request interval, minutes (M = Disables time sync requests, but still accepts 
and applies time syncs from Master; I = Ignores (does not apply) time syncs from 
Master)

I, M, 1–32767 I

STIMEO1 Select/operate time-out, seconds 0.0–30.0 1.0
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DNPINA1a,c Send Data Link Heartbeat, seconds; hidden if DNPTR1 set to UDP 0.0–7200 120

DRETRY1d Data link retries 0–15 3

DTIMEO1d Data link time-out, seconds; hidden if DRETRY1 set to 0 0.0–5.0 1

ETIMEO1 Event message confirm time-out, seconds 1–50 5

UNSOL1 Enable unsolicited reporting; hidden and set to N if ECLASSB1, ECLASSC1, and 
ECLASSA1 set to 0

Y, N N

PUNSOL1 Enable unsolicited reporting at turn on; hidden and set to N if UNSOL1 set to N Y, N N

NUMEVE1e Number of events to transmit on 1–200 10

AGEEVE1e Oldest event to transmit on, seconds 0.0–99999.0 2.0

URETRY1e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO1e Unsolicited messages offline time-out, seconds 1–5000 60

Session 2 Settings

DNPIP2a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR2a Transport protocol UDP, TCP TCP

•
•
•

URETRY2a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO2a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 3 Settings

DNPIP3a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR3a Transport protocol UDP, TCP TCP

•
•
•

URETRY3a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO3a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 4 Settings

DNPIP4a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR4a Transport protocol UDP, TCP TCP

•
•
•

URETRY4a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO4a,e Unsolicited messages offline time-out, seconds 1–5000 60

Session 5 Settings

DNPIP5a,b DNP3 Master IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR5a Transport protocol UDP, TCP TCP

•
•
•

URETRY5a,e Unsolicited messages maximum retry attempts 2–10 3

UTIMEO5a,e Unsolicited messages offline time-out, seconds 1–5000 60

Table D.7 Port DNP3 Protocol Settings (Sheet 2 of 3)

Name Description Range Default
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The modem settings in Table D.8 are available only for DNP3 serial port 
sessions.

Serial Port Settings

MINDLYd Minimum delay from DCD to TX, seconds 0.00–1.00 0.05

MAXDLYd Maximum delay from DCD to TX, seconds 0.00–1.00 0.10

PREDLYd Settle time from RTS on to TX; Off disables PSTDLY OFF, 0.00–30.00 0.00

PSTDLYd Settle time from TX to RTS off; hidden if PREDLY set to Off 0.00–30.00 0.00
a Available only on Ethernet ports.
b Set DNPIPn = 0.0.0.0 to accept connections from any DNP master.
c DNPINAn allows the user to set the wait time to detect a bad TCP connection. The relay closes the unused TCP connection after the 

DNPINAn response timeout. It is recommended you set this value to less than 20 seconds. Disabling DNPINAn violates the DNP3 standard 
and should only be done for testing.

d Available only on serial ports.
e Hidden if UNSOLn set to N.

Table D.7 Port DNP3 Protocol Settings (Sheet 3 of 3)

Name Description Range Default

Table D.8 Serial Port DNP3 Modem Settings

Name Description Range Default

MODEM Modem connected to port; all following 
settings are hidden if MODEM set to N

Y, N N

MSTR Modem startup string As many as 
30 characters

“E0X0& 
D0S0 = 4”

PH_NUM1 Primary phone number for dial-out As many as 
30 characters

“”

PH_NUM2 Secondary phone number for dial-out As many as 
30 characters

“”

RETRY1 Retry attempts for primary dial-out; hidden 
and unused if PH_NUM2 set to “”

1–20 5

RETRY2 Retry attempts for secondary dial-out; 
hidden and unused if PH_NUM2 set to “”

1–20 5

MDTIME Time from initiating call to failure because 
of no connection, seconds

5–300 60

MDRET Time between dial-out attempts 5–3600 120
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Object List Table D.9 lists the objects and variations with supported function codes and 

qualifier codes available in the SEL-710-5. The list of supported objects 
conforms to the format laid out in the DNP specifications and includes both 
supported and unsupported objects for DNP3 implementation Level 2 and 
higher and non-supported objects for DNP3 implementation Level 2 only. 
Those that are supported include the function and qualifier codes. The objects 
that are not supported are shown without any corresponding function and 
qualifier codes.

Table D.9 SEL-710-5 DNP3 Object List (Sheet 1 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

0 211 Device Attributes—User-specific sets of attributes 1 0 129 0,17

0 212 Device Attributes—Master data set prototypes 1 0 129 0,17

0 213 Device Attributes—Outstation data set prototypes 1 0 129 0,17

0 214 Device Attributes—Master data sets 1 0 129 0,17

0 215 Device Attributes—Outstation data sets 1 0 129 0,17

0 216 Device Attributes—Max binary outputs per request 1 0 129 0,17

0 219 Device Attributes—Support for analog output events 1 0 129 0,17

0 220 Device Attributes—Max analog output index 1 0 129 0,17

0 221 Device Attributes—Number of analog outputs 1 0 129 0,17

0 222 Device Attributes—Support for binary output events 1 0 129 0,17

0 223 Device Attributes—Max binary output index 1 0 129 0,17

0 224 Device Attributes—Number of binary outputs 1 0 129 0,17

0 225 Device Attributes—Support for frozen counter events 1 0 129 0,17

0 226 Device Attributes—Support for frozen counters 1 0 129 0,17

0 227 Device Attributes—Support for counter events 1 0 129 0,17

0 228 Device Attributes—Max counter index 1 0 129 0,17

0 229 Device Attributes—Number of counters 1 0 129 0,17

0 230 Device Attributes—Support for frozen analog inputs 1 0 129 0,17

0 231 Device Attributes—Support for analog input events 1 0 129 0,17

0 232 Device Attributes—Max analog input index 1 0 129 0,17

0 233 Device Attributes—Number of analog inputs 1 0 129 0,17

0 234 Device Attributes—Support for double-bit events 1 0 129 0,17

0 235 Device Attributes—Max double-bit binary index 1 0 129 0,17

0 236 Device Attributes—Number of double-bit binaries 1 0 129 0,17

0 237 Device Attributes—Support for binary input events 1 0 129 0,17

0 238 Device Attributes—Max binary input index 1 0 129 0,17

0 239 Device Attributes—Number of binary inputs 1 0 129 0,17

0 240 Device Attributes—Max transmit fragment size 1 0 129 0,17
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0 241 Device Attributes—Max receive fragment size 1 0 129 0,17

0 242 Device Attributes—Device manufacturer’s software version 1 0 129 0,17

0 243 Device Attributes—Device manufacturer’s hardware version 1 0 129 0,17

0 245 Device Attributes—User-assigned location name 1 0 129 0,17

0 246 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 247 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 248 Device Attributes—Device serial number 1 0 129 0,17

0 249 Device Attributes—DNP subset and conformance 1 0 129 0,17

0 250 Device Attributes—Device manufacturer’s product name and 
model

1 0 129 0,17

0 252 Device Attributes—Device manufacturer’s name 1 0 129 0,17

0 254 Device Attributes—Non-specific all attributes request 1 0 129 0,17

0 255 Device Attributes—List of attribute variations 1 0 129 0,17

1 0 Binary Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

1 1 Binary Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

1 2e Binary Input With Status 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

2 0 Binary Input Change—All Variations 1 6, 7, 8

2 1 Binary Input Change Without Time 1 6, 7, 8 129 17, 28

2 2e Binary Input Change With Time 1 6, 7, 8 129, 130 17, 28

2 3 Binary Input Change With Relative Time 1 6, 7, 8 129 17, 28

10 0 Binary Output—All Variations 1 0, 1, 6, 7, 8

10 1 Binary Output

10 2e Binary Output Status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control Block—All Variations

12 1 Control Relay Output Block 3, 4, 5, 6 17, 28 129 echo of request

12 2 Pattern Control Block 3, 4, 5, 6 7 129 echo of request

12 3 Pattern Mask 3, 4, 5, 6 0, 1 129 echo of request

20 0 Binary Counter—All Variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28

20 1 32-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 2 16-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 3 32-Bit Delta Counter

20 4 16-Bit Delta Counter

20 5 32-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 6e 16-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 7 32-Bit Delta Counter Without Flag

20 8 16-Bit Delta Counter Without Flag

21 0 Frozen Counter—All Variations

Table D.9 SEL-710-5 DNP3 Object List (Sheet 2 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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21 1 32-Bit Frozen Counter

21 2 16-Bit Frozen Counter

21 3 32-Bit Frozen Delta Counter

21 4 16-Bit Frozen Delta Counter

21 5 32-Bit Frozen Counter With Time of Freeze

21 6 16-Bit Frozen Counter With Time of Freeze

21 7 32-Bit Frozen Delta Counter With Time of Freeze

21 8 16-Bit Frozen Delta Counter With Time of Freeze

21 9 32-Bit Frozen Counter Without Flag

21 10 16-Bit Frozen Counter Without Flag

21 11 32-Bit Frozen Delta Counter Without Flag

21 12 16-Bit Frozen Delta Counter Without Flag

22 0 Counter Change Event—All Variations 1 6, 7, 8

22 1 32-Bit Counter Change Event Without Time 1 6, 7, 8 129 17, 28

22 2e 16-Bit Counter Change Event Without Time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit Delta Counter Change Event Without Time

22 4 16-Bit Delta Counter Change Event Without Time

22 5 32-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 6 16-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 7 32-Bit Delta Counter Change Event With Time

22 8 16-Bit Delta Counter Change Event With Time

23 0 Frozen Counter Event—All Variations

23 1 32-Bit Frozen Counter Event Without Time

23 2 16-Bit Frozen Counter Event Without Time

23 3 32-Bit Frozen Delta Counter Event Without Time

23 4 16-Bit Frozen Delta Counter Event Without Time

23 5 32-Bit Frozen Counter Event With Time

23 6 16-Bit Frozen Counter Event With Time

23 7 32-Bit Delta Counter Change Event With Time

23 8 16-Bit Delta Counter Change Event With Time

30f 0 Analog Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

30f 1 32-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 2 16-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 3 32-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 4 16-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 5 Short Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30 6 Long Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

Table D.9 SEL-710-5 DNP3 Object List (Sheet 3 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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31 0 Frozen Analog Input—All Variations

31 1 32-Bit Frozen Analog Input

31 2 16-Bit Frozen Analog Input

31 3 32-Bit Frozen Analog Input With Time of Freeze

31 4 16-Bit Frozen Analog Input With Time of Freeze

31 5 32-Bit Frozen Analog Input Without Flag

31 6 16-Bit Frozen Analog Input Without Flag

31 7 Short Floating Point Frozen Analog Input

31 8 Long Floating Point Frozen Analog Input

32 0 Analog Change Event—All Variations 1 6, 7, 8

32f 1 32-Bit Analog Change Event Without Time 1 6, 7, 8 129 17, 28

32f 2 16-Bit Analog Change Event Without Time 1 6, 7, 8 129, 130 17, 28

32f 3 32-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 4 16-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 5 Short Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 6 Long Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 7 Short Floating Point Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 8 Long Floating Point Analog Change Event With Time 1 6, 7, 8 129 17, 28

33 0 Frozen Analog Event—All Variations

33 1 32-Bit Frozen Analog Event Without Time

33 2 16-Bit Frozen Analog Event Without Time

33 3 32-Bit Frozen Analog Event With Time

33 4 16-Bit Frozen Analog Event With Time

33 5 Short Floating Point Frozen Analog Event

33 6 Long Floating Point Frozen Analog Event

33 7 Short Floating Point Frozen Analog Event With Time

33 8 Long Floating Point Frozen Analog Event With Time

34 0 Analog Deadband—All Variations

34 1e 16-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 2 32-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 3 Floating Point Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

40 0 Analog Output Status—All Variations 1 0, 1, 6, 7, 8 129

40 1 32-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2e 16-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Short Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Long Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

Table D.9 SEL-710-5 DNP3 Object List (Sheet 4 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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41 0 Analog Output Block—All Variations

41 1 32-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 2e 16-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 3 Short Floating Point Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

50 0 Time and Date—All Variations

50 1 Time and Date 1, 2 7, 8 index=0 129 07, quantity=1

50 2 Time and Date With Interval

50 3 Time and Date Last Recorded 2 7 quantity = 1 129

51 0 Time and Date CTO—All Variations

51 1 Time and Date CTO

51 2 Unsynchronized Time and Date CTO 129 07, quantity=1

52 0 Time Delay—All Variations

52 1 Time Delay, Coarse

52 2 Time Delay, Fine 129 7, quantity=1

60 0 All Classes of Data 1, 20, 21 6, 7, 8

60 1 Class 0 Data 1, 20, 21 6, 7, 8

60 2 Class 1 Data 1 6, 7, 8

60 3 Class 2 Data 1, 20, 21 6, 7, 8

60 4 Class 3 Data 1, 20, 21 6, 7, 8

70 1 File Identifier

70 2 Authentication Object

70 3 File Command Object

70 4 File Command Status Object

70 5 File Transport Object

70 6 File Transport Status Object

70 7 File Descriptor Object

80 1 Internal Indications 2 0, 1 index=7

81 1 Storage Object

82 1 Device Profile

83 1 Private Registration Object

83 2 Private Registration Object Descriptor

90 1 Application Identifier

100 1 Short Floating Point

100 2 Long Floating Point

100 3 Extended Floating Point

101 1 Small Packed Binary-Coded Decimal

101 2 Medium Packed Binary-Coded Decimal

Table D.9 SEL-710-5 DNP3 Object List (Sheet 5 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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Device Profile The DNP3 Device Profile document, available on the supplied CD or as a 
download from the SEL website, contains the standard device profile 
information for the SEL-710-5. This information is also available in XML 
format. Please refer to this document for complete information on DNP3 
Protocol support in the SEL-710-5.

Reference Data Map Table D.10 shows the SEL-710-5 reference data map. The reference map 
shows the data available to a DNP3 master. You can use the default map or the 
custom DNP3 mapping functions of the SEL-710-5 to retrieve only the points 
required by your application.

NOTE: Deadband changes via 
Object 34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).

The SEL-710-5 scales analog values by the indicated settings or fixed scaling 
indicated in the description. Analog deadbands for event reporting use the 
indicated settings, or ANADBM if you have not specified a setting.

101 3 Large Packed Binary-Coded Decimal

110 all Octet String

111 all Octet String Event

112 All Virtual Terminal Output Block

113 All Virtual Terminal Event Data

N/A No object required for the following function codes:

13 cold start

14 warm start

23 delay measurement

13, 14, 23

a Supported in requests from master.
b May generate in response to master.
c Decimal.
d Hexadecimal.
e Default variation.
f Default variation specified by serial port setting DVARAI (or DVARAIn for Ethernet session n [n = 1, 2, 3, 4, or 5]).

Table D.9 SEL-710-5 DNP3 Object List (Sheet 6 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

Table D.10 DNP3 Reference Data Map (Sheet 1 of 3)

Object Labels Description

Binary Inputs

01, 02 STFAIL Relay Diagnostic Failure (HALARM is latched)

STWARN Relay Diagnostic Warning (HALARM is pulsed)

STSET Relay Settings Change Or Restart

Enabled–T06_LEDa Relay Word Elements Target Row 0 (see Table L.1)

49T–SC850BMa Relay Word Elements (see Table L.1)

PFL Power Factor Leading for Three-Phase Currents

0 Logical 0

1 Logical 1

NOTE: Although the reference maps 
do not include Relay Word bit labels, 
you can use these labels in creating 
custom maps.
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Binary Outputs

10, 12 RB01–RB32 Remote bits RB01–RB32

RB01:RB02

RB03:RB04

RB05:RB06

…

RB29:RB30

RB31:RB32

Remote bit pairs RB01–RB32

STOP Stop motor command, pulse to stop the motor

STR Start motor command, pulse to start the motor

STOP:STR Stop/start motor pair

89OC2P1–89OC2P8 Pulse Open Two-position Disconnects 1–8 command

89CC2P1–89CC2P8 Pulse Close Two-position Disconnects 1–8 command

89OC2P1:89CC2P1

89OC2P2:89CC2P2

…

89OC2P8:89CC2P8

Open/Close pair for Two-position Disconnects 1–8

89OC3PL1 Pulse Open Three-position In-line Disconnect 1 
command

89CC3PL1 Pulse Close Three-position In-line Disconnect 1 
command

89OC3PL1:89CC3PL1 Open/Close pair for Three-position In-line Disconnect 1

89OC3PL2 Pulse Open Three-position In-line Disconnect 2 
command

89CC3PL2 Pulse Close Three-position In-line Disconnect 2 
command

89OC3PL2:89CC3PL2 Open/Close pair for Three-position In-line Disconnect 2 

89OC3PE1 Pulse Open Three-position Earthing Disconnect 1 
command

89CC3PE1 Pulse Close Three-position Earthing Disconnect 1 
command

89OC3PE1:89CC3PE1 Open/Close pair for Three-position Earthing 
Disconnect 1

89OC3PE2 Pulse Open Three-position Earthing Disconnect 2 
command

89CC3PE2 Pulse Close Three-position Earthing Disconnect 2 
command

89OC3PE2:89CC3PE2 Open/Close pair for Three-position Earthing 
Disconnect 2

Counters

20, 22 SCxx SELOGIC Counter Values (xx = 01–32)

GROUP Active Settings Group

Table D.10 DNP3 Reference Data Map (Sheet 2 of 3)

Object Labels Description

NOTE: When setting EN_LRC := Y 
(see Table 9.6), the Relay Word bit 
LOCAL supervises the STOP and 
STR, 89CC2Pm and 89OC2Pm 
(m = 1—8), and 89CC3Pnm and 
89OC3Pnm (m = 1—2, n = L or E) 
bits. To set the aforementioned 
binaries, ensure that the relay is in 
remote control mode (i.e., 
LOCAL = 0. The Relay Word bit 
LOCAL is dertermined by the 
LOCAL SELOGIC control equation 
(see Table 9.6).
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Default Data Map The default data map is an automatically generated subset of the reference 
map. All data maps are initialized to the default values, based on the 
SEL-710-5 part number. Table D.11 shows the SEL-710-5 default data map. If 
the default maps are not appropriate, you can also use the custom DNP 
mapping commands SET DNP and SHOW DNP to create the map required 
for your application.

Analog Inputs

30, 32, 34 IA_MAG–RA128b, c Analog Quantities from Appendix M with an “x” in 
the DNP3 column

SER_NUM Serial Number

0 Numeric 0

1 Numeric 1

Analog Outputs

40, 41 RAxxx Remote Analogs (RA001 to RA128)

GROUP Active Settings Group

NOOP No operation, no error

a Valid Relay Word bits depend on the relay model.
b Valid analog inputs depend on the relay model.
c Refer to Default Analog Inputs for default analog input scaling and deadbands.

Table D.10 DNP3 Reference Data Map (Sheet 3 of 3)

Object Labels Description

NOTE: All fault information 
analog inputs contain data from 
the latest captured event (see 
Appendix M: Analog Quantities).

Table D.11 DNP3 Default Data Map (Sheet 1 of 2)

Object Default Index Point Label

01, 02 0 ENABLED

1 TRIP_LED

2 TLED_01

3 TLED_02

4 TLED_03

5 TLED_04

6 TLED_05

7 TLED_06

8 STFAIL

9 STSET

10 IN101

11 IN102

12–99 A portion of these binary inputs can have default values as 
described in Default Binary Inputs on page D.22. Outside 
that scope, they contain the value NA.

10, 12 0–31 RB01–RB32 Remote Bits

20, 22 0–31 NA

30, 32, 34 0 IA_MAG

1 IB_MAG

2 IC_MAG

3 IG_MAG

4 IN_MAG

5 IAV

6 3I2

7 FREQ
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Default Binary Inputs
The SEL-710-5 dynamically creates the default binary input map after you 
issue an R_S command. The SEL-710-5 uses the part number to determine the 
presence of digital input cards in Slots 3, 4, and 5. If present, each digital input 
point label, INx0y (where x is the slot number and y is the point), is added to 
the default map in numerical order.

Default Analog Inputs
The SEL-710-5 dynamically creates the default analog input map after you 
issue an R_S command. The SEL-710-5 uses the part number to determine the 
presence of analog input cards in Slots 3, 4, and 5. If present, each analog 
input point label, AIx0y (where x is the slot and y is the point number), is 
added to the default map in numerical order.

Device Attributes 
(Object 0)

Table D.9 includes the supported Object 0 device attributes and variations. In 
response to Object 0 requests, the SEL-710-5 sends attributes that apply to 
that particular DNP3 session. Because the SEL-710-5 supports custom DNP3 
maps, these values are likely to be different for each session. The SEL-710-5 
uses its internal settings for the following variations:

➤ Variation 242—FID string

➤ Variation 243—Part Number

➤ Variation 245—TID setting

➤ Variation 246—RID setting

➤ Variation 247—RID setting

➤ Variation 248—Serial Number

Variation 249 shall contain the DNP subset and conformance, “2:2009”. 
Variation 250 shall contain the product model, “SEL-710-5” and Variation 
252 shall contain “SEL.”

Binary Inputs Binary inputs (Objects 1 and 2) are supported as defined by Table D.11. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. All variations are supported. Object 2, 
variation 3 will be responded to, but will contain no data.

8 VAB_MAG

9 VBC_MAG

10 VCA_MAG

11 VAVE

12 3V2

13 P

14 Q

15 S

16 PF

17–99 A portion of these analog inputs can have default values as 
described in Default Analog Inputs on page D.22. Outside 
that scope, they contain the value NA.

40, 41 0–31 NA

Table D.11 DNP3 Default Data Map (Sheet 2 of 2)

Object Default Index Point Label

NOTE: Deadband changes via 
Object 34 are stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).
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Binary inputs are scanned approximately twice per second to generate events. 
When time is reported with these event objects, it is the time at which the 
scanner observed the bit change. This can be significantly delayed from when 
the original source changed and should not be used for sequence-of-events 
determination. Binary inputs registered with SER are derived from the SER 
and carry the time stamp of actual occurrence. Some additional binary inputs 
are available only to communication protocols such as DNP and EtherNet/IP. 
For example, STWARN and STFAIL are derived from the diagnostic task 
data. Another binary input, STSET, is derived from the SER and carries the 
time stamp of actual occurrence. Static reads of this input will always show 0.

Binary Outputs Binary output status (Object 10, Variation 2) is supported. Static reads of 
points RB01–RB32, STOP/START, 89OC2Pm/89CC2Pm (m = 1–8), or 
89OC3Pnm/89CC3Pnm (n = L or E, m = 1 or 2) respond with the on-line bit 
set and the state of the requested bit. Reads from control-only binary output 
points respond with the online bit set and a state of 0. 

The SEL-710-5 supports Control Relay Output Block objects (Object 
12,Variation 1). The control relays correspond to the remote bits and other 
functions as shown previously. Each DNP Control message contains a Trip/
Close code (TRIP, CLOSE, or NUL) and an Operation type (PULSE ON, 
LATCH ON, LATCH OFF, or NUL). The Trip/Close code works with the 
Operation Type to produce set, clear, and pulse operations. 

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, 
and single-point controls follow the complementary latch or activation model. 
In the complementary two-output model, paired points only support Trip or 
Close operations, which, when issued, Pulse On the first or second point in the 
pair, respectively. An operation in progress can be canceled by issuing a NUL 
Trip/Close Code with a NUL Operation Type. Single output points support 
both Pulse and Latch operations. See Control Point Operation on page D.24 
for details on control operations.

The Status field is used exactly as defined. All other fields are ignored. A 
pulse operation is asserted for a single processing interval. Exercise caution if 
sending multiple remote bit pulses in a single message (i.e., point count > 1), 
because this can result in some of the pulse commands being ignored and the 
return of an already active status message. The SEL-710-5 only honors the 
first 10 points in an Object 12, Variation 1 request. Any additional points in 
the request returns the DNP3 status code TOO_MANY_OBJS.

The SEL-710-5 also supports Pattern Control Blocks (Object 12, Variations 2 
and 3) to control multiple binary output points. Variation 2 defines the control 
type (Trip/Close, Set/Clear, or Pulse) and the range of points to operate. 
Variation 3 provides a pattern mask that indicates which points in that range 
should be operated. Object 12, Variations 2 and 3 define the entire control 
command: the DNP3 master must send both for a successful control. For 
example, the DNP3 master sends an Object 12, Variation 2 message to request 
a Trip of the range of indices 0–7. The DNP3 master then sends an Object 12, 
Variation 3 message with a hexadecimal value of “BB” as the pattern mask 
(converted to binary notation: 10111011). Read right to left in increasing bit 
order, the Pattern Block Control command results in a TRIP of indexes 0, 1, 3 
to 5, and 7. Multiple binary output point control operations are not guaranteed 
to occur during the same processing interval.
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Control Point Operation
Use the Trip and Close, Latch On/Off and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table D.12. Pulse operations provide a pulse with duration of one protection 
processing interval. When setting EN_LRC := Y (see Table 9.6), the Relay 
Word bit LOCAL supervises STOP and STR, 89CC2Pm and 89OC2Pm 
(m = 1–8), and 89CC3Pnm and 89OC3Pnm (n = L or E, m = 1 or 2) bits. If the 
LOCAL bit is asserted (LOCAL = 1), the relay does not set the 
aforementioned bits. The Relay Word bit LOCAL is determined by the 
LOCAL SELOGIC control equation (see Table 9.6). 

Table D.12 SEL-710-5 Object 12 Control Operations (Sheet 1 of 2)

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

RB01–
RB32

Pulse Remote Bit 

RB01–RB32

Pulse Remote Bit

RB01–RB32

Set Remote Bit

RB01–RB32

Clear Remote Bit

RB01–RB32

Pulse Remote Bit 

RB01–RB32

RBxx:RByy Pulse RByy

RB01–RB32

Pulse RBxx

RB01–RB32

Pulse RByy

RB01–RB32

Pulse RBxx

RB01–RB32

Pulse RByy

RB01–RB32

STOP Stop Motor

(Pulse STOP)

Stop Motor

(Pulse STOP)

Stop Motor

(Pulse STOP)

No action Stop Motor

(Pulse STOP)

STR Start Motor

(Pulse STR)

Start Motor

(Pulse STR)

Start Motor

(Pulse STR)

No action Start Motor

(Pulse STR)

STOP:STR Start Motor

(Pulse STR)

Stop Motor

(Pulse STOP)

Start Motor

(Pulse STR)

Stop Motor

(Pulse STOP)

Start Motor

(Pulse STR)

89OC2P1-
89OC2P8

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

No Action Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

89CC2P1-
89CC2P8

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

No Action Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

89OC2Pm:
89CC2Pm

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

Open 2-Position 

Disconnect 

(Pulse 89OC2P1–
89OC2P8)

Close 2-Position 

Disconnect 

(Pulse 89CC2P1–
89CC2P8)

89OC3PL1 Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

No Action Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

89CC3PL1 Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

No Action Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

89OC3PL1:
89CC3PL1

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL1)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL1)

89OC3PL2 Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

No Action Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

89CC3PL2 Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

No Action Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)
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Analog Inputs Analog Inputs (30) and Analog Change Events (32) are supported as defined 
in Table D.9 and Table D.10. The DVARAI1 (DVARAIn for DNP3 LAN/
WAN Session n) setting defines the default variation for both static and event 
inputs. Only the Read function code (1) is allowed with these objects.

Unless otherwise indicated, analog values are reported in primary units. See 
Appendix M: Analog Quantities for a list of all available analog inputs.

For all currents, the default scaling is the DECPLA setting on magnitudes and 
scale factor of 100 on angles. The default deadband for currents is ANADBV 
on magnitudes and ANADBM on angles. For all voltages, the default scaling 
is the DECPLV setting on magnitudes and scale factor of 100 on angles. The 
default deadband for voltages is ANADBV on magnitudes and ANADBM on 
angles. For all powers and energies, the default scaling is the DECPLM setting 
and default deadband is ANADBM. For all other quantities, the default 
scaling is 1 and default deadband is ANADBM.

Default scaling and deadbands can be overridden by per-point scaling and 
deadband. See Configurable Data Mapping on page D.26 for more 
information. deadbands for analog inputs can also be modified by writing to 
Object 34.

A deadband check is done after any scaling has been applied. Event class 
messages are generated whenever an input changes beyond the value given by 
the appropriate deadband setting. The voltage and current phase angles only 
generate an event if, in addition to their deadband check, the corresponding 
magnitude changes beyond its own deadband. Analog inputs are scanned at 
approximately twice a second. All events generated during a scan use the time 
the scan was initiated.

89OC3PL2:
89CC3PL2

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

Open 3-Position 

In-Line Disconnect 

(Pulse 89OC3PL2)

Close 3-Position 

In-Line Disconnect 

(Pulse 89CC3PL2)

89OC3PE1 Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

No Action Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

89CC3PE1 Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

No Action Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

89OC3PE1:
89CC3PE1

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE1)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE1)

89OC3PE2 Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

No Action Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

89CC3PE2 Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

No Action Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

89OC3PE2:
89CC3PE2

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Open 3-Position 

Earthing Disconnect 

(Pulse 89OC3PE2)

Close 3-Position 

Earthing Disconnect 

(Pulse 89CC3PE2)

Table D.12 SEL-710-5 Object 12 Control Operations (Sheet 2 of 2)

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

NOTE: Deadband changes via 
Object 34 are not stored in 
nonvolatile memory. Be sure to 
reissue the Object 34 deadband 
changes you want to retain after 
changing DNP port settings, issuing a 
STA C command, or cold-starting the 
relay (power-cycle).
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Configurable Data 
Mapping

One of the most powerful features of the SEL-710-5 implementation is the 
ability to remap DNP3 data and, for analog values, specify per-point scaling 
and deadbands. Remapping is the process of selecting data from the reference 
map and organizing it into a data subset optimized for your application. The 
SEL-710-5 uses object and point labels, rather than point indices, to 
streamline the remapping process. This enables you to quickly create a custom 
map without having to search for each point index in a large reference map.

You can use any of the three available DNP3 maps simultaneously with as 
many as five unique DNP3 masters. Each map is initially populated with 
default data points, as described in Default Data Map on page D.21. You can 
remap the points in a default map to create a custom map with as many as: 

➤ 100 Binary Inputs

➤ 32 Binary Outputs

➤ 100 Analog Inputs

➤ 32 Analog Outputs

➤ 32 Counters

You can use the SHOW DNP x <Enter> command to view the DNP data map 
settings, where x is the DNP3 map number from 1 to 3. See Figure D.3 for an 
example display of Map 1.

=>>SHO DNP 1 <Enter>

DNP Map 1 Settings

Binary Input Map
BI_00    := ENABLED
BI_01    := T01_LED
BI_02    := T02_LED
BI_03    := T03_LED
…
BI_97    := IN101
BI_98    := IN102
BI_99    := 52A

Binary Output Map
BO_00    := RB01
BO_01    := RB02
BO_02    := RB03
…
BO_29    := RB30
BO_30    := RB31
BO_31    := RB32

Analog Input Map
AI_00    := IA_MAG
AI_01    := IB_MAG
AI_02    := IC_MAG
…
AI_95    := FREQ
AI_96    := P
AI_97    := Q
AI_98    := S
AI_99    := PF

Figure D.3 Sample Response to SHO DNP Command
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You can also use the MAP DNP y s <Enter> command to display DNP3 
maps, but the parameter y is the port number from 1 to 4. Because Port 1, the 
Ethernet port, can support multiple DNP3 sessions, it can have a different map 
assigned to each session selected by parameter s for Sessions 1 to 5. See 
Figure D.4 for an example of a MAP DNP command.

Analog Output Map
AO_00    := GROUP
AO_01    := RA001
AO_02    := RA002
…
AO_29    := RA029
AO_30    := RA030
AO_31    := RA031

Counter Map
CO_00    := SC01
CO_01    := SC02
CO_02    := SC03
…
CO_29    := SC30
CO_30    := SC31
CO_31    := SC32

=>>

=> MAP DNP 1 1 <Enter>

SEL-710-5                                Date: 05/02/2013   Time: 14:43:54.161
MOTOR RELAY                              Time Source: External

Map                          1
Transport                    TCP
Device IP Address            10.10.52.243
Master IP Address            192.168.1.3
Device DNP TCP and UDP Port  20000
Device DNP Address           0
Master DNP Address           1

Binary Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SER TIMESTAMP
  0      ENABLED      1
  1      TRIP_LED     1
  2      TLED_01      1
  3      TLED_02      1
  4      TLED_03      1
  5      TLED_04      1
  6      TLED_05      1
  7      TLED_06      1
  8      STFAIL       1
  9      STSET        1
  10     IN101        1
  11     IN102        1
  12     IN501        1
  13     IN502        1
  14     IN503        1
  15     IN504        1

Figure D.4 Port MAP Command

Figure D.3 Sample Response to SHO DNP Command (Continued)
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You can use the command SET DNP x, where x is the map number, to edit or 
create custom DNP3 data maps. You can also use ACSELERATOR QuickSet 
SEL-5030 Software, which is recommended for this purpose.

Scaling factors allow you to overcome the limitations imposed by the integer 
nature of the default variations of Objects 30 and 32. For example, the device 
rounds a value of 11.4 A to 11 A. You can use scaling to include decimal point 
values by multiplying by a number larger than one. If you use 10 as a scaling 

Binary Outputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL
  0      RB01
  1      RB02
  2      RB03
  3      RB04
  4      RB05
  5      RB06
  6      RB07
  7      RB08
  8      RB09
  9      RB10
  10     RB11
  11     RB12
  12     RB13
  13     RB14
  14     RB15
  15     RB16
  16     RB17
  17     RB18
  18     RB19
  19     RB20
  20     RB21
  21     RB22
  22     RB23
  23     RB24
  24     RB25
  25     RB26
  26     RB27
  27     RB28
  28     RB29
  29     RB30
  30     RB31
  31     RB32

Counters
--------------------------------------------------------------------------------
Analog Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SCALE FACTOR  DEADBAND
  0      IA_MAG       2                 10.0000  100
  1      IB_MAG       2                 10.0000  100
  2      IC_MAG       2                 10.0000  100
  3      IG_MAG       2                 10.0000  100
  4      IN_MAG       2                 10.0000  100
  5      IAV          2                 10.0000  100
  6      3I2          2                 10.0000  100
  7      FREQ         2                  1.0000  100
  8      VAB_MAG      2                 10.0000  100
  9      VBC_MAG      2                 10.0000  100
  10     VCA_MAG      2                 10.0000  100
  11     VAVE         2                 10.0000  100
  12     3V2          2                 10.0000  100
  13     P            2                 10.0000  100
  14     Q            2                 10.0000  100
  15     S            2                 10.0000  100
  16     PF           2                 10.0000  100

Analog Outputs
--------------------------------------------------------------------------------
INDEX  POINT LABEL

  0      GROUP
  1      RA001
  2      RA002
  ...
  ...
  30     RA030
  31     RA031

=>

Figure D.4 Port MAP Command (Continued)
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factor, 11.4 A is transmitted as 114. You must divide the value by 10 in the 
master to see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer 
value of 32767. For example, if you have a value that can reach 157834, you 
cannot send it using DNP3 16-bit analog object variations. You could use a 
scaling factor of 0.1 so that the maximum value reported is 15783. You can 
then multiply the value by 10 in the master to see a value of 157830. You lose 
some precision as the last digit is rounded off in the scaling process, but you 
can transmit the scaled value using standard DNP3 Objects 30 and 32.

You can customize the DNP3 analog input map with per-point scaling, and 
deadband settings. Per-point customization is not required, but class scaling 
(DECPLA, DECPLV, and DECPLM) and deadband (ANADBA, ANADBV, 
and ANADBM) settings are applied to indices that do not have per-point 
entries. Unlike per-point scaling described above, class-level scaling is 
specified by an integer in the range 0–3 (inclusive), which indicates the 
number of decimal place shifts. In other words, select 0 to multiply by 1, 1 for 
10, 2 for 100, or 3 for 1000.

If it is important to maintain tight data coherency (that is, all data read of a 
certain type was sampled or calculated at the same time), then group those 
data together within your custom map. For example, if you want all the 
currents to be coherent, group points IA_MAG, IB_MAG, IC_MAG, and 
IG_MAG together in the custom map. If points are not grouped together, they 
might not come from the same data sample.

The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SEL ASCII command SET DNP for each 
point type, but the entire configuration can be completed without saving 
changes between point types. To do this, you simply continue entering data 
and save the entire map at the end. Alternately, you can use QuickSet to 
simplify custom data map creation. 

Consider a case where you want to set the AI points in a map, as shown in 
Table D.13.

To set these points as part of custom Map 1, you can use the command 
SET DNP 1 AI_00 TERSE <Enter> command as shown in Figure D.5.

Table D.13 Sample Custom DNP3 AI Map 

Desired 
Point 
Index

Description Label Scaling Deadband

0 IA magnitude IA_MAG default default

1 IB magnitude IB_MAG default default

2 IC magnitude IC_MAG default default

3 IG magnitude IG_MAG default default

4 Three-Phase Real Power P 5 default

5 AB Phase-to-Phase Voltage Magnitude VAB_MAG default default

6 AB Phase-to-Phase Voltage Angle VAB_ANG 1 15

7 Frequency FREQ .01 1
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You can also use QuickSet to enter the above AI map settings as shown in the 
screen capture in Figure D.6. Enter scaling and deadband settings in the same 
pop-up dialog used to select the AI point, as shown in Figure D.7.

Figure D.6 Analog Input Map Entry in QuickSet Software

=>>SET DNP 1 AI_00 TERSE <Enter>
Analog Input Map

DNP Analog Input Label Name (23 characters)
AI_00   := NA
? > IA_MAG <Enter>
AI_01   := NA
? > IB_MAG <Enter>

AI_02   := NA
? > IC_MAG <Enter>

AI_03   := NA
? > IG_MAG <Enter>

AI_04   := NA
? > P:5 <Enter>

AI_05   := NA
? > VAB_MAG <Enter>

AI_06   := NA
? > VAB_ANG:1:15 <Enter>

AI_07   := NA
? > FREQ:.01:1 <Enter>

AI_08   := NA
? > end <Enter>

Save changes (Y/N) ? Y <Enter>

=>>

Figure D.5 Sample Custom DNP3 AI Map Settings
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Figure D.7 AI Point, Scaling and Deadband in QuickSet Software

The SET DNP x AO_00<Enter> command allows you to populate the DNP 
analog output map with any of the 128 Remote Analogs (RA001–RA128) or 
the GROUP variable (present settings group) as shown in Figure D.8. 

You can also use QuickSet to enter the AO map settings as shown in the screen 
capture in Figure D.9.

Figure D.9 Analog Output Map Entry in QuickSet Software

The SET DNP x CO_00 <Enter> command allows you to populate the DNP 
counter map with per-point deadbands. Entering these settings is similar to 
defining the analog input map settings.

Use the command SET DNP x BO_00 TERSE <Enter> to change the binary 
output Map x as shown in Figure D.10. You can populate the custom BO map 
with any of the 32 remote bits (RB01–RB32). Define bit pairs in BO maps by 
including a colon (:) between the bit labels.

=>>SET DNP 1 AO_00 TERSE <Enter>

DNP Map 1 Settings

Analog Output Map

DNP Analog Output Label Name (6 characters)    AO_00   := NA        ? group
DNP Analog Output Label Name (6 characters)    AO_01   := NA        ? ra001
DNP Analog Output Label Name (6 characters)    AO_02   := NA        ? ra002
DNP Analog Output Label Name (6 characters)    AO_03   := NA        ? ra120
DNP Analog Output Label Name (6 characters)    AO_04   := NA        ? ra128
DNP Analog Output Label Name (6 characters)    AO_05   := NA        ? 
DNP Analog Output Label Name (6 characters)    AO_06   := NA        ? end
Save changes (Y,N)? y
Settings Saved

=>>

Figure D.8 Sample Custom DNP3 AO Map Settings
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You can also use QuickSet to enter the BO map settings as shown in the screen 
capture in Figure D.11. 

Figure D.11 Binary Output Map Entry in QuickSet Software

The binary input (BI) maps are modified in a similar manner, but pairs are not 
allowed.

=>>SET DNP 1 BO_00 TERSE <Enter>
Binary Output Map

DNP Binary Output Label Name (23 characters)
BO_00   := NA
? > RB01 <Enter>

DNP Binary Output Label Name (23 characters)
BO_01   := NA
? > RB02 <Enter>

DNP Binary Output Label Name (23 characters)
BO_02   := NA
? > RB03:RB04 <Enter>

DNP Binary Output Label Name (23 characters)
BO_03   := NA
? > RB05:RB06 <Enter>

DNP Binary Output Label Name (23 characters)
BO_04   := NA
? > end <Enter>

=>>

Figure D.10 Sample Custom DNP3 BO Map Settings
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Modbus Communications

Overview
This appendix describes Modbus RTU and TCP communications features 
supported by the SEL-710-5 Motor Protection Relay. Complete specifications 
for the Modbus protocol are available from the Modbus user’s group website 
at www.modbus.org.

Modbus TCP is automatically available with the optional Ethernet port. 
Modbus TCP uses the device IP address as the Modbus identifier and accesses 
the data in the relay by using the same function codes and data maps as 
Modbus RTU. The TCP Port for Modbus TCP is 502.

Enable Modbus RTU protocol with the serial port settings. When Modbus 
RTU protocol is enabled, the relay switches the port to Modbus RTU protocol 
and deactivates the ASCII protocol.

Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex—only one device transmits at a time. The master transmits a binary 
command that includes the address of the specified slave device. All of the 
slave devices receive the message, but only the slave device with the matching 
address responds.

The SEL-710-5 Modbus communication allows a Modbus master device to do 
the following:

➤ Acquire metering, monitoring, and event data from the relay.

➤ Control SEL-710-5 output contacts.

➤ Read the SEL-710-5 self-test status and learn the present 
condition of all the relay protection elements.

http://www.modbus.org
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Communications Protocol
Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 

query consists of the fields shown in Table E.1.

The SEL-710-5 SLAVEID setting defines the device address. Set this value to 
a unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices can have the same 
address.

The cyclical redundancy check detects errors in the received data. If an error is 
detected, the relay discards the packet.

Modbus Responses The slave device sends a response message after it performs the action the 
query specifies. If the slave cannot execute the query command for any reason, 
it sends an error response. Otherwise, the slave device response is formatted 
similarly to the query and includes the slave address, function code, data (if 
applicable), and a cyclical redundancy check value.

Supported Modbus 
Function Codes

The SEL-710-5 supports the Modbus function codes shown in Table E.2.

Table E.1 Modbus Query Fields

Field Number of Bytes

Slave Device Address 1 byte

Function Code 1 byte

Data Region 0–251 bytes

Cyclical Redundancy Check (CRC) 2 bytes

Table E.2 SEL-710-5 Modbus Function Codes

Codes Description

01h Read Discrete Output Coil Status

02h Read Discrete Input Status

03h Read Holding Registers

04h Read Input Registers

05h Force Single Coil

06h Preset Single Register

08h Diagnostic Command

10h Preset Multiple Registers

60h Read Parameter Information

61h Read Parameter Text

62h Read Enumeration Text

7Dh Encapsulate Modbus Packet With Control

7Eh NOP (can only be used with the 7Dh function)
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Modbus Exception 
Responses

The SEL-710-5 sends an exception code under the conditions described in 
Table E.3.

In the event that any of the errors listed in Table E.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the required data.

Cyclical 
Redundancy Check

The SEL-710-5 calculates a 2-byte CRC value through use of the device 
address, function code, and data region. It appends this value to the end of 
every Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-710-5, the master device uses the data received. If there is no match, the 
check fails and the message is ignored. The devices use a similar process 
when the master sends queries.

01h Read Discrete 
Output Coil Status 
Command

Use function code 01h to read the On/Off status of the selected bits (coils) (see 
the Modbus Register Map shown in Table E.34). You can read the status of as 
many as 2000 bits per query, using the fields shown in Table E.4. Note that the 
SEL-710-5 coil addresses start at 0 (e.g., Coil 1 is located at address zero). 
The coil status is packed one coil per bit of the data field. The least significant 
bit (LSB) of the first data byte contains the starting coil address in the query. 
The other coils follow towards the high-order end of this byte and from low 
order to high order in subsequent bytes.

Table E.3 SEL-710-5 Modbus Exception Codes

Exception
Code

Error Type Description

1 Illegal Function Code The received function code is either undefined or 
unsupported.

2 Illegal Data Address The received command contains an unsupported 
address in the data field (i.e., cannot write to a read-
only register, cannot write as settings are locked, etc.).

3 Illegal Data Value The received command contains a value that is out 
of range.

4 Device Error The SEL-710-5 is in the wrong state for the func-
tion a query specifies.

This also stands for Service Failure for DeviceNet 
interface applications. The relay is unable to per-
form the action specified by a query (i.e., cannot 
write to a read-only register, cannot write as settings 
are locked, etc.).

6 Busy The device is unable to process the command at this 
time because of a busy resource.

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (01h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16
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To build the response, the SEL-710-5 calculates the number of bytes required 
to contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte. Table E.14 includes the 
coil number and lists all possible coils (identified as Outputs and Remote bits) 
available in the device. Note that the command depends on the device 
hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.5.

02h Read Input 
Status Command

Use function code 02h to read the On/Off status of the selected bits (inputs), as 
shown in Table E.6. You can read the status of as many as 2000 bits per query. 
Note that input addresses start at 0 (e.g., Input 1 is located at address zero). 
The input status is packed one input per bit of the data field. The LSB of the 
first data byte contains the starting input address in the query. The other inputs 
follow towards the high order end of this byte, and from low order to high 
order in subsequent bytes.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (01h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16

Table E.5 Responses to 01h Read Discrete Output Coil Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 2 of 2)

Bytes Field

Table E.6 02h Read Input Status Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (02h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (02h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16
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To build the response, the device calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeroes to make an even byte.

In each row, the input numbers are assigned from the right-most input to the 
left-most input (i.e., Input 1 is TLED_06 and Input 8 is ENABLED). Input 
addresses start at 0000 (i.e., Input 1 is located at Input Address 0000). 
Table E.7 includes the coil address in decimal and lists all possible inputs 
(Relay Word bits) available in the device. Note that the command depends on 
the device hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.8.

03h Read Holding 
Register Command

Use function code 03h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for five-digit 
addressing, add 40001 to the standard database address.

Table E.7 02h SEL-710-5 Inputs

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona

a The input numbers are assigned from the right-most input to the left-most input in the Relay 
row as shown in the following example.
Address 7 = ENABLED
Address 6 = TRIP
Address 5 = T01_LED
Address 4 = T02_LED
Address 3 = T03_LED
Address 2 = T04_LED
Address 1 = T05_LED
Address 0 = T06_LED

0–7 2 Relay Element Status Row 0

8–15 2 Relay Element Status Row 1

16–23 2 Relay Element Status Row 2

• • •

• • •

• • •

1528–1535 2 Relay Element Status Row 191

1536–1543 2 Relay Element Status Row 192

1544–1551 2 Relay Element Status Row 193

Table E.8 Responses to 02h Read Input Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 
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The relay responses to errors in the query are shown in Table E.10.

04h Read Input 
Register Command

Use function code 04h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 3X references with this function code. If you 
are accustomed to 3X references with this function code, for five-digit 
addressing, add 30001 to the standard database address.

The relay responses to errors in the query are shown in Table E.12.

Table E.9 03h Read Holding Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (03h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (03h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16

Table E.10 Responses to 03h Read Holding Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.11 04h Read Input Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (04h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (04h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16
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05h Force Single Coil 
Command

Use function code 05h to set or clear a coil. In Table E.13, the command 
response is identical to the command request.

Table E.14 lists the coil numbers supported by the SEL-710-5. The physical 
coils (coils 0–26) are self-resetting. Pulsing a Set remote bit (decimal address 
59 through 90) causes the remote bit to be cleared at the end of the pulse.

Table E.12 Responses to 04h Read Input Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.13 05h Force Single Coil Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (05h)

2 bytes Coil Reference

1 byte Operation Code (FF for bit set, 00 for bit clear)

1 byte Placeholder (00)

2 bytes CRC-16

Table E.14 01h, 05h SEL-710-5 Output (Sheet 1 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description

0 01, 05 Pulse OUT101 1 second

1 01, 05 Pulse OUT102 1 second

2 01, 05 Pulse OUT103 1 second

3 01, 05 Pulse OUT301 1 second

4 01, 05 Pulse OUT302 1 second

5 01, 05 Pulse OUT303 1 second

6 01, 05 Pulse OUT304 1 second

7 01, 05 Pulse OUT305 1 second

8 01, 05 Pulse OUT306 1 second

9 01, 05 Pulse OUT307 1 second

10 01, 05 Pulse OUT308 1 second

11 01, 05 Pulse OUT401 1 second

12 01, 05 Pulse OUT402 1 second

13 01, 05 Pulse OUT403 1 second

14 01, 05 Pulse OUT404 1 second

15 01, 05 Pulse OUT405 1 second

16 01, 05 Pulse OUT406 1 second

17 01, 05 Pulse OUT407 1 second

18 01, 05 Pulse OUT408 1 second
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19 01, 05 Pulse OUT501 1 second

20 01, 05 Pulse OUT502 1 second

21 01, 05 Pulse OUT503 1 second

22 01, 05 Pulse OUT504 1 second

23 01, 05 Pulse OUT505 1 second

24 01, 05 Pulse OUT506 1 second

25 01, 05 Pulse OUT507 1 second

26 01, 05 Pulse OUT508 1 second

27 01, 05 RB01

28 01, 05 RB02

29 01, 05 RB03

30 01, 05 RB04

31 01, 05 RB05

32 01, 05 RB06

33 01, 05 RB07

34 01, 05 RB08

35 01, 05 RB09

36 01, 05 RB10

37 01, 05 RB11

38 01, 05 RB12

39 01, 05 RB13

40 01, 05 RB14

41 01, 05 RB15

42 01, 05 RB16

43 01, 05 RB17

44 01, 05 RB18

45 01, 05 RB19

46 01, 05 RB20

47 01, 05 RB21

48 01, 05 RB22

49 01, 05 RB23

50 01, 05 RB24

51 01, 05 RB25

52 01, 05 RB26

53 01, 05 RB27

54 01, 05 RB28

55 01, 05 RB29

56 01, 05 RB30

57 01, 05 RB31

58 01, 05 RB32

59 01, 05 Pulse RB01a

60 01, 05 Pulse RB02a

Table E.14 01h, 05h SEL-710-5 Output (Sheet 2 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description
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Coil addresses start at 0000 (i.e., Coil 1 is located at Coil address 0000). If the 
device is disabled, it responds with error code 4 (Device Error). In addition to 
Error Code 4, the device responses to errors in the query are shown in 
Table E.15.

61 01, 05 Pulse RB03a

62 01, 05 Pulse RB04a

63 01, 05 Pulse RB05a

64 01, 05 Pulse RB06a

65 01, 05 Pulse RB07a

66 01, 05 Pulse RB08a

67 01, 05 Pulse RB09a

68 01, 05 Pulse RB10a

69 01, 05 Pulse RB11a

70 01, 05 Pulse RB12a

71 01, 05 Pulse RB13a

72 01, 05 Pulse RB14a

73 01, 05 Pulse RB15a

74 01, 05 Pulse RB16a

75 01, 05 Pulse RB17a

76 01, 05 Pulse RB18a

77 01, 05 Pulse RB19a

78 01, 05 Pulse RB20a

79 01, 05 Pulse RB21a

80 01, 05 Pulse RB22a

81 01, 05 Pulse RB23a

82 01, 05 Pulse RB24a

83 01, 05 Pulse RB25a

84 01, 05 Pulse RB26a

85 01, 05 Pulse RB27a

86 01, 05 Pulse RB28a

87 01, 05 Pulse RB29a

88 01, 05 Pulse RB30a

89 01, 05 Pulse RB31a

90 01, 05 Pulse RB32a

a Pulsing a set remote bit causes the remote bit to be cleared at the end of the pulse (1 SELOGIC 
Processing Interval).

Table E.14 01h, 05h SEL-710-5 Output (Sheet 3 of 3)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Description
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06h Preset Single 
Register Command

The SEL-710-5 uses this function to allow a Modbus master to write directly 
to a database register. Refer to the Modbus Register Map in Table E.34 for a 
list of registers that can be written by using this function code. If you are 
accustomed to 4X references with this function code, for six-digit addressing, 
add 400001 to the standard database addresses.

NOTE: When setting EN_LRC := Y 
(see Table 9.6), the Relay Word bit 
LOCAL supervises the STOP and STR, 
89CC2Pm and 89OC2Pm (m = 1—8), 
and 89CC3Pnm and 89OC3Pnm 
(m = 1—2, n = L or E) bits. To set the 
aforementioned binaries, ensure that 
the relay is in remote control mode 
(i.e., LOCAL = 0). The Relay Word bit 
LOCAL is determined by the LOCAL 
SELOGIC control equation (see 
Table 9.6).

In Table E.16, the command response is identical to the command required by 
the master.

The relay responses to errors in the query are shown in Table E.17.

08h Loopback 
Diagnostic Command

The SEL-710-5 uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message. 

Table E.15 Responses to 05h Force Single Coil Query Errors

Error Error Code Returned
Communication Counter 
Increments

Invalid bit (coil) Illegal Data Address (02h) Invalid Address

Invalid bit state requested Illegal Data Value (03h) Illegal Register

Format Error Illegal Data Value (03h) Bad Packet Format

Table E.16 06h Preset Single Register Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (06h)

2 bytes Register Address

2 bytes Data

2 bytes CRC-16

Table E.17 Responses to 06h Preset Single Register Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write

Illegal register value Illegal Data Value (03h) Illegal Write

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.19.

10h Preset Multiple 
Registers Command

This function code works much like code 06h, except that it allows you to 
write multiple registers at once, as many as 100 per operation. If you are 
accustomed to 4X references with the function code, for six-digit addressing, 
simply add 400001 to the standard database addresses.

The relay responses to errors in the query are shown in Table E.21.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field (identical to data in Master request)

2 bytes CRC-16

Table E.19 Responses to 08h Loopback Diagnostic Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal subfunction code Illegal Data Value (03h) Invalid Function Code/Op 
Code

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 2 of 2)

Bytes Field

Table E.20 10h Preset Multiple Registers Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers to Write

1 byte Number of Bytes of Data (n)

n bytes Data

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers

2 bytes CRC-16
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60h Read Parameter 
Information 
Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
information from the relay. One parameter (setting) is read in each query.

The Parameter Descriptor field is defined in Table E.23.

The Parameter Conversion field is defined in Table E.24.

Table E.21 10h Preset Multiple Registers Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal register to set Illegal Data Address (02h) Invalid Address 
Illegal Write

Illegal number of registers to set Illegal Data Value (03h) Illegal Register 
Illegal Write

Incorrect number of bytes in 
query data region

Illegal Data Value (03h) Bad Packet Format 
Illegal Write

Invalid register data value Illegal Data Value (03h) Illegal Write

Table E.22 60h Read Parameter Information Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

1 byte Parameter Descriptor

1 byte Parameter Conversion

2 bytes Parameter Minimum Settable Value

2 bytes Parameter Maximum Settable Value

2 bytes Parameter Default Value

2 bytes CRC-16

Table E.23 60h Read Parameter Descriptor Field Definition

Bit Name Description

0 RO: Read-only 1 when the setting is read-only

1 H: Hidden 1 when the setting is hidden

2 DBL: 32-bit 1 when the following setting is a fractional value of this setting

3 RA: RAM-only 1 when the setting is not saved in nonvolatile memory

4 RR: Read-only 
if running

1 when the setting is read-only if in running/operational state

5 P: Power Cycle 
or Reset

1 when the setting change requires a power cycle or reset

6 0 Reserved

7 Extend Reserved to extend the descriptor table
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Use Equation E.1 to calculate the actual (not scaled) value of the parameter 
(setting):

Equation E.1

Use Equation E.2 to calculate the scaled setting value:

Equation E.2

The relay response to errors in the query are shown Table E.25.

61h Read Parameter 
Text Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
text from the relay. One parameter text (setting name) is read in each query.

Table E.24 60h Read Parameter Conversion Field Definition 

Conversion 
Value

Type Multiplier Divisor Offset Base

0 Boolean 1 1 0 1

1 Unsigned Integer 1 1 0 1

2 Unsigned Integer 1 10 0 1

3 Unsigned Integer 1 100 0 1

4 Unsigned Integer 1 1000 0 1

5 Hexadecimal 1 1 0 1

6 Integer 1 1 0 1

7 Integer 1 10 0 1

8 Integer 1 100 0 1

9 Integer 1 1000 0 1

10 Enumeration 1 1 0 1

11 Bit Enumeration 1 1 0 1

Table E.25 Responses to 60h Read Parameter Information Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

value ParameterValue Offset+( ) Multiplier Base• • 
Divisor

----------------------------------------------------------------------------------------------------------------------------=

value value Divisor• 
Multiplier Base• 
---------------------------------------------- Offset–=

Table E.26 61h Read Parameter Text Command (Sheet 1 of 2)

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.27.

62h Read 
Enumeration 
Text Command

The SEL-710-5 uses this function to allow a Modbus master to read parameter 
enumeration or bit enumeration values (setting lists) from the relay. One 
parameter enumeration is read in each query.

The relay responses to errors in the query are shown in Table E.29.

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

16 bytes Parameter Text (setting name)

4 bytes Parameter Units (e.g., Amps)

2 bytes CRC-16

Table E.27 61h Read Parameter Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.26 61h Read Parameter Text Command (Sheet 2 of 2)

Bytes Field

Table E.28 62h Read Enumeration Text Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

16 bytes Enumeration Text

2 bytes CRC-16

Table E.29 61h Read Parameter Enumeration Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Illegal enumeration in index Illegal Data Value (03h) Illegal Register
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7Dh Encapsulated 
Packet With Control 
Command

The SEL-710-5 uses this function to allow a Modbus master to perform 
control operations and another Modbus function with one query. The 
DeviceNet card transmits this command periodically to achieve high-speed 
I/O processing and establish a heartbeat between the DeviceNet card and the 
main board.

Table E.31 shows the format of the relay responses to errors in the query.

Table E.30 7Dh Encapsulated Packet With Control Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Control Command (same as write to 2000h)

1 byte Embedded Modbus Function

n bytes Optional Data to Support Modbus Function (0–250)

2 bytes CRC-16 

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h 
based on Bit 3 in Control Command Word)

1 byte Embedded Modbus Function

n bytes Optional data to support the Modbus function (0–250)

2 bytes CRC-16

Table E.31 7Dh Encapsulated Packet Query Errors

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h based on Bit 3 in 
Control Command Word)

1 byte Modbus Function with Error Flag

1 bytes Function Error Codea

a If the embedded function code is invalid, then an illegal function code is returned here and 
the illegal function counter is incremented. This error code is returned by the embedded 
function for all valid embedded functions.

2 bytes CRC-16 
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7Eh NOP Command This function code has no operation. This allows a Modbus master to perform 
a control operation without any other Modbus command. This is only used 
inside of the 7Dh when no regular Modbus query is required.

Reading Parameter 
Information and Value 
Using Modbus

Through use of Modbus commands, you can read the present value of a 
parameter as well as parameter name, units, low limit, high limit, scale, and 
even the enumeration string (if the parameter is an enumeration type). This 
means that you can use a general user interface to retrieve and display specific 
parameter details from the relay. Use the 60h, 61h, and 62h commands to 
retrieve parameter information, and use the 03 command to retrieve values.

Controlling Output 
Contacts Using 
Modbus

The SEL-710-5 includes registers for controlling some of the outputs. See 
LOGIC COMMAND (2000h), RESET COMMAND (2001h), and registers in 
the Reset Settings region for the control features supported by the relay. Use 
Modbus function codes 06h or 10h to write appropriate flags. Remember that 
when writing to the Logic command register with output contacts, it is not a 
bit operation. All the bits in that register need to be written together to reflect 
the state you want for each of the outputs.

User-Defined Modbus 
Data Region and 
SET M Command

The SEL-710-5 Modbus Register Map defines an area of 125 contiguous 
addresses whose contents are defined by 125 user settable addresses. This 
feature allows you to take 125 discrete values from anywhere in the Modbus 
Register Map and place them in contiguous registers that you can then read in 
a single command. SEL ASCII command SET M provides a convenient 
method to define the user map addresses. The user map can also be defined by 
writing to user map registers MOD_001 to MOD_125.

To use the user-defined data region, follow the steps listed below:

Step 1. Define the list of quantities you want (as many as 125). 
Arrange the quantities in any order convenient for you.

Step 2. Refer to Table E.33 for a list of the Modbus label for each 
quantity. For more information on the Modbus labels, refer to 
the respective register in Table E.34. 

Step 3. Execute SET M command from the command line to map user 
registers 001 to 125 (MOD_001 to MOD_125) using the labels 
in Table E.33.

Note that this step can also be performed using Modbus 
protocol. Use Modbus Function Code 06h to write to registers 
MOD_001 through MOD_125.

Step 4. Use Modbus function code 03h or 04h to read the quantities 
from addresses 126 through 250 (user map values).

Table E.32 7Eh NOP Command

Bytes Field

An example of a 7D message response using 7E will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information

1 byte Function Code (7Eh)

2 bytes CRC-16 
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Register 
Address Label

251–260 Reserved

261 RSTDAT

262–269 Reserved

270 SEC

271 MIN

272 HOUR

273 DAY

274 MONTH

275 YEAR

276–279 Reserved

280 FPGA

281 GPSB

282 HMI

283 RAM

284 ROM

285 CR_RAM

286 NON_VOL

287 CLKSTS

288 PTC

289 RTD

290 CID_FILE

291 P3P3PS

292 P5PS

293 P2P5PS

294 P3P75PS

295 N1P25PS

296 N5PS

297 CLKBAT

298 CARDC

299 CARDD

300 CARDE

301 CARDZ

302 IASTS

303 IBSTS

304 ICSTS

305 INSTS

306 VASTS

307 VBSTS

308 VCSTS

309 RLYSTS

310 IA87STS

311 IB87STS

312 IC87STS

313 VDRSTS

314 SER_NUMH

315 SER_NUML

316–319 Reserved

320 IA_MAG

321 IA_ANG

322 IB_MAG

323 IB_ANG

324 IC_MAG

325 IC_ANG

326 IN_MAG

327 IN_ANG

328 IG_MAG

329 IG_ANG

330 IAV

331 MLOAD

332 3I2

333 UBI

334 IA87

335 IB87

336 IC87

337–339 Reserved

340 VAB_MAG

341 VAB_ANG

342 VBC_MAG

343 VBC_ANG

344 VCA_MAG

345 VCA_ANG

346 VAVE

347 VA_MAG

348 VA_ANG

349 VB_MAG

350 VB_ANG

351 VC_MAG

352 VC_ANG

353 VG_MAG

354 VG_ANG

355 VAVE

356 3V2

357 UBV

358 RES_358

359 RES_359

360 P

361 Q

362 S

363 PF

364 FREQ

365–369 Reserved

370 VEX

371 IEX

372 RF

373–379 Reserved

380 MWH3PH

381 MWH3PL

382 MVRH3PIH

383 MVRH3PIL

384 MVRH3PO
H

Register 
Address Label

385 MVRH3POL

386 MVAH3PH

387 MVAH3PL

388 ENRGY_S

389 ENRGYMN

390 ENRGY_H

391 ENRGY_D

392 ENRGYMO

393 ENRGY_Y

394–399 Reserved

400 RTDWDGM
X

401 RTDBRGMX

402 RTDAMB

403 RTDOTHMX

404 RTD1

405 RTD2

406 RTD3

407 RTD4

408 RTD5

409 RTD6

410 RTD7

411 RTD8

412 RTD9

413 RTD10

414 RTD11

415 RTD12

416 TCURTD

417–419 Reserved

420 TCUSTR

421 TCURTR

422 THRMTP

423 TRST

424 STRTAV

425 SLIP

426 MRT

427–429 Reserved

430 LSENS1

431 LSENS2

432 LSENS3

433 LSENS4

434 LSENS5

435 LSENS6

436 LSENS7

437 LSENS8

438 RES_438

439 RES_439

440 INTT

441 EXTT

442 INTIA

443 EXTIA

Register 
Address Label

444 INTIB

445 EXTIB

446 INTIC

447 EXTIC

448 WEARA

449 WEARB

450 WEARC

451 BRKR_R_S

452 BRKR_RMN

453 BRKR_R_H

454 BRKR_R_D

455 BRKR_RMO

456 BRKR_R_Y

457–459 Reserved

460 IARMS

461 IBRMS

462 ICRMS

463 INRMS

464 VARMS

465 VBRMS

466 VCRMS

467 VABRMS

468 VBCRMS

469 VCARMS

470 IAMX

471 IAX_S

472 IAXMN

473 IAX_H

474 IAX_D

475 IAXMO

476 IAX_Y

477 IAMN

478 IAN_S

479 IANMN

480 IAN_H

481 IAN_D

482 IANMO

483 IAN_Y

484 IBMX

485 IBX_S

486 IBXMN

487 IBX_H

488 IBX_D

489 IBXMO

490 IBX_Y

491 IBMN

492 IBN_S

493 IBNMN

494 IBN_H

495 IBN_D

Register 
Address Label

496 IBNMO

497 IBN_Y

498 ICMX

499 ICX_S

500 ICXMN

501 ICX_H

502 ICX_D

503 ICXMO

504 ICX_Y

505 ICMN

506 ICN_S

507 ICNMN

508 ICN_H

509 ICN_D

510 ICNMO

511 ICN_Y

512 INMX

513 INX_S

514 INXMN

515 INX_H

516 INX_D

517 INXMO

518 INX_Y

519 INMN

520 INN_S

521 INNMN

522 INN_H

523 INN_D

524 INNMO

525 INN_Y

526 IGMX

527 IGX_S

528 IGXMN

529 IGX_H

530 IGX_D

531 IGXMO

532 IGX_Y

533 IGMN

534 IGN_S

535 IGNMN

536 IGN_H

537 IGN_D

538 IGNMO

539 IGN_Y

540 VABMXa

541 VABX_Sa

542 VABXMNa

543 VABX_Ha

544 VABX_Da

545 VABXMOa

Register 
Address Label
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546 VABX_Ya

547 VABMNa

548 VABN_Sa

549 VABNMNa

550 VABN_Ha

551 VABN_Da

552 VABNMOa

553 VABN_Ya

554 VBCMXa

555 VBCX_Sa

556 VBCXMNa

557 VBCX_Ha

558 VBCX_Da

559 VBCXMOa

560 VBCX_Ya

561 VBCMNa

562 VBCN_Sa

563 VBCNMNa

564 VBCN_Ha

565 VBCN_Da

566 VBCNMOa

567 VBCN_Ya

568 VCAMXa

569 VCAX_Sa

570 VCAXMNa

571 VCAX_Ha

572 VCAX_Da

573 VCAXMOa

574 VCAX_Ya

575 VCAMNa

576 VCAN_Sa

577 VCANMNa

578 VCAN_Ha

579 VCAN_Da

580 VCANMOa

581 VCAN_Ya

582 KW3PMX

583 KW3X_S

584 KW3XMN

585 KW3X_H

586 KW3X_D

587 KW3XMO

588 KW3X_Y

589 KW3PMN

590 KW3N_S

591 KW3NMN

592 KW3N_H

593 KW3N_D

594 KW3NMO

595 KW3N_Y

Register 
Address Label

596 KVAR3PMX

597 KVR3X_S

598 KVR3XMN

599 KVR3X_H

600 KVR3X_D

601 KVR3XMO

602 KVR3X_Y

603 KVAR3PMN

604 KVR3N_S

605 KVR3NMN

606 KVR3N_H

607 KVR3N_D

608 KVR3NMO

609 KVR3N_Y

610 KVA3PMX

611 KVA3X_S

612 KVA3XMN

613 KVA3X_H

614 KVA3X_D

615 KVA3XMO

616 KVA3X_Y

617 KVA3PMN

618 KVA3N_S

619 KVA3NMN

620 KVA3N_H

621 KVA3N_D

622 KVA3NMO

623 KVA3N_Y

624 FREQMX

625 FREQX_S

626 FREQXMN

627 FREQX_H

628 FREQX_D

629 FREQXMO

630 FREQX_Y

631 FREQMN

632 FREQN_S

633 FREQNMN

634 FREQN_H

635 FREQN_D

636 FREQNMO

637 FREQN_Y

638 RES_638

639 RES_639

640 RTD1MX

641 RTD1X_S

642 RTD1XMN

643 RTD1X_H

644 RTD1X_D

645 RTD1XMO

Register 
Address Label

646 RTD1X_Y

647 RTD1MN

648 RTD1N_S

649 RTD1NMN

650 RTD1N_H

651 RTD1N_D

652 RTD1NMO

653 RTD1N_Y

654 RTD2MX

655 RTD2X_S

656 RTD2XMN

657 RTD2X_H

658 RTD2X_D

659 RTD2XMO

660 RTD2X_Y

661 RTD2MN

662 RTD2N_S

663 RTD2NMN

664 RTD2N_H

665 RTD2N_D

666 RTD2NMO

667 RTD2N_Y

668 RTD3MX

669 RTD3X_S

670 RTD3XMN

671 RTD3X_H

672 RTD3X_D

673 RTD3XMO

674 RTD3X_Y

675 RTD3MN

676 RTD3N_S

677 RTD3NMN

678 RTD3N_H

679 RTD3N_D

680 RTD3NMO

681 RTD3N_Y

682 RTD4MX

683 RTD4X_S

684 RTD4XMN

685 RTD4X_H

686 RTD4X_D

687 RTD4XMO

688 RTD4X_Y

689 RTD4MN

690 RTD4N_S

691 RTD4NMN

692 RTD4N_H

693 RTD4N_D

694 RTD4NMO

695 RTD4N_Y

Register 
Address Label

696 RTD5MX

697 RTD5X_S

698 RTD5XMN

699 RTD5X_H

700 RTD5X_D

701 RTD5XMO

702 RTD5X_Y

703 RTD5MN

704 RTD5N_S

705 RTD5NMN

706 RTD5N_H

707 RTD5N_D

708 RTD5NMO

709 RTD5N_Y

710 RTD6MX

711 RTD6X_S

712 RTD6XMN

713 RTD6X_H

714 RTD6X_D

715 RTD6XMO

716 RTD6X_Y

717 RTD6MN

718 RTD6N_S

719 RTD6NMN

720 RTD6N_H

721 RTD6N_D

722 RTD6NMO

723 RTD6N_Y

724 RTD7MX

725 RTD7X_S

726 RTD7XMN

727 RTD7X_H

728 RTD7X_D

729 RTD7XMO

730 RTD7X_Y

731 RTD7MN

732 RTD7N_S

733 RTD7NMN

734 RTD7N_H

735 RTD7N_D

736 RTD7NMO

737 RTD7N_Y

738 RTD8MX

739 RTD8X_S

740 RTD8XMN

741 RTD8X_H

742 RTD8X_D

743 RTD8XMO

744 RTD8X_Y

745 RTD8MN

Register 
Address Label

746 RTD8N_S

747 RTD8NMN

748 RTD8N_H

749 RTD8N_D

750 RTD8NMO

751 RTD8N_Y

752 RTD9MX

753 RTD9X_S

754 RTD9XMN

755 RTD9X_H

756 RTD9X_D

757 RTD9XMO

758 RTD9X_Y

759 RTD9MN

760 RTD9N_S

761 RTD9NMN

762 RTD9N_H

763 RTD9N_D

764 RTD9NMO

765 RTD9N_Y

766 RTD10MX

767 RTD10X_S

768 RTD10XMN

769 RTD10X_H

770 RTD10X_D

771 RTD10XMO

772 RTD10X_Y

773 RTD10MN

774 RTD10N_S

775 RTD10NMN

776 RTD10N_H

777 RTD10N_D

778 RTD10NMO

779 RTD10N_Y

780 RTD11MX

781 RTD11X_S

782 RTD11XMN

783 RTD11X_H

784 RTD11X_D

785 RTD11XMO

786 RTD11X_Y

787 RTD11MN

788 RTD11N_S

789 RTD11NMN

790 RTD11N_H

791 RTD11N_D

792 RTD11NMO

793 RTD11N_Y

794 RTD12MX

795 RTD12X_S

Register 
Address Label
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796 RTD12XMN

797 RTD12X_H

798 RTD12X_D

799 RTD12XMO

800 RTD12X_Y

801 RTD12MN

802 RTD12N_S

803 RTD12NMN

804 RTD12N_H

805 RTD12N_D

806 RTD12NMO

807 RTD12N_Y

808 RES_808

809 RES_809

810 AI301MXH

811 AI301MXL

812 AI301X_S

813 AI301XMN

814 AI301X_H

815 AI301X_D

816 AI301XMO

817 AI301X_Y

818 AI301MNH

819 AI301MNL

820 AI301N_S

821 AI301NMN

822 AI301N_H

823 AI301N_D

824 AI301NMO

825 AI301N_Y

826 AI302MXH

827 AI302MXL

828 AI302X_S

829 AI302XMN

830 AI302X_H

831 AI302X_D

832 AI302XMO

833 AI302X_Y

834 AI302MNH

835 AI302MNL

836 AI302N_S

837 AI302NMN

838 AI302N_H

839 AI302N_D

840 AI302NMO

841 AI302N_Y

842 AI303MXH

843 AI303MXL

844 AI303X_S

845 AI303XMN

Register 
Address Label

846 AI303X_H

847 AI303X_D

848 AI303XMO

849 AI303X_Y

850 AI303MNH

851 AI303MNL

852 AI303N_S

853 AI303NMN

854 AI303N_H

855 AI303N_D

856 AI303NMO

857 AI303N_Y

858 AI304MXH

859 AI304MXL

860 AI304X_S

861 AI304XMN

862 AI304X_H

863 AI304X_D

864 AI304XMO

865 AI304X_Y

866 AI304MNH

867 AI304MNL

868 AI304N_S

869 AI304NMN

870 AI304N_H

871 AI304N_D

872 AI304NMO

873 AI304N_Y

874 AI305MXH

875 AI305MXL

876 AI305X_S

877 AI305XMN

878 AI305X_H

879 AI305X_D

880 AI305XMO

881 AI305X_Y

882 AI305MNH

883 AI305MNL

884 AI305N_S

885 AI305NMN

886 AI305N_H

887 AI305N_D

888 AI305NMO

889 AI305N_Y

890 AI306MXH

891 AI306MXL

892 AI306X_S

893 AI306XMN

894 AI306X_H

895 AI306X_D

Register 
Address Label

896 AI306XMO

897 AI306X_Y

898 AI306MNH

899 AI306MNL

900 AI306N_S

901 AI306NMN

902 AI306N_H

903 AI306N_D

904 AI306NMO

905 AI306N_Y

906 AI307MXH

907 AI307MXL

908 AI307X_S

909 AI307XMN

910 AI307X_H

911 AI307X_D

912 AI307XMO

913 AI307X_Y

914 AI307MNH

915 AI307MNL

916 AI307N_S

917 AI307NMN

918 AI307N_H

919 AI307N_D

920 AI307NMO

921 AI307N_Y

922 AI308MXH

923 AI308MXL

924 AI308X_S

925 AI308XMN

926 AI308X_H

927 AI308X_D

928 AI308XMO

929 AI308X_Y

930 AI308MNH

931 AI308MNL

932 AI308N_S

933 AI308NMN

934 AI308N_H

935 AI308N_D

936 AI308NMO

937 AI308N_Y

938 RES_938

939 RES_939

940 AI401MXH

941 AI401MXL

942 AI401X_S

943 AI401XMN

944 AI401X_H

945 AI401X_D

Register 
Address Label

946 AI401XMO

947 AI401X_Y

948 AI401MNH

949 AI401MNL

950 AI401N_S

951 AI401NMN

952 AI401N_H

953 AI401N_D

954 AI401NMO

955 AI401N_Y

956 AI402MXH

957 AI402MXL

958 AI402X_S

959 AI402XMN

960 AI402X_H

961 AI402X_D

962 AI402XMO

963 AI402X_Y

964 AI402MNH

965 AI402MNL

966 AI402N_S

967 AI402NMN

968 AI402N_H

969 AI402N_D

970 AI402NMO

971 AI402N_Y

972 AI403MXH

973 AI403MXL

974 AI403X_S

975 AI403XMN

976 AI403X_H

977 AI403X_D

978 AI403XMO

979 AI403X_Y

980 AI403MNH

981 AI403MNL

982 AI403N_S

983 AI403NMN

984 AI403N_H

985 AI403N_D

986 AI403NMO

987 AI403N_Y

988 AI404MXH

989 AI404MXL

990 AI404X_S

991 AI404XMN

992 AI404X_H

993 AI404X_D

994 AI404XMO

995 AI404X_Y

Register 
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996 AI404MNH

997 AI404MNL

998 AI404N_S

999 AI404NMN

1000 AI404N_H

1001 AI404N_D

1002 AI404NMO

1003 AI404N_Y

1004 AI405MXH

1005 AI405MXL

1006 AI405X_S

1007 AI405XMN

1008 AI405X_H

1009 AI405X_D

1010 AI405XMO

1011 AI405X_Y

1012 AI405MNH

1013 AI405MNL

1014 AI405N_S

1015 AI405NMN

1016 AI405N_H

1017 AI405N_D

1018 AI405NMO

1019 AI405N_Y

1020 AI406MXH

1021 AI406MXL

1022 AI406X_S

1023 AI406XMN

1024 AI406X_H

1025 AI406X_D

1026 AI406XMO

1027 AI406X_Y

1028 AI406MNH

1029 AI406MNL

1030 AI406N_S

1031 AI406NMN

1032 AI406N_H

1033 AI406N_D

1034 AI406NMO

1035 AI406N_Y

1036 AI407MXH

1037 AI407MXL

1038 AI407X_S

1039 AI407XMN

1040 AI407X_H

1041 AI407X_D

1042 AI407XMO

1043 AI407X_Y

1044 AI407MNH

1045 AI407MNL

Register 
Address Label
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1046 AI407N_S

1047 AI407NMN

1048 AI407N_H

1049 AI407N_D

1050 AI407NMO

1051 AI407N_Y

1052 AI408MXH

1053 AI408MXL

1054 AI408X_S

1055 AI408XMN

1056 AI408X_H

1057 AI408X_D

1058 AI408XMO

1059 AI408X_Y

1060 AI408MNH

1061 AI408MNL

1062 AI408N_S

1063 AI408NMN

1064 AI408N_H

1065 AI408N_D

1066 AI408NMO

1067 AI408N_Y

1068 RES_1068

1069 RES_1069

1070 AI501MXH

1071 AI501MXL

1072 AI501X_S

1073 AI501XMN

1074 AI501X_H

1075 AI501X_D

1076 AI501XMO

1077 AI501X_Y

1078 AI501MNH

1079 AI501MNL

1080 AI501N_S

1081 AI501NMN

1082 AI501N_H

1083 AI501N_D

1084 AI501NMO

1085 AI501N_Y

1086 AI502MXH

1087 AI502MXL

1088 AI502X_S

1089 AI502XMN

1090 AI502X_H

1091 AI502X_D

1092 AI502XMO

1093 AI502X_Y

1094 AI502MNH

1095 AI502MNL

Register 
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1096 AI502N_S

1097 AI502NMN

1098 AI502N_H

1099 AI502N_D

1100 AI502NMO

1101 AI502N_Y

1102 AI503MXH

1103 AI503MXL

1104 AI503X_S

1105 AI503XMN

1106 AI503X_H

1107 AI503X_D

1108 AI503XMO

1109 AI503X_Y

1110 AI503MNH

1111 AI503MNL

1112 AI503N_S

1113 AI503NMN

1114 AI503N_H

1115 AI503N_D

1116 AI503NMO

1117 AI503N_Y

1118 AI504MXH

1119 AI504MXL

1120 AI504X_S

1121 AI504XMN

1122 AI504X_H

1123 AI504X_D

1124 AI504XMO

1125 AI504X_Y

1126 AI504MNH

1127 AI504MNL

1128 AI504N_S

1129 AI504NMN

1130 AI504N_H

1131 AI504N_D

1132 AI504NMO

1133 AI504N_Y

1134 AI505MXH

1135 AI505MXL

1136 AI505X_S

1137 AI505XMN

1138 AI505X_H

1139 AI505X_D

1140 AI505XMO

1141 AI505X_Y

1142 AI505MNH

1143 AI505MNL

1144 AI505N_S

1145 AI505NMN

Register 
Address Label

1146 AI505N_H

1147 AI505N_D

1148 AI505NMO

1149 AI505N_Y

1150 AI506MXH

1151 AI506MXL

1152 AI506X_S

1153 AI506XMN

1154 AI506X_H

1155 AI506X_D

1156 AI506XMO

1157 AI506X_Y

1158 AI506MNH

1159 AI506MNL

1160 AI506N_S

1161 AI506NMN

1162 AI506N_H

1163 AI506N_D

1164 AI506NMO

1165 AI506N_Y

1166 AI507MXH

1167 AI507MXL

1168 AI507X_S

1169 AI507XMN

1170 AI507X_H

1171 AI507X_D

1172 AI507XMO

1173 AI507X_Y

1174 AI507MNH

1175 AI507MNL

1176 AI507N_S

1177 AI507NMN

1178 AI507N_H

1179 AI507N_D

1180 AI507NMO

1181 AI507N_Y

1182 AI508MXH

1183 AI508MXL

1184 AI508X_S

1185 AI508XMN

1186 AI508X_H

1187 AI508X_D

1188 AI508XMO

1189 AI508X_Y

1190 AI508MNH

1191 AI508MNL

1192 AI508N_S

1193 AI508NMN

1194 AI508N_H

1195 AI508N_D

Register 
Address Label

1196 AI508NMO

1197 AI508N_Y

1198 RES_1198

1199 RES_1199

1200 MXMN_R_S

1201 MXMN_RM
N

1202 MXMN_R_H

1203 MXMN_R_D

1204 MXMN_RM
O

1205 MXMN_R_Y

1206 RES_1206

1207 RES_1207

1208 RES_1208

1209 RES_1209

1210 RES_1210

1211 RES_1211

1212 RES_1212

1213 RES_1213

1214 RES_1214

1215 RES_1215

1216 RES_1216

1217 RES_1217

1218 RES_1218

1219 RES_1219

1220 AI301H

1221 AI301L

1222 AI302H

1223 AI302L

1224 AI303H

1225 AI303L

1226 AI304H

1227 AI304L

1228 AI305H

1229 AI305L

1230 AI306H

1231 AI306L

1232 AI307H

1233 AI307L

1234 AI308H

1235 AI308L

1236 AI401H

1237 AI401L

1238 AI402H

1239 AI402L

1240 AI403H

1241 AI403L

1242 AI404H

1243 AI404L

1244 AI405H

Register 
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1245 AI405L

1246 AI406H

1247 AI406L

1248 AI407H

1249 AI407L

1250 AI408H

1251 AI408L

1252 AI501H

1253 AI501L

1254 AI502H

1255 AI502L

1256 AI503H

1257 AI503L

1258 AI504H

1259 AI504L

1260 AI505H

1261 AI505L

1262 AI506H

1263 AI506L

1264 AI507H

1265 AI507L

1266 AI508H

1267 AI508L

1268 RES_1268

1269 RES_1269

1270 MV01H

1271 MV01L

1272 MV02H

1273 MV02L

1274 MV03H

1275 MV03L

1276 MV04H

1277 MV04L

1278 MV05H

1279 MV05L

1280 MV06H

1281 MV06L

1282 MV07H

1283 MV07L

1284 MV08H

1285 MV08L

1286 MV09H

1287 MV09L

1288 MV10H

1289 MV10L

1290 MV11H

1291 MV11L

1292 MV12H

1293 MV12L

1294 MV13H

Register 
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1295 MV13L

1296 MV14H

1297 MV14L

1298 MV15H

1299 MV15L

1300 MV16H

1301 MV16L

1302 MV17H

1303 MV17L

1304 MV18H

1305 MV18L

1306 MV19H

1307 MV19L

1308 MV20H

1309 MV20L

1310 MV21H

1311 MV21L

1312 MV22H

1313 MV22L

1314 MV23H

1315 MV23L

1316 MV24H

1317 MV24L

1318 MV25H

1319 MV25L

1320 MV26H

1321 MV26L

1322 MV27H

1323 MV27L

1324 MV28H

1325 MV28L

1326 MV29H

1327 MV29L

1328 MV30H

1329 MV30L

1330 MV31H

1331 MV31L

1332 MV32H

1333 MV32L

1334 SC01

1335 SC02

1336 SC03

1337 SC04

1338 SC05

1339 SC06

1340 SC07

1341 SC08

1342 SC09

1343 SC10

1344 SC11

Register 
Address Label

1345 SC12

1346 SC13

1347 SC14

1348 SC15

1349 SC16

1350 SC17

1351 SC18

1352 SC19

1353 SC20

1354 SC21

1355 SC22

1356 SC23

1357 SC24

1358 SC25

1359 SC26

1360 SC27

1361 SC28

1362 SC29

1363 SC30

1364 SC31

1365 SC32

1366–1369 Reserved

1370 RA001_H

1371 RA001_L

1372 RA002_H

1373 RA002_L

1374 RA003_H

1375 RA003_L

1376 RA004_H

1377 RA004_L

1378 RA005_H

1379 RA005_L

1380 RA006_H

1381 RA006_L

1382 RA007_H

1383 RA007_L

1384 RA008_H

1385 RA008_L

1386 RA009_H

1387 RA009_L

1388 RA010_H

1389 RA010_L

1390 RA011_H

1391 RA011_L

1392 RA012_H

1393 RA012_L

1394 RA013_H

1395 RA013_L

1396 RA014_H

1397 RA014_L

Register 
Address Label

1398 RA015_H

1399 RA015_L

1400 RA016_H

1401 RA016_L

1402 RA017_H

1403 RA017_L

1404 RA018_H

1405 RA018_L

1406 RA019_H

1407 RA019_L

1408 RA020_H

1409 RA020_L

1410 RA021_H

1411 RA021_L

1412 RA022_H

1413 RA022_L

1414 RA023_H

1415 RA023_L

1416 RA024_H

1417 RA024_L

1418 RA025_H

1419 RA025_L

1420 RA026_H

1421 RA026_L

1422 RA027_H

1423 RA027_L

1424 RA028_H

1425 RA028_L

1426 RA029_H

1427 RA029_L

1428 RA030_H

1429 RA030_L

1430 RA031_H

1431 RA031_L

1432 RA032_H

1433 RA032_L

1434 RA033_H

1435 RA033_L

1436 RA034_H

1437 RA034_L

1438 RA035_H

1439 RA035_L

1440 RA036_H

1441 RA036_L

1442 RA037_H

1443 RA037_L

1444 RA038_H

1445 RA038_L

1446 RA039_H

1447 RA039_L

Register 
Address Label

1448 RA040_H

1449 RA040_L

1450 RA041_H

1451 RA041_L

1452 RA042_H

1453 RA042_L

1454 RA043_H

1455 RA043_L

1456 RA044_H

1457 RA044_L

1458 RA045_H

1459 RA045_L

1460 RA046_H

1461 RA046_L

1462 RA047_H

1463 RA047_L

1464 RA048_H

1465 RA048_L

1466 RA049_H

1467 RA049_L

1468 RA050_H

1469 RA050_L

1470 RA051_H

1471 RA051_L

1472 RA052_H

1473 RA052_L

1474 RA053_H

1475 RA053_L

1476 RA054_H

1477 RA054_L

1478 RA055_H

1479 RA055_L

1480 RA056_H

1481 RA056_L

1482 RA057_H

1483 RA057_L

1484 RA058_H

1485 RA058_L

1486 RA059_H

1487 RA059_L

1488 RA060_H

1489 RA060_L

1490 RA061_H

1491 RA061_L

1492 RA062_H

1493 RA062_L

1494 RA063_H

1495 RA063_L

1496 RA064_H

1497 RA064_L

Register 
Address Label

1498 RA065_H

1499 RA065_L

1500 RA066_H

1501 RA066_L

1502 RA067_H

1503 RA067_L

1504 RA068_H

1505 RA068_L

1506 RA069_H

1507 RA069_L

1508 RA070_H

1509 RA070_L

1510 RA071_H

1511 RA071_L

1512 RA072_H

1513 RA072_L

1514 RA073_H

1515 RA073_L

1516 RA074_H

1517 RA074_L

1518 RA075_H

1519 RA075_L

1520 RA076_H

1521 RA076_L

1522 RA077_H

1523 RA077_L

1524 RA078_H

1525 RA078_L

1526 RA079_H

1527 RA079_L

1528 RA080_H

1529 RA080_L

1530 RA081_H

1531 RA081_L

1532 RA082_H

1533 RA082_L

1534 RA083_H

1535 RA083_L

1536 RA084_H

1537 RA084_L

1538 RA085_H

1539 RA085_L

1540 RA086_H

1541 RA086_L

1542 RA087_H

1543 RA087_L

1544 RA088_H

1545 RA088_L

1546 RA089_H

1547 RA089_L

Register 
Address Label
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1548 RA090_H

1549 RA090_L

1550 RA091_H

1551 RA091_L

1552 RA092_H

1553 RA092_L

1554 RA093_H

1555 RA093_L

1556 RA094_H

1557 RA094_L

1558 RA095_H

1559 RA095_L

1560 RA096_H

1561 RA096_L

1562 RA097_H

1563 RA097_L

1564 RA098_H

1565 RA098_L

1566 RA099_H

1567 RA099_L

1568 RA100_H

1569 RA100_L

1570 RA101_H

1571 RA101_L

1572 RA102_H

1573 RA102_L

1574 RA103_H

1575 RA103_L

1576 RA104_H

1577 RA104_L

1578 RA105_H

1579 RA105_L

1580 RA106_H

1581 RA106_L

1582 RA107_H

1583 RA107_L

1584 RA108_H

1585 RA108_L

1586 RA109_H

1587 RA109_L

1588 RA110_H

1589 RA110_L

1590 RA111_H

1591 RA111_L

1592 RA112_H

1593 RA112_L

1594 RA113_H

1595 RA113_L

1596 RA114_H

1597 RA114_L

Register 
Address Label

1598 RA115_H

1599 RA115_L

1600 RA116_H

1601 RA116_L

1602 RA117_H

1603 RA117_L

1604 RA118_H

1605 RA118_L

1606 RA119_H

1607 RA119_L

1608 RA120_H

1609 RA120_L

1610 RA121_H

1611 RA121_L

1612 RA122_H

1613 RA122_L

1614 RA123_H

1615 RA123_L

1616 RA124_H

1617 RA124_L

1618 RA125_H

1619 RA125_L

1620 RA126_H

1621 RA126_L

1622 RA127_H

1623 RA127_L

1624 RA128_H

1625 RA128_L

1626 Reserved

1627 RES_1627

1628 RES_1628

1629 RES_1629

1630 MOT_E_M

1631 MOT_E_H

1632 MOT_E_D

1633 MOT_R_M

1634 MOT_R_H

1635 MOT_R_D

1636 MOT_S_M

1637 MOT_S_H

1638 MOT_S_D

1639 TIMERUN

1640 NUMSTRT

1641 NUMEMRS
T

1642 MOT_RS_S

1643 MOT_RSMN

1644 MOT_RS_H

1645 MOT_RS_D

1646 MOT_RSMO

1647 MOT_RS_Y

Register 
Address Label

1648 RES_1648

1649 RES_1649

1650 STRT_T_A

1651 MAXSTI_A

1652 MINSTV_A

1653 STRTTC_A

1654 RUNTC_A

1655 RTDTC_A

1656 RUNI_A

1657 RUNKW_A

1658 RUKVRI_A

1659 RUKVRO_A

1660 RUNKVA_A

1661 MAXWDG_
A

1662 MAXBRG_A

1663 MAXAMB_
A

1664 MAXOTH_A

1665–1669 Reserved

1670 STRT_T_P

1671 MAXSTI_P

1672 MINSTV_P

1673 STRTTC_P

1674 RUNTC_P

1675 RTDTC_P

1676 RUNI_P

1677 RUNKW_P

1678 RUKVRI_P

1679 RUKVRO_P

1680 RUNKVA_P

1681 MAXWDG_
P

1682 MAXBRG_P

1683 MAXAMB_P

1684 MAXOTH_P

1685–1689 Reserved

1690 97FM1_H

1691 97FM1_L

1692 97FM2_H

1693 97FM2_L

1694 97FM3_H

1695 97FM3_L

1696 97FM4_H

1697 97FM4_L

1698 97FM5_H

1699 97FM5_L

1700–1717 Reserved

1718 COOLTM

1719 LRNSTTC

1720 THERM_A

Register 
Address Label

1721 LOCKR_A

1722 LDLOSS_A

1723 LDJAM_A

1724 UBI_A

1725 PHFLT_A

1726 GRFLT_A

1727 SPDSW_A

1728 UNDV_A

1729 OVRV_A

1730 UNDP_A

1731 PF_A

1732 RPWR_A

1733 RTD_A

1734 BBD_A

1735 TOTAL_A

1736–1739 Reserved

1740 THERM_T

1741 LOCKR_T

1742 LDLOSS_T

1743 LDJAM_T

1744 UBI_T

1745 PHFLT_T

1746 GRFLT_T

1747 SPDSW_T

1748 UNDV_T

1749 OVRV_T

1750 UNDP_T

1751 PF_T

1752 RPWR_T

1753 RTD_T

1754 ARC_T

1755 FIELD_T

1756 PHREV_T

1757 DIFF_T

1758 UNDFRQ_T

1759 OVRFRQ_T

1760 PTC_T

1761 STTIM_T

1762 REMTR_T

1763 OTHTR_T

1764 TOTAL_T

1765–1769 Reserved

1770 NUMEVE

1771 EVESEL

1772 EVE_S

1773 EVEMN

1774 EVE_H

1775 EVE_D

1776 EVEMO

1777 EVE_Y

Register 
Address Label

1778 EVE_TYPE

1779 EVE_TRGT

1780 EVE_IA

1781 EVE_IB

1782 EVE_IC

1783 EVE_IN

1784 EVE_IG

1785 EVE_VAB

1786 EVE_VBC

1787 EVE_VCA

1788 EVE_VG

1789 EVE_DY

1790 EVE_FREQ

1791 EVE_IA87

1792 EVE_IB87

1793 EVE_IC87

1794 EVE_MAXW

1795 EVE_MAXB

1796 EVE_MAXA

1797 EVE_MAXO

1798–1809 Reserved

1810 TRIP_LO

1811 TRIP_HI

1812 WARN_LO

1813 WARN_HI

1814–1819 Reserved

1820 NUMRCV

1821 NUMOTH

1822 INVADR

1823 BADCRC

1824 UARTERR

1825 ILLFUNC

1826 ILLREG

1827 ILLWR

1828 BADPKTF

1829 BADPKTL

1830–1839 Reserved

1840 ROW_0

1841 ROW_1

1842 ROW_2

1843 ROW_3

1844 ROW_4

1845 ROW_5

1846 ROW_6

1847 ROW_7

1848 ROW_8

1849 ROW_9

1850 ROW_10

1851 ROW_11

1852 ROW_12

Register 
Address Label
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1853 ROW_13

1854 ROW_14

1855 ROW_15

1856 ROW_16

1857 ROW_17

1858 ROW_18

1859 ROW_19

1860 ROW_20

1861 ROW_21

1862 ROW_22

1863 ROW_23

1864 ROW_24

1865 ROW_25

1866 ROW_26

1867 ROW_27

1868 ROW_28

1869 ROW_29

1870 ROW_30

1871 ROW_31

1872 ROW_32

1873 ROW_33

1874 ROW_34

1875 ROW_35

1876 ROW_36

1877 ROW_37

1878 ROW_38

1879 ROW_39

1880 ROW_40

1881 ROW_41

1882 ROW_42

1883 ROW_43

1884 ROW_44

1885 ROW_45

1886 ROW_46

1887 ROW_47

1888 ROW_48

1889 ROW_49

1890 ROW_50

1891 ROW_51

1892 ROW_52

1893 ROW_53

1894 ROW_54

1895 ROW_55

1896 ROW_56

1897 ROW_57

1898 ROW_58

1899 ROW_59

1900 ROW_60

1901 ROW_61

1902 ROW_62

Register 
Address Label

1903 ROW_63

1904 ROW_64

1905 ROW_65

1906 ROW_66

1907 ROW_67

1908 ROW_68

1909 ROW_69

1910 ROW_70
1911 ROW_71
1912 ROW_72
1913 ROW_73
1914 ROW_74

1915 ROW_75

1916 ROW_76

1917 ROW_77

1918 ROW_78

1919 ROW_79

1920 ROW_80

1921 ROW_81

1922 ROW_82

1923 ROW_83

1924 ROW_84

1925 ROW_85

1926 ROW_86

1927 ROW_87

1928 ROW_88

1929 ROW_89

1930 ROW_90

1931 ROW_91

1932 ROW_92

1933 ROW_93

1934 ROW_94

1935 ROW_95

1936 ROW_96

1937 ROW_97

1938 ROW_98

1939 ROW_99

1940 ROW_100

1941 ROW_101

1942 ROW_102

1943 ROW_103

1944 ROW_104

1945 ROW_105

1946 ROW_106

1947 ROW_107

1948 ROW_108

1949 ROW_109

1950 ROW_110

1951 ROW_111

1952 ROW_112

1953 ROW_113
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Address Label

1954 ROW_114

1955 ROW_115

1956 ROW_116

1957 ROW_117

1958 ROW_118

1959 ROW_119

1960 ROW_120

1961 ROW_121

1962 ROW_122

1963 ROW_123

1964 ROW_124

1965 ROW_125

1966 ROW_126

1967 ROW_127

1968 ROW_128

1969 ROW_129

1970 ROW_130

1971 ROW_131

1972 ROW_132

1973 ROW_133

1974 ROW_134

1975 ROW_135

1976 ROW_136

1977 ROW_137

1978 ROW_138

1979 ROW_139

1980 Reserved

1981 ROW_140

1982 ROW_141

1983 ROW_142

1984 ROW_143

1985 ROW_144

1986 ROW_145

1987 ROW_146

1988 ROW_147

1989 ROW_148

1990 ROW_149

1991 ROW_150

1992 ROW_151

1993 ROW_152

1994 ROW_153

1995 ROW_154

1996 ROW_155

1997 ROW_156

1998 ROW_157

1999 ROW_158

2000 ROW_159

2001 ROW_160

2002 ROW_161

2003 ROW_162
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2004 ROW_163

2005 ROW_164

2006 ROW_165

2007 ROW_166

2008 ROW_167

2009 ROW_168

2010 ROW_169

2011 ROW_170

2012 ROW_171

2013 ROW_172

2014 ROW_173

2015 ROW_174

2016 ROW_175

2017 ROW_176

2018 ROW_177

2019 ROW_178

2020 ROW_179

2021 ROW_180

2022 ROW_181

2023 ROW_182

2024 ROW_183

2025 ROW_184

2026 ROW_185

2027 ROW_186

2028 ROW_187

2029 ROW_188

2030 ROW_189

2031 ROW_190

2032 ROW_191

2033 ROW_192

2034 ROW_193

2035 Reserved

2036 Reserved

2037 Reserved

a Registers report 
corresponding phase-
to-phase values when 
setting DELTA_Y = 
DELTA and phase-to-
neutral values when 
setting DELTA _Y = 
WYE.

Register 
Address Label
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Reading History Data 
Using Modbus

Through use of the Modbus Register Map (Table E.34), you can download a 
complete history of the last 50 events via Modbus. The history contains the 
date and time stamp, type of event that triggered the report, currents, and 
voltages at the time of the event. Please refer to the Historical Data section in 
the map.

To use Modbus to download history data, including TRIP TYPE information, 
write the event number of interest (1–50) to the EVENT LOG SEL register at 
address 1747. Then read the history of the specific event number you 
requested from the registers shown in the Historical Data section of the 
Modbus Register Map (Table E.34). After a power cycle, the history data 
registers show the history data corresponding to the latest event. This is 
dynamically updated, as whenever there is a new event, the history data 
registers are automatically updated with new event data. If specific event 
number data have been retrieved using a write to the EVENT LOG SEL 
register, the event data registers stay frozen with that specific event history. 
This returns to the free running mode when a zero is written to the event 
selection register from a prior non-zero selection.

Modbus Register Map
Table E.34 lists the data available in the Modbus interface and their 
description, range, and scaling information. The table also shows the 
parameter number for access using the DeviceNet interface. The DeviceNet 
parameter number is obtained by adding 100 to the Modbus register address.

NOTE: Certain Modbus quantities are 
reported as 32-bit numbers; however, 
Modbus registers are only 16-bit. This 
results in displaying the Modbus 
quantities in a LOW and HIGH register. 
To determine the 32-bit number, 
concatenate the LOW register to the 
end of the HIGH register. For example, if 
the HIGH register value is 0x5ADC and 
the LOW register value is 0xF43B, the 
resulting 32-bit value is 0x5ADCF43B.

Table E.34 Modbus Mapa (Sheet 1 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number

0 (R) Reservedd 0 100 1

User Map Register

1–125 (R/W) USER REG #1–USER REG #125 280 2037 1 101–225 

User Map Register Values

126–250 (R) USER REG#1 VAL–USER 
REG#125 VAL

0 65535 0 1 226–350 

251–260 (R) Reservedd 0 0 0 351–360
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Reset Settings

261 (R/W) RESET DATA 0 2047 0 361

Bit 0 = TRIP RESET
Bit 1 = Reservedd

Bit 2 = RESET STAT DATA
Bit 3 = RESET HIST DATA
Bit 4 = RESET COMM CNTR
Bit 5 = RESET MOT DATA
Bit 6 = RST ENRGY DATA
Bit 7 = RST MX/MN DATA
Bit 8 = Reservedd

Bit 9 = Reservedd

Bit 10 = RST BKMON DATA
Bits 11–15 = Reservedd

262–269 (R) Reservedd 0 0 0 1 362–369 

Date/Time Settings

270 (R/W) SET SEC 0 5999 0 0.01 370

271 (R/W) SET MIN 0 59 0 1 371

272 (R/W) SET HOUR 0 23 0 1 372

273 (R/W) SET DAY 1 31 1 1 373

274 (R/W) SET MONTH 1 12 1 1 374

275 (R/W) SET YEAR 2000 9999 2000 1 375

276–279 (R) Reservedd 0 0 0 1 376–379

Device Status 0 = OK 1 = WARN 2 = FAIL

280 (R) FPGA STATUS 0 2 0 380

281 (R) GPSB STATUS 0 2 0 381

282 (R) HMI STATUS 0 2 0 382

283 (R) RAM STATUS 0 2 0 383

284 (R) ROM STATUS 0 2 0 384

285 (R) CR_RAM STATUS 0 2 0 385

286 (R) NON_VOL STATUS 0 2 0 386

287 (R) CLOCK STATUS 0 2 0 387

288 (R) PTC STATUS 0 2 0 388

289 (R) RTD STATUS 0 2 0 389

290 (R CID FILE STATUS 0 2 0 1 390

291 (R) +3.3V STATUS 0 2 0 391

292 (R) +5.0V STATUS 0 2 0 392

293 (R) +2.5V STATUS 0 2 0 393

294 (R) +3.75V STATUS 0 2 0 394

295 (R) –1.25V STATUS 0 2 0 395

296 (R) –5.0V STATUS 0 2 0 396

297 (R) CLK_BAT STATUS 0 2 0 397

298 (R) CARD C STATUS 0 2 0 398

299 (R) CARD D STATUS 0 2 0 399

Table E.34 Modbus Mapa (Sheet 2 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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300 (R) CARD E STATUS 0 2 0 400

301 (R) CARD Z STATUS 0 2 0 401

302 (R) IA STATUS 0 2 0 1 402

303 (R) IB STATUS 0 2 0 403

304 (R) IC STATUS 0 2 0 404

305 (R) IN STATUS 0 2 0 405

306 (R) VA STATUS 0 2 0 406

307 (R) VB STATUS 0 2 0 407

308 (R) VC STATUS 0 2 0 408

309 (R) RELAY STATUS 0 1 0 409
0 - ENABLED
1 - DISABLED

310  (R) IA87 STATUS 0 2 0 410

311  (R) IB87 STATUS 0 2 0 411

312  (R) IC87 STATUS 0 2 0 412

313  (R) VDR STATUS 0 2 0 413

314  (R) SERIAL NUMBER H 0 65535 0 414

315  (R) SERIAL NUMBER L 0 65535 0 415

316–319 (R) Reservedd 0 0 0

Current Data

320 (R) IA CURRENT A 0 65535 0 1 420

321 (R) IA ANGLE deg –1800 1800 0 0.1 421

322 (R) IB CURRENT A 0 65535 0 1 422

323 (R) IB ANGLE deg –1800 1800 0 0.1 423

324 (R) IC CURRENT A 0 65535 0 1 424

325 (R) IC ANGLE deg –1800 1800 0 0.1 425

326 (R) IN CURRENT A 0 65535 0 1 426

327 (R) IN ANGLE deg –1800 1800 0 0.1 427

328 (R) IG CURRENT A 0 65535 0 1 428

329 (R) IG ANGLE deg –1800 1800 0 0.1 429

330 (R) AVERAGE CURRENT A 0 65535 0 1 430

331 (R) MOTOR LOAD xFLA 0 120 0 0.1 431

332 (R) NEG-SEQ CURR 3I2 A 0 65535 0 1 432

333 (R) CURRENT IMBAL % 0 1000 0 0.1 433

334 (R) IA87 CURRENT A 0 65535 0 1 434

335 (R) IB87 CURRENT A 0 65535 0 1 435

336 (R) IC87 CURRENT A 0 65535 0 1 436

337–339 (R) Reservedd 0 0 0

Voltage Data

340 (R) VAB kV 0 65535 0 0.01 440

341 (R) VAB ANGLE deg –1800 1800 0 0.1 441

Table E.34 Modbus Mapa (Sheet 3 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number
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342 (R) VBC kV 0 65535 0 0.01 442

343 (R) VBC ANGLE deg –1800 1800 0 0.1 443

344 (R) VCA kV 0 65535 0 0.01 444

345 (R) VCA ANGLE deg –1800 1800 0 0.1 445

346 (R) AVERAGE LINEe kV 0 65535 0 0.01 446

347 (R) VAN kV 0 65535 0 0.01 447

348 (R) VAN ANGLE deg –1800 1800 0 0.1 448

349 (R) VBN kV 0 65535 0 0.01 449

350 (R) VBN ANGLE deg –1800 1800 0 0.1 450

351 (R) VCN kV 0 65535 0 0.01 451

352 (R) VCN ANGLE deg –1800 1800 0 0.1 452

353 (R) VG kV 0 65535 0 0.01 453

354 (R) VG ANGLE deg –1800 1800 0 0.1 454

355 (R) AVERAGE PHASEf kV 0 65535 0 0.01 455

356 (R) NEG-SEQ VOLT 3V2 kV 0 65535 0 0.01 456

357 (R) VOLTAGE IMBAL % 0 1000 0 0.1 457

358–359 (R) Reservedd 0 0 0 458–459

Power Data

360 (R) REAL POWER kW –32768 32767 0 1 460

361 (R) REACTIVE POWER kVAR –32768 32767 0 1 461

362 (R) APPARENT POWER kVA –32768 32767 0 1 462

363 (R) POWER FACTOR –100 100 0 0.01 463

364 (R) FREQUENCY Hz 1000 7000 6000 0.01 464

365–369 (R) Reservedd 0 0 0 465–469

Synchronous Data

370 (R) FIELD VOLTAGE V –32768 32767 0 1 470

371 (R) FIELD CURRENT A –32768 32767 0 1 471

372 (R) FIELD RESISTANCE Ohm 0 65535 0 1 472

373–379 (R) Reservedd 0 0 0 473–479

Energy Data

380 (R) MWH3P HI MWhr 0 65535 0 0.001 480

381 (R) MWH3P LO MWhr 0 65535 0 0.001 481

382 (R) MVARH3PI HI MVARhr 0 65535 0 0.001 482

383 (R) MVARH3PI LO MVARhr 0 65535 0 0.001 483

384 (R) MVARH3PO HI MVARhr 0 65535 0 0.001 484

385 (R) MVARH3PO LO MVARhr 0 65535 0 0.001 485

386 (R) MVAH3P HI MVAhr 0 65535 0 0.001 486

387 (R) MVAH3P LO MVAhr 0 65535 0 0.001 487

388 (R) LAST RST TIME ss 0 5999 0 0.01 488
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389 (R) LAST RST TIME mm 0 59 0 1 489

390 (R) LAST RST TIME hh 0 23 0 1 490

391 (R) LAST RST DATE dd 1 31 1 1 491

392 (R) LAST RST DATE mm 1 12 1 1 492

393 (R) LAST RST DATE yy 2000 9999 2000 1 493

394–399 (R) Reservedd 0 0 0 494–499

RTD Data

400 (R) MAX WINDING RTD degC –32768 32767 0 1 500
7FFFh = Open
8000h = Short
7FFCh = Comm Fail
7FF8h = Stat Fail
7FFEh = Fail
7FF0h = NA

401 (R) MAX BEARING RTD degC –32768 32767 0 1 501

402 (R) MAX AMBIENT RTD degC –32768 32767 0 1 502

403 (R) MAX OTHER RTD degC –32768 32767 0 1 503

404–415  (R) RTD 1–RTD 12 degC –32768 32767 0 1 504–515

416 (R) RTD % TCU % 0 100 0 1 516

417–419 (R) Reservedd 0 0 0 517–519

Overload Status

420 (R) STATOR % TCU % 0 65535 0 1 520

421 (R) ROTOR % TCU % 0 65535 0 1 521

422 (R) TIME TO TRIP s 0 9999 0 1 522

423 (R) TIME TO RESET min 0 9999 0 1 523

424 (R) STARTS AVAILABLE 0 255 0 1 524

425 (R) SLIP % 0 1000 0 0.1 525

426 (R) RUNNING TIME hrs 0 65535 0 1 526

427–429 (R) Reservedd 0 0 0 527–529

Light Meter Data

430 (R) LS1 % 0 1000 0 0.1 530

431 (R) LS2 % 0 1000 0 0.1 531

432 (R) LS3 % 0 1000 0 0.1 532

433 (R) LS4 % 0 1000 0 0.1 533

434 (R) LS5 % 0 1000 0 0.1 534

435 (R) LS6 % 0 1000 0 0.1 535

436 (R) LS7 % 0 1000 0 0.1 536

437 (R) LS8 % 0 1000 0 0.1 537

438 (R) Reservedd 0 0 0 538

439 (R) Reservedd 0 0 0 539
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Break Monitor Data
Note: In addition to the Breaker Monitor data, the time when Breaker Monitor Data was last reset 

is also reported in Modbus.

440 (R) RLY TRIPS  0 65535 0 1 540

441 (R) EXT TRIPS  0 65535 0 1 541

442 (R) IA RLY kA 0 65535 0 1 542

443 (R) IA EXT kA 0 65535 0 1 543

444 (R) IB RLY kA 0 65535 0 1 544

445 (R) IB EXT kA 0 65535 0 1 545

446 (R) IC RLY kA 0 65535 0 1 546

447 (R) IC EXT kA 0 65535 0 1 547

448 (R) A WEAR % 0 100 0 548

449 (R) B WEAR % 0 100 0 549

450 (R) C WEAR % 0 100 0 550

451 (R) BRKR RST TIM-ss 0 5999 0 0.01 551

452 (R) BRKR RST TIM-mm 0 59 0 552

453 (R) BRKR RST TIM-hh 0 23 0 553

454 (R) BRKR RST DAT-dd 1 31 1 554

455 (R) BRKR RST DAT-mm 1 12 1 555

456 (R) BRKR RST DAT-yy 2000 9999 2000 556

457–459 (R) Reservedd 0 0 0 1 557–559

RMS Data

460 (R) IA RMS A 0 65535 0 1 560

461 (R) IB RMS A 0 65535 0 1 561

462 (R) IC RMS A 0 65535 0 1 562

463 (R) IN RMS A 0 65535 0 1 563

464 (R) VA RMS kV 0 65535 0 0.01 564

465 (R) VB RMS kV 0 65535 0 0.01 565

466 (R) VC RMS kV 0 65535 0 0.01 566

467 (R) VAB RMS kV 0 65535 0 0.01 567

468 (R) VBC RMS kV 0 65535 0 0.01 568

469 (R) VCA RMS kV 0 65535 0 0.01 569

Maximum/Minimum Motor Data

470 (R) IA MAX A 0 65535 0 1 570

471 (R) IA MAX TIME ss seconds 0 5999 0 0.01 571

472 (R) IA MAX TIME mm minutes 0 59 0 1 572

473 (R) IA MAX TIME hh hours 0 23 0 1 573

474 (R) IA MAX DAY dd days 1 31 1 1 574

475 (R) IA MAX DAY mm months 1 12 1 1 575

476 (R) IA MAX DAY yy years 2000 9999 2000 1 576
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477 (R) IA MIN A 0 65535 0 1 577

478–483 (R) IA MIN TIME ss–IA MIN TIME yy (See IA MAX for series structure and data.) 578–583 

484 (R) IB MAX A 0 65535 0 1 584

485–490 (R) IB MAX TIME ss–IB MAX TIME yy (See IA MAX for series structure and data.) 585–590

491 (R) IB MIN A 0 65535 0 1 591

492–497 (R) IB MIN TIME ss–IB MIN TIME yy (See IA MAX for series structure and data.) 592–597 

498 (R) IC MAX A 0 65535 0 1 598

499–504 (R) IC MAX TIME ss–IC MAX TIME yy (See IA MAX for series structure and data.) 599–504

505 (R) IC MIN A 0 65535 0 1 605

506–511 (R) IC MIN TIME ss–IC MIN TIME yy (See IA MAX for series structure and data.) 606–611 

512 (R) IN MAX A 0 65535 0 1 612

513–518 (R) IN MAX TIME ss–IN MAX TIME yy (See IA MAX for series structure and data.) 613–618

519 (R) IN MIN A 0 65535 0 1 619

520–525 (R) IN MIN TIME ss–IN MIN TIME yy (See IA MAX for series structure and data.) 620–625

526 (R) IG MAX A 0 65535 0 1 626

527–532 (R) IG MAX TIME ss–IG MAX TIME yy (See IA MAX for series structure and data.) 627–632

533 (R) IG MIN A 0 65535 0 1 633

534–539 (R) IG MIN TIME ss–IG MIN TIME yy (See IA MAX for series structure and data.) 634–639 

540 (R) VAB/VA MAX kV 0 65535 0 0.01 640

541–546 (R) VAB/VA MX TIM ss–VAB/VA MX TIM yy (See IA MAX for series structure and data.) 641–646 

547 (R) VAB/VA MIN kV 0 65535 0 0.01 647

548–553 (R) VAB/VA MN TIM ss–VAB/VA MN TIM yy (See IA MAX for series structure and data.) 648–653 

554 (R) VBC/VB MAX kV 0 65535 0 0.01 654

555–560 (R) VBC/VB MX TIM ss–VBC/VB MX TIM yy (See IA MAX for series structure and data.) 655–660

561 (R) VBC/VB MIN kV 0 65535 0 0.01 661

562–567 (R) VBC/VB MN TIM ss–VBC/VB MN TIM yy (See IA MAX for series structure and data.) 662–667

568 (R) VCA/VC MAX kV 0 65535 0 0.01 668

569–570 (R) VCA/VC MX TIM ss–VCA/VC MX TIM yy (See IA MAX for series structure and data.) 669–670

575 (R) VCA/VC MIN kV 0 65535 0 0.01 675

576–581 (R) VCA/VC MN TIM ss–VCA/VC MN TIM yy (See IA MAX for series structure and data.) 676–681

582 (R) KW3P MAX kW –32768 32767 0 1 682

583–588 (R) KW3P MX TIM ss–KW3P MX TIM yy (See IA MAX for series structure and data.) 683–688

589 (R) KW3P MIN kW –32768 32767 0 1 689

590–595 (R) KW3P MN TIM ss–KW3P MN TIM yy (See IA MAX for series structure and data.) 690–695

596 (R) KVAR3P MAX kVAR –32768 32767 0 1 696

597–602 (R) KVAR3P MX TIM ss–KVAR3P MX TIM yy (See IA MAX for series structure and data.) 697–702

603 (R) KVAR3P MIN kVAR –32768 32767 0 1 703

604–609 (R) KVAR3P MN TIM ss–KVAR3P MN TIM y (See IA MAX for series structure and data.) 704–709

610 (R) KVA3P MAX kVA –32768 32767 0 1 710

611–616 (R) KVA3P MX TIM ss–KVA3P MX TIM yy (See IA MAX for series structure and data.) 711–716
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617 (R) KVA3P MIN kVA –32768 32767 0 1 717

618–623 (R) KVA3P MN TIM ss–KVA3P MN TIM yy (See IA MAX for series structure and data.) 718–723

624 (R) FREQ MAX Hz 0 65535 0 0.01 724

625–630 (R) FREQ MX TIM ss–FREQ MX TIM yy (See IA MAX for series structure and data.) 725–730

631 (R) FREQ MIN Hz 0 65535 0 0.01 731

632–637 (R) FREQ MN TIM ss–FREQ MN TIM yy (See IA MAX for series structure and data.) 732–737

638–639 (R) Reservedd

Maximum/Minimum RTD Data

640 (R) RTD1 MAX degC –32768 32767 0 1 740

641–646 (R) RTD1 MX TIM ss–RTD1 MX TIM yy (See IA MAX for series structure and data.) 741–746

647 (R) RTD1 MIN degC –32768 32767 0 1 747

648–653 (R) RTD1 MN TIM ss–RTD1 MN TIM yy (See IA MAX for series structure and data.) 748–753

•

•

•

•

•

•

•
•
•

794 (R) RTD12 MAX degC –32768 32767 0 1 894

795–800 (R) RTD12 MX TIM ss–RTD12 MX TIM yy (See IA MAX for series structure and data.) 895–900 

801 (R) RTD12 MIN degC –32768 32767 0 1 901

802–807 (R) RTD12 MN TIM ss–RTD12 MN TIM yy (See IA MAX for series structure and data.) 902–907

808–809 (R) Reservedd

Maximum/Minimum AI3 Data

810 (R) AI301 MX - HI Engineerin
g Units

–32768 32767 0 0.001 910

811 (R) AI301 MX - LO –32768 32767 0 0.001 911

812–817 (R) AI301 MX TIME ss–AI301 MX TIME yy (See IA MAX for series structure and data.) 912–917

818 (R) AI301 MN - HI Engineerin
g Units

–32768 32767 0 0.001 918

819 (R) AI301 MN - LO –32768 32767 0 0.001 919

820–825 (R) AI301 MN TIME ss–AI301 MN TIME yy (See IA MAX for series structure and data.) 920–925

•

•

•

•

•

•

•
•
•

922 (R) AI308 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1022

923 (R) AI308 MX - LO –32768 32767 0 0.001 1023

924–929 (R) AI308 MX TIM ss–AI308 MX TIM yy (See IA MAX for series structure and data.) 1024–1029

930 (R) AI308 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1030

931 (R) AI308 MN - LO –32768 32767 0 0.001 1031

932–937 (R) AI308 MN TIM ss–AI308 MN TIM yy (See IA MAX for series structure and data.) 1032–1037

938–939 (R) Reservedd

Table E.34 Modbus Mapa (Sheet 8 of 24)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 

Number



E.32

SEL-710-5 Relay Instruction Manual Date Code 20220826

Modbus Communications
Communications Protocol

Maximum/Minimum AI4 Data

940 (R) AI401 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1040

941 (R) AI401 MX - LO –32768 32767 0 0.001 1041

942–947 (R) AI401 MX TIM ss–AI401 MX TIM yy (See IA MAX for series structure and data.) 1042–1047

948 (R) AI401 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1048

949 (R) AI401 MN - LO –32768 32767 0 0.001 1049

950–955 (R) AI401 MN TIM ss–AI401 MN TIM yy (See IA MAX for series structure and data.) 1050–1055

•

•

•

•

•

•

•
•
•

1052 (R) AI408 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1152

1053 (R) AI408 MX - LO –32768 32767 0 0.001 1153

1054–1059 (R) AI408 MX TIM ss–AI408 MX TIM yy (See IA MAX for series structure and data.) 1154–1159

1060 (R) AI408 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1160

1061 (R) AI408 MN - LO –32768 32767 0 0.001 1161

1062–1067 (R) AI408 MN TIM ss– AI408 MN TIM yy (See IA MAX for series structure and data.) 1162–1167

1068–1069 (R) Reservedd

Maximum/Minimum AI5 Data

1070 (R) AI501 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1170

1071 (R) AI501 MX - LO –32768 32767 0 0.001 1171

1072–1077 (R) AI501 MX TIM ss–AI501 MX TIM yy (See IA MAX for series structure and data.) 1172–1177

1078 (R) AI501 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1178

1079 (R) AI501 MN - LO –32768 32767 0 0.001 1179

1080–1085 (R) AI501 MN TIM ss–AI501 MN TIM yy (See IA MAX for series structure and data.) 1180–1185

•

•

•

•

•

•

•
•
•

1182 (R) AI508 MX - HI Engineerin
g Units

–32768 32767 0 0.001 1282

1183 (R) AI508 MX - LO –32768 32767 0 0.001 1283

1184–1189 (R) AI508 MX TIM ss–AI508 MX TIM yy (See IA MAX for series structure and data.) 1284–1289

1190 (R) AI508 MN - HI Engineerin
g Units

–32768 32767 0 0.001 1290

1191 (R) AI508 MN - LO –32768 32767 0 0.001 1291

1192–1197 (R) AI508 MN TIM ss–AI508 MN TIM yy (See IA MAX for series structure and data.) 1292–1299

1198–1199 (R) Reservedd
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Maximum/Minimum Reset Data

1200–1205 (R) MX/MN RST TIM ss–MX/MN RST TIM yy (See IA MAX for series structure and data.) 1300–1305

1206–1219 (R) Reservedd 0 0 0 1306–1319

Analog Input Data

1220 (R) AI301 - HI Engineerin
g Units

–32768 32767 0 0.001 1320

1221 (R) AI301 - LO –32768 32767 0 0.001 1321

•

•

•

•

•

•

•
•
•

1234 (R) AI308 - HI Engineerin
g Units

–32768 32767 0 0.001 1334

1235 (R) AI308 - LO –32768 32767 0 0.001 1335

1236 (R) AI401 - HI Engineerin
g Units

–32768 32767 0 0.001 1336

1237 (R) AI401 - LO –32768 32767 0 0.001 1337

•

•

•

•

•

•

•
•
•

1250 (R) AI408 - HI Engineerin
g Units

–32768 32767 0 0.001 1350

1251 (R) AI408 - LO –32768 32767 0 0.001 1351

1252 (R) AI501 - HI Engineerin
g Units

–32768 32767 0 0.001 1352

1253 (R) AI501- LO –32768 32767 0 0.001 1353

•

•

•

•

•

•

•
•
•

1266 (R) AI508 - HI Engineerin
g Units

–32768 32767 0 0.001 1366

1267 (R) AI508 - LO –32768 32767 0 0.001 1367

1268–1269 (R) Reservedd 0 0 0 1368–1369

Math Variables

1270 (R) MV01 - HI –32768 32767 0 0.01 1370

1271 (R) MV01 - LO –32768 32767 0 0.01 1371

•

•

•

•

•

•

•
•
•

1332 (R) MV32 - HI –32768 32767 0 0.01 1432

1333 (R) MV32 - LO –32768 32767 0 0.01 1433
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Device Counters

1334 (R) COUNTER SC01 0 65000 1 1 1434

•

•

•

•

•

•

•
•
•

1365 (R) COUNTER SC32 0 65000 1 1 1465

1366–1369 (R) Reservedd 0 0 0 1466–1469

Remote Analogs 1

1370 (R/W) RA001 (0:UW) –32768 32767 0 0.01 1470

1371 (R/W) RA001 (1:LW) –32768 32767 0 0.01 1471

•

•

•

•

•

•

•
•
•

1496 (R/W) RA064 (0:UW) –32768 32767 0 0.01 1596

1497 (R/W) RA064 (1:LW) –32768 32767 0 0.01 1597

Remote Analogs 2

1498 (R/W) RA065 (0:UW) –32768 32767 0 0.01 1598

1499 (R/W) RA001 (1:LW) –32768 32767 0 0.01 1599

•

•

•

•

•

•

•
•
•

1624 (R/W) RA064 (0:UW) –32768 32767 0 0.01 1724

1625 (R/W) RA064 (1:LW) –32768 32767 0 0.01 1725

1626–1629 (R) Reservedd 0 0 0 1726–1729

Motor Statistics

1630 (R) ELAPSED TIME mm 0 59 0 1 1730

1631 (R) ELAPSED TIME hh 0 23 0 1 1731

1632 (R) ELAPSED TIME dd 0 65535 0 1 1732

1633 (R) RUNNING TIME mm 0 59 0 1 1733

1634 (R) RUNNING TIME hh 0 23 0 1 1734

1635 (R) RUNNING TIME dd 0 65535 0 1 1735

1636 (R) STOPPED TIME mm 0 59 0 1 1736

1637 (R) STOPPED TIME hh 0 23 0 1 1737

1638 (R) STOPPED TIME dd 0 65535 0 1 1738

1639 (R) % TIME RUNNING % 0 1000 0 0.1 1739

1640 (R) STARTS COUNT 0 65535 0 1 1740

1641 (R) EMER START COUNT 0 65535 0 1 1741

1642 (R) MOT RST TIME ss 0 5999 0 0.01 1742

1643 (R) MOT RST TIME mm 0 59 0 1 1743

1644 (R) MOT RST TIME hh 0 23 0 1 1744

1645 (R) MOT RST DATE dd 1 31 1 1 1745
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1646 (R) MOT RST DATE mm 1 12 1 1 1746

1647 (R) MOT RST DATE yy 2000 9999 2000 1 1747

1648–1649 (R) Reservedd 0 0 0 1726–1729

Average Statistics

1650 (R) START TIME (S) s 0 9999 0 0.1 1750

1651 (R) MAX START I (A) A 0 65535 0 1 1751

1652 (R) MIN START V (V) V 0 65535 0 1 1752

1653 (R) START % TCU % 0 65535 0 0.1 1753

1654 (R) RUNNING % TCU % 0 65535 0 0.1 1754

1655 (R) RTD % TCU % 0 65535 0 1 1755

1656 (R) RUNNING CUR (A) A 0 65535 0 0.1 1756

1657 (R) RUNNING KW kW 0 65535 0 0.1 1757

1658 (R) RUNNING KVARIN kVAR 0 65535 0 0.1 1758

1659 (R) RUNNING KVAROUT kVAR 0 65535 0 0.1 1759

1660 (R) RUNNING KVA kVA 0 65535 0 0.1 1760

1661 (R) MAX WDG RTD (C) degC –32768 32767 0 1 1761

1662 (R) MAX BRG RTD (C) degC –32768 32767 0 1 1762

1663 (R) AMBIENT RTD (C) degC –32768 32767 0 1 1763

1664 (R) MAX OTH RTD (C) degC –32768 32767 0 1 1764

1665–1669 (R) Reservedd 0 0 0 1765–1769

Peak Statistics

1670 (R) START TIME (S) s 0 9999 0 0.1 1770

1671 (R) MAX START I (A) A 0 65535 0 1 1771

1672 (R) MIN START V (V) V 0 65535 0 1 1772

1673 (R) START % TCU % 0 65535 0 0.1 1773

1674 (R) RUNNING % TCU % 0 65535 0 0.1 1774

1675 (R) RTD % TCU % 0 65535 0 1 1775

1676 (R) RUNNING CUR (A) A 0 65535 0 0.1 1776

1677 (R) RUNNING KW kW 0 65535 0 0.1 1777

1678 (R) RUNNING KVARIN kVAR 0 65535 0 0.1 1778

1679 (R) RUNNING KVAROUT kVAR 0 65535 0 0.1 1779

1680 (R) RUNNING KVA kVA 0 65535 0 0.1 1780

1681 (R) MAX WDG RTD (C) degC –32768 32767 0 1 1781

1682 (R) MAX BRG RTD (C) degC –32768 32767 0 1 1782

1683 (R) AMBIENT RTD (C) degC –32768 32767 0 1 1783

1684 (R) MAX OTH RTD (C) degC –32768 32767 0 1 1784

1685–1689 (R) Reservedd 0 0 0 1785–1789
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97FM Element

1690 (R) 97FM1 HI –32768 32767 0 0.01 1790

1691 (R) 97FM1 LO –32768 32767 0 0.01 1791

1692 (R) 97FM2 HI –32768 32767 0 0.01 1792

1693 (R) 97FM2 LO –32768 32767 0 0.01 1793

1694 (R) 97FM3 HI –32768 32767 0 0.01 1794

1695 (R) 97FM3 LO –32768 32767 0 0.01 1795

1696 (R) 97FM4 HI –32768 32767 0 0.01 1796

1697 (R) 97FM4 LO –32768 32767 0 0.01 1797

1698 (R) 97FM5 HI –32768 32767 0 0.01 1798

1699 (R) 97FM5 LO –32768 32767 0 0.01 1799

1700–1717 Reservedd 0 0 0 1800–1817

Learned Parameters

1718 (R) COOL TIME (S) s 0 9999 0 0.1 1818

1719 (R) START TC % 0 65535 0 0.1 1819

Alarm Counters

1720 (R) OVERLOAD 0 65535 0 1 1820

1721 (R) LOCKED ROTOR 0 65535 0 1 1821

1722 (R) UNDERCURRENT 0 65535 0 1 1822

1723 (R) JAM 0 65535 0 1 1823

1724 (R) CURRENT IMBAL 0 65535 0 1 1824

1725 (R) OVERCURRENT 0 65535 0 1 1825

1726 (R) GROUND FAULT 0 65535 0 1 1826

1727 (R) SPEED SWITCH 0 65535 0 1 1827

1728 (R) UNDERVOLTAGE 0 65535 0 1 1828

1729 (R) OVERVOLTAGE 0 65535 0 1 1829

1730 (R) UNDERPOWER 0 65535 0 1 1830

1731 (R) POWER FACTOR 0 65535 0 1 1831

1732 (R) REACTIVE POWER 0 65535 0 1 1832

1733 (R) RTD 0 65535 0 1 1833

1734 (R) BBD 0 65535 0 1 1834

1735 (R) TOTAL ALARMS 0 65535 0 1 1835

1736–1739 (R) Reservedd 0 0 0 1836–1839

Trip Counters

1740 (R) OVERLOAD 0 65535 0 1 1840

1741 (R) LOCKED ROTOR 0 65535 0 1 1841

1742 (R) UNDERCURRENT 0 65535 0 1 1842

1743 (R) JAM 0 65535 0 1 1843

1744 (R) CURRENT IMBAL 0 65535 0 1 1844
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1745 (R) OVERCURRENT 0 65535 0 1 1845

1746 (R) GROUND FAULT 0 65535 0 1 1846

1747 (R) SPEED SWITCH 0 65535 0 1 1847

1748 (R) UNDERVOLTAGE 0 65535 0 1 1848

1749 (R) OVERVOLTAGE 0 65535 0 1 1849

1750 (R) UNDERPOWER 0 65535 0 1 1850

1751 (R) POWER FACTOR 0 65535 0 1 1851

1752 (R) REACTIVE POWER 0 65535 0 1 1852

1753 (R) RTD 0 65535 0 1 1853

1754 (R) ARC FLASH TRIP 0 65535 0 1 1854

1755 (R) FIELD TRIP 0 65535 0 1 1855

1756 (R) PHASE REVERSAL 0 65535 0 1 1856

1757 (R) 87M PHASE DIFF 0 65535 0 1 1857

1758 (R) UNDERFREQUENCY 0 65535 0 1 1858

1759 (R) OVERFREQUENCY 0 65535 0 1 1859

1760 (R) PTC 0 65535 0 1 1860

1761 (R) START TIMER 0 65535 0 1 1861

1762 (R) REMOTE TRIP 0 65535 0 1 1862

1763 (R) OTHER TRIPS 0 65535 0 1 1863

1764 (R) TOTAL TRIPS 0 65535 0 1 1864

1765–1769 (R) Reservedd 0 0 0 1865–1869

Historical Data

1770 (R) NO. EVENT LOGS 0 50 0 1 1870

1771 (R/W) EVENT LOG SEL 0 50 0 1 1871

1772 (R) EVENT TIME ss 0 5999 0 0.01 1872

1773 (R) EVENT TIME mm 0 59 0 1 1873

1774 (R) EVENT TIME hh 0 23 0 1 1874

1775 (R) EVENT DAY dd 1 31 1 1 1875

1776 (R) EVENT DAY mm 1 12 1 1 1876

1777 (R) EVENT DAY yy 2000 9999 2000 1 1877
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1778 (R) EVENT TYPE 0 43 0 1878

0 = NA
1 = ARC FLASH TRIP
2 = OVERLOAD TRIP
3 = LOCKD ROTOR TRIP
4 = UNDERCURR TRIP
5 = JAM TRIP
6 = CURR IMBAL TRIP
7 = OVERCURRENT TRIP
8 = GROUND FLT TRIP
9 = PHASE A 51 TRIP
10 = PHASE B 51 TRIP
11 = PHASE C 51 TRIP
12 = PHASE 51 TRIP
13 = GND 51 TRIP
14 = NEG SEQ 51 TRIP
15 = SPEED SW TRIP
16 = FLD LOSS TRIP
17 = START TIME TRIP
18 = 87M DIFF TRIP
19 = UNDERPOWER TRIP
20 = PWR FACTOR TRIP
21 = REACT PWR TRIP

22 = PHASE REV TRIP
23 = UNDERFREQ TRIP
24 = OVERFREQ TRIP
25 = RTD TRIP
26 = PTC TRIP
27 = UNDERVOLT TRIP
28 = OVERVOLT TRIP
29 = BKR FAILURE TRIP
30 = OUT OF STEP TRIP
31 = FLD UNDERC TRIP
32 = FLD OVERC TRIP
33 = FLD UNDERV TRIP
34 = FLD OVERV TRIP
35 = FLDRESISTNCETRIP
36 = RTD FAIL TRIP
37 = PTC FAIL TRIP
38 = TRIGGER
39 = COMMIDLELOSSTRIP
40 = REMOTE TRIP
41 = STOP COMMAND
42 = ER TRIGGER
43 = TRIP

1779 (R) EVENT TARGETS 0 255 0 1879

Bit 0 = T06_LED
Bit 1 = T05_LED 
Bit 2 = T04_LED 
Bit 3 = T03_LED
Bit 4 = T02_LED 
Bit 5 = T01_LED
Bit 6 = TRIP
Bit 7 = ENABLED

1780 (R) EVENT IA A 0 65535 0 1 1880

1781 (R) EVENT IB A 0 65535 0 1 1881

1782 (R) EVENT IC A 0 65535 0 1 1882

1783 (R) EVENT IN A 0 65535 0 1 1883

1784 (R) EVENT IG A 0 65535 0 1 1884

1785 (R) EVENT VAB/VAN kV 0 65535 0 0.01 1885

1786 (R) EVENT VBC/VBN kV 0 65535 0 0.01 1886

1787 (R) EVENT VCA/VCN kV 0 65535 0 0.01 1887

1788 (R) EVENT VG kV 0 65535 0 0.01 1888

1789 (R) EVENT DELTA/WYE 0 1 0 1889
0 = DELTA
1 = WYE

1790 (R) EVENT FREQ 1000 7000 6000 0.01 1890

1791 (R) EVENT IA87 0 65535 0 1 1891

1792 (R) EVENT IB87 0 65535 0 1 1892

1793 (R) EVENT IC87 0 65535 0 1 1893

1794 (R) EVNT MAX WDG RTD degC –32768 32767 0 1 1894

1795 (R) EVNT MAX BRG RTD degC –32768 32767 0 1 1895
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1796 (R) EVNT MAX AMB RTD degC –32768 32767 0 1 1896

1797 (R) EVNT MAX OTH RTD degC –32768 32767 0 1 1897

1798–1809 (R) Reservedd 0 0 0 1898–1909

Trip/Warn Data

The Trip/Warn Status register bits are momentarily set as long as a trip/warn condition exists (see Table E.35 for the trigger condi-
tions). When a trip event occurs, the elements are latched to the rising edge of the TRIP Relay Word bit and they are not cleared until a 
target reset is issued from any interface

1810 (R) TRIP STATUS LO 0 65535 0 1 1910

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. UNBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

1811 (R) TRIP STATUS HI 0 65535 0 1 1911

Bit 0 = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bits 9– 15 = Reservedd

1812 (R) WARN STATUS LO 0 65535 0 1 1912

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM 
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR 
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

1813 (R) WARN STATUS HI 0 65535 0 1 1913

Bit 0 = FIELD WARNING
Bit 1 = DNET COMM
Bit 2 = SALARM
Bit 3 = WARNING
Bit 4–Bit15 = Reservedd

1814–1819 (R) Reservedd 0 0 0 1914–1919

Common Counters

1820 NUM MSG RCVD 0 65535 0 1 1920

1821 NUM OTHER MSG 0 65535 0 1 1921

1822 INVALID ADDR 0 65535 0 1 1922

1823 BAD CRC 0 65535 0 1 1923

1824 UART ERROR 0 65535 0 1 1924
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1825 ILLEGAL FUNCTION 0 65535 0 1 1925

1826 ILLEGAL REGISTER 0 65535 0 1 1926

1827 ILLEGAL WRITE 0 65535 0 1 1927

1828 BAD PKT FORMAT 0 65535 0 1 1928

1829 BAD PKT LENGTH 0 65535 0 1 1929

1830–1839 (R) Reservedd 0 0 0 1930–1939

Relay Elements

1840–1979 (R) ROW 0–ROW 139 0 255 0 1 1940–2079

1980 (R) Reservedd 0 0 0 2080

1981–2034 (R) ROW 140–ROW 193 0 255 0 1 2081–2134

2035–2037 (R) Reservedd 0 0 0 2135–2137

Control I/O Commands

2000H (Hex) (W) LOGIC COMMAND 0 65535 0 na

Bit 0 = Motor Start
Bit 1 = Motor Stop
Bit 2 = Emergency Restart
Bit 3 = Return Status 0/1
Bit 4 = DN Aux 1 Cmd
Bit 5 = DN Aux 2 Cmd
Bit 6 = DN Aux 3 Cmd
Bit 7 = DN Aux 4 Cmd

Bit 8 = DN Aux 5 Cmd
Bit 9 = DN Aux 6 Cmd
Bit 10 = DN Aux 7 Cmd
Bit 11 = DN Aux 8 Cmd
Bit 12 = DN Aux 9 Cmd
Bit 13 = DN Aux 10 Cmd
Bit 14 = DN Aux 11 Cmd
Bit 15 = Reservedd

2001H (W) RESET COMMAND 0 255 0 na

Bit 0 = Trip Reset
Bit 1 = Reservedd

Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reset MOT Data
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data
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2002H (W) LOGIC COMMAND 0 255 0 na

Bit 0 = 3-position Disconnect 
In-Line 1 Close

Bit 1 = 3-position Disconnect 
In-Line 1 Open

Bit 2 = 3-position Disconnect 
Earthing 1 Close

Bit 3 = 3-position Disconnect 
Earthing 1 Open

Bit 4 = 3-position Disconnect 
In-Line 2 Close

Bit 5 = 3-position Disconnect 
In-Line 2 Open

Bit 6 = 3-position Disconnect 
Earthing 2 Close

Bit 7 = 3-position Disconnect 
Earthing 2 Open

Bit 8 = 2-position Disconnect 1 
Close

Bit 9 = 2-position Disconnect 1 
Open

Bit 10 = 2-position 
Disconnect 2 Close

Bit 11 = 2-position 
Disconnect 2 Open

Bit 12 = 2-position 
Disconnect 3 Close

Bit 13 = 2-position 
Disconnect 3 Open

Bit 14 = 2-position 
Disconnect 4 Close

Bit 15 = 2-position 
Disconnect 4 Open

2003H (W) LOGIC COMMAND 0 255 0 na

Bit 0 = 2-position Disconnect 5 
Close

Bit 1 = 2-position Disconnect 5 
Open

Bit 2 = 2-position Disconnect 6 
Close

Bit 3 = 2-position Disconnect 6 
Open

Bit 4 = 2-position Disconnect 7 
Close

Bit 5 = 2-position Disconnect 7 
Open

Bit 6 = 2-position Disconnect 8 
Close

Bit 7 = 2-position Disconnect 8 
Open

Bit 8 = Reservedd

Bit 9 = Reservedd

Bit 10 = Reservedd

Bit 11 = Reservedd

Bit 12 = Reservedd

Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd
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Relay Elements

2100H (R) FAST STATUS 0 0 65535 0 na

Bit 0 = Faulted/Trip
Bit 1 = Warning
Bit 2 = IN101 Status
Bit 3 = IN102 Status
Bit 4 = IN401 Status
Bit 5 = IN402 Status
Bit 6 = IN403 Status
Bit 7 = Starting

Bit 8 = OUT101 Status
Bit 9 = OUT102 Status
Bit 10 = OUT401 Status
Bit 11 = OUT402 Status
Bit 12 = OUT403 Status
Bit 13 = OUT404 Status
Bit 14 = Running
Bit 15 = Stopped

2101H (R) FAST STATUS 1 0 65535 0 na

Bit 0 = Enabled
Bit 1 = Reservedd

Bit 2 = IN404 Status
Bit 3 = IN501 Status
Bit 4 = IN502 Status
Bit 5 = IN503 Status
Bit 6 = IN504 Status

Bit 7 = Reservedd

Bit 8 = OUT501 Status
Bit 9 = OUT502 Status
Bit 10 = OUT503 Status
Bit 11 = OUT504 Status
Bit 12–15 = Reservedd

2102H (R) TRIP STATUS LO na

2103H (R) TRIP STATUS HI na

2104H (R) WARN STATUS LO na

2105H (R) WARN STATUS HI na

2106H (R) AVERAGE CURRENT na

2107H (R) IA CURRENT na

2108H (R) IB CURRENT na

2109H (R) IC CURRENT na

210AH (R) STATOR TCU na

210BH (R) CURRENT IMBAL na

210CH (R) MAX WINDING RTD na

210DH (R) IG CURRENT na

210EH (R) IN CURRENT na

210FH (R) ROTOR TCU na

2110H (R) FAST STATUS 2 0 65535 0 na

Bit 0 = IN301 Status
Bit 1 = IN302 Status
Bit 2 = IN303 Status
Bit 3 = IN304 Status
Bit 4 = OUT301 Status
Bit 5 = OUT302 Status
Bit 6 = OUT303 Status
Bit 7 = OUT304 Status
Bit 8– Bit 15 = Reservedd

PAR Group Indices

3000H (R) Reservedd 0 0 0 na

3001H (R) USER MAP REG 1 125 1 1

3002H (R) USER MAP REG VAL 126 250 126 1
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3003H (R) RESERVED AREA1 251 260 251 1

3004H (R) RESET SETTINGS 261 269 261 1

3005H (R) DATE/TIME SET 270 279 270 1

3006H (R) DEVICE STATUS 280 319 280 1

3007H (R) CURRENT DATA 320 339 320 1

3008H (R) VOLTAGE DATA 340 359 340 1

3009H (R) POWER DATA 360 369 360 1

300AH (R) SYNCHRONOUS DATA 370 379 370 1

300BH (R) ENERGY DATA 380 399 389 1

300CH (R) RTD DATA 400 419 400 1

300DH (R) OVERLOAD STATUS 420 429 420 1

300EH (R) LIGHT MTR DATA 430 439 430 1

300FH (R) BREAKER MONITOR 440 459 440 1

3010H (R) RMS DATA 460 469 460 1

3011H (R) MAX/MIN MTR DATA 470 639 470 1

3012H (R) MAX/MIN RTD DATA 640 809 640 1

3013H (R) MAX/MIN AI3 DATA 810 939 810 1

3014H (R) MAX/MIN AI4 DATA 940 1069 940 1

3015H (R) MAX/MIN AI5 DATA 1070 1199 1070 1

3016H (R) MAX/MIN RST DATA 1200 1219 1200 1

3017H (R) ANA INP DATA 1220 1269 1220 1

3018H (R) MATH VARIABLES 1270 1333 1270 1

3019H (R) DEVICE COUNTERS 1334 1369 1334 1

301AH (R) REMOTE ANALOGS1 1370 1497 1370 1

301BH (R) REMOTE ANALOGS2 1498 1629 1498 1

301CH (R) MOTOR STATISTICS 1630 1649 1630 1

301DH (R) AVG STATISTICS 1650 1669 1650 1

301EH (R) PEAK STATISTICS 1670 1689 1670 1

301FH (R) RESERVED AREA5 1690 1717 1690 1

3020H (R) LEARN PARAMETERS 1718 1719 1718 1

3021H (R) ALARM COUNTERS 1720 1739 1720 1

3022H (R) TRIP COUNTERS 1740 1769 1740 1

3023H (R) HISTORICAL DATA 1770 1809 1770 1

3024H (R) TRIP/WARN DATA 1810 1819 1810 1

3025H (R) COMMN COUNTERS 1820 1839 1820 1

3026H (R) RELAY ELEMENTS 1840 2037 1840 1
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Product Information

4000H (R) VENDOR CODE 0 65535 865 na

865 = SEL

4001H (R) PRODUCT CODE 0 65535 109 na

4002H (R/W) ASA NUMBER LOW 0 65535 na

4003H (R/W) ASA NUMBER HIGH 0 65535 na

4004H (R) FIRMWARE REVISION 1 32639 na

4005H (R) NUM OF PAR 1 2100 2037 na

4006H (R) NUM OF PAR GROUP 1 100 38 na

4007H (R/W) MAC ID 1 99 0 na

4008H (R/W) DN BAUD RATE 0 9 0 na

0 = 125 kbps
1 = 250 kbps
2 = 500 kbps
3 = AUTO
4–9 = Swr Configurable

4009H (R/W) DN STATUS 0 31 0 na

Bit 0 = Explicit Cnxn
Bit 1 = I/O Cnxn
Bit 2 = Explicit Fault
Bit 3 = I/O Fault
Bit 4 = I/O Idle
Bit 5–Bit 15 = Reservedd

400AH not used

400BH (R) CONFIG PAR CKSUM 0 na

400CH (R) LANGUAGE CODE 0 na
0 = English
1 = French
2 = Spanish (Mexican)
3 = Italian
4 = German
5 = Japanese
6 = Portuguese
7 = Mandarin Chinese
8 = Russian
9 = Dutch

400DH (R) FIRMWARE BUILD NUM 16400 16400 0 na

400EH not used

400FH (R) PRODUCT SUPPORT BITS na

Bit 0 = 2nd IO Card installed
Bits 1–15 = Reservedd

4010H (R/W) SETTINGS TIMEOUT ms 500 65535 500 na

4011H–4013H Reservedd 0 0 0

4014H (R) CONFIGURED BIT 0 na

Bit 0 = Unit Configured
Bits 1–15 = Reservedd

4015H (R) Reservedd 0 0 0 na
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4016H (R) ERROR REGISTER 0 65535 0 na

Bit 0–Bit 15 = Reservedd

4017H (R) ERROR ADDRESS 0 65535 0 na

4018H–401FH (R) Reservedd 0 0 0 na

DeviceNet Card Parameters 

FF9DH (R) Hdw Inputs na na 0 na na

Bit 0 = Input IN101
Bit 1 = Input IN102
Bit 2 = Input IN401
Bit 3 = Input IN402
Bit 4 = Input IN403
Bit 5 = Input IN404
Bit 6 = Input IN501
Bit 7 = Input IN502

Bit 8 = Input IN503
Bit 9 = Input IN504
Bit 10–15 = Reservedd

FF9EH (R) Hdw Outputs na na 0 na na

Bit 0 = Output OUT101
Bit 1 = Output OUT102
Bit 2 = Output OUT401
Bit 3 = Output OUT402
Bit 4 = Output OUT403
Bit 5 = Output OUT404
Bit 6 = Output OUT501
Bit 7 = Output OUT502

Bit 8 = Output OUT503
Bit 9 = Output OUT504
Bit 10–15 = Reservedd

FF9FH (R) Trip Status 1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. IMBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

FFA0H (R) Trip Status 2 na na 0 na na

Bit = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bit 9–15 = Reservedd
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FFA1H (R) Warn Status 1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

FFA2H (R) Warn Status 2 na

Bit 0 = FIELD WARNING
Bit 1 = DNET COMM
Bit 2 = SALARM
Bit 3 = WARNING
Bit 5–15 = Reservedd

FFA3H (R) Module Status na

Bit 0 = Exp Cnxn
Bit 1 = IO Cnxn
Bit 2 = Exp Flt
Bit 3 = IO Flt
Bit 4 = IO Idle
Bit 5 = Reservedd

Bit 6 = Reservedd

Bit 7 = Reservedd

Bit 8 = Fault
Bit 9 = Warning
Bit 10 = Starting
Bit 11 = Running
Bit 12 = Stopped
Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd

FFA4H–FFB0H (R) Reservedd na 2 0 364

FFB1H (R) Status COS Mask1 na

Bit 0 = Fault
Bit 1 = Warning
Bit 2 = IN101 Status
Bit 3 = IN102 Status
Bit 4 = IN401 Status
Bit 5 = IN402 Status
Bit 6 = IN403 Status
Bit 7 = Starting

Bit 8 = OUT101 Status
Bit 9 = OUT102 Status
Bit 10 = OUT401 Status
Bit 11 = OUT402 Status
Bit 12 = OUT403 Status
Bit 13 = OUT404 Status
Bit 14 = Running
Bit 15 = Stopped

FFB2H (R) Status COS Mask2 na 50000 1000 0.1 374

Bit 0 = Enabled
Bit 1 = Reservedd

Bit 2 = IN404 Status
Bit 3 = IN501 Status
Bit 4 = IN502 Status
Bit 5 = IN503 Status
Bit 6 = IN504 Status
Bit 7 = Reservedd

Bit 8 = OUT501 Status
Bit 9 = OUT502 Status
Bit 10 = OUT503 Status
Bit 11 = OUT504 Status
Bit 12 = Reservedd

Bit 13 = Reservedd

Bit 14 = Reservedd

Bit 15 = Reservedd
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FFB3H (R) Trip COS Mask1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = JAM
Bit 3 = CURR. IMBALANCE
Bit 4 = INST OVERCURRENT
Bit 5 = RTD
Bit 6 = PTC
Bit 7 = GROUND CURR

Bit 8 = VAR
Bit 9 = UNDERPOWER
Bit 10 = UNDERVOLTAGE
Bit 11 = OVERVOLTAGE
Bit 12 = PHASE REVERSAL
Bit 13 = POWER FACTOR
Bit 14 = SPEED SWITCH
Bit 15 = 87M DIFFERENTIAL

FFB4H (R) Trip COS Mask2 na na 0 na na

Bit 0 = START TIME
Bit 1 = FREQUENCY
Bit 2 = TOC OVERCURRENT
Bit 3 = ARC FLASH TRIP
Bit 4 = FIELD TRIP
Bit 5 = OUT OF STEP
Bit 6 = BREAKER FAIL
Bit 7 = REMOTE TRIP
Bit 8 = DNET COMM
Bit 9–15 = Reservedd

FFB5H (R) Warn COS Mask1 na na 0 na na

Bit 0 = OVERLOAD OR 
LOCKED ROTOR

Bit 1 = UNDERCURRENT
Bit 2 = INST OVERCURRENT
Bit 3 = JAM
Bit 4 = CURR. IMBALANCE
Bit 5 = RTD
Bit 6 = POWER FACTOR
Bit 7 = GROUND FAULT

Bit 8 = BROKEN ROTOR BAR
Bit 9 = VAR
Bit 10 = UNDERPOWER
Bit 11 = UNDERVOLTAGE
Bit 12 = OVERVOLTAGE
Bit 13 = SPEED SWITCH
Bit 14 = ARC FLASH
Bit 15 = PTC

FFB6H (R) Warn COS Mask2 na na 0 na na

Bit 0 = FIELD WARNING

Bit 1 = DNET COMM

Bit 2 = SALARM

Bit 3 = WARNING

Bit 4–Bit 15 = Reservedd

a All addresses in this table refer to the register addresses in the Modbus packet.
b Registers labeled (R/W) are read-write registers. Registers labeled (W) are write-only registers. Registers Labeled (R) are read-only 

registers.
c Register value * Multiplier = System value as seen by the relay. For example, if the register 321 (IA Angle) reads 300 in decimal, then the 

system value is 30 deg (Multiplier = 0.1).
d Reserved addresses return 0.
e Read this register only when the PT connection is DELTA.
f Read this register only when the PT connection is WYE.
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Table E.35 Trigger Conditions for Trip/Warn Status Register Bits (Sheet 1 of 2)

Register # Bit # Description Trigger Condition

1810 — TRIP STATUS LO —

Bit 0 OVERLOAD 49T

Bit 1 UNDERCURRENT LOSSTRIP

Bit 2 JAM JAMTRIP

Bit 3 CURR. IMBALANCE 46UBT OR 50Q1T

Bit 4 INST OVERCURRENT 50P1T

Bit 5 RTD RTDT OR OTHTRIP OR 
AMBTRIP OR RTDFLT

Bit 6 PTC PTCTRIP OR PTCFLT

Bit 7 GROUND CURR 50G1T OR 50N1T

Bit 8 VAR VART

Bit 9 UNDERPOWER 37PT

Bit 10 UNDERVOLTAGE 27P1T

Bit 11 OVERVOLTAGE 59P1T

Bit 12 PHASE REVERSAL 47T

Bit 13 POWER FACTOR 55T

Bit 14 SPEED SWITCH SPDSTR

Bit 15 87M DIFFERENTIAL 87M1T OR 87M2T

1811 — TRIP STATUS HI —

Bit 0 START TIME SMTRIP

Bit 1 FREQUENCY 81D1T OR 81D2T OR 81D3T OR 
81D4T

Bit 2 TOC OVERCURRENT 51AT OR 51BT OR 51CT OR 
51P1T OR 51P2T OR 51G1T OR 

51G2T OR 51QT

Bit 3 ARC FLASH TRIP AF_TRIP

Bit 4 FIELD TRIP 40Z1T OR 40Z2T OR FDUC1T 
OR FDOC1T OR FDUV1T OR 

FDOV1T OR FDRES1T

Bit 5 OUT OF STEP OOST

Bit 6 BREAKER FAIL BFT

Bit 7 REMOTE TRIP REMTRIP

Bit 8 DNET COMM COMMIDLE OR COMMLOSS 
OR COMMFLT

Bit 9 Reserved —

Bit 10 Reserved —

Bit 11 Reserved —

Bit 12 Reserved —

Bit 13 Reserved —

Bit 14 Reserved —

Bit 15 Reserved —
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1812 WARN STATUS LO

Bit 0 OVERLOAD 49A

Bit 1 UNDERCURRENT LOSSALRM

Bit 2 INST OVERCURRENT 50P2T

Bit 3 JAM JAMALRM

Bit 4 CURR. IMBALANCE 46UBA OR 50Q2T

Bit 5 RTD RTDA OR AMBALRM OR 
OTHALRM OF RTDFLT

Bit 6 POWER FACTOR 55A

Bit 7 GROUND FAULT 50N2T OR 50G2T

Bit 8 BROKEN ROTOR BAR BBD1T OR BBD2T OR BBD3T

Bit 9 VAR VARA

Bit 10 UNDERPOWER 37PA

Bit 11 UNDERVOLTAGE 27P2T

Bit 12 OVERVOLTAGE 59P2T

Bit 13 SPEED SWITCH SPDSAL

Bit 14 ARC FLASH AFALARM

Bit 15 PTC PTCFLT

1813 — WARN STATUS HI —

Bit 0 FIELD WARNING FDUC2T OR FDOC2T OR 
FDUV2T OR FDOV2T OR 

FDRES2T

Bit 1 DNET COMM COMMIDLE OR COMMLOSS 
OR COMMFLT

Bit 2 SALARM SALARM

Bit 3 WARNING WARNING

Bit 4 Reserved —

Bit 5 Reserved —

Bit 6 Reserved —

Bit 7 Reserved —

Bit 8 Reserved —

Bit 9 Reserved —

Bit 10 Reserved —

Bit 11 Reserved —

Bit 12 Reserved —

Bit 13 Reserved —

Bit 14 Reserved —

Bit 15 Reserved —

Table E.35 Trigger Conditions for Trip/Warn Status Register Bits (Sheet 2 of 2)

Register # Bit # Description Trigger Condition
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EtherNet/IP Communications

Overview
EtherNet/IP, or Ethernet/Industrial Protocol, is an industrial protocol that uses 
standard Ethernet and TCP/IP technology to transport Common Industrial 
Protocol (CIP) packets.

The SEL-710-5 Motor Protection Relay supports EtherNet/IP. This section 
discusses general specifications for EtherNet/IP implementation, as well as 
the CIP data model, the allocation of the CIP connections, the EtherNet/IP 
Port 1 settings, and the Electronic Data Sheet (EDS) file in the SEL-710-5.

The SEL-710-5 supports two ways of exchanging data via EtherNet/IP:

➤ Implicit Message Adapter. The I/O data is mapped into 
Assembly object instances. The SEL-710-5 exchanges this I/O 
data via EtherNet/IP Implicit Class 1 connections with a remote 
EtherNet/IP Scanner device using UDP packets.

➤ Explicit Message Server. The I/O data is mapped into 
Assembly object instances. The SEL-710-5 responds to generic 
TCP EtherNet/IP Explicit message requests initiated by a 
remote EtherNet/IP Client device.

For more information on EtherNet/IP, visit www.odva.org. 

Specifications

Table F.1 EtherNet/IP Specifications (Sheet 1 of 2)

EtherNet/IP Services

Implicit Message Adapter (Class 1)

Explicit Message Server (Class 3 and unconnected)

CIP Model–Implemented Objects

Identity Object

Message Router Object

Assembly Object

Connection Manager Object

File Object

TCP/IP Interface Object

Ethernet Link Object

Vendor Specific Object

http://www.odva.org/
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CIP Data Model

Profile

Identity Object (0x01)
Instances Implemented

The SEL-710-5 supports one instance (Instance ID = 1) or the Identity Object.

Implicit Message Adapter

Number of Connections As many as eight (two Class 1 connections and 
six Class 3/unconnected connections)

Class 1 Connection Types Unicast

Multicast

Class 1 Connection Transport Types Exclusive Owner

Input Only

Listen Only

Class 1 Connection Trigger Types Cyclic

Change of State

Input Only Heartbeat Connection Point 238

Listen Only Heartbeat Connection Point 237

Table F.1 EtherNet/IP Specifications (Sheet 2 of 2)

Table F.2 CIP Data Model Profile 

Class Name Class ID Number of Instances

Identity Object 0x01 1

Message Router Object 0x02 1

Assembly Object 0x04 Determined by the user/based on the 
application.

Connection Manager Object 0x06 1

File Object 0x37 2

TCP/IP Interface Object 0xF5 1

Ethernet Link Object 0xF6 See Ethernet Link Object (0xF6)

Vendor Specific Object 0x64 1

Table F.3 Identity Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object.

2 Max Instance GET UINT 1 The maximum Identity Object 
Instance ID

3 Number of Instances GET UINT 1 Total number of Identity Objects

4 Optional Attribute List GET [UINT, Array of 
UINT]

[1, [21]] [Number of Optional Instance 
Attributes, List of Optional Instance 
Attributes]
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6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 21 Maximum Instance Attribute ID

Instance Attributes

1 Vendor ID GET UINT 865

2 Device Type GET UINT 0x2B

3 Product Code GET UINT The most significant byte is the Device 
Code (DEVCODE as found in the ID 
command of the SEL-710-5) and its 
least significant byte is the user-
configurable Configuration ID as 
provided in the Ethernet port settings.

4 [Major Revision, Minor 
Revision]

GET [USINT, 
USINT]

[1,1]

5 Status GET WORD Refer to Table F.4.

6 Serial Number GET UDINT The low-order 32 bits of the MAC 
address of the Ethernet port

7 Product Name GET STRING The existing default product name (the 
default RID string) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the 
Ethernet port settings. The general 
format is, “<Default RID>-
<Configuration ID>”.

21 Catalog Number GET STRING The existing default product name (the 
default RID string) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the 
Ethernet port settings. The general 
format is, “<Default RID>-
<Configuration ID>”.

Table F.3 Identity Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description

Table F.4 Status WORD Bits Descriptions

Bit Numbera Name Description

0 Owned TRUE, if at least one scanner has established an Exclusive Owner Class 1 
connection to the SEL-710-5.
FALSE, if the SEL-710-5 has no active Exclusive Owner connections to a 
scanner.

2 Configured Always TRUE.

4 to 7 Extended Device Status Hexadecimal value:
2: A Class 1 connection has timed out.
3: No Class 1 connection has been established.
6: At least one Class 1 connection is active.
7: In any other case.

11 Major Unrecoverable Fault TRUE if the product is disabled due to an unrecoverable fault; otherwise, 
it is FALSE.

a The Status WORD bits not listed in this table are always set to FALSE.
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Message Router 
Object (0x02)

Table F.5 Identity Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attributes All Yes Yes Returns a list of all of the values of the attributes.

0x05 Reset No Yes Restarts the EtherNet/IP service in the SEL-710-5. Only reset 
type 0 is allowed.

0x0E Get Attribute 
Single

Yes Yes Returns the value of a specific attribute.

Table F.6 Message Router Object List of Attributes 

Attribute 
ID

Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum Message Router Object Instance ID

3 Number of Instances GET UINT 1 Total number of Message Router Object Instances.

4 Optional Attribute List GET [UINT, Array 
of UINT]

[3,[1,2,3]] [Number of Optional Instance Attributes, List of 
Optional Instance Attributes]

5 Optional Service List GET [UINT, Array 
of UINT]

[1.[10]] Number of Optional Service Codes followed by 
the List of Optional Service Codes

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 3 Maximum Instance Attribute ID

Instance Attributes

1 Class List GET [UINT, Array 
of UINT]

Implemented object list

2 Maximum Connections GET UINT Maximum number of connections supported

3 Number of 
Connections

GET UINT Number of connections currently used

Table F.7 Message Router Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x0A Multiple Service Packet No Yes
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Assembly Object 
(0x04)

Instances Implemented
The SEL-710-5 relay settings define the number of Assembly Object 
Instances based on the number and type of connections configured and the 
data content of each instance. Each assembly is as large as 500 bytes in size. 
The SEL-710-5 supports a total of six assemblies (three Input Assemblies and 
three Output Assemblies).

Table F.8 Assembly Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 2 The revision of this CIP Object

2 Max Instance GET Determined by 
the settings

The maximum Assembly Object 
Instance ID defined by the user

3 Number of Instances GET Determined by 
the settings

Total number of Assembly Object 
instances defined by the user.

4 Optional Attribute List GET [UINT, Array 
of UINT]

[1,[4]] [Number of Optional Instance 
Attributes, List of Optional Instance 
Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 4 Maximum Instance Attribute ID

Instance Attributes

1 Number of Members GET UINT Number of Assembly Members defined 
by the user. 

2 Member List GET Array of 
[UINT, UINT, 
EPATH]

Only 500 bytes are allowed.

3 Data GET, 
SET

Array of Bytes Data map defined with SET E, 1, 2, or 3

4 Size GET UINT Number of bytes in Instance Attribute 3

Table F.9 Assembly Object Supported Services

Service Code Service Name Class Instance Description

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

0x18 Get Member No Yes Returns the value of a member of the data attribute.

0x19 Set Member No Yes Modifies the value of a member of the data attribute.
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Connection Manager 
Object (0x06)

Table F.10 Connection Manager Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT The maximum Connection Manager 
Object Instance ID

3 Number of Instances GET UINT Total number of Connection Manager 
Object Instances

4 Optional Attribute List GET [UINT, Array 
of UINT]

[8,[1,2,3,4,5,6,7,8]] [Number of Optional Instance Attri-
butes, List of Optional Instance Attri-
butes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 8 Maximum Instance Attribute ID

Instance Attributes

1 Open Requests GET/SET UINT Number of FWD Open service 
requests received

2 Open Format Rejects GET/SET UINT Number of FWD Open service 
requests rejected because of bad for-
mat

3 Open Resource Rejects GET/SET UINT Number of FWD Open service 
requests rejected because of lack of 
resources

4 Open Other Rejects GET/SET UINT Number of FWD Open service 
requests rejected for reasons other 
than bad format or lack or resources

5 Close Requests GET/SET UINT Number of FWD Close service 
requests received

6 Close Format Rejects GET/SET UINT Number of FWD Close service 
requests rejected because of bad for-
mat

7 Close Other Rejects GET/SET UINT Number of FWD Open service 
requests rejected for reasons other 
than bad format

8 Connection Timeouts GET/SET UINT Number of connection timeouts

Table F.11 Connection Manager Object Supported Services (Sheet 1 of 2)

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

0x02 Set Attribute All No Yes Sets the value of all attributes.

0x54 Forward Open No Yes Establishes a CIP connection.

0x4E Forward Close No Yes Closes a CIP connection.
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File Object (0x37) The File Object stores the EDS and icon files. The EDS file is generated by 
the SEL-710-5 based on the EtherNet/IP Port 1 settings and the SET E 1, 2, or 
3 settings. The relay can retrieve the file using the File Object services. You 
cannot write an EDS file to the relay using the File Object services.

The SEL-710-5 implements two instances of the File Object:

➤ Instance 0xC8 returns an uncompressed version of the EDS file 
with an embedded icon.

➤ Instance 0xC9 returns a compressed version of the icon file.

0x5B Large Forward Open No Yes Establishes a CIP connection that allows a large connection size.

0x5A Get Connection Owner No Yes Returns data about the connection that owns the object.

Table F.11 Connection Manager Object Supported Services (Sheet 2 of 2)

Service Code Service Name Class Instance Description

Table F.12 File Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 201

3 Number of Instances GET UINT 2

6 Maximum ID Number 
Class Attributes

GET UINT 32 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 11 Maximum Instance 
Attribute ID

32 Directory GET [UINT, 
STRINGI, 
STRINGI] 
[UINT, 
STRINGI,
STRINGI]

[0xC8,(ENG)‘EDS and 
Icon Files’, 
(ENG)‘EDS.txt’] 
[0xC9, (ENG)‘Related EDS 
and Icon Files’, 
(ENG)‘EDSCollection.gz’]

List of all File Object instance 
and file names present in the 
SEL-710-5 and the associated 
instance numbers

0xC8 Instance Attributes

1 State GET USINT 2

2 Instance Name GET STRINGI (ENG)‘EDS and Icon Files’

3 File Format Version GET UINT 1

4 File Name GET STRINGI (ENG)‘EDS.txt’

5 File Revision GET [USINT, 
USINT]

[Major EDS revision Ethernet 
port setting, Minor EDS revi-
sion Ethernet port setting]

6 File Size GET UDINT Size of the EDS file in bytes

7 File Checksum GET UINT Checksum of the EDS file 
(2s complement of the 16-bit 
sum of all octets in the file)

8 Invocation Method GET USINT 255

9 File Save Parameters GET USINT 0

10 File Access Rule GET USINT 1

11 File Encoding Format GET USINT 0
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TCP/IP Interface 
Object (0xF5)

Instances Implemented
The number of instances of the TCP/IP Interface Object is always 1, 
regardless of whether the CPU card contains a single Ethernet port or a dual 
Ethernet port.

0xC9 Instance Attributes

1 State GET USINT 2

2 Instance Name GET STRINGI (ENG)‘Related EDS and 
Icon Files’

3 File Format Version GET UINT 1

4 File Name GET STRINGI (ENG)‘EDSCollection.gz’

5 File Revision GET [USINT, 
USINT]

[1,1] [Major Revision, 
Minor Revision]

6 File Size GET UDINT Size of the loaded file in bytes

7 File Checksum GET UINT Checksum of the EDSCollec-
tion file (2s complement of the 
16-bit sum of all octets in the 
file)

8 Invocation Method GET USINT 255

9 File Save Parameters GET USINT 0

10 File Access Rule GET USINT 1

11 File Encoding Format GET USINT 1

Table F.12 File Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description

Table F.13 File Object Supported Services

Service Code Service Name Class Instance Description

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x4B Initiate Upload No Yes

0x4F Upload Transfer No Yes

Table F.14 TCP/IP Interface Object List of Attributes (Sheet 1 of 2)

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 4 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum TCP/IP Object Instance ID

3 Number of Instances GET UINT 1 Total number of TCP/IP Object Instances

4 Optional Attribute List GET [UINT, 
Array of 
UINT]

[4,[8,9,16,17]] [Number of Optional Instance Attributes, 
List of Optional Instance Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID
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7 Maximum ID Number 
Instance Attributes

GET UINT 17 Maximum Instance Attribute ID

Instance Attributes

1 Status GET DWORD 2

2 Configuration 
Capability

GET DWORD 32 Any change in the configuration will be 
updated when the server is restarted.

3 Configuration Control GET DWORD 0 IP addresses must be configured stati-
cally. DHCP and DNS are not supported.

4 Physical Link Object GET [UINT,  
EPATH]

[Path size, Path to the corresponding 
Ethernet link object instance] 

For a dual Ethernet port CPU card, the 
value is 00 00 (path size of 0). For a single 
Ethernet port CPU card, the value is 02 00 
20 F6 24 01, where 02 00 is the path size 
(number of 16-bit words), 20 is the 8-bit 
class segment type, F6 is the Ethernet 
Link Object class, 24 is the 8-bit instance 
segment type, and 01 is Instance 1.

5 Interface Configuration GET [UDINT, 
UDINT, 
UDINT, 
UDINT, 
UDINT, 
STRING]

[IP address, Network mask, Gateway 
address, 0, 0, null]

6 Host Name GET STRING When converted to ASCII, this displays, 
“[Product Name]-[Serial Number]”. This 
attribute cannot be set by the scanner.

8 TTL Value GET/SET USINT 1 The scanner can set this attribute.

9 Mcast Config GET/SET [USINT, 
USINT, 
UINT, 
UDINT]

[Alloc control, 
Reserved, 
Num Mcast, 
Mcast Start 
Address]

The scanner can set this attribute only if 
the control is 01 00. 

1st and 2nd Byte: This represents the con-
trol. When the value is 00 00, the scanner 
cannot change the number of multicast 
connections nor the Mcast Start Address. 
To change these, all eight bytes must be writ-
ten at once, e.g., 01 00 xx xx yy yy yy yy.

3rd and 4th Byte: Number of multicast 
connections supported by the product in 
little endian order. 02 00 is the default 
value. The maximum number of multicast 
connections supported is two.

5th–8th Byte: Mcast Start Address 
according to the default algorithm speci-
fied in Section 3-5.3 of Volume 2 of the 
standard.

13 Encapsulation 
Inactivity Timeout

GET/SET UINT 120 The scanner can set this value.

16 Active TCP 
Connections

GET UINT 1

17 Non-CIP Encapsula-
tion Messages per 
Second

GET UDINT 0

Table F.14 TCP/IP Interface Object List of Attributes (Sheet 2 of 2)

Attribute ID Name Access Data Type Default Description
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Ethernet Link Object 
(0xF6)

Instances Implemented
The number of instances of the Ethernet Link Object depends on whether the 
CPU card contains a single Ethernet port or a dual Ethernet port. The value 
will be 1 for a single Ethernet port and 2 for a dual Ethernet port.

Table F.15 TCP/IP Interface Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

0x10 Set Attribute Single No Yes Sets the value of a specific attribute.

Table F.16 Ethernet Link Object List of Attributes 

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 4 The revision of this CIP Object

2 Max Instance GET UINT The maximum Ethernet Link Object 
Instance ID

3 Number of Instances GET UINT Total number of Ethernet Link Object 
Instances

4 Optional Attribute List GET [UINT, Array 
of UINT]

[1,[10]] [Number of Optional Instance Attributes, 
List of Optional Instance Attributes]

6 Maximum ID Number 
Class Attributes

GET UINT 7 Maximum Class Attribute ID

7 Maximum ID Number 
Instance Attributes

GET UINT 11 Maximum Instance Attribute ID

Instance Attributes

1 Interface Speed GET UINT Speed (MBPS) in use on the correspond-
ing interface

2 Interface Flags GET DWORD See Table F.17

3 Physical Address GET USINT[6] MAC address of the corresponding inter-
face

10 Interface Label GET STRING SEL-710-5 interface name, 
e.g., “PORT 1”

11 Interface Capability GET [DWORD, 
USINT]

[Capability bits, Array Element Count]

Table F.17 Interface Flags Bits Descriptions (Sheet 1 of 2)

Bit Number Name Description

0 Link Status 0: The Ethernet interface link is inactive.
1: The link is active.

1 Half/Full Duplex 0: The interface is running half duplex.
1: The interface is running full duplex.
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Vendor Specific 
Object (0x64)

Instances Implemented
The SEL-710-5 supports one instance (Instance ID = 1) of the Vendor Specific 
Object.

2–4 Negotiation Status Octal unsigned value:
0: Auto negotiation in progress.
1: Auto negotiation and speed detection failed. Using default values.
2: Auto negotiation failed, but detected speed.
3: Successfully negotiated speed and duplex.
4: Auto negotiation not attempted.

5 Manual Setting Requires Reset Set to 1.

Table F.17 Interface Flags Bits Descriptions (Sheet 2 of 2)

Bit Number Name Description

Table F.18 Ethernet Link Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.

Table F.19 Vendor Specific Object List of Attributes

Attribute ID Name Access Data Type Default Description

Class Attributes

1 Revision GET UINT 1 The revision of this CIP Object

2 Max Instance GET UINT 1 The maximum Vendor Specific Object 
Instance ID

3 Number of Instances GET UINT 1 Total number of Vendor Specific Object 
Instances

Instance Attributes

100 Enableda GET BOOL Relay Enabled Status

101 Trip GET BOOL Protection Trip

a This attribute reflects the value of the Relay Word bit indicating Enabled status of the SEL-710-5.

Table F.20 Vendor Specific Object Supported Services

Service Code Service Name Class Instance Description

0x01 Get Attribute All Yes Yes Returns a list of all of the attributes.

0x0E Get Attribute Single Yes Yes Returns the value of a specific attribute.
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CIP Connections and Corresponding Assembly Maps
The SEL-710-5 supports as many as eight simultaneous CIP connections. Of 
the eight simultaneous connections, as many as two of them can be Class 1 
(I/O) connections and as many as six of them can be a combination of Class 3 
messages and Unconnected Message Manager (UCMM) messages. Class 3 
connections are created internally by the SEL-710-5 when the appropriate 
connection is made by the EtherNet/IP scanner. 

When configuring EtherNet/IP (EIP) on Port 1, you can create as many as six 
Class 1 (I/O) connection configurations. Of these six, only two can be used 
simultaneously. Of the six available connection configurations, as many as 
three can be Exclusive Owner connection configurations. The remaining 
number of connection configurations must be Input Only connection 
configurations.

An Exclusive Owner connection configuration contains both a Target to 
Originator (T->O, data flows from the SEL-710-5 to the scanner) connection 
and an Originator to Target (O->T, data flows from the scanner to the 
SEL-710-5) connection. An Input Only connection configuration contains a 
(T->O) connection only. For every distinct (T->O) connection, the SEL-710-5 
automatically creates a Listen Only connection configuration. Listen Only 
connection configurations do not count against the six Class 1 (I/O) 
connection configurations. For the SEL-710-5, the types of supported 
connections are shown in Table F.21. 

The flow of data is represented via assemblies. Input Assemblies 100, 102, 
and 104 are always associated with (T->O) connections and Output 
Assemblies 101, 103, and 105 are always associated with (O->T) connections. 
Note that these Output Assemblies can also be associated with (T->O) 
connections. The Input Assemblies can contain both binary input (from 
Table L.1) and analog input (from Table M.1) data. The Output Assemblies 
can contain both binary output and analog output data. Input Assembly 100 
and Output Assembly 101 consist of data that can be chosen by setting the 
EtherNet/IP Assembly Map 1 settings using the SET E 1 command. Similarly, 
Input Assembly 102 and Output Assembly 103 consist of data that can be 
chosen by setting the EtherNet/IP Assembly Map 2 settings using the SET E 2 
command. Input Assembly 104 and Output Assembly 105 consist of data that 
can be chosen by setting the EtherNet/IP Assembly Map 3 settings using the 
SET E 3 command. Each of these assembly maps contains 100 binary input 
points, 100 analog input points, 32 binary output points, and 32 analog output 
points. It is important to note that the binary output points can take on the 
value of any remote bit (SET/CLEAR) or any 89OC/89CC bit (SET by the 
scanner and pulsed by the SEL-710-5 outside of the EIP library) within the 
SEL-710-5. The STOP and STR bits are also allowed (SET by the scanner and 
pulsed by the SEL-710-5 outside of the EIP library). The analog output points 
can take on the value of NOOP (writing to this point reports no errors and 
modifies no internal values). All the remote analogs and the active settings 
group are controllable. 

Both the EIP settings on Port 1 and the configured assembly maps are used by 
the SEL-710-5 to create the Electronic Data Sheet (EDS) file. Only the 
SEL-710-5 can create and modify the EDS file. Refer to Electronic Data Sheet 
File for more information.
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EtherNet/IP Settings
Table F.22 shows the EtherNet/IP Port 1 settings in the SEL-710-5.

Table F.21 Class 1 Connection Support

Class 1 Connections Supported Connections

Input Only Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Listen Only Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Exclusive Owner Point-to-point

Point to-multicast

Multicast-to-point

Multicast-to-multicast

Table F.22 Port 1 EtherNet/IP Protocol Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE ETHERNET/IP Y, N EEIP := N

CONFIGURATION ID 0–255 CONFIGID := 0

MAJOR EDS REVISION 1–255 MAJOREDS := 1

MINOR EDS REVISION 1–255 MINOREDS := 1

NUMBER OF IP ADDRESSES 
FOR EIP SCANNER 

OFF, 1–8 NUMIP := 1

IP ADDRESS zzz.yyy.xxx.www zzz: 1–126, 128–223
yyy: 0–255
xxx: 0–255
www: 0–255

EIPIP1 := 192.168.1.151
EIPIP2 := 192.168.1.152
EIPIP3 := 192.168.1.153
EIPIP4 := 192.168.1.154
EIPIP5 := 192.168.1.155
EIPIP6 := 192.168.1.156
EIPIP7 := 192.168.1.157
EIPIP8 := 192.168.1.158

NUMBER OF I/O 
CONNECTIONS

1–6 NUMCONN := 1

APPLICATION TYPE EXCLUSIVE_OWNER, 
INPUT_ONLY

APPTYPn := INPUT_ONLY

INPUT ASSEMBLY IA1, IA2, IA3, 
OA1, OA2, OA3

INASSMn := IA1

OUTPUT ASSEMBLY OA1, OA2, OA3 OUTASSMn := OA1
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Electronic Data Sheet File
EtherNet/IP uses an EDS file to define the interface between the EIP library 
and the scanner. The scanner uses this information to determine what objects, 
attributes, and services are supported by the SEL-710-5.

In the SEL-710-5, the EDS file consists of the following sections:

➤ File Description Section, [File]

➤ Device Description Section, [Device]

➤ Device Classification Section, [Device Classification]

➤ Parameters Section, [Params]

➤ Assembly Section, [Assembly]

➤ Connections Section, [Connection Manager]

➤ Vendor Specific Object Section

➤ Capacity Section, [Capacity]

➤  Ethernet Link Class, [Ethernet Link Class]

File Description 
Section, [File]

The File Description Section of the EDS file contains the entries listed in 
Table F.23.

Device Description 
Section, [Device]

The Device Description Section of the EDS file contains the entries listed in 
Table F.24

Table F.23 File Description Section Entries 

Name Keyword Value

File Description Text DescText Contains the product specific name <Prod 
Name> as specified by the product. It is of 
the format “<Prod Name> EtherNet/IP 
Adapter EDS File”.

File Creation Date CreateDate UTC date value that is hardcoded to match 
the R-release date of the firmware.

File Creation Time CreateTime UTC time value that is hardcoded to match 
the R-release time of the firmware.

Last Modification Date ModDate UTC data value that is determined when the 
EDS file is generated.

Last Modification Time ModTime UTC time value that is determined when the 
EDS file is generated.

EDS Revision Revision The format is MAJOREDS.MINOREDS, 
where MAJOREDS and MINOREDS are 
populated by the correspondingly named 
parameters in the Port 1 settings.

Table F.24 Device Description Section Entries (Sheet 1 of 2)

Name Keyword Value

Vendor ID VendCode SEL Vendor ID number, 865

Vendor Name VendName “Schweitzer Engineering Laboratories”

Device Type ProdType 43
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Device Classification 
Section, [Device 
Classification]

The Device Classification Section of the EDS file contains the entry listed in 
Table F.25.

Parameters Section, 
[Params]

Each parameter entry is named as ParamN, where N is a sequential number 
starting from 1 and ending at the maximum number of parameter object 
instances as defined in the corresponding assembly map.

All parameters of the EDS file are defined for ParamN in Table F.26.

Device Type String ProdTypeStr “Generic Device Type”

Product Code ProdCode The number derived from the Device Code 
(DEVCODE as found in the ID command of 
the SEL-710-5) and Configuration ID as 
provided in the Ethernet port settings

Major Revision MajRev The Major Revision is assigned internally by 
the SEL-710-5

Minor Revision MinRev The Minor Revision is assigned internally by 
the SEL-710-5

Product Name ProdName Takes on the existing default product name 
(the default RID string in a two-line display 
model or the default STRING RID in a 
touchscreen display model) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the Port 1 
settings. The general format is “<Default 
RID>-<Configuration ID>”.

Catalog Number Catalog Takes on the existing default product name 
(the default RID string in a two-line display 
model or the default STRING RID in a 
touchscreen display model) of the SEL-710-5 
plus the value of the user-configurable 
Configuration ID as provided in the Port 1 
settings. The general format is “<Default 
RID>-<Configuration ID>”.

Icon File Name Icon SEL7105.ICO

Icon Contents IconContents Uncompressed content of characters

Table F.24 Device Description Section Entries (Sheet 2 of 2)

Name Keyword Value

Table F.25 Device Classification Section Entry

Name Keyword Value

Device Classification Class1 “EtherNetIP”

Table F.26 Parameters of the EDS File (Sheet 1 of 2)

Label Value

Reserved 0

Path Size, Path Left empty

Descriptor 0x0000
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RPI Parameter
The Requested Packet Interval (RPI) parameter entry falls immediately after 
the last parameter object instance as defined previously. This RPI parameter 
entry, Param(N+1), follows the structure detailed in Table F.27. 

Data Type Digitals:
BOOL (0xC1) 1 Byte (0 or 1)

Analogs:
SINT (0xC2) Signed 1 Byte Integer,
USINT (0xC6) Unsigned 1 Byte Integer,
INT (0xC3) Signed 2 Byte Integer,
UINT (0xC7) Unsigned 2 Byte Integer,
DINT (0xC4) Signed 4 Byte Integer,
UDINT (0xC8) Unsigned 4 Byte Integer,
REAL (0xCA) 4 Byte Float,
LREAL (0xCB) 8 Byte Float,
LINT (0xC5) Signed 8 Byte Integer, or
ULINT (0xC9) Unsigned 8 Byte Integer

Data Size (Bytes) See previous

Name Takes on the label name as defined in the 
corresponding assembly map. Names are unique.

Units The value is “” for digitals. The value is 
determined internally by the SEL-710-5 for 
analogs.

Help String “”

Min, max, default data values It is 0,1,0 for digitals and ,,0, for analogs

Mult, div, base, offset scaling It is ,,,, for all instances

Mult, div, base, offset links It is ,,,, for all instances

Decimal places 0

Table F.26 Parameters of the EDS File (Sheet 2 of 2)

Label Value

Table F.27 RPI Parameter Structure 

Label Value

Reserved 0

Path Size, Path ,,

Descriptor 0x0004

Data Type 0xC8

Data Size (Bytes) 4

Name “RPI Range”

Units “ms”

Help String “This parameter limits the range of the RPI value”

Min, max, default data values 100000,,1000000

Mult, div, base, offset scaling 1,1000,1,0

Mult, div, base, offset links ,,,,

Decimal Places 1
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Assembly Section, 
[Assembly]

The Assembly Section of the EDS file contains the entries listed in Table F.28 
for all of the available assemblies in the product.

Connections Section, 
[Connection 
Manager]

The Connections Section of the EDS file contains the entries listed in 
Table F.29, Table F.30, and Table F.31. 

Table F.28 Assembly Section Entries 

Label Value

Name Name reflects the name of the Assembly type and 
instance, e.g., Input Assembly 1, Output Assembly 
1, Input Assembly 2, etc.

Path Set to “20 04 24 InstID 30 03” where InstID is the 
hexadecimal representation of the Assembly 
instance ID number.

Size Size_Bytes reflects the total size in bytes of the 
mapped parameters in the Assembly instance.

Descriptor 0x0000

Reserved Left empty

Member Size Each mapped parameter in the corresponding 
Assembly instance is included in the EDS file using 
the following format:

Member Size, Member Reference,
Member Size, Member Reference,
...
Member Size, Member Reference

MemberSize reflects the data size for each 
parameter mapped in the corresponding Assembly 
instance in bits.

Member Reference MemberReference reflects the name of each 
parameter entry “ParamN” (where N is the 
parameter instance) mapped in the corresponding 
Assembly instance.

Table F.29 Input Only Connection Entries

Field Value

Trigger and transport 0x02030002

Connection parameters 0x44640305

O->T RPI Left empty

O->T size 0

O->T format Left empty

T->O RPI Set to “ParamN” where N is the parameter entry that defines 
the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the configured 
input assembly for the connection point.

Connection name string Connection_Name contains “INPUT ONLY” as part of the 
string. All names are enumerated, e.g., “INPUT ONLY 1”, 
etc.
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Help string “”

Path Set to “20 04 2C EE 2C In” where In is the hexadecimal 
representation of the configured input assembly instance ID 
number.

Table F.30 Listen Only Connection Entries 

Field Value

Trigger and transport 0x01030002

Connection parameters 0x44640305

O->T RPI Left empty

O->T size 0

O->T format Left empty

T->O RPI Set to “ParamN” where N is the parameter entry 
that defines the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the 
configured input assembly for the connection 
point.

Connection name string Connection_Name contains “LISTEN ONLY” as 
part of the string. All names shall be enumerated, 
e.g., “LISTEN ONLY 1”, etc. 

Help string “”

Path Set to “20 04 2C ED 2C In” where In is the hexa-
decimal representation of the configured input 
assembly instance ID number.

Table F.31 Exclusive Owner Connection Entries (Sheet 1 of 2)

Field Value

Trigger and transport 0x04030002

Connection parameters 0x44640405

O->T RPI Set to “ParamN” where N is the parameter entry that 
defines the RPI for the device.

O->T size Left empty

O->T format Output_Assem is set to “AssemN” where N is the config-
ured output assembly for the connection point.

T->O RPI Set to “ParamN” where N is the parameter entry that 
defines the RPI for the device.

T->O size Left empty

T->O format Input_Assem is set to “AssemN” where N is the configured 
input assembly for the connection point.

Connection name string Connection_Name contains “EXCLUSIVE OWNER” as 
part of the string. All names are enumerated, 
e.g., “EXCLUSIVE OWNER 1”, etc.

Table F.29 Input Only Connection Entries

Field Value
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Vendor Specific 
Object Section

The Vendor Specific Object Section of the EDS file contains the entries listed 
in Table F.32.

Capacity Section, 
[Capacity]

The Capacity Section of the EDS file contains the entries listed in Table F.33. 

Ethernet Link Class, 
[Ethernet Link Class]

The Ethernet Link Class Section of the EDS file contains the entries listed in 
Table F.34. 

Help string “”

Path “20 04 2C Out 2C In” where Out is the hexadecimal repre-
sentation of the configured output assembly instance ID 
number and In is the hexadecimal representation of the con-
figured input assembly instance ID number.

Table F.31 Exclusive Owner Connection Entries (Sheet 2 of 2)

Field Value

Table F.32 Vendor Specific Object Section Entries

Label Value

Revision 1

Maximum Instance Number 1

Number of Static Instances 1

Maximum Number of Dynamic Instances 0

Object Name “Relay Status”

Object Class Code 0x64

Table F.33 Capacity Section Entries

Keyword Value

MaxIOConnections 2

MaxMsgConnections 6

Table F.34 Ethernet Link Class Entries

Keyword Value

Revision 4

Object_Name "Ethernet Link Object"

Object_Class_Code 0xF6

MaxInst It is 2 if a dual Ethernet port CPU card is used.
It is 1 if a single Ethernet port CPU card is used.

Number_Of_Static_
Instances

It is 2 if a dual Ethernet port CPU card is used.
It is 1 if a single Ethernet port CPU card is used.

Max_Number_Of_
Dynamic_Instances

0

InterfaceLabel1 It is “PORT 1” if a single Ethernet port CPU card is used.
It is “PORT 1A” if a dual Ethernet port CPU card is used.

InterfaceLabel2 Does not exist if a single Ethernet port CPU card is used.
It is “PORT 1B” if a dual Ethernet port CPU card is used.



This page intentionally left blank



Date Code 20220826 Instruction Manual SEL-710-5 Relay

Appendix G
Instruction Manual

IEC 61850 Communications

Features
The SEL-710-5 Relay uses Ethernet and IEC 61850 to support the following 
features:

➤ SCADA—Connect as many as seven simultaneous IEC 61850 
Manufacturing Message Specification (MMS) client sessions. 
The SEL-710-5 also supports as many as seven buffered and 
seven unbuffered report control blocks. See Table G.39 for 
Logical Node mapping that enables SCADA control via an 
MMS browser. Controls support the Direct Normal Security 
and Enhanced Security (Direct or Select Before Operate) 
control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE 
with as many as 64 incoming (receive) and 8 outgoing 
(transmit) messages. Virtual bits (VB001–VB128) and Remote 
Analogs (RA001–RA128) can be mapped from incoming 
GOOSE messages.

➤ Configuration—Use FTP client software or ACSELERATOR 

Architect SEL-5032 Software to transfer the Substation 
Configuration Language (SCL) Configured IED Description 
(CID) file to the relay.

NOTE: The SEL-710-5 relay ships 
with a default CID file installed which 
supports basic IEC 61850 
functionality. A new CID file should be 
loaded if a change in the relay 
configuration is required. If an invalid 
CID file is transferred, the relay will 
reject the file and revert to the 
previous valid CID file.

➤ Commissioning and Troubleshooting—Use software such as 
AX-S4 from Sisco, Inc., to browse the relay logical nodes and 
verify functionality.

This appendix presents the information you need to use the IEC 61850 
features of the SEL-710-5:

➤ Introduction to IEC 61850 on page F.2

➤ IEC 61850 Operation on page F.3

➤ Simulation Mode on page F.15

➤ IEC 61850 Configuration on page F.16

➤ Logical Nodes on page F.17

➤ Logical Node Extensions on page F.18

➤ SEL Nameplate on page F.37

➤ ACSI Conformance Statements on page F.43



G.2

SEL-710-5 Relay Instruction Manual Date Code 20220826

IEC 61850 Communications
Introduction to IEC 61850

Introduction to IEC 61850
In the early 1990s, the Electric Power Research Institute (EPRI) and the 
Institute of Electrical and Electronics Engineers, Inc. (IEEE) began to define a 
Utility Communications Architecture (UCA). They initially focused on inter-
control center and substation-to-control center communications and produced 
the Inter-Control Center Communications Protocol (ICCP) specification. This 
specification, later adopted by the IEC as 60870-6 TASE.2, became the 
standard protocol for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical 
Committee 57 of the IEC to create a common international standard. Their 
joint efforts created the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 
specification, plus additional functionality. The standard describes client/
server and peer-to-peer communications, substation design and configuration, 
testing, and project standards. The IEC 61850 standard consists of the parts 
listed in Table G.1. These parts were first published between 2001 and 2004, 
and they are often referred to as IEC 61850 Edition 1 (Ed1). Selected parts of 
these standards were released in 2011 and tagged as Edition 2 (Ed2). The 
SEL-710-5 relay is compliant with Ed2.

It is possible, and even likely, that an installation can have a mixture of devices 
that conform to either Ed1 or Ed2. The standard supports backwards compati-
bility, i.e., Ed2 devices can send and receive messages to and from Ed1 
devices. However, there are important considerations to be made when adding 
Ed2 devices to an existing Ed1 system. Please refer to Potential Client and 
Automation Application Issues With Edition 2 Upgrades on page F.40 for 
more information.

Table G.1 IEC 61850 Document Set (Sheet 1 of 2)

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communications requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communications structure for substations and feeder 
equipment—Principles and models

IEC 61850-7-2 Basic communications structure for substations and feeder 
equipment—Abstract Communication Service Interface (ACSI)

IEC 61850-7-3 Basic communications structure for substations and feeder 
equipment—Common data classes

IEC 61850-7-4 Basic communications structure for substations and feeder 
equipment—Compatible logical node (LN) classes and data 
classes
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The IEC 61850 document set, available directly from the IEC at 
www.iec.ch, contains information necessary for successful implementation of 
this protocol. SEL strongly recommends that anyone involved with the design, 
installation, configuration, or maintenance of IEC 61850 systems be familiar 
with the appropriate sections of this standard.

IEC 61850 Operation
Ethernet Networking IEC 61850 and Ethernet networking are available as options in the 

SEL-710-5. In addition to IEC 61850, the Ethernet port provides support 
protocols and data exchange, including FTP and Telnet. Access the 
SEL-710-5 Port 1 settings to configure all of the Ethernet settings, including 
IEC 61850 enable settings.

The SEL-710-5 Ethernet port supports IEC 61850 services, including 
transport of logical node objects, over TCP/IP. The Ethernet port can 
coordinate a maximum of seven concurrent IEC 61850 MMS sessions.

Object Models The IEC 61850 standard relies heavily on the Abstract Communication 
Service Interface (ACSI) model to define a set of service and the responses to 
those services. In terms of network behavior, abstract modeling enables all 
IEDs to act identically. You can use these abstract models to create objects 
(data items) and services that exist independently of any underlying protocols. 
These objects are in conformance with the common data class (CDC) 
specification IEC 61850-7-3, which describes the type and structure of each 
element within a logical node. CDCs for status, measurements, controllable 
analogs and statuses, and settings all have unique CDC attributes. Each CDC 
attribute belongs to a set of functional constraints that groups the attributes 
into specific categories such as status (ST), description (DC), and substituted 
value (SV). Functional constraints, CDCs and CDC attributes are used as 
building blocks for defining Local Nodes.

UCA2 uses GOMSFE (Generic Object Models for Substation and Feeder 
Equipment) to present data from station IEDs as a series of objects called 
models or bricks. The IEC working group has incorporated GOMSFE 
concepts into the standard, with some modifications to terminology; one 
change was the renaming of bricks to logical nodes. Each logical node 
represents a group of data (controls, status, measurements, etc.) associated 
with a particular function. For example, the MMXU logical node (polyphase 
measurement unit) contains measurement data and other points associated 

IEC 61850-8-1 SCSM-Mapping to Manufacturing Message Specification 
(MMS) (ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 
8802-3)

IEC 61850-9-1 SCSM-Sampled values over serial multidrop point-to-point link

IEC 61850-9-2 SCSM-Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing

Table G.1 IEC 61850 Document Set (Sheet 2 of 2)

IEC 61850 Sections Definitions

http://iec.ch
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with three-phase metering including voltages and currents. Each IED can 
contain many functions such as protection, metering, and control. Multiple 
logical nodes represent the functions in multifunction devices.

You can organize logical nodes into logical devices that are similar to 
directories on a computer disk. As represented in the IEC 61850 network, 
each physical device can contain many logical devices, and each logical 
device can contain many logical nodes. Many relays, meters, and other IEC 
61850 devices contain one primary logical device where all models are 
organized.

IEC 61850 devices are capable of self-description. You do not need to refer to 
the specifications for the logical nodes, measurements, and other components 
to request data from another IEC 61850 device. IEC 61850 clients can request 
and display a list and description of the data available in an IEC 61850 server 
device. Simply run an MMS browser to query devices on an IEC 61850 
network and discover what data are available. Self-description also permits 
extensions to both standard and custom data models. Instead of having to look 
up data in a profile stored in its database, an IEC 61850 client can simply 
query an IEC 61850 device and receive a description of all logical devices, 
logical nodes, and available data.

Unlike other Supervisory Control and Data Acquisition (SCADA) protocols 
that present data as a list of addresses or indices, IEC 61850 presents data with 
descriptors in a composite notation made up of components. Table G.2 shows 
how the A-phase current expressed as MMXU$A$phsA$cVal is broken down 
into its component parts.

Data Mapping Device data are mapped to IEC 61850 logical nodes (LN) according to rules 
defined by SEL. Refer to IEC 61850-5:2013(E) and IEC 61850-7-4:2010(E) 
for the mandatory content and usage of these LNs. The SEL-710-5 logical 
nodes are grouped under Logical Devices for organization based on function. 
See Table G.3 for descriptions of the Logical Devices in an SEL-710-5. See 
Logical Nodes on page F.19 for a description of the LNs that make up these 
Logical Devices.

Table G.2 Example IEC 61850 Descriptor Components

Components Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Sub-Data Object A-phase

cVal Data Attribute Complex value

Table G.3 SEL-710-5 Logical Devices

Logical Device Description

ANN Annunciator elements—alarms, status values

CFG Configuration elements—datasets and report control blocks

CON Control elements—Remote bits

MET Metering or Measurement elements—currents, voltages, power, etc.

PRO Protection elements—protection functions and breaker control
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Functional Naming Substation design typically starts with a one-line diagram and progresses 
down to the assignment of functions to IEDs. In this top-down approach, the 
functions are identified and named independently from the IEDs to which they 
are assigned.

Because a logical device is a grouping of logical nodes that perform a certain 
high-level function at a substation, the associated name often indicates the 
assigned function. The functional naming feature allows users to name a 
logical device based on the function it provides independent of the name of 
the IED to which the function is assigned. The alternative is product naming, 
which prepends the IED name to the logical device instance to create the 
logical device name. The functional name is used on the communications 
interface for all references to data in the logical device.

The SEL-710-5 supports functional naming of logical devices. You can add 
functional names in Architect for supported Edition 2 relays. To enable it in 
Architect, navigate to Edit > Project Settings and select the Enable 
functional name editing on Server Model tab of supporting IEDs check 
box, as shown in Figure G.1.

Figure G.1 Enable Functional Naming in Architect

To provide functional names to the logical devices, navigate to the Server 
Model tab for the IED. Because datasets and control blocks are in the CFG 
logical device, any functional name given to the CFG logical device instance 
is used in dataset references, control block references, and in published 
GOOSE messages, as shown in Figure G.2. The IED Server Model also 
allows the user to change the default logical node prefix and instance values.

Figure G.2 Server Model View in Architect

MMS Manufacturing Message Specification (MMS) provides services for the 
application-layer transfer of real-time data within a substation LAN. MMS 
was developed as a network independent data exchange protocol for industrial 
networks in the 1980s and standardized as ISO 9506.

NOTE: Functional naming is not 
supported by all MMS clients and 
GOOSE subscribers. Verify support 
for this feature before configuring 
functional names in a publishing IED.
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In theory, you can map IEC 61850 to any protocol. However, it can be 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. 
MMS supports complex named objects and flexible services that enable 
mapping to IEC 61850 in a straightforward manner. This was why the UCA 
users group used MMS for UCA from the start, and why the IEC chose to 
keep it for IEC 61850. MMS associations are discussed within 
IEC 61850-8-1, clause 10 of the Edition 1 standard.

If MMS authentication is enabled, the device authenticates each MMS 
association by requiring the client to provide the password authentication 
parameter with a value that is equal to the Access Level 2 password of the 
SEL-710-5. 

➤ If the correct password authentication parameter is not 
received, the device returns a not authenticated error code.

➤ If the correct password authentication parameter value is 
received, the device gives a successful association response.

Once an authenticated association is established, the device allows access to 
all supported MMS services for that association.

File Services The Ethernet file system allows reading or writing data as files. The file 
system supports FTP and MMS file transfer. The file system provides:

➤ A means for the devices to transfer data as files

➤ A hierarchical file structure for the device data 

The SEL-710-5 supports MMS file transfer with or without authentication; the 
service is intended to support the following:

➤ CID file download and upload 

➤ Settings Files download and upload

➤ Retrieval of events, and reports

MMS file services are enabled or disabled via Port 1 settings. See Virtual File 
Interface for details on the files available for MMS file services. For 
additional details, see File Transfer Protocol (FTP) and MMS File Transfer, 
Retrieving COMTRADE Event Files, and Retrieving Event Reports Via 
Ethernet File Transfer. for details.

SCL Files Substation Configuration Language (SCL) is an XML-based configuration 
language used to support the exchange of database configuration data between 
different tools, which may come from different manufacturers. There are four 
types of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file described the capabilities of an IED, including information on 
LN and GOOSE support. The SSD file describes the single-line diagram of 
the substation and the necessary LNs. The SCD file contains information on 
all IEDs, communications configuration data, and a substation description. 
The CID file, of which there may be several, describes a single instantiated 
IED within the project, and includes address information.
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Datasets IEC 61850 datasets are lists of references to DataObject attributes for the 
purpose of efficient observation and transmission of data. Architect ICD files 
come with predefined datasets that can be used to transfer data via GOOSE 
messages or MMS reports. The datasets listed in Figure G.3 are the defaults 
for an SEL-710-5 device. Datasets BRDSet01–BRDSet07 and URDSet01–
URDSet07 are preconfigured with common FCDAs to be used for reporting. 
These datasets can be configured to represent the data you want to monitor. 
Dataset GPDSet01, which contains breaker status and control data attributes, 
is used in the default Goose Control Publication.

Figure G.3 SEL-710-5 Datasets

➤ GOOSE: You can use predefined or edited datasets, or create 
new datasets for outgoing GOOSE transmission.

➤ Reports: Fourteen predefined datasets (BRDSet01–BRDSet07 
and URDSet01–URDSet07) correspond to the default seven 
buffered and seven unbuffered reports, respectively. Note that 
you cannot change the number (14) or type of reports (buffered 
or unbuffered) within Architect. However, you can alter the 
data attributes that a dataset contains and so define what data an 
IEC 61850 client receives with a report.

➤ MMS: You can use predefined or edited datasets, or create new 
datasets to be monitored by MMS clients.

Reports The SEL-710-5 supports buffered and unbuffered report control blocks in the 
report model as defined in IEC 61850-8-1:2011. The predefined reports shown 
in Figure G.4 are available by default via IEC 61850. There are 14 report con-
trol blocks, seven buffered reports and seven unbuffered.

NOTE: Do not edit the dataset 
names used in reports. Changing or 
deleting any of those dataset names 
will cause a failure in generating the 
corresponding report.
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Figure G.4 SEL-710-5 Predefined Reports

For each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (14) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can 
reallocate data within each report dataset to present different data attributes for 
each report beyond the predefined datasets. For buffered reports, connected 
clients can edit the report parameters shown in Table G.4.

Table G.4 Buffered Report Control Block Client Access 

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES BRep01–BRep07

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

configRef

reasonCode

dataRef

BufTm YES 500

TrgOp YES dchg

qchg

IntgPd YES 0

GI YESab 

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted 
returns to zero. Always read as zero.

b When disabled, a GI is processed and the report buffered if a buffer has been previously 
established. A buffer is established when the report is enabled for the first time.

YESa FALSE

PurgeBuf YESa FALSE

EntryId YES 0

NOTE: When configuring buffered 
and unbuffered reports that contain 
analog values, only a change in the 
magnitude values (mag or cVal data 
attributes) will trigger a data change 
report.
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Similarly, for unbuffered reports, connected clients can edit the report 
parameters shown in Table G.5.

For buffered reports, only one client can enable the RptEna attribute of the 
BRCB at a time resulting in a client association for that BRCB. Once enabled, 
the associated client has exclusive access to the BRCB until the connection is 
closed or the client disables the RptEna attribute. Once enabled, all 
unassociated clients have read only access to the BRCB.

For unbuffered reports, as many as seven clients can enable the RptEna 
attribute of the URCB at a time, resulting in multiple client associations for 
that URCB. Once enabled, each client has independent access to a copy of that 
URCB. 

The Resv attribute is writable, however, the SEL-710-5 does not support 
reservations. Writing any field of the URCB causes the client to obtain its own 
copy of the URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value 
with a resolution of 1 ms. However, the integrity report is only sent when the 
period has been detected as having expired. The report service rate of 2 Hz 
results in a report being sent within 500 ms of expiration of the IntgPd. The 
new IntgPd begins at the time that the current report is serviced.

Supplemental 
Software

Examine the data structure and value of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 61850 from Sisco, 
Inc. The settings necessary to browse an SEL-710-5 with an MMS browser 
are as follows:

Table G.5 Unbuffered Report Control Block Client Access

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES URep01–URep07

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

configRef

reasonCode

dataRef

BufTm YES 250

TrgOps YES dchg

qchg

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted, 
returns to zero. Always read as zero.

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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Time Stamps and 
Quality

In addition to the various data values, the two attributes quality and t (time 
stamp) are available at any time. The relay determines the time stamp when it 
detects a change in quality or data.

The relay applies a time stamp to all data and quality attributes (Boolean, 
Bstrings, Analogs, etc.) in the same fashion as when it detects a data or quality 
change. However, there is a difference in how the relay detects the change 
between the different attribute types. For points that are assigned as SER 
points, i.e., programmed in the SER report, the relay detects the change as the 
receipt of an SER record (which contains the SER time stamp) within the relay.

For all other Booleans or Bstrings, the relay detects the change via the 
scanner, which compares the last state against the previous state to detect the 
change. For analogs, the scanner looks at the amount of change relative to the 
deadband configured for the point to indicate a change and apply the 
timestamp. In all cases, the relay uses these time stamps for the reporting model.

LN data attributes mapped to points assigned to the SER report have 4 ms 
SER-accurate time stamps for data change events. To ensure that you get SER-
quality time stamps for changes to certain points, you must include those points 
in the SER report. All other LN data attributes are scanned for data changes on a 1/2-
second interval and have 1/2-second time-stamped accuracy. See the SET R 
command for information on programming the SER report.

The SEL-710-5 uses GOOSE quality attributes to indicate the quality of the 
data in its transmitted GOOSE messages. Under normal conditions, all 
attributes are zero, indicating good quality data. Figure G.5 shows the 
GOOSE quality attributes available to devices that subscribe to GOOSE 
messages from SEL-710-5 datasets that contain them. Internal status 
indicators provide the information necessary for the device to set these 
attributes.

For example, if the device becomes disabled, as shown via status indications 
(e.g., an internal self-test failure), the SEL-710-5 sets the Validity attribute to 
invalid and the Failure attribute to TRUE. Note that the SEL-710-5 does not 
set any of the other quality attributes. These attributes always indicate 
FALSE (0). See the Architect online help for additional information on 
GOOSE Quality attributes.

Figure G.5 GOOSE Quality
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Control
IEC 61850 Controls

An IEC 61850 server may allow a client to manipulate data related to its 
outputs, external devices, or internal functions. This is accomplished by the 
IEC 61850 control model, which provides services to execute control 
commands. The control models are defined in IEC 61850-7-2 and the 
mapping to the MMS (Manufacturing Message Specification) application 
protocol is defined in IEC 61850-8-1. The former describes control 
functionality while the latter maps the IEC 61850 control primitives to MMS.

The SEL-710-5 Relay supports four different control models:

➤ Status Only

➤ Direct with Normal Security

➤ Direct with Enhanced Security

➤ SBO with Enhanced Security

The SEL-710-5 Relay supports the above control models for SPC and DPC 
controllable common data classes (CDCs) as defined in IEC 61850-8-1:2004. 
Other controllable CDCs defined in the standard are either unsupported or 
must be configured with the status-only control model. Supported CDCs 
include remote bits RBGGIOn in the CON Logical Device (LD), and breaker 
and disconnect controls xxXCBRnn and xxXSWInn in the PRO LD. One con-
trol model must be selected during initial IED configuration in Architect and 
is applied throughout the CID file. This control model will apply to all con-
trols in the IED.

Direct Control Models
The “Direct” control models provide the simplest means to initiate actions on 
the server. In these models, the client issues a control request via MMS, the 
server validates the request. Once validated, the server attempts to act upon 
the request. Note that if multiple clients are trying to perform control actions, 
the server will do nothing to prevent this.

SBO Control Model
The SBO control model supports the Select or SelectWithValue Service and 
can be used to prevent multiple clients from performing simultaneous control 
actions. In this mode, a client has to “reserve” the control object by sending a 
“select” control command. Once an object is selected, only the client that 
made the selection is allowed to perform control actions on it. If that client 
does not send a valid operate request for the object by the time the ten-second 
selection timer runs out, the object becomes available for selection again. The 
relay will support as many as ten pending control object selections at any time.

The attribute stSeld (selected status) of the controllable CDC is set to TRUE 
when a client successfully selects the control object. The attribute is reset to 
FALSE when either the control (operate) command is successfully executed, 
an error occurs, or no operate command is received within the select time-out 
period. The stSeld attribute may trigger a report just like any data attribute 
with trigger option.

Security in Control Models
“Security” in the control model context refers to additional supervision of the 
status value by the control object. The “enhanced security” models report 
additional error information on failed operations to the requesting client than 

NOTE: When an IED is configured 
with the SBO with Enhanced 
Security control model, the 
sboTimeout attribute of the 
controllable CDCs in the CID file is 
set to ten seconds. The time-out is 
not configurable via Architect.
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the models with “normal security”. Enhanced security control models also 
provide a command termination report indicating if the control actually 
reached the new state as commanded within a configurable time-out period.

The time-out period between the execution of a control and the generation of a 
command termination report indicating failure has a default value of 1 s and is 
configurable via the CID file. This time-out is not configurable via Architect.

Optional Control Configurations
The SEL-710-5 Relay does not support (by default) the pulse configuration 
option specified in Clause 6.7 of IEC 61850-7-3. However, control objects 
may be configured to be pulsed by direct modification of the CID file of the 
device.

The SEL-710-5 Relay does not support the concept of local/remote control 
authority defined in Annex B of IEC 61850-7-4:2010. However, a similar 
behavior can be achieved by associating some variable device data with the 
appropriate originator categories (orCats) by direct modification of the CID 
file of the device.

Contact the factory if any of these features is necessary for your application.

Control Interlocking
The SEL-710-5 relay uses control interlocking to supervise the open and close 
control command from MMS Clients. The relay accomplishes it by checking 
the CSWI logical node control object against an associated CILO logical node 
data object. The CILO logical node has two data objects: Enable Open 
(EnaOpn) and Enable Close (EnaCls). When the associated CILO logical node 
EnaCls and EnaOpn data objects are not asserted, the relay blocks the control 
operation and sends the AddCause “Blocked-by-interlocking” to the MMS 
Client.

Program SELOGIC variable SV31 to supervise opening and SV32 to supervise 
closing of the circuit breaker/contactor. Use settings 89CBkm and 89OBkm 
(k = 2P, 3PL, or 3PE, m = switch number [1–8 if k = 2P; 1–2 if k = 3PL or 
3PE]) to supervise closing and opening of the 2- or 3-position disconnect 
switches, respectively.

Figure G.6 shows how the relay responds to a CSWI logical node write com-
mand request from the MMS client when IEC 61850 control interlocking is 
applied.

NOTE: The maximum time 
required for a control operation to 
be completed should be less than 
the configured time-out period to 
avoid erroneous command 
termination reports including 
failure.
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Figure G.6 CSWI Logical Node Direct Operate Command Request

Local/Remote Control Authority
Control commands at a substation originate from one of three levels: remote 
(network control center) level, station level, or bay level. Under certain 
operational conditions (e.g., during maintenance), it may be necessary to 
block control commands from one or more of these levels. The local/remote 
control feature allows users to enable or disable control authority at any of the 
three levels. The level at which a control command originates is determined by 
the value of the origin.orCat (originator category) attribute in the command.

The SEL-710-5 supports the local/remote control feature defined in 
IEC 61850-7-4. The feature is supported at the IED level with identical and 
configurable attributes in the LLN0 logical node in each logical device. 
Table G.6 describes the attributes and their data sources.

Using these three attributes, you can enable or disable control authority at any 
of the three switching levels, as shown in Table G.7.

Receive a CSWI 
command request 
from MMS Client

Assert related 
OC/CC Relay 

Word bits

Command 
response to MMS 
Client: Successful

Command 
request rejected

Check if CILO 
EnaCls/EnaOpn is 

asserted No

Yes

Command response to 
MMS Client: 

blocked-by-interlocking

Table G.6 Control Authority Attributes

Attribute Data Source Description

LLN0.Loc.stVal LOC Control authority at local (bay) level

LLN0.LocSta.stVal LOCSTA Control authority at station level

LLN0.MltLev.setVal MLTLEV Multilevel control authority

Table G.7 Control Authority Settings (Sheet 1 of 2)

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 3) Remote (3 or 6)

F F F NA NA AA

F F T AA AA AA

F T F NA AA NA
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By default, all three attributes are set to False, so only remote commands are 
allowed.

You can control the Relay Word bits LOC, LOCSTA, and MLTLEV through 
SELOGIC control equations. LOCSTA is set to True when the SELOGIC con-
trol equation SC850LS asserts and set to False when SC850LS deasserts. 
LOCSTA may also be controlled through MMS, but if it is set to True through 
SELOGIC control equations, it cannot be set to False through MMS.

In the SEL-710-5, you can place only the XCBR and XSWI logical nodes in 
local mode by asserting the LOCAL Relay Word bit. This blocks all control 
commands to the associated CSWI logical nodes.

Control Requests IEC 61850 control services are implemented by reading and writing to 
pseudovariables in the relay in response to MMS requests. Similar to how 
client requests are generated and mapped to MMS read or write service 
requests, server actions are also mapped to internal commands, read and write 
actions and MMS information report messages. In the case of an unsuccessful 
control request, the relay will send the appropriate response PDU indicating 
that there was a problem and an MMS information report that contains more 
detailed information about the problem that occurred. 

When writing controls, the client must select and write the entire Oper, SBOw 
or Cancel structure to the relay. See Figure G.7 for the attributes of the CON 
Logical Device and ST and CO functional constraints (FC) of LN RBGGIO1 
used for controls of RB01 through RB08.

Figure G.7 MMS Client View of the CON Logical Device

T X X AAa NA NA

F T T AA AA NA

a Commands to CSWI logical nodes that control process level equipment (XCBR/XSWI) are not allowed.
T = True (asserted)
F = False (deasserted)
X = Do not care (true or false)
AA = Command is allowed
NA = Command is not allowed

Table G.7 Control Authority Settings (Sheet 2 of 2)

LLN0 orCat Value

Loc.stVal LocSta.stVal MltLev.setVal Bay (1 or 4) Station (2 or 3) Remote (3 or 6)
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Control Error Messages
If a control request results in an error condition, the relay will respond with an 
AddCause value in an MMS information report. See Clause 20.5.2.9 of IEC 
61850-7-2 for additional information on the AddCause values. The 
SEL-710-5 Relay supports the AddCause values in Table G.8as part of the 
LastApplError information report.

Any AddCause value not specified above is not supported. Control CDC data 
attributes which are associated with unsupported AddCause values and are not 
part of a control structure will be accepted but ignored. For example, the attri-
bute CmdBlk.stVal which is associated with the AddCause value “blocked-by-
command” and is not part of a SBOw, Oper or Cancel structure will be 
ignored.

Group Switch Via MMS
The Group Switch feature in IEC 61850 is primarily a convenience feature for 
users so that they can institute a settings group switch from an IEC 61850 
client without having to revert to the command line or some other tool. 
However, this has great potential for integration with IEC 61850 SCADA 
systems which would be able to control setting groups through IEC 61850 
MMS.

Table G.8 AddCause Descriptions 

AddCause 
Enumeration

AddCause 
Description

Error Condition

0 Unknown No other AddCause value defined within this 
section applies

2 Blocked-by-
switching-hierarchy

Logical node is set to local mode, 
i.e., Loc.stVal = True

3 Select-failed Originator category not allowed to issue control 
commands or SelectWithValue operation fails

4 Invalid-position For controls with enhanced security, an AddCause 
of “Invalid-position” (4) will be sent if the control 
status changes to an unexpected value. If no 
control status change is detected after the operate 
time-out period, an AddCause of “Time-limit-
over” (16) will be sent.

5 Position-reached Control status is already at the desired state

6 Parameter-change-
in-execution

Control object is already selected by the client, 
and
1. Logical node is set to local mode
i.e., Loc.stVal = true, or
2. Originator category not allowed to issue control 
commands

8 Blocked-by-mode Mode of logical device or node is not ON

10 Blocked-by-
interlocking

Control operation of switch device failed due to 
interlock check

12 Command-already-
in-execution

Execution of a previous control is not completed

13 Blocked-by-health Health of logical device or node is not OK

16 Time-limit-over CommandTermination gives a negative response. 
(The control failed to reach its intended state prior 
to time-out)

18 Object-not-selected Cancel operation fails
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The IEC 61850 specification outlines a method for switching the current set-
tings group to another preconfigured settings group. The setting group control 
block, or SGCB, contains the SettingControl element which enables settings 
group control. An SEL-710-5 CID file that supports group switch functional-
ity will only contain one SGCB. The SGCB contains the number of settings 
groups in the relay and may also contain the current active setting group, 
ActSG. Note that if the CID file contains a value for ActSG, it will be ignored 
and the relay will use the actual active setting group value for ActSG at the 
time of CID file download. 

When the IEC 61850 functions of the relay are enabled, the selectActiveSG 
service allows an MMS client to request that the relay change the active set-
ting group. The MMS client can request a group switch by writing a valid set-
ting group number to ActSG. The relay updates the ActSG value under the 
following conditions:

➤ The value written to ActSG is valid and not the current active 
group

➤ There is no group switch in progress

➤ The setting of the active group was successful.

Note that if the value written to ActSG is the same as the current group, the 
relay will not attempt to switch settings groups. Please refer to Multiple Set-
tings Groups on page 4.103 for more information on setting group selection.

Service Tracking The IEC 61850 standard defines many services to be provided by an IED 
(server). These services include control services, reporting services, logging 
services, and group switch control services. IEC 61850 Edition 2 defines the 
service tracking feature to allow these services to be reported or logged, 
whether they succeed or fail.

The SEL-710-5 supports the service tracking feature for control commands, 
report control block edits, and group switch selection. You can report these 
services.

Tracking of these services is enabled by data objects in the service tracking 
logical node LTRK. Table G.9 lists the service tracking data objects. Their 
data attributes mirror those in the service request or in the control block that 
was the target of the service request.

Refer to Table G.41 for information regarding the available attributes in each 
tracking data object.

Table G.9 Service Tracking Data Objects

Data Object CDC Description

SpcTrk CTS Tracks control service requests targeted at a 
controllable single-point object

DpcTrk CTS Tracks control service requests targeted at a 
controllable double-point object

EncTrk CTS Tracks control service requests targeted at a 
controllable enumerated status object

UrcbTrk UTS Tracks unbuffered report control block edits

BrcbTrk BTS Tracks buffered report control block edits

SgcbTrk STS Tracks active settings group selection
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Each tracking data object includes the data attributes objRef, serviceType, and 
errorCode. The attribute objRef provides the reference to the control object or 
control block instance that was the target of the service request. The attribute 
serviceType provides an enumerated value for the specific service requested or 
executed. Table G.10 defines the service type enumerations.

The attribute errorCode provides the error code that indicates whether the ser-
vice was successful or unsuccessful. Table G.11 lists the codes and the corre-
sponding ACSI errors.

When creating datasets to track the services through information reporting, it 
is important to include the tracking data objects as a whole object (FCD—
functionally constrained data), and not as individual data attributes (FCDA—
functional constrained data attribute). Only the objRef attribute has a trigger 

Table G.10 IEC 61850 Service Type Enumeration 

Service Type Service Name Description

16 SelectActiveSG Active settings group switch request

24 SetBRCBValues Write request on one or more of the 
following buffered report control block 
attributes: RptID, RptEna, OptFlds, 
BufTm, TrgOps, IntgPd, PurgeBuf, 
EntryID, or GI

26 SetURCBValues Write request on one or more of the 
following unbuffered report control block 
attributes: RptID, RptEna, OptFlds, 
BufTm, TrgOps, IntgPd, Resv, or GI

44 SelectWithValue Select control request

45 Cancel Cancel control request

46 Operate Operate control request

47 CommandTermination Control processing completed on a control 
object configured with enhanced security 
control model

54 InternalChange Report control block has been 
automatically disabled, i.e., RptEna is set to 
False after a loss of association with the 
client

Table G.11 IEC 61850 ACSI Service Error

Error Code ACSI Error

0 no-error

1 instance-not-available

3 access-violation

5 parameter-value-inappropriate

6 parameter-value-inconsistent

7 class-not-supported

8 instance-locked-by-other-client

10 type-conflict

11 failed-due-to-communications-constraint

12 failed-due-to-server-constraint
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option (dupd—data update) and can trigger a report. The dupd trigger option 
must also be enabled in the report control block that is reporting changes in 
the tracking data objects.

GOOSE The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the messages 
several times, increasing the likelihood that other devices receive the 
messages.

IEC 61850 GOOSE objects can quickly and conveniently transfer status, 
controls, and measured values between peers on an IEC 61850 network. 
Configure SEL devices to respond to GOOSE messages from other network 
with Architect software. Also, configure outgoing GOOSE messages for SEL 
devices in Architect. See the Architect online help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text 
identification and multicast group to identify and filter incoming GOOSE 
messages.

Virtual bits (VB001–VB128) are control inputs that you can map to GOOSE 
receive messages by using the Architect software. See the VBnnn bits in 
Table G.34 for details on which logical nodes and names are used for these 
bits. This information can be useful when searching through device data with 
MMS browsers. If you intend to use any SEL-710-5 virtual bits for controls, 
you must create SELOGIC control equations to define these operations. The 
Virtual Bit Logical Nodes only contain Virtual Bit status, and only those 
Virtual Bits that are assigned to an SER report are able to track bit transitions 
(via reporting) between LN data update scans. 

The relay is capable of receiving analog values via peer-to-peer GOOSE 
messages. Remote Analogs (RA001–RA128) are analog inputs that you can 
map to values from incoming GOOSE messages.

GOOSE Processing SEL devices support GOOSE processing as defined by IEC 61850-7-1:2011(E), 
IEC 61850-7-2:2010(E), and IEC 61850-8-1:2011(E) via the Ethernet port. 

Outgoing GOOSE messages are processed within the following constraints:

➤ You can define as many as eight datasets for outgoing GOOSE 
messages consisting of any data attribute (DA) from any logical 
node. You can map a single DA to one or more outgoing GOOSE 
datasets, or one or more times within the same outgoing GOOSE 
dataset. You can also map a single GOOSE dataset to multiple 
GOOSE control blocks. The number of unique Boolean 
variables is limited to a combined total of 128 digital bits 
across all eight outgoing messages.

➤ The relay transmits all configured GOOSE immediately upon 
successful initialization. If a GOOSE message is not 
retriggered; then, following the initial transmission, the relay 
retransmits that GOOSE based on the minimum time and 
maximum time configured for that GOOSE message. The first 
transmission occurs immediately on triggering of an element 
within the GOOSE dataset. The second transmission occurs 
Min. Time later. The third transmission occurs Min. Time after 
the second transmission. The fourth transmission occurs twice 

NOTE: Virtual bits and remote 
analogs mapped to GOOSE 
subscriptions retain their state until 
they are overwritten, a new CID file is 
loaded, or the device is restarted. To 
reset the virtual bits and remote 
analogs by restarting the device, 
issue an STA C command or remove 
and then restore power to the device.
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Min. Time after the third transmission. All subsequent 
transmissions occur at the Max Time interval. For example, a 
message with a Min. Time of 4 ms and Max. Time of 1000 ms 
is transmitted upon triggering, then retransmitted at intervals of 
4 ms, 4 ms, 8 ms, and then at 1000 ms indefinitely or until 
another change triggers a new GOOSE message (See IEC 
61850-8-1, Sec. 18.1). The default Min. Time value is 8 ms. 
This is also the suggested Min. Time value to use. 

➤ GOOSE transmission is squelched (silenced) after a permanent 
(latching) self-test failure.

➤ Each outgoing GOOSE includes communications parameters 
(VLAN, Priority, and Multicast Address) and is transmitted 
entirely in a single network frame.

➤ The SEL-710-5 maintains the configuration of outgoing 
GOOSE through a power cycle and device reset.

Incoming GOOSE messages are processed within the following constraints:

➤ You can configure the SEL-710-5 to subscribe to as many as 64 
incoming GOOSE messages.

➤ Control bits in the relay get data from incoming GOOSE 
messages which are mapped to Virtual Bits (VBnnn). Virtual 
Bits are volatile and are reset to zero when a new CID file is 
loaded, the device is restarted, or they are overwritten by data 
from a subscribed GOOSE message.

➤ The SEL-710-5 recognizes incoming GOOSE messages as 
valid based on the following content. Any GOOSE message 
that fails these checks is rejected.

➢ Source broadcast MAC address

➢ Dataset Reference

➢ Application ID

➢ GOOSE Control Reference

➤ Rejection of all DA contained in an incoming GOOSE, based 
on the accumulation of the following error indications created 
by inspection of the received GOOSE:

➢ Configuration Mismatch: the configuration number of 
the incoming GOOSE changes.

➢ Needs Commissioning: this Boolean parameter of the 
incoming GOOSE is true.

➢ Test Mode: this Boolean parameter of the incoming 
GOOSE is true.

➢ Decode Error: the format of the incoming GOOSE is 
not as configured.

➤ The SEL-710-5 discards incoming GOOSE under the following 
conditions: 

➢ after a permanent (latching) self-test failure

➢ when the relay is disabled

➢ when EGSE is set to No

Link-layered priority tagging and virtual LAN is supported as described in 
Annex C of IEC 61850-8-1:2011.



G.20

SEL-710-5 Relay Instruction Manual Date Code 20220826

IEC 61850 Communications
Simulation Mode

Simulation Mode
The SEL-710-5 relay can be configured to operate in simulation mode.

In this mode, the SEL-710-5 continues to process normal GOOSE messages 
until a simulated GOOSE message is received for a subscription. Once a sim-
ulated GOOSE message is received, only simulated GOOSE messages are 
processed for that subscription. The simulated mode only terminates when 
LPHDSIM is returned to FALSE. When the relay is not in simulation mode, 
only normal GOOSE messages are processed for all subscriptions.

A user can place the SEL-710-5 in simulation mode by setting LPHDSIM 
(CFG.DevIDLPHD1.Sim.stVal) to TRUE via MMS messaging.

Alternatively, you can use SELOGIC variable SC850SM to set LPHDSIM. The 
rising edge of SC850SM sets LPHDSIM, and the falling edge of SC850SM 
clears LPHDSIM. When you use SC850SM to enter simulation mode, the 
relay rejects MMS attempts to enter or exit simulation mode until SC850SM 
deasserts.

IEC 61850 Mode/Behavior
The IEC 61850-7-4:2010 standard defines the behavior of the different modes 
to facilitate testing. The different modes are only available in IEDs with 
IEC 61850 Edition 2 support.

SEL-710-5 relays support the following modes:

➤ On

➤ Blocked

➤ Test

➤ Test/Blocked

➤ Off

IEC 61850 Behavior is determined by the logical device mode and its logical 
node mode according to the IEC 61850 standard. For SEL-710-5 relays, the 
selected IEC 61850 Mode/Behavior applies to the entire IED, including all the 
logical devices and all the logical nodes. The behavior of the IED is always 
the same as the selected mode. Table G.12 describes the available services 
based on the mode/behavior of the IED.

Table G.12 IEC 61850 Services Based on Mode/Behavior

Mode MMS
GOOSE Publication 
and Subscription

On Available Available

Blocked Available Available

Test Available Available

Test/Blocked Available Available

Off No servicesa

a All MMS control requests to change the mode with Test = false will be processed.

Publicationb

b GOOSE publication in Off mode is disabled if EOFFMTX = N.
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The analog quantity I850MOD is an enumerated number that corresponds to 
mode and behavior as shown in Table G.13. One way to view the value of this 
analog quantity is by assigning it to a math variable.

Mode/Behavior 
Control

Enable Mode/Behavior Control
IEC 61850 Mode/Behavior, by default, is disabled in SEL-710-5 relays. To 
enable IEC 61850 Mode/Behavior, you must set the Port 1 setting E61850 
equal to Y. To enable IEC 61850 Mode/Behavior control, you must set port 
setting E850MBC equal to Y and the CID file setting 
controllableModeSupported to True. You can set the 
controllableModeSupported setting by selecting Enable control of 
IEC 61850 Mode/Behavior when adding an IED to an ACSELERATOR 
Architect SEL-5032 Software project, as shown in Figure G.8.

Figure G.8 Set controllableModeSupported = True

Enhances Secure Mode Control
Relay setting E850MBC and CID file setting controllableModeSupported 
provide security to prevent accidental switching into an unplanned IEC 61850 
Mode/Behavior during normal operations. For example, following IED 
testing, a technician can disable unplanned switching of IEC 61850 Mode/
Behavior by setting E850MBC to N after switching the relay back to On 
mode.

Table G.13 Analog Quantity I850MOD Status Based on the Selected 
IEC 61850 Mode/Behavior 

I850MOD IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 Not Supported
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Change Mode Via MMS or SELOGIC
If IEC 61850 Mode/Behavior is set as controllable, you can control the 
IEC 61850 Mode/Behavior via MMS writes to the LLN0 logical node mode 
data object (Mod.ctlVal) in logical device CFG. Note that Mod.ctVal in other 
logical devices does not accept MMS writes. See Table G.14 for the list of 
writable values.

You can also control IEC 61850 Mode/Behavior through use of the SET G 
command with protection SELOGIC variables SC850TM and SC850BM on 
the left side of the SELOGIC control equations. These variables are the 
SELOGIC controls for the Test mode and the Blocked mode, respectively.

EXAMPLE G.1 Change Mode Via SELOGIC

In this example, Pushbuttons PB01 and PB02 control SC850TM. 
Pushbuttons PB03 and PB04 control SC850BM. If you press PB01, 
the relay enters Test mode. If you press PB03, the relay transitions 
from Test mode into Test/Blocked mode. Press PB02 and PB04 to 
reset Test mode and Blocked mode, respectively.

Table G.14 IEC 61850 Mode/Behavior List of Writable Values 

Write Values to Mod.ctVal in 
Logical Device CFG

Selected IEC 61850 Mode/Behavior

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

Table G.15 IEC 61850 Mode/Behavior Evaluated States of SC850TM and 
SC850BM

SC850TM SC850BM
Selected IEC 61850 

Mode/Behavior

0 0 See notea

a The SELOGIC controls have higher priority than MMS clients in controlling the Test mode and 
Blocked mode. When SC850TM and SC850BM both evaluate to 0 (false), IEC 61850 Mode/
Behavior control is available to MMS clients. If either SC850TM or SC850BM evaluates to 1 
(true), SELOGIC determines the IEC 61850 Mode/Behavior of the IED regardless of MMS 
control values.

1 0 Test

0 1 Blocked

1 1 Test/Blocked

See noteb

b You cannot control Off mode by using SC850TM and SC850BM. When an MMS client causes 
the IED to be in Off mode, the SELOGIC controls are disabled and SC850TM and SC850BM are 
not evaluated.

See noteb Off

=>>SHO L <Enter>

Latch Bits Eqns
SET01    := PB01
RST01    := PB02
SET02    := PB03
RST02    := PB04
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Mode and Behavior Control
Regardless of mode (On, Blocked, Test, Test/Blocked, Off) the Mod, Beh, and 
Health quality bitstring will always be quality.validity = Good, 
quality.failure = False, and quality.test = False. This behavior differs from and 
is independent of behavior during the use of the TEST DB command.

Incoming Messages 
Processing

IEC 61850 incoming data processing is jointly determined by quality validity, 
test, and operatorBlocked. SEL-710-5 relays, by default, check if the quality 
operatorBlocked equals False; if not, the relays treat the messages as invalid. 
You can disable the default check by changing the quality mask of GOOSE 
subscriptions. Figure G.9 illustrates the default quality check for GOOSE 
subscription in SEL-710-5 relays.

Figure G.9 Default Quality Check on GOOSE Subscription if Quality is 
Present

Relay Operation for 
Different IEC 61850 
Modes/Behaviors

Mode: On
In On mode, the relay operates as normal; it reports IEC 61850 Mode/
Behavior status as On and processes all inputs and outputs as normal. If the 
quality of the subscribed GOOSE messages satisfies the GOOSE processing 
(see GOOSE Processing), the relay processes the received GOOSE messages 
as valid. Table G.16 and Table G.17 illustrate how the relay handles incoming 
and outgoing messages while in On Mode.

=>>SHO G <Enter>

IEC 61850 Mode/Behavior Configuration
SC850BM    := LT02
SC850TM    := LT01

Table G.16 IEC 61850 Incoming Message Handling in On Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Processed Processed as invalid

GOOSE Processed Processed as invalid
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Figure G.10 illustrates the On Mode/Behavior.

Figure G.10 Relay Operations in On Mode

Mode: Blocked
Blocked mode is similar to On mode, but in Blocked mode, none of the 
physical contact outputs are operated. However, in Blocked mode, control 
bits, such as remote bits and output contact bits, do continue to operate. 
Figure G.11 illustrates the Blocked Mode/Behavior.

Figure G.11 Relay Operations in Blocked Mode

Mode: Test
In Test mode, the relay processes valid incoming test signals or normal 
messages and operates physical contact outputs, if triggered. In this mode/
behavior, outgoing MMS and GOOSE messages have the quality test bit set to 
True if the quality test bit is present. If the quality of the subscribed GOOSE 
messages satisfies the user-defined quality type definition (regardless of 
whether the quality test bit is set to True or False—see GOOSE Processing), 
the relay processes the received GOOSE messages as valid. Table G.18 and 
Table G.19 illustrate how the relay handles incoming and outgoing messages 
while in Test Mode.

Table G.17 IEC 61850 Outgoing Message Handling in On Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS False

GOOSE False

Processed

Processed

IED
GOOSE

(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = On

Physical contacts 
operate as normal

GOOSE
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

Processed

Processed

IED
GOOSE

(q.test = False)

MMS Controls
(q.test = False)

Mode/Behavior = Blocked

Physical contacts
are BLOCKED

GOOSE
(q.test = False)

MMS Controls
(q.test = False)

Logical Connections

Table G.18 IEC 61850 Incoming Message Handling in Test Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Message With 
Quality Test Bit Set to 
True (1)

MMS Not Processed Processed

GOOSE Processed Processed
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Figure G.12 illustrates the Test Mode/Behavior.

Figure G.12 Relay Operations in Test Mode

Mode: Test/Blocked
In Test/Blocked mode, the relay processes valid incoming test signals or 
normal messages but blocks any physical contact outputs from operating. In 
this mode/behavior, outgoing MMS and GOOSE messages have the quality 
test bit set to True if the quality test bit is present. If the quality of the 
subscribed GOOSE messages satisfies the user-defined quality type definition 
(regardless of whether the quality test bit is set to True or False— see GOOSE 
Processing), the relay processes the received GOOSE messages as valid.

Figure G.13 illustrates the Test/Blocked Mode/Behavior.

Figure G.13 Relay Operations in Test/Blocked Mode

Mode: Off
In Off mode, the relay no longer processes incoming GOOSE messages. The 
relay processes MMS control requests to change the IEC 61850 Mode/
Behavior if the quality Test bit is set to False. In this mode, the relay is in a 
disabled state and it no longer trips any physical contact outputs. The Relay 
Word bit ENABLED is set to False. The device processes MMS control 
requests to change the active mode of IEC 61850 Mode/Behavior if the quality 
test bit of the control is set to False. If EOFFMTX is set to Y, the relay 
continues to transmit GOOSE messages with the quality test bit set to False 
(0) and the validity set to Invalid (01) if the quality bit is present in the 
messages. If EOFFMTX is set to N, the relay does not transmit GOOSE 
messages in this mode. Table G.20 and Table G.21 describe how the relay 
handles incoming and outgoing messages while in Off Mode.

Table G.19 IEC 61850 Outgoing Message Handling in Test Mode

IEC 61850 Messages
Outgoing Message Quality Test Bit 
Status

MMS True

GOOSE True

Processed

Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True)

Mode/Behavior = Test

Physical contacts 
operate as normal

GOOSE
(q.test = True)

MMS Controls
(q.test = True)

Logical Connections

Processed

Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True)

Mode/Behavior = Test/Blocked

Physical contacts 
are BLOCKED

GOOSE
(q.test = True)

MMS Controls
(q.test = True)

Logical Connections
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Figure G.14 illustrates the Off Mode/Behavior.

Figure G.14 Relay Operations in Off Mode

IEC 61850 Configuration
Settings Table G.22 lists IEC 61850 settings. IEC 61850 settings are only available if 

your device includes the optional IEC 61850 protocol. Configure all other IEC 
61850 settings, including subscriptions to incoming GOOSE messages, with 
Architect.

Table G.20 IEC 61850 Incoming Message Handling in Off Mode

IEC 61850 Messages
Incoming Message With 
Quality Test Bit Set to 
False (0)

Incoming Messages With 
Quality Test Bit Set to 
True (1)

MMS Relay Only Processes Mes-
sages to Control the Mode

Not Processed

GOOSE Not Processed Not Processed

Table G.21 IEC 61850 Outgoing Message Handling in Off Mode

IEC 61850 Messages Outgoing Message Quality Validity Bit

MMS Invalid

GOOSE Invalid

Not Processed

Not Processed

IED
GOOSE

(q.test = True/False)

MMS Controls
(q.test = True/False)

Mode/Behavior = Off

If EOFFMTX = Y, GOOSE is transmitted 
with q.validity = Invalid

Physical contacts 
are BLOCKED

Logical Connections

Table G.22 IEC 61850 Settings

Label Description Range Default

E61850 Enables IEC 61850 protocol Y, N N

EGSEa

a Settings EGSE and EMMSFS are hidden when E61850 is set to N.

Enables IEC 61850 GSE Yb, N

b Requires that E61850 be set to Y.

N

EMMSFSa Enables MMS file services Yb, N N

E850MBC Enables IEC 61850 Mode/Behavior Control Yb, N N

EOFFMTX Enables Goose Tx in Off Mode Yb, N N
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ACSELERATOR Architect 
Software

Architect allow you to design and commission IEC 61850 substations 
containing SEL IEDs. Use Architect to perform the following:

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Edit and create GOOSE datasets.

➤ Read non-SEL IED Capability Description (ICD) and 
Configured IED Description (CID) files and determine the 
available IEC 61850 messaging options.

➤ Use or edit preconfigured datasets for reports.

➤ Load IEC 61850 CID files into SEL IEDs.

➤ Generate ICD and CID files that provide SEL IED descriptions 
to other manufacturers' tools so they can use SEL GOOSE 
messages and reporting features.

➤ Edit deadband settings for measured values.

NOTE: The ICD and CID files of other 
manufacturers must have IEC 61850 
outgoing GOOSE messages with 
Application IDs (APPIDs) of exactly 
four characters and VLAN IDs of 
exactly three characters so that the 
relay can successfully subscribe to 
them. If you attempt to configure a 
relay to subscribe to a GOOSE 
message that does not meet these 
criteria, the relay will reject the CID 
file upon download. Edit the ICD and 
CID files of other manufacturers prior 
to importing them into Architect by 
adding leading zeros to the APPID and 
VLAN ID of outgoing GOOSE 
messages, as necessary.

Architect provides a graphical user interface (GUI) for you to select, edit, and 
create IEC 61850 GOOSE messages important for substation protection, 
coordination, and control schemes. Typically, you first place icons 
representing IEDs in a substation container, then edit the outgoing GOOSE 
messages or create new ones for each IED. You can also select incoming 
GOOSE messages for each IED to receive from any other IEDs in the domain. 

Some measured values are reported to IEC 61850 only when the value 
changes beyond a defined deadband value. Architect allows a deadband to be 
changed during the CID file configuration. Check and set the deadband values 
for your particular application when configuring the CID file for a device.

Architect has the capability to read other manufacturers' ICD and CID files, 
enabling you to map the data seamlessly into SEL IED logic. See the 
Architect online help for more information. 

SEL ICD File Versions Architect version R.1.1.69.0 and later supports multiple ICD file versions for 
each type of IED in a project. Because relays with different firmware versions 
may require different CID file versions, users can manage the CID files of all 
IEDs within a single project.

Please ensure that you work with the appropriate version of Architect relative 
to your current configuration, existing project files, and ultimate goals. If you 
want the best available IEC 61850 functionality for your SEL relay, obtain the 
latest version of Architect and select the appropriate ICD version(s) for your 
needs. Architect generates CID files from ICD files, so the ICD file version 
Architect uses also determines the CID file version generated. Details about 
the different SEL-710-5 ICD files can be found in Table A.10.

The Logical Nodes description detailed in this manual revision corresponds to 
the SEL-710-5 006 ICD file. Information about the previous SEL-710-5 
004 ICD files can be found in the previous manual revisions. Please refer to 
Table A.10 to find the manual revision corresponding to the ICD file you are 
using.
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Logical Nodes
Each logical device (LD) has a set of common data objects at the top level 
LN0. These represent the current state of the device, as well as some 
informational data. These data objects are: Mod (Mode), Beh (Behavior), 
Health, and NamPlt.See below for a brief description of each object.

Mode The SEL-700 series relays include at the top-level LN0 within each LD the 
following enumerations for Mod stVal: 

The top-level logical node of each LD also includes the following Mod 
attributes:

Mod.q represents quality.

Mod.t represents time stamps.

Mod.stVal represents the current mode/behavior.

You can control IEC 61850 Mode/Behavior via LLN0$CO$Mod$Oper in 
your CFG logical device. 

Behavior The SEL-700 series relay LNs include the following enumerations for 
Beh stVal:

Logical nodes also include the following Beh attributes:

Beh q and Beh t per the Time Stamps and Quality section.

Health The SEL-700 series relays include at the top-level LN0 within each LD the 
following enumerations for Health stVal:

Mod stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior Disabled

Beh stVal Enumeration Description

1 On

2 Blocked

3 Test

4 Test/Blocked

5 Off

0 IEC 61850 Mode/Behavior Disabled

Health stVal Enumeration Health stVal Value Description

1 Ok RELAY_EN Relay Word bit = 1

3 Alarm RELAY_EN Relay Word bit = 0
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The top-level logical node of each LD also includes the following Health attri-
butes:

Health q and Health t per the Time Stamps and Quality section.

NamPlt The top-level LN0 of each LD includes the following NamPlt attributes:

➤ NamPlt vendor which is set to “SEL”.

➤ NamPlt swRev which contains the relay FID string value

➤ NamPlt d, which is the LD description.

Logical Node 
Extensions

The following Logical Nodes and Data Classes were created in this device as 
extensions to the IEC 61850 standard, in accordance with IEC 61850 
guidelines.

Table G.23 New Logical Node Extensions

Logical Node IEC 61850 Description or Comments

Arc-Flash Detection PAFD This LN shall be used to represent arc-flash 
detection status.

Thermal Measurements 
(for equipment or ambient 
temperature readings)

MTHR This LN shall be used to represent values 
from RTDs and to calculate thermal capacity 
and usage mainly used for thermal 
monitoring.

Demand Metering 
Statistics

MDST This LN shall be used for calculation of 
demand currents in a three-phase system. 
This shall not be used for billing purposes.

Motor Measurement Data MMOT This LN shall be used to represent motor 
measurement data.

Metering Statistics MSTA This LN shall be used for power system 
metering statistics.

Physical Communication 
Channel Supervision

LCCH This LN is used for supervision of physical 
communication channels

GOOSE Subscription LGOS This LN is used for GOOSE subscription 
statistics

Time Master Supervision LTMS This LN is used for time synchronization 
master supervision
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Table G.24 defines the data class Arc-Flash Detection. This class represents 
Arc-Flash Detection status.

Table G.25 defines the data class, Thermal Metering Data. This class is a col-
lection of simultaneous measurements (or evaluations) that represent the RTD 
thermal metering values. Valid data depend on the presence and configuration 
of the RTD module(s).

Table G.24 Arc-Flash Detection Logical Node Class Definition 

PAFD Class

Data Object 
Name

Common 
Data Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName Shall be inherited from Logical-Node 
Class (see IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Status Information

Str ACD Start E

Op ACT Operate T E

Table G.25 Thermal Metering Data Logical Node Class Definition

MTHR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

EEHealth INS External equipment health (RTD 
Communications Status)

E

Data Objects

Measured Values

MaxAmbTmp MV Maximum Ambient Temperature E

MaxBrgTmp MV Maximum Bearing Temperature E

MaxOthTmp MV Maximum Other Temperature E

MaxWdgTmp MV Maximum Winding Temperature E

Tmp MV Temperature E
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Table G.26 defines the data class Demand Metering Statistics. This class is a 
collection of demand currents and energy.

Table G.26 Demand Metering Statistics Logical Node Class Definition

MDST Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Measured Values

NegVArh BCRc

c For IEC 61850 Edition 1 relays, this data object is defined as MV common data class.

Reactive energy supply (default supply 
direction: energy flow towards busbar)

E

DmdWh BCRc Real energy demand (default demand 
direction: energy flow from busbar 
away)

E

PosVArh BCRc Reactive energy demand (default 
demand direction: energy flow from 
busbar away)

E

Table G.27 LCCH Physical Communication Channel Supervision 
(Sheet 1 of 2)

LCCH Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

ChLiv SPS Physical channel status M

RedChLiv SPS Physical channel status of redundant 
channel

C

FerCh INS Frame error rate on this channel O

RedFerCh INS Frame error rate on redundant channel O
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Measured and Metered Values

RxCnt BCR Number of received messages O

RedRxCnt BCR Number of received messages on 
redundant channel

O

TxCnt BCR Number of sent messages O

Controls

RsStat SPC Reset device statistics E

Settings

NetMod ENG Network mode E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.28 LGOS GOOSE Subscription (Sheet 1 of 2)

LGOS Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

NdsCom SPS Subscription needs commissioning O

St SPS Status of the subscription M

SimSt SPS Status showing that Sim messages are 
received and accepted

O

LastStNum INS Last state number received O

LastSqNum INS Last sequence number received E

LastTal INS Last time-allowed-to-live received E

ConfRevNum INS Expected configuration revision number O

RxConfRevNum INS Configuration revision number of the 
received messages

O

ErrSt ENS Current error status of the subscription E

OosCnt INS Number of out-of-sequence (OOS) 
errors

E

TalCnt INS Number of time-allowed-to-live 
violations

E

DecErrCnt INS Number of messages that failed 
decoding

E

BufOvflCnt INS Number of messages lost due to buffer 
overflow

E

Table G.27 LCCH Physical Communication Channel Supervision 
(Sheet 2 of 2)

LCCH Class
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MsgLosCnt INS Number of messages lost due to OOS 
errors (estimated)

E

MaxMsgLos INS Max. number of sequential messages 
lost due to OOS error (estimated)

E

InvQualCnt INS Number of mapped incoming GOOSE 
data with invalid quantity

E

Measured and Metered Values

TotDwnTm MV Total downtime in seconds E

MaxDwnTm MV Maximum continuous downtime in 
seconds

E

Controls

RsStat SPC Reset/clear statistics E

Settings

GoCBRef ORG Reference to the subscribed GOOSE 
control block

O

DatSet ORG Configured dataset reference E

GoID VSG Configured GOOSE ID E

Addr VSG Configured multicast MAC address E

VlanID ING Configured VLAN ID E

VlanPri ING Configured VLAD priority E

AppID ING Configured APPID E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.29 LTMS Time Master Supervision (Sheet 1 of 2)

LTMS Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2, Clause 22.

Data Objects

Common Logical Node Information

Beh ENS Behavior M

NamPlt LPL Name plate O

Status Information

TmAcc INS Number of significant bits in fraction of 
second in the time accuracy part of the 
time stamp

O

TmSrc VSS Current time source identity M

SelTmSrcTyp ENS Type of the clock source E

SelTmSyn ENS Actual time synchronization applied E

SelTmSynLkd ENS Locked status of clock synchronization E

Table G.28 LGOS GOOSE Subscription (Sheet 2 of 2)

LGOS Class
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Table G.30 defines the data class Motor Measurement Data. This class is a 
collection of motor measurement data.

Measured and Metered Values

SelTmTosPer MV Duration, in milliseconds, between two 
consecutive top-of-second points on the 
synchronized time

E

a Transient data objects—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.30 Motor Measurement Data Logical Node Class Definition 

MMOT Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured Values

StrTcu MV Stator % Thermal Capacity Used E

RtrTcu MV Rotor % Thermal Capacity Used E

RtdTcu MV RTD % Thermal Capacity Used E

Mload MV Motor Load, pu of FLA E

ThrmTp MV Thermal Trip in, seconds E

Trst MV Time to reset, minutes E

StrtAv MV Starts available E

Slip MV Slip, % E

Mrt MV Motor Running Time, hours E

NumStrt MV Number of Motor Starts Counter E

NumEmrst MV Number of Emergency Motor Starts 
Counter

E

Table G.31 Metering Statics Logical Node Class Definition (Sheet 1 of 2)

MSTA Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Table G.29 LTMS Time Master Supervision (Sheet 2 of 2)

LTMS Class
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Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured and Metered Values

AvAmps MV Average Current E

AvVolts MV Average Voltage E

MaxVA MV Maximum apparent power E

MinVA MV Minimum apparent power E

MaxW MV Maximum real power E

MinW MV Minimum real power E

MaxVAr MV Maximum reactive power E

MinVAr MV Minimum reactive power E

MaxA WYE Maximum Phase Currents E

MinA WYE Minimum Phase Currents E

MaxPhV WYE Maximum Phase to Ground Voltages E

MinPhV WYE Minimum Phase to Ground Voltages E

MaxP2PV DEL Maximum Phase to Phase Voltages E

MinP2PV DEL Minimum Phase to Phase Voltages E

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.32 Compatible Logical Nodes With Extensions

Logical Node IEC 61850 Description or Comments

Measurement MMXU This LN is used for power system measurement data.

Circuit Breaker XCBR This LN is used for circuit breaker status and 
measurement data.

Generic Process I/O GGIO This LN is used for remote analog data.

Circuit Breaker 
Wear Supervision

SCBR This LN is used for supervision of circuit breakers.

Table G.33 Measurement Logical Node Class Definition (Sheet 1 of 2)

MMXU Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta M/O/C/Eb

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Table G.31 Metering Statics Logical Node Class Definition (Sheet 2 of 2)

MSTA Class
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Data Objects

Measured and Metered Values

TotW MV Total active power O

TotVAr MV Total reactive power O

TotVA MV Total apparent power O

TotPF MV Average power factor O

Hz MV Frequency O

PPV DEL Phase to phase voltages O

PhV WYE Phase to ground voltages O

A WYE Phase currents O

Vex CMV Field voltage E

Data Objects

Measured and Metered Values

Iex CMV Field current E

Rf MV Field resistance E

a Transient data object—the status of data objects with this designation is momentary and must 
be logged or reported to provide evidence of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

Table G.34 Circuit Breaker Logical Node Class Definition

XCBR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2).

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Status Information

Loc SPS Local control behavior M

OpCnt INS Operation counter M

OpCntEx INS Operation counter—external E

Measured and Metered Values

Pos DPC Switch position M

BlkOpn SPC Block opening M

BlkCls SPC Block closing M

Table G.33 Measurement Logical Node Class Definition (Sheet 2 of 2)
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Table G.35 Generic Process I/O Logical Node Class Definition

GGIO Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and must 
be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the class 
name, the LN-Prefix and LN-Instance-ID 
according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from 
Common Logical Node Class.

M

Data Objects

Measured Values

AnIn MV Analog input O

Ra MV Remote analog E

Controls

SPCSO SPC Single point controllable status output O

Status Information

Ind SPS General indication (binary input) O

Table G.36 Circuit Breaker Supervision (Per-Phase) Logical Node Class Definition

SCBR Class

Data Object 
Name

Common 
Data 
Class

Explanation Ta

a Transient data object—the status of data objects with this designation is momentary and 
must be logged or reported to provide evidence of their momentary state.

M/O/C/Eb

b M: Mandatory; O: Optional; C: Conditional; E: Extension.

LNName The name shall be composed of the 
class name, the LN-Prefix and LN-
Instance-ID according to IEC 61850-
7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data 
from Common Logical Node Class.

M

Data Objects

Status Information

ColOpn SPS Open command of trip coil M

Measured Values

AbrPrt MV Calculated or measured wear (e.g., of 
main contact), expressed in % where 0% 
corresponds to new condition.

E
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Device Logical Nodes The following tables, Table G.37 through Table G.41, show the Logical Nodes 
(LN) supported in the SEL-710-5 and the associated Relay Word bits or ana-
log quantities. 

Table G.37 shows the LN associated with protection elements defined as Log-
ical Device PRO.

Table G.37 Logical Device: PRO (Protection) (Sheet 1 of 10)

Logical Node Attribute Data Source Comment

Functional Constraint = CO

MCCSWI1 Pos.Oper.ctlVal STR:STOPa Breaker/contactor close/open command

DC1CSWI1 Pos.Oper.ctlVal 89CC2P1:89OC2P1a Two-position Disconnect 1 close/open command

DC2CSWI2 Pos.Oper.ctlVal 89CC2P2:89OC2P2a Two-position Disconnect 2 close/open command

DC3CSWI3 Pos.Oper.ctlVal 89CC2P3:89OC2P3a Two-position Disconnect 3 close/open command

DC4CSWI4 Pos.Oper.ctlVal 89CC2P4:89OC2P4a Two-position Disconnect 4 close/open command

DC5CSWI5 Pos.Oper.ctlVal 89CC2P5:89OC2P5a Two-position Disconnect 5 close/open command

DC6CSWI6 Pos.Oper.ctlVal 89CC2P6:89OC2P6a Two-position Disconnect 6 close/open command

DC7CSWI7 Pos.Oper.ctlVal 89CC2P7:89OC2P7a Two-position Disconnect 7 close/open command

DC8CSWI8 Pos.Oper.ctlVal 89CC2P8:89OC2P8a Two-position Disconnect 8 close/open command

DC9CSWI9 Pos.Oper.ctlVal 89CC3PL1:89OC3PL1a Three-position In-Line Disconnect 1 close/open command

DC10CSWI10 Pos.Oper.ctlVal 89CC3PL2:89OC3PL2a Three-position In-Line Disconnect 2 close/open command

DC11CSWI11 Pos.Oper.ctlVal 89CC3PE1:89OC3PE1a Three-position Earthing Disconnect 1 close/open 
command

DC12CSWI12 Pos.Oper.ctlVal 89CC3PE2:89OC3PE2a Three-position Earthing Disconnect 2 close/open 
command

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = ST

A49PTTR1 Op.general 49A Thermal alarm

A55POPF1 Op.general 55A Power factor alarm

A55POPF1 Str.general 55A Power factor alarm

ABSLOPMRI1 Op.general ABSLO Antibackspin lockout condition

ATPTOC8 Op.general 51AT A-phase time-overcurrent element trip

ATPTOC8 Str.general 51AP A-phase time-overcurrent element pickup

BFRBRF1 OpEx.general BFT Breaker failure trip

BFRBRF1 Str.general BFI Breaker failure initiation

BK1XCBR1 BlkCls.stVal 0 Breaker/contactor close blocking not configured by 
default

BK1XCBR1 BlkOpn.stVal 0 Breaker/contactor open blocking not configured by 
default

BK1XCBR1 CBOpCap.stVal None Breaker/contactor physical operation capabilities not 
known to relay

BK1XCBR1 Loc.stVal LOCAL Breaker/contactor local control status. Asserted when 
relay is in Local mode.

BK1XCBR1 OpCnt.stVal INTT Internal trip counter
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BK1XCBR1 OpCntEx.stVal EXTT External trip counter

BK1XCBR1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 
52A = true, breaker closed)

BTPTOC9 Op.general 51BT B-phase time-overcurrent element trip

BTPTOC9 Str.general 51BP B-phase time-overcurrent element pickup

CTPTOC10 Op.general 51CT C-phase time-overcurrent element trip

CTPTOC10 Str.general 51CP C-phase time-overcurrent element pickup

D1TPTOF1 Op.general 81D1T Level 1 trip definite-time over- and underfrequency 
element

D1TPTOF1 Str.general 81D1T Level 1 trip definite-time over- and underfrequency 
element

D2TPTOF2 Op.general 81D2T Level 2 trip definite-time over- and underfrequency 
element

D2TPTOF2 Str.general 81D2T Level 2 trip definite-time over- and underfrequency 
element

D3TPTOF3 Op.general 81D3T Level 3 trip definite-time over- and underfrequency 
element

D3TPTOF3 Str.general 81D3T Level 3 trip definite-time over- and underfrequency 
element

D4TPTOF4 Op.general 81D4T Level 4 trip definite-time over- and underfrequency 
element

D4TPTOF4 Str.general 81D4T Level 4 trip definite-time over- and underfrequency 
element

DC1CILO1 EnaCls.stVal 89CE2P1 Two-position Disconnect 1 close enabled

DC1CILO1 EnaOpn.stVal 89OE2P1 Two-position Disconnect 1 open enabled

DC2CILO2 EnaCls.stVal 89CE2P2 Two-position Disconnect 2 close enabled

DC2CILO2 EnaOpn.stVal 89OE2P2 Two-position Disconnect 2 open enabled

DC3CILO3 EnaCls.stVal 89CE2P3 Two-position Disconnect 3 close enabled

DC3CILO3 EnaOpn.stVal 89OE2P3 Two-position Disconnect 3 open enabled

DC4CILO4 EnaCls.stVal 89CE2P4 Two-position Disconnect 4 close enabled

DC4CILO4 EnaOpn.stVal 89OE2P4 Two-position Disconnect 4 open enabled

DC5CILO5 EnaCls.stVal 89CE2P5 Two-position Disconnect 5 close enabled

DC5CILO5 EnaOpn.stVal 89OE2P5 Two-position Disconnect 5 open enabled

DC6CILO6 EnaCls.stVal 89CE2P6 Two-position Disconnect 6 close enabled

DC6CILO6 EnaOpn.stVal 89OE2P6 Two-position Disconnect 6 open enabled

DC7CILO7 EnaCls.stVal 89CE2P7 Two-position Disconnect 7 close enabled

DC7CILO7 EnaOpn.stVal 89OE2P7 Two-position Disconnect 7 open enabled

DC8CILO8 EnaCls.stVal 89CE2P8 Two-position Disconnect 8 close enabled

DC8CILO8 EnaOpn.stVal 89OE2P8 Two-position Disconnect 8 open enabled

DC9CILO9 EnaCls.stVal 89CE3PL1 Three-position In-Line Disconnect 1 close enabled

DC9CILO9 EnaOpn.stVal 89OE3PL1 Three-position In-Line Disconnect 1 open enabled

DC10CILO10 EnaCls.stVal 89CE3PL2 Three-position In-Line Disconnect 2 close enabled

Table G.37 Logical Device: PRO (Protection) (Sheet 2 of 10)

Logical Node Attribute Data Source Comment
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DC10CILO10 EnaOpn.stVal 89OE3PL2 Three-position In-Line Disconnect 2 open enabled

DC11CILO11 EnaCls.stVal 89CE3PE1 Three-position Earthing Disconnect 1 close enabled

DC11CILO11 EnaOpn.stVal 89OE3PE1 Three-position Earthing Disconnect 1 open enabled

DC12CILO12 EnaCls.stVal 89CE3PE2 Three-position Earthing Disconnect 2 close enabled

DC12CILO12 EnaOpn.stVal 89OE3PE2 Three-position Earthing Disconnect 2 open enabled

DC1CSWI1 OpCls.general 89C2P1 Two-position Disconnect 1 closed

DC1CSWI1 OpOpn.general 89O2P1 Two-position Disconnect 1 open

DC1CSWI1 Loc.stVal LOC Control authority at local (bay) level

DC1CSWI1 LocSta.stVal LOCSTA Control authority at station level

DC1CSWI1 Pos.stVal 89CL2P1|89OP2P1?0:1:2:3c Two-position Disconnect 1 close/open status

DC2CSWI2 OpCls.general 89C2P2 Two-position Disconnect 2 closed

DC2CSWI2 OpOpn.general 89O2P2 Two-position Disconnect 2 open

DC2CSWI2 Loc.stVal LOC Control authority at local (bay) level

DC2CSWI2 LocSta.stVal LOCSTA Control authority at station level

DC2CSWI2 Pos.stVal 89CL2P2|89OP2P2?0:1:2:3c Two-position Disconnect 2 close/open status

DC3CSWI3 OpCls.general 89C2P3 Two-position Disconnect 3 closed

DC3CSWI3 OpOpn.general 89O2P3 Two-position Disconnect 3 open

DC3CSWI3 Loc.stVal LOC Control authority at local (bay) level

DC3CSWI3 LocSta.stVal LOCSTA Control authority at station level

DC3CSWI3 Pos.stVal 89CL2P3|89OP2P3?0:1:2:3c Two-position Disconnect 3 close/open status

DC4CSWI4 OpCls.general 89C2P4 Two-position Disconnect 4 closed

DC4CSWI4 OpOpn.general 89O2P4 Two-position Disconnect 4 open

DC4CSWI4 Loc.stVal LOC Control authority at local (bay) level

DC4CSWI4 LocSta.stVal LOCSTA Control authority at station level

DC4CSWI4 Pos.stVal 89CL2P4|89OP2P4?0:1:2:3c Two-position Disconnect 4 close/open status

DC5CSWI5 OpCls.general 89C2P5 Two-position Disconnect 5 closed

DC5CSWI5 OpOpn.general 89O2P5 Two-position Disconnect 5 open

DC5CSWI5 Loc.stVal LOC Control authority at local (bay) level

DC5CSWI5 LocSta.stVal LOCSTA Control authority at station level

DC5CSWI5 Pos.stVal 89CL2P5|89OP2P5?0:1:2:3c Two-position Disconnect 5 close/open status

DC6CSWI6 OpCls.general 89C2P6 Two-position Disconnect 6 closed

DC6CSWI6 OpOpn.general 89O2P6 Two-position Disconnect 6 open

DC6CSWI6 Loc.stVal LOC Control authority at local (bay) level

DC6CSWI6 LocSta.stVal LOCSTA Control authority at station level

DC6CSWI6 Pos.stVal 89CL2P6|89OP2P6?0:1:2:3c Two-position Disconnect 6 close/open status

DC7CSWI7 OpCls.general 89C2P7 Two-position Disconnect 7 closed

DC7CSWI7 OpOpn.general 89O2P7 Two-position Disconnect 7 open

DC7CSWI7 Loc.stVal LOC Control authority at local (bay) level

Table G.37 Logical Device: PRO (Protection) (Sheet 3 of 10)

Logical Node Attribute Data Source Comment
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DC7CSWI7 LocSta.stVal LOCSTA Control authority at station level

DC7CSWI7 Pos.stVal 89CL2P7|89OP2P7?0:1:2:3c Two-position Disconnect 7 close/open status

DC8CSWI8 OpCls.general 89C2P8 Two-position Disconnect 8 closed

DC8CSWI8 OpOpn.general 89O2P8 Two-position Disconnect 8 open

DC8CSWI8 Loc.stVal LOC Control authority at local (bay) level

DC8CSWI8 LocSta.stVal LOCSTA Control authority at station level

DC8CSWI8 Pos.stVal 89CL2P8|89OP2P8?0:1:2:3c Two-position Disconnect 8 close/open status

DC9CSWI9 OpCls.general 89C3PL1 Three-position In-Line Disconnect 1 closed

DC9CSWI9 OpOpn.general 89O3PL1 Three-position In-Line Disconnect 1 open

DC9CSWI9 Loc.stVal LOC Control authority at local (bay) level

DC9CSWI9 LocSta.stVal LOCSTA Control authority at station level

DC9CSWI9 Pos.stVal 89CL3PL1|89OP3PL1?0:1:2:3c Three-position In-Line Disconnect 1 close/open status

DC10CSWI10 OpCls.general 89C3PL2 Three-position In-Line Disconnect 2 closed

DC10CSWI10 OpOpn.general 89O3PL2 Three-position In-Line Disconnect 2 open

DC10CSWI10 Loc.stVal LOC Control authority at local (bay) level

DC10CSWI10 LocSta.stVal LOCSTA Control authority at station level

DC10CSWI10 Pos.stVal 89CL3PL2|89OP3PL2?0:1:2:3c Three-position In-Line Disconnect 2 close/open status

DC11CSWI11 OpCls.general 89C3PE1 Three-position Earthing Disconnect 1 closed

DC11CSWI11 OpOpn.general 89O3PE1 Three-position Earthing Disconnect 1 open

DC11CSWI11 Loc.stVal LOC Control authority at local (bay) level

DC11CSWI11 LocSta.stVal LOCSTA Control authority at station level

DC11CSWI11 Pos.stVal 89CL3PE1|89OP3PE1?0:1:2:3c Three-position Earthing Disconnect 1 close/open status

DC12CSWI12 OpCls.general 89C3PE2 Three-position Earthing Disconnect 2 closed

DC12CSWI12 OpOpn.general 89O3PE12 Three-position Earthing Disconnect 2 open

DC12CSWI12 Loc.stVal LOC Control authority at local (bay) level

DC12CSWI12 LocSta.stVal LOCSTA Control authority at station level

DC12CSWI12 Pos.stVal 89CL3PE2|89OP3PE2?0:1:2:3c Three-position Earthing Disconnect 2 close/open status

DC1XSWI1 BlkCls.stVal false Disconnect close blocking not configured by default

DC1XSWI1 BlkOpn.stVal false Disconnect open blocking not configured by default

DC1XSWI1 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC1XSWI1 OpCnt.stVal 0

DC1XSWI1 Pos.stVal 89CL2P1?1:2b Disconnect 1 position

DC1XSWI1 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC1XSWI1 SwTyp.stVal Disconnector Disconnect type

DC2XSWI12 BlkCls.stVal false Disconnect close blocking not configured by default

DC2XSWI12 BlkOpn.stVal false Disconnect open blocking not configured by default

DC2XSWI12 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC2XSWI12 OpCnt.stVal 0

Table G.37 Logical Device: PRO (Protection) (Sheet 4 of 10)

Logical Node Attribute Data Source Comment
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DC2XSWI12 Pos.stVal 89CL2P2?1:2b Disconnect 2 position

DC2XSWI12 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC2XSWI12 SwTyp.stVal Disconnector Disconnect type

DC3XSWI3 BlkCls.stVal false Disconnect close blocking not configured by default

DC3XSWI3 BlkOpn.stVal false Disconnect open blocking not configured by default

DC3XSWI3 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC3XSWI3 OpCnt.stVal 0

DC3XSWI3 Pos.stVal 89CL2P3?1:2b Disconnect 3 position

DC3XSWI3 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC3XSWI3 SwTyp.stVal Disconnector Disconnect type

DC4XSWI4 BlkCls.stVal false Disconnect close blocking not configured by default

DC4XSWI4 BlkOpn.stVal false Disconnect open blocking not configured by default

DC4XSWI4 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC4XSWI4 OpCnt.stVal 0

DC4XSWI4 Pos.stVal 89CL2P4?1:2b Disconnect 4 position

DC4XSWI4 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC4XSWI4 SwTyp.stVal Disconnector Disconnect type

DC5XSWI5 BlkCls.stVal false Disconnect close blocking not configured by default

DC5XSWI5 BlkOpn.stVal false Disconnect open blocking not configured by default

DC5XSWI5 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC5XSWI5 OpCnt.stVal 0

DC5XSWI5 Pos.stVal 89CL2P5?1:2b Disconnect 5 position

DC5XSWI5 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC5XSWI5 SwTyp.stVal Disconnector Disconnect type

DC6XSWI6 BlkCls.stVal false Disconnect close blocking not configured by default

DC6XSWI6 BlkOpn.stVal false Disconnect open blocking not configured by default

DC6XSWI6 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC6XSWI6 OpCnt.stVal 0

DC6XSWI6 Pos.stVal 89CL2P6?1:2b Disconnect 6 position

DC6XSWI6 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC6XSWI6 SwTyp.stVal Disconnector Disconnect type

DC7XSWI7 BlkCls.stVal false Disconnect close blocking not configured by default

DC7XSWI7 BlkOpn.stVal false Disconnect open blocking not configured by default

DC7XSWI7 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC7XSWI7 OpCnt.stVal 0

DC7XSWI7 Pos.stVal 89CL2P7?1:2b Disconnect 7 position

DC7XSWI7 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC7XSWI7 SwTyp.stVal Disconnector Disconnect type

Table G.37 Logical Device: PRO (Protection) (Sheet 5 of 10)
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DC8XSWI8 BlkCls.stVal false Disconnect close blocking not configured by default

DC8XSWI8 BlkOpn.stVal false Disconnect open blocking not configured by default

DC8XSWI8 Loc.stVal OREDLOC Logical OR or LOC and LOCAL Relay Word bits

DC8XSWI8 OpCnt.stVal 0

DC8XSWI8 Pos.stVal 89CL2P8?1:2b Disconnect 8 position

DC8XSWI8 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC8XSWI8 SwTyp.stVal Disconnector Disconnect type

DC9XSWI9 BlkCls.stVal false Disconnect close blocking not configured by default

DC9XSWI9 BlkOpn.stVal false Disconnect open blocking not configured by default

DC9XSWI9 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC9XSWI9 OpCnt.stVal 0

DC9XSWI9 Pos.stVal 89CL2PL1?1:2b In-Line Disconnect 1 position

DC9XSWI9 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC9XSWI9 SwTyp.stVal Disconnector Disconnect type

DC10XSWI10 BlkCls.stVal false Disconnect close blocking not configured by default

DC10XSWI10 BlkOpn.stVal false Disconnect open blocking not configured by default

DC10XSWI10 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC10XSWI10 OpCnt.stVal 0

DC10XSWI10 Pos.stVal 89CL2PL2?1:2b In-Line Disconnect 2 position

DC10XSWI10 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC10XSWI10 SwTyp.stVal Disconnector Disconnect type

DC11XSWI11 BlkCls.stVal false Disconnect close blocking not configured by default

DC11XSWI11 BlkOpn.stVal false Disconnect open blocking not configured by default

DC11XSWI11 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC11XSWI11 OpCnt.stVal 0

DC11XSWI11 Pos.stVal 89CL2PE1?1:2b Earthing Disconnect 1 position

DC11XSWI11 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC11XSWI11 SwTyp.stVal Disconnector Disconnect type

DC12XSWI12 BlkCls.stVal false Disconnect close blocking not configured by default

DC12XSWI12 BlkOpn.stVal false Disconnect open blocking not configured by default

DC12XSWI12 Loc.stVal OREDLOC Logical OR of LOC and LOCAL Relay Word bits

DC12XSWI12 OpCnt.stVal 0

DC12XSWI12 Pos.stVal 89CL2PE2?1:2b Earthing Disconnect 2 position

DC12XSWI12 SwOpCap.stVal None Disconnect operation capabilities not known to relay

DC12XSWI12 SwTyp.stVal Disconnector Disconnect type

FDPIOC11 Op.general FDOC1T Field overcurrent Level 1 definite-time delayed element

FDPIOC11 Str.general FDOC1 Field overcurrent Level 1 pickup

FDPIOC12 Op.general FDOC2T Field overcurrent Level 2 definite-time delayed element
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FDPIOC12 Str.general FDOC2 Field overcurrent Level 2 pickup

FDPTOV4 Op.general FDOV1T Field overvoltage Level 1 definite-time delayed element

FDPTOV4 Str.general FDOV1 Field overvoltage Level 1 pickup

FDPTOV5 Op.general FDOV2T Field overvoltage Level 2 definite-time delayed element

FDPTOV5 Str.general FDOV2 Field overvoltage Level 2 pickup

FDPTUC3 Op.general FDUC1T Field undercurrent Level 1 definite-time delayed element

FDPTUC3 Str.general FDUC1 Field undercurrent Level 1 pickup

FDPTUC4 Op.general FDUC2T Field undercurrent Level 2 definite-time delayed element

FDPTUC4 Str.general FDUC2 Field undercurrent Level 2 pickup

FDPTUV4 Op.general FDUV1T Field undervoltage Level 1 definite-time delayed element

FDPTUV4 Str.general FDUV1 Field undervoltage Level 1 pickup

FDPTUV5 Op.general FDUV2T Field undervoltage Level 2 definite-time delayed element

FDPTUV5 Str.general FDUV2 Field undervoltage Level 2 pickup

FLTRDRE1 RcdMade.stVal FLREP Event report present

FLTRDRE1 FltNum.stVal FLRNUM Unique event ID number

G1TPIOC5 Op.general 50G1T Definite-time residual overcurrent trip

G1TPIOC5 Str.general 50G1P Definite-time residual overcurrent trip pickup

G1TPTOC5 Op.general 51G1T Level 1 residual ground time-overcurrent element trip

G1TPTOC5 Str.general 51G1P Level 1 residual ground time-overcurrent element pickup

G2TPIOC6 Op.general 50G2T Definite-time residual overcurrent alarm

G2TPIOC6 Str.general 50G2P Definite-time residual overcurrent alarm pickup

G2TPTOC6 Op.general 51G2T Level 2 residual ground time-overcurrent element trip

G2TPTOC6 Str.general 51G2P Level 2 residual ground time-overcurrent element pickup

I1TPTOV6 Op.general 59I1T Level 1 inverse overvoltage element trip

I1TPTOV6 Str.general 59I1 Level 1 inverse overvoltage element pickup

I1TPTOV6 Str.dirGeneral unknown Direction undefined

I2TPTOV7 Op.general 59I2T Level 2 inverse overvoltage element trip

I2TPTOV7 Str.general 59I2 Level 2 inverse overvoltage element pickup

I2TPTOV7 Str.dirGeneral unknown Direction undefined

I3TPTOV8 Op.general 59I3T Level 3 inverse overvoltage element trip

I3TPTOV8 Str.general 59I3 Level 3 inverse overvoltage element pickup

I3TPTOV8 Str.dirGeneral unknown Direction undefined

I4TPTOV9 Op.general 59I4T Level 4 inverse overvoltage element trip

I4TPTOV9 Str.general 59I4 Level 4 inverse overvoltage element pickup

I4TPTOV9 Str.dirGeneral unknown Direction undefined

I1TPTUV6 Op.general 27I1T Level 1 inverse undervoltage element trip
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I1TPTUV6 Str.general 27I1 Level 1 inverse undervoltage element pickup

I1TPTUV6 Str.dirGeneral unknown Direction undefined

I2TPTUV7 Op.general 27I2T Level 2 inverse undervoltage element trip

I2TPTUV7 Str.general 27I2 Level 2 inverse undervoltage element pickup

I2TPTUV7 Str.dirGeneral unknown Direction undefined

JALRMPMSS1 Op.general JAMALRM Load-jam alarm

JALRMPMSS1 Str.general JAMALRM Load-jam alarm

JTRIPPMSS2 Op.general JAMTRIP Load-jam trip

JTRIPPMSS2 Str.general JAMTRIP Load-jam trip

LALRMPTUC1 Op.general LOSSALRM Load-loss alarm

LALRMPTUC1 Str.general LOSSALRM Load-loss alarm

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LOPPTUV3 Op.general LOP Loss of potential

LOPPTUV3 Str.general LOP Loss of potential

LTRIPPTUC2 Op.general LOSSTRIP Load-loss trip

LTRIPPTUC2 Str.general LOSSTRIP Load-loss trip

M1PDIF1 Op.general 87M1T Level 1 trip definite-time differential element 

M1PDIF1 Str.general 87M1 Level 1 pickup definite-time differential element

M2PDIF2 Op.general 87M2T Level 2 trip definite-time differential element 

M2PDIF2 Str.general 87M2 Level 2 pickup definite-time differential element

MCCILO1 EnaCls.stVal SV32T Program SELOGIC variable SV32 to supervise the close 
operation of the breaker/contactor

MCCSWI1 OpCls.general STR Breaker/contactor close control

MCCSWI1 OpOpn.general STOP Breaker/contactor open control

MCCSWI1 Loc.stVal LOC Control authority at local (bay) level

MCCSWI1 LocSta.stVal LOCSTA Control authority at station level

MCCSWI1 Pos.stVal 52A?1:2b Breaker/contactor position (52A = false, breaker opened; 
52A = true, breaker closed)

MCCILO1 EnaOpn.stVal SV31T Program SELOGIC variable SV31 to supervise the open 
operation of the breaker/contactor

N1TPIOC3 Op.general 50N1T Definite-time neutral overcurrent trip

N1TPIOC3 Str.general 50N1P Definite-time neutral overcurrent trip pickup

N2TPIOC4 Op.general 50N2T Definite-time neutral overcurrent alarm

N2TPIOC4 Str.general 50N2P Definite-time neutral overcurrent alarm pickup

NAFPIOC10 Op.general 50NAF Sample based neutral overcurrent element pickup

NAFPIOC10 Str.general 50NAF Sample based neutral overcurrent element pickup

NOSLOPMRI2 Op.general NOSLO Starts per hour lockout condition

OOSPPAM1 Op.general OOST Out-of-step trip

OOSPPAM1 Str.general OOS Out-of-step element
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P1TPIOC1 Op.general 50P1T Definite-time phase overcurrent trip

P1TPIOC1 Str.general 50P1P Definite-time phase overcurrent trip pickup

P1TPTOC3 Op.general 51P1T Level 1 maximum phase time-overcurrent element trip

P1TPTOC3 Str.general 51P1P Level 1 maximum phase time-overcurrent element pickup

P1TPTOV1 Op.general 59P1T Phase overvoltage Level 1 trip

P1TPTOV1 Str.general 59P1 Phase overvoltage Level 1 trip pickup

P1TPTUV1 Op.general 27P1T Phase undervoltage Level 1 trip

P1TPTUV1 Str.general 27P1 Phase undervoltage Level 1 trip pickup

P2TPIOC2 Op.general 50P2T Definite-time phase overcurrent alarm

P2TPIOC2 Str.general 50P2P Definite-time phase overcurrent alarm pickup

P2TPTOC4 Op.general 51P2T Level 2 maximum phase time-overcurrent element trip

P2TPTOC4 Str.general 51P2P Level 2 maximum phase time-overcurrent element pickup

P2TPTOV2 Op.general 59P2T Phase overvoltage Level 2 trip

P2TPTOV2 Str.general 59P2 Phase overvoltage Level 2 pickup

P2TPTUV2 Op.general 27P2T Phase undervoltage Level 2 trip

P2TPTUV2 Str.general 27P2 Phase undervoltage Level 2 pickup

PA37PDUP1 Op.general 37PA Underpower alarm

PA37PDUP1 Str.general 37PA Underpower alarm

PAFPIOC9 Op.general 50PAF Sample based phase overcurrent element pickup

PAFPIOC9 Str.general 50PAF Sample based phase overcurrent element pickup

PT37PDUP2 Op.general 37PT Underpower trip

PT37PDUP2 Str.general 37PT Underpower trip

PTCTPTTR7 Op.general PTCTRIP Asserts when measured PTC loop resistance is greater 
than set value

Q1TPIOC7 Op.general 50Q1T Definite-time negative-sequence overcurrent trip

Q1TPIOC7 Str.general 50Q1P Definite-time negative-sequence overcurrent trip pickup

Q2TPIOC8 Op.general 50Q2T Definite-time negative-sequence overcurrent alarm

Q2TPIOC8 Str.general 50Q2P Definite-time negative-sequence overcurrent alarm pickup

QTPTOC7 Op.general 51QT Negative-sequence time-overcurrent element trip

QTPTOC7 Str.general 51QP Negative-sequence time-overcurrent element pickup

R49PTTR4 Op.general 49T_RTR Thermal trip, rotor thermal model

RTDAPTTR5 Op.general RTDA Winding/bearing RTD overtemperature alarm

RTDTPTTR6 Op.general RTDT Winding/bearing RTD overtemperature trip

S49PTTR3 Op.general 49T_STR Thermal trip, stator thermal model

SPDSALPZSU1 Op.general SPDSAL Speed switch alarm

SPDSALPZSU1 Str.general SPDSAL Speed switch alarm

SPDSTRPZSU2 Op.general SPDSTR Speed switch trip

SPDSTRPZSU2 Str.general SPDSTR Speed switch trip
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T47PTOV3 Op.general 47T Phase reversal trip

T47PTOV3 Str.general 47T Phase reversal trip

T49PTTR2 Op.general 49T Thermal trip

T55POPF2 Op.general 55T Power factor trip

T55POPF2 Str.general 55T Power factor trip

TBSLOPMRI3 Op.general TBSLO Time between starts lockout condition

THRMLOPMRI4 Op.general THERMLO Thermal lockout condition

TOL1PAFD1 Op.general TOL1d Arc-Flash Light Input 1 element pickup

TOL1PAFD1 Str.general TOL1d Arc-Flash Light Input 1 element pickup

TOL2PAFD2 Op.general TOL2d Arc-Flash Light Input 2 element pickup

TOL2PAFD2 Str.general TOL2d Arc-Flash Light Input 2 element pickup

TOL3PAFD3 Op.general TOL3d Arc-Flash Light Input 3 element pickup

TOL3PAFD3 Str.general TOL3d Arc-Flash Light Input 3 element pickup

TOL4PAFD4 Op.general TOL4d Arc-Flash Light Input 4 element pickup

TOL4PAFD4 Str.general TOL4d Arc-Flash Light Input 4 element pickup

TOL5PAFD5 Op.general TOL5d Arc-Flash Light Input 5 element pickup

TOL5PAFD5 Str.general TOL5d Arc-Flash Light Input 5 element pickup

TOL6PAFD6 Op.general TOL6d Arc-Flash Light Input 6 element pickup

TOL6PAFD6 Str.general TOL6d Arc-Flash Light Input 6 element pickup

TOL7PAFD7 Op.general TOL7d Arc-Flash Light Input 7 element pickup

TOL7PAFD7 Str.general TOL7d Arc-Flash Light Input 7 element pickup

TOL8PAFD8 Op.general TOL8d Arc-Flash Light Input 8 element pickup

TOL8PAFD8 Str.general TOL8d Arc-Flash Light Input 8 element pickup

TRIPPTRC1 Tr.general TRIP Trip logic output

UB46APTOC1 Op.general 46UBA Phase current unbalance alarm

UB46APTOC1 Str.general 46UBA Phase current unbalance alarm

UB46TPTOC2 Op.general 46UBT Phase current unbalance trip

UB46TPTOC2 Str.general 46UBT Phase current unbalance trip

VARAPDOP1 Op.general VARA Reactive power alarm

VARAPDOP1 Str.general VARA Reactive power alarm

VARTPDOP2 Op.general VART Reactive power trip

VARTPDOP2 Str.general VART Reactive power trip

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a Writing a 0 to Pos.Oper.ctlVal will cause the Open control bit to assert and writing any other value will cause the Close control bit to assert.
b If breaker/disconnect is closed, value = 10(2). If breaker/disconnect is opened, value = 01(1).
c If the disconnect is closed, value = 10(2). If the disconnect is open, value = 01(1). Value = 00(0) indicates an in-progress or intermediate state 

and value = 11(3) indicates an alarm or bad state.
d Valid data depend on installed Arc Flash Card.
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Table G.38 shows the LN associated with measuring elements defined as 
Logical Device MET.

Table G.38 Logical Device: MET (Metering) (Sheet 1 of 4)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = MXa,b

DIFFMMXU3 A.phsA.instCVal.mag.f IA87 Differential current, A-phase, magnitude

DIFFMMXU3 A.phsB.instCVal.mag.f IB87 Differential current, B-phase, magnitude

DIFFMMXU3 A.phsC.instCVal.mag.f IC87 Differential current, C-phase, magnitude

METMMXU1 A.phsA.instCVal.ang.f IA_ANG Current, A-phase, angle

METMMXU1 A.phsA.instCVal.mag.f IA_MAG Current, A-phase, magnitude

METMMXU1 A.phsB.instCVal.ang.f IB_ANG Current, B-phase, angle

METMMXU1 A.phsB.instCVal.mag.f IB_MAG Current, B-phase, magnitude

METMMXU1 A.phsC.instCVal.ang.f IC_ANG Current, C-phase, angle

METMMXU1 A.phsC.instCVal.mag.f IC_MAG Current, C-phase, magnitude

METMMXU1 A.res.instCVal.ang.f IG_ANG Current, calculated-residual, angle

METMMXU1 A.res.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude

METMMXU1 A.neut.instCVal.ang.f IN_ANG Neutral current, angle

METMMXU1 A.neut.instCVal.mag.f IN_MAG Neutral current, magnitude

METMMXU1 Hz.instMag.f FREQ Frequency

METMMXU1 Iex.instCVal.mag.f IEX Field current

METMMXU1 PhV.phsA.instCVal.ang.f VA_ANG Voltage, A-phase-to-neutral, angle

METMMXU1 PhV.phsA.instCVal.mag.f VA_MAG Voltage, A-phase-to-neutral, magnitude

METMMXU1 PhV.phsB.instCVal.ang.f VB_ANG Voltage, B-phase-to-neutral, angle

METMMXU1 PhV.phsB.instCVal.mag.f VB_MAG Voltage, B-phase-to-neutral, magnitude

METMMXU1 PhV.phsC.instCVal.ang.f VC_ANG Voltage, C-phase-to-neutral, angle

METMMXU1 PhV.phsC.instCVal.mag.f VC_MAG Voltage, C-phase-to-neutral, magnitude

METMMXU1 PhV.res.instCVal.ang.f VG_ANG Zero-sequence voltage, angle

METMMXU1 PhV.res.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude

METMMXU1 PPV.phsAB.instCVal.ang.f VAB_ANG Voltage, A-to-B-phase, angle

METMMXU1 PPV.phsAB.instCVal.mag.f VAB_MAG Voltage, A-to-B-phase, magnitude

METMMXU1 PPV.phsBC.instCVal.ang.f VBC_ANG Voltage, B-to-C-phase, angle

METMMXU1 PPV.phsBC.instCVal.mag.f VBC_MAG Voltage, B-to-C-phase, magnitude

METMMXU1 PPV.phsCA.instCVal.ang.f VCA_ANG Voltage, C-to-A-phase, angle

METMMXU1 PPV.phsCA.instCVal.mag.f VCA_MAG Voltage, C-to-A-phase, magnitude

METMMXU1 Rf.instMag.f RF Field resistance

METMMXU1 TotPF.instMag.f PF Power factor, three-phase, magnitude

METMMXU1 TotVA.instMag.f S Apparent power, three-phase, magnitude

METMMXU1 TotVAr.instMag.f Q Reactive power, three-phase, magnitude
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METMMXU1 TotW.instMag.f P Real power, three-phase, magnitude

METMMXU1 Vex.instCVal.mag.f VEX Field voltage

METMSQI1 MaxImbA.instMag.f UBI Current unbalance

METMSQI1 MaxImbV.instMag.f UBV Voltage unbalance

METMSQI1 SeqA.c1.instCVal.ang.f I1_ANG Positive-sequence current, angle

METMSQI1 SeqA.c1.instCVal.mag.f I1_MAG Positive-sequence current, magnitude

METMSQI1 SeqA.c2.instCVal.ang.f I2_ANG Negative-sequence current, angle

METMSQI1 SeqA.c2.instCVal.mag.f I2_MAG Negative-sequence current, magnitude

METMSQI1 SeqA.c3.instCVal.ang.f IG_ANG Current, calculated-residual, angle

METMSQI1 SeqA.c3.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude

METMSQI1 SeqV.c1.instCVal.ang.f V1_ANG Positive-sequence voltage, angle

METMSQI1 SeqV.c1.instCVal.mag.f V1_MAG Positive-sequence voltage, magnitude

METMSQI1 SeqV.c2.instCVal.ang.f V2_ANG Negative-sequence voltage, angle

METMSQI1 SeqV.c2.instCVal.mag.f V2_MAG Negative-sequence voltage, magnitude

METMSQI1 SeqV.c3.instCVal.ang.f VG_ANG Zero-sequence voltage, angle

METMSQI1 SeqV.c3.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude

METMSTA1 AvAmps.instMag.f IAV Current, average current, magnitude

METMSTA1 AvVolts.instMag.f VAVE Average voltage, magnitude

METMSTA1 MaxA.phsA.instCVal.mag.f IAMX Current, A-phase, maximum magnitude

METMSTA1 MaxA.phsB.instCVal.mag.f IBMX Current, B-phase, maximum magnitude

METMSTA1 MaxA.phsC.instCVal.mag.f ICMX Current, C-phase, maximum magnitude

METMSTA1 MaxA.res.instCVal.mag.f IGMX Current, residual, maximum magnitude

METMSTA1 MaxA.neut.instCVal.mag.f INMX Current, neutral, maximum magnitude

METMSTA1 MaxP2PV.phsAB.instCVal.mag.f VABMX Voltage, A-to-B-phase, maximum magnitude

METMSTA1 MaxP2PV.phsBC.instCVal.mag.f VBCMX Voltage, B-to-C-phase, maximum magnitude

METMSTA1 MaxP2PV.phsCA.instCVal.mag.f VCAMX Voltage, C-to-A-phase, maximum magnitude

METMSTA1 MaxPhV.phsA.instCVal.mag.f VAMX Voltage, A-phase-to-neutral, maximum magnitude

METMSTA1 MaxPhV.phsB.instCVal.mag.f VBMX Voltage, B-phase-to-neutral, maximum magnitude

METMSTA1 MaxPhV.phsC.instCVal.mag.f VCMX Voltage, C-phase-to-neutral, maximum magnitude

METMSTA1 MaxVA.instMag.f KVA3PMX Apparent power, three-phase, maximum 
magnitude

METMSTA1 MaxVAr.instMag.f KVAR3PMX Reactive power, three-phase, maximum 
magnitude

METMSTA1 MaxW.instMag.f KW3PMX Real power, three-phase, maximum magnitude

METMSTA1 MinA.phsA.instCVal.mag.f IAMN Current, A-phase, minimum magnitude

METMSTA1 MinA.phsB.instCVal.mag.f IBMN Current, B-phase, minimum magnitude

METMSTA1 MinA.phsC.instCVal.mag.f ICMN Current, C-phase, minimum magnitude

METMSTA1 MinA.res.instCVal.mag.f IGMN Current, residual, minimum magnitude

METMSTA1 MinA.neut.instCVal.mag.f INMN Current, neutral, minimum magnitude
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METMSTA1 MinP2PV.phsAB.instCVal.mag.f VABMN Voltage, A-to-B-phase, minimum magnitude

METMSTA1 MinP2PV.phsBC.instCVal.mag.f VBCMN Voltage, B-to-C-phase, minimum magnitude

METMSTA1 MinP2PV.phsCA.instCVal.mag.f VCAMN Voltage, C-to-A-phase, minimum magnitude

METMSTA1 MinPhV.phsA.instCVal.mag.f VAMN Voltage, A-phase-to-neutral, minimum magnitude

METMSTA1 MinPhV.phsB.instCVal.mag.f VBMN Voltage, B-phase-to-neutral, minimum magnitude

METMSTA1 MinPhV.phsC.instCVal.mag.f VCMN Voltage, C-phase-to-neutral, minimum magnitude

METMSTA1 MinVA.instMag.f KVA3PMN Apparent power, three-phase, minimum 

METMSTA1 MinVAr.instMag.f KVAR3PMN Reactive power, three-phase, minimum magnitude

METMSTA1 MinW.instMag.f KW3PMN Real power, three-phase, minimum magnitude

MOTORMMOT1 Mload.instMag.f MLOAD Motor load

MOTORMMOT1 Mrt.instMag.f MRT Motor running time

MOTORMMOT1 NumEmrst.instMag.f EMSTRT Number of emergency starts counter

MOTORMMOT1 NumStrt.instMag.f STRT Number of starts counter

MOTORMMOT1 RtdTcu.instMag.f TCURTD RTD % thermal capacity used

MOTORMMOT1 RtrTcu.instMag.f TCURTR Rotor % thermal capacity used

MOTORMMOT1 Slip.instMag.f SLIP Slip

MOTORMMOT1 StrtAv.instMag.f STRTAV Starts available

MOTORMMOT1 StrTcu.instMag.f TCUSTR Stator % thermal capacity used

MOTORMMOT1 ThrmTp.instMag.f THRMTP Thermal trip in

MOTORMMOT1 Trst.instMag.f TRST Time to reset

RMSMMXU2 A.phsA.instCVal.mag.f IARMS RMS current, A-phase, magnitude

RMSMMXU2 A.phsB.instCVal.mag.f IBRMS RMS current, B-phase, magnitude

RMSMMXU2 A.phsC.instCVal.mag.f ICRMS RMS current, C-phase, magnitude

RMSMMXU2 A.neut.instCVal.mag.f INRMS RMS current, neutral, magnitude

RMSMMXU2 PhV.phsA.instCVal.mag.f VARMS RMS voltage, A-phase, magnitude

RMSMMXU2 PhV.phsB.instCVal.mag.f VBRMS RMS voltage, B-phase, magnitude

RMSMMXU2 PhV.phsC.instCVal.mag.f VCRMS RMS voltage, C-phase, magnitude

RMSMMXU2 PPV.phsAB.instCVal.mag.f VABRMS RMS voltage, AB-phase-to-phase, magnitude

RMSMMXU2 PPV.phsBC.instCVal.mag.f VBCRMS RMS voltage, BC-phase-to-phase, magnitude

RMSMMXU2 PPV.phsCA.instCVal.mag.f VCARMS RMS voltage, CA-phase-to-phase, magnitude

THERMMTHR1 MaxAmbTmp.instMag.f RTDAMBc Ambient RTD temperature

THERMMTHR1 MaxBrgTmp.instMag.f RTDBRGMXc Maximum bearing RTD temperature

THERMMTHR1 MaxOthTmp.instMag.f RTDOTHMXc Other maximum RTD temperature

THERMMTHR1 MaxWdgTmp.instMag.f RTDWDGMXc Maximum winding RTD temperature

THERMMTHR1 Tmp01.instMag.f– Tmp12.instMag.f RTD1–RTD12c RTD1–RTD12 temperature

Functional Constraint = ST

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

METMDST1d DmdWh.actVal MWH3P Real energy, three-phase OUT

METMDST1d NegVArh.actVal MVARH3PI Reactive energy, three-phase IN

METMDST1d PosVArh.actVal MVARH3PO Reactive energy, three-phase OUT
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Table G.39 shows the LN associated with control elements defined as Logical 
Device CON.

Table G.40 shows the LN associated with annunciation elements defined as 
Logical Device ANN.

THERMMTHR1 EEHealth.stVal RTDFLT?1:3c RTD input or communication status

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a MX values contain instantaneous attributes (instMag and instCVal) that are updated whenever the source updates and other attributes 
that are only updated when the source goes outside the deadband (mag and cVal) of the data source. Only the instantaneous values are 
shown in the table.

b Data validity depend on the relay model and installed card options. Refer to Section 1: Introduction and Specifications for different relay 
models and available card options. Refer to Section 5: Metering and Monitoring for the model-dependent metering quantities.

c Valid data depend on E49RTD and RTD1LOC–RTD12LOC settings.
d For IEC 61850 Edition 1 relays, this quantity is located under Functional Constraint MX.

Table G.38 Logical Device: MET (Metering) (Sheet 4 of 4)
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Table G.39 Logical Device: CON (Remote Control)

Logical Node Status Control Relay Word Bit Comment

Functional Constraint = CO

RBGGIO1 SPCSO01.stVal– 
SPCSO08.stVal

SPCSO01.Oper.ctlVal–
SPCSO08.Oper.ctlVal

RB01–RB08 Remote Bits RB01–RB08

RBGGIO2 SPCSO09.stVal– 
SPCSO16.stVal

SPCSO09.Oper.ctlVal–
SPCSO16.Oper.ctlVal

RB09–RB16 Remote Bits RB09–RB16

RBGGIO3 SPCSO17.stVal–
SPCSO24.stVal

SPCSO17.Oper.ctlVal–
SPCSO24.Oper.ctlVal

RB17–RB24 Remote Bits RB17–RB24

RBGGIO4 SPCSO25.stVal–
SPCSO32.stVal

SPCSO25.Oper.ctlVal–
SPCSO32.Oper.ctlVal

RB25–RB32 Remote Bits RB25–RB32

PRBGGIO1 SPCSO01.stVal–
SPCSO08.stVal

SPCSO01.Oper.ctlVal–
SPCSO08.Oper.ctlVal

RB01–RB08 Pulse Remote Bits RB01–RB08

PRBGGIO2 SPCSO09.stVal–
SPCSO16.stVal

SPCSO09.Oper.ctlVal–
SPCSO16.Oper.ctlVal

RB09–RB16 Pulse Remote Bits RB09–RB16

PRBGGIO3 SPCSO17.stVal–
SPCSO24.stVal

SPCSO17.Oper.ctlVal–
SPCSO24.Oper.ctlVal

RB17–RB24 Pulse Remote Bits RB17–RB24

PRBGGIO4 SPCSO25.stVal–
SPCSO32.stVal

SPCSO25.Oper.ctlVal–
SPCSO32.Oper.ctlVal

RB25–RB32 Pulse Remote Bits RB25–RB32

Functional Constraint = ST

LLN0 Loc.stVal — LOC Control authority at local (bay) level

LLN0 LocSta.stVal LocSta.Oper.ctlVal LOCSTA Control authority at station level

Functional Constraint = SP

LLN0 GrRef.setSrcRef — IdName Functional name

LLN0 MltLev.setVal — MLTLEV Multilevel mode of control authority

Table G.40 Logical Device: ANN (Annunciation) (Sheet 1 of 6)
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Functional Constraint = MXa

AINCGGIO21 AnIn01.instMag.f–AnIn08.instMag.f AI301–AI308b Analog Inputs (AI301 to AI308)—Slot C

AINDGGIO22 AnIn01.instMag.f–AnIn08.instMag.f AI401–AI408b Analog Inputs (AI401 to AI408)—Slot D

AINEGGIO23 AnIn01.instMag.f–AnIn08.instMag.f AI501–AI508b Analog Inputs (AI501 to AI508)—Slot E

BWASCBR1 AccAbr.instMag.f WEARA Breaker—Contact A wear

BWBSCBR2 AccAbr.instMag.f WEARB Breaker—Contact B wear

BWCSCBR3 AccAbr.instMag.f WEARC Breaker—Contact C wear

FLTGGIO37 AnIn01.instMag.f FIA A-phase current of the most recent fault event

FLTGGIO37 AnIn02.instMag.f FIB B-phase current of the most recent fault event

FLTGGIO37 AnIn03.instMag.f FIC C-phase current of the most recent fault event

FLTGGIO37 AnIn04.instMag.f FIG Ground current of the most recent fault event

FLTGGIO37 AnIn05.instMag.f FIN Neutral current of the most recent fault event

FLTGGIO37 AnIn06.instMag.f FIA87 Differential A-phase current of the most recent 
fault event

FLTGGIO37 AnIn07.instMag.f FIB87 Differential B-phase current of the most recent 
fault event

FLTGGIO37 AnIn08.instMag.f FIC87 Differential C-phase current of the most recent 
fault event

FLTGGIO37 AnIn09.instMag.f FFREQ Frequency of the most recent fault event

LSGGIO28 AnIn01.instMag.f–AnIn08.instMag.f LSENS1–LSENS8c Arc-flash sensor light (LSENS1–LSENS8)

MVGGIO12 AnIn01.instMag.f–AnIn32.instMag.f MV01–MV32d Math Variables (MV01 to MV32)

PFLLIGGIO38 AnIn01.instMag.f PFL Three-phase Power Factor Lead/Lag Indicator 
(1: LEAD, 0: LAG)

RAGGIO29 Ra001.instMag.f–Ra032.instMag.f RA001–RA032 Remote Analogs (RA001 to RA032)

RAGGIO30 Ra033.instMag.f–Ra064.instMag.f RA033–RA064 Remote Analogs (RA033 to RA064)

RAGGIO31 Ra065.instMag.f–Ra096.instMag.f RA065–RA096 Remote Analogs (RA065 to RA096)

RAGGIO32 Ra097.instMag.f–Ra128.instMag.f RA097–RA128 Remote Analogs (RA097 to RA128)

SCGGIO20 AnIn01.instMag.f–AnIn32.instMag.f SC01–SC32e SELOGIC Counters (SC01 to SC32)

Functional Constraint = ST

BWASCBR1 ColOpn.stVal STOP Stop motor/open breaker

BWBSCBR2 ColOpn.stVal STOP Stop motor/open breaker

BWCSCBR3 ColOpn.stVal STOP Stop motor/open breaker

DCTSGGIO35 Ind01.stVal 89A2P1 Two-Position Disconnect 1 N/O contact

DCTSGGIO35 Ind02.stVal 89B2P1 Two-Position Disconnect 1 N/C contact

DCTSGGIO35 Ind03.stVal 89CL2P1 Two-Position Disconnect 1 closed

DCTSGGIO35 Ind04.stVal 89OP2P1 Two-Position Disconnect 1 open

DCTSGGIO35 Ind05.stVal 89AL2P1 Two-Position Disconnect 1 alarm

DCTSGGIO35 Ind06.stVal 89A2P2 Two-Position Disconnect 2 N/O contact

DCTSGGIO35 Ind07.stVal 89B2P2 Two-Position Disconnect 2 N/C contact

DCTSGGIO35 Ind08.stVal 89CL2P2 Two-Position Disconnect 2 closed

DCTSGGIO35 Ind09.stVal 89OP2P2 Two-Position Disconnect 2 open

DCTSGGIO35 Ind10.stVal 89AL2P2 Two-Position Disconnect 2 alarm
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DCTSGGIO35 Ind11.stVal 89A2P3 Two-Position Disconnect 3 N/O contact

DCTSGGIO35 Ind12.stVal 89B2P3 Two-Position Disconnect 3 N/C contact

DCTSGGIO35 Ind13.stVal 89CL2P3 Two-Position Disconnect 3 closed

DCTSGGIO35 Ind14.stVal 89OP2P3 Two-Position Disconnect 3 open

DCTSGGIO35 Ind15.stVal 89AL2P3 Two-Position Disconnect 3 alarm

DCTSGGIO35 Ind16.stVal 89A2P4 Two-Position Disconnect 4 N/O contact

DCTSGGIO35 Ind17.stVal 89B2P4 Two-Position Disconnect 4 N/C contact

DCTSGGIO35 Ind18.stVal 89CL2P4 Two-Position Disconnect 4 closed

DCTSGGIO35 Ind19.stVal 89OP2P4 Two-Position Disconnect 4 open

DCTSGGIO35 Ind20.stVal 89AL2P4 Two-Position Disconnect 4 alarm

DCTSGGIO35 Ind21.stVal 89A2P5 Two-Position Disconnect 5 N/O contact

DCTSGGIO35 Ind22.stVal 89B2P5 Two-Position Disconnect 5 N/C contact

DCTSGGIO35 Ind23.stVal 89CL2P5 Two-Position Disconnect 5 closed

DCTSGGIO35 Ind24.stVal 89OP2P5 Two-Position Disconnect 5 open

DCTSGGIO35 Ind25.stVal 89AL2P5 Two-Position Disconnect 5 alarm

INAGGIO1 Ind01.stVal–Ind02.stVal IN101–IN102 Digital Inputs (IN101 to IN102)—Slot A

INCGGIO13 Ind01.stVal–Ind14.stVal IN301–IN314b Digital Inputs (IN301 to IN314)—Slot C

INDGGIO15 Ind01.stVal–Ind14.stVal IN401–IN414b Digital Inputs (IN401 to IN414)—Slot D

INEGGIO17 Ind01.stVal–Ind14.stVal IN501–IN514b Digital Inputs (IN501 to IN514)—Slot E

LBGGIO33 Ind01.stVal–Ind32.stVal LB01–LB32f Local Bits (LB01 to LB32)

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LTGGIO5 Ind01.stVal–Ind32.stVal LT01–LT32g Latch Bits (LT01 to LT32)

MBOKGGIO34 Ind01.stVal ROKA Channel A, received data OK

MBOKGGIO34 Ind02.stVal RBADA Channel A, outage duration over threshold

MBOKGGIO34 Ind03.stVal CBADA Channel A, channel unavailability over threshold

MBOKGGIO34 Ind04.stVal LBOKA Channel A, looped back OK

MBOKGGIO34 Ind05.stVal ROKB Channel B, received data OK

MBOKGGIO34 Ind06.stVal RBADB Channel B, outage duration over threshold

MBOKGGIO34 Ind07.stVal CBADB Channel B, channel unavailability over threshold

MBOKGGIO34 Ind08.stVal LBOKB Channel B, looped back OK

MISCGGIO27 Ind01.stVal HALARM Indication of a diagnostic failure or warning that 
warrants an ALARM

MISCGGIO27 Ind02.stVal SALARM Indication of software or user activity that 
warrants an ALARM

MISCGGIO27 Ind03.stVal WARNING Relay Word Warning

MISCGGIO27 Ind04.stVal IRIGOK IRIG-B time synch input data are valid

MISCGGIO27 Ind05.stVal TSOK Time synchronization OK

MISCGGIO27 Ind06.stVal DST Daylight-saving time active (DST)

MISCGGIO27 Ind07.stVal LINKA Asserted when a valid link is detected on Port 1A

MISCGGIO27 Ind08.stVal LINKB Asserted when a valid link is detected on Port 1B
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MISCGGIO27 Ind09.stVal LINKFAIL Asserted when a valid link is not detected on the 
active port(s)

MISCGGIO27 Ind10.stVal PASEL Asserted when Port 1A is active

MISCGGIO27 Ind11.stVal PBSEL Asserted when Port 1B is active

MISCGGIO27 Ind12.stVal MATHERR Error in SELMath computation

MISCGGIO27 Ind13.stVal COMMLOSS DeviceNet communication failure

MISCGGIO27 Ind14.stVal COMMFLIT Time-out of internal communication between 
CPU board and DeviceNet board

MISCGGIO27 Ind15.stVal TESTDB Indicates when TESTDB override is active

MISCGGIO27 Ind16.stVal–Ind32.stVal 0 Reserved for future use

MOTGGIO24 Ind01.stVal RUNNING Asserts when motor is running

MOTGGIO24 Ind02.stVal STARTING Asserts when protected motor is starting

MOTGGIO24 Ind03.stVal STOPPED Asserts when motor is stopped

MOTGGIO24 Ind04.stVal SRUNNING Asserts when synchronous motor is running

MOTGGIO24 Ind05.stVal STAR Star control

MOTGGIO24 Ind06.stVal DELTA Delta control

MOTGGIO24 Ind07.stVal 50S Overcurrent threshold for starting

MOTGGIO24 Ind08.stVal SPEEDSW Speed switch input

MOTGGIO24 Ind09.stVal SPEED2 Asserts when protected motor runs with second 
speed

MOTGGIO24 Ind10.stVal VFDBYPAS Variable frequency driver bypass SELOGIC 
control equation

MOTGGIO24 Ind11.stVal EMRSTR Emergency restart SELOGIC equation or Comm 
Protocol command

MOTGGIO24 Ind12.stVal STREQ Start motor SELOGIC equation

MOTGGIO24 Ind13.stVal STSEQEN Synchronous start sequence enable

MOTGGIO24 Ind14.stVal BLKSTR Block start SELOGIC control equation

MOTGGIO24 Ind15.stVal 41A Motor field contactor or field circuit breaker is 
closed

MOTGGIO24 Ind16.stVal 41CLOSE Field breaker close initiation

MOTGGIO24 Ind17.stVal UL41CL Unlatch 41 breaker close

MOTGGIO24 Ind18.stVal FDRESTC Field resistance torque control

MOTGGIO24 Ind19.stVal AMBALRM Ambient temperature alarm

MOTGGIO24 Ind20.stVal OTHALRM Other temperature alarm

MOTGGIO24 Ind21.stVal WDGALRM Winding temperature alarm

MOTGGIO24 Ind22.stVal BRGALRM Bearing temperature alarm

OUTAGGIO2 Ind01.stVal–Ind03.stVal OUT101–OUT103 Digital Outputs (OUT101 to OUT103)—Slot A

OUTCGGIO14 Ind01.stVal–Ind08.stVal OUT301–OUT308b Digital Outputs (OUT301 to OUT308)—Slot C

OUTDGGIO16 Ind01.stVal–Ind08.stVal OUT401–OUT408b Digital Outputs (OUT401 to OUT408)—Slot D

OUTEGGIO18 Ind01.stVal–Ind08.stVal OUT501–OUT508b Digital Outputs (OUT501 to OUT508)—Slot E

PBLEDGGIO7 Ind01.stVal PB1A_LED Pushbutton PB1A LED

PBLEDGGIO7 Ind02.stVal PB1B_LED Pushbutton PB1B LED

PBLEDGGIO7 Ind03.stVal PB2A_LED Pushbutton PB2A LED

Table G.40 Logical Device: ANN (Annunciation) (Sheet 4 of 6)

Logical Node Attribute Data Source Comment



G.55

Date Code 20220826 Instruction Manual SEL-710-5 Relay

IEC 61850 Communications
Logical Nodes

PBLEDGGIO7 Ind04.stVal PB2B_LED Pushbutton PB2B LED

PBLEDGGIO7 Ind05.stVal PB3A_LED Pushbutton PB3A LED

PBLEDGGIO7 Ind06.stVal PB3B_LED Pushbutton PB3B LED

PBLEDGGIO7 Ind07.stVal PB4A_LED Pushbutton PB4A LED

PBLEDGGIO7 Ind08.stVal PB4B_LED Pushbutton PB4B LED

PBLEDGGIO7 Ind09.stVal PB5A_LED Pushbutton PB5A LED

PBLEDGGIO7 Ind10.stVal PB5B_LED Pushbutton PB5B LED

PBLEDGGIO7 Ind11.stVal PB6A_LED Pushbutton PB6A LED

PBLEDGGIO7 Ind12.stVal PB6B_LED Pushbutton PB6B LED

PBLEDGGIO7 Ind13.stVal PB7A_LED Pushbutton PB7A LED

PBLEDGGIO7 Ind14.stVal PB7B_LED Pushbutton PB7B LED

PBLEDGGIO7 Ind15.stVal PB8A_LED Pushbutton PB8A LED

PBLEDGGIO7 Ind16.stVal PB8B_LED Pushbutton PB8B LED

PROGGIO26 Ind01.stVal AFALARM Arc-flash system integrity alarm

PROGGIO26 Ind02.stVal FREQTRK Frequency tracking enable bit 

PROGGIO26 Ind03.stVal ZCFREQ Zero crossing detection bit status

PROGGIO26 Ind04.stVal–Ind11.stVal AFS1EL–AFS8ELc AF light input 1–8 excessive ambient light 
pickup 

PROGGIO26 Ind12.stVal 78R1 Out-of-step right blinder or outer resistance 
blinder

PROGGIO26 Ind13.stVal 78R2 Out-of-step left blinder or inner resistance 
blinder

PROGGIO26 Ind14.stVal 78Z1 Out-of-step mho element

PROGGIO26 Ind15.stVal SWING Single blinder: 78R1/78R2 and 78Z1 assert 
Double blinder: 78R1 and 78R2 assert or only 
78R1 asserts

PROGGIO26 Ind16.stVal COASTOP Rotor coast to stop

PROGGIO26 Ind17.stVal VIRSPDSW Virtual speed switch

PROGGIO26 Ind18.stVal–Ind32.stVal 0 Reserved for future use

RMBBGGIO10 Ind01.stVal–Ind08.stVal RMB1B–RMB8B Receive MIRRORED BITS (RMB1B to RMB8B)

SVGGIO36 Ind01.stVal–Ind04.stVal SG1–SG4 Setting Group 1 to 4 selection

SVGGIO3 Ind01.stVal–Ind32.stVal SV01–SV32h SELOGIC Variables (SV01 to SV32)

SVTGGIO4 Ind01.stVal–Ind32.stVal SV01T–SV32Tg SELOGIC Variable Timers (SV01T to SV32T)

TLEDGGIO6 Ind01.stVal ENABLED ENABLED LED

TLEDGGIO6 Ind02.stVal TRIP_LED TRIP LED

TLEDGGIO6 Ind03.stVal–Ind08.stVal TLED_01–TLED_06 Target LEDs TLED_01 to TLED_06

TMBAGGIO9 Ind01.stVal–Ind08.stVal TMB1A–TMB8A Transmit MIRRORED BITS (TMB1A to TMB8A)

TMBBGGIO11 Ind01.stVal–Ind08.stVal TMB1B–TMB8B Transmit MIRRORED BITS (TMB1B to TMB8B)

TRIPGGIO25 Ind01.stVal SMTRIP Asserts when start motor timer times-out

TRIPGGIO25 Ind02.stVal LOADUP Load control upper limit

TRIPGGIO25 Ind03.stVal LOADLOW Load control lower limit

TRIPGGIO25 Ind04.stVal PTCFLT Indicates faulted/shorted thermistor
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TRIPGGIO25 Ind05.stVal RTDFLT Asserts when an open or short circuit condition 
is detected on any enabled RTD input, or 
communication with the external RTD module 
has been interrupted

TRIPGGIO25 Ind06.stVal FAULT Indicates fault condition

TRIPGGIO25 Ind07.stVal AF_TRIP Arc-flash trip

TRIPGGIO25 Ind08.stVal AMBTRIP Ambient temperature trip

TRIPGGIO25 Ind09.stVal OTHTRIP Other temperature trip

TRIPGGIO25 Ind10.stVal WDGTRIP Winding temperature trip

TRIPGGIO25 Ind11.stVal BRGTRIP Bearing temperature trip

TRIPGGIO25 Ind12.stVal ULTRIP Unlatch (auto reset) trip from SELOGIC equation

TRIPGGIO25 Ind13.stVal BBD1T Severe rotor bar damage

TRIPGGIO25 Ind14.stVal BBD2T One or more broken bars

TRIPGGIO25 Ind15.stVal BBD3T Rotor high impedance points

TRIPGGIO25 Ind16.stVal FDRES1T Field resistance Level 1 trip

TRIPGGIO25 Ind17.stVal FDRES2T Field resistance Level 2 trip

VBGGIO19 Ind001.stVal–Ind128.stVal VB001–VB128 Virtual Bits (VB001 to VB128)

Functional Constraint = SP

LLN0 GrRef.setSrcRef IdName Functional name

LLN0 MltLev.setVal MLTLEV Multilevel mode of control authority

a MX values contain instantaneous attributes (instMag and instCVal) that are updated whenever the source updates and other attributes 
that are only updated when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Active data only if an optional I/O card is installed in the slot.
c Active data only if an optional arc-flash card is installed.
d Active data depend on the EMV setting.
e Active data depend on the ESC setting.
f Active data depend on the ELB setting.
g Active data depend on the ELAT setting.
h Active data depend on the ESV setting.

Table G.40 Logical Device: ANN (Annunciation) (Sheet 6 of 6)
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Functional Constraint = CO

DevIDLPHD1 Sim.Oper.ctlVal LPHDSIM IEC 61850 logical node for physical device simulation

GOLCCH2 RsStat.Oper.ctlVal GORSTa Reset statistics for GOOSE traffic

IPLCCH1 RsStat.Oper.ctlVal IPRSTa Reset statistics for general IP traffic (excluding GOOSE traffic)

LLN0 LocSta.Oper.ctlVal SC850LS SELOGIC control for control authority at station level

LLN0 Mod.Oper.ctlValb I60MODc IEC 61850 mode/behavior control

LGOSnd RsStat.Oper.ctlVal GRSTne Reset GOOSE statistics for Message n

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

DevIDLPHD1 PhyNam.serNum SER_NUM Serial number 

LLN0 NamPlt.swRev FID Firmware revision
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Functional Constraint = ST

DevIDLPHD1 Sim.stVal LPHDSIM IEC 61850 logical node for physical device simulation

DevIDLPHD1 PhyHealth.stVal RELAY_EN Relay enabled

GOLCCH2 ChLiv.stVal GOCHa Status of primary GOOSE channel

GOLCCH2 RedChLiv.stVal GORCHa Status of redundant GOOSE channel. Always reported as false.

GOLCCH2 RxCnt.actVal GORXa Number of frames received over the primary GOOSE channel

GOLCCH2 RedRxCnt.actVal GORRXa Number of frames received over the redundant GOOSE channel. 
Always reported as 0.

GOLCCH2 TxCnt.actVal GOTXa Number of frames transmitted on both primary and redundant 
GOOSE channels

GOLCCH2 FerCh.stVal GOFERa Frame error rate on the primary GOOSE channel

GOLCCH2 RedFerCh.stVal GORFERa Frame error rate on the redundant GOOSE channel. Always reported 
as 0.

GOLCCH2 RsStat.stVal GORSTa Status of statistics reset for GOOSE traffic

IPLCCH1 ChLiv.stVal IPCHa Status of primary IP channel

IPLCCH1 RedChLiv.stVal IPRCHa Status of redundant IP channel. Always reported as false.

IPLCCH1 RxCnt.actVal IPRXa Number of frames received over the primary IP channel

IPLCCH1 RedRxCnt.actVal IPRRXa Number of frames received over the redundant IP channel. Always 
reported as 0.

IPLCCH1 TxCnt.actVal IPTXa Number of frames transmitted on both primary and redundant IP 
channels

IPLCCH1 FerCh.stVal IPFERa Frame error rate on the primary IP channel

IPLCCH1 RedFerCh.stVal IPRFERa Frame error rate on the redundant IP channel. Always reported as 0.

IPLCCH1 RsStat.stVal IPRSTa Status of statistics reset for general IP traffic (excludes GOOSE 
traffic)

LLN0 Mod.stVal I60MODc IEC 61850 mode/behavior status

LLN0 Health.stVal RELAY_EN Relay enabled

LLN0 Loc.stVal LOC Control authority at local (bay) level

LLN0 LocSta.stVal LOCSTA Control authority at station level

LGOSnd NdsCom.stVal GNCMne Subscription needs commissioning for GOOSE Message n. True if 
ConfRevNum does not match RxConfRevNum

LGOSnd St.stVal GSTne Status of the subscription (True = active, False = not active) for 
GOOSE Message n

LGOSnd SimSt.stVal GSIMne Status showing that simulation messages are received and accepted 
for GOOSE Message n

LGOSnd LastStNum.stVal GLSTne Last state number received (StNum) for GOOSE Message n

LGOSnd LastSqNum.stVal GLSQne Last sequence number received (SqNum) for GOOSE Message n

LGOSnd LastTal.stVal GTALne Last time-allowed-to-live received (TTL) for GOOSE Message n

LGOSnd ConfRevNum.stVal f Expected configuration revision number for GOOSE Message n

LGOSnd RxConfRevNum.stVal GCNFne Received configuration revision number for GOOSE Message n

LGOSnd ErrSt.stValg GERRne Error status of the subscription for GOOSE Message n

LGOSnd OosCnt.stVal GOOSne Number of out-of-sequence (OOS) errors for GOOSE Message n
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LGOSnd TalCnt.stVal GTLCne Number of time-allowed-to-live violations for GOOSE Message n

LGOSnd DecErrCnt.stVal GDERne Number of messages that failed decoding for GOOSE Message n

LGOSnd BufOvflCnt.stVal GBFOne Number of messages lost because of buffer overflow for GOOSE 
Message n

LGOSnd MsgLosCnt.stVal GMSLne Number of messages lost due to OOS errors (estimated) for GOOSE 
Message n

LGOSnd MaxMsgLos.stVal GMXMne Maximum number of sequential messages lost because of OOS error 
(estimated) for GOOSE Message n

LGOSnd InvQualCnt.stVal GIDQne Number of mapped data with invalid quality for GOOSE Message n

LGOSnd RsStat.stVal GRSTne Status of statistics reset for GOOSE messages

LTIM TmDT.stVal TMDTa Indicates daylight-saving time is currently in effect at the IED 
location

LTMS TmAcc.stVal TSACCa Number of significant bits in the FractionOfSecond (an attribute of 
TimeStamp)
18: 4 µs accuracy (2–18)
10: 1 ms accuracy (2–10)
7: 10 ms accuracy (2–7)
31: Unknown accuracy

LTMS TmSrc.stVal TSSRCa Time-source identity
If TmSrcTyp is PTP, TmSrc indicates the grandmaster clock class as 
defined by IEEE 1588-2008
If TmSrcTyp is SNTP, TmSrc indicates the IP address of the SNTP 
server
For all other values of TmSrcTyp, TmSrc is set to NA

LTMS SelTmSrcTyp.stVal TSTYPEa Type of the clock source as defined by Relay Word bits 
Time.SNTP_PriSrvr, Time.SNTP_BackupSrvr, Time.SyncOk, and 
Time.IRIG_Ok
1: Unknown
2: SNTP
3: PTP
4: IRIG-B

LTMS SelTmSyn.stVal TSSYNa Traceability of the reference time to which the IED is synchronized
3: GlobalAreaClock—TmSrcTyp is PTP with grandmaster clock class 
of 6, TmSrcTyp is IRIG-B with IRIGC = C37.118, or TmSrcTyp is 
SNTP
2: LocalAreaClock—TmSrcTyp is PTP with grandmaster clock other 
than 6 (Future), or TmSrcTyp is IRIG-B with IRIGC ≠ C37.118
1: InternalClock—TmSrcTyp is unknown

LTMS SelTmSynLkd.stVal TSSYNLKa Status of clock synchronization:
1: Locked
2: Unlocked for 0–10 seconds
3: Unlocked for 10–100 seconds
4: Unlocked for 100–1000 seconds 
5: Unlocked for more than 1000 seconds

Functional Constraint = MX

LGOSnd TotDwnTm.instMag.f GDWTne Total downtime in seconds for GOOSE Message n

LGOSnd MaxDwnTm.instMag.f GMXDne Maximum continuous downtime in seconds for GOOSE Message n

LTMS SelTmTosPer.instMag.f TSPERa Duration, in milliseconds, between two consecutive top-of-second 
points on the synchronized time; TmTosPer is set to 0 for time sources 
other than high-accuracy PTP or IRIG-B
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Functional Constraint = SP

GOLCCH2 NetMod.setVal NETMODE Port 1 network operating mode setting
1: Fixed
2: Failover
3: Switched
4: PRP

IPLCCH1 NetMod.setVal NETMODE Port 1 network operating mode setting 
1: Fixed
2: Failover
3: Switched
4: PRP

LGOSnd GoCBRef.setSrcRef f Configured GOOSE control block reference for GOOSE Message n

LGOSnd DatSet.setSrcRef f Configured data set reference for GOOSE Message n

LGOSnd GoID.setVal f Configured ID for GOOSE Message n

LGOSnd Addr.setVal f Configured multicast MAC address for GOOSE Message n

LGOSnd VlanID.setVal f Configured VLAN ID for GOOSE Message n

LGOSnd VlanPri.setVal f Configured VLAN priority for GOOSE Message n

LGOSnd AppID.setVal f Configured APPID for GOOSE Message n

LLN0 MtlLev.setVal MLTLEV Multilevel mode of control authority

LTIM TmOfsTmm.setVal TMOFFSa Offset of local time from UTC in minutes

LTIM TmUseDT.setVal TMUSEDTa Set to True if daylight-saving time is enabled

LTIM TmChgDT.setTm TMCHGDTa Local time of next change to daylight-saving time

LTIM TmChgST.setTm TMCHGSTa Local time of next change to standard time

Functional Constraint = SR

LTRK1 SpcTrk.objRef h ACSI reference to the SPC object targeted in the request

LTRK1 SpcTrk.serviceType h, i Type of service requested or executed

LTRK1 SpcTrk.errorCode h, j ACSI service error status

LTRK1 SpcTrk.ctlVal h Control value in the request

LTRK1 SpcTrk.ctlNum h Control number in the request

LTRK1 SpcTrk.origin.orCat h Originator category value in the request

LTRK1 SpcTrk.origin.orIdent h Originator identity value in the request

LTRK1 SpcTrk.T h Time-stamp value in the request

LTRK1 SpcTrk.Test h Test value in the request

LTRK1 SpcTrk.Check h Check condition value in the request

LTRK1 SpcTrk.respAddCause h AddCause value returned in the response

LTRK1 DpcTrk.objRef h ACSI reference to the DPC object targeted in the request

LTRK1 DpcTrk.serviceType h, i Type of service requested or executed

LTRK1 DpcTrk.errorCode h, j ACSI service error status

LTRK1 DpcTrk.ctlVal h Control value in the request

LTRK1 DpcTrk.ctlNum h Control number in the request

LTRK1 DpcTrk.origin.orCat h Originator category value in the request

LTRK1 DpcTrk.origin.orIdent h Originator identity value in the request
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LTRK1 DpcTrk.T h Time-stamp value in the request

LTRK1 DpcTrk.Test h Test value in the request

LTRK1 DpcTrk.Check h Check condition value in the request

LTRK1 DpcTrk.respAddCause h AddCause value returned in the response

LTRK1 EncTrk.objRef h ACSI reference to the ENC object targeted in the request

LTRK1 EncTrk.serviceType h, i Type of service requested or executed

LTRK1 EncTrk.errorCode h, j ACSI service error status

LTRK1 EncTrk.ctlVal h Control value in the request

LTRK1 EncTrk.ctlNum h Control number in the request

LTRK1 EncTrk.origin.orCat h Originator category value in the request

LTRK1 EncTrk.origin.orIdent h Originator identity value in the request

LTRK1 EncTrk.T h Time-stamp value in the request

LTRK1 EncTrk.Test h Test value in the request

LTRK1 EncTrk.Check h Check condition value in the request

LTRK1 EncTrk.respAddCause h AddCause value returned in the response

LTRK1 BrcbTrk.objRef h ACSI reference of the BRCB object targeted in the request

LTRK1 BrcbTrk.serviceType h, i Type of service requested or executed

LTRK1 BrcbTrk.errorCode h, j ACSI service error status

LTRK1 BrcbTrk.rptID h RptID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.rptEna h RptEna attribute value in the request or target BRCB object

LTRK1 BrcbTrk.datSet h DatSet attribute value in the target BRCB object

LTRK1 BrcbTrk.confRev h ConfRev attribute value in the target BRCB object

LTRK1 BrcbTrk.optFlds h OptFlds attribute value in the request or target BRCB object

LTRK1 BrcbTrk.bufTm h BufTm attribute value in the request or target BRCB object

LTRK1 BrcbTrk.sqNum h SqNum attribute value in the target BRCB object

LTRK1 BrcbTrk.trgOps h TrgOps attribute value in the request or target BRCB object

LTRK1 BrcbTrk.intgPd h IntgPd attribute value in the request or target BRCB object

LTRK1 BrcbTrk.gi h GI attribute value in the request or target BRCB object

LTRK1 BrcbTrk.purgeBuf h PurgeBuf attribute value in the request or target BRCB object

LTRK1 BrcbTrk.entryID h EntryID attribute value in the request or target BRCB object

LTRK1 BrcbTrk.timeOfEntry h TimeOfEntry attribute value in the request or target BRCB object

LTRK1 UrcbTrk.objRef h ACSI reference of the URCB object targeted in the request

LTRK1 UrcbTrk.serviceType h, i Type of service requested or executed

LTRK1 UrcbTrk.errorCode h, j ACSI service error status

LTRK1 UrcbTrk.rptID h RptID attribute value in the request or target URCB object

LTRK1 UrcbTrk.rptEna h RptEna attribute value in the request or target URCB object

LTRK1 UrcbTrk.resv h Resv attribute value in the request or target URCB object

LTRK1 UrcbTrk.datSet h DatSet attribute value in the target URCB object

LTRK1 UrcbTrk.confRev h ConfRev attribute value in the target URCB object

Table G.41 Logical Device: CFG (Configuration) (Sheet 5 of 6)

Logical Node Attribute Data Source Comment
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SEL Nameplate The CID file contains information that describes the physical device attributes 
according to IEC 61850 standards. The LN0 logical node of each logical 
device contains the Nameplate DOI (instantiated data object) with the 
following data.

Protocol Implementation Conformance Statement
The following tables are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that because the standard explicitly dictates which services 
and functions must be implemented to achieve conformance, only the optional 
services and functions are listed.

LTRK1 UrcbTrk.optFlds h OptFlds attrbute value in the request or target URCB object

LTRK1 UrcbTrk.bufTm h BufTm attribute value in the request or target URCB object

LTRK1 UrcbTrk.sqNum h SqNum attribute value in the target URCB object

LTRK1 UrcbTrk.trgOps h TrgOps attribute value in the request or target URCB object

LTRK1 UrcbTrk.intgPd h IntgPd attribute value in the request or target URCB object

LTRK1 UrcbTrk.gi h GI attribute value in the request or target URCB object

LTRK1 SgcbTrk.objRef h ACSI reference of the SGCB object targeted in the request

LTRK1 SgcbTrk.serviceType h, i Type of service requested (SelectActiveSG)

LTRK1 SgcbTrk.errorCode h, j ACSI service error status

LTRK1 SgcbTrk.numOfSG h NumOfSG attribute value in the target SGCB object

LTRK1 SgcbTrk.actSG h ActSG attribute value in the request

LTRK1 SgcbTrk.editSG h EditSG attribute value in the target SGCB object (0)

LTRK1 SgcbTrk.cnfEdit h CnfEdit attribute value in the target SGCB object (FALSE)

LTRK1 SgcbTrk.lActTm h LActTm attribute value in the target SGCB object after activation of 
the settings group

a Internal data source and not available to the user.
b MMS controls to Mod.Oper are only accepted if IEC 61850 Mode/Behavior is enabled on the relay. Refer to Mode/Behavior Control on 

page G.21 for more details.
c I60MOD is an internal data source derived from the I850MOD analog quantity and is not available to the user.
d Where n = 1–16, corresponding to the first 16 GOOSE message subscriptions.
e Internal data source not available to the user. See GOOSE on page G.18 for more information.
f Data source defined in the IEC 61850 Configured IED Description (CID) file.
g Refer to Table 7.28 for a description of each enumeration.
h The value depends on the ACSI service type requested, the target object, and the error status.
i Refer to Table G.10 for the IEC 61850 service type enumeration.
j Refer to Table G.11 for the IEC 61850 ACSI service error.

Table G.41 Logical Device: CFG (Configuration) (Sheet 6 of 6)

Logical Node Attribute Data Source Comment

Table G.42 SEL Nameplate Data

Data Attribute Value

vendor “SEL”

swRev Contents of FID string from ID command

configRev Always 0

1dNs IEC 61850-7-4:2007A
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Refer to ACSI Conformance Statements for information on the supported 
services.

MMS Conformance The Manufacturing Message Specification (MMS) stack provides the basis for 
many IEC 61850 Protocol services. Table G.45 defines the service support 
requirement and restrictions of the MMS services in the SEL-700 series relays 
supporting IEC 61850. Generally, only those services whose implementation 
is not mandatory are shown. Refer to the IEC 61850 standard Part 8-1 for 
more information.

Table G.43 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
Management

A3 GSSE N N

A4 Time Sync N N

Table G.44 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, Not GSSE

T4 GSSE N N

T5 Time Sync Y N

Table G.45 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList

getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input
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output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore

reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile Y

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

Table G.45 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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Table G.46 lists specific settings for the MMS parameter Conformance 
Building Block (CBB).

readJournal

writeJournal

initializeJournal

reportJournalStatus

createJournal

deleteJournal

fileOpen Y

fileRead Y

fileClose Y

fileRename

fileDelete

fileDirectory Y

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

reconfigureProgramInvocation

Table G.46 MMS Parameter CBB

MMS Parameter CBB
Client-CR Server-CR

Supported Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table G.45 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB
Client-CR Server-CR

Supported Supported
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The following Variable Access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 
standard Part 8-1 for more information.

Table G.47 AlternateAccessSelection Conformance Statement

AlternateAccessSelection Client-CR Supported Server-CR Supported

accessSelection YES

 component YES

 index

 indexRange

 allElements

alternateAccess YES

selectAccess YES

 component YES

 index

 indexRange

 allElements

Table G.48 VariableAccessSpecification Conformance Statement

VariableAccessSpecification Client-CR Supported Server-CR Supported

listOfVariable YES

 variableSpecification YES

 alternateAccess YES

variableListName YES

Table G.49 VariableSpecification Conformance Statement

VariableSpecification Client-CR Supported Server-CR Supported

name YES

address

variableDescription

scatteredAccessDescription

invalidated

Table G.50 Read Conformance Statement

Read Client-CR Supported Server-CR Supported

Request

 specificationWithResult

 variableAccessSpecification

Response

 variableAccessSpecification YES

 listOfAccessResult YES
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Table G.51 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 name

 address

Response

 mmsDeletable YES

 address

 typeSpecification YES

Table G.52 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 variableListName

 listOfVariable

 variableSpecification

 alternateAccess

Response

Table G.53 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes Client-CR Supported Server-CR Supported

Request

 ObjectName

Response

 mmsDeletable YES

 listOfVariable YES

 variableSpecification YES

alternateAccess YES

Table G.54 DeleteNamedVariableList

DeleteNamedVariableList Client-CR Supported Server-CR Supported

Request

 Scope

 listOfVariableListName

 domainName

Response

 numberMatched

 numberDeleted

DeleteNamedVariableList-Error



G.67

Date Code 20220826 Instruction Manual SEL-710-5 Relay

IEC 61850 Communications
ACSI Conformance Statements

GOOSE Services 
Conformance 
Statement

ACSI Conformance Statements

Table G.55 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services YES YES

SendGOOSEMessage YES

GetGoReference

GetGOOSEElementNumber

GetGoCBValues YES

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) YES

Table G.56 ACSI Basic Conformance Statement

Client/Subscriber Server/Publisher SEL-710-5 Support

Client-Server Roles

B11 Server side (of Two-Party 
Application Association)

- cla YES

B12 Client side (of Two-Party 
Application Association)

cla

a c1 shall be mandatory if support for LOGICAL-DEVICE model has been declared.

-

SCMS Supported

B21 SCSM: IEC 61850-8-1 used YES

B22 SCSM: IEC 61850-9-1 used

B23 SCSM: IEC 61850-9-2 used

B24 SCSM: other

Generic Substation Event Model (GSE)

B31 Publisher side - Ob YES

B32 Subscriber side Ob

b O = Optional.

- YES

Transmission of Sampled Value Model (SVC)

B41 Published side - Ob

B42 Subscriber side Ob -

Table G.57 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscriber Server/Publisher SEL-710-5 Support

If Server Side (B11) Supported

M1 Logical device c2a c2a YES

M2 Logical node c3b c3b YES

M3 Data c4c c4c YES

M4 Data set c5d c5d YES
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M5 Substation Oe Oe

M6 Setting group control Oe Oe

Reporting

M7 Buffered report control Oe Oe YES

M7-1 sequence-number YES

M7-2 report-time-stamp YES

M7-3 reason-for-inclusion YES

M7-4 data-set-name YES

M7-5 data-reference YES

M7-6 buffer-overflow YES

M7-7 entryID YES

M7-8 BufTm YES

M7-9 IntgPd YES

M7-10 G1 YES

M8 Unbuffered report control Oe Oe YES

M8-1 sequence-number YES

M8-2 report-time-stamp YES

M8-3 reason-for-inclusion YES

M8-4 data-set-name YES

M8-5 data-reference YES

M8-6 BufTm YES

M8-7 IntgPd YES

M8-8 GI YES

Logging

M9 Log control Oe Oe

M9-1 IntgPd Oe Oe

M10 Log Oe Oe

M11 Control Mf Mf YES

If GSE (B31/32) Is Supported

M12 GOOSE Oe Oe YES

M12-1 entryID YES

M12-2 DataReflnc YES

M13 GSSE Oe Oe

If GSE (B41/42) Is Supported

M14 Multicast SVC Oe Oe

M15 Unicast SVC Oe Oe

M16 Time Mf Mf

M17 File Transfer Oe Oe

a c2 shall be "M" if support for LOGICAL-NODE model has been declared.
b c3 shall be "M" if support for DATA model has been declared.
c c4 shall be "M" if support for DATA-SET, Substitution, Report, Log Control, or Time model has been declared.
d c5 shall be "M" if support for Report, GSE, or SV models has been declared.
e O = Optional.
f M = Mandatory.

Table G.57 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscriber Server/Publisher SEL-710-5 Support
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Table G.58 ACSI Services Conformance Statement (Sheet 1 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support

Server (Clause 6)

S1 ServerDirectory TP Ma YES

Application Association (Clause 7)

S2 Associate Ma Ma YES

S3 Abort Ma Ma YES

S4 Release Ma Ma YES

Logical Device (Clause 8)

S5 LogicalDeviceDirectory TP Ma Ma YES

Logical Node (Clause 9)

S6 LogicalNodeDirectory TP Ma Ma YES

S7 GetAllDataValues TP Ob Ma YES

Data (Clause 10)

S8 GetDataValues TP Ma Ma YES

S9 SetDataValues TP Ob Ob

S10 GetDataDirectory TP Ob Ma YES

S11 GetDataDefinition TP Ob Ma YES

Data Set (Clause 11)

S12 GetDataSetValues TP Ob Ma YES

S13 SetDataSetValues TP Ob Ob

S14 CreateDataSet TP Ob Ob

S15 DeleteDataSet TP Ob Ob

S16 GetDataSetDirectory TP Ob Ob YES

Substitution (Clause 12)

S17 SetDataValues TP Ma Ma

Setting Group Control (Clause 13)

S18 SelectActiveSG TP Ob Ob

S19 SelectEditSG TP Ob Ob

S20 SetSGvalues TP Ob Ob

S21 ConfirmEditSGVal TP Ob Ob

S22 GetSGValues TP Ob Ob

S23 GetSGCBValues TP Ob Ob

S24 Report TP c6c c6c YES

S24-1 data-change (dchg) YES

S24-2 qchg-change (qchg) YES

S24-3 data-update (dupd)

S25 GetBRCBValues TP c6c c6c YES

S26 SetBRCBValues TP c6c c6c YES

Unbuffered Report Control Block (URCB)

S27 Report TP c6c c6c YES

S27-1 data-change (dchg) YES

S27-2 qchg-change (qchg) YES

S27-3 data-update (dupd)
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S28 GetURCBValues TP c6c c6c YES

S29 SetURCBValues TP c6c c6c YES

Logging (Clause 14)

Log Control Block

S30 GetLCBValues TP Ma Ma

S31 SetLCBValues TP Ob Ma

LOG

S32 QueryLogByTime TP c7d Ma

S33 QueryLogByEntry TP c7d Ma

S34 GetLogStatusValues TP Ma Ma

Generic Substation Event Model (GSE) (Clause 14.3.5.3.4)

GOOSE-Control-Block

S35 SendGOOSEMessage MC c8e c8e YES

S36 GetReference TP Ob c9f

S37 GetGOOSEElement

Number TP Ob c9f

S38 GetGoCBValues TP Ob Ob YES

S39 SetGoCBValues TP Ob Ob

ONLY

GSSE-Control-Block

S40 SendGSSEMessage MC c8e c8e

S41 GetReference TP Ob c9f

S42 GetGSSEElement

Number TP Ob c9f

S43 GetGsCBValues TP Ob Ob

S44 GetGsCBValues TP Ob Ob

Transmission of Sample Value Model (SVC) (Clause 16)

Multicast SVC

S45 SendMSVMessage MC c10g c10g

S46 GetMSVCBValues TP Ob Ob

S47 SetMSVCBValues TP Ob Ob

Unicast SVC

S48 SendUSVMessage MC c10g c10g

S49 GetUSVCBValues TP Ob Ob

S50 SetUSVCBValues TP Ob Ob

Control (Clause 16.4.8)

S51 Select Ma Ob

S52 SelectWithValue TP Ma Ob YES

S53 Cancel TP Ob Ma YES

S54 Operate TP Ma Ma YES

S55 Command-Termination TP Ma Ma YES

S56 TimeActivated-Operate TP Ob Ob

Table G.58 ACSI Services Conformance Statement (Sheet 2 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support
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Potential Client and Automation Application Issues 
With Edition 2 Upgrades

The following are issues that IEC 61850 Edition 1 (Ed1)-based client or 
automation applications may experience with IEC 61850 Edition 2 (Ed2) ICD 
and firmware changes. However, such issues may be resolved by 
reconfiguring the client or automation application or worked around by 
restoring the Ed1 (CID) configuration. None of these should prevent a client 
application from dynamically discovering the data in the IED as long as the 
application adheres to the specification of the standard. Note that upgrading to 
Ed2 firmware will not break existing Ed1 configurations (CID files) in the 
field, nor require loading an Ed2 version of the CID file.

Unexpected Error 
Messages

Some MMS and control errors have been changed in Ed2. Hence, the 
firmware now issues only the Ed2-compliant errors. Clients or automation 
applications that rely on the Ed1-compliant errors will not function correctly. 
You can resolve this by reconfiguring the client or automation application to 
accept Ed2-compliant errors.

Missing or Unknown 
Data Objects and 
Attributes

Ed2 has changed some data object and attribute names, as well as the data 
types of some attributes. Ed2 also prohibits the use of proprietary CDCs. See 
Logical Nodes on page F.23 and the logical nodes tables in each product-
specific manual to determine the Ed2 names. This may cause the failure of 

File Transfer (Clause 20)

S57 GetFile TP Ob Ma

S58 SetFile TP Ob Ob

S59 DeleteFile TP Ob Ob

S60 GetFileAttributeValues TP Ob Ma

Time (Clause 5.5)

T1 Time resolution of internal 
clock (nearest negative 
power of 2 in seconds)

20 (1 µs)

T2 Time accuracy of internal 
clock

7 (10 ms) for SNTP

18 (4 µs) for IRIG-B

T1 YES (for IRIG-B)

T2 YES (for IRIG-B)

T3 YES (for IRIG-B)

T4 YES (for IRIG-B)

T3 Supported Time Stamp 
resolution (nearest negative 
power of 2 in seconds)

7 (10 ms) for SNTP

18 (4 µs) for IRIG-B

a M = Mandatory.
b O = Optional.
c c6 shall declare support for at least one (BRCB or URCB).
d c7 shall declare support for at least one (QueryLogByTime or QueryLogAfter).
e c8 shall declare support for at least one (SendGOOSEMessage or SendGSSEMessage).
f c9 shall declare support if TP association is available.
g c10 shall declare support for at least one (SendMSVMessage or SendUSVMessage).

Table G.58 ACSI Services Conformance Statement (Sheet 3 of 3)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-710-5 
Support
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clients or automation applications that rely on the Ed1 names. A workaround 
is to use the Ed1 version of the CID file, if available, to configure the IED. 
You can also resolve this by reconfiguring the client or automation application 
to accept the Ed2 names.

Unable to Find 
Operate Time-Out

A proprietary method was used to specify the operate time-out of control 
objects in the CID files. A client or automation application that relies on this 
proprietary method will fail to find the operate time-out in the CID file. A 
workaround is to use the Ed1 CID file to configure the IED. You can also 
resolve this by reconfiguring the client or automation application to accept the 
Ed2 control object operate time-outs.

Unexpected Control 
Block Data Attribute 
Type

The string type data attributes in control blocks (RptID, DatSet, etc.) have 
been changed from a maximum length of 65 to 129 characters, i.e., 
VisString65 to Vis-String129. Some clients and automation applications might 
see this as an error when the type is reported in the MMS 
GetVariableAccessAttributes response. You can resolve this by reconfiguring 
the client or automation application.

Unexpected Reports Ed2 requires report buffering to start when the device is turned on, unlike in 
the Ed1 implementation where report buffering started after the first report 
enable. If a client or automation application relies on the Ed1 behavior, it 
might fail or indicate an error if the IED sends buffered reports immediately 
after the first enable. You can resolve this by reconfiguring the client or 
automation application.

Failure to Reselect a 
Control Object Before 
the Timeout

In Ed1, if a client reselected a control object before the select-before-operate 
time-out expired, the reselection would succeed and cause the selected time-
out to restart. According to Ed2, this reselection is supposed to fail. Ed1-based 
clients or automation applications that rely on successful reselection might 
operate incorrectly. You can resolve this by reconfiguring the client or 
automation application.

Test Control 
Commands Fail 
Immediately

In Ed1, if the test attribute was set in a control command structure, the relay 
would accept the command but perform no action on the target control object. 
With enhanced control models, the IED would eventually report an operate 
timeout error after the operate time-out expired. However, in Ed2, any such 
test commands will fail immediately with an error indicating that the 
command is blocked because the IED is not in the appropriate mode. Clients 
or automation applications that depend on the Ed1 behavior might fail. You 
can resolve this by reconfiguring the client or automation application.

No Reports Ed2 specifies that no reports are to be generated for a deadbanded attribute if the 
deadband is set to 0. Previously in Ed1, a deadband of 0 would cause the relay to 
generate reports for any change in the instantaneous value. Ed1-based clients or 
automation applications might not operate correctly because of the lack of reports. 
You can resolve this by reconfiguring the client or automation application.
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Overview
The SEL-710-5 Motor Protection Relay provides the IEC 60870-5-103 inter-
face for direct serial connections to the device.

This section covers the following topics:

➤ Introduction to IEC 60870-5-103

➤ IEC 60870-5-103 in the SEL-710-5

➤ IEC 60870-5-103 Documentation

Introduction to IEC 60870-5-103
The International Electrotechnical Commission (IEC) 60870-5 is a protocol 
standard developed by the IEC Technical Committee of teleprotection, tele-
control, and telecommunications for electrical engineering and power system 
automation. It defines systems used for supervisory control and data acquisi-
tion (SCADA), including details related to communications between devices. 
IEC 60870-5-103 is a companion standard that allows interoperability 
between devices in a control system and protection equipment. The IEC 
60870-5 standard consists of the documents listed in Table H.1.

The IEC 60870-5-103 document contains the information necessary for 
successful implementation of this protocol. SEL strongly recommends that 
anyone involved with the design, installation, configuration, or maintenance of 
IEC 60870-5-103 systems be familiar with the appropriate sections of this 
document.

Table H.1 IEC 60870-5 Standard Documents

Document Description

IEC 60870-5-1 Transmission Frame Formats

IEC 60870-5-2 Data Link Transmission Services

IEC 60870-5-3 General Structure of Application Data

IEC 60870-5-4 Definition and Coding of Information Elements

IEC 60870-5-5 Basic Application Functions

IEC 60870-5-6 Guidelines for Conformance Testing IEC 60870-5 Companion 
Standards

IEC 60870-5-7 Security extensions to IEC 60870-5-1010 and IEC 60870-5-104 
protocols
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IEC 60870-5 was designed for wide-spread telecontrol networks. It is an 
international standard based on an international accepted and proven enhanced 
performance architecture (EPA) model (see Table H.2). The standard provides 
a balance between efficiency and reliability while using minimal hardware.

Layer seven implementation is described in the IEC 60870-5-3 and 
IEC 60870-5-4 sections of the standard. Layer two implementation is 
described in the IEC 60870-5-2 and IEC 60870-5-1 sections of the standard.

The history of IEC 60870-5 spans from 1990 to 2006. Table H.3 shows the 
history during this time period. The first five sections are the basic parts of the 
standard. The next six describe the companion standards, and the last two 
sections are test procedures of the standard.

Table H.2 IEC 60870-5 Enhanced Performance Architecture Model

Layer Layer Type

7 Application

– –

– –

– –

– –

2 Datalink

1 Physical

Table H.3 History of IEC 60870-5

Section Description

IEC 60870-5-1 Transmission Frame Formats

IEC 60870-5-2 Data Link Transmission Services

IEC 60870-5-3 General Structure of Application Data

IEC 60870-5-4 Definition and Coding Information Elements

IEC 60870-5-5 Basic Application Functions

IEC 60870-5-101 CS For Basic Telecontrol Tasks

IEC 60870-5-102 CS For Transmission Of Integrated Totals In Electric Power 
Systems

IEC 60870-5-103 CS for Informative Interface Of Protection Equipment

IEC 60870-5-104 Network Access For TCS101 Using Standard Transport Profiles

IEC 60870-5-101 Ed 2 Addendums Incorporated In Standard

IEC 60870-5-104 Ed 2 Addendums Incorporated In Standard

IEC 60870-5-601 Conformance Test Procedures For TCS 101

IEC 60870-5-604 Conformance Test Procedures For TCS 104
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Data Handling
Master/Slave Communication

The IEC 60870-5-103 standard is such that the IED only sends a message 
when the Master asks for it. Communication is set up by the Master and the 
Master controls the communication between the Master and the IED.

Interoperability
The method of data exchange in the SEL-710-5 involves Application Service 
Data Units (ASDUs) along with application procedures for transmission of 
standardized data messages (see Table H.4). The data are recognized by any 
IEC 60870-5-103 Master because the application data take the form of an 
IEC 60870-5-103 data type and pairs with an IEC 60870-5-103 address, 
resulting in device interoperability.

Table H.5 lists the available category map settings in the SEL-710-5. When 
configuring the settings with the command line, categories can be selected by 
entering “>” or “<”.

Table H.4 SEL-710-5 ASDU Types

ASDU Type Description

1 Time Tagged Message

2 Time Tagged Message With Relative Time

4 Time Tagged Measurands With Relative Time

5 Identification

6 Time Synchronization

7 General Interrogation Start

8 General Interrogation Termination

9 Measurands II

20 General Command

205 Non-Standard (defined below)

Type Identification 0xCD (205)

Variable Structure Qualifier 0x81

Cause of Transmission 0x01

Device Address ADDR

Function Type FUN

Information Number INF

Information Element Meter 
value: 29-bit signed integer
ER: 0 valid, 1 invalid

27 • • • • • • 20

215 • • • • • • 28

223 • • • • • • 216

0 ER 0 –228 • • • 224

Four Octet Binary Time Defined in 60870-5-103, 7.2.6.28
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Table H.5 IEC 60870-5-103 Category Map Settings

Setting Prompt
Scaling/Nominal 
Value Range

Information Number 
Range

Function Type Range Setting Name

103 Binary Input Label NA 0–255 0–255 103BI00

103 Binary Input Label NA 0–255 0–255 103BI01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Input Label NA 0–255 0–255 103BI99

103 Binary Target Label NA 0–255 0–255 103BT00

103 Binary Target Label NA 0–255 0–255 103BT01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Target Label NA 0–255 0–255 103BT07

103 Binary Control Label NA 0–255 0–255 103BO00

103 Binary Control Label NA 0–255 0–255 103BO01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Binary Control Label NA 0–255 0–255 103BO31

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA00

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Fault Analog Label 0.000–99999 0–255 0–255 103FA31

103 Measurand Label 0.001–999999 0–255 0–255 3MLB000

103 Measurand Label 0.001–999999 0–255 0–255 3MLB001

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Measurand Label 0.001–999999 0–255 0–255 3MLB127

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ00

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ01

•
•
•

•
•
•

•
•
•

•
•
•

•
•
•

103 Meter Quantity Label 0.000–99999 0–255 0–255 103MQ31



H.5

Date Code 20220826 Instruction Manual SEL-710-5 Relay

IEC 60870-5-103 Communications
Introduction to IEC 60870-5-103

Cause of Transmission
The Cause of Transmission (COT) represents the reason the SEL-710-5 sends 
a message to the Master. See Table H.6 for the possible COTs.

Information Number
The Information Number (INF) is one of the two octets of the information 
object identifier. See Table H.7 for the range and description of Information 
Numbers in IEC 60870-5-103.

Table H.6 IEC 60870-5-103 Cause Of Transmission

Cause of 
Transmission

Description

1 Spontaneous Events

2 Cyclic

3 Reset Frame Count Bit (FCB)

4 Reset Communication Unit (CU)

5 Start/Restart

6 Power On

7 Test Mode

8 Time Synchronization

9 Initiation Of General Interrogation

10 Termination Of General Interrogation

12 Remote Operation

20 General Command (Control Direction), Positive Acknowledgment Of 
Command (Monitor)

21 Negative Acknowledgment Of Command (Monitor)

31 Disturbance Recorder

40–44 Generic Commands And Data

Table H.7 IEC 60870-5-103 Information Numbers (Sheet 1 of 2)

Function Type Description

Monitor Direction

0–15 System Functions

16–31 Status

32–47 Supervision

48–63 Earth Fault

64–127 Short Circuit

128–143 Auto Reclose

144–159 Measurands

160–239 Not Used

240–255 Generic Functions
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Function Type
The Function Type (FUN) is the second of the two octets of the information 
object identifier.

Together, the pair [INF, FUN] distinctly characterizes each point within each 
data class. Table H.8 and Table H.9 give the Standard Function Types and 
Data Map for the IEC 60870-5-103 standard.

Control Direction

0–15 System Functions

16–31 General Commands

32–239 Not Used

240–255 Generic Functions

Table H.7 IEC 60870-5-103 Information Numbers (Sheet 2 of 2)

Function Type Description

Table H.8 IEC 60870-5-103 Standard Function Types

Function Type Description

128 Distance protection

160 Overcurrent protection

176 Transformer Differential Protection

192 Line Differential Protection

254 Generic Function Type

255 Global Function Type

Table H.9 IEC 60870-5-103 Data Map (Sheet 1 of 3)

INF Description GI ASDU Type COT FUN

System functions in monitor direction

0a End of general interrogation – 8 10 255

0a Time synchronization – 6 8 255

2a Reset FCB – 5 3 According to main FUN

3a Reset CU – 5 4 According to main FUN

4a Start/restart – 5 5 According to main FUN

5a Power on – 5 6 According to main FUN

Status indications in monitor directionb

16 Auto-recloser active Yes 1 1,7,9,11,12,20,21 128, 160, 192

17 Teleprotection active Yes 1 1,7,9,11,12,20,21 128, 160

18 Protection active Yes 1 1,7,9,11,12,20,21 128, 160, 176, 192

19 LED Reset – 1 1,7,11,12,20,21 128, 160, 176, 192

20 Monitor direction blocked Yes 1 9,11 128, 160, 176, 192

21 Test mode Yes 1 9,11 128, 160, 176, 192

22 Local parameter setting Yes 1 9,11 128, 160, 176, 192
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23 Characteristic 1c Yes 1 1,7,9,11,12,20,21 128

24 Characteristic 2c Yes 1 1,7,9,11,12,20,21 128

25 Characteristic 3c Yes 1 1,7,9,11,12,20,21 128

26 Characteristic 4c Yes 1 1,7,9,11,12,20,21 128

27 Auxiliary input 1d Yes 1 1,7,9,11 128, 160, 176, 192

28 Auxiliary input 2d Yes 1 1,7,9,11 128, 160, 176, 192

29 Auxiliary input 3d Yes 1 1,7,9,11 128, 160, 176, 192

30 Auxiliary input 4d Yes 1 1,7,9,11 128, 160, 176, 192

Supervision indications in monitor directionb

32 Measurand supervision I Yes 1 1,7,9 128, 160

33 Measurand supervision V Yes 1 1,7,9 128, 160

35 Phase sequence supervision Yes 1 1,7,9 128, 160

36 Trip circuit supervision Yes 1 1,7,9 128, 160, 176, 192

37 I>> back-up operation Yes 1 1,7,9 128

38 Voltage transformer fuse failure Yes 1 1,7,9 128, 160

39 Teleprotection disturbed Yes 1 1,7,9 128, 160, 192

46 Group warning Yes 1 1,7,9 128, 160, 176, 192

47 Group alarm Yes 1 1,7,9 128, 160, 176, 192

Earth fault indications in monitor directionb

48 Earth Fault L1 Yes 1 1,7,9 128, 160

49 Earth Fault L2 Yes 1 1,7,9 128, 160

50 Earth Fault L3 Yes 1 1,7,9 128, 160

51 Earth fault forward, i.e., line Yes 1 1,7,9 128, 160

52 Earth fault reverse, i.e., busbar Yes 1 1,7,9 128, 160

Fault indications in monitor directione

64 Start/pick-up Lb Yes 2 1,7,9 128, 160, 192

65 Start/pick-up Lc Yes 2 1,7,9 128, 160, 192

66 Start/pick-up Ld Yes 2 1,7,9 128, 160, 192

67 Start/pick-up N Yes 2 1,7,9 128, 160, 192

68 General trip – 2 1,7 128, 160, 176, 192

69 Trip L1 – 2 1,7 128, 160, 176, 192

70 Trip L2 – 2 1,7 128, 160, 176, 192

71 Trip L3 – 2 1,7 128, 160, 176, 192

72 Trip I>> (back-up operation) – 2 1,7 128, 160, 176, 192

73 Fault Location X in ohms – 4 1,7 128

74 Fault forward / line – 2 1,7 128, 160

75 Fault reverse / busbar – 2 1,7 128, 160

76 Teleprotection signal transmitted – 2 1,7 128, 160

77 Teleprotection signal received – 2 1,7 128, 160

78 Zone 1 – 2 1,7 128

Table H.9 IEC 60870-5-103 Data Map (Sheet 2 of 3)

INF Description GI ASDU Type COT FUN
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79 Zone 2 – 2 1,7 128

80 Zone 3 – 2 1,7 128

81 Zone 4 – 2 1,7 128

82 Zone 5 – 2 1,7 128

83 Zone 6 – 2 1,7 128

84 General start / pick-up Yes 2 1,7,9 128, 160, 176, 192

85 Breaker failure – 2 1,7 128, 160

86 Trip measuring system L1 – 2 1,7 176

87 Trip measuring system L2 – 2 1,7 176

88 Trip measuring system L3 – 2 1,7 176

89 Trip measuring system E – 2 1,7 176

90 Trip I> – 2 1,7 160

91 Trip I>> – 2 1,7 160

92 Trip IN> – 2 1,7 160

93 Trip IN>> – 2 1,7 160

Auto-recloser indications in monitor directionb

128 Circuit breaker on by Auto-recloser – 1 1,7 128, 160, 192

129 Circuit breaker on by long-time Auto-recloser – 1 1,7 128, 160, 192

130 Auto-recloser blocked Yes 1 1,7,9 128, 160, 192

Measurands in monitor direction

144 Measurand I – 3.1 2,7 128, 160

145 Measurands I, V – 3.2 2,7 128, 160

146 Measurands I, V, P, Q – 3.3 2,7 128

147 Measurands IN, VEN – 3.4 2,7 128, 160

148 Measurands IL1,2,3, VL1,2,3, P, Q, f – 9 2,7 128

System functions in control direction

0a Initiation of General Interrogation 7 9 255

0a Time synchronization 6 8 255

General commands in control directionf

16 Auto-recloser on/off ON/OFF 20 20 128, 160, 192

65 Teleprotection on/off ON/OFF 20 20 128, 160

66 Protection on/off ON/OFF 20 20 128, 160, 176, 192

67 LED Reset ON 20 20 128, 160, 176, 192

68 Activate characteristic 1c ON 20 20 128

69 Activate characteristic 2c 20 20 128

70 Activate characteristic 3c 20 20 128

71 Activate characteristic 4c 20 20 128

a The SEL-710-5 supports these points at the specified INF and FUN.
b Referred to as Binary Data in the SEL-710-5.
c Mapped to settings group indications and control in the SEL-710-5.
d Mapped to device contact inputs in the SEL-710-5.
e Referred to as Binary Targets and other Fault Information in the SEL-710-5.
f Referred to as Binary Controls in the SEL-710-5.

Table H.9 IEC 60870-5-103 Data Map (Sheet 3 of 3)

INF Description GI ASDU Type COT FUN
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IEC 60870-5-103 in the SEL-710-5
The IEC 60870-5-103 protocol settings in the SEL-710-5 contain five parame-
ters that must be set properly to get the most out of the protocol. These param-
eters are called 103ADDR, 103CYC, 103ACYC, 103ATRI, and 103TIME. 
Table H.10 describes each of these parameters.

The IEC 60870-5-103 standard in the SEL-710-5 provides six category types 
namely, Binary Inputs, Binary Targets, Binary Controls, Measurands, Fault 
Analogs, and Meter Quantities. Each data point within each class type 
requires an Information Number and a Function Type. Binary Inputs, Binary 
Targets, and Binary Controls are defined within the map by a Label Name 
followed by an Information Number followed by a Function Type. 
Measurands, Fault Analogs, and Meter Quantities are defined within the map 
by a Label Name followed by the Scale Factor/Nominal Value followed by the 
Information Number followed by the Function Type. The Nominal Value 
pertains only to Measurands and is defined within the following formula.

Consider for example frequency in the Measurand point (FREQ, 60, 0, 1). 
Conceptually, when the frequency is 60 Hz, which is 0.4167 of 2.4 • Nominal 
Value (2.4 • 60 = 144), then the value 0.4167 gets encoded as a 13-bit, fixed-
point number that has the same bit-wise representation as the integer that is 
equal to the Value seen by Master or

Binary Inputs In the SEL-710-5, binary data are reported as ASDU type 1 (Time Tagged 
Message). Those points, monitored by the SER function of the device, have 
their changes reported as COT type 1 (Spontaneous Events). The format of a 
binary input point within the binary input map is “Label, [INF, FUN].” The 
Label represents any valid binary input point accepted by the SEL-710-5. The 
INF parameter is an integer in the range of 0 to 255. Similarly, the FUN 
parameter is an integer in the range of 0 to 255. The Label can be entered by 
itself with the SEL-710-5 choosing default parameters for INF and FUN. The 
default parameter for INF is an available, unique value that is selected by the 
SEL-710-5. The default parameter for FUN is 250. 

Table H.10 SEL-710-5 IEC 60870-5-103 Port Settings

Parameter Description Range/Valid Input

103ADDR Link layer address of the product 0–254

103CYC Period at which to report cyclic data (measurands) 1–3600 seconds

103ACYC Meter quantity period to report type ASDU 205 
data

OFF, 1–3600 seconds

103ATRI Relay Word bit used as a meter quantity reporting 
trigger for type ASDU 205 data

1 Relay Word bit

103TIME Time synchronization enable Y, N

Value seen by Master 4096 Label_Value•
2.4 Nominal_Value•
---------------------------------------------------=

4096 FREQ•
2.4 60 Hz•

----------------------------------
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The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Label, INF, and FUN can all be manually entered. No other combinations are 
valid with the SEL-710-5.

Binary Targets The binary targets are Relay Word bits within the SEL-710-5 under row zero. 
They also appear as LEDs on the front panel of the SEL-710-5. There are 
eight binary targets in the SEL-710-5 namely, ENABLED, TRIP_LED, 
TLED_01, TLED_02, TLED_03, TLED_04, TLED_05, and TLED_06. In the 
SEL-710-5, binary targets are reported as ASDU type 2 (Time Tagged 
Message with Relative Time) with COT type 1 (Spontaneous Events). The 
format of a binary target point within the binary target map is “Label, [INF, 
FUN].” Label represents any valid binary target point accepted by the 
SEL-710-5. The INF parameter is an integer in the range of 0 to 255. 
Similarly, the FUN parameter is an integer in the range of 0 to 255. Label can 
be entered by itself with the SEL-710-5 choosing default parameters for INF 
and FUN. The default parameter for INF is an available, unique value that is 
selected by the SEL-710-5. The default parameter for FUN is 250. 

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Also, Label, INF, and FUN can all be manually entered. No other 
combinations are valid with the SEL-710-5.

Fault Analogs The fault analogs are analog quantities in the SEL-710-5 used to describe 
faults recognized by the relay, such as fault current or fault location. These 
quantities are listed in Table H.11. In the SEL-710-5, fault analog quantities 
are reported as ASDU type 4 (Time Tagged Measurands with Relative Time) 
with COT type 1 (Spontaneous Events). The format of a fault analog point 
within the fault analog map is “Label, [Scaling, [INF, FUN]].” Label 
represents any valid fault analog point accepted by the SEL-710-5. Scaling is 
the scaling factor applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.000 to 99999.000. The INF parameter is an integer 
in the range of 0 to 255. Similarly, the FUN parameter is an integer in the 
range of 0 to 255. Label can be entered by itself with the SEL-710-5 choosing 
default parameters for Scaling, INF, and FUN. The Label and Scaling values 
can also be entered together with the SEL-710-5 choosing default parameters 
for the INF and FUN. The default parameter for INF is an available, unique 
value that is selected by the SEL-710-5. The default parameter for FUN is 
250. The default value for Scaling is 1.

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. If 
the [INF, FUN] pair has been entered, then Scaling must also be entered.

For a single Master/SEL-710-5 session, the SEL-710-5 stores as many as three 
sets of event data into a buffer. If the buffer is full as a result of multiple events 
with the poll cycle, any new event data is discarded. When the buffered data 
have been reported (using the first-in first-out (FIFO) principle) to the Master, 
those data are removed from the buffer to make room for the next event.

Table H.11 SEL-710-5 Analog Fault Quantities (Sheet 1 of 2)

Analog Fault Quantity Description

FIA A-phase current of the fault event

FIB B-phase current of the fault event 

FIC C-phase current of the fault event
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Binary Controls In the SEL-710-5, two types of controls are permitted under this protocol. 
They are as follows:

➤ Latching Single-Point: On/Off operations latch the point to 1 or 
0, respectively. The points format is (Label, INF, FUN)

➤ Pulsing Single-Point: On operation pulses the point or triggers 
the point. Off has no effect. The point format is (Label, INF, 
FUN)

When controls are sent to the SEL-710-5 successfully, the relay responds with 
ASDU type 1 (Time Tagged Message) and COT type 20 (Positive 
Acknowledgment on Command) as well as with ASDU type 1 (Time Tagged 
Message) and COT type 12 (Remote Operation) if the control was sent 
remotely. The format of a binary control point within the binary control map is 
“Label, [INF, FUN].” Label represents any valid binary control point accepted 
by the SEL-710-5. The INF parameter is an integer in the range of 0 to 255. 
Similarly, the FUN parameter is an integer in the range of 0 to 255. Label can 
be entered by itself with the SEL-710-5 choosing default parameters for INF 
and FUN. The default parameter for INF is an available, unique value to use 
that is selected by the SEL-710-5. The default parameter for FUN is 250. 

The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. 
Also, the Label, INF, and FUN can all be manually entered. No other 
combinations are valid with the SEL-710-5.

Measurands In the SEL-710-5, a measurand is defined as a group of at most 16 analog 
quantities with the same [INF, FUN] pair. The SEL-710-5 allows at most 8 
measurands even if the measurand map is not completely filled with analog 
quantities (total of 128). Measurands are refreshed for the Master at the 
expiration of the 103CYC parameter and sent to the Master, once polled by 
the Master.

In the SEL-710-5, measurands are reported as ASDU type 9 (Measurands II) 
with COT type 2 (Cyclic). The format of an analog quantity within a 
measurand in the measurand map is “Label, Nominal, [INF, FUN].” Label 
represents any valid analog quantity accepted by the SEL-710-5. Nominal is 
the nominal value applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.001 to 999999.000. The INF parameter is an integer 
in the range of 0 to 255. Similarly, the FUN parameter is an integer in the 
range of 0 to 255. You are required to enter the Nominal value. The Label and 
Nominal values can be entered by themselves with the SEL-710-5 choosing 
default parameters for INF and FUN. The default parameter for INF is an 
available, unique value to use that is selected by the SEL-710-5. The default 
parameter for FUN is 250. 

FIG Ground current of the fault event

FIN Neutral current of the fault event

FIA87 Differential A-phase current of the fault event

FIB87 Differential B-phase current of the fault event

FIC87 Differential C-phase current of the fault event

FFREQ Frequency of the fault event

Table H.11 SEL-710-5 Analog Fault Quantities (Sheet 2 of 2)

Analog Fault Quantity Description
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The [INF, FUN] pair needs to either be entered together or not entered at all. 
The SEL-710-5 does not accept only one member of the [INF, FUN] pair. And 
of course, the Label, Nominal, INF, and FUN can all be manually entered. No 
other combinations are valid with the SEL-710-5.

Meter Quantities The meter quantities are analog quantities in the SEL-710-5. In the 
SEL-710-5, meter quantities are reported as ASDU type 205 (Non-Standard) 
with COT type 1 (Spontaneous Events). The format of a meter quantity point 
within the meter quantity map is “Label, [Scaling, [INF, FUN]].” Label 
represents any valid meter quantity point accepted by the SEL-710-5. Scaling 
is the scaling factor applied to the point prior to being sent out of the relay via 
the protocol. Its range is 0.000 to 99999. The INF parameter is an integer in 
the range of 0 to 255. Similarly, the FUN parameter is an integer in the range 
of 0 to 255. Label can be entered by itself with the SEL-710-5 choosing 
default parameters for the Scaling, INF, and FUN. Label and Scaling can also 
be entered together with the SEL-710-5 choosing default parameters for the 
INF and FUN. The default parameter for INF is an available, unique value to 
use that is selected by the SEL-710-5. The default parameter for FUN is 250. 
The default value for Scaling is 1.

In any case, the [INF, FUN] pair needs to either be entered together or not 
entered at all. The SEL-710-5 does not accept only one member of the [INF, 
FUN] pair. If the [INF, FUN] pair has been entered, then Scaling must also be 
entered.

The SEL-710-5 begins its response within 45 milliseconds of receiving a 
complete request. The above classes define the IEC 60870-5-103 data map in 
the SEL-710-5. The SEL-710-5 provides for only one IEC 60870-5-103 map. 
The map consists of 332 definable points. These points include 100 binary 
input points, 8 binary targets, 32 binary controls, 8 measurands (totaling 128 
analog quantities), 32 fault analogs, and 32 meter quantities.

Time Synchronization The SEL-710-5 supports time synchronization as indicated with the 103TIME 
parameter under the device port settings. If the value is set to yes, then the 
device uses the time provided by the Master when the command is given, as 
long as the SEL-710-5 is not connected to an external time source, e.g., IRIG, 
PTP, or SNTP. The SEL-710-5 sets the internal time validity bit to indicate 
proper reception of the time-synchronization command sequence from the 
Master. The date and time should not be trusted unless the validity bit is set. 
Time synchronization in the SEL-710-5 should only be used if IRIG, PTP, or 
SNTP sources are not available.

IEC 60870-5-103 Documentation
The IEC 60870-5-103 Configuration/Interoperability Guide for the 
SEL-710-5 is available on the supplied CD or as a download from the SEL 
website and contains the standard device profile information for the 
SEL-710-5. Please refer to this document for complete information on 
IEC 60870-5-103 configuration and interoperability in the SEL-710-5.
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Appendix I
DeviceNet Communications

Overview
This appendix describes DeviceNet communications features supported by the 
SEL-710-5 Motor Protection Relay.

DeviceNet is a low-level communications network that provides direct 
connectivity among industrial devices, resulting in improved communications 
and device-level diagnostics that are otherwise either unavailable or 
inaccessible through expensive hardwired I/O interfaces. Industrial devices for 
which DeviceNet provides this direct connectivity include limit switches, 
photoelectric sensors, valve manifolds, motor starters, process sensors, bar 
code readers, variable frequency drives, panel displays, and operator 
interfaces.

The SEL DeviceNet Communications Card User’s Guide contains more 
information on the installation and use of the DeviceNet card.

DeviceNet Card
The DeviceNet Card is an optional accessory that enables connection of the 
SEL-710-5 to the DeviceNet automation network. The card (see Figure I.1) 
occupies the communications expansion Slot C in the relay.

Figure I.1 DeviceNet Card Component Overview

NOTE: The DeviceNet option has 
been discontinued and is no longer 
available to order as of 
September 25, 2017.

DeviceNet Connector Accepts a 
5-pin linear, open DeviceNet plug

Bus Status LED Status indicator for 
backplane (relay) communication

Node Address Switch Rotary switch 
for setting the least significant digit 
(LSD) of node address

Node Address 
Switch Rotary switch for 
setting the most significant 
digit (MSD) of node address

Data Rate Switch Rotary switch for 
selecting the DeviceNet data rate at which 
the card communicates

Network Status LED Status indicator for 
DeviceNet communication
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Features
The DeviceNet Card features the following:

➤ The card receives the required power from the DeviceNet 
network.

➤ Rotary switches let you set the node address and network data 
rate prior to mounting in the SEL-710-5 and applying power. 
Alternatively, the switches can be set to positions that allow for 
configuration of these settings over the DeviceNet network, 
utilizing a network configuration tool such as RSNetWorx for 
DeviceNet.

➤ Status indicators report the status of the device bus and network 
communications. They are visible from the back panel of the 
SEL-710-5 as installed. 

You can do the following with the DeviceNet interface:

➤ Retrieve metering data such as the following:

❪ Currents

❪ Voltages

❪ Power

❪ Energy

❪ Max/Min 

❪ Analog Inputs

❪ Counters

➤ Retrieve motor statistics data

➤ Read and set time 

➤ Monitor device status, trip/warning status, and I/O status

➤ Perform high-speed control 

➤ Reset trip, target, and accumulated data

➤ Retrieve events history 

You can configure the DeviceNet interface through the use of address and data 
transmission rate switches. Indicators on the card at the back of the relay show 
network status and network activity. 
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Electronic Data Sheet

The Electronic Data Sheet (EDS) is a specially formatted file that includes 
configurable parameters for the device and public interfaces to those 
parameters. The EDS file contains information such as number of parameters; 
groupings; parameter name; minimum, maximum, and default values; units; 
data format; and scaling. This information makes possible user-friendly 
configuration tools (e.g., RSNetWorx for DeviceNet or DeviceNet 
Configurator from OMRON) for device parameter monitoring, modification, 
or both. The interface to the device can also be easily updated without revision 
of the configuration software tool itself. 

All the registers defined in the Modbus Register Map (Table E.34) are 
available as parameters in a DeviceNet configuration. Parameter names, data 
ranges, and scaling; enumeration values and strings; parameter groups; and 
product information are the same as specified in the Modbus Register Map 
defined in Table E.34. The parameter numbers are offset by a count of 100 
from the register numbers.

The EDS file for the SEL-710-5, SEL-xxxRxxx.EDS, can be found on the 
SEL-710-5 Product Literature CD, or on the SEL website at selinc.com.

Complete specifications for the DeviceNet protocol are available on the Open 
DeviceNet Vendor’s Association (ODVA) website www.odva.org. ODVA is an 
independent supplier organization that manages the DeviceNet specification 
and supports the worldwide growth of DeviceNet.

http://www.selinc.com
http://www.odva.org
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Appendix J
MIRRORED BITS Communications

Overview
MIRRORED BITS communications is a direct relay-to-relay communications 
protocol that allows IEDs to exchange information quickly, securely, and with 
minimal expense. Use MIRRORED BITS for functions such as remote control 
and remote sensing. 

The SEL-710-5 Motor Protection Relay supports two MIRRORED BITS com-
munications channels, designated A and B. Use the port setting PROTO to 
assign one of the MIRRORED BITS communications channels to a serial port: 
PROTO:=MBA for MIRRORED BITS communications Channel A; or 
PROTO:=MBB for MIRRORED BITS communications Channel B.

MIRRORED BITS are either Transmit MIRRORED BITS (TMB) or Received 
MIRRORED BITS (RMB). Transmit MIRRORED BITS include TMB1A–TMB8A 
(Channel A) and TMB1B–TMB8B (Channel B). The last letter (A or B) des-
ignates with which channel the bits are associated. Received bits include 
RMB1A–RMB8A and RMB1B–RMB8B. 

Control the transmit MIRRORED BITS with SELOGIC control equations. Use 
the received MIRRORED BITS as arguments in SELOGIC control equations. You 
can also use the ROKA, RBADA, CBADA, LBOKA, ROKB, RBADB, 
CBADB, and LBOKB channel status bits as arguments in SELOGIC control 
equations. Use the COM command (see Section 7: Communications) for 
additional channel status information.

Because of different applications, the SEL product range supports several 
variations of the MIRRORED BITS communications protocol. Through the Port 
settings, you can set the SEL-710-5 for compatible operation with SEL-300 
series devices, SEL-2505 Remote I/O Modules (ST option only), SEL-700 
series devices, and SEL-2100 Logic Processors. When communicating with 
an SEL-400 series relay, be sure to set the transmission mode setting in the 
SEL-400 series relay to paced transmission (TXMODE := P).

Operation

Message 
Transmission

In the SEL-710-5, the MIRRORED BITS transmission rate is a function of both 
the data rate and the power system cycle. At data rates below 9600, the 
SEL-710-5 transmits MIRRORED BITS as fast as possible for the given rate. At 
rates at and above 9600 bps, the SEL-710-5 self-paces by using a technique 
similar to the SEL-400 series pacing mode. There are no settings to enable or 
disable the self-pacing mode. The SEL-710-5 automatically enters the self-
pacing mode at data rates of 9600, 19200, and 38400. Table J.1 shows the 
transmission rates of the MIRRORED BITS messages at different rates.

IMPORTANT: Be sure to configure 
the port before connecting to a 
MIRRORED BITS device. If you connect 
an unconfigured port to a MIRRORED 
BITS device, the device appears to be 
locked up.

NOTE: Complete all of the port 
settings for a port that you use for 
MIRRORED BITS communications before 
you connect an external MIRRORED BITS 
communications device. If you 
connect a MIRRORED BITS 
communications device to a port that 
is not set for MIRRORED BITS 
communications operation, the port 
will be continuously busy.
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Transmitting at longer intervals for data rates faster than 9600 avoids over-
flowing relays that receive MIRRORED BITS at a slower rate.

Message Reception 
Overview

During synchronized MIRRORED BITS communications with the communica-
tions channel in normal state, the relay decodes and checks each received mes-
sage. If the message is valid, the relay sends each received logic bit (RMBn, 
where n = 1 through 8) to the corresponding pickup and dropout security 
counters, which in turn set or clear the RMBnA and RMBnB relay element 
bits.

Message Decoding 
and Integrity Checks

Set the RX_ID of the local SEL-710-5 to match the TX_ID of the remote 
SEL-710-5. The SEL-710-5 indicates the status of each MIRRORED BITS com-
munications channel with Relay Word bits ROKA (receive OK) and ROKB. 
During normal operation, the relay sets the ROKc (c = A or B). The relay 
clears the ROKc bit when it detects any of the following conditions.

➤ The relay is disabled.

➤ MIRRORED BITS are not enabled.

➤ Parity, framing, or overrun errors occur.

➤ Receive message identification error occurs.

➤ No message received in the time three messages have been sent 
when PROTO = MBc, or seven messages have been sent when 
PROTO = MB8c.

➤ Loopback is enabled

The relay asserts ROKc only after successful synchronization, as described 
below, and after two consecutive messages pass all of the data checks previ-
ously described. After ROKc is reasserted, received data can be delayed while 
passing through the security counters described in the following paragraph.

While ROKc is deasserted, the relay does not transfer new RMB data to the 
pickup-dropout security counters described below. Instead, the relay sends one 
of the user-definable default values to the security counter inputs. For each 
RMBn, use the RXDFLT setting to determine the default state the MIRRORED 
BITS should use in place of received data if an error condition is detected. The 
setting is a mask of 1s, 0s, and/or Xs (for RMB1A–RMB8A), where X rep-
resents the most recently received valid value. The positions of the 1s and 0s 
correspond to the respective positions of the MIRRORED BITS in the Relay 
Word bits (see Appendix L: Relay Word Bits). Table J.2 is an extract of 
Appendix L: Relay Word Bits, showing the positions of the MIRRORED BITS.

Table J.1 Number of MIRRORED BITS Messages for Different Data Rates

Rate Transmission Rate of MIRRORED BITS Packets

2400 15 ms

4800 7.5 ms

9600 4 times a power system cycle (automatic pacing mode)

19200 4 times a power system cycle (automatic pacing mode)

38400 4 times a power system cycle (automatic pacing mode)

NOTE: Exercise caution when 
applying a MIRRORED BITS channel to 
relays that protect systems which 
may not be synchronized, because 
the automatic pacing modes operate 
under the assumption that both 
relays are protecting systems of 
similar frequency. To maintain 
MIRRORED BITS channel dependability 
for this application, it is best to use a 
data rate of either 2400 or 4800 bps.



J.3

Date Code 20220826 Instruction Manual SEL-710-5 Relay

MIRRORED BITS Communications
Operation

Table J.3 shows an example of the values of the MIRRORED BITS for the RXD-
FLT setting of 10100111.

Individual pickup and dropout security counters supervise the movement of 
each received data bit into the corresponding RMBn element. You can set each 
pickup/dropout security counter from 1 to 8. A setting of 1 causes a security 
counter to pass every occurrence, while a setting of 8 causes a counter to wait 
for eight consecutive occurrences in the received data before updating the data 
bits. The pickup and dropout security count settings are separate. Control the 
security count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout 
timer, except that the counter uses units of counted received messages instead 
of time. Select a setting for the security counter in accordance with the trans-
mission rate (see Table J.1). For example, when transmitting at 2400 bps, a 
security counter set to 2 counts delays a bit by about 30 ms. However, when 
operating at 9600 bps, a setting of 2 counts delays a bit by about 8.5 ms.

You must consider the impact of the security counter settings in the receiving 
relay to determine the channel timing performance, particularly when two 
relays of different processing rates are communicating via MIRRORED BITS, 
such as an SEL-321 and an SEL-710-5. The SEL-321 processes power system 
information each 1/8 power system cycle, but, when transmitting at 
19200 bps, the SEL-710-5 processes MIRRORED BITS messages at 4.15 ms at 
60 Hz (4 times per power system cycle at 60 Hz). Although the SEL-321 pro-
cesses power system information each 1/8 power system cycle, the relay pro-
cesses the MIRRORED BITS pickup/dropout security counters as MIRRORED 
BITS messages are received. Because the SEL-710-5 transmits messages at 
approximately a 1/4-cycle processing interval (9600 bps and faster, see 
Table J.1), a counter set to two in the SEL-321 delays a received bit by another 
approximately 1/2 cycle. However, a security counter in the SEL-710-5 with a 
setting of two delays a received bit from the SEL-321 by a 1/4 cycle, because 
the SEL-710-5 is receiving new MIRRORED BITS messages each 1/8 cycle 
from the SEL-321.

Channel 
Synchronization

When an SEL-710-5 detects a communications error, it deasserts ROKA or 
ROKB. If an SEL-710-5 detects two consecutive communications errors, it 
transmits an attention message, which includes the TXID setting. The relay 
transmits an attention message until it receives an attention message that 
includes a match to the TXID setting value. If the attention message is suc-
cessful, the relay has properly synchronized and data transmission resumes. If 
the attention message is not successful, the relay repeats the attention message 
until it is successful.

Table J.2 Positions of the MIRRORED BITS

Bit/
Row

7 6 5 4 3 2 1 0

84 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

86 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

Table J.3 MIRRORED BITS Values for a RXDFLT Setting of 10100111

Bit/
Row

7 6 5 4 3 2 1 0

84 1 0 1 0 0 1 1 1
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In summary, when a relay detects an error, it transmits an attention message 
until it receives an attention message with its own TX_ID included. If three or 
four relays are connected in a ring topology, the attention message goes all the 
way around the loop until the originating relay receives it. The message then 
dies and data transmission resumes. This method of synchronization allows 
the relays to reliably determine which byte is the first byte of the message. It 
also forces unsynchronized UARTs to become resynchronized. On the down 
side, this method takes down the entire loop for a receive error at any relay in 
the loop. This decreases availability. It also makes one-way communications 
impossible.

Loopback Testing Use the LOOP command to enable loopback testing. In the loopback mode, 
you loop the transmit port to the receive port of the same relay to verify trans-
mission messages. While in loopback mode, ROKc is deasserted, and another 
user accessible Relay Word bit, LBOKc (Loop Back OK) asserts and deasserts 
based on the received data checks (see the Section 7: Communications for the 
ACSII commands).

Channel Monitoring Based on the results of data checks (previously described), the relay collects 
information regarding the 255 most recent communications errors. Each 
record contains at least the following fields:

➤ DATE—Date when the dropout occurred

➤ TIME—Time when the dropout occurred

➤ RECOVERY_DATE—Date when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ RECOVERY_TIME—Time when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ DURATION—Time elapsed during dropout

➤ CAUSE—Reason for dropout (see Message Decoding and 
Integrity Checks on page J.2)

There is a single record for each outage, but an outage can evolve. For exam-
ple, the initial cause could be a data disagreement, but framing errors can 
extend the outage. If the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at the time the 
report was requested.

NOTE: Combine error conditions, 
including RBADA, RBADB, CBADA, and 
CBADB, with other alarm conditions 
by using SELOGIC control equations. 
Use these alarm conditions to 
program the relay to take appropriate 
action when it detects a 
communications channel failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay asserts a user-accessible Relay Word bit, RBADA or 
RBADB. When channel unavailability exceeds a user-definable threshold for 
Channel A or B, the relay asserts a user-accessible Relay Word bit, CBADA or 
CBADB. Use the COMM command to generate a long or summary report of 
the communications errors.

Use the RBADPU setting to determine how long a channel error must last 
before the meter element RBADA is asserted. RBADA is deasserted when the 
channel error is corrected. RBADPU is accurate to ±1 second.
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Use the CBADPU setting to determine the ratio of channel downtime to the 
total channel time before the meter element CBADA is asserted. The times 
used in the calculation are those that are available in the COM records. See the 
COMMUNICATIONS Command in Section 7: Communications for more 
information.

MIRRORED BITS Protocol for Pulsar 9600 Baud Modem
To use a Pulsar MBT modem, set setting PROTO := MBTA or MBTB (Port 
settings). Setting PROTO := MBTA or MBTB hides setting SPEED (forces 
the data rate to 9600), hides setting PARITY (forces parity to a value of 0), 
hides setting RTSCTS (forces RTSCTS to a value of N), and forces the trans-
mit time to be faster than double the power system cycle. Table J.4 shows the 
difference in message transmission periods when not using the Pulsar modem 
(PROTO ≠ MBTA or MBTB), and using the Pulsar MBT modem (PROTO = 
MBTA or MBTB).

NOTE: You must consider the idle 
time in calculations of data transfer 
latency through a Pulsar MBT modem 
system.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify 
that MIRRORED BITS communications matches this specification.

Settings
Set PROTO = MBA or MB8A to enable the MIRRORED BITS protocol channel 
A on this port. Set PROTO = MBB or MB8B to enable the MIRRORED BITS 
protocol channel B on this port. The standard MIRRORED BITS protocols MBA 
and MBB use a 6-data bit format for data encoding. The MB8 protocols 
MB8A and MB8B use an 8-data bit format, which allows MIRRORED BITS to 
operate on communications channels requiring an 8-data bit format. For the 
remainder of this section, PROTO = MBA is assumed. Table J.5 shows the 
MIRRORED BITS protocol port settings, ranges, and default settings for Port F, 
Port 3, and Port 4.

Table J.4 MIRRORED BITS Communications Message Transmission Period

Bps PROTO ≠ MBTA or MBTB PROTO = MBTA or MBTB

38400 4 times a power system cycle n/a

19200 4 times a power system cycle n/a

9600 4 times a power system cycle 2 times a power system cycle

4800 7.5 ms n/a

Table J.5 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting 
Prompt

Setting Description
Factory- 
Default 
Settings

TXID MIRRORED BITS ID of This Device (1–4) 2

RXID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (1–10000 seconds) 60

CBADPU Channel Unavailability to Set CBAD (1–10000 ppm) 1000

RXDFLT 8 char string of 1s, 0s, or Xs XXXXXXXX
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RMB1PU RMB1 Pickup Debounce Messages (1–8 messages) 1

RMB1DO RMB1 Dropout Debounce Messages (1–8 messages) 1

RMB2PU RMB2 Pickup Debounce Messages (1–8 messages) 1

RMB2DO RMB2 Dropout Debounce Messages (1–8 messages) 1

RMB3PU RMB3 Pickup Debounce Messages (1–8 messages) 1

RMB3DO RMB3 Dropout Debounce Messages (1–8 messages) 1

RMB4PU RMB4 Pickup Debounce Messages (1–8 messages) 1

RMB4DO RMB4 Dropout Debounce Messages (1–8 messages) 1

RMB5PU RMB5 Pickup Debounce Messages (1–8 messages) 1

RMB5DO RMB5 Dropout Debounce Messages (1–8 messages) 1

RMB6PU RMB6 Pickup Debounce Messages (1–8 messages) 1

RMB6DO RMB6 Dropout Debounce Messages (1–8 messages) 1

RMB7PU RMB7 Pickup Debounce Messages (1–8 messages) 1

RMB7DO RMB7 Dropout Debounce Messages (1–8 messages) 1

RMB8PU RMB8 Pickup Debounce Messages (1–8 messages) 1

RMB8DO RMB8 Dropout Debounce Messages (1–8 messages) 1

Table J.5 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting 
Prompt

Setting Description
Factory- 
Default 
Settings
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Appendix K
Motor Thermal Element

Overview
The SEL-710-5 Motor Protection Relay uses a patented protection algorithm 
to provide effective motor thermal protection. The relay offers two convenient 
methods to set the thermal element. They are:

➤ Motor ratings method

➤ Thermal limit curve method

These setting methods are described in Section 4: Protection and Logic 
Functions. The two methods accommodate differences in the amount and type 
of motor information available. They also offer the majority of relay users at 
least one familiar setting method.

While the implementation details of each setting method vary, the 
fundamental thermal element is the same for both, so this generalized 
discussion applies to both methods equally. Regardless of the setting method 
used, the thermal element provides motor protection for the following 
potentially damaging conditions:

➤ Locked Rotor Starts

➤ Running Overload

➤ Operation Under Unbalanced Currents

➤ Too Frequent or Prolonged Starting

To provide integrated protection for all these conditions, the thermal element:

➤ Continuously maintains numeric estimates analogous to the 
heat energy in the rotor and the stator of the motor.

➤ Adjusts the heat estimates based on the measured positive-
sequence and negative-sequence current flowing in the motor.

➤ Rotor Model: Weights the heating effect of negative-sequence 
current as five times the heating effect of positive-sequence 
currents when the motor is running (weights them equally 
when the motor is starting).

➤ Rotor Model (with slip calculation): Dynamically weights the 
heating effect of each of the negative-sequence and positive-
sequence currents as a function of calculated slip. For high 
inertia applications where the motor acceleration time is longer 
than the locked rotor time, this feature avoids tripping during a 
start. 

➤ Stator Model: Weights the heating effects of positive- and 
negative-sequence current equally when the motor is starting or 
running.
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➤ Models the heat lost to the surroundings when the motor is 
running.

➤ Compares the present heat estimate of rotor and stator to the 
trip threshold of rotor and stator models respectively.

➤ Provides a trip output if either of the present heat estimates 
exceeds the respective trip threshold.

➤ Provides an alarm output if either of the present heat estimates 
exceeds the alarm threshold (user settable as a percentage of 
the trip threshold).

➤ Adjusts the rotor and stator trip thresholds based on RTD 
ambient temperature measurement when enabled.

➤ Adjusts the rotor and stator trip thresholds based on measured 
frequency (for VFD applications) when enabled.

➤ Uses true rms current magnitude for the model (for VFD 
applications) instead of the sequence current magnitudes.

Purpose of Motor Thermal Protection
A typical induction motor draws six times the full-load current when starting. 
This high stator current induces a comparably high current in the rotor. The 
rotor resistance at zero speed typically is three times the rotor resistance when 
the motor is at rated speed. Thus, the I2r heating in the rotor is approximately 
62 • 3, or 108, times the I2r heating when the motor runs normally.

Consequently, the motor must tolerate extreme heating for a limited time in 
order to start. Manufacturers state the motor tolerance through the maximum 
locked rotor time and locked rotor amperes specifications for each motor. In a 
similar manner, the motor manufacturer communicates the ability of the motor 
to operate under continuous heavy load through the service factor 
specification.

The purpose of motor thermal protection is to allow the motor to start and run 
within the manufacturer’s published guidelines, but trip if the motor thermal 
energy exceeds those ratings because of overloads, negative-sequence current, 
or locked rotor starting.

Figure K.1 shows a typical motor thermal limit characteristic plotted with the 
motor starting current. Some motor protection applications use an inverse-
time phase overcurrent element to provide locked rotor and overload 
protection along with a separate negative-sequence overcurrent relay to 
prevent overheating resulting from current unbalance. Unfortunately, neither 
of these elements accounts for the motor thermal history or track temperature 
excursions. The SEL-710-5 thermal element offers distinct advantages over 
the use of overcurrent elements.

The SEL-710-5 thermal element individually tracks the heat energies in rotor 
and stator. The rotor trip threshold represents rated locked rotor current and 
time, providing locked rotor protection. The stator trip threshold represents 
the service factor and two other motor parameters, as defined and shown in 
Figure K.7, providing overload protection.
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Figure K.1 Motor Thermal Limit Characteristic Plotted With Motor Starting 
Current

Basic Thermal Element
Figure K.2 shows a simple electrical analog for a thermal system. The thermal 
element includes:

➤ A heat source, modeled as a current source.

➤ Thermal inertia, modeled as a capacitor.

➤ Thermal dissipation, modeled as a resistor.

➤ A comparator, to compare the present heat estimate, U, to the 
Thermal Trip Value.

Figure K.2 Electrical Analog of a Thermal System
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To define a thermal element for an induction motor, the characteristics of each 
component in Figure K.2 must be defined, starting with the heat source. In an 
induction motor, heat principally is caused by I2r losses. Equation K.1 shows 
the motor heat source as a function of positive- and negative-sequence 
currents.

Equation K.1

Heating factors K1 and K2 are defined by the positive-sequence rotor 
resistance and negative-sequence rotor resistance, respectively.

Figure K.3 shows a plot of a typical induction motor current, torque, and rotor 
resistance versus slip. When motor slip is 1 per unit, rotor speed is zero. As the 
motor approaches rated speed, slip decreases to near zero.

Figure K.3 Typical Induction Motor Current, Torque, and Rotor Resistance 
Versus Slip

Use Equation K.2 to calculate the positive-sequence rotor resistance plotted in 
Figure K.3.

Equation K.2

The positive-sequence rotor resistance is represented as a linear function of 
slip S by Equation K.3.

Equation K.3

To properly account for the heating effects of the negative-sequence current, 
calculate the negative-sequence rotor resistance. The rotor has slip with 
respect to the stator negative-sequence current. To determine the value of the 
negative-sequence slip as a function of positive-sequence slip, S, observe that 

where:
S = Motor slip

QM(S) = Motor torque at slip S
I(S) = Motor positive-sequence current at slip S

where:
R1 = Positive-sequence rotor resistance at slip S = 1
R0 = Positive-sequence rotor resistance at slip S = 0
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negative-sequence stator currents induce a counter-rotating magnetic flux. 
When rotor speed is zero, the counter-rotating flux induces fundamental 
frequency currents in the rotor: negative-sequence slip equals positive-
sequence slip, S. When the rotor is spinning at near synchronous speed, the 
counter-rotating magnetic flux induces approximately double-frequency 
currents in the rotor: negative-sequence slip equals twice the fundamental 
frequency.

Based on these observations, negative-sequence slip equals (2–S). Substituting 
this value for S in Equation K.3, calculate negative-sequence rotor resistance, 
Rr–.

Equation K.4

To obtain factors expressing the relative heating effect of positive- and 
negative-sequence current, divide Equation K.3 and Equation K.4 by R0. For 
the locked rotor case (slip, S = 1).

Equation K.5

Unless otherwise known, the R1/R0 can be assumed to be equal to 3. When 
the motor is running (S ≈ 0), the positive-sequence heating factor, K1, is 
found.

Equation K.6

Using the assumed value of R1/R0, the negative-sequence heating factor, K2, 
at S ≈ 0 is found:

Equation K.7

To summarize, based on the assumption that the locked-rotor resistance is 
three times the running rotor resistance:

➤ The heating factor of positive-sequence current, K1, when the 
motor is running is 1 per unit.

➤ The heating factor of negative-sequence current, K2, when the 
motor is running is 5 per unit.

➤ Both K1 and K2 are 3 per unit when the rotor is locked.

The differences in the positive- and negative-sequence heating factors 
immediately suggest that the rotor thermal element should have two states 
representing the starting and running of the motor. The SEL-710-5 thermal 
element automatically selects which state to use based on the sum of positive 
and negative-sequence current magnitude. When the sum is greater than 2.5 

where:
R1 = Positive-sequence rotor resistance at slip S = 1
R0 = Positive-sequence rotor resistance at slip S = 0

Rr- R1 R0–( ) 2 S–( )• R0+=

Rr+
R0
--------

S 1=

Rr-
R0
-------

S 1=

R1
R0
------= =

Rr+
R0
--------

S 0=

R0
R0
------ 1= =

Rr-
R0
-------

S 0=

2
R1
R0
------ 
 • 1– 5= =

NOTE: Starting and running states 
for the thermal element described 
here are not the same as STARTING 
and RUNNING bits described in 
Figure 4.77.
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times the motor rated full-load current setting, the relay uses the starting state. 
When current is less than 2.5 times rated full-load current, the relay uses the 
running state.

Motor Starting Protection
Figure K.4 shows the rotor thermal element used (without slip calculation) 
when the motor is starting. Locked rotor heating occurs over just a few 
seconds, so the model assumes that no heat is lost to the surroundings and the 
resistor is removed from the thermal circuit. The thermal trip value is defined 
by the motor rated locked rotor current, IL, squared, times the rated hot motor 
locked rotor time, To. The thermal capacitance is selected to match the heat 
source factor, 3. By setting the capacitance equal to 3, when the motor 
positive-sequence current, I1, equals locked rotor current, IL, the heat 
estimate, U, reaches the trip value in exactly locked rotor time, To. This is true 
for the motor initially at or below the normal operating temperature when the 
rating method is used. If a Rating_1 or curve method is used, the locked rotor 
trip time adapts to the actual initial temperature (heat estimate at the beginning 
of the motor start). For example, the locked rotor trip time will be 120 percent 
of To for the motor at an ambient temperature.

Figure K.4 Rotor Thermal Element During Motor Start 
(When SETMETH = RATING)

When an optional voltage card is used, the SEL-710-5 uses the following heat 
source and capacitance values in the rotor thermal element:

Equation K.8

where: Rr+ and Rr– are calculated slip-dependent rotor resistances
LRQ, LRA1, and FLS are relay settings

_

+

C = 3I2 = 3 • (I12 + I22)

IL2 • To

U
49T_RTR

Relay
Word
Bit

R

I2 Rr+
R0
-------- I1

2 Rr-
R0
------- I2

2•+•=

C
R1
R0
------=

R1
LRQ

LRA12
------------------=

R0 FLS=
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Motor Running Protection
When the motor is running, it dissipates heat energy to the surroundings 
through radiation, conduction, convection, and, in some cases, forced cooling. 
The motor running thermal element provides a path for that energy dissipation 
through the resistor R, as shown in Figure K.5.

Figure K.5 Stator Thermal Element With Resistance and Trip Level 
Undefined

To determine the value of the resistor, recall that the motor reaches an energy 
level representing the motor-rated operating temperature when 1 per unit of 
positive-sequence current flows in the motor for a long time. Because the 
positive-sequence heat factor, K1, is 1 in the running model, and 1 per unit of 
I1 squared equals 1, the value of resistor R equals the energy level representing 
the motor-rated operating temperature.

To determine the normal operating energy, recall that many motor data sheets 
publish two locked rotor trip times: one longer time (referred to as Ta) when 
the motor is started from ambient temperature and one shorter time (To) when 
the motor is started from operating temperature.

Figure K.6 shows a graphical representation of the problem and corresponding 
solution. The motor normal operating energy is the difference between the 
ambient and operating temperature locked rotor times, multiplied by locked 
rotor current squared. For those motors without published separate locked 
rotor times, assume that the locked rotor trip energy is approximately six times 
the operating energy.

Figure K.6 Calculating the Normal Operating Energy by Using Locked Rotor 
Trip Times

_

+

3 • TDRI12  + I22

Thermal Trip Level

U
49T_STR

Relay
Word
Bit

R

IL2 • Ta IL2 • To

Normal Operating Energy

IL2 • (Ta–To)

Base or Ambient Energy

Locked Rotor Trip Energy
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Equation K.9

TDR is an time-dial variable calculated using Equation K.10. RTC is the run 
state time constant (setting in minutes; see Table 4.4 and Example 4.3).

Equation K.10

The motor ratings allow the motor to be run continuously at the motor service 
factor. The service factor, SF, is accounted for in the stator thermal element 
trip threshold. Figure K.7 shows the stator thermal element.

Figure K.7 Stator Thermal Element

Example K.1 illustrates the difference between the trip thresholds of the rotor 
and stator thermal elements.

EXAMPLE K.1 Rotor and Stator Trip Level Calculations

Given a motor with the following characteristics, calculate the stator 
and rotor thermal model trip thresholds.

Service Factor, SF = 1.15
Locked Rotor Current, IL= 6 per unit of full-load amperes
Locked Rotor Time From Operating Temperature, To = 12 seconds
Locked Rotor Time From Ambient Temperature, Ta = 14.4 seconds
Rotor Trip Threshold

= IL2 • To
= 36 • 12
= 432

Stator Trip Threshold
= IL2 • (Ta–To) • SF2

= 36 • 2.4 • 1.323
= 114.3

IL
2 Ta• 

IL
2 Ta To–( )• 

-------------------------------------- 6=

Ta
To
------- 1.2=∴

Ta To–( ) 0.2 To• =∴

TDR RTC 3 IL2• Ta To–( )•( )⁄=

_

+

3 • TDRI12  +  I22 IL2  •(Ta–To)

IL2  •(Ta–To) • SF2

U

Relay
Word
Bit

49T_STR
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Interpreting Percent Thermal Capacity Values
Several of the SEL-710-5 reporting functions include % Thermal Capacity 
values. At all times, the relay uses Equation K.11 to calculate the percent 
thermal capacity used for the rotor and the stator.

Equation K.11

By this definition, when either the stator or the rotor % Thermal Capacity 
reaches 100%, the heat estimate equals the respective trip value and the 
thermal element trips.

You can compare the rotor % Thermal Capacities of several starts using the 
relay Motor Start Reports and Motor Start Trend data. Using these data, you 
can notice an increasing trend in the Rotor % Thermal Capacity, the final 
Rotor % Thermal Capacity value when the motor state changes from starting 
to running. This could indicate gradually increasing load torque, which could 
eventually result in an unwanted locked rotor trip and subsequent downtime.

A normal motor start or an overload trip is expected to use a significant 
percentage of the available rotor and stator thermal capacity. After a motor 
start and an overload trip, it is generally necessary for the motor to cool for a 
time before another start is permitted. The cooling usually takes place while 
the motor is stopped or running at a reduced load.

The SEL-710-5 provides a facility to help ensure that a motor start is not 
attempted while either the stator or the rotor is still too hot to be started safely. 
The TCSTART and 49RSTP settings allow you to define a fixed value of the 
rotor and the stator thermal capacity used previously, in which the relay 
asserts the Thermal Lockout until the motor is cool. See Equation 4.3, 
Equation 4.4, Figure 4.74, and the associated description for setting criteria.

Thermal Element Trip-Time Equations
Figure 4.2 and Figure 4.3 in Section 4: Protection and Logic Functions show 
trip time curves for selected settings of the thermal element. Following are 
equations for calculating the trip times or curves for any settings.

As stated earlier, the motor model consists of distinct rotor and stator thermal 
elements (see Figure K.4 and Figure K.7). Equations for each element appear 
in the following text. For simplicity, all motor currents are assumed to be 
balanced three phase and in per unit of full load current (e.g., motor 
current I = motor current/full load current).

Definitions

% Thermal Capacity
Present Heat
Estimate, U 

 

 Thermal
Trip Value 
 

----------------------------------- 100%• =

I = Motor current in per unit of full load current
I0 = Preload motor current in per unit of full load current

0.9 • SF for stator initially at normal operating temperature 
(hot stator) OR
0 for cold stator and testing thermal element

Tp = Thermal element trip time in seconds
SETMETH = Thermal element method setting

SF = Service factor setting
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General Equations Equation K.12 applies to the rotor element when 12 ≥ Ι ≥ 2.5.

Equation K.12

Equation K.13 applies to the stator element when Ι > SF.

Equation K.13

Rating Method 
Equations

Equation K.14 applies to the rotor element when 12 ≥ Ι ≥ 2.5 and 
SETMETH = Rating. To obtain the trip time (hot or cold rotor), substitute 

 in Equation K.12. (Also use Equation K.12 when SETMETH := 
Rating_1, with Uo = R or 0 for hot or cold rotor, respectively.)

Equation K.14

Equation K.15 and Equation K.16 apply to the stator element when Ι > SF and 
SETMETH = Rating or Rating_1. To obtain the trip time (hot stator), 
substitute  and RTC in Equation K.13.

RTC = Auto

Equation K.15

RTC ≠ Auto

Equation K.16

RTC = Run state time constant (setting in minutes, see Table 4.4 and 
Example 4.3)

TO = Locked rotor time hot (setting LRTHOT in seconds)
IL = Locked rotor current (setting LRA)
R =  

U0 = Initial energy in per unit of R
TD = Acceleration factor setting

CURVE = Curve number setting (when SETMETH = Curve)

Thermal resistance 0.2 IL
2• T0•=

Tp
TD 0.2+( ) TO• IL

2•[ ] UO–

I2
----------------------------------------------------------------------=

Tp 60 RTC•
I2 I0

2
–

I2 SF2
–

--------------------ln•=

U0 R=

Tp
TD TO• IL

2•

I2
--------------------------------=

I0 0.9 SF•( )=

Tp

TO TD 0.2+( )•

IL
2 0.9 SF•( )2

–

IL
2 SF2

–
--------------------------------------ln

-------------------------------------------------- I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=

Tp 60 RTC• I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=
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To obtain the trip time for cold stator, substitute I0 = 0 and RTC in 
Equation K.13.

RTC = Auto

Equation K.17

RTC ≠ Auto

Equation K.18

Curve Method 
Equations

Equation K.19 and Equation K.20 apply to the rotor element when 
12 ≥ Ι ≥ 2.5 and SETMETH = Curve. To obtain the trip time (cold rotor), 
substitute , , , and  in 
Equation K.12

Equation K.19

To obtain the trip time (hot rotor), substitute , , 
, and  in Equation K.12

Equation K.20

Equation K.21 applies to the stator element when Ι > SF and SETMETH = 
Curve. To obtain the trip time (hot stator), substitute , and 
RTC in Equation K.13.

Equation K.21

To obtain the trip time for cold stator, substitute I0 = 0 and RTC in 
Equation K.13.

Equation K.22

Tp

TO TD 0.2+( )•

IL
2 0.9 SF•( )2

–

I2
L SF2

–
-----------------------------------------ln

---------------------------------------------------- I2

I2 SF2
–

--------------------ln•=

Tp 60 RTC• I2

I2 SF2
–

--------------------ln•=

U0 0= TD 1.0= TO 2.08 CURVE•( )= IL 6.0=

Tp
90 CURVE•

I2
--------------------------------=

U0 R= TD 1.0=
TO 2.08 CURVE•( )= IL 6.0=

Tp
75 CURVE•

I2
--------------------------------=

I0 0.9 SF•( )=

Tp

2.5 CURVE•

36 0.9 SF•( )2
–

36 SF2
–

---------------------------------------ln

--------------------------------------------------- I2 0.9 SF•( )2
–

I2 SF2
–

--------------------------------------ln•=

Tp

2.5 CURVE•

36 0.9 SF•( )2
–

36 SF2
–

---------------------------------------ln

--------------------------------------------------- I2

I2 SF2
–

--------------------ln•=
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Relay Word Bits

Overview
The protection and control element results are represented by Relay Word bits 
in the SEL-710-5 Motor Protection Relay. Each Relay Word bit has a label 
name and is in either of the following states:

➤ 1 (logical 1)

➤ 0 (logical 0)

Logical 1 represents an element being picked up or otherwise asserted. 
Logical 0 represents an element being dropped out or otherwise deasserted.

Table L.1 and Table L.2 show a list of Relay Word bits and corresponding 
descriptions. The Relay Word bit row numbers correspond to the row numbers 
used in the TAR command (see TARGET Command (Display Relay Word Bit 
Status) on page R.7.70).

Any Relay Word bit (except Row 0) can be used in SELOGIC control equations 
(see Section 4: Protection and Logic Functions) and the Sequential Events 
Recorder (SER) trigger list settings (see Section 10: Analyzing Events).

Table L.1 SEL-710-5 Relay Word Bits (Sheet 1 of 6)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

1 49T LOSSTRIP JAMTRIP 46UBT RTDT PTCTRIP ORED51T TRIP

2 VART 37PT 47T 55T SPDSTR SMTRIP OTHTRIP AMBTRIP

3 a a BLKSTR 41A SRUNNING PTCFLT RTDFLT BFI

4 COMMIDLE COMMLOSS REMTRIP COMMFLT CFGFLT 49T_STR 49T_RTR BFT

5 87M1 87M2 87M1T 87M2T 87M1TC 87M2TC 50PAF 50NAF

6 49A LOSSALRM JAMALRM 46UBA RTDA 55A 55TC AF_TRIP

7 VARA 37PA SPDSAL OTHALRM 81D1T 81D2T 81D3T 81D4T

8 AMBALRM HALARM SALARM AFALARM WARNING LOADUP LOADLOW 50S

9 STOPPED RUNNING STARTING STAR DELTA START COASTOP FAULT

10 27P1 27P1T 27P2 27P2T 59P1 59P1T 59P2 59P2T

11 50P1P 50P2P 50N1P 50N2P 50G1P 50G2P 50Q1P 50Q2P

12 50P1T 50P2T 50N1T 50N2T 50G1T 50G2T 50Q1T 50Q2T

13 OUT101 OUT102 OUT103 a a a a a
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14 OUT301 OUT302 OUT303 OUT304 OUT305 OUT306 OUT307 OUT308

15 OUT401 OUT402 OUT403 OUT404 OUT405 OUT406 OUT407 OUT408

16 OUT501 OUT502 OUT503 OUT504 OUT505 OUT506 OUT507 OUT508

17 IN101 IN102 a a a a a a

18 IN301 IN302 IN303 IN304 IN305 IN306 IN307 IN308

19 IN401 IN402 IN403 IN404 IN405 IN406 IN407 IN408

20 IN501 IN502 IN503 IN504 IN505 IN506 IN507 IN508

21 WDGALRM WDGTRIP BRGALRM BRGTRIP THERMLO NOSLO TBSLO ABSLO

22 RTDIN TRGTR IBRK RTDBIAS 52A SPEED2 52B VFDBYPAS

23 RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T

24 RTD5A RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T

25 RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T

26 46UBTC 48LJTC 50EFTC 50PTC 37LLTC 66JOGTC 49PTCTC 49RTDTC

27 RSTENRGY RSTMXMN DSABLSET RSTTRGT BLKPROT LOP RSTMOT CMETSRTG

28 SG1 SG2 SG3 SG4 MSRTRG DI_C DI_B DI_A

29 STR  STOP   EMRSTR ER     ULTRIP TR FREQTRK   STREQ

30 DNAUX1 DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8

31 DNAUX9 DNAUX10 DNAUX11 RELAY_EN BBD1T BBD2T BBD3T ZCFREQ

32 PB01 PB02 PB03 PB04 PB05 PB06 PB07 PB08

33 PB01_PUL PB02_PUL PB03_PUL PB04_PUL PB05_PUL PB06_PUL PB07_PUL PB08_PUL

34 PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED

35 PB5A_LED PB5B_LED PB6A_LED PB6B_LED PB7A_LED PB7B_LED PB8A_LED PB8B_LED

36 a a T01_LED T02_LED T03_LED T04_LED T05_LED T06_LED

37 LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08

38 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16

39 LB17 LB18 LB19 LB20 LB21 LB22 LB23 LB24

40 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32

41 RB01 RB02 RB03 RB04 RB05 RB06 RB07 RB08

42 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16

43 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24

44 RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32

45 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08

46 SV01T SV02T SV03T SV04T SV05T SV06T SV07T SV08T

47 SV09 SV10 SV11 SV12 SV013 SV14 SV15 SV16

48 SV09T SV10T SV11T SV12T SV13T SV14T SV15T SV16T

49 SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24

Table L.1 SEL-710-5 Relay Word Bits (Sheet 2 of 6)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0
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50 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T

51 SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32

52 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T

53 LT01 LT02 LT03 LT04 LT05 LT06 LT07 LT08

54 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16

55 LT17 LT18 LT19 LT20 LT21 LT22 LT23 LT24

56 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32

57 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU SC08QU

58 SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD

59 SC09QU SC10QU SC11QU SC12QU SC13QU SC14QU SC15QU SC16QU

60 SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD

61 SC17QU SC18QU SC19QU SC20QU SC21QU SC22QU SC23QU SC24QU

62 SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD

63 SC25QU SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU

64 SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD SC32QD

65 AILW1 AILW2 AILAL a AIHW1 AIHW2 AIHAL a

66 AI301LW1 AI301LW2 AI301LAL a AI301HW1 AI301HW2 AI301HAL a

67 AI302LW1 AI302LW2 AI302LAL a AI302HW1 AI302HW2 AI302HAL a

68 AI303LW1 AI303LW2 AI303LAL a AI303HW1 AI303HW2 AI303HAL a

69 AI304LW1 AI304LW2 AI304LAL a AI304HW1 AI304HW2 AI304HAL a

70 AI305LW1 AI305LW2 AI305LAL a AI305HW1 AI305HW2 AI305HAL a

71 AI306LW1 AI306LW2 AI306LAL a AI306HW1 AI306HW2 AI306HAL a

72 AI307LW1 AI307LW2 AI307LAL a AI307HW1 AI307HW2 AI307HAL a

73 AI308LW1 AI308LW2 AI308LAL a AI308HW1 AI308HW2 AI308HAL a

74 AI401LW1 AI401LW2 AI401LAL a AI401HW1 AI401HW2 AI401HAL a

75 AI402LW1 AI402LW2 AI402LAL a AI402HW1 AI402HW2 AI402HAL a

76 AI403LW1 AI403LW2 AI403LAL a AI403HW1 AI403HW2 AI403HAL a

77 AI404LW1 AI404LW2 AI404LAL a AI404HW1 AI404HW2 AI404HAL a

78 AI405LW1 AI405LW2 AI405LAL a AI405HW1 AI405HW2 AI405HAL a

79 AI406LW1 AI406LW2 AI406LAL a AI406HW1 AI406HW2 AI406HAL a

80 AI407LW1 AI407LW2 AI407LAL a AI407HW1 AI407HW2 AI407HAL a

81 AI408LW1 AI408LW2 AI408LAL a AI408HW1 AI408HW2 AI408HAL a

82 AI501LW1 AI501LW2 AI501LAL a AI501HW1 AI501HW2 AI501HAL a

83 AI502LW1 AI502LW2 AI502LAL a AI502HW1 AI502HW2 AI502HAL a

84 AI503LW1 AI503LW2 AI503LAL a AI503HW1 AI503HW2 AI503HAL a

85 AI504LW1 AI504LW2 AI504LAL a AI504HW1 AI504HW2 AI504HAL a

Table L.1 SEL-710-5 Relay Word Bits (Sheet 3 of 6)

Bit/
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Relay Word Bits
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86 AI505LW1 AI505LW2 AI505LAL a AI505HW1 AI505HW2 AI505HAL a

87 AI506LW1 AI506LW2 AI506LAL a AI506HW1 AI506HW2 AI506HAL a

88 AI507LW1 AI507LW2 AI507LAL a AI507HW1 AI507HW2 AI507HAL a

89 AI508LW1 AI508LW2 AI508LAL a AI508HW1 AI508HW2 AI508HAL a

90 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

91 TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A

92 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

93 TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B

94 LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA

95 LINKA LINKB LINKFAIL PASEL PBSEL a a LINK1

96 VB001 VB002 VB003 VB004 VB005 VB006 VB007 VB008

97 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016

98 VB017 VB018 VB019 VB020 VB021 VB022 VB023 VB024

99 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032

100 VB033 VB034 VB035 VB036 VB037 VB038 VB039 VB040

101 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048

102 VB049 VB050 VB051 VB052 VB053 VB054 VB055 VB056

103 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064

104 VB065 VB066 VB067 VB068 VB069 VB070 VB071 VB072

105 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080

106 VB081 VB082 VB083 VB084 VB085 VB086 VB087 VB088

107 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096

108 VB097 VB098 VB099 VB100 VB101 VB102 VB103 VB104

109 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112

110 VB113 VB114 VB115 VB116 VB117 VB118 VB119 VB120

111 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128

112 51AP 51BP 51CP 51P1P 51P2P 51QP 51G1P 51G2P

113 51AT 51BT 51CT 51P1T 51P2T 51QT 51G1T 51G2T

114 51AR 51BR 51CR 51P1R 51P2R 51QR 51G1R 51G2R

115 BKMON BCW BCWA BCWB BCWC a IRIGOK TSOK

116 TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC LPSECP

117 TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH

118 AFS1DIAG AFS2DIAG AFS3DIAG AFS4DIAG AFS5DIAG AFS6DIAG AFS7DIAG AFS8DIAG

119 TOL1 TOL2 TOL3 TOL4 TOL5 TOL6 TOL7 TOL8

120 AFS1EL AFS2EL AFS3EL AFS4EL AFS5EL AFS6EL AFS7EL AFS8EL

121 FDVTC FDCTC 40ZTC a 40Z1 40Z1T 40Z2 40Z2T

Table L.1 SEL-710-5 Relay Word Bits (Sheet 4 of 6)
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122 FDUV1 FDUV1T FDUV2 FDUV2T FDOV1 FDOV1T FDOV2 FDOV2T

123 FDUC1 FDUC1T FDUC2 FDUC2T FDOC1 FDOC1T FDOC2 FDOC2T

124 FDRES1T FDRES2T FDRESTC 41CLOSE UL41CL STSEQEN a a

125 78R1 78R2 78Z1 SWING OOS OOST a OOSTC

126 51ATC 51BTC 51CTC 51P1TC 51P2TC 51QTC 51G1TC 51G2TC

127 MATHERR TESTDB a SYNEN SLIPRECH DRVECLS RELUCLS ADV_RUNN 

128 a VIRSPDSW SPEEDSW ENHSPDSW SSFLRST SPDSFAIL FAILCLS FAILOPN

129 a a RELUCLS2 SLIPOK 41CLOSE2 41CLS2TO 41CLS2 SLIPBT

130 FVLR FVLRT FVLL FVLLT FVSL FVSLT FVSR FVSRT

131 FVR FVL PFINBND PFGUT a a PORSFL PODTCT

132 PIAW a 50ITRCC 50ITRCB 50ITRCA 50IALCC 50IALCB 50IALCA

133 a a a a a a a a

134 IN309 IN310 IN311 IN312 IN313 IN314 a a

135 IN409 IN410 IN411 IN412 IN413 IN414 a a

136 IN509 IN510 IN511 IN512 IN513 IN514 a a

137 a a 50INCTC 50INCTB 50INCTA 50INCC 50INCB 50INCA

138 27I1 27I1T 27I1RS 27I1TC 27I2 27I2T 27I2RS 27I2TC

139 59I1 59I1T 59I1RS 59I1TC 59I2 59I2T 59I2RS 59I2TC

140 59I3 59I3T 59I3RS 59I3TC 59I4 59I4T 59I4RS 59I4TC

141 89A2P1 89B2P1 89CL2P1 89OP2P1 89AL2P1 TTSTOP_A POSTOP_A POSTRT_A

142 89A2P2 89B2P2 89CL2P2 89OP2P2 89AL2P2 IMAX_A VMIN_A TTSTRT_A

143 89A2P3 89B2P3 89CL2P3 89OP2P3 89AL2P3 a a a

144 89A2P4 89B2P4 89CL2P4 89OP2P4 89AL2P4 a a a

145 89A2P5 89B2P5 89CL2P5 89OP2P5 89AL2P5 a a a

146 ENLRC LOCAL BKJMP 97FM1TC 97FM2TC 97FM3TC 97FM4TC 97FM5TC

147 97F1 97F1T 97FM1ER 97FM1ERT 97F2 97F2T 97FM2ER 97FM2ERT

148 97F3 97F3T 97FM3ER 97FM3ERT 97F4 97F4T 97FM4ER 97FM4ERT

149 97F5 97F5T 97FM5ER 97FM5ERT a a a a

150 a a a a a a a a

151 PTP_TIM PTP_OK PTPSYNC PTPA PTPB a a a

152 89O2P1 89OS2P1 89OI2P1 89OE2P1 89C2P1 89CS2P1 89CI2P1 89CE2P1

153 89O2P2 89OS2P2 89OI2P2 89OE2P2 89C2P2 89CS2P2 89CI2P2 89CE2P2

154 89O2P3 89OS2P3 89OI2P3 89OE2P3 89C2P3 89CS2P3 89CI2P3 89CE2P3

155 89O2P4 89OS2P4 89OI2P4 89OE2P4 89C2P4 89CS2P4 89CI2P4 89CE2P4

156 89O2P5 89OS2P5 89OI2P5 89OE2P5 89C2P5 89CS2P5 89CI2P5 89CE2P5

157 89O2P6 89OS2P6 89OI2P6 89OE2P6 89C2P6 89CS2P6 89CI2P6 89CE2P6

158 89O2P7 89OS2P7 89OI2P7 89OE2P7 89C2P7 89CS2P7 89CI2P7 89CE2P7
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159 89O2P8 89OS2P8 89OI2P8 89OE2P8 89C2P8 89CS2P8 89CI2P8 89CE2P8

160 89OC2P1 89RO2P1 89OM2P1 a 89CC2P1 89RC2P1 89CM2P1 a

161 89OC2P2 89RO2P2 89OM2P2 a 89CC2P2 89RC2P2 89CM2P2 a

162 89OC2P3 89RO2P3 89OM2P3 a 89CC2P3 89RC2P3 89CM2P3 a

163 89OC2P4 89RO2P4 89OM2P4 a 89CC2P4 89RC2P4 89CM2P4 a

164 89OC2P5 89RO2P5 89OM2P5 a 89CC2P5 89RC2P5 89CM2P5 a

165 89OC2P6 89RO2P6 89OM2P6 a 89CC2P6 89RC2P6 89CM2P6 a

166 89OC2P7 89RO2P7 89OM2P7 a 89CC2P7 89RC2P7 89CM2P7 a

167 89OC2P8 89RO2P8 89OM2P8 a 89CC2P8 89RC2P8 89CM2P8 a

168 89OC3PL1 89RO3PL1 89OM3PL1 a 89CC3PL1 89RC3PL1 89CM3PL1 a

169 89OC3PE1 89RO3PE1 89OM3PE1 a 89CC3PE1 89RC3PE1 89CM3PE1 a

170 89OC3PL2 89RO3PL2 89OM3PL2 a 89CC3PL2 89RC3PL2 89CM3PL2 a

171 89OC3PE2 89RO3PE2 89OM3PE2 a 89CC3PE2 89RC3PE2 89CM3PE2 a

172 a a a a a a a a

173 a a a a a a a a

174 a a a a a a a a

175 a a a a a a a a

176 89IP2P1 89IP2P2 89IP2P3 89IP2P4 89IP2P5 89IP2P6 89IP2P7 89IP2P8

177 89A3PL1 89B3PL1 89CL3PL1 89OP3PL1 89AL3PL1 89IP3PL1 89AL a

178 89A3PE1 89B3PE1 89CL3PE1 89OP3PE1 89AL3PE1 89IP3PE1 89IP a

179 89A3PL2 89B3PL2 89CL3PL2 89OP3PL2 89AL3PL2 89IP3PL2 a a

180 89A3PE2 89B3PE2 89CL3PE2 89OP3PE2 89AL3PE2 89IP3PE2 a a

181 89O3PL1 89OS3PL1 89OI3PL1 89OE3PL1 89C3PL1 89CS3PL1 89CI3PL1 89CE3PL1

182 89O3PE1 89OS3PE1 89OI3PE1 89OE3PE1 89C3PE1 89CS3PE1 89CI3PE1 89CE3PE1

183 89O3PL2 89OS3PL2 89OI3PL2 89OE3PL2 89C3PL2 89CS3PL2 89CI3PL2 89CE3PL2

184 89O3PE2 89OS3PE2 89OI3PE2 89OE3PE2 89C3PE2 89CS3PE2 89CI3PE2 89CE3PE2

185 89A2P6 89B2P6 89CL2P6 89OP2P6 89A2P7 89B2P7 89CL2P7 89OP2P7

186 89A2P8 89B2P8 89CL2P8 89OP2P8 a 89AL2P6 89AL2P7 89AL2P8

187 VIBAQ1AP VIBAQ1BP VIBAQ1CP VIBAQ1DP VIBAQ1AT VIBAQ1BT VIBAQ1CT VIBAQ1DT

1881 VIBAQ2AP VIBAQ2BP VIBAQ2CP VIBAQ2DP VIBAQ2AT VIBAQ2BT VIBAQ2CT VIBAQ2DT

189 VIBAQ3AP VIBAQ3BP VIBAQ3CP VIBAQ3DP VIBAQ3AT VIBAQ3BT VIBAQ3CT VIBAQ3DT

190 VIBAQ4AP VIBAQ4BP VIBAQ4CP VIBAQ4DP VIBAQ4AT VIBAQ4BT VIBAQ4CT VIBAQ4DT

191 VIBAQ5AP VIBAQ5BP VIBAQ5CP VIBAQ5DP VIBAQ5AT VIBAQ5BT VIBAQ5CT VIBAQ5DT

192 LPHDSIM a a a a a a a

193 SC850TM SC850BM SC850SM SC850LS LOC MLTLEV LOCSTA OREDLOC

a Reserved for future use.
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Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 1 of 21)

Bit Definition Row

27I1 Level 1 inverse undervoltage element pickup 138

27I1T Level 1 inverse undervoltage element time out 138

27I1RS Level 1 inverse undervoltage element reset 138

27I1TC Level 1 inverse undervoltage element torque control 138

27I2 Level 2 inverse undervoltage element pickup 138

27I2T Level 2 inverse undervoltage element time out 138

27I2RS Level 2 inverse undervoltage element reset 138

27I2TC Level 2 inverse undervoltage element torque control 138

27P1 Phase undervoltage Level 1 trip pickup 10

27P1T Phase undervoltage Level 1 trip definite-time delayed 10

27P2 Phase undervoltage Level 2 trip pickup 10

27P2T Phase undervoltage Level 2 definite-time delayed 10

37LLTC 37LL torque control 26

37PA Underpower alarm—asserts when the relay issues an underpower element alarm. 7

37PT Underpower trip—asserts when the relay issues an underpower element trip. 2

40Z1 Zone 1 instantaneous loss-of-field mho element 121

40Z1T Zone 1 time-delayed loss-of-field mho element 121

40Z2 Zone 2 instantaneous loss-of-field mho element 121

40Z2T Zone 2 time-delayed loss-of-field mho element 121

40ZTC Loss-of-field torque control 121

41A Asserts when the SELOGIC control equation 41A result is logical 1. Use to indicate that the 
motor field contactor or field circuit breaker is closed.

3

41CLOSE Field breaker close initiation for time-delayed start of brushless synchronous motors or slip-
dependent synchronization based on field voltage measurements

124

41CLOSE2 Field breaker close initiation for slip-dependent synchronization based on stator current 
measurements

129

41CLS2TO Slip dependent close OK 129

41CLS2 Start sequence time-out (synchronization based on stator current measurements) 129

46UBA Phase current unbalance alarm—asserts when the relay issues an alarm in response to a 
current unbalance condition, as defined by that function and its settings.

6

46UBT Phase current unbalance trip—asserts when the relay issues a trip in response to a current 
unbalance condition, as defined by that function and its settings.

1

46UBTC 46UB torque control 26

47T Phase reversal trip—asserts when the relay detects a phase reversal condition, if phase 
reversal tripping is enabled by the relay settings.

2

48LJTC 48LJ torque control 26

49A Thermal alarm—asserts when the relay issues a thermal element alarm because of locked 
rotor starting or running overload conditions.

6
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49PTCTC 49PTC torque control 26

49RTDTC 49RTD torque control 26

49T Thermal trip—asserts when the relay issues a thermal element trip because of locked rotor or 
running overload conditions, i.e., 49T = 49T_RTR OR 49T_STR.

1

49T_RTR Thermal trip, rotor thermal model 4

49T_STR Thermal trip, stator thermal model 4

50EFTC 50EF torque control 26

50G1P Definite-time residual overcurrent trip pickup 11

50G1T Definite-time residual overcurrent trip definite-time delayed 12

50G2P Definite-time residual overcurrent alarm pickup 11

50G2T Definite-time residual overcurrent alarm definite-time delayed 12

50IALCA Counter alarm level A-phase 132

50IALCB Counter alarm level B-phase 132

50IALCC Counter alarm level C-phase 132

50INCA Element pickup A-phase 137

50INCB Element pickup B-phase 137

50INCC Element pickup C-phase 137

50INCTA Element time out A-phase, self-clearing 137

50INCTB Element time out B-phase, self-clearing 137

50INCTC Element time out C-phase, self-clearing 137

50ITRCA Counter trip level A-phase 132

50ITRCB Counter trip level B-phase 132

50ITRCC Counter trip level C-phase 132

50N1P Definite-time neutral overcurrent trip pickup 11

50N1T Definite-time neutral overcurrent trip definite-time delayed 12

50N2P Definite-time neutral overcurrent alarm pickup 11

50N2T Definite-time neutral overcurrent alarm definite-time delayed 12

50NAF Sample based neutral overcurrent element pickup 5

50P1P Definite-time phase overcurrent trip pickup 11

50P1T Definite-time phase overcurrent trip definite-time delayed 12

50P2P Definite-time phase overcurrent alarm pickup 11

50P2T Definite-time phase overcurrent alarm definite-time delayed 12

50PAF Sample based phase overcurrent element pickup 5

50PTC 50P torque control 26

50Q1P Definite-time negative-sequence overcurrent trip pickup 11

50Q1T Definite-time negative-sequence overcurrent trip definite-time delayed 12

50Q2P Definite-time negative-sequence overcurrent alarm pickup 11

50Q2T Definite-time negative-sequence overcurrent alarm definite-time delayed 12

50S Overcurrent threshold for starting 8

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 2 of 21)
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51AP A-phase time-overcurrent element pickup 112

51AR A-phase time-overcurrent element reset 114

51AT A-phase time-overcurrent element trip 113

51ATC A-phase time-overcurrent torque control 126

51BP B-phase time-overcurrent element pickup 112

51BR B-phase time-overcurrent element reset 114

51BT B-phase time-overcurrent element trip 113

51BTC B-phase time-overcurrent torque control 126

51CP C-phase time-overcurrent element pickup 112

51CR C-phase time-overcurrent element reset 114

51CT C-phase time-overcurrent element trip 113

51CTC C-phase time-overcurrent torque control 126

51G1P Level 1 residual ground  time-overcurrent element pickup 112

51G1R Level 1 residual ground  time-overcurrent element reset 114

51G1T Level 1 residual ground  time-overcurrent element trip 113

51G1TC Level 1 residual ground  time-overcurrent torque control 126

51G2P Level 2 residual ground  time-overcurrent element pickup 112

51G2R Level 2 residual ground  time-overcurrent element reset 114

51G2T Level 2 residual ground  time-overcurrent element trip 113

51G2TC Level 2 residual ground  time-overcurrent torque control 126

51P1P Level 1 maximum phase  time-overcurrent element pickup 112

51P1R Level 1 maximum phase  time-overcurrent element reset 114

51P1T Level 1 maximum phase  time-overcurrent element trip 113

51P1TC Level 1 maximum phase  time-overcurrent torque control 126

51P2P Level 2 maximum phase  time-overcurrent element pickup 112

51P2R Level 2 maximum phase  time-overcurrent element reset 114

51P2T Level 2 maximum phase  time-overcurrent element trip 113

51P2TC Level 2 maximum phase  time-overcurrent torque control 126

51QP Negative-sequence, time-overcurrent element pickup 112

51QR Negative-sequence, time-overcurrent element reset 114

51QT Negative-sequence, time-overcurrent element trip 113

51QTC Negative-sequence, time-overcurrent torque control 126

52A Motor contactor or circuit breaker N/O contact 22

52B Motor contactor or circuit breaker N/C contact 22

55A Power factor alarm—asserts when the relay issues a power factor element alarm. 6

55T Power factor trip—asserts when the relay issues a power factor element alarm or trip. 2

55TC 55 torque control 6

59I1 Level 1 inverse overvoltage element pickup 139

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 3 of 21)
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59I1T Level 1 inverse overvoltage element time out 139

59I1RS Level 1 inverse overvoltage element reset 139

59I1TC Level 1 inverse overvoltage element torque control 139

59I2 Level 2 inverse overvoltage element pickup 139

59I2T Level 2 inverse overvoltage element time out 139

59I2RS Level 2 inverse overvoltage element reset 139

59I2TC Level 2 inverse overvoltage element torque control 139

59I3 Level 3 inverse overvoltage element pickup 140

59I3T Level 3 inverse overvoltage element time out 140

59I3RS Level 3 inverse overvoltage element reset 140

59I3TC Level 3 inverse overvoltage element torque control 140

59I4 Level 4 inverse overvoltage element pickup 140

59I4T Level 4 inverse overvoltage element time out 140

59I4RS Level 4 inverse overvoltage element reset 140

59I4TC Level 4 inverse overvoltage element torque control 140

59P1 Phase overvoltage Level 1 trip pickup 10

59P1T Phase overvoltage Level 1 trip definite-time delayed 10

59P2 Phase overvoltage Level 2 trip pickup 10

59P2T Phase overvoltage Level 2 trip definite-time delayed 10

66JOGTC 66JOG torque control 26

78R1 Out-of-step right blinder or outer resistance blinder 125

78R2 Out-of-step left blinder or inner resistance blinder 125

78Z1 Out-of-step mho element 125

81D1T Level 1 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D2T Level 2 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D3T Level 3 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

81D4T Level 4 trip definite-time over- and underfrequency elements—asserts when the frequency 
has been either above or below the element set point for a definite-time.

7

87M1 Level 1 pickup definite-time differential element 5

87M1T Level 1 trip definite-time differential element 5

87M1TC Torque control—Level 1 definite-time differential element 5

87M2 Level 2 pickup definite-time differential element 5

87M2T Level 2 trip definite-time differential element 5

87M2TC Torque control—Level 2 definite-time differential element 5

89A2P1 Two-position Disconnect 1 N/O contact 141

89A2P2 Two-position Disconnect 2 N/O contact 142

89A2P3 Two-position Disconnect 3 N/O contact 143

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 4 of 21)
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89A2P4 Two-position Disconnect 4 N/O contact 144

89A2P5 Two-position Disconnect 5 N/O contact 145

89A2P6 Two-position Disconnect 6 N/O contact 159

89A2P7 Two-position Disconnect 7 N/O contact 160

89A2P8 Two-position Disconnect 8 N/O contact 160

89A3PE1 Three-position Earthing Disconnect 1 N/O auxiliary contact 160

89A3PE2 Three-position Earthing Disconnect 2 N/O auxiliary contact 160

89A3PL1 Three-position In-line Disconnect 1 N/O auxiliary contact 160

89A3PL2 Three-position In-line Disconnect 2 N/O auxiliary contact 160

89AL Any two-position or three-position disconnect in alarm 160

89AL2P1 Two-position Disconnect 1 alarm 141

89AL2P2 Two-position Disconnect 2 alarm 142

89AL2P3 Two-position Disconnect 3 alarm 143

89AL2P4 Two-position Disconnect 4 alarm 144

89AL2P5 Two-position Disconnect 5 alarm 145

89AL2P6 Two-position Disconnect 6 alarm 160

89AL2P7 Two-position Disconnect 7 alarm 161

89AL2P8 Two-position Disconnect 8 alarm 161

89AL3PE1 Three-position Earthing Disconnect 1 alarm 161

89AL3PE2 Three-position Earthing Disconnect 2 alarm 161

89AL3PL1 Three-position In-line Disconnect 1 alarm 161

89AL3PL2 Three-position In-line Disconnect 2 alarm 161

89B2P1 Two-position Disconnect 1 N/C contact 141

89B2P2 Two-position Disconnect 2 N/C contact 142

89B2P3 Two-position Disconnect 3 N/C contact 143

89B2P4 Two-position Disconnect 4 N/C contact 144

89B2P5 Two-position Disconnect 5 N/C contact 145

89B2P6 Two-position Disconnect 6 N/C contact 161

89B2P7 Two-position Disconnect 7 N/C contact 161

89B2P8 Two-position Disconnect 8 N/C contact 162

89B3PE1 Three-position Earthing Disconnect 1 N/C auxiliary contact 162

89B3PE2 Three-position Earthing Disconnect 2 N/C auxiliary contact 162

89B3PL1 Three-position In-line Disconnect 1 N/C auxiliary contact 162

89B3PL2 Three-position In-line Disconnect 2 N/C auxiliary contact 162

89C2P1 Two-position Disconnect 1 close output 162

89C2P2 Two-position Disconnect 2 close output 162

89C2P3 Two-position Disconnect 3 close output 162

89C2P4 Two-position Disconnect 4 close output 163

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 5 of 21)
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89C2P5 Two-position Disconnect 5 close output 163

89C2P6 Two-position Disconnect 6 close output 163

89C2P7 Two-position Disconnect 7 close output 163

89C2P8 Two-position Disconnect 8 close output 163

89C3PE1 Three-position Earthing Disconnect 1 close output 163

89C3PE2 Three-position Earthing Disconnect 2 close output 163

89C3PL1 Three-position In-line Disconnect 1 close output 163

89C3PL2 Three-position In-line Disconnect 2 close output 164

89CC2P1 Two-position Disconnect 1 close command for control via communication protocols 164

89CC2P2 Two-position Disconnect 2 close command for control via communication protocols 164

89CC2P3 Two-position Disconnect 3 close command for control via communication protocols 164

89CC2P4 Two-position Disconnect 4 close command for control via communication protocols 164

89CC2P5 Two-position Disconnect 5 close command for control via communication protocols 164

89CC2P6 Two-position Disconnect 6 close command for control via communication protocols 164

89CC2P7 Two-position Disconnect 7 close command for control via communication protocols 164

89CC2P8 Two-position Disconnect 8 close command for control via communication protocols 165

89CC3PE1 Three-position Earthing Disconnect 1 close command for control via communication protocols 165

89CC3PE2 Three-position Earthing Disconnect 2 close command for control via communication protocols 165

89CC3PL1 Three-position In-line Disconnect 1 close command for control via communication protocols 165

89CC3PL2 Three-position In-line Disconnect 2 close command for control via communication protocols 165

89CE2P1 Two-position Disconnect 1 close enable 165

89CE2P2 Two-position Disconnect 2 close enable 165

89CE2P3 Two-position Disconnect 3 close enable 165

89CE2P4 Two-position Disconnect 4 close enable 166

89CE2P5 Two-position Disconnect 5 close enable 166

89CE2P6 Two-position Disconnect 6 close enable 166

89CE2P7 Two-position Disconnect 7 close enable 166

89CE2P8 Two-position Disconnect 8 close enable 166

89CE3PE1 Three-position Earthing Disconnect 1 close enable 166

89CE3PE2 Three-position Earthing Disconnect 2 close enable 166

89CE3PL1 Three-position In-line Disconnect 1 close enable 166

89CE3PL2 Three-position In-line Disconnect 2 close enable 167

89CI2P1 Two-position Disconnect 1 close immobility timer timed out 167

89CI2P2 Two-position Disconnect 2 close immobility timer timed out 167

89CI2P3 Two-position Disconnect 3 close immobility timer timed out 167

89CI2P4 Two-position Disconnect 4 close immobility timer timed out 167

89CI2P5 Two-position Disconnect 5 close immobility timer timed out 167

89CI2P6 Two-position Disconnect 6 close immobility timer timed out 167

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 6 of 21)
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89CI2P7 Two-position Disconnect 7 close immobility timer timed out 167

89CI2P8 Two-position Disconnect 8 close immobility timer timed out 168

89CI3PE1 Three-position Earthing Disconnect 1 close immobility timer timed out 168

89CI3PE2 Three-position Earthing Disconnect 2 close immobility timer timed out 168

89CI3PL1 Three-position In-line Disconnect 1 close immobility timer timed out 168

89CI3PL2 Three-position In-line Disconnect 2 close immobility timer timed out 168

89CL2P1 Two-position Disconnect 1 closed 141

89CL2P2 Two-position Disconnect 2 closed 142

89CL2P3 Two-position Disconnect 3 closed 143

89CL2P4 Two-position Disconnect 4 closed 144

89CL2P5 Two-position Disconnect 5 closed 145

89CL2P6 Two-position Disconnect 6 closed 168

89CL2P7 Two-position Disconnect 7 closed 168

89CL2P8 Two-position Disconnect 8 closed 168

89CL3PE1 Three-position Earthing Disconnect 1 closed 169

89CL3PE2 Three-position Earthing Disconnect 2 closed 169

89CL3PL1 Three-position In-line Disconnect 1 closed 169

89CL3PL2 Three-position In-line Disconnect 2 closed 169

89CM2P1 Two-position Disconnect 1 close command for control via front-panel HMI 169

89CM2P2 Two-position Disconnect 2 close command for control via front-panel HMI 169

89CM2P3 Two-position Disconnect 3 close command for control via front-panel HMI 169

89CM2P4 Two-position Disconnect 4 close command for control via front-panel HMI 169

89CM2P5 Two-position Disconnect 5 close command for control via front-panel HMI 170

89CM2P6 Two-position Disconnect 6 close command for control via front-panel HMI 170

89CM2P7 Two-position Disconnect 7 close command for control via front-panel HMI 170

89CM2P8 Two-position Disconnect 8 close command for control via front-panel HMI 170

89CM3PE1 Three-position Earthing Disconnect 1 close command for control via front-panel HMI 170

89CM3PE2 Three-position Earthing Disconnect 2 close command for control via front-panel HMI 170

89CM3PL1 Three-position In-line Disconnect 1 close command for control via front-panel HMI 170

89CM3PL2 Three-position In-line Disconnect 2 close command for control via front-panel HMI 170

89CS2P1 Two-position Disconnect 1 close seal-in timer timed out 171

89CS2P2 Two-position Disconnect 2 close seal-in timer timed out 171

89CS2P3 Two-position Disconnect 3 close seal-in timer timed out 171

89CS2P4 Two-position Disconnect 4 close seal-in timer timed out 171

89CS2P5 Two-position Disconnect 5 close seal-in timer timed out 171

89CS2P6 Two-position Disconnect 6 close seal-in timer timed out 171

89CS2P7 Two-position Disconnect 7 close seal-in timer timed out 171

89CS2P8 Two-position Disconnect 8 close seal-in timer timed out 171

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 7 of 21)
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89CS3PE1 Three-position Earthing Disconnect 1 close seal-in timer timed out 172

89CS3PE2 Three-position Earthing Disconnect 2 close seal-in timer timed out 172

89CS3PL1 Three-position In-line Disconnect 1 close seal-in timer timed out 172

89CS3PL2 Three-position In-line Disconnect 2 close seal-in timer timed out 172

89IP Any two-position or three-position disconnect in alarm 172

89IP2P1 Two-position Disconnect 1 operation in-progress 172

89IP2P2 Two-position Disconnect 2 operation in-progress 172

89IP2P3 Two-position Disconnect 3 operation in-progress 172

89IP2P4 Two-position Disconnect 4 operation in-progress 173

89IP2P5 Two-position Disconnect 5 operation in-progress 173

89IP2P6 Two-position Disconnect 6 operation in-progress 173

89IP2P7 Two-position Disconnect 7 operation in-progress 173

89IP2P8 Two-position Disconnect 8 operation in-progress 173

89IP3PE1 Three-position Earthing Disconnect 1 operation in-progress 173

89IP3PE2 Three-position Earthing Disconnect 2 operation in-progress 173

89IP3PL1 Three-position In-line Disconnect 1 operation in-progress 173

89IP3PL2 Three-position In-line Disconnect 2 operation in-progress 174

89O2P1 Two-position Disconnect 1 open output 174

89O2P2 Two-position Disconnect 2 open output 174

89O2P3 Two-position Disconnect 3 open output 174

89O2P4 Two-position Disconnect 4 open output 174

89O2P5 Two-position Disconnect 5 open output 174

89O2P6 Two-position Disconnect 6 open output 174

89O2P7 Two-position Disconnect 7 open output 174

89O2P8 Two-position Disconnect 8 open output 175

89O3PE1 Three-position Earthing Disconnect 1 open output 175

8903PE2 Three-position Earthing Disconnect 2 open output 175

89O3PL1 Three-position In-line Disconnect 1 open output 175

89O3PL2 Three-position In-line Disconnect 2 open output 175

89OC2P1 Two-position Disconnect 1 open command for control via communication protocols 175

89OC2P2 Two-position Disconnect 2 open command for control via communication protocols 175

89OC2P3 Two-position Disconnect 3 open command for control via communication protocols 175

89OC2P4 Two-position Disconnect 4 open command for control via communication protocols 176

89OC2P5 Two-position Disconnect 5 open command for control via communication protocols 176

89OC2P6 Two-position Disconnect 6 open command for control via communication protocols 176

89OC2P7 Two-position Disconnect 7 open command for control via communication protocols 176

89OC2P8 Two-position Disconnect 8 open command for control via communication protocols 176

89OC3PE1 Three-position Earthing Disconnect 1 open command for control via communication protocols 176
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89OC3PE2 Three-position Earthing Disconnect 2 open command for control via communication protocols 176

89OC3PL1 Three-position In-line Disconnect 1 open command for control via communication protocols 176

89OC3PL2 Three-position In-line Disconnect 2 open command for control via communication protocols 177

89OE2P1 Two-position Disconnect 1 open enable 177

89OE2P2 Two-position Disconnect 2 open enable 177

89OE2P3 Two-position Disconnect 3 open enable 177

89OE2P4 Two-position Disconnect 4 open enable 177

89OE2P5 Two-position Disconnect 5 open enable 177

89OE2P6 Two-position Disconnect 6 open enable 177

89OE2P7 Two-position Disconnect 7 open enable 177

89OE2P8 Two-position Disconnect 8 open enable 178

89OE3PE1 Three-position Earthing Disconnect 1 open enable 178

89OE3PE2 Three-position Earthing Disconnect 2 open enable 178

89OE3PL1 Three-position In-line Disconnect 1 open enable 178

89OE3PL2 Three-position In-line Disconnect 2 open enable 178

890I2P1 Two-position Disconnect 1 open immobility timer timed out 178

890I2P2 Two-position Disconnect 2 open immobility timer timed out 178

890I2P3 Two-position Disconnect 3 open immobility timer timed out 178

890I2P4 Two-position Disconnect 4 open immobility timer timed out 179

890I2P5 Two-position Disconnect 5 open immobility timer timed out 179

890I2P6 Two-position Disconnect 6 open immobility timer timed out 179

890I2P7 Two-position Disconnect 7 open immobility timer timed out 179

890I2P8 Two-position Disconnect 8 open immobility timer timed out 179

89OI3PE1 Three-position Earthing Disconnect 1 open immobility timer timed out 179

89OI3PE2 Three-position Earthing Disconnect 2 open immobility timer timed out 179

89OI3PL1 Three-position In-line Disconnect 1 open immobility timer timed out 179

89OI3PL2 Three-position In-line Disconnect 2 open immobility timer timed out 180

89OM2P1 Two-position Disconnect 1 open command for control via front-panel HMI 180

89OM2P2 Two-position Disconnect 2 open command for control via front-panel HMI 180

89OM2P3 Two-position Disconnect 3 open command for control via front-panel HMI 180

89OM2P4 Two-position Disconnect 4 open command for control via front-panel HMI 180

89OM2P5 Two-position Disconnect 5 open command for control via front-panel HMI 180

89OM2P6 Two-position Disconnect 6 open command for control via front-panel HMI 180

89OM2P7 Two-position Disconnect 7 open command for control via front-panel HMI 180

89OM2P8 Two-position Disconnect 8 open command for control via front-panel HMI 181

89OM3PE1 Three-position Earthing Disconnect 1 open command for control via front-panel HMI 181

89OM3PE2 Three-position Earthing Disconnect 2 open command for control via front-panel HMI 181

89OM3PL1 Three-position In-line Disconnect 1 open command for control via front-panel HMI 181
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89OM3PL2 Three-position In-line Disconnect 2 open command for control via front-panel HMI 181

89OP2P1 Two-position Disconnect 1 open 141

89OP2P2 Two-position Disconnect 2 open 142

89OP2P3 Two-position Disconnect 3 open 143

89OP2P4 Two-position Disconnect 4 open 144

89OP2P5 Two-position Disconnect 5 open 145

89OP2P6 Two-position Disconnect 6 open 181

89OP2P7 Two-position Disconnect 7 open 181

89OP2P8 Two-position Disconnect 8 open 181

89OP3PE1 Three-position Earthing Disconnect 1 open 182

89OP3PE2 Three-position Earthing Disconnect 2 open 182

89OP3PL1 Three-position In-line Disconnect 1 open 182

89OP3PL2 Three-position In-line Disconnect 2 open 182

89OS2P1 Two-position Disconnect 1 open seal-in timer timed out 182

89OS2P2 Two-position Disconnect 2 open seal-in timer timed out 182

89OS2P3 Two-position Disconnect 3 open seal-in timer timed out 182

89OS2P4 Two-position Disconnect 4 open seal-in timer timed out 182

89OS2P5 Two-position Disconnect 5 open seal-in timer timed out 183

89OS2P6 Two-position Disconnect 6 open seal-in timer timed out 183

89OS2P7 Two-position Disconnect 7 open seal-in timer timed out 183

89OS2P8 Two-position Disconnect 8 open seal-in timer timed out 183

89OS3PE1 Three-position Earthing Disconnect 1 open seal-in timer timed out 183

89OS3PE2 Three-position Earthing Disconnect 2 open seal-in timer timed out 183

89OS3PL1 Three-position In-line Disconnect 1 open seal-in timer timed out 183

89OS3PL2 Three-position In-line Disconnect 2 open seal-in timer timed out 183

89RC2P1 Two-position Disconnect 1 remote close control SELOGIC equation 184

89RC2P2 Two-position Disconnect 2 remote close control SELOGIC equation 184

89RC2P3 Two-position Disconnect 3 remote close control SELOGIC equation 184

89RC2P4 Two-position Disconnect 4 remote close control SELOGIC equation 184

89RC2P5 Two-position Disconnect 5 remote close control SELOGIC equation 184

89RC2P6 Two-position Disconnect 6 remote close control SELOGIC equation 184

89RC2P7 Two-position Disconnect 7 remote close control SELOGIC equation 184

89RC2P8 Two-position Disconnect 8 remote close control SELOGIC equation 184

89RC3PE1 Three-position Earthing Disconnect 1 remote close control SELOGIC equation 185

89RC3PE2 Three-position Earthing Disconnect 2 remote close control SELOGIC equation 185

89RC3PL1 Three-position In-line Disconnect 1 remote close control SELOGIC equation 185

89RC3PL2 Three-position In-line Disconnect 2 remote close control SELOGIC equation 185

89RO2P1 Two-position Disconnect 1 remote open control SELOGIC equation 185
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89RO2P2 Two-position Disconnect 2 remote open control SELOGIC equation 185

89RO2P3 Two-position Disconnect 3 remote open control SELOGIC equation 185

89RO2P4 Two-position Disconnect 4 remote open control SELOGIC equation 185

89RO2P5 Two-position Disconnect 5 remote open control SELOGIC equation 186

89RO2P6 Two-position Disconnect 6 remote open control SELOGIC equation 186

89RO2P7 Two-position Disconnect 7 remote open control SELOGIC equation 186

89RO2P8 Two-position Disconnect 8 remote open control SELOGIC equation 186

89RO3PE1 Three-position Earthing Disconnect 1 remote open control SELOGIC equation 186

89RO3PE2 Three-position Earthing Disconnect 2 remote open control SELOGIC equation 186

89RO3PL1 Three-position In-line Disconnect 1 remote open control SELOGIC equation 186

89RO3PL2 Three-position In-line Disconnect 2 remote open control SELOGIC equation 186

97F1 Frequency component magnitude element pick up 146

97F1T Frequency component magnitude element time out 146

97F2 Frequency component magnitude element pick up 146

97F2T Frequency component magnitude element time out 146

97F3 Frequency component magnitude element pick up 146

97F3T Frequency component magnitude element time out 147

97F4 Frequency component magnitude element pick up 147

97F4T Frequency component magnitude element time out 147

97F5 Frequency component magnitude element pick up 147

97F5T Frequency component magnitude element time out 147

97FM1ER Event report timer pick up 147

97FM1ERT Event report timer time out 147

97FM1TC Frequency component magnitude element torque control 147

97FM2ER Event report timer pick up 148

97FM2ERT Event report timer time out 148

97FM2TC Frequency component magnitude element torque control 148

97FM3ER Event report timer pick up 148

97FMERT Event report timer time out 148

97FM3TC Frequency component magnitude element torque control 148

97FM4ER Event report timer pick up 148

97FM4ERT Event report timer time out 148

97FM4TC Frequency component magnitude element torque control 149

97FM5ER Event report timer pick up 149

97FM5ERT Event report timer time out 149

97FM5TC Frequency component magnitude element torque control 149

ABSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21
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ADV_RUNN Same as RUNNING Relay Word bit without the 300 ms time delay (for use in starting 
sequence for synchronous motor)

AF_TRIP Any arc flash trip as given by equation (50PAF OR 50NAF) AND (TOL1 OR TOL2 
OR…OR TOL8) AND TRIP

6

AFALARM Arc-flash system integrity alarm, logical OR of all AF diagnostics & excessive light bits 
(AFSnDIAG & AFSnSEL)

8

AFS1DIAG–AFS8DIAG AF light Input 1 diagnostic failure—AF light input 8 diagnostic failure 118

AFS1EL–AFS8EL If TOLn is asserted for 10 seconds continuously, the corresponding AFSnEL Relay Word bit 
asserts, where n = 1 to 8. This can be used as a warning for excessive ambient light detection.

120

AIHAL Analog inputs high alarm limit. If any AIxxxHAL = 1, then AIHAL = 1 65

AIHW1 Analog inputs high warning, Level 1. If any AIxxxHW1 = 1, then AIHW1 = 1 65

AIHW2 Analog inputs high warning, Level 2. If any AIxxxHW2 = 1, then AIHW2 = 1 65

AILAL Analog inputs low alarm limit. If any AIxxxLAL = 1, then AILAL = 1 65

AILW1 Analog inputs low warning, Level 1. If any AIxxxLW1 = 1, then AILW1 = 1 65

AILW2 Analog inputs low warning, Level 2. If any AIxxxLW2 = 1, then AILW2 = 1 65

AIxxxHAL High alarm limit 89

AIxxxHW1 High warning, Level 1 89

AIxxxHW2 High warning, Level 2 89

AIxxxLAL Low alarm limit 89

AIxxxLW1 Low warning, level 1 89

AIxxxLW2 Low warning, level 2 89

AMBALRM Ambient temperature alarm—asserts if the healthy ambient RTD temperature exceeds its 
alarm set point. 

8

AMBTRIP Ambient temperature trip—asserts when the healthy Ambient RTD temperature exceeds its 
trip set point.

2

BBD1T Severe rotor bar damage 31

BBD2T One or more broken bars 31

BBD3T Rotor high impedance points 31

BCW BCWA OR BCWB OR BCWC 115

BCWA A-phase breaker contact wear has reached the 100 percent wear level. 115

BCWB B-phase breaker contact wear has reached the 100 percent wear level. 115

BCWC C-phase breaker contact wear has reached the 100 percent wear level. 115

BFI Breaker failure initiation—asserts when the SELOGIC control equation BFI results in a 
logical 1. Use to indicate that the breaker failure logic has started.

3

BFT Breaker failure trip—asserts when the relay issues a breaker failure trip. 4

BKMON Breaker monitor initiation 115

BLKPROT SELOGIC control equation—asserts enabled torque control elements when logic 1. 27

BLKSTR Block start SELOGIC control equation 3

BRGALRM Bearing temperature alarm—BRGALRM asserts when any healthy bearing RTD temperature 
exceeds its alarm set point. 

21

BRGTRIP Bearing temperature trip—BRGTRIP asserts when one or two (when EBRGV = Y) healthy 
bearing RTD temperatures exceed their trip set points.

21
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BKJMP Asserts if breaker control jumper is installed on main board 146

CBADA Channel A, channel unavailability over threshold 94

CBADB Channel B, channel unavailability over threshold 94

CFGFLT Asserts on failed settings interdependency check during Modbus setting change. 4

CMETSRTG Meter report trigger SELOGIC control equation. 27

COASTOP Rotor coast to stop 9

COMMFLT Time-out of internal communication between CPU board and DeviceNet board 4

COMMIDLE DeviceNet card in programming mode 4

COMMLOSS DeviceNet communication failure 4

DELTA Delta control 9

DI_A Distortion index A-phase 28

DI_B Distortion index B-phase 28

DI_C Distortion index C-phase 28

DNAUX1–DNAUX8 DeviceNet/Modbus AUX1–AUX8 assert bits 30

DNAUX9–DNAUX11 DeviceNet/Modbus AUX9–AUX11 assert bits 31

DRVECLS Synchronous motor field breaker close initiated via drive-to-close path

DSABLSET SELOGIC control equation: Do not allow settings changes from front-panel interface when 
asserted.

27

DST Daylight-saving time 116

DSTP Daylight-saving time pending 116

EMRSTR Emergency restart SELOGIC control equation—asserts when input assigned to EMRSTR 
asserts or when a Modbus/DeviceNet EMRSTR command is received.

29

ENHSPDSW Enhance Speed Switch 128

ENLRC Asserted when Local/Remote is enabled by EN_LRC = Y 146

ER Event report trigger SELOGIC control equation 29

FAILCLS Speed switch failed close 128

FAILOPN Speed switch failed open 128

FAULT Indicates Fault condition—asserts when SELOGIC control equation FAULT results in a 
logical 1.

9

FDCTC Field current torque control 121

FDOC1 Field overcurrent Level 1 pickup 123

FDOC1T Field overcurrent Level 1 definite-time delayed 123

FDOC2 Field overcurrent Level 2 pickup 123

FDOC2T Field overcurrent Level 2 definite-time delayed 123

FDOV1 Field overvoltage Level 1 pickup 122

FDOV1T Field overvoltage Level 1 definite-time delayed 122

FDOV2 Field overvoltage Level 2 pickup 122

FDOV2T Field overvoltage Level 2 definite-time delayed 122

FDRES1T Field resistance Level 1 trip 124

FDRES2T Field resistance Level 2 warn 124
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FDRESTC Field resistance torque control 124

FDUC1 Field undercurrent Level 1 pickup 123

FDUC1T Field undercurrent Level 1 definite-time delayed 123

FDUC2 Field undercurrent Level 2 pickup 123

FDUC2T Field undercurrent Level 2 definite-time delayed 123

FDUV1 Field undervoltage Level 1 pickup 122

FDUV1T Field undervoltage Level 1 definite-time delayed 122

FDUV2 Field undervoltage Level 2 pickup 122

FDUV2T Field undervoltage Level 2 definite-time delayed 122

FDVTC Field voltage torque control 121

FREQTRK Frequency tracking enable bit—tracking enabled when bit is asserted 29

FVL Lower field voltage digital interphase 131

FVLL Lower field voltage long step 130

FVLLT Lower field voltage long step time-out 130

FVLR Raise field voltage long step 130

FVLRT Raise field voltage long step time-out 130

FVR Raise field voltage digital interphase 131

FVSL Lower field voltage short step 130

FVSLT Lower field voltage short step time-out 130

FVSR Raise field voltage short step 130

FVSRT Raise field voltage short step time-out 130

HALARM Diagnostics failure 8

IBRK Inspect breaker 22

IMAX_A Maximum start current alarm 142

IN101and IN102 Contact inputs IN101 and IN102 17

IN301–IN304 Contact inputs IN301–IN304 (available only with optional I/O module) 18

IN305–IN308 Contact inputs IN305–IN308 (available only with optional I/O module) 18

IN309–IN314 Contact inputs IN309–IN314 (available only with optional 14 DI I/O module) 134

IN401–IN404 Contact inputs IN401–IN404 (available only with optional I/O module) 19

IN405–IN408 Contact inputs IN405–IN408 (available only with optional I/O module) 19

IN409–IN414 Contact inputs IN409–IN414 (available only with optional 14 DI I/O module) 135

IN501–IN504 Contact inputs IN501–IN504 (available only with optional I/O module) 20

IN505–IN508 Contact inputs IN505–IN508 (available only with optional I/O module) 20

IN509–IN514 Contact inputs IN509–IN514 (available only with optional 14 DI I/O module) 136

IRIGOK IRIG-B time synch input data are valid. 115

JAMALRM Load-jam alarm 6

JAMTRIP Load-jam trip 1

LB01–LB08 Local Bits 1–8 37
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LB09–LB16 Local Bits 9–16 38

LB17–LB24 Local Bits 17–24 39

LB25–LB32 Local Bits 25–32 40

LBOKA Channel A, looped back ok 94

LBOKB Channel B, looped back ok 94

LINK1 Asserts when a valid link is detected on Port 1. 95

LINKA Asserts if Ethernet Port A detects link. 95

LINKB Asserts if Ethernet Port B detects link. 95

LINKFAIL Failure of active Ethernet port link 95

LOC SELOGIC control for control authority at local/bay level 193

LOCAL Asserted when relay control configuration is in Local mode 146

LOCSTA SELOGIC control for control authority at station level 193

LOADLOW Load control lower limit 8

LOADUP Load control upper limit 8

LOP Loss-of-potential 27

LOPBLK SELOGIC equation to block LOP element from asserting. 117

LOSSALRM Load-loss alarm—asserts when the relay detects a load-loss as defined by that function and 
its settings. 

6

LOSSTRIP Load-loss trip—asserts when the relay detects a load-loss as defined by that function and its 
settings. 

1

LPHDSIM IEC 61850 simulation mode 192

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is 
asserted, the upcoming leap second is deleted; otherwise, the leap second is added.

116

LPSECP Leap second pending 116

LT01–LT08 Latch bits 1–8 53

LT09–LT16 Latch bits 9–16 54

LT17–LT24 Latch bits 17–24 55

LT25–LT32 Latch bits 25–32 56

MATHERR SELOGIC math error bit asserted for divide-by-zero, etc, in SELOGIC math functions 127

MLTLEV SELOGIC control for multilevel mode of control authority 193

MSRTRG Motor start report trigger SELOGIC control equation 28

NOSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

OOS Out-of-step element 125

OOST Out-of-step trip 125

OOSTC Out-of-step torque control 125

ORED51T Logical OR of all the time overcurrent elements tripped outputs 1

OREDLOC Logical OR of LOC and LOCAL Relay Word bits 193

OTHALRM Other temperature alarm—asserts when any healthy other RTD temperature exceeds its alarm 
set point.

7
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OTHTRIP Other temperature trip—asserts when one or more healthy Other RTD temperatures exceed 
their trip set points.

2

OUT101–OUT103 Control equation for contact outputs OUT101–OUT103. 13

OUT301–OUT304 Control equation for contact outputs OUT301–OUT304 (available only with optional I/O 
module).

14

OUT305–OUT308 Control equation for contact outputs OUT305–OUT308 (available only with optional I/O 
module).

14

OUT401–OUT404 Control equation for contact outputs OUT401–OUT404 (available only with optional I/O 
module).

15

OUT405–OUT408 Control equation for contact outputs OUT405–OUT408 (available only with optional I/O 
module).

15

OUT501–OUT504 Control equation for contact outputs OUT501–OUT504 (available only with optional I/O 
module).

16

OUT505–OUT508 Control equation for contact outputs OUT505–OUT508 (available only with optional I/O 
module).

16

PASEL Ethernet Port A is selected for communication 95

PB01 Front-panel Pushbutton 1 bit (asserted when PB01 is pressed) 32

PB01_PUL Front-panel Pushbutton 1 pulse bit (asserted for one processing interval when PB01 is 
pressed)

33

PB02 Front-panel Pushbutton 2 bit (asserted when PB02 is pressed) 32

PB02_PUL Front-panel Pushbutton 2 pulse bit (asserted for one processing interval when PB02 is 
pressed)

33

PB03 Front-panel Pushbutton 3 bit (asserted when PB03 is pressed) 32

PB03_PUL Front-panel Pushbutton 3 pulse bit (asserted for one processing interval when PB03 is 
pressed)

33

PB04 Front-panel Pushbutton 4 bit (asserted when PB04 is pressed) 32

PB04_PUL Front-panel Pushbutton 4 pulse bit (asserted for one processing interval when PB04 is 
pressed)

33

PB05 Front-panel Pushbutton 5 bit (asserted when PB05 is pressed) 32

PB05_PUL Front-panel Pushbutton 5 pulse bit (asserted for one processing interval when PB05 is 
pressed)

33

PB06 Front-panel Pushbutton 6 bit (asserted when PB06 is pressed) 32

PB06_PUL Front-panel Pushbutton 6 pulse bit (asserted for one processing interval when PB06 is 
pressed)

33

PB07 Front-panel Pushbutton 7 bit (asserted when PB07 is pressed) 32

PB07_PUL Front-panel Pushbutton 7 pulse bit (asserted for one processing interval when PB07 is 
pressed)

33

PB08 Front-panel Pushbutton 8 bit (asserted when PB08 is pressed) 32

PB08_PUL Front-panel Pushbutton 8 pulse bit (asserted for one processing interval when PB08 is 
pressed)

33

PB1A_LED–PB4A_LED SELOGIC control equation: drives LEDs PB1A–PB4A 34

PB1B_LED–PB4B_LED SELOGIC control equation: drives LEDs PB1B–PB4B 34

PB5A_LED–PB8A_LED SELOGIC control equation: drives LEDs PB5A–PB8A 35

PB5B_LED–PB8B_LED SELOGIC control equation: drives LEDs PB5B–PB8B 35
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PBSEL Ethernet Port B is selected for communication 95

PFGUT Asserts when the reactive power is outside the given band for more than 10 minutes. 131

PFINBND Asserts when the reactive power is within the given band. 131

PIAW PID controller anti-windup active 132

PODTCT Asserts when loss of synchronism (pull-out) is detected. 131

PORSFL Pull out resync FAIL ride-through trip 131

POSTOP_A Active power before stop alarm 141

POSTRT_A Active power after a start alarm 141

PTPA Asserts when PTP is enabled in PRP mode and the relay is receiving PTP messages on 
Port 1A.

151

PTPB Asserts when PTP is enabled in PRP mode and the relay is receiving PTP messages on 
Port 1B.

151

PTPSYNC Asserts if the relay is using PTP time to do time sync. 151

PTP_OK Asserts if PTP time is within the 4 ms local offset. 151

PTP_TIM Asserts if a valid PTP time source is detected. 151

PTCFLT Indicates faulted/shorted thermistor 3

PTCTRIP Asserts when measured PTC loop resistance is greater than set value. 1

RB01–RB08 Remote Bits 1–8 41

RB09–RB16 Remote Bits 9–16 42

RB17–RB24 Remote Bits 17–24 43

RB25–RB32 Remote Bits 25–32 44

RBADA Channel A, outage duration over threshold 94

RBADB Channel B, outage duration over threshold 94

RELAY_EN Relay OK flag. RELAY_EN status follows the ENABLED LED status. 31

RELUCLS Synchronous motor field breaker close initiated via reluctance close path (synchronization 
based on field voltage measurements) 

128

RELUCLS2 Start sequence reluctance close 129

REMTRIP Remote trip 4

RMB1A–RMB8A Channel A Received MIRRORED BITS RMB1A through RMB8A 90

RMB1B–RMB8B Channel B Received MIRRORED BITS RMB1B through RMB8B 92

ROKA Channel A, received data ok 94

ROKB Channel B, received data ok 94

RSTENRGY Reset energy metering—asserts when the SELOGIC control equation RSTENRG result is 
logical 1.

27

RSTMOT Reset motor statistic metering—asserts when the SELOGIC control equation RSTMOT result 
is logical 1.

27

RSTMXMN Reset max/min metering—asserts when the SELOGIC control equation RSTMXMN result is 
logical 1.

27

RSTTRGT SELOGIC control equation: reset trip logic and targets when asserted. 27

RTD1A–RTD4A

RTD1T–RTD4T

RTD1 through RTD4: alarms and trips. 23
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RTD5A–RTD8A

RTD5T–RTD8T

RTD5 through RTD8: alarms and trips. 24

RTD9A–RTD12A

RTD9T–RTD12T

RTD9 through RTD12: alarms and trips. 25

RTDA Winding/bearing RTD overtemperature alarm 6

RTDBIAS RTD bias alarm. When enabled, asserts when the motor winding temperature rise is greater 
than 60°C over ambient and the RTD % Thermal Capacity is more than ten percentage points 
higher than the motor thermal element % Thermal Capacity. Typically indicates a loss of 
motor cooling efficiency.

22

RTDFLT Asserts when an open or short circuit condition is detected on any enabled RTD input, or 
communication with the external RTD module has been interrupted.

3

RTDIN Indicates status of contact connected to SEL-2600A RTD module. 22

RTDT Winding/bearing RTD overtemperature trip 1

RUNNING Asserts when motor is running. 9

SALARM Software alarms: invalid password, changing access levels, settings changes, active group 
change, copy command, and password change.

8

SC01QD–SC08QD SELOGIC Counters 01 through 08 assert when counter = 0 58

SC01QU–SC08QU SELOGIC Counters 01 through 08 assert when counter = preset value 57

SC09QD–SC16QD SELOGIC Counters 09 through 16 assert when counter = 0 60

SC09QU–SC16QU SELOGIC Counters 09 through 16 assert when counter = preset value 59

SC17QD–SC24QD SELOGIC Counters 17 through 24 assert when counter = 0 62

SC17QU–SC24QU SELOGIC Counters 17 through 24 assert when counter = preset value 61

SC25QD–SC32QD SELOGIC Counters 25 through 32 assert when counter = 0 64

SC25QU–SC32QU SELOGIC Counters 25 through 32 assert when counter = preset value 63

SC850BM SELOGIC control for IEC 61850 block mode 193

SC850LS SELOGIC control for control authority at station level 193

SC850SM SELOGIC control for IEC 61850 simulation mode 193

SC850TM SELOGIC control for IEC 61850 test mode 193

SG1 Asserts when setting Group 1 is active. 28

SG2 Asserts when setting Group 2 is active. 28

SG3 Asserts when setting Group 3 is active. 28

SG4 Asserts when setting Group 4 is active 28

SLIPBT Asserts when slip is below the SYNSLIP setting. 129

SLIPOK Asserts when the slip calculation is reliable enough to successfully synchronize the motor 
based on stator measurements.

129

SLIPRECH Synchronous motor rotor slip frequency reached SYNSLIP setting

SMTRIP Asserts when start motor timer times out. 2

SPDSAL Speed switch alarm—asserts when the relay does not detect a speed switch contact closure 
within a settable period from the beginning of a motor start, if the function is enabled by relay 
settings.

7

SPDSFAIL Speed switch failed 128
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SPDSTR Speed switch trip—asserts when the relay does not detect a speed switch contact closure 
within a settable period from the beginning of a motor start, if the function is enabled by relay 
settings.

2

SPEED2 Asserts when protected motor run with second speed. 22

SPEEDSW Speed switch input—asserts when the SELOGIC control equation SPEEDSW result is 
logical 1. Used to indicate that the motor speed switch contact is closed.

22

SRUNNING Asserts when synchronous motor is running. 3

SSFLRST Reset speed switch monitor logic 128

STAR Star control 9

START Motor start (see Figure 4.78) 9

STARTING Asserts when protected motor is starting 9

STOP Stop motor —asserts when serial port command STOP or front-panel or Modbus/ DeviceNet 
Stop command is issued

29

STOPPED Asserts when motor is stopped. 9

STR Start motor—asserts when serial port command STR or front-panel or Modbus/ DeviceNet 
Start command is issued.

29

STREQ Start motor SELOGIC control equation 29

STSEQEN Synchronous motor start sequence enable SELOGIC control equation 124

SV01–SV08 SELOGIC control equation variables SV01 through SV08 45

SV01T–SV08T SELOGIC control equation variable SV01T through SV08T with settable pickup and dropout 
time delay

46

SV09–SV16 SELOGIC control equation variables SV09 through SV16 47

SV09T–SV16T SELOGIC control equation variable SV09T through SV16T with settable pickup and dropout 
time delay

48

SV17–SV24 SELOGIC control equation variables SV17 through SV24 49

SV17T–SV24T SELOGIC control equation variable SV17T through SV24T with settable pickup and dropout 
time delay

50

SV25–SV32 SELOGIC control equation variables SV25 through SV32 51

SV25T–SV32T SELOGIC control equation variable SV25T through SV32T with settable pickup and dropout 
time delay

52

SWING Single blinder: 78R1/78R2 and 78Z1 assert double blinder: 78R1 and 78R2 assert or only 
78R1 asserts 

125

SYNEN Synchronous motor start sequence enabled

T01_LED–T06_LED SELOGIC control equation: drives T01_LED–T06_LED 36

TBSLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

TESTDB Command TESTDB (asserts when analog and digital values reported via Modbus, 
IEC 61850, or Fast meter protocol may be overridden)

127

THERMLO Motor lockout conditions—asserted by the thermal element (THERMLO), starts per hour 
function (NOSLO), minimum time between starts (TBSLO), and the antibackspin timer 
(ABSLO).

21

TMB1A–TMB8A Channel A Transmit MIRRORED BITS TMB1A through TMB8A 91

TMB1B–TMB8B Channel B Transmit MIRRORED BITS TMB1B through TMB8B 93

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 19 of 21)

Bit Definition Row
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TOL1 – TOL8 Arc-flash light Input 1 element pickup—Arc-flash light Input 8 element pickup 119

TQUAL1 Time quality bit, add 1 when asserted. 116

TQUAL2 Time quality bit, add 2 when asserted. 116

TQUAL4 Time quality bit, add 4 when asserted. 116

TQUAL8 Time quality bit, add 8 when asserted. 116

TR Trip SELOGIC control equation (Also referred to as TRIPEQ) 29

TRDCPTR Meter report trigger SELOGIC equation 27

TRGTR Target reset—asserts for one quarter-cycle when you execute a front-panel, serial port target 
reset command, or Modbus target reset.

22

TRIP Trip logic output (see Figure 4.74) 1

TSNTPB SNTP secondary server is active. 117

TSNTPP SNTP primary server is active. 117

TSOK Asserts if current time-source accuracy is sufficient for synchronized phasor measurements 115

TTSTOP_A Time to stop alarm 141

TTSTRT_A Time to start alarm 142

TUTC1 Offset hours from UTC, binary, add 1 if asserted. 117

TUTC2 Offset hours from UTC, binary, add 2 if asserted. 117

TUTC4 Offset hours from UTC, binary, add 4 if asserted. 117

TUTC8 Offset hours from UTC, binary, add 8 if asserted. 117

TUTCH Offset half-hour from UTC, binary, add 0.5 if asserted. 117

TUTCS Offset hours sign from UTC, subtract the UTC offset if TUTCS is asserted; otherwise, add.

UL41CL Unlatch 41breaker close. 124

ULTRIP Unlatch (auto reset) trip from SELOGIC control equation 29

VARA Reactive power alarm—asserts when the relay issues a reactive power element alarm. 7

VART Reactive power trip—asserts when the relay issues a reactive power element trip. 2

VBxxx Virtual bits used for incoming GOOSE messages (xxx = 1–128) 96–111

VFDBYPAS Variable frequency driver bypass SELOGIC control equation—used to bypass the VFD 
application.

22

VIBAQ1AP Newly commissioned machinery picked up 1 187

VIBAQ1AT Newly commissioned machinery time out 1 187

VIBAQ1BP Unrestricted operation picked up 1 187

VIBAQ1BT Unrestricted operation time out 1 187

VIBAQ1CP Restricted operation picked up 1 187

VIBAQ1CT Restricted operation time out 1 187

VIBAQ1DP Damage occurs picked up 1 187

VIBAQ1DT Damage occurs time out 1 187

VIBAQ2AP Newly commissioned machinery picked up 2 188

VIBAQ2AT Newly commissioned machinery time out 2 188

VIBAQ2BP Unrestricted operation picked up 2 188

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 20 of 21)

Bit Definition Row
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VIBAQ2BT Unrestricted operation time out 2 188

VIBAQ2CP Restricted operation picked up 2 188

VIBAQ2CT Restricted operation time out 2 188

VIBAQ2DP Damage occurs picked up 2 188

VIBAQ2DT Damage occurs time out 2 188

VIBAQ3AP Newly commissioned machinery picked up 3 189

VIBAQ3AT Newly commissioned machinery time out 3 189

VIBAQ3BP Unrestricted operation picked up 3 189

VIBAQ3BT Unrestricted operation time out 3 189

VIBAQ3CP Restricted operation picked up 3 189

VIBAQ3CT Restricted operation time out 3 189

VIBAQ3DP Damage occurs picked up 3 189

VIBAQ3DT Damage occurs time out 3 189

VIBAQ4AP Newly commissioned machinery picked up 4 190

VIBAQ4AT Newly commissioned machinery time out 4 190

VIBAQ4BP Unrestricted operation picked up 4 190

VIBAQ4BT Unrestricted operation time out 4 190

VIBAQ4CP Restricted operation picked up 4 190

VIBAQ4CT Restricted operation time out 4 190

VIBAQ4DP Damage occurs picked up 4 190

VIBAQ4DT Damage occurs time out 4 190

VIBAQ5AP Newly commissioned machinery picked up 5 191

VIBAQ5AT Newly commissioned machinery time out 5 191

VIBAQ5BP Unrestricted operation picked up 5 191

VIBAQ5BT Unrestricted operation time out 5 191

VIBAQ5CP Restricted operation picked up 5 191

VIBAQ5CT Restricted operation time out 5 191

VIBAQ5DP Damage occurs picked up 5 191

VIBAQ5DT Damage occurs time out 5 191

VIRSPDSW Indicates detection of rotor speed by VSS logic. 128

VMIN_A Minimum start voltage 142

WARNING Warning bit asserts for possible warning conditions as shown in Table 8.3. These conditions 
also trigger a flashing TRIP LED.

8

WDGALRM Winding temperature alarm. WDGALRM asserts when any healthy winding RTD 
temperature exceeds its alarm set point. 

21

WDGTRIP Winding temperature trip. WDGTRIP asserts when one or two (when EWDGV = Y) healthy 
winding RTD temperatures exceed their trip set points.

21

ZCFREQ Zero crossing detection bit status 31

Table L.2 Relay Word Bit Definitions for the SEL-710-5 (Sheet 21 of 21)

Bit Definition Row
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Appendix M
Analog Quantities

The SEL-710-5 Motor Protection Relay contains several analog quantities that 
are used for more than one function. The actual analog quantities available 
depend on the part number of the relay used. Analog quantities are typically 
generated and used by a primary function, such as metering, and selected 
quantities are made available for one or more supplemental functions, for 
example, the load profile.

Note that all analog quantities available for use in SELOGIC control equations 
are processed every 25 ms and are not suitable for fast-response control and 
protection applications. Analog quantities for rms data are derived from data 
averaged from the previous 8 cycles. RMS Metering Analog Quantities (see 
Table M.1) are derived from data from the last 32 samples (one cycle).

Table M.1 lists analog quantities that are used in the following specific 
functions:

➤ Display points (see Section 8: Front-Panel Operations)

➤ SELOGIC control equations (see Section 4: Protection and 
Logic Functions)

➤ Load profile recorder (see Section 5: Metering and Monitoring)

➤ DNP3 (see Appendix D: DNP3 Communications)

➤ Fast Message Read

➤ EtherNet/IP (see Appendix F: EtherNet/IP Communications)

➤ IEC 60870-5-103 (see Appendix H: IEC 60870-5-103 
Communications)

➤ Modbus (see Appendix E: Modbus Communications)

➤ Fast Meter (see Appendix C: SEL Communications Processors)

➤ IEC 61850 (see Appendix G: IEC 61850 Communications)
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Table M.1 Analog Quantities (Sheet 1 of 8)
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Instantaneous (Fundamental) Metering
Note 1: The RF value is forced to 9999 when the motor-side dc field current IEX is less than 0.5 A dc.

IA_MAG Current, A-phase, magnitude A pri x x x x x x x

IA_ANG Current, A-phase, angle degrees x x x x x x

IB_MAG Current, B-phase, magnitude A pri x x x x x x x

IB_ANG Current, B-phase, angle degrees x x x x x x

IC_MAG Current, C-phase, magnitude A pri x x x x x x x

IC_ANG Current, C-phase, angle degrees x x x x x x

IN_MAG Neutral current, magnitude A pri x x x x x x x

IN_ANG Neutral current, angle degrees x x x x x x

IG_MAG Current, calculated-residual, magnitude A pri x x x x x x x

IG_ANG Current, calculated-residual, angle degrees x x x x x x

IAV Current, average current, magnitude A pri x x x x x x

3I2 Current, negative-sequence current, magnitude A pri x x x x x x

UBI Current imbalance % x x x x x x x

VA_MAG Voltage, A-phase-to-neutral, magnitude V pri x x x x x x x

VA_ANG Voltage, A-phase-to-neutral, angle degrees x x x x x x

VB_MAG Voltage, B-phase-to-neutral, magnitude V pri x x x x x x x

VB_ANG Voltage, B-phase-to-neutral, angle degrees x x x x x x

VC_MAG Voltage, C-phase-to-neutral, magnitude V pri x x x x x x x

VC_ANG Voltage, C-phase-to-neutral, angle degrees x x x x x x

VAB_MAG Voltage, A-to-B-phase, magnitude V pri x x x x x x x

VAB_ANG Voltage, A-to-B-phase, angle degrees x x x x x x

VBC_MAG Voltage, B-to-C-phase, magnitude V pri x x x x x x x

VBC_ANG Voltage, B-to-C-phase, angle degrees x x x x x x

VCA_MAG Voltage, C-to-A-phase, magnitude V pri x x x x x x x

VCA_ANG Voltage, C-to-A-phase, angle degrees x x x x x x

VG_MAG Zero-sequence voltage, magnitude V pri x x x x x x x

VG_ANG Zero-sequence voltage, angle degrees x x x x x x
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VAVE Average voltage, magnitude V pri x x x x x x

3V2 Voltage, negative-sequence, magnitude V pri x x x x x x

UBV Voltage imbalance % x x x x x x x

S Apparent power, three-phase, magnitude kVA pri x x x x x x x

P Real power, three-phase, magnitude kW pri x x x x x x x

Q Reactive power, three-phase, magnitude kVAR pri x x x x x x x

PF Power factor, three-phase, magnitude x x x x x x x

FREQ Frequency Hz x x x x x x x

VEX Field voltage V pri x x x x x x

IEX Field current A pri x x x x x x

RF1 Field resistance Ohm x x x x x x

SMSLIP Brush-type synchronous motor slip % x x

SMSLIP2 Synchronous motor slip % x x

Differential Metering 

IA87 Differential current, A-phase, magnitude A pri x x x x x

IB87 Differential current, B-phase, magnitude A pri x x x x x

IC87 Differential current, C-phase, magnitude A pri x x x x x

Fault Information

FIA A-phase fault current from maximum current event 
report row

A pri x x x x

FIB B-phase fault current from maximum current event 
report row

A pri x x x x

FIC C-phase fault current from maximum current event 
report row

A pri x x x x

FIG Ground fault current from maximum current event 
report row

A pri x x x x

FIN Neutral fault current from maximum current event 
report row

A pri x x x x

FIA87 Differential A-phase fault current from maximum 
current event report row

A pri x x x x

FIB87 Differential B-phase fault current from maximum 
current event report row

A pri x x x x

Table M.1 Analog Quantities (Sheet 2 of 8)
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FIC87 Differential C-phase fault current from maximum 
current event report row

A pri x x x x

FFREQ Fault frequency Hz x x x x

FLREP Event Report Present (shall be 1 when an event 
report is present. and 0 otherwise)

x

FLRNUM Unique identification number of the latest event x

Thermal Metering
Note 2: SEL Fast Message label names for RTDWDFMX, RTDBRGMX, RTDAMB, and RTDOTHMX are WDG, BRG, AMB, and OTH, 

respectively.
Note 3: Use caution when assigning RTD analog quantities to SELOGIC control equations or math variables because the conditions 

RTD open, short, comm fail, stat fail, fail, and NA will be reported as +32767, -32768, +32764, +32760, 
+32766, and +32752, respectively. 

RTDWDGMX2 Maximum winding RTD temperature °C x x x x x x x

RTDBRGMX2 Maximum bearing RTD temperature °C x x x x x x x

RTDAMB2 Ambient RTD temperature °C x x x x x x x

RTDOTHMX2 Other maximum RTD temperature °C x x x x x x x

RTD1 to RTD123 RTD1 temperature to RTD12 temperature °C x x x x x x

MLOAD Motor load pu of FLA x x x x x x x

TCURTR Rotor % thermal capacity used % x x x x x x x

TCUSTR Stator % thermal capacity used % x x x x x x x

TCURTD RTD % thermal capacity used % x x x x x x

THRMTP Thermal trip in seconds x x x x x x

TRST Time to reset minutes x x x x x x

STRTAV Starts available x x x x x x

SLIP Slip % x x x x x x

MRT Motor running time hours x x x x x x

STRT Number of starts counter x x x x

EMSTRT Number of emergency starts counter x x x x

Virtual Speed Switch Logic

VSSCNTR Virtual speed switch logic time (0.5 s per count) counts x x

VSSCNT1 Virtual speed switch time to Current Level 1 (0.5 s per 
count)

counts x x

VSSCNT2 Virtual speed switch time to Current Level 2 (0.5 s per 
count)

counts x x

Table M.1 Analog Quantities (Sheet 3 of 8)
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VSSCNT3 Virtual speed switch time to Current Level 3 (0.5 s per 
count)

counts x x

VSSCURR1 Virtual speed switch current level 1(MLOAD at 
VSSCNT1)

pu of FLA x x

VSSCURR2 Virtual speed switch current level 2 (MLOAD at 
VSSCNT2)

pu of FLA x x

VSSCURR3 Virtual speed switch current level 3 (MLOAD at 
VSSCNT3)

pu of FLA x x

Light Metering

LSENS1 Arc-Flash Sensor 1 light % x x x x x x

LSENS2 Arc-Flash Sensor 2 light % x x x x x x

LSENS3 Arc-Flash Sensor 3 light % x x x x x x

LSENS4 Arc-Flash Sensor 4 light % x x x x x x

LSENS5 Arc-Flash Sensor 5 light % x x x x x x

LSENS6 Arc-Flash Sensor 6 light % x x x x x x

LSENS7 Arc-Flash Sensor 7 light % x x x x x x

LSENS8 Arc-Flash Sensor 8 light % x x x x x x

Analog Input Metering
Note 4: EU is engineering units.

AI301 to AI308 Analog inputs for an analog card in Slot C EU4 x x x x x x

AI401 to AI408 Analog inputs for an analog card in Slot D EU4 x x x x x x

AI501 to AI508 Analog inputs for an analog card in Slot E EU4 x x x x x x

Energy Metering
Note 5: This analog quantity is not available for FMR.

EM_LRDH Energy last reset date/time high word x5

EM_LRDM Energy last reset date/time middle word x5

EM_LRDL Energy last reset date/time low word x5

MWH3P Real energy, three-phase OUT MWh pri x x x x x x

MVARH3PI Reactive energy, three-phase IN MVARh 
pri

x x x x x x

MVARH3PO Reactive energy, three-phase OUT MVARh 
pri

x x x x x x

MVAH3P Apparent energy, three-phase OUT MVAh pri x x x x x x

Table M.1 Analog Quantities (Sheet 4 of 8)
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Maximum and Minimum Metering
Note 6: For each of the maximum or minimum analog quantities, the corresponding time stamp is also reported in Modbus. In 

addition, the time when Max/Min data was last reset is also reported in Modbus (the actual labels used in the Modbus map 
are not MM_LRDH, MM_LRDM, MM_LRDL).

Note 7: Maximum and Minimum Metering quantities upon reset read +16777216 for MN and -16777216 for MX.

MM_LRDH6 Max/min last reset date/time high word x5

MM_LRDM6 Max/min last reset date/time middle word x5

MM_LRDL6 Max/min last reset date/time low word x5

IAMX Current, A-phase, maximum magnitude A pri x x x x x x

IBMX Current, B-phase, maximum magnitude A pri x x x x x x

ICMX Current, C-phase, maximum magnitude A pri x x x x x x

INMX Current, neutral, maximum magnitude A pri x x x x x x

IGMX Current, residual, maximum magnitude A pri x x x x x x

IAMN Current, A-phase, minimum magnitude A pri x x x x x x

IBMN Current, B-phase, minimum magnitude A pri x x x x x x

ICMN Current, C-phase, minimum magnitude A pri x x x x x x

INMN Current, neutral, minimum magnitude A pri x x x x x x

IGMN Current, residual, minimum magnitude A pri x x x x x x

VABMX Voltage, A-to-B-phase, maximum magnitude V pri x x x x x x

VBCMX Voltage, B-to-C-phase, maximum magnitude V pri x x x x x x

VCAMX Voltage, C-to-A-phase, maximum magnitude V pri x x x x x x

VAMX Voltage, A-phase-to-neutral, maximum magnitude V pri x x x x x x

VBMX Voltage, B-phase-to-neutral, maximum magnitude V pri x x x x x x

VCMX Voltage, C-phase-to-neutral, maximum magnitude V pri x x x x x x

VABMN Voltage, A-to-B-phase, minimum magnitude V pri x x x x x x

VBCMN Voltage, B-to-C-phase, minimum magnitude V pri x x x x x x

VCAMN Voltage, C-to-A-phase, minimum magnitude V pri x x x x x x

VAMN Voltage, A-phase-to-neutral, minimum magnitude V pri x x x x x x

VBMN Voltage, B-phase-to-neutral, minimum magnitude V pri x x x x x x

VCMN Voltage, C-phase-to-neutral, minimum magnitude V pri x x x x x x

KVA3PMX Apparent power, three-phase, maximum magnitude kVA pri x x x x x x

Table M.1 Analog Quantities (Sheet 5 of 8)

Name Description Units D
is

p
la

y
 P

o
in

ts

S
E

L
O

G
IC

L
o
a
d
 P

ro
fi

le

D
N

P
3

/F
a
st

 M
es

sa
g
e 

R
ea

d
/

IE
C

6
0

8
7

0
-5

-1
0

3
/E

th
er

N
et

/I
P

vi
a 

E
th

er
ne

t 
P

or
t

M
o
d
b
u

s

F
a
st

 M
et

er

IE
C

 6
18

5
0



M.7

Date Code 20220826 Instruction Manual SEL-710-5 Relay

Analog Quantities
Analog Quantities

KW3PMX Real power, three-phase, maximum magnitude kW pri x x x x x x

KVAR3PMX Reactive power, three-phase, maximum magnitude kVAR pri x x x x x x

KVA3PMN Apparent power, three-phase, minimum magnitude kVA pri x x x x x x

KW3PMN Real power, three-phase, minimum magnitude kW pri x x x x x x

KVAR3PMN Reactive power, three-phase, minimum magnitude kVAR pri x x x x x x

FREQMX Maximum frequency Hz x x x x x x

FREQMN Minimum frequency Hz x x x x x x

RTD1MX to RTD12MX RTD1 maximum to RTD12 maximum °C x x x x x x

RTD1MN to TD12MN RTD1 minimum to RTD12 minimum °C x x x x x x

AI301MX to I308MX Analog Transducer Input 301–308 maximum EU4 x x x x x x

AI301MN to I308MN Analog Transducer Input 301–308 minimum EU4 x x x x x x

AI401MX toAI408MX Analog Transducer Input 401–408 maximum EU4 x x x x x x

AI401MN toAI408MN Analog Transducer Input 401–408 minimum EU4 x x x x x x

AI501MX to AI508MX Analog Transducer Input 501–508 maximum EU4 x x x x x x

AI501MN to AI508MN Analog Transducer Input 501–508 minimum EU4 x x x x x x

RMS Metering
Note 8: RMS metering analog quantities are derived from data from the last 32 samples (one cycle).

IARMS RMS current, A-phase, magnitude A pri x x x x x x

IBRMS RMS current, B-phase, magnitude A pri x x x x x x

ICRMS RMS current, C-phase, magnitude A pri x x x x x x

INRMS RMS current, neutral, magnitude A pri x x x x x x

VARMS RMS voltage, A-phase, magnitude V pri x x x x x x

VBRMS RMS voltage, B-phase, magnitude V pri x x x x x x

VCRMS RMS voltage, C-phase, magnitude V pri x x x x x x

VABRMS RMS voltage, AB-phase-to-phase, magnitude V pri x x x x x x

VBCRMS RMS voltage, BC-phase-to-phase, magnitude V pri x x x x x x

VCARMS RMS voltage, CA-phase-to-phase, magnitude V pri x x x x x x

Table M.1 Analog Quantities (Sheet 6 of 8)
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Breaker Monitoring

INTT Internal trips—counter x x x x x

INTIA Accumulated current—internal trips, A-phase kA pri x x x x x

INTIB Accumulated current—internal trips, B-phase kA pri x x x x x

INTIC Accumulated current—internal trips, C-phase kA pri x x x x x

EXTT External trips—counter x x x x x

EXTIA Accumulated current—external trips, A-phase kA pri x x x x x

EXTIB Accumulated current—external trips, B-phase kA pri x x x x x

EXTIC Accumulated current—external trips, C-phase kA pri x x x x x

WEARA Breaker wear, A-phase % x x x x x

WEARB Breaker wear, B-phase % x x x x x

WEARC Breaker wear, C-phase % x x x x x

Power Factor Correction

OUTVAL Power factor correction analog output % x x x

PFANG Power factor angle deg x x x

PID Controller

PIDOUT PID controller analog output % x x x

97FM Element

97FM1–97FM5 Magnitude of selected frequency component for 
elements 1–5

x x x x x

Date/Time
Note 9: DATE and TIME are also available as DNP Object 50.

DATE Present date x x

TIME Present time x x

YEAR Year number (0000–9999) x x

DAYY Day of year number (1–366) x

WEEK Week number (1–52) x

DAYW Day of week number (1–7) x

MINSM Minutes since midnight x
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Analog Quantities
Analog Quantities

RID/TID 
Note 10: RID and TID are only available as display point settings (DP01 to DP32) in the two-line display model.
Note 11: STRING_RID and STRING_TID are only available as analog label quantities for the bay screen in the touchscreen model.

RID10 Relay Identifier x

TID10 Terminal Identifier x

STRING_RID11 Relay Identifier (Bay Screen) x

STRING_TID11 Terminal Identifier (Bay Screen) x

Serial Number 
Note 12: SER_NUM is available for use with display points in the two-line display model, but it is not available for use with analog 

labels in the touchscreen display model.

SER_NUM5,12 Serial number of the relay x x x x

Setting Group

GROUP Active setting group # x x x x x x

Math Variables 

MV01 to MV32 Math Variable 01 to Math Variable 32 x x x x x x

SELOGIC Counters
Note 13: Also available as DNP counter object.

SC01 to SC32 SELOGIC Counter 01 to SELOGIC Counter 32 x x x x x x

Remote Analogs 
Note 14: FM refers to Fast Message support for remote analogs. Remote analogs can be written by issuing an unsolicited Fast 

Message Write command.

RA001 to RA128 Remote analog 001 to remote analog 128 x x x x x x14 x

IEC 61850 Test Mode
Note15: The IEC 61850 label name for I850MOD is I60MOD.

I850MOD IEC 61850 Test Mode Status x x

Table M.1 Analog Quantities (Sheet 8 of 8)
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Appendix N
U.Instruction Manual

Cybersecurity Features
The SEL-710-5 provides a number of features to help meet cybersecurity 
design requirements.

Access Control
The SEL-710-5 has a number of mechanisms for managing electronic access. 
These include ways to limit access, provide user authentication, and monitor 
electronic and physical access.

Physical Port 
Controls

Each physical serial port and the Ethernet port can be individually disabled 
using the EPORT setting. By default, all of the ports are enabled. It is good 
security practice to disable unused ports.

IP Ports When using Ethernet, there are a number of IP ports available within the 
SEL-710-5. Many of these IP port numbers are configurable. All IP ports can 
be disabled. Table N.1 describes each of these.

See PORT 1 on page 4.133 and Ethernet Port on page 7.3 for more 
information on these settings.

Authentication and 
Authorization

The SEL-710-5 supports four levels of access, as described in Access Levels 
on page 7.26. Refer to this section to learn how each level is accessed and how 
to change passwords. It is good security practice to change the default 
passwords of each access level and to use a unique password for each level.

Table N.1 IP Port Numbers

IP Port 
Default

Port 
Selection 
Setting

Network 
Protocol

Default 
Port 
State

Port Enable 
Setting

Purpose

21 -- TCP Enabled EFTPSERV FTP protocol access for file transfer of settings and 
reports

23 TPORT TCP Enabled ETELNET Telnet access for general engineering terminal access

80 HTTPPORT TCP Enabled EHTTP Web server access to various relay information

102 -- TCP Disabled E61850 IEC 61850 MMS for SCADA functionality

123 SNTPPORT UDP Disabled ESNTP SNTP time synchronization

319/320 -- UDP Disabled EPTPa PTP time synchronization

502 MODNUM1/
MODNUM2

TCP Disabled EMOD MODBUS for SCADA functionality

2222/44818 -- TCP/
UDP

Disabled EEIP EtherNet/IP for SCADA

20000 DNPNUM TCP/
UDP

Disabled EDNP DNP for SCADA functionality

a When PTPPRO = DEFAULT and PTPTR = UDP.
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Cybersecurity Features
Configuration Management

The MAXACC setting limits the level of access for each port. This permits 
you to operate under the principle of least privilege, restricting ports to the 
levels necessary for the functions performed on those ports.

The SEL-710-5 supports strong passwords with as many as 12 characters, 
using any printable character, allowing users to select complex passwords if 
they so choose. SEL recommends that passwords have a minimum of 8 
characters and include at least one of each of the following: lowercase letter, 
uppercase letter, number, and special character.

Ethernet protocols Telnet and FTP require the proper passwords to gain access 
to level-protected functions. Ethernet protocol MMS requires a password to 
gain access if MMS Authentication is enabled via the CID file. See Section 7: 
Communications for more information on access restrictions for the Ethernet 
protocols.

Monitoring and 
Logging

The SEL-710-5 provides Relay Word bits that are useful for monitoring relay 
access:

➤ SALARM—Pulses for approximately one second whenever a 
user gains access to Level 2 or higher, when an incorrect 
password is entered, or when a setting is changed.

➤ PASEL, PBSEL—Asserted while the Ethernet port(s) is active.

➤ LINK1, LINKA, LINKB—Asserted while the link is active on 
the Ethernet port(s). Loss of a link can be an indication that an 
Ethernet cable has been disconnected.

➤ LINKFAIL—Asserted if link is lost on the active IP port (ports 
1A or 1B).

These bits can be mapped for SCADA monitoring via DNP3, IEC 61850, 
Modbus, EtherNet/IP, or SEL Fast Message. They also may be added to the 
SER for later analysis or assigned to output contacts for alarm purposes.

The SEL-710-5 SER is a useful tool for capturing a variety of relay events. In 
addition to capturing state changes of user selected Relay Word bits, it 
captures all power-ups, settings changes, and group switches. See Sequential 
Events Recorder (SER) Report on page 10.30 for more information about 
SER.

Configuration Management
Many users are concerned about managing the configuration of their relays. 
The SEL-710-5 provides mechanisms to help users manage relay 
configuration.

All settings changes are logged to the SER log. Analysis of this log indicates 
if any unauthorized settings changes occurred. The SALARM Relay Word bit 
also indicates changes in the relay configuration by pulsing for approximately 
one second when any of the following occur:

➤ Settings are changed or saved

➤ A password changes

➤ The relay switches settings groups

See Self-Test on page 11.13 for more information regarding the Relay Word 
bit SALARM.

NOTE: Refer to Access Commands 
(ACCESS, 2ACCESS, and CAL) on 
page 7.31 for more information on 
when SALARM is pulsed for access 
level changes and unsuccessful 
password entry attempts.
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Cybersecurity Features
Malware Protection

Malware Protection
The SEL-710-5 has inherent and continuous monitoring for Malware. For a 
full description of this, see selinc.com/mitigating_malware/.

Firmware Hash 
Verification

This device supports digitally signed firmware upgrades. SEL uses the 
SHA-256 secure hash algorithm to compress and digitally sign firmware 
upgrade files. The signature ensures that the file has been provided by SEL 
and that its contents have not been altered. When the file is uploaded to the 
relay, the signature is verified using a public key stored in the relay. If the 
relay cannot verify the signature, it rejects the file. See Appendix B: Firmware 
Upgrade Instructions for more information on firmware upgrades.

Operating System/
Firmware

SEL-710-5 relays are embedded devices that do not allow additional software 
to be installed. SEL-710-5 relays include a self-test that continually checks 
running code against the known good baseline version of code in nonvolatile 
memory. This process is outlined in more detail in the The SEL Process for 
Mitigating Malware Risk to Embedded Devices located at selinc.com/
mitigating_malware/.

SEL-710-5 relays run in an embedded environment for which there is no 
commercial anti-virus software available.

Software/Firmware 
Verification

SEL-710-5 relays can install firmware updates in the field. Authenticity and 
integrity of firmware updates can be verified using the Firmware Hash page at 
selinc.com/products/firmware.

Physical Access Security
Physical security of cybersecurity assets is a common concern. Typically, 
relays are installed within a control enclosure that provides physical security. 
Other times, they are installed in boxes within the switch yard. The relay 
provides some tools that may be useful to help manage physical security, 
especially when the unit is installed in the switch yard.

You can monitor physical ingress by wiring a door sensor to one of the relay 
contact inputs. This input can then be mapped for SCADA monitoring or 
added to the SER log so that you can detect when physical access to the relay 
occurs. It is also possible to wire an electronic latch to a relay contact output. 
You could then map this output for SCADA control. 

Vulnerability Notification Process
Security Vulnerability 
Process

SEL provides security disclosure alerts to customers, and SEL instruction 
manuals document all releases. SEL security vulnerability disclosures are 
described in The SEL Process for Disclosing Security Vulnerabilities located 
at selinc.com.

Emailed Security 
Notifications

You can sign up to receive email notifications when SEL releases security 
notices and service bulletins at selinc.com/support/security-notifications/.

https://selinc.com/mitigating_malware/
https://selinc.com/mitigating_malware/
https://selinc.com/mitigating_malware/
https://selinc.com/products/firmware/
https://selinc.com/
https://selinc.com/
https://selinc.com/support/security-notifications/
https://selinc.com/support/security-notifications/
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Cybersecurity Features
Settings Erasure

Settings Erasure
It is often desirable to erase the settings from the relay when it is removed 
from service. You can completely erase all the configuration settings from the 
SEL-710-5 using this procedure:

Step 1. Enter the Calibration Access Level. See Access Levels on 
page 7.26.

Step 2. Execute the R_S command.

Step 3. Allow the relay to restart.

Once this procedure is complete, all internal instances of user settings and 
passwords will be erased. Do not do this when sending in the relay for service 
at the factory. SEL needs to see how the relay was configured in order to 
properly diagnose many problems.

NOTE: Do not erase the settings 
when sending the relay to the factory 
for service. SEL needs to be able to see 
how the relay was configured to 
properly diagnose any problems.
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Instruction Manual

A Abbreviation for Amps or amperes; units of electrical current magnitude.

ACSELERATOR Architect
SEL-5032 Software

Design and commissioning tool for IEC 61850 communications. 

ACSELERATOR QuickSet
SEL-5030 Software

A Windows-based program that simplifies settings and provides analysis sup-
port.

Ambient Temperature Temperature of the motor cooling air at the cooling air inlet. Measured by an 
RTD whose location setting is AMB.

Analog In this instruction manual, Analog is synonymous with Transducer.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control 
relays. The standard device numbers used in this instruction manual include:

27 Undervoltage Element
27I  Inverse-Time Undervoltage Element

32 Directional Power Element

37 Underpower Element

40 Loss-of-Field Element

46 Phase Balance or Current Unbalance Element

47 Phase Sequence Element

49 Thermal Element

50 Instantaneous Overcurrent Element

51    Inverse Time-Overcurrent

52 AC Circuit Breaker

55 Power Factor Element

59 Overvoltage Element
59I  Inverse-Time Overvoltage Element

60 Loss-of-Potential Element

66 Jogging Device (limits number of operations within a given time of 
each other)

78 Out-of-Step Element

81 Frequency Element

87    Differential Element

These numbers are frequently used within a suffix letter to further designate 
application. The suffix letters used in this instruction manual include:

P Phase Element

G Residual/Ground Element

N Neutral/Ground Element

Q Negative-Sequence (3I2) Element
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Antibackspin Protection Relay function that prevents the motor from being started for a short time after 
it is stopped. Used on pump motors to prevent a start attempt while fluid is 
running backward through the pump.

Antijogging Protection Relay functions that prevent the motor from being started too many times 
within an hour (also referred to as Starts Per Hour protection) or too soon fol-
lowing the last start (also referred to as Minimum Time Between Starts protec-
tion).

Apparent Power, S Complex power expressed in units of volt-amperes (VA), kilovolt-amperes 
(kVA), or megavolt-amperes (MVA). Accounts for both real (P) and reactive 
(Q) power dissipated in a circuit: S = P + jQ.

Arc-Flash Detection The sensing of an arc-flash condition by detection of light and overcurrent by 
the relay.

Clear-Jacketed Fiber Sensor—The fiber-optic loop sensor used for 
arc-flash detection.

Point Sensor—The fiber-optic cable sensor with a light diffuser on the 
end and used for arc-flash detection.

Arc-Flash Hazard A dangerous condition associated with the release of energy caused by an 
electric arc.

Arc-Flash Protection
(Relay)

An action performed by the relay to minimize the arc-flash hazard. 

ASCII Abbreviation for American Standard Code for Information Interchange. 
Defines a standard way to communicate text characters between two elec-
tronic devices. The SEL-710-5 Motor Protection Relay uses ASCII text char-
acters to communicate using the relay front- and rear-panel EIA-232 serial 
ports.

Assert To activate; to fulfill the logic or electrical requirements necessary to operate a 
device. To apply a short-circuit or closed contact to an SEL-710-5 input. To 
set a logic condition to the true state (logical 1). To close a normally open out-
put contact. To open a normally closed output contact.

Bay Screen Builder
SEL-5036 Software

An intuitive and powerful interface to design bay screens to meet application 
needs.

Breaker
Auxiliary Contact

A spare electrical contact associated with a circuit breaker that opens or closes 
to indicate the breaker position. A Form A breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed, opens when 
the breaker is open. A Form B breaker auxiliary contact (ANSI Standard 
Device Number 52B) opens when the breaker is closed and closes when the 
breaker is open.

Broken Bar Rotor
Protection

A protection in the relay active for induction motor applications. Broken rotor 
bars cause reduced accelerating torque, increased motor heating, and 
increased vibrations, which can lead to further mechanical motor damage. The 
SEL-710-5 detects current signatures that are generated by broken rotor bars, 
and alarms the problem.

C37.238 IEEE C37.238, standard profile for use of IEEE 1588 Precision Time Protocol 
in power system applications.
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Checksum A numeric identifier of the firmware in the relay. Calculated by the result of a 
mathematical sum of the relay code.

CID Abbreviation for Checksum Identifier. The checksum of the specific firmware 
installed in the relay.

CID File IEC 61850 Configured IED Description file. XML file that contains the con-
figuration for a specific IED.

COMTRADE Abbreviation for Common Format for Transient Data Exchange. The 
SEL-710-5 supports the IEEE Standard Common Format for Transient Data 
Exchange (COMTRADE) for Power Systems, IEEE C37.111-1999.

Contiguous Items in sequence; the second immediately following the first.

CR_RAM Abbreviation for Critical RAM. Refers to the area of relay Random Access 
Memory (RAM) where the relay stores mission-critical data.

CRC-16 Abbreviation for Cyclical Redundancy Check-16. A mathematical algorithm 
applied to a block of digital information to produce a unique, identifying num-
ber. Used to ensure that the information was received without data corruption.

CT Abbreviation for current transformer.

Current
Unbalance

The SEL-710-5 calculates the magnitudes of the measured phase currents, cal-
culates the average of those magnitudes, determines the magnitude with the 
largest deviation from average. It then calculates the difference between the 
magnitude average and magnitude of the phase with the largest deviation from 
the average. Finally, the relay calculates the percent unbalance current by 
dividing the difference value by the motor rated full-load amperes or by the 
average magnitude, whichever is larger. Unbalance current causes heating in 
the rotor of the protected motor. The unbalance element can trip the motor in 
the presence of heavy unbalance to prevent rotor damage resulting from over-
heating. In the SEL-710-5, this element works together with the motor thermal 
element, which also provides unbalance current protection.

Deassert To deactivate; to remove the logic or electrical requirements needed to operate 
a device. To remove a short-circuit or closed contact from an SEL-710-5 
input. To clear a logic condition to the false state (logical 0). To open a nor-
mally open output contact. To close a normally closed output contact.

Delta A phase-to-phase connection of voltage transformers for electrical measuring 
purposes. Typically, two voltage transformers are used with one primary lead 
of the first transformer connected to A-phase and the other lead connected to 
B-phase. The second voltage transformer is connected to measure the voltage 
from B-phase to C-phase. When two transformers are used, this connection is 
frequently called “Open-Delta.” 

Also used for motor winding configuration during star-delta starting.

DNP (Distributed Network
Protocol)

Manufacturer-developed, hardware-independent communications protocol.

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element dropout time.
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Ethernet A network physical and data link layer defined by IEEE 802.2 and 
IEEE 802.3.

EtherNet/IP An Ethernet-based protocol that provides ease of integration for industrial 
automation applications and provides access to metering data, protection ele-
ments, targets, and contact I/O. 

Event History A quick look at recent relay activity that includes a standard report header; 
event number, date, time, and type; maximum fault phase current; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or command. The data show relay measurements 
before and after the trigger, in addition to the states of protection elements, 
relay inputs, and relay outputs each processing interval. After an electrical 
system fault, use event reports to analyze relay and system performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault voltages, currents, etc. The relay 
sends an event report summary (if auto messaging is enabled) to the relay 
serial port a few seconds after an event.

Fail-Safe An output contact that is energized during normal relay operation and de-ener-
gized when relay power is removed or if the relay fails.

Fast Meter, Fast Operate Binary serial port commands that the relay recognizes at the relay front-and 
rear-panel EIA-232 serial ports. These commands and the responses from the 
relay make relay data collection by a communications processor faster and 
more efficient than transfer of the same data through use of formatted ASCII 
text commands and responses.

FID Relay firmware identification string. Lists the relay model, firmware version 
and date code, and other information that uniquely identifies the firmware 
installed in a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash A type of nonvolatile relay memory used for storing large blocks of 
nonvolatile data, such as load profile records.

FTP File transfer protocol.

Fundamental Frequency The component of the measured electrical signal for which frequency is equal 
to the normal electrical system frequency, usually 50 or 60 Hz. Generally used 
to differentiate between the normal system frequency and any harmonic 
frequencies present.

Fundamental Meter Type of meter data presented by the SEL-710-5 that includes the present val-
ues measured at the relay ac inputs. The word “Fundamental” is used to indi-
cate that the values are Fundamental Frequency values and do not include 
harmonics.

GOOSE IEC 61850 Generic Object Oriented Substation Event. GOOSE objects can 
quickly and conveniently transfer status, controls, and measured values among 
peers on an IEC 61850 network.

HP Abbreviation for horsepower. 1 HP = 745.7 W.

IA, IB, IC Measured A-, B-, and C-phase currents.



GL.5Glossary
ICD File—Loss-of-Potential

Date Code 20220826 Instruction Manual SEL-710-5 Relay

ICD File IEC 61850 IED Capability Description file. An XML file that describes IED 
capabilities, including information on logical node and GOOSE support.

IEC 60870-5-103 Standard protocol developed by the IEC Technical Committee of teleprotec-
tion, telecontrol, and telecommunications for electrical engineering and power 
system automation. It defines systems used for supervisory control and data 
acquisition (SCADA), including details related to communications between 
devices.

IEC 61850 Standard protocol for real-time exchange of data between databases in multi-
vendor devices.

IEX Measured dc field current for the synchronous motor excitation system.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero. When a motor ground 
fault occurs, this current can be large.

IN Neutral current measured by the relay IN input. The IN input is typically con-
nected to the secondary winding of a window-CT for motor ground fault 
detection on resistance-grounded systems.

IP Address An identifier for a computer or device on a TCP/IP network. Networks using 
the TCP/IP protocol route messages based on the IP address of the destination. 
The format of an IP address is a 32-bit numeric address written as four num-
bers separated by periods. Each number can be 0 to 255. For example, 
1.160.10.240 could be an IP address.

IRIG-B A time code input that the relay can use to set the internal relay clock.

LCD Abbreviation for Liquid Crystal Display. Used as the relay front-panel alpha-
numeric display.

LED Abbreviation for Light-Emitting Diode. Used as indicator lamps on the relay 
front panel.

Load-Jam Element A motor protection element that, when enabled, can trip the protected motor if 
the rotor stops turning because of  a sudden increase in load torque or decrease 
in bus voltage. When the rotor stops, the motor phase current increases. The 
relay detects the stopped rotor using a settable overcurrent element and trips 
after a settable time-delay.

Load-Loss Element A motor protection element that, when enabled, can trip the protected motor if 
the motor shaft is suddenly decoupled from the mechanical load. The relay 
detects the sudden decrease in mechanical load through use of an undercurrent 
or underpower element.

Logical Node In IEC 61850, the smallest part of a function that exchanges data. A logical 
node (LN) is an object defined by its data and methods. Each logical node rep-
resents a group of data (controls, status, measurements, etc.) associated with a 
particular function.

Loss-of-Field Element A synchronous motor protection element that detects the loss of dc field exci-
tation and can trip the motor.

Loss-of-Potential Loss of one or more phase voltage inputs to the relay.
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MAC Address The Media Access Control (hardware) address of a device connected to a 
shared network medium, most often used with Ethernet networks. 

MIRRORED BITS Protocol for direct relay-to-relay communications.

MMS Manufacturing Message Specification, a data exchange protocol used by IEC 
61850.

Motor Thermal Element A motor protection element that measures motor current, calculates a repre-
sentation of the energy dissipated in the motor, and compares the present 
energy estimate to trip thresholds defined by the relay settings. The output of 
the motor thermal element is represented as a % Thermal Capacity. When the 
% Thermal Capacity reaches 100, the relay trips to protect the motor. The 
Motor Thermal Element provides motor protection for the following condi-
tions that cause motor overheating: locked rotor, overload operation, and cur-
rent unbalance.

NEMA Abbreviation for National Electrical Manufacturers Association.

Neutral
Overcurrent Element

A protection element that causes the relay to trip when the neutral current 
magnitude (measured by the IN input) exceeds a user-settable value. Used to 
detect and trip in response to motor or cable ground faults.

Nominal Frequency Normal electrical system frequency, usually 50 or 60 Hz.

Nonfail-Safe Refers to an output contact that is not energized during normal relay opera-
tion. When referred to a trip or stop output contact, the protected motor 
remains in operation unprotected when relay power is removed or if the relay 
fails.

Nonvolatile Memory Relay memory that is able to correctly maintain data it is storing even when 
the relay is de-energized.

Out-of-Step Element A synchronous motor application element used to detect loss of synchronism 
conditions and trip the motor to protect it, if necessary.

Overfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency exceeds a settable frequency.

Phase Differential Element A protection element that measures the difference current between two CTs 
located on the two ends of a winding (generator) or on two windings (trans-
former) to detect internal faults.

Phase Reversal Element A protection element that detects the phase rotation of the voltage or current 
signals applied to the protected motor, and trips if that phase rotation is the 
opposite of the desired phase rotation.

Phase Rotation The sequence of voltage or current phasors in a multi-phase electrical system. 
In an ABC phase rotation system, the B-phase voltage lags the A-phase volt-
age by 120 degrees, and the C-phase voltage lags B-phase voltage by 120 
degrees. In an ACB phase rotation system, the C-phase voltage lags the A-
phase voltage by 120 degrees, and the B-phase voltage lags the C-phase volt-
age by 120 degrees.

Pickup Time The time measured from the application of an input signal until the output sig-
nal asserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element pickup time.
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PID Controller Abbreviation for Proportional-Integral-Derivative controller. A PID controller 
continuously calculates an error value as the difference between a desired set 
point and a measured process variable and applies a correction based on pro-
portional, integral, and derivative terms.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper. 

Power, P Real part of the complex power (S) expressed in units of Watts (W), kilowatts 
(kW), or megawatts (MW).

Power, Q Reactive part of the complex power (S) expressed in units of Vars (Var), kilo-
vars (kVar), or megavars (MVar).

Power Factor The cosine of the angle by which phase current lags phase voltage in an ac 
electrical circuit. Power factor equals 1.0 for power flowing to a resistive load.

Protection and Control
Processing

Processing interval is four times per power system cycle (except for math vari-
ables and analog quantities, which are processed every 25 ms).

PT Abbreviation for potential transformer. Also referred to as a voltage trans-
former or VT.

PTC Abbreviation for Positive Temperature Coefficient, a thermistor detector that 
makes use of the change of resistivity of semiconductor with change in tem-
perature. The thermistor detectors are often embedded in the stator winding of 
the motor.

PTP Precision Time Protocol, as defined in IEEE 1588-2008 for high-accuracy 
clock synchronization.

RAM Abbreviation for random access memory. Volatile memory where the relay 
stores intermediate calculation results, Relay Word bits, and other data that are 
updated every processing interval.

Reactive Power Element A motor protection element that can trip the protected motor if the measured 
reactive power exceeds a settable threshold.

Relay Word The collection of relay element and logic results. Each element or result is 
represented by a unique identifier, known as a Relay Word bit.

Relay Word Bit A single relay element or logic result that the relay updates once each process-
ing interval. A Relay Word bit can be equal to either logical 1 or logical 0. 
Logical 1 represents a true logic condition, picked up element, or asserted 
contact input or contact output. Logical 0 represents a false logic condition, 
dropped out element, or deasserted contact input or contact output. You can 
use Relay Word bits in SELOGIC control equations to control relay tripping, 
event triggering, and output contacts, as well as other functions.

Remote Bit A Relay Word bit for which state is controlled by serial port commands, 
including the CONTROL command, binary Fast Operate command, or 
Modbus command.

Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero. When a motor ground fault occurs, this current 
can be large.
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RMS Abbreviation for root-mean-square. Refers to the effective value of the sinu-
soidal current and voltage measured by the relay, accounting for the funda-
mental frequency and higher order harmonics in the signal. 

ROM Abbreviation for Read-Only Memory. Nonvolatile memory where the relay 
firmware is stored.

RSTP Abbreviation for Rapid Spanning Tree Protocol. RSTP provides an improved 
failover response in Ethernet networks in accordance with IEEE 802.1Q-2014.

RTD Abbreviation for Resistance Temperature Detector. An RTD is made of a 
metal having a precisely known resistance and temperature coefficient of 
resistance. The SEL-710-5 (and the SEL-2600 RTD Module RTD modules) 
can measure the resistance of the RTD, and thus, determine the temperature at 
the RTD location. Typically embedded in the motor windings or attached to 
the races of bearings. 

Self-Test A function that verifies the correct operation of a critical device subsystem 
and indicates if the relay has detected an out-of-tolerance condition. The 
SEL-710-5 is equipped with self-tests that validate the relay power supply, 
microprocessor, memory, and other critical systems.

SELOGIC
Control Equation

A relay setting that allows you to control a relay function (such as an output 
contact) by using a logical combination of relay element outputs and fixed 
logic outputs. Logical AND, OR, INVERT, rising edge [/], and falling edge [\] 
operators, plus a single level of parentheses are available to use in each control 
equation setting.

Sequential
Events Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a settable list. Provides a useful way to 
determine the order and timing of events following a relay operation.

SER Abbreviation for Sequential Events Recorder or the relay serial port command 
to request a report of the latest 1024 sequential events.

Speed Switch An electrical contact that closes to indicate that a motor speed exceeds a cer-
tain value.

Star Motor winding configuration during star-delta starting.

Terminal
Emulation Software

Personal computer (PC) software that can be used to send and receive ASCII 
text messages via the PC serial port.

Thermistor (ITC) Positive temperature coefficient thermistor.

Transducer Device that converts the input to the device to an analog output quantity of 
either current (±1, 2.5, 5, 10 and 20 mA, or 4–20 ma), or voltage (±1, 2.5, 5, or 
10 V).

Underfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency is less than a settable frequency.

Underpower Element A protection element that causes the relay to trip when the measured electrical 
power consumed by a motor is less than a settable value.

VA, VB, VC Measured A-, B-, and C-phase-to-neutral voltages. 

VAB, VBC, VCA Measured or calculated phase-to-phase voltages.
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VDR Field discharge resistor voltage (during synchronous motor starting).

VEX Measured dc field voltage for the synchronous motor excitation system.

VG Residual voltage calculated from the sum of the three phase-to-neutral volt-
ages, if connected.

VT Abbreviation for voltage transformer. Also referred to as a potential trans-
former or PT.

Wye As used in this instruction manual, a phase-to-neutral connection of voltage 
transformers for electrical measuring purposes. Three voltage transformers are 
used with one primary lead of the first transformer connected to A-phase and 
the other lead connected to ground. The second and third voltage transformers 
are connected to measure the voltage from B-phase and C-phase-to-ground, 
respectively. This connection is frequently called “four-wire wye,” alluding to 
the three phase leads plus the neutral lead.

Z-Number That portion of the relay RID string that identifies the proper ACSELERATOR 
QuickSet SEL-5030 Software relay driver version when creating or editing 
relay settings files.
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Symbols
*, Largest Current 10.10

>, Trigger Row 10.10

A
Access Levels

communications ports 7.26
front panel 8.4

Accuracy
SNTP time synchronization accuracy 7.18

Accuracy, metering 1.20

ACSELERATOR QuickSet 3.13–3.29
device editor 3.21
expression builder 3.21
settings editor 3.18

Alarm, Level 2 access 2.18

Analog Inputs
adaptive name 4.127
frequency track 4.127
name (instrument tag) 4.128

Analog Outputs, adaptive name 4.130

Antibackspin Protection, lockout 4.41

Antijogging Protection 4.41

Apparent Power
See also Meter

Arc-Flash Protection
arc-flash overcurrent elements 4.122
commissioning tests 11.10
system installation 2.39
time-overlight elements 4.123

ASCII Commands
See Commands

Automatic Messages
See also SEL Binary Protocols
events 10.1, 10.4
front panel 8.4

B
Base Unit, communications ports 2.4

Battery, Clock 2.49

Bay Control
Bay Screen Builder Software 9.15
Motor Control Via the Touchscreen 9.8

Block Protection
See Trip Inhibit

Breaker Failure Logic 4.121

Breaker Wear Monitor 5.23

Broken Rotor Bar Protection 4.113

C
Card Terminal Numbers

10 RTD card 2.10
14 DI 2.12
3 DI/4 DO/1 AO card 2.9
4 ACI/3 AVI voltage card 2.6
4 AFDI/3 DIFF ACI card 2.7
4 AI/4 AO card 2.9
4 DI/3 DO 2.10
4 DI/4 DO card 2.11
8 AFDI card 2.8
8 AI card 2.8
8 DI card 2.11
8DO card 2.12
SYNCH/3 DIFF ACI card 2.7

CEVENT Command 10.2

CHISTORY Command 10.2

Circuit Breaker Auxiliary Contact
contact input 4.97

Circuit Breaker Symbol Settings and Status Logic 9.1

Commands
2ACCESS 7.31
ACCESS 7.31
AFT 7.33
ANALOG 7.34
BRE 7.36
CEV 7.37
CMET S 5.11
CMET S R 5.11
COMMUNICATIONS 7.43
CONTROL 7.44
COPY 7.44
COUNTER 7.45
DATE 1.10
ETH 7.45
EVENT 7.48
FILE 7.48
GOOSE 7.49
GROUP 7.52
HELP 7.52
HIS BBD 4.113
HISTORY 7.53, 10.7
IDENTIFICATION 7.53
IRIG 7.54
L_D 7.54
LDP 7.55
LOOPBACK 7.55
MAC 7.56
MET 7.56
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MET FFT 5.12
MMR 7.57
MOTOR 7.57
MOTOR START REPORT (MSR) 7.58
MOTOR START TREND (MST) 7.58
PASSWORD 7.58
PING 7.59
PULSE 7.60
QUIT 7.60
R_S 7.61
RLP 7.62
SER 7.63
SET 7.63
SHOW 7.65
START (STR) 7.69
STATUS 7.67
STOP 7.69
SUMMARY 7.70
TARGET 7.70
TEST DB 7.71
TIME 7.73
TRIGGER 7.73, 10.3
VEC 7.74

Commissioning Tests 11.3–11.12
connection test 11.7
required equipment 11.3

Communications
access levels 7.26, 7.31
ASCII commands 7.29–7.73
automatic messages 7.26
communications ports 7.1
connector pinout 7.11
control characters 7.26
DeviceNet protocol 7.14, I.1–I.3
DNP3 Protocol D.1–D.24
EIA-232 ports 7.1
EIA-485 ports 4.137, 7.1
establishing communications procedure 1.8, 7.2
Ethernet 7.3
EtherNet/IP F.1
exception responses E.3
factory-default settings 1.9, 7.2
fiber-optic port 7.1
front panel 4.133
FTP and MMS file structure 7.74
hardware flow control 7.2
IEC 60870 6.5
IEC 61850 G.1–G.71
MIRRORED BITS J.1–J.6
Modbus protocol E.1–E.44
parallel redundancy protocol (PRP) 7.6
port power, rear 7.11
PTP 7.19
rear panel 4.136
SEL ASCII protocol 7.25
SEL protocols 7.13, C.1
set relay 6.4
SNTP protocol 7.16
Ymodem file structure 7.79

Communications Cables and Connections 7.11
DeviceNet I.1
EIA-232 7.12
EIA-485 7.11
PC-to-relay cable pinout 7.12

Communications Ports
See Communications

Compressed ASCII 10.2, C.1

COMTRADE File Format Event Reports 3.23, 10.25

Configurable Label Kit 8.15

Configuration
AI/AO card 2.17
part number 2.16, 3.19

Contact Outputs
control equations 4.111
de-energized position 2.26
factory defaults 4.111
fail-safe

operation 2.26
settings 4.111

output 4.108

Contactor/Circuit Breaker Auxiliary Contact
contact input 4.97
control equation 52A 4.97

Core-Balance CT
application example 4.24
placement 2.30

CSUMMARY Command 10.2

CT Ratio, setting example 4.5

Current Unbalance Elements 4.38
functional test 11.8
logic diagram 4.39
meter 5.3
percent unbalance equations 4.38

Currents
See also Core-Balance CT; Meter
average running 5.2
connections

ground/neutral 2.30
phase 2.30

starting K.3

D
DNP3 Protocol

analog inputs D.22
binary inputs D.22
data map D.19
DNP3 LAN/WAN D.5
DNP3 levels D.1
DNP3 serial D.3
DNP3 Settings D.11
event data D.8
object list D.14

DeviceNet
See also Communications
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Differential Element 4.35

Dimensions
mechanical 2.2
panel cut 2.2

Direct Trip, contact input 4.96

Display
front panel 8.2
HMI (SEL-5030) 3.25
LCD 4.138
touchscreen 8.20

Display Points
analog entry composition 4.144
Boolean entry composition 4.140
name and alias 4.144
name only 4.143
name, alias, set string, and clear string 4.141
rotating display 4.146

E
Emergency Restart

control input 4.100
impacts on start inhibit and protection 4.100
logic diagram 4.95

Ethernet Port(s)
settings 4.133
supported protocols 2.5

EtherNet/IP F.1
Assembly Object (0x04) F.5
Connection Manager Object (0x06) F.6
Ethernet Link Object (0xF6) F.10
File Object (0x37) F.7
Identity Object (0x01) F.2
Message Router Object (0x02) F.4
TCP/IP Interface Object (0xF5) F.8
Vendor Specific Object (0x64) F.11

Event
data capture time 4.152
ER control equation 10.3
length 4.152
nonvolatile 10.1
TR initiate 10.3
trigger 10.3

Event History
See also Event
HIS command 7.53, 10.7
retrieving history 10.7

application example 10.7

Event Report
*, largest current 10.10
See also Event
>, trigger row 10.10
clearing the buffer 10.7
column definitions 10.8–10.10
Differential 10.17
digital section 10.9
EVE command 7.48
filtered 10.8

phasor calculation 10.16
retrieving event data 10.7

application example 10.10–10.16
summary section 10.3–10.6
trigger 10.3
trigger settings 4.152
unfiltered 10.8

Event Summary
See also Event
contents 10.3
event type 10.4
SUMMARY command 7.70

F
Factory Default

contact outputs 2.27
LEDs 8.15
passwords 7.59
tripping logic 4.95

Fail-Safe
See also Contact Outputs
auxiliary outputs 4.112
TRIP output 4.112

Fast Binary Messages
See also Fast Operate; Fast Meter; Fast SER

Fast Meter C.3
See SEL Binary Protocols

Fast Operate
See SEL Binary Protocols

Fast SER C.3

Firmware
Digitally Signed Firmware Files B.2
Special Firmware Upgrade Instructions B.3
upgrade instructions B.1–B.19
versions A.1

Frequency
See also Meter
event report 10.3
event summary 7.70
meter 5.3
tracking 1.14

Frequency Elements
detect frequency component 4.63
logic diagram 4.63
overfrequency 4.63
underfrequency 4.63

Front Panel 8.1–8.17
access levels 8.4, 8.5
automatic messages 8.4
communications port 4.133
configurable labels 1.6, 8.15
contrast 8.4
display contrast 8.4
enabled LED 8.15
menus 8.6–8.14
Meter menu 5.2
password entry 8.5
pushbuttons 8.3, 8.6
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reset trip/targets 8.17
serial port 4.133
set relay 6.2
target LEDs 8.15
timeout 8.5

Front-Panel Settings (SET F Command) 4.138–4.149

Functional Overview 1.1

Functional Tests
currents 11.7
power and power factor 11.8
test connections 11.7, 11.9
unbalance 11.8
voltages, delta 11.9

Fundamental Meter 5.2

Fuse
rating 2.50
replacement 2.49

G
Global Settings (SET G Command) 4.112–4.132

Ground CT
See Core-Balance CT

Grounding 2.22

H
Help, SEL-5030 3.29

History
See Event History

I
I/O Configuration 2.2

IEC 60870-5-103 H.1, H.1–H.12
Category Map Settings H.4
Data Handling H.3
Interoperability H.3
Standard Documents H.1

IEC 61850 G.1–G.71
ACSI Conformance Statements G.67
Configuration G.26
GOOSE G.18
GOOSE Processing G.18
Introduction to G.2
Logical Nodes G.28
Manufacturing Message Specification (MMS) G.5, G.62
Operation G.3
Protocol Implementation Conformance Statement G.61
Substation Configuration Language (SCL) G.6

IEC 61850 Mode/Behavior G.20

Incipient Cable Fault 4.25

Installation
See also Commissioning Tests
dimensions 2.2
panel mounting 2.2
physical location 2.1
power supply 1.8, 2.21
rack mounting accessory 1.6

Instantaneous Overcurrent Elements
See Overcurrent Elements

Instruction Manual Versions A.15

IRIG-B Time Synchronization 7.8, 7.54
input specifications 1.14
IRI command 7.54
via communications processor C.3

J
Jogging Block Elements

See Starts Per Hour; Time Between Starts

Jumpers
analog card (V or I) 2.16
analog card configuration 2.16
Password 2.18

L
Labels, configurable 1.6, 8.15

Latch Bits, nonvolatile state 4.102

LCD
See Front Panel

Learned Parameters
cooling time 4.18
starting thermal capacity 4.17

LED Settings
Pushbutton LEDs 4.149
Target LEDs 4.148

Load Control 4.71

Load-Jam Elements, logic diagram 4.37

Load-Loss Element
See Undercurrent (Load-Loss) Elements

Local Bits, Local Bits
NLB, CLB, SLB, PLB 4.146

Local/Remote Breaker Control 9.7

Lockout Conditions
See Trip/Close Logic

Logic Settings, output contacts 4.111

Loss of Potential 4.61

Loss-of-Field Element 4.71

Low-Level Test Interface 11.2

M
Maintenance

routine checks 11.13
self-testing 11.13

Math Variables 4.101, 5.7

Menus
See Front Panel, menus

Meter
accuracy 1.20
apparent power 5.10
current 5.2, 5.4, 5.10
frequency 5.3, 5.4
fundamental 5.2
light 5.8
negative sequence 5.3, 5.4
power factor 5.3, 5.10
reactive power 5.10
real power 5.3, 5.10
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remote analogs 5.9
RTD 5.5
RTD % thermal capacity 5.4
RTD temperatures 5.4
starts available 5.4
temperature 5.5
time to reset 5.5
time to trip 5.4
unbalance 5.2, 5.4
voltage 5.4

MIRRORED BITS J.1–J.6

Modbus E.1–E.44
03h read holding registers E.5
04h input holding registers E.6
06h preset single register E.10
08h loopback diagnostic command E.10
10h preset multiple registers E.11
60h read parameter E.12
61h read parameter text E.13
62h read enumeration text E.14
7Dh encapsulated packet E.15
7Eh NOP (no operation) E.16
contact outputs E.16
cyclical redundancy check E.3
exception responses E.3
function codes E.2
history data E.24
Modbus Map Settings 4.154
Modbus Register Map E.24
password protection E.16
protocol description E.1
protocol setting 4.137
query E.2
response E.2
settings 4.137

Molded Case Circuit Breaker Health 5.23

Motor Monitoring Using Fourier Analysis 5.11

Motor Ratings, nameplate 4.3

Motor Start Report 5.16
MSR or CMSR command 7.58
resolution setting, MSRR 4.153
start data samples 5.17
summary data 5.17

Motor Start Trend 5.21
MST command 7.58

Motor Statistics, front-panel function 5.20

N
Network Parameters 3.15

Nonisolated EIA-232 Serial Port 2.5

O
Operating Time

See Motor Statistics

Out-of-step element
double-blinder scheme 4.79
single-blinder scheme 4.75

Overcurrent Elements
adaptive overcurrent element 4.23
core-balance (ground fault) CT, application example 4.24
logic diagram 4.24
neutral settings 4.23
phase settings 4.22
residual settings 4.25
time-overcurrent, negative-sequence settings 4.29
time-overcurrent, residual settings 4.30

Overvoltage (Inverse-time) Elements 4.54

Overvoltage Elements
logic diagram 4.52
settings 4.50

P
Password

access level 7.32–7.33
change 7.59
factory default 7.59
front panel 8.4
jumper 2.18

Phase Overcurrent Elements
See Overcurrent Elements

Phase Reversal Protection
logic diagram 4.42
setting 4.42

Phase Rotation
phasor diagram 4.113
setting, PHROT 4.112

Port Settings (SET P Command) 4.132

Positive temperature coefficient (PTC) thermistor 1.3

Power
functional test 11.8
meter 5.3
power measurement convention 5.10

Power Factor
functional test 11.8
logic diagram 4.60
meter 5.3
power factor measurement convention 5.10

Power Supply
fuse ratings 2.50

Precision Time Protocol (PTP) 7.19

PTC (positive temperature coefficient) 1.3

PTC Thermistor 2.25, 4.46

Pushbuttons
navigation 8.6
target reset 8.17

R
Rack Mounting Accessory 1.6

Reactive
power measurement convention 5.10

Reactive Power 5.10
meter 5.3
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Real Power 5.10
See also Meter
meter 5.2

Rear Panel 2.19

Relay Word Bits, row list L.1–L.7

Remote Analogs
populating DNP analog output map with D.31

Remote Trip, control input 4.96

Replacement Rear Connector Kit 1.6

Report Settings
Event report 4.152
SER trigger 4.151

Reset targets 8.17

Resistance Temperature Detector (RTD)
See also Meter
alarm temperatures 4.48
biasing 4.48
failure messages 5.4
location settings 4.48
RTD % thermal capacity 4.49
status messages 5.4
temperature vs. resistance table 4.49
thermal overload model biasing 4.49
trip temperature biasing 4.49
trip temperatures 4.48
trip voting 4.48

Retrieve event 3.23

Rotating Display 4.146

RTD
See Resistance Temperature Detector (RTD)

S
Safety Information

Laser/LED Emitter xxxi
symbols xxvii

SEL ASCII Protocol 7.25, C.1

SEL Binary Protocol C.2

SEL Communications Processor C.3–??

SEL-2600 RTD module 1.3
failure messages 5.4
fiber-optic connection 2.24
RTD-based protection 4.47–4.49

SEL-710-5 relay
cleaning chassis xxxiii
features 1.1
options 1.4

SELBOOT 2.18

Self-Tests 11.13

SELOGIC Control Equations
contact output 4.111
contactor/circuit breaker auxiliary 4.97, 4.98
counters 4.109
event trigger 10.3
operators 4.103–4.108
Relay Word bits L.1–L.27

speed switch 4.101
start and emergency restart 4.100
timers 4.108
trip/stop logic 4.94–4.99

Sequential Events Recorder (SER) 7.63, 10.30
clearing 10.31
example report 10.32
report 7.63
retrieving reports 10.31
trigger settings 4.151, 10.31

SER, See Sequential Events Recorder (SER)

SET Command 7.63

Set Relay
editing keystrokes 6.5
serial communications port 6.4–6.6
using front panel 6.2

Settings
analog input example 4.127
calculation method 4.3
classes, instances 6.1
error messages 6.6
EtherNet/IP Assembly Map (SET E Command) 4.155
front panel 6.2
Front-Panel Settings (SET F Command) 4.138–4.149
Global Settings (SET G Command) 4.112–4.132
Group Settings (SET Command) 4.4–4.101
Logic Settings (SET L Command) 4.101–4.112
Modbus Map Settings (SET M Command) 4.154
Port Settings (SET P Command) 4.132
Report Settings (SET R Command) 4.151
serial communications port 6.4–6.6

Short Circuit Protection
See Overcurrent Elements

SHOW Command 6.4, 7.65

Side Panel 2.19

Simple Network Time Protocol (SNTP) 7.16

Software (ACSELERATOR QuickSet)
databases 3.17
device editor 3.21
expression builder 3.21
human machine interface (HMI) 3.24
settings editor 3.19

Specifications 1.12–1.20

Speed Switch
control equation SPEEDSW 4.101
control input 4.43
settings 4.43

STA Command (Relay Status) 1.9

Start Motor
logic diagram 4.100
STR command 7.69

Starting
across the line 2.30
current K.3
RTD % thermal capacity 4.49
star-delta starting 2.32, 4.40
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start monitor 4.39
start report 5.16
start trending 5.21
thermal capacity 4.16, K.9
time 4.39

Starts Per Hour
lockout 4.41
meter, starts available 5.4, 5.5

Status, Relay 7.67
serial communication port

DeviceNet status 1.9
serial communications port 1.9

Stop Motor
STOP Command 7.69

Synchronous Motor
synchronous motor settings 4.71
synchronous motor starting 4.89

T
Targets

front-panel function 8.15
reset targets 8.17
view using communications port 7.70

Technical Support 11.17

Temperature
See Resistance Temperature Detector (RTD)

Testing
acceptance testing 11.3
arc-flash protection tests 11.10
commissioning testing 11.3–11.7
connection tests 11.7
low-level test interface 11.2
maintenance testing 11.13
methods 11.3, 11.13
relay elements 11.13
self-tests 11.13
test connections 11.7, 11.9
with SER 11.13
with targets, LEDs 11.13
with terminal 11.13

Thermal Capacity
alarm setting 4.16
interpreting values K.9
learned starting 4.17
meter 5.4, 5.5
required to start 4.16, K.9
RTD % thermal capacity 4.49
starting 4.16, K.9

Thermal Element
running protection K.7
starting protection K.6
theory K.1

Thermal Limit
3000 HP motor example 4.14
600 HP motor example 4.9
curves, rating 4.10
timer per curve 4.11

Thermal Overload Element
alarm 4.16
biasing 4.19, 4.48
curve method, application example 4.12
curves, figures and tables 4.11
electrical analog K.3
locked rotor trip time dial 4.9
lockout 4.97
negative-sequence K.4
positive-sequence K.4
purpose K.2
rating method, application example 4.9
RTD biasing 4.19, 4.48
running protection 4.9, K.7
selecting thermal method 4.7
starting protection 4.9
user method, example 4.14

Thermistor
See PTC Thermistor

Time Between Starts
lockout 4.41
meter, time to reset 5.4, 5.5

Time Code
See IRIG-B Time Synchronization

Time to Trip, meter 5.4

Touchscreen Display Front Panel 8.20

Trip Contact
See also Contact Outputs
fail-safe operation 2.26, 4.7
minimum duration time TDURD 4.95
wiring diagram 2.31

Trip Inhibit 4.93

Trip Reset, front-panel function 8.15

Trip Voting
See Resistance Temperature Detector (RTD)

Trip/Close Logic
contactor/breaker status 52A 4.97
factory default 4.96
logic diagram 4.95
minimum trip time TDURD 4.95
trip equation TR 4.96
trip Relay Word bit 4.95
trip unlatch ULTRIP 4.96

Troubleshooting 11.17
Technical Support 11.17

Two-Line Display Front Panel 8.2

Two-Speed Motor Applications, control equation 
SPEED2 4.100

Typographic Conventions xxxi
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U
Unbalance Current

See Current Unbalance

Undercurrent (Load-Loss) elements, logic diagram 4.38

Underpower Elements, logic diagram 4.59

Undervoltage (Inverse-time) Element 4.52

Undervoltage Element
logic diagram 4.51
settings 4.50

Upgrade
See Firmware, upgrade instructions

V
VAR Elements, logic diagram 4.58

Vibration Monitoring 4.68

Virtual Speed Switch 4.43

Voltages
connections 2.28
delta wiring diagram 2.29
four-wire wye wiring diagram 2.29
input settings, example 4.6
loss of potential 4.61
open-delta wiring diagram 2.29
phase-to-neutral voltage elements 4.51
phase-to-phase voltage elements 4.50

W
Web Server 3.1

Z
Z-number 3.20
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SEL-710-5 Relay Command Summary
R.Instruction Manual

The following table lists the front serial port ASCII 
commands associated with particular activities. The 
commands are shown in uppercase letters, but you 
can also enter these with lowercase letters. 
Commands can be initiated with the three initial 
letters of the command. Refer to SEL ASCII Protocol 
and Commands for additional details and capabilities 
of each command.

La siguiente tabla muestra los comandos ASCII del 
puerto serie frontal asociados con diferentes 
actividades. Los comandos se pueden usar en 
mayúsculas o minúsculas. Los comandos se pueden 
ejecutar usando las primeras tres letras del nombre. Por 
más detalles consulte la guía SEL ASCII Protocol 
and Commands.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando

Access Level 0 Commands Comandos de Nivel de Acceso 0

ACC Goes to Access Level 1. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 1 
password.

ACC Ir a Nivel de Acceso 1. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 1.

ID Relay identification code. ID Código de identificación del relé.

QUIT Goes to Access Level 0. SAL Ir al Nivel de Acceso 0.

Access Level 1 Commands Comandos de Nivel de Acceso 1

2AC Goes to Access Level 2. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 2 
password.

2AC Ir a Nivel de Acceso 2. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 2.

BRE Displays breaker monitor data (trips, 
interrupted current, wear).

INT Mostrar información sobre disparos, corriente 
interrumpida, desgaste.

CEV n Shows compressed event report number n, at 
1/4-cycle resolution. If n is omitted, the most 
recent compressed event report is displayed.

CEV n Mostrar el reporte comprimido de evento 
número n, resolución de 1/4 de ciclo. 

CEV n R Shows compressed raw event report number 
n, at 1/32-cycle resolution. If n is omitted, the 
most recent compressed event report is 
displayed.

CEV n R Agregue R para mostrar el reporte de evento 
comprimido sin filtro, resolución 1/32 de 
ciclo. Si no se especifica n se muestra el 
evento comprimido mas reciente.

CMSR n Shows compressed motor start record data, 
where n is the record or reference number.

CMSR n Mostrar el reporte de inicio de motor n en 
formato comprimido.

COM A Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM A Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal A.

COM B Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM B Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal B.

COM C Clears all communications records. If both 
MIRRORED BITS channels are enabled, 
omitting the channel specifier (A or B) clears 
both channels.

COM D Borra todos los registros de comunicaciones. 
Si los dos canales MIRRORED BITS están 
habilitados, suprimiendo el especificador de 
canales (A o B) se borran los dos canales.

COM C A Clears all communications records for 
Channel A.

COM D A Borra todos los registros de comunicaciones 
del Canal A.

COM C B Clears all communications records for 
Channel B.

COM D B Borra todos los registros de comunicaciones 
del Canal B.
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COM L Appends a long report to the summary report 
of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS.

COM L A Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel A.

COM L A Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal A.

COM L B Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel B.

COM L B Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal B.

COM S Returns a summary report of the last 255 
records in the MIRRORED BITS 
communications buffer.

COM S Muestra un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS.

COU n Shows current state of device counters. 
n = repeat the report n times, with a 1/2 
second delay between each report.

COU n Muestra el estado actualizado de los 
contadores del dispositivo. n = repite el 
informe n veces, con ½ segundos entre cada 
informe.

DATE Shows the date. FEC Ver fecha.

DATE 
dd/mm/yyyy 

Sets the date in DMY format if DATE_F 
setting is DMY. 

FEC 
dd/mm/yyyy

Si DATE_F es igual a DMY, ingrese fecha en 
formato Día Mes Año

DATE 
mm/dd/yyyy 

Sets the date in MDY format if DATE_F 
setting is MDY. 

FEC 
mm/dd/yyyy

Si DATE_F es MDA, ingrese fecha en formato 
Mes Día Año.

DATE 
yyyy/mm/dd 

Sets the date in YMD format if DATE_F 
setting is YMD. 

FEC 
yyyy/mm/dd

Si DATE_F es AMD, ingrese fecha en 
formato Año Mes Día.

ETH Shows the Ethernet port status. ETH Mostrar el estado del puerto de Ethernet.

EVE n Shows event report n with 4 samples per 
cycle. If n is omitted, most recent report is 
displayed. 

EVE n Mostrar el reporte de evento estándar número 
n, con 4 muestras por ciclo. Omitiendo n, se 
muestra el informe más reciente.

EVE n R Shows event report n with raw (unfiltered) 32 
samples per cycle analog data and 4 samples 
per cycle digital data.

EVE n R Muestra el evento número n (32 muestras 
analógicas y 4 muestras digitales por ciclo) 

EVE DIF n R Shows differential event report. Parameters n 
and R are optional.

EVE DIF n R Muestra el reporte de veento differencial. Los 
parámetros n y R son opcionales.

FIL DIR Returns a list of files. FIL DIR Mostrar lista de archivos.

FIL READ 
filename 

Transfers settings file filename from the relay 
to the PC. 

FIL READ 
filename

Transferir el archivo de configuración 
filename del relé a la computadora.

FIL SHOW 
filename 

Filename displays contents of the file 
filename. 

FIL SHOW 
filename

Muestra el contenido del archivo filename.

GOOSE k Displays transmit and receive GOOSE 
messaging information. Enter number k to 
scroll the GOOSE data k times on the screen.

GOOSE k Mostrar información de transmisión y 
recepción de mensajes GOOSE. Ingresar el 
numero k para mostrar los datos GOOSE k 
veces en la pantalla.

GROUP Displays active group setting. GRUPO Mostrar el grupo de ajustes activo.

HELP Displays a short description of selected 
commands.

AYU Mostrar una descripción corta de los 
comandos elegidos.

HIS n Shows summary of n latest event reports, 
where n = 1 is the most recent entry. If n is 
omitted, all of the event report summaries are 
displayed.

HIS n Mostrar el resumen de los últimos n informes 
de eventos, donde n = 1 es la entrada más 
reciente. Si n es no está especificado, muestra 
todos los resúmenes de reportes de eventos.

HIS C or R Clears or resets history buffer. HIS D o R Borrar la historia de eventos.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando
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HIS CA or RA Clears history events and resets reference 
number.

HIS DT or RT Borrar eventos y restablecer los numeros de 
referencia.

HIS BBD Displays the frequency of the detected 
broken bar component and its magnitude.

HIS BBD Monstrar la frecuencia de la componente de 
barras rotas detectada y su magnitud.

HIS BBD 
C or R

Clears or resents HIS BBD. HIS BBD 
C or R

Borrar el historial de eventos de barras rotos.

IRIG Forces synchronization of internal control 
clock to IRIG-B time-code input.

IRIG Forzar la sincronización del reloj interno a 
IRIG-B.

LDP Displays load profile data. LDP Mostrar los datos de perfil carga.

LDP 
row1 row2

Displays load profile report rows from row1 
to row2, starting with row1. If row2 is 
omitted, displays the first row1 rows.

LDP 
row1 row2

Mostrar los datos de perfil carga entra las filas 
row1 y row2. Si se omite row2, muestra las 
primeras row1 columnas.

LDP 
date1 date2

Displays load profile report rows from date1 
to date2, starting with date1.

LDP 
date1 date2

Mostrar los datos de perfil carga entra las filas 
date1 y date2.

LDP C Clears load profile data. LDP D Borrar los datos de perfil de la señal.

MAC Displays the MAC address of the Ethernet 
port (PORT 1).

MAC Mostrar la dirección MAC del puerto de 
Ethernet (PUERTO 1).

MET or 
MET FUN

Displays fundamental instantaneous 
metering data. 

MED o 
MED FUN

Mostrar los datos de medición fundamentales.

MET k Displays fundamental metering data k times, 
where k is between 1 and 32767.

MED k Mostrar los datos de medición fundamentales 
k veces. k entre 1 y 32767

MET AI Displays analog input (transducer) data. MED EA Mostrar los datos de entrada analógica.

MET E Displays energy metering data. MED E Mostrar los datos de medición de energía.

MET FFT Displays the raw data collected and the 
frequencies and their associated magnitudes 
and phase angles (broken bar data).

MED FFT Mostrar reporte incluyendo muestras sin 
filtrar y espectro de frecuencia de la señal. 

MET L Displays arc-flash detector (AFD) light input 
(relay requires the arc-flash detection (AFD) 
option with a 2 AVI/4 AFDI card or 8 AFDI 
card in Slot E).

MED L Muestra la entrada de luz de los sensores AFD 
(arco de voltaje). Requiere sensores AFD 
tarjeta 2 AVI/4 AFDI o 8 AFDI en Slot E.

MET M Display minimum and maximum metering 
data.

MED M Mostrar datos de medición mínimos y 
máximos.

MET MV Displays SELOGIC math variable data. MED V Mostrar variables matemáticas SELOGIC.

MET RA Displays remote analog metering data. MED RA Mostrar datos analogicos de medición remota.

MET RE Resets energy metering data. MED RE Reiniciar los datos de medición de energía.

MET RM Resets minimum and maximum metering 
data.

MED RM Reiniciar los datos de medición mínima y 
máxima.

MET RMS Displays rms metering data. MED RMS Mostrar los datos de medición rms.

MET T Displays RTD and thermal metering data. MED T Mostrar los datos de medición RTD y 
termicos 

MMR Displays stored motor parameters for each 
start/stop cycle along with the baseline run.

MMR Mostrar reporte de mantenimiento del motor 
de cada ciclo de arranque/parada, incluyendo 
el ciclo inicial. 

MOT Displays motor operating statistics report. MOT Mostrar estadísticas de operación del motor

MSR n Displays motor start record data where n is 
the record or reference number.

MSR n Mostrar datos de arranque del motor. Donde n 
es el número de evento. 

MST Displays motor start trend data. MST Mostrar tendencias de arranque del motor.

Serial Port 
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PING x.x.x.x t Determines if Ethernet port is functioning 
and configured properly. x.x.x.x is the IP 
address and t is the PING interval settable 
from 2 to 255 seconds. Default t is 1 second. 
Press Q to stop.

PING x.x.x.x t Determinar si el puerto Ethernet esta 
funcionando y configurado adecuadamente. 
x.x.x.x es la dirección IP. t es el intervalo entre 
PINGs, t es ajustable entre 2 y 255 segundos. 
Por omisión, t = 1 segundo. Oprima Q para 
detener.

RSTP Displays the RSTP statistics and the current 
RSTP configuration of Port 1.

RSTP Muestra estadisticas y configuracion RSTP 
actual.

SER Displays the entire Sequential Events 
Recorder (SER) report.

SER Mostrar el reporte completo del Registrador 
de Eventos Secuenciales (SER).

SER date1 Displays all the rows in the SER report 
recorded on the specified date (see DATE 
command for date format).

SER date1 Mostrar todos las filas en el reporte SER del 
dia date1 (vea el commando DATE por el 
formato de fecha).

SER 
date1 date2

Displays all the rows in the SER report 
recorded between dates date1 and date2, 
inclusive.

SER 
date1 date2

Mostrar todos las filas en el reporte SER entre 
el dia date1 y el dia date2 (vea el commando 
DATE por el formato de fecha)

SER row1 Displays the latest row1 rows in the SER 
report (row1 = 1–1024, where 1 is the most 
recent entry).

SER row1 Mostrar las ultimas row1 filas en el reporte 
SER (row1 = 1–1024, 1 es la fila más 
reciente).

SER 
row1 row2

Displays rows row1–row2 in the SER report SER 
row1 row2

Mostrar las filas entre row1–row2.

SER C or R Clears SER data. SER D Borrar los datos SER.

SHO n Displays relay settings for group n, where 
n = 1, 2, 3, or 4. If n is not specified, default 
is the active settings group. 

MOS n Mostrar ajustes del grupo n del relé 
(n = 1, 2, 3, o 4). Por omisión, muestra grupo 
de ajustes 1.

SHO DNP m Displays the DNP data map settings for 
Map m, where m = 1, 2, or 3.

MOS DNP m Mostrar ajustes de mapa de datos DNP para el 
Mapa m (m = 1, 2, o 3).

SHO E m Displays EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

MOS E m Mostrar ajustes EtherNet/IP del mapa número 
m (m = 1, 2, o 3).

SHO F Displays the front-panel settings. MOS F Mostrar ajustes del panel frontal.

SHO G Displays the global settings. MOS G Mostrar ajustes globales.

SHO I Displays the IEC 60870-5-103 map settings. MOS I Mostrar mapa de ajustes IEC 60870-5-103.

SHO L n Displays the general logic settings for group 
n, where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

MOS L n Mostrar la lógica de configuración general del 
grupo n del relé (n = 1, 2, 3 o 4). Por omisión, 
muestra grupo de ajustes 1.

SHO M Displays the Modbus User Map settings. MOS M Mostrar ajustes del Mapa del Usuario 
Modbus.

SHO P n Displays the port settings, where n specifies 
Port 1, 2, 3, 4, or F; n defaults to the active 
port if not listed.

MOS P n Mostrar configuraciones de puerto, donde n 
especifica el puerto (1, 2, 3, 4 o F); por defecto 
muestra ajustes del puerto activo.

SHO R Displays the report settings. MOS R Mostrar configuración de reportes.

STA Displays the relay self-test status. EST Muestar resultados de autotest.

STA S Displays the SELOGIC usage status report. EST S Mostrar reporte de utilización SELOGIC.

SUM n Displays event summary n. If n is omitted, 
displays the most recent event summary.

SUM n Muestra un resumen del evento n.

SUM C or R Resets the event summary buffer. SUM D o R Borrar el buffer de resúmenes de evento.

TAR Displays the default target row or the most 
recently viewed target row.

BAN Mostrar la fila de banderas por defecto o 
la última fila de banderas mostrada.

TAR n Displays target row n. BAN n Mostrar la fila de banderas n.

Serial Port 
Command Command Description
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TAR n k Displays target row n. Repeats display of row 
n for repeat count k.

BAN n k Mostrar la fila de banderas n k veces. 

TAR name Displays the target row with target name in 
the row.

BAN name Mostrar la fila de banderas que contiene la 
bandera name.

TAR name k Displays the target row with target name in 
the row. Repeats display of this row for 
repeat count k.

BAN name k Mostrar la fila de banderas que contiene la 
bandera name k veces.

TAR R Resets any latched targets and the most 
recently viewed target row.

BAN R Resetea todas las banderas selladas y la fila de 
banderas mostrada mas recientemente.

TIME Displays the time. HORA Ver hora.

TIME hh Sets the time by entering TIME followed by 
hours, as shown (24-hour clock).

HORA hh Configurar la hora ingresando HORA seguido 
por horas como se muestra (relog 24 horas).

TIME hh:mm Sets the time by entering TIME followed by 
hours and minutes, as shown (24-hour clock).

HORA 
hh:mm

Configurar la hora ingresando HORA seguido 
por horas y minutos como se muestra (relog 
24 horas).

TIME 
hh:mm:ss 

Sets the time by entering TIME followed by 
hours, minutes, and seconds, as shown (24-
hour clock).

HORA 
hh:mm:ss

Configurar la hora ingresando HORA seguido 
por horas, minutos y segundos como se 
muestra (relog 24 horas).

TRI Triggers an event report data capture. TRI Disparar la captura de un reporte de evento.

Access Level 2 Commands Comandos del Nivel de Acceso 2

89C m Closes Two-position Disconnect m, where 
m = 1–8

89C m Cierra el seccionador de dos-posiciones m, 
donde m = 1–8.

89O m Opens Two-position Disconnect m, where 
m = 1–8

89A m Abre el seccionador de dos-posiciones m, 
donde m = 1–8.

89C n m Closes Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89C n m Cierra el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

89O n m Opens Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89A n m Abre el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

AFT Tests arc-flash detector channels. AFT AFT Probar detectores arc-flash en canales. 

ANA c p t Tests analog output channel, where c is the 
channel name or number, p is a percentage of 
full scale or either letter “R” or “r” indicates 
ramp mode, and t is the duration of the test in 
decimal minutes.

ANA c p t Probar el canal de salida analógica donde c es 
el nombre o el número del canal, p es el 
porcentaje de escala completa, o las letras “R” 
o “r” para indicar el modo de rampa y t para 
indicar la duración de la prueba en minutos 
decimales.

BRE R Resets the breaker data. INT R Reiniciar datos del interruptor.

BRE W Preloads the breaker data. INT W Precargar datos del interruptor.

CAL Enters Access Level C. If the main board 
access jumper is not in place, the relay 
prompts for the entry of the Access Level C 
password. Access Level C is reserved for 
SEL use only.

CAL Ingresar al Nivel de Acceso C. Si el jumper de 
acceso en la tarjeta principal no está en su 
lugar, el relé pedirá la contraseña de Acceso 
del Nivel C. El Nivel de Acceso C está 
reservado para uso exclusivo de SEL.

CON RBnn k Selects a remote bit to set, clear, or pulse 
where nn is a number from 01 to 32, 
representing RB01 through RB32. k is S, C, 
or P for Set, Clear, or Pulse.

CON RBnn k Seleccionar un bit remoto para activar, 
desactivar o pulsar donde nn es un número del 
01 al 32, representando desde RB01 hasta 
RB32. k es A, D o P para Activar, Deactivar o 
Pulsar.

COPY m n Copies the relay and logic settings from 
Group m to Group n.

COPY m n Copiar configuración del relé y la 
configuración lógica del Grupo m al Grupo n.

Serial Port 
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FIL WRITE 
filename

Transfers settings file filename from the PC 
to the relay.

FIL WRITE 
filename

Transferir el archivo de configuración 
filename de la computadora al relé.

GROUP n Changes the active group to Group n 
(where n = 1, 2, 3, or 4).

GRUPO n Usar Grupo de configuraciones n, donde 
n = 1, 2, 3 o 4.

L_D Loads new firmware. L_D Cargar un firmware nuevo.

LOO Enables loopback testing of MIRRORED BITS 
channels.

LOO Habilitar loopback de los canales MIRRORED 
BITS.

LOO A Enables loopback on MIRRORED BITS 
Channel A for the next 5 minutes.

LOO A Habilitar loopback en Canal MIRRORED 
BITS A por los siguientes 5 minutos.

LOO B Enables loopback on MIRRORED BITS 
Channel B for the next 5 minutes.

LOO B Habilitar loopback en Canal MIRRORED 
BITS B por los siguientes 5 minutos.

LOO R Disables the loopback on both channels and 
returns the device to normal operation.

LOO R Deshabilita loopback en canales MB A y B y 
regresa al modo normal de operación. 

LOO xx 
DATA

Enables loopback mode for xx minutes and 
allows the loopback data to modify the RMB 
values.

LOO xx 
DATA

Habilita loopback for xx minutos y permite 
modificar valores RMB.

MOT R or C Clears all motor statistics and motor start 
report data except for the learned parameters.

MOT D Borra todas las estadísticas del motor y de los 
eventos de arranque del motor excepto por los 
parámetros aprendidos. 

MMR C Clears stored motor parameters for each 
start/stop cycle and readies the relay to 
compute a new set of baseline run parameters 
in the following start/stop cycle.

MMR C Borra los reportes de mantenimiento del 
motor y prepara el relé para juntar datos de 
ciclo inicial. 

MST R or C Resets motor start trend data. MST R o C Reiniciar datos de tendencia de arranque del 
motor.

PARTNO Allows for updates to the part number after 
the relay hardware configuration has been 
changed.

PARTNO Cambia el número de parte del relé use 
despues de cambiar una tarjeta del relé.

PAS 1 Changes the Access Level 1 password. PAS 1 Cambiar la contraseña del Nivel de Acceso 1.

PAS 2 Changes the Access Level 2 password. PAS 2 Cambiar la contraseña del Nivel de Acceso 2.

PUL OUT nnn Pulse output contact nnn. PUL OUT nnn Pulsar el contacto de salida nnn.

PUL OUT 
nnn s

Pulses Output Contact nnn, where

nnn = OUT101…, for s (1 to 30, default is 1) 
seconds.

PUL OUT 
nnn s

Pulsar el contacto de salida nnn

(nnn = OUT101…) por t (de 1 a 30), el 
numero predeterminado es 1 segundos.

R_S Restores the factory-default settings and 
passwords and reboots the relay; available 
only after a firmware upgrade.

R_S Resetea el relé usando ajustes y passwords por 
defacto y después reinicia el relé. Disponible 
solamente después de una actualización de 
firmware.

RLP Resets learned motor parameters RLP Reinicia parámetros aprendidos. 

SET n Modifies the relay settings for group n, 
where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

AJU n Modificar el grupo n de ajustes del relé, 
donden n =1, 2, 3 o 4. Si no se especifica n, se 
modifica el grupo activo.

SET name For all SET commands, jump ahead to a 
specific setting by entering the setting name, 
e.g., 50P1P.

AJU name Para todos los comandos SET, adelántese a un 
ajuste ingresando el nombre del ajuste, por 
ejemplo, 50P11P.

SET DNP n Modifies the DNP data map settings for 
map n, where n = 1, 2, or 3.

AJU DNP n Modificar la configuración del mapa de datos 
DNP para el mapa n, donde n = 1, 2, o 3.

SET E m Modifies EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

AJU E m Modificar ajustes EtherNet/IP del mapa 
número n (n = 1, 2, o 3).
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SET F Modifies the front-panel settings. AJU F Modificar la configuración del panel frontal.

SET G Modifies the global settings. AJU G Modificar las ajustes globales.

SET I Modifies the IEC 60870-5-103 settings. AJU I Modificar ajustes IEC 60870-5-103.

SET L n Modifies the SELOGIC variable and timer 
settings for Group n, where n = 1, 2, 3, or 4. 
If n is not specified, default is the active 
settings group.

AJU L n Modifica ajustes SELOGIC, laches, variables 
lógicas (SV) y matemáticas (MV) en el grupo 
de ajustes n. Si no se especifica n, se modifica 
el grupo activo.

SET M Modifies the Modbus User Map settings. AJU M Modificar las configuración del Mapa del 
Usuario Modbus.

SET P n Modifies the port n settings, where n = 1, 2, 
3, 4, or F. If not specified, the default is the 
active port. 

AJU P n Modificar la configuración del puerto n, 
donde n = 1, 2, 3, 4 o F. Si n no está 
especificado, el puerto predeterminado es el 
puerto activo.

SET R Modifies the report settings. AJU R Modificar la configuración de reportes.

SET … 
TERSE 

For all SET commands, TERSE disables the 
automatic SHO command after the settings 
entry. 

AJU...TERSO Para todos los comandos AJU, TERSO 
desactiva los comandos automáticos MOS 
después de modificar las configuraciones.

STA C or R Clears the self-test status and restarts the 
relay. 

EST R Salir del modo de diagnostico automático y 
reiniciar el relé.

STO Stops motor. PARA Iniciar el motor.

STR Starts motor. INI Parar el motor.

TEST DB Displays the present status of digital and 
analog overrides.

TEST DB Mostrar el estado actual de variable digitales y 
analógicas con valores forzados.

VEC D Displays the diagnostic vector report. VEC D Mostar reporte standard de reinicio del relé. 

VEC E Displays the exception vector report. VEC E Mostar reporte de reinicio del relé.

Access Level CAL Commands Comandos del Nivel del Acceso C

PAS C Changes the Access Level C password. PAS C Cambiar la contraseña del Nivel de Acceso C.
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SEL-710-5 Relay Command Summary
R.Instruction Manual

The following table lists the front serial port ASCII 
commands associated with particular activities. The 
commands are shown in uppercase letters, but you 
can also enter these with lowercase letters. 
Commands can be initiated with the three initial 
letters of the command. Refer to SEL ASCII Protocol 
and Commands for additional details and capabilities 
of each command.

La siguiente tabla muestra los comandos ASCII del 
puerto serie frontal asociados con diferentes 
actividades. Los comandos se pueden usar en 
mayúsculas o minúsculas. Los comandos se pueden 
ejecutar usando las primeras tres letras del nombre. Por 
más detalles consulte la guía SEL ASCII Protocol 
and Commands.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando

Access Level 0 Commands Comandos de Nivel de Acceso 0

ACC Goes to Access Level 1. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 1 
password.

ACC Ir a Nivel de Acceso 1. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 1.

ID Relay identification code. ID Código de identificación del relé.

QUIT Goes to Access Level 0. SAL Ir al Nivel de Acceso 0.

Access Level 1 Commands Comandos de Nivel de Acceso 1

2AC Goes to Access Level 2. If the main board 
Access Jumper is not in place, the relay 
prompts for entry of the Access Level 2 
password.

2AC Ir a Nivel de Acceso 2. Si el jumper de acceso 
en la tarjeta principal no está en su lugar, el 
relé pedirá la contraseña de Acceso del 
Nivel 2.

BRE Displays breaker monitor data (trips, 
interrupted current, wear).

INT Mostrar información sobre disparos, corriente 
interrumpida, desgaste.

CEV n Shows compressed event report number n, at 
1/4-cycle resolution. If n is omitted, the most 
recent compressed event report is displayed.

CEV n Mostrar el reporte comprimido de evento 
número n, resolución de 1/4 de ciclo. 

CEV n R Shows compressed raw event report number 
n, at 1/32-cycle resolution. If n is omitted, the 
most recent compressed event report is 
displayed.

CEV n R Agregue R para mostrar el reporte de evento 
comprimido sin filtro, resolución 1/32 de 
ciclo. Si no se especifica n se muestra el 
evento comprimido mas reciente.

CMSR n Shows compressed motor start record data, 
where n is the record or reference number.

CMSR n Mostrar el reporte de inicio de motor n en 
formato comprimido.

COM A Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM A Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal A.

COM B Returns a summary report of the last 255 
records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM B Presentar un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS Canal B.

COM C Clears all communications records. If both 
MIRRORED BITS channels are enabled, 
omitting the channel specifier (A or B) clears 
both channels.

COM D Borra todos los registros de comunicaciones. 
Si los dos canales MIRRORED BITS están 
habilitados, suprimiendo el especificador de 
canales (A o B) se borran los dos canales.

COM C A Clears all communications records for 
Channel A.

COM D A Borra todos los registros de comunicaciones 
del Canal A.

COM C B Clears all communications records for 
Channel B.

COM D B Borra todos los registros de comunicaciones 
del Canal B.
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COM L Appends a long report to the summary report 
of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS.

COM L A Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel A.

COM L A Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal A.

COM L B Appends a long report to the summary report 
of the last 255 records in the communications 
buffer for MIRRORED BITS communications 
Channel B.

COM L B Anexa un informe detallado al informe de 
síntesis de los últimos 255 registros en el 
buffer de comunicaciones MIRRORED BITS del 
Canal B.

COM S Returns a summary report of the last 255 
records in the MIRRORED BITS 
communications buffer.

COM S Muestra un resumen de los últimos 255 
registros en el buffer de comunicaciones 
MIRRORED BITS.

COU n Shows current state of device counters. 
n = repeat the report n times, with a 1/2 
second delay between each report.

COU n Muestra el estado actualizado de los 
contadores del dispositivo. n = repite el 
informe n veces, con ½ segundos entre cada 
informe.

DATE Shows the date. FEC Ver fecha.

DATE 
dd/mm/yyyy 

Sets the date in DMY format if DATE_F 
setting is DMY. 

FEC 
dd/mm/yyyy

Si DATE_F es igual a DMY, ingrese fecha en 
formato Día Mes Año

DATE 
mm/dd/yyyy 

Sets the date in MDY format if DATE_F 
setting is MDY. 

FEC 
mm/dd/yyyy

Si DATE_F es MDA, ingrese fecha en formato 
Mes Día Año.

DATE 
yyyy/mm/dd 

Sets the date in YMD format if DATE_F 
setting is YMD. 

FEC 
yyyy/mm/dd

Si DATE_F es AMD, ingrese fecha en 
formato Año Mes Día.

ETH Shows the Ethernet port status. ETH Mostrar el estado del puerto de Ethernet.

EVE n Shows event report n with 4 samples per 
cycle. If n is omitted, most recent report is 
displayed. 

EVE n Mostrar el reporte de evento estándar número 
n, con 4 muestras por ciclo. Omitiendo n, se 
muestra el informe más reciente.

EVE n R Shows event report n with raw (unfiltered) 32 
samples per cycle analog data and 4 samples 
per cycle digital data.

EVE n R Muestra el evento número n (32 muestras 
analógicas y 4 muestras digitales por ciclo) 

EVE DIF n R Shows differential event report. Parameters n 
and R are optional.

EVE DIF n R Muestra el reporte de veento differencial. Los 
parámetros n y R son opcionales.

FIL DIR Returns a list of files. FIL DIR Mostrar lista de archivos.

FIL READ 
filename 

Transfers settings file filename from the relay 
to the PC. 

FIL READ 
filename

Transferir el archivo de configuración 
filename del relé a la computadora.

FIL SHOW 
filename 

Filename displays contents of the file 
filename. 

FIL SHOW 
filename

Muestra el contenido del archivo filename.

GOOSE k Displays transmit and receive GOOSE 
messaging information. Enter number k to 
scroll the GOOSE data k times on the screen.

GOOSE k Mostrar información de transmisión y 
recepción de mensajes GOOSE. Ingresar el 
numero k para mostrar los datos GOOSE k 
veces en la pantalla.

GROUP Displays active group setting. GRUPO Mostrar el grupo de ajustes activo.

HELP Displays a short description of selected 
commands.

AYU Mostrar una descripción corta de los 
comandos elegidos.

HIS n Shows summary of n latest event reports, 
where n = 1 is the most recent entry. If n is 
omitted, all of the event report summaries are 
displayed.

HIS n Mostrar el resumen de los últimos n informes 
de eventos, donde n = 1 es la entrada más 
reciente. Si n es no está especificado, muestra 
todos los resúmenes de reportes de eventos.

HIS C or R Clears or resets history buffer. HIS D o R Borrar la historia de eventos.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando
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HIS CA or RA Clears history events and resets reference 
number.

HIS DT or RT Borrar eventos y restablecer los numeros de 
referencia.

HIS BBD Displays the frequency of the detected 
broken bar component and its magnitude.

HIS BBD Monstrar la frecuencia de la componente de 
barras rotas detectada y su magnitud.

HIS BBD 
C or R

Clears or resents HIS BBD. HIS BBD 
C or R

Borrar el historial de eventos de barras rotos.

IRIG Forces synchronization of internal control 
clock to IRIG-B time-code input.

IRIG Forzar la sincronización del reloj interno a 
IRIG-B.

LDP Displays load profile data. LDP Mostrar los datos de perfil carga.

LDP 
row1 row2

Displays load profile report rows from row1 
to row2, starting with row1. If row2 is 
omitted, displays the first row1 rows.

LDP 
row1 row2

Mostrar los datos de perfil carga entra las filas 
row1 y row2. Si se omite row2, muestra las 
primeras row1 columnas.

LDP 
date1 date2

Displays load profile report rows from date1 
to date2, starting with date1.

LDP 
date1 date2

Mostrar los datos de perfil carga entra las filas 
date1 y date2.

LDP C Clears load profile data. LDP D Borrar los datos de perfil de la señal.

MAC Displays the MAC address of the Ethernet 
port (PORT 1).

MAC Mostrar la dirección MAC del puerto de 
Ethernet (PUERTO 1).

MET or 
MET FUN

Displays fundamental instantaneous 
metering data. 

MED o 
MED FUN

Mostrar los datos de medición fundamentales.

MET k Displays fundamental metering data k times, 
where k is between 1 and 32767.

MED k Mostrar los datos de medición fundamentales 
k veces. k entre 1 y 32767

MET AI Displays analog input (transducer) data. MED EA Mostrar los datos de entrada analógica.

MET E Displays energy metering data. MED E Mostrar los datos de medición de energía.

MET FFT Displays the raw data collected and the 
frequencies and their associated magnitudes 
and phase angles (broken bar data).

MED FFT Mostrar reporte incluyendo muestras sin 
filtrar y espectro de frecuencia de la señal. 

MET L Displays arc-flash detector (AFD) light input 
(relay requires the arc-flash detection (AFD) 
option with a 2 AVI/4 AFDI card or 8 AFDI 
card in Slot E).

MED L Muestra la entrada de luz de los sensores AFD 
(arco de voltaje). Requiere sensores AFD 
tarjeta 2 AVI/4 AFDI o 8 AFDI en Slot E.

MET M Display minimum and maximum metering 
data.

MED M Mostrar datos de medición mínimos y 
máximos.

MET MV Displays SELOGIC math variable data. MED V Mostrar variables matemáticas SELOGIC.

MET RA Displays remote analog metering data. MED RA Mostrar datos analogicos de medición remota.

MET RE Resets energy metering data. MED RE Reiniciar los datos de medición de energía.

MET RM Resets minimum and maximum metering 
data.

MED RM Reiniciar los datos de medición mínima y 
máxima.

MET RMS Displays rms metering data. MED RMS Mostrar los datos de medición rms.

MET T Displays RTD and thermal metering data. MED T Mostrar los datos de medición RTD y 
termicos 

MMR Displays stored motor parameters for each 
start/stop cycle along with the baseline run.

MMR Mostrar reporte de mantenimiento del motor 
de cada ciclo de arranque/parada, incluyendo 
el ciclo inicial. 

MOT Displays motor operating statistics report. MOT Mostrar estadísticas de operación del motor

MSR n Displays motor start record data where n is 
the record or reference number.

MSR n Mostrar datos de arranque del motor. Donde n 
es el número de evento. 

MST Displays motor start trend data. MST Mostrar tendencias de arranque del motor.

Serial Port 
Command Command Description
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PING x.x.x.x t Determines if Ethernet port is functioning 
and configured properly. x.x.x.x is the IP 
address and t is the PING interval settable 
from 2 to 255 seconds. Default t is 1 second. 
Press Q to stop.

PING x.x.x.x t Determinar si el puerto Ethernet esta 
funcionando y configurado adecuadamente. 
x.x.x.x es la dirección IP. t es el intervalo entre 
PINGs, t es ajustable entre 2 y 255 segundos. 
Por omisión, t = 1 segundo. Oprima Q para 
detener.

RSTP Displays the RSTP statistics and the current 
RSTP configuration of Port 1.

RSTP Muestra estadisticas y configuracion RSTP 
actual.

SER Displays the entire Sequential Events 
Recorder (SER) report.

SER Mostrar el reporte completo del Registrador 
de Eventos Secuenciales (SER).

SER date1 Displays all the rows in the SER report 
recorded on the specified date (see DATE 
command for date format).

SER date1 Mostrar todos las filas en el reporte SER del 
dia date1 (vea el commando DATE por el 
formato de fecha).

SER 
date1 date2

Displays all the rows in the SER report 
recorded between dates date1 and date2, 
inclusive.

SER 
date1 date2

Mostrar todos las filas en el reporte SER entre 
el dia date1 y el dia date2 (vea el commando 
DATE por el formato de fecha)

SER row1 Displays the latest row1 rows in the SER 
report (row1 = 1–1024, where 1 is the most 
recent entry).

SER row1 Mostrar las ultimas row1 filas en el reporte 
SER (row1 = 1–1024, 1 es la fila más 
reciente).

SER 
row1 row2

Displays rows row1–row2 in the SER report SER 
row1 row2

Mostrar las filas entre row1–row2.

SER C or R Clears SER data. SER D Borrar los datos SER.

SHO n Displays relay settings for group n, where 
n = 1, 2, 3, or 4. If n is not specified, default 
is the active settings group. 

MOS n Mostrar ajustes del grupo n del relé 
(n = 1, 2, 3, o 4). Por omisión, muestra grupo 
de ajustes 1.

SHO DNP m Displays the DNP data map settings for 
Map m, where m = 1, 2, or 3.

MOS DNP m Mostrar ajustes de mapa de datos DNP para el 
Mapa m (m = 1, 2, o 3).

SHO E m Displays EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

MOS E m Mostrar ajustes EtherNet/IP del mapa número 
m (m = 1, 2, o 3).

SHO F Displays the front-panel settings. MOS F Mostrar ajustes del panel frontal.

SHO G Displays the global settings. MOS G Mostrar ajustes globales.

SHO I Displays the IEC 60870-5-103 map settings. MOS I Mostrar mapa de ajustes IEC 60870-5-103.

SHO L n Displays the general logic settings for group 
n, where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

MOS L n Mostrar la lógica de configuración general del 
grupo n del relé (n = 1, 2, 3 o 4). Por omisión, 
muestra grupo de ajustes 1.

SHO M Displays the Modbus User Map settings. MOS M Mostrar ajustes del Mapa del Usuario 
Modbus.

SHO P n Displays the port settings, where n specifies 
Port 1, 2, 3, 4, or F; n defaults to the active 
port if not listed.

MOS P n Mostrar configuraciones de puerto, donde n 
especifica el puerto (1, 2, 3, 4 o F); por defecto 
muestra ajustes del puerto activo.

SHO R Displays the report settings. MOS R Mostrar configuración de reportes.

STA Displays the relay self-test status. EST Muestar resultados de autotest.

STA S Displays the SELOGIC usage status report. EST S Mostrar reporte de utilización SELOGIC.

SUM n Displays event summary n. If n is omitted, 
displays the most recent event summary.

SUM n Muestra un resumen del evento n.

SUM C or R Resets the event summary buffer. SUM D o R Borrar el buffer de resúmenes de evento.

TAR Displays the default target row or the most 
recently viewed target row.

BAN Mostrar la fila de banderas por defecto o 
la última fila de banderas mostrada.

TAR n Displays target row n. BAN n Mostrar la fila de banderas n.

Serial Port 
Command Command Description
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TAR n k Displays target row n. Repeats display of row 
n for repeat count k.

BAN n k Mostrar la fila de banderas n k veces. 

TAR name Displays the target row with target name in 
the row.

BAN name Mostrar la fila de banderas que contiene la 
bandera name.

TAR name k Displays the target row with target name in 
the row. Repeats display of this row for 
repeat count k.

BAN name k Mostrar la fila de banderas que contiene la 
bandera name k veces.

TAR R Resets any latched targets and the most 
recently viewed target row.

BAN R Resetea todas las banderas selladas y la fila de 
banderas mostrada mas recientemente.

TIME Displays the time. HORA Ver hora.

TIME hh Sets the time by entering TIME followed by 
hours, as shown (24-hour clock).

HORA hh Configurar la hora ingresando HORA seguido 
por horas como se muestra (relog 24 horas).

TIME hh:mm Sets the time by entering TIME followed by 
hours and minutes, as shown (24-hour clock).

HORA 
hh:mm

Configurar la hora ingresando HORA seguido 
por horas y minutos como se muestra (relog 
24 horas).

TIME 
hh:mm:ss 

Sets the time by entering TIME followed by 
hours, minutes, and seconds, as shown (24-
hour clock).

HORA 
hh:mm:ss

Configurar la hora ingresando HORA seguido 
por horas, minutos y segundos como se 
muestra (relog 24 horas).

TRI Triggers an event report data capture. TRI Disparar la captura de un reporte de evento.

Access Level 2 Commands Comandos del Nivel de Acceso 2

89C m Closes Two-position Disconnect m, where 
m = 1–8

89C m Cierra el seccionador de dos-posiciones m, 
donde m = 1–8.

89O m Opens Two-position Disconnect m, where 
m = 1–8

89A m Abre el seccionador de dos-posiciones m, 
donde m = 1–8.

89C n m Closes Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89C n m Cierra el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

89O n m Opens Three-position Disconnect m, where 
m = 1–2 and n = L or E for in-line or earthing 
disconnect, respectively

89A n m Abre el seccionador de tres-posiciones m, 
donde m = 1–2, y n = L o E (Línea o Tierra).

AFT Tests arc-flash detector channels. AFT AFT Probar detectores arc-flash en canales. 

ANA c p t Tests analog output channel, where c is the 
channel name or number, p is a percentage of 
full scale or either letter “R” or “r” indicates 
ramp mode, and t is the duration of the test in 
decimal minutes.

ANA c p t Probar el canal de salida analógica donde c es 
el nombre o el número del canal, p es el 
porcentaje de escala completa, o las letras “R” 
o “r” para indicar el modo de rampa y t para 
indicar la duración de la prueba en minutos 
decimales.

BRE R Resets the breaker data. INT R Reiniciar datos del interruptor.

BRE W Preloads the breaker data. INT W Precargar datos del interruptor.

CAL Enters Access Level C. If the main board 
access jumper is not in place, the relay 
prompts for the entry of the Access Level C 
password. Access Level C is reserved for 
SEL use only.

CAL Ingresar al Nivel de Acceso C. Si el jumper de 
acceso en la tarjeta principal no está en su 
lugar, el relé pedirá la contraseña de Acceso 
del Nivel C. El Nivel de Acceso C está 
reservado para uso exclusivo de SEL.

CON RBnn k Selects a remote bit to set, clear, or pulse 
where nn is a number from 01 to 32, 
representing RB01 through RB32. k is S, C, 
or P for Set, Clear, or Pulse.

CON RBnn k Seleccionar un bit remoto para activar, 
desactivar o pulsar donde nn es un número del 
01 al 32, representando desde RB01 hasta 
RB32. k es A, D o P para Activar, Deactivar o 
Pulsar.

COPY m n Copies the relay and logic settings from 
Group m to Group n.

COPY m n Copiar configuración del relé y la 
configuración lógica del Grupo m al Grupo n.

Serial Port 
Command Command Description
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FIL WRITE 
filename

Transfers settings file filename from the PC 
to the relay.

FIL WRITE 
filename

Transferir el archivo de configuración 
filename de la computadora al relé.

GROUP n Changes the active group to Group n 
(where n = 1, 2, 3, or 4).

GRUPO n Usar Grupo de configuraciones n, donde 
n = 1, 2, 3 o 4.

L_D Loads new firmware. L_D Cargar un firmware nuevo.

LOO Enables loopback testing of MIRRORED BITS 
channels.

LOO Habilitar loopback de los canales MIRRORED 
BITS.

LOO A Enables loopback on MIRRORED BITS 
Channel A for the next 5 minutes.

LOO A Habilitar loopback en Canal MIRRORED 
BITS A por los siguientes 5 minutos.

LOO B Enables loopback on MIRRORED BITS 
Channel B for the next 5 minutes.

LOO B Habilitar loopback en Canal MIRRORED 
BITS B por los siguientes 5 minutos.

LOO R Disables the loopback on both channels and 
returns the device to normal operation.

LOO R Deshabilita loopback en canales MB A y B y 
regresa al modo normal de operación. 

LOO xx 
DATA

Enables loopback mode for xx minutes and 
allows the loopback data to modify the RMB 
values.

LOO xx 
DATA

Habilita loopback for xx minutos y permite 
modificar valores RMB.

MOT R or C Clears all motor statistics and motor start 
report data except for the learned parameters.

MOT D Borra todas las estadísticas del motor y de los 
eventos de arranque del motor excepto por los 
parámetros aprendidos. 

MMR C Clears stored motor parameters for each 
start/stop cycle and readies the relay to 
compute a new set of baseline run parameters 
in the following start/stop cycle.

MMR C Borra los reportes de mantenimiento del 
motor y prepara el relé para juntar datos de 
ciclo inicial. 

MST R or C Resets motor start trend data. MST R o C Reiniciar datos de tendencia de arranque del 
motor.

PARTNO Allows for updates to the part number after 
the relay hardware configuration has been 
changed.

PARTNO Cambia el número de parte del relé use 
despues de cambiar una tarjeta del relé.

PAS 1 Changes the Access Level 1 password. PAS 1 Cambiar la contraseña del Nivel de Acceso 1.

PAS 2 Changes the Access Level 2 password. PAS 2 Cambiar la contraseña del Nivel de Acceso 2.

PUL OUT nnn Pulse output contact nnn. PUL OUT nnn Pulsar el contacto de salida nnn.

PUL OUT 
nnn s

Pulses Output Contact nnn, where

nnn = OUT101…, for s (1 to 30, default is 1) 
seconds.

PUL OUT 
nnn s

Pulsar el contacto de salida nnn

(nnn = OUT101…) por t (de 1 a 30), el 
numero predeterminado es 1 segundos.

R_S Restores the factory-default settings and 
passwords and reboots the relay; available 
only after a firmware upgrade.

R_S Resetea el relé usando ajustes y passwords por 
defacto y después reinicia el relé. Disponible 
solamente después de una actualización de 
firmware.

RLP Resets learned motor parameters RLP Reinicia parámetros aprendidos. 

SET n Modifies the relay settings for group n, 
where n = 1, 2, 3, or 4. If n is not specified, 
default is the active settings group. 

AJU n Modificar el grupo n de ajustes del relé, 
donden n =1, 2, 3 o 4. Si no se especifica n, se 
modifica el grupo activo.

SET name For all SET commands, jump ahead to a 
specific setting by entering the setting name, 
e.g., 50P1P.

AJU name Para todos los comandos SET, adelántese a un 
ajuste ingresando el nombre del ajuste, por 
ejemplo, 50P11P.

SET DNP n Modifies the DNP data map settings for 
map n, where n = 1, 2, or 3.

AJU DNP n Modificar la configuración del mapa de datos 
DNP para el mapa n, donde n = 1, 2, o 3.

SET E m Modifies EtherNet/IP assembly map settings 
for Map m (m = 1, 2, or 3).

AJU E m Modificar ajustes EtherNet/IP del mapa 
número n (n = 1, 2, o 3).

Serial Port 
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SET F Modifies the front-panel settings. AJU F Modificar la configuración del panel frontal.

SET G Modifies the global settings. AJU G Modificar las ajustes globales.

SET I Modifies the IEC 60870-5-103 settings. AJU I Modificar ajustes IEC 60870-5-103.

SET L n Modifies the SELOGIC variable and timer 
settings for Group n, where n = 1, 2, 3, or 4. 
If n is not specified, default is the active 
settings group.

AJU L n Modifica ajustes SELOGIC, laches, variables 
lógicas (SV) y matemáticas (MV) en el grupo 
de ajustes n. Si no se especifica n, se modifica 
el grupo activo.

SET M Modifies the Modbus User Map settings. AJU M Modificar las configuración del Mapa del 
Usuario Modbus.

SET P n Modifies the port n settings, where n = 1, 2, 
3, 4, or F. If not specified, the default is the 
active port. 

AJU P n Modificar la configuración del puerto n, 
donde n = 1, 2, 3, 4 o F. Si n no está 
especificado, el puerto predeterminado es el 
puerto activo.

SET R Modifies the report settings. AJU R Modificar la configuración de reportes.

SET … 
TERSE 

For all SET commands, TERSE disables the 
automatic SHO command after the settings 
entry. 

AJU...TERSO Para todos los comandos AJU, TERSO 
desactiva los comandos automáticos MOS 
después de modificar las configuraciones.

STA C or R Clears the self-test status and restarts the 
relay. 

EST R Salir del modo de diagnostico automático y 
reiniciar el relé.

STO Stops motor. PARA Iniciar el motor.

STR Starts motor. INI Parar el motor.

TEST DB Displays the present status of digital and 
analog overrides.

TEST DB Mostrar el estado actual de variable digitales y 
analógicas con valores forzados.

VEC D Displays the diagnostic vector report. VEC D Mostar reporte standard de reinicio del relé. 

VEC E Displays the exception vector report. VEC E Mostar reporte de reinicio del relé.

Access Level CAL Commands Comandos del Nivel del Acceso C

PAS C Changes the Access Level C password. PAS C Cambiar la contraseña del Nivel de Acceso C.

Serial Port 
Command Command Description

Comando del 
Puerto Serial Descripción del Comando
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Preface

Manual Overview
The SEL-751A Feeder Protection Relay Instruction Manual describes 
common aspects of feeder relay application and use. It includes the necessary 
information to install, set, test, and operate the relay.

An overview of each manual section and topics follows:

Preface. Describes the manual organization and conventions used to 
present information.

Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-751A; lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-751A; 
illustrates wiring connections for various applications.

Section 3: PC Software. Describes the features, installation methods, and 
types of help available with the ACSELERATOR QuickSet SEL-5030 
Software.

Section 4: Protection and Logic Functions. Describes the operating 
characteristic of each protection element, using logic diagrams and 
text, and explains how to calculate element settings; describes contact 
output logic, automation, and report settings.

Section 5: Metering and Monitoring. Describes the operation of each 
metering function; describes the monitoring functions.

Section 6: Settings. Describes how to enter and record settings for basic 
protection, voltage-based protection, and RTD-based protection.

Section 7: Communications. Describes how to connect the SEL-751A to a 
PC for communication; shows serial port pinouts; lists and defines 
serial port commands. Describes the communications port interfaces 
and protocols supported by the relay for serial and Ethernet.

Section 8: Front-Panel Operations. Explains the features and use of the 
front panel, including front-panel command menu, default displays, 
and automatic messages.

Section 9: Analyzing Events. Describes front-panel LED operation, trip-
type front-panel messages, event summary data, standard event 
reports, and Sequential Events Recorder (SER) report.

Section 10: Testing and Troubleshooting. Describes protection element 
test procedures, relay self-test, and relay troubleshooting.

Appendix A: Firmware, ICD, and Manual Versions. Lists the present relay
firmware version and details differences between the present and 
previous versions. Provides a record of changes made to the manual 
since the initial release.

Appendix B: Firmware Upgrade Instructions. Describes the procedure to 
update the firmware stored in flash memory.

Appendix C: SEL Communications Processors. Provides examples of how 
to use the SEL-751A with SEL communications processors for total 
substation automation solutions.
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Appendix D: DNP3 Communications. Describes the DNP3 protocol support
provided by the SEL-751A.

Appendix E: Modbus Communications. Describes the Modbus protocol 
support provided by the SEL-751A.

Appendix F: IEC 61850 Communications. Describes IEC 61850 
implementation in the SEL-751A.

Appendix G: DeviceNet Communications. Describes the use of DeviceNet 
(data-link and application protocol) over CAN (controller area 
network).

Appendix H: Synchrophasors. Describes the Phasor Measurement Control 
Unit (PMCU), and accessing synchrophasor data via ASCII Command 
(MET PM) and IEEE C37.118 Protocol.

Appendix I: MIRRORED BITS Communications. Describes how SEL protective 
relays and other devices can directly exchange information quietly, 
securely, and with minimum cost.

Appendix J: Relay Word Bits. Lists and describes the Relay Word bits 
(outputs of protection and control elements).

Appendix K: Analog Quantities. Lists and describes the analog quantities 
(outputs of analog elements).

SEL-751A Relay Command Summary. Briefly describes the serial port 
commands that are fully described in Section 7: Communications.
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Safety Information

1

Dangers, Warnings, 
and Cautions

This manual uses three kinds of hazard statements, defined as follows:

Safety Symbols The following symbols are often marked on SEL products.

CAUTION
To ensure proper safety and operation, the equipment ratings, installation instructions, and 
operating instructions must be checked before commissioning or maintenance of the equipment. 
The integrity of any protective conductor connection must be checked before carrying out any 
other actions. It is the responsibility of the user to ensure that the equipment is installed, operated, 
and used for its intended function in the manner specified in this manual. If misused, any safety 
protection provided by the equipment may be impaired.

DANGER
Indicates an imminently hazardous situation 
that, if not avoided, will result in death or 
serious injury.

WARNING
Indicates a potentially hazardous situation 
that, if not avoided, could result in death or 
serious injury.

CAUTION
Indicates a potentially hazardous situation 
that, if not avoided, may result in minor or 
moderate injury or equipment damage.

CAUTION
Refer to accompanying documents.

ATTENTION
Se reporter à la documentation.

Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions
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Safety Marks The following statements apply to this device.

Hazardous Locations Approvals
The SEL-751A is UL certified for hazardous locations to U.S. and Canadian 
standards. In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C in the 
maximum surrounding air temperature of 50°C. The SEL-751A shall be 
installed in an indoor or outdoor (extended) locked enclosure that provides a 
degree of protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

General Safety Marks 

CAUTION
There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Rayovac no. BR2335 or equivalent recommended by 
manufacturer. See Owner's Manual for safety instructions. The battery 
used in this device may present a fire or chemical burn hazard if 
mistreated. Do not recharge, disassemble, heat above 100°C or 
incinerate. Dispose of used batteries according to the manufacturer’s 
instructions. Keep battery out of reach of children.

ATTENTION
Une pile remplacée incorrectement pose des risques d’explosion. 
Remplacez seulement avec un Rayovac no BR2335 ou un produit 
équivalent recommandé par le fabricant. Voir le guide d’utilisateur 
pour les instructions de sécurité. La pile utilisée dans cet appareil peut 
présenter un risque d’incendie ou de brûlure chimique si vous en faites 
mauvais usage. Ne pas recharger, démonter, chauffer à plus de 100°C 
ou incinérer. Éliminez les vieilles piles suivant les instructions du 
fabricant. Gardez la pile hors de la portée des enfants.

CAUTION
To ensure proper safety and operation, the equipment ratings, 
installation instructions, and operating instructions must be checked 
before commissioning or maintenance of the equipment. The integrity 
of any protective conductor connection must be checked before 
carrying out any other actions. It is the responsibility of the user to 
ensure that the equipment is installed, operated, and used for its 
intended function in the manner specified in this manual. If misused, 
any safety protection provided by the equipment may be impaired.

ATTENTION
Pour assurer la sécurité et le bon fonctionnement, il faut vérifier les 
classements d’équipement ainsi que les instructions d’installation et 
d’opération avant la mise en service ou l’entretien de l’équipement. Il 
faut vérifier l’intégrité de toute connexion de conducteur de 
protection avant de réaliser d’autres actions. L’utilisateur est 
responsable d’assurer l’installation, l’opération et l’utilisation de 
l’équipement pour la fonction prévue et de la manière indiquée dans 
ce manuel. Une mauvaise utilisation pourrait diminuer toute 
protection de sécurité fournie par l'équipement.

For use in Pollution Degree 2 environment. Pour l'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F). La température de l’air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 1 enclosure. Destiné à l’utilisation sur une surface plane d'un boîtier de 
Type 1.

Terminal Ratings

Wire Material

Use 75°C (167°F) copper conductors only.

Tightening Torque

Terminal Blocks: 0.9–1.4 Nm (8–12 in-lb)

Compression Plug: 0.5–1.0 Nm (4.4–8.8 in-lb)

Compression Plug Mounting Ear Screw: 
0.18–0.25 Nm (1.6–2.2 in-lb)

Spécifications des bornes

Type de filage

Utiliser seulement des conducteurs en cuivre spécifiés à 
75°C (167°F).

Couple de serrage

Borniers : 0,9–1,4 Nm (8–12 livres-pouce)

Fiche à compression : 0,5–1,0 Nm (4,4–8,8 livres-pouce)

Vis à oreille de montage de la fiche à compression : 
0,18–0,25 Nm (1,6–2,2 livres-pouce)

Hazardous Locations Safety Marks 

WARNING – EXPLOSION HAZARD
Open circuit before removing cover.

AVERTISSEMENT – DANGER D'EXPLOSION
Ouvrir le circuit avant de déposer le couvercle.

WARNING – EXPLOSION HAZARD
Substitution of components may impair suitability for Class I, 
Division 2.

AVERTISSEMENT – DANGER D'EXPLOSION
La substitution de composants peut détériorer la conformité à 
Classe I, Division 2.

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.
La température de l'air ambiant ne doit pas dépasser 
–20°C ≤ Ta ≤ +50°C.
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To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A must be installed in an enclosure that 
meets the requirements of an Ex n enclosure rated IP54 or better. The 
enclosure shall be limited to the surrounding air temperature range of –
20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements or 
be tested for compliance as part of the complete assembly.

Other Safety Marks (Sheet 1 of 2)

DANGER
Disconnect or de-energize all external connections before opening this 
device. Contact with hazardous voltages and currents inside this 
device can cause electrical shock resulting in injury or death.

DANGER
Débrancher tous les raccordements externes avant d’ouvrir cet 
appareil. Tout contact avec des tensions ou courants internes à 
l’appareil peut causer un choc électrique pouvant entraîner des 
blessures ou la mort.

DANGER
Contact with instrument terminals can cause electrical shock that can 
result in injury or death.

DANGER
Tout contact avec les bornes de l’appareil peut causer un choc 
électrique pouvant entraîner des blessures ou la mort.

WARNING
Use of this equipment in a manner other than specified in this manual 
can impair operator safety safeguards provided by this equipment.

AVERTISSEMENT
L’utilisation de cet appareil suivant des procédures différentes de 
celles indiquées dans ce manuel peut désarmer les dispositifs de 
protection d’opérateur normalement actifs sur cet équipement.

WARNING
Have only qualified personnel service this equipment. If you are not 
qualified to service this equipment, you can injure yourself or others, 
or cause equipment damage.

AVERTISSEMENT
Seules des personnes qualifiées peuvent travailler sur cet appareil. Si 
vous n’êtes pas qualifiés pour ce travail, vous pourriez vous blesser 
avec d’autres personnes ou endommager l’équipement.

WARNING
This device is shipped with default passwords. Default passwords 
should be changed to private passwords at installation. Failure to 
change each default password to a private password may allow 
unauthorized access. SEL shall not be responsible for any damage 
resulting from unauthorized access.

AVERTISSEMENT
Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être changés pour 
des mots de passe confidentiels. Dans le cas contraire, un accès non-
autorisé á l’équipement peut être possible. SEL décline toute 
responsabilité pour tout dommage résultant de cet accès non-
autorisé.

WARNING
Do not perform any procedures or adjustments that this instruction 
manual does not describe.

AVERTISSEMENT
Ne pas appliquer une procédure ou un ajustement qui n’est pas décrit 
explicitement dans ce manuel d’instruction.

WARNING
During installation, maintenance, or testing of the optical ports, use 
only test equipment qualified for Class 1 laser products.

AVERTISSEMENT
Durant l’installation, la maintenance ou le test des ports optiques, 
utilisez exclusivement des équipements de test homologués comme 
produits de type laser de Classe 1.

WARNING
To install an option card, the relay must be de-energized and then 
reenergized. When reenergized, the relay will reboot. Therefore, 
de-energize the protected equipment before installing the option card 
to prevent damage to the equipment.

AVERTISSEMENT
Pour installer une carte à option, le relais doit être éteint et ensuite 
rallumé. Quand il est rallumé, le relais redémarrera. Donc, il faut 
éteindre l’équipement protégé avant d’installer la carte à option pour 
empêcher des dégats à l’équipement

WARNING
Before working on a CT circuit, first apply a short to the secondary 
winding of the CT.

AVERTISSEMENT
Avant de travailler sur un circuit TC, placez d’abord un court-circuit sur 
l’enroulement secondaire du TC.

CAUTION
Equipment components are sensitive to electrostatic discharge (ESD). 
Undetectable permanent damage can result if you do not use proper 
ESD procedures. Ground yourself, your work surface, and this 
equipment before removing any cover from this equipment. If your 
facility is not equipped to work with these components, contact SEL 
about returning this device and related SEL equipment for service.

ATTENTION
Les composants de cet équipement sont sensibles aux décharges 
électrostatiques (DES). Des dommages permanents non-décelables 
peuvent résulter de l’absence de précautions contre les DES. 
Raccordez-vous correctement à la terre, ainsi que la surface de travail 
et l’appareil avant d’en retirer un panneau. Si vous n’êtes pas équipés 
pour travailler avec ce type de composants, contacter SEL afin de 
retourner l’appareil pour un service en usine.



xxii

SEL-751A Relay Instruction Manual Date Code 20220610

Preface
Safety Information

General Information
Typographic 
Conventions

There are many ways to communicate with the SEL-751A. The three primary 
methods are:

➤ Using a command line interface on a PC terminal emulation 
window.

➤ Using the front-panel menus and pushbuttons.

➤ Using QuickSet.

The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions.

Trademarks All brand or product names appearing in this document are the trademark or 
registered trademark of their respective holders. No SEL trademarks may be 
used without written permission.

SEL trademarks appearing in this manual are shown in the following table.

CAUTION
Looking into optical connections, fiber ends, or bulkhead connections 
can result in hazardous radiation exposure.

ATTENTION
Regarder vers les connecteurs optiques, les extrémités des fibres 
oules connecteurs de cloison peut entraîner une exposition à des 
rayonnements dangereux.

CAUTION
Do not connect power to the relay until you have completed these 
procedures and receive instruction to apply power. Equipment damage 
can result otherwise.

ATTENTION
Ne pas mettre le relais sous tension avant d’avoir complété ces 
procédures et d’avoir reçu l’instruction de brancher l’alimentation. Des 
dommages à l’équipement pourraient survenir autrement.

CAUTION
Use of controls or adjustments, or performance of procedures other 
than those specified herein, may result in hazardous radiation 
exposure.

ATTENTION
L’utilisation de commandes ou de réglages, ou l’application de tests de 
fonctionnement différents de ceux décrits ci-après peuvent entraîner 
l’exposition à des radiations dangereuses.

Other Safety Marks (Sheet 2 of 2)

Example Description

STATUS Commands typed at a command line interface on a PC.

<Enter> Single keystroke on a PC keyboard.

<Ctrl+D> Multiple/combination keystroke on a PC keyboard.

Start > Settings PC dialog boxes and menu selections.
The > character indicates submenus.

ENABLE Relay front- or rear-panel labels and pushbuttons.

Main > Meters Relay front-panel LCD menus and relay responses.
The > character indicates submenus.

ACSELERATOR Analytic Assistant® SEL-2407®

ACSELERATOR Architect® SELOGIC®

ACSELERATOR QuickSet® time-overlight®

ACSELERATOR Report Server® SYNCHROWAVE®

MIRRORED BITS®
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Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-751A. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the present version of your SEL-751A.

LED Emitter The following table shows LED information specific to the SEL-751A 
(see Figure 2.10 for the location of the ports using these LEDs on the relay).

The following figure shows the LED location specific to the SEL-751A 
(see Figure 2.10 for the complete rear-panel drawing).

SEL-751A LED Locations

Item
Fiber-Optic Ethernet 

PORT 1 (1A, 1B)
PORT 2

Arc-Flash 
Channel 1—4

Mode Multimode Multimode Multimode

Wavelength 1300 nm 820 nm 640 nm

Source LED LED LED

Connector type LC ST V-pin

Typical Output power –15.7 dBm –16 dBm –12 dBm

CAUTION
Use of controls, adjustments, or 
performance of procedures other than 
those specified herein may result in 
hazardous radiation exposure.

CAUTION
Looking into optical connections, fiber 
ends, or bulkhead connections can 
result in hazardous radiation 
exposure.

i4333a

Fiber-Optic 
Serial Port LED

Arc-Flash Detection 
LEDs for Self-Test

Fiber-Optic 
Ethernet
Port LEDs



xxiv

SEL-751A Relay Instruction Manual Date Code 20220610

Preface
Safety Information

Environmental 
Conditions and 
Voltage Information

The following table lists important environmental and voltage information.

Wire Sizes and 
Insulation

For wiring connections, use 105°C-rated wiring. Wire sizes for grounding 
(earthing), current, voltage, and contact connections are dictated by the 
terminal blocks and expected load currents. You can use the following table as 
a guide in selecting wire sizes. See the SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08) for wiring 
and termination guidance. Strip the wires 8 mm (0.31 in) for installation and 
termination.

LED Safety Warnings and Precautions

➤ Do not look into the end of an optical cable connected to an 
optical output.

➤ Do not look into the fiber ports/connectors.

➤ Do not perform any procedures or adjustments that are not 
described in this manual.

➤ During installation, maintenance, or testing of the optical 
ports only use test equipment classified as Class 1 laser 
products.

➤ Incorporated components such as transceivers and laser/LED 
emitters are not user serviceable. Units must be returned to 
SEL for repair or replacement.

Condition Range/Description

Indoor/outdoor use Indoor

Altitudea

a Consult the factory for derating specifications for higher altitude applications.

As high as 2000 m

Temperature

IEC Performance Rating 
(per IEC/EN 60068-2-1 and IEC/EN 60068-2-2)

–40° to +85°C

Relative humidity 5% to 95%

Main supply voltage fluctuations To ±10% of nominal voltage

Overvoltage Category II

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

Connection Type
Wire Size Insulation 

VoltageMinimum Maximum

Grounding (Earthing) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Current 16 AWG (1.3 mm2) 12 AWG (3.3 mm2) 300 V min

Potential (Voltage) 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

Contact I/O 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min

RTDa

a See Table 2.17 for typical maximum RTD lead lengths.

28 AWG (0.08 mm2) 16 AWG (1.30 mm2) 300 V min

Other Connection 18 AWG (0.8 mm2) 14 AWG (2.1 mm2) 300 V min
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Instructions for 
Cleaning and 
Decontamination

Use a mild soap or detergent solution and a damp cloth to carefully clean the 
SEL-751A chassis when necessary. Avoid using abrasive materials, polishing 
compounds, and harsh chemical solvents (such as xylene or acetone) on any 
surface of the relay.

Technical Support We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A. 
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/
info@selinc.com
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Section 1
Introduction and Specifications

Overview
The SEL-751A Feeder Protection Relay is designed to provide overcurrent 
protection to feeders, transformers, etc. The basic relay provides instantaneous 
and inverse time-overcurrent protection. Voltage-based, arc-flash detector 
(AFD)-based, and RTD-based protection are available as options. All relay 
models provide monitoring functions.

This manual contains the information necessary to install, set, test, operate, 
and maintain any SEL-751A. You need not review the entire manual to 
perform specific tasks. 

Features
Standard Protection 
Features

➤ Phase Instantaneous Overcurrent (50P)

➤ Ground (Residual) Instantaneous Overcurrent (50G)

➤ Neutral Instantaneous Overcurrent (50N)

➤ Negative-Sequence Overcurrent (50Q)

➤ Phase Time Overcurrent (51P)

➤ Ground (Residual) Time Overcurrent (51G)

➤ Neutral Time Overcurrent (51N)

➤ Negative-Sequence Time Overcurrent (51Q)

➤ Frequency (81)

➤ Breaker Failure Protection

➤ Breaker Wear Monitor

Optional Protection 
Features

➤ Autoreclosing Control (79)

➤ Voltage-Based Protection

➢ Undervoltage (27)

➢ Overvoltage (59)

➢ Negative-Sequence Overvoltage (59Q)

➢ Residual (Zero-Sequence) Overvoltage (59G)

➢ Power Elements (32)

➢ Power Factor (55)

➢ Loss of Potential (60LOP)



1.2

SEL-751A Relay Instruction Manual Date Code 20220610

Introduction and Specifications
Features

➤ Rate-of-Change of Frequency (81R)

➤ Fast Rate-of-Change of Frequency (81RF) for Aurora 
Mitigation

➤ Optional Residual Current CT-based Overcurrent and Time 
Overcurrent (50G/51G)

➤ Arc-Flash Protection

➤ Demand and Peak Demand Metering

➤ Synchronism Check (25)

➢ Synchronism-Check Undervoltage (27S)

➢ Synchronism-Check Overvoltage (59S)

➤ Station DC Battery Monitor

➤ RTD-Based Protection: Monitor as many as ten (10) RTDs 
when you use an internal RTD card, or monitor as many as 
twelve (12) when you use an external SEL-2600 RTD Module 
with the ST option. There are separate Trip and Warn settings 
for each RTD.

Monitoring Features ➤ Event summaries that contain relay ID, date and time, trip 
cause, and current/voltage magnitudes

➤ Event reports including filtered and raw analog data

➤ Sequential Events Recorder (SER)

➤ Compatibility with SEL-3010 Event Messenger

➤ A complete suite of accurate metering functions

Communications and 
Control ➤ EIA-232, front-panel port

➤ EIA-232, EIA-485, single or dual, copper or fiber-optic 
Ethernet, and fiber-optic rear panel EIA-232 ports.

➤ IRIG-B time-code input

➤ Modbus RTU slave, Modbus TCP/IP, DNP3 serial, DNP3 
LAN/WAN, Ethernet FTP, Telnet, MIRRORED BITS, IEC 61850, 
DeviceNet, and Synchrophasors with IEEE C37.118 Protocol 
(supported on serial port only)

➤ SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast 
SER, and Fast Message Protocols

➤ Programmable Boolean and math operators, logic functions, 
and analog compare
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Models, Options, and Accessories
Models Complete ordering information is not provided in this instruction manual. 

See the latest SEL-751A Model Option Table at selinc.com, under SEL 
Literature, Ordering Information (Model Option Tables). Options and 
accessories are in the following listings.

SEL-751A Base Unit ➤ Front panel with large LCD display

➢ Four programmable pushbuttons with eight LEDs

➢ Eight target LEDs (six programmable)

➢ Operator control interface

➢ EIA-232 port

➤ Power supply card with two digital inputs and three digital 
outputs (Slot A)

➤ Processor and communications card (Slot B)

➢ EIA-232 serial port with IRIG-B time code input

➤ Three expansion slots for optional cards (Slots C, D, E)

➤ Four ac current inputs card (Slot Z)

➤ Protocols

➢ Modbus RTU

➢ SEL ASCII and Compressed ASCII

➢ SEL Fast Meter, Fast Operate, Fast SER, Fast Message

➢ Ymodem File Transfer

➢ SEL MIRRORED BITS

➢ Event Messenger

➢ Synchrophasors with IEEE C37.118 (supported on 
serial ports only)

➤ Breaker Wear Monitoring

Options ➤ Firmware option

➢ Autoreclosing Control

➤ Voltage/Current Options (see Table 1.1) 

➤ Input/Output (I/O) Option 

➢ Additional digital I/O

➢ Additional analog I/O

➢ 10 RTD inputs

➤ Communications Options (Protocol/Ports)

➢ EIA-485/EIA-232/Ethernet ports (single/dual, copper 
or fiber-optic)

➢ Multimode (ST) fiber-optic serial port

➢ Modbus TCP/IP protocol

➢ DeviceNet (Note: This option has been discontinued 
and is no longer available as of September 25, 2017.)

https://www.selinc.com
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➢ IEC 61850 Communications

➢ DNP3 serial and LAN/WAN

Accessories Contact your Technical Service Center or the SEL factory for additional detail 
and ordering information for the following accessories:

➤ External RTD protection

➢ SEL-2600 RTD Module (with ST option only)

➢ A simplex 62.5/125 µm fiber-optic cable with ST 
connector for connecting the external RTD module to 
the SEL-751A

Table 1.1 Voltage Input Options 

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa SELECT 5AVIb SELECT 5AVIc SELECT 3 AVI/4 AFDId SELECT 5 AVI/1 ACIe

Under- and overvoltage elements 
(27, 59)

x x x x x

Voltage based frequency measure-
ment and tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss of potential element (60LOP) x x x x x

Real, reactive, apparent power, and 
power factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements 
including under- and overvoltage 
elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage ele-
ment (59Q)

x x x

Rate-of-change-of-frequency ele-
ment (81R)

x x x

Fast rate-of-change-of-frequency 
element (81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor 
inputs with continuous self-testing 
(AFD)

x

Arc-flash protection elements 
(50PAF, 50NAF)

x

Residual current (IG) CT-based 
residual overcurrent elements 
(50G, 51G)

x

a Voltage Options.
b With Monitoring Package.
c With Monitoring and Advanced Metering and Protection Packages.
d With 4-Channel Arc-Flash Detector Inputs and Protection.
e SELECT 5AVI/1 ACI With Residual Ground CT Input.
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➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay.

➤ SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash 
Detection (AFD) Sensors and Accessories

➤ SEL-751A Configurable Labels

➤ Rack-Mounting Kits

➢ For one relay

➢ For two relays 

➢ For one relay and a test switch

➤ Wall-Mounting Kits

➤ Bezels for Retrofit

➤ Replacement Rear Connector Kit

➤ Dust Protection Kit

➤ Relay Wire Termination Kits—See Application Note 
AN2014-08

For all SEL-751A mounting accessories for competitor products, including 
adapter plates, visit selinc.com/applications/mountingselector/.

Applications
Section 2: Installation includes ac and dc connection diagrams for various 
applications. The following is a list of possible application scenarios:

➤ Distribution feeder protection (feeder protection with core-
balance CT)

➤ Delta-wye transformer overcurrent protection

➤ Wye-delta-wye transformer overcurrent protection

➤ With or without external RTD module

➤ With arc-flash protection

Figure 1.1 shows typical current connections. Refer to Section 2: Installation 
for additional applications and the related connection diagrams.

https://selinc.com/applications/mountingselector
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Figure 1.1 Typical Current Connections

Getting Started
Understanding basic relay operation principles and methods will help you use 
the SEL-751A effectively. This section presents the fundamental knowledge 
you need to operate the SEL-751A, organized by task. These tasks help you 
become familiar with the relay and include the following:

➤ Powering the Relay

➤ Establishing Communication

➤ Checking the Relay Status

➤ Setting the Date and Time

Perform these tasks to gain a fundamental understanding of relay operation.

Powering the Relay Power the SEL-751A with 110–240 Vac, 110–250 Vdc or 24–48 Vdc, 
depending on the part number.

➤ Observe proper polarity, as indicated by the +/H (terminal A01) 
and the –/N (terminal A02) on the power connections.

➤ Connect the ground lead; see Grounding (Earthing) 
Connections on page 2.20.

➤ Once connected to power, the relay does an internal self-check 
and the ENABLED LED illuminates.

SEL-751A

A
B
C

IN

IC

IB

IA

Z08

Z07

Z06

Z05

Z04

Z03

Z02

Z01

52

FEEDER

BUS

The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Establishing 
Communication

The SEL-751A has two EIA-232 serial communications ports. The following 
steps require PC terminal emulation software and an SEL Cable C234A (or 
equivalent) to connect the SEL-751A to the PC. See Section 6: Settings for 
further information on serial communications connections and the required 
cable pinout.

Step 1. Connect the PC and the SEL-751A using the serial 
communications cable.

Step 2. Apply power to both the PC and the relay.

Step 3. Start the PC terminal emulation program.

Step 4. Set the PC terminal emulation program to the communications 
port settings listed in the Default Value column of Table 1.2. 
Also, set the terminal program to emulate either VT100 or 
VT52 terminals.

Step 5. Press the <Enter> key on the PC keyboard to check the 
communications link.

You will see the = prompt at the left side of the computer screen 
(column 1). 

If you do not see the = prompt, check the cable connections, 
and confirm that the settings in the terminal emulation program 
are the default values in Table 1.2.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to Figure 1.2. 
If you see jumbled characters, change the terminal emulation 
type in the PC terminal emulation program.

Step 7. Type ACC <Enter> and the appropriate password (see 
Table 7.34 for factory-default passwords) to go to Access 
Level 1.

Step 8. Type QUIT <Enter> to view the relay report header.

Checking the 
Relay Status

Use the STA serial port command to view the SEL-751A operational status. 
Analog channel dc offset and monitored component status are listed in the 
status report depicted in Figure 1.3.

Table 1.2 SEL-751A Serial Port Settings

Description Setting Label Default Value

SPEED SPEED 9600

DATA BITS BITS 8

PARITY PARITY N

STOP BITS STOP 1

PORT TIMEOUT T_OUT 5

HWDR HANDSHAKING RTSCTS N

=>QUIT <Enter>
Feeder xyz           Date: 03/10/2007  Time: 10:31:43
Station 1 Time Source: Internal

Figure 1.2 Response Header
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If a communications card with the DeviceNet protocol is present, the status 
report depicted in Figure 1.4 applies. If a communications card with Modbus 
RTU protocol is present, the status report depicted in Figure 1.3 applies. 

Table 7.48 provides the definition of each status report designator and 
Table 10.7 shows all the self-tests performed by the relay. The beginning of 
the status report printout (see Figure 1.3) contains the relay serial number, 
firmware identification (FID) string, and checksum (CID) string. These strings 
uniquely identify the relay and the version of the operating firmware.

=>STA <Enter>

B1633H SEL-751A                          Date: 03/13/2018   Time: 16:21:54.608
FEEDER RELAY                             Time Source: Internal

Serial Num = 3161821078     FID = SEL-751A-R419-V0-Z011003-D20131025
CID = 79CC                  PART NUM = 751A51A1A0X71850211

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.20

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.79   2.49   3.35   3.76    4.98   -1.25   -4.91   2.89

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Power-on counts            85
Operating hours          2464

  Relay Enabled

=>

Figure 1.3 STA Command Response—No Communications Card 
or EIA-232/EIA-485 Communications Card

=>STA <Enter>

SEL-751A                                 Date: 08/13/2009   Time: 20:29:29
FEEDER RELAY                             Time Source: External

Serial Num = 000000000000000
FID = SEL-751A-X402-V0-Z005003-D20090803                CID = CD05
PART NUM = 751A01BA30X7386163X

SELF TESTS (W=Warn)
  FPGA  GPSB  HMI   RAM   ROM   CR_RAM  NON_VOL  CLOCK  CID_FILE  +0.9V  +1.2V
  OK    OK    OK    OK    OK    OK      OK       OK     OK        0.90   1.19

  +1.5V  +1.8V  +2.5V  +3.3V  +3.75V  +5.0V  -1.25V  -5.0V   BATT
  1.49   1.81   2.49   3.33   3.76    4.97   -1.25   -4.91   3.07

Option Cards
  CARD_C  CARD_D  CARD_E  CURRENT
  OK      OK      OK      OK

DeviceNet
  DN_MAC_ID     ASA        DN_RATE         DN_STATUS
  3         1a0d c1e9h     500kbps         0000 0000

Offsets
   IA    IB    IC    IN    VA    VB    VC
  9     8     9     8     -18   -16   -16

Relay Enabled

=>

Figure 1.4 STA Command Response—Communications Card/DeviceNet 
Protocol
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Setting the 
Date and Time

DAT (Date Command)
Viewing the Date

Type DAT <Enter> at the prompt to view the date stored in the SEL-751A. If 
the date stored in the relay is July 29, 2003, and the DATE_F setting is MDY, 
the relay will reply:

7/29/2003

If the DATE_F setting is YMD, the relay will reply:

2003/7/29

If the DATE_F setting is DMY, the relay will reply:

29/7/2003

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored 
in the relay. For example, to change the date to May 2, 2003 
(DATE_F = MDY), enter the following at the action prompt:

DAT 5/2/03

You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.

TIM (Time Command)
Viewing the Time

Enter TIM at the prompt to view the time stored in the SEL-751A. The relay 
will reply with the stored time.

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the 
time stored in the relay. For example, to change the time to 6:32 a.m., enter the 
following at the prompt:

TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces, 
commas, slashes, colons, and semicolons.
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc
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Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.
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Section 2
Installation

Overview
The first steps in applying the SEL-751A Feeder Protection Relay are 
installing and connecting the relay. This section describes common 
installation features and requirements.

To install and connect the relay safely and effectively, you must be familiar 
with relay configuration features and options. You should carefully plan relay 
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the 
SEL-751A. Use these drawings as a starting point for planning your particular 
relay application.

The instructions for using the versatile front-panel custom label option are 
available on the SEL-751A product page on the SEL website. This allows you 
to use SELOGIC control equations and slide-in configurable front-panel labels 
to change the function and identification of target LEDs.

Relay Placement
Proper placement of the SEL-751A helps to ensure years of trouble-free 
protection. Use the following guidelines for proper physical installation of the 
SEL-751A.

Physical Location The SEL-751A is EN 61010-1 certified at Installation/Overvoltage 
Category II and Pollution Degree 2. This allows mounting of the relay in a 
sheltered indoor environment that does not exceed the temperature and 
humidity ratings for the relay. The SEL-751A is required to be mounted in an 
indoor or outdoor (extended) locked enclosure that provides a degree of 
protection to personnel against access to hazardous parts. In either 
environment, the relay shall be protected from direct sunlight, precipitation, 
and full wind pressure.

You can place the relay in extreme temperature and humidity locations. 
(See Operating Temperature and Operating Environment on page 1.13.) 
For EN 61010-1 certification, the SEL-751A rating is 2000 m (6562 ft) above 
mean sea level.

To comply with the requirements of the European ATEX standard for 
hazardous locations, the SEL-751A shall be installed in an ATEX-certified 
enclosure with a tool-removable door or cover that provides a degree of 
protection not less than IP54, in accordance with EN 60079-0. The enclosure 
shall be limited to the surrounding air temperature range of 
–20°C ≤ Ta ≤ +50°C. The enclosure should be certified to these requirements 
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or be tested for compliance as part of the complete assembly. The enclosure 
must be marked “WARNING—Do not open when an explosive atmosphere is 
present.” In North America, the relay is approved for Hazardous Locations 
Class I, Division 2, Groups A, B, C, and D, and temperature class T3C with a 
maximum surrounding air temperature of 50°C.

Relay Mounting To flush mount the SEL-751A in a panel, cut a rectangular hole with the 
dimensions shown in Figure 2.1. Use the supplied front-panel gasket for 
protection against dust and water ingress into the panel (IP65).

For extremely dusty environments, use the optional IP50-rated terminal dust-
protection assembly (protection against solid foreign objects only) 
(SEL Part #915900170). The 10°C-temperature derating applies to the 
temperature specifications of the relay.

Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and 
Accessories for information on mounting accessories.

I/O Configuration
Your SEL-751A offers flexibility in tailoring I/O to your specific application. 
In total, the SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, 
and Z. Slots A, B, and Z are base unit slots, each associated with a specific 
function. Optional digital/analog I/O, communications, RTD, and voltage 
cards are available for the SEL-751A. Figure  shows the slot allocations for 
the cards.

Because installations differ substantially, the SEL-751A offers a variety of 
card configurations to provide options for the many diverse applications. 
Choose the combination of option cards most suited for your application from 
the following selection.

7.36 
(187.0)

5.47 
(139.0)

i9089b
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Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

SELECT EIA-232/485 ●

SELECT DeviceNet ●

SELECT 3 DI/4 DO/1 AO (one card per relay) ● ● ●

SELECT 4 DI/4 DO ● ● ●

SELECT 4 DI/3 DO (1 Form B, 2 Form C) ● ● ●

SELECT 8 DI ● ● ●

SELECT 8 AI ● ● ●

SELECT 4 AI/4 AO (one card per relay) ● ● ●

SELECT 10 RTD ●

SELECT 3 AVI (MOT… x71x…) ●

SELECT 5 AVI (MOT … x72x…) ●

SELECT 5 AVI (MOT … x73x…) ●

SELECT 3 AVI/4 AFDI (MOT … x74x…) ●

SELECT Power Supply With I/O (Slot A)

SELECT Processor and 
Communications Card (Slot B)

SELECT I/O Expansion Card (Slot C)

SELECT I/O Expansion Card (Slot D)

SELECT I/O Expansion Card (Slot E)

SELECT 4 ACI Card (Slot Z)
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Figure 2.2 Slot Allocations for Different Cards

Power Supply Card 
PSIO/2 DI/3 DO 
(Slot A)

Select appropriate power supply option for the application:

➤ High Voltage: 110–250 Vdc, 110–240 Vac, 50/60 Hz 

➤ Low Voltage: 24–48 Vdc

Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac, 
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.

This card is supported in Slot A of the SEL-751A Relay. It has two digital 
inputs and three digital outputs (two normally open Form A contact outputs 
and one Form C output). Table 2.1 shows the terminal designation for the 
PSIO/2 DI/3 DO card.

SELECT 5 AVI/1 ACI (MOT … x75/76x…) ●

SELECT 4 ACI ●

a Power supply, two inputs, and three outputs.
b IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals B01, B02 for all models 

except models with fiber-optic Ethernet port (P1) and dual copper Ethernet port (P1) that have PORT 3 as an EIA-232 serial port and can 
input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via PORT 2 (optional EIA-232 
fiber-optic serial port).

c Digital or analog.

Rear-Panel Slot

A B C D E Z

Software Reference
1

(e.g., OUT101)
3

(e.g., OUT301)
4

(e.g., OUT401)
5

(e.g., OUT501)

Description
Power supply 
and I/O carda

CPU/comm. 
cardb

Comm. or
I/Oc card

I/Oc I/Oc or 
voltage/current card

Current card

Card Type

Table 2.1 Power Supply Card Inputs Terminal Designation

Side-Panel 
Connections Label

Terminal 
Number

Description

Ground connection

A01, A02 Power supply input terminals

A03, A04 OUT101, driven by OUT101 SELOGIC control 
equation

A05, A06 OUT102, driven by OUT102 SELOGIC control 
equation

A07, A08, A09 OUT103, driven by OUT103 SELOGIC control 
equation

A10, A11 IN101, drives IN101 element

A12, A11 IN102, drives IN102 element

A 100

OUT_0 1

OUT_02

IN_0 1

IN_02

10

1 1

08

12

INPUTS:

05

06

04

03

02

0 1

GND

+/H

—/N

P
O

W
E

R

OUT_03

09

07
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Communications 
Ports (Slot B)

Select the communications ports necessary for your application from the 
following base-unit options shown in Table 2.2.

PORT F supports the following protocols:

➤ SELBOOT

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Settings File Transfer

➤ Event Messenger

➤ C37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:

➤ Modbus TCP/IP

➤ DNP3 LAN/WAN

➤ IEC 61850

➤ FTP

➤ Telnet

PORT 2 and PORT 3 support the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Table 2.2 Communications Ports

Port Location Feature Description

F Front Panel Standard Nonisolated EIA-232 serial port

1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX

Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial 
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated 
EIA-485 serial port
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Communications Card 
(Slot C)

Either the DeviceNet (see Appendix G: DeviceNet Communications) or the 
EIA-232/ EIA-485 communications card is supported in Slot C. The EIA-232/
EIA-485 card provides one serial port with one of the following two serial 
port interfaces:

➤ PORT 4A, an isolated EIA-485 serial port interface

➤ PORT 4C, nonisolated EIA-232 serial port interface, supporting 
the +5 Vdc interface

Use the PORT 4 setting, COMM Interface, to select either EIA-232 or EIA-485 
functionality. Table 2.3 shows the port number, interface, and type of 
connector for the two protocols.

The communications card supports all of the following protocols:

➤ Modbus RTU Slave

➤ SEL ASCII and Compressed ASCII

➤ SEL Fast Meter

➤ SEL Fast Operate

➤ SEL Fast SER

➤ SEL Fast Message Unsolicited Write

➤ SEL Settings File Transfer

➤ SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTB, 
MBTA)

➤ Event Messenger

➤ DNP3 Slave Level 2

➤ C37.118 (Synchrophasor Data)

Voltage Card Option 
(3 AVI)

MOT…x71x… Supported in Slot E only, order this card when you have 
either single or three-phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle—see Processing 
Specifications and Oscillography on page 1.14 for more information. 
Table 2.4 shows the terminal allocation.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors

4A EIA-485 5-pin Euro 

4C EIA-232 D-sub

Table 2.4 3 AVI Voltage Card Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB,VC

06 N, Common connection for VA, VB,VC
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Enhanced Voltage 
Card Option With 
Monitoring Package 
(5 AVI)

MOT…x72x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. Table 2.5 shows the terminal allocation.

Enhanced Voltage Card 
Option With Advanced 
Metering and 
Protection Package 
(5 AVI)

MOT…x73x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input. With a voltage card installed, the SEL-751A samples 
the voltages 16 times a cycle. This option also provides demand and peak 
demand metering, and protection elements 32, 59G, 59Q, 81R, and 81RF (for 
Aurora mitigation). The connections are shown in Table 2.5.

Voltage Card Option 
With Arc-Flash 
Detection (AFD) 
Inputs (3 AVI/4 AFDI)

MOT…x74x… Supported in Slot E only, order this card when you have 
either single or three phase (wye or delta) PTs. With a voltage card installed, 
the SEL-751A samples the voltages 16 times a cycle. Table 2.6 shows the 
terminal allocation. This option also provides 4-channel arc-flash detection (AFD) 
inputs with continuous self-testing.

Table 2.5 5 AVI Voltage Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input 

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

Table 2.6 3 AVI/4 AFDI Voltage Card With Arc-Flash Detection Inputs 
Terminal Designation

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, Common connection for VA, VB, VC

05 N, Common connection for VA, VB, VC

06 N, Common connection for VA, VB, VC

07 AF1 Channel TX and RX Inputs

08 AF2 Channel TX and RX Inputs 

09 AF3 Channel TX and RX Inputs

10 AF4 Channel TX and RX Inputs
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Enhanced Voltage 
Card Option With 
Advanced Metering and 
Protection Package and 
Residual Current Input 
(5 AVI/1 ACI)

MOT…x75/76x… Supported in Slot E only, order this card when you have 
voltage inputs including synchronism-check voltage input and station dc 
battery monitor input and residual current (IG) input. Order ...x75x... for 
5 A CT or ...x76x... for 1 A CT input. With this card installed, the SEL-751A 
samples the voltages and current 16 times a cycle. This option also provides 
demand and peak demand metering, and protection elements 32, 59G, 59Q, 
81R and 81RF. The connections are shown in Table 2.7.

Current Card Supported in Slot Z only, this card provides current inputs for three-phase CTs 
and one neutral CT. Secondary phase current ratings are either all 1 A or all 
5 A; you cannot order a combination of 1 A and 5 A phase CTs on one card. 
However, the phase CTs and the neutral CT can be of different current rating. 
You can order one of four neutral CT ratings, 1 A, 5 A, 50 mA, or 2.5 mA 
(high sensitivity). With a current card installed, the SEL-751A samples the 
currents 16 times a cycle—see Processing Specifications and Oscillography 
on page 1.14 for more information. Table 2.8 shows the terminal allocation.

Table 2.7 5 AVI/1 ACI Voltage/Current Card Terminal Designation 

Terminal Number Description

01 VA, Phase A voltage input

02 VB, Phase B voltage input

03 VC, Phase C voltage input

04 N, common connection for VA, VB, VC

05 VS, synchronism-check voltage input

06 NS, common connection for synchronism-check voltage input

07 VBAT+ station battery (positive) voltage input

08 VBAT– station battery (negative) voltage input

09, 10 IG, residual current input 

Table 2.8 Current Card Terminal Designation

Terminal Number Description

01, 02 IA, Phase A current input

03, 04 IB, Phase B current input

05, 06 IC, Phase C current input

07, 08 IN, neutral current input

WARNING
Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.
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Analog Input Card 
(8 AI)

Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
analog inputs. Table 2.9 shows the terminal allocation.

Analog Input/Output 
Card (4 AI/4 AO)

Supported in any one of the nonbase unit slots (Slot C through Slot E), this card 
has four analog inputs and four analog outputs (AO). Table 2.10 shows the 
terminal allocation.

I/O Input Card 
(3 DI/4 DO/1 AO)

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital 
inputs, four digital outputs, and one analog output. Table 2.11 shows the 
terminal allocation.

Table 2.9 Eight Analog Input (8 AI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AIx01, Transducer Input number x01

03, 04 AIx02, Transducer Input number x02

05, 06 AIx03, Transducer Input number x03

07, 08 AIx04, Transducer Input number x04

09, 10 AIx05, Transducer Input number x05

11, 12 AIx06, Transducer Input number x06

13, 14 AIx07, Transducer Input number x07

15, 16 AIx08, Transducer Input number x08

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.

Table 2.10 Four Analog Input/Four Analog Output (4 AI/4 AO) Card Terminal 
Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 AOx01, Analog Output number x01

03, 04 AOx02, Analog Output number x02

05, 06 AOx03, Analog Output number x03

07, 08 AOx04, Analog Output number x04

09, 10 AIx01, Transducer Input number x01

11, 12 AIx02, Transducer Input number x02

13, 14 AIx03, Transducer Input number x03

15, 16 AIx04, Transducer Input numberx04

NOTE: Analog inputs cannot 
provide loop power. Each analog 
output is self powered and has an 
isolated power supply.

NOTE: Connection lengths less 
than 10 meters meet the 
requirements of IEC 60255-26 and 
IEC 60255-27 for analog inputs and 
outputs.

Table 2.11 I/O (3 DI/4 DO/1 AO) Card Terminal Allocation 

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 AOx01, Analog Output Number 1

11, 12 INx01, Drives INx01 element

13, 14 INx02, Drives INx02 element

15, 16 INx03, Drives INx03 element

NOTE: All digital input and digital 
output (including high-current, high-
speed hybrid) connections are 
polarity neutral.

NOTE: Connection lengths less than 
10 meters meet the requirements of 
IEC 60255-26 and IEC 60255-27 for 
analog inputs and outputs.
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RTD Card (10 RTD) Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.12 
shows the terminal allocation.

I/O Card (4 DI/3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs, one Form-B digital output (normally closed contact output) and 
two Form-C digital output contacts. Table 2.13 shows the terminal allocation.

I/O Card (4 DI/4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four 
digital inputs and four outputs. The four outputs are either all normally open 
contact outputs or all fast hybrid (high-speed, high-current interrupting) 
outputs. Table 2.14 shows the terminal allocation.

Table 2.12 RTD (10 RTD) Card Terminal Allocation 

Terminal Number Description

01 RTD01 (+)

02 RTD01 (–)

03 RTD01 Comp/Shield

04 RTD02 (+)

05 RTD02 (–)

06 RTD02 Comp/Shield

07 RTD03 (+)

08 RTD03 (–)

09 RTD03 Comp/Shield

• •

• •

• •

28 RTD10 (+)

29 RTD10 (–)

30 RTD10 Comp/Shield

NOTE: All RTD Comp/Shield 
terminals are internally connected to 
the relay chassis and ground.

NOTE: Use passive resistors to 
simulate temperatures to test the 
RTD inputs. Use of an RTP simulator 
can damage the relay.

Table 2.13 Four Digital Inputs, One Form-B Digital Output, Two Form-C 
Digital Outputs (4 DI/3 DO) Card Terminal Allocation

Terminal Number Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04, 05 OUTx02, driven by OUTx02 SELOGIC control equation

06, 07, 08 OUTx03, driven by OUTx03 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element



2.11

Date Code 20220610 Instruction Manual SEL-751A Relay

Installation
I/O Configuration

I/O Card (8 DI) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight 
digital inputs. Table 2.15 shows the terminal allocation.

Card Configuration 
Procedure

Changing card positions or expanding on the initial number of cards requires 
no card programming; the relay detects the new hardware and updates the 
software accordingly (you still have to program the I/O settings using the SET 
command).

The SEL-751A offers flexibility in tailoring I/O for your specific application. 
The SEL-751A has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. 
Slots A, B, and Z are base unit slots, each associated with a specific function. 
Optional digital/analog I/O cards are available for the SEL-751A in Slots C, D, 
and E. Optional communications cards are available only for Slot C, an RTD 
card is available only for Slot D, 1 A/5 A CT combinations for voltage/current 
cards are available only for Slot E, and current cards are available for Slot Z. 
Figure 2.2 shows the slot allocations for the cards. Because installations differ 
substantially, the SEL-751A offers a variety of card configurations that 
provide options for an array of applications. Choose the combination of cards 
most suited for your application.

Swapping Optional I/O Boards
When an I/O board is moved from one slot to a different slot, the associated 
settings for the slot the card is moved from are lost. For example, if a 
4 DI/4 DO card is installed in Slot D, the SELOGIC control equation settings 

Table 2.14 Four Digital Input/Four Digital Output (4 DI/4 DO) Card Terminal 
Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 OUTx01, driven by OUTx01 SELOGIC control equation

03, 04 OUTx02, driven by OUTx02 SELOGIC control equation

05, 06 OUTx03, driven by OUTx03 SELOGIC control equation

07, 08 OUTx04, driven by OUTx04 SELOGIC control equation

09, 10 INx01, drives INx01 element

11, 12 INx02, drives INx02 element

13, 14 INx03, drives INx03 element

15, 16 INx04, drives INx04 element

NOTE: All digital inputs and digital 
outputs (including high-current, 
high-speed hybrid) connections are 
polarity neutral.

Table 2.15 Eight Digital Input (8 DI) Card Terminal Allocation

Terminal Number Software Reference, Descriptiona

a x = 3, 4, or 5, if the card was installed in Slot C, D, or E respectively.

01, 02 INx01, drives INx01 element

03, 04 INx02, drives INx02 element

05, 06 INx03, drives INx03 element

07, 08 INx04, drives INx04 element

09, 10 INx05, drives INx05 element

11, 12 INx06, drives INx06 element

13, 14 INx07, drives INx07 element

15, 16 INx08, drives INx08 element
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OUT401–OUT404 are available. If OUT401 = IN101 AND 51P1T, and the 
card is moved to a different slot, then the OUT401 setting is lost. This is true 
for all the digital and analog I/O cards.

Adding Cards to Slots C, D, E, and Z
The SEL-751A Relay can be upgraded by adding as many as three cards.

Installation
Perform the following steps to install cards in Slots C, D, E, or Z of the base 
unit.

Step 1. Save the settings and event report data before installing the new 
card in the relay.

Step 2. Remove the power supply voltage from terminals A01+ and 
A02–, and remove the ground wire from the green ground screw.

Step 3. Disconnect all the connection plugs.

Step 4. Remove the eight screws on the rear and remove the rear cover.

Step 5. Remove the plastic filler plate covering the slot associated with 
the option card being installed.

Step 6. Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are 
bent at an approximate 130-degree angle relative to the board 
for proper electromagnetic interference protection.

Step 7. Before reattaching the rear cover, check for and remove any 
foreign material that may remain inside the SEL-751A case.

Step 8. Carefully reattach the rear cover.

Step 9. Reinstall the eight screws that secure the rear cover to the case.

Step 10. Apply power supply voltage to terminals A01+ and A02–, and 
reconnect the ground wire to the green ground screw.

Step 11. If the card is in the proper slot, the front panel displays the 
following:

STATUS FAIL
X Card Failure

If you do not see this message and the ENABLED LED is turned 
on, the card was inserted into the wrong slot. Begin again at 
Step 2.

If you do see this message, proceed to Step 12.

Step 12. Press the ESC pushbutton.

Step 13. Press the Down Arrow pushbutton until STATUS is highlighted.

Step 14. Press the ENT pushbutton.

The front panel displays the following:
STATUS
Relay Status

Step 15. Press the ENT pushbutton.

The front panel displays the following:
Serial Num
000000000000000000000000

DANGER
Disconnect or de-energize all external 
connections before opening this 
device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.
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Step 16. Press the ENT pushbutton.

The front panel displays the following:
Confirm Hardware
Config (Enter)

Step 17. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?
No Yes

Step 18. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 19. Press the ENT pushbutton.

Step 20. Use the PARTNO command from Access Level C to enter the 
exact part number of the relay after the relay restarts and the 
ENABLED LED turns on to indicate the option card is installed 
correctly.

After reconfiguration, the relay updates the part number, except 
for the following indicated digits. These digits remain 
unchanged, i.e., these digits retain the same character as before 
the reconfiguration. Also, a communications card installed in 
Slot C is reflected as an empty slot in the part number. A regular 
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same 
device ID. When interchanging these two cards, the part 
number for the respective slots should be updated manually. 
Use the STATUS command to view the part number.

Step 21. Update the side-panel drawing with the drawing sticker 
provided in the card kit. If necessary, replace the rear panel 
with the one applicable to the option card and attach the 
terminal-marking label provided with the card to the rear-panel 
cover. Also, contact SEL for an updated product serial label 
with the updated part number.

Step 22. Reconnect all of the connection plugs and add any additional 
wiring/connectors required by the new option card.

Slot B CPU Card Replacement
When replacing the Slot B card, do the following:

Step 1. Ensure that the card has the latest firmware from the factory.

Step 2. Review the firmware revision history for the changes that were 
made; note that new settings added, if any, might affect existing 
settings in the relay or its application.

PART NUM = 751A01B5X1X7X86020X
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Step 3. Save all the settings and event reports before replacing the card.

Step 4. If the IEC 61850 protocol option was used previously, verify 
that the IEC 61850 protocol is still operational after the 
replacement. If not, reenable it. Refer to Protocol Verification for 
Relays With IEC 61850 Option in Appendix B: 
Firmware Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new 
board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Attach the rear panel (new if applicable) and reconnect the 
terminal blocks and CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter Access Level C.

Do not modify any calibration settings other than those listed in 
this procedure.

The default password for Access Level C is CLARKE.

Step 11. From Access Level C, issue the SET C command.

Step 12. Update the serial number and part number to the appropriate 
values, type END, and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and 
part number of your relay are correct.

Slot A Power Supply Card
If you are replacing the power supply card, change the part number 
accordingly using the PARTNO command from Access Level C. Install new 
side stickers on the side of the relay. 

Analog Input Card 
Voltage/Current 
Jumper Selection

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1–8) 
determines the nature of each channel. For a current channel, insert Jumper x 
in position 1–2; for a voltage channel, insert Jumper x in position 2–3.

Figure 2.3 Circuit Board of Analog I/O Board, Showing Jumper Selection

JMPX

21 3 21 3

JMPX

Position 2 – 3 = V (voltage) mode

Where "JMPX" is the jumper for AI channel "X"

Position 1 – 2 = I (current) mode
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Analog Output (AO) 
Configuration Jumper

Figure 2.4 shows the locations of JMP1 through JMP4 on an Analog Output 
board. You can select each of the four analog output channels as either a 
current analog output or a voltage analog output.

Figure 2.4 JMP1 Through JMP4 Locations on 4 AI/4 AO Board

NOTE: There is no jumper between 
Pins 5 and 6 for a voltage analog 
output selection.

You need to insert three jumpers for a current analog output selection and two 
jumpers for a voltage analog output selection. For a current analog output 
selection, insert a jumper between pins 1 and 2, pins 5 and 6, and pins 9 and 
10. For a voltage analog output selection, insert a jumper between pins 3 and 
4, and pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog 
output. The current analog output selection is the default setting for JMP1 
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP1JMP2
JMP3

JMP4

9  7  5  3  1

10 8  6  4  2

JMP1–JMP4 Pin 
Numbering

NOTE: Analog inputs cannot provide 
loop power. Each analog output is self 
powered and has an isolated power 
supply.

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers

9

5

1

10

6

2

JM
P4

JMP4 Selected as Current Output

7

5

3

8

6

4

JM
P1

JMP1 Selected as Voltage Output
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Password, Breaker 
Control, and SELBOOT 
Jumper Selection

Figure 2.7 shows the major components of the B-slot card in the base unit. 
Notice the three sets of pins labeled A, B, and C.

Figure 2.7 Pins for Password, Breaker Control, and SELBOOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable 
breaker control, and pins labeled C force the relay to the SEL operating 
system called SELBOOT. In the unlikely event that the SEL-751A suffers an 
internal failure, communications with the relay can be compromised. Forcing 
the relay to SELBOOT provides a means of downloading new firmware. To 
force the relay to SELBOOT, position the jumper in Position C, as shown in 
Figure 2.7 (SELBOOT forced). Once the relay is forced to SELBOOT, you can 
communicate with the relay only through the front-panel port.

JMP1

A B C

JMP1

A B C

JMP1

A B C

JMP1

A B C

Password
Bypassed

Default
Positions

SELBOOT
Forced

Remote
Breaker
Control
Allowed

JMP1

(b) Card Layout for Relays With Firmware Versions R400 and Higher

(a) Card Layout for Relays With Firmware Versions Lower Than R400

A
B
C

JMP1

A
B
C

JMP1

A
B
C

JMP1

Default 
Positions

Password 
Bypassed

A
B
C

JMP1

SELBOOT

 Forced

Remote
Breaker
Control
Allowed

A
B
C

JMP1

A B C
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To gain access to Level 1 and Level 2 command levels without passwords, 
position the jumper in position A, as shown in Figure 2.7 (Password 
bypassed). Although you gain access to Level 2 without a password, the alarm 
contact still closes momentarily when you access Level 2. Table 2.16 tabulates 
the functions of the three sets of pins and jumper default positions.

Rear-Panel Connections Figure 2.8 shows the rear-panel connections for selected cards. Connections 
for additional cards are shown in Figure 2.9 through Figure 2.11.

Table 2.16 Jumper Functions and Default Positions

Pins Jumper Default Position Description

A Not bypassed (requires password) Password bypass

B Off (breaker control disabled) Enable breaker controla

a Jumper position affects breaker control using the OPEN or CLOSE command via the serial 
port, front panel, or communications protocols. Jumper position does not affect breaker 
control using remote bits, which are always enabled.

C Not bypassed (not forced SELBOOT) Forced SELBOOT

NOTE: After any 
change, be sure to 
thoroughly test the 
settings.

NOTE: All digital 
inputs and digital 
outputs (including 
high-current, high- 
speed hybrid) 
connections are 
polarity neutral.

NOTE: Analog 
outputs are isolated 
from each other and 
from the chassis 
ground.

Card 1: 
Current Card 
(4 ACI)

Card 2: 
Voltage Card 
(5 AVI)

Card 3: 
Voltage Card With 
AFD Inputs 
(3 AVI/4 AFDI)

Card 4: 
Voltage/Current 
Card (5 AVI/1 ACI)

Card 5: 
Eight Analog 
Input Card 
(8 AI)

Card 6: 
Four Digital Input/
Three Digital 
Output Card 
(4 DI/3 DO)

Card 7: 
Four Analog Input/
Four Analog 
Output Card 
(4 AI/4 AO)

AO_02

AO_0 1

AO_03

AO_04

AI_02

AI_0 1

AI_03

AI_04

08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 101

02
IA

03

04
IB

05

06
IC

07

08
IN

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07

VS

NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

02

03

05

06

VA

WYE

VB

VC

VB
(COM)

VC

VA

OPEN
DELTA

N COM

0 7

TX RX

08

09

1 0

AF 1

AF2

AF3

AF4

0 1

04

AI_08

AI_06

AI_05

AI_07

AI_02

AI_0 1

AI_03

AI_04
08

05

06

02

04

09

03

10

1 1

12

1 3

14

15

16

07

0 1

INPUTS:

IN_0 1

IN_02

IN_03

IN_04

OUT_0 1

OUT_02

02

04

05

09

03

OUT_0307

08

06

10

1 1

12

1 3

14

15

16

0 1

WYE OPEN
DELTA

E05

E06

VBAT+

VBAT-E08

E07
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NS

E02 VB VB
(COM)

E03 VC VC

E04 N COM

VA VAE 0 1

ACI

E 1 0

IG
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Figure 2.8 Rear-Panel Connections of Selected Cards

Relay Connections
Rear-Panel and 
Side-Panel Diagrams

The physical layout of the connectors on the rear-panel and side-panel 
diagrams of three sample configurations of the SEL-751A are shown in 
Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12.

Figure 2.9 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 3 AVI Voltage Option

Card 8: 
Main Board With 
Dual, Fiber-Optic 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 9: 
Main Board With 
Single, Copper 
Ethernet, Fiber-
Optic Serial, and 
EIA-232 Rear Ports

Card 10: 
Communications 
Card (EIA-232/
EIA-485)

Card 11: 
Four Digital Input/
Four Digital Output 
Card (4 DI/4 DO)

Card 12: 
RTD Card (10 RTD)

Card 13: 
Three Digital 
Input/Four Digital 
Output/One Analog 
Output Card 
(3 DI/4 DO/1 AO)

INPUTS:

AO_0 1

IN_0 1

IN_02

IN_03

OUT_0 1

OUT_02

OUT_03

OUT_04
08
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—
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1
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4
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1
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(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 2.10 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

Figure 2.11 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option 
With Monitoring Package

i4159a

 
 

i4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4246a
i4247a

(A) Rear-Panel Layout
(B) Side-Panel Input and Output Designations
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Figure 2.12 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1AO, and 3 AVI/4 AFDI Voltage 
Option With Arc-Flash Detector Inputs

Power Connections The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect to 
110–240 Vac, 110–250 Vdc or 24–48 Vdc (see Power Supply on page 1.10 for 
complete power input specifications). The POWER terminals are isolated from 
chassis ground. Use 14 AWG (2.1 mm2) to 16 AWG (1.3 mm2) size wire to 
connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external 
switch or circuit breaker in the power leads for the SEL-751A; this device 
should interrupt both the hot (+/H) and neutral (-/N) power leads. The 
maximum current rating for the power disconnect circuit breaker or optional 
overcurrent device (fuse) should be 20 A, 300 V.

Operational power is internally fused by a power supply fuse. See Field 
Serviceability on page 2.42 for details. Be sure to use fuses that comply with 
IEC 60127-2.

Grounding (Earthing) 
Connections

You must connect the ground terminal labeled GND on the rear panel to a rack 
frame or switchgear ground for proper safety and performance. Use 14 AWG 
(2.1 mm2) to 18 AWG (0.8 mm2) wire less than 2 m (6.6 ft) in length for the 
ground connection.

Serial Ports Because all ports (F, 2, 3, and 4) are independent, you can communicate to any 
combination simultaneously. Although serial PORT 4 on the optional 
communications card consists of an EIA-485 (4A) and an EIA-232 (4C) port, 
only one port is available at a time. Use the PORT 4 communications interface 
COMMINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 26 through 
AWG 14. Strip the wires 8 mm (0.31 in) and install with a small slotted-tip 
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

DANGER
Contact with instrument terminals can
cause electrical shock that can result 
in injury or death.

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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For connecting devices at distances over 100 ft, where metallic cable is not 
appropriate, SEL offers fiber-optic transceivers or the SEL-2812 compatible 
ST fiber-optic port. The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long-distance signal 
transmission. Contact SEL for further information on these products.

IRIG-B Time-Code Input
The SEL-751A accepts a demodulated IRIG-B time signal to synchronize the 
internal clock with an external source. Three options for IRIG-B signal input 
are given, but only one should be used at a time. You can use IRIG-B (B01 and 
B02) inputs or an SEL communications processor connected to EIA-232 serial 
PORT 3. The available communications processors are the SEL-2032, 
SEL-2030, SEL-2020, and the SEL-2100 Logic Processor. 

The models with fiber-optic Ethernet and dual copper Ethernet do not have the 
terminals B01 and B02 for IRIG-B but have IRIG-B input via EIA-232 PORT 3. 
The third option for IRIG-B is via fiber-optic serial PORT 2. Use an 
SEL-2812MT Transceiver to connect to the SEL-2030 or SEL-2032 and bring 
the IRIG-B signal with the EIA-232 input. Use a fiber-optic cable pair with ST 
connectors (C805, C807, C808) to connect to PORT 2 on the SEL-751A. Refer 
to Section 7: Communications for IRIG-B connection examples and for details 
about using an SEL-2401/2407/2404 as a time source.

Ethernet Port
You can order the SEL-751A with an optional single/dual 10/100BASE-T or 
100BASE-FX Ethernet port. Connect to PORT 1 of the device by using a 
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port
The optional fiber-optic serial port is compatible with the SEL-2812 (with 
IRIG-B) or the SEL-2814 Fiber-Optic Transceivers and the SEL-2600 RTD 
Module.

I/O Diagram A more functional representation of two of the control (I/O) connections is 
shown in Figure 2.13 and Figure 2.14.

Figure 2.13 Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic Port in Slot B
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NOTE: All digital inputs 
and digital outputs 
(including high-current, 
high-speed hybrid) 
connections are polarity 
neutral.
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Figure 2.14 Control I/O Connections—Internal RTD Option

RTD Wiring Table 2.17 shows the maximum cable lengths for the RTD connections.

NOTE: RTD inputs are not internally 
protected for electrical surges 
(IEC 60255-22-1 and IEC 60255-22-5). 
External protection is recommended if 
surge protection is necessary.
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NOTE: All RTD Comp/
Shield terminals are 
internally connected to 
the relay chassis and 
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Notes:

➤ The chassis ground connector located on the 
rear-panel card Slot A must always be 
connected to the local ground mat.

➤ Power supply rating (110–240 Vac, 
110–250 Vdc or 24–48 Vdc) depends on 
relay part number.

➤ Optoisolated inputs IN101 and IN102 are 
standard and located on the card in Slot A.

➤ All optoisolated inputs are single-rated: 24, 
48, 110, 125, 220, or 250 Vac/Vdc. Standard 
inputs IN101/102 can have a different rating 
than the optional IN401/402/403/404 (not 
shown).

➤ Output contacts OUT101, OUT102, and 
OUT103 are standard and are located on 
the card in Slot A.

➤ The analog (transducer) outputs shown 
are located on the optional I/O 
expansion card in Slot D.

➤ The fiber-optic serial port is optional 
and is located on the card in Slot B. A 
Simplex 62.5/125 µm fiber-optic cable is 
necessary to connect the SELOGIC with 
an SEL-2600 series RTD Module. This 
fiber-optic cable should be 1000 meters 
or shorter.

Table 2.17 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)

28 116 m

26 184 m

24 290 m

22 455 m

20 730 m

18 1155 m

16 1848 m
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Refer to SEL application guide “Applying Various Types of RTDs with SEL 
Devices” (AG2017-09). This application guide specifies the correct 
connection of two-wire, three-wire, and four-wire RTDs to three-terminal SEL 
measurement devices.

RTD wiring recommendations:

 1. Use shielded twisted pair cables for RTD wiring.

 2. Connect the RTD_CAL wire to the RTD CAL/SHIELD 
Terminal on the SEL device. This eliminates any wiring 
resistance error.

 3. Make sure the RTD mounting screws are snug and secure.

Use relay wire termination kits—see SEL application note “Wiring 
SEL-2400, SEL-2200, and SEL-700 Series Devices” (AN2014-08)—and 
avoid fitting multiple wires into a single terminal, the bird-caging effect of 
stranded wires, and bulky wire bundles.

Analog Output Wiring Connect the two terminals of the analog output as shown in Figure 2.15. Also, 
connect the analog output cable shield to ground at the relay chassis ground, 
programmable logic controller (PLC), or meter location. Do not connect the 
shield to ground at both locations.

Figure 2.15 Analog Output Wiring Example

AC/DC Control Connection Diagrams
This section describes fail-safe versus nonfail-safe tripping, describes voltage 
connections, and provides the ac and dc wiring diagrams.

Fail-Safe/Nonfail-Safe 
Tripping

Figure 2.16 shows the output OUT103 relay coil and Form C contact. When the 
relay coil is de-energized, the contact between A07 and A08 is open while the 
contact between A07 and A09 is closed.

NOTE: Fast hybrid contacts are 
designed for fast closing (50 μs) only. 
Fail-safe mode operating time (time to 
open the contacts) for fast hybrid 
contacts is <8 ms (the same time as 
for a normal output contact).

Figure 2.16 Output OUT103 Relay Output Contact Configuration

NOTE: Connection of dc voltage to 
the analog output terminals could 
result in damage to the relay.

Analog Output

Relay Chassis Ground

Meter
or

PLC
AO_0 1

02

0 1

Contacts shown with 
OUT103 relay coil de-energized

A07

A08 A09

OUT103
Relay Coil
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The SEL-751A provides fail-safe and nonfail-safe trip modes (setting 
selectable) for all output contacts. The following occurs in fail-safe mode:

➤ The relay coil is energized continuously if the SEL-751A is 
powered and operational.

➤ When the SEL-751A generates a trip signal, the relay coil is de-
energized.

➤ The relay coil is also de-energized if the SEL-751A power 
supply voltage is removed or if the SEL-751A fails (self-test 
status is FAIL).

Figure 2.17 shows fail-safe and nonfail-safe wiring methods to control 
breakers.

Figure 2.17 Breaker Trip Coil Connections With OUT103FS := Y and 
OUT103FS := N

High-Speed, High-
Current Interrupting 
DC Tripping Outputs

High-speed outputs are optimized for direct tripping of power circuit breakers. 
They operate in less than 50 µs, work with dc trip coil circuits, are polarity-
insensitive and capable of making 30 A, and can interrupt 10 A with an 8 ms 
dropout time. High-speed outputs are implemented as hybrid circuits, each of 
which consists of the parallel combination of a high-current, solid-state switch 
and an electromechanical bypass relay. Avoid using high-speed outputs to 
drive highly sensitive, high-input-resistance electronic inputs (e.g., <2 mA 
electronic circuits) unless such inputs are connected in parallel with a low-
resistance load (e.g., a breaker trip coil). 

Avoid connecting multiple high-speed outputs in parallel when driving highly 
sensitive electronic inputs. Keep wiring short, and use fiber-based MIRRORED 
BITS communications to bridge longer distances.

Voltage Connections With the voltage inputs option, you can connect the ac voltages directly using 
a connected, wye-wye VT connection. Use an open-delta VT connection, or 
use a single-phase VT. Figure 2.18 and Figure 2.19 show the methods of 
connecting single-phase and three-phase voltages.

Nonfail-safe
OUT103FS = N

52A

Breaker Trip CoilTC

A08

A07A07

TC

52A

Fail-Safe
(Electrically Held)

OUT103FS= Y

Circuit Breaker

Breaker Trip Coil

A09

Note: Contacts shown with OUT103 relay coil de-energized

NOTE: Current limiting fuses in 
direct-connected voltage applications 
are recommended to limit short- 
circuit arc-flash incident energy.
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Figure 2.18 Single-Phase Voltage Connections
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Figure 2.19 Voltage Connections

Note: This figure shows grounding Phase B (E02). You can choose to ground Phase A or 
Phase C instead of Phase B, provided all the other connections remain as shown above.
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Station DC Battery 
Monitor

Use the station dc battery monitor (one of the options available with the 
voltage card option) in the SEL-751A to alarm for undervoltage and 
overvoltage dc battery conditions and to view how station dc battery voltage 
fluctuates during tripping, closing, and other dc control functions. The 
monitor measures station dc battery voltage applied to the rear-panel terminals 
E07 (VBAT+) and E08 (VBAT–) of the SELECT 5AVI voltage card in Slot E. 
Refer to Section 5: Metering and Monitoring for details on the station dc 
battery monitor function and settings. 

AC/DC Connections 
and Applications

Figure 2.20 shows typical phase and neutral current connections for a feeder 
application. Figure 2.21 through Figure 2.25 show ac/dc connection diagrams 
for various applications, however, wye-connected PTs are shown. See 
Figure 2.18 and Figure 2.19 for other voltage connections.

Figure 2.20 Typical Current Connections
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The current transformers and the SEL-751A chassis should be grounded in the 
relay cabinet.
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Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Figure 2.21 SEL-751A Provides Overcurrent Protection and Reclosing for a Distribution Feeder 
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.

Voltage option is necessary for voltage elements, synchronism-check elements, and metering (e.g., voltage, KW, KVAR). 
INxxx and OUTxxx indicate user-configurable optional digital inputs and outputs. Voltage channel VS is shown connected 
for use in voltage and synchronism-check elements and voltage metering. You can use the VS voltage channel for other 
voltage input such as 3VO from a broken delta PT connection as long as you take care to disable the synchronism-check 
elements.

Channel IN provides current IN for the neutral-ground overcurrent elements. Separate from Channel IN, the residual-
ground overcurrent elements operate from the internally derived residual current IG (IG = 3I0 = IA + IB + IC). But in this 
residual connection example, the neutral-ground and residual-ground overcurrent elements operate the same because 
IN = IG.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit 
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with necessary 
supervision (e.g., synchronism check).

Figure 2.22 SEL-751A Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme) 
(Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.23 SEL-751A Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltage option is necessary for voltage elements and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-
configurable optional digital inputs and outputs.

Figure 2.24 SEL-751A Provides Overcurrent Protection for a Transformer Bank With a 
Tertiary Winding (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

For sensitive earth fault (SEF) applications, the SEL-751A should be ordered with Channel IN rated at 2.5 mA nominal. 
See current input specifications in the subsection Specifications, General on page 1.10. See neutral-ground overcurrent 
element pickup specifications in Section 4: Protection and Logic Functions.

Figure 2.25 SEL-751A Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Channel IN)
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Arc-Flash Protection: System Installation
This section describes an arc-flash system installation, the sensor 
characteristics, and an arc-flash application. Refer to Section 4: Protection 
and Logic Functions for a description of arc-flash protection and the relay 
settings. Section 10: Testing and Troubleshooting gives a description of the 
commissioning tests to verify the installation. Also, refer to Application Guide 
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection for 
more details.

Figure 2.26 shows main system components comprising: current input card, 
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.12 shows the rear-panel layout 
and the side-panel I/O designations for a relay model with the 3 AVI/4 AFDI 
card for arc-flash protection.

Figure 2.26 SEL-751A With an Arc-Flash Option Card and Fiber-Optic-
Based Point-Sensor

Light-Sensor 
Installation

An arc-flash system installation starts by selecting the best sensor location and 
the safest path for bringing the sensor fibers back to the relay. The actual 
sensor location will vary depending on the type of switchgear being protected. 
Although arc-flash light is easily reflected off painted surfaces, make sure to 
avoid shadows/light obstruction caused by the insulating baffles or moving 
parts of the breaker truck assembly. 

While fiber-optic sensors are inherently nonconductive, they are not intended 
for direct contact with energized parts, and must be suspended within 25 mm 
(1 in) of the grounded surface. Make sure to observe the original high-voltage 
clearance and creepage requirements. Sensors should be permanently affixed 
through the use of supplied mounting grommets or permanent cable ties. 
Figure 2.27 shows an example of a typical black-jacketed fiber installation. 
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Figure 2.27 Black-Jacketed Fiber Installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in) Care should be 
exercised when crossing from a moving part (such as control cabinet door) to 
a stationary switchgear enclosure. Use standard wiring practices with bundled 
fibers and well-defined strain relief points. Additional attention is necessary to 
prevent moving parts, such as a breaker truck assembly, from inadvertently 
damaging the arc-flash sensor fibers. Although easily detected by the sensor 
diagnostics, such problems can be eliminated through careful installation 
planning. Once routed, fiber sensors are connected to the SEL-751A Relay as 
shown in Figure 2.28.

Figure 2.28 Connecting Sensor Fibers to the Relay

Point-Sensor 
Installation 

The point-sensor is optimized for monitoring confined switchgear spaces 
where the distance between sensors and the potential sources of arc (energized 
parts) can be kept below 2 m. Such spaces typically include breaker 
compartments, outgoing and incoming cable compartments, and potential 
transformer (PT) compartments. Figure 2.29 shows a schematic diagram of 
the point-sensor assembly.

Figure 2.29 Point-Sensor Assembly

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters
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The sensor is mounted flush on the switchgear cabinet wall, using a standard 
1/4-inch hole. Mounting steps are shown in Figure 2.30.

Figure 2.30 Point-Sensor Installation

The point sensor is omnidirectional with a slight loss of sensitivity at the fiber 
entry point. Figure 2.31, Figure 2.32, and Figure 2.33 show the sensor 
directivity pattern. The point sensor must be located in clear view of the 
energized parts, which are most likely to cause an arc-flash event. 

Figure 2.31 Point-Sensor Directivity (0–360° Around the Mounting Plane)
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Figure 2.32 Point-Sensor Directivity (Front to Back, Above the Mounting 
Plane)

Figure 2.33 Point-Sensor Directivity (Left to Right, Above the Mounting 
Plane)

120%

100%

80%

60%

40%

20%

0%

0°
350°                               10°

340°                                                               20°

330°                                                                                          30°

320°                                                                                                                    40°

310°                                                                                                                                            50°

300°                                                                                                                                                              60°

290°                                                                                                                                                                             70°

280°                                                                                                                                                                                    80°

270°                                                                                                                                                                                         90°

260°                                                                                                                                                                                        100°

250°                                                                                                                                                                              110°

240°                                                                                                                                                                 120°

230°                                                                                                                                               130°

220°                                                                                                                        140°

210°                                                                                             150°

200°                                                               160°
190°                                 170°

180°

120%

100%

80%

60%

40%

20%

0%

0°
350°                               10°

340°                                                               20°

330°                                                                                          30°

320°                                                                                                                    40°

310°                                                                                                                                            50°

300°                                                                                                                                                              60°

290°                                                                                                                                                                             70°

280°                                                                                                                                                                                    80°

270°                                                                                                                                                                                         90°

260°                                                                                                                                                                                        100°

250°                                                                                                                                                                              110°

240°                                                                                                                                                                 120°

230°                                                                                                                                               130°

220°                                                                                                                        140°

210°                                                                                             150°

200°                                                               160°
190°                                 170°

180°



2.37

Date Code 20220610 Instruction Manual SEL-751A Relay

Installation
Arc-Flash Protection: System Installation

Clear-Jacketed Fiber 
Sensor Installation

The clear-jacketed fiber sensor is optimized for monitoring of large distributed 
resources, such as switchgear system bus enclosures. The clear-jacketed fiber 
sensor is omnidirectional and can be mounted in close proximity to the 
switchgear enclosure walls. Figure 2.34 shows a schematic diagram of the 
clear-jacketed fiber sensor. Figure 2.35 shows a clear-jacketed fiber sensor 
mounting example photo.

 

Total loop length = 2 • A + B (allowed range 3 to 70 meters)

                                    Range for A: 1 to 30 meters

                                    Range for B: 1 to 50 meters

Figure 2.34 Clear-Jacketed Fiber Sensor Assembly

Figure 2.35 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in 
Figure 2.36. Two connector options (V-pin and ST) are available for 
transitioning from the black-jacketed to the clear-jacketed fiber section as 
shown in Figure 2.37. The ST connector option is generally superior because 
of positive locking and lower coupling loss.

Figure 2.36 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

For correct operation, a clear-jacketed fiber sensor must be located within 2 m 
of the arcing site, with at least 0.5 m of the fiber exposed to the light. The 
maximum length of the clear-jacketed fiber sensor is limited to 70 m and 
includes both clear-jacketed and black-jacketed fiber sections (the black-

i8004a

Dual V-Pin
Latch

V-Pin
Terminators

V-Pin or
ST Splice

Connector

“A” Meters 

“B” Meters 

Clear-Jacketed Fiber

Black-Jacketed Fiber Zipcord Duplex

Clear-Jacketed 
Fiber Sensor 

Section

Clear-Jacketed Fiber Transition 
Connectors (V-Pin)

Connector Splice 
Bushing (V-Pin)

Black-Jacketed 
Fiber Section
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jacketed section is counted twice because of its dual-fiber construction). 
Transition between the two sections is accomplished by using a connector 
splice as shown in Figure 2.37.

Figure 2.37 Transition From Clear-Jacketed to Black-Jacketed Fiber Section

You should return the clear-jacketed fiber loop through the same general area 
as the forward path, providing dual opportunity to sense the same arc-flash 
event. This approach ensures that the maximum distance between the relay 
and the light-producing event remains less than 35 m, irrespective of the 
SEL-751A dual V-pin connector orientation. 

Care should be exercised not to scratch or otherwise damage the clear-
jacketed sensing fiber during installation. Surface scratches can result in 
increased light leakage that will be detected by the SEL-751A sensor 
diagnostics. Once damaged, the fiber must be replaced.

Application Example Figure 2.38 shows a typical switchgear application example with one 
incoming and two radial (outgoing) feeders. All three feeders are protected 
with an SEL-751A Relay controlling breakers 1, 2, and 3. Radial feeder 
breakers 2 and 3 must be tripped for downstream faults, normally located in 
the outgoing cable termination compartment. To obtain better coverage, 
multiple sensors can be installed in the same compartment, as shown in the 
lower right corner of the figure with sensors marked LS1 and LS2. 

Bus compartment and the outgoing breaker compartments for breakers 2 and 3 
are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and 
LS3 connected directly to the incoming feeder relay (upper right hand corner 
of Figure 2.38). Sensor LS1 is implemented as a clear-jacketed fiber loop 
enclosing entire length of the bus. 

When necessary, you can use radial feeder relays sensors (such as LS3 
connected to the lower right hand relay) to transfer trip the upstream breaker. 
Logic equations necessary for this function are shown in Output Logic 
Programming in Section 4: Protection and Logic Functions.

ST Connection (3/8” diameter hole) V-Pin Connection (5/16” diameter hole)

5/16” diameter hole
3/8” diameter hole

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 2.38 Switchgear Application Example

Ordering Arc-Flash 
Fiber Sensors 

Arc-flash fiber sensors can be ordered with or without splices. To configure 
the standard multimode fiber-optic arc-flash detection point and fiber-loop 
sensor cable assemblies without additional splice connectors, use the 
SEL-C804 Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors 
Model Option Table (MOT). For multimode fiber optic arc-flash detection 
sensors with additional splice connectors, refer to the SEL-C814 AFD Fiber 
Cables and Accessories MOT. The losses and budget values shown in 
Table 2.18 are typical values.

3 2

1

LS2

LS3

LS3LS1

LS1

LS2

Bus

LS1—LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Table 2.18 Optical Budget Calculations

Link Budgeta

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a 
point sensor it allows for the sensor loss as well.

Loss Datab

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link 
losses should be less than the link budget.

Bare-Fiber Sensor 17 dB ST connector splice 2 dB

Point Sensor 12.25 dB V-Pin connector splice 2 dB

Bare-fiber 0.175 dB/m

Jacketed fiber 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 1 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Operating Temperature –40° to +80°C –55° to +85°C

Core Material PMMA PMMA

Cladding Material Fluorinated Polymer Fluorinated Polymer

NOTE: Jacketed fiber in a zipcord 
duplex configuration includes two 
fiber lengths. Loss calculations must 
account for the total length of the 
fiber. This is accounted for in the 
examples as a “x 2” multiplier.
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Link Optical Loss Calculation Examples
This example shows a bare-fiber sensor with two V-Pin or ST connectors and 
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors 
is the standard configuration, as shown in Figure 2.39.

Figure 2.39 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in 
Figure 2.40. 

Core Diameter 980 µm 980 µm

Cladding Diameter 1000 µm 1000 µm

Jacket Material PVC Polyethylene

Outer Cable Diameter 2.2 mm x 4.3 mm

(0.087 in x 0.17 in)

2.20 mm

(0.087 in)

Weight/Unit Length 11 g/m (0.008 lb/ft) 4 g/m (0.003 lb/ft)

Maximum Cable Pull Tension 140 N (9.6 lb/ft) 70 N (4.8 lb/ft)

Maximum Connector Pull Tension 43.8 N (3.0 lb/ft) 43.8 N (lb/ft)

Minimum Bend Radius 25 mm (0.98 in) 25 mm (0.98 in)

Attenuation (Loss) 0.175 dB/m 0.175 dB/m

Table 2.19 SEL-C804 and SEL-C814 Arc-Flash Detection Cable 
Specifications (Sheet 2 of 2)

Specifications
Cable

Black Jacket, Zipcord Clear Jacket, Simplex

Link Budget 17 dB

– (2 dB x # of connector splices) –4 dB

– (0.175 dB/m x A dimension x 2) –5.25 dB

– (0.175 dB/m x B dimension) –7 dB

Total Link Losses = –16.25 dB

Link Budget 12.25 dB

– (0.175 dB/m x A dimension x 2) –10.5 dB

Total Link Losses = –10.5 dB

V-Pin
Terminators

B Meters 

Clear-Jacketed Fiber

Dual V-Pin
Latch

V-Pin or
ST Splice

Connector

A Meters 

Black-Jacketed Fiber Zipcord Duplex
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Figure 2.40 Point Sensor Assembly

Splice connectors can be added for the arc-flash fiber sensors to meet the 
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional 
splice connectors, refer to the SEL-C814 AFD Fiber Cables and Accessories 
MOT.

Ordering Examples Using the SEL-C814 Model Option Table
This example of a bare-fiber sensor with four ST connectors and an A 
dimension of 15 meters, as shown in Figure 2.41, shows the part numbers 
generated using an SEL-C814 MOT and the link optical loss calculations. Two 
connectors is the standard configuration.

Figure 2.41 Bare-Fiber Sensor Assembly With Two Additional ST Splice 
Connectors

Black-Jacketed Fiber Zipcord Duplex

V-Pin
Terminators

Dual V-Pin
Latch Sensors

1–35 Meters

Link Budget 17 dB

– (2 dB x # of connector splices) –8 dB

– (0.175 dB x A dimension x 2) –5.25 dB

Link Losses = available for B meters 3.75 dB

÷ (0.175 dB/m) 21.42 m

maximum B dimension

B Meters 

A Meters 

P/N C814CSS007

P/N C814CSS007

P/N C814CSS007

Note: To complete the fiber assembly, you will also need to 
order two ST Connector Splice bushings with P/N 915900151 

ST-ST Connector 
Terminated Clear-Jacketed 

Fiber, Simplex Cable 
P/N C814CSS007

Dual V-Pin Latch-V-Pin 
Terminated Black-Jacketed 
Fiber, Zipcord Duplex Cable

P/N C814BSL015

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators

Dual V-Pin 
Latch

ST Connector 
Splices

Clear-Jacketed Fiber
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This example of a point sensor with two V-pin connectors, as shown in 
Figure 2.42, shows the part numbers generated using an SEL-C814 MOT and 
the link optical loss calculations.

Figure 2.42 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability
The SEL-751A firmware can be upgraded in the field; refer to Appendix B: 
Firmware Upgrade Instructions for firmware upgrade instructions. You can 
know when a self-test failure has occurred by configuring an output contact to 
create a diagnostic alarm as explained in Section 4: Protection and Logic 
Functions. By using the metering functions, you can know if the analog front-
end (not monitored by relay self-test) is functional. Refer to Section 10: 
Testing and Troubleshooting for detailed testing and troubleshooting 
information.

The only two components that can be replaced in the field are the power 
supply fuse and the real-time clock battery. A lithium battery powers the clock 
(date and time) if the external power source is lost or removed. The battery is a 
3 V lithium coin cell, Rayovac no. BR2335 or equivalent. At room 
temperature (25°C), the battery will operate nominally for 10 years at rated 
load. When the relay is powered from an external source, the battery 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond 10 years. The battery cannot be recharged.

Link Budget 12.25 dB

– (2 dB x # of connector splices) –4 dB

Link Losses = available for A meters 8.25 dB

÷ (2 x 0.175 dB/m) 23.6 m

maximum A dimension

Black-Jacketed 
Fiber Zipcord 

Duplex
V-Pin

Terminators
Sensor

01-35 Meters

A Meters

V-Pin Connector 
Splices

Dual V-Pin 
Latch

Note: To complete the fiber assembly, you will also need to order two ST connector 
splice bushings with P/N 915900148.  

Dual V-Pin Latch-V-Pin Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVL006 

V-Pin to Point Sensor Terminated 
Black-Jacketed Fiber 
Zipcord Duplex Cable

P/N C814BVP017

CAUTION
Equipment components are sensitive 
to electrostatic discharge (ESD). 
Undetectable permanent damage can 
result if you do not use proper ESD 
procedures. Ground yourself, your 
work surface, and this equipment 
before removing any cover from this 
equipment. If your facility is not 
equipped to work with these 
components, contact SEL about 
returning this device and related SEL 
equipment for service.
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Fuse Replacement To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic), 
Schurter T 3.15A H 250V, or equivalent.

Step 7. Insert the printed circuit board into Slot A.

Step 8. Replace the relay rear panel and energize the relay.

Real-Time Clock 
Battery Replacement

To replace the real-time clock battery, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the four rear-panel screws and the relay rear panel.

Step 3. Remove the Slot B printed circuit board.

Step 4. Locate the battery clip (holder) on the board. 

Step 5. Carefully remove the battery from beneath the clip. 

Properly dispose of the old battery.

Step 6. Install the new battery with the positive (+) side facing up.

Step 7. Insert the printed circuit board into Slot B.

Step 8. Replace the relay rear panel and energize the relay.

Step 9. Set the relay date and time.

DANGER
Disconnect or de-energize all 
external connections before opening 
this device. Contact with hazardous 
voltages and currents inside this 
device can cause electrical shock 
resulting in injury or death.

CAUTION
There is danger of explosion if the 
battery is incorrectly replaced. 
Replace only with Rayovac 
no. BR2335 or equivalent 
recommended by manufacturer. See 
Owner's Manual for safety 
instructions. The battery used in this 
device may present a fire or chemical 
burn hazard if mistreated. Do not 
recharge, disassemble, heat above 
100°C or incinerate. Dispose of used 
batteries according to the 
manufacturer’s instructions. Keep 
battery out of reach of children.
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Section 3
PC Software

Overview
SEL provides many PC software solutions (applications) to support the 
SEL-751A and other SEL devices. Table 3.1 lists SEL-751A software solutions.

 

This section describes how to get started with the SEL-751A and QuickSet. 
QuickSet is a powerful setting, event analysis, and measurement tool that aids 
in setting, applying, and using the SEL-751A. Table 3.2 shows the suite of 
QuickSet applications provided for the SEL-751A.

Table 3.1 SEL Software Solutions

Part 
Number

Product Name Description

SEL-5010 SEL-5010 Relay Assistant 
Software

Manages a connection directory and set-
tings of multiple devices

SEL-5030 ACSELERATOR QuickSet 

SEL-5030 Software
See Table 3.2

SEL-5032 ACSELERATOR Architect 
SEL-5032 Software

Configures IEC 61850 communications

SEL-5040 ACSELERATOR Report Server 
SEL-5040 Software

Automatically retrieves, files, and sum-
marizes reports

SEL-5601-2 SEL-5601-2 SYNCHROWAVE 
Event Software

Plots COMTRADE and SEL ASCII 
format event report oscillography; 
performs custom calculations on analog, 
digital, and complex quantities; and ana-
lyzes the Impedance Plane for distance 
element (mho) operation, the Alpha 
Plane for differential element (78L) 
operation, and the Bewley Lattice for 
traveling-wave data

SEL-5801 SEL-5801 Cable Selector 
Software

Selects the proper SEL cables for your 
application

Table 3.2 QuickSet Software (Sheet 1 of 2)

Application Description

Rules Based Settings 
Editor

Provides on-line or off-line device settings that include interde-
pendency checks. Use this feature to create and manage settings 
for multiple devices in a database.

HMI Provides a summary view of device operation. Use this feature 
to simplify commissioning testing

Design Templates 
(available in licensed 
versions of QuickSet)

Allows you to customize relay settings to particular applica-
tions and store those settings in Design Templates. You can 
lock settings to match your standards or lock and hide settings 
that are not used.
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Setup

Follow the steps outlined in Section 2: Installation to prepare the SEL-751A 
for use. Perform the following steps to initiate communications:

Step 1. Connect the appropriate communications cable between the 
SEL-751A and the PC.

Step 2. Apply power to the SEL-751A.

Step 3. Start QuickSet.

Communications QuickSet uses relay communications PORT 1 through PORT 4, or PORT F (front 
panel) to communicate with the SEL-751A. Perform the following steps to 
configure QuickSet to communicate effectively with the relay.

Step 1. Select Communications from the QuickSet main menu bar, as 
shown in Figure 3.1.

Figure 3.1 Serial Port Communication Dialog Box

Step 2. Select the Parameters submenu to display the screen shown in 
Figure 3.2.

Step 3. Configure the PC port to match the relay communications 
settings.

Step 4. Configure QuickSet to match the SEL-751A default settings by 
entering Access Level 1 and Access Level 2 passwords in the 
respective text boxes.

Event Analysis Provides oscillography and other event analysis tools.

Setting Database 
Management

QuickSet uses a database to manage the settings of multiple 
devices.

Terminal Provides a direct connection to the SEL device. Use this feature 
to ensure proper communications and directly interface with 
the device

Help Provides general QuickSet and device-specific QuickSet con-
text help.

Table 3.2 QuickSet Software (Sheet 2 of 2)

Application Description
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Step 5. For network communications, select Network from the Active 
Connection Type drop-down menu and enter the network 
parameters as shown in Figure 3.3. 

For the SEL-751A, always select FTP as the File Transfer 
Option.

Step 6. Exit the menus by clicking OK when finished.

Figure 3.2 Serial Port Communication Parameters Dialog Box
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Figure 3.3 Network Communication Parameters Dialog Box

Terminal
Terminal Window Select Communications > Terminal on the QuickSet main menu bar to open 

the terminal window (shown in Figure 3.4).

Figure 3.4 Tools Menu

The terminal window is an ASCII interface with the relay. This is a basic 
terminal emulation. Many third-party terminal emulation programs are 
available with file transfer encoding schemes. Open the terminal window by 
either clicking Communications > Terminal or by pressing <Ctrl+T>. 
Verify proper communications with the relay by opening a terminal window, 
pressing <Enter> a few times, and verifying that a prompt is received. If a 
prompt is not received, verify proper setup.
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Terminal Logging To create a file that contains all terminal communications with the relay, select 
Terminal Logging in the Communications > Logging menu, and specify a 
file at the prompt. QuickSet records communications events and errors in this 
file. Click Communications > Logging > Connection Log to view the log. 
Clear the log by selecting Communications > Logging > Clear Connection 
Log.

Drivers and Part 
Number

After clicking Communications > Terminal, access the relay at Access Level 1. 
Issue the ID command to receive an identification report, as shown in Figure 3.5.

Locate and record the Z-number (Z001001) in the FID string. The first portion 
of the Z-number (Z001…) determines the QuickSet relay settings driver 
version when you are creating or editing relay settings files. The use of the 
Device Editor driver version will be discussed in more detail later in this 
section—see Settings Editor (Editor Mode) on page 3.9. Compare the part 
number (PARTNO=751A0XXXXXXXXXXXXXX) with the Model Option Table (MOT) 
to ensure the correct relay configuration.

Settings Database Management and Drivers
QuickSet uses a database to save relay settings. QuickSet contains sets of all 
settings files for each relay specified in the Database Manager. Choose 
appropriate storage backup methods and a secure location for storing database 
files.

Database Manager Select File > Database Manager on the main menu bar to create new 
databases and manage records within existing databases.

Settings Database

Step 1. Open the Database Manager to access the database. Click File 
> Database Manager. A dialog box appears. 

The default database file already configured in QuickSet is 
Relay.rdb. This database contains example settings files for the 
SEL products with which you can use QuickSet. 

Step 2. Enter descriptions for the database and for each relay or relay in 
the database in the Database Description and Settings 
Description dialog boxes. 

Step 3. Enter special operating characteristics that describe the relay 
settings in the Settings Description dialog box. These can 
include the protection scheme settings and communications 
settings. 

=ID <Enter>
"FID=SEL-751A-R100-V0-Z001001-D20070410","08EE"
"BFID=BOOTLDR-R303-V0-Z000000-D20060612","0949"
"CID=9B42","025E"
"DEVID=SEL-751A","0408"
"DEVCODE=69","0316"
"PARTNO=751A01B6X3X7183021X","06D9"
"CONFIG=11251201","03F0"
"iedName =TEMPLATE","05DC"
"type =SEL_751A","04B0"
"configVersion =ICD-751A-R100-V0-Z001001-D20070326","0D75"
= 

Figure 3.5 Device Response to the ID Command
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Step 4. Highlight one of the relays listed in Settings in Database and 
select the Copy option button to create a new collection of 
settings. 

QuickSet prompts for a new name. Be sure to enter a new 
description in Settings Description.

Copy/Move Settings Between Databases

Step 1. Select the Copy/Move Settings Between Databases tab to 
create multiple databases with the Database Manager; these 
databases are useful for grouping similar protection schemes or 
geographic areas. 

Step 2. Click the Open B option button to open a relay database. 

Step 3. Type a filename and click Open. 

a. Highlight a device or setting in the A database, 

b. Select Copy or Move, and click the > button to create a 
new device or setting in the B database. 

Step 4. Reverse this process to take devices from the B database to the 
A database. Copy creates an identical device that appears in 
both databases. Move removes the device from one database 
and places the device in another database.

Create a New Database, Copy an Existing Database
To create and copy an existing database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Create New 
Database button. QuickSet prompts you for a file name. 

Step 2. Type the new database name (and location if the new location 
differs from the existing one), and click Save. QuickSet 
displays the message Settings [path and filename] was 
successfully created. 

Step 3. Click OK.

To copy an exiting database of devices to a new database: 

Step 1. Click File > Database Manager, and select the Copy/Move 
Settings Between Databases tab in the Database Manager 
dialog box.

QuickSet opens the last active database and assigns it as 
Database A. 

Step 2. Click the Open B button; QuickSet prompts you for a file 
location. 

Step 3. Type a new database name, click the Open button, and click 
Yes; the program creates a new empty database. Load devices 
into the new database as in Copy/Move Settings Between 
Databases on page 3.6.



3.7

Date Code 20220610 Instruction Manual SEL-751A Relay

PC Software
Settings

Settings
QuickSet offers the capability of creating settings for one or more SEL-751A 
Relays. Store existing relay settings downloaded from SEL-751A Relays with 
QuickSet, creating a library of relay settings, then modify and upload these 
settings from the settings library to an SEL-751A. QuickSet makes setting the 
relay easy and efficient. However, you do not have to use QuickSet to 
configure the SEL-751A; you can use an ASCII terminal or a computer 
running terminal emulation software. QuickSet provides the advantages of 
rules-based settings checks, SELOGIC control equation Expression Builder, 
operator control and metering HMI, event analysis, and help.

Settings Editor The Settings Editor shows the relay settings in easy-to-understand categories. 
The SEL-751A settings structure makes setting the relay easy and efficient. 
Settings are grouped logically, and relay elements that are not used in the 
selected protection scheme are not accessible. For example, if there is only 
one analog card installed in the relay, you can access settings for this one card 
only. Settings for the other slots are dimmed (grayed) in the QuickSet menus. 
QuickSet shows all of the settings categories in the settings tree view. The 
settings tree view remains constant whether settings categories are enabled or 
disabled. However, any disabled settings are dimmed when accessed by 
clicking an item in the tree view.

Settings Menu QuickSet uses a database to store and manage SEL relay settings. Each unique 
relay has its own record of settings. Use the File menu to Open an existing 
record, create and open a New record, or Read relay settings from a connected 
SEL-751A and then create and open a new record. Use the Tools menu to 
Convert and open an existing record. The record will be opened in the Setting 
Editor as a Setting Form (template) or in Editor Mode.

File > New
Selecting the New menu item creates new settings files. QuickSet makes the 
new settings files from the driver that you specify in the Settings Editor 
Selection dialog box. QuickSet uses the Z-number in the FID string to create a 
particular version of settings. To get started making SEL-751A settings with 
the Settings Editor in the Editor Mode, select File > New from the main 
menu bar and SEL-751A and 004 from the Settings Editor Selection 
window, as shown in Figure 3.6.

Table 3.3 File/Tools Menus

Menus Description

<<, >> Use these navigation menu buttons to move from one category to the next

New Open a New record

Open Open an existing record

Read Read device settings and then create and open a new record

Convert Convert and open an existing record
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Figure 3.6 Selection of Drivers

After the relay model and settings driver selection, QuickSet presents the 
Device Part Number dialog box. Use this dialog box to configure the Relay 
Editor to produce settings for a relay with options determined by the part 
number, as shown in Figure 3.7. Press OK when finished.

Figure 3.7 Update Part Number

Figure 3.8 shows the Settings Editor screen. View the bottom of the Settings 
Editor window to check the Settings Driver number. Compare the QuickSet 
Settings Driver number and the first portion of the Z-number in the FID string 
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet 
uses this first portion of the Z-number to determine the correct Settings 
Editor to display.

Figure 3.8 New Setting Screen

Z-Number
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File > Open
The Open menu item opens an existing device from the active database folder. 
QuickSet prompts for a device to load into the Settings Editor.

File > Read
When the Read menu item is selected, QuickSet reads the device settings 
from a connected device. As QuickSet reads the device, a Transfer Status 
window appears. QuickSet uses serial protocols to read settings from SEL 
devices.

Tools > Settings > 
Convert

Use the Convert menu item to convert from one settings version to another. 
Typically, you would use this utility is upgrade an existing settings file to a 
newer version because devices are using a newer version number. QuickSet 
provides a Convert Settings report that shows missed, changed, and invalid 
settings created as a result of the conversion. Review this report to determine 
whether changes are necessary.

Settings Editor 
(Editor Mode)

Use the Settings Editor (Editor Mode) to enter settings. These features 
include the QuickSet settings driver version number (the first three digits of 
the Z-number) in the lower left corner of the Settings Editor.

Entering Settings

NOTE: Setting changes made during 
the edit session are not read by the 
relay unless they are transferred to 
the relay with a Send menu item.

Step 1. Click the + marks and the buttons in the Settings Tree View to 
expand and select the settings you want to change. 

Step 2. Use Tab to navigate through the settings, or click on a setting. 

Step 3. To restore the previous value for a setting, right-click the mouse 
over the setting and select Previous Value. 

Step 4. To restore the factory-default setting value, right-click in the 
setting dialog box and select Default Value. 

Step 5. If you enter a setting that is out of range or has an error, 
QuickSet shows the error at the bottom of the Settings Editor. 
Double-click the error listing to go to the setting and enter a 
valid input.

Expression Builder

NOTE: Be sure to enable the 
functions you need (Logic Settings > 
SELOGIC Enable) before using 
Expression Builder.

SELOGIC control equations are a powerful means for customizing device 
performance. QuickSet simplifies this process with the Expression Builder, a 
rules-based editor for programming SELOGIC control equations. The 
Expression Builder organizes device elements, analog quantities, and 
SELOGIC control equation variables.
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Access the Expression Builder
Use the Ellipsis buttons  in the Settings dialog boxes of Settings Editor 
windows to create expressions, as shown in Figure 3.9.

Figure 3.9 Expressions Created With Expression Builder

Expression Builder Organization
The Expression Builder dialog box is organized into two main parts 
representing the left side (LVALUE) and right side (RVALUE) of the 
SELOGIC control equation. The LVALUE is fixed for all settings.

Using the Expression Builder
Use the right side of the equation (RVALUE) to select broad categories of 
device elements, analog quantities, counters, timers, latches, and logic 
variables. Select a category in the RVALUE tree view, and the Expression 
Builder displays all operands for that category in the list box at the bottom 
right side. Directly underneath the right side of the equation, choose operators 
to include in the RVALUE. These operators include basic logic, rising- and 
falling-edge triggers, expression compares, and comments.

File > Save
Select the Save menu item from the File menu item of the Settings Editor 
once settings are entered into QuickSet. This will help ensure that the settings 
are not lost.

File > Send
To transfer the edits made in the QuickSet edit session, you must send the 
settings to the relay. Select Send from the File menu. In the dialog box that 
opens, select the settings section you want transferred to the relay by checking 
the appropriate box.

Ellipsis Button

Created Expression
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Edit > Part Number
Use this menu item to change the part number if it was entered incorrectly 
during an earlier step.

Text Files
Select Tools > Settings > Import and Tools > Settings > Export on the 
QuickSet menu bar to import or export settings from or to a text file. Use this 
feature to create a small file that can be more easily stored or sent 
electronically.

Event Analysis
QuickSet has integrated analysis tools that help you retrieve information about 
relay operations quickly and easily. Use the event information that the 
SEL-751A stores to evaluate the performance of a system (select Tools > 
Events > Get Event Files). Figure 3.10 shows composite screens for 
retrieving events.

Figure 3.10 Composite Screens for Retrieving Events

Event Waveforms The relay provides two types of event data captures: event reports that use 
4 samples/cycle filtered data and 16 samples/cycle unfiltered (raw) data. See 
Section 9: Analyzing Events for information on recording events. Use the 
Options function in Figure 3.10 to select the 16 samples/cycle unfiltered 
(raw) data event (default is 4 samples/cycle filtered data).

View Event History You can retrieve event files stored in the relay and transfer these files to a 
computer. For information on the types of event files and data capture, see 
Section 9: Analyzing Events. To download event files from the device, click 
Tools > Events > Get Event Files. The Event History dialog box appears, as 
shown in Figure 3.10.
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Get Event Highlight the event you want to view (e.g., Event 3 in Figure 3.10), select the 
event type with the Options Event type function (4 samples or 16 samples), 
and click the Get Selected Event button. When downloading is complete, 
QuickSet queries whether to save the file on your computer, as shown in 
Figure 3.11.

Figure 3.11 Saving the Retrieved Event

Enter a suitable name in the File name text box, and select the appropriate 
location where QuickSet should save the event record.

View Event Files Use the View Event Files function from the Tools > Events menu to select 
the event you want to view (QuickSet remembers the location where you 
stored the previous event record). Use View Combined Event Files to 
simultaneously view as many as three separate events.

Meter and Control
Click on Tools > HMI > HMI to bring up the screen shown in Figure 3.12. 
The HMI tree view shows all the functions available from the HMI function. 
Unlike the self-configuration of the device, the HMI tree remains the same 
regardless of the type of cards installed. For example, if no Analog Input card 
is installed, the Analog Input function is still available, but the device 
responds as follows:

No Analog Input Card Present.

Device Overview The device overview screen provides an overview of the device. The Contact 
I/O portion of the window displays the status of the two inputs and three 
outputs of the main board. You cannot change these assignments.

You can assign any Relay Word bit to the 16 user-defined target LEDs. To 
change the present assignment, double-click on the text above the square you 
want to change. After double-clicking on the text, a box with available Relay 
Word bits appears in the lower left corner of the screen. Select the appropriate 
Relay Word bit, and click the Update button to assign the Relay Word bit to 
the LED. To change the color of the LED, click in the square and make your 
selection from the color palette.
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The front-panel LEDs display the status of the 16 front-panel LEDs. Use the 
front-panel settings to change the front-panel LED assignment.

Figure 3.12 Device Overview Screen

The Fundamental, Min/Max, Energy, etc., screens display the 
corresponding values.

Click on the Targets button to view the status of all the Relay Word bits. 
When a Relay Word bit has a value of 1 (ENABLED = 1), the Relay Word bit 
is asserted. Similarly, when a Relay Word bit has a value of 0 (RB02 = 0), the 
Relay Word bit is deasserted.

The Status and SER screens display the same information as the ASCII STA 
and SER commands.

Figure 3.13 shows the control screen. From here you can reset metering data 
clear the Event History, SER, MIRRORED BITS report, LDP, or trigger events. 
You can also reset the targets, synchronize with IRIG, and set the time and 
date. If your SEL-751A supports such tests, you can run arc-flash sensor 
diagnostics.
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Figure 3.13 Control Screen

To control the Remote bits, click on the appropriate square, then select the 
operation from the box shown in Figure 3.14.

Figure 3.14 Remote Operation Selection
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QuickSet Help
Various forms of QuickSet help are available, as shown in Table 3.4. Press 
<F1> to open a context-sensitive help file with the appropriate topic as the 
default.

Table 3.4 QuickSet Help

Help Description

General QuickSet Select Help from the main menu bar.

SEL-751A Settings Select Help > Settings Help from the main 
menu bar.
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Section 4
Protection and Logic Functions

Overview
This section describes the SEL-751A Feeder Protection Relay settings, 
including the protection elements and basic functions, control I/O logic, as 
well as the settings that control the communications ports and front-panel 
displays.

This section includes the following subsections:

Application Data. Lists information that you will need to know about the 
protected equipment before you calculate the relay settings.

Group Settings (SET Command). Lists settings that configure the relay 
inputs to accurately measure and interpret the ac current and optional 
voltage input signals.

Basic Protection. Lists settings for protection elements included in all 
models of the SEL-751A, including the overcurrent elements.

RTD-Based Protection. Lists settings associated with the RTD inputs. You 
can skip this subsection if your application does not include RTD 
inputs.

Voltage-Based Protection. Lists settings associated with undervoltage, 
overvoltage, power factor, and synchronism-check elements. These 
elements are available when an optional voltage input card is present. 
You can skip this subsection if your relay is not equipped with optional 
voltage inputs.

Frequency Protection. Lists settings included in all models of the 
SEL-751A with enhanced and/or expanded performance when 
optional voltage inputs are used.

Trip/Close Logic. Lists Trip and Close logic.

Reclose Supervision Logic. Describes the logic that supervises automatic 
reclosing when an open interval time times out—a final condition 
check right before the close logic asserts the close output contact.

Reclose Logic. Describes all the reclosing relay settings and logic 
necessary for automatic reclosing (besides the final close logic and 
reclose supervision logic described previously).

Demand Metering. Lists settings associated with demand metering.

Logic Settings (SET L Command). Lists settings associated with latches, 
timers, and output contacts.

Global Settings (SET G Command). Lists settings that allow you to 
configure the relay to your power system, date format, analog inputs/
outputs, and logic equations of global nature.

NOTE: Each SEL-751A is shipped 
with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document 
and enter the settings (see Section 6: 
Settings).
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Synchrophasor Measurement. Describes Phasor Measurement Unit 
(PMU) settings for C37.118 Protocol.

Breaker Failure Setting. Lists settings and describes the logic for the 
flexible breaker failure function.

Arc-Flash Protection. Lists settings for the arc-flash elements including 
arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists settings, and 
gives an example.

Analog Outputs. Describes analog output functionality, lists settings, and 
gives an example. 

Station DC Battery Monitor. Describes station dc battery monitor function 
and lists settings.

Breaker Monitor. Lists settings and describes the breaker monitor function 
that you can use for scheduling circuit breaker maintenance.

Digital Input Debounce. Provides settings for digital input dc debounce or 
ac debounce mode of operation.

Data Reset. Lists data reset SELOGIC settings for resetting targets, energy 
metering, max/min metering, demand metering, and peak demand 
metering.

Access Control. Describes SELOGIC setting used for disabling settings 
changes from the relay front panel.

Time Synchronization Source. Describes setting used for choosing
IRIG1 or IRIG2 as the time-synchronization source.

Port Settings (SET P Command). Lists settings that configure the relay 
front- and rear-panel serial ports.

Front-Panel Settings (SET F Command). Lists settings for the front-panel 
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists settings for the sequential event 
reports, event, and load profile reports.

DNP Map Settings (Set DNP n command, n = 1, 2, or 3). Shows DNP user map 
register settings.

Modbus Map Settings (SET M Command). Shows Modbus user map 
register settings.

When you calculate the protection element settings, proceed through the 
subsections listed earlier. Skip the RTD- and voltage-based protection 
subsections if they do not apply to your specific relay model or installation. 

See Section 6: Settings for the list of all settings (SEL-751A Settings Sheets) 
and various methods of accessing them. All current and voltage settings in the 
SEL-751A are in secondary.

NOTE: The DeviceNet port 
parameters can only be set at the rear 
of the relay on the DeviceNet card 
(see Figure G.1).

You can enter the settings by using the front-panel SET RELAY function 
(see Section 8: Front-Panel Operations), the serial port (see Section 7: 
Communications), the EIA-485 port (see Appendix E: Modbus 
Communications), the DeviceNet port (see Appendix G: DeviceNet 
Communications), or the Ethernet port (see Section 7: Communications).
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Application Data
It is faster and easier for you to calculate settings for the SEL-751A if you 
collect the following information before you begin:

➤ Highest expected load current

➤ Current transformer primary and secondary ratings and 
connections

➤ System phase rotation and nominal frequency

➤ Voltage transformer ratios and connections, if used

➤ Type and location of resistance temperature devices (RTDs), if 
used

➤ Expected fault current magnitudes for ground and three-phase 
faults

Group Settings (SET Command)
ID Settings All models of the SEL-751A have the identifier settings described in Table 4.1.

The SEL-751A prints the Relay and Terminal Identifier strings at the top of 
the responses to serial port commands to identify messages from individual 
relays.

Enter as many as 16 characters, including letters A–Z (not case sensitive), 
numbers 0–9, periods (.), dashes (-), and spaces. Suggested identifiers include 
the location or number of the protected feeder.

Configuration 
Settings

The CT ratio settings configure the relay to accurately scale measured values 
and report the primary quantities. Calculate the phase, neutral, and residual 
current (optional) CT ratios by dividing the primary rating by the secondary 
rating.

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR := 100/5 := 20.

Table 4.1 Identifier Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

UNIT ID LINE 1 16 Characters  RID := SEL-751A

UNIT ID LINE 2 16 Characters  TID := FEEDER RELAY

Table 4.2 CT Configuration Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

PHASE CT RATIO 1–5000 CTR := 120

NEUTRAL CT RATIO 1–5000 CTRN := 120

IG SOURCE MEAS, CALC IG_SRC := MEAS

RESIDU CT RATIO 1–5000 CTRG := 120
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Table 4.3 shows voltage settings for relay models with optional voltage inputs.

These settings configure the optional relay voltage inputs to correctly measure 
and scale the voltage signals. Set the phase PT ratio (PTR) setting equal to the 
VT ratio. The synchronism-check voltage input VS is an optional single phase-
neutral or phase-phase voltage input. Set the synchronism-check voltage input 
PT ratio (PTRS) setting equal to the VT ratio of the VS input.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 13.8 kV feeder application where 14400:120 V rated voltage 
transformers (connected in open delta) are used.

Set PTR := 14400/120 := 120 and DELTA_Y := DELTA.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to 
DELTA. When phase-to-neutral potentials are connected to the relay, set 
DELTA_Y to WYE.

In applications where only a single voltage is available, set SINGLEV equal 
to Y. As shown in Figure 2.18, the single voltage must be connected to the 
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set 
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA for 
an A-B input voltage.

When you set SINGLEV equal to Y, the relay performance changes in the 
following ways:

➤ Power and Voltage Elements. When you use one voltage, the 
relay assumes that the system voltages are balanced in both 
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced 
voltages.

➤ Metering. When you use one voltage, the relay displays 
magnitude and phase angle for the measured PT. The relay 
displays zero for the magnitudes of the unmeasured voltages. 
Balanced voltages are assumed for power, power factor, VG, 
and 3V2 metering.

Relays that are not equipped with phase voltage inputs hide these settings and 
disable voltage-based protection and metering functions.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

PHASE PT RATIO 1.00–10000.00 PTR := 180

SYNCV PT RATIO 1.00–10000.00 PTRS :=180

XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA

LINE VOLTAGE 20–250 Va

a The line voltage setting range is 20–440 if DELTA_Y := WYE.

VNOM := 120

SINGLE V INPUT Y, N SINGLEV := N
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VNOM Range Check The relay performs a range check for the VNOM setting that depends upon the 
voltage-input delta or wye configuration. When setting DELTA_Y is DELTA, 
then the allowed range of the VNOM is 20–250 V (l-l). When setting 
DELTA_Y is WYE, then the allowed range of VNOM is 20–440 V (l-l). 

Note that the VNOM setting is always in line-to-line voltage, even when set 
for a wye configuration. You should be careful to use a solidly grounded wye 
system for VNOM inputs greater than 250 V (l-l) to avoid a 1.73 increase in 
terminal voltages from a line-to-ground fault.

Basic Protection
Overcurrent Elements Four levels of instantaneous/definite-time elements are available for phase, 

neutral, residual, and negative-sequence overcurrent as shown in Table 4.4 
through Table 4.7 and in Figure 4.1.

Each element can be torque controlled through use of the appropriate 
SELOGIC control equations (e.g., when 50P1TC := IN401, the 50P1 element 
will be operational only if IN401 is asserted).

NOTE: The cosine filter provides 
excellent performance in removing dc 
offset and harmonics. However, the 
bipolar peak detector has the best 
performance in situations of severe 
CT saturation when the cosine filter 
magnitude estimation is significantly 
degraded. Combining the two 
methods provides an elegant solution 
for ensuring dependable short-circuit 
overcurrent element operation.

The phase instantaneous overcurrent elements (50P1 through 50P4; see 
Figure 4.1) normally operate by using the output of the one cycle cosine-
filtered phase current. During severe CT saturation, the cosine-filtered phase 
current magnitude can be substantially reduced because of the high harmonic 
content and reduced magnitude of the distorted secondary waveform. If the 
overcurrent element relied only on the output of the cosine-filtered secondary 
current, this can severely delay and even jeopardize the operation of any high-
set instantaneous overcurrent element. For any phase instantaneous 
overcurrent element in the SEL-751A Relay set in excess of eight times the 

Table 4.4 Maximum Phase Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50P1P := 10.00
50P1P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P1D := 0.00

MAXP OC TRQ CON SELOGIC 50P1TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P2P := 10.00
50P2P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P2D := 0.00

MAXP OC TRQ CON SELOGIC 50P2TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P3P := 10.00
50P3P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P3D := 0.00

MAXP OC TRQ CON SELOGIC 50P3TC := 1

MAXP OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50P4P := 10.00
50P4P := 2.00

MAXP OC TRIP DLY 0.00–5.00 sec 50P4D := 0.00

MAXP OC TRQ CON SELOGIC 50P4TC := 1
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relay current input rating (40 A in a 5 A relay), the overcurrent element also 
operates on the output of a bipolar peak detector if the current waveform is 
highly distorted, as is the case with severe CT saturation. This ensures fast 
operation of the 50Pn phase overcurrent elements even with severe CT 
saturation.

When the harmonic distortion index exceeds the fixed threshold, which 
indicates severe CT saturation, the phase overcurrent elements operate on the 
output of the peak detector. When the harmonic distortion index is below the 
fixed threshold, the phase overcurrent elements operate on the output of the 
cosine filter.

The relay offers two types of ground fault-detecting overcurrent elements. The 
neutral overcurrent elements (50N1T through 50N4T) operate with current 
measured by the IN input. The residual (RES) overcurrent elements (50G1T 
through 50G4T) operate with the current derived from the phase currents or 
with measured residual current IG through the use of the optional CT input on 
the SELECT 5 AVI/1 ACI card in Slot E (see Figure 4.1).

Table 4.5 Neutral Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

50N1P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N1D := 0.50

NEUT OC TRQ CON SELOGIC 50N1TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N2P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N2D := 0.50

NEUT OC TRQ CON SELOGIC 50N2TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N3P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N3D := 0.50

NEUT OC TRQ CON SELOGIC 50N3TC := 1

NEUT OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

0.13–12.50 mAc

5.0–1000.0 mAd

50N4P := OFF

NEUT OC TRIP DLY 0.00–5.00 sec 50N4D := 0.50

NEUT OC TRQ CON SELOGIC 50N4TC := 1
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Figure 4.1 Instantaneous Overcurrent Element Logic
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NOTE: In Figure 4.1, 
Residual Current Magnitude 
lIGl is either calculated 
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of 5 AVI/ 1 ACI card in Slot E.

Not shown in the figure, 
Relay Word bit ORED50T is 
asserted if any of the 
50PnT, 50NnT, 50GnT, or 
50QnT Relay Word bits are 
asserted (n = 1 to 4).
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When a core-balance CT is connected to the relay IN input, as in Figure 2.25, 
use the neutral overcurrent element to detect the ground faults. Calculate the 
trip level settings according to the available ground fault current and the core-
balance CT ratio.

EXAMPLE 4.3 Ground Fault Core-Balance CT Application

A resistance-grounded power system limits the ground fault currents. The 
resistor is sized to limit the current to 10 A primary. The three feeder leads 
are passed through the window of a 10:1 core-balance CT. The CT 
secondary is connected to the SEL-751A IN current input (terminals Z07, 
Z08), as shown in Figure 4.2. Setting the Neutral OC CT Ratio (CTRN, see 
Figure 4.2) equal to 10 and Neutral Trip Lvl (50N1P) equal to 0.5 A or lower 
with 0.10-second time delay ensures that the element will quickly detect 
and trip for feeder ground faults.

Figure 4.2 Ground Fault Protection Using Core-Balance CT

Table 4.6 Residual Overcurrent Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

 50G1P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G1D := 0.50

RES OC TRQ CON SELOGIC  50G1TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G2P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G2D := 0.50

RES OC TRQ CON SELOGIC  50G2TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G3P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G3D := 0.50

RES OC TRQ CON SELOGIC  50G3TC := 1

RES OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
 50G4P := OFF

RES OC TRIP DLY 0.00–5.00 sec  50G4D := 0.50

RES OC TRQ CON SELOGIC  50G4TC := 1

Z0
7

Z0
8

10 A 
C-Ground Fault

10 A

A B C

1 A

10:1
Window CT

Feeder52
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A core-balance CT input can also be connected to the IG input (terminals E09 
and E10) in relays with the SELECT 5 AVI/1 ACI card in Slot E of the relay. Set 
the CT ratio setting CTRG and set the residual current IG source setting 
IG_SRC := MEAS. When a core-balance CT is not available, use the 50G 
residual overcurrent elements based on the calculated residual current IG (set 
IG_SRC := CALC ).

.

The relay offers four negative-sequence overcurrent elements to detect phase-
to-phase faults, phase reversal, single phasing, and unbalance load.

Pickup and Reset 
Time Curves

Figure 4.3 and Figure 4.4 show pickup and reset time curves applicable to all 
nondirectional instantaneous overcurrent elements with sinusoidal waveforms 
applied (60 Hz or 50 Hz relays). These times do not include output contact 
operating time and, thus, are accurate for determining element operation time 
for use in internal SELOGIC control equations. Output contact pickup/dropout 
time is approximately 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a 
50 Hz relay).

NOTE: The pickup time curve in 
Figure 4.3 is not valid for conditions 
with a saturated CT, where the 
resultant current to the relay is 
nonsinusoidal.

Figure 4.3 Instantaneous Overcurrent Element Pickup Time Curve

Table 4.7 Negative-Sequence Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab

a For INOM = 5 A.
b For INOM = 1 A.

50Q1P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q1D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q1TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q2P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q2D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q2TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q3P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q3D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q3TC := 1

NSEQ OC TRIP LVL OFF, 0.50–100.00 Aa

0.10–20.00 Ab
50Q4P := OFF

NSEQ OC TRIP DLY 0.1–120.0 sec 50Q4D := 0.2

NSEQ OC TRQ CON SELOGIC 50Q4TC := 1

NOTE: Phase CT ratios are typically 
higher than core-balance (CB) CT 
ratios. For this reason, the relay 
sensitivity to ground faults is less 
when you use the residual 
overcurrent element instead of the CB 
element. You should use a separate 
ground fault detection method if a CB 
CT is not available in applications 
where resistance grounding reduces 
the available ground fault current.
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Figure 4.4 Instantaneous Overcurrent Element Reset Time Curve

Time-Overcurrent 
Elements

One level of inverse time element is available for phase A, B, C, and negative-
sequence overcurrent. Also, two levels of inverse time elements are available 
for maximum phase, neutral, and residual overcurrent. See Table 4.8 through 
Table 4.12 for available settings.

You can select from five U.S. and five IEC inverse characteristics. Table 4.13 
and Table 4.14 show equations for the curves and Figure 4.10 through 
Figure 4.19 show the curves. The curves and equations shown do not account 
for constant time adder and minimum response time (settings 51_CT and 
51_MR respectively, each assumed equal to zero). Use the 51_CT if you want 
to raise the curves by a constant time. Also, you can use the 51_MR if you 
want to ensure the curve times no faster than a minimum response time.

Each element can be torque controlled through the use of the appropriate 
SELOGIC control equations (e.g., when 51P1TC := IN401 the 51P1 element 
will be operational only if IN401 is asserted).

Applied Current (Multiples of Pickup Setting)
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Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51AP := 6.00
51AP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51AC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51ATD := 3.00

EM RESET DELAY Y, N 51ARS := N

CONST TIME ADDER 0.00–1.00 sec 51ACT := 0.00

MIN RESPONSE TIM 0.00–1.00 51AMR := 0.00

TOC TRQ CONTROL SELOGIC 51ATC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51BP := 6.00
51BP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51BC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51BTD := 3.00

EM RESET DELAY Y, N 51BRS := N

CONST TIME ADDER 0.00–1.00 sec 51BCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 51BTC := 1
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The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to A-, 
B-, and C-phase currents, respectively, as shown Figure 4.5.

Figure 4.5 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51CP := 6.00
51CP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51CC := U3

TOC TIME DIAL51_C 0.50–15.00c

0.05–1.00d
51CTD := 3.00

EM RESET DELAY Y, N 51CRS := N

CONST TIME ADDER 0.00–1.00 sec 51CCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P1P := 6.00

51P1P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P1TD := 3.00

EM RESET DELAY Y, N 51P1RS := N

CONST TIME ADDER 0.00–1.00 sec 51P1CT := 0.00

Table 4.8 Phase A, B, and C Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51AP

|IA|

Setting

51ATC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51AP

51AR

51AT

51ATC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51ARS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51AT Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51AP Pickup
 51AC Curve Type
 51ATD Time Dial
 51ARS Electromechanical 
     Reset? (Y/N)
 51ACT Const. Time Add.
 51AMR Min. Response

(From Figure 4.1)

Logic State of 51ATC Controls the Torque Control Switch

Note: 51AT element shown above; 51BT and 51CT are similar.
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The maximum phase time-overcurrent elements, 51P1T and 51P2T, respond 
to the highest of A-, B-, and C-phase currents as shown Figure 4.6.

Figure 4.6 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

MIN RESPONSE TIM 0.00–1.00 51P1MR := 0.00

TOC TRQ CONTROL SELOGIC 51P1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51P2P := 6.00

51P2P := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51P2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51P2TD := 3.00

EM RESET DELAY Y, N 51P2RS := N

CONST TIME ADDER 0.00–1.00 sec 51P2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC := 1

a For INOM = 5 A.
b For INOM = 1 A.
c For 51_C := U_.
d For 51_C := C_.

Table 4.9 Maximum Phase Time-Overcurrent (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

51P1P

|IP|

Setting

51P1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51P1P

51P1R

51P1T

51P1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51P1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51P1T Phase
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51P1P Pickup
 51P1C Curve Type
 51P1TD Time Dial
 51P1RS Electromechanical 
     Reset? (Y/N)
 51P1CT Const. Time Add.
 51P1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51P1T element shown above; 51P2T is similar.
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The negative-sequence time-overcurrent element 51QT responds to the 3I2 
current as shown in Figure 4.7.

Figure 4.7 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker 
is closed and balanced load current suddenly appears. To avoid tripping for 
this transient condition, do not use a time-dial setting that results in curve 
times below three cycles.

Table 4.10 Negative-Sequence Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51QP := 6.00
51QP := 1.2

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51QC := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51QTD := 3.00

EM RESET DELAY Y, N 51QRS := N

CONST TIME ADDER 0.00–1.00 sec 51QCT := 0.00

MIN RESPONSE TIM 0.00–1.00 51QMR := 0.00

TOC TRQ CONTROL SELOGIC 51QTC := 1

51QTC

SELOGIC 
Torque Control

SELOGIC
Setting

(From Figure 4.1)

51QP

|3I2|

Setting

Torque Control Switch

51QT Negative-Sequence
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51QP Pickup
 51QC Curve Type
 51QTD Time Dial
 51QRS Electromechanical 
     Reset? (Y/N)
 51QCT Const. Time Add.
 51QMR Min. Response

Pickup

Curve 
Timeout

Reset

51QP

51QR

51QT

 Torque Control
51QTC State Switch Position

Logical 1 Closed
Logical 0 Open

Logic Point TCQ Controls the Torque Control

Setting 
51QRS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits
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The neutral time-overcurrent elements, 51N1T and 51N2T, respond to neutral 
channel current IN as shown Figure 4.8.

Figure 4.8 Neutral Time-Overcurrent Elements 51N1T and 51N2T

Table 4.11 Neutral Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

a For INOM = 5 A.
b For INOM = 1 A.
c For INOM = 2.5 mA.
d For INOM = 50 mA.

51N1P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N1C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f

e For 51_C := U_.
f For 51_C := C_.

51N1TD := 1.50

EM RESET DELAY Y, N 51N1RS := N

CONST TIME ADDER 0.00–1.00 sec 51N1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N1MR := 0.00

TOC TRQ CONTROL SELOGIC 51N1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

0.13–2.00 mAc

5.0–160.0 mAd

51N2P := OFF

TOC CURVE SEL U1, U2, U3, U4, U5
C1, C2, C3, C4, C5

51N2C := U3

TOC TIME DIAL 0.50–15.00e

0.05–1.00f
51N2TD := 1.50

EM RESET DELAY Y, N 51N2RS := N

CONST TIME ADDER 0.00–1.00 sec 51N2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51N2MR := 0.00

TOC TRQ CONTROL SELOGIC 51N2TC := 1

51N1P

|IN|

Setting

51N1TC

Torque Control Switch

SELOGIC 
Torque Control

Pickup

Curve 
Timeout

Reset

51N1P

51N1R

51N1T

51N1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51N1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51N1T Neutral
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51N1P Pickup
 51N1C Curve Type
 51N1TD Time Dial
 51N1RS Electromechanical 
     Reset? (Y/N)
 51N1CT Const. Time Add.
 51N1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51N1T element shown above; 51N2T is similar.
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The residual time-overcurrent elements, 51G1T and 51G2T, respond to 
residual current IG as shown in Figure 4.9.

Figure 4.9 Residual Time-Overcurrent Elements 51G1T and 51G2T

Table 4.12 Residual Time-Overcurrent Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

51G1P := 0.50
51G1P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G1C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d

c For 51_C := U_.
d For 51_C := C_.

51G1TD := 1.50

EM RESET DELAY Y, N 51G1RS := N

CONST TIME ADDER 0.00–1.00 sec 51G1CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G1MR := 0.00

TOC TRQ CONTROL SELOGIC 51G1TC := 1

TOC TRIP LVL OFF, 0.50–16.00 Aa

0.10–3.20 Ab
51G2P := 0.50
51G2P := 0.10

TOC CURVE SEL U1, U2, U3, U4, U5, C1, C2, 
C3, C4, C5

51G2C := U3

TOC TIME DIAL 0.50–15.00c

0.05–1.00d
51G2TD := 1.50

EM RESET DELAY Y, N 51G2RS := N

CONST TIME ADDER 0.00–1.00 sec 51G2CT := 0.00

MIN RESPONSE TIM 0.00–1.00 51G2MR := 0.00

TOC TRQ CONTROL SELOGIC 51G2TC := 1

51G1P

|IG|

Setting

51G1TC

Torque Control Switch

SELOGIC
Torque Control

Pickup

Curve
Timeout

Reset

51G1P

51G1R

51G1T

51G1TC  Torque Control
State Switch Position

Logical 1 Closed
Logical 0 Open

Setting 
51G1RS = Reset Timing

 Y Electromechanical
 N 1 Cycle

Relay
Word
Bits

SELOGIC
Setting

51G1T Residual
Time-Overcurrent Element
Curve Timing and Reset Timing

Settings

 51G1P Pickup
 51G1C Curve Type
 51G1TD Time Dial
 51G1RS Electromechanical
     Reset? (Y/N)
 51G1CT Const. Time Add.
 51G1MR Min. Response

(From Figure 4.1)

Controls the Torque Control Switch

Note: 51G1T element shown above; 51G2T is similar.
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Time-Overcurrent 
Curves

The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 4.5 through 
Figure 4.9). The U.S. and IEC time-overcurrent relay curves are shown in 
Figure 4.10 through Figure 4.19. Curves U1, U2, and U3 (Figure 4.10 through 
Figure 4.12) conform to IEEE C37.112-1996 IEEE Standard Inverse-Time 
Characteristic Equations for Overcurrent Relays.

Relay Word Bit ORED51T Relay Word bit ORED51T is asserted if any of the Relay Word bits 51AT, 51BT, 
51CT, 51PIT, 51P2T, 51N1T, 51N2T, 51G1T, 51G2T, or 51QT are asserted.

Table 4.13 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure

U1 (Moderately Inverse) Figure 4.10

U2 (Inverse) Figure 4.11

U3 (Very Inverse) Figure 4.12

U4 (Extremely Inverse) Figure 4.13

U5 (Short-Time Inverse) Figure 4.14

Table 4.14 Equations Associated With IEC Curves 

Curve Type Operating Time Reset Time Figure

C1 (Standard Inverse) Figure 4.15

C2 (Very Inverse) Figure 4.16

C3 (Extremely Inverse) Figure 4.17

C4 (Long-Time Inverse) Figure 4.18

C5 (Short-Time Inverse) Figure 4.19

tp TD 0.0226 0.0104
M0.02 1–
----------------------+ 

 • = tr TD 1.08
1 M2

–
---------------- 
 • =

tp TD 0.180 5.95
M2 1–
----------------+ 

 • = tr TD 5.95
1 M2

–
---------------- 
 • =

tp TD 0.0963 3.88
M2 1–
----------------+ 

 • = tr TD 3.88
1 M2

–
---------------- 
 • =

tp TD 0.0352 5.67
M2 1–
----------------+ 

 • = tr TD 5.67
1 M2

–
---------------- 
 • =

tp TD 0.00262 0.00342
M0.02 1–
----------------------+ 

 • = tr TD 0.323
1 M2

–
---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]

tp TD 0.14
M0.02 1–
---------------------- 
 • = tr TD 13.5

1 M2
–

---------------- 
 • =

tp TD 13.5
M 1–
-------------- 
 • = tr TD 47.3

1 M2
–

---------------- 
 • =

tp TD 80
M2 1–
---------------- 
 • = tr TD 80

1 M2
–

---------------- 
 • =

tp TD 120
M 1–
-------------- 
 • = tr TD 120

1 M–
-------------- 
 • =

tp TD 0.05
M0.04 1–
---------------------- 
 • = tr TD 4.85

1 M2
–

---------------- 
 • =

where:
tp =
tr =

TD =
M =

operating time in seconds
electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
time-dial setting
applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), M≤1]
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Figure 4.10 U.S. Moderately Inverse Curve: U1 Figure 4.11 U.S. Inverse Curve: U2

Figure 4.12 U.S. Very Inverse Curve: U3 Figure 4.13 U.S. Extremely Inverse Curve: U4
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Figure 4.14 U.S. Short-Time Inverse Curve: U5 Figure 4.15 IEC Class A Curve (Standard Inverse): C1

Figure 4.16 IEC Class B Curve (Very Inverse): C2 Figure 4.17 IEC Class C Curve (Extremely Inverse): C3
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RTD-Based Protection
RTD Input Function When you connect an SEL-2600 RTD Module (set E49RTD := EXT) or order 

the internal RTD card (set E49RTD := INT) option, the SEL-751A offers 
several protection and monitoring functions, settings for which are described 
in Table 4.15. See Figure 2.13 for the RTD module fiber-optic cable 
connections. If the relay does not have internal or external RTD inputs set 
E49RTD := NONE.

NOTE: The SEL-751A can monitor as 
many as 10 RTDs connected to an 
internal RTD card or as many as 
12 RTDs connected to an external 
SEL-2600 RTD Module. Table 4.15 
shows Location, Type, and Trip/Warn 
Level settings only for RTD1; settings 
for RTD2–RTD12 are similar.

Figure 4.18 IEC Long-Time Inverse Curve: C4 Figure 4.19 IEC Short-Time Inverse Curve: C5
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Table 4.15 RTD Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

RTD ENABLE INT, EXT, NONE E49RTD := NONE

RTD1 LOCATION OFF, WDG, BRG, AMB, OTH RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTD1TY := PT100

RTD1 TRIP LEVEL OFF, 1–250 °C TRTMP1 := OFF

RTD1 WARN LEVEL OFF, 1–250 °C ALTMP1 := OFF

•
•
•

•
•
•

•
•
•

WIND TRIP VOTING Y, N EWDGV := N

BEAR TRIP VOTING Y, N EBRGV := N

NOTE: RTD curves in SEL products 
are based on the DIN/IEC 60751 
standard.
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RTD Location
The relay allows you to independently define the location of each monitored 
RTD by using the RTD location settings.

Define the RTD location settings through use of the following suggestions:

➤ If an RTD is not connected to an input or has failed in place and 
will not be replaced, set the RTD location for that input equal to 
OFF.

➤ For RTDs embedded in motor stator windings, set the RTD 
location equal to WDG.

➤ For inputs connected to RTDs measuring bearing race 
temperature, set the RTD location equal to BRG.

➤ For the input connected to an RTD measuring ambient motor 
cooling air temperature, set the RTD location equal to AMB. 
Only one ambient temperature RTD is allowed.

➤ For inputs connected to monitor temperatures of another 
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an 
RTD type setting be entered for that input.

RTD Type
The four available RTD types are:

➤ 100-ohm platinum (PT100)

➤ 100-ohm nickel (NI100)

➤ 120-ohm nickel (NI120)

➤ 10-ohm copper (CU10)

RTD Trip/Warning Levels
The SEL-751A provides temperature warnings and trips through use of the 
RTD temperature measurements and the warning and trip temperature settings 
in Table 4.16.

The relay issues a winding temperature warning if any of the healthy winding 
RTDs (RTD location setting equals WDG) indicate a temperature greater than 
the relay RTD warning temperature setting. The relay issues a winding 
temperature trip if one or two of the healthy winding RTDs indicate a 
temperature greater than their RTD trip temperature settings. Two winding 
RTDs must indicate excessive temperature when the winding trip voting 
setting equals Y. Only one excessive temperature indication is necessary if 
winding trip voting is not enabled. Bearing trip voting works similarly.

The warning and trip temperature settings for bearing, ambient, and other 
RTD types function similarly, except that trip voting is not available for 
ambient and other RTDs.

To disable any of the temperature warning or trip functions, set the appropriate 
temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip 
functions. The relay includes specific logic to indicate if RTD leads are 
shorted or open.

NOTE: An open condition for an 
RTD is detected if the temperature is 
greater than 250°C and a short 
condition is detected if the 
temperature is less than –50°C.

NOTE: To improve security, RTD 
FAULT, ALARM, and TRIP are delayed 
by approximately 12 seconds.
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Table 4.16 lists the RTD resistance versus temperature for the four supported 
RTD types.

Table 4.16 RTD Resistance Versus Temperature

Temp
(°F)

Temp
(°C)

100
Platinum

120
Nickel

100
Nickel

10
Copper

–58 –50.00 80.31 86.17 74.30 7.10

–40 –40.00 84.27 92.76 79.10 7.49

–22 –30.00 88.22 99.41 84.20 7.88

–4 –20.00 92.16 106.15 89.30 8.26

14 –10.00 96.09 113.00 94.60 8.65

32 0.00 100.00 120.00 100.00 9.04

50 10.00 103.90 127.17 105.60 9.42

68 20.00 107.79 134.52 111.20 9.81

86 30.00 111.67 142.06 117.10 10.19

104 40.00 115.54 149.79 123.00 10.58

122 50.00 119.39 157.74 129.10 10.97

140 60.00 123.24 165.90 135.30 11.35

158 70.00 127.07 174.25 141.70 11.74

176 80.00 130.89 182.84 148.30 12.12

194 90.00 134.70 191.64 154.90 12.51

212 100.00 138.50 200.64 161.80 12.90

230 110.00 142.29 209.85 168.80 13.28

248 120.00 146.06 219.29 176.00 13.67

266 130.00 149.83 228.96 183.30 14.06

284 140.00 153.58 238.85 190.90 14.44

302 150.00 157.32 248.95 198.70 14.83

320 160.00 161.05 259.30 206.60 15.22

338 170.00 164.77 269.91 214.80 15.61

356 180.00 168.47 280.77 223.20 16.00

374 190.00 172.17 291.96 231.80 16.39

392 200.00 175.85 303.46 240.70 16.78

410 210.00 179.15 315.31 249.80 17.17

428 220.00 183.17 327.54 259.20 17.56

446 230.00 186.82 340.14 268.90 17.95

464 240.00 190.45 353.14 278.90 18.34

482 250.00 194.08 366.53 289.10 18.73
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Voltage-Based Protection
The following information applies to relay models with voltage inputs.

Undervoltage 
Function

Overvoltage Function

NOTE: The under- and overvoltage 
level settings 27P and 59P are in per-
unit nominal voltage, Vnm. The relay 
automatically calculates Vnm, using 
the settings VNOM and DELTA_Y as 
follows: 
Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.
The level settings 27S and 59S are in 
secondary voltage.

When you connect the SEL-751A voltage inputs to phase-to-phase connected 
VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, the relay 
provides two levels of phase-to-phase overvoltage and undervoltage elements.

When you connect the SEL-751A voltage inputs to phase-to-neutral 
connected VTs (single-phase or three-phase), as in Figure 2.18 or Figure 2.19, 
the relay provides two levels of phase-to-neutral overvoltage and undervoltage 
elements. When a synchronism voltage input is present (e.g., VS input shown 

Table 4.17 Undervoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

UV TRIP1 LEVEL OFF, 0.02–1.00 xVnm 27P1P := OFF

UV TRIP1 DELAY 0.0–120.0 sec 27P1D := 0.5

UV TRIP2 LEVEL OFF, 0.02–1.00 xVnm 27P2P := OFF

UV TRIP2 DELAY 0.0–120.0 sec 27P2D := 5.0

UVS LEVEL 1 OFF, 2.00–300.00 V 27S1P := OFF

UVS DELAY 1 0.0–120.0 sec 27S1D := 0.5

UVS LEVEL 2 OFF, 2.00–300.00 V 27S2P := OFF

UVS DELAY 2 0.0–120.0 sec 27S2D := 0.5

Table 4.18 Overvoltage Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

OV TRIP1 LEVEL OFF, 0.02–1.20 xVnm 59P1P := 1.10

OV TRIP1 DELAY 0.0–120.0 sec 59P1D := 0.5

OV TRIP2 LEVEL OFF, 0.02–1.20 xVnm 59P2P := OFF

OV TRIP2 DELAY 0.0–120.0 sec 59P2D := 5.0

ZS OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59G1P := OFF

ZS OV TRIP1 DLY 0.0-120.0 sec 59G1D := 0.5

ZS OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59G2P := OFF

ZS OV TRIP2 DLY 0.0-120.0 sec 59G2D := 5.0

NSQ OV TRIP1 LVL OFF, 0.02-1.20 xVnm 59Q1P := OFF

NSQ OV TRIP1 DLY 0.0-120.0 sec 59Q1D := 0.5

NSQ OV TRIP2 LVL OFF, 0.02-1.20 xVnm 59Q2P := OFF

NSQ OV TRIP2 DLY 0.0-120.0 sec 59Q2D := 5.0

OVS LEVEL 1 OFF, 2.00–300.00 V 59S1P := OFF

OVS DELAY 1 0.0–120.0 sec 59S1D := 0.5

OVS LEVEL 2 OFF, 2.00–300.00 V 59S2P := OFF

OVS DELAY 2 0.0–120.0 sec 59S2D := 0.5
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in Figure 2.19) the SEL-751A provides two levels of VS under- and 
overvoltage elements. You can use these elements to control reclosing logic 
described later.

Each of the elements has an associated time delay, except the three-phase 
under- and overvoltage elements, 3P27 and 3P59. You can use these elements 
as you choose for tripping and warning. Figure 4.20 and Figure 4.21 show the 
logic diagram for the undervoltage and overvoltage elements, respectively. To 
disable any of these elements, set the level settings equal to OFF.

Figure 4.20 Undervoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Figure 4.21 Overvoltage Element Logic
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NOTE: The under- and overvoltage level settings 27P and 59P are in per-unit nominal 
voltage, Vnm. The relay automatically calculates Vnm, using the settings VNOM and 
DELTA_Y as follows:

Vnm = VNOM if DELTA_Y := DELTA; 
Vnm = VNOM/1.732 if DELTA_Y := WYE.

The level settings 27S and 59S are in secondary voltage.
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Synchronism-Check 
Elements

Figure 2.21, and Figure 2.22 show examples where synchronism check can be 
applied. Synchronism-check voltage input VS is connected to one side of the 
circuit breaker, on any phase you want. The other synchronizing phase (VA, VB, 
or VC voltage inputs) on the other side of the circuit breaker is setting selected.

The two synchronism-check elements use the same voltage window (to ensure 
healthy voltage), frequency window (FNOM ±5 Hz), and slip frequency 
settings (see Figure 4.22 and Figure 4.23). They have separate angle settings.

If the voltages are static (voltages not slipping with respect to one another) or 
setting TCLOSD = OFF, the two synchronism-check elements operate as 
shown in the top of Figure 4.23. The relay checks these angle settings for 
synchronism-check closing.

If the voltages are not static (voltages slipping with respect to one another), 
the two synchronism-check elements operate as shown in the bottom of 
Figure 4.23. The angle difference is compensated by breaker close time, and 
the breaker is ideally closed at a zero-degree phase angle difference, to 
minimize system shock.

Figure 4.22 Synchronism-Check Voltage Window and Slip Frequency Elements
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q From Figure 4.22; w see Figure 4.35.

Figure 4.23 Synchronism-Check Elements

These synchronism-check elements are explained in detail in the following 
text.

Angle
Difference 
Calculator

Angle
Difference 
Calculator

Slip Frequency Element

Maximum Angle 1

Maximum Angle 2

Maximum Angle 1

Breaker Close Time

Maximum Angle 2

Slip Frequency Element

SF

VP

VP

VS

VS

Relay
Word
Bits

SF
Slip

Frequency
q

0°

Relay
Word
Bits

25A1

25A2

25A1

25A2

Relay
Word
Bits

Angle
Difference

Angle
Difference

(absolute value)

(absolute value–
compensated by 
setting TCLOSD)

Synchronism-Check Element 1

Synchronism-Check Element 2

Synchronize at
Angle Difference = 0°

Operation of Synchronism-Check Elements if voltages VP 
and VS are static (not slipping):
 slip frequency  0.005 Hz or:
 Setting TCLOSD = OFF

Operation of Synchronism-Check Elements if voltages VP 
and VS are slipping:
 0.005 Hz < slip frequency  setting 25 SF and:
 Setting TCLOSD  OFF

25ANG1

25ANG2

Settings

TCLOSD

25ANG1

25ANG2

Angle
Difference Increasing

Last Check of
SELOGIC Setting

79CLS (w)

Settings

Synchronism-Check
Element 1

Synchronism-Check
Element 2

VP = 25RCF*VPH
where VPH = VA, VB, VC, 
   VAB, VBC, or VCA, 
   depending on the 
   SYNCPH setting.

VP = 25RCF*VPH
where VPH = VA, VB, VC, 
   VAB, VBC, or VCA 
   depending on 
   the SYNCPH setting.



4.27

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Voltage-Based Protection

Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye 
Transformer

Sometimes synchronism-check voltage VS cannot be in phase with voltage 
VA, VB, or VC (wye-connected PTs); or VAB, VBC, or VCA (delta-
connected PTs). This happens in applications where voltage input VS is 
connected

➤ Phase-to-phase when using a wye-connected relay

➤ Phase-to-neutral when using a delta-connected relay

➤ Beyond a delta-wye transformer

For such applications requiring VS to be at a constant phase angle difference 
from any of the possible synchronizing voltages (VA, VB, or VC; VAB, VBC, 
or VCA), an angle setting is made with the SYNCPH setting (see Table 4.19 
and Setting SYNCPH on page 4.27).

Setting SYNCPH
Enable the two single-phase synchronism-check elements by setting E25 := Y.

Wye-Connected Voltages.
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VA, and they indicate how many degrees VS constantly lags 
VA. In this case, voltage input VA-N has to be connected and has to meet the 
“healthy voltage” criteria (settings 25VHI and 25VLO—see Figure 4.23). For 
situations where VS cannot be in phase with VA, VB, or VC, the angle setting 
choices (0, 30, …, 300, or 330 degrees) are referenced to VA.

Table 4.19 Synchronism-Check Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

SYNCH CHECK Y, N E25 := N

VS WINDOW LOW 0.00–300.00 V 25VLO := 105.00

VS WINDOW HIGH 0.00–300.00 V 25VHI := 130.00

V RATIO COR FAC 0.50–2.00 25RCF := 1.00

MAX SLIP FREQ 0.05–0.50 Hz 25SF := 0.20

MAX ANGLE 1 0–80 deg 25ANG1 := 25

MAX ANGLE 2 0–80 deg 25ANG2 := 40

SYNCH PHASE VA, VB, VC, or 0, 30, 60, 90, 120, 
150, 180, 210, 240, 270, 300, 330 
deg lag VAa

a Range shown for DELTA_Y := WYE

SYNCPH := VA

SYNCH PHASE VAB, VBC, VCA, or 0, 30, 60, 90, 
120, 150, 180, 210, 240, 270, 300, 
330 deg lag VABb

b Range shown for DELTA_Y := DELTA

SYNCPH := VAB

BRKR CLOSE TIME OFF, 1-1000 ms TCLOSD := 50

BLK SYNCH CHECK SV BSYNCH := 52A

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).
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Delta-Connected Voltages
The angle setting choices (0, 30, …, 300, or 330 degrees) for setting SYNCPH 
are referenced to VAB, and they indicate how many degrees VS constantly 
lags VAB. In this application, voltage input VA-VB has to be connected and has 
to meet the “healthy voltage” criteria (settings 25VHI and 25VLO—see 
Figure 4.22). For situations where VS cannot be in phase with VAB, VBC, or 
VCA, the angle setting choices (0, 30, …, 300, or 330 degrees) are referenced 
to VAB.

Figure 2.21 shows a relay wired with delta-connected phase PTs, and a 
C-phase-to-ground connected VS-NS input. With ABC rotation, the correct 
SYNCPH setting for this example is 270 degrees, the amount that VC lags 
VAB. However, the setting angle is 90 degrees for the ACB phase rotation.

Use the voltage ratio correction factor (setting 25RCF) to compensate 
magnitude of the phase voltage to match the synchronism voltage VS. Many 
applications will require 25RCF := 1.00, however some applications may need 
a different setting. For example, Figure 2.21 requires 25RCF := PTR /
(1.732*PTRS). This will be 0.58 if the PTR and PTRS are equal.

See the Application Guide entitled Compensate for Constant Phase Angle 
Difference in Synchronism Check with the SEL-351 Relay Family (also applies 
to SEL-751A) for more information on setting SYNCPH with an angle 
setting.

Synchronism-Check Elements Voltage Inputs
The two synchronism-check elements are single-phase elements, with single-
phase voltage inputs VP and VS used for both elements:

VP Phase input voltage (VA, VB, or VC *25RCF for Delta_Y := Wye; VAB, 
VBC, or VCA*25RCF for Delta_Y := Delta), designated by setting SYNCPH 
(If SYNCPH is set to one of the angle settings, then VP = VA*25RCF or 
VAB*25RCF depending on the Delta_Y setting.)

VS Synchronism-check voltage, from SEL-751A rear-panel voltage 
input VS

For example, if the rear-panel voltage input VS-NS is connected to B-phase (or 
BC phase-to-phase for delta) then set SYNCPH := VB (or VBC for delta). The 
voltage across terminals VB-N (or VB-VC for delta) is synchronism checked with 
the voltage across terminals VS-NS (see Figure 2.21).

System Frequencies Determined from Voltages VA (or VAB for Delta) and VS
To determine slip frequency, first determine the system frequencies on both 
sides of the circuit breaker. Voltage VS determines the frequency on one side. 
Voltage VP determines the frequency on the other side. 

Synchronism-Check Elements Operation
Refer to Figure 4.22 and Figure 4.23.

NOTE: Settings SYNCPH := 0 and 
SYNCPH := VA are effectively the 
same (voltage VS is directly 
synchronism checked with voltage 
VA; VS does not lag VA). The relay will 
display the setting entered 
(SYNCPH := VA or SYNCPH := 0).



4.29

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Voltage-Based Protection

Voltage Window

Refer to Figure 4.22. Single-phase voltage inputs VP and VS are compared to a 
voltage window, to verify that the voltages are “healthy” and lie within 
settable voltage limits 25VLO and 25VHI. If both voltages are within the 
voltage window, the following Relay Word bits assert:

59VP indicates that voltage VP is within voltage window setting limits 
25VLO and 25VHI

59VS indicates that voltage VS is within voltage window setting limits 
25VLO and 25VHI

Other Uses for Voltage Window Elements. If voltage limits 25VLO and 
25VHI are applicable to other control schemes, you can use Relay Word bits 
59VP and 59VS in other logic at the same time you use them in the 
synchronism-check logic.

If synchronism check is not being used, Relay Word bits 59VP and 59VS can 
still be used in other logic, with voltage limit settings 25VLO and 25VHI set 
as necessary. Enable the synchronism-check logic (setting E25 = Y) and make 
settings 25LO, 25HI, and 25RCF. Apply Relay Word bits 59VP and 59VS in 
the logic scheme you want, using SELOGIC control equations. Even though 
synchronism-check logic is enabled, the synchronism-check logic outputs 
(Relay Word bits SF, 25A1, and 25A2) do not need to be used.

Block Synchronism-Check Conditions
Refer to Figure 4.22. The synchronism-check element slip frequency 
calculator runs if both voltages VP and VS are healthy (59VP and 59VS 
asserted to logical 1) and the SELOGIC control equation setting BSYNCH 
(Block Synchronism Check) is deasserted (= logical 0). Setting BSYNCH is 
most commonly set to block synchronism-check operation when the circuit 
breaker is closed (synchronism check is only necessary when the circuit 
breaker is open):

BSYNCH := 52A (see Figure 4.34)

In addition, synchronism-check operation can be blocked when the relay is 
tripping:

BSYNCH := … OR TRIP

Slip Frequency Calculator
Refer to Figure 4.22. The synchronism-check element Slip Frequency 
Calculator in Figure 4.22 runs if voltages VP and VS are healthy (59VP and 
59VS asserted to logical 1) and the SELOGIC control equation setting 
BSYNCH (Block Synchronism Check) is deasserted (= logical 0). The Slip 
Frequency Calculator output is:

Slip Frequency = fP – fS (in units of Hz = slip cycles/second)

fP = frequency of voltage VP (in units of Hz = cycles/second) 

fS = frequency of voltage VS (in units of Hz = cycles/second)

A complete slip cycle is a single 360-degree revolution of one voltage 
(e.g., VS) by another voltage (e.g., VP). Both voltages are thought of as 
revolving phasor-wise, so the “slipping” of VS past VP is the relative 
revolving of VS past VP.
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For example, in Figure 4.22, if voltage VP has a frequency of 59.95 Hz and 
voltage VS has a frequency of 60.05 Hz, the difference between them is the 
slip frequency:

Slip Frequency = 59.95 Hz – 60.05 Hz = –0.10 Hz = –0.10 slip cycles/
second

The slip frequency in this example is negative, indicating that voltage VS is 
not “slipping” behind voltage VP, but in fact “slipping” ahead of voltage VP. 
In a time period of one second, the angular distance between voltage VP and 
voltage VS changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second • (360°/slip cycle) • 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage VP 
and voltage VS changes by 36 degrees.

The relay runs the absolute value of the Slip Frequency output through a 
comparator and, if the slip frequency is less than the maximum slip frequency 
setting, 25SF, Relay Word bit SF asserts to logical 1.

Angle Difference Calculator
The synchronism-check element Angle Difference Calculator in Figure 4.23 
runs if the slip frequency is less than the maximum slip frequency setting 
25SF (Relay Word bit SF is asserted).

Voltages VP and VS Are “Static”. Refer to top of Figure 4.23. If the slip 
frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator 
does not take into account breaker close time—it presumes voltages VP and 
VS are “static” (not “slipping” with respect to one another). This would 
usually be the case for an open breaker with voltages VP and VS that are 
paralleled via some other electric path in the power system. The Angle 
Difference Calculator calculates the angle difference between voltages VP and 
VS:

Angle Difference = |(∠VP – ∠VS)|

For example, if SYNCPH := 90 (indicating VS constantly lags VP = VA by 
90 degrees), but VS actually lags VA by 100 angular degrees on the power 
system at a given instant, the Angle Difference Calculator automatically 
accounts for the 90 degrees and:

Angle Difference = |(∠ VP – ∠ VS)| = 10°

Also, if breaker close time setting TCLOSD = OFF, the Angle Difference 
Calculator does not take into account breaker close time, even if the voltages 
VP and VS are “slipping” with respect to one another. Thus, synchronism-
check elements 25A1 or 25A2 assert to logical 1 if the Angle Difference is 
less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages VP and VS Are “Slipping”. Refer to bottom of Figure 4.23. If the 
slip frequency is greater than 0.005 Hz and breaker close time setting 
TCLOSD ≠ OFF, the Angle Difference Calculator takes the breaker close time 
into account with breaker close time setting TCLOSD (set in ms; see 
Figure 4.24). The Angle Difference Calculator calculates the Angle 
Difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|
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Angle Difference Example (Voltages VP and VS are “Slipping”). Refer to 
bottom of Figure 4.23. For example, if the breaker close time is 100 ms, set 
TCLOSD := 100. Presume the slip frequency is the example slip frequency 
calculated previously. The Angle Difference Calculator calculates the angle 
difference between voltages VP and VS, compensated with the breaker close 
time:

Angle Difference = |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • 
(360°/slip cycle)]|

Intermediate calculations:

(fP – fS) = (59.95 Hz – 60.05 Hz) = –0.10 Hz = –0.10 slip cycles/second 
TCLOSD • (1 / 1000) = 0.1 second

Resulting in:

Angle Difference

= |(∠VP – ∠VS) + [(fP – fS) • TCLOSD • (1 / 1000) • (360°/slip cycle)]|
= |(∠VP – ∠VS) + [–0.10 • 0.1 • 360°]| 
= |(∠VP – ∠VS) – 3.6°|

During the breaker close time (TCLOSD), the voltage angle difference 
between voltages VP and VS changes by 3.6 degrees. The relay applies this 
angle compensation to voltage VS, resulting in derived voltage VS*, as shown 
in Figure 4.24.

The top of Figure 4.24 shows the Angle Difference decreasing—VS* is 
approaching VP. Ideally, circuit breaker closing is initiated when VS* is in 
phase with VP (Angle Difference = 0 degrees). Then when the circuit breaker 
main contacts finally close, VS is in phase with VP, minimizing system shock.

The bottom of Figure 4.24 shows the Angle Difference increasing—VS* is 
moving away from VP. Ideally, circuit breaker closing is initiated when VS* is 
in phase with VP (Angle Difference = 0 degrees). Then when the circuit 
breaker main contacts finally close, VS is in phase with VP. But in this case, 
VS* has already moved past VP. To initiate circuit breaker closing when VS* 
is in phase with VP (Angle Difference = 0 degrees), VS* has to slip around 
another revolution, relative to VP.

NOTE: The angle compensation in 
Figure 4.24 appears much greater 
than 3.6 degrees. Figure 4.24 is for 
general illustrative purposes only.
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Figure 4.24 Angle Difference Between VP and VS Compensated by Breaker 
Close Time (fP < fS and VP Shown as Reference in This Example)

Synchronism-Check Element Outputs
Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in 
Figure 4.23) assert to logical 1 for the conditions explained in the following 
text.

Voltages VP and VS Are “Static” or Setting TCLOSD = OFF. To implement a 
simple fixed-angle synchronism-check scheme, set TCLOSD := OFF and 
25SF = 0.50. With these settings, the SEL-751A performs the synchronism 
check as the top of Figure 4.23 describes.
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If there is the possibility of a high slip frequency, exercise caution if you use 
synchronism-check elements 25A1 or 25A2 to close a circuit breaker. A high 
slip frequency and a slow breaker close could result in closing the breaker 
outside the synchronism-check window. Qualify the breaker close command 
with a time delay, such as:

SV06 := 25A1

CL := CC and SV06T

Set SV06PU with enough pickup delay to ensure that the slip frequency is low 
enough for the circuit breaker to close within the synchronism-check window.

Voltages VP and VS Are “Slipping” and Setting TCLOSD ≠ OFF. Refer to 
bottom of Figure 4.23. If VP and VS are “slipping” with respect to one 
another and breaker close time setting TCLOSD ≠ OFF, the Angle Difference 
(compensated by breaker close time TCLOSD) changes through time. 
Synchronism-check element 25A1 or 25A2 asserts to logical 1 for any one of 
the following three scenarios.

1. The top of Figure 4.24 shows the Angle Difference 
decreasing—VS* is approaching VP. When VS* is in phase 
with VP (Angle Difference = 0 degrees), synchronism-check 
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 4.24 shows the Angle Difference 
increasing—VS* is moving away from VP. VS* was in phase 
with VP (Angle Difference = 0 degrees), but has now moved 
past VP. If the Angle Difference is increasing, but the Angle 
Difference is still less than maximum angle settings 25ANG1 
or 25ANG2, then corresponding synchronism-check elements 
25A1 or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still 
being less than maximum angle settings 25ANG1 or 25ANG2, 
the operation of corresponding synchronism-check elements 
25A1 and 25A2 becomes less restrictive. Synchronism-check 
breaker closing does not have to wait for voltage VS* to slip 
around again in phase with VP (Angle Difference = 0 degrees). 
There might not be enough time to wait for this to happen. 
Thus, the “Angle Difference = 0 degrees” restriction is eased 
for this scenario.

3. Refer to Reclose Supervision Logic on page 4.48.

Refer to the bottom of Figure 4.35. If timer 79CLSD is set 
greater than zero (e.g., 79CLSD := 100 ms) and it times out 
without SELOGIC control equation setting 79CLS (Reclose 
Supervision) asserting to logical 1, the relay goes to the 
Lockout State (see top of Figure 4.36).

Refer to the top of Figure 4.35. If timer 79CLSD is set to zero 
(79CLSD := 0.00), the relay checks SELOGIC control equation 
setting 79CLS (Reclose Supervision) only once to see if it is 
asserted to logical 1. If it is not asserted to logical 1, the relay 
goes to the Lockout State.

Refer to the top of Figure 4.24. Ideally, circuit breaker closing 
is initiated when VS* is in phase with VP (Angle Difference = 
0 degrees). Then when the circuit breaker main contacts finally 
close, VS is in phase with VP, minimizing system shock. But 
with time limitations imposed by timer 79CLSD, this may not 
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be possible. To try to avoid going to the Lockout State, the 
following logic is employed.

If 79CLS has not asserted to logical 1 while timer 79CLSD is 
timing (or timer 79CLSD is set to zero and only one check of 
79CLS is made), the synchronism-check logic at the bottom of 
Figure 4.23 becomes less restrictive at the “instant” timer 
79CLSD is going to time out (or make the single check). It 
drops the requirement of waiting until the decreasing Angle 
Difference (VS* approaching VP) brings VS* in phase with VP 
(Angle Difference = 0 degrees). Instead, it just checks to see 
that the Angle Difference is less than angle settings 25ANG1 or 
25ANG2.

If the Angle Difference is less than angle setting 25ANG1 or 
25ANG2, then the corresponding Relay Word bit, 25A1 or 
25A2, asserts to logical 1 for that “instant” (asserts for 1/4 
cycle).

For example, if SELOGIC control equation setting 79CLS 
(Reclose Supervision) is set as follows:

79CLS := 25A1 OR … and the angle difference is less than angle setting 
25ANG1 at that “instant,” setting 79CLS asserts to logical 1 for 
1/4 cycle, allowing the sealed-in open interval time-out to 
propagate on to the close logic in Figure 4.34. Element 25A2 
operates similarly.

Synchronism-Check 
Applications for 
Automatic Reclosing 
and Manual Closing

Refer to Trip/Close Logic on page 4.45 and Reclose Supervision Logic on 
page 4.48.

For example, set 25ANG1 = 15 degrees and use the resultant synchronism-
check element in the reclosing relay logic to supervise automatic reclosing, 
e.g.,

79CLS := 25A1 OR … (see Figure 4.35)

Set 25ANG2 = 25° and use the resultant synchronism-check element in 
manual close logic to supervise manual closing (for example, assert IN301 to 
initiate manual close), e.g.,

CL := IN301 AND (25A2 OR …) (see Figure 4.34)

In this example, the angular difference across the circuit breaker can be 
greater for a manual close (25 degrees) than for an automatic reclose 
(15 degrees).

A single output contact (e.g., OUT102 := CLOSE) can provide the close 
function for both automatic reclosing and manual closing (see Figure 4.34) 
logic output).

Power Elements You can enable as many as two independent three-phase power elements in the 
SEL-751A Relay. Each enabled element can be set to detect real power or 
reactive power. When voltage inputs to the relay are from delta connected PTs 
or when you use a single voltage input, the relay cannot account for unbalance 
in the voltages in calculating the power. Take this into consideration in 
applying the power elements.
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With SELOGIC control equations, the power elements provide a wide variety 
of protection and control applications. Typical applications are:

➤ Overpower and/or underpower protection/control 

➤ Reverse power protection/control

➤ VAR control for capacitor banks

EPWR := 3P1 enables one three-phase power element. Set EPWR := 3P2 if 
you want to use both elements.

Set the element pickup, 3PH PWR ELEM PU, to the values you want. 
Figure 4.25 shows the power element logic diagram and Figure 4.26 shows 
the operation in the Real/Reactive power plane.

Figure 4.25 Three-Phase Power Elements Logic

Table 4.20 Power Element Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PWR ELEM N, 3P1, 3P2 EPWR := N

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary)

a The range shown is for 5 A input; range for 1 A input is OFF, 0.2—1300.0 VA.

3PWR1P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR1T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR1D := 0.0

3PH PWR ELEM PU OFF, 1.0–6500.0 VAa (secondary) 3PWR2P := OFF

PWR ELEM TYPE +WATTS, –WATTS, +VARS, –VARS PWR2T := +VARS

PWR ELEM DELAY 0.0–240.0 s PWR2D := 0.0
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Figure 4.26 Power Elements Operation in the Real/Reactive Power Plane

The power element type settings are made in reference to the load convention:

➤ +WATTS: positive or forward real power

➤ –WATTS: negative or reverse real power

➤ +VARS: positive or forward reactive power

➤ –VARS: negative or reverse reactive power

You can set the two power element time delay settings (PWR1D and PWR2D) 
to have no intentional delay for testing purposes. For protection applications 
involving the power element Relay Word bits, SEL recommends a minimum 
time delay setting of 0.1 second for general applications. The classical power 
calculation is a product of voltage and current, to determine the real and 
reactive power quantities. During a system disturbance, because of the high 
sensitivity of the power elements, the changing system phase angles and/or 
frequency shifts can cause transient errors in the power calculation.

The power elements are not supervised by any relay elements other than the 
minimum voltage check shown in Figure 4.25. If the protection application 
requires overcurrent protection in addition to the power elements, there can be 
a race condition, during a fault, between the overcurrent element(s) and the 
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power element(s) if the power element(s) are still receiving sufficient 
operating quantities. Use the power element time delay setting to avoid such 
race conditions.

Power Factor 
Elements

If the measured power factor falls below the leading or lagging level for longer 
than the time-delay setting, the relay can issue a warning or trip signal. The 
power factor elements are enabled 55DLY seconds after Relay Word 52A is 
asserted (breaker closed), however when 55DLY := 0 the element is always 
enabled irrespective of the 52A status. Figure 4.27 shows the logic diagram 
for the power factor elements. You can use these elements to detect 
synchronous motor out-of-step or loss-of-field conditions. Refer to Figure 5.1 
for the relay power measurement convention.

Figure 4.27 Power Factor Elements Logic

Table 4.21 Power Factor Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PF LAG TRIP LEVL OFF, 0.05–0.99 55LGTP := OFF 

PF LD TRIP LEVEL OFF, 0.05–0.99 55LDTP := OFF 

PF TRIP DELAY 1–240 sec 55TD := 1

PF LAG WARN LEVL OFF, 0.05–0.99 55LGAP := OFF

PF LD WARN LEVEL OFF, 0.05–0.99 55LDAP := OFF

PF WARN DELAY 1–240 sec 55AD := 1

PF ARMING DELAY 0–5000 55DLY := 0
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Power Factor |
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0
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Loss-of-Potential 
(LOP) Protection

The SEL-751A sets Relay Word bit LOP upon detecting a loss of relay ac 
voltage input such as that caused by blown potential fuses or by the operation 
of molded-case circuit breakers. Because accurate relaying potentials are 
necessary for certain protection elements (undervoltage 27 elements, for 
example), you can use the LOP function to supervise these protection 
elements. 

The relay declares an LOP when there is more than a 25 percent drop in the 
measured positive-sequence voltage (V1) with no corresponding magnitude or 
angle change (greater than a pre-determined threshold) in positive-sequence 
(I1), negative-sequence (I2), or zero-sequence currents (I0). 

If this condition persists for 1 second, the relay latches the LOP Relay Word 
bit at logical 1. The relay resets the LOP Relay Word bit when the conditions 
of the RESET input of the latch are met, as shown in Figure 4.28.

Settings
The LOP function is always active unless blocked by the corresponding 
SELOGIC control equation, LOPBLK (see Table 4.22 for the setting and 
Figure 4.28 for the LOP logic). The default value is LOPBLK := 0. Certain 
switching operations can result in LOP assertion when the drop in V1 is 
greater than 25 percent with no or very little change in sequence currents. 
Consider using LOPBLK to avoid assertion of LOP under such conditions. 
You must incorporate the LOP function in a SELOGIC control equation to 
supervise relay protection elements (see Example 4.4).

LOP Impact on Other Protection Elements
Undervoltage and directional power elements require accurate relaying 
potentials for correct operation. It is critical that the relay detects an LOP 
condition and prevents operation of these elements. For example, when 
dropping a wrench on the phase-voltage input fuse holders, the relay LOP 
logic accurately determines that this loss of input voltages is an LOP condition 
and does not trip (if the LOP Relay Word bit supervises selected tripping 
elements, see Example 4.4). If you are using voltage-determined relay 
elements for tripping decisions, then blocking these elements is crucial when 
the voltage component is no longer valid.

EXAMPLE 4.4 Supervising Voltage-Element Tripping With LOP

The factory-default setting supervises undervoltage trip by the LOP as 
follows:

SV01 := . . . OR (27P1T OR 27P2T) AND NOT LOP

Similarly, if you want the additional voltage-affected elements (e.g., 55T) 
to act only when there are correct relaying potentials voltage, use the 
following in the equation:

. . . OR (27P1T OR 27P2T OR 55T) AND NOT LOP . . . 
and remove 55T from TR

You can supervise each element separately or as a group when these 
elements occur in the trip equations, as shown in this example. 

Table 4.22 LOP Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

LOP BLOCK SELOGIC LOPBLK := 0
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LOP Monitoring and Alarms
You should take steps to immediately correct an LOP problem so that normal 
protection is rapidly reestablished. Include the LOP Relay Word bit in an 
output contact alarm to notify operation personnel of abnormal voltage input 
conditions and failures that can be detrimental to the protection system 
performance if not quickly corrected. 

Figure 4.28 LOP Logic

Frequency Protection
Frequency Elements
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| V0 | < 5 V
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(RESET has priority)

Note: I
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 is 1 A or 5 A, depending on the part number.
I
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 is the phase secondary input rating. 
VNOM (in secondary volts) is the nominal line-to-line
voltage setting.

Relay 
Word 
Bit

Δ     I1  > 10°

Δ     I2 > 10°

Δ     I0 > 10°

LOPBLK

SELOGIC

Setting

Table 4.23 Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

FREQ1 TRIP LEVEL OFF, 20.00–70.00 Hz  81D1TP := OFF

FREQ1 TRIP DELAY a 0.00–400.00 sec  81D1TD := 1.00

FREQ2 TRIP LEVEL OFF, 20.00–70.00 Hz  81D2TP := OFF

FREQ2 TRIP DELAYa 0.00–400.00 sec  81D2TD := 1.00

FREQ3 TRIP LEVEL OFF, 20.00–70.00 Hz  81D3TP := OFF

FREQ3 TRIP DELAYa 0.00–400.00 sec  81D3TD := 1.00

FREQ4 TRIP LEVEL OFF, 20.00–70.00 Hz  81D4TP := OFF

FREQ4 TRIP DELAYa 0.00–400.00 sec  81D4TD := 1.00

FREQ5 TRIP LEVEL OFF, 20.00–70.00 Hz  81D5TP := OFF
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NOTE: The relay measures system 
frequency for these elements with the 
positive-sequence voltage if the 
voltage input option is present and 
the applied positive-sequence voltage 
is greater than 10 volts for at least 
three cycles. Otherwise, the relay uses 
positive-sequence current as long as 
the minimum magnitude is 
0.1 • (Nominal CT Rating). The 
measured frequency is set to nominal 
frequency setting (FNOM) if the signal 
is less than the minimum level.

The SEL-751A provides six trip over- or underfrequency elements with 
independent level and time-delay settings. When an element level setting is 
less than the nominal frequency setting, the element operates as an 
underfrequency element. When the level setting is greater than the nominal 
frequency setting, the element operates as an overfrequency element. 
Figure 4.29 shows the logic diagram for the frequency elements.

Figure 4.29 Over- and Underfrequency Element Logic

Rate-of-Change-of-Frequency (81R) Protection
Frequency changes occur in power systems when there is an unbalance 
between load and active power generated. Typically, generator control action 
adjusts the generated active power and restores the frequency to nominal 
value. Failure of such control action can lead to system instability unless 
remedial action, such as load shedding, is taken. You can use the rate-of-
change-of-frequency element to detect and initiate a remedial action. The 
SEL-751A provides four rate-of-change-of-frequency elements. Table 4.24 
shows the settings available for the elements.

FREQ5 TRIP DELAYa 0.00–400.00 sec  81D5TD := 1.00

FREQ6 TRIP LEVEL OFF, 20.00–70.00 Hz  81D6TP := OFF

FREQ6 TRIP DELAYa 0.00–400.00 sec  81D6TD := 1.00

a Frequency element time delays are best set no less than five cycles. The relay requires at 
least three cycles to measure frequency.

Table 4.23 Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

freq

81DnTP

81DnT81DnTP < FNOM

FREQTRK

81DnTD

0

Frequency Elements 1–6
Measured Frequency
Frequency Pickup Setting
Nominal Frequency Setting
Over- and Underfrequency Element Pickup Time Delay
Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
Relay Is Tracking Frequency

n =
freq =

81DnTP =
FNOM =

81DnTD =
81DnT =

FREQTRK =

81DnTP ≥ FNOM

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE 81R OFF, 1–4 E81R := OFF

81R VOLTAGE SUP OFF, 0.1–1.3*Vnma 81RVSUP := 0.1*Vnm

81R CURRENT SUP OFF, 0.1–2.0*INOM
b 81RISUP := OFF

81R1 TRIP LEVEL OFF, 0.10–15.00 81R1TP := OFF
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Use the E81R setting to enable the number of elements you need, Figure 4.30 
shows the element logic. The SEL-751A measures frequency (mf1) and 
second frequency (mf2) after a time window (dt) determined by Trip Level 
setting (81RnTP). Hysteresis is such that pickup is 100 percent of 81RnTP 
setting and dropout is 95 percent. Table 4.25 shows the time windows for 
different trip level settings.

Figure 4.30 81R Frequency Rate-of-Change Scheme Logic

81R1 TREND INC, DEC, ABS 81R1TRND := ABS 

81R1 TRIP DELAY 0.10–60.00 sec 81R1TD := 1.00

81R1 DO DELAY 0.00–60.00 sec 81R1DO := 0.00

81R2 TRIP LEVEL OFF, 0.10–15.00 81R2TP := OFF

81R2 TREND INC, DEC, ABS 81R2TRND := ABS

81R2 TRIP DELAY 0.10–60.00 sec 81R2TD := 1.00

81R2 DO DELAY 0.00–60.00 sec  81R2DO := 0.00

81R3 TRIP LEVEL OFF, 0.10–15.00  81R3TP := OFF

81R3 TREND INC, DEC, ABS 81R3TRND := ABS

81R3 TRIP DELAY 0.10–60.00 sec 81R3TD := 1.00

81R3 DO DELAY 0.00–60.00 sec 81R3DO := 0.00

81R4 TRIP LEVEL OFF, 0.10–15.00 81R4TP := OFF

81R4 TREND INC, DEC, ABS 81R4TRND := ABS

81R4 TRIP DELAY 0.10–60.00 sec 81R4TD := 1.00

81R4 DO DELAY 0.00–60.00 sec 81R4DO := 0.00

a See Note on page 4.22 for explanation of Vnm.
b INOM is nominal rating of the phase CTs (1A or 5A).

Table 4.24 Rate-of-Change-of-Frequency Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Setting 81RnTP 
where n = 1–4

Frequency

81RnTRND = INC

81RnTRND = ABS

81RnTRND = DEC

mf2 > FNOM

mf2 < FNOM

FREQTRK

81RVSUP = OFF

81RISUP = OFF

V1

I1

81RVSUP

81RISUP

PU = 81RnTD

DO = 81RnDO

3 SEC

0

(mf2–mf1)/dt

PU

DO
81RnT

Relay
Word
Bit

95%

95%

95%

ABS

*(-1)
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Set 81Rn Trend to INC or DEC to limit operation of the element to increasing 
or decreasing frequency respectively. Also, when set to INC or DEC the 
element receives supervision from nominal frequency, FNOM. Set the trend to 
ABS if you want the element to disregard the frequency trend.

Voltage and current supervision: A minimum positive-sequence Voltage and/
or Current is necessary for the operation of 81R element when the levels are 
specified by the 81RISUP and 81RVSUP settings respectively. Set 
81RISUP := OFF if no current supervision is necessary and similarly set 
81RVSUP := OFF if no voltage supervision is necessary. In any case, the 
element receives supervision from Relay Word FREQTRK, which ensures 
that the relay is tracking and measuring the system frequency.

Use the Relay Word bit 81RnT to operate output contacts to open appropriate 
breaker(s) according to your load-shedding scheme requirements.

Fast Rate-of-Change-of-Frequency (81RF) Protection
Fast Rate-of-Change-
of-Frequency (81RF) 
Element (Aurora 
Vulnerability 
Mitigation)

The fast rate-of-change-of-frequency protection, 81RF, provides a faster 
response compared to the frequency (81) and rate-of-change-of-frequency 
(81R) elements. The fast operating speed makes the 81RF element suitable for 
detecting islanding conditions.

The element uses a characteristic (see Figure 4.31) based on frequency 
deviation from nominal frequency (DF = FREQ – FNOM) and rate-of-change 
of frequency (DF3C) to detect islanding conditions. The SEL-751A uses a 
time window of three cycles to calculate the value of DF3C. Under steady-
state conditions, the operating point is close to the origin. During islanding 
conditions, depending on acceleration or deceleration of the islanded system, 
the operating point enters Trip Region 1 or Trip Region 2 of the characteristic. 
81RFDFP in Hz and 81RFRP in Hz/s are the settings used to configure the 
characteristic (see Table 4.26).

Table 4.25 Time Window Versus 81RnTP Setting 

81RnTP Setting (Hz/sec) Time Window (Cycles)

15.00–2.33 3

2.32–1.17 6

1.16–0.78 9

0.77–0.58 12

0.57–0.47 15

0.46–0.38 18

0.37–0.33 21

0.32–0.29 24

0.28–0.26 27

< 0.25 30
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Figure 4.31 81RF Characteristics

An explanation of ways to mitigate Aurora threats to power systems can be 
found in the SEL technical paper, Mitigating the Aurora Vulnerability With Existing 
Technology, available on the SEL website. More detailed application considerations 
can be found in the SEL Application Guide, “Aurora Mitigation Using the 
SEL-751A Relay” (AG2010-03), also available on the SEL website.

Figure 4.32 shows the logic diagram of the 81RF element. Enable the element 
by setting E81RF to Y (Yes). Settings 81RFDFP and 81RFRP configure the 
81RF characteristics. These settings are typically coordinated with the frequency 
(81) and rate-of-change-of-frequency (81R) element settings. The slope of the 
characteristic, 81RFSLP, shown in the logic diagram is equal to 
–1 • (81RFRP/81RFDFP). 

Use 81RFVBLK or 81RFIBLK to block the operation of the 81RF element for 
undervoltage or overcurrent fault conditions. When 81RFVBLK := OFF, the 
undervoltage blocking scheme is disabled. Similarly, when 81RFIBLK := OFF, 
the overcurrent blocking scheme is disabled. You can use the 81RFBL 
SELOGIC control equation to include additional blocking elements. Relay 
Word bit 81RFI asserts if the operating point is in Trip Region 1 or Trip 
Region 2. Program the 81RFT Relay Word bit in one of the relay outputs for 
the intended operation.

Table 4.26 Fast Rate-of-Change-of-Frequency Settings 

Setting Prompt Range Setting Name := Factory Default

ENABLE 81RF Y, N E81RF := N

FREQDIF SETPOINT 0.1–10.0 Hz 81RFDFP := 1.0

DFDT SETPOINT 0.2–15.0 Hz/sec 81RFRP := 2.5

81RF PU DELAY 0.10–1.00 sec 81RFPU := 0.10

81RF DO DELAY 0.00–1.00 sec 81RFDO := 0.10

81RF VOLTAGE BLK OFF, 2–300 Va

OFF, 2–520 Vb

a Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.

81RFVBLK := OFF

81RFVBLK := OFF

81RF CURRENT BLK OFF, 0.1–20 A • INOM 81RFIBLK := 10 • INOM

81RF BLOCK SELOGIC 81RFBL := 0

81RF BLOCK DO 0.02–5.00 sec 81RFBLDO := 1.00

DF3C Hz/s
(df/dt calculated over 3-cycle window)

0.2

—0.2

0.1
—0.1

Trip Region 2

Trip Region 1

DF (FREQ-FNOM) Hz
+81RFDFP

+81RFRP

—81RFDFP

—81RFRP
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Figure 4.32 81RF Fast Rate-of-Change-of-Frequency Logic

0.2 Hz/s

0.1 Hz

—0.2 Hz/s

—0.1 Hz

81RFPU

81RFDO

0.1 sec

0 sec
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Relay
Word
Bits

0

81RFBLDO|VPPmin|

81RFIBLK • INOM

|IC|

|IA|

81RFVBLK

|IB|

81RFBL

 Relay Word bit FREQTRK = 1, means relay is tracking frequency.

 81RFRP, 81RFDFP, 81RFPU, 81RFDO, 81RFVBLK, 81RFIBLK are settings.

 DF3C is df/dt calculated over 3-cycle window (Hz/s).

 DF is the difference (FREQ–FNOM) in Hz.

 81RFSLP = - (81RFRP/81RFDFP).

 |IA|, |IB|, |IC| are phase A, B, and C current magnitudes.

 VP** = |VPP| min

 INOM is the nominal rating of the relay (1 A or 5 A).
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Trip/Close Logic
Trip/Close Logic 
Settings

NOTE: The factory-default 
assignment of the Relay Word bit TRIP 
is the output OUT103. See Table 4.41 for 
the output contacts settings.

The SEL-751A tripping logic is designed to trip the circuit breakers. The relay 
logic lets you define the conditions that cause a trip, the conditions that 
unlatch the trip, and the performance of the relay output contact. Figure 4.33 
illustrates the tripping logic.

Figure 4.33 Trip Logic

The trip logic settings, including the SELOGIC control equations, are described 
in the following paragraphs.

Table 4.27 Trip/Close Logic Settings

Setting Prompt Setting Range Setting Name := Factory Default

MIN TRIP TIME 0.0–400.0 sec TDURD := 0.5

CLOSE FAIL DLY OFF, 0.0–400.0 sec CFD := 1.0

TRIP EQUATION SV TR := ORED50T OR ORED51T OR 
81D1T OR 81D2T OR 81D3T OR 
81D4T OR 59P1T OR 59P2T OR 
55T OR REMTRIP OR SV01 OR 
OC OR SV04T

REMOTE TRIP EQN SV REMTRIP := 0

UNLATCH TRIP SV ULTRIP := NOT (51P1P OR 51G1P 
OR 51N1P OR 52A)

BREAKER STATUS SV 52A := 0

CLOSE EQUATION SV CL := SV03T AND LT02 OR CC

UNLATCH CLOSE SV ULCL := 0

0

TDURD

Serial Port
Command TAR R

TARGET RESET
Pushbutton

TRGTR

Reset
TRIP LED

TRIP

Trigger
Events

Unlatch
 Trip

Trips

Comm.
Target Reset

RSTTRGT

ULTRIP

TR

52A

RSTLED = Y

Relay
Word
Bits

SELOGIC
Settings
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TDURD Minimum Trip Time
This timer establishes the minimum time duration for which the TRIP Relay 
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the TR Relay Word bit (includes OPEN command from 
front-panel and serial ports) are maintained for at least the duration of the 
minimum trip duration time (TDURD) setting.

TR Trip Conditions SELOGIC Control Equation
The SEL-751A TR SELOGIC control equation provides the trip logic to trip 
the breaker. The Relay Word bit TRIP is associated with the TR SELOGIC 
control equation.

The default TR setting is shown in Table 4.27 and includes protective 
elements Relay Word bits, front panel or serial port (including Modbus and 
DeviceNet) initiated OPEN command (Relay Word bit OC), and remote trips 
(Relay Word bit REMTRIP).

The trip conditions will trigger an event report. The relay controls the tripping 
output contact(s) when the Relay Word bit TRIP appears in an output contact 
SELOGIC control equation. Default relay settings have output OUT103 set to 
TRIP and fail-safe setting OUT103FS at N (see Fail-Safe/Nonfail-Safe Tripping 
on page 2.23).

NOTE: You can use an indirect 
mapping (e.g., SV01) as in the factory-
default setting. See Table 4.38 for the 
SV01 settings.

Set the TR SELOGIC control equation to include an OR combination of all the 
Relay Word bits for which you want the relay to trip. The factory-default 
setting already includes all commonly necessary Relay Word bits.

REMTRIP Remote Trip Conditions SELOGIC Control Equation
The REMTRIP SELOGIC control equation is intended to define a remote trip 
condition. For example, the following settings will trip the breaker by input 
IN303 via REMTRIP.

  REMTRIP := IN303

  TR := … OR REMTRIP

The HMI will display Remote Trip to indicate the trip by Remote trip logic.

You can map any Relay Word bit or SELOGIC control equation to the 
REMTRIP to trip the breaker. For example, you can map a control input to 
REMTRIP. Add REMTRIP to the TR SELOGIC control equation (as in the 
default settings) to quickly see from the HMI target that it was a Remote Trip 
that tripped the breaker.

Unlatch Trip Logic
Following a fault, the trip signal is maintained until all of the following 
conditions are true:

NOTE: Factory-default setting of the 
ULTRIP provides an automatic reset of 
the trip when breaker opens and 
selected 50/51 elements are not 
picked up.

➤ Minimum trip duration time (TDURD) passes.

➤ The TR SELOGIC control equation result deasserts to logical 0.

➤ One of the following occurs:

➢ Unlatch Trip SELOGIC control equation setting 
ULTRIP asserts to logical 1.

➢ Target Reset SELOGIC control equation setting 
RSTTRGT asserts to logical 1.

NOTE: The outputs in the SEL-751A 
are not designed to interrupt the trip 
coil current. An auxiliary contact with 
adequate current interrupting 
capacity must clear the trip coil 
current before the output of the 
SEL-751A opens. Failure to observe 
this safeguard could result in damage 
to the SEL-751 output contacts. Avoid 
programming Relay Word bit TR in 
the output equation to directly trip 
the breaker. Instead, use Relay Word 
bit TRIP, which stays asserted for at 
least the duration of the TDURD 
setting or until TRIP is unlatched, 
whichever is longer.

NOTE: The Relay Word bit TRIP is 
reset after a power cycle.
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➢ Target Reset Relay Word TRGTR asserts. The TRGTR 
is asserted when the front-panel TARGET RESET 
pushbutton is pressed or a target reset serial port 
command is executed (ASCII, Modbus, or DeviceNet).

52A Breaker Status Conditions SELOGIC Control Equation
You can connect an auxiliary contact of the breaker to the relay. The SELOGIC 
control equation 52A allows you to configure the relay for either 52b or 52a 
contact input (or other contact that indicates a closed breaker). The factory-
default setting assumes no auxiliary contact connection (52A := 0).

If you connect the breaker auxiliary contact to a digital input, you must change 
the factory-default logic equation 52A. For example, set 52A := IN101 if you 
connect the 52a contact to input IN101.

Figure 4.34 shows the breaker close logic.

q From Figure 4.35

Figure 4.34 Close Logic

CL Close SELOGIC Control Equation
The SEL-751A Close Logic offers three ways to close the circuit breaker:

➤ Conditions mapped to CL

➤ Front-panel or serial port (including Modbus and DeviceNet) 
CLOSE command

➤ Automatic reclosing when open interval times out (qualified by 
SELOGIC control equation setting 79CLS—see Figure 4.35).

The relay controls the closing output contact(s) when the Relay Word bit 
CLOSE appears in an output contact SELOGIC control equation. Default relay 
settings have output OUT102 set to CLOSE. See Figure 2.21 for typical close 
circuit connection.

NOTE: The close logic is inoperative 
if 52A is set to 0 in SEL-751A models 
with reclosing option.

52A

Breaker Status
Close Failure

Timer

CF

Rising-Edge Detect

ULCL

CFD = OFF

Reclosing 
Relay 
Open 

Interval 
Time-Out 
(qualified 

by 
79CLS)

79RI

52A

Reclose Initiate

Close 
Conditions 

(other 
than 

automatic  
reclosing)

q

Unlatch Close

(If setting CFD := OFF, the Close 
Failure Timer is inoperative 
and does not time limit the 
CLOSE output condition)

CL

SELOGIC
Settings

CLOSE

Relay
Word
Bits

Pulses (logical 1) 
for one processing 
interval if Close 
Failure  Timer 
times out (drives 
reclosing relay to 
lockout)

Close Failure

CFD

0
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Set the CL SELOGIC control equation to include an OR-combination of all 
Relay Word bits for which you want the relay to close the breaker. The 
factory-default setting already includes all commonly necessary Relay Word 
bits.

Unlatch Close Logic
Once the CLOSE bit is asserted it is sealed-in until any of the following 
conditions are true:

➤ Unlatch Close SELOGIC control equation setting ULCL asserts 
to logical 1.

➤ Relay Word 52A asserts to logical 1.

➤ Close failure Relay Word bit asserts to logical 1.

Close Failure Logic
Set the close failure delay (setting CFD) equal to highest breaker close time 
plus a safety margin. If the breaker fails to close, the Relay Word CF will 
assert for 1/4 cycle. Use the CF bit as necessary.

Reclose Supervision Logic
Note that one of the inputs into the close logic in Figure 4.34 is:

Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input is the indication that a reclosing relay open interval has timed out 
(see Figure 4.36), a qualifying condition (SELOGIC control equation setting 
79CLS) has been met, and thus automatic reclosing of the circuit breaker 
should proceed by asserting the CLOSE Relay Word bit to logical 1. This 
input into the close logic in Figure 4.34 is an output of the reclose supervision 
logic in the following Figure 4.35.



4.49

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Supervision Logic

q To Figure 4.34

Figure 4.35 Reclose Supervision Logic (Following Open Interval Time-Out)

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD = 0
The above logic satisfies most 
applications.

Reclose Supervision Reclosing 
Relay Open 
Interval Timeout 
(qualified by 79CLS)

Reclosing 
Relay Open 
Interval 
Timeout 
(qualified 
by 79CLS)

Reclose Initiate

(If setting 79CLSD = OFF, 
the Reclose Supervision Limit 
Timer is inoperative and does 
not time limit the wait for the 
Reclose Supervision condition, 
79CLS, to assert to logical 1)

Reclosing 
Relay Open 

Interval 
Timeout

79RI

79CLSD = OFF

Lockout

Reclose 
Supervision 
Limit Timer

Reclose Supervision

CLOSE

79LO
79CLSD

0

SELOGIC
Setting

52A

SELOGIC
Settings

79CLS

SELOGIC
Setting

RCSF

Relay
Word
Bit

RCSF

Relay
Word
Bit

Relay
Word
Bits

79CLS

Reclosing 
Relay Open 

Interval 
Timeout

Rising-Edge 
Detect

Reclose Supervision 
Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state 
to lockout if Reclose 
Supervision Limit Timer 
times out.

Reclose Supervision Failure
Pulses (logical 1) for one 
processing interval and 
drives the reclose state to 
lockout if SELOGIC control 
equation setting 79CLS is not 
asserted to logical 1 at the 
instant a reclosing relay open 
interval timer times out.

Operation of Reclose Supervision Logic if 
timer setting 79CLSD is set:
 79CLSD ≠ 0 (e.g., 79CLSD = 60)
The logic below is used only in a few, 
unique applications.

q

q
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(Refer to Bottom of Figure 4.35)

Figure 4.36 Reclose Supervision Limit Timer Operation 

Settings and General 
Operation

Figure 4.35 contains the following SELOGIC control equation setting:
79CLS (reclose supervision conditions—checked after 
reclosing relay open interval time-out)

and setting:
79CLSD (Reclose Supervision Limit Time)

See the Table 4.29 for Recloser Control settings.

For Most Applications (Top of Figure 4.35)
For most applications, the Reclose Supervision Limit Time setting should be 
set to zero seconds:

79CLSD := 0.00

With this setting, the logic in the top of Figure 4.35 is operative. When an 
open interval times out, the relay checks the SELOGIC control equation 
reclose supervision setting 79CLS just once.

open interval 1 
times out

open interval 1 
times out 1

Open Interval 
Timer

Open Interval 
Timer

Reclose Supervision 
Limit Timer

Reclose Supervision 
Limit Timer

79CLS (Reclose 
Supervision Condition)

79CLS (Reclose 
Supervision Condition)

RCSF (Reclose 
Supervision Failure)

RCSF (Reclose 
Supervision Failure)

OUT102 = CLOSE 
(Close Output Contact)

OUT102 = CLOSE 
(Close Output Contact)

79OI1

79OI1

79CLSD

79CLSD

One Processing 
Interval

79CLS not asserted. 
79CLSD times out.

79CLS asserts before 
79CLSD times out.

No Reclosing
Reclosing Proceeds



4.51

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Reclose Supervision Logic

If 79CLS is asserted to logical 1 at the instant of an open interval time-out, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.35 to automatically reclose the circuit breaker.

If 79CLS is deasserted to logical 0 at the instant of an open interval time-out, 
the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

See Settings Example 1 on page 4.52.

For a Few, Unique Applications (Bottom of Figure 4.35 and Figure 4.36)
For a few unique applications, the Reclose Supervision Limit Time setting is 
not set equal to zero seconds, e.g.,

79CLSD := 1.00 second

With this setting, the logic in the bottom of Figure 4.35 is operative. When an 
open interval times out, the SELOGIC control equation reclose supervision 
setting 79CLS is then checked for a time window equal to setting 79CLSD.

If 79CLS asserts to logical 1 at any time during this 79CLSD time window, 
then the now-qualified open interval time-out will propagate onto the final 
close logic in Figure 4.34 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time 
window, when the time window times out, the following occurs:

➤ No automatic reclosing takes place.

➤ Relay Word bit RCSF (Reclose Supervision Failure indication) 
asserts to logical 1 for one processing interval.

➤ The reclosing relay is driven to Lockout State.

The logic in the bottom of Figure 4.35 is explained in more detail in the 
following text.

Set Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.35. If all the following are true:

➤ The close logic output CLOSE (also see Figure 4.34) is not 
asserted (Relay Word bit CLOSE = logical 0).

➤ The reclosing relay is not in the Lockout State (Relay Word bit 
79LO = logical 0).

➤ The circuit breaker is open (52A = logical 0).

➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition.

➤ The Reclose Supervision Limit Timer is not timed out (Relay 
Word bit RCSF = logical 0).

then a reclosing relay open interval time-out seals in Figure 4.35. Then, when 
79CLS asserts to logical 1, the sealed-in reclosing relay open interval time-out 
condition will propagate through Figure 4.29 and on to the close logic in 
Figure 4.34.
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Unlatch Reclose Supervision Logic (Bottom of Figure 4.35)
Refer to the bottom of Figure 4.29. If the reclosing relay open interval time-
out condition is sealed-in, it stays sealed-in until one of the following occurs:

➤ The close logic output CLOSE (also see Figure 4.35) asserts 
(Relay Word bit CLOSE = logical 1).

➤ The reclosing relay goes to the Lockout State (Relay Word bit 
79LO = logical 1).

➤ The circuit breaker closes (52A = logical 1).

➤ The reclose initiation condition (79RI) makes a rising-edge 
(logical 0 to logical 1) transition.

➤ SELOGIC control equation setting 79CLS asserts 
(79CLS = logical 1).

➤ The Reclose Supervision Limit Timer times out (Relay Word 
bit RCSF = logical 1 for one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting 
79CLSD := OFF. With 79CLSD := OFF, reclose supervision condition 79CLS 
is not time limited. When an open interval times out, the relay checks reclose 
supervision condition 79CLS indefinitely until one of the other previously 
listed unlatch conditions comes true.

The unlatching of the sealed-in reclosing relay open interval time-out 
condition by the assertion of SELOGIC control equation setting 79CLS 
indicates successful propagation of a reclosing relay open interval time-out 
condition on to the close logic in Figure 4.34.

See Settings Example 2 on page 4.54.

EXAMPLE 4.5 Settings Example 1

Refer to the top of Figure 4.35 and Figure 4.37.

SEL-751A Relays are installed at both ends of a transmission line in a high-
speed reclose scheme. After both circuit breakers open for a line fault, the 
SEL-751A(1) recloses circuit breaker 52/1 first, followed by the SEL-751A(2) 
reclosing circuit breaker 52/2, after a synchronism check across circuit 
breaker 52/2.

Figure 4.37 SEL-751A Relays Installed at Both Ends of a Transmission Line 
in a High-Speed Reclose Scheme

SEL-751A (1)

Bus 1 Bus 2

52 
1

52 
2

IA, IB, IC

VA, VB, VC VS

SEL-751A (2)
IA, IB, IC

VA, VB, VCVS

3-Phase 3-Phase

1-Phase
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SEL-751A(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval 
time-out, the SEL-751A(1) checks that Bus 1 voltage is hot and the 
transmission line voltage is dead. This requires reclose supervision 
settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 59VP AND 27S1

SEL-751A(2) Relay

The SEL-751A(2) checks that Bus 2 voltage is hot, the transmission line 
voltage is hot, and in synchronism after the reclosing relay open interval 
times out, before allowing circuit breaker 52/2 to be reclosed. This 
requires reclose supervision settings:

79CLSD := 0.00 seconds (only one check)
79CLS := 25A1

Other Setting Considerations for SEL-751A(1) and SEL-751A(2) Relays
Refer to Skip Shot and Stall Open Interval Timing Settings (79SKP and 
79STL, Respectively) on page 4.63.

SELOGIC control equation setting 79STL stalls open interval timing if it 
asserts to logical 1. If setting 79STL is deasserted to logical 0, open interval 
timing can continue. The SEL-751A(1) has no intentional open interval timing 
stall condition (circuit breaker 52/1 closes first after a transmission line fault):

79STL := 0

The SEL-751A(2) starts open interval timing after circuit breaker 52/1 at the 
remote end has reenergized the line. The SEL-751A(2) has to see Bus 2 hot, 
transmission line hot, and in synchronism across open circuit breaker 52/2 for 
open interval timing to begin. Thus, SEL-751A(2) open interval timing is 
stalled when the transmission line voltage and Bus 2 voltage are not in 
synchronism across open circuit breaker 52/2:

79STL := NOT 25A1 

A transient synchronism-check condition across open circuit breaker 52/2 
could possibly occur if circuit breaker 52/1 recloses into a fault on one phase 
of the transmission line. The other two unfaulted phases would be briefly 
energized until circuit breaker 52/1 is tripped again. If channel VS of the 
SEL-751A(2) is connected to one of these briefly energized phases, 
synchronism-check element 25A1 could momentarily assert to logical 1.

So that this possible momentary assertion of synchronism-check element 
25A1 does not cause any inadvertent reclose of circuit breaker 52/2, make 
sure the open interval timers in the SEL-751A(2) are set with some 
appreciable time greater than the momentary energization time of the faulted 
transmission line. Or, run the synchronism-check element 25A1 through a 

where:

59VP =  Bus 1 is hot

27S1 = monitored single-phase transmission line voltage 
(channel VS) is dead

where:

25A1 = selected Bus 2 phase voltage (VA, VB, or VC) is in 
synchronism with monitored single-phase 
transmission line voltage (channel VS) and both 
are hot
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programmable timer before using it in the preceding 79CLS and 79STL 
settings for the SEL-751A(2) (see Figure 4.34). Note the built-in 2-cycle 
qualification of the synchronism-check voltages shown in Figure 4.22.

EXAMPLE 4.6 Settings Example 2

Refer to subsection Synchronism-Check Elements on page R.4.25. Also 
refer to Figure 4.36 and Figure 4.37.

If the synchronizing voltages across open circuit breaker 52/2 are 
“slipping” with respect to one another, the Reclose Supervision Limit 
Timer setting 79CLSD should be set greater than zero so there is time for 
the slipping voltages to come into synchronism. For example:
79CLSD := 1.00 second

79CLS := 25A1

The relay checks the status of synchronism-check element 25A1 
continuously during the 60-cycle window. If the slipping voltages come 
into synchronism while timer 79CLSD is timing, synchronism-check 
element 25A1 asserts to logical 1 and reclosing proceeds.

In the previously referenced subsection, note item 3 under Synchronism-
Check Element Outputs on page R.4.32, Voltages VP and VS are 
“Slipping.” Item 3 describes a last attempt for a synchronism-check 
reclose before timer 79CLSD times out (or setting 79CLSD := 0.00 and 
only one check is made).

If E79 := 3 (which allows three automatic reclose attempts) and the 
slipping voltages fail to come into synchronism while timer 79CLSD is 
timing (resulting in a reclose supervision failure, causing RCSF to assert 
for one processing interval), then the reclosing relay goes to the Lockout 
State.

Reclose Logic
Note that input:

Reclosing Relay Open Interval Time-Out

in Figure 4.35 is the logic input that is qualified by SELOGIC control equation 
setting 79CLS, and then propagated on to the close logic in Figure 4.34 to 
automatically reclose a circuit breaker. The explanation that follows in this 
reclosing relay subsection describes all the reclosing relay settings and logic 
that eventually result in this open interval time-out logic input into 
Figure 4.35. Other aspects of the reclosing relay are also explained. As many 
as four (4) automatic reclosures (shots) are available.

The reclose enable setting, E79, has setting choices OFF, 1, 2, 3, and 4. Setting 
E79 = OFF defeats the reclosing relay. Setting choices 1 through 4 are the 
number of automatic reclosures you want (see Open Interval Timers on 
page 4.58). Setting choices 1 through 4 also have the reclosing relay go to the 
Lockout state upon reclose supervision failure (refer to Reclose Supervision 
Logic on page 4.48).
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Reclosing Relay States 
and General Operation

Figure 4.38 explains in general the different states of the reclosing relay and 
its operation.

Figure 4.38 Reclosing Relay States and General Operation

The reclosing relay is in one (and only one) of these states (listed in 
Table 4.28) at any time. When in a given state, the corresponding Relay Word 
bit asserts to logical 1, and the LED illuminates. Automatic reclosing only 
takes place when the relay is in the Reclose Cycle State.

All Automatic Reclosing 
Attempts Unsuccessful

Unsuccessful
Reclose Initiation

Other Lockout Conditions

Power Up

Reset
Timer  

Times     
Out        

Reset
  Timer
     Times
        Out

Other
Lockout   

Conditions      

Unsuccessful
Reclose   

Initiation      

Successful
   Reclose
      Initiation

Successful
Reclose Initiation

Maintained
Lockout Condition

Lockout State

All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-751A 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 

Relay Word bit 79LO = logical 1

Front-panel pushbutton LED 1B 
labeled RECL LOCKOUT illuminated

Reclose Cycle State

The SEL-751A automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.

Relay Word bit 79CY = logical 1

Reset State

The circuit breaker has been closed
for a qualifying reset time. The SEL-751A 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.

Relay Word bit 79RS = logical 1

Front-panel pushbutton LED 1A 
labeled RECL RESET illuminated

Table 4.28 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States

Reclosing Relay State
Corresponding Relay 
Word Bit

Corresponding
Front-Panel LED

Reset 79RS RECL RESET (Pushbutton LED 1A)

Reclose Cycle 79CY

Lockout 79LO RECL LOCKOUT (Pushbutton LED 1B)
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Lockout State
The reclosing relay goes to the Lockout State if any one of the following 
occurs:

➤ The shot counter is equal to or greater than the last shot at time 
of reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 4.36).

➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 4.61].

➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).

➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 4.62].

➤ The close failure timer (setting CFD) times out (see 
Figure 4.34).

➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].

➤ The Reclose Supervision Limit Timer (setting 79CLSD) times 
out (see Figure 4.35 and top of Figure 4.36) and the reclose 
enable setting, E79, has setting choices 1, 2, 3, or 4.

➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open).

The OPEN command is included in the reclosing relay logic via the factory 
SELOGIC control equation settings:

79DTL := OC OR … (drive-to-lockout)

Relay Word bit OC asserts for execution of the OPEN command. See OPEN 
Command (Open Breaker) on page 7.35 for more information on the OPEN 
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings 
(79DTL and 79DLS, Respectively) on page 4.62.

Reclosing Relay 
States and Settings/
Setting Group 
Changes

If individual settings are changed for the active setting group or the active 
setting group is changed, all of the following occur:

➤ The reclosing relay remains in the state it was in before the 
settings change.

➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows).

➤ The reset timer is loaded with reset time setting 79RSLD (see 
discussion on reset timing later in this section).

If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
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the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.

If the circuit breaker remains closed through the settings change, the reset 
timer times out on reset time setting 79RSLD after the settings change and 
goes to the Reset State (if it is not already in the Reset State), and the shot 
counter returns to shot = 0. If the relay happens to trip during this reset timing, 
the relay will immediately go to the Lockout State, because shot = last shot.

Defeat the Reclosing 
Relay

If any one of the following reclosing relay settings are made:

➤ Reclose enable setting E79 = OFF.

➤ Open Interval 1 time setting 79OI1 = 0.00.

then the reclosing relay is defeated, and no automatic reclosing can occur. 

If the reclosing relay is defeated, the following also occur:

➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are forced to logical 0 (see Table 4.28).

➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are forced to logical 0 (the shot counter is explained later 
in this section).

➤ The front-panel LEDs RECL RESET and RECL LOCKOUT are both 
extinguished.

Close Logic Can Still Operate When the Reclosing Relay Is Defeated
If the reclosing relay is defeated, the close logic (see Figure 4.34) can still 
operate if SELOGIC control equation circuit breaker status setting 52A is set to 
something other than numeral 0 or NA. Making the setting 52A := 0 or NA 
defeats the close logic and also defeats the reclosing relay.

For example, if 52A := IN101, a 52a circuit breaker auxiliary contact is 
connected to input IN101. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via SELOGIC control equation 
setting CL (close conditions, other than automatic reclosing). See Trip/Close 
Logic for more discussion on SELOGIC control equation settings 52A and CL.

Reclosing Control 
Settings

The reclosing control settings are shown in Table 4.29.

Table 4.29 Reclosing Control Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE RECLOSER OFF, 1–4 Shots E79 := OFF

OPEN INTERVAL 1 0.00–3000.00 secs 79OI1 := 5.00

OPEN INTERVAL 2 0.00–3000.00 secs 79OI2 := 0.00

OPEN INTERVAL 3 0.00–3000.00 secs 79OI3 := 0.00

OPEN INTERVAL 4 0.00–3000.00 secs 79OI4 := 0.00
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The operation of open interval timers is affected by SELOGIC control equation 
settings discussed later in this section.

Open Interval Timers
The reclose enable setting, E79, determines the number of open interval time 
settings that you can set. For example, if setting E79 := 3, the first three open 
interval time settings in Table 4.29, are made available for setting.

If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open interval times that follow it.

In the factory settings in Table 4.29, the open interval 2 time setting 79OI2 is 
the first open interval time setting set equal to zero:

79OI2 := 0.00 seconds

Thus, open interval times 79OI2, 79OI3, and 79OI4 are not operable. In the 
factory settings, both open interval times 79OI3 and 79OI4 are set to zero. But 
if the settings were:

79OI2 := 0.00 seconds

79OI3 := 15.00 seconds (set to some value other than zero)

open interval time 79OI3 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI2 := 0.00).

If open interval 1 time setting, 79OI1, is set to zero (79OI1 := 0.00 seconds), 
no open interval timing takes place, and the reclosing relay is defeated.

The open interval timers time consecutively; they do not have the same 
beginning time reference point. For example, with settings 79OI1 := 0.50 , and 
79OI2 := 10.00, open interval 1 time setting, 79OI1, times first. If subsequent 
first reclosure is not successful, then open interval 2 time setting, 79OI2, starts 
timing. If the subsequent second reclosure is not successful, the relay goes to 
the Lockout State. See the example time line in Figure 4.39.

RST TM FROM RECL 0.00–3000.00 secs 79RSD := 15.00

RST TM FROM LO 0.00–3000.00 secs 79RSLD := 5.00

RECLS SUPV TIME OFF, 0.00–3000.00 secs 79CLSD := 0.00

RECLOSE INITIATE SV 79RI := TRIP

RCLS INIT SUPVSN SV 79RIS := 52A OR 79CY

DRIVE-TO-LOCKOUT SV 79DTL := OC OR SV04T

DRIVE-TO-LSTSHOT SV 79DLS := 79LO

SKIP SHOT SV 79SKP := 0

STALL OPN INTRVL SV 79STL := TRIP

BLOCK RESET TMNG SV 79BRS := TRIP

SEQ COORDINATION SV 79SEQ := 0

RCLS SUPERVISION SV 79CLS := 1

Table 4.29 Reclosing Control Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default
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Figure 4.39 Reclosing Sequence From Reset to Lockout With Example Settings

You can set the SELOGIC control equation setting 79STL (stall open interval 
timing) to control open interval timing [see Skip Shot and Stall Open Interval 
Timing Settings (79SKP and 79STL, Respectively) on page 4.63].

Determination of Number of Reclosures (Last Shot)
The number of reclosures is equal to the number of open interval time settings 
that precede the first open interval time setting set equal to zero. The “last 
shot” value is also equal to the number of reclosures.

In the previous example settings, two set open interval times precede open 
interval 3 time, which is set to zero (79OI3 = 0.00):

79OI1 := 0.50

79OI2 := 10.00

79OI3 := 0.00

For this example:

Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.

Observe Shot Counter Operation
Observe the reclosing relay shot counter operation, especially during testing, 
using ASCII command TARGET (e.g., TARGET Command (Display Relay 
Word Bit Status) on page 7.44 for detail).

Reset Timer
The reset timer qualifies circuit breaker closure before taking the relay to the 
Reset State from the Reclose Cycle State or the Lockout State. Circuit breaker status 
is determined by the SELOGIC control equation setting 52A. (See Trip/Close 
Logic on page 4.45 for more discussion on SELOGIC control equation setting 52A.

Setting 79RSD
Qualifies closures when the relay is in the Reclose Cycle State. These closures 
are usually automatic reclosures resulting from open interval time-out.

It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination Setting (79SEQ) on page 4.66].

Setting 79RSLD
Qualifies closures when the relay is in the Lockout State. These closures are 
usually manual closures. These manual closures can originate external to the 
relay, via the CLOSE command, or via the SELOGIC control equation setting 
CL (see Figure 4.34).

Open Interval Time-out

Shot 
Counter 0

52A

79OI1 = 0.5

Reset State

Trip Close Trip Close Trip

Reclose Cycle State Lockout State

(79OI3 = 0)79OI2 = 10.0

(Last Shot = 2)
1 2
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Setting 79RSLD is also the reset timer used when the relay powers up, has 
individual settings changed for the active setting group, or the active setting 
group is changed (see Reclosing Relay States and Settings/Setting Group 
Changes on page 4.56).

Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.

The 79RSD and 79RSLD settings are set independently (setting 79RSLD can 
even be set greater than setting 79RSD, if necessary). You can set SELOGIC 
control equation setting 79BRS (block reset timing) to control reset timing 
(see Block Reset Timing Setting (79BRS) on page 4.65).

Monitoring Open Interval and Reset Timing
Open interval and reset timing can be monitored with the following Relay 
Word bits:

If the open interval timer is actively timing, OPTMN asserts to logical 1. 
When the relay is not timing on an open interval (e.g., it is in the Reset State or 
in the Lockout State), OPTMN deasserts to logical 0. The relay can only time 
on an open interval when it is in the Reclose Cycle State, but just because the 
relay is in the Reclose Cycle State does not necessarily mean the relay is 
timing on an open interval. The relay only times on an open interval after 
successful reclose initiation and no stall conditions are present [see Skip Shot 
and Stall Open Interval Timing Settings (79SKP and 79STL, Respectively) on 
page 4.63].

If the reset timer is actively timing, RSTMN asserts to logical 1. If the reset 
timer is not timing, RSTMN deasserts to logical 0. See Block Reset Timing 
Setting (79BRS) on page 4.65.

Reclosing Relay Shot 
Counter

Refer to Figure 4.39.

The shot counter increments for each reclose operation. For example, when 
the relay is timing on open interval 1, 79OI1, it is at shot = 0. When the open 
interval times out, the shot counter increments to shot = 1 and so forth for the 
set open intervals that follow. The shot counter cannot increment beyond the 
last shot for automatic reclosing [see Determination of Number of Reclosures 
(Last Shot) on page 4.59]. The shot counter resets back to shot = 0 when the 
reclosing relay returns to the Reset State.

Relay Word Bits Definition

OPTMN Indicates that the open interval timer is actively timing

RSTMN Indicates that the reset timer is actively timing

Table 4.30 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times 

Shot
Corresponding Relay 

Word Bit
Corresponding Open 

Interval

0 SH0 79OI1

1 SH1 79OI2

2 SH2 79OI3

3 SH3 79OI4

4 SH4
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When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).

The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination Setting (79SEQ) on page 4.66].

Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 

The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) for open interval timing to be initiated.

If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.

EXAMPLE 4.7 Factory Settings Example

With factory settings:
79RI := TRIP

79RIS := 52A OR 79CY

the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the 52A or 79CY Relay Word bit is at logical 1 
(52A = logical 1, or 79CY = logical 1). You must assign an input as the 
breaker status input (e.g., 52A := IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) 
at the instant of the first trip of the autoreclose cycle for the SEL-751A to 
successfully initiate reclosing and start timing on the first open interval. 
The SEL-751A is not yet in the reclose cycle state (79CY = logical 0) at the 
instant of the first trip.

Then for any subsequent trip operations in the autoreclose cycle, the 
SEL-751A is in the reclose cycle state (79CY = logical 1) and the SEL-751A 
successfully initiates reclosing for each trip. Because of factory setting 
79RIS = 52A OR 79CY, successful reclose initiation in the reclose cycle 
state (79CY = logical 1) is not dependent on the circuit breaker status 
(52A). This allows successful reclose initiation for the case of an 
instantaneous trip, but the circuit breaker status indication is slow—the 
instantaneous trip (reclose initiation) occurs before the SEL-751A sees the 
circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval 
(circuit breaker open and the SEL-751A calls for a trip), the SEL-751A goes 
immediately to lockout.

EXAMPLE 4.8 Additional Settings Example

The preceding settings example initiates open interval timing on rising 
edge of the TRIP Relay Word bit. The following is an example of reclose 
initiation on the opening of the circuit breaker.

Presume input IN101 is connected to a 52a circuit breaker auxiliary contact 
(52A := IN101).

With setting:
79RI := NOT 52A

the transition of the 52A Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting.

The reclose initiate supervision setting 79RIS supervises setting 79RI. 
With settings:
79RI := NOT 52A

79RIS := TRIP

the transition of the 52A Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the 
circuit breaker opens to initiate open interval timing. With a long enough 
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setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 4.33).

If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the 
Lockout State. This helps prevent reclose initiation for circuit breaker 
openings caused by trips external to the relay.

If circuit breaker status indication (52A) is slow, additional setting change 
ULCL := 0 (unlatch close; refer to Figure 4.34 and accompanying 
explanation) may need to be made when 79RI := NOT 52A. ULCL := 0 
avoids going to lockout prematurely for an instantaneous trip after an 
autoreclose by not turning CLOSE off until the circuit breaker status 
indication tells the relay that the breaker is closed. The circuit breaker 
anti-pump circuitry should take care of the TRIP and CLOSE being on 
together for a short period of time.

Other Settings Considerations
In Example 4.8 the preceding additional setting example, the reclose initiate 
setting (79RI) includes input IN101, that is connected to a 52a breaker auxiliary 
contact (52A := IN101).

79RI := NOT 52A

If a 52b breaker auxiliary contact is connected to input IN101 (52A := NOT 
IN101), the reclose initiate setting (79RI) remains the same.

If no reclose initiate supervision is necessary, make the following setting:
79RIS := 1 (numeral 1)

Setting 79RIS := logical 1 at all times. Any time setting 79RI detects a logical 
0 to logical 1 transition, the relay initiates open interval timing (unless 
prevented by other means).

If the following setting is made:
79RI := 0 (numeral 0)

reclosing will never take place (reclosing is never initiated). The reclosing 
relay is effectively inoperative.

If the following setting is made:
79RIS := 0 (numeral 0)

reclosing will never take place (the reclosing relay goes directly to the lockout 
state any time reclosing is initiated). The reclosing relay is effectively 
inoperative.

Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 

When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1), and the front-panel LO (Lockout) LED 
illuminates.

79DTL has a 1 second dropout time. This keeps the drive-to-lockout condition 
up 1 second after 79DTL has reverted back to 79DTL = logical 0. This is 
useful for situations where both of the following are true:

➤ Any of the trip and drive-to-lockout conditions are “pulsed” 
conditions (e.g., the OPEN command Relay Word bit, OC, 
asserts for only 1/4 cycle—refer to Factory Settings Example 
on page 4.63).

➤ Reclose initiation is by the breaker contact opening 
(e.g., 79RI := NOT 52A—refer to Additional Settings Example 
on page 4.61).
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Then the drive-to-lockout condition overlaps reclose initiation and the 
SEL-751A stays in lockout after the breaker trips open.

When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see Reclosing Relay Shot Counter on page 4.60).

EXAMPLE 4.9 Factory Settings Example

The drive-to-lockout factory setting is:
79DTL := OC OR SV04T

Relay Word bit OC asserts for execution of the OPEN command. See the 
Note in the Lockout State discussion, following Table 4.28. 

Relay Word bit SV04T asserts for execution of the open command from 
the front-panel pushbutton (see Table 8.4 for more detail).

The drive-to-last shot factory setting is:
79DLS := 79LO

One open interval is also set in the factory settings, resulting in last 
shot = 1. Any time the relay is in the lockout state (Relay Word bit 79LO =  
logical 1), the relay is driven to last shot (if the shot counter is not already 
at a shot value greater than or equal to shot = 1):

79DLS := 79LO = logical 1

Thus, the relay is driven to the Lockout State (by setting 79DTL) and, 
subsequently, last shot (by setting 79DLS).

EXAMPLE 4.10 Additional Settings Example

To drive the relay to the Lockout State for fault current greater than a 
certain level when tripping (e.g., level of phase instantaneous 
overcurrent element 50P3P), make settings similar to the following:

79DTL := TRIP AND 50P3P OR …
Additionally, if the reclosing relay should go to the Lockout State for an 
underfrequency trip, make settings similar to the following:

79DTL := TRIP AND 81D1T OR …

Other Settings Considerations
If no special drive-to-lockout or drive-to-last shot conditions are necessary, 
make the following settings:

79DTL := 0 (numeral 0)
79DLS := 0 (numeral 0)

With settings 79DTL and 79DLS inoperative, the relay still goes to the 
Lockout State (and to last shot) if an entire automatic reclose sequence is 
unsuccessful.

Overall, settings 79DTL or 79DLS are necessary to take the relay to the 
Lockout State (or to last shot) for immediate circumstances.

Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 

The skip shot setting 79SKP causes skipping of a reclose shot. Thus, the 
SEL-751A skips an open interval time and uses the next open interval time 
instead.

If 79SKP = logical 1 at the instant of successful reclose initiation 
(see preceding discussion on settings 79RI and 79RIS), the relay increments 
the shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 4.30). If the new shot is the “last 
shot,” no open interval timing takes place, and the relay goes to the Lockout 
State if the circuit breaker is open (see Lockout State on page 4.56).
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After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.

If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 4.30). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see Lockout State on page 4.56).

If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off. Use the OPTMN Relay Word bit to monitor open interval timing 
(see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.11 Factory Settings Example

The skip shot function is not enabled in the factory settings:
79SKP := 0 (numeral 0)

The stall open interval timing factory setting is:
79STL := TRIP

After successful reclose initiation, open interval timing does not start as 
long as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.

EXAMPLE 4.12 Additional Settings Example 1

With skip shot setting:
79SKP := 50P2P AND SH0

if shot = 0 (Relay Word bit SH0 = logical 1) and phase current exceeds the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2P = logical 1), at the instant of successful reclose initiation, the shot 
counter increments from shot = 0 to shot = 1. Then, open interval 1 time 
(setting 79OI1) is skipped, and the relay times on the open interval 2 time 
(setting 79OI2) instead.

In Table 4.31, note that the open interval 1 time (setting 79OI1) is a short 
time, while the following open interval 2 time (setting 79OI2) is 
significantly longer. For a high magnitude fault (greater than the phase 
instantaneous overcurrent element 50P2 threshold), open interval 1 time 
is skipped, and open interval timing proceeds on the following open 
interval 2 time.

Once the shot increments to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2P.

Table 4.31 Open Interval Time Example Settings

Shot
Corresponding 
Relay Word Bit

Corresponding 
Open Interval

Open Interval Time 
Example Setting

(seconds)

0 SH0 79OI1 0.50 

1 SH1 79OI2 10
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EXAMPLE 4.13 Additional Settings Example 2

If the SEL-751A Relay is in use on a feeder with a line-side independent 
power producer (cogenerator), the utility should not reclose into a line still 
energized by an islanded generator. To monitor line voltage and block 
reclosing, connect a line-side single-phase potential transformer to 
channel VS on the SEL-751A as shown in Figure 4.40.

Figure 4.40 Reclose Blocking for Islanded Generator

If the line is energized, you can set channel VS overvoltage element 59S1 
to assert. Make the following setting:

79STL := 59S1 OR …
If line voltage is present, Relay Word bit 59S1 asserts, stalling open interval 
timing (reclose block). If line voltage is not present, Relay Word bit 59S1 
deasserts, allowing open interval timing to proceed (unless some other set 
condition stalls open interval timing).

EXAMPLE 4.14 Additional Settings Example 3

Refer to Figure 4.37 and accompanying setting example, showing an 
application for setting 79STL.

Other Settings Considerations
If no special skip shot or stall open interval timing conditions are necessary, 
make the following settings:

79SKP := 0 (numeral 0)
79STL := 0 (numeral 0)

Block Reset Timing 
Setting (79BRS)

The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:

79RSD (Reset Time from Reclose Cycle)

or
79RSLD (Reset Time from Lockout)

Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:

79BRS = logical 1

reset timing is stopped and does not begin timing again until 79BRS deasserts 
to:

79BRS = logical 0

SEL-751A

Bus 1

52

IA, IB, IC

VA, VB, VC VS

3-Phase

1-Phase

Generator



4.66

SEL-751A Relay Instruction Manual Date Code 20220610

Protection and Logic Functions
Reclose Logic

When reset timing starts again, the reset timer is fully loaded. Thus, successful 
reset timing has to be continuous. Use the RSTMN Relay Word bit to monitor 
reset timing (see Monitoring Open Interval and Reset Timing on page 4.60).

EXAMPLE 4.15 Factory Settings Example

The reset timing is blocked if Relay Word bit TRIP is asserted, regardless of 
the reclosing relay state:

79BRS := TRIP

EXAMPLE 4.16 Additional Settings Example 1

The block reset timing setting is:
79BRS := (51P1P OR 51G1P) AND 79CY

Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 4.38 and Table 4.28).

When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the 
relay is in the Reset or Lockout States. When a circuit breaker is closed 
from lockout, there could be cold load inrush current that momentarily 
picks up a time-overcurrent element [e.g., phase time-overcurrent element 
51P1 pickup (51P1P) asserts momentarily]. But, this assertion has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 
0). The relay will time immediately on reset time 79RSLD and take the 
relay from the Lockout State to the Reset State with no additional delay 
because 79BRS is deasserted to logical 0.

When the relay is in the Reclose Cycle State, Relay Word bit 79CY is 
asserted to logical 1. Thus, the example 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1P or 51G1P is picked up 
while the relay is in the Reclose Cycle State. This helps prevent repetitive 
“trip-reclose” cycling.

EXAMPLE 4.17 Additional Settings Example 2

If the block reset timing setting is:
79BRS := 51P1P OR 51G1P

then reset timing is blocked if time-overcurrent pickup 51P1P or 51G1P is 
picked up, regardless of the reclosing relay state.

Sequence 
Coordination Setting 
(79SEQ)

The sequence coordination setting 79SEQ keeps the relay in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-751A overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.

For the sequence coordination setting 79SEQ to increment the shot counter, 
both the following conditions must be true:

➤ No trip present (Relay Word bit TRIP = logical 0)

➤ Circuit breaker closed (SELOGIC control equation setting 
52A = logical 1, effectively)

The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the previous two conditions are both true, and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 4.41) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-751A “in step” 
with the downstream device, as is shown in Additional Settings Example 1 on 
page 4.67 and Additional Settings Example 2 on page 4.68.
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Every time a sequence coordination operation occurs, the shot counter 
increments, and the reset timer is loaded up with reset time 79RSD. Sequence 
coordination can increment the shot counter beyond last shot, but no further 
than shot = 4. The shot counter returns to shot = 0 after the reset timer times 
out. Reset timing is subject to SELOGIC control equation setting 79BRS [see 
Block Reset Timing Setting (79BRS) on page 4.65].

Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.

EXAMPLE 4.18 Factory Settings Example

Sequence coordination is not enabled in the factory settings:
79SEQ := 0

EXAMPLE 4.19 Additional Settings Example 1

With sequence coordination setting:
79SEQ := 79RS AND 51P1P

sequence coordination is operable only when the relay is in the Reset 
State (79RS = logical 1). Refer to Figure 4.41 and Figure 4.42.

Figure 4.41 Sequence Coordination Between the SEL-751A and a Line 
Recloser

Assume that the line recloser is set to operate twice on the fast curve and 
then twice on the slow curve. The slow curve is allowed to operate after 
two fast curve operations because the fast curves are then inoperative for 
tripping. The SEL-751A phase time-overcurrent element 51P1T is 
coordinated with the line recloser fast curve. The SEL-751A single-phase 
time-overcurrent elements 51AT, 51BT, and 51CT are coordinated with the 
line recloser slow curve.

Fast Curve
(Line Recloser)

51P1

Slow Curve
(Line Recloser)

t

IF I

51P1T
(SEL-751A)

51AT, 51BT, 51CT
(SEL-751A)

SEL-751A

R

Line Recloser

IF
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q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.42 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)

If the SEL-751A is in the Reset State (79RS = logical 1) and then a 
permanent fault beyond the line recloser occurs (fault current IF in 
Figure 4.41), the line recloser fast curve operates to clear the fault. The 
SEL-751A also sees the fault. The phase time-overcurrent pickup 51P1P 
asserts and then deasserts without tripping, incrementing the relay shot 
counter from:

shot = 0 to shot = 1

When the line recloser recloses its circuit breaker, the line recloser fast 
curve operates again to clear the fault. The SEL-751A also sees the fault 
again. The phase time-overcurrent pickup 51P1P asserts and then 
deasserts without tripping, incrementing the relay shot counter from:

shot = 1 to shot = 2

The line recloser fast curve is now disabled after operating twice. When 
the line recloser recloses its circuit breaker, the line recloser slow curve 
operates to clear the fault. The relay does not operate on its faster-set 
phase time-overcurrent element 51P1 (51P1T is “below” the line recloser 
slow curve) because the shot counter is now at shot = 2. For this sequence 
coordination scheme, the SELOGIC control equation trip equation is:

TR := 51P1T AND (SH0 OR SH1) OR 51AT OR 51BT OR 51CT

With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51PT phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative, and its pickup (51P1P) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, 
etc. The 51P1T phase time-overcurrent element cannot cause a trip 
because shot ≥ 2, and SH0 and SH1 both are deasserted to logical 0.

The shot counter returns to shot = 0 after the reset timer (loaded with 
reset time 79RSD) times out.

EXAMPLE 4.20 Additional Settings Example 2

Review preceding Example 1.

Assume that the line recloser in Figure 4.41 is set to operate twice on the 
fast curve and then twice on the slow curve for faults beyond the line 
recloser.

Assume that the SEL-751A is set to operate once on 51P1T and then twice 
on 51AT, 51BT, or 51CT for faults between the SEL-751A and the line 
recloser. This results in the following trip setting:

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT

79SEQ := 79RS AND 51P1P

SH0 OR SH1

SH1

SH0

Shot Counter      0 1 2 3 4

q w e w e r e r

NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot in this example (last shot = 2 
in this factory setting example) but no 
further than shot = 4.

The following Example 2 limits 
sequence coordination shot counter 
incrementing.
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This requires that two open interval settings be made (see Table 4.29 and 
Figure 4.39). This corresponds to the last shot being:
last shot = 2

If the sequence coordination setting is:
79SEQ := 79RS AND 51P1P

and there is a permanent fault beyond the line recloser, the shot counter 
of the SEL-751A will increment all the way to shot = 4 (see Figure 4.42). If 
there is a coincident fault between the SEL-751A and the line recloser, the 
SEL-751A will trip and go to the Lockout State. Any time the shot counter 
is at a value equal to or greater than last shot and the relay trips, it goes to 
the Lockout State.

To avoid this problem, make the following sequence coordination setting:
79SEQ := 79RS AND 51P1P AND SH0

Refer to Figure 4.43.

If the SEL-751A is in the Reset State (79RS = logical 0) with the shot 
counter reset (shot = 0; SH0 = logical 1) and then a permanent fault 
beyond the line recloser occurs (fault current IF in Figure 4.41), the line 
recloser fast curve operates to clear the fault. The SEL-751A also sees the 
fault. The phase time-overcurrent pickup 51P1P asserts and then deasserts 
without tripping, incrementing the relay shot counter from:

shot = 0 to shot = 1

Now the SEL-751A cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT = (logical 0) OR 51AT OR 
51BT OR 51CT

q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.

Figure 4.43 Operation of SEL-751A Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 2)

The line recloser continues to operate for the permanent fault beyond it, 
but the SEL-751A shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.

79SEQ := 79RS AND 51P1P AND (logical 0) = Logical 0

The shot counter stays at shot = 1.

Thus, if there is a coincident fault between the SEL-751A and the line 
recloser, the SEL-751A will operate on 51AT, 51BT, or 51CT and then reclose 
once, instead of going straight to the Lockout State (shot = 1 < last shot = 
2).

As stated earlier, the reset time setting 79RSD takes the shot counter back 
to shot = 0 after a sequence coordination operation increments the shot 
counter. Make sure that reset time setting 79RSD is set long enough to 
maintain the shot counter at shot = 1, as shown in Figure 4.43.

79SEQ = 79RS * 51P1 * SHO

51P1

Shot Counter

SH0

0 1

q w e w e r e r
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Reclose Supervision 
Setting (79CLS)

See Reclose Supervision Logic on page 4.48.

Demand Metering
The SEL-751A provides demand and peak demand metering, selectable 
between thermal and rolling demand types, for the following values:

➤ IA, IB, IC, phase currents (A primary)

➤ IG Residual-ground current 
(A primary; IG = 3I0 = IA + IB + IC)

➤ 3I2 Negative-sequence current (A primary)

Table 4.32 shows the demand metering settings. Also refer to Section 5: 
Metering and Monitoring and Section 7: Communications for other related 
information for the demand meter.

The demand current level settings are applied to demand current meter 
outputs, as shown in Figure 4.44. 

Table 4.32 Demand Meter Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE DEM MTR THM, ROL EDEM := THM

DEM TIME CONSTNT 5, 10, 15, 30, 60 min DMTC := 5

PH CURR DEM LVL OFF, 0.50–16.00 Aa

OFF. 0.10–3.20 Ab

a For INOM = 5 A.
b For INOM = 1 A.

PHDEMP := 5.00a

PHDEMP := 1.00b

RES CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
GNDEMP := 1.00a

GNDEMP := 0.20b

3I2 CURR DEM LVL OFF, 0.50–16.00 Aa

OFF, 0.10–3.2 Ab
3I2DEMP := 1.00a

3I2DEMP := 0.20b
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Figure 4.44 Demand Current Logic Outputs

For example, when residual-ground demand current IGD exceeds 
corresponding demand pickup GNDEMP, Relay Word bit GNDEM asserts to 
logical 1. Use these demand current logic outputs (PHDEM, GNDEM, and 
3I2DEM) to alarm for high loading or unbalance conditions.

The demand values are updated approximately once a second. The relay stores 
peak demand values to nonvolatile storage every six hours (it overwrites the 
previous stored value if it is exceeded). Should the relay lose control power, it 
will restore the peak demand values saved by the relay.

Demand metering peak recording is momentarily suspended when SELOGIC 
control equation setting FAULT is asserted (= logical 1). The differences 
between thermal and rolling demand metering are explained in the following 
discussion.

PHDEM

Relay
Word
Bits

Demand Current
Pickup Settings
(A Secondary)

IBD

IAD
IA

ICD

Analog
Quantities
Demand
CurrentsInstantaneous

Currents

Serial Port
Command

Demand Function
Maximum  
Current
Logic

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

Reset 
Demand

PHDEMP

IGD

Reset 
Demand

Thermal  (EDEM = THM)
or

Rolling  (EDEM = ROL)

GNDEM
GNDEMP

IG
(residual)

Demand Function

3I2D

Reset 
Demand

Thermal  (EDEM = THM)
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Rolling  (EDEM = ROL)

3I2DEM
3I2DEMP

3I2

MET RD

Demand Function
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Comparison of 
Thermal and Rolling 
Demand Meters

The example in Figure 4.45 shows the response of thermal and rolling demand 
meters to a step current input. The current input is at a magnitude of zero and 
then suddenly goes to an instantaneous level of 1.0 per unit (a “step”).

Figure 4.45 Response of Thermal and Rolling Demand Meters to a 
Step Input (Setting DMTC = 15 minutes)
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Thermal Demand Meter Response
The response of the thermal demand meter in Figure 4.45 (middle) to the step 
current input (top) is analogous to the series RC circuit in Figure 4.46.

Figure 4.46 Voltage VS Applied to Series RC Circuit

In the analogy:

Voltage VS in Figure 4.46 corresponds to the step current input in 
Figure 4.45 (top).

Voltage VC across the capacitor in Figure 4.46 corresponds to the 
response of the thermal demand meter in Figure 4.45 (middle).

If voltage VS in Figure 4.46 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 4.46 is also at zero 
(VC = 0.0 per unit). If voltage VS is suddenly stepped up to some constant 
value (VS = 1.0 per unit), voltage VC across the capacitor starts to rise toward 
the 1.0 per-unit value. This voltage rise across the capacitor is analogous to the 
response of the thermal demand meter in Figure 4.44 (middle) to the step 
current input (top).

In general, as voltage VC across the capacitor in Figure 4.46 cannot change 
instantaneously, the thermal demand meter response is not immediate either 
for the increasing or decreasing applied instantaneous current. The thermal 
demand meter response time is based on the demand meter time constant 
setting DMTC (see Table 4.32). Note in Figure 4.45, the thermal demand 
meter response (middle) is at 90 percent (0.9 per unit) of full applied value 
(1.0 per unit) after a time period equal to setting DMTC = 15 minutes, 
referenced to when the step current input is first applied.

The SEL-751A updates thermal demand values approximately every second.

Rolling Demand Meter Response
The SEL-751A calculates the response of the rolling demand meter in 
Figure 4.45 (bottom) to the step current input (top) with a sliding time-
window arithmetic average calculation. The width of the sliding time-window 
is equal to the demand meter time constant setting DMTC (see Table 4.32). 
Note in Figure 4.45, the rolling demand meter response (bottom) is at 
100 percent (1.0 per unit) of full applied value (1.0 per unit) after a time 
period equal to setting DMTC = 15 minutes, referenced to when the step 
current input is first applied.

The rolling demand meter integrates the applied signal (e.g., step current) 
input in five-minute intervals. The SEL-751A performs this integration 
approximately every second. The average value for an integrated five-minute 
interval is derived and stored as a five-minute total. The rolling demand meter 
then averages a number of the five-minute totals to produce the rolling 
demand meter response. In the Figure 4.45 example, the rolling demand meter 

VS VC

+

+

—

—

R

C
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averages the three latest five-minute totals because setting DMTC = 15
(15/5 = 3). The relay updates the rolling demand meter response every five 
minutes, after it calculates a new five-minute total.

The following is a step-by-step calculation of the rolling demand response 
example in Figure 4.45 (bottom).

Time = 0 Minutes
Presume that the instantaneous current has been at zero for quite some time 
before “Time = 0 minutes” (or the demand meters were reset). The three 
five-minute intervals in the sliding time-window at “Time = 0 minutes” each 
integrate into the following five-minute totals:

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes
The three five-minute intervals in the sliding time-window at “Time = 5 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit.

Time = 10 Minutes
The three five-minute intervals in the sliding time-window at “Time = 10 
minutes” each integrate into the following five-minute totals:

Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit.

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –15 to –10 minutes

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

0.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –10 to –5 minutes

0.0 per unit –5 to 0 minutes

1.0 per unit  0 to 5 minutes

1.0 per unit

Five-Minute Totals Corresponding Five-Minute Interval

0.0 per unit –5 to 0 minutes

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

2.0 per unit
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Time = 15 Minutes
The three five-minute intervals in the sliding time-window at “Time = 15 
minutes” each integrate into the following 5-minute totals:

Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit.

Logic Settings (SET L Command)
Settings associated with latches, timers, counters, math variables, and output 
contacts are listed in the following table.

SELOGIC Enables The following table shows the enable settings for latch bits (ELAT), SELOGIC 
control equations (including timers) (ESV), Counters (ESC), and math 
variable equations (EMV). This helps limit the number of settings that you 
need to make. For example, if you need six timers, only enable six timers.

Latch Bits Latch control switches (latch bits are the outputs of these switches) replace 
traditional latching devices. Traditional latching devices maintain output 
contact state. The SEL-751A latch control switch also retains state even when 
power to the device is lost. If the latch control switch is set to a programmable 
output contact and power to the device is lost, the state of the latch control 
switch is stored in nonvolatile memory, but the device de-energizes the output 
contact. When power to the device is restored, the programmable output 
contact will go back to the state of the latch control switch after device 
initialization. Traditional latching device output contact states are changed by 
pulsing the latching device inputs (see Figure 4.47). Pulse the set input to 
close (set) the latching device output contact. Pulse the reset input to open 
(reset) the latching device output contact. The external contacts wired to the 
latching device inputs are often from remote control equipment (e.g., SCADA, 
RTU).

Five-Minute Totals Corresponding Five-Minute Interval

1.0 per unit 0 to 5 minutes

1.0 per unit 5 to 10 minutes

1.0 per unit 10 to 15 minutes

3.0 per unit

Table 4.33 Enable Settings

Setting Prompt Setting Range Default Setting

SELOGIC Latches N, 1–32 ELAT := 4

SV/Timers N, 1–32 ESV := 5

SELOGIC Counters N, 1–32 ESC := N

Math Variablesa

a If a math variable is set equal to NA (e.g., MV01 := NA), it is treated as 0.

N, 1–32 EMV := N
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Figure 4.47 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-751A provide latching device 
functionality. Figure 4.48 shows the logic diagram of a latch switch. The 
output of the latch control switch is a Relay Word bit LTn (n = 01–32), called 
a latch bit.

Figure 4.48 Logic Diagram of a Latch Switch

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit LTn 
deasserts to logical 0. You can use these latch bits in SELOGIC control 
equations to create custom logic for your application.

The SEL-751A includes 32 latches. Table 4.34 shows the SET and RESET 
default settings for Latch 1 through Latch 4. The remaining latches are all set 
to NA.

Table 4.34 Latch Bits Equation Settings

Settings Prompt Setting Range Setting Name := Factory Default

SET01 SELOGIC SET01 := NA

RST01 SELOGIC RST01 := NA

SET02 SELOGIC SET02 := R_TRIG SV02T AND NOT LT02

RST02 SELOGIC RST02 := R_TRIG SV02T AND LT02

SET03 SELOGIC SET03 := PB03_PUL AND LT02 AND NOT 52A

RST03 SELOGIC RST03 := (PB03_PUL OR PB04_PUL OR 
SV03T) AND LT03

SET04 SELOGIC SET04 := PB04_PUL AND 52A

RST04 SELOGIC RST04 := (PB03_PUL OR PB04_PUL OR 
SV04T) AND LT04

•
•
•

•
•
•

•
•
•

SET32 SELOGIC SET32 := NA

RST32 SELOGIC RST32 := NA

Set
Input

Reset
Input

Output
Contact

Traditional
Latching

Relay

(+)

(–)

LTnSETn

RSTn

(Set)

(Reset) (n = 01 through 32)

Relay
Word
Bits

SELOGIC
Setting
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Latch Bits: 
Nonvolatile State

Power Loss
The states of the latch bits (LT01–LT32) are retained if power to the device is 
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when 
power is lost, it is asserted (LT02 := logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT03 := logical 0) when power is lost, it is 
deasserted (LT03 := logical 0) when power is restored.

Settings Change
If individual settings are changed, the states of the latch bits (Relay Word bits 
LT01 through LT32) are retained, as in the preceding Power Loss on page 4.77 
explanation. If the individual settings change causes a change in SELOGIC 
control equation settings SETn or RSTn (n = 1 through 32), the retained states 
of the latch bits can be changed, subject to the newly enabled settings SETn or 
RSTn.

Make Latch Control Switch Settings With Care
The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of writes for all cumulative latch bit state changes. Exceeding 
the limit can result in a flash self-test failure. An average of 70 cumulative 
latch bit state changes per day can be made for a 25-year device service life.

Settings SETn and RSTn cannot result in continuous cyclical operation of 
latch bit LTn. Use timers to qualify conditions set in settings SETn and RSTn. 
If you use any optoisolated inputs in settings SETn and RSTn, the inputs each 
have a separate debounce timer that can help in providing the necessary time 
qualification.

SELOGIC Control 
Equation Variables/
Timers

Enable the number of SELOGIC control equations necessary for your 
application. Only the enabled SELOGIC control equations appear for settings. 
Each SELOGIC control equation variable/timer has a SELOGIC control 
equation setting input and variable/timer outputs, as shown in Figure 4.49. 
Timers SV01T through SV32T in Figure 4.49 have a setting range of 0.00–
3000.00 seconds. This timer setting range applies to both pickup and dropout 
times (SVnPU and SVnDO, n = 1 through 32).

Figure 4.49 SELOGIC Control Equation Variable/Timers SV01/SV01T–SV32T

You can enter as many as 15 elements per SELOGIC control equation, 
including a total of 14 elements in parentheses (see Table 4.36 for more 
information).

SELOGIC Control 
Equation Operators

Use the Boolean operators to combine values with a resulting Boolean value. 
Edge trigger operators provide a pulse output. Combine the operators and 
operands to form statements that evaluate complex logic. SELOGIC control 
equations are either Boolean type or math type. Because the equals sign (=) is 

SVn SVn

SVnT

SELOGIC Variable/
Timer Input Settings

Relay
Word 
Bits

SVnPU

SVnDO
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already used as an equality comparison, both Boolean type and math type of 
SELOGIC control equation settings begin with an “assignment” operator (:=) 
instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean 
algebra logic, combining Relay Word bits together with one or more of the 
Boolean operators listed in Table 4.36. Math SELOGIC control equation 
settings operate on numerical values, using one or more of the mathematical 
operators listed in Table 4.36. These numerical values can be mathematical 
variables or real numbers.

The relay converts variables from decimal to integer before performing math 
operations, i.e., scales it by multiplying by 128 followed by rounding. After 
the math operations, the relay converts the result back from integer to decimal 
by scaling the value down by 128 before reporting the results. This effectively 
means that math calculations are rounded. See Example 4.21 for an explana-
tion on improving the accuracy of the math operations by managing the pro-
cessing order. 

EXAMPLE 4.21 Improving the Accuracy of Math Operations 

If MV01 : = (60/4160) • 100,000, the relay performs the 60/4160 calculation 
and scales it by 128, then rounds this up to a 2. The relay then multiplies it 
by 100,000 and stores it as 200,000. When the number is reported it 
divides out the scale factor (128) and reports 1562.5.

Alternately, If MV01 := (60 • 100,000) / 4160, the relay multiplies 
(60 • 100,000) and then scales by 128 and then divides by 4160. This result 
is then rounded and stored as 184,615. The relay then divides 184,615 by 128 
and reports 1442.3. 

Example 4.21 illustrates how important it is to avoid calculations where a 
small number is divided by a large number followed by multiplication. It will 
amplify the error significantly. 

The executed result of a math SELOGIC control equation is stored in a math 
variable. The storage format of the math variable is a 32-bit fixed point signed 
integer; 24 bits represent the integer portion, 7 bits represent the fractional 
portion, and one bit represents the sign. The smallest and largest values a math 
variable can represent are –16777215.99 and +16777215.99, respectively. If 
the executed result exceeds these limits, it is clipped at the limit value. For 
example, when the MV01 := executed result is –16777219.00, MV01 is 
-16777215.99. Similarly, when the MV02 := executed result is +16777238.00, 
MV02 is +16777215.99.

Because there are only 7 bits available for the fractional portion, the result of 
multiplication and division with decimals has lower accuracy than one would 
expect with a floating point processor. As illustrated by the results in 
Table 4.35, the results vary from 20 percent at the smallest end of the frac-
tional values to 0.2 percent at the largest. You should use scaling factors 
where possible to avoid the error introduced by the fixed-point processor 
when multiplying and dividing fractional numbers.

Table 4.35 Math Variable Fractional Multiplication Results

MV01 := 0.01 • 10 Result = 0.08 Error = 20%

MV01 := 0.05 • 10 Result = 0.47 Error = 6%

MV01 := 0.1 • 10 Result = 1.02 Error = 2.0%

MV01 := 0.5 • 10 Result = 5.00 Error = 0%

MV01 := 0.99 • 10 Result = 9.92 Error = 0.2%
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You can add comments to both Boolean and math SELOGIC control equations 
by inserting a # symbol. Everything following the # symbol in a SELOGIC 
control equation is treated as a comment. See Table 4.37 for this and other 
Boolean and math operators and values.

Operator Precedence
When you combine several operators and operands within a single expression, 
the SEL-751A evaluates the operators from left to right, starting with the 
highest precedence operators and working down to the lowest precedence. 
This means that if you write an equation with three AND operators, for 
example SV01 AND SV02 AND SV03, each AND will be evaluated from the 
left to the right. If you substitute NOT SV04 for SV03 to make SV01 AND 
SV02 AND NOT SV04, the device evaluates the NOT operation of SV04 first 
and uses the result in subsequent evaluation of the expression.

Parentheses Operator ( )
You can use more than one set of parentheses in a SELOGIC control equation 
setting. For example, the following Boolean SELOGIC control equation setting 
has two sets of parentheses:

SV04 := (SV04 OR IN102) AND (PB01_LED OR RB01)

In the previous example, the logic within the parentheses is processed first and 
then the two parentheses resultants are ANDed together. Use as many as 14 
sets of parentheses in a single SELOGIC control equation setting. The 
parentheses can be “nested” (parentheses within parentheses).

Math Negation Operator (–)
The negation operator – changes the sign of a numerical value. For example:

MV01 := RB01

Table 4.36 SELOGIC Control Equation Operators (Listed in Operator 
Precedence)

Operator Function
Function Type (Boolean and/

or Mathematical)

( ) parentheses Boolean and Mathematical 
(highest precedence)

– negation Mathematical

NOT NOT Boolean

R_TRIG rising-edge trigger/detect Boolean

F_TRIG falling-edge trigger/detect Boolean

*
/

multiply
divide

Mathematical

+
-

add
subtract

Mathematical

<, >, <=, >= comparison Boolean

=
<>

equality
inequality

Boolean

AND AND Boolean

OR OR Boolean (lowest precedence)
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When Remote bit RB01 asserts, Math variable MV01 has a value of 1, i.e., 
MV01 = 1. We can change the sign on MV01 with the following expression:

MV01 := –1 * RB01

Now, when Remote bit RB01 asserts, Math variable MV01 has a value of –1, 
i.e., MV01 = –1.

Boolean NOT Operator (NOT)
Apply the NOT operator to a single Relay Word bit and to multiple elements 
(within parentheses).

An example of a single Relay Word bit is as follows:
SV01 := NOT RB01

When Remote bit RB01 asserts from logical 0 to logical 1, the Boolean NOT 
operator, in turn, changes the logical 1 to a logical 0. In this example, SV01 
deasserts when RB01 asserts.

Following is an example of the NOT operator applied to multiple elements 
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as 
follows:

OUT101 := NOT(RB01 OR SV02)

If both RB01 and SV02 are deasserted (= logical 0), output contact OUT101 
asserts, i.e., OUT101 := NOT(logical 0 OR logical 0) = NOT(logical 0) = 
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay 
Word bits. This allows a simple if/else type equation, as shown in the 
following example.

MV01 := 12 * IN101 + (MV01 + 1) * NOT IN101

The previous equation sets MV01 to 12 whenever IN101 asserts, otherwise it 
increments MV01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG)
Apply the rising-edge operator, R_TRIG, to individual Relay Word bits only; 
you cannot apply R_TRIG to groups of elements within parentheses. When 
any Relay Word bit asserts (going from logical 0 to logical 1), R_TRIG 
interprets this logical 0 to logical 1 transition as a “rising edge” and asserts to 
logical 1 for one processing interval. 

For example, the Boolean SELOGIC control equation event report generation 
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time 
one of IN101 or IN102 asserts. Using these settings, the device triggers a new 
event report each time IN101 or IN102 asserts anew, if the device is not 
already recording an event report. You can use the rising-edge operator with 
the NOT operator as long as the NOT operator precedes the R_TRIG operator. 
The NOT R_TRIG combination produces a logical 0 for one processing 
interval when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG)
Apply the falling-edge operator, F_TRIG, to individual Relay Word bits only; 
you cannot apply F_TRIG to groups of elements within parentheses. The 
falling-edge operator, F_TRIG, operates similarly to the rising-edge operator, 
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but operates on Relay Word bit deassertion (elements going from logical 1 to 
logical 0) instead of Relay Word bit assertion. When the Relay Word bit 
deasserts, F_TRIG interprets this logical 1 to logical 0 transition as a “falling 
edge” and asserts to logical 1 for one processing interval, as shown in 
Figure 4.50.

Figure 4.50 Result of Falling-Edge Operator on a Deasserting Input

You can use the falling-edge operator with the NOT operator as long as the 
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination 
produces a logical 0 for one processing interval when it detects a falling edge 
on the specified element.

Math Arithmetic Operators (*, /, +, and –)
If Relay Word bits (which are effectively Boolean resultants, equal to logical 1 
or logical 0) are used in mathematical operations, they are treated as 
numerical values 0 and 1, depending on if the Relay Word bit is equal to 
logical 0 or logical 1, respectively.

Boolean Comparison Operators (<, >, <=, and >=)
Comparisons are mathematical operations that compare two numerical values, 
with the result being a logical 0 (if the comparison is not true) or logical 1 (if 
the comparison is true). Thus, what starts out as a mathematical comparison 
ends up as a Boolean resultant. For example, if the output of a math variable 
exceeds a certain value, an output contact is asserted:

OUT103 := MV01 > 8

If the math variable (MV01) is greater than 8, output contact OUT103 asserts 
(OUT103 = logical 1). If the math variable (MV01) is less that or equal to 8, 
output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality (=) and Inequality (<>) Operators
Equality and inequality operators operate similarly to the comparison 
operators. These are mathematical operations that compare two numerical 
values, with the result being a logical 0 (if the comparison is not true), or 
logical 1 (if the comparison is true). Thus, what starts out as a mathematical 
comparison, ends up as a Boolean resultant. For example, if the output of a 
math variable is not equal to a certain value, an output contact is asserted:

OUT102 := MV01 <> 45

If the math variable (MV01) is not equal to 45, output contact OUT102 asserts 
(effectively OUT102 := logical 1). If the math variable (MV01) is equal to 45, 
output contact OUT102 deasserts (effectively OUT102 := logical 0). The 
following table shows other operators and values that you can use in writing 
SELOGIC control equations.

F_TRIG IN101

IN101

Falling Edge

One Processing Interval
One Processing Interval
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Timers Reset When 
Power Lost or 
Settings Changed

If the device loses power or settings change, the SELOGIC control equation 
variables/timers reset. Relay Word bits SVn and SVnT (n = 01–32) reset to 
logical 0 after power restoration or a settings change. Figure 4.51 shows an 
effective seal-in logic circuit, created by the use of Relay Word bit SV07 
(SELOGIC control equation variable SV07) in SELOGIC control equation 
SV07:

SV07 = (SV07 OR OUT101) AND (OUT102 OR OUT401)

Figure 4.51 Example Use of SELOGIC Variables/Timers

SV/Timers Settings The SEL-751A includes 32 SELOGIC variables. Table 4.38 shows the pickup, 
dropout, and equation settings for SV01 and SV02. The remaining SELOGIC 
variables have the same default settings as SV02.

Table 4.37 Other SELOGIC Control Equation Operators/Values

Operator/
Value

Function
Function Type 

(Boolean and/or 
Mathematical)

0 Set SELOGIC control equation directly to logical 0 
(XXX := 0)

Boolean

1 Set SELOGIC control equation directly to logical 1 
(XXX := 1)

Boolean

# Characters entered after the # operator are not 
processed and deemed as comments

Boolean and 
Mathematical

\ Indicates that the preceding logic should be 
continued on the next line (“\” is entered only at the 
end of a line)

Boolean and 
Mathematical

SV06PU

SV06D0

SV07PU

SV07D0

SV06

SV07

OUT101

OUT102

OUT103

OUT401

OUT101

OUT102

OUT401

Table 4.38 SELOGIC Variable Settings (Sheet 1 of 2)

Setting Prompt Setting Range Default Settings

SV TIMER PICKUP 0.00–3000.00 SV01PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV01DO := 0.00

SV INPUT SELOGIC SV01 := WDGTRIP OR 
BRGTRIP OR OTHTRIP OR 
AMBTRIP OR (27P1T OR 
27P2T) AND NOT LOP

SV TIMER PICKUP 0.00–3000.00 SV02PU := 3.00

SV TIMER DROPOUT 0.00–3000.00 SV02DO := 0.00

SV INPUT SELOGIC SV02 := PB02

SV TIMER PICKUP 0.00–3000.00 SV03PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV03DO := 0.00

SV INPUT SELOGIC SV03 := LT03
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The pickup times of 0 for the SV03PU and SV04PU settings shown 
previously provide an immediate close and trip actions from front-panel 
pushbuttons. For a delayed close, set SV03PU to the necessary delay. 
Similarly, set SV04PU for a delayed trip action. See Table 8.4 for more detail.

Counter Variables SELOGIC counters are up- or down-counting elements, updated every 
processing interval.

Each counter element consists of one count setting, four control inputs, two 
digital outputs, and one analog output. Figure 4.52 shows Counter 01, the first 
of 32 counters available in the device.

Figure 4.52 Counter 01

Digital output SC01QD asserts when the counter is at position zero, and 
Digital output SC01QU asserts when the counter reaches the programmable 
count value. Use the reset input (SC01R) to force the count to zero, and the 
analog output (SCnn) with analog comparison operators. Table 4.39 describes 
the counter inputs and outputs, and Table 4.40 shows the order of precedence 
of the control inputs.

SV TIMER PICKUP 0.00–3000.00 SV04PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV04DO := 0.00

SV INPUT SELOGIC SV04 := LT04

SV TIMER PICKUP 0.00–3000.00 SV05PU := 0.25

SV TIMER DROPOUT 0.00–3000.00 SV05DO := 0.25

SV INPUT SELOGIC SV05 := (PB02 OR LT03 OR 
LT04) AND NOT SV05T

•
•
•

•
•
•

•
•
•

SV TIMER PICKUP 0.00–3000.00 SV32PU := 0.00

SV TIMER DROPOUT 0.00–3000.00 SV32DO := 0.00

SV INPUT SELOGIC SV32 := NA

Table 4.38 SELOGIC Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range Default Settings

Table 4.39 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD Active High Input Load counter with the preset value to assert the out-
put (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCnLD pulsed. 
This Preset Value is the number of counts before the 
output (SCnQU) asserts (follows SELOGIC setting).

NOTE: These counter elements 
conform to the standard counter 
function block #3 in IEC 1131-3 First 
Edition 1993-03 International 
Standard for Programmable 
controllers—Part 3: Programming 
languages.

NOTE: If setting SCnnCD is set to NA, 
the entire counter nn is disabled.

NOTE: If setting SCnnCU is set to NA, 
the counter counts downwards only.

NOTE: SELOGIC counters will be reset 
to zero if the relay loses power as the 
counters are stored in volatile 
memory.

SC01PV

SC01R
SC01LD
SC01CU
SC01CD

Counter 01

SC01QU

SC01QD

SC01

SELOGIC

Output
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Figure 4.53 shows an example of the effects of the input precedence, with 
SC01PV set to 7. The vertical dashed line indicates the relationship between 
SC01CU first being seen as a rising edge and the resultant outputs. This 
indicates that there is no intentional lag between the control input asserting 
and the count value changing. Most of the pulses in the diagram are on every 
second processing interval. The “one processing interval” valley is an example 
where the CD and CU pulses are only separated by one processing interval.

Figure 4.53 Example of the Effects of the Input Precedence

SCnnCU Rising-Edge Input Count Up increments the counter (follows SELOGIC 
setting).

SCnnCD Rising-Edge Input Count Down decrements the counter (follows 
SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)

SCnnQU Active High Output This Q Up output asserts when the Preset Value 
(maximum count) is reached (SCn = SCnPV, n = 01 
to 32).

SCnnQD Active High Output This Q Down output asserts when the counter is 
equal to zero (SCn = 0, n = 01 to 32).

SCnn Output Value This counter output is an analog value that can be 
used with analog comparison operators in a 
SELOGIC control equation and viewed through use 
of the COU command.

Table 4.40 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnLD

3 SCnnCU

4 SCnnCD

Table 4.39 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SC01QU
SC01QD

Relay
Word
Bits

SC01R

SC01LD

SC01CU

SC01CD

SELOGIC

Settings

SC01PV = 7

Setting

SC01

Analog

= Sample

One Processing Interval

Two Processing Intervals
6
5
4
3
2
1
0
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The shaded areas illustrate the precedence of the inputs:

➤ When SC01R is asserted, the SC01LD input is ignored.

➤ When SC01R or SC01LD is asserted, rising edges on the 
SC01CU or SC01CD inputs are ignored.

➤ When input SC01CU has a rising edge, a rising edge on 
SC01CD is ignored (unless SC01 is already at the maximum 
value SC01PV (= 7), in which case SC01CU is ignored, and the 
SC01CD is processed). An example of this exception appears 
in the previous diagram, just before the “one processing 
interval” notation.

A maintained logical 1 state on the SC01CU or SC01CD inputs is ignored 
(after the rising edge is processed). A rising edge received on the SC01CU or 
SC01CD inputs is ignored when the SC01R or SC01LD inputs are asserted.

A maintained logical 1 on the SC01CU or SC01CD inputs does not get treated 
as a rising edge when the SC01R or SC01LD input deasserts.

The same operating principles apply for all of the counters: SC01–SCmm, 
where mm = the number of enabled counters. When a counter is disabled by 
setting, the present count value is forced to 0 (SCnn := 0), causing Relay Word 
bit SCnnQD to assert (SCnnQD := logical 1), and Relay Word bit SCnnQU to 
deassert (SCnnQU := logical 0).

Output Contacts

The SEL-751A provides the ability to use SELOGIC control equations to map 
protection (trip and warning) and general-purpose control elements to the 
outputs. In addition, you can enable fail-safe output contact operation for relay 
contacts on an individual basis.

Table 4.41 Control Output Equations and Contact Behavior Settings

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y, N OUT101FS := Y

OUT101 SELOGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUT102FS := N

OUT102 SELOGIC OUT102 := CLOSE

OUT103 FAIL-SAFE Y, N OUT103FS := N

OUT103 SELOGIC OUT103 := TRIP

•
•
•

•
•
•

•
•
•

OUT301 FAIL-SAFE Y, N OUT301FS := N

OUT301 SELOGIC OUT301 := 0

OUT302 FAIL-SAFE Y, N OUT302FS := N

OUT302 SELOGIC OUT302 := 0

OUT303 FAIL-SAFE Y, N OUT303FS := N

OUT303 SELOGIC OUT303 := 0

OUT304 FAIL-SAFE Y, N OUT304FS := N

OUT304 SELOGIC OUT304 := 0

NOTE: When an output contact is not 
used for a specific function you must 
set the associated SELOGIC control 
equation to either 0 or 1. 

NOTE: Four digital outputs for Slot C 
(OUT301–OUT304) are shown. The 
outputs for Slot D (OUT401–OUT404) 
and Slot E (OUT501–OUT504) have 
similar settings.
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If the contact fail-safe is enabled, the relay output is held in its energized 
position when relay control power is applied. The output falls to its de-
energized position when control power is removed. Contact positions with de-
energized output relays are indicated on the relay chassis and in Figure 2.13 
and Figure 2.14.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately 
connected (see Figure 2.17), the breaker is automatically tripped when relay 
control power fails.

MIRRORED BITS 
Transmit SELOGIC 
Control Equations

See Appendix I: MIRRORED BITS Communications and SEL-751A Settings 
Sheets for details.

Global Settings (SET G Command)
General Settings

The phase rotation setting tells the relay your phase labeling standard. Set 
PHROT equal to ABC when B-phase current lags A-phase current by 120 
degrees. Set PHROT equal to ACB when B-phase current leads A-phase 
current by 120 degrees.

Figure 4.54 Phase Rotation Setting

Set the FNOM setting equal to your system nominal frequency. The DATE_F 
setting allows you to change the relay date presentation format to the North 
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/Year).

The METHRES setting governs how various metering functions behave when 
the metered value is smaller than a fixed threshold. Refer to Small Signal Cut-
off for Metering on page 5.12 for more details.

Table 4.42 General Global Settings

Setting Prompt Setting Range Setting Name := Factory Default

PHASE ROTATION ABC, ACB PHROT := ABC

RATED FREQ. 50, 60 Hz FNOM := 60

DATE FORMAT MDY, YMD, DATE_F := MDY

MET CUTOFF THRES Y, N METHRES := Y

FAULT CONDITION SELOGIC FAULT := 50G1P OR 50N1P OR 
51P1P OR 51QP OR 50Q1P OR TRIP

B

C

A

C

PHROT = ABC

A

PHROT = ACB

B
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Set the SELOGIC control equation FAULT to temporarily block maximum and 
minimum metering, energy metering, and demand metering.

Event Messenger 
Points

You can configure the SEL-751A to automatically send ASCII message on a 
communications port when the trigger condition is satisfied. Use the SET P 
command to set PROTO := EVMSG on the necessary port to select the port. 
This feature is designed to send messages to the SEL-3010 Event Messenger, 
but you can use any device capable of receiving ASCII messages.

Set EMP to enable the necessary number of message points.

Set each of MPTRxx (xx = 01–32) to the necessary Relay Word bits, the rising 
edge of which defines the trigger condition.

MPAQxx is an optional setting and you can use it to specify an Analog 
Quantity to be formatted into a single message, as described next.

Use MPTXxx to construct the message you want. Note that by default the 
relay adds the analog quantity value, if specified, at the end of the message, 
rounded to the nearest integer value (see Example 4.22).

EXAMPLE 4.22 Setting MPTXxx Using the Default Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157

Location and resolution of the analog quantity value within the message 
can be specified by using “%.pf”, 

where
% defines location of the value
p defines number of digits (as many as 6, defaults to 6 if 
omitted)
f indicates floating point value (use %d if nearest whole 
number is necessary)

Table 4.43 Event Messenger Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

EVE MSG PTS ENABL N, 1–32 EMP := N

MESSENGER POINT 
MP01 TRIGGER

Off, 1 Relay Word bit MPTR01 := OFF

MESSENGER POINT 
MP01 AQ

None, 1 analog quantity MPAQ01 := NONE

MESSENGER POINT 
MP01 TEXT

148 characters MPTX01 := 

•
•
•

•
•
•

•
•
•

MESSENGER POINT 
MP32 TRIGGER

Off, 1 Relay Word bit MPTR32 := OFF

MESSENGER POINT 
MP32 AQ

None, 1 analog quantity MPAQ32 := NONE

MESSENGER POINT 
MP32 TEXT

148 characters MPTX32 :=
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EXAMPLE 4.23 Setting MPTXxx With a Specified Location of 
Analog Quantity

MPTX01 := THE LOAD CURRENT IS %.2f AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157.44 
AMPERES

MPTX01 := THE LOAD CURRENT IS %d AMPERES
MPAQ01 value = 157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157 
AMPERES

Multiple Settings 
Groups

SEL-751A Relays have three independent settings groups. Each settings 
group has complete relay settings and protection SELOGIC settings. The active 
settings group can be: 

➤ Viewed on the front-panel LCD using the MAIN > Set/Show > 
Active Group menus, as shown in Figure 8.20.

➤ Viewed using the SEL ASCII serial port GROUP command, as 
described in Table 7.20.

➤ Selected using the SEL ASCII serial port GROUP n command 
described in Table 7.20.

➤ Selected using SELOGIC control equation settings SS1 through 
SS3, as shown in Table 4.44.

If SELOGIC control equations SS1–SS3 are defined and evaluate to logical 1, 
they have priority over the GROUP n command to select the active settings 
group. If the SELOGIC control equations are defined but evaluate to logical 0, 
or if they are not defined, the GROUP n command can be used to select the 
active settings group.

Active Settings Group Indication
Only one settings group can be active at a time. Relay Word bits SG1 through 
SG4 indicate the active settings group. For example, if settings Group 3 is the 
active settings group, Relay Word bit SG3 is asserted to logical 1 and Relay 
Word bits SG1 and SG2 are deasserted to logical 0.
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Active Settings Group Selection Via SELOGIC Control Equations
The Global settings class contains the SELOGIC control equation settings SS1 
through SS3, as shown in Table 4.44.

As an example of how these settings operate, assume that the active settings 
group is settings Group 3. The corresponding Relay Word bit, SG3, is asserted 
to logical 1 to indicate that settings Group 3 is the active settings group.

When settings Group 3 is the active settings group, setting SS3 has priority. If 
setting SS3 is asserted to logical 1, settings Group 3 remains the active 
settings group, regardless of the activity of settings SS1 or SS2. If settings SS1 
through SS3 all deassert to logical 0, settings Group 3 remains the active 
settings group.

If the active settings Group 3 SELOGIC control equation SS3 deasserts to 
logical 0 and one of the other settings (e.g., SS1) asserts to logical 1, the relay 
switches the active settings group from settings Group 3 to one of the other 
settings groups (e.g., settings Group 1) after the qualifying time setting TGR 
(Global setting).

In this example, if multiple SSn assert after SS3 deasserts to logical 0, the 
order of switching follows the first SSn that is set in a priority order of 1 
through 3.

Active Settings Group Changes
The relay is disabled for less than one second while it processes the active 
settings group change. Relay elements, timers, and logic are reset, unless 
otherwise indicated in the specific logic description. For example, local bit 
(LB01–LB32), remote bit (RB01–RB32), and latch bit (LT01–LT32) states 
are retained during an active settings group change. The output contacts do not 
change state until the relay enables in the new settings group and the SELOGIC 
control equations are processed to determine the output contact status for the 
new group. After a group change, an automatic message is shown on the front 
panel and sent to any serial port that has setting AUTO := Y.

Active Setting: Nonvolatile State
Power Loss

The active settings group is retained if power to the relay is lost and then 
restored. If a settings group is active (e.g., settings Group 3) when power is 
lost, the same settings group is active when power is restored.

Settings Change
If individual settings are changed for the active settings group or one of the 
other settings groups, the active settings group is retained, much like in the 
preceding explanation. If individual settings are changed for a settings group 
other than the active settings group, there is no interruption of the active 

Table 4.44 Setting Group Selection

Setting Prompt Setting Range
Setting Name := 
Factory Default

GRP CHG DELAY 0–400 sec TGR := 3

SELECT GROUP1 SELOGIC SS1 := 1

SELECT GROUP2 SELOGIC SS2 := 0

SELECT GROUP3 SELOGIC SS3 := 0
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settings group, so the relay is not momentarily disabled. If the individual 
settings change causes a change in one or more SELOGIC control equation 
settings SS1–SS3, the active settings group can be changed, subject to the 
newly enabled SS1–SS3 settings.

Synchrophasor Measurement
The SEL-751A Relay provides Phasor Measurement Control Unit (PMCU) 
capabilities when connected to an IRIG-B time source. See Appendix H: 
Synchrophasors for the description and Table H.1 for the settings.

Time and Date Management Settings
The SEL-751A supports several methods of updating the relay time and date. 
For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor 
applications, refer to Appendix H: Synchrophasors for the description and 
Table H.1 for the settings. For SNTP applications, refer to Simple Network 
Time Protocol (SNTP) on page 7.13. For time update from a DNP Master, see 
Time Synchronization on page D.10.

Table 4.45 shows the time and date management settings that are available in 
the Global settings.

Table 4.45 Time and Date Management Settings 

Setting Description Setting Range
Setting Name := 
Factory Default

IRIG-B Control Bits Definition NONE, C37.118 IRIGC := NONE

Offset From UTC –24.00 to 24.00 hours, 
rounds up to nearest 0.25 
hour

UTC_OFF := 0.00

Month To begin DST OFF, 1–12 DST_BEGM := OFF

Week Of The Month To Begin DST 1–3, L DST_BEGW := 2

Day Of The Week To Begin DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_BEGD := SUN

Local Hour To Begin DST 0–23 DST_BEGH := 2

Month To End DST 1–12 DST_ENDM := 11

Week Of The Month To End DST 1–3, L DST_ENDW := 1

Day Of The Week To End DST SUN, MON, TUE, WED, 
THU, FRI, SAT, SUN

DST_ENDD := SUN

Local Hour To End DST 0–23 DST_ENDH := 2
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IRIGC IRIGC defines whether IEEE C37.118 control bit extensions are in use. 
Control bit extensions contain information such as Leap Second, UTC time, 
Daylight Savings Time, and Time Quality. When your satellite-synchronized 
clock provides these extensions, your relay will be able to adjust the 
synchrophasor time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Coordinated 
Universal Time (UTC) 
Offset Setting

The SEL-751A has a Global setting UTC_OFF, settable from –24.00 to 24.00 
hours, in 0.25-hour increments. The relay also uses the UTC_OFF setting to 
calculate local (relay) time from the UTC source when configured for Simple 
Network Time Protocol (SNTP) updating via Ethernet. When a time source 
other than SNTP is updating the relay time, the UTC_OFF setting is not 
considered because the other time sources are defined as local time.

Automatic Daylight-
Saving Time Settings

The SEL-751A can automatically switch to and from daylight-saving time, as 
specified by the eight Global settings DST_BEGM through DST_ENDH. The 
first four settings control the month, week, day, and time that daylight-saving 
time shall commence, while the last four settings control the month, week, 
day, and time that daylight-saving time shall cease.

Once configured, the SEL-751A will change to and from daylight-saving time 
every year at the specified time. Relay Word bit DST asserts when daylight-
saving time is active.

The SEL-751A interprets the week number settings DST_BEGW and 
DST_ENDW (1–3, L = Last) as follows:

➤ The first seven days of the month are considered to be in 
week 1.

➤ The second seven days of the month are considered to be in 
week 2.

➤ The third seven days of the month are considered to be in 
week 3.

➤ The last seven days of the month are considered to be in 
week “L”.

This method of counting the weeks allows easy programming of statements 
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a 
month. As an example, consider the following settings:

With these example settings, the relay will enter daylight-saving time on the 
last Sunday in March at 0200 h, and leave daylight-saving time on the third 
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when 
DST is active.

When an IRIG-B time source is being used, the relay time follows the IRIG-B 
time, including daylight-saving time start and end, as commanded by the time 
source. If there is a discrepancy between the daylight-saving time settings and 
the received IRIG-B signal, the relay follows the IRIG-B signal.

DST_BEGM = 3 DST_ENDM = 10

DST_BEGW = L DST_ENDW = 3

DST_BEGD = SUN DST_ENDD = WED

DST_BEGH = 2 DST_ENDH = 3
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When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting 
IRIGC = C37.118), the relay automatically populates the DST Relay Word bit, 
regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC = NONE), the 
relay only populates the DST Relay Word bit of the daylight-saving time 
settings are properly configured.

Simple Network Time 
Protocol (SNTP)

The SEL-751A PORT 1 (Ethernet Port) supports the SNTP Client protocol. See 
Section 7: Communications, Simple Network Time Protocol (SNTP) on 
page 7.13 for a description and Table 7.4 for the settings.

Breaker Failure Setting

The SEL-751A provides flexible breaker failure logic (see Figure 4.55). In the 
default breaker failure logic, assertion of Relay Word bit TRIP starts the BFD 
timer if the sum of positive-sequence and negative-sequence currents exceed 
0.02 • INOM. If the current remains greater than the threshold for BFD delay 
setting, Relay Word bit BFT will assert. Use the BFT to operate an output 
relay to trip appropriate backup breakers.

Changing the BFI and/or 52ABF settings can modify the default breaker 
failure logic.

➤ Set BFI = R_TRIG TRIP AND NOT IN102 if input IN102 is 
manual trip only and breaker failure initiation is unnecessary 
when the tripping is caused by this input.

➤ Set 52ABF = Y if you want the breaker failure logic to detect 
failure of breaker/contactor auxiliary contact to operate during 
the trip operation as defined by the BFI setting.

Figure 4.55 Breaker Failure Logic

Table 4.46 Breaker Failure Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

52A INTERLOCK Y, N 52ABF := N

BK FAILURE DELAY 0.00–2.00 sec BFD := 0.50

BK FAIL INITIATE SELOGIC BFI := R_TRIG TRIP

52ABF =  Y

BFI

Setting
52A

0.02 • INOM

|I1| + |I2|

BFD

0

Relay
Word
Bit

BFT

Relay
Word
Bit



4.93

Date Code 20220610 Instruction Manual SEL-751A Relay

Protection and Logic Functions
Arc-Flash Protection

Arc-Flash Protection
The SEL-751A offers advanced arc-flash protection capability aimed at 
minimizing the hazards associated with high energy arc (faults) in metal-
enclosed and metal-clad switchgear. The system supports four fiber-optic light 
sensors capable of detecting the high energy arc-flash events and tripping the 
breaker within milliseconds of the fault. Light sensors are supervised with an 
instantaneous overcurrent element offering enhanced security against false 
trips. Each of the four sensors can be routed to multiple tripping outputs by 
using SELOGIC control equations, offering ultimate flexibility in creating 
multiple protection zones (breaker truck cabinet, bus, PT cubicle etc.).

SEL-751A arc-flash protection is exceptionally fast. Typical relay operating 
times are in the order of 2–5 ms when equipped with the optional fast hybrid 
(high-speed) output card. With standard, electromechanical outputs, tripping 
time increases to 7–13 ms. Fault clearing time will typically be longer, determined 
by the breaker operating time, which often adds three to five cycles. 

This system supports two distinct types of fiber-optic light sensors. The first 
type is the omnidirectional point sensor optimized for installation in 
individual switchgear compartments. The second sensor is the clear-jacketed fiber 
loop sensor optimized for protection of long, distributed resources, such as the 
switchgear bus compartment. A loopback-based attenuation measurement method 
supervises both types of sensors and you can use them interchangeably on each 
of the four light inputs. Refer to Application Guide AG2011-01: Using the 
SEL-751 and SEL-751A for Arc-Flash Detection for more details.

Arc-Flash 
Overcurrent Elements 
(50PAF, 50NAF)

Table 4.47 shows the settings for the arc-flash instantaneous overcurrent 
elements. Two elements are provided; the three-phase overcurrent element 
50PAF and the neutral overcurrent element 50NAF. 

The arc-flash overcurrent elements use raw A/D converter samples, with the 
sampling rate of 16 samples per cycle. Individual samples are compared with 
the setting threshold as shown in Figure 4.56, followed by a security counter 
requiring that two samples in a row exceed the setting threshold. Although 
both elements operate on instantaneous current values, additional scaling is 
applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural 
tendency to “overreach” under high harmonic load conditions. To avoid 
unintended element pickup, Arc-flash trip level 50PAFP should be set at least 
2 times the expected maximum load. Temporary activation of the arc-flash 
overcurrent element during inrush / load pickup conditions is expected and 
will normally be taken into account by the arc-flash “light based” supervision.

Table 4.47 Arc-Flash Overcurrent Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

AF PH OC TRP LVL OFF, 0.50–100.00 Aa

a For INOM = 5 A (Phase and Neutral respectively).

50PAFP := OFF

 0.10–20.00 Ab

b For INOM = 1 A (Phase and Neutral respectively).

AF N OC TRP LVL OFF, 0.50–100.00 Aa 50NAFP := OFF

 0.10–20.00 Ab
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Figure 4.56 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-
Overlight Elements 
(TOL1 through TOL4)

The SEL-751A Relay offers four fiber-optic light sensor inputs. Each input is 
associated with one inverse time-over light element offering enhanced security 
coupled with exceptionally fast operation. Shape of the inverse time 
characteristic is fixed offering robust rejection of unrelated light events 
without adding unnecessary settings. Table 4.48 shows the arc-flash time-
overlight element settings. 

Each sensor channel has a user-selectable sensor type (NONE, POINT, or 
FIBER) representing the type of sensor installed. Keyword POINT represents 
a point sensor, while the keyword FIBER represents a clear-jacketed fiber loop 
sensor.

TOL Pickup parameter makes it possible to set the individual light threshold 
levels for each of the 4 sensors. Pickup level is expressed in the percent of full 
scale, which is directly related to the light intensity level measured by the 
sensor.

When necessary, channel sensitivity can be compared to a light intensity level 
expressed in lux, as shown in Table 4.49. However, light sensitivity is 
associated with fiber length (which is installation dependent), TOL element 
settings are expressed as a percentage of the available A/D converter range.

2

16

50PAF

Relay
Word
Bit

50NAF

Relay
Word
Bit

2

16

2

16

IA Sample

IB Sample

IC Sample

Setting 50PAFP
Scaled to

Equivalent Sample

2

16

IN Sample

Setting 50NAF
Scaled to

Equivalent Sample

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

SENSOR 1 TYPE NONE, POINT, FIBER AFSENS1 := NONE

TOL 1 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL1P := 3.0

SENSOR 2 TYPE NONE, POINT, FIBER AFSENS2 := NONE

TOL 2 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL2P := 3.0

SENSOR 3 TYPE NONE, POINT, FIBER AFSENS3 := NONE

TOL 3 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL3P := 3.0

SENSOR 4 TYPE NONE, POINT, FIBER AFSENS4 := NONE
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The default processing interval in the SEL-751A is 1/4 of the power system 
cycle. However, to obtain a faster arc-flash protection you can select as many 
as two outputs that will be processed every 1/16 of a power system cycle. Use 
the setting AOUTSLOT to select these outputs. For instance, if Slot C is 
selected (AOUTSLOT := 301_2) the SELOGIC control equations OUT301 and 
OUT302 will be processed at the 1/16 of a cycle rate. To get the fastest 
possible operate time, use the contacts selected by the AOUTSLOT setting for 
tripping. 

Figure 4.57 shows the TOL element logic diagram. 

Figure 4.57 Inverse Time-Overlight Element Logic

Figure 4.58 shows the inverse time-overlight element curve shape. The 
element uses 32 samples per cycle data, processed 16 times per cycle. TOL 
element algorithm ensures that the light must be present for a minimum of two 
samples, regardless of the light level. It also ensures that for low light levels, 
element operation cannot be delayed for more than 1/4 of a power system cycle.

TOL 4 PICKUP 3.0–80.0%a

0.6–80.0%b
TOL4P := 3.0

AFD OUTPUT SLOT 101_2, 301_2, 401_2 AOUTSLOT := 101_2

a Setting range with point sensor.
b Setting range with fiber sensor.

Table 4.48 Arc-Flash Time-Overlight Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

PU: 0

DO: 1 cycle

ITOL2

LS2

Setting
TOL2P

TOL2

PU: 0

DO: 1 cycle

ITOL1

LS1

Setting
TOL1P

TOL1

PU: 0

DO: 1 cycle

ITOL3

LS3

Setting
TOL3P

TOL3

PU: 0

DO: 1 cycle

ITOL4

LS4

Setting
TOL4P

TOL4
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Figure 4.58 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element
Given the critical nature of the arc-flash protection function, it is 
recommended that you set the element based on the ambient light level. This 
approach guarantees maximum sensitivity coupled with the fastest tripping 
time.

Typical ambient light levels are shown in Table 4.49. It is easy to see that the 
arc-flash event significantly exceeds virtually all illumination levels normally 
found in a substation environment. The only exception is exposure to direct 
sunlight, which can easily reach or exceed arc-flash TOL element setting 
thresholds. 

TOL Pickup is typically set based on the ambient light level. Ambient light is 
continuously measured and can be easily displayed by using the front-panel 
METER > Light Intensity menu as well as MET L command. Set the TOL 
pickup to the least possible light intensity level but greater than the highest-
expected ambient light intensity level at each light-sensor installation. 

Arc-flash protection, in general, requires both the measuring of an overcurrent 
(50PAF) and the detection of light (TOLn). The output logic should in most 
cases be the AND of the 50PAF and TOLn outputs. In applications where 
intermittent loss of load can be tolerated (non critical loads), it may be 
necessary to operate without overcurrent element supervision 
(OUTxxx := TOLn), relying only on the light detection element instead of 
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Table 4.49 Typical Ambient Illumination Light Levels

Light Level Example

50 lux Living room

80 lux Brightly lit room

500 lux Brightly lit office

1,000 lux TV studio

>20,000 lux Direct sunlight

20,000 to >1,000,000 lux Arc-flash eventa

a A. D. Stokes, D. K. Sweeting, "Electric Arc Burn Hazards", IEEE Transactions on industry 
applications, Vol. 42, No. 1. January/February 2006.
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having the overcurrent element (50PAF) supervise the light element (TOLn) in 
the output logic (OUTxxx := 50PAF AND TOLn). This approach offers fastest 
tripping times, but is less secure (can be tripped with the light input only).

Output Logic 
Programming

As stated earlier, arc-flash protection involves detecting an overcurrent as well 
as light (arc). Location of the light sensors and source(s) of the arc energy 
must also be considered in developing the trip output logic. If the relay detects 
both signals simultaneously, it is desirable to trip the “source breaker(s).”

The Relay Word bits for arc-flash protection (see Figure 4.56 and Figure 4.57) 
are:

50PAF, 50NAF, TOL1, TOL2, TOL3, and TOL4

As described earlier, you select two output contacts for high-speed processing 
by setting AOUTSLOT appropriately. The high-speed contact should be used 
for arc-flash tripping instead of the default OUT103 shown in Table 4.41. Also 
to ensure all the advantages of the trip logic (trip seal-in, event report trigger, 
etc.) the arc-flash trip should be included in the trip equation TR (see 
Table 4.27 and Figure 4.33 for detail).

NOTE: The high-speed outputs 
selected by AOUTSLOT setting being 
Form A, cannot be used in fail safe 
mode and should be disabled (set 
OUTxxxFS := N).

To get additional speed select the fast hybrid output option card (4DI/4DO). 
This card contains trip duty rated solid state output contacts, which will 
operate within 50 µs (as much as 8 ms faster than the standard 
electromechanical outputs).
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EXAMPLE 4.24 Output Logic Programming Example 1

SEL-751A applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of the 
source breaker and output contacts in Slot 3 are selected for high-speed 
processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N 
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3) OR TRIP
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2 OR TOL3)

EXAMPLE 4.25 Output Logic Programming Example 2

SEL-751A applied at the radial feeder breaker.

Assume light sensors LS1 and LS2 are located downstream, LS3 is located 
upstream of the feeder breaker, and output contacts in Slot 3 are selected 
for the high speed processing (AOUTSLOT := 301_2).

Set:
OUT301FS := N, OUT302FS := N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR … OR (50PAF OR 50NAF) AND (TOL1 OR 
TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 does 
not include overcurrent element supervision. When necessary, this 
supervision should be added by upstream relay(s). For instance, you can 
do the following:

➤ Connect OUT302 of breaker 2 relay to drive IN302 of the 
breaker 1 relay

➤ Add IN302 to the OR string of TOLn in both OUT301 and TR 
equations of breaker 1 relay.

You can use MIRRORED BITS instead of IN302 for faster operation if 
necessary. 

Analog Inputs
The SEL-751A tracks the power system frequency and samples the analog 
inputs four times per power system cycle. For analog inputs, set the following 
parameters for each input:

➤ Analog type

➤ High and low input levels

➤ Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the 
device, the setting prompt adapts to the x and y variables shown in 
Figure 4.59. Variable x displays the slot position (3 through 5), and variable y 
displays the transducer (analog) input number (1 through 4 or 8).

Figure 4.59 Analog Input Card Adaptive Name

Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input

AIx0y
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Analog Input 
Calibration Process

In the analog input circuit, the dominant error is signal offset. To minimize the 
signal offset, we adjust each of the device analog input channels by a 
compensation factor. These compensation factors correct the signal offset 
errors to within ±1 uA or ±1 mV.

Signal offset compensation factor calculation procedure:

Step 1. Turn the SEL-751A on and allow it to warm up for a few 
minutes.

Step 2. Set the analog inputs for each analog channel to the necessary 
range by using the AIxxxTYP, AIxxxL, AIxxxH, AIxxxEL, and 
AIxxxEH settings (e.g., ±1 mA).

Step 3. Short each analog input in turn at the device terminals by using 
short, low resistance leads with solid connections.

Step 4. Issue the command MET AI 10 to obtain 10 measurements for 
each channel.

Step 5. Record these 10 measurements, then calculate the average of 
the 10 measurements by adding the 10 values algebraically, and 
dividing the sum by 10. This is the average offset error in 
engineering units at zero input (for example, –0.014 mA).

Step 6. Negate this value (flip the sign) and add the result to each of the 
AIxxxEL and AIxxxEH quantities. For this example, the new 
AIxxxEL and AIxxxEH values are –0.986 mA and 1.014 mA.

Analog Input Setting 
Example

Assume we installed an analog card in Slot 3. On Input 1 of this analog card, 
we connect a 4–20 mA transducer driven from a device that measures 
temperature on a transformer load tap changer mechanism. For this 
temperature transducer, 4 mA corresponds to –50°C, and 20 mA corresponds 
to 150°C. You have already installed the correct hardware jumper (see 
Figure 2.3 for more information) for Input 1 to operate as a current input. At 
power up, allow approximately five seconds for the SEL-751A to boot up, 
perform self-diagnostics, and detect installed cards.

Table 4.50 summarizes the steps and describes the settings we will carry out in 
this example.

Table 4.50 Summary of Steps (Sheet 1 of 2)

Step Activity Terse Description

General 1 SET G 
AI301NAM

Access settings for INPUT 1

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current

Transducer 
High/Low 
Output

4 4 Enter transducer low output (LOW IN VAL)

5 20 Enter transducer high output (HI IN VAL)

Level 6 Degrees C Enter Engineering unit

7 –50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH
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NOTE: The AIx0yNAM setting cannot 
accept the following and will issue the 
Invalid Element message:
Analog Quantities
Duplicate Names
Other AI Names

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go 
directly to the setting for Slot 3, Input 1. Although the device accepts 
alphanumeric characters, the name for the AIx0yNAM setting must begin with 
an alpha character (A through Z) and not a number. The device displays the 
following prompt:

AI301 TAG NAME (8 Characters)   AI301NAM:= AI301 ?

Use the Instrument Tag Name to give the analog quantity a more descriptive 
name. This tag name appears in reports (EVENT, METER, and SUMMARY) 
instead of the default name of AI301. SELOGIC

 control equations, Signal 
Profiles, and Fast Message Read use the default names. Use as many as eight 
valid tag name characters to name the analog quantity. Valid tag name 
characters are: 0–9, A–Z, and the underscore (_). For this example, we assign 
TX_TEMP as the tag name.

Because this is a 4–20 mA transducer, enter I <Enter> (for current-driven 
device) at AI301TYP, the next prompt (enter V if this is a voltage-driven 
device). The next two settings define the lower level (AI301L) and the upper 
level (AI301H) of the transducer. In this example, the low level is 4 mA and 
the high level is 20 mA.

AI301 TYPE  (I,V)                AI301TYP:= I  ?

NOTE: Because the SEL-751A 
accepts current values ranging from
–20.48 to 20.48 mA, be sure to enter 
the correct range values.

The next three settings define the applicable engineering unit (AI301EU), the 
lower level in engineering units (AI301EL) and the upper level in engineering 
units (AI301EH). Engineering units refer to actual measured quantities, i.e., 
temperature, pressure, etc. Use the 16 available characters to assign 
descriptive names for engineering units. Because we measure temperature in 
this example, enter “degrees C” (without quotation marks) as engineering 
units. Enter –50 <Enter> for the lower level and 150 <Enter> for the upper level.

With the levels defined, the next six settings provide two warning settings and 
one alarm setting for low temperature values, as well as two warning settings 
and one alarm setting for high temperature values. State the values in 
engineering units, not the setting range of the transducer. Note the difference 
between low warnings and alarm functions and high warnings and alarm 
functions: low warnings and alarm functions assert when the measured value 
falls below the setting; high warnings and alarm functions assert when the 
measured values exceed the setting. 

In this example, we measure the oil temperature of a power transformer, and we 
want the following three actions to take place at three different temperature values:

➤ At 65°C, start the cooling fans

➤ At 95°C, send an alarm

➤ At 105°C, trip the transformer

Low Warning/
Alarm

9 OFF Enter LOW WARNING 1 value

10 OFF Enter LOW WARNING 2 value

11 OFF Enter LOW ALARM value

High Warning/
Alarm

12 65 Enter HIGH WARNING 1 value

13 95 Enter HIGH WARNING 2 value

14 105 Enter HIGH ALARM value

Table 4.50 Summary of Steps (Sheet 2 of 2)

Step Activity Terse Description
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Because we are only interested in cases when the temperature values exceed 
their respective temperature settings (high warnings and alarm functions), we 
do not use the low warnings and alarm functions. Therefore, set the lower 
values (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher 
values as shown in Figure 4.60. Set inputs connected to voltage-driven 
transducers in a similar way.

Analog (DC 
Transducer) Input 
Board

Table 4.51 shows the setting prompt, setting range, and factory-default 
settings for an analog input card in Slot 3. For the name setting (AI301NAM, 
for example), enter only alphanumeric and underscore characters. Characters 
are not case sensitive, but the device converts all lowercase characters to 
uppercase. Although the device accepts alphanumeric characters, the name 
AI301NAM setting must begin with an alpha character (A–Z) and not a 
number.

=>>SET G AI301NAM TERSE <Enter>
Global
AI 301 Settings
AI301 TAG NAME (8 characters)
AI301NAM:= AI301
? TX_TEMP <Enter>
AI301 TYPE (I,V)                               AI301TYP:= I        ? <Enter> 
AI301 LOW IN VAL (-20.480 to 20.480 mA)        AI301L  := 4.000    ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA)         AI301H  := 20.000   ? <Enter>
AI301 ENG UNITS (16 characters)
AI301EU := mA
? degrees C <Enter>
AI301 EU LOW (-99999.000 to 99999.000)         AI301EL := 4.000    ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000)          AI301EH := 20.000   ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF      ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF      ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)   AI301LAL:= OFF      ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF      ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF      ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000)   AI301HAL:= OFF      ? 115 <Enter>
AI 302 Settings
AI302 TAG NAME (8 characters)
AI302NAM:= AI302
? END  <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.60 Settings to Configure Input 1 as a 4–20 mA Transducer 
Measuring Temperatures Between –50°C and 150°C

Table 4.51 Analog Input Card in Slot 3 (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

AI301 TAG NAME 8 characters 0–9, A–Z, _ AI301NAM := AI301

AI301 TYPE I, V AI301TYP := I

AI301 LOW IN VAL –20.480 to +20.480 mA AI301L := 4.000

AI301 HI IN VAL –20.480 to +20.480 mA AI301H := 20.000

AI301 LOW IN VAL –10.240 to +10.240 V AI301L := 0.000a

AI301 HI IN VAL –10.240 to +10.240 V AI301H := 10.000a

AI301 ENG UNITS 16 characters AI301EU := mA

AI301 EU LOW –99999.000 to +99999.000 AI301EL := 4.000

AI301 EU HI –99999.000 to +99999.000 AI301EH := 20.000

AI301 LO WARN 1 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO WARN 2 OFF, –99999.000 to +99999.000 AI301LW1 := OFF

AI301 LO ALARM OFF, –99999.000 to +99999.000 AI301LAL := OFF
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Analog Outputs
If an SEL-751A configuration includes the four analog inputs and four analog 
outputs (4 AI/4 AO) card, the analog outputs are allocated to output numbers 
1-4. Figure 4.61 shows the x and y variable allocation for the analog output 
card.

Figure 4.61 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the 
analog quantity we assign to Analog Output 1 (when set to OFF, the device 
hides all associated AOx0y settings and no value appears on the output). You 
can assign any of the analog quantities listed in Appendix K: Analog 
Quantities.

Table 4.52 shows the setting prompt, setting range, and factory-default 
settings for an analog card in Slot 3.

Example In this example, assume that we want to display in the control room the analog 
quantity (refer to Appendix K: Analog Quantities) IA_MAG, Phase A Current 
Magnitude in Primary Amps (0 to 3000 A range) during use of a –20 to 
+20 mA Analog Output channel. We install an analog input/output card in 

AI301 HI WARN 1 OFF, –99999.000 to +99999.000 AI301HW1 := OFF

AI301 HI WARN 2 OFF, –99999.000 to +99999.000 AI301HW2 := OFF

AI301 HI ALARM OFF, –99999.000 to +99999.000 AI301HAL := OFF

a Voltage setting range for a voltage transducer, i.e., when AI301TYP := V

Table 4.51 Analog Input Card in Slot 3 (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.52 Output Setting for a Card in Slot 3

Setting Prompt Setting Range
Setting Name := 
Factory Default

AO301 ANALOG QTY Off, 1 analog quantity AO301AQ := OFF

AO301 TYPE I, V AO301TYP := I

AO301 AQTY LO –2147483647.000 to
+2147483647.000

AO301AQL := 4.000

AO301 AQTY HI –2147483647.000 to
+2147483647.000

AO301AQH := 20.000

AO301 LO OUT VAL –20.480 to +20.480 mA AO301L := 4.000

AO301 HI OUT VAL –20.480 to +20.480 mA AO301H := 20.000

AO301 LO OUT VAL –10.240 to +10.240 V AO301L := 0.000a

a Voltage setting range for a voltage transducer, i.e., when AO301TYP := V

AO301 HI OUT VAL –10.240 to +10.240 V AO301H := 10.000a

Output Number (1 through 4)
Slot Position (3 through 5)
Analog Output

AOx0y

NOTE: The SEL-751A hides the 
following settings with default values 
when you use a 3 DI/4 DO/1 AO card:

AOxx1TYP := I
AOxx1L := 4.000
AOxx1H := 20.000
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Slot C (SELECT 4 AI/ 4 AO) and set the card channel AO301, as shown in 
Figure 4.62. Note that the AO301 channel has to be configured as a “current 
analog output” channel (refer to Figure 2.4 through Figure 2.6). 

The display instrument expects –20 mA when the IA_MAG current is 0 
amperes primary and +20 mA when it is 3000 amperes primary.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in Slot E of the relay. 
Refer to Station DC Battery Monitor on page 5.13 for a detailed description 
and Table 5.8 for settings.

Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. Refer to Breaker Monitor on page 5.18 for a detailed description 
and Table 5.10 for settings.

Digital Input Debounce
To comply with different control voltages, the SEL-751A offers dc debounce 
as well as ac debounce modes. Therefore, if the control voltage is dc, select 
the dc mode of operation, and if the control voltage is ac, select the ac mode of 
operation. In general, debounce refers to a qualifying time delay before 
processing the change of state of a digital input. Normally, this delay applies 
to both the processing of the debounced input when used in device logic, as 
well as to the time stamping in the SER. Following is a description of the two 
modes.

=>>SET G AO301AQ TERSE <Enter>
Global
AO 301 Settings
AO301 ANALOG QTY (OFF, 1 analog quantity)
AO301AQ := OFF
? IA_MAG <Enter>
AO301 TYPE (I,V)                               AO301TYP:= I         ? <Enter>
AO301 AQTY LO (-2147483647.000 to 2147483647.000)
                                               AO301AQL:= 4.000     ? 0 <Enter>
AO301 AQTY HI (-2147483647.000 to 2147483647.000)
                                               AO301AQH:= 20.000    ? 3000 <Enter>
AO301 LO OUT VAL (-20.480 to 20.480 mA)        AO301L  := 4.000     ? -20<Enter>
AO301 HI OUT VAL (-20.480 to 20.480 mA)        AO301H  := 20.000    ? 20<Enter>
AO 302 Settings
AO302 ANALOG QTY (OFF, 1 analog quantity)
AO302AQ := OFF
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.62 Analog Output Settings
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DC Mode Processing 
(DC Control Voltage)

Figure 4.63 shows the logic for the dc debounce mode of operation. To select 
the dc mode of debounce, set IN101D to any number between 0 and 65000 
ms. In the figure, Input IN101 becomes IN101R (internal variable), after 
analog-to-digital conversion. On assertion, IN101R starts Debounce Timer, 
producing Relay Word bit IN101 after the debounce time delay. The debounce 
timer is a pickup/dropout combination timer, with debounce setting IN101D 
applying to both pickup (pu) and dropout (do) timers, i.e., you cannot set any 
timer individually. For example, a setting of IN101D = 20 ms delays 
processing of the input signal by 20 ms (pu) and maintains the output of the 
timer (do) for 20 ms. Relay Word bit IN101 is the output of the debounce 
timer. If you do not want to debounce a particular input, still use Relay Word 
bit IN101 in logic programming, but set the debounce time delay to 0 
(IN101D = 0).

Figure 4.63 DC Mode Processing

AC Mode Processing 
(AC Control Voltage)

Figure 4.64 shows IN101R from Input IN101 applied to a pickup/dropout 
timer. Different from the dc mode, there are no time settings for the debounce 
timer in the ac mode: the pickup time delay is fixed at 2 ms, and the dropout 
time is fixed at 16 ms. Relay Word bit IN101 is the output of the debounce 
timer. To select the ac mode of debounce, set IN101D = AC.

Figure 4.64 AC Mode Processing

Figure 4.65 shows a timing diagram for the ac mode of operation. On the 
rising edge of IN101R, the pickup timer starts timing (points marked 1 in 
Figure 6.10). If IN101R deasserts (points marked 2 in Figure 6.10) before 
expiration of the pickup time setting, Relay Word bit IN101 does not assert, 
and remains at logical 0. If, however, IN101R remains asserted for a period longer 
than the pickup timer setting, then Relay Word bit IN101 asserts to a logical 1.

pu

do

IN101

Relay
Word
Bit

Input IN101
IN101RAnalog/Digital 

Converter

Debounce Timer

2 ms

16 ms
IN101

Relay
Word
Bit

IN101R

Debounce Timer
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Figure 4.65 Timing Diagram for Debounce Timer Operation When Operating 
in AC Mode

Deassertion follows the same logic. On the falling edge of IN101R, the 
dropout timer starts timing. If IN101R remains deasserted for a period longer than 
the dropout timer setting, then Relay Word bit IN101 deasserts to a logical 0.

Table 4.53 shows the settings prompt, setting range, and factory-default 
settings for a card in Slot C. See the SEL-751A Settings Sheets for a complete 
list of input debounce settings.

T

Data Reset

Table 4.53 Slot C Input Debounce Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

IN301 Debounce AC, 0–65000 ms IN301D := 10

IN302 Debounce AC, 0–65000 ms IN302D := 10

IN303 Debounce AC, 0–65000 ms IN303D := 10

IN304 Debounce AC, 0–65000 ms IN304D := 10

IN305 Debounce AC, 0–65000 ms IN305D := 10

IN306 Debounce AC, 0–65000 ms IN306D := 10

IN307 Debounce AC, 0–65000 ms IN307D := 10

IN308 Debounce AC, 0–65000 ms IN308D := 10

IN101R

2 ms

IN101R Deasserted;
DDOT Counts

IN101R Deasserted;
DDOT Counts

Dropout Time
(16 ms)

Debounce Dropout 
Timer Expires; 
Relay Word Bit 
IN101 Deasserts

Debounce Pickup 
Timer Expires; 
Relay Word Bit 
IN101 Asserts

IN101R Asserted;
DPUT Counts

IN101R Asserted;
DPUT counts

Relay Word
Bit IN101

1

2

1 1 1 1 1

2 2 2 2 2

DPUT = Debounce Pickup Timer
DDOT = Debounce Dropout Timer
1 = Rising Edge: DPUT Counts
2 = Falling Edge: DDOT Counts

Setting Prompt Setting Range
Setting Name := 
Factory Default

RESET TARGETS SELOGIC RSTTRGT := 0

RESET ENERGY SELOGIC RSTENRGY := 0

RESET MAX/MIN SELOGIC RSTMXMN := 0

RESET DEMAND SELOGIC RSTDEM := 0

RESET PK DEMAND SELOGIC RSTPKDEM := 0
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The RSTTRGT setting resets the trip output and front-panel TRIP LED, 
provided there is no trip condition present. See Figure 4.33 for more details. 
The RSTENRGY and RSTMXMN settings reset the Energy and Max/Min 
Metering values respectively. You should assign a contact input (for example, 
RSTTRGT := IN401) to each of these settings if you want remote reset. The 
RSTDEM and RSTPKDEM settings reset demand and peak-demand. See 
Figure 4.44 for the demand current logic diagram.

Access Control
The DSABLSET setting defines conditions for disabling all setting changes 
from the front-panel interface. To disable setting changes from the front-panel 
interface, assign, for example, a contact input (e.g., DSABLSET := IN402) to 
the DSABLSET setting. When Relay Word bit DSABLSET asserts, you can 
view the device settings from the front-panel interface, but you can only 
change settings through the use of serial port commands. Table 4.54 shows the 
settings prompt, setting range, and factory-default settings.

Use the BLOCK MODBUS SET setting to block relay settings changes via 
Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

Time Synchronization Source
The SEL-751A accepts a demodulated IRIG-B time signal. Table 4.55 shows 
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when 
you use relay terminals B01/B02 or EIA-232 serial PORT 3 for the time signal 
input. When you use fiber-optic PORT 2 for the signal, set the 
TIME_SRC := IRIG2. Refer to IRIG-B Time-Code Input on page 2.21 and 
IRIG-B on page 7.6 for additional information.

Table 4.54 Setting Change Disable Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISABLE SETTINGS SELOGIC DSABLSET := 0

BLOCK MODBUS SET NONE, R_S, ALL BLKMBSET := NONE

NOTE: DSABLSET does not disable 
the setting changes from the serial 
ports.

Table 4.55 Time-Synchronization Source Setting

Setting Prompt Setting Range
Setting Name := 
Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC := IRIG1
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Port Settings (SET P Command)
The SEL-751A provides settings that allow you to configure the parameters 
for the communications ports. See Section 2: Installation for a detailed 
description of port connections. On the base unit: PORT F (front panel) is an 
EIA-232 port; PORT 1 is an optional Ethernet port(s); PORT 2 is an optional 
fiber-optic serial port; and PORT 3 (rear) is optionally an EIA-232 or EIA-485 
port. On the optional communications card, you can select PORT 4 as either 
EIA-485 or EIA-232 (not both) with the COMMINF setting. See Table 4.56 
through Table 4.61 for the port settings, also see appropriate Appendix for 
additional information on the protocol (DNP, MODBUS, IEC-61850, 
DeviceNet, Synchrophasors, and MIRRORED BITS) of interest.

PORT F

PORT 1

Table 4.56 Front-Panel Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, EVMSG, PMU PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.57 Ethernet Port Settings (Sheet 1 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

IP ADDRESS zzz.yyy.xxx.www IPADDR := 192.168.1.2

SUBNET MASK 15 characters SUBNETM := 255.255.255.0

DEFAULT ROUTER 15 characters DEFRTR := 192.168.1.1

Enable TCP Keep-Alive (Y, N) ETCPKA := Y

TCP Keep-Alive Idle Range 1–20 sec KAIDLE := 10

TCP Keep-Alive Interval 
Range

1–20 sec KAINTV := 1

TCP Keep-Alive Count 
Range

1–20 KACNT := 6

FAST OP MESSAGES Y, N FASTOP := N

OPERATING MODE FIXED, FAILOVER, 
SWITCHED

NETMODE := FAILOVER

FAILOVER TIMEOUT 0.10–65.00 sec FTIME := 1.00

PRIMARY NETPORT A, B NETPORT := A

IMPORTANT: Upon relay initial 
power up or PORT 1 setting changes 
or Logic setting changes, you may 
have to wait as long as two minutes 
before an additional setting change 
can occur. Note that the relay is 
functional with protection enabled, as 
soon as the ENABLED LED comes ON 
(about 5—10 seconds from power up).

NOTE: FAST OP messages setting 
only takes effect when using SEL Fast 
Operate protocol to operate/set/pulse 
Breaker bits and Remote bits. It has 
no effect on Modbus, DNP or IEC 
61850 protocols.
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Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot 
be used for more than one protocol. The relay checks all the settings shown in 
the following table before saving changes. If a port number is used more than 
once, or if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the 
relay displays an error message and returns to the first setting that is in error or 
that contains a duplicate value.

NETWRK PORTA SPD AUTO, 10, 100 Mbps NETASPD := AUTO

NETWRK PORTB SPD AUTO, 10, 100 Mbps NETBSPD := AUTO

ENABLE TELNET Y, N ETELNET := Y

TELNET PORT 23, 1025–65534 TPORT := 23

TELNET TIME OUT 1–30 min TIDLE := 15

ENABLE FTP Y, N EFTPSERV := Y

FTP USER NAME 20 characters FTPUSER := FTPUSER

Enable IEC 61850 Protocol Y, N E61850 := N

Enable IEC 61850 GSE Y, N EGSE := N

Enable Modbus Sessions 0–2 EMOD := 0

Modbus TCP Port 1 1–65534 MODNUM1 := 502

Modbus TCP Port 2 1–65534 MODNUM2 := 502

Enable DNP Sessiona 0–3 EDNP := 0

Modbus Timeout 1 15–900 sec MTIMEO1 := 15

Modbus Timeout 2 15–900 sec MTIMEO2 := 15

a See Table D.7 for a complete list of the DNP3 session settings.

Table 4.57 Ethernet Port Settings (Sheet 2 of 2)

Setting Prompt Setting Range
Setting Name := 
Factory Default

Table 4.58 Port Number Settings That Must be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a

a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error 
message if this number matches with the port numbers of other protocols.

Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
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PORT 2

PORT 3

PORT 4

Table 4.59 Fiber-Optic Serial Port Settings 

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIME-OUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.60 Rear-Panel Serial Port (EIA-232) Settings

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, DNP, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) Settings (Sheet 1 of 2)

Setting Prompt Setting Range Setting Name := 
Factory Default

ENABLE PORT Y, N EPORT := Y

PROTOCOL SEL, MOD, DNET, DNP, EVMSG, 
PMU, MBA, MBB, MB8A, MB8B, 
MBTA, MBTB

PROTO := SEL

COMM INTERFACE 232, 485 COMMINF := 232

SPEED 300–38400 bps SPEED := 9600

DATA BITS 7, 8 bits BITS := 8

PARITY O, E, N PARITY := N

NOTE: For additional settings when 
PROTO := MBxx, see Table I.5 as well 
as MIRRORED BITS Transmit SELOGIC 
Control Equations on page SET.25.
For additional settings when 
PROTO := DNP, see Table D.7 for a 
complete list of the DNP3 session 
settings.
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Set the speed, data bits, parity, and stop bits settings to match the serial port 
configuration of the equipment that is communicating with the serial port.

After Port Timeout minutes of inactivity on a serial port at Access Level 2, the 
port automatically returns to Access Level 0. This security feature helps 
prevent unauthorized access to the relay settings if the relay is accidentally left 
in Access Level 2. If you do not want the port to time out, set Port Timeout 
equal to 0 minutes.

Set PROTO := SEL (standard SEL ASCII protocol), MOD (Modbus RTU 
protocol), or one of the MIRRORED BITS protocols, as necessary for your 
application. For detailed information, refer to Appendix C: SEL 
Communications Processors, Appendix E: Modbus Communications, and 
Appendix I: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see 
Appendix I: MIRRORED BITS Communications for more information). With this 
option set, the relay transmits a message every second processing interval and 
the device deasserts the RTS signal on the EIA-232 connector. Also, the 
device monitors the CTS signal on the EIA-232 connector, which the modem 
deasserts if the channel has too many errors. The modem uses the device RTS 
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in 
use.

Set the AUTO := Y to allow automatic messages at a serial port.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. If 
you want to enable support for hardware (RTS/CTS) flow control, set the 
RTSCTS setting equal to Y.

Set FASTOP := Y to enable binary Fast Operate messages at the serial port. 
Set FASTOP := N to block binary Fast Operate messages. Refer to 
Appendix C: SEL Communications Processors for the description of the 
SEL-751A Fast Operate commands.

Set PROTO := DNET to establish communications when you use the 
DeviceNet card. Table 4.62 shows the additional settings, which you can set 
only at the rear on the DeviceNet card. Once the relay detects the DeviceNet 
card, all PORT 4 settings are hidden. Refer to Appendix G: DeviceNet 
Communications for details on DeviceNet.

STOP BITS 1, 2 bits STOP := 1

PORT TIMEOUT 0–30 min T_OUT := 5

SEND AUTOMESSAGE Y, N AUTO := N

HDWR HANDSHAKING Y, N RTSCTS := N

FAST OP MESSAGES Y, N FASTOP := N

MODBUS SLAVE ID 1–247 SLAVEID := 1

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0–63

Table 4.61 Rear-Panel Serial Port (EIA-232/EIA-485) 

Setting Prompt Setting Range Setting Name := 
Factory Default
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Front-Panel Settings (SET F Command)
General Settings Local bits provide control from the front panel (local bits), and display points 

display selected information on the LCD display. However, you need to first 
enable the appropriate number of local bits and display points necessary for 
your application. When your SEL-751A arrives, four display points are 
already enabled, but no local bits are enabled. If more display points are 
necessary for your application, use the EDP setting to enable as many as 32 
display points. Use the ELB setting to enable as many as 32 local bits.

To optimize the time you spend on setting the device, only the number of 
enabled display points and enabled local bits become available for use. Use 
the front-panel LCD time-out setting FP_TO as a security measure. If the 
display is within an Access Level 2 function when a time-out occurs, such as 
the device setting entry, the function is automatically terminated (without 
saving changes) after inactivity for this length of time. After terminating the 
function, the front-panel display returns to the default display. If you prefer to 
disable the front-panel time-out function during device testing, set the LCD 
time-out equal to OFF. Use the front-panel LCD contrast setting FP_CONT to 
adjust the contrast of the liquid crystal display. Use the front-panel auto-
message setting FP_AUTO to define displaying of Trip/Warning message. Set 
FP_AUTO either to Override or add to the Rotating display when the relay 
triggers a Trip/Warning message. Set RSTLED := Y to reset the latched LEDs 
automatically when the breaker or contactor closes.

Display Points Use display points to view either the state of internal relay elements (Boolean 
information) or analog information on the LCD display. Although the LCD 
screen displays a maximum of 16 characters at a time, you can enter as many 
as 60 valid characters. Valid characters are 0–9, A–Z, -, /, ", {, }, space. For 
text exceeding 16 characters, the LCD displays the first 16 characters, then 
scrolls through the remaining text not initially displayed on the screen.

ASA 8 Hex characters assigned by factory

DN_Rate 125, 250, 500 kbps

Table 4.62 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

Table 4.63 Display Point and Local Bit Default Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DISPLAY PTS ENABL N, 1–32 EDP := 4

LOCAL BITS ENABL N, 1–32 ELB := N

Table 4.64 LCD Display Settings

Setting Prompt Range Default

LCD TIMEOUT OFF, 1–30 min FP_TO := 15

LCD CONTRAST 1–8 FP_CONT := 5

FP AUTOMESSAGES OVERRIDE, ROTATING FP_AUTO := OVERRIDE

CLOSE RESET LEDS Y, N RSTLED := Y

NOTE: The rotating display is 
updated approximately every two 
seconds.
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Boolean Display Point Entry Composition
Boolean information is the status of Relay Word bits (see Appendix J: Relay 
Word Bits). In general, the legal syntax for Boolean display points consists of 
the following four fields or strings, separated by commas:

Relay Word Bit Name, “Alias”, “Set String”, “Clear String”.

Any or all of Alias, Set String, or Clear String can be empty. Although the 
relay accepts an empty setting Name as valid, a display point with an empty 
Name setting is always hidden (see following). Commas are significant in 
identifying and separating the four strings. Use quotation marks only if the 
text you enter for Alias, Set String, or Clear String contains commas or spaces. 
For example, DP01 = Name,Text is valid, but Name, Alias 3 is not valid 
(contains a space). Correct the Alias name by using the quotation marks: 
Name, “Text 3”. You can customize the data display format by entering data in 
selected strings only. Table 4.65 shows the various display appearances 
resulting from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n = 01 
through 32 and XX = any valid setting), but nothing shows on the front-panel 
display. Table 4.65 shows examples of settings that always, never, or 
conditionally hide a display point.

Following are examples of selected display point settings, showing the 
resulting front-panel displays. For example, at a certain station we want to 
display the status of both HV and LV circuit breakers of Transformer 1. When 
the HV circuit breaker is open, we want the LCD display to show: TRFR 1 HV 

where:

Name =  Relay Word bit name (IN101, for example). All binary 
quantities occupy one line on the front-panel display (all 
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as 
TRANSFORMER 3), or the analog quantity (such as 
TEMPERATURE).

Set String = State what should be displayed on the LCD when the 
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the 
Relay Word bit is deasserted (OPEN, for example)

Table 4.65 Settings That Always, Never, or Conditionally Hide a Display Point

Programmable Automation Controller Setting Name Alias Set String Clear String Comment

DP01 := IN101,TRFR1,CLOSED,OPEN IN101 TRFR1 CLOSED OPEN Never hidden

DP01 := IN101,TRFR1 IN101 TRFR1 — — Never hidden

DP01 := NA — — — — Always hidden

DP01 := IN101,,, IN101 — — — Always hidden

DP01 := IN101,TRFR1,, IN101 TRFR1 — — Always hidden

DP01 := IN101,TRFR1,CLOSED, IN101 TRFR1 CLOSED — Hidden when IN101 is 
deasserted

DP01 := IN101,"TRFR 1",,OPEN IN101 TRFR 1 — OPEN Hidden when IN101 is 
asserted
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BRKR: OPEN, and when the HV circuit breaker is closed, we want the display to 
show: TRFR 1 HV BRKR: CLOSED. We also want similar displays for the LV 
breaker. 

After connecting a form a (normally open) auxiliary contact from the HV 
circuit breaker to Input IN101 and a similar contact from the LV circuit breaker 
to Input IN102 of the SEL-751A, we are ready to program the display points, 
using the following information for the HV breaker (LV breaker similar):

➤ Relay Word bit—IN101

➤ Alias—TRFR 1 HV BRKR:

➤ Set String—CLOSED (the form a [normally open] contact 
asserts or sets Relay Word bit IN101 when the circuit breaker is 
closed)

➤ Clear String—OPEN (the form a [normally open] contact 
deasserts or clears Relay Word bit IN101 when the circuit 
breaker is open)

Name, Alias, Set String, and Clear String
When all four strings have entries, the relay reports all states. 

Figure 4.66 shows the settings for the example, using the SET F command. 
Use the > character to move to the next settings category.

Figure 4.67 shows the display when both HV and LV breakers are open (both 
IN101 and IN102 deasserted). Figure 4.68 shows the display when the HV 
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still 
deasserted).

Figure 4.67 Front-Panel Display—Both HV and LV Breakers Open

Table 4.66 Entries for the Four Strings

Name Alias Set String Clear String

IN101 TRFR 1 HV BRKR CLOSED OPEN

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := RID,"{16}"
? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := TID,"{16}"
? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? END <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>>

Figure 4.66 Display Point Settings

TRFR 1 HV BRKR:= OPEN
TRFR 1 LV BRKR:= OPEN
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Figure 4.68 Front-Panel Display—HV Breaker Closed, LV Breaker Open

Name String, Alias String, and Either Set String or Clear String Only
The following discusses omission of the Clear String; omission of the Set 
String gives similar results. Omitting the Clear String causes the relay to only 
show display points in the set state, using the SET F command as follows:

When the Relay Word bit IN101 deasserts, the relay removes the complete 
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers 
are closed, the relay has the set state information for both HV and LV 
breakers, and the relay displays the information as shown in Figure 4.69. 
When the HV breaker opens (LV breaker is still closed), the relay removes the 
line containing the HV breaker information because the Clear String 
information was omitted. Because the line containing the HV breaker 
information is removed, the relay now displays the LV breaker information on 
the top line, as shown in Figure 4.70.

Figure 4.69 Front-Panel Display—Both HV and LV Breakers Closed

Figure 4.70 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of 
removing the line altogether, use the curly brackets {} for the Clear String, as 
follows:

When Input IN101 now deasserts, the relay still displays the line with the HV 
breaker information, but the state is left blank, as shown in Figure 4.71.

Figure 4.71 Front-Panel Display—HV Breaker Open, LV Breaker Closed

Name Only
Table 4.67 shows an entry in the Name String only (leaving the Alias string, 
Set String, and Clear String void), using the SET F command as follows:

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= OPEN

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>

DP01    := RID, “{16}”
 ? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

TRFR 1 HV BRKR:= CLOSED
TRFR 1 LV BRKR:= CLOSED

TRFR 1 LV BRKR:= CLOSED

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:= CLOSED

DP01    := RID, “{16}”
 ? IN101 <Enter>
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Figure 4.72 shows the front-panel display for the entry in Table 4.67. Input 
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when 
Input IN101 asserts.

Figure 4.72 Front-Panel Display for a Binary Entry in the Name String Only

Analog Display Point Entry Composition
In general, the legal syntax for analog display points consists of the following 
two fields or strings: 

Name, “User Text and Formatting.”

Unlike binary quantities, the relay displays analog quantities on both display 
lines. Table 4.68 shows an entry in the Name string only (leaving the User 
Text and Formatting string void) with the following syntax:

Figure 4.73 shows the front-panel display for the entry in Table 4.68, using the 
SET F command as follows:

Figure 4.73 Front-Panel Display for an Analog Entry in the 
Name String Only

Table 4.67 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

IN101=0

where:
Name = Analog quantity name (AI301 for example). All analog 

quantities occupy two lines on the front-panel display 
(all binary quantities occupy one line on the display).

User text and
numerical
formatting

= Display the user text, replacing the numerical 
formatting {width.dec,scale} with the value of Name, 
scaled by “scale”, formatted with total width “width” 
and “dec” decimal places. Name can be either an analog
quantity or a Relay Word bit. The width value includes 
the decimal point and sign character, if applicable. The 
“scale” value is optional; if omitted, the scale factor 
is 1. If the numeric value is smaller than the string size 
requested, the string is padded with spaces to the left of 
the number. If the numeric value does not fit within the 
string width given, the string grows (to the left of the 
decimal point) to accommodate the number.

Table 4.68 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

DP01    := RID, “{16}”
 ? AI301 <Enter>

AI301
 5.36 mA
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Name and Alias
For a more descriptive name of the Relay Word bit, enter the Relay Word bit 
in the Name String, and an alias name in User Text and Formatting String. 
Table 4.69 shows a Boolean entry in the Name and Alias Strings (DP01) and 
an entry in the Name and User Text and Formatting Strings (DP02), using the 
SET F command as follows:

Figure 4.74 shows the front-panel display for the entry in Table 4.69. Input 
IN101 is deasserted in this display (0), and the display changes to INPUT 
IN101=1 when Input IN101 asserts.

Figure 4.74 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name and User Text and Formatting Strings

If the engineering units are set, then the front-panel display shows the 
engineering units. For example, in the Group setting example, we set 
AI301EU to degrees C. With this setting, the front-panel display looks similar 
to Figure 4.75.

Figure 4.75 Front-Panel Display for an Entry in (a) Boolean Name and Alias 
Strings and (b) Analog Name, User Text and Formatting Strings, 
and Engineering Units

For fixed text, enter a 1 in the Name String, then enter the fixed text as the 
alias text. For example, to display the word DEFAULT and SETTINGS on two 
different lines, use a display point for each word, i.e., DP01 = 1,“DEFAULT” 
and DP02 = 1,“SETTINGS.” The following table shows other options and 
front-panel displays for the User Text and Formatting settings.

DP01    := RID, “{16}”
 ? IN101,"INPUT IN101:" <Enter>
DP02    := TID, “{16}”
 ? AI301,TEMPERATURE: <Enter>

Table 4.69 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String

IN101 INPUT IN101 — —

AI301 TEMPERATURE — —

INPUT IN101:=0

TEMPERATURE:
        0.024 mA

(a) Boolean

(b) Analog

INPUT IN101:=0

TEMPERATURE:
  0.024 degree C

(a) Boolean

(b) Analog
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Following is an example of an application of analog settings. Assume we also 
want to know the hot-spot temperature, oil temperature, and winding 
temperature of the transformer at a certain installation. To measure these 
temperatures, we have installed an analog card in relay Slot C, and connected 
4–20 mA transducers inputs to analog inputs AI301 (hot-spot temperature), 
AI302 (oil temperature), and AI303 (winding temperature).

First enable enough display points for the analog measurements (e.g. 
EDP = 5). Figure 4.76 shows the settings to add the three transducer 
measurements. (Use the > character to move to the next settings category).

Table 4.70 Example Settings and Displays

Example Display Point Setting Value Example Display

AI301,"TEMP {4}deg C" TEMP 1234 deg C

AI301,"TEMP = {4.1}" TEMP = xx.x

AI301,"TEMP = {5}" TEMP = 1230

AI301,"TEMP={4.2,0.001} C" TEMP = 1.23 C

AI301,"TEMP HV HS1={4,1000}" TEMP HV HS1 = 1234

1,{} Empty line

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 4         ? 5 <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := 1         ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>
Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>
DISPLAY POINT DP02 (60 characters)
DP02    := IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DP03 (60 characters)
DP03    := IAV, "IAV CURR {5} A"
? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04    := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DP05 (60 characters)
DP05    := IA_MAG, "IA {7.1} A pri"
? AI303,"WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved
=>> 

Figure 4.76 Adding Temperature Measurement Display Points
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Rotating Display With more than two display points enabled, the relay scrolls through all 
enabled display points, thereby forming a rotating display, as shown in 
Figure 4.77.

Figure 4.77 Rotating Display

To change the temperature units to more descriptive engineering units, enter 
the necessary units with the AIxxxEU (e.g., AI302EU) setting.

Local Bits Local bits are variables (LBnn, where nn means 01 through 32) that are 
controlled from front-panel pushbuttons. Use local bits to replace traditional 
panel switches. The state of the local bits is stored in nonvolatile memory 
every second. When power to the device is restored, the local bits will go back 
to their states after the device initialization. Each local bit requires three of the 
following four settings, using a maximum of 14 valid characters for the 
NLBnn setting, and a maximum seven valid characters (0–9, A–Z, -, /, ., 
space) for the remainder:

➤ NLBnn: Name the switch (normally the function that the switch 
performs, such as SUPERV SW) that will appear on the LCD 
display.

➤ CLBnn: Clear local bit. Enter the text that describes the 
intended operation of the switch (this text appears on the 
display) when LBnn deasserts (OPEN, for example).

➤ SLBnn: Set local bit. Enter the text that describes the intended 
operation of the switch (this text appears on the display) when 
LBnn asserts (CLOSE, for example).

➤ PLBnn: Pulse local bit. When selecting the pulse operation, 
LBnn asserts for only one processing interval before 
deasserting again. Enter the text that describes the intended 
operation when LBnn asserts (START, for example).

➤ Omit either SLBnn or PLBnn (never CLBnn) by setting the 
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a 
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a 
supervisory switch (SUPERV SW) and we use the clear/set combination. 

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1

HOT SPOT TEMP
xxx.xx degrees C

Screen 2

OIL TEMPERATURE
        0.031 mA

Screen 3

WINDING TEMP
        0.037 mA

Screen 4

TRFR 1 HV BRKR:=
TRFR 1 LV BRKR:=

Screen 1
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Local bit 2 starts a fan motor (START) that only needs a short pulse to seal 
itself in, and we use the clear/pulse combination. Figure 4.78 shows the 
settings to program the two local bits.

Target LED Settings The SEL-751A offers the following two types of LEDs. See Figure 8.1 and 
Figure 8.26 for the programmable LED locations:

➤ Six target LEDs

➤ Eight pushbutton LEDs

Your can program all 14 LEDs through the use of SELOGIC control equations, 
the only difference being that the Target LEDs also include a latch function.

=>>SET F TERSE <Enter>
Front Panel
General Settings
DISPLY PTS ENABL (N,1-32)                      EDP     := 5         ? <Enter>
LOCAL BITS ENABL (N,1-32)                      ELB     := N         ? 2 <Enter>
LCD TIMEOUT (OFF,1-30 min)                     FP_TO   := 15        ? > <Enter>
•
•
•
Target LED Set
TRIP LATCH T_LED (Y,N)                         T01LEDL := Y         ? > <Enter>

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters)
DP01    := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? > <Enter>

Local Bits Labels:
LB_ NAME (14 characters; Enter NA to null)
NLB01   :=
? SPERV SW <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB01   :=
? OPEN <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB01   :=
? CLOSE <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB01   :=
? NA <Enter>

LB_ NAME (14 characters; Enter NA to null)
NLB02   :=
? FAN START <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB02   :=
? OFF <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB02   :=
? NA <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLB02   :=
? START <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.78 Adding Two Local Bits 
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Target LEDs

Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) 
control the six front-panel LEDs. With Tn_LEDL set to Y, the LEDs latch the 
LED state at TRIP assertion. To reset these latched LEDs, the TRIP condition 
should no longer exist and one of the following takes place:

➤ Pressing TARGET RESET on the front panel.

➤ Issuing the serial port command TAR R.

➤ The assertion of the SELOGIC control equation RSTTRGT.

With TnLEDL settings set to N, the LEDs do not latch and directly follow the 
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the Tn_LED SELOGIC control equation settings. When these 
Relay Word bits assert, the corresponding LED also asserts.

Table 4.71 Target LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

TRIP LATCH T_LED Y, N T01LEDL := Y

LED1 EQUATION SELOGIC T01_LED := ORED50T

TRIP LATCH T_LED Y, N T02LEDL := Y

LED2 EQUATION SELOGIC T02_LED := 51AT
OR 51BT OR 51CT OR 51P1T OR 
51P2T

TRIP LATCH T_LED Y, N T03LEDL := Y

LED3 EQUATION SELOGIC T03_LED := 51N1T OR 51G1T OR 
51N2T OR 51G2T

TRIP LATCH T_LED Y, N T04LEDL := Y

LED4 EQUATION SELOGIC T04_LED := 51QT

TRIP LATCH T_LED Y, N T05LEDL := Y

LED5 EQUATION SELOGIC T05_LED := 81D1T OR 81D2T OR 
81D3T OR 81D4T

TRIP LATCH T_LED Y, N T06LEDL := N

LED6 EQUATION SELOGIC T06_LED := (BFT OR T06_LED) 
AND NOT TRGTR

NOTE: If the LED latch setting 
(TnLEDL) is set to Y, and TRIP asserts, 
the LED latches to the state at TRIP 
assertion. The latched LED targets can 
be reset by using TARGET RESET if 
the target conditions are absent.
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Pushbutton LEDs
Enter any of the Relay Word bits (or combinations of Relay Word bits) as 
conditions in the PBp_LED (p = 1A, 1B, . . . 4A, 4B) SELOGIC control 
equation settings. When these Relay Word bits assert, the corresponding LED 
also asserts. The following table shows the setting prompts, settings ranges, 
and default settings for the LEDs.

Report Settings (SET R Command)
The report settings use Relay Word bits for the SER trigger as shown in 
Table 4.74 (see Appendix J: Relay Word Bits for more information).

SER Chatter Criteria The SER includes an automatic deletion and reinsertion function to prevent 
overfilling of the SER buffer with chattering information. Each processing 
interval the relay checks the Relay Word bits in the four SER reports for any 
changes of state. When detecting a change of state, the relay adds a record to 
the SER report containing the Relay Word bit(s), new state, time stamp, and 
checksum (see Section 9: Analyzing Events for more information).

When detecting oscillating SER items, the relay automatically deletes these 
oscillating items from SER recording. Table 4.73 shows the auto-removal 
settings.

Table 4.72 Pushbutton LED Settings 

Setting Prompt Setting Range
Setting Name := 
Factory Default

PB1A_LED EQUATION SELOGIC PB1A_LED := 79RS

PB1B_LED EQUATION SELOGIC PB1B_LED := 79LO

PB2A_LED EQUATION SELOGIC PB2A_LED := NOT LT02 OR SV02 
AND NOT SV02T AND SV05T

PB2B_LED EQUATION SELOGIC PB2B_LED := LT02 OR SV02 AND 
NOT SV02T AND SV05T

PB3A_LED EQUATION SELOGIC PB3A_LED := NOT LT02 AND NOT 
52A

PB3B_LED EQUATION SELOGIC PB3B_LED := 52A OR SV03 AND NOT 
SV03T AND SV05T

PB4A_LED EQUATION SELOGIC PB4A_LED := 0

PB4B_LED EQUATION SELOGIC PB4B_LED := NOT 52A OR SV04 AND 
NOT SV04T AND SV05T

Table 4.73 Auto-Removal Settings

Settings Prompt Setting Range Factory Default

Auto-Removal Enable Y, N ESERDEL := N

Number of Counts 2–20 counts SRDLCNT := 5

Removal Time 0.1–90.0 seconds SRDLTIM := 1.0
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To use the automatic deletion and reinsertion function, proceed with the 
following steps:

Step 1. Set Report setting ESERDEL (Enable SER Delete) to Y to 
enable this function.

Step 2. Select values for the setting SRDLCNT (SER Delete Count) 
and the setting SRDLTIM (SER Delete Time) that mask the 
chattering SER element.

Setting SRDLTIM declares a time interval during which the relay qualifies an 
input by comparing the changes of state of each input against the SRDLCNT 
setting. When an item changes state more than SRDLCNT times in an 
SRDLTIM interval, the relay automatically removes these Relay Word bits 
from SER recording. Once deleted from recording, the item(s) will be ignored 
for the next nine intervals. At the ninth interval, the chatter criteria will again 
be checked and, if the point does not exceed the criteria, it will be 
automatically reinserted into recording at the starting of the tenth interval. You 
can enable or disable the auto-deletion function via the SER settings. Any 
auto-deletion notice entry will be lost during changes of settings. The deleted 
items can be viewed in the SER Delete Report (command SER D—refer to 
Section 7: Communications for additional information).

SER Trigger Lists To capture element state changes in the SER report, enter the Relay Word bit 
into one of the four SER (SER1 through SER4) trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 Relay 
Word bits separated by spaces or commas; the SER report accepts a total of 96 
Relay Word bits. Table 4.74 shows the settings prompt and default settings for 
the four SER trigger equations.

Relay Word Bit 
Aliases

To simplify your review of the information displayed in the SER record, the 
relay provides the Alias setting function. Using the Alias settings, you can 
change the way relay elements listed previously in the SER settings are 
displayed in the SER report. In addition, the Alias settings allow you to 
change the text displayed when a particular element is asserted and deasserted. 
The relay permits as many as 20 unique aliases, as defined by the Enable Alias 
Settings (EALIAS) setting. Factory-default alias settings are shown in 
Table 4.76.

Table 4.74 SERa Trigger Settings

a Use as many as 24 Relay Word elements separated by spaces or commas for each setting.

Setting Prompt Setting Name := Factory Default

SER1 SER1 := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 
PB02 PB03 PB04

SER2 SER2 := CLOSE 52A CC

SER3 SER3 := 81D1T 81D2T

SER4 SER4 := SALARM

Table 4.75 Enable Alias Settings

Setting Prompt Setting Range
Setting Name = 
Factory Default

Enable ALIAS Settings (N, 1–20) N, 1–20 EALIAS = 4
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Define the enabled alias settings by entering the Relay Word bit name, a 
space, the alias you want to use, a space, the text to display when the condition 
asserts, a space, and the text to display when the condition deasserts. 

See Table J.1 for the complete list of Relay Word bits. Use as many as 
15 characters to define the alias, asserted text, and deasserted text strings. You 
can use capital letters (A–Z), numbers (0–9), and the underscore character (_) 
within each string. Do not attempt to use a space within a string because the 
relay will interpret a space as the break between two strings. If you want to 
clear a string, simply type NA.

Event Report Settings

Event reports can be either 15 cycles or 64 cycles in length as determined by 
the LER setting. For LER of 15, the prefault length, PRE, must be in the range 
1–10. The relay can hold as many as seventy-seven 15-cycle event reports or 
nineteen 64-cycle event reports.

Load Profile Settings Use the LDLIST setting to declare the analog quantities you want included in 
the Load Profile Report. Enter as many as 17 analog quantities, separated by 
spaces or commas, into LDLIST setting. See Appendix K: Analog Quantities 
for a list of the available Analog Quantities. Also set the LDAR to the 
necessary acquisition rate for the report.

IMPORTANT: All stored load data 
are lost when you change the LDLIST 
setting.

ALIAS1 = PB01 FP_AUX1 PICKUP DROPOUT

Table 4.76 SET R SER Alias Settings

Setting Prompt
Relay 
Word Bit

Alias
Asserted 
Text

Deasserted 
Text

ALIAS1 := PB01 FP_AUX1 PICKUP DROPOUT

ALIAS2 := PB02 FP_LOCK PICKUP DROPOUT

ALIAS3 := PB03 FP_CLOSE PICKUP DROPOUT

ALIAS4 := PB04 FP_TRIP PICKUP DROPOUT

ALIAS5 –ALIAS20 NA

Table 4.77 Event Report Settings

Setting Prompt Setting Range Setting Name := Factory Default

EVENT TRIGGER SELOGIC ER := R_TRIG 51P1P OR R_TRIG 51G1P 
OR R_TRIG 50P1P OR R_TRIG 50G1P OR 
R_TRIG 51N1P OR R_TRIG CF

EVENT LENGTH 15, 64 cyc LER := 15

PREFAULT LENGTH 1–59 cyc PRE := 5

NOTE: Event report data stored in 
the relay is lost when you change the 
LER setting. You must save the data 
before changing the setting.

Table 4.78 Load Profile Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

LDP LIST NA, as many as 17 analog quantities LDLIST := NA

LDP ACQ RATE 5, 10, 15, 30, 60 min LDAR := 15
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DNP Map Settings (Set DNP n command, n = 1, 2, or 3)

Table 4.79 shows the available settings. See Appendix D: DNP3 
Communications for additional details.

Table 4.79 DNP Map Settingsa 

a See Appendix D: DNP3 Communications for complete list of the DNP Map Labels and factory-
default settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

DNP Binary Input Label Name 10 characters BI_00 := ENABLED

DNP Binary Input Label Name 10 characters BI_01 := TRIP_LED

DNP Binary Input Label Name 10 characters BI_02 := TLED_01

DNP Binary Input Label Name 10 characters BI_03 := TLED_02

•

•

•

•

•

•

•

•

•

DNP Binary Input Label Name 10 characters BI_99 := NA

DNP Binary Output Label Name 10 characters BO_00 := RB01

•

•

•

•

•

•

•

•

•

DNP Binary Output Label Name 10 characters BO_31 := RB32

DNP Analog Input Label Name 24 characters AI_00 := IA_MAG

DNP Analog Input Label Name 24 characters AI_01 := IB_MAG

•

•

•

•

•

•

•

•

•

DNP Analog Input Label Name 24 characters AI_99 := NA

DNP Analog Output Label Name 6 characters AO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Analog Output Label Name 6 characters AO_31 := NA

DNP Counter Label Name 11 characters CO_00 := NA

•

•

•

•

•

•

•

•

•

DNP Counter Label Name 11 characters CO_31 := NA
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Modbus Map Settings (SET M Command)
Modbus User Map Table 4.80 shows the available settings. See Appendix E: Modbus 

Communications for additional details.

Table 4.80 User Map Register Settings a

a See Appendix E: Modbus Communications for Modbus Register Labels and factory-default 
settings.

Setting Prompt Setting Range
Setting Name := 
Factory Default

USER REG#1 NA, 1 Modbus Register Label MOD_001 := 

• • •

• • •

• • •

USER REG#125 NA, 1 Modbus Register Label MOD_125 := 
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Section 5
Metering and Monitoring

Overview
The SEL-751A Feeder Protection Relay includes metering functions to 
display the present values of current, voltage (if included), analog inputs (if 
included), and RTD measurements (with the external SEL-2600 RTD Module 
or an internal RTD card). The relay provides the following methods to read the 
present meter values:

➤ Front-panel rotating display

➤ Front-panel menu

➤ EIA-232 serial ports (using SEL ASCII text commands or 
ACSELERATOR QuickSet  SEL-5030 Software)

➤ Telnet via Ethernet port

➤ Modbus via EIA-485 port or EIA-232 port

➤ Modbus TCP via Ethernet port

➤ DNP3 Serial via EIA-232 port or EIA-485 port

➤ DNP3 LAN/WAN via Ethernet port

➤ DeviceNet port

➤ Analog outputs

➤ IEC 61850 via Ethernet port

➤ C37.118 Synchrophasor Protocol via serial port

Feeder load monitoring and trending are possible through use of the Load 
Profile function. The relay automatically configures itself to save as many as 
17 quantities (selected from the Analog Quantities) every 5, 10, 15, 30, or 60 
minutes. The data are stored in nonvolatile memory. As many as 6500 time 
samples are stored. 

Station DC Battery Monitor is available as an option in the SEL-751A Relay. 
Refer to Station DC Battery Monitor on page 5.13 for description and 
application details.

The Breaker Monitor feature is available in all SEL-751A Relays. Refer to 
Breaker Monitor on page 5.18 for description and application details.
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Power Measurement Conventions

The SEL-751A uses the IEEE convention for power measurement. The 
implications of this convention are depicted in Figure 5.1.

Figure 5.1 Complex Power Measurement Conventions

Metering
The SEL-751A meter data fall into the following categories:

➤ Fundamental metering

➤ Thermal metering: RTD metering (with the external SEL-2600 
RTD Module or an internal RTD option)

➤ Energy metering

➤ Maximum and minimum metering

➤ Math variable metering

➤ RMS metering

➤ Analog transducer input metering

➤ Demand and peak demand metering

➤ Synchrophasor metering

➤ Light metering for arc-flash detection (AFD)

Q+ (VAR)

I leads V
W = –
VAR = –
PF = LAG

I lags V
W = –
VAR = +
PF = LEAD

P+ (W)

I leads V
W = +
VAR = –
PF = LEAD

I lags V
W = +
VAR = +
PF = LAG

Feeder

SEL-751A
Relay

Source
Bus

Direction of
Positive Real Power
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Fundamental 
Metering

Table 5.1 details each of the fundamental meter data types in the SEL-751A. 
Section 8: Front-Panel Operations and Section 7: Communications describe 
how to access the various types of meter data by using the relay front panel 
and communications ports.

All angles are displayed between –180 and +180 degrees. The angles are 
referenced to VAB or VAN (for delta- or wye-connected PT, respectively) or 
IA. If the voltage channels are not supported, or if VAB < 13 V (for delta-
connected PT) or VAN < 13 V (for wye-connected PT), the angles are 
referenced to IA current. Figure 5.2 shows an example of the METER 
command report.

The SEL-751A calculates percent imbalance current in one of two ways, 
depending on the magnitude of the average current. When the average current 
(Iav) is greater than the CT rated current (INOM) the relay calculates the 
percent imbalance as shown in Equation 5.1.

Equation 5.1

Table 5.1 Measured Fundamental Meter Values 

Relay Option Meter Values

All Models Line Currents IA, IB, IC and IN (Core-Balance Ground Fault Current) magnitudes 
(A) and phase angles (deg)

IG (Residual-Ground Fault Current) magnitude (A) and phase angle (deg)

IAV (Average Current Magnitude)

Negative-Sequence Current (3I2)

Current Imbalance %a

System Frequency (Hz)

With Voltage Option (3AVI Card)

(MOT …x71x…)

OR

With Voltage and Arc-Flash Detection Inputs 
Option

(3 AVI/4 AFDI Card)

MOT…x74x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

With Enhanced Voltage Option With 
Monitoring Package (5 AVI Card) 

(MOT …x72x…)

OR

With Enhanced Voltage Option With 
Monitoring, Advanced Metering and 

Protection Packages

(5AVI-A Card)

(MOT …x73x…)

VAB, VBC, VCA or VAN, VBN, VCN, VG magnitudes (V) and phase angles (deg)

Average Voltage (L-L or L-N)
Negative-Sequence (3V2)
Voltage Imbalance %

Real Power (kW)b

Reactive Power (kVAR)b

Apparent Power (kVA)b

Power Factorb

VS (sync check voltage) magnitude (V) and phase angle (deg)

VDC (station battery voltage) (V dc)

a Current Imbalance % = 0 when IAV ≤ 0.25 * INOM. Voltage Imbalance = 0 when VAV ≤ 0.25 * Vnm, where Vnm = VNOM/1.732 when Wye, 
VNOM when Delta.

b Three-phase measurements for DELTA-connected PTs and three-phase and single-phase measurements for WYE-connected PTs.

UBI% 100 Im
Iav
--------•=
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When the average current is less than the INOM current, the relay calculates 
the percent imbalance as shown Equation 5.2.

Equation 5.2

In either case, the UBI% is not calculated if the average phase current 
magnitude is less than 25 percent of the INOM current. Voltage Imbalance % is 
calculated in a similar manner.

The SEL-751A calculates percent imbalance voltage in one of two ways, 
depending on the magnitude of the average voltage. When the average voltage 
(Vav) is greater than the rated voltage (Vnm, where Vnm = VNOM/1.732 
when Wye, VNOM when Delta) the relay calculates the percent imbalance as 
shown in Equation 5.3.

Equation 5.3

When the average voltage is less than Vnm, the relay calculates the percent 
imbalance as shown in Equation 5.4.

Equation 5.4

In either case, the UBV% is not calculated if the average voltage magnitude is 
less than 25% of the Vnm voltage.

where:
UBI% = Current imbalance percentage

Im = Maximum deviation of Iav from highest and lowest 
magnitudes of the phase currents

Iav = Magnitude of the average phase current
INOM = CT rated current

where:
UBV% = Voltage imbalance percentage

Vm = Maximum deviation of Vav from highest and lowest 
magnitudes of the phase voltages

Vav = Magnitude of the average phase voltage
(|VAN| + |VBN| + |VCN|)/3 when Wye;
(|VAB| + |VBC| + |VCA|)/3 when Delta

Vnm = VNOM/1.732 when Wye, VNOM when Delta

UBI% 100 Im
INOM
--------------•=

UBV% 100 Vm
Vav
----------•=

UBV% 100 Vm
Vnm
------------•=
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Thermal Metering The thermal metering function reports the RTD meter values (see Table 5.2 for 
details) and also reports the state of connected RTDs if any have failed (see 
Table 5.3 for details).

 

=>MET <Enter>

SEL-751A                                 Date: 06/04/2008   Time: 09:29:35
FEEDER RELAY                             Time Source: Internal

                              IA       IB       IC       IN       IG
Current Magnitude (A pri.)   2395.3   2390.9   2395.8      0.0     25.7
Current Angle (deg)           -32.5   -152.2     88.3    129.7   -164.3

Ave Curr Mag    (A pri.)     2394.0

Neg-Seq Curr 3I2 (A pri.)       34.5
Current Imb (%)                  0.1

                     VA       VB       VC       VG       VS
Volt Mag (V pri.)  22222.6  22229.8  22237.5    322.9  22002.8
Volt Angle (deg)       0.0   -119.4    121.0   -112.9      1.3

Avg Phase (V pri.)           22230
Neg-Seq Volt 3V2 (V pri.)      326.1
Voltage Imb (%)                  0.0

                           A              B              C             3P
Real Pwr (kW)             44886          44660          44858         134404
Reactive Pwr (kVAR)       28611          28815          28741          86168
Apparent Pwr (kVA)        53229          53149          53276         159654
Pwr Factor                    0.84           0.84           0.84           0.84
                             LAG            LAG            LAG            LAG

Frequency (Hz)   60.0

VDC (V)    125.0

=>>

Figure 5.2 METER Command Report With Enhanced Voltage Option With 
Monitoring Package

NOTE: Calculated phase-to-phase 
voltages for wye-connected PTs are 
available in the analog quantities and 
can be selected as display points. See 
Appendix K: Analog Quantities.

Table 5.2 Thermal Meter Values

Relay Option  Thermal Values

With External SEL-2600 RTD Module or Internal RTD Option All RTD Temperatures

Table 5.3 RTD Input Status Messages

Message  Status

Open RTD leads open

Short RTD leads shorted

Comm Fail Fiber-optic communications to SEL-2600 RTD Module have failed

Stat Fail SEL-2600 RTD Module self-test status failure
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Figure 5.3 provides an example of the METER T command report.

Energy Metering The SEL-751A with the voltage option includes energy metering. Use this 
form of metering to quantify real, reactive, and apparent energy supplied to 
the feeder load. Following are the energy meter values.

➤ MWh3P-OUT—Real 3-phase energy (out of bus, into feeder)

➤ MWh3P-IN—Real 3-phase energy (from feeder into bus)

➤ MVARh3P-OUT—Reactive 3-phase energy (out of bus, into 
feeder)

➤ MVARh3P-IN—Reactive 3-phase energy (from feeder, into 
bus)

➤ MVAh3P—Apparent 3-phase energy

➤ Last date and time of energy meter quantities were reset

Figure 5.4 shows the device response to the METER E command.

To reset energy meter values, issue the METER RE command as shown in 
Figure 5.5.

=>MET T <Enter>                                                                        

SEL-751A                                 Date: 12/05/2008   Time: 17:24:11
FEEDER RELAY                             Time Source: External

Max Winding RTD  NA
Max Bearing RTD  NA
Ambient RTD        52 C
Max Other RTD      41 C

 RTD 1 OTH    -23 C
 RTD 2 OTH      9 C
 RTD 3 OTH     41 C
 RTD 4 AMB     52 C

=>>

Figure 5.3 METER T Command Report With RTDs

=>MET E <Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:43:28
FEEDER RELAY                             Time Source: External

Energy
MWh3P-IN (MWh)            1.325
MWh3P-OUT (MWh)         135.660
MVARh3P-IN (MVArh)        2.231
MVARh3P-OUT (MVArh)       8.627
MVAh3P (MVAh)           135.954

LAST RESET = 11/09/2008 03:54:34

=>

Figure 5.4 Device Response to the METER E Command

=>>MET RE <Enter>
Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete
=>>

Figure 5.5 Device Response to the METER RE Command

NOTE: Energy values rollover after 
99,999.999 MVAh and reset to 0.
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Energy metering values are stored to nonvolatile memory four times per day 
and within one minute of the energy metering values being reset.

Maximum and 
Minimum Metering

Maximum and minimum metering allows you to determine maximum and 
minimum operating quantities such as currents, voltages, power, analog input 
quantities, RTD quantities and frequency. Table 5.4 lists the max/min 
metering quantities.

All maximum and minimum metering values will have the date and time that 
these values occurred. The analog quantities from Table 5.4 are checked 
approximately every 0.5 seconds and, if a new maximum or minimum value 
occurs, this value is saved along with the date and time that the maximum or 
minimum value occurred. Maximum and minimum values are only checked if 
relay element FAULT is deasserted (no fault condition exists) for at least one 
second. 

Additionally, the following minimum thresholds must also be met:

➤ Current values IA, IB, IC, and IN: 3% of the nominal CT rating.

➤ Current value IG: IA, IB, and IC all must exceed their thresholds.

➤ Voltage values (phase and phase-to-phase): 7.5 V and 13 V, 
respectively.

➤ Power values (real, reactive, and apparent): All three currents 
(IA, IB, IC) and all three voltages (VA, VB, VC or VAB, VBC, VCA) 
must exceed their thresholds.

Table 5.4 Maximum/Minimum Meter Values

Relay Option Max/Min Meter Values

Base Model Maximum and minimum line currents IA, IB, IC, and IN 
(core-balance ground fault current) magnitudes (A)

Maximum and minimum IG (residual-ground fault current) 
magnitude (A)

Maximum and minimum system frequency (Hz)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

Maximum and minimum real, reactive and apparent 
3-phase power (kW, kVAR, kVA)

With RTD option or 
SEL-2600 RTD Module

Maximum and minimum RTD temperatures (°C)

With analog input option Maximum and minimum analog input values (engineering 
units)
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Figure 5.6 shows an example device response to the METER M command.

To reset maximum/minimum meter values, issue the METER RM command 
as shown in Figure 5.7. The max/min meter values can be reset from the serial 
port, Modbus, the front panel, or assertion of the RSTMXMN relay element. 
The date and time of the reset are preserved and shown in the max/min meter 
report.

All maximum and minimum metering values are stored to nonvolatile 
memory four times per day and within one minute of the maximum and 
minimum metering values being reset.

Math Variable 
Metering

The SEL-751A includes 32 math variables. When you receive your 
SEL-751A, no math variables are enabled. To use math variables, enable the 
number of math variables (between 1 and 32) you require, using the EMV 
setting in the Logic setting category. Figure 5.8 shows the device response to 
the METER MV M(ath) V(ariable) command with 8 of the 32 math variables 
enabled.

=>>MET M <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:46:02
FEEDER RELAY                             Time Source: External

                  MAX        DATE       TIME       MIN        DATE       TIME
IA (A)            1005.8  12/02/2008  15:41:43       19.8  11/09/2008  03:55:41
IB (A)            1097.1  12/02/2008  15:41:26      197.3  11/16/2008  11:41:10
IC (A)             972.7  12/02/2008  15:45:11      206.0  11/16/2008  11:40:47
IN (A)               0.5  11/11/2008  18:20:00        0.4  11/16/2008  11:39:43
IG (A)             155.9  12/02/2008  15:42:32        0.4  11/12/2008  00:31:39
VAB (V)           6650.4  12/02/2008  15:45:45     6647.4  12/02/2008  15:41:14
VBC (V)           6671.9  12/02/2008  15:42:56     6666.8  12/02/2008  15:39:54
VCA (V)           7505.1  12/02/2008  15:41:05     7502.9  12/02/2008  15:45:42
VS (V)            6741.4  12/02/2008  15:45:11     6647.4  12/02/2008  15:41:14
KW3P (kW)         7797.2  11/11/2008  13:45:15   -11108    12/02/2008  15:41:42
KVAR3P (kVAR)     5031.8  12/02/2008  15:42:49    -1396.3  12/02/2008  15:45:24
KVA3P (kVA)      12187    12/02/2008  15:41:42      608.1  11/16/2008  11:42:27
FREQ (Hz)           60.1  11/16/2008  11:36:54       60.0  12/02/2008  15:45:23

LAST RESET = 11/09/2008 03:54:34

=>>

Figure 5.6 Device Response to the METER M Command

=>>MET RM <Enter>

Reset Metering Quantities (Y,N)? Y <Enter>
Reset Complete

=>>

Figure 5.7 Device Response to the METER RM Command
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RMS Metering The SEL-751A includes Root Mean Squared (rms) metering. Use rms 
metering to measure the entire signal (including harmonics). You can measure 
the rms quantities shown in Table 5.5.

RMS quantities contain the total signal energy including harmonics. This 
differs from the fundamental meter (METER command) in that the 
fundamental meter quantities only contain the fundamental frequency (60 Hz 
for a 60-Hz system).

Figure 5.9 shows the METER RMS command.

Analog Input 
Metering

The SEL-751A can monitor analog (transducer) quantities that it is measuring 
if equipped with optional analog inputs. Analog input metering shows 
transducer values from standard voltage and current transducers. These values 
can then be used for automation and control applications within an industrial 
plant or application.

Through the global settings, you can set each type of analog input to the type 
of transducer that drives that analog input. You also set the range of the 
transducer output. Analog inputs can accept both current and voltage 
transducer outputs. Ranges for the current transducers are ±20 mA and ranges 
for the voltage transducers are ±10 V. You also set the corresponding output of 
the analog inputs in engineering units. See Section 4: Protection and Logic 
Functions for an explanation of how to set up analog inputs for reading 
transducers. Figure 5.10 shows an example of analog input metering.

=>>MET MV <Enter>

SEL-751A                                 Date: 04/17/2007   Time: 12:32:10      
FEEDER RELAY                             Time Source: Internal                  
                                                                                
MV01       1.00
MV02   -32767.00
MV03      -1.00
MV04       0.00
MV05    1000.59
MV06   -1000.61
MV07    2411.01
MV08    2410.99

=>>

Figure 5.8 Device Response to the METER MV Command

Table 5.5 RMS Meter Values

Relay Option RMS Meter Values

Base Model RMS current IA, IB, IC, and IN magnitudes (A)

With Voltage Option VAB, VBC, VCA or VAN, VBN, VCN, and VS (if ordered) 
magnitudes (V)

=>>MET RMS <Enter>

SEL-751A                                 Date: 12/02/2008   Time: 15:45:49
FEEDER RELAY                             Time Source: External

                IA       IB       IC       IN
RMS (A pri.)    998.3   1080.5    963.2      0.0

                VAB      VBC      VCA      VS
RMS (V pri.)     6648     6707     7502     6741

=>>

Figure 5.9 Device Response to the METER RMS Command
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Arc-Flash Light 
Intensity Metering

When the SEL-751A is ordered with the arc-flash detection (AFD) option 
(order the 3 AVI / 4 AFDI card for slot E), the relay provides light metering 
data with the METER LIGHT (METER L command) report. The light inputs 
LS1–LS4 are given in percent of full scale.

Figure 5.11 provides an example of METER L (Light) command report.

Demand Metering The SEL-751A offers the choice between two types of demand metering, 
settable with the enable setting:

EDEM = THM (Thermal Demand Metering)
or

EDEM = ROL (Rolling Demand Metering)

The relay provides demand (METER DE command) and peak demand 
(METER PE command) metering. Table 5.6 shows the values reported. 
Figure 5.12 provides an example of the METER DE (Demand) command 
report and Figure 5.13 provides an example of the METER PE (Peak 
Demand) command report. Refer to Demand Metering on page 4.70 for 
detailed descriptions and settings selection.

=>MET AI <Enter>

SEL-751A                                 Date: 11/28/2007   Time: 16:22:22
FEEDER RELAY                             Time Source: Internal

Input Card 4
AI401 (psi)         99.97
AI402 (mA)           2.013
AI403 (Volts)       -0.0027
AI404 (ft-lbs)     993
AI405 (HP)        1423
AI406 (mA)           9.013
AI407 (mA)          -3.014
AI408 (mA)          -0.013

=>

Figure 5.10 Device Response to the METER AI Command

=>>MET L<Enter>

SEL-751A                                 Date: 12/01/2008   Time: 15:45:14
FEEDER RELAY                             Time Source: External

Light Intensity
LS1 (%)    2.4
LS2 (%)    1.9
LS3 (%)    0.7
LS4 (%)    2.3

=>>

Figure 5.11 Device Response to the METER L (Light) Command

Table 5.6 Demand Values (Sheet 1 of 2)

Relay Option Demand/Peak Demand Values

All models with voltage card 
options 73, 74, 75, 76

Demand/peak demand values of line currents IA, IB, and 
IC magnitudes (A primary)

Demand/peak demand value of IG (residual-ground 
current) magnitude (A primary)

Demand/peak demand value of negative-sequence current 
(3I2) magnitude (A primary)
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Peak demand metering values are stored to nonvolatile memory four times per 
day and within one minute of the peak demand metering values being reset. 
Demand metering is stored in volatile memory only and the data will be lost 
when power to the relay is removed.

Synchrophasor 
Metering

The METER PM serial port ASCII command can be used to view the 
SEL-751A synchrophasor measurements. There are multiple ways to use the 
METER PM command: 

➤ As a test tool, to verify connections, phase rotation, and scaling 

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time. 

➤ As a method of periodically gathering synchrophasor data 
through a communications processor. 

Demand/peak demand value of single-phase kilowatts, 
kWA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilowatts, 
kW3P

Demand/peak demand value of single-phase kilovars 
kVARA, B, C (wye-connected voltage inputs only)

Demand/peak demand value of three-phase kilovars, 
kVAR3P

=>>MET DE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:35.170
FEEDER RELAY                             Time Source: Internal

                   IAD      IBD      ICD      IGD     3I2D
DEMAND (A pri.)   1001.9   1009.6   1014.5     19.3     16.2

                       A          B          C         3P
DEMAND IN (kW)             0          0          0          0
DEMAND OUT (kW)          843        849        853       2545
DEMAND IN (kVAR)           0          0          0          0
DEMAND OUT (kVAR)        541        546        551       1639

LAST RESET = 08/29/2012 01:10:16

Figure 5.12 Device Response to the MET DE Command

=>>MET PE <Enter>

SEL-751A                                 Date: 08/30/2012   Time: 19:43:43.590
FEEDER RELAY                             Time Source: Internal

                    IAPD     IBPD     ICPD     IGPD     3I2PD
PEAK DEM (A pri.)   1003.5   1014.1   1016.9    116.2    104.2

                            A          B          C         3P
PEAK DEMAND IN (kW)           999       1010       1012       3020
PEAK DEMAND OUT (kW)          845        853        856       2546
PEAK DEMAND IN (kVAR)          80         86         76        226
PEAK DEMAND OUT (kVAR)        543        549        554       1640

LAST RESET = 08/29/2012 01:10:16

Figure 5.13 Device Response to the MET PE Command

Table 5.6 Demand Values (Sheet 2 of 2)

Relay Option Demand/Peak Demand Values
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The METER PM command displays the same set of analog synchrophasor 
information, regardless of the global settings PHDATAV, PHDATAI, and 
PHCURR. The METER PM command can function even when no serial 
ports are sending synchrophasor data.

NOTE: To have the MET PM xx:yy:zz 
response transmitted from a serial 
port, the corresponding port must 
have the AUTO setting set to YES (Y).

The METER PM command will only operate when the SEL-751A is in the 
IRIG timekeeping mode, as indicated by Relay Word bit TSOK = logical 1. 
Table 5.7 below, shows the measured values for the METER PM Command. 
Table H.4 in Appendix H: Synchrophasors, shows a sample METER PM 
command response. You can use the METER PM XX:XX:XXX command to 
direct the SEL-751A to display the synchrophasor for an exact specified time, 
in 24-hour format. For example, entering the command METER PM 
14:14:12 will result in a response similar to Figure H.4, occurring just after 
14:14:12, with the time stamp 14:14:12.000. Refer to Appendix H: 
Synchrophasors, for further details on synchrophasor measurements, settings, 
C37.118 Protocol, etc.

Small Signal Cutoff 
for Metering

The relay applies a threshold to the voltage and current magnitude metering 
quantities to force a reading to zero when the measurement is near zero. The 
threshold for fundamental metering current values is 0.01 • INOM A 
(secondary) and for voltage values is 0.1 V (secondary). The threshold for rms 
metering current values is 0.03 • INOM A (secondary) and for voltage values 
is 0.3 V (secondary). 

The Global setting METHRES (Table 4.42) controls how these metering 
functions work when the metered value is smaller than the previously stated 
thresholds.

METHRES := Y
Set METHRES := Y to force the fundamental and rms metering values of 
currents and voltages to zero when the corresponding applied signals fall 
below the previously stated thresholds.

METHRES := N
Set METHRES := N to bypass the meter threshold checks and disable the 
metering cutoff.

Table 5.7 Synchrophasor Measured Values

Relay Option Meter Values

All Models Currents: IA, IB, IC, IN, I1 (positive-sequence current) magnitudes (A primary) and phase angles (deg)

Digitals TSOK and SV17–SV32 Relay Word Bit status

Analogs MV29–MV32 Math Variablesa

System Frequency (Hz)

Rate-of-change of Frequency (Hz/Second)

Additional Data With 
Voltage Option

Voltage phasors: VA, VB, VC, VS (if available), and V1 (positive-sequence voltage), magnitudes (V or 
kV) and phase angles (deg)

a These data are calculated every 100 ms. Only the data that occur at the “Top of the Second” will be used for METER PM responses.
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Load Profiling
The SEL-751A includes a load profiling function. The relay automatically 
records selected quantities into nonvolatile memory every 5, 10, 15, 30, or 60 
minutes, depending on the LDAR load profile report setting (see Load Profile 
Settings on page 4.123). Choose which analog quantities you want to monitor 
from the analog quantities listed in Appendix K: Analog Quantities. Set these 
quantities into the LDLIST load profile list report setting.

The relay memory can hold data for 13,100 time-stamped entries. For 
example, if you choose to monitor 10 values at a rate of every 15 minutes, you 
could store as many as 136 days worth of data. 

Download the load rate profile data using the serial port LDP command 
described in LDP Command (Load Profile Report) on page 7.32. Figure 5.14 
shows an example LDP serial port command response.

Station DC Battery Monitor
The station dc battery monitor in the SEL-751A can alarm for under- or 
overvoltage dc battery conditions and give a view of how much the station dc 
battery voltage dips when tripping, closing, and other dc control functions 
take place. The monitor function is available with the enhanced voltage option 
with monitoring package that includes the 5AVI card in slot E of the relay. The 
monitor measures the station dc battery voltage applied to the rear-panel 
terminals labeled E7 (VBAT+) and E8 (VBAT-). The station dc battery 
monitor settings (DCLOP and DCHIP) are available via the SET G command 
(see Table 5.8 and Global Settings (SET G Command) on page SET.26).

=>LDP <Enter>

SEL-751A                                 Date: 02/21/2007   Time: 13:07:02
FEEDER RELAY                             Time Source: Internal

#      DATE         TIME         IAV       VAVE         P         PF
20  02/21/2007  11:31:24.468    277.636   13823.97   5908.951      0.889
19  02/21/2007  11:36:24.301    278.050   13824.34   5920.197      0.889
18  02/21/2007  11:41:24.035    278.012   13819.86   5920.606      0.890
17  02/21/2007  11:46:24.623    277.661   13824.90   5912.636      0.889
16  02/21/2007  11:51:24.885    278.072   13821.30   5922.041      0.890
15  02/21/2007  11:56:23.873    277.917   13821.33   5914.892      0.889
14  02/21/2007  12:01:23.923    277.630   13821.01   5907.527      0.889
13  02/21/2007  12:06:24.010    278.048   13821.97   5917.934      0.889
12  02/21/2007  12:11:24.140    277.988   13824.35   5917.830      0.889
11  02/21/2007  12:16:24.290    277.780   13820.97   5918.148      0.890
10  02/21/2007  12:21:24.203    277.740   13819.82   5920.595      0.891
9   02/21/2007  12:26:24.507    277.256   13823.17   5907.525      0.890
8   02/21/2007  12:31:24.332    277.973   13822.21   5921.495      0.890
7   02/21/2007  12:36:24.541    277.740   13819.83   5916.932      0.890
6   02/21/2007  12:41:24.791    288.393   13819.60   6593.658      0.955
5   02/21/2007  12:46:24.720    288.589   13820.86   6844.973      0.991
4   02/21/2007  12:51:23.816    288.547   13822.20   6843.819      0.991
3   02/21/2007  12:56:24.174    288.246   13821.41   6838.310      0.991
2   02/21/2007  13:01:24.750    288.232   13823.61   6835.954      0.991
1   02/21/2007  13:06:24.658    288.709   13820.80   6847.213      0.991

=>

Figure 5.14 Device Response to the LDP Command
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DC Under- and 
Overvoltage 
Elements

Refer to Figure 5.15. The station dc battery monitor compares the measured 
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high) 
pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP 
and DCHIP is:

20 to 300 Vdc, 0.01Vdc increments

This range allows the SEL-751A to monitor nominal battery voltages of 24, 
48, 110, 125, 220, and 250V. When testing the pickup settings DCLOP and 
DCHIP, do not operate the SEL-751A outside of its power supply limits. See 
Specifications: General on page 1.10 for the various power supply 
specifications. The power supply rating is located on the serial number sticker 
on the relay side panel.

Figure 5.15 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 5.15 operate as follows:

Create Necessary 
Logic for DC Under- 
and Overvoltage 
Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, you can set 
these as follows:

DCLOP < DCHIP or DCLOP > DCHIP

Figure 5.16 shows the resultant dc voltage elements that you can create with 
SELOGIC control equations for these two setting cases. In these two examples, 
the resultant dc voltage elements are time-qualified by timer SVnT and then 
routed to output contact OUTxxx for alarm purposes.

Table 5.8 Station DC Battery Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

DC UNDER VOLT PU (OFF, 20.00–300.00) Vdc DCLOP := OFF

DC OVER VOLT PU (OFF, 20.00–300.00) Vdc DCHIP := OFF

DCLO = 1 (logical 1), if Vdc ≤ pickup setting DCLOP
= 0 (logical 0), if Vdc > pickup setting DCLOP

DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP
= 0 (logical 0), if Vdc < pickup setting DCHIP

DCLO

DCHI

Vdc

Relay
Word
Bits

DCLOP

DCHIP

Settings

Undervoltage

Overvoltage

(From Rear- Panel 
Terminals Labeled 
VBAT+ and VBAT—)
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Figure 5.16 Create DC Voltage Elements With SELOGIC Control Equations

DCLO < DCHI (Top of Figure 5.16)
Output contact OUTxxx asserts when:

Vdc ≤ DCLOP or Vdc ≥ DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage is less than or greater than allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCLOP

then output contact OUTxxx should logically assert (according to top of 
Figure 5.16), but cannot because of the total loss of power (all output contacts 
deassert on total loss of power). Thus, the resultant dc voltage element at the 
bottom of Figure 5.16 would probably be a better choice—see following 
discussion.

DCLO > DCHI (Bottom of Figure 5.16)
Output contact OUTxxx asserts when:

DCHIP ≤ Vdc ≤ DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact OUTxxx 
asserts when dc battery voltage stays between allowable limits.

If the relay loses power entirely (Vdc = 0 V)

Vdc = < DCHIP

then output contact OUTxxx should logically deassert (according to bottom of 
Figure 5.16), and this is surely what happens for a total loss of power (all 
output contacts deassert on total loss of power).

SVnPU

SVnDO
SVn SVnT

SVnT

DCHI SVn = DCLO + DCHI

OUTxxx = SVnTDCLO

DCLOP

DCHIP

DCLOP < DCHIP

Vdc

SVnPU

SVnDO
SVnDCLO * DCHI

SVn = DCLO * DCHI

OUTxxx = SVnT

DCLOP

DCHIP

DCLOP > DCHIP

Vdc
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Additional 
Application

You can use the dc voltage elements not just for alarming, but also for 
disabling reclosing.

For example, if the station dc batteries have a problem and the station dc 
battery voltage is declining, drive the reclosing relay to lockout:

79DTL = NOT(SVnT) OR …

Timer output SVnT is from the bottom of Figure 5.16. When dc voltage falls 
below pickup DCHIP, timer output SVnT drops out (= logical 0), driving the 
relay to lockout:

79DTL = NOT(SVnT) OR … = NOT(logical 0) OR … = logical OR

Circuit breaker tripping and closing requires station dc battery energy. If the 
station dc batteries are having a problem and the station dc battery voltage is 
declining, the relay should not reclose after a trip—there might not be enough 
dc battery energy to trip a second time after a reclose.

View Station DC 
Battery Voltage

Via Serial Port
The METER command displays the station dc battery voltage (labeled VDC).

Via Front Panel
The information available via the previously discussed METER serial port 
command is also available via the front-panel Meter Menu. See Figure 8.6.

Analyze Station DC 
Battery Voltage

The station dc battery voltage is displayed in column Vdc in the example 
event report in Figure 9.3. You can observe changes in station dc battery 
voltage for an event (e.g., circuit breaker tripping). Use the EVE command to 
retrieve event reports as discussed in Section 9: Analyzing Events.

Station DC Battery Voltage Dips During Circuit Breaker Tripping
Event reports are automatically generated when the TRIP Relay Word bit 
asserts (TRIP is the logic output of Figure 4.33). For example, output contact 
OUT103 is set to trip:

OUT103 = TRIP

Anytime output contact OUT103 closes and energizes the circuit breaker trip 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

To generate an event report for external trips, program an optoisolated input 
INxyz (monitoring the trip bus) in the SELOGIC control equation event report 
generation setting:

ER = R_TRIG(INxyz) OR…

Anytime the trip bus is energized, you can observe any dip in station dc 
battery voltage in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing
To generate an event report when the SEL-751A closes the circuit breaker, 
make the SELOGIC control equation event report generation setting:

ER = R_TRIG(OUT102) OR…
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In this example, output contact OUT102 is set to close:

OUT102 = CLOSE (CLOSE is the logic output of Figure 4.34)

Anytime output contact OUT102 closes and energizes the circuit breaker close 
coil, you can observe any dip in station dc battery voltage in column Vdc in 
the event report.

This event report generation setting (ER = R_TRIG(OUT102) OR …) might 
be made just as a testing setting. Generate several event reports when doing 
circuit breaker close testing and observe the “signature” of the station dc 
battery voltage in column Vdc in the event reports.

Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip, 
set the dc voltage element directly in the SELOGIC control equation event 
report generation setting:

ER = F_TRIG(SVnT) OR …

Timer output SVnT is an example dc voltage element from the bottom of 
Figure 5.16. Anytime dc voltage falls below pickup DCHIP, timer output 
SV4T drops out (logical 1 to logical 0 transition), creating a falling-edge 
condition that generates an event report. Also, you can use the Sequential 
Events Recorder (SER) report to time-tag station dc battery voltage dips.
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Breaker Monitor
The breaker monitor in the SEL-751A helps in scheduling circuit breaker 
maintenance. The breaker monitor is enabled with the enable setting:

EBMON = Y

The breaker monitor settings in Table 5.10 are available via the SET G 
commands (see Table 6.3). Also refer to BRE Command (Breaker Monitor 
Data) on page 7.23 and BRE n Command (Preload/Reset Breaker Wear) on 
page 7.23.

The breaker monitor is set with breaker maintenance information provided by 
circuit breaker manufacturers. This breaker maintenance information lists the 
number of close/open operations that are permitted for a given current 
interruption level. The following is an example of breaker maintenance 
information for a 25 kV circuit breaker. The breaker maintenance information 
in Table 5.9 is plotted in Figure 5.17.

Connect the plotted points in Figure 5.17 for a breaker maintenance curve. To 
estimate this breaker maintenance curve in the SEL-751A breaker monitor, 
three set points are entered:

Table 5.9 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA)
Permissible Number of 

Close/Open Operationsa

a The action of a circuit breaker closing and then later opening is counted as one close/open 
operation.

0.00–1.20 10,000

2.00 3,700

3.00 1,500

5.00 400

8.00 150

10.00 85

20.00 12

Set Point 1
COSP1

maximum number of close/open operations with 
corresponding current interruption level.

Set Point 2
COSP2

number of close/open operations that correspond to 
some midpoint current interruption level.

Set Point 3
COSP3

number of close/open operations that correspond to 
the maximum current interruption level.
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These three points are entered with the settings in Table 5.10.

The following settings are made from the breaker maintenance information in 
Table 5.9 and Figure 5.17. Figure 5.18 shows the resultant breaker 
maintenance curve. 

COSP1 = 10000

COSP2 = 150

COSP3 = 12

KASP1 = 1.20

KASP2 = 8.00

KASP3 = 20.00

Table 5.10 Breaker Monitor Settings

Setting Prompt Setting Range
Setting Name := 
Factory Default

Breaker Monitor (Y,N) EBMON := Y

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 10000a 

a COSP1 must be set greater than COSP2.

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 150bc

b COSP2 must be set greater than or equal to COSP3.
c If COSP2 is set the same as COSP3, then KASP2 must be set the same as KASP3.

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 12

kA PRI INTERRPTD 1 (0.10–999.00 kA) KASP1 := 1.20d

d KASP1 must be set less than KASP2 and KASP2 must be less than or equal to KASP3.

kA PRI INTERRPTD 2 (0.10–999.00 kA) KASP2 := 8.00

kA PRI INTERRPTD 3 (0.10–999.00 kA) KASP3 := 20.00e

e KASP3 must be set at least five times (but no more than 100 times) the KASP1 setting value.

BRKR MON CONTROL SELOGIC BKMON := TRIP
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Figure 5.17 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker
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Breaker Maintenance Curve Details
In Figure 5.18, note that set points KASP1, COSP1 and KASP3, COSP3 are 
set with breaker maintenance information from the two extremes in Table 5.9 
and Figure 5.17.

Figure 5.18 SEL-751A Breaker Maintenance Curve for a 25 kV Circuit 
Breaker

In this example, set point KASP2, COSP2 happens to be from an in-between 
breaker maintenance point in the breaker maintenance information in 
Table 5.9 and Figure 5.17, but it does not have to be. Set point KASP2, 
COSP2 should be set to provide the best “curve-fit” with the plotted breaker 
maintenance points in Figure 5.17.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in 
Figure 5.18), because the separate circuit breaker interrupting contacts for 
phases A, B, and C do not necessarily interrupt the same magnitude current 
(depending on fault type and loading).
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In Figure 5.18, note that the breaker maintenance curve levels off horizontally 
above set point KASP1, COSP1. This is the close/open operation limit of the 
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically below set point 
KASP3, COSP3. This is the maximum interrupted current limit of the circuit 
breaker (KASP3 = 20.0 kA). If the interrupted current is greater than setting 
KASP3, the interrupted current is accumulated as a current value equal to 
setting KASP3.

Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting 
BKMON

The SELOGIC control equation breaker monitor initiation setting BKMON in 
Table 5.10 determines when the breaker monitor reads in current values 
(Phases A, B, and C) for the breaker maintenance curve (see Figure 5.18) and 
the breaker monitor accumulated currents/trips [see BRE Command (Breaker 
Monitor Data) on page 7.23].

The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) 
as the indication to read in current values. The acquired current values are then 
applied to the breaker maintenance curve and the breaker monitor 
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor 
initiation setting is set:

BKMON = TRIP (TRIP is the logic output of Figure 4.33)

Refer to Figure 5.19. When BKMON asserts (Relay Word bit TRIP goes from 
logical 0 to logical 1), the breaker monitor reads in the current values and 
applies these values to the breaker monitor maintenance curve and the breaker 
monitor accumulated currents/trips.

As detailed in Figure 5.19, the breaker monitor actually reads in the current 
values 1.5 cycles after the assertion of BKMON. This helps especially if an 
instantaneous trip occurs. The instantaneous element trips when the fault 
current reaches its pickup setting level. The fault current can still be 
“climbing” to its full value, at which it levels off. The 1.5-cycle delay on 
reading in the current values allows time for the fault current to level off.

Figure 5.19 Operation of SELOGIC Control Equation Breaker Monitor 
Initiation Setting

See Figure 5.24 and accompanying text for more information on setting 
BKMON. The operation of the breaker monitor maintenance curve, when new 
current values are read in, is explained in the following example.

Breaker Monitor 
Operation Example

As stated earlier, each phase (A, B, and C) has its own breaker maintenance 
curve. For this example, presume that the interrupted current values occur on a 
single phase in Figure 5.20–Figure 5.23. Also, presume that the circuit 
breaker interrupting contacts have no wear at first (brand new or recent 
maintenance performed).

Read in
Current Values

BKMON 1.5 Cycle

Rising
Edge
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Note in the following four figures (Figure 5.20–Figure 5.23) that the 
interrupted current in a given figure is the same magnitude for all the 
interruptions (e.g., in Figure 5.21, 2.5 kA is interrupted 290 times). This is not 
realistic, but helps in demonstrating the operation of the breaker maintenance 
curve and how it integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 5.20. 7.0 kA is interrupted 20 times (20 close/open operations 
= 20 – 0), pushing the breaker maintenance curve from the 0 percent wear 
level to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given 
current value, the 10 percent curve has only 1/10 of the close/open operations 
of the 100 percent curve.

Figure 5.20 Breaker Monitor Accumulates 10 Percent Wear
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10 Percent to 25 Percent Breaker Wear
Refer to Figure 5.21. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA 
is interrupted 290 times (290 close/open operations = 480 – 190), pushing the 
breaker maintenance curve from the 10 percent wear level to the 25 percent 
wear level.

Compare the 100 percent and 25 percent curves and note that for a given 
current value, the 25 percent curve has only 1/4 of the close/open operations 
of the 100 percent curve.

Figure 5.21 Breaker Monitor Accumulates 25 Percent Wear
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25 Percent to 50 Percent Breaker Wear
Refer to Figure 5.22. The current value changes from 2.5 kA to 12.0 kA. 12.0 
kA is interrupted 11 times (11 close/open operations = 24 – 13), pushing the 
breaker maintenance curve from the 25 percent wear level to the 50 percent 
wear level.

Compare the 100 percent and 50 percent curves and note that for a given 
current value, the 50 percent curve has only 1/2 of the close/open operations 
of the 100 percent curve.

Figure 5.22 Breaker Monitor Accumulates 50 Percent Wear
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50 Percent to 100 Percent Breaker Wear
Refer to Figure 5.23. The current value changes from 12.0 kA to 1.5 kA. 1.5 
kA is interrupted 3000 times (3000 close/open operations = 6000 – 3000), 
pushing the breaker maintenance curve from the 50 percent wear level to the 
100 percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular 
phase, the percentage wear remains at 100 percent (even if additional current 
is interrupted), until reset by the BRE R command (see View or Reset Breaker 
Monitor Information on page 5.27). But the current and trip counts continue to 
be accumulated until the BRE R command resets these counts.

Additionally, logic outputs assert for alarm or other control applications—see 
the following discussion.

Figure 5.23 Breaker Monitor Accumulates 100 Percent Wear
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Breaker Monitor 
Output

When the breaker maintenance curve for a particular phase (A, B, or C) 
reaches the 100 percent wear level (see Figure 5.23), a corresponding Relay 
Word bit (BCWA, BCWB, or BCWC) asserts.

EXAMPLE 5.1 Example Applications

You can use these logic outputs to alarm:
OUTxxx = BCW

or drive the relay to lockout the next time the relay trips:
79DTL = TRIP AND BCW

View or Reset 
Breaker Monitor 
Information

Accumulated breaker wear/operations data are retained if the relay loses 
power or the breaker monitor is disabled (setting EBMON = N). The 
accumulated data can only be reset if the BRE R command is executed (see 
the following discussion on the BRE R command).

Via Serial Port
See Section 7: Communications. The BRE command displays the following 
information:

➤ Accumulated number of relay-initiated trips

➤ Accumulated interrupted current from relay-initiated trips

➤ Accumulated number of externally initiated trips

➤ Accumulated interrupted current from externally initiated trips

➤ Percent circuit breaker contact wear for each phase

➤ Date when the preceding items were last reset (via the BRE R 
command)

See Section 7: Communications. The BRE W command allows the trip 
counters, accumulated values, and percent breaker wear to be preloaded for 
each individual phase.

The BRE R command resets the accumulated values and the percent wear for 
all three phases. For example, if breaker contact wear has reached the 100 
percent wear level for A-phase, the corresponding Relay Word bit BCWA 
asserts (BCWA = logical 1). Execution of the BRE R command resets the 
wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0).

Via Front Panel
The information and reset functions available via the previously discussed 
serial port commands BRE and BRE R are also available via the front panel. 
See Section 8: Front-Panel Operations for details.

Relay Word Bits Definition

BCWA Phase A breaker contact wear has reached the 100 percent wear level 

BCWB Phase B breaker contact wear has reached the 100 percent wear level 

BCWC Phase C breaker contact wear has reached the 100 percent wear level 

BCW BCWA or BCWB or BCWC
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Determination of 
Relay-Initiated Trips 
and Externally 
Initiated Trips

See Section 7: Communications. Note in the BRE command response that the 
accumulated number of trips and accumulated interrupted current are 
separated into two groups of data: that generated by relay-initiated trips (Rly 
Trips) and that generated by externally initiated trips (Ext Trips). The 
categorization of these data are determined by the status of the TRIP Relay 
Word bit when the SELOGIC control equation breaker monitor initiation 
setting BKMON operates.

Refer to Figure 5.19 and accompanying explanation. If BKMON newly 
asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C). Now the decision has to be made: where is this current 
and trip count information accumulated? Under relay-initiated trips or 
externally initiated trips?

To make this determination, the relay checks the status of the TRIP Relay 
Word bit at the instant BKMON newly asserts (TRIP is the logic output of 
Figure 4.33). If TRIP is asserted (TRIP = logical 1), the current and trip count 
information is accumulated under relay-initiated trips (Rly Trips). If TRIP is 
deasserted (TRIP = logical 0), the current and trip count information is 
accumulated under externally initiated trips (Ext Trips).

Regardless of whether the current and trip count information is accumulated 
under relay-initiated trips or externally initiated trips, this same information is 
routed to the breaker maintenance curve for continued breaker wear 
integration (see Figure 5.19–Figure 5.23).

Relay-initiated trips (Rly Trips) are also referred to as internally initiated 
trips (Int Trips) in the course of this manual; the terms are interchangeable.

EXAMPLE 5.2 Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker 
monitor initiation factory-default setting is:

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and 
the current and trip count information is accumulated under relay-
initiated trips (Rly Trips).

EXAMPLE 5.3 Additional Example

Refer to Figure 5.24. Output contact OUT103 is set to provide tripping:
OUT103 = TRIP

Note that optoisolated input INxxx monitors the trip bus. If the trip bus 
is energized by output contact OUT103, an external control switch, or 
some other external trip, then INxxx is asserted.

Figure 5.24 Input INxxx Connected to Trip Bus for Breaker Monitor 
Initiation

TC

CS/T
(Control 
Switch Trip)Other 

External 
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If the SELOGIC control equation breaker monitor initiation setting is 
set:

BKMON = INxxx

then the SEL-751A breaker monitor sees all trips.

If output contact OUT103 asserts, energizing the trip bus, the breaker 
monitor will deem it a relay-initiated trip. This is because when 
BKMON is newly asserted (input INxxx energized), the TRIP Relay 
Word bit is asserted. Thus, the current and trip count information is 
accumulated under relay-initiated trips (Rly Trips).

If the control switch trip (or some other external trip) asserts, 
energizing the trip bus, the breaker monitor will deem it an externally 
initiated trip. This is because when BKMON is newly asserted (input 
INxxx energized), the TRIP Relay Word bit is deasserted. Thus, the 
current and trip count information is accumulated under externally 
initiated trips (Ext Trips).
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Section 6
Settings

Overview
The SEL-751A Feeder Protection Relay stores the settings you enter in 
nonvolatile memory. Settings are divided into the following eight setting 
classes:

1. Relay Group n (where n = 1, 2, or 3)

2. Logic Group n (where n = 1, 2, or 3)

3. Global

4. Port p (where p = F, 1 [Ethernet], 2, 3, or 4)

5. Front Panel

6. Report

7. Modbus

8. DNP3

Some setting classes have multiple instances. In the previous list, there are five 
port setting instances, one for each port. Settings can be viewed or set in 
several ways, as shown in Table 6.1.

Setting entry error messages, together with corrective actions, are also 
presented in this section to assist in correct settings entry.

The SEL-751A Settings Sheets at the end of this section list all SEL-751A 
settings, the setting definitions, and input ranges. Refer to Section 4: 
Protection and Logic Functions for detailed information on individual 
elements and settings.

Table 6.1 Methods of Accessing Settings

Serial Port 
Commandsa

a Refer to Section 7: Communications for detailed information on set-up and use of the serial 
communications port and Ethernet port.

Front-Panel HMI 
Set/Show Menub

b Refer to Section 8: Front-Panel Operations for detailed information on the front-panel layout, 
menus and screens, and operator control pushbuttons.

ACSELERATOR QuickSet 
SEL-5030 (PC Software)c

c Refer to Section 3: PC Software for detailed information.

Display 
Settings

All settings
(SHO command)

Global, Group, and 
Port settings

All settings

Change 
Settings

All settings
(SET command)

Global, Group, and 
Port settings

All settings
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View/Change Settings With Front Panel

You can use the pushbuttons on the front panel to view/change settings. 
Section 8: Front-Panel Operations presents the operating details of the front 
panel.

Enter the front-panel menu by pushing the ESC pushbutton. It will display the 
following message:

Scroll down the menu by using the Down Arrow pushbutton until the display 
shows the following message:

The cursor (underline) should be on the Set/Show command. Enter the Set/
Show command by pushing the ENT pushbutton. The display shows the 
following message:

Enter the underlined RELAY message with the ENT pushbutton, and the relay 
will present you with the RELAY settings as listed in the SEL-751A Settings 
Sheets. Use the Up Arrow, Down Arrow, Left Arrow, and Right Arrow pushbuttons to 
scroll through the relay settings. View and change the settings according to 
your needs by selecting and editing them. After viewing or changing the 
RELAY settings, press the ESC pushbutton until the following message appears:

Select and enter the appropriate command by pushing the ENT pushbutton. 
Select Yes to save the settings changes and No to discard the changes.

Figure 6.1 shows a front-panel menu navigation example for the relay to enter 
the PHASE PT RATIO, PTR setting.

MAIN
Meter

Control
Set/Show

SET/SHOW
Global

Save Changes?
Yes   NoNOTE: Each SEL-751A is shipped 

with default factory settings. 
Calculate the settings for your 
application to ensure secure and 
dependable protection. Document the 
settings on the SEL-751A Settings 
Sheets at the end of this section 
before entering new settings in the 
relay.
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Figure 6.1 Front-Panel Setting Entry Example

Main Menu

Press to move 
within the list.

Press to 
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previous list.
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underlined menu item.
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CTR
               100
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SINGLEV
                 N
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Date
Time
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  •
Demand Mtr Set
Freq Settings
Trip/Close Logic
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Events
Targets
Control
Set/Show
Status
Breaker 
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View/Change Settings Over Communications Port 

Refer to Section 7: Communications for information on how to set up and 
access the relay serial or Ethernet port with a personal computer and how to 
use ASCII commands to communicate with the relay.

View Settings Use the SHOW command to view relay settings. The SHOW command is 
available from Access Level 1 and Access Level 2. Table 6.2 lists the SHOW 
command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SHO 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting. The SHOW command displays 
only the enabled settings.

Enter Settings The SET command (available from Access Level 2) allows you to view or 
change settings. Table 6.3 lists the SET command options.

You can append a setting name to each of the commands to specify the first 
setting to display (e.g., SET 50P1P displays the relay settings starting with 
setting 50P1P). The default is the first setting.

Table 6.2 SHOW Command Options

Command  Description

SHOW n Show relay group settings: n specifies the settings group (1, 2, or 3); n 
defaults to active settings group if not listed.

SHO L n Show logic settings: n specifies the settings group (1, 2, or 3); n defaults to 
active settings group if not listed.

SHO G Show global configuration settings.

SHO P n Show serial port settings for port n (n = F, 1, 2, 3, or 4).

SHO F Show front-panel display and LED settings.

SHO R Show Sequential Events Recorder (SER) report and Event Report settings.

SHO M Show Modbus settings.

SHO D Show DNP3 map settings.

Table 6.3 SET Command Options

Command Settings Type  Description

SET n Relay Protection elements, timers, etc., for settings group  n 
(1, 2, or 3)

SET L n Logic SELOGIC control equations for settings group  n 
(1, 2, or 3)

SET G Relay Global configuration settings including Event Messen-
ger, optoisolated input debounce timers, etc.

SET P n Port Serial port settings for serial port n (1, 2, 3, 4, or F)

SET F Front Panel Front-panel display and LED settings

SET R Reports SER and Event Report settings

SET M Modbus Modbus user map

SET D DNP DNP3 map settings

NOTE: The SET command is not 
available for as long as 90 seconds 
after the relay is powered up and as 
long as 40 seconds after a setting 
change. If you issue a SET command 
during this period, the relay responds 
with the following message:

Command Unavailable; 
Relay Configuration in 
Progress, Try Again.
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When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are listed in Table 6.4.

The relay checks each entry to ensure that the entry is within the setting range. 
If it is not in range, an Out of Range message is generated, and the relay 
prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Press Y <Enter> to enable the new 
settings. The relay is disabled for as long as five seconds while it saves the 
new settings. The ALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

To change a specific setting, enter the command shown in Table 6.5.

Setting Entry Error Messages
As you enter relay settings, the relay checks the settings entered against the 
ranges for the settings as published on the relay setting sheet. If any setting 
entered falls outside the corresponding range for that setting, the relay 
immediately responds Out of Range and prompts you to reenter the setting.

In addition to the immediate range check, several of the settings have 
interdependency checks with other settings. The relay checks setting 
interdependencies after you answer Y to the Saves Settings? prompt, but 
before the settings are stored. If any of these checks fail, the relay issues a 
self-explanatory error message, and returns you to the settings list for a 
correction.

Table 6.4 SET Command Editing Keystrokes

Press Key(s)  Results

<Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 6.5 SET Command Format

SET n m s TERSE

where:

n is left blank or is D, G, L, F, R, M, or P to identify the class of settings.

m is blank (1) or is 1, 2, or 3 when n = G or L for group settings.

m is left blank or is F, 1, 2, 3, or 4 when n = P.

s is the name of the specific setting to which you want to jump and begin 
setting.

If s is not entered, the relay starts at the first setting (e.g., enter 50P1P to 
start at Phase Overcurrent Trip level setting).

TERSE instructs the relay to skip the settings display after the last setting. 

Use this parameter to speed up the SET command. 

If you want to review the settings before saving, do not use the TERSE 
option.
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SEL-751A Settings Sheets
Group Settings (SET Command)

SEL-751A Settings Sheets
Instruction Manual

These settings sheets include the definition and input range for each setting in the relay. You can access the 
settings from the relay front panel and the serial ports. See Section 4: Protection and Logic Functions for 
detailed descriptions of the settings.

➤ Some settings require an optional module. (Refer to SEL-751A Model Option Table, Table 1.1, and 
notes with the settings below for details.)

➤ Some of the settings ranges can be more restrictive than shown, because of settings interdependency 
checks performed when new settings are saved (see Setting Entry Error Messages on page 6.5).

➤ The settings are not case sensitive.

Group Settings (SET Command)
Identifier

UNIT ID LINE 1 (16 Characters) RID :=

UNIT ID LINE 2 (16 Characters) TID :=

Configuration
PHASE CT RATIO (1–5000) CTR :=

NEUTRAL CT RATIO (1–5000) CTRN :=

IG (residual) SOURCE (MEAS, CALC) 
(Hidden if Voltage Card Option is Not xx75xx or xx76xx, see Table 
1.1)

IG_SRC :=

RESIDU CT RATIO (Hidden if Voltage Card Option is Not xx75xx 
or xx76xx (see Table 1.1); OR IG_SRC := CALC)

CTRG : = 

PHASE PT RATIO (1.00–10000.00) 
(Hidden if voltages not included)

PTR :=

SYNCV PT RATIO (1.00–10000.00) 
(Hidden if sync voltage not included)

PTRS :=

XFMR CONNECTION (WYE, DELTA) 
(Hidden if voltages not included)

DELTA_Y :=

LINE VOLTAGE (20–250 {if DELTA_Y := DELTA}, 
20–440 {if DELTA_Y := WYE}) 
(Hidden if voltages not included)

VNOM :=

SINGLE V INPUT (Y, N) (Hidden if voltages not included) SINGLEV :=

Maximum Phase Overcurrent
MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50P1P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P1P := OFF) 50P1D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P1P := OFF) 50P1TC :=
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MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P2P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P2P := OFF) 50P2D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P2P := OFF) 50P2TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P3P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P3P := OFF) 50P3D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P3P := OFF) 50P3TC :=

MAXP OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50P4P :=

MAXP OC TRIP DLY (0.00–5.00 sec) (Hidden if 50P4P := OFF) 50P4D :=

MAXP OC TRQ CON (SELOGIC) (Hidden if 50P4P := OFF) 50P4TC :=

Neutral Overcurrent
NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 

0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N1P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N1P := OFF) 50N1D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N1P := OFF) 50N1TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N2P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N2P := OFF) 50N2D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N2P := OFF) 50N2TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N3P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N3P := OFF) 50N3D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N3P := OFF) 50N3TC :=

NEUT OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom}, 
0.10–20.00 A {1 A nom}, 0.13–12.50 mA {2.5 mA nom}, 
5.0–1000.0 mA {50 mA nom})

50N4P :=

NEUT OC TRIP DLY (0.00–5.00 sec) (Hidden if 50N4P := OFF) 50N4D :=

NEUT OC TRQ CON (SELOGIC) (Hidden if 50N4P := OFF) 50N4TC :=

Residual Overcurrent
RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50G1P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G1P := OFF) 50G1D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G1P := OFF) 50G1TC :=
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RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G2P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G2P := OFF) 50G2D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G2P := OFF) 50G2TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G3P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G3P := OFF) 50G3D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G3P := OFF) 50G3TC :=

RES OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50G4P :=

RES OC TRIP DLY (0.00–5.00 sec) (Hidden if 50G4P := OFF) 50G4D :=

RES OC TRQ CON (SELOGIC) (Hidden if 50G4P := OFF) 50G4TC :=

Negative-Sequence Overcurrent
NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 

0.10–20.00 A {1 A nom.})
50Q1P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q1P := OFF) 50Q1D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q1P := OFF) 50Q1TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q2P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q2P := OFF) 50Q2D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q2P := OFF) 50Q2TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q3P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q3P := OFF) 50Q3D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q3P := OFF) 50Q3TC :=

NSEQ OC TRIP LVL (OFF, 0.50–100.00 A {5 A nom.}, 
0.10–20.00 A {1 A nom.})

50Q4P :=

NSEQ OC TRIP DLY (0.1–120.0 sec) (Hidden if 50Q4P := OFF) 50Q4D :=

NSEQ OC TRQ CON (SELOGIC) (Hidden if 50Q4P := OFF) 50Q4TC :=

Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51AP := 

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51AP := OFF)

51AC := 

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51AP := OFF)

51ATD :=

EM RESET DELAY (Y, N) (Hidden if 51AP := OFF) 51ARS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51AP := OFF)

51ACT :=
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MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51AP := OFF) 51AMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51AP := OFF) 51ATC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51BP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51BP := OFF)

51BC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51BP := OFF)

51BTD :=

EM RESET DELAY (Y, N) (Hidden if 51BP := OFF) 51BRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51BP := OFF)

51BCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51BP := OFF) 51BMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51BP := OFF) 51BTC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51CP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51CP := OFF)

51CC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51CP := OFF)

51CTD :=

EM RESET DELAY (Y, N) (Hidden if 51CP := OFF) 51CRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51CP := OFF)

51CCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51CP := OFF) 51CMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51CP := OFF) 51CTC :=

Maximum Phase Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 

0.10–3.20 A {1 A nom.})
51P1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P1P := OFF)

51P1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P1P := OFF)

51P1TD :=

EM RESET DELAY (Y, N) (Hidden if 51P1P := OFF) 51P1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P1P := OFF)

51P1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P1P := OFF) 51P1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 
0.10–3.20 A {1 A nom.})

51P2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51P2P := OFF)

51P2C :=
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TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 
0.05–1.00 {if 51_C := C_}) (Hidden if 51P2P := OFF)

51P2TD :=

EM RESET DELAY (Y, N) (Hidden if 51P2P := OFF) 51P2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51P2P := OFF)

51P2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51P2P := OFF) 51P2TC :=

Negative-Sequence Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51QP :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51QP := OFF)

51QC :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51QP := OFF)

51QTD :=

EM RESET DELAY (Y, N) (Hidden if 51QP := OFF) 51QRS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51QP := OFF)

51QCT :=

MIN RESPONSE TIM (0.00–1.00 sec) (Hidden if 51QP := OFF) 51QMR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51QP := OFF) 51QTC :=

Neutral Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N1P := OFF)

51N1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N1P := OFF)

51N1TD :=

EM RESET DELAY (Y, N) (Hidden if 51N1P := OFF) 51N1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N1P := OFF)

51N1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N1P := OFF) 51N1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.}, 0.13–2.00 mA {2.5 mA nom.}, 5.0–160.0 mA 
{50 mA nom.})

51N2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51N2P := OFF)

51N2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51N2P := OFF)

51N2TD :=

EM RESET DELAY (Y, N) (Hidden if 51N2P := OFF) 51N2RS :=
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CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51N2P := OFF)

51N2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51N2P := OFF) 51N2TC :=

Residual Time Overcurrent
TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 

{1 A nom.})
51G1P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G1P := OFF)

51G1C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G1P := OFF)

51G1TD :=

EM RESET DELAY (Y, N) (Hidden if 51G1P := OFF) 51G1RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G1P := OFF)

51G1MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G1P := OFF) 51G1TC :=

TOC TRIP LVL (OFF, 0.50–16.00 A {5 A nom.}, 0.10–3.20 A 
{1 A nom.})

51G2P :=

TOC CURVE SEL (U1, U2, U3, U4, U5, C1, C2, C3, C4, C5) 
(Hidden if 51G2P := OFF)

51G2C :=

TOC TIME DIAL (0.50–15.00 {if 51_C := U_}, 0.05–1.00 {if 
51_C := C_}) (Hidden if 51G2P := OFF)

51G2TD :=

EM RESET DELAY (Y, N) (Hidden if 51G2P := OFF) 51G2RS :=

CONST TIME ADDER (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2CT :=

MIN RESPONSE TIM (0.00–1.00 sec) 
(Hidden if 51G2P := OFF)

51G2MR :=

TOC TRQ CONTROL (SELOGIC) (Hidden if 51G2P := OFF) 51G2TC :=

RTD (Hidden if RTD card and PORT 2 not included)

RTD ENABLE (INT, EXT, NONE) 
(All RTD settings below Hidden if E49RTD := NONE)

E49RTD :=

RTD1 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD1LOC :=

RTD1 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD1LOC := OFF)

RTD1TY :=

RTD1 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

TRTMP1 :=

RTD1 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD1LOC := OFF)

ALTMP1 :=

RTD2 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD2LOC :=
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RTD2 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD2LOC := OFF)

RTD2TY :=

RTD2 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

TRTMP2 :=

RTD2 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD2LOC := OFF)

ALTMP2 :=

RTD3 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD3LOC :=

RTD3 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD3LOC := OFF)

RTD3TY :=

RTD3 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

TRTMP3 :=

RTD3 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD3LOC := OFF)

ALTMP3 :=

RTD4 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD4LOC :=

RTD4 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD4LOC := OFF)

RTD4TY :=

RTD4 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

TRTMP4 :=

RTD4 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD4LOC := OFF)

ALTMP4 :=

RTD5 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD5LOC :=

RTD5 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD5LOC := OFF)

RTD5TY :=

RTD5 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

TRTMP5 :=

RTD5 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD5LOC := OFF)

ALTMP5 :=

RTD6 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD6LOC :=

RTD6 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD6LOC := OFF)

RTD6TY :=

RTD6 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

TRTMP6 :=

RTD6 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD6LOC := OFF)

ALTMP6 :=

RTD7 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD7LOC :=

RTD7 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD7LOC := OFF)

RTD7TY :=

RTD7 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

TRTMP7 :=

RTD7 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD7LOC := OFF)

ALTMP7 :=

RTD8 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD8LOC :=

RTD8 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD8LOC := OFF)

RTD8TY :=
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RTD8 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

TRTMP8 :=

RTD8 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD8LOC := OFF)

ALTMP8 :=

RTD9 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD9LOC :=

RTD9 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD9LOC := OFF)

RTD9TY :=

RTD9 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

TRTMP9 :=

RTD9 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD9LOC := OFF)

ALTMP9 :=

RTD10 LOCATION (OFF, WDG, BRG, AMB, OTH) RTD10LOC:=

RTD10 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD10LOC := OFF)

RTD10TY :=

RTD10 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

TRTMP10 :=

RTD10 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD10LOC := OFF)

ALTMP10 :=

RTD11 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD11LOC:=

RTD11 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

RTD11TY :=

RTD11 TRIP LEVE (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

TRTMP11 :=

RTD11 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD11LOC := OFF or E49RTD := INT)

ALTMP11 :=

RTD12 LOCATION (OFF, WDG, BRG, AMB, OTH) 
(Hidden if E49RTD := INT)

RTD12LOC:=

RTD12 TYPE (PT100, NI100, NI120, CU10) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

RTD12TY :=

RTD12 TRIP LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

TRTMP12 :=

RTD12 WARN LEVEL (OFF, 1–250 °C) 
(Hidden if RTD12LOC := OFF or E49RTD := INT)

ALTMP12 :=

WIND TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
WDG)

EWDGV :=

BEAR TRIP VOTING (Y, N) (Hidden if less than 2 locations are 
BRG)

EBRGV :=

Undervoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

UV TRIP1 LEVEL (OFF, 0.02–1.00 xVnm) 27P1P :=

UV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 27P1P := OFF) 27P1D :=

UV TRIP2 LEVEL (OFF, 0.02–1.00 xVnm) 27P2P :=
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UV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 27P2P := OFF) 27P2D :=

UVS LEVEL 1 (OFF, 2.00–300.00 V) 27S1P :=

UVS DELAY 1 (0.0–120.0 sec) (Hidden if 27S1P := OFF) 27S1D :=

UVS LEVEL 2 (OFF, 2.00–300.00 V) 27S2P :=

UVS DELAY 2 (0.0–120.0 sec) (Hidden if 27S2P := OFF) 27S2D :=

Overvoltage
(All or some of the settings below are hidden if the appropriate voltage card option is not included, see 
Table 1.1)

OV TRIP1 LEVEL (OFF, 0.02–1.20 xVnm) 59P1P :=

OV TRIP1 DELAY (0.0–120.0 sec) (Hidden if 59P1P := OFF) 59P1D :=

OV TRIP2 LEVEL (OFF, 0.02–1.20 xVnm) 59P2P :=

OV TRIP2 DELAY (0.0–120.0 sec) (Hidden if 59P2P := OFF) 59P2D :=

ZS OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G1P :=

ZS OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59G1P := OFF) 59G1D :=

ZS OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) (Hidden if 
DELTA Y := DELTA)

59G2P :=

ZS OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59G2P := OFF) 59G2D :=  

NSQ OV TRIP1 LVL (OFF, 0.02–1.20 xVnm) 59Q1P  :=

NSQ OV TRIP1 DLY (0.0–120.0 sec) (Hidden if 59Q1P := OFF) 59Q1D :=

NSQ OV TRIP2 LVL (OFF, 0.02–1.20 xVnm) 59Q2P :=

NSQ OV TRIP2 DLY (0.0–120.0 sec) (Hidden if 59Q2P := OFF) 59Q2D :=

OVS LEVEL 1 (OFF, 2.00–300.00 V) 59S1P :=

OVS DELAY 1 (0.0–120.0 sec) (Hidden if 59S1P := OFF) 59S1D :=

OVS LEVEL 2 (OFF, 2.00–300.00 V) 59S2P :=

OVS DELAY 2 (0.0–120.0 sec) (Hidden if 59S2P := OFF) 59S2D :=

Synchronism Check
(Hidden if voltage card option with VS input not Included)

SYNCH CHECK (Y, N) E25 := 

VS WINDOW LOW (0.00–300.00 V) (Hidden if E25 := N) 25VLO := 

VS WINDOW HIGH (0.00–300.00 V) (Hidden if E25 := N) 25VHI := 

V RATIO COR FAC (0.50–2.00) 25RCF := 

MAX SLIP FREQUENCY (0.05–0.50 Hz) (Hidden if E25 := N) 25SF := 

MAX ANGLE 1 (0–80 deg) (Hidden if E25 := N) 25ANG1 :=

MAX ANGLE 2 (0–80 deg) (Hidden if E25 := N) 25ANG2 := 
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SYNCPH PHASE (VA, VB, VC, 0, 30, 60, 90, 120, 150, 180, 210, 
240, 270, 300, 330 deg lag VA) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := DELTA)

SYNCPH :=

SYNCPH PHASE (VAB, VBC, VCA, 0, 30, 60, 90, 120, 150, 180, 
210, 240, 270, 300, 330 deg lag VAB) 
(Hidden if E25 := N) 
(Hidden if DELTA_Y := WYE)

SYNCPH := 

BRKR CLOSE TIME (OFF, 1–1000 ms) (Hidden if E25 := N) TCLOSD := 

BLK SYNCH CHECK (SELOGIC) (Hidden if E25 := N) BSYNCH :=

Power Factor
(Hidden if voltage card option not included)

PF LAG TRIP LEVL (OFF, 0.05–0.99) 55LGTP :=

PF LD TRIP LEVEL (OFF, 0.05–0.99) 55LDTP :=

PF TRIP DELAY (1–240 sec) 
(Hidden if both 55LDTP and 55LGTP := OFF)

55TD :=

PF LAG WARN LEVL (OFF, 0.05–0.99) 55LGAP :=

PF LD WARN LEVEL (OFF, 0.05–0.99) 55LDAP :=

PF WARN DELAY (1–240 sec) 
(Hidden if both 55LDAP and 55LGAP := OFF)

55AD :=

PF ARMING DELAY (0–5000 sec) 
(Hidden if all 55LGTP, 55LDTP, 55LGAP, and 55LDAP := OFF)

55DLY :=

Loss of Potential
(Hidden if voltage card option not included)

LOP BLOCK (SELOGIC) LOPBLK :=

Frequency
FREQ1 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D1TP :=

FREQ1 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D1TP := OFF)

81D1TD :=

FREQ2 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D2TP :=

FREQ2 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D2TP := OFF)

81D2TD :=

FREQ3 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D3TP :=

FREQ3 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D3TP := OFF)

81D3TD :=

FREQ4 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D4TP :=

FREQ4 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D4TP := OFF)

81D4TD :=

FREQ5 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D5TP :=
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FREQ5 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D5TP := OFF)

81D5TD := 

FREQ6 TRIP LEVEL (OFF, 20.00–70.00 Hz) 81D6TP := 

 FREQ6 TRIP DELAY (0.00–400.00 sec) 
(Hidden if 81D6TP := OFF)

81D6TD := 

Rate-of-Change-of-Frequency
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81R (OFF,1–4) (All Rate-of-Change-of-Frequency 
settings below Hidden if E81R := NONE)

E81R :=

 81R VOLTAGE SUP (OFF,0.1–1.3 xVnm) 81RVSUP :=

 81R CURRENT SUP (OFF,0.1–2.0 xINOM) 81RISUP :=

 81R1 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R1TP :=

 81R1 TREND (INC,DEC,ABS) (Hidden if 81R1TP := OFF) 81R1TRND := 

 81R1 TRIP DELAY (0.10–60.00 sec) Hidden if 81R1TP := OFF) 81R1TD := 

 81R1 DO DELAY (0.00–60.00 sec) (Hidden if 81R1TP := OFF) 81R1DO := 

 81R2 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R2TP :=

 81R2 TREND (INC,DEC,ABS) (Hidden if 81R2TP := OFF) 81R2TRND := 

 81R2 TRIP DELAY (0.10–60.00 sec) Hidden if 81R2TP := OFF) 81R2TD := 

 81R2 DO DELAY (0.00–60.00 sec) (Hidden if 81R2TP := OFF) 81R2DO := 

 81R3 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R3TP :=

 81R3 TREND (INC,DEC,ABS) (Hidden if 81R3TP := OFF) 81R3TRND :=

 81R3 TRIP DELAY (0.10–60.00 sec) Hidden if 81R3TP := OFF) 81R3TD := 

 81R3 DO DELAY (0.00–60.00 sec) (Hidden if 81R3TP := OFF) 81R3DO := 

 81R4 TRIP LEVEL (OFF,0.10–15.00 Hz/sec) 81R4TP :=

 81R4 TREND (INC,DEC,ABS) (Hidden if 81R4TP := OFF) 81R4TRND := 

 81R4 TRIP DELAY (0.10–60.00 sec) Hidden if 81R4TP := OFF) 81R4TD := 

 81R4 DO DELAY (0.00–60.00 sec) (Hidden if 81R4TP := OFF) 81R4DO := 

Fast Rate-of-Change-of-Frequency (81RF)
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE 81RF (Y, N) (All Fast Rate-of-Change-of-Frequency 
settings below Hidden if E81RF := N)

E81RF :=

FREQDIF SETPOINT ( 0.1–10.0 Hz) 81RFDFP  :=

DFDT SETPOINT (0.2–15.0 Hz/sec) 81RFRP :=

81RF PU DELAY (0.10–1.00 sec) 81RFPU  :=

81RF DO DELAY (0.0–1.00 sec) 81RFDO  :=
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81RF VOLTAGE BLK (OFF, 0.2–1.0 x Vnm) 81RFVBLK  :=

81RF CURRENT BLK (OFF, 0.1–20 x INOM) 81RFIBLK  :=

81RF BLOCK (SELOGIC) 81RFBL :=

81RF BLOCK DO (0.02–5.00 sec) 81RFBLDO  := 

Demand Metering
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

 ENABLE DEM MTR (THM,ROL) EDEM := 

 DEM TIME CONSTNT (5, 10, 15, 30, 60 min) DMTC := 

 PH CURR DEM LVL (OFF, 0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

PHDEMP :=

 RES CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

GNDEMP := 

 3I2 CURR DEM LVL (OFF,0.50–16.00 A {5 A nom}, 
0.10–3.20 A {1 A nom})

3I2DEMP := 

Power
(Hidden if the appropriate voltage card option is not included, see Table 1.1)

ENABLE PWR ELEM (N, 3P1, 3P2)
(All Power element settings below hidden if EPWR := N)

EPWR := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 VA {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) 

3PWR1P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW1P := OFF)

PWR1T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW1P := OFF)

PWR1D := 

3PH PWR ELEM PU (OFF, 0.2–1300.00 {1 A phase CTs},
1.0–6500.0 VA {5 A phase CTs}) (Hidden if EPWR := 3P1)

3PWR2P := 

PWR ELEM TYPE (+WATTS, –WATTS, +VARS, –VARS)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2T := 

PWR ELEM DELAY (0.0–240.0 s)
(Hidden if 3PRW2P := OFF or if EPWR := 3P1)

PWR2D := 

Trip/Close Logic
MIN TRIP TIME (0.0–400.0 sec) TDURD :=

CLOSE FAIL DLY (0.0–400.0 sec) CFD :=

TRIP EQUATION (SELOGIC) TR :=

REMOTE TRIP EQN (SELOGIC) REMTRIP :=

UNLATCH TRIP (SELOGIC) ULTRIP :=

BREAKER STATUS (SELOGIC) 52A :=
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CLOSE EQUATION (SELOGIC) CL :=

UNLATCH CLOSE (SELOGIC) ULCL :=

Reclosing Control
(Hidden If Reclosing Option Is Not Included)

ENABLE RECLOSER (OFF,1–4 shots) (All settings below are 
hidden if OFF is selected)

E79 := 

OPEN INTERVAL 1 (0.00–3000.00 sec) 79OI1 := 

OPEN INTERVAL 2 (0.00–3000.00 sec) 79OI2 := 

OPEN INTERVAL 3 (0.00–3000.00 sec) 79OI3 := 

OPEN INTERVAL 4 (0.00–3000.00 sec) 79OI4 := 

RST TM FROM RECL (0.00–3000.00 sec) 79RSD := 

RST TM FROM LO (0.00–3000.00 sec) 79RSLD := 

RECLS SUPV TIME (OFF, 0.00–3000.00 sec) 79CLSD := 

RECLOSE INITIATE (SELOGIC) 79RI := 

RCLS INIT SUPVSN (SELOGIC) 79RIS := 

DRIVE-TO-LOCKOUT (SELOGIC) 79DTL := 

DRIVE-TO-LSTSHOT (SELOGIC) 79DLS := 

SKIP SHOT (SELOGIC) 79SKP := 

STALL OPN INTRVL (SELOGIC) 79STL := 

BLOCK RESET TMNG (SELOGIC) 79BRS := 

SEQ COORDINATION (SELOGIC) 79SEQ := 

RCLS SUPERVISION (SELOGIC) 79CLS :=

Logic Settings (SET L Command)
SELOGIC Enables

SELOGIC LATCHES (N, 1–32) ELAT := 

SV/TIMERS (N, 1–32) ESV := 

SELOGIC COUNTERS (N, 1–32) ESC := 

MATH VARIABLES (N, 1–32) EMV := 

Latch Bits Equations
SET01 := 

RST01 := 

SET02 :=

RST02 :=
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SET03 :=

RST03 :=

SET04 :=

RST04 :=

SET05 :=

RST05 :=

SET06 :=

RST06 :=

SET07 :=

RST07 :=

SET08 :=

RST08 :=

SET09 := 

RST09 := 

SET10 :=

RST10 :=

SET11 :=

RST11 :=

SET12 :=

RST12 :=

SET13 :=

RST13 :=

SET14 :=

RST14 :=

SET15 :=

RST15 :=

SET16 :=

RST16 :=

SET17 := 

RST17 := 

SET18 :=

RST18 :=

SET19 :=

RST19 :=

SET20 :=

RST20 :=

SET21 :=

RST21 :=
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SET22 :=

RST22 :=

SET23 :=

RST23 :=

SET24 :=

RST24 :=

SET25 := 

RST25 := 

SET26 :=

RST26 :=

SET27 :=

RST27 :=

SET28 :=

RST28 :=

SET29 :=

RST29 :=

SET30 :=

RST30 :=

SET31 :=

RST31 :=

SET32 :=

RST32 :=

SV/Timers
SV TIMER PICKUP (0.00–3000.00 sec) SV01PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV01DO :=

SV INPUT (SELOGIC) SV01 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV02PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV02DO :=

SV INPUT (SELOGIC) SV02 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV03PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV03DO :=

SV INPUT (SELOGIC) SV03 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV04PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV04DO :=

SV INPUT (SELOGIC) SV04 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV05PU :=



SET.16
 of 72

SEL-751A Settings Sheets
Logic Settings (SET L Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

SV TIMER DROPOUT (0.00–3000.00 sec) SV05DO :=

SV INPUT (SELOGIC) SV05 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV06PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV06DO :=

SV INPUT (SELOGIC) SV06 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV07PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV07DO :=

SV INPUT (SELOGIC) SV07 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV08PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV08DO :=

SV INPUT (SELOGIC) SV08 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV09PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV09DO :=

SV INPUT (SELOGIC) SV09 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV10PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV10DO :=

SV INPUT (SELOGIC) SV10 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV11PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV11DO :=

SV INPUT (SELOGIC) SV11 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV12PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV12DO :=

SV INPUT (SELOGIC) SV12 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV13PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV13DO :=

SV INPUT (SELOGIC) SV13 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV14PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV14DO :=

SV INPUT (SELOGIC) SV14 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV15PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV15DO :=

SV INPUT (SELOGIC) SV15 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV16PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV16DO :=
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SV INPUT (SELOGIC) SV16 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV17PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV17DO :=

SV INPUT (SELOGIC) SV17 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV18PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV18DO :=

SV INPUT (SELOGIC) SV18 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV19PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV19DO :=

SV INPUT (SELOGIC) SV19 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV20PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV20DO :=

SV INPUT (SELOGIC) SV20 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV21PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV21DO :=

SV INPUT (SELOGIC) SV21 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV22PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV22DO :=

SV INPUT (SELOGIC) SV22 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV23PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV23DO :=

SV INPUT (SELOGIC) SV23 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV24PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV24DO :=

SV INPUT (SELOGIC) SV24 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV25PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV25DO :=

SV INPUT (SELOGIC) SV25 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV26PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV26DO :=

SV INPUT (SELOGIC) SV26 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV27PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV27DO :=

SV INPUT (SELOGIC) SV27 :=
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SV TIMER PICKUP (0.00–3000.00 sec) SV28PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV28DO :=

SV INPUT (SELOGIC) SV28 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV29PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV29DO :=

SV INPUT (SELOGIC) SV29 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV30PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV30DO :=

SV INPUT (SELOGIC) SV30 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV31PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV31DO :=

SV INPU (SELOGIC) SV31 :=

SV TIMER PICKUP (0.00–3000.00 sec) SV32PU :=

SV TIMER DROPOUT (0.00–3000.00 sec) SV32DO :=

SV INPUT (SELOGIC) SV32 :=

Counters Equations
SC PRESET VALUE (1–65000) SC01PV :=

SC RESET INPUT (SELOGIC) SC01R :=

SC LOAD PV INPUT (SELOGIC) SC01LD :=

SC CNT UP INPUT (SELOGIC) SC01CU :=

SC CNT DN INPUT (SELOGIC) SC01CD :=

SC PRESET VALUE (1–65000) SC02PV :=

SC RESET INPUT (SELOGIC) SC02R :=

SC LOAD PV INPUT (SELOGIC) SC02LD :=

SC CNT UP INPUT (SELOGIC) SC02CU :=

SC CNT DN INPUT (SELOGIC) SC02CD :=

SC PRESET VALUE (1–65000) SC03PV :=

SC RESET INPUT (SELOGIC) SC03R :=

SC LOAD PV INPUT (SELOGIC) SC03LD :=

SC CNT UP INPUT (SELOGIC) SC03CU :=

SC CNT DN INPUT (SELOGIC) SC03CD :=

SC PRESET VALUE (1–65000) SC04PV :=

SC RESET INPUT (SELOGIC) SC04R :=
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SC LOAD PV INPUT (SELOGIC) SC04LD :=

SC CNT UP INPUT (SELOGIC) SC04CU :=

SC CNT DN INPUT (SELOGIC) SC04CD :=

SC PRESET VALUE (1–65000) SC05PV :=

SC RESET INPUT (SELOGIC) SC05R :=

SC LOAD PV INPUT (SELOGIC) SC05LD :=

SC CNT UP INPUT (SELOGIC) SC05CU :=

SC CNT DN INPUT (SELOGIC) SC05CD :=

SC PRESET VALUE (1–65000) SC06PV :=

SC RESET INPUT (SELOGIC) SC06R :=

SC LOAD PV INPUT (SELOGIC) SC06LD :=

SC CNT UP INPUT (SELOGIC) SC06CU :=

SC CNT DN INPUT (SELOGIC) SC06CD :=

SC PRESET VALUE (1–65000) SC07PV :=

SC RESET INPUT (SELOGIC) SC07R :=

SC LOAD PV INPUT (SELOGIC) SC07LD :=

SC CNT UP INPUT (SELOGIC) SC07CU :=

SC CNT DN INPUT (SELOGIC) SC07CD :=

SC PRESET VALUE (1–65000) SC08PV :=

SC RESET INPUT (SELOGIC) SC08R :=

SC LOAD PV INPUT (SELOGIC) SC08LD :=

SC CNT UP INPUT (SELOGIC) SC08CU :=

SC CNT DN INPUT (SELOGIC) SC08CD :=

SC PRESET VALUE (1–65000) SC09PV :=

SC RESET INPUT (SELOGIC) SC09R :=

SC LOAD PV INPUT (SELOGIC) SC09LD :=

SC CNT UP INPUT (SELOGIC) SC09CU :=

SC CNT DN INPUT (SELOGIC) SC09CD :=

SC PRESET VALUE (1–65000) SC10PV :=

SC RESET INPUT (SELOGIC) SC10R :=

SC LOAD PV INPUT (SELOGIC) SC10LD :=

SC CNT UP INPUT (SELOGIC) SC10CU :=

SC CNT DN INPUT (SELOGIC) SC10CD :=

SC PRESET VALUE (1–65000) SC11PV :=
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SC RESET INPUT (SELOGIC) SC11R :=

SC LOAD PV INPUT (SELOGIC) SC11LD :=

SC CNT UP INPUT (SELOGIC) SC11CU :=

SC CNT DN INPUT (SELOGIC) SC11CD :=

SC PRESET VALUE (1–65000) SC12PV :=

SC RESET INPUT (SELOGIC) SC12R :=

SC LOAD PV INPUT (SELOGIC) SC12LD :=

SC CNT UP INPUT (SELOGIC) SC12CU :=

SC CNT DN INPUT (SELOGIC) SC12CD :=

SC PRESET VALUE (1–65000) SC13PV :=

SC RESET INPUT (SELOGIC) SC13R :=

SC LOAD PV INPUT (SELOGIC) SC13LD :=

SC CNT UP INPUT (SELOGIC) SC13CU :=

SC CNT DN INPUT (SELOGIC) SC13CD :=

SC PRESET VALUE (1–65000) SC14PV :=

SC RESET INPUT (SELOGIC) SC14R :=

SC LOAD PV INPUT (SELOGIC) SC14LD :=

SC CNT UP INPUT (SELOGIC) SC14CU :=

SC CNT DN INPUT (SELOGIC) SC14CD :=

SC PRESET VALUE (1–65000) SC15PV :=

SC RESET INPUT (SELOGIC) SC15R :=

SC LOAD PV INPUT (SELOGIC) SC15LD :=

SC CNT UP INPUT (SELOGIC) SC15CU :=

SC CNT DN INPUT (SELOGIC) SC15CD :=

SC PRESET VALUE (1–65000) SC16PV :=

SC RESET INPUT (SELOGIC) SC16R :=

SC LOAD PV INPUT (SELOGIC) SC16LD :=

SC CNT UP INPUT (SELOGIC) SC16CU :=

SC CNT DN INPUT (SELOGIC) SC16CD :=

SC PRESET VALUE (1–65000) SC17PV :=

SC RESET INPUT (SELOGIC) SC17R :=

SC LOAD PV INPUT (SELOGIC) SC17LD :=

SC CNT UP INPUT (SELOGIC) SC17CU :=

SC CNT DN INPUT (SELOGIC) SC17CD :=
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SC PRESET VALUE (1–65000) SC18PV :=

SC RESET INPUT (SELOGIC) SC18R :=

SC LOAD PV INPUT (SELOGIC) SC18LD :=

SC CNT UP INPUT (SELOGIC) SC18CU :=

SC CNT DN INPUT (SELOGIC) SC18CD :=

SC PRESET VALUE (1–65000) SC19PV :=

SC RESET INPUT (SELOGIC) SC19R :=

SC LOAD PV INPUT (SELOGIC) SC19LD :=

SC CNT UP INPUT (SELOGIC) SC19CU :=

SC CNT DN INPUT (SELOGIC) SC19CD :=

SC PRESET VALUE (1–65000) SC20PV :=

SC RESET INPUT (SELOGIC) SC20R :=

SC LOAD PV INPUT (SELOGIC) SC20LD :=

SC CNT UP INPUT (SELOGIC) SC20CU :=

SC CNT DN INPUT (SELOGIC) SC20CD :=

SC PRESET VALUE (1–65000) SC21PV :=

SC RESET INPUT (SELOGIC) SC21R :=

SC LOAD PV INPUT (SELOGIC) SC21LD :=

SC CNT UP INPUT (SELOGIC) SC21CU :=

SC CNT DN INPUT (SELOGIC) SC21CD :=

SC PRESET VALUE (1–65000) SC22PV :=

SC RESET INPUT (SELOGIC) SC22R :=

SC LOAD PV INPUT (SELOGIC) SC22LD :=

SC CNT UP INPUT (SELOGIC) SC22CU :=

SC CNT DN INPUT (SELOGIC) SC22CD :=

SC PRESET VALUE (1–65000) SC23PV :=

SC RESET INPUT (SELOGIC) SC23R :=

SC LOAD PV INPUT (SELOGIC) SC23LD :=

SC CNT UP INPUT (SELOGIC) SC23CU :=

SC CNT DN INPUT (SELOGIC) SC23CD :=

SC PRESET VALUE (1–65000) SC24PV :=

SC RESET INPUT (SELOGIC) SC24R :=

SC LOAD PV INPUT (SELOGIC) SC24LD :=

SC CNT UP INPUT (SELOGIC) SC24CU :=
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SC CNT DN INPUT (SELOGIC) SC24CD :=

SC PRESET VALUE (1–65000) SC25PV :=

SC RESET INPUT (SELOGIC) SC25R :=

SC LOAD PV INPUT (SELOGIC) SC25LD :=

SC CNT UP INPUT (SELOGIC) SC25CU :=

SC CNT DN INPUT (SELOGIC) SC25CD :=

SC PRESET VALUE (1–65000) SC26PV :=

SC RESET INPUT (SELOGIC) SC26R :=

SC LOAD PV INPUT (SELOGIC) SC26LD :=

SC CNT UP INPUT (SELOGIC) SC26CU :=

SC CNT DN INPUT (SELOGIC) SC26CD :=

SC PRESET VALUE (1–65000) SC27PV :=

SC RESET INPUT (SELOGIC) SC27R :=

SC LOAD PV INPUT (SELOGIC) SC27LD :=

SC CNT UP INPUT (SELOGIC) SC27CU :=

SC CNT DN INPUT (SELOGIC) SC27CD :=

SC PRESET VALUE (1–65000) SC28PV :=

SC RESET INPUT (SELOGIC) SC28R :=

SC LOAD PV INPUT (SELOGIC) SC28LD :=

SC CNT UP INPUT (SELOGIC) SC28CU :=

SC CNT DN INPUT (SELOGIC) SC28CD :=

SC PRESET VALUE (1–65000) SC29PV :=

SC RESET INPUT (SELOGIC) SC29R :=

SC LOAD PV INPUT (SELOGIC) SC29LD :=

SC CNT UP INPUT (SELOGIC) SC29CU :=

SC CNT DN INPUT (SELOGIC) SC29CD :=

SC PRESET VALUE (1–65000) SC30PV :=

SC RESET INPUT (SELOGIC) SC30R :=

SC LOAD PV INPUT (SELOGIC) SC30LD :=

SC CNT UP INPUT (SELOGIC) SC30CU :=

SC CNT DN INPUT (SELOGIC) SC30CD :=

SC PRESET VALUE (1–65000) SC31PV :=

SC RESET INPUT (SELOGIC) SC31R :=

SC LOAD PV INPUT (SELOGIC) SC31LD :=
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SC CNT UP INPUT (SELOGIC) SC31CU :=

SC CNT DN INPUT (SELOGIC) SC31CD :=

SC PRESET VALUE (1–65000) SC32PV :=

SC RESET INPUT (SELOGIC) SC32R :=

SC LOAD PV INPUT (SELOGIC) SC32LD :=

SC CNT UP INPUT (SELOGIC) SC32CU :=

SC CNT DN INPUT (SELOGIC) SC32CD :=

Math Variables
MV01 :=

MV02 :=

MV03 :=

MV04 :=

MV05 :=

MV06 :=

MV07 :=

MV08 :=

MV09 :=

MV10 :=

MV11 :=

MV12 :=

MV13 :=

MV14 :=

MV15 :=

MV16 :=

MV17 :=

MV18 :=

MV19 :=

MV20 :=

MV21 :=

MV22 :=

MV23 :=

MV24 :=

MV25 :=

MV26 :=

MV27 :=

MV28 :=
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MV29 :=

MV30 :=

MV31 :=

MV32 :=

Base Output
OUT101 FAIL-SAFE (Y, N) OUT101FS :=

OUT101 :=

OUT102 FAIL-SAFE (Y, N) OUT102FS :=

OUT102 :=

OUT103 FAIL-SAFE (Y, N) OUT103FS :=

OUT103 :=

Slot C Output
(Hidden If Output Option Not Included)

OUT301 FAIL-SAFE (Y, N) OUT301FS :=

OUT301 :=

OUT302 FAIL-SAFE (Y, N) OUT302FS :=

OUT302 :=

OUT303 FAIL-SAFE (Y, N) OUT303FS :=

OUT303 :=

OUT303 FAIL-SAFE (Y, N) OUT304FS :=

OUT304 :=

Slot D Output
(Hidden If Output Option Not Included)

OUT401 FAIL-SAFE (Y, N) OUT401FS :=

OUT401 :=

OUT402 FAIL-SAFE (Y, N) OUT402FS :=

OUT402 :=

OUT403 FAIL-SAFE (Y, N) OUT403FS :=

OUT403 :=

OUT404 FAIL-SAFE (Y, N) OUT404FS :=

OUT404 :=
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Slot E Output
(Hidden If Output Option Not Included)

OUT501 FAIL-SAFE (Y, N) OUT501FS :=

OUT501 :=

OUT502 FAIL-SAFE (Y, N) OUT502FS :=

OUT502 :=

OUT503 FAIL-SAFE (Y, N) OUT503FS :=

OUT503 :=

OUT505 FAIL-SAFE (Y, N) OUT504FS :=

OUT504 :=

MIRRORED BITS Transmit SELOGIC Control Equations
(Hidden if PROTO is not MBxx on any of the communications ports)

TMB1A :=

TMB2A :=

TMB3A :=

TMB4A :=

TMB5A :=

TMB6A :=

TMB7A :=

TMB8A :=

TMB1B :=

TMB2B :=

TMB3B :=

TMB4B :=

TMB5B :=

TMB6B :=

TMB7B :=

TMB8B :=
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Global Settings (SET G Command)
General

PHASE ROTATION (ABC, ACB) PHROT :=

RATED FREQ. (50, 60 Hz) FNOM :=

DATE FORMAT (MDY, YMD, DMY) DATE_F :=

MET CUTOFF THRES (Y, N) METHRES :=

FAULT CONDITION (SELOGIC) FAULT :=

EVE MSG PTS ENABL (N, 1–32) EMP :=

Event Messenger Points (Only the points enabled by EMP are visible)

MESSENGER POINT MP01 TRIGGER (Off, 1 Relay Word bit) MPTR01 :=

MESSENGER POINT MP01 AQ (None, 1 analog quantity) MPAQ01 :=

MESSENGER POINT MP01 TEXT (148 characters) MPTX01 :=

MESSENGER POINT MP02 TRIGGER (Off, 1 Relay Word bit) MPTR02 :=

MESSENGER POINT MP02 AQ (None, 1 analog quantity) MPAQ02 :=

MESSENGER POINT MP02 TEXT (148 characters) MPTX02 :=

MESSENGER POINT MP03 TRIGGER (Off, 1 Relay Word bit) MPTR03 :=

MESSENGER POINT MP03 AQ (None, 1 analog quantity) MPAQ03 :=

MESSENGER POINT MP03 TEXT (148 characters) MPTX03 :=

MESSENGER POINT MP04 TRIGGER (Off, 1 Relay Word bit) MPTR04 :=

MESSENGER POINT MP04 AQ (None, 1 analog quantity) MPAQ04 :=

MESSENGER POINT MP04 TEXT (148 characters) MPTX04 :=

MESSENGER POINT MP05 TRIGGER (Off, 1 Relay Word bit) MPTR05 :=

MESSENGER POINT MP05 AQ (None, 1 analog quantity) MPAQ05 :=

MESSENGER POINT MP05 TEXT (148 characters) MPTX05 :=

MESSENGER POINT MP06 TRIGGER (Off, 1 Relay Word bit) MPTR06 :=

MESSENGER POINT MP06 AQ (None, 1 analog quantity) MPAQ06 :=

MESSENGER POINT MP06 TEXT (148 characters) MPTX06 :=

MESSENGER POINT MP07 TRIGGER (Off, 1 Relay Word bit) MPTR07 :=

MESSENGER POINT MP07 AQ (None, 1 analog quantity) MPAQ07 :=

MESSENGER POINT MP07 TEXT (148 characters) MPTX07 :=

MESSENGER POINT MP08 TRIGGER (Off, 1 Relay Word bit) MPTR08 :=

MESSENGER POINT MP08 AQ (None, 1 analog quantity) MPAQ08 :=

MESSENGER POINT MP08 TEXT (148 characters) MPTX08 :=
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MESSENGER POINT MP09 TRIGGER (Off, 1 Relay Word bit) MPTR09 :=

MESSENGER POINT MP09 AQ (None, 1 analog quantity) MPAQ09 :=

MESSENGER POINT MP09 TEXT (148 characters) MPTX09 :=

MESSENGER POINT MP10 TRIGGER (Off, 1 Relay Word bit) MPTR10 :=

MESSENGER POINT MP10 AQ (None, 1 analog quantity) MPAQ10 :=

MESSENGER POINT MP10 TEXT (148 characters) MPTX10 :=

MESSENGER POINT MP11 TRIGGER (Off, 1 Relay Word bit) MPTR11 :=

MESSENGER POINT MP11 AQ (None, 1 analog quantity) MPAQ11 :=

MESSENGER POINT MP11 TEXT (148 characters) MPTX11 :=

MESSENGER POINT MP12 TRIGGER (Off, 1 Relay Word bit) MPTR12 :=

MESSENGER POINT MP12 AQ (None, 1 analog quantity) MPAQ12 :=

MESSENGER POINT MP12 TEXT (148 characters) MPTX12 :=

MESSENGER POINT MP13 TRIGGER (Off, 1 Relay Word bit) MPTR13 :=

MESSENGER POINT MP13 AQ (None, 1 analog quantity) MPAQ13 :=

MESSENGER POINT MP13 TEXT (148 characters) MPTX13 :=

MESSENGER POINT MP14 TRIGGER (Off, 1 Relay Word bit) MPTR14 :=

MESSENGER POINT MP14 AQ (None, 1 analog quantity) MPAQ14 :=

MESSENGER POINT MP14 TEXT (148 characters) MPTX14 :=

MESSENGER POINT MP15 TRIGGER (Off, 1 Relay Word bit) MPTR15 :=

MESSENGER POINT MP15 AQ (None, 1 analog quantity) MPAQ15 :=

MESSENGER POINT MP15 TEXT (148 characters) MPTX15 :=

MESSENGER POINT MP16 TRIGGER (Off, 1 Relay Word bit) MPTR16 :=

MESSENGER POINT MP16 AQ (None, 1 analog quantity) MPAQ16 :=

MESSENGER POINT MP16 TEXT (148 characters) MPTX16 :=

MESSENGER POINT MP17 TRIGGER (Off, 1 Relay Word bit) MPTR17 :=

MESSENGER POINT MP17 AQ (None, 1 analog quantity) MPAQ17 :=

MESSENGER POINT MP17 TEXT (148 characters) MPTX17 :=

MESSENGER POINT MP18 TRIGGER (Off, 1 Relay Word bit) MPTR18 :=

MESSENGER POINT MP18 AQ (None, 1 analog quantity) MPAQ18 :=

MESSENGER POINT MP18 TEXT (148 characters) MPTX18 :=

MESSENGER POINT MP19 TRIGGER (Off, 1 Relay Word bit) MPTR19 :=

MESSENGER POINT MP19 AQ (None, 1 analog quantity) MPAQ19 :=

MESSENGER POINT MP19 TEXT (148 characters) MPTX19 :=

MESSENGER POINT MP20 TRIGGER (Off, 1 Relay Word bit) MPTR20 :=



SET.28
 of 72

SEL-751A Settings Sheets
Global Settings (SET G Command)

SEL-751A Relay Instruction Manual Date Code 20220610

Date________________

MESSENGER POINT MP20 AQ (None, 1 analog quantity) MPAQ20 :=

MESSENGER POINT MP20 TEXT (148 characters) MPTX20 :=

MESSENGER POINT MP21 TRIGGER (Off, 1 Relay Word bit) MPTR21 :=

MESSENGER POINT MP21 AQ (None, 1 analog quantity) MPAQ21 :=

MESSENGER POINT MP21 TEXT (148 characters) MPTX21 :=

MESSENGER POINT MP22 TRIGGER (Off, 1 Relay Word bit) MPTR22 :=

MESSENGER POINT MP22 AQ (None, 1 analog quantity) MPAQ22 :=

MESSENGER POINT MP22 TEXT (148 characters) MPTX22 :=

MESSENGER POINT MP23 TRIGGER (Off, 1 Relay Word bit) MPTR23 :=

MESSENGER POINT MP23 AQ (None, 1 analog quantity) MPAQ23 :=

MESSENGER POINT MP23 TEXT (148 characters) MPTX23 :=

MESSENGER POINT MP24 TRIGGER (Off, 1 Relay Word bit) MPTR24 :=

MESSENGER POINT MP24 AQ (None, 1 analog quantity) MPAQ24 :=

MESSENGER POINT MP24 TEXT (148 characters) MPTX24 :=

MESSENGER POINT MP25 TRIGGER (Off, 1 Relay Word bit) MPTR25 :=

MESSENGER POINT MP25 AQ (None, 1 analog quantity) MPAQ25 :=

MESSENGER POINT MP25 TEXT (148 characters) MPTX25 :=

MESSENGER POINT MP26 TRIGGER (Off, 1 Relay Word bit) MPTR26 :=

MESSENGER POINT MP26 AQ (None, 1 analog quantity) MPAQ26 :=

MESSENGER POINT MP26 TEXT (148 characters) MPTX26 :=

MESSENGER POINT MP27 TRIGGER (Off, 1 Relay Word bit) MPTR27 :=

MESSENGER POINT MP27 AQ (None, 1 analog quantity) MPAQ27 :=

MESSENGER POINT MP27 TEXT (148 characters) MPTX27 :=

MESSENGER POINT MP28 TRIGGER (Off, 1 Relay Word bit) MPTR28 :=

MESSENGER POINT MP28 AQ (None, 1 analog quantity) MPAQ28 :=

MESSENGER POINT MP28 TEXT (148 characters) MPTX28 :=

MESSENGER POINT MP29 TRIGGER (Off, 1 Relay Word bit) MPTR29 :=

MESSENGER POINT MP29 AQ (None, 1 analog quantity) MPAQ29 :=

MESSENGER POINT MP29 TEXT (148 characters) MPTX29 :=

MESSENGER POINT MP30 TRIGGER (Off, 1 Relay Word bit) MPTR30 :=

MESSENGER POINT MP30 AQ (None, 1 analog quantity) MPAQ30 :=

MESSENGER POINT MP30 TEXT (148 characters) MPTX30 :=

MESSENGER POINT MP31 TRIGGER (Off, 1 Relay Word bit) MPTR31 :=

MESSENGER POINT MP31 AQ (None, 1 analog quantity) MPAQ31 :=
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MESSENGER POINT MP31 TEXT (148 characters) MPTX31 :=

MESSENGER POINT MP32 TRIGGER (Off, 1 Relay Word bit) MPTR32 :=

MESSENGER POINT MP32 AQ (None, 1 analog quantity) MPAQ32 :=

MESSENGER POINT MP32 TEXT (148 characters) MPTX32 :=

Group Selection
GRP CHG DELAY (0–400 sec) TGR :=

SELECT GROUP1 (SELOGIC) SS1 :=

SELECT GROUP2 (SELOGIC) SS2 :=

SELECT GROUP3 (SELOGIC) SS3 :=

Phasor Measurement (PMU)
EN SYNCHRO PHASOR (Y, N) (All subsequent PMU settings 

Hidden if EPMU :=N) 
EPMU :=

MESSAGES PER SEC (1, 2, 5, 10) MRATE :=

STATION NAME (16 characters) PMSTN :=

PMU HARDWARE ID (1–65534) PMID :=

VOLTAGE DATA SET (V1, ALL, NA) (Hidden if no voltages) PHDATAV :=

VOLT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAV := NA)

VCOMP :=

CURRENT DATA SET (I1, ALL, NA) PHDATAI :=

CURRENT COMP ANGLE (–179.99 to 180.00 deg) 
(Hidden if PHDATAI := NA)

ICOMP :=

NUM ANALOG (0–4) NUMANA :=

NUM 16-BIT DIGTAL (0, 1) NUMDSW :=

TRIG REASON BIT 1 (SELOGIC) TREA1 :=

TRIG REASON BIT 2 (SELOGIC) TREA2 :=

TRIG REASON BIT 3 (SELOGIC) TREA3 :=

TRIG REASON BIT 4 (SELOGIC) TREA4 :=

TRIGGER (SELOGIC) PMTRIG :=

Time and Date Management
CTRL BITS DEFN (NONE, C37.118) IRIGC  :=

OFFSET FROM UTC (–24.00 to 24.00) rounded up to quarter UTC_OFF  :=

MONTH TO BEGIN DST (OFF, 1–12) DST_BEGM :=

WEEK OF THE MONTH TO BEGIN DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_BEGW :=
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DAY OF THE WEEK TO BEGIN DST (SUN, MON, TUE, 
WED, THU, FRI, SAT) (Hidden if DST_BEGM := OFF)

DST_BEGD :=

LOCAL HOUR TO BEGIN DST (0–23)(Hidden if 
DST_BEGM := OFF)

DST_BEGH :=

MONTH TO END DST (1–12) (Hidden if DST_BEGM := OFF) DST_ENDM :=

WEEK OF THE MONTH TO END DST (1–3, L) L = Last 
week of the month (Hidden if DST_BEGM := OFF)

DST_ENDW :=

DAY OF THE WEEK TO END DST (SUN, MON, TUE, 
WED, THU, FRI, SAT)  (Hidden if DST_BEGM := OFF)

DST_ENDD :=

LOCAL HOUR TO END DST (0–23) (Hidden if 
DST_BEGM := OFF)

DST_ENDH :=

Breaker Failure
52A INTERLOCK (Y, N) 52ABF :=

BK FAILURE DELAY (0.00–2.00 sec) BFD :=

BK FAIL INITIATE (SELOGIC) BFI :=

Arc-Flash Protection
(Hidden If Voltage Card With Arc-Flash Detection Not Included, see Table 1.1)

AF PH OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. phase}, 
0.10–20.00 A {1 A nom. phase})

50PAFP := 

Note: All settings below are hidden if 50PAFP := OFF

AF N OC TRP LVL (OFF, 0.50–100.00 A {5 A nom. neutral}, 
0.10–20.00 A {1 A nom. neutral})

50NAFP := 

SENSOR 1 TYPE (NONE, POINT, FIBER) AFSENS1 := 

TOL 1 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS1 := NONE) 

TOL1P := 

SENSOR 2 TYPE (NONE, POINT, FIBER) AFSENS2 := 

TOL 2 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS2 := NONE) 

TOL2P := 

SENSOR 3 TYPE (NONE, POINT, FIBER) AFSENS3 := 

TOL 3 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS3 := NONE)

TOL3P := 

SENSOR 4 TYPE (NONE, POINT, FIBER) AFSENS4 := 

TOL 4 PICKUP (3.0–80.0% {POINT}, 0.6–80.0% {FIBER}) 
(Hidden if AFSENS4 := NONE)

TOL4P := 

AFD OUTPUT SLOT (101_2, 301_2, 401_2) AOUTSLOT:= 
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Analog Inputs/Outputs
For the following settings, x is the card position (3, 4, or 5 in Slot C, D, and E, respectively). (Settings are hidden 
if Analog I/O are not included.)

AIx01
AIx01 TAG NAME (8 characters 0–9, A–Z, _) AIx01NAM :=

AIx01 TYPE (I, V) AIx01TYP :=

If AIx01TYP = I

AIx01 LOW IN VAL (–20.480 to +20.480; mA) AIx01L :=

AIx01 HI IN VAL (–20.480 to +20.480; mA) AIx01H :=

If AIx01TYP = V

AIx01 LOW IN VAL (–10.240 to +10.240 V) AIx01L :=

AIx01 HI IN VAL (–10.240 to +10.240 V) AIx01H :=

NOTE: Set Warn and Alarm to a value between Engr Low and 
Engr High settings.

AIx01 ENG UNITS (16 characters) AIx01EU :=

AIx01 EU LOW (–99999.000 to +99999.000) AIx01EL :=

AIx01 EU HI (–99999.000 to +99999.000) AIx01EH :=

AIx01 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx01LW1 :=

AIx01 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx01LW2 :=

AIx01 LO ALARM (OFF, –99999.000 to +99999.000) AIx01LAL :=

AIx01 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx01HW1 :=

AIx01 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx01HW2 :=

AIx01 HI ALARM (OFF, –99999.000 to +99999.000) AIx01HAL :=

AIx02
AIx02 TAG NAME (8 characters 0–9, A–Z, _) AIx02NAM :=

AIx02 TYPE (I, V) AIx02TYP :=

If AIx02TYP = I

AIx02 LOW IN VAL (–20.480 to +20.480; mA) AIx02L :=

AIx02 HI IN VAL (–20.480 to +20.480; mA) AIx02H :=

If AIx02TYP = V

AIx02 LOW IN VAL (–10.240 to +10.240 V) AIx02L :=

AIx02 HI IN VAL (–10.240 to +10.240 V) AIx02H :=

AIx02 ENG UNITS (16 characters) AIx02EU :=

AIx02 EU LOW (–99999.000 to +99999.000) AIx02EL :=

AIx02 EU HI (–99999.000 to +99999.000) AIx02EH :=
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AIx02 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx02LW1 :=

AIx02 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx02LW2 :=

AIx02 LO ALARM (OFF, –99999.000 to +99999.000) AIx02LAL :=

AIx02 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx02HW1 :=

AIx02 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx02HW2 :=

AIx02 HI ALARM (OFF, –99999.000 to +99999.000) AIx02HAL :=

AIx03
AIx03 TAG NAME (8 characters 0–9, A–Z, _) AIx03NAM :=

AIx03 TYPE (I, V) AIx03TYP :=

If AIx03TYP = I

AIx03 LOW IN VAL (–20.480 to +20.480; mA) AIx03L :=

AIx03 HI IN VAL (–20.480 to +20.480; mA) AIx03H :=

If AIx03TYP = V

AIx03 LOW IN VAL (–10.240 to +10.240 V) AIx03L :=

AIx03 HI IN VAL (–10.240 to +10.240 V) AIx03H :=

AIx03 ENG UNITS (16 characters) AIx03EU :=

AIx03 EU LOW (–99999.000 to +99999.000) AIx03EL :=

AIx03 EU HI (–99999.000 to +99999.000) AIx03EH :=

AIx03 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx03LW1 :=

AIx03 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx03LW2 :=

AIx03 LO ALARM (OFF, –99999.000 to +99999.000) AIx03LAL :=

AIx03 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx03HW1 :=

AIx03 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx03HW2 :=

AIx03 HI ALARM (OFF, –99999.000 to +99999.000) AIx03HAL :=

AIx04

AIx04 TAG NAME (8 characters 0–9, A–Z, _) AIx04NAM :=

AIx04 TYPE (I, V) AIx04TYP :=

If AIx04TYP = I

AIx04 LOW IN VAL (–20.480 to +20.480; mA) AIx04L :=

AIx04 HI IN VAL (–20.480 to +20.480; mA) AIx04H :=

If AIx04TYP = V

AIx04 LOW IN VAL (–10.240 to +10.240 V) AIx04L :=

AIx04 HI IN VAL (–10.240 to +10.240 V) AIx04H :=

AIx04 ENG UNITS (16 characters) AIx04EU :=
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AIx04 EU LOW (–99999.000 to +99999.000) AIx04EL :=

AIx04 EU HI (–99999.000 to +99999.000) AIx04EH :=

AIx04 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx04LW1 :=

AIx04 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx04LW2 :=

AIx04 LO ALARM (OFF, –99999.000 to +99999.000) AIx04LAL :=

AIx04 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx04HW1 :=

AIx04 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx04HW2 :=

AIx04 HI ALARM (OFF, –99999.000 to +99999.000) AIx04HAL :=

AIx05
AIx05 TAG NAME (8 characters 0–9, A–Z, _) AIx05NAM :=

AIx05 TYPE (I, V) AIx05TYP :=

If AIx05TYP = I

AIx05 LOW IN VAL (–20.480 to +20.480; mA) AIx05L :=

AIx05 HI IN VAL (–20.480 to +20.480; mA) AIx05H :=

If AIx05TYP = V

AIx05 LOW IN VAL (–10.240 to +10.240 V) AIx05L :=

AIx05 HI IN VAL (–10.240 to +10.240 V) AIx05H :=

AIx05 ENG UNITS (16 characters) AIx05EU :=

AIx05 EU LOW (–99999.000 to +99999.000) AIx05EL :=

AIx05 EU HI (–99999.000 to +99999.000) AIx05EH :=

AIx05 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx05LW1 :=

AIx05 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx05LW2 :=

AIx05 LO ALARM (OFF, –99999.000 to +99999.000) AIx05LAL :=

AIx05 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx05HW1 :=

AIx05 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx05HW2 :=

AIx05 HI ALARM (OFF, –99999.000 to +99999.000) AIx05HAL :=

AIx06
AIx06 TAG NAME (8 characters 0–9, A–Z, _) AIx06NAM :=

AIx06 TYPE (I, V) AIx06TYP :=

If AIx06TYP = I

AIx06 LOW IN VAL (–20.480 to +20.480; mA) AIx06L :=

AIx06 HI IN VAL (–20.480 to +20.480; mA) AIx06H :=

If AIx06TYP = V

AIx06 LOW IN VAL (–10.240 to +10.240 V) AIx06L :=
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AIx06 HI IN VAL (–10.240 to +10.240 V) AIx06H :=

AIx06 ENG UNITS (16 characters) AIx06EU :=

AIx06 EU LOW (–99999.000 to +99999.000) AIx06EL :=

AIx06 EU HI (–99999.000 to +99999.000) AIx06EH :=

AIx06 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx06LW1 :=

AIx06 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx06LW2 :=

AIx06 LO ALARM (OFF, –99999.000 to +99999.000) AIx06LAL :=

AIx06 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx06HW1 :=

AIx06 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx06HW2 :=

AIx06 HI ALARM (OFF, –99999.000 to +99999.000) AIx06HAL :=

AIx07

AIx07 TAG NAME (8 characters 0–9, A–Z, _) AIx07NAM :=

AIx07 TYPE (I, V) AIx07TYP :=

If AIx07TYP = I

AIx07 LOW IN VAL (–20.480 to +20.480; mA) AIx07L :=

AIx07 HI IN VAL (–20.480 to +20.480; mA) AIx07H :=

If AIx07TYP = V

AIx07 LOW IN VAL (–10.240 to +10.240 V) AIx07L :=

AIx07 HI IN VAL (–10.240 to +10.240 V) AIx07H :=

AIx07 ENG UNITS (16 characters) AIx07EU :=

AIx07 EU LOW (–99999.000 to +99999.000) AIx07EL :=

AIx07 EU HI (–99999.000 to +99999.000) AIx07EH :=

AIx07 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx07LW1 :=

AIx07 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx07LW2 :=

AIx07 LO ALARM (OFF, –99999.000 to +99999.000) AIx07LAL :=

AIx07 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx07HW1 :=

AIx07 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx07HW2 :=

AIx07 HI ALARM (OFF, –99999.000 to +99999.000) AIx07HAL :=

AIx08
AIx08 TAG NAME (8 characters 0–9, A–Z, _) AIx08NAM :=

AIx08 TYPE (I, V) AIx08TYP :=

If AIx08TYP = I

AIx08 LOW IN VAL (–20.480 to +20.480; mA) AIx08L :=

AIx08 HI IN VAL (–20.480 to +20.480; mA) AIx08H :=
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If AIx08TYP = V

AIx08 LOW IN VAL (–10.240 to +10.240 V) AIx08L :=

AIx08 HI IN VAL (–10.240 to +10.240 V) AIx08H :=

AIx08 ENG UNITS (16 characters) AIx08EU :=

AIx08 EU LOW (–99999.000 to +99999.000) AIx08EL :=

AIx08 EU HI (–99999.000 to +99999.000) AIx08EH :=

AIx08 LO WARN L1 (OFF, –99999.000 to +99999.000) AIx08LW1 :=

AIx08 LO WARN L2 (OFF, –99999.000 to +99999.000) AIx08LW2 :=

AIx08 LO ALARM (OFF, –99999.000 to +99999.000) AIx08LAL :=

AIx08 HI WARN L1 (OFF, –99999.000 to +99999.000) AIx08HW1 :=

AIx08 HI WARN L2 (OFF, –99999.000 to +99999.000) AIx08HW2 :=

AIx08 HI ALARM (OFF, –99999.000 to +99999.000) AIx08HAL :=

AOx01
AOx01 ANALOG QTY (Off, 1 analog quantity) AOx01AQ :=

AOx01 TYPE (I, V) AOx01TYP :=

AOx01 AQTY LOW (–2147483647 to +2147483647) AOx01AQL :=

AOx01 AQTY HI (–2147483647 to +2147483647) AOx01AQH:=

If AOx01TYP = I

AOx01 LO OUT VAL (–20.480 to +20.480 mA) AOx01L :=

AOx01 HI OUT VAL (–20.480 to +20.480 mA) AOx01H :=

If AOx01TYP = V

AOx01 LO OUT VAL (–10.240 to +10.240 V) AOx01L :=

AOx01 HI OUT VAL (–10.240 to +10.240 V) AOx01H :=

AOx02
AOx02 ANALOG QTY (Off, 1 analog quantity) AOx02AQ :=

AOx02 TYPE (I, V) AOx02TYP :=

AOx02 AQTY LOW (–2147483647 to +2147483647) AOx02AQL :=

AOx02 AQTY HI (–2147483647 to +2147483647) AOx02AQH:=

If AOx02TYP = I

AOx02 LO OUT VAL (–20.480 to +20.480 mA) AOx02L :=

AOx02 HI OUT VAL (–20.480 to +20.480 mA) AOx02H :=

If AOx02TYP = V

AOx02 LO OUT VAL (–10.240 to +10.240 V) AOx02L :=

AOx02 HI OUT VAL (–10.240 to +10.240 V) AOx02H :=
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AOx03

AOx03 ANALOG QTY (Off, 1 analog quantity) AOx03AQ :=

AOx03 TYPE (I, V) AOx03TYP :=

AOx03 AQTY LOW (–2147483647 to +2147483647) AOx03AQL :=

AOx03 AQTY HI (–2147483647 to +2147483647) AOx03AQH:=

If AOx03TYP = I

AOx03 LO OUT VAL (–20.480 to +20.480 mA) AOx03L :=

AOx03 HI OUT VAL (–20.480 to +20.480 mA) AOx03H :=

If AOx03TYP = V

AOx03 LO OUT VAL (–10.240 to +10.240 V) AOx03L :=

AOx03 HI OUT VAL (–10.240 to +10.240 V) AOx03H :=

AOx04
AOx04 ANALOG QTY (Off, 1 analog quantity) AOx04AQ :=

AOx04 TYPE (I, V) AOx04TYP :=

AOx04 AQTY LOW (–2147483647 to +2147483647) AOx04AQL :=

AOx04 AQTY HI (–2147483647 to +2147483647) AOx04AQH:=

If AOx04TYP = I

AOx04 LO OUT VAL (–20.480 to +20.480 mA) AOx04L :=

AOx04 HI OUT VAL (–20.480 to +20.480 mA) AOx04H :=

If AOx04TYP = V

AOx04 LO OUT VAL (–10.240 to +10.240 V) AOx04L :=

AOx04 HI OUT VAL (–10.240 to +10.240 V) AOx04H :=

Station DC Battery Monitor
(Hidden if Voltage Option xx74xx is included, see Table 1.1)

DC UNDER VOLT PU (OFF, 20.00–300.00 Vdc) DCLOP := 

DC OVER VOLT PU (OFF, 20.00–300.00 Vdc) DCHIP := 

Input Debounce Settings (Base Unit)
IN101 Debounce (AC, 0–65000 ms) IN101D :=

IN102 Debounce (AC, 0–65000 ms) IN102D :=

Input Debounce Settings (Slot C)
(Hidden If Input Option Not Included)

IN301 Debounce (AC, 0–65000 ms) IN301D :=

IN302 Debounce (AC, 0–65000 ms) IN302D :=

IN303 Debounce (AC, 0–65000 ms) IN303D :=
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IN304 Debounce (AC, 0–65000 ms) IN304D :=

IN305 Debounce (AC, 0–65000 ms) IN305D :=

IN306 Debounce (AC, 0–65000 ms) IN306D :=

IN307 Debounce (AC, 0–65000 ms) IN307D :=

IN308 Debounce (AC, 0–65000 ms) IN308D :=

Input Debounce Settings (Slot D)
(Hidden If Input Option Not Included)

IN401 Debounce (AC, 0–65000 ms) IN401D :=

IN402 Debounce (AC, 0–65000 ms) IN402D :=

IN403 Debounce (AC, 0–65000 ms) IN403D :=

IN404 Debounce (AC, 0–65000 ms) IN404D :=

IN405 Debounce (AC, 0–65000 ms) IN405D :=

IN406 Debounce (AC, 0–65000 ms) IN406D :=

IN407 Debounce (AC, 0–65000 ms) IN407D :=

IN408 Debounce (AC, 0–65000 ms) IN408D :=

Input Debounce Settings (Slot E)
(Hidden If Input Option Not Included)

IN501 Debounce (AC, 0–65000 ms) IN501D :=

IN502 Debounce (AC, 0–65000 ms) IN502D :=

IN503 Debounce (AC, 0–65000 ms) IN503D :=

IN504 Debounce (AC, 0–65000 ms) IN504D :=

IN505 Debounce (AC, 0–65000 ms) IN505D :=

IN506 Debounce (AC, 0–65000 ms) IN506D :=

IN507 Debounce (AC, 0–65000 ms) IN507D :=

IN508 Debounce (AC, 0–65000 ms) IN508D :=

Breaker Monitor Settings
BREAKER MONITOR (Y,N) (All subsequent settings 

Hidden if EBMON :=N) 
EBMON := 

CL/OPN OPS SETPT 1 (0–65000) COSP1 := 

CL/OPN OPS SETPT 2 (0–65000) COSP2 := 

CL/OPN OPS SETPT 3 (0–65000) COSP3 := 

kA PRI INTERRPTD 1 (0.10–999.00) KASP1 := 

kA PRI INTERRPTD 2 (0.10–999.00) KASP2 := 
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kA PRI INTERRPTD 3 (0.10–999.00) KASP3 := 

Control Breaker Monitor (SELOGIC) BKMON :=

Data Reset
RESET TARGETS (SELOGIC) RSTTRGT :=

RESET ENERGY (SELOGIC) RSTENRGY:=

RESET MAX/MIN (SELOGIC) RSTMXMN:=

RESET DEMAND (SELOGIC) (Hidden if Voltage Card Option is 
xx71xx or xx72xx)

RSTDEM :=

RESET PK DEMAND (SELOGIC) (Hidden if Voltage Card Option 
is xx71xx or xx72xx)

RSTPKDEM:=

Access Control
DISABLE SETTINGS (SELOGIC) DSABLSET :=

BLOCK MODBUS SET (NONE, R_S, ALL) BLKMBSET:=

Time-Synchronization Source 
(Hidden if Fiber-Optic PORT 2 Not Available)

IRIG TIME SOURCE (IRIG1, IRIG2) TIME_SRC :=

SET PORT p (p = F, 1, 2, 3, or 4) Command
PORT F

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, MOD, EVMSG, PMU) PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, EVMSG, or 
PMU)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG or PMU) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD or EVMSG) STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD or 
EVMSG)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, 
EVMSG, or PMU)

AUTO :=
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Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or PMU)

SLAVEID :=

PORT 1 (Ethernet Port in Slot B)
(Hidden If Ethernet Option Not Included)

ENABLE PORT (Y, N) EPORT :=

IP ADDRESS (zzz.yyy.xxx.www) IPADDR :=

SUBNET MASK (zzz.yyy.xxx.www) SUBNETM :=

DEFAULT ROUTER (zzz.yyy.xxx.www) DEFRTR :=

Enable TCP Keep-Alive (Y, N) ETCPKA := 

TCP Keep-Alive Idle Range (1–20 sec) (Hidden if ETCPKA := N) KAIDLE := 

TCP Keep-Alive Interval Range (1–20 sec) 
(Hidden if ETCPKA := N)

KAINTV := 

TCP Keep-Alive Count Range (1–20) (Hidden if ETCPKA := N) KACNT := 

FAST OP MESSAGES (Y, N) FASTOP := 

OPERATING MODE (FIXED, FAILOVER, SWITCHED) 
(Hidden if not dual redundant Ethernet Port option)

NETMODE := 

FAILOVER TIMEOUT (0.10–65.00 sec) (Hidden if not dual 
redundant Ethernet Port option or if NETMODE is not set to 
FAILOVER) 

FTIME := 

PRIMARY NETPORT (A, B) (Hidden if not dual redundant 
Ethernet Port option)

NETPORT := 

NETWRK PORTA SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETASPD := 

NETWRK PORTB SPD (AUTO, 10, 100 Mbps) (Hidden if not 
dual redundant Ethernet Port option)

NETBSPD :=

ENABLE TELNET (Y, N) ETELNET :=

TELNET PORT (23,1025–65534) TPORT :=

TELNET TIME-OUT (1–30 min) TIDLE :=

ENABLE FTP (Y, N) EFTPSERV :=

FTP USER NAME (20 characters) FTPUSER := 

Enable IEC 61850 Protocol (Y, N) (Hidden if 61850 not 
supported)

E61850 := 

Enable IEC 61850 GSE (Y, N) (Hidden if E61850 := N) EGSE := 

Enable Modbus Sessions (0–2) EMOD := 

Modbus TCP Port1 (1–65534) *(Hidden if EMOD := 0) MODNUM1:= 

Modbus TCP Port2 (1–65534) *(Hidden if EMOD := 0 or 1) MODNUM2:= 

Modbus Timeout 1 (15–900 s) (Hidden if EMOD := 0) MTIMEO1 := 
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Modbus Timeout 2 (15–900 s) (Hidden if EMOD := 0 or 1) MTIMEO2 := 

* Exclude the following port numbers: 20 (FTP Data), 21 (FTP Control), TPORT setting, SNTP, and 
DNPNUM setting if present.

DNP3 Protocol
All DNP3 settings below are hidden if DNP3 is not an option. 

Enable DNP Sessions (0–3) 

(DNP3 settings below Hidden if EDNP := 0) EDNP := 

DNP TCP and UDP Port (1–65534) DNPNUM := 

DNP Address (0–65519) DNPADR := 

Session 1

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP1 := 

Transport Protocol (UDP, TCP) DNPTR1 := 

UDP Response Port (REQ, 1–65534) DNPUDP1 := 

DNP Address to Report to (0–65519) REPADR1 := 

DNP Map (1–3) DNPMAP1 := 

Analog Input Default Variation (1–6) DVARAI1 := 

Class for Binary Event Data (0–3) ECLASSB1 := 

Class for Counter Event Data (0–3) ECLASSC1 := 

Class for Analog Event Data (0–3) ECLASSA1 := 

Currents Scaling Decimal Places (0–3) DECPLA1 := 

Voltages Scaling Decimal Places (0–3) DECPLV1 := 

Misc Data Scaling Decimal Places (0–3) DECPLM1 := 

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1 := 

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Seconds to send Data Link Heartbeat (0–7200) 
(Hidden if DNPTR1 := UDP)

DNPINA1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=
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Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Session 2

All Session 2 settings are hidden if EDNP < 2.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP2 :=

Transport Protocol (UDP, TCP) DNPTR2 :=

UDP Response Port (REQ, 1–65534) DNPUDP2 :=

DNP Address to Report to (0–65519) REPADR2 :=

DNP Map (1–3) DNPMAP2 :=

Analog Input Default Variation (1–6) DVARAI2 :=

Class for Binary Event Data (0–3) ECLASSB2 :=

Class for Counter Event Data (0–3) ECLASSC2 :=

Class for Analog Event Data (0–3) ECLASSA2 :=

Currents Scaling Decimal Places (0–3) DECPLA2 :=

Voltages Scaling Decimal Places (0–3) DECPLV2 :=

Misc Data Scaling Decimal Places (0–3) DECPLM2 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBA2 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0)

ANADBV2 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA2 := 0 and ECLASSC2 := 0)

ANADBM2 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ2 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO2 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR2 := UDP)

DNPINA2 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO2 :=

Enable Unsolicited Reporting (Y, N) 
(Hidden if ECLASSA2 := 0, ECLASSB2 := 0, ECLASSC2 := 0, and 
ECLASSV2 := 0)

UNSOL2 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL2 := N)

PUNSOL2 :=
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Number of Events to Transmit On (1–200) 
(Hidden if UNSOL2 := N)

NUMEVE2 :=

Oldest Event to Tx On (0.0–99999.0 sec) 
(Hidden if UNSOL2 := N)

AGEEVE2 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL2 := N)

URETRY2 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL2 := N)

UTIMEO2 :=

Session 3

All Session 3 settings are hidden if EDNP < 3.

IP Address {zzz.yyy.xxx.www} (15 characters) DNPIP3 :=

Transport Protocol (UDP, TCP) DNPTR3 :=

UDP Response Port (REQ, 1–65534) DNPUDP3 :=

DNP Address to Report to (0–65519) REPADR3 :=

DNP Map (1–3) DNPMAP3 :=

Analog Input Default Variation (1–6) DVARAI3 :=

Class for Binary Event Data (0–3) ECLASSB3 :=

Class for Counter Event Data (0–3) ECLASSC3 :=

Class for Analog Event Data (0–3) ECLASSA3 :=

Currents Scaling Decimal Places (0–3) DECPLA3 :=

Voltages Scaling Decimal Places (0–3) DECPLV3 :=

Misc Data Scaling Decimal Places (0–3) DECPLM3 :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBA3 :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0)

ANADBV3 :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA3 := 0 and ECLASSC3 := 0)

ANADBM3 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ3 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO3 :=

Seconds to send Data Link Heartbeat (0–7200)
(Hidden if DNPTR3 := UDP)

DNPINA3 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO3 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA3 := 0, ECLASSB3 := 0, ECLASSC3 := 0, and 
ECLASSV3 := 0)

UNSOL3 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL3 := N)

PUNSOL3  :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL3 := N)

NUMEVE3 :=
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Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL3 := N)

AGEEVE3 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL3 := N)

URETRY3 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL3 := N)

UTIMEO3 :=

SNTP Client Protocol Settings
Enable SNTP Client (OFF, UNICAST, MANYCAST, 

BROADCAST)
ESNTP  :=

Make the following settings when ESNTP ≠ OFF.

Primary Server IP Address (zzz.yyy.xxx.www)

NOTE: To accept updates from any server when ESNTP = BROADCAST, set SNTPPSIP to 0.0.0.0.

SNTPPSIP :=

Make the following setting when ESNTP = UNICAST.

Backup Server IP Address (zzz.yyy.xxx.www) SNTPBSIP  :=

SNTP IP (Local) Port Number (1-65534)

NOTE: SNTPPORT cannot be set to 20, 21, 102, 502, 23, 
TPORT, or DNPNUM 

SNTPPORT :=

SNTP Update Rate (15–3600 seconds) SNTPRATE: =

Make the following setting when ESNTP = UNICAST or 
MANYCAST.

SNTP Timeout (5–20 seconds)

NOTE: SNTPTO must be less than setting SNTPRATE. SNTPTO : =

Port Number Settings Must be Unique
When making the SEL-751A Port 1 settings, the port number settings cannot be used for more than one protocol. The relay 
checks all the settings shown in Table SET.2 before saving changes. If a port number is used more than once, or if it matches 
any of the fixed port numbers (20, 21, 23, 102, 502), the relay displays an error message and returns to the first setting that is 
in error or that contains a duplicate value.

Table SET.2 Port Number Settings That Must Be Unique

Setting Name Setting Required When

TPORT Telnet Port Always

MODNUM1a Modbus TCP Port 1 EMOD > 0

MODNUM2a Modbus TCP Port 2 EMOD > 1

DNPNUM DNPTCP and UDP Port EDNP > 0

SNTPPORT SNTPIP (Local) Port Number ESNTP ≠ OFF
a MODNUM1 and MODNUM2 can have the same port number. The relay displays an error message if this number matches with the port 

numbers of other protocols
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PORT 2 (Fiber-Optic Serial Port in Slot B) 
(Hidden if E49RTD := EXT or PORT 2 Not Included)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO := 

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := MOD, DNP, PMU, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if E49RTD := EXT or if 
PROTO := EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, dnp, 
pmu, EVMSG, or MB_)

FASTOP :=

HDWR HANDSHAKING (Y, N) (Hidden if PROTO := MOD, 
DNP, SEL, PMU, EVMSG, or MB_)

RTSCTS :=

Modbus
MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 

EVMSG, or MB_)
SLAVEID :=

DNP3 Protocol

(Hidden if PROTO := SEL, EVMSG, MB, PMU, or MOD.) 

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=
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Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N )

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=
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RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 3 (EIA-232/485 Port in Slot B)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTB)

PROTO :=

Communications
SPEED (300, 1200, 2400, 4800, 9600, 19200, 38400 bps) SPEED :=

DATA BITS (7, 8 bits) (Hidden if PROTO := DNP, PMU, MOD, 
EVMSG, or MB_)

BITS :=

PARITY (O, E, N) (Hidden if PROTO := EVMSG, PMU, or MB_) PARITY :=

STOP BITS (1, 2 bits) (Hidden if PROTO := MOD, EVMSG, or 
MB_)

STOP :=

PORT TIME-OUT (0–30 min) (Hidden if PROTO := MOD, PMU, 
EVMSG, or MB_)

T_OUT :=

HDWR HANDSHAKING (Y, N) (Hidden if COMMINF :=485 or 
PROTO := MOD, DNP, EVMSG, or MB_)

RTSCTS := 

SEND AUTOMESSAGE (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

AUTO :=

FAST OP MESSAGES (Y, N) (Hidden if PROTO := MOD, DNP, 
PMU, EVMSG, or MB_)

FASTOP :=

Modbus

MODBUS SLAVE ID (1–247) (Hidden if PROTO := SEL, 
EVMSG, or MB_)

SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=
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Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=

Seconds to Data Link Time-Out (0–5) (Hidden if DRETRY1 := 0) DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0 and ECLASSC1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA-232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=
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Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=

RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

PORT 4 (EIA-232/485 Port or DeviceNet Port in Slot C)

ENABLE PORT (Y, N) EPORT :=

PROTOCOL (SEL, DNP, MOD, DNET, EVMSG, PMU, MBA, 
MBB, MB8A, MB8B, MBTA, MBTB)

PROTO :=

Interface Select (Hidden if PROTO := DNET)

COMM INTERFACE (232, 485) COMMINF :=

Communications
SPEED (300–38400 bps) (Hidden if PROTO := DNET) SPEED :=
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DATA BITS (7, 8 bits) 
(Hidden if PROTO := DNP, MOD, PMU, EVMSG, MB_, or DNET)

BITS :=

PARITY (O, E, N) 
(Hidden if PROTO := DNET, EVMSG, PMU, or MB_)

PARITY :=

STOP BITS (1, 2 bits) 
(Hidden if PROTO := MOD, EVMSG, MB_, or DNET)

STOP :=

PORT TIME-OUT (0–30 min) 
(Hidden if PROTO := MOD, EVMSG, MB_, PMU, or DNET)

T_OUT :=

HDWR HANDSHAKING (Y, N) 
(Hidden if COMMINF := 485 or PROTO := MOD, DNP, EVMSG, 
MB_, or DNET)

RTSCTS :=

SEND AUTOMESSAGE (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

AUTO :=

FAST OP MESSAGES (Y, N) 
(Hidden if PROTO := DNP, MOD, EVMSG, MB_, PMU, or DNET)

FASTOP :=

Modbus
MODBUS SLAVE ID (1–247) 

(Hidden if PROTO := SEL, EVMSG, MB_, or DNET)
SLAVEID :=

DNP3 Protocol
(Hidden if PROTO := SEL, EVMSG, MB, PMU , DNET or MOD.)

DNP Address (0–65519) DNPADR  :=

DNP Address to Report to (0–65519) REPADR1  :=

DNP Map (1–3) DNPMAP1  :=

Analog Input Default Variation (1–6) DVARAI1  :=

Class for Binary Event Data (0–3) ECLASSB1  :=

Class for Counter Event Data (0–3) ECLASSC1  :=

Class for Analog Event Data (0–3) ECLASSA1  :=

Currents Scaling Decimal Places (0–3) DECPLA1  :=

Voltages Scaling Decimal Places (0–3) DECPLV1  :=

Misc Data Scaling Decimal Places (0–3) DECPLM1  :=

Amps Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBA1  :=

Volts Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0)

ANADBV1  :=

Misc Data Reporting Deadband Counts (0–32767)
(Hidden if ECLASSA1 := 0 and ECLASSC1 := 0)

ANADBM1 :=

Minutes for Request Interval (I, M, 1–32767) TIMERQ1 :=

Seconds to Select/Operate Time-Out (0.0–30.0) STIMEO1 :=

Data Link Retries (0–15) DRETRY1 :=
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Seconds to Data Link Time-Out (0–5)
(Hidden if DRETRY1 := 0)

DTIMEO1 :=

Event Message Confirm Time-Out (1–50 sec)) ETIMEO1 :=

Enable Unsolicited Reporting (Y, N)
(Hidden if ECLASSA1 := 0, ECLASSB1 := 0, ECLASSC1 := 0, and 
ECLASSV1 := 0)

UNSOL1 :=

Enable Unsolicited Reporting at Power-Up (Y, N)
(Hidden if UNSOL1 := N)

PUNSOL1 :=

Number of Events to Transmit On (1–200)
(Hidden if UNSOL1 := N)

NUMEVE1 :=

Oldest Event to Tx On (0.0–99999.0 sec)
(Hidden if UNSOL1 := N)

AGEEVE1 :=

Unsolicited Message Max Retry Attempts (2–10)
(Hidden if UNSOL1 := N)

URETRY1 :=

Unsolicited Message Offline Time-Out (1–5000 sec)
(Hidden if UNSOL1 := N)

UTIMEO1 :=

Minimum Seconds from DCD to TX (0.00–1.00) MINDLY :=

Maximum Seconds from DCD to TX (0.00–1.00) MAXDLY :=

Settle Time from RTS On to TX (OFF, 0.00–30.00 sec) PREDLY :=

Settle Time from TX to RTS OFF (0.00–30.00 sec) PSTDLY :=

Modem Protocol (for DNP3 session and EIA232 port only)

Modem Connected to Port (Y, N) MODEM :=

Modem Startup String (30 characters) MSTR := 

Phone Number for Dial-Out (30 characters) PH_NUM1 :=

Phone Number for Dial-Out (30 characters) PH_NUM2 :=

Retry Attempts for Phone 1 Dial-Out (1–20) RETRY1 :=

Retry Attempts for Phone 2 Dial-Out (1–20) RETRY2 :=

Time to Attempt Dial (5–300 sec) MDTIME :=

Time Between Dial-Out Attempts (5–3600 sec) MDRET :=

MIRRORED BITS Protocol 
(Hidden if PROTO := SEL, EVMSG, or MOD)

MB Transmit Identifier (1–4) TXID :=

MB Receive Identifier (1–4) RXID :=

MB RX Bad Pickup Time (0–10000 seconds) RBADPU :=

MB Channel Bad Pickup (1–10000 ppm) CBADPU :=

MB Receive Default State (8 characters) RXDFLT :=

RMB1 Pickup Debounce Messages (1–8) RMB1PU :=
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RMB1 Dropout Debounce Messages (1–8) RMB1DO :=

RMB2 Pickup Debounce Messages (1–8) RMB2PU :=

RMB2 Dropout Debounce Messages (1–8) RMB2DO :=

RMB3 Pickup Debounce Messages (1–8) RMB3PU :=

RMB3 Dropout Debounce Messages (1–8) RMB3DO :=

RMB4 Pickup Debounce Messages (1–8) RMB4PU :=

RMB4 Dropout Debounce Messages (1–8) RMB4DO :=

RMB5 Pickup Debounce Messages (1–8) RMB5PU :=

RMB5 Dropout Debounce Messages (1–8) RMB5DO :=

RMB6 Pickup Debounce Messages (1–8) RMB6PU :=

RMB6 Dropout Debounce Messages (1–8) RMB6DO :=

RMB7 Pickup Debounce Messages (1–8) RMB7PU :=

RMB7 Dropout Debounce Messages (1–8) RMB7DO :=

RMB8 Pickup Debounce Messages (1–8) RMB8PU :=

RMB8 Dropout Debounce Messages (1–8) RMB8DO :=

Front-Panel Settings (SET F Command)
General

DISPLY PTS ENABL (N,1–32) EDP :=

LOCAL BITS ENABL (N,1–32) ELB :=

LCD TIMEOUT (OFF,1–30 min) FP_TO :=

LCD CONTRAST (1–8) FP_CONT :=

FP AUTOMESSAGES (OVERRIDE, ROTATING) FP_AUTO :=

CLOSE RESET LEDS (Y, N) RSTLED :=

Target LED
TRIP LATCH T_LED (Y, N) T01LEDL :=

LED1 EQUATION (SELOGIC) T01_LED :=

TRIP LATCH T_LED (Y, N) T02LEDL :=

LED2 EQUATION (SELOGIC) T02_LED :=

TRIP LATCH T_LED (Y, N) T03LEDL :=

LED3 EQUATION (SELOGIC) T03_LED :=

TRIP LATCH T_LED (Y, N) T04LEDL :=

LED4 EQUATION (SELOGIC) T04_LED :=
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TRIP LATCH T_LED (Y, N) T05LEDL :=

LED5 EQUATION (SELOGIC) T05_LED :=

TRIP LATCH T_LED (Y, N) T06LEDL :=

LED6 EQUATION (SELOGIC) T06_LED :=

PB1A_LED EQUATION (SELOGIC) PB1A_LED :=

PB1B_LED EQUATION (SELOGIC) PB1B_LED :=

PB2A_LED EQUATION (SELOGIC) PB2A_LED :=

PB2B_LED EQUATION (SELOGIC) PB2B_LED :=

PB3A_LED EQUATION (SELOGIC) PB3A_LED :=

PB3B_LED EQUATION (SELOGIC) PB3B_LED :=

PB4A_LED EQUATION (SELOGIC) PB4A_LED :=

PB4B_LED EQUATION (SELOGIC) PB4B_LED :=

Display Points
Display Point Settings (maximum 60 characters):

➤ (Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"

➤ (Analog): Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DP01 (60 characters) DP01 :=

DISPLAY POINT DP02 (60 characters) DP02 :=

DISPLAY POINT DP03 (60 characters) DP03 :=

DISPLAY POINT DP04 (60 characters) DP04 :=

DISPLAY POINT DP05 (60 characters) DP05 :=

DISPLAY POINT DP06 (60 characters) DP06 :=

DISPLAY POINT DP07 (60 characters) DP07 :=

DISPLAY POINT DP08 (60 characters) DP08 :=

DISPLAY POINT DP09 (60 characters) DP09 :=

DISPLAY POINT DP10 (60 characters) DP10 :=

DISPLAY POINT DP11 (60 characters) DP11 :=

DISPLAY POINT DP12 (60 characters) DP12 :=

DISPLAY POINT DP13 (60 characters) DP13 :=

DISPLAY POINT DP14 (60 characters) DP14 :=

DISPLAY POINT DP15 (60 characters) DP15 :=

DISPLAY POINT DP16 (60 characters) DP16 :=

DISPLAY POINT DP17 (60 characters) DP17 :=

DISPLAY POINT DP18 (60 characters) DP18 :=
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DISPLAY POINT DP19 (60 characters) DP19 :=

DISPLAY POINT DP20 (60 characters) DP20 :=

DISPLAY POINT DP21 (60 characters) DP21 :=

DISPLAY POINT DP22 (60 characters) DP22 :=

DISPLAY POINT DP23 (60 characters) DP23 :=

DISPLAY POINT DP24 (60 characters) DP24 :=

DISPLAY POINT DP25 (60 characters) DP25 :=

DISPLAY POINT DP26 (60 characters) DP26 :=

DISPLAY POINT DP27 (60 characters) DP27 :=

DISPLAY POINT DP28 (60 characters) DP28 :=

DISPLAY POINT DP29 (60 characters) DP29 :=

DISPLAY POINT DP30 (60 characters) DP30 :=

DISPLAY POINT DP31 (60 characters) DP31 :=

DISPLAY POINT DP32 (60 characters) DP32 :=

Local Bits Labels
LB_NAME (14 characters) NLB01 := 

CLEAR LB_ LABEL (7 characters) CLB01 := 

SET LB_ LABEL (7 characters) SLB01 :=

PULSE LB_ LABEL (7 characters) PLB01 :=

LB_NAME (14 characters) NLB02 :=

CLEAR LB_ LABEL (7 characters) CLB02 :=

SET LB_ LABEL (7 characters) SLB02 :=

PULSE LB_ LABEL (7 characters) PLB02 :=

LB_NAME (14 characters) NLB03 :=

CLEAR LB_ LABEL (7 characters) CLB03 :=

SET LB_ LABEL (7 characters) SLB03 :=

PULSE LB_ LABEL (7 characters) PLB03 :=

LB_NAME (14 characters) NLB04 :=

CLEAR LB_ LABEL (7 characters) CLB04 :=

SET LB_ LABEL (7 characters) SLB04 :=

PULSE LB_ LABEL (7 characters) PLB04 :=

LB_NAME (14 characters) NLB05 :=

CLEAR LB_ LABEL (7 characters) CLB05 :=
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SET LB_ LABEL (7 characters) SLB05 :=

PULSE LB_ LABEL (7 characters) PLB05 :=

LB_NAME (14 characters) NLB06 :=

CLEAR LB_ LABEL (7 characters) CLB06 :=

SET LB_ LABEL (7 characters) SLB06 :=

PULSE LB_ LABEL (7 characters) PLB06 :=

LB_NAME (14 characters) NLB07 :=

CLEAR LB_ LABEL (7 characters) CLB07 :=

SET LB_ LABEL (7 characters) SLB07 :=

PULSE LB_ LABEL (7 characters) PLB07 :=

LB_NAME (14 characters) NLB08 :=

CLEAR LB_ LABEL (7 characters) CLB08 :=

SET LB_ LABEL (7 characters) SLB08 :=

PULSE LB_ LABEL (7 characters) PLB08 :=

LB_NAME (14 characters) NLB09 :=

CLEAR LB_ LABEL (7 characters) CLB09 :=

SET LB_ LABEL (7 characters) SLB09 :=

PULSE LB_ LABEL (7 characters) PLB09 :=

LB_NAME (14 characters) NLB10 :=

CLEAR LB_ LABEL (7 characters) CLB10 :=

SET LB_ LABEL (7 characters) SLB10 :=

PULSE LB_ LABEL (7 characters) PLB10 :=

LB_NAME (14 characters) NLB11 :=

CLEAR LB_ LABEL (7 characters) CLB11 :=

SET LB_ LABEL (7 characters) SLB11 :=

PULSE LB_ LABEL (7 characters) PLB11 :=

LB_NAME (14 characters) NLB12 :=

CLEAR LB_ LABEL (7 characters) CLB12 :=

SET LB_ LABEL (7 characters) SLB12 :=

PULSE LB_ LABEL (7 characters) PLB12 :=

LB_NAME (14 characters) NLB13 :=

CLEAR LB_ LABEL (7 characters) CLB13 :=

SET LB_ LABEL (7 characters) SLB13 :=

PULSE LB_ LABEL (7 characters) PLB13 :=
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LB_NAME (14 characters) NLB14 :=

CLEAR LB_ LABEL (7 characters) CLB14 :=

SET LB_ LABEL (7 characters) SLB14 :=

PULSE LB_ LABEL (7 characters) PLB14 :=

LB_NAME (14 characters) NLB15 :=

CLEAR LB_ LABEL (7 characters) CLB15 :=

SET LB_ LABEL (7 characters) SLB15 :=

PULSE LB_ LABEL (7 characters) PLB15 :=

LB_NAME (14 characters) NLB16 :=

CLEAR LB_ LABEL (7 characters) CLB16 :=

SET LB_ LABEL (7 characters) SLB16 :=

PULSE LB_ LABEL (7 characters) PLB16 :=

LB_NAME (14 characters) NLB17 :=

CLEAR LB_ LABEL (7 characters) CLB17 :=

SET LB_ LABEL (7 characters) SLB17 :=

PULSE LB_ LABEL (7 characters) PLB17 :=

LB_NAME (14 characters) NLB18 :=

CLEAR LB_ LABEL (7 characters) CLB18 :=

SET LB_ LABEL (7 characters) SLB18 :=

PULSE LB_ LABEL (7 characters) PLB18 := 

LB_NAME (14 characters) NLB19 := 

CLEAR LB_ LABEL (7 characters) CLB19 := 

SET LB_ LABEL (7 characters) SLB19 := 

PULSE LB_ LABEL (7 characters) PLB19 := 

LB_NAME (14 characters) NLB20 := 

CLEAR LB_ LABEL (7 characters) CLB20 := 

SET LB_ LABEL (7 characters) SLB20 := 

PULSE LB_ LABEL (7 characters) PLB20 := 

LB_NAME (14 characters) NLB21 := 

CLEAR LB_ LABEL (7 characters) CLB21 := 

SET LB_ LABEL (7 characters) SLB21 := 

PULSE LB_ LABEL (7 characters) PLB21 := 

LB_NAME (14 characters) NLB22 := 

CLEAR LB_ LABEL (7 characters) CLB22 := 
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SET LB_ LABEL (7 characters) SLB22 := 

PULSE LB_ LABEL (7 characters) PLB22 := 

LB_NAME (14 characters) NLB23 := 

CLEAR LB_ LABEL (7 characters) CLB23 := 

SET LB_ LABEL (7 characters) SLB23 := 

PULSE LB_ LABEL (7 characters) PLB23 := 

LB_NAME (14 characters) NLB24 := 

CLEAR LB_ LABEL (7 characters) CLB24 := 

SET LB_ LABEL (7 characters) SLB24 := 

PULSE LB_ LABEL (7 characters) PLB24 := 

LB_NAME (14 characters) NLB25 := 

CLEAR LB_ LABEL (7 characters) CLB25 := 

SET LB_ LABEL (7 characters) SLB25 := 

PULSE LB_ LABEL (7 characters) PLB25 :=

LB_NAME (14 characters) NLB26 := 

CLEAR LB_ LABEL (7 characters) CLB26 := 

SET LB_ LABEL (7 characters) SLB26 := 

PULSE LB_ LABEL (7 characters) PLB26 := 

LB_NAME (14 characters) NLB27 := 

CLEAR LB_ LABEL (7 characters) CLB27 := 

SET LB_ LABEL (7 characters) SLB27 := 

PULSE LB_ LABEL (7 characters) PLB27 := 

LB_NAME (14 characters) NLB28 := 

CLEAR LB_ LABEL (7 characters) CLB28 := 

SET LB_ LABEL (7 characters) SLB28 := 

PULSE LB_ LABEL (7 characters) PLB28 := 

LB_NAME (14 characters) NLB29 := 

CLEAR LB_ LABEL (7 characters) CLB29 := 

SET LB_ LABEL (7 characters) SLB29 := 

PULSE LB_ LABEL (7 characters) PLB29 := 

LB_NAME (14 characters) NLB30 := 

CLEAR LB_ LABEL (7 characters) CLB30 := 

SET LB_ LABEL (7 characters) SLB30 := 

PULSE LB_ LABEL (7 characters) PLB30 := 
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LB_NAME (14 characters) NLB31 := 

CLEAR LB_ LABEL (7 characters) CLB31 := 

SET LB_ LABEL (7 characters) SLB31 := 

PULSE LB_ LABEL (7 characters) PLB31 := 

LB_NAME (14 characters) NLB32 := 

CLEAR LB_ LABEL (7 characters) CLB32 := 

SET LB_ LABEL (7 characters) SLB32 := 

PULSE LB_ LABEL (7 characters) PLB32 := 

Report Settings (SET R Command)
SER Chatter Criteria

Auto-Removal Enable (Y, N) ESERDEL :=

Number of Counts (2–20 counts) SRDLCNT :=

Removal Time (0.1–90.0 seconds) SRDLTIM :=

SER Trigger Lists
SERn = As many as 24 Relay Word elements separated by spaces or commas. Use NA to disable 
setting.

SER1 :=

SER2 :=

SER3 :=

SER4 :=

Relay Word Bit Aliases
ALIASn= 'RW Bit'(space)'Alias'(space)'Asserted Text'(space)'Deasserted Text'. Alias, Asserted, and 
Deasserted text strings can as long as 15 characters. Use NA to disable setting.

Enable ALIAS (N,1–20) EALIAS := 

ALIAS1 ALIAS1 :=

ALIAS2 ALIAS2 :=

ALIAS3 ALIAS3 :=

ALIAS4 ALIAS4 :=

ALIAS5 ALIAS5 :=

ALIAS6 ALIAS6 :=

ALIAS7 ALIAS7 :=

ALIAS8 ALIAS8 :=

ALIAS 9 ALIAS9 :=
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ALIAS10 ALIAS10 :=

ALIAS11 ALIAS11 :=

ALIAS12 ALIAS12 :=

ALIAS13 ALIAS13 :=

ALIAS14 ALIAS14 :=

ALIAS15 ALIAS15 :=

ALIAS16 ALIAS16 :=

ALIAS17 ALIAS17 :=

ALIAS18 ALIAS18 :=

ALIAS19 ALIAS19 :=

ALIAS20 ALIAS20 :=

Event Report
EVENT TRIGGER (SELOGIC) ER :=

EVENT LENGTH (15,64 cyc) LER :=

PREFAULT LENGTH (1–59 cyc {if LER := 15}, 1–10 cyc 
{if LER := 64})

PRE :=

Load Profile
LDP LIST (NA, As many as 17 Analog Quantities) LDLIST :=

LDP ACQ RATE (5, 10, 15, 30, 60 min.) LDAR :=

Modbus Map Settings (SET M Command)
Modbus User Map 

(See Appendix E: Modbus Communications for additional 
details)

User Map Register Label Name (8 characters) MOD_001 :=

User Map Register Label Name (8 characters) MOD_002 :=

User Map Register Label Name (8 characters) MOD_003 :=

User Map Register Label Name (8 characters) MOD_004 :=

User Map Register Label Name (8 characters) MOD_005 :=

User Map Register Label Name (8 characters) MOD_006 :=

User Map Register Label Name (8 characters) MOD_007 :=

User Map Register Label Name (8 characters) MOD_008 :=

User Map Register Label Name (8 characters) MOD_009 :=

User Map Register Label Name (8 characters) MOD_010 :=
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User Map Register Label Name (8 characters) MOD_011 :=

User Map Register Label Name (8 characters) MOD_012 :=

User Map Register Label Name (8 characters) MOD_013 :=

User Map Register Label Name (8 characters) MOD_014 :=

User Map Register Label Name (8 characters) MOD_015 :=

User Map Register Label Name (8 characters) MOD_016 :=

User Map Register Label Name (8 characters) MOD_017 :=

User Map Register Label Name (8 characters) MOD_018 :=

User Map Register Label Name (8 characters) MOD_019 :=

User Map Register Label Name (8 characters) MOD_020 :=

User Map Register Label Name (8 characters) MOD_021 :=

User Map Register Label Name (8 characters) MOD_022 :=

User Map Register Label Name (8 characters) MOD_023 :=

User Map Register Label Name (8 characters) MOD_024 :=

User Map Register Label Name (8 characters) MOD_025 :=

User Map Register Label Name (8 characters) MOD_026 :=

User Map Register Label Name (8 characters) MOD_027 :=

User Map Register Label Name (8 characters) MOD_028 :=

User Map Register Label Name (8 characters) MOD_029 :=

User Map Register Label Name (8 characters) MOD_030 :=

User Map Register Label Name (8 characters) MOD_031 :=

User Map Register Label Name (8 characters) MOD_032 :=

User Map Register Label Name (8 characters) MOD_033 :=

User Map Register Label Name (8 characters) MOD_034 :=

User Map Register Label Name (8 characters) MOD_035 :=

User Map Register Label Name (8 characters) MOD_036 :=

User Map Register Label Name (8 characters) MOD_037 :=

User Map Register Label Name (8 characters) MOD_038 :=

User Map Register Label Name (8 characters) MOD_039 :=

User Map Register Label Name (8 characters) MOD_040 :=

User Map Register Label Name (8 characters) MOD_041 :=

User Map Register Label Name (8 characters) MOD_042 :=

User Map Register Label Name (8 characters) MOD_043 :=

User Map Register Label Name (8 characters) MOD_044 :=
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User Map Register Label Name (8 characters) MOD_045 :=

User Map Register Label Name (8 characters) MOD_046 :=

User Map Register Label Name (8 characters) MOD_047 :=

User Map Register Label Name (8 characters) MOD_048 :=

User Map Register Label Name (8 characters) MOD_049 :=

User Map Register Label Name (8 characters) MOD_050 :=

User Map Register Label Name (8 characters) MOD_051 :=

User Map Register Label Name (8 characters) MOD_052 :=

User Map Register Label Name (8 characters) MOD_053 :=

User Map Register Label Name (8 characters) MOD_054 :=

User Map Register Label Name (8 characters) MOD_055 :=

User Map Register Label Name (8 characters) MOD_056 :=

User Map Register Label Name (8 characters) MOD_057 :=

User Map Register Label Name (8 characters) MOD_058 :=

User Map Register Label Name (8 characters) MOD_059 :=

User Map Register Label Name (8 characters) MOD_060 :=

User Map Register Label Name (8 characters) MOD_061 :=

User Map Register Label Name (8 characters) MOD_062 :=

User Map Register Label Name (8 characters) MOD_063 :=

User Map Register Label Name (8 characters) MOD_064 :=

User Map Register Label Name (8 characters) MOD_065 :=

User Map Register Label Name (8 characters) MOD_066 :=

User Map Register Label Name (8 characters) MOD_067 :=

User Map Register Label Name (8 characters) MOD_068 :=

User Map Register Label Name (8 characters) MOD_069 :=

User Map Register Label Name (8 characters) MOD_070 :=

User Map Register Label Name (8 characters) MOD_071 :=

User Map Register Label Name (8 characters) MOD_072 :=

User Map Register Label Name (8 characters) MOD_073 :=

User Map Register Label Name (8 characters) MOD_074 :=

User Map Register Label Name (8 characters) MOD_075 :=

User Map Register Label Name (8 characters) MOD_076 :=

User Map Register Label Name (8 characters) MOD_077 :=

User Map Register Label Name (8 characters) MOD_078 :=
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User Map Register Label Name (8 characters) MOD_079 :=

User Map Register Label Name (8 characters) MOD_080 :=

User Map Register Label Name (8 characters) MOD_081 :=

User Map Register Label Name (8 characters) MOD_082 :=

User Map Register Label Name (8 characters) MOD_083 :=

User Map Register Label Name (8 characters) MOD_084 :=

User Map Register Label Name (8 characters) MOD_085 :=

User Map Register Label Name (8 characters) MOD_086 :=

User Map Register Label Name (8 characters) MOD_087 :=

User Map Register Label Name (8 characters) MOD_088 :=

User Map Register Label Name (8 characters) MOD_089 :=

User Map Register Label Name (8 characters) MOD_090 :=

User Map Register Label Name (8 characters) MOD_091 :=

User Map Register Label Name (8 characters) MOD_092 :=

User Map Register Label Name (8 characters) MOD_093 :=

User Map Register Label Name (8 characters) MOD_094 :=

User Map Register Label Name (8 characters) MOD_095 :=

User Map Register Label Name (8 characters) MOD_096 :=

User Map Register Label Name (8 characters) MOD_097 :=

User Map Register Label Name (8 characters) MOD_098 :=

User Map Register Label Name (8 characters) MOD_099 :=

User Map Register Label Name (8 characters) MOD_100 :=

User Map Register Label Name (8 characters) MOD_101 :=

User Map Register Label Name (8 characters) MOD_102 :=

User Map Register Label Name (8 characters) MOD_103 :=

User Map Register Label Name (8 characters) MOD_104 :=

User Map Register Label Name (8 characters) MOD_105 :=

User Map Register Label Name (8 characters) MOD_106 :=

User Map Register Label Name (8 characters) MOD_107 :=

User Map Register Label Name (8 characters) MOD_108 :=

User Map Register Label Name (8 characters) MOD_109 :=

User Map Register Label Name (8 characters) MOD_110 :=

User Map Register Label Name (8 characters) MOD_111 :=

User Map Register Label Name (8 characters) MOD_112 :=
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User Map Register Label Name (8 characters) MOD_113 :=

User Map Register Label Name (8 characters) MOD_114 :=

User Map Register Label Name (8 characters) MOD_115 :=

User Map Register Label Name (8 characters) MOD_116 :=

User Map Register Label Name (8 characters) MOD_117 :=

User Map Register Label Name (8 characters) MOD_118 :=

User Map Register Label Name (8 characters) MOD_119 :=

User Map Register Label Name (8 characters) MOD_120 :=

User Map Register Label Name (8 characters) MOD_121 :=

User Map Register Label Name (8 characters) MOD_122 :=

User Map Register Label Name (8 characters) MOD_123 :=

User Map Register Label Name (8 characters) MOD_124 :=

User Map Register Label Name (8 characters) MOD_125 :=

DNP3 Map Settings (SET DNP n Command)
(Hidden If DNP Option Not Included)

Use SET DNP n command with n = 1, 2, or 3 to create as many as three DNP User Maps. Refer to Appendix D: 
DNP3 Communications for details. 

This is DNP Map 1 (DNP Map 2 and DNP Map 3 tables are identical to DNP Map 1 table).
Binary Input Map

DNP Binary Input Label Name (10 characters) BI_00 :=

DNP Binary Input Label Name (10 characters) BI_01 :=

DNP Binary Input Label Name (10 characters) BI_02 :=

DNP Binary Input Label Name (10 characters) BI_03 :=

DNP Binary Input Label Name (10 characters) BI_04 :=

DNP Binary Input Label Name (10 characters) BI_05 :=

DNP Binary Input Label Name (10 characters) BI_06 :=

DNP Binary Input Label Name (10 characters) BI_07 :=

DNP Binary Input Label Name (10 characters) BI_08 :=

DNP Binary Input Label Name (10 characters) BI_09 :=

DNP Binary Input Label Name (10 characters) BI_10 :=

DNP Binary Input Label Name (10 characters) BI_11 :=

DNP Binary Input Label Name (10 characters) BI_12 :=

DNP Binary Input Label Name (10 characters) BI_13 :=
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DNP Binary Input Label Name (10 characters) BI_14 :=

DNP Binary Input Label Name (10 characters) BI_15 :=

DNP Binary Input Label Name (10 characters) BI_16 :=

DNP Binary Input Label Name (10 characters) BI_17 :=

DNP Binary Input Label Name (10 characters) BI_18 :=

DNP Binary Input Label Name (10 characters) BI_19 :=

DNP Binary Input Label Name (10 characters) BI_20 :=

DNP Binary Input Label Name (10 characters) BI_21 :=

DNP Binary Input Label Name (10 characters) BI_22 :=

DNP Binary Input Label Name (10 characters) BI_23 :=

DNP Binary Input Label Name (10 characters) BI_24 :=

DNP Binary Input Label Name (10 characters) BI_25 :=

DNP Binary Input Label Name (10 characters) BI_26 :=

DNP Binary Input Label Name (10 characters) BI_27 :=

DNP Binary Input Label Name (10 characters) BI_28 :=

DNP Binary Input Label Name (10 characters) BI_29 :=

DNP Binary Input Label Name (10 characters) BI_30 :=

DNP Binary Input Label Name (10 characters) BI_31 :=

DNP Binary Input Label Name (10 characters) BI_32 :=

DNP Binary Input Label Name (10 characters) BI_33 :=

DNP Binary Input Label Name (10 characters) BI_34 :=

DNP Binary Input Label Name (10 characters) BI_35 :=

DNP Binary Input Label Name (10 characters) BI_36 :=

DNP Binary Input Label Name (10 characters) BI_37 :=

DNP Binary Input Label Name (10 characters) BI_38 :=

DNP Binary Input Label Name (10 characters) BI_39 :=

DNP Binary Input Label Name (10 characters) BI_40 :=

DNP Binary Input Label Name (10 characters) BI_41 :=

DNP Binary Input Label Name (10 characters) BI_42 :=

DNP Binary Input Label Name (10 characters) BI_43 :=

DNP Binary Input Label Name (10 characters) BI_44 :=

DNP Binary Input Label Name (10 characters) BI_45 :=

DNP Binary Input Label Name (10 characters) BI_46 :=

DNP Binary Input Label Name (10 characters) BI_47 :=
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DNP Binary Input Label Name (10 characters) BI_48 :=

DNP Binary Input Label Name (10 characters) BI_49 :=

DNP Binary Input Label Name (10 characters) BI_50 :=

DNP Binary Input Label Name (10 characters) BI_51 :=

DNP Binary Input Label Name (10 characters) BI_52 :=

DNP Binary Input Label Name (10 characters) BI_53 :=

DNP Binary Input Label Name (10 characters) BI_54 :=

DNP Binary Input Label Name (10 characters) BI_55 :=

DNP Binary Input Label Name (10 characters) BI_56 :=

DNP Binary Input Label Name (10 characters) BI_57 :=

DNP Binary Input Label Name (10 characters) BI_58 :=

DNP Binary Input Label Name (10 characters) BI_59 :=

DNP Binary Input Label Name (10 characters) BI_60 :=

DNP Binary Input Label Name (10 characters) BI_61 :=

DNP Binary Input Label Name (10 characters) BI_62 :=

DNP Binary Input Label Name (10 characters) BI_63 :=

DNP Binary Input Label Name (10 characters) BI_64 :=

DNP Binary Input Label Name (10 characters) BI_65 :=

DNP Binary Input Label Name (10 characters) BI_66 :=

DNP Binary Input Label Name (10 characters) BI_67 :=

DNP Binary Input Label Name (10 characters) BI_68 :=

DNP Binary Input Label Name (10 characters) BI_69 :=

DNP Binary Input Label Name (10 characters) BI_70 :=

DNP Binary Input Label Name (10 characters) BI_71 :=

DNP Binary Input Label Name (10 characters) BI_72 :=

DNP Binary Input Label Name (10 characters) BI_73 :=

DNP Binary Input Label Name (10 characters) BI_74 :=

DNP Binary Input Label Name (10 characters) BI_75 :=

DNP Binary Input Label Name (10 characters) BI_76 :=

DNP Binary Input Label Name (10 characters) BI_77 :=

DNP Binary Input Label Name (10 characters) BI_78 :=

DNP Binary Input Label Name (10 characters) BI_79 :=

DNP Binary Input Label Name (10 characters) BI_80 :=

DNP Binary Input Label Name (10 characters) BI_81 :=
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DNP Binary Input Label Name (10 characters) BI_82 :=

DNP Binary Input Label Name (10 characters) BI_83 :=

DNP Binary Input Label Name (10 characters) BI_84 :=

DNP Binary Input Label Name (10 characters) BI_85 :=

DNP Binary Input Label Name (10 characters) BI_86 :=

DNP Binary Input Label Name (10 characters) BI_87 :=

DNP Binary Input Label Name (10 characters) BI_88 :=

DNP Binary Input Label Name (10 characters) BI_89 :=

DNP Binary Input Label Name (10 characters) BI_90 :=

DNP Binary Input Label Name (10 characters) BI_91 :=

DNP Binary Input Label Name (10 characters) BI_92 :=

DNP Binary Input Label Name (10 characters) BI_93 :=

DNP Binary Input Label Name (10 characters) BI_94 :=

DNP Binary Input Label Name (10 characters) BI_95 :=

DNP Binary Input Label Name (10 characters) BI_96 :=

DNP Binary Input Label Name (10 characters) BI_97 :=

DNP Binary Input Label Name (10 characters) BI_98 :=

DNP Binary Input Label Name (10 characters) BI_99 :=

Binary Output Map
DNP Binary Output Label Name (10 characters) BO_00 :=

DNP Binary Output Label Name (10 characters) BO_01 :=

DNP Binary Output Label Name (10 characters) BO_02 :=

DNP Binary Output Label Name (10 characters) BO_03 :=

DNP Binary Output Label Name (10 characters) BO_04 :=

DNP Binary Output Label Name (10 characters) BO_05 :=

DNP Binary Output Label Name (10 characters) BO_06 :=

DNP Binary Output Label Name (10 characters) BO_07 :=

DNP Binary Output Label Name (10 characters) BO_08 :=

DNP Binary Output Label Name (10 characters) BO_09 :=

DNP Binary Output Label Name (10 characters) BO_10 :=

DNP Binary Output Label Name (10 characters) BO_11 :=

DNP Binary Output Label Name (10 characters) BO_12 :=

DNP Binary Output Label Name (10 characters) BO_13 :=
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DNP Binary Output Label Name (10 characters) BO_14 :=

DNP Binary Output Label Name (10 characters) BO_15 :=

DNP Binary Output Label Name (10 characters) BO_16 :=

DNP Binary Output Label Name (10 characters) BO_17 :=

DNP Binary Output Label Name (10 characters) BO_18 :=

DNP Binary Output Label Name (10 characters) BO_19 :=

DNP Binary Output Label Name (10 characters) BO_20 :=

DNP Binary Output Label Name (10 characters) BO_21 :=

DNP Binary Output Label Name (10 characters) BO_22 :=

DNP Binary Output Label Name (10 characters) BO_23 :=

DNP Binary Output Label Name (10 characters) BO_24 :=

DNP Binary Output Label Name (10 characters) BO_25 :=

DNP Binary Output Label Name (10 characters) BO_26 :=

DNP Binary Output Label Name (10 characters) BO_27 :=

DNP Binary Output Label Name (10 characters) BO_28 :=

DNP Binary Output Label Name (10 characters) BO_29 :=

DNP Binary Output Label Name (10 characters) BO_30 :=

DNP Binary Output Label Name (10 characters) BO_31 :=

Analog Input Map
DNP Analog Input Label Name (24 characters)

AI_00 :=

AI_01 :=

AI_02 :=

AI_03 :=

AI_04 :=

AI_05 :=

AI_06 :=

AI_07 :=

AI_08 :=

AI_09 :=

AI_10 :=

AI_11 :=

AI_12 :=

AI_13 :=

AI_14 :=
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AI_15 :=

AI_16 :=

AI_17 :=

AI_18 :=

AI_19 :=

AI_20 :=

AI_21 :=

AI_22 :=

AI_23 :=

AI_24 :=

AI_25 :=

AI_26 :=

AI_27 :=

AI_28 :=

AI_29 :=

AI_30 :=

AI_31 :=

AI_32 :=

AI_33 :=

AI_34 :=

AI_35 :=

AI_36 :=

AI_37 :=

AI_38 :=

AI_39 :=

AI_40 :=

AI_41 :=

AI_42 :=

AI_43 :=

AI_44 :=

AI_45 :=

AI_46 :=

AI_47 :=

AI_48 :=

AI_49 :=

AI_50 :=

AI_51 :=

AI_52 :=
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AI_53 :=

AI_54 :=

AI_55 :=

AI_56 :=

AI_57 :=

AI_58 :=

AI_59 :=

AI_60 :=

AI_61 :=

AI_62 :=

AI_63 :=

AI_64 :=

AI_65 :=

AI_66 :=

AI_67 :=

AI_68 :=

AI_69 :=

AI_70 :=

AI_71 :=

AI_72 :=

AI_73 :=

AI_74 :=

AI_75 :=

AI_76 :=

AI_77 :=

AI_78 :=

AI_79 :=

AI_80 :=

AI_81 :=

AI_82 :=

AI_83 :=

AI_84 :=

AI_85 :=

AI_86 :=

AI_87 :=

AI_88 :=

AI_89 :=

AI_90 :=
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AI_91 :=

AI_92 :=

AI_93 :=

AI_94 :=

AI_95 :=

AI_96 :=

AI_97 :=

AI_98 :=

AI_99 :=

Analog Output Map
DNP Analog Output Label Name (6 characters) AO_00 :=

DNP Analog Output Label Name (6 characters) AO_01 :=

DNP Analog Output Label Name (6 characters) AO_02 :=

DNP Analog Output Label Name (6 characters) AO_03 :=

DNP Analog Output Label Name (6 characters) AO_04 :=

DNP Analog Output Label Name (6 characters) AO_05 :=

DNP Analog Output Label Name (6 characters) AO_06 :=

DNP Analog Output Label Name (6 characters) AO_07 :=

DNP Analog Output Label Name (6 characters) AO_08 :=

DNP Analog Output Label Name (6 characters) AO_09 :=

DNP Analog Output Label Name (6 characters) AO_10 :=

DNP Analog Output Label Name (6 characters) AO_11 :=

DNP Analog Output Label Name (6 characters) AO_12 :=

DNP Analog Output Label Name (6 characters) AO_13 :=

DNP Analog Output Label Name (6 characters) AO_14 :=

DNP Analog Output Label Name (6 characters) AO_15 :=

DNP Analog Output Label Name (6 characters) AO_16 :=

DNP Analog Output Label Name (6 characters) AO_17 :=

DNP Analog Output Label Name (6 characters) AO_18 :=

DNP Analog Output Label Name (6 characters) AO_19 :=

DNP Analog Output Label Name (6 characters) AO_20 :=

DNP Analog Output Label Name (6 characters) AO_21 :=

DNP Analog Output Label Name (6 characters) AO_22 :=

DNP Analog Output Label Name (6 characters) AO_23 :=
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DNP Analog Output Label Name (6 characters) AO_24 :=

DNP Analog Output Label Name (6 characters) AO_25 :=

DNP Analog Output Label Name (6 characters) AO_26 :=

DNP Analog Output Label Name (6 characters) AO_27 :=

DNP Analog Output Label Name (6 characters) AO_28 :=

DNP Analog Output Label Name (6 characters) AO_29 :=

DNP Analog Output Label Name (6 characters) AO_30 :=

DNP Analog Output Label Name (6 characters) AO_31 :=

Counter Map
DNP Counter Label Name (11 characters) CO_00 :=

DNP Counter Label Name (11 characters) CO_01 :=

DNP Counter Label Name (11 characters) CO_02 :=

DNP Counter Label Name (11 characters) CO_03 :=

DNP Counter Label Name (11 characters) CO_04 :=

DNP Counter Label Name (11 characters) CO_05 :=

DNP Counter Label Name (11 characters) CO_06 :=

DNP Counter Label Name (11 characters) CO_07 :=

DNP Counter Label Name (11 characters) CO_08 :=

DNP Counter Label Name (11 characters) CO_09 :=

DNP Counter Label Name (11 characters) CO_10 :=

DNP Counter Label Name (11 characters) CO_11 :=

DNP Counter Label Name (11 characters) CO_12 :=

DNP Counter Label Name (11 characters) CO_13 :=

DNP Counter Label Name (11 characters) CO_14 :=

DNP Counter Label Name (11 characters) CO_15 :=

DNP Counter Label Name (11 characters) CO_16 :=

DNP Counter Label Name (11 characters) CO_17 :=

DNP Counter Label Name (11 characters) CO_18 :=

DNP Counter Label Name (11 characters) CO_19 :=

DNP Counter Label Name (11 characters) CO_20 :=

DNP Counter Label Name (11 characters) CO_21 :=

DNP Counter Label Name (11 characters) CO_22 :=

DNP Counter Label Name (11 characters) CO_23 :=
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DNP Counter Label Name (11 characters) CO_24 :=

DNP Counter Label Name (11 characters) CO_25 :=

DNP Counter Label Name (11 characters) CO_26 :=

DNP Counter Label Name (11 characters) CO_27 :=

DNP Counter Label Name (11 characters) CO_28 :=

DNP Counter Label Name (11 characters) CO_29 :=

DNP Counter Label Name (11 characters) CO_30 :=

DNP Counter Label Name (11 characters) CO_31 :=
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Section 7
Communications

Overview
A communications interface and protocol are necessary for communicating 
with the SEL-751A Feeder Protection Relay. A communications interface is 
the physical connection on a device. Once you have established a physical 
connection, you must use a communications protocol to interact with the 
relay. 

The first part of this section describes communications interfaces and 
protocols available with the relay, including communications interface 
connections. The remainder of the section describes the ASCII commands you 
can use to communicate with the relay to obtain information, reports, data, or 
perform control functions.

Communications Interfaces
The SEL-751A physical interfaces are shown in Table 7.1. Several optional 
SEL devices are available to provide alternative physical interfaces, including 
EIA-485, EIA-232 fiber-optic serial port, copper or fiber Ethernet port, single 
or dual redundant.

Table 7.1 SEL-751A Communications Port Interfaces

Communications Port Interfaces Location Feature

PORT F EIA-232 Front Standard

PORT 1 Option 1: 10/100BASE-T Ethernet (RJ45 connector)

Option 2: Dual, redundant 10/100 BASE-T Ethernet (Port 1A, Port 1B)

Option 3: 100BASE-FX Ethernet (LC connector)

Option 4: Dual, redundant 100BASE-FX Ethernet (Port 1A, Port 1B)

Rear Ordering Option

PORT 2a Multimode Fiber-Optic Serial (ST connector) Rear Ordering Option

PORT 3 Option 1: EIA-232 

Option 2: EIA-485

Rear Ordering Option

PORT 4 Option 1: EIA-232 or EIA-485 Serial Communications Card 

Option 2: DeviceNet Communications Cardb

Rear Ordering Option

a This port can receive the RTD measurement information from the optional external SEL-2600 RTD Module. Refer to the applicable 
SEL-2600 RTD Module Instruction Manual for information on the fiber-optic interface.

b Refer to Appendix G: DeviceNet Communications for information on the DeviceNet communications card.
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Be sure to evaluate the installation and communications necessary to integrate 
with existing devices before ordering your SEL-751A. For example, consider 
the fiber-optic interface in noisy installations or for large communications 
distances. Following is general information on possible applications of the 
different interfaces.

Serial (EIA-232 and 
EIA-485) Port

Use the EIA-232 port for communications distances of as long as 15 m (49 ft) 
in low noise environments. Use the optional EIA-485 port for communications 
distances as long as 1200 m (3937 ft) maximum distance (to achieve this 
performance, ensure proper line termination at the receiver).

To connect a PC serial port to the relay front-panel serial port and enter relay 
commands, you will need the following:

➤ A personal computer equipped with one available EIA-232 
serial port

➤ A communications cable to connect the computer serial port to 
the relay serial ports

➤ Terminal emulation software to control the computer serial port

➤ An SEL-751A Relay

Some of the SEL devices available for integration or communication system 
robustness are included in the following list:

➤ SEL Communications Processors (SEL-2032, SEL-2030, 
SEL-2020)

➤ SEL-2800 series fiber-optic transceivers

➤ SEL-2890 Ethernet Transceiver

➤ SEL-3010 Event Messenger

➤ SEL-2505 Remote I/O Module (with SEL-2812 compatible ST 
fiber-optic port) for connection to the optional fiber-optic serial 
Port 2 of the relay, or use SEL-2505 with EIA-232 (DB-9) 
serial port to connect to EIA-232 Port 3 on the relay

A variety of terminal emulation programs on personal computers can 
communicate with the relay. For the best display, use VT-100 terminal 
emulation or the closest variation.

The default settings for all EIA-232 serial ports are listed below:

Data Rate = 9600
Data Bits = 8
Parity = N
Stop Bits = 1

To change the port settings, use the SET P command (see Section 6: Settings) 
or the front-panel. Section 8: Front-Panel Operations provides details on 
making settings with the front panel.
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Hardware Flow Control
All EIA-232 serial ports support RTS/CTS hardware handshaking (hardware 
flow control). To enable hardware handshaking, use the SET P command or 
front-panel PORT submenu to set RTSCTS = Y. Disable hardware handshaking 
by setting RTSCTS := N.

➤ If RTSCTS := N, the relay permanently asserts the RTS line.

➤ If RTSCTS := Y, the relay deasserts RTS when it is unable to 
receive characters.

➤ If RTSCTS := Y, the relay does not send characters until the 
CTS input is asserted.

Fiber-Optic Serial 
Port

Use the optional fiber-optic port (PORT 2) for safety and communications 
distances as far as 1 km. Communications distances as far as 4 km can be 
achieved by using an SEL-2812 transceiver on PORT 3. While PORT 2 and the 
SEL-2812 are compatible, PORT 2 is less sensitive than the SEL-2812, which 
limits the distance to 1 km.

Ethernet Port Use the Ethernet port for interfacing with an Ethernet network environment. 
SEL-751A Ethernet port choices include single or dual copper or fiber-optic 
configurations. With dual Ethernet ports the unit has an unmanaged Ethernet 
switch. Redundant configurations support automatic failover switching from 
primary to backup network if the relay detects a failure in the primary 
network. In addition to failover mode, the unit can operate in a “fixed 
connection (to netport) mode” or in a “switched mode” (as an unmanaged 
switch).

Figure 7.1 shows an example of a Simple Ethernet Network Configuration, 
Figure 7.2 shows an example of an Ethernet Network Configuration with Dual 
Redundant Connections, and Figure 7.3 shows an example of an Ethernet 
Network Configuration with Ring Structure.

Figure 7.1 Simple Ethernet Network Configuration

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK
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Figure 7.2 Ethernet Network Configuration With Dual Redundant 
Connections (Failover Mode)

Figure 7.3 Ethernet Network Configuration With Ring Structure (Switched 
Mode)

Dual Network Port Operation
The SEL-751A dual Ethernet port option has two network ports. Network port 
failover mode enables the dual Ethernet port to operate as a single network 
adapter with a primary and standby physical interface. You can connect the 
two network ports to the same network or to different networks depending on 
your specific Ethernet network architecture. 

Failover Mode
In the failover mode operation, the relay determines the active port. To use 
failover mode, proceed with the following steps.

Step 1. Set NETMODE to FAILOVER.

Step 2. Set FTIME to the necessary network port failover time.

Step 3. Set NETPORT to the network interface you prefer.

On startup the relay communicates via NETPORT (primary port) selected. If 
the SEL-751A detects a link failure on the primary port, it activates the 
standby port after the failover time, FTIME, elapses. If the link status on the 

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports

NOTE: If you change settings for the 
host port in the relay and the standby 
network port is active, the relay 
resets and returns to operation on 
the primary port.



7.5

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
Communications Interfaces

primary link returns to normal before the failover time expires, the failover 
timer resets and uninterrupted operation continues on the primary network 
port. 

After failover, while communicating via standby port, the SEL-751A checks 
the primary link periodically and continues checking until it detects a normal 
link status. The relay continues to communicate via the standby port even after 
the primary port returns to normal. The relay reevaluates your port of choice 
for communications on a change of settings, at failure of the standby port, or 
on reboot. The relay returns to operation on the primary link under those 
conditions if it detects a normal link status. When the active and backup links 
both fail, the relay alternates checking for the link status of the primary and 
standby ports.

Unmanaged Switch Mode
If you have a network configuration where you want to use the relay as an 
unmanaged switch, set NETMODE to SWITCHED. In this mode, both links 
are enabled. The relay will respond to the messages it receives on either port. 
The relay will transmit out of the other port, without modification, all 
messages a network port receives that are not addressed to the relay. In this 
mode, the relay ignores the NETPORT setting. 

Fixed Connection Mode
If you have a single network and want to use only one network port, or if you 
have both ports connected but want to force usage of only one port for various 
reasons, set NETMODE to FIXED and set NETPORT to the port you want to 
use. Only the selected network port operates and the other port is disabled.

Autonegotiation, Speed, and Duplex Mode 
Single or dual copper Ethernet ports can autonegotiate to determine the link 
speed and duplex mode. Accomplish this by setting the NETASPD and 
NETBSPD (network speed) to AUTO. You can also set single or dual copper 
ports specific speeds so that you can apply them in networks with older switch 
devices. However, the relay ignores the speed settings for fiber Ethernet ports. 
The relay hardware fixes the single and dual fiber Ethernet ports to work at 
100 Mbps and full duplex mode.

NETPORT Selection
The NETPORT setting gives you the option to select the primary port of 
communication in failover or fixed communications modes.

TCP Keep Alive
The ETCPKA setting, along with the KAIDLE, KAINTV, and KACNT set-
tings, can be used to verify that the computer at the remote end of a TCP con-
nection is still available. If ETCPKA is enabled and the relay does not 
transmit any TCP data within the interval specified by the KAIDLE setting, 
the relay sends a keep-alive packet to the remote computer. If the relay does 
not receive a response from the remote computer within the time specified by 
KAINTV, the keep-alive packet is re-transmitted as many as KACNT times. 
After this count is reached, the relay considers the remote device no longer 
available, so the relay terminates the connection without waiting for the idle 
timer (TIDLE) to expire.

The relay monitors MMS inactivity to identify and disconnect MMS clients 
that have stopped communicating. The MMS inactivity default value is 
120 seconds. If enabled, the relay starts a timer for an MMS session after it 

NOTE: The ETCPKA setting applies 
to all TCP traffic on Ethernet ports, 
including Telnet, FTP, IEC 61850, and 
MMS.
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receives an MMS request from the client on that session. It resets the timer 
whenever it receives a new MMS request from that client. When the timer 
runs out, the relay disconnects the MMS session, making it available for other 
MMS clients.

This feature was implemented in addition to the TCP keep-alive timer to spe-
cifically handle MMS clients that do not disconnect properly. As there are a 
limited number of MMS sessions available, this ensures that misbehaving 
MMS clients do not take up multiple MMS sessions. Note that the MMS inac-
tivity time-out can still disconnect an MMS session even if the relay receives 
TCP keep-alive messages from that MMS client.

IRIG-B The SEL-751A has three different physical interfaces, depending on the 
model options, to provide demodulated IRIG-B time-code input for time 
synchronization. If the relay has multiple options for IRIG-B input, you can 
use only one input at a time. Connection diagrams for IRIG-B and settings 
selection are in Figure 7.4 through Figure 7.8 in this section.

Option 1: Terminals B01 and B02
This input is available on all models except models with dual Ethernet Port or 
Fiber-Optic Ethernet port. Refer to Figure 7.4 for a connection diagram.

B01–B02 IRIG-B input is available on all models except those with fiber-optic 
Ethernet or dual-copper Ethernet.

You cannot bring IRIG-B via PORT 2 or 3 if you use the B01–B02 input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.4 IRIG-B Input (Relay Terminals B01–B02)

Option 2: PORT 3 (EIA-232 Option Only)
Connect to an SEL Communications Processor with SEL Cable C273A to 
bring IRIG-B input with the EIA-232 Port. Refer to Figure 7.5 for a 
connection diagram. 

Refer to Figure 7.6 on how to connect a SEL Time Source (SEL-2401, 
SEL-2404, SEL-2407) for IRIG-B Input to PORT 3.

You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.5 IRIG-B Input Via EIA-232 PORT 3 (SEL Communications 
Processor as Source)

SEL-2401
or

SEL-2407
SEL-2404

SEL-751A
+ IRIG

– IRIGSEL Cable
C962

B01

B02

BNC

SEL-2401
or

SEL-2407
SEL-2404

SEL-2030
or 

SEL-2032 DB9
Port 3

EIA-232 + IRIG
(or fiber-optic equivalent)

SEL Cable
C273A

(Figure 7.6)

SEL-751A

DB9
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You cannot use B01–B02 input or PORT 2 if you use PORT 3.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG1.

Figure 7.6 IRIG-B Input VIA EIA-232 PORT 3 (SEL-2401/2404/2407 Time 
Source)

Option 3: PORT 2 (Fiber-Optic Serial Port)
You can use Fiber-Optic Serial PORT 2 to bring IRIG-B Input to the relay as 
shown in Figure 7.7 and Figure 7.8.

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.7 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2030/2032 
Time Source)

You cannot use B01–B02 input or PORT 3 input if you use PORT 2 for IRIG-B input.

Set Global setting IRIG TIME SOURCE to TIME_SRC := IRIG2.

Figure 7.8 IRIG-B Input VIA Fiber-Optic EIA-232 PORT 2 (SEL-2401/2404/
2407 Time Source)
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ST Connectors

SEL-751A

SEL-2812MT

SEL-2401
or
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Use Fiber-Optic Cables
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from SEL-2401, etc.

STST

BNC

SEL-751A
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+5 Vdc Power Supply Serial port power can provide as much as 0.25 A total from all of the +5 Vdc 
pins. Some SEL communications devices require the +5 Vdc power supply. 
This +5 Vdc is available only on Pin 1 of the DB-9 connector for the EIA-232 
ports.

Connect Your 
PC to the Relay

The front port of the SEL-751A is a standard female 9-pin connector with pin 
numbering shown in Figure 7.9. The pinout assignments for this port are 
shown in Table 7.2. You can connect to a standard 9-pin computer port with 
SEL-C234A Cable; wiring for this cable is shown in Figure 7.10. SEL-C234A 
Cable and other cables are available from SEL. Use the SEL-5801 Cable 
SELector Software to select an appropriate cable for another application. This 
software is available for free download from the SEL website at 
www.selinc.com.

For best performance, SEL-C234A Cable should not be more than 15 m 
(49 ft) long. For long-distance communications and for electrical isolation of 
communications ports, use the SEL family of fiber-optic transceivers. Contact 
SEL for more details on these devices.

Port Connector and 
Communications 
Cables

Figure 7.9 shows the front-panel EIA-232 serial port (PORT F) DB-9 connector 
pinout for the SEL-751A. 

Figure 7.9 EIA-232 DB-9 Connector Pin Numbers

Table 7.2 shows the pin functions for the EIA-232 and EIA-485 serial ports.

The following cable diagrams show several types of EIA-232 serial 
communications cables that connect the SEL-751A to other devices. These 
and other cables are available from SEL. Contact the factory for more 
information.

Table 7.2 EIA-232/EIA-485 Serial Port Pin Functions 

Pina

a For EIA-485, the pin numbers represent relay terminals _O1 through _05.

PORT 3 
EIA-232

PORT 3 
EIA-485a

 PORT 4C 
EIA-232

PORT 4A 
EIA-485a

PORT F 
EIA-232

1 +5 Vdc +TX +5 Vdc +TX N/C

2 RXD –TX RXD –TX RXD

3 TXD +RX TXD +RX TXD

4 IRIG+ –RX N/C –RX N/C

5 GND Shield GND Shield GND

6 IRIG– N/C N/C

7 RTS RTS RTS

8 CTS CTS CTS

9 GND GND GND

12345

6789

https://www.selinc.com
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Figure 7.10 SEL-C234A Cable—SEL-751A to DTE Device

Figure 7.11 SEL-C227A Cable—SEL-751A to DTE Device

Figure 7.12 SEL-C222 Cable—SEL-751A to Modem

Figure 7.13 SEL-C272A Cable—SEL-751A to SEL Communications 
Processor Without IRIG-B Signal

SEL-751A Relay
9-Pin Male
D Subconnector

9-Pin Female
D Subconnector

2
3
5
8

3
2
5
8
7
1
4
6

RXD
TXD
GND
CTS

TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
2
9
8

7
3
2
1
4
5
6
8
20

GND
TXD
RXD
GND
CTS

GND
RXD
TXD
GND
RTS
CTS
DSR
DCD
DTR

Pin
Func.

Pin
Func.Pin # Pin #

*DTE Device

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

SEL-751A Relay
9-Pin Male
D Subconnector

25-Pin Female
D Subconnector

5
3
7
2
8
9

7
2
20
3
8
1

GND
TXD
RTS
RXD
CTS
GND

GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

**DCE Device

**DCE = Data Communications Equipment (Modem, etc.)

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
5
7
8

3
2
5
8
7

RXD
TXD
GND
RTS
CTS

TXD
RXD
GND
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay
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Figure 7.14 SEL-C273A Cable—SEL-751A to SEL Communications 
Processor With IRIG-B Signal

Figure 7.15 SEL-C387 Cable—SEL-751A to SEL-3010

Communications Protocols
Protocols Although the SEL-751A supports a wide range of protocols, not all protocols are 

available on all ports. In addition, not all hardware options support all protocols.

Be sure to select the correct hardware to support a particular protocol. For 
example, if Modbus TCP is necessary for your application, be sure to order 
the Ethernet option for PORT 1. Table 7.3 shows the ports and the protocols 
available on each port.

SEL Communications Processor
9-Pin Male
D Subconnector

9-Pin Male
D Subconnector

2
3
4
5
6
7
8

3
2
4
5
6
8
7

RXD
TXD

IRIG+
GND
IRIG-
RTS
CTS

TXD
RXD
IRIG+
GND
IRIG-
CTS
RTS

Pin
Func.

Pin
Func.Pin # Pin #

SEL-751A Relay

SEL-751A Relay
DTE*
9-Pin Male
D Subconnector

DCE**
9-Pin Male
D Subconnector

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

DCD***
RXD
TXD

GND

RTS
CTS
GND

+5 Vdc (IN)
RXD (OUT)
TXD (IN)
Not Used
GND
Not Used
RTS (IN)
CTS (OUT)
GND

Pin
Func.

Pin
Func.Pin # Pin #

SEL-3010 Event Messenger

*DTE = Data Terminal Equipment

**DCE = Data Communications Equipment (Modem, etc.) 

***DC Voltage (+5 V) not available on front-panel EIA-232 port

Table 7.3 Protocols Supported on the Various Ports (Sheet 1 of 2)

PORT Supported Protocol 

PORT F SEL ASCII and Compressed ASCII Protocols, SELBOOT, File Transfer Proto-
col, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), and Event 
Messenger

PORT 1 Modbus TCP/IP, FTP, TCP/IP, IEC 61850, DNP3 LAN/WAN, SNTP, and Tel-
net TCP/IP (SEL ASCII, Compressed ASCII, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER)a 

PORT 2 All the protocols supported by PORT 3

NOTE: FTP, Modbus, and DeviceNet 
protocols ignore the hide rules of the 
settings.
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SEL Communications Protocols

SEL ASCII. This protocol is described in SEL ASCII Protocol and 
Commands on page 7.15.

SEL Compressed ASCII. This protocol provides compressed versions of 
some of the ASCII commands. The compressed commands are 
described in SEL ASCII Protocol and Commands, and the protocol is 
described in Appendix C: SEL Communications Processors.

SEL Fast Meter. This protocol supports binary messages to transfer 
metering and digital element messages. Compressed ASCII commands 
that support Fast Meter are described in SEL ASCII Protocol and 
Commands, and the protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast Operate. This protocol supports binary messages to transfer 
operation messages. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Fast SER. Use this protocol to receive binary Sequential Events Record 
unsolicited responses. The protocol is described in Appendix C: SEL 
Communications Processors.

SEL Event Messenger. This is an SEL ASCII protocol with 8 Data bits, No 
Parity, and 1 Stop bit for transmitting data to SEL-3010 Event 
Messenger. You can change only the Communications Speed to match 
the settings in the SEL-3010.

MIRRORED BITS Protocol
The SEL-751A supports two MIRRORED BITS communications channels, 
designated A and B. Within each MIRRORED BITS communications message 
for a given channel (A or B), there are eight logical data channels (1–8). You 
can, for example, set MBA on PORT 3 of the base unit and MBB on PORT 4A of 
the optional communications card. Attempting to set the PROTO setting to 
MBA, MB8A, or MBTA when channel A is already assigned to another port 
(or MBB, MB8B, or MBTB when channel B is already assigned on another 
port) results in the following error message: This Mirrored Bits channel 
is assigned to another port. After displaying the error message, the 
device returns to the PROTO setting for reentry.

IEEE C37.118 Protocol
The SEL-751A provides IEEE C37.118 protocol (synchrophasor data) support 
at one of the serial ports F, 2, 3, or 4. The protocol is described in Appendix H: 
Synchrophasors.

PORT 3 SEL ASCII and Compressed ASCII Protocols, SEL Fast Meter, SEL Fast 
Operate, SEL Fast SER, SEL Settings File Transfer, SEL MIRRORED BITS, 
DNP3, Modbus RTU Slave, C37.118 Protocol (synchrophasor data), 

and Event Messenger

PORT 4 All the protocols supported by PORT 3 and DeviceNet

a PORT 1 concurrently supports two Modbus, three DNP3 LAN/WAN, two FTP, two Telnet, one 
SNTP, and six IEC 61850 sessions.

Table 7.3 Protocols Supported on the Various Ports (Sheet 2 of 2)

PORT Supported Protocol 



7.12

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
Communications Protocols

Modbus RTU Protocol
The SEL-751A provides Modbus RTU support. Modbus is an optional 
protocol described in Appendix E: Modbus Communications.

DNP3 (Distributed Network Protocol)
The SEL-751A provides DNP3 protocol support if the option is selected. The 
DNP3 protocol is described in Appendix D: DNP3 Communications.

DeviceNet Protocol
The SEL-751A provides DeviceNet Support. DeviceNet is an optional 
protocol described in Appendix G: DeviceNet Communications.

Ethernet Protocols As with other communications interfaces, you must choose a data exchange 
protocol that operates over the Ethernet network link to exchange data. The 
relay supports FTP, Telnet, Ping, Modbus/TCP, DNP3 LAN/WAN, and 
IEC 61850 protocols. 

You should carefully design your Ethernet network to maximize reliability, 
minimize system administration effort, and provide adequate security. Work 
with a networking professional to design your substation Ethernet network.

FTP Server
Use the single FTP (File Transfer Protocol) session to access the following files:

CFG.XMLConfiguration read-only file in XML format

CFG.TXTConfiguration read-only file in TXT format

ERR.TXTError read-only file in text format

SET_61850.CIDIEC 61850 CID read-write file

SET_xx.TXTSetting files in TXT format

FTP is a standard TCP/IP protocol for exchanging files. A free FTP 
application is included with most web browser software. You can also obtain a 
free or inexpensive FTP application from the Internet. When you connect to 
the relay Ethernet port, you will find files stored in the root (top-level) 
directory.

Telnet Server
Use the Telnet session (TPORT default setting is port 23) to connect to the 
relay to use the protocols, which are described in more detail below:

➤ SEL ASCII

➤ Compressed ASCII

➤ Fast Meter

➤ Fast Operate

Telnet is a terminal connection across a TCP/IP network that operates in a 
manner very similar to a direct serial port connection to one of the relay ports. 
As with FTP, Telnet is a part of TCP/IP. A free Telnet application is included 
with most computer operating systems, or you can obtain low-cost or free 
Telnet applications on the Internet.

NOTE: Use the QUIT command prior 
to closing the Telnet-to-Host session 
to set the relay to Access Level 0. 
Otherwise, the relay will remain at an 
elevated access level until TIDLE 
expires.
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Ping Server
Use a Ping client with the relay Ping server to verify that your network 
configuration is correct. Ping is an application based on ICMP over an IP 
network. A free Ping application is included with most computer operating 
systems.

IEC 61850
Use as many as six sessions of MMS over a TCP network to exchange data 
with the relay. Use GOOSE to do real-time data exchange with as many as 
16 incoming messages and 8 outgoing messages. For more details on the 
IEC 61850 protocol, see Appendix F: IEC 61850 Communications.

Simple Network Time 
Protocol (SNTP)

When PORT 1 (Ethernet port) setting ESNTP is not OFF, the internal clock of 
the relay conditionally synchronizes to the time of day served by a Network 
Time Protocol (NTP) server. The relay uses a simplified version of NTP called 
the Simple Network Time Protocol (SNTP). SNTP is not as accurate as 
IRIG-B. The relay can use SNTP as a less accurate primary time source, or as 
a backup to the higher accuracy IRIG-B time source.

SNTP as Primary or Backup Time Source
If an IRIG-B time source is connected and either Relay Word bit TSOK or 
Relay Word bit IRIGOK asserts, then the relay synchronizes the internal time-
of-day clock to the incoming IRIB-G time code signal, even if SNTP is 
configured in the relay and an NTP server is available. If the IRIG-B source is 
disconnected (if both TSOK and IRIGOK deassert) then the relay 
synchronizes the internal time-of-day clock to the NTP server, if available. In 
this way, an NTP server acts either as the primary time source or as a backup 
time source to the more accurate IRIG-B time source.

Creating an NTP Server
Three SEL application notes, available from the SEL website, describe how to 
create an NTP server.

AN2009-10: Using an SEL-2401, SEL-2404, or SEL-2407 to Serve NTP 
Via the SEL-3530 RTAC

AN2009-38: Using SEL Satellite-Synchronized Clocks With the SEL-3332 
or SEL-3351 to Output NTP

AN2010-03: Using an SEL-2401, SEL-2404, or SEL-2407 to Create a 
Stratum 1 Linux NTP Server

Configuring SNTP Client in the Relay
To enable SNTP in the relay, make PORT 1 setting ESNTP = UNICAST, 
MANYCAST, or BROADCAST. Table 7.4 shows each setting associated with 
SNTP.
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SNTP Operation Modes
The following sections explain the setting associated with each SNTP 
operation mode (UNICAST, MANYCAST, and BROADCAST).

ESNTP = UNICAST
In unicast mode of operation, the SNTP client in the relay requests time 
updates from the primary (IP address setting SNTPPSIP) or backup 
(IP address setting SNTPBSIP) NTP server at a rate defined by setting 
SNTPRATE. If the NTP server does not respond with the period defined by 
setting SNTPTO, then the relay tries the other SNTP server. When the relay 
successfully synchronizes to the primary NTP time server, Relay Word bit 
TSNTPP asserts. When the relay successfully synchronizes to the backup 
NTP time server, Relay Word bit TSNTPB asserts.

ESNTP = MANYCAST
In the manycast mode of operation, the relay initially sends an NTP request to 
the broadcast address contained in setting SNTPPSIP. The relay continues to 
broadcast requests at a rate defined by setting SNTPRATE. When a server 
replies, the relay considers that server to be the primary NTP server, and 
switches to UNICAST mode, asserts Relay Word bit TSNTPP, and thereafter 
requests updates from the primary server. If the NTP server stops responding 
for time SNTPTO, the relay deasserts TSNTPP and begins to broadcast 
requests again until the original or another server responds.

ESNTP = BROADCAST
If setting SNTPPSIP = 0.0.0.0 while setting ESNTP = BROADCAST, 
the relay will listen for and synchronize to any broadcasting NTP server. 
If setting SNTPPSIP is set to a specific IP address while setting ESNTP = 
BROADCAST, then the relay will listen for and synchronize to only NTP 
server broadcasts from that address. When synchronized, the relay asserts 
Relay Word bit TSNTPP. Relay Word bit TNSTPP deasserts if the relay does 
not receive a valid broadcast within five seconds after the period defined by 
setting SNTPRATE.

Table 7.4 Settings Associated With SNTP 

Setting Range Description

ESNTP UNICAST, 
MANYCAST, 
BROADCAST

Selects the mode of operation of SNTP. See descrip-
tions in SNTP Operation Modes on page 7.14. 

SNTPPSIP Valid IP Address Selects primary NTP server when 
ENSTP = UNICAST, or broadcast address when 
ESNTP = MANYCAST or BROADCAST.

SNTPPSIB Valid IP Address Selects backup NTP server when 
ESNTP = UNICAST.

SNTPPORT 1–65534 Ethernet port used by SNTP. Leave at default value 
unless otherwise necessary.

SNTPRATE 15–3600 seconds Determines the rate at which the relay asks for 
updated time from the NTP server when 
ESNTP = UNICAST or MANYCAST. Determines 
the time the relay will wait for an NTP broadcast 
when ENSTP = BROADCAST.

SNTPTO 5–20 seconds Determines the time the relay will wait for the NTP 
master to respond when ENSTP = UNICAST or 
MANYCAST.
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SNTP Accuracy Considerations
The accuracy of the SNTP Server and the networking environment limit 
SNTP time synchronization accuracy. You can achieve the highest degree of 
SNTP time synchronization by minimizing the number of switches and 
routers between the SNTP Server and the SEL-751A. You can also use 
network monitoring software to ensure that average and worst-case network 
bandwidth use is moderate.

When installed on a network configured with one Ethernet switch between the 
SEL-751A and the SNTP Server, and when using ESNTP = UNICAST or 
MANYCAST, the relay time synchronization error with the SNTP server is 
typically less than ±1 millisecond.

SEL ASCII Protocol and Commands
Message Format SEL ASCII protocol is designed for manual and automatic communication. 

All commands the relay receives must be of the following form:

A command transmitted to the relay consists of the command followed by 
either a CR (carriage return) or a CRLF (carriage return and line feed). You 
can truncate commands to the first three characters. For example, EVENT 1 
<Enter> becomes EVE 1 <Enter>. Use upper- and lowercase characters 
without distinction, except in passwords.

The relay transmits all messages in the following format:

Each message begins with the start-of-transmission character (ASCII 02) and 
ends with the end-of-transmission character (ASCII 03). Each line of the 
message ends with a carriage return and line feed.

<command><CR>  or  <command><CRLF>

<STX><MESSAGE LINE 1><CRLF>
<MESSAGE LINE 2><CRLF>
•
•
•
<LAST MESSAGE LINE><CRLF><ETX>

NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (<Ctrl+M>) for a 
carriage return. This manual instructs 
you to press the <Enter> key after 
commands to send the proper ASCII 
code to the SEL-751A.
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Software 
Flow Control

The relay implements XON/XOFF flow control. You can use the XON/XOFF 
protocol to control the relay during data transmission. When the relay receives 
XOFF during transmission, it pauses until it receives an XON character. If 
there is no message in progress when the relay receives XOFF, it blocks 
transmission of any message presented to the relay input buffer. Messages will 
be accepted after the relay receives XON.

The relay transmits XON (ASCII hex 11) and asserts the RTS output (if 
hardware handshaking is enabled) when the relay input buffer drops below 
25 percent full.

The relay transmits XOFF (ASCII hex 13) when the buffer is more than 
75 percent full. If hardware handshaking is enabled, the relay deasserts the 
RTS output when the buffer is approximately 95 percent full. Automatic 
transmission sources should monitor for the XOFF character to avoid 
overwriting the buffer. Transmission should terminate at the end of the 
message in progress when the relay receives XOFF, and transmission can 
resume when the relay sends XON.

The CAN character (ASCII hex 18) aborts a pending transmission. This is 
useful for terminating an unwanted transmission. You can send control 
characters from most keyboards with the following keystrokes:

➤ XOFF: <Ctrl+S> (hold down the <Ctrl> key and press S)

➤ XON: <Ctrl+Q> (hold down the <Ctrl> key and press Q)

➤ CAN: <Ctrl+X> (hold down the <Ctrl> key and press X)

Automatic Messages When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. Table 7.5 lists these messages.

Access Levels You can issue commands to the SEL-751A via the serial port or Telnet session 
to view metering values, change relay settings, etc. The available serial port 
commands are listed in the SEL-751A Relay Command Summary at the end of 
this manual. You can access these commands only from the corresponding 
access level, as shown in the SEL-751A Relay Command Summary. The 
access levels are:

➤ Access Level 0 (the lowest access level)

➤ Access Level 1

➤ Access Level 2 (the highest access level)

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

Table 7.5 Serial Port Automatic Messages

Condition Description

Power Up The relay sends a message containing the present date and 
time, Relay and Terminal Identifiers, and the Access Level 0 
prompt when the relay is turned on.

Event Trigger The relay sends an event summary each time an event report 
is triggered. See Section 9: Analyzing Events.

Self-Test Warning or 
Failure

The SEL-751A sends a status report each time it detects a 
self-test warning or failure condition. See STATUS Command 
(Relay Self-Test Status) on page 7.42.
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Access Level 0
Once serial port communication is established with the SEL-751A, the relay 
sends the following prompt:

This is referred to as Access Level 0. Only a few commands are available at 
Access Level 0. One is the ACC command. See the SEL-751A Relay 
Command Summary at the end of this manual. Enter the ACC command at the 
Access Level 0 prompt:

The ACC command takes the SEL-751A to Access Level 1. See Access 
Commands (ACCESS, 2ACCESS, and CAL) on page 7.19 for more detail.

Access Level 1
When the SEL-751A is in Access Level 1, the relay sends the following prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 1. The relay can go to Access Level 2 
from this level.

The 2AC command places the relay in Access Level 2. See Access Commands 
(ACCESS, 2ACCESS, and CAL) for more detail. Enter the 2AC command at 
the Access Level 1 prompt:

Access Level 2
When the relay is in Access Level 2, the SEL-751A sends the prompt:

See the SEL-751A Relay Command Summary at the end of this manual for the 
commands available from Access Level 2.

Any of the Access Level 1 commands are also available in Access Level 2.

Access Level C
Access Level C is for use exclusively by the SEL factory and SEL field 
service personnel to diagnose troublesome installations. A list of commands 
available at Access Level C is available from SEL upon request. Do not enter 
Access Level C except as directed by SEL.

=

=ACC <Enter>

=>

=>2AC <Enter>

=>>
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The CAL command allows the relay to go to Access Level C . Enter the CAL 
command at the Access Level 2 prompt:

Command Summary The SEL-751A Relay Command Summary at the end of this manual lists the 
serial port commands alphabetically. Much of the information available from 
the serial port commands is also available via the front-panel pushbuttons.

Access Level 
Functions

The serial port commands at the different access levels offer varying levels of 
control:

➤ The Access Level 0 commands provide the first layer of 
security. In addition, Access Level 0 supports several 
commands necessary for SEL communications processors.

➤ The Access Level 1 commands are primarily for reviewing 
information only (settings, metering, etc.), not changing it.

➤ The Access Level 2 commands are primarily for changing relay 
settings.

➤ Access Level C (restricted access level, should be used under 
direction of SEL only)

The SEL-751A responds with Invalid Access Level when a command is 
entered from an access level lower than the specified access level for the 
command. The relay responds with Invalid Command to commands that are 
not available or are entered incorrectly.

Header Many of the command responses display the following header at the beginning:

Table 7.6 lists the header items and their definitions.

=>>CAL <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external

Table 7.6 Command Response Header Definitions

Item Definition

[RID Setting]: This is the RID (Relay Identifier) setting. The relay ships with the 
default setting RID = 751A; see ID Settings on page 4.3.

[TID Setting]: This is the TID (Terminal Identifier) setting. The relay ships with 
the default setting TID = FEEDER RELAY; see ID Settings on 
page 4.3.

Date: This is the date when the command response was given, except for 
relay response to the EVE command (Event), when it is the date 
the event occurred. You can modify the date display format 
(Month/Day/Year, Year/Month/Day, or Day/Month/Year) by 
changing the DATE_F relay setting.

Time: This is the time when the command response was given, except for 
relay response to the EVE command, when it is the time the event 
occurred.

Time Source: This is internal if no time-code input is attached and it is external if 
an input is attached.
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Command 
Explanations

This section lists ASCII commands alphabetically. Commands, command 
options, and command variables to enter are shown in bold. Lowercase italic 
letters and words in a command represent command variables that are 
determined based on the application. For example, time t = 1 to 30 seconds, 
remote bit number n = 01 to 32, and level.

Command options appear with brief explanations about the command 
function. Refer to the references listed with the commands for more 
information on the control function corresponding to the command or 
examples of the control response to the command.

You can simplify the task of entering commands by shortening any ASCII 
command to the first three characters; for example, ACCESS becomes ACC. 
Always send a carriage return <CR> character or a carriage return character 
followed by a line feed character <CR><LF> to command the control to 
process the ASCII command. Usually, most terminals and terminal programs 
interpret the Enter key as a <CR>. For example, to send the ACCESS 
command, type ACC <Enter>.

Tables in this section show the access level(s) where the command or 
command option is active. Access levels in this device are Access Level 0, 
Access Level 1, and Access Level 2.

Access Commands (ACCESS, 2ACCESS, and CAL)
The ACC, 2AC, and CAL commands (see Table 7.7) provide entry to the 
multiple access levels. Different commands are available at the different 
access levels, as shown in the SEL-751A Relay Command Summary at the end 
of this manual. Commands ACC and 2AC are explained together because they 
operate similarly. See Access Levels on page 7.16 for a discussion of placing 
the relay in an access level.

Password Requirements
Passwords are necessary unless they are disabled. See PASSWORD Command 
(Change Passwords) on page 7.36 for the list of default passwords and for 
more information on changing and disabling passwords.

Access Level Attempt (Password Required). Assume the following 
conditions: 

➤ Access Level 1 password is not disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Table 7.7 Access Commands

Command Description Access Level

ACC Moves from Access Level 0 to Access Level 1. 0

2AC Moves from Access Level 1 to Access Level 2. 1

CAL Moves from Access Level 2 to Access Level C. 2

=ACC <Enter>
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Because the password is not disabled, the relay prompts you for the Access 
Level 1 password:

The relay is shipped with the default Access Level 1 password shown in 
PASSWORD Command (Change Passwords) on page 7.36. At the prompt, 
enter the default password and press the <Enter> key. The relay responds 
with the following:

The => prompt indicates that the relay is now in Access Level 1.

If the entered password is incorrect, the relay prompts you for the password 
again (Password: ?). The relay prompts for the password as many as three 
times. If the requested password is incorrectly entered three times, the relay 
pulses the SALARM Relay Word bit for one second and remains at Access 
Level 0 (= prompt).

Access Level Attempt (Password Not Required). Assume the following 
conditions:

➤ Access Level 1 password is disabled.

➤ Access Level is 0.

At the Access Level 0 prompt, enter the ACC command:

Because the password is disabled, the relay does not prompt you for a 
password and goes directly to Access Level 1. The relay responds with the 
following:

The => prompt indicates that the relay is now in Access Level 1.

The two previous examples demonstrate going from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 
with the 2AC command entered at the access level screen prompt is similar. 
You can get to Access Level C from Access Level 2 with the CAL command. 
The relay pulses the SALARM Relay Word bit for one second after a 
successful Level 2 or Level C access, or if access is denied.

Password: ? 

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss
[TID Setting] Time Source: external

Level 1
=>

=ACC <Enter>

[RID Setting] Date: mm/dd/yyyy Time: hh:mm:ss.sss
[TID Setting] Time Source: external
Level 1
=>
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AFT Command (Arc-Flash Detection Channels Self-Test)
Use the AFT command (Access Level 2) to initiate a self-test of the arc-flash 
detection channels 1 to 4. This test requires that the relay has the 
SELECT 3 AVI/4 AFDI card in the Slot E and the external fiber-optic 
connections are complete. The test checks the integrity of the arc-flash 
detection system. Figure 7.16 shows an example of the AFT command 
response. Refer to Section 10: Testing and Troubleshooting for details on the 
arc-flash self tests.

The relay asserts the AFALARM Relay Word bit when the sensor diagnostics 
fail or the relay detects excessive ambient light. Sensor diagnostics failure is 
indicated by the assertion of the AFSnDIAG Relay Word bits and excessive 
ambient light is indicated by the assertion of the AFSnEL Relay Word bits, 
where n = 1 to 4. The relay asserts the AFSnEL Relay Word bits when the 
corresponding TOLn Relay Word Bits stay asserted continuously for 10 
seconds.

ANALOG Command
Use the ANA command to test an analog output by temporarily assigning a 
value to an analog output channel (see Table 7.8 for the command description 
and Table 7.9 for the format). After entering the ANA command, the device 
suspends normal operation of the analog output channel and scales the output 
to a percentage of full scale. After assigning the specified value for the 
specified time, the device returns to normal operation. Entering any character 
(including pressing the space key) ends the command before it reaches the 
specified interval completion. You can test the analog output in one of the 
following two modes:

➤ Fixed percentage: Outputs a fixed percentage of the signal for a 
specified duration

➤ Ramp: Ramps the output from minimum to maximum of full 
scale during the time specified

=>>AFT <Enter>
Arc Flash Diagnostic in progress . . . . . . . . . . . . .

SEL-751A                                 Date: 12/09/2008   Time: 09:20:13
FEEDER RELAY                             Time Source: Internal

Channel #   Sensor  Test Light Limits  Measured      Sensor      Excess Ambient
            Type     Min(%)   Max(%)   Test Light(%) Diagnostic  Light

AF Input 1  Fiber    10.00    100.00   31.94         Pass        OK       
AF Input 2  Fiber    10.00    100.00   27.08         Pass        OK       
AF Input 3  None     ---.--   ---.--   ---.--        ---         ---      
AF Input 4  Point    0.10 79.00    2.27          Pass        OK       

=>>

Figure 7.16 AFT Command Response

Table 7.8 ANALOG Command

Command Description Access Level

ANA c p t Temporarily assigns a value to an analog output 
channel.

2
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NOTE: 0% = low span, 100% = high 
span. For a scaled output from 
4–20 mA, 0 percent is 4 mA and 
100 percent is 20 mA.

When parameter p is a percentage, the relay displays the following message 
during the test:

Outputting xx.xx [units] to Analog Output Port for y.y 
minutes. Press any key to end test

When parameter p is a ramp function, the device displays the following 
message during the test:

Ramping Analog Output at xx.xx [units]/min; full scale in 
y.y minutes. Press any key to end test

For either mode of operation (percentage or ramp), when the time expires, or 
upon pressing a key, the analog output port returns to normal operation and the 
device displays the following message:

Analog Output Port Test Complete

Example 1
The following is an example of the device response to the ANA command in 
the percentage mode. For this example, we assume that the analog output 
signal type is 4–20 mA, and we want to test the analog output at 75 percent of 
rating for 5.5 minutes. To check the device output, calculate the expected mA 
output as follows:

To start the test, enter ANA A0301 75 5.5 at the Access Level 2 prompt:

Table 7.9 ANALOG Command Format

Parameter Description

c Parameter c is the analog channel (either the channel name, 
e.g., A0301, or the channel number, e.g., 301).

p Parameter p is a percentage of full scale, or either the letter “R” or 
“r” to indicate ramp mode.

t Parameter t is the duration (in decimal minutes) of the test.

where:
xx.xx is the calculation of percent of full scale

[units] is either mA or V, depending on the channel type setting
y.y is the time in minutes

where:
xx.xx is the calculation based upon range/time t

[units] is either mA or V, depending on the channel type setting
y.y  is the time in minutes

=>>ANA A0301 75 5.5 <Enter>
Outputting 16.00 mA to Analog Output Port for 5.5 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–( ) 75
100
---------• 4.00 mA+ 16.00 mA= =
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Example 2
The following is an example of the ramp mode when the analog output signal 
type is 4–20 mA for a 9.0 minute test.

To check the device output, calculate the current/time (mA/min) output as 
follows:

To start the test, enter ANA AO301 R 9.0 at the Access Level 2 prompt:

BRE Command (Breaker Monitor Data)
Use the BRE command to view the breaker monitor report.

See Breaker Monitor on page 5.18 for further details on the breaker monitor.

BRE n Command (Preload/Reset Breaker Wear)
The BRE W command only saves new settings after the Save Changes 
(Y/N)? message. If you make a data entry error while using the BRE W 
command, the values echoed after the Invalid format, changes not saved 
message are the previous BRE values, unchanged by the aborted BRE W 
attempt.

=>>ANA AO301 R 9.0 <Enter>
Ramping Analog Output at 1.78 mA/min; full scale in 9.0 minutes.
Press any key to end test

Output 20.00 mA 4.00 mA–
9.0 min

--------------------------------------------------- 1.78 mA/min= =

=>>BRE <Enter>

SEL-751A                                 Date: 12/04/2008   Time: 14:26:57
FEEDER RELAY                             Time Source: External

Trip Counters

Rly Trips (counts)      32
Ext Trips (counts)       0

Cumulative Interrupted Currents

                 IA     IB     IC
Rly Trips (kA)  538.1  483.6  485.5
Ext Trips (kA)    0.0    0.0    0.0

Breaker Contact Wear

           A    B    C
Wear (%)   48   37   36

LAST RESET  11/25/2008 11:16:21

=>>
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Use the BRE R command to reset the breaker monitor:

See Breaker Monitor on page 5.18 for further details on the breaker monitor. 

CEV Command
The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT (CEV) 
command to display Compressed ASCII event reports. See Table C.2 for 
further information. Compressed ASCII Event Reports contain all of the 
Relay Word bits. The CEV R command gives the raw Compressed ASCII 
event report. Additionally, the compressed event report has the arc-flash 
detector light and frequency measurements.

CLOSE Command (Close Breaker)
The CLO (CLOSE) command asserts Relay Word bit CC for 1/4 cycle when 
it is executed. Relay Word bit CC can then be programmed into the CL 
SELOGIC control equation to assert the CLOSE Relay Word bit, which in turn 
asserts an output contact (e.g., OUT102 = CLOSE) to close a circuit breaker 
(see Table 4.25 and Figure 4.34 for factory-default setting CL and close 
logic).

=>> BRE W <Enter>

Breaker Wear Percent Preload

Relay (or Internal) Trip Counter (0-65000)    =     0     ? 14  <Enter>

Internal Current (0.0-999999 kA)      IA      = 0.0      ? 32.4  <Enter>

                                      IB      = 0.0      ? 18.6  <Enter>

                                      IC      = 0.0      ? 22.6  <Enter>

External Trip Counter (0-65000)               =     0     ? 2  <Enter>

External Current (0.0-999999 kA)      IA      = 0.0      ? 0.8  <Enter>

                                      IB      = 0.0      ? 0.6  <Enter>

                                      IC      = 0.0      ? 0.7  <Enter>

Percent Wear (0-100%)                 A-phase =   0       ? 22  <Enter>

                                      B-phase =   0       ? 28  <Enter>

                                      C-phase =   0       ? 25  <Enter>

Last Reset                            Date    = 12/04/2008 ? 12/04/2008  <Enter>

                                      Time    = 14:27:10  ? 17:50:12  <Enter>

Save changes (Y,N)? y

=>>

=>>BRE R <Enter>

Reset Breaker Wear (Y,N)? y
Clearing Complete

=>>LAST RESET 02/03/01 05:41:07
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To issue the CLO command, enter the following.

Typing N <Enter> after the previous prompt will abort the command.

The main board Breaker jumper (see Table 2.16) supervises the CLO 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the CLO command and responds with the following.

COMMUNICATIONS Command
The COM x command (see Table 7.10) displays communications statistics for 
the MIRRORED BITS communications channels. For more information on 
MIRRORED BITS communications, see Appendix I: MIRRORED BITS 
Communications. The summary report includes information on the failure of 
ROKA or ROKB. The Last error field displays the reason for the most 
recent channel error, even if the channel was already failed. We define failure 
reasons as one of the following error types:

➤ Device disabled

➤ Framing error

➤ Parity error

➤ Overrun

➤ Re-sync

➤ Data error

➤ Loopback

➤ Underrun

=>>CLO <Enter>
Close Breaker (Y,N)? Y <Enter>
=>>

=>>CLO <Enter>
Command Aborted: No BRKR Jumper
=>>

Table 7.10 COM Command (Sheet 1 of 2)

Command Description Access Level 

COM S A or 
COM S B 

Return a summary report of the last 255 records in 
the communications buffer for either MIRRORED 
BITS communications Channel A or Channel B 
when only one channel is enabled. 

1

COM A Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel A. 

1

COM B Return a summary report of the last 255 records in 
the communications buffer for MIRRORED BITS 
communications Channel B. 

1

COM L A Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A. 

1

COM L B Appends a long report to the summary report of the 
last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B. 

1
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CONTROL Command (Control Remote Bit)
Use the CON command (see Table 7.11) to control remote bits (Relay Word 
bits RB01–RB32). You can use the CON function from the front panel 
(Control > Outputs) to pulse the outputs. Remote bits are device variables 
that you set via serial port communication only; you cannot navigate Remote 
Bits via the front-panel HMI. You can select the control operation from three 
states: set, clear, or pulse, as described in Table 7.12.

For example, use the following command to set Remote bit RB05:

COPY Command
Use the COPY j k command (see Table 7.13) to copy the settings of settings 
Group j to the settings of settings Group k. The settings of settings Group j 
effectively overwrite the settings of settings Group k. Parameters j and k can 
be any available settings group number 1 through 3.

For example, when you enter the COPY 1 3 command, the relay responds, 
Are you sure (Y/N)? Answer Y <Enter> (for yes) to complete copying. The 
settings in Group 1 overwrite the settings in Group 3.

COM C Clears all communications records. If both MIR-
RORED BITS channels are enabled, omitting the 
channel specifier (A or B) clears both channels. 

1 

COM C A Clears all communications records for Channel A. 1 

COM C B Clears all communications records for Channel B. 1 

Table 7.10 COM Command (Sheet 2 of 2)

Command Description Access Level 

Table 7.11 CONTROL Command

Command Description Access Level

CON RBnna kb

a Parameter nn is a number from 01 to 32, representing RB01 through RB32.
b Parameter k is S, C, or P.

Set a Remote Bit to set, clear, or pulse. 2

Table 7.12 Three Remote Bit States

Subcommand Description Access Level

S Set Remote bit (ON position) 2

C Clear Remote bit (OFF position) 2

P Pulse Remote bit for 1/4 cycle (MOMENTARY 
position)

2

=>>CON RB05 S <Enter>

Table 7.13 COPY Command

Command Description Access Level 

COPY j ka

a Parameters j and k are 1–3.

Copy settings in Group j to settings in Group k. 2 



7.27

Date Code 20220610 Instruction Manual SEL-751A Relay

Communications
SEL ASCII Protocol and Commands

COUNTER Command (Counter Values)
The device generates the values of the 32 counters in response to the COU 
command (see Table 7.14).

DATE Command (View/Change Date)
Use the DATE command (see Table 7.15) to view and set the relay date.

The relay can overwrite the date you enter by using other time sources such as 
IRIG. Enter the DATE command with a date to set the internal clock date.

Separate the month, day, and year parameters with spaces, commas, slashes, 
colons, and semicolons. Set the year in 4-digit form (for dates 2000–2099). 
Global setting DATE_F sets the date format.

ETH Command
The ETH command (Access Level 1) can be used to display the Ethernet port 
(PORT 1) status as shown in Figure 7.17 for the redundant fiber-optic (FX) 
Ethernet PORT 1A and PORT 1B configuration. Copper Ethernet port is labeled as 
TX. The non-redundant port response is similar.

Table 7.14 COUNTER Command

Command Description Access Level

COU n Display present state of device counters n times, 
with a 1/2-second delay between each display

1

Table 7.15 DATE Command

Command Description Access Level

DATE Display the internal clock date. 1

DATE mm/dd/yyyy, 
yyyy/mm/dd, or 
dd/mm/yyyy

Set the internal clock date
(DATE_F set to MDY, YMD, or DMY).

1

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:37
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 PRIMARY PORT:  PORT 1A
 ACTIVE PORT:   PORT 1B

             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up    100M     Full    FX    
PORT 1B      Down   --      --      FX    

=>>

Figure 7.17 Ethernet Port (PORT 1) Status Report
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The non-redundant port response is as shown in Figure 7.18.

EVENT Command (Event Reports)
Use the EVE command (see Table 7.16 and Table 7.17) to view event reports. 
See Section 9: Analyzing Events for further details on retrieving and analyzing 
event reports. See the HISTORY Command on page 7.31 for details on 
clearing event reports.

FILE Command
The FIL command (see Table 7.18) is intended to be a safe and efficient 
means of transferring files between intelligent electronic devices (IEDs) and 
external support software (ESS). The FIL command ignores the hide rules and 
transfers visible as well as hidden settings, except the settings hidden by a part 
number. The FILE command is supported if you connect over serial or 
Ethernet ports.

=>>ETH <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 10:41:44
FEEDER RELAY                             Time Source: Internal

 MAC: 00-30-A7-00-75-6A 
 IP ADDRESS: 192.168.1.2 
 SUBNET MASK: 255.255.255.0 
 DEFAULT GATEWAY: 192.168.1.1 

 
             LINK   SPEED  DUPLEX   MEDIA
PORT 1A      Up     100M    Full      TX    

=>>

Figure 7.18 Non-Redundant Port Response

Table 7.16 EVENT Command (Event Reports)

Command Description Access Level

EVE n Return the n event report with 4-samples/
cycle data.

1

EVE n R Return the n event report with raw (unfiltered) 
16 samples/cycle analog data and 4 samples/cycle 
digital data.

1

Table 7.17 EVENT Command Format

Parameter Description

n Parameter n specifies the event report number to be returned. Use the 
HIS command to determine the event report number of the event you 
want to display. If n is not specified, the relay will display event 
report 1 by default.
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GOOSE Command
Use the GOOSE command to display transmit and receive GOOSE 
messaging information, which you can use for troubleshooting. The GOOSE 
command variants and options are shown in Table 7.19.

The information displayed for each GOOSE IED is described in the following 
table.

Table 7.18 FILE Command 

Command Description Access Level

FIL DIR Return a list of files. 1

FIL READ filename Transfer settings file filename from the relay to 
the PC.

1

FIL WRITE filename Transfer settings file filename from the PC to 
the relay.

2

FIL SHOW filename Filename 1 displays contents of the file file-
name.

1

Table 7.19 GOOSE Command Variants

Command Variant Description Access Level

GOOSE Display GOOSE information. 1

GOOSE count Display GOOSE information count times. 1

IED Description

Transmit
GOOSE Control 
Reference

This field represents the GOOSE control reference information that 
includes the IED name, ldInst (Logical Device Instance), LN0 
lnClass (Logical Node Class), and GSEControl name (GSE Control 
Block Name) (e.g., SEL_751A_1CFG/LLN0$GO$GooseDSet13).

Receive
GOOSE Control 
Reference

This field represents the goCbRef (GOOSE Control Block Refer-
ence) information that includes the iedName (IED name), ldInst 
(Logical Device Instance), LN0 lnClass (Logical Node Class), and 
cbName (GSE Control Block Name) (e.g., SEL_751A_1CFG/
LLN0$GO$GooseDSet13).

MultiCastAddr 
(Multicast Address)

This hexadecimal field represents the GOOSE multicast address.

Ptag This three-bit decimal field represents the priority tag value, where 
spaces are used if the priority tag is unknown.

Vlan This 12-bit decimal field represents the virtual LAN (Local Area 
Network) value, where spaces are used if the virtual LAN is 
unknown.

StNum (State 
Number)

This hexadecimal field represents the state number that increments 
with each state change.

SqNum (Sequence 
Number)

This hexadecimal field represents the sequence number that incre-
ments with each GOOSE message sent.

TTL (Time to Live) This field contains the time (in ms) before the next message is 
expected.
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An example response to the GOOSE commands is shown in Figure 7.19.

Code This text field contains warning or error condition text when appro-
priate that is abbreviated as follows:

Transmit Data 
Set Reference

This field represents the DataSetReference (Data Set Reference) 
that includes the IED name, LN0 lnClass (Logical Node Class), and 
GSEControl datSet (Data Set Name) (e.g., SEL_751A_1/
LLN0$DSet13).

Receive Data Set 
Reference

This field represents the datSetRef (Data Set Reference) that 
includes the iedName (IED name), ldInst (Logical Device 
Instance), LN0 lnClass (Logical Node Class), and datSet (Data Set 
Name) (e.g., SEL_751A_1CFG/LLN0$DSet13).

#>GOOSE <Enter>

GOOSE Transmit Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_2CFG/LLN0$GO$GooseDSet13
   01-0C-CD-01-00-04  4:1     2          20376      50
   Data Set: SEL_751A_2CFG/LLN0$DSet13
GOOSE Receive Status

   MultiCastAddr   Ptag:Vlan  StNum      SqNum      TTL    Code
-----------------------------------------------------------------------------
SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-05  4:0     1          100425     160
   Data Set: SEL_751A_1CFG/LLN0$DSet10

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage3
   01-0C-CD-01-00-03  4:0     1          98531      120
   Data Set: SEL_751A_1CFG/LLN0$DSet05

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          97486      200
   Data Set: SEL_751A_1CFG/LLN0$DSet04

SEL_751A_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          96412      190
   Data Set: SEL_751A_1CFG/LLN0$DSet03

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage5
   01-0C-CD-01-00-06  4:0     1          116156     140
   Data Set: SEL_387E_1CFG/LLN0$DSet10

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage4
   01-0C-CD-01-00-05  4:0     1          116041     130
   Data Set: SEL_387E_1CFG/LLN0$DSet06

Figure 7.19 GOOSE Command Response

IED Description

Code Abbreviation Explanation

OUT OF SEQUENC Out of sequence error

CONF REV MISMA Configuration Revision mismatch

NEED COMMISSIO Needs Commissioning

TEST MODE Test Mode

MSG CORRUPTED Message Corrupted

TTL EXPIRED Time to live expired

HOST DISABLED Optional code for when the host is dis-
abled or becomes unresponsive after 
the GOOSE command has been issued
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GROUP Command
Use the GROUP command (see Table 7.20) to display the active settings 
group or try to force an active settings group change.

When you change the active group, the relay responds with a confirmation 
prompt: Are you sure (Y/N)? Answer Y <Enter> to change the active 
group. The relay asserts the Relay Word bit SALARM for one second when 
you change the active group.

If any of the SELOGIC control equations SS1–SS3 are set when you issue the 
GROUP n command, the group change will fail. The relay responds: Command 
Unavailable: Active setting group SELOGIC equations have 
priority over the GROUP command.

HELP Command
The HELP command (see Table 7.21) gives a list of commands available at 
the present access level. You can also get a description of any particular 
command; type HELP followed by the name of the command for help on 
each command.

HISTORY Command
Use the HIS command (see Table 7.22) to view a list of one-line descriptions 
of relay events or clear the list (and corresponding event reports) from 
nonvolatile memory.

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage2
   01-0C-CD-01-00-02  4:0     1          115848     120
   Data Set: SEL_387E_1CFG/LLN0$DSet04

SEL_387E_1CFG/LLN0$GO$NewGOOSEMessage1
   01-0C-CD-01-00-01  4:0     1          115798     150
   Data Set: SEL_387E_1CFG/LLN0$DSet03

=>

Figure 7.19 GOOSE Command Response (Continued)

Table 7.20 GROUP Command

Command Description Access Level

GROUP Display the active settings group. 1

GROUP na

a Parameter n indicates group numbers 1–3.

Change the active group to Group n. 2

Table 7.21 HELP Command

Command Description Access Level

HELP Display a list of each command available at the 
present access level with a one-line description.

1

HELP command Display information on the command command. 1
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For more information on event reports, see Section 9: Analyzing Events.

IDENTIFICATION Command
Use the ID command (see Table 7.23) to extract device identification codes.

IRI Command
Use the IRI command to direct the relay to read the demodulated IRIG-B time 
code at the serial port or IRIG-B input (see Table 7.24).

To force the relay to synchronize to IRIG-B, enter the following command:

If the relay successfully synchronizes to IRIG-B, it sends the following header 
and access level prompt:

If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds with IRIG-B DATA ERROR.

If an IRIG-B signal is present, the relay synchronizes its internal clock with 
IRIG-B. It is not necessary to issue the IRI command to synchronize the relay 
clock with IRIG-B. Use the IRI command to determine if the relay is properly 
reading the IRIG-B signal.

LDP Command (Load Profile Report)
Use the LDP commands (see Table 7.25 and Table 7.26) to view and manage 
the Load Profile report (see Figure 5.14). If there is no stored data and an LDP 
command is issued, the relay responds with No data available.

Table 7.22 HISTORY Command

Command Description Access Level

HIS Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list.

1

HIS n Return event histories with the oldest at the bottom 
of the list and the most recent at the top of the list, 
beginning at event n.

1

HIS C or R Clear/reset the event history and all corresponding 
event reports from nonvolatile memory.

1

Table 7.23 IDENTIFICATION Command

Command Description Access Level

ID Return a list of device identification codes. 0

Table 7.24 IRI Command

Command Description Access Level

IRI Force synchronization of internal control clock to 
IRIG-B time-code input.

1

=>IRI <Enter>

SEL-751A                  Date: 12/10/2003 Time: 08:56:03.190
FEEDER RELAY             Time Source: external
=>
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L_D Command (Load Firmware)
Use the L_D command (see Table 7.27) to load firmware. See Appendix A: 
Firmware, ICD, and Manual Versions for information on changes to the 
firmware and instruction manual. See Appendix B: 
Firmware Upgrade Instructions for further details on downloading firmware. 
Only download firmware to the front port.

LOOPBACK Command
Use the LOO command (see Table 7.28) for testing the MIRRORED BITS 
communications channel for proper communication. For more information on 
MIRRORED BITS, see Appendix I: MIRRORED BITS Communications. With the 
transmitter of the communications channel physically looped back to the 
receiver, the MIRRORED BITS addressing will be wrong and ROK will be 
deasserted. The LOO command tells the MIRRORED BITS software to 
temporarily expect to see its own data looped back as its input. In this mode, 
LBOK will assert if error-free data are received. The LOO command, with 
just the channel specifier, enables loop back mode on that channel for five 
minutes, while the inputs are forced to the default values.

Table 7.25 LDP Commands

Command Description Access Level

LDP row1 row2
LDP date1 date2

Use the LDP command to display a numeric pro-
gression of all load profile report rows. Use the LDP 
command with parameters to display a numeric or 
reverse numeric subset of the load profile rows.

1

LDP C Use this command to clear the load profile report 
from nonvolatile memory.

1

Table 7.26 LDP Command Parameters

Parameter  Description

row1 row2 Append row1 to return a chronological progression of the first row1 
rows. Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. 

date1 date2 Append date1 to return all rows with this date. Append date1 and 
date2 to return all rows between date1 and date beginning with 
date1 and ending with date2. Enter the oldest date first to display a 
chronological progression through the report. Enter the newest date 
first to display a reverse chronological progression. Date entries are 
dependent on the date format setting DATE_F.

Table 7.27 L_D Command (Load Firmware)

Command Description Access Level

L_D Loads new firmware. 2
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.

If only one MIRRORED BITS port is enabled, the channel specifier (A or B) can 
be omitted. To enable loopback mode for other than the 5-minute default, 
enter the necessary number of minutes (1–5000) as a command parameter. To 
allow the loopback data to modify the RMB values, include the DATA 
parameter. 

To disable loopback mode before the selected number of minutes, re-issue the 
LOO command with the R parameter. The R parameter returns the device to 
normal operation. If both MIRRORED BITS channels are enabled, omitting the 
channel specifier in the disable command will cause both channels to be 
disabled.

MAC Command
Use the MAC command to display the MAC addresses of PORT 1, as follows.

MET Command (Metering Data)
The MET command (see Table 7.29, Table 7.30, and Table 7.31) provides 
access to the relay metering data.

Table 7.28 LOO Command

Command Description Access Level 

LOO Enable loopback testing of MIRRORED BITS chan-
nels. 

2 

LOO A Enable loopback on MIRRORED BITS Channel A 
for the next 5 minutes. 

2 

LOO B Enable loopback on MIRRORED BITS Channel B for 
the next 5 minutes.

2 

=>>LOO A <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 5 minutes.
The RMB values will be forced to default values while loopback is enabled.
Are you sure (Y/N)?
=>>

=>>LOO 10 DATA <Enter>
Loopback will be enabled on Mirrored Bits channel A for the next 10 minutes.
The RMB values will be allowed to change while loopback is enabled.
Are you sure (Y/N)? N <Enter>
Canceled.
=>>

=>>LOO R <Enter>
Loopback is disabled on both channels.
=>>

=>MAC <Enter>
Port 1 MAC Address:  00-30-A7-00-00-00
=>

Table 7.29 Meter Command

Command Description Access Level

MET c n Display metering data. 1

MET c R Reset metering data. 2
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For more information on metering and example responses for each meter 
class, see Section 5: Metering and Monitoring.

On issuing the MET c R command for resetting metering quantities in class c, 
the relay responds: Reset Metering Quantities (Y,N)? Upon confirming 
(pressing Y), the metering quantities will be reset and the relay responds with 
Reset Complete.

OPEN Command (Open Breaker)
The OPE (OPEN) command asserts Relay Word bit OC for 1/4 cycle when it 
is executed. Relay Word bit OC can then be programmed into the TR 
SELOGIC control equation to assert the TRIP Relay Word bit, which in turn 
asserts an output contact (e.g., OUT103 = TRIP) to open a circuit breaker (see 
Table 4.27 and Figure 4.33 for factory-default setting TR and trip logic).

To issue the OPE command, enter the following.

Typing N <Enter> after the prompt will abort the command.

The main board breaker jumper (see Table 2.16) supervises the OPE 
command. If the Breaker jumper is not in place (Breaker jumper = OFF), the 
relay does not execute the OPE command and responds with the following.

Table 7.30 Meter Command Parameters

Parameter Description 

c Parameter for identifying meter class.

n Parameter used to specify number of times (1–32767) to repeat the 
meter response.

Table 7.31 Meter Class

c Meter Class

F Fundamental Metering

Ea

a Reset Metering Available.

Energy Metering 

Ma Maximum/Minimum Metering

R RMS Metering

T Thermal and RTD Metering

AI Analog Input (transducer) Metering

DEa Demand Metering

PEa Peak Demand Metering

PM Synchrophasor Metering

L Light Metering for Arc-Flash Detection (AFD)

MV SELOGIC Math Variable Metering

=>>OPE <Enter>
Open Breaker (Y,N)? Y <Enter>
=>>

=>>OPE <Enter>
Command Aborted: No BRKR Jumper
=>>
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PASSWORD Command (Change Passwords)
Use the PAS command (see Table 7.32 and Table 7.33) to change existing 
passwords.

The factory-default passwords are as shown in Table 7.34.

To change the password for Access Level 1 to #Ot3579!ijd7, enter the 
following command sequence:

Similarly, use PAS 2 to change Level 2 passwords and PAS C to change 
Level C passwords.

Passwords can contain as many as 12 characters. Upper- and lowercase letters 
are treated as different characters. Strong passwords consist of 12 characters, 
with at least one special character or digit and mixed-case sensitivity, but do 
not form a name, date, acronym, or word. Passwords formed in this manner 
are less susceptible to password guessing and automated attacks. 

Examples of valid, distinct, and strong passwords are as follows:

➤ #0t3579!ijd7

➤ (Ih2dcs)36dn

➤ $A24.68&,mvj

➤ *4u-Iwg+?lf-

Table 7.32 PASSWORD Command

Command Description Access Level

PAS level Change password for Access Level level. 2, C

Table 7.33 PAS Command Format

Parameter Description

level Parameter level represents the relay Access Levels 1, 2, or C.

Table 7.34 Factory-Default Passwords for Access Levels 1, 2, and C

Access Level Factory-Default Password

1 OTTER

2 TAIL

C CLARKE

=>>PAS 1 <Enter>
Old PW: ? ***** <Enter>
New PW: ? *********** <Enter>
Confirm PW: ? *********** <Enter>
Password Changed
=>>

Table 7.35 Valid Password Characters

Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

Numeric 0 1 2 3 4 5 6 7 8 9

Special ! " # $ % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ _ ` { | } ~

This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.

! WARNING
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PING Command
When you are setting up or testing substation networks, it is helpful to 
determine if the network is connected properly and if the other devices are 
powered up and configured properly. The PING command (Access Level 2) 
allows a user of the relay to determine if a host is reachable across an IP 
network and/or if the Ethernet port (PORT 1) is functioning or configured 
correctly. A typical PING command response is shown in Figure 7.20. 

The command structure is:

PING x.x.x.x t

where: 

x.x.x.x is the Host IP address and 

t is the PING interval in seconds, with a 2 to 255 second range. 

The default PING interval is one second when t is not specified. The relay 
sends ping messages to the remote node until you stop the PING test by 
pressing the Q key.

PULSE Command
Use the PULSE command (see Table 7.36) to pulse any of the relay control 
outputs for a specified time. This function aids you in relay testing and 
commissioning. When a PUL command is issued, the selected contact will 
close or open depending on the output contact type (a or b). The PUL 
command energizes the coil and does not have any effect if the coil is already 
energized. The control outputs are OUTnnn, where nnn represents 101–103 
(standard), 301–304 (optional), 401–404 (optional), or 501–504 (optional).

QUIT Command
Use the QUIT command (see Table 7.37) to revert to Access Level 0.

==>>PING 10.201.7.52 <Enter>

Press the Q key to end the ping test.

Pinging 10.201.7.52 every 1 second(s):

Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Reply from 10.201.7.52
Ping test stopped.

Ping Statistics for 10.201.7.52
   Packets: Sent = 7, Received = 6, Lost = 1
   Duplicated = 0

==>>

Figure 7.20 PING Command Response

Table 7.36 PUL OUTnnn Command

Command Description Access Level

PUL OUTnnna

a Parameter nnn is a control output number.

Pulse output OUTnnn for 1 second. 2

PUL OUTnnn sb

b Parameter s is time in seconds, with a range of 1–30.

Pulse output OUTnnn for s seconds. 2
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Access Level 0 is the lowest access level; the SEL-751A performs no 
password check to descend to this level (or to remain at this level).

R_S Command (Restore Factory Defaults)
Use the R_S command (see Table 7.38) to restore factory-default settings.

SER Command (Sequential Events Recorder Report)
Use the SER commands (see Table 7.39 and Table 7.40) to view and manage 
the Sequential Events Recorder report. See Section 9: Analyzing Events for 
further details on SER reports.

If the requested SER report rows do not exist, the relay responds with No SER 
data.

Table 7.37 QUIT Command

Command Description Access Level

QUIT Go to Access Level 0. 0

Table 7.38 R_S Command (Restore Factory Defaults)

Command Description Access Level

R_S Restore the factory-default settings and passwords 
and reboot the system.a

a Only available after a settings or critical RAM failure.

2

Table 7.39 SER Command (Sequential Events Recorder Report)

Command Description Access Level

SER Use the SER command to display a chronological 
progression of all available SER rows (as many as 
1024 rows). Row 1 is the most recently triggered 
row and row 1024 is the oldest.

1

SER C or R Use this command to clear/reset the SER records. 1

Table 7.40 SER Command Format

Parameter Description

row1 Append row1 to return a chronological progression of the first 
row1 rows. For example, use SER 5 to return the first five rows.

row1 row2 Append row1 and row2 to return all rows between row1 and 
row2, beginning with row1 and ending with row2. Enter the smaller 
number first to display a numeric progression of rows through the 
report. Enter the larger number first to display a reverse numeric 
progression of rows. For example, use SER 1 10 to return the first 10 
rows in numeric order or SER 10 1 to return these same items in 
reverse numeric order.

date1 Append date1 to return all rows with this date. For example, use 
SER 1/1/2003 to return all records for January 1, 2003.

date1 date2 Append date1 and date2 to return all rows between date1 and date 
beginning with date1 and ending with date2. Enter the oldest date 
first to display a chronological progression through the report. Enter 
the newest date first to display a reverse chronological progression. 
Date entries are dependent on the date format setting DATE_F. For 
example, use SER 1/5/2003 1/7/2003 to return all records for 
January 5, 6, and 7, 2003.
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SER D Command
The SER D command shows a list of SER items that the relay has automatic-
ally removed. These are “chattering” elements. You can automatically remove 
chattering SER elements in the SER Chatter Criteria category of the Report 
settings; the enable setting is ESERDEL. See Section 4: Protection and Logic 
Functions, Report Settings (SET R Command) for more information on SER 
automatic deletion and reinsertion.

If you issue the SER D command and you have not enabled automatic 
removal of chattering SER elements (Report setting ESERDEL), the relay 
responds, Automatic removal of chattering SER elements not enabled.

SET Command (Change Settings)
The SET command is for viewing or changing the relay settings 
(see Table 7.42 and Table 7.43).

When you issue the SET command, the relay presents a list of settings one at 
a time. Enter a new setting or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 7.44.

Table 7.41 SER D Command

Command Description Access Level

SER D List chattering SER elements that the relay is 
removing from the SER records.

1

Table 7.42 SET Command (Change Settings) 

Command Description Access Level

SET n s TERSE Set the Relay settings, beginning at the first 
setting for group n (n = 1, 2, or 3).

2

SET L n s TERSE Set general logic settings for group n 
(n = 1, 2, or  3).

2

SET G s TERSE Set global settings. 2

SET P n s TERSE Set serial port settings. n specifies the PORT (1, 
2, 3, 4, or F); n defaults to the active port if not 
listed.

2

SET R s TERSE Set report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) set-
tings.

2

SET F s TERSE Set front-panel settings. 2

SET M s TERSE Set Modbus User Map settings. 2

SET DNP m s TERSE Set DNP Map m settings (m = 1, 2, or 3). 2

Table 7.43 SET Command Format

Parameter Description

s Append s, the name of the specific setting you want to view and jumps to 
this setting. If s is not entered, the relay starts at the first setting.

TERSE Append TERSE to skip the settings display after the last setting. Use this 
parameter to speed up the SET command. If you want to review the set-
tings before saving, do not use the TERSE option.
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The relay checks each setting to ensure that it is within the allowed range. If 
the setting is not within the allowed range, the relay generates an Out of 
Range message and prompts you for the setting again.

When all the settings are entered, the relay displays the new settings and 
prompts you for approval to enable them. Answer Y <Enter> to enable the 
new settings. The relay is disabled for as long as one second while it saves the 
new settings. The SALARM Relay Word bit is set momentarily, and the 
ENABLED LED extinguishes while the relay is disabled.

SHOW Command (Show/View Settings)
When showing settings, the relay displays the settings label and the present 
value from nonvolatile memory for each setting class. See Table 7.45 for the 
SHOW command settings and Table 7.46 for the command format.

Table 7.44 SET Command Editing Keystrokes

Press Key(s) Results

 <Enter> Retains the setting and moves to the next setting.

^ <Enter> Returns to the previous setting.

< <Enter> Returns to the previous setting category.

> <Enter> Moves to the next setting category.

END <Enter> Exits the editing session, then prompts you to save the settings.

<Ctrl+X> Aborts the editing session without saving changes.

Table 7.45 SHOW Command (Show/View Settings) 

Command Description Access Level

SHO n s Show Relay settings for group n (n = 1, 2, or 3). 1

SHO L n s Show general logic settings for group n 
(n = 1, 2, or 3).

1

SHO G s Show global settings. 1

SHO P n s Show serial port settings. n specifies the PORT (1, 2, 
3, 4, or F); n defaults to the active port if not listed.

1

SHO R s Show report settings such as Sequential Events 
Recorder (SER) and Event Report (ER) settings.

1

SHO F s Show front-panel settings. 1

SHO M s Show Modbus User Map settings. 1

SHO DNP m s Show DNP Map m settings (m = 1, 2, or 3). 1

Table 7.46 SHOW Command Format

Parameter Description

s Appends, s, the name of the specific setting you want to view, and jumps to 
this setting. If s is not entered, the relay starts at the first setting.
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=>SHO <Enter>

Group 1
Relay Settings

ID Settings
RID      := SEL-751A
TID      := FEEDER RELAY

Config Settings
CTR      := 120           CTRN     := 120           PTR      := 180.00
PTRS     := 180.00        DELTA_Y  := DELTA         VNOM     := 120.00
SINGLEV  := N

Max Ph Overcurr
50P1P    := 10.00         50P1D    := 0.00
50P1TC   := 1
50P2P    := 10.00         50P2D    := 0.00
50P2TC   := 1
50P3P    := 10.00         50P3D    := 0.00
50P3TC   := 1
50P4P    := 10.00         50P4D    := 0.00
50P4TC   := 1

Neutral Overcurr
50N1P    := OFF           50N2P    := OFF           50N3P    := OFF
50N4P    := OFF

Residual Overcurr
50G1P    := OFF           50G2P    := OFF           50G3P    := OFF
50G4P    := OFF

Neg Seq Overcurr
50Q1P    := OFF           50Q2P    := OFF           50Q3P    := OFF
50Q4P    := OFF

Phase TOC
51AP     := 6.00          51AC     := U3            51ATD    := 3.00
51ARS    := N             51ACT    := 0.00          51AMR    := 0.00
51ATC    := 1
51BP     := 6.00          51BC     := U3            51BTD    := 3.00
51BRS    := N             51BCT    := 0.00          51BMR    := 0.00
51BTC    := 1
51CP     := 6.00          51CC     := U3            51CTD    := 3.00
51CRS    := N             51CCT    := 0.00          51CMR    := 0.00
51CTC    := 1

Maximum Ph TOC
51P1P    := 6.00          51P1C    := U3            51P1TD   := 3.00
51P1RS   := N             51P1CT   := 0.00          51P1MR   := 0.00
51P1TC   := 1
51P2P    := 6.00          51P2C    := U3            51P2TD   := 3.00
51P2RS   := N             51P2CT   := 0.00          51P2MR   := 0.00
51P2TC   := 1

Negative Seq TOC
51QP     := 6.00          51QC     := U3            51QTD    := 3.00
51QRS    := N             51QCT    := 0.00          51QMR    := 0.00
51QTC    := 1

Neutral TOC
51N1P    := OFF           51N2P    := OFF

Residual TOC
51G1P    := 0.50          51G1C    := U3            51G1TD   := 1.50
51G1RS   := N             51G1CT   := 0.00          51G1MR   := 0.00
51G1TC   := 1
51G2P    := 0.50          51G2C    := U3            51G2TD   := 1.50
51G2RS   := N             51G2CT   := 0.00          51G2MR   := 0.00
51G2TC   := 1

RTD Settings
E49RTD   := NONE

Undervoltage Set
27P1P    := OFF           27P2P    := OFF           27S1P    := OFF
27S2P    := OFF

Overvoltage Set
59P1P    := 1.10          59P1D    := 0.5           59P2P    := OFF
59Q1P    := OFF           59Q2P    := OFF           59S1P    := OFF
59S2P    := OFF

Figure 7.21 SHOW Command Example
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STATUS Command (Relay Self-Test Status)
The STA command (see Table 7.47) displays the status report.

Refer to Section 10: Testing and Troubleshooting for self-test thresholds and 
corrective actions, as well as hardware configuration conflict resolution. 
Table 7.48 shows the status report definitions and message formats for each test.

SyncCheck Set
E25      := N

LOP Setting
LOPBLK   := 0

Power Factor Set
55LGTP   := OFF           55LDTP   := OFF           55LGAP   := OFF
55LDAP   := OFF

Frequency Set
81D1TP   := OFF           81D2TP   := OFF           81D3TP   := OFF
81D4TP   := OFF           81D5TP   := OFF           81D6TP   := OFF

Rate of Frequency Set
E81R     := OFF

Fast Rate of Frequency Set
E81RF    := N

Demand Mtr Set
EDEM     := THM           DMTC     := 5             PHDEMP   := 5.00
GNDEMP   := 1.00          3I2DEMP  := 1.00

Power Elements
EPWR     := N

Trip/Close Logic
TDURD    := 0.5           CFD      := 1.0
TR       := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR
            59P2T OR 55T OR REMTRIP OR SV01 OR OC OR SV04T
REMTRIP  := 0
ULTRIP   := NOT ( 51P1P OR 51G1P OR 51N1P OR 52A )
52A      := 0
CL       := SV03T AND LT02 OR CC
ULCL     := 0

=>

Figure 7.21 SHOW Command Example (Continued)

Table 7.47 STATUS Command (Relay Self-Test Status)

Command Description Access Level

STA n Display the relay self-test information n times 
(n = 1–32767). Defaults to 1 if n is not specified.

1

STA S Display the memory and execution utilization for 
the SELOGIC control equations.

1

STA C or R Reboot the relay and clear self-test warning and 
failure status results.

2

Table 7.48 STATUS Command Report and Definitions (Sheet 1 of 2)

STATUS Report Designator Definition Message Format

Serial Num Serial number Number 

FID Firmware identifier string Text Data

CID Firmware checksum identifier Hex

PART NUM Part number Text Data

FPGA FPGA programming unsuccessful, or FPGA failed OK/FAIL

GPSB General Purpose Serial Bus OK/FAIL
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Figure 7.22 shows the typical relay output for the STATUS S command, 
showing available SELOGIC control equation capability.

NOTE: The STA S report gives the 
available SELOGIC capacity of the 
relay. In the example, Execution 90% 
means 90% of execution capacity is 
still available

HMI Front-panel FGPA programming unsuccessful, or front-panel FPGA 
failed

OK/WARN

RAM Volatile memory integrity OK/FAIL

ROM Firmware integrity OK/FAIL

CR_RAM Integrity of settings in RAM and code that runs in RAM OK/FAIL

Non_Vol Integrity of data stored in nonvolatile memory OK/FAIL

Clock Clock functionality OK/WARN

RTD Integrity of RTD module/communications OK/FAIL

CID_FILE Configured IED description file OK/FAIL

x.x V Power supply status (Refer to Figure 1.3 and Figure 1.4 for examples of 
STATUS command responses)

Voltage/FAIL

BATT Clock battery voltage Voltage/WARN

CARD_C Integrity of Card C OK/FAIL

CARD_D Integrity of Card D OK/FAIL

CARD_E Integrity of Card E OK/FAIL

CURRENT Integrity of current board OK/FAIL

DN_MAC_ID Specific DeviceNet card identification Text Data

ASA Manufacturers identifier for DeviceNet Text Data

DN_Rate DeviceNet card network communications data rate ___kbps Text Data

DN_Status DeviceNet connection and fault status 000b bbbb Text Data

Current Offset (IA, IB, IC, IN) DC offset in hardware circuits of current channels DC OFFSET/WARN

Voltage Offset (VA, VB, VC, VS) DC offset in hardware circuits of voltage channels DC OFFSET/WARN

Table 7.48 STATUS Command Report and Definitions (Sheet 2 of 2)

STATUS Report Designator Definition Message Format

=>STA S <Enter>

SEL-751A                                 Date: 02/27/2007   Time: 15:04:16
FEEDER RELAY                             Time Source: Internal

Part Number  751A01BBX5X7186030X
Global (%)    81
FP (%)        69
Report (%)    96

               GROUP 1  GROUP 2  GROUP 3
Execution (%)   90       90       90
Group (%)       81       81       81
Logic (%)       89       89       89

=>

Figure 7.22 Typical Relay Output for STATUS S Command



7.44

SEL-751A Relay Instruction Manual Date Code 20220610

Communications
SEL ASCII Protocol and Commands

SUMMARY Command
The SUM command (see Table 7.49) displays an event summary in human-
readable format. 

Each event summary report shows the date, time, current magnitudes (primary 
values), frequency, and, if the relay has the voltage option, voltage magnitudes 
(primary values). The relay reports the voltage and current when the largest 
current occurs during the event. The event summary report also shows the 
event type (e.g., Phase A 51 Trip).

TARGET Command (Display Relay Word Bit Status)
The TAR command (see Table 7.50 and Table 7.51) displays the status of 
front-panel target LEDs or Relay Word bit, whether these LEDs or Relay 
Word bits are asserted or deasserted.

The elements are represented as Relay Word bits and are listed in rows of 
eight, called Relay Word rows. The first four rows, representing the front-
panel operation and target LEDs, correspond to Table 7.52. All Relay Word 
rows are described in Table J.1 and Table J.2.

Relay Word bits are used in SELOGIC control equations. See Appendix J: 
Relay Word Bits.

The TAR command does not remap the front-panel target LEDs, as is done in 
some previous SEL relays.

Table 7.49 SUMMARY Command

Command Description Access Level

SUM n The command without arguments displays the latest 
event summary. Use n to display particular event 
summary.

1

SUM R or C Use this command to clear the archive. 1

Table 7.50 TARGET Command (Display Relay Word Bit Status)

Command Description Access Level

TAR name k 
TAR n
TAR n k 

Use TAR without parameters to display 
Relay Word Row 0 or last displayed target row.

1

TAR R Clears front-panel tripping targets. Unlatches the 
trip logic for testing purposes (see Figure 8.1). 
Shows Relay Word Row 0.

1

Table 7.51 TARGET Command Format

Parameter Description

name Display the Relay Word row with Relay Word bit name.

n Show Relay Word row number n.

k Repeat k times (1–32767)

Table 7.52 Front-Panel LEDs and the TAR 0 Command

LEDs 7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

NOTE: The TARGET R command 
cannot reset the latched targets if a 
TRIP condition is present.
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TIME Command (View/Change Time)
The TIME command (see Table 7.53) returns information about the 
SEL-751A internal clock. You can also set the clock if you specify hours and 
minutes (seconds data are optional). Separate the hours, minutes, and seconds 
with colons, semicolons, spaces, commas, or slashes.

Use the TIME hh, TIME hh:mm, and TIME hh:mm:ss commands to set the 
internal clock time. The value hh is for hours from 0–23; the value mm is for 
minutes from 0–59; the value ss is for seconds from 0–59. If you enter a valid 
time, the relay updates and saves the time in the nonvolatile clock, and 
displays the time you just entered. If you enter an invalid time, the SEL-751A 
responds with Invalid Time.

TRIGGER Command (Trigger Event Report)
Use the TRI command (see Table 7.55) to trigger the SEL-751A to record 
data for high-resolution oscillography and event reports.

When you issue the TRI command, the SEL-751A responds with Triggered. 
If the event did not trigger within one second, the relay responds with Did not 
trigger. See Section 9: Analyzing Events for further details on event reports.

VEC Command (Show Diagnostic Information)
Issue the VEC command (see Table 7.55) under the direction of SEL. The 
information contained in a vector report is formatted for SEL in-house use 
only. Your SEL application engineer or the factory may request a VEC 
command capture to help diagnose a relay or system problem.

Table 7.53 TIME Command (View/Change Time)

Command Description Access Level

TIME Display the present internal clock time. 1

TIME hh Set the internal clock to hh. 1

TIME hh:mm Set the internal clock to hh:mm. 1

TIME hh:mm:ss Set the internal clock to hh:mm:ss. 1

Table 7.54 TRIGGER Command (Trigger Event Report)

Command Description Access Level

TRI Trigger event report data capture. 1

Table 7.55 VEC Command 

Command Description Access Level

VEC D Displays the standard vector report. 2

VEC E Displays the extended vector report. 2
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Section 8
Front-Panel Operations

Overview
The SEL-751A Feeder Protection Relay front panel makes feeder data 
collection and control quick and efficient. Use the front panel to analyze 
operating information, view and change relay settings, and perform control 
functions. The SEL-751A features a straightforward menu-driven control 
structure presented on the front-panel liquid crystal display (LCD). Front-
panel targets and other LEDs give a clear indication of the SEL-751A 
operation status. The features that help you operate the relay from the front 
panel include the following:

➤ Reading metering

➤ Inspecting targets

➤ Accessing settings

➤ Controlling relay operations

➤ Viewing diagnostics

Front-Panel Layout
Figure 8.1 shows and identifies the following regions:

➤ HMI

➤ TARGET RESET and navigation pushbuttons

➤ Operation and target LEDs

➤ Operator control pushbuttons and pushbutton LEDs

➤ EIA-232 Serial Port (PORT F). See Section 7: Communications 
for details on the serial port.
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Figure 8.1 Front-Panel Overview

You can use the following features of the versatile front panel to customize it 
to your needs:

➤ Rotating display on the HMI

➤ Programmable target LEDs

➤ Programmable pushbutton LEDs

➤ Optional slide-in configurable front-panel labels to change the 
identification of target LEDs, pushbuttons, pushbutton LEDs 
and their operation.

Human-Machine Interface
Contrast You can adjust the LCD screen contrast to suit your viewing angle and 

lighting conditions. To change screen contrast, press and hold the ESC 
pushbutton for two seconds. The SEL-751A displays a contrast adjustment 
box. Pressing the Right Arrow pushbutton increases the contrast. Pressing the 
Left Arrow pushbutton decreases the screen contrast. When you are finished 
adjusting the screen contrast, press the ENT pushbutton; this process is a 
shortcut for changing the LCD contrast setting FP_CONT in the front-panel 
settings.

i4143a

RECL RESET

RECL LOCKOUT

In Reclosing Models Only

AUX1

NOTE: See the Preface for an 
explanation of typographic 
conventions used to describe menus, 
the front-panel display, and the front-
panel pushbuttons.
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Front-Panel 
Automatic Messages

The relay displays automatic messages that override the rotating display under 
the conditions described in Table 8.1. Relay failure has the highest priority, 
followed by trip and alarm when the front-panel setting 
FP_AUTO := OVERRIDE.

If the front-panel setting FP_AUTO := ROTATING, then the rotating display 
messages continue and any TRIP or ALARM message is added to the rotation. 
Relay failure will still override the rotating display.

Front-Panel Security
Front-Panel Access Levels

The SEL-751A front panel typically operates at Access Level 1 and provides 
viewing of relay measurements and settings. Some activities, such as editing 
settings and controlling output contacts, are restricted to those operators who 
know the Access Level 2 passwords.

In the figures that follow, restricted activities are indicated by the padlock 
symbol.

Figure 8.2 Access Level Security Padlock Symbol

Before you can perform a front-panel menu activity that is marked with the 
padlock symbol, you must enter the correct Access Level 2 password. After 
you have correctly entered the password, you can perform other Access 
Level 2 activities without reentering the password. 

Access Level 2 Password Entry
When you try to perform an Access Level 2 activity, the relay determines 
whether you have entered the correct Access Level 2 password since the front-
panel inactivity timer expired. If you have not, the relay displays the screen 
shown in Figure 8.3 for you to enter the password.

Table 8.1 Front-Panel Automatic Messages (FP_AUTO := OVERRIDE)

Condition Front-Panel Message

Relay detecting any failure Displays the type of latest failure (see Section 10: Testing 
and Troubleshooting).

Relay trip has occurred Displays the type or cause of the latest trip. Refer to 
Table 9.1 for a list of trip display messages.

Relay alarm condition has 
occurred

Displays the type of alarm. The TRIP LED is also flashing 
during an alarm condition. See Table 8.3 for a list of the 
alarm conditions.
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Figure 8.3 Password Entry Screen

See PASSWORD Command (Change Passwords) on page 7.36 for the list of 
default passwords and for more information on changing passwords.

Front-Panel Timeout
To help prevent unauthorized access to password-protected functions, the 
SEL-751A provides a front-panel time-out, setting FP_TO. A timer resets 
every time you press a front-panel pushbutton. Once the time-out period 
expires, the access level resets to Access Level 1. Manually reset the access 
level by selecting Quit from the MAIN menu.

Front-Panel Menus 
and Screens

Navigating the Menus
The SEL-751A front panel gives you access to most of the information that 
the relay measures and stores. You can also use front-panel controls to view or 
modify relay settings.

All of the front-panel functions are accessible through use of the six-button 
keypad and LCD display. Use the keypad (shown in Figure 8.4) to maneuver 
within the front-panel menu structure, described in detail throughout the 
remainder of this section. Table 8.2 describes the function of each front-panel 
pushbutton.

Figure 8.4 Front-Panel Pushbuttons

Password=
Del Clr Accept
A B C D E F G H
I J K L M N O P
Q R S T U V W X
Y Z . . . . . .
a b c d e f g h
i j k l m n o p
q r s t u v w x
y z . . . . . .
0 1 2 3 4 5 6 7
8 9 . . . . . .
! " # $ % & ' (
) * + , - . / :
; < = > ? @ [ \
] ^ _ ` { | } ~

ESC
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The SEL-751A automatically scrolls information that requires more space 
than provided by a 16-character LCD line. Use the Left Arrow and Right Arrow 
pushbuttons to suspend automatic scrolling and enable manual scrolling of 
this information.

MAIN Menu 
Figure 8.5 shows the MAIN menu screen. Using the Up Arrow or Down Arrow and 
ENT pushbuttons, you can navigate to specific menu item in the MAIN menu. 
Each menu item is explained in detail in the following paragraphs.

Figure 8.5 Main Menu

Meter Menu
Select the Meter menu item from the MAIN menu as shown in Figure 8.6 to 
view metering data. The Meter menu has menu items for viewing different 
types of metering data like Fundamental, rms, Thermal, etc. Select the type of 
metering and view the data through use of the Up Arrow or Down Arrow 
pushbuttons. See Metering on page 5.2 for a description of the available data 
fields. 

Table 8.2 Front-Panel Pushbutton Functions

Pushbutton Function

Up Arrow
Move up within a menu or data list.

While editing a setting value, increase the value of the 
underlined digit.

Down Arrow
Move down within a menu or data list.

While editing a setting value, decrease the value of the 
underlined digit.

Left Arrow Move the cursor to the left.

Right Arrow Move the cursor to the right.

ESC

Escape from the present menu or display.

Displays additional information if lockout condition exists.

Hold for two seconds to display contrast adjustment screen.

ENT

Move from the rotating display to the MAIN menu.

Select the menu item at the cursor.

Select the displayed setting to edit that setting.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.6 MAIN Menu and METER Submenu

For viewing Energy (or Max/Min) metering data, select the Energy (or Max/
Min) menu item from the METER menu and select the Display menu item as 
shown in Figure 8.7.

Figure 8.7 METER Menu and ENERGY Submenu

You can reset energy (or Max/Min, Demand, Peak Demand) metering data 
from the front-panel HMI by selecting the Reset menu item in the Energy (or 
Max/Min, Demand, Peak Demand) menu. After selecting Reset and confirming 
the reset, the relay displays as shown in Figure 8.8.

Figure 8.8 Relay Response When Energy (or Max/Min, Demand, Peak 
Demand) Metering Is Reset

Assume that the relay configuration contains no analog input cards. In 
response to a request for analog data (selecting Analog Inputs), the device 
displays the message as shown in Figure 8.9.

Figure 8.9 Relay Response When No Analog Cards Are Installed

Assume that the math variables are not enabled. In response to a request for 
math variable data (selecting Math Variables), the device displays the 
message as shown in Figure 8.10.

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

(Meter Selected)

ENERGY
Display
Reset

(Energy Selected)

METER
Fundamental
Thermal
Demand
Peak Demand
Energy
Max/Min
RMS
Analog Inputs
Math Variables
Light Intensity

Reset Complete

No Analog Input
Cards Present
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Figure 8.10 Relay Response When No Math Variables Enabled

Events Menu
Select the Events menu item from the MAIN menu as shown in Figure 8.11. 
EVENTS menu has Display and Clear as menu items. Select Display to view 
events and Clear to delete all the events data.

Figure 8.11 MAIN Menu and EVENTS Submenu

Figure 8.12 shows the DISPLAY menu when Display is selected from the 
EVENTS menu with events in the order of occurrence starting with the most 
recent. You can select an event from the DISPLAY menu and navigate through 
the event data.

Figure 8.12 EVENTS Menu and DISPLAY Submenu

When Display is selected and no event data are available, the relay displays as 
shown in Figure 8.13.

Figure 8.13 Relay Response When No Event Data Available

When you select Clear from the EVENTS menu and confirm the selection, the 
relay displays as shown in Figure 8.14 after it clears the events data.

Figure 8.14 Relay Response When Events Are Cleared

No Math
Variables
Enabled (see EMV 
Setting)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

EVENTS
Display
Clear

(Events Selected)

DISPLAY
03/25/2007 11:56:51.158
03/25/2007 11:54:31.158
.
.

EVENTS
Display
Clear

(Display Selected)

No Data
Available

Clearing
Complete
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Targets Menu
Select the Targets menu item on the MAIN menu as shown in Figure 8.15 to 
view the binary state of the target rows. Each target row has eight Relay Word 
bits as shown in Table J.1. 

Figure 8.15 MAIN Menu and TARGETS Submenu

Select the target row to display two consecutive Relay Word bits with name 
and binary state as shown in Figure 8.16.

Figure 8.16 TARGETS Menu Navigation

Control Menu 
Select the Control menu item on the MAIN menu as shown in Figure 8.17 to go 
to the CONTROL menu. 

Figure 8.17 MAIN Menu and CONTROL Submenu

The CONTROL menu has Open, Close, Outputs, and Local Bits as menu items. 

Select the Open menu item to assert Relay Word bit OC that opens the breaker 
via the TR SELOGIC control equation (see Table 4.27 for the TR equation and 
Table J.2 for the definition of the OC bit). Note that this requires Level 2 
access.

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

(Targets Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

TARGETS
Row 0=10000000
Row 1=00000000
Row 2=00000000
.
.
.

ENABLED=1
TRIP_LED=0
TLED_01=0
TLED_02=0
.
.
.

(Row 0 Selected)

CONTROL
Open
Close
Outputs
Local Bits

(Control Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Select the Close menu item to assert Relay Word bit CC that closes the 
breaker via the CL SELOGIC control equation (see Figure 4.34). Note that this 
requires Level 2 access.

Select the Outputs menu item from the CONTROL menu as shown in 
Figure 8.18 to test (pulse) SEL-751A output contacts and associated circuits. 
Choose the output contact by navigating through the OUTPUT menu and test it 
by pressing the ENT pushbutton. Note that testing the output contact requires 
Level 2 access and reconfirmation.

Figure 8.18 CONTROL Menu and OUTPUTS Submenu

Select the Local Bits menu item from the CONTROL menu for local control 
action. Local bits take the place of traditional panel switches and perform 
isolation, open, close, or pulse operations. 

With the settings as per the example in Section 4 (see Local Bits on page 4.118 
for more information), local bit 1 replaces a supervisory switch. Figure 8.19 
shows the screens in closing the supervisory switch. In this operation, local bit 
LB01 is deasserted (SUPER SW = OPEN). It then changes to asserted 
(SUPER SW = CLOSE) as shown in the final screen of Figure 8.19.

Figure 8.19 CONTROL Menu and LOCAL BITS Submenu

Set/Show Menu
Select the Set/Show menu item on the MAIN menu. Use the Set/Show menu to 
view or modify the settings (Global, Group, and Port), Active Group, Date, 
and Time. Note that modifying the settings requires Level 2 access.

CONTROL
Open
Close
Outputs
Local Bits

OUTPUTS
OUT101
OUT102
OUT103
.
.
.

(Outputs Selected)

LOCAL BITS
SUPERV SW = OPEN

SUPERV SW = OPEN
CLOSE

CLOSE
YES No

SUPERV SW = CLOSE
OPEN

CONTROL
Open
Close
Outputs
Local Bits

(Local Bits Selected)

(SUPERV SW Selected)

(CLOSE Selected)

(Yes Selected)
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Figure 8.20 MAIN Menu and SET/SHOW Submenu

Each settings class (Global, Group, and Port) includes headings that create 
subgroups of associated settings as shown in the following illustration. Select 
the heading that contains the setting of interest, and then navigate to the 
particular setting. View or edit the setting by pressing the ENT pushbutton. For 
text settings, use the four navigation pushbuttons to scroll through the 
available alphanumeric and special character settings matrix. For numeric 
settings, use the Left Arrow and Right Arrow pushbuttons to select the digit to 
change and the Up Arrow and Down Arrow pushbuttons to change the value. 
Press the ENT pushbutton to enter the new setting.

Setting changes can also be made by using QuickSet or ASCII SET 
commands via a communications port.

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

(Set/Show Selected)

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Figure 8.21 SET/SHOW Menu

Status Menu
Select the Status menu item on the MAIN menu as shown in Figure 8.22 to 
access Relay Status data and Reboot Relay. See STATUS Command (Relay 
Self-Test Status) on page 7.42 for the STATUS data field description.

Figure 8.22 MAIN Menu and Status Submenu

PORT 
F
2
3
4

SET/SHOW
Global
Group
Port
Active Group
Date
Time
Password

GLOBAL
General Settings
Group Selection
•••
Access Control

GROUP
1
2
3

1
ID Settings
Config Settings
. . .
Trip/Close Logic

F
Protocol Select
Comm Settings

Active Group
 1

Date
 03/29/2006

Time
 14:04:36

(F Selected)

(1 Selected)

(Time Selected)

Password
1

(Password Selected)

(Date Selected)

(Active Selected)

(Port Selected)

(Group Selected)

(Global Selected)

(Status Selected)

STATUS
Relay Status
Arc Flash Status
Reboot Relay

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker
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Breaker Menu
Select the Breaker menu item on the MAIN menu as shown in Figure 8.23 to 
access Breaker Monitor data or Reset the data. See Breaker Monitor on 
page 5.18, in Section 5: Metering and Monitoring for a detailed description.

Figure 8.23 MAIN Menu and Breaker Submenu

Operation and Target LEDs
Programmable LEDs The SEL-751A provides quick confirmation of relay conditions via operation 

and target LEDs. Figure 8.24 shows this region with factory-default text on 
the front-panel configurable labels. See Target LED Settings on page 4.119 for 
the SELOGIC control equations.

Figure 8.24 Factory-Default Front-Panel LEDs

You can reprogram all of these indicators except the ENABLED and TRIP LEDs 
to reflect operating conditions other than the factory-default programming 
described in this subsection.

Settings T0n_LED are SELOGIC control equations that work with the 
corresponding T0nLEDL latch settings to illuminate the LEDs shown in 
Figure 8.24. Parameter n is a number from 1 through 6 that indicates each 
LED. If the latch setting (T0nLEDL) for a certain LED is set to N, then the 
LED will follow the status of the corresponding control equation (T0n_LED). 
When the equation asserts, the LED will illuminate, and when the equation 
deasserts, the LED will extinguish. If the latch setting is set to Y, the LED will 
only assert if a trip condition occurs and the T0n_LED equation is asserted at 
the time of the trip. At this point, the LED will latch in. You can reset this 

(Breaker Selected)

BREAKER
Display
Reset

MAIN
Meter
Events
Targets
Control
Set/Show
Status
Breaker

T01_LED

Factory-Default Label

T06_LED

NOTE: The target LEDs are 
restored to their previous state after 
a power cycle is done on the relay.
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LED by using the TARGET RESET pushbutton or the TAR R command, as long 
as the target conditions are absent. For a concise listing of the default 
programming on the front-panel LEDs, see Table 4.71.

You can order the SEL-751A with optional slide-in labels for custom LED 
designations that match custom LED logic. The Configurable Label kit 
(includes blank labels, word processor templates, and instructions) is provided 
when the SEL-751A is ordered with the Configurable Labels option.

The ENABLED LED indicates that the relay is powered correctly, is functional, 
and has no self-test failures. Trip events illuminate the TRIP LED. The 
prominent location of the TRIP LED in the top target area aids in recognizing 
trip events quickly.

The TRIP LED has an additional function that notifies you of warning 
conditions. When the TRIP LED is flashing, the warning conditions in 
Table 8.3 are active when you set the corresponding relay element. For Relay 
Word bit definitions, see Appendix J: Relay Word Bits.

TARGET RESET 
Pushbutton

Target Reset
For a trip event, the SEL-751A latches the trip-involved target LEDs except 
for the ENABLED LED. Press the TARGET RESET pushbutton to reset the latched 
target LEDs. When a new trip event occurs and the previously latched trip 
targets have not been reset, the relay clears the latched targets and displays the 
new trip targets. Pressing and holding the TARGET RESET pushbutton illuminates 
all the LEDs. Upon release of the TARGET RESET pushbutton, two possible trip 
situations can exist: the conditions that caused the relay to trip have cleared, or 
the trip conditions remain present at the relay inputs. If the trip conditions 
have cleared, the latched target LEDs turn off. If the trip event conditions 
remain, the relay re-illuminates the corresponding target LEDs. The TARGET 
RESET pushbutton also removes the trip automatic message displayed on the 
LCD menu screens if the trip conditions have cleared.

Figure 8.25 Target Reset Pushbutton

Table 8.3 Possible Warning Conditions (Flashing TRIP LED)

Warning Message Relay Word Bit Logic Condition

Arc Flash Status Warning AFALARM

Power Factor Warning 55A

RTD Warning WDGALRM+BRGALRM+AMBALRM+OTHALRM

RTD Failure RTDFLT

Comm Loss Warning COMMLOSS

Comm Idle Warning COMMIDLE
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Lamp Test
The TARGET RESET pushbutton also provides a front-panel lamp test. Pressing 
and holding TARGET RESET illuminates all the front-panel LEDs, and these 
LEDs remain illuminated for as long as TARGET RESET is pressed. The target 
LEDs return to a normal operational state after release of the TARGET RESET 
pushbutton.

Other Target Reset Options
Use the ASCII command TAR R to reset the target LEDs; see Table 7.12 for 
more information. Programming specific conditions in the SELOGIC control 
equation RSTTRGT is another method for resetting target LEDs. Access 
RSTTRGT in Global Settings (SET G Command), Data Reset on page 4.105 
for further information.

Front-Panel Operator 
Control Pushbuttons 

The SEL-751A features four operator-controlled pushbuttons, each with two 
programmable pushbutton LEDs, for local control as shown in Figure 8.26.

Figure 8.26 Operator Control Pushbuttons and LEDs

Pressing any one of these four pushbuttons asserts the corresponding PBn 
(n = 01 through 04) Relay Word bit, and the corresponding PBn_PUL Relay 
Word bit. The PBn Relay Word bit remains asserted as long as the pushbutton 
is pressed, but the PBn_PUL Relay Word bit asserts only for the initial 
processing interval, even if the button is still being pressed. Releasing the 
pushbutton, and then pressing the pushbutton again asserts the corresponding 
PBn_PUL Relay Word bit for another processing interval. The pushbutton 
LEDs are independent of the pushbutton.

Pushbutton LEDs are programmable through the use of front-panel settings 
PBnm_LED (where n = 1 through 4 and m = A or B). PBnm _LED settings are 
SELOGIC control equations that, when asserted, illuminate the corresponding 
LED for as long as the input is asserted. When the input deasserts, the LED 
also deasserts without latching. 

Factory-Default
Slide-In Labels

PB2A_LED

PB02

 PB2B_LED

PB3A_LED

PB03

PB3B_LED

PB4A_LED

PB04

PB4B_LED

 PB1A_LED

 PB01

 PB1B_LED

AUX1

PB2A_LED

PB02

 PB2B_LED

PB3A_LED

PB03

PB3B_LED

PB4A_LED

PB04

PB4B_LED

 PB1A_LED

   PB01

 PB1B_LED

Standard Reclosing Option

BLOCK CLOSE

BREAKER CLOSED

BREAKER OPEN

RECL LOCKOUT

RECL RESET

BLOCK CLOSE

BREAKER CLOSED

BREAKER OPEN

Pushbutton LED
Operator Control Pushbutton

Pushbutton LED
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Using SELOGIC control equations, you can readily change the default LED 
and pushbutton functions. Use the optional slide-in label to mark the 
pushbuttons and pushbutton LEDs with custom names to reflect any 
programming changes that you make. Included on the SEL-751A Product 
Literature CD are word processor templates for printing slide-in labels. See 
the instructions included in the Configurable Label kit for more information 
on changing the slide-in labels.

Table 8.4 describes front-panel operator controls based on the factory-default 
settings and operator control labels.

Table 8.4 SEL-751A Front-Panel Operator Control Functions 

Press the AUX 1 operator control pushbutton to enable/disable user-programmed auxiliary 
control. You can program the corresponding LED to illuminate during the enabled state.

NOTE: The AUX 1 operator control does not perform any function with the factory 
settings.

For Models With Reclosing Option:

The pushbutton is not used in the factory settings, but you can easily program it to perform a 
user control function.

The top LED is programmed to indicate RECL RESET (Relay Word bit 79RS—reclosing 
relay in RESET state) in the factory settings. The bottom LED is programmed to indicate 
RECL LOCKOUT (Relay Word bit 79LO—reclosing relay in LOCKOUT state).

Continually press the LOCK operator control pushbutton for three (3) seconds to engage/dis-
engage the lock function (Latch LT02 functions as Lock with the latch in reset state equiva-
lent to the engaged lock). While this pushbutton is pressed, the corresponding LED flashes 
on and off, indicating a pending engagement or disengagement of the lock function. The 
LED illuminates constantly to indicate the engaged state. While the lock function is 
engaged, the following operator control is “locked in position” (assuming factory-default 
settings): CLOSE.

While “locked in position,” this operator control cannot change state if pressed—the corre-
sponding LEDs remain in the same state. When the lock function is engaged, the CLOSE 
operator control cannot close the breaker, but the TRIP operator control can still trip the 
breaker.

Press the CLOSE operator control pushbutton to close the breaker. Corresponding BREAKER 
CLOSED LED illuminates to indicate that the breaker is closed.

Option: Set a delay, so that the operator can press the CLOSE operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a close 
(the CLOSE operator control comes with no set delay in the factory settings). With a set 
delay, press the CLOSE operator control pushbutton momentarily, and notice that the cor-
responding BREAKER CLOSED LED flashes on and off during the delay time, indicating a 
pending close. Abort the pending close by pressing the CLOSE operator control pushbut-
ton again or by pressing the TRIP operator control pushbutton. This delay setting for the 
CLOSE operator control is SV03PU (range: 0 to 3000 seconds; factory-set at 0—no delay). 
The delay is set via the SET L command. See Table 4.38 for more information.

Press the TRIP operator control pushbutton to trip the breaker (and take the control to the 
lockout state). Corresponding BREAKER OPEN LED illuminates to indicate the breaker is open.

Option: Set a delay, so that the operator can press the TRIP operator control pushbutton 
and then move a safe distance away from the breaker before the SEL-751A issues a trip 
(the TRIP operator control comes with no set delay in the factory settings). With a set 
delay, press the TRIP operator control pushbutton momentarily and notice that the corre-
sponding BREAKER OPEN LED flashes on and off during the delay time, indicating a pend-
ing trip. Abort the pending trip by pressing the TRIP operator control pushbutton again or 
by pressing the CLOSE operator control pushbutton. This delay setting for the TRIP opera-
tor control is SV04PU (range: 0 to 3000 seconds; factory-set at 0—no delay). The delay 
is set via the SET L command. See Table 4.38 for more information.

AUX1

RECL RESET

RECL LOCKOUT

ENABLED

DISABLED
LOCK

BLOCK CLOSE

BREAKER CLOSED 
CLOSE

BREAKER OPEN
TRIP
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Section 9
Analyzing Events

Overview
The SEL-751A Feeder Protection Relay provides several tools (listed below) 
to analyze the cause of relay operations. Use these tools to help diagnose the 
cause of the relay operation and more quickly restore the protected equipment 
to service.

➤ Event Reporting

➢ Event Summary Reports

➢ Event History Reports

➢ Event Reports

➤ Sequential Events Recorder Report

➢ Resolution: 1 ms

➢ Accuracy: ±1/4 cycle

All reports are stored in nonvolatile memory, ensuring that a loss of power to 
the SEL-751A will not result in lost data.

Event 
Reporting

Analyze events with the following event reporting functions:

➤ Event Summaries—Enable automatic messaging to allow the 
relay to send event summaries out a serial port when port 
setting AUTO := Y. A summary provides a quick overview of 
an event. You can also retrieve the summaries by using the 
SUMMARY command.

➤ Event History—The relay keeps an index of stored nonvolatile 
event reports. Use the HISTORY command to obtain this 
index. The index includes some of the event summary 
information so that you can identify and retrieve the 
appropriate event report.

➤ Event Reports—These detailed reports are stored in nonvolatile 
memory for later retrieval and detailed analysis.

Each time an event occurs, a new summary, history record, and report are 
created. Event report information includes:

➤ Date and time of the event

➤ Individual sample analog inputs (currents and voltages)

➤ Digital states of selected Relay Word bits (listed in Table J.1)

NOTE:  Arc-flash sensor light 
values and frequency are available 
only in Compressed ASCII event 
reports (CEV or CEV R commands).
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➤ Event summary, including the front-panel target states at the 
time of tripping and fault type

➤ Group, Logic, Global, and Report settings (that were in service 
when the event was retrieved)

Compressed Event 
Reports

The SEL-751A provides Compressed ASCII event reports to facilitate event 
report storage and display. SEL communications processors and the 
SEL-5601-2 SYNCHROWAVE Event Software take advantage of the 
Compressed ASCII format. Use the CHIS command to display Compressed 
ASCII event history information. Use the CSUM command to display 
Compressed ASCII event summary information. Use the CEVENT command 
to display Compressed ASCII event reports. 

For accurate event report analysis, use the Compressed Event report with raw 
(unfiltered) data (CEV R command). The regular ASCII Event report is useful 
for a quick check. See Table C.2 for further information.

Compressed ASCII Event Reports contain all of the Relay Word bits. 
Additionally, the SEL-751A Compressed Event (CEV command) report 
includes four analog channels for the % arc-flash sensor light values and 
frequency measurements that are not available in the regular ASCII Event 
(EVE command) report.

Sequential Events 
Recorder (SER)

The SER report captures digital element state changes over time. Settings 
allow as many as 96 Relay Word bits to be monitored, in addition to the 
automatically generated triggers for relay power up, settings changes, and 
active setting group changes. State changes are time-tagged to the nearest 
millisecond. SER information is stored when state changes occur. 

SER report data are useful in commissioning tests and during operation for 
system monitoring and control.

Event Reporting
Length The SEL-751A provides selectable event report length (LER) and prefault 

length (PRE). Event report length is either 15 or 64 cycles. Prefault length is 
1–10 cycles for LER = 15 and 1–59 cycles for LER = 64. Prefault length is the 
first part of the total event report length and precedes the event report 
triggering point. Changing the PRE setting has no effect on the stored reports. 
The relay stores as many as 19 of the most recent 64-cycle or as many as 77 of 
the most recent 15-cycle event reports in nonvolatile memory. Refer to the 
SET R command in SET Command (Change Settings) on page 7.39 and 
Report Settings (SET R Command) on page SET.57.

Triggering The SEL-751A triggers (generates) an event report when any of the following 
occur:

➤ Relay Word bit TRIP asserts

➤ Programmable SELOGIC control equation setting ER asserts 
(in Report settings)

➤ TRI (Trigger Event Reports) serial port command executes

IMPORTANT: Changing the LER 
setting will clear all events in 
memory. Be sure to save critical 
event data prior to changing the LER 
setting.
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Relay Word Bit TR
Refer to Figure 4.33. If Relay Word bit TR asserts to logical 1, an event report 
is automatically generated. Thus, any Relay Word bit that causes a trip does 
not have to be entered in SELOGIC control equation setting ER.

Programmable SELOGIC Control Equation Setting ER
The programmable SELOGIC control equation event report trigger setting ER 
is set to trigger event reports for conditions other than trip conditions (see 
SET R in SET Command (Change Settings) on page 7.39). When setting ER 
detects a logical 0 to logical 1 transition, it generates an event report (if the 
SEL-751A is not already generating a report that encompasses the new 
transition). The factory setting is shown in Event Report Settings on 
page 4.123.

TRI (Trigger Event Report) Command
The sole function of the TRI serial port command is to generate event reports, 
primarily for testing purposes. See TRIGGER Command (Trigger Event 
Report) on page 7.45 for more information on the TRI (Trigger Event Report) 
command.

 Event Summaries For every triggered event, the relay generates and stores an event summary. 
The relay stores as many as 77 of the most recent event summaries (if event 
report length setting LER := 15); or, as many as 19 (if LER := 64). When the 
relay stores a new event summary, it discards the oldest event and event 
summary if the event memory is full. Event summaries contain the following 
information:

➤ Relay and Terminal Identification (RID and TID) 

➤ Event number, date, time, event type, and frequency (see 
Table 9.1)

➤ The primary magnitudes of line, neutral and residual currents

➤ The primary magnitudes of the line to neutral voltages and 
residual voltage (if DELTA_Y := WYE) or phase-to-phase 
voltages (if DELTA_Y := DELTA), optional Voltage Inputs 
card necessary

➤ Hottest RTD temperatures, SEL-2600 RTD Module or internal 
RTD card option necessary

The relay includes the event summary in the event report. The identifiers, date, 
and time information are at the top of the event report, and the remaining 
information follows at the end (See Figure 9.3). The example event summary 
in Figure 9.1 corresponds to the standard 15-cycle event report in Figure 9.3. 

IMPORTANT: Clearing the 
HISTORY report with the HIS C 
command also clears all event data 
within the SEL-751A event memory.

NOTE: Figure 9.3 is on multiple 
pages.
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The relay sends event summaries to all serial ports with setting AUTO := Y 
each time an event triggers.

Event Type
The Event field displays the event type. Event types and the logic used to 
determine event types are shown in the order of priority in Table 9.1. The 
event type designations AG through CAG are only entered in the Event field if 
the fault type is determined successfully.

The relay processes the TRIP type in the same order shown in Table 9.1, 
starting from the top with Arc-Flash Trip. As soon as it reaches an active TRIP 
type it stops the process of looking for TRIP type. If it reaches the bottom of 
the table without finding a TRIP type then it simply calls it TRIP as shown in 
the table.

=>>SUM <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 13:58:23.629
FEEDER RELAY

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052
EVENT LOGS =  7

Event:     Trigger
Targets    10000000
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)     110.7         107.5         103.3          0.24     7.24

Voltage Mag
       VAN    VBN    VCN    VG
(V)   11476  11482  11503    150

=>>

Figure 9.1 Example Event Summary

Table 9.1 Event Types (Sheet 1 of 2)

Event Type Event Type Logic

Arc Flash Trip (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3 OR TOL4) AND TRIP

AG, BG, CG Single phase-to-ground faults. Appends T if any overcurrent trip asserted.

ABC Three-phase faults. Appends T if any overcurrent trip asserted.

AB, BC, CA Phase-to-phase faults. Appends T if any overcurrent trip asserted.

ABG, BCG, CAGa Phase-to-phase-to-ground faults. Appends T if any overcurrent trip asserted.

Phase A1 50 Trip 50A1P AND 50P1T AND TRIP

Phase B1 50 Trip 50B1P AND 50P1T AND TRIP

Phase C1 50 Trip 50C1P AND 50P1T AND TRIP

Phase 50 Trip (50P2T OR 50P3T OR 50P4T) AND TRIP

GND/NEUT 50 Trip (50N1T OR 50N2T OR 50N3T OR 50N4T OR 50G1T OR 50G2T OR 50G3T OR 50G4T) AND 
TRIP

NEG SEQ 50 Trip (50Q1T OR 50Q2T OR 50Q3T OR 50Q4T) AND TRIP

Phase A 51 Trip 51AT AND TRIP

Phase B 51 Trip 51BT AND TRIP

Phase C 51 Trip 51CT AND TRIP

Phase 51 Trip (51P1T OR 51P2T) AND TRIP
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GND/NEUT 51 Trip (51N1T OR 51N2T OR 51G1T OR 51G2T) AND TRIP

NEG SEQ 51 Trip (51QT) AND TRIP

59 Trip (59P1T OR 59P2T OR 59G1T OR 59G2T OR 59Q1T OR 59Q2T) AND TRIP

55 Trip 55T AND TRIP

Underfreq 81 Trip (81DnT AND TRIP) when 81DnTP < FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

Overfreq 81 Trip (81DnT AND TRIP) when 81DnTP > FNOM setting, 
n = 1, 2, 3, 4, 5, or 6

PowerElemnt Trip (3PWR1T OR 3PWR2T) AND TRIP

RTD Trip (WDGTRIP OR BRGTRIP OR AMBTRIP OR OTHTRIP) AND TRIP

Remote Trip REMTRIP AND TRIP

27 Trip (27P1T OR 27P2T) AND NOT LOP AND TRIP

RTD Fail Trip RTDFLT AND TRIP

Breaker Failure Trip BFT AND TRIP

CommIdleLossTrip (COMMIDLE OR COMMLOSS) AND TRIP

Trigger Serial port TRI command

ER Trigger ER Equation assertion. Phase involvement is indeterminate.

Trip TRIP with no known cause

Trip* Upon cycling power on the relay, if TRIP LED is latched and no active TRIP exists

a The GFLT bit asserts if any one of the residual overcurrent or residual time-overcurrent Relay Word bits pick up during the event. When 
Phase_A, Phase_B, Phase_C, or GFLT are set to latch target LEDs, latching can only occur when TRIP occurs after the event trigger and 
within the event. Phase_A, Phase_B, Phase_C, and GFLT bits assert for a fixed duration of (LER–PRE–0.75) cycles.

Table 9.1 Event Types (Sheet 2 of 2)

Event Type Event Type Logic

Table 9.2 Phase Involvement Event Type (Sheet 1 of 2)

Type Condition

ABC PHASE_A * PHASE_B * PHASE_C * NOT TRIP

AB PHASE_A * PHASE_B * NOT TRIP

BC PHASE_B * PHASE_C * NOT TRIP

CA PHASE_C * PHASE_A * NOT TRIP

ABG PHASE_A * PHASE_B * GFLT * NOT TRIP

BCG PHASE_B * PHASE_C * GFLT * NOT TRIP

CAG PHASE_C * PHASE_A * GFLT * NOT TRIP

AG PHASE_A * NOT TRIP

BG PHASE_B * NOT TRIP

CG PHASE_C * NOT TRIP

ABC T PHASE_A * PHASE_B * PHASE_C * TRIP

AB T PHASE_A * PHASE_B * TRIP

BC T PHASE_B * PHASE_C * TRIP

CA T PHASE_C * PHASE_A * TRIP

ABG T PHASE_A * PHASE_B * GFLT * TRIP

BCG T PHASE_B * PHASE_C * GFLT * TRIP

CAG T PHASE_C * PHASE_A * GFLT * TRIP
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The event type logic (PHASE_A, PHASE_B, PHASE_C) uses Relay Word 
bits FSA, FSB, and FSC to help determine the fault type and to select the 
appropriate fault location method. The SEL-751A asserts one of the Relay 
Word bits FSA, FSB, or FSC based on the magnitude and angle difference of 
negative- and zero-sequence current. The A-, B-, or C-phase naming of the 
FSA, FSB, and FSC Relay Word bits does not directly translate to assertion of 
PHASE_A, PHASE_B, PHASE_C. When the relay processes a new EVENT, 
the status of the FSA, FSB, and FSC Relay Word bits help to determine which 
phase (PHASE_A, PHASE_B, PHASE_C) to assert.

If FSA, FSB, or FSC Relay Word bits are not asserted, the relay further 
evaluates the event type based on the negative-sequence current magnitude. If 
|I2| < 0.2 * |I1|, Phase_A, Phase_B, and Phase_C Relay Word bits are asserted. 
The SELOGIC control equation FAULT has to be picked up for three-phase 
fault indication. If |I2| < 0.2 * |I1| condition is not satisfied, the relay evaluates 
the fault type based on the magnitude of maximum phase-to-phase current 
IPPmax to assert the combination of PHASE_A or PHASE_B or PHASE_C 
Relay Word bits.

Phase_A and Phase_B are asserted if current IAB = IPPmax.

Phase_B and Phase_C are asserted if current IBC = IPPmax.

Phase_C and Phase_A are asserted if current ICA = IPPmax.

If any ground or neutral Relay Word bits are asserted, the relay sets the GFLT 
Relay Word bit.

If PHASE_A, PHASE_B, or PHASE_C assert, the type in Table 9.1 is 
replaced by the type in Table 9.2.

Currents, Voltages, and RTD Temperatures
The relay determines the maximum phase current during an event. The instant 
the maximum phase current occurs is marked by an asterisk (*) in the event 
report (see Figure 9.3). This row of data corresponds to the analogs shown in 
the summary report for the event.

The Current Mag fields display the primary current magnitudes at the instant 
when the maximum current was measured. The currents displayed are listed 
below:

➤ Line Currents (IA, IB, IC)

➤ Neutral Current (IN)

➤ Residual Current (IG), calculated from IA, IB, IC

The Voltage Mag fields display primary voltage magnitudes at the instant 
maximum current was measured. The voltages displayed are listed below:

➤ DELTA_Y := WYE

➢ Phase-to-Neutral Voltages (VAN, VBN, VCN)

➢ Residual Voltage VG, calculated from VA, VB, VC

AG T PHASE_A * TRIP

BG T PHASE_B * TRIP

CG T PHASE_C * TRIP

Table 9.2 Phase Involvement Event Type (Sheet 2 of 2)

Type Condition
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➤ DELTA_Y := DELTA

➢ Phase-to-Phase Voltages (VAB, VBC, VCA)

If the RTDs are connected, the hottest RTD (°C) fields display the hottest RTD 
reading in each RTD group. The hottest RTD temperatures in degrees 
centigrade (°C) are listed below:

➤ Winding

➤ Bearing

➤ Ambient

➤ Other

Event History The event history report gives you a quick look at recent relay activity. The 
relay labels each new event in reverse chronological order with 1 as the most 
recent event. See Figure 9.2 for a sample event history. Use this report to view 
the events that are presently stored in the SEL-751A.

The event history contains the following:

➤ Standard report header

➢ Relay and terminal identification

➢ Date and time of report

➢ Time source (if IRIG-B model)

➤ Event number, date, time, event type (see Table 9.1)

➤ Maximum feeder current

➤ Frequency

➤ Target LED status

Viewing the Event History
Access the history report from the communications ports, using the HIS 
command or the analysis menu within QuickSet. View and download history 
reports from Access Level 1 and higher. 

Use the HIS command from a terminal to obtain the event history. You can 
specify the number of the most recent events that the relay returns. See 
HISTORY Command on page 7.31 for information on the HIS command.

=>>HIS <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 15:06:13
FEEDER RELAY                             Time Source: Internal

FID = SEL-751A-R100-V0-Z001001-D20070410

# DATE TIME EVENT CURRENT FREQ TARGETS

1 02/28/2007 13:58:23.629 Trigger 110.7 60.0 10000000

2 02/28/2007    13:54:10.003 Phase 51 Trip 1170.1 60.0  11010001

3 02/28/2007   13:54:09.607 ER Trigger 1190.1 60.0 11010001

4 02/28/2007    13:47:36.121 Phase 51 Trip 1172.4 59.9  11010000

5 02/28/2007    13:47:35.725 ER Trigger 1171.7 59.9 10000000

6 02/28/2007    13:43:30.393 Phase 51 Trip  483.9 60.1  11010001

7 02/28/2007    13:43:29.347 ER Trigger  484.9 60.0 11010001

=>>

Event 
Number

Event Type Maximum 
Current

Frequency User-
Defined 

Target LEDs

Figure 9.2 Sample Event History
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Use the front-panel MAIN > Events > Display menu to display event history 
data on the SEL-751A front-panel display.

Use the QuickSet software to retrieve the relay event history. View the Relay 
Event History dialog box via the Tools > Events > Get Event Files menu.

Clearing
Use the HIS C command to clear or reset history data from Access Levels 1 
and higher. Clear/reset history data at any communications port. This will 
clear all event summaries, history records, and reports.

Event Reports The latest event reports are stored in nonvolatile memory. Each event report 
includes four sections:

➤ Analog values of current and voltage

➤ Digital states of the protection and control elements, including 
overcurrent, and voltage elements, plus status of digital output 
and input states

➤ Event Summary

➤ Settings in service at the time of event retrieval, consisting of 
Group, Logic, Global, and Report settings classes

Use the EVE command to retrieve the reports. There are several options to 
customize the report format. 

Filtered and Unfiltered Event Reports
The SEL-751A samples the power system measurands (ac voltage and ac 
current) 16 times per power system cycle. A digital filter extracts the 
fundamental frequency component of the measurands. The relay operates on 
the filtered values and reports these values in the standard, filtered event 
report.

To view the raw inputs to the relay, use the EVE R command to select the 
unfiltered event report. Use the unfiltered event reports to observe power 
system conditions:

➤ Power system transients on current and voltage channels

➤ Decaying dc offset during fault conditions on current channels

Raw event reports display one extra cycle of data at the beginning of the report.

Event Report Column Definitions
Refer to the example event report in Figure 9.3 to view event report columns. 
This example event report displays rows of information each 1/4 cycle. 
Retrieve this report with the EVE command.

NOTE: Figure 9.3 is on multiple 
pages.

The columns contain ac current, ac voltage, input, output, and protection and 
control element information. Use the serial port SUM command (see 
SUMMARY Command on page 7.44) to retrieve event summary reports. 

Table 9.3 summarizes the event summary report current and voltage columns. 
Table 9.4 summarizes the event summary report output, input, protection, and 
control element columns.
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Table 9.3 Event Report Current and Voltage Columns 

Column 
Heading

Description

IA Current measured by channel IA (primary A)

IB Current measured by channel IB (primary A)

IC Current measured by channel IC (primary A)

IG Residual current (IA + IB + IC, primary A)

IN Current measured by channel IN (primary A)

VAN or VAB Voltage measured by channel VAN or VAB (primary V)

VBN or VBC Voltage measured by channel VBN or VBC (primary V)

VCN or VCA Voltage measured by channel VCN or VCA calculated from VAB and 
VBC (primary V)

VS Voltage measured by channel VS (terminals VS, NS) (primary V)

VDC Voltage measured by channel VDC (terminals VBAT+, VBAT-)

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 1 of 2)

Column Heading
Column 
Symbols

Description

51ABC .
A
B
C
a
b
c
3

51A, B, and C Elements in reset state

51AP AND NOT (51BP OR 51CP)

51BP AND NOT (51AP OR 51CP)

51CP AND NOT (51AP OR 51BP)

51AP AND 51BP AND NOT 51CP

51BP AND 51CP AND NOT 51AP

51CP AND 51AP AND NOT 51BP

51AP AND 51BP AND 51AC

51P 1
2
3

51P1P AND NOT 51P2P 

51P2P AND NOT 51P1P

51P1P AND 51P2P

51N 1
2
3

51N1P AND NOT 51N2P

51N2P AND NOT 51N1P

51N1P AND 51N2P

51G 1
2
3

51G1P AND NOT 51G2P

51G2P AND NOT 51G1P

51G1P AND 51G2P

51Q 1 51QP
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Note that the ac values change from plus to minus (–) values in Figure 9.3, 
indicating the sinusoidal nature of the waveforms.

50P 1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

50P1P AND NOT (50P2P OR 50P3P OR 50P4P)

50P2P AND NOT (50P1P OR 50P3P OR 50P4P)

50P3P AND NOT (50P1P OR 50P2P OR 50P4P)

50P4P AND NOT (50P1P OR 50P2P OR 50P3P)

50P1P AND 50P2P

50P1P AND 50P3P

50P1P AND 50P4P

50P2P AND 50P3P

50P2P AND 50P4P

50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P

50P1P AND 50P2P AND 50P4P

50P1P AND 50P3P AND 50P4P

50P2P AND 50P3P AND 50P4P

50P1P AND 50P2P AND 50P3P AND 50P4P

50NQG N
Q
G
a
b
c
3

50N1P OR 50N2P OR 50N3P OR 50N4P

50Q1P OR 50Q2P OR 50Q3P OR 50Q4P

50G1P OR 50G2P OR 50G3P OR 50G4P

50NxP AND 50QyP, x, y = any from 1-4

50QxP AND 50GyP, x, y = any from 1-4

50GxP AND 50NyP, x, y = any from 1-4

50NxP AND 50QyP AND 50GzP, x, y, z = any from 
1-4

81 1 81D1T OR 81D2T OR 81D3T OR 81D4T OR 
81D5T OR 81D6T

RTD Wdga,b w
W

WDGALRM AND NOT WDGTRIP

WDGTRIP

RTD Brga,b b
B

BRGALRM AND NOT BRGTRIP

BRGTRIP

RTD Oth a,b o
O

OTHALRM AND NOT OTHTRIP 

OTHTRIP

RTD Amb a,b a
A

AMBALRM AND NOT AMBTRIP

AMBTRIP

RTD Inb 1 RTDIN

In 12 1
2
b

IN101 AND NOT IN102

NOT IN101 AND IN102

IN101 AND IN102

Out 12 1
2
b

OUT101 AND NOT OUT102

NOT OUT101 AND OUT102

OUT101 AND OUT102

Out 3 3 OUT103

a SEL-2600 RTD Module or RTD card necessary.
b These quantities are not displayed when the relay has the voltage card option with VS (sync 

voltage) and VDC (battery voltage) inputs. 

Table 9.4 Output, Input, Protection, and Control Element Event Report 
Columns (Sheet 2 of 2)

Column Heading
Column 
Symbols

Description
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Other figures help in understanding the information available in the event 
report current columns:

➤ Figure 9.4 shows how event report current column data relate 
to the actual sampled current waveform and rms current values.

➤ Figure 9.5 shows how you can convert event report current 
column data to phasor rms current values.

Example 15-Cycle 
Event Report

The following example of a standard 15-cycle event report in Figure 9.3 also 
corresponds to the example SER report in Figure 9.6. 

In Figure 9.3, an arrow (>) in the column following the VCA column would 
identify the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.

The asterisk (*) in the column following the DC column identifies the row with 
the maximum phase current. The SEL-751A calculates the maximum phase 
current from the row identified with the asterisk and the row one quarter-cycle 
previous (see Figure 9.4 and Figure 9.5). These currents are listed at the end 
of the event report in the event summary. If the trigger row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes 
precedence.

=>>EVE <Enter>

SEL-751A                                 Date: 06/05/2008   Time: 13:40:26.270 Date and Time of Event

FEEDER RELAY

Serial Number=000000000000000
FID=SEL-751A-X215-V0-Z003002-D20080530   CID=0E1E
                                                               55555 55 8   O
                                                               11111 00 1 I u
                                                               A      N   n t
      Currents (A Pri)            Voltages (V Pri)             B      Q   1 13
    IA    IB    IC    IN    IG     VA     VB     VC     VS VDC CPNGQ PG   2 2 
[1]

 -1739   467  1277  -0.0   4.2  -7429  -3317  10679  -7178  48 33... F. . . .3 Optional Voltage Card Required

449 -1735  1256   0.0 -30.0   7994 -10399   2259   8071  48 33... F. . . .3
  1741  -468 -1279   0.0  -6.0   7421   3323 -10681   7173  48 33... F. . . .3
  -454  1736 -1258   0.0  24.0  -7999  10395  -2255  -8080  48 33... F. . . .3

[2]
 -1742   466  1278  -0.0   1.8  -7418  -3332  10679  -7171  48 33... F. . . .3
   454 -1737  1258  -0.0 -25.2   7999 -10397   2246   8084  48 33... F. . . .3
  1738  -465 -1283   0.0 -10.2   7412   3334 -10685   7162  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8006  10391  -2243  -8087  48 33... F. . . .3

One Cycle of Data

[3]
 -1737   461  1283   0.0   7.2  -7409  -3341  10685  -7160  48 33... F. . . .3
   455 -1737  1258  -0.0 -24.0   8010 -10393   2236   8089  48 33... F. . . .3
  1735  -460 -1284  -0.0  -9.6   7402   3346 -10688   7153  48 33... F. . . .3
  -456  1736 -1259   0.0  20.4  -8015  10388  -2232  -8095  48 33... F. . . .3
[4]
 -1738   460  1282   0.0   3.6  -7402  -3353  10687  -7151  48 33... F. . . .3
   457 -1737  1255  -0.0 -25.2   8015 -10388   2225   8096  48 33... F. . . .3
  1737  -463 -1286  -0.0 -12.0   7396   3357 -10690   7146  48 33... F. . . .3
  -459  1736 -1257   0.0  19.8  -8021  10384  -2219  -8102  48 33... F. . . .3
[5]
 -1737   459  1285  -0.0   6.6  -7393  -3366  10690  -7142  48 33... F. . . .3

 497 -1736  1255  -0.0  15.6   8024 -10384   2212   8104  48*33... F. . . .3 Maximum Phase Current

 1363  -460 -1287   0.0  -384   7385   3368 -10692   7137  48 33.3. F. . . .3

 -346  1738 -1256   0.0   136  -8030  10379  -2209  -8109  48>33.3. F. . . .3 Trigger Row

[6]
  -788   458  1286  -0.0   956  -7384  -3377  10690  -7135  48 33.31 F. . . .3
   153 -1739  1254  -0.0  -332   8033 -10377   2200   8111  48 33.31 F. . . .3
   581  -458 -1286   0.0 -1163   7376   3379 -10694   7128  48 b3.31 F. . . .3
  -155  1738 -1255   0.0   328  -8039  10375  -2198  -8116  48 b3.31 F. . . .3

See Figure 9.4 and Figure 9.5

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution
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[7]
  -583   454  1283  -0.0  1154  -7373  -3386  10692  -7126  48 b3.31 F. . . .3
   154 -1737  1253   0.0  -331   8039 -10377   2191   8120  48 b3.31 F. . . .3
   581  -454 -1288   0.0 -1160   7367   3391 -10696   7119  48 b3.31 F. . . .3
  -155  1735 -1252   0.0   327  -8044  10373  -2187  -8127  48 b3.31 F. . . .3

[8]
  -582   453  1289   0.0  1160  -7367  -3400  10696  -7115  48 b3.31 F. . . .3
   154 -1739  1249  -0.0  -337   8048 -10372   2178   8127  48 b3.31 F. . . .3
   580  -452 -1291   0.0 -1163   7358   3404 -10699   7108  48 b3.31 F. . . .3
  -155  1738 -1249   0.0   333  -8055  10368  -2173  -8134  48 b3.31 F. . . .3
[9]
  -584   450  1291  -0.0  1157  -7357  -3411  10699  -7106  48 b3.31 F. . . .3
   156 -1738  1247  -0.0  -335   8059 -10370   2165   8136  48 b3.31 F. . . .3
   581  -451 -1293   0.0 -1163   7351   3413 -10701   7101  48 b3.31 F. . . .3
  -159  1737 -1248   0.0   330  -8064  10366  -2162  -8141  48 b3.31 F. . . .3
[10]
  -582   449  1292  -0.0  1159  -7348  -3422  10699  -7097  48 b3.31 F. . . .3
   156 -1737  1247  -0.0  -334   8064 -10366   2155   8143  48 b3.31 F. . . .3
   580  -450 -1297  -0.0 -1167   7340   3427 -10705   7090  48 b3.31 F. . . .3
  -157  1738 -1248   0.0   333  -8071  10361  -2151  -8150  48 b3.31 F. . . .3
[11]
  -583   449  1296   0.0  1162  -7339  -3434  10705  -7088  48 b3.31 F. . . .3
   156 -1741  1245  -0.0  -340   8073 -10359   2140   8152  48 b3.31 F. . . .3
   581  -448 -1295   0.0 -1162   7333   3438 -10706   7083  48 b3.31 F. . . .3
  -159  1738 -1246   0.0   333  -8078  10355  -2137  -8158  48 b3.31 F. . . .3
[12]
  -583   446  1294  -0.0  1157  -7331  -3445  10706  -7081  48 b3.31 F. . . .3
   156 -1519  1243  -0.0  -121   8080 -10355   2128   8159  48 b3.31 F. . . .3
   581  -276 -1296   0.0  -991   7322   3449 -10708   7074  48 b3.31 F. . . .3
-158   941 -1243   0.0  -460  -8086  10352  -2124  -8165  48 b3.31 F. . . .3

[13]
  -582   124  1296  -0.0   838  -7319  -3456  10706  -7072  48 b3.31 F. . . .3
   158  -586   981  -0.0   553   8089 -10354   2117   8168  48 C3.31 F. . . .3
   581  -149 -1085   0.0  -652   7313   3461 -10710   7065  48 C3.31 F. . . .3
  -160   585  -569   0.0  -145  -8096  10350  -2111  -8174  48 C3.3. F. . . .3
[14]
  -583   145   651  -0.0   212  -7310  -3469  10710  -7061  48 C3.3. .. . . .3
   158  -585   413  -0.0 -13.8   8096 -10350   2106   8174  48 C3.3. .. . . .3
   581  -146  -436   0.0  -0.6   7304   3472 -10714   7056  48 ..... .. . . .3
  -159   583  -414   0.0   9.6  -8104  10346  -2102  -8181  48 ..... .. . . .3
[15]
  -581   146   435  -0.0   0.0  -7303  -3479  10714  -7052  48 ..... .. . . .3
   157  -584   413  -0.0 -14.4   8107 -10346   2093   8183  48 ..... .. . . .3
   579  -148  -436   0.0  -4.2   7297   3483 -10715   7047  48 ..... .. . . .3
  -158   584  -414   0.0  12.0  -8111  10341  -2088  -8188  48 ..... .. . . ..

Serial No = 2008xxxxxxxxxxx

FID = SEL-751A-X215-V0-Z003002-D20080530                CID = 0E1E Firmware Identifier and 
Firmware Checksum Identifier

EVENT LOGS =  2

Event:     ER Trigger
Targets    11100001
Freq (Hz)  60.0

Current Mag
        IA            IB            IC            IN       IG
(A)    1806.6        1796.0        1796.0          0.00    16.94

Voltage Mag
       VAN    VBN    VCN    VG
(V)   10910  10916  10916    162

PHROT   := ABC     FNOM    := 60      DATE_F  := MDY     
FAULT   := 50G1P OR 50N1P OR 51P1P OR 51QP OR 50Q1P OR TRIP
EMP     := N       TGR     := 3       
SS1     := 1
SS2     := 0
SS3     := 0

52ABF   := N       BFD     := 0.50    BFI     := R_TRIG TRIP

AO301AQ :=OFF
DCLOP   := OFF     DCHIP   := OFF     

IN101D  := 10      IN102D  := 10      
IN301D  := 10      IN302D  := 10      IN303D  := 10      IN401D  := 10      
IN402D  := 10      IN403D  := 10      IN404D  := 10      

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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RSTTRGT := 0
RSTENRGY:= 0
RSTMXMN := 0

DSABLSET:= 0

Group Settings

RID     := SEL-751A         
TID     := FEEDER RELAY     
CTR     := 120     CTRN    := 120     PTR     := 180.00  PTRS    := 180.00  
DELTA_Y := WYE     VNOM    := 120.00  SINGLEV := N       

50P1P   := 10.00   50P1D   := 0.00    50P1TC  := 1
50P2P   := 10.00   50P2D   := 0.00    50P2TC  := 1
50P3P   := 10.00   50P3D   := 0.00    50P3TC  := 1
50P4P   := 10.00   50P4D   := 0.00    50P4TC  := 1
50N1P   := OFF     50N2P   := OFF     50N3P   := OFF     50N4P   := OFF     
50G1P   := OFF     50G2P   := OFF     50G3P   := OFF     50G4P   := OFF     
50Q1P   := OFF     50Q2P   := OFF     50Q3P   := OFF     50Q4P   := OFF     

51AP    := 6.00    
51AC    := U3      51ATD   := 3.00    51ARS   := N       
51ACT   := 0.00    51AMR   := 0.00    51ATC   := 1

51BP    := 6.00    51BC    := U3      51BTD   := 3.00    51BRS   := N       
51BCT   := 0.00    51BMR   := 0.00    51BTC   := 1
51CP    := 6.00    51CC    := U3      51CTD   := 3.00    51CRS   := N       

51CCT   := 0.00    51CMR   := 0.00    51CTC   := 1

51P1P   := 6.00    51P1C   := U3      51P1TD  := 3.00    51P1RS  := N       
51P1CT  := 0.00    51P1MR  := 0.00    51P1TC  := 1

51P2P   := 6.00    51P2C   := U3      51P2TD  := 3.00    51P2RS  := N       
51P2CT  := 0.00    51P2MR  := 0.00    51P2TC  := 1

51QP    := 6.00    51QC    := U3      51QTD   := 3.00    51QRS   := N       
51QCT   := 0.00    51QMR   := 0.00    51QTC   := 1

51N1P   := OFF     51N2P   := OFF     51G1P   := 0.50    51G1C   := U3      
51G1TD  := 1.50    51G1RS  := N       
51G1CT  := 0.00    51G1MR  := 0.00    51G1TC  := 1

51G2P   := 0.50    51G2C   := U3      51G2TD  := 1.50    51G2RS  := N       
51G2CT  := 0.00    51G2MR  := 0.00    51G2TC  := 1
E49RTD  := NONE    
27P1P   := OFF     27P2P   := OFF     27S1P   := OFF     27S2P   := OFF     

59P1P   := 1.10    59P1D   := 0.5     59P2P   := OFF     59S1P   := OFF     
59S2P   := OFF     

E25     := N       
55LGTP  := OFF     55LDTP  := OFF     55LGAP  := OFF     55LDAP  := OFF     
81D1TP  := OFF     81D2TP  := OFF     
81D3TP  := OFF     
81D4TP  := OFF     

TDURD   := 0.5     CFD     := 1.0     
TR      := ORED50T OR ORED51T OR 81D1T OR 81D2T OR 81D3T OR 81D4T OR 59P1T OR 59P2T OR 55T OR 

REMTRIP OR SV01 OR OC OR SV04T
REMTRIP := 0
ULTRIP  := NOT (51P1P OR 51G1P OR 51N1P OR 52A)
52A     := 0
CL      := SV03T AND LT02 OR CC
ULCL    := 0
E79     := OFF 
Report Settings

ESERDEL := N       

SER1    := IN101 IN102 51P1T 51G1T 50P1P 50N1T 51N1T PB01 PB02 PB03 PB04 
SER2    := CLOSE 52A CC 
SER3    := 81D1T 81D2T 
SER4    := SALARM 

EALIAS  := 4       

ALIAS1  :=PB01 FP_AUX1 PICKUP DROPOUT
ALIAS2  :=PB02 FP_LOCK PICKUP DROPOUT
ALIAS3  :=PB03 FP_CLOSE PICKUP DROPOUT
ALIAS4  :=PB04 FP_TRIP PICKUP DROPOUT

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 and Figure 9.5 look in detail at one cycle of A-phase current 
(channel IA) identified in Figure 9.3. Figure 9.4 shows how the event report 
ac current column data relate to the actual sampled waveform and rms values. 
Figure 9.5 shows how you can convert the event report current column data to 
phasor rms values. Voltages processing occurs similarly.

In Figure 9.4, note that you can use any two rows of current data from the 
event report in Figure 9.3, 1/4 cycle apart, to calculate rms current values.

ER      := R_TRIG 51P1P OR R_TRIG 51G1P OR R_TRIG 50P1P OR R_TRIG 50G1P OR R_TRIG 51N1P OR R_TRIG CF
LER     := 15      PRE     := 5       

LDLIST  := NA 

LDAR    := 15      

Logic Settings

ELAT    := 4       ESV     := 5       ESC     := N       EMV     := N       

SET01   := NA
RST01   := NA
SET02   := R_TRIG SV02T AND NOT LT02
RST02   := R_TRIG SV02T AND LT02
SET03   := PB03_PUL AND LT02 AND NOT 52A
RST03   := (PB03_PUL OR PB04_PUL OR SV03T) AND LT03
SET04   := PB04_PUL AND 52A
RST04   := (PB03_PUL OR PB04_PUL OR SV04T) AND LT04

SV01PU  := 0.00    SV01DO  := 0.00    
SV01    := WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT LOP
SV02PU  := 3.00    SV02DO  := 0.00    
SV02    := PB02
SV03PU  := 0.00    SV03DO  := 0.00    
SV03    := LT03
SV04PU  := 0.00    SV04DO  := 0.00    
SV04    := LT04
SV05PU  := 0.25    SV05DO  := 0.25    
SV05    := (PB02 OR LT03 OR LT04) AND NOT SV05T

OUT101FS:= Y       OUT101  := HALARM OR SALARM
OUT102FS:= N       OUT102  := CLOSE
OUT103FS:= N       OUT103  := TRIP
OUT301FS:= N       OUT301  := 0
OUT302FS:= N       OUT302  := 0
OUT303FS:= N       OUT303  := 0
OUT304FS:= N       OUT304  := 0
OUT401FS:= N       OUT401  := 0
OUT402FS:= N       OUT402  := 0
OUT403FS:= N       OUT403  := 0
OUT404FS:= N       OUT404  := 0

=>>

Figure 9.3 Example Standard 15-Cycle Event Report 1/4-Cycle Resolution (Continued)
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Figure 9.4 Derivation of Event Report Current Values and RMS Current 
Values From Sampled Current Waveform

In Figure 9.5, note that you can use two rows of current data from the event 
report in Figure 9.3, 1/4 cycle apart, to calculate phasor rms current values. In 
Figure 9.5, at the present sample, the phasor rms current value is:

Equation 9.1

The present sample (IA = 940.7 A) is a real rms current value that relates to 
the phasor rms current value:

Equation 9.2

(752.0)2 + (–941.0)2 = 1204

(–750.3)2 + (940.7)2 = 1204

(–941.0)2 + (–750.3)2 = 1204

Event Report Column

752.0

–941.0

–750.3

940.7

IA

1
22

2

Multiply by1Multiply by

94
0.

7
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41
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2.

0
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06

1.1
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33

0.
8
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63

.5

13
30

.4

t

IA (peak)

1/4 cyc.
IApeak = 1703Apeak

1703 Apeak
= 1204 ARMS

•
•
•

752.0
—941.0
—750.3
940.7

•
•
•
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Figure 9.5 Derivation of Phasor RMS Current Values From Event Report 
Current Values
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NOTE: The arctan function of many 
calculators and computing programs 
does not return the correct angle for 
the second and third quadrants (when X 
is negative). When in doubt, graph the X 
and Y quantities to confirm that the 
angle that your calculator reports is 
correct.
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Sequential Events Recorder (SER) Report
The SER report captures relay element state changes during an extended 
period. SER report data are useful in commissioning tests and root-cause 
analysis studies. SER information is stored when state changes occur. The 
report records the most recent 1024 state changes if a relay element is listed in 
the SER trigger equations. 

SER Triggering Use settings SER1 through SER4 to select entries in the SER report. To 
capture relay element state changes in the SER report, the relay element name 
must be programmed into one of the four SER trigger equations. Each of the 
four programmable trigger equations allows entry of as many as 24 relay 
elements; the SER report can monitor a total of 96 relay elements. The relay 
adds a message to the SER to indicate power up or settings change conditions:

Each entry in the SER includes the SER row number, date, time, element 
name, and element state.

SER Aliases You can use the ALIAS settings to rename as many as 20 of the SER trigger 
conditions. For instance, the factory-default alias setting 2 renames Relay 
Word bit PB02 for reporting in the SER:

ALIAS2:= PB02 FP_LOCK PICKUP DROPOUT

When Relay Word bit PB02 is asserted, the SER report will show the date and 
time of FP_LOCK PICKUP. When Relay Word bit PB02 is deasserted, the 
SER report will show the date and time of FP_LOCK DROPOUT. With this 
and other alias assignments, the SER record is easier for the operator to 
review. See Relay Word Bit Aliases on page 4.122 for additional details.

See SER Command (Sequential Events Recorder Report) on page 7.38 for 
details on retrieving and clearing SER reports with the SER command.

Example SER Report The example SER report in Figure 9.6 includes records of events that occurred 
before the beginning of the event summary report in Figure 9.3. 

Relay Powered Up
.
.
.
Relay Settings Changed

=>SER 8 <Enter>

SEL-751A                                 Date: 02/28/2007   Time: 16:34:28
FEEDER RELAY                             Time Source: Internal

Serial No = 2007XXXXXXXXXXX
FID = SEL-751A-R100-V0-Z001001-D20070410                CID = 5052

#      DATE         TIME               ELEMENT              STATE
8   02/28/2007  13:54:09.602   51P1P                     Asserted
7   02/28/2007  13:54:09.602   51AP                      Asserted
6   02/28/2007  13:54:10.003   51P1T                     Asserted
5   02/28/2007  13:54:10.003   TRIP                      Asserted
4   02/28/2007  13:54:10.219   51P1P                     Deasserted
3   02/28/2007  13:54:10.219   51AP                      Deasserted
2   02/28/2007  13:54:10.236   51P1T                     Deasserted
1   02/28/2007  13:54:10.511   TRIP                      Deasserted
=>

Figure 9.6 Example Sequential Events Recorder (SER) Event Report
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WARNING

Section 10
Testing and Troubleshooting

Overview
Relay testing is typically divided into two categories:

➤ Tests performed at the time the relay is installed or 
commissioned

➤ Tests performed periodically once the relay is in service

Before working on a CT circuit, first 
apply a short to the secondary 
winding of the CT.

This section provides information on both types of testing for the SEL-751A 
Feeder Protection Relay. Because the SEL-751A is equipped with extensive 
self-tests, traditional periodic test procedures can be eliminated or greatly 
reduced.

Should a problem arise during either commissioning or periodic tests, the 
section on Troubleshooting on page 10.15 provides a guide to isolating and 
correcting the problem.

Testing Tools
Serial Port 
Commands

The following serial port commands assist you during relay testing.

The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values. In addition, the 
command shows power system frequency. Compare these quantities against 
other devices of known accuracy. The METER command is available at the 
serial ports and front-panel display. See Section 7: Communications and 
Section 8: Front-Panel Operations.

The relay generates a 15- or 64-cycle event report in response to faults or 
disturbances. Each report contains current and voltage information, relay 
element states, and input/output contact information. If you question the relay 
response or your test method, use the event report for more information. The 
EVENT command is available at the serial ports. See Section 9: Analyzing 
Events.

The relay provides a Sequential Events Recorder (SER) event report that time-
tags changes in relay element and input/output contact states. The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay. The SER command is available at the serial ports. See Section 9: 
Analyzing Events.

Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements individually during a test. The TARGET 
command is available at the serial ports and the front panel. See Section 7: 
Communications and Section 8: Front-Panel Operations.
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Commissioning Tests
SEL performs a complete functional check and calibration of each SEL-751A 
before it is shipped. This helps to ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests confirm that the relay is 
properly connected including the control signal inputs and outputs. 

The following connection tests help you enter settings into the SEL-751A and 
verify that the relay is properly connected. Brief functional tests ensure that 
the relay settings are correct. It is unnecessary to test every element, timer, and 
function in these tests. Modify the procedure as necessary to conform to your 
standard practices. Use the procedure at initial relay installation; you should 
not need to repeat it unless major changes are made to the relay electrical 
connections.

Required Equipment ➤ The SEL-751A, installed and connected according to your 
protection design

➤ A PC with serial port, terminal emulation software, and serial 
communications cable

➤ SEL-751A Settings Sheets with settings appropriate to your 
application and protection design

➤ The ac and dc elementary schematics and wiring diagrams for 
this relay installation

➤ A continuity tester

➤ A protective relay ac test source

➢ Minimum: single-phase voltage and current with phase 
angle control

➢ Preferred: three-phase voltage and current with phase 
angle control

Connection Tests Step 1. Remove control voltage and ac signals from the SEL-751A by 
opening the appropriate breaker(s) or removing fuses.

Step 2. Isolate the relay contact assigned to be the TRIP output.

Step 3. Verify correct ac and dc connections by performing point-to-
point continuity checks on the associated circuits.

Step 4. Apply ac or dc control voltage to the relay.

After the relay is energized, the front-panel green ENABLED LED 
should illuminate.

Step 5. Use the appropriate serial cable (SEL Cable C234A or 
equivalent) to connect a PC to the relay.

Step 6. Start the PC terminal emulation software and establish 
communication with the relay.

Refer to Section 7: Communications for more information on 
serial port communications.

Step 7. Set the correct relay time and date by using either the front-
panel or serial port commands.

Step 8. Using the SET, SET P, SET G, SET L, and SET R serial port 
commands, enter the relay settings from the settings sheets for 
your application.
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Step 9. If you are connecting an external SEL-2600 RTD Module, 
follow the substeps below; otherwise continue with the next 
step.

a. Connect the fiber-optic cable to the RTD Module fiber-
optic output. 

b. Plug the relay end of the fiber-optic cable into the relay 
fiber-optic input (PORT 2).

Step 10. Verify the relay ac connections.

Step 11. Connect the ac test source current or voltage to the appropriate 
relay terminals.

NOTE: Make sure the current 
transformer secondary windings are 
shorted before they are disconnected 
from the relay.

a. Disconnect the current transformer and voltage 
transformer (if present) secondaries from the relay prior 
to applying test source quantities. 

b. If you set the relay to accept phase-to-ground voltages 
(DELTA_Y := WYE), set the current and/or voltage 
phase angles as shown in Figure 10.1.

c. If you set the relay to accept delta voltages 
(DELTA_Y := DELTA), set the current and/or voltage 
phase angles as shown in Figure 10.2.

Figure 10.1 Three-Phase Wye AC Connections

+120˚

–120˚

VC

VB VC

VA

PHROT := ABC

+120˚

–120˚

PHROT := ACB

VB

VA

When setting PHROT := ABC, set angle VA = angle IA = 0˚
 set angle VB = angle IB = —120˚
 set angle VC = angle IC = 120˚

When setting PHROT := ACB, set angle VA = angle IA = 0˚
 set angle VB = angle IB = 120˚
 set angle VC = angle IC = —120˚
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Figure 10.2 Three-Phase Open-Delta AC Connections

Step 12. Apply rated current (1 A or 5 A).

Step 13. If the relay is equipped with voltage inputs, apply rated voltage 
for your application.

Step 14. Use the front-panel METER > Fundamental function or serial 
port METER command to verify that the relay is measuring 
the magnitude and phase angle of both voltage and current 
correctly, taking into account the relay PTR and CTR settings 
and the fact that the quantities are displayed in primary units.

Step 15. If you are using a core-balance current transformer, apply a 
single-phase current to the IN terminals. Do not apply voltage.

Step 16. Verify that the relay is measuring the magnitude and phase 
angle correctly.

The expected magnitude is (applied current) • (CTRN). The 
expected phase angle is zero (0).

Step 17. Verify control input connections. Using the front-panel 
MAIN > Targets > Row 17 function, check the control input 
status in the relay.

As you apply rated voltage to each input, the position in Row 
17 corresponding to that input should change from zero (0) to 
one (1). 

Step 18. Verify output contact operation:

a. For each output contact, set the input to logical 1. This 
causes the output contact to close. For example, setting 
OUT101 = 1 causes the output OUT101 contact to close.

b. Repeat the process for all contact outputs.

Make sure that each contact closure does what you 
want it to do in the annunciation, control, or trip circuit 
associated with that contact closure.

60˚
VAB

VCB

PHROT := ABC

60˚
VAB

VCB

PHROT := ACB

When setting PHROT := ABC, set angle IA = 0˚
 set angle IB = —120˚
 set angle IC = 120˚
 set angle VAB = +30˚
 set angle VCB = +90˚

When setting PHROT := ACB, set angle IA = 0˚
 set angle IB = 120˚
 set angle IC = —120˚
 set angle VAB = —30˚
 set angle VCB = —90˚
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Step 19. Perform any necessary protection element tests. Perform only 
enough tests to prove that the relay operates as intended; 
exhaustive element performance testing is not necessary for 
commissioning.

Step 20. Connect the relay for tripping duty.

Step 21. Verify that any settings changed during the tests performed in 
Step 18 and Step 19 are changed back to the correct values for 
your application.

Step 22. Use the serial port commands in Table 10.1 to clear the relay 
data buffers and prepare the relay for operation.

This prevents data generated during commissioning testing 
from being confused with operational data collected later.

Step 23. When it is safe to do so, energize the feeder.

Step 24. Verify the following ac quantities by using the front-panel 
METER > Fundamental or serial port METER command.

➢ Phase current magnitudes should be nearly equal.

➢ Phase current angles should be balanced, have proper 
phase rotation, and have the appropriate phase 
relationship to the phase voltages.

Step 25. If your relay is equipped with voltage inputs, check the 
following:

➢ Phase voltage magnitudes should be nearly equal.

➢ Phase voltage phase angles should be balanced and 
have proper phase rotation.

The SEL-751A is now ready for continuous service.

Functional Tests
Phase Current Measuring Accuracy

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Using the front-panel SET/SHOW or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Set each phase current magnitude equal to the values listed in 
Column 1 of Table 10.2. Use the front panel to view the phase 
current values. The relay should display the applied current 
magnitude times the CTR setting.

Table 10.1 Serial Port Commands That Clear Relay Data Buffers

Serial Port Command Task Performed

LDP C Clears Load Profile Data

SER R Resets Sequential Events Record buffer

SUM R Resets Event Report and Summary Command buffers
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Figure 10.3 Current Source Connections

Current Imbalance Metering Accuracy
Step 1. Connect the current source to the relay, as shown in 

Figure 10.3.

Step 2. Using the front-panel SET/SHOW function or the serial port SHO 
command, record the CTR and PHROT setting values.

Step 3. Set the phase current angles to apply balanced three-phase 
currents in accordance with the PHROT setting. Refer to 
Figure 10.1.

Step 4. Apply the appropriate magnitude for each phase current, as 
shown in Column 1 of Table 10.3.

Table 10.2 Phase Current Measuring Accuracy

|I| Applied
(A secondary)a

a INOM = rated secondary amperes (1 or 5).

Expected 
Reading
CTR x |I|

A–Phase 
Reading

(A primary)

B–Phase 
Reading

(A primary)

C–Phase 
Reading

(A primary)

0.4 x INOM  

0.9 x INOM

1.6 x INOM

SEL-751A

Current
Test

Source

IA

IB

IC

IC

IB

IA

IN

Z01

Z02
Z03

Z04

Z05

Z06

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 1 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

|IA| = 0.9 • INOM 7%

|IB| = INOM

|IC| = INOM

|IA| = 0.75 • INOM 17%

|IB| = INOM

|IC| = INOM

|IA| = INOM 12%

|IB| = 1.2 • INOM

|IC| = 1.2 • INOM
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Power and Power Factor Measuring Accuracy
Wye-Connected Voltages

Perform the following steps to test wye-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.4. Make sure that DELTA_Y := WYE.

Figure 10.4 Wye Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.4.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER function or the serial port MET 
command to verify the results.

|IA| = 0.9 • INOM 13%

|IB| = 1.1 • INOM

|IC| = 1.1 • INOM

Table 10.3 Current Unbalance Measuring Accuracy (Sheet 2 of 2)

|I| Applied (A secondary) Expected Reading (%) Actual Reading (%)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

PHROT := ABC

Ia = 2.5 ∠−26
Ib = 2.5 ∠−146

Ic = 2.5 ∠+94

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠−120

Vc = 67 ∠+120

Measured: Measured: Measured:
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Delta-Connected Voltages
Perform the following steps to test delta-connected voltages:

Step 1. Connect the current source to the relay, as shown in 
Figure 10.3.

Step 2. Connect the voltage source to the relay, as shown in 
Figure 10.5. Make sure that DELTA_Y := DELTA.

Figure 10.5 Delta Voltage Source Connections

Step 3. Using the front-panel SET/SHOW or the serial port SHOW 
command, record the CTR, PTR, and PHROT setting values.

Step 4. Apply the current and voltage quantities shown in Column 1 of 
Table 10.5.

Values are given for PHROT := ABC and PHROT := ACB. 

Step 5. Use the front-panel METER or the serial port MET command to 
verify the results.

PHROT := ACB

Ia = 2.5 ∠−26

Ib = 2.5 ∠+94

Ic = 2.5 ∠−146

Expected:
P = 0.4523 • CTR • PTR

Expected:
Q = 0.2211 • CTR • PTR

Expected:
pf = 0.90 lag

Va = 67 ∠0

Vb = 67 ∠+120

Vc = 67 ∠−120

Measured: Measured: Measured:

Table 10.4 Power Quantity Accuracy—Wye Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power (kVAR)

Power Factor
(pf)

SEL-751A

E01

E02

E03

E04

Voltage
Test

Source

VA

VB

VC

VN

Va

Vb

Vc

N

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 1 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

PHROT := ABC

Ia = 2.5 ∠–26

Ib = 2.5 ∠–146

Ic = 2.5 ∠+94

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected
pf = 0.90 lag

VA (Vab) = 120 ∠+30

VC (Vcb) = 120 ∠+90

Measured: Measured: Measured:
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Arc-Flash Protection 
Tests

Follow the procedures described in Section 2: Installation to complete the 
installation of the Arc-Flash Detection (AFD) fiber-optic sensors in the 
switchgear equipment to be protected. Make sure the switchgear doors, 
panels, etc., are closed and in the final operating configuration. This will 
ensure that the ambient light as measured by the sensors is indicative of the 
normal operating condition. DO NOT ENERGIZE the switchgear for the 
commissioning tests described in the following text. The relay must have the 
application settings as necessary, be energized, and in the ENABLED state. 
Refer to Application Guide AG2011-01: Using the SEL-751 and SEL-751A 
for Arc-Flash Detection for more details.

Arc-Flash Detection (AFD) System Continuous Self-Testing
The SEL-751A Relay continuously tests (periodic) and monitors all four arc-
flash sensor subsystems and reports the status. The test period is constant, set 
to 10 minutes.

1. Point-Sensor AFD Self-Test

Each point-sensor AFD subsystem on the relay has a Transmit 
LED channel and a Light Detector channel. The LED 
periodically sends a light pulse through the transmit fiber cable, 
which is “coupled” into the receive fiber cable in the point 
sensor. The light travels back to the light detector on the relay. 
The relay uses the light measurement by the detector to 
determine the integrity of the point-sensor AFD loop and report 
PASS/FAIL status.

2. Clear-Jacketed Fiber Sensor AFD Self-Test

The clear-jacketed fiber sensor is basically a loop, starting from 
the Transmit LED and returning to the Light Detector. The 
relay self-test involves sending a light pulse around the loop 
and measuring the light received at the detector. The relay uses 
the light measurement by the detector to determine the integrity 
of the Clear-Jacketed Fiber Sensor AFD loop and report PASS/
FAIL status.

METER LIGHT Report
Use the serial port ASCII command METER L and view the METER LIGHT 
report as shown in Figure 5.11.

The report shows the light intensity measurements in percent of full scale (%) 
for the four AFD channels. This measurement represents the “background” or 
the “ambient” light in the switchgear areas being monitored for arc flash. Use 
this measurement in determining the “Time-Over Light” TOL1 to TOL4 
settings for arc-flash protection (refer to Section 4: Protection and Logic 
Functions for details). If there is excessive background light (any of the Relay 

PHROT := ACB

Ia = 2.5 ∠–26

Ib = 2.5 ∠+94

Ic = 2.5 ∠–146

Expected:
P = 0.4677 • CTR • PTR

Expected:
Q = 0.2286 • CTR • PTR

Expected:
pf = 0.90 lag

Vab = 120 ∠–30

Vbc = 120 ∠–90

Measured: Measured: Measured:

Table 10.5 Power Quantity Accuracy—Delta Voltages (Sheet 2 of 2)

Applied Currents and Voltages
Real Power

(kW)
Reactive Power

(kVAR)
Power Factor

(pf)

NOTE: The point-sensor diagnostics 
signal does not affect the response 
time of the sensor. The clear-jacketed 
fiber sensor diagnostics signal can 
cause a 1 ms delay if the arc-flash 
event occurs at the same time as the 
diagnostics test. The clear-jacketed 
fiber sensor diagnostic test injects a 1 
ms pulse through the fiber once 
every 10 minutes.
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Word bits AFSnEL picks up) or if there is a diagnostic failure (any of the 
Relay Word bits AFSnDIAG picks up), the AFALARM Relay Word bit picks 
up and gives a WARNING on the relay front panel and asserts the ALARM 
output contact.

Command AFT (Arc-Flash test)
The relay performs the arc-flash self-test periodically as discussed previously. 
Additionally, by using the serial port ASCII command AFT, the relay 
performs the self-test on demand in all four channels and reports the status of 
each channel. This same test is also available from the Control Window in 
QuickSet and the relay front panel STATUS sub-menu. Refer to Figure 7.16 
for the AFT command response example. The response shows the light 
measurements in percent of full scale and the PASS/FAIL status. The PASS 
indication means the channel is healthy and ready to detect an arc-flash event. 
The FAIL indication means the channel in question is not healthy and needs 
repair and testing when a convenient outage is available for maintenance. 

Testing the Arc-Flash Time-Overlight Elements TOL1 to TOL4
Test the TOL elements once the relay has been set, as described in Section 4: 
Protection and Logic Functions for the arc-flash protection elements. You 
should add the TOL1 to TOL4 Relay Word bits to the SER (Sequence of 
events report) settings so that the relay can capture the TOL element assertion 
and dropout. Apply a bright light source near the light sensor (POINT or 
CLEAR-JACKETED FIBER type) in the switchgear cabinet and note that the 
appropriate TOL element Relay Word bit picks up and drops out as expected.

The arc-flash test can also be captured as a CEV event report by triggering the 
event report with the TOLn Relay Word bit. The CEV R (raw data) event 
report should be viewed with SEL-5601-2 SYNCHROWAVE Event Software. 
You can view the % light intensity analog quantity together with the TOLn 
Relay Word bit to verify the correct operation.

Testing the Arc-Flash Overcurrent Elements 50PAF and 50NAF
These current elements are similar to the 50P and 50N elements, except they 
use "raw" current input samples and act instantaneously to achieve fast 
response. You can test these elements similarly to the 50P and 50N elements 
as mentioned in the commissioning tests described previously. You can use the 
CEV R report as described previously to analyze the event.

Testing the Complete Arc-Flash Protection System
It is necessary to verify the complete protection subsystem even though the 
relay is tested at the factory before shipping as it is a critical protection 
function. If a synchronized light and current pulse test source is available to 
simulate an arc, you can use it to exercise the arc-flash protection TOLn 
elements together with the 50PAF or the 50NAF elements. If the relay has 
been set for the arc-flash protection including the tripping logic, the test could 
exercise the breaker tripping (unenergized state). You can capture the total 
event with appropriate event report trigger settings and use the Analytic 
Assistant to view and analyze the CEV R (raw data) report. The CEV R report 
will show the analog currents and light channels together with the Relay Word 
bits so that you can analyze and qualify the response. Figure 10.6 shows an 
example event report for a simulated arc-flash incident.

CAUTION
Before placing the Arc Flash 
protection system in service, first 
make sure all sensors are correctly 
installed, and then execute the AFT 
command to initiate a self-test.
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Figure 10.6 CEV R Light Event Capture Example

Periodic Tests (Routine Maintenance)
Because the SEL-751A is equipped with extensive self-tests, the most 
effective maintenance task is to monitor the front-panel messages after a self-
test failure. In addition, each relay event report generated by a fault should be 
reviewed. Such reviews frequently reveal problems with equipment external to 
the relay, such as instrument transformers and control wiring.

The SEL-751A does not require specific routine tests, but your operation 
standards may require some degree of periodic relay verification. If you need 
or want to perform periodic relay verification, the following checks are 
recommended.

Table 10.6 Periodic Relay Checks 

Test Description

Relay Status Use the front-panel STATUS or serial port STATUS command to verify 
that the relay self-tests have not detected any WARN or FAIL conditions.

Arc-Flash 
Detection 
(AFD) Status

Use the serial port AFT command to verify that the AFD channel self-
tests have not detected any FAIL condition in any of the channels.

Meter Verify that the relay is correctly measuring current and voltage (if 
included) by comparing the relay meter readings to separate external meters.

Control Input Using the front-panel MAIN > Targets > Row 13 function, 
check the control input status in the relay. As you apply rated voltage 
to each input, the position in Row 13 corresponding to that input 
should change from zero (0) to one (1).

Contact Output For each output contact, set the input to Logic 1. This causes the output 
contact to close. For example, setting OUT101 := 1 causes the output 
OUT101 contact to close.

Repeat the process for all contact outputs. Make sure that each contact 
closure does what you want it to do in the annunciation, control, or trip 
circuit associated with that contact closure.
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Self-Test
The SEL-751A runs a variety of self-tests. The relay takes the following 
corrective actions for out-of-tolerance conditions (see Table 10.7):

➤ Protection Disabled: The relay disables protection and control 
elements and trip/close logic. All output contacts are 
de-energized. The ENABLED front-panel LED is extinguished.

➤ ALARM Output: Two Relay Word bits, HALARM and 
SALARM, signal self-test problems. SALARM is pulsed for 
software programmed conditions, such as settings changes, 
access level changes, and three consecutive unsuccessful 
password entry attempts, active group changes, copy 
commands, or password changes. HALARM is pulsed for 
hardware self-test warnings. HALARM is continuously 
asserted (set to logical 1) for hardware self-test failures. A 
diagnostic alarm may be configured as explained in Section 4: 
Protection and Logic Functions. In the Alarm Status column of 
Table 10.7, Latched indicates that HALARM is continuously 
asserted, Not Latched indicates that HALARM is pulsed for 
five seconds, and NA indicates that HALARM is not asserted.

➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures (ports with setting AUTO = Y).

➤ The relay displays failure messages on the relay LCD display 
for failures.

➤ For certain failures, the relay will automatically restart as many 
as three times. In many instances, this will correct the failure. 
The failure message might not be fully displayed before 
automatic restart occurs. Indication that the relay restarted will 
be recorded in the Sequential Events Recorder (SER).

Use the serial port STATUS command or front-panel to view relay self-test 
status. Based on the self-test type, issue the STA C command as directed in 
the Corrective Actions column. Contact SEL if this does not correct the problem. 

NOTE: Refer to Access 
Commands (ACCESS, 2ACCESS, 
and CAL) on page 7.19 for more 
information on when SALARM is 
pulsed for access level changes 
and unsuccessful password entry 
attempts.

Table 10.7 Relay Self Tests (Sheet 1 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Watchdog Timer Periodic resetting

(1/32 cycle)

Yes De-

ener-
gized

No No

Mainboard FPGA (power up)

Fail if mainboard Field Programmable Gate 
Array does not accept program or the 
version number is incorrect

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

Mainboard FPGA (run time)

Fail on lack of data acquisition interrupts or 
on detection of a CRC error in the FPGA 
code

Yes Latched Yes Status Fail

FPGA Failure
Automatic restart.
Contact SEL if 
failure returns.

GPSB (back-plane) communications

Fail if GPSB is busy on entry to processing 
interval

Yes Latched Yes Status Fail

GPSB Failure
Automatic restart.
Contact SEL if 
failure returns.
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Front-Panel HMI (power up)

Fail if ID registers do not match expected or 
if FPGA programming is unsuccessful

No Not 

Latched

Yes NA STA C
Contact SEL if 
failure returns.

External RAM (power up)

Performs a read/write test on system RAM

Yes Latched No No

External RAM (run time)

Performs a read/write test on system RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Internal RAM (power up)

Performs a read/write test on system CPU 
RAM

Yes Latched No No

Internal RAM (run time)

Performs a read/write test on system CPU 
RAM

Yes Latched Yes Status Fail

RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Code Flash (power up)

SELBOOT qualifies code with a checksum

NA NA NA NA

Data Flash (power up)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Data Flash (run time)

Checksum is computed on critical data

Yes Latched Yes Status Fail

Non_Vol Failure

Critical RAM (settings)

Performs a checksum test on the active copy 
of settings

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

Critical RAM (run time)

Verify instruction matches FLASH image

Yes Latched Yes Status Fail

CR_RAM Failure
Automatic restart.
Contact SEL if 
failure returns.

I/O Board Failure

Check if ID register matches part number
Yes Latched Yes Status Fail

Card [C|D|E] 
Failure

DeviceNet Board Failure

DeviceNet card does not respond in three 
consecutive 300 ms time out periods

NA NA NA COMMFLT
Warning

CT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
CT Card Fail

CT Board A/D Offset Warn

Measure dc offset at each input channel
–50 mV to
+50 mV

No Not
Latched

No NA STA C
Contact SEL if 
failure returns.

VT Board (power up)

Fail if ID register does not match part 
number

Yes Latched Yes Status Fail
Card E Fail

VT Board A/D Offset Warn

Measure dc offset at each input channel
–50 to
+50 mV

No Not 
Latched

No NA STA C
Contact SEL if 
failure returns.

+0.9 V Fail

Monitor +0.9 V power supply
0.855 to
0.945 V

Yes Latched Yes Status Fail
+0.9 V Failure

Table 10.7 Relay Self Tests (Sheet 2 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action



10.14

SEL-751A Relay Instruction Manual Date Code 20220610

Testing and Troubleshooting
Self-Test

+1.2 V Fail

Monitor +1.2 V power supply
1.152 to
1.248 V

Yes Latched Yes Status Fail
+1.2 V Failure

+1.5 V Fail

Monitor +1.5 V power supply
1.35 to
1.65 V

Yes Latched Yes Status Fail
+1.5 V Failure

+1.8 V Fail

Monitor +1.8 V power supply
1.71 to
1.89 V

Yes Latched Yes Status Fail
+1.8 V Failure

+3.3 V Fail

Monitor +3.3 V power supply
3.07 to
3.53 V

Yes Latched Yes Status Fail
+3.3 V Failure

+5 V Fail

Monitor +5 V power supply
4.65 to
5.35 V

Yes Latched Yes Status Fail
+5 V Failure

+2.5 V Fail

Monitor +2.5 V power supply
2.32 to
2.68 V

Yes Latched Yes Status Fail
+2.5 V Failure

+3.75 V Fail

Monitor +3.75 V power supply
3.48 to
4.02 V

Yes Latched Yes Status Fail
+3.75 V Failure

–1.25 V Fail

Monitor -1.25 V power supply
–1.16 to
–1.34 V

Yes Latched Yes Status Fail
–1.25 V Failure

–5 V Fail

Monitor -5 V power supply
–4.65 to
–5.35 V

Yes Latched Yes Status Fail
–5 V Failure

Clock Battery

Monitor Clock Battery
2.3 to 
3.5 V

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip

Unable to communicate with clock or fails 
time keeping test

No Not 
Latched

Yes NA STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

Clock Chip RAM

Clock chip static RAM fails
No Not 

Latched
Yes NA STA C, to clear 

the warning in the 
status report
Contact SEL if 
failure returns.

External RTD

Fails if the internal RTD card or the external 
RTD module reports that at least one 
enabled RTD input is open or shorted, if 
there is no communication, or if there is a 
power supply failure for the external RTD 
module

NA NA No RTD Failure STA C, to clear 
the warning in the 
status report
Contact SEL if 
failure returns.

CID (Configured IED Description) file (access)

Failure to Access/Read CID File
No NA No Status Fail

CID File Failure

Exception Vector

CPU Error
Yes Latched NA Vector nn

Relay Disabled
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 3 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action
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Troubleshooting

ADCCHK (Slot Z)

A/D check fails
Yes Latched Yes Status Fail Card Z 

Fail
Automatic restart.
Contact SEL if 
failure returns.

ADCCHK (Slot E)

A/D check fails
Yes Latched Yes Status Fail Card E 

Fail
Automatic restart.
Contact SEL if 
failure returns.

Table 10.7 Relay Self Tests (Sheet 4 of 4)

Self Test Description Normal 
Range

Protection
Disabled 

on Failure
Alarm
Status

Auto
Message

on Failure

Front Panel
Message 

on Failure
Corrective

Action

Table 10.8 Troubleshooting

Symptom/Possible Cause Diagnosis/Solution

The relay ENABLED front-panel LED is dark.

Input power is not present or a fuse is blown. Verify that input power is present.

Check fuse continuity.

Self-test failure View the self-test failure message on the front-panel display.

The relay front-panel display does not show characters.

The relay front-panel has timed out. Press the ESC pushbutton to activate the display.

The relay is de-energized. Verify input power and fuse continuity.

The relay does not accurately measure voltages or currents.

Wiring error Verify input wiring.

Incorrect CTR, CTRN, or PTR setting Verify instrument transformer ratios, connections, and associated 
settings.

Voltage neutral terminal (N) is not properly grounded. Verify wiring and connections.

The relay does not respond to commands from a device connected to the serial port.

Cable is not connected. Verify the cable connections.

Cable is not the correct type. Verify the cable pinout.

The relay or device is at an incorrect baud rate or has another 
parameter mismatch.

Verify Device software setup.

The relay serial port has received an XOFF, halting communi-
cations.

Type <Ctrl+Q> to send the relay XON and restart communica-
tions.

The relay does not respond to faults.

The relay is improperly set. Verify the relay settings.

Improper test source settings Verify the test source settings.

Current or voltage input wiring error Verify input wiring.

Failed relay self-test Use the front-panel RELAY STATUS function to view self-test 
results.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838 
Fax: +1.509.332.7990 
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
info@selinc.com
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Firmware, ICD, and Manual Versions

Firmware
Determining the 
Firmware Version

To determine the firmware version, view the status report by using the serial 
port STATUS command or the front panel. The status report displays the 
firmware identification (FID) string.

The firmware version will be either a standard release or a point release. A 
standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform the to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

The release date is after the D. For example, the following is firmware revision 
number R100, release date April 10, 2007.

FID=SEL-751A-R100-V0-Z001001-D20070410

Revision History Table A.1 lists the firmware versions for the R400 series firmware, a 
description of the modifications, and the instruction manual date code that 
corresponds to the firmware versions (see Table A.2 for R300 series firmware, 
Table A.3 for R200 series firmware, and Table A.4 for R100 series firmware). 
The most recent firmware version is listed first.

Starting with revisions published after March 1, 2022, changes that address 
security vulnerabilities are marked with “[Cybersecurity]”. Improvements to 
cybersecurity functionality that should be evaluated for potential cybersecurity 
importance are marked with “[Cybersecurity Enhancement]”.
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Table A.1 400 Series Firmware Revision History (Sheet 1 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-751A-R421-V2-Z013003-D20220610 Includes all the functions of SEL-751A-R421-V1-Z013003-D20211116 
with the following addition:

➤ Resolved an issue with the automatic calibration procedure for the 
current channels. This issue only affects firmware version R421-V1.

20220610

SEL-751A-R421-V1-Z013003-D20211116 Includes all the functions of SEL-751A-R421-V0-Z013003-D20200619 
with the following addition:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R421-V0-Z013003-D20200619 ➤ Added the enable port setting EPORT to all the communications ports 
to enhance port security. Added Telnet access setting ETELNET and 
FTP access setting EFTPSERV to Ethernet Port 1.

20200619

➤ Expanded the TCP keep-alive settings to all TCP protocols, including 
Telnet, File Transfer Protocol (FTP), MMS, and IEEE C37.118 
phasor measurement unit (PMU), so that keep alive can be turned off 
or configured as desired.

➤ Improved the security of the resistance temperature detector (RTD) 
FAULT, ALARM, and TRIP indicators by adding an approximately 
12-second delay to filter RTD measurements distorted by electrical 
noise.

➤ Added the 81D5T and 81D6T elements to the WARN STATUS HI 
Modbus register.

➤ Resolved an issue in which the power factor element did not correctly 
operate when real power was negative.

➤ Resolved an issue in which the relay continued to send Fast 
Sequential Events Recorder (SER) data to the real-time automation 
controller (RTAC) after the relay acknowledged an RTAC disable 
command.

➤ Modified the firmware to reset the virtual bits when a new Configured 
IED Description (CID) file is sent to the relay.

➤ Improved self-test diagnostics for Slot E and Slot Z cards.

SEL-751A-R420-V3-Z012003-D20211116 Includes all the functions of SEL-751A-R420-V2-Z012003-D20190513 
with the following additions:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R420-V2-Z012003-D20190513 Includes all the functions of SEL-751A-R420-V1-Z012003-D20181109 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R420-V1-Z012003-D20181109 Includes all the functions of SEL-751A-R420-V0-Z012003-D20180831 
with the following additions:

➤ Added the METHRES setting (Global settings) to turn off the 
squelching of currents and voltages below a certain level.

20181109

➤ Revised the firmware to remove Option D from the NETPORT 
setting.

➤ Modified the prompt for DNP Master IP Address DNPIPn to 
distinguish them from the device IP address.

➤ Resolved an issue with PULSE/CON PULSE/TEST DO command on 
any output blocking the processing of all the remaining outputs for the 
duration of the pulse.
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➤ Added LOPBLK SELOGIC control equation setting with default value 
set to 0 to allow for blocking of the LOP logic under user-defined 
conditions. Also raised the minimum threshold for positive sequence 
voltage V1 from 5 V to 10 V.

➤ Resolved an issue with the analog quantity for frequency getting reset 
to 0 after a settings change.

➤ Resolved an issue where the firmware rejects a valid Alias name if the 
same Alias name is used in the existing settings. 

➤ Modified the firmware to make the MATHERR Relay Word bit 
available for SELOGIC settings.

➤ Modified GPSB diagnostics logic to show failure only if the GPSB 
diagnostics fail three consecutive times within 24 hours.

➤ Increased the threshold of the frequency trip delay setting 81DnTD 
(n = 1 to 6) from 240.00 to 400.00 seconds.

➤ Increased the time-overlight (TOL) pickup setting to 80% for both the 
point- and bare-fiber sensors.

➤ Addressed an issue with the relay missing remote bit pulse operations 
periodically when the requests were sent back-to-back.

➤ Addressed an issue with event type string mismatch between CHI and 
CEV commands. Due to the mismatch, SEL RTACs were not able to 
collect event types longer than 14 characters from the relay.

➤ Addressed an issue where frequency value was incorrectly placed in a 
CEV file.

Firmware version R420-V1 is for upgrading relays with R400–R419 
firmware.

SEL-751A-R420-V0-Z012003-D20180831 ➤ SEL-751A R420-V0 was not released. —

SEL-751A-R419-V2-Z011003-D20211116 Includes all the functions of SEL-751A-R419-V1-Z011003-D20190513 
with the following additions:

➤ Revised the firmware to allow replacement of the field-programmable 
gate array (FPGA) part.

20211116

SEL-751A-R419-V1-Z011003-D20190513 Includes all the functions of SEL-751A-R419-V0-Z011003-D20131025 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R419-V0-Z011003-D20131025 ➤ Corrected an issue with R418 where the IEC 61850 CID file was not 
preserved while upgrading to R418. R419 preserves the IEC 61850 
CID file.

Firmware version R419 is for upgrading relays with R400–R418 
firmware.

20131025

SEL-751A-R418-V0-Z011003-D20130726 ➤ Improved the security of RTD ALARM and TRIP by adding an 
approximately six-second delay to qualify the event.

20130802

➤ Added Breaker Wear Data to the ICD files.

➤ Corrected an issue where the device was sending continuous 
Gratuitous ARP requests while in switched mode.

➤ Added a feature to allow YMODEM file transfers over TELNET.

➤ Added Flash File System support to make settings and other 
miscellaneous nonvolatile data storage more robust and avoid the 
display of NON-VOL FAIL messages.

Table A.1 400 Series Firmware Revision History (Sheet 2 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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➤ Changed the latch and local bits storage to flash memory from RTC 
RAM.

➤ Corrected an issue with 81RFIBLK = OFF setting. When 
81RFIBLK = OFF, the overcurrent blocking scheme is disabled.

➤ Added power demand analog quantities to IEC 61850.

➤ Revised firmware for HMI FPGA part replacement.

Firmware version R418 is for upgrading relays with R400–R417 
firmware.

SEL-751A-R417-V0-Z011003-D20130329 ➤ Forced RTS to high and ignored CTS when PREDLY setting is OFF 
to power certain fiber-optic transceivers.

20130329

➤ Corrected an Ethernet Failover Switching issue for dual Ethernet 
models.

➤ Corrected an issue where old packets were returned on new 
connections when polling Modbus at a high speed.

➤ Revised the order of SELOGIC control equation processing. To correct 
a latency issue, the 79 element control equations now run after the 
52A control equation.

➤ Corrected an issue with the initial Gratuitous ARP request not being 
sent for as long as five minutes after startup.

Firmware version R417 is for upgrading relays with R400–R415 
firmware.

SEL-751A-R415-V0-Z011003-D20130117 ➤ Added event fault current data to analog quantities for DNP. 20130117

➤ Improved the PHASE LED logic.

➤ Added frequency measurement (FREQ) to CEV report.

➤ Updated units to parts per million (ppm) for CBADPU in Mirrored 
Bits Protocol.

➤ Updated error messages for setting interdependency checks to match 
the global setting AOx0yH.

➤ Modified Real Time Clock (RTC) diagnostics logic to show failure 
only if the RTC diagnostics fail for three consecutive times.

➤ Added a feature in Modbus to always show the latest event data unless 
another event is selected.

➤ Corrected an issue with the data type “Units_0” in the IEC 61850 ICD 
file.

➤ Improved the product ordering options to allow for IEC 61850 option 
or DNP option, or both.

➤ Corrected an issue where synch-check voltage frequency “FREQS” 
was not recognized as a valid analog quantity.

➤ Added new demand power metering and analog quantities.

➤ Corrected an issue with EVE, CEV, and CEV R reports that showed 
station battery voltage VBAT to be 0V for all values of VBAT.

➤ Corrected an issue with DC offset on analog channels upon relay 
power up.

SEL-751A-R414-V0-Z010003-D20120622 ➤ Corrected an issue in firmware R413 that occurred when changing 
settings. The relay intermittently disabled and locked up all 
communications ports and the front panel when settings were revised 
and saved.

20120622

Table A.1 400 Series Firmware Revision History (Sheet 3 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code



A.5

Date Code 20220610 Instruction Manual SEL-751A Relay

Firmware, ICD, and Manual Versions
Firmware

SEL-751A-R413-V0-Z010003-D20120518 ➤ Fixed an issue that caused port settings to not be accepted when relay 
settings were downloaded using ACSELERATOR QuickSet® SEL-5030 
Software. QuickSet reported with a message that settings files were 
not received.

20120518

➤ Corrected an issue where IN304 was shown in targets for the 
3 DI/4 DO/1 AO card, which has only three inputs.

➤ Resolved an issue where there was an ER (event report) trigger with 
no trip and the relay reported a trip based on the phase identification 
logic.

➤ Fixed an issue where the relay was not allowing FREQS analog 
quantity in the LDLIST setting for the Load Profile report.

SEL-751A-R412-V0-Z010003-D20111028 ➤ Enhanced firmware to make serial number visible to IEC 61850 
protocol and also revised the ICD file to add serial and part number 
information to PhyNam DO similar to the SEL-400 series relays.

20111028

➤ Corrected an issue with the rms meter values, where in some cases the 
values would spike for a short time.

➤ Fixed an issue with LDP (Load Profile) command response, where in 
some instances the column data and header were not matched 
correctly.

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

SEL-751A-R411-V0-Z010003-D20110621 ➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.3 V) and currents (below 3.0% of INOM) in the rms 
metering quantities command response.

20110621

➤ Lowered the low end of the VNOM setting range from 100 V to 20 V.

➤ Corrected DNP polling issue with IN101.

➤ Corrected issue with AOUTSLOT setting to work correctly with 
4 DI/3 DO card option.

SEL-751A-R410-V0-Z009003-D20110509 ➤ Corrected issue of SALARM not asserting for a settings group 
change.

20110509

➤ Corrected IEC 61850 KEMA compliance issue (Sisco library).

➤ Added df (frequency deviation) and df/dt (rate-of-change-of-
frequency) qualifiers to 81RF function.

➤ Corrected issue in Demand Meter report where it was not capturing 
3I2PD (negative-sequence peak demand) when setting 
EDEM := ROLL.

➤ Corrected RECLOSER setting issue where any recloser time settings 
above 2147 seconds were not handled correctly.

SEL-751A-R408-V0-Z009003-D20110201 ➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly for FNOM = 50 Hz nominal frequency).

20110201

➤ Corrected issue with PULSE command use with OUT101 and 
OUT102 in relays with Arc-Flash Detection option.

➤ Updated firmware revision history for version R406 to show the 
implementation of improved diagnostics and actions in the relay self-
tests.

SEL-751A-R407-V0-Z009003-D20101230 ➤ Added support for Simple Network Time Protocol (SNTP) to Ethernet 
port (PORT 1) including new settings.

20101230

➤ Added new settings for time and date management (including daylight 
saving time) under Global Settings.

Table A.1 400 Series Firmware Revision History (Sheet 4 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code



A.6

SEL-751A Relay Instruction Manual Date Code 20220610

Firmware, ICD, and Manual Versions
Firmware

➤ Improved frequency measurement algorithm performance during 
transient voltage and current changes.

➤ Corrected an issue of missing SER records upon warm start.

➤ Fixed SEL-751A SV/SVT variables status problem at IEC 61850 
client end.

SEL-751A-R406-V0-Z008003-D20101018 ➤ Added residual current IG input CT capability on a new option card 
SELECT 5 AVI/1 ACI.

20101018

➤ Added Fast Rate-of-Change of Frequency element (81RF) for Aurora 
mitigation.

➤ Corrected LDP command issue (relay lockup if data exceeds a 
threshold) in R400–403 firmware.

➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.1 V) and currents (below 1% of INOM) in the metering 
quantities command response.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities to allow selection for display points. 

➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly at off-nominal frequency).

➤ Implemented improved diagnostics and actions in the relay self-tests. 
For certain failures, the relay will automatically restart as many as 
three times.

SEL-751A-R403-V0-Z007003-D20100709 ➤ Added two time-out settings for Modbus TCP sessions on the 
Ethernet port.

20100709

➤ Added the Select Before Operate (SBO) control to the IEC 61850 
protocol.

➤ Added Access Control setting BLOCK MODBUS SET 
(BLKMBSET) to be able to block settings changes from a remote 
Modbus or DeviceNet master.

➤ Added new, 4 DI/3 DO, optional I/O card, which has one Form-B and 
two Form-C outputs.

➤ Corrected relay status reporting via Modbus when relay is disabled.

➤ Updated Ethernet port settings IPADDR, SUBNETM, and DEFRTR 
validation to allow addresses in the private address space.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities.

➤ Revised arc-flash settings rules to disable arc-flash subsystem when 
50PAFP setting is SET to OFF.

➤ Added I1_MAG positive-sequence current magnitude to the analog 
quantities.

Firmware version R403 is only for upgrading relays with R400–R402 
firmware.

SEL-751A-R402-V0-Z006003-D20100129 ➤ Added faulted phase Identification logic and included the faulted 
phase information in the Event Summary Report Event Type field. 
Also made it available in the Modbus Map. 

Firmware version R402 is only for upgrading relays with R400 or higher 
firmware.

20100129

Table A.1 400 Series Firmware Revision History (Sheet 5 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code



A.7

Date Code 20220610 Instruction Manual SEL-751A Relay

Firmware, ICD, and Manual Versions
Firmware

SEL-751A-R401-V0-Z005003-D20100118 ➤ Corrected an occasional IEC 61850 communications defect where the 
firmware incorrectly reads an opcode from Flash memory and results 
in a vector.

Firmware version R401 is only for upgrading relays with R400 or higher 
firmware.

20100118

SEL-751A-R400-V0-Z005003-D20090910 ➤ Revised firmware for processor update. Previous versions cannot be 
upgraded to R400.

20090910

➤ Extended event report storage capability to at least seventy-seven 15-
cycle or nineteen 64-cycle event reports.

Table A.1 400 Series Firmware Revision History (Sheet 6 of 6)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

Table A.2 300 Series Firmware Revision History (Sheet 1 of 3)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-751A-R311-V2-Z007003-D20211116 Includes all the functions of SEL-751A-R311-V1-Z007003-D20190513 
with the following additions:

➤ Resolved an issue where the MET RMS command response reported 
zero for all metered quantities.

20211116

SEL-751A-R311-V1-Z007003-D20190513 Includes all the functions of SEL-751A-R311-V0-Z007003-D20180831 
with the following additions:

➤ Resolved an issue that could cause the relay to disable if exactly four 
IEC 61850 buffered reports are enabled.

20190513

SEL-751A-R311-V0-Z007003-D20180831 ➤ Resolved an issue with PULSE/CON PULSE/TEST DO command on 
any output blocking the processing of all the remaining outputs for the 
duration of the pulse.

Firmware version R311 is for upgrading relays with R101–R310 
firmware.

20181109

SEL-751A-R310-V0-Z007003-D20150206 ➤ Resolved an issue with the “involved” phase identification logic 
where the output was not long enough in duration to latch the phase 
LEDs when a trip occurred.

20150206

➤ Resolved an issue with dc offset on analog channels when the relay 
was turned on.

➤ Resolved an issue of missing SER records upon settings change for 
the IEC 61850 and DNP protocols.

➤ Resolved an issue with all previous firmware versions in which 
SALARM did not assert for a settings group change.

➤ Resolved an issue with DNP polling in previous firmware versions. 
When a group switch was performed, the DNP protocol reported an 
incorrect status for the first Relay Word bit in the SER1 trigger list. 

➤ Resolved an issue that caused some non-trip events to be reported as 
trip events.

➤ Improved frequency measurement algorithm performance during 
transient voltage and current changes.

➤ Modified the firmware to process RSTTRGT SELOGIC equation 
output on the rising edge.

➤ Improved the measuring accuracy of the frequency measurement by 
using VA instead of V1 for single-phase voltage input applications.

Firmware version R310 is for upgrading relays with R101–R309 
firmware.
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SEL-751A-R309-V0-Z007003-D20130329 ➤ Forced RTS to high and ignored CTS when PREDLY setting is OFF 
to power certain fiber-optic transceivers.

20130329

➤ Corrected an Ethernet Failover Switching issue for dual Ethernet 
models.

➤ Corrected an issue where old packets were returned on new 
connections when polling Modbus at a high speed.

➤ Revised the order of SELOGIC control equation processing. To correct 
a latency issue, the 79 element control equations now run after the 
52A control equation.

➤ Corrected an issue with the initial Gratuitous ARP request not being 
sent for as long as 5 minutes after startup.

Firmware version R309 is for upgrading relays with R101-R308 
firmware.

SEL-751A-R308-V0-Z007003-D20111028 ➤ Corrected an issue with the rms meter values, where in some cases the 
values would spike for a short time.

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

20111028

➤ Fixed an issue with ENABLED LED which did not turn off when the 
relay was disabled.

SEL-751A-R307-V0-Z007003-D20110509 ➤ Corrected issue in Demand Meter report where it was not capturing 
3I2PD (negative-sequence peak demand) when setting 
EDEM := ROLL.

20110509

➤ Corrected RECLOSER setting issue where any recloser time settings 
above 2147 seconds were not handled correctly.

SEL-751A-R306-V0-Z007003-D20110201 ➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly for FNOM = 50 Hz nominal frequency).

20110201

SEL-751A-R305-V0-Z007003-D20101018 ➤ Added a squelch threshold for very low-level secondary voltages 
(below 0.1 V) and currents (below 1% of INOM) in the metering 
quantities command response. 

20101018

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities to allow selection for display points. 

➤ Corrected issue with Inverse Time Overcurrent elements (did not 
accumulate time correctly at off-nominal frequency). 

SEL-751A-R303-V0-Z007003-D20100709 ➤ Added two time-out settings for the Modbus TCP sessions on the 
Ethernet port.

20100709

➤ Added the Select Before Operate (SBO) control to the IEC 61850 
protocol.

➤ Added Access Control setting BLOCK MODBUS SET 
(BLKMBSET) to be able to block settings changes from a remote 
Modbus or DeviceNet master.

➤ Added new I/O card option of 4 DI/3 DO, which has one Form-B and 
two Form-C outputs.

➤ Corrected relay status reporting via Modbus when relay is disabled.

➤ Updated Ethernet port settings IPADDR, SUBNETM, and DEFRTR 
validation to allow addresses in the private address space.

➤ Added calculated phase-to-phase voltages for wye-connected PTs to 
the analog quantities.

Table A.2 300 Series Firmware Revision History (Sheet 2 of 3)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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➤ Revised arc-flash settings rules to disable arc-flash subsystem when 
50PAFP setting is SET to OFF.

➤ Added I1_MAG positive-sequence current magnitude to the analog 
quantities.

Firmware version R303 is only for upgrading relays with R101-R302 
firmware.

SEL-751A-R302-V0-Z006003-D20100129 ➤ Added faulted phase Identification logic and included the faulted 
phase information in the Event Summary Report Event Type field. 
Also made it available in the Modbus Map. 

Firmware version R302 is for upgrading relays with R101–R301 
firmware.

20100129

SEL-751A-R301-V0-Z005003-D20090501 ➤ Added new power elements option with selected voltage card options. 20090501

➤ Added new neutral CT current range option 5.0–1000.0 mA, 
(50 mA nom).

➤ Added FASTOP setting to PORT 1 (Ethernet) settings to allow 
breaker control using Fast Operate.

SEL-751A firmware versions R301 and higher require DeviceNet card 
firmware version 1.005.

SEL-751A-R300-V0-Z004003-D20090109 ➤ Added new arc-flash detection (AFD), arc-flash time-overlight (TOL) 
and overcurrent (50PAF and 50NAF) protection options. Added arc-
flash light measurements to the CEV report and created a meter light 
report.

20090109

➤ Added DNP3 serial and LAN/WAN protocol options.

➤ Added synchrophasor measurements, metering, and C37.118 Protocol 
to the SEL-751A base model.

➤ Added breaker monitor function to the SEL-751A base model.

➤ Added demand and peak demand metering option to selected models.

➤ Added IRIG-B input capability to fiber-optic serial PORT 2 option.

➤ Improved frequency measurement and frequency element accuracy to 
0.01 Hz resolution.

➤ Increased frequency elements (81) from 4 to 6.

➤ Added rate-of-change-of-frequency (81R) elements to selected 
models.

➤ Added residual overvoltage (59G) and negative-sequence overvoltage 
(59Q) elements option to selected models.

➤ Added voltage ratio correction factor (setting 25RCF) to 
synchronism-check element (25).

➤ Added Relay Word bits 3P27 (all voltage phases below 27P1P setting) 
and 3P59 (all voltage phases above 59P1P setting).

➤ Updated rms and max/min metering quantities to include VS 
(synchronism voltage).

➤ Improved energy metering resolution to one kWh and updated energy 
metering convention.

➤ Increased 59P elements settings range to 0.02–1.20 xVnm from 
1.00–1.20 xVnm.

➤ Added relay serial number field in DNP and Modbus.

Table A.2 300 Series Firmware Revision History (Sheet 3 of 3)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code
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Table A.3 200 Series Firmware Revision History

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-751A-R204-V0-Z003002-D20081124 ➤ Corrected firmware upgrade issue in firmware version R203 when 
upgrading relays with previous firmware versions R200–R202.

20081124

SEL-751A-R203-V0-Z003002-D20081104 ➤ Corrected 55 element operation (an issue in firmware R201 only). 20081104

➤ Corrected VDC (VBAT) metering (an issue in firmware R202 only).

SEL-751A-R202-V0-Z003002-D20081022

SEL-751A-R105-V0-Z002001-D20081022

➤ Updated IEC 61850 firmware to enhance security, streamline MMS 
processing, and improve TCP/IP connections.

20081022

➤ Improved security (see selinc.com/support/security-notifications for 
details).

SEL-751A-R201-V0-Z003002-D20080808 ➤ Improved active Ethernet port selection logic during relay startup 
(applies to dual redundant Ethernet port option relays).

20080808

SEL-751A-R200-V0-Z003002-D20080627 ➤ Added a four-shot automatic reclosing (79) option. 20080627

➤ Added synchronism-check voltage input (VS) and element (25) 
option.

➤ Added synchronism voltage input (VS) based over- and undervoltage 
elements (27S, 59S).

➤ Added new Ethernet port options.

➢ single fiber-optic Ethernet.

➢ dual fiber-optic or copper Ethernet ports with FAILOVER or 
SWITCH modes.

➤ Added capability to support two Modbus TCP sessions.

➤ Added station dc battery monitor function.

➤ Added single-phase power, reactive power, apparent power, and 
power factor metering when wye-connected PTs are used.

➤ Improved VNOM setting resolution from (xxx) to two decimal places 
(xxx.xx).

➤ Changed setting range for 27P1P and 27P2P settings from (OFF, 
0.60–1.00 x Vnm) to (OFF, 0.02–1.00 x Vnm).

➤ Extended 50 elements range as follows:

➢ 1 A nom (OFF, 0.10–20.00 A) from (OFF, 0.10–19.20 A).

➢ 5 A nom (OFF, 0.50–100.00 A) from (OFF, 0.50–96.00 A).

➤ Corrected MIRRORED BITS communication using MBT-9600 modem.

Table A.4 100 Series Firmware Revision History (Sheet 1 of 2)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

SEL-751A-R104-V0-Z002001-D20080508 ➤ Revised IN scaling for the INOM = 2.5 mA, high sense neutral CT 
input, for proper operation of the 50N elements.

20080508

SEL-751A-R103-V0-Z002001-D20080325 ➤ Corrected reporting of digital inputs (INxxx) during relay power up to 
MMS for IEC 61850 protocol.

20080325

➤ Corrected setting change function using Modbus Function Code 06 
when voltage board is not installed.

➤ Corrected SER captures of digital input transitions.

https://www.selinc.com/support/security-notifications
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DeviceNet and 
Firmware Versions

The firmware on the DeviceNet interface has two versions as listed in 
Table A.5. The version number of this firmware is only accessible via the 
DeviceNet interface. 

The Electronic Data Sheet (EDS) file is not updated every time a firmware 
release is made. New EDS files are released only when there is a change in the 
Modbus or DeviceNet parameters. The EDS file and an ICON file for the 
SEL-751A are zipped together on the SEL-751A Product Literature CD 
(SEL-xxxRxxx.exe). The file can also be downloaded from the SEL website at 
selinc.com. Table A.6 lists the compatibility among the EDS files and the 
various firmware versions of the relay.

SEL-751A-R102-V0-Z002001-D20080121 ➤ Corrected 51N pickup setting for relays with different nominal ratings 
for their phase and neutral inputs.

20080121

➤ Removed solid-state outputs option and added fast hybrid (high-
speed, high-current interrupting) outputs option.

➤ Enhanced IEC 61850 functionality with KEMA certification updates.

SEL-751A-R101-V0-Z002001-D20070806 ➤ Internal changes to support new hardware (current and voltage cards). 20070806

➤ Revised for PORT 2 as an optional fiber-optic serial port.

➤ Added de-bounce settings for digital inputs.

SEL-751A-R100-V0-Z001001-D20070410 This original firmware version was not production released. 20070410

Table A.4 100 Series Firmware Revision History (Sheet 2 of 2)

Firmware Identification (FID) Number Summary of Revisions
Manual 

Date Code

Table A.5 DeviceNet Card Versions

DeviceNet Card Software Version Revisions Release Date

Major Rev: 1, Minor Rev: 5 (Rev 1.005) Reads product code, DeviceNet card parameter descriptions, etc., 
from the relay.

20080407

Major Rev: 1, Minor Rev: 3 (Rev 1.003) Resolves some conformance issues (Card defines product 
code = 100, fixed descriptions for DeviceNet card parameters, etc.)

20050922

Table A.6 EDS File Compatibility

EDS File Firmware Revisions Supported Release Date

SEL-751AR502.EDS R407, R408, R410, R411, and later (with DeviceNet version 1.005) 20101230

SEL-751AR501.EDS R406 (with DeviceNet version 1.005) 20101018

SEL-751AR403.EDS R403, R303, R305, R306, R307, R308, and R309 
(with DeviceNet version 1.005)

20100618

SEL-751AR301.EDS R402, R401, R302, R301 (with DeviceNet version 1.005) 20090415

SEL-751AR300.EDS R400, R300 (with DeviceNet version 1.005) 20090109

SEL-751AR300X.EDS R400, R300 (with DeviceNet version 1.001) 20090109

SEL-751AR200.EDS R200, R201, R202, R203, R204 (with DeviceNet version 1.005) 20080623

SEL-751AR200X.EDS R200, R201, R202, R203, R204 (with DeviceNet version 1.001) 20080623

SEL-751AR101.EDS R101, R102, R103, R104, R105 (with DeviceNet version 1.005) 20070727

SEL-751AR101X.EDS R101, R102, R103, R104, R105 (with DeviceNet version 1.001) 20070727

https://www.selinc.com
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ICD File
Determining the ICD 
File Version

To find the ICD revision number in your relay, view the configVersion using 
the ID command. The configVersion is the last item displayed in the 
information returned from the ID command.

configVersion=ICD-751A-R304-V0-Z000000-D20130726

The ICD revision number is after the R (e.g., 100) and the release date is after 
the D. This revision number is not related to the relay firmware revision 
number. The configVersion revision displays the ICD file version used to 
create the CID file that is loaded in the relay.

Table A.7 lists the ICD file versions, a description of modifications, and the 
instruction manual date code that corresponds to the versions. The most recent 
version is listed first.

Table A.7 SEL-751A ICD File Revision History (Sheet 1 of 2)

configVersion Summary of Revisions
Relay Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect 
Manual 

Date CodeFile
Description

Software 
Version

ICD-751A-R304-V0-
Z000000-D20130726

➤ Made corrections per 
KEMA recommendations.

R418 and higher 004a 751A R418 and 
above

1.1.141.0 and 
higher

20130802

➤ Updated Report Control 
attributes.

➤ Updated orCat control 
instances to proprietary 
node.

➤ Corrected datatype for 
DmdA, and PkDmdA DOs.

➤ Corrected deadbands for 
several Logical Node 
attributes in MET and ANN 
LDevices.

➤ Added new OpCntEx 
attribute to BK1XCBR1 LN.

➤ Added new TOL1PAFD1, 
TOL2PAFD2, TOL3PAFD3, 
and TOL4PAFD4 Logical 
Nodes and attributes to PRO 
LDevice.

➤ Added new TRIPGGIO24, 
PROGGIO25, RCGGIO26, 
LBGGIO27, 
MBOKGGIO28, 
MISCGGIO29, 
PWRGGIO30, and 
LSGGIO31 Logical Nodes 
and attributes to ANN 
LDevice.

➤ Added new RMSMMXU2 
and DCZBAT1 Logical 
Nodes and attributes to MET 
LDevice.

➤ Added new BWASCBR1, 
BWBSCBR2, and 
BWCSCBR3 Logical Nodes 
and attributes for Breaker 
Wear.
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ICD-751A-R303-V0-
Z000000-D20121128

➤ Improved IEC 61850 
conformance

➤ Added Serial and Model 
Number attributes to 
PhyNam DO.

R410 and higher 004a 751A R410 and 
above

1.1.141.0 and 
higher

20111028

ICD-751A-R201-V0-
Z000000-D20101207

➤ Remove UTC offset 
attribute.

R407–R408 004a 751A R407/R408 1.1.99.0 and 
higher

20101230

ICD-751A-R200-V0-
Z000000-D20100702

➤ Added select before operate 
(SBO) and enhanced 
security SBO modes to 
61850 MMS.

R303 and higher
R403 and higher

003b Enhanced Controls 
R303/R403 and 
above

1.1.92.0 and 
higher

20100709

ICD-751A-R106-V0-
Z002001-D20090109

➤ Added additional attribute 
INTT to BK1XCBR1 LN.

➤ Added new Protection LNs 
PAFPIOC17, NAFPIOC18, 
D5TPTOF5, D6TPTOF6, 
R1TPFRC1, R2TPFRC2, 
R3TPFRC3, R4TPFRC4, 
P3PTUV4, S1TPTUV5, 
S2TPTUV6, P3PTOV3, 
S1TPTOV4, S2TPTOV5, 
G1TPTOV6, G2TPTOV7, 
Q1TPTOV8, Q2TPTOV9, 
and BFR1RBRF1.

➤ Added new LN 
METMDST1 for Demand 
Data.

R300–R302
R400–R402

002 R300 or greater 1.1.82.0 and 
higher

20090109

ICD-751A-R105-V0-
Z002001-D20080618

➤ Added additional attributes 
for Power Quantities to 
METMMXU1 LN. 

➤ Added new SCGGIO20 LN 
for SELOGIC Counters.

➤ Added new AINCGGIO21, 
AINDGGIO22, and 
AINEGGIO23 LNs for 
Analog Inputs.

R200–R204 002 R200 or greater 1.1.75.0 and 
higher

20080627

ICD-751A-R104-V0-
Z002001-D20080508

➤ Made corrections per 
KEMA recommendations.

R102–R105 002 Short LN Prefixes 1.1.73.0 and 
higher

20080508

ICD-751A-R103-V0-
Z002001-D20080324

➤ Modified default GOOSE 
data set GooseDSet13 and 
MSTA LN.

R102–R105 002c N/A N/A 20080325

ICD-751A-R102-V0-
Z002001-D20080110

➤ Modifications for 
Conformance testing.

R102 –R105 002c N/A N/A 20080121

 ICD-751A-R101-V0-
Z001001-D20070712

➤ Initial ICD file release. R101 001c N/A N/A 20070806

a ICD files with ClassFileVersion 004 require R4xx series firmware and do not work with R3xx firmware.
b ICD files with ClassFileVersion 003 can be used with R4xx series firmware with 61850 device library 004. Architect will convert the ICD file 

to ClassFileVersion 004 and send to the relay.
c These ICD files are no longer supported and are not included with Architect.

Table A.7 SEL-751A ICD File Revision History (Sheet 2 of 2)

configVersion Summary of Revisions
Relay Firmware 
Compatibility

ClassFile 
Version

ACSELERATOR Architect 
Manual 

Date CodeFile
Description

Software 
Version
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Instruction Manual
The date code at the bottom of each page of this manual reflects the creation 
or revision date. Table A.8 lists the instruction manual release dates and a 
description of modifications. The most recent instruction manual revisions are 
listed at the top.

Table A.8 Instruction Manual Revision History (Sheet 1 of 12)

Revision Date Summary of Revisions

20220610 Appendix A

➤ Updated for firmware version R421-V2.

20211116 Section 1

➤ Updated RFI and Interference Tests conducted and radiated emissions.

20200619 Section 1

➤ Updated Specifications.

Section 2

➤ Added note to Analog Input Card (8 AI), Analog Input/Output Card (4AI/4 AO), I/O Input Card (3 DI/4 DO/1 
AO), and RTD Card (10 RTD). 

➤ Added Table 2.19: SEL-C804 and SEL-C814 Arc Flash Detection Cable.

Section 4

➤ Updated the notes in RTD TRIP/Warning Levels.

➤ Added note to TR Trip Conditions SELOGIC Control Equation.

➤ Added note to Unlatch Trip Logic.

➤ Updated Port Settings (SET P Command).

Settings Sheet

➤ Updated the Settings Sheets to include new enable settings for Ports F, 1, 2, 3, and 4 and for FTP and Telnet.

Section 7

➤ Added TCP Keep Alive.

Section 9

➤ Updated Event Type.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History.

Appendix D

➤ Added note to Modem Support.

Appendix E

➤ Updated footnotes for Table E.33: Modbus Register Labels for Use With SET M Command.

➤ Updated Table E.34: Modbus Register Map.

➤ Added Table E,35: Trigger Condition for the Trip/Warn Status Register Bits.

Command Summary

➤ Updated Access Level 1 Commands.

20190513 Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History for firmware revisions R419-V1 and R420-V2.

➤ Updated Table A.2: 300 Series Firmware Revision History for firmware revision R311-V1.

20190401 Preface

➤ Updated Safety Information, including General Safety Marks and the product compliance label.

➤ Updated General Information, including Typographic Conventions and the product labels.

➤ Added Trademarks.

Section 1

➤ Updated Getting Started.
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Section 2

➤ Updated Physical Location.

➤ Updated Figure 2.2: Slot Allocations for Different Cards for Slot Z.

➤ Updated Swapping Optional I/O Boards, Card Installation for Slots C, D, E, and Z, Slot B CPU Card 
Replacement, and Slot A Power Supply Card.

➤ Updated Power Connections, Grounding (Earthing) Connections, and Serial Ports.

➤ Updated RTD Wiring, including Table 2.17: Typical Maximum RTD Lead Length.

➤ Updated Figure 2.29: Point-Sensor Assembly.

Section 3

➤ Updated Table 3.1: SEL Software Solutions for SEL-5601-2 software.

➤ Updated Table 3.2: QuickSet Software.

➤ Updated QuickSet Help.

Section 4

➤ Updated Table 4.38: SELogic Variable Settings and Table 4.41: Control Output Equations and Contact 
Behavior Settings.

➤ Added Multiple Settings Groups.

Section 7

➤ Updated Serial (EIA-232 and EIA-485) Port, +5 Vdc Power Supply, and Connect Your PC to the Relay.

➤ Updated TIME Command (View/Change Time).

Appendix A

➤ Updated Determining the Firmware Versions for firmware point releases.

➤ Updated Table A.2: 300 Series Firmware Revision History for firmware revision R311.

Appendix B

➤ Updated Overview for firmware point releases.

➤ Added a note that the firmware loader is not supported on Ethernet port connections to Upgrade Firmware 
Using QuickSet.

20181109 Preface

➤ Updated Hazardous Locations Safety Marks and Hazardous Locations Approvals, including product 
compliance label.

➤ Updated Product Labels.

➤ Updated Wire Sizes and Insulation.

Section 1

➤ Updated Models, Options, and Accessories.

➤ Updated Figure 1.3: STA Command Response—No Communications Card or EIA-232/EIA485 Communications 
Card.

➤ Updated Specifications.

Section 2

➤ Updated Physical Location under Relay Placement.

➤ Updated Figure 2.4: JMP1 through JMP4 Locations on 4 AI/4 AO Board.

➤ Updated Table 2.17: Typical Maximum RTD Lead Length.

➤ Updated Figure 2.17: Breaker Trip Coil Connections With OUT103FS := Y and OUT103FS := N.

➤ Added High-Speed, High-Current Interrupting DC Tripping Outputs.

➤ Added Ordering Arc-Flash Fiber Sensors.

Table A.8 Instruction Manual Revision History (Sheet 2 of 12)
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Section 4

➤ Updated Loss-of-Potential (LOP) Protection.

➤ Updated Figure 4.28: Loss-of-Potential (LOP) Logic.

➤ Updated Table 4.22: Frequency Settings.

➤ Added footnote to Table 4.32: Enable Settings.

➤ Updated SELOGIC Control Equation Operators.

➤ Added note on SELOGIC counters to Counter Variables.

➤ Added METHES to Table 4.40: General Global Settings.

➤ Updated Table 4.46: Arc-Flash Time-Overlight Settings.

➤ Added Port Number Settings Must Be Unique.

Section 5

➤ Updated Small Signal Cutoff for Metering to include METHRES.

➤ Updated Load Profiling.

Settings Sheets

➤ Added Loss-of-Potential.

➤ Updated Frequency.

➤ Added METHRES to General under Global Settings (SET G Command).

➤ Updated Arc-Flash Protection.

➤ Added Port Number Settings Must Be Unique.

Section 7

➤ Updated NETPORT Selection.

➤ Added description of AFALARM Relay Word bit to AFT Command (Arc-Flash Detection Channels Self-Test).

➤ Updated Table 7.48: STATUS Command Report and Definitions.

➤ Updated Figure 7.21: SHOW Command Example.

Section 8

➤ Added note to Programmable LEDs.

Section 9

➤ Added TRIP* to Table 9.1: Event Types.

Section 10

➤ Updated Table 10.5: Power Quantity Accuracy–Delta Voltages.

➤ Updated Table 10.7: Relay Self Tests.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History.

➤ Updated Table A.2: 300 Series Firmware Revision History.

Appendix D

➤ Updated Data Access under DNP3 in the SEL-751A.

➤ Updated Table D.10: DNP3 Reference Data Map.

Appendix E

➤ Updated Table E.34: Modbus Register Map.

Appendix G

➤ Added note to DeviceNet Card.

Appendix J

➤ Updated Table J.1: SEL-751A Relay Word Bits and Table J.2: Relay Word Bit Definitions for the SEL-751A.
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20150206 Preface

➤ Added Safety Information and General Information.

➤ Updated the product labels and compliance label.

Section 1

➤ Changed the Certifications section title to Compliance and relocated the section to the beginning of 
Specifications.

➤ Added the applied current at which the burden is measured for INOM = 2.5 mA, 50 mA, 1 A , 5 A in 
Specifications.

➤ Updated Arc Flash Specifications for pickup setting range.

➤ Updated the accuracy specifications.

Section 2

➤ Added a note on CT circuits to applicable current card descriptions.

➤ Updated the note for Table 2.16: Jumper Functions and Default Positions.

➤ Updated Card Configuration Procedure.

➤ Added Analog Output Wiring.

➤ Added a note stating that the fail-safe option should not be used for fast hybrid output contacts in fail-safe/ 
nonfail-safe tripping.

Section 5

➤ Updated the number of time-stamped entries that the relay memory can hold for load profiling.

Section 7

➤ Added VEC Command (Show Diagnostic Information).

Section 10

➤ Added a note on CT circuits.

➤ Updated Table 10.7: Relay Self-Tests.

Appendix A

➤ Updated for firmware version R310.

➤ Added ICD File, including Table A.7: SEL-751A ICD File Revision History.

Appendix F

➤ Added a note for GOOSE and ACSELERATOR Architect regarding GOOSE subscriptions when loading a new 
CID file.

Appendix K

➤ Added a note to Table K.1: Analog Quantities for RTDWDG, RTDBRG, RTDAMB, and RTDOTHMX analog 
quantities.

20131025 Section 1

➤ Update the ac current inputs and the input voltage range for the power supply in Specifications.

Appendix A

➤ Updated for firmware version R419.

20130802 Section 1

➤ Corrected the continuous rating specification for INOM = 5 A, 1 A, 50 mA, and 2.5 mA.

➤ Updated the ac voltage rating specification for VNOM.

➤ Added RTD Trip/Alarm Time Delay to the RTD Protection category of the Specifications.

Section 10

➤ Added a note for clear-jacketed fiber sensor.

Appendix A

➤ Updated for firmware version R418.
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Appendix F

➤ Revised Table F.7: New Logical Node Extensions, Table F.8: Arc-Flash Detection, and Table F.9: Thermal 
Metering Data Logical Node Class Definition.

➤ Added Table F.10: Demand Metering Statistics, Table F.11: Circuit Breaker Supervision (Per-Phase) Logical 
Node Class Definition, Table F.12: Compatible Logical Nodes With Extensions, Table F.13: Metering Statistics 
Logical Node Class Definition, and Table F.14: Circuit Breaker Logical Node Class Definition.

➤ Revised Table F.15: Logical Device: PRO (Protection), Table F.16: Logical Device: MET (Metering), 
Table F.17: Logical Device: CON (Remote Control), Table F.18: Logical Device: ANN (Annunciation), and 
Table F.19: Logical Device: CFG (Configuration).

20130329 Section 1

➤ Added open state leakage current for Fast Hybrid contacts to the Specifications.

Section 2

➤ Revised the Table 2.16: Jumper Functions and Default Positions footnote to clarify the impact of the jumper 
position on breaker control.

➤ Added a note to Figure 2.18: Voltage Connections.

Section 7

➤ Updated the Fiber-Optic Serial Port paragraph.

➤ Updated +5 Vdc availability statement in +5 Vdc Power Supply.

Appendix A

➤ Updated for firmware versions R417 and R309.

20130117 Preface

➤ Updated the product labels for the SEL-751A.

Section 1

➤ Added current/voltage input terminal block information under Terminal Connections category of the 
Specifications.

Section 4

➤ Added a note for display points stating that they are updated approximately every two seconds.

➤ Corrected Table 4.63: Entries for the Four Strings for set and clear strings.

Section 5

➤ Updated Table 5.6: Demand Values with new power demand quantities.

➤ Updated the metering screen captures for demand and peak demand functions.

Section 9

➤ Updated the note for event reporting to state that frequency is now available in CEV or CEVR reports.

➤ Updated the footnote for Table 9.1: Event Types with the logic of the GFLT Relay Word bit.

Appendix A

➤ Updated Table A.1: 400 Series Firmware Revision History for R407 and R412 firmware and Table A.2: 300 
Series Firmware Revision History for R308 firmware.

➤ Added a summary of revisions for R415.

Appendix B

➤ Added instructions for upgrading firmware using QuickSet.

Appendix E

➤ Added a statement that Event History will display the latest event data when no number is written to the event 
log SEL register in Reading History Data Using Modbus.

Appendix J

➤ Updated the Relay Word bit definition for GFLT, PHASE_A, PHASE_B, and PHASE_C.

➤ Added a footnote for Relay Word bits RTD1 through RTD12.

Appendix K

➤ Added new demand and peak demand metering quantities for DNP and Fault Information in Table K.1:Analog 
Quantities.
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20120903 Preface

➤ Updated product label examples in Product Labels.

Section 1

➤ Updated Specifications.

20120622 Appendix A

➤ Updated for firmware version R414.

20120518 Preface

➤ Updated Compliance Label.

Section 1

➤ Added Relay Mounting Screws (#8-32) Tightening Torque specification. 

Section 2

➤ Revised Note in Table 2.16: Jumper Functions and Default Positions to clarify the impact of the ENABLE/
DISABLE breaker control jumper.

Section 4

➤ Revised Figure 4.28: Loss-of-Potential (LOP) Logic to include VNOM.

➤ Added IN sample to Figure 4.56: Arc-Flash Instantaneous Overcurrent Element Logic.

➤ Added note to FAST OP MESSAGES setting.

Section 5

➤ Updated threshold values in Small Signal Cutoff for Metering section.

Section 9

➤ Revised Event Type paragraph on page 9.4 to clarify TRIP type processing order. 

Appendix A

➤ Updated for firmware versions R413.

Appendix E

➤ Added BLOCK MODBUS SET setting paragraph.

Appendix G

➤ Added BLOCK MODBUS SET setting paragraph.

20111028 Section 1

➤ Added Compression Plug Mounting Ear Screw Tightening Torque specification. 

Section 4

➤ Revised Figure 4.33: Trip Logic to show target reset when 52A asserts with setting RSTLED = Y.

Appendix A

➤ Updated for firmware versions R308 and R412.

20110621 Section 1

➤ Updated Optoisolated Control Inputs voltage specifications.

Section 2

➤ Added Table 2.17: Typical Maximum RTD Lead Length.

Section 4

➤ Revised the low end of the VNOM setting range to 20 V from 100 V.

Settings Sheets

➤ Updated to include the new VNOM setting range.

Section 7

➤ Revised Table 7.2: EIA-232/EIA-485 Serial Port Pin Functions to add PORT 3 as EIA-485.

Appendix A

➤ Updated for firmware version R411.

Appendix E

➤ Added 08h Loopback Diagnostic Command.
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20110509 Section 4

➤ Updated Fast Rate-of-Change-of-Frequency (81RF) function text and figures for the addition of df and df/dt 
qualifiers.

Appendix A

➤ Updated for firmware versions R307 and R410.

Appendix F

➤ Updated Protocol Implementation Conformance Statement.

20110201 Section 10

➤ Updated Self-Test descriptions to reflect the improvements (including automatic restarts in some cases) 
implemented in firmware version R406.

Appendix A

➤ Updated for firmware versions R306 and R408.

➤ Addendum to R406 for the self-test firmware improvements.

20101230  Section 1

➤ Added Simple Network Time Protocol (SNTP) Accuracy Internal Clock accuracy specification.

Section 2

➤ Added Power Supply Card PSIO/2DI/3DO (Slot A) description and terminal designations.

Section 4

➤ Added Time and Date Management and Simple Network Time Protocol (SNTP) subsections.

Section 6

➤ Updated Settings Sheets with Time and Date Management and SNTP Client Protocol settings.

Section 7

➤ Added Simple Network Time Protocol (SNTP) subsection.

Appendix A

➤ Updated for firmware version R407.

Appendix E

➤ Updated Modbus map for new settings.

Appendix J

➤ Updated with new Relay Word bits TSNTPP and TSNTPB.

20101217 Section 1

➤ Revised Analog Output (1AO) accuracy specification to < ±1%, full scale, at 25°C in Specifications.

➤ Updated Dielectric (HiPot) type tests in Specifications.

20101018 Section 1

➤ Added new element 81RF for Aurora mitigation.

➤ Added optional residual current CT based Overcurrent and Time Overcurrent (50G/51G).

➤ Added 5 AVI/1 ACI card to Table 1.1: Voltage Input Options.

Section 2

➤ Added new card SELECT 5AVI /1 ACI and description.

Section 4

➤ Added new settings and descriptions for the residual current CT input option.

➤ Added new element 81RF settings and description (fast rate-of-change of frequency) for Aurora mitigation.

Section 6

➤ Added settings for new residual current CT input

➤ Added settings for new 81RF element (fast rate-of-change of frequency) for Aurora mitigation.

Appendix A

➤ Updated for firmware versions R305 and R406.
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Appendix E

➤ Updated Modbus Map for the new settings.

Appendix J

➤ Added new Relay Word bits for the 81RF element.

20100907 Section 1

➤ Updated Specifications for UL508 certification.

Section 4

➤ Updated single voltage input (SINGLEV setting) application considerations.

Section 8

➤ Updated Table 8.3: Possible Warning Conditions (Flashing TRIP LED) to include the warning messages.

20100709 Section 1

➤ Updated Analog Inputs accuracy specifications and Type Tests descriptive data. Added Arc-Flash processing 
specifications.

Section 2

➤ Added SELECT 4DI/3 DO (2 Form C, 1 Form B) card information. Added note that digital inputs and outputs 
are polarity neutral.

Section 4

➤ Added a description of the new Access Control setting BLOCK MODBUS SET (BLKMBSET), which blocks 
settings changes from remote Modbus or DeviceNet masters.

➤ Added figures for overcurrent (50) elements pickup and dropout times.

➤ Revised Figure 4.26: Loss-of- Potential (LOP) Logic.

➤ Added Modbus time-out settings for the Ethernet port.

Section 5

➤ Added note for the energy meter rollover value.

Section 6

➤ Updated for new settings.

Section 7

➤ Added Access Level C access and password information.

Section 8

➤ Updated Figure 8.26: Operator Control Pushbuttons and LEDs and added note for the target LEDs latching 
with trip.

Appendix A

➤ Updated for firmware versions R403 and R303.

Appendix F

➤ Updated for Select Before Operate (SBO) control changes.

Appendix J

➤ Added calculated phase-to-phase voltages for wye-connected PTs and I1_MAG positive-sequence current to the 
analog quantities.

Command Summary

➤ Added Access Level C commands.

20100129 Section 9

➤ Updated Table 9.1: Event Types with faulted phase identification in event types.

Appendix A

➤ Updated for firmware versions R302 and R402.

Appendix E

➤ Added faulted phase identification event types in Modbus map Historical data register 1754.

Appendix J

➤ Added Relay Word bits Phase_A, Phase_B, Phase_C, and GFLT to Row 117.
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20100118 Appendix A

➤ Updated for firmware version R401.

20090910 Section 1

➤ Updated CT ratings, and voltage element and metering accuracy specifications. Updated Figures 1.3: STA 
Command Response—No Communications Card or EIA-232•EIA-485 Communications Card and 1.4: STA 
Command Response—Communications Card/DeviceNet Protocol.

➤

Section 2

➤ Updated Figure 2.7: Pins for Password, Breaker Control, and SELBOOT Jumper to show jumper locations on 
updated processor card.

Section 4

➤ Updated number of event reports that can be stored. Revised Figure 4.24: Loss-of-Potential (LOP) Logic.

Section 10 

➤ Updated Table 10.7: Relay Self-Tests to show additional voltage checks on updated processor card.

Appendix A

➤ Updated for firmware version R400.

20090501 Preface

➤ Updated labels.

Section 1

➤ Added Power elements specifications and new CT current range option.

Section 4

➤ Added Power elements description, added new neutral CT current range option, added PORT 1 setting FASTOP.

Section 6

➤ Added new settings for Power elements, neutral CT range addition, and FASTOP setting addition to PORT 1.

Section 9

➤ Added power element to the TRIP message list.

Appendix A

➤ Updated for firmware version R301.

Appendix E

➤ Updated Modbus map.

Appendix H

➤ Added Relay Word bits for power elements.

20090109 Preface

➤ Updated for new functions, including arc-flash protection, breaker monitor, synchrophasors, and DNP.

Section 1

➤ Added and revised specifications for arc-flash protection, 80, 81R, 59G, and 59Q elements.

Section 2

➤ Added arc-flash protection installation instructions.

Section 3

➤ Revised screen captures for the QuickSet driver update.

Section 4

➤ Added description and settings for arc-flash protection. 

➤ Added description and settings for rate-of-change-of-frequency elements (81R).

➤ Added description and settings for residual overvoltage element (59G).

➤ Added description and settings for negative-sequence overvoltage element (59Q).

➤ Added RCF setting to synchronism-check element (25).

➤ Added 3P27 and 3P59 elements.
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Section 5

➤ Updated MET RMS, MET M (min/max), and MET E (energy) sections.

➤ Added demand (MET DEM) and peak demand (MET PEA) metering.

➤ Added synchrophasor metering (MET PM).

➤ Added arc-flash light metering (MET L).

➤ Added description and settings for breaker monitor function.

Section 6

➤ Updated settings sheets for the additions listed under Section 4 above.

Section 7

➤ Added ASCII commands BREn, AFT, MET DEM, MET PEA, MET PM, and MET L.

➤ Added Ethernet network configuration figures.

➤ Added IRIG-B connection figures and updated for IRIG-B using PORT 2.

➤ Added DNP3 and synchrophasor (C37.118) protocols.

Section 8

➤ Added description of new front-panel setting that allows the new choice of continuing rotating display for trip 
and warning messages.

➤ Updated HMI menus for the new additions (demand, etc.).

Section 9

➤ Added arc-flash trip to Table 9.1: Event Types.

➤ Added note to show that CEV includes arc-flash light measurements.

Section 10

➤ Added arc-flash protection commissioning and functional tests.

Appendix A

➤ Updated for firmware version R300.

Appendix C

➤ Updated Table C.9: Communications Processor TARGET Region.

Appendix D

➤ New release.

Appendix E

➤ Updated Modbus map for the new functions added.

Appendix F

➤ Updated for ICD Ver 002 R300.

➤ Updated the logical device tables.

Appendix H

➤ New release.

Appendix J

➤ Added new rows 116–119.

➤ Added new Relay Word bits for the new functions.

Appendix K

➤ Added LSENS1–LSENS4 (arc-flash light measurements).

➤ Added breaker monitor quantities.

➤ Added demand and peak demand quantities.

20081104 Appendix A

➤ Updated for firmware version R203. 

20081022 Appendix A

➤ Updated for firmware versions R105 and R202. 

20080808 Appendix A

➤ Updated for firmware version R201. 
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20080627 Preface

➤ Updated for new functions, including reclosing and synchronism check.

Section 1

➤ Added synchronism check, station dc battery monitor specifications, and new Ethernet options.

Section 2

➤ Added new options, including new Ethernet choices, synchronism-check voltage, and station dc battery monitor. 
Revised applications figures to show new functions.

Section 3

➤ Updated figures for the new additions.

Section 4

➤ Added reclosing control description and settings.

➤ Added synchronism-check description and settings.

➤ Revised VNOM, 27P1P, 27P2P, and 50 elements settings ranges.

➤ Added new Ethernet port options description and settings.

Section 5

➤ Updated MET command response (Figure 5.1: METER Command Report With Enhanced Voltage Option With 
Monitoring Package) to show synchronism-check voltage (VS), station dc battery voltage (VDC), and single-
phase P, Q, S, and PF quantities.

Section 6

Updated for new settings for reclosing, synchronism check, Ethernet ports, and station dc battery monitor.

Section 7

➤ Added ETH (Ethernet) and PING command descriptions.

Section 8

➤ Updated configurable label descriptions.

Section 9

➤ Updated EVE command response (Figure 9.3: Example Standard 15-Cycle Event Report 1/4-Cycle Resolution) 
to show new VS and VDC quantities.

Section 10

➤ Removed power supply warning self-tests from Table 10.7: Relay Self-Tests.

Appendix A

Updated for firmware version R200. 

Appendix C

➤ Added VS and VDC to metering data.

Appendix D

➤ Updated Modbus map for new functionality additions.

Appendix E

➤ Updated for ICD version Ver 002 R200.

➤ Updated logical device tables (Table E.10–E.13).

Appendix H

➤ Added new Relay Word bit rows 110-115 to the table.

➤ Added new Relay Word bits for reclosing, synchronism check, battery monitor, and Ethernet functions.

Appendix I

➤ Added VS, VDC, and per phase P, Q, S, and PF quantities.

20080508 Appendix A

➤ Updated for firmware version R104. 

20080325 Appendix A

➤ Updated for firmware version R103. 
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20080121 Section 1

➤ Added fast hybrid output specifications.

➤ Removed solid-state output specifications.

Section 2

➤ Updated Figure 2.10: Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option.

Appendix A

➤ Updated for firmware version R102. 

➤ Added Table A.2: ACSELERATOR Architect CID File Compatibility.

Appendix B

➤ Added IEC 61850 verification testing.

Appendix E

➤ Added table to document new ICD file versions supported by ACSELERATOR Architect version R.1.1.69.0. 

➤ Added Table E.7: ICD Logical Nodes Summary.

➤ Updated Table E.10: Logical Device: PRO (Protection), Table E.11: Logical Device: MET (Metering), 
Table E.12: Logical Device: CON (Control), and Table E.13: Logical Device: ANN (Annunciation).

20070806 Section 1

➤ Added Fiber-Optic port to Communications Options list.

➤ Updated AC Current Input specifications.

➤ Added Solid-State Output specifications.

Section 2

➤ Updated Table 2.1: Slot Allocations for Different Cards and Table 2.2: Communication Ports.

➤ Updated Figure 2.7: Rear-Panel Connections of Selected Cards.

➤ Updated titles in Figure 2.8: Fiber-Optic Serial, Ethernet, EIA-232 Communication, 3 DI/4 DO/1 AO, and 
Voltage Option through Figure 2.11: Control I/O Connections—4 AI/4 AO Option in Slot D and Fiber-Optic 
Port in Slot B.

➤ Revised Fiber-Optic Serial Port information.

➤ Updated Figure 2.12: Control I/O Connections—Internal RTD Option.

➤ Updated Figure 2.18: SEL-751A Provides Overcurrent Protection for a Distribution Feeder through 
Figure 2.21: SEL-751A Provides Overcurrent Protection for a Transformer Bank With a Tertiary Winding.

Section 3

➤ Updated Figure 3.7: Update Part Number.

Section 4

Added information regarding commenting in SELOGIC Control Equation Operators.

Section 6

➤ Added Input Debounce Settings to SEL-751A Settings Sheets.

Section 7

➤ Updated Table 7.1: SEL-751A Communication Port Interfaces, Table 7.31: PASSWORD Command, and 
Table 7.32: PAS Command Format.

Section 8

➤ Updated Configurable Label information in Programmable LEDs.

Section 9

➤ Updated Figure 9.3: Example Standard 15-Cycle Event Report 1/4-Cycle Resolution.

Section 10

➤ Removed Low-Level Test Interface.

➤ Updated Table 10.7: Relay Self-Tests.

Appendix A

➤ Updated for firmware version R101.

20070410 Note: The initial version was not released from the factory.
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Appendix B
Firmware Upgrade Instructions

Instruction Manual

Overview
This instruction guides you through the process of upgrading firmware in the 
device. The firmware upgrade will be either a standard release or a point 
release. A standard release adds new functionality to the firmware beyond the 
specifications of the existing version. A point release is reserved for 
modifying firmware functionality to conform to the specifications of the 
existing version.

A standard release is identified by a change in the R-number of the device 
firmware identification (FID) string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Standard release firmware:

FID=SEL-751A-R101-V0-Z001001-Dxxxxxxxx

A point release is identified by a change in the V-number of the device FID 
string.

Existing firmware:

FID=SEL-751A-R100-V0-Z001001-Dxxxxxxxx

Point release firmware:

FID=SEL-751A-R100-V1-Z001001-Dxxxxxxxx

These firmware upgrade instructions apply to all SEL-700 series industrial 
products except the SEL-701 Relay and SEL-734 Meter.

SEL occasionally offers firmware upgrades to improve the performance of 
your relay. Because the SEL-751A Relays store firmware in flash memory, 
changing physical components is not necessary. Upgrade the relay firmware 
by downloading a file from a personal computer to the relay via the front-
panel serial port via ACSELERATOR QuickSet SEL-5030 Software or terminal 
emulator as outlined in the following sections. For relays with IEC 61850 
option, verify IEC 61850 protocol after the upgrade (see Protocol Verification 
for Relays With IEC 61850 Option on page B.8).

Required Equipment Gather the following equipment before starting this firmware upgrade:

➤ Personal computer (PC)

➤ Terminal emulation software that supports Xmodem/CRC or 
1k Xmodem/CRC protocol

➤ Serial communications cable (SEL-C234A Cable or equivalent, 
or a null-modem cable)



B.2

SEL-751A Relay Instruction Manual Date Code 20220610

Firmware Upgrade Instructions
Upgrade Firmware Using QuickSet

➤ Disk containing the firmware upgrade file (e.g., r1017xxx.s19 or 
r1017xxx.z19)

➤ QuickSet software

Upgrade Firmware Using QuickSet

NOTE: Firmware releases are also 
available as zip files (.z19). Use the zip 
file for faster download.

Select Tools > Firmware Loader 
from the QuickSet menu bar to 
launch a wizard that walks you 
through the steps to load firmware 
into your SEL device. Refer to 
Section 3: PC Software for setup and 
connection procedures for QuickSet.

NOTE: The firmware loader is not supported 
on Ethernet port connections.

Firmware Loader will not start if: 

➤ The device is unsupported by 
QuickSet. 

➤ The device is not connected to the 
computer with a communications 
cable. 

➤ The device is disabled.

Step 1. Prepare the device.

a. Select the firmware to be 
loaded using the browse 
control and select Save 
calibration settings, 
Save device settings, 
and Save events. Click 
Next to continue the 
wizard. 
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b. Select a file name to save 
the selected settings or 
accept the defaults as 
shown. Click Save.

c. The Transfer Status: 
Ymodem file read 
window shows the 
transfer progress of the 
settings file. Clicking 
Cancel will stop the 
transfer. 
After the device settings 
are downloaded, select a 
file name and path to 
save the settings or 
accept the default, as 
shown.

d. Click Return to 
Firmware Loader if 
this product does not 
have any event reports. 

If there are any event 
reports to be saved, click 
the Get Selected Event 
button after selecting the 
events. After saving 
them, click the Return 
to Firmware Loader 
button.
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Step 2. Transfer Firmware.

Click Next to begin the 
firmware transfer. 

Step 3. Load Firmware.

During this step, the device 
is put in SELBOOT. The 
transfer speed is maximized 
and the firmware transfer 
begins.
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NOTE: The following screen can appear if you have one of the two conditions mentioned.

If the relay is disabled as mentioned in condition number 2, check for the 
ENABLED LED on the front panel of the relay. If the ENABLED LED is not 
illuminated or the front panel displays STATUS FAIL Non_Vol Failure, 
use the following procedure to restore the factory-default settings:

a. Click on the Terminal button on the Firmware Load screen of 
QuickSet.

b. Set the communications software settings to 9600 baud, 8 data bits, 
and 1 stop bit.

c. Enter Access Level 2 by issuing the 2AC command.

d. Issue the R_S command to restore the factory-default settings.

e. Enter Access Level 2.

f. Issue the STATUS command.

If the STATUS report shows option card FAIL and Relay Disabled and 
the message:

Confirm Hardware Config

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings. The relay responds:

Config Accepted

The relay restarts and comes up enabled.

Step 4. Verify device settings.

Select from four 
verification options, which 
perform as follows.

Test Device Communications. 
If the device cannot be 
restarted, then turn power 
off and back on to restart it. 
Once the device is enabled, 
this option reconnects and 
re-initializes the device.

Compare Device Settings. 
This option verifies settings 
by reading them from the 
device and comparing them 
with settings saved to the 
database.

Restore Device Settings. 
This option restores settings 
by writing settings saved in 
the database to the device. 
Settings are converted 
automatically, if necessary.

Load Firmware into Another 
Device. Returns the wizard 
to Step 1: Prepare Device to 
repeat the firmware-loading 
process with another 
device.

T
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Upgrade Firmware Using a Terminal Emulator
The following instructions assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), select transfer protocol (Xmodem/CRC or 1k Xmodem/CRC), 
and transfer files (for example, send and receive binary files).

Step 1. If the relay is in service, open the relay control circuits.

Step 2. Connect the PC to the front-panel serial port and enter Access 
Level 2.

Step 3. Save the present relay settings.

You can use the PC software (described in Section 3: PC 
Software) to save and restore settings easily. Otherwise, use the 
following steps.

a. Issue the following commands at the ASCII prompt: 
SHO, SHO L, SHO G, SHO P, SHO F, SHO R, 
SHO C, etc.

b. Record all the settings for possible re-entry after the 
firmware upgrade.

c. We recommend that you save all stored data in the 
relay, including EVENTS, before the upgrade.

Step 4. Start upgrading of firmware.

a. Issue the L_D command to the relay.

b. Type Y <Enter> at the following prompt:

Disable relay to receive firmware (Y/N)?

c. Type Y <Enter> at the following prompt:

Are you sure (Y,N)?

The relay will send the !> prompt.

Step 5. Change the baud rate, if necessary.

a. Type BAU 115200 <Enter>.

This changes the data rate of the communications port 
to 115200. 

b. Change the data rate of the PC to 115200 to match the 
relay.

Step 6. Begin the transfer of new firmware to the relay by issuing the 
REC command.

Step 7. Type Y to erase the existing firmware or press <Enter> to 
abort.

Step 8. Press any key (e.g., <Enter>) when the relay sends a prompt.

NOTE: To save the calibration 
settings, perform SHO C from the 
terminal by logging in to Access 
Level C using the Access Level C 
password. Factory default password 
for Access Level C is CLARKE.

NOTE: Change the data rate of the 
relay serial port to 9600 before 
issuing the L_D command to start the 
upgrade process.

NOTE: If you have difficulty at 
115200 bps, choose a slower data 
transfer rate (for example, 38400 
bps or 57600 bps). Be sure to match 
the relay and PC data rates.
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Step 9. Start the file transfer.

Select the Send file option in your communications software. 
Use the Xmodem protocol and send the file that contains the 
new firmware (e.g., r101xxx.s19 or r101xxx.z19). 

The file transfer typically takes less than 15 minutes at 
115200 bps depending on the product. After the transfer is 
complete, the relay restarts and returns to Access Level 0.

Figure B.1 shows the entire process.

Step 10. The relay illuminates the ENABLED front-panel LED if the relay 
settings were retained through the download.

If the ENABLED LED is illuminated, proceed to Step 11.

If the ENABLED LED is not illuminated or the front panel 
displays STATUS FAIL Non_Vol Failure, use the following 
procedure to restore the factory-default settings:

a. Set the communications software settings to 9600 bps, 
8 data bits, and 1 stop bit.

b. Enter Access Level 2 by issuing the 2AC command.

c. Issue the R_S command to restore the factory-default 
settings. 

The relay then restarts with the factory-default settings.

d. Enter Access Level 2.

e. Issue the STATUS command.

If the relay is ENABLED, go to Step f.

If the STATUS report shows option card FAIL and 
Relay Disabled and the message:

Confirm Hardware Config 

Accept & Reboot (Y/N)?

Enter Y. This will save the relay calibration settings.

The relay will respond:

Config Accepted

The relay restarts and comes up enabled.

f. Restore relay settings back to the settings saved in 
Step 3.

Step 11. Change the data rate of the PC to match that of the relay prior 
to Step 5, and enter Access Level 2.

=>>L_D <Enter>

Disable relay to receive firmware (Y,N)? Y <Enter>
Are you sure (Y,N)? Y <Enter>
Relay Disabled

BFID=BOOTLDR-R500-V0-Z000000-D20090925
!>BAU 115200 <Enter>
!>REC <Enter>
This command uploads new firmware.
When new firmware is uploaded successfully, IED will erase old firmware,
load new firmware and reboot.

Are you sure you want to erase the existing firmware(Y,N)? Y <Enter>
Press any key to begin transfer and then start transfer at the terminal.<Enter>
Erasing firmware.
Erase successful.
Writing new firmware.
Upload completed successfully. Attempting a restart.

Figure B.1 Firmware File Transfer Process
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Step 12. Issue the STATUS command; verify all relay self-test results 
are OK.

Step 13. Apply current and voltage signals to the relay.

Step 14. Issue the METER command; verify that the current and 
voltage signals are correct.

Step 15. Autoconfigure the SEL communications processor port if you 
have a communications processor connected.

This step re-establishes automatic data collection between the 
SEL communications processor and the SEL relay. Failure to 
perform this step can result in automatic data collection failure 
when cycling communications processor power.

Protocol Verification for Relays With IEC 61850 Option
Perform the following steps to verify that the IEC 61850 protocol is still 
operational after a relay firmware upgrade and if not, re-enable it. This 
procedure assumes that IEC 61850 was operational with a valid CID file 
immediately before initiating the relay firmware upgrade.

Step 1. Establish an FTP connection to the relay Ethernet port.

Step 2. Open the ERR.TXT file. 

If the ERR.TXT file is empty, the relay found no errors during 
CID file processing and IEC 61850 should be enabled. Go to 
Step 3 if ERR.TXT is empty.

If the ERR.TXT file contains error messages relating to CID 
file parsing, the relay has disabled the IEC 61850 protocol. Use 
ACSELERATOR  Architect SEL-5032 Software to convert the 
existing CID file and make it compatible again. 

a. Install the Architect software upgrade that supports 
your required CID file version.

b. Run Architect and open the project that contains the 
existing CID file for the relay.

c. Download the CID file to the relay.

Step 3. Upon connecting to the relay, Architect will detect the 
upgraded relay firmware and prompt you to allow it to convert 
the existing CID file to a supported version. Once converted, 
downloaded, and processed, the valid CID file allows the relay 
to re-enable the IEC 61850 protocol.

Step 4. In the Telnet session, type GOO <Enter>.

Step 5. View the GOOSE status and verify that the transmitted and 
received messages are as expected.

The relay is now ready for your commissioning procedure.

NOTE: A relay with optional 
IEC 61850 protocol requires the 
presence of one valid CID file to 
enable the protocol. You should only 
transfer a CID file to the relay if you 
want to implement a change in the 
IEC 61850 configuration or if new 
relay firmware does not support the 
current CID file version. If you 
transfer an invalid CID file, the relay 
will disable the IEC 61850 protocol, 
because it no longer has a valid 
configuration. To restart IEC 61850 
protocol operation, you must transfer 
a valid CID file to the relay.
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Technical Support
We appreciate your interest in SEL products and services. If you have 
questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

https://selinc.com/support
mailto:info@selinc.com
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SEL Communications Protocols
The SEL-751A Feeder Protection Relay supports SEL protocols and 
command sets shown in Table C.1.

SEL ASCII Commands We originally designed SEL ASCII commands for communication between 
the relay and a human operator via a keyboard and monitor or a printing 
terminal. A computer with a serial port can also use the SEL ASCII protocol 
to communicate with the relay, collect data, and issue commands.

SEL Compressed 
ASCII Commands

The relay supports a subset of SEL ASCII commands identified as 
Compressed ASCII commands. Each of these commands results in a comma-
delimited message that includes a checksum field. Most spreadsheet and 
database programs can directly import comma-delimited files. Devices with 
embedded processors connected to the relay can execute software to parse and 
interpret comma-delimited messages without expending the customization 
and maintenance labor necessary to interpret nondelimited messages. The 
relay calculates a checksum for each line by numerically summing all of the 
bytes that precede the checksum field in the message. The program that uses 
the data can detect transmission errors in the message by summing the 
characters of the received message and comparing this sum to the received 
checksum.

Most commands are available only in SEL ASCII or Compressed ASCII 
format. Selected commands have versions in both standard SEL ASCII and 
Compressed ASCII formats. Compressed ASCII reports generally have fewer 
characters than conventional SEL ASCII reports because the compressed 
reports reduce blanks, tabs, and other white space between data fields to a 
single comma.

Table C.1 Supported Serial Command Sets

Command Set Description

SEL ASCII Use this protocol to send ASCII commands and receive 
ASCII responses that are human readable with an appropriate 
terminal emulation program.

SEL Compressed ASCII Use this protocol to send ASCII commands and receive Com-
pressed ASCII responses that are comma-delimited for use 
with spreadsheet and database programs or for use by intelli-
gent electronic devices.

SEL Fast Meter Use this protocol to send binary commands and receive 
binary meter and target responses.

SEL Fast Operate Use this protocol to receive binary control commands.

SEL Fast SER Use this protocol to receive binary Sequential Events 
Recorder unsolicited responses.
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Table C.2 lists the Compressed ASCII commands and contents of the 
command responses.

Interleaved ASCII and 
Binary Messages

SEL relays have two separate data streams that share the same physical serial 
port. Human data communications with the relay consist of ASCII character 
commands and reports that you view through use of a terminal or terminal 
emulation package. The binary data streams can interrupt the ASCII data 
stream to obtain information; the ASCII data stream continues after the 
interruption. This mechanism uses a single communications channel for 
ASCII communication (transmission of an event report, for example) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. However, 
you do not need a device to interleave data streams to use the binary or ASCII 
commands. Note that XON, XOFF, and CAN operations operate on only the 
ASCII data stream.

An example of using these interleaved data streams is when the SEL-751A 
communicates with an SEL communications processor. These SEL 
communications processors perform autoconfiguration by using a single data 
stream and SEL Compressed ASCII and binary messages. In subsequent 
operations, the SEL communications processor uses the binary data stream for 
Fast Meter and Fast Operate messages to populate a local database and to 
perform SCADA operations. At the same time, you can use the binary data 
stream to connect transparently to the SEL-751A and use the ASCII data 
stream for commands and responses.

SEL Fast Meter, Fast 
Operate, and Fast SER

SEL Fast Meter is a binary message that you solicit with binary commands. 
Fast Operate is a binary message for control. The relay can also send 
unsolicited Fast SER messages automatically. If the relay is connected to an 
SEL communications processor, these messages provide the mechanism that 
the communications processor uses for SCADA or DCS functions that occur 
simultaneously with ASCII interaction.

Table C.2 Compressed ASCII Commands

Command Response Access Level

BNAME ASCII names of Fast Meter status bits 0

CASCII Configuration data of all Compressed ASCII com-
mands available at access levels > 0

0

CEVENT Event report 1

CHISTORY List of events 1

CLDP Load Profile Data 1

CMETER Metering data, including fundamental, thermal 
demand, peak demand, energy, max/min, rms, ana-
log inputs, and math variables 

1

CSE Sequence Of Events Data 1

CSTATUS Relay status 1

CSUMMARY Summary of an event report 1

DNAME ASCII names of digital I/O reported in Fast Meter 0

ID Relay identification 0

SNS ASCII names for SER data reported in Fast Meter 0
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SEL Communications Processor
SEL offers SEL communications processors, powerful tools for system 
integration and automation. The SEL-2030 series and the SEL-2020 
communications processors are similar, except that the SEL-2030 series has 
two slots for network protocol cards. These devices provide a single point of 
contact for integration networks with a star topology, as shown in Figure C.1.

Figure C.1 SEL Communications Processor Star Integration Network

In the star topology network in Figure C.1, the SEL communications 
processor offers the following substation integration functions:

➤ Collection of real-time data from SEL and non-SEL IEDs

➤ Calculation, concentration, and aggregation of real-time IED 
data into databases for SCADA, HMI, and other data 
consumers

➤ Access to the IEDs for engineering functions including 
configuration, report data retrieval, and control through local 
serial, remote dial-in, and Ethernet network connections

➤ Distribution of IRIG-B time-synchronization signal to IEDs 
based on external IRIG-B input, internal clock, or protocol 
interface

➤ Simultaneous collection of SCADA data and engineering 
connection to SEL IEDs over a single cable

➤ Automated dial-out on alarms

The SEL communications processors have 16 serial ports plus a front port. 
This port configuration does not limit the size of a substation integration 
project, because you can create a multitiered solution as shown in Figure C.2. 
In this multitiered system, the lower-tier SEL communications processors 
forward data to the upper-tier SEL communications processor that serves as 
the central point of access to substation data and substation IEDs.

SEL Communications
Processor

To Engineering

Modem

To SCADA

Local HMI

SEL IED SEL IED SEL IED Non-SEL IED
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Figure C.2 Multitiered SEL Communications Processor Architecture

You can add additional communications processors to provide redundancy and 
eliminate possible single points of failure. SEL communications processors 
provide an integration solution with a reliability comparable to that of SEL 
relays. In terms of MTBF (mean time between failures), SEL communications 
processors are 100 to 1000 times more reliable than computer-based and 
industrial technology-based solutions.

Configuration of an SEL communications processor is different from other 
general-purpose integration platforms. You can configure SEL 
communications processors with a system of communication-specific 
keywords and data movement commands rather than programming in C or 
another general-purpose computer language. SEL communications processors 
offer the protocol interfaces listed in Table C.3.

Table C.3 SEL Communications Processors Protocol Interfaces

Protocol Connect to

DNP3 Level 2 Slave DNP3 masters

Modbus RTU Protocol Modbus masters

SEL ASCII/Fast Message Slave SEL protocol masters

SEL ASCII/Fast Message Master SEL protocol slaves including other communica-
tions processors and SEL relays

ASCII and Binary auto messaging SEL and non-SEL IED master and slave devices

Modbus Plusa

a Requires SEL-2711 Modbus Plus protocol card.

Modbus Plus peers with global data and Modbus 
Plus masters

FTP (File Transfer Protocol)b

b Requires SEL-2701 Ethernet Processor.

FTP clients

Telnetb Telnet servers and clients

UCA2 GOMSFEb UCA2 protocol masters

UCA2 GOOSEb UCA2 protocol and peers

SEL Communications
Processor

To Engineering

Modem
To SCADA

Local HMI

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL IED

SEL IED

SEL IED

Non-SEL IED

SEL Communications
Processor

SEL Communications
Processor
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SEL Communications Processor and 
Relay Architecture

You can apply SEL communications processors and SEL relays in a limitless 
variety of applications that integrate, automate, and improve station operation. 
Most system integration architectures utilizing SEL communications 
processors involve either developing a star network or enhancing a multidrop 
network.

Developing 
Star Networks

The simplest architecture using both the SEL-751A and an SEL 
communications processor is shown in Figure C.1. In this architecture, the 
SEL communications processor collects data from the SEL-751A and other 
station IEDs. The SEL communications processor acts as a single point of 
access for local and remote data consumers (local HMI, SCADA, engineers). 
The communications processor also provides a single point of access for 
engineering operations including configuration and the collection of report-
based information.

By configuring a data set optimized to each data consumer, you can 
significantly increase the utilization efficiency on each link. A system that 
uses an SEL communications processor to provide a protocol interface to an 
RTU will have a shorter lag time (data latency); communication overhead is 
much less for a single data exchange conversation to collect all substation data 
(from a communications processor) than for many conversations necessary to 
collect data directly from each individual IED. You can further reduce data 
latency by connecting any SEL communications processor directly to the 
SCADA master and eliminating redundant communication processing in the 
RTU.

The SEL communications processor is responsible for the protocol interface, 
so you can install, test, and even upgrade the system in the future without 
disturbing protective relays and other station IEDs. This insulation of the 
protective devices from the communications interface assists greatly in 
situations where different departments are responsible for SCADA operation, 
communication, and protection.

SEL communications processors equipped with an SEL-2701 Ethernet 
Processor can provide a UCA2 interface to SEL-751A Relays and other serial 
IEDs. The SEL-751A data appear in models in a virtual device domain. The 
combination of the SEL-2701 with an SEL communications processor offers a 
significant cost savings because you can use existing IEDs or purchase less 
expensive IEDs. For full details on applying the SEL-2701 with an SEL 
communications processor, see the SEL-2701 Ethernet Processor Instruction 
Manual.

The engineering connection can use either an Ethernet network connection 
through the SEL-2701 or a serial port connection. This versatility will 
accommodate the channel that is available between the station and the 
engineering center. SEL software can use either a serial port connection or an 
Ethernet network connection from an engineering workstation to the relays in 
the field.
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Enhancing 
Multidrop Networks

You can also use an SEL communications processor to enhance a multidrop 
architecture similar to the one shown in Figure C.3. In this example, the SEL 
communications processor enhances a system that uses the SEL-2701 with an 
Ethernet HMI multidrop network. In the example, there are two Ethernet 
networks, the SCADA LAN and the Engineering LAN. The SCADA LAN 
provides real-time data directly to the SCADA Control Center via a protocol 
gateway and to the HMI (Human Machine Interface).

Figure C.3 Enhancing Multidrop Networks With SEL Communications 
Processors

In this example, the SEL communications processor provides the following 
enhancements when compared to a system that employs only the multidrop 
network:

➤ Ethernet access for IEDs with serial ports

➤ Backup engineering access through the dial-in modem

➤ IRIG-B time signal distribution to all station IEDs

➤ Integration of IEDs without Ethernet

➤ Single point of access for real-time data for SCADA, 
HMI, and other uses

➤ Significant cost savings by use of existing IEDs 
with serial ports

SEL Communications
Processor

Modem

To SCADA Control Center,
RTU, or Protocol Gateway To Engineering

HMI/Local 
Engineering

Access

SEL-421 Relay

Hub Hub

Ethernet IED

SCADA
 Ethernet LAN

EIA-232

Engineering
Ethernet LAN

SEL-751A Relay SEL Relay Non-SEL IED
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SEL Communications Processor Example
This example demonstrates the data and control points available in the SEL 
communications processor when you connect an SEL-751A. The physical 
configuration used in this example is shown in Figure C.4.

Figure C.4 Example of SEL Relay and SEL Communications Processor 
Configuration

Table C.4 shows the PORT 1 settings for the SEL communications processor.

Table C.4 SEL Communications Processor PORT 1 Settings

Setting 
Name

Setting Description

DEVICE S Connected device is an SEL device

CONFIG Y Allow autoconfiguration for this device

PORTID Relay 1 Name of connected relaya

a Automatically collected by the SEL communications processor during autoconfiguration.

BAUD 19200 Channel speed of 19200 bits per seconda

DATABIT 8 Eight data bitsa

STOPBIT 1 One stop bit

PARITY N No parity

RTS_CTS N Hardware flow control enabled

XON_XOFF Y Enable XON/XOFF flow control

TIMEOUT 30 Idle time-out that terminates transparent connections of 
30 seconds

SEL Communications
Processor

SEL-751A Relay

Personal 
Computer

Port F

Port 1

Port 3
Cable C273A

Cable C234A
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Data Collection The SEL communications processor is configured to collect data from the 
SEL-751A, using the list in Table C.5.

Table C.6 shows the automessage (SET A) settings for the SEL 
communications processor.

Table C.7 shows the map of regions in the SEL communications processor for 
data collected from the SEL-751A. Use the MAP n command to view these 
data.

Table C.5 SEL Communications Processor Data Collection Automessages 

Message Data Collected

20METER Power system metering data

20DEMAND Demand metering data

20TARGET Selected Relay Word bit elements

20HISTORY History Command (ASCII)

20STATUS Status Command (ASCII)

20EVENTS Standard 4 sample/cycle event report (data with settings)

20EVENT Standard 4 sample/cycle event report (data only)

Table C.6 SEL Communications Processor PORT 1 Automatic 
Messaging Settings

Setting Name Setting Description

AUTOBUF Y Save unsolicited messages

STARTUP ACC\nOTTER\n Automatically log in at Access Level 1

SEND_OPER Y Send Fast Operate messages 
for remote bit and breaker bit control

REC_SER N Automatic Sequential Events Recorder data 
collection disabled

NOCONN NA No SELOGIC control equation entered to selectively 
block connections to this port

MSG_CNT 3 Three automessages

ISSUE1 P00:00:01.0 Issue Message 1 every second

MESG1 20METER Collect metering data

ISSUE2 P00:00:01.0 Issue Message 2 every second

MESG2 20TARGET Collect Relay Word bit data

ISSUE3 P00:01:00.0 Issue Message 3 every minute

MESG3 20DEMAND Collect demand metering data

ARCH_EN N Archive memory disabled

USER 0 No USER region registers reserved

Table C.7 SEL Communications Processor PORT 1 Region Map

Region
Data Collection
Message Type

Region Name Description

D1 Binary METER Relay metering data

D2 Binary TARGET Relay Word bit data

D3 Binary DEMAND Demand meter data

D4–D8 n/a n/a Unused

A1–A3 n/a n/a Unused

USER n/a n/a Unused
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Relay Metering Data Table C.8 shows the list of meter data available in the SEL communications 
processor and the location and data type for the memory areas within D1 
(Data Region 1). The type field indicates the data type and size. The int type is 
a 16-bit integer. The float type is a 32-bit IEEE floating point number. Use the 
VIE n:D1 command to view these data.

Table C.8 Communications Processor METER Region Map

Item Starting Address Type

_YEAR 2000h int

DAY_OF_YEAR 2001h int

TIME(ms) 2002h int[2]

MONTH 2004h char

DATE 2005h char

YEAR 2006h char

HOUR 2007h char

MIN 2008h char

SECONDS 2009h char

MSEC 200Ah int

IA 200Bh float

IB 200Dh float

IC 200Fh float

IN 2011h float

IG 2013h float

UBI 2015h float

VAB 2017h float

VBC 2019h float

VCA 201Bh float

* 201Dh float

VS 201Fh float

UBV 2021h float

P 2023h float

Q 2025h float

S 2027h float

PF 2029h float

FREQ 202Bh float

FREQS 202Dh float

VDC 202Fh float

WDG 2031h float

BRG 2033h float

AMB 2035h float

OTH 2037h float
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Relay Word 
Bits Information

Table C.9 lists the Relay Word bit data available in the SEL communications 
processor TARGET region.

Control Points The SEL communications processor can automatically pass control messages, 
called Fast Operate messages, to the SEL-751A. You must enable Fast 
Operate messages by using the FASTOP setting in the SEL-751A port settings 
for the port connected to the SEL communications processor. You must also 
enable Fast Operate messages in the SEL communications processor by 
setting the automessage setting SEND_OPER equal to Y.

When you enable Fast Operate functions, the SEL communications processor 
automatically sends messages to the relay for changes in remote bits RB01–
RB32 on the corresponding SEL communications processor port. In this 
example, if you set RB01 on PORT 1 in the SEL communications processor, it 
automatically sets RB01 in the SEL-751A.

Breaker bit BR1 operates differently than remote bits. There is one breaker bit 
in the SEL-751A. For Circuit Breaker 1, when you set BR1, the SEL 
communications processor sends a message to the SEL-751A that asserts the 
OC bit for one processing interval. If you clear BR1, the SEL communications 
processor sends a message to the SEL-751A that asserts the CC bit for one 
processing interval. OC will open the breaker (via SELOGIC control equation 
TR) and CC will close the breaker (via SELOGIC control equation CL). See 
Figure 4.33 and Figure 4.34 for the breaker trip and breaker close logic 
diagrams, respectively.

Table C.9 Communications Processor TARGET Region

Address
Relay Word Bits (in Bits 7–0)

7 6 5 4 3 2 1 0

2804h * * * * * PWRUP STSET *

2805h See Table J.1, Row 0

2806h See Table J.1, Row 1

2807h See Table J.1, Row 2

2808h See Table J.1, Row 3

2809h See Table J.1, Row 4

280Ah See Table J.1, Row 5

280Bh See Table J.1, Row 6

280Ch See Table J.1, Row 7

280Dh See Table J.1, Row 8

280Eh See Table J.1, Row 9

280Fh See Table J.1, Row 10

2810h See Table J.1, Row 11

2811h See Table J.1, Row 12

•

•

•

•

•

•

287Ch See Table J.1, Row 119
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Demand Data Table C.10 lists the demand data available in the SEL Communications 
Processor and the location and data type for the memory areas within D3 
(Data Region 3). The type field indicates the data type and size. The type “int” 
is a 16-bit integer. The type “float” is a 32-bit IEEE floating point number.

Table C.10 Communications Processor DEMAND Region Map

Item Starting Address Type

_YEAR 3000h int

DAY_OF_YEAR 3001h int

TIME(ms) 3002h int[2]

MONTH 3004h char

DATE 3005h char

YEAR 3006h char

HOUR 3007h char

MIN 3008h char

SECONDS 3009h char

MSEC 300Ah int

IAD(A) 300Bh float

IBD(A) 300Dh float

ICD(A) 300Fh float

IGD(A) 3011h float

3I2D(A) 3013h float
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Appendix D
DNP3 Communications

Overview
The SEL-751A Feeder Protection Relay provides a Distributed Network 
Protocol Version 3.0 (DNP3) Level 2 Outstation interface for direct serial and 
LAN/WAN network connections to the device.

This section covers the following topics:

➤ Introduction to DNP3 on page D.1

➤ DNP3 in the SEL-751A on page D.6

➤ DNP3 Documentation on page D.14

Introduction to DNP3
A Supervisory Control and Data Acquisition (SCADA) manufacturer 
developed the first versions of DNP from the lower layers of IEC 60870-5. 
Originally designed for use in telecontrol applications, Version 3.0 of the 
protocol has also become popular for local substation data collection. DNP3 is 
one of the protocols included in the IEEE Recommended Practice for Data 
Communication between Remote Terminal Units (RTUs) and Intelligent 
Electronic Devices (IEDs) in a Substation.

The DNP Users Group maintains and publishes DNP3 standards. See the DNP 
Users Group website, www.dnp.org, for more information on standards, 
implementers, and tools for working with DNP3.

DNP3 Specifications DNP3 is a feature-rich protocol with many ways to accomplish tasks, defined 
in an eight-volume series of specifications. Volume 8 of the specification, 
called the Interoperability Specification, simplifies DNP3 implementation by 
providing four standard interoperable implementation levels. The levels are 
listed in Table D.1.
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Each level is a proper superset of the previous lower-numbered level. A 
higher-level device can act as a master to a lower-level device, but can only 
use the data types and functions implemented in the lower level device. For 
example, a typical SCADA master is a Level 3 device and can use Level 2 (or 
lower) functions to poll a Level 2 (or lower) device for Level 2 (or lower) data. 
Similarly, a lower-level device can poll a higher-level device, but the lower 
level device can only access the features and data available to its level.

In addition to the eight-volume DNP3 specification, the protocol is further 
refined by conformance requirements, optional features, and a series of 
technical bulletins. The technical bulletins supplement the specifications with 
discussions and examples of specific features of DNP3.

Data Handling
Objects

DNP3 uses a system of data references called objects, defined by the Basic 4 
standard object library. Each subset level specification requires a minimum 
implementation of object types and recommends several optional object types. 
DNP3 object types, commonly referred to as objects, are specifications for the 
type of data the object carries. An object can include a single value or more 
complex data. Some objects serve as shorthand references for special 
operations, including collections of data, time synchronization, or even all 
data within the DNP3 device.

If there can be more than one instance of a type of object, then each instance 
of the object includes an index that makes it unique. For example, each binary 
status point (Object 1) has an index. If there are 16 binary status points, these 
points are Object 1, Index 0 through Object 1, Index 15.

Each object also includes multiple versions called variations. For example, 
Object 1 (binary inputs) has three variations: 0, 1, and 2. You can use variation 
0 to request all variations, variation 1 to specify binary input values only, and 
variation 2 to specify binary input values with status information. 

Each DNP3 device has both a list of objects and a map of object indices. The 
list of objects defines the available objects, variations, and qualifier codes. The 
map defines the indices for objects that have multiple instances and defines 
what data or control points correspond with each index.

A master initiates all DNP3 message exchanges except unsolicited data. 
DNP3 terminology describes all points from the perspective of the master. 
Binary points for control that move from the master to the outstation are called 
Binary Outputs, while binary status points within the outstation are called 
Binary Inputs.

Table D.1 DNP3 Implementation Levels

Level Description Equipment Types

1 Simple: limited communication requirements Meters, simple IEDs

2 Moderately complex: monitoring and metering 
devices and multifunction devices that contain 
more data

Protective relays, RTUs

3 Sophisticated: devices with great amounts of data 
or complex communication requirements

Large RTUs, SCADA mas-
ters

4 Enhanced: additional data types and functionality 
for more complex requirements

Large RTUs, SCADA mas-
ters
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Function Codes
Each DNP3 message includes a function code. Each object has a limited set of 
function codes that a master may use to manipulate the object. The object 
listing for the device shows the permitted function codes for each type of 
object. The most common DNP3 function codes are listed in Table D.2.

Qualifier Codes and Ranges
DNP3 masters use qualifier codes and ranges to make requests for specific 
objects by index. Qualifier codes specify the style of range, and the range 
specifies the indices of the objects of interest. DNP3 masters use qualifier 
codes to compose the shortest, most concise message possible when 
requesting points from a DNP3 outstation.

For example, the qualifier code 01 specifies that the request for points will 
include a start address and a stop address. Each of these two addresses uses 
two bytes. An example request using qualifier code 01 might have the four 
hexadecimal byte range field, 00h 04h 00h 10h, which specifies points in the 
range 4 to 16.

Access Methods DNP3 has many features that help obtain maximum possible message 
efficiency. DNP3 masters use special objects, variations, and qualifiers that 
reduce the message size to send requests with the least number of bytes. Other 
features eliminate the continual exchange of static (unchanging) data values. 
These features optimize use of bandwidth and maximize performance over a 
connection of any speed.

DNP3 event data collection eliminates the need to use bandwidth to transmit 
values that have not changed. Event data are time-stamped records that show 
when observed measurements changed. For binary points, the remote device 
(DNP3 outstation) logs changes from logical 1 to logical 0 and from logical 0 
to logical 1. For analog points, the outstation device logs changes that exceed 
a deadband. DNP3 outstation devices collect event data in a buffer that either 
the master can request or the device can send to the master without a request 
message. Data sent from the outstation to the master without a polling request 
are called unsolicited data.

DNP3 data fit into one of four event classes: 0, 1, 2, or 3. Class 0 is reserved 
for reading the present value data (static data). Classes 1, 2, and 3 are event 
data classes. The meaning of Classes 1 to 3 is arbitrary and defined by the 
application at hand. With outstations that contain great amounts of data or in 
large systems, the three event classes provide a framework for prioritizing 
different types of data. For example, you can poll once a minute for Class 1 
data, once an hour for Class 2 data, and once a day for Class 3 data.

Table D.2 Selected DNP3 Function Codes

Function 
Code

Function Description

1 Read Request data from the outstation

2 Write Send data to the outstation

3 Select First part of a Select Before Operate operation

4 Operate Second part of a Select Before Operate operation

5 Direct operate One-step operation with reply

6 Direct operate, no reply One-step operation with no reply
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DNP3 also supports static polling: simple polling of the present value of data 
points within the outstation. By combining event data, unsolicited polling, and 
static polling, you can operate your system in one of the four access methods 
shown in Table D.3.

The access methods listed in Table D.3 are listed in order of increasing 
communication efficiency. With various trade-offs, each method is less 
demanding of communication bandwidth than the previous one. For example, 
unsolicited report-by-exception consumes less communication bandwidth 
than polled report-by-exception because that method does not require polling 
messages from the master. To properly evaluate which access method provides 
optimum performance for your application, you must also consider overall 
system size and the volume of data communication expected.

Binary Control 
Operations

DNP3 masters use Object 12, control device output block, to perform DNP3 
binary control operations. The control device output block has both a trip/
close selection and a code selection. The trip/close selection allows a single 
DNP3 index to operate two related control points such as trip and close or 
raise and lower. Trip/close pair operation is not recommended for new DNP3 
devices, but is often included for interoperability with older DNP3 master 
implementations.

The control device output block code selection specifies either a latch or pulse 
operation on the point. In many cases, DNP3 outstations have only a limited 
subset of the possible combinations of the code field. Sometimes, DNP3 
outstations assign special operation characteristics to the latch and pulse 
selections. Table D.12 describes control point operation for the SEL-751A.

Conformance Testing In addition to the protocol specifications, the DNP Users Group has approved 
conformance-testing requirements for Level 1 and Level 2 devices. Some 
implementers perform their own conformance specification testing, while 
some contract with independent companies to perform conformance testing.

Conformance testing does not always guarantee that a master and outstation 
will be fully interoperable (that is, work together properly for all implemented 
features). Conformance testing does help to standardize the testing procedure 
and move the DNP3 implementers toward a higher level of interpretability.

Table D.3 DNP3 Access Methods

Access Method Description

Polled static Master polls for present value (Class 0) data only

Polled report-by-exception Master polls frequently for event data and occasionally 
for Class 0 data

Unsolicited report-by-exception Outstation devices send unsolicited event data to the 
master, and the master occasionally polls for Class 0 
data

Quiescent Master never polls and relies on unsolicited reports 
only
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DNP3 Serial 
Network Issues

Data Link Layer Operation

DNP3 employs a three-layer version of the seven-layer OSI (Open Systems 
Interconnect) model called the enhanced performance architecture. The layer 
definition helps to categorize functions and duties of various software 
components that make up the protocol. The middle layer, the Data Link Layer, 
includes several functions for error checking and media access control.

A feature called data link confirmation is a mechanism that provides positive 
confirmation of message receipt by the receiving DNP3 device. While this 
feature helps you recognize a failed device or failed communications link 
quickly, it also adds significant overhead to the DNP3 conversation. You 
should consider whether you require this link integrity function in your 
application at the expense of overall system speed and performance.

The DNP3 technical bulletin (DNP Confirmation and Retry Guidelines 9804-
002) on confirmation processes recommends against using data link 
confirmations because these processes can add to traffic in situations where 
communications are marginal. The increased traffic will reduce connection 
throughput further, possibly preventing the system from operating properly.

Network Medium Contention
When more than one device requires access to a single (serial) network 
medium, you must provide a mechanism to resolve the resulting network 
medium contention. For example, unsolicited reporting results in network 
medium contention if you do not design your serial network as a star topology 
of point-to point connections or use carrier detection on a multidrop network.

To avoid collisions among devices trying to send messages, DNP3 includes a 
collision avoidance feature. Before sending a message, a DNP3 device listens 
for a carrier signal to verify that no other node is transmitting data. The device 
transmits if there is no carrier or waits for a random time before transmitting. 
However, if two nodes both detect a lack of carrier at the same instant, these 
two nodes could begin simultaneous transmission of data and cause a data 
collision. If your serial network allows for spontaneous data transmission 
including unsolicited event data transmissions, you also must use application 
confirmation to provide a retry mechanism for messages lost as a result of data 
collisions.

DNP3 LAN/WAN 
Overview

The main process for carrying DNP3 over an Ethernet Network (LAN/WAN) 
involves encapsulating the DNP3 data link layer data frames within the 
transport layer frames of the Internet Protocol (IP) suite. This allows the IP 
stack to deliver the DNP3 data link layer frames to the destination in place of 
the original DNP3 physical layer.

The DNP User Group Technical Committee has recommended the following 
guidelines for carrying DNP3 over a network:

NOTE: Link layer confirmations are 
explicitly disabled for DNP3 LAN/
WAN. The IP suite provides a reliable 
delivery mechanism, which is backed 
up at the application layer by 
confirmations when necessary.

➤ DNP3 shall use the IP suite to transport messages over a LAN/
WAN

➤ Ethernet is the recommended physical link, though others may 
be used

➤ TCP must be used for WANs

➤ TCP is strongly recommended for LANs
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➤ User Datagram Protocol (UDP) may be used for highly reliable 
single segment LANs

➤ UDP is necessary if you need broadcast messages

➤ The DNP3 protocol stack shall be retained in full

➤ Link layer confirmations shall be disabled

The Technical Committee has registered a standard port number, 20000, for 
DNP3 with the Internet Assigned Numbers Authority (IANA). Use this port 
for either TCP or UDP.

TCP/UDP Selection
The Committee recommends the selection of TCP or UDP protocol as per the 
guidelines in Table D.4.

DNP3 in the SEL-751A
The SEL-751A is a DNP3 Level 2 remote (outstation) device without dual end 
point.

Data Access Table D.5 lists DNP3 data access methods along with corresponding 
SEL-751A settings. You must select a data access method and configure each 
DNP3 master for polling as specified.

Table D.4 TCP/UDP Selection Guidelines

Use in the case of… TCP UDP

Most situations X

Non-broadcast or multicast X

Mesh Topology WAN X

Broadcast X

Multicast X

High-reliability single-segment LAN X

Pay-per-byte, non-mesh WAN, for example, Cellular Digital Packet Data 
(CDPD)

X

Low priority data, for example, data monitor or configuration information X

Table D.5 DNP3 Access Methods (Sheet 1 of 2)

Access Method Master Polling SEL-751A Settings

Polled static Class 0 Set ECLASSBn, ECLASSCn, 
ECLASSAn to 0; UNSOLn to No

Polled report-
by-exception

Class 0 occasionally, 
Class 1, 2, 3 frequently

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; UNSOLn to No

NOTE: Because unsolicited 
messaging is problematic in most 
circumstances, SEL recommends 
using the polled report-by-exception 
access method to maximize 
performance and minimize risk of 
configuration problems. 

NOTE: In the settings in Table D.5, 
the suffix n represents the DNP3 
session number from 1 to 3. All 
settings with the same numerical 
suffix comprise the complete DNP3 
session configuration.
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The SEL-751A is an outstation device without dual end point. For a TCP 
connection, the relay sends out unsolicited messages only if a DNP3 master 
has already established a session and enabled unsolicited messaging for that 
session. However, for a serial/modem/UDP connection, the relay 
automatically dials out and sends unsolicited messages as defined by the 
settings.

In both the unsolicited report-by-exception and quiescent polling methods 
shown in Table D.5, you must make a selection for the PUNSOLn setting. 
This setting enables or disables unsolicited data reporting at power up. If your 
DNP3 master can send a message to enable unsolicited reporting on the 
SEL-751A, you should set PUNSOLn to No.

While automatic unsolicited data transmission on power up is convenient, this 
can cause problems if your DNP3 master is not prepared to start receiving data 
immediately on power up. If the master does not acknowledge the unsolicited 
data with an Application Confirm, the device will resend the information until 
it is acknowledged. On a large system, or in systems where the processing 
power of the master is limited, you may have problems when several devices 
simultaneously begin sending data and waiting for acknowledgment 
messages.

The SEL-751A allows you to set the conditions for transmitting unsolicited 
event data on a class-by-class basis. It also allows you to assign points to event 
classes on a point-by-point basis (see DNP3 Documentation on page D.14). 
You can prioritize data transmission with these event class features. For 
example, you might place high-priority points in event class 1 and set it with 
low thresholds (NUMEVEn and AGEEVEn settings) so that changes to these 
points will be sent to the master quickly. You may then place low priority data 
in event class 2 with higher thresholds.

If the SEL-751A does not receive an Application Confirm in response to 
unsolicited data, it will wait for ETIMEOn seconds and then repeat the 
unsolicited message. To prevent clogging of the network with unsolicited data 
retries, the SEL-751A uses the URETRYn and UTIMEOn settings to increase 
retry time when the number of retries set in URETRYn is exceeded. After 
URETRYn has been exceeded, the SEL-751A pauses UTIMEOn seconds and 
then transmits the unsolicited data again. Figure D.1 provides an example with 
URETRYn = 2.

Unsolicited report-
by-exception

Class 0 occasionally, 
optional Class 1, 2, 3 less 
frequently; mainly relies 
on unsolicited messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; set UNSOLn to Yes and 
PUNSOLn to Yes or No

Quiescent Class 0, 1, 2, 3 never; 
relies completely on 
unsolicited messages

Set ECLASSBn, ECLASSCn, 
ECLASSAn to the necessary event 
class; set UNSOLn and PUNSOLn to 
Yes.

Table D.5 DNP3 Access Methods (Sheet 2 of 2)

Access Method Master Polling SEL-751A Settings
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Figure D.1 Application Confirmation Timing With URETRY n = 2

Collision Avoidance If your application uses unsolicited reporting on a serial network, you must 
select a half-duplex medium or a medium that includes carrier detection to 
avoid data collisions. EIA-485 two-wire networks are half-duplex. EIA-485 
four-wire networks do not provide carrier detection, while EIA-232 systems 
can support carrier detection. DNP3 LAN/WAN uses features of the IP suite 
for collision avoidance, so does not require these settings.

The SEL-751A uses Application Confirmation messages to guarantee delivery 
of unsolicited event data before erasing the local event data buffer. Data 
collisions are typically resolved when messages are repeated until confirmed.

The SEL-751A pauses for a random delay between the settings MAXDLY and 
MINDLY when it detects a carrier through data on the receive line or the CTS 
pin. For example, if you use the settings of 0.10 seconds for MAXDLY and 
0.05 seconds for MINDLY, the SEL-751A will insert a random delay of 50 to 
100 ms (milliseconds) between the end of carrier detection and the start of 
data transmission (see Figure D.2).

Figure D.2 Message Transmission Timing

Transmission Control If you use a media transceiver (for example, EIA-232 to EIA-485) or a radio 
system for your DNP3 network, you may need to adjust data transmission 
properties. Use the PREDLY and POSTDLY settings to provide a delay 
between RTS signal control and data transmission (see Figure D.2). For 
example, an EIA-485 transceiver typically requires 10 to 20 ms to change 
from receive to transmit. If you set the pre-delay to 30 ms, you will avoid data 
loss resulting from data transmission beginning at the same time as RTS signal 
assertion.

Event Data DNP3 event data objects contain change-of-state and time-stamp information 
that the SEL-751A collects and stores in a buffer. Points assigned in the 
Binary Input Map that are also assigned in the Sequential Events Recorder 
(SER) settings carry the time stamp of actual occurrence. Binary input points 
not assigned in the SER settings will carry a time stamp based on the DNP 
map scan time. This may be significantly delayed from when the original 
source changed and should not be used for sequence-of-events determination. 
The DNP map is scanned approximately once per second to generate events. 

RX DATA
(Event Data Confirmation)

TX DATA

ETIMEOn

Retry RetryRetry

Confirmation

UTIMEOn

UTIMEOnETIMEOn

Receipt of RX 
DATA or CTS

Random Delay
MINDLY to MAXDLY

RTS

TX DATA
PREDLY PSTDLY

NOTE: PREDLY and POSTDLY 
settings are only available for EIA-232 
and EIA-485 serial port sessions.
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You can configure the SEL-751A to either report the data without a polling 
request from the master (unsolicited data) or hold the data until the master 
requests the data with an event poll message.

With the event class settings ECLASSBn, ECLASSCn, and ECLASSAn, you 
can set the event class for binary, counter, and analog inputs for session n. You 
can use the classes as a simple priority system for collecting event data. The 
SEL-751A does not treat data of different classes differently with respect to 
message scanning, but it does allow the master to perform independent class 
polls.

NOTE: Most RTUs that act as 
substation DNP3 masters perform an 
event poll that collects event data of 
all classes simultaneously. You must 
confirm that the polling configuration 
of your master allows independent 
polling for each class before 
implementing separate classes in the 
SEL-751A.

For event data collection you must also consider and enter appropriate settings 
for deadband and scaling operation on analog points shown in Table D.7. You 
can either:

➤ set and use default deadband and scaling according to data 
type, or 

➤ use a custom data map to select deadbands on a point-by-point 
basis.

See DNP3 Documentation on page D.14 for a discussion of how to set scaling 
and deadband operation on a point-by-point basis. You can modify deadbands 
for analog inputs at run-time by writing to Object 34.

The settings ANADBAn, ANADBVn, and ANADBMn control default dead-
band operation for each type of analog data. Because DNP3 Objects 30 and 32 
use integer data, you must use scaling to send digits after the decimal point 
and avoid rounding to a simple integer value.

With no scaling, the value of 12.632 would be sent as 12. With a scaling 
setting of 1, the value transmitted is 126. With a scaling setting of 3, the value 
transmitted is 12632. You must make certain that the maximum value does not 
exceed 32767 if you are polling the default 16-bit variations for Objects 30 
and 32, but you can send some decimal values by using this technique. You 
must also configure the master to perform the appropriate division on the 
incoming value to display it properly.

You can set the default analog value scaling with the DECPLAn, DECPLVn, 
and DECPLMn settings. Application of event reporting deadbands occurs 
after scaling. For example, if you set DECPLAn to 2 and ANADBAn to 10, a 
measured current of 10.14 A would be scaled to the value 1014 and would 
have to increase to more than 1024 or decrease to less than 1004 (a change in 
magnitude of ± 0.1 A) for the device to report a new event value.

The SEL-751A uses the NUMEVEn and AGEEVEn settings to decide when 
to send unsolicited data to the master. The device sends an unsolicited report 
when the total number of events accumulated in the event buffer for master n 
reaches NUMEVEn. The device also sends an unsolicited report if the age of 
the oldest event in the master n buffer exceeds AGEEVEn. The SEL-751A has 
the buffer capacities listed in Table D.6.
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Binary Controls The SEL-751A provides more than one way to control individual points. The 
SEL-751A maps incoming control points either to remote bits or to internal 
command bits that cause circuit breaker operations. Table D.12 lists control 
points and control methods available in the SEL-751A.

A DNP3 technical bulletin (Control Relay Output Block Minimum 
Implementation 9701-002) recommends that you use one point per Object 12, 
control block output device. You can use this method to perform Pulse On, 
Pulse Off, Latch On, and Latch Off operations on selected remote bits.

If your master does not support the single-point-per-index messages or single 
operation database points, you can use the trip/close operation or use the code 
field in the DNP3 message to specify operation of the points shown in Control 
Point Operation on page D.23.

Time Synchronization The accuracy of DNP3 time synchronization is insufficient for most protection 
and oscillography needs. DNP3 time synchronization provides backup time 
synchronization in the event the device loses primary synchronization through 
the IRIG-B input. You can enable time synchronization with the TIMERQn setting 
and then use Object 50, Variation 1, and Object 52, Variation 2, to set the time via the 
Session n DNP3 master (Object 50, variation 3 for DNP3 LAN/WAN).

By default, the SEL-751A accepts and ignores time set requests 
(TIMERQn = I for “ignore”). (This mode allows the SEL-751A to use a high 
accuracy, IRIG time source, but still interoperate with DNP3 masters that send 
time-synchronization messages.) You can set the SEL-751A to request time 
synchronization periodically by setting the TIMERQn setting to the necessary 
period. You can also set it to not request, but accept time synchronization 
(TIMERQn = M for “master”).

Modem Support The SEL-751A DNP implementation includes modem support for serial ports. 
Your DNP3 master can dial-in to the SEL-751A and establish a DNP3 
connection. The SEL-751A can automatically dial out and deliver unsolicited 
DNP3 event data.

When the device dials out, it waits for the “CONNECT” message from the 
local modem and for assertion of the device CTS line before continuing the 
DNP transaction. This requires a connection from the modem DCD to the 
device CTS line.

NOTE: Contact SEL for information 
on serial cable configurations and 
requirements for connecting your 
SEL-751A to other devices.

You can either connect the modem to a computer and configure it before 
connecting it to the SEL-751A, or program the appropriate modem setup 
string in the modem startup string setting MSTR. You should use the 
PH_NUM1 and (optional) PH_NUM2 settings to set the phone numbers that 
you want the SEL-751A to call. The SEL-751A will automatically send the 
ATDT modem dial command and then the contents of the PH_NUM1 setting 
when dialing the modem. If PH_NUM2 is set, use the RETRY1 setting to 
configure the number of times the SEL-751A tries to dial PH_NUM1 before 
dialing PH_NUM2. Similarly, the RETRY2 setting is the number of attempts 

Table D.6 SEL-751A Event Buffer Capacity

Type Maximum Number of Events

Binary 1024

Analog 100

Counters 32

NOTE: To enable hardware 
handshaking, set the modem settings 
for the selected port equal to Y if you 
are using a null modem cable for DNP 
protocol implementation.
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the SEL-751A tries to dial PH_NUM2 before trying PH_NUM1. MDTIME 
sets the length of time from initiating the call to declaring it failed because of 
no connection, and MDRET sets the time between dial-out attempts.

NOTE: RTS/CTS hardware flow 
control is not available for a DNP3 
modem connection. You must use 
either X-ON/X-OFF software flow 
control or set the port data speed 
slower than the effective data rate of 
the modem.

The settings PH_NUM1 and PH_NUM2 must conform to the AT modem 
command set dialing string standard, including:

➤ A comma (,) inserts a four second pause

➤ If necessary, use a 9 to reach an outside line

➤ Include a 1 and the area code if the number requires long 
distance access

➤ Add any special codes your telephone service provider designates 
to block call waiting and other telephone line features.

DNP3 Settings The DNP3 port configuration settings available on the SEL-751A are shown 
in Table D.7. You can enable DNP3 on Ethernet PORT 1 or on any of the serial 
Ports 2 through 4, for a maximum of three concurrent DNP3 sessions. Each 
session defines the characteristics of the connected DNP3 Master to which 
you assign one of the three available custom maps. 

Some settings only apply to serial DNP3 and are visible only when 
configuring a serial port. Likewise, some settings only apply to DNP3 LAN/
WAN, and are visible only when configuring the Ethernet Port.

For example, you only have the ability to define multiple sessions on Port 1, 
the Ethernet port. The IP address for each session must be unique. 

Table D.7 Port DNP3 Protocol Settings (Sheet 1 of 2)

Name Description Range Default

EDNPa Enable DNP3 Sessions 0–3 0

DNPNUMa DNP3 TCP and UDP Port 1–65534 20000

DNPADR Device DNP3 address 0–65534 0

Session 1 Settings

DNPIP1a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR1a Transport protocol UDP, TCP TCP

DNPUDP1a UDP response port REQ, 1–65534 20000

REPADR1 DNP3 address of the Master to send messages to 0–65519 1

DNPMAP1 DNP3 Session Custom Map 1–3 1

DVARAI1 Analog Input Default Variation 1–6 4

ECLASSB1 Class for binary event data, 0 disables 0–3 1

ECLASSC1 Class for counter event data, 0 disables 0–3 0

ECLASSA1 Class for analog event data, 0 disables 0–3 2

DECPLA1 Decimal places scaling for Current data 0–3 1

DECPLV1 Decimal places scaling for Voltage data 0–3 1

DECPLM1 Decimal places scaling for Miscellaneous data 0–3 1

ANADBA1 Analog reporting deadband for current; hidden if ECLASSA1 set to 0 0–32767 100

ANADBV1 Analog reporting deadband for voltages; hidden if ECLASSA1 set to 0 0–32767 100

ANADBM1 Analog reporting deadband for miscellaneous analogs; hidden if ECLASSA and 
ECLASSC set to 0

0–32767 100
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TIMERQ1 Time-set request interval, minutes (M = Disables time sync requests, but still accepts and 
applies time syncs from Master; I = Ignores (does not apply) time syncs from Master)

I, M, 1–32767 I

STIMEO1 Select/operate time-out, seconds 0.0–30.0 1.0

DNPINA1a,b Send Data Link Heartbeat, seconds; hidden if DNPTR1 set to UDP 0.0–7200 120

DRETRY1c Data link retries 0–15 3

DTIMEO1c Data link time-out, seconds; hidden if DRETRY1 set to 0 0.0–5.0 1

ETIMEO1 Event message confirm time-out, seconds 1–50 5

UNSOL1 Enable unsolicited reporting; hidden and set to N if ECLASSB1, ECLASSC1, and 
ECLASSA1 set to 0

Y, N N

PUNSOL1 Enable unsolicited reporting at power up; hidden and set to N if UNSOL1 set to N Y, N N

NUMEVE1d Number of events to transmit on 1–200 10

AGEEVE1d Oldest event to transmit on, seconds 0.0–99999.0 2.0

URETRY1d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO1d Unsolicited messages offline time-out, seconds 1–5000 60

Session 2 Settings

DNPIP2a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR2a Transport protocol UDP, TCP TCP

·
·
·

URETRY2a,d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO2a,d Unsolicited messages offline time-out, seconds 1–5000 60

Session 3 Settings

DNPIP3a IP address (zzz.yyy.xxx.www) 15 characters “”

DNPTR3a Transport protocol UDP, TCP TCP

·
·
·

URETRY3a,d Unsolicited messages maximum retry attempts 2–10 3

UTIMEO3a,d Unsolicited messages offline time-out, seconds 1–5000 60

Serial Port Settings

MINDLYc Minimum delay from DCD to TX, seconds 0.00–1.00 0.05

MAXDLYc Maximum delay from DCD to TX, seconds 0.00–1.00 0.10

PREDLYc Settle time from RTS on to TX; Off disables PSTDLY OFF, 0.00–30.00 0.00

PSTDLYc Settle time from TX to RTS off; hidden if PREDLY set to Off 0.00–30.00 0.00

a Available only on Ethernet ports. The DNP IP Address of each session (DNPIP1, DNPIP2, etc.) must be unique.
b DNPINAn (n = 1–3) allows you to set the wait time to detect a bad TCP connection. The relay closes the unused TCP connection after the 

DNPINAn response timeout. Set this value to be less than 20 seconds. Disabling DNPINAn violates the DNP3 standard and should only be 
done for testing.

c Available only on serial ports.
d Hidden if UNSOLn set to N.

Table D.7 Port DNP3 Protocol Settings (Sheet 2 of 2)

Name Description Range Default



D.13

Date Code 20220610 Instruction Manual SEL-751A Relay

DNP3 Communications
DNP3 in the SEL-751A

The modem settings in Table D.8 are only available for DNP3 serial port sessions.

Table D.8 Serial Port DNP3 Modem Settings 

Name Description Range Default

MODEM Modem connected to port; all following 
settings are hidden if MODEM set to N

Y, N N

MSTR Modem startup string As many 
as 30

characters

“E0X0&D0S0 = 4”

PH_NUM1 Primary phone number for dial-out As many 
as 30

characters

“”

PH_NUM2 Secondary phone number for dial-out As many 
as 30 

characters

“”

RETRY1 Retry attempts for primary dial-out; hid-
den and unused if PH_NUM2 set to “”

1–20 5

RETRY2 Retry attempts for secondary dial-out; 
hidden and unused if PH_NUM2 set to “”

1–20 5

MDTIME Time from initiating call to failure result-
ing from no connection, seconds

5–300 60

MDRET Time between dial-out attempts 5–3600 120
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DNP3 Documentation
Object List Table D.9 lists the objects and variations with supported function codes and 

qualifier codes available in the SEL-751A. The list of supported objects 
conforms to the format laid out in the DNP specifications and includes both 
supported and unsupported objects for DNP3 implementation Level 2 and 
above and non-supported objects for DNP3 implementation Level 2 only. 
Those that are supported include the function and qualifier codes. The objects 
that are not supported are shown without any corresponding function and 
qualifier codes.

Table D.9 SEL-751A DNP Object List (Sheet 1 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

0 211 Device Attributes—User-specific sets of attributes 1 0 129 0,17

0 212 Device Attributes—Master data set prototypes 1 0 129 0,17

0 213 Device Attributes—Outstation data set prototypes 1 0 129 0,17

0 214 Device Attributes—Master data sets 1 0 129 0,17

0 215 Device Attributes—Outstation data sets 1 0 129 0,17

0 216 Device Attributes—Max binary outputs per request 1 0 129 0,17

0 219 Device Attributes—Support for analog output events 1 0 129 0,17

0 220 Device Attributes—Max analog output index 1 0 129 0,17

0 221 Device Attributes—Number of analog outputs 1 0 129 0,17

0 222 Device Attributes—Support for binary output events 1 0 129 0,17

0 223 Device Attributes—Max binary output index 1 0 129 0,17

0 224 Device Attributes—Number of binary outputs 1 0 129 0,17

0 225 Device Attributes—Support for frozen counter events 1 0 129 0,17

0 226 Device Attributes—Support for frozen counters 1 0 129 0,17

0 227 Device Attributes—Support for counter events 1 0 129 0,17

0 228 Device Attributes—Max counter index 1 0 129 0,17

0 229 Device Attributes—Number of counters 1 0 129 0,17

0 230 Device Attributes—Support for frozen analog inputs 1 0 129 0,17

0 231 Device Attributes—Support for analog input events 1 0 129 0,17

0 232 Device Attributes—Max analog input index 1 0 129 0,17

0 233 Device Attributes—Number of analog inputs 1 0 129 0,17

0 234 Device Attributes—Support for double-bit events 1 0 129 0,17

0 235 Device Attributes—Max double-bit binary index 1 0 129 0,17

0 236 Device Attributes—Number of double-bit binaries 1 0 129 0,17

0 237 Device Attributes—Support for binary input events 1 0 129 0,17

0 238 Device Attributes—Max binary input index 1 0 129 0,17

0 239 Device Attributes—Number of binary inputs 1 0 129 0,17

0 240 Device Attributes—Max transmit fragment size 1 0 129 0,17

0 241 Device Attributes—Max receive fragment size 1 0 129 0,17

0 242 Device Attributes—Device manufacturer’s software 
version

1 0 129 0,17
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0 243 Device Attributes—Device manufacturer’s hardware 
version

1 0 129 0,17

0 245 Device Attributes—User-assigned location name 1 0 129 0,17

0 246 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 247 Device Attributes—User assigned ID code/number 1 0 129 0,17

0 248 Device Attributes—Device serial number 1 0 129 0,17

0 249 Device Attributes—DNP subset and conformance 1 0 129 0,17

0 250 Device Attributes—Device manufacturer’s product 
name and model

1 0 129 0,17

0 252 Device Attributes—Device manufacturer's name 1 0 129 0,17

0 254 Device Attributes—Non-specific all attributes request 1 0 129 0,17

0 255 Device Attributes—List of attribute variations 1 0 129 0,17

1 0 Binary Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

1 1 Binary Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

1 2e Binary Input With Status 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

2 0 Binary Input Change—All Variations 1 6, 7, 8

2 1 Binary Input Change Without Time 1 6, 7, 8 129 17, 28

2 2e Binary Input Change With Time 1 6, 7, 8 129, 130 17, 28

2 3 Binary Input Change With Relative Time 1 6, 7, 8 129 17, 28

10 0 Binary Output—All Variations 1 0, 1, 6, 7, 8

10 1 Binary Output

10 2e Binary Output Status 1 0, 1, 6, 7, 8 129 0, 1

12 0 Control Block—All Variations

12 1 Control Relay Output Block 3, 4, 5, 6 17, 28 129 echo of request

12 2 Pattern Control Block 3, 4, 5, 6 7 129 echo of request

12 3 Pattern Mask 3, 4, 5, 6 0, 1 129 echo of request

20 0 Binary Counter—All Variations 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28

20 1 32-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 2 16-Bit Binary Counter 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 3 32-Bit Delta Counter

20 4 16-Bit Delta Counter

20 5 32-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 6e 16-Bit Binary Counter Without Flag 1, 7, 8, 9, 10 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

20 7 32-Bit Delta Counter Without Flag

20 8 16-Bit Delta Counter Without Flag

21 0 Frozen Counter—All Variations

21 1 32-Bit Frozen Counter

21 2 16-Bit Frozen Counter

21 3 32-Bit Frozen Delta Counter

21 4 16-Bit Frozen Delta Counter

Table D.9 SEL-751A DNP Object List (Sheet 2 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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21 5 32-Bit Frozen Counter With Time of Freeze

21 6 16-Bit Frozen Counter With Time of Freeze

21 7 32-Bit Frozen Delta Counter With Time of Freeze

21 8 16-Bit Frozen Delta Counter With Time of Freeze

21 9 32-Bit Frozen Counter Without Flag

21 10 16-Bit Frozen Counter Without Flag

21 11 32-Bit Frozen Delta Counter Without Flag

21 12 16-Bit Frozen Delta Counter Without Flag

22 0 Counter Change Event—All Variations 1 6, 7, 8

22 1 32-Bit Counter Change Event Without Time 1 6, 7, 8 129 17, 28

22 2e 16-Bit Counter Change Event Without Time 1 6, 7, 8 129, 130 17, 28

22 3 32-Bit Delta Counter Change Event Without Time

22 4 16-Bit Delta Counter Change Event Without Time

22 5 32-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 6 16-Bit Counter Change Event With Time 1 6, 7, 8 129 17, 28

22 7 32-Bit Delta Counter Change Event With Time

22 8 16-Bit Delta Counter Change Event With Time

23 0 Frozen Counter Event—All Variations

23 1 32-Bit Frozen Counter Event Without Time

23 2 16-Bit Frozen Counter Event Without Time

23 3 32-Bit Frozen Delta Counter Event Without Time

23 4 16-Bit Frozen Delta Counter Event Without Time

23 5 32-Bit Frozen Counter Event With Time

23 6 16-Bit Frozen Counter Event With Time

23 7 32-Bit Delta Counter Change Event With Time

23 8 16-Bit Delta Counter Change Event With Time

30f 0 Analog Input—All Variations 1 0, 1, 6, 7, 8, 17, 28

30f 1 32-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 2 16-Bit Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 3 32-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 4 16-Bit Analog Input Without Flag 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 5 Short Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

30f 6 Long Floating Point Analog Input 1 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

31 0 Frozen Analog Input—All Variations

31 1 32-Bit Frozen Analog Input

31 2 16-Bit Frozen Analog Input

31 3 32-Bit Frozen Analog Input With Time of Freeze

31 4 16-Bit Frozen Analog Input With Time of Freeze

31 5 32-Bit Frozen Analog Input Without Flag

Table D.9 SEL-751A DNP Object List (Sheet 3 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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31 6 16-Bit Frozen Analog Input Without Flag

31 7 Short Floating Point Frozen Analog Input

31 8 Long Floating Point Frozen Analog Input

32f 0 Analog Change Event—All Variations 1 6, 7, 8

32f 1 32-Bit Analog Change Event Without Time 1 6, 7, 8 129 17, 28

32f 2 16-Bit Analog Change Event Without Time 1 6, 7, 8 129, 130 17, 28

32f 3 32-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 4 16-Bit Analog Change Event With Time 1 6, 7, 8 129 17, 28

32f 5 Short Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 6 Long Floating Point Analog Change Event 1 6, 7, 8 129 17, 28

32f 7 Short Floating Point Analog Change Event 
With Time

1 6, 7, 8 129 17, 28

32f 8 Long Floating Point Analog Change Event 
With Time

1 6, 7, 8 129 17, 28

33 0 Frozen Analog Event—All Variations

33 1 32-Bit Frozen Analog Event Without Time

33 2 16-Bit Frozen Analog Event Without Time

33 3 32-Bit Frozen Analog Event With Time

33 4 16-Bit Frozen Analog Event With Time

33 5 Short Floating Point Frozen Analog Event

33 6 Long Floating Point Frozen Analog Event

33 7 Short Floating Point Frozen Analog Event With Time

33 8 Long Floating Point Frozen Analog Event With Time

34 0 Analog Deadband—All Variations

34 1e 16-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 2 32-Bit Analog Input Reporting Deadband Object 1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

34 3 Floating Point Analog Input Reporting Deadband 
Object

1, 2 0, 1, 6, 7, 8, 17, 28 129 0, 1, 17, 28

40 0 Analog Output Status—All Variations 1 0, 1, 6, 7, 8 129

40 1 32-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 2e 16-Bit Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 3 Short Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

40 4 Long Floating Point Analog Output Status 1 0, 1, 6, 7, 8 129 0, 1, 17, 28

41 0 Analog Output Block—All Variations

41 1 32-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 2e 16-Bit Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

41 3 Short Floating Point Analog Output Block 3, 4, 5, 6 17, 28 129 echo of request

50 0 Time and Date—All Variations

50 1 Time and Date 1, 2 7, 8 index = 0 129 07, 
quantity = 1

Table D.9 SEL-751A DNP Object List (Sheet 4 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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50 2 Time and Date With Interval

50 3 Time and Date Last Recorded 2 7 quantity =  1 129

51 0 Time and Date CTO—All Variations

51 1 Time and Date CTO

51 2 Unsynchronized Time and Date CTO 129 07, 
quantity = 1

52 0 Time Delay—All Variations

52 1 Time Delay, Coarse

52 2 Time Delay, Fine 129 07, 
quantity = 1

60 0 All Classes of Data 1, 20, 21 6, 7, 8

60 1 Class 0 Data 1, 20, 21 6, 7, 8

60 2 Class 1 Data 1 6, 7, 8

60 3 Class 2 Data 1, 20, 21 6, 7, 8

60 4 Class 3 Data 1, 20, 21 6, 7, 8

70 1 File Identifier

70 2 Authentication Object

70 3 File Command Object

70 4 File Command Status Object

70 5 File Transport Object

70 6 File Transport Status Object

70 7 File Descriptor Object

80 1 Internal Indications 2 0, 1 index = 7

81 1 Storage Object

82 1 Device Profile

83 1 Private Registration Object

83 2 Private Registration Object Descriptor

90 1 Application Identifier

100 1 Short Floating Point

100 2 Long Floating Point

100 3 Extended Floating Point

101 1 Small Packed Binary-Coded Decimal

101 2 Medium Packed Binary-Coded Decimal

101 3 Large Packed Binary-Coded Decimal

110 all Octet String

111 all Octet String Event

112 All Virtual Terminal Output Block

Table D.9 SEL-751A DNP Object List (Sheet 5 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd
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Device Profile The DNP3 Device Profile document, available on the supplied CD or as a 
download from the SEL website, contains the standard device profile 
information for the SEL-751A.This information is also available in XML 
format. Please refer to this document for complete information on DNP3 
Protocol support in the SEL-751A.

Reference Data Map Table D.10 shows the SEL-751A reference data map. The reference map 
shows the data available to a DNP3 master. You can use the default map or the 
custom DNP3 mapping functions of the SEL-751A to retrieve only the points 
necessary for your application.

NOTE: Deadband changes via Object 
34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(STA C) or cold start (power cycle).

The SEL-751A scales analog values by the indicated settings or fixed scaling 
indicated in the description. Analog deadbands for event reporting use the 
indicated settings, or ANADBM if you have not specified a setting.

113 All Virtual Terminal Event Data

N/A No object necessary for the following function codes:

13 cold start

14 warm start

23 delay measurement

13, 14, 23

a Supported in requests from master.
b May generate in response to master.
c Decimal.
d Hexadecimal.
e Default variation.
f Default variation specified by serial port setting DVARAI (or DVARAIn for Ethernet session n [n = 1, 2, or3]).

Table D.9 SEL-751A DNP Object List (Sheet 6 of 6)

Obj. Var. Description

Requesta Responseb

Funct. 
Codesc

Qual. 
Codesd

Funct. 
Codesc

Qual. 
Codesd

Table D.10 DNP3 Reference Data Map (Sheet 1 of 2)

Object Labels Description

Binary Inputs

01, 02 STFAIL Relay diagnostic failure (HALARM is latched)

STWARN Relay diagnostic warning (HALARM is pulsed)

STSET. Relay settings change or restart

Enabled–TLED_06a Relay Word Elements Target Row 0 (see Table J.1)

50A1P–AFS4ELa Relay Word Elements (see Table J.1)

PFL Power Factor Leading for Three-Phase Currents

0 Logical 0

1 Logical 1

Binary Outputs

10,12 RB01–RB32 Remote bits RB01–RB32

10,12 RB01:RB02

RB03:RB04

RB05:RB06

…

RB29:RB30

RB31:RB32

Remote bit pairs RB01–RB32

10,12 OC Pulse Open Circuit Breaker command

NOTE: Although the reference maps 
do not show Relay Word bit labels, you 
can use any Relay Word bit label for 
creating custom maps.
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Default Data Map The default data map is an automatically generated subset of the reference 
map. All data maps are initialized to the default values, based on the 
SEL-751A part number. Table D.11 shows the SEL-751A default data map. If 
the default maps are not appropriate, you can also use the custom DNP 
mapping commands SET DNP and SHOW DNP to create the map necessary 
for your application.

10,12 CC Pulse Close Circuit Breaker command

10,12 OC:CC Open/Close pair for Circuit Breaker

Counters

20, 22 SCxx SELOGIC Counter Values (xx = 01–32)

GROUP Active Settings Group

Analog Inputs

30, 32, 34 IA_MAG–SC32b,c Analog Quantities from Table K.1 with an “x” in 
the DNP column

SER_NUM Serial Number

0 Numeric 0

1 Numeric 1

Analog Outputs

40, 41 GROUP Active Settings Group

NOOP No operation, no error

a Valid Relay Word bits depend on the relay model.
b Valid analog inputs depend on the relay model.
c Refer to Default Analog Inputs for default analog input scaling and deadbands.

Table D.10 DNP3 Reference Data Map (Sheet 2 of 2)

Object Labels Description

Table D.11 DNP3 Default Data Map (Sheet 1 of 2)

Object Default Index Point Label

01, 02 0 ENABLED

1 TRIP_LED

2 TLED_01

3 TLED_02

4 TLED_03

5 TLED_04

6 TLED_05

7 TLED_06

8 STFAIL

9 STSET

10 IN101

11 IN102

12–99 A portion of these binary inputs can have default values as 
described in Default Binary Inputs on page D.21. Outside 
that scope, they contain the value NA.

10, 12 0–31 RB01–RB32 Remote Bits

20, 22 0–31 NA

30, 32, 34 0 IA_MAG
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Default Binary Inputs
The SEL-751A dynamically creates the default Binary Input map after you 
issue an R_S command. The SEL-751A uses the Part Number to determine 
the presence of Digital Input cards in slots 3, 4, and 5. If present, each digital 
input point label, INx0y (where x is the slot number and y is the point), is 
added to the default map in numerical order.

Default Analog Inputs
The SEL-751A dynamically creates the default Analog Input map after you 
issue an R_S command. The SEL-751A first checks for a voltage option in the 
part number, and if voltages are present, adds VAB_MAG, VBC_MAG, 
VCA_MAG, VAVE, 3V2, P, Q, S, and PF to the default DNP map. The 
SEL-751A then uses the Part Number to determine the presence of Analog 
Input cards in slots 3, 4, and 5. If present, the SEL-751A adds each analog 
input point label, AIx0y (where x is the slot and y is the point number), to the 
default map in numerical order to the DNP map.

Device Attributes (Object 0)
Table D.10 includes the supported Object 0 Device Attributes and variations. 
In response to Object 0 requests, the SEL-751A will send attributes that apply 
to that particular DNP3 session. Because the SEL-751A supports custom 
DNP3 maps, these values will likely be different for each session. The 
SEL-751A uses its internal settings for the following variations:

➤ Variation 242-FID string

➤ Variation 243-Part Number

➤ Variation 245-TID setting

➤ Variation 246-RID setting

➤ Variation 247-RID setting

➤ Variation 248-Serial Number

Variation 249 shall contain the DNP subset and conformance, “2:2009”. 
Variation 250 shall contain the product model, “SEL-751A” and variation 252 
shall contain “SEL”.

1 IB_MAG

2 IC_MAG

3 IG_MAG

4 IN_MAG

5 IAV

6 3I2

7 FREQ

8–99 A portion of these analog inputs can have default values as 
described in Default Analog Inputs on page D.21. Outside 
that scope, they contain the value NA.

40, 41 0–31 NA

Table D.11 DNP3 Default Data Map (Sheet 2 of 2)

Object Default Index Point Label

NOTE: Deadband changes via 
Object 34 are stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadbands after a warm 
(HIS C) or cold start (power cycle).
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Binary Inputs
Binary Inputs (objects 1 & 2) are supported as defined by Table D.11. The 
default variation for both static and event inputs is 2. Only the Read function 
code (1) is allowed with these objects. All variations are supported. Object 2, 
variation 3 will be responded to, but will contain no data.

Binary Inputs are scanned approximately once per second to generate events. 
When time is reported with these event objects, it is the time at which the 
scanner observed the bit change. This may be significantly delayed from when 
the original source changed and should not be used for sequence-of-events 
determination. Binary inputs registered with SER are derived from the SER 
and carry the time stamp of actual occurrence. Some additional binary inputs 
are available only to DNP. For example, STWARN and STFAIL are derived 
from the diagnostic task data. Another binary input, STSET, is derived from 
the SER and carries the time stamp of actual occurrence. Static reads of this 
input will always show 0.

Binary Outputs
Binary Output status (Object 10 variation 2) is supported. Static reads of 
points RB1–RB32, OC/CC respond with the on-line bit set and the state of the 
requested bit. Reads from control-only binary output points respond with the 
on-line bit set and a state of 0.The SEL-751A supports Control Relay Output 
Block objects (Object 12,Variation 1). The control relays correspond to the 
remote bits and other functions as shown previously. Each DNP Control 
message contains a Trip/Close code (TRIP, CLOSE, or NUL) and an 
Operation type (PULSE ON, LATCHON, LATCH OFF, or NUL). The Trip/
Close code works with the Operation Type to produce set, clear, and pulse 
operations. 

Control operations differ slightly for single-point controls compared to paired 
outputs. Paired outputs correspond to the complementary two-output model, 
and single-point controls follow the complementary latch or activation model. 
In the complementary two-output model, paired points only support Trip or 
Close operations, which, when issued, will Pulse On the first or second point 
in the pair, respectively. Latch commands and Pulse operations without a Trip 
code are not supported. An operation in progress may be canceled by issuing a 
NUL Trip/Close Code with a NUL Operation Type. Single output points 
support both Pulse and Latch operations. See Control Point Operation for 
details on control operations.

Use of the Status field is exactly as defined. All other fields are ignored. A 
pulse operation is asserted for a single processing interval. You should 
exercise caution if sending multiple remote bit pulses in a single message 
(i.e.,point count > 1), because this can result in some of the pulse commands 
being ignored and the return of an already active status message. The 
SEL-751A will only honor the first ten points in an Object 12, Variation 1 
request. Any additional points in the request will return the DNP3 status code 
TOO_MANY_OBJS.

The SEL-751A also supports Pattern Control Blocks (Object 12, Variations 
2 and 3) to control multiple binary output points. Variation 2 defines the 
control type (Trip/Close, Set/Clear, or Pulse) and the range of points to 
operate. Variation 3 provides a pattern mask that indicates which points in that 
range should be operated. Object 12, Variations 2 and 3 define the entire 
control command: the DNP3 master must send both for a successful control. 
For example, the DNP3 master sends an Object 12, Variation 2 message to 
request a Trip of the range of indices 0–7. The DNP3 master then sends an 
Object 12, Variation 3 message with a hexadecimal value of “BB” as the 
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pattern mask (converted to binary notation: 10111011). Read right to left in 
increasing bit order, the Pattern Block Control command will result in a TRIP 
of indexes 0, 1, 3 to 5, and 7. Multiple binary output point control operations 
are not guaranteed to occur during the same processing interval.

Control Point 
Operation

Use the Trip and Close, Latch On/Off and Pulse On operations with Object 12 
control relay output block command messages to operate the points shown in 
Table D.12. Pulse operations provide a pulse with duration of one protection 
processing interval.

Analog Inputs

NOTE: Deadband changes via Object 
34 are not stored in nonvolatile 
memory. Make sure to reissue the 
Object 34 deadband changes you 
want to retain after a change to DNP 
port settings, issuing a STA C 
command, or a relay cold-start 
(power-cycle).

Analog Inputs (30) and Analog Change Events (32) are supported as defined 
in Table D.11. The DVARAI1 (DVARAIn for DNP3 LAN/WAN session n) 
setting defines the default variation for both static and event inputs. Only the 
Read function code (1) is allowed with these objects. Unless otherwise 
indicated, analog values are reported in primary units. See Appendix K: 
Analog Quantities for a list of all available analog inputs.

For all currents, the default scaling is the DECPLA setting on magnitudes and 
scale factor of 100 on angles. The default deadband for currents is ANADBV 
on magnitudes and ANADBM on angles. For all voltages, the default scaling 
is the DECPLV setting on magnitudes and scale factor of 100 on angles. The 
default deadband for voltages is ANADBV on magnitudes and ANADBM on 
angles. For all Powers and Energies, the default scaling is the DECPLM 
setting and default deadband is ANADBM. For all other quantities, the default 
scaling is 1 and default deadband is ANADBM.

Default scaling and deadbands may be overridden by per-point scaling and 
deadband. See Configurable Data Mapping for more information. Deadbands 
for analog inputs can also be modified by writing to Object 34.

A deadband check is done after any scaling has been applied. Event class 
messages are generated whenever an input changes beyond the value given by 
the appropriate deadband setting. The voltage and current phase angles will 
only generate an event if, in addition to their deadband check, the 
corresponding magnitude changes beyond its own deadband. Analog inputs 
are scanned at approximately a 1 second rate. All events generated during a 
scan will use the time the scan was initiated.

Table D.12 SEL-751A Object 12 Control Operations

Label Close/Pulse On Trip/Pulse On Nul/Latch On Nul/Latch Off Nul/Pulse On

RB01–RB32 Pulse Remote Bit 
RB01–RB32

Pulse Remote Bit 
RB01–RB32

Set Remote Bit 
RB01–RB32

Clear Remote Bit 
RB01–RB32

Pulse Remote Bit 
RB01–RB32

RBxx:RByy Pulse RByy      
RB01–RB32

Pulse RBxx       
RB01–RB32

Not Supported Not Supported Not Supported

OC Open Circuit 
Breaker (Pulse OC)

Open Circuit Breaker 
(Pulse OC)

Open Circuit Breaker 
(Pulse OC)

No action Open Circuit Breaker 
(Pulse OC)

CC Close Circuit 
Breaker (Pulse CC)

Close Circuit Breaker 
(Pulse CC)

Close Circuit 
Breaker (Pulse CC)

No action Close Circuit Breaker 
(Pulse CC)

OC:CC Close Circuit 
Breaker (Pulse CC)

Open Circuit Breaker 
(Pulse OC)

Not Supported Not Supported Not Supported
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Configurable Data 
Mapping

One of the most powerful features of the SEL-751A implementation is the 
ability to remap DNP3 data and, for analog values, specify per-point scaling 
and deadbands. Remapping is the process of selecting data from the reference 
map and organizing it into a data subset optimized for your application. The 
SEL-751A uses object and point labels, rather than point indices, to streamline 
the remapping process. This enables you to quickly create a custom map 
without having to search for each point index in a large reference map.

You can use any of the three available DNP3 maps simultaneously with as 
many as three unique DNP3 masters. Each map is initially populated with 
default data points, as described in Default Data Map on page D.20. You can 
remap the points in a default map to create a custom map with as many of the 
following as: 

➤ 100 Binary Inputs (Select from supported Relay Word bits in 
Appendix J: Relay Word Bits)

➤ 32 Binary Outputs

➤ 100 Analog Inputs

➤ 32 Analog Outputs

➤ 32 Counters

You can use the SHOW DNP x <Enter> command to view the DNP3 data 
map settings, where x is the DNP3 map number from 1 to 3. See Figure D.3 
for an example display of map 1.

=>>SHO DNP 1 <Enter>

DNP Map 1 Settings

Binary Input Map
BI_00    := ENABLED
BI_01    := TRIP_LED
BI_02    := TLED_01
BI_03    := TLED_02
…
BI_97    := IN101
BI_98    := IN102
BI_99    := 50P1P

Binary Output Map
BO_00    := RB01
BO_01    := RB02
BO_02    := RB03
…
BO_29    := RB30
BO_30    := RB31
BO_31    := RB32

Analog Input Map
AI_00    := IA_MAG
AI_01    := IB_MAG
AI_02    := IC_MAG
…
AI_95    := FREQ
AI_96    := P
AI_97    := Q
AI_98    := S
AI_99    := PF

Analog Output Map
AO_00    := GROUP
AO_01    := NOOP
AO_02    := NA
…
AO_29    := NA
AO_30    := NOOP
AO_31    := NOOP

Figure D.3 Sample Response to SHO DNP Command
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You can also use the MAP DNP y s <Enter> command to display DNP3 
maps, but the parameter y is the port number from 1 to 4. Because port 1, the 
Ethernet port, can support multiple DNP3 sessions, it may have a different map 
assigned to each session selected by parameter s for sessions 1 to 3. See Figure D.4 
for an example of a MAP command that shows the same map as in Figure D.3.

Counter Map
CO_00    := SC01
CO_01    := SC02
CO_02    := SC03

…
CO_29    := SC30
CO_30    := SC31
CO_31    := SC32

=>>

=>MAP DNP 1 1 <Enter>

SEL-751A  Date: 12/14/2008  Time: 09:33:39
FEEDER RELAY   Time Source: Internal

Map                          1
Transport                    TCP
Device IP Address            10.201.5.3
Master IP Address            10.200.0.139
Device DNP TCP and UDP Port  20000
Device DNP Address           15
Master DNP Address           0

Binary Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SER TIMESTAMP
  0      ENABLED      1            No
  1      TRIP_LED 1            No
  2      TLED_01 1            No
  3      TLED_02 1            No
…

97 IN101 1            No
98 IN102 1            No
99 5P1P 1            No

Binary Outputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL
  0      RB01
  1      RB02
  2      RB03
…
  29     RB30
  30     RB31
  31     RB32

Counters
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  DEADBAND
  0      SC01         0            1
  1      SC02         0            1
  2      SC03         0            1
…
  29     SC30         0            1
  30     SC31         0            1
  31     SC32         0            1

Figure D.4 Port MAP Command

Figure D.3 Sample Response to SHO DNP Command (Continued)
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You can use the command SET DNP x, where x is the map number, to edit or 
create custom DNP3 data maps. You can also use QuickSet, which is 
recommended for this purpose.

Scaling factors allow you to overcome the limitations imposed by the integer 
nature of the default variations of Objects 30 and 32. For example, the device 
rounds a value of 11.4 A to 11 A. You can use scaling to include decimal point 
values by multiplying by a number larger than one. If you use 10 as a scaling factor, 
11.4 A will be transmitted as 114. You must divide the value by 10 in the master to 
see the original value including one decimal place.

You can also use scaling to avoid overflowing the 16-bit maximum integer 
value of 32767. For example, if you have a value that can reach 157834, you 
cannot send it by using DNP3 16-bit analog object variations. You could use a 
scaling factor of 0.1 so that the maximum value reported is 15783. You can 
then multiply the value by 10 in the master to see a value of 157830. You will 
lose some precision as the last digit is rounded off in the scaling process, but 
you can transmit the scaled value by using standard DNP3 Objects 30 and 32.

You can customize the DNP3 analog input map with per-point scaling, and 
deadband settings. Per-point customization is not necessary, but class scaling 
(DECPLA, DECPLV, and DECPLM) and deadband (ANADBA, ANADBV, 
and ANADBM) settings are applied to indices that do not have per-point 
entries. Unlike per-point scaling described previously, class-level scaling is 
specified by an integer in the range 0–3 (inclusive), which indicates the 
number of decimal place shifts. In other words, you should select 0 to multiply 
by 1, 1 for 10, 2 for 100, or 3 for 1000.

If it is important to maintain tight data coherency (that is, all data read of a 
certain type was sampled or calculated at the same time), then you should 
group that data together within your custom map. For example, if you want all 
the currents to be coherent, you should group points IA_MAG, IB_MAG, 
IC_MAG, IN_MAG, and IG_MAG together in the custom map. If points are 
not grouped together, they might not come from the same data sample.

Analog Inputs
--------------------------------------------------------------------------------
  INDEX  POINT LABEL  EVENT CLASS  SCALE FACTOR  DEADBAND
  0      IA_MAG 2                 10.0000  1000
  1      IB_MAG 2                 10.0000  1000
  2      IC_MAG 2                 10.0000  1000
  3      IG_MAG 2                 10.0000  1000
  4      IN_MAG 2                 10.0000  1000
  5      IAV  2                 10.0000  1000
  6 3I2  2                 10.0000  1000
7 FREQ  2                 1.0000  100
8 VAB_MAG      2                 10.0000  2000

  9 VBC_MAG      2                 10.0000  2000
  10 VCA_MAG 2                 10.0000  2000
  11 VAVE 2                 10.0000  2000
  12 3V2 2                 10.0000  2000
…
…
  96 P            2                 10.0000  100
  97 Q            2                 10.0000  100
  98 S            2                 10.0000  100
  99 PF           2                 10.0000  100

Analog Outputs
--------------------------------------------------------------------------------
INDEX  POINT LABEL
  0      GROUP
  1      NOOP

Figure D.4 Port MAP Command (Continued)
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The following example describes how to create a custom DNP3 map by point 
type. The example demonstrates the SEL ASCII command SET DNP for each 
point type, but the entire configuration may be completed without saving 
changes between point types. To do this, you simply continue entering data 
and save the entire map at the end. Alternatively, you can use QuickSet to 
simplify custom data map creation.

Consider a case where you want to set the AI points in a map, as shown in 
Table D.13.

To set these points as part of custom map 1, you can use the command SET 
DNP 1 AI_00 TERSE <Enter> command as shown in Figure D.5.

You may also use QuickSet to enter the previous AI map settings, as shown in 
the screen capture in Figure D.6. You can enter scaling and deadband settings 
in the same pop-up dialog used to select the AI point, as shown in Figure D.7.

Table D.13 Sample Custom DNP3 AI Map 

Desired Point Index Description Label Scaling Deadband

0  IA magnitude IA_MAG default default

1  IB magnitude IB_MAG default default

2  IC magnitude IC_MAG default default

3 IN magnitude IN_MAG default default

4 3-Phase Real Power P 5 default

5 AB Phase-to-Phase Voltage Magnitude VAB_MAG default default

6 AB Phase-to-Phase Voltage Angle VAB_ANG 1 15

7 Frequency FREQ .01 1

=>>SET DNP 1 AI_00 TERSE <Enter>
Analog Input Map

DNP Analog Input Label Name (24 characters)
AI_00   := NA
? > IA_MAG <Enter>

AI_01   := NA
? > IB_MAG <Enter>

AI_02   := NA
? > IC_MAG <Enter>

AI_03   := NA
? > IN_MAG <Enter>

AI_04   := NA
? > P:5 <Enter>

AI_05   := NA
? > VAB_MAG <Enter>

AI_06   := NA
? > VAB_ANG:1:15 <Enter>

AI_07   := NA
? > FREQ:.01:1 <Enter>

AI_08   := NA
? > end <Enter>

Save changes (Y/N) ? Y <Enter>

=>>

Figure D.5 Sample Custom DNP3 AI Map Settings
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Figure D.6 Analog Input Map Entry in QuickSet 

Figure D.7 AI Point Label, Scaling and Deadband in QuickSet

The SET DNP x CO_00 <Enter> command allows you to populate the DNP 
counter map with per-point deadbands. Entering these settings is similar to 
defining the analog input map settings.

You can use the command SET DNP x BO_00 TERSE <Enter> to change 
the binary output map x as shown in Figure D.8. You can populate the custom 
BO map with any of the 32 remote bits (RB01–RB32). You can define bit 
pairs in BO maps by including a colon (:) between the bit labels.

=>>SET DNP 1 BO_00 TERSE <Enter>
Binary Output Map

DNP Binary Output Label Name (23 characters)
BO_00   := NA
? > RB01 <Enter>
DNP Binary Output Label Name (23 characters)
BO_01   := NA
? > RB02 <Enter>
DNP Binary Output Label Name (23 characters)
BO_02   := NA
? > RB03:RB04 <Enter>
DNP Binary Output Label Name (23 characters)
BO_03   := NA
? > RB05:RB06 <Enter>
DNP Binary Output Label Name (23 characters)
BO_04   := NA
? > end <Enter>

=>>

Figure D.8 Sample Custom DNP3 BO Map Settings
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You may also use QuickSet to enter the BO map settings as shown in the 
screen capture in Figure D.9.

Figure D.9 Binary Output Map Entry in QuickSet

The binary input (BI) maps are modified in a similar manner, but pairs are not 
allowed.
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Appendix E
Modbus Communications

Overview
This appendix describes Modbus RTU communications features supported by 
the SEL-751A Feeder Protection Relay. Complete specifications for the 
Modbus protocol are available from the Modbus user’s group website at 
www.modbus.org.

Enable Modbus TCP protocol with the optional Ethernet port settings. The 
SEL-751A supports as many as two Modbus TCP sessions. The TCP port 
number for each session is selected with the Ethernet port settings. The default 
TCP port number is the Modbus TCP registered port 502. Modbus TCP uses 
the device IP address as the Modbus identifier and accesses the data in the 
relay using the same function codes and data maps as Modbus RTU.

Enable Modbus RTU protocol with the serial port settings. When Modbus 
RTU protocol is enabled, the relay switches the port to Modbus RTU protocol 
and deactivates the ASCII protocol.

Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex—only one device transmits at a time. The master transmits a binary 
command that includes the address of the slave device you want. All of the 
slave devices receive the message, but only the slave device with the matching 
address responds.

The SEL-751A Modbus communication allows a Modbus master device to do 
the following:

➤ Acquire metering, monitoring, and event data from the relay.

➤ Control SEL-751A output contacts.

➤ Read the SEL-751A self-test status and learn the present 
condition of all the relay protection elements.

➤ Read most of the relay settings and modify the relay settings.

NOTE: User should be aware of the 
following setting in the relay: 
Under Global settings =====>> Access 
Control, there is a setting called 
BLOCK MODBUS SET. 

The BLOCK MODBUS SET setting is used to block relay settings changes 
via Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

The customer is strongly advised to change the BLKMBSET (BLOCK 
MODBUS SET) := ALL if they (customer) do not want the PLC 
(Programmable Logic Controller) or DCS (Distributed Control System) to 
send the settings to the SEL-751A Relay. There is a strong possibility that 
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under special conditions like a reboot, the PLC/DCS will send default settings 
to the relay, overwriting the existing settings. To protect the existing settings 
under these conditions it is highly recommended to set the setting to "ALL."

Communications Protocol

Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 
query consists of the fields shown in Table E.1.

The SEL-751A SLAVEID setting defines the device address. Set this value to 
a unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices may have the same 
address.

The cyclical redundancy check detects errors in the received data. If the relay 
detects an error, it discards the packet.

Modbus Responses The slave device sends a response message after it performs the action the 
query specifies. If the slave cannot execute the query command for any reason, 
it sends an error response. Otherwise, the slave device response is formatted 
similarly to the query and includes the slave address, function code, data (if 
applicable), and a cyclical redundancy check value.

Supported Modbus 
Function Codes

The SEL-751A supports the Modbus function codes shown in Table E.2.

Table E.1 Modbus Query Fields

Field Number of Bytes

Slave Device Address 1 byte

Function Code 1 byte

Data Region 0–251 bytes

Cyclical Redundancy Check (CRC) 2 bytes

Table E.2 SEL-751A Modbus Function Codes 

Codes Description

01h Read Discrete Output Coil Status

02h Read Discrete Input Status

03h Read Holding Registers

04h Read Input Registers

05h Force Single Coil

06h Preset Single Register

08h Diagnostic Command

10h Preset Multiple Registers

60h Read Parameter Information

61h Read Parameter Text

62h Read Enumeration Text

7Dh Encapsulate Modbus Packet With Control

7Eh NOP (can only be used with the 7Dh function)
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Modbus Exception 
Responses

The SEL-751A sends an exception code under the conditions described in 
Table E.3.

In the event that any of the errors listed in Table E.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the necessary data.

Cyclical 
Redundancy Check

The SEL-751A calculates a 2-byte CRC value through use of the device 
address, function code, and data region. It appends this value to the end of 
every Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-751A, the master device uses the data received. If there is no match, the 
check fails and the message is ignored. The devices use a similar process 
when the master sends queries.

01h Read Discrete 
Output Coil Status 
Command

Use function code 01h to read the On/Off status of the selected bits (coils) (see 
the Modbus Register Map shown in Table E.14). You can read the status of as 
many as 2000 bits per query, using the fields shown in Table E.4. Note that the 
SEL-751A coil addresses start at 0 (e.g., Coil 1 is located at address zero). The 
coil status is packed one coil per bit of the data field. The Least Significant Bit 
(LSB) of the first data byte contains the starting coil address in the query. The 
other coils follow towards the high order end of this byte and from low order 
to high order in subsequent bytes.

Table E.3 SEL-751A Modbus Exception Codes

Exception
Code

Error Type Description

1 Illegal Function Code The received function code is either undefined or 
unsupported.

2 Illegal Data Address The received command contains an unsupported 
address in the data field (i.e., cannot write to a read- 
only register, cannot write because settings are 
locked, etc.).

3 Illegal Data Value The received command contains a value that is out 
of range.

4 Device Error The SEL-751A is in the wrong state for the function 
a query specifies.

This also stands for Service Failure for DeviceNet 
interface applications. The relay is unable to per-
form the action specified by a query (i.e., cannot 
write to a read-only register, cannot write because 
settings are locked, etc.).

6 Busy The device is unable to process the command at this 
time, because of a busy resource.

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (01h)

2 bytes Address of the first bit

2 bytes Number of bits to read
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To build the response, the SEL-751A calculates the number of bytes necessary 
to contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte. Table E.14 includes the 
coil number and lists all possible coils (identified as Outputs and Remote bits) 
available in the device. Note that the command depends on the device 
hardware configuration; the device responds only to installed cards.

The relay responses to errors in the query are shown in Table E.5.

02h Read Input 
Status Command

Use function code 02h to read the On/Off status of the selected bits (inputs), as 
shown in Table E.6. You can read the status of as many as 2000 bits per query. 
Note that input addresses start at 0 (e.g., Input 1 is located at address zero). 
The input status is packed one input per bit of the data field. The LSB of the 
first data byte contains the starting input address in the query. The other inputs 
follow towards the high order end of this byte, and from low order to high 
order in subsequent bytes.

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (01h)

1 byte Bytes of data (n)

n bytes Data

2 bytes CRC-16

Table E.5 Responses to 01h Read Discrete Output Coil Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.4 01h Read Discrete Output Coil Status Command (Sheet 2 of 2)

Bytes Field

Table E.6 02h Read Input Status Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (02h)

2 bytes Address of the first bit

2 bytes Number of bits to read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (02h)

1 byte Bytes of data (n)
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To build the response, the device calculates the number of bytes necessary to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by eight, the device adds one more byte to maintain the 
balance of bits, padded by zeros to make an even byte.

In each row, the input numbers are assigned from the right-most input to the 
left-most input (i.e., Input 1 is TLED_06 and Input 8 is ENABLED). Input 
addresses start at 0000 (i.e., Input 1 is located at Input Address 0000). 
Table E.7 includes the coil address in decimal and lists all possible inputs 
(Relay Word bits) available in the device. Note that the command depends on 
the device hardware configuration; the device responds only to installed cards.

n bytes Data

2 bytes CRC-16

Table E.7 02h SEL-751A Inputs (Sheet 1 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona

0–7 2 Relay Element Status Row 0

8–15 2 Relay Element Status Row 1

16–23 2 Relay Element Status Row 2

24–31 2 Relay Element Status Row 3

32–39 2 Relay Element Status Row 4

40–47 2 Relay Element Status Row 5

48–55 2 Relay Element Status Row 6

56–63 2 Relay Element Status Row 7

64–71 2 Relay Element Status Row 8

72–79 2 Relay Element Status Row 9

80–87 2 Relay Element Status Row 10

88–95 2 Relay Element Status Row 11

96–103 2 Relay Element Status Row 12

104–111 2 Relay Element Status Row 13

112–119 2 Relay Element Status Row 14

120–127 2 Relay Element Status Row 15

128–135 2 Relay Element Status Row 16

136–143 2 Relay Element Status Row 17

144–151 2 Relay Element Status Row 18

152–159 2 Relay Element Status Row 19

160–167 2 Relay Element Status Row 20

168–175 2 Relay Element Status Row 21

176–183 2 Relay Element Status Row 22

184–191 2 Relay Element Status Row 23

192–199 2 Relay Element Status Row 24

Table E.6 02h Read Input Status Command (Sheet 2 of 2)

Bytes Field
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200–207 2 Relay Element Status Row 25

208–215 2 Relay Element Status Row 26

216–223 2 Relay Element Status Row 27

224–231 2 Relay Element Status Row 28

232–239 2 Relay Element Status Row 29

240–247 2 Relay Element Status Row 30

248–255 2 Relay Element Status Row 31

256–263 2 Relay Element Status Row 32

264–271 2 Relay Element Status Row 33

272–279 2 Relay Element Status Row 34

280–287 2 Relay Element Status Row 35

288–295 2 Relay Element Status Row 36

296–303 2 Relay Element Status Row 37

304–311 2 Relay Element Status Row 38

312–319 2 Relay Element Status Row 39

320–327 2 Relay Element Status Row 40

328–335 2 Relay Element Status Row 41

336–343 2 Relay Element Status Row 42

344–351 2 Relay Element Status Row 43

352–359 2 Relay Element Status Row 44

360–367 2 Relay Element Status Row 45

368–375 2 Relay Element Status Row 46

376–383 2 Relay Element Status Row 47

384–391 2 Relay Element Status Row 48

392–399 2 Relay Element Status Row 49

400–407 2 Relay Element Status Row 50

408–415 2 Relay Element Status Row 51

416–423 2 Relay Element Status Row 52

424–431 2 Relay Element Status Row 53

432–439 2 Relay Element Status Row 54

440–447 2 Relay Element Status Row 55

448–455 2 Relay Element Status Row 56

456–463 2 Relay Element Status Row 57

464–471 2 Relay Element Status Row 58

472–479 2 Relay Element Status Row 59

480–487 2 Relay Element Status Row 60

488–495 2 Relay Element Status Row 61

496–503 2 Relay Element Status Row 62

Table E.7 02h SEL-751A Inputs (Sheet 2 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona



E.7

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Communications Protocol

504–511 2 Relay Element Status Row 63

512–519 2 Relay Element Status Row 64

520–527 2 Relay Element Status Row 65

528–535 2 Relay Element Status Row 66

536–543 2 Relay Element Status Row 67

544–551 2 Relay Element Status Row 68

552–559 2 Relay Element Status Row 69

560–567 2 Relay Element Status Row 70

568–575 2 Relay Element Status Row 71

576–583 2 Relay Element Status Row 72

584–591 2 Relay Element Status Row 73

592–599 2 Relay Element Status Row 74

600–607 2 Relay Element Status Row 75

608–615 2 Relay Element Status Row 76

616–623 2 Relay Element Status Row 77

624–631 2 Relay Element Status Row 78

632–639 2 Relay Element Status Row 79

640–647 2 Relay Element Status Row 80

648–655 2 Relay Element Status Row 81

656–663 2 Relay Element Status Row 82

664–671 2 Relay Element Status Row 83

672–679 2 Relay Element Status Row 84

680–687 2 Relay Element Status Row 85

688–695 2 Relay Element Status Row 86

696–703 2 Relay Element Status Row 87

704–711 2 Relay Element Status Row 88

712–719 2 Relay Element Status Row 89

720-727 2 Relay Element Status Row 90

728–735 2 Relay Element Status Row 91

736–743 2 Relay Element Status Row 92

744–751 2 Relay Element Status Row 93

752–759 2 Relay Element Status Row 94

760–767 2 Relay Element Status Row 95

768–775 2 Relay Element Status Row 96

776–783 2 Relay Element Status Row 97

784–791 2 Relay Element Status Row 98

792–799 2 Relay Element Status Row 99

800–807 2 Relay Element Status Row 100

Table E.7 02h SEL-751A Inputs (Sheet 3 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona
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The relay responses to errors in the query are shown in Table E.8.

03h Read Holding 
Register Command

Use function code 03h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for five-digit 
addressing, add 40001 to the standard database address.

808–815 2 Relay Element Status Row 101

816–823 2 Relay Element Status Row 102

824–831 2 Relay Element Status Row 103

832–839 2 Relay Element Status Row 104

840–847 2 Relay Element Status Row 105

848–855 2 Relay Element Status Row 106

856–863 2 Relay Element Status Row 107

864–871 2 Relay Element Status Row 108

872–879 2 Relay Element Status Row 109

880–887 2 Relay Element Status Row 110

888–895 2 Relay Element Status Row 111

896–903 2 Relay Element Status Row 112

904–911 2 Relay Element Status Row 113

912–919 2 Relay Element Status Row 114

920–927 2 Relay Element Status Row 115

928–935 2 Relay Element Status Row 116

936–943 2 Relay Element Status Row 117

944–951 2 Relay Element Status Row 118

952–959 2 Relay Element Status Row 119

a The input numbers are assigned from the right-most input to the left-most input in the Relay 
row as shown in the following example.
Address 7 = ENABLED
Address 6 = TRIP
Address 5 = T01_LED
Address 4 = T02_LED
Address 3 = T03_LED
Address 2 = T04_LED
Address 1 = T05_LED
Address 0 = T06_LED

Table E.8 Responses to 02h Read Input Query Errors

Error Error Code Returned
Communication 
Counter Increments

Invalid bit to read Illegal Data Address (02h) Invalid Address

Invalid number of bits to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.7 02h SEL-751A Inputs (Sheet 4 of 4)

Coil Address 
(Decimal)

Function Code 
Supported

Coil Descriptiona
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The relay responses to errors in the query are shown in Table E.10.

04h Read Input 
Register Command

Use function code 04h to read directly from the Modbus Register Map shown 
in Table E.34. You can read a maximum of 125 registers at once with this 
function code. Most masters use 3X references with this function code. If you 
are accustomed to 3X references with this function code, for five-digit 
addressing, add 30001 to the standard database address.

Table E.9 03h Read Holding Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (03h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (03h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16

Table E.10 Responses to 03h Read Holding Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.11 04h Read Input Register Command 

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (04h)

2 bytes Starting Register Address

2 bytes Number of Registers to Read

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (04h)

1 byte Bytes of data (n)

n bytes Data (2–250)

2 bytes CRC-16
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The relay responses to errors in the query are shown in Table E.12.

05h Force Single Coil 
Command

Use function code 05h to set or clear a coil. In Table E.13, the command 
response is identical to the command request.

Table E.14 lists the coil numbers supported by the SEL-751A. The physical 
coils (coils 0–26) are self-resetting. Pulsing a Set remote bit (decimal address 
59 through 90) causes the remote bit to be cleared at the end of the pulse.

Table E.12 Responses to 04h Read Input Register Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal register to read Illegal Data Address (02h) Invalid Address

Illegal number of registers to read Illegal Data Value (03h) Illegal Register

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.13 05h Force Single Coil Command

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (05h)

2 bytes Coil Reference

1 byte Operation Code (FF for bit set, 00 for bit clear)

1 byte Placeholder (00)

2 bytes CRC-16

Table E.14 01h, 05h SEL-751A Output (Sheet 1 of 3)

Coil Address (Decimal) Function Code Supported Coil Description

0 01, 05 Pulse OUT101 1 second

1 01, 05 Pulse OUT102 1 second

2 01, 05 Pulse OUT103 1 second

3 01, 05 Pulse OUT301 1 second

4 01, 05 Pulse OUT302 1 second

5 01, 05 Pulse OUT303 1 second

6 01, 05 Pulse OUT304 1 second

7 01, 05 Reserved

8 01, 05 Reserved

9 01, 05 Reserved

10 01, 05 Reserved

11 01, 05 Pulse OUT401 1 second

12 01, 05 Pulse OUT402 1 second

13 01, 05 Pulse OUT403 1 second

14 01, 05 Pulse OUT404 1 second

15 01, 05 Reserved

16 01, 05 Reserved
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17 01, 05 Reserved

18 01, 05 Reserved

19 01, 05 Pulse OUT501 1 second

20 01, 05 Pulse OUT502 1 second

21 01, 05 Pulse OUT503 1 second

22 01, 05 Pulse OUT504 1 second

23 01, 05 Reserved

24 01, 05 Reserved

25 01, 05 Reserved

26 01, 05 Reserved

27 01, 05 RB01

28 01, 05 RB02

29 01, 05 RB03

30 01, 05 RB04

31 01, 05 RB05

32 01, 05 RB06

33 01, 05 RB07

34 01, 05 RB08

35 01, 05 RB09

36 01, 05 RB10

37 01, 05 RB11

38 01, 05 RB12

39 01, 05 RB13

40 01, 05 RB14

41 01, 05 RB15

42 01, 05 RB16

43 01, 05 RB17

44 01, 05 RB18

45 01, 05 RB19

46 01, 05 RB20

47 01, 05 RB21

48 01, 05 RB22

49 01, 05 RB23

50 01, 05 RB24

51 01, 05 RB25

52 01, 05 RB26

53 01, 05 RB27

54 01, 05 RB28

Table E.14 01h, 05h SEL-751A Output (Sheet 2 of 3)

Coil Address (Decimal) Function Code Supported Coil Description
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55 01, 05 RB29

56 01, 05 RB30

57 01, 05 RB31

58 01, 05 RB32

59 01, 05 Pulse RB01a

60 01, 05 Pulse RB02a

61 01, 05 Pulse RB03a

62 01, 05 Pulse RB04a

63 01, 05 Pulse RB05a

64 01, 05 Pulse RB06a

65 01, 05 Pulse RB07a

66 01, 05 Pulse RB08a

67 01, 05 Pulse RB09a

68 01, 05 Pulse RB10a

69 01, 05 Pulse RB11a

70 01, 05 Pulse RB12a

71 01, 05 Pulse RB13a

72 01, 05 Pulse RB14a

73 01, 05 Pulse RB15a

74 01, 05 Pulse RB16a

75 01, 05 Pulse RB17a

76 01, 05 Pulse RB18a

77 01, 05 Pulse RB19a

78 01, 05 Pulse RB20a

79 01, 05 Pulse RB21a

80 01, 05 Pulse RB22a

81 01, 05 Pulse RB23a

82 01, 05 Pulse RB24a

83 01, 05 Pulse RB25a

84 01, 05 Pulse RB26a

85 01, 05 Pulse RB27a

86 01, 05 Pulse RB28a

87 01, 05 Pulse RB29a

88 01, 05 Pulse RB30a

89 01, 05 Pulse RB31a

90 01, 05 Pulse RB32a

a Pulsing a Set remote bit will cause the remote bit to be cleared at the end of the pulse 
(1 SELOGIC Processing Interval).

Table E.14 01h, 05h SEL-751A Output (Sheet 3 of 3)

Coil Address (Decimal) Function Code Supported Coil Description
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Coil addresses start at 0000 (i.e., Coil 1 is located at Coil address 0000). If the 
device is disabled it will respond with error code 4 (Device Error). In addition 
to Error Code 4, the device responses to errors in the query are shown in 
Table E.15.

06h Preset Single 
Register Command

The SEL-751A uses this function to allow a Modbus master to write directly 
to a database register. Refer to the Modbus Register Map in Table E.34 for a 
list of registers that you can write by using this function code. If you are 
accustomed to 4X references with this function code, for six-digit addressing, 
add 400001 to the standard database addresses.

In Table E.16, the command response is identical to the command necessary 
for the master.

The relay responses to errors in the query are shown in Table E.17.

08h Loopback 
Diagnostic Command

The SEL-751A uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message. 

Table E.15 Responses to 05h Force Single Coil Query Errors

Error Error Code Returned
Communication Counter 
Increments

Invalid bit (coil) Illegal Data Address (02h) Invalid Address

Invalid bit state requested Illegal Data Value (03h) Illegal Register

Format Error Illegal Data Value (03h) Bad Packet Format

Table E.16 06h Preset Single Register Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (06h)

2 bytes Register Address

2 bytes Data

2 bytes CRC-16

Table E.17 Responses to 06h Preset Single Register Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write

Illegal register value Illegal Data Value (03h) Illegal Write

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 1 of 2)

Bytes Field

Requests from the master must have the following format:

1 byte Slave Address

1 byte Function Code (08h)
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The relay responses to errors in the query are shown in Table E.19.

10h Preset Multiple 
Registers Command

This function code works much like code 06h, except that it allows you to 
write multiple registers at once, as many as 100 per operation. If you are 
accustomed to 4X references with the function code, for six-digit addressing, 
simply add 400001 to the standard database addresses.

2 bytes Subfunction (0000h)

2 bytes Data Field

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (08h)

2 bytes Subfunction (0000h)

2 bytes Data Field (identical to data in Master request)

2 bytes CRC-16

Table E.19 Responses to 08h Loopback Diagnostic Query Errors

Error Error Code Returned
Communication Counter 
Increments

Illegal subfunction code Illegal Data Value (03h) Invalid Function Code/Op 
Code

Format error Illegal Data Value (03h) Bad Packet Format 

Table E.18 08h Loopback Diagnostic Command (Sheet 2 of 2)

Bytes Field

Table E.20 10h Preset Multiple Registers Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers to Write

1 byte Number of Bytes of Data (n)

n bytes Data

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (10h)

2 bytes Starting Address

2 bytes Number of Registers

2 bytes CRC-16
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The relay responses to errors in the query are as follows.

60h Read Parameter 
Information 
Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
information from the relay. One parameter (setting) is read in each query.

The Parameter Descriptor field is defined in Table E.23.

Table E.21 10h Preset Multiple Registers Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal register to set Illegal Data Address (02h) Invalid Address 
Illegal Write

Illegal number of registers to set Illegal Data Value (03h) Illegal Register 
Illegal Write

Incorrect number of bytes in 
query data region

Illegal Data Value (03h) Bad Packet Format 
Illegal Write

Invalid register data value Illegal Data Value (03h) Illegal Write

Table E.22 60h Read Parameter Information Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (60h)

2 bytes Parameter Number

1 byte Parameter Descriptor

1 byte Parameter Conversion

2 bytes Parameter Minimum Settable Value

2 bytes Parameter Maximum Settable Value

2 bytes Parameter Default Value

2 bytes CRC-16

Table E.23 60h Read Parameter Descriptor Field Definition (Sheet 1 of 2)

Bit Name Description

0 RO: Read-only 1 when the setting is read-only

1 H: Hidden 1 when the setting is hidden

2 DBL: 32-bit 1 when the following setting is a fractional value of this setting

3 RA: RAM-only 1 when the setting is not saved in nonvolatile memory

4 RR: Read-only 
if running

1 when the setting is read-only if in running/operational state

5 P: Power Cycle 
or Reset

1 when the setting change requires a power cycle or reset
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The Parameter Conversion field is defined in Table E.24.

Use Equation E.1 to calculate the actual (not scaled) value of the parameter 
(setting):

Equation E.1

Use Equation E.2 to calculate the scaled setting value:

Equation E.2

The relay response to errors in the query are shown Table E.25.

6 0 Reserved

7 Extend Reserved to extend the descriptor table

Table E.24 60h Read Parameter Conversion Field Definition

Conversion 
Value

Type Multiplier Divisor Offset Base

0 Boolean 1 1 0 1

1 Unsigned Integer 1 1 0 1

2 Unsigned Integer 1 10 0 1

3 Unsigned Integer 1 100 0 1

4 Unsigned Integer 1 1000 0 1

5 Hexidecimal 1 1 0 1

6 Integer 1 1 0 1

7 Integer 1 10 0 1

8 Integer 1 100 0 1

9 Integer 1 1000 0 1

10 Enumeration 1 1 0 1

11 Bit Enumeration 1 1 0 1

Table E.25 Responses to 60h Read Parameter Information Query Errors

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.23 60h Read Parameter Descriptor Field Definition (Sheet 2 of 2)

Bit Name Description

value ParameterValue Offset+( ) Multiplier Base• • 
Divisor

----------------------------------------------------------------------------------------------------------------------------=

value value Divisor• 
Multiplier Base• 
---------------------------------------------- Offset–=
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61h Read Parameter 
Text Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
text from the relay. One parameter text (setting name) is read in each query.

The relay responses to errors in the query are as follows.

62h Read 
Enumeration 
Text Command

The SEL-751A uses this function to allow a Modbus master to read parameter 
enumeration or bit enumeration values (setting lists) from the relay. One 
parameter enumeration is read in each query.

Table E.26 61h Read Parameter Text Command

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (61h)

2 bytes Parameter Number

16 bytes Parameter Text (setting name)

4 bytes Parameter Units (e.g., Amps)

2 bytes CRC-16

Table E.27 61h Read Parameter Text Query Error Messages

Error Error Code Returned
Communications 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Table E.28 62h Read Enumeration Text Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

2 bytes CRC-16

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (62h)

2 bytes Parameter Number

1 byte Enumeration Index

16 bytes Enumeration Text

2 bytes CRC-16
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The relay responses to errors in the query are as follows.

7Dh Encapsulated 
Packet With Control 
Command

The SEL-751A uses this function to allow a Modbus master to perform 
control operations and another Modbus function with one query. The Device 
Net card will transmit this command periodically to achieve high-speed I/O 
processing and establish a heartbeat between the DeviceNet card and the main 
board.

Table E.31 shows the format of the relay responses to errors in the query.

Table E.29 61h Read Parameter Enumeration Text Query Error Messages

Error Error Code Returned
Communication 
Counter Increments

Illegal parameter to read Illegal Address (02h) Invalid Address

Illegal enumeration in index Illegal Data Value (03h) Illegal Register

Table E.30 7Dh Encapsulated Packet With Control Command 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Control Command (same as write to 2000h)

1 byte Embedded Modbus Function

n bytes Optional Data to Support Modbus Function (0–250)

2 bytes CRC-16 

A successful response from the slave will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h 
based on Bit 3 in Control Command Word)

1 byte Embedded Modbus Function

n bytes Optional data to support the Modbus function (0–250)

2 bytes CRC-16

Table E.31 7Dh Encapsulated Packet Query Errors 

Bytes Field

Queries from the master must have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information (Register 2100h or 2101h based on Bit 3 in 
Control Command Word)

1 byte Modbus Function with Error Flag

1 bytes Function Error Codea

a If the embedded function code is invalid, then an illegal function code returns here and the 
illegal function counter is increments. This error code is returned by the embedded function 
for all valid embedded functions.

2 bytes CRC-16 
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7Eh NOP Command This function code has no operation. This allows a Modbus master to perform 
a control operation without any other Modbus command. This is only used 
inside of the 7Dh when no regular Modbus query is necessary.

Reading Parameter 
Information and Value 
Using Modbus

Through use of Modbus commands, you can read the present value of a 
parameter as well as parameter name, units, low limit, high limit, scale, and 
even the enumeration string (if the parameter is an enumeration type). This 
means that you can use a general user interface to retrieve and display specific 
parameter details from the relay. Use the 60h, 61h, and 62h commands to 
retrieve parameter information, and use the 03 command to retrieve values.

Modifying Relay 
Settings Using 
Modbus

The SEL-751A does not provide password protection. It is assumed that 
because the interface is a binary protocol with CRC-16 protection, the 
interface is being handled by an intelligent master system. Therefore, the 
master would provide password protection. 

You can change any of the settings listed in the Modbus Register Map 
(Table E.34). The high and low limits provided in the table might cover a 
wider range than what is acceptable by the particular model or configuration. 
The settings are not saved as and when they are received. The relay 
acknowledges the write operation, but it does not change the relay settings. 
The relay holds these settings until there are no further edits for a time 
specified by SETTINGS TIMEOUT register (4010h). After this time-out, the 
relay attempts to save the settings. If there are no errors, the settings are saved. 
If, however, a setting interdependency rule is violated, the settings are not 
saved. The relay will set the Config Fault bit in the TRIP STATUS HI register 
to indicate that the save settings operation has failed. The relay will also set 
ERROR REGISTER (4016h) flags to indicate the type of error.

You can change parameters such as date and time with the appropriate 
registers by using Modbus Function Code 06h or 10h.

You can block the ability to change the settings via Modbus protocol by using 
the Global Setting BLKMBSET or BLOCK MODBUS SET register.

Controlling Output 
Contacts Using 
Modbus

The SEL-751A includes registers for controlling some of the outputs. See 
LOGIC COMMAND (2000h), RESET COMMAND (2001h), and registers in 
the Reset Settings region for the control features supported by the relay. Use 
Modbus function codes 06h or 10h to write appropriate flags. Remember that 
when writing to the Logic command register with output contacts, it is not a 
bit operation. You must write all the bits in that register together to reflect the 
state you want for each of the outputs.

Table E.32 7Eh NOP Command

Bytes Field

An example of a 7D message response using 7E will have the following format:

1 byte Slave Address

1 byte Function Code (7Dh)

2 bytes Status Information

1 byte Function Code (7Eh)

2 bytes CRC-16 
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User-Defined Modbus 
Data Region and 
SET M Command

The SEL-751A Modbus Register Map defines an area of 125 contiguous 
addresses whose contents are defined by 125 user-settable addresses. This 
feature allows you to take 125 discrete values from anywhere in the Modbus 
Register Map and place them in contiguous registers that you can then read in 
a single command. SEL ASCII command SET M provides a convenient 
method to define the user map addresses. The user map can also be defined by 
writing to user map registers MOD_001 to MOD_125.

To use the user-defined data region, perform the following steps.

Step 1. Define the list of necessary quantities (as many as 125). 
Arrange the quantities in any order that is convenient for you to 
use.

Step 2. Refer to Table E.33 for a list of the Modbus label for each 
quantity. For more information on the Modbus labels, refer to 
the respective register in Table E.34.

Step 3. Execute SET M command from the command line to map user 
registers 001 to 125 (MOD_001 to MOD_125) through use of 
the labels in Table E.33.

Note that this step can also be performed through the use of the 
Modbus protocol. Use Modbus Function Code 06h to write to 
registers MOD_001 through MOD_125.

Step 4. Use Modbus function code 03h or 04h to read the quantities 
you want from addresses 126 through 250 (user map values).



E.21

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Communications Protocol

Table E.33 Modbus Register Labels for Use With SET M Command (Sheet 1 of 5)

Register 
Address Label

610 FPGA

611 GPSB

612 HMI

613 RAM

614 ROM

615 CR_RAM

616 NON_VOL

617 CLKSTS

618 CID_FILE

619 RTD

620 P3P3PS

621 P5PS

622 P2P5PS

623 P3P75PS

624 N1P25PS

625 N5PS

626 CLKBAT

627 CTBRD

628 CARDC

629 CARDD

630 CARDE

631 IASTS

632 IBSTS

633 ICSTS

634 INSTS

635 VASTS

636 VBSTS

637 VCSTS

638 RLYSTS

639 VSSTS

640 SER_NUMH

641 SER_NUML

642 IGSTS

643–649a

650 IA_MAG

651 IA_ANG

652 IB_MAG

653 IB_ANG

654 IC_MAG

655 IC_ANG

656 IN_MAG

657 IN_ANG

658 IG_MAG

659 IG_ANG

660 IAV

661 RES_661

662 3I2

663 UBI

664 VS_MAG

665 VS_ANG

666 VDC

667 VAB_MAG

668 VAB_ANG

669 VBC_MAG

670 VBC_ANG

671 VCA_MAG

672 VCA_ANG

673 VAVE

674 VA_MAG

675 VA_ANG

676 VB_MAG

677 VB_ANG

678 VC_MAG

679 VC_ANG

680 VG_MAG

681 VG_ANG

682 VAVE

683 3V2

684 UBV

685 P

686 Q

687 S

688 PF

689 FREQ

690 MWH3PH

691 MWH3PL

692 MVRH3PIH

693 MVRH3PIL

694 MVRH3POH

695 MVRH3POL

696 MVAH3PH

697 MVAH3PL

698 ENRGY_S

699 ENRGYMN

700 ENRGY_H

701 ENRGY_D

702 ENRGYMO

703 ENRGY_Y

704 MWH3PIH

705 MWH3PIL

706 FREQS

707–711a

712 RTDWDGMX

713 RTDBRGMX

714 RTDAMB

715 RTDOTHMX

716 RTD1

717 RTD2

718 RTD3

719 RTD4

Register 
Address Label

720 RTD5

721 RTD6

722 RTD7

723 RTD8

724 RTD9

725 RTD10

726 RTD11

727 RTD12

728 RES_728

729 LSENS1

730 LSENS2

731 LSENS3

732 LSENS4

733–738a

739 VSRMS

740 IARMS

741 IBRMS

742 ICRMS

743 INRMS

744 VARMS

745 VBRMS

746 VCRMS

747 VABRMS

748 VBCRMS

749 VCARMS

750 IAMX

751 IAX_S

752 IAXMN

753 IAX_H

754 IAX_D

755 IAXMO

756 IAX_Y

757 IAMN

758 IAN_S

759 IANMN

760 IAN_H

761 IAN_D

762 IANMO

763 IAN_Y

764 IBMX

765 IBX_S

766 IBXMN

767 IBX_H

768 IBX_D

769 IBXMO

770 IBX_Y

771 IBMN

772 IBN_S

773 IBNMN

774 IBN_H

Register 
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775 IBN_D

776 IBNMO

777 IBN_Y

778 ICMX

779 ICX_S

780 ICXMN

781 ICX_H

782 ICX_D

783 ICXMO

784 ICX_Y

785 ICMN

786 ICN_S

787 ICNMN

788 ICN_H

789 ICN_D

790 ICNMO

791 ICN_Y

792 INMX

793 INX_S

794 INXMN

795 INX_H

796 INX_D

797 INXMO

798 INX_Y

799 INMN

800 INN_S

801 INNMN

802 INN_H

803 INN_D

804 INNMO

805 INN_Y

806 IGMX

807 IGX_S

808 IGXMN

809 IGX_H

810 IGX_D

811 IGXMO

812 IGX_Y

813 IGMN

814 IGN_S

815 IGNMN

816 IGN_H

817 IGN_D

818 IGNMO

819 IGN_Y

820 VABMXb

821 VABX_Sb

822 VABXMNb

823 VABX_Hb

824 VABX_Db

Register 
Address Label

825 VABXMOb

826 VABX_Yb

827 VABMNb

828 VABN_Sb

829 VABNMNb

830 VABN_Hb

831 VABN_Db

832 VABNMOb

833 VABN_Yb

834 VBCMXb

835 VBCX_Sb

836 VBCXMNb

837 VBCX_Hb

838 VBCX_Db

839 VBCXMOb

840 VBCX_Yb

841 VBCMNb

842 VBCN_Sb

843 VBCNMNb

844 VBCN_Hb

845 VBCN_Db

846 VBCNMOb

847 VBCN_Yb

848 VCAMXb

849 VCAX_Sb

850 VCAXMNb

851 VCAX_Hb

852 VCAX_Db

853 VCAXMOb

854 VCAX_Yb

855 VCAMNb

856 VCAN_Sb

857 VCANMNb

858 VCAN_Hb

859 VCAN_Db

860 VCANMOb

861 VCAN_Yb

862 KW3PMX

863 KW3X_S

864 KW3XMN

865 KW3X_H

866 KW3X_D

867 KW3XMO

868 KW3X_Y

869 KW3PMN

870 KW3N_S

871 KW3NMN

Register 
Address Label
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872 KW3N_H

873 KW3N_D

874 KW3NMO

875 KW3N_Y

876 KVAR3PMX

877 KVR3X_S

878 KVR3XMN

879 KVR3X_H

880 KVR3X_D

881 KVR3XMO

882 KVR3X_Y

883 KVAR3PMN

884 KVR3N_S

885 KVR3NMN

886 KVR3N_H

887 KVR3N_D

888 KVR3NMO

889 KVR3N_Y

890 KVA3PMX

891 KVA3X_S

892 KVA3XMN

893 KVA3X_H

894 KVA3X_D

895 KVA3XMO

896 KVA3X_Y

897 KVA3PMN

898 KVA3N_S

899 KVA3NMN

900 KVA3N_H

901 KVA3N_D

902 KVA3NMO

903 KVA3N_Y

904 FREQMX

905 FREQX_S

906 FREQXMN

907 FREQX_H

908 FREQX_D

909 FREQXMO

910 FREQX_Y

911 FREQMN

912 FREQN_S

913 FREQNMN

914 FREQN_H

915 FREQN_D

916 FREQNMO

917 FREQN_Y

918 RTD1MX

919 RTD1X_S

920 RTD1XMN

921 RTD1X_H

Register 
Address Label

922 RTD1X_D

923 RTD1XMO

924 RTD1X_Y

925 RTD1MN

926 RTD1N_S

927 RTD1NMN

928 RTD1N_H

929 RTD1N_D

930 RTD1NMO

931 RTD1N_Y

932 RTD2MX

933 RTD2X_S

934 RTD2XMN

935 RTD2X_H

936 RTD2X_D

937 RTD2XMO

938 RTD2X_Y

939 RTD2MN

940 RTD2N_S

941 RTD2NMN

942 RTD2N_H

943 RTD2N_D

944 RTD2NMO

945 RTD2N_Y

946 RTD3MX

947 RTD3X_S

948 RTD3XMN

949 RTD3X_H

950 RTD3X_D

951 RTD3XMO

952 RTD3X_Y

953 RTD3MN

954 RTD3N_S

955 RTD3NMN

956 RTD3N_H

957 RTD3N_D

958 RTD3NMO

959 RTD3N_Y

960 RTD4MX

961 RTD4X_S

962 RTD4XMN

963 RTD4X_H

964 RTD4X_D

965 RTD4XMO

966 RTD4X_Y

967 RTD4MN

968 RTD4N_S

969 RTD4NMN

970 RTD4N_H

971 RTD4N_D

Register 
Address Label

972 RTD4NMO

973 RTD4N_Y

974 RTD5MX

975 RTD5X_S

976 RTD5XMN

977 RTD5X_H

978 RTD5X_D

979 RTD5XMO

980 RTD5X_Y

981 RTD5MN

982 RTD5N_S

983 RTD5NMN

984 RTD5N_H

985 RTD5N_D

986 RTD5NMO

987 RTD5N_Y

988 RTD6MX

989 RTD6X_S

990 RTD6XMN

991 RTD6X_H

992 RTD6X_D

993 RTD6XMO

994 RTD6X_Y

995 RTD6MN

996 RTD6N_S

997 RTD6NMN

998 RTD6N_H

999 RTD6N_D

1000 RTD6NMO

1001 RTD6N_Y

1002 RTD7MX

1003 RTD7X_S

1004 RTD7XMN

1005 RTD7X_H

1006 RTD7X_D

1007 RTD7XMO

1008 RTD7X_Y

1009 RTD7MN

1010 RTD7N_S

1011 RTD7NMN

1012 RTD7N_H

1013 RTD7N_D

1014 RTD7NMO

1015 RTD7N_Y

1016 RTD8MX

1017 RTD8X_S

1018 RTD8XMN

1019 RTD8X_H

1020 RTD8X_D

1021 RTD8XMO

Register 
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1022 RTD8X_Y

1023 RTD8MN

1024 RTD8N_S

1025 RTD8NMN

1026 RTD8N_H

1027 RTD8N_D

1028 RTD8NMO

1029 RTD8N_Y

1030 RTD9MX

1031 RTD9X_S

1032 RTD9XMN

1033 RTD9X_H

1034 RTD9X_D

1035 RTD9XMO

1036 RTD9X_Y

1037 RTD9MN

1038 RTD9N_S

1039 RTD9NMN

1040 RTD9N_H

1041 RTD9N_D

1042 RTD9NMO

1043 RTD9N_Y

1044 RTD10MX

1045 RTD10X_S

1046 RTD10XMN

1047 RTD10X_H

1048 RTD10X_D

1049 RTD10XMO

1050 RTD10X_Y

1051 RTD10MN

1052 RTD10N_S

1053 RTD10NMN

1054 RTD10N_H

1055 RTD10N_D

1056 RTD10NMO

1057 RTD10N_Y

1058 RTD11MX

1059 RTD11X_S

1060 RTD11XMN

1061 RTD11X_H

1062 RTD11X_D

1063 RTD11XMO

1064 RTD11X_Y

1065 RTD11MN

1066 RTD11N_S

1067 RTD11NMN

1068 RTD11N_H

1069 RTD11N_D

1070 RTD11NMO

1071 RTD11N_Y

Register 
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1072 RTD12MX

1073 RTD12X_S

1074 RTD12XMN

1075 RTD12X_H

1076 RTD12X_D

1077 RTD12XMO

1078 RTD12X_Y

1079 RTD12MN

1080 RTD12N_S

1081 RTD12NMN

1082 RTD12N_H

1083 RTD12N_D

1084 RTD12NMO

1085 RTD12N_Y

1086 AI301MXH

1087 AI301MXL

1088 AI301X_S

1089 AI301XMN

1090 AI301X_H

1091 AI301X_D

1092 AI301XMO

1093 AI301X_Y

1094 AI301MNH

1095 AI301MNL

1096 AI301N_S

1097 AI301NMN

1098 AI301N_H

1099 AI301N_D

1100 AI301NMO

1101 AI301N_Y

1102 AI302MXH

1103 AI302MXL

1104 AI302X_S

1105 AI302XMN

1106 AI302X_H

1107 AI302X_D

1108 AI302XMO

1109 AI302X_Y

1110 AI302MNH

1111 AI302MNL

1112 AI302N_S

1113 AI302NMN

1114 AI302N_H

1115 AI302N_D

1116 AI302NMO

1117 AI302N_Y

1118 AI303MXH

1119 AI303MXL

1120 AI303X_S

1121 AI303XMN

Register 
Address Label
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1122 AI303X_H

1123 AI303X_D

1124 AI303XMO

1125 AI303X_Y

1126 AI303MNH

1127 AI303MNL

1128 AI303N_S

1129 AI303NMN

1130 AI303N_H

1131 AI303N_D

1132 AI303NMO

1133 AI303N_Y

1134 AI304MXH

1135 AI304MXL

1136 AI304X_S

1137 AI304XMN

1138 AI304X_H

1139 AI304X_D

1140 AI304XMO

1141 AI304X_Y

1142 AI304MNH

1143 AI304MNL

1144 AI304N_S

1145 AI304NMN

1146 AI304N_H

1147 AI304N_D

1148 AI304NMO

1149 AI304N_Y

1150 AI305MXH

1151 AI305MXL

1152 AI305X_S

1153 AI305XMN

1154 AI305X_H

1155 AI305X_D

1156 AI305XMO

1157 AI305X_Y

1158 AI305MNH

1159 AI305MNL

1160 AI305N_S

1161 AI305NMN

1162 AI305N_H

1163 AI305N_D

1164 AI305NMO

1165 AI305N_Y

1166 AI306MXH

1167 AI306MXL

1168 AI306X_S

1169 AI306XMN

1170 AI306X_H

1171 AI306X_D

Register 
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1172 AI306XMO

1173 AI306X_Y

1174 AI306MNH

1175 AI306MNL

1176 AI306N_S

1177 AI306NMN

1178 AI306N_H

1179 AI306N_D

1180 AI306NMO

1181 AI306N_Y

1182 AI307MXH

1183 AI307MXL

1184 AI307X_S

1185 AI307XMN

1186 AI307X_H

1187 AI307X_D

1188 AI307XMO

1189 AI307X_Y

1190 AI307MNH

1191 AI307MNL

1192 AI307N_S

1193 AI307NMN

1194 AI307N_H

1195 AI307N_D

1196 AI307NMO

1197 AI307N_Y

1198 AI308MXH

1199 AI308MXL

1200 AI308X_S

1201 AI308XMN

1202 AI308X_H

1203 AI308X_D

1204 AI308XMO

1205 AI308X_Y

1206 AI308MNH

1207 AI308MNL

1208 AI308N_S

1209 AI308NMN

1210 AI308N_H

1211 AI308N_D

1212 AI308NMO

1213 AI308N_Y

1214 AI401MXH

1215 AI401MXL

1216 AI401X_S

1217 AI401XMN

1218 AI401X_H

1219 AI401X_D

1220 AI401XMO

1221 AI401X_Y

Register 
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1222 AI401MNH

1223 AI401MNL

1224 AI401N_S

1225 AI401NMN

1226 AI401N_H

1227 AI401N_D

1228 AI401NMO

1229 AI401N_Y

1230 AI402MXH

1231 AI402MXL

1232 AI402X_S

1233 AI402XMN

1234 AI402X_H

1235 AI402X_D

1236 AI402XMO

1237 AI402X_Y

1238 AI402MNH

1239 AI402MNL

1240 AI402N_S

1241 AI402NMN

1242 AI402N_H

1243 AI402N_D

1244 AI402NMO

1245 AI402N_Y

1246 AI403MXH

1247 AI403MXL

1248 AI403X_S

1249 AI403XMN

1250 AI403X_H

1251 AI403X_D

1252 AI403XMO

1253 AI403X_Y

1254 AI403MNH

1255 AI403MNL

1256 AI403N_S

1257 AI403NMN

1258 AI403N_H

1259 AI403N_D

1260 AI403NMO

1261 AI403N_Y

1262 AI403MXH

1263 AI403MXL

1264 AI403X_S

1265 AI403XMN

1266 AI403X_H

1267 AI403X_D

1268 AI403XMO

1269 AI403X_Y

1270 AI404MNH

1271 AI404MNL

Register 
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1272 AI404N_S

1273 AI404NMN

1274 AI404N_H

1275 AI404N_D

1276 AI404NMO

1277 AI404N_Y

1278 AI405MXH

1279 AI405MXL

1280 AI405X_S

1281 AI405XMN

1282 AI405X_H

1283 AI405X_D

1284 AI405XMO

1285 AI405X_Y

1286 AI405MNH

1287 AI405MNL

1288 AI405N_S

1289 AI405NMN

1290 AI405N_H

1291 AI405N_D

1292 AI405NMO

1293 AI405N_Y

1294 AI406MXH

1295 AI406MXL

1296 AI406X_S

1297 AI406XMN

1298 AI406X_H

1299 AI406X_D

1300 AI406XMO

1301 AI406X_Y

1302 AI406MNH

1303 AI406MNL

1304 AI406N_S

1305 AI406NMN

1306 AI406N_H

1307 AI406N_D

1308 AI406NMO

1309 AI406N_Y

1310 AI407MXH

1311 AI407MXL

1312 AI407X_S

1313 AI407XMN

1314 AI407X_H

1315 AI407X_D

1316 AI407XMO

1317 AI407X_Y

1318 AI407MNH

1319 AI407MNL

1320 AI407N_S

1321 AI407NMN

Register 
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1322 AI407N_H

1323 AI407N_D

1324 AI407NMO

1325 AI407N_Y

1326 AI408MXH

1327 AI408MXL

1328 AI408X_S

1329 AI408XMN

1330 AI408X_H

1331 AI408X_D

1332 AI408XMO

1333 AI408X_Y

1334 AI408MNH

1335 AI408MNL

1336 AI408N_S

1337 AI408NMN

1338 AI408N_H

1339 AI408N_D

1340 AI408NMO

1341 AI408N_Y

1342 AI501MXH

1343 AI501MXL

1344 AI501X_S

1345 AI501XMN

1346 AI501X_H

1347 AI501X_D

1348 AI501XMO

1349 AI501X_Y

1350 AI501MNH

1351 AI501MNL

1352 AI501N_S

1353 AI501NMN

1354 AI501N_H

1355 AI501N_D

1356 AI501NMO

1357 AI501N_Y

1358 AI502MXH

1359 AI502MXL

1360 AI502X_S

1361 AI502XMN

1362 AI502X_H

1363 AI502X_D

1364 AI502XMO

1365 AI502X_Y

1366 AI502MNH

1367 AI502MNL

1368 AI502N_S

1369 AI502NMN

1370 AI502N_H

1371 AI502N_D

Register 
Address Label
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1372 AI502NMO

1373 AI502N_Y

1374 AI503MXH

1375 AI503MXL

1376 AI503X_S

1377 AI503XMN

1378 AI503X_H

1379 AI503X_D

1380 AI503XMO

1381 AI503X_Y

1382 AI503MNH

1383 AI503MNL

1384 AI503N_S

1385 AI503NMN

1386 AI503N_H

1387 AI503N_D

1388 AI503NMO

1389 AI503N_Y

1390 AI504MXH

1391 AI504MXL

1392 AI504X_S

1393 AI504XMN

1394 AI504X_H

1395 AI504X_D

1396 AI504XMO

1397 AI504X_Y

1398 AI504MNH

1399 AI504MNL

1400 AI504N_S

1401 AI504NMN

1402 AI504N_H

1403 AI504N_D

1404 AI504NMO

1405 AI504N_Y

1406 AI505MXH

1407 AI505MXL

1408 AI505X_S

1409 AI505XMN

1410 AI505X_H

1411 AI505X_D

1412 AI505XMO

1413 AI505X_Y

1414 AI505MNH

1415 AI505MNL

1416 AI505N_S

1417 AI505NMN

1418 AI505N_H

1419 AI505N_D

1420 AI505NMO

1421 AI505N_Y

Register 
Address Label

1422 AI506MXH

1423 AI506MXL

1424 AI506X_S

1425 AI506XMN

1426 AI506X_H

1427 AI506X_D

1428 AI506XMO

1429 AI506X_Y

1430 AI506MNH

1431 AI506MNL

1432 AI506N_S

1433 AI506NMN

1434 AI506N_H

1435 AI506N_D

1436 AI506NMO

1437 AI506N_Y

1438 AI507MXH

1439 AI507MXL

1440 AI507X_S

1441 AI507XMN

1442 AI507X_H

1443 AI507X_D

1444 AI507XMO

1445 AI507X_Y

1446 AI507MNH

1447 AI507MNL

1448 AI507N_S

1449 AI507NMN

1450 AI507N_H

1451 AI507N_D

1452 AI507NMO

1453 AI507N_Y

1454 AI508MXH

1455 AI508MXL

1456 AI508X_S

1457 AI508XMN

1458 AI508X_H

1459 AI508X_D

1460 AI508XMO

1461 AI508X_Y

1462 AI508MNH

1463 AI508MNL

1464 AI508N_S

1465 AI508NMN

1466 AI508N_H

1467 AI508N_D

1468 AI508NMO

1469 AI508N_Y

1470 MXMN_R_S

1471 MXMN_RMN

Register 
Address Label

1472 MXMN_R_H

1473 MXMN_R_D

1474 MXMN_RMO

1475 MXMN_R_Y

1476–1480a

1481 PA

1482 QA

1483 SA

1484 PFA

1485 PB

1486 QB

1487 SB

1488 PFB

1489 PC

1490 QC

1491 SC

1492 PFC

1493 AI301H

1494 AI301L

1495 AI302H

1496 AI302L

1497 AI303H

1498 AI303L

1499 AI304H

1500 AI304L

1501 AI305H

1502 AI305L

1503 AI306H

1504 AI306L

1505 AI307H

1506 AI307L

1507 AI308H

1508 AI308L

1509 AI401H

1510 AI401L

1511 AI402H

1512 AI402L

1513 AI403H

1514 AI403L

1515 AI404H

1516 AI404L

1517 AI405H

1518 AI405L

1519 AI406H

1520 AI406L

1521 AI407H

1522 AI407L

1523 AI408H

1524 AI408L

1525 AI501H

Register 
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1526 AI501L

1527 AI502H

1528 AI502L

1529 AI503H

1530 AI503L

1531 AI504H

1532 AI504L

1533 AI505H

1534 AI505L

1535 AI506H

1536 AI506L

1537 AI507H

1538 AI507L

1539 AI508H

1540 AI508L

1541–1546a

1547 MV01H

1548 MV01L

1549 MV02H

1550 MV02L

1551 MV03H

1552 MV03L

1553 MV04H

1554 MV04L

1555 MV05H

1556 MV05L

1557 MV06H

1558 MV06L

1559 MV07H

1560 MV07L

1561 MV08H

1562 MV08L

1563 MV09H

1564 MV09L

1565 MV10H

1566 MV10L

1567 MV11H

1568 MV11L

1569 MV12H

1570 MV12L

1571 MV13H

1572 MV13L

1573 MV14H

1574 MV14L

1575 MV15H

1576 MV15L

1577 MV16H

1578 MV16L

1579 MV17H

1580 MV17L

Register 
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1581 MV18H

1582 MV18L

1583 MV19H

1584 MV19L

1585 MV20H

1586 MV20L

1587 MV21H

1588 MV21L

1589 MV22H

1590 MV22L

1591 MV23H

1592 MV23L

1593 MV24H

1594 MV24L

1595 MV25H

1596 MV25L

1597 MV26H

1598 MV26L

1599 MV27H

1600 MV27L

1601 MV28H

1602 MV28L

1603 MV29H

1604 MV29L

1605 MV30H

1606 MV30L

1607 MV31H

1608 MV31L

1609 MV32H

1610 MV32L

1611 SC01

1612 SC02

1613 SC03

1614 SC04

1615 SC05

1616 SC06

1617 SC07

1618 SC08

1619 SC09

1620 SC10

1621 SC11

1622 SC12

1623 SC13

1624 SC14

1625 SC15

1626 SC16

1627 SC17

1628 SC18

1629 SC19

1630 SC20

Register 
Address Label
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1631 SC21

1632 SC22

1633 SC23

1634 SC24

1635 SC25

1636 SC26

1637 SC27

1638 SC28

1639 SC29

1640 SC30

1641 SC31

1642 SC32

1643–1647a

1648 INTT

1649 EXTT

1650 INTIA

1651 EXTIA

1652 INTIB

1653 EXTIB

1654 INTIC

1655 EXTIC

1656 WEARA

1657 WEARB

1658 WEARC

1659 BRKR_R_S

1660 BRKR_RMN

1661 BRKR_R_H

1662 BRKR_R_D

1663 BRKR_RMO

1664 BRKR_R_Y

1665–1666a

1667 VSMX

1668 VSX_S

1669 VSXMN

1670 VSX_H

1671 VSX_D

1672 VSXMO

1673 VSX_Y

1674 VSMN

1675 VSN_S

1676 VSNMN

1677 VSN_H

1678 VSN_D

1679 VSNMO

1680 VSN_Y 

1681–1688a

1689 IAD

1690 IBD

1691 ICD

1692 IGD

Register 
Address Label

1693 3I2D

1694 IAPD

1695 IBPD

1696 ICPD

1697 IGPD

1698 3I2PD

1699 PDEM_R_S

1700 PDEM_RMN

1701 PDEM_R_H

1702 PDEM_R_D

1703 PDEM_RMO

1704 PDEM_R_Y 

1705–1745a

1746 NUMEVE

1747 EVESEL

1748 EVE_S

1749 EVEMN

1750 EVE_H

1751 EVE_D

1752 EVEMO

1753 EVE_Y

1754 EVE_TYPE

1755 EVE_TRGT

1756 EVE_IA

1757 EVE_IB

1758 EVE_IC

1759 EVE_IN

1760 EVE_IG

1761 EVE_VAB

1762 EVE_VBC

1763 EVE_VCA

1764 EVE_VG

1765 EVE_DY

1766 EVE_FREQ

1767–1769a

1770 EVE_MAXW

1771 EVE_MAXB

1772 EVE_MAXA

1773 EVE_MAXO

1774–1779a

1780 TRIP_LO

1781 TRIP_HI

1782 WARN_LO

1783 WARN_HI

1784–1788a

1789 NUMRCV

1790 NUMOTH

1791 INVADR

1792 BADCRC

1793 UARTERR

Register 
Address Label

1794 ILLFUNC

1795 ILLREG

1796 ILLWR

1797 BADPKTF

1798 BADPKTL

1799–1804a

1805 ROW_0

1806 ROW_1

1807 ROW_2

1808 ROW_3

1809 ROW_4

1810 ROW_5

1811 ROW_6

1812 ROW_7

1813 ROW_8

1814 ROW_9

1815 ROW_10

1816 ROW_11

1817 ROW_12

1818 ROW_13

1819 ROW_14

1820 ROW_15

1821 ROW_16

1822 ROW_17

1823 ROW_18

1824 ROW_19

1825 ROW_20

1826 ROW_21

1827 ROW_22

1828 ROW_23

1829 ROW_24

1830 ROW_25

1831 ROW_26

1832 ROW_27

1833 ROW_28

1834 ROW_29

1835 ROW_30

1836 ROW_31

1837 ROW_32

1838 ROW_33

1839 ROW_34

1840 ROW_35

1841 ROW_36

1842 ROW_37

1843 ROW_38

1844 ROW_39

1845 ROW_40

1846 ROW_41

1847 ROW_42

1848 ROW_43

Register 
Address Label

1849 ROW_44

1850 ROW_45

1851 ROW_46

1852 ROW_47

1853 ROW_48

1854 ROW_49

1855 ROW_50

1856 ROW_51

1857 ROW_52

1858 ROW_53

1859 ROW_54

1860 ROW_55

1861 ROW_56

1862 ROW_57

1863 ROW_58

1864 ROW_59

1865 ROW_60

1866 ROW_61

1867 ROW_62

1868 ROW_63

1869 ROW_64

1870 ROW_65

1871 ROW_66

1872 ROW_67

1873 ROW_68

1874 ROW_69

1875 ROW_70

1876 ROW_71

1877 ROW_72

1878 ROW_73

1879 ROW_74

1880 ROW_75

1881 ROW_76

1882 ROW_77

1883 ROW_78

1884 ROW_79

1885 ROW_80

1886 ROW_81

1887 ROW_82

1888 ROW_83

1889 ROW_84

1890 ROW_85

1891 ROW_86

1892 ROW_87

1893 ROW_88

1894 ROW_89

1895 ROW_90

1896 ROW_91

1897 ROW_92

1898 ROW_93

Register 
Address Label

1899 ROW_94

1900 ROW_95

1901 ROW_96

1902 ROW_97

1903 ROW_98

1904 ROW_99

1905 ROW_100

1906 ROW_101

1907 ROW_102

1908 ROW_103

1909 ROW_104

1910 ROW_105

1911 ROW_106

1912 ROW_107

1913 ROW_108

1914 ROW_109

1915 ROW_110

1916 ROW_111

1917 ROW_112

1918 ROW_113

1919 ROW_114

1920 ROW_115

1921 ROW_116

1922 ROW_117

1923 ROW_118

1924 ROW_119

1925–1946a

1947 NA

a All the reserved 
registers between the 
data areas in the map 
may also be assigned to 
the user registers with a 
label RES_xxxx where 
xxxx is the register 
number.

b Registers report 
corresponding phase-to-
phase values when 
setting DELTA_Y := 
DELTA and phase-to-
neutral values when 
setting DELTA_Y := WYE.

Register 
Address Label
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Reading History Data 
Using Modbus

Through use of the Modbus Register Map (Table E.34), you can download a 
complete history of the last 50 events via Modbus. The history contains the 
date and time stamp, type of event that triggered the report, currents, and 
voltages at the time of the event. Please refer to the Historical Data section in 
the map.

To use Modbus to download history data, including TRIP TYPE information, 
write the event number of interest (1–50) to the EVENT LOG SEL register at 
address 1747. Then read the history of the specific event number you 
requested from the registers shown in the Historical Data section of the 
Modbus Register Map (Table E.34). After a power cycle, the history data 
registers will show the history data corresponding to the latest event. This is 
dynamically updated, as whenever there is a new event, the history data 
registers will be automatically updated with new event data. If specific event 
number data have been retrieved using a write to the EVENT LOG SEL 
register, the event data registers will stay frozen with that specific event 
history. This will return to the free running mode when a zero is written to the 
event selection register from a prior nonzero selection.

Modbus Register Map (Modbus Map)
Table E.34 lists the data available in the Modbus interface and its description, 
range, and scaling information. The table also shows the parameter number 
for access through use of the DeviceNet interface. The DeviceNet parameter 
number is obtained by adding 100 to the Modbus register address.

Table E.34 Modbus Register Mapa (Sheet 1 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers

0 (R) Reservedd 0 100 1

User Map Register

1 (R/W) USER REG #1 610 1947 650 1 101
•
•
•

125 (R/W) USER REG #125 610 1947 1947 1 225

User Map Register Values

126 (R) USER REG#1 VAL 0 65535 0 1 226
•
•
•

250 (R) USER REG#125 VAL 0 65535 0 1 350

Reserved Area 1

251–259 (R) Reservedd 0 0 0 351–359

Access Control

260 (R/W) BLOCK MODBUS SET 0 2 0 360
0 = NONE
1 = R_S
2 = ALL

General Settings

261 (R/W) PHASE ROTATION 0 1 0 361
0 = ABC
1 = ACB
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262 (R/W) RATED FREQ. Hz 0 1 1 1 362
0 = 50 Hz
1 = 60 Hz

263 (R/W) DATE FORMAT 0 2 0 1 363
0 = MDY
1 = YMD
2 = DMY

264 (R/W) EVE MSG PTS EN 0 32 0 1 364
0 = N, 1–32

Group Selection

265 (R/W) GRP CHG DELAY sec 0 400 3 1 365

Breaker Failure Settings

266 (R/W) 52A INTERLOCK 0 1 0 366

0 = N
1 = Y

267 (R/W) BK FAILURE DELAY sec 0 200 50 00.01 367

268 (R) Reservedd 0 0 0 368

DC Battery Monitor

269 (R/W) DC UNDER VOLT EN 0 1 0 369
0 = N
1 = Y

270 (R/W) DC UNDER VOLT PU V 2000 30000 2000 0.01 370

271 (R/W) DC OVER VOLT EN 0 1 0 371
0 = N
1 = Y

272 (R/W) DC OVER VOLT PU V 2000 30000 30000 0.01 372

Configuration Settings

273 (R/W) PHASE CT RATIO 1 5000 120 1 373

274 (R/W) NEUTRAL CT RATIO 1 5000 120 1 374

275 (R/W) PHASE PT RATIO-I 1 10000 180 1 375

276 (R/W) PHASE PT RATIO-F 0 99 0 0.01 376

277 (R/W) SYNCV PT RATIO-I 1 10000 180 1 377

278 (R/W) SYNCV PT RATIO-F 0 99 0 0.01 378

279 (R/W) XFMR CONNECTION 0 1 0 379
0 = DELTA
1 = WYE

280 (R/W) LINE VOLTAGE V 2000 44000 12000 0.01 380

281 (R/W) SINGLE V INPUT 0 1 0 381
0 = N
1 = Y

282 (R/W) IG (residual current) SOURCE 0 1 0 382
0 = MEAS
1 = CALC

283 (R/W) RESIDU CT RATIO 1 5000 120 1 383

Maximum Phase Overcurrent

284 (R/W) MAXP OC L1 EN 0 1 1 384
0 = N
1 = Y

Table E.34 Modbus Register Mapa (Sheet 2 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers
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285 (R/W) MAXP OC TRIP L1 A 10 10000 1000 0.01 385

286 (R/W) MAXP OC L1 DLY sec 0 500 0 0.01 386

287 (R/W) MAXP OC L2 EN 0 1 1 387
0 = N
1 = Y

288 (R/W) MAXP OC TRIP L2 A 10 10000 1000 0.01 388

289 (R/W) MAXP OC L2 DLY sec 0 500 0 0.01 389

290 (R/W) MAXP OC L3 EN 0 1 1 390
0 = N
1 = Y

291 (R/W) MAXP OC TRIP L3 A 10 10000 1000 0.01 391

292 (R/W) MAXP OC L3 DLY sec 0 500 0 0.01 392

293 (R/W) MAXP OC L4 EN 0 1 1 393
0 = N
1 = Y

294 (R/W) MAXP OC TRIP L4 A 10 10000 1000 0.01 394

295 (R/W) MAXP OC L4 DLY sec 0 500 0 0.01 395

Neutral Overcurrent

296 (R/W) NEUT OC L1 EN 0 1 0 396
0 = N
1 = Y

297 (R/W) NEUT OC TRIP L1 A 10 10000 200 0.01 397

298 (R/W) NEUT OC TRIP L1 mA 1 10000 100 0.1 398

299 (R/W) NEUT OC L1 DLY sec 0 500 50 0.01 399

300 (R/W) NEUT OC L2 EN 0 1 0 400
0 = N
1 = Y

301 (R/W) NEUT OC TRIP L2 A 10 10000 200 0.01 401

302 (R/W) NEUT OC TRIP L2 mA 1 10000 100 0.1 402

303 (R/W) NEUT OC L2 DLY sec 0 500 50 0.01 403

304 (R/W) NEUT OC L3 EN 0 1 0 404
0 = N
1 = Y

305 (R/W) NEUT OC TRIP L3 A 10 10000 200 0.01 405

306 (R/W) NEUT OC TRIP L3 mA 1 10000 100 0.1 406

307 (R/W) NEUT OC L3 DLY sec 0 500 50 0.01 407

308 (R/W) NEUT OC L4 EN 0 1 0 408
0 = N
1 = Y

309 (R/W) NEUT OC TRIP L4 A 10 10000 200 0.01 409

310 (R/W) NEUT OC TRIP L4 mA 1 10000 100 0.1 410

311 (R/W) NEUT OC L4 DLY sec 0 500 50 0.01 411

Residual Overcurrent

312 (R/W) RES OC L1 EN 0 1 0 412
0 = N
1 = Y

313 (R/W) RES OC TRIP L1 A 10 10000 200 0.01 413

314 (R/W) RES OC L1 DLY sec 0 500 50 0.01 414

Table E.34 Modbus Register Mapa (Sheet 3 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
Parameter 
Numbers



E.29

Date Code 20220610 Instruction Manual SEL-751A Relay

Modbus Communications
Modbus Register Map (Modbus Map)

315 (R/W) RES OC L2 EN 0 1 0 415
0 = N
1 = Y

316 (R/W) RES OC TRIP L2 A 10 10000 200 0.01 416

317 (R/W) RES OC L2 DLY sec 0 500 50 0.01 417

318 (R/W) RES OC L3 EN 0 1 0 418
0 = N
1 = Y

319 (R/W) RES OC TRIP L3 A 10 10000 200 0.01 419

320 (R/W) RES OC L3 DLY sec 0 500 50 0.01 420

321 (R/W) RES OC L4 EN 0 1 0 421
0 = N
1 = Y

322 (R/W) RES OC TRIP L4 A 10 10000 200 0.01 422

323 (R/W) RES OC L4 DLY sec 0 500 50 0.01 423

Negative-Sequence Overcurrent

324 (R/W) NSEQ OC L1 EN 0 1 0 424
0 = N
1 = Y

325 (R/W) NSEQ OC TRIP L1 A 10 10000 200 0.01 425

326 (R/W) NSEQ OC L1 DLY sec 1 1200 2 0.01 426

327 (R/W) NSEQ OC L2 EN 0 1 0 427
0 = N
1 = Y

328 (R/W) NSEQ OC TRIP L2 A 10 10000 200 0.01 428

329 (R/W) NSEQ OC L2 DLY sec 1 1200 2 0.01 429

330 (R/W) NSEQ OC L3 EN 0 1 0 430
0 = N
1 = Y

331 (R/W) NSEQ OC TRIP L3 A 10 10000 200 0.01 431

332 (R/W) NSEQ OC L3 DLY sec 1 1200 2 0.01 432

333 (R/W) NSEQ OC L4 EN 0 1 0 433
0 = N
1 = Y

334 (R/W) NSEQ OC TRIP L4 A 10 10000 200 0.01 434

335 (R/W) NSEQ OC L4 DLY sec 1 1200 2 0.01 435

Phase Time Overcurrent

336 (R/W) PHA TOC TRIP EN 0 1 1 436
0 = N
1 = Y

337 (R/W) PHA TOC TRIP LVL A 10 1600 120 0.01 437

338 (R/W) PHA TOC CURVE 0 9 2 438
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

339 (R/W) PHA TOC TIM DIAL 5 1500 300 0.01 439

Table E.34 Modbus Register Mapa (Sheet 4 of 55)

Modbus Register 
Addressb Name/Enums Units Min Max Default Multiplierc

DeviceNet 
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340 (R/W) PHA EM RST DLAY 0 1 0 440
0 = N
1 = Y

341 (R/W) PHA CONST TIME sec 0 100 0 0.01 441

342 (R/W) PHA MIN RESP TIM sec 0 100 0 0.01 442

343 (R/W) PHB TOC TRIP EN 0 1 1 443
0 = N
1 = Y

344 (R/W) PHB TOC TRIP LVL A 10 1600 120 0.01 444

345 (R/W) PHB TOC CURVE 0 9 2 445
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

346 (R/W) PHB TOC TIM DIAL 5 1500 300 0.01 446

347 (R/W) PHB EM RST DLAY 0 1 0 447
0 = N
1 = Y

348 (R/W) PHB CONST TIME sec 0 100 0 0.01 448

349 (R/W) PHB MIN RESP TIM sec 0 100 0 0.01 449

350 (R/W) PHC TOC TRIP EN 0 1 1 450
0 = N
1 = Y

351 (R/W) PHC TOC TRIP LVL A 10 1600 120 0.01 451

352 (R/W) PHC TOC CURVE 0 9 2 1 452
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

353 (R/W) PHC TOC TIM DIAL 5 1500 300 0.01 453

354 (R/W) PHC EM RST DLAY 0 1 0 454
0 = N
1 = Y

355 (R/W) PHC CONST TIME sec 0 100 0 0.01 455

356 (R/W) PHC MIN RESP TIM sec 0 100 0 0.01 456

Maximum Phase Time Overcurrent

357 (R/W) TOC TRIP L1 EN 0 1 1 457
0 = N
1 = Y

358 (R/W) TOC TRIP LVL1 A 10 1600 120 0.01 458

359 (R/W) TOC CURVE SEL1 0 9 2 1 459
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

360 (R/W) TOC TIME DIAL1 5 1500 300 0.01 460

361 (R/W) EM RESET DELAY1 0 1 0 461
0 = N
1 = Y

Table E.34 Modbus Register Mapa (Sheet 5 of 55)
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Addressb Name/Enums Units Min Max Default Multiplierc
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362 (R/W) CONST TIME1 sec 0 100 0 0.01 462

363 (R/W) MIN RESP TIME1 sec 0 100 0 0.01 463

364 (R/W) TOC TRIP L2 EN 0 1 1 464
0 = N
1 = Y

365 (R/W) TOC TRIP LVL2 A 10 1600 120 0.01 465

366 (R/W) TOC CURVE SEL2 0 9 2 1 466
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

367 (R/W) TOC TIME DIAL2 5 1500 300 0.01 467

368 (R/W) EM RESET DELAY2 0 1 0 468
0 = N
1 = Y

369 (R/W) CONST TIME2 sec 0 100 0 0.01 469

370 (R/W) MIN RESP TIME2 sec 0 100 0 0.01 470

Negative-Sequence Time Overcurrent

371 (R/W) NSTOC TRIP EN 0 1 1 471
0 = N
1 = Y

372 (R/W) NSTOC TRIP LVL A 10 1600 120 0.01 472

373 (R/W) NSTOC CURVE SEL 0 9 2 1 473
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

374 (R/W) NSTOC TIME DIAL 5 1500 300 0.01 474

375 (R/W) NSTOC EM RST DLY 0 1 0 475
0 = N
1 = Y

376 (R/W) NSTOC CONST TIME sec 0 100 0 0.01 476

377 (R/W) NSTOC MIN RESP sec 0 100 0 0.01 477

Neutral Time Overcurrent

378 (R/W) NEUT TOC L1 EN 0 1 0 478
0 = N
1 = Y

379 (R/W) NEU TOC TRIP L1 A 10 1600 120 0.01 479

380 (R/W) NEU TOC TRIP L1 mA 13 16000 100 0.01 480

381 (R/W) NEUT TOC CURVE1 0 9 2 1 481
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

382 (R/W) NEU TOC TIM DL1 5 1500 150 0.01 482

383 (R/W) NEU EM RST DLAY1 0 1 0 483
0 = N
1 = Y

384 (R/W) NEUT CONST TIME1 sec 0 100 0 0.01 484

Table E.34 Modbus Register Mapa (Sheet 6 of 55)
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385 (R/W) NEU MIN RESP T1 sec 0 100 0 0.01 485

386 (R/W) NEUT TOC L2 EN 0 1 0 486
0 = N
1 = Y

387 (R/W) NEU TOC TRIP L2 A 10 1600 120 0.01 487

388 (R/W) NEU TOC TRIP L2 mA 13 16000 100 0.01 488

389 (R/W) NEUT TOC CURVE2 0 9 2 1 489
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

390 (R/W) NEU TOC TIM DL2 5 1500 150 0.01 490

391 (R/W) NEU EM RST DLAY2 0 1 0 491
0 = N
1 = Y

392 (R/W) NEUT CONST TIME2 sec 0 100 0 0.01 492

393 (R/W) NEU MIN RESP T2 sec 0 100 0 0.01 493

Residual Time Overcurrent

394 (R/W) RES TOC L1 EN 0 1 1 494
0 = N
1 = Y

395 (R/W) RES TOC TRIP L1 A 10 1600 10 0.01 495

396 (R/W) RES TOC CURVE1 0 9 2 1 496
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

397 (R/W) RES TOC TIM DL1 5 1500 150 0.01 497

398 (R/W) RES EM RST DLAY1 0 1 0 498
0 = N
1 = Y

399 (R/W) RES CONST TIME1 sec 0 100 0 0.01 499

400 (R/W) RES MIN RESP T1 sec 0 100 0 0.01 500

401 (R/W) RES TOC L2 EN 0 1 1 501
0 = N
1 = Y

402 (R/W) RES TOC TRIP L2 A 10 1600 10 0.01 502

403 (R/W) RES TOC CURVE2 0 9 2 1 503
0 = U1 5 = C1
1 = U2 6 = C2
2 = U3 7 = C3
3 = U4 8 = C4
4 = U5 9 = C5

404 (R/W) RES TOC TIM DL2 5 1500 150 0.01 504

405 (R/W) RES EM RST DLAY2 0 1 0 505
0 = N
1 = Y

406 (R/W) RES CONST TIME2 sec 0 100 0 0.01 506

407 (R/W) RES MIN RESP T2 sec 0 100 0 0.01 507

408–410 (R) Reservedd 0 0 0 508–510

Table E.34 Modbus Register Mapa (Sheet 7 of 55)
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RTD Settings

411 (R/W) RTD ENABLE 0 2 0 511
0 = NONE
1 = INT
2 = EXT

412 (R/W) RTD1 LOCATION 0 4 0 512
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

413 (R/W) RTD1 TYPE 0 3 0 513
0 = PT100
1 = NI100
2 = NI120
3 = CU10

414 (R/W) RTD1 TRIP LEVEL °C 0 250 0 1 514
0 = Off

415 (R/W) RTD1 WARN LEVEL °C 0 250 0 1 515
0 = Off

416 (R/W) RTD2 LOCATION 0 4 0 1 516
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

417 (R/W) RTD2 TYPE 0 3 0 1 517
0 = PT100
1 = NI100
2 = NI120
3 = CU10

418 (R/W) RTD2 TRIP LEVEL °C 0 250 0 1 518
0 = Off

419 (R/W) RTD2 WARN LEVEL °C 0 250 0 1 519
0 = Off

420 (R/W) RTD3 LOCATION 0 4 0 1 520
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

421 (R/W) RTD3 TYPE 0 3 0 1 521
0 = PT100
1 = NI100
2 = NI120
3 = CU10

422 (R/W) RTD3 TRIP LEVEL °C 0 250 0 1 522
0 = Off

423 (R/W) RTD3 WARN LEVEL °C 0 250 0 1 523
0 = Off

424 (R/W) RTD4 LOCATION 0 4 0 1 524
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

Table E.34 Modbus Register Mapa (Sheet 8 of 55)
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425 (R/W) RTD4 TYPE 0 3 0 1 525
0 = PT100
1 = NI100
2 = NI120
3 = CU10

426 (R/W) RTD4 TRIP LEVEL °C 0 250 0 1 526
0 = Off

427 (R/W) RTD4 WARN LEVEL °C 0 250 0 1 527
0 = Off

428 (R/W) RTD5 LOCATION 0 4 0 1 528
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

429 (R/W) RTD5 TYPE 0 3 0 1 529
0 = PT100
1 = NI100
2 = NI120
3 = CU10

430 (R/W) RTD5 TRIP LEVEL °C 0 250 0 1 530
0 = Off

431 (R/W) RTD5 WARN LEVEL °C 0 250 0 1 531
0 = Off

432 (R/W) RTD6 LOCATION 0 4 0 1 532
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

433 (R/W) RTD6 TYPE 0 3 0 1 533
0 = PT100
1 = NI100
2 = NI120
3 = CU10

434 (R/W) RTD6 TRIP LEVEL °C 0 250 0 1 534
0 = Off

435 (R/W) RTD6 WARN LEVEL °C 0 250 0 1 535
0 = Off

436 (R/W) RTD7 LOCATION 0 4 0 1 536
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

437 (R/W) RTD7 TYPE 0 3 0 1 537
0 = PT100
1 = NI100
2 = NI120
3 = CU10

438 (R/W) RTD7 TRIP LEVEL °C 0 250 0 1 538
0 = Off

439 (R/W) RTD7 WARN LEVEL °C 0 250 0 1 539
0 = Off
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440 (R/W) RTD8 LOCATION 0 4 0 1 540
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

441 (R/W) RTD8 TYPE 0 3 0 1 541
0 = PT100
1 = NI100
2 = NI120
3 = CU10

442 (R/W) RTD8 TRIP LEVEL °C 0 250 0 1 542
0 = Off

443 (R/W) RTD8 WARN LEVEL °C 0 250 0 1 543
0 = Off

444 (R/W) RTD9 LOCATION 0 4 0 1 544
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

445 (R/W) RTD9 TYPE 0 3 0 1 545
0 = PT100
1 = NI100
2 = NI120
3 = CU10

446 (R/W) RTD9 TRIP LEVEL °C 0 250 0 1 546
0 = Off

447 (R/W) RTD9 WARN LEVEL °C 0 250 0 1 547
0 = Off

448 (R/W) RTD10 LOCATION 0 4 0 1 548
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

449 (R/W) RTD10 TYPE 0 3 0 1 549
0 = PT100
1 = NI100
2 = NI120
3 = CU10

450 (R/W) RTD10 TRIP LEVEL °C 0 250 0 1 550
0 = Off

451 (R/W) RTD10 WARN LEVEL °C 0 250 0 1 551
0 = Off

452 (R/W) RTD11 LOCATION 0 4 0 1 552
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

453 (R/W) RTD11 TYPE 0 3 0 1 553
0 = PT100
1 = NI100
2 = NI120
3 = CU10
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454 (R/W) RTD11 TRIP LEVEL °C 0 250 0 1 554
0 = Off

455 (R/W) RTD11 WARN LEVEL °C 0 250 0 1 555
0 = Off

456 (R/W) RTD12 LOCATION 0 4 0 1 556
0 = OFF
1 = WDG
2 = BRG
3 = AMB
4 = OTH

457 (R/W) RTD12 TYPE 0 3 0 1 557
0 = PT100
1 = NI100
2 = NI120
3 = CU10

458 (R/W) RTD12 TRIP LEVEL °C 0 250 0 1 558
0 = Off

459 (R/W) RTD12 WARN LEVEL °C 0 250 0 1 559
0 = Off

460 (R/W) WIND TRIP VOTING 0 1 0 1 560
0 = N
1 = Y

461 (R/W) BEAR TRIP VOTING 0 1 0 1 561
0 = N
1 = Y

Undervoltage Settings

462 (R/W) UV TRIP1 ENABLE 0 1 0 562
0 = N
1 = Y

463 (R/W) UV TRIP1 LEVEL xVnm 2 100 80 0.01 563

464 (R/W) UV TRIP1 DELAY sec 0 1200 5 0.1 564

465 (R/W) UV TRIP2 ENABLE 0 1 0 565
0 = N
1 = Y

466 (R/W) UV TRIP2 LEVEL xVnm 2 100 80 0.01 566

467 (R/W) UV TRIP2 DELAY sec 0 1200 50 0.1 567

468 (R/W) UVS LVL1 ENABLE 0 1 0 568
0 = N
1 = Y

469 (R/W) UVS LEVEL1 V 200 30000 200 0.01 569

470 (R/W) UVS DELAY1 sec 0 1200 5 0.1 570

471 (R/W) UVS LVL2 ENABLE 0 1 0 571
0 = N
1 = Y

472 (R/W) UVS LEVEL2 V 200 30000 200 0.01 572

473 (R/W) UVS DELAY2 sec 0 1200 5 0.1 573

Overvoltage Settings

474 (R/W) OV TRIP1 ENABLE 0 1 1 574
0 = N
1 = Y

475 (R/W) OV TRIP1 LEVEL xVnm 2 120 110 0.01 575

476 (R/W) OV TRIP1 DELAY sec 0 1200 5 0.1 576
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477 (R/W) OV TRIP2 ENABLE 0 1 0 577
0 = N
1 = Y

478 (R/W) OV TRIP2 LEVEL xVnm 2 120 110 0.01 578

479 (R/W) OV TRIP2 DELAY sec 0 1200 50 0.1 579

480 (R/W) OVS LVL1 ENABLE 0 1 0 580
0 = N
1 = Y

481 (R/W) OVS LEVEL1 V 200 30000 30000 0.01 581

482 (R/W) OVS DELAY1 sec 0 1200 5 0.1 582

483 (R/W) OVS LVL2 ENABLE 0 1 0 583
0 = N
1 = Y

484 (R/W) OVS LEVEL2 V 200 30000 30000 0.01 584

485 (R/W) OVS DELAY2 sec 0 1200 5 0.1 585

Reclosing Control

486 (R/W) ENABLE RECLOSER 0 4 0 1 586

487 (R/W) OPEN INTERVAL1-I sec 0 3000 5 1 587

488 (R/W) OPEN INTERVAL1-F sec 0 99 0 0.01 588

489 (R/W) OPEN INTERVAL2-I sec 0 3000 0 1 589

490 (R/W) OPEN INTERVAL2-F sec 0 99 0 0.01 590

491 (R/W) OPEN INTERVAL3-I sec 0 3000 0 1 591

492 (R/W) OPEN INTERVAL3-F sec 0 99 0 0.01 592

493 (R/W) OPEN INTERVAL4-I sec 0 3000 0 1 593

494 (R/W) OPEN INTERVAL4-F sec 0 99 0 0.01 594

495 (R/W) RST FROM RECL-I sec 0 3000 15 1 595

496 (R/W) RST FROM RECL-F sec 0 99 0 0.01 596

497 (R/W) RST FROM LO-I sec 0 3000 5 1 597

498 (R/W) RST FROM LO-F sec 0 99 0 0.01 598

499 (R/W) RECLS SUPV EN 0 1 1 599
0=N
1=Y

500 (R/W) RECL SUPV TIME-I sec 0 3000 0 1 600

501 (R/W) RECL SUPV TIME-F sec 0 99 0 0.01 601

Power Factor Settings

502 (R/W) PF LAG TRIP ENABL 0 1 0 602
0 = N
1 = Y

503 (R/W) PF LAG TRIP LEVL 5 99 50 0.01 603

504 (R/W) PF LD TRIP ENABL 0 1 0 604
0 = N
1 = Y

505 (R/W) PF LD TRIP LEVEL 5 99 50 0.01 605

506 (R/W) PF TRIP DELAY sec 1 240 1 1 606

507 (R/W) PF LAG WARN ENABL 0 1 0 607
0 = N
1 = Y
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508 (R/W) PF LAG WARN LEVL 5 99 50 0.01 608

509 (R/W) PF LD WARN ENABL 0 1 0 609
0 = N
1 = Y

510 (R/W) PF LD WARN LEVEL 5 99 50 0.01 610

511 (R/W) PF WARN DELAY sec 1 240 1 1 611

512 (R/W) PF ARMING DELAY sec 0 5000 0 1 612

Frequency Settings

513 (R/W) FREQ1 TRIP ENABL 0 1 0 613
0 = N
1 = Y

514 (R/W) FREQ1 TRIP LEVEL Hz 2000 7000 6000 0.01 614

515 (R/W) FREQ1 TRIP DELAY sec 0 2400 10 0.1 615

516 (R/W) FREQ2 TRIP ENABL 0 1 0 616
0 = N
1 = Y

517 (R/W) FREQ2 TRIP LEVEL Hz 2000 7000 6000 0.01 617

518 (R/W) FREQ2 TRIP DELAY sec 0 2400 10 0.1 618

519 (R/W) FREQ3 TRIP ENABL 0 1 0 619
0 = N
1 = Y

520 (R/W) FREQ3 TRIP LEVEL Hz 2000 7000 6000 0.01 620

521 (R/W) FREQ3 TRIP DELAY sec 0 2400 10 0.1 621

522 (R/W) FREQ4 TRIP ENABL 0 1 0 622
0 = N
1 = Y

523 (R/W) FREQ4 TRIP LEVEL Hz 2000 7000 6000 0.01 623

524 (R/W) FREQ4 TRIP DELAY sec 0 2400 10 0.1 624

Synch Check Set

525 (R/W) SYNCH CHECK 0 1 0 625
0 = N
1 = Y

526 (R/W) VS WINDOW LOW V 0 30000 10500 0.01 626

527 (R/W) VS WINDOW HIGH V 0 30000 13000 0.01 627

528 (R/W) MAX SLIP FREQ Hz 50 500 200 0.001 628

529 (R/W) MAX ANGLE 1 deg 0 80 25 629

530 (R/W) MAX ANGLE 2 deg 0 80 40 630
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531 (R/W) SYNCH PHASE deg 0 14 0 631
0 = VA (or VAB)
1 = VB (or VBC)
2 = VC (or VCA)
3 = 0
4 = 30
5 = 60
6 = 90
7 = 120
8 = 150
9 = 180
10 = 210
11 = 240
12 = 270
13 = 300
14 = 330

532 (R/W) BRKR CLOSE TIME ms 0 1000 50 632

Trip/Close Logic

533 (R/W) MIN TRIP TIME sec 0 4000 5 0.1 633

534 (R/W) CLS FAIL DLY EN 0 1 1 634
0 = N
1 = Y

535 (R/W) CLOSE FAIL DELAY sec 0 4000 10 0.1 635

536–541 (R) Reservedd 0 0 0 636–641

SELOGIC Enables

542 (R/W) SELOGIC LATCHES 0 32 4 1 642

543 (R/W) SV/TIMERS 0 32 5 1 643

544 (R/W) SELOGIC COUNTERS 0 32 0 1 644

545 (R/W) MATH VARIABLES 0 32 0 1 645

546–550 (R) Reservedd 0 0 0 646–650

Output Contacts 0 = N 1 = Y

551 (R/W) OUT101 FAIL-SAFE 0 1 1 651

552 (R/W) OUT102 FAIL-SAFE 0 1 0 652

553 (R/W) OUT103 FAIL-SAFE 0 1 0 653

554 (R/W) OUT301 FAIL-SAFE 0 1 0 654

555 (R/W) OUT302 FAIL-SAFE 0 1 0 655

556 (R/W) OUT303 FAIL-SAFE 0 1 0 656

557 (R/W) OUT304 FAIL-SAFE 0 1 0 657

558 (R/W) OUT401 FAIL-SAFE 0 1 0 658

559 (R/W) OUT402 FAIL-SAFE 0 1 0 659

560 (R/W) OUT403 FAIL-SAFE 0 1 0 660

561 (R/W) OUT404 FAIL-SAFE 0 1 0 661

562 (R/W) OUT501 FAIL-SAFE 0 1 0 662

563 (R/W) OUT502 FAIL-SAFE 0 1 0 663

564 (R/W) OUT503 FAIL-SAFE 0 1 0 664

565 (R/W) OUT504 FAIL-SAFE 0 1 0 665

566–570 (R) Reservedd 0 0 0 666–670
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Event Report Settings

571 (R/W) EVENT LENGTH cyc 0 1 0 671
0 = 15
1 = 64

572 (R/W) PREFAULT LENGTH cyc 1 59 5 1 672

573 (R) Reservedd 0 0 0 673

574 (R/W) ENABLE ALIASES 0 20 4 674

575 (R/W) LDP ACQ RATE min 0 4 2 1 675
0 = 5
1 = 10
2 = 15
3 = 30
4 = 60

576 (R/W) AUTO-REMOVAL EN 0 1 0 676
0 = N
1 = Y

577 (R/W) NUM OF COUNTS 2 20 5 1 677

578 (R/W) REMOVAL TIME sec 1 900 10 0.1 678

579–580 (R) Reservedd 0 0 0 679–680

Front-Panel Settings

581 (R/W) DISPLAY PTS ENABL 0 32 4 1 681

582 (R/W) LOCAL BITS ENABL 0 32 0 1 682

583 (R/W) LCD TIMEOUT min 0 30 15 1 683
0 = Off

584 (R/W) LCD CONTRAST 1 8 5 1 684

585 (R/W) CLOSE RESET LEDS 0 1 1 685
0 = N
1 = Y

586 (R/W) FP AUTOMESSAGES 0 1 0 686
0 = OVERRIDE
1 = ROTATING

587–590 (R) Reservedd 0 0 0 687–690

Reset Settings

591 (R/W) RESET DATA 0 1023 0 1 691
Bit 0 = Trip Reset
Bit 1 = Set to Defaults
Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reserved
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data
Bit 8 = Rst Demand
Bit 9 = Rst Peak Demand
Bit 10–15 = Reserved

592–601 (R) Reservedd 0 0 0 692–701
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Date/Time Settings

602 (R/W) SET SEC 0 5999 0 0.01 702

603 (R/W) SET MIN 0 59 0 1 703

604 (R/W) SET HOUR 0 23 0 1 704

605 (R/W) SET DAY 1 31 1 1 705

606 (R/W) SET MONTH 1 12 1 1 706

607 (R/W) SET YEAR 2000 9999 2000 1 707

608 (R) Reservedd 0 0 0 708

609 (R) Reservedd 0 0 0 709

Device Status 0 = OK 1 = WARN 2 = FAIL

610 (R) FPGA STATUS 0 2 0 710

611 (R) GPSB STATUS 0 2 0 711

612 (R) HMI STATUS 0 2 0 712

613 (R) RAM STATUS 0 2 0 713

614 (R) ROM STATUS 0 2 0 714

615 (R) CR_RAM STATUS 0 2 0 715

616 (R) NON_VOL STATUS 0 2 0 716

617 (R) CLOCK STATUS 0 2 0 717

618 (R) CID FILE STATUS 0 2 0 718

619 (R) RTD STATUS 0 2 0 719

620 (R) +3.3V STATUS 0 2 0 720

621 (R) +5.0V STATUS 0 2 0 721

622 (R) +2.5V STATUS 0 2 0 722

623 (R) +3.75V STATUS 0 2 0 723

624 (R) –1.25V STATUS 0 2 0 724

625 (R) –5.0V STATUS 0 2 0 725

626 (R) CLK_BAT STATUS 0 2 0 726

627 (R) CT BOARD STATUS 0 2 0 727

628 (R) CARD C STATUS 0 2 0 728

629 (R) CARD D STATUS 0 2 0 729

630 (R) CARD E STATUS 0 2 0 730

631 (R) IA STATUS 0 2 0 731

632 (R) IB STATUS 0 2 0 732

633 (R) IC STATUS 0 2 0 733

634 (R) IN STATUS 0 2 0 734

635 (R) VA STATUS 0 2 0 735

636 (R) VB STATUS 0 2 0 736

637 (R) VC STATUS 0 2 0 737

638 (R) RELAY STATUS 0 1 0 738
0 = ENABLED
1 = DISABLED

639 (R) VS STATUS 0 2 0 739

640 (R) SERIAL NUMBER H 0 65535 0 740
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641 (R) SERIAL NUMBER L 0 65535 0 741

642 (R) IG STATUS 0 2 0 742
0 = OK
1 = WARN
2 = FAIL

643–649 (R) Reservedd 0 0 0 743–749

Current Data

650 (R) IA CURRENT A 0 65535 0 1 750

651 (R) IA ANGLE deg –1800 1800 0 0.1 751

652 (R) IB CURRENT A 0 65535 0 1 752

653 (R) IB ANGLE deg –1800 1800 0 0.1 753

654 (R) IC CURRENT A 0 65535 0 1 754

655 (R) IC ANGLE deg –1800 1800 0 0.1 755

656 (R) IN CURRENT A 0 65535 0 1 756

657 (R) IN ANGLE deg –1800 1800 0 0.1 757

658 (R) IG CURRENT A 0 65535 0 1 758

659 (R) IG ANGLE deg –1800 1800 0 0.1 759

660 (R) AVERAGE CURRENT A 0 65535 0 1 760

661 (R) Reservedd 0 0 0 761

662 (R) NEG-SEQ CURR 3I2 A 0 65535 0 1 762

663 (R) CURRENT IMBAL % 0 1000 0 0.1 763

Extra Voltage Date

664 (R) VSN V 0 65535 0 1 764

665 (R) VSN ANGLE deg –1800 1800 0 0.1 765

666 (R) VDC V 0 65535 0 0.1 766

Voltage Data

667 (R) VAB V 0 65535 0 1 767

668 (R) VAB ANGLE deg –1800 1800 0 0.1 768

669 (R) VBC V 0 65535 0 1 769

670 (R) VBC ANGLE deg –1800 1800 0 0.1 770

671 (R) VCA V 0 65535 0 1 771

672 (R) VCA ANGLE deg –1800 1800 0 0.1 772

673 (R) AVERAGE LINEe V 0 65535 0 1 773

674 (R) VAN V 0 65535 0 1 774

675 (R) VAN ANGLE deg –1800 1800 0 0.1 775

676 (R) VBN V 0 65535 0 1 776

677 (R) VBN ANGLE deg –1800 1800 0 0.1 777

678 (R) VCN V 0 65535 0 1 778

679 (R) VCN ANGLE deg –1800 1800 0 0.1 779

680 (R) VG V 0 65535 0 1 780

681 (R) VG ANGLE deg –1800 1800 0 0.1 781

682 (R) AVERAGE PHASEf V 0 65535 0 1 782

683 (R) NEG-SEQ VOLT 3V2 V 0 65535 0 1 783

684 (R) VOLTAGE IMBAL % 0 1000 0 0.1 784
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Power Data

685 (R) REAL POWER kW –32768 32767 0 1 785

686 (R) REACTIVE POWER kVAR –32768 32767 0 1 786

687 (R) APPARENT POWER kVA –32768 32767 0 1 787

688 (R) POWER FACTOR –100 100 0 0.01 788

689 (R) FREQUENCY Hz 2000 7000 6000 0.01 789

Energy Data

690 (R) MWH3PO HI MWhr 0 65535 0 0.001 790

691 (R) MWH3PO LO MWhr 0 65535 0 0.001 791

692 (R) MVARH3PI HI MVARh 0 65535 0 0.001 792

693 (R) MVARH3PI LO MVARh 0 65535 0 0.001 793

694 (R) MVARH3PO HI MVARh 0 65535 0 0.001 794

695 (R) MVARH3PO LO MVARh 0 65535 0 0.001 795

696 (R) MVAH3P HI MVAh 0 65535 0 0.001 796

697 (R) MVAH3P LO MVAh 0 65535 0 0.001 797

698 (R) LAST RST TIME ss 0 5999 0 0.01 798

699 (R) LAST RST TIME mm 0 59 0 1 799

700 (R) LAST RST TIME hh 0 23 0 1 800

701 (R) LAST RST DATE dd 1 31 1 1 801

702 (R) LAST RST DATE mm 1 12 1 1 802

703 (R) LAST RST DATE yy 2000 9999 2000 1 803

704 (R) MWH3PI HI MWhr 0 65535 0 0.001 804

705 (R) MWH3PI LO MWhr 0 65535 0 0.001 805

706 (R) SYNC FREQUENCY Hz 2000 7000 6000 0.01 806

707–711 (R) Reservedd 0 0 0 807–811

RTD Data

712 (R) MAX WINDING RTD °C –32768 32767 0 1 812
7FFFh = Open
8000h = Short
7FFCh = Comm Fail
7FF8h = Stat Fail
7FFEh = Fail
7FF0h = NA

713 (R) MAX BEARING RTD °C –32768 32767 0 1 813

714 (R) MAX AMBIENT RTD °C –32768 32767 0 1 814

715 (R) MAX OTHER RTD °C –32768 32767 0 1 815

716–727 (R) RTD 1 through RTD 12 °C –32768 32767 0 1 816–827

728 (R) Reservedd 0 0 0 828

Light Meter Data

729 (R) LS 1 % 0 1000 0 0.1 829

730 (R) LS 2 % 0 1000 0 0.1 830

731 (R) LS 3 % 0 1000 0 0.1 831

732 (R) LS 4 % 0 1000 0 0.1 832

733–738 (R) Reservedd 0 0 0 833–838
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RMS Data

739 (R) VS RMS V 0 65535 0 1 839

740 (R) IA RMS A 0 65535 0 1 840

741 (R) IB RMS A 0 65535 0 1 841

742 (R) IC RMS A 0 65535 0 1 842

743 (R) IN RMS A 0 65535 0 1 843

744 (R) VA RMSf V 0 65535 0 1 844

745 (R) VB RMSf V 0 65535 0 1 845

746 (R) VC RMSf V 0 65535 0 1 846

747 (R) VAB RMSe V 0 65535 0 1 847

748 (R) VBC RMSe V 0 65535 0 1 848

749 (R) VCA RMSe V 0 65535 0 1 849

MAX/MIN Meter Data
Note: The labels of registers 820–861 represent phase-to-phase voltages when DELTA_Y is set to DELTA and they represent 

phase voltages when DELTA_Y is set to WYE.

750 (R) IA MAX A 0 65535 0 1 850

751 (R) IA MAX TIME ss 0 5999 0 0.01 851

752 (R) IA MAX TIME mm 0 59 0 1 852

753 (R) IA MAX TIME hh 0 23 0 1 853

754 (R) IA MAX DAY dd 1 31 1 1 854

755 (R) IA MAX DAY mm 1 12 1 1 855

756 (R) IA MAX DAY yy 2000 9999 2000 1 856

757 (R) IA MIN A 0 65535 0 1 857

758 (R) IA MIN TIME ss 0 5999 0 0.01 858

759 (R) IA MIN TIME mm 0 59 0 1 859

760 (R) IA MIN TIME hh 0 23 0 1 860

761 (R) IA MIN DAY dd 1 31 1 1 861

762 (R) IA MIN DAY mm 1 12 1 1 862

763 (R) IA MIN DAY yy 2000 9999 2000 1 863

764 (R) IB MAX A 0 65535 0 1 864

765 (R) IB MAX TIME ss 0 5999 0 0.01 865

766 (R) IB MAX TIME mm 0 59 0 1 866

767 (R) IB MAX TIME hh 0 23 0 1 867

768 (R) IB MAX DAY dd 1 31 1 1 868

769 (R) IB MAX DAY mm 1 12 1 1 869

770 (R) IB MAX DAY yy 2000 9999 2000 1 870

771 (R) IB MIN A 0 65535 0 1 871

772 (R) IB MIN TIME ss 0 5999 0 0.01 872

773 (R) IB MIN TIME mm 0 59 0 1 873

774 (R) IB MIN TIME hh 0 23 0 1 874

775 (R) IB MIN DAY dd 1 31 1 1 875

776 (R) IB MIN DAY mm 1 12 1 1 876

777 (R) IB MIN DAY yy 2000 9999 2000 1 877
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778 (R) IC MAX A 0 65535 0 1 878

779 (R) IC MAX TIME ss 0 5999 0 0.01 879

780 (R) IC MAX TIME mm 0 59 0 1 880

781 (R) IC MAX TIME hh 0 23 0 1 881

782 (R) IC MAX DAY dd 1 31 1 1 882

783 (R) IC MAX DAY mm 1 12 1 1 883

784 (R) IC MAX DAY yy 2000 9999 2000 1 884

785 (R) IC MIN A 0 65535 0 1 885

786 (R) IC MIN TIME ss 0 5999 0 0.01 886

787 (R) IC MIN TIME mm 0 59 0 1 887

788 (R) IC MIN TIME hh 0 23 0 1 888

789 (R) IC MIN DAY dd 1 31 1 1 889

790 (R) IC MIN DAY mm 1 12 1 1 890

791 (R) IC MIN DAY yy 2000 9999 2000 1 891

792 (R) IN MAX A 0 65535 0 1 892

793 (R) IN MAX TIME ss 0 5999 0 0.01 893

794 (R) IN MAX TIME mm 0 59 0 1 894

795 (R) IN MAX TIME hh 0 23 0 1 895

796 (R) IN MAX DAY dd 1 31 1 1 896

797 (R) IN MAX DAY mm 1 12 1 1 897

798 (R) IN MAX DAY yy 2000 9999 2000 1 898

799 (R) IN MIN A 0 65535 0 1 899

800 (R) IN MIN TIME ss 0 5999 0 0.01 900

801 (R) IN MIN TIME mm 0 59 0 1 901

802 (R) IN MIN TIME hh 0 23 0 1 902

803 (R) IN MIN DAY dd 1 31 1 1 903

804 (R) IN MIN DAY mm 1 12 1 1 904

805 (R) IN MIN DAY yy 2000 9999 2000 1 905

806 (R) IG MAX A 0 65535 0 1 906

807 (R) IG MAX TIME ss 0 5999 0 0.01 907

808 (R) IG MAX TIME mm 0 59 0 1 908

809 (R) IG MAX TIME hh 0 23 0 1 909

810 (R) IG MAX DAY dd 1 31 1 1 910

811 (R) IG MAX DAY mm 1 12 1 1 911

812 (R) IG MAX DAY yy 2000 9999 2000 1 912

813 (R) IG MIN A 0 65535 0 1 913

814 (R) IG MIN TIME ss 0 5999 0 0.01 914

815 (R) IG MIN TIME mm 0 59 0 1 915

816 (R) IG MIN TIME hh 0 23 0 1 916

817 (R) IG MIN DAY dd 1 31 1 1 917

818 (R) IG MIN DAY mm 1 12 1 1 918

819 (R) IG MIN DAY yy 2000 9999 2000 1 919
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820 (R) VAB/VA MAX V 0 65535 0 1 920

821 (R) VAB/VA MX TIM ss 0 5999 0 0.01 921

822 (R) VAB/VA MX TIM mm 0 59 0 1 922

823 (R) VAB/VA MX TIM hh 0 23 0 1 923

824 (R) VAB/VA MX DAY dd 1 31 1 1 924

825 (R) VAB/VA MX DAY mm 1 12 1 1 925

826 (R) VAB/VA MX DAY yy 2000 9999 2000 1 926

827 (R) VAB/VA MIN V 0 65535 0 1 927

828 (R) VAB/VA MN TIM ss 0 5999 0 0.01 928

829 (R) VAB/VA MN TIM mm 0 59 0 1 929

830 (R) VAB/VA MN TIM hh 0 23 0 1 930

831 (R) VAB/VA MN DAY dd 1 31 1 1 931

832 (R) VAB/VA MN DAY mm 1 12 1 1 932

833 (R) VAB/VA MN DAY yy 2000 9999 2000 1 933

834 (R) VBC/VB MAX V 0 65535 0 1 934

835 (R) VBC/VB MX TIM ss 0 5999 0 0.01 935

836 (R) VBC/VB MX TIM mm 0 59 0 1 936

837 (R) VBC/VB MX TIM hh 0 23 0 1 937

838 (R) VBC/VB MX DAY dd 1 31 1 1 938

839 (R) VBC/VB MX DAY mm 1 12 1 1 939

840 (R) VBC/VB MX DAY yy 2000 9999 2000 1 940

841 (R) VBC/VB MIN V 0 65535 0 1 941

842 (R) VBC/VB MN TIM ss 0 5999 0 0.01 942

843 (R) VBC/VB MN TIM mm 0 59 0 1 943

844 (R) VBC/VB MN TIM hh 0 23 0 1 944

845 (R) VBC/VB MN DAY dd 1 31 1 1 945

846 (R) VBC/VB MN DAY mm 1 12 1 1 946

847 (R) VBC/VB MN DAY yy 2000 9999 2000 1 947

848 (R) VCA/VC MAX V 0 65535 0 1 948

849 (R) VCA/VC MX TIM ss 0 5999 0 0.01 949

850 (R) VCA/VC MX TIM mm 0 59 0 1 950

851 (R) VCA/VC MX TIM hh 0 23 0 1 951

852 (R) VCA/VC MX DAY dd 1 31 1 1 952

853 (R) VCA/VC MX DAY mm 1 12 1 1 953

854 (R) VCA/VC MX DAY yy 2000 9999 2000 1 954

855 (R) VCA/VC MIN V 0 65535 0 1 955

856 (R) VCA/VC MN TIM ss 0 5999 0 0.01 956

857 (R) VCA/VC MN TIM mm 0 59 0 1 957

858 (R) VCA/VC MN TIM hh 0 23 0 1 958

859 (R) VCA/VC MN DAY dd 1 31 1 1 959

860 (R) VCA/VC MN DAY mm 1 12 1 1 960

861 (R) VCA/VC MN DAY yy 2000 9999 2000 1 961
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862 (R) KW3P MAX kW –32768 32767 0 1 962

863 (R) KW3P MX TIM ss 0 5999 0 0.01 963

864 (R) KW3P MX TIM mm 0 59 0 1 964

865 (R) KW3P MX TIM hh 0 23 0 1 965

866 (R) KW3P MX DAY dd 1 31 1 1 966

867 (R) KW3P MX DAY mm 1 12 1 1 967

868 (R) KW3P MX DAY yy 2000 9999 2000 1 968

869 (R) KW3P MIN kW –32768 32767 0 1 969

870 (R) KW3P MN TIM ss 0 5999 0 0.01 970

871 (R) KW3P MN TIM mm 0 59 0 1 971

872 (R) KW3P MN TIM hh 0 23 0 1 972

873 (R) KW3P MN DAY dd 1 31 1 1 973

874 (R) KW3P MN DAY mm 1 12 1 1 974

875 (R) KW3P MN DAY yy 2000 9999 2000 1 975

876 (R) KVAR3P MAX kVAR –32768 32767 0 1 976

877 (R) KVAR3P MX TIM ss 0 5999 0 0.01 977

878 (R) KVAR3P MX TIM mm 0 59 0 1 978

879 (R) KVAR3P MX TIM hh 0 23 0 1 979

880 (R) KVAR3P MX DAY dd 1 31 1 1 980

881 (R) KVAR3P MX DAY mm 1 12 1 1 981

882 (R) KVAR3P MX DAY yy 2000 9999 2000 1 982

883 (R) KVAR3P MIN kVAR –32768 32767 0 1 983

884 (R) KVAR3P MN TIM ss 0 5999 0 0.01 984

885 (R) KVAR3P MN TIM mm 0 59 0 1 985

886 (R) KVAR3P MN TIM hh 0 23 0 1 986

887 (R) KVAR3P MN DAY dd 1 31 1 1 987

888 (R) KVAR3P MN DAY mm 1 12 1 1 988

889 (R) KVAR3P MN DAY yy 2000 9999 2000 1 989

890 (R) KVA3P MAX kVA –32768 32767 0 1 990

891 (R) KVA3P MX TIM ss 0 5999 0 0.01 991

892 (R) KVA3P MX TIM mm 0 59 0 1 992

893 (R) KVA3P MX TIM hh 0 23 0 1 993

894 (R) KVA3P MX DAY dd 1 31 1 1 994

895 (R) KVA3P MX DAY mm 1 12 1 1 995

896 (R) KVA3P MX DAY yy 2000 9999 2000 1 996

897 (R) KVA3P MIN kVA –32768 32767 0 1 997

898 (R) KVA3P MN TIM ss 0 5999 0 0.01 998

899 (R) KVA3P MN TIM mm 0 59 0 1 999

900 (R) KVA3P MN TIM hh 0 23 0 1 1000

901 (R) KVA3P MN DAY dd 1 31 1 1 1001

902 (R) KVA3P MN DAY mm 1 12 1 1 1002

903 (R) KVA3P MN DAY yy 2000 9999 2000 1 1003
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904 (R) FREQ MAX Hz 0 65535 0 0.01 1004

905 (R) FREQ MX TIM ss 0 5999 0 0.01 1005

906 (R) FREQ MX TIM mm 0 59 0 1 1006

907 (R) FREQ MX TIM hh 0 23 0 1 1007

908 (R) FREQ MX DAY dd 1 31 1 1 1008

909 (R) FREQ MX DAY mm 1 12 1 1 1009

910 (R) FREQ MX DAY yy 2000 9999 2000 1 1010

911 (R) FREQ MIN Hz 0 65535 0 0.01 1011

912 (R) FREQ MN TIM ss 0 5999 0 0.01 1012

913 (R) FREQ MN TIM mm 0 59 0 1 1013

914 (R) FREQ MN TIM hh 0 23 0 1 1014

915 (R) FREQ MN DAY dd 1 31 1 1 1015

916 (R) FREQ MN DAY mm 1 12 1 1 1016

917 (R) FREQ MN DAY yy 2000 9999 2000 1 1017

MAX/MIN RTD Data

918 (R) RTD1 MAX °C –32768 32767 0 1 1018

919 (R) RTD1 MX TIM ss 0 5999 0 1 1019

920 (R) RTD1 MX TIM mm 0 59 0 1 1020

921 (R) RTD1 MX TIM hh 0 23 0 1 1021

922 (R) RTD1 MX DAY dd 1 31 1 1 1022

923 (R) RTD1 MX DAY mm 1 12 1 1 1023

924 (R) RTD1 MX DAY yy 2000 9999 2000 1 1024

925 (R) RTD1 MIN °C –32768 32767 0 1 1025

926 (R) RTD1 MN TIM ss 0 5999 0 0.01 1026

927 (R) RTD1 MN TIM mm 0 59 0 1 1027

928 (R) RTD1 MN TIM hh 0 23 0 1 1028

929 (R) RTD1 MN DAY dd 1 31 1 1 1029

930 (R) RTD1 MN DAY mm 1 12 1 1 1030

931 (R) RTD1 MN DAY yy 2000 9999 2000 1 1031

932 (R) RTD2 MAX °C –32768 32767 0 1 1032

933 (R) RTD2 MX TIM ss 0 5999 0 0.01 1033

934 (R) RTD2 MX TIM mm 0 59 0 1 1034

935 (R) RTD2 MX TIM hh 0 23 0 1 1035

936 (R) RTD2 MX DAY dd 1 31 1 1 1036

937 (R) RTD2 MX DAY mm 1 12 1 1 1037

938 (R) RTD2 MX DAY yy 2000 9999 2000 1 1038

939 (R) RTD2 MIN °C –32768 32767 0 1 1039

940 (R) RTD2 MN TIM ss 0 5999 0 0.01 1040

941 (R) RTD2 MN TIM mm 0 59 0 1 1041

942 (R) RTD2 MN TIM hh 0 23 0 1 1042

943 (R) RTD2 MN DAY dd 1 31 1 1 1043

944 (R) RTD2 MN DAY mm 1 12 1 1 1044
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945 (R) RTD2 MN DAY yy 2000 9999 2000 1 1045

946 (R) RTD3 MAX °C –32768 32767 0 1 1046

947 (R) RTD3 MX TIM ss 0 5999 0 0.01 1047

948 (R) RTD3 MX TIM mm 0 59 0 1 1048

949 (R) RTD3 MX TIM hh 0 23 0 1 1049

950 (R) RTD3 MX DAY dd 1 31 1 1 1050

951 (R) RTD3 MX DAY mm 1 12 1 1 1051

952 (R) RTD3 MX DAY yy 2000 9999 2000 1 1052

953 (R) RTD3 MIN °C –32768 32767 0 1 1053

954 (R) RTD3 MN TIM ss 0 5999 0 0.01 1054

955 (R) RTD3 MN TIM mm 0 59 0 1 1055

956 (R) RTD3 MN TIM hh 0 23 0 1 1056

957 (R) RTD3 MN DAY dd 1 31 1 1 1057

958 (R) RTD3 MN DAY mm 1 12 1 1 1058

959 (R) RTD3 MN DAY yy 2000 9999 2000 1 1059

960 (R) RTD4 MAX °C –32768 32767 0 1 1060

961 (R) RTD4 MX TIM ss 0 5999 0 0.01 1061

962 (R) RTD4 MX TIM mm 0 59 0 1 1062

963 (R) RTD4 MX TIM hh 0 23 0 1 1063

964 (R) RTD4 MX DAY dd 1 31 1 1 1064

965 (R) RTD4 MX DAY mm 1 12 1 1 1065

966 (R) RTD4 MX DAY yy 2000 9999 2000 1 1066

967 (R) RTD4 MIN °C –32768 32767 0 1 1067

968 (R) RTD4 MN TIM ss 0 5999 0 0.01 1068

969 (R) RTD4 MN TIM mm 0 59 0 1 1069

970 (R) RTD4 MN TIM hh 0 23 0 1 1070

971 (R) RTD4 MN DAY dd 1 31 1 1 1071

972 (R) RTD4 MN DAY mm 1 12 1 1 1072

973 (R) RTD4 MN DAY yy 2000 9999 2000 1 1073

974 (R) RTD5 MAX °C –32768 32767 0 1 1074

975 (R) RTD5 MX TIM ss 0 5999 0 0.01 1075

976 (R) RTD5 MX TIM mm 0 59 0 1 1076

977 (R) RTD5 MX TIM hh 0 23 0 1 1077

978 (R) RTD5 MX DAY dd 1 31 1 1 1078

979 (R) RTD5 MX DAY mm 1 12 1 1 1079

980 (R) RTD5 MX DAY yy 2000 9999 2000 1 1080

981 (R) RTD5 MIN °C –32768 32767 0 1 1081

982 (R) RTD5 MN TIM ss 0 5999 0 0.01 1082

983 (R) RTD5 MN TIM mm 0 59 0 1 1083

984 (R) RTD5 MN TIM hh 0 23 0 1 1084

985 (R) RTD5 MN DAY dd 1 31 1 1 1085

986 (R) RTD5 MN DAY mm 1 12 1 1 1086
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987 (R) RTD5 MN DAY yy 2000 9999 2000 1 1087

988 (R) RTD6 MAX °C –32768 32767 0 1 1088

989 (R) RTD6 MX TIM ss 0 5999 0 0.01 1089

990 (R) RTD6 MX TIM mm 0 59 0 1 1090

991 (R) RTD6 MX TIM hh 0 23 0 1 1091

992 (R) RTD6 MX DAY dd 1 31 1 1 1092

993 (R) RTD6 MX DAY mm 1 12 1 1 1093

994 (R) RTD6 MX DAY yy 2000 9999 2000 1 1094

995 (R) RTD6 MIN °C –32768 32767 0 1 1095

996 (R) RTD6 MN TIM ss 0 5999 0 0.01 1096

997 (R) RTD6 MN TIM mm 0 59 0 1 1097

998 (R) RTD6 MN TIM hh 0 23 0 1 1098

999 (R) RTD6 MN DAY dd 1 31 1 1 1099

1000 (R) RTD6 MN DAY mm 1 12 1 1 1100

1001 (R) RTD6 MN DAY yy 2000 9999 2000 1 1101

1002 (R) RTD7 MAX °C –32768 32767 0 1 1102

1003 (R) RTD7 MX TIM ss 0 5999 0 0.01 1103

1004 (R) RTD7 MX TIM mm 0 59 0 1 1104

1005 (R) RTD7 MX TIM hh 0 23 0 1 1105

1006 (R) RTD7 MX DAY dd 1 31 1 1 1106

1007 (R) RTD7 MX DAY mm 1 12 1 1 1107

1008 (R) RTD7 MX DAY yy 2000 9999 2000 1 1108

1009 (R) RTD7 MIN °C –32768 32767 0 1 1109

1010 (R) RTD7 MN TIM ss 0 5999 0 0.01 1110

1011 (R) RTD7 MN TIM mm 0 59 0 1 1111

1012 (R) RTD7 MN TIM hh 0 23 0 1 1112

1013 (R) RTD7 MN DAY dd 1 31 1 1 1113

1014 (R) RTD7 MN DAY mm 1 12 1 1 1114

1015 (R) RTD7 MN DAY yy 2000 9999 2000 1 1115

1016 (R) RTD8 MAX °C –32768 32767 0 1 1116

1017 (R) RTD8 MX TIM ss 0 5999 0 0.01 1117

1018 (R) RTD8 MX TIM mm 0 59 0 1 1118

1019 (R) RTD8 MX TIM hh 0 23 0 1 1119

1020 (R) RTD8 MX DAY dd 1 31 1 1 1120

1021 (R) RTD8 MX DAY mm 1 12 1 1 1121

1022 (R) RTD8 MX DAY yy 2000 9999 2000 1 1122

1023 (R) RTD8 MIN °C –32768 32767 0 1 1123

1024 (R) RTD8 MN TIM ss 0 5999 0 0.01 1124

1025 (R) RTD8 MN TIM mm 0 59 0 1 1125

1026 (R) RTD8 MN TIM hh 0 23 0 1 1126

1027 (R) RTD8 MN DAY dd 1 31 1 1 1127

1028 (R) RTD8 MN DAY mm 1 12 1 1 1128
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1029 (R) RTD8 MN DAY yy 2000 9999 2000 1 1129

1030 (R) RTD9 MAX °C –32768 32767 0 1 1130

1031 (R) RTD9 MX TIM ss 0 5999 0 0.01 1131

1032 (R) RTD9 MX TIM mm 0 59 0 1 1132

1033 (R) RTD9 MX TIM hh 0 23 0 1 1133

1034 (R) RTD9 MX DAY dd 1 31 1 1 1134

1035 (R) RTD9 MX DAY mm 1 12 1 1 1135

1036 (R) RTD9 MX DAY yy 2000 9999 2000 1 1136

1037 (R) RTD9 MIN °C –32768 32767 0 1 1137

1038 (R) RTD9 MN TIM ss 0 5999 0 0.01 1138

1039 (R) RTD9 MN TIM mm 0 59 0 1 1139

1040 (R) RTD9 MN TIM hh 0 23 0 1 1140

1041 (R) RTD9 MN DAY dd 1 31 1 1 1141

1042 (R) RTD9 MN DAY mm 1 12 1 1 1142

1043 (R) RTD9 MN DAY yy 2000 9999 2000 1 1143

1044 (R) RTD10 MAX °C –32768 32767 0 1 1144

1045 (R) RTD10 MX TIM ss 0 5999 0 0.01 1145

1046 (R) RTD10 MX TIM mm 0 59 0 1 1146

1047 (R) RTD10 MX TIM hh 0 23 0 1 1147

1048 (R) RTD10 MX DAY dd 1 31 1 1 1148

1049 (R) RTD10 MX DAY mm 1 12 1 1 1149

1050 (R) RTD10 MX DAY yy 2000 9999 2000 1 1150

1051 (R) RTD10 MIN °C –32768 32767 0 1 1151

1052 (R) RTD10 MN TIM ss 0 5999 0 0.01 1152

1053 (R) RTD10 MN TIM mm 0 59 0 1 1153

1054 (R) RTD10 MN TIM hh 0 23 0 1 1154

1055 (R) RTD10 MN DAY dd 1 31 1 1 1155

1056 (R) RTD10 MN DAY mm 1 12 1 1 1156

1057 (R) RTD10 MN DAY yy 2000 9999 2000 1 1157

1058 (R) RTD11 MAX °C –32768 32767 0 1 1158

1059 (R) RTD11 MX TIM ss 0 5999 0 0.01 1159

1060 (R) RTD11 MX TIM mm 0 59 0 1 1160

1061 (R) RTD11 MX TIM hh 0 23 0 1 1161

1062 (R) RTD11 MX DAY dd 1 31 1 1 1162

1063 (R) RTD11 MX DAY mm 1 12 1 1 1163

1064 (R) RTD11 MX DAY yy 2000 9999 2000 1 1164

1065 (R) RTD11 MIN °C –32768 32767 0 1 1165

1066 (R) RTD11 MN TIM ss 0 5999 0 0.01 1166

1067 (R) RTD11 MN TIM mm 0 59 0 1 1167

1068 (R) RTD11 MN TIM hh 0 23 0 1 1168

1069 (R) RTD11 MN DAY dd 1 31 1 1 1169

1070 (R) RTD11 MN DAY mm 1 12 1 1 1170
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1071 (R) RTD11 MN DAY yy 2000 9999 2000 1 1171

1072 (R) RTD12 MAX °C –32768 32767 0 1 1172

1073 (R) RTD12 MX TIM ss 0 5999 0 0.01 1173

1074 (R) RTD12 MX TIM mm 0 59 0 1 1174

1075 (R) RTD12 MX TIM hh 0 23 0 1 1175

1076 (R) RTD12 MX DAY dd 1 31 1 1 1176

1077 (R) RTD12 MX DAY mm 1 12 1 1 1177

1078 (R) RTD12 MX DAY yy 2000 9999 2000 1 1178

1079 (R) RTD12 MIN °C –32768 32767 0 1 1179

1080 (R) RTD12 MN TIM ss 0 5999 0 0.01 1180

1081 (R) RTD12 MN TIM mm 0 59 0 1 1181

1082 (R) RTD12 MN TIM hh 0 23 0 1 1182

1083 (R) RTD12 MN DAY dd 1 31 1 1 1183

1084 (R) RTD12 MN DAY mm 1 12 1 1 1184

1085 (R) RTD12 MN DAY yy 2000 9999 2000 1 1185

MAX/MIN AI3 Data

1086 (R) AI301 MX–HI EU –32768 32767 0 0.001 1186

1087 (R) AI301 MX–LO EU –32768 32767 0 0.001 1187

1088 (R) AI301 MX TIM ss 0 5999 0 0.01 1188

1089 (R) AI301 MX TIM mm 0 59 0 1 1189

1090 (R) AI301 MX TIM hh 0 23 0 1 1190

1091 (R) AI301 MX DAY dd 1 31 1 1 1191

1092 (R) AI301 MX DAY mm 1 12 1 1 1192

1093 (R) AI301 MX DAY yy 2000 9999 2000 1 1193

1094 (R) AI301 MN–HI EU –32768 32767 0 0.001 1194

1095 (R) AI301 MN–LO EU –32768 32767 0 0.001 1195

1096 (R) AI301 MN TIM ss 0 5999 0 0.01 1196

1097 (R) AI301 MN TIM mm 0 59 0 1 1197

1098 (R) AI301 MN TIM hh 0 23 0 1 1198

1099 (R) AI301 MN DAY dd 1 31 1 1 1199

1100 (R) AI301 MN DAY mm 1 12 1 1 1200

1101 (R) AI301 MN DAY yy 2000 9999 2000 1 1201

1102 (R) AI302 MX–HI EU –32768 32767 0 0.001 1202

1103 (R) AI302 MX–LO EU –32768 32767 0 0.001 1203

1104 (R) AI302 MX TIM ss 0 5999 0 0.01 1204

1105 (R) AI302 MX TIM mm 0 59 0 1 1205

1106 (R) AI302 MX TIM hh 0 23 0 1 1206

1107 (R) AI302 MX DAY dd 1 31 1 1 1207

1108 (R) AI302 MX DAY mm 1 12 1 1 1208

1109 (R) AI302 MX DAY yy 2000 9999 2000 1 1209

1110 (R) AI302 MN–HI EU –32768 32767 0 0.001 1210

1111 (R) AI302 MN–LO EU –32768 32767 0 0.001 1211
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1112 (R) AI302 MN TIM ss 0 5999 0 0.01 1212

1113 (R) AI302 MN TIM mm 0 59 0 1 1213

1114 (R) AI302 MN TIM hh 0 23 0 1 1214

1115 (R) AI302 MN DAY dd 1 31 1 1 1215

1116 (R) AI302 MN DAY mm 1 12 1 1 1216

1117 (R) AI302 MN DAY yy 2000 9999 2000 1 1217

1118 (R) AI303 MX–HI EU –32768 32767 0 0.001 1218

1119 (R) AI303 MX–LO EU –32768 32767 0 0.001 1219

1120 (R) AI303 MX TIM ss 0 5999 0 0.01 1220

1121 (R) AI303 MX TIM mm 0 59 0 1 1221

1122 (R) AI303 MX TIM hh 0 23 0 1 1222

1123 (R) AI303 MX DAY dd 1 31 1 1 1223

1124 (R) AI303 MX DAY mm 1 12 1 1 1224

1125 (R) AI303 MX DAY yy 2000 9999 2000 1 1225

1126 (R) AI303 MN–HI EU –32768 32767 0 0.001 1226

1127 (R) AI303 MN–LO EU –32768 32767 0 0.001 1227

1128 (R) AI303 MN TIM ss 0 5999 0 0.01 1228

1129 (R) AI303 MN TIM mm 0 59 0 1 1229

1130 (R) AI303 MN TIM hh 0 23 0 1 1230

1131 (R) AI303 MN DAY dd 1 31 1 1 1231

1132 (R) AI303 MN DAY mm 1 12 1 1 1232

1133 (R) AI303 MN DAY yy 2000 9999 2000 1 1233

1134 (R) AI304 MX–HI EU –32768 32767 0 0.001 1234

1135 (R) AI304 MX–LO EU –32768 32767 0 0.001 1235

1136 (R) AI304 MX TIM ss 0 5999 0 0.01 1236

1137 (R) AI304 MX TIM mm 0 59 0 1 1237

1138 (R) AI304 MX TIM hh 0 23 0 1 1238

1139 (R) AI304 MX DAY dd 1 31 1 1 1239

1140 (R) AI304 MX DAY mm 1 12 1 1 1240

1141 (R) AI304 MX DAY yy 2000 9999 2000 1 1241

1142 (R) AI304 MN–HI EU –32768 32767 0 0.001 1242

1143 (R) AI304 MN–LO EU –32768 32767 0 0.001 1243

1144 (R) AI304 MN TIM ss 0 5999 0 0.01 1244

1145 (R) AI304 MN TIM mm 0 59 0 1 1245

1146 (R) AI304 MN TIM hh 0 23 0 1 1246

1147 (R) AI304 MN DAY dd 1 31 1 1 1247

1148 (R) AI304 MN DAY mm 1 12 1 1 1248

1149 (R) AI304 MN DAY yy 2000 9999 2000 1 1249

1150 (R) AI305 MX–HI EU –32768 32767 0 0.001 1250

1151 (R) AI305 MX–LO EU –32768 32767 0 0.001 1251

1152 (R) AI305 MX TIM ss 0 5999 0 0.01 1252

1153 (R) AI305 MX TIM mm 0 59 0 1 1253
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1154 (R) AI305 MX TIM hh 0 23 0 1 1254

1155 (R) AI305 MX DAY dd 1 31 1 1 1255

1156 (R) AI305 MX DAY mm 1 12 1 1 1256

1157 (R) AI305 MX DAY yy 2000 9999 2000 1 1257

1158 (R) AI305 MN–HI EU –32768 32767 0 0.001 1258

1159 (R) AI305 MN–LO EU –32768 32767 0 0.001 1259

1160 (R) AI305 MN TIM ss 0 5999 0 0.01 1260

1161 (R) AI305 MN TIM mm 0 59 0 1 1261

1162 (R) AI305 MN TIM hh 0 23 0 1 1262

1163 (R) AI305 MN DAY dd 1 31 1 1 1263

1164 (R) AI305 MN DAY mm 1 12 1 1 1264

1165 (R) AI305 MN DAY yy 2000 9999 2000 1 1265

1166 (R) AI306 MX–HI EU –32768 32767 0 0.001 1266

1167 (R) AI306 MX–LO EU –32768 32767 0 0.001 1267

1168 (R) AI306 MX TIM ss 0 5999 0 0.01 1268

1169 (R) AI306 MX TIM mm 0 59 0 1 1269

1170 (R) AI306 MX TIM hh 0 23 0 1 1270

1171 (R) AI306 MX DAY dd 1 31 1 1 1271

1172 (R) AI306 MX DAY mm 1 12 1 1 1272

1173 (R) AI306 MX DAY yy 2000 9999 2000 1 1273

1174 (R) AI306 MN–HI EU –32768 32767 0 0.001 1274

1175 (R) AI306 MN–LO EU –32768 32767 0 0.001 1275

1176 (R) AI306 MN TIM ss 0 5999 0 0.01 1276

1177 (R) AI306 MN TIM mm 0 59 0 1 1277

1178 (R) AI306 MN TIM hh 0 23 0 1 1278

1179 (R) AI306 MN DAY dd 1 31 1 1 1279

1180 (R) AI306 MN DAY mm 1 12 1 1 1280

1181 (R) AI306 MN DAY yy 2000 9999 2000 1 1281

1182 (R) AI307 MX–HI EU –32768 32767 0 0.001 1282

1183 (R) AI307 MX–LO EU –32768 32767 0 0.001 1283

1184 (R) AI307 MX TIM ss 0 5999 0 0.01 1284

1185 (R) AI307 MX TIM mm 0 59 0 1 1285

1186 (R) AI307 MX TIM hh 0 23 0 1 1286

1187 (R) AI307 MX DAY dd 1 31 1 1 1287

1188 (R) AI307 MX DAY mm 1 12 1 1 1288

1189 (R) AI307 MX DAY yy 2000 9999 2000 1 1289

1190 (R) AI307 MN–HI EU –32768 32767 0 0.001 1290

1191 (R) AI307 MN–LO EU –32768 32767 0 0.001 1291

1192 (R) AI307 MN TIM ss 0 5999 0 0.01 1292

1193 (R) AI307 MN TIM mm 0 59 0 1 1293

1194 (R) AI307 MN TIM hh 0 23 0 1 1294

1195 (R) AI307 MN DAY dd 1 31 1 1 1295
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1196 (R) AI307 MN DAY mm 1 12 1 1 1296

1197 (R) AI307 MN DAY yy 2000 9999 2000 1 1297

1198 (R) AI308 MX–HI EU –32768 32767 0 0.001 1298

1199 (R) AI308 MX–LO EU –32768 32767 0 0.001 1299

1200 (R) AI308 MX TIM ss 0 5999 0 0.01 1300

1201 (R) AI308 MX TIM mm 0 59 0 1 1301

1202 (R) AI308 MX TIM hh 0 23 0 1 1302

1203 (R) AI308 MX DAY dd 1 31 1 1 1303

1204 (R) AI308 MX DAY mm 1 12 1 1 1304

1205 (R) AI308 MX DAY yy 2000 9999 2000 1 1305

1206 (R) AI308 MN–HI EU –32768 32767 0.001 0.001 1306

1207 (R) AI308 MN–LO EU –32768 32767 0.001 0.001 1307

1208 (R) AI308 MN TIM ss 0 5999 0.01 0.01 1308

1209 (R) AI308 MN TIM mm 0 59 1 1 1309

1210 (R) AI308 MN TIM hh 0 23 1 1 1310

1211 (R) AI308 MN DAY dd 1 31 1 1 1311

1212 (R) AI308 MN DAY mm 1 12 1 1 1312

1213 (R) AI308 MN DAY yy 2000 9999 1 1 1313

MAX/MIN AI4 Data

1214 (R) AI401 MX–HI EU –32768 32767 1 0.001 1314

1215 (R) AI401 MX–LO EU –32768 32767 0 0.001 1315

1216 (R) AI401 MX TIM ss 0 5999 0 0.01 1316

1217 (R) AI401 MX TIM mm 0 59 0 1 1317

1218 (R) AI401 MX TIM hh 0 23 0 1 1318

1219 (R) AI401 MX DAY dd 1 31 1 1 1319

1220 (R) AI401 MX DAY mm 1 12 1 1 1320

1221 (R) AI401 MX DAY yy 2000 9999 2000 1 1321

1222 (R) AI401 MN–HI EU –32768 32767 0 0.001 1322

1223 (R) AI401 MN–LO EU –32768 32767 0 0.001 1323

1224 (R) AI401 MN TIM ss 0 5999 0 0.01 1324

1225 (R) AI401 MN TIM mm 0 59 0 1 1325

1226 (R) AI401 MN TIM hh 0 23 0 1 1326

1227 (R) AI401 MN DAY dd 1 31 1 1 1327

1228 (R) AI401 MN DAY mm 1 12 1 1 1328

1229 (R) AI401 MN DAY yy 2000 9999 2000 1 1329

1230 (R) AI402 MX–HI EU –32768 32767 0 0.001 1330

1231 (R) AI402 MX–LO EU –32768 32767 0 0.001 1331

1232 (R) AI402 MX TIM ss 0 5999 0 0.01 1332

1233 (R) AI402 MX TIM mm 0 59 0 1 1333

1234 (R) AI402 MX TIM hh 0 23 0 1 1334

1235 (R) AI402 MX DAY dd 1 31 1 1 1335

1236 (R) AI402 MX DAY mm 1 12 1 1 1336
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1237 (R) AI402 MX DAY yy 2000 9999 2000 1 1337

1238 (R) AI402 MN–HI EU –32768 32767 0 0.001 1338

1239 (R) AI402 MN–LO EU –32768 32767 0 0.001 1339

1240 (R) AI402 MN TIM ss 0 5999 0 0.01 1340

1241 (R) AI402 MN TIM mm 0 59 0 1 1341

1242 (R) AI402 MN TIM hh 0 23 0 1 1342

1243 (R) AI402 MN DAY dd 1 31 1 1 1343

1244 (R) AI402 MN DAY mm 1 12 1 1 1344

1245 (R) AI402 MN DAY yy 2000 9999 2000 1 1345

1246 (R) AI403 MX–HI EU –32768 32767 0 0.001 1346

1247 (R) AI403 MX–LO EU –32768 32767 0 0.001 1347

1248 (R) AI403 MX TIM ss 0 5999 0 0.01 1348

1249 (R) AI403 MX TIM mm 0 59 0 1 1349

1250 (R) AI403 MX TIM hh 0 23 0 1 1350

1251 (R) AI403 MX DAY dd 1 31 1 1 1351

1252 (R) AI403 MX DAY mm 1 12 1 1 1352

1253 (R) AI403 MX DAY yy 2000 9999 2000 1 1353

1254 (R) AI403 MN–HI EU –32768 32767 0 0.001 1354

1255 (R) AI403 MN–LO EU –32768 32767 0 0.001 1355

1256 (R) AI403 MN TIM ss 0 5999 0 0.01 1356

1257 (R) AI403 MN TIM mm 0 59 0 1 1357

1258 (R) AI403 MN TIM hh 0 23 0 1 1358

1259 (R) AI403 MN DAY dd 1 31 1 1 1359

1260 (R) AI403 MN DAY mm 1 12 1 1 1360

1261 (R) AI403 MN DAY yy 2000 9999 2000 1 1361

1262 (R) AI404 MX–HI EU –32768 32767 0 0.001 1362

1263 (R) AI404 MX–LO EU –32768 32767 0 0.001 1363

1264 (R) AI404 MX TIM ss 0 5999 0 0.01 1364

1265 (R) AI404 MX TIM mm 0 59 0 1 1365

1266 (R) AI404 MX TIM hh 0 23 0 1 1366

1267 (R) AI404 MX DAY dd 1 31 1 1 1367

1268 (R) AI404 MX DAY mm 1 12 1 1 1368

1269 (R) AI404 MX DAY yy 2000 9999 2000 1 1369

1270 (R) AI404 MN–HI EU –32768 32767 0 0.001 1370

1271 (R) AI404 MN–LO EU –32768 32767 0 0.001 1371

1272 (R) AI404 MN TIM ss 0 5999 0 0.01 1372

1273 (R) AI404 MN TIM mm 0 59 0 1 1373

1274 (R) AI404 MN TIM hh 0 23 0 1 1374

1275 (R) AI404 MN DAY dd 1 31 1 1 1375

1276 (R) AI404 MN DAY mm 1 12 1 1 1376

1277 (R) AI404 MN DAY yy 2000 9999 2000 1 1377

1278 (R) AI405 MX–HI EU –32768 32767 0 0.001 1378
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1279 (R) AI405 MX–LO EU –32768 32767 0 0.001 1379

1280 (R) AI405 MX TIM ss 0 5999 0 0.01 1380

1281 (R) AI405 MX TIM mm 0 59 0 1 1381

1282 (R) AI405 MX TIM hh 0 23 0 1 1382

1283 (R) AI405 MX DAY dd 1 31 1 1 1383

1284 (R) AI405 MX DAY mm 1 12 1 1 1384

1285 (R) AI405 MX DAY yy 2000 9999 2000 1 1385

1286 (R) AI405 MN–HI EU –32768 32767 0 0.001 1386

1287 (R) AI405 MN–LO EU –32768 32767 0 0.001 1387

1288 (R) AI405 MN TIM ss 0 5999 0 0.01 1388

1289 (R) AI405 MN TIM mm 0 59 0 1 1389

1290 (R) AI405 MN TIM hh 0 23 0 1 1390

1291 (R) AI405 MN DAY dd 1 31 1 1 1391

1292 (R) AI405 MN DAY mm 1 12 1 1 1392

1293 (R) AI405 MN DAY yy 2000 9999 2000 1 1393

1294 (R) AI406 MX–HI EU –32768 32767 0 0.001 1394

1295 (R) AI406 MX–LO EU –32768 32767 0 0.001 1395

1296 (R) AI406 MX TIM ss 0 5999 0 0.01 1396

1297 (R) AI406 MX TIM mm 0 59 0 1 1397

1298 (R) AI406 MX TIM hh 0 23 0 1 1398

1299 (R) AI406 MX DAY dd 1 31 1 1 1399

1300 (R) AI406 MX DAY mm 1 12 1 1 1400

1301 (R) AI406 MX DAY yy 2000 9999 2000 1 1401

1302 (R) AI406 MN–HI EU –32768 32767 0 0.001 1402

1303 (R) AI406 MN–LO EU –32768 32767 0 0.001 1403

1304 (R) AI406 MN TIM ss 0 5999 0 0.01 1404

1305 (R) AI406 MN TIM mm 0 59 0 1 1405

1306 (R) AI406 MN TIM hh 0 23 0 1 1406

1307 (R) AI406 MN DAY dd 1 31 1 1 1407

1308 (R) AI406 MN DAY mm 1 12 1 1 1408

1309 (R) AI406 MN DAY yy 2000 9999 2000 1 1409

1310 (R) AI407 MX–HI EU –32768 32767 0 0.001 1410

1311 (R) AI407 MX–LO EU –32768 32767 0 0.001 1411

1312 (R) AI407 MX TIM ss 0 5999 0 0.01 1412

1313 (R) AI407 MX TIM mm 0 59 0 1 1413

1314 (R) AI407 MX TIM hh 0 23 0 1 1414

1315 (R) AI407 MX DAY dd 1 31 1 1 1415

1316 (R) AI407 MX DAY mm 1 12 1 1 1416

1317 (R) AI407 MX DAY yy 2000 9999 2000 1 1417

1318 (R) AI407 MN–HI EU –32768 32767 0 0.001 1418

1319 (R) AI407 MN–LO EU –32768 32767 0 0.001 1419

1320 (R) AI407 MN TIM ss 0 5999 0 0.01 1420
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1321 (R) AI407 MN TIM mm 0 59 0 1 1421

1322 (R) AI407 MN TIM hh 0 23 0 1 1422

1323 (R) AI407 MN DAY dd 1 31 1 1 1423

1324 (R) AI407 MN DAY mm 1 12 1 1 1424

1325 (R) AI407 MN DAY yy 2000 9999 2000 1 1425

1326 (R) AI408 MX–HI EU –32768 32767 0 0.001 1426

1327 (R) AI408 MX–LO EU –32768 32767 0 0.001 1427

1328 (R) AI408 MX TIM ss 0 5999 0 0.01 1428

1329 (R) AI408 MX TIM mm 0 59 0 1 1429

1330 (R) AI408 MX TIM hh 0 23 0 1 1430

1331 (R) AI408 MX DAY dd 1 31 1 1 1431

1332 (R) AI408 MX DAY mm 1 12 1 1 1432

1333 (R) AI408 MX DAY yy 2000 9999 2000 1 1433

1334 (R) AI408 MN–HI EU –32768 32767 0 0.001 1434

1335 (R) AI408 MN–LO EU –32768 32767 0 0.001 1435

1336 (R) AI408 MN TIM ss 0 5999 0 0.01 1436

1337 (R) AI408 MN TIM mm 0 59 0 1 1437

1338 (R) AI408 MN TIM hh 0 23 0 1 1438

1339 (R) AI408 MN DAY dd 1 31 1 1 1439

1340 (R) AI408 MN DAY mm 1 12 1 1 1440

1341 (R) AI408 MN DAY yy 2000 9999 2000 1 1441

MAX/MIN AI5 Data

1342 (R) AI501 MX–HI EU –32768 32767 0 0.001 1442

1343 (R) AI501 MX–LO EU –32768 32767 0 0.001 1443

1344 (R) AI501 MX TIM ss 0 5999 0 0.01 1444

1345 (R) AI501 MX TIM mm 0 59 0 1 1445

1346 (R) AI501 MX TIM hh 0 23 0 1 1446

1347 (R) AI501 MX DAY dd 1 31 1 1 1447

1348 (R) AI501 MX DAY mm 1 12 1 1 1448

1349 (R) AI501 MX DAY yy 2000 9999 2000 1 1449

1350 (R) AI501 MN–HI EU –32768 32767 0 0.001 1450

1351 (R) AI501 MN–LO EU –32768 32767 0 0.001 1451

1352 (R) AI501 MN TIM ss 0 5999 0 0.01 1452

1353 (R) AI501 MN TIM mm 0 59 0 1 1453

1354 (R) AI501 MN TIM hh 0 23 0 1 1454

1355 (R) AI501 MN DAY dd 1 31 1 1 1455

1356 (R) AI501 MN DAY mm 1 12 1 1 1456

1357 (R) AI501 MN DAY yy 2000 9999 2000 1 1457

1358 (R) AI502 MX–HI EU –32768 32767 0 0.001 1458

1359 (R) AI502 MX–LO EU –32768 32767 0 0.001 1459

1360 (R) AI502 MX TIM ss 0 5999 0 0.01 1460

1361 (R) AI502 MX TIM mm 0 59 0 1 1461
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1362 (R) AI502 MX TIM hh 0 23 0 1 1462

1363 (R) AI502 MX DAY dd 1 31 1 1 1463

1364 (R) AI502 MX DAY mm 1 12 1 1 1464

1365 (R) AI502 MX DAY yy 2000 9999 2000 1 1465

1366 (R) AI502 MN–HI EU –32768 32767 0 0.001 1466

1367 (R) AI502 MN–LO EU –32768 32767 0 0.001 1467

1368 (R) AI502 MN TIM ss 0 5999 0 0.01 1468

1369 (R) AI502 MN TIM mm 0 59 0 1 1469

1370 (R) AI502 MN TIM hh 0 23 0 1 1470

1371 (R) AI502 MN DAY dd 1 31 1 1 1471

1372 (R) AI502 MN DAY mm 1 12 1 1 1472

1373 (R) AI502 MN DAY yy 2000 9999 2000 1 1473

1374 (R) AI503 MX–HI EU –32768 32767 0 0.001 1474

1375 (R) AI503 MX–LO EU –32768 32767 0 0.001 1475

1376 (R) AI503 MX TIM ss 0 5999 0 0.01 1476

1377 (R) AI503 MX TIM mm 0 59 0 1 1477

1378 (R) AI503 MX TIM hh 0 23 0 1 1478

1379 (R) AI503 MX DAY dd 1 31 1 1 1479

1380 (R) AI503 MX DAY mm 1 12 1 1 1480

1381 (R) AI503 MX DAY yy 2000 9999 2000 1 1481

1382 (R) AI503 MN–HI EU –32768 32767 0 0.001 1482

1383 (R) AI503 MN–LO EU –32768 32767 0 0.001 1483

1384 (R) AI503 MN TIM ss 0 5999 0 0.01 1484

1385 (R) AI503 MN TIM mm 0 59 0 1 1485

1386 (R) AI503 MN TIM hh 0 23 0 1 1486

1387 (R) AI503 MN DAY dd 1 31 1 1 1487

1388 (R) AI503 MN DAY mm 1 12 1 1 1488

1389 (R) AI503 MN DAY yy 2000 9999 2000 1 1489

1390 (R) AI504 MX–HI EU –32768 32767 0 0.001 1490

1391 (R) AI504 MX–LO EU –32768 32767 0 0.001 1491

1392 (R) AI504 MX TIM ss 0 5999 0 0.01 1492

1393 (R) AI504 MX TIM mm 0 59 0 1 1493

1394 (R) AI504 MX TIM hh 0 23 0 1 1494

1395 (R) AI504 MX DAY dd 1 31 1 1 1495

1396 (R) AI504 MX DAY mm 1 12 1 1 1496

1397 (R) AI504 MX DAY yy 2000 9999 2000 1 1497

1398 (R) AI504 MN–HI EU –32768 32767 0 0.001 1498

1399 (R) AI504 MN–LO EU –32768 32767 0 0.001 1499

1400 (R) AI504 MN TIM ss 0 5999 0 0.01 1500

1401 (R) AI504 MN TIM mm 0 59 0 1 1501

1402 (R) AI504 MN TIM hh 0 23 0 1 1502

1403 (R) AI504 MN DAY dd 1 31 1 1 1503
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1404 (R) AI504 MN DAY mm 1 12 1 1 1504

1405 (R) AI504 MN DAY yy 2000 9999 2000 1 1505

1406 (R) AI505 MX–HI EU –32768 32767 0 0.001 1506

1407 (R) AI505 MX–LO EU –32768 32767 0 0.001 1507

1408 (R) AI505 MX TIM ss 0 5999 0 0.01 1508

1409 (R) AI505 MX TIM mm 0 59 0 1 1509

1410 (R) AI505 MX TIM hh 0 23 0 1 1510

1411 (R) AI505 MX DAY dd 1 31 1 1 1511

1412 (R) AI505 MX DAY mm 1 12 1 1 1512

1413 (R) AI505 MX DAY yy 2000 9999 2000 1 1513

1414 (R) AI505 MN–HI EU –32768 32767 0 0.001 1514

1415 (R) AI505 MN–LO EU –32768 32767 0 0.001 1515

1416 (R) AI505 MN TIM ss 0 5999 0 0.01 1516

1417 (R) AI505 MN TIM mm 0 59 0 1 1517

1418 (R) AI505 MN TIM hh 0 23 0 1 1518

1419 (R) AI505 MN DAY dd 1 31 1 1 1519

1420 (R) AI505 MN DAY mm 1 12 1 1 1520

1421 (R) AI505 MN DAY yy 2000 9999 2000 1 1521

1422 (R) AI506 MX–HI EU –32768 32767 0 0.001 1522

1423 (R) AI506 MX–LO EU –32768 32767 0 0.001 1523

1424 (R) AI506 MX TIM ss 0 5999 0 0.01 1524

1425 (R) AI506 MX TIM mm 0 59 0 1 1525

1426 (R) AI506 MX TIM hh 0 23 0 1 1526

1427 (R) AI506 MX DAY dd 1 31 1 1 1527

1428 (R) AI506 MX DAY mm 1 12 1 1 1528

1429 (R) AI506 MX DAY yy 2000 9999 2000 1 1529

1430 (R) AI506 MN–HI EU –32768 32767 0 0.001 1530

1431 (R) AI506 MN–LO EU –32768 32767 0 0.001 1531

1432 (R) AI506 MN TIM ss 0 5999 0 0.01 1532

1433 (R) AI506 MN TIM mm 0 59 0 1 1533

1434 (R) AI506 MN TIM hh 0 23 0 1 1534

1435 (R) AI506 MN DAY dd 1 31 1 1 1535

1436 (R) AI506 MN DAY mm 1 12 1 1 1536

1437 (R) AI506 MN DAY yy 2000 9999 2000 1 1537

1438 (R) AI507 MX–HI EU –32768 32767 0 0.001 1538

1439 (R) AI507 MX–LO EU –32768 32767 0 0.001 1539

1440 (R) AI507 MX TIM ss 0 5999 0 0.01 1540

1441 (R) AI507 MX TIM mm 0 59 0 1 1541

1442 (R) AI507 MX TIM hh 0 23 0 1 1542

1443 (R) AI507 MX DAY dd 1 31 1 1 1543

1444 (R) AI507 MX DAY mm 1 12 1 1 1544

1445 (R) AI507 MX DAY yy 2000 9999 2000 1 1545
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1446 (R) AI507 MN–HI EU –32768 32767 0 0.001 1546

1447 (R) AI507 MN–LO EU –32768 32767 0 0.001 1547

1448 (R) AI507 MN TIM ss 0 5999 0 0.01 1548

1449 (R) AI507 MN TIM mm 0 59 0 1 1549

1450 (R) AI507 MN TIM hh 0 23 0 1 1550

1451 (R) AI507 MN DAY dd 1 31 1 1 1551

1452 (R) AI507 MN DAY mm 1 12 1 1 1552

1453 (R) AI507 MN DAY yy 2000 9999 2000 1 1553

1454 (R) AI508 MX–HI EU –32768 32767 0 0.001 1554

1455 (R) AI508 MX–LO EU –32768 32767 0 0.001 1555

1456 (R) AI508 MX TIM ss 0 5999 0 0.01 1556

1457 (R) AI508 MX TIM mm 0 59 0 1 1557

1458 (R) AI508 MX TIM hh 0 23 0 1 1558

1459 (R) AI508 MX DAY dd 1 31 1 1 1559

1460 (R) AI508 MX DAY mm 1 12 1 1 1560

1461 (R) AI508 MX DAY yy 2000 9999 2000 1 1561

1462 (R) AI508 MN–HI EU –32768 32767 0 0.001 1562

1463 (R) AI508 MN–LO EU –32768 32767 0 0.001 1563

1464 (R) AI508 MN TIM ss 0 5999 0 0.01 1564

1465 (R) AI508 MN TIM mm 0 59 0 1 1565

1466 (R) AI508 MN TIM hh 0 23 0 1 1566

1467 (R) AI508 MN DAY dd 1 31 1 1 1567

1468 (R) AI508 MN DAY mm 1 12 1 1 1568

1469 (R) AI508 MN DAY yy 2000 9999 2000 1 1569

MAX/MIN RST Data

1470 (R) MX/MN RST TIM ss 0 5999 0 0.01 1570

1471 (R) MX/MN RST TIM mm 0 59 0 1 1571

1472 (R) MX/MN RST TIM hh 0 23 0 1 1572

1473 (R) MX/MN RST DAT dd 1 31 1 1 1573

1474 (R) MX/MN RST DAT mm 1 12 1 1 1574

1475 (R) MX/MN RST DAT yy 2000 9999 2000 1 1575

1476–1480 (R) Reservedd 0 0 0 1576–1580

Per Phase Power Data

1481 (R) A REAL POWER kW –32768 32767 0 1 1581

1482 (R) A REACTIVE POWER kVAR –32768 32767 0 1 1582

1483 (R) A APPARENT POWER kVA –32768 32767 0 1 1583

1484 (R) A POWER FACTOR –100 100 0 0.01 1584

1485 (R) B REAL POWER kW –32768 32767 0 1 1585

1486 (R) B REACTIVE POWER kVAR –32768 32767 0 1 1586

1487 (R) B APPARENT POWER kVA –32768 32767 0 1 1587

1488 (R) B POWER FACTOR –100 100 0 0.01 1588

1489 (R) C REAL POWER kW –32768 32767 0 1 1589
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1490 (R) C REACTIVE POWER kVAR –32768 32767 0 1 1590

1491 (R) C APPARENT POWER kVA –32768 32767 0 1 1591

1492 (R) C POWER FACTOR -100 100 0 0.01 1592

Analog Input Data

1493 (R) AI301–HI EU –32768 32767 0 0.001 1593

1494 (R) AI301–LO EU –32768 32767 0 0.001 1594

1495 (R) AI302–HI EU –32768 32767 0 0.001 1595

1496 (R) AI302–LO EU –32768 32767 0 0.001 1596

1497 (R) AI303–HI EU –32768 32767 0 0.001 1597

1498 (R) AI303–LO EU –32768 32767 0 0.001 1598

1499 (R) AI304–HI EU –32768 32767 0 0.001 1599

1500 (R) AI304–LO EU –32768 32767 0 0.001 1600

1501 (R) AI305–HI EU –32768 32767 0 0.001 1601

1502 (R) AI305–LO EU –32768 32767 0 0.001 1602

1503 (R) AI306–HI EU –32768 32767 0 0.001 1603

1504 (R) AI306–LO EU –32768 32767 0 0.001 1604

1505 (R) AI307–HI EU –32768 32767 0 0.001 1605

1506 (R) AI307–LO EU –32768 32767 0 0.001 1606

1507 (R) AI308–HI EU –32768 32767 0 0.001 1607

1508 (R) AI308–LO EU –32768 32767 0 0.001 1608

1509 (R) AI401–HI EU –32768 32767 0 0.001 1609

1510 (R) AI401–LO EU –32768 32767 0 0.001 1610

1511 (R) AI402–HI EU –32768 32767 0 0.001 1611

1512 (R) AI402–LO EU –32768 32767 0 0.001 1612

1513 (R) AI402–HI EU –32768 32767 0 0.001 1613

1514 (R) AI403–LO EU –32768 32767 0 0.001 1614

1515 (R) AI404–HI EU –32768 32767 0 0.001 1615

1516 (R) AI404–LO EU –32768 32767 0 0.001 1616

1517 (R) AI405–HI EU –32768 32767 0 0.001 1617

1518 (R) AI405–LO EU –32768 32767 0 0.001 1618

1519 (R) AI406–HI EU –32768 32767 0 0.001 1619

1520 (R) AI406–LO EU –32768 32767 0 0.001 1620

1521 (R) AI407–HI EU –32768 32767 0 0.001 1621

1522 (R) AI407–LO EU –32768 32767 0 0.001 1622

1523 (R) AI408–HI EU –32768 32767 0 0.001 1623

1524 (R) AI408–LO EU –32768 32767 0 0.001 1624

1525 (R) AI501–HI EU –32768 32767 0 0.001 1625

1526 (R) AI501–LO EU –32768 32767 0 0.001 1626

1527 (R) AI502–HI EU –32768 32767 0 0.001 1627

1528 (R) AI502–LO EU –32768 32767 0 0.001 1628

1529 (R) AI503–HI EU –32768 32767 0 0.001 1629

1530 (R) AI503–LO EU –32768 32767 0 0.001 1630
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1531 (R) AI504–HI EU –32768 32767 0 0.001 1631

1532 (R) AI504–LO EU –32768 32767 0 0.001 1632

1533 (R) AI505–HI EU –32768 32767 0 0.001 1633

1534 (R) AI505–LO EU –32768 32767 0 0.001 1634

1535 (R) AI506–HI EU –32768 32767 0 0.001 1635

1536 (R) AI506–LO EU –32768 32767 0 0.001 1636

1537 (R) AI507–HI EU –32768 32767 0 0.001 1637

1538 (R) AI507–LO EU –32768 32767 0 0.001 1638

1539 (R) AI508–HI EU –32768 32767 0 0.001 1639

1540 (R) AI508–LO EU –32768 32767 0 0.001 1640

1541–1546 (R) Reservedd 0 0 0 1641–1646

Math Variables

1547 (R) MV01–HI –32768 32767 0 0.01 1647

1548 (R) MV01–LO –32768 32767 0 0.01 1648

1549 (R) MV02–HI –32768 32767 0 0.01 1649

1550 (R) MV02–LO –32768 32767 0 0.01 1650

1551 (R) MV03–HI –32768 32767 0 0.01 1651

1552 (R) MV03–LO –32768 32767 0 0.01 1652

1553 (R) MV04–HI –32768 32767 0 0.01 1653

1554 (R) MV04–LO –32768 32767 0 0.01 1654

1555 (R) MV05–HI –32768 32767 0 0.01 1655

1556 (R) MV05–LO –32768 32767 0 0.01 1656

1557 (R) MV06–HI –32768 32767 0 0.01 1657

1558 (R) MV06–LO –32768 32767 0 0.01 1658

1559 (R) MV07–HI –32768 32767 0 0.01 1659

1560 (R) MV07–LO –32768 32767 0 0.01 1660

1561 (R) MV08–HI –32768 32767 0 0.01 1661

1562 (R) MV08–LO –32768 32767 0 0.01 1662

1563 (R) MV09–HI –32768 32767 0 0.01 1663

1564 (R) MV09–LO –32768 32767 0 0.01 1664

1565 (R) MV10–HI –32768 32767 0 0.01 1665

1566 (R) MV10–LO –32768 32767 0 0.01 1666

1567 (R) MV11–HI –32768 32767 0 0.01 1667

1568 (R) MV11–LO –32768 32767 0 0.01 1668

1569 (R) MV12–HI –32768 32767 0 0.01 1669

1570 (R) MV12–LO –32768 32767 0 0.01 1670

1571 (R) MV13–HI –32768 32767 0 0.01 1671

1572 (R) MV13–LO –32768 32767 0 0.01 1672

1573 (R) MV14–HI –32768 32767 0 0.01 1673

1574 (R) MV14–LO –32768 32767 0 0.01 1674

1575 (R) MV15–HI –32768 32767 0 0.01 1675

1576 (R) MV15–LO –32768 32767 0 0.01 1676
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1577 (R) MV16–HI –32768 32767 0 0.01 1677

1578 (R) MV16–LO –32768 32767 0 0.01 1678

1579 (R) MV17–HI –32768 32767 0 0.01 1679

1580 (R) MV17–LO –32768 32767 0 0.01 1680

1581 (R) MV18–HI –32768 32767 0 0.01 1681

1582 (R) MV18–LO –32768 32767 0 0.01 1682

1583 (R) MV19–HI –32768 32767 0 0.01 1683

1584 (R) MV19–LO –32768 32767 0 0.01 1684

1585 (R) MV20–HI –32768 32767 0 0.01 1685

1586 (R) MV20–LO –32768 32767 0 0.01 1686

1587 (R) MV21–HI –32768 32767 0 0.01 1687

1588 (R) MV21–LO –32768 32767 0 0.01 1688

1589 (R) MV22–HI –32768 32767 0 0.01 1689

1590 (R) MV22–LO –32768 32767 0 0.01 1690

1591 (R) MV23–HI –32768 32767 0 0.01 1691

1592 (R) MV23–LO –32768 32767 0 0.01 1692

1593 (R) MV24–HI –32768 32767 0 0.01 1693

1594 (R) MV24–LO –32768 32767 0 0.01 1694

1595 (R) MV25–HI –32768 32767 0 0.01 1695

1596 (R) MV25–LO –32768 32767 0 0.01 1696

1597 (R) MV26–HI –32768 32767 0 0.01 1697

1598 (R) MV26–LO –32768 32767 0 0.01 1698

1599 (R) MV27–HI –32768 32767 0 0.01 1699

1600 (R) MV27–LO –32768 32767 0 0.01 1700

1601 (R) MV28–HI –32768 32767 0 0.01 1701

1602 (R) MV28–LO –32768 32767 0 0.01 1702

1603 (R) MV29–HI –32768 32767 0 0.01 1703

1604 (R) MV29–LO –32768 32767 0 0.01 1704

1605 (R) MV30–HI –32768 32767 0 0.01 1705

1606 (R) MV30–LO –32768 32767 0 0.01 1706

1607 (R) MV31–HI –32768 32767 0 0.01 1707

1608 (R) MV31–LO –32768 32767 0 0.01 1708

1609 (R) MV32–HI –32768 32767 0 0.01 1709

1610 (R) MV32–LO –32768 32767 0 0.01 1710

Device Counters

1611 (R) COUNTER SC01 0 65000 0 1 1711
•
•
•

1642 (R) COUNTER SC32 0 65000 0 1 1742

1643–1647 (R) Reservedd 0 0 0 1743–1747
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Breaker Monitor Data

1648 (R) RLY TRIPS 0 65535 0 1 1748

1649 (R) EXT TRIPS 0 65535 0 1 1749

1650 (R) IA RLY kA 0 65535 0 1 1750 

1651 (R) IA EXT kA 0 65535 0 1 1751

1652 (R) IB RLY kA 0 65535 0 1 1752 

1653 (R) IB EXT kA 0 65535 0 1 1753

1654 (R) IC RLY kA 0 65535 0 1 1754 

1655 (R) IC EXT kA 0 65535 0 1 1755

1656 (R) A WEAR % 0 100 0 1 1756

1657 (R) B WEAR % 0 100 0 1 1757

1658 (R) C WEAR % 0 100 0 1 1758

1659 (R) BRKR RST TIM ss 0 5999 0 0.01 1759

1660 (R) BRKR RST TIM mm 0 59 0 1 1760

1661 (R) BRKR RST TIM hh 0 23 0 1 1761

1662 (R) BRKR RST DAT dd 1 31 1 1 1762

1663 (R) BRKR RST DAT mm 1 12 1 1 1763

1664 (R) BRKR RST DAT yy 2000 9999 2000 1 1764

1665-1666 (R) Reservedd 0 0 0 1765-1766

VS Maximum/Minimum Data

1667 (R) VS MAX 0 65535 0 1 1767

1668 (R) VS MAX TIME ss 0 5999 0 0.01 1768

1669 (R) VS MAX TIME mm 0 59 0 1 1769

1670 (R) VS MAX TIME hh 0 23 0 1 1770

1671 (R) VS MAX DAY dd 1 31 1 1 1771 

1672 (R) VS MAX DAY mm 1 12 1 1 1772 

1673 (R) VS MAX DAY yy 2000 9999 2000 1 1773

1674 (R) VS MIN 0 65535 0 1 1774 

1675 (R) VS MIN TIME ss 0 5999 0 0.01 1775 

1676 (R) VS MIN TIME mm 0 59 0 1 1776

1677 (R) VS MIN TIME hh 0 23 0 1 1777

1678 (R) VS MIN DAY dd 1 31 1 1 1778 

1679 (R) VS MIN DAY mm 1 12 1 1 1779

1680 (R) VS MIN DAY yy 2000 9999 2000 1 1780

1681-1688 (R) (R) Reservedd 0 0 0 1781-1788

Demand Data

1689 (R) IA DEMAND 0 65535 0 1 1789

1690 (R) IB DEMAND 0 65535 0 1 1790

1691 (R) IC DEMAND 0 65535 0 1 1791

1692 (R) IG DEMAND 0 65535 0 1 1792

1693 (R) 3I2 DEMAND 0 65535 0 1 1793

1694 (R) IA PEAK DEMAND 0 65535 0 1 1794
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1695 (R) IB PEAK DEMAND 0 65535 0 1 1795

1696 (R) IC PEAK DEMAND 0 65535 0 1 1796

1697 (R) IG PEAK DEMAND 0 65535 0 1 1797

1698 (R) 3I2 PEAK DEMAND 0 65535 0 1 1798

1699 (R) PEAKD RST TIM ss 0 5999 0 0.01 1799

1700 (R) PEAKD RST TIM mm 0 59 0 1 1800

1701 (R) PEAKD RST TIM hh 0 23 0 1 1801

1702 (R) PEAKD RST DAT dd 1 31 1 1 1802

1703 (R) PEAKD RST DAT mm 1 12 1 1 1803

1704 (R) PEAKD RST DAT yy 2000 9999 2000 1 1804

1705-1718 (R) Reservedd 0 0 0 1805-1818 

Reserved Area 5

1719–1745 (R) Reservedd 0 0 0 1819–1845

Historical Data

1746 (R) NO. EVENT LOGS 0 50 0 1 1846

1747 (R/W) EVENT LOG SEL. 0 50 0 1 1847

1748 (R) EVENT TIME ss 0 5999 0 0.01 1848

1749 (R) EVENT TIME mm 0 59 0 1 1849

1750 (R) EVENT TIME hh 0 23 0 1 1850

1751 (R) EVENT DAY dd 1 31 1 1 1851

1752 (R) EVENT DAY mm 1 12 1 1 1852

1753 (R) EVENT DAY yy 0 9999 2000 1 1853

1754 (R) EVENT TYPE 0 55 0 1 1854
0 = NA
1 = PHASE A1 50 TRIP
2 = PHASE B1 50 TRIP
3 = PHASE C1 50 TRIP
4 = PHASE 50 TRIP
5 = GND/NEUT 50 TRIP
6 = NEG SEQ 50 TRIP
7 = PHASE A 51 TRIP
8 = PHASE B 51 TRIP
9 = PHASE C 51 TRIP
10 = PHASE 51 TRIP
11 = GND/NEUT 51 TRIP
12 = NEG SEQ 51 TRIP
13 = 59 TRIP
14 = 55 TRIP
15 = 81 UF TRIP
16 = 81 OF TRIP
17 = POWERELEMNT TRIP
18 = ARC FLASH TRIP
19 = RTD TRIP
20 = REMOTE TRIP
21 = 27 TRIP
22 = RTD FAIL TRIP

28 = AG fault, no OC trip, GFLT=1
29 = BG fault, no OC trip, GFLT=1
30 = ABG fault, no OC trip, GFLT=1
31 = CG fault, no OC trip, GFLT=1
32 = CAG fault, no OC trip, GFLT=1
33 = BCG fault, no OC trip, GFLT=1
34 = ABC fault, no OC trip, GFLT=1
35 = AG fault, OC trip, GFLT=1
36 = BG fault, OC trip, GFLT=1
37 = ABG fault, OC trip, GFLT=1
38 = CG fault, OC trip, GFLT=1
39 = CAG fault, OC trip, GFLT=1
40 = BCG fault, OC trip, GFLT=1
41 = ABC fault, OC trip, GFLT=1
42 = AG fault, no OC trip, GFLT=0
43 = BG fault, no OC trip, GFLT=0
44 = AB fault, no OC trip, GFLT=0
45 = CG fault, no OC trip, GFLT=0
46 = CA fault, no OC trip, GFLT=0
47 = BC fault, no OC trip, GFLT=0
48 = ABC fault, no OC trip, GFLT=0
49 = AG fault, OC trip, GFLT=0
50 = BG fault, OC trip, GFLT=0
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23 = BREAKER FAILURE TRIP
24 = COMMIDLELOSSTRIP
25 = TRIGGER
26 = ER TRIGGER
27 = TRIP

51 = AB fault, OC trip, GFLT=0
52 = CG fault, OC trip, GFLT=0
53 = CA fault, OC trip, GFLT=0
54 = BC fault, OC trip, GFLT=0
55 = ABC fault, OC trip, GFLT=0

1755 (R) EVENT TARGETS 0 255 0 1 1855
Bit 0 = T06_Led
Bit 1 = T05_Led
Bit 2 = T04_Led
Bit 3 = T03_Led
Bit 4 = T02_Led
Bit 5 = T01_Led
Bit 6 = Trip
Bit 7 = Enabled

1756 (R) EVENT IA A 0 65535 0 1 1856

1757 (R) EVENT IB A 0 65535 0 1 1857

1758 (R) EVENT IC A 0 65535 0 1 1858

1759 (R) EVENT IN A 0 65535 0 1 1859

1760 (R) EVENT IG A 0 65535 0 1 1860

1761 (R) EVENT VAB/VAN V 0 65535 0 1 1861

1762 (R) EVENT VBC/VBN V 0 65535 0 1 1862

1763 (R) EVENT VCA/VCN V 0 65535 0 1 1863

1764 (R) EVENT VG V 0 65535 0 1 1864

1765 (R) EVENT DELTA/WYE 0 1 0 1865
0 = DELTA
1 = WYE

1766 (R) EVENT FREQ Hz 2000 7000 6000 0.01 1866

1767–1769 (R) Reservedd 0 0 0 1867–1769

1770 (R) EVNT MAX WDG RTD °C –32768 32767 0 1 1870

1771 (R) EVNT MAX BRG RTD °C –32768 32767 0 1 1871

1772 (R) EVNT MAX AMB RTD °C –32768 32767 0 1 1872

1773 (R) EVNT MAX OTH RTD °C –32768 32767 0 1 1873

1774–1779 (R) Reservedd 0 0 0 1874–1879

Trip/Warn Data

The Trip/Warn Status register bits are momentarily set as long as a trip/warn condition exists (see Table E.35 for the trigger condi-
tions). When a trip event occurs, the elements are latched to the rising edge of the TRIP Relay Word bit and they are not cleared until 
a target reset is issued from any interface.

1780 (R) TRIP STATUS LO 0 65535 0 1 1880
Bit 0 = PHASE A1 50
Bit 1 = PHASE B1 50
Bit 2 = PHASE C1 50
Bit 3 = PHASE 50P1
Bit 4 = GROUND 50G1
Bit 5 = NEUTRAL 50N1
Bit 6 = NEG SEQ 50Q1
Bit 7 = PHASE A 51

Bit 8 = PHASE B 51
Bit 9 = PHASE C 51
Bit 10 = PHASE 51P1
Bit 11 = GROUND 51G1
Bit 12 = NEUTRAL 51N1
Bit 13 = NEG SEQ 51Q
Bit 14 = UNDERVOLT 27P1
Bit 15 = OVERVOLT 59P1
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1781 (R) TRIP STATUS HI 0 65535 0 1 1881
Bit 0 = POWER FACTOR 55
Bit 1 = FREQUENCY 81D1
Bit 2 = FREQUENCY 81D2
Bit 3 = RTD-OTHER
Bit 4 = RTD-AMBIENT
Bit 5 = RTD-WIND BEAR
Bit 6 = RTD ERROR
Bit 7 = POWER ELEMENTS

Bit 8 = COMM IDLE
Bit 9 = COMM LOSS
Bit 10 = REMOTE TRIP
Bit 11 = COMM FAULT
Bit 12 = CONFIG FAULT
Bit 13 = RESERVED
Bit 14 = RESERVED
Bit 15 = BREAKER FAIL

1782 (R) WARN STATUS LO 0 65535 0 1 1882
Bit 0 = PHASE 50P2
Bit 1 = PHASE 50P3
Bit 2 = PHASE 50P4
Bit 3 = GROUND 50G2
Bit 4 = GROUND 50G3
Bit 5 = GROUND 50G4
Bit 6 = NEUTRAL 50N2
Bit 7 = NEUTRAL 50N3

Bit 8 = NEUTRAL 50N4
Bit 9 = NEG SEQ 50Q2
Bit 10 = NEG SEQ 50Q3
Bit 11 = NEG SEQ 50Q4
Bit 12 = PHASE 51P2
Bit 13 = GROUND 51G2
Bit 14 = NEUTRAL 51N2
Bit 15 = RESERVED

1783 (R) WARN STATUS HI 0 65535 0 1 1883
Bit 0 = POWER FACTOR 55
Bit 1 = SALARM
Bit 2 = WARNING
Bit 3 = RTD-WIND BEAR
Bit 4 = RTD-OTHER
Bit 5 = RTD-AMBIENT
Bit 6 = UNDERVOLT 27P2
Bit 7 = OVERVOLT 59P2

Bit 8 = FREQUENCY 81D3
Bit 9 = FREQUENCY 81D4
Bit 10 = FREQUENCY 81D5
Bit 11 = FREQUENCY 81D6
Bit 12 = RESERVED
Bit 13 = RESERVED
Bit 14 = RESERVED
Bit 15 = RESERVED

1784–1788 (R) Reservedd 0 0 0 1884–1888

Communications Counters

1789 (R) NUM MSG RCVD 0 65535 0 1 1889

1790 (R) NUM OTHER MSG 0 65535 0 1 1890

1791 (R) INVALID ADDR 0 65535 0 1 1891

1792 (R) BAD CRC 0 65535 0 1 1892

1793 (R) UART ERROR 0 65535 0 1 1893

1794 (R) ILLEGAL FUNCTION 0 65535 0 1 1894

1795 (R) ILLEGAL REGISTER 0 65535 0 1 1895

1796 (R) ILLEGAL WRITE 0 65535 0 1 1896

1797 (R) BAD PKT FORMAT 0 65535 0 1 1897

1798 (R) BAD PKT LENGTH 0 65535 0 1 1898

1799–1804 (R) Reservedd 0 0 0 1899–1904

Relay Elements

1805 (R) ROW 0 0 255 0 1 1905
Bit 0 = T06_LED
Bit 1 = T05_LED
Bit 2 = T04_LED
Bit 3 = T03_LED
Bit 4 = T02_LED
Bit 5 = T01_LED
Bit 6 = TRIP
Bit 7 = ENABLED
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1806 (R) ROW 1 0 255 0 1 1906
Bit 0 = 52A
Bit 1 = *
Bit 2 = ORED51T
Bit 3 = ORDE50T
Bit 4 = *
Bit 5 = 50C1P
Bit 6 = 50B1P
Bit 7 = 50A1P

1807 (R) ROW 2 0 255 0 1 1907
Bit 0 = 50Q4P
Bit 1 = 50Q3P
Bit 2 = 50Q2P
Bit 3 = 50Q1P
Bit 4 = 50P4P
Bit 5 = 50P3P
Bit 6 = 50P2P
Bit 7 = 50P1P

1808 (R) ROW 3 0 255 0 1 1908
Bit 0 = 50Q4T
Bit 1 = 50Q3T
Bit 2 = 50Q2T
Bit 3 = 50Q1T
Bit 4 = 50P4T
Bit 5 = 50P3T
Bit 6 = 50P2T
Bit 7 = 50P1T

1809 (R) ROW 4 0 255 0 1 1909
Bit 0 = 50G4P
Bit 1 = 50G3P
Bit 2 = 50G2P
Bit 3 = 50G1P
Bit 4 = 50N4P
Bit 5 = 50N3P
Bit 6 = 50N2P
Bit 7 = 50N1P

1810 (R) ROW 5 0 255 0 1 1910
Bit 0 = 50G4T
Bit 1 = 50G3T
Bit 2 = 50G2T
Bit 3 = 50G1T
Bit 4 = 50N4T
Bit 5 = 50N3T
Bit 6 = 50N2T
Bit 7 = 50N1T

1811 (R) ROW 6 0 255 0 1 1911
Bit 0 = 51QP
Bit 1 = 51N2P
Bit 2 = 51N1P
Bit 3 = 51P2P
Bit 4 = 51P1P
Bit 5 = 51CP
Bit 6 = 51BP
Bit 7 = 51AP
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1812 (R) ROW 7 0 255 0 1 1912
Bit 0 = 51QT
Bit 1 = 51N2T
Bit 2 = 51N1T
Bit 3 = 51P2T
Bit 4 = 51P1T
Bit 5 = 51CT
Bit 6 = 51BT
Bit 7 = 51AT

1813 (R) ROW 8 0 255 0 1 1913
Bit 0 = 51QR
Bit 1 = 51N2R
Bit 2 = 51N1R
Bit 3 = 51P2R
Bit 4 = 51P1R
Bit 5 = 51CR
Bit 6 = 51BR
Bit 7 = 51AR

1814 (R) ROW 9 0 255 0 1 1914
Bit 0 = 27P1T
Bit 1 = 27P1
Bit 2 = 51G2R
Bit 3 = 51G2T
Bit 4 = 51G2P
Bit 5 = 51G1R
Bit 6 = 51G1T
Bit 7 = 51G1P

1815 (R) ROW 10 0 255 0 1 1915
Bit 0 = 3P27
Bit 1 = 3P59
Bit 2 = 59P2T
Bit 3 = 59P2
Bit 4 = 59P1T
Bit 5 = 59P1
Bit 6 = 27P2T
Bit 7 = 27P2

1816 (R) ROW 11 0 255 0 1 1916
Bit 0 = 55T
Bit 1 = 55A
Bit 2 = 81D6T
Bit 3 = 81D5T
Bit 4 = 81D4T
Bit 5 = 81D3T
Bit 6 = 81D2T
Bit 7 = 81D1T

1817 (R) ROW 12 0 255 0 1 1917
Bit 0 = BFT
Bit 1 = BFI
Bit 2 = *
Bit 3 = BKMON
Bit 4 = OTHTRIP
Bit 5 = OTHALRM
Bit 6 = AMBTRIP
Bit 7 = AMBALRM
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1818 (R) ROW 13 0 255 0 1 1918
Bit 0 = FAULT
Bit 1 = IRIGOK
Bit 2 = TSOK
Bit 3 = WARNING
Bit 4 = SALARM
Bit 5 = PMDOK
Bit 6 = LINKB
Bit 7 = LINKA

1819 (R) ROW 14 0 255 0 1 1919
Bit 0 = LOP
Bit 1 = 3PWR2T
Bit 2 = 3PWR1T
Bit 3 = CFGFLT
Bit 4 = COMMFLT
Bit 5 = REMTRIP
Bit 6 = COMMLOSS
Bit 7 = COMMIDLE

1820–1825 (R) ROW 15 through ROW 20 0 255 0 1 1920–1925

1826 (R) ROW 21 0 255 0 1 1926
Bit 0 = RSTPKDEM
Bit 1 = RSTDEM
Bit 2 = RSTMXMN
Bit 3 = RSTENRGY
Bit 4 = BRGTRIP
Bit 5 = BRGALRM
Bit 6 = WDGTRIP
Bit 7 = WDGALRM

1827 (R) ROW 22 0 255 0 1 1927
Bit 0 = HALARM
Bit 1 = RSTTRGT
Bit 2 = DSABLSET
Bit 3 = 3PWR2P
Bit 4 = 3PWR1P
Bit 5 = TRGTR
Bit 6 = RTDIN
Bit 7 = RTDFLT

1828–1924 (R) ROW 23 through ROW 119 0 255 0 1 1928–2024

1925–1947 (R) Reservedd 0 0 0 2025–2047

Extra Settings

1948 (R/W) BREAKER MONITOR 0 1 1 2048
0 = N
1 = Y

1949 (R/W) CL/OPN OPS SETP1 0 65000 10000 1 2049

1950 (R/W) CL/OPN OPS SETP2 0 65000 150 1 2050

1951 (R/W) CL/OPN OPS SETP3 0 65000 12 1 2051

1952 (R/W) KA PRI INTRPD1-I 0 999 1 1 2052

1953 (R/W) KA PRI INTRPD1-F 0 99 20 0.01 2053

1954 (R/W) KA PRI INTRPD2-I 0 999 8 1 2054

1955 (R/W) KA PRI INTRPD2-F 0 99 0 0.01 2055

1956 (R/W) KA PRI INTRPD3-I 0 999 20 1 2056
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1957 (R/W) KA PRI INTRPD3-F 0 99 0 0.01 2057

1958 (R/W) ENBL AF PH OC 0 1 0 2058
0 = N
1 = Y

1959 (R/W) AF PH OC TRP LVL A 10 10000 100 0.01 2059

1960 (R/W) ENBL AF N OC 0 1 0 2060
0 = N
1 = Y

1961 (R/W) AF N OC TRP LVL A 10 10000 100 0.01 2061

1962 (R/W) SENSOR 1 TYPE 0 2 0 2062
0 = NONE
1 = POINT
2 = FIBER

1963 (R/W) TOL 1 PICKUP % 30 200 50 0.1 2063

1964 (R/W) SENSOR 2 TYPE 0 2 0 2064
0 = NONE
1 = POINT
2 = FIBER

1965 (R/W) TOL 2 PICKUP % 30 200 50 0.1 2065

1966 (R/W) SENSOR 3 TYPE 0 2 0 2066
0 = NONE
1 = POINT
2 = FIBER

1967 (R/W) TOL 3 PICKUP % 30 200 50 0.1 2067

1968 (R/W) SENSOR 4 TYPE 0 2 0 2068
0 = NONE
1 = POINT
2 = FIBER

1969 (R/W) TOL 4 PICKUP % 30 200 50 0.1 2069

1970 (R/W) ARC OUTPUT SLOT 0 2 0 2070
0 = 101_2
1 = 301_2
2 = 401_2

1971 (R/W) EN SYNCHRO PHSOR 0 1 0 2071
0 = N
1 = Y

1972 (R/W) MESSAGES PER SEC 0 3 3 2072
0 = 1
1 = 2
2 = 5
3 = 10

1973 (R/W) PMU HARDWARE ID 1 65534 1 1 2073

1974 (R/W) VOLTAGE DATA SET 0 2 0 2074
0 = V1
1 = ALL
2 = NA

1975 (R/W) VOLT COMP ANGLE deg -17999 18000 0 0.01 2075

1976 (R/W) CURRENT DATA SET 0 2 0 2076
0 = I1
1 = ALL
2 = NA

1977 (R/W) CURR COMP ANGLE deg -17999 18000 0 0.01 2077

1978 (R/W) NUM ANALOGS 0 4 0 1 2078
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1979 (R/W) NUMDSW 0 1 0 2079
0 = N
1 = Y

1980 (R/W) CTRL BITS DEFN 0 1 0 2080
0 = NONE
1 = C37.118

1981 (R/W) IRIG TIME SOURCE 0 1 0 2081
0 = IRIG1
1 = IRIG2

1982 (R/W) OFFSET FROM UTC hour -2400 2400 0 0.01 2082

1983 (R/W) ENABLE DST 0 1 0 2083
0 = N
1 = Y

1984 (R/W) MONTH DST BEGINS 1 12 1 1 2084

1985 (R/W) WEEK DST BEGINS 0 3 2 2085
0 = L
1 = 1
2 = 2
3 = 3

1986 (R/W) DAY DST BEGINS 0 6 0 2086
0 = SUN
1 = MON
2 = TUE
3 = WED
4 = THU
5 = FRI
6 = SAT

1987 (R/W) HOUR DST BEGINS 0 23 2 1 2087

1988 (R/W) MONTH DST ENDS 1 12 11 1 2088

1989 (R/W) WEEK DST ENDS 0 3 1 2089
0 = L
1 = 1
2 = 2
3 = 3

1990 (R/W) DAY DST ENDS 0 6 0 2090
0 = SUN
1 = MON
2 = TUE
3 = WED
4 = THU
5 = FRI
6 = SAT

1991 (R/W) HOUR DST ENDS 0 23 2 1 2091

1992 (R/W) FREQ5 TRIP ENABL 0 1 0 2092
0 = N
1 = Y

1993 (R/W) FREQ5 TRIP LEVEL Hz 2000 7000 6000 0.01 2093

1994 (R/W) FREQ5 TRIP DELAY sec 0 2400 10 0.1 2094

1995 (R/W) FREQ6 TRIP ENABL 0 1 0 2095
0 = N
1 = Y

1996 (R/W) FREQ6 TRIP LEVEL Hz 2000 7000 6000 0.01 2096

1997 (R/W) FREQ6 TRIP DELAY sec 0 2400 10 0.1 2097

1998 (R/W) V RATIO COR FAC 50 200 100 0.01 2098
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1999 (R/W) ZS OV TRIP1 ENBL 0 1 0 2099
0 = N
1 = Y

2000 (R/W) ZS OV TRIP1 LVL xVnm 2 120 110 0.01 2100

2001 (R/W) ZS OV TRIP1 DLY sec 0 1200 5 0.1 2101

2002 (R/W) ZS OV TRIP2 ENBL 0 1 0 2102
0 = N
1 = Y

2003 (R/W) ZS OV TRIP2 LVL xVnm 2 120 110 0.01 2103

2004 (R/W) ZS OV TRIP2 DLY sec 0 1200 50 0.1 2104

2005 (R/W) NSQ OV TRIP1 EBL 0 1 0 2105
0 = N
1 = Y

2006 (R/W) NSQ OV TRIP1 LVL xVnm 2 120 110 0.01 2106

2007 (R/W) NSQ OV TRIP1 DLY sec 0 1200 5 0.1 2107

2008 (R/W) NSQ OV TRIP2 EBL 0 1 0 2108
0 = N
1 = Y

2009 (R/W) NSQ OV TRIP2 LVL xVnm 2 120 110 0.01 2109

2010 (R/W) NSQ OV TRIP2 DLY sec 0 1200 50 0.1 2110

2011 (R/W) ENABLE 81R 0 4 0 1 2111

2012 (R/W) 81R VOLTAGE SUP xVnm 0 13 0 0.1 2112

2013 (R/W) 81R CURRENT SUP xInm 0 20 0 0.1 2113

2014 (R/W) ENABLE 81R1 0 1 0 2114
0 = N
1 = Y

2015 (R/W) 81R1 TRIP LEVEL Hz/s 10 1500 1500 0.01 2115

2016 (R/W) 81R1 TREND 0 2 2 2116
0 = INC
1 = DEC
2 = ABS

2017 (R/W) 81R1 TRIP DELAY sec 10 6000 100 0.01 2117

2018 (R/W) 81R1 DO DELAY sec 0 6000 0 0.01 2118

2019 (R/W) ENABLE 81R2 0 1 0 2119
0 = N
1 = Y

2020 (R/W) 81R2 TRIP LEVEL Hz/s 10 1500 1500 0.01 2120

2021 (R/W) 81R2 TREND 0 2 2 2121
0 = INC
1 = DEC
2 = ABS

2022 (R/W) 81R2 TRIP DELAY sec 10 6000 100 0.01 2122

2023 (R/W) 81R2 DO DELAY sec 0 6000 0 0.01 2123

2024 (R/W) ENABLE 81R3 0 1 0 2124
0 = N
1 = Y

2025 (R/W) 81R3 TRIP LEVEL Hz/s 10 1500 1500 0.01 2125
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2026 (R/W) 81R3 TREND 0 2 2 2126
0 = INC
1 = DEC
2 = ABS

2027 (R/W) 81R3 TRIP DELAY sec 10 6000 100 0.01 2127

2028 (R/W) 81R3 DO DELAY sec 0 6000 0 0.01 2128

2029 (R/W) ENABLE 81R4 0 1 0 2129
0 = N
1 = Y

2030 (R/W) 81R4 TRIP LEVEL Hz/s 10 1500 1500 0.01 2130

2031 (R/W) 81R4 TREND 0 2 2 2131
0 = INC
1 = DEC
2 = ABS

2032 (R/W) 81R4 TRIP DELAY sec 10 6000 100 0.01 2132

2033 (R/W) 81R4 DO DELAY sec 0 6000 0 0.01 2133

2034 (R/W) DEMAND MTR 0 1 0 2134
0 = THM
1 = ROL

2035 (R/W) DEM TIME CONSTNT min 0 4 0 2135
0 = 5
1 = 10
2 = 15
3 = 30
4 = 60

2036 (R/W) PH CURR DEM LVL A 1 160 50 0.1 2136

2037 (R/W) RES CURR DEM LVL A 1 160 10 0.1 2137

2038 (R/W) 3I2 CURR DEM LVL A 1 160 10 0.1 2138

2039 (R/W) ENABLE PWR ELEM 0 2 0 2139
0 = N
1 = 3P1
2 = 3P2

2040 (R/W) ENABLE 3PWR1P 0 1 0 2140
0 = N
1 = Y

2041 (R/W) 3PH PWR ELEM PU VA 2 65000 20000 0.1 2141

2042 (R/W) PWR ELEM TYPE 0 3 2 2142
0 = + WATTS
1 = – WATTS
2 = + VARS
3 = –VARS

2043 (R/W) PWR ELEM DELAY sec 0 2400 0 0.1 2143

2044 (R/W) ENABLE 3PWR2P 0 1 0 2144
0 = N
1 = Y

2045 (R/W) 3PH PWR ELEM PU VA 2 65000 20000 0.1 2145

2046 (R/W) PWR ELEM TYPE 0 3 2 2146
0 = + WATTS
1 = – WATTS
2 = + VARS
3 = – VARS

2047 (R/W) PWR ELEM DELAY sec 0 2400 0 0.1 2147
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2048 (R/W) ENABLE 81RF 0 1 0 2148
0 = N
1 = Y

2049 (R/W) FREQDIF SETPOINT Hz 1 100 10 0.1 2149

2050 (R/W) DFDT SETPOINT Hz/sec 2 150 25 0.1 2150

2051 (R/W) 81RF PU DELAY sec 10 100 10 0.01 2151

2052 (R/W) 81RF DO DELAY sec 0 100 10 0.01 2152

2053 (R/W) ENABLE 81RFVBLK 0 1 0 2153
0 = N
1 = Y

2054 (R/W) 81RFVOLTAGE BLK xVnm 2 10 8 0.1 2154

2055 (R/W) ENABLE 81RFIBLK 0 1 0 2155
0 = N
1 = Y

2056 (R/W) 81RF CURRENT BLK xINOM 1 200 100 0.1 2156

2057 (R/W) 81RF BLOCK DO sec 2 500 100 0.01 2157

2058-2070 (R) Reservedd 0 0 0 2158-2170

Control I/O Commands

2000H (W) LOGIC COMMAND 0 65535 0 na
Bit 0 = Breaker Close
Bit 1 = Breaker Open
Bit 2 = Reserved
Bit 3 = Return Status 0/1
Bit 4 = DN Aux 1 Cmd
Bit 5 = DN Aux 2 Cmd
Bit 6 = DN Aux 3 Cmd
Bit 7 = DN Aux 4 Cmd

Bit 8 = DN Aux 5 Cmd
Bit 9 = DN Aux 6 Cmd
Bit 10 = DN Aux 7 Cmd
Bit 11 = DN Aux 8 Cmd
Bit 12 = DN Aux 9 Cmd
Bit 13 = DN Aux 10 Cmd
Bit 14 = DN Aux 11 Cmd
Bit 15 = Reserved

2001H (W) RESET COMMAND 0 1023 0 na
Bit 0 = Trip Reset
Bit 1 = Set to Defaults
Bit 2 = Reset Stat Data
Bit 3 = Reset Hist Data
Bit 4 = Reset Comm Cntr
Bit 5 = Reserved
Bit 6 = Rst Enrgy Data
Bit 7 = Rst Mx/Mn Data

Bit 8 = Rst Demand
Bit 9 = Rst Peak Demand
Bit 10–15 = Reserved

Relay Elements

2100H (R) FAST STATUS 0 0 65535 0 na
Bit 0 = Faulted/Trip
Bit 1 = Warning
Bit 2 = IN1/IN101 Status
Bit 3 = IN2/IN102 Status
Bit 4 = IN3/IN401 Status
Bit 5 = IN4/IN402 Status
Bit 6 = IN5/IN403 Status
Bit 7 = Reserved

Bit 8 = AUX1/OUT101 Status
Bit 9 = AUX2/OUT102 Status
Bit 10 = AUX3/OUT401 Status
Bit 11 = AUX4/OUT402 Status
Bit 12 = AUX5/OUT403 Status
Bit 13 = AUX6/OUT404 Status
Bit 14 = Reserved
Bit 15 = Reserved
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2101H (R) FAST STATUS 1 0 65535 0 na
Bit 0 = Enabled
Bit 1 = Reserved
Bit 2 = IN6/IN404 Status
Bit 3 = IN7/IN501 Status
Bit 4 = IN8/IN502 Status
Bit 5 = IN9/IN503 Status
Bit 6 = IN10/IN504 Status
Bit 7 = Reserved

Bit 8 = AUX7/OUT501 Status
Bit 9 = AUX8/OUT502 Status
Bit 10 = AUX9/OUT503 Status
Bit 11 = AUX10/OUT504 Status
Bit 12 = Reserved
Bit 13 = Reserved
Bit 14 = Reserved
Bit 15 = Reserved

2102H (R) TRIP STATUS LO na

2103H (R) TRIP STATUS HI na

2104H (R) WARN STATUS LO na

2105H (R) WARN STATUS HI na

2106H (R) AVERAGE CURRENT na

2107H (R) IA CURRENT na

2108H (R) IB CURRENT na

2109H (R) IC CURRENT na

210AH (R) Reservedd na

210BH (R) CURRENT IMBAL na

210CH (R) MAX WINDING RTD na

210DH (R) IG CURRENT na

210EH (R) IN CURRENT na

210FH (R) Reservedd na

2110H (R) FAST STATUS 2 0 65535 0 na
Bit 0 = IN11/IN301 Status
Bit 1 = IN12/IN302 Status
Bit 2 = IN13/IN303 Status
Bit 3 = IN14/IN304 Status
Bit 4 = OUT11/OUT301 Status
Bit 5 = OUT12/OUT302 Status
Bit 6 = OUT13/OUT303 Status
Bit 7 = OUT14/OUT304 Status

Bit 8 = IN15/IN305 Status
Bit 9 = IN16/IN306 Status
Bit 10 = IN17/IN307 Status
Bit 11 = IN18/IN308 Status
Bit 12 = Reserved
Bit 13 = Reserved
Bit 14 = Reserved
Bit 15 = Reserved

2111H (R) FAST STATUS 3 0 65535 0 na
Bit 0 = IN19/IN405 Status
Bit 1 = IN20/IN406 Status
Bit 2 = IN21/IN407 Status
Bit 3 = IN22/IN408 Status
Bit 4 = IN23/IN505 Status
Bit 5 = IN24/IN506 Status
Bit 6 = IN25/IN507 Status
Bit 7 = IN26/IN508 Status
Bit 8–15 = Reserved

PAR Group Indices

3000H (R) Reservedd 0 0 0

3001H (R) USER MAP REG 1 125 1

3002H (R) USER MAP REG VAL 126 250 126

3003H (R) RESERVED AREA1 251 259 251

3004H (R) ACCESS CONTROL 260 260 260

3005H (R) GENERAL SETTINGS 261 264 261
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3006H (R) GROUP SELECTION 265 265 265

3007H (R) BK FAILURE SET 266 268 266

3008H (R) DC BATTERY MONITOR 269 272 269

3009H (R) CONFIG SETTINGS 273 283 273

300AH (R) MAX PH OVERCURR 284 295 284

300BH (R) NEUTRAL OVERCURR 296 311 296

300CH (R) RESIDUAL OVERCUR 312 323 312

300DH (R) NEG SEQ OVERCURR 324 335 324

300EH (R) PHASE TOC 336 356 336

300FH (R) MAXIMUM PH TOC 357 370 357

3010H (R) NEGATIVE SEQ TOC 371 377 371

3011H (R) NEUTRAL TOC 378 393 378

3012H (R) RESIDUAL TOC 394 410 394

3013H (R) RTD SETTINGS 411 461 411

3014H (R) UNDERVOLTAGE SET 462 473 462

3015H (R) OVERVOLTAGE SET 474 485 474

3016H (R) RECLOSING CONTROL 486 501 486

3017H (R) POWER FACTOR SET 502 512 502

3018H (R) FREQ SETTINGS 513 524 513

3019H (R) SYNC CHECK SET 525 532 525

301AH (R) TRIP/CLOSE LOGIC 533 541 533

301BH (R) SELOGIC ENABLES 542 550 542

301CH (R) OUTPUT CONTACTS 551 570 551

301DH (R) EVENT REPORT SET 571 580 571

301EH (R) FRONT PANEL SET 581 590 581

301FH (R) RESET SETTINGS 591 601 591

3020H (R) DATE/TIME SET 602 609 602

3021H (R) DEVICE STATUS 610 649 610

3022H (R) CURRENT DATA 650 663 650

3023H (R) EXTRA VOLTAGE DATA 664 666 664

3024H (R) VOLTAGE DATA 667 684 667

3025H (R) POWER DATA 685 689 685

3026H (R) ENERGY DATA 690 711 690

3027H (R) RTD DATA 712 728 712

3028H (R) LIGHT MTR DATA 729 738 729

3029H (R) RMS DATA 739 749 739

302AH (R) MAX/MIN MTR DATA 750 917 750

302BH (R) MAX/MIN RTD DATA 918 1085 918

302CH (R) MAX/MIN AI3 DATA 1086 1213 1086

302DH (R) MAX/MIN AI4 DATA 1214 1341 1214

302EH (R) MAX/MIN AI5 DATA 1342 1469 1342

302FH (R) MAX/MIN RST DATA 1470 1480 1470
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3030H (R) PER PHASE POWER DATA 1481 1492 1481

3031H (R) ANA INP DATA 1493 1546 1493

3032H (R) MATH VARIABLES 1547 1610 1547

3033H (R) DEVICE COUNTERS 1611 1647 1611

3034H (R) BREAKER MONITOR 1648 1666 1648

3035H (R) VS MAXMIN DATA 1667 1688 1667

3036H (R) DEMAND DATA 1689 1718 1689

3037H (R) RESERVED AREA5 1719 1745 1719

3038H (R) HISTORICAL DATA 1746 1779 1746

3039H (R) TRIP/WARN DATA 1780 1788 1780

303AH (R) COMMN COUNTERS 1789 1804 1789

303BH (R) RELAY ELEMENTS 1805 1947 1805

303CH (R) EXTRA SETTINGS 1948 2070 1948

Product Information

4000H (R) VENDOR CODE 0 65535 865 na
865 = SEL

4001H (R) PRODDUCT CODE 0 65535 103 na

4002H (R/W) ASA NUMBER LOW 0 65535 na

4003H (R/W) ASA NUMBER HIGH 0 65535 na

4004H (R) FIRMWARE REVISION 1 32639 na

4005H (R) NUM OF PAR 1 2100 2070 na

4006H (R) NUM OF PAR GROUP 1 100 60 na

4007H (R/W) MAC ID 1 99 0 na
64–99 = Swr Configurable

4008H (R/W) DN BAUD RATE 0 9 0 na
0 = 125 kbps
1 = 250 kbps
2 = 500 kbps
3 = AUTO
4–9 = Swr Configurable

4009H (R/W) DN STATUS 0 31 0 na
Bit 0 = Explicit Cnxn
Bit 1 = I/O Cnxn
Bit 2 = Explicit Fault
Bit 3 = I/O Fault
Bit 4 = I/O Idle
Bit 5–Bit 15 = Reserved

400AH not used

400BH (R) CONFIG PAR CKSUM 0 na

400CH (R) LANGUAGE CODE 0 na
0 = English
1 = French
2 = Spanish (Mexican)
3 = Italian
4 = German
5 = Japanese
6 = Portuguese
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7 = Mandarin Chinese
8 = Russian
9 = Dutch

400DH (R) FIRMWARE BUILD NUM 16400 16400 0 na

400EH not used

400FH (R) PRODUCT SUPPORT BITS na
Bit 0 = 2nd IO Card installed
Bits 1–15 = Reserved

4010H (R/W) SETTINGS TIMEOUT ms 500 65535 750 na

4011H–4013H Reservedd

4014H (R) CONFIGURED BIT 0 na
Bit 0 = Unit Configured
Bits 1–15 = Reserved

4015H (R) Reservedd 0 0 0 na

4016H (R) ERROR REGISTER 0 65535 0 na
Bit 0 = Settings Read Error
Bit 1 = Setting Write Error
Bit 2 = Settings Update Error
Bit 3 = Settings Resource Error
Bit 4 = Settings Locked
Bit 5 = Group Settings Error
Bit 6 = Global Settings Error
Bit 7 = Logic Settings Error

Bit 8 = Report Settings Error
Bit 9 = Front Panel Settings Error
Bit 10 = Memory Not Available
Bit 11 = Settings Prep Error
Bit 12 = Setting Changes Disabled
Bit 13 = Memory Diag Error
Bit 14 = Reserved
Bit 15 = Reserved

4017H (R) ERROR ADDRESS 0 65535 0

4018H–401FH (R) Reservedd 0 0 0

a All addresses in this table refer to the register addresses in the Modbus packet.
b Registers labeled (R/(W) are read-write registers. Registers labeled (W) are write-only registers. Registers Labeled (R) are read-only 

registers.
c Register value * Multiplier = System value as seen by the relay. For example, if the register 651 (IA Angle) reads 300 in decimal, then the 

system value is 30 deg (Multiplier = 0.1).
d Reserved addresses return 0.
e Read this register only when PT connection is DELTA.
f Read this register only when PT connection is WYE.
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Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition

1780 — Trip Status LO

Bit 0 PHASE A1 50 50A1P

Bit 1 PHASE B1 50 50B1P

Bit 2 PHASE C1 50 50C1P

Bit 3 PHASE 50P1 50P1T

Bit 4 GROUND 50G1 50G1T

Bit 5 NEUTRAL 50N1 50N1T

Bit 6 NEG SEQ 50Q1 50Q1T

Bit 7 PHASE A 51 51AT

Bit 8 PHASE B 51 51BT
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Bit 9 PHASE C 51 51CT

Bit 10 PHASE 51P1 51P1T

Bit 11 GROUND 51G1 51G1T

Bit 12 NEUTRAL 51N1 51N1T

Bit 13 NEG SEQ 51Q 51QT

Bit 14 UNDERVOLT 27P1 27P1T

Bit 15 OVERVOLT 59P1 59P1T

1781 — Trip Status HI

Bit 0 POWER FACTOR 55 55T

Bit 1 FREQUENCY 81D1 81D1T

Bit 2 FREQUENCY 81D2 81D2T

Bit 3 RTD-OTHER OTHTRIP

Bit 4 RTD-AMBIENT AMBTRIP

Bit 5 RTD-WIND BEAR RTDT

Bit 6 RTD ERROR RTDFLT

Bit 7 POWER ELMENTS 3PWR1T

Bit 8 COMM IDLE COMMIDLE

Bit 9 COMM LOSS COMMLOSS

Bit 10 REMOTE TRIP REMTRIP

Bit 11 COMM FAULT COMMFLT

Bit 12 CONFIG FAULT ALARMCR

Bit 13 RESERVED

Bit 14 RESERVED

Bit 15 BREAKER FAIL BFT

1782 — Warn Status LO

Bit 0 PHASE 50P2 50P2T

Bit 1 PHASE 50P3 50P3T

Bit 2 PHASE 50P4 50P4T

Bit 3 GROUND 50G2 50G2T

Bit 4 GROUND 50G3 50G3T

Bit 5 GROUND 50G4 50G4T

Bit 6 NEUTRAL 50N2 50N2T

Bit 7 NEUTRAL 50N3 50N3T

Bit 8 NEUTRAL 50N4 50N4T

Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition
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Bit 9 NEG SEQ 50Q2 50Q2T

Bit 10 NEG SEQ 50Q3 50Q3T

Bit 11 NEG SEQ 50Q4 50Q4T

Bit 12 PHASE 51P2 51P2T

Bit 13 GROUND 51G2 51G2T

Bit 14 NEUTRAL 51N2 51N2T

Bit 15 RESERVED

1783 — Warn Status HI

Bit 0 POWER FACTOR 55 55A

Bit 1 SALARM SALARM

Bit 2 WARNING WARNING

Bit 3 RTD-WIND BEAR RTDA

Bit 4 RTD-OTHER OTHALRM

Bit 5 RTD-AMBIENT AMBALRM

Bit 6 UNDERVOLT 27P2 27P2T

Bit 7 OVERVOLT 59P2 59P2T

Bit 8 FREQUENCY 81D3 81D3T

Bit 9 FREQUENCY 81D4 81D4T

Bit 10 FREQUENCY 81D5 81D5T

Bit 11 FREQUENCY 81D6 81D6T

Bit 12 RESERVED

Bit 13 RESERVED

Bit 14 RESERVED

Bit 15 RESERVED

Table E.35 Trigger Conditions for the Trip/Warn Register Bits

Register # Bit # Description Trigger Condition
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Appendix F
IEC 61850 Communications

Features
The SEL-751A Relay supports the following features through use of Ethernet 
and IEC 61850:

➤ SCADA—Connect as many as six simultaneous IEC 61850 
MMS client sessions. The SEL-751A also supports as many as 
six buffered and six unbuffered report control blocks. See the 
CON Logical Device Table for Logical Node mapping that 
enables SCADA control via a Manufacturing Messaging 
Specification (MMS) browser. Controls support the direct 
control, Select Before Operate (SBO) control, and SBO with 
enhanced security control models.

➤ Peer-to-Peer Real-Time Status and Control—Use GOOSE with 
as many as 16 incoming (receive) and 8 outgoing (transmit) 
messages. You can map virtual bits (VB001–VB128), Breaker 
Open (OC), and Breaker Close (CC) bits from incoming 
GOOSE messages.

➤ Configuration—Use FTP client software or ACSELERATOR 

Architect SEL-5032 Software to transfer the Substation 
Configuration Language (SCL) Configured IED Description 
(CID) file to the relay.

NOTE: The SEL-751A supports one 
CID file, which should be transferred 
only if a change in the relay 
configuration is necessary. If an invalid 
CID file is transferred, the relay will no 
longer have a valid IEC 61850 
configuration, and the protocol will 
stop operating. To restart protocol 
operation, a valid CID must be 
transferred to the relay.

➤ Commissioning and Troubleshooting—Use software such as 
MMS Object Explorer and AX-S4 MMS from Sisco, Inc., to 
browse the relay logical nodes and verify functionality.

This appendix presents the information you need to use the IEC 61850 
features of the SEL-751A:

➤ Introduction to IEC 61850

➤ IEC 61850 Operation

➤ IEC 61850 Configuration 

➤ Logical Nodes

➤ Logical Node Extensions

➤ Protocol Implementation Conformance Statement

➤ ACSI Conformance Statement 
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Introduction to IEC 61850

In the early 1990s, the Electric Power Research Institute (EPRI) and the 
Institute of Electrical and Electronics Engineers, Inc. (IEEE) began to define a 
Utility Communications Architecture (UCA). They initially focused on inter-
control center and substation-to-control center communications and produced 
the Inter-Control Center Communications Protocol (ICCP) specification. This 
specification, later adopted by the IEC as 60870-6 TASE.2, became the 
standard protocol for real-time exchange of data between databases.

In 1994, EPRI and IEEE began work on UCA 2.0 for Field Devices (simply 
referred to as UCA2). In 1997, they combined efforts with Technical 
Committee 57 of the IEC to create a common international standard. Their 
joint efforts created the current IEC 61850 standard.

The IEC 61850 standard, a superset of UCA2, contains most of the UCA2 
specification, plus additional functionality. The standard describes client/
server and peer-to-peer communications, substation design and configuration, 
testing, and project standards. The IEC 61850 standard consists of the parts 
listed in Table F.1.

The IEC 61850 document set, available directly from the IEC at 
http://www.iec.ch, contains information necessary for successful 
implementation of this protocol. SEL strongly recommends that anyone 
involved with the design, installation, configuration, or maintenance of IEC 
61850 systems be familiar with the appropriate sections of these documents.

Table F.1 IEC 61850 Document Set

IEC 61850 Sections Definitions

IEC 61850-1 Introduction and overview

IEC 61850-2 Glossary

IEC 61850-3 General requirements

IEC 61850-4 System and project management

IEC 61850-5 Communication requirements

IEC 61850-6 Configuration description language for substation IEDs

IEC 61850-7-1 Basic communication structure for substations and feeder equip-
ment-Principles and models

IEC 61850-7-2 Basic communication structure for substations and feeder equip-
ment—Abstract Communication Service Interface (ACSI)

IEC 61850-7-3 Basic communication structure for substations and feeder equip-
ment-Common data classes

IEC 61850-7-4 Basic communication structure for substations and feeder equip-
ment—Compatible logical node (LN) classes and data classes

IEC 61850-8-1 SCSM-Mapping to Manufacturing Messaging Specification 
(MMS) (ISO/IEC 9506-1 and ISO/IEC 9506-2 over ISO/IEC 
8802-3)

IEC 61850-9-1 SCSM-Sampled values over serial multidrop point-to-point link

IEC 61850-9-2 SCSM-Sampled values over ISO/IEC 8802-3

IEC 61850-10 Conformance testing
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IEC 61850 Operation
Ethernet Networking IEC 61850 and Ethernet networking are available as options in the SEL-751A. 

In addition to IEC 61850, the Ethernet port provides support protocols and 
data exchange, including FTP and Telnet. Access the SEL-751A PORT 1 
settings to configure all of the Ethernet settings, including IEC 61850 enable 
settings.

The SEL Ethernet port supports IEC 61850 services, including transport of 
logical node objects, over TCP/IP. The Ethernet port can coordinate a 
maximum of six concurrent IEC 61850 sessions.

Object Models The IEC 61850 standard relies heavily on the Abstract Communication 
Service Interface (ACSI) model to define a set of service and the responses to 
those services. In terms of network behavior, abstract modeling enables all 
IEDs to act identically. You can use these abstract models to create objects 
(data items) and services that exist independently of any underlying protocols. 
These objects are in conformance with the common data class (CDC) 
specification IEC 61850 7 3, which describes the type and structure of each 
element within a logical node. CDCs for status, measurements, controllable 
analogs and statuses, and settings all have unique CDC attributes. Each CDC 
attribute belongs to a set of functional constraints that groups the attributes 
into specific categories such as status (ST), description (DC), and substituted 
value (SV). Functional constraints, CDCs and CDC attributes are used as 
building blocks for defining Local Nodes.

UCA2 uses GOMSFE (Generic Object Models for Substation and Feeder 
Equipment) to present data from station IEDs as a series of objects called 
models or bricks. The IEC working group has incorporated GOMSFE 
concepts into the standard, with some modifications to terminology; one 
change was the renaming of bricks to logical nodes. Each logical node 
represents a group of data (controls, status, measurements, etc.) associated 
with a particular function. For example, the MMXU logical node (polyphase 
measurement unit) contains measurement data and other points associated 
with three-phase metering including voltages and currents. Each IED can 
contain many functions such as protection, metering, and control. Multiple 
logical nodes represent the functions in multifunction devices.

You can organize logical nodes into logical devices that are similar to 
directories on a computer disk. As represented in the IEC 61850 network, 
each physical device can contain many logical devices, and each logical 
device can contain many logical nodes. Many relays, meters, and other IEC 
61850 devices contain one primary logical device where all models are 
organized.

IEC 61850 devices are capable of self-description. You do not need to refer to 
the specifications for the logical nodes, measurements, and other components 
to request data from another IEC 61850 device. IEC 61850 clients can request 
and display a list and description of the data available in an IEC 61850 server 
device. This process is similar to the autoconfiguration process used within 
SEL communications processors (SEL-2032 and SEL-2030). Simply run an 
MMS browser to query devices on an IEC 61850 network and discover what 
data are available. Self-description also permits extensions to both standard 
and custom data models. Instead of having to look up data in a profile stored 
in its database, an IEC 61850 client can simply query an IEC 61850 device 
and receive a description of all logical devices, logical nodes, and available 
data.



F.4

SEL-751A Relay Instruction Manual Date Code 20220610

IEC 61850 Communications
IEC 61850 Operation

Unlike other Supervisory Control and Data Acquisition (SCADA) protocols 
that present data as a list of addresses or indices, IEC 61850 presents data with 
descriptors in a composite notation made up of components. Table F.2 shows 
how the A-phase current expressed as MMXU$A$phsA$cVal is broken down 
into its component parts.

Data Mapping Device data are mapped to IEC 61850 logical nodes (LN) according to rules 
defined by SEL. Refer to IEC 61850-5:2003(E) and IEC 61850-7-4:2003(E) 
for the mandatory content and usage of these LNs. The SEL-751A logical 
nodes are grouped under Logical Devices for organization based on function. 
See Table F.3 for descriptions of the Logical Devices in an SEL-751A. See 
Logical Nodes for a description of the LNs that make up these Logical 
Devices.

MMS Manufacturing Messaging Specification (MMS) provides services for the 
application-layer transfer of real-time data within a substation LAN. MMS 
was developed as a network independent data exchange protocol for industrial 
networks in the 1980s and standardized as ISO 9506.

In theory, you can map IEC 61850 to any protocol. However, it can be 
unwieldy and quite complicated to map objects and services to a protocol that 
only provides access to simple data points via registers or index numbers. 
MMS supports complex named objects and flexible services that enable 
mapping to IEC 61850 in a straightforward manner. This was why the UCA 
users group used MMS for UCA from that start, and why the IEC chose to 
keep it for IEC 61850.

GOOSE The Generic Object Oriented Substation Event (GOOSE) object within IEC 
61850 is for high-speed control messaging. IEC 61850 GOOSE automatically 
broadcasts messages containing status, controls, and measured values onto the 
network for use by other devices. IEC 61850 GOOSE sends the messages 
several times, increasing the likelihood that other devices receive the 
messages.

Table F.2 Example IEC 61850 Descriptor Components

Components Description

MMXU Logical Node Polyphase measurement unit

A Data Object Phase-to-ground amperes

PhsA Sub-Data Object Phase A

cVal Data Attribute Complex value

Table F.3 SEL-751A Logical Devices

Logical Device Description

ANN Annunciator elements—alarms, status values

CFG Configuration elements—datasets and report control blocks

CON Control elements—Remote bits

MET Metering or Measurement elements—currents, voltages, power, etc.

PRO Protection elements—protection functions and breaker control
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IEC 61850 GOOSE objects can quickly and conveniently transfer status, 
controls, and measured values between peers on an IEC 61850 network. 
Configure SEL devices to respond to GOOSE messages from other networks 
with Architect. Also, configure outgoing GOOSE messages for SEL devices 
in Architect. See the Architect online help for more information.

Each IEC 61850 GOOSE sender includes a text identification string (GOOSE 
Control Block Reference) in each outgoing message and an Ethernet multicast 
group address. Devices that receive GOOSE messages use the text 
identification and multicast group to identify and filter incoming GOOSE 
messages.

NOTE: Virtual bits and remote 
analogs mapped to GOOSE 
subscriptions retain their state until 
they are overwritten, a new CID file is 
loaded, or the device is restarted. To 
reset the virtual bits and remote 
analogs by restarting the device, issue 
an STA C command or remove and then 
restore power to the device.

Virtual bits (VB001–VB128) are control inputs that you can map to GOOSE 
receive messages by using the Architect software. See the VBnnn bits in 
Table F.18 for details on which logical nodes and names are used for these 
bits. This information can be useful when searching through device data with 
MMS browsers. If you intend to use any SEL-751A virtual bits for controls, 
you must create SELOGIC control equations to define these operations. The 
Virtual Bit Logical Nodes only contain virtual bit status, and only those virtual 
bits that are assigned to an SER report will be able to track bit transitions (via 
reporting) between LN data update scans.

In addition to the virtual bits, the breaker control bits CC and OC can also be 
mapped to GOOSE receive messages.

File Services The Ethernet File System allows reading or writing data as files. The File 
System supports FTP. The File System provides:

➤ A means for the devices to transfer data as files

➤ A hierarchical file structure for the device data (root level only 
for SEL-700 series devices)

SCL Files Substation Configuration Language (SCL) is an XML-based configuration 
language used to support the exchange of database configuration data between 
different tools, which may come from different manufacturers. There are four 
types of SCL files:

➤ IED Capability Description file (.ICD)

➤ System Specification Description (.SSD) file

➤ Substation Configuration Description file (.SCD)

➤ Configured IED Description file (.CID)

The ICD file described the capabilities of an IED, including information on 
LN and GOOSE support. The SSD file describes the single-line diagram of 
the substation and the necessary LNs. The SCD file contains information on 
all IEDs, communications configuration data, and a substation description. 
The CID file, of which there may be several, describes a single instantiated 
IED within the project, and includes address information.
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Reports The SEL-751A supports buffered and unbuffered report control blocks in the 
report model as defined in IEC 61850-8-1:2004(E). The predefined reports 
shown in Figure F.1 are available by default via IEC 61850.

Figure F.1 SEL-751A Predefined Reports

There are 12 report control blocks, six buffered reports and six unbuffered. For 
each report control block, there can be just one client association, i.e., only 
one client can be associated to a report control block (BRCB or URCB) at any 
given time. The number of reports (12) and the type of reports (buffered or 
unbuffered) cannot be changed. However, by using Architect, you can 
reallocate data within each report dataset to present different data attributes for 
each report beyond the predefined datasets. For buffered reports, connected 
clients may edit the report parameters shown in Table F.4.

Table F.4 Buffered Report Control Block Client Access

RCB Attribute
User Changeable 
(Report Disabled)

User Changeable 
(Report Enabled)

Default Values

RptId YES Dset01 - Dset06

RptEna YES YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

configRef

BufTm YES 500

TrgOp YES dchg

qchg

IntgPd YES 0

GI YESab

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

b When disabled, a GI will be processed and the report buffered if a buffer has been previously 
established. A buffer is established when the report is enabled for the first time.

YESa FALSE

PurgeBuf YESa FALSE

EntryId YES 0
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Similarly, for unbuffered reports, connected clients may edit the report 
parameters shown in Table F.5.

For Buffered Reports, only one client can enable the RptEna attribute of the 
BRCB at a time resulting in a client association for that BRCB. Once enabled, 
the associated client has exclusive access to the BRCB until the connection is 
closed or the client disables the RptEna attribute. Once enabled, all 
unassociated clients have read only access to the BRCB.

For Unbuffered Reports, as many as six (6) clients can enable the RptEna 
attribute of the URCB at a time, resulting in multiple client associations for 
that URCB. Once enabled, each client has independent access to a copy of that 
URCB. The Resv attribute is writable, however, the SEL-751A does not 
support reservations. Writing any field of the URCB causes the client to 
obtain its own copy of the URCB-in essence, acquiring a reservation.

Reports are serviced at a 2 Hz rate. The client can set the IntgPd to any value 
with a resolution of 1 ms. However, the integrity report is only sent when the 
period has been detected as having expired. The report service rate of 2 Hz 
results in a report being sent within 500 ms of expiration of the IntgPd. The 
new IntgPd will begin at the time that the current report is serviced.

Datasets Within Architect, IEC 61850 datasets have two main purposes:

➤ GOOSE: You can use predefined or edited datasets, or create 
new datasets for outgoing GOOSE transmission.

➤ Reports: Twelve predefined datasets (DSet01 to DSet12) 
correspond to the default six buffered and six unbuffered 
reports. Note that you cannot change the number (12) or type of 
reports (buffered or unbuffered) within Architect. However, 
you can alter the data attributes that a dataset contains and so 
define what data an IEC 61850 client receives with a report. 
The last dataset, DSet13, is a list of the Breaker Status and 
Control Data Attributes that are in the SEL-751A.

Table F.5 Unbuffered Report Control Block Client Access

RCB Attribute
User changeable 
(Report Disabled)

User changeable 
(Report Enabled)

Default Values

RptId YES Dset07 - Dset12

RptEna YES YES FALSE

Resv YES FALSE

OptFlds YES seqNum

timeStamp

dataSet

reasonCode

configRef

BufTm YES 250

TrgOps YES dchg

qchg

IntgPd YES 0

GI YESa

a Exhibits a pulse behavior. Write a one to issue the command. Once command is accepted will 
return to zero. Always read as zero.

0

NOTE: Do not edit the dataset 
names used in reports. Changing or 
deleting any of those dataset names 
will cause a failure in generating the 
corresponding report.
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The list of datasets in Figure F.2 is the default for an SEL-751A device.

Figure F.2 SEL-751A Datasets

Supplemental 
Software

Examine the data structure and value of the supported IEC 61850 LNs with an 
MMS browser such as MMS Object Explorer and AX-S4 MMS from Sisco, 
Inc.

The settings necessary to browse an SEL-751A with an MMS browser are as 
follows:

Time Stamps and 
Quality

In addition to the various data values, the two attributes quality and t (time 
stamp) are available at any time. The relay determines the time stamp when it 
detects a change in data or quality.

The relay applies the time stamp to all data and quality attributes (Boolean, 
Bstrings, Analogs, etc.) in the same fashion as when it detects a data or quality 
change. However, there is a difference in how the relay detects the change 
between the different attribute types. For points that are assigned as SER 
points, i.e., programmed in the SER report, the relay detects the change as the 
receipt of an SER record (which contains the SER time stamp) within the 
relay.

For all other Booleans or Bstrings, the relay detects the change via the 
scanner, which compares the last state against the previous state to detect the 
change. For analogs, the scanner looks at the amount of change relative to the 
deadband configured for the point to indicate a change and apply the 
timestamp. In all cases, the relay uses these time stamps for the reporting 
model.

Functionally Constrained Data Attributes mapped to points assigned to the 
SER report have 4 ms SER-accurate timestamps for data change events. To 
ensure that you will get SER-quality timestamps for changes to certain points, 
you must include those points in the SER report. All other FCDAs are scanned 
for data changes on a 1/2-second interval and have 1/2-second timestamp 
accuracy. See the SET R command for information on programming the SER 
report.

OSI-PSEL (Presentation Selector) 00000001

OSI-SSEL (Session Selector) 0001

OSI-TSEL (Transport Selector) 0001
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The SEL-751A uses GOOSE quality attributes to indicate the quality of the 
data in its transmitted GOOSE messages. Under normal conditions, all 
attributes are zero, indicating good quality data. Figure F.3 shows the GOOSE 
quality attributes available to devices that subscribe to GOOSE messages from 
SEL-751A datasets that contain them. Internal status indicators provide the 
information necessary for the device to set these attributes.

For example, if the device becomes disabled, as shown via status indications 
(e.g., an internal self-test failure), the SEL-751A will set the Validity attribute 
to invalid and the Failure attribute to TRUE. Note that the SEL-751A does not 
set any of the other quality attributes. These attributes will always indicate 
FALSE (0). See the Architect online help for additional information on 
GOOSE Quality attributes.

Figure F.3 GOOSE Quality

GOOSE Processing SEL devices support GOOSE processing as defined by IEC 61850-7-1:2003(E), 
IEC 61850-7-2:2003(E), and IEC 61850-8-1:2004(E) via the installed 
Ethernet port. Outgoing GOOSE messages are processed in accordance with 
the following constraints:

➤ You can define as many as eight outgoing GOOSE messages 
consisting of any Data Attribute (DA) from any logical node. 
You can map a single DA to one or more outgoing GOOSE, or 
one or more times within the same outgoing GOOSE. You can 
also map a single GOOSE dataset to multiple GOOSE control 
blocks.

➤ The SEL-751A will transmit all configured GOOSE 
immediately upon successful initialization. If a GOOSE is not 
retriggered, then, following initial transmission, the SEL-751A 
will retransmit that GOOSE on a curve. The curve begins at 10 
ms and doubles for each retransmission until leveling at the 
maximum specified in the CID file for that GOOSE. For 
example, a message with a maximum retransmit interval of 100 
ms is retransmitted at intervals of 10 ms, 20 ms, 40 ms, 80 ms, 
and 100 ms, then repeated every 100 ms until a trigger causes 
the transmission sequence to be repeated. The time-to-live 
reported in each transmitted message, is three times the current 
interval, or two times the interval, if the maximum time-to-live 
has been reached (30 ms, 60 ms, 120 ms, 240 ms, and 200 ms 
for the previous example; see IEC 61850-8-1, sec. 18.1).

➤ GOOSE transmission is squelched (silenced) after a permanent 
(latching) self-test failure.
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➤ Each outgoing GOOSE includes communication parameters 
(VLAN, Priority, and Multicast Address) and is transmitted 
entirely in a single network frame.

➤ The SEL-751A will maintain the configuration of outgoing 
GOOSE through a power cycle and device reset.

Incoming GOOSE messages are processed in accordance with the following 
constraints:

➤ You can configure the SEL-751A to subscribe to as many as 16 
incoming GOOSE messages.

The SEL-751A will recognize incoming GOOSE messages as 
valid based on the following content. Any GOOSE message 
that fails these checks shall be rejected.

➢ Source broadcast MAC address

➢ Dataset Reference

➢ Application ID

➢ GOOSE Control Reference

➤ Rejection of all DA contained in an incoming GOOSE, based 
on the accumulation of the following error indications created 
by inspection of the received GOOSE:

➢ Configuration Mismatch: the configuration number of 
the incoming GOOSE changes.

➢ Needs Commissioning: this Boolean parameter of the 
incoming GOOSE is true.

➢ Test Mode: this Boolean parameter of the incoming 
GOOSE is true.

➢ Decode Error: the format of the incoming GOOSE is 
not as configured.

➤ The SEL-751A will discard incoming GOOSE under the 
following conditions: 

➢ after a permanent (latching) self-test failure

➢ when the relay is disabled

➢ when EGSE is set to No

Link-layered priority tagging and virtual LAN is supported as described in 
Annex C of IEC 61850-8-1:2004(E).

IEC 61850 Configuration
Settings Table F.6 lists IEC 61850 settings. IEC 61850 settings are only available if 

your device includes the optional IEC 61850 protocol.

Table F.6 IEC 61850 Settings

Label Description Range Default

E61850 IEC 61850 interface enable Y, N N

EGSE Outgoing IEC 61850 GSE message enable Ya, N

a Requires E61850 set to Y to send IEC 61850 GSE messages.

N
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Configure all other IEC 61850 settings, including subscriptions to incoming 
GOOSE messages, with Architect.

Architect Architect enables users to design and commission IEC 61850 substations 
containing SEL IEDs.Users can use Architect to do the following:

➤ Organize and configure all SEL IEDs in a substation project.

➤ Configure incoming and outgoing GOOSE messages.

➤ Edit and create GOOSE datasets.

➤ Read non-SEL IED Capability Description (ICD) and 
Configured IED Description (CID) files and determine the 
available IEC 61850 messaging options.

➤ Use or edit preconfigured datasets for reports.

➤ Load IEC 61850 CID files into SEL IEDs.

➤ Generate ICD and CID files that will provide SEL IED 
descriptions to other manufacturers' tools so they can use SEL 
GOOSE messages and reporting features.

➤ Edit deadband settings for measured values.

Architect provides a Graphical User Interface (GUI) for users to select, edit, 
and create IEC 61850 GOOSE messages important for substation protection, 
coordination, and control schemes. Typically, the user first places icons 
representing IEDs in a substation container, then edits the outgoing GOOSE 
messages or creates new ones for each IED. The user can also select incoming 
GOOSE messages for each IED to receive from any other IEDs in the domain.

Some measured values are reported to IEC 61850 only when the value 
changes beyond a defined deadband value. Architect allows a deadband to be 
changed during the CID file configuration. Check and set the deadband values 
for your particular application when configuring the CID file for a device.

Architect has the capability to read other manufacturers' ICD and CID files, 
enabling the user to map the data seamlessly into SEL IED logic. See the 
Architect online help for more information.

SEL ICD File Versions Architect generates CID files from ICD files so the ICD file version Architect 
uses also determines the CID file version generated. Details about the different 
SEL-751A ICD files can be found in Table A.7.
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Logical Node Extensions
The following Logical Nodes and Data Classes were created in this device as 
extensions to the IEC 61850 standard, in accordance with IEC 61850 
guidelines.

Table F.8 defines the data class Arc-Flash Detection. This class represents 
Arc-Flash Detection status.

Table F.9 defines the data class, Thermal Metering Data. This class is a 
collection of simultaneous measurements (or evaluations) that represent the 
RTD thermal metering values. Valid data depend on the presence and 
configuration of the RTD module(s).

Table F.7 New Logical Node Extensions

Logical Node IEC 61850 Description or comments

Arc-Flash Detection PAFD This LN shall be used to represent Arc-Flash Detection status.

Thermal Measurements 

(for equipment or ambient temperature 
readings)

MTHR This LN shall be used to represent values from RTDs and to cal-
culate thermal capacity and usage mainly used for Thermal Mon-
itoring.

Demand Metering Statistics MDST This LN shall be used for calculation of demand currents in a 
three-phase system. This shall not be used for billing purposes.

Circuit Breaker Supervision SCBR Circuit breaker supervision abrasion and operation values.

Table F.8 Arc-Flash Detection

PAFD Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName Shall be inherited from Logical-Node Class (see IEC 61850-7-2).

Data

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Status Information

Str ACD Start E

Op ACT Operate T E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.9 Thermal Metering Data Logical Node Class Definition (Sheet 1 of 2)

MTHR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

EEHealth INS External equipment health (RTD Communications Status) E
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Table F.10 defines the data class Demand Metering Statistics. This class is a 
collection of demand currents and energy.

Data Objects

Measured Values

MaxAmbTmp MV Maximum Ambient Temperature E

MaxBrgTmp MV Maximum Bearing Temperature E

MaxOthTmp MV Maximum Other Temperature E

MaxWdgTmp MV Maximum Winding Temperature E

Tmp MV Temperature E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.9 Thermal Metering Data Logical Node Class Definition (Sheet 2 of 2)

MTHR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

Table F.10 Demand Metering Statistics Logical Node Class Definition

MDST Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Measured Values

DmdA WYE Demand Currents E

PkDmdA WYE Peak Demand Currents E

SupWh MV Real energy supply (default supply direction: energy flow towards busbar) E

SupVArh MV Reactive energy supply (default supply direction: energy flow towards busbar) E

DmdWh MV Real energy demand (default demand direction: energy flow from busbar away) E

DmdVArh MV Reactive energy demand (default demand direction: energy flow from busbar away) E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension.
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Table F.11 Circuit Breaker Supervision (Per-Phase) Logical Node Class Definition

SCBR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Status Information

ColOpn SPS Open command of trip coil M

Measured Values

AbrPrt MV Calculated or measured wear (e.g. of main contact), expressed in % where 0% 
corresponds to new condition

E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.12 Compatible Logical Nodes With Extensions

Logical Node IEC 61850 Description or comments

Metering Statistics MSTA This LN is used for power system metering statistics.

Circuit Breaker XCBR This LN is used for circuit breaker status and measurement data.

Table F.13 Metering Statistics Logical Node Class Definition (Sheet 1 of 2)

MSTA Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix and LN-Instance-
ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Measured and Metered Values

AvAmps MV Average Current O

AvVolts MV Average Voltage O

MaxVA MV Maximum apparent power O

MinVA MV Minimum apparent power O

MaxW MV Maximum real power O

MinW MV Minimum real power O

MaxVAr MV Maximum reactive power O

MinVAr MV Minimum reactive power O

MaxA WYE Maximum Phase Currents E

MinA WYE Minimum Phase Currents E

MaxPhV WYE Maximum Phase to Ground Voltages E

MinPhV WYE Minimum Phase to Ground Voltages E
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Logical Nodes
The following tables, Table F.15 through Table F.19, show the Logical Nodes 
(LN) supported in the SEL-751A and the associated Relay Word bits or 
measured quantities. Table F.15 shows the LN associated with protection 
elements defined as Logical Device PRO.

MaxP2PV DEL Maximum Phase to Phase Voltages E

MinP2PV DEL Minimum Phase to Phase Voltages E

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.13 Metering Statistics Logical Node Class Definition (Sheet 2 of 2)

MSTA Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

Table F.14 Circuit Breaker Logical Node Class Definition

XCBR Class

Attribute Name Attr. Type Explanation Ta M/O/
C/Eb

LNName The name shall be composed of the class name, the LN-Prefix

and LN-Instance-ID according to IEC 61850-7-2.

Common Logical Node Information

LN shall inherit all Mandatory Data from Common Logical Node Class. M

Data Objects

Status Information

Loc SPS Local control behavior M

OpCnt INS Operation counter M

OpCntEx INS Operation counter – external E

Measured and Metered values

Pos DPC Switch position M

BlkOpn SPC Block opening M

BlkCls SPC Block closing M

a Transient data objects—the status of data objects with this designation is momentary and must be logged or reported to provide evidence 
of their momentary state.

b M: Mandatory; O: Optional; C: Conditional; E: Extension

Table F.15 Logical Device: PRO (Protection) (Sheet 1 of 5)

Logical Node Attribute Data Source Comment 

Functional Constraint = CO

BKR1CSWI1 Pos.Oper.ctlVal CCa Breaker close/open command

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number
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Functional Constraint = ST

A55POPF1 Op.general 55A Power factor alarm

A55POPF1 Str.general 55A Power factor alarm

ATPTOC8 Op.general 51AT Phase A time-overcurrent element trip 

ATPTOC8 Str.general 51AP Phase A time-overcurrent element pickup

BFR1RBRF1 OpEx.general BFT Breaker failure trip

BFR1RBRF1 Str.general BFI Breaker failure initiation

BK1XCBR1 BlkCls.stVal 0 Breaker close blocking not configured by default

BK1XCBR1 BlkOpn.stVal 0 Breaker open blocking not configured by default

BK1XCBR1 CBOpCap.stVal None Breaker physical operation capabilities not known to relay

BK1XCBR1 Loc.stVal 0 Breaker local control status not configured by default

BK1XCBR1 OpCnt.stVal INTT Internal trip counter

BK1XCBR1 OpCntEx.stVal EXTT External trip counter

BK1XCBR1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 52A = true,

breaker closed)

BKR1CSWI1 OpCls.general CC Breaker close control

BKR1CSWI1 OpOpn.general OC Breaker open control

BKR1CSWI1 Pos.stVal 52A?1:2b Breaker position (52A = false, breaker opened; 52A = true,

breaker closed)

BTPTOC9 Op.general 51BT Phase B time-overcurrent element trip

BTPTOC9 Str.general 51BP Phase B time-overcurrent element pickup

CTPTOC10 Op.general 51CT Phase C time-overcurrent element trip

CTPTOC10 Str.general 51CP Phase C time-overcurrent element pickup

D1TPTOF1 Op.general 81D1T Level 1 trip definite time over/underfrequency elements

D1TPTOF1 Str.general 81D1T Level 1 trip definite time over/underfrequency elements

D2TPTOF2 Op.general 81D2T Level 2 trip definite time over/underfrequency elements

D2TPTOF2 Str.general 81D2T Level 2 trip definite time over/underfrequency elements

D3TPTOF3 Op.general 81D3T Level 3 trip definite time over/underfrequency elements

D3TPTOF3 Str.general 81D3T Level 3 trip definite time over/underfrequency elements

D4TPTOF4 Op.general 81D4T Level 4 trip definite time over/underfrequency elements

D4TPTOF4 Str.general 81D4T Level 4 trip definite time over/underfrequency elements

D5TPTOF5 Op.general 81D5T Level 5 trip definite time over/underfrequency elements

D5TPTOF5 Str.general 81D5T Level 5 trip definite time over/underfrequency elements

D6TPTOF6 Op.general 81D6T Level 6 trip definite time over/underfrequency elements

D6TPTOF6 Str.general 81D6T Level 6 trip definite time over/underfrequency elements

G1TPIOC9 Op.general 50G1T Level 1 residual-ground instantaneous overcurrent element trip

G1TPIOC9 Str.general 50G1P Level 1 residual-ground instantaneous overcurrent element pickup

G1TPTOC5 Op.general 51G1T Level 1 residual-ground time-overcurrent element trip

G1TPTOC5 Str.general 51G1P Level 1 residual-ground time-overcurrent element pickup

G1TPTOV6 Op.general 59G1T Level 1 zero-sequence instantaneous overvoltage element trip

G1TPTOV6 Str.general 59G1 Level 1 zero-sequence instantaneous overvoltage element pickup

Table F.15 Logical Device: PRO (Protection) (Sheet 2 of 5)

Logical Node Attribute Data Source Comment 
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G2TPIOC10 Op.general 50G2T Level 2 residual-ground instantaneous overcurrent element trip

G2TPIOC10 Str.general 50G2P Level 2 residual-ground instantaneous overcurrent element pickup 

G2TPTOC6 Op.general 51G2T Level 2 residual-ground time-overcurrent element trip

G2TPTOC6 Str.general 51G2P Level 2 residual-ground time-overcurrent element pickup

G2TPTOV7 Op.general 59G2T Zero-sequence instantaneous overvoltage element trip

G2TPTOV7 Str.general 59G2 Zero-sequence instantaneous overvoltage element pickup

G3TPIOC11 Op.general 50G3T Level 3 residual-ground instantaneous overcurrent element trip

G3TPIOC11 Str.general 50G3P Level 3 residual-ground instantaneous overcurrent element pickup

G4TPIOC12 Op.general 50G4T Level 4 residual-ground instantaneous overcurrent element trip 

G4TPIOC12 Str.general 50G4P Level 4 residual-ground instantaneous overcurrent element pickup

LOPPTUV3 Op.general LOP Loss of Potential

LOPPTUV3 Str.general LOP Loss of Potential

N1TPIOC5 Op.general 50N1T Level 1 neutral-ground instantaneous overcurrent element trip

N1TPIOC5 Str.general 50N1P Level 1 neutral-ground instantaneous overcurrent element pickup 

N1TPTOC3 Op.general 51N1T Level 1 neutral-ground time-overcurrent element trip

N1TPTOC3 Str.general 51N1P Level 1 neutral-ground time-overcurrent element pickup

N2TPIOC6 Op.general 50N2T Level 2 neutral-ground instantaneous overcurrent element trip

N2TPIOC6 Str.general 50N2P Level 2 neutral-ground instantaneous overcurrent element pickup

N2TPTOC4 Op.general 51N2T Level 2 neutral-ground time-overcurrent element trip

N2TPTOC4 Str.general 51N2P Level 2 neutral-ground time-overcurrent element pickup

N3TPIOC7 Op.general 50N3T Level 3 neutral-ground instantaneous overcurrent element trip

N3TPIOC7 Str.general 50N3P Level 3 neutral-ground instantaneous overcurrent element pickup

N4TPIOC8 Op.general 50N4T Level 4 neutral-ground instantaneous overcurrent element trip

N4TPIOC8 Str.general 50N4P Level 4 neutral-ground instantaneous overcurrent element pickup

NAFPIOC18 Op.general 50NAF Sample based neutral overcurrent element

NAFPIOC18 Str.general 50NAF Sample based neutral overcurrent element

P1TPIOC1 Op.general 50P1T Level 1 phase instantaneous overcurrent element trip

P1TPIOC1 Str.general 50P1P Level 1 phase instantaneous overcurrent element pickup

P1TPTOC1 Op.general 51P1T Level 1 maximum phase time-overcurrent element trip

P1TPTOC1 Str.general 51P1P Level 1 maximum phase time-overcurrent element pickup

P1TPTOV1 Op.general 59P1T Level 1phase overvoltage element trip

P1TPTOV1 Str.general 59P1 Level 1phase overvoltage element pickup

P1TPTUV1 Op.general 27P1T Level 1 phase undervoltage element trip

P1TPTUV1 Str.general 27P1 Level 1phase undervoltage element pickup

P2TPIOC2 Op.general 50P2T Level 2 phase instantaneous overcurrent element trip 

P2TPIOC2 Str.general 50P2P Level 2 phase instantaneous overcurrent element pickup 

P2TPTOC2 Op.general 51P2T Level 2 maximum phase time-overcurrent element trip

P2TPTOC2 Str.general 51P2P Level 2 maximum phase time-overcurrent element pickup

P2TPTOV2 Op.general 59P2T Level 2 phase overvoltage element trip

P2TPTOV2 Str.general 59P2 Level 2 phase overvoltage element pickup

P2TPTUV2 Op.general 27P2T Level 2 phase undervoltage element trip

Table F.15 Logical Device: PRO (Protection) (Sheet 3 of 5)

Logical Node Attribute Data Source Comment 
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P2TPTUV2 Str.general 27P2 Level 2 phase undervoltage element pickup

P3PTOV3 Op.general 3P59 3-phase overvoltage pickup when all 3 phases are above 59P1P

P3PTOV3 Str.general 3P59 3-phase overvoltage pickup when all 3 phases are above 59P1P

P3PTUV4 Op.general 3P27 3-phase undervoltage pickup when all 3 phases are below 27P1P

P3PTUV4 Str.general 3P27 3-phase undervoltage pickup when all 3 phases are below 27P1P

P3TPIOC3 Op.general 50P3T Level 3 phase instantaneous overcurrent element trip 

P3TPIOC3 Str.general 50P3P Level 3 phase instantaneous overcurrent element pickup

P4TPIOC4 Op.general 50P4T Level 4 phase instantaneous overcurrent element trip

P4TPIOC4 Str.general 50P4P Level 4 phase instantaneous overcurrent element pickup

PAFPIOC17 Op.general 50PAF Sample based phase overcurrent element

PAFPIOC17 Str.general 50PAF Sample based phase overcurrent element

PWR1PDOP1 Op.general 3PWR1T 3-phase power element 1 trip

PWR1PDOP1 Str.general 3PWR1P 3-phase power element 1 pickup

PWR1PDUP1 Op.general 3PWR1T 3-phase power element 1 trip

PWR1PDUP1 Str.general 3PWR1P 3-phase power element 1 pickup

PWR2PDOP1 Op.general 3PWR2T 3-phase power element 2 trip

PWR2PDOP1 Str.general 3PWR2P 3-phase power element 2 pickup

PWR2PDUP1 Op.general 3PWR2T 3-phase power element 2 trip

PWR2PDUP1 Str.general 3PWR2P 3-phase power element 2 pickup

Q1TPIOC13 Op.general 50Q1T Level 1 negative-sequence instantaneous overcurrent element trip

Q1TPIOC13 Str.general 50Q1P Level 1 negative-sequence instantaneous overcurrent element 
pickup

Q1TPTOV8 Op.general 59Q1T Negative-sequence instantaneous overvoltage element trip

Q1TPTOV8 Str.general 59Q1 Negative-sequence instantaneous overvoltage element pickup

Q2TPIOC14 Op.general 50Q2T Level 2 negative-sequence instantaneous overcurrent element trip

Q2TPIOC14 Str.general 50Q2P Level 2 negative-sequence instantaneous overcurrent element 
pickup

Q2TPTOV9 Op.general 59Q2T Negative-sequence instantaneous overvoltage element trip

Q2TPTOV9 Str.general 59Q2 Negative-sequence instantaneous overvoltage element pickup

Q3TPIOC15 Op.general 50Q3T Level 3 negative-sequence instantaneous overcurrent element trip

Q3TPIOC15 Str.general 50Q3P Level 3 negative-sequence instantaneous overcurrent element 
pickup

Q4TPIOC16 Op.general 50Q4T Level 4 negative-sequence instantaneous overcurrent element trip

Q4TPIOC16 Str.general 50Q4P Level 4 negative-sequence instantaneous overcurrent element 
pickup

QTPTOC7 Op.general 51QT Negative-sequence time-overcurrent element trip

QTPTOC7 Str.general 51QP Negative-sequence time-overcurrent element pickup

R1TPFRC1 Op.general 81R1T Level 1 rate-of-change-of-frequency element trip

R1TPFRC1 Str.general 81R1T Level 1 rate-of-change-of-frequency element trip

R2TPFRC2 Op.general 81R2T Level 2 rate-of-change-of-frequency element trip

R2TPFRC2 Str.general 81R2T Level 2 rate-of-change-of-frequency element trip

R3TPFRC3 Op.general 81R3T Level 3 rate-of-change-of-frequency element trip

Table F.15 Logical Device: PRO (Protection) (Sheet 4 of 5)

Logical Node Attribute Data Source Comment 
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Table F.16 shows the LN associated with measuring elements defined as 
Logical Device MET.

R3TPFRC3 Str.general 81R3T Level 3 rate-of-change-of-frequency element trip

R4TPFRC4 Op.general 81R4T Level 4 rate-of-change-of-frequency element trip

R4TPFRC4 Str.general 81R4T Level 4 rate-of-change-of-frequency element trip

S1TPTOV4 Op.general 59S1T Level 1 VS channel overvoltage element with time delay

S1TPTOV4 Str.general 59S1 Level 1 VS channel overvoltage element pickup

S1TPTUV5 Op.general 27S1T Level 1 VS channel undervoltage element with time delay

S1TPTUV5 Str.general 27S1 Level 1 VS channel undervoltage element pickup

S2TPTOV5 Op.general 59S2T Level2 VS channel overvoltage element with time delay

S2TPTOV5 Str.general 59S2 Level 2 VS channel overvoltage element pickup

S2TPTUV6 Op.general 27S2T Level 1 VS channel undervoltage element with time delay

S2TPTUV6 Str.general 27S2 Level 2 VS channel undervoltage element pickup

T55POPF2 Op.general 55T Power factor trip

T55POPF2 Str.general 55T Power factor trip

TOL1PAFD1 Op.general TOL1 Arc-Flash Light Input 1 element pickup

TOL1PAFD1 Str.general TOL1 Arc-Flash Light Input 1 element pickup

TOL2PAFD2 Op.general TOL2 Arc-Flash Light Input 2 element pickup

TOL2PAFD2 Str.general TOL2 Arc-Flash Light Input 2 element pickup

TOL3PAFD3 Op.general TOL3 Arc-Flash Light Input 3 element pickup

TOL3PAFD3 Str.general TOL3 Arc-Flash Light Input 3 element pickup

TOL4PAFD4 Op.general TOL4 Arc-Flash Light Input 4 element pickup

TOL4PAFD4 Str.general TOL4 Arc-Flash Light Input 4 element pickup

TRIPPTRC Tr.general TRIP Trip logic output

a Writing a 0 to BKR1CSWI1.CO.Pos.Oper.ctlVal will cause OC to assert and writing any other value will cause CC to assert.
b If breaker is closed, value = 10(2). If breaker is opened, value = 01(1).

Table F.15 Logical Device: PRO (Protection) (Sheet 5 of 5)

Logical Node Attribute Data Source Comment 

Table F.16 Logical Device: MET (Metering) (Sheet 1 of 4)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

Functional Constraint = MXab

DCZBAT1 Vol.instMag.f VDC Station dc battery voltage 

METMDST1 DmdA.nseq.instCVal.mag.f 3I2D Negative-sequence current demand 

METMDST1 DmdA.phsA.instCVal.mag.f IAD Phase A current demand 

METMDST1 DmdA.phsB.instCVal.mag.f IBD Phase B current demand 

METMDST1 DmdA.phsC.instCVal.mag.f ICD Phase C current demand 

METMDST1 DmdA.res.instCVal.mag.f IGD Residual current demand 

METMDST1 DmdVArh.instMag.f MVARH3PO 3-phase reactive energy OUT 

METMDST1 DmdWh.instMag.f MWH3P 3-phase real energy OUT 

METMDST1 PkDmdA.nseq.instCVal.mag.f 3I2PD Negative-sequence current peak demand 
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METMDST1 PkDmdA.phsA.instCVal.mag.f IAPD Phase A current peak demand 

METMDST1 PkDmdA.phsB.instCVal.mag.f IBPD Phase B current peak demand 

METMDST1 PkDmdA.phsC.instCVal.mag.f ICPD Phase C current peak demand 

METMDST1 PkDmdA.res.instCVal.mag.f IGPD Residual current peak demand 

METMDST1 SupVArh.instMag.f MVARH3PI Reactive energy, 3-phase IN 

METMDST1 SupWh.instMag.f MWH3PI 3-phase real energy IN

METMMXU1 A.phsA.instCVal.ang.f IA_ANG Current, A-phase, angle 

METMMXU1 A.phsA.instCVal.mag.f IA_MAG Current, A-phase, magnitude 

METMMXU1 A.phsB.instCVal.ang.f IB_ANG Current, B-phase, angle 

METMMXU1 A.phsB.instCVal.mag.f IB_MAG Current, B-phase, magnitude 

METMMXU1 A.phsC.instCVal.ang.f IC_ANG Current, C-phase, angle 

METMMXU1 A.phsC.instCVal.mag.f IC_MAG Current, C-phase, magnitude 

METMMXU1 A.res.instCVal.ang.f IG_ANG Current, calculated-residual, angle 

METMMXU1 A.res.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude 

METMMXU1 A.neut.instCVal.ang.f IN_ANG Neutral current, angle 

METMMXU1 A.neut.instCVal.mag.f IN_MAG Neutral current, magnitude 

METMMXU1 Hz.instMag.f FREQ Frequency 

METMMXU1 PhV.phsA.instCVal.ang.f VA_ANG Voltage, A-phase-to-neutral, angle 

METMMXU1 PhV.phsA.instCVal.mag.f VA_MAG Voltage, A-phase-to-neutral, magnitude 

METMMXU1 PhV.phsB.instCVal.ang.f VB_ANG Voltage, B-phase-to-neutral, angle 

METMMXU1 PhV.phsB.instCVal.mag.f VB_MAG Voltage, B-phase-to-neutral, magnitude 

METMMXU1 PhV.phsC.instCVal.ang.f VC_ANG Voltage, C-phase-to-neutral, angle 

METMMXU1 PhV.phsC.instCVal.mag.f VC_MAG Voltage, C-phase-to-neutral, magnitude 

METMMXU1 PhV.res.instCVal.ang.f VG_ANG Zero-sequence voltage, angle 

METMMXU1 PhV.res.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude 

METMMXU1 PPV.phsAB.instCVal.ang.f VAB_ANG Voltage, A-to-B-phase, angle 

METMMXU1 PPV.phsAB.instCVal.mag.f VAB_MAG Voltage, A-to-B-phase, magnitude 

METMMXU1 PPV.phsBC.instCVal.ang.f VBC_ANG Voltage, B-to-C-phase, angle 

METMMXU1 PPV.phsBC.instCVal.mag.f VBC_MAG Voltage, B-to-C-phase, magnitude 

METMMXU1 PPV.phsCA.instCVal.ang.f VCA_ANG Voltage, C-to-A-phase, angle 

METMMXU1 PPV.phsCA.instCVal.mag.f VCA_MAG Voltage, C-to-A-phase, magnitude 

METMMXU1 TotPF.instMag.f PF Power factor, 3-phase, magnitude 

METMMXU1 TotVA.instMag.f S Apparent power, 3-phase, magnitude 

METMMXU1 TotVAr.instMag.f Q Reactive power, 3-phase, magnitude 

METMMXU1 TotW.instMag.f P Real power, 3-phase, magnitude 

METMSQI1 MaxImbA.instMag.f UBI Current imbalance

METMSQI1 MaxImbV.instMag.f UBV Voltage imbalance

METMSQI1 SeqA.c1.instCVal.ang.f I1_ANG Positive-sequence current, angle

METMSQI1 SeqA.c1.instCVal.mag.f I1_MAG Positive-sequence current, magnitude

METMSQI1 SeqA.c2.instCVal.ang.f I2_ANG Negative-sequence current, angle

METMSQI1 SeqA.c2.instCVal.mag.f I2_MAG Negative-sequence current, magnitude

Table F.16 Logical Device: MET (Metering) (Sheet 2 of 4)

Logical Node Attribute Data Source Comment
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METMSQI1 SeqA.c3.instCVal.ang.f IG_ANG Current, calculated-residual, angle 

METMSQI1 SeqA.c3.instCVal.mag.f IG_MAG Current, calculated-residual, magnitude 

METMSQI1 SeqV.c1.instCVal.ang.f V1_ANG Positive-sequence voltage, angle

METMSQI1 SeqV.c1.instCVal.mag.f V1_MAG Positive-sequence voltage, magnitude

METMSQI1 SeqV.c2.instCVal.ang.f V2_ANG Negative-sequence voltage, angle

METMSQI1 SeqV.c2.instCVal.mag.f V2_MAG Negative-sequence voltage, magnitude

METMSQI1 SeqV.c3.instCVal.ang.f VG_ANG Zero-sequence voltage, angle 

METMSQI1 SeqV.c3.instCVal.mag.f VG_MAG Zero-sequence voltage, magnitude 

METMSTA1 AvAmps.instMag.f IAV Current, average current, magnitude 

METMSTA1 AvVolts.instMag.f VAVE Average voltage, magnitude 

METMSTA1 MaxA.phsA.instCVal.mag.f IAMX Current, A-phase, maximum magnitude 

METMSTA1 MaxA.phsB.instCVal.mag.f IBMX Current, B-phase, maximum magnitude 

METMSTA1 MaxA.phsC.instCVal.mag.f ICMX Current, C-phase, maximum magnitude 

METMSTA1 MaxA.res.instCVal.mag.f IGMX Current, residual, maximum magnitude 

METMSTA1 MaxA.neut.instCVal.mag.f INMX Current, neutral, maximum magnitude 

METMSTA1 MaxP2PV.phsAB.instCVal.mag.f VABMX Voltage, A-to-B-phase, maximum magnitude 

METMSTA1 MaxP2PV.phsBC.instCVal.mag.f VBCMX Voltage, B-to-C-phase, maximum magnitude 

METMSTA1 MaxP2PV.phsCA.instCVal.mag.f VCAMX Voltage, C-to-A-phase, maximum magnitude 

METMSTA1 MaxPhV.phsA.instCVal.mag.f VAMX Voltage, A-phase-to-neutral, maximum magnitude 

METMSTA1 MaxPhV.phsB.instCVal.mag.f VBMX Voltage, B-phase-to-neutral, maximum magnitude 

METMSTA1 MaxPhV.phsC.instCVal.mag.f VCMX Voltage, C-phase-to-neutral, maximum magnitude 

METMSTA1 MaxVA.instMag.f KVA3PMX Apparent power, 3-phase, maximum magnitude 

METMSTA1 MaxVAr.instMag.f KVAR3PMX Reactive power, 3-phase, maximum magnitude 

METMSTA1 MaxW.instMag.f KW3PMX Real power, 3-phase, maximum magnitude 

METMSTA1 MinA.phsA.instCVal.mag.f IAMN Current, A-phase, minimum magnitude 

METMSTA1 MinA.phsB.instCVal.mag.f IBMN Current, B-phase, minimum magnitude 

METMSTA1 MinA.phsC.instCVal.mag.f ICMN Current, C-phase, minimum magnitude 

METMSTA1 MinA.res.instCVal.mag.f IGMN Current, residual, minimum magnitude 

METMSTA1 MinA.neut.instCVal.mag.f INMN Current, neutral, minimum magnitude 

METMSTA1 MinP2PV.phsAB.instCVal.mag.f VABMN Voltage, A-to-B-phase, minimum magnitude 

METMSTA1 MinP2PV.phsBC.instCVal.mag.f VBCMN Voltage, B-to-C-phase, minimum magnitude 

METMSTA1 MinP2PV.phsCA.instCVal.mag.f VCAMN Voltage, C-to-A-phase, minimum magnitude 

METMSTA1 MinPhV.phsA.instCVal.mag.f VAMN Voltage, A-phase-to-neutral, minimum magnitude 

METMSTA1 MinPhV.phsB.instCVal.mag.f VBMN Voltage, B-phase-to-neutral, minimum magnitude 

METMSTA1 MinPhV.phsC.instCVal.mag.f VCMN Voltage, C-phase-to-neutral, minimum magnitude 

METMSTA1 MinVA.instMag.f KVA3PMN Apparent power, 3-phase, minimum magnitude 

METMSTA1 MinVAr.instMag.f KVAR3PMN Reactive power, 3-phase, minimum magnitude 

METMSTA1 MinW.instMag.f KW3PMN Real power, 3-phase, minimum magnitude 

RMSMMXU2 A.phsA.instCVal.mag.f IARMS RMS current, A-phase, magnitude 

RMSMMXU2 A.phsB.instCVal.mag.f IBRMS RMS current, B-phase, magnitude 

RMSMMXU2 A.phsC.instCVal.mag.f ICRMS RMS current, C-phase, magnitude 

Table F.16 Logical Device: MET (Metering) (Sheet 3 of 4)

Logical Node Attribute Data Source Comment
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Table F.17shows the LN associated with control elements defined as Logical 
Device CON.

Table F.18 shows the LN associated with annunciation elements defined as 
Logical Device ANN.

RMSMMXU2 A.neut.instCVal.mag.f INRMS RMS current, neutral, magnitude 

RMSMMXU2 PhV.phsA.instCVal.mag.f VARMS RMS voltage, A-phase, magnitude 

RMSMMXU2 PhV.phsB.instCVal.mag.f VBRMS RMS voltage, B-phase, magnitude 

RMSMMXU2 PhV.phsC.instCVal.mag.f VCRMS RMS voltage, C-phase, magnitude 

RMSMMXU2 PPV.phsAB.instCVal.mag.f VABRMS RMS voltage, AB-phase-to-phase, magnitude 

RMSMMXU2 PPV.phsBC.instCVal.mag.f VBCRMS RMS voltage, BC-phase-to-phase, magnitude 

RMSMMXU2 PPV.phsCA.instCVal.mag.f VCARMS RMS voltage, CA-phase-to-phase, magnitude 

THERMMTHR1 MaxAmbTmp.instMag.f RTDAMBc Ambient RTD temperature 

THERMMTHR1 MaxBrgTmp.instMag.f RTDBRGMXc Maximum bearing RTD temperature 

THERMMTHR1 MaxOthTmp.instMag.f RTDOTHMXc Other maximum RTD temperature 

THERMMTHR1 MaxWdgTmp.instMag.f RTDWDGMXc Maximum winding RTD temperature 

THERMMTHR1 Tmp01.instMag.f –Tmp12.instMag.f RTD1 - RTD12c RTD1 - RTD12 temperature 

Functional Constraint = ST

DCZBAT1 BatHi.stVal DCHI Station dc battery instantaneous overvoltage ele-
ment

DCZBAT1 BatLo.stVal DCLO Station dc battery instantaneous undervoltage ele-
ment

THERMMTHR1 EEHealth.stVal RTDFLT?1:3c RTD input or communication status

a MX values contain instantaneous attributes (instMag and instCVal), which are updated whenever the source updates and other attributes 
which are only updates when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Data validity depends on the relay model and installed card options. Refer to Section 1: Introduction and Specifications for different relay 
models and available options. Refer to Section 5: Metering and Monitoring for the model dependent metering quantities.

c Valid data depend on E49RTD and RTD1LOC–RTD12LOC settings.

Table F.16 Logical Device: MET (Metering) (Sheet 4 of 4)

Logical Node Attribute Data Source Comment

Table F.17 Logical Device: CON (Remote Control)

Logical Node Status Control Relay Word Bit Comment

RBGGIO1 SPCSO01.stVal–SPC-
SO08.stVal

SPCSO01.Oper.ctlVal–SPC-
SO08.Oper.ctlVal

RB01–RB08 Remote Bits RB01–RB08

RBGGIO2 SPCSO09.stVal–SPC-
SO16.stVal

SPCSO09.Oper.ctlVal–SPC-
SO16.Oper.ctlVal

RB09–RB16 Remote Bits RB09–RB16

RBGGIO3 SPCSO17.stVal– SPC-
SO24.stVal

SPCSO17.Oper.ctlVal–SPC-
SO24.Oper.ctlVal

RB17–RB24 Remote Bits RB17–RB24

RBGGIO4 SPCSO25.stVal–SPC-
SO32.stVal

SPCSO25.Oper.ctlVal–SPC-
SO32.Oper.ctlVal

RB25–RB32 Remote Bits RB25–RB32

Table F.18 Logical Device: ANN (Annunciation) (Sheet 1 of 5)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number
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Functional Constraint = MXa

AINCGGIO21 AnIn01.instMag.f–
AnIn08.instMag.f

AI301–AI308b Analog Inputs (AI301 to AI308)—Slot C

AINDGGIO22 AnIn01.instMag.f–
AnIn08.instMag.f 

AI401–AI408b Analog Inputs (AI401 to AI408)—Slot D

AINEGGIO23 AnIn01.instMag.f–
AnIn08.instMag.f

AI501–AI508b Analog Inputs (AI501 to AI508)—Slot E

BWASCBR1 AbrPrt.instMag.f WEARA Breaker - Contact A wear 

BWBSCBR2 AbrPrt.instMag.f WEARB Breaker - Contact B wear

BWCSCBR3 AbrPrt.instMag.f WEARC Breaker - Contact C wear 

LSGGIO31 AnIn01.instMag.f–
AnIn04.instMag.f

LSENS1–LSENS4c Arc-flash sensor light (LSENS1-LSENS8)

MVGGIO12 AnIn01.instMag.f–
AnIn32.instMag.f

MV01–MV32d Math Variables (MV01 to MV32)

PWRGGIO30 AnIn01.instMag.f KWADIe Real power, A-phase demand IN 

PWRGGIO30 AnIn02.instMag.f KWBDIe Real power, B-phase demand IN 

PWRGGIO30 AnIn03.instMag.f KWCDIe Real power, C-phase demand IN 

PWRGGIO30 AnIn04.instMag.f KW3DIe Real power, 3-phase demand IN 

PWRGGIO30 AnIn05.instMag.f KVARADIe Reactive power, A-phase demand IN

PWRGGIO30 AnIn06.instMag.f KVARBDIe Reactive power, B-phase demand IN 

PWRGGIO30 AnIn07.instMag.f KVARCDIe Reactive power, C-phase demand IN 

PWRGGIO30 AnIn08.instMag.f KVAR3DIe Reactive power, 3-phase demand IN 

PWRGGIO30 AnIn09.instMag.f KWADOe Real power, A-phase demand OUT 

PWRGGIO30 AnIn10.instMag.f KWBDOe Real power, B-phase demand OUT 

PWRGGIO30 AnIn11.instMag.f KWCDOe Real power, C-phase demand OUT 

PWRGGIO30 AnIn12.instMag.f KW3DOe Real power, 3-phase demand OUT 

PWRGGIO30 AnIn13.instMag.f KVARADOe Reactive power, A-phase demand OUT 

PWRGGIO30 AnIn14.instMag.f KVARBDOe Reactive power, B-phase demand OUT 

PWRGGIO30 AnIn15.instMag.f KVARCDOe Reactive power, C-phase demand OUT 

PWRGGIO30 AnIn16.instMag.f KVAR3DOe Reactive power, 3-phase demand OUT 

PWRGGIO30 AnIn17.instMag.f KWAPDIe Real power, A-phase peak demand IN 

PWRGGIO30 AnIn18.instMag.f KWBPDIe Real power, B-phase peak demand IN 

PWRGGIO30 AnIn19.instMag.f KWCPDIe Real power, C-phase peak demand IN 

PWRGGIO30 AnIn20.instMag.f KW3PDIe Real power, 3-phase peak demand IN 

PWRGGIO30 AnIn21.instMag.f KVARAPDIe Reactive power, A-phase peak demand IN 

PWRGGIO30 AnIn22.instMag.f KVARBPDIe Reactive power, B-phase peak demand IN 

PWRGGIO30 AnIn23.instMag.f KVARCPDIe Reactive power, C-phase peak demand IN 

PWRGGIO30 AnIn24.instMag.f KVAR3PDIe Reactive power, 3-phase peak demand IN 

PWRGGIO30 AnIn25.instMag.f KWAPDOe Real power, A-phase peak demand OUT 

PWRGGIO30 AnIn26.instMag.f KWBPDOe Real power, B-phase peak demand OUT 

PWRGGIO30 AnIn27.instMag.f KWCPDOe Real power, C-phase peak demand OUT 

PWRGGIO30 AnIn28.instMag.f KW3PDOe Real power, 3-phase peak demand OUT 

PWRGGIO30 AnIn29.instMag.f KVARAPDOe Reactive power, A-phase peak demand OUT 

Table F.18 Logical Device: ANN (Annunciation) (Sheet 2 of 5)

Logical Node Attribute Data Source Comment



F.24

SEL-751A Relay Instruction Manual Date Code 20220610

IEC 61850 Communications
Logical Nodes

PWRGGIO30 AnIn30.instMag.f KVARBPDOe Reactive power, B-phase peak demand OUT 

PWRGGIO30 AnIn31.instMag.f KVARCPDOe Reactive power, C-phase peak demand OUT 

PWRGGIO30 AnIn32.instMag.f KVAR3PDOe Reactive power, 3-phase peak demand OUT 

SCGGIO20 AnIn01.instMag.f–
AnIn32.instMag.f

SC01–SC32f SELOGIC Counters (SC01 to SC32)

Functional Constraint = ST

BWASCBR1 ColOpn.stVal OC Open breaker

BWBSCBR2 ColOpn.stVal OC Open breaker

BWCSCBR3 ColOpn.stVal OC Open breaker

INAGGIO1 Ind01.stVal–Ind02.stVal IN101–IN102 Digital Inputs (IN101 to IN102)—Slot A

INCGGIO13 Ind01.stVal–Ind08.stVal IN301–IN308b Digital Inputs (IN301 to IN308)—Slot C

INDGGIO15 Ind01.stVal–Ind08.stVal IN401–IN408b Digital Inputs (IN401 to IN408)—Slot D

INEGGIO17 Ind01.stVal–Ind08.stVal IN501–IN508b Digital Inputs (IN501 to IN508)—Slot E

LBGGIO27 Ind01.stVal–Ind32.stVal LB01–LB32g Local Bits (LB01 to LB32)

LTGGIO5 Ind01.stVal–Ind32.stVal LT01–LT32h Latch Bits (LT01 to LT32)

MBOKGGIO28 Ind01.stVal ROKA Channel A, received data OK

MBOKGGIO28 Ind02.stVal RBADA Channel A, outage duration over threshold

MBOKGGIO28 Ind03.stVal CBADA Channel A, channel unavailability over threshold

MBOKGGIO28 Ind04.stVal LBOKA Channel A, looped back OK

MBOKGGIO28 Ind05.stVal ROKB Channel B, received data OK

MBOKGGIO28 Ind06.stVal RBADB Channel B, outage duration over threshold

MBOKGGIO28 Ind07.stVal CBADB Channel B, channel unavailability over threshold

MBOKGGIO28 Ind08.stVal LBOKB Channel B, looped back OK

MISCGGIO29 Ind01.stVal–Ind03.stVal SG1–SG3 Setting Group 1 to 3 selection

MISCGGIO29 Ind04.stVal HALARM Indication of a diagnostic failure or warning that warrants an 
ALARM

MISCGGIO29 Ind05.stVal SALARM Indication of software or user activity that warrants an

ALARM

MISCGGIO29 Ind06.stVal WARNING Relay Word WARNING

MISCGGIO29 Ind07.stVal IRIGOK IRIG-B time synch input data is valid

MISCGGIO29 Ind08.stVal TSOK Time synchronization OK

MISCGGIO29 Ind09.stVal DST Daylight savings time active

MISCGGIO29 Ind10.stVal LINKA Asserted when a valid link is detected on Port 1A

MISCGGIO29 Ind11.stVal LINKB Asserted when a valid link is detected on Port 1B

MISCGGIO29 Ind12.stVal LINKFAIL Asserted when a valid link is not detected on the active 
port(s)

MISCGGIO29 Ind13.stVal PASEL Asserted when port 1A is active

MISCGGIO29 Ind14.stVal PBSEL Asserted when port 1B is active

MISCGGIO29 Ind15.stVal COMMLOSS DeviceNet communication failure

MISCGGIO29 Ind16.stVal COMMFLT DeviceNet internal communication failure

OUTAGGIO2 Ind01.stVal–Ind03.stVal OUT101–OUT103 Digital Outputs (OUT101 to OUT103)—Slot A

OUTCGGIO14 Ind01.stVal–Ind04.stVal OUT301–OUT304b Digital Outputs (OUT301 to OUT304)—Slot C

Table F.18 Logical Device: ANN (Annunciation) (Sheet 3 of 5)

Logical Node Attribute Data Source Comment



F.25

Date Code 20220610 Instruction Manual SEL-751A Relay

IEC 61850 Communications
Logical Nodes

OUTDGGIO16 Ind01.stVal–Ind04.stVal OUT401–OUT404b Digital Outputs (OUT401 to OUT404)—Slot D

OUTEGGIO18 Ind01.stVal–Ind04.stVal OUT501–OUT504b Digital Outputs (OUT501 to OUT504)—Slot E

PBLEDGGIO7 Ind01.stVal PB1A_LED Pushbutton PB1A LED

PBLEDGGIO7 Ind02.stVal PB1B_LED Pushbutton PB1B LED

PBLEDGGIO7 Ind03.stVal PB2A_LED Pushbutton PB2A LED

PBLEDGGIO7 Ind04.stVal PB2B_LED Pushbutton PB2B LED

PBLEDGGIO7 Ind05.stVal PB3A_LED Pushbutton PB3A LED

PBLEDGGIO7 Ind06.stVal PB3B_LED Pushbutton PB3B LED

PBLEDGGIO7 Ind07.stVal PB4A_LED Pushbutton PB4A LED

PBLEDGGIO7 Ind08.stVal PB4B_LED Pushbutton PB4B LED

PROGGIO25 Ind01.stVal AFALARM Arc-flash system integrity alarm

PROGGIO25 Ind02.stVal FREQTRK Frequency tracking enable bit 

PROGGIO25 Ind03.stVal–Ind06.stVal AFS1EL–AFS4ELc AF Light Input 1-4 excessive ambient light pickup 

PROGGIO25 Ind07.stVal CLOSE Close logic output

PROGGIO25 Ind08.stVal CF Close condition failure (asserts for ¼ cycle)

PROGGIO25 Ind09.stVal RCSF Reclose supervision failure (asserts for ¼ cycle)

PROGGIO25 Ind10.stVal OPTMN Open interval timer is timing

PROGGIO25 Ind11.stVal RSTMN Reset timer is timing

PROGGIO25 Ind12.stVal PHDEM Phase current demand pickup

PROGGIO25 Ind13.stVal 3I2DEM Negative-sequence current demand pickup

PROGGIO25 Ind14.stVal GNDEM Zero-sequence current demand pickup

PROGGIO25 Ind15.stVal 59VP Phase voltage window element (selected phase voltage [VP] 
between settings 25VLO and 25VHI)

PROGGIO25 Ind16.stVal 59VS VS channel voltage window element (selected phase voltage 
[VS] between settings 25VLO and 25VHI)

PROGGIO25 Ind17.stVal SF Slip frequency of voltages VP and VS and less than setting 
25SF

PROGGIO25 Ind18.stVal 81RFBLK Fast rate-of-change overall block logic output 

PROGGIO25 Ind19.stVal 81RFT Fast rate-of-change trip output

PROGGIO25 Ind20.stVal 81RFBL Fast rate-of-change block output SELOGIC

PROGGIO25 Ind21.stVal 81RFP Fast rate-of-change pickup

PROGGIO25 Ind22.stVal 81RFI Fast rate-of-change initiate

PROGGIO25 Ind23.stVal 25A1 Level 1 synchronism-check element 

PROGGIO25 Ind24.stVal 25A2 Level 2 synchronism-check element

RCGGIO26 Ind01.stVal 79RS Reclosing relay in reset state

RCGGIO26 Ind02.stVal 79CY Reclosing relay in reclose cycle state

RCGGIO26 Ind03.stVal 79LO Reclosing relay in lockout state

RCGGIO26 Ind04.stVal–Ind08.stVal SH0–SH4 Reclosing relay shot counter = 0 - 4

RMBAGGIO8 Ind01.stVal–Ind08.stVal RMB1A–RMB8A Receive MIRRORED BITS (RMB1A to RMB8A)

RMBBGGIO10 Ind01.stVal–Ind08.stVal RMB1B–RMB8B Receive MIRRORED BITS (RMB1B to RMB8B)

SVGGIO3 Ind01.stVal–Ind32.stVal SV01–SV32i SELOGIC Variables (SV01 to SV32)

SVTGGIO4 Ind01.stVal–Ind32.stVal SV01T–SV32Ti SELOGIC Variable Timers (SV01T to SV32T)

Table F.18 Logical Device: ANN (Annunciation) (Sheet 4 of 5)

Logical Node Attribute Data Source Comment
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TLEDGGIO6 Ind01.stVal ENABLED ENABLED LED

TLEDGGIO6 Ind02.stVal TRIP_LED TRIP LED

TLEDGGIO6 Ind03.stVal–Ind08.stVal TLED_01–TLED_06 Target LEDs TLED_01 to TLED_06

TMBAGGIO9 Ind01.stVal–Ind08.stVal TMB1A–TMB8A Transmit MIRRORED BITS (TMB1A to TMB8A)

TMBBGGIO11 Ind01.stVal–Ind08.stVal TMB1B–TMB8B Transmit MIRRORED BITS (TMB1B to TMB8B)

TRIPGGIO24 Ind01.stVal AMBTRIP Ambient temperature trip

TRIPGGIO24 Ind02.stVal BRGTRIP Bearing temperature trip

TRIPGGIO24 Ind03.stVal FAULT Indicates fault condition

TRIPGGIO24 Ind04.stVal OTHTRIP Other temperature trip

TRIPGGIO24 Ind05.stVal REMTRIP Remote trip

TRIPGGIO24 Ind06.stVal RTDFLT Asserts when an open or short circuit condition is detected 
on any enabled RTD input, or communication with the exter-
nal RTD module has been interrupted

TRIPGGIO24 Ind07.stVal ULTRIP Unlatch (auto reset) trip from SELOGIC equation

TRIPGGIO24 Ind08.stVal WDGTRIP Winding temperature trip

VBGGIO19 Ind001.stVal–
Ind128.stVal

VB001–VB128 Virtual bits (VB001 to VB128)

a MX values contain instantaneous attributes (instMag and instCVal), which are updated whenever the source updates and other attributes 
which are only updated when the source goes outside the data source’s deadband (mag and cVal). Only the instantaneous values are shown 
in the table.

b Active data only if optional I/O card is installed in the slot.
c Active data only if optional Arc-Flash card is installed.
d Active data depend on the EMV setting.
e Data validity depends on the relay models and installed card options. Refer to Section 1: Introduction and Specifications for different relay 

models and available card options. Refer to Section 5: Metering and Monitoring for the model dependent metering quantities.
f Active data depends on the ESC setting.
g Active data depends on the ELB setting.
h Active data depends on the ELAT setting.
i Active data depends on the ESV setting.

Table F.18 Logical Device: ANN (Annunciation) (Sheet 5 of 5)

Logical Node Attribute Data Source Comment

Table F.19 Logical Device: CFG (Configuration)

Logical Node Attribute Data Source Comment

Functional Constraint = DC

DevIDLPHD1 PhyNam.model PARTNO Part number

DevIDLPHD1 PhyNam.serNum SER_NUM Serial number 

LLN0 NamPlt.swRev FID Firmware revision
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Protocol Implementation Conformance Statement
The following tables are as shown in the IEC 61850 standard, Part 8-1, 
Section 24. Note that the standard explicitly dictates which services and 
functions must be implemented to achieve conformance, so only the optional 
services and functions are listed.

Refer to the ACSI Conformance statements in the Reference Manual for 
information on the supported services.

MMS Conformance The Manufacturing Messaging Specification (MMS) stack provides the basis 
for many IEC 61850 Protocol services. Table F.22 defines the service support 
requirement and restrictions of the MMS services in the SEL-700 series 
products supporting IEC 61850. Generally, only those services whose 
implementation is not mandatory are shown. Refer to the IEC 61850 standard 
Part 8-1 for more information.

Table F.20 PICS for A-Profile Support

Profile Client Server Value/Comment

A1 Client/Server N Y

A2 GOOSE/GSE management Y Y Only GOOSE, not GSSE 
Management

A3 GSSE N N

A4 Time Sync N N

Table F.21 PICS for T-Profile Support

Profile Client Server Value/Comment

T1 TCP/IP N Y

T2 OSI N N

T3 GOOSE/GSE Y Y Only GOOSE, Not GSSE

T4 GSSE N N

T5 Time Sync Y N

Table F.22 MMS Service Supported Conformance (Sheet 1 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported

status Y

getNameList Y

identify Y

rename

read Y

write Y

getVariableAccessAttributes Y

defineNamedVariable

defineScatteredAccess

getScatteredAccessAttributes

deleteVariableAccess

defineNamedVariableList
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getNamedVariableListAttributes Y

deleteNamedVariableList

defineNamedType

getNamedTypeAttributes

deleteNamedType

input

output

takeControl

relinquishControl

defineSemaphore

deleteSemaphore

reportPoolSemaphoreStatus

reportSemaphoreStatus

initiateDownloadSequence

downloadSegment 

terminateDownloadSequence

initiateUploadSequence

uploadSegment

terminateUploadSequence

requestDomainDownload

requestDomainUpload

loadDomainContent

storeDomainContent

deleteDomain

getDomainAttributes Y

createProgramInvocation

deleteProgramInvocation

start

stop

resume

reset

kill

getProgramInvocationAttributes

obtainFile

defineEventCondition

deleteEventCondition

getEventConditionAttributes

reportEventConditionStatus

alterEventConditionMonitoring

triggerEvent

defineEventAction

Table F.22 MMS Service Supported Conformance (Sheet 2 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported
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deleteEventAction

alterEventEnrollment

reportEventEnrollmentStatus

getEventEnrollmentAttributes

acknowledgeEventNotification

getAlarmSummary

getAlarmEnrollmentSummary

readJournal

writeJournal

initializeJournal

reportJournalStatus

createJournal

deleteJournal

fileOpen

fileRead

fileClose

fileRename

fileDelete

fileDirectory

unsolicitedStatus

informationReport Y

eventNotification

attachToEventCondition

attachToSemaphore

conclude Y

cancel Y

getDataExchangeAttributes

exchangeData

defineAccessControlList

getAccessControlListAttributes

reportAccessControlledObjects

deleteAccessControlList

alterAccessControl

ReconfigureProgramInvocation

Table F.22 MMS Service Supported Conformance (Sheet 3 of 3)

MMS Service Supported CBB Client-CR Supported Server-CR Supported
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Table F.23 lists specific settings for the MMS parameter Conformance 
Building Block (CBB).

The following Variable Access conformance statements are listed in the order 
specified in the IEC 61850 standard, Part 8-1. Generally, only those services 
whose implementation is not mandatory are shown. Refer to the IEC 61850 
standard Part 8-1 for more information.

Table F.23 MMS Parameter CBB

MMS Parameter CBB Client-CR Supported Server-CR Supported

STR1 Y

STR2 Y

VNAM Y

VADR Y

VALT Y

TPY Y

VLIS Y

CEI

Table F.24 Alternate Access Selection Conformance Statement

Alternate Access Selection Client-CR Supported Server-CR Supported

accessSelection Y

 component Y

 index

 indexRange

 allElements

alternateAccess Y

selectAccess Y

 component Y

 index

 indexRange

 allElements

Table F.25 VariableAccessSpecification Conformance Statement

VariableAccessSpecification Client-CR Supported Server-CR Supported

listOfVariable Y

 variableSpecification Y

 alternateAccess Y

variableListName Y
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t

Table F.26 VariableSpecification Conformance Statement

VariableSpecification Client-CR Supported Server-CR Supported

name Y

address

variableDescription

scatteredAccessDescription

invalidated

Table F.27 Read Conformance Statement

Read Client-CR Supported Server-CR Supported

Request

 specificationWithResult

 variableAccessSpecification

Response

 variableAccessSpecification Y

 listOfAccessResult Y

Table F.28 GetVariableAccessAttributes Conformance Statement

GetVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 name

 address

Response

 mmsDeletable Y

 address

 typeSpecification Y

Table F.29 DefineNamedVariableList Conformance Statement

DefineVariableAccessAttributes Client-CR Supported Server-CR Supported

Request

 variableListName

 listOfVariable

 variableSpecification

 alternateAccess

Response



F.32

SEL-751A Relay Instruction Manual Date Code 20220610

IEC 61850 Communications
Protocol Implementation Conformance Statement

GOOSE Services 
Conformance 
Statement

Table F.30 GetNamedVariableListAttributes Conformance Statement

GetNamedVariableListAttributes Client-CR Supported Server-CR Supported

Request

 ObjectName

Response

 mmsDeletable Y

 listOfVariable Y

 variableSpecification Y

alternateAccess Y

Table F.31 DeleteNamedVariableList

DeleteNamedVariableList Client-CR Supported Server-CR Supported

Request

 Scope

 listOfVariableListName

 domainName

Response

 numberMatched

 numberDeleted

DeleteNamedVariableList-Error

Table F.32 GOOSE Conformance

Subscriber Publisher Value/Comment

GOOSE Services Y Y

SendGOOSEMessage Y

GetGoReference

GetGOOSEElementNumber

GetGoCBValues Y

SetGoCBValues

GSENotSupported

GOOSE Control Block (GoCB) Y
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ACSI Conformance Statements

Table F.33 ACSI Basic Conformance Statement

Client/Subscriber Server/Publisher SEL-751A Support

Client-Server Roles

B11 Server side (of Two-Party Applica-
tion-Association)

- cla YES

B12 Client side (of Two-Party Applica-
tion-Association)

cla -

SCMS Supported

B21 SCSM: IEC 61850-8-1 used YES

B22 SCSM: IEC 61850-9-1 used

B23 SCSM: IEC 61850-9-2 used

B24 SCSM: other

Generic Substation Event Model (GSE)

B31 Publisher side - Ob YES

B32 Subscriber side Ob - YES

Transmission of Sampled Value Model (SVC)

B41 Published side - Ob

B42 Subscriber side Ob -

a c1 shall be mandatory if support for LOGICAL-DEVICE model has been declared.
b O = Optional.

Table F.34 ACSI Models Conformance Statement (Sheet 1 of 2)

Client/Subscriber Server/Publisher SEL-751A Support

If Server Side (B11) Supported

M1 Logical device c2a c2a YES

M2 Logical node c3b c3b YES

M3 Data c4c c4c YES

M4 Data set c5d c5d YES

M5 Substation Oe Oe

M6 Setting group control Oe Oe

Reporting

M7 Buffered report control Oe Oe YES

M7-1 sequence-number YES

M7-2 report-time-stamp YES

M7-3 reason-for-inclusion YES

M7-4 data-set-name YES

M7-5 data-reference YES

M7-6 buffer-overflow YES

M7-7 entryID YES

M7-8 BufTm YES

M7-9 IntgPd YES

M7-10 G1 YES
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M8 Unbuffered report control Oe Oe YES

M8-1 sequence-number YES

M8-2 report-time-stamp YES

M8-3 reason-for-inclusion YES

M8-4 data-set-name YES

M8-5 data-reference YES

M8-6 BufTm YES

M8-7 IntgPd YES

M-8-8 GI YES

Logging

M9 Log control Oe Oe

M9-1 IntgPd Oe Oe

M10 Log Oe Oe

M11 Control Mf Mf YES

If GSE (B31/32) Is Supported

M12 GOOSE Oe Oe YES

M12-1 entryID YES

M12-2 DataReflnc YES

M13 GSSE Oe Oe

If GSE (B41/42) Is Supported

M14 Multicast SVC Oe Oe

M15 Unicast SVC Oe Oe

M16 Time Mf Mf

M17 File Transfer Oe Oe

a c2 shall be "M" if support for LOGICAL-NODE model has been declared.
b c3 shall be "M" if support for DATA model has been declared.
c c4 shall be "M" if support for DATA-SET, Substitution, Report, Log Control, or Time model has been declared.
d c5 shall be "M" if support for Report, GSE, or SV models has been declared.
e O = Optional.
f M = Mandatory.

Table F.34 ACSI Models Conformance Statement (Sheet 2 of 2)

Client/Subscriber Server/Publisher SEL-751A Support

Table F.35 ACSI Services Conformance Statement (Sheet 1 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support

Server (Clause 6)

S1 ServerDirectory TP Ma YES

Application Association (Clause 7)

S2 Associate Ma Ma YES

S3 Abort Ma Ma YES

S4 Release Ma Ma YES

Logical Device (Clause 8)

S5 LogicalDeviceDirectory TP Ma Ma YES
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Logical Node (Clause 9)

S6 LogicalNodeDirectory TP Ma Ma YES

S7 GetAllDataValues TP Ob Ma YES

Data (Clause 10)

S8 GetDataValues TP Ma Ma YES

S9 SetDataValues TP Ob Ob

S10 GetDataDirectory TP Ob Ma YES

S11 GetDataDefinition TP Ob Ma YES

Data Set (Clause 11)

S12 GetDataSetValues TP Ob Ma YES

S13 SetDataSetValues TP Ob Ob

S14 CreateDataSet TP Ob Ob

S15 DeleteDataSet TP Ob Ob

S16 GetDataSetDirectory TP Ob Ob YES

Substitution (Clause 12)

S17 SetDataValues TP Ma Ma

Setting Group Control (Clause 13)

S18 SelectActiveSG TP Ob Ob

S19 SelectEditSG TP Ob Ob

S20 SetSGvalues TP Ob Ob

S21 ConfirmEditSGVal TP Ob Ob

S22 GetSGValues TP Ob Ob

S23 GetSGCBValues TP Ob Ob

S24 Report TP c6c c6c YES

S24-1 data-change (dchg) YES

S24-2 qchg-change (qchg) YES

S24-3 data-update (dupd)

S25 GetBRCBValues TP c6c c6c YES

S26 SetBRCBValues TP c6c c6c YES

Unbuffered Report Control Block (URCB)

S27 Report TP c6c c6c YES

S27-1 data-change (dchg) YES

S27-2 qchg-change (qchg) YES

S27-3 data-update (dupd)

S28 GetURCBValues TP c6c c6c YES

S29 SetURCBValues TP c6c c6c YES

Table F.35 ACSI Services Conformance Statement (Sheet 2 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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Logging (Clause 14)

Log Control Block

S30 GetLCBValues TP Ma Ma

S31 SetLCBValues TP Ob Ma

LOG

S32 QueryLogByTime TP c7d Ma

S33 QueryLogByEntry TP c7d Ma

S34 GetLogStatusValues TP Ma Ma

Generic Substation Event Model (GSE) (Clause 14.3.5.3.4)

GOOSE-Control-Block

S35 SendGOOSEMessage MC c8e c8e YES

S36 GetReference TP Ob c9f

S37 GetGOOSEElement

Number TP Ob c9f

S38 GetGoCBValues TP Ob Ob YES

S39 SetGoCBValues TP Ob Ob

ONLY

GSSE-Control-Block

S40 SendGSSEMessage MC c8e c8e

S41 GetReference TP Ob c9f

S42 GetGSSEElement

Number TP Ob c9f

S43 GetGsCBValues TP Ob Ob

S44 GetGsCBValues TP Ob Ob

Transmission of Sample Value Model (SVC) (Clause 16)

Multicast SVC

S45 SendMSVMessage MC c10g c10g

S46 GetMSVCBValues TP Ob Ob

S47 SetMSVCBValues TP Ob Ob

Unicast SVC

S48 SendUSVMessage MC c10g c10g

S49 GetUSVCBValues TP Ob Ob

S50 SetUSVCBValues TP Ob Ob

Control (Clause 16.4.8)

S51 Select Ma Ob

S52 SelectWithValue TP Ma Ob YES

S53 Cancel TP Ob Ma YES

S54 Operate TP Ma Ma YES

S55 Command-Termination TP Ma Ma YES

S56 TimeActivated-Operate TP Ob Ob

Table F.35 ACSI Services Conformance Statement (Sheet 3 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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File Transfer (Clause 20)

S57 GetFile TP Ob Ma

S58 SetFile TP Ob Ob

S59 DeleteFile TP Ob Ob

S60 GetFileAttributeValues TP Ob Ma

Time (Clause 5.5)

T1 Time resolution of internal 
clock (nearest negative 
power of 2 in seconds)

2-10 (1 ms) T1

T2 Time accuracy of internal 
clock

10/9

T1 YES

T2 YES

T3 YES

T4 YES

T3 Supported TimeStamp reso-
lution (nearest negative 
power of 2 in seconds)

2-10 (1 ms) 10

a M = Mandatory.
b O = Optional.
c c6 shall declare support for at least one (BRCB or URCB).
d c7 shall declare support for at least one (QueryLogByTime or QueryLogAfter).
e c8 shall declare support for at least one (SendGOOSEMessage or SendGSSEMessage).
f c9 shall declare support if TP association is available.
g c10 shall declare support for at least one (SendMSVMessage or SendUSVMessage).

Table F.35 ACSI Services Conformance Statement (Sheet 4 of 4)

Services AA: TP/MC
Client/

Subscriber
Service/
Publisher

SEL-751A Support
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Appendix G
DeviceNet Communications

Overview
This appendix describes the DeviceNet communications features supported by 
the SEL-751A Feeder Protection Relay. DeviceNet is a low-level 
communications network that provides direct connectivity among industrial 
devices, resulting in improved communication and device-level diagnostics 
that are otherwise either unavailable or inaccessible through expensive 
hardwired I/O interfaces. Industrial devices, for which DeviceNet provides 
this direct connectivity, include limit switches, photoelectric sensors, valve 
manifolds, motor starters, process sensors, bar code readers, variable 
frequency drives, panel displays, and operator interfaces. The SEL DeviceNet 
Communications Card User’s Guide contains more information on the 
installation and use of the DeviceNet card.

The BLOCK MODBUS SET setting is used to block relay settings changes 
via Modbus or DeviceNet protocols. The factory-default setting, 
BLKMBSET := NONE, allows all setting changes via Modbus or DeviceNet 
communications. The BLKMBSET := R_S setting prevents Modbus or 
DeviceNet communications from resetting to the factory-default settings. The 
BLKMBSET := ALL setting blocks all changes to the settings via the Modbus 
or the DeviceNet protocol.

NOTE: Be aware of the following 
setting in the relay: Under Global 
settings =====>> Access Control, 
there is a setting called BLOCK 
MODBUS SET.

The customer is strongly advised to change the BLKMBSET (BLOCK 
MODBUS SET) := ALL if they (customer) do not want the PLC 
(Programmable Logic Controller) or DCS (Distributed Control System) to 
send the settings to the SEL-751A Relay. There is a strong possibility that 
under special conditions like a reboot, the PLC/DCS will send default settings 
to the relay, overwriting the existing settings. To protect the existing settings 
under these conditions it is highly recommended to set the setting to "ALL."
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DeviceNet Card
The DeviceNet Card is an optional accessory that enables connection of the 
SEL-751A to the DeviceNet automation network. The card (see Figure G.1) 
occupies the communications expansion Slot C in the relay.

Figure G.1 DeviceNet Card Component Overview

Features
The DeviceNet Card features the following:

➤ The card receives the necessary power from the DeviceNet 
network.

➤ Rotary switches let you set the node address and network data 
rate prior to mounting in the SEL-751A and applying power. 
Alternatively, you can set the switches to positions that allow 
for configuration of these settings over the DeviceNet network, 
using a network configuration tool such as RSNetWorx for 
DeviceNet.

➤ Status indicators report the status of the device bus and network 
communications. They are visible from the back panel of the 
SEL-751A as installed. 

You can do the following with the DeviceNet interface:

➤ Retrieve metering data such as the following:

➢ Currents

➢ Voltages

➢ Power

➢ Energy

➢ Max/Min 

➢ Analog Inputs

➢ Counters

Node Address Switch: Rotary switch 
for setting the least significant digit 
(LSD) of node address

DeviceNet Connector: Accepts a 
5-pin linear, open DeviceNet plug

Node Address Switch: Rotary 
switch for setting the most 
significant digit (MSD) of node 

Data Rate Switch: Rotary switch for 
selecting the DeviceNet data rate at which 
the card communicates

Network Status LED: Status indicator 
for DeviceNet communication

Bus Status LED: Status indicator for 
backplane (relay) communication

NOTE: The DeviceNet option has 
been discontinued and is no longer 
available to order after 
September 25, 2017.
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➤ Retrieve and modify relay settings 

➤ Read and set time 

➤ Monitor device status, trip/warning status, and I/O status

➤ Perform high-speed control 

➤ Reset trip, target, and accumulated data

➤ Retrieve events history 

You can configure the DeviceNet interface through the use of address and data 
transmission rate switches. Indicators on the card at the back of the relay show 
network status and network activity. 

Electronic Data Sheet

The Electronic Data Sheet (EDS) is a specially formatted file that includes 
configurable parameters for the device and public interfaces to those 
parameters. The EDS file contains information such as number of parameters; 
groupings; parameter name; minimum, maximum, and default values; units; 
data format; and scaling. This information makes possible user-friendly 
configuration tools (e.g., RSNetWorx for DeviceNet or DeviceNet 
Configurator from OMRON) for device parameter monitoring, modification, 
or both. The interface to the device can also be easily updated without revision 
of the configuration software tool itself. 

All the registers defined in the Modbus Register Map (Table E.34) are 
available as parameters in a DeviceNet configuration. Parameter names, data 
ranges, and scaling; enumeration values and strings; parameter groups; and 
product information are the same as specified in the Modbus Register Map 
defined in Table E.34. The parameter numbers are offset by a count of 100 
from the register numbers.

The EDS file for the SEL-751A, SEL-xxxRxxx.EDS, is located on the 
SEL-751A Product Literature CD, or can also be downloaded from the SEL 
website at www.selinc.com.

Complete specifications for the DeviceNet protocol are available on the Open 
DeviceNet Vendor’s Association (ODVA) website www.odva.org. ODVA is an 
independent supplier organization that manages the DeviceNet specification 
and supports the worldwide growth of DeviceNet.

https://www.selinc.com
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Appendix H
Synchrophasors

Overview
The SEL-751A Feeder Protection Relay provides Phasor Measurement 
Control Unit (PMCU) capabilities when connected to an IRIG-B time source 
with an accuracy of ±10 µs or better. Synchrophasor data are available via the 
MET PM ASCII command and the C37.118 Protocol.

Synchrophasor measurement refers to the concept of providing measurements 
taken on a synchronized schedule at precise instants in time. A high-accuracy 
clock, commonly called a Global Positioning System (GPS) receiver such as 
the SEL-2407 Satellite-Synchronized Clock, makes synchrophasor 
measurement possible.

The availability of an accurate time reference over a large geographic area 
allows multiple devices, such as SEL-751A Relays, to synchronize the 
gathering of power system data. The accurate clock allows precise event 
report triggering and other off-line analysis functions.

The SEL-751A Global settings class contains the synchrophasor settings, 
including the choice of transmitted synchrophasor data set. The Port settings 
class selects which serial port(s) you can use for synchrophasor protocol. See 
Settings for Synchrophasors on page H.4. 

The SEL-751A timekeeping function generates status Relay Word bits and 
time-quality information that is important for synchrophasor measurement. 
Some protection SELOGIC variables, and programmable digital trigger 
information is also added to the Relay Word bits for synchrophasors. See 
Synchrophasor Relay Word Bits on page H.8.

When synchrophasor measurement is enabled, the SEL-751A creates the 
synchrophasor data set at a user-defined rate. Synchrophasor data are available 
in ASCII format over a serial port set to PROTO = SEL. See View 
Synchrophasors Using the MET PM Command on page H.9.

The value of synchrophasor data increases greatly when you can share the 
data over a communications network in real time. A synchrophasor protocol is 
available in the SEL-751A that allows for a centralized device to collect data 
efficiently from several phasor measurement units (PMUs). Some possible 
uses of a system-wide synchrophasor system include the following: 

➤ Power-system state measurement

➤ Wide-area network protection and control schemes

➤ Small-signal analysis

➤ Power-system disturbance analysis
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The SEL-3306 Synchrophasor Processor is a PC-based communications 
processor specifically designed to interface with PMUs. The SEL-3306 has 
two primary functions. The first is to collect and correlate synchrophasor data 
from multiple PMUs. The second is to then compact and transmit 
synchrophasor data either to a data historian for post-analysis or to 
visualization software for real-time viewing of a power system.

The SEL-751A supports the protocol portion of the IEEE C37.118, Standard 
for Synchrophasors for Power Systems. In the SEL-751A, this protocol is 
referred to simply as C37.118. See Settings Affect Message Contents on 
page H.10.

Synchrophasor Measurement
The phasor measurement unit in the SEL-751A measures four voltages (VA, 
VB, VC, and Vsync) and four currents (IA, IB, IC, and IN) on a constant-time 
basis. These samples are time-stamped with the IRIG time source. The phase 
angle is measured relative to an absolute time reference, which is represented 
by a cosine function in Figure H.1. The time-of-day is shown for the two time 
marks. The reference is consistent with the phase reference defined in the 
C37.118 standard. During steady-state conditions, you can compare the 
SEL-751A synchrophasor values directly to values from other phasor 
measurement units that conform to C37.118. Synchrophasor values are 
available for the full frequency range of the SEL-751A.

Figure H.1 Phase Reference

The TSOK Relay Word bit asserts when the SEL-751A has determined that 
the IRIG-B time source has sufficient accuracy and the synchrophasor data 
meets the specified accuracy. Synchrophasors are still measured if the time 
source threshold is not met, as indicated by Relay Word bit TSOK = logical 0. 
The MET PM command is not available in this case.

The instrumentation transformers (PTs or CTs) and the interconnecting cables 
can introduce a time shift in the measured signal. Global settings VCOMP and 
ICOMP, entered in degrees, are added to the measured phasor angles to create 
the corrected phasor angles, as shown in Figure H.2, Figure H.3, and 
Equation H.1. The VCOMP and ICOMP settings can be positive or negative 
values.

t

10:00:00:000000 10:00:00:016667
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Figure H.2 Waveform at Relay Terminals May Have a Phase Shift

Equation H.1

If the time shift on the pt measurement path Δtpt = 0.784 ms and the nominal 
frequency, freqnominal = 60Hz, use Equation H.2 to obtain the correction 
angle: 

Equation H.2

Figure H.3 Correction of Measured Phase Angle

The phasors are rms values scaled in primary units, as determined by Group 
setting PTR, PTRS (for sync check input), CTR, and CTRN. 

Because the sampling reference is based on the GPS clock (IRIG-B signal) 
and not synchronized to the power system, an examination of successive 
synchrophasor data sets will almost always show some angular change 
between samples of the same signal. This is not a malfunction of the relay or 
the power system, but is merely a result of viewing data from one system with 
an instrument with an independent time base. In other words, a power system 
has a nominal frequency of either 50 or 60 Hz, but on closer examination, it is 
usually running a little faster or slower than nominal.
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Settings for Synchrophasors

The phasor measurement unit (PMU) settings are listed in Table H.1. Modify 
these settings when you want to use the C37.118 synchrophasor protocol. 

You must set Global enable setting EPMU to Y before the remaining 
SEL-751A synchrophasor settings are available. No synchrophasor data 
collection can take place when EPMU := N.

You must make the serial port settings in Table H.2 to transmit data with a 
synchrophasor protocol. It is possible to set EPMU := Y without using any 
serial ports for synchrophasor protocols. For example, the serial port 
MET PM ASCII command can still be used.

Certain settings in Table H.1 are hidden, depending on the status of other 
settings. For example, if PHDATAI := NA, the ICOMP setting is hidden to 
limit the number of settings for your synchrophasor application.

The Port settings for PROTO := PMU, shown in Table H.2, do not include the 
settings DATABIT and PARITY; these two settings are internally fixed as 
DATABIT := 8, PARITY := N (None). See Section 7: Communications for 
descriptions of these functions.

Table H.1 PMU Settings in the SEL-751A for C37.118 Protocol in Global 
Settings 

Setting Description Default

EPMU Enable Synchronized Phasor Measurement 
(Y, N)

Na

a Set EPMU := Y to access the remaining settings.

MRATE Messages per Second {1, 2, 5, 10} 10

PMSTN Station Name (16 characters) SEL-751A FEEDER1

PMID PMU Hardware ID (1–65534) 1

PHDATAV Phasor Data Set, Voltages (V1, ALL, NA) V1

VCOMP Voltage Angle Comp Factor 
(–179.99 to 180 deg)

0.00

PHDATAI Phasor Data Set, Currents (I1, ALL, NA) NA

ICOMP Current Angle Comp Factor 
(–179.99 to 180 deg)

0.00

NUMANA Number of Analog Values (0–4) 0

NUMDSW Number of 16-bit Digital Status Words (0, 1) 0

TREA1 Trigger Reason Bit 1 (SELOGIC) TRIP or ER

TREA2 Trigger Reason Bit 2 (SELOGIC) 81D1T OR 81D2T OR 
81D3T OR 81D4T

TREA3 Trigger Reason Bit 3 (SELOGIC) 59P1T OR 59P2T 

TREA4 Trigger Reason Bit 4 (SELOGIC) 27P1T OR 27P2T

PMTRIG Trigger (SELOGIC) TREA1 OR TREA2 
OR TREA3 OR 
TREA4

IRIGC IRIG-B Control Bits Definition (NONE, 
C37.118)

NONE



H.5

Date Code 20220610 Instruction Manual SEL-751A Relay

Synchrophasors
Settings for Synchrophasors

PROTO := PMU Does Not Allow Commands on That Serial Port
You can make the PROTO := PMU settings choice in Table H.2 even when 
Global setting EPMU := N. However, in this situation, the serial port will not 
respond to any commands or requests. Either enable synchrophasors by 
making the Table H.1 settings, or change the port PROTO setting to SEL.

If you use a computer terminal session or QuickSet connected to a serial port, 
and then set that same serial port PROTO setting to PMU, you will lose the 
ability to communicate with the relay through ASCII commands or virtual file 
interface commands. If this happens, either connect via another serial port 
(that has PROTO := SEL) or use the front-panel HMI SET/SHOW screen to 
change the disabled port PROTO setting back to SEL. 

Descriptions of Synchrophasor Settings
Definitions for the settings in Table H.1 are as follows:

MRATE
Selects the message rate in messages per second for synchrophasor data 
streaming on serial ports.

Choose the MRATE setting that suits the needs of your PMU application. This 
setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size. See 
Communications Bandwidth on page H.10 for detailed information.

PMSTN and PMID
Defines the name and number of the PMU.

The PMSTN setting is an ASCII string with as many as 16 characters. The 
PMID setting is a numeric value. Use your utility or synchrophasor data 
concentrator naming convention to determine these settings.

PHDATAV and VCOMP
PHDATAV selects which voltage synchrophasors to include in the data packet. 
Consider the burden on your synchrophasor processor and offline storage 
requirements when deciding how much data to transmit. This setting is one of 
six settings that determine the minimum port SPEED necessary to support the 
synchrophasor data packet rate and size—see Communications Bandwidth on 
page H.10 for detailed information.

➤ PHDATAV := V1 will transmit only positive-sequence 
voltage, V1 

Table H.2 SEL-751A Serial Port Settings for Synchrophasors

Setting Description Default

PROTO Protocol (SEL, MOD, EVMSG, PMU, 
MBA, MBB, MB8A, MB8B, MBTA, 
MBTB)a, b

a Some of the other PROTO setting choices may not be available.
b Setting choice PMU is not available on PORT 1.

SELc

c Set PROTO := PMU to enable (on this port) the synchrophasor protocol.

SPEED Data Speed (300, 1200, 2400, 4800, 9600, 
19200, 38400 bps)

9600

STOPBIT Stop Bits (1, 2) 1

RTSCTS HDWR HANDSHAKING (Y, N) N
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➤ PHDATAV := ALL will transmit V1, VA, VB, VC, and VS (if 
available)

➤ PHDATAV := NA will not transmit any voltages

Table H.3 describes the order of synchrophasors inside the data packet.

The VCOMP setting allows correction for any steady-state voltage phase 
errors (from the potential transformers or wiring characteristics). See 
Synchrophasor Measurement on page H.2 for details on this setting.

PHDATAI and ICOMP
PHDATAI selects which current synchrophasors to include in the data packet. 
Consider the burden on your synchrophasor processor and offline storage 
requirements when deciding how much data to transmit. This setting is one of 
the five settings that determine the minimum port SPEED necessary to support 
the synchrophasor data packet rate and size—see Communications Bandwidth 
on page H.10 for detailed information.

➤ PHDATAI := I1 will transmit only positive-sequence current, I1 

➤ PHDATAI := ALL will transmit I1, IA, IB, IC, and IN

➤ PHDATAI := NA will not transmit any currents

Table H.3 describes the order of synchrophasors inside the data packet.

The ICOMP setting allows correction for any steady-state phase errors (from 
the current transformers or wiring characteristics). See Synchrophasor 
Measurement on page H.2 for details on these settings.

NUMANA
Selects the number of user-definable analog values to be included in the 
synchrophasor data stream.

Table H.3 Synchrophasor Order in Data Stream (Voltages and Currents) 

Synchrophasorsa 

a Synchrophasors are included in the order shown (i.e., voltages, if selected, will always precede 
currents).

Included When Global Settings Are as Follows:Polar

Magnitude Angle

V1 V1 PHDATAV := V1 or ALL

VA VA

VB VB PHDATAV := ALL

VC VC

VS VS

I1 I1 PHDATAI := I1 or ALL 

IA IA

IB IB PHDATAI := ALL 

IC IC

IN IN
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This setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size—see 
Communications Bandwidth on page H.10 for detailed information.

The choices for this setting depend on the synchrophasor system design.

➤ Setting NUMANA := 0 sends no user-definable analog values.

➤ Setting NUMANA := 1–4 sends the user-definable analog 
values, as listed in Table H.4. 

The format of the user-defined analog data are always floating point, and each 
value occupies four bytes.

NUMDSW
Selects the number of user-definable digital status words to be included in the 
synchrophasor data stream.

This setting is one of six settings that determine the minimum port SPEED 
necessary to support the synchrophasor data packet rate and size—see 
Communications Bandwidth on page H.10 for detailed information.

The choices for this setting depend on the synchrophasor system design. The 
inclusion of binary data can help indicate breaker status or other operational 
data to the synchrophasor processor.

➤ Setting NUMDSW := 0 sends no user-definable binary status 
words.

➤ Setting NUMDSW := 1 sends the user-definable binary status 
words, as listed in Table H.5. 

Table H.4 User-Defined Analog Values Selected by the NUMANA Setting

NUMANA Setting Analog Quantities Sent
Total Number of Bytes 
Used for Analog Values

0 None 0

1 MV29 4

2 Above, plus MV30 8

3 Above, plus MV31 12

4 Above, plus MV32 16

Table H.5 User-Defined Digital Status Words Selected by the NUMDSW 
Setting

NUMDSW Setting Digital Status Words Sent 
Total Number of Bytes 
Used for Digital Values

0 None 0

1 [SV32, SV31 … SV17] 2



H.8

SEL-751A Relay Instruction Manual Date Code 20220610

Synchrophasors
Synchrophasor Relay Word Bits

TREA1, TREA2, TREA3, TREA4, and PMTRIG
Defines the programmable trigger bits as allowed by IEEE C37.118.

Each of the four Trigger Reason settings, TREA1–TREA4, and the PMU 
Trigger setting, PMTRIG, are SELOGIC control equations in the Global 
settings class. The SEL-751A evaluates these equations and places the results 
in Relay Word bits with the same names: TREA1–TREA4, and PMTRIG. 

The trigger reason equations represent the Trigger Reason bits in the STAT 
field of the data packet. After the trigger reason bits are set to convey a 
message, the PMTRIG equation should be asserted for a reasonable time to 
allow the synchrophasor processor to read the TREA1–TREA4 fields.

The SEL-751A automatically sets the TREA1–TREA4 or PMTRIG Relay 
Word bits based on their default SELOGIC control equations. To change the 
operation of these bits they must be programmed.

These bits may be used to send various messages at a low bandwidth via the 
synchrophasor message stream. Digital Status Words may also be used to send 
binary information directly, without the need to manage the coding of the 
trigger reason messages in SELOGIC.

Use these Trigger Reason bits when your synchrophasor system design 
requires these bits. The SEL-751A synchrophasor processing and protocol 
transmission are not affected by the status of these bits.

IRIGC
Defines whether IEEE C37.118 control bit extensions are in use. Control bit 
extensions contain information such as Leap Second, UTC time, Daylight 
Savings Time, and Time Quality. When your satellite-synchronized clock 
provides these extensions your relay will be able adjust the synchrophasor 
time-stamp accordingly.

➤ IRIGC := NONE will ignore bit extensions

➤ IRIGC := C37.118 will extract bit extensions and correct 
synchrophasor time accordingly

Synchrophasor Relay Word Bits
Table H.6 and Table H.7 list the SEL-751A Relay Word bits that are related to 
synchrophasor measurement. The Synchrophasor Trigger Relay Word bits in 
Table H.6 follow the state of the SELOGIC control equations of the same 
name, listed at the bottom of Table H.1. These Relay Word bits are included in 
the IEEE C37.118 synchrophasor data frame STAT field. See Table H.5 for 
standard definitions for these settings.

NOTE: The PM Trigger function is 
not associated with the SEL-751A 
Event Report Trigger ER, a SELOGIC 
control equation in the Report 
settings class.

Table H.6 Synchrophasor Trigger Relay Word Bits 

Name Description

PMTRIG Trigger (SELOGIC)

TREA4 Trigger Reason Bit 4 (SELOGIC)

TREA3 Trigger Reason Bit 3 (SELOGIC)

TREA2 Trigger Reason Bit 2 (SELOGIC)

TREA1 Trigger Reason Bit 1 (SELOGIC)
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The Time-Synchronization Relay Word bits in Table H.7 indicate the present 
status of the timekeeping function of the SEL-751A.

View Synchrophasors Using the MET PM Command
You can use the MET PM serial port ASCII command to view the SEL-751A 
synchrophasor measurements. See MET Command (Metering Data) on 
page 7.34 for general information on the MET command.

There are multiple ways to use the MET PM command:

➤ As a test tool, to verify connections, phase rotation, and scaling

➤ As an analytical tool, to capture synchrophasor data at an exact 
time, to compare it with similar data captured in other phasor 
measurement unit(s) at the same time

➤ As a method of periodically gathering synchrophasor data 
through a communications processor

The MET PM command displays the same set of analog synchrophasor 
information, regardless of the Global settings PHDATAV, PHDATAI, and 
PHCURR. The MET PM command can function even when no serial ports 
are sending synchrophasor data—it is unaffected by serial port setting 
PROTO.

The MET PM command will only operate when the SEL-751A is in the IRIG 
timekeeping mode, as indicated by Relay Word bit TSOK = logical 1.

Figure H.4 shows a sample MET PM command response. The synchrophasor 
data are also available via the HMI > Meter PM menu in QuickSet, and has a 
similar format to Figure H.4.

NOTE: In order to have the MET PM 
xx:yy:zz response transmitted from a 
serial port, the corresponding port 
must have the AUTO setting set to 
YES (Y).

You can use the MET PM time command to direct the SEL-751A to display 
the synchrophasor for an exact specified time, in 24-hour format. For example, 
entering the command MET PM 14:14:12 will result in a response similar to 
Figure H.4 occurring just after 14:14:12, with the time stamp 14:14:12.000. 

See Section 7: Communications for complete command options, and error 
messages.

Table H.7 Time-Synchronization Relay Word Bits

Name Description

IRIGOK Asserts while relay time is based on IRIG-B time source.

TSOK Time Synchronization OK. Asserts while time is based on an IRIG-B 
time source of sufficient accuracy for synchrophasor measurement.

PMDOK Phasor Measurement Data OK. Asserts when the SEL-751A is enabled 
and synchrophasors are enabled (Global setting EPMU := Y).
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C37.118 Synchrophasor Protocol
The SEL-751A complies with IEEE C37.118, Standard for Synchrophasors 
for Power Systems. The protocol is available on serial ports 2, 3, 4, and F by 
setting the corresponding Port setting PROTO := PMU.

This subsection does not cover the details of the protocol, but highlights some 
of the important features and options that are available.

Settings Affect 
Message Contents

The SEL-751A allows several options for transmitting synchrophasor data. 
These are controlled by Global settings described in Settings for 
Synchrophasors on page H.4. You can select how often to transmit the 
synchrophasor messages (MRATE) and which synchrophasors to transmit 
(PHDATAV and PHDATAI). The SEL-751A automatically includes the 
frequency and rate-of-change of frequency in the synchrophasor messages. 

The relay can include as many as four user-programmable analog values in the 
synchrophasor message, as controlled by Global setting NUMANA, and 0 or 
16 digital status values, as controlled by Global setting NUMDSW.

The SEL-751A always includes the results of four synchrophasor trigger 
reason SELOGIC control equations TREA1, TREA2, TREA3, and TREA4, 
and the trigger SELOGIC control equation result PMTRIG, in the 
synchrophasor message.

Communications 
Bandwidth

A phasor measurement unit (PMU) that is configured to transmit a single 
synchrophasor (positive-sequence voltage, for example) at a message rate of 
once per second places little burden on the communications channel. As more 

=>MET PM <Enter>

SEL-751A                                 Date: 10/24/2008   Time: 02:43:44
FEEDER RELAY                             Time Source: External

Time Quality   Maximum time synchronization error:    0.000 (ms)  TSOK = 0

Synchrophasors

                   Phase Voltages     Sync Voltage  Pos. Seq. Voltage
               VA        VB        VC       VS          V1
MAG (V)      134.14     131.64   128.60   120.79      131.45
ANG (DEG)    129.22     10.57   -111.89   129.50      129.50

                   Phase Currents     Neut. Current Pos. Seq. Current
               IA        IB        IC       IN          I1
MAG (A)     365.40    359.22    379.54     12.00     367.91
ANG (DEG)   114.78     -2.35   -120.40    -26.35     118.65

FREQ (Hz) 60.000
Rate-of-change of FREQ (Hz/s)    0.00

Digitals

SV24    SV23    SV22    SV21    SV20    SV19    SV18    SV17
 0       0       1       0       0       0       1       0
SV32    SV31    SV30    SV29    SV28    SV27    SV26    SV25
 1       0       0       0       1       0       0       0

Analogs

MV29      2.123  MV30      10.450  MV31      -120.300  MV32      40.120  

=>

Figure H.4 Sample MET PM Command Response
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synchrophasors, analog values, or digital status words are added, or if the 
message rate is increased, some communications channel restrictions come 
into play.

The C37.118 synchrophasor message format always includes 18 bytes for the 
message header and terminal ID, time information, status bits, and CRC value. 
The selection of synchrophasor data, numeric format, programmable analog, 
and programmable digital data will add to the byte requirements. You can use 
Table H.8 to calculate the number of bytes in a synchrophasor message.

Table H.9 lists the baud settings available on any SEL-751A serial port 
(setting SPEED), and the maximum message size that can fit within the port 
bandwidth. Blank entries indicate bandwidths of less than 20 bytes.

Referring to Table H.8 and Table H.9, it is clear that the lower SPEED settings 
are very restrictive. 

The smallest practical synchrophasor message would be comprised of one 
digital status word, and this message would consume 24 bytes. This type of 
message could be sent at any message rate (MRATE) when SPEED := 4800 to 
38400, as much as MRATE := 5 when SPEED := 2400, and as much as 
MRATE := 1 when SPEED := 600.

Another example application has messages comprised of nine synchrophasors, 
one digital status word, and two analog values. This type of message would 
consume 68 bytes. The 68-byte message could be sent at any message rate 
(MRATE) when SPEED := 9600. 

Protocol Operation The SEL-751A will only transmit synchrophasor messages over serial ports 
that have setting PROTO := PMU. The connected device will typically be a 
synchrophasor processor, such as the SEL-3306. The synchrophasor processor 
controls the PMU functions of the SEL-751A, with IEEE C37.118 commands, 

Table H.8 Size of a C37.118 Synchrophasor Message

Item
Possible Number

of Quantities 
Bytes 

per Quantity

Minimum 
Number
of Bytes

Maximum 
Number
of Bytes

Fixed 18 18

Synchrophasors 0, 1, 2, 4, 5, 

6, 9, or 10

4 0 40

Frequency 2 (fixed) 2 4 4

Analog Values 0–4 4 0 16

Digital Status 
Words

0–1 2 0 2

Total (Minimum and Maximum) 22 80

Table H.9 Serial Port Bandwidth for Synchrophasors (in Bytes)

Global 
Setting 
MRATE

Port Setting SPEED

300 600 1200 2400 4800 9600 19200 38400

1 21 42 85 170 340 680 1360 2720

2 21 42 85 170 340 680 1360

5 34 68 136 272 544

10 34 68 136 272
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including commands to start and stop synchrophasor data transmission, and 
commands to request a configuration block from the relay, so the 
synchrophasor processor can automatically build a database structure.

Transmit Mode Control
The SEL-751A will not begin transmitting synchrophasors until an enable 
message is received from the synchrophasor processor. The relay will stop 
synchrophasor transmission when the appropriate command is received from 
the synchrophasor processor. The SEL-751A can also indicate when a 
configuration change occurs, so the synchrophasor processor can request a 
new configuration block and keep its database up-to-date.

The SEL-751A will only respond to configuration block request messages 
when it is in the non-transmitting mode.

NOTE: Only one serial port can be 
set to PROTO:=PMU at one time.
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Overview
MIRRORED BITS is a direct relay-to-relay communications protocol that allows 
IEDs to exchange information quickly, securely, and with minimal expense. 
Use MIRRORED BITS for functions such as remote control and remote sensing. 
The SEL-751A Feeder Protection Relay supports two MIRRORED BITS 
communications channels, designated A and B. Use the port setting PROTO to 
assign one of the MIRRORED BITS communications channels to a serial port; 
PROTO:=MBA for MIRRORED BITS communications Channel A or 
PROTO:=MBB for MIRRORED BITS communications Channel B. MIRRORED 
BITS are either Transmit MIRRORED BITS (TMB) or Received MIRRORED BITS 
(RMB). Transmit MIRRORED BITS include TMB1A–TMB8A (channel A) and 
TMB1B–TMB8B (channel B). The last letter (A or B) designates with which 
channel the bits are associated. Received bits include RMB1A–RMB8A and 
RMB1B–RMB8B. Control the transmit MIRRORED BITS in SELOGIC control 
equations. Use the received MIRRORED BITS as arguments in SELOGIC control 
equations. The channel status bits are ROKA, RBADA, CBADA, LBOKA, 
ROKB, RBADB, CBADB, and LBOKB. You can also use these channel 
status bits as arguments in SELOGIC control equations. Use the COM 
command (see Section 7: Communications) for additional channel status 
information.

Because of different applications, the SEL product range supports several 
variations of the MIRRORED BITS communications protocol. Through port 
settings, you can set the SEL-751A for compatible operation with SEL-300 
series devices, SEL-2505 Remote I/O Modules, and SEL-2100 Logic 
Processors. When communicating with an SEL-400 series relay, be sure to set 
the transmission mode setting in the SEL-400 series relay to paced 
transmission (TXMODE := P).

Operation
Message 
Transmission

In the SEL-751A, the MIRRORED BITS transmission rate is a function of both 
the data rate and the power system cycle. At data rates slower than 9600, the 
SEL-751A transmits MIRRORED BITS as fast as possible for the given rate. At 
rates at and faster than 9600 bps the SEL-751A self-paces, using a technique 
similar to the SEL-400 series pacing mode. There are no settings to enable or 
disable the self-pacing mode; the SEL-751A automatically enters the self-
pacing mode at data rates of 9600, 19200, and 38400. Table I.1 shows the 
transmission rates of the MIRRORED BITS messages at different rates.

IMPORTANT: Be sure to configure 
the port before connecting to a 
MIRRORED BITS device. If you connect 
an unconfigured port to a MIRRORED 
BITS device, the device will appear to 
be locked up.

NOTE: Complete all of the port 
settings for a port that you use for 
MIRRORED BITS communications before 
you connect an external MIRRORED BITS 
communications device. If you 
connect a MIRRORED BITS 
communications device to a port that 
is not set for MIRRORED BITS 
communications operation, the port 
will be continuously busy.
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Transmitting at longer intervals for data rates faster than 9600 avoids 
overflowing relays that receive MIRRORED BITS at a slower rate.

Message Reception 
Overview

During synchronized MIRRORED BITS communications with the 
communications channel in normal state, the relay decodes and checks each 
received message. If the message is valid, the relay sends each received logic 
bit (RMBn, where n = 1 through 8) to the corresponding pickup and dropout 
security counters, that in turn set or clear the RMBnA and RMBnB relay 
element bits.

Message Decoding 
and Integrity Checks

Set the RX_ID of the local SEL-751A to match the TX_ID of the remote 
SEL-751A. The SEL-751A provides indication of the status of each 
MIRRORED BITS communications channel with Relay Word bits ROKA 
(receive OK) and ROKB. During normal operation, the relay sets the ROKc 
(c = A or B). Upon detecting any of the following conditions, the relay clears 
the ROKc bit when:

➤ The relay is disabled.

➤ MIRRORED BITS communications is not enabled.

➤ Parity, framing, or overrun errors.

➤ Receive message identification error.

➤ No message received in the time three messages have been sent 
when PROTO = MBc, or seven messages have been sent when 
PROTO = MB8c.

➤ Loopback is enabled.

The relay asserts ROKc only after successful synchronization as described in 
the following text and two consecutive messages pass all of the data checks 
described previously. After ROKc is reasserted, received data may be delayed 
while passing through the security counters described in the following text.

While ROKc is deasserted, the relay does not transfer new RMB data to the 
pickup-dropout security counters described in the following text. Instead, the 
relay sends one of the user-definable default values to the security counter 
inputs. For each RMBn, use the RXDFLT setting to determine the default state 
the MIRRORED BITS should use in place of received data if the relay detects an 
error condition. The setting is a mask of 1s, 0s, and/or Xs (for RMB1A–
RMB8A), where X represents the most recently received valid value. The 
positions of the 1s and 0s correspond to the respective positions of the 
MIRRORED BITS in the Relay Word bits (see Appendix J: Relay Word Bits). 
Table I.2 is an extract of Appendix J: Relay Word Bits, showing the positions 
of the MIRRORED BITS.

Table I.1 Number of MIRRORED BITS Messages for Different Rates

Rate Transmission Rate of MIRRORED BITS Packets

2400 15 ms

4800 7.5 ms

9600 4 times a power system cycle (automatic pacing mode)

19200 4 times a power system cycle (automatic pacing mode)

38400 4 times a power system cycle (automatic pacing mode)
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Table I.3 shows an example of the values of the MIRRORED BITS for a 
RXDFLT setting of 10100111.

Individual pickup and dropout security counters supervise the movement of 
each received data bit into the corresponding RMBn element. You can set each 
pickup/dropout security counter from 1 to 8. A setting of 1 causes a security 
counter to pass every occurrence, while a setting of 8 causes a counter to wait 
for eight consecutive occurrences in the received data before updating the data 
bits. The pickup and dropout security count settings are separate. Control the 
security count settings with the settings RMBnPU and RMBnDO.

A pickup/dropout security counter operates identically to a pickup/dropout 
timer, except that the counter uses units of counted received messages instead 
of time. Select a setting for the security counter in accordance with the 
transmission rate (see Table I.1). For example, when transmitting at 2400 
baud, a security counter set to 2 counts delays a bit by about 30 ms. However, 
when operating at 9600 baud, a setting of 2 counts delays a bit by about 
8.5 ms.

You must consider the impact of the security counter settings in the receiving 
relay to determine the channel timing performance, particularly when two 
relays of different processing rates are communicating via MIRRORED BITS, 
such as an SEL-321 and an SEL-751A. The SEL-321 processes power system 
information each 1/8 power system cycle, but, when transmitting at 19200 
baud, the SEL-751A processes MIRRORED BITS messages at 4.15 ms at 60 Hz 
(4 times per power system cycle at 60 Hz). Although the SEL-321 processes 
power system information each 1/8 power system cycle, the relay processes 
the MIRRORED BITS pickup/dropout security counters as MIRRORED BITS 
messages are received. Because the SEL-751A transmits messages at 
approximately 1/4-cycle processing interval (9600 baud and faster, see 
Table I.1), a counter set to two in the SEL-321 delays a received bit by another 
approximately 1/2 cycle. However, a security counter in the SEL-751A with a 
setting of two delays a received bit from the SEL-321 by 1/4 cycle, because 
the SEL-751A is receiving new MIRRORED BITS messages each 1/8 cycle 
from the SEL-321.

Channel 
Synchronization

When an SEL-751A detects a communications error, it deasserts ROKA or 
ROKB. If an SEL-751A detects two consecutive communications errors, it 
transmits an attention message, which includes the TXID setting. The relay 
transmits an attention message until it receives an attention message that 
includes a match to the TXID setting value. If the attention message is 
successful, the relay has properly synchronized and data transmission 
resumes. If the attention message is not successful, the relay repeats the 
attention message until it is successful.

Table I.2 Positions of the MIRRORED BITS

Bit/
Row

7 6 5 4 3 2 1 0

88 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

90 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

Table I.3 MIRRORED BITS Values for a RXDFLT Setting of 10100111

Bit/
Row

7 6 5 4 3 2 1 0

88 1 0 1 0 0 1 1 1
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In summary, when a relay detects an error, it transmits an attention message 
until it receives an attention message with its own TX_ID included. If three or 
four relays are connected in a ring topology, the attention message will go all 
the way around the loop until the originating relay receives it. The message 
then dies and data transmission resumes. This method of synchronization 
allows the relays to reliably determine which byte is the first byte of the 
message. It also forces unsynchronized UARTs to become resynchronized. On 
the down side, this method takes down the entire loop for a receive error at any 
relay in the loop. This decreases availability. It also makes one-way 
communications impossible.

Loopback Testing Use the LOOP command to enable loopback testing. In the loopback mode, 
you loop the transmit port to the receive port of the same relay to verify 
transmission messages. While in loopback mode, ROKc is deasserted, and 
another user accessible Relay Word bit, LBOKc (Loop Back OK) asserts and 
deasserts based on the received data checks (see the Section 7: 
Communications for the ACSII commands).

Channel Monitoring Based on the results of data checks (described previously), the relay collects 
information regarding the 255 most recent communications errors. Each 
record contains at least the following fields:

➤ DATE—Date when the dropout occurred

➤ TIME—Time when the dropout occurred

➤ RECOVERY_DATE—Date when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ RECOVERY_TIME—Time when the channel returned to 
service (if the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at 
the time the report was requested)

➤ DURATION—Time elapsed during dropout

➤ CAUSE—Reason for dropout (see Message Decoding and 
Integrity Checks on page I.2)

There is a single record for each outage, but an outage can evolve. For 
example, the initial cause could be a data disagreement, but framing errors can 
extend the outage. If the channel is currently failed, it is displayed and 
included in the calculations, as if its recovery were to occur at the time the 
report was requested.

NOTE: Combine error conditions 
including RBADA, RBADB, CBADA, and 
CBADB with other alarm conditions 
using SELOGIC control equations. You 
can use these alarm conditions to 
program the relay to take appropriate 
action when it detects a 
communications channel failure.

When the duration of an outage on Channel A or B exceeds a user-definable 
threshold, the relay asserts a user-accessible Relay Word bit, RBADA or 
RBADB. When channel unavailability exceeds a user-definable threshold for 
Channel A or B, the relay asserts a user-accessible Relay Word bit, CBADA or 
CBADB. Use the COMM command to generate a long or summary report of 
the communications errors.

Use the RBADPU setting to determine how long a channel error must last 
before the meter element RBADA is asserted. RBADA is deasserted when the 
channel error is corrected. RBADPU is accurate to ±1 second.
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Use the CBADPU setting to determine the ratio of channel down time to the 
total channel time before the meter element CBADA is asserted. The times 
used in the calculation are those that are available in the COM records. See the 
COMMUNICATIONS Command in Section 7: Communications for more 
information.

MIRRORED BITS Protocol for the Pulsar 9600 Baud Modem
To use a Pulsar MBT modem, set setting PROTO := MBTA or MBTB (Port 
settings). Setting PROTO := MBTA or MBTB hides setting SPEED (forces 
the baud to 9600), hides setting PARITY (forces parity to a value of 0), hides 
setting RTSCTS (forces RTSCTS to a value of N), and forces the transmit 
time to be faster than double the power system cycle. Table I.4 shows the 
difference in message transmission periods without use of the Pulsar modem 
(PROTO ≠ MBTA or MBTB), and with use of the Pulsar MBT modem 
(PROTO = MBTA or MBTB).

NOTE: You must consider the idle 
time in calculations of data transfer 
latency through a Pulsar MBT modem 
system.

The relay sets RTS to a negative voltage at the EIA-232 connector to signify 
that MIRRORED BITS communications matches this specification.

Settings
Set PROTO = MBA or MB8A to enable the MIRRORED BITS protocol channel 
A on this port. Set PROTO = MBB or MB8B to enable the MIRRORED BITS 
protocol channel B on this port. The standard MIRRORED BITS protocols MBA 
and MBB use a 6-data bit format for data encoding. The MB8 protocols 
MB8A and MB8B use an 8-data bit format, which allows MIRRORED BITS to 
operate on communication channels requiring an 8-data bit format. For the 
remainder of this section, PROTO = MBA is assumed. Table I.5 shows the 
MIRRORED BITS protocol port settings, ranges, and default settings for PORT F, 
PORT 3, and PORT 4.

Table I.4 MIRRORED BITS Communications Message Transmission Period

Baud PROTO ≠ MBTA or MBTB PROTO = MBTA or MBTB

38400 4 times a power system cycle n/a

19200 4 times a power system cycle n/a

9600 4 times a power system cycle 2 times a power system cycle

4800 7.5 ms n/a

Table I.5 MIRRORED BITS Protocol Settings (Sheet 1 of 2)

Setting 
Prompt

Setting Description
Factory-
Default 
Setting

TXID MIRRORED BITS ID of This Device (1–4) 2

RXID MIRRORED BITS ID of Device Receiving From (1–4) 1

RBADPU Outage Duration to Set RBAD (1–10000 seconds) 60

CBADPU Channel Unavailability to Set CBAD (1–10000 ppm) 1000

RXDFLT 8 char string of 1s, 0s, or Xs XXXXXXXX

RMB1PU RMB1 Pickup Debounce Messages (1–8 messages) 1

RMB1DO RMB1 Dropout Debounce Messages (1–8 messages) 1

RMB2PU RMB2 Pickup Debounce Messages (1–8 messages) 1
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RMB2DO RMB2 Dropout Debounce Messages (1–8 messages) 1

RMB3PU RMB3 Pickup Debounce Messages (1–8 messages) 1

RMB3DO RMB3 Dropout Debounce Messages (1–8 messages) 1

RMB4PU RMB4 Pickup Debounce Messages (1–8 messages) 1

RMB4DO RMB4 Dropout Debounce Messages (1–8 messages) 1

RMB5PU RMB5 Pickup Debounce Messages (1–8 messages) 1

RMB5DO RMB5 Dropout Debounce Messages (1–8 messages) 1

RMB6PU RMB6 Pickup Debounce Messages (1–8 messages) 1

RMB6DO RMB6 Dropout Debounce Messages (1–8 messages) 1

RMB7PU RMB7 Pickup Debounce Messages (1–8 messages) 1

RMB7DO RMB7 Dropout Debounce Messages (1–8 messages) 1

RMB8PU RMB8 Pickup Debounce Messages (1–8 messages) 1

RMB8DO RMB8 Dropout Debounce Messages (1–8 messages) 1

Table I.5 MIRRORED BITS Protocol Settings (Sheet 2 of 2)

Setting 
Prompt

Setting Description
Factory-
Default 
Setting
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Overview
The protection and control element results are represented by Relay Word bits 
in the SEL-751A Feeder Protection Relay. Each Relay Word bit has a label 
name and can be in either of the following states:

➤ 1 (logical 1)

➤ 0 (logical 0)

Logical 1 represents an element being picked up or otherwise asserted. 
Logical 0 represents an element being dropped out or otherwise deasserted.

Table J.1 and Table J.2 show a list of Relay Word bits and corresponding 
descriptions. The Relay Word bit row numbers correspond to the row numbers 
used in the TAR command (see TARGET Command (Display Relay Word Bit 
Status) on page 7.44).

You can use any Relay Word bit (except Row 0) in SELOGIC control equations 
(see Section 4: Protection and Logic Functions) and the Sequential Events 
Recorder (SER) trigger list settings (see Section 9: Analyzing Events).

Table J.1 SEL-751A Relay Word Bits (Sheet 1 of 4)

Bit/
Row

Relay Word Bits

7 6 5 4 3 2 1 0

TAR 0 ENABLED TRIP_LED TLED_01 TLED_02 TLED_03 TLED_04 TLED_05 TLED_06

1 50A1P 50B1P 50C1P 50PAF ORED50T ORED51T 50NAF 52A

2 50P1P 50P2P 50P3P 50P4P 50Q1P 50Q2P 50Q3P 50Q4P

3 50P1T 50P2T 50P3T 50P4T 50Q1T 50Q2T 50Q3T 50Q4T

4 50N1P 50N2P 50N3P 50N4P 50G1P 50G2P 50G3P 50G4P

5 50N1T 50N2T 50N3T 50N4T 50G1T 50G2T 50G3T 50G4T

6 51AP 51BP 51CP 51P1P 51P2P 51N1P 51N2P 51QP

7 51AT 51BT 51CT 51P1T 51P2T 51N1T 51N2T 51QT

8 51AR 51BR 51CR 51P1R 51P2R 51N1R 51N2R 51QR

9 51G1P 51G1T 51G1R 51G2P 51G2T 51G2R 27P1 27P1T

10 27P2 27P2T 59P1 59P1T 59P2 59P2T 3P59 3P27

11 81D1T 81D2T 81D3T 81D4T 81D5T 81D6T 55A 55T

12 AMBALRM AMBTRIP OTHALRM OTHTRIP BKMON * BFI BFT

13 LINKA LINKB PMDOK SALARM WARNING TSOK IRIGOK FAULT

14 COMMIDLE COMMLOSS REMTRIP COMMFLT CFGFLT 3PWR1T 3PWR2T LOP

15 TRIP OUT101 OUT102 OUT103 OUT301 OUT302 OUT303 OUT304
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16 OUT401 OUT402 OUT403 OUT404 OUT501 OUT502 OUT503 OUT504

17 IN101 IN102 * * * * * *

18 IN301 IN302 IN303 IN304 IN305 IN306 IN307 IN308

19 IN401 IN402 IN403 IN404 IN405 IN406 IN407 IN408

20 IN501 IN502 IN503 IN504 IN505 IN506 IN507 IN508

21 WDGALRM WDGTRIP BRGALRM BRGTRIP RSTENRGY RSTMXMN RSTDEM RSTPK-
DEM

22 RTDFLT RTDIN TRGTR 3PWR1P 3PWR2P DSABLSET RSTTRGT HALARM

23 RTD1A RTD1T RTD2A RTD2T RTD3A RTD3T RTD4A RTD4T

24 RTD5A RTD5T RTD6A RTD6T RTD7A RTD7T RTD8A RTD8T

25 RTD9A RTD9T RTD10A RTD10T RTD11A RTD11T RTD12A RTD12T

26 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4

27 CLOSE CF RCSF OPTMN RSTMN LINKFAIL PASEL PBSEL

28 SG1 SG2 SG3 * * DI_C DI_B DI_A

29 CC OC * ER ULTRIP TR FREQTRK PMTRIG

30 DNAUX1 DNAUX2 DNAUX3 DNAUX4 DNAUX5 DNAUX6 DNAUX7 DNAUX8

31 DNAUX9 DNAUX10 DNAUX11 RELAY_EN TREA1 TREA2 TREA3 TREA4

32 PB01 PB02 PB03 PB04 PB01_PUL PB02_PUL PB03_PUL PB04_PUL

33 PB1A_LED PB1B_LED PB2A_LED PB2B_LED PB3A_LED PB3B_LED PB4A_LED PB4B_LED

34 CL ULCL T01_LED T02_LED T03_LED T04_LED T05_LED T06_LED

35 LB01 LB02 LB03 LB04 LB05 LB06 LB07 LB08

36 LB09 LB10 LB11 LB12 LB13 LB14 LB15 LB16

37 LB17 LB18 LB19 LB20 LB21 LB22 LB23 LB24

38 LB25 LB26 LB27 LB28 LB29 LB30 LB31 LB32

39 RB01 RB02 RB03 RB04 RB05 RB06 RB07 RB08

40 RB09 RB10 RB11 RB12 RB13 RB14 RB15 RB16

41 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24

42 RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32

43 SV01 SV02 SV03 SV04 SV05 SV06 SV07 SV08

44 SV01T SV02T SV03T SV04T SV05T SV06T SV07T SV08T

45 SV09 SV10 SV11 SV12 SV13 SV14 SV15 SV16

46 SV09T SV10T SV11T SV12T SV13T SV14T SV15T SV16T

47 SV17 SV18 SV19 SV20 SV21 SV22 SV23 SV24

48 SV17T SV18T SV19T SV20T SV21T SV22T SV23T SV24T

49 SV25 SV26 SV27 SV28 SV29 SV30 SV31 SV32

50 SV25T SV26T SV27T SV28T SV29T SV30T SV31T SV32T

51 LT01 LT02 LT03 LT04 LT05 LT06 LT07 LT08

52 LT09 LT10 LT11 LT12 LT13 LT14 LT15 LT16

53 LT17 LT18 LT19 LT20 LT21 LT22 LT23 LT24

54 LT25 LT26 LT27 LT28 LT29 LT30 LT31 LT32
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55 SC01QU SC02QU SC03QU SC04QU SC05QU SC06QU SC07QU SC08QU

56 SC01QD SC02QD SC03QD SC04QD SC05QD SC06QD SC07QD SC08QD

57 SC09QU SC10QU SC11QU SC12QU SC13QU SC14QU SC15QU SC16QU

58 SC09QD SC10QD SC11QD SC12QD SC13QD SC14QD SC15QD SC16QD

59 SC17QU SC18QU SC19QU SC20QU SC21QU SC22QU SC23QU SC24QU

60 SC17QD SC18QD SC19QD SC20QD SC21QD SC22QD SC23QD SC24QD

61 SC25QU SC26QU SC27QU SC28QU SC29QU SC30QU SC31QU SC32QU

62 SC25QD SC26QD SC27QD SC28QD SC29QD SC30QD SC31QD SC32QD

63 AILW1 AILW2 AILAL * AIHW1 AIHW2 AIHAL *

64 AI301LW1 AI301LW2 AI301LAL * AI301HW1 AI301HW2 AI301HAL *

65 AI302LW1 AI302LW2 AI302LAL * AI302HW1 AI302HW2 AI302HAL *

66 AI303LW1 AI303LW2 AI303LAL * AI303HW1 AI303HW2 AI303HAL *

67 AI304LW1 AI304LW2 AI304LAL * AI304HW1 AI304HW2 AI304HAL *

68 AI305LW1 AI305LW2 AI305LAL * AI305HW1 AI305HW2 AI305HAL *

69 AI306LW1 AI306LW2 AI306LAL * AI306HW1 AI306HW2 AI306HAL *

70 AI307LW1 AI307LW2 AI307LAL * AI307HW1 AI307HW2 AI307HAL *

71 AI308LW1 AI308LW2 AI308LAL * AI308HW1 AI308HW2 AI308HAL *

72 AI401LW1 AI401LW2 AI401LAL * AI401HW1 AI401HW2 AI401HAL *

73 AI402LW1 AI402LW2 AI402LAL * AI402HW1 AI402HW2 AI402HAL *

74 AI403LW1 AI403LW2 AI403LAL * AI403HW1 AI403HW2 AI403HAL *

75 AI404LW1 AI404LW2 AI404LAL * AI404HW1 AI404HW2 AI404HAL *

76 AI405LW1 AI405LW2 AI405LAL * AI405HW1 AI405HW2 AI405HAL *

77 AI406LW1 AI406LW2 AI406LAL * AI406HW1 AI406HW2 AI406HAL *

78 AI407LW1 AI407LW2 AI407LAL * AI407HW1 AI407HW2 AI407HAL *

79 AI408LW1 AI408LW2 AI408LAL * AI408HW1 AI408HW2 AI408HAL *

80 AI501LW1 AI501LW2 AI501LAL * AI501HW1 AI501HW2 AI501HAL *

81 AI502LW1 AI502LW2 AI502LAL * AI502HW1 AI502HW2 AI502HAL *

82 AI503LW1 AI503LW2 AI503LAL * AI503HW1 AI503HW2 AI503HAL *

83 AI504LW1 AI504LW2 AI504LAL * AI504HW1 AI504HW2 AI504HAL *

84 AI505LW1 AI505LW2 AI505LAL * AI505HW1 AI505HW2 AI505HAL *

85 AI506LW1 AI506LW2 AI506LAL * AI506HW1 AI506HW2 AI506HAL *

86 AI507LW1 AI507LW2 AI507LAL * AI507HW1 AI507HW2 AI507HAL *

87 AI508LW1 AI508LW2 AI508LAL * AI508HW1 AI508HW2 AI508HAL *

88 RMB8A RMB7A RMB6A RMB5A RMB4A RMB3A RMB2A RMB1A

89 TMB8A TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A

90 RMB8B RMB7B RMB6B RMB5B RMB4B RMB3B RMB2B RMB1B

91 TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMB1B

92 LBOKB CBADB RBADB ROKB LBOKA CBADA RBADA ROKA

93 VB001 VB002 VB003 VB004 VB005 VB006 VB007 VB008

94 VB009 VB010 VB011 VB012 VB013 VB014 VB015 VB016
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95 VB017 VB018 VB019 VB020 VB021 VB022 VB023 VB024

96 VB025 VB026 VB027 VB028 VB029 VB030 VB031 VB032

97 VB033 VB034 VB035 VB036 VB037 VB038 VB039 VB040

98 VB041 VB042 VB043 VB044 VB045 VB046 VB047 VB048

99 VB049 VB050 VB051 VB052 VB053 VB054 VB055 VB056

100 VB057 VB058 VB059 VB060 VB061 VB062 VB063 VB064

101 VB065 VB066 VB067 VB068 VB069 VB070 VB071 VB072

102 VB073 VB074 VB075 VB076 VB077 VB078 VB079 VB080

103 VB081 VB082 VB083 VB084 VB085 VB086 VB087 VB088

104 VB089 VB090 VB091 VB092 VB093 VB094 VB095 VB096

105 VB097 VB098 VB099 VB100 VB101 VB102 VB103 VB104

106 VB105 VB106 VB107 VB108 VB109 VB110 VB111 VB112

107 VB113 VB114 VB115 VB116 VB117 VB118 VB119 VB120

108 VB121 VB122 VB123 VB124 VB125 VB126 VB127 VB128

109 PHDEM 3I2DEM GNDEM * BCWA BCWB BCWC BCW

110 59VP 59VS AFALARM SF 25A1 25A2 DCHI DCLO

111 59S1 59S1T 59S2 59S2T 27S1 27S1T 27S2 27S2T

112 TQUAL1 TQUAL2 TQUAL4 TQUAL8 DST DSTP LPSEC LPSECP

113 TSNTPB TSNTPP TUTCS TUTC1 TUTC2 TUTC4 TUTC8 TUTCH

114 59G1 59G1T 59G2 59G2T 59Q1 59Q1T 59Q2 59Q2T

115 81R1T 81R2T 81R3T 81R4T AFS1DIAG AFS2DIAG  AFS3DIAG AFS4DIAG

116 TOL1 TOL2 TOL3 TOL4 AFS1EL AFS2EL  AFS3EL AFS4EL

117 LOPBLK MATHERR * * PHASE_A PHASE_B PHASE_C GFLT

118 * * * 81RFBLK 81RFT 81RFBL 81RFP 81RFI

119 * * * * * * * *
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* Reserved for future use. —

3I2DEM Negative-Sequence Demand Pickup. 109

3P27 3-Phase Undervoltage Trip Pickup (all phases less than the 27P1P setting). 10

3P59 3-Phase Overvoltage Trip Pickup (all phases exceeding 59P1P setting). 10

3PWR1P 3-Phase Power Element 1 Pickup. 22

3PWR1T 3-Phase Power Element 1 Trip. 14

3PWR2P 3-Phase Power Element 2 Pickup. 22

3PWR2T 3-Phase Power Element 2 Trip. 14
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25A1 Synchronism-Check Element Level 1 Pickup. 110

25A2 Synchronism-Check Element Level 2 Pickup. 110

27P1 Phase Undervoltage Trip 1 Pickup (see Figure 4.20). 9

27P1T Phase Undervoltage Trip 1 Output (see Figure 4.20). 9

27P2 Phase Undervoltage Trip 2 Pickup (see Figure 4.20). 10

27P2T Phase Undervoltage Trip 2 Output (see Figure 4.20). 10

27S1 Level 1 VS Channel Undervoltage Element Pickup 111

27S1T Level 1 VS Channel Undervoltage Element With Time Delay 111

27S2 Level 2 VS Channel Undervoltage Element Pickup 111

27S2T Level 2 VS Channel Undervoltage Element With Time Delay 111

50G1P Definite-Time Residual Overcurrent Trip 1 Pickup (see Figure 4.1). 4

50G1T Definite-Time Residual Overcurrent Trip 1 Output (see Figure 4.1). 5

50G2P Definite-Time Residual Overcurrent Trip 2 Pickup (see Figure 4.1). 4

50G2T Definite-Time Residual Overcurrent Trip 2 Output (see Figure 4.1). 5

50G3P Definite-Time Residual Overcurrent Trip 3 Pickup (see Figure 4.1). 4

50G3T Definite-Time Residual Overcurrent Trip 3 Output (see Figure 4.1). 5

50G4P Definite-Time Residual Overcurrent Trip 4 Pickup (see Figure 4.1). 4

50G4T Definite-Time Residual Overcurrent Trip 4 Output (see Figure 4.1). 5

50N1P Definite-Time Neutral Overcurrent Trip 1 Pickup (see Figure 4.1). 4

50N1T Definite-Time Neutral Overcurrent Trip 1 Output (see Figure 4.1). 5

50N2P Definite-Time Neutral Overcurrent Trip 2 Pickup (see Figure 4.1). 4

50N2T Definite-Time Neutral Overcurrent Trip 2 Output (see Figure 4.1). 5

50N3P Definite-Time Neutral Overcurrent Trip 3 Pickup (see Figure 4.1). 4

50N3T Definite-Time Neutral Overcurrent Trip 3 Output (see Figure 4.1). 5

50N4P Definite-Time Neutral Overcurrent Trip 4 Pickup (see Figure 4.1). 4

50N4T Definite-Time Neutral Overcurrent Trip 4 Output (see Figure 4.1). 5

50NAF Sample-Based Neutral Overcurrent Element (Arc-Flash Protection) 1

50P1P Definite-Time Phase Overcurrent Trip 1 Pickup (see Figure 4.1). 2

50P1T Definite-Time Phase Overcurrent Trip 1 Output (see Figure 4.1). 3

50P2P Definite-Time Phase Overcurrent Trip 2 Pickup (see Figure 4.1). 2

50P2T Definite-Time Phase Overcurrent Trip 2 Output (see Figure 4.1). 3

50P3P Definite-Time Phase Overcurrent Trip 3 Pickup (see Figure 4.1). 2

50P3T Definite-Time Phase Overcurrent Trip 3 Output (see Figure 4.1). 3

50P4P Definite-Time Phase Overcurrent Trip 4 Pickup (see Figure 4.1). 2

50P4T Definite-Time Phase Overcurrent Trip 4 Output (see Figure 4.1). 3

50PAF Sample-Based Phase Overcurrent Element (Arc-Flash Protection) 1

50Q1P Definite-Time Negative-Sequence Overcurrent Trip 1 Pickup (see Figure 4.1). 2

50Q1T Definite-Time Negative-Sequence Overcurrent Trip 1 Output (see Figure 4.1). 3

50Q2P Definite-Time Negative-Sequence Overcurrent Trip 2 Pickup (see Figure 4.1). 2

50Q2T Definite-Time Negative-Sequence Overcurrent Trip 2 Output (see Figure 4.1). 3

50Q3P Definite-Time Negative-Sequence Overcurrent Trip 3 Pickup (see Figure 4.1). 2

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 2 of 11)
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50Q3T Definite-Time Negative-Sequence Overcurrent Trip 3 Output (see Figure 4.1). 3

50Q4P Definite-Time Negative-Sequence Overcurrent Trip 4 Pickup (see Figure 4.1). 2

50Q4T Definite-Time Negative-Sequence Overcurrent Trip 4 Output (see Figure 4.1). 3

51AP Phase A Time-Overcurrent Element Pickup (see Figure 4.5). 6

51AR Phase A Time-Overcurrent Element Reset (see Figure 4.5). 8

51AT Phase A Time-Overcurrent Element Trip (see Figure 4.5). 7

51BP Phase B Time-Overcurrent Element Pickup (see Figure 4.5). 6

51BR Phase B Time-Overcurrent Element Reset (see Figure 4.5). 8

51BT Phase B Time-Overcurrent Element Trip (see Figure 4.5). 7

51CP Phase C Time-Overcurrent Element Pickup (see Figure 4.5). 6

51CR Phase C Time-Overcurrent Element Reset (see Figure 4.5). 8

51CT Phase C Time-Overcurrent Element Trip (see Figure 4.5). 7

51G1P Residual Time-Overcurrent Trip 1 Pickup (see Figure 4.9). 9

51G1R Residual Time-Overcurrent Trip 1 Reset (see Figure 4.9). 9

51G1T Residual Time-Overcurrent Trip 1 Output (see Figure 4.9). 9

51G2P Residual Time-Overcurrent Trip 2 Pickup (see Figure 4.9). 9

51G2R Residual Time-Overcurrent Trip 2 Reset (see Figure 4.9). 9

51G2T Residual Time-Overcurrent Trip 2 Output (see Figure 4.9). 9

51N1P Neutral Time-Overcurrent Trip 1 Pickup (see Figure 4.8). 6

51N1R Neutral Time-Overcurrent Trip 1 Reset (see Figure 4.8). 8

51N1T Neutral Time-Overcurrent Trip 1 Output (see Figure 4.8). 7

51N2P Neutral Time-Overcurrent Trip 2 Pickup (see Figure 4.8). 6

51N2R Neutral Time-Overcurrent Trip 2 Reset (see Figure 4.8). 8

51N2T Neutral Time-Overcurrent Trip 2 Output (see Figure 4.8). 7

51P1P Maximum Phase Time-Overcurrent Trip 1 Pickup (see Figure 4.6). 6

51P1R Maximum Phase Time-Overcurrent Trip 1 Reset (see Figure 4.6). 8

51P1T Maximum Phase Time-Overcurrent Trip 1 Output (see Figure 4.6). 7

51P2P Maximum Phase Time-Overcurrent Trip 2 Pickup (see Figure 4.6). 6

51P2R Maximum Phase Time-Overcurrent Trip 2 Reset (see Figure 4.6). 8

51P2T Maximum Phase Time-Overcurrent Trip 2 Output (see Figure 4.6). 7

51QP Negative-Sequence Time-Overcurrent Element Pickup (see Figure 4.7). 6

51QR Negative-Sequence Time-Overcurrent Element Reset (see Figure 4.7). 8

51QT Negative-Sequence Time-Overcurrent Element Trip Output (see Figure 4.7). 7

52A Asserts when the SELOGIC control equation 52A result is logical 1. Use to indicate that the cir-
cuit breaker is closed.

1

55A Power Factor Alarm. Asserts when the relay issues a power factor element alarm/warning (see 
Figure 4.27).

11

55T Power Factor Trip. Asserts when the relay issues a power factor element alarm or trip (see 
Figure 4.27).

11

59G1 Level 1 Zero-Sequence Overvoltage Element Pickup. 114

59G1T Level 1 Zero-Sequence Overvoltage Element Trip. 114

59G2 Level 2 Zero-Sequence Overvoltage Element Pickup. 114

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 3 of 11)
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59G2T Level 2 Zero-Sequence Overvoltage Element Trip. 114

59P1 Phase Overvoltage Trip 1 Pickup (see Figure 4.21). 10

59P1T Phase Overvoltage Trip 1 Output (see Figure 4.21). 10

59P2 Phase Overvoltage Trip 2 Pickup (see Figure 4.21). 10

59P2T Phase Overvoltage Trip 2 Output (see Figure 4.21). 10

59Q1 Level 1 Negative-Sequence Overvoltage Element Pickup. 114

59Q1T Level 1 Negative-Sequence Overvoltage Element Trip. 114

59Q2 Level 2 Negative-Sequence Overvoltage Element Pickup. 114

59Q2T Level 2 Negative-Sequence Overvoltage Element Trip. 114

59S1 Level 1 VS Channel Overvoltage Element Pickup. 111

59S1T Level 1 VS Channel Overvoltage Element With Time Delay. 111

59S2 Level 2 VS Channel Overvoltage Element Pickup. 111

59S2T Level 2 VS Channel Overvoltage Element With Time Delay. 111

59VP Phase Voltage window element (selected phase voltage [VP] between settings 25VLO and 
25VHI).

110

59VS VS Channel Voltage window element (selected phase voltage [VS] between settings 25VLO and 
25VHI). 

110

79RS Reclosing Relay in Reset State. 26

79CY Reclosing Relay in Reclose Cycle State. 26

79LO Reclosing Relay in Lockout State. 26

81D1T Definite-Time Over- and Underfrequency Element (Trip Level 1). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D2T Definite-Time Over- and Underfrequency Element (Trip Level 2). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D3T Definite-Time Over- and Underfrequency Element (Trip Level 3). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D4T Definite-Time Over- and Underfrequency Element (Trip Level 4). Asserts when the frequency 
has been either greater or less than the element set point for a definite time (see Figure 4.29).

11

81D5T Definite-Time Over- and Underfrequency Element (Trip Level 5). Asserts when the frequency 
has been either greater or less than the element set point for a definite time. (see Figure 4.29).

11

81D6T Definite-Time Over- and Underfrequency Element (Trip Level 6). Asserts when the frequency 
has been either greater or less than the element set point for a definite time. (see Figure 4.29).

11

81R1T Level 1 Rate-of-change-of-frequency element trip. 115

81R2T Level 2 Rate-of-change-of-frequency element trip. 115

81R3T Level 3 Rate-of-change-of-frequency element trip. 115

81R4T Level 4 Rate-of-change-of-frequency element trip. 115

81RFBLK Fast Rate-of-change-of-frequency overall block logic output 118

81RFT Fast Rate-of-change-of-frequency trip output 118

81RFBL Fast Rate-of-change-of-frequency block output SELOGIC 118

81RFP Fast Rate-of-change-of-frequency pickup 118

81RFI Fast Rate-of-change-of-frequency initiate 118

AFS1DIAG Arc-Flash Sensor input 1 diagnostic failure. 115

AFS2DIAG Arc-Flash Sensor input 2 diagnostic failure. 115

AFS3DIAG Arc-Flash Sensor input 3 diagnostic failure. 115

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 4 of 11)
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AFS4DIAG Arc-Flash Sensor input 4 diagnostic failure. 115

AFALARM Arc-Flash system integrity alarm, logical OR of all AF diagnostics and excessive light bits 
(AFSnDIAG & AFSnSEL)

110

AFS1EL Arc-Flash Sensor Input 1 excessive ambient light pickup for 10 seconds. 116

AFS2EL Arc-Flash Sensor Input 2 excessive ambient light pickup for 10 seconds. 116

AFS3EL Arc-Flash Sensor Input 3 excessive ambient light pickup for 10 seconds. 116

AFS4EL Arc-Flash Sensor Input 4 excessive ambient light pickup for 10 seconds. 116

AIHAL Analog inputs High Alarm Limit. If any AIxxxHAL = 1, then AIHAL = 1. 63

AIHW1 Analog inputs High Warning, Level 1. If any AIxxxHW1 = 1, then AIHW1 = 1. 63

AIHW2 Analog inputs High Warning, Level 2. If any AIxxxHW2 = 1, then AIHW2 = 1. 63

AILAL Analog inputs Low Alarm Limit. If any AIxxxLAL = 1, then AILAL = 1. 63

AILW1 Analog inputs Low Warning, Level 1. If any AIxxxLW1 = 1, then AILW1 = 1. 63

AILW2 Analog inputs Low Warning, Level 2. If any AIxxxLW2 = 1, then AILW2 = 1. 63

AIxxxHAL Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Alarm Limit. 64–87

AIxxxHW1 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Warning, Level 1. 64–87

AIxxxHW2 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) High Warning, Level 2. 64–87

AIxxxLAL Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Alarm Limit. 64–87

AIxxxLW1 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Warning, Level 1. 64–87

AIxxxLW2 Analog inputs 301–508 Warnings/Alarms (where xxx = 301–508) Low Warning, Level 2. 64–87

AMBALRM Ambient Temperature Alarm. Asserts if the healthy ambient RTD temperature exceeds the alarm/
warning set point for that temperature. 

12

AMBTRIP Ambient Temperature Trip. Asserts when the healthy ambient RTD temperature exceeds its trip 
set point.

12

BCWA Phase A breaker contact wear has reached the 100 percent wear level. 109

BCWB Phase B breaker contact wear has reached the 100 percent wear level. 109

BCWC Phase C breaker contact wear has reached the 100 percent wear level. 109

BCW BCWA OR BCWB OR BCWC has asserted. 109

BFI Breaker Failure Initiation. Asserts when the SELOGIC control equation BFI result in a logical 1. 12

BFT Breaker Failure Trip. Asserts when the relay issues a breaker failure trip (see Figure 4.55). 12

BKMON SELOGIC control equation BKMON asserts (initiates breaker monitoring (see Figure 5.19) 12

BRGALRM

BRGTRIP

Bearing Temperature Alarm and Trip. BRGALRM asserts when any healthy bearing RTD tem-
perature exceeds the corresponding alarm set point. BRGTRIP asserts when one or two (when 
EBRGV = Y) healthy bearing RTD temperatures exceed corresponding trip set points.

21

CBADA Channel A, channel unavailability over threshold. 92

CBADB Channel B, channel unavailability over threshold. 92

CC Close command—asserts when serial port command CLOSE or front-panel or Modbus/Devi-
ceNet CLOSE command is issued (see Table 4.27 and Figure 4.34).

29

CF Close condition failure–asserts for 1/4 cycle. 27

CFGFLT Asserts on failed settings interdependency check during Modbus setting change. 14

CL Close SELOGIC control equation. 34

CLOSE Close logic output. 27

COMMFLT Time-out of internal communication between CPU board and DeviceNet board. 14

COMMIDLE DeviceNet Card in programming mode. 14

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 5 of 11)
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COMMLOSS DeviceNet Card communication failure. 14

DCHI Station dc battery instantaneous overvoltage element pickup. 110

DCLO Station dc battery instantaneous undervoltage element pickup. 110

DI_A Distortion index phase A (see Overcurrent Elements on page 4.5). 28

DI_B Distortion index phase B (see Overcurrent Elements on page 4.5). 28

DI_C Distortion index phase C (see Overcurrent Elements on page 4.5). 28

DNAUXn DeviceNet/Modbus AUXn assert bit, where n = 1 to 8. 30

DNAUXn DeviceNet/Modbus AUXn assert bit, where n = 9 to 11. 31

DSABLSET Settings changes not allowed from the front-panel interface—when asserted. 22

DST Daylight Savings Time (Synchrophasors). 112

DSTP Daylight Savings Time Pending (Synchrophasors). 112

ENABLED Relay Enabled. 0

ER Event report trigger SELOGIC control equation (see Table 4.69). 29

FAULT Fault indication. Asserts when the SELOGIC control equation FAULT result in a logical 1. 13

FREQTRK Asserts when relay is tracking frequency. 29

GFLT Ground fault. The GFLT bit asserts if any one of the residual overcurrent or residual time-
overcurrent Relay Word bits pick up. The GFLT bit asserts for a fixed duration of 
(LER-PRE-0.75) cycles.

117

GNDEM Zero-Sequence Current Demand Pickup 109

HALARM Hardware alarm (see Self-Test on page 10.12). 22

IN101 Contact input. 17

IN102 Contact input. 17

INnnn Contact input nnn, where nnn = 301 to 304 (available only with optional I/O module). 18

INnnn Contact input nnn, where nnn = 401 to 404 (available only with optional I/O module). 19

INnnn Contact input nnn, where nnn = 501 to 504 (available only with optional I/O module). 20

IRIGOK IRIG-B input OK. 13

LB01 to LB08 Local Bit n asserted, where n = 1 to 8. 35

LB09 to LB16 Local Bit n asserted, where n = 9 to 16. 36

LB17 to LB24 Local Bit n asserted, where n = 17 to 24. 37

LB25 to LB32 Local Bit n asserted, where n = 25 to 32. 38

LBOKA Channel A, looped back ok. 92

LBOKB Channel B, looped back ok. 92

LINKA Assert if Ethernet Port A detects link. 13

LINKB Assert if Ethernet Port B detects link 13

LINKFAIL Failure of active Ethernet port link 27

LOP Loss-of-Potential logic asserted (see Figure 4.28). 14

LOPBLK SELOGIC equation to block LOP element from asserting 117

LPSEC Direction of the upcoming leap second. During the time that LPSECP is asserted, if LPSEC is 
asserted, the upcoming leap second is deleted; otherwise, the leap second is added (synchropha-
sors)

112

LPSECP Leap second pending (synchrophasors) 112

LTnn Latch Bit nn asserted, where nn = 01 to 08 (see Figure 4.48). 51

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 6 of 11)
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LTnn Latch Bit nn asserted, where nn = 09 to 16 (see Figure 4.48). 52

LTnn Latch Bit nn asserted, where nn = 17 to 24 (see Figure 4.48). 53

LTnn Latch Bit nn asserted, where nn = 25 to 32 (see Figure 4.48). 54

MATHERR SELOGIC math error bit asserted for divide-by-zero, etc., in SELOGIC math functions. 117

OC Open command—asserts when serial port command OPEN or front-panel or Modbus/DeviceNet 
OPEN command is issued (see Table 4.27 and Figure 4.33).

29

OPTMN Open interval timer is timing. 27

ORED50T Logical OR of all the instantaneous overcurrent elements tripped outputs (see Figure 4.1). 1

ORED51T Logical OR of all the time-overcurrent elements tripped outputs (see Figure 4.5 through 
Figure 4.9).

1

OTHALRM Other Temperature Alarm. Asserts when any healthy Other RTD temperature exceeds the alarm/
warning set point for that temperature.

12

OTHTRIP Other Temperature Trip. Asserts when one (or more) healthy Other RTD temperature exceeds the 
trip set points.

12

OUT101 Control equation for contact output. 15

OUT102 Control equation for contact output. 15

OUT103 Control equation for contact output. 15

OUT301 Control equation for contact output (available only with optional I/O module). 15

OUT302 Control equation for contact output (available only with optional I/O module). 15

OUT303 Control equation for contact output (available only with optional I/O module). 15

OUT304 Control equation for contact output (available only with optional I/O module). 16

OUT401 Control equation for contact output (available only with optional I/O module). 16

OUT402 Control equation for contact output (available only with optional I/O module). 16

OUT403 Control equation for contact output (available only with optional I/O module). 16

OUT404 Control equation for contact output (available only with optional I/O module). 16

OUT501 Control equation for contact output (available only with optional I/O module). 16

OUT502 Control equation for contact output (available only with optional I/O module). 16

OUT503 Control equation for contact output (available only with optional I/O module). 16

OUT504 Control equation for contact output (available only with optional I/O module). 16

PASEL Ethernet Port A is active. 27

PBSEL Ethernet Port B is active. 27

PB01 Front-panel pushbutton 1 bit. 32

PB01_PUL Front-panel pushbutton 1 pulse bit (asserted for one processing interval when PB01 is pressed). 32

PB02 Front-panel pushbutton 2 bit. 32

PB02_PUL Front-panel pushbutton 2 pulse bit (asserted for one processing interval when PB02 is pressed). 32

PB03 Front-panel pushbutton 3 bit. 32

PB03_PUL Front-panel pushbutton 3 pulse bit (asserted for one processing interval when PB03 is pressed). 32

PB04 Front-panel pushbutton 4 bit. 32

PB04_PUL Front-panel pushbutton 4 pulse bit (asserted for one processing interval when PB04 is pressed). 32

PB1A_LED Asserts when the SELOGIC control equation PB1A_LED results in logical 1. 33

PB1B_LED Asserts when the SELOGIC control equation PB1B_LED results in logical 1. 33

PB2A_LED Asserts when the SELOGIC control equation PB2A_LED results in logical 1. 33

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 7 of 11)

Bit Definition Row
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Relay Word Bits
Definitions

PB2B_LED Asserts when the SELOGIC control equation PB2B_LED results in logical 1. 33

PB3A_LED Asserts when the SELOGIC control equation PB3A_LED results in logical 1. 33

PB3B_LED Asserts when the SELOGIC control equation PB3B_LED results in logical 1. 33

PB4A_LED Asserts when the SELOGIC control equation PB4A_LED results in logical 1. 33

PB4B_LED Asserts when the SELOGIC control equation PB4B_LED results in logical 1. 33

PHASE_A “A” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHASE_B “B” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHASE_C “C” phase involved in the fault. Asserts for a fixed duration of (LER–PRE–0.75) cycles. 117

PHDEM Phase Current Demand Pickup 109

PMDOK Phasor Measurement Data OK. Asserts when the SEL-751A is enabled and synchrophasors are 
enabled (Global setting EPMU:= Y) (see Table H.7).

13

PMTRIG Trigger for Synchrophasors (see Table H.7). 29

RBADA Channel A, outage duration over threshold. 92

RBADB Channel B, outage duration over threshold. 92

RBnn Remote Bit nn asserted, where nn = 01 to 08. 39

RBnn Remote Bit nn asserted, where nn = 09 to 16. 40

RBnn Remote Bit nn asserted, where nn = 17 to 24. 41

RBnn Remote Bit nn asserted, where nn = 25 to 32. 42

RCSF Reclose supervision failure—asserts for 1/4 cycle. 27

RELAY_EN Relay OK flag used by IEC 61850. RELAY_EN status follows the ENABLED LED status. 31

REMTRIP Remote trip control input asserted (see Table 4.27). 14

RMB1A to RMB8A Channel A receives MIRRORED BITS RMB1A through RMB8A. 88

RMB1B to RMB8B Channel B receives MIRRORED BITS RMB1B through RMB8B. 90

ROKA Channel A, received data ok. 92

ROKB Channel B, received data ok. 92

RSTDEM Reset Demand metering. 21

RSTENRGY Reset Energy metering. 21

RSTMN Reset timer is timing 27

RSTMXMN Reset Max/Min metering. 21

RSTPKDEM Reset Peak Demand metering. 21

RSTTRGT Asserts when the SELOGIC control equation RSTTRGT result is logical 1. Used to reset trip logic 
and target LEDs (see Table 4.52). 

22

RTD10A RTD10 Alarm. 25

RTD10T RTD10 Trip. 25

RTD11A RTD11 Alarm. 25

RTD11T RTD11 Trip. 25

RTD12A RTD12 Alarm. 25

RTD12T RTD12 Trip. 25

RTD1A RTD1 Alarm. 23

RTD1T RTD1 Trip. 23

RTD2A RTD2 Alarm. 23

RTD2T RTD2 Trip. 23

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 8 of 11)
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RTD3A RTD3 Alarm. 23

RTD3T RTD3 Trip. 23

RTD4A RTD4 Alarm. 23

RTD4T RTD4 Trip. 23

RTD5A RTD5 Alarm. 24

RTD5T RTD5 Trip. 24

RTD6A RTD6 Alarm. 24

RTD6T RTD6 Trip. 24

RTD7A RTD7 Alarm. 24

RTD7T RTD7 Trip. 24

RTD8A RTD8 Alarm. 24

RTD8T RTD8 Trip. 24

RTD9A RTD9 Alarm. 25

RTD9T RTD9 Trip. 25

RTDFLT Asserts when the relay detects an open or short-circuit condition on any enabled RTD input, or 
when communication with the external RTD module has been interrupted.

22

RTDIN Indicates status of contact connected to an SEL-2600 RTD Module. 22

SALARM Pulses for the following conditions: setting changes, access level changes, and three unsuccessful 
password entry attempts, active group changes, copy commands, and password changes.

13

SC01QD to SC08QD SELOGIC Counters 01 through 08 asserted when counter = 0. 56

SC01QU to SC08QU SELOGIC Counters 01 through 08 asserted when counter = preset value. 55

SC09QD to SC16QD SELOGIC Counters 09 through 16 asserted when counter = 0. 58

SC09QU to SC16QU SELOGIC Counters 09 through 16 asserted when counter = preset value. 57

SC17QD to SC24QD SELOGIC Counters 17 through 24 asserted when counter = 0. 60

SC17QU to SC24QU SELOGIC Counters 17 through 24 asserted when counter = preset value. 59

SC25QD to SC32QD SELOGIC Counters 25 through 32 asserted when counter = 0. 62

SC25QU to SC32QU SELOGIC Counters 25 through 32 asserted when counter = preset value. 61

SF Slip frequency of voltages VP and VS is less than setting 25SF. 110

SGn Setting Group n active, where n = 1 to 3. 28

SH0 Reclosing relay shot counter = 0 26

SH1 Reclosing relay shot counter = 1 26

SH2 Reclosing relay shot counter = 2 26

SH3 Reclosing relay shot counter = 3 26

SH4 Reclosing relay shot counter = 4 26

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 01 to 08 
(see Figure 4.49).

43

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 09 to 16 (see 
Figure 4.49).

45

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 17 to 24 (see 
Figure 4.49).

47

SVnn SELOGIC control equation variable timer input SVnn asserted, where nn = 25 to 32 (see 
Figure 4.49).

49

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 9 of 11)
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SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 01 to 08 
(see Figure 4.49).

44

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 09 to 16 (see 
Figure 4.49).

46

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 17 to 24 (see 
Figure 4.49).

48

SVnnT SELOGIC control equation variable timer output SVnnT asserted, where nn = 25 to 32 (see 
Figure 4.49).

50

T01_LED Asserts when the SELOGIC control equation T01_LED result is logical 1 (see Table 4.71). 34

T02_LED Asserts when the SELOGIC control equation T02_LED result is logical 1 (see Table 4.71). 34

T03_LED Asserts when the SELOGIC control equation T03_LED result is logical 1 (see Table 4.71). 34

T04_LED Asserts when the SELOGIC control equation T04_LED result is logical 1 (see Table 4.71). 34

T05_LED Asserts when the SELOGIC control equation T05_LED result is logical 1 (see Table 4.71). 34

T06_LED Asserts when the SELOGIC control equation T06_LED result is logical 1 (see Table 4.71). 34

TLED_01 Front-Panel T01_LED. 0

TLED_02 Front-Panel T02_LED. 0

TLED_03 Front-Panel T03_LED. 0

TLED_04 Front-Panel T04_LED. 0

TLED_05 Front-Panel T05_LED. 0

TLED_06 Front-Panel T06_LED. 0

TMB1A to TMB8A Channel A transmit MIRRORED BITS TMB1A through TMB8A. 89

TMB1B to TMB8B Channel B transmit MIRRORED BITS TMB1B through TMB8B. 91

TOL1 Arc-Flash light input 1 element pickup. 116

TOL2 Arc-Flash light input 2 element pickup. 116

TOL3 Arc-Flash light input 3 element pickup. 116

TOL4 Arc-Flash light input 4 element pickup. 116

TQUAL1 Time Quality Bit, add 1 when asserted (synchrophasors). 112

TQUAL2 Time Quality Bit, add 2 when asserted (synchrophasors). 112

TQUAL4 Time Quality Bit, add 4 when asserted (synchrophasors). 112

TQUAL8 Time Quality Bit, add 8 when asserted (synchrophasors). 112

TR Trip SELOGIC control equation (see Figure 4.1). 29

TREA1 Trigger Reason for Bit 1 for Synchrophasors (see Table H.7). 31

TREA2 Trigger Reason for Bit 2 for Synchrophasors (see Table H.7). 31

TREA3 Trigger Reason for Bit 3 for Synchrophasors (see Table H.7). 31

TREA4 Trigger Reason for Bit 4 for Synchrophasors (see Table H.7). 31

TRGTR Target Reset. Asserts for one quarter-cycle when you execute a front-panel, serial port target reset 
command, or Modbus target reset.

22

TRIP Output of Trip Logic (see Figure 4.33). 15

TRIP_LED Front-Panel TRIP LED. 0

TSNTPB SNTP Secondary Server is active. 113

TSNTPP SNTP Primary Server is active. 113

TSOK Assert if current time source accuracy is sufficient for synchronized phasor measurements. (Refer 
to Table H.8.)

13
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TUTCS Offset hours sign from UTC time, subtract the UTC offset if TUTCS is asserted; otherwise, add. 
(Synchrophasors)

113

TUTC1 Offset hours from UTC time, binary, add 1 if asserted 113

TUTC2 Offset hours from UTC time, binary, add 2 if asserted 113

TUTC4 Offset hours from UTC time, binary, add 4 if asserted 113

TUTC8 Offset hours from UTC time, binary, add 8 if asserted 113

TUTCH Offset half-hour from UTC time, binary, add 0.5 if asserted 113

ULCL Unlatch close conditions SELOGIC control equation state (see Table 4.27). 34

ULTRIP Unlatch (auto reset) trip from SELOGIC control equation (see Table 4.27). 29

VBxxx Virtual bits used for incoming GOOSE messages (xxx = 001 to 128) (see virtual bits description 
on page F.5).

93–108

WARNING Warning bit asserts for possible warning conditions, as shown in Table 8.3. These conditions also 
trigger a flashing TRIP LED.

13

WDGALRM

WDGTRIP

Winding Temperature Alarm and Trip. WDGALRM asserts when any healthy winding RTD tem-
perature exceeds the corresponding alarm set point. WDGTRIP asserts when one or two (when 
EWDGV = Y) healthy winding RTD temperatures exceed corresponding trip set points.

21

Table J.2 Relay Word Bit Definitions for the SEL-751A (Sheet 11 of 11)
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Appendix K
Analog Quantities

The SEL-751A Feeder Protection Relay contains several analog quantities 
that you can use for more than one function. The actual analog quantities 
available depend on the part number of the relay used. Analog quantities are 
typically generated and used by a primary function, such as metering and 
selected quantities are made available for one or more supplemental functions, 
for example, the load profile.

Note that all analog quantities available for use in SELOGIC are processed 
every 100 ms and may not be suitable for fast-response control and protection 
applications. Analog quantities for rms data are determined through the use of 
data averaged over the previous 8 cycles.

Table K.1 lists analog quantities that you can use in the following specific 
functions:

➤ SELOGIC control equations (see Section 4: Protection and 
Logic Functions.)

➤ Display points (see Section 8: Front-Panel Operations.)

➤ Load profile recorder (see Section 5: Metering and 
Monitoring.)

➤ DNP (see Appendix D: DNP3 Communications.)

➤ Fast Meter (see Appendix C: SEL Communications 
Processors.)

For a list of analog quantities available for Modbus communications, see 
Appendix E: Modbus Communications.

Table K.1 Analog Quantities (Sheet 1 of 7)
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Fundamental Instantaneous Metering 

IA_MAG A-phase line current A primary x x x x x

IA_ANG Angle of the A-phase line current degrees x x x x

IB_MAG B-phase line current A primary x x x x x

IB_ANG Angle of the B-phase line current degrees x x x x

IC_MAG C-phase line current A primary x x x x x

IC_ANG Angle of the C-phase line current degrees x x x x

IN_MAG Neutral current A primary x x x x x

IN_ANG Angle of the neutral current degrees x x x x

IG_MAG Calculated or measured residual current A primary x x x x x

IG_ANG Angle of the calculated or measured residual current degrees x x x x

IAV Average line current A primary x x x x
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3I2 Negative-sequence current A primary x x x x

UBI Current unbalance % x x x x x

VA_MAG A-phase-to-neutral voltage V primary x x x x x

VA_ANG Angle of the A-phase-to-neutral voltage degrees x x x x

VB_MAG B-phase-to-neutral voltage V primary x x x x x

VB_ANG Angle of the B-phase-to-neutral voltage degrees x x x x

VC_MAG C-phase-to-neutral voltage V primary x x x x x

VC_ANG Angle of the C-phase-to-neutral voltage degrees x x x x

NOTE: Calculated phase-to-phase voltages are available in the analog quantities for wye-connected PTs.

VAB_MAG A-to-B phase voltage V primary x x x x x

VAB_ANG Angle of the A-to-B phase voltage degrees x x x x

VBC_MAG B-to-C phase voltage V primary x x x x x

VBC_ANG Angle of the B-to-C phase voltage degrees x x x x

VCA_MAG C-to-A phase voltage V primary x x x x x

VCA_ANG Angle of the C-to-A phase voltage degrees x x x x

VG_MAG Zero-sequence voltage V primary x x x x x

VG_ANG Angle of the zero-sequence voltage degrees x x x x

VS_MAG Sync. voltage V primary x x x x x

VS_ANG Angle of sync. voltage degrees x x x x

VAVE Average voltage V primary x x x x

3V2 Negative-sequence voltage V primary x x x x

UBV Voltage unbalance % x x x x x

SA A-phase apparent power kVA primary x x x x

SB B-phase apparent power kVA primary x x x x

SC C-phase apparent power kVA primary x x x x

S 3-phase apparent power kVA primary x x x x

VA primary x

PA A-phase real power kW primary x x x x

PB B-phase real power kW primary x x x x

PC C-phase real power kW primary x x x x

P 3-phase real power kW primary x x x x

W primary x

QA A-phase reactive power kVAR primary x x x x

QB B-phase reactive power kVAR primary x x x x

QC C-phase reactive power kVAR primary x x x x

Q 3-phase reactive power kVAR primary x x x x

VAR primary x

PFA A-phase power factor x x x x

PFB B-phase power factor x x x x

Table K.1 Analog Quantities (Sheet 2 of 7)
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Analog Quantities

PFC C-phase power factor x x x x

PF 3-phase power factor x x x x x

FREQ Frequency Hz x x x x x

FREQS Sync. Frequency Hz x x x x x

VDC Station dc battery voltage V x x

Miscellaneous Quantities

DFDT Frequency rate-of-change Hz/sec. x x

I1_MAG Positive-sequence current A primary x x

Light Metering

LSENS1 Arc-Flash sensor 1 light % x x x x

LSENS2 Arc-Flash sensor 2 light % x x x x

LSENS3 Arc-Flash sensor 3 light % x x x x

LSENS4 Arc-Flash sensor 4 light % x x x x

Thermal Metering 

RTDWDGMXa Maximum winding RTD temperature °C x x x x

RTDBRGMXa Maximum bearing RTD temperature °C x x x x

RTDAMBa Ambient RTD temperature °C x x x x

RTDOTHMXa Other maximum RTD temperature °C x x x x

RTD1 to RTD12b RTD1 temperature to RTD12 temperature °C x x x x

Analog Input Meteringc 

AI301 to AI308 Analog inputs for an analog card in Slot C x x x x

AI401 to AI408 Analog inputs for an analog card in Slot D x x x x

AI501 to AI508 Analog inputs for an analog card in Slot E x x x x

Energy Metering 

EM_LRDH Energy Last Reset Date/Time High Word x

EM_LRDM Energy Last Reset Date/Time Middle Word x

EM_LRDL Energy Last Reset Date/Time Low Word x

MWH3PI 3-phase real energy IN MWh primary x x x x

MWH3P 3-phase real energy OUT MWh primary x x x x

MVARH3PI 3-phase reactive energy IN MVARh primary x x x x

MVARH3PO 3-phase reactive energy OUT MVARh primary x x x x

MVAH3P 3-phase apparent energy MVAh primary x x x x

Maximum/Minimum Metering 

MM_LRDH Max/Min Last Reset Date/Time High Word x

MM_LRDM Max/Min Last Reset Date/Time Middle Word x

MM_LRDL Max/Min Last Reset Date/Time Low Word x

IAMX A-phase maximum current A primary x x x x

IBMX B-phase maximum current A primary x x x x

ICMX C-phase maximum current A primary x x x x

INMX Neutral maximum current A primary x x x x

Table K.1 Analog Quantities (Sheet 3 of 7)
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IGMX Calculated residual maximum current A primary x x x x

IAMN A-phase minimum current A primary x x x x

IBMN B-phase minimum current A primary x x x x

ICMN C-phase minimum current A primary x x x x

INMN Neutral minimum current A primary x x x x

IGMN Calculated residual minimum current A primary x x x x

VABMX A-to-B phase maximum voltage V primary x x x x

VBCMX B-to-C phase maximum voltage V primary x x x x

VCAMX C-to-A phase maximum voltage V primary x x x x

VAMX A-phase maximum voltage V primary x x x x

VBMX B-phase maximum voltage V primary x x x x

VCMX C-phase maximum voltage V primary x x x x

VSMX Vsync maximum voltage V primary x x x x

VABMN A-to-B phase minimum voltage V primary x x x x

VBCMN B-to-C phase minimum voltage V primary x x x x

VCAMN C-to-A phase minimum voltage V primary x x x x

VAMN A-phase minimum voltage V primary x x x x

VBMN B-phase minimum voltage V primary x x x x

VCMN C-phase minimum voltage V primary x x x x

VSMN Vsync minimum voltage V primary x x x x

KVA3PMX 3-phase maximum apparent power kVA primary x x x x

KW3PMX 3-phase maximum real power kW primary x x x x

KVAR3PMX 3-phase maximum reactive power kVAR primary x x x x

KVA3PMN 3-phase minimum apparent power kVA primary x x x x

KW3PMN 3-phase minimum real power kW primary x x x x

KVAR3PMN 3-phase minimum reactive power kVAR primary x x x x

FREQMX Maximum frequency Hz x x x x

FREQMN Minimum frequency Hz x x x x

RTD1MX to 
RTD12MX

RTD1 maximum to RTD12 maximum °C x x x x

RTD1MN to 
RTD12MN

RTD1 minimum to RTD12 minimum °C x x x x

AI301MX to 
AI308MXc

Analog transducer input 301–308 maximum x x x x

AI301MN to 
AI308MNc

Analog transducer input 301–308 minimum x x x x

AI401MX to 
AI408MXc

Analog transducer input 401–408 maximum x x x x

AI401MN to 
AI408MNc

Analog transducer input 401–408 minimum x x x x

Table K.1 Analog Quantities (Sheet 4 of 7)
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AI501MX to 
AI508MXc

Analog transducer input 501–508 maximum x x x x

AI501MN to 
AI508MNc

Analog Transducer Input 501–508 minimum x x x x

RMS Metering 

IARMS A-phase rms current A primary x x x x

IBRMS B-phase rms current A primary x x x x

ICRMS C-phase rms current A primary x x x x

INRMS Neutral rms current A primary x x x x

VARMS A-phase rms voltage V primary x x x x

VBRMS B-phase rms voltage V primary x x x x

VCRMS C-phase rms voltage V primary x x x x

VSRMS Vsync rms voltage V primary x x x x

VABRMS A-to-B phase rms voltage V primary x x x x

VBCRMS B-to-C phase rms voltage V primary x x x x

VCARMS C-to-A phase rms voltage V primary x x x x

Demand Metering 

IAD Phase A Current Demand A pri x x x x

IBD Phase B Current Demand A pri x x x x

ICD Phase C Current Demand A pri x x x x

IGD Residual Current Demand A pri x x x x

3I2D Negative-Sequence Current Demand A pri x x x x

KWADI Real Power, A-phase Demand IN kW pri x x x

KWBDI Real Power, B-phase Demand IN kW pri x x x

KWCDI Real Power, C-phase Demand IN kW pri x x x

KW3DI Real Power, 3-phase Demand IN kW pri x x x

KVARADI Reactive Power, A-phase Demand IN kVAR pri x x x

KVARBDI Reactive Power, B-phase Demand IN kVAR pri x x x

KVARCDI Reactive Power, C-phase Demand IN kVAR pri x x x

KVAR3DI Reactive Power, 3-phase Demand IN kVAR pri x x x

KWADO Real Power, A-phase Demand OUT kW pri x x x

KWBDO Real Power, B-phase Demand OUT kW pri x x x

KWCDO Real Power, C-phase Demand OUT kW pri x x x

KW3DO Real Power, 3-phase Demand OUT kW pri x x x

KVARADO Reactive Power, A-phase Demand OUT kVAR pri x x x

KVARBDO Reactive Power, B-phase Demand OUT kVAR pri x x x

KVARCDO Reactive Power, C-phase Demand OUT kVAR pri x x x

KVAR3DO Reactive Power, 3-phase Demand OUT kVAR pri x x x

Table K.1 Analog Quantities (Sheet 5 of 7)
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Peak Demand Metering 

PM_LRDH Peak Demand Last Reset Date/Time High Word x x x

PM_LRDM Peak Demand Last Reset Date/Time Middle Word x x x

PM_LRDL Peak Demand Last Reset Date/Time Low Word x x x

IAPD Phase A Current Peak Demand A pri x x x x

IBPD Phase B Current Peak Demand A pri x x x x

ICPD Phase C Current Peak Demand A pri x x x x

IGPD Residual Current Peak Demand A pri x x x x

3I2PD Negative-Sequence Current Peak Demand A pri x x x x

KWAPDI Real Power, A-phase Peak Demand IN kW pri x x x

KWBPDI Real Power, B-phase Peak Demand IN kW pri x x x

KWCPDI Real Power, C-phase Peak Demand IN kW pri x x x

KW3PDI Real Power, 3-phase Peak Demand IN kW pri x x x

KVARAPDI Reactive Power, A-phase Peak Demand IN kVAR pri x x x

KVARBPDI Reactive Power, B-phase Peak Demand IN kVAR pri x x x

KVARCPDI Reactive Power, C-phase Peak Demand IN kVAR pri x x x

KVAR3PDI Reactive Power, 3-phase Peak Demand IN kVAR pri x x x

KWAPDO Real Power, A-phase Peak Demand OUT kW pri x x x

KWBPDO Real Power, B-phase Peak Demand OUT kW pri x x x

KWCPDO Real Power, C-phase Peak Demand OUT kW pri x x x

KW3PDO Real Power, 3-phase Peak Demand OUT kW pri x x x

KVARAPDO Reactive Power, A-phase Peak Demand OUT kVAR pri x x x

KVARBPDO Reactive Power, B-phase Peak Demand OUT kVAR pri x x x

KVARCPDO Reactive Power, C-phase Peak Demand OUT kVAR pri x x x

KVAR3PDO Reactive Power, 3-phase Peak Demand OUT kVAR pri x x x

Breaker Monitoring

INTT Internal trips— counter x x x x

INTIA Accumulated current—internal trips, A-phase kA primary x x x x

INTIB Accumulated current—internal trips, B-phase kA primary x x x x

INTIC Accumulated current—internal trips, C-phase kA primary x x x x

EXTT External trips—counter x x x x

EXTIA Accumulated current—external trips, A-phase kA primary x x x x

EXTIB Accumulated current—external trips, B-phase kA primary x x x x

EXTIC Accumulated current—external trips, C-phase kA primary x x x x

WEARA Breaker Wear, A-phase % x x x x

WEARB Breaker Wear, B-phase % x x x x

WEARC Breaker Wear, C-phase % x x x x

Date/Time 

DATEd,e Present date x

TIMEd,e Present time x

Table K.1 Analog Quantities (Sheet 6 of 7)
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YEAR Year number (0000–9999) x x

DAYY Day of year number (1–366) x x

WEEK Week number (1–52) x x

DAYW Day of week number (1–7) x x

MINSM Minutes since midnight x x

RID/TID 

RIDd Relay identifier x

TIDd Terminal identifier x

Serial Number

SER_NUM Serial Number of the Relay x

Setting Group

GROUP Active setting group # x x x x

Math Variables

MV01 to MV32 Math variable 01 to math variable 32 x x x x

SELOGIC Countersf

SC01 to SC32 SELOGIC counter 01 to SELOGIC counter 32 x x x x

Fault Information

FIA Phase A Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIB Phase B Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIC Phase C Fault Current from Maximum Current 
Event Report Row

A pri x x x

FIG Ground Fault Current from Maximum Current Event 
Report Row

A pri x x x

FIN Neutral Fault Current from Maximum Current Event 
Report Row

A pri x x x

FFREQ Event Frequency Hz x x x

a SEL Fast Message Label names for RTDWDGMX, RTDBRGMX, RTDAMB, and RTDOTHMX are WDG, BRG, AMB, and OTH, respectively.
b RTD open is equivalent to +32767 and RTD short is equivalent to –32768 when RTDs are monitored via LDP.
c See the Engineering Unit settings (e.g., AI301EU) of the respective analog input quantity for the unit.
d DATE, TIME, RID, and TID are only available for display point settings (DP01 to DP32).
e Also available via DNP object 50.
f Also available as DNP counter object.

Table K.1 Analog Quantities (Sheet 7 of 7)
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Glossary
R.Instruction Manual

A Abbreviation for Amps or amperes; units of electrical current magnitude.

ACSELERATOR
QuickSet SEL-5030

Software

A Windows-based program that simplifies settings and provides analysis sup-
port.

ACSELERATOR Architect
SEL-5032 Software

Design and commissioning tool for IEC 61850 communications.

Ambient Temperature Temperature of the motor cooling air at the cooling air inlet. Measured by an 
RTD whose location setting is AMB.

Analog In this instruction manual, Analog is synonymous with Transducer.

ANSI Standard
Device Numbers

A list of standard numbers used to represent electrical protection and control 
relays. The standard device numbers used in this instruction manual include:

25 Synchronism-Check Element
27 Undervoltage Element
49 Thermal Element
50 Instantaneous Overcurrent Element
51 Inverse Time-Overcurrent Element
52 AC Circuit Breaker
55 Power Factor Element
59 Overvoltage Element
79 Reclosing Control Logic
81 Frequency Element
81R Rate-of-Change-of-Frequency Element

These numbers are frequently used within a suffix letter to further designate 
application. The suffix letters used in this instruction manual include:

P Phase Element
G Residual/Ground Element
N Neutral/Ground Element
Q Negative-Sequence (3I2) Element

Apparent Power, S Complex power expressed in units of volt-amps (VA), kilovolt-amps (kVA), or 
megavolt-amps (MVA). Accounts for both real (P) and reactive (Q) power dis-
sipated in a circuit: S = P + jQ.

Arc-Flash Detection The sensing of an arc-flash condition by detection of light and overcurrent by 
the relay.

Clear-Jacketed Fiber Sensor—The fiber optic loop sensor used for 
arc-flash detection.

Point Sensor—The fiber-optic cable sensor with a light diffuser on the 
end and used for arc-flash detection.

Arc-Flash Protection
(Relay)

An action performed by the relay to minimize the arc-flash hazard. 

Arc-Flash Hazard A dangerous condition associated with the release of energy cause by an elec-
tric arc. 
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ASCII—Delta

ASCII Abbreviation for American Standard Code for Information Interchange. 
Defines a standard way to communicate text characters between two elec-
tronic devices. The SEL-751A Feeder Protection Relay uses ASCII text charac-
ters to communicate through use of the relay front- and rear-panel EIA-232 serial 
ports.

Assert To activate; to fulfill the logic or electrical requirements necessary to operate a 
device. To apply a short-circuit or closed contact to an SEL-751A input. To set 
a logic condition to the true state (logical 1). To close a normally open output 
contact. To open a normally closed output contact.

Breaker
Auxiliary Contact

A spare electrical contact associated with a circuit breaker that opens or closes 
to indicate the breaker position. A form-a breaker auxiliary contact (ANSI 
Standard Device Number 52A) closes when the breaker is closed, opens when 
the breaker is open. A form-b breaker auxiliary contact (ANSI Standard 
Device Number 52B) opens when the breaker is closed and closes when the 
breaker is open.

Checksum A numeric identifier of the firmware in the relay. Calculated by the result of a 
mathematic sum of the relay code.

CID Abbreviation for Checksum Identifier. The checksum of the specific firmware 
installed in the relay.

Contiguous Items in sequence; the second immediately following the first.

CR_RAM Abbreviation for Critical RAM. Refers to the area of relay Random Access 
Memory (RAM) where the relay stores mission-critical data.

CRC-16 Abbreviation for Cyclical Redundancy Check-16. A mathematical algorithm 
applied to a block of digital information to produce a unique, identifying num-
ber. Used to ensure that the information was received without data corruption.

CT Abbreviation for current transformer.

Current
Unbalance

The SEL-751A calculates the magnitudes of the measured phase currents, cal-
culates the average of those magnitudes, determines the magnitude with the 
largest deviation from average. It then calculates the difference between the 
magnitude average and magnitude of the phase with the largest deviation from 
the average. Finally, the relay calculates the percent unbalance current by 
dividing the difference value by the CT nominal current or by the average 
magnitude, whichever is larger.

Deassert To deactivate; to remove the logic or electrical requirements necessary to 
operate a device. To remove a short-circuit or closed contact from an 
SEL-751A input. To clear a logic condition to the false state (logical 0). To 
open a normally open output contact. To close a normally closed output con-
tact.

Delta A phase-to-phase connection of voltage transformers for electrical measuring 
purposes. Typically, two voltage transformers are used with one primary lead 
of the first transformer connected to A-phase and the other lead connected to 
B-phase. The second voltage transformer is connected to measure the voltage 
from B-phase to C-phase. When two transformers are used, this connection is 
frequently called “Open-Delta.” 
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Dropout Time—IG

Dropout Time The time measured from the removal of an input signal until the output signal 
deasserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element dropout time.

EEPROM Abbreviation for Electrically Erasable Programmable Read-Only Memory. 
Nonvolatile memory where relay settings, event reports, SER records, and 
other nonvolatile data are stored.

Event History A quick look at recent relay activity that includes a standard report header; 
event number, date, time, and type; maximum fault phase current; and targets.

Event Report A text-based collection of data stored by the relay in response to a triggering 
condition, such as a fault or command. The data show relay measurements 
before and after the trigger, in addition to the states of protection elements, 
relay inputs, and relay outputs each processing interval. After an electrical 
system fault, use event reports to analyze relay and system performance.

Event Summary A shortened version of stored event reports. An event summary includes items 
such as event date and time, event type, fault voltages, currents, etc. The relay 
sends an event report summary (if auto messaging is enabled) to the relay 
serial port a few seconds after an event.

Fail-Safe Refers to an output contact that is energized during normal relay operation and 
de-energized when relay power is removed or if the relay fails.

Fast Meter, Fast Operate Binary serial port commands that the relay recognizes at the relay front-and 
rear-panel EIA-232 serial ports. These commands and the responses from the 
relay make relay data collection by a communications processor faster and 
more efficient than transfer of the same data through use of formatted ASCII 
text commands and responses.

FID Relay firmware identification string. Lists the relay model, firmware version 
and date code, and other information that uniquely identifies the firmware 
installed in a particular relay.

Firmware The nonvolatile program stored in the relay that defines relay operation.

Flash A type of nonvolatile relay memory used for storing large blocks of 
nonvolatile data, such as load profile records.

Fundamental Frequency The component of the measured electrical signal for which frequency is equal 
to the normal electrical system frequency, usually 50 or 60 Hz. Generally used 
to differentiate between the normal system frequency and any harmonic 
frequencies present.

Fundamental Meter Type of meter data presented by the SEL-751A that includes the present val-
ues measured at the relay ac inputs. The word “Fundamental” indicates that 
the values are Fundamental Frequency values and do not include harmonics.

IA, IB, IC Measured A-, B-, and C-phase currents.

IEC 61850 Standard protocol for real-time exchange of data between databases in multi-
vendor devices.

IG Residual current, calculated from the sum of the phase currents. In normal, 
balanced operation, this current is very small or zero. When a ground fault 
occurs, this current can be large.
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IN Neutral current measured by the relay IN input. The IN input is typically con-
nected to the secondary winding of a window-CT for ground fault detection on 
resistance-grounded systems.

LCD Abbreviation for Liquid Crystal Display. Used as the relay front-panel alpha-
numeric display.

LED Abbreviation for Light-Emitting Diode. Used as indicator lamps on the relay 
front panel.

MIRRORED BITS Protocol for direct relay-to-relay communications.

NEMA Abbreviation for National Electrical Manufacturers Association.

Neutral
Overcurrent Element

A protection element that causes the relay to trip when the neutral current 
magnitude (measured by the IN input) exceeds a user-settable value. Used to 
detect and trip in response to ground faults.

Nominal Frequency Normal electrical system frequency, usually 50 or 60 Hz.

Nonfail-Safe Refers to an output contact that is not energized during normal relay opera-
tion. When referred to a trip output contact, the protected equipment remains 
in operation unprotected when relay power is removed or if the relay fails.

Nonvolatile Memory Relay memory that is able to correctly maintain data it is storing even when 
the relay is de-energized.

Overfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency exceeds a settable frequency.

Phase Rotation The sequence of voltage or current phasors in a multi-phase electrical system. 
In an ABC phase rotation system, the B-phase voltage lags the A-phase volt-
age by 120 degrees, and the C-phase voltage lags B-phase voltage by 120 
degrees. In an ACB phase rotation system, the C-phase voltage lags the A-
phase voltage by 120°, and the B-phase voltage lags the C-phase voltage by 
120 degrees.

Pickup Time The time measured from the application of an input signal until the output sig-
nal asserts. The time can be settable, as in the case of a logic variable timer, or 
can be a result of the characteristics of an element algorithm, as in the case of 
an overcurrent element pickup time.

Pinout The definition or assignment of each electrical connection at an interface. 
Typically refers to a cable, connector, or jumper. 

Power, P Real part of the complex power (S) expressed in units of Watts (W), kilowatts 
(kW), or megawatts (MW).

Power Factor The cosine of the angle by which phase current lags phase voltage in an ac 
electrical circuit. Power factor equals 1.0 for power flowing to a resistive load.

Power, Q Reactive part of the complex power (S) expressed in units of Vars (W), kilo-
vars (kVar), or megavars (MVar).

PT Abbreviation for potential transformer. Also referred to as a voltage trans-
former or VT.
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Glossary
RAM—Sequential Events Recorder

RAM Abbreviation for Random Access Memory. Volatile memory where the relay 
stores intermediate calculation results, Relay Word bits, and other data that are 
updated every processing interval.

Rate-of-Change-of-
Frequency Element

A protection element that causes the relay to trip when the measured electrical 
system rate of change of frequency exceeds a settable rate.

Relay Word The collection of relay element and logic results. Each element or result is 
represented by a unique identifier, known as a Relay Word bit.

Relay Word Bit A single relay element or logic result that the relay updates once each process-
ing interval. A Relay Word bit can be equal to either logical 1 or logical 0. 
Logical 1 represents a true logic condition, picked up element, or asserted 
contact input or contact output. Logical 0 represents a false logic condition, 
dropped out element, or deasserted contact input or contact output. You can 
use Relay Word bits in SELOGIC control equations to control relay tripping, 
event triggering, and output contacts, as well as other functions.

Remote Bit A Relay Word bit for which state is controlled by serial port commands, 
including the CONTROL command, binary Fast Operate command, or 
Modbus command.

Residual Current The sum of the measured phase currents. In normal, balanced operation, this 
current is very small or zero. When a ground fault occurs, this current can be 
large.

RMS Abbreviation for Root-Mean-Square. Refers to the effective value of the sinu-
soidal current and voltage measured by the relay, accounting for the funda-
mental frequency and higher order harmonics in the signal. 

ROM Abbreviation for Read-Only Memory. Nonvolatile memory where the relay 
firmware is stored.

RTD Abbreviation for Resistance Temperature Device. An RTD is made of a metal 
having a precisely known resistance and temperature coefficient of resistance. 
The SEL-751A (and the SEL-2600 RTD Module) can measure the resistance 
of the RTD, and thus determine the temperature at the RTD location. Typically 
embedded in the motor windings or attached to the races of bearings. 

Transducer Device that converts the input to the device to an analog output quantity of 
either current (±1, 2.5, 5, 10 and 20 mA, or 4–20 ma), or voltage (±1, 2.5, 5, or 
10 V).

Self-Test A function that verifies the correct operation of a critical device subsystem 
and indicates if the relay has detected an out-of-tolerance condition. The 
SEL-751A is equipped with self-tests that validate the relay power supply, 
microprocessor, memory, and other critical systems.

SELOGIC

Control Equation
A relay setting that allows you to control a relay function (such as an output 
contact) by using a logical combination of relay element outputs and fixed 
logic outputs. Logical AND, OR, INVERT, rising edge [/], and falling edge [\] 
operators, plus a single level of parentheses are available to use in each control 
equation setting.

Sequential
Events Recorder

A relay function that stores a record of the date and time of each assertion and 
deassertion of every Relay Word bit in a settable list. Provides a useful way to 
determine the order and timing of events following a relay operation.
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SER Abbreviation for Sequential Events Recorder or the relay serial port command 
to request a report of the latest 1024 sequential events.

Synchrophasors The word synchrophasor is derived from two words: synchronized phasor. 
Synchrophasor measurement refers to the concept of providing measurements 
taken on a synchronized schedule in multiple locations. A high-accuracy 
clock, commonly a Global Positioning System (GPS) receiver such as the 
SEL-2407 Satellite-Synchronized Clock, makes synchrophasor measurement 
possible.

Terminal
Emulation Software

Personal computer (PC) software that you can use to send and receive ASCII 
text messages via the PC serial port.

Underfrequency Element A protection element that causes the relay to trip when the measured electrical 
system frequency is less than a settable frequency.

VA, VB, VC Measured A-, B-, and C-phase-to-neutral voltages. 

VAB, VBC, VCA Measured or calculated phase-to-phase voltages. 

VG Residual voltage calculated from the sum of the three phase-to-neutral volt-
ages, if connected.

VS Measured phase-neutral or phase-phase synchronism-check voltage

VT Abbreviation for voltage transformer. Also referred to as a potential trans-
former or PT.

Wye As used in this instruction manual, a phase-to-neutral connection of voltage 
transformers for electrical measuring purposes. Three voltage transformers are 
used with one primary lead of the first transformer connected to A-phase and 
the other lead connected to ground. The second and third voltage transformers 
are connected to measure the voltage from B-phase and C-phase-to-ground, 
respectively. This connection is frequently called “four-wire wye,” alluding to 
the three phase leads plus the neutral lead.

Z-Number That portion of the relay RID string that identifies the proper QuickSet relay 
driver version when creating or editing relay settings files.
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Symbols
*, Largest Current 9.11

>, Trigger Row 9.11

A
Access Levels

communications ports 7.16

front panel 8.3

Alarm

Level 2 access 2.17

Arc-Flash Protection

Arc-Flash Detection (AFD) 2.33

arc-flash overcurrent elements 4.93

time-overlight elements 4.94

ASCII Commands

See Commands

ASCII Protocol

See SEL ASCII Protocol

Aurora Mitigation

using 81RF element 4.42

Automatic Messages

events 9.1, 9.4

front panel 8.3

B
Breaker Failure Logic 4.92

Breaker Wear Monitor 5.18

C
CEVENT Command 9.2

CHISTORY Command 9.2

Circuit Breaker Auxiliary Contact

contact input 4.47

Commands

AFT 7.21

BRE 7.23

CEV 7.24

DATE 1.9

HISTORY 9.7

IRIG 7.6

TRIGGER 9.3

Commissioning Tests

connection test 10.5

required equipment 10.2

Communications

ASCII commands 7.19–7.45

automatic messages 7.16

communications ports 7.1

connector pinout 7.8

control characters 7.16

DeviceNet protocol 7.12

DNP3 Protocol D.1–D.23

EIA-232 ports 7.1

EIA-485 ports 7.1

establishing communications 
procedure 1.7, 7.2

exception responses E.3

factory default settings 1.7, 7.2

fiber-optic port 7.1

front panel 4.107

hardware flow control 7.3

port power, rear 7.8

rear panel 4.109

SEL ASCII protocol 7.15, C.1

SEL protocols 7.11

set relay 6.4

Synchrophasors (C37.118 protocol) 
H.1–H.12

Communications Cables and 
Connections

DeviceNet G.2

EIA-232 1.7, 7.9

EIA-485 7.8

PC-to-relay cable pinout 7.9

Communications Ports

See Communication

Configurable Label Kit 8.13

Connections

rear panel 2.17

Contact Outputs

control equations 4.85

de-energized position 2.24

factory defaults 4.85

fail-safe

operation 2.23

settings 4.85

nonfail-safe operation 2.24

output 4.82

Contactor/Circuit Breaker Auxiliary 
Contact

control equation 52A 4.47

Core-Balance CT

application example 4.8

placement 1.6, 2.27

CSUMMARY Command 9.2

CT Ratio

setting example 4.3

Current Imbalance

functional test 10.6

meter 5.3

percent imbalance equations 5.3

Currents

See also Core-Balance CT; Meter

average current 5.3

connections

ground/neutral 1.6, 2.27

phase 1.6, 2.27

D
DNP3 Protocol

analog inputs D.23

analog inputs, default D.21

binary inputs D.22

binary inputs, default D.21

binary outputs D.22

data map D.19

device profile D.19

DNP Map Settings 4.124

DNP3 LAN/WAN D.5

DNP3 qualifier codes, ranges D.3

DNP3 Settings D.11

event data D.8

object list D.14

Debounce

ac mode 4.103

dc mode 4.103

Direct Trip

contact input 4.46

Display

HMI (SEL-5030) 3.13

LCD 4.111

E
Event 9.3

data capture time 4.123

ER control equation 9.3

length 4.123

nonvolatile 9.1

TR initiate 9.3

trigger 9.3
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Event History

HIS command 7.31, 9.7

retrieving history 9.7

application example 9.7

Event Report

*, largest current 9.11

>, trigger row 9.11

clearing the buffer 9.8

column definitions 9.8–9.11

digital section 9.9

EVE command 7.28

filtered 9.8

phasor calculation 9.15

retrieving event data 9.8

application example 9.11–9.15

summary section 9.3–9.7

trigger 9.3

unfiltered 9.8

Event Summary

contents 9.3

event type 9.4

SUMMARY command 7.44

F
Factory Default

LEDs 8.12

passwords 7.36

tripping logic 4.45

Fail-Safe 4.85

TRIP output 4.86

Frequency

See also Meter

event report 9.3

meter 5.3

tracking 1.12

Frequency Elements

fast rate-of-change (81RF for 
Aurora mitigation) 4.42

logic diagram 4.40

overfrequency 4.40

rate-of-change 4.40

underfrequency 4.40

Front Panel

access levels 8.3, 8.4

automatic messages 8.3

communications port 4.107

configurable labels 1.5, 8.13

contrast 8.2

display contrast 8.2

ENABLED LED 8.13

Meter menu 5.2

password entry 8.3

pushbuttons 8.2, 8.5

reset trip/targets 8.13

serial port 4.107

set relay 6.2

target LEDs 8.12

time-out 8.4

Functional Tests

currents 10.5

imbalance 10.6

power and power factor 10.7

test connections 10.6, 10.7

voltages, delta 10.8

G
Ground CT

See Core-Balance CT

Grounding 2.20

H
Help

SEL-5030 3.15

I
IEC 61850

ACSI Conformance Statements F.33

Configuration F.10

GOOSE F.4

GOOSE Processing F.9

Introduction to F.2

Logical Nodes F.13, F.15

Manufacturing Messaging 
Specification (MMS) F.4, F.27

Operation F.3

Protocol Implementation 
Conformance Statement F.27

Substation Configuration Language 
(SCL) F.5

Installation

power supply 1.6

rack mounting accessory 1.4

IRIG-B Time Synchronization 7.32

input specifications 1.12

IRI command 7.32

via communications processor C.3

L
Labels

configurable 1.5, 8.13

Local Bits 4.118

NLB, CLB, SLB, PLB 4.118

Logic Settings

output contacts 4.85

M
Maintenance

routine checks 10.11

self testing 10.12

Meter

accuracy 1.16

apparent power 5.2, 5.3

current 5.2, 5.3, 5.5

demand 5.10

frequency 5.3, 5.5

fundamental 5.3

imbalance 5.3, 5.5

light 5.10

negative sequence 5.3, 5.5

peak demand 5.10

power factor 5.2, 5.3

reactive power 5.2, 5.3

real power 5.2, 5.3

RTD 5.6

RTD temperatures 5.5

synchrophasor 5.11

temperature 5.5, 5.6

thermal 5.5

voltage 5.3, 5.5

Modbus

03h read holding registers E.8

04h input holding registers E.9

06h preset single register E.13

08h loopback diagnostic command 
E.13

10h preset multiple registers E.14

60h read parameter E.15

61h read parameter text E.17

62h read enumeration text E.17

7Dh encapsulated packet E.18

7Eh NOP (no operation) E.19

contact outputs E.19

cyclical redundancy check E.3

exception responses E.3

function codes E.2

history data E.26

Modbus Register Map E.26

password protection E.19

protocol description E.1

protocol setting 4.109

query E.2

relay settings E.19

response E.2

settings 4.109
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O
Overcurrent Elements

adaptive overcurrent element 4.5

core-balance (ground fault) CT 4.7

application example 4.8

logic diagram 4.7

negative-sequence 4.9, 4.13

neutral 4.6, 4.14

residual 4.8, 4.15

Overvoltage Elements

logic diagram 4.24

P
Password

access level 7.19–7.20

change 7.36

factory default 7.36

front panel 8.3

jumper 2.16

Phase Rotation

phasor diagram 4.86

setting, PHROT 4.86

Power

functional test 10.7

meter 5.3

Power Factor

elements

logic diagram 4.37

functional test 10.7

meter 5.3

Power Supply

fuse ratings 2.43

Pushbuttons

navigation 8.4

target reset 8.13, 8.14

R
Reactive Power

meter 5.3

Real Power

meter 5.3

Rear-Panel Connections 2.17

Relay Word Bits

row list J.4–J.13

Remote Trip

control input 4.46

Report Settings

Event report 4.123

SER trigger 4.122

Reset

targets 8.13

Resistance Temperature Device

See also Meter

alarm temperatures 4.20

failure messages 5.5

location settings 4.20

trip temperatures 4.20

trip voting 4.20

S
SEL ASCII Protocol C.1

SEL-2600 RTD Module

failure messages 5.5

RTD-based protection 4.19–4.21

SEL-3306

See Synchrophasors

SELOGIC Control Equations

circuit breaker auxiliary 4.47

contact output 4.85

event trigger 9.3

PMU trigger H.8

Relay Word bits J.1–J.13

trip logic 4.45–4.48

Sequential Events Recorder (SER)

clearing 9.17

example report 9.17

retrieving reports 9.17

trigger settings 9.17

SER

See Sequential Events Recorder 
(SER)

Set Relay

editing keystrokes 6.5

serial communications port 6.4–6.5

using front panel 6.2

Setting

calculation method 4.2

classes 6.1

front panel 6.2

instances 6.1

serial communications port 6.4–6.5

Settings

DNP Map Settings (SET DNP 
Command) 4.124

Short Circuit Protection

See Overcurrent Elements

Status, Relay

serial communication port 1.7

DeviceNet status 1.8

Synchrophasors

MET PM Command H.9

protocols

C37.118 H.10

Relay Word bits H.8

T
Targets

front-panel function 8.12

reset targets 8.13

view using communications port 
7.44

Technical Support 10.16

Testing

acceptance testing 10.2

commissioning testing 10.2–10.5

connection tests 10.5

maintenance testing 10.11

methods 10.2, 10.11

relay elements 10.11

self tests 10.12

test connections 10.6, 10.7

with SER 10.11

with targets, LEDs 10.11

with terminal 10.11

Trip Contact

fail-safe operation 2.23, 4.85

minimum duration time TDURD 
4.45

wiring diagram 2.23, 2.24

Trip Reset

front-panel function 8.13

Trip Voting

See Resistance Temperature Device

Trip/Close Logic

breaker status 52A 4.47

factory default 4.46

logic diagram 4.45

minimum trip time TDURD 4.45

trip equation TR 4.46

trip Relay Word bit 4.45

trip unlatch ULTRIP 4.46

Troubleshooting

setting error messages 6.5

Technical Support 10.16

U
Undervoltage Elements

logic diagram 4.23

V
Voltages

See also Meter

input settings

example 4.4

phase-to-neutral voltage elements 
4.22

phase-to-phase voltage elements 
4.22

Z
Z-number 3.8
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SEL-751A Relay Command Summary

The following table lists the front serial port ASCII commands associated with particular activities. The 
commands are shown in uppercase letters, but they can also be entered by using lowercase letters.

Serial Port Command Command Description

Access Level 0 Commands

ACC Go to Access Level 1. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 1 password.

ID Relay identification code. 

QUI Go to Access Level 0. 

Access Level 1 Commands

2AC Go to Access Level 2. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 2 password.

BRE Display breaker monitor data (trips, interrupted current, wear).

CEV n Show compressed event report number n, at 1/4-cycle resolution. Attach R for compressed raw report, at 
1/16- cycle resolution.

COM A Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel A.

COM B Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel B.

COM C Clears all communications records. If both MIRRORED BITS channels are enabled, omitting the channel 
specifier (A or B) clears both channels.

COM C A Clears all communications records for Channel A.

COM C B Clears all communications records for Channel B.

COM L Appends a long report to the summary report of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L A Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM L B Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM S Return a summary report of the last 255 records in the MIRRORED BITS communications buffer.

COU n Show current state of device counters. n = repeat the report n times, with a 1/2 second delay between each 
report.

DAT View the date. 

DAT dd/mm/yyyy Enter date in DMY format. 

DAT mm/dd/yyyy Enter date in MDY format if DATE_F setting is MDY. 

DAT yyyy/mm/dd Enter date in YMD format if DATE_F setting is YMD. 

ETH Show the Ethernet port status.

EVE n Show event report n with 4 samples per cycle. If n is omitted, most recent report is displayed. 

EVE R n Show event report n with raw (unfiltered) 16 samples per cycle analog data and 4 samples per cycle digital 
data.

FIL DIR Return a list of files. 

FIL READ filename Transfer settings file filename from the relay to the PC. 

FIL SHOW filename Filename 1 displays contents of the file filename. 

GOO k Display transmit and receive GOOSE messaging information. Enter number k to scroll the GOOSE data k 
times on the screen.

GRO Display active group setting.
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HEL Display a short description of selected commands.

HIS n Show summary of n latest event reports, where n = 1 is the most recent entry. If n is not specified, all event 
report summaries are displayed.

HIS C or R Clear or reset history buffer. 

IRIG Force synchronization of internal control clock to IRIG-B time-code input.

LDP Display signal profile data.

LDP C Clear signal profile data.

MAC Display the MAC address of the Ethernet port (PORT 1).

MET Display instantaneous metering data. 

MET k Display instantaneous metering data k times, where k is between 1 and 32767.

MET AI Display analog input (transducer) data.

MET DEM k Display demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET E Display energy metering data.

MET L Display arc-flash detector (AFD) light input (relay requires the 3 AVI/4 AFDI card in slot E).

MET M Display minimum and maximum metering data.

MET MV Display SELOGIC math variable data.

MET PEA k Display peak demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET PM Display synchrophasor metering data.

MET RD Reset demand metering values.

MET RE Reset energy metering data.

MET RM Reset minimum and maximum metering data.

MET RMS Display RMS metering data.

MET RP Reset peak demand metering values.

MET T Display RTD metering data. 

PING x.x.x.x t Determine if Ethernet port is functioning and configured properly. x.x.x.x is the IP address and “t” is the 
PING interval settable from 2 to 255 seconds. Default “t” is 1 second. Press Q to stop.

SER Display the entire Sequential Events Recorder (SER) report.

SER date1 Display all the rows in the SER report recorded on the specified date (see DATE command for data 
format).

SER date1 date2 Display all the rows in the SER report recorded between dates date1 and date2, inclusive.

SER row1 Display the latest row1 rows in the SER report (row1 = 1–1024, where 1 is the most recent entry).

SER row1 row2 Display rows row1–row2 in the SER report.

SER C or R Clear SER data. 

SER D Display SER Delete Report, which shows deleted items (use when SER Auto Deletion is selected to 
remove chatter).

SHO n Display relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SHO F Display front-panel settings. 

SHO G Display global settings. 

SHO L n Display general logic settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings 
group. 

SHO M Display Modbus User Map settings.

SHO P n Display port settings, where n specifies the port (1, 2, 3, 4, or F); n defaults to the active port if not listed.

SHO R Display report settings. 

STA Display relay self-test status. 

STA S Display SELOGIC usage status report. 

SUM Display an event summary.

Serial Port Command Command Description
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SUM R or C Reset event summary buffer. 

TAR Display default target row or the most recently viewed target row.

TAR n Display target row n.

TAR n k Display target row n. Repeat display of row n for repeat count k.

TAR name Display the target row with target name in the row.

TAR name k Display the target row with target name in the row. Repeat display of this row for repeat count k.

TAR R Reset any latched targets and the most recently viewed target row.

TIM View time. 

TIM hh Set time by entering TIM followed by hours, as shown (24-hour clock).

TIM hh:mm Set time by entering TIM followed by hours and minutes, as shown (24-hour clock).

TIM hh:mm:ss Set time by entering TIM followed by hours, minutes, and seconds, as shown (24-hour clock).

TRI Trigger an event report data capture. 

Access Level 2 Commands

AFT Test arc-flash detector channels 1–4

ANA c p t Test analog output channel where c is the channel name or number, p is a percentage of full scale or either 
letter “R” or “r” indicates ramp mode, and t is the duration of the test in decimal minutes.

BRE R Reset breaker data.

BRE W Preload breaker data.

CAL Enter Access Level C. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level C password. Access Level C is reserved for SEL use only.

CLO Close circuit breaker.

CON RBnn k Select a remote bit to set, clear, or pulse where nn is a number from 01 to 32, representing RB01 through 
RB32. k is S, C, or P for Set, Clear, or Pulse.

COP m n Copy relay and logic settings from Group m to Group n.

FIL WRITE filename Transfer settings file filename from the PC to the relay.

GRO n Modify active group setting.

L_D Load new firmware.

LOO Enables loopback testing of MIRRORED BITS channels.

LOO A Enable loopback on MIRRORED BITS Channel A for the next 5 minutes.

LOO B Enable loopback on MIRRORED BITS Channel B for the next 5 minutes.

OPE Open circuit breaker.

PAS 1 Change Access Level 1 password. 

PAS 2 Change Access Level 2 password. 

PUL n t Pulse Output Contact n (n = OUT101…) for t (1 to 30, default is 1) seconds.

SET n Modify relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SET name For all SET commands, jump ahead to a specific setting by entering the setting name, e.g., 50P1P.

SET F Modify front-panel settings. 

SET G Modify global settings. 

SET L n Modify SELOGIC variable and timer settings for group n (n = 1, 2, or 3). If n is not specified, default is the 
active settings group.

SET M Modify Modbus User Map settings.

SET P n Modify port n settings (n = 1, 2, 3, 4, or F; if not specified, the default is the active port). 

SET R Modify report settings. 

Serial Port Command Command Description
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SET … TERSE For all SET commands, TERSE disables the automatic SHO command after the settings entry. 

STA R or C Clear self-test status and restart relay. 

Access Level C Commands

PAS C Changes Access Level C password.

Serial Port Command Command Description
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SEL-751A Relay Command Summary

The following table lists the front serial port ASCII commands associated with particular activities. The 
commands are shown in uppercase letters, but they can also be entered by using lowercase letters.

Serial Port Command Command Description

Access Level 0 Commands

ACC Go to Access Level 1. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 1 password.

ID Relay identification code. 

QUI Go to Access Level 0. 

Access Level 1 Commands

2AC Go to Access Level 2. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level 2 password.

BRE Display breaker monitor data (trips, interrupted current, wear).

CEV n Show compressed event report number n, at 1/4-cycle resolution. Attach R for compressed raw report, at 
1/16- cycle resolution.

COM A Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel A.

COM B Return a summary report of the last 255 records in the communications buffer for MIRRORED BITS 
communications Channel B.

COM C Clears all communications records. If both MIRRORED BITS channels are enabled, omitting the channel 
specifier (A or B) clears both channels.

COM C A Clears all communications records for Channel A.

COM C B Clears all communications records for Channel B.

COM L Appends a long report to the summary report of the last 255 records in the MIRRORED BITS 
communications buffer.

COM L A Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel A.

COM L B Appends a long report to the summary report of the last 255 records in the communications buffer for 
MIRRORED BITS communications Channel B.

COM S Return a summary report of the last 255 records in the MIRRORED BITS communications buffer.

COU n Show current state of device counters. n = repeat the report n times, with a 1/2 second delay between each 
report.

DAT View the date. 

DAT dd/mm/yyyy Enter date in DMY format. 

DAT mm/dd/yyyy Enter date in MDY format if DATE_F setting is MDY. 

DAT yyyy/mm/dd Enter date in YMD format if DATE_F setting is YMD. 

ETH Show the Ethernet port status.

EVE n Show event report n with 4 samples per cycle. If n is omitted, most recent report is displayed. 

EVE R n Show event report n with raw (unfiltered) 16 samples per cycle analog data and 4 samples per cycle digital 
data.

FIL DIR Return a list of files. 

FIL READ filename Transfer settings file filename from the relay to the PC. 

FIL SHOW filename Filename 1 displays contents of the file filename. 

GOO k Display transmit and receive GOOSE messaging information. Enter number k to scroll the GOOSE data k 
times on the screen.

GRO Display active group setting.
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HEL Display a short description of selected commands.

HIS n Show summary of n latest event reports, where n = 1 is the most recent entry. If n is not specified, all event 
report summaries are displayed.

HIS C or R Clear or reset history buffer. 

IRIG Force synchronization of internal control clock to IRIG-B time-code input.

LDP Display signal profile data.

LDP C Clear signal profile data.

MAC Display the MAC address of the Ethernet port (PORT 1).

MET Display instantaneous metering data. 

MET k Display instantaneous metering data k times, where k is between 1 and 32767.

MET AI Display analog input (transducer) data.

MET DEM k Display demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET E Display energy metering data.

MET L Display arc-flash detector (AFD) light input (relay requires the 3 AVI/4 AFDI card in slot E).

MET M Display minimum and maximum metering data.

MET MV Display SELOGIC math variable data.

MET PEA k Display peak demand metering data, in primary amperes. Enter k to scroll metering k times on screen.

MET PM Display synchrophasor metering data.

MET RD Reset demand metering values.

MET RE Reset energy metering data.

MET RM Reset minimum and maximum metering data.

MET RMS Display RMS metering data.

MET RP Reset peak demand metering values.

MET T Display RTD metering data. 

PING x.x.x.x t Determine if Ethernet port is functioning and configured properly. x.x.x.x is the IP address and “t” is the 
PING interval settable from 2 to 255 seconds. Default “t” is 1 second. Press Q to stop.

SER Display the entire Sequential Events Recorder (SER) report.

SER date1 Display all the rows in the SER report recorded on the specified date (see DATE command for data 
format).

SER date1 date2 Display all the rows in the SER report recorded between dates date1 and date2, inclusive.

SER row1 Display the latest row1 rows in the SER report (row1 = 1–1024, where 1 is the most recent entry).

SER row1 row2 Display rows row1–row2 in the SER report.

SER C or R Clear SER data. 

SER D Display SER Delete Report, which shows deleted items (use when SER Auto Deletion is selected to 
remove chatter).

SHO n Display relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SHO F Display front-panel settings. 

SHO G Display global settings. 

SHO L n Display general logic settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings 
group. 

SHO M Display Modbus User Map settings.

SHO P n Display port settings, where n specifies the port (1, 2, 3, 4, or F); n defaults to the active port if not listed.

SHO R Display report settings. 

STA Display relay self-test status. 

STA S Display SELOGIC usage status report. 

SUM Display an event summary.

Serial Port Command Command Description
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SUM R or C Reset event summary buffer. 

TAR Display default target row or the most recently viewed target row.

TAR n Display target row n.

TAR n k Display target row n. Repeat display of row n for repeat count k.

TAR name Display the target row with target name in the row.

TAR name k Display the target row with target name in the row. Repeat display of this row for repeat count k.

TAR R Reset any latched targets and the most recently viewed target row.

TIM View time. 

TIM hh Set time by entering TIM followed by hours, as shown (24-hour clock).

TIM hh:mm Set time by entering TIM followed by hours and minutes, as shown (24-hour clock).

TIM hh:mm:ss Set time by entering TIM followed by hours, minutes, and seconds, as shown (24-hour clock).

TRI Trigger an event report data capture. 

Access Level 2 Commands

AFT Test arc-flash detector channels 1–4

ANA c p t Test analog output channel where c is the channel name or number, p is a percentage of full scale or either 
letter “R” or “r” indicates ramp mode, and t is the duration of the test in decimal minutes.

BRE R Reset breaker data.

BRE W Preload breaker data.

CAL Enter Access Level C. If the main board access jumper is not in place, the relay prompts for the entry of 
the Access Level C password. Access Level C is reserved for SEL use only.

CLO Close circuit breaker.

CON RBnn k Select a remote bit to set, clear, or pulse where nn is a number from 01 to 32, representing RB01 through 
RB32. k is S, C, or P for Set, Clear, or Pulse.

COP m n Copy relay and logic settings from Group m to Group n.

FIL WRITE filename Transfer settings file filename from the PC to the relay.

GRO n Modify active group setting.

L_D Load new firmware.

LOO Enables loopback testing of MIRRORED BITS channels.

LOO A Enable loopback on MIRRORED BITS Channel A for the next 5 minutes.

LOO B Enable loopback on MIRRORED BITS Channel B for the next 5 minutes.

OPE Open circuit breaker.

PAS 1 Change Access Level 1 password. 

PAS 2 Change Access Level 2 password. 

PUL n t Pulse Output Contact n (n = OUT101…) for t (1 to 30, default is 1) seconds.

SET n Modify relay settings for group n (n = 1, 2, or 3). If n is not specified, default is the active settings group.

SET name For all SET commands, jump ahead to a specific setting by entering the setting name, e.g., 50P1P.

SET F Modify front-panel settings. 

SET G Modify global settings. 

SET L n Modify SELOGIC variable and timer settings for group n (n = 1, 2, or 3). If n is not specified, default is the 
active settings group.

SET M Modify Modbus User Map settings.

SET P n Modify port n settings (n = 1, 2, 3, 4, or F; if not specified, the default is the active port). 

SET R Modify report settings. 

Serial Port Command Command Description
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SET … TERSE For all SET commands, TERSE disables the automatic SHO command after the settings entry. 

STA R or C Clear self-test status and restart relay. 

Access Level C Commands

PAS C Changes Access Level C password.

Serial Port Command Command Description
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed”
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.
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Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/


Schneider Electric USA, Inc.
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888-778-2733
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Detail Bill of Material Page 1 of 2 

Project Name: Optimal US NAVY - NBK PSNS - 
4160V Replacement 

Negotiation No: POA20227X9K2 

General Order No:  Alternate No: 0001 

 

   
 
 

 

Item No. Qty Product Description     
001 1 Medium Voltage Control Ampgard Medium Voltage Motor Control, NEMA 1, 4160V, 60 

Hertz, 1200 Amps Main bus. 
    

 

 

 Qty List of Materials   
   3   Character Color/Nameplate Color - Black on White   
   1   System BIL is 60kV   
   3   Control Wire Designation: Wire number with device ID destination (no 

terminal numbers) 
  

   3   Control Wire Marker - Sleeve Type   
   1   Equipment Rated to work at 40C, 3281FT (1000 M)   
   3   Standard Structure   
   3   NEMA 1 Standard Enclosure   
   3   Space Heater Bus - 2-Wire   
   3   DC Bus   
   3   Communication Bus (Ethernet)   
   3   4160V 60Hz 1200A Copper Main Bus, 50ka for 2sec Bracing   
   3   Silver Plated Copper Bus, Complete Bus   
   3   400A FLA 128-159, Ampgard MV4S Soft Start,NR RO   
   3   Motor cable distance must be <= 700ft 1 cable per phase or 350ft for 2 

cables per phase 
  

   3   2KVA CPT RVSS STD   
   3   Control Voltage 120VAC   
   3   Load Cable Entry Bottom   
   3   Remote Start/Stop Push Buttons Control Circuit   
   3   To maintain the warranty, startup from an Eaton Certified Specialist is 

required for MV4S RVSS and is not included in this quote 
  

   3   Starter Isolation Switch   
   3   Current Limiting Power Fuses   
   3   Current Transformers   
   3   3 PHASE PT   
   3   Main Contactor Roll-In/Roll-Out   
   3   Bypass Contactor Roll-In/Roll-Out   
   3   4160V MV4S 400A RVSS   
   3   Low Voltage Control Compartment   
   3   Set of Control Circuit Terminal Blocks   
   3   Interposing Relay 3NO 1NC   
   3   Interposing Relay 2NO 2NC   
   6   Misc. Indicating Light, LED   
   3   Reset Pushbutton   
   3   CT SCTB   
   3   Misc 2 Pos Selector Sw   
   3   30mm (E34) Start Pushbutton   
   3   30mm (E34) Stop Pushbutton   
   3   Local/Off/Remote Selector Switch   
   3   30mm (E34) Red Run/Close Indicating Light, LED   
   3   30mm (E34) Green Off/Open Indicating Light, LED   
   3   30mm (E34) Amber Indicating Light, LED   
   3   Schweitzer 710 RTD card   
   3   Schweitzer 710 Ethernet Option   
   3   GFCT 50/5   
   3   Schweitzer 710-5 Relay   
   3   Cubicle Space Heater Solid State RV 400A - 375 Watt @ 250 Volt   
   3   Str. Space Heater Source Bus   
   3   Str. Space heater Disc.Thermostat & Disconnect Fuse & Interlock   
   3   Solid State RV Auxiliary Cell   
   1   4" Filler   
   1   Transition Compartment   



 

Detail Bill of Material Page 2 of 2 

Project Name: Optimal US NAVY - NBK PSNS - 
4160V Replacement 

Negotiation No: POA20227X9K2 

General Order No:  Alternate No: 0001 

 

   
 
 

 Qty List of Materials   
   3   Modbus RTU to Ethernet Gateway [Programing by others]   
   6   SEL ArcFlash Point Sensor   
   1   Total Freight Price   
 

 

Item No. Qty Product Description     
003 1 Medium Voltage Control MVC2 Spare Parts     
 

Designation Parts MVC2  
 

 Qty List of Materials   
   1   Main Fuse 5KV 12R KIT OF 3   
   1   400 Amp Power Pole 4160V   
   1   SL72S4SS3LANL85NR25 Contactor   
   1   Primary Fuse 5KV 1A Kit of 3   
 

Eaton Selling Policy 25-000 applies. 

 

All orders must be released for manufacture within 90 days of date of order entry.  If approval drawings are required, drawings must be returned 

approved for release within 60 days of mailing.  If drawings are not returned accordingly, and/or if shipment is delayed for any reason, the price of the 

order will increase by 1.0% per month or fraction there of for the time the shipment is delayed. 



Ampgard Medium Voltage Motor Control General Information
Specification
Service Voltage: 4160 Enclosure Type: NEMA 1
Labeling: UL Altitude: -3280.8FT to 6561.7FT (-1000M to 

2000M)
Fuse Mounting: Bolt-In Contactor Electrical Connection: Bolt-In 400A, Stab-In 800A
Symmetrical kA Rating: 50

Bus Specification
Main Horizontal Bus: 1200 Bus Density: Standard
Plating: Silver Plating, Complete Bus Insulated: No
Ground Bus 1/4" x 2", 600A: Ground Bus Plating: Unplated (Standard)
Left Side Coordination: MV Switchgear Left Connection Type: Bolted
Right Side Coordination: None Right Connection Type: 
Breaker Alignment: No Breaker In Line-up

Global Specifications
Seismic Rated: Yes Steel Bottom: No
Channel Sills: None Mimic Bus: No
Back to Back: No Aluminum Bottom Plates: No
Exterior Paint: ANSI-61 Light Gray Interior Paint: 
Window In All Starter Doors: Window In All LBS Doors: No

Miscellaneous Specifications
Nameplate Material: 
Nameplate Color: Black on White
Compartment Interior Markers: Typed Vinyl Tape (White w/Black 

Letters)
Back of Door Markers: None
Starter Lift Truck: No Breaker/Starter Lift Dolly: No
Breaker Only Dolly: No Additional O&M Manuals: 
Witness Testing Customer Inspection

Wiring Options
Wire Markers: Sleeve Type Wire Terminals: Screw-Clamped
Control Wire Gauge: #14 Controls Wire Color: Red
CT Wire Gauge: #12 CT Wire Color: Color Coded
Ground Wire Color: Green Yellow stripe Conduit: 
Spare Contacts Wired Out: 

Space Heater Bus
Cubicle Space Heater Bus: 2-Wire Motor Space Heater Bus: None

Two Wire Bus
DC Bus: Yes Communications Bus: Ethernet
UPS Bus: Test Power Bus: No
Control Power Bus: No Other Two Wire Bus: 

Other Buses
PT Bus: No Other Three Wire Bus: 
Other Four Wire Bus: 

Lugs
Main Lugs Type: None Line-Up Ground Lugs: No
Load Lugs Type: None
Ground Lugs Type: None

Lead-Time:U

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE
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The information on this document is 
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Front View

Floor Plan

1

T

R

A

N

S

Rear

Connection
to
MV Switchgear1

2

1250 HP

MV4S

2

3

1250 HP

MV4S

3

4

1250 HP

MV4S

4

Structure 1 2 3 4
Ship-Inches
Ship-MM

112
2844

Wdth-Inches
Wdth-MM

4.00 36.00 36.00 36.00
101 914 914 914

Depth-Inches
Depth-MM

30 30 30 30
762 762 762 762

Height-Inches
Height-MM

100 100 92 92
2540 2540 2336 2336

Weight-Lbs
Weight-Kg

600 1700 1700 1700
272 771 771 771
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Ampgard Medium Voltage Motor Control Line-up Information
Global Special Modifications
Modbus RTU to Ethernet Gateway [Programing by others]
SEL ArcFlash Point Sensor
Str# Structure & Compartment Descriptions & Modifications
1 Incomin

g Line
Structure Composite Drawing: No Composite Match

Unit 1D Transition Compartment-Transition Compartment

Catalog Number: BKRTRANSE
2 Starter

Structure Composite Drawing: No Composite Match
Unit 2B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton
CT SCTB
Misc 2 Pos Selector Sw
30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET

The information on this document is 
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confidence and it is only to be used for 
the purpose in which it is supplied.
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Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 2D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE
3 Starter

Structure Composite Drawing: No Composite Match
Unit 3B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton
CT SCTB
Misc 2 Pos Selector Sw

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET

The information on this document is 
created by Eaton. It is disclosed in 
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the purpose in which it is supplied.
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30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton
Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 3D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE
4 Starter

Structure Composite Drawing: No Composite Match
Unit 4B Starter-400A FLA 128-159, Ampgard MV4S Soft 

Start,NR RO

Catalog Number: S410B4BE
Power Units:  HP
Entered Power Value:  1250
Control Power Transformer:  2 KVA
Mechanical Latch:  None Ride Through Circuit:  130ms
Space Heater Rating:  375 Watt @ 250 Volt Space Heater Source:  Space Heater Bus

Space Heater Disconnect:  Thermostat & 
Disconnect Fuse & Interlock

Incoming Line Direction: 
Cable Size: Incoming Load Direction: 

Cable Size: 
Bott
om

Number of Cables: Number of Cables: 
Ground Size: Ground Size: 
Number of Grounds: Number of Grounds: 
To maintain the warranty, startup from an Eaton 
Certified Specialist is required for MV4S RVSS 
and is not included in this quote
Starter Isolation Switch
Current Limiting Power Fuses
Current Transformers
3 PHASE PT
Main Contactor Roll-In/Roll-Out
Bypass Contactor Roll-In/Roll-Out
4160V MV4S 400A RVSS
Low Voltage Control Compartment
Set of Control Circuit Terminal Blocks
Interposing Relay 3NO 1NC
Interposing Relay 2NO 2NC
Misc. Indicating Light, LED
Misc. Indicating Light, LED
Reset Pushbutton

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET
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CT SCTB
Misc 2 Pos Selector Sw
30mm (E34) Start Pushbutton
30mm (E34) Stop Pushbutton
Local/Off/Remote Selector Switch
30mm (E34) Red Run/Close Indicating Light, LED
30mm (E34) Green Off/Open Indicating Light, 
LED
30mm (E34) Amber Indicating Light, LED
Schweitzer 710 RTD card
Schweitzer 710 Ethernet Option
GFCT 50/5
Schweitzer 710-5 Relay
This compartment's labelling does not match that of the line-up.

Unit 4D Solid State LV Control-Solid State RV Auxiliary 
Cell

Catalog Number: RVSSENCLE

NEG-ALT Number

PREPARED BY DATE

APPROVED BY DATE

VERSION

REVISION DWG SIZE

JOB NAME

DESIGNATION

TYPE

G.O.

DRAWING TYPE

ITEM SHEET

The information on this document is 
created by Eaton. It is disclosed in 
confidence and it is only to be used for 
the purpose in which it is supplied.

POA20227X9K2-0001

Michael P Matroniano 4/18/2019

1.1.8.5

0 A

Eaton Asheville, NC
Optimal US NAVY - NBK PSNS - 4160V Replacement

Ampgard MV Motor Control Customer Appr.

001 6 of 6



CA08104001E For more information, visit: www.eaton.com/consultants

March 2014

Contents

Motor Control (AMPGARD)—Medium Voltage 10.0-1

i

ii

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Sheet 10001

M
o

to
r 

C
o

n
tr

o
l (

A
M

P
G

A
R

D
)

—
M

e
d

iu
m

 V
o

lt
a
g

e Motor Control (AMPGARD)—Medium Voltage 

Motor Starters

General Description

Application and Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-1

Personnel Safety Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-1

Mechanical Non-Loadbreak Isolating Switch . . . . . . . . . . . . . . . . . . . 10.1-2

400A, 7.2 kV Vacuum Contactor—Bolt-in, Type SL . . . . . . . . . . . . . . . 10.1-3

400A, 7.2 kV Vacuum Contactor—Stab-in, Type SL  . . . . . . . . . . . . . . 10.1-4

Current Limiting Fuses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-4

Isolated Low Voltage Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-5

Bus and Optional Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-6

Reduced Voltage Starters—Mechanical  . . . . . . . . . . . . . . . . . . . . . . . 10.1-7

Reduced Voltage Starters—Solid-State . . . . . . . . . . . . . . . . . . . . . . . . 10.1-8

Synchronous Motor Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-10

Incoming Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-11

Potential Transformers and Fuses . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-11

Type LBS Loadbreak Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-11

Main Breaker AMPGARD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-12

Technical Data

Wiring Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-14

LBS Loadbreak Switch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-17

Type SL, 400A, 7.2 kV Vacuum Contactor  . . . . . . . . . . . . . . . . . . . . . . 10.1-17

Type SL, 800A, 7.2 kV Vacuum Contactor  . . . . . . . . . . . . . . . . . . . . . . 10.1-18

Type SL, 300A, 15 kV Vacuum Contactor  . . . . . . . . . . . . . . . . . . . . . . 10.1-19

Main Breaker Ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-20

Contactor-Fuse Coordination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-21

Protection Considerations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-22

Starter Fuse Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-23

Layout Dimensions

Full Voltage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-24

Primary Reactor, Reduced Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-27

Autotransformer, Reduced Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-29

Synchronous Brush Type Mark V Controller  . . . . . . . . . . . . . . . . . . . 10.1-30

Solid-State Reduced Voltage AMPGARD MV4S . . . . . . . . . . . . . . . . . 10.1-32

Incoming Line Switch/PT Layouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-35

Tie Switch Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-37

Arc-Resistant Starter Layout  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-38

Main Breaker AMPGARD Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-39

AMPGARD XP3

General Description

Application and Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-41

Enhanced Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-42

Wiring Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-43

Layout Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1-44

Adjustable Frequency Drives

General Description

Application and Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-1

AMPGARD SC 9000 Fully Integrated A–E-Frame AFD . . . . . . . . . . . . 10.2-2

Synchronous Transfer Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-13

15 kV Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-15

Integrated VCPW Main Breaker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-16

Technical Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-17

Personnel Safety Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-19

Component Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-20

Optional Output Filters and Reactors  . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-22

Technical Data and Ratings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2-24

http://www.eaton.com/consultants


CA08104001E For more information, visit: www.eaton.com/consultants

10.1-1
March 2014

Motor Control (AMPGARD)—Medium Voltage

i

ii

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Sheet 10

Motor Starters
General Description

003

AMPGARD Motor 
Control Assembly

AMPGARD Motor Control Assembly

General Description
Eaton’s AMPGARD® medium voltage 
metal-enclosed control family 
provides control and protection 
of medium voltage motors and 
equipment rated 2300–13,800V 
nominal/15,000V maximum.

Application Description
AMPGARD control has a complete 
metal-enclosed offering:

■ Full and reduced voltage starting of 
medium voltage motors up to 8000 hp

■ Main breaker metal-enclosed 
switchgear, a smaller footprint, 
single integrated assembly direct 
coupled to the AMPGARD control

■ Integral LBS loadbreak switches 
available as main, tie or feeder. 
The LBS can be supplied as fused 
or un-fused

■ Adjustable frequency drives 
(SC 9000™) up to 4160V, 6000 hp

Features, Benefits and Functions
Personnel safety: Positive mechanical 
isolating switch with visible disconnect 
completely grounds and isolates the 
starter from the line connectors with 
a mechanically driven isolating shutter, 
leaving no exposed high voltage. 
Medium voltage door is mechanically 
locked closed with interlocking mecha-
nism; low voltage section has separate 
door and is segregated from the 
medium voltage section.

Ease of installation: Current limiting 
fuses, contactor assembly and 
isolating switch assembly are easily 
removed from the enclosure; line 
and load terminals are completely 
accessible from the front.

Ease of maintenance: All components 
are front accessible, facilitating routine 
inspection and/or parts replacement. 

The low voltage compartment 
is painted white as standard to 
maximize serviceability.

Simplicity of design: Component-
to-component design eliminates half 
of the electrical connections.

Time-proven contactor technology: 
Three vacuum contactor ratings are 
used, 400A and 800A 7.2 kV and 300A 
15 kV. 400A 7.2 kV contactors are 
available as stab-in or bolt-in design. 
800A 7.2 kV and 300A 15 kV contactors 
are available as stab-in design only.

High degree of isolation: Main bus is 
located in separate compartment on 
top of lineup. Vertical bus is barriered in 
rear of starter. Load cables are isolated 
from adjacent starter in two-high 
sections. A vertical low voltage wireway 
is provided for isolation of customer 
control wiring. The low voltage control 
compartment is isolated from medium 
voltage by grounded steel barriers.

Starter catalog types are available for 
the following applications:

■ Squirrel cage, full voltage 
(reversing and non-reversing)

■ Squirrel cage, primary reactor
■ Squirrel cage, autotransformer
■ Reduced voltage solid-state
■ Synchronous full voltage
■ Synchronous primary reactor
■ Synchronous auto-transformer 

(reversing and non-reversing)
■ Two-speed, two winding
■ Two-speed, one winding

Enclosures
AMPGARD products are available in 
NEMA® 1 general purpose enclosures 
as standard. NEMA 12 (dust tight), 
NEMA 3R (outdoor) and arc-resistant 
enclosures are available options for 
most products. Contact Eaton for 
exceptions. Enclosure type affects the 
maximum continuous current rating 
of the starters in the enclosure. 

Refer to Table 10.1-4 on Page 10.1-17 for 
specific ratings for each enclosure type.

Arc-Resistant AMPGARD
When specified, AMPGARD is available 
in special arc-resistant construction. 
AMPGARD AR is available with a 50 kA, 
0.5 sec arc resistant rating. The design 
has been tested and verified to meet 
the requirements of IEEE C37.20.7 for 
Type 2B construction. Type 2B con-
struction is defined as arc-resistant at 
front, back and sides of the enclosure 
with the low voltage compartment door 
open. Most types of 400A and 800A 
starters, as well as 24-inch (610 mm) 
wide incoming cable sections are 
available in arc-resistant construction. 
A common plenum design to close 
couple to Eaton arc-resistant switchgear 
is also available. Consult Eaton for 
ratings on this design. Main Breaker 
AMPGARD, SC 9000 AFD, LBS load 
break switches are not available in 
arc-resistant construction. Due to the 
specific nature of arc-resistant testing, 
no modifications may be made to 
the enclosure while maintaining the 
arc-resistant rating. Consult Eaton 
for more details.

Personnel Safety Features
One of the most important consider-
ations in designing the AMPGARD 
starter was personnel safety. The 
result is an extensive system of 
interlocks and other safety features.

Interlocks
Interlocking on AMPGARD starters 
includes:

■ Isolating switch mechanism locks 
the medium voltage door closed 
when the switch is in the ON position

■ Provision for optional key interlocks
■ When door is open, interlock prevents 

operating handle from being moved 
inadvertently to ON position

■ When contactor is energized, isolating 
switch cannot be opened or closed

2-High FVNRMV4S
RVSS

AMPGARD SC 9000 4160V, 2500 hp AFDAMPGARD Main Breaker
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Other Safety Features
AMPGARD starters include many 
additional features designed to 
protect operating personnel. These 
features include:

■ Provision for a padlock on 
the isolating switch handle in 
OFF position

■ Shutter barrier between line 
terminals and isolation switch 
stabs is mechanically driven

■ Distinctive marking on switch 
assembly appears when shutter 
barrier is in position and starter is 
completely isolated from the line

■ Grounding clips provide a positive 
grounding of the starter and main 
fuses when the isolating switch 
is opened

■ High and low voltage circuits are 
compartmentalized and isolated 
from each other

■ The drawout isolation switch is 
easily removed by loosening two 
bolts in the back of the switch. 
The shutter remains in place 
when the switch is withdrawn

A remote operator for the starter 
isolation switch is an available option. 
The AMPGARD Remote Operator (ARO) 
enables users to open or close the 
switch through the use of a pushbutton 
station operated up to 30 feet away 
from the starter. Users can mount the 
ARO on the front of the starter, plug it 
into any available 120 Vac source, then 
easily operate the isolation switch from 
outside the starter arc flash boundary.

AMPGARD Remote Operator

Mechanical Non-Loadbreak 
Isolating Switch

JMT-400/800A Isolation Switch 
Front View

JMT-400/800A Isolation Switch 
Rear View

Isolation Switch
Eaton’s Type JMT-4/8 and JMT-15 are 
each a drawout, lightweight, three-pole, 
manually operated isolating switch 
mounted in the top of the starter enclo-
sure. They may be easily removed 
by loosening two bolts in the rear of 
the switch. The JMT-4 is rated 400A 
continuous while the JMT-8 is rated 
720A continuous. The JMT-15 is rated 
300A continuous at 15 kV. All isolation 
switches have a mechanical life rating 
of 10,000 operations.

The component-to-component circuitry 
concept includes the mountings for 
the current limiting fuses as part of 
the isolating switch.

Features
A positive mechanical interlock 
between the isolating switch handle 
mechanism and contactor prevents the 
isolating switch from being opened 
when the contactor is closed or from 
being closed if the contactor 
is closed.

An operating lever in the isolating 
switch handle mechanism is designed 
to shear off if the operator uses 
too much force in trying to open the 
non-loadbreak isolating switch when 
the contactor is closed. This feature 
ensures that the operator cannot open 
the switch with the main contactor 
closed, even if excessive force is 
used on the operating handle.

To operate the isolating switch, the 
operating handle is moved through 
a 180º vertical swing from the ON to 
the OFF position. In the ON position, 
a plunger on the back of the handle 
housing extends through a bracket on 
the rear of the starter high voltage 
door, preventing the door from being 
opened with the switch closed. When 
the high voltage door is open, a door 
interlock prevents the handle from 
being inadvertently returned to the 
ON position.

When the operating handle is moved 
from ON to OFF, copper stabs are 
withdrawn from incoming line fingers. 
As the stabs withdraw, they are 
visible above the top of the fuses 
when viewed from the front, and 
simultaneously grounded. As the 
fingers are withdrawn, a spring-driven 
isolating shutter moves across the 
back barrier to prevent front access 
to the line connections. As the 
shutter slides into position, distinctive 
markings appear on the back barrier, 
making it easier to check the position 
of the shutter. 

Isolation Switch Auxiliary Contacts

Optional Blown Fuse
Indicator Contacts

Switch Operating 
Arm

Control Plug

Line Side Access Panel
(Removable From Front)

Line Side Connections

Switch Handle

Open
Switch Handle

Closed
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400A, 7.2 kV Vacuum 
Contactor, Type SL

400A Bolt-in Contactor
7200 Volt Maximum

General Description
Eaton’s Type SL Vacuum Contactors 
were designed and engineered 
specifically for use in AMPGARD 
starters. 7.2 kV SL 400A Vacuum 
Contactors are self-supporting, 
compact, drawout, three-pole, DC 
magnet closed contactors. To permit 
application matching of the starter to 
the motor rating, the SL Contactor is 
available in 400A standard and high 
interrupting ratings.

SL Contactors are available in the 
standard bolt-in configuration and 
optional stab-in design. Either bolt-in 
or stab-in designs can be supplied in a 
two-high configuration, with a starter 
maximum of 400 full load amperes. The 
total NEMA 1 structure rating cannot 
exceed 720A for a combination of 
two starters. Refer to Table 10.1-4 on 
Page 10.1-17 for other ratings.

Design
Eaton Vacuum Contactors are highly 
versatile, low-chop contactors that have 
been designed to meet all applicable 
NEMA standards and are UL® recog-
nized components. The contactors 
accommodate mechanical interlocks 
that function with the starter isolation 
switch and with other contactors. 
These interlocks provide unmatched 
safety and service protection.

The contactors consist of a molded 
frame with moving armature, magnet 
and vacuum interrupters. The contactor 
is easily positioned into the starter, and 
vacuum interrupters provide long life 
with a minimal maintenance program. 
The SL operating coils are energized 
by a control board that provides a 
pulse-width-modulated DC output. 
Control voltages and contactor dropout 
times are programmed using a DIP 
switch located on the control board. 
The control board is mounted in a 
protected cavity in the molded 
contactor frame to prevent inadvertent 
access to the voltage and dropout 
DIP switch. Four auxiliary contacts 
(2NO, 2NC) are supplied with each 
contactor and are wired to terminal 
blocks on the starter control panel.

The vacuum interrupters employ 
special main contact materials that 
exhibit a low chop current plus other 
specially engineered characteristics 
that minimize switching surges. Surge 
protection is therefore not required 
due to the use of the vacuum contac-
tor. Surge protection may be required 
for other reasons such as the high 
probability of lightning strike, etc.

Maintenance
Reduced maintenance is one of the 
outstanding features of Eaton’s 
Vacuum Contactor line. The special 
contact material in the vacuum 
interrupters provides long life even 
under severe operating conditions. 
The main coils operate with a very 
low temperature rise to maximize 
insulation life. Steel bearings on 
the main shaft provide long, trouble-
free operation.

An included simple go/no-go gauge is 
used for checking contact wear. Wear 
can be checked without removing the 
contactor from the starter. The vacuum 
contactor at 65 lb is much lighter than 
previous generation airbreak or vacuum 
contactors, which allows for easier 
insertion and removal from the 
starter structure.

Contactor Control Board

DIP Switch on Contactor Control Board
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400A Stab-in Contactor

7200V Maximum

400A, 7.2 kV Bolt-in
The bolt-in version of the SL Contactor 
is supplied as standard for those 
applications requiring a 400A contactor. 
The contactor is mounted on wheels 
and rolls into the AMPGARD structure 
on steel rails. Bolted bus bars connect 
the contactor line and load terminals 
to the power components in the starter 
cell. A three-phase current transformer, 
three-phase potential transformer and 
ground fault current transformer are 
mounted in the cell when required. 
A plug on the side of the contactor 
connects the contactor to the low 
voltage control panel.

The contactor is easily withdrawn from 
the structure by removing the six bolts 
securing the contactor line and load 
terminals, and the pin connecting 
the isolating switch interlock arm. 
The contactor can be removed from 
the starter without disconnecting 
any medium voltage cables.

400A, 7.2 kV Stab-in
A stab-in version of the SL Contactor
is an available option. The stab-in
contactor is mounted on wheels 
and rolls into the AMPGARD structure. 
Contactor line and load fingers engage 
cell-mounted stabs as the contactor 
is inserted into the starter cell. The 
contactor is held in position by a bolt 
and bracket combination. It can be 
easily withdrawn from the starter 
cell by removing the bolt holding 
the contactor against the bracket 
and disconnecting the isolation 
switch interlock. The contactor can 
be removed from the starter without 
disconnecting any medium voltage 
cables.

400A Stab-in Contactor 7200V 
Maximum with Mechanical Interlock

800A, 7.2 kV Vacuum Contactors
The 800A SL Contactor is available in 
a one-high configuration and is rated 
at 600/650/720A enclosed. The 800A 
contactor is available with a stab-in type 
connection only. The 800A contactor 
is mounted on wheels and has similar 
features to the stab-in 400A contactor.

800A Vacuum Break Contactor 
7200V Maximum Stab-in with Wheels, 
and Line and Load Fingers

300A, 15 kV Stab-in Contactor
The 300A 15 kV SL Contactor is 
available in a one-high configuration 
and is rated at 300A enclosed. The 
300A contactor is available with a 
stab-in type connection only. The 15 kV 
contactor is mounted on wheels and 
has similar features to the 800A 7.2 kV 
contactor. The maximum starter current 
is 300 full load amperes when supplied 
with 15 kV 400 ampere CLS fuses.

300A Stab-in Contactor
15 kV Maximum

Current Limiting Fuses
AMPGARD starters use Eaton’s Type 
CLS power fuses with special time/
current characteristics for motor service. 
Type CLE or Type HLE power fuses 
are applied when the starter is used 
to feed a transformer. The fuse is 
coordinated with the contactor and 
overload relay characteristics to 
provide maximum motor/transformer 
utilization and protection. The standard 
mounting method for power fuses is 
bolted with an option for fuse clips in 
the 400A starter. 800A 7.2 kV and 300A 
15 kV fuses are supplied as bolted only.

Interruption is accomplished without 
expulsion of gases, noise or moving 
parts. Type CLS/CLE/HLE fuses are 
mounted in a vertical position to ensure 
maximum rating reliability, proper 
operation and to eliminate the possibility 
of dust and dirt collecting, resulting in 
a deterioration of dielectric properties. 
When a fault has been cleared, a 
plastic indicator in the top of the fuse, 
normally depressed, pops up to give 
visible blown fuse indication. This 
indicator also operates the optional 
blown fuse mechanism (available 
with bolted 7.2 kV fuses only) on the 
isolation switch that gives a contact 
closure to allow use in the starter 
control circuit.

Blown fuses may be removed and 
replaced without removing or drawing 
out the contactor. The control circuit 
primary fuses are also current limiting.

Mechanical Interlock with 
Isolation Switch

Roll-out
Wheels

Self-Aligning 
Contactor Line 
and Load Fingers
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Standard Fuse Mounting is Bolted with Optional Clip Mounting

Blown Fuse Indicating Device

Isolated Low Voltage Control
The low voltage door has four cutouts as standard.

AMPGARD 400A Starter Door Closed

View of Isolation Switch Through Viewing Window

AMPGARD 400A Starter—Medium Voltage Door Open

Device panels are provided on the low voltage door to 
simplify the mounting of pilot devices. The low voltage con-
trol panel is behind the low voltage door and is completely 
isolated from the medium voltage compartment. A standard 
viewing window allows visual verification of the isolation 
switch status before attempting to open the medium voltage 
door. The medium voltage door is locked closed whenever 
the isolation switch is closed.

AMPGARD 400A Starter—Low Voltage Door Open

CLS Clip Fuse CLS Bolted Fuse

Blown Fuse 
Indicator 
Operating Arm
(Optional)

Fuse Fault 
Indicator

Low Voltage 
Access Door

MD-3000 Differential 
Relay (When Specified)

Indicating Lights
Start/Stop Pushbutton 
(When Specified)

1/4 Turn Door Latch
Top and Bottom

Motor Protective Relay 
(When Specified)

Distinctive Markings on Isolation Switch 
Shutter Indicate Shutter is Closed and 
Switch is Open

Standard Isolation Switch 
Viewing Window

Vertical Control 
Wireway

Bolted 
Main Fuses

Customer
Terminal Blocks 
for Remote 
Control
Connections

Horizontal 
Wireway

Motor Load Connections 
(Accepts 2-Hole Lugs 
as Standard)

Control Power Transformer 
(750 VA Standard, up to 
4 kVA Available)

Standard Isolation 
Switch Viewing 
Window

Isolation Switch 
Operating Handle 
(Mechanism Locks 
Medium Voltage 
Door When Switch 
is Closed)

Medium Voltage 
Access Door

Predrilled Holes for Additional
Control Devices

Interposing Control Relay
DIN Rail Mounted
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Bus and Optional Features

Bus Compartment Top View 3000A Main Horizontal Bus

Main Bus
When starters are grouped together 
in a lineup, a typical option is the 
main bus. The AMPGARD main bus 
is mounted in its own 12-inch (305 mm) 
high top-mounted enclosure, which 
isolates it from the starter. The connec-
tion from the main bus to the starter is 
done with rigid vertical bus. Insulated 
barriers are provided for separate top 
entry of power and control cables. 
The main bus is top, side and front 
accessible, which allows for ease of 
maintenance or extension of lineup 
without disassembling the starters.

Main bus is available for 1000, 1200, 
2000 and 3000A. Main bus is uninsu-
lated as standard on 7.2 kV and below. 
Fully insulated bus is an available 
option for up to 7.2 kV starters and is 
standard on 15 kV and arc resistant 
starters. Bus may be supplied with 
either tin or silver plating. Crossover 
bus, busway entry, and pull boxes 
are not available for the 3000A design 
(3000A bus duct provisions are available 
with the Main Breaker AMPGARD, 
see Page 10.1-12).

The standard bus short circuit rating 
is 50 kA per NEMA standards and is 
based on the let-through current of the 
largest fuse used in any starter. An 
optional 50 kA, 2-second bus rating is 
available for customers that require a 
higher rating for the main bus.

Vertical Bus
Vertical bus is located behind a fixed 
barrier in the rear of the enclosure. 
It is fully insulated as standard, with 
plating to match that of the main bus.

Other Optional Features
AMPGARD starters are available 
with a variety of accessories and 
modifications to satisfy a wide range 
of application requirements. Some 
of the broad areas covered include:

■ Bus and cable entrance enclosures
■ Transformers
■ Power factor correction capacitors
■ Operators and pilot devices
■ Instruments and meters
■ Control relays and timers
■ Solid-state or selected electro-

mechanical protection devices

Medium Voltage Conduit Area
(Upper Starter)

Insulated Barriers to Separate 
Motor Load Cables from Main Bus

Low Voltage 
Conduit Area

Phase C

Bus Splice 
Plates

Vertical 
Bus Drops

Phase B

Phase A

Medium Voltage Conduit 
Area (Lower Starter)

Vertical Bus, Rear View (2-High 400A)

Standards and Certifications

UL, CSA and IEC Certification
AMPGARD starters are designed, 
assembled and tested to meet all 
applicable standards: 

■ NEMA/ANSI ICS3
■ UL 347
■ CSA®

The major components, i.e., contactor, 
isolating switch, fuses, EMR-3000 and 
EMR-4000 are UL recognized.

UL or CSA labeling of a specific starter 
requires review to ensure that all 
requested modifications and auxiliary 
devices meet the appropriate standards. 
Refer to factory when specified. 
AMPGARD starters meet the require-
ments of IEC standards 60694, 60298 
and 60470.

Seismic Qualification

Refer to Tab 1 for information on 
seismic qualification for this and 
other Eaton products.
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Reduced Voltage Starters

General Description
Eaton offers traditional electrome-
chanical reduced voltage starters in 
addition to reduced voltage solid-state 
(RVSS) starters. Unless otherwise 
specified, reactors and autotransformers 
are NEMA medium duty rated. They 
are designed for three 30-second starts 
per hour. Heavy-duty reactors and 
transformers can be supplied when 
specified. Locked rotor current must 
be specified when ordering reduced 
voltage starters to ensure that the 
reactors or autotransformers are 
properly sized.

Reduced Voltage Reactor Starter

Reactor Starter

Table 10.1-1. Type 502 Reactor Starting 
Characteristics 

1 Factory set on 65% tap.

Advantages
■ Reduces starting currents
■ Least costly reduced voltage 

starting method

Disadvantages
■ Large footprint: 1-1/2 structures 

at 400A
■ “Bump” on transition to full voltage
■ Not as efficient as autotransformer
■ Due to reduced torque during 

starting, motor must typically be 
unloaded during the start sequence

Sequence of Operation
■ Main contactor (M) closes
■ Current flows through reactor 

reducing voltage to motor (based 
on tap setting)

■ When motor current reaches 
~125%, the run contactor (R) closes 
providing full voltage to the motor

Reduced Voltage 
Autotransformer Starter

Auto Transformer Starter

Table 10.1-2. Type 602 Auto-transformer 
Starting Characteristics 

2 Factory set on 65% tap.

Advantages
■ Produces the most torque per 

incoming line ampere of any 
reduced voltage starting method

■ Less costly than RVSS

Disadvantages
■ Large footprint: 1-1/2 structures 

at 400A
■ More costly than reactor
■ “Bump” on transition to full voltage
■ Due to reduced torque during 

starting, motor must typically be 
unloaded during the start sequence

Notes: Care should be taken when selecting 
the motor for reduced voltage starting to 
ensure that there is sufficient torque to 
accelerate the load at reduced voltage. 
Motors that do not fully accelerate at 
reduced voltage will generate high voltages 
at transition that can damage the autotrans-
former and void the factory warranty.

Sequence of Operation
■ Shorting contactor (S) closes
■ Main contactor (M) closes
■ Current flows through autotrans-

former reducing voltage to motor 
(based on tap setting)

■ When motor current reaches ~125%, 
the shorting contactor (S) opens and 
the run contactor (R) closes provid-
ing full voltage to the motor

Notes: Because the motor is never 
disconnected from the supply voltage, 
the starting is closed transition.

Starter

Type

%

Motor

Voltage

%

Motor

Current

% 

Line

Current

%

Torque

80% tap
65% tap 1
50% tap

80
65
50

80
65
50

80
65
50

64
42
25

Starter

Type

%

Motor

Voltage

%

Motor

Current

% 

Line

Current

%

Torque

80% tap
65% tap 2
50% tap

80
65
50

80
65
50

67
45
28

64
42
25
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Solid-State Reduced Voltage 
AMPGARD MV4S
Eaton offers reduced voltage solid- 
state soft starters in 400A and 720A 
configurations. Horsepower ratings 
are available through 5000 hp. The 
400A AMPGARD soft starter requires 
one full height structure with a full 
voltage starter in the upper compart-
ment bus connected to a soft start truck 
assembly in the lower compartment. 
The 720A soft starter requires two 
full height structures (total 72 inches 
(1829 mm) wide). The soft start 
components are fixed mounted in the 
720A starter. Both soft starters include 
internal fault protection and built-in 
basic motor protection. The standard 
assembly includes an EMR-3000 motor 
relay for advanced motor protection.

Why is Solid-State Reduced 
Voltage “Soft” Starting Desirable?
■ Eliminate shock to your mechanical 

components
■ Avoid coupling and shaft damage
■ Prevent rotor and winding failure
■ Stop drive belt squeal and breakage
■ Prevent water hammer in pipes
■ Soft stop the pump motors
■ Reduce pressure so valves close gently
■ Avoid the surge wave
■ Reduce peak starting currents
■ Reduce voltage drop on motor start

Ratings
■ 2300–4160 Vac grounded systems
■ 60 kV BIL impulse rating
■ Horsepower: to 5000 hp

Refer to Table 10.1-19 on Page 10.1-32 
for more detailed ratings information.

The AMPGARD solid-state soft starter 
is recommended for application only 
on power systems that are solidly 
grounded or resistance grounded. 
Ungrounded systems are not 
recommended.

Industry Standards
The AMPGARD solid-state starter is 
designed and built to meet all applicable 
industry standards. The 400A starter is 
available as a UL listed assembly.

■ NEMA ICS3
■ UL 347
■ CSA
■ Manufactured in an ISO® 9001 

and ISO 14001 certified facility

Starting Characteristics 
The soft start controller provides 
a number of selectable starting 
characteristics as standard:

Kick Start
Provides an initial boost of current to 
overcome motor and system inertia.

Ramp Start
Operator sets the initial starting 
voltage and ramp time. Factory 
setting for starting voltage is 20%. 
Range is 0 to 100%. Factory setting 
for starting time is 10 seconds. Range 
is 0 to 120 seconds.

Current Limit
Limits the maximum starting current. 
Used in long start time applications 
and motor protection applications. 
Factory setting is 350% of motor FLA. 
Range is 200 to 600%.

Solid-State Soft Stop
Provides a slow decrease in output 
voltage. Extends the stopping time of 
the motor. Typically used with pumps.

AMPGARD 400A Soft Starter

Main Starter 
Cubicle

Motor 
Protection
Relay

Soft Starter 
LV Control 
Compartment

Drawout
SCR Truck
(Located 
Behind 
MV Door)

Load Cables—Normal

Load Cables—Moved for Full Voltage Start
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MV4S Keypad and Display

Application with Capacitors
Capacitors of any kind may not be 
connected to the load of the solid-state 
starter. When power factor correction 
capacitors are required, the capacitors 
are connected ahead of the RVSS truck 
and are switched with a separate 
capacitor contactor. If multiple starters 
with capacitors are supplied in the 
same lineup, all capacitors are 
switched off while the solid-state 
starter ramps. At the completion of 
the ramp cycle, the capacitors for 
all energized starters are sequenced 
back on. Long cable runs may create 
enough capacitance to be of concern. 
Capacitance connected to the starter 
motor connections must not exceed 
0.3 ufd.

400A MV4S Roll-out Truck 

Design
Soft start components and bypass 
contactor are mounted in a easy-
to-remove roll-out truck assembly. 
Maintenance can be performed with 
the truck on a bench away from the 
starter cubicle.

720A MV4S with Doors Open

How It Works
1. At the time of start, the bypass 

contactor is open and all current 
passes through the SCRs that 
ramp the voltage per the pre-
programmed starter settings. 

2. After start is complete, the run 
contactor closes, taking the SCRs 
out of the circuit.

3. The SCRs are on for only a short 
time therefore no MCC venting or 
cooling is required.

4. When a stop command is 
received, the SCRs can be 
programmed to ramp down, 
providing a soft stop.

AMPGARD 720A Soft Starter
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Synchronous Motor Control, 
Basic or Enhanced, with 
Mark V Controller
AMPGARD synchronous starters are 
available for Brush-type and Brushless 
Motors, in Basic and Enhanced versions. 
Both Basic and Enhanced Brush-type 
designs feature the AMPGARD exclusive 
“Soft-sync” that minimizes mechanical 
shock as the motor is synchronized.

Eaton Factory Authorized Start-up 
Service is required with all Enhanced 
Synchronous Starters.

Basic Brush-type
The Basic Brush-type starter includes 
a three-phase exciter to generate DC 
rotor current up to 200A plus a control 
board that determines the proper 
time to apply the DC field while also 
providing basic protection, including:

■ Locked rotor protection
■ Incomplete sequence
■ Failure to synchronize
■ Blown fuse protection
■ Pullout protection
■ Field loss protection

The protective features are displayed 
on an Eaton GP02 interface module. 
Stator protection is provided by 
an EMR-3000 solid-state motor 
protection relay.

AMPGARD Synchronous Starter

Basic Display with Trip Indication

Enhanced Brush-type
The Enhanced Brush-type starter 
includes all features of the Basic 
starter plus premium protection, 
metering and communications. 
Features include:

■ Power factor regulation/
VAR regulation

■ Auto-loading
■ Field forcing
■ Enhanced metering
■ Event recorder
■ Communications with Modbus® 

TCP/Modbus RTU, Serial Interface 
(RS-232)

The standard enhanced display is an 
Eaton GP04 interface module. An 
Eaton PanelMate is available as a 
high-end display. 

Basic Brushless
The Basic Brushless starter includes 
a three-phase DC power supply to 
generate exciter field current up to 
10A plus a control board that provides 
basic protection. A solid-state motor 
protective relay is supplied for pullout 
protection. Output voltage is adjustable 
from 62–125 Vdc.

Stator protection is provided by 
an EMR-4000 solid-state motor 
protection relay.
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Incoming Line
Depending on the size and number 
of incoming cables, an incoming line 
enclosure may be necessary. Different 
designs are available for incoming 
power for top or bottom entry.

When incoming line metering is 
specified, an additional 24-inch 
(610 mm) wide metering structure 
is typically supplied.

Typical 24-Inch (610 mm) Wide
Incoming Line Structure

Incoming Line Connection Options
■ Cable: Maximum of six per phase, 

750 kcmil maximum, top or 
bottom entry

■ Bus Duct: Top only, 1200A, 2000A or 
3000A. Standard Eaton three-wire 
designs only

■ Transformer Throat: Must be the 
standard design used by Eaton

Potential Transformers, 
Control Power Transformer 
Disconnect and Fuses
Bus connected (7.2 kV max.) potential 
transformers and/or control power 
transformers are mounted in a 
20-inch (508 mm) high assembly that 
includes a disconnect and primary fuses. 
The assembly can be mounted in a 
24-inch (610 mm) or 36-inch (914 mm) 
wide structure.

Potential Transformers, Control 
Power Transformer and Fuses 
Mounted in a Disconnect Assembly, 
Height 20 Inches (508 mm)

Type LBS Loadbreak Switch
For application needs with loads 
rated 600 or 1200A at 2300–6600V, 
AMPGARD is available with the Type 
LBS loadbreak switch. The LBS is fixed 
mounted and will fit in one-half of a 
standard 80-inch (2032 mm) high, 
36-inch (914 mm) wide vertical structure. 
Power fuses up to 450E amperes 
can be mounted within the half-high 
structure. 600E or 750E fuses require 
an additional half-structure, 1100E 
or 1350E fuses require an additional 
full structure. Lineups supplied with 
unfused LBS switches or with switches 
that use fuses greater than 450A 
cannot be rated for 50 kAIC. Refer to 
Table 10.1-5 on Page 10.1-17 for addi-
tional ratings information. Mechanical 
interlocks are incorporated so that the 
door cannot be opened when the switch 
is on, and when the door is open the 
switch cannot be closed. A safety 
screen is supplied behind the switch 
door. The Type LBS switch can be 
supplied with two Form C electrical 
interlocks.

Type LBS Loadbreak Switch Shown 
in Upper or Lower Half of 36-Inch 
(914 mm) Wide Structure, Height 
40 Inches (1016 mm)

Type LBS Loadbreak Switch Shown 
with Safety Screen Removed

Bus for
Top or 
Bottom
Entry 
Incoming
Power
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Main Breaker AMPGARD

Main Breaker AMPGARD 

General Description
Eaton’s Main Breaker AMPGARD 
(MBA) is a fully integrated metal-
enclosed medium voltage Type VCP-W 
Drawout Vacuum Circuit Breaker that 
is bus connected (close-coupled) to 
AMPGARD Medium Voltage Starters 
in a single integrated assembly.

Notes: MBA sections are 100 inches 
(2540 mm) high.

Main Breaker AMPGARD (7.2 kV max.) 
is suitable for service entrance. Utility 
metering sections are not available. 
Main Breaker AMPGARD is designed 
and built to meet the following 
standards where applicable:

■ NEMA ICS-1 and NEMA ICS-3, Part 2
■ ANSI/IEEE C37.20.3
■ UL 347
■ CSA C22.2, No. 31 and No.14

Listing/Certification
UL listing and CSA certification is 
available, depending on the specific 
bill of material.

Ratings
■ 2300–6600 Vac systems 

(7200 Vac maximum), three-phase
■ 60 kV BIL impulse withstand rating
■ ANSI interrupting ratings—250, 

350 and 500 MVA. 500 MVA rating 
available for 6600V systems only

■ Continuous current—1200A, 2000A, 
and 3000A

Main Breaker AMPGARD—Doors Open

Requires Less Floor Space
■ Only 60 inches (1524 mm) deep, 

the integrated MBA design provides 
a bus system that directly connects 
to AMPGARD motor starters, elimi-
nating space-consuming transition 
sections. The reduced floor space 
requirements yield significant cost 
savings, particularly when installa-
tion in a prefabricated electrical 
house is required

■ Back-to-back starters provide for 
an increase in the number of 
starters without an increase in 
floor space

Front/Side Accessible 
Connections
■ All connections requiring main-

tenance are front or side accessible
■ Rear access space is not required
■ An MBA (excluding back-to-back 

design) can be installed flush 
against the wall

Circuit Breaker Rating Chart
Table 10.1-3. ANSI Standards—
Type VCP-W Circuit Breakers Rated on 
Symmetrical Current Rating Basis

Notes: See Page 10.1-20 for complete ratings.
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MVA kV kV Peak kA rms Amperes

250 4.16 60 kV BIL 29 at 
4760V

1200
2000
3000

350 4.16 60 kV BIL 41 at 
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Microprocessor-Based Relays
Eaton’s protective relays provide 
programmable circuit protection, 
information and operator conducted 
testing. Refer to Tab 4 for more 
information.

Metering
Power Xpert® meters are available 
for multi-function metering. Refer 
to Tab 3.

Communications
Eaton’s Power Xpert Architecture 
communications provides for monitor-
ing and controlling complete electrical 
distribution systems of those parts of 
a system selected by the operator. 
Refer to Tab 2.

Enclosures
The MBA is available in NEMA/
EEMAC 1, NEMA/EEMAC 1G/1A, 
and NEMA/EEMAC 12 enclosures.

AMPGARD 2-High Structure Bus Connected 
to Main Breaker Section

Low Voltage Equipment Cell Compartment 
for Metering and Protection Devices

Side Panel Removed to Show Incoming
Cable Connections
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Technical Data

Typical Wiring Diagram for Full Voltage FVNR Starter

Figure 10.1-1. Induction Motor Across-the-Line Starter, Vacuum Contactor with Optional EMR-3000 Motor Protection and 
IQ Metering, Start-Stop Pushbuttons, and Red and Green Indicating Lights
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Typical Wiring Diagram for Reduced Voltage Autotransformer RVAT Starter

Figure 10.1-2. Induction Motor Reduced Voltage Autotransformer Starter, Vacuum Contactor with Optional EMR-3000 Motor Protection and 
IQ Metering, Start-Stop Pushbuttons, and Red and Green Indicating Lights
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Typical Wiring Diagram for Solid-State Reduced Voltage Starter

Figure 10.1-3. Induction Motor Reduced Voltage Solid-State Starter, Vacuum Contactor with EMR-3000 Motor Protection, Local and Remote 
Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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=  Circuit Board Dry Output

= Circuit Board Wetted Output
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Reduced Voltage 400A MVS4 Starter

MP4000 Programming Notes:

MP4000 Must be Programmed for AUX2 Relay Output to Trip on:

Ground Fault, Instantaneous Overcurrent and Differential (if used).

These Trip Conditions Will Result in the Immediate Opening of the 
Main Contactor (Uncontrolled Shutdown)

All Other  Trip Functions Will Operate the Trip Output and Allow the 
Softstart Module to Open the Circuit (Controlled Shutdown)

Refer to MP4000 Manual IB02602002E, Pages 4-12 Through 4-13, 
Setpoints 10-2, 10-15 and 10-19.
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Table 10.1-4. Starter Maximum Continuous Current Ratings

1 Limited acceleration time and locked rotor current. Contact Eaton for details.

LBS Loadbreak Switch
Table 10.1-5. LBS Switch Ratings 

2 1200A rating is for NEMA 1 enclosure with vented covers. NEMA 3R/12 rating is 1000A.

Type SL, 400A, 7.2 kV Vacuum Contactor/Starter Ratings
Table 10.1-6. Type SL 400A Vacuum Contactor Ratings 

3 Time stated in cycles on 60 Hz base.

Starter Class Enclosure Type

NEMA 1 NEMA 12/NEMA 3R Arc Resistant

Two-high with 400A 7.2 kV contactors 360 top 330 top 320 top

360 bottom 330 bottom 320 bottom

Two-high with 400A 7.2 kV contactors–alternate 320 top 230 top 210 top

400 bottom 1 370 bottom 350 bottom

One-high with 800A 7.2 kV contactor 720 650 600

One-high with 300A 15 kV contactor 300 300 N/A

Description Continuous 

Amperes

Load-Break

Amperes

Fault Close Rating,

kA Asymmetrical

System Fault Rating,

kA Symmetrical

600A unfused switch
1200A unfused switch

600
1200

600
1200

40
61

25
38

600A fused switch, 450E maximum fuse
1200A fused switch, 450E maximum fuse

450
450

600
1200

80
80

50
50

600A fused switch, 750E maximum fuse
1200A fused switch, 750E maximum fuse

600
750

600
1200

64
64

50
50

1200A fused switch, 1350E maximum fuse 1200 2 1200 49 31

Rated Utilization Voltage 2200 to 2500V 3000 to 3600V 3800 to 4800V 6000 to 7200V

Interrupting rating 
(With 400A high interrupting contactor)

NEMA unfused (E1)
NEMA fused (E2)

8.5 kA
50 kA

8.5 kA
50 kA

8.5 kA
50 kA

8.5 kA
50 kA

Application table
Induction motor
Synchronous motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor three-phase

200 MVA at 2400V
1750 hp
1750 hp
2000 hp
1500 kVA
1200 kVAR

285 MVA at 3300V
2250 hp
2250 hp
2500 hp
2000 kVA
1650 kVAR

400 MVA at 4600V
3000 hp
3000 hp
3500 hp
2500 kVA
2100 kVAR

570 MVA at 6600V
4500 hp
4500 hp
5500 hp
4000 kVA
3300 kVAR

Maximum Insulation Voltage: 7200V
Maximum interrupting current

(3 operations)

Rated current 
IEC make-break capability-AC4

Make
Break

Short-time current
30 seconds
1 second
8.7 milliseconds (0.5 cycle) 3

Standard service altitude
Optional service altitudes

Mechanical life
Electrical life
BIL
Dielectric strength (60 Hz)
Closing time

(Energization to contact touch)
Opening time

8500A (High interrupting)
4500A (Standard interrupting) 
400A enclosed

4000A
3200A

2400A
6000A
63 kA Peak
–1000 to +2000 meters
–3500 to –1001 meters
+2001 to +5000 meters
2.5 million operations
300,000 operations
60 kV (1.2 x 50 microseconds)
20 kV (1 minute)
80 milliseconds

30 to 330 milliseconds (selectable)

Arcing time
Pickup voltage
Dropout voltage
Control voltages

AC
DC

Control circuit burden
Closing (AC)/(DC)
Holding (AC)/(DC)

Auxiliary contact rating
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)

Minimum trip voltage
Trip burden

24 Vdc
125 Vdc
110/120 Vac

Trip time
Weight

12 milliseconds (3/4 cycle) or less
80% rated coil voltage
60% rated coil voltage

110/120/220/240 (50/60 Hz)
125

100V–125V, 1 kVA/200V–250V, 1.8 kVA
100V–125V, 40 VA/200V–250V, 50 VA

600V
10A
7200 VA
125 VA
720 VA
125 VA

250,000 operations
24/125V
110/120V
80% rated coil voltage

400 VA
400 VA
400 VA
30 milliseconds
60 lbs (27 kg) (stab-in/bolt-in)
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Type SL, 800A, 7.2 kV Vacuum Contactor/Starter Ratings
Table 10.1-7. Type SL 800A Vacuum Contactor Ratings 

1 Other power ratings are available based on the specific load data.

Description SJ 25V830 SJ 33V830 SJ 50V830 SJ 72V830

Rated utilization voltage 2200–2500V 3000–3300V 3800–5000V 6000–7200V

Interrupting rating
NEMA unfused (E1)
NEMA fused (E2)
NEMA fused (E2)

12.5 kA
200 MVA at 2300V
50 kA

12.5 kA
285 MVA at 3300V
50 kA

12.5 kA
408 MVA at 4600V
50 kA

12.5 kA
570 MVA at 6600V
50 kA

Power rating 1
Induction motor
Synchronous motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor three-phase

3000 hp
3000 hp
3500 hp
2500 kVA
2400 kVAR

4000 hp
4000 hp
5000 hp
3500 kVA
3200 kVAR

5000 hp
5000 hp
6000 hp
4500 kVA
4000 kVAR

8000 hp
8000 hp
10,000 hp
6000 kVA
4800 kVAR

Maximum Insulation Voltage: 7200V
Maximum interrupting current 

(three operations)
Rated current

IEC make-break capability-AC4 class 3
Make
Break

Short time current
30 seconds
1 second
8.75 milliseconds (0.5 cycle)

Mechanical life
Electrical life

BIL
Dielectric strength (60 Hz)
Closing time (energization to contact touch)
Opening time

12,500A
600/650/720A enclosed
800A open

8000A
6400A

4320A
10,800A
86 kA peak
250,000  operations
200,000 operations
At rated current
60 kV (1.2 x 50 microseconds)
18.2 kV (1 minute)
80 milliseconds 
50–330 milliseconds, field 
selectable

Arcing time
Pickup voltage
Dropout voltage
Control voltages (AC)/(DC)

Control circuit burden (rated volt)
Closing (AC)/(DC)
Holding (AC)/(DC)

Auxiliary contact rating (L-64)
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)

Tripping voltage
Tripping burden

24 Vdc
48 Vdc and 96 Vdc
110 Vac and 220 Vac

Weight

12 milliseconds (3/4 cycle) or less
80% rated coil voltage
60% rated coil voltage
110/120/220/240V (50/60 Hz)
125 Vdc

2600 VA
80 VA

600V
10A
7200 VA
200 VA
720 VA
200 VA

100,000 operations
24/48/96V
110/220V (50/60 Hz)
80% rated coil voltage

1200 VA
400 VA
500 VA
95 lbs (43 kg)
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Type SL, 300A, 15 kV Vacuum Contactor/Starter Ratings
Table 10.1-8. Type SL 15 kV Vacuum Contactor Ratings

Table 10.1-9. Type SL 15 kV Vacuum Contactor Specifications

Description SL12V330 SL15V330

Utilization voltage 10,000–11,000V 12,400–13,800V

Interrupting rating
EI (unfused)
E2 (fused)
E2 (fused)

5 kA
950 MVA at 11,000V
50 kA

5 kA
1190 MVA at 13,800V
50 kA

Induction motor 6000 hp (300 FLA) 7500 hp (300 FLA)

Synchronous motor (0.8 PF) 6000 hp 7500 hp

Synchronous motor (1.0 PF) 6750 hp 8500 hp

Transformer 3800 kVA at 11 kV 6800 kVA at 13.8 kV

BIL 75 kV 95 kV (with arrestors)

Specification Rating

Maximum voltage 15,000V

Maximum interrupting current (three operations) 5000A

Rated current 300A enclosed
300A open

IEC make-break capability AC3–make 3000
AC3–break 2400

Short-time current
30 seconds
1 second
8.75 milliseconds

1800A
4500A
25 kA peak

Mechanical life 250,000 operations

Electrical life 200,000 operations

Dielectric strength (60 Hz) 36 kV (1 minute)

Closing time 80 milliseconds

Opening time 50 to 330 milliseconds (selectable)

Weight 95 lbs (43 kg)

Arcing time 12 milliseconds (3/4 cycle) or less

Pickup voltage 80% rated coil voltage

Dropout voltage 60% rated coil voltage

Control voltages
(AC)
(DC)

110/120/220/240V (50/60 Hz)
125V

Control circuit burden (rated voltage)
Closing
Holding

2600 VA
80 VA

Auxiliary contact ratings
Voltage (maximum)
Continuous current
Making capacity (AC)
Making capacity (DC)
Breaking capacity (AC)
Breaking capacity (DC)

600V
10A
7200 VA
200 VA
720 VA
200 VA

Latch (when specified)
Mechanical life
Trip voltages (DC)
Trip voltages (AC)
Tripping voltage

Tripping burden
24 Vdc
48 Vdc and 96 Vdc
110 Vac and 220 Vac

250,000 operations
24/48/96V
110/220V (50/60 Hz)
80% rated coil voltage

1200 VA
400 VA
500 VA

Weight 95 lbs (43 kg)
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Main Breaker Ratings
Table 10.1-10. Available VCP-W Vacuum Circuit Breaker Types Rated on Symmetrical Current Rating Basis, Per ANSI Standards 

1 For reclosing service, there is No Derating necessary for Eaton’s type VCP-W family of circuit breakers. R = 100%. Type VCP-W breaker can perform 
the O-C-O per ANSI C37.09; O-0.3s-CO-15s-CO per IEC 56; and some VCP-Ws have performed O-0.3s-CO-15s-CO-15s-CO-15s-CO; all with no derating. 
Contact Eaton for special reclosing requirements.

2 For three-phase and line-to-line faults, the symmetrical interrupting capability at an operating voltage, Vo = (Rated Short-Circuit Current)
But not to exceed KI.

Single line-to-ground fault capability at an operating voltage, Vo = 1.15 (Rated Short-Circuit Current)
But not to exceed KI.

The above apply on predominately inductive or resistive three-phase circuits with normal-frequency line-to-line recovery voltage equal to the 
operating voltage.

3 4000A continuous rating is available for 5/15 kV. Contact Eaton for details.
4 3-cycle rating available.
5 Tripping may be delayed beyond the rated permissible tripping delay at lower values of current in accordance with the following formula:

T (seconds) =Y

The aggregate tripping delay on all operations within any 30-minute period must not exceed the time obtained from the above formula.
6 Included for reference only.
7 Asymmetrical interrupting capability = “S” times symmetrical interrupting capability, both at specified operating voltage.
8 Non-standard breakers with high momentary rating available for special applications.
Notes: Contact Eaton for capacitor switching, low inductive switching, and cable charging ratings.

Table 10.1-11. VCP-W Breaker Stored Energy Mechanism Control Power Requirements 
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4.16 250 4.76 1.24 19 60 1200
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29   8.9 50 5 2 30 3.85 36 36 97
132 8

58
78 8

1.2

50 
VCP-W
350

4.16 350 4.76 1.19 19 60 1200
2000
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41   8.9 50 5 2 30 4.0 49 49 132 78 1.2
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500

7.2 500 8.25 1.25 36 95 1200
2000
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33 15.5 60 5 2 30 6.6 41 41 111 66 1.2
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Spring Charge Motor UV Trip mA
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Voltage Range Indicating
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Time
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Close or Trip
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Close Trip
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125 Vdc
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6
6
6
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  7
  4

200
80
40

38–56
100–140
200–280
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6
6

  6
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—
—
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V
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V
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 (K Times Rated Short-Circuit current)
Short-Circuit Current Through Breaker[ ]
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Contactor-Fuse Coordination
The AMGARD starter provides 
ensured coordination between its 
fuses, contactor, current transformers, 
protective relays, and the motor it 
is controlling.

One of the most critical coordination 
issues is between the contactor and 
the starter fuses. The fuses must 
interrupt faults greater than the 
interrupting rating of the contactor. 
The AMPGARD 400A high interrupting 
contactor (SL400A-HI) has an 8-cycle 
dropout time factory setting as 
standard and will interrupt at 8500A. 
The maximum size fuse used with an 
SL400A-HI contactor is a 450-24R. By 
comparing the fuse curve with the 
contactor rating, it can be observed 
that for faults greater than 8500A, the 
fuse will open before the contactor. 
With faults less than 8500A, the 
contactor may clear the fault before 
the fuse blows, depending on the 
settings of the protective relays. Refer 
to Figure 10.1-4 for an illustration of 
AMPGARD coordination.

Other vacuum contactors available 
today may have lower interrupting 
ratings than the AMPGARD Type SL 
vacuum contactors. Dropout times 
also vary, and may be as short as 
two cycles on other starter designs. 
Lower interrupting ratings and shorter 
dropout times can result in fault 
current levels where the contactor 
may be required to interrupt a fault 
greater than its rating. This can 
result in equipment failure. Refer to 
Figure 10.1-5 for an illustration of 
an improperly coordinated starter.

AMPGARD XP3 provides complete 
contactor fuse coordination with 
minimum contactor opening time to 
minimize the time fault current flows 
throughout the power system. Refer 
to Pages 10.1-41—10.1-44 for more 
complete details.

AMPGARD starters also ensure 
coordination between other starter 
components. The current transformers 
and protective relays are selected to 
work properly with each other, and 
to protect the motor. Protective relays 
like Eaton’s EMR-3000 provide optimal 
motor protection, while also rapidly 
opening the contactor during fault 
conditions. This rapid opening signal 
cannot open the contactor in less than 
its set dropout time, but it will take 
the motor off-line in the shortest 
possible time. This will help minimize 

mechanical damage to the motor and 
may prevent the starter fuses from 
blowing by allowing the contactor to 
clear the fault (only if the fault is less 
than the contactor interrupting rating).

AMPGARD starters use 400A standard 
interrupting contactors (SL400-SI) 
when the contactor is not required 
to coordinate with the starter main 
fuse. An example of this application
is the run contactor of a reduced 
voltage starter.

Figure 10.1-4. Proper Contactor Fuse Coordination Found in AMPGARD Starter

Figure 10.1-5. Contactor Fuses That Are Not Properly Coordinated
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Protection Considerations
Coordinated with the motor’s 
characteristics, the protective devices 
in the AMPGARD starter provide motor 
protection from overload to 
full system capacity faults.

AMPGARD starters are supplied with 
an adjustable thermal overload relay 
as standard. 

Multi-function solid-state motor 
protection relays are a common 
option on AMPGARD starters. The 
EMR-3000 is typically provided when 
a multi-function relay is specified. 
The EMR-3000 provides many types of 
protection including overload, locked 
rotor, ground fault and phase loss/
phase unbalance. The EMR-3000 also 
provides start control logic to protect 
the motor against excessive starting. 
The relay may be applied to either 
across-the-line or reduced voltage 
starters. On reduced voltage starters, 
the EMR-3000 can control the 
transition from reduced to full voltage, 
offering the greatest protection for the 
motor and starter. An optional RTD 
module can be supplied for motors 
with built-in RTDs. The EMR-4000 can 
be supplied when voltage monitoring 
and protection are required. 

Eaton’s MD-3000 can be supplied when 
motor differential protection is required.

EMR-3000 Motor Protective Relay

InsulGard™ relays are an available 
option on AMPGARD starters. The 
InsulGard provides early warning of 
increasing partial discharge levels in 

the starting equipment, cables and 
motor. This early warning will help the 
user to better schedule maintenance 
and avoid unplanned downtime.

Figure 10.1-6. Full Range Coordinated Protection Between Current Limiting Type CLS Fuses, 
Vacuum Contactor and Motor Protection Relay
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Starter Fuse Information
Table 10.1-12. Fuse Coordination Recommendations 

1 Specific motor acceleration time and locked rotor current must be reviewed to ensure 
24R fuse has sufficient capacity for start cycle.

Minimum FLA Maximum FLA Fuse Rating CT Ratio

7.2 kV/400A Contactor
10.0
23.0
31.2
42.0

22.9
31.1
41.9
46.7

70-2R
70-2R

100-3R
100-3R

25:5
50:5
50:5
75:5

46.8
63.0
74.8
83.0

62.9
74.7
82.9
93.5

130-4R
150-5R
170-6R
170-6R

75:5
100:5
100:5
150:5

93.6
124.0
137.1
166.0

123.9
137.0
165.9
187.0

200-9R
200-9R
230-12R
230-12R

150:5
200:5
200:5
300:5

187.1
247.0
329.0
360.1

246.9
328.9
360.0
400.0 1

390-18R
450-24R
450-24R
450-24R

300:5
400:5
600:5
600:5

7.2 kV/800A Contactor
200.0
250.1
330.1
500.0
650.1

250.0
330.0
499.0
650.1
720.0

450-24R
450-24R
650-36R
800-44R
800-44R

300:5
400:5
600:5
800:5

1000:5
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Layout Dimensions

Full Voltage Squirrel Cage Starters 
Catalog S210 Non-Reversing 
Catalog S310 Reversing

Equipment Details

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ Drawout three-pole gang-operated line 

isolating switch assembly with iso-
lating shutter, external operating 
handle interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Vertically mounted current limiting 
power fuses with pop-up blown fuse 
indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks 
(2NO, 2NC)

■ Three current transformers

Reversing Starter
One additional magnetic three-pole 
vacuum contactor (duplicate of above), 
both contactors are mechanically and 
electrically interlocked.

Mounted in the Low Voltage Compartment
■ Control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing control relay

■ Set of control circuit terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Specifications
Table 10.1-13. Starter Selection Information—Dimensions in Inches (mm)  

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
3 At higher hp rating, maximum acceleration time is 3.5 seconds.
4 At higher hp rating, maximum acceleration time is 6 seconds.
5 Maximum current for two starters in a single structure is 720A.
6 May be applied on 6900V systems where maximum voltage does not exceed 7200V.

Figure 10.1-7. Starter Arrangements
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Dimensions

A
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S
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S
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a
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s Weight 

Lbs (kg)Height 2 Width Depth

2200–2400V Non-Reversing
700/800 3
1500/1750 4
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1350 (613)
1350 (613)
1700 (772)

2200–2400V Reversing
700/800 3
1500/1750 4
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

4000–4800V Non-Reversing
1250/1500 3
2500/3000 4
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1350 (613)
1350 (613)
1700 (772)

4000–4800V Reversing
1250/1500 3
2500/3000 4
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

6600V Non-Reversing
2000/2250 3
4000/4500 4
8000

6600 6
6600 6
6600 6

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

1 5
1 5
0

1500 (681)
1500 (681)
1800 (817)

6600V Reversing
2000/2250 3
4000/4500 4
8000

6600 6
6600 6
6600 6

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
36 (914)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

Dimensions for estimating purposes only.

M

M

M

RVS

M

RVS

Arrangement 1 Arrangement 4Arrangement 3Arrangement 2
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Figure 10.1-8. Arrangement 1 Detail (Full Voltage 400A)—See Table 10.1-20 on Page 10.1-34 for Notes

Figure 10.1-9. Arrangement 2 Detail (Full Voltage 800A)—See Table 10.1-20 on Page 10.1-34 for Notes
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5.50 (140)

5.50 (140)

6.80 (173)

4.50 (114)

4.50 (114)

9.25 (235)

3.00 (76)

6.00 (152)
1.00 (25)

1.18 (30)

Bus
Gnd

Side View

Bus
PhPh

Main
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l

800A Starter

Note A

Note G

Note G

Note E

Note D

Note E

Top View

Floor Plan

Main Bus

T3T2T1
Load Term

Arranged Horizontally
on Rear Wall Load Panel

in Starter

Detail A

Note L
Detail A
Load Term

4.3
(109)

4.3
(109)

Front View

36.00
(914)

3.50
(89)

For seismic installations,
mount a minimum of
6.00 inches (152.4 mm)
from wall.
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Figure 10.1-10. Arrangement 1 Detail (Full Voltage 15 kV)—See Table 10.1-20 on Page 10.1-34 for Notes

1
UNIT 1D

2

UNIT 2D

Main
Bus

PH

CB

PH

A

PH

Side View 

30.00
(762.0)

22.85
(580.4)

Ground
Bus
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Detail A
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6.70 (170.2)
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(31.8)
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(38.1)

13.50
(342.9)

9.32
(236.7)

Top View 

3.00
(76.2)

Elevation View

1 2

Top Plan View

Shipping Section 1
1500 Lbs

24.00
(609.6) 36.00

(914.4)

60.00
(1524.0)

Base Plan View

Shipping Section 1
1500 Lbs

24.00
(609.6) 36.00

(914.4)

60.00
(1524.0)

0.90
(22.9)

3.50
(88.9)

Main
Bus

PH

CB

PH

A
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Structure #1

Structure #2

Side View 

Floor Plan Note D

30.00
(762.0)

22.85
(580.3)

Ground
Bus

62.00
(1574.8)

1.45
(36.8)

80.00
(2031.9)

12.00
(304.8)

2.00
(50.8)

15.00
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(114.3)

1.00
(25.4)

28.00
(711.3) 30.00

(762.0)

1.00
(25.4)

19.00
(482.6)
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(114.3)

24.00
(609.6)

Note F

Note A

22.00
(558.8)

Top View

24.00
(609.6)
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Bus

Note F

27.50
(698.5)

30.00
(762.0)

Continuation of Bus
from Adjacent Structure

1.50 (38.1)

11.50 (292.1)
1.25

(31.8)
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(139.7)

6.70 (170.2)

3.50
(88.9)

59.00
(1498.6)

80.00
(2032.0)

12.00
(304.8)

0.90
(22.9)

5.81
(147.5)

56.43
(1433.3)

1.85
(47.0)

7.39
(187.7)

T3T2T1
Load Term

Detail A

4.38 (111.3)

Arranged Horizontally
on Rear Wall Load

Panel in Starter

2.92 (74.2)
4.38 (111.3)

LH Side
Sheet

9.25
(235.0)

1.00
(25.4)

2.50
(63.5)

2.00
(50.8)

1.00
(25.4)

13.75
(349.3)

Note E

2.00
(50.8) 4.50

(114.3)

Floor Plan Note D

4.50
(114.3)27.00

(685.9)

28.00
(711.3) 30.00

(762.0)

Note A

21.67
(550.5)

2.31
(58.7)

Note G

3.00
(76.2)

6.00
(152.4)

36.00
(914.4)

30.00
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(914.4)

Main Bus

2.00 (50.8)

Note G

Note E

1.18
(30.0)

6.00
(152.4)
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(34.5)
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Primary Reactor, Reduced 
Voltage Starters 
Catalog S510 Non-Reversing 
Catalog S710 Reversing

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter, 
external operating handle interlocked 
to prevent opening the medium 
voltage compartment door until the 
isolating switch is open and grounded

■ One vertically mounted current 
limiting power fuse with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current limiting fuses
■ Four electrical interlocks (2NO, 2NC)

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors 
are mechanically and electrically 
interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ Two interposing relays

■ One set of control circuit 
terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Reduced Voltage Structure
■ One magnetic three-pole vacuum 

run contactor with DC operating coil 
and electrical interlocks

■ Three current transformers
■ One medium-duty starting reactor 

with 50–65–80% taps

Starting Characteristics
Table 10.1-14. Type 502 Reactor 
Starting Characteristics 

1 Factory set on 65% tap.

Starter

Type

%

Motor

Voltage

%

Motor

Current

%  

Line

Current

%

Torque

80% tap
65% tap 1
50% tap

80
65
50

80
65
50

80
65
50

64
42
25

Specifications
Table 10.1-15. Starter Selection Information—Dimensions in Inches (mm) 

2 Horsepower based on NEMA standard design B motor at 1800 rpm.
3 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
4 At higher hp rating maximum acceleration time is 3.5 seconds.
5 At higher hp rating maximum acceleration time is 6 seconds.

Figure 10.1-11. Starter Arrangements
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Dimensions Weight 

Lbs (kg)Height 3 Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3300 (1498)
3300 (1498)
4650 (2111)

6600V Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

Dimensions for estimating purposes only.

Reactor

Run
Contactor

M

M

Run
Contactor

ReactorReversing
Contactor

M

Run
Contactor

ReactorReversing
Contactor

Run
Contactor

Reactor

Arrangement 1 Arrangement 2 Arrangement 3 Arrangement 4
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Figure 10.1-12. Arrangement 1 Detail (Reduced Voltage, 400A)—See Table 10.1-20 on Page 10.1-34 for Notes

Floor Plan

Top View

Note A
Bus
Gnd

Side View

Load Term

Lo
w

 V
ol

ta
ge

 
Co

nt
ro

l

Front View

RVNR 400A Starter w/Main Bus 1200A

Note G

Note D

Note G

T3T2T1
Load Term

Note E

Note L1

Main Bus

b
Ph

a c

Main
Ph Ph Bus1200 Amp - 4.00" X 1/Ph

61.00
(1549)

3.50
(89) 12.00

(305)

7.39
(188)

80.00
(2032)

61.00
(1549)

22.00
(559) 1.45

(37)

22.85
(580)

30.00
(762)

2.50
(64)

2.00
(51)

2.00
(51)

13.50
(343) 1.25

(32)1.50
(38)

1.70
(43)

2.88
(73)

27.00
(686)

4.50
(114)

28.00
(711)

21.67
(550)

1.00
(25)

28.00
(711)

4.63
(118)

13.75
(349)

4.50
(114)

4.50
(114)

36.00
(914)

36.00
(914)

36.00
(914) 27.00 (686)

5.50 (140)
5.50 (140)

6.80 (173)

2.00 (51)

36.00 (914)

1.00 (25)

1.00 (25)1.00 (25)

2.00 (51)

1.00 (25)

6.00 (152)
2.31 (59)

3.00 (76)

30.00
(762)

30.00
(762)

9.32
(237)

5.81
(148)

2.92 (74)
4.38 (111)
4.38 (111)

For seismic installations,
mount a minimum of
6.00 inches (152.4 mm)
from wall.
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Reduced Voltage 
Autotransformer Starters 
Catalog S610 Non-Reversing 
Catalog S810 Reversing
Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter, 
external operating handle interlocked 
to prevent opening the medium 
voltage compartment door until 
the isolating switch is open and 
grounded

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current limiting fuses
■ Four electrical interlocks (2NO, 2NC)

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors are 
mechanically and electrically interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ Three interposing relays

■ One set of control circuit 
terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Reduced Voltage Structure(s)
■ One magnetic three-pole vacuum 

run contactor with DC operating coil 
and electrically and mechanically 
interlocked with the starting contactor

■ One magnetic two-pole vacuum 
start contactor with DC operating 
coil and electrical and mechanical 
interlocks

■ Three current transformers
■ One medium-duty starting auto-

transformer with 50–65–80% taps
■ Three distribution class lightning 

arresters for high voltage stress pro-
tection on the transformer zero tap

Starting Characteristics
Table 10.1-16. Type 602 Auto-transformer 
Starting Characteristics 

1 Factory set on 65% tap.

Specifications
Table 10.1-17. Starter Selection Information—Dimensions in Inches (mm) 

2 Horsepower based on NEMA standard design B motor at 1800 rpm.
3 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
4 At higher hp rating, maximum acceleration time is 3.5 seconds.
5 At higher hp rating, maximum acceleration time is 6 seconds.

Figure 10.1-13. Starter Arrangements

Starter
Type

%
Motor
Voltage

%
Motor
Current

%  
Line
Current

%
Torque

80% tap
65% tap 1
50% tap
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65
50
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65
50
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45
28

64
42
25
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Dimensions

N
u
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e
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o
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c
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Weight

Lbs (kg)Height 3 Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

6600V Reversing
2000/2250 4
4000/4500 5
8000

6600
6600
6600

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

  72 (1829)
  72 (1829)
108 (2743)

30 (762)
30 (762)
30 (762)

3
3
4

3650 (1657)
3650 (1657)
5650 (2565)

Dimensions for estimating purposes only.

Auto 
Trans-
former

Short

Run

M

Auto 
Trans-
former

Short

Run
M

Auto 
Trans-
former

Rev

Short

RunM Auto 
Trans-
former

Rev

Short

Run

M

Arrangement 1 Arrangement 2 Arrangement 3 Arrangement 4
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Full Voltage Synchronous Starters 
Brush Type Mark VI Controller 
Catalog S241 Non-Reversing 
Catalog S341 Reversing

Mounted in the Medium Voltage Section
■ Three incoming line connectors
■ One drawout three-pole gang-

operated line isolation switch 
assembly with isolating shutter. 
External operating handle inter-
locked to prevent opening the 
medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks (2NO, 2NC)
■ Three current transformers

Reversing Starter
One additional magnetic contactor 
(duplicate of above), both contactors 
are mechanically and electrically 
interlocked.

Mounted in the Low Voltage Compartment
■ One control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing relay
❑ One set of control circuit 

terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Mounted in the Upper Compartment 
or Auxiliary Structure
One brush-type solid-state Mark VI 
field panel with:

■ Mounted on door:
❑ One AC line ammeter, panel type
❑ One DC field ammeter, panel type
❑ One exciter field potentiometer
❑ One set of externally ventilated 

heatsinks
❑ One graphic display

■ Mounted on inside compartment:
❑ One step-down exciter 

transformer three-phase
❑ One “SCR” power supply panel
❑ One synchronous control board
❑ “MOV” surge protection
❑ One three-phase CT

❑ One ELC controller
❑ One set of control circuit blocks
❑ Three primary fuses
❑ Three secondary fuses

■ Mounted on top of starter:
❑ One starting and field discharge 

resistor

Table 10.1-18. Starter Selection Information—Dimensions in Inches (mm) 

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 When horizontal bus is added, height becomes 92.00 inches (2336.8 mm).
3 Starting and discharge resistors are mounted on top, add 13.00 inches (330.2 mm) to the height.
4 At higher hp rating maximum acceleration time is 3.5 seconds.
5 At higher hp rating maximum acceleration time is 6 seconds.

Figure 10.1-14. Starter Arrangements
6 When the field panel requirement exceeds 88A at 125 Vdc or 44A at 250 Vdc, an auxiliary structure 

36.00 inches (914.4 mm) wide is required.
7 Mounting location of exciter transformer when field panel requirement exceeds 88A at 125 Vdc or 

44A at 250 Vdc. Otherwise compartment is blank.

Horsepower
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Dimensions Weight

Lbs (kg)Height 
23

Width Depth

2200–2400V Non-Reversing
700/800 4
1500/1750 5
3000

900/1000 4
1750/2000 5
3500

2300
2300
2300

400
400
720

200,000
200,000
200,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1500 (681)
1500 (681)
2350 (1067)

2200–2400V Reversing
700/800 4
1500/1750 5
3000

900/1000 4
1750/2000 5
3500

2300
2300
2300

400
400
720

200,000
200,000
200,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

4000–4800V Non-Reversing
1250/1500 4
2500/3000 5
5500

1500/1750 4
3000/3500 5
6000

4600
4600
4600

400
400
720

400,000
400,000
400,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1550 (704)
1550 (704)
2350 (1067)

4000–4800V Reversing
1250/1500 4
2500/3000 5
5500

1500/1750 4
3000/3500 5
6000

4600
4600
4600

400
400
720

400,000
400,000
400,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

6600V Non-Reversing
2000/2250 4
4000/4500 5
8000

2500/2750 4
5000/5500 5
10,000

7200
7200
7200

400
400
720

570,000
570,000
570,000

1
1
2

80 (2032)
80 (2032)
80 (2032)

36 (914)
36 (914)
72 (1829)

30 (762)
30 (762)
30 (762)

1700 (772)
1700 (772)
2500 (1135)

6600V Reversing
2000/2250 4
4000/4500 5
8000

2500/2750 4
5000/5500 5
10,000

7200
7200
7200

400
400
720

570,000
570,000
570,000

3
3
4

80 (2032)
80 (2032)
80 (2032)

72 (1829)
72 (1829)
72 (1829)

30 (762)
30 (762)
30 (762)

2100 (953)
2100 (953)
2900 (1317)

Dimensions for estimating purposes only.
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Figure 10.1-15. Arrangement 1 Detail (400A, Synchronous)—See Table 10.1-20 on Page 10.1-34 for Notes
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Reduced Voltage Solid-State Soft 
Starter AMPGARD MV4S Starters

AMPGARD 400A Soft Starter

Equipment Details

Mounted in the Medium Voltage Sections
■ Three incoming line connectors
■ Drawout three-pole gang-operated 

line isolating switch assembly with 
isolating shutter, external operating 
handle interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded

■ Vertically mounted current limiting 
power fuses with pop-up blown 
fuse indicators

■ One magnetic three-pole vacuum 
contactor with DC operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed

■ One control power transformer 
(115V secondary)

■ Two CPT primary current 
limiting fuses

■ Four electrical interlocks (2NO, 2NC)
■ Three current transformers
■ Withdrawable SCR truck with fully 

rated vacuum bypass contactor

Mounted in the Low Voltage Compartment
■ Control panel with:

❑ One EMR-3000 motor 
protection relay

❑ One interposing control relay

■ Set of control circuit terminal blocks
❑ One control circuit secondary fuse
❑ One run-test circuit

Mounted in Lower Door Compartment
■ Soft start control module with 

Modbus and RS-232 interface for 
remote communications

■ User interface module with 2 x 20 
character LCD display, 12 LEDs, 
and eight pushbuttons

Table 10.1-19. Starter Selection Information—Dimensions in Inches (mm) 

1 Horsepower based on NEMA standard design B motor at 1800 rpm.
2 Based on maximum acceleration time of 30 seconds.
3 Includes horizontal bus.
4 Does not include incoming line provisions.

Volts Horsepower 12 SCR/Contactor

Ampere Rating

Starter Interrupting

Rating (AIC)

Dimensions Add. Starter

Spaces

Weight 

Lbs (kg)Height 3 Width 4 Depth

2300
2300

1500
3000

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

3300
3300

1800
3600

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

4160
4160

2500
5000

400
720

50,000
50,000

92.00 (2336.8)
92.00 (2336.8)

36.00 (914.4)
72.00 (1828.8)

30.00 (762.0)
30.00 (762.0)

0
0

2000 (908)
4000 (1816)

Dimensions for estimating purposes only.
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Figure 10.1-16. Arrangement Detail (400A Solid-State Reduced Voltage)—See Table 10.1-20 on Page 10.1-34 for Notes
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For seismic installations, mount a 
minimum of 6.00 inches (152.4 mm)
from wall.
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Table 10.1-20. Arrangement Detail Notes
Note Description

Cable Notes
1 Line connection is designed for maximum of one 4/0 cable.

2 Line connection is designed for maximum of two 500 kcmil.

3 Load connection is designed for maximum of one 350 kcmil or two 4/0.

4 Load connection is designed for maximum of one 750 kcmil or two 500 kcmil.

Arrangement Notes
A 0.875 dia. typical 4 holes. Mounting studs to extend a maximum of 2.00 inches (50.8 mm) above grade.

B HV conduit space, load cables for two-high starters. Cables for lower starter enter in front half of conduit space, and cables for upper starter enter 
in rear half. 

B1 HV conduit space, line and load cables for bottom entry stand-alone starters. Line cables should enter in rear half of conduit space, 
and load cables should enter in front half of conduit space.

C LV conduit space for two-high starters with bottom entry control conduit. Control wiring for upper starter should enter in left half of conduit space,
 and lower starter control wiring should enter in right half of conduit space.

C1 LV conduit space for two-high starters with top entry control conduit. Control wiring for upper starter should enter in right half of conduit space, 
and lower starter control wiring should enter in left half of conduit space.

D 90° door swing requires 12.00 inches (304.8 mm) for 12.00-inch (304.8 mm) wide structure, 18.00 inches (457.2 mm) for 18.00-inch (457.2 mm) wide 
structure, 24.00 inches (609.6 mm) for 24.00-inch (609.6 mm) wide structure, 36.00 inches (914.4 mm) for 36.00-inch (914.4 mm) wide structure and 
40.00 inches (1016.0 mm) for 40.00-inch (1016.0 mm) wide structure.

E HV conduit space, load.

F HV conduit space, line only.

F1 HV conduit space, line only. Line cables to enter in rear half  of conduit space only.

G LV conduit space only.

L Load terminations located on rear wall of starter mounted on a load panel. Terminations are arranged horizontally from left to right. T1, T2, T3
left to right at 4.38-inch (111.3 mm) centers.

L1 Load terminations located on rear wall of reduced voltage enclosure mounted on a load panel. Terminations are arranged horizontally 
from left to right. T1, T2, T3 left to right at 4.38-inch (111.3 mm) centers.

T HV conduit space, load cables for two-high starters. Cables for lower starter enter in rear half of conduit space, and cables for upper starter enter
in front half.

X Steel bottom with removable lead plates.

Y Tolerances –0.0 inches +0.25 inches per structure.

Z Conduits to extend a maximum of 2.00 inches (50.8 mm) into structure.
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Incoming Line Switch/PT Layouts—Dimensions in Inches (mm)

Figure 10.1-17. Incoming LBS, Bottom Entry up to 450A Fuse, Unfused with Metering Section
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Unit 1B

Unit 1D
2

Unit 2C

Unit 2B

Unit 2D
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BUS
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30.00
(762.0)
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(762.0)
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(762.0)
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(762.0)30.00

(762.0)
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(114.3)
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(114.3)
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(482.6)
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(863.6)

59.00
(1,498.6)

Line
Term

24.00
(609.6)

7.75
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(88.9)
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A

PH
B C

PH
BUS
MAIN
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(2,032.0)
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12.00
(304.8)

80.00
(2,032.0)

2.00 (50.8)

2.00
(50.8)

2.00
(50.8)

2.00 (50.8)

2.00
(50.8)

2.00 (50.8)

6.70
(170.2)

5.50
(139.7)

1.36
(34.5)

1.18
(30.0) 36.00

(914.4)

3.00
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3.00
(76.2)
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(152.4)

Top View
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MAIN BUS

GND
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(381.0)
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Incoming Line Switch/PT Layouts—Dimensions in Inches (mm)

Figure 10.1-18. Incoming LBS, Bottom Entry, 600E/750E/1100E/1350E Fused with Metering Section
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Tie Switch Layout—Dimensions in Inches (mm)

Figure 10.1-19. LBS Tie
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Arc-Resistant Starter Layout—Dimensions in Inches (mm)

Figure 10.1-20. 50 kA Arc-Resistant, 24.00-Inch (609.6 mm) Incoming Cable Section and Two-High 400A Starter Section

Notes: 
For non-seismic installations, mount a 
minimum of 3.00 inches (76.2 mm) from wall.

For seismic installations, mount a minimum 
of 6.00 inches (152.4 mm) from wall.
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2.31
(58.7)
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21.67
(550.4)

28.00
(711.2)
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(762.0)

50.09
(1272.3)

At
Floor
Level

51.09
(1297.7)

Rear supports
protrude 1.00" 
from rear. 
Consider this 
dimension 
before locating 
equipment.

36.00
(914.4)

Note G

1.41
(35.8)

5.80
(147.3)

Note T

2.00
(50.8)

49.24
(1250.7)

13.80
(350.5)1.21

(30.7)

8.95
(227.3)

20.77
(527.6)

9.39
(238.5)

3.00
(76.2)

2.00
(50.8)

39.06
(992.1)

21.06
(534.9)

97.36
(2472.9)

121.78
(3093.2)

See “Notes”
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Main Breaker AMPGARD Layout—Dimensions in Inches (mm)

Figure 10.1-21. AMPGARD Main Breaker and Two-High 400A Starter Section
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Figure 10.1-22. 24.00-Inch (609.6 mm) Incoming Cable Section with 24.00-Inch (609.6 mm) Metering Section (for Right End of Lineup)
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Instruction Bulletin

6055-31
Retain for future use.

Type VR Vacuum 
Circuit Breaker
4.76 kV, 8.25 kV and 15 kV
1200 A and 2000 A, Up to 41 kA
Class 6055



HAZARD CATEGORIES AND 
SPECIAL SYMBOLS

Read these instructions carefully and look at the equipment to become 
familiar with the device before trying to install, operate, service or maintain it. 
The following special messages may appear throughout this bulletin or on 
the equipment to warn of potential hazards or to call attention to information 
that clarifies or simplifies a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label 
indicates that an electrical hazard exists which will result in personal injury if 
the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal 
injury hazards. Obey all safety messages that follow this symbol to avoid 
possible injury or death.

NOTE: Provides additional information to clarify or simplify a procedure.

PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

DANGER
DANGER indicates an imminently hazardous situation which, if not 
avoided, will result in death or serious injury.

WARNING
WARNING indicates a potentially hazardous situation which, if not 
avoided, can result in death or serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation which, if not avoided, 
can result in minor or moderate injury.

CAUTION
CAUTION, used without the safety alert symbol, indicates a potentially 
hazardous situation which, if not avoided, can result in property damage.
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Section 1—Introduction

About This Bulletin This bulletin provides installation, operation, and maintenance instructions 
for Type VR medium voltage vacuum circuit breakers manufactured by 
Schneider Electric.

This device provides interrupting capability for medium voltage systems up 
to 15 kV. The Type VR vacuum circuit breaker is a horizontal drawout circuit 
breaker designed for use with metal-clad switchgear. The specific rating of 
each circuit breaker is printed on the circuit breaker nameplate.

Surge Protection for 
Type VR Circuit Breakers 
(Statement of Use)

Circuits in which these circuit breakers are placed are capable of producing 
overvoltages. The following general guidelines will eliminate the vast 
majority of application concerns. However, they do not guarantee complete 
system protection from the occurrence of overvoltages.

• Complex medium voltage systems may require a detailed overvoltage 
system analysis and the addition of an RC network.

• All circuits should have at least distribution class arresters unless cable 
lengths exceed 300 feet (91.5 meters). In many cases, external 
arresters are already used for other reasons. Surge protection is not 
provided as standard equipment, but is an available option (as 
necessary per customer specifications).

• For dry-type (including cast-resin type) transformers and motor loads, 
surge capacitors should be used at the terminals of the transformer or 
motor. Where there are long lengths of cable, the cable capacitance 
offers surge capacitor protection, provided the cable capacitance is 
equivalent to typical values available in surge capacitors.
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Section 2—Safety 
Precautions

In this section:

This chapter contains important safety precautions that must be followed 
before attempting to install, service, or maintain electrical equipment. 
Carefully read and follow the safety precautions outlined below.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices.  See NFPA 70E.

• Only qualified personnel familiar with medium voltage equipment are to 
perform work described in this set of instructions. Workers must 
understand the hazards involved in working with or near medium voltage 
circuits.

• Perform such work only after reading and understanding all of the 
instructions contained in this bulletin.

• Turn OFF all power before working on or inside equipment.

• Always use a properly rated voltage sensing device to confirm that power 
is off.

• All maintenance must be performed by qualified personnel in 
accordance with local codes and under the following conditions:

— The circuit breaker must be removed from its compartment and 
isolated from the medium voltage.

— Control voltage must be removed from the controls.

— The circuit breaker must be in the open (O) position.

— All circuit breaker springs must be discharged.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

• Handle this equipment carefully and install, operate and maintain it 
correctly in order for it to function properly. Neglecting fundamental 
installation and maintenance requirements may lead to personal injury, 
as well as damage to electrical equipment or other property.

• Be aware of potential hazards, wear personal protective equipment, and 
take adequate safety precautions.

• Do not make any modifications to the equipment or operate the system 
with interlocks and safety barriers removed. Contact your local 
Schneider Electric representative for additional instructions if the 
equipment does not function as described in this manual.

• Use out-of-service tags and padlocks when working on equipment. 
Leave tags in place until the work is completed and the equipment is 
ready to be put back into service.

• Carefully inspect your work area and remove any tools and objects left 
inside the equipment.

• All instructions in this manual are written with assumption that the 
customer has taken these measures before performing maintenance or 
testing.

Failure to follow this instruction will result in death or serious injury.
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Section 3—Receiving, 
Handling, and Storing

In this section:

■ This section contains procedures for receiving, handling and storing the 
Type VR circuit breaker.

Receiving Upon receipt, check the packing list against the equipment received to 
ensure the order and shipment are complete. Claims for shortages or errors 
must be made in writing to Schneider Electric within 60 days after delivery. 
Failure to give such notice will constitute unqualified acceptance and a 
waiver of all such claims by the purchaser.

Immediately inspect the equipment for any damage which may have 
occurred in transit. If damage is found or suspected, file a claim with the 
carrier immediately and notify Schneider Electric. Delivery of equipment to a 
carrier at any of the Schneider Electric plants or other shipping points 
constitutes delivery to the purchaser regardless of freight payment and title. 
All risk of loss or damage pass to purchaser at that time.

For details concerning claims for equipment shortages and other errors, 
refer to Schneider Electric “Terms and Conditions of Sale”.

Handling Use care when uncrating and handling the circuit breaker. Roll and 
maneuver the circuit breaker by grasping the top edge of the front cover; do 
not use the primary lead assemblies as lifting handles.

When lifting the circuit breaker by a hoist, verify that it is capable of 
supporting a minimum of 1,000 lbs. (454 kg). Attach lifting hoist hooks to the 
lifting provisions (see Figure 1) located on the sides of the circuit breaker.

.

Figure 1: Lifting Provision for Type VR Circuit Breaker

Lifting 
provision
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Storing Place the circuit breaker in its permanent location as soon as possible. If the 
circuit breaker will be used in switchgear employing space heaters, install it 
only after the heaters are operating.

If the circuit breaker must be stored before it is put into operation, keep it in 
a clean, dry, corrosion-free area where it is protected from damage. When 
circuit breakers are stored for prolonged periods, inspect them regularly for 
corrosion and overall condition. Lubricate when necessary. See Lubrication 
on page 35 for more information.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Never lift the circuit breaker by placing forklift bars beneath the 
circuit breaker frame.

• Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage and 
void the warranty.
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Section 4—Product Overview In this section:

■ “Circuit Breaker Rating”

■ “Indicators”

■ “Vacuum Interrupters”

■ “Primary Disconnects”

■ “Operating Mechanism”

■ “Closing Springs” on page 13

■ “Opening Springs” on page 13

■ “Control Circuit” on page 14

Circuit Breaker Rating The circuit breaker ratings are printed on the rating nameplate 
(Figure 2 on page 12).

Indicators The operating mechanism has two indicators. The open-closed indicator 
(Figure 2) shows whether the vacuum interrupter contacts are open or 
closed. The charged-discharged indicator (Figure 2) shows whether the 
closing springs are charged or discharged.

Vacuum Interrupters Vacuum interrupters (Figure 3 on page 12), which are mounted vertically on 
the back side of the circuit breaker frame, perform the circuit breaker 
interruption. Consisting of a pair of butt contacts, one movable and one 
fixed, the vacuum interrupters require only a short contact gap for circuit 
interruption.

Primary Disconnects The primary connection to the associated switchgear is through the six 
primary disconnects (Figure 3) mounted horizontally at the rear of the circuit 
breaker. 

Operating Mechanism The operating mechanism (Figure 5 on page 14) is a stored energy type 
mechanism. It uses charged springs to perform circuit breaker opening and 
closing functions. The operating mechanism contains all necessary controls 
and interlocks. It is mounted at the front of the circuit breaker for easy 
access during inspection and maintenance.

CAUTION
HAZARD OF EQUIPMENT DAMAGE

Do not use the main contacts as handles.

Failure to follow this instruction can result in equipment damage.
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Figure 2: Circuit Breaker–Front View
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Pull handle
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Figure 3: Circuit Breaker–Rear View
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Closing Springs The closing springs (Figure 4) close the circuit breaker when the close 
pushbutton is pressed or when the closing coil is energized. These springs 
are charged (compressed) either manually with the manual charging handle 
(Figure 2 on page 12) or electrically by the spring charging motor. 

When control power is applied to the circuit breaker, the spring charging 
motor is energized. The charging motor turns the gear box gears which 
drive the ratchet assembly up and down. The ratchet assembly rotates the 
drive shaft compressing the closing springs. As the springloads pass top-
dead center, the drive shaft rotates a few degrees until the closing latch 
roller engages the closing latch. The drive shaft can rotate no further; the 
closing springs are held in this charged position until a closing operation is 
initiated by the close pushbutton or closing coil.

Opening Springs The opening springs (Figure 4) open the circuit breaker when the open 
pushbutton is pressed or the opening coil is energized. These springs are 
compressed whenever the circuit breaker is in the closed position.

Figure 4: Circuit Breaker–Right Front View with Cover Removed
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Closing springs

MOC linkage

Opening springs
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Control Circuit A typical control circuit schematic is shown in Figure 6 on page 15. The 
information in this section describes the control circuit components. The 
control circuit design may vary, depending upon customer requirements. 
Always refer to the schematic diagram in your customer order drawings.

In this section:“

■ Typical Control Circuit Schematic” on 15

■ “Auxiliary Switch” on page 16

■ “Motor Limit Switch” on page 17–17

■ “Spring Charging Motor” on page 17–17

■ “Anti-Pump Relay” on page 18

■ “Latch Check Switch” on page 18

■ “Motor Cutoff Switch” on page 18

■ “Trip and Close Coils” on page 19

Figure 5: Circuit Breaker–Left Front View with Cover Removed
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Crossbar stops
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Figure 6: Typical Control Circuit Schematic
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Auxiliary Switch The auxiliary switch (Figure 7) is a multi-stage switch used to operate 
circuits:

• that depend on the position of the circuit breaker contacts. The 
schematic diagram illustrates how each of the auxiliary switch contacts 
interconnect with the circuit breaker circuitry. The auxiliary switch 
functions as follows:

• two a-type auxiliary contacts connect in series with the trip coil. Because 
these stages are open when the circuit breaker is in the open position, 
the auxiliary contacts de-energize the trip coil when the circuit breaker is 
in the 
open position.

• the b-type contact, connected in series with the closing coil, 
de-energizes the closing coil when the circuit breaker contacts are 
in the closed position.

• As shown, several a-type and b-type contacts are provided for 
optional use.

Figure 7: Operating Mechanism–Left Side View
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Motor Limit Switch The motor limit switch (Figure 8) energizes the spring charging motor when 
a closing spring charging operation is required. The motor limit switch de-
energizes the spring charging motor when the closing springs reach the fully 
charged position. 

As shown in the schematic diagram, the motor limit switch is connected to 
the motor in the normally open position. When the closing springs are in the 
discharged position, the motor limit switch cam actuates the motor limit 
switch. This energizes the motor and disables the closing coil. Once the 
closing springs are fully charged, the cam allows the switch to assume the 
open position, de-energizing the spring charging motor.

Spring Charging Motor When energized by the closing of the motor limit switch, the spring charging 
motor (Figure 9) drives the series of connected gears. These gears in turn 
raise and lower the ratchet assembly and rotate the drive shaft.

As the drive shaft rotates, the closing springs compress to the charged 
position. When the closing springs are fully charged, the motor limit switch 
contacts reopen, de-energizing the spring charging motor.

Figure 8: Motor Limit Switch

Figure 9: Spring Charging Motor



Type VR Vacuum Circuit Breaker  6055-31
Section 4—Product Overview 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.18

E
N

G
L

IS
H

Anti-Pump Relay If the closing coil circuit is continuously energized, the anti-pump relay 
(Figure 7 on page 16) ensures that the circuit breaker does not “pump” open 
and closed in the event that a trip signal is also present. The anti-pump relay 
performs this function by allowing the closing coil to activate only if:

• the circuit is energized

• the closing springs are fully charged, and 

• the spring charging motor is de-energized

The anti-pump relay activates when the close circuit and spring charging 
motor are energized. If the close circuit is energized continuously, the anti-
pump relay will be latched in the energized position after the motor is de-
energized. When the anti-pump relay is energized, a pair of its normally 
closed contacts, in series with the closing coil, ensure that the closing coil 
cannot be energized. The closing coil activates only when the closing circuit 
is de-energized (de-energizing the anti-pump relay), then closed again.

Latch Check Switch The latch check switch (Figure 10) allows the circuit breaker to be used for 
reclosing applications. The contacts of the latch check switch connect in 
series with the closing coil. When the trip latch moves out of its normal 
position, it activates the latch check switch. The closing circuit cannot be 
energized until the trip latch fully returns to its normal position and the 
mechanism is in position to allow a close operation.

Motor Cutoff Switch The motor cutoff switch (Figure 11) is located under the base of the Type 
VR circuit breaker. The motor cutoff switch de-energizes the spring charging 
motor circuit during racking of the circuit breaker or removal from the cell.

Figure 10: Latch Check Switch

Figure 11: Circuit Breaker–Bottom View

Motor cutoff switch

Ground contact

Latch release slide
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Trip and Close Coils The standard location of the trip and close coils (Figure 12) is in the upper 
center of the operating mechanism. When energized by the switchgear or 
remote circuitry, these coils release the open or close latches located inside 
the mechanism.

NOTE: Optional tripping and closing functions could require that the trip 
coils be located on the outside of the mechanism frame.

Figure 12: Trip Coil and Close Coil

Close coil

Trip coil
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Section 5—Installing and 
Removing

In this section:

■ “Pre-Installation Procedures”

■ “Installation” on page 24

■ “Removal” on page 29

Pre-Installation Procedures Perform all of the procedures outlined below before installing the circuit 
breaker into the circuit breaker compartment.

■ “Manual Open/Close Operation Check” on page 21

■ “Initial E-gap Measurement” on page 22

■ “Hi-pot (Dielectric) Test” on page 23

Manual Open/Close Operation Check Follow steps 1–4 to perform manual Open/Close operation check of the 
circuit breaker.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

NOTE: The circuit breaker is normally shipped in the CLOSED (|) 
position.

2. Examine the entire circuit breaker for damage, dirt, and moisture.

3. Use a clean, dry cloth to remove dirt and moisture that may have 
collected on the insulating parts.

4. Cycle the circuit breaker manually several times, checking for proper 
operation (Figure 13). Move the charging handle up and down until the 
closing springs are fully charged. A full charge is indicated when the 
CHARGED-DISCHARGED indicator reads “CHARGED”. CLOSE (|) the 
circuit breaker by pressing the CLOSE (|) pushbutton, and then OPEN 
(O) it by pressing the OPEN (O) pushbutton.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• This equipment must be installed and serviced only by qualified 
personnel.

• Turn OFF all power supplying this equipment before working on it.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Make sure the breaker is in the OPEN (O) position with all springs 
discharged before inspecting this equipment or installing the circuit 
breaker.

• Remove all tools, lifting assembly, and miscellaneous items left on the 
circuit breaker before installing the circuit breaker into the circuit 
breaker compartment.

Failure to follow this instruction will result in death or serious injury
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Initial E-gap Measurement The E-gap should be measured before the initial installation of the circuit 
breaker, and then once per year or every 1,000 operations thereafter. 

The E-gap is the space between the pivot block, located below the pushrod 
at the bottom of the pole assembly, and the top of the flat washer (Figure 14 
on page 22). Follow steps 1–5 to measure and record the initial E-gap.

1. Push the CLOSE (|) pushbutton.

2. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer. 

3. The E-gap is factory set and should only be adjusted when installing a 
new vacuum interrupter pole assembly.

4. Record the initial E-gap measurement in the maintenance log. See 
Installation and Maintenance Log on page 39. 

NOTE: It is important to keep this measurement to compute the contact 
erosion during the life of the circuit breaker. 

5. Push the OPEN (O) pushbutton.

Figure 13: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSE (I) pushbutton

Table 1: E-gap Settings (minimum values)

Short Circuit Current Rating Initial E-gap End-of-Life E-gap

All 0.160-.220 in. 
(4.0-5.6 mm)

Reduced by .125 in. 
(3.2 mm)

Figure 14: E-gap

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block
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Follow steps 1–2 after performing manual Open/Close operation check or 
measuring E-gap.

1. Remove all tools and miscellaneous items left on or inside the circuit 
breaker.

2. Replace all devices, doors, and covers.

Hi-pot (Dielectric) Test

Follow steps 1–9 to perform hi-pot tests. If the equipment does not sustain 
the specified voltage for one minute without flashover, inspect the insulators 
for leakage paths. If necessary, clean the surface of each insulator and 
repeat the test.

NOTE: Consistent unacceptable results may indicate a loss of vacuum. 
Contact Schneider Electric for technical assistance.

1. Check the indicators to verify that the circuit breaker is in the OPEN (O) 
position with all springs discharged. If it is not in this position, press the 
OPEN (O) pushbutton, the CLOSE (|) pushbutton, and then the 
OPEN (O) pushbutton (Figure 13 on page 22).

2. Ensure that all people are at least 6 ft. (2 m) away from the circuit 
breaker being tested.

3. Perform a line-to-load (across the open contacts) hi-pot test on each 
pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

4. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

5. Close the circuit breaker by pressing the CLOSE (|) pushbutton 
(Figure 13 on page 22).

6. Perform a phase-to-phase hi-pot test on each pole.

a. Gradually increase the voltage to the levels indicated in Table 2.

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

When performing the hi-pot test:

• Do not exceed voltages in Table 2.

• Keep all people at least 6 ft. (2 m) away from the circuit breaker being 
tested.

• Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring before handling. These areas can retain a static charge 
after a hi-pot test.

Failure to follow this instruction will result in death or serious injury

Table 2: Hi-pot Test Levels

Equipment 
Rating

Field Test Voltage

AC DC

5 kV 14 kV 20 kV

15 kV 27 kV 38 kV
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7. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring after each test.

8. Perform a phase-to-ground hi-pot test on each pole. 

a. Gradually increase the voltage to the levels indicated in Table 2 on 
23. 

b. Verify that the circuit breaker sustains the specified voltage without 
flashover for one minute.

9. Discharge to ground the primary disconnects and the vacuum interrupter 
mid band ring when testing is complete.

Installation Perform all of the procedures outlined in the sections listed below to install 
the circuit breaker into the circuit breaker compartment.

In this section:

■ “Installing the Circuit Breaker into the TEST/DISCONNECT Position” on 
page 24

■ “Testing the Circuit Breaker in the TEST/DISCONNECT Position” on 
page 26

■ “Racking the Circuit Breaker into the CONNECTED Position” on page 28 

Installing the Circuit Breaker into the 
TEST/DISCONNECT Position

Follow steps 1–5 to install the circuit breaker into the TEST/DISCONNECT 
position.

1. Check the customer order drawings and the nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

2. Verify that the racking position indicator (Figure 16 on page 25) reads 
“TEST/DISCONNECT.”

3. Open the circuit breaker compartment door.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

• Check the customer order drawings and nameplates on the circuit 
breaker compartment to verify that the circuit breaker is installed into the 
proper circuit breaker compartment.

Failure to follow these instructions can result in death or serious 
injury.
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4. Align the device rollers with the positioning rails (Figure 16) mounted on 
the side walls of the circuit breaker compartment.

Figure 15: Type VR Circuit Breaker in the TEST/DISCONNECT 
Position (Lower Compartment)

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to install a circuit breaker into switchgear on a raised pad, or into an 
upper circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 16: MASTERCLAD Switchgear Circuit Breaker Compartment 
Floor

Racking position indicator

Positioning rails
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NOTE: If inserting the circuit breaker into switchgear on a raised pad, or 
into an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

5. Push the device into the circuit breaker compartment until the front of the 
circuit breaker lines up with the test position arrows (Figure 17 on page 
26) located on the bottom of the circuit breaker compartment. When the 
circuit breaker is in the TEST/DISCONNECT position, the release 
handle should engage.

NOTE: If the circuit breaker does not easily roll into circuit breaker 
compartment, remove the circuit breaker. If necessary, pull release 
handle to release circuit breaker from the TEST/DISCONNECT position. 
Repeat steps 1-5. If satisfactory results are not achieved, contact 
Schneider Electric.

Testing the Circuit Breaker in the 
TEST/DISCONNECT Position

The circuit breaker secondary disconnect (male, Figure 18) connects to the 
circuit breaker compartment secondary disconnect (female) located on the 
floor of the circuit breaker compartment. The secondary disconnect handle, 
when rotated and pulled, allows the circuit breaker to connect to control 
power while in the TEST/DISCONNECT position. 

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into the circuit breaker compartment. If a 
mechanism is not operating easily, inspect the equipment and remove any 
foreign objects or debris from inside the circuit breaker compartment.

Failure to follow this instruction can result in death or serious injury

Figure 17: Test and Connected Position Arrows

Connected 
position arrows

Test position arrows
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Follow steps 1–4 to test the powered operation of the circuit breaker while in 
the TEST/DISCONNECT position. 

1. Rotate the secondary disconnect handle (Figure 19), located on the floor 
of the circuit breaker compartment, upward 90°.

2. Pull the secondary disconnect handle out until the circuit breaker 
compartment secondary disconnect (female,Figure 19) engages the 
circuit breaker secondary disconnect (male).

NOTE: The control circuit of the circuit breaker is now connected to 
control power. If the control circuit is energized, this connection 
immediately activates the spring charging motor inside the circuit 
breaker. 

3. Push the CLOSE (|) pushbutton. If the spring charging motor was 
correctly activated by the control circuit, the CLOSE (|) pushbutton 
should release the closing latch, allowing the closing spring assembly to 
discharge. The closing spring assembly pushes down on the crossbar 
which is connected to the vacuum interrupters and closes the vacuum 
interrupter contacts.

4. Push the OPEN (O) pushbutton. If the opening spring assembly was 
correctly charged (compressed) by the closing operation, the 
mechanism will release the opening latch and allow the opening spring 
assembly to discharge. The opening spring assembly pulls up on the 
crossbar connected to the vacuum interrupters, which opens the 
vacuum interrupter contacts.

Figure 18: Circuit Breaker Secondary Disconnect (Male)

Figure 19: Control Plug and Secondary Disconnect Handle

Circuit breaker 
secondary disconnect 

Circuit breaker 
compartment 
secondary 
disconnect 
(female)

Secondary 
disconnect 
handle
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Racking the Circuit Breaker into the 
CONNECTED Position

Follow steps 1–5 to rack the circuit breaker into the CONNECTED position.

1. Make sure the circuit breaker is OPEN (O).

NOTE: The circuit breaker must be in the OPEN (O) position when it is 
racked into or out of its circuit breaker compartment. Interlocks will not 
allow the racking shaft to rotate if the circuit breaker is not OPEN (O).

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage handle onto racking shaft (Figure 20).

4. Rotate the racking handle clockwise. When the circuit breaker is being 
transported to or from the CONNECTED position, the racking position 
indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack into the circuit breaker 
compartment, remove the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle clockwise until the racking position 
indicator reads “CONNECTED.”

NOTE: When the racking position indicator reads “CONNECTED,” the 
circuit breaker is fully racked into the circuit breaker compartment and 
the circuit breaker’s primary contacts are connected.

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

Figure 20: Racking Handle Engaged onto Racking Shaft with Circuit 
Breaker in the TEST/DISCONNECT Position

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in personal injury or 
equipment damage.

Racking handle

Racking port
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Padlocking the Racking Mechanism The racking mechanism located in the circuit breaker compartment floor can 
be locked with a padlock.

Removal Follow the procedures outlined in the sections listed below to rack the circuit 
breaker from the circuit breaker compartment and to remove it from the 
switchgear.

In this section:

■ “Racking the Circuit Breaker out of the CONNECTED Position”

■ “Removing the Circuit Breaker from the Circuit Breaker Compartment” 
on page 30

Racking the Circuit Breaker out of the 
CONNECTED Position

Follow steps 1–4 to rack the circuit breaker out of the CONNECTED 
position.

1. Manually or electrically OPEN (O) the circuit breaker.

2. Close the circuit breaker compartment door.

3. Insert the Schneider Electric racking handle into the racking port and 
engage the racking handle onto the racking shaft (see Figure 20 on 
page 28). 

Figure 21: Racking Mechanism Padlock Provision

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

• Always keep circuit breaker compartment door closed when racking the 
circuit breaker from one position to another when the switchgear is 
energized.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow this instruction can result in death or serious injury

WARNING
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE

Never force the circuit breaker into or out of the circuit breaker 
compartment. If a mechanism is not operating easily, inspect the 
equipment and remove any foreign objects or debris.

Failure to follow this instruction can result in death or serious injury



Type VR Vacuum Circuit Breaker  6055-31
Section 5—Installing and Removing 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.30

E
N

G
L

IS
H

4. Rotate the racking handle counterclockwise. When the circuit breaker is 
being transported to or from the CONNECTED position, the racking 
position indicator will read “TRANSPORT.”

NOTE: If the circuit breaker does not easily rack out of the circuit breaker 
compartment, reconnect the circuit breaker and repeat steps 1-3. If 
satisfactory results are not achieved, contact Schneider Electric.

5. Continue rotating the racking handle until the racking position indicator 
reads “TEST/DISCONNECT.”

Removing the Circuit Breaker from the 
Circuit Breaker Compartment

Follow steps 1–3 to remove the circuit breaker from the circuit 
breaker compartment. 

1. Open the circuit breaker compartment door.

2. Pull the release handle to release the circuit breaker from the 
TEST/DISCONNECT position.

NOTE: When the release handle is pulled, the spring will open, 
accompanied by a loud “click.”

3. Pull the circuit breaker out of the circuit breaker compartment.

NOTE: If removing the circuit breaker from switchgear on a raised pad, 
or from an upper circuit breaker compartment, a Schneider Electric 
MASTERCLAD lift truck must be used. For instructions on using a lift 
truck, refer to Schneider Electric Bulletin No. 6055-30. 

WARNING
HAZARD OF PERSONAL INJURY

A MASTERCLAD lift truck manufactured by Schneider Electric must be 
used to remove a circuit breaker from switchgear on a raised pad, or from 
an upper circuit breaker compartment.

Failure to follow this instruction can result in 
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Section 6—Operation In this section:

■ “Manually Charging the Closing Spring”

■ “Closing (I) Operation”

■ “Opening (O) Operation” on page 32”

Manually Charging the Closing 
Spring

Follow steps 1–2 to charge the closing springs. If the circuit breaker is 
connected to an energized control circuit, the spring charging motor will 
automatically charge the closing spring assembly and manual charging is 
not necessary.

1. Pull the manual charging handle (Figure 22 on page 31) completely 
down and back up to the starting position. 

2. Repeat this process until the closing spring assembly is fully charged. 

NOTE: The closing spring assembly is fully charged when the charging 
arm resists any further motion and the CHARGED/DIS-CHARGED 
indicator indicates that it is charged. 

Closing (I) Operation After charging the closing spring assembly, close the circuit breaker by 
pressing the CLOSE (|) pushbutton or energizing the closing coil. 

NOTE: The CLOSE (|) pushbutton releases the closing latch, allowing 
the closing spring assembly to discharge. The closing spring assembly 
pushes down on the crossbar, which is connected to the vacuum 
interrupters, closing the vacuum interrupter contacts.

WARNING
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Only qualified personnel familiar with medium voltage circuits and 
equipment should operate this equipment.

• Beware of potential hazards, wear personal protection equipment, and 
take adequate safety precautions.

Failure to follow these instructions can result in death or serious 
injury.

Figure 22: Charging the Springs for Manual Open/Close

Manual charging handle

OPEN/CLOSED indicator

Charged-discharged indicator

OPEN (O) pushbutton

CLOSED (I) pushbutton
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Opening (O) Operation Press the OPEN (O) pushbutton or energize the opening coil to open the 
circuit breaker. (If the circuit breaker is in the CLOSED (|) position, the 
opening springs will automatically be charged or compressed). 

NOTE: The mechanism releases the opening latch and allows the 
opening spring assembly to discharge. The opening spring assembly 
pulls up on the crossbar, which is connected to the vacuum interrupters, 
opening the vacuum interrupter contacts.
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Section 7—Maintenance In this section:

■ “General Inspection”

■ “Insulating Surfaces”

■ “Vacuum Interrupters”

■ ““E-Gap” on page 34”

■ “Hi-pot (Dielectric) Test” on page 35

■ “Resistance Measurement” on page 35

■ “Vacuum Interrupter Pole Assembly Replacement” on page 35

■ “Lubrication” on page 35

Because Type VR circuit breakers are used in a variety of applications and 
environments, maintenance schedules should be developed for the 
particular end use. Until then, inspect circuit breakers after one year or 
every 1,000 operations, whichever occurs first. Also inspect circuit breakers 
after severe fault operations and record any contact erosion. This section 
covers proper inspection and maintenance procedures for Type VR circuit 
breakers. Remove the circuit breaker completely from the circuit breaker 
compartment before performing any maintenance or inspection on the 
circuit breaker.

General Inspection Visually inspect the entire circuit breaker and operating mechanism for 
loose parts or connections. Examine the circuit breaker for evidence of 
overheating or excessive dirt or moisture. If necessary, remove the 
operating mechanism cover (Figure 7 on page 16) by carefully unclipping 
the back of the cover from the mechanism frame.

Insulating Surfaces Using a clean, dry cloth, remove all dirt and moisture from the outside of the 
vacuum interrupters and from the insulating parts.

Vacuum Interrupters To monitor the condition of the circuit breaker and the vacuum interrupters, 
perform the following checks. If the measurements consistently differ from 
target values, contact Schneider Electric for corrective procedures.

WARNING
HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE

Before performing any maintenance or repair work:

• Always remove the circuit breaker completely from the compartment.

• Verify that the circuit breaker is OPEN (O) and the springs are 
discharged.

Failure to follow these instructions can result in death or serious 
injury.



Type VR Vacuum Circuit Breaker  6055-31
Section 7—Maintenance 05/2008

© 1996–2008 Schneider Electric All Rights Reserved.34

E
N

G
L

IS
H

E-Gap To measure E-gap, the circuit breaker must be completely removed from the 
circuit breaker compartment. The E-gap is the space between the pivot 
block, located below the pushrod at the bottom of the pole assembly, and the 
hex-shaped bias spring sleeve (Figure 14 on page 22). This distance should 
be measured before the initial installation of the circuit breaker, and then 
every year or every 1,000 operations. 

The distance between the initial E-gap measurement and the current E-gap 
measurement is the amount of contact erosion that has occurred. When 
contact erosion exceeds 0.12 in., the vacuum interrupter may need to be 
replaced. Contact the factory for information. Follow the procedures on 
“Initial E-gap Measurement” on page 22 to measure the initial E-gap before 
installing the circuit breaker.

Contact Erosion Follow steps 1–7 to measure contact erosion.
1. Turn OFF all power supplying this circuit breaker.

2. Push the CLOSE (|) pushbutton. The springs may need to be manually 
charged first.

3. Use pin gauges, feeler gages, or drill bits to measure the space between 
the pivot block, located below the pushrod at the bottom of the pole 
assembly, and the top of the flat washer (Figure 14 on page 22). 
Accuracy should be in the order of 0.015 in. (1/64 in. or 0.5 mm).

4. Record E-gap in the maintenance log and follow the equation to 
determine the contact erosion. See Installation and Maintenance Log on 
page 39.

5. If the contact erosion exceeds 0.12 in. (3.05 mm) or the E-gap 
measurement reaches the absolute end-of-life dimension, the vacuum 
interrupter will need to be replaced. Do not reset the E-gap. Contact 
Schneider Electric for assistance. 

6. Push the OPEN (O) pushbutton.

7. Replace all devices, doors, and covers.

NOTE: The E-gap is factory set and should only be adjusted when 
installing a new vacuum interrupter pole assembly.

Figure 23: E-gap

DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION

• Turn off all power supplying this circuit breaker.

• Always use a properly rated voltage sensing device to confirm that the 
power is off.

• Replace all devices, doors, and covers before turning on the power to 
this equipment.

Failure to follow this instruction will result in death or serious injury

E-gap
(distance between pivot block and 
top of flat washer)

Nylock nut

Pivot block

Contact Erosion = (initial E-gap measurement) minus 
(current E-gap measurement)
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Hi-pot (Dielectric) Test Hi-pot (high potential) tests need to be performed as part of a series of pre-
operational tests (see “Hi-pot (Dielectric) Test” on page 23), regular 
maintenance, and as a method of determining the adequacy of equipment. 
Consistent unacceptable test results may indicate a loss of vacuum. Contact 
Schneider Electric for technical assistance.

Resistance Measurement The resistance measurement from the upper conductor to the lower 
conductor on each phase of the circuit breaker should not exceed 50 micro 
ohms using a low-resistance ohm meter. A reading exceeding 50 micro 
ohms indicates that either a poor connection exists or that the vacuum 
interrupter has reached the end of its life cycle. The vacuum interrupter may 
need to be replaced. Contact Schneider Electric for technical assistance.

Vacuum Interrupter Pole 
Assembly Replacement

If the vacuum Interrupter pole assembly must be replaced due to severe 
interruptions, unsatisfactory hi-pot test results, excessive contact erosion, or 
high resistance, contact your local Schneider Electric field sales 
representative. See “Section 8—Replacement Parts” on page 37.

Lubrication The location of each lubrication point and the method of lubrication required 
is shown in Table 3. Under normal conditions, lubricate after one year or 
1,000 operations, whichever occurs first. More adverse conditions may 
require more frequent lubrication intervals and different procedures. 
Variations should be based on the experience of the operating company.

Always wipe the area clean before applying lubrication.
.

Table 3: Lubrication Chart

Lubrication Point During 
Maintenance Period

Method of Lubrication

Gear teeth in charging motor gear box

Wipe clean and apply Mobil® 28 red grease 
Square D part number 1615-100950

Contact surfaces on trip latch

MOC linkage

Primary disconnect contacts.
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Section 8—
Replacement Parts

In this section:

This section contains a list of factory-recommended replacement parts and 
ordering instructions. Each replacement part is shipped with complete 
assembly and adjustment instructions.

Table 4: Replacement Parts 

Description Rated Voltage 
Replacement Kit 

Number

Charging Motor and Gear Box 
Assembly*

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-113-50

46040-113-51

46040-113-52

46040-113-51

46040-113-52

Anti-pump Relay

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-477-50

46040-477-51

46040-477-52

46040-477-53

46040-477-54

Undervoltage Trip Coil

24 vDC

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

46040-491-50

46040-491-51

46040-491-52

46040-491-53

—

—

Contact Finger Assembly (1200 A) — 46040-481-50

Contact Finger Assembly (2000 A) — 46040-481-51

Ground Contact — 46040-482-50

Latch Check Switch — 46040-483-50

Auxiliary Switch — 46040-484-50

Motor Limit Switch — 46040-485-50

Motor Cutoff Switch — 46040-486-50

Shock Absorber — 46040-487-50

Mechanism Cover — 46040-488-50

* These geared motor assemblies are used on Type VR circuit breakers manufactured after 
3/23/1999
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Ordering Instructions Provide the information listed below when ordering replacement parts.

— always specify the complete rating information and circuit breaker 
serial number

— specify part number, description number, and the catalog from which 
the information was taken

— for electrical components, specify operating voltage also

Table 5: Replacement Parts (continued)

Description 18 kA Part number
All Other kA Part 

Numbers
Rated Voltage

Closing Coil

46040-479-50

46040-479-51

46040-479-52

46040-479-53

46040-479-54

46040-478-60

46040-478-61

46040-478-62

46040-478-63

46040-478-64

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Trip Coil

46040-478-50

46040-478-51

46040-478-52

46040-478-53

46040-478-54

46040-478-55

46040-479-60

46040-479-61

46040-479-62

46040-479-63

46040-479-64

46040-479-65

24 Vdc

48 Vdc

125 Vdc

250 Vdc

120 Vac

240 Vac

Table 6: Pole Assembly Replacement Parts

Circuit Breaker Part Number

4.76 kV

4.76 kV

4.76 kV

4.76 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-50

46040-490-50

46040-489-54

46040-490-54

8.25 kV

8.25 kV

8.25 kV

8.25 kV

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

46040-489-63

46040-490-63

46040-489-53

46040-490-53

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

15.0 kV

25 kA

25 kA

40 kA

40 kA

50 kA

50 kA

1200 A

2000 A

1200 A

2000 A

1200 A

2000 A

46041-859-50

46040-490-51

46040-489-52

46040-490-52

46040-489-55

46040-490-55
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED
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Table 7: Installation and Maintenance Log

DATE INITIALS MAINTENANCE PERFORMED



Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.
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SEL-487B
Bus Differential and Breaker Failure Relay

Advanced bus protection with built-in 
breaker failure detection

• Protect busbars with up to 21 terminals using high-speed,  
low-impedance bus differential elements.

• Transform the way you modernize your substation with SEL  
Time-Domain Link (TiDL®) and Sampled Values (SV) technologies.

• Implement distributed bus protection and simplify commissioning 
using TiDL technology.

• Improve system testing and post-fault analysis with comprehensive 
monitoring, metering, and event recording capabilities.



Functional Overview 

1 Copper or fiber-optic        *Optional feature
†TiDL and SV relays receive current and voltage values from remote 
merging units.

ANSI Number/Acronyms and Functions
16 SEC Access Security (Serial, Ethernet)

27/59 Over-/Undervoltage

50 Overcurrent

50BF Breaker Failure Overcurrent

51 Time-Overcurrent

85 RIO SEL Mirrored Bits® Communications

87 Current Differential

DFR Event Reports

HMI Operator Interface

LGC Expanded SELogic® Control Equations

MET High-Accuracy Metering

RTU Remote Terminal Unit

SER Sequential Events Recorder

Additional Functions
SBM Station Battery Monitor

SV IEC 61850-9-2 Sampled Values Technology*†

TiDL Time-Domain Link Technology*†

16S
EC

27
59

85
RIO DFR HMI LGC

MET SBMRTU SER

SEL-487B 
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3

52-2

3 3 3

52-3

3

52-4

33

52-5

52-6

3 3

50 50 50 50 50 50 50

51 51 51 51 51 51 51

50BF 50BF 50BF 50BF 50BF 50BF 50BF

8787

Zone 1

Zone 1

Zone 2

Zone 2

PT898989

8989

8989

Tie Breaker

1

IRIG-B

4

EIA-232

2

Ethernet1*
SEL-487B-1

22

Ethernet
Process Bus

Ethernet
Station Bus

SEL-487B-2*†



Key Features
Low-Impedance Bus Differential Protection
The SEL-487B Bus Differential and Breaker Failure Relay protects bus systems 
with up to 21 terminals (21 CTs per relay, 63 CTs with a three-relay scheme), 
6 protection zones, and 3 independent check zones. To optimize protection 
security, each check zone supervises a designated phase in the system and a 
patented open-CT detection algorithm blocks potential misoperations during 
open- or shorted-CT conditions. Differential and directional current elements 
provide increased security and fast fault detection. You can also reduce 
protection costs with built-in breaker failure protection.

Flexibility
Implement different ratio CTs and nondedicated CTs with the SEL-487B. The 
flexibility built into the settings allows you to eliminate complex wiring by 
using CT ratios that differ by up to a factor of 10:1. Take advantage of the same 
CTs for differential protection, metering, backup relaying, and other functions.

Monitoring and Metering
The SEL-487B provides accurate, timely monitoring and metering of busbar, 
feeder, and substation signals. Terminal currents, breaker and disconnect 
positions, station dc voltage levels, and three-phase voltage are continuously 
monitored and updated. The relay also provides event reports and Sequential 
Events Recorder (SER) reports to simplify post-fault event analysis.

Digital Secondary System Technologies
Modernize your substation by applying SEL TiDL technology or SEL SV 
technology. Both of these digital secondary system solutions replace copper 
wires with fiber-optic cables to increase safety, reduce costs associated with 
using copper wires, and limit the impact of electromagnetic interference.

TiDL is a simple and secure point-to-point solution that is easy to implement, 
with no external time source or network engineering required. SEL-TMU TiDL 
Merging Units placed in the yard digitize signals and transmit them over fiber-
optic cables to the SEL-487B-2 TiDL relay in the control house. 

SEL SV combines protection in the merging unit with the flexibility of  
IEC 61850-9-2 to increase power system reliability. SEL SV merging units  
(or other IEC 61850-9-2 SV-compliant units) digitize signals and transmit  
them via Ethernet over fiber-optic cables to an SEL-487B-2 SV relay in the 
control house.

Distributed Bus Protection
Apply the SEL-487B in a distributed bus protection scheme using TiDL 
technology. The system is easily scalable based on the number of bays in  
your system, and it does not require special communications ports or network 
engineering. TiDL’s point-to-point architecture simplifies fiber-optic cable 
routing in the field and makes the commissioning process quick and easy.



Product Overview 

Easy-to-use keypad aids 
simple navigation.

Programmable operator pushbuttons 
with user-configurable labels allow 
front-panel customization.

LCD automatically scrolls 
between custom displays.

Front-panel LEDs indicate custom alarms 
and provide fast and simple information 
to assist dispatchers and line crews with 
rapid power restoration.

EIA-232 front serial port is quick 
and convenient for system setup 
and local access.



Choose from power supply options 
such as 24–48 Vdc; 48–125 Vdc 
or 110–120 Vac; or 125–250 Vdc or 
110–240 Vac.

*Optional feature.

**For PTPv2 implementation, Ports 5A and 5B  
    must be ordered as an option.

Choose from a horizontal panel-mount or 
rack-mount chassis and different size options.

Use one front and three rear 
EIA-232 ports for Mirrored Bits 
communications, DNP3, SCADA, 
and engineering access.

Communications protocols include FTP, Telnet, DNP3 LAN/WAN, the Parallel 
Redundancy Protocol (PRP), the IEEE 1588 Precision Time Protocol Version 2 
(PTPv2),** and IEC 61850 Edition 2.*

21 current and 3 voltage channels 
accommodate different busbar 
configurations.  



Applications

Differential element remains secure for external faults 
with heavy CT saturation.

Differential element operates in less than one cycle 
for internal faults.

Differential Protection 
The SEL-487B includes six independent current differential 
elements, and each one provides:

• Fast operate times for all busbar faults.

• Security for external faults with heavy CT saturation.

• Security with subsidence current present.

• High sensitivity to busbar faults.

• Minimum delay for faults evolving from external to 
internal. 
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CT Supervision
For each zone, sensitive current differential elements 
detect differential current resulting from a differential 
element that is not well-balanced (i.e., has wrong CT 
ratios). If the conditions persist for longer than a user-
specified delay, the element asserts an alarm that you can 
use to generate an external alarm and/or block the zone.

Advanced Open-CT Detection Logic
The patented open-CT detection logic improves the 
security of the current differential element. It ensures 
current differential bus zones will not misoperate due 
to terminals that cannot be properly measured. This 
advanced logic blocks differential element misoperations 
that occur under open- or shorted-CT conditions. The 
open-CT detection logic monitors the CT terminals in  
every bus zone to detect when a contributing CT fails.



High-speed open-pole detection logic detects open-pole 
conditions in fewer than 0.75 cycles to reduce breaker failure 
coordination times.

Differential Element Trip
Output

CT Supervision

Slope 1Slope 2

Current
Input I01

Current
Input I21

IOP

IRT

High-Security 
Operate Slope

Standard 
Operate Slope

Restraint Zone

External 
Fault

Internal 
Fault

Fault-Detection Logic

Voltage Elements
Supervise current differential tripping within the 
relay by using voltage elements. Three separate 
voltage elements consist of two levels of phase 
under- and overvoltage elements and two levels of 
negative- and zero-sequence overvoltage elements 
for each of the three analog voltage quantities 
measured.

Integrated Overcurrent Protection
Ten overcurrent curves are available for each 
current input. Each torque-controlled time-
overcurrent element has two reset characteristics. 
There is also one level of instantaneous and definite-
time elements available for each current input.
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Open-Phase Detection

When the relay directional elements detect an external fault, 
the relay enters a high-security mode and dynamically selects 
a higher slope for the differential elements, making them more 
secure during the fault.

Breaker Failure Detection
The SEL-487B includes complete breaker failure 
protection, with retrip capability for each terminal. 
Internal breaker failure is determined by predefined 
protection schemes that allow different types of 
trip signals and current flow conditions. You can set 
any terminal to either internal or external breaker 
failure protection; the inputs can provide individual or 
identical responses to each breaker failure condition. 



Dynamic Zone Configuration
The SEL-487B dynamically assigns the 
input currents to the correct differential 
elements without the need for additional 
auxiliary relays. Connect the digital 
inputs from the busbar disconnect and 
breaker auxiliary contacts directly to 
the relay. SELogic control equations and 
zone selection logic will correctly assign 
the currents to the differential elements, 
even for complex bus arrangements (see 
top example).

Note that the SEL-487B automatically 
includes the Zone 4 currents in Zone 3 
when disconnect switch DS3 is closed 
(see middle example).

Zone 1

Zone 2

North

Helium
Boron

Argon 
Lithium 

Krypton
Sodium

Neon

DS1

East

Silicon

South

DS3 Zone 4
West

DS2

Zone 3 Result of ZONE Command: 

Result of ZONE Command: Zone 1

Zone 2

North

Helium
Boron

Argon 
Lithium 

Krypton
Sodium

Neon

DS1

East

Silicon

South

DS3

West

DS2

Zone 3

=>>ZONE
BUS PROTECTION
Rinadel Station
Terminals in Protection Zone 1
HELIUM SILICON
Bus Zones in Protection Zone 1
NORTH
Terminals in Protection Zone 2
BORON ARGON LITHIUM
Bus Zones in Protection Zone 2
EAST
Terminals in Protection Zone 3
SILICON KRYPTON
Bus Zones in Protection Zone 3
SOUTH
Terminals in Protection Zone 4
SODIUM NEON
Bus Zones in Protection Zone 4
WEST
=>>

=>>ZONE
BUS PROTECTION
Rinadel Station
Terminals in Protection Zone 1
HELIUM SILICON
Bus Zones in Protection Zone 1
NORTH
Terminals in Protection Zone 2
BORON ARGON LITHIUM
Bus Zones in Protection Zone 2
EAST
Terminals in Protection Zone 3
SILICON KRYPTON     SODIUM NEON
Bus Zones in Protection Zone 3
SOUTH WEST
=>>

Zone 1

Zone 2

North

Helium
Boron

Argon 
Lithium 

Krypton
Sodium

Neon

DS1

East

Silicon

South

DS3 Zone 4
West

DS2

Zone 3 Result of ZONE Command: 

Result of ZONE Command: Zone 1

Zone 2

North

Helium
Boron

Argon 
Lithium 

Krypton
Sodium

Neon

DS1

East

Silicon

South

DS3

West

DS2

Zone 3

=>>ZONE
BUS PROTECTION
Rinadel Station
Terminals in Protection Zone 1
HELIUM SILICON
Bus Zones in Protection Zone 1
NORTH
Terminals in Protection Zone 2
BORON ARGON LITHIUM
Bus Zones in Protection Zone 2
EAST
Terminals in Protection Zone 3
SILICON KRYPTON
Bus Zones in Protection Zone 3
SOUTH
Terminals in Protection Zone 4
SODIUM NEON
Bus Zones in Protection Zone 4
WEST
=>>

=>>ZONE
BUS PROTECTION
Rinadel Station
Terminals in Protection Zone 1
HELIUM SILICON
Bus Zones in Protection Zone 1
NORTH
Terminals in Protection Zone 2
BORON ARGON LITHIUM
Bus Zones in Protection Zone 2
EAST
Terminals in Protection Zone 3
SILICON KRYPTON     SODIUM NEON
Bus Zones in Protection Zone 3
SOUTH WEST
=>>

Three Independent Check Zones 
Supervise up to Six Differential  
Bus Zones
In complex busbar layouts, the SEL-487B 
uses disconnect auxiliary contact status to 
define current differential bus zones and 
supervises these zones on a per-phase 
basis with the independent “check zone” 
feature to prevent misoperation due to  
a discrepancy.

The check zone feature:

• Allows you to create your own custom 
applications using powerful seLogic 
control equations.

• Provides secure supervision for  
bus zones.

• Supervises bus zones on a per-phase 
basis, independent of the terminal 
auxiliary disconnect status.

• Processes its logic independently of  
all bus zones.

• Fits a wide variety of applications 
and protection philosophies, with 
independent pickup and slope settings.



This example shows a single SEL-487B protecting a system with two 3-phase bus 
zones and increasing security by applying a check zone per phase.
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SEL-487B
SEL-487B

Automation and Control
With 32 local control points, the 
SEL-487B helps eliminate traditional 
panel control switches. You can set, 
clear, or pulse local control points 
with the programmable front-panel 
pushbuttons and display. Using 
SELogic control equations, you can 
program the local control points to 
implement your control scheme.

Three-Relay Bus Protection  
Application—For up to 21 Terminals
You can configure a check zone for 
every phase, encompassing all terminals 
at the station (except bus coupler and 
sectionalizing breakers), independent of 
the disconnect auxiliary contact status.

The 32 remote control points help eliminate remote terminal unit 
(RTU)-to-relay wiring. Using serial port commands, you can set, clear, 
or pulse remote control points. You can also incorporate the remote 
control points into your control scheme via SELogic control equations 
and apply remote control points for SCADA-type control operations, 
such as trip and group selection.

The SEL-487B control logic can replace the following: 

• Traditional panel control switches

• RTU-to-relay wiring

• Traditional latching relays

• Traditional indicating panel lights

• Panel meters 



SEL Time-Domain Link (TiDL) technology is a protection-
centered digital secondary system solution engineered 
with simplicity in mind. This technology minimizes 
cybersecurity risks and network engineering by using 
point-to-point communications and a nonroutable 
protocol. A TiDL-based solution does not require an 
external time reference. 

Simple Architecture
SEL-TMU devices are placed in the yard close to the 
primary equipment and digitize discrete I/O signals and 
analog data, such as voltages and currents. These data 
are then transported over fiber-optic cables to an  
SEL-487B-2 TiDL relay in the control house. The point-to-
point architecture simplifies implementation and drives 
overall maintenance and maintenance costs down.

Data-Sharing Capabilities
Each SEL-TMU can be paired with up to four SEL-400 
series TiDL relays. This data-sharing capability allows 
design flexibility, and point-to-point connections simplify 
system expansion.

Built-In Data Synchronization
TiDL relays measure the path delay between the 
relay and the merging unit on each connected port 
to align current and voltage measurements acquired 
from different merging units. This eliminates the need 
for external time sources, such as GPS clocks, for 
synchronization.

 All data from the SEL-TMU devices are synchronized 
with each other regardless of the number of units 
connected to the SEL-487B-2 relay or the length of  
the fiber.

SEL TiDL Process Bus Solutions
Strong Cybersecurity Posture
The dedicated, deterministic TiDL system helps secure 
mission-critical systems. The isolated point-to-point 
connections and the absence of switches and routers 
reduce the electronic security perimeter and limit 
attack points. This security-minded architecture 
prevents remote access, and its simplicity eliminates 
the need for managing port access.

Minimal Training Required
The relay settings for the SEL-487B-2 TiDL relay are 
the same as those in all popular SEL-400 series models, 
providing consistency and simplicity. You can use the 
same protection schemes and applications for complete 
feeder protection.

Flexible Communications Options
The SEL-487B can be configured with a five-port 
Ethernet card supporting PRP or failover functionality 
to increase system availability. Use PTPv2 on 
process bus or station bus ports to provide time 
synchronization.

This card also features dedicated ports and IP 
addresses for station bus and engineering access 
networks to provide selective access control. 

Use small form-factor pluggable (SFP) transceivers on 
process bus, station bus, and engineering access ports. 
Single- and multimode communications options provide 
increased flexibility.
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SEL-487B-2 With TiDL Technology

4U chassis with horizontal mounting 
options (panel or rack) accommodates 
your application needs.

Select a five-port Ethernet card 
for dedicated station bus and 
engineering access ports.

Eight 100 Mbps fiber-optic ports allow 
the TiDL relay to connect with eight 
remote SEL-TMU devices and to receive 
remote analog and digital data.

LEDs for viewing the connection 
status to an SEL-TMU TiDL Merging 
Unit on a per-port basis.



SEL Sampled Values (SV)-based solutions are 
communications-centric, network-based solutions that 
combine protection in the merging unit with the flexibility 
of IEC 61850-9-2. 

Networked Architecture
The SEL-487B-2 SV relay (subscriber) in the control 
house receives digitized analog signals from SV merging 
units (publishers) in the yard via a fiber-based Ethernet 
network. SEL SV-based solutions allow you to create 
a flexible Ethernet-based network using tools such as 
software-defined networks or VLANs. You can use SEL 
software-defined networking (SDN) switches to provide 
centralized traffic engineering and improve Ethernet 
performance. SEL SDN switches act as transparent PTP 
clocks that support IEEE C37.238 power system profile, 
ensuring submicrosecond time synchronization of the 
end devices.

SEL SV-Based Process Bus Solutions

Merging Units With Built-In Protection
Some SEL relays can be used as SV merging units. Apply 
the SEL-401 Protection, Automation, and Control Merging 
Unit for overcurrent and breaker failure protection. Use 
the SEL-421 Protection, Automation, and Control Merging 
Unit for complete line protection, including five zones 
of subcycle mho and quadrilateral distance elements. 
If IEC 61850 network communications are lost, the SEL 
merging units provide backup standalone protection.

Interoperability
SEL-487B-2 SV relays and other SEL SV devices are fully 
compliant with IEC 61850-9-2 and the UCA 61850-9-2LE 
guideline. You can use them with primary equipment 
that generates SV streams or with other manufacturers’ 
SV-compliant units.
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SEL-487B-2 With SV Technology

Advanced Network Monitoring and Diagnostic Tools
The SEL-487B-2 SV relay provides advanced network 
monitoring and diagnostic tools through standard  
IEC 61850 logical nodes. Additional diagnostic 
information and statistics are available through COM 
SV, GOO, ETH, and COM PRP commands, which aid in 
troubleshooting. The TEST SV command allows you to 
check the network connectivity as well as the CT and 
PT ratios between publisher and subscriber devices.

Flexible Communications Options
The SEL-487B can be configured with a five-port Ethernet 
card supporting PRP or failover functionality to increase 
system availability. Use PTPv2 on process bus or station 
bus ports to provide time synchronization.

This card also features dedicated ports and IP addresses 
for station bus and engineering access networks to 
provide selective access control. 

Use SFP transceivers on process bus, station bus, 
and engineering access ports. Single- and multimode 
communications options provide increased flexibility.  
All ports support 100 Mbps SFPs, and process bus ports 
also support 1 Gbps SFPs.

The 4U chassis has various mounting 
options to accommodate hardware needs.

Select a five-port Ethernet card for dedicated process 
bus, station bus, and engineering access ports. Choose an SFP transceiver to match application 

requirements. Process bus ports support 100 Mbps 
and 1 Gbps connections. Station bus and engineering 
access support 100 Mbps connections. Select single- 
or multimode fiber.



Simplify System Testing and Post-Fault Analysis
The SEL-487B event-reporting capabilities help improve 
understanding of even the most complex protective scheme 
operations. With the oscillographic and binary COMTRADE 
event reports and SER reporting in the SEL-487B, you can 
eliminate the need for external recorders or meters.

View SER Records
Gain a broad perspective of relay element operation with  
the SER in the SEL-487B. Items that trigger an SER entry  
are selectable and can include as many as 250 monitoring 
points, such as input/output change of state or element 
pickup/dropout. The relay SER stores the latest 1,000 events, 
which are available through the SER command. The latest 
200 events are also viewable via the front-panel LCD.

Access Useful Information
The SEL-487B makes it easy to access useful information 
when and where you need it.

• Metering quantities include primary and secondary 
voltage and current magnitudes as well as angles for 
each terminal.

• Zone information displays the primary or secondary 
current and voltage for each terminal. The polarity of 
each CT and the bus zones in each of the protective 
zones at the station are also included.

• Differential metering shows the operating and restraint 
currents for each zone as well as the reference current.

• Battery monitoring provides warning and alarm 
thresholds that you can monitor with the SEL-2032 
Communications Processor and the SEL-3530 Real-Time  
Automation Controller (RTAC). You can also set up 
the system to send status messages to a local display, 
phones, or other devices. 

Ethernet-Based Communications
An Ethernet communications card enables you to 
communicate using a variety of protocols, including FTP, 
HTTP, DNP3, PTPv2, PRP, Telnet, synchrophasors, and 
IEC 61850 Edition 2. Select between copper, fiber, or a 
combination of port types.

synchroWAVe Event displays individual operate and  
restraint currents for three different protection zones.

Accessibility and Communications 

seL-5601-2 synchroWAVe® Event Software provides  
powerful analytic capabilities.

Ethernet 
Switch

GPS Clock

Engineering
Access

SEL-2741

SEL-2488

SEL-421

SEL-451

SEL-421 SEL-487B

SEL-3530

Wide-Area
Network

Typical Ethernet network configuration.



Setting and Commissioning Software
Save Time and Eliminate Costly Errors With SEL 
Commissioning Assistant Software
SEL Commissioning Assistant Software recommends 
matrix compensation settings after automatically 
identifying incorrect field wiring and improper CT 
configurations, such as incorrect CT polarities,  
inconsistent CT ratios, or crossed phases.

Apply the Commissioning Assistant in Five Easy Steps
1. Define the system one-line diagram. 

2. Assign any two windings to conduct a test.

3. Validate the current flow, CT ratios, and polarity.

4. Run the test to start the matrix calculation process.

5. Document and implement the correct compensation 
matrix recommended for the transformer application.

Simplify the SEL-487B Configuration Process With  
the Graphical Logic Editor (GLE)
With the AcseLerAtor QuickSet® SEL-5030 Software 
GLE, you can view seLogic control equations graphically 
and document settings files for easier validation and 
commissioning. You can also convert existing seLogic 
control equations to easy-to-read diagrams and save 
diagrams with your QuickSet software settings. 

The GLE makes it easy to design new seLogic control 
equations with the convenient diagram navigation tool, 
drag-and-drop interface, function block diagrams, and 
automatic layout function. You can manage your control 
diagrams with a full element palette. The GLE aids in 
reducing design errors and reducing the time  
and expense of commissioning relays.

Next-Generation Configuration Software
Included with the TiDL and SV relays, SEL Grid 
Configurator is a new software tool that allows 
engineers and technicians to quickly create, manage, 
and deploy settings for SEL power system devices. 
It features a modern interface designed for ease 
of use, with powerful protection visualization and 
comprehensive reporting to reduce device  
deployment complexity. 



SEL-487B Specifications

General
AC Current Inputs
(21 total)

5 A nominal

1 A nominal

AC Voltage Inputs
(3 total)

0–300 VL-N operational 

Communications 
Protocols

FTP, Telnet, SEL ASCII, SEL Fast Message, 
DNP3, PRP, PTPv2, and IEC 61850  
Edition 2 (optional)

Communications 
Ports

Serial Ports
One front-panel and three rear-panel  
EIA-232 serial ports

300–57,600 bps

Two-Port Ethernet Card
Two 100BASE-FX fiber-optic  
network ports

Four-Port Ethernet Card
Four 10/100BASE-T twisted-pair  
network ports, or

Four 100BASE-FX fiber-optic  
network ports, or

Two 10/100BASE-T twisted-pair network 
ports and two 100BASE-FX fiber-optic 
network ports

Five-Port Ethernet Card
Two 100/1000BASE SFP ports

Three 100BASE SFP ports

© 2023 by Schweitzer Engineering Laboratories, Inc. 
PF00063 · 20230503

Making Electric Power Safer, More Reliable, and More Economical  
+1.509.332.1890 | info@selinc.com | selinc.com

TiDL Ports Fiber-optic ports: 8

Range: ~2 km

Data rate: 100 Mbps

Protocol: SEL T-Protocol

SV Ports Subscriber: As many as 7 SV data streams

Data rate: 4.8 kHz for 60 Hz system,  
4 kHz for 50 Hz system

Protocol: IEC 61850-9-2

Precise-Time Input Demodulated IRIG-B time input  
and PTPv2

Processing AC voltage and current inputs:  
8,000 samples per second

Protection and control processing:  
12 times per power system cycle

Power Supply 24–48 Vdc

48–125 Vdc or 110–120 Vac

125–250 Vdc or 110–240 Vac

Operating 
Temperature –40° to +85°C (–40° to +185°F)
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Busbar and Breaker Failure Protection,
Automation, and Control System

                    

Key Features and Benefits
The SEL-487B-1 Bus Differential and Breaker Failure Relay provides bus current differential protection, circuit breaker 
failure protection, and backup overcurrent protection. The relay has 21 analog current inputs and three analog voltage 
inputs. For buses with no more than seven terminals, use one SEL-487B in a single-relay application. For buses with 
eight to ten terminals, use two SEL-487B relays. For buses with as many as 21 terminals, use three SEL-487B relays; 
each relay provides as many as six independent and adaptable zones of protection. Contact SEL Research and Develop-
ment for methods on protecting larger systems.

➤ High-Speed Differential Protection. Increase system stability margins and reduce equipment damage by 
operating busbar differential protection operates in less than one cycle.

➤ Six Differential Zones. Use the included flexible zone selection and six differential zones to provide protection 
for multiple busbar applications.

➤ Failed CT Detection. Reliably indicate open and shorted CTs for alarming and/or blocking.

➤ CT Ratio Mismatch. Differential protection accommodates as high as 10:1 CT ratio mismatch without auxiliary CTs.

➤ External Fault Security. Securely use differential protection for external faults with minimal CT requirements.

➤ Breaker Failure. Provide internal or external breaker failure protection for as many as 21 terminals.

➤ Overcurrent Elements. Configure the instantaneous and inverse time-overcurrent elements to provide backup 
protection for each terminal.

➤ Voltage Elements. Supervise the differential element by using negative- and zero-sequence over- and 
undervoltage elements.

➤ Three Check Zones. Use the provided three dedicated check zones in each relay to supervise complex bus 
differential schemes.

SEL-487B-1 Bus Differential Relay
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➤ Ethernet Access. Interconnect with automation systems that use IEC 61850 or DNP3 protocols directly or DNP3 
through a communications processor. Use File Transfer Protocol (FTP) for high-speed data collection.

➤ IEC 61850 Operating Modes. Use the supported IEC 61850 standard operating modes such as Test, Blocked, On, 
and Off.

➤ Oscillography. Record a wide range of system events with sampling rates as fast as 8 kHz, and as much as 24 
seconds of data per COMTRADE compliant event report.

➤ Parallel Redundancy Protocol (PRP). Provide seamless recovery from any single Ethernet network failure, in 
accordance with IEC 62439-3. The Ethernet network and all traffic are fully duplicated with both copies operating 
in parallel.

➤ IEEE 1588-2008, Precision Time Protocol (PTP). Provide high-accuracy timing over an Ethernet network.

Functional Overview
                    

Protection Features
Order the 9U chassis version of the SEL-487B to equip 
the relay with a maximum of four interface boards. With 
four interface boards, the relay has a total of 103 inputs 
(72 common inputs and 31 independent inputs) and 
40 outputs (24 high-speed, high-current interrupting out-
puts and 16 standard outputs).

Order the 7U chassis version of the SEL-487B to equip 
the relay with a maximum of two interface boards. With 
two interface boards, the relay has a total of 55 inputs 
(36 common inputs and 19 independent inputs) and 
24 outputs (12 high-speed, high-current interrupting out-
puts and 12 standard outputs).

                    

Figure 1 SEL-487B Relay Basic Functions in a Double-Bus Application
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16 SEC Access Security (Serial, Ethernet) 
27/59 Over- and Undervoltage 
50 Overcurrent 
50BF Breaker Failure Overcurrent 
51 Time-Overcurrent 
85 RIO SEL MIRRORED BITS Communications 
87 Current Differential 
DFR Event Reports 
HMI Operator Interface 
LGC Expanded SELOGIC Control Equations 
MET High-Accuracy Metering 
RTU Remote Terminal Unit
SER Sequential Events Recorder 
  

ADDITIONAL FUNCTIONS 

SBM Station Battery Monitor 
  

ADDITIONAL FEATURES 

Open CT Detection 
Three Independent Check Zones 
Disconnect Status and Monitoring Logic for 60 Disconnects 
Single-Relay Application: 2 Three-Phase Zones for as many as 7 
Terminals 
Two-Relay Application: 3 Three-Phase Zones for as many as 10 
Terminals 
Three-Relay Application: 6 Single-Phase Zones for as many as 21 
Terminals 
1 Copper or Fiber Optic * Optional Feature 
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The 7U and 9U chassis options for the SEL-487B both 
contain 21 current inputs and three voltage inputs.

With the flexibility of the expanded SELOGIC control 
equations, you need no external auxiliary relays to con-
figure the relay for complex busbar arrangements. The 
SEL-487B provides station-wide protection through the 
use of as many as six zones of differential protection, 
advanced zone selection algorithms, and per-terminal 
breaker failure and overcurrent protection.

Dynamic Zone Configuration
The SEL-487B dynamically assigns the input currents to 
the correct differential elements without the need for 
auxiliary relays. Connect the digital inputs from the bus-
bar disconnect auxiliary contacts directly to the relay. 
SELOGIC control equations and zone selection logic will 
correctly assign the currents to the differential elements, 
even for complex bus arrangements such as the one in 
Figure 2.

Busbar configuration information, as a function of the 
disconnect status, is readily available. Figure 3 depicts 
the response of the relay to the ZONE command, show-
ing the terminals and bus-zones assigned to each protec-
tion zone.

                    

                    

                    

Figure 2 Bus-Zone Protection Based on Disconnect Switch Positions
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Figure 3 Result of ZONE Command Indicating the 
Protection Zone Configuration According to Disconnect 
Switch Positions



SEL-487B-1 Data Sheet Schweitzer Engineering Laboratories, Inc.

4

                    

                    

Closing disconnect DS2 combines Zone 1 and Zone 2, 
resulting in a single zone. Figure 4 shows the new pro-
tection zone configuration. In this combination, Zone 1 
includes North and East bus-zones. Figure 5 shows the 
new Zone 1 that includes bus-zones North and East.

Zone Selection Logic
Busbar protection requires assignment of the correct cur-
rent values to the appropriate differential elements as a 
function of user-defined conditions. To achieve this, the 
SEL-487B employs a two-step process:

➤ Evaluates the user-defined conditions.

➤ Assigns the currents to the differential element of 
the appropriate zone.

Current assignment conditions vary from simple to com-
plex. A simple condition would be a statement such as 
“always include this terminal in the differential calcula-
tions.” A more complex condition statement could be 
“when Disconnect 2 is closed, and the transfer discon-
nect is open.”

SELOGIC control equations provide the mechanism by 
which the user enters the conditions for assigning the 
currents to the differential elements when these condi-
tions are met. When a SELOGIC control equation 
becomes true (e.g., the disconnect is closed), the relay 
dynamically assigns the current to the differential ele-
ments. Conversely, when the SELOGIC control equation 
is false (the disconnect is open), the relay dynamically 
removes the currents from the differential elements. This 
is also true for the trip output. When the SELOGIC con-
trol equation of a terminal is false, the relay issues no trip 
signal to that terminal. Table 1 shows a simple case 
where the disconnect status is the only condition for the 
relay to consider.

                    

Figure 4 Bus Arrangement With Disconnect DS2 Closed; the New Zone 1 That Includes Bus-Zones North and East
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End-Zone Protection
To illustrate the flexibility of use of SELOGIC control 
equations for user-defined conditions, consider the ease 
of achieving end-zone protection with the SEL-487B.

Figure 6 shows fault F1 between an open circuit breaker 
and CT of a feeder at a substation. This area is a “dead” 
zone because neither busbar protection nor local line pro-
tection can clear this fault; the remote end of the feeder 
must clear this fault. Because the feeder circuit breaker is 
already open, operation of the busbar protection serves 
no purpose. The busbar protection must not operate for 
this fault.

                    

By including the circuit breaker auxiliary contact in one 
of the SELOGIC control equations (Figure 7), we can 
cause the value of the SELOGIC control equation to be 
false when the circuit breaker is open, removing the cur-
rent from the differential element calculations. This 
capability ensures stability of the busbar protection. By 
our use of SELOGIC control equations and normal com-
munications channels to configure the protection system, 
the relay sends a trip signal to the remote end of the feeder.

                    

Check Zones
The SEL-487B provides three completely independent 
check zones, each with its own adaptive differential ele-
ment. Supervise zone differential elements by using the 
independent check zones to monitor all incoming sources 
and outgoing feeders on a per-phase basis. During an 
internal fault, the check zone differential element will 
assert. During an external fault, the check zone element 
will remain deasserted.

Differential Protection
The SEL-487B includes six independent current differ-
ential elements. Operating time for internal faults, 
including high-speed output contact closure, is less than 
one cycle. Figure 8 shows an example of an internal fault 
and differential element operation.

                    

Each of the differential elements provides the following:

➤ Fast operating times for all busbar faults

➤ Security for external faults with heavy CT saturation

➤ Security with subsidence current present

➤ High sensitivity for busbar faults

➤ Minimum delay for faults evolving from external 
to internal faults

Figure 9 shows a block diagram of one of the six differ-
ential protection elements.

Table 1 Conditions for Automatic Terminal Assignment

Example of Condition

SELOGIC 
Control 

Equation 
Result

Consider 
Terminal in 
Protection 

Calculations?

Issue 
Trip?

Disconnect is open False No No

Disconnect is closed True Yes Yes

                    

Figure 6 Fault Between Breaker and CT

                    

Figure 7 Bus Protection Is Not Affected by Fault, F1; 
Use Transfer Trip to Clear the Fault
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Figure 8 Differential Element Operation in Less Than 
One Cycle for Internal Faults
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CT saturation is one of the main factors to address when 
considering relay security. Because of the high sampling 
rate, the fault detection logic detects external faults in 
less than 2 ms by comparing the rate of change of the 
restraint and operating currents. Following the detection 
of an external fault, the relay enters a high-security 
mode, during which it dynamically selects a higher slope 
for the differential elements (see Figure 9). Figure 10 
shows an external fault with heavy CT saturation, with-
out differential element operation.

                    

CT Supervision
Open or shorted current transformers produce equal and 
opposite changes in restraint and operate current. The 
advanced CT supervision in the SEL-487B monitors dif-
ferential zone restraint and operating current for these 

changes, to provide rapid and dependable detection of 
open or shorted CT conditions. Use the CT supervision 
logic in zone trip equations.

Voltage Elements
Voltage elements consist of two levels of phase under- 
(27) and overvoltage (59) elements and two levels of 
negative- (59Q) and zero-sequence (59N) overvoltage 
elements, based on one set of three analog voltage quan-
tities. Table 2 provides a summary of the voltage ele-
ments.

                    

Breaker Failure Protection
The SEL-487B includes complete breaker failure protec-
tion, including retrip, for each of the 21 terminals. 
Because some applications require external breaker fail-
ure protection, set the SEL-487B to external breaker fail 
and connect the input from any external breaker failure 
relay to the SEL-487B; you can set any terminal to either 
internal or external breaker failure protection.

                    

High-speed, open-pole detection logic detects open-pole 
conditions in less than 0.75 cycle, reducing breaker fail-
ure coordination times as in Figure 11.

Overcurrent Elements
Choose from 10 time-overcurrent curves (Table 3) for 
each of the 21 current inputs. Each torque-controlled 
time-overcurrent element has two reset characteristics. 
One choice resets the elements if current drops below 
pickup for one cycle, while the other choice emulates the 
reset characteristic of an electromechanical induction 
disk relay.

Each terminal also includes instantaneous and definite- 
time overcurrent elements. These overcurrent elements 
are summarized in Table 4.

                    

Figure 9 External Fault Detection Logic Increases 
Differential Element Security

                    

Figure 10 Differential Element Does Not Operate for 
External Fault With Heavy CT Saturation
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Table 2 Voltage Elements

Element Quantity Levels

Undervoltage Phase Two levels

Overvoltage Phase, negative-, and zero-sequence Two levels

                    

Figure 11 Open-Phase Detection Reduces Breaker 
Failure Coordination Time
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Disconnect Status Monitor
Figure 12 shows the disconnect open and close contact 
relationship. During the open-to-close operation, the 89b 
contact must open (disconnect is CLOSED) during the 
transition zone before the main contact arcing starts. The 
89a contact must close in this transition zone.

During the close-to-open operation, the 89b contact must 
close during the transition zone after the main contact 
arcing is extinguished (disconnect is OPEN), as shown in 
Figure 12. The 89a contact must open in this transition zone.

Table 5 shows the four possible disconnect auxiliary con-
tact combinations and how the relay interprets each com-
bination.

                    

                    

Tie-Breaker Configurations
Figure 13, Figure 14, and Figure 15 show three tie-
breaker schemes:

➤ Two CTs configured in overlap (Figure 13)

➤ A single CT with two cores configured in overlap 
(Figure 14)

➤ Two CTs configured with a differential element 
across the breaker (Figure 15)

Configure any one of these schemes without using exter-
nal auxiliary relays. Figure 13 and Figure 14 also show 
the tie breaker closing onto an existing fault, F1. The 
SEL-487B includes tie-breaker logic to prevent the loss 
of both zones for this fault.

Table 3 Time-Overcurrent Curves

US IEC

Moderately Inverse Standard Inverse

Inverse Very Inverse

Very Inverse Extremely Inverse

Extremely Inverse Long-Time Inverse

Short-Time Inverse Short-Time Inverse

Table 4 Overcurrent Elements per Terminal

Element Quantity Levels

Instantaneous Overcurrent Phase One level

Definite-Time Overcurrent Phase One level

Table 5 Disconnect Status as a Function of the 
Auxiliary Contacts

89a 89b
Relay 89 Status 
Interpretation

0 0 Closed

0 1 Open

1 0 Closed

1 1 Closed

                    

Figure 12 Disconnect Switch Auxiliary Contact Requirements for the Zone Selection Logic; No CT Switching Required
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Configure one of the differential zones as a differential 
across the tie breaker. This arrangement has the follow-
ing advantages:

➤ Both main zones are secure for a fault between the 
tie breaker and the CT.

➤ Only one main zone is tripped for a fault between 
the tie breaker and the CT (as opposed to both 
main zones with an overlapping tie-breaker 
arrangement).

                    

Six Independent Settings Groups 
Increase Operation Flexibility
The relay stores six settings groups. Select the active set-
tings group by control input, command, or other pro-
grammable conditions. Use these settings groups to cover a 
wide range of protection and control contingencies.

Selectable settings groups make the SEL-487B ideal for 
applications requiring frequent settings changes and for 
adapting the protection to changing system conditions. 
Selecting a group also selects logic settings. Program 
group logic to adjust settings for different operating con-
ditions, such as station maintenance, seasonal operations, 
and emergency contingencies.

Applications
Figure 16 shows a station with double bus sections and a 
bus tie breaker. Use a single SEL-487B for this application.

For stations with breaker-and-a-half busbar configuration 
and seven or fewer connections to either busbar, use an 
SEL-487B for each busbar, as in Figure 17.

                    

                    

Figure 13 Two CTs Configured in Overlap

                    

Figure 14 A Single CT With Two CT Cores Configured in 
Overlap
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Figure 15 Two CTs Configured With a Differential 
Element Across the Breaker
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Figure 16 Single SEL-487B Protecting Double Bus Sections With Bus Tie Breaker
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For stations with 10 to 21 terminals (Figure 18), use 
three separate SEL-487B relays and wire analog current 
inputs from A-, B-, and C-phases separately into each 
relay. This way, each of the 21 analog current inputs in 
each relay measures only one phase, with six dedicated 
zones of protection available. Each relay operates inde-
pendently; the only communication among relays is 
MIRRORED BITS® communication and IRIG-B. In this 
application, operators have complete flexibility because 

they can close any disconnect at any time without com-
promising the busbar protection. This is possible because 
the relay dynamically computes the station connection replica 
by using the patented zone-selection algorithm.

Figure 18 shows a busbar layout consisting of two main 
busbars and a transfer bus, one busbar coupler, and 20 
terminals.

                    

Figure 17 Two Single SEL-487B Relays Protecting the Two Busbars in a Breaker-and-a-Half Busbar Configuration
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Optimize your SEL-487B by protecting both HV and LV 
busbars with three relays. Figure 19 shows two HV bus-
bars and two LV busbars. Use of four zones for the four 

busbars (two HV and two LV) still leaves two zones 
available in each relay. We can configure independent 
check zones for HV and LV bus protection supervision.

                    

Figure 18 Three SEL-487B Relays Protect Two Main Busbars and a Transfer Busbar, Bus Coupler, and 20 Terminals
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Figure 19 Three SEL-487B Relays Protect Both HV and LV Busbars
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Time Synchronization, Automation, and Communication
Time Synchronization
To synchronize the relays in a three-relay application, 
use the unique IN and OUT IRIG-B connectors installed on 
each relay for the IRIG-B signal. Referring to the Exter-
nal Source connections in Figure 20, connect the IRIG-B 
signal to the IN connector of Relay A to update the time. 
Connect the OUT connector of Relay A to the IN connec-
tor of Relay B to update the time in Relay B. Use a simi-
lar connection between Relay B and Relay C to update 
the time in Relay C. In the absence of an external IRIG-B 
signal, connect the relays as shown by the Internal 
Source connections in Figure 20. Connected this way, 
Relay B and Relay C synchronize to the internal clock of 
Relay A. The event reports the different relays generate 
are time-stamped to within 10 µs of each other.

                    

PTP Time Synchronization
In addition to IRIG-B, the relay can be time-
synchronized through the Ethernet network using IEEE 
1588 PTPv2. When connected directly to a grandmaster 
clock providing PTP at 1-second sync intervals, the relay 
can be synchronized to an accuracy of ±100 ns. The relay 
is capable of receiving as many as 32 sync messages per 
second.

                    

SNTP Time Synchronization
Use SNTP to cost-effectively synchronize SEL-487B 
relays equipped with Ethernet communication to within 
±1 ms with no time source delay. Use SNTP as a primary 
time source, or as a backup to a higher accuracy IRIG-B 
time input to the relay.

                    

Automation
Flexible Control Logic and Integration 
Features
Use the SEL-487B control logic to replace the following:

➤ Traditional panel control switches

➤ RTU-to-relay wiring

➤ Traditional latching relays

➤ Traditional indicating panel lights

                    

Figure 20 Time Synchronize SEL-487B Relays With or 
Without External Clock Source
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Figure 21 Example PTP Network

                    

Figure 22 SNTP Diagram
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Eliminate traditional panel control switches with 32 local 
control points. Set, clear, or pulse local control points 
with the front-panel pushbuttons and display. Program 
the local control points to implement your control 
scheme via SELOGIC control equations. Use the same 
local control points for functions such as taking a termi-
nal out of service for testing.

Eliminate RTU-to-relay wiring with 96 remote control 
points. Set, clear, or pulse remote control points via serial 
port commands. Incorporate the remote control points 
into your control scheme via SELOGIC control equations. 
Use remote control points for SCADA-type control oper-
ations (e.g., trip, settings group selection).

Replace traditional latching relays for such functions as 
remote control enable with 32 latching control points. 
Program latch set and latch reset conditions with 
SELOGIC control equations. Set or reset the latch control 
points via control inputs, remote control points, local 
control points, or any programmable logic condition. The 
relay retains the states of the latch control points after 
powering up following a power interruption.

Replace traditional indicating panel lights and switches 
with either of these HMIs:

➤ Standard HMI: 16 latching target LEDs and 8 
programmable pushbuttons with LEDs.

➤ Expanded HMI option: 24 tricolor latching target 
LEDs and 12 programmable pushbuttons.

Define custom messages to report analog and Boolean 
power system or relay conditions on the large format 
LCD. Control displayed messages via SELOGIC control 
equations by driving the LCD display via any logic point 
in the relay. Use any of the dozens of measured or calcu-
lated analog values in the relay to create display mes-
sages for system metering on the front-panel LCD.

SELOGIC Control Equations With 
Expanded Capabilities and Aliases
Expanded SELOGIC control equations (Table 6) put relay 
logic in the hands of the protection engineer. Assign the 
relay inputs to suit your application, logically combine 
selected relay elements for various control functions, and 
assign outputs to your logic functions. Programming 
SELOGIC control equations consists of combining relay 
elements, inputs, and outputs with SELOGIC control 
equation operators. You can use any of the relay internal 
variables (Relay Word bits) in these equations. For com-
plex or unique applications, these expanded SELOGIC 
control equation functions allow superior flexibility. Add 
programmable control functions to your protection and 
automation systems. New functions and capabilities 
enable you to use analog values in conditional logic 
statements. Use the new alias capability to assign more 
meaningful relay variable names. This improves the 

readability of customized programming. Use as many as 
200 aliases to rename any digital or analog quantity. The 
following is an example of possible applications of 
SELOGIC control equations using aliases:

                    

ACSELERATOR QuickSet SEL-5030 
Software
Use the ACSELERATOR QuickSet® SEL-5030 Software 
to develop settings and busbar configurations offline. 
The system automatically checks interrelated settings 
and highlights out-of-range settings. You can transfer 
settings you create offline by using a PC communica-
tions link with the SEL-487B. The relay converts event 
reports to oscillograms with time-coordinated element 
assertion and phasor diagrams. The QuickSet interface 
supports Server 2008, Windows 7 and Windows 8 oper-
ating systems, and can be used to open COMTRADE 
files from SEL and other products. You can also use 
QuickSet to design application-specific settings tem-
plates and then store the templates in non-volatile mem-
ory within the relay for trouble-free retrieval.

                    

MIRRORED BITS Communications
The SEL patented MIRRORED BITS technology provides 
bidirectional relay-to-relay digital communication. 
Figure 24 shows two SEL-487B relays with MIRRORED 
BITS communications using SEL-2815 Fiber-Optic 
Transceivers. In the SEL-487B, MIRRORED BITS com-
munications can operate simultaneously on any two 
serial ports. This bidirectional digital communication 
creates additional outputs (transmitted MIRRORED BITS) 
and additional inputs (received MIRRORED BITS) for each 
serial port operating in the MIRRORED BITS communica-
tions mode.

=>>SET T <Enter>
1: PMV01,THETA

(assign the alias “THETA” to math variable PMV01)

2: PMV02,TAN

(assign the alias “TAN” to math variable PMV02)

=>>SET L <Enter>
1: # CALCULATE THE TANGENT OF THETA
2: TAN:=SIN(THETA)/COS(THETA)

(use the aliases in an equation)

                    

Figure 23 Settings Templates

SEL-487B
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Communicated information can include digital, analog, 
and virtual terminal data. Virtual terminal allows opera-
tor access to remote relays through the local relay. You 

can use this MIRRORED BITS protocol to transfer infor-
mation between stations to enhance coordination and 
achieve faster tripping.

                    

                    

Communications Features
The SEL-487B offers the following communications fea-
tures:

➤ Four independent EIA-232 serial ports

➤ Full access to event history, relay status, and meter 
information from the communications ports

➤ Settings and group switching password control

➤ SCADA interface capability including FTP, 
IEC 61850, and DNP3 LAN/WAN (via optional 
internally mounted Ethernet card), and DNP3 
Level 2 Slave (via serial port)

The relay does not require special communications soft-
ware. You need only ASCII terminals, printing terminals, 
or a computer supplied with terminal emulation and a 
serial communications port. Table 7 provides a synopsis 
of the communications protocols in the SEL-487B.

Ethernet Card
The SEL-487B provides Ethernet communications capa-
bilities with the optional Ethernet card. This card mounts 
directly in the relay. Use Telnet applications for easy ter-
minal communication with SEL relays and other devices. 
Transfer data at high speeds (10 Mbps or 100 Mbps) for 
fast file uploads. The Ethernet card communicates using 

Table 6 Expanded SELOGIC Control Equation Operators 

Operator Type Operators Comments

Edge Trigger R_TRIG, F_TRIG Operates at the change of state of an internal function.

Math Functions SQRT, LN, EXP, COS, SIN, ABS, 
ACOS, ASIN, CEIL, FLOOR, LOG

Combine these to calculate other trigonometric functions, 
i.e., TAN: = SIN(THETA)/COS(THETA).

Arithmetic *, /, +, - Uses traditional math functions for analog quantities in an easily programma-
ble equation.

Comparison <, >,, =<, =, <> Compares the values of analog quantities against predefined thresholds or 
against each other.

Boolean AND, OR, NOT Combines variables, and inverts the status of variables.

Precedence Con-
trol

( ) Allows as many as 14 sets of parentheses.

Comment # Provides for easy documentation of control and protection logic.

                    

Figure 24 Integral Communication Provides Secure Protection, Monitoring, and Control as Well as Terminal Access to 
Both Relays Through One Connection
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FTP applications for easy and fast file transfers. Choose 
Ethernet connection media options for primary and 
stand-by connections:

➤ 10/100BASE-T Twisted Pair Network

➤ 100BASE-FX Fiber-Optic Network

Communicate using IEC 61850 Logical Nodes and 
GOOSE Messages, or DNP3 LAN/WAN.

Telnet and FTP
Order the SEL-487B with Ethernet communications and 
use the built-in Telnet and FTP that come standard with 
Ethernet to enhance relay communications sessions. Use 
Telnet with the ASCII interface to access relay settings, 
and metering and event reports remotely. Use FTP to 
transfer settings files to and from the relay via the high-
speed Ethernet port.

DNP3 LAN/WAN
The DNP3 LAN/WAN option provides the SEL-487B 
with DNP3 Level 2 slave functionality over Ethernet. 
You can configure custom DNP3 data maps for use with 
specific DNP3 masters.

PTP
An Ethernet card option with Ports 5A and 5B populated 
provides the ability to accept IEEE 1588 PTPv2 for data 
time synchronization. Optional PTP support includes 
both the Default, Power System (IEEE C37.238-2011), 
and Power Utility Automation (IEC/IEEE 61850-9-3-2016) 
PTP Profiles.

PRP
This protocol is used to provide seamless recovery from 
any single Ethernet network failure, in accordance with 
IEC 62439-3. The Ethernet network and all traffic are 
fully duplicated with both copies operating in parallel.

HTTP Web Server
When equipped with Ethernet communications, the relay 
can serve read-only webpages displaying certain settings, 
metering, and status reports. The web server also allows 
quick and secure firmware upgrades over Ethernet. As 
many as four users can access the embedded HTTP 
server simultaneously.

IEC 61850 Ethernet Communications
IEC 61850 Ethernet-based communications provide 
interoperability among intelligent devices within the sub-
station. Logical nodes using IEC 61850 allow standard-

ized interconnection of intelligent devices from different 
manufacturers for monitoring and control of the substa-
tion. Reduce wiring among various manufacturers’ 
devices and simplify operating logic with IEC 61850. 

Eliminate system RTUs by streaming monitoring and 
control information from the intelligent devices directly 
to remote SCADA client devices.

You can order the SEL-487B with embedded IEC 61850 
protocol operating on 10/100 Mbps Ethernet. IEC 61850 
Ethernet protocol provides relay monitoring and control 
functions including:

➤ As many as 128 incoming GOOSE messages. The 
incoming GOOSE messages can be used to control 
as many as 256 control bits in the relay with <3 ms 
latency from device to device. These messages 
provide binary control inputs and analog values to 
the relay for high-speed control functions and 
monitoring.

➤ As many as eight outgoing GOOSE messages. You 
can configure outgoing GOOSE messages for 
Boolean or analog data. Boolean data and 
designated remote analog outputs are provided 
with <3 ms latency from device to device. Apply 
outgoing GOOSE messages for high-speed control 
and monitoring of external breakers, switches, and 
other devices.

➤ IEC 61850 Data Server. The SEL-487B, equipped 
with embedded IEC 61850 Ethernet protocol, 
provides data according to predefined logical node 
objects. Each relay supports as many as seven 
simultaneous client associations. Relevant Relay 
Word bits are available within the logical node 
data, so you can use the IEC 61850 data server in 
the relay to monitor the status of relay elements, 
inputs, outputs, or SELOGIC control equations.

➤ Configuration of as many as 256 Virtual Bits 
within GOOSE messaging to represent a variety of 
Boolean values available within the relay. The 
Virtual Bits the relay receives are available for use 
in SELOGIC control equations.

➤ As many as 64 remote analog outputs that you can 
assign to virtually any analog quantity available in 
the relay. You can also use SELOGIC math 
variables to develop custom analog quantities for 
assignment as remote analog outputs. Remote 
analog outputs using IEC 61850 provide peer-to-
peer transmission of analog data. Each relay can 
receive as many as 256 remote analog inputs and 
use those inputs as analog quantities within 
SELOGIC control equations.

➤ The SEL-487B supports IEC 61850 standard operating 
modes such as Test, Blocked, On, and Off.
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MMS File Services
This service of IEC 61850 Manufacturing Message 
Specification (MMS) provides support for file transfers 
completely within an MMS session. All relay files that 
can be transferred via FTP can also be transferred via 
MMS file services.

MMS Authentication
When enabled via a setting in the Configured IED 
Description (CID) file, the relay will require authentica-
tion from any client requesting to initiate an MMS ses-
sion. The client request must be accompanied by the 
2AC level password. 

Architect
USE ACSELERATOR Architect® SEL-5032 Software to 
manage the logical node data for all IEC 68150 devices 
on the network. This Microsoft Windows-based software 
provides easy-to-use displays for identifying and binding 
IEC 61850 network data among logical nodes using 
IEC 61850-compliant CID files. Architect uses CID files 
to describe the data the IEC 61850 logical node will pro-
vide within each relay.

                    

Additional Features
Front-Panel Display
Figure 25 and Figure 26 show close-up views of the stan-
dard SEL-487B front panel. The standard front panel 
includes a 128 x 128 pixel (76.2 mm x 76.2 mm or 
3 in x 3 in) LCD screen; 18 LED target indicators; and 
8 direct-action control pushbuttons with indicating LEDs 
for local control functions. You can use easily changed 
slide-in labels to custom configure target and pushbutton 
identification. Figure 27 shows the expanded SEL-487B 
front panel. The optional expanded SEL-487B front 
panel provides the same LCD screen with more latching 
target LEDs and programmable pushbuttons. When you 
order the optional front panel, the SEL-487B provides 24 
tricolor LEDs and 12 programmable pushbuttons with 

indicating LEDs. Use the capabilities of the expanded 
SEL-487B front panel to integrate a wide range of con-
trol and system annunciation functions.

                    

Table 7 Open Communications Protocol 

Type Description

ASCII Plain-language commands for human and simple machine communication.

Use for metering, setting, self-test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports allow external devices to obtain relay data in an appropriate for-
mat for direct import into spreadsheets and database programs. Data are checksum protected.

Extended SEL Fast Meter, SEL 
Fast Operate, and SEL Fast SER

Binary protocol for machine-to-machine communication. Quickly updates SEL communications pro-
cessors, RTUs, and other substation devices with metering information, relay element, I/O status, time-
tags, open and close commands, and summary event reports. Data are checksum protected. 

Ymodem Support for reading event, settings, and oscillography files.

Optional DNP3 Level 2 Slave Distributed Network Protocol with point remapping. Includes access to metering data, protection ele-
ments, contact I/O, targets, SER, relay summary event reports, and settings groups.

MIRRORED BITS SEL protocol for exchanging digital and analog information among SEL relays and for use as low-speed 
terminal connection.

Optional FTP and Telnet Available with the optional Ethernet card. Use Telnet to establish a terminal-to-relay connection over 
Ethernet. Use FTP to move files in and out of the relay over Ethernet.

IEC 61850 Ethernet-based international standard for interoperability among intelligent devices in a substation.

SNTP Ethernet-based simple network time protocol for Ethernet-based time synchronization among relays.

                    

Figure 25 Front-Panel Display and Pushbuttons
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The LCD shows event, metering, setting, and relay self-
test status information. Control the LCD through the nav-
igation pushbuttons (Figure 25), automatic messages the 
relay generates, and user-programmable display points. 
The rotating display scrolls through any active, nonblank 
display points. If none are active, the relay scrolls 
through displays of the differential operating and 
restraint quantities, the terminals in each enabled zone, 
and the primary current and voltage values. Each display 
remains for five seconds before the display continues 
scrolling. Any message the relay generates because of an 
alarm condition takes precedence over the rotating display.

Status and Trip Target LEDs
The SEL-487B standard front panel includes 16 pro-
grammable status and trip target LEDs as well as eight 
programmable direct-action control pushbuttons on the 
front panel. The optional SEL-487B expanded front 
panel provides 24 programmable tricolor LED indicators 
and 12 direct action control pushbuttons. These targets 
are shown in Figure 26 and Figure 27 and explained in 
Table 8.

                    

Configurable Front-Panel Labels
Customize the SEL-487B front panel to fit your needs. 
Use SELOGIC control equations and slide-in configurable 
front-panel labels to change the function and identifica-
tion of target LEDs, operator control pushbuttons, and 
pushbutton LEDs. The blank slide-in label set is included 
with the SEL-487B. Functions are simple to configure 
using QuickSet. 

You can use templates supplied with the relay or hand-
written on blank labels supplied with the relay to print labels.

Control Inputs and Outputs
The basic SEL-487B (main board only) includes five 
independent and two common inputs, and two standard 
Form A, three high-current interrupting Form A, and 
three Form C standard outputs, as in Figure 28.

                    

Figure 26 Standard Front-Panel Configurable Labels, 
Programmable Targets and Controls for Customized 
Applications

                    

Figure 27 Optional Front Panel With 24 Tricolor Target 
LEDs and 12 Pushbuttons

Table 8 Description of Factory Default Target LEDs 

Target LED Function

87 (DIFF) Differential element trip

BKR FAIL Breaker failure protection trip

ZONE 1 Fault was in Zone 1

ZONE 2 Fault was in Zone 2

ZONE 3 Fault was in Zone 3

ZONE 4 Fault was in Zone 4

ZONE 5 Fault was in Zone 5

Standard Front-Panel LED Functions

ZONE 6 Fault was in Zone 6

50 Instantaneous overcurrent element trip

51 Time-overcurrent element trip

CT ALARM Current transformer alarm

87 BLOCKED Differential element blocked

TOS Any terminal out of service

89 IN PROG Disconnect operation in progress

89 ALARM Disconnect failed to complete operation

PT ALARM Potential transformer alarm

Expanded Front-Panel LED Functions

27 Phase Undervoltage

59 Phase Overvoltage

V01 ON Phase Voltage V01 Present

V02 ON Phase Voltage V02 Present

V03 ON Phase Voltage V03 Present

BUS FAULT Any Bus Zone Internal Fault

52 ALARM Any System Breaker Failure Alarm

IRIG LOCK IRIG Clock Input Lock
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Add as many as four interface boards with the following 
additional I/O per interface board:

➤ Six independent inputs

➤ Eighteen common inputs (in two groups of nine)

➤ Six high-speed, high-interrupting Form A outputs

➤ Two standard Form A output contacts

The relay is available in either 9U or 7U chassis heights. 
The 9U chassis supports as many as four INT4 interface 
boards, while the 7U chassis option supports as many as 
two INT4 interface boards. Assign the control inputs for 
disconnect auxiliary contact status and breaker auxiliary 
contact status. Set the input debounce time independently 
for each input or as a group. You can use SELOGIC con-
trol equations to program each control output. 

Monitoring and Metering
Access a range of useful information in the relay with the 
metering function. Metered quantities include fundamen-
tal primary and secondary current and voltage magni-
tudes and angles for each terminal. Secondary quantities 
also include the PT ratio and CT ratio of each terminal. 
Zone information displays primary current and voltage 
magnitudes and angles for each terminal and also 
includes the polarity of each CT and the bus-zones in 
each of the protective zones at the station. The same 
information is available in secondary quantities and 
includes both the CT ratio and polarity. Differential 
metering shows the operating and restraint currents, as 
well as the reference current, for each zone.

                    

Event Reporting and SER
Event Reports and Sequential Events Recorder (SER) 
features simplify post-fault analysis and help improve 
your understanding of both simple and complex protec-
tive scheme operations. These features also aid in testing 
and troubleshooting relay settings and protection schemes.

Oscillography and Event Reporting
In response to a user-selected internal or external trigger, 
the voltage, current, and element status information con-
tained in each event report confirms relay, scheme, and 
system performance for every fault. The SEL-487B pro-
vides sampling rates as fast as 8 kHz for analog quanti-
ties in a COMTRADE file format. It also provides 12 
sample-per cycle and 4 sample-per-cycle event reports 
that sample filtered analog quantities. The relay stores in 
nonvolatile memory as much as 5 seconds of 8 kHz event 
data and as much as 24 seconds of 1 kHz event data. 
Relay settings operational in the relay at the time of the 
event display at the end of each filtered event report. 

Use event report settings in the relay to assign as many as 
20 analog quantities for inclusion in the filtered event 
reports. Use relay-calculated values such as check zone 
operate and restraint current, or use SELOGIC automation 
or protection math variables.

Each SEL-487B provides event reports for analysis with 
software such as the ACSELERATOR Analytic Assistant® 
SEL-5601 Software. With Analytic Assistant, you can 
display events within the same time-stamp range from as 
many as three different relays in one window to make 
fault analysis easier and more meaningful. Because dif-
ferent relays time-stamp events with values from their 
individual clocks, be sure to time synchronize the 
SEL-487B with an IRIG-B clock input before using this 
feature (see Figure 20). Figure 29 shows the Analytic 
Assistant software screen with three events selected.

                    

Figure 28 Form A and Form C Output Contacts

Form CForm A

Table 9 Flexible Metering Capabilities and Large Screen 
Display Eliminate Need for Panel Instruments

Capabilities Description

V01, V02, V03 Fundamental phase voltage magnitude and 
angle in primary and secondary values

I01, I02, . . ., I21 Fundamental phase current magnitude and 
angle in primary and secondary values

IOP, IRT, IREF Operating and restraint currents for each 
zone, check zone, and the reference current

Bus Zones in 
Protection Zone n

Names of the bus-zones in Protection 
Zone n (where n = 1 to 6)

PTR, CTR PT ratio and CT ratio for each terminal

POL Polarity of each CT
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Select from each event the information of interest, and 
combine this selection into a single window. Figure 30 
shows the combination of the tie-breaker A-phase current 
(Relay 1), B-phase current (Relay 2), and C-phase cur-
rent (Relay 3) in one window.

                    

Event Summary
Each time the relay generates a standard event report, it 
also generates a corresponding Event Summary. This is a 
concise description of an event that includes the follow-
ing information:

➤ Relay/terminal identification

➤ Event date and time

➤ Event type

➤ Event number

➤ Time source

➤ Active settings group

➤ Targets asserted during the fault

➤ Current magnitudes and angles for each terminal

➤ Voltage magnitudes and angles

➤ Terminals tripped for this fault

➤ Bus-zones in Protection Zone n (n = 1–6)

With an appropriate setting, the relay will send an Event 
Summary in ASCII text automatically to one or more 
serial ports for each triggering of an event report.

SER
Use this feature to gain a broad perspective of relay ele-
ment operation. Items that trigger an SER entry are 
selectable and can include as many as 250 monitoring 
points such as I/O change of state and element pickup/
dropout. The relay SER stores the latest 1000 events.

Substation Battery Monitor for DC 
Quality Assurance
The SEL-487B measures and reports the substation bat-
tery voltage for one battery system. The relay provides 
alarm, control, and dual ground detection for one battery 
and charger. The battery monitor includes warning and 
alarm thresholds that you can monitor with the 
SEL-3530 Real-Time Automation Controller (RTAC) 
and use to trigger messages, telephone calls, or other 
actions. The relay reports measured dc voltage in the 
METER display via serial or Ethernet port communica-
tions, on the LCD, and in the Event Report. Use the event 
report data to see an oscillographic display of the battery 
voltage. Monitor the substation battery voltage drops 
during trip, close, and other control operations.

                    

Figure 29 Software Screen After Reading an Event 
From Three Different Relays

                    

Figure 30 Information From Three Relays Combined 
Into a Single Window
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Diagrams and Dimensions
                    
                    

Figure 31 Standard Front-Panel Diagram, 9U Chassis Size, Panel-Mount Option, Showing the Front Panel With LCD, 
Navigation Pushbuttons, 16 Target LEDs, Reset, and 8 Programmable Pushbuttons

i3879a
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Figure 32 Expanded Front-Panel Diagram, 9U Chassis Size, Panel-Mount Option, Showing Extended Front-Panel HMI 
With LCD, Navigation Pushbuttons, 24 Tricolor LEDs, Reset, and 12 Programmable Pushbuttons

i4190b

SEL–487B
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Figure 33 Rear-Panel Diagram of the 9U Chassis With Four INT4 Interface Boards
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Figure 34 Rear-Panel Diagram of the 7U Chassis With Two INT4 Interface Boards
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Figure 35 Dimensions for Rack- and Panel-Mount Models
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Specifications
                    

Note: TiDL (EtherCAT) technology is no longer offered in the SEL-487B-1. 
TiDL (T-Protocol) is available in the SEL-487B-2. If the relay is using TiDL 
(EtherCAT), the operating times will be delayed by 1.5 ms. Use caution 
when setting the relay coordination times to account for this added delay. 
Element operate times will also have this small added delay.

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

FCC Compliance Statement
This equipment has been tested and found to comply with the limits for 

a Class A digital device, pursuant to part 15 of the FCC Rules. These 
limits are designed to provide reasonable protection against harmful 
interference when the equipment is operated in a commercial 
environment. This equipment generates, uses, and can radiate radio 
frequency energy and, if not installed and used in accordance with the 
instruction manual, may cause harmful interference in which case the 
user will be required to correct the interference at his own expense.

UL Listed to U.S. and Canadian safety standards 
(File E212775; NRGU, NRGU7)

CE Mark

General
AC Current Inputs (Secondary Circuits)

Note: Current transformers are Measurement Category II.

Current Rating (With DC Offset at X/R = 10, 1.5 Cycles)

1 A Nominal: 18.2 A

5 A Nominal: 91 A

Continuous Thermal Rating

1 A Nominal: 3 A
4 A (+55°C)

5 A Nominal: 15 A
20 A (+55°C)

Saturation Current (Linear) Rating

1 A Nominal: 20 A

5 A Nominal: 100 A

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

1 A Nominal: 49.5 A

5 A Nominal: 247.5 A

One-Second Thermal Rating

1 A Nominal: 100 A

5 A Nominal: 500 A

One-Cycle Thermal Rating (Peak)

1 A Nominal: 250 A

5 A Nominal: 1250 A

Burden Rating

1 A Nominal:  0.1 VA @ 1 A

5 A Nominal:  0.5 VA @ 5 A

AC Voltage Inputs

Three-phase, four-wire (wye) connections are supported.

Rated Voltage Range: 55–250 VL-N

Operational Voltage Range: 0–300 VL-N

Ten-Second Thermal 
Rating: 600 Vac

Burden:  0.1 VA @ 125 V

Frequency and Rotation

System Frequency: 50/60 Hz

Phase Rotation: ABC

Power Supply

24–48 Vdc

Rated Voltage: 24–48 Vdc

Operational Voltage Range: 18–60 Vdc

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per IEC 
60255-26:2013

Burden: <35 W

48–125 Vdc or 110–120 Vac

Rated Voltage: 48–125 Vdc, 110–120 Vac

Operational Voltage Range: 38–140 Vdc
85–140 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per 
IEC 60255-26:2013

Burden: <35 W, <90 VA

125–250 Vdc or 110–240 Vac

Rated Voltage: 125–250 Vdc, 110–240 Vac

Operational Voltage Range: 85–300 Vdc
85–264 Vac

Rated Frequency: 50/60 Hz

Operational Frequency 
Range: 30–120 Hz

Vdc Input Ripple: 15% per IEC 60255-26:2013

Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per 
IEC 60255-26:2013

Burden: < 35 W, < 90 VA

Control Outputs

Standard

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac, 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 20 ms
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Hybrid (High-Current Interrupting)

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 330Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These 
outputs are polarity-dependent.

High-Speed, High-Current Interrupting

Make: 30 A 

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection 
(Maximum Voltage): 250 Vac/330 Vdc

Pickup Time: 10 s, resistive load

Dropout Time: 8 ms, resistive load

Update Rate: 1/12 cycle

Breaking Capacity (10,000 Operations) per IEC 60255-23:1994

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (10,000 Operations) per IEC 60255-23:1994
Rate: 2.5 cycles/second for 4 seconds, followed by 2 minutes idle for 
thermal dissipation

24 Vdc 10.0 A L/R = 40 ms
48 Vdc 10.0 A L/R = 40 ms

125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Note: Do not use hybrid control outputs to switch ac control signals.

Control Inputs 

Main Board: 5 inputs with no shared terminals
2 inputs with shared terminals

INT4 Interface Board: 6 inputs with no shared terminals
18 inputs with shared terminals (2 groups of 

9 inputs, with each group sharing one 
terminal)

Voltage Options: 24, 48, 110, 125, 220, 250 V

Current Drawn: <5 mA at nominal voltage
<8 mA for 110 V option

Sampling Rate: 2 kHz

DC Thresholds (Dropout thresholds indicate level-sensitive option)

24 Vdc: Pickup 19.2–30.0 Vdc;
Dropout <14.4 Vdc

48 Vdc: Pickup 38.4–60.0 Vdc; 
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0–132.0 Vdc;
Dropout <66.0 Vdc

125 Vdc: Pickup 105–150 Vdc;
Dropout <75 Vdc

220 Vdc: Pickup 176–264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200–300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control input 
settings are used—see Table 2.1)

24 Vac: Pickup 16.4–30.0 Vac;
Dropout <10.1 Vac rms

48 Vac: Pickup 32.8–60.0 Vac; 
Dropout <20.3 Vac

110 Vac: Pickup 75.1–132.0 Vac; 
Dropout <46.6 Vac

125 Vac: Pickup 89.6–150.0 Vac; 
Dropout <53.0 Vac

220 Vac: Pickup 150.3–264 Vac; 
Dropout <93.2 Vac

250 Vac: Pickup 170.6–300 Vac; 
Dropout <106 Vac

Communications Ports

EIA-232: 1 Front and 3 Rear

Serial Data Speed: 300–57600 bps

Communications Card Slot for Optional Ethernet Card

Ordering Options: 10/100BASE-T

Connector Type: RJ45

Ordering Option: 100BASE-FX Fiber-Optic

Connector Type: LC

Fiber Type: Multimode

Wavelength: 1300 nm

Source: LED

Min. TX Power: –19 dBm

Max. TX Power: –14 dBm

RX Sensitivity: –32 dBm

Sys. Gain: 13 dB

Communications Ports for Optional TiDL (EtherCAT) Interface

EtherCAT Fiber-Optic 
Ports: 8

Data Rate: Automatic

Connector Type: LC fiber

Protocols: Dedicated EtherCAT

Class 1 LASER/LED

Wavelength: 1300 nm

Fiber Type: Multimode

Link Budget: 11 dB

Min. TX Power: –20 dBm

Min. RX Sensitivity: –31 dBm

Fiber Size: 50–200 m

Approximate Range: 2 km

Data Rate: 100 Mbps

Typical Fiber 
Attenuation: –2 dB/km

Time Inputs

IRIG-B Input—Serial Port 1

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc
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Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.8 Vdc

Logic Low Threshold: 0.8 Vdc

Input Impedance: 2.5 k

IRIG-B Input—BNC Connector

Input: Demodulated IRIG-B

Rated I/O Voltage: 5 Vdc

Operating Voltage Range: 0–8 Vdc

Logic High Threshold:  2.2 Vdc

Logic Low Threshold:  0.8 Vdc

Input Impedance: > 1 k

Dielectric Test Voltage: 0.5 kVac

PTP—Ethernet Port 5A, 5B

Input: IEEE 1588 PTPv2

Profiles: Default, C37.238-2011 (Power Profile), 
IEC/IEEE 61850-9-3-2016 (Power Utility 
Automation Profile)

Synchronization Accuracy: ±100 ns @ 1-second Sync Intervals when 
communicating directly with master clock

IRIG Time Output

Capable of driving 300 ohm termination with <200 ns propagation delay

The IRIG time output does not support high-accuracy IRIG-B 
timekeeping.

Operating Temperature

–40° to +85°C (–40° to +185°F)

Note: LCD contrast impaired for temperatures below –20° and above +70°C.

Humidity

5% to 95% without condensation

Weight (Maximum)

4U Rack Unit (TiDL 
[EtherCAT] only): 6.4 kg (14.1 lb)

7U Rack Unit: 16.8 kg (36.9 lb)

9U Rack Unit: 20.8 kg (45.9 lb)

Terminal Connections

Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-lb)

Maximum: 2.0 Nm (18 in-lb)

User terminals and stranded copper wire should have a minimum 
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact 
connections are dictated by the terminal blocks and expected load 
currents. You can use the following table as a guide in selecting wire 
sizes. The grounding conductor should be as short as possible and sized 
equal to or greater than any other conductor connected to the device, 
unless otherwise required by local or national wiring regulations.

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 
Connection

14 AWG (2.5 mm2) N/A

Current Connection 16 AWG (1.5 mm2) 10 AWG (5.3 mm2)

Potential (Voltage) 
Connection

18 AWG (0.8 mm2) 14 AWG (2.5 mm2)

Contact I/O 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Other Connection 18 AWG (0.8 mm2) 10 AWG (5.3 mm2)

Type Tests
Installation Requirements

Overvoltage Category: 2

Pollution Degree: 2

Safety

Product Standards IEC 60255-27:2013
IEEE C37.90-2005
21 CFR 1040.10

Dielectric Strength: IEC 60255-27:2013, Section 10.6.4.3
2.5 kVac, 50/60 Hz for 1 min: Analog 

Inputs, Contact Outputs, Digital Inputs
3.6 kVdc for 1 min: Power Supply, Battery 

Monitors
2.2 kVdc for 1 min: IRIG-B
1.1 kVdc for 1 min: Ethernet

Impulse Withstand: IEC 60255-27:2013, Section 10.6.4.2
IEEE C37.90-2005

Common Mode:
±1.0 kV: Ethernet
±2.5 kV: IRIG-B
±5.0 kV: All other ports

Differential Mode:
0 kV: Analog Inputs, Ethernet, IRIG-B, 

Digital Inputs
±5.0 kV: Standard Contact Outputs, 

Power Supply Battery Monitors
+5.0 kV: Hybrid Contact Outputs

Insulation Resistance: IEC 60255-27:2013, Section 10.6.4.4
>100 M @ 500 Vdc

Protective Bonding: IEC 60255-27:2013, Section 10.6.4.5.2
<0.1  @ 12 Vdc, 30 A for 1 min

Object Penetration: IEC 60529:2001 + CRGD:2003
Protection Class: IP30

Max Temperature of Parts 
and Materials: IEC 60255-27:2013, Section 7.3

Flammability of Insulating 
Materials:

IEC 60255-27:2013, Section 7.6
Compliant

Electromagnetic (EMC) Immunity

Product Standards: IEC 60255-26:2013
IEC 60255-27:2013
IEEE C37.90-2005

Surge Withstand Capability 
(SWC):

IEC 61000-4-18:2006 + A:2010
IEEE C37.90.1-2012

Slow Damped Oscillatory, Common and 
Differential Mode:
±1.0 kV
±2.5 kV

Fast Transient, Common and Differential 
Mode:
±4.0 kV

Electrostatic Discharge
(ESD):

IEC 61000-4-2:2008
IEEE C37.90.3-2001

Contact:
±8 kV

Air Discharge:
±15 kV

Radiated RF Immunity: IEEE C37.90.2-2004
IEC 61000-4-3:2006 + A1:2007 + A2:2010

20 V/m (>35 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Spot: 80, 160, 450, 900 MHz 

10 V/m (>15 V/m, 80% AM, 1 kHz)
Sweep: 80 MHz to 1 GHz 
Sweep: 1.4 GHz to 2.7 GHz 
Spot: 80, 160, 380, 450, 900, 1850, 

2150 MHz
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Electrical Fast Transient 
Burst (EFTB):

IEC 61000-4-4:2012
Zone A:

±2 kV: Communication ports
±4 kV: All other ports 

Surge Immunity: IEC 61000-4-5:2005
Zone A:

±2 kVL-L
±4 kVL-E
±4 kV: communication ports (Ethernet 

and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 10 
m in length for Zone A compliance.

Zone B:
±2 kV: communication ports (except 

Ethernet and IRIG-B)
Note: Cables connected to EIA-232 

communications ports shall be less than 
10 m in length for Zone B compliance.

Conducted Immunity: IEC 61000-4-6:2013
20 V/m; (>35 V/m, 80% AM, 1 kHz)

Sweep: 150 kHz–80 MHz
Spot: 27, 68 MHz

Power Frequency 
Immunity (DC Inputs):

IEC 61000-4-16:2015
Zone A:

Differential: 150 VRMS
Common Mode: 300 VRMS

Power Frequency Magnetic 
Field:

IEC 61000-4-8:2009
Level 5:

100 A/m; 60 Seconds; 50/60 Hz
1000 A/m 1 to 3 Seconds; 50/60 Hz 

Note: 50G1P 0.05 (ESS = N, 1, 2)
          50G1P 0.1 (ESS = 3, 4)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999/A1:2001/A2:2008
IEC 61000-4-29:2000

AC Dips & Interruptions
Ripple on DC Power Input
DC Dips & Interruptions
Gradual Shutdown/Startup (DC only)
Discharge of Capacitors
Slow Ramp Down/Up
Reverse Polarity (DC only)

Damped Oscillatory 
Magnetic Field:

IEC 61000-4-10:2016
Level 5:

100 A/m

EMC Compatibility

Product Standards: IEC 60255-26:2013

Emissions: IEC 60255-26:2013, Section 7.1
Class A

47 CFR Part 15B
Class A

Canada ICES-001 (A) / NMB-001 (A)

Environmental

Product Standards: IEC 60255-27:2013

Cold, Operational: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Cold, Storage: IEC 60068-2-1:2007
Test Ad: 16 hours at –40°C

Dry Heat, Operational: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Dry Heat, Storage: IEC 60068-2-2:2007
Test Bd: 16 hours at +85°C

Damp Heat, Cyclic: IEC 60068-2-30:2005
Test Db: +25 °C to +55 °C, 6 cycles (12 + 

12-hour cycle), 95% RH

Damp Heat, Steady State: IEC 60068-2-78:2013
Severity: 93% RH, +40°C, 10 days

Cyclic Temperature: IEC 60068-2-14:2009
Test Nb: –40°C to +80°C, 5 cycles

Vibration Resistance: IEC 60255-21-1:1988
Class 2 Endurance, Class 2 Response

Shock Resistance: IEC 60255-21-2:1988
Class 1 Shock Withstand, Class 1 Bump 

Withstand, Class 2 Shock Response

Seismic: IEC 60255-21-3:1993
Class 2 Quake Response

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Output Format: Binary COMTRADE

Note: Per IEEE C37.111-1999 and -2013, IEEE Standard Common Format for 
Transient Data Exchange (COMTRADE) for Power Systems.

Event Reports

Length: 0.25–24 seconds (depending on LER 
setting)

Resolution: 4 and 12 samples/cycle

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3-second 
duration sampled at 8 kHz

Oscillography

Volatile Memory: 3 seconds of back-to-back event reports 
sampled at 8 kHz

Nonvolatile Memory: At least 5 event reports of a 3-second 
duration sampled at 8 kHz

Event Summary

Storage: 100 summaries

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Resolution: 0.5 ms for contact inputs

Resolution: 1/12 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

12 samples per cycle, 3 dB low-pass analog filter cut-off frequency of 
646 Hz, ±5%

Digital Filtering

Full-cycle cosine after low-pass analog filtering

Protection and Control Processing

12 times per power system cycle

Control Points

96 remote bits
64 local control bits
32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Differential Elements

Number of Zones: 6

Number of Check Zones: 3

Number of Terminals:

Three-Relay Application:
Single-Relay Application:

21
7

Pickup Range: 0.1–4.0 per unit
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Pickup Accuracy: 1 A nominal: ±5% ± 0.02 A
5 A nominal: ±5% ± 0.10 A

Slope 1

Setting Range: 15%–90%

Slope 2

Setting Range: 50%–90%

Supervising Differential Element

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–3.00 pu

Accuracy: ±5% ± 0.02 • INOM

Incremental Restraint and Operating Threshold Current Supervision

Setting Range: 0.1–10.0 pu

Accuracy: ±5% ± 0.02 • INOM

Sensitive Differential Current Alarm

Quantity: 9 total, 1 per zone 
(6 standard zones, 3 check zones)

Setting Range: 0.05–1.00 pu

Accuracy: ±5% ± 0.02 • INOM

Timer Setting Range: 50–6000 cycles

Instantaneous/Definite-Time Overcurrent Elements

Phase Current Setting Range

5 A Model: OFF, 0.25–100.00 A secondary,
0.01 A steps

1 A Model: OFF, 0.05–20.00 A secondary,
0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Timer Setting Range: 0.00–99999.00 cycles, 1/6-cycle steps

Timer Accuracy: ±0.1% of settings ±1/6 cycle

Maximum Operating Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range

5 A Model: 0.25–16.00 A secondary, 0.01 A steps

1 A Model: 0.05–3.20 A secondary, 0.01 A steps

Accuracy (Steady State)

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Time Dial Range

US: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Curve Timing Accuracy: ±1.50 cycles, ±4% of curve time (for 
current between 2 and 30 multiples of 
pickup)

Reset: 1 power cycle or Electromechanical Reset 
Emulation time

Under- and Overvoltage Elements (27, 59)

Processing Rate: 1/6 cycle

Phase Under- and Overvoltage (2 Level/Phase)

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±3% of setting, ±0.5 V

Transient Overreach: <5% of pickup

Maximum Delay: 1.5 cycles

Zero- and Negative-Sequence Overvoltage Elements

Setting Range: 2.00–300 VL-N in 0.01 steps

Accuracy: ±5% of setting, ±1 V

Transient Overreach: <5% of setting

Maximum Delay: 1.5 cycles

Breaker Failure Instantaneous Overcurrent

Setting Range

5 A Model: 0.50–50 A, 0.01 A steps

1 A Model: 0.10–10.0 A, 0.01 A steps

Accuracy

5 A Model: ±0.05 A, ±3% of setting

1 A Model: ±0.01 A, ±3% of setting

Transient Overreach: <5% of setting

Maximum Pickup Time: 1.5 cycles

Maximum Reset Time: <1 cycle

Timers Setting Range: 0–6000 cycles, 1/12-cycle steps
(BFPUnn, RTPUnn)

0–1000 cycles, 1/12-cycle steps
(BFISPnn, BFIDOnn)

Time Delay Accuracy: 1/12 cycle, ±0.1% of setting

Disconnect Monitor

Number: 60

Timer Setting Range: 0–99999 cycles, 1 cycle step

Breaker Status Monitor

Number: 21

Coupler Security Logic

Number: 4

Timer Setting Range: 0–1000 cycles, 1/12 cycle step

Control Input Timers

Setting Range

Pickup: 0.00–30 ms

Dropout: 0.00–30 ms

Station DC Battery System Monitor Specifications
Rated Voltage: 24–250 Vdc

Operational Voltage Range: 0–350 Vdc

Input Sampling Rate: 2 kHz

Processing Rate: 1/6 cycle

Operating Time: 1.5 seconds (element DC1R)
1.5 cycles (all elements but DC1R)

Setting Range

DC Settings: 1 Vdc Steps (OFF, 15–300 Vdc)

AC Ripple Setting: 1 Vac Steps (1–300 Vac)

Pickup Accuracy: ±10% ±2 Vdc (DC1RP) 
±3% ±2 Vdc (all elements but DC1RP)

Metering Accuracy
All metering accuracies are based on an ambient temperature of 20°C 

and nominal frequency.

Currents

Phase Current Magnitude

5 A Model: ±0.2% plus ± 4 mA (2.5–15 A sec)

1 A Model: ±0.2% plus ± 0.8 mA (0.5–3.0 A sec)

Phase Current Angle

All Models: ±0.2° in the current range
(0.5–3.0) • INOM
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Technical Support
We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court
Pullman, WA 99163-5603 U.S.A.
Tel: +1.509.338.3838
Fax: +1.509.332.7990
Internet: selinc.com/support
Email: info@selinc.com

                    

Differential Currents per Zone (Steady State)

IOP, IRT: ±5.0% ± 0.02 • INOM

IOPCZ, IRTCA: ±5.0% ± 0.02 • INOM 

Voltages

Phase Voltage Magnitude

300 V Maximum Inputs: ±2.5% ± 1 V (5–33.5 V)
±0.1% (33.5–300 V)

Phase Angle

300 V Maximum Inputs: ±1.0° (5–33.5 V)
±0.5° (33.5–300 V)

https://selinc.com/support
mailto: info@selinc.com
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SEL-710-5 Motor
Protection Relay

Summary
Sales Item Number 710#5201 

Part Number 071050E1ACA9X74850200 

Standard Features

Map

Protection

• Thermal Elements

• Overcurrent

• Over/Underfrequency

• Over/Undervoltage

• Breaker Monitoring

• Breaker Failure

• Broken Bar Detection

Hardware

• 3-Phase AC Current Inputs,
Slot Z

• Neutral AC Current Input, Slot
Z

• 3-Phase AC Voltage Inputs,
Slot Z

• 2 Digital Inputs (DI), Slot A

• 3 Digital Outputs (DO), Slot A

• Multimode Fiber ST (Port 2),
Slot B

Human-Machine Interface (HMI)

• Display

• Programmable Pushbuttons
with Two Tri-Color LEDs each

• 8 Target Tri-Color LEDs (6
Programmable)

• Operator-Control Interface

• User-Con�gurable Labels

• EIA-232 (Port F)

Protocols

• Modbus RTU

• SEL ASCII and Compressed
ASCII

• SEL Fast Meter, Fast Operate,
Fast SER

• SEL Fast Message

• Ymodem File Transfer

• SEL MIRRORED BITS

Communications

 Other

• Instruction Manual CD

• ACSELERATOR QuickSet
SEL-5030 Software

• User Con�gurable Labels

https://selinc.com/products/part-mapping/?partNumber=071050E1ACA9X74850200


Selected Options

User Interface English

Front Panel 2x16 LCD With 8 Pushbuttons

Slot A Power
Supply Voltage

110–250 Vdc (110–240 Vac)

Slot A Digital Input
Voltage

125 Vdc/Vac

Slot B Ethernet
(Port 1)

Single 10/100BASE-T

Slot B Rear Serial
Port (Port 3)

EIA-232

Slot B IRIG-B/PTC IRIG-B

IEC 61850
Protocol

No

DNP3 Protocol No

IEC 60870-5-103
Protocol

No

EtherNet/IP
Protocol

No

Slot C 4 DI / 4 DO Fast High Current Hybrid (Form A)

Slot C Digital Input
Voltage

125 Vdc/Vac

Slot D 10 RTD Inputs

Slot D Digital Input
Voltage

NA

Slot E 4 Arc-Flash Detection Inputs / 3 Motor DIFF AC Current
Inputs (1A/5A)

Slot E Digital Input
Voltage

NA

Slot Z
Current/Voltage
Inputs

5 Amp Phase, 5 Amp Neutral, 3-Phase AC Voltages (300
Vac)

Conformal Coat No

• Multilanguage Support

 

The protocols SNTP, IEEE 1588-2008 �rmware-based
PTP and  Modbus TCP are included.

- For Arc-Flash Detection Point Sensors, Bare-Fiber
Sensors, or Cable Accessories, see SEL-C804
Multimode Fiber-Optic Arc-Flash Detection (AFD)
Sensors and C814 Arc-Flash Detection (AFD) Fiber
Cables and Accessories.
- In order to achieve the 2-5 ms operate times for Arc-
Flash Protection it is required that the SEL-710-5
include a 4 DI/4 DO Fast High Current Interrupting
Card.



SEL-710-5 
Motor Protection Relay

Protect induction and synchronous 
motors with one relay

• Improve motor availability for production with patented, accurate 
thermal protection.

• Monitor and control motors directly with the 5-inch, 800 × 480 
color touchscreen. 

• Simplify your design by combining synchronous motor protection 
and power factor regulation in a single relay. 

• Improve maintenance predictability by detecting broken rotor 
bars and early cable insulation breakdown. 

• Improve network recovery via alternate paths in a network with 
the Rapid Spanning Tree Protocol (RSTP).
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SEL-710-5

PTC Thermistor

Voltage Input

Internal* or External* RTD Inputs

Contactor/Breaker

SEL-2600

50N

14

49P

87

37P
C

4

EIA-232
EIA-485

2

Ethernet1

1

IRIG-B

4078

BBD50
NAF

50
PAF

AFD 55 VAR 60 27I

MOTOR

1

3

50
INC

Functional Overview
ANSI Numbers/Acronyms and Functions 
14 Speed Switch
27 Phase Undervoltage
27I Phase Undervoltage With Inverse Characteristic
37 (P,C) Underpower/Undercurrent
38 Bearing Temperature*
40 Loss of Field
46 Current Unbalance
47 Phase Reversal
49P PTC Overtemperature*
49R Resistance Temperature Detector (RTD) Thermal*
49 Rotor and Stator Thermal Models
50 (P,G,Q) Overcurrent (Phase, Ground, Neg. Seq.)
50INC Incipient Cable Fault Detection
50NAF Arc-Flash Neutral Overcurrent*
50PAF Arc-Flash Phase Overcurrent*
50P LR Locked Rotor
50P LJ Load Jam
50N Neutral Overcurrent
51 (P,G,Q) Time Overcurrent (Phase, Residual, Neg. Seq.)
55 Power Factor
59 Phase Overvoltage
59I Overvoltage With Inverse Characteristic
60 Loss of Potential
66 Starts Per Hour
78 Out of Step
81 (O,U) Over-/Underfrequency
87 Current Differential*
90 (P,I,T) Load Control (Power, Current, Thermal Capacity)

Additional Functions
50/51 Adaptive Overcurrent
85 RIO SEL Mirrored Bits® Communications
97FM Frequency Component Analyzer
AFD Arc-Flash Detector2

BBD Broken Rotor Bar Detection
DFR Event Reports—Motor Starts, Motor Operating 

Statistics
ENV Optional SEL-2600 RTD Module
HMI Operator Interface
LDP Load Data Profiling
LGC SELogic® Control Equations
MET High-Accuracy Metering
RTU Remote Terminal Unit
SDTM Slip-Dependent AccuTrackTM Thermal Model
SER Sequential Events Recorder
SM Synchronous Motor Control and Protection2

VAR Reactive Power
VFD Variable-Frequency Drive Support
WEB Web Server

*Optional feature 1Copper or fiber-optic 
2Mutually exclusive optional features



Key Features
Multiple Applications 
The SEL-710-5 Motor Protection Relay is a full-featured, 
multifunctional relay that provides complete ac induction 
and synchronous motor protection and control, including 
automatic starting. Install the SEL-710-5 for a wide variety 
of applications, such as fans, blowers, compressors, air 
handlers, pumps, conveyors, chippers, crushers, screeners, 
feeders, augers, and bucket elevators. 

Induction Motor Protection and Starting
SEL-710-5 standard features include SEL’s trusted 
current-, voltage-, and thermal-based motor protection 
with current differential elements. The powerful thermal 
model dynamically calculates motor slip to provide precise 
temperature tracking with less time required between 
restarts and to allow more time during the start sequence 
for the motor to reach its rated speed before tripping.

Synchronous Motor Protection and Starting
The SEL-710-5 provides two levels of field over- and 
undervoltage, field over- and undercurrent, and field 
resistance protection as options. It provides automatic 
synchronization by applying the dc field voltage to the 
motor field at the correct slip frequency and rotor angle  
to lock the motor to synchronous speed. It also includes 
out-of-step and loss-of-field protection.

Asset Monitoring
Track the operating characteristics of your motor and 
accompanying devices with the built-in asset-monitoring 
capability. The SEL-710-5 can track items, such as vibration, 
motor start current, motor start times, motor stop times, 
broken rotor bars, incipient faults, and excessive wear on 
molded case circuit breakers, in one easy-to-read report 
via the ASCII terminal or the touchscreen display. This 
enables you to reduce production losses from unexpected 
equipment failures and to lower maintenance costs by 
switching to predefined maintenance schedules. With 
the 97FM elements, you can detect selectable frequency 
components in current, voltage, and power quantities.

Arc-Flash Mitigation 
Overcurrent-supervised arc-flash mitigation provides 
secure arc-flash tripping by operating when arc-flash and 
overcurrent conditions occur together. This important feature 
improves worker safety in areas where high fault current and 
high incident energy arc-flash events are possible.

Broken Rotor Bar Detection
The broken rotor bar feature uses current signature 
analysis (CSA) to detect broken rotor bars. Early detection 
reduces maintenance costs and helps prevent associated 
thermal and mechanical damage that contributes to 
catastrophic motor failure.

Flexible Communications
Advanced protocols support communications using legacy 
and modern supervisory and control systems. These 
protocols include RSTP, IEC 61850 Edition 2, EtherNet/IP,  
the software-based IEEE 1588 Precision Time Protocol 
(PTP), IEC 60870-5-103, the Parallel Redundancy Protocol 
(PRP), DNP3, Modbus TCP/IP, Modbus RTU, Telnet, the File 
Transfer Protocol (FTP), the Simple Network Time Protocol 
(SNTP), Mirrored Bits communications, and ASCII. In 
addition, the IEC 61850 test mode in the SEL-710-5 enables 
in-service testing, which reduces commissioning time.

Reliable Rugged Hardware 
The SEL-710-5 operates in extreme conditions, with an 
operating temperature range of –40° to +85°C (–40° 
to +185°F). It is designed and tested to exceed applicable 
standards, including those for withstanding vibration, 
electromagnetic interference, and adverse environmental 
conditions. A conformal coating option for the printed 
circuit boards provides an additional barrier against 
airborne contaminants, such as hydrogen sulfide, chlorine, 
salt, and moisture. In addition, the SEL-710-5 is ATEX-
certified and Underwriters Laboratories (UL) Class I, 
Division 2-certified for use in hazardous and potentially 
explosive environments.

Incipient Cable Fault Detection 
Cable insulation degrades over time. The incipient cable 
fault detection element can monitor for self-extinguishing, 
half-cycle overcurrent events that precede typical cable 
insulation failure. Monitoring the number of incipient faults 
can provide an early warning of cable insulation breakdown 
for preventative maintenance.



Product Overview   

Large 2 � 16 character LCD.

Programmable front-panel 
tricolor LEDs.

User-configurable label kit.

Two programmable 
tricolor LEDs per 
pushbutton.

Customizable push-
buttons and labels.

Default messages or up  
to 32 customizable display 
labels notify personnel of 
power system events or 
the relay status.



Power supply options include  
24–48 Vdc or 110–250 Vdc/110–240 Vac.

A wide variety of communications 
protocols and media provide flexibility 
to communicate with other devices 
and control systems.

Port options include demodulated IRIG-B 
for precise-time input or a PTC input to 
protect against overcurrent conditions.

Card slots include positions for 
optional I/O, arc-flash detection 
(AFD), or synchronous motor  
inputs/differential current inputs.

Mirrored Bits 
communications 
provides fast 
and reliable 
relay-to-relay 
communication.

CT and PT inputs 
are located on one 
card, allowing for 
more I/O in other 
slots.

Accelerate firmware downloads 
via the Ethernet port.



Touchscreen Overview

The full keyboard facilitates 
easy adjustment of settings.

The 5-inch color display with a resolution 
of 800 � 480 offers direct navigation via 
a capacitive touchscreen.

The home pushbutton allows 
you to easily return to 
the default home screen.

The front panel is 
available in English  
or Spanish.

Folders and applications 
provide quick access to 
bay screens, metering and 
monitoring data, reports, 
settings, and more.



Touchscreen Display Features and Functions 

Next, enter your Level 2 password and tap Submit. The 
onscreen keyboard allows you to quickly and easily enter 
passwords, search for Relay Word bits, and enter settings 
when necessary.

When the screen prompts you to confirm the action, 
tap Yes. 

Motor Control
The color touchscreen lets you control a motor via a 
custom bay screen or the built-in Start Motor and Stop 
Motor applications in the Control folder.

To control a motor, simply tap the Control folder on the 
home screen, and then tap Start Motor or Stop Motor.

The SEL-710-5 5-inch, 800 � 480 color touchscreen display provides a one-line diagram mimic 
display for bay control and monitoring. You can view metered quantities, phasor diagrams, relay 
settings, event summaries, target statuses, and SER data. 



Meter Phasors
View a graphical and textual representation of the real-
time voltages and currents in a power system during 
balanced and unbalanced conditions. By analyzing the 
phasors, you can determine power system conditions. 

Motor Operating Statistics
View critical motor behavior data to optimize motor 
performance and extend motor life. Operating statistics 
for the protected motor include motor running time, 
stopped time, percent time running, motor starts, 
emergency starts, and others.

Vibration Monitoring 
View critical motor vibration data to identify potential 
defects and respond before motor failures occur. The 
display provides intuitive graphical feedback to enable 
timely operator response. 

Meter Fundamentals
View the real, reactive, and apparent power of each 
phase in your system, and monitor the power factor 
information to determine if the phase current leads 
or lags the phase voltage.



Synchronous Motor Protection
Select the SEL-710-5 with the synchronous 
motor protection option to start and protect 
synchronous motors. You can monitor field 
voltage and current and effectively respond  
to loss-of-field, field resistance, out-of-step, 
power factor, and reactive power issues. 

Arc-Flash Detection   
AFD-based protection is fast, responding 
in a few milliseconds with high-speed, 
high-current interrupting output contacts. 
This fast response, supervised by phase 
overcurrent elements, provides high-speed  
and secure arc-flash protection that 
improves personnel safety and reduces 
equipment damage. Arc-flash mitigation 
options in the SEL-710-5 offer either four 
or eight AFD inputs capable of reading 
both point, window, and loop sensors.

Point 
Sensors

Trip
Signal

MIRRORED BITS® Communications 
Via Serial, or IEC 61850 GOOSE 
Messaging Via Ethernet

Clear-Jacketed Fiber Loop

M M

Feeder Relay
SEL-751

SEL-710-5SEL-710-5

Overcurrent-supervised arc-flash detection and advanced 
communications combine to improve safety and power system 
reliability.

In this brush-type synchronous motor application, the SEL-710-5 
connects directly to the excitation system to control the power factor.

DCCT/Transducer

Field Close

Power Factor Control

Field Current

Field Voltage

Discharge Resistor Voltage

M
SYNC

Trip/Close

Voltage
Divider

Excitation
System

+

–

VFIELD VDR
Discharge
Resistor 

SEL-710-5

Applications



Motor Thermal Overload Protection
The SEL-710-5 provides locked-rotor, running overload, 
and negative-sequence current unbalance protection. It 
accurately tracks the heating effects of load current and 
current unbalance during the motor’s operating conditions 
(starting and running) using the AccuTrack Thermal Model.

Thermal Capacity

0% Cold Motor
Cooling

100% Trip Level

Thermal capacity is affected by positive-sequence heating, negative-sequence heating, and motor cooling. Accurate thermal modeling maximizes motor availability while providing excellent protection from damage.



AccuTrack Thermal Model
Apply the SEL-710-5 to dynamically calculate motor slip 
and precisely track the rotor thermal capacity used. The 
AccuTrack Thermal Model uses this information to reduce 
the time between starts, and it also gives the motor more 
time to reach its rated speed before tripping.

Accurate thermal modeling maximizes motor availability while providing excellent protection from damage.

Saved Cooling Time

I2t Relay

SEL-710-5
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Broken Rotor Bar Detection
The BBD function determines if there are broken rotor bars by calculating the relative 
magnitudes of the signals at the sideband frequencies caused by a broken bar, with 
respect to the signal magnitudes at the system frequency. Using the CSA algorithm,  
the SEL-710-5 identifies rotor failures independent of the motor characteristic.

The BBD feature includes:
• A Fourier transform function that calculates the frequency spectrum of stator currents 

and voltages to provide accurate detection in cases with sideband frequencies.

• A history report with the date and time of the BBD operations along with the 
maximum sideband magnitude and associated frequency.

• A compressed harmonic meter report for voltages and current.

• A spectrum graphing feature in acseLerator QuickSet® SEL-5030 Software.

Spectrum of a running motor with three broken bars. 



Simple Integration and Configuration

Optional Cards 
Serial communications (EIA-232/EIA-485)

3 digital inputs (DI), 4 digital outputs (DO) 
1 analog output (AO)

4 DI, 4 DO—electromechanical

4 DI, 4 DO—high-speed, high-current interrupting

4 DI, 3 DO (2 Form C, 1 Form B)

8 DO—electromechanical

8 DI

14 DI

8 analog inputs (AI)

4 AI, 4 AO

10 RTD inputs

4 AFD inputs, 3 current differential inputs

8 AFD inputs

Synchronous motor inputs and 3 current differential inputs



Manage Relay Settings
Use QuickSet to set the SEL-710-5 and leverage convenient 
features to simplify the setting process. All relay settings 
are visible; however, the settings that are not related 
to your active configuration are shaded and cannot be 
selected or modified. 

To enable AccuTrack for motor protection, select from 
either the Ratings or Curve methods to set the relay. Once 
the method is selected, only the settings that are relevant 
to that method can be modified to fit your application.

Use QuickSet to set the SEL-710-5.



Integrated Web Server 
Access basic SEL-710-5 information on a standard web 
browser with the built-in web server. You can view the relay 
status, SER data, metering information, and settings and 
can download event reports with easy access within a local 
network. For increased security, web server access requires a 
relay password and the information is limited to a read-only 
view. You can also upgrade the relay firmware through the 
web server.

Use the built-in web server to access SEL-710-5 information.
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SEL-710-5 Specifications

General
Displays 2-line � 16-character LCD

5-inch color touchscreen display, 800 � 480 pixels

AC Current Inputs 5 A or 1 A phase and 5 A, 1 A, or  2.5 mA (high sensitivity) neutral,  
depending on model

AC Voltage Inputs 300 Vac continuous, 600 Vac for 10 seconds

Output Contacts The relay supports Form A, B, and C outputs.

Optoisolated Control Inputs DC/AC control signals: 250, 220, 125, 110, 48, or 24 V

As many as 26 inputs are allowed in ambient temperatures of 85°C (185°F) 
or less.

As many as 34 inputs are allowed in ambient temperatures of 75°C (167°F) 
or less.

As many as 44 inputs are allowed in ambient temperatures of 65°C (149°F) 
or less.

Frequency and Phase 
Rotation

System frequency: 50, 60 Hz

Phase rotation: ABC, ACB

Frequency tracking: 15–70 Hz (requires ac voltage inputs)

Arc-Flash Time-Overlight®  
Elements (TOL1–TOL8)

Pickup time: 2–5 ms

Dropout time: 1 cycle

Communications Protocols SEL (Fast Meter, Fast Operate, and Fast SER), Modbus TCP/IP, Modbus RTU, 
DNP3, FTP, IRIG-B, Telnet, SNTP, EtherNet/IP, software-based IEEE 1588 
PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, RSTP, and Mirrored Bits 
communications

Language Support English and Spanish

Power Supply 110–250 Vdc or 110–240 Vac 
   Input voltage range: 85–300 Vdc or 85–264 Vac

24–48 Vdc 
   Input voltage range: 19.2–60 Vdc

Operating  
Temperature

–40° to +85°C (–40° to +185°F)
Note: Front-panel display contrast is impaired for temperatures below –20°C (–4°F) and 
above +70°C (+158°F).

Certifications To view certifications for the SEL-710-5, please visit  
selinc.com/company/certifications.
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Induction and Synchronous Motor Control and Protection, 
Broken Rotor Bar Detection, and Arc-Flash Detection

New Features
➤ IEC 61850 simulation mode, local/remote control authority, and functional naming support for easy commissioning

and control.

➤ Rapid Spanning Tree Protocol (RSTP) provides faster recovery in response to network changes and failures in
switched mode applications.

➤ Disconnect control from the Bay Screens application.

➤ Three-position disconnects for increased safety.

➤ A built-in web server that simplifies access to relay data and supports firmware upgrade.

➤ Faster firmware downloads via the Ethernet port.

➤ IEEE 1588-2008 firmware-based Precision Time Protocol (PTP) provides ease of integration.

➤ EtherNet/IP provides ease of integration for industrial automation applications.

➤ Early detection of cable insulation breakdown with incipient cable fault detection.

➤ Enhanced asset monitoring capabilities such as vibration monitoring, extended motor maintenance report, and
frequency component analyzer.

SEL-710-5 Motor Protection Relay
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Major Features and Benefits
The SEL-710-5 Motor Protection Relay provides an exceptional combination of protection, monitoring, control, and
communication in an industrial package.

➤ Standard Motor Protection and Control Features.  Protect low- or medium-voltage three-phase motors, and variable
frequency drive (VFD) fed motors, with an enhanced thermal model that includes locked rotor starts, time-between-starts,
starts-per-hour, antibackspin timer, load loss, current unbalance, load jam/stalled rotor, phase reversal, breaker/contactor
failure, positive temperature coefficient (PTC) thermistor over temperature, phase, negative-sequence, residual ground
instantaneous, and inverse-time overcurrent elements. Implement load control, star-delta starting, two-speed control, and
forward/reverse start control. Other standard features include broken rotor bar detection, rotor slip calculation, virtual speed
switch, motor coast time, undervoltage, overvoltage, inverse-time over- and undervoltage elements, underpower, reactive
power, phase reversal, power factor correction, frequency, loss of potential, breaker failure protection, incipient cable fault
detection, asset monitoring capabilities, and RTD-based protection. As many as 10 RTDs can be monitored using an
internal RTD card or as many as 12 RTDs using an SEL-2600 RTD Module with the ST® option.

➤ Optional Synchronous Motor Protection and Control. Use the SEL-710-5 with an optional synchronous
motor/differential card (SYNCH/3 DIFF ACI) that provides starting control, power factor or reactive power closed
loop regulation control, and loss-of-field, out-of-step, loss-of-synchronism (pull-out), field resistance, field
voltage, and field current protection elements.

➤ Optional Differential Protection. Use the SEL-710-5 with optional current differential protection available with four-
channel arc-flash card (4 AFDI/3 DIFF ACI) or synchronous motor protection and control card (SYNCH/3 DIFF ACI).

➤ Optional Arc-Flash Protection. Use the SEL-710-5 with optional four-channel fiber-optic arc-flash detector
inputs and differential protection elements (4 AFDI/3 DIFF ACI) or the eight-channel fiber-optic arc-flash detector
inputs (8 AFDI). Settable arc-flash phase and neutral overcurrent elements combined with arc-flash light detection
elements provide secure, reliable, and fast-acting arc-flash event protection.

➤ Operator Controls.  Start and stop the motor easily with eight programmable front-panel pushbuttons, each with two
tricolored LEDs. Also, the SEL-710-5 provides 32 local and 32 remote control bits to help manage relay operations.

➤ Integrated Web Server.  Log in to the built-in web server to view metering and monitoring data and download events,
Sequential Events Recorder (SER), etc. Also, use the server to view relay settings and to perform relay firmware upgrades.

➤ Relay and Logic Settings Software.  Reduce engineering costs for relay settings and logic programming with
ACSELERATOR QuickSet® SEL-5030 Software. Tools in QuickSet make it easy to develop SELOGIC® control
equations. Use the built-in phasor display to verify proper CT polarity and phasing.

➤ Metering and Asset Monitoring.  Eliminate separately mounted metering devices with built-in metering functions.
Analyze Sequential Events Recorder (SER) reports and oscillographic event reports for rapid commissioning, testing, and
post-fault diagnostics. Monitor the health of your asset and accompanying devices using these asset monitoring capabilities:
• Vibration Monitoring
• Motor Monitoring Using Fourier Analysis
• Broken Rotor Bar Detection
• Motor Start Report
• Motor Maintenance Report
• Motor Operating Statistics

• Motor Start Trending
• Load Profiling
• Incipient Cable Fault Detection
• Molded Case Circuit Breaker Health
• Breaker Monitoring

➤ Front Panel HMI.  Navigate the relay HMI through the use of a 2 x 16-character LCD or optional 5-inch, color, 
800 x 480-pixel touchscreen display.

➤ Additional Standard Features.  Use other standard features, including Modbus® RTU, MIRRORED BITS®

communications, built-in web server, load profile, breaker wear monitoring, 128 remote analogs, support for 12
external RTDs (SEL-2600), IRIG-B input, advanced SELOGIC control equations, configurable labels, and an 
SEL-2812 compatible ST fiber-optic serial port.

➤ Optional Features.  Select from a wide offering of optional features, including IEC 61850 Edition 2, Modbus TCP/IP,
DNP3 serial and LAN/WAN, EtherNet/IP, Simple Network Time Protocol (SNTP), IEEE 1588-2008 firmware-based
Precision Time Protocol (PTP), IEC 60870-5-103, RSTP, PRP, 10 internal RTDs, additional EIA-232 or EIA-485
communications ports, and single or dual, copper-wire or fiber-optic Ethernet ports. Several analog and digital options are
available. These include 4 AI/4 AO, 8 AI, 4 DI/4 DO, 8 DI, 8 DO, 3 DI/4 DO/1 AO, 4 DI/3 DO, and 14 DI. Conformal
coating for chemically harsh and/or high-moisture environments is available as an option.

➤ Language Support. Choose English or Spanish for your serial ports, including the front-panel serial port. The
standard relay front-panel overlay is in English; a Spanish overlay is available as an ordering option.
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Functional Overview

Figure 1 Functional Diagram

The following functions are shown in Figure 1 and are either standard or additional ordering options for the SEL-710-5.

• Sequential Events Recorder

• Event Reports, Motor Start Reports, Motor Operating 
Statistics, Load Profiles, and Motor Start Trends

• Web Server

• SEL ASCII, Ethernet*, Modbus TCP/IP*, IEC 61850 
Edition 2*, IEC 60870-5-103*, EtherNet/IP, RSTP*, PRP*, 
DNP3 LAN/WAN*, DNP3 Serial*, Modbus RTU, Telnet*, 
FTP*, PTP*, SNTP*, IEEE 1588-2008 firmware-based 
PTP*, and DeviceNet* Communications

• Eight Front-Panel Target LEDs, Six of Which are 
Programmable

• Two Inputs and Three Outputs Standard

• I/O Expansion*–Additional Contact Inputs, Contact 
Outputs, Analog Inputs, Analog Outputs, and RTD Inputs

• Single or Dual Ethernet, Copper or Fiber-Optic 
Communications Port*

• PTC Input*

• Battery-Backed Clock, IRIG-B Time**, SNTP 
Synchronization*

• Instantaneous Metering

• Eight Programmable Pushbuttons With Two Tricolor 
LEDs Each

• Advanced SELOGIC Control Equations

• 32 Programmable Display Messages

• MIRRORED BITS Communications

• Forward/Reverse Control

• Reduced Voltage Starting

• Two-Speed Motor Control 

• Breaker Wear Monitoring

• VFD Motor Protection

• Arc-Flash Protection*

• Differential Protection*

• Synchronous Motor Control and Protection*

• Asset Monitoring Capabilities

• Front-Panel HMI with 2 x 16-Character LCD or Optional 
5-Inch, Color, 800 x 480-Pixel Touchscreen Display*

*Optional Functions—Select When Ordering
**IRIG-B is only available on models without PTC Input
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Protection Features
The SEL-710-5 protection and control features depend 
on the model selected. The models are configured with 
current/voltage input cards on Slot Z and specific option 
cards on Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with 
the number 8 in the SEL-710-5 Model Options Table 
(MOT). For example, 81 in the MOT for Slot Z indicates 
a SELECT 4 ACI/3 AVI card with 3-phase ac current 
inputs (1 A nominal), neutral ac current input (1 A 
nominal), and 3-phase ac voltage inputs (300 Vac).

Slot E cards are assigned a two-digit code beginning with 
the number 7 in the SEL-710-5 Model Options Table 
(MOT). For example, 74 in the MOT for Slot E indicates 
a SELECT 4 AFDI/3 DIFF ACI card with 4 arc-flash 
detection channels and 3 differential current channels.

Table 1 shows the different applications for which the
SEL-710-5 can be used. Current inputs are 1 A or 5 A
nominal rating and voltage inputs are 300 V continuous
rating.

Motor Thermal Protection
The SEL-710-5 uses a patented thermal model to provide
locked rotor, running overload, and negative-sequence
current unbalance protection. The thermal element
accurately tracks the heating resulting from load current
and current unbalance while the motor is accelerating
and running. The relay expresses the present motor
thermal estimate as % Thermal Capacity Used for stator
and rotor. When either stator or rotor % Thermal
Capacity reaches 100 percent, the relay trips. The
SEL-710-5 motor thermal element provides integrated
protection for all of the following motor operating
conditions:

➤ Locked rotor starts

➤ Running overload

➤ Unbalance current/negative-sequence current
heating

➤ Repeated or frequent starting

The SEL-710-5 dynamically calculates motor slip to
precisely track motor thermal capacity used (TCU) with
the thermal model. The rotor resistance changes
depending on slip and generates heat, especially during
starting, when current and slip are highest. By correctly
calculating rotor TCU, the thermal model reduces the

time between starts. It also gives the motor more time to
reach its rated speed before tripping. Use the Virtual
Speed Switch to back up the locked rotor protection.
Also use the Coast Time setting to significantly reduce
the wait time before the next start may be allowed by
thermal lockout. Motors cool faster during coasting.

Overcurrent Protection
The SEL-710-5 provides complete overcurrent
protection with one set of three-phase CTs and one
neutral CT input. Phase overcurrent protection is
provided for three-phase input. The following
instantaneous overcurrent elements are part of the
SEL-710-5 base configuration. 

➤ Two instantaneous phase overcurrent (50P)
elements. These phase elements operate on the
maximum of the phase currents. Peak detection
algorithms are used to enhance element sensitivity
during high fault current conditions, where severe
CT saturation may occur.

➤ Two instantaneous negative-sequence overcurrent
(50Q) elements. These elements operate on the
calculated negative-sequence current for three-phase
input.

Table 1 Card E and Card Z Selections for SEL-710-5

Model Application
Slot E Slot Z 

Card (MOT Digits) Inputs Card (MOT Digits) Inputs

07105xxxxxxx Induction Motor Protection None (0X) NA

All Models

4 ACI/3 AVI (81, 
82, 83, 85, 86, 87)

All Models

IA, IB, IC, IN, 
VA, VB, VC, N

07105xxx74xx Induction Motor With 4 Arc-
Flash Detection Channels and 
Differential Protection

4 AFDI/3 DIFF ACI 
(74)

AF1, AF2, AF3, AF4, 
IA87, IB87, IC87, 
COM

07105xxx76xx Induction Motor With 8 Arc-
Flash Detection Channels

8 AFDI (76) AF1, AF2, AF3, AF4, 
AF5, AF6, AF7, AF8

07105xxx75xx Synchronous Motor Protection 
With Differential Protection

SYNCH/ 3 DIFF ACI 
(75)

VDR+, VDR–, 
VEX+, VEX–, IEX+, 
IEX–, IA87, IB87, 
IC87, COM
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➤ Two residual overcurrent (50G) elements. These
elements use calculated residual (3I0) current
levels from phase currents for ground fault
detection.

➤ Two neutral-overcurrent (50N) elements. These
elements operate on neutral content for three-phase
input. Use the 1 A or 5 A rating, or the 2.5 mA
rating for sensitive neutral-current applications for
high- impedance and ungrounded applications
where currents are very low.

Time-Overcurrent Elements
One level of the inverse time element is available for
phases A, B, C, and negative-sequence overcurrent. Also,
two levels of inverse time elements are available for
maximum phase and residual overcurrent. These time-
overcurrent elements support the IEC and US (IEEE)
time-overcurrent characteristics. Electromechanical disc
reset capabilities are provided for all time-overcurrent
elements.

Differential Elements
The SEL-710-5 optionally provides two definite-time
delayed differential overcurrent elements. The relay can be
used either with core-balance differential CTs or with
separate CTs on the source and neutral sides of the motor.

Load-Loss, Load-Jam, and Frequent-
Starting Protection
The SEL-710-5 trips for load-jam and load-loss conditions.
Load-loss detection causes an alarm and a trip when the
relay detects such a condition. Load-jam protection trips
the motor quickly to prevent overheating from stall
conditions. The relay uses settable starts-per-hour and
minimum time-between-starts protection functions to
provide frequent-starting protection. The relay stores
motor starting and thermal data in nonvolatile memory to
prevent motor damage (caused by overheating resulting
from frequent starts) from loss of relay power.

Current Unbalance Element 
Unbalanced motor terminal voltages cause unbalanced
stator currents to flow into the motor. The negative-
sequence current component of the unbalanced current
causes significant rotor heating. While the SEL-710-5
motor thermal element models the heating effect of the
negative-sequence current, you may want the additional
unbalanced and single-phasing protection offered by the
current unbalance element. 

Start Monitoring/Incomplete 
Sequence
If motor starting has not finished or the motor has not
synchronized, in the case of synchronous motor by the
START_T time, the relay produces a trip if start motor
time-out asserts and is included in the TRIP equation.
The start monitoring is independent of the overload
protection provided by the thermal model.

Incipient Cable Fault Detection
Cable insulation degrades over time. The incipient cable
fault detector can monitor for self-extinguishing, half-
cycle overcurrent events that precede typical cable
insulation failure. Monitoring the number of incipient
faults can provide an early warning of cable insulation
breakdown. This information can be used for
preventative maintenance.

Star-Delta (Wye-Delta) Starting
The SEL-710-5 issues the command to switch from star
to delta (wye to delta) as soon as the starting current
drops near the rated value in star (wye). The relay will
make the change to delta within the maximum
permissible time for star operation (if used), regardless of
the magnitude of the starting current.

You can switch the maximum permissible time setting
for star operation on or off. If it is off, the change to delta
is made solely based on the motor current.

Start Inhibit Protection
The SEL-710-5 provides start inhibit protection when the
protected motor reaches a specific maximum number of
starts-per-hour or minimum time-between-starts. Also, in
certain pump applications, fluid flowing backward
through the pump may spin the pump motor for a short
time after the motor is stopped. Any attempt to start the
motor during this time can be damaging. The SEL-710-5
prevents motor starts during the backspin period. The
relay will maintain the trip signal until enough time
passes for the motor to be safely restarted.

Phase Reversal Protection
Relay phase reversal protection detects motor phase
rotation and trips after a delay if phase rotation is
incorrect. The SEL-710-5 provides this protection even if
phase voltages are not available.
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Speed Switch and Virtual Speed Switch
When the motor is equipped with a speed switch, you
may want to provide additional locked rotor protection
by using the relay speed switch input. The relay can issue
a warning or trip signal if the speed switch is not closed
within the speed switch time delay after the motor start
begins.

The SEL-710-5 offers a virtual speed switch (VSS) logic
that can be used when a physical speed switch is not
available. The logic also includes monitoring of the
physical speed switch, if present, to enhance its
reliability.

Arc-Flash Protection
An arcing short circuit or a ground fault in low- or
medium-voltage switchgear can cause very serious
equipment damage and personal injury. They can also
cause prolonged and expensive downtime.

The best way to minimize the impact of an arc-flash
event is to reduce the detection and circuit breaker
tripping times. Conventional protection may need several
cycles to detect the resulting overcurrent fault and trip
the breaker. In some cases, there may not be sufficient
current to detect an overcurrent fault. Tripping may be
delayed hundreds of milliseconds for sensitivity and
selectivity reasons in some applications.

The arc-flash detection-based (AFD) protection can act
on the circuit breaker in a few milliseconds (2–5 ms).
This fast response can limit the arc-flash energy thus
preventing injury to personnel and limiting or
eliminating equipment damage. The arc-flash protection
option for the SEL-710-5 adds eight-channel fiber-optic
AFD inputs and protection elements or a four-channel
fiber-optic AFD card that includes differential protection.
Each channel has a fiber-optic receiver and an LED-
sourced fiber-optic transmitter that continuously self-
tests and monitors the optical circuit to detect and alarm
for any malfunction. There are two types of applications
supported by the SEL-710-5.

Point-Sensor Application
The arc is detected by transmitting the arc-flash light
captured by the optical diffuser (located appropriately in
the switchgear) over a 1000 µm plastic fiber-optic cable
to the optical detector in the relay. The relay performs
sensor loopback tests on the optical system using an LED-
based transmitter to transmit light pulses at regular intervals to
the point sensor assembly (over a second fiber-optic cable). If
the relay optical receiver does not detect this light, the relay
declares a malfunction and alarms. Figure 2 (top) shows a
diagram for the point-sensor application.

Clear-Jacketed Fiber Sensor Application
A second option for AFD uses a clear-jacketed 1000 µm
plastic fiber-optic cable located in the switchgear
equipment. One end of the fiber is connected to the
optical detector in the relay and the other end is
connected to the LED transmitter in the relay. The LED
transmitter injects periodic light pulses into the fiber as a
sensor loopback test to verify the integrity of the loop.
The relay detects and alarms for any malfunction.
Figure 2 (bottom) shows a diagram for the clear-jacketed
fiber sensor application.

Figure 2 Arc-Flash Detection System

The SEL-710-5 AFD system has four or eight channels
per relay that can be configured for the point-sensor or
the clear-jacketed fiber sensor applications. The optional
fast hybrid outputs (high speed and high current) of the
relay provide fast-acting trip outputs to the circuit
breaker (less than 50 µs). The fast breaker tripping can
help avoid serious damage or personal injury in the case
of an arc-flash event. The relay also provides light
metering and light event capture to aid in setting the
relay and capturing the arc-flash event for records and
analysis. Settable arc-flash phase and neutral overcurrent
elements are combined with arc-flash light detection
elements for secure, reliable, and fast-acting arc-flash
event protection.

Over- and Undervoltage Elements
When you connect the SEL-710-5 voltage inputs to
phase-to-phase connected VTs the relay provides two levels
of phase-to-phase over- and undervoltage elements. When
you connect the SEL-710-5 voltage inputs to phase-to-
neutral connected VTs, the relay provides two levels of
phase-to-neutral over- and undervoltage elements.
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Inverse-Time Over- and Undervoltage 
Elements
Custom programmable, IEC equation-based inverse-time
overvoltage (59I) and undervoltage (27I) elements in the
SEL-710-5 add flexibility in coordinating protection and
control schemes. Inverse-time overvoltage and inverse-
time undervoltage elements operate on the measured
phase-to-neutral voltages, or phase-to-phase voltages.

Loss-of-Potential Logic
The SEL-710-5 includes loss-of-potential (LOP) logic
that detects one, two, or three blown potential fuses. This
patented LOP logic is unique because it does not require
settings and is universally applicable. The LOP feature
allows the blocking of protection elements to add
security during fuse failure.

Over- and Underfrequency Protection
Four levels of secure overfrequency (81O) or
underfrequency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.

RTD Thermal Protection
When the SEL-710-5 is equipped with either an optional
10 RTD input expansion card or an external SEL-2600
RTD Module with as many as 12 RTD inputs, you can
program as many as 12 thermal elements in the relay for
two levels of thermal protection per element. Each RTD input
has an alarm and trip thermal pickup setting in degrees C, has
open and shorted RTD detection, and is compatible with the
following three-wire RTD types:

➤ PT100 (100 Ω platinum)

➤ NI100 (100 Ω nickel)

➤ NI120 (120 Ω nickel)

➤ CU10 (10 Ω copper)

Additionally, the winding RTDs and the ambient
temperature RTD can be configured and used to bias the
thermal model and thermal protection.

VAR Protection
The SEL-710-5 provides two levels of definite-time
delayed positive and negative reactive power elements. If
the positive or negative reactive power exceeds the
appropriate level for longer than the time-delay setting,
the relay can issue a warning or trip signal.

The reactive power elements are disabled when the
motor is stopped or starting. These elements can be used
to detect synchronous motor out-of-step or loss-of-field
conditions.

Underpower Function
The SEL-710-5 provides two levels of definite-time
delayed underpower elements. If the real three-phase
power falls below the warning or trip level for longer
than the time-delay setting, the relay can issue a warning
or trip signal. The underpower elements are disabled
when the motor is stopped or starting. These elements
operate in addition to the load-loss function, and you can
use them to detect motor load-loss and other underpower
conditions.

Power Factor Elements
The SEL-710-5 provides two levels of definite-time
delayed lead and lag power factor elements. If the
measured power factor falls below the leading or lagging
level for longer than the time-delay setting, the relay can
issue a warning or trip signal. The power factor elements
are disabled when the motor is stopped or starting. These
elements can be used to detect synchronous motor out-
of-step or loss-of-field conditions.

Load Control Function
The SEL-710-5 is capable of controlling external devices
based on the parameter load control selection. You can
select current, power, or stator thermal capacity used to
operate auxiliary outputs. Load control is active only
when the motor is in the running state.

When the selected parameter exceeds the load control
upper setting level for one second, the auxiliary relay
assigned to LOADUP will operate. The auxiliary relay
will reset when the parameter drops below the upper
level setting for one second.

When the selected parameter drops below the load
control lower setting level for one second, the auxiliary
relay assigned to LOADLOW will operate. The auxiliary
relay will reset when the parameter is above the lower-
level setting for one second. You can use this feature to
control the motor load within set limits.

Synchronous Motor Protection and 
Starting Control
The SEL-710-5 provides two levels of field over- and
undervoltage, field over- and undercurrent, and field
resistance protection. Also, loss-of-field (40), out-of-step
(78), and loss-of-synchronism (pull-out) protection are
available as options. This relay synchronizes
automatically during starting by applying dc excitation
voltage to the motor field at correct slip frequency and
rotor angle to lock the motor to synchronous speed. The
following event report shows the synchronous motor
start sequence with slip at 10 percent of nominal. The
relay offers voltage discharge resistor (VDR) based or
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stator current based slip measurement for field closing
control.

Figure 3 Event Capture of Synchronous Motor Starting

Loss-of-Field Protection (40)
Two offset positive-sequence mho elements detect loss-
of-field conditions. Settable time delays help reject
power swings that pass through the machine impedance
characteristic. The loss-of-field elements are supervised
by the torque-control setting.

Out-of-Step Protection (78)
The SEL-710-5 relays use a single or double blinder
scheme, depending on user selection, to detect an out-of-
step condition. In addition to the blinders, the scheme
uses an mho circle that restricts the coverage of the out-
of-step function to the necessary extent. Furthermore,
both schemes contain current supervision and torque
control to supervise the operation of the out-of-step
element.

Loss-of-Synchronism (Pull-out) Protection
The SEL-710-5 includes a loss-of-synchronism (pull-
out) detection logic that operates when the motor power
factor falls below a setting. The loss-of-synchronism
logic also operates when the maximum phase current is
greater than 3.5 times the full-load current of the motor.

Variable Frequency Drive (VFD)
When the VFD application is selected, the relay uses rms
current magnitudes instead of fundamental magnitude
for the phase/residual overcurrent elements and the
motor thermal model. If voltage inputs are used, make
sure the inputs are nearly sinusoidal without any multiple
zero crossings. Exercise caution when using power and
frequency elements.

Operator Controls
Operator controls eliminate traditional panel control
switches. Eight conveniently sized operator controls,
each with two programmable tricolor LEDs, are located
on the relay front panel. You can set the SER to track operator
controls. You can also change operator control functions
using SELOGIC control equations. The operator control
descriptions in Figure 4 are for factory-set logic.

All the AUX operator controls and LEDs are user
programmable. Note that all text can be changed with the
configurable labels kit.

Use the START and STOP pushbuttons to start and trip the
connected motor. Program with intentional time delays

to support operational requirements for breaker mounted
relays. This allows the operator to press the START or STOP
pushbutton, then move to an alternate location before the
breaker command is executed.

In the SEL-710-5 with touchscreen display, you can also
use the front-panel operator control pushbuttons to jump
to a specific screen while using them for START/STOP
operations, etc. You can program the selectable operator
pushbutton screen settings under the Touchscreen
settings category in QuickSet and map the button to a
specific screen.

Figure 4 Operator Controls for Standard and Optional Synchronous Motor Model

Standard Operator Control Optional Synchronous Motor Operator Control

Note: All text can 
be changed with 
the configurable 
labels.



Schweitzer Engineering Laboratories, Inc. SEL-710-5 Data Sheet

9

Built-In Web Server
Every Ethernet-equipped SEL-710-5 includes a built-in
web server. Use any standard web browser to interface
with the relay using any standard web browser to per-
form the following actions:

➤ Log in with password protection.

➤ Safely read the relay settings.

➤ Verify the relay self-test status and view the relay
configuration.

➤ Inspect meter reports.

➤ Download SER and event reports.

➤ Upload new firmware (firmware upgrade).

Figure 5 shows the fundamental metering screen that can
be accessed by clicking Meter > Fundamental. Use the
Meter menu to view all the available relay metering sta-
tistics.

Figure 5 Fundamental Meter Report Webpage

Figure 6 shows the Group 1 settings webpage. You can
view the settings of each relay settings class by selecting
Settings and the respective relay settings class.

Figure 6 Group 1 Settings Webpage

You can upgrade the relay firmware through the relay
web server by clicking System > File Management,
available at Access Level 2, and selecting the firmware
upgrade file. Figure 7 shows the firmware upgrade web-
page.

Figure 7 Upgrade the Relay Firmware From the File 
Management Webpage
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Relay and Logic Settings Software
QuickSet simplifies settings and provides analytical
support for the SEL-710-5. With QuickSet you have
several ways to create and manage relay settings:

➤ Develop settings offline with an intelligent settings
editor that only allows valid settings.

➤ Create SELOGIC control equations with a drag-
and-drop text editor.

➤ Configure proper settings using online help.

➤ Organize settings with the relay database manager.

➤ Load and retrieve settings using a simple PC
communications link.

With QuickSet you can verify settings and analyze events;
and analyze power system events with the integrated
waveform and harmonic analysis tools.

The following features of QuickSet can help you
monitor, commission, and test the SEL-710-5:

➤ The PC interface remotely retrieves power system
data.

➤ The HMI monitors meter data, Relay Word bits,
and output contacts status during testing. The
control window allows resetting of metering
quantities and other control functions.

➤ Use the Bay Control to design new bay screens and
edit existing bay screens by launching
ACSELERATOR Bay Screen Builder SEL-5036
Software for SEL-710-5 relays with the
touchscreen display.

ACSELERATOR Bay Screen Builder 
SEL-5036 Software
The SEL-710-5 with the touchscreen display layout
option provides you with the ability to design bay config-
uration screens to meet your system needs. You can dis-
play the bay configuration as a single-line diagram
(SLD) on the touchscreen. You can use ANSI and IEC
symbols, along with analog and digital labels, for the
SLD to indicate the status and control of the breaker and
two- or three-position disconnects, bus voltages, and
power flow through the breaker. In addition to SLDs, you
can design the screens to show the status of various relay
elements via Relay Word bits or to show analog quanti-
ties for commissioning or day-to-day operations. You
can design these screens with the help of Bay Screen
Builder in conjunction with QuickSet. Bay Screen
Builder provides an intuitive and powerful interface to
design bay screens to meet your application needs.

Figure 8 Bay Screen Builder
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Metering and Monitoring

The SEL-710-5, depending on the model selected,
provides extensive metering capabilities. See
Specifications on page 27 for metering and power
measurement accuracies. As shown in Table 2, metered
quantities include phase voltages and currents; sequence

voltages and currents; power, frequency, and energy; and
maximum/minimum logging of selected quantities. The
relay reports all metered quantities in primary quantities
(current in A primary and voltage in V primary).

Asset Monitoring
To monitor the health of your motor asset and
accompanying devices, the SEL-710-5 supports the
following asset monitoring capabilities:

➤ Vibration Monitoring

➤ Motor Monitoring Using Fourier Analysis

➤ Broken Rotor Bar Detection

➤ Motor Start Report

➤ Motor Maintenance Report

➤ Motor Operating Statistics

➤ Motor Start Trending

➤ Load Profiling

➤ Incipient Cable Fault Detection

➤ Molded Case Circuit Breaker Health

➤ Breaker Monitoring

With these asset monitoring capabilities, you can reduce
production losses from unexpected equipment failures,
and lower maintenance costs by switching to condition-
based maintenance schedules.

Table 2 Metering Capabilities

Types of Metering

Instantaneous Differential Max/Min Analog Inputs
Remote Analogs Math Variables Light Thermal
Energy RMS

Quantities Description 

Currents IA, IB, IC, IN, IG, IAV, 3I2, UBI Input currents, residual ground current (IG = 3I0 = IA + IB + IC), average 
current, negative-sequence current, current imbalance

Voltages VA, VB, VC Wye-connected voltage inputs

Voltages VAB, VBC, VCA Delta-connected voltage inputs

Voltage VAVE, 3V2, UBV Average voltage, negative-sequence voltage, voltage imbalance

Power kW
kVAR
kVA

Three-phase kilowatts, kilovars, and kilovolt-amps

Energy MWh3P,
MVARh3P-IN, 
MVARh3P-OUT, 

MVAh3P

Three-phase megawatt-hours, megavar-hours, and megavolt-amp-hours

Power Factor PF Three-phase power factor (leading or lagging)

IA87, IB87, IC87 Differential phase current inputs

Frequency, FREQ (Hz) Instantaneous relay frequency

Field Voltage, Field Current, Field Resistance Exciter voltage, exciter current, field resistance

Light Intensity (%) LS1–LS8 Arc-flash light inputs in percentage of full scale

AIx01–AIx08 Analog Inputs

MV01–MV32 Math Variables

RA001–RA128 Remote Analogs

RTD1–RTD12 RTD temperature measurement (degrees C)

Stator TCU, Rotor TCU % of Thermal Capacity Used
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Load Profile
The SEL-710-5 features a programmable load profile
(LDP) recorder that records as many as 17 metering
quantities into nonvolatile memory at fixed time intervals.
The LDP saves several days to several weeks of the most
recent data depending on the LDP settings (6500 entries
total).

Motor Start Report, Statistics, and 
Trend
The SEL-710-5 records motor start data for each motor
start. The relay stores 30 of the latest motor start reports
in nonvolatile memory. The motor start data are taken
periodically after the starting current is detected. Use
QuickSet to view the motor start report graphically. The
SEL-710-5 also retains useful machine operating
statistics information for the protected motor.

For each motor start, the relay stores a motor start report
and adds these data to the motor start trending buffer.
Motor start tending tracks motor start data for the past
eighteen 30-day periods.

Figure 9 Graphical Display of Motor Start Report

Motor Maintenance Report
The SEL-710-5 computes and stores motor parameters,
such as maximum starting current, minimum starting
voltage, power on start/stop, and time to start/stop, and
compares them to values obtained during a baseline run.
If any of the values measured during a given run deviates
significantly from the values measured during the
baseline run, the SEL-710-5 asserts the Relay Word bit
that corresponds to that value.

Improve Situational Awareness
Vibration Monitoring
The SEL-710-5 provides five vibration monitoring
elements and each element can monitor a connected
vibration transducer via analog inputs or math variables.
Each vibration measurement is compared against a set of
thresholds that define the four evaluation zones: Recently
Commissioned, Acceptable, Warn, or Damaging. In
SEL-710-5 models with the touchscreen display option,
you can also view in a bar graph the measured values of
vibration transducers connected to a motor.

Broken Rotor Bar Detection (BBD)
The SEL-710-5 detects broken rotor bars in induction
motors by analyzing the current signatures under
sufficient motor load conditions. BBD determines
broken bars using the relative magnitudes of the signals
at the sideband frequencies caused by the broken bars,
with respect to the signal magnitudes at the system
frequency. This normalization allows the algorithm to

identify rotor failures independent of the motor
characteristics. 

This function provides the following features for motor
monitoring and protection.

➤ A BBD element that uses motor current signature
analysis for continuous monitoring and early detection
of broken rotor bars.

➤ A history report that includes the date and time of
the BBD operations along with the maximum
sideband magnitude and associated frequency.
These data help correlate the BBD operations to
other events in the industrial plant.

➤ A Fourier transform function that calculates the
frequency spectrum of the stator currents or
voltages for motor diagnostics.

➤ The Fourier transform output can be viewed
graphically via QuickSet.

➤ A compressed harmonic meter report for voltages
and current.
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Figure 10 Spectrum of a Running Motor With Three 
Broken Bars

Event Reporting
Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex
protective scheme operations. In response to a user
selected trigger, the voltage, current, frequency, and
element status information contained in each event report
confirms relay, scheme, and system performance for
every fault. Decide how much detail is necessary when
you request an event report (e.g., 1/4-cycle or 1/32-cycle
resolution and filtered or raw analog data).

The relay stores as many as 9 of the most recent
180-cycle, 23 of the most recent 64-cycle, or 49 of the
most recent 15-cycle event reports in nonvolatile
memory. The relay always appends relay settings at the
time of the event to the bottom of each event report.

The following analog data formats are available.

➤ 1/4-cycle or 1/32-cycle resolution, unfiltered or
filtered analog, ASCII or Compressed ASCII
reports

➤ 1/32-cycle resolution COMTRADE reports

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

Synchronized Measurements
The IRIG-B time-code input synchronizes the
SEL-710-5 internal clock time to within ±1 µs of the
time-source input. Convenient sources for this time code
are the SEL-2401 Satellite-Synchronized Clock, an SEL
communications processor, or the SEL Real-Time
Automation Controller (RTAC) (via Serial Port 2 or 3 on
the SEL-710-5). For time accuracy specifications for
metering and events, see Specifications.

Circuit Breaker Contact Wear Monitor
Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-710-5 breaker
monitor feature compares this input data to the measured
(unfiltered) ac current at the time of trip and the number
of close-to-open operations.

Every time the breaker trips, it integrates the measured
current information. When the result of this integration
exceeds the breaker wear curve threshold (see Figure 11) the
relay alarms via output contact, communications port, or
front-panel display. This kind of information allows timely
and economical scheduling of breaker maintenance.

Figure 11 Breaker Contact Wear Curve and Settings

Molded Case Circuit Breaker Health
The SEL-710-5 can monitor molded case circuit breaker
(MCCB) health by detecting CT saturation or A/D
saturation during breaker opening. You can use this
function to inspect the MCCB for damage and to do
preventive maintenance. 

IEC 61850 Test Mode
Test Mode allows you to test an in-service relay without
accidentally operating control output contacts. Test
Mode includes five different modes:

On: In On mode, the relay operates as normal; it reports
IEC 61850 Mode/Behavior status as On and processes
all inputs and outputs as normal. If the quality of the
subscribed GOOSE messages satisfies the GOOSE
processing, the relay processes the received GOOSE
messages as valid.

Blocked: This mode is similar to On mode, except that
the device does not trip any physical contact output.

Test: In Test mode, the relay processes valid incoming
test signals and normal messages and operates physical
contact outputs, if the outputs are triggered.

kA Interrupted

(Set Point 1) 

(Set Point 2) 

(Set Point 3) 

Breaker Manufacturer's
Maintenance Curve
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Test/Blocked: This is similar to Test mode, except that
the device does not trip any physical contact outputs.

Off: The device does not process any incoming data or
control commands (except commands to change the
mode). All protection logic is disabled and all data
quality is marked as invalid.

Simulation: In this mode, the relay continues to process
normal GOOSE messages until a simulated GOOSE
message is received for a subscription. Once a simulated
GOOSE message is received, only simulated GOOSE
messages are processed for that subscription. The
simulated mode only terminates when LPHDSIM is
returned to FALSE. When the relay is not in  simulation
mode, only normal GOOSE messages are  processed for
all subscriptions.

Touchscreen Display
You can order the SEL-710-5 with an optional touch-
screen display (5-inch, color, 800 x 480-pixel). The
touchscreen display makes relay data metering, monitor-
ing, and control quick and efficient. The touchscreen dis-
play option in the SEL-710-5 features a straightforward
application-driven control structure and includes intui-
tive and graphical screen designs.

The touchscreen display allows you to:

➤ View and control bay screens

➤ Access metering and monitoring data

➤ Inspect targets

➤ View event history, summary data, SER informa-
tion, and motor start trend and motor operating
statistics

➤ View relay status and configuration

➤ Control relay operations

➤ View and edit settings

➤ Enable the rotating display

➤ Program control pushbuttons to jump to a spe-
cific screen

You can navigate the touchscreen by tapping the folders
and applications. The folders and applications of the
Home screen are shown in Figure 12. Folders and
applications are labeled according to functionality.
Additional folder and application screens for the
SEL-710-5 touchscreen display option can be seen in
Figure 13 through Figure 23.

Figure 12 Home (Default FPHome Screen)

Bay Screens Application
The SEL-710-5 with the touchscreen display option pro-
vides you with the ability to design bay configuration
screens to meet your system needs. The bay configura-
tion can be displayed as an SLD on the touchscreen. You
can create as many as five bay screens with one control-
lable breaker, eight controllable two-position discon-
nects, and two controllable three-position disconnects.
ANSI and IEC symbols, along with analog and digital
labels, are available for you to create detailed SLDs of
the bay to indicate the status and control of the breaker
and disconnects, bus voltages, and power flow through
the breaker. Figure 13 shows the default SLD for the
touchscreen display option.
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Figure 13 Default Bay Screen

Meter Folder Applications
The applications in the Meter folder are part-number
dependent. Only those metering applications specific to
your part number appear in the Meter folder. Tapping an
application in the Meter folder shows you the report for
that particular application. Tap the Phasor application to
view the current and voltage phasors (see Figure 14).

Figure 14 Meter Phasors

Tap the Energy application to view the energy metering
quantities (see Figure 15). A reset feature is provided for
the Energy, Max/Min, and Thermal applications. Tap the
Reset button  (see Figure 15) to navigate to the reset
confirmation screen. Once you confirm the reset, the data
are reset to zero.

Figure 15 Meter Energy

Monitor Folder Applications
Select the Monitor folder to navigate to the screen where
you can access the Relay Word Bits, Digital Outputs,
Digital Inputs, SELOGIC Counters, Breaker Wear, and
Vibration applications. Tap the Vibration application
(see Figure 16), which dynamically displays in a bar
graph the measured values of vibration transducers
connected to a motor.

Figure 16 Vibration Monitoring

Reports Folder Applications
Select the Reports folder to navigate to the screen where
you can access the Events, SER, Motor Start Trend
(MST), and Motor Statistics (MOT) applications. Use
these applications to view Events, SERs, MSTs, and
MOTs. To view the event summary (see Figure 17) of a
particular event record, you can tap the event record on
the Event History screen. You can also trigger an event
report from the Event History screen.

Figure 17 Event Summary
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Tap the Sequential Events Recorder application to view
a history of the SER reports (see Figure 18).

Figure 18 Sequential Events Recorder

Figure 19 Motor Statistics

Tapping the Trash button on the Event History, Sequen-
tial Events Report, Motor Start Trend, and Motor Statis-
tics screens and confirming the delete action removes the
records from the relay. See Figure 19 for the Motor Sta-
tistics report and the Trash button.

Control Folders Applications
Select the Control folder to navigate to the screen where
you can access the Start Motor, Stop Motor, Output Puls-
ing, Local Bits, Emergency Restart, and Reset TCU
applications. Use the applications to perform a motor
start command, motor stop command (see Figure 20),
pulse output contacts (see Figure 21), control local bits,
perform an emergency restart command, or to reset the
thermal model.

Figure 20 Stop Motor Confirmation Screen

Figure 21 Digital Output Pulsing-Slot A

Device Info Folder Applications
Select the Device Info folder to navigate to the screen
where you can access specific device information appli-
cations (Status, Configuration, Arc-Flash Diagnostics,
and Trip & Diag. Messages) and the Reboot application.

Tap the Status application to view the relay status, firm-
ware version, part number, etc. (see Figure 22). 

Figure 22 Status

To view the trip and diagnostic messages, tap the Trip &
Diag. Messages application (see Figure 23). When a
diagnostic failure, trip, lockout, or warning occurs, the
relay displays the diagnostic message on the screen until
it is either overriden by the restart of the rotating display,
or the inactivity timer expires.

Figure 23 Trip and Diagnostics
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Automation
Flexible Control Logic and Integration Features
The SEL-710-5 can be equipped with as many as four
independently operated serial ports:

➤ EIA-232 port on the front panel

➤ EIA-232 or EIA-485 port on Slot B card in the rear

➤ EIA-232 fiber-optic port on Slot B card in the rear

➤ EIA-232 or EIA-485 port on the optional
communications card in Slot C in the rear

Optionally, the relay supports single or dual, copper or
fiber-optic Ethernet ports. The relay does not require
special communications software. You can use any
system that emulates a standard terminal system.
Establish communication by connecting computers,
modems, protocol converters, printers, an RTAC, SEL
communications processor, SEL computing platform,
SCADA serial port, and/or RTUs for local or remote
communication. Refer to Table 3 for a list of
communications protocols available in the SEL-710-5.

Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connection
between the hub and the SEL-710-5 (see Figure 24). 

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out

Table 3 Communications Protocols

Type Description

Simple ASCII Plain language commands for human and simple machine communications. Use for metering, setting, self-
test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate for-
mat for direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter and 
Fast Operate

Binary protocol for machine-to-machine communications. 
Quickly updates SEL communications processors, RTUs, and other substation devices with metering infor-
mation, relay element, I/O status, time-tags, open and close commands, and summary event reports. Data 
are checksum protected. Binary and ASCII protocols operate simultaneously over the same communica-
tions lines so control operator metering information is not lost while a technician is transferring an event 
report.

Fast SER Protocol Provides SER events to an automated data collection system.

Fast Message Protocol Use this protocol to write Remote Analog Data from other SEL relays or communications processors via 
unsolicited writes.

DNP3 Serial or Ethernet-based DNP3 protocols.
Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact I/O, targets, SER, relay summary event reports, and setting group selection.

Modbus Serial- or Ethernet-based Modbus with point remapping. Includes access to metering data, protection ele-
ments, contact I/O, targets, SER, relay summary event reports, and setting groups.

IEC 61850 Edition 2 Ethernet-based international standard for interoperability between intelligent devices in a substation. Oper-
ates remote bits and I/O. Monitors Relay Word bits and analog quantities.

DeviceNet Allows for connection to a DeviceNet network for access to metering data, protection elements, contact 
I/O, targets, and setting groups. The DeviceNet option has been discontinued and is no longer available to 
order as of September 25, 2017.

SNTP Ethernet-based protocol that provides time synchronization of the relay.

IEEE 1588-2008 firmware-
based PTP

Ethernet-based protocol that provides time synchronization of the relay.

PRP Provides seamless recovery from any single Ethernet Network failure in a dual redundant Ethernet net-
work, in accordance with IEC 62439-3.

IEEE 60870-5-103 Serial communications protocol—International standard for interoperability between intelligent devices in 
a substation.

EtherNet/IP Ethernet-based protocol that provides access to metering data, protection elements, targets, and contact I/O.

RSTP Provides faster recovery in response to changes and failures in switched mode dual redundant Ethernet networks in 
accordance with IEEE 802.1Q-2014.
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alerts and private line connections of the SCADA
system.

Figure 24 Example Communication System

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-710-5 control logic improves integration in the
following ways.

➤ Replaces traditional panel control switches. 
Eliminate traditional panel control switches with
32 local bits. Set, clear, or pulse local bits with the
front-panel pushbuttons and display. Program the
local bits into your control scheme with SELOGIC

control equations. Use the local bits to perform
functions such as a trip test or a breaker trip/close.

➤ Eliminate RTU-to-relay wiring with 32 remote 
bits.  Set, clear, or pulse remote bits using serial
port commands. Program the remote bits into your
control scheme with SELOGIC control equations.
Use remote bits for SCADA-type control opera-
tions such as trip, close, and settings group selec-
tion.

➤ Replaces traditional latching relays.  Replace as
many as 32 traditional latching relays for such
functions as “remote control enable” with latch
bits. Program latch set and latch reset conditions
with SELOGIC control equations. Set or reset the
nonvolatile latch bits using optoisolated inputs,
remote bits, local bits, or any programmable logic
condition. The latch bits retain their state when the
relay loses power.

➤ Replaces traditional indicating panel lights. 
Replace traditional indicating panel lights with 32
programmable displays. Define custom messages
(e.g., Breaker Open, Breaker Closed) to report
power system or relay conditions on the front-
panel display. Use advanced SELOGIC control
equations to control which messages the relay dis-
plays.

➤ Eliminates external timers. Eliminate external
timers for custom protection or control schemes
with 32 general purpose SELOGIC control equation
timers. Each timer has independent time-delay
pickup and dropout settings. Program each timer input
with any desired element (e.g., time qualify a current
element). Assign the timer output to trip logic, transfer
trip communications, or other control scheme logic.

➤ Eliminates settings changes. Selectable setting
groups make the SEL-710-5 ideal for applications
requiring frequent setting changes and for adapting
the protection to changing system conditions. 

The relay stores three setting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions. Use these setting groups to
cover a wide range of protection and control contingencies.

Switching setting groups switches logic and relay
element settings. You can program groups for different
operating conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency contingencies,
loading, source changes, and downstream relay setting
changes.

Fast SER Protocol
SEL Fast SER Protocol provides SER events to an
automated data collection system. SEL Fast SER
Protocol is available on any rear serial port. Devices with
embedded processing capability can use these messages
to enable and accept unsolicited binary SER messages
from SEL-710-5 relays. 

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people
using a terminal or terminal emulation package. The
binary data streams can interrupt the ASCII data stream
to obtain information, and then allow the ASCII data
stream to continue. This mechanism allows a single
communications channel to be used for ASCII
communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Fast Message Protocol
SEL Fast Message Protocol is a method to input or
modify Remote Analogs in the SEL-710-5. These
Remote Analogs can then be used in SEL Math or
SELOGIC control equations. Remote Analogs can also be
modified via Modbus, DNP3, and IEC 61850.

Dial-Up ASCII Link SCADA Link

SEL Communications Processor

ASCII Reports Plus
Interleaved Binary Data

SEL-710-5

IEDIED
IED
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Ethernet Network Architectures

Figure 25 Simple Ethernet Network Configuration

Figure 26 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

Figure 27 Ethernet Network Configuration With Ring Structure (Switched Mode)

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports
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Additional Features
MIRRORED BITS Relay-to-Relay 
Communications
The SEL-patented MIRRORED BITS communications
technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate
independently on as many as two EIA-232 rear serial
ports and one fiber-optic rear serial port on a single
SEL-710-5.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received MIRRORED

BITS) for each serial port operating in the MIRRORED

BITS mode (see Figure 28). Use these MIRRORED BITS to
transmit/receive information between upstream relays
and a downstream recloser control (e.g., SEL-351R) to
enhance coordination and achieve faster tripping for
downstream faults. MIRRORED BITS technology also
helps reduce total scheme operating time by eliminating
the need to assert output contacts to transmit
information.

Figure 28 MIRRORED BITS Transmit and Receive Bits

Status and Trip Target LEDs
The SEL-710-5 includes 24 status and trip target tricolor
LEDs on the front panel. When shipped from the factory,

all LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 31. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications (see Configurable Labels).

Configurable Labels
Use the configurable labels to relabel the operator
controls and LEDs to suit the installation requirements.
This feature includes preprinted labels (with factory
default text), blank label media, and a Microsoft® Word
template on CD-ROM. This allows quick, professional-
looking labels for the SEL-710-5. Labels may also be
customized without the use of a PC by writing the new
label on the blank stock provided. 

The ability to customize the control and indication
features allows specific utility or industry procedures to
be implemented without the need for adhesive labels. All
of the figures in this data sheet show the factory default
labels of the SEL-710-5, including the standard model
shown in Figure 31.

Web Server
Web Server allows you to communicate with the relay
via the Ethernet Port without the need for additional
communication software (web browser required). Web
Server allows you to access metering and monitoring
data, and also supports firmware upgrade.

Firmware Download Via Ethernet 
Ports
Relay firmware can be securely downloaded to your
relay via the Ethernet port. The firmware is digitally
signed to prevent malicious modification. Additionally,
the Ethernet firmware download allows you to access
and update all your network relays simultaneously.

SEL-710-5
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Relay Dimensions

Figure 29 SEL-710-5 Dimensions for Rack- and Panel-Mount Models

Hardware Overview

Figure 30 Hardware Overview for Synchronous Motor/Differential Card In Slot E
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Relay Panel Diagrams

Figure 31 Single Copper Ethernet, Fiber-Optic Serial, EIA-485 Communications, PTC, 4 AI/4 AO, Fast Hybrid 
4 DI/4 DO, and 4 Arc Flash/Differential Option (MOT: 071050E1A6XCA74851300)

SEL-710
MOTOR PROTECTION RELAY

SS RST

AUX 3

AUX 4

AUX 5

AUX 1

AUX 2

START

STOP
MOTOR STOPPED

MOTOR RUNNING

FAILED CLOSED

FAILED OPENENABLED

TRIP

THERMAL OL

INST OC

UNBALANCE

LOAD LOSS

O/U VOLT

DIFFERENTIAL

Relay Powered Properly/Self-Tests are Okay

Trip Occurred

Thermal Overload Trip

Instantaneous/Definite Time-Overcurrent Trip

 Current Unbalance Trip

Undercurrent Trip

Over-/Undervoltage Trip

Differential Overcurrent Trip

Induction Motor Protection Relay

(A) Front Panel With Default Configuration Labels

(B) Rear-Panel View (C) Side-Panel View
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Figure 32 Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Synchronous 
Motor/Differential Option (MOT: 071050E1AA3CA75850830)

SEL-710
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Figure 33 Color Touchscreen Display, Dual Fiber-Optic Ethernet, Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, 
and Synchronous Motor/Differential Option (MOT: 071050E1AA3CA7585A830)

Synchronous Motor Protection Relay with Touchscreen

SEL-710
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Applications

Figure 34 AC Connections for Induction Motor Application

Figure 35 Typical AC/DC Connection Diagram for a Brush-Type Synchronous Motor Application
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Figure 36 AC/DC Connections for a Brushless-Type Synchronous Motor Application

Figure 37 Typical DC Control Connection Diagram (Shown for the Synchronous Motor Application)
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+     –
VEXM

VDR
+     –

VEX
+     –

+

–

To excitation 
System

Exciter Field

Exciter 
Armature

Field Application 
Module

Rotating Diodes

NOTES:
• OUTxxx requires an additional I/O 

card in Slot C or D.
• IN101–102 and OUT101–103 are in the 

“base” relay.
• Additional I/O and relay logic may be 

necessary for a specific application.
• Settings changes are not shown.

Field BKR 
Close Coil

—DC+DC

Line BKR
Trip Coil

41b

41a

Breaker
Close Coil

Relay Alarm
Annunciator

TRIP

TRIP

CLOSE

41 CLOSE

ALARM

A10

A12

A08

A03

A11

A07

A04

Field BKR/41a
41a

Line BKR
52a

Field BKR
Trip Coil

A06 A05

OUT101

OUTxxx

OUT102

OUTxxx

OUT103

52a

52b
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protec-
tion against harmful interference when the equipment is oper-
ated in a commercial environment. This equipment generates, 
uses, and can radiate radio frequency energy and, if not installed 
and used in accordance with the instruction manual, may cause 
harmful interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful inter-
ference in which case the user will be required to correct the 
interference at his own expense.

CE Mark in accordance with the requirements of the European Union

RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to 
detect and mitigate an arc flash; consequently, UL has not evalu-
ated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information 
on the performance and verification of this feature, please con-
tact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards 
CL I, DIV 2; GP A, B, C, D; T3C, maximum surrounding 
temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Ambient air temperature shall not exceed –20°C ≤ Ta ≤ +50°C.

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only and 
do not apply to the absolute operating ranges, continuous ther-
mal, or short circuit duration specifications.

General

AC Current Inputs (IA, IB, IC, IN)

INOM = 1 A, 5 A, or 2.5 mA secondary depending on the model

Measurement Category: II

Phase Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

Saturation Current Rating: Linear to 19.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 32 A peak (22.6 A rms) symmetrical

Saturation Current Rating: Linear to 11 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.1 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 6.4 A peak (4.5 A rms) symmetrical

Saturation Current Rating: Linear to 2.2 A symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.01 VA @ 1 A

INOM = 2.5 mA

Continuous Rating: 3 • INOM @ 85°C
4 • INOM @ 55°C

A/D Measurement Limit: 40.9 mA peak (28.9 mA rms) 
symmetrical

Saturation Current Rating: Linear to 12.5 mA symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 mVA @ 2.5 mA

Differential Currents (IA87, IB87, IC87)

INOM = 1 A/5 A Universal

Continuous Rating: 15 A

Saturation Current Rating: Linear to 8 A symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.01 VA @ 5 A

AC Voltage Inputs (VA, VB, VC)

VNOM (L-L)/PT Ratio Range: 100–250 V (if DELTA_Y := DELTA)
100–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac

10-Second Thermal: 600 Vac

Burden: <0.1 W

Input Impedance: 4 MΩ differential (phase-to-phase)
7 MΩ common mode (phase-to-chassis)

Synchronous Motor Inputs

Inputs for Synchronous Motor Voltage Divider Module 
(SEL P/N 915900294)

Field Discharge Voltage VDR (Motor Side, VDRM+ to VDRM—)

Rated Operating Voltage: As high as 955 Vrms

Maximum Continuous 
Voltage–Thermal Limit: 1145 Vrms

10-Second Thermal: 1555 Vrms
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Burden: <0.1 VA

Input Impedance: 5 MΩ differential

VDR Divider Ratio: 5.4:1

Field Excitation Voltage VEX (Motor Side, VEXM+ to VEXM—)

Rated Operating Voltage: 0–350 Vdc

Maximum Continuous 
Voltage–Thermal Limit: 700 Vdc

10-Second Thermal: 1000 Vdc

Burden: <0.1 W

Input Impedance: 2 MΩ differential

VEX Divider Ratio 2.1:1

Field Excitation Current IEX

Rated Operating Range: 0.5–2000 Adc

DC Transducer: 4–20 mA or 0–10 V nominal output 

Input Impedance: 200 ohms (current mode)
>10 kΩ (voltage mode)

Power Supply

Relay Start-up Time Approximately 5–10 seconds (after 
power is applied until ENABLED LED 
turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz; 110–250 Vdc

Input Voltage Range:
(Operating Range) 85–264 Vac; 85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range
(Operating Range): 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc

Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

Thermal: 50 A for 1 s

Contact Protection: 360 Vdc, 115 J MOV protection across 
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vdc 0.30 A L/R = 40 ms
250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) Rating 
(excluding EN 61010-1): 300 Vac

Thermal: 50 A for 1 s

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1 s Rating: 50 A

Open State Leakage Current: <500 μA

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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MOV Protection 
(maximum voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for 
Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: On for 200–312.5 Vdc
Off below 150 Vdc

220 V: On for 176–275 Vdc
Off below 132 Vdc

125 V: On for 100–156.2 Vdc
Off below 75 Vdc

110 V: On for 88–137.5 Vdc
Off below 66 Vdc

48 V: On for 38.4–60 Vdc
Off below 28.8 Vdc

24 V: On for 15–30 Vdc
Off for <5 Vdc

When Used With AC Control Signals

250 V: On for 170.6–312.5 Vac
Off below 106 Vac

220 V: On for 150.2–275 Vac
Off below 93.3 Vac

125 V: On for 85–156.2 Vac
Off below 53 Vac

110 V: On for 75.1–137.5 Vac
Off below 46.6 Vac

48 V: On for 32.8–60 Vac
Off below 20.3 Vac

24 V: On for 14–30 Vac
Off below 5 Vac

Current draw at nominal dc 
voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Maximum Pickup Time: Approx. 1 cycle

Maximum Dropout Time: Approx. 2 cycles

Analog Output (Optional)

1 A0 4 A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — >2000 Ω

Refresh Rate: 25 ms 25 ms

% Error, Full Scale, at 25°C: <±1% <±0.55%

Select From: Analog quantities available in the relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With user calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without user calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 10–70 Hz

Frequency Operating Range: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy 

Internal Clock: ±1 µs

All Reports: ±5 ms

SNTP Accuracy: ±1 ms (in an ideal network)

PTP Accuracy: ±1 ms

Unsynchronized Clock Drift 
Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Standard Multimode Fiber-Optic Port

Location: Rear Panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet 

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 km
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Data Rate: 100 Mbps

Typical Fiber Attenuation: –2 dB/km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: -4 dB/km

Channels 1–8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Typical TX Power: –12 dBm

Point Sensor

Minimum Receive Sensitivity: –52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber Worst-
Case Loss: –0.19 dBm

Black-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive Sensitivity: –29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber Typical 
Loss: –0.17 dBm

ST or V-Pin Connector Splice 
Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card
(Note: This option has been 
discontinued and is no longer 
available as of September 25, 2017.)

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEEE-1588-2008 
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP, 
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP), 
EtherNet/IP, MIRRORED BITS, and DeviceNet

Operating Temperature

IEC Performance Rating: –40° to +85°C (–40° to +185°F)
(per IEC/EN 60068-2-1 and 
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: Front panel display is impaired for temperatures below 

–20°C and above +70°C.

DeviceNet Communications 
Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in 
ambient temperatures of 85°C or less. 

As many as 34 inputs are allowed in 
ambient temperatures of 75°C or less. 

As many as 44 inputs are allowed in 
ambient temperatures of 65°C or less. 

Operating Environment

Insulation Class: I

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude Without 
Derating (Consult the 
Factory for Higher 
Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screw (#8—32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block Screw Size: #6

Ring Terminal Width: 0.310 inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05
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Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel (2-line display 

models)
IP54 enclosed in panel (touchscreen 

models)
IP20 for relay backside panel
IP50-rated for terminals enclosed in the 

dust-protection assembly (protection 
against solid foreign objects only) 
(SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

Vibration Resistance: IEC 60255-21-1: 1988
IEC 60255-27: 2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2: 1988
IEC 60255-27: 2013, Section 10.6.2.2
IEC 60255-27: 2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3: 1993
IEC 60255-27: 2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1: 2007
IEC 60255-27: 2013, Section 10.6.1.2
IEC 60255-27: 2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2: 2007
IEC 60255-27: 2013, Section 10.6.1.1
IEC 60255-27: 2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 10 days

Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14: 2009
IEC 60255-1: 2010 section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, ethernet
ports
2.0 kVac on analog inputs, IRIG, PTC
2.5 kVac on contact I/O
3.6 kVdc on power supply, ac current, 
and voltage input terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs, PTC

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs, PTC

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2012
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

IEC 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A
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Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range: 10–70 Hz

Digital Filtering: One-cycle cosine after low-pass analog 
filtering. Net filtering (analog plus 
digital) rejects dc and all harmonics 
greater than the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per power 
system cycle (except for math 
variables and analog quantities, which 
are processed every 25 ms). Analog 
quantities for rms data are determined 
through the use of data averaged over 
the previous 8 cycles.

Arc Flash Processing: Arc-flash light is sampled 32 times per 
cycle. Arc-flash current, light, and 
2 fast hybrid outputs are processed 
16 times per cycle

Oscillography

Length: 15, 64, or 180 cycles

Sampling Rate: 32 samples per cycle unfiltered

4 samples per cycle filtered

Trigger: Programmable with Boolean expression

Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per 

cycle unfiltered)

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for all RWBs Except 
RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): ±5 ms

Time-Stamp Accuracy (With 
Respect to Time Source) 
for RWBs Corrsponding to 
Digital Inputs (INxxx) and 
Arc-Flash Element (TOLx, 
50xAF, OUTxxx): 1 ms

Relay Elements

Thermal Overload (49)

Full-Load Current 
(FLA) Limits:

0.2–5000.0 A primary 
(limited to 20–160% of CT rating)

Locked Rotor Current: 2.5–12.0 • FLA

Hot Locked Rotor Time: 1.0–600.0 seconds

Service Factor: 1.01–1.50

Accuracy: 5% ±25 ms at multiples of FLA > 2 
(cold curve method)

PTC Overtemperature (49)

Type of Control Unit: Mark A

Max. Number of Thermistors: 6 in a series connection

Max. Cold Resistance: 1500 Ω

Trip Resistance: 3400 ±150 Ω

Reset Resistance: 1500–1650 Ω

Short Circuit Trip Resistance: 25 Ω ±10 Ω

Undercurrent (Load Loss) (37)

Setting Range: Off, 0.10–1.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.4–120.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Current Unbalance and Phase Loss (46)

Setting Range: Off, 5–80%

Accuracy: ±10% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–240 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overcurrent (Load Jam)

Setting Range: Off, 1.00–6.00 • FLA, 0.01 s FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A rms 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0–120 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Short Circuit (50P)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50G)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Ground Fault (50N)

Setting Range:

1 A, 5 A models: ±5% of setting plus 
±0.01 INOM A secondary

2.5 mA models: ±5% of setting plus 
±0.02 INOM A secondary

Accuracy: ±5% of setting ±0.05 mA secondary

Maximum Pickup/Dropout Time:

1 A, 5 A models: 1.5 cycles/1.5 cycles

2.5 mA models: 100 ms + 1.5 cycles/1.5 cycles 
(for the 2.5 mA models the 50NxD 
element includes a security timer of 
100 ms)
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Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Maximum Pickup/Dropout 
Time:

100 ms* + 1.5 cycles/1.5 cycles

Time Delay: 0.0–5.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

* For the 2.5 mA models the 50NxD element includes a security timer of 
100 ms).

Negative-Sequence Overcurrent (50Q)

Setting Range: Off, 0.10–20.00 • FLA, 0.01 • FLA 
increment

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range (50PAF), A Secondary:

5 A models:
1 A models:

0.50–100.00 A, 0.01 A steps
0.10–20.00 A, 0.01 A steps

Pickup Setting Range (50NAF), A Secondary:

5 A models:
1 A models:

0.05–10.00 A, 0.01 A steps
0.01–2.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL8)

Pickup Setting Range, Percent 
of Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51Q)

Pickup Setting Range, A Secondary

5 A models:
1 A models:

Off, 0.50–10.00 A, 0.01 A steps
Off, 0.10–2.00 A, 0.01 A steps

Accuracy: ±5% of setting ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, ±4% between 2 and 30 
multiples of pickup (within rated 
range of current)

Differential Protection (87M)

Setting Range: Off, 0.05–8.00 A secondary

Accuracy: ±5% of setting ±0.10 A secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–60.0 s, 0.01 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Undervoltage (27)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Overvoltage (59)

Vnm = [VNOM/PT Ratio] if DELTA Y := DELTA
Vnm = [VNOM/(1.732 • PT Ratio)] if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 pu • Vnm, 
0.01 increment

Accuracy: ±5% of setting ±2 V secondary

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay: 0.0–120.0 s, 0.1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Inverse-Time Undervoltage (27I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
positive-sequence elements, phase-to-
phase elements with delta inputs, or 
synchronism-check voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 0.95 and 
0.1 multiples of pickup 

Inverse-Time Overvoltage (59I)

Setting Range: OFF, 2.00–300.00 V (Phase elements, 
sequence elements, or phase-to-phase 
elements with delta inputs or 
synchronism voltage input)

OFF, 2.00–520.00 V (Phase-to-phase 
elements with wye inputs)

Accuracy: ±1% of setting plus ±0.5 V

Time Dial: 0.00–16.00 s

Accuracy: ±1.5 cyc plus ±4% between 1.05 and 
5.5 multiples of pickup

Underpower (37)

Setting Range: Off, 1–25000 kW, 1 kW increment 
primary

Accuracy: ±3% of setting ±5 W secondary

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Reactive Power (VAR)

Setting Range: Off, 1–25000 kVAR primary

Accuracy: ±5% of setting ±5 VAR secondary for 
PF between –0.9 to +0.9

Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Power Factor (55)

Setting Range: Off, 0.05–0.99, 0.01 increment

Accuracy: ±5% of full scale 
for current ≥ 0.5 • FLA
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Maximum Pickup/Dropout 
Time: 10 cycles

Time Delay: 0.0–240.0 s, 1 s increment

Accuracy: ±0.5% of setting ±1/4 cycle

Frequency (81)

Setting Range: Off, 15.00–70.00 Hz, 0.01 Hz increments

Accuracy: ±0.01 Hz

Maximum Pickup/Dropout 
Time: 5 cycles

Time Delay: 0.00–400.00 s, 0.1 s increments

Accuracy: ±0.5% of setting ±1/4 cycle

Loss of Field (40)

Zone 1 and Zone 2 Offset: 0.0–50.0 Ω for 5 A
0.0–250.0 Ω for 1 A

Zone 1 and Zone 2 Diameter: 5 A model: 0.1–100.0 Ω
1 A model: 0.5–500.0 Ω

Steady-State Impedance 
Accuracy:

5 A model: ±0.1 Ω, ±5% of 
(offset + diameter)

1 A model: ±0.5 Ω, ±5% of 
(offset + diameter)

Minimum Pos.-Seq. 
Signals:

5 A model: 0.25 V (V1), 0.25 A (I1)
1 A model: 0.25 V (V1), 0.05 A (I1)

Directional Element 
Angle: –20.0° to 0.0°

Pickup Time: 3 cycles (max)

Zone 1 and Zone 2 Definite-
Time Delays: 0.00–400.00 s, 0.01 s step

Accuracy: ±0.1%, ±1/2 cycle

Out-of-Step Element (78)

Forward Reach:

5 A model: 
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Reverse Reach:

5 A model:
1 A model: 

0.1–100.0 Ω
0.5–500.0 Ω

Single Blinder

Right Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Left Blinder: 

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Double Blinder

 Outer Resistance Blinder:

5 A model: 
1 A model: 

0.2–100.0 Ω
1.0–500.0 Ω

Inner Resistance Blinder:

5 A model: 
1 A model: 

0.1–50.0 Ω
0.5–250.0 Ω

Steady-State Impedance Accuracy:

5 A model: 
1 A model: 

±0.1 Ω, ±5% of diameter
±0.5 Ω, ±5% of diameter

Pos.-Seq. Current Supervision:

5 A model: 
1 A model: 

0.25–30.00 A
0.05–6.00 A

Pickup Time: 3 cycles (Max)

Definite-Time Delay: 0.00–1.00 s, 0.01 s step

Trip Delay Range: 0.00–1.00 s, 0.01 s step

Trip Duration Range: 0.00–5.00 s, 0.01 s step

Accuracy: ±0.1% of user setting, ±8.3 ms at 60 Hz

Field Under/Overcurrent

Setting Range: Off, 1.0–2000.0 A dc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Under/Overvoltage

Setting Range: Off, 1.0–350.0 Vdc, 0.1 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Time Delay Range:

Level 1:
Level 2:

0.3–100.0 s, 0.1 s increment
0.3–100.0 s, 0.1 s increment

Time Delay Accuracy: ±0.5% +1/4 cycle

Field Resistance

Setting Range: Off, 0.10–500.00 Ω, 0.01 increment

Accuracy: 1% of full scale reading

Maximum Pickup/Dropout 
Time: 1.5 cycles

Timers

Setting Range: Various

Accuracy: ±0.5% of setting ±1/4 cycle

RTD Protection

Setting Range: Off, 1–250°C

Accuracy: ±2°C

RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <–50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Ω max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs:

As high as 1.4 Vac (peak) at 50 Hz or 
greater frequency

RTD Fault/Alarm/Trip Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac phase currents 

within (0.2–20.0) • INOM A secondary, ac neutral currents within 
(0.2–2.0)  • INOM A secondary, and ac voltages within 50–250 V 
secondary, unless otherwise noted.

Phase Currents: ±1% of reading, ±1° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

Three-Phase Average Current: ±1% of reading, ±0.02 • INOM

IG (Residual Current): ±2% of reading, ±0.02 •INOM, ±2°

IN (Neutral Current): ±1% of reading, ±2° (±2.5° at 
0.2–0.5 A for relays with INOM = 1 A)

3I2 Negative-Sequence 
Current: ±2% of reading, ±0.02 • INOM
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IA87, IB87, IC87 Differential 
Currents: ±1% of reading

Current Unbalance (%): ±2% of reading, ±0.02 • INOM

System Frequency: ±0.01 Hz of reading for frequencies 
within 15–70 Hz (V1 > 60 V)

Thermal Capacity: ±1% TCU
Time to trip ±1 second

Slip: ±5% slip for 100% > speed ≥ 40%

±10% slip for 40% > speed > 0%

Line-to-Line Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Line Voltage: ±1% of reading for voltages

Line-to-Neutral Voltages: ±1% of reading, ±1° for voltages

Three-Phase Average Line-to-
Neutral Voltages: ±1% of reading for voltages

Voltage Imbalance (%): ±2% of reading

3V2 Negative-Sequence 
Voltage: ±2% of reading for voltages

Real Three-Phase 
Power (kW): ±3% of reading for 0.10 < pf < 1.00

Reactive Three-Phase 
Power (kVAR): ±3% of reading for 0.00 < pf < 0.90

Apparent Three-Phase 
Power (kVA): ±3% of reading

Power Factor: ±2% of reading for 0.97 ≤ PF ≤ 1

RTD Temperatures: ±2°C
Field Voltage: ±1% of full-scale reading

Field Current: ±1% of full-scale at 25°C

Field Resistance: ±3% of full-scale reading

Energy Meter

Accumulators: Separate IN and OUT accumulators 
updated once per second, transferred to 
non-volatile storage 4 times per day.

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter 
depends on applied current and power 
factor as shown in the power metering 
accuracy specifications above. The 
additional error introduced by 
accumulating power to yield energy is 
negligible when power changes slowly 
compared to the processing rate of 
once per second.

a Front-port serial cable (non-fiber) lengths assumed to be <3 m.
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SEL-751A

Summary
Sales Item Number 751A#R779 

Part Number 751A01ACA1A74850000 

Standard Features

Selected Options

Firmware Standard

Con�gurable
Labels

No

Sot A Power
Supply Voltage

110-250 Vdc (110-240 Vac); 50/60 Hz

Map

Protection

• Overcurrent

• Over/Under Frequency

• Breaker Monitoring

• Breaker Failure

Hardware

• 3-Phase AC Current Inputs
(Slot Z)

• Neutral AC Current Input (Slot
Z)

• 2 Digital Inputs (DI) (Slot A)

• 3 Digital Outputs (DO) (Slot A)

• IRIG-B Time Code Input (Slot
B)

Human-Machine Interface (HMI)

• Display

• 4 Programmable Pushbuttons
With Two LEDs each

• 8 Target LEDs (6
Programmable)

• Operator Control Interface

• User Con�gurable Labels

• EIA-232 Port (Port F)

Protocols

• IEEE C37.118
Synchrophasors

• Modbus RTU

• SEL ASCII and Compressed
ASCII

• SEL Fast Meter, Fast Operate,
Fast SER

• SEL Fast Message

• Ymodem File Transfer

• SEL MIRRORED BITS

Communications

• Event Messenger

Other

• Instruction Manual CD

• ACSELERATOR QuickSet
SEL-5030 Software

• User Con�gurable Labels

https://selinc.com/products/part-mapping/?partNumber=751A01ACA1A74850000


Slot A Digital
Input Voltage

125 Vdc/Vac

Slot B Ethernet
(Port 1)

None

Slot B Multimode
Fiber ST (Port 2)

No

Slot B Rear Serial
(Port 3)

EIA-232

IEC 61850
Protocol

No

DNP3 Protocol No

Slot C 4 DI / 4 DO Fast High Current (Form A)

Slot C Digital
Input Voltage

125 Vdc/Vac

Slot D 4 DI / 4 DO Electromechanical (Form A)

Slot D Digital
Input Voltage

125 Vdc/Vac

Slot E 3 AVI / 4 AFDI (300 Vac) / 4 Arc-Flash Detection Inputs

Slot E Digital
Input Voltage

NA

Slot Z 4 ACI

Slot Z Current
Inputs

5 Amp Phase, 5 Amp Neutral

Conformal Coat No

For Arc-Flash Detection Point Sensors, Bare-Fiber
Sensors, or Cable Accessories, see SEL-C804
Multimode Fiber-Optic Arc-Flash Detection (AFD)
Sensors and C814 Arc-Flash Detection (AFD) Fiber
Cables and Accessories.
In order to achieve the 2-5 ms operate times for Arc-
Flash Protection it is required that the SEL-751A include
a 4 DI/4 DO Fast High Current Interrupting Card.



SEL-751A
Feeder Protection Relay

2 ms arc-flash protection and feeder 
relay in one platform

• Combine light sensor inputs with high-speed overcurrent 
protection to achieve secure arc-flash protection in as fast 
as 2 ms.

• Enhance protection using voltage, frequency, and 
communications-based solution options.

• Use IEEE C37.118 synchrophasor measurements to accurately 
monitor wide-area power system conditions and to make 
decisions based on state measurements.



ANSI Numbers/Acronyms and Functions 
25 Synchronism Check*
27 Undervoltage* 
32 Directional Power*
50 Adaptive Overcurrent
50 (P,G,Q) Overcurrent (Phase, Ground, Neg. Seq.)
50N Neutral Overcurrent
50N AF Arc-Flash Neutral Overcurrent*
50P AF Arc-Flash Phase Overcurrent*
51 (P,G,Q) Time Overcurrent (Phase, Ground, Neg. Seq.)
51N Neutral Time Overcurrent
52PB Trip/Close Pushbuttons
55 Power Factor*
59 Overvoltage*
79 Autoreclosing*
81 (O,U,R,RF) Over-/Underfrequency (Rate, Fast Rate)*
85 RIO SEL Mirrored Bits® Communications
AFD Arc-Flash Detector*
BRM Breaker Wear Monitor
DFR Event Reports
LOP Loss-of-Potential Logic*

Additional Functions
HMI Operator Interface
LDP Load Data Profiling
LGC SELogic® Control Equations
PMU Synchrophasors
RTD Temperature
RTU Remote Terminal Unit
SBM Station Battery Monitor*
SER Sequential Events Recorder

Functional Overview

1 Copper or fiber-optic*Optional feature

Bus

Line

4

EIA-232
EIA-485

2

Ethernet1

1

IRIG-B

1

1

1

3

3

2551N50N

27

27

3255

59

LOP

79

50P
AF

50N
AF

52PB

59P
G
Q

50P
G
Q

R
F81O

U
R

51P
G
Q

85
RIO

AFD

BRM DFR RTD HMI LGC LDP MET

PMU SBMRTU SER

SEL-751A
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Breaker

CBCT
Measured residual current IG*



Key Features
Feeder Protection
Protect radial and looped distribution circuits with 
comprehensive protection, including time-overcurrent, 
autoreclosing, over-/undervoltage, frequency, and many 
more protection capabilities.

Arc-Flash Mitigation
Improve safety for personnel with optional arc-flash 
detection. The SEL-751A Feeder Protection Relay offers 
combined light and high-speed overcurrent detection for 
arc-flash events—the ideal solution for speed and security.

Automation and Control
Apply the SEL-751A on feeders to provide protection, 
automation, and control, all in one package. SELogic 
control equations support many automated applications 
without the need for additional automation controllers. The 
configurable front-panel buttons can replace conventional 
panel controls to simplify applications and wiring.

Event Analysis
Conduct post-event analysis more efficiently with detailed 
event records that combine oscillographic and digital 
information, making it easier to find the root cause. You 
can also add a satellite-synchronized time source, such as 
an SEL-2401 or SEL-2407® Satellite-Synchronized Clock, to 
conveniently align event information from multiple devices.

Situational Awareness
Improve situational awareness and asset utilization with 
IEEE C37.118 synchrophasor measurement via the serial 
port. Aggregated synchrophasor information from across 
your system can help you understand system trends, make 
decisions based on state measurement rather than state 
estimation, and perform post-event analysis.

Harsh Environments
Rely on the SEL-751A for protection and control 
applications even in harsh and hazardous environments. 
The SEL-751A is designed and tested to meet and 
exceed utility and industrial requirements. An operating 
temperature range of –40° to +85°C (–40° to +185°F); 
Class 1, Division 2 approval; and optional conformal coating 
mean this relay will provide years of reliable service.



Product Overview

The 2 × 16 character LCD provides navigation, relay 
control, data, and diagnostics via default messages 
or up to 32 customizable display messages.

 
Programmable operator 
pushbuttons with 
user-configurable 
labels allow front-panel 
customization.

Programmable front-
panel LEDs with 
user-configurable 
labels alert operators 
to faulted phases and 
element operation.



Power supply options include 24–48 Vdc  
or 110–250 Vdc/110–240 Vac.

Card slots include 
positions for optional I/O, 
a voltage input card, or 
an arc-flash detection 
card with sensors that 
help improve safety and 
prevent damage.

The optional fiber-
optic serial port 
provides quick and easy 
engineering access.

Phase current and optional 
phase voltage inputs are on 
one card, freeing up space 
for additional seLect™ I/O 
card options.

A wide variety of 
communications protocols 
and media provide flexibility 
to communicate with other 
devices and control systems.



Combine light-sensing technology with fast overcurrent 
protection to provide high-speed arc-flash detection as fast 
as 2 milliseconds without false tripping.

Fast and secure arc-flash protection reduces the incident 
energy of arc-flash events. SEL-751A Relays have 
integration and communications features for secure 

Reduce Arc-Flash Hazards

Easily mounted point sensors 
detect light from the arc flash.

Clear-jacketed fiber sensors 
detect light from the arc flash 
over the entire length of the fiber 
loop. This type of sensor is ideal 
for large areas, such as busbars.

Feeder RelayFeeder Relay

SEL-751A

SEL-751ASEL-751A

remote access. With wireless or remote communications, 
you can keep out of the danger zone completely while 
gathering important real-time and historical data from the 
relays to coordinate protection for faster clearing times. 



Coordinate Protection
Use SEL Mirrored Bits communications to coordinate 
upstream protection if a fault occurs. Coordination and 
fast-bus trip schemes allow short delays (two or three 
cycles) for backup protection, reducing arc-flash energy. MIRRORED BITS®

Communications
SEL-751A

Generator 
Relay

SEL-700G

Stay Outside the Danger Zone
Remotely obtain metering, event, and maintenance 
information from the relay with Ethernet or serial 
communications. Optional delayed breaker tripping or 
closing via pushbuttons allows personnel to move to a  
safe distance.

If you must be in the danger zone, know the dangers and 
wear appropriate personal protective equipment. If you do 
not know the arc-flash ratings and zones for your gear, the 
SEL Engineering Services team can provide professional  
arc-flash hazard studies and practical approaches to 
mitigate arc-flash risks.

Restricted Approach Boundary 
An approach limit at a distance from an exposed 
energized electrical conductor or circuit part 
within which there is an increased likelihood of 
electric shock, due to electrical arc-over combined 
with inadvertent movement.

Ethernet or Serial

Limited Approach Boundary 
An approach limit at a distance 
from an exposed energized 
electrical conductor or circuit part 
within which a shock hazard exists.

Arc-Flash Boundary 
When an arc flash hazard exists, an 
approach limit from an arc source at which 
incident energy equals 1.2 cal/cm2 (5J/cm2) 
for one second*. 

Remote Access

This boundary can be greater or less than the 
limited approach boundary, based on the results of 
the arc-flash assessment.

Arc-rated PPE is required when within the arc-flash 
boundary. 

*According to the Stoll skin 
burn injury model, the onset 
of a second degree burn on 
unprotected skin is likely to 
occur at an exposure of 1.2 
cal/cm2 (5J/cm2) for one 
second.



Applications
Feeder Protection
Provide comprehensive protection capabilities, including 
time-overcurrent, over-/undervoltage, autoreclosing, 
frequency, and many more.

Arc-Flash Mitigation
Improve safety and prevent damage with arc-flash detection 
in the SEL-751A. You can choose point sensors, loop sensors, 
or a combination to protect a wide variety of switchgear 
configurations.

Optical Arc-Flash
Detector 

LED Circuit for
Continuous
Self-Testing

Clear-Jacketed Fiber  Black-Jacketed Fibers 
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Black-Jacketed Light Fibers 

Ch. 2

Ch. 3

Ch. 4

Ch. 1

Diffuser

Point Sensor
(SEL-C804) Application

ST–ST Connector

Fiber Sensor
(SEL-C804) Application
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SEL-751ASwitchgear

Core-Balance Current Transformer

Trip

N
A

BC

52

SEL-751A

Industrial Feeder Protection
Implement overcurrent, voltage, and frequency protection 
for industrial and commercial feeders. The addition of a 
core-balanced CT detects ground faults and provides an 
added level of protection. 

ABC

Distribution Bus

52
Trip and Close

Utility Distribution Feeder
Protection and Reclosing  

SEL-751A



Easy to Set and Use
Set, Monitor, and Control the SEL-751A With 
acSELErator QuickSet® SEL-5030 Software
• Save engineering time, and simplify device setup. 

QuickSet allows you to communicate with the SEL-751A 
through any ASCII terminal or with the software graphical 
user interface.

• Develop settings offline with a menu-driven interface 
and completely documented help screens. By copying 
existing settings files and modifying only application-
specific items, you can decrease the installation time.

• Simplify the setting procedure with rule-based 
architecture to automatically check interrelated 
settings. QuickSet highlights out-of-range or conflicting 
settings for correction.

Retrieve and Display Event Reports With 
acSELErator tEam® SEL-5045 Software
• View event report oscillograms as a plot of magnitude 

versus time. You can select analog and digital points to 
build a custom display. 

• Analyze arc-flash events using the light intensity and 
phase current waveforms recorded during an arc fault.

• Display phase and symmetrical component phasors. 
The phasor view of electrical data can help you better 
understand asymmetrical three-phase faults. You can 
also build a custom plot using per-phase and symmetrical 
component sequence currents and voltages.

• Retrieve event reports using serial or Ethernet 
communications links.

Light 
intensity

Operate times as 
fast as 2 ms

Fault-clearing 
time

5.0 7.5
Cycles

10.0

Phase 
current



Mounting and Enclosure Options
Mount the SEL-751A into multiple locations using our complete 
line of mounting and enclosure options. Panel-mount, rack-
mount, wall-mount, indoor, or outdoor configurations provide 
solutions for any application. The optional mounting kits do 
not require any cutting or drilling, making the replacement of 
existing protection quick and easy. 

Visit www.selinc.com/applications/mountingselector to 
see the complete selection of mounting and enclosure kits.



SEL-751A Specifications
General
AC Current 
Inputs

5 A, 1 A, 50 mA, or 2.5 mA (high sensitivity) secondary, 
depending on model

AC Voltage 
Inputs

300 Vac continuous, 600 Vac for 10 seconds

Output Contacts The relay supports Form A, B, and C outputs.

Optoisolated 
Control Inputs

DC/ac control signals: 250, 220, 125, 110, 48, or 24 V

Frequency and 
Phase Rotation

System frequency: 50, 60 Hz

Phase rotation: ABC, ACB

Frequency tracking: 15–70 Hz (requires ac voltage inputs)

Arc-Flash 
Time-Overlight®  
Elements  
(TOL1–TOL4)

Pickup time: 2–5 ms

Dropout time: 1 cycle

Communications 
Media

Ethernet 10/100BASE-T; Ethernet 100BASE-FX; single or dual 
Ethernet ports; EIA-232 serial; EIA-485 serial; fiber-optic or 
serial multimode ST connectors

Communications 
Protocols

Mirrored Bits communications; IEC 61850; Modbus RTU/TCP; 
DNP3 serial and LAN/WAN; DeviceNet; Telnet; File Transfer 
Protocol (FTP); Simple Network Time Protocol (SNTP); simple 
and compressed ASCII; extended Fast Meter and Fast Operate; 
Fast SER; Event Messenger; IEEE C37.118 synchrophasors (via 
serial port only)

Power Supply 110–250 Vdc or 110–240 Vac
Input voltage range: 85–300 Vdc or 85–264 Vac

24–48 Vdc
Input voltage range: 19.2–60 Vdc

Operating  
Temperature1

–40 to +85°C (–40 to +185°F)

1 LCD contrast is impaired for temperatures below –20°C (–4°F) and above +70°C (+158°F).
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Major Features and Benefits
The SEL-751A Feeder Protection Relay provides an excep-
tional combination of protection, monitoring, control, and
communication in an industrial package.

➤ Standard Protection Features. Protect lines and equip-
ment with phase, negative-sequence, residual-ground, and
neutral-ground overcurrent elements. Implement load
shedding and other control schemes with current-based
over- and underfrequency and breaker failure protection
for one three-pole breaker.

➤ Optional Arc-Flash Protection. Use the SEL-751A with
optional four-channel fiber-optic arc-flash detector inputs
and protection elements. Settable arc-flash phase and neu-
tral overcurrent elements combined with arc-flash light
detection elements provide secure, reliable, and fast acting
arc-flash event protection.

➤ Optional Protection Features. Use the SEL-751A with
one of the voltage input options to provide over- and
underfrequency, rate-of-change of frequency, fast rate-of-change of frequency (for Aurora vulnerability
mitigation), measured residual current input CT, over- and undervoltage, synchronism-check, dc station
battery monitor, arc-flash, power elements, and demand metering elements.

➤ Operator Controls and Reclosing. Easy tripping and closing of the breaker with four programmable
front-panel pushbuttons. Implement remote and local control functions, and selectively reclose with syn-
chronism and voltage checks (optional).

➤ Relay and Logic Settings Software. ACSELERATOR QuickSet® SEL-5030 Software reduces engineer-
ing costs for relay settings and logic programming. Tools in QuickSet make it easy to develop SELOGIC®

control equations.

➤ Metering and Monitoring. Use built-in metering functions to eliminate separately mounted metering
devices. Analyze Sequential Events Recorder (SER) reports and oscillographic event reports for rapid
commissioning, testing, and post-fault diagnostics. Unsolicited SER protocol allows station-wide
collection of binary SER messages. The arc-flash detection option provides light metering and event
reports for commissioning and arc-flash event capture for analysis.

➤ Wye or Delta Voltage Inputs. Optional voltage inputs allow for either wye-connected, open-delta-con-
nected, or single voltage inputs to the relay. 

➤ Additional Standard Features. The SEL-751A also includes Modbus RTU, Event Messenger support,
MIRRORED BITS® communications, load profile, breaker wear monitoring, support for 12 external RTDs
(SEL-2600), IRIG-B input, advanced SELOGIC, and IEEE C37.118-compliant synchrophasor protocol
(supported on serial ports only).

➤ Optional Features. Select from a wide offering of optional features, including IEC 61850, DNP3 serial
and LAN/WAN, Modbus TCP/IP, Simple Network Time Protocol (SNTP), 10 internal RTDs, expanded
digital/analog I/O, voltage inputs, arc-flash fiber-optic inputs, additional EIA-232 or EIA-485 communication
ports, fiber-optic serial port, single or dual, copper-wire or fiber-optic Ethernet ports, and configurable labels.

SEL-751A Feeder Protection Relay
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Functional Overview

Figure 1 Functional Diagram

Auto-Reclosing

Synchronism 
Check

Overcurrent

•  Sequential Events Recorder

•  Event Reports and Load Profiles

•  SEL ASCII, Ethernet*,  Modbus TCP*, IEC 61850*, DNP3 
LAN/WAN*, DNP3 Serial*, Modbus RTU, SNTP*, Telnet*, 
FTP*, and  DeviceNet Communications* 

•  Event Messenger Compatible

•  Front-Panel LED Programmable Targets

•  Two Inputs and Three Outputs Standard

•  I/O Expansion*—Additional Contact Inputs,  Contact 
Outputs, Analog Inputs, Analog Outputs, and RTD 
Inputs

•  ST Fiber-Optic Communications Port*

•  Single or Dual Ethernet,  Copper or Fiber-Optic 
Communications Port*

•  Battery-Backed Clocked, IRIG-B Time-Synchronization

•  Instantaneous Metering

•  Programmable Front Pushbuttons and LED Indicators

•  Advanced SELOGIC Control Equations

•  32 Programmable Display Messages

•  Station Battery Monitor*

•  Breaker Wear Monitoring

•  Synchrophasor Protocol

•  Arc-Flash Protection*

•  Peak Demand, Demand Metering*

•  Aurora Mitigation Islanding Detection (81RF Element)*

* Optional Functions

• Phase

• Ground

• Neg-Seq

• Phase

• Ground (calculated or measured IG)

• Neg-Seq

Time-Overcurrent

Arc-Flash Neutral
Overcurrent
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Protection Features
The SEL-751A includes a robust set of phase, negative-
sequence, residual, and neutral overcurrent elements.
Each element type has four levels of instantaneous pro-
tection. Each element type has two time-overcurrent
elements (except negative-sequence, which has one time-
overcurrent element). Table 1 lists the curves available in
the SEL-751A.

The SEL-751A has two reset characteristic choices for
each time-overcurrent element. One choice resets the
elements if current drops below pickup for at least one
cycle. The other choice emulates electromechanical
induction disc elements, where the reset time depends on
the time dial setting, the percentage of disc travel, and
the amount of current. 

Overcurrent Elements for Phase 
Fault Detection
Phase and negative-sequence overcurrent elements detect
phase faults. Negative-sequence current elements ignore
three-phase load to provide more sensitive coverage of
phase-to-phase faults. Phase overcurrent elements detect
three-phase faults, which do not have significant
negative-sequence quantities.

Overcurrent Elements for Ground 
Fault Detection
Calculated residual current or optional measured residual
current (IG), neutral (IN), and negative-sequence overcurrent

elements detect ground faults. In addition to the 1 A/5 A
neutral CT, the SEL-751A offers optional high-sensitive
neutral element with 50 mA or 2.5 mA nominal current
rating.

Wye or Open-Delta Voltages
Wye-connected (four-wire) voltage or open-delta-
connected (three-wire) voltage can be applied to three-
phase voltage inputs VA, VB, VC, and N, as shown in
Figure 2. You only need to make a global setting
(DELTA_Y = wye or DELTA_Y = delta) and an external
wiring change—no internal relay hardware changes or
adjustments are required. Thus, a single SEL-751A
model meets all your distribution protection needs,
regardless of available three-phase voltage.

In addition, the SEL-751A supports single voltage input.
For customers with a single PT input, the SEL-751A will
assume balanced voltage input for all protection and
metering functions.

Loss-of-Potential Logic
The SEL-751A includes loss-of-potential (LOP) logic
that detects one, two, or three blown potential fuses. This
patented LOP logic is unique because it does not require
settings and is universally applicable. The LOP feature
allows the blocking of protection elements to add secu-
rity during fuse failure.

Synchronism Check
When you order the 5 AVI voltage option card, single-
phase voltage (phase-to-neutral or phase-to-phase) is
connected to voltage input VS/NS for synchronism
check across a circuit breaker (or hot/dead line check).
You can use synchronism-check voltage to coordinate
reclosing with the optional recloser control.

Table 1 Time-Overcurrent Curves

US IEC

Moderately Inverse Standard Inverse

Inverse Very Inverse

Very Inverse Extremely Inverse

Extremely Inverse Long-Time Inverse

Short-Time Inverse Short-Time Inverse
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Figure 2 Connect Wye or Open-Delta Voltage to 
SEL-751A Three-Phase Voltage Inputs

Voltage and Frequency Elements for 
Extra Protection and Control

Over- and Undervoltage Elements
Phase-to-ground, phase-to-phase, negative-sequence, and
residual overvoltage (59) and phase-to-ground or phase-
to-phase undervoltage (27) elements in the SEL-751A
create the following protection and control schemes:

➤ Trip/alarm or event report triggers for over- and
undervoltage conditions.

➤ Undervoltage (27) load shedding scheme (having both
27 and 81U load shedding schemes allows detection
of system MVAR- and MW-deficient conditions).

Over- and Underfrequency Protection
Six levels of secure overfrequency (81O) or underfre-
quency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.
The SEL-751A makes frequency measurements with the

voltage input (if available) and switches automatically to
current input when voltages are not available. 

Implement an internal multistage frequency trip/restore
scheme at each breaker location using the multiple over-
and underfrequency levels. This method avoids the cost
of wiring a complicated trip and control scheme from a
separate frequency relay.

Rate-of-Change-of-Frequency Protection 
(Optional)
Four independent rate-of-change-of-frequency elements
are provided with individual time delays for use when
frequency changes occur, for example, when there is a
sudden imbalance between generation and load. They
call for control action or switching action such as net-
work decoupling or load shedding. Each element
includes logic to detect either increasing or decreasing
frequency and above or below nominal frequency.

Fast Rate-of-Change-of-Frequency Protection 
for Aurora Vulnerability Mitigation (Optional)
The fast rate-of-change-of-frequency protection, 81RF,
provides a faster response compared to frequency (81)
and rate-of-change-of-frequency (81R) elements. The
fast operating speed makes the 81RF element suitable for
detecting islanding conditions. The element uses a char-
acteristic (see Figure 3) based on the frequency deviation
from nominal frequency  and the
rate-of-change of frequency (DF3C) to detect islanding
conditions. A time window of three cycles is used to cal-
culate the value of DF3C. Under steady-state conditions,
the operating point is close to the origin. During island-
ing conditions, the operating point enters Trip Region 1
or Trip Region 2 of the characteristic, depending on the
acceleration or deceleration of the islanded system.
(81RFDFP in Hz) and (81RFRP in Hz/sec) are the set-
tings used to configure the characteristic.

Figure 3 81RF Characteristic

A CB

(Setting DELTA_Y = WYE)

SEL-751A Relay

SEL-751A Relay

VA

VB

VC

N

E01

E02

E03

E04
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E02

E03

E04
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VB

VC

N

(Setting DELTA_Y = DELTA)

fΔ FREQ FNOM–=( )

DF3C Hz/s
(df/dt calculated over 3-cycle window)

0.2

—0.2

0.1
—0.1

Trip Region 2

Trip Region 1

DF (FREQ-FNOM) Hz
+81RFDFP

+81RFRP

—81RFDFP

—81RFRP
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Power Element Protection
The SEL-751A with optional voltage inputs provides two
power elements for detecting real (watts) or reactive
(VARS) positive or negative power flow levels for the
feeder application. Each power element has a definite-
time delay setting.

Arc-Flash Protection
An arcing short circuit or ground fault in low or medium
voltage switchgear can cause very serious equipment
damage and personal injury. They can also cause
prolonged and expensive downtime.

The best way to minimize the impact of an arc-flash
event is to reduce the detection and circuit breaker
tripping times. Conventional protection may need several
cycles to detect the resulting overcurrent fault and trip
the breaker. In some cases, there may not be sufficient
current to detect an overcurrent fault. Tripping may be
delayed hundreds of milliseconds for sensitivity and
selectivity reasons in some applications.

The arc-flash detection-based (AFD) protection can act
on the circuit breaker in a few milliseconds (2–5 ms).
This fast response can limit the arc-flash energy thus
preventing injury to personnel and limiting or
eliminating equipment damage.

The arc-flash protection option in the SEL-751A relay
adds four-channel fiber-optic AFD inputs and protection
elements. Each channel has a fiber-optic  receiver and an
LED-sourced fiber-optic transmitter that continuously
self-tests and monitors the optical circuit to detect and
alarm for any malfunction.

There are two types of applications supported by the
SEL-751A.

Point Sensor Application
The arc is detected by transmitting the arc-flash light
captured by the optical diffuser (located appropriately in
the switchgear) over a 1000 µm plastic fiber-optic cable
to the optical detector in the relay. The relay performs
sensor loopback tests on the optical system using an
LED-based transmitter to transmit light pulses at regular
intervals to the point sensor assembly (over a second fiber-
optic cable). If the relay optical receiver does not detect this
light, the relay declares a malfunction and alarms.

Figure 4 (top) shows a diagram for the point sensor
application.

Figure 4 SEL-751A Arc-Flash Detection System

Clear-Jacketed Fiber Sensor Application
A second option for AFD uses a clear-jacketed 1000 µm
plastic fiber-optic cable located in the switchgear equip-
ment. One end of the fiber is connected to the optical
detector in the relay and the other end is connected to the
LED transmitter in the relay. The LED transmitter injects
periodic light pulses into the fiber as a sensor loopback
test to verify the integrity of the loop. The relay detects
and alarms for any malfunction. Figure 4 (bottom) shows
a diagram for the clear-jacketed fiber sensor application.

The SEL-751A AFD system provides four channels per
relay that can be configured for the point sensor or the
clear-jacketed fiber sensor applications. The optional fast
hybrid outputs (high speed and high current) of the relay
provide fast-acting trip outputs to the circuit breaker (less
than 50 µs). The fast breaker tripping can avoid serious
damage or personal injury in case of an arc-flash event.
The relay also provides light metering and light event
capture to aid in setting the relay and capturing the arc-
flash event for records and analysis.

Settable arc-flash phase and neutral overcurrent elements
are combined with arc-flash light detection elements to
provide secure, reliable, and fast acting arc-flash event
protection.
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Additional Ordering Options
You can order the following options for any SEL-751A
model (see the Model Option Table for details).

➤ Single or dual, copper or fiber-optic Ethernet port(s), 
Modbus TCP, SNTP, DNP3 serial and DNP3 
LAN/WAN, FTP, Telnet

➤ IEC 61850

➤ DeviceNet

➤ EIA-232 or EIA-485 communications

➤ Fiber-optic serial port (ST only)

➤ Additional EIA-232 or EIA-485 port

➤ Analog I/O (4 AI/4 AO, 8 AI)

➤ Digital I/O (4 DI/4 DO, 8 DI, 3 DI/4 DO/1 AO, 
4 DI/3 DO)

➤ Voltage options including monitoring package inputs 
(three-phase voltage input, synchronism-check input, 
station battery monitor input), advanced monitoring 
and protection, four-channel fiber-optic AFD inputs 
and protection, and measured residual current CT 
input. See Table 2.

➤ 10 RTDs

➤ Conformal coating for chemically harsh and high 
moisture environments

Table 2 Voltage Input Options

Voltage Input Options
Option (71) Option (72) Option (73) Option (74) Option (75/76)

SELECT 3AVIa 

a Voltage Options.

SELECT 5AVIb

b With Monitoring Package.

SELECT 5AVIc 

c With Monitoring and Advanced Metering and Protection Packages.

SELECT 3 AVI/4 AFDId

d With four-channel Arc-Flash Detector Inputs and Protection.

SELECT 5 AVI/1 ACIe

e SELECT 5 AVI/1 ACI With Residual Ground CT Input.

Under- and overvoltage elements (27, 59) x x x x x

Voltage based frequency measurement and 
tracking

x x x x x

Over-, underfrequency elements (81) x x x x x

Power factor elements (55) x x x x x

Loss-of-potential element (60LOP) x x x x x

Real, reactive, apparent power, and power 
factor metering

x x x x x

Energy metering x x x x x

Synchronism-check elements including under- 
and overvoltage elements (25, 27S, 59S)

x x x

Station dc battery voltage monitor x x x

Demand and peak demand metering x x x

Residual overvoltage element (59G) x x x

Negative-sequence overvoltage element (59Q) x x x

Rate-of-change-of-frequency element (81R) x x x

Fast rate-of-change-of-frequency element 
(81RF), Aurora mitigation

x x x

Power elements (32) x x x

4-channel optical arc-flash sensor inputs with 
continuous self-testing (AFD)

x

Arc-flash protection elements (50PAF, 50NAF) x

Residual current (IG) CT-based residual 
overcurrent elements (50G, 51G)

x
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Operator Controls and Reclosing

Operator Controls Eliminate 
Traditional Panel Control Switches 
Four conveniently sized operator controls are located on
the relay front panel (see Figure 5). You can set the SER
to track operator controls. You can also change operator
control functions using SELOGIC control equations.

Figure 5 Operator Controls for Standard and Optional 
Reclosing Models

The following operator control descriptions are for
factory-set logic.

In the standard SEL-751A, users can program the top
operator control and its corresponding two LEDs.  When
the SEL-751A is ordered with optional reclosing, the two
LEDs are programmed to give the status of the reclosing.
The two LEDs, RECL RESET and RECL LOCKOUT, indicate
whether the recloser is in the Reset or Lockout state.

The LOCK operator control blocks selected functions.
Press it for at least three seconds to engage or disengage
the lock function.  While locked in position, the
following operator controls cannot change state if
pressed: TRIP and CLOSE. 

Use the CLOSE and TRIP operator controls to close and
open the connected circuit breaker. Program with
intentional time delays to support operational
requirements for breaker-mounted relays. This allows the
operator to press the CLOSE or TRIP pushbutton, then move
to an alternate location before the breaker command is
executed.

Programmable Autoreclosing
When ordered with optional reclosing, the SEL-751A
can autoreclose a circuit breaker up to four times before
lockout. Use SELOGIC control equations to program the
SEL-751A to perform the following reclosing functions:

➤ Allow closing, e.g., when the load-side line is dead, or
when the two systems are in synchronism (optional).

➤ Advance the shot counter without tripping, e.g., when
another protective relay clears a fault, also known as
sequence coordination.

➤ Initiate reclosing, e.g., for particular protection trip
operations.

➤ Drive-to-lockout, e.g., when an optoisolated input is
deasserted. 

➤ Delay reclosing, e.g., after a trip caused by a close-in,
high-duty fault.

➤ Flexible reclose supervision failure scheme that
allows going to lockout or moving to the next avail-
able shot.

The reclosing shot counter controls which protective
elements are involved in each reclose interval.
Applications include fuse- and trip-saving schemes. The
front-panel LEDs (Reset and Lockout) track the
reclosing state.

Relay and Logic Settings Software
QuickSet Software simplifies settings and provides anal-
ysis support for the SEL-751A. With QuickSet you have
several ways to create and manage relay settings:

➤ Develop settings off-line with an intelligent settings
editor that only allows valid settings.

➤ Create SELOGIC control equations with a drag-and-
drop text editor.

➤ Configure proper settings using online help.

➤ Organize settings with the relay database manager.

➤ Load and retrieve settings using a simple PC commu-
nications link.

With QuickSet you can verify settings and analyze events;
and analyze power system events with the integrated
waveform and harmonic analysis tools. 

The following features of QuickSet can monitor,
commission, and test the SEL-751A:

➤ The PC interface will remotely retrieve power system
data.

➤ The HMI will monitor meter data, Relay Word bits,
and output contacts status during testing. The control
window allows resetting of metering quantities, arc-
flash sensor testing and diagnostics, and other control
functions.

TRIP
BREAKER OPEN

CLOSE
BREAKER CLOSED

BLOCK CLOSE

LOCK
DISABLED

ENABLED

AUX 1

TRIP
BREAKER OPEN

CLOSE
BREAKER CLOSED

BLOCK CLOSE

LOCK
DISABLED

ENABLED

RECL LOCKOUT

RECL RESET

Standard Recloser Option

Note: All text can 
be changed with 
the configurable 
labels.
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Metering and Monitoring
The SEL-751A provides extensive metering capabilities.
See Specifications on page 18 for metering and power
measurement accuracies. As shown in Table 3, metered
quantities include phase voltages and currents; sequence
voltages and currents; power, frequency, and energy; and
maximum/minimum logging of selected quantities. The
relay reports all metered quantities in primary quantities
(current in A primary and voltage in V primary).

Load Profile
The SEL-751A features a programmable load profile
(LDP) recorder that records as many as 17 metering
quantities into nonvolatile memory at fixed time inter-
vals. The LDP saves several days to several weeks of the
most recent data depending on the LDP settings.

Synchronized Phasor Measurement
Combine the SEL-751A with an SEL IRIG-B time source to
measure the system angle in real time with a timing accuracy
of ±10 µs. Measure instantaneous voltage and current
phase angles in real time to improve system operation
with synchrophasor information. Replace state measure-
ment, study validation, or track system stability. Use
SEL-5077 SYNCHROWAVE® Server Software or
SEL-5078 SYNCHROWAVE Console Software to view
system angles at multiple locations for precise system
analysis and system-state measurement (see Figure 6). 

Figure 6 View of System Angle at Multiple Locations

Event Reporting
Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex pro-
tective scheme operations. In response to a user-selected
trigger, the voltage, current, frequency, and element sta-
tus information contained in each event report confirms
relay, scheme, and system performance for every fault.
Decide how much detail is necessary when you request
an event report (e.g., 1/4-cycle or 1/16-cycle resolution,
filtered or raw analog data). 

The relay stores as many as 19 of the most recent
64-cycle or as many as 77 of the most recent 15-cycle
event reports in nonvolatile memory. The relay always
appends relay settings to the bottom of each event report.

The following analog data formats are available:

➤ 1/4-cycle or 1/16-cycle resolution

➤ Unfiltered or filtered analog

➤ ASCII or Compressed ASCII

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

The IRIG-B time-code input synchronizes the SEL-751A
time to within ±1 ms of the time-source input. A convenient
source for this time code is the SEL-2401 Satellite-
Synchronized Clock or the SEL-2032, SEL-2030, or
SEL-2020 Communications Processor (via Serial Port 2 or 3
on the SEL-751A).

Substation Battery Monitor
The SEL-751A relays that include the enhanced voltage
option with the monitoring package measure and report
the substation battery voltage connected to the VBAT ter-
minals. The relay includes two programmable threshold
comparators and associated logic for alarm and control. For
example, if the battery charger fails, the measured dc
falls below a programmable threshold. The SEL-751A

Table 3 Metering Capabilities 

Quantitiesa

a Single-phase power, energy, and power factor quantities are not 
available when delta-connected PTs are used.

Description 

Currents IA, IB, IC, IN, IG
Input currents, residual ground 
current (IG = 3I0 = IA + IB + IC 
OR measured IG)

Voltages VA, VB, VC Wye-connected voltage inputs

Voltages VAB, VBC, VCA Delta-connected voltage inputs

Voltage VS Synchronism-check voltage input

Power kWA,B,C,3P
kVARA,B,C,3P 
kVAA,B,C,3P

Single and three-phase kilowatts, 
kilovars, and kilovolt-amps

Energy MWh3P,
MVARh3P-IN, 
MVARh3P-OUT, 
MVAh3P

Three-phase megawatt hours, 
megavar-hours, and megavolt-
amp-hours

Power Factor PFA,B,C,3P
Single and three-phase power 
factor (leading or lagging)

Sequence 3I2, 3I0, 3V2, 3V0
Negative- and zero-sequence 
currents and voltages

Frequency, FREQ (Hz)
Instantaneous power system 
frequency

Voltage VDC Station battery voltage

Light Intensity (%) LS1–LS4
Arc-flash light inputs in % of full 
scale

San Antonio, TX

60.0 Hz 

Chicago, IL 

60.015 Hz 

Monterrey, Mexico

59.996 Hz 59.996 Hz 

Pullman, WA Philadelphia, PA

Tampa, FL 

60.003 Hz 

60.007 Hz 

Pullman

Chicago

Philadelphia

Tampa

San Antonio

Monterrey
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alarms to alert operations personnel before the substation
battery voltage falls to unacceptable levels. Monitor
these thresholds with an SEL communications processor
and trigger messages, telephone calls, or other actions.

The measured dc voltage appears in the METER display
and the VDC column of the event report. Use the event
report column data to see an oscillographic display of the
battery voltage. This display shows how much the
substation battery voltage drops during trip, close, and
other control operations.

Circuit Breaker Contact Wear 
Monitor
Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-751A breaker
monitor feature compares this input data to the measured

(unfiltered) ac current at the time of trip and the number
of close-to-open operations. 

Every time the breaker trips, it integrates the measured
current information. When the result of this integration
exceeds the breaker wear curve threshold (Figure 7) the
relay alarms via output contact, communications port, or
front-panel display. This kind of information allows
timely and economical scheduling of breaker
maintenance.

Figure 7 Breaker Contact Wear Curve and Settings

Automation

Flexible Control Logic and Integration Features
The SEL-751A is equipped with as many as four inde-
pendently operated serial ports: one EIA-232 port on the
front, one EIA-232 or EIA-485 port on the rear, and one
fiber-optic port. Additionally, the SEL-751A has one
EIA-232 or EIA-485 port option card. Optionally, the
relay supports single or dual , copper or fiber-optic
Ethernet ports. The relay does not require special com-
munications software. You can use any system that emu-

lates a standard terminal system. Establish
communication by connecting: computers; modems; pro-
tocol converters; printers; an SEL-2032, SEL-2030 or
SEL-2020 Communications Processor; SCADA serial
port; and/or RTUs for local or remote communication.
Refer to Table 4 for a list of communications protocols
available in the SEL-751A.

kA Interrupted

(Set Point 1) 

(Set Point 2) 

(Set Point 3) 

Breaker Manufacturer's
Maintenance Curve

Cl
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to
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n 
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er
at
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Table 4 Communications Protocols (Sheet 1 of 2)

Type Description

Simple ASCII
Plain language commands for human and simple machine communications. Use for metering, setting, self-test 
status, event reporting, and other functions.

Compressed ASCII
Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate format for 
direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter and 
Fast Operate

Binary protocol for machine-to-machine communications. 
Quickly updates SEL communications processors, RTUs, and other substation devices with metering 
information, relay element, I/O status, time-tags, open and close commands, and summary event reports. Data 
are checksum protected. Binary and ASCII protocols operate simultaneously over the same communications 
lines so control operator metering information is not lost while a technician is transferring an event report.

Fast SER Protocol Provides SER events to an automated data collection system.

Modbus
Serial- or Ethernet-based Modbus with point remapping. Includes access to metering data, protection elements, 
contact I/O, targets, SER, relay summary event reports, and setting groups.

DNP3
Serial or Ethernet-based DNP3 protocols.
Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact I/O, targets, SER, relay summary event reports, and setting group selection.

IEC 61850
Ethernet-based international standard for interoperability between intelligent devices in a substation. Operates 
remote bits and I/O. Monitors Relay Word bits and analog quantities.

Synchrophasors IEEE C37.118-compliant synchrophasors for system state, response, and control capabilities.
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Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connection
between the hub and the SEL-751A (Figure 8). 

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out
alerts and private line connections of the SCADA
system.

Figure 8 Example Communication System

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-751A control logic improves integration in the
following ways:

➤ Replaces traditional panel control switches. Eliminate
traditional panel control switches with 32 local bits.
Set, clear, or pulse local bits with the front-panel
pushbuttons and display. Program the local bits into
your control scheme with SELOGIC control equations.
Use the local bits to perform functions such as a trip
test or a breaker trip/close.

➤ Eliminates RTU-to-relay wiring. Eliminate RTU-to-
relay wiring with 32 remote bits. Set, clear, or pulse
remote bits using serial port commands. Program the
remote bits into your control scheme with SELOGIC

control equations. Use remote bits for SCADA-type
control operations such as trip, close, and settings
group selection.

➤ Replaces traditional latching relays. Replace up to 32
traditional latching relays for such functions as
“remote control enable” with latch bits. Program latch
set and latch reset conditions with SELOGIC control
equations. Set or reset the nonvolatile latch bits using

optoisolated inputs, remote bits, local bits, or any pro-
grammable logic condition. The latch bits retain their
state when the relay loses power.

➤ Replaces traditional indicating panel lights. Replace
traditional indicating panel lights with 32 programma-
ble displays. Define custom messages (e.g., Breaker
Open, Breaker Closed) to report power system or
relay conditions on the front-panel display. Use
Advanced SELOGIC control equations to control
which messages the relay displays.

➤ Eliminates external timers. Eliminate external timers
for custom protection or control schemes with 32 gen-
eral purpose SELOGIC control equation timers. Each
timer has independent time-delay pickup and dropout
settings. Program each timer input with any element
you want (e.g., time qualify a current element).
Assign the timer output to trip logic, transfer trip
communications, or other control scheme logic.

➤ Eliminates settings changes. Selectable setting groups
make the SEL-751A ideal for applications requiring
frequent setting changes and for adapting the protec-
tion to changing system conditions. 

The relay stores three setting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions. Use these setting groups to
cover a wide range of protection and control contingencies.

Switching setting groups switches logic and relay
element settings. Program groups for different operating
conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency
contingencies, loading, source changes, and downstream
relay setting changes.

Fast SER Protocol
SEL Fast SER Protocol provides SER events to an auto-
mated data collection system. SEL Fast SER Protocol is
available on any rear serial port. Devices with embedded
processing capability can use these messages to enable
and accept unsolicited binary SER messages from
SEL-751A relays. 

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people
using a terminal or terminal emulation package. The

Event Messenger
The SEL-3010 allows users to receive alerts sent directly to their cell phone. Alerts can be triggered through 
relay events and can include quantities measured by the relay. 

DeviceNet
Allows for connection to a DeviceNet network for access to metering data, protection elements, contact I/O, 
targets, and setting groups.

SNTP Ethernet-based protocol that provides time synchronization of the relay.

Table 4 Communications Protocols (Sheet 2 of 2)

Type Description

Dial-Up ASCII Link SCADA Link

SEL Communications Processor

ASCII Reports Plus
Interleaved Binary Data

SEL-751A

IEDIED
IED
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binary data streams can interrupt the ASCII data stream
to obtain information, and then allow the ASCII data
stream to continue. This mechanism allows a single
communications channel to be used for ASCII

communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Ethernet Network Architectures

Figure 9 Simple Ethernet Network Configuration

Figure 10 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

Figure 11 Ethernet Network Configuration With Ring Structure (Switched Mode)

Cat 5 shielded twisted pair (STP) 
cables with RJ45 connectors 

(SEL-C627/C628) for 
copper Ethernet ports

OR
Fiber-optic Ethernet cables with 

LC connectors (SEL-C808) for 
fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay.

NETWORK

NETWORK

Set Port 1 (Ethernet) settings in each relay. 

Cat 5 shielded twisted pair (STP) cables with RJ45 
connectors (SEL-C627/C628) for copper Ethernet ports

OR
Fiber-optic Ethernet cables with LC connectors 

(SEL-C808) for fiber-optic Ethernet ports

Set Port 1 (Ethernet) settings in each relay. 

NETWORK

Cat 5 shielded twisted pair (STP) cables 
with RJ45 connectors (SEL-C627/C628) 

for copper Ethernet ports
OR

Fiber-optic Ethernet cables with 
LC connectors (SEL-C808) for 

fiber-optic Ethernet ports
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Additional Features

MIRRORED BITS Relay-to-Relay 
Communications
The SEL-patented MIRRORED BITS communications
technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate inde-
pendently on up to two EIA-232 rear serial ports and one
fiber-optic rear serial port on a single SEL-751A.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received MIRRORED

BITS) for each serial port operating in the MIRRORED

BITS mode (see Figure 12). Use these MIRRORED BITS to
transmit/receive information between upstream relays
and a downstream recloser control (e.g., SEL-351R) to
enhance coordination and achieve faster tripping for
downstream faults. MIRRORED BITS technology also
helps reduce total scheme operating time by eliminating
the need to assert output contacts to transmit
information.

Figure 12 MIRRORED BITS Transmit and Receive Bits

Status and Trip Target LEDs
The SEL-751A includes 16 status and trip target LEDs
on the front panel. When shipped from the factory, all
LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 15. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications—see Configurable Labels.

Event Messenger Points
The SEL-751A, when used with the SEL-3010 Event
Messenger, can allow for ASCII-to-voice translation of
as many as 32 user-defined messages, along with analog
data that has been measured or calculated by the relay.
This combination can allow the user to receive voice
messages on any phone for alerts to transition of any
Relay Word bits in the relay.

Verbal notification of breaker openings, fuse failures,
RTD alarms, etc. can now be sent directly to your cell
phone through the use of your SEL-751A and SEL-3010
(must be connected to an analog telephone line). In
addition, messages can include an analog value such as
current, voltage, or power measurements made by the
SEL-751A.

Configurable Labels
Use the optional configurable labels to relabel the opera-
tor controls and LEDs (shown in Figure 15) to suit the
installation requirements. This feature includes pre-
printed labels (with factory-default text), blank label
media, and a Microsoft Word template on CD-ROM.
This allows quick, professional-looking labels for the
SEL-751A. Labels may also be customized without the
use of a PC by writing the new label on the blank stock
provided. The ability to customize the control and indica-
tion features allows specific utility or industry proce-
dures to be implemented without the need for adhesive
labels. All of the figures in this data sheet show the fac-
tory-default labels of the SEL-751A, including the stan-
dard model shown in Figure 15.

SEL-751A
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Transmit
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Relay Dimensions

Figure 13 SEL-751A Dimensions for Rack- and Panel-Mount Models

5.47
(139.0)

7.36
(187.0)

i9089b
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Hardware Overview

Figure 14 Wiring Diagram SEL-751A
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Relay Panel Diagrams

Figure 15 Front Panel With Default Configurable Labels

Figure 16 Dual Fiber Ethernet With Enhanced Voltage Option With Monitoring Package, DeviceNet, Fiber-Optic Serial 
Port, and Fast Hybrid 4 DI/4 DO

Relay powered properly/self-tests are okay

Trip occurred

Instantaneous/definite time overcurrent trip

Phase time-overcurrent trip

Ground/neutral time-overcurrent trip

Negative-sequence time-overcurrent trip

Over-/underfrequency trip

Breaker failure trip

AUX 1

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 17 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1 AO, and 3 AVI/4 AFDI Voltage Option 
With Arc-Flash Detector Inputs

Figure 18 Fiber-Optic Serial, Ethernet, 8 DI, RTD, and 4 AI/4 AO Option

i4317a
i4318a

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations

i4159ai4162b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Figure 19 Fiber-Optic Serial, DeviceNet, Fast Hybrid 4 DI/4 DO, and Voltage Option

i4158b

i4161b

(A) Rear-Panel Layout (B) Side-Panel Input and Output Designations
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality 

management system

47 CFR 15B, Class A
NOTE: This equipment has been tested and found to comply with the 

limits for a Class A digital device, pursuant to part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and 
can radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this 
equipment in a residential area is likely to cause harmful 
interference in which case the user will be required to correct the 
interference at his own expense.

UL Listed to U.S. and Canadian safety standards (File E212775, 
NRGU, NRGU7)

NOTE: UL has not yet developed requirements for products intended 
to detect and mitigate an arc flash; consequently, UL has not 
evaluated the performance of this feature. While UL is developing 
these requirements, it will place no restriction on the use of this 
product for arc-flash detection and mitigation. For test results 
performed by an independent laboratory and other information on 
the performance and verification of this feature, please contact 
SEL customer service.

CE Mark

RCM Mark

Hazardous locations

UL Certified for Hazardous Locations to U.S. and Canadian 
standards CL I, DIV 2; GP A, B, C, D; T3C, maximum 
surrounding air temperature of 50°C (File E470448)

EU
                    

EN 60079-0:2012 + A11:2013, EN 60079-7:2015, 
EN 60079-15:2010, EN 60079-11:2012

Note: Where so marked, ATEX and UL Hazardous Locations Certifi-
cation tests are applicable to rated supply specifications only 
and do not apply to the absolute operating ranges, continuous 
thermal, or short circuit duration specifications.

General

AC Current Input

INOM = 1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secondary 
depending on model.

Phase Currents

INOM = 5 A

 Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal 500 A

Burden (Per Phase): <0.2 VA @ 5 A
<0.2 VA @ 100 A

INOM = 1 A

 Continuous: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 VA @ 1 A
<0.1 VA @ 20 A

Neutral Currents

INOM = 5 A

Continuous Rating: 3 • INOM @ 85°C, linear to 100 A 
symmetrical

4 • INOM @ 55°C, linear to 100 A 
symmetrical

A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

1-Second Thermal: 500 A

Burden (per phase): <0.2 VA @ 5 A

INOM = 1 A

Continuous Rating: 3 • INOM @ 85°C, linear to 20 A 
symmetrical

4 • INOM @ 55°C, linear to 20 A 
symmetrical

A/D Measurement Limit: 43 A peak (31 A rms) symmetrical

1-Second Thermal: 100 A

Burden (per phase): <0.1 VA @ 1 A

INOM = 50 mA

 Continuous Rating: 3 A, linear to 1000.0 mA symmetrical

A/D Measurement Limit: 0.67 A peak (0.47 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <2 mVA @ 50 mA

INOM = 2.5 mA

 Continuous Rating: 3 A, linear to 12.50 mA symmetrical 

A/D Measurement Limit: 54 A peak (38 A rms) symmetrical

1-Second Thermal 100 A

Burden (Per Phase): <0.1 mVA @ 2.5 mA

Measurement Category: II

AC Voltage Inputs

VNOM (L-L) Setting 
Range:

20–250 V (if DELTA_Y := DELTA)
20–440 V (if DELTA_Y := WYE)

Rated Continuous Voltage: 300 Vac (phase-to-neutral)

10-Second Thermal: 600 Vac (phase-to-neutral)

Burden: <0.1 VA

Input Impedance: 10 MΩ differential (phase-phase)
5 MΩ common mode (phase-chassis)

Power Supply

Relay Start-Up Time: Approximately 5–10 seconds (after 
power is applied until the ENABLED 
LED turns on)

High-Voltage Supply

Rated Supply Voltage: 110–240 Vac, 50/60 Hz
110–250 Vdc

Input Voltage Range 
(Design Range):

85–264 Vac
85–300 Vdc

Power Consumption: <50 VA (ac)
<25 W (dc)

Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Low-Voltage Supply

Rated Supply Voltage: 24–48 Vdc

Input Voltage Range: 19.2–60 Vdc

Power Consumption: <25 W (dc)

Interruptions: 10 ms @ 24 Vdc
50 ms @ 48 Vdc
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Fuse Ratings

LV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

HV Power Supply Fuse

Rating: 3.15 A

Maximum Rated Voltage: 300 Vdc, 250 Vac

Breaking Capacity: 1500 A at 250 Vac

Type: Time-lag T

Output Contacts

General

The relay supports Form A, B, and C outputs.

Dielectric Test Voltages: 2500 Vac

Impulse Withstand Voltage 
(UIMP): 5000 V

Mechanical Durability: 100,000 no load operations

Standard Contacts

Pickup/Dropout Time: ≤ 8 ms (coil energization to contact 
closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Contact Protection: 360 Vdc, 115 J MOV protection 
across open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75 A L/R = 40 ms

48 Vdc 0.50 A L/R = 40 ms

125 Vdc 0.30 A L/R = 40 ms

250 Vdc 0.20 A L/R = 40 ms

AC Output Ratings

Maximum Operational 
Voltage (Ue) Rating: 240 Vac

Insulation Voltage (Ui) 
Rating (Excluding 
EN 61010-1): 300 Vac

1-Second Thermal: 50 A

Contact Rating Designation: B300

Utilization Category: AC-15

Voltage Protection Across 
Open Contacts: 270 Vac, 115 J

Fast Hybrid Output Contacts 

(High-Speed, High-Current Interrupting) 

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2–275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90

Carry: 6 A @ 70°C
4 A @ 85°C

1-Second Thermal: 50 A

Open State Leakage Current: <500 μA

MOV Protection (maximum 
voltage): 250 Vac/330 Vdc

Pickup Time: <50 μs, resistive load

Dropout Time: ≤8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle 
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A L/R = 40 ms
125 Vdc 10.0 A L/R = 40 ms
250 Vdc 10.0 A L/R = 20 ms

AC Output Ratings

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V: ON for 200–312.5 Vdc
OFF below 150 Vdc

220 V: ON for 176–275 Vdc
OFF below 132 Vdc

125 V: ON for 100–156.2 Vdc
OFF below 75 Vdc

110 V: ON for 88–137.5 Vdc
OFF below 66 Vdc

48 V: ON for 38.4–60 Vdc
OFF below 28.8 Vdc

24 V: ON for 15–30 Vdc
OFF for < 5 Vdc

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —

Make 30 A 15 A 3600

Break 3 A 1.5 A 360

PF <0.35, 50–60 Hz

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac

Operational Current (Ie) 3 A 1.5 A

Make Current 30 A 15 A

Break Current 3 A 1.5 A

Electromagnetic loads >72 VA, PF <0.3, 50–60 Hz
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When Used With AC Control Signals

250 V: ON for 170.6–312.5 Vac
OFF below 106 Vac

220 V: ON for 150.2–275 Vac
OFF below 93.3 Vac

125 V: ON for 85–156.2 Vac
OFF below 53 Vac

110 V: ON for 75.1–137.5 Vac
OFF below 46.6 Vac

48 V: ON for 32.8–60 Vac
OFF below 20.3 Vac

24 V: ON for 14–30 Vac
OFF below 5 Vac

Current Draw at 
Nominal DC Voltage:

2 mA (at 220–250 V)
4 mA (at 48–125 V)
10 mA (at 24 V)

Rated Impulse Withstand 
Voltage (Uimp): 4000 V

Analog Output (Optional)

1A0 4A0

Current: 4–20 mA ±20 mA

Voltage: — ±10 V

Load at 1 mA: — 0–15 kΩ

Load at 20 mA: 0–300 Ω 0–750 Ω

Load at 10 V: — > 2000 Ω

Refresh Rate: 100 ms 100 ms

% Error, Full Scale, at 
25°C: < ±1% < ±0.55%

Select From: Analog quantities available in the 
relay

Analog Inputs (Optional)

Maximum Input Range: ±20 mA
±10 V
Operational range set by user

Input Impedance: 200 Ω (current mode)
>10 kΩ (voltage mode)

Accuracy at 25°C:

With User Calibration: 0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Without User 
Calibration: Better than 0.5% of full scale at 25°C

Accuracy Variation With 
Temperature:

±0.015% per °C of full-scale 
(±20 mA or ±10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 µm diameter, 640 nm 
wavelength, plastic, clear-jacketed 
or black-jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz

Phase Rotation: ABC, ACB

Frequency Tracking: 15–70 Hz

Time-Code Input

Format: Demodulated IRIG-B

On (1) State: Vih ≥ 2.2 V

Off (0) State: Vil ≤ 0.8 V

Input Impedance: 2 kΩ

Synchronization Accuracy

Internal Clock: ±1 µs

Synchrophasor Reports 
(e.g., MET PM): ±10 µs

All Other Reports: ±5 ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock: ±5 ms

Unsynchronized Clock 
Drift Relay Powered: 2 minutes per year, typically

Communications Ports

Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel

Data Speed: 300–38400 bps

EIA-485 Port (Optional)

Location: Rear Panel

Data Speed: 300–19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Multimode Fiber-Optic Port (Optional)

Location: Rear panel

Data Speed: 300–38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm

Optical Connector Type: LC

Fiber Type: Multimode

Link Budget: 16.1 dB

Typical TX Power: –15.7 dBm

RX Min. Sensitivity: –31.8 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~6.4 Km

Data Rate: 100 Mb

Typical Fiber Attenuation: –2 dB/Km

Port 2 Serial

Wavelength: 820 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 8 dB

Typical TX Power: –16 dBm

RX Min. Sensitivity: –24 dBm

Fiber Size: 62.5/125 µm

Approximate Range: ~1 km

Data Range: 5 Mbps

Typical Fiber Attenuation: –4 dB/km

 Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm

Optical Connector Type: V-Pin

Fiber Type: Multimode

Link Budget: 27 dB

Typical TX Power: –12 dBm

RX Min. Sensitivity: –39 dBm
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Fiber Size: 1000 µm

Approximate Range: To 35 m (Point Sensor)
To 70 m (Clear-Jacketed Fiber Sensor)

Data Rate: NA

Typical Fiber Attenuation: –0.15 dB/m

Point Sensor

Minimum Receive 
Sensitivity:

–52.23 dB

Point Sensor Diagnostic 
Worst-Case Loss: –28 dB

Link Budget: 12.23 dB

Black-Jacketed Fiber 
Worst-Case Loss: –0.19 dBm

Black-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 35 m 

Fiber Sensor

Minimum Receive 
Sensitivity:

–29.23 dB

Link Budget: 17.23 dB

Clear-Jacketed Fiber Worst 
Case Loss: –0.19 dBm

Clear-Jacketed Fiber 
Typical Loss: –0.17 dBm

ST or V-Pin Connector 
Splice Loss: –2.00 dB

Approximate Range: As much as 70 m 

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications 
card

Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850, 
MIRRORED BITS, EVMSG, C37.118 (synchrophasors), and 
DeviceNet.

Operating Temperature

IEC Performance Rating 
(Per IEC/EN 60068-2-1 
& 60068-2-2): –40° to +85°C (–40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below –20°C and 

above +70°C.

DeviceNet 
Communications 
Card Rating: +60°C (140°F) maximum

Operating Environment

Insulation Class: 1

Pollution Degree: 2

Overvoltage Category: II

Atmospheric Pressure: 80–110 kPa

Relative Humidity: 5%–95%, noncondensing

Maximum Altitude 
Without Derating 
(Consult the Factory for 
High Altitude Derating): 2000 m

Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight

2.7 kg (6.0 lb)

Relay Mounting Screws (#8-32) Tightening Torque

Minimum: 1.4 Nm (12 in-lb)

Maximum: 1.7 Nm (15 in-lb)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310 in maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-lb)

Compression Plug Tightening Torque

Minimum: 0.5 Nm (4.4 in-lb)

Maximum: 1.0 Nm (8.8 in-lb)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-lb)

Maximum: 0.25 Nm (2.2 in-lb)

Product Standards
Electromagnetic 

Compatibility:
IEC 60255-26:2013
IEC 60255-27:2013

Type Tests

Environmental Tests

Enclosure Protection: IEC 60529:2001 + CRDG:2003
IP65 enclosed in panel 
IP50-rated for terminals enclosed in 

the dust-protection assembly 
(protection against solid foreign 
objects only) (SEL P/N 915900170). 
The 10°C temperature derating 
applies to the temperature 
specifications of the relay.

IP20 for terminals and the relay rear 
panel

Vibration Resistance: IEC 60255-21-1:1988
IEC 60255-27:2013, Section 10.6.2.1

Endurance: Class 2 
Response: Class 2

Shock Resistance: IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3

Withstand: Class 1
Response: Class 2
Bump: Class 1

Seismic (Quake Response): IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4

Response: Class 2

Cold: IEC 60068-2-1:2007
IEC 60255-27:2013, Section 10.6.1.2
IEC 60255-27:2013, Section 10.6.1.4

–40°C, 16 hours

Dry Heat: IEC 60068-2-2:2007
IEC 60255-27:2013, Section 10.6.1.1
IEC 60255-27:2013, Section 10.6.1.3

85°C, 16 hours

Damp Heat, Steady State: IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5

40°C, 93% relative humidity, 
10 days
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Damp Heat, Cyclic: IEC 60068-2-30:2001
IEC 60255-27:2013, Section 10.6.1.6

25°–55°C, 6 cycles, 95% relative 
humidity

Change of Temperature: IEC 60068-2-14:2009
IEC 60255-1:2010, Section 6.12.3.5

–40° to +85°C, ramp rate 1°C/min, 
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot): IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005

1.0 kVac on analog outputs, Ethernet 
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, IN, and 
VN terminals

Impulse: IEC 60255-27:2013, Section 10.6.4.2 
Severity Level: 0.5 J, 5 kV on power 
supply, contact I/O, ac current and 
voltage inputs
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV
0.5 J, 530 V on analog outputs

RFI and Interference Tests

EMC Immunity

Electrostatic Discharge 
Immunity:

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level: 4
8 kV contact discharge
15 kV air discharge

Radiated RF Immunity: IEC 61000-4-3:2010
IEC 60255-26:2013, Section 7.2.4

10 V/m
IEEE C37.90.2-2004

20 V/m 
Fast Transient, Burst 

Immunitya:
IEC 61000-4-4:2011
IEC 60255-26:2013, Section 7.2.5

4 kV @ 5.0 kHz
2 kV @ 5.0 kHz for comm. ports 

Surge Immunitya: IEC 61000-4-5:2005
IEC 60255-26:2013, Section 7.2.7

2 kV line-to-line
4 kV line-to-earth 

Surge Withstand Capability 
Immunitya:

EN 61000-4-18:2010
IEC 60255-26:2013, Section 7.2.6

2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports

IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient 

Conducted RF Immunity: IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8

10 Vrms 
Magnetic Field Immunity: IEC 61000-4-8:2009

IEC 60225-26:2013, Section 7.2.10
Severity Level: 
1000 A/m for 3 seconds
100 A/m for 1 minute

IEC 61000-4-9:2001
Severity Level: 
1000 A/m

IEC 61000-4-10:2001
Severity Level: 
100 A/m (100 kHz and 1 MHz)

Power Supply Immunity: IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

EMC Emissions

Conducted Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.107 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Radiated Emissions: IEC 60255-26:2013 Class A
FCC 47 CFR Part 15.109 Class A
CAN ICES-001(A) / NMB-001(A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A
CISPR 32:2015 Class A

Processing Specifications and Oscillography
AC Voltage and 

Current Inputs: 16 samples per power system cycle

Frequency Tracking Range: 15–70 Hz

Digital Filtering: One-cycle cosine after low-pass 
analog filtering. Net filtering 
(analog plus digital) rejects dc 
and all harmonics greater than 
the fundamental.

Protection and 
Control Processing:

Processing interval is 4 times per 
power system cycle (except for math 
variables and analog quantities, 
which are processed every 100 ms)

Arc-Flash Processing: Arc-flash light is sampled 32 times 
per cycle. 

Arc-flash current, light, and 2 fast 
hybrid outputs are processed 16 
times per cycle.

Oscillography

Length: 15 or 64 cycles

Sampling Rate: 16 samples per cycle, unfiltered
4 samples per cycle, filtered

Trigger: Programmable, using Boolean 
expressions

Format: ASCII and Compressed ASCII

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: ±5 ms

Sequential Events Recorder

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy 
(With Respect to Time 
Source): ±5 ms
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Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

50 mA Models: 5.0–1000.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–12.50 mA, 0.01 mA steps

(The 50N elements in the 2.5 mA and 50 mA models have a built-
in 30 ms security qualifier time delay.)

Accuracy: ±5% of setting plus ±0.02 • INOM 
A secondary (steady-state pickup)

Time Delay: 0.00–5.00 seconds, 0.01 seconds steps

Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)

Pickup Setting Range, A Secondary

5 A Models: 0.50–100.00 A, 0.01 A steps

1 A Models: 0.10–20.00 A, 0.01 A steps

Accuracy: 0 to +10% of setting plus ±0.02 • 
INOM A secondary (steady-state 
pickup)

Pickup/Dropout Time: 2–5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1–TOL4)

Pickup Setting Range, % of 
Full Scale:

3.0%–80.0% (Point Sensor)
0.6%–80.0% (Fiber Sensor)

Pickup/Dropout Time: 2–5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)

Pickup Setting Range, A Secondary:

5 A Models: 0.50–16.00 A, 0.01 A steps

1 A Models: 0.10–3.20 A, 0.01 A steps

50 mA Models: 5.0–160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13–2.00 mA, 0.01 mA steps

Accuracy: ±5% of setting plus ±0.02 • INOM A 
secondary (steady-state pickup)

Time Dial:

U.S.: 0.50–15.00, 0.01 steps

IEC: 0.05–1.00, 0.01 steps

Accuracy: ±1.5 cycles, plus ±4% between 2 and 
30 multiples of pickup (within rated 
range of current)

Undervoltage (27)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.00 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (±5% of 
setting ±2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Overvoltage (59, 59G, 59Q)

Vnm := VNOM if DELTA_Y := DELTA; 
Vnm := VNOM/1.732 if DELTA_Y := WYE

Setting Range: Off, 0.02–1.20 • Vnm

Accuracy: ±1% of setting plus ±0.5 V (± 5% of 
setting ± 2 V with the xx71xx card)

Pickup/Dropout Time: < 1.5 cycles

Power Elements (32)

Instantaneous/Definite 
Time, 3 Phase Elements 
Type: +W, –W, +VAR, –VAR

Pickup Setting Range, VA Secondary:

5 A Models: 1.0–6500.0 VA, 0.1 VA steps

1 A Models: 0.2–1300.0 VA, 0.1 VA steps

Accuracy: ±0.10 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (5 A nominal)

±0.02 A • (L-L voltage secondary) 
and ±5% of setting at unity power 
factor for power elements and zero 
power factor for reactive power 
elements (1 A nominal)

Pickup/Dropout Time: < 10 cycles

Power Factor (55)

Setting Range: Off, 0.05–0.99

Accuracy: ±5% of full scale 
for current ≥ 0.5 • INOM

Frequency (81)

Setting Range: Off, 20.00–70.00 Hz

Accuracy: ±0.01 Hz (V1 > 60 V) with voltage 
tracking

±0.05 Hz (I1 > 0.8 • INOM) with 
current tracking

Pickup/Dropout Time: <4 cycles

Rate-of-Change of Frequency (81R)

Setting Range: Off, 0.10–15.00 Hz/s

Accuracy: ±100 mHz/s, plus ±3.33% of pickup

Synchronism Check (25)

Pickup Range, Secondary 
Voltage: 0.00–300.00 V

Pickup Accuracy, 
Secondary Voltage:

±1% plus ±0.5 volts (over the range of 
12.5–300 V)

Slip Frequency Pickup 
Range: 0.05 Hz–0.50 Hz

Slip Frequency Pickup 
Accuracy: ±0.05 Hz

Phase Angle Range: 0°–80°

Phase Angle Accuracy: ±4°

Synchronism-Check Undervoltage (27S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V 
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Synchronism-Check Overvoltage (59S)

Setting Range: Off, 2.00–300.00 V

Accuracy: ±1% of setting plus ±0.5 V
(over the range of 12.5–300 V)

Pickup/Dropout Time: <1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0–350 Vdc (300 Vdc for UL 
purposes)

Pickup Range: 20.00–300.00 Vdc

Pickup Accuracy: ±2% of setting plus ±2 Vdc
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Timers

Setting Range: Various

Accuracy: ±0.5% of setting plus ±1/4 cycle

RTD Protection

Setting Range: Off, 1°–250°C

Accuracy: ±2°C

RTD Open-Circuit 
Detection: >250°C

RTD Short-Circuit 
Detection: <–50°C

RTD Types: PT100, NT100, NI120, CU10

RTD Lead Resistance: 25 ohm max. per lead

Update Rate: <3 s

Noise Immunity on RTD 
Inputs: 

To 1.4 Vac (peak) at 50 Hz or greater 
frequency

RTD Fault/Alarm/Trip 
Time Delay: Approx. 12 s

Metering
Accuracies are specified at 20°C, nominal frequency, ac currents 

within (0.4–20.0) • INOM A secondary, and ac voltages within 
50–250 V secondary unless otherwise noted.

Phase Currents: ±2% of reading, ±2°

3-Phase Average Current: ±2% of reading

Current Imbalance (%): ±2% of reading

IG (Residual Current): ±3% of reading, ±2°

IN (Neutral Current): ±2% of reading, ±2°

3I2 Negative-Sequence 
Current: ±3% of reading

System Frequency: ±0.01 Hz of reading for frequencies 
within 20.00–70.00 Hz (V1 > 60 V) 
with voltage tracking

±0.05 Hz of reading for frequencies 
within 20.00–70.00 Hz 
(I1 > 0.8 • INOM) with current 
tracking

Line-to-Line Voltages: ±1% of reading (±2% with the 
xx71xx card), ±1° for voltages
within 24–264 V

3-Phase Average Line-to-
Line Voltage:

±1% of reading (±2% with the 
xx71xx card) for voltages 
within 24–264 V

Line-to-Ground Voltages: ±1% of reading (±2% with the xx71xx 
card), ±1° for voltages within 24–
264 V

3-Phase Average Line-to-
Ground Voltages:

±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

Voltage Imbalance (%): ±1% of reading (±2% with the xx71xx 
card) for voltages within 24–264 V

3V2 Negative-Sequence 
Voltage:

±3% of reading for voltages 
within 24–264 V

Real 3-Phase Power (kW): ±5% of reading for 0.10 < pf < 1.00

Reactive 3-Phase 
Power (kVAR): ±5% of reading for 0.00 < pf < 0.90

Apparent 3-Phase 
Power (kVA): ±5% of reading

Power Factor: ±2% of reading

RTD Temperatures: ±2°C

a Front-panel serial cable (non-fiber) lengths assumed to be <3 m.

https://selinc.com
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 UL and cUL Approved (File #E247592)  

 As per ANSI/IEEE C57.13,  IEC, OR relevant 

standard 

 

TABLES (Specify Catalog # and Group with the RFQ) 

                                                                       

TWO BUSHING 

CATALOG # GROUP 
PRIMARY 
VOLTAGE RATIO 

SECONDARY 
VOLTAGE 

V9-2-242FF 1 2400 20:1 120 

V9-2-332FF 2 3300 30:1 110-50Hz 

V9-2-4161FF 2 4160 34.6:1 120 

V9-2-422FF 2 4200 35:1 120 

V9-2-482FF 2 4800 40:1 120 

     

SINGLE BUSHING 

CATALOG # GROUP 
PRIMARY 
VOLTAGE RATIO 

 
SECONDARY 

VOLTAGE 

V9-242F 4A 2400 20:1 120 

V9-332F 4A 3300 30:1 110-50HZ 

V9-4161F 4B 4160 34.6:1 120 

V9-422F 4B 4200 35:1 120 

V9-482F 4B 4800 40:1 120 

INSULATION LEVEL 

5.6 kV, BIL 60 kV full wave 

 

FREQUENCY 

60 Hz (50 Hz upon request) 

 

ACCURACY CLASS 

0.3WXMY, 1.2Z @ 100% rated V, 120V based ANSI burden 

0.6WX, 1.2MY @ 58% rated V, 69.3V based ANSI burden 

 

THERMAL RATING 

750 VA @ 30 deg. C ambient  

500 VA @ 55 deg. C ambient 

 

OUTER ENCAPSULATION 

Polyurethane/Epoxy Resin Encapsulated 

 

PRIMARY TERMINALS  

1/4 -20 Brass screw with one flat washer and lock washer 

 

SECONDARY TERMINALS  

10-32 Brass screw with one flat washer and lock washer 

 

APPROX. WEIGHT 

35 lbs. 

 

PLATED STEEL MOUNTING BASE 

 

CUSTOM OPTIONS (CONTACT US) 

- Different Ratios, Accuracies 

- Non-standard thermal rating 

- Different encapsulation 

- Different secondary termination 

- Special mounting needs etc. 

 

 

 

 

 

 

  E247592 
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DIMENSIONS: Dimensions are in mm [inches] 

 

 

2 Fuse 

 

 
 

 

 Standard Fuse rating: 5.5kV, 0.5E 

 Fuse clips accept 1.0” diameter fuses with Max. length of 5.75” 

 Fuses are intended to protect the system and not the PT in the event of a failure 
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Single Fuse 

 

 

 

 
 

 

 Standard Fuse rating: 5.5kV, 0.5E 

 Fuse clips accept 1.0” diameter fuses with Max. length of 5.75”.  

 Fuses are intended to protect the system and not the PT in the event of a failure 
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Specifications

 

See Eaton’s 

 

Product Specification Guide

 

, available on CD or on the Web.
CSI Format:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1995 2010

 

Section 16362 Section 26 18 16

Current Limiting Fuses
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General Description

 

Medium Voltage Fuses

 

Eaton’s entry in the power fuse 
business began over 75 years ago 
under Westinghouse

 

®

 

 Electric. In 1935, 
Westinghouse introduced the medium 
voltage boric acid expulsion fuse 
followed by the medium voltage 
current limiting fuse. Even today, 
medium voltage fuses continue to use 
the core Westinghouse technology. 
Eaton continues to build on the 
Westinghouse technology legacy by 
engineering higher performance, 
cost-effective power fuse products.

Eaton medium voltage fuses are 
manufactured and tested to the 
requirements of the ANSI C37.4X 
series of standards. 

Eaton is the only North American 
manufacturer of both current limiting 
and expulsion medium voltage power 
fuses. A full range of general purpose, 
backup and boric acid fuses is 
available for distribution and power 
applications.

All Eaton medium voltage fuses are 
thoroughly tested and conform to 
ANSI specifications. Some motor 
starter fuses are UR

 

®

 

 recognized, and 
both current limiting and expulsion 
fuses have been approved in UL

 

®

 

 
rated switchgear.

Current limiting and expulsion fuses 
can be used to meet any overcurrent 
protection need. At any point along 
the medium voltage electrical 
distribution system, Eaton has a 
fuse to satisfy your overcurrent 
protection needs.

The following fuse terminology will 
assist in understanding and selecting 
the correct fuse. The following is a 
brief overview of those terms.

 

Power vs. Distribution

 

The differentiation is intended to 
indicate the test conditions and where 
fuses are normally applied in a power 
system, based on specific requirements 
for generating sources, substations 
and distribution lines. Each class has 
its own unique set of voltage, current 
and construction requirements 
(see ANSI C37.42, .46 and .47).

 

Low vs. Medium vs. High Voltage

 

While fuses are defined in the ANSI 
standards as either low or high voltage, 
Eaton’s Electrical Sector has elected to 
name their fuses to correspond with 
the equipment in which they are 
installed. Therefore, per ANSI C84, 
fuses are named as follows:

 

Low Voltage

 

1000V and below

 

Medium Voltage

 

Greater than 
1000–69,000V

 

High Voltage

 

Greater than
69,000V

 

Expulsion vs. Current Limiting

 

Expulsion Fuse

 

: An expulsion fuse is 
a vented fuse in which the expulsion 
effect of the gases produced by inter-
nal arcing, either alone or aided by 
other mechanisms, results in current 
interruption.

An expulsion fuse is not current 
limiting and as a result limits the dura-
tion of a fault on the electrical system, 
not the magnitude.

 

Current Limiting Fuse:

 

 A current limit-
ing fuse is a fuse that, when its current 
responsive element is melted by a cur-
rent within the fuse’s specified current 
limiting range, abruptly introduces 
a high resistance to reduce current 
magnitude and duration, resulting in 
subsequent current interruption.

 

Table 9.0-1. General Fuse Comparison

 

Expulsion Current 
Limiting

 

Vented

Electromechanical

Interrupts at current zero, 
limits fault 
current duration 

Generally higher voltage 
ratings

Different time/current
characteristics

Sealed

Static

Limits fault current
magnitude and
duration

Generally higher 
interrupting ratings

Different time/
current 
characteristics
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Table 9.0-2. Eaton Medium Voltage Fuse Family

Table 9.0-3. Application Guide

Table 9.0-4. Power Fuse Ampere Characteristic Ratings

 

Current Limiting Expulsion

 

HLE: Helical configuration current limiting, E-rated
CLE: Current limiting, E-rated
CLS: Current limiting starter (motor starter)
HCL: Current limiting, clip-mount, E-rated
CX: Current limiting, C-rated
CLPT: Current limiting, E-rated

RBA: Refillable, boric acid
RDB: Refillable, dropout, boric acid
DBU: Dropout, boric acid, indoor/outdoor S&C equivalent

 

Type Fuse 
Voltage
Range (kV)

Fuse 
Ampere
Rating

Fuse Maximum
Interrupting
Rating (kA Sym.)

Class Use
Indoor/Outdoor

Applied in:

 

Current Limiting

 

CLE 2.4–15.5 10E–1350A 65 General purpose
indoor/outdoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

CLPT 2.4–38   0.25E–10E 80 General purpose
indoor

Potential transformers. BAL-1 mountings and clips 
are no longer available.

CLS 2.4–8.3   2R–44R 50 Backup distribution
indoor

AMPGARD

 

®

 

 and non-AMPGARD motor starters. HCLS version is the 
same as the CLS except hermetically sealed for hazardous locations.

CX/CXI
CXN

4.3–15.5   3.5C–300C 50 General purpose 
distribution indoor

Pad mounted distribution transformers, Substation service transformers, 
and fused switches. Direct substitution for McGraw’s NX fuse.

HCL 2.4–15.5   10A–900A 63 General purpose 
distribution indoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

HLE 2.4–15.5   10E–450E 65 General purpose
indoor/outdoor

Fused switches, feeder circuit sectionalizing, power transformers, 
dip poles, substation capacitor banks.

 

Expulsion Fuses

 

RBA 2.4–38   0.5E–720E 37.5 Boric acid power
indoor

Fused switches, feeder circuit sectionalizing, and power transformers.

RDB 2.4–38   0.5E–720E 37.5 Boric acid power
outdoor

Feeder circuit sectionalizing, power transformers, substation 
service transformers, dip poles, potential transformers,
and substation capacitor banks. Outdoor version of the RBA.

DBU 4.4–38   5E–200E,
  3K–200K

50 Boric acid power
indoor/outdoor

Feeder circuit sectionalizing, fused switches, power transformers, 
substation service transformers, dip poles, and potential transformers. 
Direct equivalent for S&C’s SMU-20 fuse units.

 

Rating Definition

 

E Fuses rated 100E or below will melt in 300 seconds at some current value between 2.0 and 2.4 times the E number.

Fuses rated above 100E will melt in 600 seconds at some current value between 2.2 and 2.64 times the E number.

R The fuse will melt in 15 to 35 seconds when the current equals 100 times the R number.

C The fuse will melt in 1000 seconds at some current value between 1.7 and 2.4 times the C number.

A Class A fuses have parameters that do not fall within the ‘C’, ‘E’, or ‘R’ definitions above.

X Meet C37.40 temperature requirements, but not the E rating.
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Current Limiting Fuses

 

Current Limiting Fuse Types

 

There are three current limiting fuse 
types: backup, general purpose and 
full range. It is important that the user 
have an understanding of these defini-
tions to ensure proper application of 
the fuse (

 

Figure 9.0-1).

 

Backup Fuse:

 

 A fuse capable of inter-
rupting all currents from the rated 
maximum interrupting current down 
to the rated minimum interrupting 
current.

Backup fuses are normally used for 
protection of motor starters and are 
always used in series with another 
interrupting device capable of inter-
rupting currents below the fuse’s rated
minimum interrupting current.

 

General Purpose Fuse:

 

 A fuse capable 
of interrupting all currents from the 
rated maximum interrupting current 
down to the current that causes 
melting of the fusible element in no 
less than one hour.

General purpose fuses are typically 
used to protect feeders and 
components such as transformers.

 

Full Range Fuse

 

: A fuse capable of 
interrupting all currents from the rated 
maximum interrupting rating down to 
the minimum continuous current that 
causes melting of the fusible element, 
with the fuse applied at the maximum 
ambient temperature specified by the 
manufacturer.

Current limiting fuses are constructed 
with pure silver fuse elements, high 
purity silica sand filler, and a glass 
resin outer casing.

A high fault current melts the silver 
element almost instantly and loses 
energy to the surrounding sand. The 
sand melts and forms fulgurite, a 
glass-like substance. The arc voltage 
rapidly increases to nearly three times 
the fuse voltage rating and forces the 
current to zero.

Low fault current melts a solder drop 
on the silver fuse element that, in turn, 
melts the silver. The element burns 
back until there is a sufficient internal 
gap to interrupt the current. This is 
known as the M-effect.

Eaton offers current limiting fuses in 
two basic types: backup and general 
purpose. Backup fuses are applied in 
series with another circuit protective 
device, such as a contactor or an 
expulsion fuse, to interrupt high fault 
currents beyond the other device’s 
range. General purpose fuses are 
designed to interrupt low fault 
currents that cause them to melt 
in one hour or less.

 

Figure 9.0-1. Current Limiting Types Protection Range
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Multi-Range Fuses

 

CLE and HLE fuses are also available in 
user-selectable multi-range versions 
10–40A, 50–125A and 150–200A.

 

Disconnect End Fittings and 
Disconnect Live Parts

 

Accessories

 

A wide assortment of mountings, live 
parts and end fittings are available to 
facilitate power fuse installation.

 

Mountings

 

Mountings include a base, porcelain 
or glass polyester insulators, and
live parts. They help enable the fuse 
to be safely attached to the gear. 
Mountings can be either disconnect 
or non-disconnect.

 

Live Parts

 

Live parts attach the fuse to the 
insulators and are considered part 
of the mounting. All parts above the 
insulators are live parts.
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Current Limiting Fuses

 

Table 9.0-5. CLE, HLE, HCL and CLS Fuses

Table 9.0-6. CLPT, CX, CLT and DSL Fuses

 

Description Family

CLE HLE HCL CLS

 

General

 

Class General purpose General purpose General purpose Backup

Use Power Power Power Power

Maximum kV 2.75–15.5 5.5–15.5 5.5–15.5 2.4–15.5

Maximum kA 63 63 63 50

Rating 10E–1350A 10E–450A 10E–900E 2R–44R

Mounting Clip Clip, bolt-on, hookeye Clip lock, bolt-on Clip, bolt-on, hookeye

Indicator Standard Standard Standard Standard

Approvals IEEE, ANSI IEEE, ANSI IEEE, ANSI UL

 

®

 

, IEEE, ANSI

 

Applications

 

Feeder circuits

 

■ ■ ■

 

Motor starters

 

■

 

PTs and CTs

LV breakers

Substation service

Transformers

 

■ ■ ■

 

Capacitor banks

 

■ ■ ■

 

Fused switches

 

■ ■ ■

 

Description Family

CLPT CX CLT DSL

 

General

 

Class General General General Back-up

Use Power/distribution Distribution Distribution Power

Maximum kV 5.5–38 4.3–15.5 2.75–15 600V

Maximum kA 80 50 25 200

Rating 0.25E –10E 3.5C–300C 5–150 100–5000

Mounting Clip Clip Stud bolt-on Bolt-on

Indicator Optional None None None

Approvals IEEE, ANSI IEEE, ANSI IEEE, ANSI UL

 

Applications

 

Feeder circuits

Motor starters

PTs and CTs

 

■

 

LV breakers

 

■

 

Substation service

 

■

 

Transformers

 

■ ■

 

Capacitor banks

Fused switches
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Expulsion Fuses

 

RBA 
E-Rated Refillable
Boric Acid

RDB
E-Rated Refillable Outdoor
Dropout Boric Acid

DBU
Dropout Boric Acid—for Use Indoors, 
Inside Switchgear or Outdoors

 

Eaton’s expulsion fuses use boric acid 
as the interrupting medium. Under a 
fault condition, arc heat decomposes 
the boric acid into water vapor. The 
water vapor blast deionizes the arc 
path preventing arc re-ignition after 
a natural current zero.

Type RBA indoor expulsion fuses 
must be fitted with a discharge filter 
or condenser that moderates the 
discharge exhaust. The discharge 
filter limits the exhaust to a small 
and relatively inert amount of gas 
and lowers the noise level without 
affecting the fuse interrupting rating. 
Steam discharge, that can effect the 
interrupting, is fully restricted by 
the condenser.

Type RDB outdoor dropout fuses 
include an ejector spring that forces 
the arcing rod through the top of the 
fuse. The arcing rod strikes a latch on 
the mounting that forces the fuse to 
swing outward through a 180° arc into 
the dropout position.

Refill units can be field installed into 
RBA and RDB expulsion fuses. Once 
the operated unit has been removed, 
the separately purchased unit can be 
easily installed into the fuse holder.

Type DBU fuse units are designed 
for new and aftermarket utility 
applications. End fittings are available, 
in both indoor and outdoor versions, 
as well as live parts and mountings. 
Mufflers confine the arc within the 
fuse and substantially reduce the noise 
and exhaust when the fuse interrupts.

 

Accessories

 

The following accessories are available 
for expulsion fuses:

 

Mountings

 

Mountings include a base, porcelain 
or glass polyester insulators, and live 
parts. They help enable the fuse to be 
safely attached to the gear. Mountings 
can be either disconnect, non-disconnect 
or dropout. Non-disconnect mountings 
are available in either bolt-on or clamp-
type arrangements. Fuses may be 
vertical or underhung.

 

Live Parts

 

Live parts attach the fuse to the 
insulators and are considered part 
of the mounting. All parts above the 
insulators are live parts.

 

End Fittings

 

End fittings are metal parts that 
attach to each end of the fuse at 
the ferrules. They are used only on 
disconnect fuses or when converting 
a non-disconnect to a disconnect fuse.
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Technical Ratings

 

Table 9.0-7. Transformer Primary Fuse Application 

 

�

 

Maximum transformer kVA ratings are based on ratios of maximum fuse current rating to transformer full load current (IF/IT) as listed. 
For a 55°C rise liquid-filled transformer, use the kVA rating for 65°C rise (55°C rating x 1.12). For suggested minimum fuse applications, 
see 

 

Tables 9.0-9

 

, 

 

9.0-10

 

 and 

 

9.0-11

 

.

 

�

 

The type RBA interrupting ratings shown are those of the discharge filter type, in which the noise is minimized and deionization of 
expulsion gases is assured.

 

These applications are subject to 
modification when specific factors 
such as transformer characteristics, 
other protective devices, coordination 
requirements and load variations may 
indicate a different I

 

F

 

/I

 

T

 

 ratio.

 

Caution:

 

 Primary fuses must not be 
relied upon for clearing secondary 
ground faults.

 

System
Voltage

Fuse
Type

Maximum Transformer kVA 

 

�

 

Fuse Family/Characteristics

Self-Cooled Forced
Air

Type Current 
Range

Maximum 
kV

Interrupting 
Rating Amperes
(Symmetrical) 

 

�

 

2400 Current
limiting

  742
1336
2228
4010
  742
  890

  866
1560
2600
4676
  866
1039

CLE
CLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion   600
1190
2140

  695
1385
2500

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,00017.1

4160 Current
limiting

1287
2317
3862
6952
1286
1545

1502
2703
4506
8111
1501
1802

CLE/HLE
CLE/HLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion 1030
2055
3700

1200
2400
4320

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,00017.1

4800 Current
limiting

1483
2671
4451
8013
1483
1780

1731
3116
5193
9348
1731
2077

CLE/HLE
CLE/HLE
CLE-750
CLE-750
CXN
CXN

    10–250
  300–450
  600–750
1000–1350
    60–250
  300

5.5 63,000
63,000
40,000
31,500
50,000
50,000

8.3

Expulsion 1190
2375
4280

1385
2775
5000

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  480–720
      3–200

8.3 19,000
37,500
37,500
14,000

6900 Current
limiting

1536
2987
2134
2560

1792
3485
2490
2987

CLE/HLE
CLE
CXN
CXN

    10–175
  200–350
    60–250
  300

8.3 50,000
50,000
50,000
50,000

Expulsion 1705
3415
6150

2000
3985
7170

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8.3 19,000
37,500
37,500
14,000

7200 Current
limiting

  222
  890
1603
3117
2226
2672

  259
1039
1870
3637
2598
3117

CLE/HLE
CLE/HLE
CLE/HLE
CLE
CXN
CXN

    10–25
    30–100
  125–180
  200–350
    60–250
  300

8.3 50,000
50,000
50,000
50,000
50,000
50,000

Expulsion 1785
3565
6420

2080
4160
7500

RBA-200
RBA-400
RBA-800
DBU-17

    10–200
      5–400
  450–720
      3–200

8. 19,000
37,500
37,500
14,00017.1
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Technical Ratings (Continued)

 

Table 9.0-7. Transformer Primary Fuse Application (Continued) 

 

�

 

Maximum transformer kVA ratings are based on ratios of maximum fuse current rating to transformer full load current (IF/IT) as listed. 
For a 55°C rise liquid-filled transformer, use the kVA rating for 65°C rise (55°C rating x 1.12). For suggested minimum fuse applications, 
see 

 

Tables 9.0-9

 

, 

 

9.0-10

 

 and 

 

9.0-11

 

.

 

�

 

The type RBA interrupting ratings shown are those of the discharge filter type, in which the noise is minimized and deionization of 
expulsion gases is ensured.

 

These applications are subject to 
modification when specific factors 
such as transformer characteristics, 
other protective devices, coordination 
requirements and load variations may 
indicate a different I

 

F

 

/I

 

T

 

 ratio.

 

Caution:

 

 Primary fuses must not be 
relied upon for clearing secondary 
ground faults.

 

Table 9.0-8. Selection of Minimum Primary Fuse for Transformer Protection

 

System
Voltage

Fuse
Type

Maximum Transformer kVA

 

 

 

�

 

Fuse Family/Characteristics

Self-Cooled Forced 
Air

Type Current
Range

Maximum
kV

Interrupting 
Rating Amperes
(Symmetrical) 

 

�

 

12,000 Current
limiting

    371
  1484
  2226
  4452
  1484
  2597

    432
  1731
  2597
  5195
  1731
  3030

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   2970
  5945

  3465
  6930

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
  10–200

15.5 14,400
29,400
29,400
14,000

13,200 Current
limiting

    408
  1632
  2449
  4898
  1632
  2857

    476
  1905
  2857
  5715
  1905
  3333

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   3265
  6530

  3810
  7620

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
    7–150

15.5 14,400
29,400
29,400
14,000

13,800 Current
limiting

    426
  1707
  2560
  5121
  1707
  5855

    497
  1991
  2987
  5975
  1991
  3485

CLE
HLE
CLE
HLE
CXN
CXN

  10–150
  10–125
175–300
150–250
  45–100
120–175

15.5 63,000
63,000
63,000
63,000
50,000
50,000

Expulsion   3415
  6830
  3415

  3985
  7970
  3985

RBA-200
RBA-400
RBA-800
DBU-17

  10–200
    5–400
450–720
    7–150

15.5

17.1

14,400
29,400
29,400
14,000

23,000 Expulsion   5690
  8535
  5690

  6635
  9950
  6635

RBA-200
RBA-400
RBA-800
DBU-27

  10–200
    5–300
450–540
    3–200

25.5

27.0

10,500
21,000
21,000
12,500

34,500 Expulsion   8535
12800
  8535

  9950
14925
  9950

RBA-200
RBA-400
RBA-800
DBU-38

  10–200
    5–300
450–540
    3–200

38.0   6,900
16,800
16,800
10,000

 

Instructions:

 

 Multiply the transformer primary full load current 
(FLA) times the multiplier shown in the table to determine 
suggested minimum size fuse. Use fan-cooled primary FLA 
with forced air transformer multiplier. See 

 

Tables 9.0-9

 

 thru 

 

9.0-11 

 

for suggested minimum fuse size.

For self-cooled
transformers

For forced air
transformers

Type CLE current limiting fuses 
Type RBA, DBU expulsion type fuses

All ratings 1.4 x FLA 
of XFMR

1.2 x FLA 
of XFMR
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Interrupting Ratings of Fuses

 

Modern fuses are rated in amperes 
rms symmetrical. They also have a 
listed asymmetrical rms rating, which 
is 1.6 x the symmetrical rating.

Refer to ANSI/IEEE C37.48 for fuse 
interrupting duty guidelines.

 

Calculation of the fuse required 
interrupting rating:

 

Step 1

 

—Convert the fault from 
the utility to percent or per unit on 
a convenient voltage and kVA base.

 

Step 2

 

—Collect the X and R data of all 
the other circuit elements and convert
to percent or per unit on a convenient 
kVA and voltage base same as that 
used in 

 

Step 1

 

. Use the substransient 
X and R for all generators and motors.

 

Step 3

 

—Construct the sequence 
networks using reactances and 
connect properly for the type of fault 
under consideration and reduce to a 
single equivalent reactance.

 

Step 4

 

—Same as above except using 
resistances (omit if a symmetrically 
rated fuse is to be selected).

 

Step 5

 

—Calculate the E/XI value, 
where E is the prefault value of the 
voltage at the point of fault normally 
assumed 1.0 in pu. For three-phase 
faults E/XI is the fault current to be 
used in determining the required 
interrupting capability of the fuse. 

Note: It is not necessary to calculate 
a single phase-to-phase fault current. This 
current is very nearly /2 x three-phase 
fault. The line-to-ground fault may exceed 
the three-phase fault for fuses located in 
generating stations with solidly grounded 
neutral generators, or in delta-wye trans-
formers with the wye solidly grounded, 
where the sum of the positive and negative 
sequence impedances on the high voltage 
side (delta) is smaller than the impedance of 
the transformer.

For single line-to-ground fault;

XI = XI(+) + XI(-) + XI(0) 

Step 6—Select a fuse with a published 
interrupting rating exceeding the 
calculated fault current.

Table 9.0-10 should be used where 
older asymmetrically rated fuses 
are involved.

The voltage rating of power fuses 
used on three-phase systems should 
equal or exceed the maximum line-
to-line voltage rating of the system. 
Current limiting fuses for three-phase 
systems should normally be applied 
so that the fuse voltage rating is equal 
to or less than 1.41 x nominal system 
voltage. However, the insulation 
levels on 2.4 kV systems normally 
allow 4.3 or 5.5 kV rated fuses to 
be used.

Table 9.0-9. Suggested Minimum Current Limiting Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Transformer Applications—E-Rated Fuses 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

3

If
E
XI
----- 3×=

System
Nominal kV

2.4 4.16 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

2.75 5.5 5.5 8.3 15.5 15.5 15.5 15.5

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

     112.5
     150
     225

    27.1
    36.1
    54.1

    50E
    65E
    80E

    15.6
    20.8
    31.2

    25E
    30E
    50E

    13.5
    18.0
    27.1

    20E
    25E
    50E

    9.0
  12.0
  18.0

  15E
  20E
  25E

    5.4
    7.2
  10.8

  10E
  15E
  15E

    4.9
    6.6
    9.8

  10E
  10E
  15E

    4.7
    6.3
    9.4

  10E
  10E
  15E

    4.5
    6.0
    9.0

  10E
  10E
  15E

     300
     500
     750

    72.2
  120.3
  180.4

  125E
  200E
  300E

    41.6
    69.4
  104.1

    80E
  125E
  150E

    36.1
    60.1
    90.2

    65E
  100E
  150E

  24.1
  40.1
  60.1

  40E
  65E
100E

  14.4
  24.1
  36.1

  20E
  50E
  65E

  13.1
  21.9
  32.8

  20E
  30E
  65E

  12.6
  20.9
  31.4

  20E
  30E
  65E

  12.0
  20.0
  30.1

  20E
  30E
  65E

   1000
   1500
   2000

  240.6
  360.8
  481.1

  350E
  600E
  750E

  138.8
  208.2
  277.6

  200E
  300E
  400E

  120.3
  180.4
  240.6

  175E
  250E
  350E

  80.2
120.3
160.4

125E
175E
250E

   48.1
  72.2
  96.2

  80E
100E
150E

  43.7
  65.6
  87.5

  80E
100E
125E

  41.8
  62.8
  83.7

  80E
100E
150E

  40.1
  60.1
  80.2

  80E
100E
125E

   2500
   3000
   3750

  601.4
  721.7
  902.1

1100E
1100E
1350E

  347.0
  416.4
  520.4

  600E
  600E
  750E

  300.7
  360.8
  451.1

  450E
  600E
  750E

200.5
240.6
300.7

300E
350E
—

120.3
144.3
180.4

200E
250E
250E

109.3
131.2
164.0

175E
200E
250E

104.6
125.5
156.9

175E
200E
250E

100.2
120.3
150.4

175E
200E
250E

   5000
   7500
10,000

1202.8
1804.2
2405.6

—
—
—

  693.9
1040.9
1387.9

1100E
—
—

  601.4
  902.1
1202.8

1100E
1350E
—

400.9
601.4
801.9

—
—
—

240.6
360.8
481.1

—
—
—

218.7
328.0
437.4

300E
—
—

209.2
313.8
418.4

300E
—
—

200.5
300.7
400.9

300E
—
—
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Table 9.0-10. Suggested Minimum RBA Expulsion Fuse Ratings for Self-Cooled 2.4–15.5 kV Transformer Applications—E-Rated Fuses 

� Two 300E-ampere fuse refill units in parallel with 10% derating.
� Two 400E-ampere fuse refill units in parallel with 10% derating.
� Two 250E-ampere fuse refill units in parallel with 10% derating.
Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-11. Suggested Minimum RBA Expulsion Fuse Ratings for Self-Cooled 25.8–38 kV Transformer Applications 

� Two 250E-ampere fuse refill units in parallel with 10% derating.
Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

System
Nominal kV

2.4 4.16 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

2.75 5.5 5.5 8.3 15.5 15.5 15.5 15.5

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

     112.5
     150
     225

    27.1
    36.1
    54.1

    40E
    50E
    80E

    15.6
    20.8
    31.2

  25E
  30E
  50E

    13.5
    18.0
    27.1

  20E
  25E
  40E

    9.0
  12.0
  18.0

  15E
  20E
  25E

    5.4
    7.2
  10.8

  10E
  10E
  15E

    4.9
    6.6
    9.8

  10E
  10E
  15E

    4.7
    6.3
    9.4

  10E
  10E
  15E

    4.5
    6.0
    9.0

  10E
  10E
  15E

     300
     500
     750

    72.2
  120.3
  180.4

  100E
  175E
  250E

    41.6
    69.4
  104.1

  65E
100E
150E

    36.1
    60.1
    90.2

  50E
  80E
125E

  24.1
  40.1
  60.1

  40E
  65E
  80E

  14.4
  24.1
  36.1

  20E
  40E
  50E

  13.1
  21.9
  32.8

  20E
  30E
  50E

  12.6
  20.9
  31.4

  20E
  30E
  50E

  12.0
  20.0
  30.1

  20E
  30E
  50E

   1000
   1500
   2000

  240.6
  360.8
  481.1

  400E
  450E �
  720E �

  138.8
  208.2
  277.6

200E
300E
400E

  120.3
  180.4
  240.6

175E
250E
350E

  80.2
120.3
160.4

125E
175E
250E

   48.1
  72.2
  96.2

  65E
100E
150E

  43.7
  65.6
  87.5

  65E
100E
125E

  41.8
  62.8
  83.7

  65E
100E
125E

  40.1
  60.1
  80.2

  65E
  80E
125E

   2500
   3000
   3750

  601.4
  721.7
  902.1

—
—
—

  347.0
  416.4
  520.4

540E �
720E �
720E �

  300.7
  360.8
  451.1

400E
540E �
720E �

200.5
240.6
300.7

300E
350E
400E

120.3
144.3
180.4

175E
200E
250E

109.3
131.2
164.0

150E
175E
250E

104.6
125.5
156.9

150E
175E
250E

100.2
120.3
150.4

150E
175E
200E

   5000
   7500
10,000

1202.8
1804.2
2405.6

—
—
—

  693.9
1040.9
1387.9

—
—
—

  601.4
  902.1
1202.8

—
—
—

400.9
601.4
801.9

540E �
—
—

240.6
360.8
481.1

400E
540E �
720E �

218.7
328.0
437.4

300E
450E �
720E �

209.2
313.8
418.4

300E
450E �
720E �

200.5
300.7
400.9

300E
450E �
540E �

System
Nominal kV

22.9 23.9 24.9 34.5

Fuses
Maximum kV

25.8 25.8 24.8 —

Transformer kVA 
Rating Self-Cooled

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

     750
   1000
   1500

  18.9
  25.2
  37.8

  30E
  40E
  65E

  18.1
  24.2
  36.2

  25E
  40E
  50E

  17.4
  23.2
  34.8

  25E
  40E
  50E

  12.6
  16.7
  25.1

  20E
  25E
  40E

   2000
   2500
   3000

  50.4
  63.0
  75.6

  80E
100E
125E

  48.3
  60.4
  72.5

  65E
100E
100E

  46.4
  58.0
  69.6

  65E
  80E
100E

  33.5
  41.8
  50.2

  50E
  65E
  80E

   3750
   5000
   7500
10,000

  94.5
126.1
189.1
252.1

150E
175E
300E
450E �

  90.6
120.8
181.2
241.6

125E
175E
250E
450E �

  87.0
115.9
173.9
231.9

125E
175E
250E
450E �

  62.8
  83.7
125.5
167.3

100E
125E
175E
250E
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Table 9.0-12. Suggested Minimum DBU Expulsion Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Power Transformer Applications 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-13. Suggested Minimum DBU Expulsion Fuse Current Ratings for Self-Cooled 2.4–15.5 kV Power Transformer Applications 

Note: Fuse ratings represent the fuse that will withstand transformer inrush (12 x FLC for 0.1 second and 25 x FLC for 0.01 second) and be able 
to handle temporary overloads (133% of FLC, 150% for 15.5 kV).

Table 9.0-14. Type DBU Expulsion Fuses, Boric Acid, Indoor/Outdoor

Note: Used on overhead distribution transformers, substation equipment, industrial transformer installations, and radial distribution circuits.

System
Nominal kV

2.4 4.2 4.8 7.2 12.0 13.2 13.8 14.4

Fuses Maxi-
mum kV

17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1

Transformer
kVA Rating
Self-Cooled

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Full
Load
Current
Amps

Fuse
Rating
Amps E

Three-Phase Transformers
  112.5
  150
  225

  27
  36
  54

  40E
  50E
  80E

  16
  21
  31

  25E
  30E
  50E

  14
  18
  27

  20E
  25E
  40E

    9
  12
  18

  15E
  20E
  25E

    5
    7
  11

  10E
  10E
  15E

    5
    7
  10

    7E
  10E
  15E

    5
    6
    9

    7E
  10E
  15E

    5
    6
    9

    7E
  10E
  15E

  300
  500
  750

  72
120
180

100E
200E
—

  42 
  69
104

  65E
100E
150E

  36
  60
  90

  50E
100E
125E

  24
  40
  60

  40E
  65E
100E

  14
  24
  36

  20E
  40E
  50E

  13
  22
  33

  20E
  30E
  50E

  13
  21
  31

  20E
  30E
  50E

  12
  20
  30

  20E
  30E
  50E

1000
1500
2000

241
361
481

—
—
—

139
208
278

200E
—
—

120
180
241

200E
—
—

  80
120
160

125E
200E
—

  48
  72
  96

  80E
100E
150E

  44
  66
  87

  65E
100E
125E

  42
  63
  84

  65E
100E
125E

  40
  60
  80

  65E
  65E
125E

2500 601 — 347 — 301 — 200 — 120 200E 109 150E 105 150E 100 150E

System
Nominal kV

22.9 23.9 24.9 34.5

Fuses Maxi-
mum kV

27.0 27.0 27.0 38.0

Transformer
kVA Rating
Self-Cooled

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Full Load
Current Amps

Fuse Rating
Amps E

Three-Phase Transformers
  750
1000
1500

19
25
38

  30E
  40E
  65E

18
24
36

  25E
  40E
  50E

17
23
34

  25E
  40E
  50E

13
17
25

  20E
  25E
  40E

2000
2500
3750

50
63
95

  80E
100E
150E

48
60
91

  80E
100E
150E

46
58
87

  65E
  80E
125E

33
42
63

  50E
  65E
100E

Maximum
Design kV

Current Rating
Amperes

Interrupting Rating
rms (kA Symmetrical)

17.1 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

14 

27 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

12.5 

38 3K, 6K, 8K, 10K, 12K, 15K, 20K, 25K, 30K, 40K, 50K, 65K, 80K, 100K, 140K, 200K, 
5E, 7E, 10E, 13E, 15E, 20E, 25E, 30E, 40E, 50E, 65E, 80E, 100E, 125E, 150E, 175E, 200E, 
15SE, 20SE, 25SE, 30SE, 40SE, 50SE, 65SE, 80SE, 100SE, 125SE, 150SE, 175SE, 200SE

10–outdoor
8.5–indoor with muffler

For additional information, see:
Volume 4, CA08100005E . . . . . . . . . . . . . . . . .  Tab 26
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Motor Starter (Ampgard) — 
Medium Voltage

 

General Description

 

Application

 

The Cutler-Hammer

 

�

 

 Ampgard

 

�

 

 
medium voltage metal-enclosed 
control family from Eaton’s Electrical  
business provides control and protec-
tion of medium voltage motors and 
equipment rated 2300 to 6600 volts 
nominal/7200 volts maximum.

Ampgard control has a complete 
metal-enclosed offering:

 

■

 

Full and reduced voltage starting 
of medium voltage motors up to 
8000 hp.

 

■

 

Main breaker metal-enclosed 
switchgear, a smaller footprint, 
single integrated assembly direct 
coupled to the Ampgard control.

 

■

 

LBS load break switch direct 
coupled main or feeder disconnect.

 

Features

 

Personnel safety:

 

 Positive mechanical 
isolating switch with visible discon-
nect completely grounds and isolates 
the starter from the line connectors 
with a mechanically driven isolating 
shutter, leaving no exposed high 
voltage. Medium voltage door is 
mechanically locked closed with the 
disconnect; low voltage section has 
separate door and is segregated from 
the medium voltage section.

 

Ease of installation:

 

 Current limiting 
fuses, contactor assembly and 
isolating switch assembly are easily 
removed from the enclosure; line 
and load terminals are completely 
accessible from the front.

 

Ease of maintenance:

 

 All components 
are front accessible, facilitating routine 
inspection and/or parts replacement.

 

Simplicity of design: 

 

Component-to-
component design eliminates half of 
the electrical connections.

Two vacuum contactor ratings are 
utilized, 400 ampere and 800 ampere. 
The 400 ampere is available as rollout, 
slide-out or narrow design. The 800 
ampere is available as rollout only.

 

Ampgard Motor Control Assembly

 

Starter catalog types are available for the following applications:

 

■

 

Squirrel cage, full voltage.

 

■

 

Narrow design, full voltage.

 

■

 

Squirrel cage, primary reactor.

 

■

 

Squirrel cage, autotransformer.

 

■

 

Reduced voltage solid-state
(consult factory).

 

■

 

Synchronous full voltage.

 

■

 

Synchronous primary reactor.

 

■

 

Synchronous autotransformer
(reversing and non-reversing).
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Motor Starter (Ampgard) — 
Medium Voltage

 

Personnel Safety Features

 

One of the most important consider-
ations in designing the Cutler-Hammer 
Ampgard Starter was personnel safety. 
The result is an extensive system of 
interlocks and other safety features.

 

Interlocks

 

Interlocking on Ampgard Starters 
includes:

 

■

 

Isolating switch handle housing 
extends over medium voltage door 
when handle is in ON or OFF 
position, preventing door from 
being opened.

 

■

 

Provision for optional key interlocks.

 

■

 

When door is open, detent prevents 
operating handle from being moved 
inadvertently to OFF or ON position.

 

■

 

When contactor is energized, 
isolating switch cannot be opened 
or closed.

 

Other Safety Features

 

Ampgard Starters include many addi-
tional features designed to protect 
operating personnel. These features 
include:

 

■

 

Provision for three padlocks on iso-
lating switch handle in OFF position.

 

■

 

Operating handle must be 
rotated 90° to the horizontal service 
position in order to open main 
door, ensuring complete isolation 
from the main power source.

 

■

 

Shutter barrier between line 
terminals and fuse stabs are 
mechanically driven in both 
directions (see photo). 

 

■

 

Distinctive marking on back of 
switch assembly appears when 
shutter barrier is in position and 
starter is completely isolated from 
the line.

 

■

 

Visible grounding clips provide a 
positive grounding of the starter and 
main fuses to a grounding bus when 
the isolating switch is opened.

 

■

 

High and low voltage circuits are 
compartmentalized and isolated 
from each other.

 

■

 

Illustrated selected safety features, 
operating instructions and renewal 
parts information are permanently 
mounted inside main enclosure door. 

 

■

 

The drawout isolation switch is 
easily removed by loosening two 
bolts in the front casting. The shutter 
is mechanically interlocked when 
the switch is withdrawn (400 
amperes only).

 

Isolation Switch Handle

Shutter Mechanism and Finger Barrier Isolation of Incoming Line Bus 
(Shown with Isolation Switch Removed)

Front Casting Removable Bolt

Isolation
Switch Handle

Extra Interlock to Prevent
Accidental Shutter Operation 
when Isolation Switch 
is Removed

Shutter Operated 
by Moving Tray 
when Isolation Switch
is in Position

Rail on which 
Isolation
Switch Mounts

Distinctive Marking 
when Shutter is in 
Closed Position

Motion of Shutter
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Motor Starter (Ampgard) — 
Medium Voltage

 

Component-to-Component 
Circuitry

 

All major components of 
Cutler-Hammer Ampgard Starters — 
mechanical isolating switch, vacuum 
contactor, current transformers and 
control transformer — were designed 
specifically to function together as an 
integrated starter unit.

One of the most important design 
features, however, is the component-
to-component circuit concept 
employed to eliminate 50% of the 
current carrying junctions.

The flow of current through a vacuum-
breaker controller (starter) can be 
traced by referring to the lower portion 
of 

 

Figure 1

 

, where the controller is 
shown in the energized position. The 
line stab assembly mounted at the 
back of the enclosure also serves as 
the controller line terminals (1). The 
stabs themselves are engaged by the 
fuse jaws (2) of the isolating switch 
which is mounted on the rails at the 
top of the cell compartment. The line 
ferrules (3) of the current-limiting 
motor starting power circuit fuses (4) 
clip into the fuse jaws, and the load 
ferrules (5) fit into the fuse holders 
(6) which are part of the contactor line 
terminals. Current flow through the 
contactor is from the load ferrules of 
the power circuit fuses, through the 
contactor line bus (7), and the vacuum 
interrupters (bottles) of the contactor 
(8), to the contactor load terminals (9). 
The contactor is mounted on rails in 
the lower part of the cell, immediately 
adjacent to the current transformers, 
which are bolted to a panel on the side 
of the enclosure. Spring loaded con-
tact jaws mounted on the contactor 
load terminals plug into the lower stab 
assembly (10), providing a convenient 
connection through the current trans-
formers to the motor (load) terminals 
mounted on the left-hand side wall 
of the enclosure. Instrument quality 
potential transformers (when furnished) 
are mounted to the right side sheet of 
contactor.

 

Figure 1. Section View of 400 Ampere Two-High Rollout Starters

Isolating Switch

Open Position

Spring Loaded
Door Interlock

Contactor Door
Interlock

Upper
Compartment Door

Type SLA Contactor

Low Voltage
Control Circuit Fuses

Closed Position

Isolating Switch

Medium Voltage
Control Power

Transformer Fuse

Lower
Compartment Door

Receptacle for
Test-Run Plug

Bus Enclosure

Main Horizontal
Bus Assembly

Upper Starter Line 
Terminals

Line Terminal Barrier 
and Shutter Assembly

Insulated 
Vertical Bus

Medium Voltage 
Power Circuit Fuses

Load Stab Assembly

Customer
Load Terminals are on 
Left Side of Enclosure

Lower Starter 
Line Terminals

Starter Enclosure

Load Stab Assembly

Type SLA Contactor
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Motor Starter (Ampgard) — 
Medium Voltage

 

Type SL 400 Ampere Vacuum Contactor Slide-Out

SL 200 Ampere and 400 Ampere 
Vacuum Contactors

 

Cutler-Hammer Type SL Vacuum 
Contactors were designed and 
engineered specifically for use 
in Ampgard Starters. They are 
self-supporting, compact, drawout, 
3-pole, dc magnet closed contactors. 
To permit application matching of 
the starter to the motor rating, the 
SL Contactor is available in 200 and 
400 ampere ratings.

SL Contactors are available in the 
standard slide-out configuration and 
optional rollout or narrow designs. 
Slide-out and rollout designs can 
be supplied in a 2-high configuration, 
with both the upper and lower contac-
tors fully rated up to 400 amperes 
enclosed. The narrow design is avail-
able as 1-high only and is fully rated 
at up to 400 amperes enclosed.

 

Design

 

Cutler-Hammer Vacuum Contactors are 
highly versatile, low-surge contactors 
that have been designed to meet all 
applicable NEMA

 

�

 

 standards and are 
UL

 

�

 

 recognized components. The 
contactors accommodate mechanical 
interlocks which function with the 
starter isolation switch and with other 
contactors. These interlocks provide 
unmatched safety and service 
protection.

The contactors consist of a molded 
frame with moving armature, magnet 
and vacuum interrupters. The contac-
tor is easily positioned into the starter 
and long-life vacuum interrupters pro-
vide many operations with a minimal 
maintenance program. The contactor 
design incorporates fuse holders for 
the load side of the current limiting 
main power fuses and provides for 
connection to the medium voltage side 
of the control power transformer (CPT). 
CPTs of up to 2 kVA capacity are 
mounted on the contactor. The SL 
operating coils are energized by a 
control board which provides a pulse-
width-modulated dc output. Control 
voltages and contactor dropout times 
are programmed using a DIP switch 
located on the control board. The con-
trol board is mounted in a protected 
cavity in the molded contactor frame 
to prevent inadvertent access to the 
voltage and dropout DIP switch. Four 
auxiliary contacts (2NO, 2NC) are 
supplied with each contactor and 
are wired to terminal blocks on the 
starter control panel.

The vacuum interrupters employ 
special main contact materials that 
exhibit a low chop current and have 
a limited ability to interrupt high fre-
quency currents. Ampgard contactors 
thus minimize switching surges. Surge 
protection is therefore not required 
due to the use of the vacuum contactor. 
Surge protection may be required 
for other reasons such as the high 
probability of lightning strike, etc.

 

Maintenance

 

Reduced maintenance is one of the out-
standing features of the Cutler-Hammer 
Vacuum Contactor line. The special 
contact material in the vacuum inter-
rupters provides long life even under 
severe operating conditions. The main 
coils operate with a very low tempera-
ture rise to maximize insulation life. 
Steel bearings on the main shaft 
provide long, trouble-free operation.

A simple go/no-go gauge for checking 
contact wear is included with each 
contactor. Wear can be checked 
without removing the contactor from 
the starter. The vacuum contactor is 
much lighter than previous generation 
airbreak contactors, which allows for 
easier insertion and removal from 
the starter structure.

Front View

Test 
Receptacle
and Plug

Pull Apart Terminal Blocks to
“Works-in-a-Drawer” Control Panel

Control
Transformer

Mounting for
Load Side
Main Power Fuses

3-Phase
Current
Transformer

Zero Sequence
Ground Fault Transformer

Rear View

400 Ampere
Vacuum Bottles
Rated 7200 Volts

Potential
Transformer

Contactor Load Side Cable
Connects to Termination on
Left-Hand Wall of Structure



 

For more information visit: www.EatonElectrical.com TD02003004E

 
Technical Data

 

Page

 

 6

 

Effective:  May 2004

 
Motor Starter (Ampgard) — 
Medium Voltage

 

Type SL 400 Ampere Vacuum Contactor Rollout with Wheels and Load Fingers

 

400 Ampere Contactor Features — Front View 400 Ampere Contactor Features — Rear View

 

200/400 Ampere Slide-out

 

The slide-out version of the Cutler-
Hammer SL Contactor is supplied as 
standard for those applications requir-
ing a 200 or 400 ampere contactor. 
The contactor slides into the Ampgard 
structure on steel rails. Medium voltage 
cables connect the contactor load 
terminals to the lug landings for the 
motor load cables. A 3-phase current 
transformer, 3-phase potential trans-
former and ground fault current 
transformer are mounted on the contac-
tor when required. A set of pull-apart 
terminal blocks connects the contactor 
to the low voltage control panel.

The contactor is easily removed from 
the structure by removing three bolts 
securing the contactor load cables, 
one bolt in each of the two mounting 
rails, and one bolt connecting the 
isolating switch interlock arm.

 

Note: 

 

Each contactor supplied with a 
feeler gauge to check contact wear from 
front of starter.

 

200/400 Ampere Rollout

 

A rollout version of the SL Contactor 
is an available option. The rollout 
contactor is mounted on wheels and 
simply rolls into the Ampgard struc-
ture. Contactor load fingers engage a 
load stab as the contactor is inserted

into the starter cell. The contactor is 
held in position by a detent latch and 
can be easily removed by releasing the 
latch mechanism. The contactor can 
be removed from the starter without 
disconnecting any medium voltage 
cables or interlock mechanisms.

 

200/400 Ampere Narrow Design

 

A special 1-high narrow design is an 
available option. The contactor slides 
into the starter compartment and has 
pull-apart terminal blocks and isola-
tion switch-to-contactor interlocks 
similar to the slide-out design. The 
contactor includes load fingers like 
those on the rollout contactor. Current 
transformers are mounted in a special 
CT compartment above the contactor.

 

SJ 800 Ampere Vacuum Contactors

 

The 800 ampere contactor is a Cutler-
Hammer Type SJ and is available 
in rollout design only. It is a 1-high 
configuration and is rated at 720 
amperes enclosed. The dc main coil 
for the SJ is controlled in a conven-
tional manner with an economizing 
circuit mechanically actuated by an 
auxiliary contact. Control voltages 
and dropout times are not DIP switch 
selectable. Other features are similar 
to the Cutler-Hammer SL 400 
ampere rollout.

 

Front View

800 Ampere Vacuum Break Contactor 
7200 Volt Maximum Rollout with 
Wheels and Load Fingers

Power Control
Transformer

400 Ampere 
Vacuum Bottles
Rated 7200 Volts Self-Aligning

Contactor Load Fingers

Mechanism 
Visual Check to
Ensure Contactor
Completely 
Rolled In

Rollout 
Wheels

Phase 
Barriers

Mounting for 
Load Side 
Main Power Fuses

Mechanical Interlock
Interface to 
Isolation Switch

Test Receptacle 
and Plug
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Motor Starter (Ampgard) — 
Medium Voltage

 

Type LFR Mechanical Non-Loadbreak Isolating Switch

 

400 Ampere Isolation Switch — Side View 400 Ampere Isolation Switch — Front View 400 Ampere Isolation Switch — Rear View

 

LFR Isolation Switch

 

The Cutler-Hammer LFR drawout, 
lightweight, 3-pole, manually operated 
isolating switch is mounted on slide 
rails in the top of the enclosure. It may 
be easily removed by loosening two 
bolts in the front casting.

The component-to-component 
circuitry concept utilizes the current 
limiting fuses as part of the isolating 
switch. The switch fuse jaw is 
constructed so that firm pressure is 
applied to the fuse ferrule when the 
switch is in the ON position, yet also 
allows the fuse to be easily removed 
or inserted when the switch is open.

A positive mechanical interlock 
between the isolating switch and 
contactor prevents the isolating 
switch from being opened when the 
contactor is closed, and from being 
closed if the contactor is closed.

The isolating switch handle is 
designed to break off if the operator 
uses too much force in trying to open 
the non-loadbreak isolating switch 
when the contactor is closed.

To operate the isolating switch, the 
operating handle is moved through a 
180º vertical arc from the ON to the 
OFF position. In the ON and OFF 

position, a portion of the handle 
housing extends over the starter 
high voltage door, preventing the door 
from being opened. From the OFF 
position, the handle must be rotated 
90º counterclockwise to a horizontal 
service position which allows the 
high voltage door to be opened. When 
the high voltage door is open, a door 
interlock prevents the handle from 
being inadvertently returned to the 
OFF position. From the horizontal 
service position, the handle cannot be 
moved to the ON position without first 
moving to the vertical OFF position.

When the operating handle is moved 
from ON to OFF, copper fingers are 
withdrawn from incoming line stabs. 
As the fingers withdraw, they automat-
ically tilt up so they are visible above 
the top of the fuses when viewed 
from the front, and simultaneously 
grounded. At the same time as the 
fingers are withdrawn, a mechanically-
driven insulating shutter moves across 
the back barrier to prevent front access 
to the line connections. As the shutter 
slides into position, distinctive 
markings appear on the back barrier, 
making it easier to check the position 
of the fuses and barriers. Refer to 

 

Page 3

 

. 

 

800 Ampere Isolation Switch

Mechanical Interlock Between Isolation 
Switch and Contactor Slide-Out Design

Mechanical Interlock Interface 
to Rollout Contactor

Isolation Switch
Line Fingers

Side of Isolation Switch Forms
Barrier Between the High Voltage
and Low Voltage Control

Sliding Tray Interlocks
to Operate Shutter 
Mechanism

Mounting Area
for Key Interlocks
when Required
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Motor Starter (Ampgard) — 
Medium Voltage

 

Isolation Switch

 

ON Position

OFF Position

Handle Being Moved to Horizontal 
Service Position

Handle in Horizontal Service Position

 

Current Limiting Fuses

 

All Ampgard Starters use Cutler-Hammer 
Type CLS power fuses with time/cur-
rent characteristics for motor service. 
Type CLE power fuses are applied 
when the starter is used to feed a 
transformer. This characteristic is coor-
dinated with the contactor and over-
load relay characteristics to provide 
maximum motor/transformer utiliza-
tion and protection.

Interruption is accomplished without 
expulsion of gases, noise or moving 
parts. Type CLS/CLE fuses are mounted 
in a vertical position to ensure maximum 

rating reliability, proper operation and 
to eliminate the possibility of dust and 
dirt collecting, causing a short circuit. 
When a fault has been cleared, a plastic 
indicator in the top of the fuse, normally 
depressed, pops up to give visible 
blown fuse indication.

The control circuit primary fuses are 
also current limiting.

Blown fuses may be removed and 
replaced without removing or drawing 
out the contactor by using the fuse 
puller supplied with the lineup. 

 

Starter Fuse Removal

Blown Fuse Indicator

Blown Fuse Indicator

Double Barrel Fuses 
Used for 800 Ampere 
Starters

Control Transformer
Primary Fuses

Fuse Puller

Single Barrel Fuse for 
400 Ampere Starter.
Also Available in 
Double Barrel 
Configuration for 
Higher Horsepower
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Motor Starter (Ampgard) — 
Medium Voltage

 

Contactor-Fuse Coordination

 

The Ampgard Starter provides 
ensured coordination between its 
fuses, contactor, current transformers, 
protective relays, and the motor it 
is controlling.

One of the most critical coordination 
issues is between the contactor and its 
starter fuses. The fuses must interrupt 
faults greater than the interrupting 
rating of the contactor. The Ampgard 
400 ampere contactor has an 8-cycle 
dropout time factory setting as stan-
dard and will interrupt 8500 amperes. 
The maximum size fuse used in a 400 
ampere starter is a 450-24R. By com-
paring the fuse curve with the contac-
tor rating it can be observed that for 
faults greater than 8500 amperes, the 
fuse will open before the contactor. 
With faults less than 8500 amperes, 
the contactor may clear the fault 
before the fuse blows, depending on 
the settings of the protective relays. 
Refer to 

 

Figure 2

 

 for an illustration of 
Ampgard coordination.

Other vacuum contactors available 
today may have lower interrupting 
ratings than the Ampgard Type SL 
vacuum contactors. Dropout times 
also vary, and may be as short as 
two cycles on other starter designs. 
Lower interrupting ratings and shorter 
dropout times can result in fault cur-
rent levels where the contactor may 
be required to interrupt a fault greater 
than its rating. This can result in 
severe equipment failure. Refer to 

 

Figure 3

 

 for an illustration of 
an improperly coordinated starter.

Ampgard Starters also ensure coordi-
nation between other starter compo-
nents. The current transformers and 
protective relays are selected to work 
properly with each other, and to 
protect the motor. Protective relays 
like the Cutler-Hammer MP-3000 
provide optimal motor protection, 
while also rapidly opening the contac-
tor during fault conditions. This rapid 
opening signal cannot open the 
contactor in less than its set dropout 
time, but it will take the motor off-line 
in the shortest possible time. This will 
help minimize mechanical damage to 
the motor and may prevent the starter 
fuses from blowing by allowing the 
contactor to clear the fault (only if 
the fault is less than the contactor 
interrupting rating).

 

Figure 2. Proper Contactor Fuse Coordination Found in Ampgard Starter

Figure 3. Contactor Fuses that are not Properly Coordinated

Contactor
Interrupting Rating

24R Fuse
Curve

Contactor
Dropout

Current

Ti
m

e

Contactor
Interrupting Rating

24R Fuse
Curve

Contactor
Dropout

Current

Ti
m

e

Fault Current Range
where Contactor can
Attempt to Open on a Fault
Greater than its Rating
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Motor Starter (Ampgard) — 
Medium Voltage

 

Protection Considerations
Coordinated with the motor’s charac-
teristics, the protective devices in the 
Cutler-Hammer Ampgard Starter pro-
vide motor protection from overload 
to full system capacity faults.

The industry standard, bi-metallic 
overload relay provides motor protec-
tion against sustained overloads. The 
relay’s inverse time characteristic 
curve normally falls within the motor’s 
safe allowable stall heating curve. 
However, the particular application/
motor requirements should be 
reviewed to ensure both full utilization 
and proper protection of the motor. 
To be considered are excessive 
accelerating time, locked rotor stalled 
conditions, and varying load condi-
tions. Additional motor protection 
considerations are overtemperature, 
instantaneous overcurrent, ground 
fault and phase unbalance. Also, 
the load protection functions 
should also be reviewed.

Such relays as Groundgard, 
Resistance Temperature Detector, 
SVM-3, MP-3000, and IQ Meters can 
easily be factory installed. The use of 
multi-function relays that can be easily 
adjusted for each motor application 
ensures maximum motor utilization.

MP-3000 Motor Protective Relay 

Figure 4. Full Range Coordinated Protection Between Current Limiting Type CLS Fuses, 
Vacuum Contactor and Motor Protection Relay

Ultimate Trip

MP-3000 Motor Protection
Curve Programmed to
Follow Specific Motor
Damage Curve – Providing
Maximum Motor
Utilization

Controller Maximum
Interrupting Rating

Instantaneous Over
Current

Full Load Amps

Motor Starting Curve

24R Fuse

Contactor Dropout

Asymmetrical
Offset Compensation

Contactor Interrupting
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Medium Voltage

Isolated Low Voltage Control (Works-in-the-Drawer)
Mounted on the right side of the enclosure, the low voltage control panel is completely isolated and barriered from 
high voltage and has a separate low voltage access door.

Low Voltage and High Voltage Compartments

The Device Panel, MP-3000 and DP-4000 all fit in this same 
size low voltage door cutout.

Isolated Low Voltage Control Panel

Low Voltage Panel Completely Extended

1/4 Turn Door Latch
Top and Bottom

MP-3000 
(When Specified)

Low Voltage 
Access Door

DP-4000 Meter
(When Specified)

Indicating Lights
Start/Stop
Pushbutton 
(When Specified)

Note: Isolation 
Switch Handle 
Mechanically 
Blocking High 
Voltage Door

Customer Terminal 
Block for Remote 
Control Connections

Predrilled Holes for Additional
Control Devices

Interposing Control Relay
DIN-Rail Mounted

Routing of Control Wire
in Wire Channel

Wiring is Protected Between 
Low Voltage Panel and Hinged 
Low Voltage Access Door

MP-3000 Rear View

Rear of 1/4 Turn Fastener

DP-4000 Meter Rear View

Indicating Lights and 
Pushbutton’s Rear View

Note: Low voltage door is hinged to 
slide out the control panel.
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Medium Voltage

Bus and Optional Features

Top View Main Horizontal Bus

Main Bus
When starters are grouped together in a 
lineup, a typical option is the main bus. 
The Cutler-Hammer Ampgard main 
bus is mounted in its own 10-inch 
(254.0 mm) high enclosure, which 
isolates it from the starter. The connec-
tion from the main bus to the starter is 
done with rigid vertical bus. Insulated 
barriers are provided for separate top 
entry of power and control cables. 
The main bus is top, side and front 
accessible, which allows for ease of 
maintenance or extension of lineup 
without disassembling the starters.

Main bus is available for 1000, 1200, 
2000 and 3000 amperes. Crossover bus, 
busway entry, and pull boxes are not 
available for the 3000 ampere design.

UL and CSA Certification
Ampgard Starters are designed, 
assembled and tested to meet all 
applicable standards: NEMA/ANSI 
ICS3, EEMAC E14-1, UL 347 and CSA� 
C22.2 No. 14. The major components 
i.e., contactor, isolating switch, fuses, 
MP-3000, IQ DP-4000, and IQ Analyzer 
are UL recognized.

UL or CSA labeling of a specific starter 
requires review to ensure that all 
requested modifications and auxiliary 
devices meet the appropriate stan-
dards. Refer to factory when specified.

Seismic Certification
Ampgard Starters are seismically 
tested, seismically qualified, and 
exceed requirements of both the 
Uniform Building Code� (UBC) and 
California Building Code Title 24.

ABS Certification
Cutler-Hammer Ampgard Medium 
Voltage Control assemblies have been 
certified under the ABS type approval 
program. ABS (American Bureau of 
Shipping) develops and verifies stan-
dards for design, construction and 
operational maintenance of marine-
related facilities. ABS Type Approval is 
a means of demonstrating compliance 
with specifications and recording the 
compliance in the ABS Web site. Amp-
gard is listed in the ABS publications 
and Web site. Ampgard may be used 
on board a vessel, MODU (mobile off-
shore drilling unit) or facility classed 
by ABS with two conditions:

1. The Ampgard assembly may not 
be used in the propulsion system.

2. The Ampgard assembly may not 
be placed on deck. 

The standard Ampgard assembly will 
be modified with grab rails, drip 
shields, insulated bus and wind 
latches for the doors to meet all the 
ABS requirements.

Other Optional Features
Ampgard Starters are available with 
a variety of accessories and modifica-
tions to satisfy a wide range of applica-
tion requirements. Some of the broad 
areas covered include:

■ Bus and cable entrance enclosures 
(see photos).

■ Transformers.
■ Power factor correction capacitors.
■ Operators and pilot devices.
■ Instruments and meters.
■ Control relays and timers.
■ Solid-state or selected electro-

mechanical protection devices.

Medium Voltage 
Conduit Area

Insulated Barrier to 
Separate Motor Load 
Cables from Main Bus

Low Voltage 
Conduit Area

Phase A

Bus Splice 
Plates

Vertical 
Bus Drops

Phase B

Phase C
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Motor Starter (Ampgard) — 
Medium Voltage

Incoming Line
Depending on the size and number of 
incoming cables, an incoming line 
enclosure may be necessary. Different 
designs are available for incoming 
power for top or bottom entry.

The addition of incoming line metering 
requires a 36-inch (914.4 mm) wide 
structure in lieu of a 26-inch (660.4 mm) 
wide structure.

Typical 26-Inch (660.4 mm) Wide Incoming Line Structure

Drawout Potential Transformers and Fuses
Drawout trunnion-mounted potential 
transformer design with fuses is 
available to meet specific application 
requirements or code regulations.

Drawout Potential Transformer and Fuses 
Mounted in a 36-Inch (914.4 mm) Wide 
Structure, Height 15 Inches (381.0 mm)

U-Shaped Copper 
Adapter can be Reversed 
for Bottom Entry

Bus and Lugs for Top 
Entry Incoming Power

Type LBS Loadbreak Switch
For application needs with loads rated 
600 or 1200 amperes at 2500, 5000 
and 7200 volts, Ampgard is available 
with the Type LBS loadbreak switch. 
This device, a 3-pole, manually oper-
ated, quick-make, quick-break switch, 
is used primarily as a disconnect 
switch in ac power systems. This 
switch is fixed mounted and will fit in 
one-half of a standard 90-inch (2286.0 
mm) high, 36-inch (914.4 mm) wide 
vertical structure. Power fuses up to 
450E amperes can be mounted within 
the half-high structure. Mechanical 
interlocks are incorporated so that the 
door cannot be opened when the 
switch is on, and when the door is 
open the switch cannot be closed. 
A safety screen is supplied behind 
the switch door. The Type LBS switch 
can be supplied with a total of four 
electrical interlocks.

Type LBS Load Break Switch Shown in Upper 
or Lower Half of 36-Inch (914.4 mm) Wide 
Structure, Height 45 Inches (1143.0 mm)

Type LBS Load Break Switch Shown with 
Safety Screen Removed
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Description
The Cutler-Hammer Main Breaker 
Ampgard (MBA) is a fully integrated 
metal-enclosed medium voltage Type 
VCP-W Drawout Vacuum Circuit Breaker 
that is bus connected (close-coupled) 
to Ampgard Medium Voltage Starters 
in a single integrated assembly.

Incoming Line Options
■ Cable: Maximum of six per phase, 

750 kcmil maximum, top or bottom 
entry.

■ Bus Duct: Top only, 1200, 2000 
or 3000 amperes. Standard Cutler-
Hammer 3-wire designs only.

■ Transformer Throat: Must be the 
standard design used by Eaton.

Standards
Main Breaker Ampgard is service 
entrance rated and is designed and 
built to meet the following standards 
where applicable:

■ NEMA ICS-1 and NEMA ICS-3, 
Part 2.

■ ANSI/IEEE C37.20.3.
■ UL 347 and UL 869A.
■ CSA C22.2, No. 31 and No.14.
■ EEMAC G8.2 and E14.1.

Listing/Certification
UL listing and CSA certification is
available, depending on the specific 
bill of material.

Ratings
■ 2300 – 6900 Vac systems 

(7200 Vac maximum), 3-phase.
■ 60 kV BIL impulse withstand rating.
■ ANSI interrupting ratings — 

250, 350 and 500 MVA.
■ Continuous current — 1200, 2000 

and 3000 amperes.

Main Breaker Ampgard — Breaker Connected

Main Breaker Ampgard — Breaker Withdrawn
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Requires Less Floor Space
■ Only 60 inches (1524.0 mm) deep, the integrated MBA 

design provides a bus system that directly connects to 
Ampgard Motor Starters, eliminating space-consuming 
transition sections. The reduced floor space requirements 
yield significant cost savings, particularly when installa-
tion in a prefabricated electrical house is required.

■ Back-to-back design provides for an increase in the 
number of starters without an increase in floor space.

Front/Side Accessible Connections
■ All connections requiring maintenance are front or 

side accessible.
■ Rear access space is not required.
■ An MBA (excluding back-to-back design) can be installed 

flush against the wall.

Circuit Breaker Rating Chart

Table 1. ANSI Standards — Type VCP-W Circuit Breakers Rated on
Symmetrical Current Rating Basis

Microprocessor-Based Devices
■ Cutler-Hammer FP-5000 and Digitrip� 3000 Overcurrent 

Protective Relays provide programmable circuit protec-
tion, information and operator conducted testing. 

Protection/Metering
■ Traditional 50/51/87 relays.
■ Ammeter/voltmeter (1%).

Communications
■ Cutler-Hammer PowerNet� communications provides 

for monitoring and controlling complete electrical 
distribution systems of those parts of a system 
selected by the operator.

Enclosures
■ The MBA is available in NEMA/EEMAC 1, 

NEMA/EEMAC 1G/1A, and NEMA/EEMAC 12 enclosures.

Seismic Qualified
■ The Main Breaker Ampgard is seismically tested, 

seismically qualified, and exceeds requirements of the 
Uniform Building Code (UBC), the California Building 
Code (CBC) and BOCA� National Building Code.

Top View of Front Aligned Integrated MBA. 
From Left to Right: Incoming Line, Main Breaker 
and Ampgard Starter Bus Compartments. The MBA 
Assembly Employs an Integrated Common Main Bus

Low Voltage Equipment Cell Compartment 
for Metering and Protection Devices

Side Panel Removed to Show Incoming 
Cable Connections

ANSI
Interrupting
Rating

MVA

Nominal
Voltage
Class

kV

Impulse
Withstand
Rating

kV Peak

Short Circuit
Current
at Rated 
Maximum kV
kA rms

Continuous
Current
at 60 Hz

Amperes

250 4.16 60 kV BIL 29 1200
2000
3000

350 4.16 60 kV BIL 41 1200
2000
3000

500 7.2 60 kV BIL 33 1200
2000
3000
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Synchronous Motor, Brush Type Solid-State Soft Sync Field Control
The synchronous motor starter 
includes the basic induction motor 
control in the bottom half of the struc-
ture. The synchronous control and 
protection function fit easily in the 
upper compartment.

The step down static excitation trans-
former is connected to the load side of 
the main contactor and is protected by 
its own current-limiting fuses.

The static exciter is an SCR type. Its dc 
voltage output is adjustable via door 
mounted potentiometer. Minimum 
setting is 50% of rated voltage.

The synchronous control board moni-
tors the induced field during accelera-
tion and energizes the dc rotor field at 
the optimum speed and rotor-stator 
pole relationship.

Solid-state, brush-type synchronous 
motor control includes the following 
protective features:

■ Locked rotor protection.
■ Incomplete sequence.
■ Failure to synchronize.
■ Fuse failure.

■ Pullout protection.
■ Field loss protection.

The motor windings are protected by 
the conventional induction motor 
control protection (thermal, MP-3000).

When ordering you must specify:

■ dc field amperes.
■ dc field volts.
■ Maximum induced field current 

rms at start (starting and discharge 
resistor amperes).

■ Starting and discharge resistor ohms.

Synchronous Motor Brush-Type Across-the-Line Starter

Screen Enclosed
Starting and 
Discharge Resistor

Shield Covered
Heat Sinks
of Variable
Static Exciter

Static 
Excitation and
Synchronizing 
Control

Adjustment
for Variable
dc Field 
Voltage

Basic High
Voltage Control

Static Exciter
SCR Type

Step Down
Transformer
for Static 
Excitation

Synchronizing
Control and 
Motor Field 
Protection

Low Voltage Control 
“Works-in-the-Drawer”
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Typical Wiring Diagram for Full Voltage FVNR Starter
 

Figure 5. Induction Motor Across-the-Line Starter Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD Module and 
Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Typical Wiring Diagram for Reduced Voltage Autotransformer RVAT Starter

Figure 6. Induction Motor Reduced Voltage Autotransformer Starter, Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD 
Module and Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Typical Wiring Diagram for Ampgard IT. Soft Start

Figure 7. Induction Motor Reduced Voltage Solid-State Starter, Vacuum Contactor with MP-3000 Motor Protection with Optional Universal RTD 
Module and Optional IQ Metering, Local and Remote Start-Stop Pushbuttons, and Local and Remote Red and Green Indicating Lights
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Medium Voltage

Technical Data

Type SL 200 Ampere Vacuum Contactor Ratings

Table 2. Type SL 200 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3600 Volts 3800 to 4800 Volts 6000 to 6900 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

 4.5 kA
  50 kA
200 MVA at 2400 Volts

 4.5 kA
  50 kA
285 MVA at 3300 Volts

 4.5 kA
  50 kA
400 MVA at 4600 Volts

 4.5 kA
  50 kA
570 MVA at 6600 Volts

Application Table
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

  800 hp
  800 hp
1000 hp
  750 kVA
  600 kvar

1100 hp
1100 hp
1250 hp
1000 kVA
  825 kvar

1500 hp
1500 hp
1750 hp
1500 kVA
1050 kvar

2250 hp
2250 hp
2750 hp
2000 kVA
1650 kvar

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 4500 Amperes

Rated Current 200 Amperes Enclosed

IEC Make-Break 
Capability-AC4
Make 4000 Amperes
Break 3200 Amperes

Short-Time Current
30 Seconds 2400 Amperes
1 Second 6000 Amperes
8.7 Milliseconds (.5 Cycle) � 63 kA Peak

Standard Service Altitude -1000 to +2000 Meters

Optional Service Altitudes -3500 to -1001 Meters
+2001 to +5000 Meters

Mechanical Life 2.5 Million Operations

Electrical Life 300,000 Operations

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 20 kV (1 Minute)

Closing Time (Energization 80 Milliseconds
to Contact Touch)

Opening Time 30 to 250 Milliseconds
(selectable)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
ac 110/120/220/240 (50/60 Hz)
dc 125

Control Circuit Burden
Closing (ac)/(dc) —
Holding (ac)/(dc) 30 VA

Auxiliary Contact Rating
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 125 VA
Breaking Capacity  (ac) 720 VA

 (dc) 125 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 125 Volts
(ac) 110/120 Volts

Minimum Trip Voltage 80% Rated Coil Voltage
Trip Burden
(24 Vdc) —
(125 Vdc) —
(110/120 Vac) —

Trip Time 30 Milliseconds

Weight 150 Lbs. (68 kg) (Rollout)
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Type SL 400 Ampere Vacuum Contactor Ratings

Table 3. Type SL 400 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3600 Volts 3800 to 4800 Volts 6000 to 6900 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

 8.5 kA
  50 kA
200 MVA at 2400 Volts

 8.5 kA
  50 kA
285 MVA at 3300 Volts

 8.5 kA
  50 kA
400 MVA at 4600 Volts

 8.5 kA
  50 kA
570 MVA at 6600 Volts

Application Table
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

1750 hp
1750 hp
2000 hp
1500 kVA
1200 kvar

2250 hp
2250 hp
2500 hp
2000 kVA
1650 kvar

3000 hp
3000 hp
3500 hp
3000 kVA
2100 kvar

4500 hp
4500 hp
5500 hp
4000 kVA
3300 kvar

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 8500 Amperes

Rated Current 400 Amperes Enclosed

IEC Make-Break 
Capability-AC4
Make 4000 Amperes
Break 3200 Amperes

Short-Time Current
30 Seconds 2400 Amperes
1 Second 6000 Amperes
8.7 Milliseconds (.5 Cycle) � 63 kA Peak

Standard Service Altitude -1000 to +2000 Meters

Optional Service Altitudes -3500 to -1001 Meters
+2001 to +5000 Meters

Mechanical Life 2.5 Million Operations

Electrical Life 300,000 Operations

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 20 kV (1 Minute)

Closing Time (Energization 80 Milliseconds
to Contact Touch)

Opening Time 30 to 250 Milliseconds
(selectable)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
ac 110/120/220/240 (50/60 Hz)
dc 125

Control Circuit Burden
Closing (ac)/(dc) —
Holding (ac)/(dc) 30 VA

Auxiliary Contact Rating
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 125 VA
Breaking Capacity  (ac) 720 VA

 (dc) 125 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 125 Volts
(ac) 110/120 Volts

Minimum Trip Voltage 80% Rated Coil Voltage
Trip Burden
(24 Vdc) —
(125 Vdc) —
(110/120 Vac) —

Trip Time 30 Milliseconds

Weight 150 Lbs. (68 kg) (Rollout)
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Type SJ 800 Ampere Vacuum Contactor Ratings

Table 4. Type SJ 800 Ampere Vacuum Contactor Ratings

� Time stated in cycles on 60 Hz base.

Description SJ 25V830 SJ 33V830 SJ 50V830 SJ 72V830

Rated Utilization Voltage 2200 to 2500 Volts 3000 to 3300 Volts 3800 to 5000 Volts 6000 to 7200 Volts

Interrupting Rating
NEMA Unfused (E1)
NEMA Fused (E2)

  50 MVA
200 MVA at 2300 Volts

  50 MVA
285 MVA at 3300 Volts

  75 MVA
408 MVA at 4600 Volts

100 MVA
570 MVA at 6600 Volts

Interrupting Rating
Induction Motor
Synchronous Motor (0.8 PF)

(1.0 PF)
Transformer
Capacitor 3-Phase

  800 hp
  800 hp
1000 hp
2500 kVA
2400 kVAC

4000 hp
4000 hp
5000 hp
3500 kVA
3200 kVAC

5000 hp
5000 hp
6000 hp
4500 kVA
4000 kVAC

   8000 hp
   8000 hp
10,000 hp
   6000 kVA
   4800 kVAC

Maximum Insulation Voltage: 7200 Volts

Maximum Interrupting
Current (3 Operations) 13200 Amperes

Rated Current 720 Amperes Enclosed
800 Amperes Open

IEC Make-Break 
Capability-AC4 Class 3
Make 8000 Amperes
Break 6400 Amperes

Short Time Current
30 Seconds 4320 Amperes
1 Second 10,800 Amperes
8.75 Milliseconds (.5 Cycle) � 86 kA Peak

Switching Frequency 1200/Hour

Mechanical Life 1 Million Operations

Electrical Life 250,000 Operations
At Rated Current

BIL 60 kV (1.2 x 50 Microseconds)

Dielectric Strength (60 Hz) 18.2 kV (1 Minute)

Closing Time (Energization 50 Milliseconds
to Contact Touch) (3.0 Cycles)

Closing Time (Energization 65 Milliseconds
to Armature Seal) � (3.5 Cycles)

Opening Time (De-energization 115 Milliseconds
to Contacts Separate) (7.0 Cycles)

Opening Time (De-energization 130 Milliseconds
to Full Open) � (8.0 Cycles)

Arcing Time 12 Milliseconds (3/4 Cycle) or Less

Pickup Voltage 80% Rated Coil Voltage

Dropout Voltage 60% Rated Coil Voltage

Control Voltages
(ac)/(dc) 110/120 Volts (50/60 Hz)

125 Volts (dc)

Control Circuit Burden (Rated Volt)
Closing (ac)/(dc) 2600 VA/3000 VA
Holding (ac)/(dc) 50 VA/56 VA

Auxiliary Contact Rating (L-64)
Voltage (Maximum) 600 Volts
Continuous Current 10 Amperes
Making Capacity  (ac) 7200 VA

 (dc) 200 VA
Breaking Capacity  (ac) 720 VA

 (dc) 200 VA

Latch (When Specified)
Mechanical Life 250,000 Operations
Trip Voltages (dc) 24 Volts

(dc) 48 Volts
(dc) 96 Volts
(ac) 110 Volts (50/60 Hz)
(ac) 220 Volts (50/60 Hz)

Tripping Voltage 80% Rated Coil Voltage
Tripping Burden
(24 Vdc) 1200 VA
(48 Vdc and 96 Vdc) 400 VA
(110 Vac and 220 Vac) 500 VA

Weight 210 Lbs. (95 kg)
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LBS Switch

Table 5. LBS Switch Ratings

� 1200 ampere rating is for NEMA 1 enclosure with vented covers. NEMA 3/12 rating (without vents) is 1000 amperes.

Main Breaker

Table 6. Available VCP-W Vacuum Circuit Breaker Types Rated on Symmetrical Current Rating Basis, Per ANSI Standards

� For reclosing service, there is No De-Rating necessary for the Cutler-Hammer type VCP-W family of circuit breakers. R = 100%. Type VCP-W breaker can 
perform the O-C-O per ANSI C37.09; O-0.3s-CO-15s-CO per IEC 56; and some VCP-Ws have performed O-0.3s-CO-15s-CO-15s-CO-15s-CO; all with no 
derating. Contact Eaton for special reclosing requirements.

� For 3-phase and line-to-line faults, the symmetrical interrupting capability at an operating voltage, Vo = (Rated Short Circuit Current)
But not to exceed KI.
Single line-to-ground fault capability at an operating voltage, Vo = 1.15  (Rated Short Circuit Current)
But not to exceed KI.
The above apply on predominately inductive or resistive 3-phase circuits with normal-frequency line-to-line recovery voltage equal to the 
operating voltage.

� 4000 ampere continuous rating is available for 5/15 kV. Contact Eaton for details.
� 3-cycle rating available.
� Tripping may be delayed beyond the rated permissible tripping delay at lower values of current in accordance with the following formula:

T (seconds) =Y

The aggregate tripping delay on all operations within any 30-minute period must not exceed the time obtained from the above formula.
� Non-standard breakers with high momentary rating available for special applications.
� Included for reference only.
	 Asymmetrical interrupting capability = “S” times symmetrical interrupting capability, both at specified operating voltage.
Note: Contact Eaton for capacitor switching, low inductive switching, and cable charging ratings.

Description Continuous and 
Break Current Amperes

Fault-Close
(Unfused) kA

Short-Time (2 Second)
Current kA

Fused Interrupting 
Rating (kA Symmetrical)

Switch with Internal Fuses
(450E Maximum at 5 kV,
350E Maximum at 7.2 kV)

  600 40 25 50

Switch with 600E and 750E Fuses
(5 kV Maximum)

1200 61 38 40

Switch with 1100E and 1350E Fuses
(5 kV Maximum)

1200 � 61 38 31.5

Unfused (7.2 kV Maximum) 1200 61 38 N/A

Identification Rated Values Related Required Capabilities � Asym-

metry

Factor

for

VCP-W

Breakers

Circuit

Breaker

Type

Nom.

Volt.

Class

Nom.

3-Phase

MVA

Class

Voltage Insulation Level Current Rated Transient

Recovery 
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Rated

Inter-

rupting

Time
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sible
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Delay
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Reclos-

ing

Time
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Max-

imum
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Divided 

By K

Current Values

Rated

Max-

imum
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Rated

Volt.

Range

Factor

Rated Withstand
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Contin-
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Current
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Short 

Circuit

Current

(at 

Rated 

Max. 

kV)
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Crest

Volt.
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Time to

Crest

Maximum

Sym.

Inter-

rupting

Capability

3 Second
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Time

Current

Carrying 
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Closing and 

Latching

Capability 

(Momentary) �

Normal

Fre-

quency

1.2 x 50

µsec.

Impulse

K Times Rated 

Short Circuit 

Current � KI

1.6 K 

Times

Rated 

Short 

Circuit 

Current

1.6 K 

Times

Rated 

Short 

Circuit 

Current

kV

Class

MVA

Class

V

kV rms

�

K kV rms

kV 

Crest

�

Amps

�

I

kA rms

E2

kV 

Crest

T2

mS

�

Cycles

�

Y

Sec Cycles

V/K

kV rms kA rms kA rms

kA 

Crest

�
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Assy.

	

S

50 VCP-
WND
250

4.16 250 4.76 1.24 19 60 1200 29   8.9 50 5 2 30 3.85 36 36 97 58 1.2

50 
VCP-W
250

4.16 250 4.76 1.24 19 60 1200
2000
3000

29   8.9 50 5 2 30 3.85 36 36 97
132 �

58
78 �

1.2

50 
VCP-W
350

4.16 350 4.76 1.19 19 60 1200
2000
3000

41   8.9 50 5 2 30 4.0 49 49 132 78 1.2

75 
VCP-W
500

7.2 500 8.25 1.25 36 95 1200
2000
3000

33 15.5 60 5 2 30 6.6 41 41 111 66 1.2

V
Vo

V
Vo

(K Times Rated Short Circuit current)
Short Circuit Current Through Breaker[ ]

2
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Table 7. VCP-W Breaker Stored Energy Mechanism Control Power Requirements

Table 8. Main Breaker Relays

Starter Fuse Information

Table 9. Fuse Coordination Recommendations 
— 400 Ampere Contactor

Table 10. Fuse Coordination Recommendations 
— 800 Ampere Contactor

Rated Control 
Voltage

Spring Charge Motor UV Trip 
mA (Maximum)

Voltage Range Ind. Light 
AmperesRun Amperes Time (Seconds) Close or Trip Amperes Close Trip

  48 Vdc
125 Vdc
250 Vdc
120 Vac
240 Vac

9.0
4.0
2.0
4.0
2.0

6
6
6
6
6

16
  7
  4
  6
  3

200
  80
  40
—
—

  38 – 56
100 – 140
200 – 280
104 – 127
208 – 254

  28 – 56
  70 – 140
140 – 280
104 – 127
208 – 254

.35

.35

.35

.35

.35

ANSI 
Number

Relay 
Type

Function

50/51
50/51N
50/51G

Digitrip 3000 Microprocessor overcurrent 
Multi-function, long, short, flat, It, I2t, I4t, phase and ground

27/47 — Undervoltage, phase sequence and unbalanced voltage

86 — Lockout

Minimum
FLA

Maximum 
FLA

Fuse 
Rating

CT 
Ratio

  10.0
  23.0
  31.2
  42.0

  22.9
  31.1
  41.9
  46.7

  70-2R
  70-2R
100-3R
100-3R

  25:5
  50:5
  50:5
  75:5

  46.8
  63.0
  74.8
  83.0

  62.9
  74.7
  82.9
  93.5

130-4R
150-5R
170-6R
170-6R

  75:5
100:5
100:5
150:5

  93.6
124.0
137.1
166.0

123.9
137.0
165.9
187.0

200-9R
200-9R
230-12R
230-12R

150:5
200:5
200:5
300:5

187.1
247.0
329.0
360.1

246.9
328.9
360.0
400.0

390-18R
450-24R
450-24R
450-24R

300:5
400:5
600:5
600:5

Minimum
FLA

Maximum
FLA

Fuse 
Rating

CT 
Ratio

200.0
250.1
330.1
500.0
650.1

250.0
330.0
499.0
650.1
720.0

450-24R
450-24R
650-36R
700-44R
700-44R

  300:5
  400:5
  600:5
  800:5
1000:5
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Layout Dimensions
Full Voltage Squirrel Cage Starters 
Catalog S/R/E210 Non-Reversing 
Catalog S/R/E310 Reversing

Equipment Details
Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ Drawout 3-pole gang-operated line 

isolating switch assembly with two-
direction driven isolating shutter, ex-
ternal operating handle interlocked to 
prevent opening the medium voltage 
compartment door until the isolating 
switch is open and grounded.

■ Vertically mounted current limiting 
power fuses with pop-up blown fuse 
indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks 

(2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors.

Specifications
Table 11. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating, maximum acceleration time is 3.5 seconds.
� At higher hp rating, maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions Add.
Starter
Spaces

Weight 
Lbs. (kg)Height

�
Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1350 (613)
1350 (613)
1700 (772)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1800 (817)
1800 (817)
2400 (1090)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1350 (613)
1350 (613)
1700 (772)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

1
1
0

1500 (681)
1500 (681)
1800 (817)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
40 (1016.0)

30 (762)
30 (762)
30 (762)

0
0
0

1800 (817)
1800 (817)
2400 (1090)

Dimensions for estimating purposes only.

Reversing Starter
■ One additional magnetic 3-pole vac-

uum contactor (duplicate of above), 
both contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium Voltage Door
■ One set of operating and mainte-

nance instructions.
■ Two renewal parts nameplates.

Mounted in the Low Voltage Section
■ Control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated, 
3-pole, hand reset

❑ One interposing control relay
■ Set of control circuit terminal blocks.

Figure 8. Starter Arrangements

M
M

Arrangement 1

Rvs

Fwd
Fwd

Rvs

Arrangement 2

Arrangement 3 Arrangement 4
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Figure 9. Arrangement 1 Detail (Full Voltage 400 Amperes) — See Table 12 for Notes

Figure 10. Arrangement 2 Detail (Full Voltage 800 Amperes) — See Table 12 for Notes

(TYP)

T1 T2 T3

Load Term

A
PH

Side View

Ground
Bus

Note J

LV
Door

(Note D)

Door
(Note D)

Note Note
G

Top View

Floor Plan

Note C

Note
A

B

Main Bus

6.50
(165.1)

40.20
(1021.1)

4.38
(111.3)

3.00
(76.2)

24.62
(625.3)

30.00
(762.0)

4.38

6.50
(165.1) (292.1)

11.50
(292.1)

90.00
(2286.0)

10.00
(254.0)

(91.9)

6.25
(158.8)

3.00
(76.2)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)

31.12
(790.4)

36.00
(914.4)

36.00
(914.4)

5.00
(127.0)

16.50
(419.1)

30.00

5.00
(127.0)

5.00

7.00
(177.8)

(177.8)

1.20
(30.5)

1.00
(25.4)1.00

(25.4)

9.63
(244.6)

Note

Note K

36.00

26.00
(660.4)

26.00

27.00
(685.8)

10.00
(254.0)

10.00
(254.0)

HV

(Notee D)

Load Term

Note

T1

Ground
Bus

Side View

PH
A

Main
Bus

Main Bus

Note
E

Note
CNote

B

HV
Door

Note D

LV
Door

Note D

Aux. Compt.
Door

Note D

Note A

Top View

Floor Plan

Note K

Barrier

(165.1)
3.62

(91.9)

3.00
(76.2)

6.25
(158.8)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)

31.12
(790.4)

9.63
(244.6)10.00

(254.0)

6.50
(165.1)

6.00
(152.4)3.00

(76.2)

24.62
(625.3)

6.50
(165.1)

56.38
(1432.1)

30.00
(762.0)

8.25
(209.6)

90.00
(2286.0)

40.00
(1016.0)

40.00
(1016.0)

40.00
(1016.0)

30.00

30.00
(762.0)

29.00
(736.6)

23.50
(596.9)

27.50
(698.5)

11.00
(279.4)

5.00
(127.0)

1.20
(30.5)

1.00
(25.40)

5.00
(127.0)

9.00
(228.6)

9.00
(228.6)

3.25
(82.6)

7.00
(177.8)



TD02003004E For more information visit: www.EatonElectrical.com

Technical Data
Effective:  May 2004 Page 27

Motor Starter (Ampgard) — 
Medium Voltage

Figure 11. Arrangement 3 Detail (Full Voltage Reversing 400 Amperes) — See Table 12 for Notes

Table 12. Arrangement Detail Notes
Cable Notes
1
2
3
4

Line connection is designed for maximum of one 4/0 cable.
Line connection is designed for maximum of two 500 kcmil.
Load connection is designed for maximum of one 350 kcmil.
Load connection is designed for maximum of one 750 kcmil.

Arrangement Notes
A .875 diameter typical 4 holes. Mounting studs must extend a minimum of 2.50" above grade.

B High voltage conduit space, line and load for two-high starters, upper starter cable should enter in rear half of conduit space and lower starter 
should enter in front half of conduit space.

B1 High voltage conduit space, (line without main bus).

B2 High voltage conduit space, (incoming line connection).

C Low voltage conduit space for two-high starters control wiring for upper starter should enter in rear half of conduit space and lower starter 
control wiring should enter in front half of conduit space.

D Door dim's to open doors 90°. Auxiliary compartment door not applicable for two-high starters.

E High voltage conduit space, load.

F High voltage conduit space, line only.

G Low voltage conduit space only.

H For top entry load terminals located 32.50" from bottom of enclosure; for bottom entry load terminals located 18.00" from bottom of enclosure.

H1 For top entry load terminals located 76.00" from bottom of enclosure; for bottom entry 61.00" from bottom of enclosure.

H2 For top entry load terminals located 53.00" from bottom of enclosure; for bottom entry load terminals located 40.50" from bottom of enclosure.

H3 For top entry load terminals located 62.50" from bottom of enclosure; for bottom entry load terminals located 48.00" from bottom of enclosure.

H4 For top entry load terminals located 43.00" from bottom of enclosure; for bottom entry load terminals located 50.00" from bottom of enclosure.

J Load terminals located on left-hand side of enclosure.

J1 Load terminals located in reduced voltage enclosure on left-hand side.

K Maximum sill height 6.00" and maximum sill extension 3.00" for removal of contactor without lifting device.

L Line terminal for top cable entry.

M Line terminal for bottom cable entry.

X Steel bottom with removable lead plates.

Y Tolerances -0.0" +.25" per structure.

Z Conduits to extend a maximum of 2.00" into structure.

(TYP)
T1 T3

Load Term

A B C

Main
Bus

Note K

PH PH PH

Side View

Ground

Note J

Note

E

C

A

E

Top View

Floor Plan

Main Bus

(165.1) 6.50
(165.1)
)

6.25
(158.8)

3.62
(91.9)

3.00
(76.2)

5.00

5.00
(127.0)

5.00
(127.0)

7.00
(177.8)

7.50

1.00
(25.4)

26.00
(660.4)

36.00
(914.4)

1.20
(30.5)

1.50
(38.1)

9.63
(244.6)

31.12
(790.4)

36.00
(914.4)

36.00

26.00
(660.4)

30.00
(762.0)

16.50
(419.1) 10.00

(254.0)

10.00
(254.0)

27.00
(685.8)

1.50
(38.1)

1.60
(40.6)

(292.1)

(111.3)

4.38
(111.3)

3.00
(76.2)

24.62

30.00
(762.0)

10.00
(254.0)

90.00
(2286.0)70.20

(1783.1)

HV
Door

(Note D)

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)
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Primary Reactor, Reduced 
Voltage Starters 
Catalog S/R/E510 Non-Reversing 
Catalog S/R/E710 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly 
with two-direction driven isolating 
shutter, external operating handle 
interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded.

■ One vertically mounted current 
limiting power fuse with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both 
contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and 

maintenance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated, 
3-pole, hand reset

❑ One adjustable pneumatic 
timing relay

Specifications
Table 13. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating maximum acceleration time is 3.5 seconds.
� At higher hp rating maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt. 
Figure 
No.

Dimensions Weight 
Lbs. (kg)Height

�
Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

2800 (1271)
2800 (1271)
4000 (1816)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3300 (1498)
3300 (1498)
4650 (2111)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
80 (2032.0)

30 (762)
30 (762)
30 (762)

3250 (1476)
3250 (1476)
4650 (2111)

Dimensions for estimating purposes only.

❑ Two interposing relays
❑ One current transition relay
❑ Incomplete sequence timer

■ One set of control circuit 
terminal blocks.

Reduced Voltage Structure
■ One magnetic 3-pole vacuum run 

contactor with dc operating 
coil and electrical interlocks.

■ Three current transformers.
■ Three screw-type load connectors.
■ One 3-phase starting reactor with 

50 – 65 – 80% taps.

Starting Characteristics
Table 14. Starting Characteristics

� Factory set on 65% tap.

Figure 12. Starter Arrangements

Starter
Type

%
Motor
Voltage

%
Motor
Current

% 
Line
Current

%
Torque

502 Reactor
80% Tap
65% Tap �
50% Tap

80
65
50

80
65
50

80
65
50

64
42
25

React React

R

Rvs

Fwd

R

React React

R

M
M

Arrangement 1 Arrangement 2

Arrangement 3 Arrangement 4

R

Rvs

Fwd
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Figure 13. Arrangement 1 Detail (Reduced Voltage, 400 Amperes) — See Table 12 for Notes

(TYP)

T1 T3

Load Term

A B C
Main
Bus

Note K

PH PH PH

Side View

Ground
Bus

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Floor Plan

Full Height
Door

(Note D)

Top View

E G

Note
C

Note
B1

Main Bus

Key Lock

6.50
(165.1)

11.50
(292.1)

11.50
(292.1)

24.62
(625.3)

30.00
(762.0)

40.20
(1021.1)

Note

90.00
(2286.0)

36.00
(914.4)

30.00
(762.0)

19.00
(482.6)

9.50
(241.3)

10.50
(266.7)

36.00
(914.4)

36.00
(914.4)(914.4)

23.00
(584.2)

6.50
(165.1)

5.00
(127.0)

1.20
(30.5)

36.00
(914.4)

26.00
(660.4)

26.00
(660.4)

16.50
(419.1)

(190.5)

7.50

7.00
(177.8)1.70

27.00
(685.8)

10.00
(254.0)

10.00

5.00

1.00
(25.4)

1.00
(25.4)

36.00
(914.4)

10.00
(254.0)

6.50
(165.1)

4.38
(111.3)

3.00
(76.2)

3.62
(91.9)

3.00
(76.2)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)6.25

(158.8)

9.63
(244.6)

9.63
(244.6)

31.12
(790.4)

HV
Dooror

(Notee D)D
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Reduced Voltage 
Autotransformer Starters
Catalog S/R/E610 Non-Reversing
Catalog S/R/E810 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly 
with two-direction driven isolating 
shutter, external operating handle 
interlocked to prevent opening 
the medium voltage compartment 
door until the isolating switch is 
open and grounded.

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current limiting 
fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both 
contactors are mechanically 
and electrically interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and mainte-

nance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control relay panel on slide 

rails with:
❑ One adjustable thermal overload 

relay, temperature compensated, 
3-pole, hand reset

❑ One current transition relay
❑ One incomplete sequence relay
❑ Three interposing relays

■ One set of control circuit terminal 
blocks.

Specifications
Table 15. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� At higher hp rating, maximum acceleration time is 3.5 seconds.
� At higher hp rating, maximum acceleration time is 6 seconds.

Horsepower
�

Volts Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating 
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions No.
of
Struc-
tures

Weight
Lbs. (kg)Height 

�
Width Depth

2200 – 2400 Volts Non-Reversing

  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

2200 – 2400 Volts Reversing

  700/800 �
1500/1750 �
3000

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

4000 – 4800 Volts Non-Reversing

1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

4000 – 4800 Volts Reversing

1250/1500 �
2500/3000 �
5500

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3650 (1657)
3650 (1657)
5650 (2565)

7200 Volts Non-Reversing

2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

2
2
3

3100 (1407)
3100 (1407)
4800 (2179)

7200 Volts Reversing

2000/2250 �
4000/4500 �
8000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

  72 (1828.8)
  72 (1828.8)
120 (3048.0)

30 (762)
30 (762)
30 (762)

3
3
4

3650 (1657)
3650 (1657)
5650 (2565)

Dimensions for estimating purposes only.

Reduced Voltage Structure(s)
■ One magnetic 3-pole vacuum run 

contactor with dc operating coil and 
electrically and mechanically inter-
locked with the starting contactor.

■ One magnetic 2-pole vacuum start 
contactor with dc operating coil and 
electrical interlocks.

■ Three current transformers.
■ Three screw-type load connectors.
■ One open delta starting autotrans-

former with 50 – 65 – 80% taps.
■ Three distribution class lightning 

arresters for high voltage stress pro-
tection on the transformer zero tap.

Starting Characteristics

Table 16. Starting Characteristics

� Factory set on 65% tap.

Figure 14. Starter Arrangements

Starter
Type

%
Motor
Voltage

%
Motor
Current

% 
Line
Current

%
Torque

602 Autotransformer
80% Tap
65% Tap �
50% Tap

80
65
50

80
65
50

67
45
28

64
42
25

R

S

M

S

Auto

R

M

Arrangement 1 Arrangement 2

Arrangement 3 Arrangement 4

S

Auto

R
Fwd

Rvs

S

R Fwd

Rvs

Auto

Auto
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Figure 15. Arrangement 1 Detail (Reduced Voltage, 400 Amperes) — See Table 12 for Notes

(TYP)

T1 T3

Load Term

A B C
Main
Bus

Note K

PH PH PH

Side View

Ground
Bus

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Floor Plan

Full Height
Door

(Note D)

Top View

E G

Note
C

Note
B1

Main Bus

Key Lock

6.50
(165.1)

11.50
(292.1)

11.50
(292.1)

24.62
(625.3)

30.00
(762.0)

40.20
(1021.1)

Note

90.00
(2286.0)

36.00
(914.4)

30.00
(762.0)

19.00
(482.6)

9.50
(241.3)

10.50
(266.7)

36.00
(914.4)

36.00
(914.4)(914.4)

23.00
(584.2)

6.50
(165.1)

5.00
(127.0)

1.20
(30.5)

36.00
(914.4)

26.00
(660.4)

26.00
(660.4)

16.50
(419.1)

(190.5)

7.50

7.00
(177.8)1.70

27.00
(685.8)

10.00
(254.0)

10.00

5.00

1.00
(25.4)

1.00
(25.4)

36.00
(914.4)

10.00
(254.0)

6.50
(165.1)

4.38
(111.3)

3.00
(76.2)

3.62
(91.9)

3.00
(76.2)

1.50
(38.1)

1.50
(38.1)

1.60
(40.6)6.25

(158.8)

9.63
(244.6)

9.63
(244.6)

31.12
(790.4)

HV
Dooror

(Notee D)D
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Full Voltage Synchronous Starters 
Brush Type Mark V Solid-State
Catalog S/R/E241 Non-Reversing
Catalog S/R/E341 Reversing

Main Structure

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ One drawout 3-pole gang-operated 

line isolation switch assembly with 
two-direction driven isolating shutter. 
External operating handle interlocked 
to prevent opening the medium volt-
age compartment door until the iso-
lating switch is open and grounded.

■ Three vertically mounted current 
limiting power fuses with pop-up 
blown fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolation switch when 
the contactor is closed.

■ One control power transformer
(115-volt secondary).

■ Two CPT primary current limiting 
fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks (2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors 

reversing starter.

Reversing Starter
■ One additional magnetic contactor 

(duplicate of above), both contac-
tors are mechanically and electri-
cally interlocked.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and mainte-

nance instructions.
■ One renewal parts nameplate.

Mounted in the Low Voltage Section
■ One control panel on slide rails with:

❑ One adjustable thermal overload 
relay, temperature compensated 
3-pole, hand reset

❑ One interposing relay
❑ One set of control circuit 

terminal blocks

Specifications
Table 17. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� When horizontal bus is added, height becomes 100 inches (2540.0 mm).
� Starting and discharge resistors are mounted on top, add 13 inches (330.2 mm) to the height.
� At higher hp rating maximum acceleration time is 3.5 seconds.
� At higher hp rating maximum acceleration time is 6 seconds.

Horsepower 
at .8 PF
�

Horsepower 
at 1.0 PF

Volts Cont-
actor
Amp.
Rating
(Encl.)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions No. 
of
Struc-
tures

Weight
Lbs. 
(kg)

Height 
��

Width Depth

2200 – 2400 Volts Non-Reversing
  700/800 �
1500/1750 �
3000

  900/1000 �
1750/2000 �
3500

2300
2300
2300

200
400
720

200,000
200,000
200,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1500 (681)
1500 (681)
2350 (1067)

2200 – 2400 Volts Reversing
  700/800 �
1500/1750 �
3000

  900/1000 �
1750/2000 �
3500

2300
2300
2300

200
400
720

200,000
200,000
200,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

4000 – 4800 Volts Non-Reversing
1250/1500 �
2500/3000 �
5500

1500/1750 �
3000/3500 �
6000

4600
4600
4600

200
400
720

400,000
400,000
400,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1550 (704)
1550 (704)
2350 (1067)

4000 – 4800 Volts Reversing
1250/1500 �
2500/3000 �
5500

1500/1750 �
3000/3500 �
6000

4600
4600
4600

200
400
720

400,000
400,000
400,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

7200 Volts Non-Reversing
2000/2250 �
4000/4500 �
8000

2500/2750 �
5000/5500 �
10,000

7200
7200
7200

200
400
720

570,000
570,000
570,000

1
1
2

90 (2286)
90 (2286)
90 (2286)

36 (914.4)
36 (914.4)
76 (1930.4)

30 (762)
30 (762)
30 (762)

1
1
1

1700 (772)
1700 (772)
2500 (1135)

7200 Volts Reversing
2000/2250 �
4000/4500 �
8000

2500/2750 �
5000/5500 �
10,000

7200
7200
7200

200
400
720

570,000
570,000
570,000

3
3
4

90 (2286)
90 (2286)
90 (2286)

72 (1828.8)
72 (1828.8)
76 (1930.4)

30 (762)
30 (762)
30 (762)

2
2
2

2100 (953)
2100 (953)
2900 (1317)

Dimensions for estimating purposes only.

Mounted in the Upper Compartment 
or Auxiliary Structure

■ One brush-type solid-state Mark V 
field panel with:

Mounted on Door

❑ One ac line ammeter, panel type
❑ One dc field ammeter, panel type
❑ One exciter field potentiometer
❑ One set of externally ventilated 

heatsinks

Mounted on Inside Compartment

❑ One step-down exciter 
transformer 3-phase

❑ One “SCR” power supply panel
❑ One synchronous control board
❑ Three “MOV” surge protection
❑ One field loss current relay
❑ One ammeter shunt
❑ One set of control circuit blocks
❑ Three primary fuses
❑ Three secondary fuses

Mounted on Top of Starter

❑ One starting and field discharge 
resistor

Figure 16. Starter Arrangements
� When the field panel requirement exceeds 

88 amperes at 125 Vdc or 44 amperes at 
250 Vdc, an auxiliary structure 36 inches 
(914.4 mm) wide is required.

� Mounting location of exciter transformer 
when field panel requirement exceeds 
88 amperes at 125 Vdc or 44 amperes at 
250 Vdc. Otherwise compartment is blank.

Field
Panel

�M

Str. & Disc. Res.

Arrangement 1

M

Arrangement 2

Fwd

RVS

Arrangement 3 Arrangement 4

Str. & Disc. Res.

Str. & Disc. Res. Str. & Disc. Res.

�
Field
Panel

�

Field
Panel Fwd

RVS

Field
Panel

� �
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Figure 17. Arrangement 1 Detail (400 Amperes, Synchronous) — See Table 12 for Notes

(TYP)

LV
Door

(Note D)

Aux. Compt.
Door

(Note D)

Ground
Bus

Side View

PHPH
Main
Bus

CBA

Load Term
Note J
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Main Bus

Floor Plan

Top View
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10.00
(254.0)

90.00
(2286.0)

6.50
(165.1)

3.62
(91.9)

6.50
(165.1) 11.50

(292.1)

4.38
(111.3)

3.00
(76.2)

4.38
(111.3)

11.50
(292.1)

Note

40.20
(1021.1)

Note K 24.62
(625.3)

30.00
(762.0)

30.00
(762.0)

1.50
(38.1)

1.50
(38.1)

1.20
(30.5)

1.00
(25.4)1.00

(25.4)

9.63
(244.6)

6.25
(158.8)

1.60

5.00
(127.0)

7.50
(190.5)

7.00
(177.8)

5.00
(127.0)

5.00
(127.0)

31.12
(790.4)

3.00
(76.2) 36.00

(914.4)

36.00
(914.4)

36.00
(914.4)
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(254.0)

10.00
(254.0)

16.50
(419.1) 27.00
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HV
Dooroor

(Note D)e D)D
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Ampgard IT. Soft Start
The 400 ampere Ampgard IT. Soft Start 
requires one full height structure 
with a full voltage starter in the upper 
compartment bus connected to a soft 
start truck assembly in the lower com-
partment. The soft starter includes 
internal fault protection and some 
built-in basic motor protection. The 
standard assembly includes an MP-3000 
motor relay for motor protection.

Why is soft starting desirable?
■ Eliminate water hammer in 

hydraulic systems.
■ Eliminate shock to your mechanical 

components.
■ Avoid coupling and shaft damage.
■ Prevent rotor and winding failure.
■ Stop drive belt squeal and breakage.
■ Prevent water hammer in pipes.
■ Soft stop the pump motors.
■ Reduce pressure so valves

close gently.
■ Avoid the surge wave.
■ Reduce peak starting currents.
■ Eliminate voltage drop on

motor start.

Ratings
■ 2300 – 4800 Vac grounded systems.
■ 60 kV BIL impulse rating.
■ Continuous current: 200 and 

400 amperes.

The Ampgard IT. Soft Start is recom-
mended for application only on power 
systems that are solidly grounded 
or resistance grounded. Ungrounded 
systems are not recommended.

Industry Standards
The Ampgard IT. Soft Start is designed 
and built to meet all applicable indus-
try standards including UL listing as 
a complete assembly.

■ NEMA ICS3 – 93.
■ UL 347.
■ CSA.
■ EEMAC E14-1.
■ Manufactured in an ISO� 9001 and 

ISO 14001 certified facility.

Starting Characteristics 
The soft start controller provides 
a number of selectable starting 
characteristics as standard:

Kick Start
Provides an initial boost of current to 
overcome motor and system inertia.

Ramp Start
Operator sets the initial starting 
torque value then raises the torque to 
full voltage.

Current Limit
Limits the maximum starting current. 
Used in long start time applications 
and motor protection applications.

Soft Stop
Provides extended coast to rest time. 
Used in high friction load applications 
where a sudden stop may cause 
system damage.

An optional pump control algorithm 
provides a special S shaped torque 
curve that can eliminate water 
hammer in hydraulic systems.

Ampgard IT. Soft Start

Full Voltage
Starter Cubicle

MP-3000 Relay

Soft Start 
LV Control 
Compartment

Drawout
SCR Truck

SCR Truck Door 
Interlocked with 
Starter Door
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Settings are selected via DIP switches 
on the operator interface located 
behind the low voltage door on the 
lower compartment.

Lower Compartment Low Voltage Door

CIM Operator Interface

The pole units include an integrated 
run contactor and are rated 2500 
volts per set. One set is required for 
systems up to 2500 volts and two sets 
in series are required for systems up 
to 5000 volts.

2500 Volt Pole Unit

Pole units are mounted in a easy 
to remove rollout truck assembly.  
Maintenance can be performed with 
the truck on a bench away from the 
starter cubicle.

SCR Truck Removal

Rollout SCR Truck

How IT. Works
1. Industry exclusive integral run 

contactor dramatically reduces 
overall size of starter.

2. Run contactor is open, all current 
passes through the SCRs and 
voltage is reduced per program 
requirements.

3. After full start is complete, the run 
contactor closes then the SCRs are 
turned off (closed transition).

4. The SCRs are on only a short 
time therefore no MCC venting 
or cooling is required.

5. Because the run contactor never 
sees the in-rush current, it is sized 
only for full load amperes.

An optional bypass truck is available 
that will allow full voltage starting in 
case of emergency.

Bypass Truck
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Reduced Voltage Solid-State 
Squirrel Cage Starters 
Non-Reversing

Equipment Details

Mounted in the Medium Voltage Section
■ Three incoming line connectors.
■ Drawout 3-pole gang-operated 

line isolating switch assembly 
with two-direction driven isolating 
shutter, ex-ternal operating handle 
interlocked to prevent opening the 
medium voltage compartment door 
until the isolating switch is open 
and grounded.

■ Vertically mounted current limiting 
power fuses with pop-up blown 
fuse indicators.

■ One magnetic 3-pole vacuum 
contactor with dc operating coils 
and mechanical interlock to prevent 
opening the isolating switch when 
contactor is closed.

■ One control power transformer 
(115-volt secondary).

■ Two CPT primary current 
limiting fuses.

■ One control circuit secondary fuse.
■ One run-test circuit.
■ Four electrical interlocks 

(2NO, 2NC).
■ Three current transformers.
■ Three screw-type load connectors.
■ Withdrawable SCR truck with 

integral bypass contactor.

Dimensions for estimating purposes only.

Mounted on Inside of Medium 
Voltage Door
■ One set of operating and 

maintenance instructions.
■ Two renewal parts nameplates.

Mounted in the Low Voltage Section
■ Control panel on slide rails with:

❑ One MP-3000 motor 
protection relay

❑ One interposing control relay
■ Set of control circuit terminal blocks.

Mounted in Lower Door
■ 24 Vdc power supply.
■ Soft start control module and CIM.
■ Status lights for soft starter fault and 

bypass mode.
■ Fault reset button.

Figure 18. Starter Arrangement

Specifications
Table 18. Starter Selection Information — Dimensions in Inches (mm)

� Horsepower based on NEMA standard design B motor at 1800 rpm.
� Maximum acceleration time is 180 seconds. Consult factory for times beyond 180 seconds.

Horsepower
�

Volts SCR/
Contactor
Ampere
Rating
(Enclosed)

Starter
Int.
Rating
(kVA)

Equip.
Arrgt.
Figure
No.

Dimensions Add.
Starter
Spaces

Weight 
Lbs. (kg)Height Width Depth

2200 – 2400 Volts Non-Reversing
1500/1750 � 2300 400 200,000 1 100 (2540) 36 (914.4) 30 (762) 1 2000 (908)

4000 – 4800 Volts Non-Reversing
2500/3000 � 4600 400 400,000 1 100 (2540) 36 (914.4) 30 (762) 1 2000 (908)
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Figure 19. Arrangement Detail (400 Amperes Reduced Voltage Solid State) — See Table 12 for Notes
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Incoming Line/PT Layouts — Dimensions in Inches (mm)
When ordering you must specify:

■ Field data.
■ dc field amperes.
■ dc field voltage.
■ Starting and discharge resistor ohms and amperes.
■ Options.
■ dc voltmeter.
■ Other modifications.

Figure 20. Incoming Line — 26-Inch (660.4 mm) Wide

Figure 21. Incoming Line — 36-Inch (914.4 mm) Wide

Figure 22. Incoming Line with PTs — 36-Inch (914.4 mm) Wide

30
(762.0)

Bottom View

Conduit
Area

Conduit
Area

Maximum 4-750 kcmil/phase

Front View

30
(762.0)

2323
(584.2)584.2

22
(558.8)58.8

2323
(584.2)584 2

6.256.25
(158.8)58 8

Top View

26
(660.4)

26
(660.4)

26
(660.4)

1.63
41.4)(41.(4

Conduit
Area

Conduit
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Maximum 4-750 kcmil/phase

30
(762.0)

Bottom ViewFront View

30
(762.0)

36
(914.4)

36
(914.4)

Top View

36
(914.4)

22
(558.8)558.

6.256.25
(158.8)58.8

3333
(838.2)838.2

3333
(838.2)838 2

Maximum 2-500 kcmil/phase

33
PT

LA

30
(762.0)

Bottom ViewFront View

30
(762.0)

36
(914.4)

36
(914.4)

3232
(812.8)812 8

3232
(812.8)812 8

110
(254.0)54.

110
(254.0)54.

Top View

36
(914.4)
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Main and Tie LBS Switch Layouts  — Dimensions in Inches (mm)

Figure 23. Incoming Line from Bottom, Lineup Either Direction Figure 24. Incoming Line from Top, Lineup to the Left

Maximum Fuse
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Motor Starter (Ampgard) — 
Medium Voltage

Main and Tie LBS Switch Layouts (Continued) — Dimensions in Inches (mm)

Figure 25. Incoming Line from Bottom, Lineup to the Right

Figure 26. Tie Switch

Figure 27. Incoming Line from Top, Lineup to the Right

Figure 28. 1- and 2-Feeder Switches
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Motor Starter (Ampgard) — 
Medium Voltage

Main Breaker Ampgard — Dimensions in Inches (mm)

Figure 29. Front View — Main Breaker Ampgard

Figure 30. Plan View — Main Breaker Ampgard
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CIRCUIT BREAkER-Control Switches

CIRCUIT BREAkER-Control Switches

Depth Behind Panel: 5.4”
Handle: Pistol-Grip, Spring-Return 
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
1 5
2 2
2 7
3 3
3 7
4 3
4 7

1 1 1
1 4
2 1
2 6
3 2
3 6
4 2
4 6

NA
T

2
3

NA
C

CL
OS

E

4

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 7
2 2
2 6
3 8
4 8
5 3
5 7

1 1 2
1 6
2 1
2 5
3 1
4 1
5 2
5 6

NA
T

NA
C

CL
OS

E

3

PU
LL

-TL

2
4

5

BREAKER CONTROL

CLOSETRIP

BREAKER CONTROL

CLOSETRIP

pull to
  lock

BREAKER CONTROL

CLOSETRIP

pull to
  lock

Depth Behind Panel: 4.7” 
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

Depth Behind Panel: 6.9”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
2 3
2 7
3 5

2
1 1
2 2
2 6
3 1

NA
T

1

NA
C

CL
OS

E

3

PU
LL

-TL

Universal Circuit
Depth Behind Panel: 6.2”
Handle: Pistol-Grip, Spring-Return 
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 71 1 2

1 6

NA
T

2
3
4
5

NA
C

CL
OS

E

2 8
2 5

2 1
2 4

3 2
3 6

3 1
3 5

4 3
4 7

4 2
4 6

5 2
5 6

5 1
5 5

BREAKER CONTROL

CLOSETRIP

BREAKER CONTROL

CLOSETRIP

pull to
  lock

Universal Circuit
Depth Behind Panel: 8.0” 
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POSITION

DE
CK

S

TR
IP

1 3
1 71 1 2

1 6

PU
LL

-T-
L

NA
T

2
3
4
5
6

NA
C

CL
OS

E

2 8
2 5

2 1
2 4

3 4
3 8

3 3
3 7

4 2
4 6

4 1
4 5

5 3
5 7

5 2
5 6

6 2
6 6

6 1
6 5

Note: Decks 1 & 3 are  
make-before-break Note: Decks 3 & 4 are

make-before-break

CIRCUIT BREAkER-Control Switches

Note:  Contacts 11-12 &
15-16 connected  internally
in normal position

AppLIcAtIon SpEcIfIc SWItcHES
SErIES 24 And SErIES 31 rotAry SWItcHES

Depth Behind Panel: 4.7”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 3
1 4
1 7
2 2
3 3
3 7

1

NA
T

15-16

NA
C

1 2

2 1
3 2
3 6

CL
OS

E

3
2

BREAKER CONTROL

CLOSETRIP

Depth Behind Panel: 4.7”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS
POS.

DE
CK

S

TR
IP

1 8
1 7
2 2
2 6
3 3
3 7

1 1 1
1 6
2 1
2 5
3 2
3 6

NA
T

2
3

NA
C

CL
OS

E

BREAKER CONTROL

CLOSETRIP

Depth Behind Panel: 5.4”
Handle: Pistol-Grip, Spring-Return
Engraving and jumpering as shown

CONTACTS POS.

DE
CK

S

TR
IP

1 8
1 7
2 2
3 3
3 7
4 2
4 6

1 1 1
1 6
2 1
3 2
3 6
4 1
4 5

NA
T

3
4

2

NA
C

CL
OS

E

BREAKER CONTROL

CLOSETRIP

Order # 
Series 24 = 2443D includes NP 18B-2B23

Order # 
Series 24 = 2444D includes NP 18B-2B23

Order # 
Series 24 = 2445D includes NP 18B-2B23

Order # 
Series 24 = 2446D includes NP 18B-2B23

Order # 
Series 24 = 2450D includes NP 19C-3B33

Order # 
Series 24 = 2452D includes NP 19C-3B33

Order # 
Series 24 = 2457D includes NP 18B-2B23

Order # 
Series 24 = 2458D includes NP 19C-3B33
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ELECTROSWITCH CONTROL SWITCH RELAYS

Circuit A  
One to Three Second Time Delay with No Anti-Pumping Circuitry

Circuit A
One To Three Second Time Delay With No 
Anti-Pumping Circuitry - Not Recommended Where SCADA 
Timing Sequence is Greater Than Three Seconds.

Circuit A has a factory adjustable time delay that holds the CSR in the commanded position for 
1 to 3 sec. The command contact closure time should be greater than 100 msec and less than 
the time delay setting (to avoid pumping). This circuit is not recommended for applications 
where the SCADA timing sequence is greater than three seconds as it will cause pumping.

BREAKER CONTROL

CLOSETRIP

nat = normal after TRIP
nac = normal after CLOSE

Contact Chart

Series 24 CSR ORDERING INFORMATION
The circuit breaker control switch relays 
include an engraved nameplate, mechanical 
target, and pistol-grip handle. Circuits 50, 52 
and 58 also have a Turn-To-Latch position. 
Also included are the control circuits previously 
explained. 

CSR Control Switch Relays have the same 
flexibility of design as the Series 24 line of 
Instrument and Control Switches and are 
available with all the different contact  
configurations expected from this type of 
switch. Refer to switch section for details. 

Series
88 = Series 24 CSR Voltage

C  = 48VDC
D = 125VDC

CSR Circuit
A = 1-3 Sec. Time Delay
B =  1 Sec. Time Delay
       Seal-in-Relay 
C = Up to 15 Sec. Time Delay
       Hold-in-Resistor

38 = 2438D
40 = 2440D
41 = 2441D
42 = 2442D

43 = 2443D
44 = 2444D
45 = 2445D
46 = 2446D

50 = 2450D
52 = 2452D
57 = 2457D
58 = 2458D

Switch Contacting
(see page 17)

No of 
Decks 

1
2
3
4
5
6

Standard
Config. 

6.5
7.1
7.9
8.6
9.0
9.7

With 
Slip Contacts 

7.9
8.6
9.0
9.7
10.5
11.0

DEPTH BEHIND PANEL (DIM X)



           THIS PAGE LEFT BLANK



Integrated Racking Mechanism

Addendum to  6055-30 (Masterclad™ 5–15 kV Indoor 
Switchgear), 6055-40 (Masterclad™ 27 kV Indoor 
Switchgear), and 6055-62 (Masterclad™ 5–15 kV Arc 
Resistant Switchgear) /

Instruction Bulletin
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Retain for future use.



Instruction Bulletin 6055-62B — 06/2017

Integrated Racking Mechanism
Addendum to  6055-30 (Masterclad™ 5–15 kV Indoor Switchgear), 
6055-40 (Masterclad™ 27 kV Indoor Switchgear), and 
6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Retain for future use.
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Introduction

This instruction bulletin addendum describes how to operate the integrated racking 
mechanism for the Square D™ Masterclad™ 5–15 kV Arc Resistant (AR) and 
5–27 kV non-AR Metal-Clad Indoor Switchgear manufactured by Schneider Electric.

The integrated racking mechanism works with all supported control voltages 
(converted to 24 Vdc with a rectifier) and has a Magelis™ XBT Pendant interface 
controller with a 50 ft. (15.24 m) cord.

These instructions are to be used along with the following Masterclad™ switchgear 
instruction bulletins:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Integrated Racking Mechanism Components

The integrated racking mechanism is a new racking solution that will allow the breaker 
to be remotely opened and closed. See Figure 1 on page 2 and Figure 2 on page 3.

The communication system consists of an Magelis™ XBT Pendant and Zelio™ 
Smart Relay. For this communication, a direct connection cable and the Zelio 
protocol are used.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/
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Figure 1 – Integrated Racking Mechanism (Breaker Compartment)

A. 50 ft. (15.24 m) cable

B. Magelis XBT Pendant

C. Integrated motor

D. Door “closed”
detection/indicator switch

E. Breaker connect/disconnected 
detection switches

F. Breaker “inside” detection
switch

A

B

C

D
E

F
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Figure 2 – Magelis™ XBT Pendant Components

A. Communication monitoring lamp

B. Backlit ultra-bright LCD display

C. Contextual link keys

a. Left/right arrow keys 

— Change the page within a menu

— Display the current alarms

— Change the position of the cursor to enter the next 
number for the password

— Activate the function associated with a functional link

D. Alarm LED

E. Service keys

a. ESC: Cancel an alarm or go up one level in a menu

b. DEL: Delete the character selected in entry mode

c. MOD: Select the variable field in which to enter data. 
Enable entry in the next field, on each press, from left to 
right and top to bottom.

d. ENTER: Confirm a selection or entry, acknowledge an 
alarm

e. Down/up arrow keys 

— Move up and down within a page

— Select the value of a digit

— Select a value from a list of choices

— Increment or decrement the value of a variable field

F. Function keys

A B

C

D

E
F

C
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Safety Precautions

Receiving, Handling, and Storage

Receiving

Upon receipt, check the packing list against the equipment received to verify the 
order and shipment are complete. Claims for shortages or errors must be made in 
writing to Schneider Electric within 60 days after delivery. Failure to give such 
notice will constitute unqualified acceptance and a waiver of all such claims by the 
purchaser.

Immediately inspect the remote racking device for any damage that may have 
occurred in transit. To ensure proper function, manually operate the breaker before 
operating the integrated racking mechanism. If damage is found or suspected, file 
a claim with the carrier immediately and notify Schneider Electric.

Refer to the Schneider Electric Terms and Conditions of Sale.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Perform such work only after reading and understanding all of the instructions 
contained in this bulletin.

• Turn off all power supplying this equipment before working on or inside 
equipment.

• Arc resistant ratings applicable only if all doors/covers are installed and 
latched/bolted.

• Always use a properly rated voltage sensing device to confirm that the power 
is off.

• Before performing visual inspections, tests, or maintenance on the equipment, 
disconnect all sources of electric power. Assume that all circuits are live until 
they have been completely de-energized, tested, grounded, and tagged. Pay 
particular attention to the design of the power system. Consider all sources of 
power, including the possibility of backfeeding.

• Always practice lock-out/tag-out procedures according to OSHA requirements.

• Carefully inspect your work area and remove any tools and objects left inside 
the equipment.

• Replace all devices, doors, and covers before turning on power to this equipment.

• All instructions in this manual are written with the assumption that the customer 
has taken these measures before performing maintenance or testing.

Failure to follow these instructions will result in death or serious injury.



Installation Integrated Racking Mechanism

56055-62B © 2017 Schneider Electric All Rights Reserved

E
N

G
L

IS
H

Handling

Use care when unpacking and handling the Magelis™ XBT Pendant. The device 
weighs approximately 3 lb. (1.4 kg).

Storage

Store the Magelis XBT Pendant and cable in the protective case provided to ensure 
protection from potential damage, dust, moisture, or corrosive contaminants.

Installation

The remote racking device is factory installed. Contact your local Schneider Electric 
representative if items are needed but were not ordered with the switchgear.

Installing the Circuit Breaker into the TEST/DISCONNECT Position

To install a circuit breaker or other devices into the TEST/DISCONNECT position 
of the compartment, refer to the installation chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Manually Racking the Breaker into the CONNECTED or TEST/DISCONNECT Position

To manually rack a circuit breaker or other devices into the CONNECTED or 
TEST/DISCONNECT position of the compartment, refer to the “Racking the Circuit 
Breaker” chapter in the applicable Schneider Electric instruction bulletin:

• 6055-31 (Type VR Vacuum Circuit Breaker, 1200–2000 A),

• 6055-33 (Type VR Vacuum Circuit Breaker, 3000 A, 50 kA/1200 A, 2000 A, 
3000 A, 63 kA), or

• 6055-41 (Type VR Vacuum Circuit Breaker for Use with Masterclad™ 
Switchgear, 27 kV, 1200 A and 2000 A, Up to 40 kA)

CAUTION
HAZARD OF EQUIPMENT DAMAGE

• Do not drop the Magelis™ XBT Pendant.

• Do not use excessive pulling force on Magelis XBT Pendant cable.

Failure to follow this instruction can result in injury or equipment damage.

message URL http://www.schneider-electric.us/en/download/document/6055-30/
message URL http://www.schneider-electric.us/en/download/document/6055-40/
message URL http://www.schneider-electric.us/en/download/document/6055-62/
message URL http://www.schneider-electric.us/en/download/document/6055-31/
message URL http://www.schneider-electric.us/en/download/document/6055-33/
message URL http://www.schneider-electric.us/en/download/document/6055-41/
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Operation

To operate the integrated racking mechanism, follow steps 1–14:

1. Remove the dust cap-cover from the Magelis™ XBT Pendant in the LV 
compartment door in order to connect the pendant to the switchgear unit.

2. Connect the Magelis XBT Pendant to the receptacle in the door and hand 
tighten the connector clockwise a minimum of 4.5 lb-in (0.5 N•m). See Figure 3.

3. For two-high configurations only, use the selector switch to choose which 
compartment to operate (upper or lower). See Figure 4 on page 7.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

• Apply appropriate personal protective equipment (PPE) and follow safe 
electrical work practices. See NFPA 70E, NOM-029-STPS-2011, or 
CSA Z462.

• This equipment must be installed and serviced only by qualified electrical 
personnel.

• Prior to and during operation of the integrated racking mechanism, ensure 
personnel are not near the equipment.

• Ensure the circuit breaker selected is the intended breaker requiring operation.

• Use the 50 ft. (15.24 m) of Magelis™ XBT Pendant cord to move to a safe 
location prior to operating the breaker.

• Do not return to the circuit breaker until the Magelis XBT Pendant indicates 
operation is complete.

• If a manual racking device has been used, ensure it is removed prior to using 
the integrated racking mechanism.

Failure to follow these instructions will result in death or serious injury.

Figure 3 – Connector in Door and OFF-ON Switch

NOTE: Image for reference only.
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4. Switch the integrated racking mechanism power to the “ON” position.

5. Check the breaker status on the racking position indicator wheel and confirm 
with the Magelis XBT Pendant screen. See Figure 13 on page 11. If the 
indicator wheel status and pendant screen status do not match, contact your 
local Schneider Electric representative.

NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended.

6. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

7. Press the ESC button to exit the breaker status alarm.

8. Enter your password. See Figure 5.

NOTE: Default password is “1000”.

a. Press MOD and to enter the first digit.

b. Press  and/or  until the desired value is found.

c. Press  and/or  to navigate between password digits.

d. Press ENTER to confirm password, then  to view commands menu.

e. Press  or  to change the menu screens to view system status. See 
Figures 8, 9, and 10.

f. Press  to return to the operations screen. See Figure 6 on page 8.

Figure 4 – Selector Switch

Figure 5 – Password

NOTE: Image for reference only.
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9. From the operations screen, (see Figure 6), press MOD to move between racking 
and contacts options. The selected command will be blinking on the display. For 
example, in Figure 7, the Racking “IN” operation is blinking.

10. Press ENTER to initiate the operation/command selected.

11. Be aware of the following alarms displayed in the Magelis XBT Pendant (see 
Figure 8) during the integrated racking mechanism operation.

12. After successful operation, press ESC to exit and return to the menu.

13. If additional operations are needed, repeat steps 9-13.

14. For two-high configurations only: To change the selected device (upper or 
lower) on the same switchgear unit, return to the front of the unit, change the 
selector switch to the desired device, and then move approximately 50 ft. 
(15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Figure 6 – Operations Screen

Figure 7 – Selecting Operation

a. Racking-IN

b. Racking-OUT

c. Breaker–CLOSE

d. Breaker–OPEN

Figure 8 – Standard Operation–Status Alarms

A. RACKING IN (amber light on 
display): Indicates that the 
breaker is in transport 
towards the racked in 
position

B. RACKING OUT (amber light 
on display): Indicates that 
the breaker is in transport 
towards the racked out 
position

C. TEST DISCONNECT (green 
light on display): Indicates 
that the breaker is the 
disconnected position

D. CONNECTED (red light on 
display): Indicates that the 
breaker is in the connected 
position

A B

C D
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15. To use the Magelis XBT Pendant on another section in the same lineup, follow 
these steps:

a. return to the front of the unit,

b. turn OFF the remote device,

c. disconnect the pendant and connect it in the new section in the same 
lineup, and

d. proceed again to move approximately 50 ft. (15.24 m) away from the 
switchgear unit with the pendant.

16. Upon completion of the racking procedure, return to the front of the switchgear, 
turn OFF the system, and remove the Magelis XBT Pendant from the circuit 
breaker compartment door. Replace the dust cap and hand tighten a minimum 
of 4.5 lb-in (0.5 N•m) to a maximum of 6.0 lb-in (0.7 N•m).

Additional Status Alarms

Breaker Status: 
Connected/Disconnected

Indicates if the breaker is in the connected or disconnected position.

Once the password has been entered, use the right arrow ( ) to see the current 
status of the breaker.

Breaker Status: 
Inside/Outside

Indicates if the breaker is inside or outside of the switchgear and ready to be 
racked IN or racked OUT. Once the password has been entered, use the right 
arrow to see the current status of the breaker.

If the breaker is inserted but not fully engaged (in the test/disconnect position), the 
system will not work and the alarm will show the status of “OUTSIDE.” Perform the 
following steps:

1. Using the right arrow, navigate to the breaker status “Inside-Outside” alarm to 
check the status.

2. Return to the switchgear, open the door, and ensure that the breaker is fully 
inserted in the Test/Disconnect position.

3. To resume the operation, close the door and move approximately 50 ft. (15.24 m) 
away from the switchgear unit with the Magelis XBT Pendant.

Figure 9 – Alarm for Breaker Status: Connected/Disconnected

Figure 10 – Alarm for Breaker Status: Inside/Outside
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Door Status: Close/Open This alarm ensures that the switchgear door is closed before any operation of the 
remote racking device can be performed. If the switchgear door is accidentally 
opened during the TRANSPORT operation of the racking device, the system will 
automatically stop and a mechanical alarm will be displayed in the Magelis XBT 
Pendant. The breaker will be in an intermediate position.

Perform the following steps:

1. Return to the switchgear, and close and secure the door.

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position, regardless of the breaker position (see 
Figure 9 on page 9 to confirm status with the Magelis XBT Pendant).

3. Move approximately 50 ft. (15.24 m) away from the switchgear unit with the 
Magelis XBT Pendant.

4. Press ESC and resume the operation.

Overcurrent Overcurrent protection of the motor is included. If a mechanism does not work as 
intended (e.g., stalling), the overcurrent produced by this condition will activate the 
protection relay, the system will be stopped, and an Overcurrent alarm will be 
shown in the Magelis XBT Pendant.

Perform the following steps:

1. Open the LV compartment and confirm the overcurrent relay status (only the 
green light will be on, indicating an overcurrent problem).

2. Using the manual racking handle (see Figure 13 on page 11), rack the breaker 
out to the disconnected position regardless of the breaker position (see Figure 
9 on page 9 to confirm status with the pendant).

Figure 11 – Alarm for Door Status: Close/Open

Figure 12 – Alarm for Overcurrent
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NOTE: Manual racking of the breaker is maintained to allow operator remedial 
action in the event the integrated racking mechanism does not operate as 
intended. 

3. Review the lubrication on the primary contacts of the breaker and the movable 
points of the cradle. Poor lubrication can increase the force required to rack the 
breaker IN or OUT and cause system to not operate as intended.

4. After correcting any issues, turn the racking system OFF and then ON to reset 
the overcurrent protection relay.

Incomplete Sequence Incomplete sequence indication is included and will be activated after 13 seconds 
by any of the following conditions:

• if the door is open

• if the breaker has not reached its position (IN or OUT)

• if the breaker is stalled in the TRANSPORT operation

• if any of the switches have been disconnected: Door Close/Open, BKR 
INSIDE/OUTSIDE, TEST/DISCONNECT, BKR CONNECTED

Return to the switchgear and review all these conditions to find the root cause of 
the incomplete sequence. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Once the issue has been corrected, move approximately 50 ft. (15.24 m) away 
from the switchgear unit with the Magelis XBT Pendant, press ESC, and resume 
the operation.

Figure 13 – Manual Racking Handle

Racking port

Racking handle

Figure 14 – Alarm for Incomplete Sequence
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#203 Dialog Table Reading 
Impossible

The #203 alarm (Figure 15) followed by the Racking Contacts display (Figure 16 on 
page 12) indicates that the communication between the Zelio™ Smart Relay and 
the Magelis XBT Pendant has been lost or has not been established.

1. Return to the switchgear. Using the manual racking handle (see Figure 13 on 
page 11), rack the breaker out to the disconnected position regardless of the 
breaker position (see Figure 9 on page 9 to confirm status with the Magelis 
XBT Pendant). Open the LV compartment, and ensure that the Zelio Smart 
Relay control cable is fully connected. Check for any loose connection.

2. To resume the operation, close the LV compartment and move approximately 
50 ft. (15.24 m) away from the switchgear unit with the Magelis XBT Pendant.

Additional Protection

Short Circuit Protection Short circuit protection of the system is included. In case of a short circuit event, a 
primary fuse is included to open the main circuit. A second fuse is included to 
protect the Zelio Smart Relay and the Magelis XBT Pendant. 

Using the manual racking handle (see Figure 13 on page 11), rack the breaker out 
to the disconnected position regardless of the breaker position (see Figure 9 on 
page 9 to confirm status with the Magelis XBT Pendant). 

Open the LV compartment and review the fuses to see if they are open. If so, first, 
find and remove the issue that caused the fuse to open. Then, replace the fuses to 
put the system back in service.

Torque Limiter Protection The remote racking device design includes a clutch that limits torque values within 
acceptable limits to prevent damage on mechanical components (racking gears). It 
limits the torque value to 18 lb-ft (24.5 N•m).

When a circuit breaker or other device has been completely racked in or racked 
out, a clicking sound is generated. This is caused by the remote racking device 
clutch slipping as it runs up against the stops. As long as this sound does not last 
for more than one second, this is considered normal. If the clicking sound persists, 
the system will time out after 13 seconds and the Magelis XBT Pendant will 
indicate “INCOMPLETE SEQUENCE” (see the section “Incomplete Sequence” on 
page 11). The limit switches will open at the end of the racking procedure to stop 
the operation.

Figure 15 – Alarm for #203 Dialog Table Reading Impossible

Figure 16 – Racking Contacts
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Maintenance

Motor Assembly

No regular maintenance is necessary.

Torque Limiting Clutch

The torque limiting clutch is factory-set at 18 lb-ft (24.5 N•m) output and should not 
be adjusted.

Circuit Breaker Cradle

After every 100 cycles of the racking mechanism:

• vacuum each compartment to remove dust, spider webs, etc. Wipe off the 
insulation with a clean cloth.

• lightly lubricate the primary contacts and the ground contacts with Mobilux® 

EP 1, Schneider Electric part number 1615-100790

• lightly lubricate the following parts with red Mobilgrease® 28 (Schneider Electric 
part number 1615-100950)

— all moving joints (shutters, MOC, TOC, etc.)

— rollers and sliding parts

— racking arm and shaft

For more details, refer to the maintenance chapter of the applicable Schneider 
Electric instruction bulletin:

• 6055-30 (Masterclad™ 5–15 kV Indoor Switchgear),

• 6055-40 (Masterclad™ 27 kV Indoor Switchgear), or

• 6055-62 (Masterclad™ 5–15 kV Arc Resistant Switchgear)

Replacement Parts and Servicing

When ordering replacement parts, be sure to specify the following information:

• order number,

• section number in the line-up—upper or lower (when applicable), and

• part description

If your remote racking device should become damaged or you encounter problems 
making repairs or replacing parts, contact your local Schneider Electric 
representative.

http://www.schneider-electric.us/en/download/document/6055-30/
http://www.schneider-electric.us/en/download/document/6055-40/
http://www.schneider-electric.us/en/download/document/6055-62/


Schneider Electric USA, Inc.
800 Federal Street
Andover, MA 01810 USA
888-778-2733
www.schneider-electric.us

Integrated Racking Mechanism 6055-62B 

Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

Schneider Electric and Square D are trademarks and the property of 
Schneider Electric SE, its subsidiaries, and affiliated companies. All other trademarks 
are the property of their respective owners.

© 2017 Schneider Electric All Rights Reserved
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Features & Applications
•  Made with same material as CHANCE line hose
•  Nonconductive cover may help prevent flashover on 

ball studs installed in enclosed switchgear, switchyards 
or substations

•  Cover is not intended for personnel protection and 
should not be considered as insulative cover-up 
equipment

•  Resilient ozone/corona-resistant thermo-plastic 
elastomer does not absorb water

•  Special formulation resists aging/checking and retains 
high-visibility orange color

•  Snap-fit keeps cover in place

Grounding Stud Cover  – fits onto 1" ball studs of Apparatus Grounding Clamps above

Long stud shank accepts 
most types of grounding 
clamps

Socket clamps provide 
multi-angle attachment of 
grounds

*Long Ball Stud T6002364  3" nominal shank length
Weight, each: 3⁄4 lb. / 0.3 kg.

Clamp C6002300 with
pressure terminal______

for plain-plug ferrule 
on #2 to 4/0 ground-

ing cable

Clamp C6002100
Drilled for 5⁄8-11 UNC 

threaded ferrule
or

Clamp C6002101
 Tapped for 5⁄8-11 UNC 

threaded ferrule______
for threaded stud ferrule 

on #2 to 4/0 
grounding cable

*Standard
Ball Stud C6002102

Weight, each:
1⁄2 lb. / 0.2 kg.

*Ball studs do not interchange with system on page 3016.

•  For restricted-space applications and as a truck-
grounding system, this compact design delivers a high-
current rating usually associated with only large clamps

•  Applies to a wide range of switching equipment, 
including:

 o Industrial metalclad gear
 o Substations – indoors and out
 o Distribution – overhead and underground
•  For trucks, a *ball stud permanently mounts on each 

body
•  For three-phase livefront set, see page 3017
•  Two clamp styles and three ball stud lengths adapt to 

many applications
•  Clamp bodies, eyescrews and *ball studs are bronze 

alloy
•  Tin-plated ball studs have nominal 1"-diameter ball 

and stud to fit NEMA terminal pads
•  Lockwasher and nut are silicone bronze
•  ASTM Designation of Type I, Class A, Grade 5 for any of 

these clamps is met if associated grounding-cable sets 
are fitted with 5⁄8" copper ferrules as on page 3021

•  IEC Rating at 15 cycles of 35 kA for C6002100 and 
T6002320

Fault Current Ratings 43,000 Amps — 15 cycles
   30,000 Amps — 30 cycles

Recommended Installing Torques:
Eyescrew 250 inch-pounds *Ball Stud 300 inch-pounds

21⁄8"
(1⁄2-13UNC)

41⁄4"

113⁄16"

7"

23⁄4"
(1⁄2-13UNC)

315⁄16"

Clamp T6002320
 Tapped for 5⁄8-11 UNC 

threaded ferrule______
for threaded stud ferrule 

on #2 to 4/0 
grounding cable

Weight, each clamp on this page: 1 lb. / 0.5 kg.

5⁄8" dia. shank

•  5⁄8"-I.D. loop at top 
permits hot-line 
tools to “pop” it on 
and off

•  CHANCE silicone 
lubricant C4002320 
or C4170287 may 
ease installation 
and removal

• Not an insulated 
Cover

3.3"

      1"
 internal threads (1⁄2-13UNC)

5⁄8" dia. shank

Ball-and-socket design for multiple uses

Apparatus Grounding Clamps

*Female-Thread
Ball Stud T6002867

5⁄8" dia. shank

Weight, each:
1⁄2 lb. / 0.2 kg.

11⁄2"

Catalog No. Description Weight
C4060416 Grounding Stud Cover 1 oz. / 28 g.

melzi
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Highlight



G
ro

u
n

d
in

g
 E

q
u

ip
m

e
n

t – 3
0

0
0

Page 3032 July 2018

Phone: 573-682-5521  Email: hpsliterature@hubbell.com  Web: hubbellpowersystems.com

NEVER COMPROMISE™

www.hubbellpowersystems.com
JULY 2018 Catalog 3000

• 210 N. Allen St.   • Centralia, MO 65240   • (573) 682-5521

NOTE: Hubbell has a policy of continuous product improvement. Please visit hubbellpowersystems.com to 
confirm current design specifications. ©Copyright 2018 Hubbell Incorporated

NOTICE: For the latest revision of our Catalog and Literature, click here or visit our web site: www.hubbellpowersystems.com
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Mechanical:

* Sections: 1 Active

* Positions: 2   Shaft will spring return to the

  center (rest)  position (See Truth Table)

*Type Acton: Non-Shorting

* Detent type: Section 1 - Spring Return

* Indexing: 45° positive detent

* Rotational Life: 65,000 operations

Materials and Finishes:

* Rotors and Stators: Thermoset Plastic, UL 94VO

* Rotor contacts:  Phosphor bronze

* Stator contacts: Silver plated copper, screw type

* Terminal hardware: silver plated brass

* Exterior Metal: Steel with zinc chromate finish

* Knob: thermoset phenolic

SMITHFIELD, NC 27577  USA
308 COMPONENTS DRIVE

2641D 125VDCAXC308 COMPONENTS DRIVE
SMITHFIELD, NC 27577  USA

SHALLCO SERIES 26
Part Number:  2641D 125 VDCAXC
General:

Meets requirements for 1 - 25 ampere switching of

resistive loads to .75 power factor at voltages to

600 V AC and 250 V DC resistive loads

Electrical: 15A/600  VAC

                     20A/600  VAC (RES)

                     25A/120  VAC

                       3A/125  VDC

                  1A/250 VDC

* Current carrying capacity: 25 amperes

* Dielectric Withstanding Voltage: 2200 Vrms

* Contact Resistance: Initial, 10 milliohms max.

* Insulation Resistance: 100 Megohms min., initial

*Switch is supplied with a lighted escutcheon plate

 Input Voltage: 125 VDC

 Wiring: As Shown

RRR

MOUNTING HOLE

DETAIL

REV. A
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©2014 IRISS, Inc. All rights reserved. Prices and specifications subject to change without notice.

iriss.com

• Poly-View System™ technology 
enables viewing in the visual, UV and 
shortwave, midwave and longwave   
IR spectrums

• Fixed And Stable Transmission (FAST)
• Clear pharmaceutical-grade optics
• Unconditionally guaranteed against 

transmission loss for accurate        
qualitative and quantitative analysis

• Durable, fully impact-resistant
• Available in 2”, 3” and 4” sizes (actual 

viewing area)
• Manufactured from non-conductive UL 

94 plastics insulated to 30kV/mm
• Easy-Grip™ stainless steel cover 
• Reinforcing grills comply with IP2x 

standard for safe maximum hole size 
and fail-safe design

• Fitting templates and instructions 
included

Specifications

Materials
Window Housing and 
Cover

UL 94 5VA Nylon (switchgear-grade plastic); 
-40°C (-40°F) to 273°C (523°F); Easy-GripTM stainless steel cover

Optic UL 746 compliant, visual, UV and IR transmissive polymer;  
-40°C (-40°F) to 325°C (617°F)

Reinforcing Grill Aluminum coated with UL 94 5VA Nylon; -40°C (-40°F)  
to 273°C (523°F)

Gaskets UL 94 5VA TPE; -40°C (-40°F) to 273°C (523°F)

Hardware 316 stainless steel

Model Body Diameter Window Diameter Assembly Thickness
VPT-50 9.1 cm (3.6 in) 5.1 cm (2.0 in) 2.6 cm (1.0 in)

VPT-75 12.1 cm (4.8 in) 7.6 cm (3.0 in) 2.6 cm (1.0 in)

VPT-100 15.1 cm (5.95 in) 10.2 cm (4.0 in) 2.6 cm (1.0 in)

Dimensions

Other
Useful Temperature Rating -40°C (-40°F) to 200°C (392°F)

Water and Dust Ingress IP65 / NEMA 4: closed and when in use

VPT Platinum Series Feature:

Certifications:

• Certified by UL (USA) &  cUL 
(Canada) to the following standards:
- 50V
- 50E
- 746C:  Impact and Flammability
- 1558: Impact and Load   
 Resistance
- 508A; ANSI 508A

• IEEE C37 20.2.a.3.6: Impact and Load
• IP65 / NEMA 4
• Lloyds of London Type Approval 
• American Bureau of Shipping (ABS)
• BSI Quality ISO 9001 Certified System
• CSA C22.2 No. 14-13
• DNV (Det Norske Veritas) P261.1E      

Maritime, Vessel and Offshore                  
Applications

• Visual
• UV
• Shortwave IR
• Midwave IR
• Longwave IR

18-1020-0000-Rev.D

VPT Platinum Series 

An evolutionary step in infrared (IR) windows, the     
Platinum Series VPT utilizes our exclusive 
Poly-View System™ technology to allow the 
use of any thermography camera to monitor 
energized electrical equipment.

The world’s only clear polymer IR window 
optic enables visual inspections, traditional IR 
inspections utilizing cameras across the entire 
IR spectrum and allows for UV inspections to be 
performed with a corona camera.

The Platinum Series VPT IR windows are industrial- 
grade with a patented reinforced grill that exceeds 
high voltage switchgear viewing pane standards.

Poly-View System™

First and Only Round Transparent 
Polymer IR Window

Protected by our unconditional lifetime warranty

Caution: The dimensions listed above are not installation dimensions. Do NOT cut prior to receiving your IRISS 
window and installation template.

melzi
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Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Construction
 0.104 In. carbon steel.
 Concealed hinges.
 Single-Door Single Access.
 Removable and interchangeable doors.
 Flange trough collar around all sides of door opening.
 Seams continuously welded and ground smooth.
 Lifting eyes for easy handling.
 Black zinc die cast keylocking/padlocking handle.
 3-point latching mechanism.
 Latch rods have ramp shoes for easier door closing.
 Removable print pocket provided on door.
 Mounting channels welded horizontally on sides of interior body at top,
bottom and middle for mounting optional panels or rack mounting angles.
 Pour in place oil & water resistant gasket.
 Ground stud on door and body.
 Provisions for light kits.
 Holes plugs provided to seal holes in bottom of enclosure.

Application
Designed to house a variety of electrical and electronic controls and
instruments. Provisions for optional surface mounting or rack mounting of
almost any type of equipment. Provides protection from dust, dirt, water
and oil. For outdoor application a drip shield and drain holes are required.
The enclosures are extra deep for applications requiring more interior
space.

For Details about the Design, Performance Expectations, Applications and
Design Suggestions - See Design Considerations
www.saginawcontrol.com/instman/considerations.pdf

Finish
ANSI-61 gray powder coat inside and out. Optional sub-panels are powder
coated white.

Industry Standards - (IS3)
 NEMA Type 3R, 12 and Type 13
 UL Listed Type 3R and 12
 CSA Type 3R and 12
 IEC 60529
 IP 55

Notes
Part numbers that contain the letter "EL" that are over 30 inches wide have
additional latches on the center of the door top and bottom.

Special Instructions apply for IS3, IS4 and IS6 to maintain the
environmental rating of Type 3R for these parts. Instructions are located
on the enclosure door. Drip shield is required on IS3, drip shield is
recommended on IS4 and IS6. Drain holes are required on all.

Accessories Included
SCE-HS2S Hole Seal, 2 Inch Square

Optional Accessories
SCE-13ELJEXPP Pocket, Exterior Print
SCE-19ELJEXPP Pocket, Exterior Print
SCE-20RMW Wireway, Removable
SCE-60P36F1 Subpanel, Full
SCE-60P36F2 Subpanel, Half
SCE-7236SOF19 Frame, Swing Out Rack Mounting
SCE-72FSHDPS Panel Support Heavy Duty
SCE-72P36F1 Subpanel, Full
SCE-72P36F1GALV Subpanel, Full Galvanized
SCE-72P36F2 Subpanel, Half
SCE-72SMP14 Subpanel, Side Mount
SCE-72SMP20 Subpanel, Side Mount
SCE-72SP36F3 Panel, Swingout Full
SCE-72SP36F4 Panel, Swingout Half
SCE-90P36F2 Subpanel, Half
SCE-BVK Breather Vent
SCE-DS36N4 Shield, Drip
SCE-FS1212 Shelf, Folding
SCE-FS1818 Shelf, Folding
SCE-FS2424 Shelf, Folding
SCE-LF18 Fixture, LED Light
SCE-LF18NO Fixture, LED Light w/o Outlet
SCE-RD7236FS Door, Replacement

Similar Part Numbers
SCE-603624FSFS Enclosure
SCE-60EL2418FSEL FS Enclosure
SCE-723618FSFS Enclosure
SCE-723624FSFS Enclosure
SCE-723636FSFS Enclosure
SCE-72EL2418FSEL FS Enclosure
SCE-72EL2424FSEL FS Enclosure
SCE-72EL3018FSEL FS Enclosure
SCE-72EL3024FSEL FS Enclosure
SCE-72EL3624FSEL FS Enclosure

Installation Information
 Drip Shield Kit Assembly
 Folding Shelf Hole Pattern
 Removable Wire Cover
 Heavy Duty Panel Supports - In Single Door FS Enclosure
 Rack Mounting Angles
 Swing-Out Full Panel
 Swing-Out Rack Mounting Frame
 Swing-Out Half Panel
 LED Light Fixture
 Hole Seal
 Free-Standing Single-Door Single Access Accessories
 Free Standing Single Door Single Access Enclosure
 Design Considerations When Specifying Your Enclosure
 Design Considerations When Specifying Your Enclosure

SCE-723630FSSCE-723630FS

Product Specifications:
Part Number: SCE-723630FS
Description: FS Enclosure
Height: 72.00"
Width: 36.00"
Depth: 30.00"
Price Code: A2
List Price: $1,991.32
Catalog Page: 134
Est. Ship Weight: 423.00 lbs

https://www.saginawcontrol.com/partnumber_info?n=SCE-HS2S
https://www.saginawcontrol.com/partnumber_info?n=SCE-HS2S
https://www.saginawcontrol.com/partnumber_info?n=SCE-HS2S
https://www.saginawcontrol.com/partnumber_info?n=SCE-HS2S
https://www.saginawcontrol.com/partnumber_info?n=SCE-13ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-13ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-13ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-13ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-19ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-19ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-19ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-19ELJEXPP
https://www.saginawcontrol.com/partnumber_info?n=SCE-20RMW
https://www.saginawcontrol.com/partnumber_info?n=SCE-20RMW
https://www.saginawcontrol.com/partnumber_info?n=SCE-20RMW
https://www.saginawcontrol.com/partnumber_info?n=SCE-20RMW
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F2
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F2
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F2
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P36F2
https://www.saginawcontrol.com/partnumber_info?n=SCE-7236SOF19
https://www.saginawcontrol.com/partnumber_info?n=SCE-7236SOF19
https://www.saginawcontrol.com/partnumber_info?n=SCE-7236SOF19
https://www.saginawcontrol.com/partnumber_info?n=SCE-7236SOF19
https://www.saginawcontrol.com/partnumber_info?n=SCE-72FSHDPS
https://www.saginawcontrol.com/partnumber_info?n=SCE-72FSHDPS
https://www.saginawcontrol.com/partnumber_info?n=SCE-72FSHDPS
https://www.saginawcontrol.com/partnumber_info?n=SCE-72FSHDPS
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-72P36F1
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Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Application
Panels for single-door enclosures, can be positioned anywhere along the
horizontal mounting channels. Mounting hardware is included. Made of
heavy gauge steel and powder coated white. GALV panels made of
galvanized steel.

GALV Part numbers are Galvanized.

Industry Standards - (IS17)
 NEMA Not Applicable
 UL Not Applicable
 CSA N/A

Accessories Included
SCE-FSPS6 Kit, FS Panel Support

Similar Part Numbers
SCE-60P24F1Subpanel, Full
SCE-60P36F1Subpanel, Full
SCE-60P36F1GALVSubpanel, Full Galvanized
SCE-72P24F1Subpanel, Full
SCE-72P30F1Subpanel, Full
SCE-72P30F1GALVSubpanel, Full Galvanized
SCE-72P36F1GALVSubpanel, Full Galvanized

Installation Information
 Individual Panel Supports

SCE-72P36F1SCE-72P36F1

Product Specifications:
Part Number: SCE-72P36F1
Description: Subpanel, Full
Height: 60.00"
Width: 32.00"
Depth: 0.88"
Price Code: p3
List Price: $287.42
Catalog Page: 148
Est. Ship Weight: 67.00 lbs

https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
https://www.saginawcontrol.com/partnumber_info?n=SCE-FSPS6
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https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
https://www.saginawcontrol.com/partnumber_info?n=SCE-60P24F1
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Saginaw Control and Engineering
95 Midland Road Saginaw, MI 48638-5770

(800) 234-6871 - Fax: (989) 799-4524
SCE@SaginawControl.com

Construction
 0.104 In. Carbon Steel.

Application
Panels are available full length and half length and can be mounted on
either side of the enclosure. Panels have 0.104" carbon steel support
frames and concealed hinges to allow the panel to swing completely out of
the enclosure. Mounting hardware is included. Made from heavy gauge
carbon steel.

Finish
Powder coated white.

Industry Standards - (IS17)
 NEMA Not Applicable
 UL Not Applicable
 CSA N/A

Similar Part Numbers
SCE-72SP24F3Panel, Swingout Full
SCE-72SP30F3Panel, Swingout Full

Installation Information
 Swing-Out Full Panel

SCE-72SP36F3SCE-72SP36F3

Product Specifications:
Part Number: SCE-72SP36F3
Description: Panel, Swingout Full
Height: 60.00"
Width: 30.81"
Depth: 0.85"
Price Code: P2
List Price: $596.35
Catalog Page: 149
Est. Ship Weight: 99.00 lbs

https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP24F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/partnumber_info?n=SCE-72SP30F3
https://www.saginawcontrol.com/instman/FSOP-INSTMAN.pdf
https://www.saginawcontrol.com/instman/FSOP-INSTMAN.pdf
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REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 

1.20.4 SPARE PARTS AND SUPPLY LIST 
 

 
Qty. Manufacturer Part No. Price / Unit 
3 Bussmann / Eaton 5BCLS-12R $   4,955.63 

3 Bussmann / Eaton 5NCLPT-1E $     390.12 

3 Bussmann / Eaton KLM-15 $      54.38 

1 Eaton 10-10450-239 $  43,696.83 

1 Eaton 54A1318G250 $  25,965.99 

2 IDEC SR2P-06 $       5.48 

4 Schneider Electric 8501KPDR12V53 $      47.58 

2 Schneider Electric PK61SP $      39.00 
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REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 

1.20.5 ROUTINE AND FIELD ACCEPTANCE TEST REPORTS 
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Schneider-Electric 

SMYRNA, TN 
           

 

 

 

 

 
 

MASTERCLAD 
 
Schneider-Electric certifies that the Switchgear
requirements of ANSI C37.20.2 (Design Test
  

  
Rated Maximum Voltage 4.76kV 
Rated Power Frequency 60Hz 
Rated Continuous Current 1200/2000
 3000A 
  
Continuous Current Carrying Tests 
Maximum temperature rise did not exceed permitted limits
 
 
Dielectric Withstand Tests 
Rated BIL Impulse Withstand Voltage (3 x 3 x 1.2 x 50 
Rated Power Frequency Withstand Voltage (1 minute ac):
 
Short Circuit Current Tests 
Rated Maximum Voltage 
10 Cycle Momentary Withstand Current (2.6I Major Peak)
Short-Time Withstand Current (I) 
Short-Time Current Duration (2 secs min required)
 
Mechanical Endurance Tests conducted with a VR Breaker
Number of Racking Operations (motorized racking):
Number of Operations Between Servicing 
Number of Racking Operations (manual racking):
Number of Operations Between Servicing 
 
Ingress Tests 
Non Walk-in Outdoor Section Tests:  
Walk-in Outdoor Section Tests 
These test reports are applicable to Series 3 and Series 5 Switchgear
and meet the requirements of ANSI C37.20.2
 
Seismic Tests to ICC-ES AC156, Level 2 (High)
Tests were performed on samples of major configurations
OSHPD has given Special Seismic Certification for this equipment
 
Marine Tests to 
ABS has carried out a Design Assessment on this equipment
 

Test Reports are Available for Review in the Engineering Department, Smyrna TN
 
 
 
 
 

 Richard Trussler         
 MV Engineering Manager                                              

 
 
 

 Tony Duncan                                                                   
 MV Engineering Director                                              

 

           DESIGN TEST CERTIFICATION                                

 

MASTERCLAD METAL CLAD SWITCHGEAR – NON 

Switchgear listed below was tested to, and complies with or exceeds the 
(Design Tests) and NEMA C37.55 (Conformance Test

 
Rated Short Circuit Current 50kA 
"K" Factor 1.00 

2000/   
  
  

Maximum temperature rise did not exceed permitted limits 1200A/2000A
3000A

Rated BIL Impulse Withstand Voltage (3 x 3 x 1.2 x 50 µsec wave): 
Rated Power Frequency Withstand Voltage (1 minute ac): 

4.76
10 Cycle Momentary Withstand Current (2.6I Major Peak) 130kA

Time Current Duration (2 secs min required) 2.1

conducted with a VR Breaker 
Number of Racking Operations (motorized racking): 

 
Number of Racking Operations (manual racking): 

 

to Series 3 and Series 5 Switchgear 
and meet the requirements of ANSI C37.20.2-1999 clause 6.2.10 

ES AC156, Level 2 (High) 
Tests were performed on samples of major configurations 

Certification for this equipment OSHPD

ABS has carried out a Design Assessment on this equipment 

are Available for Review in the Engineering Department, Smyrna TN

        ___________________________                19 August 2014
                                                                   Date

                                                                               19 August 2014
Director                                                   Date

                                TMC0535N 

Doc: TMC0535N.Doc 

NON ARC 

and complies with or exceeds the 
(Conformance Tests) plus others as listed. 

 TEST REPORT 
 
 
 
 
 

  
/2000A VAD5-3-950502 
3000A VR-3-960722 

  
  

60kV P60-1156-L40 
19kV  

  
  

4.76kV VR-1-070806 
130kA  
50kA  

2.1 secs  
  
  

500 2012077951001 
100  
500 KEMA 08028-B1 
50  

  
  
 M7-910524 
 M7-920514 
  
  
  
  
  

OSHPD OSP-0046-10 
  
  

ABS 13-HS1012380-PDA 

are Available for Review in the Engineering Department, Smyrna TN 

19 August 2014    
Date 

19 August 2014    
Date 
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Cutler-Hammer 
221 Heywood Road 
Arden, NC  28704 

 
 

Test Certificate 
 
 
Report Number:   SL400-9901C 

 
 
Product Tested:   SLC-400 Contactor, 7.2kV, 400 amps cont., 8500 amps interrupting 
    SLC-160/200/360 Contactor, 7.2kV, 400 amps cont., 4500 amps 
interrupting 
Tests were Conducted in Accordance With: 

   IEC 60470:1999-10 
   IEC 60694:1996-05 

    IEC 60694:2001 (EMC Tests Only) 
Tests Performed:   
 

High-Power (at KEMA) Short Circuit Making & Breaking Capacity   (60470-6.104, 6.106.3) 
   Making & Breaking Capability   (60470-6.102)   

– AC3 and AC4 [4kA]   
   Coordination with SCPD   (60470-6.103.1, 6.103.2) 

(Fuse withstand [I^2t=5.89Mj, 63kA peak]) 
 
EMC (at U.L.)  Damped Wave Surge Immunity  (60694:2001) 
 
Other (at C-H Asheville) Temperature    (60470-6.5) 
   Power Frequency Voltage [20kV]  (60694-6.2.6.1) 
   Power Frequency on Control Ckt.[2kV] (60694-6.2.10) 
   Lightning Impulse [60kV]   (60694-6.2.6.2) 
   Resistance of Circuits   (60694-6.4) 
   Overload Withstand   (60470-6.103) 

 
Test Results: All Values were within the permissible limits and comply with the specified 

requirements 
 
References: KEMA Certificate C99074-A (Making and Breaking Performance) 
 KEMA Certificate C99074-A1 (Short Circuit Performance) 
 Underwriters Lab Report 02144 (Electromagnetic Compatibility) 
    
   
 
 
Cutler-Hammer Approval Signatures: 
 
 
Engineering Manager ______________________________________ Date: 5/14/2002 
    (J. M. Kellis) 
 
 
Project Engineer ______________________________________ Date: 5/14/2002 
    (D. E. Hrncir) 



















































































































Optimal Control Systems, Inc. 
 2324 Three Lakes Rd / P.O. Box 462 

Albany, OR  97321 
 (541) 967-9323    Fax: (541) 967-9485 

 
Voltage Transformer Burden 

• Air Compressor 3 
o Control Transformer 4200:120 
o Burden 0.2 VA 

• Air Compressor 4 
o Control Transformer 4200:120 
o Burden 0.2 VA 

• Air Compressor 5 
o Control Transformer 4200:120 
o Burden 0.2 VA 

• Main Breaker 86-1 
o Metering Transformer 4200:120 
o Burden 0.1 VA 

• Main Breaker 86-2 
o Metering Transformer 4200:120 
o Burden 0.1 VA 

• Feeder Breaker 7017 
o Metering Transformer 4200:120 
o Burden 0.1 VA 

• Feeder Breaker 7018 
o Metering Transformer 4200:120 
o Burden 0.1 VA 

• Tie Breaker 86-2 
o MeteringTransformer 4200:120 
o Burden 0.1 VA 

 
Current Transformer Ratio 

• Air Compressor 3 
o Expected Ratio 800:5 
o AØ Measured 800.15:5  
o BØ Measured 800.14:5 
o CØ Measured 800.11:5 

• Air Compressor 4 
o Expected Ratio 800:5 
o AØ Measured 800.09:5  
o BØ Measured 800.11:5 
o CØ Measured 800.05:5 

• Air Compressor 5 
o Expected Ratio 800:5 
o AØ Measured 800.16:5  
o BØ Measured 800.12:5 
o CØ Measured 800.11:5 

                    
                                



Optimal Control Systems, Inc. 
 2324 Three Lakes Rd / P.O. Box 462 

Albany, OR  97321 
 (541) 967-9323    Fax: (541) 967-9485 

 
 
HI Potential 9,100VDC AØ-Ground BØ-Ground CØ-Ground 
86-1 Bus .07 µAmps .07 µAmps .07 µAmps 
Tie Bus .06 µAmps .06 µAmps .06 µAmps 
86-2 Bus .07 µAmps .07 µAmps .07 µAmps 
 AØ-BØ AØ-CØ BØ-CØ 
86-1 Bus .07 µAmps .07 µAmps .07 µAmps 
Tie Bus .06 µAmps .06 µAmps .06 µAmps 
86-2 Bus .07 µAmps .07 µAmps .07 µAmps 
         
Breaker Contact Resistance 
Cat #V5D4133Y000 

AØ BØ CØ 

86-1 Main SN:17105529 13.9 µAmpΩ 13.5 µΩ 14.2 µΩ 
Tie Breaker SN:17105625 13.9 µAmp 15.4 µΩ 13.6 µΩ 
Feeder 7018 SN:17105624 13.7 µAmp 13.7 µΩ 14.8 µΩ 
Feeder 7017 SN:17105627 15.3 µAmp 14.5 µΩ 13.8 µΩ 
86-2 Main SN:17105626 13.7 µAmp 13.8 µΩ 14.0 µΩ 
 
4200/120V Potential Xfmr HI Potential @ 9kVDC H1-Ground H1-X1 
86-2 Line Side of Tie SN:35180N917/A45835-N .1 µAmp .1 µAmp 
86-2 Line Side of Tie SN:35180N917/A45836-N .1 µAmp .1 µAmp 
86-2 Line Side of Tie SN:35180N917/A45829-N .1 µAmp .1 µAmp 
86-2 Bus Side SN:35180N917/A45838-N .1 µAmp .1 µAmp 
86-2 Bus Side SN:35180N917/A45827-N .1 µAmp .1 µAmp 
86-2 Bus Side SN:35180N917/A45819-N .1 µAmp .1 µAmp 
86-2 Line Side of Main SN:35180N917/A45817-N .1 µAmp .1 µAmp 
86-2 Line Side of Main SN:35180N917/A45820-N .1 µAmp .1 µAmp 
86-2 Line Side of Main SN:35180N917/A45834-N .1 µAmp .1 µAmp 
86-1 Bus Side SN:35180N917/A45821-N .1 µAmp .1 µAmp 
86-1 Bus Side SN:35180N917/A45828-N .1 µAmp .1 µAmp 
86-1 Bus Side SN:35180N917/A45822-N .1 µAmp .1 µAmp 
 

Megger 500VDC Insulation Resistance Test 
86-2  
Main 

Value 86-2  
7017 

Value 86-2  
7018 

Value 86-2 Tie Value 86-1  
Main 

Value 

STN CT 5.5MΩ STD CT 5.5MΩ STT CT 5.5MΩ STN CT 5.5MΩ STN CT 5.5MΩ 
STT CT 5.5MΩ STE CT 5.5MΩ STW CT 5.5MΩ STT CT 5.5MΩ STW CT 5.5MΩ 
STQ CT 5.5MΩ STF CT 5.5MΩ STX CT 5.5MΩ STQ CT 5.5MΩ STT CT 5.5MΩ 
STR CT 5.5MΩ STA CT 5.5MΩ STY CT 5.5MΩ STR CT 5.5MΩ STU CT 5.5MΩ 
STS CT 5.5MΩ     STS CT 5.5MΩ STV CT 5.5MΩ 
 



REPLACE 4160V SWITCHGEAR BUILDING 818 PSNS 
SOLICITATION NUMBER: N44255-15-R-0009 X015 

PROJECT/WORK ORDER NUMBER: BBFW3M 
OCTOBER 2023 

 

OPTIMAL CONTROL SYSTEMS, INC. 

2324 Three Lakes Road SE 

Albany, OR  97322 

Phone: (541) 967-9323 

Fax: (541) 967-9485 

Project No. 0219-13PES 

1.20.6 INTERCONNECTION DIAGRAM 
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NEMA / IEEE CONFORMANCE STATEMENT PERTAINING TO GRAPHIC SYMBOLS FOR ELECTRICAL DRAWINGS:

IT IS EATON'S PRACTICE TO CONFORM TO STANDARDS ESTABLISHED BY THE NATIONAL ELECTRICAL MANUFACTURER'S

ASSOCIATION (NEMA). IF NEMA DOESN'T HAVE A PARTICULAR SYMBOL OR IF IT IS NOT SHOWN IN THE THIS

DOCUMENTATION, REFER TO THE AMERICAN NATIONAL STANDARDS (ANSI Y32.2, IEEE STD 315).
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Breaker standards

The setup of  circuit protective devices 
depends on the electrical installation standard. 
Multi9 devices (designed for machinery and 
equipment manufacturers, integrators, 
panelbuilders, etc.) are tested in accordance 
with the UL (Underwriter Laboratories) product 
standard in order to meet the requirements of  
the NEC (National Electric Code) installation 
standard, in force in the United States.
To allow the most extensive possible use 
worldwide, Multi9 “UL” products are also tested 
to ensure compliance with IEC and  
CSA standards. 
 
The CE Marking is an administrative formality 
for free circulation and sale on the territory of  
the European Union.
Made compulsory by a European directive,  
the CE Marking of  products complies with  
the administrative and legal requirements.
Designed for the European supervisory 
authorities (customs authorities),  
the “CE Marking” declarations and dossiers 
are produced under the sole responsibility of  
the manufacturer and undergo no conformity 
check by a third-party organization.
Only the quality marks, issued and inspected 
by an independent third-party organization, 
provide a full guarantee of  operation, 
compatibility and safety in accordance  
with national and international standards.

 UL 489
Branch circuit protection
The UL 489 standard applies primarily to the protection of circuits installed,  
in accordance with the NEC (National Electric Code):

 b upstream of a device or a machine (branch circuit protection)
 b inside the device or a machine, for certain loads (ventilation, air conditioning, 

heating, etc.)
 b to power loads external to the device (motors, power sockets, etc.).

 

 UL 1077
Supplementary protection - Internal protection of electrical 
equipment
The UL 1077 standard applies to circuit breakers for electrical equipment, in 
accordance with the NEC. These circuit breakers are considered as components 
forming part of the equipment but can in no case replace a UL 489 protective device. 
Their use is limited to the protection of specific loads exclusively inside the machine 
or equipment. Where the machine or equipment is powered upstream by a control 
panel, the UL 1077 protection must be combined with a UL 489 protective device in 
that panel.

 
 CSA C22.2 No. 5-02

Branch circuit protection
The requirements of this standard cover circuit breakers that are specifically 
intended to provide service entrance, feeder and branch circuit protection in 
accordance with the National Installation Codes.
This standard is close to UL489.

 
 CSA C22.2 No. 235-04

Supplementary protection - Internal protection of electrical 
equipment
This Standard applies to supplementary protectors that are intended for use as 
components within appliances or other electrical equipment where branch-circuit 
protection is already provided (or is not required), in accordance with the Rules of the 
Canadian Electrical Code.
This standard is close to UL1077.

IEC 60947-2

The IEC 60947-2 standard is an international product standard concerning  
circuit breakers; it is used for industrial circuit protection applications.  
It meets the requirements of the IEC 60364 installation standard.

 GB 14048-2
The GB 14048-2 standard is close to the IEC 60947-2 standard for installations  
on Chinese territory.
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The standards and their applications

Example of use of UL 489 circuit breakers and UL 1077 
electrical equipment internal protective devices

UL 489

UL 489

UL 489
UL 1077

UL 1077

UL 489

Internal
power socket

External 
power socket

External 
motor

Miscellaneous
devices

Electronics

Other 
sensitive 
devices

Equipment case

None if protection 
by secondary 
circuit breaker

Distribution circuit
“Branch circuit protection”

Heating,
ventilation and
air conditioning
equipment

2

1

1

2

3

4

UL 1077
Applications allowing the use of electrical 
equipment internal protective devices
UL 1077
Supplements an existing protective device or provides  
additional protection inside equipment

UL 1077
Used for the protection of internal circuits such as:
b Computers and microprocessors
b Telecommunications equipment
b Electronic controllers
b Power supply sources
b Transformers
b Small motors.

UL 489
Applications requiring branch circuit protection
UL 489

Equipment incoming end protection.

UL 489

Power socket circuit protection (internal or external).

UL 489

Protection of an external circuit (e.g. motor).

UL 489

Protection of heating, ventilation and air conditionning equipment 
(HACR/HVAC).

2

1

1

2

3

4

5
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Circuit breakers tripping curves

In

t

Thermal tripping limits

Electromagnetic 
tripping limits

min. max.

The following curves show the total fault current breaking time, depending on its 
amperage. For example: based on the curve on "Circuit breakers tripping curves", 
page 96, a C60 circuit breaker of curve C, 20 A rating, will interrupt a current of  
100 A (5 times the rated current In) in:

 b 1 second at least
 b 7 seconds at most.

The circuit breakers’ tripping curves consist of two parts: 
 b tripping of overload protection (thermal tripping device): the higher the current, the 

shorter the tripping time
 b tripping of short-circuit protection (magnetic tripping device): if the current exceeds 

the threshold of this protection device, the breaking time is less than 10 milliseconds.
For short-circuit currents exceeding 20 times the rated current, the time-current 
curves do not give a sufficiently precise representation. The breaking of high 
short-circuit currents is characterized by the current limiting curves, in peak current 
and in energy. The total breaking time can be estimated at 5 times the value of the 
ratio (I2t)/(Î)2.

Verification of the discrimination between two 
circuit breakers 
By superimposing the curve of a circuit breaker on that of the circuit breaker installed 
upstream, one can check whether this combination will be discriminating in cases of 
overload (discrimination for all current values, up to the magnetic threshold of the 
upstream circuit breaker). This verification is useful when one of the two circuit 
breakers has adjustable thresholds; for fixed-threshold devices, this information is 
provided directly by the discrimination tables.
To check discrimination on short circuit, the energy characteristics of the two devices 
must be compared.

Alternative current 50/60 Hz
C60BP, C60BPR, C60SP C60N, C60H, C60L, C60CTRL

According to IEC/EN 60947-2 (reference temperature 25°C) According to IEC/EN 60947-2 (reference temperature 50°C)
Curves Z, B, C, D Curves Z, B, C, D

D
B4

28
04

9

B C DZ

t(s)

0,1

1

10

100

1000

0,01

I / In

1 4±20% 8.5±20%

12±20%3±20%

3600 s for I/In= 1.3 
3600 s
for
I/In = 1.05

D
B4

08
50

2

t(s)

0,01

0,1

1

10

100

1000

C DB

I / In

1 4±20% 8.5±20% 12±20%

3±20%

Z

3600 s for I/In= 1.3 
3600 s
for
I/In = 1.05

Note: IEC/EN 60947-2 tripping curves, respecting the tripping time specified by 
the standards UL 489, CSA C22.2 No 5, UL 1077 and CSA C22.2 No 235

D
B1

24
17

9
Technical information
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Circuit breakers tripping curves (cont.)

Direct current
C60BP, C60BPR, C60SP C60N, C60H, C60L, C60CTRL

According to IEC/EN 60947-2 (reference temperature 25°C) According to IEC/EN 60947-2 (reference temperature 50°C)
Curves Z, B, C, D Curves Z, B, C, D

D
B4

28
05

0

Z

t(s)

0,1

1

10

100

1000

0,01

I / In

1 5.7±20% 12±20%

17±20%4.2±20%

B C D

3600 s for I/In = 1.3
3600 s
for
I/In = 1.05

D
B4

08
50

3
t(s)

0.01

0.1

1

10

100

1000

I / In

1 5.7±20%

BZ C D

12±20%

17±20%4.2±20%

3600 s
for
I/In = 1.05

3600 s for I/In = 1.3

Note: IEC/EN 60947-2 tripping curves, respecting the tripping time specified by 
the standards UL 489, CSA C22.2 No 5, UL 1077 and CSA C22.2 No 235

C60H-DC
According to IEC/EN 60947-2 (reference temperature 25°C)
Curves B, C, K

D
B4

06
17

8

t(s)

0.01

0.1

1

10

100

1000

I / In

1 3...7 10...14

7...10

B C K

3600 s
for
I/In = 1.05

3600 s for I/In = 1.3

Note: IEC/EN 60947-2 tripping curves, respecting the tripping time specified by 
the standards UL 1077 and CSA C22.2 No 235

5
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Circuit breakers tripping curves (cont.)
Technical information

The circuit-breaker characteristics chosen depend on the type of load downstream of 
the installation.
The rating depends on the size of the cables to be protected and the curves depend 
on the load inrush current. 
Product selection according to the load inrush current 
When certain "capacitive" loads are switched on, very high inrush currents appear 
during the first milliseconds of operation. The following graphs show the average 
non-tripping curves of our products for this time range (50 μs to 10 ms).

C60N, C60H, C60L, C60CTRL
D

B1
24

24
9

Ipeak/In

t (ms)

0.01

0.1

1

10

100 1000101

Curve D
Curve B

Curve C

C60H-DC

D
B4

38
80

1

t (ms)

0.01

0.1

1

10

100 1000101
Ipeak/In

Curve C

This information allows us to select the most appropriate product, according to the 
load specifications: curve and rating.

Example
When an C60 is used with a load with current peaks in the order of 200 In during the 
first 0.1 millisecond, a curve C or D product must be installed. 

Ipeak/In

t (ms)

0.01

0.1

1

10

100 1000101

Curve D
Curve B

Curve C

0.1

100 200 1000

0.1

200

Curve B
Curve D

D
B1

24
25

1

D
B1

24
24

9
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Miniature Circuit Breakers for DC applications up to 
380 V DC

A. Circuit breaker selection for 24/48 V DC 
according to the method of earthing
Refer to Tables A of Application Guide CA908061E.
C60BP / C60BPR / C60SP and C60N/H/L circuit breakers follow the wiring rules of 
iC60N/H/L circuit breakers.
Multi9 C60H-DC circuit breakers follow the wiring rules of Acti9 C60H-DC circuit 
breakers.
The breaking capacities of these products are available in catalog pages.

B. Circuit breaker selection for 110 V DC according 
to the method of earthing
Refer to Tables B of Application Guide CA908061E.
Multi9 C60H-DC circuit breakers follow the rules of Acti9 C60H-DC circuit breakers.

Ue = 110 V DC
Method of 
earthing

IT TN

Isolated from earth
+ and - conductors protected  
and disconnected

- (or +) earthed
+ and - conductors protected 
and disconnected

Midpoint earthed  
(not distributed)
 + and - conductors protected 
and disconnected

- (or +) earthed
+ (or -) conductor protected 
and disconnected

D
B1

16
98

4.
ep

s

Load

D
B1

16
98

6.
ep

s

Load

D
B1

16
98

7.
ep

s

Load Load

D
B1

16
98

5.
ep

s

Breaking 
capacity

Rating

Isc y 10 kA 
(UL Standard) 

In y 25 A

PB
11

66
63

.e
ps

D
B4

38
87

8.
ep

s

Load

PB
11

66
62

.e
ps

D
B4

38
87

9.
ep

s

Load

D
B1

15
85

1.
ep

s

    Load
Two-pole (1)

PB
11

66
61

-4
0.

ep
s

    

D
B4

38
88

0.
ep

s

Load

PB
11

66
61

-4
0.

ep
s

C60SP 4P C60BP, C60BPR, C60SP 3P C60BP, C60BPR, C60SP 2P C60BP, C60BPR, C60SP 2P
Isc y 20 kA In y 63 A

PB
11

17
55

-4
0.

ep
s

D
B4

38
87

8.
ep

s

Load

PB
11

17
51

-4
0.

ep
s

D
B4

38
87

9.
ep

s

Load

D
B1

15
85

1.
ep

s

    Load
Two-pole (1)

PB
11

17
49

-4
0.

ep
s

D
B4

38
88

0.
ep

s

Load

PB
11

17
49

-4
0.

ep
s

C60N/H/L 4P C60N/H/L 3P C60N/H/L 2P C60N/H/L 2P
Isc y 25 kA In y 40 A

PB
11

17
55

-4
0.

ep
s

D
B4

38
87

8.
ep

s

Load

PB
11

17
51

-4
0.

ep
s

D
B4

38
87

9.
ep

s

Load

D
B1

15
85

1.
ep

s

    Load
Two-pole (1)

PB
11

17
49

-4
0.

ep
s

D
B4

38
88

0.
ep

s

Load

PB
11

17
49

-4
0.

ep
s

C60H/L 4P C60H/L 3P C60H/L 2P C60H/L 2P
Isc y 30kA In y 25 A

PB
11

17
55

-4
0.

ep
s

D
B4

38
87

8.
ep

s

Load

PB
11

17
51

-4
0.

ep
s

D
B4

38
87

9.
ep

s

Load

D
B1

15
85

1.
ep

s

    Load
Two-pole (1)

PB
11

17
49

-4
0.

ep
s

D
B4

38
88

0.
ep

s

Load

PB
11

17
49

-4
0.

ep
s

C60L 4P C60L 3P C60L 2P C60L 2P
Note: This table is applicable for 125 V DC floating battery voltage.

This application sheet is intended to provide 
guidance for selecting the best protection and 
control components for a given DC system.
The scope is DC system supplied by rectifier 
(AC/DC or DC/DC converter) and/or battery, 
isolated or connected to earth.
The application voltages are 24 V DC, 48 V DC, 
110 V DC and 220 V DC. 
 

C. Circuit breaker selection 220 - 380 V DC 
according to the method of earthing
Refer to Tables C of Application Guide CA908061E.
Multi9 C60H-DC circuit breakers follow the rules of Acti9 C60H-DC circuit breakers.

5
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Influence of  ambient temperature

Influence of temperature on the operation
Devices Characteristics 

influenced by 
temperature 

Temperature

Mini Maxi
C60BP, C60BPR, C60SP, C60N, C60H, 
C60L, C60CTRL circuit breakers

Tripping on overload -30°C +70°C

N40N circuit breakers Tripping on overload -25°C +70°C
C60H-DC circuit breakers Tripping on overload -25°C +70°C
Circuit breakers  
with

Vigi AC Type Tripping on overload -5°C +60°C
Vigi A-SI Type -25°C +60°C

N40 Vigi Tripping on overload -5°C +60°C
GFP A-SI Type Maximum operating current -25°C +60°C
RCCB-ID 125 A Maximum operating current -25°C +40°C
iID B-SI type Maximum operating current -25°C +60°C

Note: the temperature considered is the temperature viewed through the device.

Circuit breakers
High temperatures

 b A rise in temperature decreases the tripping current of the thermal protection.
 b Protection is still ensured: the tripping threshold remains lower than the current 

acceptable by the cable (Iz)
 b To prevent nuisance tripping, it should be checked that this threshold remains 

higher than the maximum operating current (IB) of the circuit, defined by:
 v the rated load currents,
 v the coefficients of expansion and simultaneity of use.

If the temperature is sufficiently high for the tripping threshold to become lower than 
the operating current IB, switchboard ventilation should be provided for.

Low temperatures
 b A fall in temperature increases the tripping current of the thermal protection.
 b There is no risk of nuisance tripping: the threshold remains higher than the 

maximum operating current of the circuit (IB) demanded by the loads.
 b It should be checked that the cable remains suitably protected, i.e. that its 

acceptable current (Iz) is higher than the values shown in the following tables  
(in amperes).

When the ambient temperature could vary within a broad range, both these aspects 
must be taken into account: 

 b the difference between the maximum operating current of the circuit (IB) and the 
tripping threshold of the circuit breaker for the minimum ambient temperature,

 b the difference between the strength of the cable (IZ) and the maximum tripping 
threshold of the circuit breaker for the maximum ambient temperature.
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Influence of  ambient temperature (cont.)

Maximum permissible current
 b The maximum current allowed to flow through the device depends on the ambient 

temperature in which it is placed.
 b The ambient temperature is the temperature inside the enclosure or switchboard 

in which the devices are installed. 
 b The reference temperature is in a halftone colour for the different devices. 
 b When several devices operating simultaneously are mounted side by side in a 

small enclosure, a temperature rise in the enclosure results in a reduction in the 
operating current. A reduction coefficient of 0.8 will then have to be assigned to the 
rating (already derated, if applicable, depending on the ambient temperature).

 b Example:
Depending on the ambient temperature and the method of installation, the table 
below shows how to determine, for a C60, the operating currents not to be exceeded 
for ratings 25 A, 32 A and 40 A (reference temperature 50°C).

Operating current not to be exceeded (A)
Installation 
conditions  
(IEC 60947-2)

C60 alone Several C60 in the same enclosure 
(calculate with the reduction coefficient 
indicated below)

Ambient 
temperature (°C)

35 °C 50 °C 65 °C 35 °C 50 °C 65 °C

Type Nominal 
rating (A)

Actual rating (A)

C60 25 26.7 25 23.2 26.7 x 0.8 = 21.4 25 x 0.8 = 20 23.2 x 0.8 = 18.6
32 34 32 29.9 34 x 0.8 = 27 32 x 0.8 = 25.6 29.9 x 0.8 = 24
40 42.9 40 36.9 42.9 x 0.8 = 34.3 40 x 0.8 = 32 36.9 x 0.8 = 29.5

5
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Influence of  ambient temperature (cont.)

C60BP, C60BPR, C60SP derating table
C60BP, 
C60BPR, 
C60SP

Ambient temperature (°C)

Rating -30 -25 -20 -15 -10 -5 0 +5 +10 +15 +20 +25 +30 +35 +40 +45 +50 +55 +60 +70
0.5 A 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4
1 A 1.4 1.3 1.3 1.3 1.2 1.2 1.2 1.1 1.1 1.1 1.0 1.0 1.0 0.9 0.9 0.8 0.8 0.7 0.7 0.6
2 A 2.5 2.5 2.4 2.4 2.3 2.3 2.3 2.2 2.2 2.1 2.1 2.0 1.9 1.9 1.8 1.8 1.7 1.6 1.6 1.4
3 A 3.7 3.7 3.6 3.6 3.5 3.4 3.4 3.3 3.2 3.1 3.1 3.0 2.9 2.8 2.8 2.7 2.6 2.5 2.4 2.2
4 A 5.0 4.9 4.8 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.4 3.3 3.2 2.9
5 A 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.2 5.1 5.0 4.9 4.8 4.6 4.5 4.3 4.2 4.1 3.7
6 A 7.8 7.6 7.5 7.3 7.2 7.0 6.9 6.7 6.5 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.5 4.0
8 A 9.9 9.8 9.6 9.5 9.3 9.1 8.9 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 6.9 6.7 6.5 6.0
10 A 12.4 12.2 12.0 11.8 11.6 11.4 11.2 10.9 10.7 10.5 10.2 10.0 9.7 9.5 9.2 9.0 8.7 8.4 8.1 7.4
13 A 15.6 15.4 15.2 15.0 14.7 14.5 14.3 14.0 13.8 13.5 13.3 13.0 12.7 12.5 12.2 11.9 11.6 11.3 11.0 10.4
15 A 18.1 17.8 17.6 17.3 17.0 16.7 16.5 16.2 15.9 15.6 15.3 15.0 14.7 14.4 14.0 13.7 13.4 13.0 12.7 11.9
16 A 18.9 18.6 18.4 18.1 17.9 17.6 17.4 17.1 16.8 16.6 16.3 16.0 15.7 15.4 15.1 14.8 14.5 14.2 13.9 13.2
20 A 24.6 24.3 23.9 23.5 23.1 22.7 22.2 21.8 21.4 20.9 20.5 20.0 19.5 19.0 18.5 18.0 17.5 16.9 16.4 15.2
25 A 30.1 29.7 29.3 28.8 28.4 27.9 27.5 27.0 26.5 26.0 25.5 25.0 24.5 23.9 23.4 22.8 22.3 21.7 21.1 19.8
30 A 38.2 37.6 36.9 36.2 35.5 34.7 34.0 33.2 32.5 31.7 30.8 30.0 29.1 28.2 27.3 26.4 25.4 24.4 23.3 21.0
32 A 40.2 39.5 38.8 38.1 37.4 36.7 36.0 35.2 34.4 33.6 32.8 32.0 31.1 30.3 29.4 28.4 27.5 26.5 25.4 23.2
35 A 42.5 41.9 41.2 40.6 39.9 39.3 38.6 37.9 37.2 36.5 35.7 35.0 34.2 33.5 32.7 31.8 31.0 30.1 29.2 27.4
40 A 48.9 48.1 47.4 46.6 45.9 45.1 44.3 43.4 42.6 41.8 40.9 40.0 39.1 38.2 37.2 36.2 35.2 34.2 33.1 30.9
45 A 54.7 53.9 53.1 52.2 51.4 50.5 49.7 48.8 47.8 46.9 46.0 45.0 44.0 43.0 42.0 40.9 39.8 38.7 37.5 35.1
50 A 59.8 59.0 58.2 57.3 56.5 55.6 54.7 53.8 52.9 51.9 51.0 50.0 49.0 48.0 47.0 45.9 44.8 43.7 42.6 40.2
63 A 80.0 78.6 77.2 75.7 74.2 72.7 71.2 69.6 68.0 66.4 64.7 63.0 61.2 59.4 57.5 55.6 53.5 51.4 49.2 44.5

C60N, C60H, C60L, C60CTRL derating table
C60N, C60H, 
C60L, 
C60CTRL

Ambient temperature (°C)

Rating -30 -25 -20 -15 -10 -5 0 +5 +10 +15 +20 +25 +30 +35 +40 +45 +50 +55 +60 +65 +70
1 A 1.31 1.3 1.28 1.27 1.25 1.23 1.21 1.19 1.17 1.15 1.13 1.11 1.09 1.07 1.05 1.02 1 0.98 0.95 0.93 0.91
2 A 2.55 2.59 2.56 2.52 2.49 2.45 2.41 2.37 2.34 2.3 2.26 2.22 2.17 2.13 2.09 2.04 2 1.95 1.91 1.88 1.84
3 A 3.81 4.04 3.98 3.92 3.85 3.79 3.73 3.66 3.59 3.52 3.45 3.38 3.31 3.23 3.16 3.08 3 2.92 2.83 2.82 2.76
4 A 4.9 4.86 4.81 4.76 4.7 4.65 4.59 4.54 4.48 4.42 4.37 4.31 4.25 4.19 4.13 4.06 4 3.94 3.87 3.81 3.74
6 A 7.93 7.82 7.71 7.6 7.49 7.38 7.27 7.15 7.03 6.91 6.79 6.66 6.54 6.41 6.27 6.14 6 5.86 5.71 5.56 5.42
10 A 13.3 13.2 13 12.8 12.6 12.4 12.2 12 11.8 11.6 11.4 11.2 10.9 10.7 10.5 10.2 10 9.8 9.5 9.2 9
13 A 17 16.9 16.6 16.4 16.2 15.9 15.7 15.4 15.2 14.9 14.7 14.4 14.1 13.9 13.6 13.3 13 12.7 12.4 12.1 11.8
16 A 20 19.8 19.5 19.3 19.1 18.8 18.6 18.4 18.1 17.9 17.6 17.3 17.1 16.8 16.6 16.3 16 15.7 15.4 15.1 14.8
20 A 26.9 26.6 26.2 25.8 25.4 25 24.6 24.2 23.7 23.3 22.9 22.4 22 21.5 21 20.5 20 19.5 18.9 18.4 17.9
25 A 32.9 32.5 32.1 31.6 31.1 30.7 30.2 29.7 29.2 28.7 28.2 27.7 27.2 26.7 26.1 25.6 25 24.4 23.8 23.2 22.6
32 A 41.5 41.1 40.5 40 39.4 38.9 38.3 37.7 37.1 36.5 35.9 35.3 34.7 34 33.4 32.7 32 31.3 30.6 29.9 29.1
40 A 53.7 52.9 52.2 51.4 50.6 49.8 49 48.2 47.3 46.5 45.6 44.7 43.8 42.9 42 41 40 39 37.9 36.9 35.8
50 A 65 64.3 63.5 62.6 61.7 60.8 59.9 59 58.1 57.1 56.2 55.2 54.2 53.2 52.1 51.1 50 48.9 47.8 46.7 45.5
63 A 85.5 84.6 83.3 82 80.7 79.4 78 76.7 75.3 73.9 72.4 70.9 69.4 67.9 66.3 64.7 63 61.3 59.5 57.8 56
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Influence of  ambient temperature (cont.)

C60H-DC derating table
C60H-DC Ambient temperature (°C)
Rating -25 -20 -15 -10 -5 0 +5 +10 +15 +20 +25 +30 +35 +40 +45 +50 +55 +60 +65 +70
0.5 A 0.62 0.61 0.6 0.59 0.58 0.56 0.55 0.54 0.53 0.51 0.5 0.49 0.47 0.46 0.44 0.43 0.41 0.39 0.38 0.36
1 A 1.17 1.15 1.14 1.12 1.1 1.09 1.07 1.05 1.04 1.02 1 0.98 0.96 0.94 0.92 0.9 0.88 0.86 0.84 0.82
2 A 2.5 2.45 2.41 2.36 2.31 2.26 2.21 2.16 2.11 2.06 2 1.94 1.88 1.82 1.76 1.7 1.63 1.56 1.48 1.41
3 A 3.71 3.65 3.58 3.51 3.45 3.38 3.3 3.23 3.16 3.08 3 2.92 2.84 2.75 2.66 2.57 2.48 2.38 2.27 2.17
4 A 4.99 4.9 4.81 4.71 4.62 4.52 4.42 4.32 4.22 4.11 4 3.89 3.77 3.65 3.53 3.4 3.27 3.13 2.98 2.83
5 A 5.92 5.83 5.74 5.66 5.57 5.48 5.39 5.29 5.2 5.1 5 4.9 4.8 4.69 4.58 4.47 4.36 4.24 4.12 4
6 A 7.15 7.04 6.94 6.83 6.71 6.6 6.48 6.37 6.25 6.12 6 5.87 5.74 5.61 5.47 5.33 5.19 5.04 4.89 4.73
10 A 12.4 12.2 11.9 11.7 11.5 11.3 11 10.8 10.5 10.3 10 9.7 9.5 9.2 8.9 8.6 8.3 7.9 7.6 7.2
13 A 15.3 15.1 14.9 14.6 14.4 14.2 14 13.7 13.5 13.3 13 12.8 12.5 12.2 12 11.7 11.4 11.1 10.8 10.5
15 A 18.3 18 17.7 17.4 17.1 16.7 16.4 16.1 15.7 15.4 15 14.6 14.3 13.9 13.5 13 12.6 12.2 11.7 11.2
16 A 19.1 18.9 18.6 18.3 18 17.6 17.3 17 16.7 16.3 16 15.7 15.3 14.9 14.6 14.2 13.8 13.4 13 12.5
20 A 23.7 23.4 23 22.7 22.3 21.9 21.6 21.2 20.8 20.4 20 19.6 19.2 18.7 18.3 17.9 17.4 16.9 16.4 15.9
25 A 29.9 29.5 29 28.5 28.1 27.6 27.1 26.6 26.1 25.5 25 24.5 23.9 23.3 22.7 22.1 21.5 20.9 20.2 19.6
30 A 36.7 36.1 35.5 34.9 34.2 33.5 32.9 32.2 31.5 30.7 30 29.2 28.5 27.7 26.8 26 25.1 24.2 23.2 22.3
32 A 37.9 37.4 36.8 36.2 35.7 35.1 34.5 33.9 33.3 32.6 32 31.4 30.7 30 29.3 28.6 27.9 27.1 26.3 25.5
40 A 48.2 47.4 46.7 45.9 45.1 44.3 43.5 42.6 41.8 40.9 40 39.1 38.2 37.2 36.2 35.2 34.2 33.1 32 30.8
50 A 59.1 58.3 57.4 56.5 55.6 54.7 53.8 52.9 52 51 50 49 48 46.9 45.9 44.8 43.6 42.5 41.3 40.1
63 A 76.9 75.6 74.3 73 71.7 70.3 68.9 67.5 66 64.5 63 61.4 59.8 58.2 56.5 54.7 52.9 51.1 49.1 47.1

N40N, N40 vigi derating table
N40N, 
N40 Vigi

Ambient temperature (°C)

Rating -25 -20 -15 -10 -5 0 +5 +10 +15 +20 +25 +30 +35 +40 +45 +50 +55 +60 +65 +70
1 A 1.66 1.62 1.59 1.55 1.51 1.47 1.43 1.39 1.35 1.3 1.26 1.21 1.16 1.11 1.06 1 0.94 0.88 0.81 0.73
2 A 2.64 2.6 2.56 2.52 2.48 2.44 2.4 2.36 2.32 2.28 2.23 2.19 2.14 2.1 2.05 2 1.95 1.9 1.85 1.79
3 A 3.97 3.91 3.86 3.8 3.74 3.68 3.61 3.55 3.49 3.42 3.36 3.29 3.22 3.15 3.07 3 2.92 2.85 2.77 2.68
4 A 5.19 5.12 5.05 4.98 4.9 4.83 4.75 4.67 4.6 4.52 4.43 4.35 4.27 4.18 4.09 4 3.91 3.81 3.72 3.62
6 A 7.42 7.34 7.25 7.16 7.07 6.98 6.89 6.8 6.7 6.61 6.51 6.41 6.31 6.21 6.11 6 5.89 5.78 5.67 5.56
10 A 12.9 12.7 12.5 12.3 12.2 12 11.8 11.6 11.4 11.2 11 10.8 10.6 10.4 10.2 10 9.8 9.6 9.3 9.1
16 A 20.4 20.1 19.8 19.6 19.3 19 18.7 18.5 18.2 17.9 17.6 17.3 17 16.7 16.3 16 15.7 15.3 15 14.6
20 A 25.7 25.3 25 24.6 24.3 23.9 23.6 23.2 22.8 22.4 22 21.7 21.3 20.8 20.4 20 19.6 19.1 18.7 18.2
25 A 31.6 31.2 30.8 30.4 30 29.6 29.2 28.7 28.3 27.8 27.4 26.9 26.5 26 25.5 25 24.5 24 23.5 22.9
32 A 41.1 40.5 40 39.4 38.9 38.3 37.7 37.1 36.5 35.9 35.3 34.7 34 33.4 32.7 32 31.3 30.6 29.9 29.1
40 A 52 51.3 50.6 49.8 49.1 48.3 47.6 46.8 46 45.2 44.4 43.5 42.7 41.8 40.9 40 39.1 38.1 37.1 36.1

RCCB
 b In all cases, the RCCB are correctly protected against overloads by a circuit breaker with a lower or equal rating, operating at the same 

ambient temperature.

5
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Dissipated power, Impedance and Voltage drop

Rating (A) 0.5 1 2 3 4 5 6 8 10 13 15 16 20 25 30 32 35 40 45 50 63 80 100 125
Circuit breakers
C60BP, C60BPR, C60SP 2.6 1.3 1.7 1.9 2.0 2.2 1.2 1.7 1.9 2.4 2.3 2.6 2.2 3.4 2.5 2.8 3.5 3.6 3.9 4.8 4.8
C60N, C60H, C60L, 
C60CTRL

1.3 1.7 1.9 2.0 1.2 1.9 2.4 2.6 2.2 2.7 3.2 3.6 4.8 4.3

N40N 2.5 1.9 2.1 2.6 2.7 2.7 3.2 4.7 4.7 4.6 5.8
C60H-DC 2.6 1.3 1.7 1.9 2.0 1.2 1.9 2.4 2.6 2.2 2.7 3.2 3.6 4.8 4.3
RCCB
GFP A-SI Type 1,4 3.6 4.4 18
ID AC / A-SI Type 1.4 3.6 4.4
ID B Type 1.2 2.9 7.2 12 28
RCBO
N40 Vigi 4.1 3.2 3.9 4.4 4.5 6.4
Add-on residual current devices
Vigi C60 AC / A-SI Type 3.0
Vigi N40 AC / A-SI Type 2.1

Note: RCBO dissipated power per pole is the sum of circuit breaker dissipated power per pole + add-on residual current device dissipated power per pole. 
Example: C60N (63 A) + Vigi C60 (63 A) = 4.3 + 3.0 = 7.3 W.

The following table indicates the average dissipated power per pole in W for a 
current equal to the rating of the device and at the operating voltage. Multi9 products

Impedance calculation:
Z = P / I²
Z: impedance in Ohms
P: dissipated power in Watts (table values)
I: rating in Amperes

Voltage drop calculation:
U = P / I
U: voltage drop in Volts
P: dissipated power in Watts (table values)
I: rating in Amperes

The following table indicates the average dissipated power per pole in W for a 
current equal to the rating of the device and at the operating voltage. Acti9 products

Rating (A) 0.5 1 1.6 2 2.5 3 4 6 6.3 10 12.5 13 16 20 25 32 40 45 50 63 80 100 125
RCCB
iID 2P 0.8 0.9 2.6 2.6 3 5

4P 0.7 1.9 1.5 2.6 4.3

Note: When the enclosure's thermal balance, consider the 4P devices load is only on 3 phases.
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Short-circuit current limiting

Definition
The limiting capacity of a circuit breaker is its ability to lessen the effects of a 
short-circuit on an electrical installation by reducing the current amplitude and the 
dissipated power. 

Benefits of limiting
Long installation service life
Thermal effects
Lower temperature rise at the conductor level, hence increased service life for 
cables and all components that are not self-protected (e.g. switches, contactors, etc.)
Mechanical effects
Lower electrodynamic repulsion forces, hence less risk of deformation or breakage 
of electrical contacts and busbars.
Electromagnetic effects
Less interference on sensitive equipment located in the vicinity of an electric circuit.

Savings through cascading
Cascading is a technique derived directly from current limiting: downstream of a 
current-limiting circuit breaker it is possible to use circuit breakers of breaking 
capacity lower than the prospective short-circuit current (in line with the cascading 
tables). The breaking capacity is heightened thanks to current limiting by the 
upstream device. Substantial savings can be achieved in this way on switchgear and 
enclosures.

Discrimination of protection devices
The circuit breakers' current limiting capacity improves discrimination with the 
protection devices located upstream: this is because the required energy passing 
through the upstream protection device is greatly reduced and can be not enough to 
cause it to trip. Discrimination can thus be natural without having to install a 
time-delayed protection device upstream. 
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Short-circuit current limiting (cont.)

Representation: Current limiting curves
The current limiting capacity of a circuit breaker is reflected by 2 curves which give, 
as a function of the prospective short-circuit current (current which would flow in the 
absence of a protection device):

 b the real peak current (limited)
 b the thermal stress (in A²s), this value, multiplied by the resistance of any element 

through which the short-circuit current passes, gives the power dissipated by this 
element.

The straight line "10 ms" representing the energy A²s of a prospective short-circuit 
current of a half-period (10 ms) indicates the energy that would be dissipated by  
the short-circuit current in the absence of limiting by the protection device (see 
example).

Example 
What is the energy limited by a C60N 25 A circuit breaker for a prospective  
short-circuit current of 10 kA rms. What is the quality of current limiting?

> as shown in the graph opposite: 
b this short-circuit current (10 kA rms) is likely to dissipate  
up to 1,000 kA2s 
b the C60N circuit breaker reduces this thermal stress to: 
43 kA2s, which is 23 times less.

Example of use: Stresses acceptable by the cables
The following table shows the thermal stresses acceptable by the cables depending 
on their insulation, their composition (Cu or Al) and their cross section. Cross-section 
values are expressed in mm² and stresses in A²s.
S (mm²) 1.5 2.5 4 6 10

PVC Cu 2.97 x 104 8.26 x 104 2.12 x 105 4.76 x 105 1.32 x 106

Al 5.41 x 105

PRC Cu 4.10 x 104 1.39 x 105 2.92 x 105 6.56 x 105 1.82 x 106

Al 7.52 x 105

S (mm²) 16 25 35 50
PVC Cu 3.4 x 106 8.26 x 106 1.62 x 107 3.21 x 107

Al 1.39 x 106 3.38 x 106 6.64 x 106 1.35 x 107

PRC Cu 4.69 x 106 1.39 x 107 2.23 x 107 4.56 x 107

Al 1.93 x 106 4.70 x 106 9.23 x 106 1.88 x 107

Example
Is a Cu/PRC cable of cross section 6 mm² protected by a C60N 40 A device?
The above table shows that the acceptable stress is 6.56 x 105 A²s. Any short-circuit 
current at the point where a C60N 40 A device (Icu = 25 kA) is installed will be limited, 
with a thermal stress of less than 5.7 x 105 A²s.
The cable is therefore always protected up to the breaking capacity of the  
circuit breaker. 
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Short-circuit current limiting (cont.)
Ue: 380-415 V AC

C60BP, C60BPR, C60SP
1P / 2P / 3P
Peak current Thermal stress
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Short-circuit current limiting (cont.)
Ue: 380-415 V AC

C60H
1P / 2P / 3P / 4P
Peak current Thermal stress
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Short-circuit current limiting (cont.)
Ue: 380-415 V AC

N40N, N40 Vigi
1P+N / 3P+N
Peak current Thermal stress
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Short-circuit current limiting (cont.)
Ue: 480 V AC 60 Hz

Limitation curves for network 
Ue: 480 V AC 60 Hz (Ph/N 277 V AC)

C60BP, C60BPR
1P / 2P / 3P
Peak current Thermal stress
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Short-circuit current limiting (cont.)
Direct current network

Limitation curves for direct current network

C60H-DC C curve
1P (250 V DC) - 2P (500 V DC)
Peak current Thermal stress
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Clearance between device and bare sheet metal

Minimum clearance bewteen device and bare sheet 
metal (mm / inches)
UL/IEC/GB standards
Products C60BP C60BPR C60SP, 

C60H-DC
C60N, C60H, C60L, 
C60CTRL

A 52 mm (2.05 in) 52 mm (2.05 in) 50 mm (1.97 in) 50 mm (1.97 in)
B 10 mm (0.39 in) 10 mm (0.39 in) 20 mm (0.79 in) 20 mm (0.79 in)
C 10 mm (0.39 in) 10 mm (0.39 in) 10 mm (0.39 in) 10 mm (0.39 in)

B

B

A

C C

Details of minimum distances between the product and 
earthed metal parts for device intended for use without 
enclosure.
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Copper Multi-cables connection

 
Connection
Products Rating Copper Multi-cables

Rigid Flexible 
without ferrule 

Flexible with 
ferrule

Cable stripping 
length

C60BP 
UL489

y25A 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

>25A 2x4 mm² or 2x6 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #12 or 2xAWG #10 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

C60SP 
UL1077

y25A 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

>25A 2x4 mm² or 2x6 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #12 or 2xAWG #10 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

C60H-DC y25A 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

>25A 2x4 mm² or 2x6 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #12 or 2xAWG #10 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

C60N, H, L, 
C60CTRL

y25A 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

>25A 2x4 mm² or 2x6 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #12 or 2xAWG #10 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

N40N All 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

13 mm / 0.5 in

GFP 
UL1053

All 2x 1.5 mm² to 10 mm² 2x AWG #16 to #8 14 mm / 0.55 in

RCCB ID
IEC/EN 61008-1

All 2x 1.5 mm² to 10 mm² 2x AWG #16 to #8 14 mm / 0.55 in

RCCB-ID 125A All 2x 1.5 mm² to 16 mm² 2x AWG #16 to #6 11 mm / 0.43 in

Vigi C60 All 2x4 mm² or 2x6 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #12 or 2xAWG #10 or 
2xAWG #16+1xAWG #14

14 mm / 0.55 in

Vigi N40 All 2x1.5 mm² or 2x2.5 mm² or 
2x1.5 mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

13 mm / 0.5 in

N40 Vigi All 2x1.5 mm² or 2x2.5 mm² or 
2x1.5mm²+1x2.5 mm²

2xAWG #16 or 2xAWG #14 or 
2xAWG #16+1xAWG #14

13 mm / 0.5 in

5
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Technical Data 2020
Effective December 2015 
Supersedes April 2014

Catalog symbol / color code:
•	 KLM - Black (600Vac/dc max)

Description:
Fast-acting supplemental fuse.

For superior protection, Eaton Bussmann 
Division recommends upgrading to Low-Peak™ 
Class CC fuses. See data sheet No. 1023.

For protecting DC photovoltaic systems, Eaton 
Bussmann Division recommends using PVM 
10x30mm PV fuses. See data sheet No. 10121.

Specifications:
Ratings

Fuse amp 
range

Interrupting rating 
at rated voltage

Agency 
 information

600 
Vac

600 
Vdc UL® CSA®

1/10 to 30 100kA 50kA X X

Electrical characteristics

% of amp rating Opening time
110% 4 hours minimum
135% AC opens within 1 hour

Agency information

•	 CE, RoHS compliant

•	 UL Listed: Std. 248-14, Guide JDYX,  
File E19180

•	 CSA Certified, C22.2 No. 248. 14,  
Class 1422-01, File 53787

Catalog numbers (amps)
KLM-1⁄10 KLM-1 KLM-5 KLM-15
KLM-1⁄8 KLM-1-1⁄4 KLM-6 KLM-20
KLM-2⁄10 KLM-1-1⁄2 KLM-7 KLM-25
KLM-1⁄4 KLM-2 KLM-8 KLM-30
KLM-3⁄10 KLM-2-1⁄2 KLM-9
KLM-1⁄2 KLM-3 KLM-10
KLM-3⁄4 KLM-4 KLM-12

Carton quantity

Amps Qty.
1/10 to 30 10

Features

•	 Color coded for 600Vac/dc

•	 A full range DC supplemental fuse

•	 Melamine tube construction

•	 Nickel-plated endcaps.

Typical applications

•	 DC control circuits requiring fast-acting fuses

•	 PV systems up to 600Vdc

Recommended fuse blocks/fuse 
holders:

Catalog

symbol

Description

Blocks
Data sheet 

No.

BMM
1-, 2-and 3-pole 
modular blocks with 
optional covers

10235

DIN-Rail holders / switches

CCP-_-30M 1-, 2- and 3-pole 
switch

1157

CHM 1-, 2- and 3-pole 3185

Optima NG 3-pole protection 
module 1109

Optima 3-pole holder 1102

Optima 3-pole holder + 
switch

1103

Panel mount holders

HPM and HPM-D 1-pole holder 2112

HPC-D 1-pole holder 2109

HPS2 2-pole holder 2140

HPF, HPF-C and 
HPF-WT 1-pole holder 2114

HPS 1-pole holder 2113

HPG and HPD 1-pole holder 2108

In-line holders

HEB 1-pole holder 2127

HEX 2-pole holder 2126

Fuseclips

1A3400, 5956 
and 5960 PCB fuseclips 2132

Fuse covers

CVR(I)-CCM(-QC) Finger-safe fuse cover 10235

KLM 13⁄32˝ x 1-1⁄2˝ 600Vac/dc fast-acting 
supplemental fuses

0.41" 
(10.3)

1.5"
(38.1)

Dimensions - in (mm):

600Vac/dc 
1 to 30A

BUSSMANN
SERIES
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The only controlled copy of this data sheet is the electronic read-only version located on the Eaton network drive. All other copies of this 
document are by definition uncontrolled. This bulletin is intended to clearly present comprehensive product data and provide technical 
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any technical information  contained in this bulletin. Once a product has been selected, it should be tested by the user in all possible 
applications.



Technical Data 6001
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Supersedes August 2018

Description:

•	 Indoor/enclosure, R-Rated medium voltage, 
current-limiting fuses for motor circuit 
protection.

Features and benefits

•	 Current-limiting R-Rated fuses will safely 
interrupt all currents between their minimum 
and maximum interrupting ratings and will melt 
in a range of 15 to 35 seconds at a value of 100 
times the “R” number per ANSI C37.46.

•	 R-Rated fuses are physically dimensioned for 
easy installation in existing hardware.

•	 Available in standard, AMPGARD Hookeye and 
hermetically sealed, and bolt-on mounting styles 
to meet application needs.

•	 4.8 kV Limitamp® bolt-on constructions available 
in ratings from 2R to 24R.

•	 2.4 kV and 4.8 kV AMPGARD hermetically 
sealed constructions are suitable for Class I, 
Group D, Div. 2 hazardous locations.

•	 Open fuse indicator on all mounting styles 
speeds troubleshooting.

•	 Classified as backup fuses for current-limiting 
protection of medium voltage motor controllers 
(short-circuit performance only).

•	 These fuses are in a self-contained, non-venting 
package for installation indoors or outdoors in 
an enclosure.

Typical applications:

•	 Medium voltage motors and controllers

R-Rated medium voltage fuses for motor 
circuit protection

2.4 kV R-Rated fuses . . . . . . . . . . . . . . . . . . . . 2-7
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Catalog numbers . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Curves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7
4.8 kV R-Rated fuses . . . . . . . . . . . . . . . . . . . 8-17
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Catalog numbers . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Curves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11-17

7.2 kV R-Rated fuses . . . . . . . . . . . . . . . . . . 18-22
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Catalog numbers . . . . . . . . . . . . . . . . . . . . . . . . . 18
Curves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20-22
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

4.8 kV R-Rated fuses
Catalog symbols:

Code-(amps)R Construction

5CLS-30 and 5CLS-_R Standard - short (30 A, 2R-24R)

JCL-_R Standard - short (2R - 24R)

5LCLS-_R Standard - long (2R - 24R)

5ACLS-30 and 5ACLS-_R AMPGARD Hookeye* (30 A, 2R-24R)

JCL-A-_R AMPGARD Hookeye* (2R - 24R)

5HCLS-30 and 5HCLS-_R Hermetically sealed AMPGARD 
Hookeye* (30 A, 2R-24R)

5BCLS-30 and 5BCLS-_R Bolt-on (30 A, 2R-44R)

JCL-B-_R Bolt-on (2R-24R)

5MCLS-_R-_A and 5MCLS-_R-_B Bolt-on GE Limitamp (2R- 24R)

* For use in 400 amp AMPGARD motor starters.

Ratings:
•	 Volts

•	 4.8 kV (nominal)

•	 5.0 kV (max design)

•	 Amps 30-800 A
•	 Interrupting ratings

•	 50 kA Sym

•	 80 kA Asym

Agency information:

	• UL Recognized, Guide MSSS2

	• File E96676: JCL-_R [2R-12R], JCL-A-_R [2R-12R],  
5MCLS-_R-A [2R-24R], and 5MCLS-_R-B [2R-24R]

	• File E60757: 5CLS-30, 5CLS-_R [2R-18R], 5ACLS-30, and  
5ACLS-_R [2R-24R]

Recommended fuse holders for standard constructions

Amp range Description BIL (kV) Cat. No.

Fuseclips

30-230A 3” Enclosed fuseclip*

—

A3354730

30-450A
3” Open fuseclip 1A0065

3” Spring loaded open fuseclip 9078A67G04

Fuse holders for CLS / JCL / 5HCLS

30-230A 
Single barrel

Non-disconnect holder, porcelain

60

5HLE-PNM-D

Non-disconnect holder, glass polyester 5HLE-GNM-D

Disconnect holder, porcelain 5HLE-PDM-D

Disconnect holder, glass polyester 5HLE-GDM-D

390-450A 
Double barrel

Non-disconnect holder, porcelain 5HLE-PNM-E

Non-disconnect holder, glass polyester 5HLE-GNM-E

Disconnect holder, porcelain 5HLE-PDM-E

Disconnect holder, glass polyester 5HLE-GDM-E

Fuse holders for 5LCLS†

70-230A 
Single barrel

Non-disconnect holder, porcelain

60

5CLE-PNM-D

Non-disconnect holder, glass polyester 5CLE-GNM-D

Disconnect holder, porcelain 5CLE-PDM-D

Disconnect holder, glass polyester 5CLE-GDM-D

Disconnect holder, porcelain
75

8CLE-PDM-D

Disconnect holder, glass polyester 8CLE-GDM-D

390-450A 
Double Barrel

Disconnect holder, porcelain
60

5CLE-PDM-E

Disconnect holder, glass polyester 5CLE-GDM-E

* Single barrel only, not sold in pairs.
** Not available for standard - long constructions
† Not available for 390 to 450 amp ratings.

Dimensions - in [mm]

Construction
Amp 
range

Dimension
A B C D

Standard - 
short

30-230A
15.6 (396)

3 (76) 3 (76)

—
390-450A 3.3 (84)

Standard - 
long

70-230A
17.9 (455)

—
390-450A 3.3 (84)

AMPGARD 
Hookeye*

30-230A
15.9 (404)

—
390-450A 3.3 (84)

Bolt-on
30-230A

19.2 (488) 17.9 (455)
3 (76)

—
390-450A 3.3 (84)
600-800A 4 (101) 9 (229)

Limitamp (-A)
70-230

18.3 (465) 18.8 (478) 1.4 (36)

4.8 (122)
390-450 7.4 (188)

Limitamp (-B)
70-230 3.0 (76)

390-450 2.4 (61)

* Includes hermetically sealed versions.

Indicator 

A
B

C

D

Gripping tab 
for Hookeye
constructions only

3.0
[76.2]

2.12
[53.8]

D

B
A3.0

[76.2]

E =  3 [76.2]
F =  2.5 [63.5]
G = 2.04 [51.81
H = 0.96 [24.4]
I =  0.5 [12.7]

R 0.23 [5.81] Typ.

Indicator

C

E F G H I

Ferrule JCL, 5LCLS, 5CLS and AMPGARD Hookeye

Bolt-on — 5BCLS-_

Bolt-on — 5MCLS-_R-A

 2.25 

 B 

 A 

 D 

 2.250 

 C 

 C 

 0.25 

2 SLOTS
(.343 X .875)

2 SLOTS (0.38X0.5)

Ø3.0 (REF)

 0.25  0.25 

 3.1 

 17.7 (striker not extended) 
 16.5 

 7.75 

Bolt-on — 5MCLS-_R-B

 D 

 0.38 

 2.25 

 A 
 B 

 C 

2 SLOTS
(0.343X0.875)

Ø3.00 REF 
 0.25 

 2.25 

 C 

2 SLOTS (0.38X0.5)

 0.25  0.25 

 17.7 (striker not extended) 

 16.5 

 7.01 
 3.1 
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

4.8 kV R-Rated fuse catalog numbers

Ferrule constructions (min. interrupting rating in amps)

No. of barrelsAmps Short Short Long

30 5CLS-30* (100) — —

1

70 5CLS-2R (180) JCL-2R (165) 5LCLS-2R (180)†

100 5CLS-3R (270) JCL-3R (220) 5LCLS-3R (270)†

130 5CLS-4R (360) JCL-4R (320) 5LCLS-4R (360)†

150 5CLS-5R (450) JCL-5R (410) 5LCLS-5R (450)†

170 5CLS-6R (540) JCL-6R (480) 5LCLS-6R (540)†

200 5CLS-9R (740) JCL-9R (720) 5LCLS-9R (740)†

230 5CLS-12R (1080) JCL-12R (970) 5LCLS-12R (1080)†

390 5CLS-18R (1500) JCL-18R (1430)† 5LCLS-18R (1500)†
2

450 5CLS-24R (2200)† JCL-24R (1880)† 5LCLS-24R (2200)†

* Does not comply with ANSI C37.46 for "R" rating.
† Not UL Recognized.

AMPGARD Hookeye (min. interrupting rating in amps)

No. of barrelsAmps Hookeye Hookeye Hermetic seal

30 5ACLS-30* (100) — 5HCLS-30* (100)†

1

70 5ACLS-2R (180) JCL-A-2R (165) 5HCLS-2R (180)†

100 5ACLS-3R (270) JCL-A-3R (220) 5HCLS-3R (270)†

130 5ACLS-4R (360) JCL-A-4R (320) 5HCLS-4R (360)†

150 5ACLS-5R (450) JCL-A-5R (410) 5HCLS-5R (450)†

170 5ACLS-6R (540) JCL-A-6R (480) 5HCLS-6R (540)†

200 5ACLS-9R (740) JCL-A-9R (720) 5HCLS-9R (740)†

230 5ACLS-12R (1080) JCL-A-12R (970) 5HCLS-12R (1080)†

390 5ACLS-18R (1500) JCL-A-18R (1430)† 5HCLS-18R (1500)†
2

450 5ACLS-24R (2200) JCL-A-24R (1880)† 5HCLS-24R (2200)†

* Does not comply with ANSI C37.46 for "R" rating.
† Not UL Recognized.

Bolt-on (min. interrupting rating in amps)

No. of barrelsAmps Regular Regular

30 5BCLS-30* (100)† —

1

70 5BCLS-2R (180)† JCL-B-2R (165)†

100 5BCLS-3R (270)† JCL-B-3R (220)†

130 5BCLS-4R (360)† JCL-B-4R (320)†

150 5BCLS-5R (450)† JCL-B-5R (410)†

170 5BCLS-6R (540)† JCL-B-6R (480)†

200 5BCLS-9R (740)† JCL-B-9R (720)†

230 5BCLS-12R (1080)† JCL-B-12R (970)†

390 5BCLS-18R (1500)† JCL-B-18R (1430)†

2

450 5BCLS-24R (2200)† JCL-B-24R (1880)†

600 5BCLS-32R (3000)† —

650 5BCLS-36R (3200)† —

800 5BCLS-44R (3600)† —

* Does not comply with ANSI C37.46 for "R" rating.
† Not UL Recognized.

GE Limitamp (min. interrupting rating in amps)

No. of barrelsAmps Bolt-on Bolt-on

30 — —

1

70 5MCLS-2R-A (180) 5MCLS-2R-B (180)

100 5MCLS-3R-A (270) 5MCLS-3R-B (270)

130 5MCLS-4R-A (360) 5MCLS-4R-B (360)

150 5MCLS-5R-A (450) 5MCLS-5R-B (450)

170 5MCLS-6R-A (540) 5MCLS-6R-B (540)

200 5MCLS-9R-A (850) 5MCLS-9R-B (850)

230 5MCLS-12R-A (1150) 5MCLS-12R-B (1150)

390 5MCLS-18R-A (1725) 5MCLS-18R-B (1725)
2

450 5MCLS-24R-A (2350) 5MCLS-24R-B (2350)

* Does not comply with ANSI C37.46 for "R" rating.
† Not UL Recognized.
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

5CLS, JCL, JCL-A, 5ACLS and 5HCLS Type mountings — in (mm)

Catalog number

Hole centers Overall length Hole Inset Hole centers Contact height Overall height

BIL rating (kV)A B C D E F G

Disconnect single barrel†

5CLE-GDM-D
15.24 (387.1)

6 (152.4)

25 (647.7)

0.62 (15.7) 1.75 (44.4) 4.5 (114.3) 11.72 (297.7) 60
5CLE-PDM-D

5HLE-PDM-D
16.25 (412.8) 23 (584.2)

5HLE-GDM-D

Disconnect double barrel†

5CLE-GDM-E
15.24 (387.1)

6 (152.4)

25 (647.7)

0.62 (15.7) 1.75 (44.4) 4.5 (114.3) 15.28 (388.1) 60
5CLE-PDM-E

5HLE-GDM-E
16.25 (412.8) 23 (584.2)

5HLE-PDM-E

Non-disconnect single barrel

5CLE-GNM-D
15.24 (387.1)

6 (152.4)

25 (635.0)

0.62 (15.7) 1.75 (44.4) 4.5 (114.3) 8.79 (223.3) 60
5CLE-PNM-D

5HLE-GNM-D
16.25 (412.7) 23 (584.2)

5HLE-PNM-D

Non-disconnect double barrel

5HLE-PNM-E
16.25 (412.7) 6 (152.4) 25 (635.0) 0.62 (15.7) 1.75 (44.4) 4.5 (114.3) 12.48 (317.0) 60

5HLE-GNM-E

4.8 kV disconnect mounting† 4.8 kV non-disconnect mounting

D

D

E

E

A C

B

G
F D

D

E

E

A

B

C

G
F

† Disconnect mountings provide a means for fuse extraction only. Do not use a 
disconnect mounting for load switching or fuse removal while energized.
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

4.8 kV Time-current curves — minimum melting for 5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 5MCLS-_R-A and 
5MCLS-_R-B (30A, 2R-24R @ 25°C)

5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 
5MCLS-_R-A, 5MCLS-_R-B

CURRENT IN AMPS

2R 9R 12R6R4R3R 24R18R
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

4.8 kV Time-current curves — total clearing for 5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 5MCLS-_R-A and  
5MCLS-_R-B (30A, 2R-24R @ 25°C)

CURRENT IN AMPS

5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 
5MCLS-_R-A, 5MCLS-_R-B

2R 9R 12R6R4R3R 24R18R
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R-Rated medium voltage fuses
for motor circuit protection

Eaton.com/bussmannseries

4.8 kV Peak let-through curves for 5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 5MCLS-_R-A and 5MCLS-_R-B  
(30A, 2R-24R @ 25°C)

PROSPECTIVE SHORT-CIRCUIT CURRENT IN AMPS

5ACLS-30, 5CLS-30, 5HCLS-_R, 5BCLS-30, 5BCLS-_R, 
5MCLS-_R-A, 5MCLS-_R-B

2R

9R

12R

6R

4R

3R

24R

18R



14

Technical Data 6001
Effective October 2018
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4.8 kV Time-current curves — minimum melting for  
JCL-_R and JCL-A-_R (2R-24R @25°C)

4.8 kV Time-current curves — total clearing for  
JCL-_R and JCL-A-_R (2R-24R @25°C)

4.8 kV Peak let-through curves for JCL-_R and  
JCL-A-_R (2R-24R @25°C)
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4.8 kV Time-current curves — minimum melting for 5LCLS-_R (2R-24R @ 25°C)

5LCLS-_R

CURRENT IN AMPS
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4.8 kV Time-current curves — total clearing for 5LCLS-_R (2R-24R @ 25°C)

5LCLS-_R

CURRENT IN AMPS
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4.8 kV Peak let-through curves for 5LCLS-_R (2R-24R @ 25°C)

5LCLS-_R

PROSPECTIVE SHORT-CIRCUIT CURRENT IN AMPS
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Description:
BussmannTM series indicating and non-
indicating E-Rated, current-limiting, medium 
voltage fuses for potential, small power and 
control transformers.

Contents
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Features and benefits
• Low amp, current-limiting E-Rated PT 

medium voltage fuses are general purpose 
fuses defined by their melting time-current 
characteristic that permit their electrical 
interchangeability with other fuses of the 
same E Rating.

• E-Rated general purpose fuses must have 
a current responsive element that will melt 
in 300 seconds at an RMS current within 
the range of 200% to 240% of the fuse’s 
nameplate current rating, fuse refill, or link 
per ANSI C37.46 for fuses rated 100E or less.

• PT fuses are physically dimensioned for easy 
installation in existing hardware.

• Space saving size eases design 
considerations for new installations.

• Current-limiting fuses provide positive 
interruption even on low fault currents. 
The fuse limits the magnitude of 
electromechanical stresses in the protected 
apparatus.

• These fuses are in a self-contained, non-
venting package for installation indoors or 
outdoors in an enclosure.

• Available in indicating and non-indicating 
versions.

• Open fuse indicator speeds troubleshooting 
by providing a positive visual indication of 
fuse operation.

Typical applications
• Primary protection of:

• Medium voltage potential transformers

• Small medium voltage service 
transformers

• Small medium voltage control 
transformers.

PT Medium voltage fuses for potential and  
small power transformers
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E-Rated PT medium voltage fuses
Catalog symbols (by maximum voltage rating):

• 2.475 kV

• 2NCLPT-_

• 3.6 kV

• 3.6ABCNA_

• 3.6ABWNA_

• 3.6CAV_

• 5.5 kV

• JCW-_

• 5CLPT-_E

• 5NCLPT-_E

• 5NCLPT-_E-A

• 5.5ABWNA_E

• 5.5AMWNA_E

• 5.5CAV_E

• 5.5CAVH_E

• 7.2 kV

• 7.2ABWNA_

• 7.2ABCNA_

• 7.2AMWNA_E

• 7.2CAV_

• 8.3 kV

• 8CLPT-_E-A

• 8CLPT-_E-B

• 8NCLPT-_E

• 8NCLPT-_E-A

• 8NCLPT-_E-B

• 12kV

• 12ABCNA_

• 12CAV_

• 15.5 kV

• 15CLPT-_E

• 15NCLPT-_E-A

• 15.5CAV_E

• 15.5CAVH_E

• 17.5 kV

• 17.5ABGNA_

• 17.5CAV_

• 24 kV

• 24ABGNA_

• 24CAV_

• 25.5 kV

• 25CLPT-_E

• 36 kV

• 36ABGNA_

• 36CAV_

• 38 kV

• 38CAV_E

• 38CAVH_E

• 38CLPT-_E

Ratings*:

• Volts

• 2.4 kV to 38 kV

• Amps 

• 0.25 to 15 A

• Interrupting ratings 

• 25 to 80 kA RMS Sym

* See catalog number tables for voltages, ampacities and interrupting ratings 
by catalog number.

Agency information:

• Those PT fuses conforming to the requirements for E-Rating 
meet the performance characteristics of IEEE/ANSI C37.46
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5.5 kV maximum system voltage

Amp rating
Dimensions - in (mm) Catalog No. (Interrupting rating - kA)

Recommended fuseclipLength A Diameter B Clip centers C Indicating Non-indicating
0.5 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA.5E (63) 1A1837
0.5 5.6 (142) 1 (25) 4.4 (112) — 5.5ABWNA0.5E (50) A3354705
0.5 7.4 (188) 1.6 (41) 6.2 (157) 5.5CAVH0.5E (50) JCW-1/2E (40)

1A0835
0.5 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-.5 (80)† 5NCLPT-.5E-A (63)
1 5.6 (142) 1 (25) 4.4 (112) — 5.5ABWNA1E (50) A3354705
1 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA1E (63) 1A1837
1 7.4 (188) 1.6 (41) 6.2 (157) 5.5CAVH1E (50) JCW-1E (40)

1A0835
1 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-1 (80)† 5NCLPT-1E-A (63)

1.5 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-1.5 (80)† — 1A0835
2 5.6 (142) 1 (25) 4.4 (112) — 5.5ABWNA2E (50) A3354705
2 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA2E (63) 1A1837
2 7.4 (188) 1.6 (41) 6.2 (157) 5.5CAVH2E (50) JCW-2E (40) 1A0835
2 9.5 (241) 1.6 (41) 8.1 (206) — 5NCLPT-2E (63) 1A1837
3 5.6 (142) 1 (25) 4.4 (112) — 5.5ABWNA3E (50) A3354705
3 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA3E (63) 1A1837

3 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-3E (80) 5NCLPT-3E (63) 1A0835

3 7.4 (188) 1.6 (41) 6.2 (157) JCW-3E (40) 1A0835
4 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA4E (63) 1A1837
5 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-5E (80) 5NCLPT-5E-A (63) 1A0835
5 5.6 (142) 1 (25) 4.4 (112) — 5.5ABWNA5E (50) A3354705
5 5.6 (142) 0.8 (20) 4.8 (122) — 5.5AMWNA5E (63) 1A1837
5 7.3 (185) 1.6 (41) 5.9 (150) — JCW-5E (40) 1A0835
10 9.5 (241) 1.6 (41) 8.1 (206) 5CLPT-10E (80) 5NCLPT-10E-A (63)

1A0835
15 7.4 (188) 1.6 (41) 6.2 (157) — 5.5CAV15E (50)

† Due to manufacturing variances, this fuse does not comply with ANSI C37.46 for “E” rating. See time-current curves for performance characteristics.

CLPT Type mountings and hardware 5.5 kV maximum (4.8kV nominal)*

Amp rating
Fuse mounting 
type**

BIL 
(kV)

Catalog number
Mounting (including live parts, end fittings)*** Live parts (including 

end fittings)***
End fittings 
(disconnect only)Porcelain insulator Glass-polyester insulator

CLPT and NCLPT-A Mounting

0.5–10
Non-disconnect 60 5CLPT-PNM-A 5CLPT-GNM-A CLPT-NL —
Disconnect† 60 5CLPT-PDM-A 5CLPT-GDM-A CLPT-DL CLPT-DF

* Refers to 5CLPT and 5NCLPT fuses only.
** See page 70 for dimensions and diagrams of typical mounting.
*** End fittings supplied only when required.
† Disconnect mountings provide a means for fuse extraction only. Do not use a disconnect mounting for load switching or fuse removal while energized.
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Dimensions (see catalog number tables for values)

Indicator 

A

B

C

Recommended fuseclips:

Description Cat. No.

Open fuseclip for 0.8 (20 mm) dia. fuses 1A1837

Open fuseclip for 1.0 (25.4 mm) dia. fuses A3354705

Open fuseclip for 1.56 (39.7 mm) / 1.6 (40.6 mm) dia. fuses 1A0835
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5.5 kV time-current curves — minimum melting for 5NCLPT-_-A

5NCLPT-_E

0.5E-A

1E-A

5E-A

2E

3E

10E
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5.5 kV time-current curves — total clearing for 5NCLPT-_-A

5NCLPT-_E

0.5E-A

1E-A

2E

3E

5E-A

10E
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5.5 kV peak let-through curves for 5NCLPT-_-A

5NCLPT-_E

0.5E-A

1E-A & 2E

5E-A

3E

10E
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5.5 kV Time-current curves — total clearing for 5CLPT_

5CLPT-_
Curve TC56353306
August 2011

Fuse melt times in dotted line region 
may not be assured due to manufacturing  
variations. Dotted line shows nominal 
operation. Some individual fuses may 
not trip until current at 10-second mark 
is applied.

Curves are based on tests starting with 
fuse unit at ambient temperature of 25ºC 
and without initial load. Curves are plotted 
to maximum test points so all variations 
should be negative.            

0.5A

3E
1.5A
1A

5E
10E
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5.5 kV peak let-through curves for 5CLPT_

5CLPT-_
Curve TC63934001
March 2013

10E

0.5A

1A & 1.5A

3E

5E
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5.5 kV time-current curves — minimum melting for 5.5CAV_ and 5.5CAVH_

5.5CAV_, 5.5CAVH_
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5.5 kV time-current curves — total clearing for 5.5CAV_

5.5CAV_

15E (CAV)
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5.5 kV peak let-through curves for 5.5CAVH_

5.5CAVH_

P
ea

k 
cu

t-
o

ff
 c

u
rr

en
t 

in
 a

m
p

s

RMS Symmetrical prospective current in amps

2E (CAVH)

1E (CAVH)

0.5E (CAVH)

100 1000 10,000 100,000

0.01

0.1

1

10



Technical Data 6002
Effective September 2020

PT medium voltage fuses for potential and  
small power transformers

20Eaton.com/bussmannseries

5.5 kV time-current curves — minimum melting for 5.5ABW_ and 5.5AMW_

5.5ABW_, 5.5AMW_
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5.5 kV time-current curves — total clearing for 5.5ABW_ and 5.5AMW_

5.5ABW_, 5.5AMW_
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5.5 kV peak let-through curves for 5.5ABW_ and 5.5AMW_

5.5ABW_, 5.5AMW_

5E (AMW)

3E (AMW)

2E (AMW)

1E (AMW)

0.5E (AMW)

4E (AMW)

5E (ABW)
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1E (ABW)

0.5E (ABW)
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8CLS-_R, 7CLS-_R, 8ACLS-_R, 7ACLS-_R and 7BCLS-_R

AVAILABLE CURRENT IN AMPS

7.2 kV Peak let-through curves for 8CLS-_R, 7CLS-_R, 8ACLS-_R, 7ACLS-_R and 7BCLS-_R (2R-44R @ 25C)
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SEL-710-5 Settings Report

ValueRangeSetting

Group : 1

86-1 AIR COMP 3Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

40Range = 1 to 5000CTR1

175.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

10Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

WYESelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

R1Select: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

<Filter is Empty>
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ValueRangeSetting

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

<Filter is Empty>
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ValueRangeSetting

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

<Filter is Empty>
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ValueRangeSetting

14.10Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

3.00Range = 0.01 to 650.00, OFF50N1P

0.10Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

<Filter is Empty>
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ValueRangeSetting

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

5.50Range = 0.50 to 10.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

<Filter is Empty>
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PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

<Filter is Empty>
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PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

<Filter is Empty>
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PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

YSelect: Y, NE27I1

MINLNSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I1OQ

96.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

<Filter is Empty>
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16.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I2OQ

120.00Range = 2.00 to 520.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I1OQ

120.00Range = 2.00 to 520.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I2OQ

120.00Range = 2.00 to 520.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I3OQ

120.00Range = 2.00 to 520.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I4OQ

120.00Range = 2.00 to 520.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

<Filter is Empty>
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13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

<Filter is Empty>
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3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

<Filter is Empty>
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90.1Range = 0.0 to 1260.9PFLTH

18.0Range = 0.0 to 1260.9PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

55.00Range = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

62.00Range = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

<Filter is Empty>
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OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR TOL1 OR 
TOL2

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN102Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

<Filter is Empty>
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NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 2

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

<Filter is Empty>
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60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

<Filter is Empty>
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OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

<Filter is Empty>
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OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

<Filter is Empty>
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OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

<Filter is Empty>
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NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

<Filter is Empty>
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1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

<Filter is Empty>
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NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

<Filter is Empty>
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OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

<Filter is Empty>
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0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

<Filter is Empty>
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OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 3

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

<Filter is Empty>
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OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

<Filter is Empty>
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225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

<Filter is Empty>
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5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

<Filter is Empty>
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NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

<Filter is Empty>
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1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

<Filter is Empty>
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OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

<Filter is Empty>
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OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

<Filter is Empty>
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1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

<Filter is Empty>
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0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

<Filter is Empty>
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0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

<Filter is Empty>
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1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

<Filter is Empty>
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NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

<Filter is Empty>
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PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 4

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

<Filter is Empty>
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250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

<Filter is Empty>
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AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

<Filter is Empty>
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AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

<Filter is Empty>
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0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

<Filter is Empty>
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NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

<Filter is Empty>
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3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

<Filter is Empty>
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100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

<Filter is Empty>
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OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

<Filter is Empty>
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OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

<Filter is Empty>
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OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

<Filter is Empty>
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0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

<Filter is Empty>
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VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

<Filter is Empty>
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OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

<Filter is Empty>
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OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

<Filter is Empty>
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5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

<Filter is Empty>
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OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

<Filter is Empty>
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1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

10Range = 1 to 16FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

GSelect: R, G, ALEDENAC

RSelect: R, G, ALEDTRPC

2Select: 1, 2MAXACC

YSelect: Y, NT01LEDL

RSelect: R, G, AT01LEDC

49T OR AMBTRIP 
OR BRGTRIP OR 
OTHTRIP OR 
WDGTRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

RSelect: R, G, AT02LEDC

50P1T OR 50N1T 
OR 50G1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

RSelect: R, G, AT03LEDC

<Filter is Empty>
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46UBT OR 47TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

RSelect: R, G, AT04LEDC

LOSSTRIP OR 37PTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

RSelect: R, G, AT05LEDC

(NOT STOPPED 
AND 27P1T) OR 
59P1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

YSelect: Y, NT06LEDL

RSelect: R, G, AT06LEDC

87M1T OR 87M2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1ALEDC

PB01Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2ALEDC

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

<Filter is Empty>
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3ALEDC

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3BLEDC

STARTING OR 
RUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4ALEDC

PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4BLEDC

STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5ALEDC

FAILOPNValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5BLEDC

FAILCLSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5B_LED
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "I MOTOR {6} 
A"DP03

<Filter is Empty>
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TCUSTR, "Stator 
TCU {3} %"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

DP21

DP22

DP23

DP24

DP25

DP26

<Filter is Empty>
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DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

STARTING OR 50S 
OR 50G1P OR 
50N1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

AUTO_SETSelect: AUTO_SET, MANUAL_SET, NEBBD

10Range = 1 to 180BBDTD

0.3Range = 0.0 to 1.0BBDLB

3.0Range = 2.0 to 10.0BBDUB

-35Range = -80 to -1BBDTH1

-39Range = -80 to -1BBDTH2

-44Range = -80 to -1BBDTH3

-49Range = -80 to -1BBDTH4

<Filter is Empty>
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15Range = 1 to 80MAR_AVG

0.50Range = 0.10 to 3.00FNOM_TH

0.35Range = 0.01 to 10.00F0_TH

0.10Range = 0.01 to 1.00I0_TH

0.50Range = 0.20 to 2.00I_TH

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS4

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

<Filter is Empty>
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0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.05 to 10.00, OFF50NAFP

101_3Select: 101_3, 301_4AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 3.0 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 3.0 to 80.0TOL4P

NSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.10 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.10 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.10 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMOT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

IRIG1Select: IRIG1, IRIG2TIME_SRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P1

NOT 89A2P1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P1

5.00Range = 0.00 to 300.0089A2P1D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P2

NOT 89A2P2Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P2

5.00Range = 0.00 to 300.0089A2P2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P3

NOT 89A2P3Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P3

5.00Range = 0.00 to 300.0089A2P3D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P4

NOT 89A2P4Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P4

<Filter is Empty>
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5.00Range = 0.00 to 300.0089A2P4D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P5

NOT 89A2P5Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P5

5.00Range = 0.00 to 300.0089A2P5D

NSelect: Y, NEN_LRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOCAL

Group : L1

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU
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0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L4

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

<Filter is Empty>
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Analog ElementsMOD_001

IB_MAGRange = Maximum of 1 Analog ElementsMOD_002

IC_MAGRange = Maximum of 1 Analog ElementsMOD_003

IN_MAGRange = Maximum of 1 Analog ElementsMOD_004

IG_MAGRange = Maximum of 1 Analog ElementsMOD_005

IAVRange = Maximum of 1 Analog ElementsMOD_006

MLOADRange = Maximum of 1 Analog ElementsMOD_007

3I2Range = Maximum of 1 Analog ElementsMOD_008

UBIRange = Maximum of 1 Analog ElementsMOD_009

VAVERange = Maximum of 1 Analog ElementsMOD_010

3V2Range = Maximum of 1 Analog ElementsMOD_011

UBVRange = Maximum of 1 Analog ElementsMOD_012

PRange = Maximum of 1 Analog ElementsMOD_013

QRange = Maximum of 1 Analog ElementsMOD_014

<Filter is Empty>
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SRange = Maximum of 1 Analog ElementsMOD_015

PFRange = Maximum of 1 Analog ElementsMOD_016

FREQRange = Maximum of 1 Analog ElementsMOD_017

MWH3PHRange = Maximum of 1 Analog ElementsMOD_018

MWH3PLRange = Maximum of 1 Analog ElementsMOD_019

MVRH3PIHRange = Maximum of 1 Analog ElementsMOD_020

MVRH3PILRange = Maximum of 1 Analog ElementsMOD_021

MVRH3POHRange = Maximum of 1 Analog ElementsMOD_022

MVRH3POLRange = Maximum of 1 Analog ElementsMOD_023

MVAH3PHRange = Maximum of 1 Analog ElementsMOD_024

MVAH3PLRange = Maximum of 1 Analog ElementsMOD_025

RTDWDGMXRange = Maximum of 1 Analog ElementsMOD_026

RTDBRGMXRange = Maximum of 1 Analog ElementsMOD_027

RTDAMBRange = Maximum of 1 Analog ElementsMOD_028

RTDOTHMXRange = Maximum of 1 Analog ElementsMOD_029

TCURTDRange = Maximum of 1 Analog ElementsMOD_030

TCUSTRRange = Maximum of 1 Analog ElementsMOD_031

TCURTRRange = Maximum of 1 Analog ElementsMOD_032

THRMTPRange = Maximum of 1 Analog ElementsMOD_033

TRSTRange = Maximum of 1 Analog ElementsMOD_034

STRTAVRange = Maximum of 1 Analog ElementsMOD_035

IARMSRange = Maximum of 1 Analog ElementsMOD_036

IBRMSRange = Maximum of 1 Analog ElementsMOD_037

ICRMSRange = Maximum of 1 Analog ElementsMOD_038

<Filter is Empty>
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INRMSRange = Maximum of 1 Analog ElementsMOD_039

IAMXRange = Maximum of 1 Analog ElementsMOD_040

IAMNRange = Maximum of 1 Analog ElementsMOD_041

IBMXRange = Maximum of 1 Analog ElementsMOD_042

IBMNRange = Maximum of 1 Analog ElementsMOD_043

ICMXRange = Maximum of 1 Analog ElementsMOD_044

ICMNRange = Maximum of 1 Analog ElementsMOD_045

INMXRange = Maximum of 1 Analog ElementsMOD_046

INMNRange = Maximum of 1 Analog ElementsMOD_047

IGMXRange = Maximum of 1 Analog ElementsMOD_048

IGMNRange = Maximum of 1 Analog ElementsMOD_049

KW3PMXRange = Maximum of 1 Analog ElementsMOD_050

KW3PMNRange = Maximum of 1 Analog ElementsMOD_051

KVAR3PMXRange = Maximum of 1 Analog ElementsMOD_052

KVAR3PMNRange = Maximum of 1 Analog ElementsMOD_053

KVA3PMXRange = Maximum of 1 Analog ElementsMOD_054

KVA3PMNRange = Maximum of 1 Analog ElementsMOD_055

FREQMXRange = Maximum of 1 Analog ElementsMOD_056

FREQMNRange = Maximum of 1 Analog ElementsMOD_057

TIMERUNRange = Maximum of 1 Analog ElementsMOD_058

NUMSTRTRange = Maximum of 1 Analog ElementsMOD_059

NUMEMRSTRange = Maximum of 1 Analog ElementsMOD_060

TRIP_LORange = Maximum of 1 Analog ElementsMOD_061

TRIP_HIRange = Maximum of 1 Analog ElementsMOD_062

<Filter is Empty>
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WARN_LORange = Maximum of 1 Analog ElementsMOD_063

WARN_HIRange = Maximum of 1 Analog ElementsMOD_064

NARange = Maximum of 1 Analog ElementsMOD_065

NARange = Maximum of 1 Analog ElementsMOD_066

NARange = Maximum of 1 Analog ElementsMOD_067

NARange = Maximum of 1 Analog ElementsMOD_068

NARange = Maximum of 1 Analog ElementsMOD_069

NARange = Maximum of 1 Analog ElementsMOD_070

NARange = Maximum of 1 Analog ElementsMOD_071

NARange = Maximum of 1 Analog ElementsMOD_072

NARange = Maximum of 1 Analog ElementsMOD_073

NARange = Maximum of 1 Analog ElementsMOD_074

NARange = Maximum of 1 Analog ElementsMOD_075

NARange = Maximum of 1 Analog ElementsMOD_076

NARange = Maximum of 1 Analog ElementsMOD_077

NARange = Maximum of 1 Analog ElementsMOD_078

NARange = Maximum of 1 Analog ElementsMOD_079

NARange = Maximum of 1 Analog ElementsMOD_080

NARange = Maximum of 1 Analog ElementsMOD_081

NARange = Maximum of 1 Analog ElementsMOD_082

NARange = Maximum of 1 Analog ElementsMOD_083

NARange = Maximum of 1 Analog ElementsMOD_084

NARange = Maximum of 1 Analog ElementsMOD_085

NARange = Maximum of 1 Analog ElementsMOD_086

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NARange = Maximum of 1 Analog ElementsMOD_087

NARange = Maximum of 1 Analog ElementsMOD_088

NARange = Maximum of 1 Analog ElementsMOD_089

NARange = Maximum of 1 Analog ElementsMOD_090

NARange = Maximum of 1 Analog ElementsMOD_091

NARange = Maximum of 1 Analog ElementsMOD_092

NARange = Maximum of 1 Analog ElementsMOD_093

NARange = Maximum of 1 Analog ElementsMOD_094

NARange = Maximum of 1 Analog ElementsMOD_095

NARange = Maximum of 1 Analog ElementsMOD_096

NARange = Maximum of 1 Analog ElementsMOD_097

NARange = Maximum of 1 Analog ElementsMOD_098

NARange = Maximum of 1 Analog ElementsMOD_099

NARange = Maximum of 1 Analog ElementsMOD_100

NARange = Maximum of 1 Analog ElementsMOD_101

NARange = Maximum of 1 Analog ElementsMOD_102

NARange = Maximum of 1 Analog ElementsMOD_103

NARange = Maximum of 1 Analog ElementsMOD_104

NARange = Maximum of 1 Analog ElementsMOD_105

NARange = Maximum of 1 Analog ElementsMOD_106

NARange = Maximum of 1 Analog ElementsMOD_107

NARange = Maximum of 1 Analog ElementsMOD_108

NARange = Maximum of 1 Analog ElementsMOD_109

NARange = Maximum of 1 Analog ElementsMOD_110

<Filter is Empty>
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NARange = Maximum of 1 Analog ElementsMOD_111

NARange = Maximum of 1 Analog ElementsMOD_112

NARange = Maximum of 1 Analog ElementsMOD_113

NARange = Maximum of 1 Analog ElementsMOD_114

NARange = Maximum of 1 Analog ElementsMOD_115

NARange = Maximum of 1 Analog ElementsMOD_116

NARange = Maximum of 1 Analog ElementsMOD_117

NARange = Maximum of 1 Analog ElementsMOD_118

NARange = Maximum of 1 Analog ElementsMOD_119

NARange = Maximum of 1 Analog ElementsMOD_120

NARange = Maximum of 1 Analog ElementsMOD_121

NARange = Maximum of 1 Analog ElementsMOD_122

NARange = Maximum of 1 Analog ElementsMOD_123

NARange = Maximum of 1 Analog ElementsMOD_124

NARange = Maximum of 1 Analog ElementsMOD_125

Group : P1

YSelect: Y, NEPORT

192.168.1.2Range = ASCII string with a maximum length of 
15.IPADDR

255.255.255.0Range = ASCII string with a maximum length of 
15.SUBNETM

192.168.1.1Range = ASCII string with a maximum length of 
15.DEFRTR

YSelect: Y, NETCPKA

10Range = 1 to 20KAIDLE

<Filter is Empty>
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1Range = 1 to 20KAINTV

6Range = 1 to 20KACNT

AUTOSelect: AUTO, 10, 100NETASPD

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NFASTOP

YSelect: Y, NETELNET

2Select: 1, 2, CMAXACC

23Range = 1025 to 65534, 23TPORT

15Range = 1 to 30TIDLE

TERMINAL SERVERRange = ASCII string with a maximum length of 
254.TCBAN

YSelect: Y, NEFTPSERV

2Select: 1, 2, CFTPACC

FTPUSERRange = ASCII string with a maximum length of 
20.FTPUSER

FTP ServerRange = ASCII string with a maximum length of 
254.FTPCBAN

NSelect: Y, NE61850

NSelect: Y, NEGSE

NSelect: Y, NEMMSFS

0Select: 0-2EMOD

0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP1

502Range = 1 to 65534MODNUM1

15Range = 15 to 900MTIMEO1

<Filter is Empty>
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0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP2

502Range = 1 to 65534MODNUM2

15Range = 15 to 900MTIMEO2

OFFSelect: OFF, UNICAST, MANYCAST, BROADCASTESNTP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPPSIP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPBSIP

123Range = 1 to 65534SNTPPORT

60Range = 15 to 3600SNTPRATE

5Range = 5 to 20SNTPTO

Group : P2

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

<Filter is Empty>
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0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

<Filter is Empty>
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2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : P3

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

<Filter is Empty>
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ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

<Filter is Empty>
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1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

<Filter is Empty>
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60Range = 1 to 5000UTIMEO1

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : PF

YSelect: Y, NEPORT

SELSelect: SEL, MODPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

<Filter is Empty>
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5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

IN101,IN102,PB01,P
B02,PB03,PB04,ABS
LO,TBSLO,NOSLO,T
HERMLO

Valid range = 0, NA or a list of relay elements.SER1

49T,49T_STR,49T_
RTR,LOSSTRIP,JAM
TRIP,46UBT,50P1T,
RTDT,PTCTRIP,50G
1T,VART,37PT,27P1
T,59P1T,47T,55T,SP
DSTR,50N1T,SMTRI
P,81D1T,81D2T,OT
HTRIP,87M1T,87M2
T

Valid range = 0, NA or a list of relay elements.SER2

AMBTRIP,PTCFLT,R
TDFLT,COMMIDLE,
COMMLOSS,REMTRI
P,RSTTRGT,49A,LO
SSALRM,JAMALRM,4
6UBA,RTDA,55A,50
N2T,50G2T,VARA,3
7PA,27P2T,59P2T,5
0P2T,50Q1T,50Q2T

Valid range = 0, NA or a list of relay elements.SER3

<Filter is Empty>
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SPDSAL,81D3T,81D
4T,OTHALRM,AMBA
LRM,SALARM,WARN
ING,LOADUP,LOADL
OW,50P2T,STOPPE
D,RUNNING,STARTI
NG,STAR,DELTA,ST
ART,SPEED2

Valid range = 0, NA or a list of relay elements.SER4

15Range = 1 to 20, NEALIAS

STARTING 
MOTOR_STARTING 
BEGINS ENDS

Range = 2 ElementsALIAS1

RUNNING 
MOTOR_RUNNING 
BEGINS ENDS

Range = 2 ElementsALIAS2

STOPPED 
MOTOR_STOPPED 
BEGINS ENDS

Range = 2 ElementsALIAS3

JAMTRIP 
LOAD_JAM_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS4

LOSSTRIP 
LOAD_LOSS_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS5

LOSSALRM 
LOAD_LOSS_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS6

46UBA 
UNBALNC_I_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS7

<Filter is Empty>
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46UBT 
UNBALNC_I_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS8

49A 
THERMAL_ALARM 
PICKUP DROPOUT

Range = 2 ElementsALIAS9

49T THERMAL_TRIP
PICKUP DROPOUTRange = 2 ElementsALIAS10

47T 
PHS_REVRSL_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS11

PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS12

PB02 FP_AUX2 
PICKUP DROPOUTRange = 2 ElementsALIAS13

PB03 FP_START 
PICKUP DROPOUTRange = 2 ElementsALIAS14

PB04 FP_STOP 
PICKUP DROPOUTRange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>
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R_TRIG LOSSALRM 
OR R_TRIG 46UBA 
OR R_TRIG 49A OR 
R_TRIG 37PA OR 
R_TRIG 55A OR 
R_TRIG VARA

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64, 180LER

5Range = 1 to 10PRE

5Select: 0.25, 0.5, 1, 2, 5, 20MSRR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MSRTRG

FMR1Range = ASCII string with a maximum length of 
9.FMR1NAM

NAValid range = 0, NA or a list of relay elements.FMR1

FMR2Range = ASCII string with a maximum length of 
9.FMR2NAM

NAValid range = 0, NA or a list of relay elements.FMR2

FMR3Range = ASCII string with a maximum length of 
9.FMR3NAM

NAValid range = 0, NA or a list of relay elements.FMR3

FMR4Range = ASCII string with a maximum length of 
9.FMR4NAM

NAValid range = 0, NA or a list of relay elements.FMR4

ISelect: I, F, LRA01TYPE

ISelect: I, F, LRA02TYPE

ISelect: I, F, LRA03TYPE

ISelect: I, F, LRA04TYPE

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

ISelect: I, F, LRA05TYPE

ISelect: I, F, LRA06TYPE

ISelect: I, F, LRA07TYPE

ISelect: I, F, LRA08TYPE

ISelect: I, F, LRA09TYPE

ISelect: I, F, LRA10TYPE

ISelect: I, F, LRA11TYPE

ISelect: I, F, LRA12TYPE

ISelect: I, F, LRA13TYPE

ISelect: I, F, LRA14TYPE

ISelect: I, F, LRA15TYPE

ISelect: I, F, LRA16TYPE

ISelect: I, F, LRA17TYPE

ISelect: I, F, LRA18TYPE

ISelect: I, F, LRA19TYPE

ISelect: I, F, LRA20TYPE

ISelect: I, F, LRA21TYPE

ISelect: I, F, LRA22TYPE

ISelect: I, F, LRA23TYPE

ISelect: I, F, LRA24TYPE

ISelect: I, F, LRA25TYPE

ISelect: I, F, LRA26TYPE

ISelect: I, F, LRA27TYPE

ISelect: I, F, LRA28TYPE

<Filter is Empty>
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ISelect: I, F, LRA29TYPE

ISelect: I, F, LRA30TYPE

ISelect: I, F, LRA31TYPE

ISelect: I, F, LRA32TYPE

NAValid range = 0, NA or a list of relay elements.LDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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SEL-710-5 Settings Report

ValueRangeSetting

Group : 1

86-1 AIR COMP 4Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

40Range = 1 to 5000CTR1

175.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

10Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

WYESelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

R1Select: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

<Filter is Empty>
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RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

<Filter is Empty>
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AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

<Filter is Empty>
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14.10Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

3.00Range = 0.01 to 650.00, OFF50N1P

0.10Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

5.50Range = 0.50 to 10.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

<Filter is Empty>
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PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

<Filter is Empty>
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PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

<Filter is Empty>
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PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

YSelect: Y, NE27I1

MINLNSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I1OQ

96.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

<Filter is Empty>
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16.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I2OQ

120.00Range = 2.00 to 520.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I1OQ

120.00Range = 2.00 to 520.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I2OQ

120.00Range = 2.00 to 520.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I3OQ

120.00Range = 2.00 to 520.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I4OQ

120.00Range = 2.00 to 520.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

<Filter is Empty>
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13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

<Filter is Empty>
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3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

<Filter is Empty>
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90.1Range = 0.0 to 1260.9PFLTH

18.0Range = 0.0 to 1260.9PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

55.00Range = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

62.00Range = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

<Filter is Empty>
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OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR TOL1 OR 
TOL2

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN102Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

<Filter is Empty>
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NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 2

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

<Filter is Empty>
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60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

<Filter is Empty>
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AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

<Filter is Empty>
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AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

<Filter is Empty>
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OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

<Filter is Empty>
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OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

<Filter is Empty>
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OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

<Filter is Empty>
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NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

<Filter is Empty>
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1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

<Filter is Empty>
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NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

<Filter is Empty>
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OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

<Filter is Empty>
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0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

<Filter is Empty>
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OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 3

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

<Filter is Empty>
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OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

<Filter is Empty>
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225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

<Filter is Empty>
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5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

<Filter is Empty>
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NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

<Filter is Empty>
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1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

<Filter is Empty>
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OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

<Filter is Empty>
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OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

<Filter is Empty>
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OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

<Filter is Empty>
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1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

<Filter is Empty>
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NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

<Filter is Empty>
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0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

<Filter is Empty>
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0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

<Filter is Empty>
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1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

<Filter is Empty>
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NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

<Filter is Empty>
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PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 4

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

<Filter is Empty>
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250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

<Filter is Empty>
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AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

<Filter is Empty>
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AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

<Filter is Empty>
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0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

<Filter is Empty>
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100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

<Filter is Empty>
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OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

<Filter is Empty>
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OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

<Filter is Empty>
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OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

<Filter is Empty>
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0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

<Filter is Empty>
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VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

<Filter is Empty>
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OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

<Filter is Empty>
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OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

<Filter is Empty>
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5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

<Filter is Empty>
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OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

<Filter is Empty>
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1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

10Range = 1 to 16FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

GSelect: R, G, ALEDENAC

RSelect: R, G, ALEDTRPC

2Select: 1, 2MAXACC

YSelect: Y, NT01LEDL

RSelect: R, G, AT01LEDC

49T OR AMBTRIP 
OR BRGTRIP OR 
OTHTRIP OR 
WDGTRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

RSelect: R, G, AT02LEDC

50P1T OR 50N1T 
OR 50G1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

RSelect: R, G, AT03LEDC

<Filter is Empty>
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46UBT OR 47TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

RSelect: R, G, AT04LEDC

LOSSTRIP OR 37PTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

RSelect: R, G, AT05LEDC

(NOT STOPPED 
AND 27P1T) OR 
59P1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

YSelect: Y, NT06LEDL

RSelect: R, G, AT06LEDC

87M1T OR 87M2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1ALEDC

PB01Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2ALEDC

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

<Filter is Empty>
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3ALEDC

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3BLEDC

STARTING OR 
RUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4ALEDC

PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4BLEDC

STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5ALEDC

FAILOPNValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5BLEDC

FAILCLSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5B_LED

<Filter is Empty>
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "I MOTOR {6} 
A"DP03

<Filter is Empty>
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TCUSTR, "Stator 
TCU {3} %"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

DP21

DP22

DP23

DP24

DP25

DP26

<Filter is Empty>
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DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

STARTING OR 50S 
OR 50G1P OR 
50N1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

AUTO_SETSelect: AUTO_SET, MANUAL_SET, NEBBD

10Range = 1 to 180BBDTD

0.3Range = 0.0 to 1.0BBDLB

3.0Range = 2.0 to 10.0BBDUB

-35Range = -80 to -1BBDTH1

-39Range = -80 to -1BBDTH2

-44Range = -80 to -1BBDTH3

-49Range = -80 to -1BBDTH4

<Filter is Empty>
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15Range = 1 to 80MAR_AVG

0.50Range = 0.10 to 3.00FNOM_TH

0.35Range = 0.01 to 10.00F0_TH

0.10Range = 0.01 to 1.00I0_TH

0.50Range = 0.20 to 2.00I_TH

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS4

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

<Filter is Empty>
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0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.05 to 10.00, OFF50NAFP

101_3Select: 101_3, 301_4AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 3.0 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 3.0 to 80.0TOL4P

NSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.10 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.10 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.10 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMOT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

IRIG1Select: IRIG1, IRIG2TIME_SRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P1

NOT 89A2P1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P1

5.00Range = 0.00 to 300.0089A2P1D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P2

NOT 89A2P2Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P2

5.00Range = 0.00 to 300.0089A2P2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P3

NOT 89A2P3Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P3

5.00Range = 0.00 to 300.0089A2P3D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P4

NOT 89A2P4Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P4

<Filter is Empty>
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5.00Range = 0.00 to 300.0089A2P4D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P5

NOT 89A2P5Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P5

5.00Range = 0.00 to 300.0089A2P5D

NSelect: Y, NEN_LRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOCAL

Group : L1

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU
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0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L4

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Analog ElementsMOD_001

IB_MAGRange = Maximum of 1 Analog ElementsMOD_002

IC_MAGRange = Maximum of 1 Analog ElementsMOD_003

IN_MAGRange = Maximum of 1 Analog ElementsMOD_004

IG_MAGRange = Maximum of 1 Analog ElementsMOD_005

IAVRange = Maximum of 1 Analog ElementsMOD_006

MLOADRange = Maximum of 1 Analog ElementsMOD_007

3I2Range = Maximum of 1 Analog ElementsMOD_008

UBIRange = Maximum of 1 Analog ElementsMOD_009

VAVERange = Maximum of 1 Analog ElementsMOD_010

3V2Range = Maximum of 1 Analog ElementsMOD_011

UBVRange = Maximum of 1 Analog ElementsMOD_012

PRange = Maximum of 1 Analog ElementsMOD_013

QRange = Maximum of 1 Analog ElementsMOD_014
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SRange = Maximum of 1 Analog ElementsMOD_015

PFRange = Maximum of 1 Analog ElementsMOD_016

FREQRange = Maximum of 1 Analog ElementsMOD_017

MWH3PHRange = Maximum of 1 Analog ElementsMOD_018

MWH3PLRange = Maximum of 1 Analog ElementsMOD_019

MVRH3PIHRange = Maximum of 1 Analog ElementsMOD_020

MVRH3PILRange = Maximum of 1 Analog ElementsMOD_021

MVRH3POHRange = Maximum of 1 Analog ElementsMOD_022

MVRH3POLRange = Maximum of 1 Analog ElementsMOD_023

MVAH3PHRange = Maximum of 1 Analog ElementsMOD_024

MVAH3PLRange = Maximum of 1 Analog ElementsMOD_025

RTDWDGMXRange = Maximum of 1 Analog ElementsMOD_026

RTDBRGMXRange = Maximum of 1 Analog ElementsMOD_027

RTDAMBRange = Maximum of 1 Analog ElementsMOD_028

RTDOTHMXRange = Maximum of 1 Analog ElementsMOD_029

TCURTDRange = Maximum of 1 Analog ElementsMOD_030

TCUSTRRange = Maximum of 1 Analog ElementsMOD_031

TCURTRRange = Maximum of 1 Analog ElementsMOD_032

THRMTPRange = Maximum of 1 Analog ElementsMOD_033

TRSTRange = Maximum of 1 Analog ElementsMOD_034

STRTAVRange = Maximum of 1 Analog ElementsMOD_035

IARMSRange = Maximum of 1 Analog ElementsMOD_036

IBRMSRange = Maximum of 1 Analog ElementsMOD_037

ICRMSRange = Maximum of 1 Analog ElementsMOD_038
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INRMSRange = Maximum of 1 Analog ElementsMOD_039

IAMXRange = Maximum of 1 Analog ElementsMOD_040

IAMNRange = Maximum of 1 Analog ElementsMOD_041

IBMXRange = Maximum of 1 Analog ElementsMOD_042

IBMNRange = Maximum of 1 Analog ElementsMOD_043

ICMXRange = Maximum of 1 Analog ElementsMOD_044

ICMNRange = Maximum of 1 Analog ElementsMOD_045

INMXRange = Maximum of 1 Analog ElementsMOD_046

INMNRange = Maximum of 1 Analog ElementsMOD_047

IGMXRange = Maximum of 1 Analog ElementsMOD_048

IGMNRange = Maximum of 1 Analog ElementsMOD_049

KW3PMXRange = Maximum of 1 Analog ElementsMOD_050

KW3PMNRange = Maximum of 1 Analog ElementsMOD_051

KVAR3PMXRange = Maximum of 1 Analog ElementsMOD_052

KVAR3PMNRange = Maximum of 1 Analog ElementsMOD_053

KVA3PMXRange = Maximum of 1 Analog ElementsMOD_054

KVA3PMNRange = Maximum of 1 Analog ElementsMOD_055

FREQMXRange = Maximum of 1 Analog ElementsMOD_056

FREQMNRange = Maximum of 1 Analog ElementsMOD_057

TIMERUNRange = Maximum of 1 Analog ElementsMOD_058

NUMSTRTRange = Maximum of 1 Analog ElementsMOD_059

NUMEMRSTRange = Maximum of 1 Analog ElementsMOD_060

TRIP_LORange = Maximum of 1 Analog ElementsMOD_061

TRIP_HIRange = Maximum of 1 Analog ElementsMOD_062
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WARN_LORange = Maximum of 1 Analog ElementsMOD_063

WARN_HIRange = Maximum of 1 Analog ElementsMOD_064

NARange = Maximum of 1 Analog ElementsMOD_065

NARange = Maximum of 1 Analog ElementsMOD_066

NARange = Maximum of 1 Analog ElementsMOD_067

NARange = Maximum of 1 Analog ElementsMOD_068

NARange = Maximum of 1 Analog ElementsMOD_069

NARange = Maximum of 1 Analog ElementsMOD_070

NARange = Maximum of 1 Analog ElementsMOD_071

NARange = Maximum of 1 Analog ElementsMOD_072

NARange = Maximum of 1 Analog ElementsMOD_073

NARange = Maximum of 1 Analog ElementsMOD_074

NARange = Maximum of 1 Analog ElementsMOD_075

NARange = Maximum of 1 Analog ElementsMOD_076

NARange = Maximum of 1 Analog ElementsMOD_077

NARange = Maximum of 1 Analog ElementsMOD_078

NARange = Maximum of 1 Analog ElementsMOD_079

NARange = Maximum of 1 Analog ElementsMOD_080

NARange = Maximum of 1 Analog ElementsMOD_081

NARange = Maximum of 1 Analog ElementsMOD_082

NARange = Maximum of 1 Analog ElementsMOD_083

NARange = Maximum of 1 Analog ElementsMOD_084

NARange = Maximum of 1 Analog ElementsMOD_085

NARange = Maximum of 1 Analog ElementsMOD_086
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NARange = Maximum of 1 Analog ElementsMOD_087

NARange = Maximum of 1 Analog ElementsMOD_088

NARange = Maximum of 1 Analog ElementsMOD_089

NARange = Maximum of 1 Analog ElementsMOD_090

NARange = Maximum of 1 Analog ElementsMOD_091

NARange = Maximum of 1 Analog ElementsMOD_092

NARange = Maximum of 1 Analog ElementsMOD_093

NARange = Maximum of 1 Analog ElementsMOD_094

NARange = Maximum of 1 Analog ElementsMOD_095

NARange = Maximum of 1 Analog ElementsMOD_096

NARange = Maximum of 1 Analog ElementsMOD_097

NARange = Maximum of 1 Analog ElementsMOD_098

NARange = Maximum of 1 Analog ElementsMOD_099

NARange = Maximum of 1 Analog ElementsMOD_100

NARange = Maximum of 1 Analog ElementsMOD_101

NARange = Maximum of 1 Analog ElementsMOD_102

NARange = Maximum of 1 Analog ElementsMOD_103

NARange = Maximum of 1 Analog ElementsMOD_104

NARange = Maximum of 1 Analog ElementsMOD_105

NARange = Maximum of 1 Analog ElementsMOD_106

NARange = Maximum of 1 Analog ElementsMOD_107

NARange = Maximum of 1 Analog ElementsMOD_108

NARange = Maximum of 1 Analog ElementsMOD_109

NARange = Maximum of 1 Analog ElementsMOD_110
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NARange = Maximum of 1 Analog ElementsMOD_111

NARange = Maximum of 1 Analog ElementsMOD_112

NARange = Maximum of 1 Analog ElementsMOD_113

NARange = Maximum of 1 Analog ElementsMOD_114

NARange = Maximum of 1 Analog ElementsMOD_115

NARange = Maximum of 1 Analog ElementsMOD_116

NARange = Maximum of 1 Analog ElementsMOD_117

NARange = Maximum of 1 Analog ElementsMOD_118

NARange = Maximum of 1 Analog ElementsMOD_119

NARange = Maximum of 1 Analog ElementsMOD_120

NARange = Maximum of 1 Analog ElementsMOD_121

NARange = Maximum of 1 Analog ElementsMOD_122

NARange = Maximum of 1 Analog ElementsMOD_123

NARange = Maximum of 1 Analog ElementsMOD_124

NARange = Maximum of 1 Analog ElementsMOD_125

Group : P1

YSelect: Y, NEPORT

192.168.1.2Range = ASCII string with a maximum length of 
15.IPADDR

255.255.255.0Range = ASCII string with a maximum length of 
15.SUBNETM

192.168.1.1Range = ASCII string with a maximum length of 
15.DEFRTR

YSelect: Y, NETCPKA

10Range = 1 to 20KAIDLE

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

1Range = 1 to 20KAINTV

6Range = 1 to 20KACNT

AUTOSelect: AUTO, 10, 100NETASPD

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NFASTOP

YSelect: Y, NETELNET

2Select: 1, 2, CMAXACC

23Range = 1025 to 65534, 23TPORT

15Range = 1 to 30TIDLE

TERMINAL SERVERRange = ASCII string with a maximum length of 
254.TCBAN

YSelect: Y, NEFTPSERV

2Select: 1, 2, CFTPACC

FTPUSERRange = ASCII string with a maximum length of 
20.FTPUSER

FTP ServerRange = ASCII string with a maximum length of 
254.FTPCBAN

NSelect: Y, NE61850

NSelect: Y, NEGSE

NSelect: Y, NEMMSFS

0Select: 0-2EMOD

0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP1

502Range = 1 to 65534MODNUM1

15Range = 15 to 900MTIMEO1
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0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP2

502Range = 1 to 65534MODNUM2

15Range = 15 to 900MTIMEO2

OFFSelect: OFF, UNICAST, MANYCAST, BROADCASTESNTP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPPSIP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPBSIP

123Range = 1 to 65534SNTPPORT

60Range = 15 to 3600SNTPRATE

5Range = 5 to 20SNTPTO

Group : P2

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY
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0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

<Filter is Empty>
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1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

<Filter is Empty>
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2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : P3

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

<Filter is Empty>
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ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

<Filter is Empty>
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1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

<Filter is Empty>
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60Range = 1 to 5000UTIMEO1

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : PF

YSelect: Y, NEPORT

SELSelect: SEL, MODPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

<Filter is Empty>
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5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

IN101,IN102,PB01,P
B02,PB03,PB04,ABS
LO,TBSLO,NOSLO,T
HERMLO

Valid range = 0, NA or a list of relay elements.SER1

49T,49T_STR,49T_
RTR,LOSSTRIP,JAM
TRIP,46UBT,50P1T,
RTDT,PTCTRIP,50G
1T,VART,37PT,27P1
T,59P1T,47T,55T,SP
DSTR,50N1T,SMTRI
P,81D1T,81D2T,OT
HTRIP,87M1T,87M2
T

Valid range = 0, NA or a list of relay elements.SER2

AMBTRIP,PTCFLT,R
TDFLT,COMMIDLE,
COMMLOSS,REMTRI
P,RSTTRGT,49A,LO
SSALRM,JAMALRM,4
6UBA,RTDA,55A,50
N2T,50G2T,VARA,3
7PA,27P2T,59P2T,5
0P2T,50Q1T,50Q2T

Valid range = 0, NA or a list of relay elements.SER3

<Filter is Empty>
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SPDSAL,81D3T,81D
4T,OTHALRM,AMBA
LRM,SALARM,WARN
ING,LOADUP,LOADL
OW,50P2T,STOPPE
D,RUNNING,STARTI
NG,STAR,DELTA,ST
ART,SPEED2

Valid range = 0, NA or a list of relay elements.SER4

15Range = 1 to 20, NEALIAS

STARTING 
MOTOR_STARTING 
BEGINS ENDS

Range = 2 ElementsALIAS1

RUNNING 
MOTOR_RUNNING 
BEGINS ENDS

Range = 2 ElementsALIAS2

STOPPED 
MOTOR_STOPPED 
BEGINS ENDS

Range = 2 ElementsALIAS3

JAMTRIP 
LOAD_JAM_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS4

LOSSTRIP 
LOAD_LOSS_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS5

LOSSALRM 
LOAD_LOSS_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS6

46UBA 
UNBALNC_I_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS7

<Filter is Empty>
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46UBT 
UNBALNC_I_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS8

49A 
THERMAL_ALARM 
PICKUP DROPOUT

Range = 2 ElementsALIAS9

49T THERMAL_TRIP
PICKUP DROPOUTRange = 2 ElementsALIAS10

47T 
PHS_REVRSL_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS11

PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS12

PB02 FP_AUX2 
PICKUP DROPOUTRange = 2 ElementsALIAS13

PB03 FP_START 
PICKUP DROPOUTRange = 2 ElementsALIAS14

PB04 FP_STOP 
PICKUP DROPOUTRange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>
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R_TRIG LOSSALRM 
OR R_TRIG 46UBA 
OR R_TRIG 49A OR 
R_TRIG 37PA OR 
R_TRIG 55A OR 
R_TRIG VARA

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64, 180LER

5Range = 1 to 10PRE

5Select: 0.25, 0.5, 1, 2, 5, 20MSRR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MSRTRG

FMR1Range = ASCII string with a maximum length of 
9.FMR1NAM

NAValid range = 0, NA or a list of relay elements.FMR1

FMR2Range = ASCII string with a maximum length of 
9.FMR2NAM

NAValid range = 0, NA or a list of relay elements.FMR2

FMR3Range = ASCII string with a maximum length of 
9.FMR3NAM

NAValid range = 0, NA or a list of relay elements.FMR3

FMR4Range = ASCII string with a maximum length of 
9.FMR4NAM

NAValid range = 0, NA or a list of relay elements.FMR4

ISelect: I, F, LRA01TYPE

ISelect: I, F, LRA02TYPE

ISelect: I, F, LRA03TYPE

ISelect: I, F, LRA04TYPE

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

ISelect: I, F, LRA05TYPE

ISelect: I, F, LRA06TYPE

ISelect: I, F, LRA07TYPE

ISelect: I, F, LRA08TYPE

ISelect: I, F, LRA09TYPE

ISelect: I, F, LRA10TYPE

ISelect: I, F, LRA11TYPE

ISelect: I, F, LRA12TYPE

ISelect: I, F, LRA13TYPE

ISelect: I, F, LRA14TYPE

ISelect: I, F, LRA15TYPE

ISelect: I, F, LRA16TYPE

ISelect: I, F, LRA17TYPE

ISelect: I, F, LRA18TYPE

ISelect: I, F, LRA19TYPE

ISelect: I, F, LRA20TYPE

ISelect: I, F, LRA21TYPE

ISelect: I, F, LRA22TYPE

ISelect: I, F, LRA23TYPE

ISelect: I, F, LRA24TYPE

ISelect: I, F, LRA25TYPE

ISelect: I, F, LRA26TYPE

ISelect: I, F, LRA27TYPE

ISelect: I, F, LRA28TYPE

<Filter is Empty>
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ISelect: I, F, LRA29TYPE

ISelect: I, F, LRA30TYPE

ISelect: I, F, LRA31TYPE

ISelect: I, F, LRA32TYPE

NAValid range = 0, NA or a list of relay elements.LDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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ValueRangeSetting

Group : 1

86-1 AIR COMP 5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

40Range = 1 to 5000CTR1

175.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

10Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

WYESelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

R1Select: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

<Filter is Empty>
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AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

<Filter is Empty>
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14.10Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

3.00Range = 0.01 to 650.00, OFF50N1P

0.10Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

5.50Range = 0.50 to 10.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

<Filter is Empty>
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PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

<Filter is Empty>
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PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

YSelect: Y, NE27I1

MINLNSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I1OQ

96.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

<Filter is Empty>
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16.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, V1, MINLL, 
MINLN27I2OQ

120.00Range = 2.00 to 520.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I1OQ

120.00Range = 2.00 to 520.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I2OQ

120.00Range = 2.00 to 520.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I3OQ

120.00Range = 2.00 to 520.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, VA, VB, VC, VG, V1, 3V2,
MAXLL, MAXLN59I4OQ

120.00Range = 2.00 to 520.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

<Filter is Empty>
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13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

<Filter is Empty>
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3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

<Filter is Empty>
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90.1Range = 0.0 to 1260.9PFLTH

18.0Range = 0.0 to 1260.9PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

55.00Range = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

62.00Range = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

<Filter is Empty>
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OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR TOL1 OR 
TOL2

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN102Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

<Filter is Empty>
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NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 2

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

<Filter is Empty>
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60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

<Filter is Empty>
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AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

<Filter is Empty>
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AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

<Filter is Empty>
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OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

<Filter is Empty>
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OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

<Filter is Empty>
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OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

<Filter is Empty>
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OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

<Filter is Empty>
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1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

<Filter is Empty>
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NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

<Filter is Empty>
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OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

<Filter is Empty>
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0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

<Filter is Empty>
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OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 3

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

<Filter is Empty>
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OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

<Filter is Empty>
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225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

<Filter is Empty>
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5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

<Filter is Empty>
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NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

<Filter is Empty>
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1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

<Filter is Empty>
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OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

<Filter is Empty>
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OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

<Filter is Empty>
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OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

<Filter is Empty>
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OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

<Filter is Empty>
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1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

<Filter is Empty>
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0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

<Filter is Empty>
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NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

<Filter is Empty>
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0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

<Filter is Empty>
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OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

<Filter is Empty>
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0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

<Filter is Empty>
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1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

<Filter is Empty>
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NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

<Filter is Empty>
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PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : 4

SEL-710-5Range = ASCII string with a maximum length of 
16.RID

MOTOR RELAYRange = ASCII string with a maximum length of 
16.TID

NONESelect: BRUSH, BRUSHLESS, NONESYNTYPE

100Range = 1 to 5000CTR1

250.0Range = 0.2 to 5000.0FLA1

NSelect: Y, NVFDAPP

50.0Range = 0.2 to 5000.0LOAD_ZS

60.00Range = 10.00 to 70.00FREQ_FL

NSelect: Y, NE2SPEED

100Range = 1 to 5000CTR2

<Filter is Empty>
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250.0Range = 0.2 to 5000.0FLA2

NONESelect: NONE, A, B, CFVR_PH

100Range = 1 to 2000CTRN

35.00Range = 1.00 to 250.00PTR

4160Range = 100 to 30000VNOM

DELTASelect: DELTA, WYEDELTA_Y

NSelect: Y, NSINGLEV

YSelect: Y, NE49MOTOR

OFFRange = 0.0010 to 0.1000, OFFFLS

STATSelect: VDR, STAT, R1SLIPSRC

0.80Range = 0.30 to 2.00LRQ

RATING_1Select: RATING, RATING_1, CURVESETMETH

75Range = 10 to 9949RSTP

1.15Range = 1.01 to 1.50SF

6.0Range = 2.5 to 12.0LRA1

10.0Range = 1.0 to 600.0LRTHOT1

1.00Range = 0.10 to 1.50TD1

AUTORange = 1 to 2000, AUTORTC1

6.0Range = 2.5 to 12.0LRA2

10.0Range = 1.0 to 600.0LRTHOT2

1.00Range = 0.10 to 1.50TD2

AUTORange = 1 to 2000, AUTORTC2

5Range = 1 to 46CURVE1

AUTORange = 1.0 to 6000.0, AUTOTTT105

<Filter is Empty>
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AUTORange = 1.0 to 6000.0, AUTOTTT110

AUTORange = 1.0 to 6000.0, AUTOTTT120

AUTORange = 1.0 to 6000.0, AUTOTTT130

AUTORange = 1.0 to 6000.0, AUTOTTT140

AUTORange = 1.0 to 6000.0, AUTOTTT150

625.0Range = 1.0 to 6000.0, AUTOTTT175

400.0Range = 1.0 to 6000.0TTT200

AUTORange = 1.0 to 6000.0, AUTOTTT225

225.0Range = 1.0 to 6000.0TTT250

AUTORange = 1.0 to 6000.0, AUTOTTT275

AUTORange = 1.0 to 6000.0, AUTOTTT300

AUTORange = 1.0 to 6000.0, AUTOTTT350

72.0Range = 1.0 to 6000.0, AUTOTTT400

58.0Range = 1.0 to 6000.0, AUTOTTT450

30.0Range = 1.0 to 600.0, AUTOTTT500

25.0Range = 1.0 to 600.0TTT550

18.1Range = 1.0 to 600.0TTT600

15.2Range = 1.0 to 600.0TTT650

13.2Range = 1.0 to 600.0, AUTOTTT700

AUTORange = 1.0 to 600.0, AUTOTTT750

AUTORange = 1.0 to 600.0, AUTOTTT800

AUTORange = 1.0 to 600.0, AUTOTTT850

AUTORange = 1.0 to 600.0, AUTOTTT900

AUTORange = 1.0 to 600.0, AUTOTTT950

<Filter is Empty>
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AUTORange = 1.0 to 600.0, AUTOTTT1000

AUTORange = 1.0 to 600.0, AUTOTTT1100

AUTORange = 1.0 to 600.0, AUTOTTT1200

7Range = 1 to 45CURVE2

85Range = 50 to 99, OFFTCAPU

OFFRange = 1 to 99, OFFTCSTART

YSelect: Y, NTCLRNEN

84Range = 1 to 6000COOLTIME

5Range = 1 to 3600COASTIME

NSelect: Y, NCOOLEN

NSelect: Y, NETHMBIAS

10.00Range = 0.10 to 20.00, OFF50P1P

0.00Range = 0.00 to 5.00, OFF50P1D

OFFRange = 0.10 to 20.00, OFF50P2P

0.50Range = 0.00 to 5.00, OFF50P2D

OFFRange = 0.01 to 650.00, OFF50N1P

0.50Range = 0.00 to 5.00, OFF50N1D

OFFRange = 0.01 to 650.00, OFF50N2P

10.0Range = 0.0 to 120.0, OFF50N2D

OFFRange = 0.10 to 20.00, OFF50G1P

0.50Range = 0.00 to 5.00, OFF50G1D

OFFRange = 0.10 to 20.00, OFF50G2P

10.0Range = 0.0 to 120.0, OFF50G2D

3.00Range = 0.10 to 20.00, OFF50Q1P

<Filter is Empty>
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0.1Range = 0.1 to 120.0, OFF50Q1D

0.30Range = 0.10 to 20.00, OFF50Q2P

0.2Range = 0.1 to 120.0, OFF50Q2D

OFFRange = 0.50 to 10.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 10.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 10.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

<Filter is Empty>
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NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

OFFRange = 0.50 to 10.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 10.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 10.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 10.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 10.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

NSelect: Y, NE87M

<Filter is Empty>
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100Range = 1 to 5000CTR87M

OFFRange = 0.05 to 8.00, OFF87M1P

0.10Range = 0.00 to 60.0087M1TD

50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M1TC

OFFRange = 0.05 to 8.00, OFF87M2P

0.10Range = 0.00 to 60.0087M2TD

NOT 50SValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 87M2TC

OFFRange = 1.00 to 6.00, OFFLJTPU

0.5Range = 0.0 to 120.0LJTDLY

OFFRange = 1.00 to 6.00, OFFLJAPU

5.0Range = 0.0 to 120.0LJADLY

OFFRange = 0.10 to 1.00, OFFLLTPU

5.0Range = 0.4 to 120.0LLTDLY

OFFRange = 0.10 to 1.00, OFFLLAPU

10.0Range = 0.4 to 120.0LLADLY

0Range = 0 to 5000LLSDLY

20Range = 5 to 80, OFF46UBT

5Range = 0 to 24046UBTD

10Range = 5 to 80, OFF46UBA

10Range = 0 to 24046UBAD

OFFRange = 1 to 240, OFFSTART_T

NSelect: Y, NESTAR_D

<Filter is Empty>
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OFFRange = 1 to 600, OFFSTAR_MAX

OFFRange = 1 to 15, OFFMAXSTART

OFFRange = 1 to 150, OFFTBSDLY

OFFRange = 1 to 1500, OFFABSDLY

YSelect: Y, NE47T

OFFRange = 1 to 240, OFFSPDSDLYT

OFFRange = 1 to 240, OFFSPDSDLYA

NSelect: Y, NVSSEN

0.95Range = 0.80 to 0.98VSSCONST

OFFRange = 0.5 to 2.0, OFFFAILOPND

5.0Range = 0.1 to 120.0FAILCLSD

PB05Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SSFLRST

NONESelect: INT, EXT, NONEE49RTD

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD1LOC

PT100Select: PT100, NI100, NI120, CU10RTD1TY

OFFRange = 1 to 250, OFFTRTMP1

OFFRange = 1 to 250, OFFALTMP1

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD2LOC

PT100Select: PT100, NI100, NI120, CU10RTD2TY

OFFRange = 1 to 250, OFFTRTMP2

OFFRange = 1 to 250, OFFALTMP2

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD3LOC

PT100Select: PT100, NI100, NI120, CU10RTD3TY

<Filter is Empty>
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OFFRange = 1 to 250, OFFTRTMP3

OFFRange = 1 to 250, OFFALTMP3

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD4LOC

PT100Select: PT100, NI100, NI120, CU10RTD4TY

OFFRange = 1 to 250, OFFTRTMP4

OFFRange = 1 to 250, OFFALTMP4

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD5LOC

PT100Select: PT100, NI100, NI120, CU10RTD5TY

OFFRange = 1 to 250, OFFTRTMP5

OFFRange = 1 to 250, OFFALTMP5

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD6LOC

PT100Select: PT100, NI100, NI120, CU10RTD6TY

OFFRange = 1 to 250, OFFTRTMP6

OFFRange = 1 to 250, OFFALTMP6

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD7LOC

PT100Select: PT100, NI100, NI120, CU10RTD7TY

OFFRange = 1 to 250, OFFTRTMP7

OFFRange = 1 to 250, OFFALTMP7

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD8LOC

PT100Select: PT100, NI100, NI120, CU10RTD8TY

OFFRange = 1 to 250, OFFTRTMP8

OFFRange = 1 to 250, OFFALTMP8

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD9LOC

PT100Select: PT100, NI100, NI120, CU10RTD9TY

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

OFFRange = 1 to 250, OFFTRTMP9

OFFRange = 1 to 250, OFFALTMP9

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD10LOC

PT100Select: PT100, NI100, NI120, CU10RTD10TY

OFFRange = 1 to 250, OFFTRTMP10

OFFRange = 1 to 250, OFFALTMP10

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD11LOC

PT100Select: PT100, NI100, NI120, CU10RTD11TY

OFFRange = 1 to 250, OFFTRTMP11

OFFRange = 1 to 250, OFFALTMP11

OFFSelect: OFF, WDG, BRG, AMB, OTHRTD12LOC

PT100Select: PT100, NI100, NI120, CU10RTD12TY

OFFRange = 1 to 250, OFFTRTMP12

OFFRange = 1 to 250, OFFALTMP12

NSelect: Y, NEWDGV

NSelect: Y, NEBRGV

NSelect: Y, NERTDBIAS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

<Filter is Empty>
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0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

NSelect: Y, NE27I1

VABSelect: VAB, VBC, VCA, V1, MINLL27I1OQ

120.00Range = 2.00 to 300.0027I1P

CURVEASelect: CURVEA, CURVEB, COEF27I1CRV

1.00Range = 0.00 to 3.0027I1CFA

0.00Range = 0.00 to 3.0027I1CFB

1.00Range = 0.01 to 3.0027I1CFC

1.00Range = 0.00 to 16.0027I1TD

0.01Range = 0.00 to 1.0027I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I1TC

NSelect: Y, NE27I2

VABSelect: VAB, VBC, VCA, V1, MINLL27I2OQ

120.00Range = 2.00 to 300.0027I2P

CURVEASelect: CURVEA, CURVEB, COEF27I2CRV

1.00Range = 0.00 to 3.0027I2CFA

0.00Range = 0.00 to 3.0027I2CFB

1.00Range = 0.01 to 3.0027I2CFC

1.00Range = 0.00 to 16.0027I2TD

0.01Range = 0.00 to 1.0027I2TTR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 27I2TC

NSelect: Y, NE59I1

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I1OQ

120.00Range = 2.00 to 300.0059I1P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I1CRV

3.88Range = 0.00 to 6.0059I1CFA

0.96Range = 0.00 to 3.0059I1CFB

2.00Range = 0.01 to 3.0059I1CFC

1.00Range = 0.00 to 16.0059I1TD

0.01Range = 0.00 to 1.0059I1TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I1TC

NSelect: Y, NE59I2

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I2OQ

120.00Range = 2.00 to 300.0059I2P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I2CRV

3.88Range = 0.00 to 6.0059I2CFA

0.96Range = 0.00 to 3.0059I2CFB

2.00Range = 0.01 to 3.0059I2CFC

1.00Range = 0.00 to 16.0059I2TD

0.01Range = 0.00 to 1.0059I2TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I2TC

NSelect: Y, NE59I3

<Filter is Empty>
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VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I3OQ

120.00Range = 2.00 to 300.0059I3P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I3CRV

3.88Range = 0.00 to 6.0059I3CFA

0.96Range = 0.00 to 3.0059I3CFB

2.00Range = 0.01 to 3.0059I3CFC

1.00Range = 0.00 to 16.0059I3TD

0.01Range = 0.00 to 1.0059I3TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I3TC

NSelect: Y, NE59I4

VABSelect: VAB, VBC, VCA, V1, 3V2, MAXLL59I4OQ

120.00Range = 2.00 to 300.0059I4P

CURVEASelect: CURVEA, CURVEB, CURVEC, COEF59I4CRV

3.88Range = 0.00 to 6.0059I4CFA

0.96Range = 0.00 to 3.0059I4CFB

2.00Range = 0.01 to 3.0059I4CFC

1.00Range = 0.00 to 16.0059I4TD

0.01Range = 0.00 to 1.0059I4TTR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 59I4TC

OFFRange = 1 to 25000, OFFNVARTP

OFFRange = 1 to 25000, OFFPVARTP

1Range = 1 to 240VARTD

<Filter is Empty>
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OFFRange = 1 to 25000, OFFNVARAP

OFFRange = 1 to 25000, OFFPVARAP

1Range = 1 to 240VARAD

0Range = 0 to 5000VARDLY

NSelect: Y, NE40

13.4Range = 0.1 to 100.0, OFF40Z1P

2.5Range = 0.0 to 50.040XD1

0.00Range = 0.00 to 400.0040Z1D

13.4Range = 0.1 to 100.0, OFF40Z2P

2.5Range = 0.0 to 50.040XD2

0.50Range = 0.00 to 400.0040Z2D

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 40ZTC

NSelect: N, 1B, 2BE78

8.0Range = 0.1 to 100.078FWD

8.0Range = 0.1 to 100.078REV

6.0Range = 0.1 to 50.078R1

6.0Range = 0.1 to 50.078R2

0.05Range = 0.00 to 1.0078D

0.00Range = 0.00 to 1.0078TD

0.00Range = 0.00 to 5.0078TDURD

0.25Range = 0.25 to 30.0050ABC

NOT LOP AND 
SRUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OOSTC

<Filter is Empty>
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OFFRange = 0.10 to 500.00, OFFFDRES1P

OFFRange = 0.10 to 500.00, OFFFDRES2P

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDRESTC

ISelect: I, VFDCURIN

400.0Range = 1.0 to 2000.0FD_20mA

400.0Range = 1.0 to 2000.0FD_5V

OFFRange = 1.0 to 2000.0, OFFFDUC1P

0.5Range = 0.3 to 100.0FDUC1D

OFFRange = 1.0 to 2000.0, OFFFDUC2P

5.0Range = 0.3 to 100.0FDUC2D

OFFRange = 1.0 to 2000.0, OFFFDOC1P

0.5Range = 0.3 to 100.0FDOC1D

OFFRange = 1.0 to 2000.0, OFFFDOC2P

5.0Range = 0.3 to 100.0FDOC2D

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDCTC

OFFRange = 1.0 to 350.0, OFFFDUV1P

0.5Range = 0.3 to 100.0FDUV1D

OFFRange = 1.0 to 350.0, OFFFDUV2P

5.0Range = 0.3 to 100.0FDUV2D

OFFRange = 1.0 to 350.0, OFFFDOV1P

0.5Range = 0.3 to 100.0FDOV1D

OFFRange = 1.0 to 350.0, OFFFDOV2P

<Filter is Empty>
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5.0Range = 0.3 to 100.0FDOV2D

NOT STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FDVTC

R_TRIG STARTING 
AND NOT 47T AND 
NOT SMTRIP AND 
NOT (FDUV1T OR 
FDUV2T)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STSEQEN

2.0Range = 1.0 to 10.0SYNSLIP

TRIP OR STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG UL41CL

3.0Range = 0.0 to 100.041DELAY

400.0Range = 0.5 to 2000.0FDCMIN

0.1Range = 0.1 to 99.041MNDLY

OFFRange = 1 to 25000, OFF37PTP

1Range = 1 to 24037PTD

OFFRange = 1 to 25000, OFF37PAP

1Range = 1 to 24037PAD

0Range = 0 to 500037DLY

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

<Filter is Empty>
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OFFRange = 0.25 to 10.00, OFF55I1SUP

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 55TC

0.30Range = 0.10 to 0.99POPFSP

1.0Range = 0.1 to 60.0PORSRTD

OFFSelect: OFF, PFSP, QSPMVEPFC

OFFRange = 0.50 to 1.00, OFFPFSPAN

LEADSelect: LEAD, LAGPFLDLG

32Range = 1 to 32PFQSP

90.1Range = 0.0 to 1801.3PFLTH

18.0Range = 0.0 to 1801.3PFSTH

1.0Range = 0.0 to 3.0FVLDO

0.5Range = 0.0 to 3.0FVSDO

100Range = 0 to 100PFCOVL

SRUNNINGValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PFCNTRL

OFFRange = 15.00 to 70.00, OFF81D1TP

1.0Range = 0.0 to 240.081D1TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D1TC

OFFRange = 15.00 to 70.00, OFF81D2TP

1.0Range = 0.0 to 240.081D2TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D2TC

OFFRange = 15.00 to 70.00, OFF81D3TP

<Filter is Empty>
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1.0Range = 0.0 to 240.081D3TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D3TC

OFFRange = 15.00 to 70.00, OFF81D4TP

1.0Range = 0.0 to 240.081D4TD

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81D4TC

OFFSelect: OFF, CURRENT, POWER, TCULOAD

OFFRange = 0.20 to 2.00, OFFLOADUPP

OFFRange = 0.20 to 2.00, OFFLOADLOWP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKPROT

NSelect: Y, NBLK46

NSelect: Y, NBLK48

NSelect: Y, NBLK50EF

NSelect: Y, NBLK50P

NSelect: Y, NBLK37

NSelect: Y, NBLK66

NSelect: Y, NBLK49RTD

0.5Range = 0.0 to 400.0TDURD

<Filter is Empty>
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49T OR LOSSTRIP 
OR JAMTRIP OR 
46UBT OR 50P1T 
OR 50G1T OR 
59P1T OR 47T OR 
SPDSTR OR 50N1T 
OR SMTRIP OR 
(27P1T AND NOT 
LOP) OR SV01T OR 
SV03T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

YSelect: Y, NTRIPONLO

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

NOT 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52B

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 41A

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG STREQ

STOPPED AND 
(THERMLO OR 
NOSLO OR TBSLO 
OR ABSLO)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BLKSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG EMRSTR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEED2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SPEEDSW

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG VFDBYPAS

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

10Range = 1 to 16FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

GSelect: R, G, ALEDENAC

RSelect: R, G, ALEDTRPC

2Select: 1, 2MAXACC

YSelect: Y, NT01LEDL

RSelect: R, G, AT01LEDC

49T OR AMBTRIP 
OR BRGTRIP OR 
OTHTRIP OR 
WDGTRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

RSelect: R, G, AT02LEDC

50P1T OR 50N1T 
OR 50G1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

RSelect: R, G, AT03LEDC

<Filter is Empty>
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46UBT OR 47TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

RSelect: R, G, AT04LEDC

LOSSTRIP OR 37PTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

RSelect: R, G, AT05LEDC

(NOT STOPPED 
AND 27P1T) OR 
59P1T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

YSelect: Y, NT06LEDL

RSelect: R, G, AT06LEDC

87M1T OR 87M2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1ALEDC

PB01Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB1BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2ALEDC

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

<Filter is Empty>
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB2BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3ALEDC

PB03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB3BLEDC

STARTING OR 
RUNNING

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4ALEDC

PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB4BLEDC

STOPPEDValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5ALEDC

FAILOPNValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB5BLEDC

FAILCLSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB5B_LED

<Filter is Empty>
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AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB6BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB6B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB7BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB7B_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8ALEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8A_LED

AOSelect: AG, AO, AR, GA, GO, GR, OA, OG, OR, 
RA, RG, ROPB8BLEDC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB8B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "I MOTOR {6} 
A"DP03

<Filter is Empty>
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TCUSTR, "Stator 
TCU {3} %"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

DP21

DP22

DP23

DP24

DP25

DP26

<Filter is Empty>
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DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21
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Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24
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Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28
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Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31
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Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

STARTING OR 50S 
OR 50G1P OR 
50N1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

AUTO_SETSelect: AUTO_SET, MANUAL_SET, NEBBD

10Range = 1 to 180BBDTD

0.3Range = 0.0 to 1.0BBDLB

3.0Range = 2.0 to 10.0BBDUB

-35Range = -80 to -1BBDTH1

-39Range = -80 to -1BBDTH2

-44Range = -80 to -1BBDTH3

-49Range = -80 to -1BBDTH4

<Filter is Empty>
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15Range = 1 to 80MAR_AVG

0.50Range = 0.10 to 3.00FNOM_TH

0.35Range = 0.01 to 10.00F0_TH

0.10Range = 0.01 to 1.00I0_TH

0.50Range = 0.20 to 2.00I_TH

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS4

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

<Filter is Empty>
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0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.05 to 10.00, OFF50NAFP

101_3Select: 101_3, 301_4AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 3.0 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 3.0 to 80.0TOL4P

NSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.10 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.10 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.10 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMOT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

IRIG1Select: IRIG1, IRIG2TIME_SRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P1

NOT 89A2P1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P1

5.00Range = 0.00 to 300.0089A2P1D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P2

NOT 89A2P2Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P2

5.00Range = 0.00 to 300.0089A2P2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P3

NOT 89A2P3Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P3

5.00Range = 0.00 to 300.0089A2P3D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P4

NOT 89A2P4Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P4
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5.00Range = 0.00 to 300.0089A2P4D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89A2P5

NOT 89A2P5Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 89B2P5

5.00Range = 0.00 to 300.0089A2P5D

NSelect: Y, NEN_LRC

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOCAL

Group : L1

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU
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0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L4

NRange = 1 to 32, NELAT

3Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
REMTRIP OR 37PT 
OR VART OR 
PTCTRIP OR 81D1T 
OR 81D2T OR 
81D3T OR 81D4T 
OR 50Q1T OR 
87M1T OR 87M2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

0.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

40Z1T OR 40Z2T 
OR FDUC1T OR 
FDOC1T OR 
FDUV1T OR 
FDOV1T OR 
FDRES1T OR SV01T
OR OOST OR 55T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.00Range = 0.00 to 3000.00SV05PU

0.00Range = 0.00 to 3000.00SV05DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16
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0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29
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0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

STARTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

YSelect: Y, NOUT103FS

TRIP OR PB04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302
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NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

<Filter is Empty>



4
8

S
0

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Analog ElementsMOD_001

IB_MAGRange = Maximum of 1 Analog ElementsMOD_002

IC_MAGRange = Maximum of 1 Analog ElementsMOD_003

IN_MAGRange = Maximum of 1 Analog ElementsMOD_004

IG_MAGRange = Maximum of 1 Analog ElementsMOD_005

IAVRange = Maximum of 1 Analog ElementsMOD_006

MLOADRange = Maximum of 1 Analog ElementsMOD_007

3I2Range = Maximum of 1 Analog ElementsMOD_008

UBIRange = Maximum of 1 Analog ElementsMOD_009

VAVERange = Maximum of 1 Analog ElementsMOD_010

3V2Range = Maximum of 1 Analog ElementsMOD_011

UBVRange = Maximum of 1 Analog ElementsMOD_012

PRange = Maximum of 1 Analog ElementsMOD_013

QRange = Maximum of 1 Analog ElementsMOD_014

<Filter is Empty>
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SRange = Maximum of 1 Analog ElementsMOD_015

PFRange = Maximum of 1 Analog ElementsMOD_016

FREQRange = Maximum of 1 Analog ElementsMOD_017

MWH3PHRange = Maximum of 1 Analog ElementsMOD_018

MWH3PLRange = Maximum of 1 Analog ElementsMOD_019

MVRH3PIHRange = Maximum of 1 Analog ElementsMOD_020

MVRH3PILRange = Maximum of 1 Analog ElementsMOD_021

MVRH3POHRange = Maximum of 1 Analog ElementsMOD_022

MVRH3POLRange = Maximum of 1 Analog ElementsMOD_023

MVAH3PHRange = Maximum of 1 Analog ElementsMOD_024

MVAH3PLRange = Maximum of 1 Analog ElementsMOD_025

RTDWDGMXRange = Maximum of 1 Analog ElementsMOD_026

RTDBRGMXRange = Maximum of 1 Analog ElementsMOD_027

RTDAMBRange = Maximum of 1 Analog ElementsMOD_028

RTDOTHMXRange = Maximum of 1 Analog ElementsMOD_029

TCURTDRange = Maximum of 1 Analog ElementsMOD_030

TCUSTRRange = Maximum of 1 Analog ElementsMOD_031

TCURTRRange = Maximum of 1 Analog ElementsMOD_032

THRMTPRange = Maximum of 1 Analog ElementsMOD_033

TRSTRange = Maximum of 1 Analog ElementsMOD_034

STRTAVRange = Maximum of 1 Analog ElementsMOD_035

IARMSRange = Maximum of 1 Analog ElementsMOD_036

IBRMSRange = Maximum of 1 Analog ElementsMOD_037

ICRMSRange = Maximum of 1 Analog ElementsMOD_038

<Filter is Empty>
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INRMSRange = Maximum of 1 Analog ElementsMOD_039

IAMXRange = Maximum of 1 Analog ElementsMOD_040

IAMNRange = Maximum of 1 Analog ElementsMOD_041

IBMXRange = Maximum of 1 Analog ElementsMOD_042

IBMNRange = Maximum of 1 Analog ElementsMOD_043

ICMXRange = Maximum of 1 Analog ElementsMOD_044

ICMNRange = Maximum of 1 Analog ElementsMOD_045

INMXRange = Maximum of 1 Analog ElementsMOD_046

INMNRange = Maximum of 1 Analog ElementsMOD_047

IGMXRange = Maximum of 1 Analog ElementsMOD_048

IGMNRange = Maximum of 1 Analog ElementsMOD_049

KW3PMXRange = Maximum of 1 Analog ElementsMOD_050

KW3PMNRange = Maximum of 1 Analog ElementsMOD_051

KVAR3PMXRange = Maximum of 1 Analog ElementsMOD_052

KVAR3PMNRange = Maximum of 1 Analog ElementsMOD_053

KVA3PMXRange = Maximum of 1 Analog ElementsMOD_054

KVA3PMNRange = Maximum of 1 Analog ElementsMOD_055

FREQMXRange = Maximum of 1 Analog ElementsMOD_056

FREQMNRange = Maximum of 1 Analog ElementsMOD_057

TIMERUNRange = Maximum of 1 Analog ElementsMOD_058

NUMSTRTRange = Maximum of 1 Analog ElementsMOD_059

NUMEMRSTRange = Maximum of 1 Analog ElementsMOD_060

TRIP_LORange = Maximum of 1 Analog ElementsMOD_061

TRIP_HIRange = Maximum of 1 Analog ElementsMOD_062

<Filter is Empty>
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WARN_LORange = Maximum of 1 Analog ElementsMOD_063

WARN_HIRange = Maximum of 1 Analog ElementsMOD_064

NARange = Maximum of 1 Analog ElementsMOD_065

NARange = Maximum of 1 Analog ElementsMOD_066

NARange = Maximum of 1 Analog ElementsMOD_067

NARange = Maximum of 1 Analog ElementsMOD_068

NARange = Maximum of 1 Analog ElementsMOD_069

NARange = Maximum of 1 Analog ElementsMOD_070

NARange = Maximum of 1 Analog ElementsMOD_071

NARange = Maximum of 1 Analog ElementsMOD_072

NARange = Maximum of 1 Analog ElementsMOD_073

NARange = Maximum of 1 Analog ElementsMOD_074

NARange = Maximum of 1 Analog ElementsMOD_075

NARange = Maximum of 1 Analog ElementsMOD_076

NARange = Maximum of 1 Analog ElementsMOD_077

NARange = Maximum of 1 Analog ElementsMOD_078

NARange = Maximum of 1 Analog ElementsMOD_079

NARange = Maximum of 1 Analog ElementsMOD_080

NARange = Maximum of 1 Analog ElementsMOD_081

NARange = Maximum of 1 Analog ElementsMOD_082

NARange = Maximum of 1 Analog ElementsMOD_083

NARange = Maximum of 1 Analog ElementsMOD_084

NARange = Maximum of 1 Analog ElementsMOD_085

NARange = Maximum of 1 Analog ElementsMOD_086

<Filter is Empty>
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NARange = Maximum of 1 Analog ElementsMOD_087

NARange = Maximum of 1 Analog ElementsMOD_088

NARange = Maximum of 1 Analog ElementsMOD_089

NARange = Maximum of 1 Analog ElementsMOD_090

NARange = Maximum of 1 Analog ElementsMOD_091

NARange = Maximum of 1 Analog ElementsMOD_092

NARange = Maximum of 1 Analog ElementsMOD_093

NARange = Maximum of 1 Analog ElementsMOD_094

NARange = Maximum of 1 Analog ElementsMOD_095

NARange = Maximum of 1 Analog ElementsMOD_096

NARange = Maximum of 1 Analog ElementsMOD_097

NARange = Maximum of 1 Analog ElementsMOD_098

NARange = Maximum of 1 Analog ElementsMOD_099

NARange = Maximum of 1 Analog ElementsMOD_100

NARange = Maximum of 1 Analog ElementsMOD_101

NARange = Maximum of 1 Analog ElementsMOD_102

NARange = Maximum of 1 Analog ElementsMOD_103

NARange = Maximum of 1 Analog ElementsMOD_104

NARange = Maximum of 1 Analog ElementsMOD_105

NARange = Maximum of 1 Analog ElementsMOD_106

NARange = Maximum of 1 Analog ElementsMOD_107

NARange = Maximum of 1 Analog ElementsMOD_108

NARange = Maximum of 1 Analog ElementsMOD_109

NARange = Maximum of 1 Analog ElementsMOD_110

<Filter is Empty>
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NARange = Maximum of 1 Analog ElementsMOD_111

NARange = Maximum of 1 Analog ElementsMOD_112

NARange = Maximum of 1 Analog ElementsMOD_113

NARange = Maximum of 1 Analog ElementsMOD_114

NARange = Maximum of 1 Analog ElementsMOD_115

NARange = Maximum of 1 Analog ElementsMOD_116

NARange = Maximum of 1 Analog ElementsMOD_117

NARange = Maximum of 1 Analog ElementsMOD_118

NARange = Maximum of 1 Analog ElementsMOD_119

NARange = Maximum of 1 Analog ElementsMOD_120

NARange = Maximum of 1 Analog ElementsMOD_121

NARange = Maximum of 1 Analog ElementsMOD_122

NARange = Maximum of 1 Analog ElementsMOD_123

NARange = Maximum of 1 Analog ElementsMOD_124

NARange = Maximum of 1 Analog ElementsMOD_125

Group : P1

YSelect: Y, NEPORT

192.168.1.2Range = ASCII string with a maximum length of 
15.IPADDR

255.255.255.0Range = ASCII string with a maximum length of 
15.SUBNETM

192.168.1.1Range = ASCII string with a maximum length of 
15.DEFRTR

YSelect: Y, NETCPKA

10Range = 1 to 20KAIDLE

<Filter is Empty>
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1Range = 1 to 20KAINTV

6Range = 1 to 20KACNT

AUTOSelect: AUTO, 10, 100NETASPD

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NFASTOP

YSelect: Y, NETELNET

2Select: 1, 2, CMAXACC

23Range = 1025 to 65534, 23TPORT

15Range = 1 to 30TIDLE

TERMINAL SERVERRange = ASCII string with a maximum length of 
254.TCBAN

YSelect: Y, NEFTPSERV

2Select: 1, 2, CFTPACC

FTPUSERRange = ASCII string with a maximum length of 
20.FTPUSER

FTP ServerRange = ASCII string with a maximum length of 
254.FTPCBAN

NSelect: Y, NE61850

NSelect: Y, NEGSE

NSelect: Y, NEMMSFS

0Select: 0-2EMOD

0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP1

502Range = 1 to 65534MODNUM1

15Range = 15 to 900MTIMEO1

<Filter is Empty>
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0.0.0.0Range = ASCII string with a maximum length of 
15.MODIP2

502Range = 1 to 65534MODNUM2

15Range = 15 to 900MTIMEO2

OFFSelect: OFF, UNICAST, MANYCAST, BROADCASTESNTP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPPSIP

192.168.1.1Range = ASCII string with a maximum length of 
15.SNTPBSIP

123Range = 1 to 65534SNTPPORT

60Range = 15 to 3600SNTPRATE

5Range = 5 to 20SNTPTO

Group : P2

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

<Filter is Empty>
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0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

<Filter is Empty>
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1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

<Filter is Empty>
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2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : P3

YSelect: Y, NEPORT

SELSelect: SEL, MOD, MBA, MBB, MB8A, MB8B, 
MBTA, MBTBPROTO

2Select: 1, 2, CMAXACC

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

<Filter is Empty>
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ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Select: 1-4TXID

1Select: 1-4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = 8 chars: (0s, 1s, Xs)RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4PU

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8PU

<Filter is Empty>
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1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

<Filter is Empty>
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60Range = 1 to 5000UTIMEO1

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

1Range = 0 to 254103ADDR

30Range = 1 to 3600103CYC

30Range = 1 to 3600, OFF103ACYC

NARange = Maximum of 1 Digital Elements103ATRI

NSelect: Y, N103TIME

Group : PF

YSelect: Y, NEPORT

SELSelect: SEL, MODPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

<Filter is Empty>
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5Range = 0 to 30T_OUT

NSelect: Y, NRTSCTS

ENGLISHSelect: ENGLISH, SPANISHLANG

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

IN101,IN102,PB01,P
B02,PB03,PB04,ABS
LO,TBSLO,NOSLO,T
HERMLO

Valid range = 0, NA or a list of relay elements.SER1

49T,49T_STR,49T_
RTR,LOSSTRIP,JAM
TRIP,46UBT,50P1T,
RTDT,PTCTRIP,50G
1T,VART,37PT,27P1
T,59P1T,47T,55T,SP
DSTR,50N1T,SMTRI
P,81D1T,81D2T,OT
HTRIP,87M1T,87M2
T

Valid range = 0, NA or a list of relay elements.SER2

AMBTRIP,PTCFLT,R
TDFLT,COMMIDLE,
COMMLOSS,REMTRI
P,RSTTRGT,49A,LO
SSALRM,JAMALRM,4
6UBA,RTDA,55A,50
N2T,50G2T,VARA,3
7PA,27P2T,59P2T,5
0P2T,50Q1T,50Q2T

Valid range = 0, NA or a list of relay elements.SER3

<Filter is Empty>
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SPDSAL,81D3T,81D
4T,OTHALRM,AMBA
LRM,SALARM,WARN
ING,LOADUP,LOADL
OW,50P2T,STOPPE
D,RUNNING,STARTI
NG,STAR,DELTA,ST
ART,SPEED2

Valid range = 0, NA or a list of relay elements.SER4

15Range = 1 to 20, NEALIAS

STARTING 
MOTOR_STARTING 
BEGINS ENDS

Range = 2 ElementsALIAS1

RUNNING 
MOTOR_RUNNING 
BEGINS ENDS

Range = 2 ElementsALIAS2

STOPPED 
MOTOR_STOPPED 
BEGINS ENDS

Range = 2 ElementsALIAS3

JAMTRIP 
LOAD_JAM_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS4

LOSSTRIP 
LOAD_LOSS_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS5

LOSSALRM 
LOAD_LOSS_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS6

46UBA 
UNBALNC_I_ALARM
PICKUP DROPOUT

Range = 2 ElementsALIAS7

<Filter is Empty>
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46UBT 
UNBALNC_I_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS8

49A 
THERMAL_ALARM 
PICKUP DROPOUT

Range = 2 ElementsALIAS9

49T THERMAL_TRIP
PICKUP DROPOUTRange = 2 ElementsALIAS10

47T 
PHS_REVRSL_TRIP 
PICKUP DROPOUT

Range = 2 ElementsALIAS11

PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS12

PB02 FP_AUX2 
PICKUP DROPOUTRange = 2 ElementsALIAS13

PB03 FP_START 
PICKUP DROPOUTRange = 2 ElementsALIAS14

PB04 FP_STOP 
PICKUP DROPOUTRange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>
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R_TRIG LOSSALRM 
OR R_TRIG 46UBA 
OR R_TRIG 49A OR 
R_TRIG 37PA OR 
R_TRIG 55A OR 
R_TRIG VARA

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64, 180LER

5Range = 1 to 10PRE

5Select: 0.25, 0.5, 1, 2, 5, 20MSRR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MSRTRG

FMR1Range = ASCII string with a maximum length of 
9.FMR1NAM

NAValid range = 0, NA or a list of relay elements.FMR1

FMR2Range = ASCII string with a maximum length of 
9.FMR2NAM

NAValid range = 0, NA or a list of relay elements.FMR2

FMR3Range = ASCII string with a maximum length of 
9.FMR3NAM

NAValid range = 0, NA or a list of relay elements.FMR3

FMR4Range = ASCII string with a maximum length of 
9.FMR4NAM

NAValid range = 0, NA or a list of relay elements.FMR4

ISelect: I, F, LRA01TYPE

ISelect: I, F, LRA02TYPE

ISelect: I, F, LRA03TYPE

ISelect: I, F, LRA04TYPE

<Filter is Empty>
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ISelect: I, F, LRA05TYPE

ISelect: I, F, LRA06TYPE

ISelect: I, F, LRA07TYPE

ISelect: I, F, LRA08TYPE

ISelect: I, F, LRA09TYPE

ISelect: I, F, LRA10TYPE

ISelect: I, F, LRA11TYPE

ISelect: I, F, LRA12TYPE

ISelect: I, F, LRA13TYPE

ISelect: I, F, LRA14TYPE

ISelect: I, F, LRA15TYPE

ISelect: I, F, LRA16TYPE

ISelect: I, F, LRA17TYPE

ISelect: I, F, LRA18TYPE

ISelect: I, F, LRA19TYPE

ISelect: I, F, LRA20TYPE

ISelect: I, F, LRA21TYPE

ISelect: I, F, LRA22TYPE

ISelect: I, F, LRA23TYPE

ISelect: I, F, LRA24TYPE

ISelect: I, F, LRA25TYPE

ISelect: I, F, LRA26TYPE

ISelect: I, F, LRA27TYPE

ISelect: I, F, LRA28TYPE

<Filter is Empty>
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ISelect: I, F, LRA29TYPE

ISelect: I, F, LRA30TYPE

ISelect: I, F, LRA31TYPE

ISelect: I, F, LRA32TYPE

NAValid range = 0, NA or a list of relay elements.LDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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Group : 1

86-2 tie 560-86Range = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

160Range = 1 to 5000CTR

160Range = 1 to 5000CTRN

35.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 440.00VNOM

WYESelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

30.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

OFFRange = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

OFFRange = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

OFFRange = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

0.65Range = 0.50 to 100.00, OFF50G1P

0.30Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

OFFRange = 0.50 to 16.00, OFF51AP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

<Filter is Empty>
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3.00Range = 0.50 to 16.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

5.20Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

OFFRange = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

<Filter is Empty>
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5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VASelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VA, VB, VCSYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

<Filter is Empty>
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+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

<Filter is Empty>
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1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

<Filter is Empty>
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0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
REMTRIP OR SV01 
OR OC OR SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN101Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

<Filter is Empty>
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TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 2

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

<Filter is Empty>
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120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

<Filter is Empty>
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25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

<Filter is Empty>
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OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 3

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

<Filter is Empty>
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52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

5Range = 1 to 8FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

YSelect: Y, NT01LEDL

ORED50TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

51AT OR 51BT OR 
51CT OR 51P1T OR 
51P2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

<Filter is Empty>
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51N1T OR 51G1T 
OR 51N2T OR 
51G2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

51QTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

NSelect: Y, NT06LEDL

(BFT OR T06_LED) 
AND NOT TRGTR

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

79RSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

NOT LT02 OR SV02 
AND NOT SV02T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

NOT LT02 AND NOT
52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

LT02 OR SV02 AND 
NOT SV02T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

52A OR SV03 AND 
NOT SV03T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

<Filter is Empty>
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NOT 52A OR SV04 
AND NOT SV04T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "IAV CURR {5}
A"DP03

IG_MAG, "GND 
CURR {5} A"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

<Filter is Empty>
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DP21

DP22

DP23

DP24

DP25

DP26

DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

50G1P OR 50N1P 
OR 51P1P OR 51QP 
OR 50Q1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

NRange = 1 to 32, NEMP

<Filter is Empty>
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OFFRange = Maximum of 1 Digital ElementsMPTR01

NONERange = Maximum of 1 Analog ElementsMPAQ01

Range = ASCII string with a maximum length of 
148.MPTX01

OFFRange = Maximum of 1 Digital ElementsMPTR02

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ02

Range = ASCII string with a maximum length of 
148.MPTX02

OFFRange = Maximum of 1 Digital ElementsMPTR03

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ03

Range = ASCII string with a maximum length of 
148.MPTX03

OFFRange = Maximum of 1 Digital ElementsMPTR04

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ04

Range = ASCII string with a maximum length of 
148.MPTX04

OFFRange = Maximum of 1 Digital ElementsMPTR05

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ05

Range = ASCII string with a maximum length of 
148.MPTX05

OFFRange = Maximum of 1 Digital ElementsMPTR06

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX06

OFFRange = Maximum of 1 Digital ElementsMPTR07

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ07

Range = ASCII string with a maximum length of 
148.MPTX07

OFFRange = Maximum of 1 Digital ElementsMPTR08

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ08

Range = ASCII string with a maximum length of 
148.MPTX08

OFFRange = Maximum of 1 Digital ElementsMPTR09

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ09

Range = ASCII string with a maximum length of 
148.MPTX09

OFFRange = Maximum of 1 Digital ElementsMPTR10

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ10

Range = ASCII string with a maximum length of 
148.MPTX10

OFFRange = Maximum of 1 Digital ElementsMPTR11

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ11

Range = ASCII string with a maximum length of 
148.MPTX11

OFFRange = Maximum of 1 Digital ElementsMPTR12

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ12

Range = ASCII string with a maximum length of 
148.MPTX12

OFFRange = Maximum of 1 Digital ElementsMPTR13

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ13

Range = ASCII string with a maximum length of 
148.MPTX13

OFFRange = Maximum of 1 Digital ElementsMPTR14

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ14

Range = ASCII string with a maximum length of 
148.MPTX14

OFFRange = Maximum of 1 Digital ElementsMPTR15

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ15

Range = ASCII string with a maximum length of 
148.MPTX15

OFFRange = Maximum of 1 Digital ElementsMPTR16

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ16

Range = ASCII string with a maximum length of 
148.MPTX16

OFFRange = Maximum of 1 Digital ElementsMPTR17

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX17

OFFRange = Maximum of 1 Digital ElementsMPTR18

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ18

Range = ASCII string with a maximum length of 
148.MPTX18

OFFRange = Maximum of 1 Digital ElementsMPTR19

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ19

Range = ASCII string with a maximum length of 
148.MPTX19

OFFRange = Maximum of 1 Digital ElementsMPTR20

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ20

Range = ASCII string with a maximum length of 
148.MPTX20

OFFRange = Maximum of 1 Digital ElementsMPTR21

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ21

Range = ASCII string with a maximum length of 
148.MPTX21

OFFRange = Maximum of 1 Digital ElementsMPTR22

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ22

Range = ASCII string with a maximum length of 
148.MPTX22

OFFRange = Maximum of 1 Digital ElementsMPTR23

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ23

Range = ASCII string with a maximum length of 
148.MPTX23

OFFRange = Maximum of 1 Digital ElementsMPTR24

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ24

Range = ASCII string with a maximum length of 
148.MPTX24

OFFRange = Maximum of 1 Digital ElementsMPTR25

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ25

Range = ASCII string with a maximum length of 
148.MPTX25

OFFRange = Maximum of 1 Digital ElementsMPTR26

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ26

Range = ASCII string with a maximum length of 
148.MPTX26

OFFRange = Maximum of 1 Digital ElementsMPTR27

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ27

Range = ASCII string with a maximum length of 
148.MPTX27

OFFRange = Maximum of 1 Digital ElementsMPTR28

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX28

OFFRange = Maximum of 1 Digital ElementsMPTR29

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ29

Range = ASCII string with a maximum length of 
148.MPTX29

OFFRange = Maximum of 1 Digital ElementsMPTR30

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ30

Range = ASCII string with a maximum length of 
148.MPTX30

OFFRange = Maximum of 1 Digital ElementsMPTR31

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ31

Range = ASCII string with a maximum length of 
148.MPTX31

OFFRange = Maximum of 1 Digital ElementsMPTR32

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ32

Range = ASCII string with a maximum length of 
148.MPTX32

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

NSelect: Y, NEPMU

10Select: 1, 2, 5, 10MRATE

0Select: 0-4NUMANA

0Select: 0, 1NUMDSW

SEL-751A FEEDER1Range = ASCII string with a maximum length of 
16.PMSTN

1Range = 1 to 65534PMID

V1Select: V1, ALL, NAPHDATAV

0.00Range = -179.99 to 180.00VCOMP

I1Select: I1, ALL, NAPHDATAI

0.00Range = -179.99 to 180.00ICOMP

TRIP OR ERValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA1

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA2

59P1T OR 59P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA3

27P1T OR 27P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA4

TREA1 OR TREA2 
OR TREA3 OR 
TREA4

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PMTRIG

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

<Filter is Empty>
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OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.50 to 100.00, OFF50NAFP

101_2Select: 101_2, 301_2, 401_2AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 0.6 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 0.6 to 80.0TOL4P

10Range = 0 to 65000, ACIN101D

<Filter is Empty>
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10Range = 0 to 65000, ACIN102D

10Range = 0 to 65000, ACIN301D

10Range = 0 to 65000, ACIN302D

10Range = 0 to 65000, ACIN303D

10Range = 0 to 65000, ACIN304D

10Range = 0 to 65000, ACIN401D

10Range = 0 to 65000, ACIN402D

10Range = 0 to 65000, ACIN403D

10Range = 0 to 65000, ACIN404D

YSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.00 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.00 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.00 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTPKDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

NONESelect: NONE, R_S, ALLBLKMBSET

Group : L1

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

<Filter is Empty>
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(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

<Filter is Empty>
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0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

<Filter is Empty>
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0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31
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0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

NSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03
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(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO
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(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11
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0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24
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0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02
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R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU
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0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22
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0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Digital ElementsMOD_001

IB_MAGRange = Maximum of 1 Digital ElementsMOD_002

IC_MAGRange = Maximum of 1 Digital ElementsMOD_003

<Filter is Empty>
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IN_MAGRange = Maximum of 1 Digital ElementsMOD_004

IG_MAGRange = Maximum of 1 Digital ElementsMOD_005

IAVRange = Maximum of 1 Digital ElementsMOD_006

3I2Range = Maximum of 1 Digital ElementsMOD_007

UBIRange = Maximum of 1 Digital ElementsMOD_008

VAVERange = Maximum of 1 Digital ElementsMOD_009

3V2Range = Maximum of 1 Digital ElementsMOD_010

UBVRange = Maximum of 1 Digital ElementsMOD_011

PRange = Maximum of 1 Digital ElementsMOD_012

QRange = Maximum of 1 Digital ElementsMOD_013

SRange = Maximum of 1 Digital ElementsMOD_014

PFRange = Maximum of 1 Digital ElementsMOD_015

FREQRange = Maximum of 1 Digital ElementsMOD_016

MWH3PHRange = Maximum of 1 Digital ElementsMOD_017

MWH3PLRange = Maximum of 1 Digital ElementsMOD_018

MWH3PIHRange = Maximum of 1 Digital ElementsMOD_019

MWH3PILRange = Maximum of 1 Digital ElementsMOD_020

MVRH3PIHRange = Maximum of 1 Digital ElementsMOD_021

MVRH3PILRange = Maximum of 1 Digital ElementsMOD_022

MVRH3POHRange = Maximum of 1 Digital ElementsMOD_023

MVRH3POLRange = Maximum of 1 Digital ElementsMOD_024

MVAH3PHRange = Maximum of 1 Digital ElementsMOD_025

MVAH3PLRange = Maximum of 1 Digital ElementsMOD_026

RTDWDGMXRange = Maximum of 1 Digital ElementsMOD_027

<Filter is Empty>
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RTDBRGMXRange = Maximum of 1 Digital ElementsMOD_028

RTDAMBRange = Maximum of 1 Digital ElementsMOD_029

RTDOTHMXRange = Maximum of 1 Digital ElementsMOD_030

IARMSRange = Maximum of 1 Digital ElementsMOD_031

IBRMSRange = Maximum of 1 Digital ElementsMOD_032

ICRMSRange = Maximum of 1 Digital ElementsMOD_033

INRMSRange = Maximum of 1 Digital ElementsMOD_034

IAMXRange = Maximum of 1 Digital ElementsMOD_035

IAMNRange = Maximum of 1 Digital ElementsMOD_036

IBMXRange = Maximum of 1 Digital ElementsMOD_037

IBMNRange = Maximum of 1 Digital ElementsMOD_038

ICMXRange = Maximum of 1 Digital ElementsMOD_039

ICMNRange = Maximum of 1 Digital ElementsMOD_040

INMXRange = Maximum of 1 Digital ElementsMOD_041

INMNRange = Maximum of 1 Digital ElementsMOD_042

IGMXRange = Maximum of 1 Digital ElementsMOD_043

IGMNRange = Maximum of 1 Digital ElementsMOD_044

KW3PMXRange = Maximum of 1 Digital ElementsMOD_045

KW3PMNRange = Maximum of 1 Digital ElementsMOD_046

KVAR3PMXRange = Maximum of 1 Digital ElementsMOD_047

KVAR3PMNRange = Maximum of 1 Digital ElementsMOD_048

KVA3PMXRange = Maximum of 1 Digital ElementsMOD_049

KVA3PMNRange = Maximum of 1 Digital ElementsMOD_050

FREQMXRange = Maximum of 1 Digital ElementsMOD_051

<Filter is Empty>
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FREQMNRange = Maximum of 1 Digital ElementsMOD_052

TRIP_LORange = Maximum of 1 Digital ElementsMOD_053

TRIP_HIRange = Maximum of 1 Digital ElementsMOD_054

WARN_LORange = Maximum of 1 Digital ElementsMOD_055

WARN_HIRange = Maximum of 1 Digital ElementsMOD_056

NARange = Maximum of 1 Digital ElementsMOD_057

NARange = Maximum of 1 Digital ElementsMOD_058

NARange = Maximum of 1 Digital ElementsMOD_059

NARange = Maximum of 1 Digital ElementsMOD_060

NARange = Maximum of 1 Digital ElementsMOD_061

NARange = Maximum of 1 Digital ElementsMOD_062

NARange = Maximum of 1 Digital ElementsMOD_063

NARange = Maximum of 1 Digital ElementsMOD_064

NARange = Maximum of 1 Digital ElementsMOD_065

NARange = Maximum of 1 Digital ElementsMOD_066

NARange = Maximum of 1 Digital ElementsMOD_067

NARange = Maximum of 1 Digital ElementsMOD_068

NARange = Maximum of 1 Digital ElementsMOD_069

NARange = Maximum of 1 Digital ElementsMOD_070

NARange = Maximum of 1 Digital ElementsMOD_071

NARange = Maximum of 1 Digital ElementsMOD_072

NARange = Maximum of 1 Digital ElementsMOD_073

NARange = Maximum of 1 Digital ElementsMOD_074

NARange = Maximum of 1 Digital ElementsMOD_075

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_076

NARange = Maximum of 1 Digital ElementsMOD_077

NARange = Maximum of 1 Digital ElementsMOD_078

NARange = Maximum of 1 Digital ElementsMOD_079

NARange = Maximum of 1 Digital ElementsMOD_080

NARange = Maximum of 1 Digital ElementsMOD_081

NARange = Maximum of 1 Digital ElementsMOD_082

NARange = Maximum of 1 Digital ElementsMOD_083

NARange = Maximum of 1 Digital ElementsMOD_084

NARange = Maximum of 1 Digital ElementsMOD_085

NARange = Maximum of 1 Digital ElementsMOD_086

NARange = Maximum of 1 Digital ElementsMOD_087

NARange = Maximum of 1 Digital ElementsMOD_088

NARange = Maximum of 1 Digital ElementsMOD_089

NARange = Maximum of 1 Digital ElementsMOD_090

NARange = Maximum of 1 Digital ElementsMOD_091

NARange = Maximum of 1 Digital ElementsMOD_092

NARange = Maximum of 1 Digital ElementsMOD_093

NARange = Maximum of 1 Digital ElementsMOD_094

NARange = Maximum of 1 Digital ElementsMOD_095

NARange = Maximum of 1 Digital ElementsMOD_096

NARange = Maximum of 1 Digital ElementsMOD_097

NARange = Maximum of 1 Digital ElementsMOD_098

NARange = Maximum of 1 Digital ElementsMOD_099

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_100

NARange = Maximum of 1 Digital ElementsMOD_101

NARange = Maximum of 1 Digital ElementsMOD_102

NARange = Maximum of 1 Digital ElementsMOD_103

NARange = Maximum of 1 Digital ElementsMOD_104

NARange = Maximum of 1 Digital ElementsMOD_105

NARange = Maximum of 1 Digital ElementsMOD_106

NARange = Maximum of 1 Digital ElementsMOD_107

NARange = Maximum of 1 Digital ElementsMOD_108

NARange = Maximum of 1 Digital ElementsMOD_109

NARange = Maximum of 1 Digital ElementsMOD_110

NARange = Maximum of 1 Digital ElementsMOD_111

NARange = Maximum of 1 Digital ElementsMOD_112

NARange = Maximum of 1 Digital ElementsMOD_113

NARange = Maximum of 1 Digital ElementsMOD_114

NARange = Maximum of 1 Digital ElementsMOD_115

NARange = Maximum of 1 Digital ElementsMOD_116

NARange = Maximum of 1 Digital ElementsMOD_117

NARange = Maximum of 1 Digital ElementsMOD_118

NARange = Maximum of 1 Digital ElementsMOD_119

NARange = Maximum of 1 Digital ElementsMOD_120

NARange = Maximum of 1 Digital ElementsMOD_121

NARange = Maximum of 1 Digital ElementsMOD_122

NARange = Maximum of 1 Digital ElementsMOD_123

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_124

NARange = Maximum of 1 Digital ElementsMOD_125

Group : P3

SELSelect: SEL, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTBPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Range = 1 to 4TXID

1Range = 1 to 4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = ASCII string with a maximum length of 
8.RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB4PU

<Filter is Empty>
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1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

<Filter is Empty>
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100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

<Filter is Empty>
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60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

Group : PF

SELSelect: SEL, MOD, EVMSG, PMUPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

NSelect: Y, NESERDEL

5Range = 2 to 20SRDLCNT

1.0Range = 0.1 to 90.0SRDLTIM

IN101 IN102 51P1T
51G1T 50P1P 
50N1T 51N1T PB01 
PB02 PB03 PB04

Range = Maximum of 24 Digital ElementsSER1

CLOSE 52A CCRange = Maximum of 24 Digital ElementsSER2

81D1T 81D2TRange = Maximum of 24 Digital ElementsSER3

SALARMRange = Maximum of 24 Digital ElementsSER4

4Range = 1 to 20, NEALIAS

<Filter is Empty>
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PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS1

PB02 FP_LOCK 
PICKUP DROPOUTRange = 2 ElementsALIAS2

PB03 FP_CLOSE 
PICKUP DROPOUTRange = 2 ElementsALIAS3

PB04 FP_TRIP 
PICKUP DROPOUTRange = 2 ElementsALIAS4

NARange = 2 ElementsALIAS5

NARange = 2 ElementsALIAS6

NARange = 2 ElementsALIAS7

NARange = 2 ElementsALIAS8

NARange = 2 ElementsALIAS9

NARange = 2 ElementsALIAS10

NARange = 2 ElementsALIAS11

NARange = 2 ElementsALIAS12

NARange = 2 ElementsALIAS13

NARange = 2 ElementsALIAS14

NARange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>
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R_TRIG 51P1P OR 
R_TRIG 51G1P OR 
R_TRIG 50P1P OR 
R_TRIG 50G1P OR 
R_TRIG 51N1P OR 
R_TRIG CF

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64LER

5Range = 1 to 10PRE

NARange = Maximum of 17 Analog ElementsLDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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Group : 1

86-2 feeder 7017Range = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

160Range = 1 to 5000CTR

160Range = 1 to 5000CTRN

35.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 440.00VNOM

WYESelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

20.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

OFFRange = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

OFFRange = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

OFFRange = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

0.50Range = 0.50 to 100.00, OFF50G1P

0.10Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

OFFRange = 0.50 to 16.00, OFF51AP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

<Filter is Empty>
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2.00Range = 0.50 to 16.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

5.90Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

1.26Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

OFFRange = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

<Filter is Empty>
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5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VASelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VA, VB, VCSYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

<Filter is Empty>
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+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

<Filter is Empty>
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1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

<Filter is Empty>
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0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
REMTRIP OR SV01 
OR OC OR SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN101Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

<Filter is Empty>
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TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 2

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

<Filter is Empty>
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120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

<Filter is Empty>
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6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

<Filter is Empty>
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25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

<Filter is Empty>
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OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 3

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

<Filter is Empty>
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52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

5Range = 1 to 8FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

YSelect: Y, NT01LEDL

ORED50TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

51AT OR 51BT OR 
51CT OR 51P1T OR 
51P2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

<Filter is Empty>
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51N1T OR 51G1T 
OR 51N2T OR 
51G2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

51QTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

NSelect: Y, NT06LEDL

(BFT OR T06_LED) 
AND NOT TRGTR

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

79RSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

NOT LT02 OR SV02 
AND NOT SV02T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

NOT LT02 AND NOT
52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

LT02 OR SV02 AND 
NOT SV02T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

52A OR SV03 AND 
NOT SV03T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

<Filter is Empty>
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NOT 52A OR SV04 
AND NOT SV04T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "IAV CURR {5}
A"DP03

IG_MAG, "GND 
CURR {5} A"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

<Filter is Empty>
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DP21

DP22

DP23

DP24

DP25

DP26

DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

50G1P OR 50N1P 
OR 51P1P OR 51QP 
OR 50Q1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

NRange = 1 to 32, NEMP

<Filter is Empty>
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OFFRange = Maximum of 1 Digital ElementsMPTR01

NONERange = Maximum of 1 Analog ElementsMPAQ01

Range = ASCII string with a maximum length of 
148.MPTX01

OFFRange = Maximum of 1 Digital ElementsMPTR02

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ02

Range = ASCII string with a maximum length of 
148.MPTX02

OFFRange = Maximum of 1 Digital ElementsMPTR03

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ03

Range = ASCII string with a maximum length of 
148.MPTX03

OFFRange = Maximum of 1 Digital ElementsMPTR04

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ04

Range = ASCII string with a maximum length of 
148.MPTX04

OFFRange = Maximum of 1 Digital ElementsMPTR05

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ05

Range = ASCII string with a maximum length of 
148.MPTX05

OFFRange = Maximum of 1 Digital ElementsMPTR06

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX06

OFFRange = Maximum of 1 Digital ElementsMPTR07

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ07

Range = ASCII string with a maximum length of 
148.MPTX07

OFFRange = Maximum of 1 Digital ElementsMPTR08

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ08

Range = ASCII string with a maximum length of 
148.MPTX08

OFFRange = Maximum of 1 Digital ElementsMPTR09

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ09

Range = ASCII string with a maximum length of 
148.MPTX09

OFFRange = Maximum of 1 Digital ElementsMPTR10

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ10

Range = ASCII string with a maximum length of 
148.MPTX10

OFFRange = Maximum of 1 Digital ElementsMPTR11

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ11

Range = ASCII string with a maximum length of 
148.MPTX11

OFFRange = Maximum of 1 Digital ElementsMPTR12

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ12

Range = ASCII string with a maximum length of 
148.MPTX12

OFFRange = Maximum of 1 Digital ElementsMPTR13

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ13

Range = ASCII string with a maximum length of 
148.MPTX13

OFFRange = Maximum of 1 Digital ElementsMPTR14

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ14

Range = ASCII string with a maximum length of 
148.MPTX14

OFFRange = Maximum of 1 Digital ElementsMPTR15

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ15

Range = ASCII string with a maximum length of 
148.MPTX15

OFFRange = Maximum of 1 Digital ElementsMPTR16

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ16

Range = ASCII string with a maximum length of 
148.MPTX16

OFFRange = Maximum of 1 Digital ElementsMPTR17

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX17

OFFRange = Maximum of 1 Digital ElementsMPTR18

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ18

Range = ASCII string with a maximum length of 
148.MPTX18

OFFRange = Maximum of 1 Digital ElementsMPTR19

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ19

Range = ASCII string with a maximum length of 
148.MPTX19

OFFRange = Maximum of 1 Digital ElementsMPTR20

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ20

Range = ASCII string with a maximum length of 
148.MPTX20

OFFRange = Maximum of 1 Digital ElementsMPTR21

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ21

Range = ASCII string with a maximum length of 
148.MPTX21

OFFRange = Maximum of 1 Digital ElementsMPTR22

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ22

Range = ASCII string with a maximum length of 
148.MPTX22

OFFRange = Maximum of 1 Digital ElementsMPTR23

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ23

Range = ASCII string with a maximum length of 
148.MPTX23

OFFRange = Maximum of 1 Digital ElementsMPTR24

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ24

Range = ASCII string with a maximum length of 
148.MPTX24

OFFRange = Maximum of 1 Digital ElementsMPTR25

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ25

Range = ASCII string with a maximum length of 
148.MPTX25

OFFRange = Maximum of 1 Digital ElementsMPTR26

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ26

Range = ASCII string with a maximum length of 
148.MPTX26

OFFRange = Maximum of 1 Digital ElementsMPTR27

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ27

Range = ASCII string with a maximum length of 
148.MPTX27

OFFRange = Maximum of 1 Digital ElementsMPTR28

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX28

OFFRange = Maximum of 1 Digital ElementsMPTR29

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ29

Range = ASCII string with a maximum length of 
148.MPTX29

OFFRange = Maximum of 1 Digital ElementsMPTR30

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ30

Range = ASCII string with a maximum length of 
148.MPTX30

OFFRange = Maximum of 1 Digital ElementsMPTR31

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ31

Range = ASCII string with a maximum length of 
148.MPTX31

OFFRange = Maximum of 1 Digital ElementsMPTR32

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ32

Range = ASCII string with a maximum length of 
148.MPTX32

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

NSelect: Y, NEPMU

10Select: 1, 2, 5, 10MRATE

0Select: 0-4NUMANA

0Select: 0, 1NUMDSW

SEL-751A FEEDER1Range = ASCII string with a maximum length of 
16.PMSTN

1Range = 1 to 65534PMID

V1Select: V1, ALL, NAPHDATAV

0.00Range = -179.99 to 180.00VCOMP

I1Select: I1, ALL, NAPHDATAI

0.00Range = -179.99 to 180.00ICOMP

TRIP OR ERValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA1

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA2

59P1T OR 59P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA3

27P1T OR 27P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA4

TREA1 OR TREA2 
OR TREA3 OR 
TREA4

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PMTRIG

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

<Filter is Empty>
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OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.50 to 100.00, OFF50NAFP

101_2Select: 101_2, 301_2, 401_2AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 0.6 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 0.6 to 80.0TOL4P

10Range = 0 to 65000, ACIN101D

<Filter is Empty>
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10Range = 0 to 65000, ACIN102D

10Range = 0 to 65000, ACIN301D

10Range = 0 to 65000, ACIN302D

10Range = 0 to 65000, ACIN303D

10Range = 0 to 65000, ACIN304D

10Range = 0 to 65000, ACIN401D

10Range = 0 to 65000, ACIN402D

10Range = 0 to 65000, ACIN403D

10Range = 0 to 65000, ACIN404D

YSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.00 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.00 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.00 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTPKDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

NONESelect: NONE, R_S, ALLBLKMBSET

Group : L1

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

<Filter is Empty>
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(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18
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0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31
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0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

NSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03
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(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO
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(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11
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0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24
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0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02
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R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU
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0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Digital ElementsMOD_001

IB_MAGRange = Maximum of 1 Digital ElementsMOD_002

IC_MAGRange = Maximum of 1 Digital ElementsMOD_003
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IN_MAGRange = Maximum of 1 Digital ElementsMOD_004

IG_MAGRange = Maximum of 1 Digital ElementsMOD_005

IAVRange = Maximum of 1 Digital ElementsMOD_006

3I2Range = Maximum of 1 Digital ElementsMOD_007

UBIRange = Maximum of 1 Digital ElementsMOD_008

VAVERange = Maximum of 1 Digital ElementsMOD_009

3V2Range = Maximum of 1 Digital ElementsMOD_010

UBVRange = Maximum of 1 Digital ElementsMOD_011

PRange = Maximum of 1 Digital ElementsMOD_012

QRange = Maximum of 1 Digital ElementsMOD_013

SRange = Maximum of 1 Digital ElementsMOD_014

PFRange = Maximum of 1 Digital ElementsMOD_015

FREQRange = Maximum of 1 Digital ElementsMOD_016

MWH3PHRange = Maximum of 1 Digital ElementsMOD_017

MWH3PLRange = Maximum of 1 Digital ElementsMOD_018

MWH3PIHRange = Maximum of 1 Digital ElementsMOD_019

MWH3PILRange = Maximum of 1 Digital ElementsMOD_020

MVRH3PIHRange = Maximum of 1 Digital ElementsMOD_021

MVRH3PILRange = Maximum of 1 Digital ElementsMOD_022

MVRH3POHRange = Maximum of 1 Digital ElementsMOD_023

MVRH3POLRange = Maximum of 1 Digital ElementsMOD_024

MVAH3PHRange = Maximum of 1 Digital ElementsMOD_025

MVAH3PLRange = Maximum of 1 Digital ElementsMOD_026

RTDWDGMXRange = Maximum of 1 Digital ElementsMOD_027
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RTDBRGMXRange = Maximum of 1 Digital ElementsMOD_028

RTDAMBRange = Maximum of 1 Digital ElementsMOD_029

RTDOTHMXRange = Maximum of 1 Digital ElementsMOD_030

IARMSRange = Maximum of 1 Digital ElementsMOD_031

IBRMSRange = Maximum of 1 Digital ElementsMOD_032

ICRMSRange = Maximum of 1 Digital ElementsMOD_033

INRMSRange = Maximum of 1 Digital ElementsMOD_034

IAMXRange = Maximum of 1 Digital ElementsMOD_035

IAMNRange = Maximum of 1 Digital ElementsMOD_036

IBMXRange = Maximum of 1 Digital ElementsMOD_037

IBMNRange = Maximum of 1 Digital ElementsMOD_038

ICMXRange = Maximum of 1 Digital ElementsMOD_039

ICMNRange = Maximum of 1 Digital ElementsMOD_040

INMXRange = Maximum of 1 Digital ElementsMOD_041

INMNRange = Maximum of 1 Digital ElementsMOD_042

IGMXRange = Maximum of 1 Digital ElementsMOD_043

IGMNRange = Maximum of 1 Digital ElementsMOD_044

KW3PMXRange = Maximum of 1 Digital ElementsMOD_045

KW3PMNRange = Maximum of 1 Digital ElementsMOD_046

KVAR3PMXRange = Maximum of 1 Digital ElementsMOD_047

KVAR3PMNRange = Maximum of 1 Digital ElementsMOD_048

KVA3PMXRange = Maximum of 1 Digital ElementsMOD_049

KVA3PMNRange = Maximum of 1 Digital ElementsMOD_050

FREQMXRange = Maximum of 1 Digital ElementsMOD_051

<Filter is Empty>
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FREQMNRange = Maximum of 1 Digital ElementsMOD_052

TRIP_LORange = Maximum of 1 Digital ElementsMOD_053

TRIP_HIRange = Maximum of 1 Digital ElementsMOD_054

WARN_LORange = Maximum of 1 Digital ElementsMOD_055

WARN_HIRange = Maximum of 1 Digital ElementsMOD_056

NARange = Maximum of 1 Digital ElementsMOD_057

NARange = Maximum of 1 Digital ElementsMOD_058

NARange = Maximum of 1 Digital ElementsMOD_059

NARange = Maximum of 1 Digital ElementsMOD_060

NARange = Maximum of 1 Digital ElementsMOD_061

NARange = Maximum of 1 Digital ElementsMOD_062

NARange = Maximum of 1 Digital ElementsMOD_063

NARange = Maximum of 1 Digital ElementsMOD_064

NARange = Maximum of 1 Digital ElementsMOD_065

NARange = Maximum of 1 Digital ElementsMOD_066

NARange = Maximum of 1 Digital ElementsMOD_067

NARange = Maximum of 1 Digital ElementsMOD_068

NARange = Maximum of 1 Digital ElementsMOD_069

NARange = Maximum of 1 Digital ElementsMOD_070

NARange = Maximum of 1 Digital ElementsMOD_071

NARange = Maximum of 1 Digital ElementsMOD_072

NARange = Maximum of 1 Digital ElementsMOD_073

NARange = Maximum of 1 Digital ElementsMOD_074

NARange = Maximum of 1 Digital ElementsMOD_075

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_076

NARange = Maximum of 1 Digital ElementsMOD_077

NARange = Maximum of 1 Digital ElementsMOD_078

NARange = Maximum of 1 Digital ElementsMOD_079

NARange = Maximum of 1 Digital ElementsMOD_080

NARange = Maximum of 1 Digital ElementsMOD_081

NARange = Maximum of 1 Digital ElementsMOD_082

NARange = Maximum of 1 Digital ElementsMOD_083

NARange = Maximum of 1 Digital ElementsMOD_084

NARange = Maximum of 1 Digital ElementsMOD_085

NARange = Maximum of 1 Digital ElementsMOD_086

NARange = Maximum of 1 Digital ElementsMOD_087

NARange = Maximum of 1 Digital ElementsMOD_088

NARange = Maximum of 1 Digital ElementsMOD_089

NARange = Maximum of 1 Digital ElementsMOD_090

NARange = Maximum of 1 Digital ElementsMOD_091

NARange = Maximum of 1 Digital ElementsMOD_092

NARange = Maximum of 1 Digital ElementsMOD_093

NARange = Maximum of 1 Digital ElementsMOD_094

NARange = Maximum of 1 Digital ElementsMOD_095

NARange = Maximum of 1 Digital ElementsMOD_096

NARange = Maximum of 1 Digital ElementsMOD_097

NARange = Maximum of 1 Digital ElementsMOD_098

NARange = Maximum of 1 Digital ElementsMOD_099

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_100

NARange = Maximum of 1 Digital ElementsMOD_101

NARange = Maximum of 1 Digital ElementsMOD_102

NARange = Maximum of 1 Digital ElementsMOD_103

NARange = Maximum of 1 Digital ElementsMOD_104

NARange = Maximum of 1 Digital ElementsMOD_105

NARange = Maximum of 1 Digital ElementsMOD_106

NARange = Maximum of 1 Digital ElementsMOD_107

NARange = Maximum of 1 Digital ElementsMOD_108

NARange = Maximum of 1 Digital ElementsMOD_109

NARange = Maximum of 1 Digital ElementsMOD_110

NARange = Maximum of 1 Digital ElementsMOD_111

NARange = Maximum of 1 Digital ElementsMOD_112

NARange = Maximum of 1 Digital ElementsMOD_113

NARange = Maximum of 1 Digital ElementsMOD_114

NARange = Maximum of 1 Digital ElementsMOD_115

NARange = Maximum of 1 Digital ElementsMOD_116

NARange = Maximum of 1 Digital ElementsMOD_117

NARange = Maximum of 1 Digital ElementsMOD_118

NARange = Maximum of 1 Digital ElementsMOD_119

NARange = Maximum of 1 Digital ElementsMOD_120

NARange = Maximum of 1 Digital ElementsMOD_121

NARange = Maximum of 1 Digital ElementsMOD_122

NARange = Maximum of 1 Digital ElementsMOD_123

<Filter is Empty>
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NARange = Maximum of 1 Digital ElementsMOD_124

NARange = Maximum of 1 Digital ElementsMOD_125

Group : P3

SELSelect: SEL, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTBPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Range = 1 to 4TXID

1Range = 1 to 4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = ASCII string with a maximum length of 
8.RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB4PU

<Filter is Empty>
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1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

<Filter is Empty>
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100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

<Filter is Empty>
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60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

Group : PF

SELSelect: SEL, MOD, EVMSG, PMUPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

NSelect: Y, NESERDEL

5Range = 2 to 20SRDLCNT

1.0Range = 0.1 to 90.0SRDLTIM

IN101 IN102 51P1T
51G1T 50P1P 
50N1T 51N1T PB01 
PB02 PB03 PB04

Range = Maximum of 24 Digital ElementsSER1

CLOSE 52A CCRange = Maximum of 24 Digital ElementsSER2

81D1T 81D2TRange = Maximum of 24 Digital ElementsSER3

SALARMRange = Maximum of 24 Digital ElementsSER4

4Range = 1 to 20, NEALIAS

<Filter is Empty>
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PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS1

PB02 FP_LOCK 
PICKUP DROPOUTRange = 2 ElementsALIAS2

PB03 FP_CLOSE 
PICKUP DROPOUTRange = 2 ElementsALIAS3

PB04 FP_TRIP 
PICKUP DROPOUTRange = 2 ElementsALIAS4

NARange = 2 ElementsALIAS5

NARange = 2 ElementsALIAS6

NARange = 2 ElementsALIAS7

NARange = 2 ElementsALIAS8

NARange = 2 ElementsALIAS9

NARange = 2 ElementsALIAS10

NARange = 2 ElementsALIAS11

NARange = 2 ElementsALIAS12

NARange = 2 ElementsALIAS13

NARange = 2 ElementsALIAS14

NARange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>
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R_TRIG 51P1P OR 
R_TRIG 51G1P OR 
R_TRIG 50P1P OR 
R_TRIG 50G1P OR 
R_TRIG 51N1P OR 
R_TRIG CF

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64LER

5Range = 1 to 10PRE

NARange = Maximum of 17 Analog ElementsLDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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ValueRangeSetting

Group : 1

86-2 feeder 7018Range = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

160Range = 1 to 5000CTR

160Range = 1 to 5000CTRN

35.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 440.00VNOM

WYESelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

OFFRange = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

OFFRange = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

OFFRange = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

0.50Range = 0.50 to 100.00, OFF50G1P

0.10Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

OFFRange = 0.50 to 16.00, OFF51AP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

<Filter is Empty>
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0.90Range = 0.50 to 16.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

11.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

OFFRange = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

1.26Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

OFFRange = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

<Filter is Empty>
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5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VASelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VA, VB, VCSYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

<Filter is Empty>
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+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

<Filter is Empty>
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1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

<Filter is Empty>
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0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
REMTRIP OR SV01 
OR OC OR SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN101Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

<Filter is Empty>
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TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 2

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

<Filter is Empty>
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6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

<Filter is Empty>
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25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

<Filter is Empty>
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OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 3

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

<Filter is Empty>
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52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

5Range = 1 to 8FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

YSelect: Y, NT01LEDL

ORED50TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

51AT OR 51BT OR 
51CT OR 51P1T OR 
51P2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

<Filter is Empty>
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51N1T OR 51G1T 
OR 51N2T OR 
51G2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

51QTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

NSelect: Y, NT06LEDL

(BFT OR T06_LED) 
AND NOT TRGTR

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

79RSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

NOT LT02 OR SV02 
AND NOT SV02T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

NOT LT02 AND NOT
52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

LT02 OR SV02 AND 
NOT SV02T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

52A OR SV03 AND 
NOT SV03T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

<Filter is Empty>
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NOT 52A OR SV04 
AND NOT SV04T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "IAV CURR {5}
A"DP03

IG_MAG, "GND 
CURR {5} A"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

<Filter is Empty>
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DP21

DP22

DP23

DP24

DP25

DP26

DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

50G1P OR 50N1P 
OR 51P1P OR 51QP 
OR 50Q1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

NRange = 1 to 32, NEMP

<Filter is Empty>
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OFFRange = Maximum of 1 Digital ElementsMPTR01

NONERange = Maximum of 1 Analog ElementsMPAQ01

Range = ASCII string with a maximum length of 
148.MPTX01

OFFRange = Maximum of 1 Digital ElementsMPTR02

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ02

Range = ASCII string with a maximum length of 
148.MPTX02

OFFRange = Maximum of 1 Digital ElementsMPTR03

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ03

Range = ASCII string with a maximum length of 
148.MPTX03

OFFRange = Maximum of 1 Digital ElementsMPTR04

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ04

Range = ASCII string with a maximum length of 
148.MPTX04

OFFRange = Maximum of 1 Digital ElementsMPTR05

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ05

Range = ASCII string with a maximum length of 
148.MPTX05

OFFRange = Maximum of 1 Digital ElementsMPTR06

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX06

OFFRange = Maximum of 1 Digital ElementsMPTR07

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ07

Range = ASCII string with a maximum length of 
148.MPTX07

OFFRange = Maximum of 1 Digital ElementsMPTR08

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ08

Range = ASCII string with a maximum length of 
148.MPTX08

OFFRange = Maximum of 1 Digital ElementsMPTR09

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ09

Range = ASCII string with a maximum length of 
148.MPTX09

OFFRange = Maximum of 1 Digital ElementsMPTR10

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ10

Range = ASCII string with a maximum length of 
148.MPTX10

OFFRange = Maximum of 1 Digital ElementsMPTR11

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ11

Range = ASCII string with a maximum length of 
148.MPTX11

OFFRange = Maximum of 1 Digital ElementsMPTR12

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ12

Range = ASCII string with a maximum length of 
148.MPTX12

OFFRange = Maximum of 1 Digital ElementsMPTR13

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ13

Range = ASCII string with a maximum length of 
148.MPTX13

OFFRange = Maximum of 1 Digital ElementsMPTR14

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ14

Range = ASCII string with a maximum length of 
148.MPTX14

OFFRange = Maximum of 1 Digital ElementsMPTR15

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ15

Range = ASCII string with a maximum length of 
148.MPTX15

OFFRange = Maximum of 1 Digital ElementsMPTR16

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ16

Range = ASCII string with a maximum length of 
148.MPTX16

OFFRange = Maximum of 1 Digital ElementsMPTR17

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX17

OFFRange = Maximum of 1 Digital ElementsMPTR18

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ18

Range = ASCII string with a maximum length of 
148.MPTX18

OFFRange = Maximum of 1 Digital ElementsMPTR19

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ19

Range = ASCII string with a maximum length of 
148.MPTX19

OFFRange = Maximum of 1 Digital ElementsMPTR20

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ20

Range = ASCII string with a maximum length of 
148.MPTX20

OFFRange = Maximum of 1 Digital ElementsMPTR21

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ21

Range = ASCII string with a maximum length of 
148.MPTX21

OFFRange = Maximum of 1 Digital ElementsMPTR22

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ22

Range = ASCII string with a maximum length of 
148.MPTX22

OFFRange = Maximum of 1 Digital ElementsMPTR23

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ23

Range = ASCII string with a maximum length of 
148.MPTX23

OFFRange = Maximum of 1 Digital ElementsMPTR24

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ24

Range = ASCII string with a maximum length of 
148.MPTX24

OFFRange = Maximum of 1 Digital ElementsMPTR25

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ25

Range = ASCII string with a maximum length of 
148.MPTX25

OFFRange = Maximum of 1 Digital ElementsMPTR26

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ26

Range = ASCII string with a maximum length of 
148.MPTX26

OFFRange = Maximum of 1 Digital ElementsMPTR27

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ27

Range = ASCII string with a maximum length of 
148.MPTX27

OFFRange = Maximum of 1 Digital ElementsMPTR28

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX28

OFFRange = Maximum of 1 Digital ElementsMPTR29

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ29

Range = ASCII string with a maximum length of 
148.MPTX29

OFFRange = Maximum of 1 Digital ElementsMPTR30

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ30

Range = ASCII string with a maximum length of 
148.MPTX30

OFFRange = Maximum of 1 Digital ElementsMPTR31

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ31

Range = ASCII string with a maximum length of 
148.MPTX31

OFFRange = Maximum of 1 Digital ElementsMPTR32

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ32

Range = ASCII string with a maximum length of 
148.MPTX32

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

NSelect: Y, NEPMU

10Select: 1, 2, 5, 10MRATE

0Select: 0-4NUMANA

0Select: 0, 1NUMDSW

SEL-751A FEEDER1Range = ASCII string with a maximum length of 
16.PMSTN

1Range = 1 to 65534PMID

V1Select: V1, ALL, NAPHDATAV

0.00Range = -179.99 to 180.00VCOMP

I1Select: I1, ALL, NAPHDATAI

0.00Range = -179.99 to 180.00ICOMP

TRIP OR ERValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA1

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA2

59P1T OR 59P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA3

27P1T OR 27P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA4

TREA1 OR TREA2 
OR TREA3 OR 
TREA4

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PMTRIG

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.50 to 100.00, OFF50NAFP

101_2Select: 101_2, 301_2, 401_2AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 0.6 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 0.6 to 80.0TOL4P

10Range = 0 to 65000, ACIN101D
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10Range = 0 to 65000, ACIN102D

10Range = 0 to 65000, ACIN301D

10Range = 0 to 65000, ACIN302D

10Range = 0 to 65000, ACIN303D

10Range = 0 to 65000, ACIN304D

10Range = 0 to 65000, ACIN401D

10Range = 0 to 65000, ACIN402D

10Range = 0 to 65000, ACIN403D

10Range = 0 to 65000, ACIN404D

YSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.00 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.00 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.00 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTPKDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

NONESelect: NONE, R_S, ALLBLKMBSET

Group : L1

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04
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(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU
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4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18
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0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31
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0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

NSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03
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(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO
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(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11
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0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24
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0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02
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R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU
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0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22
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0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Digital ElementsMOD_001

IB_MAGRange = Maximum of 1 Digital ElementsMOD_002

IC_MAGRange = Maximum of 1 Digital ElementsMOD_003
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IN_MAGRange = Maximum of 1 Digital ElementsMOD_004

IG_MAGRange = Maximum of 1 Digital ElementsMOD_005

IAVRange = Maximum of 1 Digital ElementsMOD_006

3I2Range = Maximum of 1 Digital ElementsMOD_007

UBIRange = Maximum of 1 Digital ElementsMOD_008

VAVERange = Maximum of 1 Digital ElementsMOD_009

3V2Range = Maximum of 1 Digital ElementsMOD_010

UBVRange = Maximum of 1 Digital ElementsMOD_011

PRange = Maximum of 1 Digital ElementsMOD_012

QRange = Maximum of 1 Digital ElementsMOD_013

SRange = Maximum of 1 Digital ElementsMOD_014

PFRange = Maximum of 1 Digital ElementsMOD_015

FREQRange = Maximum of 1 Digital ElementsMOD_016

MWH3PHRange = Maximum of 1 Digital ElementsMOD_017

MWH3PLRange = Maximum of 1 Digital ElementsMOD_018

MWH3PIHRange = Maximum of 1 Digital ElementsMOD_019

MWH3PILRange = Maximum of 1 Digital ElementsMOD_020

MVRH3PIHRange = Maximum of 1 Digital ElementsMOD_021

MVRH3PILRange = Maximum of 1 Digital ElementsMOD_022

MVRH3POHRange = Maximum of 1 Digital ElementsMOD_023

MVRH3POLRange = Maximum of 1 Digital ElementsMOD_024

MVAH3PHRange = Maximum of 1 Digital ElementsMOD_025

MVAH3PLRange = Maximum of 1 Digital ElementsMOD_026

RTDWDGMXRange = Maximum of 1 Digital ElementsMOD_027
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RTDBRGMXRange = Maximum of 1 Digital ElementsMOD_028

RTDAMBRange = Maximum of 1 Digital ElementsMOD_029

RTDOTHMXRange = Maximum of 1 Digital ElementsMOD_030

IARMSRange = Maximum of 1 Digital ElementsMOD_031

IBRMSRange = Maximum of 1 Digital ElementsMOD_032

ICRMSRange = Maximum of 1 Digital ElementsMOD_033

INRMSRange = Maximum of 1 Digital ElementsMOD_034

IAMXRange = Maximum of 1 Digital ElementsMOD_035

IAMNRange = Maximum of 1 Digital ElementsMOD_036

IBMXRange = Maximum of 1 Digital ElementsMOD_037

IBMNRange = Maximum of 1 Digital ElementsMOD_038

ICMXRange = Maximum of 1 Digital ElementsMOD_039

ICMNRange = Maximum of 1 Digital ElementsMOD_040

INMXRange = Maximum of 1 Digital ElementsMOD_041

INMNRange = Maximum of 1 Digital ElementsMOD_042

IGMXRange = Maximum of 1 Digital ElementsMOD_043

IGMNRange = Maximum of 1 Digital ElementsMOD_044

KW3PMXRange = Maximum of 1 Digital ElementsMOD_045

KW3PMNRange = Maximum of 1 Digital ElementsMOD_046

KVAR3PMXRange = Maximum of 1 Digital ElementsMOD_047

KVAR3PMNRange = Maximum of 1 Digital ElementsMOD_048

KVA3PMXRange = Maximum of 1 Digital ElementsMOD_049

KVA3PMNRange = Maximum of 1 Digital ElementsMOD_050

FREQMXRange = Maximum of 1 Digital ElementsMOD_051
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FREQMNRange = Maximum of 1 Digital ElementsMOD_052

TRIP_LORange = Maximum of 1 Digital ElementsMOD_053

TRIP_HIRange = Maximum of 1 Digital ElementsMOD_054

WARN_LORange = Maximum of 1 Digital ElementsMOD_055

WARN_HIRange = Maximum of 1 Digital ElementsMOD_056

NARange = Maximum of 1 Digital ElementsMOD_057

NARange = Maximum of 1 Digital ElementsMOD_058

NARange = Maximum of 1 Digital ElementsMOD_059

NARange = Maximum of 1 Digital ElementsMOD_060

NARange = Maximum of 1 Digital ElementsMOD_061

NARange = Maximum of 1 Digital ElementsMOD_062

NARange = Maximum of 1 Digital ElementsMOD_063

NARange = Maximum of 1 Digital ElementsMOD_064

NARange = Maximum of 1 Digital ElementsMOD_065

NARange = Maximum of 1 Digital ElementsMOD_066

NARange = Maximum of 1 Digital ElementsMOD_067

NARange = Maximum of 1 Digital ElementsMOD_068

NARange = Maximum of 1 Digital ElementsMOD_069

NARange = Maximum of 1 Digital ElementsMOD_070

NARange = Maximum of 1 Digital ElementsMOD_071

NARange = Maximum of 1 Digital ElementsMOD_072

NARange = Maximum of 1 Digital ElementsMOD_073

NARange = Maximum of 1 Digital ElementsMOD_074

NARange = Maximum of 1 Digital ElementsMOD_075
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NARange = Maximum of 1 Digital ElementsMOD_076

NARange = Maximum of 1 Digital ElementsMOD_077

NARange = Maximum of 1 Digital ElementsMOD_078

NARange = Maximum of 1 Digital ElementsMOD_079

NARange = Maximum of 1 Digital ElementsMOD_080

NARange = Maximum of 1 Digital ElementsMOD_081

NARange = Maximum of 1 Digital ElementsMOD_082

NARange = Maximum of 1 Digital ElementsMOD_083

NARange = Maximum of 1 Digital ElementsMOD_084

NARange = Maximum of 1 Digital ElementsMOD_085

NARange = Maximum of 1 Digital ElementsMOD_086

NARange = Maximum of 1 Digital ElementsMOD_087

NARange = Maximum of 1 Digital ElementsMOD_088

NARange = Maximum of 1 Digital ElementsMOD_089

NARange = Maximum of 1 Digital ElementsMOD_090

NARange = Maximum of 1 Digital ElementsMOD_091

NARange = Maximum of 1 Digital ElementsMOD_092

NARange = Maximum of 1 Digital ElementsMOD_093

NARange = Maximum of 1 Digital ElementsMOD_094

NARange = Maximum of 1 Digital ElementsMOD_095

NARange = Maximum of 1 Digital ElementsMOD_096

NARange = Maximum of 1 Digital ElementsMOD_097

NARange = Maximum of 1 Digital ElementsMOD_098

NARange = Maximum of 1 Digital ElementsMOD_099
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NARange = Maximum of 1 Digital ElementsMOD_100

NARange = Maximum of 1 Digital ElementsMOD_101

NARange = Maximum of 1 Digital ElementsMOD_102

NARange = Maximum of 1 Digital ElementsMOD_103

NARange = Maximum of 1 Digital ElementsMOD_104

NARange = Maximum of 1 Digital ElementsMOD_105

NARange = Maximum of 1 Digital ElementsMOD_106

NARange = Maximum of 1 Digital ElementsMOD_107

NARange = Maximum of 1 Digital ElementsMOD_108

NARange = Maximum of 1 Digital ElementsMOD_109

NARange = Maximum of 1 Digital ElementsMOD_110

NARange = Maximum of 1 Digital ElementsMOD_111

NARange = Maximum of 1 Digital ElementsMOD_112

NARange = Maximum of 1 Digital ElementsMOD_113

NARange = Maximum of 1 Digital ElementsMOD_114

NARange = Maximum of 1 Digital ElementsMOD_115

NARange = Maximum of 1 Digital ElementsMOD_116

NARange = Maximum of 1 Digital ElementsMOD_117

NARange = Maximum of 1 Digital ElementsMOD_118

NARange = Maximum of 1 Digital ElementsMOD_119

NARange = Maximum of 1 Digital ElementsMOD_120

NARange = Maximum of 1 Digital ElementsMOD_121

NARange = Maximum of 1 Digital ElementsMOD_122

NARange = Maximum of 1 Digital ElementsMOD_123
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NARange = Maximum of 1 Digital ElementsMOD_124

NARange = Maximum of 1 Digital ElementsMOD_125

Group : P3

SELSelect: SEL, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTBPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Range = 1 to 4TXID

1Range = 1 to 4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = ASCII string with a maximum length of 
8.RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB4PU
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1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1
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100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

<Filter is Empty>
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60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

Group : PF

SELSelect: SEL, MOD, EVMSG, PMUPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

NSelect: Y, NESERDEL

5Range = 2 to 20SRDLCNT

1.0Range = 0.1 to 90.0SRDLTIM

IN101 IN102 51P1T
51G1T 50P1P 
50N1T 51N1T PB01 
PB02 PB03 PB04

Range = Maximum of 24 Digital ElementsSER1

CLOSE 52A CCRange = Maximum of 24 Digital ElementsSER2

81D1T 81D2TRange = Maximum of 24 Digital ElementsSER3

SALARMRange = Maximum of 24 Digital ElementsSER4

4Range = 1 to 20, NEALIAS

<Filter is Empty>
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PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS1

PB02 FP_LOCK 
PICKUP DROPOUTRange = 2 ElementsALIAS2

PB03 FP_CLOSE 
PICKUP DROPOUTRange = 2 ElementsALIAS3

PB04 FP_TRIP 
PICKUP DROPOUTRange = 2 ElementsALIAS4

NARange = 2 ElementsALIAS5

NARange = 2 ElementsALIAS6

NARange = 2 ElementsALIAS7

NARange = 2 ElementsALIAS8

NARange = 2 ElementsALIAS9

NARange = 2 ElementsALIAS10

NARange = 2 ElementsALIAS11

NARange = 2 ElementsALIAS12

NARange = 2 ElementsALIAS13

NARange = 2 ElementsALIAS14

NARange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

R_TRIG 51P1P OR 
R_TRIG 51G1P OR 
R_TRIG 50P1P OR 
R_TRIG 50G1P OR 
R_TRIG 51N1P OR 
R_TRIG CF

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64LER

5Range = 1 to 10PRE

NARange = Maximum of 17 Analog ElementsLDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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SEL-751A Settings Report

ValueRangeSetting

Group : 1

86-1 7019-86Range = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

160Range = 1 to 5000CTR

160Range = 1 to 5000CTRN

35.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 440.00VNOM

WYESelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

30.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

OFFRange = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

OFFRange = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

OFFRange = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

0.65Range = 0.50 to 100.00, OFF50G1P

0.30Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

OFFRange = 0.50 to 16.00, OFF51AP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

<Filter is Empty>
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3.00Range = 0.50 to 16.00, OFF51P1P

U4Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

5.20Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

0.50Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

1.26Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

OFFRange = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

OFFRange = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

<Filter is Empty>
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5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VASelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VA, VB, VCSYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

<Filter is Empty>
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1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

<Filter is Empty>
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0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
REMTRIP OR SV01 
OR OC OR SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN101Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

<Filter is Empty>
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TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 2

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

<Filter is Empty>
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120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

<Filter is Empty>
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6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

<Filter is Empty>
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25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

<Filter is Empty>
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OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 3

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

<Filter is Empty>
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52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

5Range = 1 to 8FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

YSelect: Y, NT01LEDL

ORED50TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

51AT OR 51BT OR 
51CT OR 51P1T OR 
51P2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

<Filter is Empty>
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51N1T OR 51G1T 
OR 51N2T OR 
51G2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

51QTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

NSelect: Y, NT06LEDL

(BFT OR T06_LED) 
AND NOT TRGTR

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

79RSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

NOT LT02 OR SV02 
AND NOT SV02T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

NOT LT02 AND NOT
52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

LT02 OR SV02 AND 
NOT SV02T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

52A OR SV03 AND 
NOT SV03T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

<Filter is Empty>
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NOT 52A OR SV04 
AND NOT SV04T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "IAV CURR {5}
A"DP03

IG_MAG, "GND 
CURR {5} A"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

<Filter is Empty>
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DP21

DP22

DP23

DP24

DP25

DP26

DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

50G1P OR 50N1P 
OR 51P1P OR 51QP 
OR 50Q1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

NRange = 1 to 32, NEMP

<Filter is Empty>
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OFFRange = Maximum of 1 Digital ElementsMPTR01

NONERange = Maximum of 1 Analog ElementsMPAQ01

Range = ASCII string with a maximum length of 
148.MPTX01

OFFRange = Maximum of 1 Digital ElementsMPTR02

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ02

Range = ASCII string with a maximum length of 
148.MPTX02

OFFRange = Maximum of 1 Digital ElementsMPTR03

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ03

Range = ASCII string with a maximum length of 
148.MPTX03

OFFRange = Maximum of 1 Digital ElementsMPTR04

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ04

Range = ASCII string with a maximum length of 
148.MPTX04

OFFRange = Maximum of 1 Digital ElementsMPTR05

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ05

Range = ASCII string with a maximum length of 
148.MPTX05

OFFRange = Maximum of 1 Digital ElementsMPTR06

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX06

OFFRange = Maximum of 1 Digital ElementsMPTR07

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ07

Range = ASCII string with a maximum length of 
148.MPTX07

OFFRange = Maximum of 1 Digital ElementsMPTR08

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ08

Range = ASCII string with a maximum length of 
148.MPTX08

OFFRange = Maximum of 1 Digital ElementsMPTR09

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ09

Range = ASCII string with a maximum length of 
148.MPTX09

OFFRange = Maximum of 1 Digital ElementsMPTR10

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ10

Range = ASCII string with a maximum length of 
148.MPTX10

OFFRange = Maximum of 1 Digital ElementsMPTR11

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ11

Range = ASCII string with a maximum length of 
148.MPTX11

OFFRange = Maximum of 1 Digital ElementsMPTR12

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ12

Range = ASCII string with a maximum length of 
148.MPTX12

OFFRange = Maximum of 1 Digital ElementsMPTR13

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ13

Range = ASCII string with a maximum length of 
148.MPTX13

OFFRange = Maximum of 1 Digital ElementsMPTR14

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ14

Range = ASCII string with a maximum length of 
148.MPTX14

OFFRange = Maximum of 1 Digital ElementsMPTR15

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ15

Range = ASCII string with a maximum length of 
148.MPTX15

OFFRange = Maximum of 1 Digital ElementsMPTR16

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ16

Range = ASCII string with a maximum length of 
148.MPTX16

OFFRange = Maximum of 1 Digital ElementsMPTR17

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ17

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

Range = ASCII string with a maximum length of 
148.MPTX17

OFFRange = Maximum of 1 Digital ElementsMPTR18

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ18

Range = ASCII string with a maximum length of 
148.MPTX18

OFFRange = Maximum of 1 Digital ElementsMPTR19

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ19

Range = ASCII string with a maximum length of 
148.MPTX19

OFFRange = Maximum of 1 Digital ElementsMPTR20

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ20

Range = ASCII string with a maximum length of 
148.MPTX20

OFFRange = Maximum of 1 Digital ElementsMPTR21

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ21

Range = ASCII string with a maximum length of 
148.MPTX21

OFFRange = Maximum of 1 Digital ElementsMPTR22

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ22

Range = ASCII string with a maximum length of 
148.MPTX22

OFFRange = Maximum of 1 Digital ElementsMPTR23

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ23

Range = ASCII string with a maximum length of 
148.MPTX23

OFFRange = Maximum of 1 Digital ElementsMPTR24

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ24

Range = ASCII string with a maximum length of 
148.MPTX24

OFFRange = Maximum of 1 Digital ElementsMPTR25

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ25

Range = ASCII string with a maximum length of 
148.MPTX25

OFFRange = Maximum of 1 Digital ElementsMPTR26

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ26

Range = ASCII string with a maximum length of 
148.MPTX26

OFFRange = Maximum of 1 Digital ElementsMPTR27

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ27

Range = ASCII string with a maximum length of 
148.MPTX27

OFFRange = Maximum of 1 Digital ElementsMPTR28

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX28

OFFRange = Maximum of 1 Digital ElementsMPTR29

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ29

Range = ASCII string with a maximum length of 
148.MPTX29

OFFRange = Maximum of 1 Digital ElementsMPTR30

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ30

Range = ASCII string with a maximum length of 
148.MPTX30

OFFRange = Maximum of 1 Digital ElementsMPTR31

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ31

Range = ASCII string with a maximum length of 
148.MPTX31

OFFRange = Maximum of 1 Digital ElementsMPTR32

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ32

Range = ASCII string with a maximum length of 
148.MPTX32

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

NSelect: Y, NEPMU

10Select: 1, 2, 5, 10MRATE

0Select: 0-4NUMANA

0Select: 0, 1NUMDSW

SEL-751A FEEDER1Range = ASCII string with a maximum length of 
16.PMSTN

1Range = 1 to 65534PMID

V1Select: V1, ALL, NAPHDATAV

0.00Range = -179.99 to 180.00VCOMP

I1Select: I1, ALL, NAPHDATAI

0.00Range = -179.99 to 180.00ICOMP

TRIP OR ERValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA1

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA2

59P1T OR 59P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA3

27P1T OR 27P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA4

TREA1 OR TREA2 
OR TREA3 OR 
TREA4

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PMTRIG

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

<Filter is Empty>
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OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.50 to 100.00, OFF50NAFP

101_2Select: 101_2, 301_2, 401_2AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 0.6 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 0.6 to 80.0TOL4P

10Range = 0 to 65000, ACIN101D

<Filter is Empty>
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10Range = 0 to 65000, ACIN102D

10Range = 0 to 65000, ACIN301D

10Range = 0 to 65000, ACIN302D

10Range = 0 to 65000, ACIN303D

10Range = 0 to 65000, ACIN304D

10Range = 0 to 65000, ACIN401D

10Range = 0 to 65000, ACIN402D

10Range = 0 to 65000, ACIN403D

10Range = 0 to 65000, ACIN404D

YSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.00 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.00 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.00 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTPKDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

NONESelect: NONE, R_S, ALLBLKMBSET

Group : L1

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

<Filter is Empty>
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(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU
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0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18
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0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31
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0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

NSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03
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(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO
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(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11
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0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24
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0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02
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R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU
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0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22
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0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Digital ElementsMOD_001

IB_MAGRange = Maximum of 1 Digital ElementsMOD_002

IC_MAGRange = Maximum of 1 Digital ElementsMOD_003

<Filter is Empty>
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IN_MAGRange = Maximum of 1 Digital ElementsMOD_004

IG_MAGRange = Maximum of 1 Digital ElementsMOD_005

IAVRange = Maximum of 1 Digital ElementsMOD_006

3I2Range = Maximum of 1 Digital ElementsMOD_007

UBIRange = Maximum of 1 Digital ElementsMOD_008

VAVERange = Maximum of 1 Digital ElementsMOD_009

3V2Range = Maximum of 1 Digital ElementsMOD_010

UBVRange = Maximum of 1 Digital ElementsMOD_011

PRange = Maximum of 1 Digital ElementsMOD_012

QRange = Maximum of 1 Digital ElementsMOD_013

SRange = Maximum of 1 Digital ElementsMOD_014

PFRange = Maximum of 1 Digital ElementsMOD_015

FREQRange = Maximum of 1 Digital ElementsMOD_016

MWH3PHRange = Maximum of 1 Digital ElementsMOD_017

MWH3PLRange = Maximum of 1 Digital ElementsMOD_018

MWH3PIHRange = Maximum of 1 Digital ElementsMOD_019

MWH3PILRange = Maximum of 1 Digital ElementsMOD_020

MVRH3PIHRange = Maximum of 1 Digital ElementsMOD_021

MVRH3PILRange = Maximum of 1 Digital ElementsMOD_022

MVRH3POHRange = Maximum of 1 Digital ElementsMOD_023

MVRH3POLRange = Maximum of 1 Digital ElementsMOD_024

MVAH3PHRange = Maximum of 1 Digital ElementsMOD_025

MVAH3PLRange = Maximum of 1 Digital ElementsMOD_026

RTDWDGMXRange = Maximum of 1 Digital ElementsMOD_027
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RTDBRGMXRange = Maximum of 1 Digital ElementsMOD_028

RTDAMBRange = Maximum of 1 Digital ElementsMOD_029

RTDOTHMXRange = Maximum of 1 Digital ElementsMOD_030

IARMSRange = Maximum of 1 Digital ElementsMOD_031

IBRMSRange = Maximum of 1 Digital ElementsMOD_032

ICRMSRange = Maximum of 1 Digital ElementsMOD_033

INRMSRange = Maximum of 1 Digital ElementsMOD_034

IAMXRange = Maximum of 1 Digital ElementsMOD_035

IAMNRange = Maximum of 1 Digital ElementsMOD_036

IBMXRange = Maximum of 1 Digital ElementsMOD_037

IBMNRange = Maximum of 1 Digital ElementsMOD_038

ICMXRange = Maximum of 1 Digital ElementsMOD_039

ICMNRange = Maximum of 1 Digital ElementsMOD_040

INMXRange = Maximum of 1 Digital ElementsMOD_041

INMNRange = Maximum of 1 Digital ElementsMOD_042

IGMXRange = Maximum of 1 Digital ElementsMOD_043

IGMNRange = Maximum of 1 Digital ElementsMOD_044

KW3PMXRange = Maximum of 1 Digital ElementsMOD_045

KW3PMNRange = Maximum of 1 Digital ElementsMOD_046

KVAR3PMXRange = Maximum of 1 Digital ElementsMOD_047

KVAR3PMNRange = Maximum of 1 Digital ElementsMOD_048

KVA3PMXRange = Maximum of 1 Digital ElementsMOD_049

KVA3PMNRange = Maximum of 1 Digital ElementsMOD_050

FREQMXRange = Maximum of 1 Digital ElementsMOD_051
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FREQMNRange = Maximum of 1 Digital ElementsMOD_052

TRIP_LORange = Maximum of 1 Digital ElementsMOD_053

TRIP_HIRange = Maximum of 1 Digital ElementsMOD_054

WARN_LORange = Maximum of 1 Digital ElementsMOD_055

WARN_HIRange = Maximum of 1 Digital ElementsMOD_056

NARange = Maximum of 1 Digital ElementsMOD_057

NARange = Maximum of 1 Digital ElementsMOD_058

NARange = Maximum of 1 Digital ElementsMOD_059

NARange = Maximum of 1 Digital ElementsMOD_060

NARange = Maximum of 1 Digital ElementsMOD_061

NARange = Maximum of 1 Digital ElementsMOD_062

NARange = Maximum of 1 Digital ElementsMOD_063

NARange = Maximum of 1 Digital ElementsMOD_064

NARange = Maximum of 1 Digital ElementsMOD_065

NARange = Maximum of 1 Digital ElementsMOD_066

NARange = Maximum of 1 Digital ElementsMOD_067

NARange = Maximum of 1 Digital ElementsMOD_068

NARange = Maximum of 1 Digital ElementsMOD_069

NARange = Maximum of 1 Digital ElementsMOD_070

NARange = Maximum of 1 Digital ElementsMOD_071

NARange = Maximum of 1 Digital ElementsMOD_072

NARange = Maximum of 1 Digital ElementsMOD_073

NARange = Maximum of 1 Digital ElementsMOD_074

NARange = Maximum of 1 Digital ElementsMOD_075
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NARange = Maximum of 1 Digital ElementsMOD_076

NARange = Maximum of 1 Digital ElementsMOD_077

NARange = Maximum of 1 Digital ElementsMOD_078

NARange = Maximum of 1 Digital ElementsMOD_079

NARange = Maximum of 1 Digital ElementsMOD_080

NARange = Maximum of 1 Digital ElementsMOD_081

NARange = Maximum of 1 Digital ElementsMOD_082

NARange = Maximum of 1 Digital ElementsMOD_083

NARange = Maximum of 1 Digital ElementsMOD_084

NARange = Maximum of 1 Digital ElementsMOD_085

NARange = Maximum of 1 Digital ElementsMOD_086

NARange = Maximum of 1 Digital ElementsMOD_087

NARange = Maximum of 1 Digital ElementsMOD_088

NARange = Maximum of 1 Digital ElementsMOD_089

NARange = Maximum of 1 Digital ElementsMOD_090

NARange = Maximum of 1 Digital ElementsMOD_091

NARange = Maximum of 1 Digital ElementsMOD_092

NARange = Maximum of 1 Digital ElementsMOD_093

NARange = Maximum of 1 Digital ElementsMOD_094

NARange = Maximum of 1 Digital ElementsMOD_095

NARange = Maximum of 1 Digital ElementsMOD_096

NARange = Maximum of 1 Digital ElementsMOD_097

NARange = Maximum of 1 Digital ElementsMOD_098

NARange = Maximum of 1 Digital ElementsMOD_099
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NARange = Maximum of 1 Digital ElementsMOD_100

NARange = Maximum of 1 Digital ElementsMOD_101

NARange = Maximum of 1 Digital ElementsMOD_102

NARange = Maximum of 1 Digital ElementsMOD_103

NARange = Maximum of 1 Digital ElementsMOD_104

NARange = Maximum of 1 Digital ElementsMOD_105

NARange = Maximum of 1 Digital ElementsMOD_106

NARange = Maximum of 1 Digital ElementsMOD_107

NARange = Maximum of 1 Digital ElementsMOD_108

NARange = Maximum of 1 Digital ElementsMOD_109

NARange = Maximum of 1 Digital ElementsMOD_110

NARange = Maximum of 1 Digital ElementsMOD_111

NARange = Maximum of 1 Digital ElementsMOD_112

NARange = Maximum of 1 Digital ElementsMOD_113

NARange = Maximum of 1 Digital ElementsMOD_114

NARange = Maximum of 1 Digital ElementsMOD_115

NARange = Maximum of 1 Digital ElementsMOD_116

NARange = Maximum of 1 Digital ElementsMOD_117

NARange = Maximum of 1 Digital ElementsMOD_118

NARange = Maximum of 1 Digital ElementsMOD_119

NARange = Maximum of 1 Digital ElementsMOD_120

NARange = Maximum of 1 Digital ElementsMOD_121

NARange = Maximum of 1 Digital ElementsMOD_122

NARange = Maximum of 1 Digital ElementsMOD_123
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NARange = Maximum of 1 Digital ElementsMOD_124

NARange = Maximum of 1 Digital ElementsMOD_125

Group : P3

SELSelect: SEL, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTBPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Range = 1 to 4TXID

1Range = 1 to 4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = ASCII string with a maximum length of 
8.RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB4PU
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1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1
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100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2
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60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

Group : PF

SELSelect: SEL, MOD, EVMSG, PMUPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

NSelect: Y, NESERDEL

5Range = 2 to 20SRDLCNT

1.0Range = 0.1 to 90.0SRDLTIM

IN101 IN102 51P1T
51G1T 50P1P 
50N1T 51N1T PB01 
PB02 PB03 PB04

Range = Maximum of 24 Digital ElementsSER1

CLOSE 52A CCRange = Maximum of 24 Digital ElementsSER2

81D1T 81D2TRange = Maximum of 24 Digital ElementsSER3

SALARMRange = Maximum of 24 Digital ElementsSER4

4Range = 1 to 20, NEALIAS
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PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS1

PB02 FP_LOCK 
PICKUP DROPOUTRange = 2 ElementsALIAS2

PB03 FP_CLOSE 
PICKUP DROPOUTRange = 2 ElementsALIAS3

PB04 FP_TRIP 
PICKUP DROPOUTRange = 2 ElementsALIAS4

NARange = 2 ElementsALIAS5

NARange = 2 ElementsALIAS6

NARange = 2 ElementsALIAS7

NARange = 2 ElementsALIAS8

NARange = 2 ElementsALIAS9

NARange = 2 ElementsALIAS10

NARange = 2 ElementsALIAS11

NARange = 2 ElementsALIAS12

NARange = 2 ElementsALIAS13

NARange = 2 ElementsALIAS14

NARange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20
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R_TRIG 51P1P OR 
R_TRIG 51G1P OR 
R_TRIG 50P1P OR 
R_TRIG 50G1P OR 
R_TRIG 51N1P OR 
R_TRIG CF

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64LER

5Range = 1 to 10PRE

NARange = Maximum of 17 Analog ElementsLDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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Group : 1

86-2 7021-86Range = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

160Range = 1 to 5000CTR

160Range = 1 to 5000CTRN

35.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 440.00VNOM

WYESelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

30.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

OFFRange = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

OFFRange = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

OFFRange = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

0.65Range = 0.50 to 100.00, OFF50G1P

0.30Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC
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OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

OFFRange = 0.50 to 16.00, OFF51AP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

OFFRange = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

OFFRange = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

<Filter is Empty>
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4.35Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

2.90Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

OFFRange = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

0.50Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

1.26Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

OFFRange = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

OFFRange = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

<Filter is Empty>
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5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VASelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VA, VB, VCSYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

<Filter is Empty>
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+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

<Filter is Empty>
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1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

<Filter is Empty>
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0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
REMTRIP OR SV01 
OR OC OR SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

IN101Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 2

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

<Filter is Empty>
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120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

<Filter is Empty>
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U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

<Filter is Empty>
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6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

<Filter is Empty>
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OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : 3

SEL-751ARange = ASCII string with a maximum length of 
16.RID

FEEDER RELAYRange = ASCII string with a maximum length of 
16.TID

120Range = 1 to 5000CTR

120Range = 1 to 5000CTRN

180.00Range = 1.00 to 10000.00PTR

120.00Range = 20.00 to 250.00VNOM

DELTASelect: WYE, DELTADELTA_Y

NSelect: Y, NSINGLEV

10.00Range = 0.50 to 100.00, OFF50P1P

0.00Range = 0.00 to 5.0050P1D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P1TC

10.00Range = 0.50 to 100.00, OFF50P2P

0.00Range = 0.00 to 5.0050P2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P2TC

10.00Range = 0.50 to 100.00, OFF50P3P

0.00Range = 0.00 to 5.0050P3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P3TC

10.00Range = 0.50 to 100.00, OFF50P4P

0.00Range = 0.00 to 5.0050P4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50P4TC

OFFRange = 0.50 to 100.00, OFF50N1P

0.50Range = 0.00 to 5.0050N1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N1TC

OFFRange = 0.50 to 100.00, OFF50N2P

0.50Range = 0.00 to 5.0050N2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N2TC

OFFRange = 0.50 to 100.00, OFF50N3P

0.50Range = 0.00 to 5.0050N3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N3TC

<Filter is Empty>
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OFFRange = 0.50 to 100.00, OFF50N4P

0.50Range = 0.00 to 5.0050N4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50N4TC

OFFRange = 0.50 to 100.00, OFF50G1P

0.50Range = 0.00 to 5.0050G1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G1TC

OFFRange = 0.50 to 100.00, OFF50G2P

0.50Range = 0.00 to 5.0050G2D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G2TC

OFFRange = 0.50 to 100.00, OFF50G3P

0.50Range = 0.00 to 5.0050G3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G3TC

OFFRange = 0.50 to 100.00, OFF50G4P

0.50Range = 0.00 to 5.0050G4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50G4TC

OFFRange = 0.50 to 100.00, OFF50Q1P

0.2Range = 0.1 to 120.050Q1D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q1TC

OFFRange = 0.50 to 100.00, OFF50Q2P

0.2Range = 0.1 to 120.050Q2D

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q2TC

OFFRange = 0.50 to 100.00, OFF50Q3P

0.2Range = 0.1 to 120.050Q3D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q3TC

OFFRange = 0.50 to 100.00, OFF50Q4P

0.2Range = 0.1 to 120.050Q4D

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 50Q4TC

6.00Range = 0.50 to 16.00, OFF51AP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551AC

3.00Range = 0.50 to 15.0051ATD

NSelect: Y, N51ARS

0.00Range = 0.00 to 1.0051ACT

0.00Range = 0.00 to 1.0051AMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51ATC

6.00Range = 0.50 to 16.00, OFF51BP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551BC

3.00Range = 0.50 to 15.0051BTD

NSelect: Y, N51BRS

0.00Range = 0.00 to 1.0051BCT

0.00Range = 0.00 to 1.0051BMR

<Filter is Empty>
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1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51BTC

6.00Range = 0.50 to 16.00, OFF51CP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551CC

3.00Range = 0.50 to 15.0051CTD

NSelect: Y, N51CRS

0.00Range = 0.00 to 1.0051CCT

0.00Range = 0.00 to 1.0051CMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51CTC

6.00Range = 0.50 to 16.00, OFF51P1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P1C

3.00Range = 0.50 to 15.0051P1TD

NSelect: Y, N51P1RS

0.00Range = 0.00 to 1.0051P1CT

0.00Range = 0.00 to 1.0051P1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P1TC

6.00Range = 0.50 to 16.00, OFF51P2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551P2C

3.00Range = 0.50 to 15.0051P2TD

NSelect: Y, N51P2RS

0.00Range = 0.00 to 1.0051P2CT

<Filter is Empty>
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0.00Range = 0.00 to 1.0051P2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51P2TC

6.00Range = 0.50 to 16.00, OFF51QP

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551QC

3.00Range = 0.50 to 15.0051QTD

NSelect: Y, N51QRS

0.00Range = 0.00 to 1.0051QCT

0.00Range = 0.00 to 1.0051QMR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51QTC

OFFRange = 0.50 to 16.00, OFF51N1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N1C

1.50Range = 0.50 to 15.0051N1TD

NSelect: Y, N51N1RS

0.00Range = 0.00 to 1.0051N1CT

0.00Range = 0.00 to 1.0051N1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N1TC

OFFRange = 0.50 to 16.00, OFF51N2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551N2C

1.50Range = 0.50 to 15.0051N2TD

NSelect: Y, N51N2RS

<Filter is Empty>
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0.00Range = 0.00 to 1.0051N2CT

0.00Range = 0.00 to 1.0051N2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51N2TC

0.50Range = 0.50 to 16.00, OFF51G1P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G1C

1.50Range = 0.50 to 15.0051G1TD

NSelect: Y, N51G1RS

0.00Range = 0.00 to 1.0051G1CT

0.00Range = 0.00 to 1.0051G1MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G1TC

0.50Range = 0.50 to 16.00, OFF51G2P

U3Select: U1, U2, U3, U4, U5, C1, C2, C3, C4, C551G2C

1.50Range = 0.50 to 15.0051G2TD

NSelect: Y, N51G2RS

0.00Range = 0.00 to 1.0051G2CT

0.00Range = 0.00 to 1.0051G2MR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 51G2TC

OFFRange = 0.02 to 1.00, OFF27P1P

0.5Range = 0.0 to 120.027P1D

OFFRange = 0.02 to 1.00, OFF27P2P

<Filter is Empty>
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5.0Range = 0.0 to 120.027P2D

1.10Range = 0.02 to 1.20, OFF59P1P

0.5Range = 0.0 to 120.059P1D

OFFRange = 0.02 to 1.20, OFF59G1P

0.5Range = 0.0 to 120.059G1D

OFFRange = 0.02 to 1.20, OFF59Q1P

0.5Range = 0.0 to 120.059Q1D

OFFRange = 0.02 to 1.20, OFF59P2P

5.0Range = 0.0 to 120.059P2D

OFFRange = 0.02 to 1.20, OFF59G2P

5.0Range = 0.0 to 120.059G2D

OFFRange = 0.02 to 1.20, OFF59Q2P

5.0Range = 0.0 to 120.059Q2D

NSelect: Y, NE25

105.00Range = 0.00 to 300.0025VLO

130.00Range = 0.00 to 300.0025VHI

1.00Range = 0.50 to 2.0025RCF

0.20Range = 0.05 to 0.5025SF

25Range = 0 to 8025ANG1

40Range = 0 to 8025ANG2

VABSelect: 0, 30, 60, 90, 120, 150, 180, 210, 240, 
270, 300, 330, VAB, VBC, VCASYNCPH

50Range = 1 to 1000, OFFTCLOSD

<Filter is Empty>
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52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BSYNCH

OFFRange = 0.05 to 0.99, OFF55LGTP

OFFRange = 0.05 to 0.99, OFF55LDTP

1Range = 1 to 24055TD

OFFRange = 0.05 to 0.99, OFF55LGAP

OFFRange = 0.05 to 0.99, OFF55LDAP

1Range = 1 to 24055AD

0Range = 0 to 500055DLY

NSelect: N, 3P1, 3P2EPWR

OFFRange = 1.0 to 6500.0, OFF3PWR1P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR1T

0.0Range = 0.0 to 240.0PWR1D

OFFRange = 1.0 to 6500.0, OFF3PWR2P

+VARSSelect: +WATTS, -WATTS, +VARS, -VARSPWR2T

0.0Range = 0.0 to 240.0PWR2D

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG LOPBLK

OFFRange = 20.00 to 70.00, OFF81D1TP

1.00Range = 0.00 to 400.0081D1TD

OFFRange = 20.00 to 70.00, OFF81D2TP

1.00Range = 0.00 to 400.0081D2TD

OFFRange = 20.00 to 70.00, OFF81D3TP

1.00Range = 0.00 to 400.0081D3TD

<Filter is Empty>
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OFFRange = 20.00 to 70.00, OFF81D4TP

1.00Range = 0.00 to 400.0081D4TD

OFFRange = 20.00 to 70.00, OFF81D5TP

1.00Range = 0.00 to 400.0081D5TD

OFFRange = 20.00 to 70.00, OFF81D6TP

1.00Range = 0.00 to 400.0081D6TD

OFFSelect: OFF, 1-4E81R

0.1Range = 0.1 to 1.3, OFF81RVSUP

OFFRange = 0.1 to 2.0, OFF81RISUP

OFFRange = 0.10 to 15.00, OFF81R1TP

ABSSelect: INC, DEC, ABS81R1TRND

1.00Range = 0.10 to 60.0081R1TD

0.00Range = 0.00 to 60.0081R1DO

OFFRange = 0.10 to 15.00, OFF81R2TP

ABSSelect: INC, DEC, ABS81R2TRND

1.00Range = 0.10 to 60.0081R2TD

0.00Range = 0.00 to 60.0081R2DO

OFFRange = 0.10 to 15.00, OFF81R3TP

ABSSelect: INC, DEC, ABS81R3TRND

1.00Range = 0.10 to 60.0081R3TD

0.00Range = 0.00 to 60.0081R3DO

OFFRange = 0.10 to 15.00, OFF81R4TP

ABSSelect: INC, DEC, ABS81R4TRND

1.00Range = 0.10 to 60.0081R4TD

<Filter is Empty>
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0.00Range = 0.00 to 60.0081R4DO

NSelect: Y, NE81RF

1.0Range = 0.1 to 10.081RFDFP

2.5Range = 0.2 to 15.081RFRP

0.10Range = 0.10 to 1.0081RFPU

0.10Range = 0.00 to 1.0081RFDO

0.8Range = 0.2 to 1.0, OFF81RFVBLK

10.0Range = 0.1 to 20.0, OFF81RFIBLK

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 81RFBL

1.00Range = 0.02 to 5.0081RFBLDO

0.5Range = 0.0 to 400.0TDURD

1.0Range = 0.0 to 400.0, OFFCFD

ORED50T OR 
ORED51T OR 
81D1T OR 81D2T 
OR 81D3T OR 
81D4T OR 59P1T 
OR 59P2T OR 55T 
OR REMTRIP OR 
SV01 OR OC OR 
SV04T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TR

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG REMTRIP

NOT (51P1P OR 
51G1P OR 51N1P 
OR 52A)

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULTRIP

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 52A

SV03T AND LT02 
OR CC

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG CL

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ULCL

5.00Range = 0.00 to 3000.0079OI1

0.00Range = 0.00 to 3000.0079OI2

0.00Range = 0.00 to 3000.0079OI3

0.00Range = 0.00 to 3000.0079OI4

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79STL

15.00Range = 0.00 to 3000.0079RSD

5.00Range = 0.00 to 3000.0079RSLD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79BRS

0.00Range = 0.00 to 3000.00, OFF79CLSD

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RI

52A OR 79CYValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79RIS

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79CLS

OC OR SV04TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DTL

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79DLS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SKP

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG 79SEQ

THMSelect: THM, ROLEDEM

5Select: 5, 10, 15, 30, 60DMTC

5.00Range = 0.50 to 16.00, OFFPHDEMP

1.00Range = 0.50 to 16.00, OFFGNDEMP

1.00Range = 0.50 to 16.00, OFF3I2DEMP

Group : F

4Range = 1 to 32, NEDP

NRange = 1 to 32, NELB

15Range = 1 to 30, OFFFP_TO

5Range = 1 to 8FP_CONT

OVERRIDESelect: OVERRIDE, ROTATINGFP_AUTO

YSelect: Y, NRSTLED

YSelect: Y, NT01LEDL

ORED50TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T01_LED

YSelect: Y, NT02LEDL

51AT OR 51BT OR 
51CT OR 51P1T OR 
51P2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T02_LED

YSelect: Y, NT03LEDL

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

51N1T OR 51G1T 
OR 51N2T OR 
51G2T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T03_LED

YSelect: Y, NT04LEDL

51QTValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T04_LED

YSelect: Y, NT05LEDL

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T05_LED

NSelect: Y, NT06LEDL

(BFT OR T06_LED) 
AND NOT TRGTR

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG T06_LED

79RSValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1A_LED

NOT LT02 OR SV02 
AND NOT SV02T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2A_LED

NOT LT02 AND NOT
52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3A_LED

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4A_LED

79LOValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB1B_LED

LT02 OR SV02 AND 
NOT SV02T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB2B_LED

52A OR SV03 AND 
NOT SV03T AND 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB3B_LED

<Filter is Empty>
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NOT 52A OR SV04 
AND NOT SV04T 
AND SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PB4B_LED

RID,"{16}"DP01

TID,"{16}"DP02

IAV, "IAV CURR {5}
A"DP03

IG_MAG, "GND 
CURR {5} A"DP04

DP05

DP06

DP07

DP08

DP09

DP10

DP11

DP12

DP13

DP14

DP15

DP16

DP17

DP18

DP19

DP20

<Filter is Empty>
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DP21

DP22

DP23

DP24

DP25

DP26

DP27

DP28

DP29

DP30

DP31

DP32

Range = ASCII string with a maximum length of 
14.NLB01

Range = ASCII string with a maximum length of 
7.CLB01

Range = ASCII string with a maximum length of 
7.SLB01

Range = ASCII string with a maximum length of 
7.PLB01

Range = ASCII string with a maximum length of 
14.NLB02

Range = ASCII string with a maximum length of 
7.CLB02

Range = ASCII string with a maximum length of 
7.SLB02

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB02

Range = ASCII string with a maximum length of 
14.NLB03

Range = ASCII string with a maximum length of 
7.CLB03

Range = ASCII string with a maximum length of 
7.SLB03

Range = ASCII string with a maximum length of 
7.PLB03

Range = ASCII string with a maximum length of 
14.NLB04

Range = ASCII string with a maximum length of 
7.CLB04

Range = ASCII string with a maximum length of 
7.SLB04

Range = ASCII string with a maximum length of 
7.PLB04

Range = ASCII string with a maximum length of 
14.NLB05

Range = ASCII string with a maximum length of 
7.CLB05

Range = ASCII string with a maximum length of 
7.SLB05

Range = ASCII string with a maximum length of 
7.PLB05

Range = ASCII string with a maximum length of 
14.NLB06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB06

Range = ASCII string with a maximum length of 
7.SLB06

Range = ASCII string with a maximum length of 
7.PLB06

Range = ASCII string with a maximum length of 
14.NLB07

Range = ASCII string with a maximum length of 
7.CLB07

Range = ASCII string with a maximum length of 
7.SLB07

Range = ASCII string with a maximum length of 
7.PLB07

Range = ASCII string with a maximum length of 
14.NLB08

Range = ASCII string with a maximum length of 
7.CLB08

Range = ASCII string with a maximum length of 
7.SLB08

Range = ASCII string with a maximum length of 
7.PLB08

Range = ASCII string with a maximum length of 
14.NLB09

Range = ASCII string with a maximum length of 
7.CLB09

Range = ASCII string with a maximum length of 
7.SLB09

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB09

Range = ASCII string with a maximum length of 
14.NLB10

Range = ASCII string with a maximum length of 
7.CLB10

Range = ASCII string with a maximum length of 
7.SLB10

Range = ASCII string with a maximum length of 
7.PLB10

Range = ASCII string with a maximum length of 
14.NLB11

Range = ASCII string with a maximum length of 
7.CLB11

Range = ASCII string with a maximum length of 
7.SLB11

Range = ASCII string with a maximum length of 
7.PLB11

Range = ASCII string with a maximum length of 
14.NLB12

Range = ASCII string with a maximum length of 
7.CLB12

Range = ASCII string with a maximum length of 
7.SLB12

Range = ASCII string with a maximum length of 
7.PLB12

Range = ASCII string with a maximum length of 
14.NLB13

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB13

Range = ASCII string with a maximum length of 
7.SLB13

Range = ASCII string with a maximum length of 
7.PLB13

Range = ASCII string with a maximum length of 
14.NLB14

Range = ASCII string with a maximum length of 
7.CLB14

Range = ASCII string with a maximum length of 
7.SLB14

Range = ASCII string with a maximum length of 
7.PLB14

Range = ASCII string with a maximum length of 
14.NLB15

Range = ASCII string with a maximum length of 
7.CLB15

Range = ASCII string with a maximum length of 
7.SLB15

Range = ASCII string with a maximum length of 
7.PLB15

Range = ASCII string with a maximum length of 
14.NLB16

Range = ASCII string with a maximum length of 
7.CLB16

Range = ASCII string with a maximum length of 
7.SLB16

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB16

Range = ASCII string with a maximum length of 
14.NLB17

Range = ASCII string with a maximum length of 
7.CLB17

Range = ASCII string with a maximum length of 
7.SLB17

Range = ASCII string with a maximum length of 
7.PLB17

Range = ASCII string with a maximum length of 
14.NLB18

Range = ASCII string with a maximum length of 
7.CLB18

Range = ASCII string with a maximum length of 
7.SLB18

Range = ASCII string with a maximum length of 
7.PLB18

Range = ASCII string with a maximum length of 
14.NLB19

Range = ASCII string with a maximum length of 
7.CLB19

Range = ASCII string with a maximum length of 
7.SLB19

Range = ASCII string with a maximum length of 
7.PLB19

Range = ASCII string with a maximum length of 
14.NLB20

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB20

Range = ASCII string with a maximum length of 
7.SLB20

Range = ASCII string with a maximum length of 
7.PLB20

Range = ASCII string with a maximum length of 
14.NLB21

Range = ASCII string with a maximum length of 
7.CLB21

Range = ASCII string with a maximum length of 
7.SLB21

Range = ASCII string with a maximum length of 
7.PLB21

Range = ASCII string with a maximum length of 
14.NLB22

Range = ASCII string with a maximum length of 
7.CLB22

Range = ASCII string with a maximum length of 
7.SLB22

Range = ASCII string with a maximum length of 
7.PLB22

Range = ASCII string with a maximum length of 
14.NLB23

Range = ASCII string with a maximum length of 
7.CLB23

Range = ASCII string with a maximum length of 
7.SLB23

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB23

Range = ASCII string with a maximum length of 
14.NLB24

Range = ASCII string with a maximum length of 
7.CLB24

Range = ASCII string with a maximum length of 
7.SLB24

Range = ASCII string with a maximum length of 
7.PLB24

Range = ASCII string with a maximum length of 
14.NLB25

Range = ASCII string with a maximum length of 
7.CLB25

Range = ASCII string with a maximum length of 
7.SLB25

Range = ASCII string with a maximum length of 
7.PLB25

Range = ASCII string with a maximum length of 
14.NLB26

Range = ASCII string with a maximum length of 
7.CLB26

Range = ASCII string with a maximum length of 
7.SLB26

Range = ASCII string with a maximum length of 
7.PLB26

Range = ASCII string with a maximum length of 
14.NLB27

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.CLB27

Range = ASCII string with a maximum length of 
7.SLB27

Range = ASCII string with a maximum length of 
7.PLB27

Range = ASCII string with a maximum length of 
14.NLB28

Range = ASCII string with a maximum length of 
7.CLB28

Range = ASCII string with a maximum length of 
7.SLB28

Range = ASCII string with a maximum length of 
7.PLB28

Range = ASCII string with a maximum length of 
14.NLB29

Range = ASCII string with a maximum length of 
7.CLB29

Range = ASCII string with a maximum length of 
7.SLB29

Range = ASCII string with a maximum length of 
7.PLB29

Range = ASCII string with a maximum length of 
14.NLB30

Range = ASCII string with a maximum length of 
7.CLB30

Range = ASCII string with a maximum length of 
7.SLB30

<Filter is Empty>
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Range = ASCII string with a maximum length of 
7.PLB30

Range = ASCII string with a maximum length of 
14.NLB31

Range = ASCII string with a maximum length of 
7.CLB31

Range = ASCII string with a maximum length of 
7.SLB31

Range = ASCII string with a maximum length of 
7.PLB31

Range = ASCII string with a maximum length of 
14.NLB32

Range = ASCII string with a maximum length of 
7.CLB32

Range = ASCII string with a maximum length of 
7.SLB32

Range = ASCII string with a maximum length of 
7.PLB32

Group : G

ABCSelect: ABC, ACBPHROT

60Select: 50, 60FNOM

MDYSelect: MDY, YMD, DMYDATE_F

YSelect: Y, NMETHRES

50G1P OR 50N1P 
OR 51P1P OR 51QP 
OR 50Q1P OR TRIP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG FAULT

NRange = 1 to 32, NEMP

<Filter is Empty>
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OFFRange = Maximum of 1 Digital ElementsMPTR01

NONERange = Maximum of 1 Analog ElementsMPAQ01

Range = ASCII string with a maximum length of 
148.MPTX01

OFFRange = Maximum of 1 Digital ElementsMPTR02

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ02

Range = ASCII string with a maximum length of 
148.MPTX02

OFFRange = Maximum of 1 Digital ElementsMPTR03

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ03

Range = ASCII string with a maximum length of 
148.MPTX03

OFFRange = Maximum of 1 Digital ElementsMPTR04

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ04

Range = ASCII string with a maximum length of 
148.MPTX04

OFFRange = Maximum of 1 Digital ElementsMPTR05

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ05

Range = ASCII string with a maximum length of 
148.MPTX05

OFFRange = Maximum of 1 Digital ElementsMPTR06

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ06

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX06

OFFRange = Maximum of 1 Digital ElementsMPTR07

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ07

Range = ASCII string with a maximum length of 
148.MPTX07

OFFRange = Maximum of 1 Digital ElementsMPTR08

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ08

Range = ASCII string with a maximum length of 
148.MPTX08

OFFRange = Maximum of 1 Digital ElementsMPTR09

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ09

Range = ASCII string with a maximum length of 
148.MPTX09

OFFRange = Maximum of 1 Digital ElementsMPTR10

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ10

Range = ASCII string with a maximum length of 
148.MPTX10

OFFRange = Maximum of 1 Digital ElementsMPTR11

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ11

Range = ASCII string with a maximum length of 
148.MPTX11

OFFRange = Maximum of 1 Digital ElementsMPTR12

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ12

Range = ASCII string with a maximum length of 
148.MPTX12

OFFRange = Maximum of 1 Digital ElementsMPTR13

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ13

Range = ASCII string with a maximum length of 
148.MPTX13

OFFRange = Maximum of 1 Digital ElementsMPTR14

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ14

Range = ASCII string with a maximum length of 
148.MPTX14

OFFRange = Maximum of 1 Digital ElementsMPTR15

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ15

Range = ASCII string with a maximum length of 
148.MPTX15

OFFRange = Maximum of 1 Digital ElementsMPTR16

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ16

Range = ASCII string with a maximum length of 
148.MPTX16

OFFRange = Maximum of 1 Digital ElementsMPTR17

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ17

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX17

OFFRange = Maximum of 1 Digital ElementsMPTR18

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ18

Range = ASCII string with a maximum length of 
148.MPTX18

OFFRange = Maximum of 1 Digital ElementsMPTR19

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ19

Range = ASCII string with a maximum length of 
148.MPTX19

OFFRange = Maximum of 1 Digital ElementsMPTR20

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ20

Range = ASCII string with a maximum length of 
148.MPTX20

OFFRange = Maximum of 1 Digital ElementsMPTR21

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ21

Range = ASCII string with a maximum length of 
148.MPTX21

OFFRange = Maximum of 1 Digital ElementsMPTR22

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ22

Range = ASCII string with a maximum length of 
148.MPTX22

OFFRange = Maximum of 1 Digital ElementsMPTR23

<Filter is Empty>
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NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ23

Range = ASCII string with a maximum length of 
148.MPTX23

OFFRange = Maximum of 1 Digital ElementsMPTR24

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ24

Range = ASCII string with a maximum length of 
148.MPTX24

OFFRange = Maximum of 1 Digital ElementsMPTR25

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ25

Range = ASCII string with a maximum length of 
148.MPTX25

OFFRange = Maximum of 1 Digital ElementsMPTR26

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ26

Range = ASCII string with a maximum length of 
148.MPTX26

OFFRange = Maximum of 1 Digital ElementsMPTR27

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ27

Range = ASCII string with a maximum length of 
148.MPTX27

OFFRange = Maximum of 1 Digital ElementsMPTR28

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ28

<Filter is Empty>
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Range = ASCII string with a maximum length of 
148.MPTX28

OFFRange = Maximum of 1 Digital ElementsMPTR29

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ29

Range = ASCII string with a maximum length of 
148.MPTX29

OFFRange = Maximum of 1 Digital ElementsMPTR30

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ30

Range = ASCII string with a maximum length of 
148.MPTX30

OFFRange = Maximum of 1 Digital ElementsMPTR31

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ31

Range = ASCII string with a maximum length of 
148.MPTX31

OFFRange = Maximum of 1 Digital ElementsMPTR32

NONERange = Maximum of 1 Digital or Analog 
ElementsMPAQ32

Range = ASCII string with a maximum length of 
148.MPTX32

3Range = 0 to 400TGR

1Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS1

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS2

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SS3

NSelect: Y, NEPMU

10Select: 1, 2, 5, 10MRATE

0Select: 0-4NUMANA

0Select: 0, 1NUMDSW

SEL-751A FEEDER1Range = ASCII string with a maximum length of 
16.PMSTN

1Range = 1 to 65534PMID

V1Select: V1, ALL, NAPHDATAV

0.00Range = -179.99 to 180.00VCOMP

I1Select: I1, ALL, NAPHDATAI

0.00Range = -179.99 to 180.00ICOMP

TRIP OR ERValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA1

81D1T OR 81D2T 
OR 81D3T OR 
81D4T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA2

59P1T OR 59P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA3

27P1T OR 27P2TValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TREA4

TREA1 OR TREA2 
OR TREA3 OR 
TREA4

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG PMTRIG

NONESelect: NONE, C37.118IRIGC

0.00Range = -24.00 to 24.00UTC_OFF

<Filter is Empty>
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OFFRange = 1 to 12, OFFDST_BEGM

2Select: 1-3, LDST_BEGW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_BEGD

2Range = 0 to 23DST_BEGH

11Range = 1 to 12DST_ENDM

1Select: 1-3, LDST_ENDW

SUNSelect: SUN, MON, TUE, WED, THU, FRI, SATDST_ENDD

2Range = 0 to 23DST_ENDH

NSelect: Y, N52ABF

0.50Range = 0.00 to 2.00BFD

R_TRIG TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BFI

OFFRange = 0.50 to 100.00, OFF50PAFP

OFFRange = 0.50 to 100.00, OFF50NAFP

101_2Select: 101_2, 301_2, 401_2AOUTSLOT

POINTSelect: NONE, POINT, FIBERAFSENS1

3.0Range = 3.0 to 80.0TOL1P

POINTSelect: NONE, POINT, FIBERAFSENS2

3.0Range = 3.0 to 80.0TOL2P

NONESelect: NONE, POINT, FIBERAFSENS3

3.0Range = 0.6 to 80.0TOL3P

NONESelect: NONE, POINT, FIBERAFSENS4

3.0Range = 0.6 to 80.0TOL4P

10Range = 0 to 65000, ACIN101D

<Filter is Empty>
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10Range = 0 to 65000, ACIN102D

10Range = 0 to 65000, ACIN301D

10Range = 0 to 65000, ACIN302D

10Range = 0 to 65000, ACIN303D

10Range = 0 to 65000, ACIN304D

10Range = 0 to 65000, ACIN401D

10Range = 0 to 65000, ACIN402D

10Range = 0 to 65000, ACIN403D

10Range = 0 to 65000, ACIN404D

YSelect: Y, NEBMON

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG BKMON

10000Range = 0 to 65000COSP1

1.20Range = 0.00 to 999.00KASP1

150Range = 0 to 65000COSP2

8.00Range = 0.00 to 999.00KASP2

12Range = 0 to 65000COSP3

20.00Range = 0.00 to 999.00KASP3

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTTRGT

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTENRGY

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTMXMN

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RSTPKDEM

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG DSABLSET

NONESelect: NONE, R_S, ALLBLKMBSET

Group : L1

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

<Filter is Empty>
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(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

<Filter is Empty>
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0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18
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0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31
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0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

NSelect: Y, NOUT101FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L2

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02

R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03
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(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03

0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO
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(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU

0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22

0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24
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0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : L3

4Range = 1 to 32, NELAT

5Range = 1 to 32, NESV

NRange = 1 to 32, NESC

NRange = 1 to 32, NEMV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST01

R_TRIG SV02T AND
NOT LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET02
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R_TRIG SV02T AND
LT02

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST02

PB03_PUL AND 
LT02 AND NOT 52A

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET03

(PB03_PUL OR 
PB04_PUL OR 
SV03T) AND LT03

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST03

PB04_PUL AND 52AValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET04

(PB03_PUL OR 
PB04_PUL OR 
SV04T) AND LT04

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST08
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST11

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST15
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST22
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST25

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST29
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SET32

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG RST32

0.00Range = 0.00 to 3000.00SV01PU

0.00Range = 0.00 to 3000.00SV01DO

WDGTRIP OR 
BRGTRIP OR 
OTHTRIP OR 
AMBTRIP OR 
(27P1T OR 27P2T) 
AND NOT LOP

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV01

3.00Range = 0.00 to 3000.00SV02PU

0.00Range = 0.00 to 3000.00SV02DO

PB02Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV02

0.00Range = 0.00 to 3000.00SV03PU

0.00Range = 0.00 to 3000.00SV03DO

LT03Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV03
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0.00Range = 0.00 to 3000.00SV04PU

0.00Range = 0.00 to 3000.00SV04DO

LT04Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV04

0.25Range = 0.00 to 3000.00SV05PU

0.25Range = 0.00 to 3000.00SV05DO

(PB02 OR LT03 OR 
LT04) AND NOT 
SV05T

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV05

0.00Range = 0.00 to 3000.00SV06PU

0.00Range = 0.00 to 3000.00SV06DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV06

0.00Range = 0.00 to 3000.00SV07PU

0.00Range = 0.00 to 3000.00SV07DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV07

0.00Range = 0.00 to 3000.00SV08PU

0.00Range = 0.00 to 3000.00SV08DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV08

0.00Range = 0.00 to 3000.00SV09PU

0.00Range = 0.00 to 3000.00SV09DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV09

0.00Range = 0.00 to 3000.00SV10PU
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0.00Range = 0.00 to 3000.00SV10DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV10

0.00Range = 0.00 to 3000.00SV11PU

0.00Range = 0.00 to 3000.00SV11DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV11

0.00Range = 0.00 to 3000.00SV12PU

0.00Range = 0.00 to 3000.00SV12DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV12

0.00Range = 0.00 to 3000.00SV13PU

0.00Range = 0.00 to 3000.00SV13DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV13

0.00Range = 0.00 to 3000.00SV14PU

0.00Range = 0.00 to 3000.00SV14DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV14

0.00Range = 0.00 to 3000.00SV15PU

0.00Range = 0.00 to 3000.00SV15DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV15

0.00Range = 0.00 to 3000.00SV16PU

0.00Range = 0.00 to 3000.00SV16DO

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV16

0.00Range = 0.00 to 3000.00SV17PU

0.00Range = 0.00 to 3000.00SV17DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV17

0.00Range = 0.00 to 3000.00SV18PU

0.00Range = 0.00 to 3000.00SV18DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV18

0.00Range = 0.00 to 3000.00SV19PU

0.00Range = 0.00 to 3000.00SV19DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV19

0.00Range = 0.00 to 3000.00SV20PU

0.00Range = 0.00 to 3000.00SV20DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV20

0.00Range = 0.00 to 3000.00SV21PU

0.00Range = 0.00 to 3000.00SV21DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV21

0.00Range = 0.00 to 3000.00SV22PU

0.00Range = 0.00 to 3000.00SV22DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV22
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0.00Range = 0.00 to 3000.00SV23PU

0.00Range = 0.00 to 3000.00SV23DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV23

0.00Range = 0.00 to 3000.00SV24PU

0.00Range = 0.00 to 3000.00SV24DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV24

0.00Range = 0.00 to 3000.00SV25PU

0.00Range = 0.00 to 3000.00SV25DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV25

0.00Range = 0.00 to 3000.00SV26PU

0.00Range = 0.00 to 3000.00SV26DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV26

0.00Range = 0.00 to 3000.00SV27PU

0.00Range = 0.00 to 3000.00SV27DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV27

0.00Range = 0.00 to 3000.00SV28PU

0.00Range = 0.00 to 3000.00SV28DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV28

0.00Range = 0.00 to 3000.00SV29PU

0.00Range = 0.00 to 3000.00SV29DO
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV29

0.00Range = 0.00 to 3000.00SV30PU

0.00Range = 0.00 to 3000.00SV30DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV30

0.00Range = 0.00 to 3000.00SV31PU

0.00Range = 0.00 to 3000.00SV31DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV31

0.00Range = 0.00 to 3000.00SV32PU

0.00Range = 0.00 to 3000.00SV32DO

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SV32

1Range = 1 to 65000SC01PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC01CD

1Range = 1 to 65000SC02PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC02CD

1Range = 1 to 65000SC03PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC03CD

1Range = 1 to 65000SC04PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC04CD

1Range = 1 to 65000SC05PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC05CD

1Range = 1 to 65000SC06PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC06CD

1Range = 1 to 65000SC07PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC07CD

1Range = 1 to 65000SC08PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC08CD

1Range = 1 to 65000SC09PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC09CD

1Range = 1 to 65000SC10PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC10CD

1Range = 1 to 65000SC11PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC11CD

1Range = 1 to 65000SC12PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC12CD

1Range = 1 to 65000SC13PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC13CD

1Range = 1 to 65000SC14PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC14CD

1Range = 1 to 65000SC15PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC15CD

1Range = 1 to 65000SC16PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC16CD

1Range = 1 to 65000SC17PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC17CD

1Range = 1 to 65000SC18PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC18CD

1Range = 1 to 65000SC19PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC19CD

1Range = 1 to 65000SC20PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC20CD

1Range = 1 to 65000SC21PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC21CD

1Range = 1 to 65000SC22PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC22CD

1Range = 1 to 65000SC23PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC23CD

1Range = 1 to 65000SC24PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC24CD

1Range = 1 to 65000SC25PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC25CD

1Range = 1 to 65000SC26PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC26CD

1Range = 1 to 65000SC27PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC27CD

1Range = 1 to 65000SC28PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC28CD

1Range = 1 to 65000SC29PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29R
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC29CD

1Range = 1 to 65000SC30PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC30CD

1Range = 1 to 65000SC31PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31R

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC31CD

1Range = 1 to 65000SC32PV

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32R

<Filter is Empty>



4
8

S
7

  

ValueRangeSetting

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32LD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CU

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG SC32CD

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV01

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV02

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV03

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV04

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV05

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV06

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV07

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV08

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV09

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV10

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV11

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV12

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV13

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV14

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV15

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV16

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV17

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV18

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV19

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV20

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV21

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV22

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV23

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV24

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV25

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV26

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV27

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV28

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV29

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV30

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV31

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG MV32

YSelect: Y, NOUT101FS

HALARM OR 
SALARM OR 
AFALARM

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT101

NSelect: Y, NOUT102FS

CLOSEValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT102

NSelect: Y, NOUT103FS

TRIPValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT103

NSelect: Y, NOUT301FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT301

NSelect: Y, NOUT302FS

<Filter is Empty>
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0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT302

NSelect: Y, NOUT303FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT303

NSelect: Y, NOUT304FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT304

NSelect: Y, NOUT401FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT401

NSelect: Y, NOUT402FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT402

NSelect: Y, NOUT403FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT403

NSelect: Y, NOUT404FS

0Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG OUT404

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB1B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB2B

<Filter is Empty>
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NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB3B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB4B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB5B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB6B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB7B

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8A

NAValid range = The legal operators: AND OR NOT
R_TRIG F_TRIG TMB8B

Group : M

IA_MAGRange = Maximum of 1 Digital ElementsMOD_001

IB_MAGRange = Maximum of 1 Digital ElementsMOD_002

IC_MAGRange = Maximum of 1 Digital ElementsMOD_003

<Filter is Empty>
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IN_MAGRange = Maximum of 1 Digital ElementsMOD_004

IG_MAGRange = Maximum of 1 Digital ElementsMOD_005

IAVRange = Maximum of 1 Digital ElementsMOD_006

3I2Range = Maximum of 1 Digital ElementsMOD_007

UBIRange = Maximum of 1 Digital ElementsMOD_008

VAVERange = Maximum of 1 Digital ElementsMOD_009

3V2Range = Maximum of 1 Digital ElementsMOD_010

UBVRange = Maximum of 1 Digital ElementsMOD_011

PRange = Maximum of 1 Digital ElementsMOD_012

QRange = Maximum of 1 Digital ElementsMOD_013

SRange = Maximum of 1 Digital ElementsMOD_014

PFRange = Maximum of 1 Digital ElementsMOD_015

FREQRange = Maximum of 1 Digital ElementsMOD_016

MWH3PHRange = Maximum of 1 Digital ElementsMOD_017

MWH3PLRange = Maximum of 1 Digital ElementsMOD_018

MWH3PIHRange = Maximum of 1 Digital ElementsMOD_019

MWH3PILRange = Maximum of 1 Digital ElementsMOD_020

MVRH3PIHRange = Maximum of 1 Digital ElementsMOD_021

MVRH3PILRange = Maximum of 1 Digital ElementsMOD_022

MVRH3POHRange = Maximum of 1 Digital ElementsMOD_023

MVRH3POLRange = Maximum of 1 Digital ElementsMOD_024

MVAH3PHRange = Maximum of 1 Digital ElementsMOD_025

MVAH3PLRange = Maximum of 1 Digital ElementsMOD_026

RTDWDGMXRange = Maximum of 1 Digital ElementsMOD_027

<Filter is Empty>
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RTDBRGMXRange = Maximum of 1 Digital ElementsMOD_028

RTDAMBRange = Maximum of 1 Digital ElementsMOD_029

RTDOTHMXRange = Maximum of 1 Digital ElementsMOD_030

IARMSRange = Maximum of 1 Digital ElementsMOD_031

IBRMSRange = Maximum of 1 Digital ElementsMOD_032

ICRMSRange = Maximum of 1 Digital ElementsMOD_033

INRMSRange = Maximum of 1 Digital ElementsMOD_034

IAMXRange = Maximum of 1 Digital ElementsMOD_035

IAMNRange = Maximum of 1 Digital ElementsMOD_036

IBMXRange = Maximum of 1 Digital ElementsMOD_037

IBMNRange = Maximum of 1 Digital ElementsMOD_038

ICMXRange = Maximum of 1 Digital ElementsMOD_039

ICMNRange = Maximum of 1 Digital ElementsMOD_040

INMXRange = Maximum of 1 Digital ElementsMOD_041

INMNRange = Maximum of 1 Digital ElementsMOD_042

IGMXRange = Maximum of 1 Digital ElementsMOD_043

IGMNRange = Maximum of 1 Digital ElementsMOD_044

KW3PMXRange = Maximum of 1 Digital ElementsMOD_045

KW3PMNRange = Maximum of 1 Digital ElementsMOD_046

KVAR3PMXRange = Maximum of 1 Digital ElementsMOD_047

KVAR3PMNRange = Maximum of 1 Digital ElementsMOD_048

KVA3PMXRange = Maximum of 1 Digital ElementsMOD_049

KVA3PMNRange = Maximum of 1 Digital ElementsMOD_050

FREQMXRange = Maximum of 1 Digital ElementsMOD_051
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FREQMNRange = Maximum of 1 Digital ElementsMOD_052

TRIP_LORange = Maximum of 1 Digital ElementsMOD_053

TRIP_HIRange = Maximum of 1 Digital ElementsMOD_054

WARN_LORange = Maximum of 1 Digital ElementsMOD_055

WARN_HIRange = Maximum of 1 Digital ElementsMOD_056

NARange = Maximum of 1 Digital ElementsMOD_057

NARange = Maximum of 1 Digital ElementsMOD_058

NARange = Maximum of 1 Digital ElementsMOD_059

NARange = Maximum of 1 Digital ElementsMOD_060

NARange = Maximum of 1 Digital ElementsMOD_061

NARange = Maximum of 1 Digital ElementsMOD_062

NARange = Maximum of 1 Digital ElementsMOD_063

NARange = Maximum of 1 Digital ElementsMOD_064

NARange = Maximum of 1 Digital ElementsMOD_065

NARange = Maximum of 1 Digital ElementsMOD_066

NARange = Maximum of 1 Digital ElementsMOD_067

NARange = Maximum of 1 Digital ElementsMOD_068

NARange = Maximum of 1 Digital ElementsMOD_069

NARange = Maximum of 1 Digital ElementsMOD_070

NARange = Maximum of 1 Digital ElementsMOD_071

NARange = Maximum of 1 Digital ElementsMOD_072

NARange = Maximum of 1 Digital ElementsMOD_073

NARange = Maximum of 1 Digital ElementsMOD_074

NARange = Maximum of 1 Digital ElementsMOD_075
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NARange = Maximum of 1 Digital ElementsMOD_076

NARange = Maximum of 1 Digital ElementsMOD_077

NARange = Maximum of 1 Digital ElementsMOD_078

NARange = Maximum of 1 Digital ElementsMOD_079

NARange = Maximum of 1 Digital ElementsMOD_080

NARange = Maximum of 1 Digital ElementsMOD_081

NARange = Maximum of 1 Digital ElementsMOD_082

NARange = Maximum of 1 Digital ElementsMOD_083

NARange = Maximum of 1 Digital ElementsMOD_084

NARange = Maximum of 1 Digital ElementsMOD_085

NARange = Maximum of 1 Digital ElementsMOD_086

NARange = Maximum of 1 Digital ElementsMOD_087

NARange = Maximum of 1 Digital ElementsMOD_088

NARange = Maximum of 1 Digital ElementsMOD_089

NARange = Maximum of 1 Digital ElementsMOD_090

NARange = Maximum of 1 Digital ElementsMOD_091

NARange = Maximum of 1 Digital ElementsMOD_092

NARange = Maximum of 1 Digital ElementsMOD_093

NARange = Maximum of 1 Digital ElementsMOD_094

NARange = Maximum of 1 Digital ElementsMOD_095

NARange = Maximum of 1 Digital ElementsMOD_096

NARange = Maximum of 1 Digital ElementsMOD_097

NARange = Maximum of 1 Digital ElementsMOD_098

NARange = Maximum of 1 Digital ElementsMOD_099
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NARange = Maximum of 1 Digital ElementsMOD_100

NARange = Maximum of 1 Digital ElementsMOD_101

NARange = Maximum of 1 Digital ElementsMOD_102

NARange = Maximum of 1 Digital ElementsMOD_103

NARange = Maximum of 1 Digital ElementsMOD_104

NARange = Maximum of 1 Digital ElementsMOD_105

NARange = Maximum of 1 Digital ElementsMOD_106

NARange = Maximum of 1 Digital ElementsMOD_107

NARange = Maximum of 1 Digital ElementsMOD_108

NARange = Maximum of 1 Digital ElementsMOD_109

NARange = Maximum of 1 Digital ElementsMOD_110

NARange = Maximum of 1 Digital ElementsMOD_111

NARange = Maximum of 1 Digital ElementsMOD_112

NARange = Maximum of 1 Digital ElementsMOD_113

NARange = Maximum of 1 Digital ElementsMOD_114

NARange = Maximum of 1 Digital ElementsMOD_115

NARange = Maximum of 1 Digital ElementsMOD_116

NARange = Maximum of 1 Digital ElementsMOD_117

NARange = Maximum of 1 Digital ElementsMOD_118

NARange = Maximum of 1 Digital ElementsMOD_119

NARange = Maximum of 1 Digital ElementsMOD_120

NARange = Maximum of 1 Digital ElementsMOD_121

NARange = Maximum of 1 Digital ElementsMOD_122

NARange = Maximum of 1 Digital ElementsMOD_123
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NARange = Maximum of 1 Digital ElementsMOD_124

NARange = Maximum of 1 Digital ElementsMOD_125

Group : P3

SELSelect: SEL, MOD, EVMSG, PMU, MBA, MBB, 
MB8A, MB8B, MBTA, MBTBPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

NSelect: Y, NFASTOP

1Range = 1 to 247SLAVEID

2Range = 1 to 4TXID

1Range = 1 to 4RXID

60Range = 1 to 10000RBADPU

1000Range = 1 to 10000CBADPU

XXXXXXXXRange = ASCII string with a maximum length of 
8.RXDFLT

1Range = 1 to 8RMB1PU

1Range = 1 to 8RMB2PU

1Range = 1 to 8RMB3PU

1Range = 1 to 8RMB4PU

<Filter is Empty>
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1Range = 1 to 8RMB5PU

1Range = 1 to 8RMB6PU

1Range = 1 to 8RMB7PU

1Range = 1 to 8RMB8PU

1Range = 1 to 8RMB1DO

1Range = 1 to 8RMB2DO

1Range = 1 to 8RMB3DO

1Range = 1 to 8RMB4DO

1Range = 1 to 8RMB5DO

1Range = 1 to 8RMB6DO

1Range = 1 to 8RMB7DO

1Range = 1 to 8RMB8DO

0Range = 0 to 65519DNPADR

1Range = 0 to 65519REPADR1

1Select: 1-3DNPMAP1

4Select: 1-6DVARAI1

1Select: 0-3ECLASSB1

0Select: 0-3ECLASSC1

2Select: 0-3ECLASSA1

1Select: 0-3DECPLA1

1Select: 0-3DECPLV1

1Select: 0-3DECPLM1

100Range = 0 to 32767ANADBA1

100Range = 0 to 32767ANADBV1

<Filter is Empty>
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100Range = 0 to 32767ANADBM1

IRange = 1 to 32767, I, MTIMERQ1

1.0Range = 0.0 to 30.0STIMEO1

0Range = 0 to 15DRETRY1

1Range = 0 to 5DTIMEO1

5Range = 1 to 50ETIMEO1

NSelect: Y, NUNSOL1

NSelect: Y, NPUNSOL1

10Range = 1 to 200NUMEVE1

2.0Range = 0.0 to 99999.0AGEEVE1

3Range = 2 to 10URETRY1

60Range = 1 to 5000UTIMEO1

0.05Range = 0.00 to 1.00MINDLY

0.10Range = 0.00 to 1.00MAXDLY

0.00Range = 0.00 to 30.00, OFFPREDLY

0.00Range = 0.00 to 30.00PSTDLY

NSelect: Y, NMODEM

E0X0&D0S0=4Range = ASCII string with a maximum length of 
30.MSTR

Range = ASCII string with a maximum length of 
30.PH_NUM1

Range = ASCII string with a maximum length of 
30.PH_NUM2

5Range = 1 to 20RETRY1

5Range = 1 to 20RETRY2

<Filter is Empty>
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60Range = 5 to 300MDTIME

120Range = 5 to 3600MDRET

Group : PF

SELSelect: SEL, MOD, EVMSG, PMUPROTO

9600Select: 300, 1200, 2400, 4800, 9600, 19200, 
38400SPEED

8Select: 7, 8BITS

NSelect: O, E, NPARITY

1Select: 1, 2STOP

NSelect: Y, NRTSCTS

5Range = 0 to 30T_OUT

NSelect: Y, NAUTO

1Range = 1 to 247SLAVEID

Group : R

NSelect: Y, NESERDEL

5Range = 2 to 20SRDLCNT

1.0Range = 0.1 to 90.0SRDLTIM

IN101 IN102 51P1T
51G1T 50P1P 
50N1T 51N1T PB01 
PB02 PB03 PB04

Range = Maximum of 24 Digital ElementsSER1

CLOSE 52A CCRange = Maximum of 24 Digital ElementsSER2

81D1T 81D2TRange = Maximum of 24 Digital ElementsSER3

SALARMRange = Maximum of 24 Digital ElementsSER4

4Range = 1 to 20, NEALIAS

<Filter is Empty>
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PB01 FP_AUX1 
PICKUP DROPOUTRange = 2 ElementsALIAS1

PB02 FP_LOCK 
PICKUP DROPOUTRange = 2 ElementsALIAS2

PB03 FP_CLOSE 
PICKUP DROPOUTRange = 2 ElementsALIAS3

PB04 FP_TRIP 
PICKUP DROPOUTRange = 2 ElementsALIAS4

NARange = 2 ElementsALIAS5

NARange = 2 ElementsALIAS6

NARange = 2 ElementsALIAS7

NARange = 2 ElementsALIAS8

NARange = 2 ElementsALIAS9

NARange = 2 ElementsALIAS10

NARange = 2 ElementsALIAS11

NARange = 2 ElementsALIAS12

NARange = 2 ElementsALIAS13

NARange = 2 ElementsALIAS14

NARange = 2 ElementsALIAS15

NARange = 2 ElementsALIAS16

NARange = 2 ElementsALIAS17

NARange = 2 ElementsALIAS18

NARange = 2 ElementsALIAS19

NARange = 2 ElementsALIAS20
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R_TRIG 51P1P OR 
R_TRIG 51G1P OR 
R_TRIG 50P1P OR 
R_TRIG 50G1P OR 
R_TRIG 51N1P OR 
R_TRIG CF

Valid range = The legal operators: AND OR NOT
R_TRIG F_TRIG ER

15Select: 15, 64LER

5Range = 1 to 10PRE

NARange = Maximum of 17 Analog ElementsLDLIST

15Select: 5, 10, 15, 30, 60LDAR

<Filter is Empty>
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